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Abstract. This article considers the problems of distance learning students. However, 

successful distance learning packages, cutting out the relentless timetable of face-to-face 

learning are nonetheless not an easy option for either learner or trainer. Some of the pros and 

cons shown in this article. Distance learning can be delivered using various methods and 

technologies. E-learning is probably the most expensive and advanced form of distance 

learning, but there are other ways of distance learning that have been successfully used for 

many years. The article considers all methods of delivery. When developing textual materials 

for distance learning it is important that they are written in such a way that engages the 

learner. Some of the tips presented in the article. Also discussed some critical success factors 

for distance learning. It was concluded that some traditional schools are better than some 

particular distance learning ones, but on the other hand, some distance learning schools are 

better than particular traditional schools. 

 

Keywords: distance learning, e-learning, traditional learning, television programming, 

written materials, pros and cons of distance learning, methods of delivery. 

 

Distance learning (also referred to as distance education) is training delivered to 

students or participants who do not gather together regularly in the same place to receive it in 

person from the trainer. Essentially detailed materials and instructions are sent or made 

available to students who carry out tasks which are in turn evaluated by the trainer. In fact the 

teacher and learners may be separated not only geographically but also in time [1].  

Distance learning allows students to take classes whenever and where ever they are. It 

allows them to fit their learning and education around other responsibilities and commitments 

such as family and work. It also gives students, who would not otherwise be able to learn 

because of time, distance or financial difficulties, the opportunity to participate. It also has the 

potential to make less commonly taught subjects available to more learners. 

Distance learning can be very effective, especially for more mature learners who have 

strong motives for wanting to succeed and are happy to be in charge of their own learning. 

However, successful Distance Learning packages, cutting out the relentless timetable of face-

to-face learning are nonetheless not an easy option for either learner or trainer. Some of the 

pros and cons shown in Table 1. 
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Table 1 ï Pros and cons of distance learning 

Advantages Disadvantages 

Easy logistics ï all you need is good 

communications 

Time and work associated with delivering 

distance learning exceeds that of face-to-face 

training 

Lack of overheads such as classroom 

and teaching staff 

Administrative support for distance learning may 

need to cater to greater number of students 

Students are in control of when they 

learn and at what pace 

Some students find learning at a distance 

isolating 

It can be more affordable/possible 

because students can fit study around 

work 

The lack of structure and need for high level of 

motivation/initiative can be challenging for 

students 

 

Distance learning can be delivered using a variety of techniques and technologies. E-

learning is probably the most expensive and cutting edge form of distance learning but there 

are other ways of delivering training at a distance that have been used successfully for many 

years. Methods of delivery include: 

- E-learning: delivered using computers utilising internet technology and 

programming which allows the student to interact with the learning materials via chat rooms, 

notice boards, video conferencing, etc.  

- Television programming: involves a series of television programmes which are 

designed to convey the techniques and theory. These could be broadcast via cable or 

terrestrial channels or provided on video tape or DVD. For many years the Open University in 

the UK used this technique. 

- Written materials: sometimes called correspondence courses, this is textual matter 

written specifically for the distance learning course, for example a workbook involving 

exercises and tasks, which the participants work through at their own speed [2]. 

Distance learning requires a different approach in terms of course planning, design, 

delivery and communications. Learners will need to be self-motivated to begin with and to 

develop persistence and skills in self-directing work. Trainers and teachers will develop and 

use new training methodologies and styles, departing from straight instruction to managing 

learning strategies, supporting students, facilitating debate at a distance and disseminating 

information and views. Some of the elements of facilitated and individual learning are present 

in distance learning [3]. 

When developing textual materials for Distance Learning it is important that they are 

written in a way that engages the learner. Some tips are: 

- Keep your writing simple, direct and clear 

- Provide definitions for any new words or terminology used 

- Use an informal and accessible style 

- Provide clear learning outcomes for each unit/module 

- Map a path for the learner in your introduction with learning outcomes so they 

know where they are and where they are going 

- Repeat concepts, ideas and theories several times if possible 

- Intersperse activities and self assessment exercises all the way through with 

something more significant at the end. 

- Build up knowledge and understanding over several exercises 

- Use relevant examples and case studies wherever possible 
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There are some critical success factors for distance learning: 

1. The trainer needs to be enthusiastic and committed. 

2. The team should include good administrative support and, depending in the type 

of materials and delivery methods used, a good design and production staff. 

3. The teaching materials must be properly planned so they are tested and ready in 

time. Most of the work occurs before the material reaches the students. 

4. There must be facilitation and encouragement of learner interaction with both 

trainer and other learners. 

5. The trainer needs to keep in regular contact with all the students. 

6. Competent use of any technology used is a prerequisite. It should be fully tested 

and explained to the students so they are familiar and comfortable with it. 

7. Communication and technical problems should be dealt with as they arise. 

8. Trainers need to use a variety of methods for interaction and feedback (eg one-on-

one and conference calls, snail-mails, e-mail, video and computer conferencing). 

9. Students could keep a diary of their views on progress and course content which 

they submit or share in some way at frequent intervals. 

10. It is crucial to have a residential course at least once, preferably at the beginning 

to help learners settle into the distance learning routine and to give some direction on study 

techniques [4]. 

 

Findings 

 

Some traditional schools are better than some particular distance learning ones, but on 

the other hand, some distance learning schools are better than particular traditional schools. It 

goes both ways and it's really hard to define 'better' other than what works best for each 

individual student. Some students thrive with online classes and get their work done 

efficiently at home, while others need the structured environment of living on campus and 

physically going to class each day. 
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Abstract. The paper outlines modern techniques that are necessary for teaching 

computer science in the universities. The current methods are designed in a manner to 

influence the rate at which the student would grasp viable concepts in the contemporary world 

and enhance creativity rather than an old memorizing technique. The methods allow students 

to take an active part in the learning process and then act to initiate new ideas and solutions to 

the daily changing world. These advanced strategies incorporate the use of technology, which 

in computer science goes hand in hand. The various current methods applied in teaching 

computer science range from the brain-based method, inquiry-based method, project-based 

method, and collaborative process details as outlined in the paper. These modern methods are 

vital in meeting computer science course requirements. The paper outlines the importance of 

incorporating all the techniques to achieve maximum results and further points out at the role 

of technology in the application and executing these teaching and learning strategies. The 

paper concludes by pointing out the impacts of these teaching strategies in the field of 

computer science and weighing out the most critical approach to this scientific study. 

 

Keywords: Brain-based methods, Inquiry-based methods, Project-based methods, 

Technology, teaching methods, university, computer science. 

 

Modern methods of teaching computer science at University 

 

Introduction  

The world is changing with time due to various issues as technological advancement. 

Because of these rapid changes, strategies for channeling instruction from teacher to student 

have not been left behind. The field of sciences especially computer science has been hit with 

the impacts of these changes such that the traditional methodologies of teaching computer 

science have been substituted for the modern most effective ways of teaching in this field. 

The primary objectives of this paper are to analyze the current methods of teaching computer 

science in universities and evaluate their effectiveness based on the daily changes in the fields 

of science and technology. 

Research conducted at various universities in the departments of computer science has 

shown clearly that indeed modern methodologies are being used by tutors to teach computer 

science students. These methods have proved to be effective based on the current 

technological advancement and the computer science course requirements. The modern 

methods used in teaching computer science are student-centered approaches that aim to 

develop current students as opposed to the traditional passive students (DrobnicǺ, 2008). 

Computer science requires active participation of each and every student undertaking the 

course thus the need for student centered teaching strategies. 
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Various teaching methods are ranging from the traditional strategies to the modern 

methods, and the choice of either method is based on the subject to be taught and the nature of 

learning of the students. The various modern methods of teaching computer science at the 

university level sound useful such that when well implemented then teachers and students in 

this field will have improved and more appreciated and technology paced strategies of 

learning. 

Some modern methods are being used in teaching computer science at the university 

level. Computer science being a scientific course requires a means of instruction such that the 

students take an active role in the learning process. The method adopted has to go in hand 

with the daily evolving technology since computers cannot exist minus technology and vice 

versa. It is the main reason as to why all the modern methods of teaching computer science as 

will be discussed in this paper based on research are student centered and go handy with 

changes in technology. The advanced strategies for teaching computer science are as 

discussed below: 

 

Brain-Based Learning/Student-Centered Teaching Method 

It refers to an educational approach where students no longer rely on note taking and 

listening to lectures only as their way of learning. It is a process where teachers/lecturers give 

guidance to the students and then students are tested with questions to provide the solution to 

problems presented in class (Sedgewick and Wayne, 2017). It in computer science is made 

accessible since students can research on their own at their own time from the various 

educational sites on the web.  

It allows each student to take part actively in the coursework and thus improved 

performance at the individual level. In technical courses like this, brain-based learning 

enhances creativity and innovation, which is healthy in the field of computer science. 

Teachers applying this method should ensure that they undertake a continuous assessment of 

the students to be able to note their strengths and weaknesses and provide them with the 

necessary guidance to be able to meet the course requirements.  

Students are tasked with being self-organized and developing self-directed towards the 

course requirements. It will enable them to note their strengths, weaknesses, and interests thus 

feel free in seeking assistance from their peers and teachers thus effectively get involved in 

the learning process. The student-based method has proved to be one of the best methods in 

computer science education. 

 

Inquiry -Based Method 

It is a teaching method where the tutor serves the students with questions to enable 

them to participate in the learning process. The question asked will lead to the generation of 

other issues as clarification is sought and in the process result in learning of other new ideas 

(Trefil and Hazen, 2012). It is an important method of teaching computer science as students 

in this field need to develop more creative ideas that may lead to innovations.  

With technological know-how in these students then research on unclear questions can 

be sought from various web educational libraries and this develops out of class activities and 

research. It is a method that ensures maximum participation from the student and tutors on the 

course contents thus healthy learning environment. 

 

Collaborative Learning Method 

It refers to a teaching/learning process where tasks are handled in groups within and 

outside the class. It may be through discussions, group research, and reflections where each 

member in the group must make a keen contribution to issues under consideration (Mometrix 

Media LLC, 2016). Computer science course requires such a method to affect its course 
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content e.g. computer programming which can be so easily understood when done 

collaboratively as opposed to being tackled individually.  

Collaborative learning and teaching method have been effected easily in this field due 

to efficient internet access. Students and teachers can interact easily and anytime via the 

internet under web-enabled sessions and even create virtual classrooms where they can 

collaborate to tackle common problems and create solutions. It is a fundamental method of 

teaching computer science students as it promotes full participation from the studentsô part 

and encourages creativity and innovation at the same time. 

 

Demonstrating Teaching Method 

It is the method used in teaching computer science as it entails practical learning i.e. 

through illustrating by giving examples on each and every step. Students follow the 

illustrations keenly as they are also supposed to perform the steps and end up with the same 

solution as the tutor. It is a practical method of learning and teaching well suited for scientific 

courses as computer science. The approach typically tries to bring out the reality in facts that 

are taught. 

 

Project-Based Method 

It is the most used method of teaching computer science in the modern day. It involves 

practical solutions of course work problems where individuals are required to undertake a 

topic of discussion, research on it, document the results and findings, and present the outcome 

to the entire class (Jin and Lin, 2012). Evaluation and assessment are done based on 

individual work where creativity and originality are the main targeted aspects. This method 

allows for the active participation of students thus allowing for their maximum learning of the 

course content.  

The discussed advanced strategies for teaching computer science have proved so much 

effective in teaching and learning the course requirements. Technological advancement has 

been and is the key to effecting these modern teaching methods. As a science, the course 

requires an educational approach where studentsô take an active part in the learning process 

and this is clearly provided for by the modern methods. 
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Abstract. It is well known that wells should be reinforced by running the casing and 

cementing the annulus to create a competent cement sheath that helps to prevent the caving of 

the bore-hole. This article presents the general concept of gas migration in the well annulus. It 

reports the importance of cement height in prevention of annular gas migration in production 

and exploration wells in abnormally high pressure formations with substantial risks of gas 

migration in Vietsovpetroôs fields. 
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Sustained casing pressure is defined as ñany measurable casing pressure that rebuilds 

after being bled down, attributable to cause(s) other than artificially applied pressures or 

temperature fluctuations in the wellò. 

Over 200 wells in the fields of Vietsopetro exhibit sustained casing pressure. 

Most of oil and gas production fields around the world have found traces of gas flow 

in the annulus after cementing and during production. Over a long time, this gas may migrate 

into another reservoir or up to the surface. In some cases, high pressure inside the cement 

sheath is created and becomes impossible to control, causing a blowout from the wellhead, 

which leads to tremendous damage both economically and environmentally [2, 6]. 

The annulus of a oil and gas well is defined (constructed and limited) by nested casing 

strings, borehole wall, casing head on the wellhead, cement sheath, and liquid column 

consisting of drilling mud, buffer fluid wash (in cases that cement slurry does not rise onto the 

surface). A cement sheath is formed only after the casing and cementing process is completed. 

Gas intrusion and migration into the cement sheath in the annulus is a potential cause 

of several dangerous complications and occurrences. However, these are not always 

immediately detectable. The first indication of this phenomenon on the surface is the 

appearance and increase in pressure between casing strings or gas flow at the well head. 

Usually, remedial cementing is performed to force the cement into gas channels until the gas 

flow is stopped and casing pressure is reduced to a level compatible with the operator's safety 

policy and local regulations. However, the efficiency of squeeze cementing in such 

circumstances is very low for three essential reasons: 

- Gas channels are difficult to locate, especially if they are less than 1 mm in size; 

- Gas channels may be too small to be effectively filled by cement; 

- The pressure exerted during the squeeze job is sometimes sufficient to break the 

cement bond or even to initiate formation fracturing, creating problems in down hole 

communication. 

Gas migration between two or more subsurface zones, with no surface manifestations, 

is very difficult to detect. In such cases, gas production may be impaired; gas may migrate to 
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an upper depleted zone (possibly followed by gas migration to the surface through another 

well), or the efficiency of stimulation treatments may be reduced. 

Usually, cement repairing operations to fix the above problems are expensive, 

especially offshore or in remote locations. Therefore, preventing gas migration is definitely 

preferable to attempting to repair it [2]. 

There have been many subjective and objective causes in the oil spill disaster of 

Deepwater Horizon platform, offshore the Gulf of Mexico in April 2010. However, the 

investigation report indicated the main cause appears to be that the cement sheath did not 

maintain the isolation of oil and gas in the high-pressure reservoir, causing the gas to enter the 

annulus between casing strings and wellbore wall and then up to the wellhead [6]. 

In principle, where there is a source (reservoir) of gas, annular gas migration has three 

distinct root causes: 

- The hydrostatic pressure in the annulus falls to a level that is less than or equal to 

the pore pressure of a gas-bearing zone. 

- Space in the annulus allows gas entry. 

- A path is present in the annulus through which the gas can migrate. 

Gas migration in a cement sheath requires paths. Gas migrates in the annulus between 

a cement sheath and casing strings, the cement sheath and wellbore wall, or directly through 

the cement. Some investigations state these three gas migration mechanisms, but also claim 

that it is impossible to use this concept to classify or indicate the gas intrusion phenomenon in 

any particular circumstance. There is almost no circumstance whereby only one mechanism 

took place. 

Source of gas with high reservoir energy in Vietsovpetroôs fields from Oligocene 

formations can influx or migrate into wells during drilling, casing, cementing and production. 

The annular gas migration data was provided by various operators from 236 wells with 

SCP of Vietsovpetro and are contained in Microsoft Excel file. It has charts of raw data. The 

charts include all the casing strings that have SCP problems, their diameters and SCP value 

and the height from wellhead down to depth without cement. 

 

Table 1 ï Sustained casing pressure data 

Fixed Platform MSPï7 

 ̄ Well ʈ , MPa ʈ , MPa ʉ, m ʉ, m ʉ , m 

1 75 10 0,4 76 171 123 

2 76 0 2 3232 2998 328 

3 702 26 8 105 116 150 

4 708 0 2 68 3059 0 

5 710 0 2 68 3059 0 

6 714 0 2 68 3059 0 

7 715 25 1 35 60 0 

8 716 0 0,4 35 60 0 

9 718 0 30 35 60 0 

10 75 10 0,4 76 171 123 

 

The programme STATGRAPHICS constructs regression model to confirm the 

goodness of fit of the model and the statistical significance of the estimated parameters: SCP 

and the height of the cement sheath. Statistical significance can be checked by an R-squared 

and Correlation coefficient. 
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Table 2 ï Statistical Analysis Results 

Model Regression Equation 
R-

squared 

Correlation 

coefficient 
Relationship 

1 2 3 4 5 

Linear Model 

ʈ  , ʉ ʈ  = 8,0178ɀ 0,002241496 Ͻʉ 0,05 ɀ 0,23 
Not 

significant 

ʈ  , ʉ ʈ  =12,2337ɀ 0,00400618 Ͻʉ 0,33 ɀ 0,58 Significant 

ʈ  , ʉ ʈ  = 6,95035ɀ 0,00166265 Ͻʉ 0,07 ɀπȟ28 
Not 

significant 

ʈ  , ʉ  ʈ  =ɀ0,152194ɀ 0,156204 Ͻʉ  0,02 ɀ 0,17 
Not 

significant 

Multiple Model 

ʈ  , ʉ, ʉ 
ʈ  =ρ2,2329ɀ 0,0000212228 Ͻʉ 

0,00401181 Ͻʉ 
ɀ ɀ 

Not 

significant 

ʈ  , ʉ ʉ  
ʈ  = χ,76806ɀ 0,00159306 Ͻʉɀ 
0,0125258 Ͻʉ  

ɀ ɀ 
Not 

significant 

 

The R-squared statistic indicates that the model as fitted explains 33% of the 

variability in ʈ . The correlation coefficient equals ɀ 0,58, indicating a moderately 

strong relationship between the variables. 

 

 
Figure 1. Sustained casing pressure on fixed platform MSP-7 

 
Findings 

 

The results on all fixed platforms show that there are significant statistical 

relationships on 6/8 fixed platforms, which report the importance of cement height in 

prevention of annular gas migration. 

Practice and theory have confirmed that the presence, intrusion and migration of gas in 

the annulus are a particularly complex problem which is difficult to fix and repair and may 

lead to serious consequences when it happens. Therefore prevention before this occurs is the 

most practical and economic measure. The result of this investigation shows us a opportunity 

by cementing wells up to their wellheads to prevent annulus gas migration. 
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Abstract. Modern drilling rigs are equipped with instrumentation and data logging 

systems to aid the driller in his work and to allow post processing. There has been a transition 

from mechanical gauges and recorders of the past where the information was handwritten 

down on standard forms, over to the present where digital gauges and displays show a lot 

more data which furthermore is recorded in high resolution (e.g. every 5 seconds). There is a 

wealth of reports and data created during the drilling of a geothermal well. This data needs to 

be analysed and stored and for that computer systems are used. Part of the information 

technology (IT) is the drilling rig information system. This paper outlines what parameters are 

being monitored and how the data is stored. Such data is now available off site, either on-line 

or in daily reports and from databases. Drilling involves a lot of uncertainties and in some 

cases goes from one crisis to the other. Trained crews and application of appropriate 

technology minimizes the risk, but as conditions vary quite a lot it is important that the 

ñlearning curveò be steep. Post processing of the high resolution drilling data opens new 

possibilities for learning what works well and also what went wrong. With appropriate 

software it is possible to check whether there were any precursors, e.g. of sticking, that the 

driller could detect in time. For many geothermal drilling projects the drilling rig system 

information is underutilized, not because the systems are so expensive but rather because not 

enough human resources are devoted to it. 

 

Keywords: instruments, drilling, information system, geothermal. 

 

Drilling of geothermal wells creates a lot of documents from the time of planning, 

contracting and purchasing, through the drilling phase with the daily reports and digital data, 



13 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

and finally during well testing. To manage the drilling operation, and handle all the 

information, a project management system is in place. Companies have their own information 

systems and ways of managing and filing, and there are integrated software solutions offered 

by a number of equipment vendors and software developers. Some standardized Daily Report 

forms are from the International Association of Drilling Contractors (IADC). An important 

part of any drilling operation is monitoring its progress, obtaining optimum results, learning 

from experience, and ways of handling unforeseen incidences. There are many critical 

decisions to be made during drilling of geothermal wells and for that reliable data is a must 

[1]. All modern rigs have digital drilling information systems and they are easy to fit to older 

ones. They are an improvement over earlier mechanical strip-chart recorders ñGeolographò 

due to higher resolution and the usefulness of the digital format. The ñMud Loggingò 

company typically hosts the data logging system and installs sensors but also merges data 

from the drilling contractor and service companies. The new systems provide high resolution 

data of the main drilling parameters and great accuracy. The rig information is shared on site 

between the mud logger, driller, toolpusher, company man and other subcontractors via 

displays and some rigs allow on-line access over the Internet or via other data links. The main 

drilling parameters are graphed in low resolution on the geologist lithological plots, a carry 

over from the ñGeolographò days, but the high-resolution data is often not analyzed. 

Important lessons can be learned from evaluation of all the drilling data e.g. optimum rate of 

penetration (ROP), on precursors to sticking, condition of down-hole equipment, fishing 

operations, identifying loss/production zones, drilling in loss zones, bit cooling, equipment 

condition monitoring. Additional information is now being obtained by measurement while 

drilling (MWD) for steering of directional wells and in the future additional simultaneous 

geophysical logging by logging while drilling (LWD) can be expected to be applied for 

geothermal drilling as now in petroleum drilling. This paper will focus on the data collection 

system, how it is applied by the drilling crew for geothermal drilling, and ways of using the 

information for critical decision making [2]. Some of this may lead to an ñinformation 

overloadò, thus it is for example a question just how much the driller can take advantage of 

from the drillers console and computer displays. It is sometimes stated that a good drilled 

goes by what he hears and feels as much as by any instrument. In geothermal drilling where 

there is a danger of getting stuck, sensing the level of vibration and noise and taking 

appropriate action is the secret of a good driller! 

For petroleum drilling NORSOK of Norway has produced a table of parameters to be 

logged and frequency. There is a similar IADC list. It is quite comprehensive and a subset has 

been applied to drilling information systems for geothermal rigs in Iceland, as indicated by 

bold lettered lines. 

The preferred units of measure are the SI units but as much of the drilling industry still 

operates with FPS system and barrels (US units), thus the reported units of measure may 

differ from site to site. 

Previous to the digital age a mechanical strip chart recorder was used, it can still be 

found on some rig but rarely in use. The paper ñGeolographò has 24 hr chart on a drum only 6 

pens (some models had 10-12 pens) recording the time interval it took to drill 1 ft (to be 

converted to ROP), hook load, standpipe pressure, bit rotation (RPM), stokes per minute 

(SPM) on the mud pumps. Other measurements were made manually and recoded on the 

standardized IADC Drilling Report form. 

The drillers still prefer the mechanical gauges and many rigs have both. The large 

mechanical hook load and weight on bit indicator is the main instrument that the driller relies 

on and is not happy to part with (M/D Totco). They claim it is more ñaliveò than the digital 

one, even though it mimics its looks on computer displays. Mechanical pressure gauges and 

ammeters are still popular on the rig. 
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Nowadays standard industrial instrumentation equipment is used for the rig. A few 

systems have applied bus technology to simplify the wiring, but most still use the industry 

standard 2-wire current transmitters (4-20 mA). The temperature and pressure transmitters 

have integrated circuits that accept 10-30 VDC and produce a linear 4-20 mA signal. To 

measure pump stokes of the mud pumps or bit rotation encoders or proximity detectors can be 

used used together with pulse to current transmitters that deliver 4-20 mA. For block position 

encoders or proximity detectors on the wire rope or crown block are used. For small rigs a 

manometer arrangement has been applied where the height of the block is measured by a 

pressure transmitter connected to a water reservoir canister ending at the top drive. The level 

in tanks is measured either by pressure transmitters or ultrasonic sensors. Magnetic flow 

meters are used to measure the returns from the well, thus allowing monitoring of the loss of 

circulation. The accuracy is sometimes inadequate and thus changes in total mud tank volume 

over a time period is used to monitor the rate of loss. During that period no fluid makeup can 

take place or large losses over the mud shakers. 

There have been development programs to improve the flow meter by designing a 

rolling float meter (Sandia 1998). Measurements are additionally made by the mud loggers at 

regular intervals as part of the mud volume accounting and also at set intervals by measuring 

the drop of the level in the tanks, e.g. for 15 minutes. The drillers also monitor the loss by 

adjusting the strokes of the mud pump to keep the well full to the brim but no overflow, as 

that flow corresponds to the loss. Another recent development in Iceland has been applying a 

vibration sensor to the top drive [3]. Drilling large diameter holes in volcanic rock may 

require adjusting the weight on bit and rotation to reduce the vibration level and also when 

drilling through fractured rock. Vibration also indicates stick/slip and its early identification 

can reduce the chances of getting stuck. 

There are a number of off-the-shelf data multichannel loggers that can be applied to 

the drilling rig. The signals are generally of the current type (4-20 mA) and are converted A/D 

with anywhere from 12 to 16 bit resolution by a PLC or data logger. There are several high-

level software programs available for those that want to build their own systems or total 

packages for hardware and software can be purchased. For most geothermal drilling the data 

acquisition system is provided as a service from the mud logging company, using their own 

proprietary solutions. The output is on multiple screens where the numbers as well as the 

trend data is plotted. The drillers console also commonly has digital displays. The data is 

stored on servers where it can be accessed, either as standard reports and graphs or the raw 

data downloaded in various versions in ASCII format. By having access to the raw data other 

programs can be applied for the analysis. Each data line has its corresponding time and depth. 

Timeline data versus depth is possible for all the parameters measured and calculated values. 

 

Findings 
 

It is beyond the scope of this paper to describe how all these drilling parameters are 

used. The lecture and group work assignments will deal with case histories. The primary use 

is for the driller to carry out his work and to make it easier for him to spot early signs of 

problems. For geothermal drilling the question of well stability, hole cleaning and fluid losses 

are important, to avoid getting stuck. Location of loss zones is important as they may have to 

be cemented off in the cased portion of the well and in the open-hole interval the losses 

indicate the future production zones. 

The data is very valuable in determining the causes of drilling problems. The emphasis 

should be lessons learned, rather than to gain evidence for any claims. Some drillers resent 

this level of recording their work and that goes for the drilling contractor as well. It is 

therefore important that the analysis be transparent and conducted in good faith. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʩʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʈʦʩʩʠʠ ʥʘʯʘʣʠ ʨʘʙʦʪʫ ʧʦ ʥʦʚʦʤʫ ʌʝʜʝʨʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ 

ʩʪʘʥʜʘʨʪʫ. ʌɻʆʉ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʩʪʘʚʠʪ ʧʝʨʝʜ 

ʩʦʙʦʡ ʛʣʘʚʥʫʶ ʮʝʣʴ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, 

ʩʧʦʩʦʙʥʦʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ. ʇʨʝʜʤʝʪ çʇʨʠʢʣʘʜʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘè ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɻʆʉ 3+ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʪʘʚʠʪ ʧʝʨʝʜ 

ʩʦʙʦʡ ʛʣʘʚʥʫʶ ʮʝʣʴ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, 

ʩʧʦʩʦʙʥʦʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ.  

 

Abstract. At the present stage of development, all educational institutions in Russia 

have begun work on the new Federal State Educational Standard. GEF is the basis of physical 

education of students and sets the main goal - the formation of a physically versatile 

developed personality who is able to actively use the values of physical culture to strengthen 

and long-term preservation of their own health, to optimize work and organize recreational 

activities. The subject ñApplied physical cultureò in accordance with GEF 3+ is the basis of 

physical education and sets the main goal - the formation of a physically versatile developed 
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personality who is able to actively use the values of physical culture to strengthen and long-

term preservation of their own health, optimize work and organize active leisure . 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʢʣʘʜʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʌɻʆʉ, ʧʨʠʥʮʠʧʳ, 

ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʢʦʤʧʝʪʝʥʮʠʠ, ʩʪʫʜʝʥʪ, ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʢʘʣʘʚʨʠʘʪ. 

 

Keywords: Applied physical culture, GEF, principles, physical development, 

competence, student, higher education, baccalaureate. 

 

ʅʘʩʪʦʷʱʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ, ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʙʘʢʘʣʘʚʨʠʘʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʩʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʈʦʩʩʠʠ ʥʘʯʘʣʠ 

ʨʘʙʦʪʫ ʧʦ ʥʦʚʦʤʫ ʌʝʜʝʨʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ (ʜʘʣʝʝ 

ï ʌɻʆʉ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʠ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʟʘʧʨʦʩʘʤ ʣʠʯʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʨʝʜʤʝʪ çʇʨʠʢʣʘʜʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɻʆʉ 3+ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʛʣʘʚʥʫʶ ʮʝʣʴ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʡ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʦʭʨʘʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ [3, 4, 10]. 

ɺ ʥʘʩʪʦʷʱʝʤ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ: 

ʆʂ ï ʦʙʱʝʢʫʣʴʪʫʨʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ; 

ʆʇʂ ï ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ; 

ʇʂ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ: 

ʌɻʆʉ ɺʆ ʬʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ; 

ʉʝʪʝʚʘʷ ʬʦʨʤʘ ï ʩʝʪʝʚʘʷ ʬʦʨʤʘ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʙʘʢʘʣʘʚʨʠʘʪʘ ʫ ʚʳʧʫʩʢʥʠʢʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʙʱʝʢʫʣʴʪʫʨʥʳʝ, ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʢʦʤʧʝʪʝʥʮʠʠ. 

ɺʳʧʫʩʢʥʠʢ, ʦʩʚʦʠʚʰʠʡ ʧʨʦʛʨʘʤʤʫ ʙʘʢʘʣʘʚʨʠʘʪʘ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʦʙʱʝʢʫʣʴʪʫʨʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ:  

ï ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʆʂ-8). 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 7 ʘʚʛʫʩʪʘ 2009 ʛ. ʫʪʚʝʨʞʜʝʥʘ «ʉʪʨʘʪʝʛʠʷ 

ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʚ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ», ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʛʨʘʞʜʘʥ 

ʩʪʨʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʤʦʣʦʜʝʞʠ, ʚʝʩʪʠ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʥʠʤʘʪʴʩʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ (ʢ 2015 ʛʦʜʫ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛ 60%, ʢ 2020 ʛʦʜʫ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʜʦʩʪʠʞʝʥʠʝ 80%, ʙʣʘʛʦʜʘʨʷ 

ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʝʩʘ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʨʘʟʚʠʪʠʷ ʤʦʪʠʚʘʮʠʠ ʢ ʟʘʥʷʪʠʷʤ 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ) [1, 2]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʚ ʪʨʝʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 
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1. ʧʦʟʥʘʚʘʪʝʣʴʥʦʝ (ʦʙʫʯʘʶʱʠʭʩʷ ʟʥʘʢʦʤʷʪ ʩ ʧʨʘʚʠʣʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ, ʦʙʫʯʘʶʪ ʥʘʚʳʢʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʯʝʙʥʠʢʦʚ ʧʦ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʝ, ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʩʦʙʠʡ). 

2. ʦʙʫʯʘʶʱʝʝ (ʦʩʚʘʠʚʘʥʠʝ ʫʯʝʙʥʳʭ ʟʥʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʥʘʟʚʘʥʠʝ ʫʧʨʘʞʥʝʥʠʷ ʠ 
ʪʝʭʥʠʢʘ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

ʠʟʫʯʝʥʠʝ, ʨʘʟʲʷʩʥʝʥʠʝ, ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. 

3. ʪʨʝʥʠʨʦʚʦʯʥʦʝ (ʨʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʚʳʧʦʣʥʝʥʠʝ ʫʧʨʘʞʥʝʥʠʡ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʘʢʮʝʥʪʠʨʦʚʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʠʟʤʝʥʝʥʠʝʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ).  

ʆʙʷʟʘʪʝʣʴʥʦ ʩʦʙʣʶʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ: 

ï ʧʨʠʥʮʠʧ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ ʩʦʦʙʨʘʟʥʦʩʪʠ (ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ); 

ï ʧʨʠʥʮʠʧ ʜʠʜʘʢʪʠʢʠ (ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʢ ʥʝʠʟʚʝʩʪʥʦʤʫ, ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ); 

ï ʧʨʠʥʮʠʧ ʚʘʨʠʘʪʠʚʥʦʩʪʠ (ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʛʨʫʧʧʘʤ, ʧʦʣʦʚʳʤ 

ʨʘʟʣʠʯʠʷʤ, ʬʠʟʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʧʩʠʭʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ). 

ʉʪʫʜʝʥʪʳ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʟʜʦʨʦʚʴʷ, ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʜʘʶʪʩʷ 

ʨʘʟʥʳʝ ʟʘʜʘʥʠʷ: ʦʩʥʦʚʥʘʷ ʛʨʫʧʧʘ ï ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʟʘʜʘʥʠʡ, 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʛʨʫʧʧʘ ï ʱʘʜʷʱʘʷ ʥʘʛʨʫʟʢʘ, ʯʪʦʙʳ ʥʝ ʚʳʟʚʘʪʴ ʧʝʨʝʫʪʦʤʣʝʥʠʷ ʠʣʠ 

ʪʨʘʚʤʳ [5, 7, 9]. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʳʭ ʤʝʪʦʜʠʢ: 

1. ʀʟʦʙʨʝʪʘʪʴ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʥʝ ʥʫʞʥʦ. ɿʘʥʷʪʠʷ 
ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦ-ʥʦʚʦʤʫ, ʦʙʨʘʱʘʷʩʴ ʢ ʨʘʟʫʤʫ ʫʯʘʱʠʭʩʷ, ʢ ʠʭ ʦʱʫʱʝʥʠʷʤ. 

ʇʨʠʦʨʠʪʝʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘʤ (ʪʘʤ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʠ 

ʙʝʟʦʧʘʩʥʦ) ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʥʝ ʟʘʫʯʠʚʘʣʠ ʛʦʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʩʘʤʠ ʨʝʰʘʣʠ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ. 

2. ɿʘʜʘʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʦʟʨʘʩʪʫ ʩʪʫʜʝʥʪʫ. ʆʥʠ ʜʦʣʞʥʳ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʭʝʤʘʭ, ʪʘʙʣʠʮʘʭ, ʟʥʘʪʴ ʪʝʨʤʠʥʦʣʦʛʠʶ ʠ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʝ, ʠʩʭʦʜʷ 

ʠʟ ʩʣʦʚʝʩʥʦʛʦ ʦʧʠʩʘʥʠʷ ʫʧʨʘʞʥʝʥʠʡ.  

3. ʅʘ ʵʪʘʧʝ ʥʘʯʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʶ 
ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ  ʦʙ 

ʠʟʫʯʘʝʤʦʤ ʜʚʠʛʘʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ, ʥʘʭʦʞʜʝʥʠʶ ʧʦʩʣʝʜʫʶʱʝʝ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ, 

ʙʣʠʟʢʠʭ ʧʦ ʪʝʭʥʠʢʝ ʢ ʚʥʦʚʴ ʠʟʫʯʘʝʤʦʤʫ [6, 8, 10]. 

 

ɺʳʚʦʜʳ 

 

ʅʘ ʵʪʘʧʝ ʟʘʢʨʝʧʣʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʚ ʛʨʫʧʧʝ ʧʦ 

ʚʳʧʦʣʥʝʥʠʶ ʩʝʨʠʠ ʫʧʨʘʞʥʝʥʠʡ ʧʦ ʪʘʙʣʠʮʘʤ, ʨʠʩʫʥʢʘʤ, ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ, ʚʨʝʤʝʥʥʳʭ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʭʥʠʢʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʘ ʵʪʘʧʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ï 

ʚʳʷʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʪʝʭʥʠʢʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʦʧʳʪʘ ʪʦʚʘʨʠʱʝʡ; ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʠ ʩʠʪʫʘʮʠʡ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɹʠʢʟʷʥʦʚʘ ɸ.ɸ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʚ ʚʫʟʘʭ. / 

ʋʡʤʘʥʦʚʘ ʀ.ʇ., ɹʠʢʟʷʥʦʚʘ ɸ.ɸ. // ʄʘʪʝʨ ʢʦʥʬ. ʌɻɹʆʋ ɺʇʆ ʇʝʪʨɻʋ, 2015. ʉ. 54-59. 



18 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

2. ʂʠʨʝʝʚʘ ʅ.ɸ., ʇʦʢʘʣʦ ʖ.ɼ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ: 

ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ./ʨʝʜʢʦʣ.: ʌ.ʋ. ɽʥʠʢʝʝʚ ʠ ʜʨ. ï ʋʬʘ: ʀʟʜ-ʚʦ 

çɺʦʩʪʦʯʥʘʷ ʧʝʯʘʪʴè, 2014. ï ʉ. 133-137. 

3. ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ., ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʚ 

ʚʫʟʘʭ. / ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ., ʋʡʤʘʥʦʚʘ ʀ.ʇ. // ʆʨʛʘʥʠʟʘʮʠʷ, ʧʨʦʙʣʝʤʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʢʘʬʝʜʨʘʭ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʚ ʚʫʟʘʭ-2016: ʩʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ 3-ʭ ʪ. / ʨʝʜʢʦʣ.: ɸ.ɺ. ɻʨʝʙ ʠ ʜʨ. ï ʋʬʘ: ʀʟʜ-ʚʦ ʋɻʅʊʋ, 2016.ïʊ-2.ï 

ʉ. 180-185. 

4. ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ., ʉʪʘʪʠʩʪʠʢʘ ʩʧʦʨʪʠʚʥʳʭ ʜʦʩʪʠʞʝʥʠʡ. / ʋʡʤʘʥʦʚʘ ʀ.ʇ., 

ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ. // -2016: ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ 3-ʭ ʪ. / ʨʝʜʢʦʣ.: ɸ.ɺ. ɻʨʝʙ ʠ ʜʨ. - 

ʋʬʘ: ʀʟʜ-ʚʦ ʋɻʅʊʋ, 2016.- ʊ-3.- ʉ. 75-80.  

5. ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ. ɺʦʟʨʦʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ çɻʦʪʦʚ ʢ ʪʨʫʜʫ ʠ ʦʙʦʨʦʥʝè./ 

ʅʘʟʤʝʪʜʠʥʦʚʘ ʉ.ʀ., ʋʡʤʘʥʦʚʘ ʀ.ʇ. //, ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʝʰʝʥʠʷ: -2016: 

ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ 3-ʭ ʪ. / ʨʝʜʢʦʣ.: ɸ.ɺ. ɻʨʝʙ ʠ ʜʨ. ï ʋʬʘ: ʀʟʜ-ʚʦ ʋɻʅʊʋ, 

2016.ïʊ-1.ï ʉ. 56-62. 

6. ʇʦʢʘʣʦ ʖ.ɼ., ʂʠʨʝʝʚʘ ʅ.ɸ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʤʢʘʭ 

ʧʨʠʤʝʥʝʥʠʷ ʙʘʣʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ // ʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʫʟʘʭ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ-2014: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʤʝʪʦʜ. ʢʦʥʬ. ï ʋʬʘ: ʈʀʎ 

ʋɻʅʊʋ, 2014. ï ʉ. 48-51. 

7. ʋʡʤʘʥʦʚʘ ʀ.ʇ. ʃʳʞʥʳʡ ʩʧʦʨʪ ʢʘʢ ʦʩʥʦʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʦʛʦ 

ʦʙʨʘʟʘ ʞʠʟʥʠ. ʉʙʦʨʥʠʢ ʢʦʥʬʝʨʝʥʮʠʡ ʅʀʎ ʉʦʮʠʦʩʬʝʨʘ. 2015. ˉ19. ʉ. 47-50. 

8. ʋʡʤʘʥʦʚʘ ʀ.ʇ. ʈʘʚʥʠʥʥʳʝ ʣʳʞʠ ʢʘʢ ʬʘʢʪʦʨ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ. ʉʙʦʨʥʠʢ: ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʚ 

ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 2015. ʉ. 80-82. 

9. ʋʡʤʘʥʦʚʘ ʀ.ʇ. ʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʩʪʫʜʝʥʪʦʚ. ʉʙʦʨʥʠʢ ʢʦʥʬʝʨʝʥʮʠʡ 

ʅʀʎ ʉʦʮʠʦʩʬʝʨʘ. 2015. ˉ21. ʉ. 58-60. 

10. ʋʡʤʘʥʦʚʘ ʀ.ʇ. ɺʥʝʜʨʝʥʠʝ ʌɻʆʉ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʬʠʟʠʯʝʩʢʘʷ 

ʢʫʣʴʪʫʨʘ. / ʋʡʤʘʥʦʚʘ ʀ.ʇ., ʍʘʡʨʫʣʣʠʥʘ ɼ.ɼ., ʏʝʨʥʠʢʦʚʘ ɺ.ʆ. //-2016: PREPARWG A 

COPETITIYE SPECIALIST AS A PYRPOSE OF MODERN EDUCATION : ʤʘʪʝʨʠʘʣʳ V 

ʄʝʞʜ. ʥʘʫʯ.ʧʨʘʢ. ʢʦʥʬ, 20-12 ʥʦʷʙʨʷ 2016 ʛ. ʇʨʘʛʘ, «Sociosféra-CZ», ʉ 74-77. 
 

 

ʋɼʂ 631.3:621.793 

 

ʂʆʄʇʃɽʂʉ ʉʈɽɼʉʊɺ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓʁ ʂʈʀʊɽʈʀʁ ʆʎɽʅʂʀ 

ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ ʊʈʀɹʆʄɽʍɸʅʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

«ʂʆʃʔʎʆ ʇʆɼʐʀʇʅʀʂɸ ï ʂʆʈʇʋʉ»  

 

COMPLEX OF MEANS AND INFORMATION CRITERION FOR ASSESSING THE 

OPERABILITY OF THE TRIBOMECHANICAL SYSTEM  

ñBEARING RING ï HOUSINGò 

 

ɺʘʭʨʫʰʝʚ ɺ.ɺ., ɽʛʦʨʦʚ ɸ.ɺ., ɿʫʙʦʚʘ ɽ.ɺ., ʏʝʨʝʧʘʭʠʥ ʉ.ʆ., 

ʌɻɹʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

V.V. Vakhrushev, A.V. Egorov, E.V. Zubova, S.O. Tcherepakhin, 

FSBEI ʅɽ ñSouth Ural State Agrarian Universityò, Chelyabinsk, Russian Federation 

 

e-mail: my-disk21@yandex.ru 



19 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʘʢʪʠʢʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʨʠʙʦʤʝʭʘʥʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʚʠʙʨʘʮʠʠ ʧʦʜʰʠʧʥʠʢʘ. ʆʮʝʥʢʫ ʚʠʙʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ISO 2372 ʠ VDI 2056. ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʚʠʙʨʘʮʠʠ ʭʦʨʦʰʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʘʚʘʨʠʡʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʤʧʣʠʪʫʜʳ ʠʣʠ 

pick-ʬʘʢʪʦʨʘ. Pick-ʬʘʢʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè. ʇʦʢʘʟʘʪʝʣʝʤ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʚ 

ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʨʠʪʝʨʠʡ ʅʘʡʢʚʠʩʪʘ, ʦʮʝʥʠʚʘʶʱʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

(ɸʌʏʍ) ʠ ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʟʨʳʚ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʝʨʩʦʥʘʣʴʥʦʡ ʕɺʄ (ʜʣʷ ʟʘʧʠʩʠ, ʥʘʢʦʧʣʝʥʠʷ 

ʠ ʨʘʩʯʝʪʘ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ), ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʠ (ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ: ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʟʫʥʘ, ʢʦʣʠʯʝʩʪʚʘ 

ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ), ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʪʨʝʭʦʩʝʚʦʛʦ ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʠ, ʪʨʠʙʦʤʝʪʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨʘ ʚ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʨʘʙʦʪʳ 

ʪʨʠʙʦʧʘʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 2,5. ʇʨʠ ʟʘʨʦʞʜʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 20é25. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʪʨʫʠɦʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨʘ ʜʦ 1,5é2. ʂʦʣʝʙʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʪʨʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ 3 ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ ʪʘʢʞʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʣʠ ʙʣʠʟʢʦʡ 

ʯʘʩʪʦʪʦʡ. 

 

Abstract. In the practice of diagnosing the state of the tribomechangic system 

ñbearing ring ï hullò, vibration bearing monitoring is used as an evaluation parameter. 

Vibration evaluation is performed based on the requirements of ISO 2372 and VDI 2056. 

However, the vibration evaluation is well identified only at the stage of accidental wear of the 

elements of the tribomechanical system. An attempt was made to substantiate and use the 

amplitude coefficient or pick-factor as a diagnostic parameter. Pick-factor shows the degree of 

degradation of the tribomechanical system ñbearing ring-bodyò. The indicator of the 

degradation of the surface words of the landing hole can be the Nyquist criterion that 

estimates the stability of a closed system with respect to the amplitude-phase frequency 

response (AFCF) and shows the rupture of frictional bonds of the elements of the 

triboechanical system ñbearing ring housingò. The study was carried out using a measuring 

complex consisting of a personal computer (for recording, accumulating and calculating 

digital data), a universal measuring rack (necessary for monitoring the parameters of the 

friction process: the frequency of the slider movement, the number of loading cycles, the 

control of the temperature of the samples), An analog-to-digital converter, a three-axis 

vibration sensor, a tribometer. Experimental studies have shown that the values of the pick-

factor in the initial period of tribopar operation range from 2 to 2.5. At the origin of damage, 

the pick-factor values increase to 20...25. Increasing the degree of degradation of rubbing 

surfaces reduces the pick-factor to 1.5...2. Oscillations on friction samples extend to 3 

coordinate planes also with the same or near frequency. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: pick-ʬʘʢʪʦʨ, ʛʦʜʦʛʨʘʬ ʅʘʡʢʚʠʩʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʨʠʪʝʨʠʡ, ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 
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Keywords: Pick-factor, Nyquist hodograph, information criterion, amplitude-phase 
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ɺ ʧʨʘʢʪʠʢʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʦʙʳʯʥʳʤ 

ʷʚʣʷʝʪʩʷ ʝʝ ʦʮʝʥʢʘ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʠ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ [1, 9]. ʇʨʠ ʪʘʢʦʤ 

ʤʝʪʦʜʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʥʪʨʦʣʴ ʚʠʙʨʘʮʠʠ ʧʦʜʰʠʧʥʠʢʘ. ʂʦʥʪʨʦʣʴ 

ʚʠʙʨʘʮʠʠ ʞʝʩʪʢʦ ʥʦʨʤʠʨʫʝʤʳʡ (ʚʠʙʨʘʮʠʷ ʧʦʜʰʠʧʥʠʢʘ ʥʦʨʤʠʨʫʝʪʩʷ ʧʦ ISO 2372 [2] ʠ 

VDI 2056 [3]) ʠ ʜʦʩʪʦʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʆʜʥʘʢʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ, ʥʦ ʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ (ʠʟʥʦʩʘ) ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʥʘ ʚʘʣʫ ʠ ʚ ʢʦʨʧʫʩʝ. ʀʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʩʦʧʨʷʞʝʥʠʷ ʚ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʥʠʟʢʦʛʦ ʨʝʩʫʨʩʘ ʥʝ ʪʦʣʴʢʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʥʦ ʠ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʚ 

ʮʝʣʦʤ. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ 

ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè (ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʥʦʩʘ ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʧʦʜʰʠʧʥʠʢ ʢʘʯʝʥʠʷ ʚ 

ʢʦʨʧʫʩʝ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ) ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʘʚʘʨʠʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʤʠʢʨʦʤʝʪʨʘʞʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʜʦʩʪʦʚʝʨʥʳʭ ʤʝʪʦʜʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ [4]. 

ʄʝʞʜʫ ʪʨʝʥʠʝʤ ʠ ʚʠʙʨʘʮʠʝʡ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ: ʪʨʝʥʠʝ ʩʧʦʩʦʙʥʦ 

ʚʦʟʙʫʞʜʘʪʴ ʚʠʙʨʘʮʠʶ, ʘ ʚʠʙʨʘʮʠʷ ʚʣʠʷʝʪ ʥʘ ʪʨʝʥʠʝ [5]. ʇʨʠ ʢʦʥʪʘʢʪʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ (ʘʚʪʦʬʨʠʢʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ). ʇʨʦʮʝʩʩ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʘʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʳʩʪʫʧʦʚ 

ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʝʨʦʭʦʚʘʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ ʵʪʦʤ 

ʠʤʧʫʣʴʩʳ, ʤʦʛʫʪ ʙʳʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʘʚʘʨʠʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʠʪʝʨʠʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ ʠʣʠ pick-ʬʘʢʪʦʨ [5, 6, 7]. 

Pick-ʬʘʢʪʦʨ ʚʳʨʘʞʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ (1) ʠ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ 

ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè. 

˗̐ ̕

●▬

●╬
 (1) 

ʛʜʝ ὼ ï ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʤʤ; 

ὼ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʉʂɿ), ʤʤ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ pick-ʬʘʢʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 

 

 
ʘ) 

ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʝ pick-ʬʘʢʪʦʨʘ 
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ʙ) 

ʈʠʩʫʥʦʢ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ʇʦʢʘʟʘʪʝʣʝʤ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʚ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʨʠʪʝʨʠʡ ʅʘʡʢʚʠʩʪʘ, ʦʮʝʥʠʚʘʶʱʠʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ɸʌʏʍ) ʠ ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʟʨʳʚ 

ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ 

ʢʦʨʧʫʩè. ʈʘʟʨʳʚ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʝ ʠʟʥʦʩʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʜʝʣʝʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʚʦʜʠʪʩʷ 

ʢ ʪʨʝʙʦʚʘʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ɸʌʏʍ ʩʠʩʪʝʤʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʦʭʚʘʪʳʚʘʣʘ ʪʦʯʢʫ (-1, 0) [6, 7] (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ 

ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ ʠ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ pick-ʬʘʢʪʦʨʘ ʠ ʢʨʠʪʝʨʠʷ ʅʘʡʢʚʠʩʪʘ, ʢʘʢ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ 

ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ï 

ʧʦʜʰʠʧʥʠʢʘ ʢʦʨʧʫʩè. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʷʣ ʠʟ ʧʝʨʩʦʥʘʣʴʥʦʡ ʕɺʄ (ʜʣʷ ʟʘʧʠʩʠ, 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ), ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʠ 

(ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ: ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʣʟʫʥʘ, ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ), ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʪʨʝʭʦʩʝʚʦʛʦ ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʠ, ʪʨʠʙʦʤʝʪʨʘ (ʩ ʧʦʤʦʱʴʶ 

ʪʨʠʙʦʤʝʪʨʘ ʚʦʩʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè), ʩ ʠʟʤʝʥʷʝʤʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʟʫʥʘ. 

 



22 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

 
1 ï ʧʝʨʩʦʥʘʣʴʥʘʷ ʕɺʄ, 2 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʪʦʡʢʘ, 

3 ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ), 4 ï ʪʨʠʙʦʤʝʪʨ, 

5 ï ʪʨʝʭʦʩʝʚʦʡ ʜʘʪʯʠʢ ʚʠʙʨʘʮʠʠ, 6 ï ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʃɸʊʈ) 

ʈʠʩʫʥʦʢ 4. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʠʪʢʠ ʨʘʟʤʝʨʦʤ 10ʭ10ʭ10 ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ ʩʪʘʣʠ ʐʍ-15 (ɻʆʉʊ 801-78) ʠ ʯʫʛʫʥʘ ʉʏ-18-36 (ɻʆʉʊ 14-12-85), ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʢ ʜʝʪʘʣʷʤ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè. 

ʆʙʱʠʡ ʚʠʜ ʧʣʠʪʦʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʥʠʝ 

 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʠʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʣʟʫʥʦʤ ʪʨʠʙʦʤʝʪʨʘ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 500 ʜʦ 

2000 ɻʮ, ʘʤʧʣʠʪʫʜʦʡ ï 0,1 ʤʤ ʩ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 10 ʤʇʘ. ʊʨʝʙʦʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʰʪʘʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè [8, 9]. 

ʇʦʣʫʯʝʥʥʘʷ ʘʤʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

 

 
 

ʘ) ʢʦʦʨʜʠʥʘʪʘ Z, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 500 ɻʮ 
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ʙ) ʢʦʦʨʜʠʥʘʪʘ Y, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 500 ɻʮ 

 

 
ʚ) ʢʦʦʨʜʠʥʘʪʘ X, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 500 ɻʮ 

 

 
ʛ) ʢʦʦʨʜʠʥʘʪʘ Z, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 2000 ɻʮ 

 

 
ʜ) ʢʦʦʨʜʠʥʘʪʘ Y, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 2000 ɻʮ 

 

 
ʝ) ʢʦʦʨʜʠʥʘʪʘ X, ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 2000 ɻʮ 

 

ʈʠʩʫʥʦʢ 6. ɸʤʧʣʠʪʫʜʥʦ ï ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʚʠʙʨʘʮʠʠ ʩʥʷʪʦʛʦ ʩ 

ʦʙʨʘʟʮʦʚ, ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ ʠʣʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ 

ʨʘʟʥʦʡ ʯʘʩʪʦʪʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʂ ʧʨʠʤʝʨʫ, ʧʦ ʢʦʦʨʜʠʥʘʪʝ Z (ʧʨʠ ʯʘʩʪʦʪʝ 



24 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ 500 ɻʮ ʜʦ 2000 ʛʎ) ʩʧʝʢʪʨ ʠʤʝʝʪ 8 ʛʘʨʤʦʥʠʢ, ʧʨʠ ʵʪʦʤ 1 

ʛʘʨʤʦʥʠʢʘ ʠʤʝʝʪ ʯʘʩʪʦʪʫ ʦʪ 329 ʜʦ 361 ɻʮ, 2 ʛʘʨʤʦʥʠʢʘ ï 659-720 ɻʮ ʠ ʪ.ʜ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ ʢʦʣʝʙʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ 3 ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ ʪʘʢʞʝ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʠʣʠ ʙʣʠʟʢʦʡ ʯʘʩʪʦʪʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨʘ ʚ 

ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʨʘʙʦʪʳ ʪʨʠʙʦʧʘʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 2,5. ʇʨʠ ʟʘʨʦʞʜʝʥʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 20é25. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʜʝʛʨʘʜʘʮʠʠ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨʘ ʜʦ 1,5é2. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥʳ ʪʨʸʭʤʝʨʥʘʷ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʣʝʜʦʚ 

ʠʟʥʦʩʘ ʠ ʮʠʬʨʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ (ʪʦʧʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ) ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʤ ʩʦʩʪʦʷʥʠʝʤ ʛʦʜʦʛʨʘʬʦʤ ʅʘʡʢʚʠʩʪʘ. ɼʣʷ ʨʘʩʯʸʪʘ ʛʦʜʦʛʨʘʬʘ 

ʅʘʡʢʚʠʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʢʨʦʩ ʜʣʷ ʩʨʝʜʳ Mathcad, ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩʫʥʦʢ 7. ʌʨʘʛʤʝʥʪ ʤʘʢʨʦʩʘ ʜʣʷ ʨʘʩʯʸʪʘ ʛʦʜʦʛʨʘʬʘ ʅʘʡʢʚʠʩʪʘ 

 

 
ʘ) 

 
ʙ) 
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ʚ)  

ʛ) 

 
ʜ) 

 

 
ʝ) 

 
ʞ) 

 
 

ʟ) 

ʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʙ ï ʪʦʧʦʣʦʛʠʷ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚ ï ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 20 

ʛ ï ʪʦʧʦʣʦʛʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 20 

ʜ ï ʢʨʠʪʝʨʠʡ ʅʘʡʢʚʠʩʪʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 20 

ʝ ï ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 2 

ʞ ï ʪʦʧʦʣʦʛʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 2 

ʟ ï ʢʨʠʪʝʨʠʡ ʅʘʡʢʚʠʩʪʘ ʧʨʠ ʟʥʘʯʝʥʠʠ pick-ʬʘʢʪʦʨʘ ï 2 

 

ʈʠʩʫʥʦʢ 8. ʊʨʸʭʤʝʨʥʘʷ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʣʝʜʦʚ ʠʟʥʦʩʘ ʠ ʮʠʬʨʦʚʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ (ʪʦʧʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʛʦʜʦʛʨʘʬʦʤ ʅʘʡʢʚʠʩʪʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ (ʨʠʩʫʥʦʢ 8) ʪʦʧʦʣʦʛʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʥʦʰʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʠʤʝʝʪ ʩʣʝʜʳ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʚʠʜʝ ʛʣʫʙʦʢʠʭ ʚʳʨʳʚʦʚ ʩ ʦʪʪʝʩʥʝʥʠʝʤ ʤʝʪʘʣʣʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 6 

ʛʨʘʜʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 68 ʜʦ 87 ʤʢʤ. ʇʨʠ 

ʵʪʦʤ ʛʦʜʦʛʨʘʬ ʅʘʡʢʚʠʩʪʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʦʙʭʦʜ ʚ ʩʪʦʨʦʥʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʨʘʟʨʳʚ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʧʨʦʭʦʜʠʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʘʧʨʦʙʘʮʠʶ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʋʨʘʣʦ-ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

 

ɺʳʚʦʜʳ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ pick-ʬʘʢʪʦʨʘ ʬʨʠʢʮʠʦʥʥʳʭ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʨʘʟʨʫʰʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

2. ʇʨʝʜʣʦʞʝʥ ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʮʝʥʢʠ pick-ʬʘʢʪʦʨʘ 

ʘʚʪʦʬʨʠʢʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʩʦʥʘʣʴʥʦʡ ʕɺʄ, ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʪʦʡʢʠ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʪʨʝʭʦʩʝʚʦʛʦ ʜʘʪʯʠʢʘ 

ʚʠʙʨʘʮʠʠ, ʪʨʠʙʦʤʝʪʨʘ. 

3. Pick-ʬʘʢʪʦʨ ʚ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʨʘʙʦʪʳ ʪʨʠʙʦʧʘʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 2,5. 

ʇʨʠ ʟʘʨʦʞʜʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 20é25. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ pick-ʬʘʢʪʦʨ 

ʜʦ 1,5é2. 

4. ʈʘʟʨʘʙʦʪʘʥ ʤʘʢʨʦʩ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʛʦʜʦʛʨʘʬʘ ʅʘʡʢʚʠʩʪʘ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʩʨʝʜʝ Mathcad. 

5. ʄʝʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʝʡ ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ï ʢʦʨʧʫʩè ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʡ ʅʘʡʢʚʠʩʪʘ 

ʦʮʝʥʠʚʘʶʱʠʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʧʦ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝʢʝ (ɸʌʏʍ) ʠ ʧʦʢʘʟʳʚʘʶʱʠʡ ʨʘʟʨʳʚ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ 

ʪʨʠʙʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ʢʦʨʧʫʩè. 

6. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʚʠʙʨʘʮʠʠ 
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7. ʉʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʤʝʝʪ 8 ʛʘʨʤʦʥʠʢ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 329 ɻʮ ʜʦ 4700 

ɻʮ. 

8. ʂʦʣʝʙʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ 3 ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ ʪʘʢʞʝ ʩ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʩʢʚʘʞʠʥʝ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʦ ʚʨʝʤʝʥʝʤ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʠʘʛʥʦʩʪʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ ʪʝʨʤʦʤʝʪʨʠʠ. ɿʜʝʩʴ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʘʙʦʪʝ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʥʠʭ ʚʭʦʜʷʪ: ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʘ 

ʥʝʬʪʷʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʚʝʨʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʢʚʘʞʠʥ ʠ ʧʨʝʜʧʨʠʥʷʪʠʝ ʤʝʨ ʚ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ, ʢʘʢ ʦʙʚʦʜʥʝʥʠʝ ʩʢʚʘʞʠʥ, 

ʩʝʛʦʜʥʷ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠʥʫʞʜʘʝʪ ʧʨʝʜʧʨʠʷʪʠʝ ʪʨʘʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʧʨʠʙʳʣʠ ʥʘ 

ʨʝʤʦʥʪ ʩʢʚʘʞʠʥʳ. ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʧʦʜʦʙʥʦʡ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʦʜʦʣʝʪʴ ʯʝʨʝʟ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʱʝʝ ʥʘʛʨʫʟʢʫ ʥʘ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʩʢʚʘʞʠʥʝ. ʇʦʣʫʯʘʷ ʥʘ ʚʭʦʜʝ ʧʦʢʘʟʘʥʠʷ ʩ 

ʜʘʪʯʠʢʦʚ ʠ ʜʘʥʥʳʝ, ʚʚʝʜʸʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʧʨʦʛʨʘʤʤʘ ʩʪʨʦʠʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʳʤʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʤʦʤʝʥʪ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʟʘʚʝʨʰʝʥʠʷ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠʤʝʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ). ʇʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 
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ʛʣʫʙʠʥʳ, ʠʣʠ ʫʜʘʣʷʪʴ ʩʪʘʨʳʝ. 

 

Abstract. The article deals with the development of a software package for simulation 

of temperature fields in a well. The development of the temperature field with time is 

analyzed. In this system, diagnostics are carried out using thermometry tools. Here the main 

parameter is the temperature, which characterizes the processes occurring in the operation of 

the well. When operating an oil field, information received from sensors is used to solve 

practical control tasks. They include: the study of the properties and nature of the oil flow, 

checking the technical condition of the wells and taking action in the event of a malfunction. 

This problem, like watering wells, is now widespread, and because of a lack of sufficient level 

of promptness, the company is forced to spend a significant share of the profit for repairing 

the well. An attempt has been made to increase the accuracy of detecting such a malfunction 

and, as a result, to increase the promptness of identifying the problem. It is proposed to 

overcome through the graphical representation of the analytical solution, which significantly 

reduces the load on the hardware part. 

In the course of the work, a system was created to increase the speed of studying the 

temperature fields in the well. Receiving input from the sensors and data entered by the user, 

the program builds the difference between the experimental and theoretical curves. On the 

basis of the obtained graph of temperature versus time, it is possible to draw conclusions 

about the presence or absence of turbulence, the moment of its appearance and completion 

(provided that turbulence has a continuous character). A simple program interface allows the 

user, if desired, to add curves using new depth values, or delete old ones. 
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ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʜʦʣʴ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʤ ʜʝʣʝ, ʛʝʦʬʠʟʠʢʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʠ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʩʣʦʚʳʭ ʟʘʜʘʯ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʠʤʝʨʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʚʘʞʠʥʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ 

ʦʙʚʦʜʥʝʥʠʷ ʩʢʚʘʞʠʥ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 83% ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ. 

ʇʨʠʯʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ ʠ ʟʘʤʝʪʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ 

ʠʟʦʣʷʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. 

ɺ ʨʘʙʦʪʘʭ [1, 6, 7] ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʪʝʨʤʦʢʘʨʦʪʘʞʘ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʩʝʯʝʥʠʷ ʩʢʚʘʞʠʥʳ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʧʠʩʘʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ [3, 4]. ɺ ʩʪʘʪʴʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʪʝʦʨʠʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʩʢʚʘʞʠʥʥʳʭ ʪʝʨʤʦʛʨʘʤʤ. 
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ʀʜʝʶ ʤʝʪʦʜʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʧʨʘʰʠʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʳʚʦʜʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʮʝʣʴʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʤʝʪʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʫ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʩʢʚʘʞʠʥʝ, ʪʘʢʠʭ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ 

ʟʘʢʦʣʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʤʝʩʪ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʠ ʧʦʚʳʩʠʪʴ 

ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʦʝ ʧʦʯʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ [2, 5] ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʚʳʭ ʦʧʠʩʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʪʝʩʪʦʚʦʡ ʚʝʨʩʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʬʦʨʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʩʢʚʘʞʠʥʝ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʠ ʨʘʟʣʠʯʥʦʛʦ ʜʝʙʝʪʘ. ʇʨʠ ʧʦʤʦʱʠ ʧʦʢʘʟʘʥʠʡ ʩ ʜʘʪʯʠʢʦʚ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʥʘ ʛʨʘʬʠʢʝ ʠʟʦʙʨʘʞʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ.  

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ 

ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ, ʫʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʩʨʝʜʘ ʦʢʨʫʞʘʝʪ ʩʢʚʘʞʠʥʫ 

(ʜʦʩʪʫʧʝʥ ʚʳʙʦʨ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ), ʥʘʞʠʤʘʝʪ ʥʘ ʢʥʦʧʢʫ ʟʘʧʫʩʢʘ 

«ɺʳʯʠʩʣʠʪʴ», ʟʘʪʝʤ ʧʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʠ ʥʘ ʛʨʘʬʠʢʝ ʚʳʚʦʜʠʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʳʤʠ. 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ 
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ɺʳʚʦʜʳ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʟʚʘʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥʳ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʫʯʝʪʘ ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʊʘʢʞʝ 

ʧʦʚʳʩʠʪʩʷ ʩʢʦʨʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʫʜʦʙʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ʦʙ ʫʨʦʚʥʷʭ ʟʘʣʝʛʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʫʨʝʥʠʷ. ʋʟʣʘʤʠ ʧʦʩʪʨʦʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ. ʉ ʢʘʞʜʳʤ ʫʟʣʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʠʩʭʦʜʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʤʳ ʧʝʨʝʩʝʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʫʟʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. 

 

Abstract. A technique for modeling of 3D geological structure of soils is presented. It 

is based on data about levels of a bedding of geological layers as a result of drilling. The 

nodes of the regular grid are rectangular parallelepipeds. Each node is associated with the 

original three-dimensional object. In the process of discretization, the volumes of the 

intersection of the source object and the node are defined according to the proposed 

algorithm. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʝʟ, ʩʢʚʘʞʠʥʘ, 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ, ʪʨʠʘʥʛʫʣʷʮʠʷ, ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ. 

 

Keywords: geological modeling, section, borehole, interpolation, triangulation, 

triangular grid. 

 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʟʘʩʪʨʦʡʢʝ ʪʝʨʨʠʪʦʨʠʠ, ʦʮʝʥʢʝ ʟʘʣʝʞʝʡ ʧʦʣʝʟʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʦʮʝʥʠʚʘʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʨʫʥʪʘʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʟʘʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, 

ʚʚʝʜʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʤʦʜʝʣʴ, ʚ ʥʝʜʦʩʪʘʪʦʯʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ ʚʳʯʠʩʣʝʥʠʡ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʝʜʩʪʘʚʠʪʴ 

ʤʝʪʦʜʠʢʫ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʦʚ, ʧʨʠʤʝʥʠʤʫʶ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. 

 

1. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɺ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʣʝʞʠʪ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʨʦʚʥʷʭ ʟʘʣʝʛʘʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ [2]. ʉʢʚʘʞʠʥʘ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʪʨʝʟʦʢ ʧʨʷʤʦʡ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʣʠʥʠʠ ʩʢʚʘʞʠʥʳ 

ʤʦʥɦʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠʟʚʝʩʪʥʳ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʨʝʭʤʝʨʥʳʝ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʦʪʨʝʟʢʘ ʩʢʚʘʞʠʥʳ ʩ ʛʨʘʥʠʮʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ. ʕʪʠ ʪʦʯʢʠ ʧʦʩʣʫʞʘʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʨʘʥʠʮ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ. 
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ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʩʝʜʥʠʭ ʩʢʚʘʞʠʥʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ (ʦʙʱʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʢʚʘʞʠʥʘ) ʠ 

ʩʪʨʦʷʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʘʟʨʝʟʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʝʚ. ɽʩʣʠ ʝʝ ʨʝʟʫʣʴʪʘʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ, ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʠ ʧʨʦʮʝʜʫʨʘ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʝʚ ʧʦʚʪʦʨʷʝʪʩʷ. 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʠʮʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʤʦʱʥʦʩʪʠ ʠ ʛʨʘʥʠʮʝ 

ʩʣʦʝʚ ʚ ʩʢʚʘʞʠʥʘʭ, ʧʨʦʚʦʜʠʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʩʪʨʦʷʪʩʷ 

ʪʨʝʭʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʮ ʩʣʦʝʚ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮʳ ʩʣʦʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʨʝʫʛʦʣʴʥʘʷ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ. ɽʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʘʨ ʧʨʦʚʝʨʷʝʤʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, 

ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʠ ʦʙʭʦʜʘ ʛʨʘʥʠʯʥʳʭ ʨʝʙʝʨ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʣʠʥʠʡ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʨʘʥʠʮ ʩʣʦʝʚ ʜʣʷ 

ʠʟʙʝʞʘʥʠʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʣʦʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʚʝʨʭʥʝʡ. ɺ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʩʥʦʚʘ ʧʨʦʚʦʜʠʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ, 

ʥʦʚʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʬʠʣʴʪʨʫʶʪʩʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʠʩʢʦʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʮʳ. 

ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʤʢʥʫʪʳʡ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ. ɽʩʣʠ ʦʥ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʵʪʘʧʘ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʜʘʥʥʳʭ. ʄʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʳ 

ʞʝʩʪʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ: ʤʝʪʦʜ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʦʙʨʘʪʥʳʭ ʚʝʩʦʚ, 

RBF, ʢʨʠʛʠʥʛ [3-4]. 

ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ï ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʣʠʟʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʢʚʘʞʠʥ, ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʣʦʝʚ ʚ ʩʢʚʘʞʠʥʘʭ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʪʘʢʞʝ 

ʚʳʙʠʨʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ. ʇʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʤʦʜʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʚʦʜ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʜʠʩʢʨʝʪʠʟʘʮʠʷ. 

 

2. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʈʝʟʫʣʴʪʘʪʦʤ ʣʶʙʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ. ʈʝʟʫʣʴʪʘʪ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ï ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʛʫʣʷʨʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ, ʫʟʣʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ, ʩ ʩʦʚʧʘʜʘʶʱʠʤʠ ʩʦʩʝʜʥʠʤʠ ʛʨʘʥʷʤʠ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʩʝʪʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʠʛʫʨʘ (2), ʧʦʤʝʱʝʥʥʘʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ (1) 
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ʅʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʪʨʝʙʦʚʘʣʦʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʩʝʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʰʘʛʠ 

(ʧʦʩʣʝʜʥʠʡ ʢʨʠʪʝʨʠʡ ʚʘʞʝʥ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʩʝʪʢʝ). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʨʝʰʝʥʠʷ: ʪʦʯʥʦʩʪʴ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʥʘʯʝʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʰʘʛʘ ʦʛʨʘʥʠʯʝʥʦ ʩʚʝʨʭʫ, ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ 

ʤʠʥʠʤʘʣʴʥʦʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʪʨʝʙʦʚʘʣʦʩʴ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʫʟʝʣ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʩ ʦʜʥʠʤ ʠʟ ʠʩʭʦʜʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʳʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ. ʇʝʨʚʠʯʥʳʡ 

ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʷʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ: 

1) ʤʥʦʞʝʩʪʚʦ 3D-ʦʙʲʝʢʪʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʷʯʝʡʢʫ; 

2) ʦʙʲʝʤʳ ʧʝʨʝʩʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʷʯʝʝʢ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ 3D ʤʦʜʝʣʠ ʠʩʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʳʤʠ ʩʝʪʢʘʤʠ, ʠ ʛʨʘʥʠʮʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

(ʫʟʝʣ, ʨʠʩʫʥʦʢ 2). 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ï ʵʪʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ 

ʷʯʝʡʢʫ, ʠ ʦʙʲʝʤʳ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠ ʷʯʝʡʢʠ. 

 

  
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʦʙʲʸʤʘ ʷʯʝʡʢʠ (ʚ ʩʨʝʟʝ), 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 
ʈʠʩʫʥʦʢ 3. ɺʳʯʠʩʣʝʥʠʝ ʦʙʲʸʤʘ 

ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʢʘʢ ʩʫʤʤʳ ʦʙʲʸʤʦʚ 

ʪʨʸʭ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʧʠʨʘʤʠʜ 

 
ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʋʟʝʣ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʝʪʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ maxminmaxminmaxmin ,,,,, ZZYYXX . 

ɺʪʦʨʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʟʣʦʚ ʠʩʭʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʧʦ 

ʜʘʥʥʳʤ ʧʝʨʚʠʯʥʦʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʈʘʟʜʝʣʝʥʠʝ ʵʪʘʧʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʥʘ ʜʚʘ ʰʘʛʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘʧʳ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʜʦʧʫʩʢʘʶʪ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ. 

 

3. ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

ɺʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʦʪʩʝʯʝʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʳʤ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ, ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʪʩʝʯʝʥʠʝ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʰʝʩʪʠ ʦʙʨʘʟʫʶʱʠʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʧʣʦʩʢʦʩʪʝʡ, ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʴʶ ʧʦʦʯʝʨʝʜʥʦ. 

2. ʅʘ ʧʣʦʩʢʦʩʪʴ XoY ʧʨʦʝʮʠʨʫʶʪʩʷ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʦʪʩʝʯʝʥʥʫʶ 

ʪʨʝʫʛʦʣʴʥʫʶ ʩʝʪʢʫ. ʂʘʞʜʳʡ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʣʝʞʠʪ ʚ ʦʩʥʦʚʘʥʠʠ ʧʷʪʠʛʨʘʥʥʠʢʘ 

)( minZZ= , ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʢʘʢ ʩʫʤʤʘ ʦʙʲʝʤʦʚ ʪʨʝʭ ʧʠʨʘʤʠʜ, 

ʦʙʨʘʟʫʶʱʠʭ ʬʠʛʫʨʫ (ʨʠʩʫʥʦʢ 3). 
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3. ʉʫʤʤʠʨʫʶʪʩʷ ʚʩʝ ʚʳʯʠʩʣʝʥʥʳʝ ʦʙʲʝʤʳ. ɺ ʦʙʱʫʶ ʩʫʤʤʫ ʦʥʠ ʚʭʦʜʷʪ ʩʦ ʩʚʦʠʤ 

ʟʥʘʢʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʟʥʘʢ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʦʨʤʘʣʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʠ Z(0,0,1). 

4. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʦʙʲʝʢʪʘ ʚʥʫʪʨʠ ʚʳʧʫʢʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

ʥʘʜʦ ʜʦʩʪʨʦʠʪʴ ʟʘʤʳʢʘʥʠʝ ʦʪʩʝʯʝʥʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʩʧʣʦʰʥʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʦʱʘʝʪ ʵʪʫ ʪʨʫʜʦʝʤʢʫʶ ʟʘʜʘʯʫ, ʩʚʦʜʷ ʧʦʩʪʨʦʝʥʠʝ 

ʟʘʤʳʢʘʥʠʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʚʝʨʭʥʝʡ ʧʣʦʩʢʦʩʪʴʶ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ maxZZ = . ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʣʠʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ 

ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʤʢʥʫʪʦʡ. 

ɿʘʤʳʢʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʙʠʝʥʠʝʤ ʨʝʙʨʘ ʟʘʤʳʢʘʥʠʷ ʥʘ ʦʪʨʝʟʢʠ ʠ ʧʦʩʪʨʦʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʦʨʤʘʣʝʡ. 

 

ɺʳʚʦʜʳ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʛʨʫʥʪʦʚ. ʋʟʣʘʤʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤ ʫʟʣʘ. ʇʦʩʪʨʦʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʶ ʟʘʤʢʥʫʪʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʶ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʡ ʛʨʘʥʠʮ 

ʠ ʟʘʟʦʨʦʚ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʘʣʛʦʨʠʪʤʘ ʦʪʥʦʩʷʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ, 

ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʪʠʚ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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Abstract. This article observes the issue of working informative local network and 

controlling it. The information about local network and its versions and the forms of local 

network are provided in the article. Which are used now in different companies. And also its 

advantages and disadvantages are brought. The analysis of merits and flaws of the used 
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network are conducted, and on its basis the possible variants of improvement of its 

functioning are offered and substitutional choices on an informative cloud.The description 

over consideration and researching of efficiency in the offered innovation are given as a 

result. Advantages and disadvantages are come to light during description. It is concluded 

that, efficiency and profitability of this suggestion are made based on results of research. 

 

Keywords: local network, global network, ʩloud storage, Russia, Russian Federation, 

company, Wide Area Networks (WAN), Local Network (LAN), Peer-to-peer, Client-server 

model, clouds, Cloud storage. 

 

There is very intensive development of different information technologies in the 

modern world. An exchange by any information became maximally simple and rapid, by 

virtue of globalization and internet .That is a result to disappearance or replacement some 

types of exchanging data. However itôs the same resulted in the repletion of the informative 

field which is around human and because of that, the possibility to find of any interesting 

information what a human almost need.However to find the information tested, concrete and 

reliable became only more difficult. 

Enormous out-of-control information content clogs up a network and interferes with 

the retrieval of necessary data to work with it. In this connection, for the large companies all 

similarly advantageously remaining creation of the working intranets or network 

infrastructures. Creation of own network (or network infrastructure) allows to control the 

flows of data and work with it. Company allows securing especially important databy means 

of network access restrictions for the different employees. Such ñseparateò own networks 

limit geographically, which is mean occupation of certain area, but providing possibility of 

working with certain applications and services to the people incorporated by a general 

organizational structure, who works in one company. 

Such type of network is named a local network (LAN), such type of network is named 

a local network and managed by one organization which tracker after safety and managing 

politics of access control network-level [1]. 

If a company has a few separations divide territorial, then it can, taking advantage of 

services of telecommunications service providerto connect the remoting from each other 

networks of LAN in a general network. 

Such internetworks are named Wide Area Networks (WANs). Such networks use 

created especially for them by networking issues, carrying out LAN inter se. 

Local networks have an important role on the enterprises of Russian Federation 

presently. Local Area Network (LAN) is a computer network allowing to a few computers to 

connect to the Internet through a single access point. Modems, routers, switchboards, network 

adapters, can come forward a general access point. Accordingly, a local network can be built 

on technology of Ethernet (wire access in the Internet) or Wi-Fi, Bluetooth, GPRS (off-wire 

access) [2]. 

In Russian companies wire (cable) local networks are widespread. Local networks 

could bedivided on the two different kinds: 

It is the Peer-to-peer; 

It is Client-server model. 

Peer-to-peer is presented on figure 1, It is more simple and cheaper in creation. 

Nevertheless, it is able to provide the users all necessary for the receipt of access to necessary 

information, including to the Internet.The main feature of such network is that every 

participant of network - work station is has identical rights and plays role of administrator of 

the computer. It means that only it can control access to the computer, and only it can create 

shareable resources and determine the rules of access to them. From one side, it does a 
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network very simple in creation, but from other - administration of such network causes many 

enough problems, especially if the amount of participants of network exceeds from 25 to 30 

[3]. 

 

Figure 1. Peer-to-peer 

 

A network on the basis of server, is presented on a figure 2, or, as it yet name often, 

network of type of ñClient - server modelò, it is the most highly sought type of network the 

basic indexes of that are high rate of data and strength security.Under a word ñserverò it is 

necessary to understand the distinguished computer on that control system which is sated by 

users and resources of network. This computer in an ideal must be responsible only for 

maintenance of network, and no other tasks to execute on it do not follow. This server is 

called Domain controller. It is the most essential object of network, as a capacity of all 

networks depends on it. For this reason this server is necessarily to be connected to the system 

of trouble-free feed.In addition, in a network, as a rule, a server that is named secondary 

domain controller is present duplicate [4]. 

 

 

Figure 2. Client-server model 
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Advantages and disadvantages of local networks of both types are presented in the 

Table 1. 

 

Table1 ï Advantages and disadvantages of Peer-to-peer and Client-server model [3, 4] 
Local network 

Peer-to-peer Client-servermodel 

 ̄Advantages Disadvantages Advantages Disadvantages 

1 

1 

Simple and cheap 

in creation 

Possibility of 

administrative 

management is 

absent with users 

and resources 

High-rate and network 

performance 

Expensive in 

creation and 

service 

2 

2 

Does not require 

control computers 

Every user must 

independently watch 

after the state of 

software 

Use of the dedicated servers, 

that facilitates work with 

resources and simplifies 

control above their use 

A permanent 

necessity is for a 

system 

administrator 

3 

3 

Work of network 

does not depend on 

the capacity of 

networks knots 

For updating of 

databases and other 

software an user is 

responsible 

Presence of the duplicate 

systems allowing to protect 

data and do access to them 

trouble-free 

Dependence of 

network on 

thedomenôs 

capacity 

4 

4 

 The centralized 

depository of 

resources is absent 

Complete control above the 

users of network 

 

5 Lowlevelofpriv High level of data security 

6 

6 

Advanced facilities of 

monitoring networks 

capacity 

7 Easyexpansibilityofnetwork 

 

While in the Russian companies local networks are still used, in in the rest of the 

civilized world, companies pass to the new level of information technologies, such as the 

ñCloud storageò. 

The concept of ñInformation cloudò, or otherwise ñCloud Storage Dataò is a simple 

method of data storage and access to them (including sharing via the Internet), with the ability 

to scale resources. At the same time productivity of your own computerôs software which is 

installed on it, does not play a significant role. Everything depends on the speed of the 

Internet and cloud services capabilities. The informational structure is created by using Cloud 

Storage Data in our days. The effectiveness of ñcloudò technologies based on the fact that 

they provide the same high quality one-step processing of information with a large number of 

users, which is canôt be achieved by applying ordinary server decisions. Through the use of 

cloud-based technology, companies can essentially make their costs much cheaper, reducing 

the time and cost to develop and introduce new products. In other words, if a company uses 

ñcloudò technology, then it is does not need for a network administrator, a specialist on the 

servers to support the network, buying licensed software. Users may exchange information 

with processing it through the Internet [5]. 

As follows from the report of Centre for Economics and Business Research (CEBR) 

due to ñcloudyò inflowing the economy of the five most developed European countries (Such 

as: Germany, Great Britain, Italy, Spain, France) from 2015 began additionally to get to 200 

milliards of dollars per a year.So perceptible expected economic effect of ñcloudsò 

ʧʦʜʚʠʛʥʫʣ developers and investors more active to develop this direction First began to 

inculcate ñcloudsò such giants prepossessing own powerful date ï by centers, as Microsoft, 
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IBM, NEC, Google, Intel, HP.hey offer the whole spectrum of services, attracting everything 

new and new clients, both from a number ordinary users and corporate clients, among that 

both developers and public institutions, both commercial and industrial enterprises and 

MASS-MEDIA. In Russia of ñcloudò while yet not so popular by virtue of a few reasons: 

mistrust to front-rank technologies, poorly developed IT-structure and relatively subzero IT-

culture. However, as experience shows, exactly progressive decisions are undeniable 

advantage in development [6]. 

Advantages and disadvantages of Cloud storage are shown in the table 2. 

 

Table 2 ï Advantages and disadvantages of Cloud storage 
 Cloud storage 

 ̄ Advantages Disadvantages 

1 Access to the personal information from any 

computer connected to the Internet 

Necessity of permanent access for the 

internet, for the receipt of access to 

services of ñcloudò 

2 Work with information from different devices Limitations concerning software in a 

cloud 

3 Work is in any operating system, as web-services 

work in the browsers of any OS 

Costliness of equipment (for the 

construction of own ñcloudò it is 

necessary to distinguish considerable 

material resources, that not 

advantageously to the just created or 

small companies. 

4 Possibility of viewing and editing of the same 

record simultaneously and from different devices 

Resource will become requiring payment 

in the future 

5 Most requiring payment programs became free 

(or considerably lost in a price) Web Apps 

6 In case of breakage your personal computer, 

smartphone etc., then important information will 

not be lost, as it now is not kept in memory of 

devices 

7 Possibility of reception renewed information at 

any minute 

8 A program version is always last, and there is not 

a necessity for watching for updating 

9 Possibility of association of information with 

other users 

10 It is easily possible to divide  information with 

colleagues or with other people from any point of 

Earth 

 

Besides minuses, which are mentioned in Table 2, we may add followingproblems of 

Cloud storage system: 

There is a problem with confidentiality: confidentiality of data storable in public 

ñcloudsò, presently, causes many disputes, but in most cases experts meet in that it is not 

recommended to keep the most valuable for a company documents on a public ñcloudò. It is 

related to that presently there is not technology that would guarantee hundred-per-cent 

confidentiality of data, but taking into account that there will be the ñcloudò in every 

company, then this defect is eliminated; 

The problem is a safety ï ñCloudò is the reliable enough system, however at 

penetration in it a malefactor gets access to the enormous depository of data [6]. 
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Findings 

 

It is possible to conclude on the basis of all reasons given above, that technology of 

Cloud storages is far more effective as compared to ordinary local networks, although, 

certainly, and has a row of defects. Nevertheless, benefit from substituting of local networks 

by Cloud storages is obvious. Many large companies could, for example, TRANSNEFT 

would considerably improve the processes of work data and information, if substituted local 

networks by Cloud storages./// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// // //// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// //  

//// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// //  

//// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// /// /// /// //// /// /// //  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʧʦʧʳʪʢʘ ʘʚʪʦʨʦʚ ʩʦʙʨʘʪʴ ʘʧʨʠʦʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʥʳʭ ʨʠʩʢʦʚ ʚ 

ʨʝʟʝʨʚʫʘʨʥʦʤ ʧʘʨʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʪʚʝʨʞʜʝʥʥʳʭ ʤʝʪʦʜʠʢ ʘʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦ ʦʮʝʥʢʝ ʚʝʣʠʯʠʥʳ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ ʚ 

ʨʝʟʝʨʚʫʘʨʥʦʤ ʧʘʨʢʝ. 

 

Abstract. This article describes the author's attempt to collect a priori information on 

the possible causes of fire risks in the tank farm, intended for the storage of petroleum 

products. 

On the basis of all existing approved methodologies developed by the authors of the 

software for estimating the magnitude of the fire risk in the tank farm. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʨʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ, ʧʦʞʘʨʥʳʡ ʨʠʩʢ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʥʝʬʪʴ. 
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ʈʝʟʝʨʚʫʘʨʥʳʝ ʧʘʨʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʦʩʪʦʷʪ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʛʨʫʧʧʳ, ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʜʨʫʛʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʩʣʠʚʦ-

ʥʘʣʠʚʥʳʝ ʵʩʪʘʢʘʜʳ, ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʯʘʱʝ ʚʩʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʦ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʨʳʰʝʡ ʠ (ʠʣʠ) ʩ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʝʡ (ʧʦʥʪʦʥʦʤ) ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʥʳʝ 

ʛʘʟʦʚʦʡ ʦʙʚʷʟʢʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [1, 8]. 

ʈʝʟʝʨʚʫʘʨʳ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʜʟʝʤʥʦ ʠʣʠ ʥʘʟʝʤʥʦ. ʅʘʟʝʤʥʳʤʠ ʥʘʟʳʚʘʶʪ 

ʨʝʟʝʨʚʫʘʨʳ, ʫ ʢʦʪʦʨʳʭ ʜʥʠʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠʣʠ ʚʳʰʝ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʦʪʤʝʪʢʠ ʧʨʠʣʝʛʘʶʱʝʡ ʧʣʦʱʘʜʢʠ ʚ ʧʨʝʜʝʣʘʭ 3 ʤ ʦʪ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʠʭ ʦʪʢʘʯʢʝ ʠ ʟʘʢʘʯʢʝ ʛʨʫʧʧʳ 

ʨʝʟʝʨʚʫʘʨʦʚ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʢʨʳʰʘʤʠ ʤʦʛʫʪ ʦʙʦʨʫʜʦʚʘʪʴʩʷ ʛʘʟʦʫʨʘʚʥʠʪʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʪʴ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʯʝʨʝʟ 

ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʠ ʧʘʨʦʚʦʟʜʫʰʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ 

ʛʘʟʦʫʨʘʚʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʚʭʦʜʷʪ ʪʘʢʞʝ ʛʘʟʛʦʣʴʜʝʨ, ʩʙʦʨʥʠʢ ʢʦʥʜʝʥʩʘʪʘ, ʥʘʩʦʩ ʜʣʷ 

ʧʝʨʝʢʘʯʢʠ ʢʦʥʜʝʥʩʘʪʘ ʠ ʢʦʥʜʝʥʩʘʪʦʧʨʦʚʦʜ. ɼʣʷ ʦʪʢʣʶʯʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʪʜʝʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʪ ʦʙʱʝʡ ʩʝʪʠ ʠʤʝʶʪʩʷ ʧʝʨʝʢʨʳʚʥʳʝ ʚʝʥʪʠʣʠ ʠ ʟʘʜʚʠʞʢʠ ʥʘ 

ʣʠʥʠʷʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʍʨʘʥʝʥʠʝ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʩ 

ʜʘʚʣʝʥʠʝʤ ʜʦ 2 ʢʇʘ (200 ʤʤ ʚʦʜ. ʩʪ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʝʤʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʨʝʟʝʨʚʫʘʨʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʘʚʣʝʥʠʝ 200 ʇʘ (20 ʤʤ ʚʦʜ. ʩʪ.) ɺʩʝ 

ʨʝʟʝʨʚʫʘʨʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 900 ʢʛ/ʤ3 [1]. 

 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʦʚ 

ʇʨʠ ʧʦʞʘʨʝ ʚ ʨʝʟʝʨʚʫʘʨʝ ʚʦʟʤʦʞʥʳ: ʤʦʱʥʦʝ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; ʫʛʨʦʟʘ ʚʟʨʳʚʘ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʝ; ʫʛʨʦʟʘ ʚʳʭʦʜʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʷʱʝʛʦ ʧʨʦʜʫʢʪʘ, ʧʝʨʝʭʦʜʘ ʛʦʨʝʥʠʷ 

ʚ ʦʙʚʘʣʦʚʘʥʠʝ ʠ ʥʘ ʩʦʩʝʜʥʠʝ ʨʝʟʝʨʚʫʘʨʳ ʚʩʣʝʜʩʪʚʠʝ ʚʩʢʠʧʘʥʠʷ ʠ ʚʳʙʨʦʩʘ, ʨʘʟʨʫʰʝʥʠʷ 

ʨʝʟʝʨʚʫʘʨʘ, ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʟʘʜʚʠʞʝʢ ʠ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʠ ʜʨʫʛʠʤ ʩʠʩʪʝʤʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʣʦʪʢʘʤ; ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʦʥ (ʢʘʨʤʘʥʦʚ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥ ʨʝʟʝʨʚʫʘʨʘ, ʦʙʨʫʰʝʥʠʷ ʠʣʠ ʧʝʨʝʢʦʩʘ 

ʢʨʳʰʠ (ʧʦʥʪʦʥʘ), ʢʫʜʘ ʟʘʪʨʫʜʥʝʥʘ ʧʦʜʘʯʘ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ; ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʪʦʢʦʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʪʝʦʫʩʣʦʚʠʡ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʥʘʣʠʯʠʷ 

ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ, ʩʚʦʡʩʪʚ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʟʝʨʚʫʘʨʘ, ʥʘʣʠʯʠʷ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʨʝʟʝʨʚʫʘʨʘ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʟʘʞʠʛʘʥʠʷ ʥʘ ʦʙʲʝʢʪʝ ʤʦʛʫʪ ʙʳʪʴ: ʠʩʢʨʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ; ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; ʘʚʪʦʪʨʘʥʩʧʦʨʪ; ʨʘʟʨʷʜʳ ʤʦʣʥʠʠ, 

ʦʪʢʨʳʪʳʡ ʦʛʦʥʴ (ʢʫʨʝʥʠʠ, ʧʦʞʘʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʝʜʥʝʡ ʩ ʪʝʨʨʠʪʦʨʠʝʡ ʦʙʲʝʢʪʘ) ʠ ʪ.ʧ. 

[2]. 

ʇʦʞʘʨ ʚ ʨʝʟʝʨʚʫʘʨʝ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʚʟʨʳʚʘ [3] ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʅʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʥʫʪʨʠ ʨʝʟʝʨʚʫʘʨʦʚ ʦʢʘʟʳʚʘʶʪ 



41 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʨʘʥʠʤʳʭ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺʟʨʳʚ ʚ ʨʝʟʝʨʚʫʘʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʨʳʚʫ (ʨʝʞʝ ʩʨʳʚʫ) ʢʨʳʰʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʦʨʝʥʠʝʤ ʥʘ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʋʩʣʦʚʠʷʤʠ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʚ ʦʙʚʘʣʦʚʘʥʠʠ ʨʝʟʝʨʚʫʘʨʦʚ ʷʚʣʷʶʪʩʷ: 

ʧʝʨʝʣʠʚ ʭʨʘʥʠʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ, ʟʘʜʚʠʞʝʢ, 

ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʣʠʯʠʝ ʧʨʦʧʠʪʘʥʥʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʤ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʨʝʟʝʨʚʫʘʨʘʭ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʘ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʘ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʟʤʝʨʦʚ 

ʥʘʯʘʣʴʥʦʛʦ ʦʯʘʛʘ ʛʦʨʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʝʨʚʫʘʨʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʝʨʩʦʥʘʣʘ ʦʙʲʝʢʪʘ, ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʧʦʞʘʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʞʘʨʦʚ ʠ ʘʚʘʨʠʡ, ʧʨʦʠʩʰʝʜʰʠʭ ʢʘʢ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʘ 

ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʞʘʨʳ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʠ ʨʝʟʝʨʚʫʘʨʥʳʭ ʧʘʨʢʘʭ 

ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʚʘʨʠʘʥʪʘʤ. 

ʇʦʞʘʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ: 

ï ʧʝʨʚʳʡ (ɸ) ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʘ ʚ ʦʜʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʙʝʟ 

ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʝʜʥʠʝ; 

ï ʚʪʦʨʦʡ (ɹ) ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʛʨʫʧʧʳ; 

ï ʪʨʝʪʠʡ (ɺ) ï ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʘ ʩ ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʛʦʨʷʱʝʛʦ ʠ ʩʦʩʝʜʥʠʭ 

ʩ ʥʠʤ ʨʝʟʝʨʚʫʘʨʦʚ, ʧʝʨʝʭʦʜʦʤ ʝʛʦ ʥʘ ʩʦʩʝʜʥʠʝ ʛʨʫʧʧʳ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʟʘ ʧʨʝʜʝʣʳ 

ʨʝʟʝʨʚʫʘʨʥʦʛʦ ʧʘʨʢʘ. 

ʇʝʨʝʭʦʜ ʫʨʦʚʥʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʜʨʫʛʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ (çɸè, çɹè ʠʣʠ 

çɺè) ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʦʧʘʩʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʰʝʜʰʝʛʦ 

ʠʟ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʝʧʝʥʴʶ ʝʛʦ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʩʧʘʨʝʥʠʷ 

ʠʟ ʧʨʦʣʠʚʘ. 

ʅʘ ʨʝʟʝʨʚʫʘʨʘʭ ʩ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʦʯʘʛʘ ʛʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʟʘʪʚʦʨʘ, ʘ ʧʦʣʥʘʷ 

ʧʦʪʝʨʷ ʧʣʘʚʫʯʠʭ ʩʚʦʡʩʪʚ ʠ ʟʘʪʦʧʣʝʥʠʝ ʢʨʳʰʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʯʝʨʝʟ ʦʜʠʥ ʯʘʩ. ʇʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʧʦʥʪʦʥʦʤ 

ʠʣʠ ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʝʡ. 

ʈʘʟʚʠʪʠʝ ʧʦʞʘʨʘ ʚ ʦʙʚʘʣʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ʧʦ ʨʘʟʣʠʪʦʤʫ ʥʝʬʪʝʧʨʦʜʫʢʪʫ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 0,05 ʤ/ʩ ʜʣʷ ʞʠʜʢʦʩʪʠ, 

ʠʤʝʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʩʪʠ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ï ʙʦʣʝʝ 0,5 ʤ/ʩ. ʇʦʩʣʝ 10-15 ʤʠʥ. ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʤʝʥʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʨʰʝʚʳʭ ʣʝʩʪʥʠʮ, ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʫʟʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʝʥʥʳʤʠ ʟʘʜʚʠʞʢʘʤʠ ʠ ʭʣʦʧʫʰʘʤʠ, ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʬʣʘʥʮʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ, ʚʦʟʤʦʞʝʥ ʚʟʨʳʚ ʚ 

ʨʝʟʝʨʚʫʘʨʝ. 

ɻʦʨʝʥʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʚʩʢʠʧʘʥʠʝʤ ʠ ʚʳʙʨʦʩʘʤʠ. ɺʩʢʠʧʘʥʠʝ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ 

ʥʝʡ ʚʟʚʝʰʝʥʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʨʦʛʨʝʚʝ ʛʦʨʷʱʝʡ ʞʠʜʢʦʩʪʠ ʚʳʰʝ 100ʉ̄ 

ʠʩʧʘʨʷʝʪʩʷ, ʚʳʟʳʚʘʷ ʚʩʧʝʥʠʚʘʥʠʝ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ. ɺʩʢʠʧʘʥʠʝ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 60 ʤʠʥ. ʛʦʨʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚʣʘʛʠ ʚ ʥʝʬʪʠ 

(ʥʝʬʪʝʧʨʦʜʫʢʪʝ) ʙʦʣʝʝ 0,3%. ʇʨʠ ʛʦʨʝʥʠʠ ʞʠʜʢʦʩʪʠ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʚʟʣʠʚʘ 

ʚʦʟʤʦʞʝʥ ʧʝʨʝʣʠʚ ʚʩʧʝʥʠʚʰʝʡʩʷ ʤʘʩʩʳ ʯʝʨʝʟ ʙʦʨʪ ʨʝʟʝʨʚʫʘʨʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ 

ʣʶʜʷʤ, ʫʚʝʣʠʯʠʚʘʝʪ ʦʧʘʩʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥʦʢ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʠ ʧʝʨʝʭʦʜʘ 

ʦʛʥʷ ʥʘ ʩʦʩʝʜʥʠʝ ʨʝʟʝʨʚʫʘʨʳ ʠ ʩʦʦʨʫʞʝʥʠʷ. 



42 | ʉʝʢʮʠʷ çʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè 

 

 

ʇʨʠ ʧʦʞʘʨʝ ʚ ʨʝʟʝʨʚʫʘʨʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ çʢʘʨʤʘʥʦʚè. ʆʥʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʠ ʧʣʦʱʘʜʴ ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʢʦʩʘ ʧʦʥʪʦʥʘ, ʧʣʘʚʘʶʱʝʡ ʢʨʳʰʠ, ʯʘʩʪʠʯʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʢʨʳʰʠ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥʦʢ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʟʘʚʠʩʠʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʝʛʦ 

ʦʭʣʘʞʜʝʥʠʶ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʝʥʠʷ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚ ʪʝʯʝʥʠʝ 5-15 ʤʠʥ. 

ʩʪʝʥʢʘ ʨʝʟʝʨʚʫʘʨʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʜʦ ʫʨʦʚʥʷ ʚʟʣʠʚʘ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ. 

 

ʄʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʂʨʫʧʥʳʝ ʘʚʘʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ (ʦʪʢʘʟʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʰʠʙʢʠ ʯʝʣʦʚʝʢʘ, ʥʝʨʘʩʯʝʪʥʳʝ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʨʘʟʨʫʰʝʥʠʝ, ʚʳʙʨʦʩ, ʧʨʦʣʠʚ ʚʝʱʝʩʪʚʘ, ʨʘʩʩʝʷʥʠʝ ʚʝʱʝʩʪʚ, ʚʦʩʧʣʘʤʝʥʝʥʠʝ, 

ʚʟʨʳʚ, ʠʥʪʦʢʩʠʢʘʮʠʷ ʠ ʪ.ʜ.). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʵʪʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪ ʣʦʛʠʢʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ çʜʝʨʝʚʴʝʚ ʦʪʢʘʟʦʚè 

ʠ çʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡè [9, 10]. 

ʇʨʠ ʘʥʘʣʠʟʝ çʜʝʨʝʚʴʝʚ ʦʪʢʘʟʦʚè (ɸɼʆ) ʚʳʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʦʪʢʘʟʦʚ 

(ʥʝʧʦʣʘʜʦʢ) ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʮʠʜʝʥʪʦʚ, ʦʰʠʙʦʢ ʧʝʨʩʦʥʘʣʘ ʠ ʥʝʨʘʩʯʝʪʥʳʭ ʚʥʝʰʥʠʭ 

(ʪʝʭʥʦʛʝʥʥʳʭ, ʧʨʠʨʦʜʥʳʭ) ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʛʦʣʦʚʥʦʤʫ ʩʦʙʳʪʠʶ (ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ). ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʝʝ ʯʘʩʪʦʪʳ (ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʷ ʯʘʩʪʦʪ ʠʩʭʦʜʥʳʭ ʩʦʙʳʪʠʡ). 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʝʨʝʚʘ ʦʪʢʘʟʘ (ʘʚʘʨʠʠ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʩʦʙʳʪʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ.  

ɸʥʘʣʠʟ çʜʝʨʝʚʘ ʩʦʙʳʪʠʡè (ɸɼʉ) ï ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʙʳʪʠʡ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʙʳʪʠʷ (ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ). ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʏʘʩʪʦʪʘ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʯʘʩʪʦʪʳ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʩʦʙʳʪʠʷ ʥʘ 

ʫʩʣʦʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ (ʥʘʧʨʠʤʝʨ, ʘʚʘʨʠʠ ʩ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʛʦʨʶʯʠʤ ʚʝʱʝʩʪʚʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʩ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʚʝʱʝʩʪʚʘ) [7]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʞʝʥʠʷ: 

ï ʚʳʙʠʨʘʝʪʩʷ ʧʦʞʘʨʦʦʧʘʩʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʠ ʩ ʧʦʞʘʨʦʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʝʛʦ ʨʘʟʚʠʪʠʝʤ; 

ï ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʧʦʩʪʘʜʠʡʥʦ ʩ ʫʯʝʪʦʤ ʤʝʩʪʘ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ ʦʮʝʥʢʠ ʨʠʩʢʘ, ʫʨʦʚʥʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ. 

ʅʘ ʣʦʛʠʯʝʩʢʦʤ ʜʝʨʝʚʝ ʩʦʙʳʪʠʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ 

ʤʦʛʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʠʣʠ ʜʨʫʛʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʩ 

ʢʨʘʪʢʠʤʠ ʥʘʟʚʘʥʠʷʤʠ ʵʪʠʭ ʩʪʘʜʠʡ; 

ï ʧʝʨʝʭʦʜ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʜʠʠ ʥʘ ʥʦʚʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʣʠʙʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʧʦʞʘʨʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʜʠʠ, ʣʠʙʦ 

ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʤʝʱʝʥʠʡ, ʟʜʘʥʠʡ ʠ ʪ.ʧ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʦʧʘʩʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ, ʚʦʟʥʠʢʰʠʭ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʜʠʠ. 

ʋʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʧʦʞʘʨʘ ʩʦ 

ʩʪʘʜʠʠ ʥʘ ʩʪʘʜʠʶ ʦʜʥʦʡ ʚʝʪʚʠ ʠʣʠ ʩ ʚʝʪʚʠ ʥʘ ʚʝʪʚʴ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʦʞʘʨʦʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ ʠʣʠ ʧʦʞʘʨ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ (ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʘʨʘʤʝʪʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚʘ ʦʙʨʘʱʘʶʪʩʷ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠ ʪ.ʜ.), ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 
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ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ ʠ ʪ.ʜ.), ʥʘʣʠʯʠʷ ʠ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤ 

ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʚʝʣʠʯʠʥ ʟʦʥ ʧʦʨʘʞʝʥʠʷ ʦʧʘʩʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʧʦʞʘʨʘ, ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʜʘʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʠʥʦʛʜʘ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʭʦʜʦʚ ʩʦ ʩʪʘʜʠʠ ʥʘ ʩʪʘʜʠʶ; 

ï ʧʝʨʝʭʦʜ ʩʦ ʩʪʘʜʠʠ ʥʘ ʩʪʘʜʠʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʷʶʱʠʭ 

ʣʠʥʠʡ ʩʦ ʩʪʨʝʣʢʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʞʘʨʘ. ʇʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʜʠʡ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʦʙʳʪʠʷ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ çʠʣʠè ʠʣʠ çʜʘè, çʥʝʪè; 

ï ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʫʨʦʚʝʥʴ ʝʝ ʦʧʘʩʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʧʦʞʘʨʘ ʥʘ 

ʩʦʩʝʜʥʠʝ ʩ ʧʦʞʘʨʦʦʧʘʩʥʳʤ ʫʯʘʩʪʢʠ ʦʙʲʝʢʪʘ; 

ï ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʯʘʩʪʠ ʜʨʫʛʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʩʦʙʳʪʠʡ ʠʥʦʛʜʘ ʚʚʦʜʷʪ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʩʦʙʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʥʠʶ ʩʦ ʩʪʨʝʣʢʦʡ ʠ ʥʘʜʧʠʩʴ çʥʘ ʩʪʘʜʠʶ (ʢʦʜ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʘʜʠʠ)». 

 

ɺʳʚʦʜʳ 

 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʘʥʘʣʠʟʝ ʣʦʛʠʯʝʩʢʠʭ 

ʜʝʨʝʚʴʝʚ ʩʦʙʳʪʠʡ ʘʚʪʦʨʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ: 

ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ 

ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ (ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ 

ʧʦʞʘʨʘ). ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʧʝʰʥʦʡ ʣʠʢʚʠʜʘʮʠʠ 

ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ 

ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʘʜʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʘ ʣʦʢʘʣʠʟʘʮʠʷ 

ʚʦʟʤʦʞʥʘ;  

ï ʥʘʣʠʯʠʝʤ ʫ ʩʪʘʜʠʠ ʨʘʟʚʝʪʚʣʝʥʠʡ ʧʦ ʧʨʠʥʮʠʧʫ çʠʣʠè, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠʭʦʜʠʪ ʥʘ ʩʪʘʜʠʶ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʧʦʞʘʨʘ (ʥʘʧʨʠʤʝʨ, 

ʪʫʰʝʥʠʝ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʫʪʝʯʢʠ ʠ ʣʠʢʚʠʜʘʮʠʷ ʧʨʦʣʠʚʘ, 

ʧʝʨʝʢʨʳʪʠʝ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʪ.ʧ.), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʞʘʨʘ ʧʦ ʵʪʦʤʫ 

ʧʫʪʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ, ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʠ ʪ.ʜ.), 

ʥʘʣʠʯʠʝ ʠ ʫʩʣʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤ 

ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʪ.ʜ. [3-6]. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʨʠʥʷʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ñFenix+ò, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʟ ʩʝʙʷ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʞʝʣʘʝʪ ʩʪʘʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ ʠ 

ʫʩʪʨʦʠʪʩɹʷ ʥʘ ʭʦʨʦʰʦ ʦʧʣʘʯʠʚʘʝʤʫʶ ʨʘʙʦʪʫ. ʏʪʦʙʳ ʩʪʘʪʴ ʪʘʢʠʤ ʩʧʝʮʠʘʣʠʩʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʧʨʠ ʚʳʙʦʨʝ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʥʝ ʟʘʜʘʶʪʩʷ ʚʦʧʨʦʩʘʤʠ: 

1. ʂʘʢʠʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʬʝʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ? 

2. ʏʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ, ʯʪʦʙʳ ʩʪʘʪʴ ʩʧʝʮʠʘʣʠʩʪʦʤ ʜʘʥʥʳʭ ʧʨʦʬʝʩʩʠʡ? 

3. ʂʘʢʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʦʙʫʯʘʶʪ ʧʦ ʜʘʥʥʳʤ ʧʨʦʬʝʩʩʠʷʤ? 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʳʙʦʨʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʙʣʠʟʦʩʪʴ ʢ ʤʝʩʪʫ ʞʠʪʝʣʴʩʪʚʘ, ʧʨʦʩʪʦʪʘ ʧʦʩʪʫʧʣʝʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳ 

ʧʨʦʚʦʜʠʣʘ ʘʥʘʣʠʟ ʨʳʥʢʘ ʪʨʫʜʘ ʚ ʢʘʞʜʦʤ ʛʦʨʦʜʝ ï ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 

ʍʦʪʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦ ʣʦʛʠʢʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʮʝʥʪʨʳ ʟʘʥʷʪʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʘʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʝʙʦʣʴʰʠʭ, ʦʥʠ ʜʘʞʝ 

ʪʦʣʢʦʤ ʥʝ ʟʥʘʶʪ, ʢʘʢʠʝ ʚʘʢʘʥʩʠʠ ʩʫʱʝʩʪʚʫʶʪ. ʅʠʢʪʦ ʠʟ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝ ʦʙʲʝʟʞʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʩ ʮʝʣʴʶ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʨʘʙʦʪʦʜʘʪʝʣʠ ʩʘʤʠ ʜʦʣʞʥʳ ʩʦʦʙʱʘʪʴ ʦ ʩʚʦʙʦʜʥʳʭ ʚʘʢʘʥʩʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʱʫʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʯʝʨʝʟ ʦʙʲʷʚʣʝʥʠʷ ʠʣʠ ʧʦ ʟʥʘʢʦʤʩʪʚʫ, ʘ 

ʩʦʠʩʢʘʪʝʣʠ ʩʘʤʠ ʜʦʣʞʥʳ ʙʝʛʘʪʴ ʧʦ ʧʨʝʜʧʨʠʷʪʠʷʤ ʚ ʧʦʠʩʢʘʭ ʨʘʙʦʪʳ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʢʪʦ ʥʝ ʧʨʦʚʦʜʠʪ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʦ ʪʦʤ ʥʘ 

ʢʦʛʦ ʠʤ ʩʣʝʜʫʝʪ ʦʙʫʯʘʪʴʩʷ, ʯʪʦʙʳ ʧʦʪʦʤ ʥʝ ʠʩʧʳʪʳʚʘʪʴ ʧʨʦʙʣʝʤ ʩ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʚʷʟʴ ʤʝʞʜʫ ʨʳʥʢʦʤ ʪʨʫʜʘ ʠ ʩʠʩʪʝʤʦʡ ʧʦʩʣʝ ʰʢʦʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʳʥʢʘ ʪʨʫʜʘ ʦʪ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʊ.ʝ. ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʧʦ ʢʘʢʦʡ ʧʨʦʬʝʩʩʠʠ ʠ ʚ ʢʘʢʦʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ 

ʦʙʫʯʘʝʪʩʷ ʯʝʣʦʚʝʢ, ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ ʦʥ ʥʝʧʨʝʤʝʥʥʦ ʜʦʣʞʝʥ ʫʩʪʨʦʠʪʩɹʷ ʧʦ ʩʚʦʝʡ 

ʧʨʦʬʝʩʩʠʠ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʨʘʙʦʪʦʜʘʪʝʣʠ ʜʦʣʞʥʳ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʧʨʦʛʨʘʤʤʳ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʏʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʙʩʫʨʜʦʤ. ʇʨʘʚʠʣʴʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʳʥʢʘ ʪʨʫʜʘ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʚʫʭʩʪʦʨʦʥʥʝʡ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʠʯʥʳʤ 

ʚ ʥʝʡ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʦʙʫʯʝʥʠʝ, ʘ ʨʘʙʦʪʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʭʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʥʘʯʘʣʘ ʘʥʘʣʠʟ ʨʳʥʢʘ ʪʨʫʜʘ, ʘ ʟʘʪʝʤ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ʊ.ʝ. ʵʪʦ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʵʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ ʠʤ ʧʨʠʜʝʪʩʷ 

ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʪʴ ʩʚʦʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ. ɸ ʵʪʦ ʢʦʥʝʯʥʦ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʂ 

ʪʦʤʫ ʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ɺʋɿʦʚ ʠ 

ʪʝʭʥʠʢʫʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʬʠʣʠʘʣʦʚ. ʎʝʣʴʶ ʪʘʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦ ʷʚʣʷʝʪʩʷ 
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ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ. ʇʦʵʪʦʤʫ ʟʘʯʘʩʪʫʶ ʦʥʠ ʟʘʯʠʩʣʷʶʪ ʚʩʝʭ ʘʙʠʪʫʨʠʝʥʪʦʚ ʧʦʜʨʷʜ, ʜʘʞʝ 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʰʝʛʦ ʣʠʙʦ ʜʘʞʝ ʩʨʝʜʥʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʆ ʚʦʩʩʪʨʝʙʦʚʘʥʦʩʪʠ ʩʚʦʠʭ ʚʳʧʫʩʢʥʠʢʦʚ ʣʠʙʦ ʦ ʢʘʯʝʩʪʚʝ ʦʙʫʯʝʥʠʷ 

ʚʦʧʨʦʩʳ ʜʘʞʝ ʥʝ ʩʪʘʚʷʪʩʷ. 

ʊʘʢ ʢʘʢʫʶ ʞʝ ʧʨʦʬʝʩʩʠʶ ʚʳʙʨʘʪʴ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʧʨʦʙʣʝʤʳ ʩ 

ʙʫʜʫʱʠʤ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦʤ? ʉʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʪʨʫʜʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʝʛʦʜʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʶʪ ʥʘ ʚʩʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʦʚ, 

ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʫʪʠʣʠʟʘʮʠʶ. ʂʦʤʧʴʶʪʝʨʳ ʝʩʪʴ ʥʘ ʣʶʙʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʝʩʪʴ ʚ ʰʢʦʣʘʭ, ʙʦʣʴʥʠʮʘʭ, 

ʤʘʛʘʟʠʥʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʫʞʥʳ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ. 

ʂʦʤʧʘʥʠʝʡ HeadHunter ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʪʨʫʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʙʘʟʳ ʨʝʟʶʤʝ ʠ ʚʘʢʘʥʩʠʡ ʩʘʡʪʘ ʢʦʤʧʘʥʠʠ ʚ 2009 ʛʦʜʫ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʙʦʣʝʝ 520 000 ʚʘʢʘʥʩʠʡ ʠ 920 000 ʨʝʟʶʤʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʨʳʥʢʘ ʪʨʫʜʘ. ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʷʥʚʘʨʴ 2009 ʛ.-ʜʝʢʘʙʨʴ 

2009 ʛ. ʈʝʛʠʦʥ: ʄʦʩʢʚʘ. ʈʝʟʫʣʴʪʘʪ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1 [1]. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʀʥʜʝʢʩ HeadHunter ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ (ʄʦʩʢʚʘ) 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ 

ʪʨʫʜʘ ʚ 2009 ʛʦʜʫ ʙʳʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʠʥʜʝʢʩ HeadHunter = 5,7). 

ʀʥʜʝʢʩ HeadHunter ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʨʝʟʶʤʝ ʢ ʯʠʩʣʫ ʚʘʢʘʥʩʠʡ. 

ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʙʦʣʴʰʝ 1, ʪʦ ʧʨʝʜʣʦʞʝʥʠʝ (ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʶʤʝ) ʧʨʝʚʳʰʘʝʪ ʩʧʨʦʩ 

(ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥʩʠʡ). ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʥʴʰʝ 1, ʪʦ ʩʧʨʦʩ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʣʦʞʝʥʠʝ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʳʥʢʘ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʦʢʦʣʦ 2-3. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘ 2009 ʛʦʜ ʯʠʩʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʢʦʤʧʘʥʠʝʡ HeadHunter ʟʘ 2015-2016 ʛʦʜ, ʧʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩʫʥʦʢ 2) [2]: ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥʩʠʡ ʚ 2016 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 2015 ʛʦʜʦʤ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 28%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢ ʟʥʘʥʠʷʤ 

ʩʦʠʩʢʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʘʥʢʦʚ ʚʘʢʘʥʩʠʡ, ʪʘʢʠʭ ʢʘʢ SuperJob ʠ 

HeadHunter, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ [3, 4, 5]: 

1. Web-ʜʠʟʘʡʥʝʨ ï ʩʧʝʮʠʘʣʠʩʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʟʘʡʥʘ ʩʘʡʪʘ. ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: PhotoShop, Flash, CorelDraw, Illustrator, Html. 

2. HTML-ʚʝʨʩʪʘʣʴʱʠʢ ï ʩʧʝʮʠʘʣʠʩʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʚʸʨʩʪʢʫ Web-ʩʪʨʘʥʠʮ. 

ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: Html, PhotoShop, Css, JavaScript. 

3. Php-ʧʨʦʛʨʘʤʤʠʩʪ ï ʩʧʝʮʠʘʣʠʩʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ Web-

ʩʘʡʪʘ. ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: Php, MySQL, Html, JavaScript. 
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4. Web-ʧʨʦʛʨʘʤʤʠʩʪ ï ʩʧʝʮʠʘʣʠʩʪ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʜʘ, ʥʘʧʠʩʘʥʠʝ ʠ ʜʦʨʘʙʦʪʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, 

ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ ʠ ʩʢʨʠʧʪʦʚ. ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: MySQL, Php, Css, JavaScript, 

Html. 

5. Web-ʤʘʩʪʝʨ ï ʩʧʝʮʠʘʣʠʩʪ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʘʥʠʤʘʶʱʠʡʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

Web-ʩʘʡʪʦʚ ʚ ʀʥʪʝʨʥʝʪʝ ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʥʦʡ ʩʝʪʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: MySQL, Php, Css, JavaScript, Html, PhotoShop. 

6. SEO-ʩʧʝʮʠʘʣʠʩʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʮʝʩʩ ʢʦʨʨʝʢʪʠʨʦʚʢʠ HTML-ʢʦʜʘ, 

ʪʝʢʩʪʦʚʦʛʦ ʥʘʧʦʣʥʝʥʠʷ (ʢʦʥʪʝʥʪʘ), ʩʪʨʫʢʪʫʨʳ ʩʘʡʪʘ, ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ. ʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ: 

SEO, Php, Css, Html. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʘʢʘʥʩʠʡ (ʄʦʩʢʚʘ) 

 

ɺʳʚʦʜʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʘ ʦʙʣʘʩʪʴ ʪʨʫʜʘ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʥʜʝʥʮʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʚ ʙʫʜʫʱʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. URL: https://samara.hh.ru/article/827 

2. URL: https://career.ru/article/19908 

3. URL: https://www.superjob.ru 

4. URL: https://hh.ru 

5. URL: http://proinfosystem.com/professional.html 

 


