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ANALYSIS OF X -RAY RESEARCH METHODS  

 

Abstract 

The article includes data from a literary analysis on aspects of X-ray research methods that are important 

for physicians, especially pediatricians, therapists, and surgeons, and also the study of this problem in radiology 

remains an open question.  

 

Key words: method, aspects, analysis, research, prevention.  

 

Early diagnosis of postoperative complications is 

currently impossible without the use of instrumental 

methods. The history of endoscopic surgery includes 

about many years of active development and imple-

mentation of new methods of minimally invasive treat-

ment of surgical diseases.  

It was noted by clinicians that the course of the 

postoperative period in laparoscopic surgery is less pro-

nounced than changes associated with the bodyôs re-

sponse to surgical trauma; therefore, wider use of all 

modern methods in the diagnosis of postoperative com-

plications is possible.  

The classical radiological semiotics of peritonitis 

and other pathological processes in the abdominal cav-

ity and chest, characteristic of the postoperative period, 

are described in radiography textbooks and mono-

graphs on the diagnosis of emergency conditions. Ac-

cording to the literature, the frequency of complications 

of laparoscopic surgery ranges from 0.5 to 5.4%. These 

include the intersection of ducts, blood vessels, damage 

to parenchymal and hollow organs, peritonitis, and pu-

rulent-inflammatory complications. In open abdominal 

surgery in the postoperative period, the patientôs seri-

ous condition associated with an operating trauma 

masks or aggravates the manifestations of developing 

complications. In addition, the severity of the patientôs 

condition, the presence of large wound dressings, and 

pain limit the use of many methods of radiation diag-

nosis. 

The possibilities of X-ray computed and magnetic 

resonance imaging, ultrasound diagnostics and radioi-

sotope research methods in the diagnosis of postopera-

tive complications of traditional laparotomy interven-

tions are widely discussed in modern domestic and for-

eign literature.  

In domestic and foreign literature there are few 

works devoted to radiation diagnosis of complications 

of laparoscopic interventions, normal and pathological 

findings in the postoperative period. We did not meet 

the works with a system analysis of x-ray, computed 

tomography, ultrasound semiotics of complications and 

the normal course of the postoperative period after lap-

aroscopic interventions.  

The unsatisfactory results of the treatment of intra-

abdominal complications are attributed by most authors 

to their late detection. The overwhelming number of er-

rors depends on the imperfection of diagnostic tech-

niques, incorrect assessment of the available data, 

which leads to a delayed reoperation. 

Complications developing in the postoperative pe-

riod are the most difficult problem of clinical surgery. 

All complications are shared: surgical and non-surgi-

cal. Non-surgical complications (pneumonia, acute car-

diovascular insufficiency, etc.), although they pose a 

serious danger to the patientôs life, do not affect surgi-

cal tactics and do not cause the surgeon to think pain-

fully about the need for reoperation and the timing of 

its operation.  

At the same time, despite the emergence of new 

methods, a routine x-ray examination remains a prior-

ity.  

Similar signs are observed not only with postoper-

ative peritonitis (PP), but also with early adhesive in-

testinal obstruction.  

The authors noted that x-ray examination is of 

great importance in the recognition of intra-abdominal 

abscesses. In a gas-containing abscess, you can see the 

fluid level. When under a diaphragmatic abscess, the 

high standing of the dome of the diaphragm, the re-

striction of its mobility, effusion in the rib-diaphrag-

matic sinus are noteworthy.  

An analysis of the literature showed that the next 

step in evaluating the postoperative course is the use of 

contrast radiological methods: dynamic observation of 

the passage of the contrast mass, irrigoscopy, fistulog-

raphy. These methods make it possible to establish the 

localization of the obstacle, confirm or exclude the me-

chanical nature of the postoperative violation of the 

passage through the intestines, assess the state of the 

proximal and distal intestines, their degree of over-

stretching, the integrity of sutures and anastomoses, 

and the presence of fistulas. Domestic authors of the 
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literature came to the conclusion that the diagnostic ac-

curacy of a comprehensive X-ray examination with dif-

fuse postoperative peritonitis is 80%, with abscesses of 

the abdominal cavity 92%. The most important is the 

study conducted on the 3rd day after surgery. Early ra-

diological signs of postoperative peritonitis are: the 

predominant bloating of the small intestine loops; 

thickening of the folds of the mucosa in a limited area 

of the intestine; individual accumulations of gas in the 

colon; formation of fluid levels. The defining symptom 

is the thickets of Kloiber. 

Although in the normal course of the postoperative 

period, these symptoms are no less common than in 

postoperative peritonitis.  

However, not all studies clearly indicate the high 

diagnostic capabilities of radiopaque methods and their 

safety. Many researchers recommend replacing tradi-

tional barium sulfate with modern water-soluble radio-

paque materials, which reduces study time due to the 

faster advancement of water-soluble non-ionic contrast.  

An analysis of the literature showed that the opin-

ion of radiologists is opposite - barium sulfate ñdrawsò 

the relief of the intestine better, its radiopacity is incom-

parably higher, and the cost is much lower in compari-

son with gastrographin. A number of surgeons clearly 

exaggerate the role of enterography, expressing an 

opinion on the therapeutic effect of a non-ionic contrast 

drug on gastrointestinal motility.  

 Further analysis of the literature also showed the 

fact that uniform dilatation of the intestinal loops, the 

absence of collapsed loops, the absence or sluggish per-

istalsis, its connection with breathing are more charac-

teristic of paresis. Uneven expansion of loops, in-

creased or pendulum-like peristalsis are more often ob-

served with early adhesive obstruction. It is indicated 

that free fluid in the abdominal cavity, especially at the 

beginning of the disease, is not a differential sign, and 

also indicate that the echo signs of two forms of ob-

struction should be considered in combination with an 

anamnesis and the results of a physical examination.  

Studies by foreign researchers showed that ultra-

sound revealed a study sensitivity of 83%, specificity 

of 100%, accuracy of 84%, while with the X-ray 

method, these indicators were significantly lower: 77%, 

50%, 70%, respectively.  

Under the guidance of Yu.V. Struchkov, a tech-

nique for ultrasound diagnosis of postoperative compli-

cations was developed and signs based on the analysis 

of the width and echogenicity of free fluid in the ab-

dominal cavity, the timing of restoration of peristalsis, 

intestinal size and the nature of the intraluminal con-

tents were determined. 

The use of modern technology has expanded the 

possibilities of laparoscopy. This method has become 

widely used for: prolonged rehabilitation of the ab-

dominal cavity in the postoperative period.  

It was also noted by clinicians that at present, 

many authors consider laparoscopic abdominal sanita-

tion as an alternative to the method of programmed re-

visions and abdominal sanitation. Verification of the 

source of postoperative bile flow is possible only using 

various radiopaque studies.  

Clinicians noted that the frequency of false-posi-

tive and false-negative findings in radiopaque studies 

ranges from 15 to 34%. The absence of radiological 

signs does not exclude postoperative peritonitis, incon-

sistency of intestinal sutures, obstruction and other 

complications.  

As well as the fact described in clinical practice, 

the complexity and duration of the study, the delay in 

surgery, radiation exposure to the patient and medical 

personnel are also negative factors.  

These reasons make it necessary to improve the 

methods of x-ray examination and look for the possi-

bility of other methods for diagnosing complications.  

Ultrasound is an informative and non-invasive 

method for diagnosing postoperative complications.  

 Back in 2003, foreign authors found that the use 

of ultrasound for the diagnosis of intestinal obstruction 

was experimentally justified after postoperative pas-

sage disorders in the intestine, the differential diagnosis 

of paralytic and mechanical obstruction is the subject 

of numerous studies of the last decade, and for paresis, 

both small and large intestines are enlarged . Changes 

in intestinal peristalsis help to differentiate the mechan-

ical and functional forms of intestinal obstruction, and 

the possibilities of color Doppler studies to assess vas-

cular disorders in the intestinal wall, according to the 

author, are limited. 

Thus, on the basis of published data, it can be 

noted that the high risk of developing intra-abdominal 

complications in emergency surgery, the complexity of 

timely diagnosis and the absolute need for their preven-

tion require a special approach to this problem. 
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Abstract. 

The popularity of dental implantation has led to increased interest in augmentation procedures in patients with 

limited alveolar ridge defects, which requires ideal placement of implants. However, even such a modern and promising 

method has its limitations. 

To establish bone density and visualization of bone structures with the precision needed to plan treatment or the 

monitoring of the process of treatment in modern dentistry use the latest technology namely performed. 

Study of bone density of the jaws during orthodontic preparation for implantation by densitometry CT-ray contact 

imaging of the dynamics. 

We have conducted and studied 63 bone density measurements. The studies were conducted in the x-ray center. 

Kiev on the computer tomograph PointNix RealScan. Further study of the results of densitometric research was con-

ducted at the Department of orthopedic dentistry of the National medical Academy of postgraduate education named 

after P. L. Shupik. 

ɸʥʥʦʪʘʮʠʷ 

ʇʦʧʫʣʷʨʥʽʩʪʴ ʜʝʥʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʧʨʠʟʚʝʣʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʧʨʦʮʝʜʫʨʠ ʘʫʛʤʝʥʪʘʮʽʾ ʢʽ-

ʩʪʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʦʙʤʝʞʝʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʛʨʝʙʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʽʜʝʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽʤ-

ʧʣʘʥʪʘʪʽʚ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʪʘʢʠʡ ʩʫʯʘʩʥʠʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʢʽʩʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʪʦʯʥʽ-

ʩʪʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʣʽʢʫʚʘʥʥʷ ʘʙʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʘ, ʚ ʩʫʯʘʩʥʽʡ 

ʩʪʦʤʘʪʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʩʘʤʝ, ʜʝʥʩʠʪʦʤʝʪʨʽʶ. 

ɺʠʚʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʱʝʣʝʧ ʧʽʜ ʯʘʩ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ʟʘ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʢʦʤʧôʶʪʝʨʥʦ-ʧʨʦʤʝʥʝʚʘ ʢʦʥʪʘʢʪʥʘ ʪʦʤʦʛʨʘʬʽʷ ʚ ʜʠʥʘʤʽʮʽ. 

ʅʘʤʠ ʚʩʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘ ʚʠʚʯʝʥʦ 63 ʚʠʤʽʨʠ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʥ-

ʪʛʝʥʦʣʦʛʽʯʥʦʤʫ ʮʝʥʪʨʽ ʤ. ʂʠʾʚ ʥʘ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʪʦʤʦʛʨʘʬʽ PointNix RealScan. ʇʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʦʪʨʠ-

ʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʘʬʝʜʨʽ ʦʨʪʦʧʝʜʠʯʥʦʾ ʩʪʦʤʘʪʦʣʦʛʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʜʠʯʥʦʾ ʘʢʘʜʝʤʽʾ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʽʤʝʥʽ ʇ.ʃ.ʐʫʧʠʢʘ. 

 

Key words: tooth, extrusion, implant, densitometry, bone density. 
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ʇʦʧʫʣʷʨʥʽʩʪʴ ʜʝʥʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʧʨʠʟʚʝʣʘ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʧʨʦʮʝʜʫʨʠ ʘʫʛʤʝʥʪʘʮʽʾ 

ʢʽʩʪʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʦʙʤʝʞʝʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʘʣʴʚʝ-

ʦʣʷʨʥʦʛʦ ʛʨʝʙʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʽʜʝʘʣʴʥʦʛʦ ʨʦʟʤʽ-

ʱʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ [1]. ʆʜʥʘʢ ʥʘʚʽʪʴ ʪʘʢʠʡ ʩʫʯʘʩ-

ʥʠʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. 

ʊʘʢ, ʦʩʥʦʚʥʠʤ (ʙʣʠʟʴʢʦ 90 %) ʦʙʤʝʞʝʥʥʷʤ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʥʷ ʫʩʧʽʰʥʦʾ ʜʝʥʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʻ ʜʝʬʽʮʠʪ 

ʚʠʩʦʪʠ ʪʘ ʰʠʨʠʥʠ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʚ ʜʽʣʷʥʮʽ ʤʘʡ-

ʙʫʪʥʴʦʾ ʽʤʧʣʘʥʪʘʮʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʘʪʨʦʬʽʻʶ ʢʽʩʪ-

ʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʰʚʠʜʢʽʩʪʴ ʷʢʦʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʽʩʣʷ 

ʚʠʜʘʣʝʥʥʷ ʟʫʙʘ [1, 3]. ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʪʘʢʘ ʘʪʨʦʬʽʷ ʩʢʣʘʜʘʻ 40-60 % ʦʙôʻʤʫ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ ʚ ʧʝʨʰʽ 2-3 ʨʦʢʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʜʦʚʦʣʽ ʨʦʟ-

ʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʤʝʪʦʜʠ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʘʢʽ, ʷʢ ʥʘʧʨʘʚ-

ʣʝʥʘ ʢʽʩʪʢʦʚʘ ʨʝʛʝʥʝʨʘʮʽʷ [3].  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ 

ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʢʽʩʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʪʦʯʥʽ-

ʩʪʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʣʽʢʫʚʘʥʥʷ 

ʘʙʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʘ, ʚ ʩʫ-

ʯʘʩʥʽʡ ʩʪʦʤʘʪʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʚʽʪʥʽ ʪʝʭʥʦ-

ʣʦʛʽʾ, ʘ ʩʘʤʝ, ʜʝʥʩʠʪʦʤʝʪʨʽʶ. 

ʂʦʤʧôʶʪʝʨʥʦ-ʧʨʦʤʝʥʝʚʘ ʢʦʥʪʘʢʪʥʘ ʪʦʤʦʛʨʘ-

ʬʽʷ ʷʚʣʷʻʪʴʩʷ ʜʦʧʦʤʽʞʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ 

ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʠʪʠ ʧʦʣʦʞʝʥʥʷ, ʬʦʨʤʫ ʪʘ ʨʦʟʤʽʨʠ 

ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʪʨʴʦʭʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʢʽʩʪʦʢ ʟʫʙʦʱʝʣʝʧʥʦʾ ʜʽʣʷʥʢʠ, ʩʢʨʦʥʝʚʦ-ʥʠʞʥʴʦʱʝ-

ʣʝʧʥʠʭ ʩʫʛʣʦʙʽʚ, ʧʘʟʫʭ ʥʦʩʘ ʟʘ ʦʜʥʝ ʦʙʩʪʝʞʝʥʥʷ [2].  

ɿʘʚʜʷʢʠ ʪʝʭʥʽʯʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʘʧʘʨʘʪʽʚ ʪʘ-

ʢʦʛʦ ʪʠʧʫ (ʪʦʥʢʠʡ ʧʝʨʝʨʠʚʯʘʩʪʠʡ ʢʦʥʽʯʥʠʡ ʨʝʥʪʛʝ-

ʥʽʚʩʴʢʠʡ ʧʨʦʤʽʥʴ) ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʩʪʠʤ ʟʘ ʫʢ-

ʣʘʜʢʦʶ ʧʘʮʽʻʥʪʘ, ʥʝ ʽʥʚʘʟʠʚʥʠʤ, ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʧʨʦʤʝʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 50 ʤʽʢʨʦʟʽʚʝʨʪʽʚ), 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʫ ʜʦʨʦʩʣʠʭ, 
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ʪʘʢ ʽ ʫ ʜʽʪʝʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʧʨʦ-

ʤʝʥʶ (ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʨʦʤʝʥʝʚʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘ ʪʠʧʦʤ ʦʨ-

ʪʦʧʘʥʪʦʤʦʛʨʘʬʽʯʥʦʛʦ ʟʨʽʟʫ ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʟʘ ʟʫ-

ʙʦʱʝʣʝʧʥʦʶ ʜʫʛʦʶ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʱʝʣʝʧʠ; 

ʮʝʬʘʣʦʤʝʪʨʠʯʥʽ ʟʨʽʟʠ ʚ ʧʨʷʤʽʡ ʪʘ ʙʽʯʥʽʡ ʧʨʦʝʢʮʽʷʭ 

ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʟʘ ʟʫʙʦʱʝʣʝʧʥʦʶ ʜʫʛʦʶ; ʧʨʦʚʝ-

ʜʝʥʥʷ ʣʽʥʽʡʥʠʭ ʪʘ ʢʫʪʦʚʠʭ ʚʠʤʽʨʽʚ ʙʫʜʴ ʷʢʦʾ ʜʽʣʷ-

ʥʢʠ ʩʢʘʥʫʚʘʥʥʷ; ʚʠʢʦʥʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʜʝʥʩʠʪʦʤʝ-

ʪʨʽʾ ʨʽʟʥʠʭ ʘʥʘʪʦʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ; ʚʠʢʦʥʘʥʥʷ ʪʦʤʦ-

ʛʨʘʬʽʯʥʠʭ ʟʨʽʟʽʚ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʪʘ ʟʫʙʽʚ; ʧʦʙʫʜʦʚʘ 

ʪʦʤʦʛʨʘʬʽʯʥʠʭ ʟʨʽʟʽʚ ʚʩʽʻʾ ʜʽʣʷʥʢʠ ʩʢʘʥʫʚʘʥʥʷ ʚ 

ʪʨʴʦʭ ʧʨʦʝʢʮʽʷʭ ʪʘ ʧʦʚʦʨʦʪ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜ ʙʫʜʴ 

ʷʢʠʤ ʢʫʪʦʤ; ʧʝʨʝʛʣʷʜ 3D ʟʦʙʨʘʞʝʥʥʷ ʚʩʽʻʾ ʟʦʥʠ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʪʘ ʦʢʨʝʤʠʭ ʟʦʥ ʟʫʙʦʱʝʣʝʧʥʦʾ ʩʠʩʪʝʤʠ; 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ [4, 5].  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʚʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪ-

ʢʦʚʦʾ ʪʢʘʥʠʥʠ ʱʝʣʝʧ ʧʽʜ ʯʘʩ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʧʽʜʛʦ-

ʪʦʚʢʠ ʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ʟʘ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ ʜʘ-

ʥʠʤʠ ʂʇʂʊ ʚ ʜʠʥʘʤʽʮʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʤʠ 

ʚʩʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘ ʚʠʚʯʝʥʦ 63 ʚʠʤʽʨʠ ʱʽʣʴ-

ʥʦʩʪʽ ʢʽʩʪʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʥʪʛʝʥʦ-

ʣʦʛʽʯʥʦʤʫ ʮʝʥʪʨʽ ʤ.ʂʠʾʚ ʥʘ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʪʦʤʦ-

ʛʨʘʬʽ PointNix RealScan. ʇʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʦʪʨʠ-

ʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʘʬʝʜʨʽ ʦʨʪʦʧʝʜʠʯʥʦʾ ʩʪʦʤʘʪʦʣʦʛʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʜʠʯʥʦʾ ʘʢʘʜʝʤʽʾ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ 

ʦʩʚʽʪʠ ʽʤʝʥʽ ʇ.ʃ.ʐʫʧʠʢʘ. ʇʦʢʘʟʥʠʢʠ CBCT 

(PSR9000N) ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚ C-ʨʝʞʠʤʽ (ʨʦʟʤʽʨ ʩʢʘ-

ʥʫʚʘʥʥʷ 200Ĭ3179 ʤʤ; ʨʦʟʤʽʨ ʚʦʢʩʝʣʽʚ 0,39 ʤʤ). 

ɿʦʥʘ ʩʢʘʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʨʦʟʤʽʨʘʤʠ ʜʘʪʯʠʢʽʚ, 

ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʩʢʣʘʜʘʚ 14 ʩʝʢʫʥʜ, ʘ ʪʦʚʱʠʥʘ ʟʨʽʟʫ 

0,15-0,3 ʤʤ. ʇʦʟʠʮʽʶ ʧʘʮʽʻʥʪʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭʧʦʟʽʮʽʡʥʠʭ ʧʨʦʤʝʥʽʚ.  

ʈʦʟʧʦʜʽʣ ʧʘʮʽʻʥʪʽʚ ʟʘ ʚʠʜʦʤ ʣʽʢʫʚʘʥʥʷ ʪʘ ʢʽʣʴ-

ʢʽʩʪʶ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʈʦʟʧʦʜʽʣ ʧʘʮʽʻʥʪʽʚ ʟʘ ʚʠʜʦʤ ʣʽʢʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʶ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɻʨʫʧʠ  

ʧʘʮʽʻʥʪʽʚ 
ɺʠʜʠ ʣʽʢʫʚʘʥʥʷ 

ʂʽʣʴʢʽʩʪʴ 

ʧʘʮʽʻʥʪʽʚ 

ʂʽʣʴʢʽʩʪʴ ʜʝʥʩʠʪʦʤʝʪ-

ʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʆʩʥʦ-

ʚʥʘ 

1* ʆʨʪʦʜʦʥʪʠʯʥʘ ʝʢʩʪʨʫʟʽʷ, ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟ ʉʘ 8 24 

2* 
ʆʨʪʦʜʦʥʪʠʯʥʘ ʝʢʩʪʨʫʟʽʷ, ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟ ʉʘ, 

ʧʨʠʡʦʤ ʮʠʪʨʘʪʫ ʢʘʣʴʮʽʶ  
7 21 

ʇʦʨʽʚ-

ʥʷʥʥʷ 

1 ʆʨʪʦʜʦʥʪʠʯʥʘ ʝʢʩʪʨʫʟʽʷ 4 12 

2 ɺʠʜʘʣʝʥʥʷ ʟʫʙʽʚ ʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʽʤʧʣʘʥʪʘʪʽʚ 2 6 

ɺʩʴʦʛʦ 21 63 

ʇʨʠʤʽʪʢʘ: 1*-ʚʽʢʦʚʘ ʛʨʫʧʘ 30-45 ʨʦʢʽʚ; 

2* ʚʽʢʦʚʘ ʛʨʫʧʘ 46-60 ʨʦʢʽʚ. 

 

ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʦʤʦʛʨʘʤ 

ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʽ-

ʢʦʥ, ʘ ʦʩʥʦʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʟʨʽʟʫ ʦʙ'ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʘʪʨʠʮʷ, ʷʢʘ ʜʘʚʘʣʘ ʢʘʨʪʠʥʢʫ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʽ ʨʦʟʧʦʜʽʣʫ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥ-

ʪʽʚ ʦʩʣʘʙʣʝʥʥʷ. ʆʙʯʠʩʣʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʩʣʘʙʣʝʥʥʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ 

ʦʜʠʥʠʮʷʭ ʍʘʫʥʩʬʽʣʜʘ (Hounsfield units, HU), ʷʢʽ ʫʪ-

ʚʦʨʶʶʪʴ ʰʢʘʣʫ, ʜʝ ʟʘ ʥʫʣʴ ʧʨʠʡʥʷʪʦ ʢʦʝʬʽʮʽʻʥʪ 

ʦʩʣʘʙʣʝʥʥʷ ʚʦʜʠ, ʘ ʥʠʞʥʷ ʤʝʞʘ (-1000 HU) ʚʽʜʧʦʚʽ-

ʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʦʩʣʘʙʣʝʥʥʷ ʧʦʚʽʪʨʷ. 

 ɺʝʨʭʥʷ ʤʝʞʘ ʰʢʘʣʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ, ʪʘʢ ʷʢ 

ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʦʩʣʘʙʣʝʥʥʷ ʢʦʨʪʠʢʘʣʴ-

ʥʦʛʦ ʰʘʨʫ ʢʽʩʪʢʠ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟ-

ʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʧʘʨʘʪʫ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ +1000, 

+ 40000 HU. ɿʘ ʜʘʥʠʤʠ Mich et others (1990) ʙʝ-

ʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ: ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʰʘʨʫ 500ï1300 

HU; ʧʝʨʝʜʥʷ ʜʽʣʷʥʢʘ ʥ/ʱ 500-850 HU; ʙʽʯʥʘ ʜʽʣʷʥʢʘ 

ʥ/ʱ 500 HU; ʧʝʨʝʜʥʽʡ ʢʨʘʡ ʚ/ʱ +500ï850HU; ʙʽʯʥʘ 

ʜʽʣʷʥʢʘ ʚ/ʱ 0ï500 HU; 

ʅʘʤʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧ-

ʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘ ʘʣʴʚʝʦʣʷʨʥʽʡ ʯʘʩʪʠʥʽ ʱʝʣʝʧ: 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʛʦ ʰʘʨʫ (ʩʫʤʘ-

ʨʥʝ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ), ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʤʝ-

ʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ ʪʘ ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴ-

ʥʽʩʪʴ ʫ ʜʽʣʷʥʢʘʭ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʧʘʨʦʩʪʢʘ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʢʽ-

ʣʴʢʽʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʢʝʪʫ Simplant Pro 2011 (ʚʝʨʩʽʷ 13; 

Materialize, Leuven, ɹʝʣʴʛʽʷ). 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ ʪʨʠ ʨʘʟʠ 

ʟʘ ʧʝʨʽʦʜ ʣʽʢʫʚʘʥʥʷ. ʇʝʨʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʯʝʨʝʟ ʪʨʠ ʪʠʞʥʽ ʚʽʜ ʧʦʯʘʪʢʫ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫ-

ʟʽʾ. ɼʨʫʛʝ ï ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʪʨʫʟʽʾ ʪʘ ʚʠʜʘʣʝʥʥʷ 

ʟʫʙʫ. ʊʨʝʪʻ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʽʩʣʷ ʟʘʢʽʥ-

ʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʢʘʣʴʮʽʶ. 

ʇʘʮʽʻʥʪʘʤ ʛʨʫʧ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʧʘʨʘʪʠ ʢʘʣʴʮʽʶ 

ʥʝ ʧʨʠʟʥʘʯʘʣʠʩʷ. ʇʘʮʽʻʥʪʘʤ ʧʝʨʰʦʾ ʛʨʫʧʠ ʧʦʨʽʚ-

ʥʷʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʦʨʪʦʜʦʥʪʠʯʥʘ ʝʢʩʪʨʫʟʽʷ ʟʫʙʽʚ ʪʘ 

ʥʘ ʤʦʤʝʥʪ ʪʨʝʪʴʦʛʦ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʚʦʥʠ ʧʨʦʭʦʜʠʣʠ ʨʝʪʝʥʮʽʡʥʠʡ ʧʝʨʽʦʜ. ʇʘʮʽʻʥ-

ʪʘʤ ʜʨʫʛʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʝʥʩʠ-

ʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʚ ʪʘʢʽ ʪʝʨʤʽʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 
ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ CBCT, ʟʙʝʨʽʛʘʣʠ ʫ 

ʚʠʛʣʷʜʽ ʬʘʡʣʽʚ DICOM.  

ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪ-

ʨʫʟʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ʩʠʣ ʪʘ ʚʠʥʠʢ-

ʥʝʥʥʷ ʥʘʪʷʛʫ ʚʦʣʦʢʦʥ ʧʝʨʽʦʜʦʥʪʫ ʚ ʘʧʽʢʘʣʴʥʽʡ ʯʘʩ-

ʪʠʥʽ ʟʫʙʫ ʥʘ 7-10 ʜʝʥʴ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʦʙʫ-

ʜʦʚʠ ʥʦʚʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʧʝʨʰʝ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 

ʪʨʠ ʪʠʞʥʷ ʚʽʜ ʧʦʯʘʪʢʫ ʣʽʢʫʚʘʥʥʷ.  
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ʈʝʟʫʣʴʪʘʪʠ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 2 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʝʨʰʽʡ ʦʩʥʦʚʥʽʡ ʛʨʫʧʽ ʧʘ-

ʮʽʻʥʪʽʚ ʚʽʢʦʤ ʚʽʜ 30 ʜʦ 45 ʨʦʢʽʚ ʯʝʨʝʟ ʪʨʠ ʪʠʞʥʷ ʚʽʜ 

ʧʦʯʘʪʢʫ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫʟʽʾ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯ-

ʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ: 

ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚʦʥʠ ʩʪʘʥʦʚʠʣʠ 

1135 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ-785 HU, ʩʝʨʝ-

ʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ -960 HU. 

 

ʊʘʙʣʠʮʷ 2 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʯʝʨʝʟ 3 ʪʠʞʥʷ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʪʨʫʟʽʾ (MÑm) 

ɻʨʫʧʠ ʧʘʮʽʻʥʪʽʚ 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʂʦʨʪʠʢʘʣʴʥʘ ʧʣʘʩ-

ʪʠʥʢʘ ʉ (HU) MÑm 

ɻʫʙʯʘʩʪʠʡ ʰʘʨ A 

(HU) MÑm 

ʉʝʨʝʜʥʷ ʦʧʪʠʯʥʘ 

ʱʽʣʴʥʽʩʪʴ S (HU) 

MÑm 

ʆʩʥʦʚʥʘ 
30 ï 45 ʨʦʢʽʚ 1135Ñ56,75 785Ñ40,26 960Ñ49,23 

46 ï 60 ʨʦʢʽʚ 1055Ñ57,03 604Ñ31,79 829Ñ44,33 

ʇʦʨʽʚʥʷʥʥʷ 
1 ʛʨʫʧʘ 1090Ñ60,56  735Ñ41,29 912Ñ48,01 

2 ʛʨʫʧʘ 1021Ñ53,74 76Ñ3,88 548Ñ28,84 

 

ɺ ʜʨʫʛʽʡ ʦʩʥʦʚʥʽʡ ʛʨʫʧʽ (46-60 ʨʦʢʽʚ) ʧʦʢʘʟʥʠʢʠ ʧʨʠ ʧʝʨʰʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪ-

ʢʦʚʦʾ ʪʢʘʥʠʥʠ ʩʪʘʥʦʚʠʣʠ: ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ 1055 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ 604 HU ʘ 

ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʣʘ 829 HU.  

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʚʩʽʭ ʧʦʢʘʟʥʠʢʽʚ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩ-

ʪʠʥʠ, ʧʦʚôʷʟʘʥʦ ʟ ʚʽʢʦʤ ʧʘʮʽʻʥʪʽʚ ʮʽʻʾ ʛʨʫʧʠ. 

 

 
ʈʠʩ. 1. ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʯʝʨʝʟ 3 ʪʠʞʥʷ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʪʨʫʟʽʾ 

 

ʇʝʨʰʘ ʛʨʫʧʘ ʧʦʨʽʚʥʷʥʥʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʧʘʮʽ-

ʻʥʪʽʚ ʚʽʢʦʤ 30-45 ʨʦʢʽʚ ʽ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴ-

ʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʙʫʣʠ ʥʘʩʪʫʧʽ: ʚ ʤʝʞʘʭ ʢʦʨ-

ʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ 1090 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ 

ʰʘʨʫ ï 735 HU, ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʣʘ 

912 HU. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʫʚʽʡʰʣʠ ʧʘʮʽʻʥʪʠ 

ʚʽʢʦʤ ʚʽʜ 30 ʜʦ 60 ʨʦʢʽʚ, ʷʢʠʤ ʚʠʜʘʣʠʣʠ ʟʫʙʠ ʧʽʜ ʧʦ-

ʜʘʣʴʰʝ ʧʨʦʪʝʟʫʚʘʥʥʷ ʥʘ ʽʤʧʣʘʥʪʘʪʘʭ. ʇʦʢʘʟʥʠʢʠ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʮʽʻʾ ʛʨʫʧʠ ʙʫʣʠ ʥʘʡʥʠʞʯʠʤʠ ʽ 

ʩʪʘʥʦʚʠʣʠ: ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʛʦ ʰʘʨʫ 1021 HU, 

ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ - 76 HU, ʩʝʨʝʜʥʷ ʦʧʪʠ-

ʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 548 HU. 

ʊʘʢʽ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩ-

ʪʠʥʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʫʙʫ, ʣʫʥʢʘ ʟʘʧʦʚʥʶʻʪʴʩʷ ʢʨʦʚôʷʥʠʤ ʟʛʫʩʪʢʦʤ, ʷʢʠʡ 

ʥʘ 3-4 ʜʝʥʴ ʧʦʯʠʥʘʻ ʧʨʦʨʦʩʪʘʪʠ ʢʣʽʪʢʘʤʠ ʝʧʽʪʝʣʽʶ, 

ʘ ʥʘ 7-8 ʜʝʥʴ ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʦʷʚʘ ʢʣʽʪʠʥ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ. ʅʘ 14 ʜʝʥʴ ʪʨʠʚʘʻ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʙʦʢʫ ʜʥʘ ʪʘ 

ʩʪʽʥʦʢ ʣʫʥʢʠ ʚʠʜʘʣʝʥʦʛʦ ʟʫʙʫ. 

ʏʝʨʝʟ ʰʽʩʪʴ ʪʠʞʥʽʚ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫʟʽʾ ʪʘ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʫʙʫ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʜʨʫʛʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

(ʪʘʙʣ.3., ʨʠʩ. 2) 
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ʊʘʙʣʠʮʷ 3 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʪʨʫʟʽʾ 

ɻʨʫʧʠ ʧʘʮʽʻʥʪʽʚ 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʂʦʨʪʠʢʘʣʴʥʘ ʧʣʘʩ-

ʪʠʥʢʘ ʉ (HU) MÑm 

ɻʫʙʯʘʩʪʘ ʯʘʩʪʠʥʘ A 

(HU) MÑm 

ʉʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴ-

ʥʽʩʪʴ S (HU) MÑm 

ʆʩʥʦʚʥʘ 
30 ï 45 ʨʦʢʽʚ 1165Ñ61,32 795Ñ42,74 970Ñ48,51 

46 ï 60 ʨʦʢʽʚ 1068Ñ56,21 705Ñ37,11 886Ñ45,22 

ʇʦʨʽʚ-

ʥʷʥʥʷ 

1 ʛʨʫʧʘ 1100Ñ56,41 747Ñ41,04 923Ñ46,62 

2 ʛʨʫʧʘ 1031Ñ54,84 345Ñ17,78 688Ñ35,11 

 

ʅʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʤʽʨʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ. ɺ ʧʝʨʰʽʡ ʦʩʥʦʚʥʽʡ ʛʨʫʧʽ ( ʚʽʢʦʚʘ ʛʨʫʧʘ 30-

45 ʨʦʢʽʚ) ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 1165 HU , ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ 

ʰʘʨʫ ï 795 HU ʪʘ ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʩʪʘʥʦʚʠʣʘ 970 HU. 

ɺ ʜʨʫʛʽʡ ʦʩʥʦʚʥʽʡ ʛʨʫʧʽ ( 46-60 ʨʦʢʽʚ) ʥʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ: ʚ ʤʝʞʘʭ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ï 1068 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ - 705 HU, ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʣʘ 

- 886 HU. 

 

 
ʈʠʩ. 2. ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫʟʽʾ. 

 

ɺ ʧʦʨʽʚʥʷʣʴʥʠʭ ʛʨʫʧʘʭ ʤʠ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ 

ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. 

ɺ ʧʝʨʰʽʡ ʛʨʫʧʽ ʧʦʨʽʚʥʷʥʥʷ (30 ï 45 ʨʦʢʽʚ) ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫʟʽʾ ʚʠʤʽʨʠ ʚ ʤʝʞʘʭ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʙʫʣʠ 1100 HU, ʘ ʚ ʤʝʞʘʭ 

ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ ï 747 HU ʪʘ ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴ-

ʥʽʩʪʴ ʩʢʣʘʣʘ 923 HU. 

ɿʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʩʝʙʝ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʜʨʫʛʽʡ 

ʛʨʫʧʽ ʧʦʨʽʚʥʷʥʥʷ ʤʠ ʦʪʨʠʤʘʣʠ ʜʦʚʦʣʽ ʥʠʟʴʢʽ, ʷʢ ʽ 

ʧʨʠ ʧʝʨʰʦʤʫ ʚʠʤʽʨʽ, ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦ-

ʩʪʽ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʠʟʴʢʽ ʮʠʬʨʦʚʽ 

ʜʘʥʽ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ 

ʪʠʤ, ʱʦ ʧʨʠ ʚʠʜʘʣʝʥʽ ʟʫʙʫ ʪʽʣʴʢʠ ʯʝʨʝʟ ʪʨʠ ʤʽʩʷʮʽ 

ʣʫʥʢʘ ʧʦʚʥʽʩʪʶ ʚʠʧʦʚʥʶʻʪʴʩʷ ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠ-

ʥʦʶ. ʊʘʢ, ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʦʧʪʠʯʥʘ 

ʱʽʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 1031 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ 

ʰʘʨʫ - 345 HU, ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʣʘ 

688 HU. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʘʣʴʮʽʶ 

ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʝʪʻ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ (ʪʘʙʣ.4, ʨʠʩ.3). 

ʇʘʮʽʻʥʪʘʤ ʧʝʨʰʦʾ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʧʽʩʣʷ ʟʘʢʽʥ-

ʯʝʥʥʷ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʝʢʩʪʨʫʟʽʾ ʧʨʦʚʦʜʠʣʠ ʤʽʩʮʝʚʝ 

ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʘʣʴʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘ-

ʬʦʥʬʦʨʝʟʫ. 

ʇʘʮʽʻʥʪʽ ʜʨʫʛʦʾ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʧʨʠʡʤʘʣʠ ʚʥʫ-

ʪʨʽʰʥʴʦ ʎʠʪʨʘʪ ʢʘʣʴʮʽʶ 1200 ʤʛ ʥʘ ʧʨʦʪʷʟʽ ʪʨʴʦʭ 

ʪʠʞʥʽʚ, ʪʘ ʤʽʩʮʝʚʦ ʧʨʦʚʦʜʠʚʩʷ ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟ 

ʢʘʣʴʮʽʶ. 
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ʊʘʙʣʠʮʷ 4 

ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʘʣʴʮʽʶ  

ɻʨʫʧʠ ʧʘʮʽʻʥʪʽʚ ɺʠʤʽʨʶʚʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʂʦʨʪʠʢʘʣʴʥʘ ʧʣʘʩ-

ʪʠʥʢʘ ʉ (HU MÑm 

ɻʫʙʯʘʩʪʘ ʯʘʩʪʠʥʘ 

A (HU) MÑm 

ʉʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴ-

ʥʽʩʪʴ S (HU) MÑm 

ʆʩʥʦʚʥʘ 30 ï 45 ʨʦʢʽʚ 1215 Ñ 61,36 910 Ñ 45,51 1062 Ñ 53,10 

46 ï 60 ʨʦʢʽʚ 1145 Ñ 58,42 855 Ñ 42,96 1000 Ñ 51,28 

ʇʦʨʽʚ-

ʥʷʥʥʷ 

1 ʛʨʫʧʘ 1109 Ñ 58,99 752 Ñ 37,98 930 Ñ 51,11 

2 ʛʨʫʧʘ 1041 Ñ 53,46 605 Ñ 30,25 823 Ñ 41,99 

 

ʋ ʧʘʮʽʻʥʪʽʚ ʧʝʨʰʦʾ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ (30-45 ʨʦ-

ʢʽʚ) ʥʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʦʧʪʠʯ-

ʥʦʾ ʱʽʣʴʥʦʩʪʽ: ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ 

1215 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ 910 HU, ʘ ʩʝ-

ʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 1062 HU. 

ʋ ʧʘʮʽʻʥʪʽʚ ʜʨʫʛʦʾ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ (46 ï 60 ʨʦ-

ʢʽʚ) ʚʠʤʽʨʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʙʫʣʠ ʚ ʤʝʞʘʭ ʢʦʨ-

ʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ï 1145 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩ-

ʪʦʛʦ ʰʘʨʫ 855 HU, ʘ ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ 

ʩʢʣʘʜʘʣʘ 1000 HU. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚʩʽʭ ʪʨʴʦʭ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʽʚ ʧʦʢʘʟʥʠʢʽʚ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚ ʤʝʞʘʭ ʧʘ-

ʮʽʻʥʪʽʚ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʟʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʝ, ʱʦ 

ʧʨʠ ʧʝʨʰʠʭ ʜʚʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʜʫʞʝ 

ʨʽʟʥʠʣʠʩʴ ʟʘ ʨʘʭʫʥʦʢ ʚʽʢʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʘʮʽʻʥ-

ʪʽʚ. ʆʜʥʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʪʨʝʪʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ (ʧʽ-

ʩʣʷ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʘʣʴʮʽʶ) ʥʘʤʠ ʙʫʣʦ ʦʪʨʠ-

ʤʘʥʦ ʜʫʞʝ ʙʣʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʮʠʬʨʦʚʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʦʚʝ-

ʜʝʥʥʷ ʚʠʤʽʨʽʚ ʧʽʜ ʜʝʥʪʘʣʴʥʫ ʽʤʧʣʘʥʪʘʮʽʶ ʥʘ ʂʇʂʊ 

ʧʘʮʽʻʥʪʘʤ ʮʠʭ ʛʨʫʧ ʙʫʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʙʝʟʧʦʩʝʨʝ-

ʜʥʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʤʧʣʘʥʪʘʪʽʚ. 

 

 
ʈʠʩ. 3. ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʘʣʴʮʽʶ 

 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ 

ʥʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʦʧ-

ʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʫ ʧʘʮʽʻʥʪʽʚ ʧʝʨ-

ʰʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ: ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩ-

ʪʠʥʢʠ ï 1109 HU, ʚ ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ ï 752 

HU, ʘ ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 980 HU. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʤʽʨʘʤʠ ʫ 

ʧʘʮʽʻʥʪʽʚ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʟʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʚʽʜ-

ʤʽʥʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʤʽʨʘʭ ʛʫʙʯʘʩʪʦʾ 

ʯʘʩʪʠʥʠ: 910 HU ʪʘ 855 HU ʧʨʦʪʠ 752 HU ʚ ʧʝʨʰʽʡ 

ʛʨʫʧʽ ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ 

ʱʽʣʴʥʽʩʪʴ ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ ʫ ʧʘʮʽʻʥʪʽʚ ʮʽʻʾ ʛʨʫʧʠ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʥʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʣʽʢʫʚʘʥʥʷ. 

ʋ ʧʘʮʽʻʥʪʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟ-

ʥʠʢʠ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʙʫʣʠ ʱʝ ʥʠʞʯʠʤʠ ( ʦʩʦʙ-

ʣʠʚʦ ʛʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ): ʚ ʤʝʞʘʭ ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘ-

ʩʪʠʥʢʠ ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʣʠ 1041 HU, ʘ ʚ 

ʤʝʞʘʭ ʛʫʙʯʘʩʪʦʛʦ ʰʘʨʫ ï 605 HU ʧʨʠ ʩʝʨʝʜʥʽʡ ʦʧ-

ʪʠʯʥʽʡ ʱʽʣʴʥʦʩʪʽ 823 HU. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ 

ʚʠʚʯʝʥʥʶ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʱʝʣʝʧ ʧʽʜ 

ʯʘʩ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʽʤʧʣʘʥʪʘʮʽʾ ʟʘ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʂʇʂʊ ʚ ʜʠʥʘʤʽʮʽ ʧʦ-

ʢʘʟʘʣʦ, ʱʦ ʚʩʽʤ ʧʘʮʽʻʥʪʘʤ, ʷʢʠʤ ʧʨʦʚʦʜʠʣʠ ʝʢʩʪʨʫ-

ʟʽʶ ʟʫʙʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʢʘʣʴʮʽʶ ʥʝʦʙ-

ʭʽʜʥʦ ʚʠʪʨʠʤʫʚʘʪʠ ʨʝʪʝʥʮʽʡʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ 

ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʧʽʜ ʯʘʩ ʦʨʪʦʜʦʥʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ 
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ʽʤʧʣʘʥʪʘʮʽʾ ʰʣʷʭʦʤ ʝʢʩʪʨʫʟʽʾ ʟʫʙʽʚ, ʦʪʨʠʤʫʚʘʣʠ 

ʧʨʝʧʘʨʘʪ ʢʘʣʴʮʽʶ, ʷʢ ʧʝʨʦʨʘʣʴʥʦ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ 

ʫʣʴʪʨʘʬʦʥʦʬʦʨʝʟʫ, ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʢʽ-

ʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʙʫʣʠ ʥʘʡʚʠʱʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʣʦ 

ʧʨʦʚʦʜʠʪʠ ʜʝʥʪʘʣʴʥʫ ʽʤʧʣʘʥʪʘʮʽʶ ʟʨʘʟʫ ʧʽʩʣʷ ʝʢʩʪ-

ʨʫʟʽʾ ʟʫʙʫ. ʇʨʠ ʮʴʦʤʫ ʜʝʥʪʘʣʴʥʫ ʽʤʧʣʘʥʪʘʮʽʶ ʤʦ-

ʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʩʽʤ ʧʘʮʽʻʥʪʘʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʢʫ, 

ʪʦʤʫ ʱʦ ʱʽʣʴʥʽʩʪʴ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʧʽʩʣʷ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʮʠʪʨʘʪʫ ʢʘʣʴʮʽʶ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʽ ʥʝ ʟʘʣʝʞʘʣʘ 

ʚʽʜ ʚʽʢʫ ʪʘ ʩʪʘʪʽ ʧʘʮʽʻʥʪʽʚ. ʆʜʥʘʢ ʧʘʮʽʻʥʪʘʤ, ʷʢʠʤ 

ʧʨʦʚʦʜʠʣʠ ʚʠʜʘʣʝʥʥʷ ʟʫʙʫ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʜʝʥ-

ʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, 

ʱʦ ʧʦʜʦʚʞʫʻ ʯʘʩ ʜʦ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʫ ï ʧʨʦʪʝʟʫʚʘʥʥʷ ʥʘ ʽʤʧʣʘʥʪʘʪʘʭ.  

ʃʽʪʝʨʘʪʫʨʘ 

1. ʄʠʰ ɽ.ʂʘʨʣ ʆʨʪʦʧʝʜʠʯʝʩʢʦʝ ʣʝʯʝʥʥʠʝ ʩ 

ʦʧʦʨʦʡ ʥʘ ʜʝʥʪʘʣʴʥʳʝ ʠʤʧʣʘʥʪʘʪʳ. - ʄ., 2010. ï 615 

ʩ. 

2. ʈʦʛʘʮʢʽʥ ɼ. ɺ. ʂʦʥʫʩʥʦ-ʧʨʦʤʽʥʝʚʘ ʢʦʤʧʶʪʝ-

ʨʥʘ ʪʦʤʦʛʨʘʬʽʷ. ʃʴʚʽʚ. - ɻʘʣɼʝʥʪ. - 2010. -148 ʩ. 

3. Proffit WR, Fields HW ñContemporary Ortho-

donticsò. - 2013. ï 625 ʩ. 

4.ʏʠʙʠʩʦʚʘ ʄ.ɸ., ɼʫʜʘʨʝʚ ɸ.ʃ. ʃʫʯʝʚʘʷ ʜʠʘʛ-

ʥʦʩʪʠʢʘ ʚ ʘʤʙʫʣʘʪʦʨʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ. ʉʇʙ.-ʉʘ-

ʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʦʤʘʪʦʣʦʛʠʠ. - 2002. 

ï 368 ʩ. 

5.Bishara S.E., Chadha J.M. Stability of interca-

nine width, overbite and overjet correction. Am J Or-

thod. 1973. ï 63. ʈ. 588-595. 

 

ʋɼʂ 61 

 

ɸʚʜʝʡʯʠʢʦʚ ɼʤʠʪʨʠʡ ɸʥʜʨʝʝʚʠʯ 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʘ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʈɽɸɹʀʃʀʊɸʎʀʗ ɹʆʃʔʅʓʍ ʉ ʇɽʈɽʃʆʄɸʄʀ ɺɽʈʍʅʀʍ ʂʆʅɽʏʅʆʉʊɽʁ ʇʈʀ ʇʆʄʆʑʀ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʄɽʍɸʊʈʆʅʅʆʁ ʉʀʉʊɽʄʓ ʅɸ ʆʉʅʆɺɽ ɸʇʇɸʈɸʊɸ ɻ.ɸ. 

ʀʃʀɿɸʈʆɺɸ 

 

Avdeichikova Dmitry Andreevich 

4th year student of the Bauman MSTU]. N. E. Bauman 

 

REHABILITATION OF PATIENTS WITH FRACTURES OF THE UPPER EXTREMITIES USING AN 

AUTOMATED MECHATRONIC SYSTEM BASED ON THE APPARATUS OF G. A. ILIZAROV  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʚʥʝʩʫʩʪʘʚʥʳʭ ʧʝʨʝʣʦʤʦʚ 

ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʤʦʜʠʬʠʢʘʮʠʠ ʘʧʧʘʨʘʪʘ 

ɻ.ɸ.ʀʣʠʟʘʨʦʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʝʛʦ ʚʝʨʩʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʠʩʪʝʤʘ ʨʝʘʙʠʣʠʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ɻ.ɸ.ʀʣʠʟʘʨʦʚʘ ʠ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ.  

Abstract 

This article discusses the basic principles and methods of treatment of extra-articular fractures of the upper 

extremities, their advantages and disadvantages. The process of selecting the modification of the apparatus of G. 

A. Ilizarov and the possibility of designing its mechanized version is described. The complex system of rehabilita-

tion with the use of the offered automated mechatronic system on the basis of G. A. Ilizarov's device and its ad-

vantages is presented.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʝʨʝʣʦʤʳ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʦʢʦʣʦʩʫʩʪʘʚʥʳʭ ʧʝʨʝʣʦʤʦʚ, ʢʦʥ-

ʪʨʘʢʪʫʨʘ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ, ʥʘʜʤʳʱʝʣʢʦʚʳʡ ʧʝʨʝʣʦʤ, ʘʧʧʘʨʘʪ ʀʣʠʟʘʨʦʚʘ, ʘʨʪʨʦʤʦʪʳ, ʯʝʨʚʷʯʥʳʡ ʨʝ-

ʜʫʢʪʦʨ, ʧʣʘʥʝʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ, ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ. 

Key words: Fractures of the upper extremities, treatment of periarticular fractures, contracture of the elbow, 

supracondylar fracture, the Ilizarov apparatus, artromot, worm reducer, planetary reducer, the degree of mobility. 

 

ʅʘʜʤʳʱʝʣʢʦʚʳʝ ʧʝʨʝʣʦʤʳ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʚʠʜʦʚ ʧʝʨʝʣʦʤʦʚ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʫ ʜʝʪʝʡ ʚ 

ʚʦʟʨʘʩʪʝ ʜʦ 16 ʣʝʪ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 15% . 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ 2011 ʚ 6-ʷ 

ɻʦʨʦʜʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ʛ. ʄʠʥʩʢʘ, ʠʟ 88 

ʜʝʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʦʣʘ, ʧʝʨʝʥʝʩʰʠʭ ʧʝ-

ʨʝʣʦʤʳ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ, ʥʘʜʤʳʱʝʣʢʦʚʳʡ ʧʝʨʝʣʦʤ 

ʧʦʣʫʯʠʣʠ 13 ʯʝʣʦʚʝʢ. ʋ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ (ʚ ʚʦʟʨʘʩʪʝ 

ʩʪʘʨʰʝ 20 ʣʝʪ) ʥʘʜʤʳʱʝʣʢʦʚʳʡ ʧʝʨʝʣʦʤ ʧʣʝʯʝʚʦʡ 

ʢʦʩʪʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʦʜʥʘʢʦ ʧʨʦʙʣʝʤʳ ʩ ʣʝʯʝ-

ʥʠʝʤ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʨʫʨʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʢʘʪʝ-

ʛʦʨʠʠ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ: ʢʦʥ-

ʩʝʨʚʘʪʠʚʥʳʝ ʠ ʦʧʝʨʘʪʠʚʥʳʝ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʝ-

ʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ - ʟʘʢʨʳʪʫʶ ʨʝʧʦʟʠʮʠʶ ʥʘʣʦ-

ʞʝʥʠʝʤ ʛʠʧʩʦʚʦʡ ʣʘʥʛʝʪʳ ʚ ʧʦʣʦʞʝʥʠʠ ʩʛʠʙʘʥʠʷ ʚ 

ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ; ʩʢʝʣʝʪʥʦʝ ʚʳʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʯʨʝʟʢʦʩʪʥʳʡ ʦʩʪʝʦʩʠʥʪʝʟ ʘʧʧʘʨʘʪʦʤ ʚʥʝʰʥʝʡ ʬʠʢ-

ʩʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʧʧʘʨʘʪʦʤ ɻ.ɸ. ʀʣʠʟʘʨʦʚʘ. ʇʦ 

ʩʪʘʪʠʩʪʠʢʝ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʣʝ-

ʯʝʥʠʷ.  

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦ-

ʜʦʚ ʣʝʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʢʘʞʜʳʡ ʚ 
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ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩ ʤʦ-

ʤʝʥʪʘ ʧʝʨʝʣʦʤʘ, ʚʦʟʨʘʩʪʘ ʧʘʮʠʝʥʪʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʝʛʦ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʯʝʛʦ) ʚʩʝʭ ʠʭ ʦʙʲʝʜʠ-

ʥʷʝʪ ʦʙʱʘʷ ʧʨʦʙʣʝʤʘ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʦʰʝʥʠʠ ʢʘ-

ʢʦʡ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʢʦʥʩʪʨʫʢʮʠʠ ʫ ʙʦʣʴʥʳʭ ʯʘʩʪʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʢʦʥʪʨʘʢʪʫʨʘ 

ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ. ʂʦʥʪʨʘʢʪʫʨʘ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ 

ï ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ ʧʨʠ 

ʧʦʧʳʪʢʝ ʜʚʠʞʝʥʠʷ ʚ ʩʫʩʪʘʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰ-

ʥʝʡ ʩʠʣʳ. ɺ ʤʝʭʘʥʠʟʤʝ ʨʘʟʚʠʪʠʷ ʢʦʥʪʨʘʢʪʫʨʳ ʛʣʘʚ-

ʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʨʫʙʮʦʚʦʝ ʩʪʷʛʠʚʘʥʠʝ ʩʫʭʦ-

ʞʠʣʠʡ, ʩʫʩʪʘʚʥʳʭ ʢʘʧʩʫʣ, ʤʦʞʝʪ ʙʳʪʴ ʩʪʷʛʠʚʘʥʠʝ 

ʢʦʞʝʡ ʠ ʧʦʜʢʦʞʥʦʡ ʢʣʝʪʯʘʪʢʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʢʦʥʪʨʘʢʪʫʨʳ ʣʦʢʪʝ-

ʚʦʛʦ ʩʫʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʨʝʧʦʟʠʮʠʠ ʠʣʠ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʪʣʦʤʢʦʚ ʧʨʠ 

ʦʢʦʣʦʩʫʩʪʘʚʥʳʭ ʧʝʨʝʣʦʤʘʭ ʠ ʧʝʨʝʣʦʤ ʚʳʚʠʭʘʭ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʜʚʠʞʝʥʠʡ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʥʘʣʠʯʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʩʣʝ ʪʨʘʚʤʳ ʜʚʠʞʝʥʠʷ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʚ ʩʫʩʪʘʚ (ʛʝʤʘʨʪʨʦʟʘ), 

ʨʘʟʨʳʚʦʚ ʩʫʩʪʘʚʥʦʡ ʩʫʤʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʨʫʙʮʦʚʳʭ ʩʧʘʝʢ ʠ ʚʦʩʧʘʣʝʥʠʷ ʦʢʦʣʦʩʫʩʪʘʚ-

ʥʳʭ ʤʷʛʢʠʭ ʪʢʘʥʝʡ. ʇʨʠ ʧʝʨʝʣʦʤʘʭ ʧʣʝʯʘ ʠ ʧʨʝʜ-

ʧʣʝʯʴʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʟʥʠʢʰʠʭ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ 

ʦʪ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ) ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠʤʤʦʙʠʣʠ-

ʟʘʮʠʦʥʥʳʝ ʢʦʥʪʨʘʢʪʫʨʳ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʙʦʨʴʙʘ ʩ ʜʘʥʥʳʤ ʧʦʙʦʯʥʳʤ ʟʘ-

ʙʦʣʝʚʘʥʠʝʤ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʛʦ ʩʨʘʱʠʚʘʥʠʷ ʢʦʩʪʠ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʝʛʦ ʨʘʟʚʠʪʠʷ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʬʠʟʠʦʣʝʯʝʥʠʝ ʠ ʃʌʂ. ʂ ʪʝʭʥʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʘʤ ʧʨʝʧʷʪʩʪʚʠʷ ʧʦʷʚʣʝʥʠʷ ʢʦʥʪʨʘʢʪʫʨʳ ʣʦʢʪʝʚʦʛʦ 

ʩʫʩʪʘʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʭʘʥʦʪʝʨʘʧʠʶ ʥʘ ʪʨʝʥʘ-

ʞʝʨʝ çɸʨʪʨʦʤʦʪè (ʈʠʩ.1.) 

 

 
ʈʠʩ.1 ʇʨʠʤʝʥʝʥʠʷ ʘʨʪʨʦʤʦʪʘ ʚʦ ʚʨʝʤʷ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʦʩʣʝ ʥʘʜʤʳʱʝʣʢʦʛʦ ʧʝʨʝʣʦʤʘ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ 

 

ʆʩʥʦʚʘ ʨʘʙʦʪʳ ʧʨʝʧʘʨʘʪʘ ï CMP (Continuous 

Passive Motion), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʛʨʝʩʩʠʚ-

ʥʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʜʚʠ-

ʞʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ, ʣʠʙʦ ʚ ʦʜʥʦʤ ʩʫʩʪʘʚʝ ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʤʳʰʝʯʥʘʷ ʩʠʣʘ ʥʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ, ʯʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʙʝʟʙʦʣʝʟʥʝʥʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ. ʅʦ ʫ ʜʘʥ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʚ 

ʯʠʩʣʝ ʢʦʪʦʨʳʭ: 

1) ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-
ʥʦʩʪʴ ʧʦ ʨʝʛʠʦʥʘʤ ʈʦʩʩʠʠ ï ʜʘʣʝʢʦ ʥʝ ʢʘʞʜʘʷ ʢʣʠ-

ʥʠʢʘ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʨʠʦʙʨʝʩʪʠ ʜʘʥʥʫʶ ʩʠ-

ʩʪʝʤʫ. 

2) ʆʙʷʟʘʪʝʣʴʥʦ ʧʨʝʙʳʚʘʥʠʝ ʙʦʣʴʥʦʛʦ ʚ ʢʣʠ-
ʥʠʢʝ ʝʞʝʜʥʝʚʥʦ ʥʘ ʚʨʝʤʷ ʢʫʨʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘ-

ʙʠʣʠʪʘʮʠʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʪʨʘʪʘ ʣʠʰʥʝʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʳʰʝʯʥʦʛʦ 

ʪʦʥʫʩʘ ʠ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʳʰʮʳ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʚ ʨʘʥʥʶʶ ʨʝʘʙʠʣʠʪʘʮʠʶ ʤʝʭʘʥʦʪʝʨʘ-

ʧʠʠ ʘʨʪʨʦʤʦʪʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʢʘʨʪʠʥʫ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʩʝ 

ʪʝʢʫʱʠʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʥʘʜʤʳʱʝʣʢʦʛʦ ʧʝʨʝʣʦʤʘ 

ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʘʥʥʳʭ ʤʝ-

ʪʦʜʦʚ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʫʩʪʨʘʥʷ-

ʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʤʥʦʶ ʙʳʣʦ ʨʝʰʝʥʦ 

ʩʦʟʜʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʤʝ-

ʭʘʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʣʝʯʝʥʠʷ ʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʘʧʧʘʨʘʪʘ ɻ.ɸ. ʀʣʠʟʘʨʦʚʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ 

ʜʦʣʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʚ ʩʝʙʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʧʨʦ-

ʮʝʩʩʘ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʥʘʜʤʳʱʝʣʢʦʚʦʛʦ ʧʝ-

ʨʝʣʦʤʘ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʳʰʮ ʠ ʩʚʷ-

ʟʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʩʫ-

ʩʪʘʚʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʷʪʴ ʥʘʛʨʫʟʢʫ ʩ ʤʳʰʮ 

ʨʫʢʠ, ʚ ʚʠʜʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʭ ʢʦʥʪʘʢʪʘ ʩ ʥʝʨʚ-

ʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʤʝʩʪʝ ʧʝʨʝʣʦʤʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝ ʧʦʟ-

ʚʦʣʷʶʱʠʤʠ ʧʨʦʚʦʜʠʪʴ ʤʘʥʠʧʫʣʷʮʠʠ ʙʝʟ ʟʥʘʯʠ-

ʪʝʣʴʥʦʛʦ ʙʦʣʝʚʦʛʦ ʦʱʫʱʝʥʠʷ ʧʘʮʠʝʥʪʘ. ʇʦʩʣʝ ʢʦʥ-

ʩʫʣʴʪʘʮʠʠ ʩ ʧʨʘʢʪʠʢʫʶʱʠʤʠ ʦʨʪʦʧʝʜʘʤʠ ʛ. ʆʤʩʢʘ 

ʙʳʣʦ ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʤʦʙʠʣʴʥʦʡ, ʪ.ʝ. ʧʦʟ-

ʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʥʘ ʜʦʤʫ, ʚʥʝ 

ʩʪʘʮʠʦʥʘʨʘ. 

ɻʣʘʚʥʳʡ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʯʨʝʟʢʦʩʪʥʦʛʦ ʦʩʪʝʦ-

ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʤ ʀʣʠʟʘʨʦʚʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʧ-

ʧʘʨʘʪ, ʥʘʣʦʞʝʥʥʳʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ 

ʥʘʜʤʳʱʝʣʢʦʚʦʤ ʧʝʨʝʣʦʤʝ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ, ʬʠʢʩʠ-

ʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʤʝʩʪʦ ʧʝʨʝʣʦʤʘ, ʥʦ ʠ ʯʘʩʪʴ ʨʫʢʠ ʧʦ-

ʩʣʝ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ ʠ ʜʦ ʢʦʩʪʝʡ ʢʠʩʪʠ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʧʘʩʩʠʚʥʳʭ ʜʚʠʞʝ-

ʥʠʡ ʚ ʩʫʩʪʘʚʝ, ʪʦ ʝʩʪʴ ʢ ʪʘʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʢʦʥʝʯʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʩʦ-
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ʛʥʫʪʘ ʠʣʠ ʨʘʟʦʛʥʫʪʘ ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ ʠʟïʟʘ ʨʫʙ-

ʮʦʚʦʛʦ ʩʪʷʛʠʚʘʥʠʷ ʢʦʞʠ, ʩʫʭʦʞʠʣʠʡ, ʟʘʙʦʣʝʚʘʥʠʡ 

ʤʳʰʮ, ʩʫʩʪʘʚʘ, ʙʦʣʝʚʦʛʦ ʨʝʬʣʝʢʩʘ ʠʣʠ ʜʨʫʛʠʭ ʧʨʠ-

ʯʠʥ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʚʦʡ ʥʘʰʝʡ ʟʘʜʘʯʝʡ ʙʳʣʦ 

ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʚʥʝʩʪʠ 

ʚ ʩʠʩʪʝʤʫ ʦʜʥʫ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʚʦ-

ʨʦʪʘ ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦ-

ʜʷʱʝʡ ʦʪ ʤʝʜʠʘʣʴʥʦʡ ʢ ʣʘʪʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʝʯʝʚʦʡ 

ʢʦʩʪʠ. 

 ʉʘʤʳʤ ʣʦʛʠʯʥʳʤ ʦʢʘʟʘʣʦʩʴ ʨʘʩʰʠʨʠʪʴ ʩʨʝʜ-

ʥʠʡ ʫʯʘʩʪʦʢ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ ʷʚʣʷʶʱʠʡʩʷ ʜʫ-

ʛʦʡ ʠ ʩʦʩʪʘʚʣʷʶʱʠʡ ʧʦʨʷʜʢʘ Ĳ ʧʦʣʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʢʦʣʴʮʘ, ʪʦ ʝʩʪʴ ʨʘʟʙʠʪʴ ʝʛʦ ʥʘ 2 ʫʯʘʩʪʢʘ, ʤʝʞʜʫ ʢʦ-

ʪʦʨʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʝʪʘ-

ʣʝʡ ʤʦʛʣʦ ʙʳ ʚʦʟʥʠʢʘʪʴ ʜʚʠʞʝʥʠʝ, ʘ ʠʤʝʥʥʦ ʧʦʚʦ-

ʨʦʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʷ ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ ʚ 

ʛʨʘʥʠʮʘʭ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ.  

 

 
ʈʠʩ. 2. ʀʟʤʝʥʥʳʡ ʩʨʝʜʥʠʡ ʫʯʘʩʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ 

 

ʊʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʩʪʨʦʝ-

ʥʠʝʤ ʜʚʫʭ ʧʘʨ ʫʛʦʣʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʙʦʣʪʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʠ ʧʨʦʠʩʭʦʜʠʣ ʙʳ ʧʦʚʦʨʦʪ ʜʚʫʭ 

ʯʘʩʪʝʡ ʘʧʧʘʨʘʪʘ. ɺ ʢʘʞʜʦʡ ʧʘʨʝ ʫʛʦʣʢʠ ʣʝʞʘʪ ʥʘ 

ʜʫʛʝ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦʙʳ ʥʝ 

ʚʳʟʳʚʘʪʴ ʨʝʟʦʥʘʥʩ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ. ʂʘʢ ʠ ʚ ʧʝʨ-

ʚʦʤ ʩʣʫʯʘʝ, ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘ-

ʮʠʦʥʘʨʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʦʪ-

ʢʨʫʯʝʥʳ ʬʠʢʩʘʪʦʨʳ ʚ ʚʠʜʝ ʛʘʝʢ ï ʙʘʨʘʰʢʦʚ ʩ ʢʘʞ-

ʜʦʡ ʧʘʨʳ ʩʢʨʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣʢʦʚ (ʩʤ. 

ʨʠʩ 3.).  

ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʴʥʦʤʫ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʨʠʚʦʜʠʪʴ ʘʧʧʘʨʘʪ ʚ 

ʜʚʠʞʝʥʠʝ ʠ ʢʦʛʜʘ ʦʙʨʘʪʥʦ ʝʛʦ ʬʠʢʩʠʨʦʚʘʪʴ (ʧʝʨʠʦ-

ʜʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʘʮʠʝʥʪʘʤ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʘʙʠʣʠʪʘʮʠʶ ʚ ʜʦʤʘʰ-

ʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʬʫʥʢʮʠʶ ʣʦʢʪʝ-

ʚʦʛʦ ʩʫʩʪʘʚʘ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʘʪʴ ʫʧʨʘʞʥʝ-

ʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʫʩʪʘʚʘ ʚʧʣʦʪʴ ʜʦ ʫʛʣʘ ʚ 90 ʛʨʘ-

ʜʫʩʦʚ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʠ-

ʚʝʜʝʪ ʢ ʟʘʱʠʪʝ ʧʘʮʠʝʥʪʦʚ ʦʪ ʢʦʥʪʨʘʢʪʫʨʳ ʩʫʩʪʘʚʘ. 
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ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚ ʧʦʣʦʞʝʥʠʠ ʩʛʠʙʘ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ 

ʩʦʟʜʘʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʜʝʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʧ-

ʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ (ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 

çʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʨʘʱʠʚʘʥʠʷ ʧʝʨʝʣʦʤʦʚ ʧʣʝʯʝʚʦʡ 

ʢʦʩʪʠ ʚ ʥʘʜʤʳʱʝʣʢʦʚʦʡ ʦʙʣʘʩʪʠè ˉ160113 ʦʪ 

22.07.2015ʛ)  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʨʝʘʙʠʣʠʪʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʨʝʜʫʢʪʦʨʦʚ ʦʧʨʝʜʝ-

ʣʸʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜ-

ʥʦʤ ʚʘʣʫ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʩʪʦʷʥʥʫʶ ʫʛʣʦ-

ʚʫʶ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʨʘʟʨʘʙʦʪʢʘ ʩʫʩʪʘʚʘ.  

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡ-

ʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝ-

ʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʜʦʙʨʘʪʴ ʥʫʞ-

ʥʫʶ ʤʦʜʝʣʴ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʘʪʘʣʦʛʦʚ. ɿʘʜʘʜʠʤ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʙʣʘʛʦ-

ʜʘʨʷ ʢʦʪʦʨʳʤ ʠ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ, ʧʨʠ-

ʥʷʚ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʘʥʪʨʦʧʦʤʝʪ-

ʨʠʠ ʠ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʚ ʣʦʢʪʝ-

ʚʦʤ ʩʫʩʪʘʚʝ, ʨʘʚʥʦʝ τ ̒ . 

ʊʘʙʣʠʮʘ 1 

ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ʨʫʢʠ ʦʪ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ ʜʦ ʬʘʣʘʥʛ ʧʘʣʴʮʝʚ P ʅ 50 

ʆʙʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʤʘʩʩʘ ʪʝʣʘ m ʢʛ 180 

ʇʣʝʯʦ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ L ʤ 0,25 

ʈʝʩʫʨʩ ʨʘʙʦʪʳ 500 ʯʘʩʦʚ 

ʂʇɼ ʅʝ ʤʝʥʝʝ 70% 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʚ-

ʥʦʤʝʨʥʳʡ ʨʘʟʛʦʥ ʜʦ ʚʳʭʦʜʘ ʥʘ ʥʦ-

ʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 
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ɼʚʠʛʘʪʝʣʴ ʧʦʜʙʠʨʘʝʤ ʧʦ ʤʦʱʥʦʩʪʠ. ὖ̅  ̃ʠʱʝʤ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠ-

ʚʦʜ ʧʝʨʝʤʝʱʘʝʪ ʥʘʛʨʫʟʢʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ [6]. 

ʆʧʨʝʜʝʣʠʤ ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩʠʩʪʝʤʳ. 

 

ὖ̜̖̃ ὓ ‫z ρςȟυz πȟσωςυτȟωπφςυ ˏ 
 

ʆʧʨʝʜʝʣʠʤ ʦʙʱʝ ʂʇɼ ʨʝʜʫʢʪʦʨʘ/ʩʠʩʪʝʤʳ ʨʝ-

ʜʫʢʪʦʨʦʚ: 

ʂ̑ ̆̅ ʂ̘ ̆̑zʂ̈  ̐ πȟφ 

ʅʘʡʜʝʤ ʪʨʝʙʫʝʤʫʶ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʠʤʝʤ ʨʘʚʥʳʤ Ὧ ρȟχ): 

ὖ̅̃  
ὖ̜̖̃
–̑ ̆̅

 ϽὯ
τȟωπφςυ

πȟφ
Ͻρȟχ ρσȟω ˏ  ̓

ɺʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʟ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʦʥʣʘʡʥ ʢʘʪʘʣʦʛʦʚ, ʘ ʪʘʢʞʝ ʠʩ-

ʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʠ ʤʦʙʠʣʴʥʦʩʪʠ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʨʦʠʟʚʦʜʠʤ ʚʳ-

ʙʦʨ ʠʟ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʘ ʢʘʤʧʘʥʠʠ Maxon motor, 

ʧʨʦʜʫʢʮʠʷ ʢʦʪʦʨʦʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʩʦʦʙʨʘʞʝʥʠʷʤ. ɼʚʠʛʘʪʝʣʴ ʚʳʙʠʨʘʝʤ ʠʩʭʦʜʷ ʠʟ ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʵʥʝʨʛʠʠ ʠʟ ʩʝʪʠ (~ʤʝʥʴʰʝʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ) ʠ 

ʩʪʦʠʤʦʩʪʠ. 

ɺ ʠʪʦʛʝ ʠʟ ʢʘʪʘʣʦʛʘ Maxon [8] ʙʳʣ ʚʳʙʨʘʥ ʩʣʝ-

ʜʫʶʠɦʡ ʜʚʠʛʘʪʝʣʴ: A-max 32 Ï32 mm, Graphite 

Brushes, 15 Watt, with terminals ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩ-

ʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 
1 16 , 5870 , 4110ʥ ʭʭ ʥU ɺ n ʤʠʥ n ʤʠʥ- -= = =  

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 6 

ʉʢʦʨʦʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʦʙ/ʤʠʥ 5870 

ʊʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʤɸ 154 

ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʦʙ/ʤʠʥ 4110 

ʅʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ, ʤʅʤ 36,5 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, ɸ 3,95 

ʇʫʩʢʦʚʦʡ ʤʦʤʝʥʪ, ʤʅʤ 127 

ʇʫʩʢʦʚʦʡ ʪʦʢ, ɸ 13,2 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʷʢʦʨʷ, ɻʥ 0,000066 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʷʢʦʨʷ, ʆʤ 0,454 

ʄʦʤʝʥʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʅʤ/ɸ 0,00958 

ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʜʘʪʯʠʢʘ ʪʦʢʘ, ʉ 0,0001 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʉ 0,0219 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʪʠʚʦʕɼʉ, ɺ/ʤʠʥ-1 0,00958 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ,ʢʛ*ʤ2 0,00000442 

 

 
ʈʠʩ. 4. ʏʝʨʪʝʞ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʩʘʡʪʘ Maxon 

 

ɺʳʙʨʘʥʥʳʡ ʥʘʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʥʘ 

ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʩʢʦʨʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶ-

ʱʫʶ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʤ ʟʥʘʯʝʥʠʝ. ɺ ʚʠʜʫ ʵʪʦʛʦ ʩʣʝ-

ʜʫʶʱʠʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʳʙʦʨ ʨʝʜʫʢʪʦʨʘ/ʩʠ-

ʩʪʝʤʳ ʨʝʜʫʢʪʦʨʦʚ. 

ɺʩʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʤʦʙʠʣʴʥʦʡ, 

ʚʚʠʜʫ ʯʝʛʦ ʙʫʜʝʪ ʣʦʛʠʯʥʳʤ ʨʘʟʤʝʩʪʠʪʴ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜ ʥʘ ʜʦʨʩʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʝʜʧʣʝʯʴʷ, ʚ ʧʨʦʤʝʞʫʪ-

ʢʘʭ ʤʝʞʜʫ ʤʝʩʪʦʤ ʚʭʦʜʘ ʬʠʢʩʠʨʫʶʱʠʭ ʩʧʠʮ ʤʦ-

ʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʟʚʝʥʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʦʪʦʨʦʛʦ ʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʛʠʙʘʥʠʝ/ʨʘʟ-

ʛʠʙʘʥʠʝ ʨʫʢʠ ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ. ʅʘʰ ʚʳʙʦʨ ʦʩʪʘ-

ʥʦʚʠʣʩʷ ʥʘ ʪʨʦʩʦʚʦʡ ʧʝʨʝʜʘʯʝ ʩʦ ʰʢʠʚʦʤ, ʨʘʩʧʦʣʘ-

ʛʘʶʱʠʤʩʷ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʠ 
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ʢʘʪʫʰʢʠ, ʢʨʝʧʷʱʝʡʩʷ ʢ ʚʝʨʭʥʝʡ ʪʨʝʪʠ ʤʦʜʝʨʥʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ, ʚ ʚʠʜʫ ʠʟʚʝʩʪʥʦʡ 

ʧʨʦʩʪʦʪʳ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʝʨʝʜʘʯʠ.  

ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ὲ̅ ̃ τρρπ ̏ Ⱦ̂̍ ̉.̎ ʊʦʛʜʘ ʦʙʱʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ ʩʠʩʪʝʤʳ ʨʘʚʥʦ  

 

Ὥ̏̂  
ὲ̅ ̃

ὲ̃ ̜̖

τρρπ

τ
ρπςψ 

 

ʆʩʴ ʰʢʠʚʘ ʠ ʢʘʪʫʰʢʠ, ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʧʨʝʜʧʣʝ-

ʯʴʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʨʦʩʦʚʦʡ ʧʝʨʝʜʘʯʠ, ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʡ (ʥʘʤʘʪʳʚʘʥʠʝ ʪʨʦʩʘ ʥʘ ʰʢʠʚ ʠ ʦʙʨʘʪʥʳʡ 

ʧʨʦʮʝʩʩ), ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʛʠʙʘʥʠʝ, ʨʘʟʛʠʙʘʥʠʝ 

ʚ ʣʦʢʪʝʚʦʤ ʩʫʩʪʘʚʝ. ʇʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʠ 

ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ, ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʢʦʩʪʠ ʧʨʝʜʧʣʝʯʴʷ, ʚʦʟ-

ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝ-

ʜʘʯʠ, ʧʦʵʪʦʤʫ ʚʳʙʠʨʘʝʤ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʚʝʨʰʘʶ-

ʱʝʡ ʩʪʫʧʝʥʠ ʩʠʩʪʝʤʳ ʨʝʜʫʢʪʦʨʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʳ-

ʭʦʜʥʦʛʦ ʚʘʣʘ ʠ ʨʷʜʘ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠ-

ʩʝʣ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʝʢʪʠ-

ʨʫʝʤʦʤ ʤʝʭʘʥʠʟʤʝ, ʙʳʣ ʚʳʙʨʘʥ [12] ʧʣʘʥʝʪʘʨʥʳʡ 

ʨʝʜʫʢʪʦʨ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ 33ʨʝʜU =  - 

Planetary Gearhead GP 32 C Ï32 mm, 1.0 - 6.0 Nm, 

Ceramic Version. 

 
ʈʠʩ. 5. ʏʝʨʪʝʞ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʩʘʡʪʘ Maxon 

ʊʘʙʣʠʮʘ 3 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 33:1 

ʏʠʩʣʦ ʩʪʫʧʝʥʝʡ 2 

ʄʘʢʩʠʤʘʣʴʥʳʡ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʤʦʤʝʥʪ, ʅʤ 3 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʤʦʤʝʥʪ, ʅʤ 3,75 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʭʦʜʥʦʡ ʚʘʣ, ʅ 140 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ, ʦʙ/ʤʠʥ 8000 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʨʝʘʙʠʣʠʪʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘ-

ʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʤʝʨʘ, ʢʦʥʪʨʦʣʣʝʨʦʤ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ, ʩʚʷʟʘʥʥʳʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʚʳʧʦʣʥʷʶ-

ʱʠʤ ʬʫʥʢʮʠʶ ʨʝʛʫʣʷʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʙʨʘʥ ESCON 36/2 DC, 4-Q Servocontroller ʠʟ 

ʚʩʝ ʪʦʛʦ ʞʝ ʢʘʪʘʣʦʛʘ Maxon Motors [6]. ɺ ʢʘʯʝʩʪʚʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʙʨʘʥʘ ʧʣʘʪʘ ʠʟ ʩʝʤʝʡʩʪʚʘ Arduino, ʚ ʢʦʪʦ-

ʨʫʶ ʙʫʜʝʪ ʟʘʰʠʪ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʝ-

ʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʢʘʞʜʦʤ ʦʪʜʝʣʴ-

ʥʦʤ ʵʪʘʧʝ ʨʝʘʙʠʣʠʪʘʮʠʠ. ɼʘʥʥʳʝ ʧʨʘʚʠʣʘ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪʩʷ ʣʝʯʘʱʠʤ ʚʨʘʯʦʤ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʣʝʯʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʝʘ-

ʙʠʣʠʪʘʮʠʠ ʧʘʮʠʝʥʪʘ. 

ʉʙʦʨʦʯʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ.6,7 (ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ ʧʦʢʘʟʘʥ ʜʣʷ ʥʘʛʣʷʜʥʦ-

ʩʪʠ ʙʝʟ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ). ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʨʘʟʤʝ-

ʱʝʥ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʧʨʝʜʧʣʝʯʴʷ ʙʣʘʛʦʜʘʨʷ 

ʢʨʝʧʣʝʥʠʶ ʢ ʣʘʥʛʝʪʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʪʳʣʴʥʦʡ 

ʩʪʦʨʦʥʝ ʨʫʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʤʦʜʝʣʠ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʫʧʨʘʚʣʷʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʨʝʧʷʱʠʝʩʷ ʢ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʣʘʥ-

ʛʝʪʳ: ʩʝʨʚʦʢʦʥʪʨʦʣʣʝʨ ESCON 36/2 DC ʠ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ Arduino MKR Wifi  1010. ɺʳʙʦʨ ʜʘʥʥʦʡ 

ʧʣʘʪʳ ʢʘʪʘʣʦʛʘ Arduino ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩ ʨʘʩʯʝʪʦʤ 

ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ ʢʦʥʪʨʦʣʴ ʭʦʜʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʠ, 

ʩʥʠʤʘʝʤʳʭ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ 

ʨʘʟʨʘʙʦʪʢʠ ʩʫʩʪʘʚʘ. ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ Wifi  ʠʥʪʝʨ-

ʬʝʡʩʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ Arduino ʧʦʟʚʦʣʷʝʪ ʨʘʩ-

ʩʯʠʪʳʚʘʪʴ ʥʘ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʩʝʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. 
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ʈʠʩ. 6. ʉʙʦʨʦʯʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʘʙʠʣʠʪʘʮʠʠ  

ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ɻ.ɸ. ʀʣʠʟʘʨʦʚʘ ʚ ʠʟʦʤʝʪʨʠʠ 

 

 
ʈʠʩ. 7. ʉʙʦʨʦʯʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʘʙʠʣʠʪʘʮʠʠ  

ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ɻ.ɸ. ʀʣʠʟʘʨʦʚʘ. ɺʠʜ ʩʙʦʢʫ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʀʣʠ-

ʟʘʨʦʚʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ ʩ ʧʝʨʝʣʦ-

ʤʘʤʠ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʠʥʥʦʚʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʫʩʢʦʨʝʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʴʥʳʭ. ʂʦʤʧʣʝʢʩʥʘʷ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝ-

ʞʜʝʥʠʷʭ ʚ ʪʨʘʚʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ 

ʮʝʣʷʭ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ ʩ ʥʘʜʤʳʱʝʣʢʦʚʳʤ ʧʝʨʝʣʦ-

ʤʦʤ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ, ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʧʨʦʚʦʜʠ-

ʤʦʛʦ ʣʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʦʰʝʥʠʷ ʢʦʤ-

ʧʨʝʩʩʠʦʥʥʦ-ʜʠʩʪʨʘʢʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʦʥʪʨʘʢʪʫʨʫ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1) ɸʚʜʝʡʯʠʢʦʚ ɼ. ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠ-
ʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ʘʧʧʘʨʘʪʘ ʀʣʠʟʘʨʦʚʘ ʧʨʠ ʨʝʘʙʠ-

ʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ ʩ ʥʘʜʤʳʱʝʣʢʦʚʳʤ ʧʝʨʝʣʦʤʦʤ 


