
 

ISSN 2520-6990 

ISSN 2520-2480 

o˿lloquium-journal Ѕ11 (63), 2020 

/ȊťǏŏ 2 

(Warszawa, Polska) 

Redaktor naczelny - tŀǿŜƱ Nowak 
Ewa Kowalczyk 

Rada naukowa 
¶ Dorota Dobija - profesor i ǊŀŎƘǳƴƪƻǿƻǏŎƛ i ȊŀǊȊŊŘȊŀƴƛŀ na uniwersytecie YƻȋƳƛƵǎƪƛŜƎƻ 

¶ Jemielniak Dariusz - profesor dyrektor centrum naukowo-badawczego w zakresie organizacji i miejsc pracy, kierownik 
katedry ȊŀǊȊŊŘȊŀƴƛŀ aƛťŘȊȅƴŀǊƻŘƻǿŜƎƻ w Ku. 

¶ Mateusz WŀōƱƻƵǎƪƛ - politechnika Krakowska im. Tadeusza YƻǏŎƛǳǎȊƪƛΦ 

¶ Henryka Danuta Stryczewska ς profesor, dziekan ǿȅŘȊƛŀƱǳ elektrotechniki i informatyki Politechniki Lubelskiej. 

¶ Bulakh Iryna Valerievna - profesor nadzwyczajny w katedrze projektowania ǏǊƻŘƻǿƛǎƪŀ architektonicznego, Kijowski 
narodowy Uniwersytet budownictwa i architektury. 

¶ Leontiev Rudolf Georgievich - doktor nauk ekonomicznych, profesor ǿȅȍǎȊŜƧ komisji atestacyjnej, ƎƱƽǿƴȅ naukowiec 
federalnego centrum badawczego chabarowska, dalekowschodni ƻŘŘȊƛŀƱ rosyjskiej akademii nauk 

¶ Serebrennikova Anna Valerievna - doktor prawa, profesor ǿȅŘȊƛŀƱǳ prawa karnego i kryminologii uniwersytetu 
Moskiewskiego M.V. Lomonosova, Rosja 

¶ Skopa Vitaliy Aleksandrovich - doktor nauk historycznych, kierownik katedry filozofii i kulturoznawstwa 

¶ Pogrebnaya Yana Vsevolodovna - doktor filologii, profesor nadzwyczajny, stawropolski ǇŀƵǎǘǿƻǿȅ Instytut 
pedagogiczny 

¶ Fanil Timeryanowicz Kuzbekov - kandydat nauk historycznych, doktor nauk filologicznych. profesor, ǿȅŘȊƛŀƱ 
Dziennikarstwa, Bashgosuniversitet 

¶ Kanivets Alexander Vasilievich - kandydat nauk technicznych, docent ǿȅŘȊƛŀƱǳ dyscypliny ƛƴȍȅƴƛŜǊƛƛ ƻƎƽƭƴŜƧ ǿȅŘȊƛŀƱǳ 
ƛƴȍȅƴƛŜǊƛƛ i technologii ǇŀƵǎǘǿƻǿŜƧ akademii rolniczej w tƻƱǘŀǿƛŜ 

¶ Yavorska-±͜ǘƪƻǾǎƪŀ Monika - doktor edukacji , ǎȊƪƻƱŀ Kuyavsky-Pomorsk w bidgoszczu, dziekan nauk o filozofii i biologii; 
doktor edukacji, profesor  

¶ Chernyak Lev Pavlovich - doktor nauk technicznych, profesor, katedra technologii chemicznej ƳŀǘŜǊƛŀƱƽǿ 
kompozytowych narodowy uniwersytet techniczny ukrainy αtƻƭƛǘŜŎƘƴƛƪŀ w YƛƧƻǿƛŜέ 

¶ Vorona-Slivinskaya Lyubov Grigoryevna - doktor nauk ekonomicznych, profesor, St. Petersburg University of 
Management Technologia i ekonomia 

¶ Voskresenskaya Elena Vladimirovna doktor prawa, kierownik Katedry Prawa Cywilnego i Ochrony ²ƱŀǎƴƻǏŎƛ 
Intelektualnej w dziedzinie techniki, Politechnika im. Piotra Wielkiego w Sankt Petersburgu 

¶ Tengiz Magradze - doktor filozofii w dziedzinie energetyki i elektrotechniki, Georgian Technical University, Tbilisi, Gruzja 

¶ Usta-Azizova Dilnoza Ahrarovna - kandydat nauk pedagogicznych, profesor nadzwyczajny, Tashkent Pediatric Medical 
Institute, Uzbekistan 

 

 
ζ˿olloquium-ƧƻǳǊƴŀƭη 

Wydrukowano w ζ/ƘƻŎƛƳǎƪŀ 24, 00-001 Warszawa, tƻƭŀƴŘη 
E-mail: info@colloquium-journal.org 
http:// www.colloquium-journal.org/   



CONTENTS 

ARCHITECTURE 
ʂʦʥʜʨʘʰʦʚ ʄ.ɸ. 
ˮ˿˴̂˿˿́ˤ˩˹˹̍˩ ˮ˿́˻̉˹ˮ˴ˮ ˿ˤ˩́ˢ ˤ ˢ˾̆ˮ́˩˴́̂˾˩ ˸˩˸˻˾ˮˢ˶˻ˤ ........................................................... 6 
Kondrashov M.A. 
ARTIFICIAL LIGHT SOURCES IN MEMORIAL ARCHITECTURE ................................................................................. 6 

AGRICULTURAL SCIENCES 
ɹʘʡʯʝʨʦʚʘ ɸ.ʈ., ɺʘʡʮʝʭʦʚʩʢʘʷ ʉ.ʉ., ʆʨʝʣ ʖ.ɺ., ʊʝʣʴʥʦʚʘ ʅ.ʅ. 
˿˻˿́˻̒˹ˮ̒˩ ˮ ́˩˹˨˩˹̇ˮ˯ ˾ˢ˭ˤˮ́ˮ̒ ˻˾˥ˢ˹ˮ̉˩˿˴˻˥˻ ˿˩˶̎˿˴˻˥˻ ̆˻˭̒˯˿́ˤˢ ˤ ˸ˮ˾˩ ˮ ˤ 
˾˻˿˿ˮ˯˿˴˻˯ ̅˩˨˩˾ˢ̇ˮˮ ............................................................................................................................... 10 
Baicherova A.R., Vaitsekhovskaya S.S., Orel Y.V., Telnova N.N. 
STATE AND TRENDS OF ORGANIC AGRICULTURE DEVELOPMENT IN THE WORLD  
AND IN THE RUSSIAN FEDERATION ..................................................................................................................... 10 

 

ʈʘʟʦʨʸʥʦʚʘ ɸ.ɸ., ʃʠʩʫʥʝʥʢʦ ʂ.ʕ. 
˽˾˻ˣ˶˩˸ˢ ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ̒ ˭˩˸˩˶̎ ˿˩˶̎˿˴˻̆˻˭̒˯˿́ˤ˩˹˹˻˥˻ ˹ˢ˭˹ˢ̉˩˹ˮ̒  
ˤˣ˶ˮ˭ˮ ˹ˢ˿˩˶˩˹˹̍̆ ˽̂˹˴́˻ˤ ˹ˢ ˽˾ˮ˸˩˾˩ ˸˻ ˥Φ ˴˾ˢ˿˹˻˨ˢ˾ ............................................................... 14 
Razoryonova A.A., Lisunenko K.E. 
THE PROBLEM OF USING LANDS OF AGRICULTURAL PURPOSE NEAR HUMAN SETTLEMENTS  
ON THE EXAMPLE MO G. KRASNODAR ............................................................................................................... 14 

PHYSICS AND MATHEMATICS  
ɹaʙʢʠʥa A.A., Aʥʜʨʶʰʝʯʢʠʥa ʅ.A., ʄʘʤʝʜʦʚʘ ʃ.ɻ. 
ˤ˭ˢˮ˸˻˨˩˯˿́ˤˮ˩ ˸ˢ́˩˸ˢ́ˮ˴ˮ ˮ ˢ˥˾˻˽˾˻˸̍̊˶˩˹˹˻˥˻ ˴˻˸˽˶˩˴˿ˢΦ ............................................. 18 
Babkina A.A., Andryushechkina N.A., ʄamedova L.G. 
INTERACTION OF MATHEMATICS AND THE AGRO-INDUSTRIAL COMPLEX. ....................................................... 18 

 

ʂʦʥʥʦʚ ʀ.ɸ. 
˾ˢ˭˾ˢˣ˻́˴ˢ ˸˻˨˩˶ˮ ̂˽˾ˢˤ˶˩˹ˮ̒ ˾ˮ˿˴ˢ˸ˮ ˮ˹˹˻ˤˢ̇ˮ˻˹˹̍̆ ˽˾˻˩˴́˻ˤ  
ˤ ˢ́˻˸˹˻˯ ̏˹˩˾˥˩́ˮ˴˩ .................................................................................................................................. 20 
Konnov I.A. 
DEVELOPMENT OF A RISK MANAGEMENT MODEL FOR INNOVATIVE  
PROJECTS IN NUCLEAR POWER ENGINEERING ................................................................................................... 20 

 

ʅʦʩʦʚʘ ʄ.ɻ., ɼʝʛʪʷʨʝʚʘ ʄ.ɺ. 
˸ˢ́˩˸ˢ́ˮ̉˩˿˴ˢ̒ ˸˻˨˩˶̎ ˨˶̒ ˻˽́ˮ˸ˮ˭ˢ̇ˮˮ ˻ˣ˿˶̂ˬˮˤˢ˹ˮ̒ ˤ̍˭˻ˤ˻ˤ ˤ ˴˻˹́ˢ˴́-̇˩˹́˾˩ ....... 23 
Nosova M.G., Degtyareva M.V. 
MATHEMATICAL MODEL FOR OPTIMIZATION OF CALL SERVICE IN THE CONTACT CENTER .............................. 23 

 

ʐʘʨʘʧʦʚʘ ʄ.ʖ. 
ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˹ˢ ˿̆˻˨ˮ˸˻˿́̎ ̉ˮ˿˶˻ˤ̍̆ ˾̒˨˻ˤ ˿ ˽˻˸˻̋̎̑  
ˮ˹́˩˥˾ˢ˶̎˹˻˥˻ ˽˾ˮ˭˹ˢ˴ˢ ˸ˢ˴˶˻˾˩˹ˢ-˴˻̊ˮ ˮ ˽˾ˮ˭˹ˢ˴ˢ ˾ˢˢˣ˩Φ ....................................................... 26 
Sharapova M.Yu. 
STUDY ON THE CONVERGENCE OF NUMERIC SERIES USING THE INTEGRAL  
CHARACTER OF MACLOREN-KOSHI AND THE CHARACTER OF RAABE. ............................................................... 26 

 

ʍʘʣʪʫʨʠʥʘ ʅ.ʀ., ʀʚʘʥʦʚʘ ʅ.ɺ. 
˾˻˶̎ ˴˻˸˽̎̑́˩˾˹̍̆ ́˩̆˹˻˶˻˥ˮ˯ ˤ ˴˻˾˾˩˴̇ˮˮ ˾˩̉˩ˤ̍̆ ˹ˢ˾̂̊˩˹ˮ˯  ̂ ˨˩́˩˯ ˨˻̊˴˻˶̎˹˻˥˻ 
ˤ˻˭˾ˢ˿́ˢ ˿ ˻ˣ̋ˮ˸ ˹˩˨˻˾ˢ˭ˤˮ́ˮ˩˸ ˾˩̉ˮ ό˻˹˾ύ ...................................................................................... 29 
Khalturina N.I., Ivanova N.V. 
THE ROLE OF COMPUTER TECHNOLOGY IN THE CORRECTION OF SPEECH DISORDERS   
IN PRESCHOOL CHILDREN WITH GENERAL SPEECH UNDERDEVELOPMENT (GSU) ............................................. 29 

 

  



TECHNICAL SCIENCE 
ɿʳʢʦʚ ɼ.ɸ., ɼʝʚʷʪʢʠʥ ɸ.ɺ. 
˨ˢ́ˢ˸ˢ˯˹ˮ˹˥ ˿ ˻̇ˮˢ˶̎˹̍̆ ˿ ˩́˩˯ ............................................................................................................. 32 
Zykov D.A., Deviatkin A.V. 
SOCIAL NETWORK DATAMINING ........................................................................................................................ 32 

 

ʂʘʨʝʣʠʥ ɸ.ɽ., ʇʝʪʨʦʩʦʚ ʉ.ʇ., ɸʣʝʭʠʥ ʉ.ʅ., ɸʣʝʭʠʥ ɸ.ʉ. 
˻́˨˩˶̎˹̍˩ ˤ˻˽˾˻˿̍ ˽˻˨˥˻́˻ˤ˴ˮ ́ˤ˩˾˨̍̆ ˴˻˸˸̂˹ˢ˶̎˹̍̆ ˻́̆˻˨˻ˤ  
˴ ˽˾˻̇˩˿˿̂ ˮ̆ ˿˻˾́ˮ˾˻ˤ˴ˮ .......................................................................................................................... 35 
Karelin A.E., Petrosov S.P., Alekhin S.N., Alekhin A.S. 
CERTAIN ISSUES OF THE PREPARATION OF MUNICIPAL SOLID WASTE FOR THE SORTING PROCESS ................. 35 

 

ʂʦʧʘʯʝʚ ʉ.ɺ. 
́˩̆˹˻˶˻˥ˮ̉˩˿˴ˮ˩ ˾˩̊˩˹ˮ̒ ̂̉ˢ˿́˴ˢ ˸˩̆ˢ˹ˮ̉˩˿˴˻˯  
˻ˣ˾ˢˣ˻́˴ˮ ̉ˢ̊˴ˮ ˽˹˩ˤ˸˻˭ˢˬˮ˸ˢ ́˻˴ˢ˾˹˻˥˻ ˿́ˢ˹˴ˢ ˿ ̉˽̂............................................................. 37 
Kopachev S.V. 
TECHNOLOGICAL SOLUTIONS FOR PROCESSING A PNEUMATIC CHUCK BODY CNC MACHINE .......................... 37 

 

ʂʦʧʘʯʝʚ ʉ.ɺ. 
˽˾˻˥˾ˢ˸˸ˮ˾˻ˤˢ˹ˮ˩ ˸˩̆ˢ˹ˮ̉˩˿˴˻˯ ˻ˣ˾ˢˣ˻́˴ˮ ˽˾˻̅ˮ˶̒ ˣˢ˹˨ˢˬˢ ˶˻˴˻˸˻́ˮˤˢ ..................... 41 
Kopachev S.V. 
PROGRAMMING MECHANICAL PROCESSING OF LOCOMOTIVE BANDAGE PROFILE .......................................... 41 

 

ʂʫʯʝʨʝʥʢʦ ɼ.ɽ., ʂʫʯʝʨʝʥʢʦ ʈ.ɽ., ʉʝʤʝʥʦʚ ɸ.ʇ., ɻʦʥʯʘʨʦʚ ɸ.ɸ. 
ˮ˭˸˩˾ˮ́˩˶̎˹˻˩ ̂˿́˾˻˯˿́ˤ˻ ˴ˢ˴ ̏˶˩˴́˾˻̅ˮ˭ˮ̉˩˿˴ˢ̒ ̂˿́ˢ˹˻ˤ˴ˢ ˤ̍˿˻˴˻˥˻ ˹ˢ˽˾̒ˬ˩˹ˮ̒ ....... 45 
Kucherenko D.E., Kucherenko R.E., Semenov A.P., Goncharov A.A. 
MEASURING DEVICE AS AN ELECTROPHYSICAL INSTALLATION OF HIGH VOLTAGE ........................................... 45 
  



ʂʫʯʝʨʝʥʢʦ ɼ.ɽ., ʂʫʯʝʨʝʥʢʦ ʈ.ɽ., ʉʝʤʝʥʦʚ ɸ.ʇ., ɻʦʥʯʘʨʦʚ ɸ.ɸ. 
̂˭˩˶ ˾ˢ˨ˮ˻˽˩˾˩˨ˢ̉ˮ ˨ˢ˹˹̍̆ ˿ ˤ̍˿˻˴˻ˤ˻˶̎́˹˻˯ ˿́˻˾˻˹̍ .............................................................. 47 
Kucherenko D.E., Kucherenko R.E., Semenov A.P., Goncharov A.A. 
HIGH-VOLTAGE SIDE RADIO DATA NODE ............................................................................................................ 47 

 

ʄʳʤʨʠʢʦʚ ʂ.ʅ., ʄʦʥʘʩʪʳʨʝʚ ʇ.ɺ., ʄʘʨʢʠʥ ʀ.ɸ., ʄʘʨʢʠʥ ɸ.ɸ. 
˿˾ˢˤ˹˩˹ˮ˩ ̏˹˩˾˥˻̏̅̅˩˴́ˮˤ˹˻˿́ˮ ˾ˢ˭˶ˮ̉˹̍̆ ˤˢ˾ˮˢ˹́˻ˤ ˾˩̊˩˹ˮ̒  
́˩˽˶˻˭ˢ̋ˮ́˹˻˯ ˻ˣ˻˶˻̉˴ˮ ˭˨ˢ˹ˮ̒ ˽˻˶ˮ˴˶ˮ˹ˮ˴ˮ .............................................................................. 50 
Mymrikov K.N., Monastyrev P.V., Markin I.A., Markin A.A. 
COMPARISON OF ENERGY EFFICIENCY OF VARIOUS OPTIONS FOR SOLUTIONS  
OF HEAT PROTECTIVE ENCLOSURE OF THE POLYCLINIC BUILDING .................................................................... 50 

 

ɼʘʚʪʷʥ ɸ.ɺ., ʄʝʣʠʢʷʥ ʂ.ɸ. 
˸˩́˻˨ ˤ̍˾ˢˤ˹ˮˤˢ˹ˮ̒ ˿ˮ˥˹ˢ˶ˢ ˿ ˣ˻˶̎̊˻˯ ˢ˸˽˶ˮ́̂˨˻˯  
˨˶̒ ˤ̍˿˻˴˻˴˻˿˴˻˾˻˿́˹ˮ̆ ˽˾ˮ˩˸˹ˮ˴˻ˤ ................................................................................................. 56 
Davtyan A.V., Melikyan K.A. 
LARGE SCALE AMPLITUDE ALIGNMENT METHOD FOR HIGH-SPEED RECEIVERS ................................................ 56 

 

ʄʦʢʨʷʢ ɸ.ɺ. 
˻ˣ˹ˢ˾̂ˬ˩˹ˮ˩ ˸˩́ˢ˶˶ˮ̉˩˿˴ˮ̆ ˻ˣ̌˩˴́˻ˤ ˤ ˽˻˶ˮ˸˩˾˹̍̆  
˸ˢ́˩˾ˮˢ˶ˢ̆ ˮ˭̎̒́̍̆ ˿ ˸˩˿́ˢ ˽˻ˬˢ˾ˢ ˽˾ˮ ˾˩˹́˥˩˹˻ˤ˿˴˻˸ ˮ˭˶̂̉˩˹ˮˮ ......................................... 62 
Mokryak A.V. 
DETECTION OF METAL OBJECTS IN POLYMERIC MATERIALS TAKEN OUT  
OF THE FIRE PLACE AT X-RAY RADIATION ........................................................................................................... 62 

 

ʂʦʞʝʤʷʯʝʥʢʦ ɸ.ɺ., ʅʠʢʠʰʠʥ ɺ.ɺ., ʂʘʨʧʝʥʢʦ ʄ.ɺ. 
˸˩́ˢ˶˶˻˽˻˶ˮ˸˩˾˹̍˩ ˥˩˾˸˩́ˮ˭ˮ˾̂̑̋ˮ˩ ˿ˮ˿́˩˸̍ ............................................................................ 65 
Kozhemiachenko A.V., Nikishin V.V., Karpenko M.V. 
METAL-POLYMER SEALING SYSTEMS .................................................................................................................. 65 

 

ʂʦʞʝʤʷʯʝʥʢʦ ɸ.ɺ., ʅʠʢʠʰʠʥ ɺ.ɺ., ʂʘʨʧʝʥʢʦ ʄ.ɺ. 
̆ˢ˾ˢ˴́˩˾ˮ˿́ˮ˴ˢ ̅ˢ˴́˻˾˻ˤΣ ˤ˻˭˨˩˯˿́ˤ̂̑̋ˮ̆ ˹ˢ ˨˩́ˢ˶ˮΣ ̂˭˶̍ ˮ ˢ˥˾˩˥ˢ́̍ ˣ̍́˻ˤ˻˯ ́˩̆˹ˮ˴ˮ ˮ 
́˩̆˹˻˶˻˥ˮ̉˩˿˴˻˥˻ ˻ˣ˻˾̂˨˻ˤˢ˹ˮ̒ ˽˾˩˨˽˾ˮ̒́ˮ˯ ˿˩˾ˤˮ˿ˢ ˹ ˢ ̏́ˢ˽˩ ˮ̆ ̏˴˿˽˶̂ˢ́ˢ̇ˮˮ .............. 67 
Kozhemiachenko A.V., Nikishin V.V., Karpenko M.V. 
CHARACTERISTICS OF FACTORS AFFECTING PARTS, COMPONENTS AND AGGREGATES OF HOUSEHOLD 
APPLIANCES AND TECHNOLOGICAL EQUIPMENT OF SERVICE ENTERPRISES AT THE STAGE OF THEIR  
OPERATION ......................................................................................................................................................... 68 

 

ʂʦʞʝʤʷʯʝʥʢʦ ɸ.ɺ., ʅʠʢʠʰʠʥ ɺ.ɺ., ʂʘʨʧʝʥʢʦ ʄ.ɺ. 
˻ˣ˻˿˹˻ˤˢ˹ˮ˩ ˽˾ˮ˸˩˹˩˹ˮ̒ ˴˶˩˩ˤ˻˥˻ ˿˽˻˿˻ˣˢ ˨˶̒ ˤ˻˿˿́ˢ˹˻ˤ˶˩˹ˮ̒ ˥˩˾˸˩́ˮ̉˹˻˿́ˮ 
˸˩́ˢ˶˶ˮ̉˩˿˴ˮ̆ ˨˩́ˢ˶˩˯ ˮ ̂˭˶˻ˤΣ ˣ̍́˻ˤ˻˯ ́˩̆˹ˮ˴ˮ ........................................................................... 70 
Kozhemiachenko A.V., Nikishin V.V., Karpenko M.V. 
THE RATIONALE FOR THE USE OF ADHESIVE WAY TO RESTORE THE TIGHTNESS OF METAL PARTS AND 
COMPONENTS, HOME APPLIANCES .................................................................................................................... 70 

 

ʂʦʞʝʤʷʯʝʥʢʦ ɸ.ɺ., ʅʠʢʠʰʠʥ ɺ.ɺ., ʂʘʨʧʝʥʢʦ ʄ.ɺ. 
˴˶˩˩ˤ̍˩ ˥˩˾˸˩́ˮ˭ˮ˾̂̑̋ˮ˩ ˿ˮ˿́˩˸̍ ˮ ˮ̆ ˿́˾̂˴́̂˾ˢ .......................................................................... 74 
Kozhemiachenko A.V., Nikishin V.V., Karpenko M.V. 
ADHESIVE SEALING SYSTEMS AND THEIR STRUCTURE ....................................................................................... 74 

 

  



ʇʘʥʯʝʥʢʦ ɺ.ɸ., ʀʣʣʘʨʠʦʥʦʚʘ ʃ.ɸ. 
˸˻˨̂˶̎˹̍˯ ˿˻˶˹˩̉˹̍˯ ̅ˢ˿ˢ˨ ˭˨ˢ˹ˮ̒ ................................................................................................... 76 
Panchenko V.A., Illarionova L.A. 
ah5¦[!w {h[!w .¦L[5LbD C!4!59 ................................................................................................................. 76 

 

ʇʘʥʯʝʥʢʦ ɺ.ɸ. 
ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ˩ ˨ˤˮ˥ˢ́˩˶˩˯ ˿́ˮ˾˶ˮ˹˥ˢ ˤ ˿˻˶˹˩̉˹̍̆ ̂˿́ˢ˹˻ˤ˴ˢ̆ .................................................. 78 
Panchenko V.A. 
USE OF STIRLING ENGINES IN SOLAR PLANTS ..................................................................................................... 78 

 

ʇʘʥʯʝʥʢʦ ɺ.ɸ., ʏʠʨʩʢʠʡ ʉ.ʇ. 
˸˻˨˩˶ˮ˾˻ˤˢ˹ˮ˩ W-˻ˣ˾ˢ˭˹˻˥˻ ̅˻́˻˽˾ˮ˫˸˹ˮ˴ˢ ˴˻˹̇˩˹́˾ˢ́˻˾˹˻˥˻  
˿˻˶˹˩̉˹˻˥˻ ˸˻˨̂˶̒ ..................................................................................................................................... 82 
Panchenko V.A., Chirskiy S.P. 
MODELING OF THE W-SHAPED PHOTORECEIVER OF A CONCENTRATOR SOLAR MODULE ............................... 82 

 

ʇʘʥʯʝʥʢʦ ɺ.ɸ., ʏʠʨʩʢʠʡ ʉ.ʇ. 
˸˻˨˩˶ˮ˾˻ˤˢ˹ˮ˩ ́˩˽˶˻ˤ˻˥˻ ˿˻˿́˻̒˹ˮ̒ ˾ˢ˨ˮˢ́˻˾ˢ  
ˤ˻˨̒˹˻˥˻ ˻̆˶ˢˬ˨˩˹ˮ̒ ˿˻˶˹˩̉˹˻˥˻ ˸˻˨̂˶̒ ........................................................................................ 87 
Panchenko V.A., Chyrs'ke S.P. 
MODELING THE THERMAL STATE OF A SOLAR MODULE WATER COOLING RADIATOR ..................................... 87 

 

ʉʘʚʝʣʴʝʚ ʉ.ʅ., ʈʫʜʝʥʩʢʘʷ ɽ.ɸ., ʄʠʣʝʥʪʴʝʚʘ ʀ.ʉ. 
˽˻˶̂̉˩˹ˮ˩ ˾˩˴˻˸ˣˮ˹ˢ˹́˹˻˥˻ ˣ˩˶˴ˢ ˽˾ˮ ˽˻˸˻̋ˮ ̊́ˢ˸˸ˢ  BACILLUS SUBTILIS SZMC 6179J ........ 89 
Saveliev S.N., Rudenskaya E.A., Milenteva I.S. 
GETTING RECOMBINANT PROTEIN BY USING A STRAIN BACILLUS SUBTILIS SZMC 6179J .................................. 90 

 

ʉʘʜʳʢʦʚʘ ɸ.ɸ., ɸʤʠʨʛʘʣʠʝʚ ɽ.ʅ. 
ˮ˭̂̉˩˹ˮ˩ ˽˾ˮ˸˩˹˩˹ˮ̒ ˢˤ́˻˸ˢ́ˮ̉˩˿˴˻˥˻ ˾ˢ˿˽˻˭˹ˢˤˢ˹ˮ̒ ˾˩̉ˮ ...................................................... 92 
Sadykova A.A., Amirgaliev Ye.N. 
EXPLORING THE USE OF AUTOMATIC SPEECH RECOGNITION ............................................................................ 92 
 

  



6 ARCHITECTURE / ζColloquium - journal η# 11(63),2020  

ARCHITECTURE 
 

ʋɼʂ 72.017.2 

ʂʦʥʜʨʘʰʦʚ ʄ.ɸ. 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʀʉʂʋʉʉʊɺɽʅʅʓɽ ʀʉʊʆʏʅʀʂʀ ʉɺɽʊɸ ɺ ɸʈʍʀʊɽʂʊʋʈɽ ʄɽʄʆʈʀɸʃʆɺ 

 

Kondrashov M.A. 

Tambov state technical university 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʤʦʨʠʘʣʳ ʠ ʧʘʤʷʪʥʠʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʚʦʶ ʢʦʤʧʦʟʠʮʠʶ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ. ɺʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʠʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦ-

ʩʪʠ, ʧʨʠʸʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʤʝʤʦʨʠʘʣʦʚ. 

Abstract 

The article considers memorials and monuments that include artificial  light sources in their composition. The 

author provides distinctive features of using artificial  light sources in the composition of memorials used for en-

hancing the expressiveness of memorials. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʤʝʤʦʨʠʘʣʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ, ʧʘʤʷʪ-

ʥʠʢʠ, ʩʚʝʪʦʜʠʟʘʡʥ. 

Key words: artificial  lighting, memorials, artificial  light sources, monuments, lighting design. 

 

ʀʟʦʙʨʝʪʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʦʪʢʨʳʣʦ ʣʶʜʷʤ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʆʜʥʘʢʦ ʧʨʦʯʥʘʷ ʩʚʷʟʴ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʧʦʥʘʯʘʣʫ ʦʧʨʝʜʝʣʷʣʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 

ʦʩʚʝʱʝʥʠʶ ʣʠʰʴ ʦʜʥʫ ʩʪʨʦʛʦ ʫʪʠʣʠʪʘʨʥʫʶ ʟʘʜʘʯʫ: 

ʜʝʣʘʪʴ ʦʢʨʫʞʘʶʱʠʝ ʧʨʝʜʤʝʪʳ ʚʠʜʠʤʳʤʠ ʧʦʩʣʝ ʟʘ-

ʭʦʜʘ ʩʦʣʥʮʘ. ɺʩʸ ʤʝʥʷʝʪʩʷ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯ-

ʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ʊʘʢ ʫʪʠʣʠ-

ʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʘʣʠ ʩʦʯʝʪʘʪʴʩʷ ʩ ʵʩʪʝʪʠʯʝʩʢʠʤʠ, ʟʘ-

ʢʣʶʯʘʶʱʠʤʠʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʥʦʯ-

ʥʦʛʦ ʦʙʨʘʟʘ ʛʦʨʦʜʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʨʨʠʪʦʨʠʡ. 

ɸʨʭʠʪʝʢʪʦʨʳ ʠ ʩʢʫʣʴʧʪʦʨʳ, ʧʨʦʝʢʪʠʨʫʶʱʠʝ 

ʤʝʤʦʨʠʘʣʳ ʥʝ ʦʩʪʘʶʪʩʷ ʚ ʩʪʦʨʦʥʝ ʦʪ ʥʦʚʳʭ ʪʝʥʜʝʥ-

ʮʠʡ ʦʩʚʝʱʝʥʠʷ ʠ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʠ ʧʨʦʝʢʪʳ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ. ʋʞʝ ʩ XIX  ʚʝʢʘ 

ʧʦʷʚʣʷʶʪʩʷ ʟʥʘʤʝʥʠʪʳʡ ʬʘʢʝʣ ʉʪʘʪʫʠ ʉʚʦʙʦʜʳ, 

ʧʘʤʷʪʥʠʢ ɺʣʘʜʠʤʠʨʫ ɺʝʣʠʢʦʤʫ, ʘ ʟʘʪʝʤ ʠ ʜʨʫʛʠʝ 

ʧʦʜʦʙʥʳʝ ʤʦʥʫʤʝʥʪʳ. ɹʫʜʫʯʠ ʩʚʦʙʦʜʥʳʤʠ ʦʪ 

ʞʸʩʪʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʘʨʭʠʪʝʢʪʦʨʳ ʤʝʤʦʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʷʭ 

ʤʦʥʫʤʝʥʪʘ, ʥʦ ʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʠʤʚʦʣʳ ʚ 

ʩʦʩʪʘʚʝ ʦʙʨʘʟʦʚ ʩʚʦʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. ʀʩʪʦʯʥʠʢʠ 

ʩʚʝʪʘ ʠʟʦʙʨʘʞʘʣʠ ʚ ʥʦʚʳʭ ʤʦʥʫʤʝʥʪʘʭ ʣʶʜʝʡ, 

ʦʛʦʥʴ, ʟʜʘʥʠʷ, ʩʘʢʨʘʣʴʥʫʶ ʩʠʤʚʦʣʠʢʫ. ʊʘʢʠʝ ʧʨʠ-

ʸʤʳ ʩʬʦʨʤʠʨʦʚʘʣʠ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʤʝʤʦʨʠʘʣʦʚ, ʟʘʢʣʶʯʘʶ-

ʱʠʡʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʦʩʚʝ-

ʱʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʠ ʚʳʨʘʟʠʪʝʣʴʥʦʛʦ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʩʢʦʣʴʢʦ ʚ ʩʠʤ-

ʚʦʣʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ ʚ ʢʦʥʪʝʢʩʪ ʤʦʥʫʤʝʥʪʘ. 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʩʠʤʚʦʣʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʩʚʝʪʘ, ʚʳʣʠʚʘʝʪʩʷ ʚ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʚʳʷʚʠʪʴ ʫʩʪʦʷʚʰʠʝʩʷ ʢʦʥʥʦʪʘʮʠʠ 

çʩʚʝʪʘè, ʟʘʢʨʝʧʠʚʰʠʝʩʷ ʟʘ ʥʠʤ ʚ ʤʠʨʦʚʦʤ ʠʩʢʫʩ-

ʩʪʚʝ, ʯʪʦʙʳ ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʦʩʚʝʱʝʥʠʷ ʤʝʤʦʨʠʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʨʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨʢʫ ʤʦʥʫʤʝʥʪʦʚ, ʚ ʢʦʤʧʦʟʠʮʠʠ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʩʚʝʪʘ, ʠ ʩʦʧʦʩʪʘʚʠʤ ʠʭ ʩ ʫʞʝ ʦʧʠʩʘʥʥʳʤʠ ʫʩʪʦʷʚ-

ʰʠʤʠʩʷ ʩʠʤʚʦʣʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʝʪʘ.  

ʇʘʤʷʪʥʠʢ ɺʣʘʜʠʤʠʨʫ ɺʝʣʠʢʦʤʫ  

ʇʘʤʷʪʥʠʢ ʧʦʩʪʨʦʝʥ ʚ 1853 ʛʦʜʫ ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʤʦʥʫʤʝʥʪʦʚ, ʛʜʝ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʧʦʜʩʚʝʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʠʤʚʦʣʠʯʝʩʢʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʦʙʨʘʟʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʦʯʥʫʶ ʧʦʜʩʚʝʪʢʫ 

ʢʨʝʩʪʘ ʚ ʨʫʢʝ ʂʨʝʩʪʠʪʝʣʷ ʈʫʩʠ ɺʣʘʜʠʤʠʨʘ ʧʳʪʘ-

ʣʠʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʳʭ ʛʦʨʝ-

ʣʦʢ, ʥʦ ʚ 1895 ʛʦʜʫ ʝ yʩʜʝʣʘʣʠ ɻ ʣʝʢʪʨʠʯʝʩʢʦʡ. ʂʨʝʩʪ 

ʥʘ ʧʘʤʷʪʥʠʢʝ ʠʛʨʘʣ ʨʦʣʴ ʤʘʷʢʘ ʜʣʷ ʣʦʜʦʢ ʥʘ ɼʥʝʧʨʝ 

(ʨʠʩʫʥʦʢ 1, ʘ). ɺ ʩʦʟʜʘʥʠʠ ʧʘʤʷʪʥʠʢʘ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʘʨʭʠʪʝʢʪʦʨ ɸ. ɸ. ʊʦʥ. [1] 

ʇʘʤʷʪʥʠʢʠ-ʤʘʷʢʠ 

ɺ 1942 ï 1943 ʛʦʜʫ ʚ ʨʘʤʢʘʭ çɺʩʝʩʦʶʟʥʦʛʦ ʦʪ-

ʢʨʳʪʦʛʦ ʢʦʥʢʫʨʩʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʦʚ ʧʘʤʷʪʥʠ-

ʢʦʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳè ʙʳʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʧʨʦʝʢʪʳ ʧʘʤʷʪʥʠʢʦʚ-ʤʘʷʢʦʚ: ʧʨʦʝʢʪ çʇʘ-

ʤʷʪʥʠʢʘ-ʤʘʷʢʘ ʟʘʱʠʪʥʠʢʘʤ ʃʝʥʠʥʛʨʘʜʘè, 

ʘʨʭʠʪʝʢʪʦʨʘ ɻ. ɻʦʣʴʮ (ʨʠʩʫʥʦʢ 1, ʙ) ʠ ʧʨʦʝʢʪ çʇʘ-

ʤʷʪʥʠʢʘ ʤʘʷʢʘè ʘʨʭʠʪʝʢʪʦʨʘ ʀ. ʄʝʣʴʯʘʢʦʚʘ (ʨʠʩʫ-

ʥʦʢ 1, ʚ).[2]. 
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ʇʘʤʷʪʥʠʢ ʩʦʞʞʸʥʥʳʤ ʢʥʠʛʘʤ ʥʘ ʧʣʦʱʘʜʠ ɹʘ-

ʙʝʣʴʧʣʘʪʮ 

ʇʘʤʷʪʥʠʢ ʦʪʢʨʳʪ ʚ 1995 ʛ. ʚ ɹʝʨʣʠʥʝ ʥʘ ʧʣʦ-

ʱʘʜʠ ɹʝʣʴʧʣʘʪʮ. ʆʥ ʧʦʩʚʷʱʸʥ ʩʦʙʳʪʠʷʤ 1933 ʛʦʜʘ, 

ʢʦʛʜʘ ʚʣʘʩʪʷʤʠ ʥʘʮʠʩʪʩʢʦʡ ɻʝʨʤʘʥʠʠ ʙʳʣʦ ʫʥʠʯʪʦ-

ʞʝʥʦ ʧʦʨʷʜʢʘ 20 ʪʳʩʷʯ ʥʝʫʛʦʜʥʳʭ ʠʤ ʢʥʠʛ. ɸʚʪʦ-

ʨʦʤ ʧʨʦʝʢʪʘ ʩʪʘʣ ʭʫʜʦʞʥʠʢ ʠʟ ʀʟʨʘʠʣʷ ʄʠʭʘ ʋʣʴ-

ʤʘʥ. ʇʘʤʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʦʝ ʚ 

ʧʣʘʥʝ ʧʦʜʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʧʫʩʪʳʤʠ ʩʪʝʣʣʘ-

ʞʘʤʠ ʜʣʷ ʢʥʠʛ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʦʪʢʨʳʚʘʝʪʩʷ ʟʨʠʪʝʣʶ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʣʶʢ ʚ ʙʨʫʩʯʘʪʢʝ ʧʣʦʱʘʜʠ (ʨʠʩʫ-

ʥʦʢ 2, ʘ). ʅʦʯʴʶ ʧʦʜʟʝʤʥʘʷ ʯʘʩʪʴ ʧʘʤʷʪʥʠʢʘ ʦʩʚʝ-

ʱʘʝʪʩʷ, ʠ ʯʝʨʝʟ ʣʶʢ ʥʘ ʧʣʦʱʘʜʴ ʠʟʣʫʯʘʝʪʩʷ ʩʚʝʪ, 

ʠʟʦʙʨʘʞʘʶʱʠʡ ʦʛʦʥʴ. [3]  

ʄʝʤʦʨʠʘʣʴʥʳʝ ʦʛʥʠ ʥʘ ʇʣʦʱʘʜʠ ʇʦʙʝʜʳ ʚ 

ɺʘʥʢʫʚʝʨʝ 

ʄʝʤʦʨʠʘʣ ʫʩʪʘʥʦʚʣʝʥ ʚ 2002 ʛ. ʚ ʛʦʨʦʜʝ ɺʘʥ-

ʢʫʚʝʨ, ʥʘ ʧʣʦʱʘʜʠ, ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʤʠʨʦ-

ʚʦʡ ʚʦʡʥʳ ʩʣʫʞʠʣʘ ʤʝʩʪʦʤ ʩʙʦʨʘ ʠ ʚʝʨʙʦʚʢʠ ʤʫʞ-

ʯʠʥ ʚ ʘʨʤʠʶ. ʇʨʦʝʢʪ ʙʳʣ ʯʘʩʪʴʶ ʦʙʱʝʛʦ ʧʣʘʥʘ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʱʘʜʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ çɼʨʫʟʴʷ ʇʣʦʱʘʜʠ ʇʦʙʝʜʳè 

ʩʦʚʤʝʩʪʥʦ ʩ çPechet Stidioè. ɸʚʪʦʨʳ ʩʧʨʦʝʢʪʠʨʦ-

ʚʘʣʠ ʥʦʚʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʤʝʤʦ-

ʨʠʘʣʴʥʫʶ ʠ ʫʪʠʣʠʪʘʨʥʫʶ ʬʫʥʢʮʠʠ ʧʣʦʱʘʜʠ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʣʘʬʦʥʦʚ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʘ-

ʜʠʮʠʦʥʥʫʶ ʬʦʨʤʫ ʰʣʝʤʘ ʪʝʭ ʣʝʪ (ʨʠʩʫʥʦʢ 2, ʙ).[4]  

 
ʈʠʩ. 2. ɸ ï ʇʘʤʷʪʥʠʢ ʩʦʞʞʸʥʥʳʤ ʢʥʠʛʘʤ ʥʘ ʧʣ. ɹʘʙʝʣʴʧʣʘʪʮ, ɹʝʨʣʠʥ, ʘʨʭ. ʄ. ʋʣʴʤʘʥ.  

ʀʩʪʦʯʥʠʢ: mytraveldetails.com;  

ɹ ï ʄʝʤʦʨʠʘʣʴʥʳʝ ʦʛʥʠ ʥʘ ʇʣʦʱʘʜʠ ʇʦʙʝʜʳ, ɺʘʥʢʫʚʝʨ. 

ʀʩʪʦʯʥʠʢ: pechetstudio.ca 

 

ʄʝʤʦʨʠʘʣʴʥʳʡ ʟʘʣ ʧʘʤʷʪʠ ʞʝʨʪʚ ʘʪʦʤʥʦʡ ʙʦʤ-

ʙʘʨʜʠʨʦʚʢʠ ʅʘʛʘʩʘʢʠ 

ʄʝʤʦʨʠʘʣʴʥʳʡ ʟʘʣ ʙʳʣ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ ʩʦʭʨʘ-

ʥʝʥʠʷ ʧʘʤʷʪʠ ʦ ʞʝʨʪʚʘʭ ʘʪʦʤʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʲʸʤʘ ʤʝʤʦʨʠʘʣʴʥʦʛʦ ʟʘʣʘ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʘ ʥʘ ʟʝʤʣʝ ʫʩʪʘʥʦʚʣʝʥ ʙʘʩ-

ʩʝʡʥ, ʧʦʜ ʢʦʪʦʨʳʤ ʫʩʪʨʦʝʥʳ 70 000 ʦʛʥʝʡ ʧʦ ʯʠʩʣʫ 

ʧʦʛʠʙʰʠʭ ʦʪ ʚʟʨʳʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ (ʨʠʩʫʥʦʢ 3, 

ʘ). [5] 

 

ʉʦʟʚʝʟʜʠʝ 

çʉʦʟʚʝʟʜʠʝè - ʵʪʦ ʤʦʥʫʤʝʥʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ çʄʝʤʦʨʠʘʣʘ ʆʩʥʦʚʘʪʝʣʷè ʚ 

ɸʙʫ-ɼʘʙʠ. ʄʦʥʫʤʝʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʭʫʜʦʞʥʠʢʦʤ 

ʈʘʣʴʬʦʤ ʍʝʣʤʠʢʦʤ, ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ 

ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʳʧʫʢʣʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʨʘʟʥʳʭ ʨʘʟ-

ʤʝʨʦʚ, ʧʦʜʚʝʰʝʥʥʳʭ ʥʘ ʪʳʩʷʯʫ ʥʘʪʷʥʫʪʳʭ ʢʘʙʝʣʝʡ. 

ʇʦʜʩʚʝʯʝʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʦʙ-

ʨʘʟʫʶʪ ʣʠʮʦ ʐʝʡʭʘ (ʨʠʩʫʥʦʢ 3, ʙ). [6] 
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ʈʠʩ.3. ɸ ï ʄʝʤʦʨʠʘʣʴʥʳʡ ʟʘʣ ʧʘʤʷʪʠ ʞʝʨʪʚ ʘʪʦʤʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʅʘʛʘʩʘʢʠ. ʌʦʪʦ: kuryu.com;  

ɹ ï çʉʦʟʚʝʟʜʠʝè, ʘʨʭ. ʈʘʣʴʬ ʍʝʣʤʠʢ. ʌʦʪʦ: Alex Jeffries Photography 

 

Tribute  in Light  

çTribute in Lightè ï ʵʪʦ ʧʘʤʷʪʥʘʷ ʭʫʜʦʞʝʩʪʚʝʥ-

ʥʘʷ ʠʥʩʪʘʣʣʷʮʠʷ ʠʟ 88 ʧʨʦʞʝʢʪʦʨʦʚ. ɺʧʝʨʚʳʝ ʦʥʘ 

ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʟ ʰʝʩʪʴ ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʪʨʘ-

ʛʝʜʠʠ 11 ʩʝʥʪʷʙʨʷ, ʘ ʟʘʪʝʤ ʚʢʣʶʯʘʣʘʩʴ ʝʞʝʛʦʜʥʦ ʚ 

ʥʦʯʴ ʥʘ 11 ʩʝʥʪʷʙʨʷ. ʉʦʙʨʘʥʥʳʝ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ 

ʶʞʥʝʝ çʄʝʤʦʨʠʘʣʘ 9/11è, ʣʫʯʠ ʧʨʦʞʝʢʪʦʨʦʚ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʚ ʥʝʙʦ, ʧʦʚʪʦʨʷʷ ʬʦʨʤʫ ʠ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ ʙʘʰʝʥ-ʙʣʠʟʥʝʮʦʚ (ʨʠʩʫʥʦʢ 4, ʘ). ʀʥʩʪʘʣʣʷʮʠʷ 

ʟʘʜʫʤʘʥʘ ʜʠʟʘʡʥʝʨʘʤʠ, ʦʙʲʝʜʠʥʠʚʰʠʤʠʩʷ ʧʦʜ ʵʛʠ-

ʜʦʡ ʄʫʥʠʮʠʧʘʣʴʥʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ 

çCreative Timeè. [7] 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʤʦʨʠʘʣ ʆʢʣʘʭʦʤʘ-ʉʠʪʠ 

ʄʝʤʦʨʠʘʣ ʧʦʩʚʷʱʸʥ ʞʝʨʪʚʘʤ ʪʝʨʨʦʨʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʢʪʘ, ʩʦʚʝʨʰʸʥʥʦʛʦ ʚ 1995 ʛ. ʚ ʆʢʣʘʭʦʤʘ-

ʉʠʪʠ. ʄʝʤʦʨʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩ ʦʪʢʨʳʪ ʚ 2000 ʛʦʜʫ, 

ʯʝʨʝʟ ʧʷʪʴ ʣʝʪ ʧʦʩʣʝ ʪʨʘʛʝʜʠʠ. ʆʜʠʥ ʠʟ ʤʦʥʫʤʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʥʝʥ ʚ ʚʠʜʝ 168 ʧʦʜʩʚʝʯʝʥʥʳʭ ʩʪʫ-

ʣʴʝʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʯʠʩʣʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʦ-

ʛʠʙʣʠ ʚ ʜʝʥʴ ʪʨʘʛʝʜʠʠ. ʉʪʫʣʴʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʝ-

ʚʷʪʴ ʨʷʜʦʚ, ʯʪʦ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʜʝʚʷʪʴ ʵʪʘʞʝʡ ʟʜʘ-

ʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʠʩʴ ʧʦʛʠʙʰʠʝ. 

ʉʠʤʚʦʣʠʯʝʩʢʦʝ ʢʨʝʩʣʦ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘʭʦ-

ʜʠʪʩʷ ʪʦʯʥʦ ʥʘ ʪʦʤ ʨʷʜʫ-ʵʪʘʞʝ, ʛʜʝ ʦʥ ʨʘʙʦʪʘʣ ʠ 

ʙʳʣ ʚ ʤʦʤʝʥʪ ʪʨʘʛʝʜʠʠ (ʨʠʩʫʥʦʢ 4, ʙ).[8] 

 
ʈʠʩ. 4. ɸ ï ʧʘʤʷʪʥʘʷ ʠʥʩʪʘʣʣʷʮʠʷ çTribute in Lightè. ʌʦʪʦ: Noam Galai;  

ɹ ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʤʦʨʠʘʣ ʆʢʣʘʭʦʤʘ-ʉʠʪʠ. ʌʦʪʦ: thenation.com 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʦʥʫʤʝʥʪʳ ʠ 

ʩʦʧʦʩʪʘʚʣʷʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʩʚʝʪʘ ʚ ʠʭ ʢʦʤʧʦʟʠʮʠʠ ʩ ʫʞʝ ʦʧʠʩʘʥʥʳʤʠ ʩʠʤ-

ʚʦʣʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʝʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ (ʉ. ʀ. ɺʘʚʠʣʦʚ çɻʣʘʟ ʠ 

ʩʦʣʥʮʝè, ʊ. ɺ. ɻʨʠʛʦʨʴʝʚʘ çʆʩʦʙʝʥʥʦʩʪʠ ʦʧʠʩʘʥʠʷ 

ʤʝʞʲʷʟʳʢʦʚʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʦʥ-

ʩʪʘʥʪ ʢʫʣʴʪʫʨʳ (ʥʘ ʤʘʪʝʨʠʘʣʝ ʜʠʘʜʳ ʩʚʝʪ-ʪʴʤʘ ʚ 

ʨʫʩʩʢʦʤ, ʘʥʛʣʠʡʩʢʦʤ ʠ ʙʦʣʛʘʨʩʢʦʤ ʷʟʳʢʘʭ)è, ʆ. ɺ. 

ʎʘʨʝʛʦʨʦʜʮʝʚʘ çʀʩʪʦʨʠʷ ʠ ʵʪʠʤʦʣʦʛʠʷ ʨʫʩʩʢʠʭ 

ʩʚʝʪʦʦʙʦʟʥʘʯʝʥʠʡ ïʨʝʬʣʝʢʩʦʚ ʩʣʘʚʷʥʩʢʦʡ ʦʩʥʦʚʳ 

*svŊtè ʠ ʜʨ.), ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʤʝʤʦʨʠʘʣʦʚ.  

1) ʋʩʠʣʝʥʠʝ ʩʘʢʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʲ-

ʝʢʪʘ (ʇʘʤʷʪʥʠʢ ɺʣʘʜʠʤʠʨʫ ɺʝʣʠʢʦʤʫ, ʧʦʜʩʚʝʯʠʚʘ-

ʝʪʩʷ ʩʘʢʨʘʣʴʥʳʡ ʦʙʲʝʢʪ (ʢʨʝʩʪ)). ɺʝʨʦʷʪʥʦ, ʧʨʠʸʤ 

ʙʝʨʸʪ ʥʘʯʘʣʦ ʠʟ ʫʧʦʪʨʝʙʣʝʥʠʷ ʣʝʢʩʝʤʳ çʩʚʝʪè ʚ ʩʘ-

ʢʨʘʣʴʥʳʭ ʪʝʢʩʪʘʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʚʷʟʳʚʘʝʪ ʩʚʝʪ ʩ 

ʙʦʞʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. (çɻʦʩʧʦʜʴ ï ʩʚʝʪ ʤʦʡ ʠ 

ʩʧʘʩʝʥʴʝ ʤʦʝéè, ʘʥʛʣ. çThe Lord is my light and my 

salvationéè) 

2) ʆʪʦʙʨʘʞʝʥʠʝ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʢʘʢ ʩʠʤʚʦʣʘ ʜʫʰʠ, 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʜʥʦʛʦ ʧʦʛʠʙʰʝʛʦ. ʆʩʥʦʚʘʥʦ ʢʘʢ ʥʘ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʘʢʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʩʚʝʪʘ, ʪʘʢ ʠ 

ʥʘ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʉʚʝʪ ï ʵʪʦ ʚʠʜʠʤʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʣʴʟʷ çʧʦʪʨʦʛʘʪʴ ʨʫʢʦʡè ʢʘʢ 

ʪʚʸʨʜʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʥʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ. 

ʊʘʢ, ʚʦʟʤʦʞʥʦ, ʘʚʪʦʨʳ ʥʘʭʦʜʷʪ ʚ ʥʸʤ ʥʝʢʫʶ ʘʥʘʣʦ-

ʛʠʶ çʙʝʩʪʝʣʝʩʥʦʡ ʜʫʰʠè. 

3) ʅʘʧʨʘʚʣʝʥʥʳʝ ʣʫʯʠ ʩʚʝʪʘ ʦʪʦʙʨʘʞʘʶʪ ʤʘʪʝ-

ʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ (ʟʜʘʥʠʷ ʚ çTribute in Lightè). ʆʚʝ-

ʱʝʩʪʚʝʣʝʥʠʝ ʩʚʝʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʘʥʪʠʯ-
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ʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʩʚʝʪʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʝʚ-

ʥʠʝ ʛʨʝʢʠ ʦʪʦʞʜʝʩʪʚʣʷʣʠ ʩʚʝʪ ʩ ʪʝʣʝʩʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ ʠ ʧʦʣʦʞʠʣʠ ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʦʩʥʦʚʫ ʧʝʨ-

ʚʦʡ ʥʘʫʯʥʦʡ ʦʧʪʠʢʠ ʚ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʡ ʬʠʣʦʩʦʬʠʠ. 

ʉ. ʀ. ɺʘʚʠʣʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʣ ʦʚʝʱʝʩʪʚʣʝʥʠʝ 

ʩʚʝʪʘ ʫ ʜʨʝʚʥʠʭ ʛʨʝʢʦʚ ʠ ʝʛʠʧʪʷʥ ʚ ʨʘʙʦʪʝ çɻʣʘʟ ʠ 

ʩʦʣʥʮʝè.  

4) ʆʪʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʠʟʣʫʯʘʪʴ ʩʚʝʪ (ʦʛʦʥʴ, ʩʦʣʥʮʝ ʠ ʜʨ.) ʆʩʥʦ-

ʚʘʥʦ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʩʭʦʜʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ 

ʩ ʠʟʦʙʨʘʞʘʝʤʳʤ ʦʙʲʝʢʪʦʤ (ʠ ʪʦ ʠ ʜʨʫʛʦʝ ʠʟʣʫʯʘʝʪ 

ʩʚʝʪ). 

5) ʕʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʦʩʚʝʱʝʥʠʷ. ʆʪʨʘʞʝʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ ʧʦʜʩʚʝʯʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

(ʤʝʤʦʨʠʘʣ çʉʦʟʚʝʟʜʠʝè). ʆʩʥʦʚʘʥʘ ʥʘ ʣʝʢʩʠʯʝʩʢʦʡ 

ʩʚʷʟʠ çʩʚʝʪʘè ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʦʪʥʦʩʠʤʳʤʠ ʩ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʣʠʯʥʦʩʪʠ, ʠ ʦʮʝʥʦʯʥʦʤ 

ʩʫʞʜʝʥʠʠ ʦ ʩʚʝʪʝ, ʚʳʪʝʢʘʶʱʝʤ ʠʟ ʩʚʷʟʠ çʩʚʝʪ ï 

ʪʴʤʘè, ʛʜʝ çʩʚʝʪè ʧʨʝʜʩʪʘʸʪ ʢʘʢ ʥʝʯʪʦ çʭʦʨʦʰʝʝè ʠ 

ʥʝʦʧʘʩʥʦʝ, ʜʝʣʘʶʱʝʝ ʤʠʨ ʚʠʜʠʤʳʤ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʴ ʪʴʤʝ.  

ʆʩʚʝʱʝʥʠʝ ʤʝʤʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʥʦʨ-

ʤʘʪʠʚʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʟʜʘʥʠʡ, ʩʦʭʨʘʥʷʝʪ ʠʭ ʛʨʘ-

ʜʦʩʪʨʦʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʤʦʨʠʘʣʴʥʦʡ ʘʨ-

ʭʠʪʝʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʝ yʘʣʣʝʛʦʨʠʯʥʦʩʪʴ, ʥʝ ʧʦʟ-

ʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʘ-

ʪʠʚʳ ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʧʦʜʙʦʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʩʚʝʪʘ. ɺʢʣʶʯʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢ 

ʦʩʚʝʱʝʥʠʷ ʚ ʩʣʦʞʠʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʩʠʤʚʦʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚ ʤʝʤʦʨʠʘʣʘ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʫʯʸʪʘ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʘʨʭʠʪʝʢʪʦʨ ʣʝʛʢʦ 

ʤʦʞʝʪ ʠʩʢʘʟʠʪʴ ʠ ʥʘʨʫʰʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʠʤ-

ʚʦʣʠʟʤ ʧʦʜʩʚʝʯʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʪʘʢ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ ʩʘʤ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʠʤʚʦ-

ʣʦʤ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʠʩ-

ʢʫʩʩʪʚʘ ʨʘʟʥʳʭ ʵʧʦʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩ 

ʫʯʸʪʦʤ ʧʨʠʚʝʜʸʥʥʦʛʦ ʚʳʰʝ ʧʝʨʝʯʥʷ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʠʩʪʦʨʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʠʤʚʦʣʠʢʠ ʩʚʝʪʘ ʚ 

ʪʝʢʩʪʘʭ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ, ʧʦʤʦ-

ʞʝʪ ʩʦʭʨʘʥʠʪʴ ʠʣʠ ʫʩʠʣʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʘʣʣʝ-

ʛʦʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʤʦʥʫʤʝʥʪʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ.  
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Abstract 
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The emergence of new ideas and requirements for 

the sustainable development of the world's economy 

could not ignore such a sector as agriculture, which is 

directly dependent on nature, but also causes it no small 

environmental damage. For a long time, man interfered 

with the natural processes of wildlife:  changed the 

structure of soils, introduced various organic and min-

eral additives, destroyed insects, birds, changed the 

productive qualities of plants and animals, used chemi-

cally active drugs, genetic modernization, changed the 

natural diets of animals, used pharmacological drugs, 

and so on.as a result, this impact caused a deterioration 

of the environment, which directly affected human 

health and the level of quality of life. 

Unfortunately, the actual practice of using pesti-

cides in agriculture and forestry has proved to be unfa-

vorable for humans and civilization as a whole.  

These problems have led to the production of 

high-quality and environmentally friendly food prod-

ucts all over the world. 

The organic market is considered to be one of the 

fastest growing in the world. Over the past 18 years, the 

growth of production in this segment has increased 

more than five times (from 18 to 97 billion dollars). Ac-

cording to data provided by Grand View Research, or-

ganic products will  account for 15 to 20% of the global 

agricultural market by 2025. 

 
Figure 1. Volume of the world market of organic products 2000-2018 (billion us dollars) 
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The main consumers of organic products are de-

veloped countries. This is mainly due to the high cost 

of consumption of this type of product. The first place 

in the structure of retail sales for organic products is 

occupied by the United States (47% of the market). 

Russia is barely visible in this list (less than 1% of the 

world's volume), since only 0.1% of the agri-food mar-

ket is occupied by products under the sign çorganicè, 

and only 1% of the population consumes it on a regular 

basis. 

 
Figure 2. Structure of retail sales of organic products by country 

 

 
Figure 3. Countries with the highest consumption of organic products per capita, USD 

 

 Taking only 3% in the structure of retail sales of 

organic products, Switzerland is more than 2 times 

ahead of the United States in terms of the most im-

portant indicator from a medical point of view ï con-

sumption of organic products per capita. This figure for 

Russia is slightly higher than $ 1. per capita.  

Organic products as a consumption trend in devel-

oped countries has generated a wave of production of 

this type of product in the countries of the 2nd and 3rd 

world. For example, in Ethiopia, the share of organic 

products in the export structure is 17%, in Bolivia-

13.5%, in Tunisia-12.6%, in the Dominican Republic-

10.1%, in Sri Lanka-10%. 

The main resource for the production of organic 

products is land that is not contaminated with fertilizers 

and pesticides. According to FIBL, only 1% of agricul-

tural land in the world has received organic certifica-

tion. 

 
Figure 4. Countries with the largest number of certified lands for organic products, million hectares. 
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In total, 69.8 million hectares were certified for 

"organic" in the world. for example, in 2016, 58.1 mil-

lion hectares were certified for organic products. the 

growth over 2 years was 20%. Australia cultivates 51% 

of the land in this segment, the fastest growing coun-

tries in this industry, not counting Australia, are China, 

Argentina and Russia, which have added 741, 374 and 

341 thousand hectares, respectively, over the past year. 

However, the share of Russia in the structure of certi-

fied organic land in the world is about 1%. In the EU, 

such newcomers to the European agri-food market as 

Estonia and Latvia are actively developing organic 

farming. 

 The agri-food market of organic products is cur-

rently focused on the sustainable development of the 

production of "organic" products that are not just envi-

ronmentally friendly, but, in particular, safe for health, 

as well as on the preservation of cultural traditions, 

transparency for monitoring and control, and being so-

cially fair. The following most notable trends should be 

noted: 

¶ growth in the number of countries with fully  

formed legal and regulatory legislation in the field of 

"organic" productionè; 

¶ increasing the process of recognizing the 

equivalence of organic production standards between 

different countries, within the framework of bilateral 

agreements; 

¶ increasing use of information and communica-

tion technologies in this market segment; 

¶ strengthening the cooperation of countries 

with international unions, organizations, and move-

ments in the field of environmental and ecological-so-

cial orientation of "organics". 

In the world, 1.4% of the total agricultural land is 

used for organic farming. The highest ç organicè share 

of all agricultural land by region is in Oceania (8.5 %), 

followed by Europe with 2.9% and Latin America with 

1.1%. In the EU, the share of agricultural land for çor-

ganicè is 7.2%. In other regions, this percentage is less 

than one percent. However, in many individual coun-

tries, the share of land for çorganicè is much higher 

(figure 5). in the world, only 14 countries with a share 

of more than 10% of agricultural land are used for or-

ganic production. Most of these countries are located in 

Europe. It is interesting that the rating includes small 

island States with a high proportion of agricultural land 

under organic production, such as Samoa and Sao 

Tome and Principe. However, 56% of the countries for 

which data are available have less than 1% of agricul-

tural land used for organic production. 

 
Figure 5. Ranking of countries by the share of land used for organic production 

 

According to statistics provided by the research 

Institute of organic agriculture (FIBL), 181 countries in 

the world produce organic agricultural products, and 

only 93 of them have a legal framework fixed by law. 

IFOAM (international Federation of organic agricul-

ture movement) has registered 46 basic standards for 

compliance with organic products. 

Organic production in Russia is at an unreasonably 

low level of development. The main reason for this is 

the lack of state participation in the regulation of this 

segment of agriculture. The first prerequisites for the 

creation of state standards regulating the production of 

organic products were made in 2008, when the section 

"Sanitary and epidemiological requirements for organic 

products" was introduced in SanPiN 2.3.2.1078-01 

"Hygienic requirements for the safety and nutritional 

value of food products". Later, the state began to pay 

more attention to this segment of agriculture. 

Nevertheless, the organic market in Russia shows 

quite intensive growth, developing harmoniously both 

for domestic consumers and for exports. For Rossi, this 

segment of the agri-food market is quite promising, 

given the specifics of farming at the moment, as well as 

the state policy aimed at increasing exports of products 

by increasing agricultural production. 
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Table 1 

Indicators that characterize the market of organic products in Russia and foreign countries 

Indicators Russia Germany USA China 
Switzer-

land 
Australia 

Area of agricultural land for organic production, million 

hectares. 
0,66 1,37 2,03 3,02 0,15 35,65 

Share of certified agricultural land to the total area, % 0,3 8,2 0,6 0,6 14,4 8,8 

Area of certified agricultural land per 1000 people, ha 4,5 16,5 6,2 2,2 17,7 1 409,1 

Number of agricultural producers of organic products, 

units. 
89 29 764 

14 

217 
6 308 6 638 1 998 

Volume of trade in organic products, billion us dollars. 0,16 11,3 45,2 8,6 2,75 1,3 

Average per capita consumption of organic products, USD 1,1 138 138 5,6 325 53 

Share of organic products in the total agri-food market, % 0,1 5,1 5,5 0,6 9,0 1,5 

 

The table clearly shows the deplorable state, 

which does not correspond to the trends of the world 

agri-food market. Absolutely all indicators that charac-

terize Russian organic production, except for the area 

of agricultural land allocated for organic products, are 

lower than similar indicators of foreign countries. 

The growth of the organic market, though, in-

creased 10-fold (from $ 18 million). in the 2000s), but 

remained at a fairly low level. However, the main array 

of çorganicsè in the 2000s was imported, now about 

20% of the market is domestic organic products. 

At the moment we can divide several positive ef-

fects indicating the benefits of the development of or-

ganic production: 

¶ filling  the agri-food market with environmen-

tally friendly food products; 

¶ solving a number of environmental problems 

related to environmental pollution; 

¶ focus on the development of this market seg-

ment contributes to the development of rural infrastruc-

ture; 

¶ development of a scientific approach to justify 

the saving of energy resources and renewable resources 

in the production of these products; 

¶ expanding opportunities for state support of 

agricultural producers in accordance with the WTO 

principles; 

¶ increase in exports; 

¶ expanding and strengthening international 

economic ties. 

These arguments show the importance of develop-

ing this segment of agricultural production for Russia. 

The global trend of consumption of organic products is 

increasingly pushing our state to accelerate the devel-

opment and implementation of policies that contribute 

to the conclusion of domestic organic products on the 

path of sustainable development. 

List  of references 

1. The World of Organic Agriculture. Statistics 

and Emerging Trends 2019. / Edited by Helga Willer 

and Julia Lernoud/ Research Institute of Organic Agri-

culture (FiBL), Frick and IFOAM ï Organics Interna-

tional. Bonn. - 2019. ï 356 p/ 

2. ʆʨʛʘʥʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ/ ɸ.ʍ. ɿʘʥʠʣʦʚ, 

ʆ.ʉ. ʄʝʣʝʥʪʴʝʚʘ, ɸ.ʄ. ʅʘʢʘʨʷʢʦʚ: ʠʥʬʦʨʤ. ʠʟʜ. ï 

ʄ.: ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2018. ï 124 ʩ. 

3. ʌʘʢʪʦʨʳ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʛʠʦʥʝ/ɽ.ɸ ʌʠʨ-

ʩʦʚʘ, ʉ.ʉ. ʌʠʨʩʦʚ ʀʥʥʦʚʘʮʠʠ ʚ ɸʇʂ: ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ 2017.  ̄2 (14). ʉ. 63-70 

 

  



14 AGRICULTURAL SCIENCES / ζColloquium - journal η# 11(63),2020  

ʋɼʂ 332.334  

ʈʘʟʦʨʸʥʦʚʘ ɸ.ɸ. 

ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ɻɸʋ ʠʤʝʥʠ ʀ.ʊ.ʊʨʫʙʠʣʠʥʘè 

ʃʠʩʫʥʝʥʢʦ ʂ.ʕ. 

ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ɻɸʋ ʠʤʝʥʠ ʀ.ʊ.ʊʨʫʙʠʣʠʥʘè 

 

ʇʈʆɹʃɽʄɸ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɿɽʄɽʃʔ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

ɺɹʃʀɿʀ ʅɸʉɽʃɽʅʅʓʍ ʇʋʅʂʊʆɺ ʅɸ ʇʈʀʄɽʈɽ ʄʆ ɻ. ʂʈɸʉʅʆɼɸʈ 

 

Razoryonova A.A. 

2st year master student 

FSBEI HE çKuban GAU named after I. T. Trubilinaè 

Lisunenko K.E. 

2st year master student 

FSBEI HE çKuban GAU named after I. T. Trubilinaè 

 

 

THE PROBLEM  OF USING LANDS OF AGRICULTURAL  PURPOSE NEAR HUMAN  

SETTLEMENTS  ON THE EXAMPLE  MO G. KRASNODAR 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦ-

ʤʠʢʠ ʩʪʨʘʥʳ. ʅʘ ʧʨʠʤʝʨʝ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛ. ʂʨʘʩʥʦʜʘʨ ʚʳʷʚʣʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʩ 

2000-ʛʦ ʛʦʜʘ. ɺʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʪʨʫʜʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʤʝʣʴ ʩ.-ʭ. ʥʘʟʥʘʯʝʥʠʷ ʚʙʣʠʟʠ ʩʪʘʥʠʮʳ ɽʣʠʟʘʚʝ-

ʪʠʥʩʢʦʡ ʠ ʧʦʩʝʣʢʘ ɹʝʣʦʟʝʨʥʳʡ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴ ʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦ-

ʱʘʜʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʟʘ ʩʯʝʪ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʧʨʝʜʣʦ-

ʞʝʥʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʟʝʤʝʣʴ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʟʘʱʠʪʫ ʦʪ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʜʣʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʦʙʨʘʙʦʪʢʠ. 

Abstract 

The article analyzes the importance of agricultural land for the development of the country's economy. On 

the example of the municipality of Krasnodar, the current problem is identified - the use of agricultural land near 

settlements. The authors of the article considered the structure of the land fund of the municipality in dynamics 

since 2000. Reasons for the reduction of agricultural land are identified. The difficulties of efficient cultivation of 

agricultural land are analyzed. destination near the village of Elizavetinsky and the village of Belozerny. Based 

on the study of the dynamics of changes in land areas and the population of the municipality, it was concluded 

that it is necessary to increase the area of settlements due to agricultural land. The formulated proposals for the 

transfer of land are primarily aimed at protecting against misuse of agricultural land located at a sufficient dis-

tance from settlements for the necessary processing. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʨʝʩʫʨʩ, ʧʣʦʱʘʜʴ ʟʝ-

ʤʝʣʴ 

Keywords: agricultural land, human settlements, resource, land area 

 

ʆʜʥʦʡ ʠʟ ʩʝʤʠ ʢʘʪʝʛʦʨʠʡ ʟʝʤʝʣʴ, ʧʨʦʧʠʩʘʥʥʳʭ 

ʚ ɿʝʤʝʣʴʥʦʤ ʢʦʜʝʢʩʝ, ʷʚʣʷʶʪʩʷ ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʡ ʯʘʩʪʠ ʟʝ-

ʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴ 

ʥʘʜ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʦʭʨʘʥʦʡ 

ʩʪʦʣʴ ʮʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʮʝʣʠʢʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʜʘʥʥʳʤʠ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ.  

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʣʴ ʮʝʥ-

ʥʦʛʦ ʜʣʷ ʩʪʨʘʥʳ ʨʝʩʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠ-

ʚʘʪʴʩʷ ʧʨʠʥʮʠʧʦʚ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1 [2]. 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

 

ɺ ʄʆ ʛ. ʂʨʘʩʥʦʜʘʨ ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 50% ʦʪ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʦʡ ʨʦʣʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʝ ʤʫʥʠʮʠʧʘ-

ʣʠʪʝʪʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦ-

ʱʘʜʠ ʟʝʤʝʣʴ ʄʆ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʘʪʝʛʦʨʠʠ ʟʝʤʝʣʴ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʪʘʙʣʠʮʘ 1) [3]. 
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ʉʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʡ

ʚʝʨʦʷʪʥʦʩʪʴ, ʦʩʥʦʚʘʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 
ʬʘʢʪʦʨʦʚ

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ

ʘʢʪʠʚʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʨʝʜʠ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ

ʩʠʩʪʝʤʥʦʩʪʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʝʜʠʥʩʪʚʝ ʮʝʣʠ, ʦʙʲʝʢʪʘ ʠ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʜʝʡʩʪʚʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ

ʚʘʨʠʘʥʪʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʞʝʩʪʚʘ ʤʦʜʝʣʝʡ ʨʘʟʚʠʪʠʷ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 
ʫʯʠʪʳʚʘʪʴ ʥʝʪʦʯʥʦʩʪʴ ʠ ʧʨʦʪʠʚʦʨʝʯʠʳʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ

ʧʦʜʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ - ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʭ ʚ 
ʝʜʠʥʳʡ ʧʝʨʠʦʜ ʠʣʠ ʧʝʨʝʭʦʜ ʦʪ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʢ ʢʦʤʧʣʝʢʩʫ

ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʥʘ ʤʘʣʝʥʴʢʠʡ ʩʨʦʢ, ʘ ʟʘʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʠʭ ʚ 
ʝʜʠʥʳʡ ʧʝʨʠʦʜ

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʯʝʪ ʨʝʘʢʮʠʠ ʦʙʲʝʢʪʘ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ

ʚʝʨʠʬʠʮʠʨʫʝʤʦʩʪʴ - ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ 
ʥʘʜʝʞʥʦʩʪʴ

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ ʦʪ ʨʝʘʣʠʟʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ, 
ʦʢʢʫʧʘʶʱʝʡ ʟʘʪʨʘʯʝʥʥʳʝ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʠʥʮʠʧ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʦʙʲʝʢʪʘ ʢʘʢ ʩʘʤʦʨʘʟʚʠʚʘʶʱʝʡʩʷ 
ʩʠʩʪʩʝʤʳ

ʥʦʨʤʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ  ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ - ʝʩʪʝʩʪʚʝʥʥʳʡ 
ʧʨʦʮʝʩʩ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ
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ʊʘʙʣʠʮʘ 1 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʄʆ ʛ. ʂʨʘʩʥʦʜʘʨ ʧʦ ʢʘʪʝʛʦʨʠʷʤ  

ʚ 2000-2016 ʛʦʜʳ 

ʂʘʪʝʛʦʨʠʷ ʟʝʤʝʣʴ 

ʉʦʩʪʦʷʥʠʝ ʥʘ 01.01. 

ʀʟʤʝʥʝʥʠʷ 

2
0

0
0 

2
0

1
0 

2
0

1
3 

2
0

1
6 

ʛʘ % ʛʘ % ʛʘ % ʛʘ % ʛʘ % 

ɿʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 55230 65,8 50120 59,6 49802 59,2 49086 58,3 -6144 -7,5 

ɿʝʤʣʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 18572 22,1 25795 30,7 25797 30,7 26547 31,6 7975 9,5 

ɿʝʤʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 3344 4,0 2642 3,1 2958 35 2962 3,5 -382 -0,5 

ɿʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ 831 1,0 999 1,2 999 1,2 961 1,1 130 0,1 

ɿʝʤʣʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ 3673 4,4 4580 5,4 4580 5,4 4580 5,4 907 1 

ɿʝʤʣʠ ʚʦʜʥʦʛʦ ʬʦʥʜʘ 2348 2,8 - - - - - - -2348 -2,8 

ɿʝʤʣʠ ʟʘʧʘʩʘ - - - - - - - - - - 

ʀʪʦʛʦ 83998 100 84136 100 84136 100 84136 100 138 - 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1, ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʪʘʢʞʝ ʦ ʨʦʩʪʝ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʟʘ ʩʯʝʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ. ɿʘ ʧʝʨʠʦʜ ʩ 2000 

ʛʦʜʘ ʧʦ 2016 ʛʦʜ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 6144 ʪʳʩ. ʛʘ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 7,5%. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʢʘʪʝʛʦʨʠʠ 

ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʫʚʝʣʠ-

ʯʠʣʘʩʴ ʥʘ 7975 ʪʳʩ. ʛʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 9,5%. ʕʪʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʯʠʩ-

ʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʞʠʣʴʝ (ʨʠʩʫʥʦʢ 2).  

 
ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʄʆ ʛ. ʂʨʘʩʥʦʜʘʨ, ʪʳʩ. ʯʝʣ. 

 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʪʘʥʠʮʳ ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ ʠ 

ʧʦʩʝʣʢʘ ɹʝʣʦʟʝʨʥʳʡ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʪ. ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ ʠ ʧʦʩ. ɹʝʣʦʟʝʨʥʳʡ, ʯʝʣ 

 

ʉʪʘʥʠʮʘ ɽʣʠʟʘʚʝʪʠʥʩʢʘʷ ʠ ʧʦʩʝʣʦʢ ɹʝʣʦʟʝʨ-

ʥʳʡ ʦʢʨʫʞʝʥʳ ʟʝʤʣʷʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

ʥʘʟʚʘʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚʝʜʝʪ ʢ ʠʭ ʨʘʟʚʠ-

ʪʠʶ. ʇʝʨʝʚʦʜ ʟʝʤʝʣʴ ʠʟ ʢʘʪʝʛʦʨʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʢʘʪʝʛʦʨʠʶ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥ-

ʥʳʭ ʧʫʥʢʪʦʚ ʵʪʦ ʣʠʰʴ ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʨʳ ʧʦ ʧʝʨʝ-

ʚʦʜʫ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ ʩʦ ʩʪʘʥʠʮʝʡ ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ ʠ 

0

200

400

600

800

1000

1200

2002 2009 2010 2011 2012 2013 2014 2015 2016 2017

˹͔͔͙͊ͫͤ͡  ˸˻ ͎Φ ˴ͪ͊ͫͤͦ͒͊ͪ

˹͔͔͙͔͊ͫͤ͡ ˸˻ ͎Φ ˴ͪ͊ͫͤͦ͒͊ͪ

0

5000

10000

15000

20000

25000

30000

2002 2010

ˣ͔͔ͦͪͤ͘͡·͚

˩͙͍͔͙͊ͭ͘͡;ͤͫ͊͟Ύ



ζColloquium - journal η# 11(63),2020 /  AGRICULTURAL SCIENCES 17 

ʧʦʩʝʣʢʦʤ ɹʝʣʦʟʝʨʥʳʡ, ʚ ʟʝʤʣʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʦʙʦʩʥʦʚʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʫʜʥʦʩʪʷʤʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʟʝʤʝʣʴ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʩ 

ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʥʫʞʜʝʥʥʘʷ 

ʤʝʨʘ ʧʦʤʦʞʝʪ ʟʘʱʠʪʠʪʴ ʦʪ ʧʝʨʝʚʦʜʘ ʪʝ ʟʝʤʣʠ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. 
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INTERACTION  OF MATHEMATICS  AND THE AGRO-INDUSTRIAL  COMPLEX.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʦʙʦʟʥʘʯʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʝʜʧʨʠʷʪʠʡ ʘʛʨʦʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

Abstract 

This article discusses some mathematical methods and identifies some of the main problems that may arise 

in the production process of agro-industrial enterprises. There are also examples of various agricultural research 

and the use of applied mathematical tools. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʝ, ʧʨʝʜʧʨʠʷʪʠʝ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʤʘʪʝʤʘʪʠʢʘ, 

ʩʪʫʜʝʥʪ. 

Keywords: teaching mathematics, enterprise, agro-industrial complex, mathematics, student. 

 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʘʛ-

ʨʘʨʥʳʭ ʚʫʟʘʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʟʘʜʘʯ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʀʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʘʛʨʦʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʤʝʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʨʘʟʚʠʚʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʛʦʪʦʚ-

ʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʦʨʤʠʨʫʶʪ 

ʛʦʪʦʚʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝ-

ʥʠ ʁʤʘʪʝʤʘʪʠʢʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. 

ʃʶʙʦʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʘʛʨʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘ-

ʣʦʤ, ʢʦʪʦʨʳʡ, ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʫʷ ʯʝʣʦʚʝʯʝ-

ʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʜʦʣ-

ʞʝʥ ʨʫʢʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʣʦʛʠʢʦʡ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʪʴ, ʧʣʘʥʠʨʦʚʘʪʴ, ʧʨʠʤʝʥʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʪʘʢʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ ʤʘʪʝ-

ʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ 

ʋʨʘʣʴʩʢʠʡ ɻɸʋ ʥʘʧʦʣʥʷʶʪ ʩʚʦʡ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

ʦʩʚʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʠ ʧʨʘʢʪʠʢ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʫʚʠʜʝʪʴ ʪʝʩʥʫʶ ʩʚʷʟʴ ʤʘʪʝʤʘʪʠʢʠ ʠ ʩʧʝʮʠʘʣʠ-

ʩʪʘ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʫʯʝʙʥʳʭ ʟʘʜʘʯ, ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʷʤʠ ʢʘʬʝʜʨʳ ʚ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ.  

ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʧʦʣʫʯʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʉʇʆ ʌɻɹʆʋ ɺʆ 

ʋʨʘʣʴʩʢʠʡ ɻɸʋ ʚ ʨʘʤʢʘʭ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʦʩʚʘʠʚʘʷ ʜʠʩʮʠʧʣʠʥʫ çʄʘʪʝʤʘʪʠʢʘè, 

ʦʙʫʯʘʶʱʠʝʩʷ ʦʩʚʘʠʚʘʶʪ ʪʦʣʴʢʦ ʙʘʟʦʚʳʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʠ ʝʱʝ ʥʝ ʚʣʘʜʝʶʪ ʧʦʣʥʦʮʝʥʥʳʤ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ. ʅʘ ʵʪʦʡ ʩʪʫʧʝʥʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʠʩʯʠʩʣʝʥʠʝ), ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʊʘʢ ʞʝ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ 

ʧʝʜʘʛʦʛʦʚ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ ʀʊ ʌɻɹʆʋ ɺʆ 

ʋʨʘʣʴʩʢʠʡ ɻɸʋ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʚ ʢʦ-

ʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʝʨʝʚʦʜ ʦʪ ʦʜʥʦʡ 

ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʢ ʜʨʫʛʦʡ.  
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ʅʘʧʨʠʤʝʨ, 

- ʧʝʨʝʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ, ʜʘʥʥʦʝ ʚ 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʘʭ ʚ ʛʝʢʪʘʨʳ; ʦʙʲʝʤ, ʜʘʥʥʳʡ ʚ ʣʠʪ-

ʨʘʭ ʚ ʢʫʙʠʯʝʩʢʠʝ ʤʠʣʣʠʣʠʪʨʳ; 

- ʪʝʤʧʝʨʘʪʫʨʫ, ʟʘʜʘʥʥʫʶ ʚ ʬʘʨʠʥʛʝʡʪʘʭ ʧʝ-

ʨʝʚʝʩʪʠ ʚ ʛʨʘʜʫʩʳ.  

ɼʣʷ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʚʳʢ, ʢʦʪʦʨʳʡ 

ʦʥʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʯʘʩʪʦʪʦʡ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝ-

ʮʠʘʣʠʩʪʳ: 

1. ɼʣʷ ʧʦʢʨʳʪʠʷ ʪʝʧʣʠʮʳ, ʠʤʝʶʱʝʡ ʬʦʨʤʫ 

ʪʫʥʥʝʣʷ ʜʣʠʥʦʡ 127 ʤʝʪʨʦʚ ʠ ʜʫʛʦʡ, ʨʘʚʥʦʡ ʧʦʣʦ-

ʚʠʥʝ ʦʢʨʫʞʥʦʩʪʠ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʨʘʚʝʥ 35 ʤʝʪ-

ʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʢʘʨʙʦʥʘʪ. 

ʉʢʦʣʴʢʦ ʣʠʩʪʦʚ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʫ-

ʧʠʪʴ ʜʣʷ ʧʦʢʨʳʪʠʷ ʪʝʧʣʠʮʳ, ʠ ʢʘʢʦʚʘ ʙʫʜʝʪ ʮʝʥʘ ʟʘ-

ʢʫʧʢʠ, ʝʩʣʠ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʣʠʩʪʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 1300 ʨʫʙʣʝʡ. 

2. ɺ ʚʝʪʝʨʠʥʘʨʥʫʶ ʩʣʫʞʙʫ ʧʦʩʪʫʧʠʣʦ 0,65 ʢʠ-

ʣʦʛʨʘʤʤ ʩʳʚʦʨʦʪʢʠ. ʉʢʦʣʴʢʠʤ ʞʠʚʦʪʥʳʤ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʠʥʲʝʢʮʠʠ, ʝʩʣʠ ʥʘ ʦʜʥʫ ʠʥʲʝʢʮʠʶ ʥʝʦʙʭʦ-

ʜʠʤʦ 5 ʛʨʘʤʤ ʩʳʚʦʨʦʪʢʠ, ʠ ʢʘʢʦʚʘ ʙʫʜʝʪ ʩʪʦʠʤʦʩʪʴ 

ʧʨʝʧʘʨʘʪʘ ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʦʜʥʦ ʞʠʚʦʪʥʦʝ, ʝʩʣʠ ʮʝʥʘ 

ʚʩʝʡ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʩʳʚʦʨʦʪʢʠ ʨʘʚʥʘ 15 086 ʨʫʙʣʝʡ 

70 ʢʦʧʝʝʢ. 

ɿʘʜʘʯʠ ʥʘ ʩʤʝʩʠ, ʨʘʩʪʚʦʨʳ, ʧʨʦʮʝʥʪʳ ʚ ʬʘʨʤʘ-

ʢʦʣʦʛʠʠ ʦʙʨʝʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʢʦʪʦ-

ʨʘʷ ʤʦʪʠʚʠʨʫʝʪ ʫʯʘʱʝʛʦʩʷ ʥʘ ʦʩʦʟʥʘʥʥʦʝ ʠʟʫʯʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ. 

ʈʘʩʪʚʦʨ ʜʣʷ ʧʦʣʠʚʘ ʪʶʣʴʧʘʥʦʚ ʩʦʨʪʦʚ ʧʦʟʜ-

ʥʝʛʦ ʮʚʝʪʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ ʠ ʫʜʦʙʨʝʥʠʷ ʚ ʚʠʜʝ 

ʢʦʥʮʝʥʪʨʘʪʘ. ʋʜʦʙʨʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 40% ʨʘʩʪʚʦʨʘ. 

ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 120 ʤʣ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʩʪʘʣʦ ʨʘʚʥʳʤ 70 % ʠ ʧʦ-

ʣʫʯʠʣʠ ʨʘʩʪʚʦʨ ʜʣʷ ʧʦʣʠʚʘ ʪʶʣʴʧʘʥʦʚ ʩʦʨʪʦʚ ʨʘʥ-

ʥʝʛʦ ʮʚʝʪʝʥʠʷ. ʉʢʦʣʴʢʦ ʤʠʣʣʠʛʨʘʤʤʦʚ ʢʦʥʮʝʥʪʨʘʪʘ 

ʙʳʣʦ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ?  

 ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʟʘʜʘʯʠ ʩ ʥʝʧʦʣʥʳʤʠ ʠʣʠ, ʥʘʦʙʦ-

ʨʦʪ, çʣʠʰʥʠʤʠè ʜʘʥʥʳʤʠ. ʕʪʠ ʟʘʜʘʯʠ ʩʠʤʫʣʠʨʫʶʪ 

ʨʝʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʯʘʱʝ ʚʩʝʛʦ ʩʘʤʦʤʫ ʨʘʙʦʪʥʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ, ʘ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʦʪ ʢʘʢʠʭ ʚʝʣʠʯʠʥ ʟʘʚʠʩʠʪ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ, ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʡʪʠ ɻ ʪʠ ʟʥʘʯʝʥʠʷ. ʇʝʜʘʛʦʛʫ ʥʝʦʙ-

ʭʦʜʠʤʦ ʥʘʫʯʠʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳ-

ʜʝʣʷʪʴ ʠʟ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʘʢʪʠ-

ʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠʭ ʚ ʚʠʜʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

 ʄʝʪʦʜʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʠʩʯʠʩʣʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʪʘʢʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʥʘʭʦʞʜʝʥʠʝ ʧʣʦ-

ʱʘʜʠ ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʣʠʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʯʘ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʧʣʦʱʘʜʠ 

ʰʘʙʣʦʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʨʳ ʜʣʷ ʫʧʘʢʦʚʢʠ ʢʠʩ-

ʣʦʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʵʪʠ ʟʘʜʘʯʠ ʜʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʜʠʩ-

ʮʠʧʣʠʥʫ ʩ ʬʦʨʤʫʣʘʤʠ ʠ ʧʦʥʷʪʠʷʤʠ, ʥʦ ʠ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʣʦʛʠʯʝʩʢʦʛʦ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʜʝʢ-

ʚʘʪʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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DEVELOPMENT  OF A RISK MANAGEMENT  MODEL  FOR INNOVATIVE  PROJECTS IN 
NUCLEAR  POWER ENGINEERING  

 
ɸʥʥʦʪʘʮʠʷ 
ʉʪʘʪʴʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦ-

ʝʢʪʦʚ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʥʘʫʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʧʦʣʦʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

Abstract 
The article is aimed at the theoretical development of the risk management model of innovative projects in 

nuclear energy, in order to increase the competitiveness of the energy industry in the current conditions of the 
economic system. The scientific theoretical provisions proposed in the article are aimed at minimizing risks in 
nuclear power enterprises. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʨʠʩʢʠ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
Key words: model development, innovative projects, risk management, innovative risks, nuclear energy. 
 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, 
ʨʘʩʢʨʳʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦ-
ʝʢʪʦʚ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ɺ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʨʘʟ-
ʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʠʩʢʠ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʦ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʩʠ-
ʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ. 
ʇʦ ʧʨʠʯʠʥʝ ʩʢʨʳʪʦʩʪʠ ʦʪʨʘʩʣʠ ʘʪʦʤʥʦʡ ʵʥʝʨ-

ʛʝʪʠʢʠ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦ ʩʪʦ-
ʨʦʥr ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 
ʨʠʩʢʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 
ʜʦ ʤʦʤʝʥʪʘ ʝʝ ʧʝʨʝʭʦʜʘ ʢ ʚʠʜʘʤ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ. 
ɺʩʝ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝ-

ʜʝʥʠʷ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 
ʧʨʦʝʢʪʦʚ ʦʪʨʘʩʣʠ ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʝʪʠʢʠ, ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʝ-
ʩʦʤʳʝ ʠʟ ʥʠʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ 
ʧʦʜʭʦʜʘ. 
ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʛʥʦʟ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ 

ʦʬʠʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʜʚʦʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ 25ï30 ʣʝʪ. 
ɽʩʣʠ ʩʝʡʯʘʩ ʘʪʦʤʥʘʷ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ 16% ʚʩʝʡ ʛʝʥʝʨʠʨʫʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦ ʢ 
2020-25ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
ʜʦ 20-23%. 
ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʣʦ-

ʞʠʪʴ ʩʠʩʪʝʤʥʳʡ ʠ ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠ-
ʨʦʚʘʥʠʶ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠʥʥʦʚʘʮʠʦʥ-
ʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 
ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʥʘ ʧʨʠʤʝʨʝ ʤʦ-

ʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠ-
ʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʠʥʪʝʟʠʨʫʶʱʝʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 
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ʇʨʠʚʝʜʝʥʥʳʡ ʨʠʩʫʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʦʜʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʡ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʠʨʦʚʢʠ ʪʘʢʠʭ 

ʨʠʩʢʦʚ ʠ ʦʪʙʦʨʫ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʥʠ-

ʞʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ 

ʠʥʩʪʨʫʢʮʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʮʝʣʷʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʳ, ʛʜʝ ʨʝʘʣʠʟʫʶʪʩʷ 

ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʘʢ ʪʨʝʙʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʨʠʩʢʠ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ 

ʥʘʧʨʘʚʣʝʥʘ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, 

ʥʦ ʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ ʚ ʮʝʣʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠ ʥʘʟʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʩʪʝʤʥʳʡ 

ʧʦʜʭʦʜ, ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʩʫʱʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʠʩʪʝʤʥʦʩʪʴ ʟʘʪʨʘʛʠʚʘʝʪ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʚ ʘʩ-

ʧʝʢʪʝ ʦʢʨʫʞʝʥʠʷ ʧʨʦʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʪ-

ʨʘʩʣʠ ʨʠʩʢʘʤʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴʶ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʉʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ 

ʚʳʙʦʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʩʬʝʨʝ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ. 

ʊʘʢʦʡ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ʜʚʠʞʝʥʠʝ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ 

ʨʠʩʢʘʤ çʫʧʨʘʚʣʷʶʱʝʛʦ ʘʛʝʥʪʘ/ʤʝʥʝʜʞʝʨʘè, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʂ ʧʝʨʚʦʤʫ ʢʨʠʪʝʨʠʶ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʪʨʝʙʦ-

ʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʦʪʨʘʩʣʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝ-

ʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝ-

ʥʠʷ, ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʙʣʦʢʘ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʢʘʯʝʩʪʚʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʂʦ ʚʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂ ʪʨʝʪʴʝʤʫ ʢʨʠʪʝʨʠʶ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʝʢʪʘ ʩ ʘʩʧʝʢʪʘ ʝʛʦ ʦʢʫ-

ʧʘʝʤʦʩʪʠ. 

ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥ-

ʥʦʛʦ ʧʨʦʝʢʪʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘ-

ʮʠʠ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤ-

ʧʘʩ/ʥʘʚʠʛʘʪʦʨ, ʚʳʩʪʫʧʘʶʱʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʦʤ, ʧʦʤʦʛʘʶʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ ʩʦʙʩʪʚʝʥʥʠʢʘʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʫʚʠʜʝʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʠʭ ʤʠ-

ʥʠʤʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʥʘʚʠʛʘʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʝʨʠʡ ʩʦʚ-

ʧʘʜʝʥʠʷ çʧʦʪʨʝʙʥʦʩʪʝʡè ʠ çʚʦʟʤʦʞʥʦʩʪʝʡè ʠʥʥʦ-

ʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʦʪʨʝ-

ʙʠʪʝʣʴ ʚʳʨʘʞʘʝʪ ʩʚʦʠ ʦʞʠʜʘʥʠʷ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʧʨʦʝʢʪʘ. ʊʘʢʦʡ ʵʪʘʧ ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʳʜʝʣʝʥʥʳʤ ʢʫʙʠʢʦʤ ʥʘ ʧʨʠʚʝʜʝʥʥʦʤ ʨʘʥʝʝ ʨʠ-

ʩʫʥʢʝ. ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʵʪʘʧʘ ʩʣʝʜʫʝʪ ʦʮʝ-

ʥʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʝʢʪ ʥʘ ʥʘʣʠʯʠʝ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʨʠʩʢʦʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʈʠʩʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʘʪʦʤʥʦʡ ɻ ʥʝʨ-

ʛʝʪʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʨʘʟʨʝʟʝ ʝʛʦ ʵʪʘ-

ʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ çʨʠʩʢʠ ʧʦ ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫè 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʧʨʠ ʩʠʩʪʝʤʥʦʤ 

ʧʦʜʭʦʜʝ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʩʧʦʩʦʙʦʚ ʝʛʦ ʩʥʠʞʝʥʠʷ. 

ʐʢʘʣʘ çʧʦʪʨʝʙʥʦʩʪʠè /è ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷè ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʘʩʧʝʢʪʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘ-

ʧʨʦʩʘ ʚ ʚʠʜʝ ʤʥʦʛʦʛʨʘʥʥʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʝʢʪʘ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʦʝʢʪʘ ʠ 

ʟʘʢʘʟʯʠʢʦʚ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʐʢʘʣʘ çʚʦʟʤʦʞʥʦʩʪʠè / çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝ-

ʰʝʥʠʷè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʧʦʠʩʢ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʚʥʝʜʨʷʶʱʠʭʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩʬʝʨʳ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʰʢʘʣʫ çʨʠʩʢʠè, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʟʚʝʰʠʚʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʠʩʢʦʚ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʥʦʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʝʢʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʚʩʝ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦ 

ʩʪʘʜʠʷʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ɸʣʛʦʨʠʪʤ ʮʠʢʣʘ ʧʦ ʦʮʝʥʢʝ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʧʨʦ-

ʚʝʩʪʠ ʘʥʘʣʠʟ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʦʧʠʩʳʚʘʝʪ ʨʠʩʢʠ, 

ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʟʥʘʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʠʩʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʨʠʩʫʥʢʝ 3 h ʘʙʣʦʥ ʧʦ ʦʩʥʦʚʥʳʤ 

ʩʪʘʜʠʷʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʝʢʪʘ ʩʬʝʨʳ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

 
ʈʠʩʫʥʦʢ 3. ʌʦʨʤʘʪ ʰʘʙʣʦʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʧʦ ʩʪʘʜʠʷʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʝʢʪʘ ʩʬʝʨʳ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʧʦ ʢʘʞ-

ʜʦʤʫ ʧʨʦʝʢʪʫ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʠ ʙʣʦʢ çʥʘʫʯʥʦ-ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩè, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʢʨʘʪʠʪʴ ʚ ʮʝʣʦʤ 

ʨʠʩʢʠ ʪʘʢʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʧʦ ʩʪʘʜʠʷʤ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʘʢʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʩʬʝʨʳ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦ-

ʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʝʢʪ ʥʝ ʪʦʣʴʢʦ ʩ ʘʩʧʝʢʪʘ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʥʦ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʚʩʝ ʨʠʩʢʠ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ. 
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MATHEMATICAL  MODEL  FOR OPTIMIZATION  OF CALL  SERVICE IN THE CONTACT  

CENTER 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʳʟʦʚʦʚ ʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʝ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚʳʟʦʚʦʚ ʠ ʬʘ-

ʟʦʚʳʤ ʚʨʝʤʝʥʝʤ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘʡʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʟʘʷʚʦʢ ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʳʟʦʚʦʚ ʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʝ. 

Abstract 

This article proposes a mathematical model of call service in the contact center in the form of a queuing 

system with a variable intensity of the incoming call flow and phase service time. The main probabilistic charac-

teristics for the average number of serviced requests in each phase are found that allow to evaluate and optimize 

the process of servicing calls in the contact center. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʘʢʪ-ʮʝʥʪʨ, call-ʮʝʥʪʨ, ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʨʝʜʥʠʝ ʯʠʩʣʦ ʚʳ-

ʟʦʚʦʚ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

Key words: contact center, call center, queuing system, average number of calls, probabilistic characteris-

tics. 

 
ʂʦʥʪʘʢʪ-ʮʝʥʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨʘʣʠ-

ʟʦʚʘʥʥʳʡ ʦʬʠʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʫʩʣʫʛʠ ʥʘʩʝʣʝ-
ʥʠʶ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘ-
ʙʦʪʳ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ ʦʢʘʟʘʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʫʩʣʫʛ, ʥʘʧʨʠʤʝʨ, ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 
ʩʝʢʪʦʨʝ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙʘʭ, ʧʦʣʠʪʠʯʝʩʢʦʤ 
ʩʝʢʪʦʨʝ, ʬʠʥʘʥʩʦʚʳʡ ʩʬʝʨʝ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-
ʥʦʤ ʩʝʢʪʦʨʝ ʠ ʪ.ʧ. ɹʝʟʫʩʣʦʚʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 
ʢʦʥʪʘʢʪ-ʮʝʥʪʨʳ ʠʛʨʘʶʪ ʦʩʦʙʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ [1]. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪ-

ʮʝʥʪʨʦʚ ʫʯʝʥʳʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 
ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦ-
ʪʘʭ [2-5]. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʚʳʟʦʚʦʚ ʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.1. ɺ ʦʪʣʠʯʠʠ ʦʪ ʤʦʜʝʣʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [6] ʚʭʦʜʷʱʠʝ ʟʚʦʥʢʠ ʢʣʠʝʥʪʦʚ ʚ 
ʢʦʥʪʘʢʪ-ʮʝʥʪʨ ʦʙʨʘʟʫʶʪ ʧʦʪʦʢ ʩ ʧʘʨʘʤʝʪʨʦʤ ɚ(t), ʪʦ 
ʝʩʪʴ ʩ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʟʘʚʠʩʠʤʦʡ ʦʪ 
ʚʨʝʤʝʥʠ. 

https://doi.org/10.24411/2520-6990-2020-11729
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ʈʠʩ.1. ʄʦʜʝʣʴ ʨʘʙʦʪʳ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʘ 

 

ɺʳʟʦʚʳ ʢʣʠʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʧʦʩʪʫʧʠʚʰʠʝ ʚ ʢʦʥʪʘʢʪ-

ʮʝʥʪʨ, ʜʘʣʝʝ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ IVR ʠʣʠ 

ʦʧʝʨʘʪʦʨʘʤʠ. ʆʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʘ ʤʦʞʝʪ ʚʢʣʶ-

ʯʘʪʴ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʬʘʟʳ: ʜʚʫʭʫʨʦʚʥʝʚʦʝ ʦʙʩʣʫʞʠ-

ʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ IVR, ʥʘʭʦʞʜʝʥʠʝ ʚ ʦʯʝʨʝʜʠ ʢ ʦʧʝ-

ʨʘʪʦʨʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʧʝʨʘʪʦʨʦʤ: 

† † † † †, 

ʛʜʝ † ï ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

‘, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʘʧʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʱʝʥʠʷ ʢʣʠʝʥʪʘ 

ʩ ʘʚʪʦʠʥʬʦʨʤʘʪʦʨʦʤ ʚ ʩʨʝʜʥʝʤ ʦʜʠʥʘʢʦʚʘ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʪʦ ʧʘʨʘʤʝʪʨʳ ‘ ‘, ʧʦʵʪʦʤʫ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʘʟ 1 ʠ 2 ʨʘʚʥʳ . 

ʆʙʩʣʫʞʠʚʘʥʠʝ ʢʘʞʜʦʛʦ ʚʭʦʜʷʱʝʛʦ ʥʦʚʦʛʦ 

ʟʚʦʥʢʘ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʧʝʨʚʦʡ ʬʘʟʝ. ɿʚʦʥʦʢ, ʢʦʪʦʨʳʡ 

ʦʙʩʣʫʞʠʣʩʷ ʥʘ 1 ʬʘʟʝ, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ pi ʧʝʨʝʭʦʜʠʪ 

ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʥʘ (i+1) ʬʘʟʫ, ʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ qi 

ʥʘ 3 ʬʘʟʫ ʚ ʦʯʝʨʝʜʴ. ʂʣʠʝʥʪ, ʧʦʣʫʯʠʚ ʥʝʦʙʭʦʜʠʤʫʶ 

ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ (1-pi-qi) ʟʘʚʝʨ-

ʰʘʝʪ ʧʦʣʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʦʢʠʜʘʝʪ ʩʠʩʪʝʤʫ. 

ʌʘʟʘ 3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʶ ʢʣʠʝʥʪʘ ʩ ʩʦʪʨʫʜ-

ʥʠʢʦʤ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʘ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʚʦʥʠʚʰʠʡ ʢʣʠʝʥʪ ʥʝ ʩʤʦʛ ʧʦ-

ʣʫʯʠʪʴ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʘʚʪʦʠʥʬʦʨʤʘʪʦʨʘ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʤʘʩ-

ʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʥʘ 3 ʬʘʟʝ ʠʤʝʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʦʧʝʨʘʪʦʨʳ. ʂʣʠʝʥʪʳ, 

ʞʝʣʘʶʱʠʝ ʩʦʝʜʠʥʠʪʩʷ ʩ ʩʦʪʨʫʜʥʠʢʦʤ, ʚʳʩʪʨʘʠʚʘ-

ʶʪʩʷ ʚ ʦʯʝʨʝʜʴ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ. ʇʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʢʘʞʜʦʡ ʟʘʷʚʢʠ 

ʚ ʦʯʝʨʝʜʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʩ ʧʘʨʘʤʝʪʨʦʤ ‘, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ. 

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ s ʟʚʦʥʦʢ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʯʝʨʝʜʠ 

ʥʘ ʬʘʟʫ 3 ʠʣʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴ (1-s) ʧʨʦʷʚʣʷʝʪ ʥʝʪʝʨ-

ʧʝʣʠʚʦʩʪʴ ʠ ʧʦʢʠʜʘʝʪ ʦʯʝʨʝʜʴ, ʟʘʚʝʨʰʘʷ ʦʙʩʣʫʞʠ-

ʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʥʝ ʜʦʞʠʚʰʠʩʴ ʦʪʚʝʪʘ ʦʧʝʨʘʪʦʨʘ. 

ʆʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʘ ʚʩʝʛʜʘ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʣʝ 

ʬʘʟʳ 3, ʪ.ʝ. ʧʦʩʣʝ ʦʙʱʝʥʠʷ ʩ ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʪʘʢʪ-

ʮʝʥʪʨʘ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʡ ʚ [6-

8], ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʂʦʣʤʦʛʦ-

ʨʦʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʯʠʩʣʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʚʳʟʦʚʦʚ ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʭ ʩʨʝʜʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ: 

ừ
Ừ

ứ
ά ὸ ‘ά ὸ ‗ὸȟ

ά ὸ ‘ὴά ὸ ‘ά ὸȟ

ά ὸ ‘ὴά ὸ ‘ά ὸ ί‘ά ὸȟ

ά ὸ ‘ά ὸ ‘ήά ὸ ‘ήά ὸȟ

 

ʛʜʝ ʬʫʥʢʮʠʠ ά ὸ ï ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʝʝ 

ʯʠʩʣʦ ʚʳʟʦʚʦʚ, ʥʘʭʦʜʷʱʠʭʩ ̫ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʠ ʚ 1, 

2, 3 ʬʘʟʘʭ ʠ ʚ ʦʯʝʨʝʜʠ ʧʝʨʝʜ ʬʘʟʦʡ 3 ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ t. 

ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ ʤʦ-

ʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʜʥʷ ʥʝʜʝʣʠ, ʚʨʝʤʝʥʠ 

ʩʫʪʦʢ, ʣʠʙʦ ʦʪ ʢʘʢʠʭ-ʪʦ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʟʚʦʥʢʦʚ ‗ὸ ʚ ʨʘʩʩʤʘʪ-
ʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʥʦ 

ʣʝʛʢʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʥʦʤʠʘʣʴ-

ʥʦʡ ʬʫʥʢʮʠʠ. ʊʦʛʜʘ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ, ʘ 

ʨʝʰʝʥʠʝ ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʪʨʝʙʫʝʪ ʥʝ-

ʪʨʫʜʥʳʭ, ʥʦ ʛʨʦʤʦʟʜʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ [9] ʧʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʟʚʦʥʢʦʚ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ ʠ ʧʦʣʘ-

ʛʘʷ, ʯʪʦ 65% ʢʣʠʝʥʪʦʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʦʚ ʬʘʢʪʠʯʝʩʢʠ 

ʟʘʚʝʨʰʘʶʪ ʩʚʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʯʝʨʝʟ IVR, ʘ ʦʩʪʘʣʴ-

ʥʳʝ 35% ʚʳʨʘʞʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʛʦʚʦʨʠʪʴ ʩ 

ʦʧʝʨʘʪʦʨʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Mathcad ʯʠʩʣʝʥʥʦ 

ʨʝʰʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ 

ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʚʳʟʦʚʦʚ ʥʘ ʢʘʞ-

ʜʦʡ ʬʘʟʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʚʝʥʘʜʮʘʪʠ ʯʘʩʦ-

ʚʦʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ. ʇʨʠ ʵʪʦʤ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ  ȟ , , ʘ ὴ

πȟυ, ὴ πȟσυ, ί πȟψ. ʈʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝ-

ʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  



ζColloquium - journal η# 11(63),2020 /  PHYSICS AND MATHEMATICS 25 

 
ʈʠʩ.2. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʚʳʟʦʚʦʚ ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʳʟʦʚʦʚ ʚ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʤʘʩʩʦ-

ʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪ-ʮʝʥʪʨʘ ʩ ʮʝʣʴʶ ʧʨʠʥʷʪʠʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʠʟʥʘʢ ʄʘʢʣʦʨʝʥʘ-ʂʦʰʠ ʠ ʧʨʠʟʥʘʢ ʈʘʘʙʝ ʜʣʷ 

ʯʠʩʣʦʚʳʭ ʨʷʜʦʚ. ɸʚʪʦʨ ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʷʜʦʚ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʚʳ-

ʷʩʥʠʪʴ ʷʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʷʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʟʥʘʢʦʚ ɼʘʣʘʤʙʝʨʘ ʠʣʠ ʂʦʰʠ, ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʩʦʤʥʠʪʝʣʴʥʦʤʫ ʩʣʫʯʘʶ, ʢʦʪʦʨʳʡ ʥʝ ʜʘʝʪ ʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʦ ʩʭʦʜʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʨʷʜʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ɸʚʪʦʨ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʨʘʚʥʠʚʘʶʪ ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ ʠ ʧʨʠʟʥʘʢ ʈʘʘʙʝ, ʚʳʷʩʥʷʷ ʧʨʠ ɻ ʪʦʤ, ʯʪʦ ʧʨʠ-

ʟʥʘʢ ʈʘʘʙʝ ʛʦʨʘʟʜʦ "ʩʠʣʴʥʝʝ" ʧʨʠʟʥʘʢʘ ɼʘʣʘʤʙʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘ-

ʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʟʥʘʢʠ ʈʘʘʙʝ ʠ ʄʘʢʣʦʨʝʥʘ-ʂʦʰʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʨʝʰʠʪʴ 

ʚʦʧʨʦʩ ʦ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʷʜʦʚ, ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʝ ʧʨʠʟʥʘʢʠ. 

Abstract 

This article discusses the integral Maclaurin-Cauchy criterion and the Raabe criterion for number series. 

The author emphasizes that in the study of series for convergence it is not always possible to find out the explicit 

behavior of the series. For example, when using the signs of D'Alembert or Cauchy, you can come to a dubious 

case that does not give an exact answer about the convergence of this series. In addition, the Author by analysis 

compares the d'Alembert sign and the Raabe sign, finding out that the Raabe sign is much "stronger" than the 

Dalamber sign. In connection with the above, in the mathematical analysis, the signs of Raabe and Maclaurin-

Cauchy are used, with the help of which one can unambiguously solve the question of convergence of the series. 

In the practical part, concrete examples of series are considered, in the study of which it is advisable to use the 

above-mentioned features. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʦʚ, ʩʭʦʜʠʤʦʩʪʴ, ʯʠʩʣʦʚʳʝ ʨʷʜʳ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʠʟʥʘʢ ʄʘʢʣʦ-

ʨʝʥʘ-ʂʦʰʠ, ʧʨʠʟʥʘʢ ʈʘʘʙʝ. 

Key words: series research, convergence, numerical series, Maclaurin-Cauchy integral criterion, Raabe cri-

terion. 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʠʟʫʯʝʥʠʠ ʯʠʩʣʦ-

ʚʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʦʚ ʥʘ ʩʭʦʜʠ-

ʤʦʩʪʴ. ɺ ʭʦʜʝ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤ  rʤʦʞʝʤ ʚʳ-

ʷʩʥʠʪʴ, ʨʷʜ ʷʚʣʷʝʪʩʷ ʩʭʦʜʷʱʠʤʩʷ - ʩʭʦʜʠʪʩʷ, ʠʣʠ 

ʨʷʜ ʨʘʩʭʦʜʷʱʠʡʩʷ - ʨʘʩʭʦʜʠʪʩʷ. 

ʈʷʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ (ʥʘʧʨʠʤʝʨ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ), ̫ ʚʣʷʶʪʩʷ ɻ ʬʬʝʢ-

ʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜʳ, ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʤ ʘʥʘʣʠʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ 

ʬʫʥʢʮʠʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʨʷʜʦʚ ʤ  r

ʤʦʞʝʤ ʥʘʭʦʜʠʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʪʨʫʜʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʩʯʠʪʘʪʴ. 

ʈʷʜʳ ð ʥʝʟʘʤʝʥʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʥʦ ʠ ʚ ʬʠʟʠʢʝ, ʘʩʪʨʦ-

ʥʦʤʠʠ, ʠʥʬʦʨʤʘʪʠʢʝ, ʩʪʘʪʠʩʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ ʠ ʜʨʫ-

ʛʠʭ ʥʘʫʢʘʭ [3, ʩ. 7]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʠʩʣʦʚʳʭ ʨʷʜʦʚ ʥʘ ʩʭʦʜʠ-

ʤʦʩʪʴ ʧʨʠʤʝʥʷʶʪ ʨʘʟʥʳʝ ʧʨʠʟʥʘʢʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘ-

ʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʧʨʠʟʥʘʢʠ 

ʂʦʰʠ ʠ ɼʘʣʘʤʙʝʨʘ. ʅʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʩʪʳʝ 

ʧʨʠʟʥʘʢʠ ʩʭʦʜʠʤʦʩʪʠ ʥʝ ʜʘʶʪ ʦʪʚʝʪʘ, ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʙʝʛʘʪʴ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʟʥʘʢ ʄʘʢʣʦʨʝʥʘ-ʂʦʰʠ ʠ ʧʨʠʟʥʘʢ ʈʘʘʙʝ. 

ʇʨʠʟʥʘʢ ʄʘʢʣʦʨʝʥʘ-ʂʦʰʠ ʙʳʣ ʚʳʩʢʘʟʘʥ ʚ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʝʱʝ ʚ 1742 ʛ. ʄʘʢʣʦʨʝʥʦʤ, ʥʦ 

ʦʩʪʘʣʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ. ɺ 1827 ʛʦʜʫ ʜʘʥʥʳʡ ʧʨʠ-

ʟʥʘʢ ʙʳʣ ʚʥʦʚʴ ʦʪʢʨʳʪ ʂʦʰʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ 

ʧʨʠʟʥʘʢ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʠʥʪʝ-

ʛʨʘʣʴʥʳʡ ʧʨʠʟʥʘʢ [4, ʩ. 26]. 

ʇʨʠʟʥʘʢ ʈʘʘʙʝ (ʧʨʠʟʥʘʢ ʈʘʘʙʝ ð ɼʶʘʤʝʣʷ) ð 

ʧʨʠʟʥʘʢ ʩʭʦʜʠʤʦʩʪʠ ʟʥʘʢʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʣʦ-

ʚʳʭ ʨʷʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʁʦʟʝʬʦʤ ʃʶʜʚʠʛʦʤ ʈʘ-

ʘʙʝ ʠ ʥʝʟʘʚʠʩʠʤʦ ɾʘʥ-ʄʘʨʠ ɼʶʘʤʝʣʝʤ [3, ʩ. 15]. 
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ʆʧʨʝʜʝʣʝʥʠʝ [2, ʩ. 438]. ʏʠʩʣʦʚʳʤ ʨʷʜʦʤ 

ʥʘʟʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ В ὥ ὥ ὥ
Ễ ὥ Ễ, ʛʜʝ ὥȟὥȣȟὥȟȣ ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʥʘʟʳʚʘʝʤʳʝ ʯʣʝʥʘʤʠ ʨʷʜʘ, 

ʘ ὥ ï ʦʙʱʠʤ ʯʣʝʥʦʤ ʨʷʜʘ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʨʠʟʥʘʢ ʄʘʢʣʦʨʝʥʘ-ʂʦʰʠ 

[2, ʩ. 449]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʚʦʟʥʠ-

ʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʩʭʦʜʠʤʦʩʪʠ 

ʨʷʜʘ ʢ ʧʨʦʚʝʨʢʝ ʩʭʦʜʠʤʦʩʪʠ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝ-

ʛʨʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʥʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ-

ʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥ ʚ ̫ ʚʥʦʤ ʚʠʜʝ.ʊʝʦʨʝʤʘ. ɽʩʣʠ ʯʣʝʥʳ ʟʥʘʢʦʧʦ-
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ʇʨʠʟʥʘʢ ʈʘʘʙʝ [4, ʩ. 25]. 
ʇʨʠʟʥʘʢ ʈʘʘʙʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʴʥʦʡ ʬʦʨʤʝ. ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ:  
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ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ nR  ʠʤʝʝʪ ʧʨʝʜʝʣ (ʢʦʥʝʯʥʳʡ ʠʣʠ ʥʝʪ): 

RRn =lim
. 

 

ʊʦʛʜʘ ʧʨʠ 1>R  ʨʷʜ ʩʭʦʜʠʪʩʷ, ʘ ʧʨʠ 1<R  

ʨʷʜ ʨʘʩʭʦʜʠʪʩʷ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʠʟʥʘʢʘ ɼʘʣʘʤʙʝʨʘ ʠ ʧʨʠ-

ʟʥʘʢʘ ʈʘʘʙʝ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠʟʥʘʢ ʈʘʘʙʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ. ɽʩʣʠ ʧʨʝʜʝʣ 

nDD lim=  ʩʫʱʝʩʪʚʫʝʪ ʠ ʦʪʣʠʯʝʥ ʦʪ ʝʜʠʥʠʮʳ, ʪʦ 

ʜʣʷ ( )nn DnR -= 1  ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣ R, ʨʘʚʥʳʡ 

¤+  ʧʨʠ 1<D  ʠ ¤-  ʧʨʠ 1>D . ɸ ʟʥʘʯʠʪ, ʝʩʣʠ 

ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ ʜʘʝʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʩʭʦʜʠʤʦ-

ʩʪʠ ʨʷʜʘ, ʪʦ ʧʨʠʟʥʘʢ ʈʘʘʙʝ ʪʦʞʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʪʘʢʦʡ 

ʦʪʚʝʪ. ʅʦ ʧʨʠʟʥʘʢ ʈʘʘʙʝ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠ-

ʟʥʘʢʘ ɼʘʣʘʤʙʝʨʘ. ɺ ʵʪʦʤ ʬʘʢʪʝ ʫʙʝʜʠʤʩʷ ʥʠʞʝ, ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʣʫʯʘʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ-

ʟʥʘʢʘ ʈʘʘʙʝ ʦʭʚʘʪʳʚʘʶʪʩʷ ʚʩʝʛʦ ʜʚʫʤʷ ʠʟ ʚʦʟʤʦʞ-

ʥʳʭ ʟʥʘʯʝʥʠʡ R, ʠʤʝʥʥʦ ¤° . ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ R (ʠʩʢʣʶʯʘʷ 1=R ), ʪʘʢʞʝ ʜʘʶʱʠʝ ʦʪʚʝʪ ʥʘ 

ʚʦʧʨʦʩ ʦ ʩʭʦʜʠʤʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʩʣʫʯʘʷʤ, ʢʦʛʜʘ ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ ʟʘʚʝʜʦʤʦ 

ʦʪʚʝʪʘ ʥʝ ʜʘʝʪ, ʧʦʪʦʤʫ ʯʪʦ 1=D . 

ʆʜʥʘʢʦ ʧʨʠ R=1 ʤ  rʚʩʝ ʞʝ ʩʥʦʚʘ ʥʝ ʠʤʝʝʤ ʦʪ-

ʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʧʦʚʝʜʝʥʠʠ ʨʷʜʘ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫ-

ʯʘʷʭ (ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʨʝʜʢʠ) ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ 

ʝʱʝ ʙʦʣʝʝ ʪʦʥʢʠʤ ʠ ʩʣʦʞʥʳʤ ʧʨʠʟʥʘʢʘʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʇʨʠʤʝʨ 1 [1, ʩ. 15]. 
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ʇʨʠʤʝʨ 2 [4, ʩ. 28]. ʀʩʩʣʝʜʫʝʤ ʨʷʜ 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʷʜ ʨʘʩʭʦʜʠʪʩʷ. 

ʇʨʠʤʝʨ 5 [4, ʩ. 26]. ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ: 
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ʊʘʢ ʢʘʢ 1
2

3
lim >== nRR , ʪʦ ʨʷʜ ʩʭʦʜʠʪʩʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠ-

ʟʥʘʢʠ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʦʚʳʭ ʨʷʜʦʚ ï ʧʨʠʟʥʘʢ ʄʘʢʣʦ-

ʨʝʥʘ-ʂʦʰʠ ʠ ʧʨʠʟʥʘʢ ʈʘʘʙʝ. ʏʘʱʝ ʚʩʝʛʦ, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʧʨʠʟʥʘʢʦʤ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʷʜʘ ʥʘ ʩʭʦʜʠʤʦʩʪʴ, ʩʣʝʜʫʝʪ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʠʜ ʦʙʱʝʛʦ ʯʣʝʥʘ ʨʷʜʘ. ʋʞʝ ʧʦʩʣʝ 

ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʠ-

ʟʥʘʢʘ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʝʰʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠ ʁʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ. ʇʦ ʧʨʠʚʝʜʸʥʥʳʤ ʧʨʠʤʝʨʘʤ 

ʤ  rʤʦʞʝʤ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʨʠ-

ʟʥʘʢʠ - ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ, ʧʨʠʟʥʘʢ ʂʦʰʠ, ʥʝ ʚʩʝ-

ʛʜʘ ʤʦʛʫʪ ʜʘʪʴ ʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʩʭʦʜʠʤʦ-
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ʩʪʠ ʨʷʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʝ ʚʳʰʝ ʧʨʠʟʥʘʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤ  rʚʠʜʠʤ, ʯʪʦ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʩʭʦʜʠʤʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʠ ʘʥʘʣʠʟʝ ʨʷʜʦʚ ʥʘ ʩʭʦʜʠʤʦʩʪʴ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚʦʧʨʦʩ 

ʦ ʧʦʚʝʜʝʥʠʠ ʨʷʜʘ ʥʝ ʦʩʪʘʸʪʩʷ ʥʝʨʝʰʝʥʥʳʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʚʩʝ ʞʝ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʧʨʠʟʥʘʢ ɼʘʣʘʤ-

ʙʝʨʘ, ʪʘʢ ʢʘʢ ʩʣʫʯʘʠ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʦʤʥʠʪʝʣʴʥʦʤʫ ʩʣʫʯʘʶ, ʦʯʝʥʴ ʨʝʜʢʠ. 
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THE ROLE OF COMPUTER TECHNOLOGY  IN THE CORRECTION  OF SPEECH DISORDERS 

 IN PRESCHOOL CHILDREN  WITH  GENERAL  SPEECH UNDERDEVELOPMENT  (GSU) 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʨʝʢʮʠʠ ʨʝʯʝʚʳʭ ʥʘʨʫʰʝʥʠʡ ʫ ʜʝʪʝʡ 

ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʦʙʱʠʤ ʥʝʜʦʨʘʟʚʠʪʠʝʤ ʨʝʯʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʙʦʪʝ ʣʦʛʦʧʝʜʘ ʠ ʧʨʘ-

ʚʠʣʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʦʛʦʧʝʜʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. ɺʥʦʩʠʪʩʷ ʩʧʝʢʪʨ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʦʛʦʧʝʜʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩ ʮʝʣʴʶ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʯʠ ʜʝʪʝʡ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʨʦʣʴ ʠ ʚʣʠʷʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

Abstract  

The article discusses the role of computer technology in the correction of speech disorders in preschool chil-

dren with general speech underdevelopment and their use in order to optimize the pedagogical process. The ad-

vantages of new information technologies in the work of a speech therapist and the rules for their use in the 

planning of speech therapy sessions are given. A range of computer programs is introduced, which are used in 

speech therapy practice to diagnose children's speech. The role and influence of the interactive whiteboard in the 

educational process are considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʯʴ, ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ, ʢʦʨʨʝʢʮʠʷ, ʥʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʴʶʪʝʨ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʱʝʝ ʥʝʜʦʨʘʟʚʠʪʠʝ ʨʝʯʠ, ʜʦʰʢʦʣʴʥʠʢʠ, ʢʦʨʨʝʢʮʠʦʥʥʦ-ʨʘʟʚʠʚʘʶʱʠʝ ʟʘʥʷʪʠʷ.  

Keywords: speech, speech impairment, correction, new information technologies, computer technologies, 

general speech underdevelopment, preschoolers, correctional and developmental classes. 

 

29 ʤʘʷ 2017 ʛʦʜʘ ʧʨʝʟʠʜʝʥʪʦʤ ʈʌ ɺ.ɺ. ʇʫʪʠ-

ʥʳʤ ʙʳʣ ʧʦʜʧʠʩʘʥ ʫʢʘʟ ʦ ʚʥʝʜʨʝʥʠʠ ʧʨʦʛʨʘʤʤʳ 

çɼʝʩʷʪʠʣʝʪʠʝ ʜʝʪʩʪʚʘè, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʢʦʪʦʨʦʡ ʷʚ-

ʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ [3]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʠʥ-

ʬʦʨʤʘʪʠʟʘʮʠʠ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝ-

ʪʦʜʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠ-

ʪʘʥʠʷ ʜʝʪʝʡ. ʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

(ʅʀʊ) ʩʪʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʨʨʝʢʮʠ-

ʦʥʥʦ-ʨʘʟʚʠʚʘʶʱʝʡ ʨʘʙʦʪʳ ʩ ʜʝʪʴʤʠ, ʠʤʝʶʱʠʤʠ 

ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʪʠʚ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʨʝʢʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ, ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʜʝʪʝʡ ʩ ʦʩʦ-

ʙʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʪʨʦʡʩʪʚʘʤ, ʤ  r ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦ-

ʚʘʪʴ ʥʦʚʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʶ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʮʝ-
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ʣʴʶ ʢʦʨʨʝʢʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʨʝʯʝʚʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʦʙ-

ʱʝʤʫ ʨʘʟʚʠʪʠʶ ʜʝʪʝʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʦʤʣʝʥʠʷ ʜʝʪʝʡ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʫ 

ʜʝʪʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʨʝʯʝʚʦʡ ʧʘʪʦʣʦʛʠʝʡ ʧʦʟʥʘʚʘʪʝʣʴ-

ʥʫ ʁʘʢʪʠʚʥʦʩʪʴ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʛʦʧʝ-

ʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤʧʴʶʪʝʨ ʚ ʨʘʙʦʪʝ ʣʦ-

ʛʦʧʝʜʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ: 

ï ʥʘʣʠʯʠʝ ʠʥʪʝʨʝʩʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʨʝʙʝʥ-

ʢʦʤ; 

ï ʙʳʩʪʨʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥ-

ʪʘʢʪʘ ʩ ʨʝʙʝʥʢʦʤ; 

ï ʚʳʙʦʨ, ʜʦʟʠʨʦʚʢʘ ʠ ʢʦʥʪʨʦʣʴ ʠʥʬʦʨʤʘʮʠʠ (ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʧʨʦʩʤʦʪʨʘ ʪʝʣʝʧʨʦʛʨʘʤʤ); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʜʠ-

ʘʛʥʦʩʪʠʢʠ ʜʝʪʝʡ ʣʶʙʳʭ ʛʦʨʦʜʦʚ ʠ ʨʝʛʠʦʥʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʪʥʠʯʝʩʢʠʭ ʠ ʪ.ʜ.) ʠ ʦʮʝʥʠʚʘ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʝʜʘʛʦʛʦʚ ʠ ʣʦʛʦʧʝʜʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʣʦʛʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʫʣʷʨʥʦʡ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘ-

ʙʦʪʝ ʩ ʨʝʙʝʥʢʦʤ; 

ï ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩ ʨʝʙʝʥʢʦʤ ʙʣʘʛʦʜʘʨʷ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ; 

ï ʚʳʙʦʨ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʢʘʯʝ-

ʩʪʚʝʥʥʦʛʦ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʡ ʩʧʝʢʪʨ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʚʷʟʘʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʣʦʛʦʧʝʜʠʝʡ, ʘ ʢʦʥʢʨʝʪʥʦ ʩʧʝʮʠ-

ʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʧʨʝʦʜʦʣʝʥʠʠ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʨʝʯʝʚʳʭ ʜʝʬʝʢʪʦʚ ʫ ʜʝʪʝʡ ʨʘʟʥʳʭ ʚʦʟ-

ʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 

ʠ ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʠʞʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʦʛʨʘʤʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʣʦʛʦʧʝʜʠʝʡ ʠ ʧʦʤʦʱʴʶ ʚ ʧʨʝʦʜʦʣʝʥʠʠ 

ʥʘʨʫʰʝʥʠʡ ʨʝʯʠ ʚ ʮʝʣʦʤ. 

1) çɼʠʘʛʥʦʩʪʠʢʘ ʨʝʯʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ ʜʦ-

ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘè (DiagLite) ʄʝʣʴʥʠʢʦʚʘ ʆ.ɸ., 

ʢ.ʧ.ʥ., ʫʯʠʪʝʣʴ-ʣʦʛʦʧʝʜ; ʂʠʨʶʰʢʠʥ ʄ.ɸ., ʧʨʦʛʨʘʤ-

ʤʠʩʪ. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ 

ʨʝʯʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ ʩʪʘʨʰʝʛʦ ʜʦʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʧʨʘʢʪʠʢʫʶʱʠʤ ʣʦʛʦʧʝ-

ʜʘʤ ʜʦʰʢʦʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʮʝʥʪʨʦʚ.  

ʇʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʘ: 

ï ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʩʣʝ-

ʜʦʚʘʥʥʳʭ ʜʝʪʷʭ ʠ ʠʭ ʨʦʜʠʪʝʣʷʭ, ʘʥʘʤʥʝʟ ʞʠʟʠʥ; 

ï ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʯʝʚʳʝ ʢʘʨʪʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʦʨʨʝʢʮʠʦʥ-

ʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʣʘʥʦʤ. ɺ ʨʝʯʝʚʫʶ ʢʘʨʪʫ 

ʚʭʦʜʠʪ ʤʘʪʝʨʠʘʣ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʢ ʨʝʯʝʚʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʪʘʢ ʠ ʚʳʩʰʠʭ ʧʩʠʭʠʯʝʩʢʠʭ ʬʫʥʢʮʠʠ; 

ï ʦʪʯʝʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. 

2) çʎʠʮʝʨʦʥ ʃʆɻʆ ʜʠʘʢʦʨʨ1è ʦʪ ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ ʆʆʆ çʎʝʥʪʨ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʩʝʤʴʠ ʠ ʨʝʙʝʥʢʘ 

çʎʀʎɽʈʆʅè. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʜʝʪʴʤʠ 5-10 ʣʝʪ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʢʦʨʨʝʢʮʠʠ ʨʝʯʝʚʳʭ ʠ ʥʝʨʝʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʇʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʧʨʝʜʦʩʪʘʚʣʝʥ ʨʘʟʥʦʫʨʦʚʥʝʚʳʤʠ 

ʟʘʜʘʥʠʷʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʙʦʨʫ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ 

ʜʝʪʝʡ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʜʦʢʫʤʝʥʪʳ, ʪʘʙʣʠʮʳ, ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʢʫʨ-

ʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʥʘ 

ʧʝʯʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʪʯʝʪʘʭ, ʜʦʢʣʘʜʘʭ ʥʘ ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʦʙʲʝʜʠʥʝʥʠʷʭ ʠ ʨʦʜʠʪʝʣʴʩʢʠʭ ʩʦʙʨʘʥʠʷʭ. 

ʊʘʢʞʝ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʦʨʨʝʢʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪ ʩ ʨʝ-

ʙʝʥʢʦʤ.  

3) ʄʝʪʦʜʠʢʘ çʃʦʛʦʧʝʜʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʜʝʪʝʡè (ɺ.ʄ. ɸʢʠʤʝʥʢʦ), ʨʘʟʨʘʙʦʪʘʥʦ ʢʦʤʧʘʥʠʝʡ 

çɺʠʕʣʴè. 

ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ: ʣʦʛʦʧʝʜʦʚ, ʧʩʠʭʦʣʦ-

ʛʦʚ, ʜʝʬʝʢʪʦʣʦʛʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʩʠʭʦʣʦʛʦ-ʤʝ-

ʜʠʢʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʠ ʚʦʩʧʠʪʘʪʝ-

ʣʷʤ. ʆʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʝʪʝʡ ʦʪ 4 ʜʦ 8 ʣʝʪ. ɼʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠ 

ʥʘʙʦʨ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʮʝʩʩ ʦʙʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. ʇʨʝʜʲʷʚʣʷʝʤʳʝ 

ʜʝʪʷʤ ʥʘ ʵʢʨʘʥʝ ʫʧʨʘʞʥʝʥʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʚʝʪʦʚ ʵʢʩʧʝʨʪʦʤ ʠ ʚʥʝ-

ʩʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʬʦʨʤʠʨʫʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʧʝʮʠʘʣʠʩʪʦʤ ʠ ʫʩʧʝʰʥʦʛʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʙʝʥʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʷ.  

4) çʕʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʘ ʨʝʯʠ ʨʝʙʝʥʢʘ ʜʦ-

ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɹʝʟʨʫʢʦʚʦʡ 

ʆ.ɸ., ʅʫʨʤʠʥʩʢʠʤ ɽ.ɺ., ʂʘʣʝʥʢʦʚʦʡ ʆ.ʅ. 

ʇʨʦʛʨʘʤʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʜʝʪʝʡ ʦʪ 4 ʜʦ 6 

ʣʝʪ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʢʨʠʥʠʥʛʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʝʯʠ. ʇʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʦʩʪʠ ʨʝʯʝʷʟʳʢʦʚʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʣʝʢʩʠʢʦʥʘ, ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ 

ʩʪʨʦʷ ̫ ʟʳʢʘ ʠ ʬʦʥʝʪʠʢʦ-ʬʦʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥ-

ʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ ʦʮʝʥʢʫ ʚʝʨ-

ʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʨʝʯʝʚʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʩʣʦʚʝʩʥʦ-ʣʦ-

ʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ.  

5) çʃʦʛʦɹʣʠʮè ʦʪ ʢʦʤʧʘʥʠʠ çʄʝʨʩʠʙʦè. 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʝʯʠ ʜʝʪʝʡ 4-7 ʣʝʪ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 3 ʙʣʦʢʦʚ: çʈʝʯʝ-

ʚʘʷ ʢʘʨʪʘè, çɿʚʫʢʦʚʦʡ ʞʫʨʥʘʣè ʠ çɿʥʘʢʦʤʩʪʚʦè. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥ-

ʥʦʤ ʚʠʜʝ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʝʨʝʯʠʩʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʤʧʴ-

ʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʝʯʠ ʜʝʪʝʡ, ʢʦʪʦ-

ʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʙʦʪʝ ʧʝʜʘʛʦʛʘ ï ʣʦʛʦʧʝʜʘ ʩ 

ʜʦʰʢʦʣʴʥʠʢʘʤʠ: 

1) ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

çɼʝʣʴʬʘè; 

ʊʨʝʥʘʞʝʨ ʜʣʷ ʨʝʯʝʚʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʢʦʨʨʝʢ-

ʮʠʠ ʟʚʫʢʦʧʨʦʠʟʥʦʰʝʥʠʷ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ. ʀʩʧʦʣʴ-

ʟʫʝʪ ʥʝʩʪʘʥʜʘʨʪʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʟʚʫʢʦʚ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 
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ʟʘʤʝʥʷʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʝ ʟʚʫʢʦʚʳʝ ʢʘʨʪʳ, ʠ ʨʘʙʦ-

ʪʘʝʪ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ DOX. ʂʦʤʧʣʝʢʪʘʮʠʷ 

ʚʢʣʶʯʘʝʪ 63 ʙʘʟʦʚʳʭ ʩʣʦʚʘʨʷ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʣʦʚ ʦʢʦʣʦ 4,5 ʪʳʩʷʯ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʝʤʘʤʠ (ʇʠʱʘ, 

ʐʢʦʣʘ, ʆʜʝʞʘ) ʠʣʠ ʬʦʥʝʤʘʪʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ 

(ɻʣʘʩʥʳʝ ʚʪʦʨʦʛʦ ʨʷʜʘ, ʄʷʛʢʠʡ ʟʥʘʢ). 

2) ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ çɺʠʜʠ-

ʤʘʷ ʨʝʯʴ - йè; 
ʆʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ ʩ ʥʘʨʫʰʝ-

ʥʠʷʤʠ ʟʚʫʢʦʧʨʦʠʟʥʦʰʝʥʠʷ, ʛʦʣʦʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʝʥʩʦʤʦʪʦʨʥʳʭ ʬʫʥʢʮʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ: ʚʠʟʫ-

ʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʨʝʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʦʚʦʛʦ 

ʤʦʤʝʥʪʘ. 

3) ʂʦʤʧʣʝʢʩʥʘʷ ʣʦʛʦʧʝʜʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ 

çʀʛʨʳ ʫ ʊʠʛʨʳè; 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʦʨʨʝʢ-

ʮʠʠ ʆʅʈ ʫ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʠ ʤʣʘʜʰʝʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ɺʢʣʶʯʘʝʪ 4 ʙʣʦʢʘ: çɿʚʫʢʦʧʨʦʠʟʥʦʰʝ-

ʥʠʝè, çʇʨʦʩʦʜʠʢʘè, çʌʦʥʝʤʘʪʠʢʘè, çʃʝʢʩʠʢʘè.  

4) ʇʨʦʛʨʘʤʤʥʦ-ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ çʃʦ-

ʛʦʤʝʨè; 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʙʦʨ ʧʦʣʠ-

ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʩʝ 

ʫʧʨʘʞʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʜʳʭʘʥʠʷ, ʬʦ-

ʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʣʫʭʘ, ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ ʠ ʣʝʢʩʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʷ ʨʝʯʠ, ʩʚʷʟʥʫʶ ʨʝʯʴ. ʊʘʢʞʝ ʚ ʩʦʩʪʘʚ ʢʦʤ-

ʧʣʝʢʩʘ ʚʢʣʶʯʝʥʳ ʠʛʨʳ ʥʘ ʨʘʟʚʠʪʠʝ ʤʦʪʦʨʠʢʠ, ʣʦ-

ʛʠʢʠ ʠ ʚʥʠʤʘʥʠʷ.  

5) çʄʝʨʩʠʙʦ ʇʣʶʩè; 

ɺ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʭʦʜʠʪ 93 ʠʛʨʳ ʠ ʫʧʨʘʞʥʝ-

ʥʠʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʟʘʥʷʪʠʡ ʚ 

ʜʝʪʩʢʦʤ ʩʘʜʫ ʠ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ. ɺʩʝ ʟʘʜʘʥʠʷ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʜʳʭʘʥʠʷ, ʬʦʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʩʣʫʭʘ, ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ ʠ ʣʝʢʩʠʯʝʩʢʦʛʦ ʩʪʨʦʷ ʨʝʯʠ, 

ʩʚʷʟʥʫʶ ʨʝʯʴ, ʤʦʪʦʨʠʢʫ, ʣʦʛʠʢʫ ʠ ʚʥʠʤʘʥʠʝ. 

6) ʀʛʨʘ çʈʘʟʚʠʪʠʝ ʨʝʯʠ. ʋʯʠʤʩʷ ʛʦʚʦʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦè; 

ʕʪʦ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʜʝʪʝʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4 ʙʣʦʢʦʚ: 

ï ʥʝʨʝʯʝʚʳʝ ʟʚʫʢʠ; 

ï ʟʚʫʢʦʧʨʦʠʟʥʦʰʝʥʠʝ; 

ï ʨʝʯʝʚʳʝ ʟʚʫʢʠ; 

ïʨʘʟʚʠʪʠʝ ʩʚʷʟʥʦʡ ʨʝʯʠ. 

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʦ ʙʦʣʝʝ 1000 ʯʠ-

ʩʪʦʛʦʚʦʨʦʢ, ʩʢʦʨʦʛʦʚʦʨʦʢ ʠ ʩʪʠʭʦʪʚʦʨʝʥʠʡ ʥʘ ʧʨʦ-

ʠʟʥʝʩʝʥʠʝ ʩʚʠʩʪʷʱʠʭ, ʰʠʧʷʱʠʭ ʠ ʩʦʥʦʨʥʳʭ ʟʚʫ-

ʢʦʚ.  

7) ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ çSPECIAL 

EDUCATION TOOLSè; 

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʝʢʪʳ ʨʘʟʚʠʚʘʶʱʠʭ 

ʠʛʨ, ʥʘʢʘʧʣʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝ-

ʩʢʫʶ ʙʘʟʫ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʢʘʞʜʦʤʫ ʨʝʙʝʥʢʫ ʩ ʫʯʝʪʦʤ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʣʦʛʦʧʝʜʠʯʝʩʢʦʡ ʨʘʙʦʪʝ 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʠ ʧʦʤʦʛʘʝʪ ʩʜʝ-

ʣʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʫʚʣʝʢʘʪʝʣʴʥʳʤ, ʜʠʥʘʤʠʯ-

ʥʳʤ, ʢʨʘʩʦʯʥʳʤ, ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ 

ʜʝʪʴʤʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʠ ʥʘ ʟʘʥʷ-

ʪʠʷʭ ʣʦʛʦʧʝʜʘ ʧʦʟʚʦʣʷʝʪ: 

ï ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʩ ʆʅʈ; 

ï ʨʘʟʚʠʚʘʪʴ ʚʳʩʰʠʝ ʧʩʠʭʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

(ʚʦʩʧʨʠʷʪʠʝ, ʚʥʠʤʘʥʠʝ, ʧʘʤʷʪʴ, ʤʳʰʣʝʥʠʝ) ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʙʦʪʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

ï ʨʘʟʚʠʚʘʪʴ ʘʨʪʠʢʫʣʷʮʠʦʥʥʫʶ ʠ ʤʝʣʢʫʶ ʤʦʪʦ-

ʨʠʢʫ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʚʳʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʠ, ʨʘʟʚʠʚʘʪʴ ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʡ ʨʫʢʠ; 

ï ʧʦʚʳʩʠʪʴ ʤʦʪʠʚʘʮʠʶ ʠ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʨʠ ʢʦʨʨʝʢʮʠʠ ʨʝʯʝʚʳʭ ʥʘʨʫʰʝʥʠʡ; 

ï ʦʙʝʩʧʝʯʠʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʥʘ ʟʘ-

ʥʷʪʠʷʭ.  

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʠ çʧʦʤʦʱʥʠʢʦʤè ʢʘʢ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʜʝʪʴʤʠ, ʪʘʢ ʠ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʨʦʜʠʪʝʣʷʤʠ ʚʦʩʧʠʪʘʥʥʠʢʦʚ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʝʤʠʥʘʨʦʚ, 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʩʦʙʨʘʥʠʡ. 

ʇʨʦʚʝʜʝʥʠʝ ʣʦʛʦʧʝʜʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʨʘʙʦʪʳ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʢʦʨʨʝʢʮʠʠ ʨʘʟʥʦʦʙʨʘʟ-

ʥʦʛʦ ʩʧʝʢʪʨʘ ʨʝʯʝʚʳʭ ʥʘʨʫʰʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʪʘʢ ʯʪʦ ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʠʣʠ ʩʭʦʞʝʛʦ ʚʠʜʘ ʨʘʙʦʪʳ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʚʦʠʭ ʩʣʫʯʘʝʚ ʩʪʦʠʪ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ ʠ ʧʦʣʦʞʝʥʠʷ: 

ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʥʷʪʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ï 

10 ʤʠʥʫʪ; 

ï ʠʛʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ, ʢʘʢ ʯʘʩʪʴ ʟʘʥʷʪʠʷ 

(ʥʘ ʦʩʥʦʚʥʦʤ ʠʣʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ); 

ï ʧʝʨʠʦʜʠʯʥʦʩʪʴ ï 2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ; 

ï ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ 

ʟʨʠʪʝʣʴʥʳʭ ʥʘʨʫʰʝʥʠʷʭ; 

ï ʦʩʦʙʦʝ ʫʩʣʦʚʠʝ ï ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʦʜʠʪʝʣʝʡ ʥʘ 

ʟʘʥʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂʊ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʠʛʨʳ ʚ ʧʨʘʢʪʠʢʝ ʧʝʜʘʛʦʛʦʚ-ʣʦʛʦʧʝʜʦʚ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʙʦʪʳ ʩ ʆʅʈ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʝʜʠʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʡ ʢʦʨʨʝʢʮʠʦʥʥʦ-ʨʘʟʚʠʚʘʶʱʠʡ ʧʨʦ-

ʮʝʩʩ ʥʘ ʨʘʟʣʠʯʥʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʠ ʚ ʮʝʣʦʤ ï ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʨʝʯʝʚʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʫ ʜʝʪʝʡ-ʣʦʛʦʧʘʪʦʚ.  
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SOCIAL  NETWORK  DATAMINING  

 

ɸʥʥʦʪʘʮʠʷ 
ʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ð ʵʪʦ ʤʦʜʝʣʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ 

ʫʧʨʘʚʣʝʥʠʠ ʟʥʘʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʩʦʮʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʩʦʮʠʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʠ ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʞʝ ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ɺ ʪʝʭʥʦʣʦʛʠʠ ʟʥʘʥʠʡ ʩʝ-

ʤʘʥʪʠʯʝʩʢʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʮʠ-

ʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʡ, ʘ ʩʤʳʩʣ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

Abstract 
Social network is model in order to structuring social. In knowledge management, social structures need to 

be revealed to see social behavior and social change based on the interactions that have taken place. In knowledge 

technology, the semantic social structure is extracted from information sources to interpret social behavior and 

its changes, and the meaning is supported by social network analysis.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʘʪʘʤʘʡʥʠʥʛ, ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ, ʠʟʚʣʝʯʝʥʠʝ, ʘʥʘʣʠʟ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʩʦʮʠʘʣʴʥʳʡ 

ʛʨʘʬ 

Keywords: Dataminig, social network, extraction, analysis, big data, social graph 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʧʨʠʚʝʣʦ ʢ ʦʙʠʣʠʶ ʜʘʥʥʳʭ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʟʥʘʥʠʡ 

ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉ ʨʘʟʚʠʪʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ɋ 

ʢʘʢ ʪʝʥʴ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʢʦʪʦʨʦʝ ʧʨʠʟʥʘʝʪʩʷ ʠʥʪʝʨ-

ʥʝʪʦʤ ʠ ʧʘʫʪʠʥʦʡ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʢʘʢ ʧʦʣʫʯʠʪʴ ʧʦʣʝʟʥʳʝ ʜʘʥʥʳʝ, ʫʪʚʝʨʞʜʘʷ, 

ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟ-ʟʘ ʤʝʨ, ʢʦʪʦʨʳʝ 

ʠʥʦʛʜʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʠ ʩʣʠʰʢʦʤ ʤʘʣʳ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʠ ʵʪʦ 

ʚʩʝʛʜʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʦʤ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ. 

ʇʦʜʭʦʜ ʢ ʤʘʡʥʠʥʛʫ 
ʇʦʜʭʦʜ ʤʘʡʥʠʥʛʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦ-

ʢʨʳʪʴ ʥʝʜʦʩʪʘʪʢʠ ʚʩʝʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʩʦʮʠʘʣʴ-

ʥʳʭ ʩʝʪʝʡ. ʏʪʦʙʳ ʧʦʢʨʳʪʴ ʩʪʘʨʳʝ ʠ ʥʦʚʳʝ ʧʨʦʙʝʣʳ 

ʚ ʢʦʥʮʝʧʮʠʠ/ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝ-

ʥʠʷ ʬʫʥʢʮʠʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ɺ ʦʙʣʘʩʪʠ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝ-

ʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʠʡ. ʈʘʩʢʨʳʪʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʠʟʤʝʨʝʥʠ-

ʷʤʠ: ʩʨʝʜʠ ʥʠʭ ʪʝ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷ-

ʟʘʥʳ ʩ ʯʘʩʪʦʪʦʡ, ʘ ʠʤʝʥʥʦ ʤʦʜʳ, ʧʨʦʮʝʥʪʠʣʠ; ʠʣʠ 

ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ, ʪʘʢʠʤ ʢʘʢ ʜʠʘʧʘʟʦʥ ʠ 

ʜʠʩʧʝʨʩʠʷ; ʠʣʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʘʪʨʠ-

ʙʫʪʳ, ʪʘʢʠʝ ʢʘʢ ʤʥʦʛʦʤʝʨʥʦʩʪʴ. ʈʘʟʚʠʪʠʝ ʵʪʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʢʨʳʪʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʦʪʦʢʘʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: 

1) ʂʣʘʩʩʠʬʠʢʘʮʠʷ: ʤʦʜʝʣʴʥʦʝ ʦʪʥʝʩʝʥʠʝ ʦʙʲ-

ʝʢʪʦʚ ʢ ʦʜʥʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʘʪʝʛʦʨʠʡ. ʅʘʧʨʠʤʝʨ, ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠ ʦʮʝʥʢʫ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʝʢʦ-

ʪʦʨʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʦʜʝʣʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʜʘʥ-

ʥʳʤʠ ʫʩʪʨʘʥʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʢʦʪʦʨʳʝ ʪʝʩʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʳ, ʚʩʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʚʳʷʚʠʪʴ ʦʪʥʦ-

ʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʟʘʷʚʣʝʥʳ ʨʘʥʝʝ. 

2) ʂʣʘʩʪʝʨʠʟʘʮʠʷ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ 

ʛʨʫʧʧʘʤ, ʢʦʪʦʨʳʝ ̫ ʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ, ʧʦʣʝʟʥʳʤʠ 

ʠʣʠ ʠ ʪʝʤʠ, ʠ ʜʨʫʛʠʤʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʧʮʠʠ ʧʦʜʦ-

ʙʠʷ, ʥʦ ʵʪʘ ʩʚʷʟʴ ʙʫʜʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʠʣʠ ʠʩʯʝʟʘʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʩʪʘ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. 

3) ɸʥʘʣʠʟ ʘʩʩʦʮʠʘʮʠʡ: ʦʙʥʘʨʫʞʝʥʠʝ ʠʥʪʝʨʝʩ-

ʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʩʢʨʳʪʳʭ ʚ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʄʦ-

ʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʢ ʟʘʢʣʘʜʢʘ ʤʝʞʜʫ ʨʘʟʣʠʯ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ, ʥʦ ʥʝʣʴʟʷ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʪʠ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʤʠ. 

4) ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ: ʧʦʜʭʦʜ ʢ ʦʙʥʘʨʫ-

ʞʝʥʠʶ ʦʪʢʣʦʥʝʥʠʷ, ʪʘʢ ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦ-
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ʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʨʫʛʠʭ. ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʜʘʥ-

ʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʝʘʣʠ-

ʟʦʚʘʥ ʢ ʤʘʡʥʠʥʛʫ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʟʘʚʠʩʠʪ ʦʪ ʠʥ-

ʪʝʨʝʩʦʚ ʠ ʮʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʨʘʙʦʪʘʥʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 
ʈʠʩ 1. ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʷʯʝʡʢʘʭ 

 

ʆʙʟʦʨ ʥʘ ʧʨʠʤʝʨʝ 

ʀʟʚʣʝʯʝʥʠʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠʟ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ð ʵʪʦ ʧʝʨʚʳʡ ʰʘʛ ʚ ʤʘʡʥʠʥʛʝ. ʕʪʦʪ ʰʘʛ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠ ʜʦ-

ʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ɺ ʥʘʫʯʥʦʤ ʤʠʨʝ, ʥʘʧʨʠʤʝʨ, ʟʘʜʝʡʩʪʚʦʚʘʥʘ 

ʙʘʟʘ ʜʘʥʥʳʭ Elsevier ʠʣʠ Scopus-ʦʥʣʘʡʥʦʚʘʷ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʩʘʤʠ ʘʚ-

ʪʦʨʳ. ɺ ɻ ʪʦʡ ʢʦʥʮʝʧʮʠʠ ʠʟʚʣʝʯʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝ-

ʪʝʡ ʠʩʧʦʣʴʟʫʝʪ ʷʯʝʡʢʠ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʨʦʩʪʘ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʝʪʝʡ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

ʦʜʥʘ ʚʝʨʰʠʥʘ v = V. 
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ʊʘʙʣʠʮʘ 1. ʈʦʩʪ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʜʦʢʫʤʝʥʪʦʚ ʷʯʝʝʢ. 

 

ʅʘʧʨʠʤʝʨ, ʙʝʨʝʪʩʷ ʠʤʷ ʘʚʪʦʨʘ, ʯʝʪʢʦ ʦʧʨʝʜʝ-

ʣʝʥʥʦʝ ʠʤʷ, ʘ ʠʤʝʥʥʦ:ò ɼʤʠʪʨʠʡ" ʩʤ. ʨʠʩ. 1 (ʘ), ʠ 

ʪʘʢʞʝ ʥʘʡʜʫʪʩʷ ʠʤʝʥʘ ʜʨʫʛʠʭ ʩʦʘʚʪʦʨʦʚ ʠ ʙʫʜʫʪ ʦʙ-

ʨʘʟʦʚʘʥʳ ʜʨʫʛʠʝ ʚʝʨʰʠʥʳ ʪʘʢ, ʯʪʦ ʥʘʡʜʝʪʩʷ ʤʥʦʞʝ-

ʩʪʚʦ ʚʝʨʰʠʥ V = {vi|i  = 1,...,n} ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʪ. 

ʝ. ʤʥʦʞʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ A = 

{a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,p,q,r,s,t,u,v,w,x,y,z,aa,ab,ac

,ad,ae,af,ag} ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʚ (ʧʝʨʝʩʝʯʝʥʠʝ: ʣʠʯ-

ʥʦʩʪʴ), ʩʤ. ʨʠʩ. 1 (f). 

ʂʘʞʜʳʡ ʜʦʢʫʤʝʥʪ ʤʦʞʝʪ ʧʦʨʦʞʜʘʪʴ ʥʦʚʳʭ ʩʦ-

ʮʠʘʣʴʥʳʭ ʘʢʪʦʨʦʚ ʠʣʠ ʩʦʟʜʘʚʘʪʴ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʥʠʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ ̫ ʯʝʝʢ ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ, deg(s) = nī1. ɺ ʢʘʞʜʦʤ ʜʦʢʫʤʝʥʪʝ 

ʠʣʠ p ʘʚʪʦʨʳ ʬʦʨʤʠʨʫʶʪ ʧʦʣʥʳʡ ʛʨʘʬ, ʧʨʝʜʩʪʘʚʣʷ-

ʶʱʠʡ ʩʦʙʦʡ ʩʦʮʠʘʣʴʥʫʶ ʩʝʪʴ ʩ n*(n ī 1)/2 ʨʝʙʨʘʤʠ 

ʜʣʷ n ʚʝʨʰʠʥ, ʛʜʝ ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ E = {ej : j = 

1,...,m}, ʩʤ. ʨʠʩ. 1(b), (c) ʠ (d). ʆʜʥʘʢʦ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʘʚʪʦʨʳ ʨʷʜʘ ʜʦʢʫʤʝʥʪʦʚ ʥʝ ʜʘʶʪ ʧʦʣʥʦʛʦ ʛʨʘʬʠʢʘ, 

ʥʦ ʠ ʥʝ ʜʘʶʪ ʜʝʨʝʚʘ, ʭʦʪʷ ʦʥʦ ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʷʯʝʡ-

ʢʘʭ. 

ʅʘʣʠʯʠʝ ʥʦʚʳʭ ʘʚʪʦʨʦʚ ʚʦʢʨʫʛ ʷʯʝʝʢ ʧʦʢʘʟʳ-

ʚʘʝʪ ʨʦʩʪ ʥʦʚʳʭ ʚʝʨʰʠʥ. ʅʦʚʳʡ ʥʘʙʦʨ ʘʚʪʦʨʦʚ, ʩ 

ʧʦʣʥʳʤ ʛʨʘʬʦʤ, ʚʳʷʚʣʷʝʪ ʥʘʣʠʯʠʝ ʛʨʫʧʧʳ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 

ʚʝʪʚʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʤ. 

ʈʠʩ.1. 1 (e). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʨʦʚ ʚʦʢʨʫʛ 

ʷʯʝʡʢʠ ʨʘʩʪʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʢʦʣʠʯʝ-

ʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʘʫʯʥʦʤ 

ʨʦʩʪʝ, ʩ ʧʦʤʦʱʴʶ ʩʨʝʟʦʚ ʛʨʫʧʧʳ ʘʚʪʦʨʦʚ ʚ ʩʦʮʠʘʣʴ-

ʥʳʭ ʩʝʪʷʭ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʥʘʫʯʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʅʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʘʫʯʥʳʭ ʜʦ-

ʢʫʤʝʥʪʦʚ, ʧʫʙʣʠʢʫʝʤʳʭ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ, ʫʚʝʣʠ-

ʯʠʣʦʩʴ ʠ ʯʠʩʣʦ ʚʝʨʰʠʥ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʘʚʪʦ-

ʨʦʚ, ʘ ʠʤʝʥʥʦ: 

n(v) = n(v) + n(a) 

ʛʜʝ n(v) - ʯʠʩʣʦ ʚʝʨʰʠʥ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʘ 

n(a) - ʯʠʩʣʦ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʝʨʰʠʥʘʤʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʝʙʝʨ n(e) ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʚ-

ʪʦʨʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʜʦʢʫʤʝʥʪʘ, ʘ 

ʠʤʝʥʥʦ: 

n(e) = n(e) + n(r) 

ʛʜʝ n(e) - ʯʠʩʣʦ ʨʝʙʝʨ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʘ n(r) 

- ʯʠʩʣʦ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʙʨʘʤʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʂʘʞʜʳʡ ʜʦʢʫʤʝʥʪ ʩʦ-

ʟʜʘʝʪ ʧʦʣʥʳʡ ʛʨʘʬʠʢ ʩ ʯʠʩʣʘʤʠ ʨʝʙʨʘ n(ep)j = 0, 1, 

3,...,n(n-1)/2 ʜʣʷ ʘʚʪʦʨʘ n(ap)i = 1, 2, 3,...n. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʦʙʱʝʝ ʯʠʩʣʦ ʨʝʙʝʨ 

n(ac) = n(ac) + n(ep)j 

ʛʜʝ ʧʝʨʝʩʝʯʝʥʠʝ ʨʝʙʝʨ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ 

ʨʝʙʝʨ ʜʣʷ ʧʦʣʥʳʭ ʛʨʘʬʦʚ ʜʦʣʞʥʦ ʙʳʪʴ n(ecg) - n(ʝ). 

ɺ ʧʦʣʥʦʤ ʛʨʘʬʝ ʯʠʩʣʦ ʨʝʙʝʨ n(ep) ʧʦʢʘʟʳʚʘʝʪ ʜʚʘ 

ʚʘʨʠʘʥʪʘ, ʝʩʣʠ ʜʦʢʫʤʝʥʪ ʥʘʧʠʩʘʥ ʦʜʥʠʤ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʘʚʪʦʨʘʤʠ. 

ɺʳʚʦʜ 

ʅʘʨʷʜʫ ʩ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʢʦʥʮʝʧ-

ʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʠʟ-

ʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ ʢʘʞʜʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʮʠʘʣʴ-

ʥʳʭ ʩʫʙʲʝʢʪʦʚ, ʠ ʵʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʯʝʨʝʟ ʩʦʮʠʘʣʴʥʳʝ ʩʫʙʲʝʢʪʳ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʤʘʡʥʠʥʛ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʣʘʙʳʭ ʤʝʩʪ ʚ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʧʫʪʝʤ ʫʜʝ-

ʣʝʥʠʷ ʚʥʠʤʘʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ. 
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CERTAIN  ISSUES OF THE PREPARATION  OF MUNICIPAL  SOLID WASTE FOR THE SORTING 

PROCESS 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʜʝʣʴʥʳʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʩʦʨʪʠʨʦʚʢʠ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʦʪʭʦʜʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʨʪʠʨʦʚʢʠ ʊʂʆ ʚʳʷʚʣʝʥ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʊʂʆ ʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʩʦʨʪʠʨʦʚʢʠ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 

Abstract 

This article discusses some well-known methods for sorting solid municipal waste. Based on a review of these 

methods and technologies for sorting MSW, a number of shortcomings have been identified that can lead to a 

decrease in the efficiency of the process of recognizing the components of MSW and their further sorting. Some 

recommendations for resolving them are also provided. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ, ʧʨʦʙʣʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʊʂʆ, ʧʦʜʛʦʪʦʚʢʘ ʦʪʭʦʜʦʚ ʢ ʩʦʨʪʠ-

ʨʦʚʢʝ. 

Keywords: municipal solid waste, problems of waste sorting, technologies for automatic waste sorting, de-

tection of MSW components, preparation of waste for sorting. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʌʝʜʝ-

ʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʧʨʠʨʦʜʦʧʦʣʴ-

ʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʝʤ ʠ ʧʝʨʝʨʘʙʦʪ-

ʢʦʡ ʦʪʭʦʜʦʚ, ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʘʢʪʫʘʣʴʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʠ ʢʨʫʧ-

ʥʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1]. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʯʝʥʴ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ 

(ʊʂʆ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʤʝʥʝʝ 10 %). ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʚʩʝ h ʠʨʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʤʠʨʝ, 

ʊʂʆ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʥʘ ʧʦʣʠʛʦʥʘʭ (ʙʦʣʝʝ 50 % ʚʩʝʭ ʚʠʜʦʚ ʦʪʭʦ-

ʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʊʂʆ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʫʢʘʟʘʥʥʳʭ ʚ ɻʆʉʊ ʈ 56598-2015 [2]. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʵʪʘʧʦʚ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʊʂʆ ʷʚʣʷʝʪʩʷ ʠʭ ʩʦʨʪʠʨʦʚʢʘ. ɿʘ ʨʫʙʝʞʦʤ ʩ ʥʘʯʘʣʘ 

90-ʭ ʛ.ʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʪʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʧʦʣʥʦ-

ʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʪʙʦʨʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʊʦʛʜʘ ʢʘʢ ʚ ʈʦʩʩʠʠ 

ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʢʠʭ ʣʠʥʠʡ, 

ʠ ʚʝʩʴ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʨʫʯʥʳʝ ʩʦʨʪʠʨʦʚʦʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʣʠ-

ʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴ-

ʥʳʭ ʦʪʭʦʜʦʚ. ʄʘʪʝʨʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ 

ʦʙʣʫʯʝʥʠʷ ʧʦʪʦʢʘ ʊʂʆ ʩʚʝʪʦʤ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʠʜʠʤʦʤʫ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʜʠʘ-

ʧʘʟʦʥʘʤ ʩʧʝʢʪʨʘ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʩʚʝʪʘ. 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʊʂʆ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʩʦʨʪʠʨʦʚʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʦʪʭʦʜʦʚ (ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ, ʤʝʪʘʣʣʳ, 

ʧʣʘʩʪʠʢ, ʩʪʝʢʣʦ, ʙʫʤʘʛʘ) [3, 4], ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [5, 6]. 

ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʦʨʪʠʨʦʚʢʠ ʘʢʪʠʚʥʦ ʚʝ-

ʜʸʪʩʷ ʫʯʸʥʳʤʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʩʸ ʙʦ-

ʣʝʝ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʦʞʠʚʰʠʝʩʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦ-

ʚʘʥʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ, ʠ ʧʨʠʟʥʘʥ-

ʥʳʝ ʚʦ ʚʩʸʤ ʤʠʨʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʩʦʨʪʠʨʦʚʢʠ ʊʂʆ. ʆʙʨʘʱʘʝʪ 

ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʯʘʱʝ 

ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʧʨʦʮʝʩʩʦʤ ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ. 

ʅʘʧʨʠʤʝʨ, ʚ 2016 ʛʦʜʫ ʕ. ʋʠʣʴʷʤʩ ʠ ɼʞ. ɹʝʥ-

ʪʠʣ [7] ʧʨʝʜʩʪʘʚʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʦʨʪʠʨʦʚʦʯ-

ʥʫ ʁʫʩʪʘʥʦʚʢʫ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʦʥʠ 

ʫʩʧʝʰʥʦ ʩʦʨʪʠʨʦʚʘʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʦʪʭʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʪʯʠʢ 

ʛʘʟʘ, ʢʦʪʦʨʳʡ ʦʪʧʨʘʚʣʷʣ ʜʘʥʥʳʝ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨ, ʠ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ʤʫʩʦʨ ʙʳʣ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥ ʠ ʧʦʟʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʟʘʚʦʜʝ ʧʦ ʧʝʨʝ-

ʨʘʙʦʪʢʝ. 

ɺ 2014 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ZenRobotics Recycler 

[5]. ʕʪʦʪ ʨʦʙʦʪ ʤʦʛ ʩʦʙʠʨʘʪʴ ʦʪʭʦʜʳ ʩ ʫʯʘʩʪʢʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʦʩʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦ-

ʤʝʱʘʪʴ ʠʭ ʥʘ ʢʦʥʚʝʡʝʨʥʫʶ ʣʝʥʪʫ. ʇʨʠ ʵʪʦʤ ʩʦʨʪʠ-

ʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʘʢʠʭ ʬʨʘʢʮʠʡ ʢʘʢ ʜʝʨʝʚʦ, 

ʢʘʤʝʥʴ ʠ ʤʝʪʘʣʣ. 

S. G. Paulraj, S. Hait, A. Thakur [8] ʧʨʝʜʣʦʞʠʣʠ 

ʘʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʭʦʜʦʚ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ, 

ʧʦʣʫʯʝʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

ɹʳʣ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʨʦʙʦʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʥʘʱʝʥ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ, ʜʘʪʯʠʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʦʡ ʩ 5-  ʁʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʀʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʧʦʩʦʙ ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪ 

ʖ.ɸ. ʇʘʢ [9]. ɺ ʵʪʦʤ ʩʧʦʩʦʙʝ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʤʫ-

ʩʦʨʘ, ʚʢʣʶʯʘʶʱʝʤ ʟʘʭʚʘʪ ʧʨʝʜʤʝʪʦʚ ʩ ʢʦʥʚʝʡʝʨʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝ-

ʤʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʢʘ-

ʥʝʨʳ, ʩʧʝʢʪʨʦʤʝʪʨʳ, ʜʝʪʝʢʪʦʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʩʧʦʟʥʘʥʥʳʝ ʧʨʝʜʤʝʪʳ ʤʘʨʢʠʨʫ-

ʶʪʩʷ ʢʦʜʠʨʦʚʘʥʥʳʤʠ ʤʝʪʢʘʤʠ, ʘ ʟʘʭʚʘʪ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘʤʠ ʩʦʨʪʠʨʫʝʤʳʭ ʧʨʝʜʤʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʦʚ ʢʦʜʘ ʵʪʠʭ ʤʝʪʦʢ. 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʟ-

ʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʨʪʠʨʦʚʢʠ ʊʂʆ 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʊʂʆ ʠ ʠʭ ʜʘʣʴʥʝʡ-

ʰʝʡ ʩʦʨʪʠʨʦʚʢʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʦʪʭʦʜʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʧʣʘ-

ʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ (ʙʫʪʳʣʢʠ, ʧʘʢʝʪʳ, ʫʧʘʢʦʚʢʠ ʠ 

ʪ.ʧ.), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʫʜʥʝʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʜʘʥʥʫʶ 

ʧʨʦʙʣʝʤʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʧʦ-

ʟʥʘʚʘʪʴ ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʧʦ ʬʦʨʤʝ ʛʦʨʣʦʚʠʥʳ, 

ʢʦʪʦʨʳʝ ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʬʦʨʤʘʮʠʠ. ʆʜ-

ʥʘʢʦ, ʵʪʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʨʪʠʨʦʚʢʠ ʊʂʆ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʤʥʦʛʦʩʣʦʡʥʦʩʪʠ ʧʦ-

ʪʦʢʘ ʦʪʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʢʘ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʧʦ ʚʳʩʦʪʝ ʥʘʜ ʣʝʥʪʦʡ ʢʦʥʚʝʡʝʨʘ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʦʪ-

ʭʦʜʘʤʠ (ʨʠʩ.1). 

 
ʈʠʩ.1. ʉʭʝʤʘ ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʩʪʠ ʧʦʪʦʢʘ ʦʪʭʦʜʦʚ 

 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʩʦʨʪʠʨʦʚʢʠ 

ʦʪʭʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʥʠʞʝʥʘ ʠʟ-ʟʘ ʥʝʫʜʘʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʜʝʣʴ-

ʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʊʂʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʪʯʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ, ʥʘʧʨʠʤʝʨ, ʧʫʪʸʤ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʨʦʰʝʥʠʷ ʊʂʆ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʤʝʥʷʪʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʊʂʆ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʦʪʭʦʜʦʚ. 

ɺ-ʯʝʪʚʸʨʪʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠʟ-ʟʘ ʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦ-

ʛʠʠ ʦʯʠʩʪʢʠ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʠʟ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ 

ʤʦʡʢʘ ʦʪʭʦʜʦʚ. ʇʨʠ ɻ ʪʦʤ ʤʝʪʦʜʳ ʤʦʡʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤʠ: ʤʦʡʢʘ ʩʪʨʫʷʤʠ, ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʘʥʥʫ, 

ʧʨʦʪʦʯʥʘʷ ʤʦʡʢʘ ʠ ʪ.ʧ. ʇʨʠ ʵʪʦʤ ʧʦʤʠʤʦ ʦʯʠʱʝʥ-

ʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʩʦʨʪʠʨʦʚʢʫ ʧʦ ʢʦʥ-

ʚʝʡʝʨʥʦʡ ʣʝʥʪʝ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʨʪʠ-

ʨʦʚʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʤʦʶ-

ʱʠʡ ʨʘʩʪʚʦʨ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʦʪʜʝʣʴ-

ʥʳʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʦʨʪʠʨʦʚʢʠ ʪʚʝʨʜʳʭ ʢʦʤ-

ʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʵʪʦʤ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʝʛʦ ʧʦʜʛʦʪʦʚʢʠ ʙʳʣʠ ʚʳ-

ʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʠ ʜʘʣʴʥʝʡʰʝʡ ʩʦʨʪʠʨʦʚʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʊʂʆ (ʜʝ-

ʬʦʨʤʘʮʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ 

ʧʦʪʦʢʘ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʦʪʭʦʜʦʚ ʠ ʪ.ʜ.). ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʛʦ ʤʝʪʦʜʘ ʠʣʠ ʩʭʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʊʂʆ, ʢʦʪʦʨʘʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʚʝʯʘʣʘ ʙ  r ʚʩʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠ ʠʭ ʩʦʨʪʠʨʦʚʢʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʩ ʫʯʝʪʦʤ ʥʘʫʯʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚ ʨʝʘʣʠ-

ʟʘʮʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʩʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 
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TECHNOLOGICAL  SOLUTIONS FOR PROCESSING A PNEUMATIC  CHUCK  BODY CNC 

MACHINE  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʘ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʰʢʠ 

ʧʥʝʚʤʦʟʘʞʠʤʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʪʨʝʙʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʘʶʱʠʭ ʠ ʨʘʩʯʝʪʥʦʡ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ. 

Abstract 

The main technological solutions of the project for the machining section of a CNC pneumatic clamping cup 

are presented. The obtained results and area calculations. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʥʝʚʤʦʟʘʞʠʤ ʪʦʢʘʨʥʦʛʦ 

ʩʪʘʥʢʘ, ʯʘʰʢʘ ʧʥʝʚʤʦʟʘʞʠʤʘ. 

Key words: site design, machining, pneumatic clamping of a lathe, pneumatic clamping housing. 

 

ʆɸʆ çɿʘʚʦʜ çʂʦʧʠʨè ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ 

ʠ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʧʨʦʜʫʢʮʠʠ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʵʣʝʢ-

ʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʝʜʠʥʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʣʷ 

ʚʦʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɿʘʚʦʜ ʦʩʚʦʠʣ ʧʨʦʠʟʚʦʜʩʪʚʦ: 

- ʚʩʝʡ ʛʘʤʤʳ ʩʦʝʜʠʥʠʪʝʣʝʡ ʈʉ (ʩʝʨʠʷ ʈʉʊɺ, 

ʈʉ-ʕ, ʈʉ ʢʘʪʝʛʦʨʠʠ ʢʘʯʝʩʪʚʘ çʆʉè) ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʥʪʘʢʪʦʚ ʦʪ 4-ʭ ʜʦ 50-ʪʠ, ʧʦʢʨʳʪʠʝ ï ʩʝʨʝʙʨʦ, ʟʦ-

ʣʦʪʦ; 
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- ʩʦʝʜʠʥʠʪʝʣʝʡ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʫʙʤʠʥʠʘ-

ʪʶʨʥʳʭ ʪʠʧʘ ʆʅʧ-ʂʉ-10, ʆʅʧ-ʂʉ-11 ʩ ʧʦʢʨʳʪʠʝʤ 

ʢʦʥʪʘʢʪʦʚ - ʩʝʨʝʙʨʦ, ʟʦʣʦʪʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʦ-

ʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʫʞʝʩʪʦʯʝʥʠʷ ʩʘʥʢʮʠʡ 

ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʨʪʬʝʣʷ ʟʘʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʧʨʝʜ-

ʧʨʠʷʪʠʶ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʥʦʚʳʝ ʨʳʥʢʠ ʩʙʳʪʘ ʠʣʠ 

ʧʨʝʜʣʦʞʠʪʴ ʨʳʥʢʫ ʥʦʚʳʡ ʪʦʚʘʨ. 

ɺ ʧʣʘʥʘʭ ʟʘʚʦʜʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʥʝʚʤʦʧʨʠʚʦʜʦʚ ʜʣʷ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ɼʘʥ-

ʥʘʷ ʧʨʦʜʫʢʮʠʷ ʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʧʨʦʩʦʤ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʰʢʠ ʧʥʝʚʤʦʟʘʞʠʤʘ (ʨʠʩ. 1) 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 10000 ʰʪʫʢ ʚ ʛʦʜ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʯʘʩʪʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʨʰʨʫʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʘʰʢʠ ʧʥʝʚʤʦʟʘʞʠʤʘ, ʦʧʨʝʜʝʣʝʥʳ 

ʬʦʥʜʳ ʚʨʝʤʝʥʠ, ʨʘʩʩʯʠʪʘʥʦ ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ, ʦʧʨʝʜʝʣʝʥʘ ʨʘʩʯʝʪʥʘʷ 

ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʰʢʠ ʧʥʝʚʤʦʟʘʞʠʤʘ 

ˉʧ/ʧ ʆʧʝʨʘʮʠʷ N ʊh  ʌʜʪʦ ʌʜʨ Qʨ Qʧ ʂʟ Pʧ Sy ×S 

005 ʊʨʘʥʩʧʦʨʪʥʘʷ 105 10 6708,2 3634,6 1,24 1 0.81 1 20 20 

010 ɺʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ 105 15 6708,2 3634,6 1,86 2 0,93 2 20 40 

015 ʊʦʢʘʨʥʘʷ 105 31 6708,2 3634,6 3,85 4 0,96 4 40 80 

020 ʂʦʥʪʨʦʣʴʥʘʷ 105 15 6708,2 3634,6 1,86 2 0,93 3 20 40 

025 ʊʦʢʘʨʥʘʷ 105 24 6708,2 3634,6 2,98 3 0,99 3 20 60 

030 ʂʦʥʪʨʦʣʴʥʘʷ 105 15 6708,2 3634,6 1,86 2 0,93 3   

035 ʐʣʠʬʦʚʘʣʴʥʘʷ 105 8 6708,2 3634,6 0,99 1 0,99 1 20 20 

040 ʂʦʥʪʨʦʣʴʥʘʷ 105 15 6708,2 3634,6 1,86 2 0,93 3   

045 ʊʨʘʥʩʧʦʨʪʥʘʷ 105 10 6708,2 3634,6 1,49 2 0,74 6 20 40 

ɆSʨʘʩʯ.=300 ʤ2 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʙʳʣʦ 

ʧʦʜʦʙʨʘʥʦ ʦʩʥʦʚʥʦʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ 

ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʦʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʪʝʭʥʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʯʘʰʢʠ 

ʧʥʝʚʤʦʟʘʞʠʤʘ 

ˉʧʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ 

1 ʊʦʢʘʨʥʳʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʦʢ LT-42MSY 7 

2 ʐʣʠʬʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ E-TECH ESG-618M 1 

3 ʐʪʘʙʝʣʝʨ ʵʣʝʢʪʨʠʯʝʩʢʠʡ E-P ɽʄS-ɽ 1000/1600 1 

4 Cleanfix RA 501 ɽ 1 

5 ʇʨʝʩʩ ʜʣʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʩʪʨʫʞʢʠ SB 40 1 

6 ɺʝʨʩʪʘʢ ʩʣʝʩʘʨʥʳʡ ɺʃʂ-3-11 20 

7 ʊʫʤʙʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʂɼ-905ɻʃ 10 

8 ʃʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ 1 

9 ʊʝʣʝʞʢʘ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʞʢʠ ʊ-1 1 

10 ʉʪʝʣʣʘʞ ʧʘʣʝʪʥʳʡ 15 

11 ʐʢʘʬ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʂɼ-144 6 

 

ʅʘ ʪʨʝʪʴʝʤ ɻ ʪʘʧʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ 

ʫʯʘʩʪʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 324 ʤ2, ʯʪʦ ʥʘ 24 ʤ2 

ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʡ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ. 

ʇʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 2) 

ʨʘʟʨʘʙʦʪʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʂʦʤʧʘʩ 3ɼ. 
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ʈʠʩ. 1. ʕʩʢʠʟ ʜʝʪʘʣʠ ï ʯʘʰʢʘ ʧʥʝʚʤʦʟʘʞʠʤʘ  

 

ʋʯʘʩʪʦʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʃʠʪʳʝ ʟʘʛʦʪʦʚʢʠ ʧʦʩʪʫʧʘʶʪ ʚ ʮʝʭ ʥʘ ʢʦʥʪʝʡʥʝ-

ʨʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ 40 ʰʪʫʢ ʚ ʜʝʥʴ, ʠ ʫʢʣʘʜʳʚʘʶʪʩʷ 

ʥʘ ʩʪʝʣʣʘʞʠ (ʧʦʟ.6). ɼʘʣʝʝ ʧʨʠ ʧʦʤʦʱʠ ʰʪʘʙʝʣʸʨʘ 

(ʧʦʟ.12) ʟʘʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘ ʩʪʝʥʜʳ 

ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʧʦʟ.9). ɿʘʛʦʪʦʚʢʠ, ʧʨʦʰʝʜʰʠʝ 

ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ, ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʪʦʢʘʨʥʳʝ ʩʪʘʥʢʠ 

(ʧʦʟ.1), ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʦʡ ʏʇʋ. ɻʦʪʦʚʳʝ 

ʜʝʪʘʣʠ ʧʦʩʣʝ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʰʣʠʬʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ (ʧʦʟ.10) ʜʣʷ ʧʦʣʠʨʦʚʢʠ. ʇʦ 

ʦʢʦʥʯʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʊʦʢʘʨʥʳʝ ʩʪʘʥʢʠ ʦʩʥʘ-

ʱʝʥʳ ʩʠʩʪʝʤʦʡ ʫʜʘʣʝʥʠʷ ʩʪʨʫʞʢʠ, ʧʦ ʢʦʪʦʨʦʡ 

ʩʪʨʫʞʢʘ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʥʚʝʡʝʨ (ʧʦʟ.2). ɼʘʣʝʝ 

ʩʪʨʫʞʢʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʧʨʝʩʩ ʜʣʷ ʙʨʠʢʝʪʠʨʦ-

ʚʘʥʠʷ ʩʪʨʫʞʢʠ (ʧʦʟ.4). ʇʦʣʫʯʝʥʥʳʝ ʙʨʠʢʝʪʳ ʦʪ-

ʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʝʨʝʧʣʘʚʢʫ. 
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ʈʠʩ. 2. ʇʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥ ʧʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘʰʢʠ ʧʥʝʚʤʦʟʘʞʠʤʘ ʪʦʢʘʨʥʦʛʦ 

ʩʪʘʥʢʘ ʯ ʏʇʋ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʇʨʦʛʨʘʤʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ (N) - 10000 

ʰʪ/ʛʦʜ. 

- ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ 2020 ʛʦʜʫ (np) 

- 247 ʜʥʝʡ. 

- ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʩʤʝʥ ʚ ʩʫʪʢʠ (m) ï 2 

ʩʤʝʥʳ. 

- ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʩʤʝʥʳ (tʩʤ) - 8 

ʯʘʩʦʚ. 

- ʏʠʩʣʦ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦ-

ʯʠʭ (Pʧ) - 11 ʯʝʣ. 

- ʏʠʩʣʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ - 2 ʯʝʣ. 

- ʏʠʩʣʦ ʤʣʘʜʰʝʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦ-

ʥʘʣʘ - 1 ʯʝʣ. 
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- ʏʠʩʣʦ ʩʣʫʞʘʱʠʭ - 1 ʯʝʣ. 

- ʏʠʩʣʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠ-

ʢʦʚ - 1 ʯʝʣ. 

- ʈʘʩʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ (ɆSʨʘʩʯ) - 300 

ʤ2. 

- ʌʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ (Sʬ) - 324 

ʤ2. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʧʦʜʨʘʟ-

ʜʝʣʘ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷè ʨʘʟʜʝʣʘ çʀʥʞʝ-

ʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʝʪʠè ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʯʘʩʪʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʯʘʰʢʠ ʧʥʝʚʤʦʟʘʞʠʤʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʩ 

ʏʇʋ. 

 

ʋɼʂ 621.941.1, ʋɼʂ 621.914.1 
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PROGRAMMING  MECHANICAL  PROCESSING OF LOCOMOTIVE  BANDAGE PROFILE  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʙʘʥ-

ʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʩ ʛʨʝʙʥʝʤ ʪʦʣʱʠʥʦʡ 33 ʤʤ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʧʨʦʛʨʘʤʤʳ ʚ NCcad 7.5. 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ CC-F1210E. ʇʨʠʚʝʜʝʥʘ ʯʘʩʪʴ ʫʧʨʘʚ-

ʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ 161 ʢʘʜʨʘ. 

Abstract 

The sequence of development of control programs for the manufacture of a bandage profile with a crest 33 

mm thick is given. Displays program simulation results in NCcad 7.5. The machining process on the CC-F1210E 

milling machine is presented. The part of the control program, consisting of 161 frames, is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʏʇʋ-ʧʨʦʛʨʘʤʤʘ, ʧʨʦʬʠʣʴ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ, NCcad 7.5, CAD/CAM ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. 

Key words: CNC program, locomotive bandage profile, NCcad 7.5, CAD / CAM programming, machining. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʫʩʣʦʚʠʷʭ ʣʦʢʦʤʦ-

ʪʠʚʥʳʭ ʜʝʧʦ ʜʣʷ ʦʙʪʦʯʢʠ ʧʦ ʧʨʦʬʠʣʶ ʢʘʪʘʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʦʣʝʩʦʪʦʢʘʨʥʳʝ ʩʪʘʥʢʠ ʧʦʜʧʦʣʴʥʦʛʦ ʠ 

ʥʘʧʦʣʴʥʦʛʦ ʪʠʧʘ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚ-

ʣʝʥʠʝʤ (ʏʇʋ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʜʝʧʦ ʥʝʪ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙ-

ʪʦʯʢʠ ʢʦʣʝʩ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ʧʨʠʭʦʜʠʪʩʷ ʟʘʢʘʟʳʚʘʪʴ ʩʪʦʨʦʥʥʝʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʪʨʘʪʠʪʴ ʥʘ ʵʪʦ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦ-

ʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʚʳʰʘʶʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʘʪʴ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʬʠʣʷ ʙʘʥ-

ʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʩ ʛʨʝʙʥʝʤ ʪʦʣʱʠʥʦʡ 33 ʤʤ. 

ʆʩʥʦʚʫ ʧʘʨʢʘ ʢʦʣʝʩʦʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʩʦʩʪʘʚ-

ʣʷʶʪ ʩʪʘʥʢʠ ʈʷʟʘʥʩʢʦʛʦ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘ-

ʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʣʝʩʦʪʦ-

ʢʘʨʥʳʝ ʩʪʘʥʢʠ ʩ ʏʇʋ ʧʦʨʪʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ 

ʈʊ910ʌɿ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʣʦʢʦʤʦʪʠʚʥʳʭ ʢʦʣʝʩʥʳʭ 

ʧʘʨ ʩ ʚʳʢʘʪʢʦʡ ʠʟ-ʧʦʜ ʣʦʢʦʤʦʪʠʚʘ.  

ʇʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʩʪʘʥʢʠ ʂɾ1836ʄ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʂʨʘʤʘʪʦʨʩʢʦʛʦ ʟʘʚʦʜʘ ʪʷʞʝʣʦʛʦ ʩʪʘʥʢʦ-

ʩʪʨʦʝʥʠʷ (ʋʢʨʘʠʥʘ) ʠ UBB-112, ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʴ-

ʩʢʦʡ ʬʠʨʤʳ çRAFAMETè. 

ʉʪʘʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʢʦʤʧʣʝʢʪʦʚʘʥʳ ʨʘʟʣʠʯ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʏʇʋ, ʥʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʏʇʋ SIEMENS. ʕʪʦ ʩʠ-

ʩʪʝʤʳ ʏʇʋ SIEMENS SINUMERIK 828D, 

SINUMERIK 840D sl ʠ ʜʨʫʛʠʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʨʦʬʠʣʷ 

ʙʘʥʜʘʞʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ: 

- ɸʥʘʣʠʟ ʯʝʨʪʝʞʘ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʠ ʚʳʙʦʨ 

ʥʫʣʝʚʦʡ ʪʦʯʢʠ; 

- ɺʳʙʦʨ ʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ; 

- ʉʠʤʫʣʷʮʠʷ ʠ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʳ ʚ 3D-ʨʝʞʠʤʝ; 

- ʀʟʛʦʪʦʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʧʨʦʬʠʣʷ ʙʘʥ-

ʜʘʞʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʵʪʘʧ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

1) ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʙʘʥʜʘ-

ʞʝʡ ʠ ʦʙʦʜʴʝʚ ʮʝʣʴʥʦʢʘʪʘʥʳʭ ʢʦʣʝʩ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʩʣʝʜʫʝʪ ʦʙʪʦʯʠʪʴ 

ʚʥʫʪʨʝʥʥʶʶ ʪʦʨʮʦʚʫʶ ʛʨʘʥʴ, ʛʨʝʙʝʥʴ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʢʘʪʘʥʠʷ ʙʘʥʜʘʞʘ ʠ ʦʙʦʜʘ ʮʝʣʴʥʦʢʘʪʘʥʦʛʦ ʢʦ-

ʣʝʩʘ.  
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ʈʠʩ. 1. ʇʨʦʬʠʣʴ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʩ ʛʨʝʙʥʝʤ ʪʦʣʱʠʥʦʡ 33 ʤʤ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʯʝʨʪʝʞ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ 

ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʩʪʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʜʝʪʘʣʠ ʙʫʜʝʪ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʦ ʢʨʫʛʫ ʢʘʪʘʥʠʷ ʩ ʚʥʫʪʨʝʥ-

ʥʝʡ ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 1). ʕʪʘ ʪʦʯʢʘ ʦʧ-

ʪʠʤʘʣʴʥʘ ʜʣʷ ʨʫʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʜʨʫ-

ʛʠʭ ʤʝʪʦʜʦʚ ʚʳʙʦʨ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʪʝʭʥʦʣʦʛʦʤ-ʧʨʦʛʨʘʤʤʠʩʪʦʤ ʧʨʦʠʟʚʦʣʴʥʦ. 

2) ʀʟ ʪʨʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙ-

ʨʘʙʦʪʢʠ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʚʳʙʨʘʥ ʤʝʪʦʜ CAD/CAM 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʌʨʘʛʤʝʥʪ ʧʨʦʬʠʣʷ ʥʘʯʝʨʯʝʥ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ NCcad 7.5. 

ɿʘʪʝʤ ʚʳʙʨʘʥʘ ʥʫʣʝʚʘʷ ʪʦʯʢʘ, ʠʥʩʪʨʫʤʝʥʪ ʠ ʟʘʜʘʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ (ʨʠʩ. 2). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʵʢʚʠʜʠʩʪʘʥʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʬʨʝʟʳ (ʦʙʦʟʥʘʯʝʥʘ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ) ʠ ʧʨʠʚʷ-

ʟʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

(ʦʙʦʟʥʘʯʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ). 

3) ʉʠʤʫʣʷʮʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʪʘʢʞʝ 

ʚ NCcad 7.5. ʌʨʘʛʤʝʥʪ ʙʘʥʜʘʞʘ ʙʫʜʝʪ ʠʟʛʦʪʘʚʣʠ-

ʚʘʪʴʩʷ ʥʘ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ, ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʝʥʘ ʩʠ-

ʤʫʣʷʮʠʷ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʇʨʦʬʠʣʴ ʙʘʥʜʘʞʘ ʠ ʩʠʤʫʣʷʮʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʬʠʣʷ ʚ NCcad 7.5  
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ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʧʦʟʚʦ-

ʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ 

ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʩʪʘʥʢʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ. 

4) ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʙʘʥʜʘʞʠ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʝʟʝʨ-

ʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ ʤʦʜʝʣʠ CC-F1210E. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝʥʝʥʘ ʬʨʝʟʘ ʜʠʘʤʝʪ-

ʨʦʤ 10 ʤʤ ʙʝʟ ʤʘʨʢʠʨʦʚʢʠ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

  5  

ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ 

 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʬʨʘʛʤʝʥʪʘ ʧʨʦʬʠʣʷ 

ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ɼ16ʊ, ʪʦʣʱʠʥʦʡ 20 ʤʤ, ʩʦʩʪʦʠʪ ʠʟ 4226 ʢʘʜʨʦʚ. ɺ 

ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʘ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʧʦ ʢʦʥʪʫʨʫ: 
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ʊʘʙʣʠʮʘ 1 

ʏʘʩʪʴ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʟʛʪʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʩ 

ʛʨʝʙʥʝʤ ʪʦʣʱʠʥʦʡ 33 ʤʤ  

M10 O6.1 

M10 O8.0 

G00 Z0.50 

G01 Z-0.80 F40 

G01 Y75.08 

G02 I5.00 J0.00 X4.47 Y78.61 

G01 X10.47 Y84.62 

G02 I3.54 J-3.54 X13.13 Y86.02 

G01 X37.14 Y90.24 

G02 I0.87 J-4.92 X37.58 Y90.31 

G01 X92.32 Y95.08 

G02 I0.43 J-4.98 X92.56 Y95.10 

G01 X92.72 

G01 X93.36 Y95.15 

G01 X93.96 Y95.23 

G01 X94.55 Y95.34 

G01 X95.13 Y95.48 

G01 X95.70 Y95.65 

G01 X96.27 Y95.86 

G01 X96.84 Y96.09 

G01 X97.39 Y96.35 

G01 X97.92 Y96.64 

G01 X98.43 Y96.95 

G01 X98.90 Y97.27 

G01 X99.38 Y97.65 

G01 X99.87 Y98.06 

G01 X100.04 Y98.22 

G01 X101.16 Y100.11 

G02 I4.30 J-2.55 X101.20 

Y100.18 

G01 X103.16 Y103.37 

G02 I4.26 J-2.62 X103.20 

Y103.43 

G01 X105.21 Y106.59 

G02 I4.22 J-2.68 X105.26 

Y106.67 

G01 X106.94 Y109.21 

G02 I4.34 J-2.48 X107.14 

Y109.54 

G01 X107.71 Y110.38 

G02 I4.14 J-2.81 X107.92 

Y110.66 

G01 X108.55 Y111.46 

G02 I3.93 J-3.09 X108.78 

Y111.73 

G01 X109.46 Y112.48 

G02 I3.70 J-3.36 X109.80 

Y112.83 

G01 X110.55 Y113.50 

G02 I3.36 J-3.70 X110.82 

Y113.74 

G01 X111.62 Y114.36 

G02 I3.09 J-3.93 X111.90 

Y114.57 

G01 X112.74 Y115.14 

G02 I2.81 J-4.14 X113.12 

Y115.38 

G01 X114.00 Y115.86 

G02 I2.43 J-4.37 X114.33 

Y116.03 

G01 X115.26 Y116.46 

G02 I2.10 J-4.54 X115.63 

Y116.62 

G01 X116.58 Y116.96 

G02 I1.73 J-4.69 X116.97 

Y117.09 

G01 X117.94 Y117.36 

G02 I1.34 J-4.82 X118.30 

Y117.45 

G01 X119.30 Y117.64 

G02 I0.98 J-4.90 X119.69 

Y117.71 

G01 X120.70 Y117.83 

G02 I0.59 J-4.97 X121.09 

Y117.86 

G01 X122.10 Y117.90 

G02 I0.20 J-5.00 X122.50 

Y117.90 

G01 X123.51 Y117.86 

G02 I-0.20 J-5.00 X123.90 

Y117.83 

G01 X124.91 Y117.71 

G02 I-0.59 J-4.97 X125.30 

Y117.64 

G01 X126.30 Y117.44 

G02 I-0.98 J-4.90 X126.66 

Y117.36 

G01 X127.63 Y117.09 

G02 I-1.34 J-4.82 X128.02 

Y116.96 

G01 X128.97 Y116.61 

G02 I-1.73 J-4.69 X129.34 

Y116.46 

G01 X130.27 Y116.03 

G02 I-2.10 J-4.54 X130.60 

Y115.86 

G01 X131.48 Y115.37 

G02 I-2.43 J-4.37 X131.86 

Y115.14 

G01 X132.70 Y114.57 

G02 I-2.81 J-4.14 X132.98 

Y114.36 

G01 X133.78 Y113.73 

G02 I-3.09 J-3.93 X134.05 

Y113.50 

G01 X134.80 Y112.82 

G02 I-3.36 J-3.70 X135.15 

Y112.48 

G01 X135.82 Y111.73 

G02 I-3.70 J-3.36 X136.06 

Y111.46 

G01 X136.68 Y110.66 

G02 I-3.93 J-3.09 X136.89 

Y110.38 

G01 X137.46 Y109.54 

G02 I-4.14 J-2.81 X137.59 

Y109.35 

G01 X137.88 Y108.95 

G02 I-4.02 J-2.98 X137.99 

Y108.80 

G01 X138.64 Y107.84 

G02 I-4.12 J-2.83 X138.79 

Y107.63 

G01 X139.39 Y106.64 

G02 I-4.26 J-2.62 X139.54 

Y106.39 

G01 X140.08 Y105.37 

G02 I-4.40 J-2.37 X140.19 

Y105.17 

G01 X140.70 Y104.11 

G02 I-4.51 J-2.17 X140.82 

Y103.84 

G01 X141.25 Y102.77 

G02 I-4.62 J-1.90 X141.35 

Y102.54 

G01 X141.73 Y101.44 

G02 I-4.71 J-1.67 X141.82 

Y101.18 

G01 X142.15 Y100.06 

G02 I-4.80 J-1.41 X142.22 Y99.81 

G01 X142.48 Y98.68 

G02 I-4.86 J-1.16 X142.54 Y98.46 

G01 X142.75 Y97.31 

G02 I-4.91 J-0.94 X142.80 Y97.02 

G01 X142.94 Y95.90 

G01 X142.96 Y95.79 

G02 I-4.95 J-0.71 X143.01 Y95.08 

G01 Y5.08 

G02 I-5.00 J0.00 X138.01 Y0.08 

G01 X8.01 

G02 I0.00 J5.00 X3.01 Y5.08 

 

. . . 

 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʬʨʘʛʤʝʥʪʘ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ 

ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʏʇʋ. 
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ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

 

ɺʳʚʦʜ: ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ ʫʧʨʘʚ-

ʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʣʦʢʦʤʦʪʠʚʘ ʩʦʩʪʘʚʘ ʩ ʛʨʝʙʥʝʤ 

ʪʦʣʱʠʥʦʡ 33 ʤʤ, ʩʦʩʪʦʷʱʘʷ ʠʟ 4226 ʢʘʜʨʦʚ, ʠ ʠʟʛʦ-

ʪʦʚʣʝʥ ʬʨʘʛʤʝʥʪ ʧʨʦʬʠʣʷ ʙʘʥʜʘʞʘ ʠʟ ʘʣʶʤʠʥʠʝ-

ʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ, ʪʦʣʱʠʥʦʡ 20 ʤʤ, ʥʘ ʬʨʝʟʝʨʥʦʤ 

ʩʪʘʥʢʝ ʩ ʏʇʋ ʤʦʜʝʣʠ ʉʉ-D6000ɽ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦ-

ʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʣʦʢʦ-

ʤʦʪʠʚʥʳʭ ʠ ʚʘʛʦʥʥʳʭ ʜʝʧʦ ʧʨʠ ʢʦʣʸʩʦʪʦʢʘʨʥʦʡ ʦʙ-

ʨʘʙʦʪʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʧʨʦ-

ʬʠʣʷ ʙʘʥʜʘʞʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ɺʋɿʘʭ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ h ʘʙʣʦʥʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʥʠʷ ʢʦʣʝʩʥʳʭ ʧʘʨ ʪʷʛʦʚʦʛʦ ʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʋʊ-1 ʠ ʜʣʷ ʜʦʧʫʩʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʘ ʢʨʫʪʠʟʥʳ ʛʨʝʙʥʷ ʙʘʥʜʘʞʝʡ (ʢʦʣʝʩ) ʢʦ-

ʣʝʩʥʳʭ ʧʘʨ ʣʦʢʦʤʦʪʠʚʦʚ ɼʆ-1. 
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MEASURING DEVICE AS AN ELECTROPHYSICAL INSTALLATION OF HIGH VOLTAGE  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦ-

ʩʦʙʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

Abstract 

This article refers to the electrophysical installation of high voltage, which is able to solve the problems of 

electromagnetic compatibility in the processing and transmission of information. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʃʕʇ, ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʝ ʧʦʣʷ, ʧʦʤʝʭʠ. 

Key words: Electromagnetic compatibility, voltage, modeling, power lines, high voltage fields, interference. 
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ʈʘʟʤʝʱʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʪʦʨʦʥʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ɻ ʣʝʢʪʨʦ-

ʬʠʟʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦ-

ʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʕʄʉ ʩʨʝʜʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʠʪʴ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʫ ʠʟʤʝʨʝʥʠʷ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝ-

ʞʠʤʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʟʘʤʝʥʠʪʴ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʊʊ ʠ ʊʅ ʥʘ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʚʦʙʦʜʥʳʝ ʦʪ 

ʥʝʜʦʩʪʘʪʢʦʚ ʰʪʘʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʩʲʝʤʝ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ çʟʝʤʣʠè (ʢʘʢ 

ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ) ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ 

ʣʠʥʠʡ ʩʚʷʟʠ ʚʳʭʦʜʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʚʭʦʜʦʤ 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʊʨʝʙʦʚʘ-

ʥʠʷ ʢ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʝʩʴʤʘ ʞʝʩʪʢʠʤʠ ʠ ʪʨʫʜʥʦ ʚʳʧʦʣʥʠʤʳʤʠ. ʕʪʦ ʧʦ-

ʢʘʟʘʣʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʦʤʝʭʦʚʳʭ ʧʦʣʝʡ ʥʘ ʣʠʥʠʠ ʩʚʷʟʠ [5, 6, 7, 

8] ʠ ʨʘʩʯʝʪ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ [1, 2 ,3, 4], ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʝ 

ʜʣʷ ʮʝʣʝʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩ-

ʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜʳ ʧʦ-

ʤʝʭʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪ.ʝ. ʕʄʆ, ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʫʨʦʚʥʠ ʧʦʤʝʭʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʊʦʛʜʘ ʤʦʞʥʦ ʚʳ-

ʙʨʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝ-

ʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʫʯʝʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʟʤʝʱʝʥ ʥʘ ʢʘʞʜʦʡ ʬʘʟʝ ʃʕʇ ɺʅ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʄʆ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʢʘʞ-

ʜʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʚʦʟʜʝʡʩʪʚʠʡ ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʢʘʞʜʦʡ ʬʘʟʳ 

ʠ ʚʥʝʰʥʠʭ ʧʦʤʝʭʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʆʜʥʘʢʦ, ʫʯʠ-

ʪʳʚʘʷ ʫʨʦʚʥʠ ʧʦʣʝʡ ʦʪ ʬʘʟʥʳʭ ʧʨʦʚʦʜʦʚ ʃʕʇ ɺʅ 

(ʥʘʧʨʠʤʝʨ, ʥʘ 110 ʢɺ) ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʢʨʘʪʥʳʭ ʝʡ ʛʘʨʤʦʥʠʢ, ʚʥʝʰʥʠʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʤʠ ʧʦʣʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʬʦ-

ʥʦʤ ʠ ʧʨʦʯʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʤʝʭʦʚʳʭ ʧʦʣʝʡ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʤʝʭʦ-

ʟʘʱʠʱʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʪʨʝ-

ʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʤʝʭʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: 

- ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʭ ʧʦʣʝʡ; 

- ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʦʪ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʚ ʃʕʇ ɺʅ; 

- ʢʦʥʜʫʢʪʠʚʥʳʭ ʧʦʤʝʭ ʧʦ ʮʝʧʠ ʵʣʝʢʪʨʦʧʠʪʘ-

ʥʠʷ; 

- ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʩʢʨʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ ʥʘ ʚʳʩʦʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ. 

ʇʨʠʯʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʟʥʘʥʦ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʷʜʦʤ ʧʨʠʯʠʥ: 

1) ʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʩʴʤʘ ʪʨʫʜʦ-

ʝʤʢʠ, ʜʦʨʦʛʦʩʪʦʷʱʠ, ʪʨʝʙʫʶʪ ʜʝʡʩʪʚʠʡ ʥʘ ʨʝʘʣʴ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʦʛʨʘ-

ʥʠʯʝʥʠʷʤʠ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʳ; 

2) ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʛʨʘʥʠʯʝʥʳ ʩʣʦʞ-

ʥʦʩʪʴʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʬʦʨʤʠʨʫʝʤʳʭ ʨʝʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ; 

3) ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʠ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʧʦʟʚʦʣʷʶʪ ʥʘ ʦʩ-

ʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʰʝʥʠʝ ʢʚʘ-

ʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʜʣʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ (ʠ ʧʦ-

ʪʦʤʫ ʜʦʧʫʩʪʠʤʦʤ ʫʨʦʚʥʝ ʦʰʠʙʦʢ ʜʣʷ ʨʝʘʣʴʥʳʭ ʠʥ-

ʞʝʥʝʨʥʳʭ ʦʮʝʥʦʢ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʧʦʤʝʭʦʚʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʦʪʜʝʣʴʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʪ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʧʨʦʚʦʜʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʬʘʟʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʪʦʢ ʦʙʪʝʢʘʣ ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ 

ʨʘʚʥʦʤʝʨʥʳʤ ʦʙʨʘʟʦʤ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʨʘʟ-

ʤʝʱʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ [13, 14, 

15, 16] ʚʥʫʪʨʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʩʝʯʢʫ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʘ. ɺʳʧʦʣʥʝ-

ʥʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʠʛʥʘʣʦʚ [9,10,11,12] ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʧʨʦʮʝʩ-

ʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʡ ʘʣ-

ʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ, ʯʘʩʪʦʪʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʢʦʨʨʝʢ-

ʮʠ ʁʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʪ.ʝ. ʠʜʝʘʣʠʟʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʟʣʦʚ ʂʀʋ ʚʥʫʪʨʠ ʦʙʲʝʤʘ, ʦʙʪʝ-

ʢʘʝʤʦʛʦ ʪʦʢʦʤ, ʦʙʨʘʟʫʝʪ ʢʣʝʪʢʫ ʌʘʨʘʜʝʷ, ʢʦʪʦʨʘʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʵʢʨʘ-

ʥʠʨʦʚʘʥʠ ̫ʩʠʩʪʝʤʳ ʎʆʉ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʧʦʣʷ [17, 18] ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʠʣʦʚʦʛʦ 

ʪʦʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʚʦʜʘ 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʨʘʜʠʦʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʂʋʕ ʥʘ ʙʘʟʝ ʂʀʋ. 

  



48  / ζColloquium - journal η# 11(63),2020  

Abstract 

This article refers to the radio transmission of data from the high-voltage side, presents a structural diagram 

of the automated control system for electronic communications on the basis of KIU. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʉʂʋʕ, ʕʄʉ, ʧʦʤʝʭʠ, ʯʘʩʪʦʪʘ, ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ, ʙʘʟʘ ʜʘʥʥʳʭ. 
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ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘ-

ʜʠʦʢʘʥʘʣʘ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʪʦʨʦʥʳ ʨʝʰʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʠ ʧʦʵʪʦʤʫ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ [3, 4, 5, 6]. 

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʡ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʭ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʘʩʪʦ-

ʪʘʤʠ ʜʦ 1000-1500 ʄɻʮ, ʦʙʝʩʧʝʯʠʪʴ ʧʦʤʝʭʦʟʘʱʠ-

ʱʝʥʥʦʩʪʴ ʨʘʜʠʦʪʨʘʢʪʘ ʤʦʞʥʦ ʚʳʙʦʨʦʤ ʥʝʩʫʱʝʡ ʯʘ-

ʩʪʦʪʳ ʨʘʜʠʦʢʘʥʘʣʘ ʚʳʰʝ 2 ɻɻʮ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʚʦʙʦʜʥʳʡ (ʨʘʟʨʝ-

ʰʝʥʥʳʡ ɻʂʈʏ ʜʣʷ ʨʘʜʠʦʤʦʜʝʤʥʦʡ ʩʚʷʟʠ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ) ʜʠʘʧʘʟʦʥ 2400-2500 

ʄɻʮ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʜʠʦʤʦ-

ʜʝʤʦʚ (ʫʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʨʝʥʠʡ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ ʩʚʷʟʴ (ʧʦʣʫʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ) ʠ 

ʣʝʛʢʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ɸʉʂʋʕ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʩʪʘʥʜʘʨʪʥʳʭ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʩʝʪʝʡ [13, 14, 15, 16] ʩ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ 

ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ (ʠ ʚʦʟʤʦʞʥʳʤʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʜʦʩʪʫʧʝ ʢ ʜʘʥʥʳʤ ʠ ʫʧʨʘʚʣʝ-

ʥʠ ʁʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʘʞʜʦʡ ʂʀʋ). 

ʅʝʢʦʪʦʨʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʕʄʉ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʨʘʜʠʦʢʘʥʘʣʘ ʥʘ ʚʳ-

ʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤʠ ʮʝʧʷʤʠ. ʆʜ-

ʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʕʄʉ ʚ ʦʪʥʦʰʝʥʠʠ 

ʫʟʣʦʚ ʂʀʋ (ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʝʪʢʠ ʌʘʨʘʜʝʷ, ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤʠ ʵʢʨʘʥʘʤʠ, ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʘʟʤʝʱʝ-

ʥʠʝʤ ʫʟʣʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʤʘʩʩʳ [1, 2, 7, 8], ʥʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʦʙʝʩʧʝʯʠʪʴ ʧʦʤʝʭʦʟʘ-

ʱʠʱʝʥʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʨʘʜʠʦʤʦʜʝʤʘ, ʪʘʢ 

ʢʘʢ ʤʝʞʜʫ ʵʪʠʤʠ ʫʟʣʘʤʠ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟ-

ʣʠʯʠʡ. 

ɼʣʷ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ (2,4 - 2,5 ɻɻʮ) ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʝʪʩʷ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʘʧ-

ʧʘʨʘʪʫʨʳ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʨʘ-

ʙʦʪʘʶʱʘʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʪʘʥʜʘʨʪʝ IEEE 

802.116. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

- ʩʭʝʤʘ ʨʘʜʠʦʜʦʩʪʫʧʘ CSMA/CA ʩ ʪʝʭʥʦʣʦʛʠʝʡ - 

ʩʠʛʥʘʣ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʩʧʝʢʪʨʦʤ {spread spectrum) 

ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʢʘʯʢʦʚ ʯʘʩʪʦʪʳ {Frequency 

Hopping Spread Spectrum, FHSS), ʣʠʙʦ ʤʝʪʦʜʘ ʧʨʷ-

ʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (Direct Sequence Spread 

Spectrum, DSSS). ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 2,4 - 2,5 ɻɻʮ, ʷʚ-

ʣʷʝʪʩʷ ʥʝ ʣʠʮʝʥʟʠʨʫʝʤʳʤ, ʪ.ʝ. ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫ-

ʯʘʪʴ ʨʘʟʨʝʰʝʥʠʝ ɻʂʈʏ ʥʘ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʝ ʩʨʝʜ-

ʩʪʚʘ [9, 10, 11, 12] ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʜʥʘʢʦ ʵʪʦ ʷʚ-

ʣʷʝʪʩʷ ʠ ʥʝʜʦʩʪʘʪʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʘʷ 

ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ-

ʚʝʣʘ ʢ ʙʦʣʴʰʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʜʠʦʩʨʝʜʩʪʚ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʚ ɼʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʩʣʝʜʥʝʝ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʘʩʪʫʱʝʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘ-

ʥʦʚʢʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ 

ʨʘʡʦʥʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʘʧʧʘ-

ʨʘʪʫʨʳ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ ʩʢʘʟʳʚʘʝʪʩʷ ʣʠʰʴ ʥʘ 

ʪʨʘʬʠʢʝ, ʢʦʪʦʨʳʡ ʩ ʫʯʝʪʦʤ ʥʝʯʘʩʪʳʭ ʩʝʘʥʩʦʚ ʧʝʨʝ-

ʜʘʯʠ (ʧʨʠʤʝʨʥʦ ʢʘʞʜʳʝ ʧʦʣʩʝʢʫʥʜʳ) ʠ ʠʭ ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʦʩʪʠ (ʧʨʠʤʝʨʥʦ 1-3 ʤʩ) ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʳʤ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʪʨʝʭ ʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣʳ ʧʦ 10-50 ʤʩ. 

ɼʨʫʛʠʤ (ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ) 

ʚʘʨʠʘʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʨʘʜʠʦʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ð ʩʪʘʥ-

ʜʘʨʪ IEEE 802.11ʘ. ʏʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ [17, 18], ʚ 

ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ð 5,15-5,35 

ɻɻʮ ʠ 5,725-5,825 ɻɻʮ. ɺ ʦʩʥʦʚʝ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʠ 

ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ- ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʨʘʟʜʝʣʝ-

ʥʠʝʤ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʘʤ (Orthogonal Fre-

quency Division Multiplexing ð OFDM). ɼʦʩʪʦʠʥ-

ʩʪʚʘʤʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʣʫʯʰʘʷ ʧʦʤʝʭʦʟʘʱʠ-

ʱʝʥʥʦʩʪʴ (ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ð ʜʦ 54 ʄʙʠʪ/ʩʝʢ (ʵʪʦ ʩʢʦʨʦʩʪʴ 

ʤʦʜʫʣʷʮʠʠ, ʘ ʨʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ð ʦʢʦʣʦ 30 ʄʙʠʪ/ʩʝʢ). ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝ-

ʨʝʜʘʯʠ ʧʦʚʳʰʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʨʘ-

ʙʦʯʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʘʥʪʝʥʥʦʡ ʯʘʩʪʠ ʨʘʜʠʦʢʘʥʘʣʘ ð ʚ 

ʯʘʩʪʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʘʥʪʝʥʥʳ ʠ ʫʧʨʦ-

ʱʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦʤʝʭʦʟʘʱʠʪʳ (ʦʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʤʝʭ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʯʝʨʝʟ 

ʘʥʪʝʥʥʳʡ ʚʚʦʜ). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʝ-

ʪʝʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ, ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʠ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ - ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ɸʉʂʋʕ. 
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ʈʠʩʫʥʦʢ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʂʋʕ ʥʘ ʙʘʟʝ ʂʀʋ 

 

ɿʘʜʘʯʘʤʠ ʮʝʥʪʨʦʚ ʩʙʦʨʘ (ʎʉɼ) ʜʘʥʥʳʭ ʷʚʣʷ-

ʶʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʂʀʋ (ʢʘʞ-

ʜʘʷ ʛʨʫʧʧʘ ʦʙʨʘʟʫʝʪ ʪʦʯʢʫ ʚʢʣʶʯʝʥʠʷ) ʠ ʠʭ ʟʘʧʠʩʴ 

ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɿʘʜʘʯʘʤʠ 

ʩʝʨʚʝʨʘ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʨʠʟʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʩʪʘʚʣʝʥʠʝ 

ʧʨʦʪʦʢʦʣʦʚ ʧʦ ʠʭ ʟʘʧʨʦʩʘʤ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʠ 

ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 
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COMPARISON OF ENERGY EFFICIENCY  OF VARIOUS OPTIONS FOR SOLUTIONS OF HEAT  

PROTECTIVE  ENCLOSURE OF THE POLYCLINIC  BUILDING  

 

ɸʥʥʦʪʘʮʠʷ 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ. 

ʇʦ ʥʦʚʳʤ ʧʨʠʥʷʪʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦ ʪʝʧʣʦʟʘʱʠʪʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ [1,2]  ʪʦʣʱʠʥʘ ʩʪʝʥʳ ʠʟ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʙʝʟ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 

ʦʢʦʣʦ ʜʚʫʭ ʤʝʪʨʦʚ. 

ʅʘʯʠʥʘʷ ʩ 2000 ʛʦʜʘ ʚ ʈʌ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʟʜʘʥʠʡ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ 

ʧʨʠʥʷʪʘ ʢʦʥʮʝʧʮʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, 

ʦʪʜʝʣʦʯʥʳʭ ʩʣʦʝʚ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʪʝʧʣʠʪʝʣʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ɻ ʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 3-ʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʝʡ ʟʜʘ-

ʥʠʷ ʧʦʣʠʢʣʠʥʠʢʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʝʰʝʥʠʠ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. 

Abstract 

An important element of the heat balance of the building is the solution of the heat-shielding shell of the 

building. According to the new adopted regulatory documents in the construction of thermal protection of building 

envelopes [1,2], the wall thickness of solid brick without a heat-insulating layer should be about two meters. 

Since 2000, in the Russian Federation, for the design of new buildings and the reconstruction of existing 

buildings, the concept of multilayer walling has been adopted, including the presence of structural, finishing layers 

and effective insulation. 

The aim of this work is to study the energy efficiency of 3 variants of the polyclinic building models with a 

different solution of the heat-protective shell of the building in each of them. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʟʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ ʟʜʘʥʠʷ, ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ, ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ, ʪʝʧʣʦʧʦʪʝʨʠ, ʤʦʜʝʣʴ ʟʜʘʥʠʷ.  

Key words: energy efficiency, thermal insulation of a building, design resistance to heat transfer, heat input, 

heat loss, building model. 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ 3-ʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʝʡ ʟʜʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʨʝʰʝʥʠʠ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ. ɺ ʪʝʧʣʦ-

ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʚʢʣʶʯʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ: 

ʥʘʨʫʞʥʦʡ ʩʪʝʥʳ, ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʚʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳ-

ʪʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳ-

ʙʨʘʥʦ ʟʜʘʥʠʝ ʧʦʣʠʢʣʠʥʠʢʠ.  

ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ Ar-

chiCAD ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʜʘ-

ʥʠʷ ʧʦʣʠʢʣʠʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʟʘʱʠʪʥʦʡ 

ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ ʧʦ ʚʘʨʠʘʥʪʘʤ ʩ ʦʧʠʩʘʥʠʝʤ ʩʣʦʝʚ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʘʭ 2é4. 

 
ʈʠʩʫʥʦʢ 1.  

ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ ArchiCAD 19 ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʜʘʥʠʷ 

 

 
ʘ - ʩʪʝʥʳ; ʙ - ʧʦʢʨʳʪʠʷ; ʚ - ʧʦʜʚʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. 

ʈʠʩʫʥʦʢ 2. ʈʝʰʝʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʡ ʧʦ ʚʘʨʠʘʥʪʫ 1  

ɿʘʜʘʥʠʝ 3D ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ 

ʇʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ 

ʨʘʡʦʥʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɺʚʦʜ ʜʘʥʥʳʭ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʩʠ-

ʩʪʝʤʘʤ ʟʜʘʥʠʷ 

ʉʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ 
ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦ-

ʥʠʨʦʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʚ ʟʜʘʥʠʝ ʊʝʧʣʦʧʦʪʝʨʠ ʟʜʘʥʠʝʤ 

ʘ) ʙ) 

ʚ) 
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ʘ - ʩʪʝʥʳ; ʙ - ʧʦʢʨʳʪʠʷ; ʚ - ʧʦʜʚʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. 

ʈʠʩʫʥʦʢ 3. ʈʝʰʝʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʡ ʧʦ ʚʘʨʠʘʥʪʫ 2  

 

 
ʘ - ʩʪʝʥʳ; ʙ - ʧʦʢʨʳʪʠʷ; ʚ - ʧʦʜʚʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. 

ʈʠʩʫʥʦʢ 4. ʈʝʰʝʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʡ ʧʦ ʚʘʨʠʘʥʪʫ 3  

 

ʄʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʠʢʣʠʥʠʢʠ ï ʛ. ʊʘʤ-

ʙʦʚ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʙʨʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫ-

ʤʝʥʪʫ [3]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯ-

ʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʦʟʜʘʚʘʣʘʩʴ 3D ʤʦ-

ʜʝʣʴ ʟʜʘʥʠʷ ʧʦʣʠʢʣʠʥʠʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ArchiCAD 

19. 

ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 3D ʤʦ-

ʜʝʣʠ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 3D ʤʦʜʝʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʦʪʝʨʴ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʦʙʦʣʦʯ-

ʢʦʡ ʟʜʘʥʠʡ ʠ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʡ ʚ ʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 5. 

ʘ) ʙ) 

ʚ) 

ʘ) ʙ) 

ʚ) 
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ʈʠʩʫʥʦʢ 5. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 3D ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 3D ʤʦʜʝʣʠ ʟʜʘʥʠʷ 

 

ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʩʠʩʪʝ-

ʤʘʤʠ ʦʪʦʧʣʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʷ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ 

ʚʝʥʪʠʣʷʮʠʠ [2]. ʅʘʣʠʯʠʝ ʩʠʩʪʝʤ ʫʯʠʪʳʚʘʣʦʩʴ ʚ ʧʨʦ-

ʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʨʦʛʨʘʤʤʝ ArchiCAD 19. 

ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʟʜʘʥʠʝʤ ʧʦʣʠʢʣʠʥʠʢʠ ʧʨʦʠʩ-

ʭʦʜʷʪ ʟʘ ʩʯʝʪ: ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ 

ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ; ʠʥʬʠʣʴʪʨʘʮʠʠ ʭʦʣʦʜʥʦʛʦ ʚʦʟ-

ʜʫʭʘ; ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʷ ʠ ʨʘʙʦʪʳ 

ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʚ ʟʜʘʥʠʝ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ: ʪʝʧʣʦʧʨʠʪʦʢʦʤ ʦʪ ʩʦʣʥʮʘ; ʪʝʧʣʦʚʳʜʝʣʝʥʠʷʤʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ; ʩʠ-

ʩʪʝʤʦʡ ʥʘʛʨʝʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ 

ʜʝʡʩʪʚʠʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʪʝʧʣʦʠʟʦ-

ʣʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ ʠ ʠʥʬʠʣʴʪʨʘʮʠʠ ʭʦʣʦʜ-

ʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6 ʠ 7 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 6. ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʦʩʥʦʚʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ 

ʦʙʦʣʦʯʢʦʡ ʟʜʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ 

ʥʘʯʘʣʦ ʤʘʨʪʘ. ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦ-

ʧʝʨʝʜʘʯʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʠ ʯʝʤ 

ʦʥʦ ʚʳʰʝ, ʪʝʤ ʤʝʥʴʰʝ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʪʝʧʣʦʠʟʦʣʠ-

ʨʫʶʱʝʡ ʦʙʦʣʦʯʢʠ ʦʙʲʝʢʪʘ. ʊʘʢ ʚʘʨʠʘʥʪ 1ʪʝʨʷʝʪ ʟʘ 

ʧʝʨʠʦʜ ʛʦʜʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 1,75 ʨʘʟʘ ʙʦʣʴʰʝ 

ʪʝʧʣʦʚʦʡ ɻ ʥʝʨʛʠʠ ʥʝʞʝʣʠ ʜʚʘ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʘ, ɻ ʣʝ-

ʤʝʥʪʳ ʦʙʦʣʦʯʢʠ ʫ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʝ 

ʟʜʘʥʠʡ [2]. 

 
ʈʠʩʫʥʦʢ 7. ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʫ ʚʘʨʠʘʥʪʘ 1 ʚʳʰʝ, ʯʝʤ ʫ ʚʘʨʠʘʥʪʦʚ 2 ʠ 3 ʚ 3,4 

ʨʘʟʘ. ɼʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʠʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ ʠʥʬʠʣʴʪʨʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʦʥʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʧʦ ʚʘʨʠʘʥʪʫ 1, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʥʬʠʣʴʪʨʠʨʫʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠʭʦʜʠʪʩʷ 

ʠʤʝʥʥʦ ʥʘ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. 

ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝ-

ʱʝʥʠʷ ʠ ʨʘʙʦʪʳ ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʥʜʠʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8 ʠ 9 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʤʤʘʨʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷ-

ʮʠʠ ʫ ʚʘʨʠʘʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ. ʅʝʤʥʦʛʦ ʙʦʣʴ-

ʰʠʝ ʧʦʪʝʨʠ ʫ ʚʘʨʠʘʥʪʦʚ 2, 3. 

 
ʈʠʩʫʥʦʢ 8. ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝʥʠʷ 
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ʈʠʩʫʥʦʢ 9. ʊʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

 

ʅʘʣʠʯʠʝ ʩʣʦʷ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʘʨʠʘʥʪʦʚ 2, 3 ʩ 

ʥʘʨʫʞʥʦʡ ʯʘʩʪʠ ʢʠʨʧʠʯʥʦʡ ʩʪʝʥʳ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʩʪʝʥʘʤʠ ʚ 

ʧʝʨʠʦʜ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞ-

ʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ, ʦʪʜʘʝʪʩʷ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʤʝ-

ʱʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʧʦʪʝʨʠ ʟʘ ʩʯʝʪ ʦʭʣʘ-

ʞʜʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ-

ʩʢʦʣʴʢʦ ʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 1.  

ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ 

ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʠʭ ʚʝʣʠʯʠʥ ʧʦ ʤʝʩʷʮʘʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʡ 

ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʦʪʦʧʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 
ʈʠʩʫʥʦʢ 10. ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʦʪʦʧʠ-
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ʊʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ 

ʠʟʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʯʝ-

ʣʦʚʝʢʘ - ʧʨʦʮʝʩʩ ʦʙʲʝʢʪʠʚʥʳʡ ʠ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚ ʤʝʩʪʘʭ ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ. 

ʇʨʦʛʨʘʤʤʘ Archicad 19 ʫʯʠʪʳʚʘʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʟʜʘʥʠʷ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʤʝ-

ʱʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ.  

ɺʘʨʠʘʥʪ 1 ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʵʥʝʨʛʦʟʘʪʨʘʪ-

ʥʝʝ, ʯʝʤ ʚʘʨʠʘʥʪʳ 2, 3. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʧʦ ʪʝʧʣʦʚʦʡ 

ʟʘʱʠʪʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʟʜʘʥʠʷ. ʊʘʢ ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦ ʚʘ-

ʨʠʘʥʪʫ 1 ʚʳʰʝ ʚ 1,22 ʨʘʟʘ ʯʝʤ ʫ ʚʘʨʠʘʥʪʦʚ 2 ʠ 3, 

ʠʤʝʶʱʠʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ʚ ʦʛʨʘʞʜʘʶ-

ʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ 

ʧʦ ʪʝʧʣʦʟʘʱʠʪʝ ʟʜʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʝʰʝʥʠʠ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʦʙʦ-

ʣʦʯʢʠ ʟʜʘʥʠʷ ʧʦʣʠʢʣʠʥʠʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: 

ʚʘʨʠʘʥʪʳ ʟʜʘʥʠʷ ʩ ʦʛʨʘʞʜʘʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʧʦ ʪʝʧʣʦʚʦʡ 

ʟʘʱʠʪʝ [1,2] ʠʤʝʶʪ ʢʘʢ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʜʣʷ ʞʠʟ-

ʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʟʜʘʥʠʷ, ʪʘʢ ʠ ʷʚʣʷʶʪʩʷ ʤʝ-

ʥʝʝ ʟʘʪʨʘʪʥʳʤʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʘʩʭʦʜʘʤ ʥʘ 

ʦʪʦʧʣʝʥʠʝ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤʠ ʠ ʵʢʦʥʦʤʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʥʝ ʦʪʚʝʯʘʶʱʠʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʪʝʧʣʦʟʘʱʠʪʳ [4] ʩ ʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ-

ʚʦʟʦʙʥʘʚʣʷʝʤʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʣʘʥʝʪʳ.  
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʨʦʩʰʠʡ ʩʧʨʦʩ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘ-

ʪʨʫʜʥʷʝʪ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʠʛʥʘʣʘ. ʕʪʠ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʢʘʞʝʥ ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ ʵʬ-

ʬʝʢʪʦʚ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʜʣʠʥʥʳʝ ʣʠʥʠʠ, ʪʘʢʠʭ ʢʘʢ ʤʝʞʩʠʤʚʦʣʴʥʳʝ ʧʦʤʝʭʠ (ʄʇ), ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦ-

ʧʫʩʢʘʥʠʷ, ʜʞʠʪʪʝʨ ʠ ʪ. ʜ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʠʥʠʤʠʟʠ-

ʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʠʛʥʘʣ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʦʩ-

ʥʦʚʝ 16 ʥʤ ʪʝʭʥʦʣʦʛʠʠ FinFET, ʧʦʟʚʦʣʷʶʱʘʷ ʩʯʠʪʳʚʘʪʴ ʩʠʛʥʘʣʳ ʢʘʢ ʩ ʚʳʩʦʢʠʤ, ʪʘʢ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʜʘʥʥʳʭ. ʇʨʝʜʣʘʛʘ-

ʝʤʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʚʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʠʤʘʪʴ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʠʩʭʦʜʥʳʤʠ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʠ ʜʦʢʘʟʘʣʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʦʚʳʝ ɻ ʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ Ñ 10% ʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ -40oC 

ʜʦ 125oC. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʪʦʣʴʢʦ ʥʘ 10% ʫʨʦʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʞʠʪʪʝʨʘ ʩʥʠʞʘ-

ʝʪʩʷ ʥʘ 50%, ʘ ʚʟʤʘʭ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 350 ʤɺ. 

https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B8%D1%86%D0%B0_%D0%A2%D0%B5%D1%80%D1%8F%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D0%BB%D0%B8%D1%86%D0%B0_%D0%A2%D0%B5%D1%80%D1%8F%D0%BD%D0%B0
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In modern conditions, the increased demand for high-speed data transmission makes it difficult to read data 

without loss. Various methods of signal equalization are used to minimize data loss. These methods recover a 

signal that has been distorted due to side effects of transmission through long lines, such as inter-symbol interfer-

ence (ISI), bandwidth and jitter. There is suggested a signal equalization method that minimizes the effect of such 

side effects on the signal. An architecture based on 16 nm FinFET technology has been developed and modeled, 

which allows reading signals with both high and low levels of the operating range and which meets the require-

ments of modern data receivers. The proposed circuit has inputs that allows to receive input signals with a large 

amplitude. The obtained results of the proposed alignment architecture were compared with the initial  results for 

evaluation and proved the effectiveness of the proposed method. Numerical experiments with varying the nominal 

value of the supply voltage Ñ 10% and temperature variation from -40oC to 125oC were carried out. With an 

increase in power consumption of only 10%, the maximum jitter level decreases by 50%, and the swing of the input 

signal increases 350 mV. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʨʘʚʥʠʚʘʥʠʝ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʨʝʰʝʥʠʶ (DFE), ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʨʠʝʤʥʠʢ, 

ʦʧʝʨʘʮʠʦʥʥʳ ʫʩʠʣʠʪʝʣʴ, ʤʝʞʩʠʤʚʦʣʴʥʳʝ ʧʦʤʝʭʠ, ʜʞʠʪʪʝʨ. 

Keywords. decision feedback equalization (DFE), high speed receiver, operational amplifier, inter-symbol 

interference, jitter. 

 

ɺʚʝʜʝʥʠʝ: ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʚ ʤʦ-

ʙʠʣʴʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʪʨʝʙʫʝʪ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ. ʇʝʨʝ-

ʜʘʯʘ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʦʪ ʯʠʧʘ ʢ ʯʠʧʫ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʯʝʨʝʟ ʜʣʠʥʥʳʝ ʣʠʥʠʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʄʇ 

[1]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʰʠʙʢʝ ʚ ʚʳʩʦʢʦʩʢʦ-

ʨʦʩʪʥʳʭ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʱʝʧʨʠʥʷʪʳʤ 

ʤʝʪʦʜʦʤ ʩʤʷʛʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʵʬʬʝʢʪʘ ʄʇ ʷʚʣʷ-

ʝʪʩʷ ʩʦʛʣʘʩʫʶʱʘʷ ʥʘʛʨʫʟʢʘ ʧʫʪʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʨʝ-

ʟʠʩʪʦʨʘ ʢ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʠʣʠ ʟʘʟʝʤʣʝʥʠʝ (ʨʠʩ. 1). 

ʇʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʫʶʱʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-

ʧʦʣʥʝʥʘ ʧʫʪʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʨʝʟʠʩʪʦʨʘ ʢ ʟʝʤʣʝ (pull 

down), ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ (pull up) ʠʣʠ ʢ ʦʙʦʠʤ 

ʜʚʫʤʷ ʨʝʟʠʩʪʦʨʘʤʠ (mid-rail), ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʚʘʝ-

ʤʦʛʦ/ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʦʢʠʤ, 

ʥʠʟʢʠʤ ʠʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʝ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘ-

ʟʦʥʘ ʩʠʩʪʝʤʳ.  

 
ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ ʧʦʜʢʣʶʯʝʥʠʷ ʩʦʛʣʘʩʫʶʱʝʡ ʥʘʛʨʫʟʢʠ 

 

ʇʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʜʣʷ 

ʯʪʝʥʠʷ ʩʠʛʥʘʣʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʘʷ ʧʘʨʘ. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ 

ʚʭʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʦʛʨʘʥʠʯʝʥ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʣʦʞʥʦʩʪʷʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʝʤ-

ʥʠʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ (ESD), ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤʠ ʚʭʦʜ-

ʥʳʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʠʤ ʝʤʢʦʩʪ-

ʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʩʭʝʤʫ. ʊʘʢ ʢʘʢ ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʠʩʪʦʨ, ʠʪʦʛʦʚʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ R ʠ ʸʤʢʦʩʪʴ C ʩʪʘʥʦʚʷʪʩʷ ʬʠʣʴʪʨʦʤ 

ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ (ʨʠʩ. 2). ʕʪʦʪ 

RC-ʬʠʣʴʪʨ ʦʧʨʝʜʝʣʷʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʦ-

ʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ.  

 
ʈʠʩ. 2. ʆʙʨʘʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʠʰʝʜʰʝʛʦ ʯʝʨʝʟ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʙʠʪʘ. ɹʦʣʝʝ ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ 

ʧʦʩʣʝ ʜʣʠʥʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʢʘʞʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʩʯʠʪʳʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʨʦʞʘʥʠʶ ʩʠʛʥʘʣʘ (ʜʞʠʪʪʝʨʫ), ʢʦʪʦʨʳʡ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʧʨʠʝʤʥʠʢʫ. ɼʞʠʪʪʝʨ, ʧʨʠʯʠ-

ʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʭʦʜʷʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʴʶ ʜʘʥʥʳʭ, ʥʘʟʳʚʘʝʪʩʷ ʜʞʠʪʪʝʨ ʟʘʚʠʩʠʤʳʡ ʦʪ 

ʜʘʥʥʳʭ (DDJ - Data dependent jitter) [2]. DDJ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʝ ʯʪʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʰʠʙʢʝ ʩʠʩʪʝʤʳ.  

ʇʨʠʝʤʥʠʢ ʯʠʪʘʝʪ ʜʘʥʥʳʝ, ʩʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʦʧʦʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʦ-

ʵʪʦʤʫ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʢʦʨʦʪ-

ʢʠʤʠ ʠʤʧʫʣʴʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ (ʚʳʜʝʣʝʥʳ ʥʘ ʨʠʩ. 3) 

ʝʱʝ ʙʦʣʴʰʝ ʫʩʣʦʞʥʷʶʪ ʯʪʝʥʠʝ, ʪʘʢ ʢʘʢ ʥʘ ʯʪʝʥʠʝ 

ʦʜʥʦʛʦ ʙʠʪʘ ʫ ʩʠʩʪʝʤʳ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʦʤʫ ʟʥʘʯʝʥʠʶ DDJ.  

 
ʈʠʩ. 3. ʀʩʢʘʞʝʥʠʝ ʩʠʛʥʘʣʘ  

(a ï ʧʝʨʝʜʘʚʘʝʤʳʡ ʩʠʛʥʘʣ, b ï ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ, c ï ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ) 

 

ʄʝʞʩʠʤʚʦʣʴʥʳʝ ʧʦʤʝʭʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʛʨʘʥʠ-

ʯʝʥʠʝʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʠʝʤʥʠʢʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ ʙʦʣʝʝ ʩʣʦʞʥʦ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʢʘʥʘʣʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ: ʵʢ-

ʚʘʣʘʡʟʝʨ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʨʝʰʝʥʠʶ (DFE) [3] 

[4], ʙʣʦʢ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ (FFE) [4], 

ʘʤʧʣʠʪʫʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ (PAM) [5], ʥʝ-

ʧʨʝʨʳʚʥʦʝ ʣʠʥʝʡʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ (CTLE), ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ (ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʨʘʥʩʠʚʝʨʘ) 

ʠ ʘʜʘʧʪʠʚʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ. 

ʀʟ-ʟʘ ʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʝʙʦʣʴ-

ʰʠʝ ʯʘʩʪʠ PAM ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ 

ʰʫʤʘʤ. FFE ʦʩʥʦʚʘʥ ʥʘ FIR-ʬʠʣʴʪʨʝ, ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʜʝʣʘʝʪ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʤ ʰʫʤʘʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʫʩʠʣʠ-

ʚʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʨʝ-

ʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ. ɺ ʦʪʣʠʯʠʠ ʦʪ ɻ ʪʠʭ ʧʦʜʭʦʜʦʚ, DFE 

ʚʳʯʠʪʘʝʪ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʜʣʷ ʫʤʝʥʴ-

ʰʝʥʠʷ ʄʇ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʫʩʠʣʠʚʘʝʪ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʳʡ ʰʫʤ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʨʝʟʢʦ ʚʦʟʨʘʩ-

ʪʘʝʪ, ʠ ʫʩʠʣʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ ʥʝʧʨʠʝʤʣʝʤʦ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ DFE ʠ ʧʨʦ-

ʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ - ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙ-

ʣʝʥʠʠ ʠ ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ.  

ʈʝʘʣʠʟʘʮʠʷ. ʉʠʩʪʝʤʘ DFE ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʦʷʱʠʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ ʥʘ ʦʩ-

ʥʦʚʝ ʧʦʩʣʝʜʥʠʭ ʧʨʠʥʷʪʳʭ n-ʙʠʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ n-ʙʠʪʦʚ, ʝʩʪʴ 1-ʢʘ-

ʥʘʣʴʥʳʡ, 2-ʢʘʥʘʣʴʥʳʡ ʠ ʪ. ʜ., DFE. ʅʘ ʨʠʩ. 4 ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʘʨʭʠʪʝʢʪʫʨʫ DFE ʩ ʦʜʥʠʤ ʢʘʥʘʣʦʤ, ʢʦʪʦ-

ʨʘʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  
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ʈʠʩ. 4. ɸʨʭʠʪʝʢʪʫʨʘ 1-ʢʘʥʘʣʴʥʦʛʦ DFE  

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʢʦʤʧʘ-

ʨʘʪʦʨʳ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʣʦʛʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ, ʪʨʠʛʛʝʨʳ ʜʝʩʝʨʠʘʣʠʟʘʮʠʠ ʠ ʪʨʠʛʛʝʨʳ ʠʥʠʮʠʘ-

ʣʠʟʘʮʠʠ (ʨʠʩ. 4). ʂʦʤʧʘʨʘʪʦʨ ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʚʭʦʜʷ-

ʱʠʝ ʜʘʥʥʳʝ (V in), ʩʨʘʚʥʠʚʘʷ ʠʭ ʩ ʧʦʨʦʛʦʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷ-

ʝʪʩʷ ʣʠ ʙʠʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʣʦʛʠʯʝʩʢʦʡ ç1è ʠʣʠ ʣʦ-

ʛʠʯʝʩʢʠʤ ç0è. Vrefh ʠ Vrefl ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʤʠ/ʥʠʟ-

ʢʠʤʠ ʦʧʦʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʩʠʤʚʦʣʦʚ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ɺʦ ʚʨʝʤʷ ʯʪʝʥʠʷ ʧʝʨʚʳʭ ʜʘʥʥʳʭ ʣʦʛʠʢʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʧʦ ʫʤʦʣʯʘ-

ʥʠʶ, ʠ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʛʦ ʙʠʪʘ ʦʥʘ ʤʦʞʝʪ 

ʥʘʯʠʥʘʪʴ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʙʠʪ. ɽʩʣʠ ʟʘ-

ʭʚʘʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʘʷ ç1è, ʣʦʛʠʢʘ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʷ ʚʳʙʠʨʘʝʪ ʥʝʯʝʪʥʳʡ ʢʘʥʘʣ (ʢʘʥʘʣ ʥʠʟ-

ʢʦʛʦ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʙʠʪʘ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʫʶ ʧʦʪʝʨʶ ʙʠʪʘ ç0è. 

ɺ ʩʣʫʯʘʝ ʧʝʨʚʦʛʦ ʙʠʪʘ ç0è ʚʳʙʠʨʘʝʪʩʷ ʢʘʥʘʣ ʚʳʩʦ-

ʢʦʛʦ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʏʪʦʙʳ ʠʤʝʪʴ ʫʩʧʝʰʥʳʡ 

ʧʨʦʛʥʦʟ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʚʝʨ-

ʰʝʥʦ ʚ ʪʝʯʝʥʠʝ ʧʦʣʦʚʠʥʳ ʧʝʨʠʦʜʘ ʪʘʢʪʦʚʦʡ ʯʘ-

ʩʪʦʪʳ (clk). 

ʂʦʤʧʘʨʘʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʭ ʙʣʦʢʦʚ ʚ ʧʨʠʝʤʥʠʢʘʭ DFE, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʯʠ-

ʪʳʚʘʝʪ ʚʭʦʜʥʳʝ ʩʠʤʚʦʣʳ. ʉʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʝʨʚʳʡ - ʫʩʠʣʠ-

ʪʝʣʴ, ʘ ʚʪʦʨʦʡ - ʢʦʤʧʘʨʘʪʦʨ ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʟʘ-

ʱʝʣʢʠ [6]. ʆʙʘ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʤʝʩʪʝ, ʯʪʦʙʳ 

ʩʨʘʚʥʠʪʴ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ ʥʘ 

ʢʘʞʜʦʤ ʪʘʢʪʝ. 

ɺʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ ʧʝʨʚʦʛʦ ʢʘʩʢʘʜʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ (ʆʋ) ʥʘ ʦʩ-

ʥʦʚʝ çʧʝʨʝʛʥʫʪʳʭ ʢʘʩʢʦʜʦʚè (Folded Cascode) ʩ 

ʚʭʦʜʘʤʠ ʜʘʥʥʳʭ ʠ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʣʠʯʠʝ 

ʪʦʣʴʢʦ ʪʨʘʥʟʠʩʪʦʨʘ nFET ʥʘ ʚʭʦʜʝ ʆʋ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʯʠʪʘʪʴ ʥʠʟʢʠʝ ʩʠʛ-

ʥʘʣʳ. ʪʨʘʥʟʠʩʪʦʨʘ nFET ʚ ʚʘʨʠʘʮʠʷʭ ʧʨʦʮʝʩʩʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5. ʀʟʤʝʥʝʥʠʷ ʧʦʨʦʛʘ 

ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʛʥʘʣʳ 

ʥʠʞʝ 260 ʤɺ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʯʠʪʘʥʳ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʭʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ 

ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʥʠʟʢʠʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʠ ʩ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ.  

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʧʦʨʦʛʘ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ nFET 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʜʦʙʘʚʣʝʥʠʠ çʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡè ʧʘʨʳ pFET ʚʦ ʚʭʦʜʥʦʡ 

ʫʩʠʣʠʪʝʣʴ (ʨʠʩ. 6).  
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ʈʠʩ. 6. ɸʨʭʠʪʝʢʪʫʨʘ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ  

 

ʊʨʘʥʟʠʩʪʦʨʳ Pin ʠ Pref ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʥʘʩʳ-

ʱʝʥʠʷ, ʢʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʩ ʥʠʟ-

ʢʠʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʩ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ. 

nFET-bias ʠ pFET_bias - ʵʪʦ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ 

Ncs1, Ncs2, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ. 

ʉʤʝʱʝʥʠʷ ʘʢʪʠʚʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʩʪʘʜʠʠ ʦʙʱʝʛʦ ʟʘ-

ʪʚʦʨʘ (Pcg1 ʠ Pcg2) - ʵʪʦ al_bias ʠ cgbias ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦʜʢʣʶʯʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ ʧʘʨʘʤ 

ʪʨʘʥʟʠʩʪʦʨʦʚ nFET ʠ pFET ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʳʚʘʪʴ 

ʜʠʘʧʘʟʦʥʳ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ nFET ʠ ʜʠʘ-

ʧʘʟʦʥʳ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ pFET, ʫʤʝʥʴʰʘʷ 

ʜʞʠʪʪʝʨ ʜʣʷ ʙʦʣʴʰʝʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʷ. ɺʳ-

ʭʦʜʳ Vout ʠ Vout_inv ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʭʦʜʳ ʢʦʤʧʘ-

ʨʘʪʦʨʘ ʟʘʱʝʣʢʠ. ʅʘ ʚʳʭʦʜʘʭ ʢʦʤʧʘʨʘʪʦʨʘ ʟʘʱʝʣʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʩ ʧʦʣʥʦʡ ʘʤ-

ʧʣʠʪʫʜʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʫʣʷʪʦʨʘ Hspice. ʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦ ʚʩʝʤ ʚʘʨʠʘʮʠʷʤ ʧʨʦʮʝʩʩʘ, 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (PVT). ʂʨʘʡʥʠʝ ʧʨʦ-

ʮʝʩʩʳ SS (ʤʝʜʣʝʥʥʦ-ʤʝʜʣʝʥʥʦ), FF (ʙʳʩʪʨʦ-

ʙʳʩʪʨʦ), TT (ʪʠʧʠʯʥʦ-ʪʠʧʠʯʥʦ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʢʦ-

ʣʝʙʘʥʠʷʤʠ Ñ 10% ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ [-40 õ 125] oC. ʉʭʝʤʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 16 ʥʤ. ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʧʠʪʘʥʠʷ ʩʭʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 1,2 ɺ, ʘ ʨʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ - 3,6 ɻɻʮ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ ʜʣʷ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʦʧʦʨʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘ Ñ 5% 

ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Vref 

(ʨʠʩ.7).  

 
ʈʠʩ.7. ɺʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʞʠʪʪʝʨʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʠʭʫʜʰʝʛʦ PVT ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8 ʠ 9. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʩʠʣʠʪʝʣʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʪʦʣʴʢʦ ʩ ʚʭʦʜʦʤ nFET (ʩʠʥʷʷ ʣʠʥʠʷ) ʥʝʧʨʘʚʠʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʩʠʛʥʘʣʳ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ.  
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ʈʠʩ. 8. ɹʝʟ pFET ʥʘ ʚʭʦʜʝ 

 

 
ʈʠʩ. 9. ʉ ʜʦʙʘʚʣʝʥʥʳʤʠ pFET ʥʘ ʚʭʦʜʝ  

 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʪʦʣʴʢʦ ʩ ʚʭʦʜʦʤ nFET ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ pFET ʧʦʢʘ-

ʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʤʘʣʝʥʴʢʦʡ (150 ʤɺ) ʠ ʙʦʣʴʰʦʡ (500 ʤɺ) 

ʘʤʧʣʠʪʫʜʦʡ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ 

ɹʝʟ ʜʦʙʘʚʣʝʥʥʳʭ pFET ʉ ʜʦʙʘʚʣʝʥʥʳʤʠ pFET 

150(ʤɺ) 500(ʤɺ) 150(ʤɺ) 500(ʤɺ) 

FF ʉʨʝʜʥʠʡ ʪʦʢ (ʤɸ) 1,4226 1,4135 1,451 1,524 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (ʧʩ) 12,965 8,946 14,276 5,012 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (%) 4,675 3,486 5,043 1,894 

SS ʉʨʝʜʥʠʡ ʪʦʢ (ʤɸ) 1,002 1,008 1,083 1,152 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (ʧʩ) 11,943 35,849 10,847 17,792 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (%) 4,897 12,005 4,169 8,873 

TT ʉʨʝʜʥʠʡ ʪʦʢ (ʤɸ) 1,124 1,134 1,131 1,212 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (ʧʩ) 6,128 10,978 5,694 5,547 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ (%) 2,135 3,988 2,0779 1,964 
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ɺʳʚʦʜ. ʇʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ DFE ʩ ʠʟʤʝ-

ʥʝʥʥʳʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ. ʇʦʩʪʘʚʣʝʥʘ 

ʮʝʣʴ ʫʤʝʥʴʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʞʠʪ-

ʪʝʨʘ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. ɺ ʩʣʫʯʘʝ 

ʪʦʣʴʢʦ ʩ nFET, ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ ʭʫʜʰʝʛʦ 

ʩʣʫʯʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 13% ʦʪ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ 

ʩʠʛʥʘʣʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ ʫʣʫʯʰʘʝʪʩʷ ʥʘ 

50% ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ pFET, ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 10%. ɿʘʥʠʤʘʝ-

ʤʘʷ ʧʣʦʱʘʜʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʣʦ-

ʱʘʜʴ pFET ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʣʘʩʪʴ ʧʘʨʳ 

nFET, ʵʪʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. A. Rysin, P. Livshits, S. Sofer, O. Mantel, Y. 

Shapira, Y. Fefer . Inter-symbol interference (ISI) in 

on-die transmission lines // 2009 IEEE International 

Conference on Microwaves, Communications, Anten-

nas and Electronics Systems.- Tel Aviv, Israel- 2009.  

2. Kiyotaka Ichiyama, Masahiro Ishida, 

Takahiro J. Yamaguchi . Novel CMOS Circuits to 

Measure Data-Dependent Jitter, Random Jitter, and Si-

nusoidal Jitter in Real Time // IEEE Transactions on 

Microwave Theory and Techniques ï 2008- Vol. 56, is-

sue 8.- P. 1278-1285. 

3. Chang-Lin Hsieh, Shen-Iuan Liu . Decision 

Feedback Equalizers Using the Back-Gate Feedback 

Technique // IEEE Transactions on Circuits and Sys-

tems II:  Express Briefs. ï 2011 ï Vol.58, issue. 12. ï P. 

897-901  

4. Tae-Ho Kim, Jong-Seok Han, Sang-Soon Im, 

Jae-Young Jang, Jin-Ku Kang. A 4Gb/s adaptive 

FFE/DFE receiver with data-dependent jitter measure-

ment // 2011 Proceedings of the ESSCIRC (ESSCIRC). 

- Helsinki, Finland, 2011.  

5. Eakhwan Song, Juyeop Kim, Jiseong Kim. A 

Passive Equalizer Optimization Method Based on 

Time-Domain Inter-Symbol Interference (ISI) Cancel-

lation Technique // IEEE Transactions on Electromag-

netic Compatibility -2018- Vol.60, issue 3.- P. 807-810. 

6. Satyabrata Nanda, Avipsa S. Panda, G.L.K. 

Moganti. Design of a high speed and low area latch-

based comparator in 90-nm CMOS technology having 

low offset voltage // 2015 International Conference on 

Energy Systems and Applications . - 2015 - Pune, India. 

 

ʋɼʂ 614.841.2.001.2 

ʄʦʢʨʷʢ ɸ.ɺ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

ʆɹʅɸʈʋɾɽʅʀɽ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ ɺ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

ʀɿʔʗʊʓʍ ʉ ʄɽʉʊɸ ʇʆɾɸʈɸ ʇʈʀ ʈɽʅʊɻɽʅʆɺʉʂʆʄ ʀɿʃʋʏɽʅʀʀ 

 

Mokryak A.V. 

Saint-Petersburg university of State fire service of EMERCOM of Russia 

 

DETECTION  OF METAL  OBJECTS IN POLYMERIC  MATERIALS  TAKEN  OUT OF THE FIRE 

PLACE AT X-RAY RADIATION  

 

ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʘʣʣ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘʭ ʬʨʘʛʤʝʥʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʘʛʣʦʤʝʨʘʪʘʭ ʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʙʦʣʝʝ ʪʝʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

Abstract 

Metal in its structure and properties is very different from polymer materials. On x-ray images, fragments of 

metal objects located in the agglomerates of their polymer materials appear as darker images. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʝʙʥʘʷ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ɻ ʢʩʧʝʨʪʠʟʘ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

Keywords: forensic fire and technical expertise, x-ray diagnostics, metal objects, polymer materials. 

 

 ʉʚʝʜʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʴ-

ʥʦʛʦ ʦʩʤʦʪʨʘ ʦʙʛʦʨʝʚʰʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʤʥʦʛʦ. ɽʩʣʠ, ʧʨʠ ʦʩʤʦʪʨʝ ʤʝʩʪʘ ʧʦ-

ʞʘʨʘ ʥʘʡʪʠ ʧʦʪʝʢʠ ʪʝʨʤʦʧʣʘʩʪʘ, ʪʦ ʤʦʞʥʦ ʨʝʰʠʪʴ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʙʳʣʘ 

ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʣʠ-

ʤʝʨʘ ʠʣʠ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɽʩʣʠ ʚʥʝ ʟʦʥʳ 

ʦʯʘʛʘ ʧʦʞʘʨʘ, ʧʦʜʧʣʘʚʠʣʘʩʴ ʠʟʦʣʷʮʠʷ ʥʘ ʧʨʦʚʦʜʘʭ, 

ʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʦʚ ʧʝʨʝʛʨʫʟʢʠ 

ʠʣʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜ-

ʧʣʘʚʣʝʥʠʷ ʧʨʦʚʦʜʘ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦ-

ʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

(ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ) ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. 

ʇʨʦʩʚʝʯʠʚʘʶʱʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʯʘʩʪʠʮ ʤʝ-

ʪʘʣʣʘ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʯʘ-

ʩʪʠʮ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘ-

ʥʠʠ (ʂɿ) ʚ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʥʠʢʦʚ. ʅʘʣʠʯʠʝ ʧʦʜʦʙ-

ʥʳʭ ʯʘʩʪʠʮ ʚ ʪʦʣʱʝ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʣʠ 

ʦʧʣʘʚʣʝʥʥʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʚ ʠʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʧʨʦ-

ʪʝʢʘʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ ʨʘ-

ʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʠ ʂɿ [2-3].  

ʇʨʠ ʥʘʣʠʯʠʠ ʩʣʦʷ ʠʟʦʣʷʮʠʠ 1,7 ʤʤ ʯʘʩʪʠʮʳ 

ʤʝʜʠ ʜʠʘʤʝʪʨʦʤ 0,3 ʤʤ ʝʱʝ ʚʠʜʥʳ ʥʘ ʩʥʠʤʢʝ, ʦʜ-

ʥʘʢʦ, ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʣʠʚʘʶʪʩʷ ʩ ʬʦʥʦʤ (ʨʠʩʫʥʦʢ 

1). ʄʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʤʝʜʠ, ʭʦʨʦʰʦ 
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ʢʦʥʪʨʘʩʪʠʨʫʶʱʠʭ ʩ ʬʦʥʦʤ, ʪ.ʝ. ʯʝʪʢʦ ʚʠʜʠʤʳʭ ʥʘ 

ʩʥʠʤʢʝ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʝ ʠʟʦʣʷʮʠʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 0,5 ʤʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʧʨʝʛʨʘʜʳ 

ʜʦ 10,2 ʤʤ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ 

 
ʈʠʩʫʥʦʢ 1. ʐʘʨʦʦʙʨʘʟʥʳʝ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɺʍ-ʠʟʦʣʷʮʠʠ ʪʦʣʱʠʥʦʡ 1,7 ʤʤ 

 

ʂʈʇ-01 çʉʘʪʫʨʥè ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʯʘ-

ʩʪʠʮʳ ʤʝʜʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʠʟʦʣʷʮʠʠ, ʧʨʠ ʯʝʤ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʜʝ-

ʪʝʢʪʠʨʫʝʤʳʭ ʂʈʇ-01 çʉʘʪʫʨʥè, ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝ-

ʛʨʘʜʳ ʩʦʩʪʘʚʣʷʝʪ 0,3 ʤʤ.  

ʅʘ ʨʠʩʫʥʢʘʭ 2 õ 4 ʧʦʢʘʟʘʥʳ ʢʘʢ ʬʦʪʦʛʨʘʬʠʠ 

ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ ʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ.  

ɺ ʘʛʣʦʤʝʨʘʪʝ, ʠʟʚʣʝʯʝʥʥʦʤ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʤʘʨʢʠ çʉʪʠʥʦʣ 106 Qè (ʨʠʩʫ-

ʥʦʢ 2) ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʩʧʣʘʚʣʝʥʥʫʶ 

ʤʘʩʩʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʠʤʝʨʥʦʡ ʦʙʰʠʚʢʠ ʭʦʣʦʜʠʣʴ-

ʥʠʢʘ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʬʨʘʛʤʝʥʪ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜ-

ʥʠʢʘ ʩ ʦʧʣʘʚʣʝʥʠʝʤ (ʨʠʩʫʥʦʢ 3). 

 
 

ʈʠʩʫʥʦʢ 2. ɸʛʣʦʤʝʨʘʪ, ʠʟʚʣʝʯʝʥʥʳʡ ʠʟ ʦʙʛʦʨʝʚʰʝʡ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ çʉʪʠʥʦʣ 106 Qè. 
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ʈʠʩʫʥʦʢ 3. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʘʛʣʦʤʝʨʘʪʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʬʨʘʛʤʝʥʪ ʤʝʜʥʦʛʦ ʧʨʦ-

ʚʦʜʥʠʢʘ ʩ ʦʧʣʘʚʣʝʥʠʝʤ (çʉʘʪʫʨʥè). 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʬʝʥ ʜʣʷ ʩʫʰʢʠ ʚʦʣʦʩ, ʠʟʦʙʨʘ-

ʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4, ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʝ ʪʝʨʤʠʯʝ-

ʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʘʩʪʤʘʩ-

ʩʦʚʦʛʦ ʢʦʨʧʫʩʘ ʨʫʯʢʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʛʨʫʧʧʘ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ ʥʘʛʨʝ-

ʚʘʪʝʣʴʥʘʷ ʩʧʠʨʘʣʴ.  

 
ʈʠʩʫʥʦʢ 4. ʌʦʪʦʛʨʘʬʠʷ ʬʝʥʘ ʜʣʷ ʩʫʰʢʠ ʚʦʣʦʩ ʩ ʦʙʛʦʨʝʚʰʠʤ ʢʦʨʧʫʩʦʤ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʨʝ-

ʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʝʪʠ (ʂɿ, ɹʇʉ, ʧʝʨʝʛʨʫʟʢʘ) 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʨʫʯʢʠ ʬʝʥʘ 

ʠ ʝʛʦ ʫʟʣʦʚ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ (ʨʠʩʫʥʦʢ 5).  
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ʈʠʩʫʥʦʢ 5. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʢʦʨʧʫʩʘ ʬʝʥʘ (ʨʘʟʣʠʯʥʳʝ ʨʘʢʫʨʩʳ), ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʫʩʪʘʥʦʚʢʝ çʉʘ-

ʪʫʨʥè 

 

ʅʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘʭ (ʨʠʩʫʥʦʢ 5) ʤʦʞʥʦ 

ʨʘʟʣʠʯʠʪʴ ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʘ: ʥʘʛʨʝʚʘ-

ʪʝʣʴʥʫʶ ʩʧʠʨʘʣʴ, ʩʦʭʨʘʥʠʚʰʫʶ ʩʚʦʶ ʮʝʣʦʩʪʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʦʙʤʦʪʢʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʘʪʘ 

ʩ ʨʘʜʠʦʜʝʪʘʣʷʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʵʪʠʭ ʩʥʠʤʢʘʭ 

ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳ ʚʠʪʢʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʩʧʠʨʘʣʠ, 

ʭʦʪʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʪʝʨʤʠʯʝʩʢʠʝ ʧʦʨʘʞʝʥʠʷ ʬʝʥʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʘ [4].  

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʊʇ-1 çʉʘʪʫʨʥè ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʩʢʘʣʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʝ-

ʪʘʣʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʡ ʠʟʦʣʷʮʠʠ 

ʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤʘʭ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʳ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʛʨʫʧʧʳ, ʚʠʜʳ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ. 

Abstract: The article deals with polymer materials used in sealing systems. Metal-polymer sealing systems 

their classification, groups, types and disadvantages are presented. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ; ʢʣʝʡ-ʛʝʨʤʝʪʠʢ; ʩʦʝʜʠʥʝʥʠʷ; ʩʠʩʪʝʤʘ. 

Keywords: Polymer materials, tightness; adhesive-sealant; connections; system. 

 

ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʛʝʨʤʝʪʦʣʦʛʠʠ ʩʚʷʟʘʥʳ 

ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʩʠ-

ʩʪʝʤʘʭ ʛʣʫʙʦʢʦ ʟʘʢʦʥʦʤʝʨʥʦ. ʂ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʨʦʪʠʚʦʨʝʯʠ-

ʚʳʭ ʪʨʝʙʦʚʘʥʠʡ - ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦ-

ʦʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʘʩʘʥʠʷ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʨʝʥʠʷ ʚ ʧʦʜʚʠʞʥʦʤ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʤ ʩʦʧʨʷʞʝʥʠʠ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʧʦʣʠʤʝʨʳ, ʟʘʥʠʤʘʶʱʠʝ 

ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʞʠʜʢʦʩʪʷʤʠ ʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ. ʀʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʧʨʦʩʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʛʝʨʤʝʪʠʟʘʮʠʠ. 

ɹʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʯʝʪʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʠ 

ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʠʣʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʝ ʪʦʣʴʢʦ ʛʝʨ-

ʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʫʧʣʦʪʥʝʥʠʡ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʩʫʱʥʦʩʪʴ ʪʝʨʤʠʥʘ çʤʝʪʘʣʣʦʧʦʣʠ-

ʤʝʨʥʳʝ ʩʠʩʪʝʤʳè (ʄʇʉ). ɺ ʨʘʙʦʪʝ [1] ʧʦʜ ʄʇʉ ʧʦ-

ʥʠʤʘʶʪ ʜʚʫʭʬʘʟʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʤʝʪʘʣʣʦʚ. ɼʨʫʛʠʝ ʘʚʪʦʨʳ ʨʘʩʰʠʨʷʶʪ ʧʦʥʷʪʠʝ 

ʄʇʉ. ʂ ʥʠʤ ʦʥʠ ʦʪʥʦʩʷʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʚ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ɹ.ɸ. ɹʝʣʳʤ ʠ ʃ.ʉ. ʇʠʥʯʫʢʦʤ [2] 

ʄʇʉ, ʜʝʣʷʪ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ:  

1) ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ;  

2) ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʜʝʪʘʣʠ;  

3) ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʫʟʣʳ. 

 ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʄʇʉ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʠʢʝ. 

ʄʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠ-

ʯʠʝʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨʥʦʛʦ ʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ [3]. ʇʦ ʧʨʠʟʥʘʢʫ ʦʙʲʝʤʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʘʣʣʦʧʦ-

ʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʤʘʪʨʠʯʥʳʝ 

ʠ ʩʣʦʠʩʪʳʝ. ʄʘʪʨʠʯʥʳʝ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʳ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʦʩʥʦʚʳ (ʤʘʪʨʠʮʳ) 

ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʚʢʣʶ-

ʯʝʥʠʷ ʜʨʫʛʦʛʦ. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʥʘʟʳʚʘʶʪ ʤʝʪʘʣʣʦʥʘʧʦʣʥʝʥʥʳʤʠ ʧʦʣʠʤʝ-

ʨʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ï ʢʘʨʢʘʩʥʳʤʠ ʤʝ-

ʪʘʣʣʦʧʦʣʠʤʝʨʘʤʠ. ʉʣʦʠʩʪʳʝ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʦʷʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʧʦʣʠʤʝ-

ʨʦʚ ʠ ʤʝʪʘʣʣʦʚ. ʄʝʪʘʣʣʦʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʩʦʜʝʨ-

ʞʘʪʴ, ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʠʥʝʨʘʣʳ, 

ʩʪʝʢʣʦ, ʢʝʨʘʤʠʢʫ, ʛʨʘʬʠʪ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ, ʜʨʝʚʝʩʠʥʫ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ 

[3]. 

ʄʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʜʝʪʘʣʠ ï ʫʩʣʦʚʥʦʝ ʥʘʟʚʘ-

ʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʤʝ-

ʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʝʡ 

ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ, ʩʦʦʨʫʞʝʥʠʡ [4]. ʄʝʪʘʣʣʦʧʦʣʠ-

ʤʝʨʥʳʝ ʫʟʣʳ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ, ʜʠʥʘʤʠʯʝʩʢʠ ʠʣʠ ʩʪʘʪʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʠʣʠ ʤʝʪʘʣ-

ʣʦʧʦʣʠʤʝʨʥʳʭ ʜʝʪʘʣʝʡ [5].  

ʄʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʝ ʩʠ-

ʩʪʝʤʳ ð ʵʪʦ ʫʧʣʦʪʥʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ 

ʩʪʝʥʢʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʝʪʘʣʣʘ, ʘ ʛʝʨʤʝʪʠʟʘʪʦʨʦʤ 

ʩʣʫʞʠʪ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ. ʄʝʪʘʣʣʦʧʦʣʠʤʝʨ-

ʥʳʤʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʢʘʢ ʫʟʣʳ, ʪʘʢ ʠ ʜʝʪʘʣʠ. ɻʝʨʤʝʪʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʩʦʜʝʨʞʘʪʴ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʥʠʪʝʡ 

ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʘʨʤʘʪʫʨʫ (ʧʨʫʞʠʥʳ, ʢʦʣʴʮʘ ʠ 

ʪ.ʧ.) 

ɻʝʨʤʝʪʦʣʦʛʠʷ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʛʝʨʤʝʪʠ-

ʟʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʦ-

ʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʦʟʜʘ-

ʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ. ʉʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠ-

ʘʣʦʚ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʘʭ, ʬʘʟʦʚʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ (ʨʝ-

ʣʘʢʩʘʮʠʦʥʥʳʭ) ʩʦʩʪʦʷʥʠʷʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʫʨʦʚʥʷʭ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʧʦ-

ʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʤʝʭʘʥʠ-

ʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʚ, ʪʘʢ 

ʠ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʛʨʘ-

ʥʠʮʝ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣ, ʣʠʙʦ ʦʙʲʝʤʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤ-

ʧʦʥʝʥʪʘ; ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʝʤ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʣʣʦʧʦ-

ʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʝʨʤʝʪʠ-

ʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʟʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʩʪʘʚʠʪ ʧʝʨʝʜ ʛʝʨʤʝ-

ʪʦʣʦʛʘʤʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ 

ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨ-ʤʝʪʘʣʣ, ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʨʦʯʥʦʩʪʠ, 

ʤʦʥʦʣʠʪʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʨʠʚʦ-
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ʜʠʪ ʢ ʥʘʫʯʥʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʛʝʨʤʝʪʠʟʠ-

ʨʫʶʱʠʭ ʩʠʩʪʝʤ [6]. 

ʏʘʱʝ ʚʩʝʛʦ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴ-

ʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʛʝʨʤʝʪʠʟʠʨʫʶ-

ʱʝʛʦ ʵʣʝʤʝʥʪʘ (ʚ ʚʠʜʝ ʧʨʦʢʣʘʜʦʢ, ʤʘʥʞʝʪ, ʧʦʢʨʳ-

ʪʠʡ ʥʘ ʨʝʟʴʙʝ ʠ ʪ. ʧ.) ʚ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʩ ʥʘʛʨʫʞʝʥʠʝʤ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ 

ʩʞʠʤʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ɺʳʩʦʢʠʝ ʩʞʠʤʘʶ-

ʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʳʟʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ ʤʠʢʨʦʥʝ-

ʨʦʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʛʝʨʤʝʪʠʟʘ-

ʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʦʪʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʧʦ-

ʣʠʤʝʨʘ ʠ ʢʦʧʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʧʘʩʥʦʩʪʴ ʚʳʜʘʚʣʠʚʘʥʠʷ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʧʨʦʩʣʦʝʢ ʧʨʠ ʯʨʝʟʤʝʨʥʦʡ ʟʘ-

ʪʷʞʢʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʧʣʦʪʥʝʥʠʷʭ 

ʵʪʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠ-

ʤʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʭʣʘʜʦʪʝʢʫʯʝʩʪʠ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʕʪʠ ʪʝʨʤʦʧʣʘʩʪʳ 

ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʬʦʨʤʫ ʤʘʢʨʦ-

ʤʦʣʝʢʫʣ ʠ ʧʦʵʪʦʤʫ ʨʘʩʪʚʦʨʠʤʳ ʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʘʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʪʦ-

ʨʦʧʣʘʩʪʦʚ), ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ. 

ʋʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥʳ ʛʝʨʤʝʪʠʟʠʨʫ-

ʶʱʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʢʣʝʝʚ-

ʛʝʨʤʝʪʠʢʦʚ. ɻʝʨʤʝʪʠʟʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʜ-

ʢʠʭ ʠ ʧʘʩʪʦʦʙʨʘʟʥʳʭ ʢʣʝʝʚ-ʛʝʨʤʝʪʠʢʦʚ, ʧʦ ʩʨʘʚʥʝ-

ʥʠ ʁ ʩ ʪʚʝʨʜʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ 

ʚʠʜʝ ʧʨʦʢʣʘʜʦʢ, ʬʦʨʤʦʚʳʭ ʛʝʨʤʝʪʠʟʘʪʦʨʦʚ ʠʣʠ ʧʦ-

ʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʝ, ʥʘʤʥʦʛʦ ʚʳʰʝ. ʂʣʝʠ ʩʧʦʩʦʙʥʳ 

ʨʘʩʪʝʢʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠʣʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʝ-

ʙʦʣʴʰʦʛʦ ʜʘʚʣʝʥʠʷ, ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʶʪ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠʣʠ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʟʘʧʦʣʥʷʶʪ ʤʠʢʨʦʥʝʨʦʚ-

ʥʦʚʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʂʣʝʠ-ʛʝʨʤʝʪʠʢʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʤʝʪʘʣʣʫ ʠ ʭʦʨʦʰʝʡ 

ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʟʘʟʦʨʦʚ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʚ ʜʝʪʘʣʷʭ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ. 
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CHARACTERISTICS  OF FACTORS AFFECTING  PARTS, COMPONENTS AND AGGREGATES OF 

HOUSEHOLD APPLIANCES AND TECHNOLOGICAL  EQUIPMENT  OF SERVICE ENTERPRISES 

AT THE STAGE OF THEIR  OPERATION  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʟ-

ʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʝʨʚʠʩʘ. ʇʨʠʚʝʜʝʥʳ ʧʦ-

ʢʘʟʘʪʝʣʠ ʠ ʩʭʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʝʪʘʣʠ, ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʙʳʪʦʚʦʡ ʪʝʭ-

ʥʠʢʠ. 

Abstract 

The article considers the operational factors that most affect the performance of components and units of 

household appliances and technological equipment of service enterprises. The indicators and the scheme of the 

impact of operational factors on the parts, components and aggregates of household appliances are given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ, ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ.  

Keywords: Operational factors, adhesive connections, indicators, household appliances. 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʣʝʷ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ 

ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʢʣʝʝʚ ʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪ. ʝ. ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʜʳ, ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦ-

ʨʦʚ, ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʨʠ ʪʝʧʣʦʚʦʤ ʩʪʘʨʝʥʠʠ. ʇʦ-

ʥʠʤʘʥʠʝ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʪʨʘʪʝ ʛʝʨʤʝʪʠʯʥʦ-

ʩʪʠ, ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʫʪʠ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. [1, 2].  

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʢʣʝʝʚʳʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ 

ɹʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʤʠ. ʇʨʠ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʭ ʜʝʪʘʣʠ ʠ ʫʟʣʳ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʛʝʨʤʝʪʠʟʠʨʫʝʤʳʭ ʩʨʝʜ, ʚʠʙʨʘʮʠʠ, ʧʦʚʳʰʝʥʥʦʡ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʝʝ ʨʝʟʢʦʤʫ ʧʝʨʝʧʘʜʫ 

(ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ), ʜʝʡʩʪʚʠʶ ʚʦʜʳ, ʧʘʨʘ, ʨʘʩʪʚʦʨʦʚ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ (ʉʄʉ), ʭʣʘʜʦʥʦʚ, 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʠʱʝʚʳʭ ʩʨʝʜ, ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ 

ʠ ʜʨ. ʏʘʩʪʦ ʥʘ ʜʝʪʘʣʴ ʜʝʡʩʪʚʫʶʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʛʝʨʤʝ-

ʪʠʟʠʨʫʶʱʠʡ ʢʣʝʝʚʦʡ ʰʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛ-

ʨʝʛʘʪʘ ʜʝʡʩʪʚʫʶʪ: ʭʣʘʜʦʥʦ-ʤʘʩʣʷʥʘʷ ʩʤʝʩʴ, ʥʘʭʦʜʷ-

ʱʘʷʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ; ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʨʝʟʢʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ (çʪʝʧʣʦʚʦʡ ʫʜʘʨè); ʧʝ-

ʨʠʦʜʠʯʝʩʢʠ ʟʘʤʝʨʟʘʶʱʘʷ ʠ ʦʪʪʘʠʚʘʶʱʘʷ ʚʦʜʘ 

(ʠʥʝʡ ʠ ʩʥʝʛʦʚʘʷ ʰʫʙʘ), ʚʠʙʨʘʮʠʷ. 

ʅʘ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʫʢʘʟʘʥʳ 

ʚʠʜʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝ-

ʯʝʥʴ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ, ʘʛʨʝʛʘʪʦʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʝʨ-

ʚʠʩʘ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ.  

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɼʘʚʣʝʥʠʝ. ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘ-

ʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʘʚʣʝʥʠʝ ʭʣʘʜʦʥʘ ʚ ʠʩ-

ʧʘʨʠʪʝʣʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʚ ʧʨʝ-

ʜʝʣʘʭ 700-1400 ʢʇʘ. ʇʨʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʭʦʣʦ-

ʜʠʣʴʥʠʢʘ ʜʘʚʣʝʥʠʝ ʚ ʠʩʧʘʨʠʪʝʣʝ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 

3100-3700 ʢʇʘ [3, 4]. ɼʘʚʣʝʥʠʝ ʭʣʘʜʦʥʘ ʚ ʢʦʥʜʝʥʩʘ-

ʪʦʨʝ ʠ ʢʦʨʧʫʩʝ ʢʦʤʧʨʝʩʩʦʨʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1,5 ʄʇʘ. ɼʘʚʣʝʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʉʄʉ ʚ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0,5 ʄʇʘ. ɺ ʘʧʧʘʨʘʪʘʭ ʭʠʤʯʠʩʪʢʠ ʜʘʚʣʝʥʠʝ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

0,1 ï 0,3 ʄʇʘ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜʦʧʨʦʚʦʜʘʭ 

ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1,2 ʄʇʘ. ɺ ʩʠʩʪʝʤʘʭ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʝʨʚʠʩʘ ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʞʠʜʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ) 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 15 ʄʇʘ. 

ɺʠʙʨʘʮʠʷ. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʚʠʙʨʘʮʠʠ ʭʦʣʦʜʠʣʴ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʤ ʤʝʭʘʥʠʟ-

ʤʦʤ ʢʦʤʧʨʝʩʩʦʨʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʙʣʘʩʪʠ 5 - 

31,5 ɻʮ, ʩ ʢʨʠʚʦʰʠʧʥʦ-ʢʫʣʠʩʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ï ʚ 

ʦʙʣʘʩʪʠ 25 - 63 ɻʮ. ɿʥʘʯʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1-

1,3 ʤʤ/ʩ, ʟʥʘʯʝʥʠʝ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ 0,2 - 5,3 ʤʤ/ʩ2 

[65]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ ʠʟʤʝ-

ʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʦʪ ʤʠʥʫʩ 23 ʦʉ ʜʦ ʤʠʥʫʩ 30 
ʦʉ. ʊʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʠʩʧʘʨʠʪʝʣʷ ʚ 
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ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ-

ʣʠʯʘʪʴʩʷ. ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʠʩʧʘʨʠʪʝʣʷ ʚʙʣʠʟʠ ʢʘʧʠʣʣʷʨʥʦʡ ʠ ʦʪʩʘʩʳʚʘʶʱʝʡ 

ʪʨʫʙʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 ʦʉ. ɺ ʧʝʨʠʦʜ ʨʘʟʤʦʨʘʞʠ-

ʚʘʥʠʷ ʠʩʧʘʨʠʪʝʣʷ ʚʦʟʜʫʭʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 

ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 45 ï 60 
ʦʉ. ʇʨʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʪʝʧʣʦʡ ʚʦʜʦʡ ʠʣʠ ʧʨʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʤ ʦʪʪʘʠʚʘʥʠʠ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʝʱʝ 

ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ, ʧʨʦʠʩʭʦʜʠʪ çʪʝʧ-

ʣʦʚʦʡ ʫʜʘʨè. 

 
ʈʠʩʫʥʦʢ 1. ʌʘʢʪʦʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʝʪʘʣʠ, ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʙʳʪʦʚʳʭ ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʝʨʚʠʩʘ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

 

ʍʣʘʜʦʥʦ-ʤʘʩʣʷʥʘʷ ʩʤʝʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘ-

ʛʝʥʪʘ ʚ ʙʳʪʦʚʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʣʘʜʦʥ-134ʘ ʠ ʜʨ. ɺ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛ-

ʨʝʛʘʪʳ ʦʜʥʦʢʘʤʝʨʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʠ-

ʢʦʚ ʦʙʳʯʥʦ ʚʚʦʜʷʪ ʦʪ 20 ʜʦ 220 ʛ ʭʣʘʜʦʥʘ ʠ 280-340 

ʛ ʤʘʩʣʘ ʤʘʨʢʠ ʍʌ-12-16 (ʚʷʟʢʦʝ, ʘʙʩʦʣʶʪʥʦ ʙʝʟʚʦʜ-

ʥʦʝ ʥʝʬʪʷʥʦʝ ʤʘʩʣʦ). ʍʣʘʜʦʥ-134ʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 

ʤʘʩʣʝ, ʧʦʥʠʞʘʷ ʝʛʦ ʚʷʟʢʦʩʪʴ. ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ 

ʪʝʢʫʯʝʩʪʠ ʭʣʘʜʦʥʘ ʤʘʩʣʦ ʭʦʨʦʰʦ ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʩʝ 

ʪʨʫʱʠʝʩʷ ʜʝʪʘʣʠ, ʩʤʘʟʳʚʘʷ ʠʭ, ʥʦ ʧʨʠ ʟʘʥʦʩʝ ʚ ʪʝʧ-

ʣʦʦʙʤʝʥʥʳʝ ʯʘʩʪʠ ʘʛʨʝʛʘʪʘ ʫʭʫʜʰʘʝʪ ʪʝʧʣʦʧʝʨʝ-

ʜʘʯʫ. ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʠʩʧʘʨʠʪʝʣʝ ʤʦʞʝʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʦʪ 5 ʜʦ 15 ʛ ʤʘʩʣʘ. ʍʣʘʜʦʥ ʦʯʝʥʴ ʪʝ-

ʢʫʯ ʠ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʤʝʣʴʯʘʡʰʠʝ ʥʝʧʣʦʪʥʦʩʪʠ. 

ʋʪʝʯʢʘ ʭʣʘʜʦʥʘ ʧʨʠ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 2-5 ʛ ʚ ʛʦʜ [6]. ʇʦʵʪʦʤʫ ʧʨʠ ʨʝ-

ʤʦʥʪʝ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʳʩʦ-

ʢʘʷ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʂʘʢ ʠ ʚʩʝ ʛʘʣʦʛʝʥʧʨʦʠʟ-

ʚʦʜʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʭʣʘʜʦʥ-12 ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ 

ʋʉʃʆɺʀʗ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ʌʀɿʀʏɽʉʂʀɽ ɺʆɿɼɽʁʉʊɺʀʗ ʍʀʄʀʏɽʉʂʀɽ ɺʆɿɼɽʁʉʊɺʀʗ 

ʇʦʚʳʰʝʥʥʦʝ 

ʠʣʠ ʧʦʥʠ-

ʞʝʥʥʦʝ ʜʘʚ-

ʣʝʥʠʝ 

ʇʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ɺʠʙʨʘʮʠʷ 

ʈʝʟʢʠʡ ʧʝʨʝ-

ʧʘʜ ʪʝʤʧʝʨʘ-

ʪʫʨʳ 

ʇʦʥʠʞʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ɼʝʪʘʣʠ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʩʪʠʨʘʣʴʥʳʭ 

ʤʘʰʠʥ, ʘʧʧʘʨʘʪʦʚ 

ʭʠʤʯʠʩʪʢʠ, ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʙʦ-

ʧʨʦʚʦʜʳ ʠ ʜʨ. 

ɼʝʪʘʣʠ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʩʪʠʨʘʣʴʥʳʭ 

ʤʘʰʠʥ, ʘʧʧʘʨʘʪʦʚ 

ʭʠʤʯʠʩʪʢʠ, ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ 

 

ʂʦʥʜʝʥʩʘʪʦʨ ʠ ʢʦʨʧʫʩ 

ʢʦʤʧʨʝʩʩʦʨʘ ʭʦʣʦ-

ʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, 

ʙʘʢʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘ-

ʰʠʥ, ʘʧʧʘʨʘʪʦʚ ʭʠʤ-

ʯʠʩʪʢʠ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʪʨʫʙʦʧʨʦʚʦʜʳ 

ʛʦʨʷʯʝʡ ʚʦʜʳ, ʧʘʨʘ ʠ 

ʜʨ. 

 

ʀʩʧʘʨʠʪʝʣʠ ʭʦʣʦ-

ʜʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʀʩʧʘʨʠʪʝʣʠ ʭʦʣʦ-

ʜʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

 

 

ʍʣʘʜʦʥʦ-ʤʘʩʣʷ-

ʥʘʷ ʩʤʝʩʴ 

ɺʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʜʝʪʘʣʝʡ ʭʦʣʦ-

ʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ɼʝʡʩʪʚʠʝ ʟʘ-

ʤʝʨʟʘʶʱʝʡ 

ʚʦʜʳ 

ɺʥʝʰʥʷʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝ-

ʛʘʪʘ 

 

ʇʠʱʝʚʳʝ 

ʩʨʝʜʳ 

ɺʥʝʰʥʷʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛ-

ʨʝʛʘʪʘ 

 

ʈʘʩʪʚʦʨʠʪʝʣʠ ɼʝʪʘʣʠ ʘʧʧʘʨʘʪʦʚ 

ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʢʠ, 

ɺʦʜʥʳʝ ʨʘʩ-

ʪʚʦʨʳ ʉʄʉ   

ɼʝʪʘʣʠ ʩʪʠʨʘʣʴ-

ʥʳʭ ʤʘʰʠʥ 

ɺʦʜʘ, ʧʘʨ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʤʘʩʣʘ 

ɼʝʪʘʣʠ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʝʢʦʪʦ-

ʨʳʭ ʧʦʣʠʤʝʨʦʚ, ʢʘʫʯʫʢʦʚ, ʢʨʘʩʦʢ, ɻ ʤʘʣʝʡ, ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʦʚ). ʍʣʘʜʦʥʦʤʘʩʣʷʥʘʷ ʩʤʝʩʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʭʦ-

ʨʦʰʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʜʘʞʝ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, 

ʯʝʤ ʯʠʩʪʳʡ ʭʣʘʜʦʥ.  

ʀʥʝʡ ʠ ʩʥʝʛʦʚʘʷ h ʫʙʘ. ɺ ʚʦʟʜʫʭʝ ʭʦʣʦʜʠʣʴʥʦʡ 

ʢʘʤʝʨʳ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʜʷʥʳʝ ʧʘʨʳ, ʢʦʥʜʝʥ-

ʩʠʨʫʷʩʴ ʥʘ ʭʦʣʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ, ʦʥʠ 

ʦʙʨʘʟʫʶʪ ʩʣʦʡ ʠʥʝʷ. ʇʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʠ ʫʧʣʦʪʥʝ-

ʥʠʷ ʩʣʦʷ ʠʥʝʷ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʥʝʛʦʚʘʷ ʰʫʙʘ 

ʪʦʣʱʠʥʦʡ ʦʪ 5 ʜʦ 20 ʤʤ. ʇʨʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʠʩʧʘ-

ʨʠʪʝʣʷ ʚʦʜʘ ʧʨʦʥʠʢʘʝʪ ʚ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʤʠʢʨʦ-

ʧʦʨʳ ʢʣʝʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʟʘʤʝʨʟʘ-

ʥʠʠ ʠ ʦʪʪʘʠʚʘʥʠʠ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. 

ʇʠʱʝʚʳʝ ʩʨʝʜʳ. ʅʘ ʢʣʝʝʚʫʶ ʛʝʨʤʝʪʠʟʠʨʫʶ-

ʱʫ ʁʩʠʩʪʝʤʫ ʚ ʠʩʧʘʨʠʪʝʣʝ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ ʞʠʚʦʪʥʳʝ ʤʘʩʣʘ ʠ 

ʞʠʨʳ, ʨʘʩʪʚʦʨʳ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʙʝʣʢʦʚʳʝ ʧʨʦ-

ʜʫʢʪʳ, ʫʛʣʝʚʦʜʳ ʠ ʪ. ʧ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ 

ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʩʝʛʜʘ ʧʨʠ-

ʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ. ʄʠʢʨʦ-

ʦʨʛʘʥʠʟʤʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʚʦʝ ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʭʦʣʦʜʠʣʴʥʠʢ ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʥʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ. 
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THE RATIONALE  FOR THE USE OF ADHESIVE  WAY  TO RESTORE THE TIGHTNESS OF 

METAL  PARTS AND COMPONENTS, HOME  APPLIANCES 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ ʚ ʤʘʰʠʥʦʩʪʨʦ-

ʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʣʝʝʚʦʡ ʩʧʦʩʦʙ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, 

ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
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Abstract 

The article deals with methods of sealing movable and fixed parts in mechanical engineering. The paper 

presents an adhesive method for restoring the tightness of metal parts and components, household appliances, its 

advantages and disadvantages. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʝʨʤʝʪʠʯʥʦʩʪʴ; ʢʣʝʡ-ʛʝʨʤʝʪʠʢ; ʩʦʝʜʠʥʝʥʠʷ; ʜʝʪʘʣʴ; ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ. 

Keywords: tightness; adhesive-sealant; connections; detail; design scheme. 

 

ɼʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ [1,2]: 

1) ʪʦʯʥʘʷ ʧʨʠʛʦʥʢʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴ-

ʥʳʡ ʟʘʟʦʨ ʚ ʩʦʝʜʠʥʝʥʠʠ; 

2) ʥʘʛʨʫʞʝʥʠʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʜʝʪʘʣʝʡ ʫʩʠ-

ʣʠʝʤ ʩʞʘʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʝʬʦʨʤʘʮʠʶ ʤʠʢ-

ʨʦʥʝʨʦʚʥʦʩʪʝʡ ʚ ʢʦʥʪʘʢʪʝ; 

3) ʟʘʧʦʣʥʝʥʠʝ ʟʘʟʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʜʝʣʠ-

ʪʝʣʴʥʳʤʠ ʩʨʝʜʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʫʪʝʯʢʝ ʛʝʨ-

ʤʝʪʠʟʠʨʫʝʤʳʭ ʩʨʝʜ; 

4) ʥʘʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʦ ʩʨʝʜʘʤʠ ʚ ʟʘʟʦʨʘʭ ʩʦʝʜʠʥʝʥʠʷ; 

5) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʚʠʭʨʝʚʳʭ 

ʩʠʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʝʯʝʥʠʶ ʛʝʨʤʝ-

ʪʠʟʠʨʫʝʤʳʭ ʩʨʝʜ; 

ɼʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʛʝʨʤʝʪʠʟʠʨʫʶʪ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʨʘʟʲʝʤʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʧʨʠ ʨʝʤʦʥʪʝ ʤʘʰʠʥ ʠ ʘʛ-

ʨʝʛʘʪʦʚ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʚʘʨʢʠ, 

ʧʘʡʢʠ ʠ ʩʢʣʝʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʣʝʧʦʯʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʤ ɻ ʣʝʤʝʥʪʦʤ ʚ ʚʠʜʝ ɻ ʣʘʩʪʠʯ-

ʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʢʣʘʜʢʠ, ʩʣʦʷ ʛʝʨʤʝʪʠʢʘ ʠʣʠ 

ʢʣʝʷ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ ʠ ʘʛʨʝʛʘʪʦʚ, 

ʠʤʝʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʧʦ-

ʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʲʝʤʥʳʭ ʠ ʥʝʨʘʟʲʝʤʥʳʭ 

ʫʧʣʦʪʥʝʥʠʡ. 

ʇʨʠ ʨʝʤʦʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʨʘʟʲʝʤʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜʦʝʤʢʠʝ ʩʧʦʩʦʙʳ ʪʦʯʥʦʡ ʧʨʠʛʦʥʢʠ 

ʜʝʪʘʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʠʣʠʷ ʩʞʘʪʠʷ 

ʥʘ ʛʝʨʤʝʪʠʟʘʪʦʨ (ʚʠʥʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʤʫʪʳ ʠ 

ʪ.ʧ.). ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʦʧʨʘʚʜʘʥʦ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʜʝʪʘʣʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ-

ʤʝʥʠʪʴ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʛʝʨʤʝ-

ʪʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦ-

ʜʘʤʠ ʩʚʘʨʢʠ, ʧʘʡʢʠ ʠ ʩʢʣʝʠʚʘʥʠʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʦʣʷʮʠʠ ʩʨʝʜ [2].  

ʇʨʠ ʩʚʘʨʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʝ-

ʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʠʭ ʤʝʩʪʥʦʤ ʠʣʠ ʦʙʱʝʤ 

ʥʘʛʨʝʚʝ, ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʠʣʠ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʚ ʤʝʩʪʝ ʠʭ ʩʦʝʜʠ-

ʥʝʥʠʷ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩʦʝʜʠ-

ʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʚʳʰʝ ʰʝʩʪʠʜʝʩʷʪʠ ʩʧʦʩʦʙʦʚ 

ʩʚʘʨʢʠ. ʇʨʠ ʧʘʡʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝ-

ʥʠʷ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʧʫʪʝʤ ʥʘʛʨʝ-

ʚʘʥʠʷ ʤʝʩʪʘ ʧʘʡʢʠ ʠ ʟʘʧʦʣʥʝʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʦ-

ʝʜʠʥʷʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʧʨʠʧʦʝʤ ʠ 

ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʧʦʝʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʣʝʛʢʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ 

ʠʣʠ ʩʧʣʘʚʳ, ʨʘʩʧʣʘʚʳ ʢʦʪʦʨʳʭ ʩʤʘʯʠʚʘʶʪ ʩʦʝʜʠʥʷ-

ʝʤʳʝ ʜʝʪʘʣʠ, ʥʝ ʨʘʩʧʣʘʚʣʷʷ ʠʭ. ʉʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯ-

ʥʦʩʪʠ ʧʘʷʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʦʨʘ ʧʨʠʧʦʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʘʡʢʠ. 

ɻʝʨʤʝʪʠʟʘʮʠʶ ʩʢʣʝʠʚʘʥʠʝʤ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦ-

ʤʦʱʴʶ ʢʣʝʝʚ ï ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶ-

ʱʠʭ ʩʚʦʡʩʪʚʦʤ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦ ʩʢʣʝʠʚʘʝʤʳʤʠ ʤʘ-

ʪʝʨʠʘʣʘʤʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʷʟʠ. ʊʝʭʥʦʣʦʛʠʷ ʛʝʨʤʝʪʠ-

ʟʘʮʠʠ ʩʢʣʝʠʚʘʥʠʝʤ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: 

ʧʝʨʝʚʦʜ ʢʣʝʷ ʚ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ (ʨʘʩʪʚʦʨʝʥʠʝ, 

ʨʘʩʧʣʘʚʣʝʥʠʝ ʠʣʠ ʩʤʝʰʠʚʘʥʠʝ ʢʣʝʝʚʦʡ ʦʩʥʦʚʳ ʩ 

ʦʪʚʝʨʜʠʪʝʣʝʤ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ); ʧʦʜʛʦ-

ʪʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʝʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ (ʧʨʠʜʘʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʭʠʤʠʯʝʩʢʘʷ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝ-

ʩʢʘʷ ʦʙʨʘʙʦʪʢʘ) ʠ ʥʘʥʝʩʝʥʠʝ ʢʣʝʷ; ʟʘʪʚʝʨʜʝʚʘʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʘʩʪʦʦʙ-

ʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʫʧʣʦʪ-

ʥʝʥʠʷ ʜʝʪʘʣʝʡ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʨʤʝʪʠʢʦʚ 

ï ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦ-

ʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʝʝʚ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʝʨʤʝʪʠʯ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʟʘ-

ʟʦʨʦʚ ʠ ʩʪʳʢʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʛʘʨʘʥ-

ʪʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ - ʟʘʢʣʝʧʦʯ-

ʥʳʭ, ʨʝʟʴʙʦʚʳʭ, ʩʚʘʨʥʳʭ, ʩ ʥʘʪʷʛʦʤ ʠ ʜʨ. [3].  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʪʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ 

ʨʝʤʦʥʪʫ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʧʦʩʪʫʧʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ, ʘʛʨʝʛʘʪʦʚ 

ɹʄʇ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʩʝʨʚʠʩʘ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʞʠʜʢʠʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʚʳʰʝʜʰʠʭ ʠʟ 

ʩʪʨʦʷ ʧʦ ʧʨʠʯʠʥʝ ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʚʨʝʞʜʝʥʠʡ ̫ ʚʣʷʶʪʩʷ:  

1) ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʝʪʘʣʠ ʠʣʠ 

ʫʟʣʳ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʙʦʨʢʠ, ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʠʣʠ ʠʟʥʦʩʘ; ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʜʨʫ-

ʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ);  

2) ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ;  

3) ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʠ;  

4) ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʩʚʘʨʢʘ ʠʣʠ ʧʘʡʢʘ ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʚʠʜʳ ʧʦʚʨʝʞʜʝʥʠʡ 

ʫʩʪʨʘʥʷʶʪ ʛʘʟʦ- ʠ ɻ ʣʝʢʪʨʦʩʚʘʨʢʦʡ, ʧʘʡʢʦʡ ʠʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʧʣʦʪʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʣʘʩʪʠʯʥʳʭ ʧʨʦʢʣʘʜʦʢ ʠ ʜʨʫʛʠʭ ʛʝʨʤʝʪʠʟʠʨʫ-

ʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠ ʩʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʜʨ.), ʚ ʢʦʪʦ-

ʨʳʭ ʠʤʝʶʪʩʷ ʢʨʫʧʥʳʝ ʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɼʘʥʥʳʝ ʩʧʦʩʦʙʳ ʪʨʫʜʦʝʤʢʠ, ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʣʦʞʥʦʛʦ ʠ ʜʦʨʦʛʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʨʝʤʦʥʪ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʫʧʥʳʭ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺʥʝʰʥʠʡ ʚʠʜ 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʩʚʘʨʢʦʡ ʠʣʠ ʧʘʡʢʦʡ ʜʝʪʘʣʝʡ ʥʝ 

ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʢʘʟʯʠʢʘ, ʪ.ʢ. ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʛʦʨʘ-

ʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠʣʠ ʜʝʬʦʨʤʘʮʠʷ ʩʦ-

ʩʝʜʥʠʭ ʩ ʨʝʤʦʥʪʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʥʳʭ ʜʝʪʘʣʝʡ, ʘ 

ʧʦʣʥʳʡ ʜʝʤʦʥʪʘʞ ʜʝʪʘʣʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʝʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʝʨʚʠʩʘ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʨʢʠ 

(ʣʘʟʝʨʥʘʷ, ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ, ʘʨʛʦʥʦʚʘʷ, ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʘʷ ʠ ʜʨ.) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ 

ʦʧʨʘʚʜʘʥʦ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʜʝʥʠʷ 

ʩʚʘʨʢʠ ʠ ʧʘʡʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘ-

ʚʦʚ (ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚ rʠ 

ʜʨ.) ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʝʪʴ ʥʘ ʨʝ-

ʤʦʥʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʙʦʯʠʭ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘ-

ʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʚʦʜʩʢʦʡ ʩʙʦʨʢʝ ʭʦʣʦʜʠʣʴ-

ʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠʤʝʥʷʶʪ ʘʨʛʦʥʦʜʫʛʦʚʫʶ ʩʚʘʨʢʫ 

ʘʣʶʤʠʥʠʷ, ʩʪʳʢʦʚʫʶ ʵʣʝʢʪʨʦʜʫʛʦʚʫʶ ʩʚʘʨʢʫ ʤʝʜʠ 

ʩ ʘʣʶʤʠʥʠʝʤ, ʧʘʡʢʫ ʤʝʜʴʶ, ʦʣʦʚʦʤ ʠ ʩʝʨʝʙʨʷʥʳʤ 

ʧʨʠʧʦʝʤ ʇʉʈ-45 [4]. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʥʘʡʪʠ ʧʨʦʩʪʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʛʝʨ-

ʤʝʪʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʣʝʛʢʦ ʧʨʠʤʝʥʠʤʳʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʦʣʴʰʦʛʦ ʨʝʤʦʥʪ-

ʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʤʦʥʪ 

ʧʫʪʝʤ ʟʘʤʝʥʳ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʥʝ 

ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʦʢʘʟʘʥʠʷ 

ʫʩʣʫʛ ʨʝʤʦʥʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚʩʣʝʜʩʪʚʠʝ 

ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʭ ʠ ʠʤʧʦʨʪʥʳʭ ʙʳʪʦʚʳʭ ʤʘʰʠʥ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʫʜʦʨʦʞʘʥʠʝ ʩʪʦʠʤʦʩʪʠ ʨʝʤʦʥʪʘ ʜʣʷ ʧʦʪʨʝʙʠ-

ʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʩʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʠʩʧʘʨʠʪʝʣʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʙʳʪʦʚʦʛʦ ʭʦʣʦ-

ʜʠʣʴʥʠʢʘ ʠʣʠ ʤʦʨʦʟʠʣʴʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 2000 - 4500 

ʨʫʙ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʤʦʥʪ ʧʦʜʦʙʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ 

ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʧʦʪʨʝʙʠʪʝʣʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʝ-

ʰʝʚʣʝ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʘʥʥʦʡ 

ʫʩʣʫʛʠ). ʉʨʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦ-

ʢʨʘʱʝʥ, ʪ.ʢ. ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʞʠʜʘʪʴ ʜʦ-

ʩʪʘʚʢʫ ʠʩʧʘʨʠʪʝʣʷ ʥʫʞʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ. ɺʩʣʝʜ-

ʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʧʨʦʩʪʳʭ ʠ ʜʝʰʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ 

ɹʄʇ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʛʫʪ ʨʘʟʨʝ-

ʰʠʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʳʭ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʨʝʤʦʥʪʘ [5]. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨ-

ʥʳʭ ʢʣʝʝʚ-ʛʝʨʤʝʪʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʜʝʰʝʚʠʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʛʦ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʧʦʜʚʦʜʘ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚ-ʛʝʨʤʝʪʠʢʦʚ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʙʳ-

ʪʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʤʘʰʠʥ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʙʝʣʴʷ, ʘʧʧʘʨʘʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʦʜʝʞʜʳ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʠʨʫʶ-

ʱʝʛʦʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ.  

ʂʣʝʝʚʦʡ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦ-

ʩʪʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥ-

ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʩʚʘʨʢʠ, ʧʘʡʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʧʣʦʪʥʝ-

ʥʠʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʢʣʝʝʚʦʛʦ ʩʧʦ-

ʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ [6]: 

1) ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʣʝʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʘʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʢʣʘʜʦʢ; ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʜʢʠʭ ʠ ʧʘʩʪʦʦʙʨʘʟʥʳʭ ʢʣʝʝʚ-ʛʝʨʤʝ-

ʪʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʪʚʝʨʜʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʧʨʠʤʝ-

ʥʷʝʤʳʤʠ ʚ ʚʠʜʝ ʧʨʦʢʣʘʜʦʢ ʠʣʠ ʬʦʨʤʦʚʳʭ ʛʝʤʝʪʠʟʘ-

ʪʦʨʦʚ, ʥʘʤʥʦʛʦ ʚʳʰʝ, ʪ. ʢ. ʢʣʝʠ-ʛʝʨʤʝʪʠʢʠ ʩʧʦʩʦʙʥʳ 

ʨʘʩʪʝʢʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠʣʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʝ-

ʙʦʣʴʰʦʛʦ ʜʘʚʣʝʥʠʷ, ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘ ʩʯʝʪ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠʣʠ ʢʘʧʠʣ-

ʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʟʘʧʦʣʥʷʪʴ ʤʠʢʨʦʥʝʨʦʚʥʦʚʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ; 

2) ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ; ʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʣʝʝʚʦʛʦ h ʚʘ (ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ); 

3)  ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʥʦʛʠʭ 

ʢʣʝʝʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ, ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʷʪʴ ʠʣʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʜʘʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 

ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʜʨʫʛʦʤʫ; 

4)  ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʝʚʦʛʦ ʰʚʘ ʜʝʤʧʬʠʨʦʚʘʪʴ 

ʚʠʙʨʘʮʠʠ; 

5) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʙʝʟ ʨʘʟʙʦʨʢʠ 

ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ ʢʘʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ 

ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʧʦʜʚʦʜʘ ɻ ʥʝʨʛʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ); 

6) ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʦʤ ʩʧʝ-

ʮʠʘʣʴʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʚʳʩʦ-

ʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʘ;  

7) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʧʦʞʘʨʦʦʧʘʩʥʳʤʠ ʞʠʜʢʦ-

ʩʪʷʤʠ, ʚ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʠʣʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʦʤʝ-

ʱʝʥʠʷʭ, ʚ ʥʝʫʜʦʙʥʳʭ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝ-

ʩʪʘʭ; 

8) ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʜ-

ʥʦʫʧʘʢʦʚʦʯʥʳʭ ʢʣʝʝʚ ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʠʣʠ 

ʧʨʦʩʪʦʪʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʣʝʝʚʦʡ ʩʤʝʩʠ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʜʚʫʭʫʧʘʢʦʚʦʯʥʳʭ ʢʣʝʝʚ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨ-

ʞʜʝʥʠʷ; 

9) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʨʦʯʥʦʛʦ ʠʣʠ ʘʚʘ-

ʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ (3-5 

ʤʠʥ) ʩ ʧʦʤʦʱʴʶ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ; 
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10)  ʭʦʨʦʰʘʷ ʩʪʦʡʢʦʩʪʴ ʤʥʦʛʠʭ ʢʣʝʝʚ (ʦʩʦ-

ʙʝʥʥʦ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ) ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚ-

ʥʦʡ ʩʨʝʜʳ, ʚʦʜʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ; 

11) ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝ-

ʪʘʣʣʦʚ ʙʝʟ ʦʧʘʩʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠ-

ʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ; ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʦʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʪ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʦʥʥʦ ʦʧʘʩʥʦʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ 

ʢʣʝʝʚʦʛʦ ʩʣʦʷ; 

12) ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʨʤʝʪʠʯʥʦʛʦ ʠ ʧʨʦʯʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

13)  ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʷʪʴ ʥʝʪʝʨʤʦʩʪʦʡʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʨʘʟʨʫʰʘʶʱʠʝʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʚʘʨʢʠ ʠʣʠ ʧʘʡʢʠ; 

14)  ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦ-

ʩʪʠ ʚ ʜʝʪʘʣʷʭ ʠʟ ʪʦʥʢʠʭ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʷ), ʩʚʘʨʢʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʘ ʧʘʡʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʚ ʤʝ-

ʩʪʝ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʧʨʠʧʦʝʤ; 

15)  ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʨʪʠʪ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʷ; 

16)  ʥʝʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʢʣʝʝʚ, ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠ-

ʤʦʩʪʴ ʨʝʤʦʥʪʘ. 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʭʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʨʝ-

ʤʦʥʪʘ ʜʝʪʘʣʝʡ ʙʳʪʦʚʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟ-

ʥʦʦʙʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʘʪʝʨʠʘʣʘ 

ʜʝʪʘʣʠ ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʩʦʩʪʘʚ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʩʢʣʝʠʚʘʥʠʝ 

ʠ ʨʝʞʠʤ ʦʪʚʝʨʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʜʣʷ ʚʩʝʭ ʜʝʪʘʣʝʡ ʠ ʥʝʩʣʦʞʥʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢʣʝʝ-

ʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʥʘʥʝʩʝʥʠʶ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʠ ʧʦʜʜʝʨ-

ʞʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʪʚʝʨʞʜʝʥʠʷ. ɺʩʝ 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʚʚʝʩʪʠ ʥʦʚʳʝ ʫʩʣʫʛʠ ʜʣʷ 

ʥʘʩʝʣʝʥʠʷ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʝʤʦʥʪ ʥʘ ʙʘʟʝ ʥʝʙʦʣʴʰʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ ʧʝʨʝʜʚʠʞʥʳʭ ʤʘʩʪʝʨʩʢʠʭ, ʥʘ 

ʜʦʤʫ ʫ ʟʘʢʘʟʯʠʢʘ, ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʆʜʥʘʢʦ, ʧʨʠʤʝʥʷʷ ʢʣʝʝʚʦʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠ ʦ ʥʝʜʦʩʪʘʪ-

ʢʘʭ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʮʝʥʪʨʝʥʥʦʛʦ ʨʘʩʪʷʞʝ-

ʥʠʷ (ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʦʪʨʳʚ ʠʣʠ ʦʪʩʣʘʠʚʘʶʱʠʝ 

ʥʘʛʨʫʟʢʠ); 

2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʢʣʝʝ-

ʚʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

3) ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʩʪʘʨʝʥʠʶ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ; 

4) ʪʨʫʜʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʢʣʝʝʚʦʤ 

ʰʚʝ; 

5) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʝʨʝʜ ʩʢʣʝʠʚʘʥʠʝʤ 

(ʦʙʝʟʞʠʨʠʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʨʘʚʣʝ-

ʥʠʝ ʠ ʪ.ʧ.); 

6) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʝʝʚ ʛʦʨʷʯʝʛʦ ʦʪ-

ʚʝʨʞʜʝʥʠʷ. 

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ɻ ʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʣʝʝʚʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʥʘʨʫʰʝʥʠʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘ-

ʣʝʡ ʠʣʠ ʘʛʨʝʛʘʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʤʝʯʝʥʥʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ. 

ʀʟʤʝʥʝʥʠʝʤ ʨʝʮʝʧʪʫʨʳ ʢʣʝʝʚ-ʛʝʨʤʝʪʠʢʦʚ, ʚʚʝ-

ʜʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʦʙʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʦʨʤʦʟʠʪʴ 

ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʚʳʩʠʪʴ 

ʠʭ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʧʨʠʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʶ ʙʳʪʴ 

ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʩʢʣʝʠʚʘʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʢʣʝʝʚ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʭ ʚʤʝʩʪʦ ʢʣʝʝʚ ʛʦʨʷʯʝʛʦ ʦʪʚʝʨʞʜʝʥʠʷ [7]. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ, ʧʨʦʚʝʜʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʢʣʝʝ-

ʚʦʛʦ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʜʝʡ-

ʩʪʚʠʝ ʦʪʩʣʘʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʨʘʥʝʥʦ ʠʣʠ 

ʧʦʥʠʞʝʥʦ ʜʦ ʥʝʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ. 
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ADHESIVE  SEALING  SYSTEMS AND THEIR  STRUCTURE 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʝʝʚʳʝ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢ ʞʝ ʧʦʩʪʨʦʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʦ-

ʜʝʣʴ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʬʘʢʪʦʨʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʳʪʘ ʧʨʘʢʪʠ-

ʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʡ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝ-

ʪʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʷ ʩʚʦʜʷʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʂɻʉ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʭʝʤʳ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʂɻʉ  

Abstract 

The article deals with adhesive sealing systems, as well as a generalized model that displays the factors and 

interactions of the real situation. Based on the analysis of practical experience, as well as information from the 

literature, it was found that most methods of sealing using glue are reduced to the formation of three main types 

of CGS. Schemes of structural models of KGS are developed 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ; ʢʣʝʡ-ʛʝʨʤʝʪʠʢ; ʩʦʝʜʠʥʝʥʠʷ; ʩʠʩʪʝʤʘ; 

ʧʨʦʯʥʦʩʪʴ. 

Keywords: Polymer materials, tightness; adhesive-sealant; connections; system; strength. 

 

ʉʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ ʢʣʝʝʚʳʭ ʫʧʣʦʪ-

ʥʝʥʠʡ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʉʧʦʩʦʙ ʧʨʦʩʪ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ, ʥʝ ʪʨʝʙʫʝʪ 

ʩʣʦʞʥʦʛʦ ʠ ʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ, ʚʳ-

ʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʙʘʟʝ ʥʝʙʦʣʴʰʠʭ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚ-ʛʝʨ-

ʤʝʪʠʢʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʩʪʨʦʝʥʠʠ ʠ ʨʝʤʦʥʪ-

ʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʢʣʝʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʢʣʝʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ [1,2,3,4]. 

ʅʝʫʜʘʯʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢʣʝʝʚʦʛʦ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʜʝʪʘʣʝʡ 

ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʥʝ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʘʤʦʡ 

ʠʜʝʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʝʷ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʘ ʩ ʦʪ-

ʩʫʪʩʪʚʠʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʚʦʧʨʦʩʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʢʣʝʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʚʳʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʭ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʫʧʣʦʪ-

ʥʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʝʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʢʘʢ ʩʠʩʪʝʤʳ. 

ɺ ʧʨʦʮʝʩʩʝ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʢʣʝʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʦʡ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʚ ʥʝʤ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ, ʛʝʨʤʝʪʠʟʠʨʫʝʤʦʡ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ. ɺʩʝ ɻ ʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʣʝʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʢʘʢ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨ-

ʥʫ ʁʢʣʝʝʚʫʶ ʛʝʨʤʝʪʠʟʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ (ʂɻʉ).  
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʦʥʷʪʠʷ (ʪʝʨʤʠʥʘ) çʤʝʪʘʣʣʦʧʦʣʠ-

ʤʝʨʥʘʷ ʢʣʝʝʚʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘè, ʧʨʝʜ-

ʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʛʝʨʤʝʪʠʟʠʨʫʝʤʦʡ ʠ ʦʢʨʫʞʘʶʱʠʭ ʩʨʝʜ, ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʩʪʝʥʦʢ ʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʝ-

ʝʚʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘ 

ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʩʠʣ ʘʜʛʝʟʠʠ ʢʣʝʷ ʠ ʤʝʪʘʣʣʘ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʂɻʉ 

ʦʪ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʦʩʪʦʠʪ 

ʚ ʚʝʜʫʱʝʡ ʨʦʣʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʣ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʜʦʙ-

ʥʳʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʘʜʛʝʟʠʦʥʥʳʤʠ ʛʝʨʤʝ-

ʪʠʟʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʩʠʩʪʝʤʥʦ-ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ̫ ʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʬʘʢʪʦʨʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʦʧʳʪʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 

ʩʚʝʜʝʥʠʡ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʦʩʦʙʦʚ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʷ ʩʚʦʜʷʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʂɻʉ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ: ʘ) - ʛʝʨʤʝʪʠʟʘʮʠʷ ʧʫʪʝʤ 

ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʜʝʪʘʣʠ (ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʦʪʚʝʨʩʪʠʷ ʢʣʝʝʤ ʠʣʠ ʙʝʟ 

ʟʘʧʦʣʥʝʥʠʷ); ʙ) - ʛʝʨʤʝʪʠʟʘʮʠʷ ʧʫʪʝʤ ʩʢʣʝʠʚʘʥʠʷ 

ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ; ʚ) - ʢʦʤʙʠʥʘʮʠʷ ʩʧʦʩʦʙʦʚ ʘ) ʠ 

ʙ), ʪ.ʝ. ʟʘʧʦʣʥʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʚ ʤʝʪʘʣʣʝ ʢʣʝʝʤ, ʘ 

ʟʘʪʝʤ, ʧʨʠʢʣʝʠʚʘʥʠʝ ʩʚʝʨʭʫ ʥʘ ʦʪʚʝʨʩʪʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʦʙʦʙʱʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦ-

ʜʝʣʠ ʪʨʝʭ ʪʠʧʦʚ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʂɻʉ, ʧʦʟʚʦʣʷ-

ʶʱʠʝ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ, ʫʧʨʦ-

ʱʝʥʥʦʤ ʚʠʜʝ, ʚʳʷʩʥʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ, ʠʟʫʯʠʪʴ ʠʭ ʭʘʨʘʢʪʝʨ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʉʭʝʤʳ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʂɻʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

ʅʘ ʩʭʝʤʘʭ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʠʬʬʫʟʠʠ ʠʣʠ ʫʪʝʯʢʠ ʛʝʨʤʝʪʠʟʠʨʫʝʤʦʡ ʩʨʝʜʳ. 

ʆʢʦʣʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʳ ʧʘʨʘʤʝʪʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ.  

 
ʘ) - ʛʝʨʤʝʪʠʟʘʮʠʷ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʢʣʝʝʤ ʦʪʚʝʨʩʪʠʷ ʚ ʤʝʪʘʣʣʝ  

 
ʙ) - ʛʝʨʤʝʪʠʟʘʮʠʷ ʧʫʪʝʤ ʩʢʣʝʠʚʘʥʠʷ ʚ) - ʢʦʤʙʠʥʘʮʠʷ ʩʧʦʩʦʙʦʚ ʘ) ʠ ʙ). ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ,  

ʥʝ ʠʤʝʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ; 

ʈʠʩʫʥʦʢ 1.  

ʉʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʂɻʉ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ  

 

  

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠ 

ʨʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʷ 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, 

ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜ r

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ 

ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʠʣʠ 

ʞʠʜʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ɸʜʛʝʟʠʷ ʢʣʝʷ ʢ ʤʝʪʘʣʣʫ, 

ʢʦʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, 

ʜʠʬʬʫʟʠʦʥʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʤʦʥʦʣʠʪʥʦʩʪʴ, ʫʨʦʚʝʥʴ 

ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʩʪʦʡʢʦʩʪʴ 

ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ, 

ʩʤʘʯʠʚʘʶʱʘʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ 

ʟʘʟʦʨʘ 
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ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ: 1 ï ʛʝʨʤʝʪʠʟʠʨʫʝʤʘʷ 

ʩʨʝʜʘ; 2 ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ; 3 ï 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ; 4 ï ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʡ 

ʧʦʣʠʤʝʨʥʳʡ ʢʣʝʝʚʦʡ ʩʣʦʡ (ʰʦʚ); 5 - ʦʪʚʝʨʩʪʠʝ ʚ 

ʤʝʪʘʣʣʝ; 6 - ʟʘʟʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʜʝʪʘʣʷʤʠ. 

ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʛʝʨʤʝʪʠʟʘʮʠʠ ï ʦʙʝʩʧʝʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʛʝʨʤʝʪʠʟʠ-

ʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ, ʯʝʪʳʨʴʤʷ ʪʠʧʘʤʠ ʚʝʣʠʯʠʥ: ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʠʥ-

ʬʦʨʤʘʮʠʝʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʚʳʧʦʣʥʝʥʳ. 

ɿʘʜʘʯʝʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʂɻʉ ʩ ʪʝʤ, ʯʪʦʙʳ 

ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʩʪʨʫʢʪʫʨʫ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʝ 

ʵʣʝʤʝʥʪʦʚ.  
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MODULAR  SOLAR BUILDING  FA¢ADE 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʟʝʤʣʝ ʠ ʢʨʳʰʝ, ʘ ʪʘʢʞʝ ʥʘ 

ʬʘʩʘʜʝ ʟʜʘʥʠʷ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʬʘʩʘʜ ʟʜʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʨʝʰʘʝʪ ʚʦʧʨʦʩʳ ʵʥʝʨʛʦ-

ʩʥʘʙʞʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ. 

Abstract 

The article considers various options for using solar energy converters in the construction of buildings. They 

are represented as solar modules installed on the ground and roof, as well as on the facade of the building ï the 

dynamic facade of the building. The use of such systems solves the issues of energy supply of buildings and struc-

tures, as well as the microclimate inside the premises. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʢʪʠʚʥʳʡ ʬʘʩʘʜ, ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʷ. 

Keywords: solar energy, energy-efficient construction, active facade, electricity. 

 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 40% ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ, ʧʨʠʯʸʤ ʨʘʩʪʸʪ ʧʦʩʪʦʷʥʥʦ. ʉʦʚʨʝ-

ʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʪʘʢʦʚʳ, ʯʪʦ ʚʩʸ ʙʦʣʴʰʝ ʠ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʝ ʚʦ ʚʩʸʤ ʤʠʨʝ ʫʜʝʣʷʝʪʩʷ ɻ ʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ [1] ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ [2], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʂ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʦʪʥʦʩʷʪʩʷ 

ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ 

https://doi.org/10.24411/2520-6990-2020-11725


ζColloquium - journal η# 11(63),2020 /   77 

ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ; ʨʘʟʣʠʯʥʳʝ ʪʝʧʣʦʚʳʝ 

ʥʘʩʦʩʳ; ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʠ ʪ. ʧ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʦʜʣʝʞʘʪ 

ʩʦʣʥʝʯʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʦʩʪʦʷʥʥʳʡ 

ʪʦʢ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʪʠʧʥʳʭ ʤʦʜʫ-

ʣʝʡ, ʩʦʙʨʘʥʥʳʭ ʚ ʙʘʪʘʨʝʶ, ʢʦʪʦʨʘʷ ʯʘʱʝ ʚʩʝʛʦ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʚʙʣʠʟʠ ʟʜʘʥʠʷ ʠʣʠ ʥʘ ʝʛʦ ʢʨʳʰʝ (ʨʠʩʫ-

ʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʉʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ (ʩʣʝʚʘ)  

ʠ ʥʘ ʢʨʳʰʝ ʩʪʨʦʝʥʠʷ (ʩʧʨʘʚʘ) 

 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʥʘ ʢʨʳʰʝ, ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʶ ʚ ʘʚʪʦʥʦʤʥʦʤ ʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩ ʩʝʪʴʶ ʨʝʞʠʤʝ, 

ʦʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʩʪʝʪʠʢʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʢʦʥ-

ʮʝʧʮʠʷ ʤʦʞʝʪ ʩʪʨʘʜʘʪʴ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʝʩʥʳʤ ʨʝ-

ʰʝʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʢʨʦʚʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʨʦ-

ʚʝʣʴʥʳʝ ʧʘʥʝʣʠ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʌʝʜʝ-

ʨʘʣʴʥʦʤ ʥʘʫʯʥʦʤ ʘʛʨʦʠʥʞʝʥʝʨʥʦʤ ʮʝʥʪʨʝ ɺʀʄ 

(ʨʠʩʫʥʦʢ 2) [3 ï 5]. ʂʨʦʚʝʣʴʥʳʝ ʧʘʥʝʣʠ ʥʘʨʷʜʫ ʩ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʠ ʪʝʧʣʦ-

ʚʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʥʘʛʨʝʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 2. ʇʣʘʥʘʨʥʳʝ ʢʨʦʚʝʣʴʥʳʝ ʧʘʥʝʣʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ (ʩʣʝʚʘ) ʠ  

ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʩʧʨʘʚʘ) 

 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʜʥʠʡ, ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʳʡ ʬʘʩʘʜʘ ʟʜʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ: ʤʦʜʫʣʴʥʳʡ, ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ñɼʠ-

ʥʘʤʠʯʝʩʢʠʡ ʬʘʩʘʜ ʟʜʘʥʠʷò [2] (ʨʠʩʫʥʦʢ 3). ʂʦʥ-

ʩʪʨʫʢʮʠʷ ʤʦʜʫʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʨʴʝʨ ʤʝʞʜʫ ʩʦʣ-

ʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚʥʫʪʨʠ ʟʜʘ-

ʥʠʷ. ʕʪʦʪ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʛʝʦʤʝʪ-

ʨʠ ʁʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʞʝʣʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʷ (ʨʠ-

ʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3. ʉʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʘʢʪʠʚʥʦʛʦ ʬʘʩʘʜʘ ʟʜʘʥʠʷ 

 

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ, ʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥ ʚ ʛʨʫʧʧʳ. ʊʘʢʠʝ ʛʨʫʧʧʳ ʤʦ-

ʜʫʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʢʦʥ-

ʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʄʦʜʫʣʠ 

ʩʦʣʥʝʯʥʦʛʦ ʬʘʩʘʜʘ ʦʙʦʨʫʜʦʚʘʥʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʠ ʣʝʛʢʠʤʠ ʪʦʥʢʦʧʣʸʥʦʯʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤʠ ʤʦʜʫʣʷʤʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʵʪʦʛʦ ʤʦʜʫʣʷ ʠʤʝʝʪ 

ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʪʳʣʴʥʫʶ ʧʘʥʝʣʴ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʣʠʩʪʘ, ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʬʦʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, 

ʢʦʥʩʦʣʴ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʨʘʤʫ ʩ ʢʘʙʝʣʷʤʠ. ʆʙ-

ʱʠʡ ʚʝʩ ʪʘʢʦʛʦ ʤʦʜʫʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,8 ʢʛ. ʎʝʣʴʶ ʩʠ-

ʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʦʡ ʪʝʧʣʦʚʦʡ ʠ 

ʚʠʟʫʘʣʴʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. ʂʦʥʩʦʣʠ ʤʦʜʫʣʝʡ ʧʦʜʚʠʞʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʠʤ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ, ʩʣʝʜʷ ʧʦʩʪʦʷʥʥʦ ʟʘ ʉʦʣʥʮʝʤ ʠ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝʤ ʥʘ 30 ï 40% [6]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʣʥʝʯʥʳʝ ʬʘʩʘʜʳ ʠ ʩʦʣ-

ʥʝʯʥʳʝ ʢʨʦʚʝʣʴʥʳʝ ʧʘʥʝʣʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ ɻ ʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʚ-

ʪʦʥʦʤʥʦʛʦ ɻ ʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʟʜʘʥʠʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝ ʫʭʫʜʰʘʶʪ ʵʩʪʝʪʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨ-

ʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʪʘʢʞʝ ʠ ʘʚʪʦʨ-

ʩʢʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʩʦʣʥʝʯʥʳʭ ɻ ʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ. ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʥʦʤʥʦʝ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩ 

ʩʝʪʴʶ ɻʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

Abstract. 

The article describes the features of the different solar power plants. The application of Stirling heat engines 

in conjunction with solar radiation concentrators is considered. The basic characteristics of concentrator solar 

power plants based on the Stirling engine are presented. Such solar installations provide autonomous and parallel 

power supply to consumers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ɻ ʥʝʨʛʠʷ; ʢʦʥʮʝʥʪʨʘʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʜʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ; 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ; ɻʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. 

Keywords: solar energy; solar concentrator; Stirling engine; efficiency; power supply. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʥʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝ-

ʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʷʤʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʘʥʘʨʥʳʭ ʬʦ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ [1 ï 3]. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ-

ʨʷʜʢʘ 15 %. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʛʝʥʝʨʘ-

ʮʠʠ, ʪʦ ʝʩʪʴ ʥʘʨʷʜʫ ʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʧʦʣʫʯʘʪʴ ʠ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫ-

ʣʷʭ, ʦʭʣʘʞʜʘʶʪʩʷ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʆʪʚʦʜʠʤʦʝ ʪʝʧʣʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ 

ʥʘʟʥʘʯʝʥʠʶ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ [4 ï 6]. ʅʘʨʷʜʫ ʩ ʧʣʘʥʘʨ-

ʥʳʤʠ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʤʦ-

ʜʫʣʷʤʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨʥʳʝ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ 

ʤʦʜʫʣʠ [7, 8], ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʘʨʘʙʦʣʦʠʜʥʦʛʦ 

ʪʠʧʘ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠ ʁʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʦʯʝʥʴ ʚʳʩʦʢʠ [9 ï 12], 

ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʚʠʜʫ ʚʳʩʦʢʠʭ ʧʦʪʝʨʴ 

ʥʘ ʧʨʦʬʠʣʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. ɺ ʬʦʢʫʩʝ ʢʦʥʮʝʥʪʨʘʪʦ-

ʨʦʚ ʥʘʨʷʜʫ ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʷʤʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʥʘʧʨʠʤʝʨ, ɼʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ, 

ʘ ʪʘʢʞʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʡ ʧʘʨ ʜʣʷ 

ʪʫʨʙʠʥʳ ʊʝʩʣʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ, ʪʘʢ ʢʘʢ ʥʦʤʠ-

ʥʘʣʴʥʘʷ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʘ-

ʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʩʪʘ ʠ ʥʘʜʸʞʥʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʰʝ, ʯʝʤ ʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɼʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʧ-

ʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʟʘ ʩʯʸʪ ʚʥʝʰʥʝʛʦ 

ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ ʢ ʛʦʨʷʯʝʤʫ ʮʠʣʠʥʜʨʫ. ʊʦʧʣʠʚʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʪʳ, ʥʝ ʠʤʝʝʪ ʟʥʘ-

ʯʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʙʠʦʛʘʟ, ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨ-

ʛʠʷ, ʚ ʯʸʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʝ ʜʦʩʪʦʠʥ-

ʩʪʚʦ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʤʦʛʫʪ ʩ 

ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʥʘ ʦʩʥʦʚʝ ʚʦʟ-

ʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʦʜʦʙʥʳʝ ʫʩʪʘ-

ʥʦʚʢʠ ʟʘʨʷʞʘʶʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʨʘʙʦ-

ʪʘʶʪ ʥʘ ʩʫʱʝʩʪʚʫʶʱʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ, ʘ ʧʨʠ 

ʩʲʸʤʝ ʪʝʧʣʘ ʦʪ ʭʦʣʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʚʠʛʘʪʝʣʷ 

ʉʪʠʨʣʠʥʛʘ (ʘ ʥʝ ʦʭʣʘʞʜʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫ-

ʭʦʤ) ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʪʝʧ-

ʣʦʚʫʶ ʵʥʝʨʛʠʶ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʧʨʦʝʢʪ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ ʨʘʩʧʦʣʦʞʝʥ 

ʥʘ ʙʦʣʴʰʦʡ ʧʫʩʪʳʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʶʛʝ ɸʤʝ-

ʨʠʢʠ, ʛʜʝ ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʦʢ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 

20000 ʪʘʢʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

[13]. ʇʨʦʝʢʪ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

Sandia National Laboratories ʠ Stirling Energy 

Systems. ʉʘʤʘ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʙʨʘʥʥʳʡ ʠʟ ʬʘ-

ʮʝʪʥʳʭ ʟʝʨʢʘʣ, ʚ ʬʦʢʫʩʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʜʚʠʛʘ-

ʪʝʣʴ ʉʪʠʨʣʠʥʛʘ (ʨʠʩʫʥʦʢ 1 ʩʣʝʚʘ ʠ ʧʦʩʝʨʝʜʠʥʝ). 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1 ʩʧʨʘʚʘ, ʛʜʝ ʚʠʜʝʥ ʧʨʠʸʤʥʠʢ ʛʦʨʷʯʝʛʦ ʮʠ-

ʣʠʥʜʨʘ ʠ ʨʘʜʠʘʪʦʨ ʭʦʣʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʦʨʦʜ, ʢʦʪʦʨʳʡ 

ʥʘʛʨʝʚʘʝʪʩʷ ʚ ʛʦʨʷʯʝʤ ʮʠʣʠʥʜʨʝ ʠ, ʩʦʚʝʨʰʘʷ ʨʘ-

ʙʦʪʫ, ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʭʦʣʦʜʥʦʤ ʮʠʣʠʥʜʨʝ. 
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ʈʠʩʫʥʦʢ 1. ʉʦʣʥʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨ ʠ ʜʚʠʛʘʪʝʣʝʤ ʉʪʠʨʣʠʥʛʘ 

 

ɺʩʝ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʩʠʩʪʝʤʝ ʨʘʙʦʪʘʶʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʫʪʨʘ ʜʦ ʚʝʯʝʨʘ, ʧʦʢʘʟʘ-

ʪʝʣʠ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ ʤʦʥʠʪʦʨʷʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʩʥʠʤʘʝʤʘʷ ʩ ʚʘʣʘ, 

ʩʦʝʜʠʥʸʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ, ʧʦʩʪʫʧʘʝʪ ʚ 

ʩʝʪʴ, ʦʪʢʫʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʜʚʠʛʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 30 % [14], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʕʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 27 ʢɺʪ. 

ʈʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʛʘ-

ʪʝʣʷʤʠ ʉʪʠʨʣʠʥʛʘ, ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʎʝ-

ʣʳʡ ʨʷʜ ʢʦʤʧʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ñJet Propulsion 

Labò, ñSchlaich, Bergermann und Partnerò, ñCummins 

Power Generation, Inc.ò ʚʝʜʫʪ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ. ʄʦʱʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʘʨʴʠʨʫ-

ʶʪʩʷ ʦʪ 5 ʢɺʪ ʜʦ 50 ʢɺʪ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ 17 % 

ʜʦ 28 % [15]. ʈʝʩʫʨʩ ʧʦʜʦʙʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 20000 ʯʘʩʦʚ, ʘ ʩʪʦʠʤʦʩʪʴ ʦʢʦʣʦ 2500 

ʜʦʣʣʘʨʦʚ ʟʘ ʢʠʣʦʚʘʪʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʘʞʝ ʚ ʢʦʩʤʦʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʉʪʠʨ-

ʣʠʥʛʘ. ʈʘʙʦʪʘʶʪ ʦʥʠ ʦʪ ʣʝʧʝʩʪʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦ-

ʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʦʨʷʯʝʛʦ ʮʠʣʠʥʜʨʘ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ ʦʢʦʣʦ 950 

ʂ. ɺʦ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ-ʟʘ 

ʟʘʪʝʥʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥ ʪʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ʚ 

ʦʙʣʘʩʪʠ ʛʦʨʷʯʝʛʦ ʮʠʣʠʥʜʨʘ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʭʦʜʠʪ ʜʦ 38 %, 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 5 ʢɺʪ, ʘ ʤʘʩʩʘ ʫʩʪʘʥʦʚʢʠ 250 

ʢʛ. 

ɺ ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʅʇʆ ñʌʠ-

ʟʠʢʘ-ʉʦʣʥʮʝò ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʦʣʥʝʯ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʝʡ ʉʪʠʨʣʠʥʛʘ 

[15]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ 

ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʜʚʠʛʘʪʝ-

ʣʝʤ ʉʪʠʨʣʠʥʛʘ ʤʦʱʥʦʩʪʴʶ 500 ɺʪ (ʨʠʩʫʥʦʢ 2 

ʩʣʝʚʘ), ʘ ʪʘʢʞʝ ʜʚʠʛʘʪʝʣʴ ʉʪʠʨʣʠʥʛʘ ʩ ʧʨʠʚʦʜʦʤ 

ñʢʦʩʘʷ ʰʘʡʙʘò ʠ ʤʦʱʥʦʩʪʴʶ 5 ʢɺʪ. 

ɼʣʷ ʤʘʣʦʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʥʝ-

ʙʦʣʴʰʠʤ ʜʚʠʛʘʪʝʣʝʤ ʉʪʠʨʣʠʥʛʘ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʘ ʢʦʤʧʦʥʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʛʦʨʷʯʝʤ ʮʠʣʠʥʜʨʝ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ (ʨʠʩʫ-

ʥʦʢ 2 ʩʧʨʘʚʘ). ʊʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦ-

ʣʷʝʪ ʢʦʥʮʝʥʪʨʘʪʦʨʫ ʧʘʨʘʙʦʣʦʠʜʥʦʛʦ ʪʠʧʘ ʩʦ ʩʧʝʮʠ-

ʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʨʘʚʥʦʤʝʨʥʫʶ ʦʩʚʝʱʸʥʥʦʩʪʴ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦ-

ʨʷʯʝʛʦ ʮʠʣʠʥʜʨʘ ʜʚʠʛʘʪʝʣʷ ʉʪʠʨʣʠʥʛʘ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʥʘʛʨʝʚʫ ʮʠʣʠʥʜʨʘ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ [16 ï 18]. 
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MODELING  OF THE W-SHAPED PHOTORECEIVER  OF A CONCENTRATOR  SOLAR MODULE  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʪʦʧʨʠʸʤʥʠʢʘ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʛʦ 

ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ w-ʦʙʨʘʟʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʩ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ʆʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʠ 

ʨʘʩʩʤʦʪʨʝʥʘ ʝʛʦ ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʪʝʯʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʦʜʫʣʷ ʠ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. ɺʘʨʴʠʨʫʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʧʨʠʸʤʥʠʢʘ, ʘʥʘʣʠʟʠʨʫʷ ʪʝʧʣʦʚʳʝ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

Abstract 

The article presents the modeling of the photodetector of a concentrator photovoltaic thermal solar module, 

which is a w-shaped concentrator with photoelectric converters. The design of the concentrator module is 

described and its three-dimensional model is considered. The flow of the coolant of the module and the thermal 

state of its three-dimensional model are also considered. By varying of various design parameters, it is possible to 

optimize the thermal state of the photodetector by analyzing the thermal fields obtained by modeling in the finite 

element analysis system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ; ʢʦʥʮʝʥʪʨʘʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʤʘʪʨʠʯʥʳʝ ʬʦʪʦʵʣʝʤʝʥʪʳ; ʩʠʩʪʝʤʘ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ; ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

Keywords: solar energy; solar concentrator; high-voltage matrix photocells; finite element analysis system; 

thermal condition. 

 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝ-

ʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʫʞʝ 

ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʪʝ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʘʚʪʦʥʦʤʥʦʝ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʩʝʪʴʶ (ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ) ʵʥʝʨʛʦʩʥʘʙ-

ʞʝʥʠʝ [1 ï 3]. ʆʩʥʦʚʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʣʘʥʘʨ-

ʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ 

ʷʚʣʷʶʪʩʷ ʢʨʝʤʥʠʝʚʳʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʕʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʤʦʜʫʣʝʡ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 15 %. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʥʠʝ ʧʣʘʥʘʨʥʳʭ ʪʝʧʣʦʬʦ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ [4 ï 6], ʛʜʝ 

ʩʫʤʤʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʪʝʧʣʦʚʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʤʦʜʫʣʷ, ʘ ʥʘ ʚʳʭʦʜʝ ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʪʝʧʣʦ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʦʙʦʩʥʦʚʘʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʬʦʢʫʩʠʨʫʶʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʥʝʙʦʣʴʰʫʶ ʦʙ-

ʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʩʚʝʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʙʦʣʴʰʦʡ 

ʧʦʣʦʩʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [7, 

8]. ʇʨʦʬʠʣʴ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʧʘʨʘʙʦʣʦʠʜʥʦʛʦ 

ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ [9 ï 12], ʢʦʪʦʨʳʝ 

ʟʘʤʝʪʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʪʠʯʝʩʢʫʶ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ 

ʤʦʜʫʣʷ. ʊʘʢʞʝ ʚ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʤʦʜʫʣʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʦʙʳʯʥʳʭ ʧʣʘʥʘʨʥʳʭ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ, ʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʤʘʪʨʠʯ-

ʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʩʠʩʪʝʤ [13 ï 16] (ʨʠʩʫʥʦʢ 1). ʈʘʩ-

ʯʸʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʪʦʧʨʠʸʤʥʠʢʦʚ ʩ ʪʘʢʠʤʠ ʬʦ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥ-

ʪʨʘʪʦʨʥʳʭ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 



ζColloquium - journal η# 11(63),2020 /   83 

 
ʈʠʩʫʥʦʢ 1. ʄʘʪʨʠʯʥʳʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʥʪʨʘʪʦʨ-

ʥʦʡ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʘʥʦʚʢʫ ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʪʦʨʠʯʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʩ w-

ʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷʭ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʚ ʬʦʢʫʩʝ w-ʦʙʨʘʟʥʦʛʦ, 

ʜʦʩʪʠʛʘʝʪ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚ-

ʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ, ʥʦ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʠʭ ʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤ 

ʨʘʩʯʸʪ ʢʘʢ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʩʥʠʤʘʝʪ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʠʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʝʤ (ʨʠʩʫʥʦʢ 2). ɼʣʷ ʧʦʜʦʙ-

ʥʦʛʦ ʨʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟ Ansys. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘ ʩ ʨʘʟʤʝʨʘʤʠ 2,8 ʤ Ĭ 1,25 ʤ, ʚʪʦʨʠʯʥʦʛʦ 

w-ʦʙʨʘʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤʠ 

ʤʘʪʨʠʯʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʷʤʠ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ, ʨʘʜʠʘʪʦʨʘ, ʧʝʨʝ-

ʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʩʦʣʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ w-ʦʙʨʘʟʥʳʤ ʚʪʦʨʠʯʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 

 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʦʧʦʨʝ 

ʩʦʩʪʘʚʣʷʶʪ 1,38 ʤ Ĭ 2,8 ʤ Ĭ 1,25 ʤ, ʧʣʦʱʘʜʴ ʘʧʝʨ-

ʪʫʨʳ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 3,5 ʤ2, ʨʘʟʤʝʨʳ ʬʦʪʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 1,25 ʤ Ĭ 0,06 ʤ, ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 46,6 

ʢʨʘʪ, ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ 15 % ʥʦʤʠʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ 800 ɺʪ, ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ 101,2 ɸ, ʥʦʤʠ-

ʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 8 ɺ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

120 ɸ, ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 10 ɺ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ w-ʦʙʨʘʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʘʷ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3. ʆʭʣʘʞʜʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʟʘ ʩʯʸʪ ʧʦʣʦʩʪʠ ʚ ʬʦʨʤʝ ʩʘʤʦʛʦ ʢʦʥʮʝʥʪʨʘ-
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ʪʦʨʘ (ʨʠʩʫʥʦʢ 3) ʠʣʠ ʚ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʩʪʸʢʦʣ (ʩ ʧʦ-

ʤʦʱʴʶ ʚʦʜʳ, ʤʘʩʣʘ, ʘʟʦʪʘ), ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʬʦ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʚ ʩʪʝʢ-

ʣʷʥʥʦʡ ʪʨʫʙʝ ʩ ʧʨʦʢʘʯʢʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 3. ʂʦʥʩʪʨʫʢʮʠʷ w-ʦʙʨʘʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

 

ʇʦʩʣʝ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʸʭʤʝʨʥʘʷ 

ʩʙʦʨʦʯʥʘʷ ʤʦʜʝʣʴ w-ʦʙʨʘʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ (ʨʠ-

ʩʫʥʦʢ 4). 

 
ʈʠʩʫʥʦʢ 4. ʊʨʸʭʤʝʨʥʘʷ ʩʙʦʨʦʯʥʘʷ ʤʦʜʝʣʴ ɤ-ʦʙʨʘʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦ-

ʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʧʨʠʸʤʥʠʢʘ: ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʴ ï ʩʠʣʠʢʦʥʦʚʦʝ ʤʘʩʣʦ; ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʘʣʶʤʠʥʠʡ: 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 160 ɺʪ/ʤĿʂ, ʪʝʧʣʦʸʤʢʦʩʪʴ 880 

ɼʞ/ʢʛĿʂ, ʧʣʦʪʥʦʩʪʴ 2800 ʢʛ/ʤ3; ʢʨʝʤʥʠʡ: ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʴ 120 ɺʪ/ʤĿʂ, ʪʝʧʣʦʸʤʢʦʩʪʴ 800 ɼʞ/ʢʛĿʂ, 

ʧʣʦʪʥʦʩʪʴ 2300 ʢʛ/ʤ3; ʩʪʝʢʣʦ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

0,46 ɺʪ/ʤĿʂ, ʪʝʧʣʦʸʤʢʦʩʪʴ 800 ɼʞ/ʢʛĿʂ, ʧʣʦʪʥʦʩʪʴ 

2400 ʢʛ/ʤ3; ʩʠʣʠʢʦʥʦʚʦʝ ʤʘʩʣʦ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

ʇʄʉ-10: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 0,167 ɺʪ/ʤĿʂ, ʪʝʧʣʦʸʤ-

ʢʦʩʪʴ 1549 ɼʞ/ʢʛĿʂ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20 

ÜC 0,1 ʇʘĿʩ, ʧʨʠ 50 ÜC 0,06 ʇʘĿʩ, ʧʣʦʪʥʦʩʪʴ 920 

ʢʛ/ʤ3; ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ V = 0,1 ʤ/ʩ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʊA = 25 Üʉ = 

298 ʂ, ʰʠʨʠʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ H = 0,06 ʤ, ʫʜʝʣʴʥʳʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʥʘ ʬʦʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ QS = 35800 ɺʪ/ʤ2, 

ʵʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ: 

2
35800 0,06 2149L S

Âò Âò
q Q H ì

ì ì
= Ö = Ö =    (1) 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʪʝʯʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʜʦʣʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʤʳʚʘʥʠʝ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʥʳʡ 

ʨʘʟʤʝʨ ʩʠʩʪʝʤʳ ï ʜʣʠʥʘ ʧʣʘʩʪʠʥʳ L. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

3
920 0,1 0,6
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   (2) 

Re < 1 Ŀ 105, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ï ʣʘʤʠʥʘʨʥʳʡ. 

ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

0,1 1549

Pr 928

0,167

Äæ
Ï à c

C êã Ê
Âò

ì Ê

m

l

Ö Ö
Ö Ö= = =

Ö

   (3) 

ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
11

320,664 Re Pr 680,4Nu= Ö Ö =     (4) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʇʨʠʤʝʤ ʚ ʨʘʩʯʸʪ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʪʚʦʜʠʪʩʷ ʚ ʚʝʩʴ 

ʦʙʲʝʤ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʊʦʛʜʘ ʧʨʠʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʚ ʩʪʘʮʠʦ-

ʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

2
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʍ ʧʦ ʜʣʠʥʝ ʬʦʪʦʧʨʠʸʤʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

( )liq A liqT x T dT x= + Ö    (7) 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪʳ ʍ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

`( ) ( ) S
pl liq

Q H
T x T x

L Ha

Ö
= +

Ö Ö
    (8) 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʧʨʦʪʠʚʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ: 

`( ) `( )pl pl plT T x T L x= + -    (9) 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ w-ʦʙʨʘʟʥʦʛʦ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘ (ʨʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 5. ʇʨʠʤʝʨ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʝʡ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 74 ÜC ʜʦ 98 ÜC, ʯʪʦ ʧʨʠʝʤʣʝʤʦ 

ʜʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʤʘʪʨʠʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʦʣʷ ʤʦʜʝʣʠ, ʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʞʠʜʢʦʛʦ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʠʙʦ ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠ-

ʩʪʝʤʝ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ (ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʭʦʜʘ), ʣʠʙʦ ʟʘʤʝʥʦʡ ʩʘʤʦʛʦ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ. ʊʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ ʤʦʜʫʣʷ ï 

ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʳ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʠ ʥʘʛʨʝʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ. 
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MODELING  THE THERMAL  STATE OF A SOLAR MODULE  WATER  COOLING  RADIATOR  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʘʪʦʨʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ Ansys. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʠʟʤʝʥʸʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʜʠʘʪʦʨʘ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ. 

Abstract 
The article considers the simulation of the thermal state of the water cooling radiator of a concentrator solar 

installation, as well as the flow of the coolant in The ANSYS finite element analysis system. Based on the results 

of the proposed modified design of the radiator, the simulation which was also carried out. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʘʪʦʨ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʩʠʩʪʝʤʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, Ansys, 

ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

Keywords: water cooling radiator, finite element analysis system, Ansys, thermal state, solar power. 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ 

ʨʘʟʚʠʪʠʝ. ʆʩʦʙʦ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ ʧʦʚʳʰʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨ-

ʛʝʪʠʢʠ. ʆʩʥʦʚʥʳʝ ʚʚʦʜʠʤʳʝ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

ʧʣʘʥʘʨʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ 

[1]. ʆʜʥʘʢʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘʤʝʪʠʣʩʷ ʪʨʝʥʜ ʥʘ ʩʦʟʜʘ-

ʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʝʧʣʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦ-

ʜʫʣʝʡ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʣʘʥʘʨʥʦʡ, ʪʘʢ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʡ ʢʦʥʩʪʨʫʢʮʠʠ [2 ï 6]. ʌʦʪʦʧʨʠʸʤ-

ʥʠʢʠ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʬʦʢʫʩʝ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʜʣʝʞʘʪ ʪʝʧ-

ʣʦʚʦʤʫ ʨʘʩʯʸʪʫ ʚ ʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʭ ʥʘʛʨʝʚʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝʧʣʦʚʦʡ ʨʘʩʯʸʪ 

ʨʘʜʠʘʪʦʨʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 1) ʚ ʩʠʩʪʝʤʝ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ Ansys ʩ ʮʝʣʴʶ ʚʳ-

ʙʦʨʘ ʨʝʞʠʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʦʝ ʦʭʣʘ-

ʞʜʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʚʳ-

ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʦʪ-

ʚʦʜʘ ʪʝʧʣʦʪʳ), ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʫʣʷ. 
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ʈʠʩʫʥʦʢ 1. ʏʝʨʪʸʞ ʨʘʜʠʘʪʦʨʘ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷ ʧʨʠ ʝʛʦ ʨʘʩ-

ʯʸʪʝ ʚ ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: 

ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ: 1,5 ɺʪ/ʩʤ2; ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦ-

ʩʪʠ ʥʘ ʚʭʦʜʝ: 20 Üʉ; ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ: 

0,15 ʤ/ʩ; ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ: ʤʘʩʩʦʚʳʡ: 0,172 ʢʛ/ʩ, 

ʦʙʲʝʤʥʳʡ: 0,163 ʣ/ʩ; ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʥʘ ʜʣʠʥʝ 250 

ʤʤ: 50 ʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʧʦʣʫʯʝʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2. ʊʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʩʣʝʚʘ) ʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ (ʩʧʨʘʚʘ) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦ-

ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʩʪʘʚʠʣʘ ʦʪ 34 

ÜC ʜʦ 39 ÜC, ʘ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ 0,25 ʤ/ʩ ʜʦ 

0,031 ʤ/c ʚ ʦʙʨʘʪʥʦʤ ʧʦʪʦʢʫ ʥʘʧʨʘʚʣʝʥʠʠ (ʟʘʩʪʦʠ 

ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʰʠʥʘʭ). 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʩʲʸʤʘ ʪʝʧʣʘ ʠ ʪʫʨʙʦʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʘʪʦʨʦʚ, ʧʨʠ-

ʤʝʨ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

ʅʘʨʷʜʫ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʘʤʦʛʦ ʨʘʜʠʘʪʦʨʘ ʠʟʤʝʥʝ-

ʥʠ ʁ ʧʦʜʚʝʨʛʣʦʩʴ ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʥʘ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʝ., ʫʚʝʣʠʯʝʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʧʣʦʩʲʸʤʘ 

ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʠ ʙʦʣʴʰʝʤ ʧʘʜʘʶʱʝʤ ʩʦʣʥʝʯ-

ʥʦʤ ʠʟʣʫʯʝʥʠʠ. 

 
ʈʠʩʫʥʦʢ 3. ʏʝʨʪʸʞ ʨʘʜʠʘʪʦʨʘ ʩ ʠʟʤʝʥʸʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʬʠʣʷ 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʸʥʥʦʛʦ ʨʘʜʠʘʪʦʨʘ 

ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʫʜʝʣʴʥʦʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ: 2,5 

ɺʪ/ʩʤ2; ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʥʘ 

ʚʭʦʜʝ: 20 Üʉ; ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ: 0,25 ʤ/ʩ; 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ: ʤʘʩʩʦʚʳʡ: 0,147 ʢʛ/ʩ, ʦʙʲʝʤʥʳʡ: 
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0,140 ʣ/ʩ; ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʥʘ ʜʣʠʥʝ 250 ʤʤ: 7500 

ʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʨʘʜʠʘʪʦʨʘ ʧʦʣʫʯʝʥʳ ʪʝʧʣʦʚʳʝ ʧʦʣʷ ʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ (ʨʠʩ. 4). 

 
ʈʠʩʫʥʦʢ 4. ʊʝʤʧʝʨʘʪʫʨʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʩʣʝʚʘ) ʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ (ʩʧʨʘʚʘ) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ ʩʦʩʪʘʚʠʣʘ ʦʪ 34 ÜC ʜʦ 38 ÜC, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩʦʩʪʘʚʠʣʘ ʦʪ 

0,9 ʤ/ʩ ʜʦ 0,21 ʤ/c ʚ ʦʙʨʘʪʥʦʤ ʧʦʪʦʢʫ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʩʤʝʰʠʚʘʥʠʠ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ ʠ ʦʪʚʦʜʫ ʪʝʧʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ 

ʩʠʩʪʝʤʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ Ansys, ʨʘʩ-

ʩʯʠʪʘʥʦ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʜʠʘʪʦʨʘ ʠ ʪʝʯʝʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟ-

ʨʘʙʦʪʯʠʢʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʘʥʯʝʥʢʦ ɺ.ɸ. ʉʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʬʝʜʝ-

ʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʘʛʨʦʠʥʞʝʥʝʨʥʦʛʦ ʮʝʥʪʨʘ ɺʀʄ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ // ʕʢʦʣʦʛʠʯʝʩʢʘʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʠ ɻ ʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ - 2017. ʉ. 1030-1033. 

2. ʉʪʨʝʙʢʦʚ ɼ.ʉ., ʄʘʡʦʨʦʚ ɺ.ɸ., ʇʘʥʯʝʥʢʦ 

ɺ.ɸ. ʉʦʣʥʝʯʥʳʡ ʪʝʧʣʦ-ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 

ʩ ʧʘʨʘʙʦʣʦʪʦʨʠʯʝʩʢʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ // ɸʣʴʪʝʨ-

ʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʣʦʛʠʷ, 2013,  ̄1-2 (118), 

ʉ. 35-39. 

3. ʉʠʥʠʮʳʥ ʉ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ // ʅʘʫʯʥʳʡ ɻ ʣʝʢ-

ʪʨʦʥʥʳʡ ʞʫʨʥʘʣ ʄʝʨʠʜʠʘʥ. 2020.  ̄4 (38). ʉ. 219-

221. 

4. ʉʠʥʠʮʳʥ ʉ.ɸ. ʕʥʪʨʦʧʠʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ ʪʝʧʣʦ-

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ // ʅʘʫʯʥʳʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ ʄʝʨʠʜʠʘʥ. 2020.  ̄3 (37). ʉ. 

438-440. 

5. ʉʠʥʠʮʳʥ ʉ.ɸ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ 

ʪʦʯʝʢ // E-Scio. 2020.  ̄1 (40). ʉ. 421-427. 

6. ʉʠʥʠʮʳʥ ʉ.ɸ., ʉʪʨʝʙʢʦʚ ɼ.ʉ., ʇʘʥʯʝʥʢʦ 

ɺ.ɸ. ʇʘʨʢʝʪʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝ-

ʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʬʦʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʧʦ ʟʘʜʘʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ // ɻʝʦʤʝʪʨʠʷ ʠ ʛʨʘ-

ʬʠʢʘ, ʊʦʤ 7, ˉ3, 2019, ʩ. 15 ï 27. 

ʋɼʂ: 606:579.255 

ʉʘʚʝʣʴʝʚ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʉʪʫʜʝʥʪ, ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʂʝʤʝʨʦʚʦ, ʈʦʩʩʠʷ 

ʈʫʜʝʥʩʢʘʷ ɽʣʠʟʘʚʝʪʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʪʫʜʝʥʪ, ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʂʝʤʝʨʦʚʦ, ʈʦʩʩʠʷ 

ʄʠʣʝʥʪʴʝʚʘ ʀʨʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʂʝʤʝʨʦʚʦ, ʈʦʩʩʠʷ 

DOI: 10.24411/2520-6990-2020-11727 

ʇʆʃʋʏɽʅʀɽ ʈɽʂʆʄɹʀʅɸʅʊʅʆɻʆ ɹɽʃʂɸ ʇʈʀ ʇʆʄʆʑʀ ʐʊɸʄʄɸ  

BACILLUS SUBTILIS SZMC 6179J 

 

  

https://doi.org/10.24411/2520-6990-2020-11727


90  / ζColloquium - journal η# 11(63),2020  

Saveliev Sergei Nikolaevich 

Student Kemerovo State University, Kemerovo, Russia 

Rudenskaya Elizaveta Aleksandrovna 

Student Kemerovo State University, Kemerovo, Russia 

Milenteva Irina  Sergeevna 

PhD in technical, associate professor of the bionanotechnology 

Kemerovo State University, Kemerovo, Russia 

 

GETTING  RECOMBINANT  PROTEIN BY USING A STRAIN BACILLUS  SUBTILIS  SZMC 6179J 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʰʪʘʤʤʘ Bacillus subtilis SZMC 6179J ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʦʣʫʯʝʥʠʠ ʙʝʣʢʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ (ʢʫʣʴʪʠʚʠʨʦ-

ʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʨʝʜʝ NBM) ʩ ʛʝʥʦʤ ʵʢʩʧʨʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʝʣʢʘ ʚʩʪʨʦʝʥʥʦʡ ʚ ʢʣʝʪʢʫ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

Abstract 

In following article considered promising decisions of using Bacillus subtilis (strain SZMC 6179J) in indus-

trial  production of protein. Presented one of the methods for isolation of plasmid DNA (grown on NB-Medium) 

with expression of the necessary protein integrated into cell for quality control. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʪʝʭʥʦʣʦʛʠʷ, ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʰʪʘʤʤ Bacillus 

subtilis SZMC 6179J, ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ NBM. 

Keywords: biotechnology, recombinant proteins, innovative methods, bacillus subtilis (strain SZMC 6179J), 

growth medium NBM. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʘʢʦʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʢʘʢ 

ʧʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʩʪʠ. ʋʯʸʥʳʝ ʨʘʟ ʟʘ ʨʘʟʦʤ ʦʪʢʨʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʝ-

ʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʘ-

ʨʠʘʥʪʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʩʝʛʦʜʥʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʨʝʢʦʤʙʠ-

ʥʘʥʪʥʦʡ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ, ʣʠʙʦ ʚ ʢʣʝʪʢʘʭ ʞʠʚʦʪ-

ʥʳʭ, ʪʦ ʝʩʪʴ ʚ ʢʣʝʪʢʘʭ ʷʠʯʥʠʢʘ ʢʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ 

(ʉʅʆ) ʠʣʠ ʚ ʢʣʝʪʢʘʭ ʛʠʙʨʠʜʦʤʳ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ɼʅʂ ʠ 

ʛʠʙʨʠʜʦʤʳ ʧʝʨʝʚʝʨʥʫʣʦ ʨʳʥʦʢ ʜʦʩʪʫʧʥʳʭ ʬʘʨʤʘ-

ʮʝʚʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʦʠʟʚʦʜʠ-

ʤʳʝ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʙʝʣʢʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ʠʥʩʫʣʠʥ, ʛʦʨʤʦʥ ʨʦʩʪʘ, ʠʥʪʝʨʬʝʨʦʥ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʦʪʢʨʳʚʘʶʪʩʷ 

ʥʦʚʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ [3]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʟʛʣʷʜ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʚʣʸʢ ʪʘʢʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ, ʢʘʢ Bacillus subtilis. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʥʘʣʘʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ. ʀʤʝ-

ʶʪʩʷ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʳʭ ʧʨʦ-

ʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʢʨʝʧʠʣʠ ʜʘʥʥʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʝʢʪʦʨʳ ʠ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʝʣʢʘ.  

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 24 ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʧʨʦ-

ʤʦʪʦʨʦʚ ʜʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʧʨʦʜʫʢʮʠʠ ʬʝʨ-

ʤʝʥʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʡ ʛʝʥ ʚʩʪʘʚʢʠ, 

Bacillus subtilis ʧʨʦʯʥʦ ʚʦʰʸʣ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʧʨʝʧʘʨʘʪʦʚ.  

ʆʜʥʘʢʦ, ʠʤʝʝʪʩʷ ʢʘʢ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ. Bacillus subtilis ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʘʤʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ ʙʘʢʪʝʨʠʷʤ, ʢʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʥʝ ʢʣʝʪʢʠ. 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʧʦʣʠʤʝʨ ʩʘʭʘʨʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʪʘʢʞʝ ʚ ʩʦ-

ʩʪʘʚ ʚʭʦʜʷʪ ʪʝʡʭʦʝʚʳʝ ʢʠʩʣʦʪʳ, ʣʠʧʦʪʝʡʭʦʝʚʳʝ 

ʢʠʩʣʦʪʳ ʠ ʙʝʣʢʠ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʙʘʢʪʝʨʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʫʣʴ-

ʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴ-

ʥʳʭ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪ ʧʨʦʜʫʢʪ ʚ ʧʝ-

ʨʠʧʣʘʟʤʝ. ʕʪʦ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʧʣʘʥʝ ʦʪ-

ʯʠʩʪʢʠ ʠ ʚʳʜʝʣʝʥʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʪʘʢ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 50 % 

ʠʣʠ ʙʦʣʝʝ ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦ-

ʜʫʢʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʥ ʚ ʩʘ-

ʤʦʡ ʢʣʝʪʢʝ ʠʣʠ ʚʳʜʝʣʷʝʪʩʷ ʥʘʨʫʞʫ.  

ʆʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡ-

ʩʠʥʛʘ. Bacillus subtilis ʥʝ ʫʤʝʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʪʴ ʠ ʩʚʦʨʘʯʠʚʘʪʴ ʙʝʣʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʟʨʝʣʳʝ. 

Bacillus subtilis ʠʤʝʝʪ ʦʜʥʫ ʢʨʫʛʦʚʫʶ ʭʨʦʤʦʩʦʤʫ. 

ʆʙʱʠʡ ʨʘʟʤʝʨ ʚʩʝʡ ɼʅʂ ʩʦʩʪʘʚʣʷʝʪ 4 215 606 ʧ.ʥ. 

(4,2 ʄʙʠʪ / ʩ). 4100 ʛʝʥʦʚ ʢʦʜʠʨʫʶʪ ʙʝʣʢʠ. 53% ʢʦ-

ʜʠʨʫʶʱʠʭ ʙʝʣʦʢ ʛʝʥʦʚ ʚʠʜʥʳ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʪʦʛʜʘ 

ʢʘʢ 25% ʛʝʥʦʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʘʤ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʣʠʩʴ ʜʫʧʣʠʢʘʮʠʠ ʛʝʥʦʚ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ɻʝʥʦʤ Bacillus subtilis 

 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ ʧʨʦʚʦʜʷʪ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ SZMC 6179J ʥʘ ʩʨʝʜʝ 

NB-Medium (NBM) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 oC ʚ ʪʝʯʝ-

ʥʠʠ 20-24 ʯ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʥʦʡ ʢʘʯʘʣʢʠ-ʰʝʡ-

ʢʝʨʘ 200-300 ʦʙ/ʤʠʥ [4]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʧʣʘʟ-

ʤʠʜʥʫʶ ɼʅʂ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʘʜʠʪʴ ʢʣʝʪʢʠ. 

ʆʪʦʙʨʘʪʴ 1,5 ʤʣ ʢʫʣʴʪʫʨʳ ʚ ʤʠʢʨʦʮʝʥʪʨʠʬʫʞʥʫʶ 

ʧʨʦʙʠʨʢʫ, ʧʨʦʚʝʩʪʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʠ 10000 

ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 2 ʤʠʥ, ʧʦʚʪʦʨʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, 

ʧʦʩʣʝ ʫʜʘʣʠʪʴ ʩʫʧʝʨʥʘʪʘʥʪ.  

ʈʝʩʫʩʧʝʥʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʚ 200 

ʤʢʣ ʨʘʩʪʚʦʨʘ a, ʚʳʜʝʨʞʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥ. ɼʦʙʘʚʠʪʴ 400 ʤʢʣ ʨʘʩʪʚʦʨʘ b, 

ʧʦʤʝʩʪʠʪʴ ʦʙʨʘʟʝʮ ʥʘ ʣʸʜ ʥʘ 5 ʤʠʥ. ʇʦʩʣʝ ʜʦʙʘʚʠʪʴ 

500 ʤʢʣ ʨʘʩʪʚʦʨʘ c, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʝʨʝʚʝʨʥʫʪʴ ʧʨʦ-

ʙʠʨʢʫ ʠ ʦʩʪʘʚʠʪʴ ʥʘ ʣʴʜʫ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥ.  

ʈʘʩʪʚʦʨ a: 100ʤʄ TrisïHCl, pH 8,0; 10ʤʄ 

ʕɼʊɸ; 50ʤʄ ʛʣʶʢʦʟʘ. ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʝʩʪʠ 

ʬʝʨʤʝʥʪ ʣʠʟʦʮʠʤ ʦʢʦʣʦ 5 ʤʛ/ʤʣ.  

ʈʘʩʪʚʦʨ b: 1% SDS; 0,2ʅ NaOH.  

ʈʘʩʪʚʦʨ c: 3ʄ CH3CO2K, ʨʅ 5,0. ʅʘ 100 ʤʣ: 5M 

CH3CO2K ï 60 ʤʣ; CH3COOH ʣʝʜʷʥʘʷ ï 11,5 ʤʣ; 

H2O ï 28,5 ʤʣ.  

ɼʘʣʝʝ, ʦʩʘʜʠʪʴ ʭʨʦʤʦʩʦʤʥʫʶ ɼʅʂ ʧʫʪʸʤ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʨʠ 10000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 5 ʤʠ-

ʥʫʪ. ʆʪʦʙʨʘʪʴ ʩʫʧʝʨʥʘʪʘʥʪ, ʠʤʝʥʥʦ ʦʥ ʩʦʜʝʨʞʠʪ 

ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ, ʧʝʨʝʥʝʩʪʠ ʚ ʥʦʚʫʶ ʧʨʦʙʠʨʢʫ, 

ʜʦʙʘʚʠʪʴ 500 ʤʢʣ ɻ ʪʘʥʦʣʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʣʘʟʤʠʜʥʦʡ 

ɼʅʂ, ʦʩʪʘʚʠʪʴ ʥʘ 8-10 ʤʠʥʫʪ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʚʝʩʪʠ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʜʣʷ ʣʫʯʰʝʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ 10000 

ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 10 ʤʠʥʫʪ. 

ʇʣʘʟʤʠʜʥʳʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʠʪʴ ʚ 100 ʤʢʣ TE-

ʙʫʬʝʨʘ, ʧʨʦʚʝʩʪʠ ʬʝʥʦʣʴʥʫʶ ʜʝʧʨʦʪʝʠʥʠʟʘʮʠʶ ʦʙ-

ʨʘʟʮʘ ʜʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ. ʆʙʨʘʙʦʪʘʪʴ 

ʨʠʙʦʥʫʢʣʝʘʟʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʈʅʂ. ʇʦʣʫʯʝʥʥʫʶ 

ʧʣʘʟʤʠʜʥʫʶ ɼʅʂ ʦʪʧʨʘʚʠʪʴ ʥʘ ʇʎʈ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʥʫʞʥʦʛʦ ʛʝʥʘ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ [1, 2]. 

Bacillus subtilis ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ ʚʳʭʦʜ 

ʙʝʣʢʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʵʪʦ 

ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘʨʘ-

ʙʦʪʢʠ ʙʝʣʢʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʄʠʢʨʦ-

ʦʨʛʘʥʠʟʤ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʙʝʣʢʘ ʚ ʬʘʨʤʘ-

ʮʝʚʪʠʢʝ. ɺ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʥʳʝ ʙʝʣʢʠ ʠʜʫʪ ʢʘʢ 

ʜʦʙʘʚʢʘ ʚ ʢʦʨʤʘ ʜʣʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʦʨʤʦ-

ʚʦʛʦ ʨʘʮʠʦʥʘ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʷʩʥʦʛʦ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʦʛʦ ʙʝʣʢʘ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʘ ʨʘʩʪʠ ʥʘ ʜʝʰʸʚʦʤ ʩʳʨʴʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʧʫʩʪʠʪʴ ʥʘ ʚʪʦʨʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʡ 

ʞʝ ʜʦʙʘʚʢʠ ʚ ʢʦʨʤʘ, ʜʝʣʘʝʪ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʙʝʟʦʪʭʦʜʥʳʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ ʧʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯ-

ʥʳʭ ʰʢʦʣ (ʅʐ-2694.2020.4). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʰʠ ʜʥʠ ʤʘʰʠʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʧʦʚʩʝʤʝʩʪʥʳʤʠ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦ-

ʩʦʙʳ ʦʙʱʝʥʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʤʘʰʠʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʙʦʣʴʰʝ ʥʘ ʞʠʟʥʴ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʯʝʤ ʩ ʫʜʦʙʩʪʚʦʤ ʣʶʜʝʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʯʴ - ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʦʙ-

ʱʝʥʠʷ ʣʶʜʝʡ. ɹʳʣʦ ʙ  rʭʦʨʦʰʦ, ʝʩʣʠ ʙ  rʢʦʤʧʴʶʪʝʨʳ ʤʦʛʣʠ ʩʣʫʰʘʪʴ ʯʝʣʦʚʝʯʝʩʢʫʶ ʨʝʯʴ ʠ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ 

ʢʦʤʘʥʜʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʚʦʜʘ ʚ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʶʪʩʷ ʢʣʘʚʠʘʪʫʨʘ 

ʠʣʠ ʤʳʰɹ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ (ɸʈʈ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʚ) ʚʳʩʢʘʟʳʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʬʦʨʤʳ ʚʦʣʥʳ ʨʝʯʠ. ʇʦʥʠʤʘ-

ʥʠʝ ʨʝʯʠ ʠʜʝʪ ʝʱʝ ʜʘʣʴʰʝ ʠ ʧʦʜʙʠʨʘʝʪ ʩʤʳʩʣ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʛʦʚʦʨʷʱʝʛʦ. ʕʪʘ 

ʩʪʘʪʴʷ ʜʘʝʪ ʚʚʝʜʝʥʠʝ ʚ ɸʈʈ.  

Abstract 

Today, information processing machines have become ubiquitous. However, modern methods of communi-

cation between a person and a machine are oriented more toward life with the limitations of computer I/O devices 

than with the convenience of people. As you know, speech is the main way people communicate. It would be nice 

if computers could listen to human speech and carry out their commands. On the other hand, keyboard or mouse 

are common input methods for a computer. In this situation, automatic speech recognition (ASR) can be defined 

as the process of obtaining the transcription (sequence of words) of a statement taking into account the speech 

waveform. Understanding speech goes even further and selects the meaning of the statement in order to fulfill  the 

command of the speaker. This article provides an introduction to ASR. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ɸʈʈ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ, ʩʠʩʪʝʤʳ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

Key words: speech recognition, ASR, acoustic model, language model, speech recognition systems. 

 

ɺʚʝʜʝʥʠʝ. ʉʠʩʪʝʤʳ ɸʈʈ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʫʧʨʘʚʣʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʰʠʥʫ. ɺʝʜʴ ʝʞʝ-

ʛʦʜʥʦ ʚʩʝ ʙʦʣʴʰʝ ʣʶʜʝʡ ʦʪʜʘʶʪ ʩʚʦʝ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʛʦʣʦʩʦʚʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʯʝʤ ʢʣʘʚʠʘʪʫʨʝ ʠʣʠ ʤʳʰʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦ ʚ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʠʭ 

ʨʫʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɼʠʢʪʦʬʦʥ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʟ-

ʚʝʩʪʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ɸʈʈ. ɼʣʷ ʦʙʟʦʨʘ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʨʝʯʠ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ [1]. 

ɹʣʘʛʦʜʘʨʷ ʚʝʟʜʝʩʫʱʠʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʩʠ-

ʩʪʝʤʘʤ, ʨʝʯʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʦʯʝʥʴ ʫʜʦʙʝʥ ʜʣ̫ ʚʚʦʜʘ 

ʜʘʥʥʳʭ, ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʫʜʘʣʝʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ, ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʩʣʫʛ, ʪʘʢʠʭ ʢʘʢ ʙʨʦʥʠʨʦ-

ʚʘʥʠʝ ʙʠʣʝʪʦʚ. ʉʠʩʪʝʤʳ Aʈʈ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʫʢʠ ʠ ʛʣʘʟʘ ʟʘʥʷʪʳ, ʥʘʧʨʠʤʝʨ, ʟʘ ʨʫ-

ʣʝʤ ʠʣʠ ʦʧʝʨʘʮʠʝʡ. ʆʥʠ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʝʧʦʜʘʚʘʥʠʷ 

ʬʦʥʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟ-

ʜʝʣʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʧʨʠʨʦʜʫ ʚʚʦʜʠʤʦʡ 

ʨʝʯʠ. 

¶ ʂʦʣʠʯʝʩʪʚʦ ʛʦʚʦʨʷʱʠʭ: ʉʠʩʪʝʤʘ ʥʝʟʘʚʠ-

ʩʠʤʘ ʦʪ ʛʦʚʦʨʷʱʝʛʦ, ʝʩʣʠ ʦʥʘ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʨʝʯʴ ʣʶʙʦʛʦ ʛʦʚʦʨʷʱʝʛʦ; ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʚʳʫʯʠʣʘ 

ʧʨʠʨʦʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʘʪʦʨʦʚ. ɹʦʣʴʰʦʡ 

ʦʙʲʝʤ ʨʝʯʝʚʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʤʦʡ ʦʪ ʛʦʚʦʨʷʱʝʛʦ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʣʦʭʦ ʨʘʩʧʦʟʥʘʝʪ ʯʫʞʫʶ ʨʝʯʴ. ʇʨʠ-

ʩʧʦʩʘʙʣʠʚʘʶʱʠʡʩʷ ʢ ʛʦʚʦʨʷʱʝʤʫ ʩʠʩʪʝʤʳ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ ʛʦʚʦʨʷʱʝʛʦ ʩʠ-

ʩʪʝʤʘʤʠ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʛʦʣʦʩʫ ʥʦʚʦʛʦ ʛʦʚʦʨʷʱʝʛʦ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ (ʨʝʯʠ) ʛʦʚʦʨʷʱʝʛʦ 

. ʇʦʧʫʣʷʨʥʳʡ ʜʠʢʪʦʬʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠ-

ʩʧʦʩʘʙʣʠʚʘʶʱʠʡʩʷ ʢ ʛʦʚʦʨʷʱʝʤʫ ʩʠʩʪʝʤʫ. 

¶ ʅʘʪʫʨʘ (ʭʘʨʘʢʪʝʨ) ʚʳʩʢʘʟʳʚʘʥʠʷ: ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʦʠʟʥʦʩʠʪʴ ʩʣʦʚʘ ʩ ʯʝʪʢʦʡ ʧʘʫʟʦʡ 

ʤʝʞʜʫ ʩʣʦʚʘʤʠ ʚ ʀʟʦʣʠʨʦʚʘʥʥʦʡ ʉʠʩʪʝʤʝ ʈʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʩʣʦʚ. ʉʠʩʪʝʤʘ ʈʘʩʧʦʟʥʘʚʘʥʠʷ ʇʦʜʢʣʶʯʝʥ-

ʥʳʭ ʉʣʦʚ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʩʣʦʚʘ, ʚʟʷʪʳʝ ʠʟ ʥʝ-

ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ, ʧʨʦʠʟʥʝʩʝʥʥʳʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʘʫʟʳ ʤʝʞʜʫ ʩʣʦʚʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʉʠʩʪʝʤʳ ʅʝʧʨʝʨʳʚʥʦʛʦ ʈʘʩʧʦʟʥʘʚʘʥʠʷ ʈʝʯʠ ʨʘʩʧʦ-

ʟʥʘʶʪ ʧʨʝʜʣʦʞʝʥʠʷ, ʧʨʦʠʟʥʦʩʠʤʳʝ ʥʝʧʨʝʨʳʚʥʦ. 

ʉʠʩʪʝʤʘ ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʈʘʩʧʦʟʥʘʚʘʥʠʷ ʈʝʯʠ 

ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʯʝʚʳʝ ʥʘʨʫʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʘʭ,  ̫ʠʣʠ ʬʘʣʴʩʪʘʨʪ, ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ, ʧʨʠ-

ʩʫʪʩʪʚʫʶʱʠʝ ʚ ʨʘʟʛʦʚʦʨʥʦʡ ʨʝʯʠ. ʉʠʩʪʝʤʘ ʆʧʨʝʜʝ-

ʣʝʥʠʷ ʂʣʶʯʝʚʳʭ ʉʣʦʚ ʧʨʦʜʦʣʞʘʝʪ ʠʩʢʘʪʴ ʟʘʨʘʥʝʝ 
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ʟʘʜʘʥʥʳʡ ʥʘʙʦʨ ʩʣʦʚ ʠ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ 

ʣʶʙʦʛʦ ʠʟ ʥʠʭ ʚʦ ʚʭʦʜʥʦʡ ʨʝʯʠ. 

¶ ʈʘʟʤʝʨ ʩʣʦʚʘʨʷ: ʩʠʩʪʝʤʘ Aʈʈ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ (ʩʢʘ-

ʞʝʤ, 10 ʮʠʬʨ), ʥʘʟʳʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʣʦʚʘʨʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʉʨʝʜʥʠʝ ʩʣʦʚʘʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʩ-

ʧʦʟʥʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʩʣʦʚ. ɹʦʣʴʰʠʝ ʠ ʆʯʝʥʴ 

ɹʦʣʴʰʠʝ ʩʠʩʪʝʤʳ ɸʈʈ ʦʙʫʯʘʶʪʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʪʳʩʷʯʘʤʠ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʩʣʦʚ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʤʝʨʘʤʠ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʣʳʭ, ʩʨʝʜʥʠʭ ʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʩʣʦʚʘʨʥʳʭ ʩʠʩʪʝʤ 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʪʝʣʝʬʦ-

ʥʦʚ/ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥ-

ʪʨʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

¶ ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ: ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʪʝʣʝʬʦʥʥʦʛʦ/ʤʦʙʠʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʛʨʘ-

ʥʠʯʝʥʘ 300ï3400 ɻʮ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʣʘʙʣʷʝʪ 

ʯʘʩʪʦʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝ ʵʪʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘ-

ʥʠʷ. ʊʘʢʘʷ ʨʝʯʴ ʥʘʟʳʚʘʝʪʩʷ ʫʟʢʦʧʦʣʦʩʥʦʡ ʨʝʯʴʶ. 

ʅʘʧʨʦʪʠʚ, ʥʦʨʤʘʣʴʥʘʷ ʨʝʯʴ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʦʭʦʜʠʪ 

ʧʦ ʪʘʢʦʤʫ ʢʘʥʘʣʫ, ʥʘʟʳʚʘʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʝ-

ʯʴʶ; ʦʥ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʦʛʨʘʥʠ-

ʯʝʥʥʳʡ ʪʦʣʴʢʦ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʩʪʝʤ ɸʈʈ, ʦʙʫʯʝʥ-

ʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʝʯʠ, 

ʚʳʰʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ɸʈʈ, ʦʙʫʯʝʥʥʘʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʫʟʢʦʧʦʣʦʩʥʦʡ ʨʝʯʠ, ʧʣʦʭʦ ʨʘʙʦʪʘʝʪ ʩ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʨʝʯʴʶ ʠ ʥʘʦʙʦʨʦʪ. 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʩʚʷʟʘʥʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ 

[2]. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩ-

ʩʦʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ: ʢʦʜʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʨʝ-

ʯʝʚʦʡ ʩʠʛʥʘʣ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʈʝʯʴ ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʘ 

ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ, ʥʘʟʳʚʘ-

ʝʤʳʭ ʬʦʥʝʤʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʘʣʬʘ-

ʚʠʪʘ ʧʦ ʩʫʱʝʩʪʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʦʥʝʤʫ. ʏʪʦʙʳ 

ʣʫʯʰʝ ʦʮʝʥʠʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ɸʈʈ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʢʘʢ ʚʦʟʥʠʢʘʶʪ ʨʝʯʝʚʳʝ ʟʚʫʢʠ ʠ ʠʩ-

ʪʦʯʥʠʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ɿʥʘʥʠʝ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʯʝʚʳʭ ʟʚʫʢʦʚ 

ʧʦʤʦʞʝʪ ʥʘʤ ʧʦʥʷʪ ɹ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʝʯʝʚʳʭ ʟʚʫʢʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟ-

ʚʦʣʠʪ ʥʘʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʟʚʫʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʯʝʚʳʭ ʟʚʫʢʦʚ. 

ɿʚʫʢʠ ʛʝʥʝʨʠʨʫʶʪʩʷ, ʢʦʛʜʘ ʚʦʟʜʫʭ ʠʟ ʣʝʛʢʠʭ 

ʚʦʟʙʫʞʜʘʝʪ ʚʦʟʜʫʰʥʫʶ ʧʦʣʦʩʪʴ ʨʪʘ. ɺ ʩʣʫʯʘʝ ʩʦ-

ʟʜʘʥʠʷ ʚʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʟʚʫʢʘ, ʩʢʘʞʝʤ, ʛʣʘʩʥʦʛʦ 

/ʘ/, ʛʦʣʦʩʦʚʘʷ ɦ ʝʣʴ ʦʪʢʨʳʚʘʝʪʩʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘ-

ʢʨʳʚʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʫʥʦʚʝʥʠʝ ʚʦʟʜʫʭʘ ʠʟ 

ʣʝʛʢʠʭ ʚʦʟʙʫʞʜʘʝʪ ʧʦʣʦʩʪʴ ʨʪʘ. ɺʦ ʚʨʝʤʷ ʧʝʨʠʦʜʦʚ 

ʟʘʢʨʳʪʠʷ ʛʦʣʦʩʦʚʦʡ ʱʝʣʠ ʚ ʧʦʣʦʩʪʠ ʨʪʘ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ ʨʝʟʦʥʘʥʩʳ. ʌʦʨʤʘ ʚʦʣʥʳ, ʠʩʭʦʜʷʱʘʷ ʠʟ ʛʫʙ, 

ʠʤʝʝʪ ʩʠʛʥʘʪʫʨʫ ʢʘʢ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʘʢ ʠ ʨʝʟʦʥʘʥʩ-

ʥʦʡ ʧʦʣʦʩʪʠ. ʏʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʛʦʣʦʩʦʚʦʡ ʱʝʣʠ 

ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʢʘʢ ʯʘʩʪʦʪʘ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʩʦʚʦʛʦ ʟʚʫʢʘ ʦʨʘʣʴʥʳʡ ʧʨʦʭʦʜ 

ʙʣʦʢʠʨʫʝʪʩʷ, ʠ ʚʝʣʶʤ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʙʣʦʢʠʨʫʝʪ 

ʥʦʩʦʚʦʡ ʭʦʜ, ʧʦʜʥʠʤʘʝʪʩʷ. ɺʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʚʦʢʘʣʠʟʦʚʘʥʥʳʭ ʟʚʫʢʦʚ ʛʦʣʦʩʦʚʘʷ ʱʝʣʴ ʥʝ ʚʠʙ-

ʨʠʨʫʝʪ ʠ ʦʪʢʨʳʪʘ. ʇʦʣʦʩʪʴ ʨʪʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʘʧʝʨʠ-

ʦʜʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ /ʩ/ ʚʦʟʜʫʭ, ʚʳʙʝʛʘʶʱʠʡ ʠʟ ʫʟʢʦʛʦ ʩʫʞʝʥʠʷ 

ʤʝʞʜʫ ʷʟʳʢʦʤ ʠ ʚʝʨʭʥʠʤʠ ʟʫʙʘʤʠ, ʚʦʟʙʫʞʜʘʝʪ ʧʦ-

ʣʦʩʪʴ ʧʝʨʝʜ ʟʫʙʘʤʠ. 

ʏʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʥʳʝ ʟʚʫʢʠ, ʜʠʥʘʤʠʢ ʠʟ-

ʤʝʥʷʝʪ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʧʦʣʦʩʪʠ ʨʪʘ ʜʚʠʞʝʥʠʝʤ ʘʨ-

ʪʠʢʫʣʷʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʷʟʳʢ, ʯʝʣʶʩʪʴ, ʛʫʙʳ. ʈʝʟʦ-

ʥʘʥʩʥʳʡ ʦʨʘʣʴʥʳʡ ʪʨʘʢʪ ʦʙʳʯʥʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ 

ʠʟʤʝʥʷʶʱʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʣʠʥʝʡʥʳʡ ʬʠʣʴʪʨ. ʊʘ-

ʢʘʷ ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʯʠ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ʬʠʣʴʪʨʘ ʠʩʪʦʯʥʠʢʘ. ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʤ (ʢʘʢ ʚ ʩʣʫʯʘʝ ʚʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʟʚʫʢʦʚ) ʠʣʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ (ʧʨʠʤʝʨ: /ʩ/) ʠʣʠ ʦʙʦ-

ʠʤʠ (ʧʨʠʤʝʨ: /z/). 

ɼʣʷ ʛʣʘʩʥʦʛʦ /ʘ/ ʛʦʣʦʩʦʚʦʡ ʪʨʘʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʚʦ ʚʨʝʤʷ ʟʘʢʨʳʪʦʡ ʬʘʟʳ ʚʠʙʨʘ-

ʮʠʠ ʛʦʣʦʩʦʚʦʡ ɦ ʝʣʠ ʢʘʢ ʦʜʥʦʨʦʜʥʘʷ ʪʨʫʙʢʘ, ʟʘʢʨʳ-

ʪʘʷ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ. ʆʩʥʦʚʥʦʡ ʨʝʞʠʤ ʨʝʟʦʥʘʥʩʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʚʝʨʪʴ ʚʦʣʥʳ. ɽʩʣʠ ʤ  rʧʨʠʤʝʤ 340 

ʤ/ʩ ʚ ʢʘʯʝʩʪʚʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʠ 17 ʩʤ ʚ 

ʢʘʯʝʩʪʚʝ ʜʣʠʥʳ L ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʢʪʘ ʦʪ ʛʦʣʦʩʦʚʦʡ 

ʱʝʣʠ ʜʦ ʛʫʙ, ʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ 

 

ὺ  ὧ‗ ὧȾτz ὒϳ στπππȾτz ρχ ː  ̗  (1) 

 

ɽʩʣʠ ʯʘʩʪʦʪʘ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 100 

ɻʮ. ʠʟ ʪʝʦʨʠʠ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʣʝʛʢʦ ʤʦʞʥʦ ʧʦ-

ʢʘʟʘʪʴ, ʯʪʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʥʘ 

ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ (ʨʝʯʝʚʘʷ ʚʦʣʥʘ) ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʠ ʬʠʣʴʪʨʘ. 

ʍʦʪʷ ʩʧʝʢʪʨ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ (ʧʨʘʚʳʝ ʮʠʬʨʳ) ʚʳ-

ʛʣʷʜʠʪ ʥʝʤʥʦʛʦ ʧʦ-ʨʘʟʥʦʤʫ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʪʦʥʘ, ʦʙʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʛʣʘʩʥʦʤʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʚ ʨʝʯʝʚʦʤ ʩʧʝʢʪʨʝ ʠʟ-ʟʘ ʨʘʟʣʠʯ-

ʥʦʡ ʚʳʩʦʪʳ ʪʦʥʘ ʩʣʝʜʫʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

ʀʩʪʦʯʥʠʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʝʯʝʚʳʭ ʟʚʫʢʦʚ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʥʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ 

ʤʝʞʜʫ ʬʦʥʝʤʘʤʠ ʠʣʠ ʩʣʦʚʘʤʠ ʠʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʝʯʘʪ-

ʥʦʤ ʪʝʢʩʪʝ ʥʝʩʢʦʣʴʢʦ ʚʭʦʞʜʝʥʠʡ ʙʫʢʚʳ ʚʳʛʣʷʜʷʪ 

ʦʜʠʥʘʢʦʚʦ. ʅʘʧʨʦʪʠʚ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʯʝʚʦʛʦ ʟʚʫʢʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫ-

ʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ [3]. 

¶ ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ: ʬʦʨʤʳ ʨʝʯʝʚʦʛʦ ʩʠʛ-

ʥʘʣʘ ʛʣʘʩʥʦʛʦ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʯʘ-

ʩʪʦʪ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ. ʊʘʢʞʝ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ ʛʦʣʦ-

ʩʦʚʦʛʦ ʪʨʘʢʪʘ (ʨʘʟʤʝʨ ʛʦʣʦʚʳ) ʠʟʤʝʥʷʶʪ ʨʝʟʦʥʘʥʩ-

ʥʳʝ ʯʘʩʪʦʪʳ ʧʦʣʦʩʪʠ ʨʪʘ. ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʫ 

ʚʟʨʦʩʣʳʭ ʤʫʞʯʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫʜʫʪ ʤʝʥʴʰʝ, ʯʝʤ 

ʫ ʞʝʥʱʠʥ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʫʪ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʜʝʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʝʩʣʠ ʚʳʩʦʪʘ ʜʚʫʭ 

ʯʝʣʦʚʝʢ ʦʜʠʥʘʢʦʚʘ, ʩʧʝʢʪʨʳ ʨʝʯʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʛʦʣʦʚʳ. 

¶ ʇʦʚʝʜʝʥʯʝʩʢʠʡ: ʫʨʦʚʝʥʴ ʨʝʯʠ ʣʶʜʝʡ 

ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ. ʉʠʥʪʘʢʩʠʩ ʠ ʩʝʤʘʥʪʠʢʘ ʚʣʠʷʶʪ 

ʥʘ ʧʨʦʩʦʜʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʳʩʢʘʟʳʚʘʥʠʷ. ɸʢʮʝʥʪ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʦʚʦʨʷʱʝʛʦ. ʇʨʦʠʟʥʦ-

ʰʝʥʠʝ ʥʝʟʥʘʢʦʤʳʭ ʩʣʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʪʘʥ-

ʜʘʨʪʘ. ʊʘʢʠʝ ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ ʫʩʠʣʠʚʘʶʪ ʠ ʙʝʟ ʪʦʛʦ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ɸʈʈ. 
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¶ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ/ʢʘʥʘʣ: ʤʠʢʨʦʬʦʥ ʧʨʝʦʙ-

ʨʘʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʚʦʣʥʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛ-

ʥʘʣ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʣʠʥʝʡʥʳʤ ʚʦ ʚʩʝʭ ʤʠʢʨʦʬʦʥʘʭ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘ-

ʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʦʞʝʪ ʜʦʩʪʠ-

ʛʘʪʴ 20 ʜɹ ʧʨʠ ʯʘʩʪʦʪʝ 3400 ɻʮ. ʊʘʢʦʡ h ʠʨʦʢʠʡ ʜʠʘ-

ʧʘʟʦʥ ʠʩʢʘʞʝʥʠʡ ʠʟʤʝʥʷʝʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʟʚʫʢʦʚ ʨʝʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʣʝʬʦʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʳ ʩʞʘʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʦ-

ʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ 

ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ. 

¶ ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʅʘʣʠʯʠʝ ʬʦ-

ʥʦʚʦʛʦ ʰʫʤʘ ʩʥʠʞʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ [4]. 

ʌʦʥʦʚʘʷ ʨʝʯʴ ʩʦʩʝʜʝʡ ʧʦʨʦʞʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʫ-

ʪʘʥʠʮʳ ʩʨʝʜʠ ʟʚʫʢʦʚ ʨʝʯʠ. ʈʝʯʴ, ʟʘʧʠʩʘʥʥʘʷ ʩ ʧʦʤʦ-

ʱʴ ʁʥʘʩʪʦʣʴʥʦʛʦ ʛʨʦʤʢʦʛʦʚʦʨʷʱʝʛʦ ʪʝʣʝʬʦʥʘ, ʥʝ 

ʪʦʣʴʢʦ ʫʣʘʚʣʠʚʘʝʪ ʛʦʣʦʩ ʛʦʚʦʨʷʱʠʭ, ʥʦ ʪʘʢʞʝ ʚʳ-

ʟʳʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʵʭʦ ʦʪ ʩʪʝʥ ʠ ʜʨʫʛʠʭ ʦʪʨʘʞʘ-

ʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

¶ ʌʦʥʝʪʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ: ɸʢʫʩʪʠʯʝʩʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʨʝʯʝʚʦʛʦ ʟʚʫʢʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʚʫʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʥʝʨʮʠʝʡ ʘʨʪʠʢʫʣʷʪʦʨʦʚ ʠ ʥʘʟʳʚʘʝʪʩʷ ʢʦ-ʘʨʪʠʢʫʣʷ-

ʮʠʝʡ.  

ʂʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʝʯʝʚʳʭ 

ʟʚʫʢʦʚ ʥʦʩʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʧʫʪʝʤ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʦʜʨʦʙʥʳʭ ʬʦʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʜʣʷ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʚʘʨʠ-

ʘʮʠʡ ʜʦʣʞʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ ɸʈʈ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʦʝ ʙʦʣʴʰʦʝ ʨʘʟʥʦ-

ʦʙʨʘʟʠʝ ʧʝʨʝʤʝʥʥʳʭ. 

ʂʘʢ ʨʘʩʧʦʟʥʘʝʪʩʷ ʨʝʯʴ? ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

[5]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʨʝʯʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ 

ʬʘʟʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ: 

ʦʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ. ʇʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʨʠ-

ʟʥʘʢʦʚ, ʚʘʞʥʳʭ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʙ-

ʱʠʤ ʜʣʷ ʦʙʝʠʭ ʬʘʟ. ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʢʣʘʩʩʦʚ (ʜʘʥʥʳʝ 

ʦʙʫʯʝʥʠʷ). ʅʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʦʛʦ ʰʘʙʣʦʥʘ (ʪʝʩʪʦʚʳʝ 

ʨʝʯʝʚʳʝ ʜʘʥʥʳʝ) ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʦʙʫʯʝʥʥʦʡ ʤʦ-

ʜʝʣʴʶ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ʊʝʩʪʦʚʳʡ ʰʘʙʣʦʥ ʦʙʲʷʚʣʝʥ 

ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʪʦʤʫ ʢʣʘʩʩʫ, ʤʦʜʝʣʴ ʢʦʪʦʨʳʡ 

ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʩʪʦʚʦʤʫ ʰʘʙʣʦʥʫ. 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ ʪʠʧʠʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

 

ʎʝʣʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʚ ʩ ʫʯʝʪʦʤ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʠʝ ʩʦ-

ʩʪʦʠʪ ʠʟ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʚʘ, ʩʣʦʛʠ, 

ʬʦʥʝʤʳ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʤʳʝ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘʢʠʭ ʝʜʠʥʠʮ, ʩʦ-

ʯʝʪʘʶʪʩʷ ʩ ʧʨʘʚʠʣʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʠ ʟʥʘʯʠʤʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ ̫ ʟʳʢʝ ʜʣʷ ʚʳʜʚʠʞʝʥʠʷ 

ʛʠʧʦʪʝʟʳ ʦ ʧʨʝʜʣʦʞʝʥʠʠ [6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʣʫ-

ʯʘʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ɻ ʪʘʧ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʦʙʨʘʟ-

ʮʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ 

ʜʚʫʭ ʦʙʣʘʩʪʷʭ: ʘʢʫʩʪʠʯʝʩʢʦʡ ʠ ʩʠʤʚʦʣʠʯʝʩʢʦʡ. ɺ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʥʝʙʦʣʴʰʦʤʫ ʩʝʛʤʝʥʪʫ ʪʝʩʪʦʚʦʡ ʨʝʯʠ 

(ʥʘʟʳʚʘʝʤʳʡ ʢʘʜʨʦʤ ʨʝʯʠ), ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ʉʝʛʤʝʥʪʫ ʧʨʠ-

ʩʚʘʠʚʘʝʪʩʷ ʥʘʙʦʨ ʤʝʪʦʢ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ, ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʥʘʯʝʥʠʷ ʤʝʪʦʢ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ ʚ ʚʝʢʪʦʨʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʜʘʥʥʳʤ ʠʩ-

ʧʳʪʘʥʠʡ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʨʝʰʝʪʢʘ ʛʠʧʦʪʝʟ ʤʝʪʦʢ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ̫ ʟʳʢʦʚʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʨʘʩʧʦʟʥʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ [7]. 

ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ɺʭʦʜʥʦʡ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, 

ʚʘʞʥʳʭ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩ ̫ʦʙ-

ʱʠʤ ʜʣʷ ɻ ʪʘʧʦʚ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʌʫʥʢʮʠʠ 

ʜʦʣʞʥʳ ʧʦʤʦʯʴ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʦʭʦʞʠʭ ʟʚʫʢʦʚ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʙʦʣʴʰʠʤ, 

ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʜʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʫʨʦʚʥʷ. ʈʝʯʝʚʦʡ ʩʠʛʥʘʣ ʙʣʦʢʠʨʫʝʪʩʷ 

ʥʘ ʩʝʛʤʝʥʪʳ, ʥʘʟʳʚʘʝʤʳʝ ʢʘʜʨʘʤʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 

25 ʤʩ, ʠ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ (ʵʢʚʠʚʘʣʝʥʪʥʦ ʤʥʦʛʦʤʝʨ-

ʥʦʤʫ ʚʝʢʪʦʨʫ ʧʨʠʟʥʘʢʦʚ) ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʢʘʞʜʦʛʦ 

ʢʘʜʨʘ. ʉʜʚʠʛ ʧʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʤʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʢʘʜʨʘʤʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚ-

ʣʷʝʪ 10 ʤʩ. 

ɿʚʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʦʥʘʥʩʘʤʠ ʧʦʣʦʩʪʠ 

ʨʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʤʝʥʪʳ, ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʨʝ-

ʯʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʙʱʫʶ 

ʬʦʨʤʫ ʩʧʝʢʪʨʘ, ʠʛʥʦʨʠʨʫʷ ʧʨʠ ʵʪʦʤ ʪʦʥʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʘ, ʪʘʢʠʝ ʢʘʢ ʧʠʢʠ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ. 

ɽʩʣʠ ʤ  r ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʣʦʛʘ-
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ʨʠʬʤʘ ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʩʠʛʥʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʢʦʤʧʦ-

ʥʝʥʪʘ (ʬʦʨʤʘʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ) ʠ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝ-

ʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ (ʛʘʨʤʦʥʠʢʠ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ), ʦʛʠ-

ʙʘʶʱʠʡʩʷ ʩʧʝʢʪʨ (ʬʦʨʤʘʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ) ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘʮʠʠ ʥʠʞʥʠʭ ʯʘ-

ʩʪʦʪ ʩʧʝʢʪʨʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ʆʙʨʘʪ-

ʥʘʷ ʦʙʣʘʩʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ 

ʥʘʟʳʚʘʝʪʩʷ ʢʝʧʩʪʨʫʤʦʤ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʝʧʩʪʨʘ - 

ʢʝʧʩʪʨʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʉʞʘʪʠʝ ʘʤʧʣʠʪʫʜʳ, ʜʦʩʪʠʛʘʝʤʦʝ ʦʧʝʨʘʮʠʝʡ 

ʣʦʛʘʨʠʬʤʘ, ʘʥʘʣʦʛʠʯʥʦ ʩʞʘʪʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʨʥʷ 

ʢʫʙʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʩʣʫʭʦʚʦʡ ʩʠʩʪʝʤʦʡ ʯʝʣʦʚʝʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʣʠʪʢʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʫʭʝ ʚʳʧʦʣʥʷʝʪ 

ʘʥʘʣʠʟ ʙʘʥʢʘ ʬʠʣʴʪʨʦʚ ʠ ʧʦʩʳʣʘʝʪ ʥʝʨʚʥʳʝ ʠʤ-

ʧʫʣʴʩʳ ʚ ʤʦʟʛ, ʢʦʪʦʨʳʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʟʚʫʢʠ. ʋʣʠʪʢʘ ʤʦʞʝʪ ʨʘʟʨʝʰʘʪʴ ʜʚʘ ʯʘʩʪʦʪʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʘ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ, ʪʦʣʴʢʦ 

ʝʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʜʝʣʝʥʳ ʤʝʥʝʝ ʯʝʤ ʥʘ 1 ʝʜʠ-

ʥʠʮʫ. ʐʠʨʠʥʘ ʪʘʢʦʡ çʢʨʠʪʠʯʝʩʢʦʡè ʧʦʣʦʩʳ ʟʘʚʠ-

ʩʠʪ ʦʪ ʯʘʩʪʦʪʳ; ʦʥ ʣʠʥʝʡʥʳʡ ʧʨʠʤʝʨʥʦ ʜʦ 1 ʢɻʮ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ. ʊʘʢʘʷ ʥʝʣʠʥʝʡʥʘʷ 

ʰʢʘʣʘ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʰʢʘʣʦʡ ʧʣʘʚʣʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʝʣʦʚʝʯʝʩʢʦʝ ʫʭʦ ʧʨʠʜʘʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝ-

ʥʠʝ ʨʘʟʨʝʰʝʥʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʝʤ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷ-

ʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʘʥʘʣʠʟ ʙʘʥʢʘ ʬʠʣʴʪʨʦʚ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ 

ʣʫʯʰʝʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʥʘ ʤʘʰʠʥʘʭ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʩʠʩʪʝʤ ɸʈʈ ʚʳʧʦʣʥʷʶʪ ʘʥʘʣʠʟ ʙʘʥʢʘ ʬʠʣʴʪʨʦʚ 

ʚ ʤʝʣʢʦʤ ʤʘʩʰʪʘʙʝ ʠ ʧʦʣʫʯʘʶʪ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ, ʥʘʟʳʚʘʝʤʳʝ ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʧʦ 

ʰʢʘʣʝ ʄʝʣ (ʂʌʐʄ). ʄʝʣ ʬʠʣʴʪʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫ-

ʶʪʩʷ ʢʘʢ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʪʨʝʫʛʦʣʴʥʳʝ ʬʠʣʴʪʨʳ 

ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 1 ʢʦʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 1 

ʢʦʨʝ ʢʘʞʜʳʡ. 

ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. ʇʨʠʢʣʘʜʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʝʯʠ, ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʩʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʛʨʫʰʢʘʭ, ʜʦ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʟʛʦʚʦʨʘ ʧʦ ʪʝʣʝʬʦʥʫ ʩ 

ʩʠʩʪʝʤʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʜʠʢʪʦʚʢʠ ʩ 

ʦʯʝʥʴ ʙʦʣʴʰʠʤ (ʙʦʣʝʝ 100 000) ʩʣʦʚʘʨʥʳʤ ʟʘʧʘʩʦʤ 

ʩ ʪʦʯʥʦʩʪʴʶ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʢʦʣʦ 97%; ʦʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʩʧʠʢʝʨʘ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʫʯʝʥʳ. ʉʠʩʪʝʤʳ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʳʟʦʚʦʚ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ ɸʈʈ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʞʝ ʙʦʣʝʝ ʜʝʩʷʪʠ 

ʣʝʪ. ʅʝʢʦʪʦʨʳʝ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʘʙʦʥʝʥʪʘʤ ʠ ʜʘʞʝ ʨʘʟʨʝʰʘʪʴ ʙʨʦʥʠʨʦʚʘʥʠʝ 

ʘʚʠʘʙʠʣʝʪʦʚ. ʉʠʩʪʝʤʘ ɸʈʈ ʨʘʩʧʦʟʥʘʝʪ ʠ ʧʦʥʠʤʘʝʪ 

ʟʘʧʨʦʩʳ ʥʘ ʙʝʛʣʦʤ ʥʝʤʝʮʢʦʤ ̫ ʟʳʢʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʠʩʘʥʠʠ ʧʦʝʟʜʦʚ. ɼʨʫʛʠʤʠ ʧʨʠ-

ʤʝʨʘʤʠ ʧʨʠʣʦʞʝʥʠʡ ɸʈʈ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ ʢʨʫʧʥʦʡ ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʠʥʦ ʠʣʠ ʬʫʪʙʦʣʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʘʨʫ ʜʝʩʷʪʠʣʝʪʠʡ 

ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʛʦʚʦʨʥʦʡ ʨʝʯʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟ-

ʚʝʨʪʳʚʘʥʠʶ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʚ ʥʝʩʢʦʣʴ-

ʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʦʜʝʣʠ ʨʝʯʠ ʠ ʷʟʳʢʘ ʥʝʘʜʝʢʚʘʪʥʦ 

ʤʦʜʝʣʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʷʟʳʢʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʂʦʛʥʠʪʠʚʥʳʝ ʘʩʧʝʢʪʳ ʯʝʣʦʚʝ-

ʯʝʩʢʦʛʦ ʤʦʟʛʘ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ, ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʚʩʝ ʝʱʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞ-

ʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝʡ. ʊʘʢʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʨʝʯʝʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʙʣʘʛʦ-

ʜʘʨʷ ʢʦʪʦʨʳʤ ʣʶʜʠ ʩʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʘ-

ʰʠʥʘʤʠ ʪʘʢ ʞʝ ʫʜʦʙʥʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦ, ʢʘʢ ʠ ʤʝʞʜʫ 

ʩʦʙʦʡ. 
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