
 

ISSN 2520-6990 

ISSN 2520-2480 

o˿lloquium-ƧƻǳǊƴŀƭ Ѕ6 (58), 2020 

/ȊťǏŏ 1 

(Warszawa, Polska) 

/ȊŀǎƻǇƛǎƳƻ ƧŜǎǘ ȊŀǊŜƧŜǎǘǊƻǿŀƴŜ ƛ ǇǳōƭƛƪƻǿŀƴŜ ǿ tƻƭǎŎŜΦ ² ŎȊŀǎƻǇƛǏƳƛŜ ǇǳōƭƛƪƻǿŀƴŜ ǎŊ ŀǊǘȅƪǳƱȅ ȊŜ ǿǎȊȅǎǘƪƛŎƘ ŘȊƛŜŘȊƛƴ 
naukowych. Czasopismo pub-likowane jest w ƧťȊȅƪǳ ŀƴƎƛŜƭǎƪƛƳΣ ǇƻƭǎƪƛƳ ƛ ǊƻǎȅƧǎƪƛƳΦ 

/ȊťǎǘƻǘƭƛǿƻǏŏΥ мн ǿȅŘŀƵ ǊƻŎȊƴƛŜΦ 
²ǎȊȅǎǘƪƛŜ ŀǊǘȅƪǳƱȅ ǎŊ ǊŜŎŜƴȊƻǿŀƴŜ 

.ŜȊǇƱŀǘƴȅ ŘƻǎǘťǇ Řƻ ǿŜǊǎƧƛ ŜƭŜƪǘǊƻƴƛŎȊƴŜƧ ŘȊƛŜƴƴƛƪŀΦ 
²ȅǎȅƱŀƧŊŎ ŀǊǘȅƪǳƱ Řƻ ǊŜŘŀƪŎƧƛΣ !ǳǘƻǊ ǇƻǘǿƛŜǊŘȊŀ ƧŜƎƻ ǿȅƧŊǘƪƻǿƻǏŏ ƛ ōƛŜǊȊŜ ƴŀ ǎƛŜōƛŜ ǇŜƱƴŊ ƻŘǇƻǿƛŜŘȊƛŀƭƴƻǏŏ Ȋŀ ŜǿŜƴǘǳŀƭƴŜ 

konsekwencje za naruszenie praw autorskich 
½ŜǎǇƽƱ ǊŜŘŀƪŎȅƧƴȅ 

Redaktor naczelny - tŀǿŜƱ bƻǿŀƪ 
Ewa Kowalczyk 

Rada naukowa 
¶ Dorota Dobija - ǇǊƻŦŜǎƻǊ ƛ ǊŀŎƘǳƴƪƻǿƻǏŎƛ ƛ ȊŀǊȊŊŘȊŀƴƛŀ ƴŀ ǳƴƛǿŜǊǎȅǘŜŎƛŜ YƻȋƳƛƵǎƪƛŜƎƻ 
¶ Jemielniak Dariusz - profesor dyrektor centrum naukowo-badawczego w zakresie organizacji i miejsc pracy, kierownik 

ƪŀǘŜŘǊȅ ȊŀǊȊŊŘȊŀƴƛŀ aƛťŘȊȅƴŀǊƻŘƻǿŜƎƻ ǿ YǳΦ 
¶ aŀǘŜǳǎȊ WŀōƱƻƵǎƪƛ - politechnika Krakowska im. ¢ŀŘŜǳǎȊŀ YƻǏŎƛǳǎȊƪƛΦ 
¶ Henryka Danuta Stryczewska ς profesor, dziekan ǿȅŘȊƛŀƱǳ ŜƭŜƪǘǊƻǘŜŎƘƴƛƪƛ ƛ ƛƴŦƻǊƳŀǘȅƪƛ tƻƭƛǘŜŎƘƴƛƪƛ [ǳōŜƭǎƪƛŜƧ. 
¶ Bulakh Iryna Valerievna - ǇǊƻŦŜǎƻǊ ƴŀŘȊǿȅŎȊŀƧƴȅ ǿ ƪŀǘŜŘǊȊŜ ǇǊƻƧŜƪǘƻǿŀƴƛŀ ǏǊƻŘƻǿƛǎƪŀ ŀǊŎƘƛǘŜƪǘƻƴƛŎȊƴŜƎƻΣ YƛƧƻǿǎƪƛ 

narodowy Uniwersytet budownictwa i architektury. 
¶ Leontiev Rudolf Georgievich - ŘƻƪǘƻǊ ƴŀǳƪ ŜƪƻƴƻƳƛŎȊƴȅŎƘΣ ǇǊƻŦŜǎƻǊ ǿȅȍǎȊŜƧ ƪƻƳƛǎƧƛ ŀǘŜǎǘŀŎȅƧƴŜƧΣ ƎƱƽǿƴȅ ƴŀǳƪƻǿƛŜŎ 

ŦŜŘŜǊŀƭƴŜƎƻ ŎŜƴǘǊǳƳ ōŀŘŀǿŎȊŜƎƻ ŎƘŀōŀǊƻǿǎƪŀΣ ŘŀƭŜƪƻǿǎŎƘƻŘƴƛ ƻŘŘȊƛŀƱ ǊƻǎȅƧǎƪƛŜƧ ŀƪŀŘŜƳƛƛ ƴŀǳƪ 
¶ Serebrennikova Anna Valerievna - ŘƻƪǘƻǊ ǇǊŀǿŀΣ ǇǊƻŦŜǎƻǊ ǿȅŘȊƛŀƱǳ ǇǊŀǿŀ ƪŀǊƴŜƎƻ 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 pŀƵǎǘǿƻǿȅ Lƴǎǘȅǘǳǘ 

pedagogiczny 
¶ Fanil Timeryanowicz Kuzbekov - ƪŀƴŘȅŘŀǘ ƴŀǳƪ ƘƛǎǘƻǊȅŎȊƴȅŎƘΣ ŘƻƪǘƻǊ ƴŀǳƪ ŦƛƭƻƭƻƎƛŎȊƴȅŎƘΦ ǇǊƻŦŜǎƻǊΣ ǿȅŘȊƛŀƱ 

Dziennikarstwa, Bashgosuniversitet 
¶ Kanivets Alexander Vasilievich - ƪŀƴŘȅŘŀǘ ƴŀǳƪ ǘŜŎƘƴƛŎȊƴȅŎƘΣ ŘƻŎŜƴǘ ǿȅŘȊƛŀƱǳ ŘȅǎŎȅǇƭƛƴȅ ƛƴȍȅƴƛŜǊƛƛ ƻƎƽƭƴŜƧ ǿȅŘȊƛŀƱǳ 

ƛƴȍȅƴƛŜǊƛƛ ƛ ǘŜŎƘƴƻƭƻƎƛƛ ǇŀƵǎǘǿƻǿŜƧ ŀƪŀŘŜƳƛƛ ǊƻƭƴƛŎȊŜƧ ǿ tƻƱǘŀǿƛŜ 
¶ Yavorska-±͜ǘƪƻǾǎƪŀ aƻƴƛƪŀ - ŘƻƪǘƻǊ ŜŘǳƪŀŎƧƛ Σ ǎȊƪƻƱŀ YǳȅŀǾǎƪȅ-Pomorsk w bidgoszczu, dziekan nauk o filozofii i biologii; 

doktor edukacji, profesor  
¶ Chernyak Lev Pavlovich - ŘƻƪǘƻǊ ƴŀǳƪ ǘŜŎƘƴƛŎȊƴȅŎƘΣ ǇǊƻŦŜǎƻǊΣ ƪŀǘŜŘǊŀ ǘŜŎƘƴƻƭƻƎƛƛ ŎƘŜƳƛŎȊƴŜƧ ƳŀǘŜǊƛŀƱƽǿ 

ƪƻƳǇƻȊȅǘƻǿȅŎƘ ƴŀǊƻŘƻǿȅ ǳƴƛǿŜǊǎȅǘŜǘ ǘŜŎƘƴƛŎȊƴȅ ǳƪǊŀƛƴȅ αtƻƭƛǘŜŎƘƴƛƪŀ ǿ YƛƧƻǿƛŜέ 
¶ Vorona-Slivinskaya Lyubov Grigoryevna - doktor nauk ekonomicznych, profesor, St. Petersburg University of 

Management Technologia i ekonomia 
¶ Voskresenskaya Elena Vladimirovna ŘƻƪǘƻǊ ǇǊŀǿŀΣ ƪƛŜǊƻǿƴƛƪ YŀǘŜŘǊȅ tǊŀǿŀ /ȅǿƛƭƴŜƎƻ ƛ hŎƘǊƻƴȅ ²ƱŀǎƴƻǏŎƛ 

Intelektualnej w dziedzinie techniki, Politechnika im. Piotra Wielkiego w Sankt Petersburgu 

 

 
ζ˿olloquium-ƧƻǳǊƴŀƭη 

²ȅŘǊǳƪƻǿŀƴƻ ǿ ζ/ƘƻŎƛƳǎƪŀ нпΣ лл-ллм ²ŀǊǎȊŀǿŀΣ tƻƭŀƴŘη 
E-mail: info@colloquium-journal.org 
http:// www.colloquium-journal.org/   



CONTENTS 

TECHNICAL SCIENCE 
ɹʠʡʙʦʩʫʥʦʚ ɹ.ʀ., ɹʝʢʩʫʣʪʘʥʦʚ ɾ.ʊ., ʖʩʫʧʦʚ ʂ.ʄ., ɾʫʤʘʣʠʝʚʘ ɾ 
˽˾˻ˣ˶˩˸˹̍˩ ˭ˢ˨ˢ̉ˮ ̇ˮ̅˾˻ˤˮ˭ˢ̇ˮˮ ˿ˮ˿́˩˸̍  ˤ̍˿̊˩˥˻ ˻ˣ˾ˢ˭˻ˤˢ˹ˮ̒ ˴̍˾˥̍˭˿́ˢ˹ˢ................. 5 
Biibosunov B.I., Beksultanov J.T., Yusupov K.M., Jumalieva J. 
PROBLEM GOALS OF DIGITALIZATION OF  HIGHER EDUCATION SYSTEM IN KYRGYZSTAN .................................. 5 

 

ɼʦʜʫʭʦʚ ɺ.ɸ. 
ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˹̂˶˩ˤ˻˥˻ ˿ˮ˥˹ˢ˶ˢ ˶ˢ˭˩˾˹˻˥˻ ˥ˮ˾˻˿˴˻˽ˢ ..................................................................... 8 
Doduhov V.A. 
STUDY OF THE ZERO SIGNAL OF A LASER GYROSCOPE ......................................................................................... 8 

 

Koren E.V. 
SPILLWAY PROTECTION AGAINST CAVITATION EROSION ................................................................................... 13 
ʂʦʨʽʥʴ ʆ.ɺ. 
˭ˢ̆ˮ˿́ ˤ˻˨˻˿˴ˮ˨˱ˤ ˤ˱˨ ˴ˢˤ˱́ˢ̇˱˯˹˻˲ ˩˾˻˭˱˲ ............................................................................................. 13 

 

ɸʪʘʤʢʫʣʦʚ ʋ.ʊ. 
˾˻˶̎ ˨˻˾˻ˬ˹̍̆ ̂˿˶˻ˤˮ˯ ˴̍˾˥̍˭˿́ˢ˹ˢ ˤ ˤ˻˭˹ˮ˴˹˻ˤ˩˹ˮˮ ˨˻˾˻ˬ˹˻-́˾ˢ˹˿˽˻˾́˹̍̆ 
˽˾˻ˮ˿̊˩˿́ˤˮ˯ ˮ ˻́ˤ˩́˿́ˤ˩˹˹˻˿́̎ ˭ˢ ˹ˮ̆ ˨˻˾˻ˬ˹̍̆ ˻˾˥ˢ˹ˮ˭ˢ̇ˮ˯ .............................................. 16 
Atamkulov U.T. 
THE ROLE OF ROAD CONDITIONS IN KYRGYZSTAN IN THE OCCURRENCE OF ROAD ACCIDENTS AND THE 
RESPONSIBILITY FOR THEM OF ROAD ORGANIZATIONS ..................................................................................... 16 

 

ɸʭʨʘʤʦʚʠʯ ɺ.ʄ., ʉʪʝʬʫʨʘʢ ʆ.ʈ. 
̇˩˹́˾ˢ˶̎˹˱˿́̎ C˻ ̇˱ˢ˶̎˹ˮ̆ ˸˩˾˩ˬΦ ........................................................................................................... 20 
Akhramovych V.M., Stefurak O. 
CENTRALITY OF SOCIAL NETWORKS.................................................................................................................... 20 

 

ɹʝʣʘʷ ʊ.ʀ. 
˽˾˻ˣ˶˩˸ˢ ˿˻̆˾ˢ˹˹˻˿́ˮ ˽˩˾˿˻˹ˢ˶̎˹̍̆ ˨ˢ˹˹̍̆ ˤ ̂˿˶˻ˤˮ̒̆ ˻́˴˾̍́˻˯ ˮ˹̅˻˾˸ˢ̇ˮ˻˹˹˻˯ 
˿˾˩˨̍ ................................................................................................................................................................. 22 
Belaya T.I. 
PROBLEM OF PRESERVATION OF PERSONAL DATA IN THE CONDITIONS OF OPEN INFORMATION  
ENVIRONMENT ................................................................................................................................................... 22 

 

ʗʢʫʰʝʥʢʦ ʉ.ɸ., ɿʘʙʝʣʦ ɸ.ʅ., ɸʥʪʦʥʦʚ ɺ.ɺ., ɺʝʨʢʠʥ ʉ.ʉ., ʉʤʠʨʥʦʚ ɸ.ɸ. 
˽˾˩˨˶˻ˬ˩˹ˮ̒ ˽˻ ˽˻˿́˾˻˩˹ˮ̑ ́˩˾˸ˮ˹ˢ˶˻ˤ ˿˽̂́˹ˮ˴˻ˤ˻˯ ˿ˤ̒˭ˮΣ ˨˶̒ ˢˣ˻˹˩˹́˻ˤ 
ˤ̍˿˻˴˻˿˴˻˾˻˿́˹˻˯ ˿ˮ˿́˩˸̍ ˿˽̂́˹ˮ˴˻ˤ˻˯ ˿ˤ̒˭ˮ .............................................................................. 25 
Yakushenko S.A., Zabelo A.N., Antonov V.V., Verkin S.S., Smirnov A.A. 
SUGGESTIONS FOR THE CONSTRUCTION OF TERMINALS FOR A SATELLITE-NICK COMMUNICATION, FOR 
SUBSCRIBERS OF A HIGH-SPEED SATELLITE COMMUNICATION SYSTEM ........................................................... 25 

 

  



ɾʫʨʘʚʣʝʚʘ ɼ.ʅ. 
˾˻˶̎ ˭˩˶˩˹̍̆ ˮ˹̅˻˾˸ˢ̇ˮ˻˹˹̍̆ ˿ˮ˿́˩˸ ˮ ˻ˣ̋˩˿́ˤ˩˹˹̍̆ ˨ˤˮˬ˩˹ˮ˯ ˤ ˿ˮ˿́˩˸˩ 
˴˻˾˽˻˾ˢ́ˮˤ˹˻˥˻ ̂˽˾ˢˤ˶˩˹ˮ̒ .................................................................................................................... 31 
Zhuravleva D.N. 
THE ROLE OF GREEN INFORMATION SYSTEMS AND PUBLIC MOVING IN THE CORPORATE GOVERNANCE  
SYSTEM................................................................................................................................................................ 31 

 

ʂʘʨʧʦʚʘ ɼ.ɼ., ʂʝʤʦʚ ɺ.ɸ., ʆʨʫʜʞʦʚʘ ʆ.ʅ. 
ˢ˹ˢ˶ˮ˭ ́˾ˢ˹˿˽˻˾́˹˻˯ ˿ˮ˿́˩˸̍ ˥˻˾˻˨ˢ ˢ˾̆ˢ˹˥˩˶̎˿˴ˢ ...................................................................... 34 
Karpova D.D., Kemov V.A., Orudzhova O.N. 
TRANSPORT ANALYSIS CITIES OF ARKHANGELSK ................................................................................................ 34 
 
ʇʘʩʣʘʚʩʴʢʠʡ ʄ.ʄ., ʈʫʜʘ ʄ.ɺ., ɹʦʡʢʦ ʊ.ɻ. 
́˩˻˾˩́ˮ̉˹˩ ˻ˣ˧˾̂˹́̂ˤˢ˹˹̒ ˿́ˤ˻˾˩˹˹̒ ˿ˮ˿́˩˸ˮ ˹˻˾˸ˢ́ˮˤ˹ˮ̆ ˽˻˴ˢ˭˹ˮ˴˱ˤ ́˩̆˹˻˥˩˹˹˻˥˻ 
˹ˢˤˢ˹́ˢˬ˩˹˹̒ ˨˶̒ ˿˴˶ˢ˨˹˻˥˻ ˶ˢ˹˨̊ˢ̅́˹˻˥˻ ˴˻˸˽˶˩˴˿̂ ............................................................. 37 
Paslavskyi M., Ruda M., Boyko T. 
THEORETICAL FOUNDATION OF CREATION OF TECHNOGENIC LOAD INDICATORS FOR COMPOUND COMPLEX 
LANDSCAPES ....................................................................................................................................................... 37 

 

ʄʦʢʨʷʢ ɸ.ɺ. 
˽˾ˮ˸˩˹˩˹ˮ˩ ˾˩˹́˥˩˹˻̅˶̂˻˾˩˿̇˩˹́˹˻˥˻ ˸˩́˻˨ˢ ˽˾ˮ ˽˻ˮ˿˴˩ ˽˻˿˶˩ ˽˻ˬˢ˾ˢ ˿˶˩˨˻ˤ ˾ˢˣ˻́̍ 
˽ˮ˾˻́˩̆˹ˮ̉˩˿˴ˮ̆ ̅˻˹́ˢ˹˻ˤ ...................................................................................................................... 46 
Mokryak A.V. 
APPLICATION OF THE X-RAY FLUORESCENCE METHOD WHEN SEARCHING FOR TRACES OF PYROTECHNIC 
FOUNTAINS AFTER A FIRE ................................................................................................................................... 46 

 

ɼʘʥʠʣʦʚʘ ʖ.ʉ., ɽʛʦʨʦʚʘ ɸ.ʃ. 
ˤ˩ˣ-˿˩˾ˤ˩˾ NGINX ˮ  ˩˥˻ ˣ˩˭˻˽ˢ˿˹˻˿́̎Φ ̉ˢ˿́̎ ˽˩˾ˤˢ̒Φ ........................................................................... 48 
Danilova J.S., Egorova A.L. 
NGINX WEB SERVER AND ITS SECURITY. PART ONE. .......................................................................................... 48 

 

ʆʰʫʨʠʥʘ ʃ.ɸ. 
ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˿́˾̂˴́̂˾̍ ˿́ˢ˶ˮ мл ˽˻˿˶˩ ˭ˢ˴ˢ˶˴ˮ ˤ ˽˻˶ˮ˸˩˾˹̍̆ ˿˾˩˨ˢ̆ ................................... 50 
Oshurina L.A. 
STUDY OF THE STRUCTURE OF STEEL 10 AFTER QUENCHING IN POLYMER MEDIA ........................................... 50 

 

ʂʝʥʞʝʢʫʣʦʚ ʂ.ʅ., ʈʳʩʢʫʣʦʚ ʀ.ʈ. 
˹ˢ˥˾̂˭˻̉˹ˢ̒ ˿˽˻˿˻ˣ˹˻˿́̎ ́˾ˢ˹˿̅˻˾˸ˢ́˻˾˻ˤ ˮ ˿˽˻˿˻ˣ̍ ˩˩ ̅˻˾˿ˮ˾˻ˤˢ˹ˮ̒ ˤ ̏˴˿˽˶̂ˢ́ˢ̇ˮˮ53 
Kenjekulov K., Ryskulov I. 
[h!5 /!t!/L¢¸ hC ¢w!b{Chwa9w{ !b5 a9¢Ih5{ L¢Ω{ Chw/LbD Lb ht9w!¢Lhb ......................................... 53 

 

ʎʚʝʪʢʦʚ ɸ.ʖ., ʍʫʩʘʤʦʚ ɼ.ɹ. 
˸˩́˻˨̍ ˨ ˩́˩˴́ˮ˾˻ˤˢ˹ˮ̒ SSH-́̂˹˹˩˶˩˯ ................................................................................................... 57 
Tsvetkov A.Y., Khusamov D.B. 
SSH TUNNEL DETECTION METHODS ................................................................................................................... 57 

 

  



ʏʝʙʘʥʦʚ ʂ.ɸ., ɹʫʨʣʷʝʚʘ ɺ.ɸ., ɹʫʨʣʷʝʚ ɸ.ʄ. 
˸ˮ˾˻ˤ˻˯ ˮ ˻́˩̉˩˿́ˤ˩˹˹̍˯ ˻˽̍́ ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ̒ ́˩̆˹˻˶˻˥ˮˮ FACTS ............................................ 62 
Chebanov K.A., Burlyaeva V.A., Burlyaev A.M. 
GLOBAL AND DOMESTIC EXPERIENCE IN USING FACTS TECHNOLOGY............................................................... 62 

 

ʏʝʪʚʝʨʠʢʦʚ ʄ.ɸ., ʉʦʣʦʜʫʥʦʚ ɸ.ɸ. 
˾ˢ˭ˤˮ́ˮ˩ ˻˾˻˿ˮ́˩˶̎˹̍̆ ˿ˮ˿́˩˸ ˤ ˴˾ˢ˿˹˻˨ˢ˾˿˴˻˸ ˴˾ˢ˩ ................................................................... 66 
Chetverikov M.A., Solodunov A.A. 
DEVELOPMENT OF IRRIGATION SYSTEMS IN KRASNODAR REGION ................................................................... 66 

 

ʄʘʨʢʦʚ ɺ.ɺ. 
˽˾ˮ˸˩˹˩˹ˮ˩ ˸˻˨˩˶˩˯ UNET ˮ  MASK R-CNN ʕ  ˭ˢ˨ˢ̉˩ ˿˩˥˸˩˹́ˮ˾˻ˤˢ˹ˮ̒ ˻ˣ˶ˢ˴˻ˤ ˹ˢ ˿˽̂́˹ˮ˴˻ˤ̍̆ 
˿˹ˮ˸˴ˢ̆ ........................................................................................................................................................... 67 
Markov V.V. 
USING THE UNET AND MASK R-CNN MODELS FOR SEGMENTING CLOUDS IN SATELLITE IMAGES .................... 67 

 

ʊʘʪʘʨʠʥʦʚʘ ʈ.ɽ. 
ˮ˭̂̉˩˹ˮ˩ ́˩̆˹˻˶˻˥ˮˮ ˿́˾˻ˮ́˩˶̎˿́ˤˢ ˭˨ˢ˹ˮ˯ ˤ ˿˩˯˿˸ˮ̉˩˿˴ˮ̆ ˾ˢ˯˻˹ˢ̆ ˴˾ˢ˯˹˩˥˻ ˿˩ˤ˩˾ˢ ...... 70 
Tatarinova R.ɽ. 
STUDY OF BUILDING CONSTRUCTION TECHNOLOGY IN SEISMIC AREAS OF THE FAR NORTH ........................... 70 

 

ʄʘʨʢʦʚ ɸ.ɺ. 
˾˩̊˩˹ˮ˩ ˭ˢ˨ˢ̉ˮ ˻˽˾˩˨˩˶˩˹ˮ̒ ˴˾˻ˤ˹˻˥˻ ˾˻˨˿́ˤˢ ˶̑˨˩˯ ˽˻ ˮ˭˻ˣ˾ˢˬ˩˹ˮ̑ ˶ˮ̇ ˿ ˽˻˸˻̋̎̑ 
˿ˮˢ˸˿˴˻˯ ˿˩́ˮΦ .............................................................................................................................................. 72 
Markov A.V. 
SOLVING THE PROBLEM OF DETERMINING THE BLOOD RELATIONSHIP OF PEOPLE FROM THE IMAGE OF FACES 
USING THE SIAMESE NETWORK. ......................................................................................................................... 72 

 

ʌʫʨʤʘʥ ʉ.ʀ. 
̂́˩̉˴ˢ ˮ˹̅˻˾˸ˢ̇ˮˮ ˴ˢ˴ ˿˻ˤ˾˩˸˩˹˹ˢ̒ ˾˩ˢ˶ˮ̒ ˮ˹̅˻˾˸ˢ̇ˮ˻˹˹˻˥˻ ˾ˢ˭ˤˮ́ˮ̒ ˸ˮ˾ˢ ................ 78 
Furman S.I. 
INFORMATION LEAKAGE AS A MODERN REALITY OF THE INFORMATION DEVELOPMENT OF THE WORLD ...... 78 

 
 

 

  



ζColloquium - journal Ȼ# 6(58),2020 / TECHNICAL SCIENCE 5 

TECHNICAL SCIENCE 
 
ʋɼʂ 681.5 

 
ɹʠʡʙʦʩʫʥʦʚ ɹ.ʀ. 

ʜ. ʬʠʟ. - ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸʨʘʙʘʝʚʘ, ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ 

ɹʝʢʩʫʣʪʘʥʦʚ ɾ.ʊ. 
ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɸʨʘʙʘʝʚʘ, ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ  
ʖʩʫʧʦʚ ʂ.ʄ. 
ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸʨʘʙʘʝʚʘ, ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ 
ɾʫʤʘʣʠʝʚʘ ɾ 
ɸʩʧʠʨʘʥʪ 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸʨʘʙʘʝʚʘ, ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ 
DOI: 10.24411/2520-6990-2020-11440 

ʇʈʆɹʃɽʄʅʓɽ ɿɸɼɸʏʀ ʎʀʌʈʆɺʀɿɸʎʀʀ ʉʀʉʊɽʄʓ  
ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʂʓʈɻʓɿʉʊɸʅɸ 

 
Biibosunov B.I . 

Doctor of Physics & Math, Professor  
Kyrgyz State University named after I.Arabaev, Bishkek, Kyrgyzstan  

Beksultanov J.T. 
Candidate of Physics & Math, Docent  

Kyrgyz State University named after I.Arabaev, Bishkek, Kyrgyzstan  
Yusupov K.M. 

Candidate of Technical Sciences, Docent 
Kyrgyz State University named after I.Arabaev, Bishkek, Kyrgyzstan  

Jumalieva J. 
graduate student 

Kyrgyz State University named after I. Arabaev, Bishkek, Kyrgyzstan  
 

PROBLEM GOALS OF DIGITALIZATION OF  
HIGHER EDUCATION SYSTEM IN KYRGYZSTAN  

 
ɸʥʥʦʪʘʮʠʷ 
ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʝ-

ʨʝʭʦʜ ʦʪ ʙʫʤʘʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʮʠʬʨʦʚʳʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝ-
ʩʫʨʩʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ, ʧʝʨʝʭʦʜ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ 
ʦʙʨʘʟʦʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʯʠ, ʢʘʩʘʶʱʠʝʩʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʠ-
ʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 
ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ (ʚʝʙ-ʧʦʨʪʘʣ) ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠ-
ʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ɺʋɿʦʚ; ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  
ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʦʛʥʦʟʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʨʘʩʧʠʩʘʥʠʡ ʟʘʥʷʪʠʡ ʩ ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢ-
ʪʦʨʦʚ: ʫʯʝʙʥʳʝ ʧʨʝʜʤʝʪʳ, ʢʦʣʠʯʝʩʪʚʦ ʘʫʜʠʪʦʨʠʡ, ʫʯʝʙʥʘʷ ʛʨʫʧʧʘ, ʢʫʨʩ, ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴ-
ʩʢʠʡ ʩʦʩʪʘʚ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʪʜʘʣʝʥʥʦʩʪʴ ʫʯʝʙʥʳʭ ʢʦʨʧʫʩʦʚ ʠ ʪ.ʜ.; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ɺʋɿʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʡ.  

Abstract 
The development of automated information systems, new information technologies, the transition from paper 

to digital technologies, the formation and development of open educational resources, the provision of new infor-
mation services in the educational sector, the transition to e-education is an important and relevant scientific and 
practical problem in the Kyrgyz Republic. This paper discusses some of the problematic issues related to informati-
zation and digitalization of the higher education system in Kyrgyzstan. The tasks of designing and developing a 
digital platform (web portal) and computer applications for the educational system are considered using the ex-
ample of universities; on the formation and development of information support of educational processes in the 
system of higher education.  

For the successful implementation of the tasks it is necessary to develop theoretical foundations, mathemati-
cal models, forecasting tasks for the higher education system; It is planned to develop a mathematical model for 
the automatic generation of class schedules taking into account many factors: subjects, number of classrooms, 
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study group, course, faculty, the spatial remoteness of academic buildings, etc.; design and development of an 
information system for the educational process in universities using modern software tools and web technologies. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ), ʩʠʩʪʝʤʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʦʪʢʨʳʪʳʝ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ (ʆʆʈ), ʚʝʙ-ʧʦʨʪʘʣ, ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ.  

Keywords: mathematical and computer modeling, information and communication technologies (ICT), 
higher education system, information environment, open educational resources (OER), web portal, software tools. 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʢʦʥʮʝʧʮʠʷ ʠʥʬʦʨ-

ʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʳ ʜʦʣʞʥʘ ʦʙʝʩʧʝ-
ʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 
ɺ ʩʝʛʦʜʥʷʰʥʠʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 
ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʘʟʠ-
ʨʫʶʪʩʷ ʥʘ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʪʝʭʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʚʘʞʥʳʭ ʟʘʜʘʯ ʠ 
ʧʨʦʙʣʝʤ, ʧʨʠʚʝʜʝʤ, ʚʢʨʘʪʮʝ, ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ 
ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥ-
ʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 
ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤ ʫʯʝʙʥʠʢʦʚ ʠ ʮʠʬʨʦ-
ʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜ; 

- ʚʦʟʤʦʞʥʦʩʪʠ ʀʂʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦ-
ʮʝʩʩʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 
ʚ ʫʩʣʦʚʠʷʭ ʩʝʪʝʚʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ 
ʩʦʦʙʱʝʩʪʚ;  

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʮʝʣʦʩʪʥʳʭ ʠ ʯʘʩʪʠʯ-
ʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʨʝʘ-
ʣʠʟʫʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘ-
ʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʪʫʧʝʥʝʡ ʚʳʩʰʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ;  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝ-
ʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʶʙʳʤ ʛʨʘʞʜʘʥʠʥʦʤ ʩʪʨʘʥʳ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʢʚʘ-
ʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 
ʞʠʟʥʠ; 

- ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʪʢʨʳʪʦʩʪʠ ʠ 
ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʝ ʤʝʭʘ-
ʥʠʟʤʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʧʨʝʜʩʪʘʚʠʪʝ-
ʣʝʡ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 
ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥ-
ʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ;  

- ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 
ʠʥʪʝʨʥʝʪ-ʧʦʨʪʘʣʘ ʜʣʷ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʦʣʦʜʝʞʠ, ʠʭ 
ʨʦʜʠʪʝʣʝʡ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʧʨʦʙʣʝʤʘʤ ʨʘʟʚʠ-
ʪʠʷ, ʧʦʜʜʝʨʞʢʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
ʧʨʦʮʝʩʩʦʚ.  
ʇʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʮʝ-

ʣʦʤ ʠ ʚʦʧʨʦʩʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʂʳʨʛʳʟʩʪʘʥʝ ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʥʝʦʙ-
ʭʦʜʠʤʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠ-
ʦʥʥʳʭ, ʧʨʘʚʦʚʳʭ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʬʠ-
ʥʘʥʩʦʚʳʭ, ʢʘʜʨʦʚʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 
ʫʩʣʦʚʠʡ.  
ʅʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʭ 

ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ, ʧʦʟʚʦ-

ʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦ-
ʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘ-
ʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨ-
ʩʦʚ ʜʣʷ ʩʠʩʪʝʤʳ ɺʋɿʦʚ, ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦ-
ʱʘʜʢʫ ʜʣʷ ʢʦʥʪʠʥʛʝʥʪʘ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-
ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʇʇʉ), ʬʦʨʤʠʨʫʶʪ ʩʦ-
ʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʥʘ ʦʩʥʦʚʝ ʥʦ-
ʚʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴ-
ʥʦʛʦ ʢʦʥʪʝʥʪʘ ʜʣʷ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʧʨʝʜʦʩʪʘʚ-
ʣʷʶʪ ʛʠʙʢʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʘʩʪʨʘ-
ʠʚʘʝʤʳʡ ʛʨʘʬʠʢ ʦʙʫʯʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 
ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ), ʧʦʟʚʦʣʷʶʪ 
ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ (ʵʣʝʢʪʨʦʥʥʘʷ ʩʨʝʜʘ ʜʣʷ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʩʠ-
ʩʪʝʤʳ ʚʠʜʝʦʢʦʥʪʨʦʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪ.ʜ.) ʠ 
ʧʦʩʪʨʦʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʡ 
ʩʚʷʟʠ ʦʪ ʧʨʦʬʝʩʩʦʨʩʢʦ- ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦ-
ʩʪʘʚʘ, ʢʦʥʪʠʥʛʝʥʪʘ ʩʪʫʜʝʥʪʦʚ ʠ ʠʭ ʨʦʜʠʪʝʣʝʡ ʚ ʭʦʜʝ 
ʦʙʫʯʝʥʠʷ ʠ ʧʦ ʝʛʦ ʠʪʦʛʘʤ). 
ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʧʧʘʨʘʪʥʦ ï ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪ-
ʬʦʨʤʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘ-
ʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʣʷ ʤʝʞʚʫʟʦʚʩʢʦʛʦ ʦʙʤʝʥʘ ʦʙ-
ʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʚʫʟʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʠʣʦʪʥʦʛʦ ʚʫʟʘ ʚʳʩʪʫʧʘʝʪ ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɸʨʘʙʘʝʚʘ (ʂɻʋ ʠʤ. ʀ. 
ɸʨʘʙʘʝʚʘ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʚʳʙʨʘʥ 
ʬʘʢʫʣʴʪʝʪ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʂɻʋ ʠʤ. ʀ. ɸʨʘʙʘʝʚʘ.  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʡ ʚʝʙ-ʩʘʡʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʝ ʷʜʨʦ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʚʫ-
ʟʦʚʩʢʦʡ ʮʠʬʨʦʚʦʡ ʧʣʦʱʘʜʢʠ. ʅʘ ʨʠʩ. 1. ʧʨʠʚʝʜʝʥ 
ʚʝʙ ï ʧʦʨʪʘʣ çɼʠʩʧʫʪè, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʱʘʜʢʫ ʜʣʷ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ï ɻ ʪʦ ʦʙʣʘʯʥʘʷ ʪʝʭ-
ʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠ-
ʤʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʰʝ. 
ɼʦʙʘʚʠʤ, ʯʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʨʪʘʣ ʥʘʭʦ-
ʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪ-
ʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠʚʝʜʝʤ, 
ʚʢʨʘʪʮʝ, ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ, ʢʦ-
ʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʠ 
ʚʫʟʘ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʫʜʠʦ- ʠ ʚʠ-
ʜʝʦʜʦʢʫʤʝʥʪʦʚ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʷ; 

- ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʦʥʘʭʦʞʜʝ-
ʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ; 

- ʣʝʛʢʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 
ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ; 
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- ʫʯʝʪ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴ-
ʥʳʡ ʧʦʜʭʦʜ ʢ ʢʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦ-
ʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʨʠʝʥ-
ʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ 
ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʢʘʯʝ-
ʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʣʠʮ, ʧʨʠʥʠʤʘʶ-
ʱʠʭ ʨʝʰʝʥʠʷ, ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʰʝʡ ʩʠ-

ʩʪʝʤʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʛʨʘʤʤ-
ʥʳʝ ʧʨʦʜʫʢʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ. 
ʕʪʦ ʦʟʥʘʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʫʩʣʦ-
ʚʠʡ, ʢʦʪʦʨʳʝ ʥʘʣʘʛʘʶʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʘ-
ʨʘʤʝʪʨʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘ ʘʧʧʘʨʘʪʥʦ-ʪʝʭʥʠ-
ʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ ʠ ʪ.ʜ. [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 
ʙʳʣʠ ʠʟʫʯʝʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ 
ʢʨʠʪʝʨʠʠ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʛʨʘʤʤ-
ʥʳʝ ʠ ʘʧʧʘʨʘʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝ-
ʘʣʠʟʫʶʪʩʷ ʢʘʢ ʝʜʠʥʘʷ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʥʘ ʦʪ-
ʢʨʳʪʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʘʭ.  
ʉʦʟʜʘʥʥʳʡ ʚʝʙ-ʩʘʡʪ çɼʠʩʧʫʪè, ʬʫʥʢʮʠʦʥʠʨʫ-

ʶʱʠʡ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶ-
ʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʫʩʣʦʚʠʷʤ:  
ʘ) ʉʠʩʪʝʤʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʜʦʣʞʝʥ ʦʨʛʘʥʠ-

ʟʦʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ (ʧʦʠʩʢ ʠ 
ʨʝʘʣʠʟʘʮʠʠ ʛʨʫʧʧʦʚʦʡ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʘʤʠ; ʨʝʘʣʠʟʘ-
ʮʠʷ ʯʝʨʝʟ ʦʙʦʟʨʝʚʘʪʝʣʴ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʟʣʦʚ ʜʣʷ 
ʛʨʫʧʧ; ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘ-
ʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʬʘʡʣʘʤʠ ʜʣʷ ʚʩʝʭ ʇʇʉ ʚʫʟʦʚ 
ʠ ʜʨ.). 
ʙ) ʆʩʥʦʚʦʡ ʢʦʥʪʝʥʪ ʚʝʙ-ʩʘʡʪʘ: ʜʦʣʞʥʳ ʙʝʟʦʪ-

ʢʘʟʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʥʪʝʥʪʦʤ, ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʘ 
ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʢʦʥʪʝʥʪʘ ʩʘʡʪʘ (ʛʨʫʧʧʠʨʦʚʢʘ ʩʦ-
ʜʝʨʞʘʥʠʷ ʚ ʟʘʜʘʥʥʦʡ ʬʦʨʤʝ ʠʣʠ ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ; 
ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʫʙʣʠʢʘʮʠʷʤʠ ʠ ʢʦʥʪʝʥ-
ʪʦʤ; ʚʳʙʦʨ ʮʝʣʝʚʦʛʦ ʢʦʥʪʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʘʫʜʠʪʦʨʠʠ ʠ ʜʨ.). 
ʚ) ʌʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠ-

ʝʥʪʩʢʠʤ ʢʦʥʪʝʥʪʦʤ (ʩʦʭʨʘʥʥʦʩʪʴ ʩʚʝʜʝʥʠʡ ʚ ʩʦ-
ʟʜʘʥʥʦʤ ʝʜʠʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʨʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚ-
ʥʳʭ ʬʫʥʢʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ ʚʝʙ-ʩʘʡʪʘ ʠ ʜʨ.).  
ʛ) ʌʫʥʢʮʠʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʫʙʣʠʢʘʮʠʠ ʥʦ-

ʚʦʩʪʥʳʭ ʩʦʦʙʱʝʥʠʡ (ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ ʠ ʦʪ-
ʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʥʦʚʦʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʬʫʥʢ-
ʮʠʠ ʧʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ, ʜʦʙʘʚʣʝʥʠʶ ʠ ʫʜʘʣʝʥʠʶ 
ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʜʝʣʝ ʥʦʚʦʩʪʝʡ ʠ ʜʨ.).  
ʜ) ʌʫʥʢʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʬʠʣʝʡ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ (ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʠʩʢʦʚʦʡ ʧʨʦʮʝʜʫʨʳ ʜʣʷ 
ʥʘʭʦʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʫʟʘʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ 
ʜʨ.).  
ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʩʘʡʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 
ʩʨʝʜʩʪʚʘ: PHP 5.3, HTML5, CSS3, JavaScript (ʙʠʙ-
ʣʠʦʪʝʢʘ jQuery), MYSQL 5 [2], [3], [4], [5].  

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩ-

ʥʦʚʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʯʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 
ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ʇʨʝʜʣʦʞʝʥʳ 
ʥʘʫʯʥʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʦʛʨʘʤʤʥʦ-
ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠ-
ʪʠʷ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 
ʩʨʝʜʳ.  
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʝʙ-ʧʦʨʪʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚʫʟʦʚ ʥʘ ʧʨʠʤʝʨʝ ʂɻʋ ʠʤ. 
ɸʨʘʙʘʝʚʘ ʠ ʜʣʷ ʤʝʞʚʫʟʦʚʩʢʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤ-
ʤʘʤʠ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤʠ ʫʯʝʙʥʳʤʠ 
ʧʦʩʦʙʠʷʤʠ ʠ ʪ.ʜ.  

 

 
ʈʠʩ. 1 ɺʝʙ ï ʧʦʨʪʘʣ çɼʠʩʧʫʪè (ʮʠʬʨʦʚʘʷ ʧʣʦʱʘʜʢʘ).  
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STUDY OF THE ZERO SIGNAL OF A LASER GYROSCOPE  
 
ɸʥʥʦʪʘʮʠʷ 
ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʫʯʝʥ ʠʤʝʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ; ʨʘʩ-
ʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʜʚʠʛʘ ʥʫʣʷ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ; ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʪʝʤʧʝ-
ʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʘ ʩʜʚʠʛʘ ʥʫʣʷ ʚ ʣʘʟʝʨʥʦʤ ʛʠʨʦʩʢʦʧʝ; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʩʩʯʠʪʘʥʳ 
ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦ-
ʩʪʠ ʧʨʠʙʦʨʦʚ ʪʨʝʙʫʝʪ ʚʣʘʜʝʥʠʷ ʜʘʥʥʳʤʠ ʦ ʩʚʷʟʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʙʦʨʦʚ ʩ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ 
ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʘʥʘʣʠʟ, ʦʧʠ-
ʩʘʥʠʝ, ʦʙʦʙʱʝʥʠʝ, ʨʘʩʯʝʪ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʡ: ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠ-
ʯʠʥʘ ʩʤʝʱʝʥʠʷ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʩʘʤʦʛʦ ʧʨʠʙʦʨʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

Abstract 
The purpose of the article is to study the zero signal of a laser gyroscope. To achieve this goal have been 

resolved following tasks: examination of the available material on the subject; considered the concept of the error 
of zero drift of the laser gyro; lists the main reasons for temperature drift of zero drift in a laser gyroscope; the 
analysis of the thermal regime and calculated parameters approximating the exponential function. The hypothesis 
of the study-improving the accuracy of devices requires possession of data on the relationship of errors of devices 
with environmental factors. To solve the set tasks, the article uses such methods as analysis, description, general-
ization, calculation, and modeling. The result of the study is as follows: it was shown that the value of the zero 
signal offset depends on the temperature of both the device itself and the environment. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʫʣʝʚʦʡ ʩʠʛʥʘʣ, ʛʠʨʦʩʢʦʧ, ʪʝʤʧʝʨʘʪʫʨʘ, ʵʬʬʝʢʪ ʃʵʥʛʤʶʨʘ 
Keywords: the zero signal of the gyroscope, temperature, effect of Langmuir. 
 
ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭ-

ʥʠʢʠ ʪʨʝʙʫʝʪ ʚʩʝ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠ-
ʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʜʚʠʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʙʲʝʢʪʘ. ɹʝʩʧʣʘʪʬʦʨʤʝʥ-
ʥʳʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 
(ɹʀʅʉ) ʩ ʤʘʣʦʡ ʤʘʩʩʦʡ, ʛʘʙʘʨʠʪʘʤʠ ʠ ʵʥʝʨʛʦʧʦ-
ʪʨʝʙʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʠ-
ʩʪʝʤʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙ-
ʣʘʩʪʷʭ. ʃʘʟʝʨʥʳʝ ʛʠʨʦʩʢʦʧʳ (ʃɻ) ʷʚʣʷʶʪʩʷ ʦʜ-
ʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ 
ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ. ʀʭ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ: 
ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ; 
ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ; ʤʘ-
ʣʦʝ ʚʨʝʤʷ ʛʦʪʦʚʥʦʩʪʠ; ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ; ʤʘʣʘʷ 
ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ; ʜʠʩʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʳ-
ʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʳʝ ʛʠʨʦʩʢʦʧʳ 
ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ 
ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [1]. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʦʚ ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʥʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩ ʚʦʟ-
ʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺʳʷʚ-
ʣʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ 
ʧʝʨʝʚʝʩʪʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʦʰʠʙʢʠ ʠʟ ʨʘʟʨʷʜʘ ʩʣʫ-
ʯʘʡʥʳʭ ʚ ʨʘʟʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ 
ʙʳʪʴ ʫʯʪʝʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩʢʦʤʧʝʥ-
ʩʠʨʦʚʘʥʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 
ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. 
ʇʦʩʢʦʣʴʢʫ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʩʘʤʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʣʘ-
ʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʩʣʦʞʝʥ, ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦ-
ʛʨʝʰʥʦʩʪʝʡ ʃɻ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʥʫʣʝʚʦʛʦ ʩʠʛ-
ʥʘʣʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʢʘʢ ʩʘʤʦʛʦ ʧʨʠʙʦʨʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 
ʇʦʛʨʝʰʥʦʩʪʴ ʩʜʚʠʛʘ ʥʫʣʷ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦ-

ʩʢʦʧʘ 
ɺ ʠʜʝʘʣʴʥʦʤ ʥʝʧʦʜʚʠʞʥʦʤ ʣʘʟʝʨʥʦʤ ʛʠʨʦ-

ʩʢʦʧʝ ʦʙʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʩʠʤʤʝʪʨʠʯ-
ʥʦʤ ʨʝʟʦʥʘʪʦʨʝ, ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʧʫʪʠ ʠ ʯʘʩʪʦʪʳ 
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ʨʘʚʥʳ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʯʘʩʪʦʪʘ ʙʠʝʥʠʡ ʧʨʦʧʦʨʮʠʦ-
ʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 1, ʘ). ʃʶʙʦʝ 
ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʃɻ ʦʪ ʫʢʘʟʘʥʥʦʡ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺʳʜʝʣʷʶʪ ʜʚʘ ʚʠʜʘ ʧʦ-
ʜʦʙʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃɻ: ʩʜʚʠʛ 
ʥʫʣʷ (ʨʠʩʫʥʦʢ 1, ʙ) ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ (ʟʘʭʚʘʪ ʯʘ-
ʩʪʦʪ). 

 
ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 1 ɺʳʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ [2] 
ʘ ï ʠʜʝʘʣʴʥʘʷ; ʙ ï ʩʜʚʠʛ ʥʫʣʷ 

 
ʉʜʚʠʛ ʥʫʣʷ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʨʝʟʦʥʘʪʦʨ ʷʚʣʷʝʪʩʷ 

ʥʝʚʟʘʠʤʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʣʫʯʝʥʠʶ, ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʶʱʝʤʫʩʷ ʚʦ ʚʩʪʨʝʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠ 
ʵʪʦʤ ʥʝʨʘʚʝʥʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚʩʪʨʝʯʥʳʭ 
ʚʦʣʥ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʶ ʠʭ ʯʘʩʪʦʪ ʜʘʞʝ ʚ ʥʝʧʦ-
ʜʚʠʞʥʦʤ ʢʦʣʴʮʝʚʦʤ ʨʝʟʦʥʘʪʦʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟ-
ʥʠʢʘʶʱʠʡ ʩʜʚʠʛ ʥʫʣʷ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʠʟʤʝʨʷ-
ʝʤʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. 
ʉʜʚʠʛ ʥʫʣʷ ʦʙʫʩʣʦʚʣʝʥ ʥʝʚʟʘʠʤʥʳʤ ʠʟʤʝʥʝ-

ʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ ʚ ʢʦʣʴʮʝ-
ʚʦʤ ʨʝʟʦʥʘʪʦʨʝ ʜʣʷ ʚʩʪʨʝʯʥʳʭ ʚʦʣʥ, ʚʳʟʚʘʥʥʳʤ 
ʣʶʙʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʢʨʦʤʝ ʚʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʠ ʩʜʚʠʛʝ ʥʫʣʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝ-
ʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ ʙʠʝʥʠʡ ʜʚʫʭ 
ʚʩʪʨʝʯʥʳʭ ʚʦʣʥ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʘʱʝʥʠʷ ʛʠʨʦ-
ʩʢʦʧʘ. 
ʆʜʥʠʤ ʠʟ ʷʚʣʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʚʟʘʠʤʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʌʨʝ-
ʥʝʣï̫ʌʠʟʦ. ʅʘʣʠʯʠʝ ʚ ʨʝʟʦʥʘʪʦʨʝ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ 
ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʜʣʠʥʳ ʨʝʟʦʥʘʪʦʨʘ ʜʣʠʥʦʡ 
ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. ʉʜʚʠʛ ʥʫʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʚʠ-
ʞʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʢʦʣʴʮʝʚʦʤ ʨʝʟʦʥʘʪʦʨʝ 
ʫ ʧʨʠʙʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʮʠʠ, ʚʝʩʴʤʘ ʚʝʣʠʢ. 
ʅʘʧʨʠʤʝʨ, ʚ ʃɻ ʩ ʧʣʦʱʘʜʴʶ ʨʝʟʦʥʘʪʦʨʘ 20 ʩʤ2 ʧʦ-
ʪʦʢ ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʩʤ/ʩ ʥʘ ʫʯʘʩʪʢʝ 1 ʩʤ 
ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʥʫʣʷ ʧʦʨʷʜʢʘ 3 ʛʨʘʜ/ʯ [2]. 
ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ 
ʉʤʝʱʝʥʠʝ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʃɻ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʢʘʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫ-
ʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʧʨʠ ʩʘʤʦʨʘʟʦʛʨʝʚʝ ʧʨʠʙʦʨʘ ʟʘ 
ʩʯʝʪ ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨ-
ʛʠʠ. ʇʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ w0ʪ (ʜʨʝʡʬʘ ʥʫʣʷ) ʫ ʤʥʦʛʠʭ ʦʙʨʘʟ-
ʮʦʚ ʧʨʠʙʦʨʦʚ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ sw ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʷʚʣʷʶ-
ʱʝʡʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʃɻ.  
ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʫʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʥʦʙʣʦʯʥʳʝ 
ʨʝʟʦʥʘʪʦʨʳ ʢʦʣʴʮʝʚʳʭ ʣʘʟʝʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʃɻ, ʚʳʧʦʣʥʷʶʪ ʠʟ ʤʘʪʝ-
ʨʠʘʣʦʚ ʩ ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʣʠ-
ʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʢʚʘʨʮʘ, ʩʠʪʘʣʣʘ ʠ ʪ.ʧ.). ʆʜ-
ʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
ʫʧʦʤʷʥʫʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʪʷʛʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʪʘ-
ʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʢʦʣʴʮʝʚʦʛʦ ʣʘ-
ʟʝʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʃɻ ʧʨʠ ʩʘʤʦ-
ʨʘʟʦʛʨʝʚʝ (ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʛʦ ʪʝʧʣʦʚʳʤ çʚʳʙʝ-
ʛʦʤè) ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ, ʯʪʦ ʥʝ-
ʨʝʜʢʦ ʩʦʠʟʤʝʨʠʤʦ ʩʦ ʚʨʝʤʝʥʝʤ ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ 
ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  
ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʧʫʪʝʤ ʧʦʤʝ-

ʱʝʥʠʷ ʃɻ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʦʙʦʛʨʝʚʘʝʤʳʡ ʛʝʨʤʝʪʠʯ-
ʥʳʡ ʦʪʩʝʢ ʫʭʫʜʰʘʝʪ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠ-
ʚʘʝʪ ʚʨʝʤʷ ʝʝ ʛʦʪʦʚʥʦʩʪʠ (ʜʦ 20õ30 ʤʠʥ). ʇʦʜʜʝʨ-
ʞʘʥʠʝ ʣʘʟʝʨʥʳʭ ʛʠʨʦʩʢʦʧʦʚ ʚ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ 
(ʧʦʜ ʪʦʢʦʤ) ʪʘʢʞʝ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦ-
ʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ 
ʧʨʠʙʦʨʦʚ ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜʫʝʪʩʷ ʚʭʦʣʦʩʪʫʶ. 
ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʥʘʟʳ-

ʚʘʝʤʦʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʨʝʡʬʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʫ-
ʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʧʨʠʯʠʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʠʩ-
ʪʦʯʥʠʢʦʚ ʩʜʚʠʛʘ ʥʫʣʷ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ ʢʦʤʧʦʥʝʥʪʦʚ 
ʛʘʟʘ ʚ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʃɻ. ʇʨʠ-
ʯʠʥʘʤʠ ʩʜʚʠʛʘ ʥʫʣʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 
ʥʘʧʨʘʚʣʝʥʥʳʡ ʜʨʝʡʬ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʠʦʥʦʚ (ʢʘʪʘʬʦʨʝʟ), ʪʘʢ ʠ ʧʦʪʦʢ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ 
ï ʣʵʥʛʤʶʨʦʚʩʢʠʡ ʜʨʝʡʬ [3]. 
ʇʨʠ ʢʘʪʘʬʦʨʝʟʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʜʨʝʡ-

ʬʫʶʪ ʢ ʢʘʪʦʜʫ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦ-
ʜʠʪ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʠʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫ ʢʘ-
ʪʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ. ʇʦʚʳ-
ʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʚʳʟʳʚʘʝʪ 
ʦʙʨʘʪʥʳʡ ʜʨʝʡʬ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʥʘʧʨʘʚʣʝ-
ʥʠʠ ʘʥʦʜʘ. 
ʕʬʬʝʢʪ ʃʵʥʛʤʶʨʘ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʩʪʝʥʢʠ ʛʘ-

ʟʦʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. 
ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʜʚʠʞʫʱʠʝʩʷ ʢ ʢʘ-
ʪʦʜʫ, ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ ʥʘ ʩʪʝʥʢʘʭ ʫʢʘʟʘʥʥʦʡ ʪʨʫʙʢʠ. 
ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʫ ʘʥʦʜʘ, 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʪʦʢ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʢ 
ʘʥʦʜʫ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʩʪʝʥʦʢ ʪʨʫʙʢʠ, ʘ ʧʦ ʥʘʧʨʘʚ-
ʣʝʥʠʶ ʢ ʢʘʪʦʜʫ ï ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʢʠ. 
ɺʩʣʝʜʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦʷʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʢʘʢ ʠʟʤʝ-
ʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʣʫʯʝʡ ʚ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʘʩʠʤʤʝʪ-
ʨʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʘʢʪʠʚʥʦʡ 
ʩʨʝʜʳ. 
ʇʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʨʝʟʦʥʘʪʦʨʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʧʨʠ ʧʦʜʩʪʨʦʡʢʝ ʧʝʨʠʤʝʪʨʘ 
ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ (ʚʩʪʨʝʯʥʳʭ 
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ʚʦʣʥ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʢʘʥʘʣʦʚ, ʜʠʘʬʨʘʛʤʳ ʠ ʜʝ-
ʬʝʢʪʦʚ ʥʘ ʟʝʨʢʘʣʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ɺʩʣʝʜ-
ʩʪʚʠʝ ʩʤʝʱʝʥʠʷ ʣʫʯʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʬʨʘʛʤʳ 
ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʜʦʙʨʦʪʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʤʝʥʷʝʪʩʷ ʠ ʩʜʚʠʛ ʥʫʣʝ-
ʚʦʛʦ ʩʠʛʥʘʣʘ, ʚʳʟʚʘʥʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʥʝʚʟʘʠʤ-
ʥʦʩʪʴʶ ʚʩʪʨʝʯʥʳʭ ʚʦʣʥ. 
ɼʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʜʚʠʛ ʥʫʣʷ 

ʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʧʦʧʝʨʝʯʥʦʝ ʩʤʝʱʝʥʠʝ ʣʫʯʘ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. ʕʪʦ ʚʳʟʚʘʥʦ ʥʘʣʠʯʠʝʤ ʥʘ 
ʢʦʥʮʘʭ ʨʘʟʨʷʜʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʟʘʤʝʪʥʳʭ ʛʨʘʜʠʝʥ-
ʪʦʚ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ 
ʧʦʪʦʢʦʚ ʚ ʛʘʟʝ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʭ 
ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʥʝ ʦʜʠʥʘʢʦʚʘ. 
ɽʩʣʠ ʣʫʯ ʚʭʦʜʠʪ ʚ ʨʘʟʨʷʜʥʫʶ ʪʨʫʙʢʫ ʠ ʚʳʭʦʜʠʪ ʠʟ 
ʥʝʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʢʘʥʘʣʘ, ʚ ʧʨʠʙʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʜʚʠʛ ʥʫʣʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦ-

ʩʪʠ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʡ ʩʤʝʩʠ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʦʜʥʦʤ 
ʤʝʩʪʝ ʚʳʟʳʚʘʝʪ ʝʛʦ ʜʚʠʞʝʥʠʝ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ. 
ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʩʢʦʣʴʞʝʥʠʝʤ [4]. 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ 
ʇʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʥʦʙʣʦʢʘ ʠʟʤʝʥʷʝʪʩʷ 

ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ 
ʜʣʷ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ ʚʩʪʨʝʯʥʳʭ ʚʦʣʥ, ʤʦʞʥʦ ʟʘʧʠ-
ʩʘʪʴ ʜʣʷ ʣʫʯʘ ʛʝʥʝʨʘʮʠʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʧʦ ʦʩʠ ʢʘ-
ʥʘʣʘ [5]: 
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ʛʜʝ mʊʉ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; 

v

n

µ

µ
 ï ʛʨʘʜʠʝʥʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ; 

ʊ1, ʊ2 ï ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʘʷʭ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. 
ʊʝʧʣʦʚʦʡ ʨʝʞʠʤ ʤʦʥʦʙʣʦʢʘ ʃɻ ʟʘʚʠʩʠʪ ʦʪ ʚʝ-

ʣʠʯʠʥʳ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ, ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝ-
ʨʠʘʣʦʚ ʢʘʪʦʜʘ, ʘʥʦʜʦʚ ʠ ʩʘʤʦʛʦ ʤʦʥʦʙʣʦʢʘ, ʘ ʪʘʢʞʝ 
ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʘ. 
ʇʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ 

ʪʝʣʘ ʚ ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tc, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ 
ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ(2). ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ J
, ʚʪʦʨʦʝ - ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʣʘ ʥʘ 
ʝʛʦ ʛʨʘʥʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S, ʪʨʝʪʴʝ - ʫʨʘʚʥʝʥʠʝ 
ʌʫʨʴʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 
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ʛʜʝ N ï ʚʥʝʰʥʷʷ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ S ʪʝʣʘ; 
Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ; 

t ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ; 
2Ð  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; 

ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʦʚʦʜʥʦʩʪʠ, 

g

l

Ö
=

c
a ,  (3) 

ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; 
ʩ ï ʪʝʧʣʦʝʤʢʦʩʪʴ; 

g ï ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ. 
ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2) ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ 
ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʷʜʘ 

tJ Ö-
ÖÖ=ä nm

nn eUɸ ,  (4) 

ʛʜʝ Un(x,y,z) ï ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷ-
ʱʠʝ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠʥʘʪ;  

An ï ʪʝʧʣʦʚʳʝ ʘʤʧʣʠʪʫʜʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ 
ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ; 

mn ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʝʟʘʚʠʩʷʱʠʝ ʥʠ ʦʪ ʢʦʦʨ-
ʜʠʥʘʪ, ʥʠ ʦʪ ʚʨʝʤʝʥʠ. 
ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʪʝʣʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʝ ʩʪʘʜʠʠ: ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʠ ʨʝʛʫʣʷʨʥʫʶ. ʇʦ-
ʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ (4) ʦʙʨʘʟʫʶʪ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʚʦʟʨʘʩʪʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

0< m0 < m1 < m2 < . . . < mn . . . , 
ʩʦ ʚʨʝʤʝʥʝʤ ʯʣʝʥʳ ʨʷʜʘ (4) ʫʙʳʚʘʶʪ ʠ, ʥʘʯʠ-

ʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ t²t* ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ, 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʫʤʤʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ. ɺ 
ʨʝʛʫʣʷʨʥʦʤ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʥʘʩʪʫ-
ʧʘʶʱʝʤ ʧʨʠ ʵʪʦʤ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʦ ʚʩʝʭ ʪʦʯ-
ʢʘʭ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 
ʧʨʠʯʝʤ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ m ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦ-
ʦʨʜʠʥʘʪ. 

tJ Ö-ÖÖ= m

ʨʝʛ eUɸ , ),,( 000 mmUUAA ¹¹¹ , (5) 

 
ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʘʞʜʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʲʝʤʦʚ ʙʫʜʝʤ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴ ʢʘʢ ʨʝʘʣʠʟʘʮʠʶ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʪʨʸʭ 
ʢʦʤʧʣʝʢʪʦʚ ʃɻ, ʩʥʷʪʳʝ ʩ ʰʝʩʪʠʜʝʩʷʪʠʩʝʢʫʥʜʥʳʤ 
ʥʘʢʦʧʣʝʥʠʝʤ ʟʘ 33 ʤʠʥʫʪʳ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠ-
ʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʨʠ ʧʦʚʳʰʝʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟ-
ʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʩʯʸʪʯʠʢʘʤʠ ʠʤʧʫʣʴʩʦʚ ʩ ʤʦ-
ʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ-
ʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʝʡ ʩʪʝʧʝʥʠ 
ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Microsoft Excel (ʩʤ. ʨʠʩʫʥʦʢ 
2). ɺʠʜ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ 
ʦʙ ʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʫ.  
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ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 
ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʚ ʧʨʦʮʝʩʩʝ 
ʩʘʤʦʧʨʦʛʨʝʚʘ ʠ ʚ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʠʩʭʦʜʥʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢ-
ʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʛʨʝʰ-
ʥʦʩʪʝʡ ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʥʫ-
ʣʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʢʘʢ ʩʘʤʦʛʦ ʧʨʠʙʦʨʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. 
ɺʳʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʪ ʧʝʨʝʚʝʩʪʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʦʰʠʙʢʠ ʠʟ 
ʨʘʟʨʷʜʘ ʩʣʫʯʘʡʥʳʭ ʚ ʨʘʟʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 
ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟ-
ʤʝʨʝʥʠʷ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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ʨʦʩʢʦʧʫ [ʊʝʢʩʪ] / ɼ.ʇ. ʃʫʢʴʷʥʦʚ, ʖ.ɺ. ʌʠʣʘʪʦʚ, 
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SPILLWAY  PROTECTION  AGAINST  CAVITATION  EROSION 

 
ʂʦʨʽʥʴ ʆ.ɺ. 

ʍʝʨʩʦʥʩʢɹʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʚ̔ʝʨʩʠʪʝʪ 
 

ɿɸʍʀʉʊ ɺʆɼʆʉʂʀɼɯɺ ɺɯɼ ʂɸɺɯʊɸʎɯʁʅʆɰ ɽʈʆɿɯɰ 
 
Abstract 
Aerators are designed to saturate water with air to protect spillways from cavitation erosion. The method of 

calculation of the aerator on the spillway is offered. The presence of a boundary layer of pressure reduction under 
the jet is taken into account, which influences the distance of the jet flow down the springboard. The dependencies 
for the calculation of air concentration are given. 
ɸʥʦʪʘʮʽʷ 
ʊʨʘʤʧʣʽʥʠ-ʘʝʨʘʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʧʦʚʽʪʨʷʤ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʚʦʜʦʩʢʠʜʽʚ ʚʽʜ ʢʘʚʽ-

ʪʘʮʽʡʥʦʾ ʝʨʦʟʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʘʝʨʘʪʦʨʘ ʥʘ ʚʦʜʦʟʣʠʚʥʽʡ ʤʝʞʽ. ɺʨʘʭʦʚʫʻʪʴʩʷ ʥʘʷʚ-
ʥʽʩʪʴ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʽʜ ʩʪʨʫʤʝʥʝʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʜʘʣʴʥʽʩʪʴ ʚʽʜʣʴʦʪʫ ʩʪʨʫʤʝʥʷ 
ʟʘ ʪʨʘʤʧʣʽʥʦʤ. ʅʘʚʦʜʷʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʽʪʨʷ. 

 
Kʝywords: algae, springboard aerator, boundary layer, two-phase flow, air concentration. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʦʟʣʠʚ, ʪʨʘʤʧʣʽʥ-ʘʝʨʘʪʦʨ, ʧʨʠʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʜʚʦʬʘʟʥʠʡ ʧʦʪʽʢ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦ-

ʚʽʪʨʷ. 
 
Introduction  
For the vast majority of foreign and domestic wa-

terworks, calculations show that with natural rough-
ness, the actual cavitation coefficients are more than 
unity, and according to the calculation, there is no cav-
itation. 

However, it should be noted that in some cases the 
law of distribution of the heights of roughness protru-
sions can sharply differ from the ñnormalò one, and this 
can change the cavitation situation. In addition, model 
tests, on the basis of which the cavitation parameters 
recommended in practice are obtained, do not provide 
a reserve in comparison with nature. 

The main text 

As experience shows, cavitation erosion in nature 
is more intense. It is also possible that even with careful 
monitoring of the inspection of the concrete surface, 
some irregularities, surface defects may not be noticed 
or they may appear subsequently during operation, as a 
result of various destructive processes. Therefore, at 
flow rates of more than 25 ... 28 m/s and the absence of 
concrete defects (natural roughness), it is recom-
mended to install a springboard-aerator on the spillway 
path. Its main purpose is to saturate the bottom layer of 
the stream with air, in which the occurrence of cavita-
tion becomes impossible. The design scheme of the aer-
ator is shown ʦn the figure 1. 

 

 
 
The location of the aerator is determined in ac-

cordance with the cavitation situation on the spillway. 
The determining criterion for choosing the location of 
the aerator is compliance with the conditions 

Fig. 1 The scheme of calculation of the aerator at the edge of the spillway 
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ʧʦʨʭʘʨ vv ¢ ,  (1) 

where vʭʘʨ ï the characteristic speed, for which it 
is recommended to take the flow rate at the height of 
the roughness protrusion equal to zȹå10ȹ [1], here ȹ 
is the value of the equivalent heterogeneous roughness; 
vpor is the threshold velocity, i.e. flow rate at which 
cavitation erosion does not occur for a long time, de-
pending on the characteristics of concrete. 

A characteristic feature of the spillway face is the 
presence of a boundary layer, the speed of movement 
in which is significantly lower than the average speed. 
The boundary layer originates at the head and develops 
downstream. Its thickness can be determined by theo-
retical dependence [2] 
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or empirical formula [3] 
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where d - is the thickness of the boundary layer, 

at a distance X from the top of the input head; h0 - is the 

normal flow depth; l - coefficient of hydraulic fric-

tion. 
The turbulent boundary layer significantly affects 

the kinematic characteristics of the flow. The velocity 
distribution over the depth of the boundary layer can be 
described by a power law dependence 
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where vmax - is the velocity of the flow core outside 
the boundary layer. Its value is determined by the law 
of free fall, since at the upper boundary of the boundary 
layer the velocity gradient is zero [2] 
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where v1, h1 - average velocity and depth of flow 
in a vertical section at the threshold of the spillway 
head; Y - is the vertical distance from the tip of the tip 
to the center of gravity of the flow section in question; 
n - is an exponent 

.

2ln

1

+
D

=
d

n  

As a rule, the aerator location target is preassigned 
20.0...25.0 m below the mark of the spillway head. In 
this section, the thickness of the boundary layer ŭ is de-
termined from dependence (2) or (3), and from the ex-
pression (4) the flow velocity in the boundary layer is 
found at the height of the maximum roughness protru-
sion zȹ. Based on the above assumptions 

n

z vv ö
÷

õ
æ
ç

å D
=D

d

10
max

. Taking vʭʘʨ=vzȹ, the fulfillment 

of condition (1) is checked, and if necessary, the loca-
tion of the aerator is adjusted. 

The height of the aerator ledge and the slope of its 
upper face relative to the spillway surface is determined 
from the conditions necessary to ensure the jet take-off 
distance L 1:7...1:15 (ɔ=4...8) [2]. 

In the aerator section, the average flow velocity 
vaer and water depth haer are calculated 

( ),cos2 0 bj ʘʵʨʘʵʨʦʛʘʵʨ hHgv -Ð-Ð+=     (6) 

ʘʵʨʘʵʨ

ʘʵʨ
vb

Q
h =      (7) 

 
where ű - is the velocity coefficient; H0 - full head 

on the top of the spillway; ʦʛÐ  - mark of the spillway 

head; ʘʵʨÐ  - mark the alignment of the aerator; ɓ - is 

the angle of inclination of the upper face of the aerator 
relative to the horizon; Q - water consumption; baer - the 
width of the spillway face in the alignment of the aera-
tor. 

The calculation according to dependences (6) and 
(7) is performed by the method of successive approxi-
mations, assuming haer=0 in the first approximation. 

The main characteristic of the aerator is the 
amount of air supplied under its ledge. Its value de-
pends both on the hydraulic parameters of the flow and 
directly on the design parameters of the aerator. By 
summarizing the numerous experimental and field data 
N.L. Pinto obtained the following empirical relation-
ship to determine the air drawn into the sub-jet space 
[3] 
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where 
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=  - is the Froude number; 

ʘʵʨ

ʘʵʨʘʵʨ

b

F
D
m
=  - effective duct area referred to the 

width of the aerator; ʘʵʨm  - the flow coefficient of the 

duct path is determined by the known dependencies in 
accordance with its geometry. From the experience of 
the developed and implemented aeration systems for 
preliminary calculations, it is possible to take the value 
of the flow coefficient ɛʘʵʨ=0,6; Fʘʵʨ - the area of the 
duct, which approximately can be assigned equal to 

( )
a

ʘʵʨ
v

Q
F 12,0...08,0= ,  (9) 

where vʘ - is the air velocity in the duct path. Usu-
ally taken no more than 60 m/s. 

Thus, when calculating the aerator, it is necessary 
to determine the cross-sectional area of the air ducts ac-
cording to dependence (9), and then, using (8) to deter-
mine the amount of air drawn in, to find the magnitude 
of the pressure decrease in the under-junction space be-
hind the ledge 
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where ʚʦʜr , ʚʦʟʜr  - respectively, the density of 

water and air. 
The most important task characterizing the effi-

ciency of the aerator is to determine the junction of the 
stream thrown off the springboard to the spillway face. 
The jet departure range behind the aerator step should 
be at least 10.0...15.0 m, which will ensure the absence 
of water in the duct path [1]. This calculation can be 
performed according to the equations of motion of the 
stream in free fall after it leaves the springboard-aera-
tor, taking into account the decrease in pressure under 
the stream, 
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and the equation of the surface of the spillway 
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where x, y - are the coordinates of the system with 
the origin located on the exit edge of the springboard; v 
- is the flow rate taken for the lower surface of the jet 
equal to the flow velocity at the height of the maximum 
protrusion of the roughness 

Dzv ; t is the flow time from 

the moment the aerator descends from the springboard 
to where it adjoins the spillway face; b - the angle of 

inclination of the jet to the horizon in the alignment of 

the output edge of the springboard-aerator; a - the an-

gle of inclination of the spillway face below the aerator; 
ht - is the total height of the springboard and ledge; g - 
is the acceleration of gravity; a - additional acceleration 
directed normal to the weir plane and caused by the 
pressure force on the area of the lower surface of the 
aerated stream with the depth of the aerated stream ha 
and average air concentration C at a vacuum in the sub-
jet region hwack 
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The calculation of the jet departure distance L is 
recommended to be carried out graphically when solv-
ing parametric functions (11) and equation (12) to-
gether. In this case, a series of values of the time pa-
rameter t are set with a certain step until the jet bound-
ary intersects the spillway face. 

In the process of jet departure, it will be saturated 
with air. The entrained air is mainly concentrated in the 
boundary layer. The concentration of air at the bottom 

1C  in the alignment of the lower surface of the jet to 

the spill face is determined by the following depend-
ence 
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where qa - is the specific consumption of entrained 

air, 
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q = ; qʧʦʛʨ - the specific water consumption 

in the boundary layer, based on the power law of the 
distribution of speeds, is 
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Having completed the integration of expression 
(15) and after carrying out the corresponding transfor-
mations, we obtain an expression for determining the 
initial bottom air concentration 
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After the aerated stream adjoins the spillway, its 
deaeration begins. The decrease in bottom air concen-
tration along the length of the spill face is determined 
by the dependence 

iilCCC äD-= 1 ,  (17) 

where ȹʉ - is the specific decrease in air concen-
tration by 1 running meter, according to field data, 
ȹʉʧʨ=0.15...0.5% in the prismatic section and 
ȹʉʧ=0.5...1.2% in the turn [5]; l i - is the length of the 
corresponding section of the spillway surface. 

Conclusion 
Dependence (17) allows us to estimate the change 

in air concentration along the length of the spillway. In 
the alignment, where it will decrease to a critical value, 
an aerator device of the next stage will be required. 

Aerators, calculated according to the above meth-
odology, were built on the spillways of the Karun I wa-
terworks (after reconstruction) (Iran), Kapanda (An-
gola), Teri (India), on the coastal spillway of the Sa-
yano-Shushenskaya hydroelectric power station. Field 
tests have shown the reliable operation of these aeration 
systems. 
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THE ROLE OF ROAD CONDITIONS IN KYRGYZSTAN IN THE OCCURRENCE OF ROAD 

ACCIDENTS AND THE RESPONSIBILITY FOR THEM OF ROAD ORGANIZATIONS  
 

ɸʥʥʦʪʘʮʠʷ 
ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɼʊʇ) ʚ ʂʳʨʛʳʟʩʪʘʥʝ 

ʥʘ ʜʦʣʶ ʧʨʠʯʠʥ ʠʟ-ʟʘ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʭʦʜʠʪʩʷ ʤʘʣʳʡ ʧʨʦʮʝʥʪ. ɺ ʜʨʫʛʠʭ ʞʝ ʩʪʨʘʥʘʭ ʥʘ ʥʝʝ ʧʨʠʭʦ-
ʜʠʪʩʷ ʦʪ 2 ʜʦ 20% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ɼʊʇ. ʅʦ ʚ ʨʝʘʣʠʠ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʟ-ʟʘ 
ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʲ-
ʝʢʪʠʚʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ (ʨʘʟʤʝʨʳ ʠ ʵʣʝʤʝʥʪʳ ʜʦʨʦʛʠ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪ.ʜ.) ʵʪʠ ʜʘʥ-
ʥʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʥʘʤʥʦʛʦ ʚʳʰʝ. ɼʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʠ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ɼʊʇ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʨʦʞ-
ʥʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʨʦʠʩʰʝʩʪʚʠʷ ʚ 60-75%. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʟʘʯʘʩʪʫʶ ʩʪʘʥʦʚʷʪʩʷ ʧʨʷ-
ʤʦʡ ʠʣʠ ʢʦʩʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ɼʊʇ, ʢʦʪʦʨʳʝ ʧʦʜʪʘʣʢʠʚʘʶʪ ʤʥʦʛʠʭ ʚʦʜʠʪʝʣʝʡ ʢ ʩʦʚʝʨʰʝʥʠʶ ʦʰʠʙʦʢ ʥʘ 
ʜʦʨʦʛʘʭ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʫʩʪʦ-
ʷʚʰʠʝʩʷ ʚʟʛʣʷʜʳ ʥʘ ʨʦʣʴ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʪʨʦʷʱʠʭ ʠ ʦʙʩʣʫʞʠʚʘʶ-
ʱʠʭ ʜʦʨʦʛʠ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʜʦʨʦʛʘʭ. 

Abstract 
According to official statistics on road accidents (Crashes) in Kyrgyzstan, the causes of road conditions ac-

count for a small percentage. In other countries, however, it accounts for 2 to 20% of the total number of crashes. 
But in reality it is safe to say that due to the lack of equipment necessary for the investigation, with which to 
objectively record road conditions (dimensions and elements of the road, weather conditions, etc.) these data 
could be much higher. Detailed inspection and analysis of some crashes shows that road conditions are the cause 
of 60-75% of accidents. Road conditions are often the direct or indirect cause of accidents, which encourage many 
drivers to make mistakes on the roads. The study of this problem, therefore, contributes to a reconsideration of 
established views on the role of road conditions and the responsibility of road construction and maintenance 
organizations in the initiation of road crashes. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʫʯʘʩʪʦʢ ʜʦ-

ʨʦʛʠ, ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ. 
Keywords: road conditions, traffic safety, motor road, road section, traffic accidents. 
 

ɺʚʝʜʝʥʠʝ 
ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʜʦʨʦʛʠ (ɸɼ), ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʜʦʨʦʞ-
ʥʦʛʦ ʧʦʣʦʪʥʘ, ʥʦ ʠ ʠʟ ʤʥʦʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʫ-
ʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ 
ʠʩʭʦʜʷ ʠʟ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʘʢ ʧʨʦʩʪʳʭ, ʪʘʢ 
ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
ʆʙʦʙʱʝʥʥʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ɸɼ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʜʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʕʪʦ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦ-
ʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʥʘʟʳʚʘʝʤʳʝ ʧʦʢʘ-
ʟʘʪʝʣʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʠ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɸɼ. ɼʨʫʛʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ, ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ɸɼ ʥʘʟʳʚʘʝʤʳʝ ʧʦʢʘʟʘʪʝ-
ʣʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪ.ʝ. ʟʘʚʠʩʷʱʠʝ 
ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɸɼ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʩʦʩʪʦʷʥʠʶ 
ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʵʪʦ ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʨʦʚʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʰʝʨʦʭʦʚʘ-
ʪʦʩʪʴ ʠ ʪ.ʜ. ɸ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ɼʊʇ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʠ ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʢʘʢ ʬʘʢʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʠ ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʟ-
ʞʝʡ ʯʘʩʪʠ, ʦʙʦʯʠʥ, ʨʘʟʤʝʪʦʢ ʠ ʜʨ. 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʯʝʩʪʚʘ ʜʦ-
ʨʦʛ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʦʙʫ-
ʩʪʨʦʡʩʪʚʦ ʠ ʦʩʥʘʱʝʥʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʤʠ ʩʦʦʨʫʞʝ-
ʥʠʷʤʠ (ʟʘʱʠʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʘʚʪʦʩʝʨʚʠʩʥʳʝ ʩʦ-
ʦʨʫʞʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ 
ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ). ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʦʯʥʳʭ ʧʦʢʘ-
ʟʘʪʝʣʝʡ ɸɼ ʦʪʥʦʩʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ 
ʢʘʯʝʩʪʚ ʜʦʨʦʛʠ, ʪ.ʝ. ʫʨʦʚʝʥʴ ʰʫʤʘ, ʦʪʨʘʞʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠ-
ʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʨʦʛʠ ʥʘ ʚʦʜʠʪʝʣʷ ʠ ʵʢʦʣʦʛʠ-
ʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʜʦʨʦʛʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʛʨʷʟ-
ʥʝʥʥʦʩʪʴ, ʟʘʧʳʣʷʝʤʦʩʪʴ, ʰʫʤʥʦʩʪʴ, ʟʘʛʨʷʟʥʝʥʠʝ 
ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʪ.ʜ. 
ʆʙʦʙʱʝʥʥʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʢʘʯʝʩʪʚʘ ɸɼ ʚʙʠʨʘʝʪ ʚ ʩʝʙʷ ʧʦʥʷʪʠʝ ʪʨʘʥʩ-
ʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ɸɼ. ʊʨʘʥʩ-
ʧʦʨʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ɸɼ ʚʦ ʤʥʦʛʦʤ 
ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʢʦ-
ʨʦʪʢʠʭ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ, ʘ ʚ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ 
ʧʝʨʠʦʜʝ ʦʪ ʨʝʞʠʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠ-
ʞʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʨʦʛʠ ʠ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. 
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ɺʣʠʷʥʠʝ ʫʯʘʩʪʢʦʚ ʘʚʪʦʜʦʨʦʛʠ ʥʘ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʊʇ. 
ʋʯʘʩʪʢʠ ɸʜ ʛʜʝ ʯʘʱʝ ʚʩʝʛʦ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ɼʊʇ ʥʘʟʳʚʘʶʪʩʷ ʦʧʘʩʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʦʨʦʛʠ, ʛʜʝ 
ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʜʚʠʞʝ-
ʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʍʦʪʷ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ 
ɸɼ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 
ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 5% ʦʪ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʥʘ 
ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʜʦ 40% ɼʊʇ. 
ɸʥʘʣʠʟ ɼʊʇ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʨʦʛ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʧʨʷʤʳʭ ʫʯʘʩʪʢʘʭ ɸɼ ʢʦʵʬʬʠʮʠʝʥʪ 
ʘʚʘʨʠʡʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʪʷ-
ʞʝʥʥʦʩʪʠ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ.1). ɺʦʜʠʪʝʣʠ ʨʘʟʚʠ-
ʚʘʶʪ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʷʤʳʭ ʫʯʘʩʪʢʘʭ, ʥʦ ʚ 
ʪʦʞʝ ʚʨʝʤʷ ʥʝ ʟʘʤʝʯʘʶʪ, ʯʪʦ ʧʨʷʤʳʝ ʫʯʘʩʪʢʠ ʩʦ 
ʩʚʦʝʡ ʤʦʥʦʪʦʥʥʦʩʪʴʶ ʣʘʥʜʰʘʬʪʘ ʧʨʦʚʦʮʠʨʫʶʪ 
ʩʥʠʞʝʥʠʝ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʥʘʩʪʫʧʣʝʥʠʝ ʚʷʣʦʩʪʠ ʠ 
ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʚʦʜʠʪʝʣʝʡ. ʇʦʵʪʦʤʫ 

ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʥʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʧʨʦʪʷʞʝʥʥʦ-
ʩʪʴʶ ʦʪ 10 ʜʦ 15 ʢʤ ʙʦʣʴʰʝ ʚʩʝʛʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 
ʥʘ ʢʨʘʡʥʠʭ ʫʯʘʩʪʢʘʭ, ʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʢʦʣʦ 15%. 
ʄʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ 
ʥʘ ʧʨʷʤʳʭ ʫʯʘʩʪʢʘʭ ʪʝʤ ʚʳʰʝ ʯʝʤ ʜʣʠʥʥʝʝ ʵʪʦʪ 
ʫʯʘʩʪʦʢ. ʇʦʵʪʦʤʫ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ 
ʨʷʜʘ ʩʪʨʘʥ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʣʠʥʫ ʧʨʷʤʳʭ ʫʯʘʩʪʢʦʚ 
ʥʘ ʜʦʨʦʛʘʭ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʚ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪ-
ʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 5 ʢʤ [1]. 
ʆʪʣʠʯʘʶʪʩʷ ʦʩʦʙʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘ 
ʫʯʘʩʪʢʘʭ ɸɼ ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʝ ʫʢʣʦʥʳ ʚ ʧʨʦʜʦʣʴ-
ʥʦʤ ʧʣʘʥʝ, ʯʪʦ ʪʦʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʩʚʦʡ ʦʪʧʝʯʘʪʦʢ ʚ 
ʚʦʟʥʠʢʥʦʚʝʥʠʠ ɼʊʇ ɼʣʷ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛ 
(ʩʧʫʩʢʠ ʠ ʧʦʜʲʝʤʳ) ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ ɼʊʇ, ʢʦʪʦ-
ʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.1 ʚ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝ-
ʥʠʷʭ. 

 

 
ʈʠʩ.1. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʣʠʥʳ ʧʨʷʤʦʛʦ ʫʯʘʩʪʢʘ ɸɼ. 

 
ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʧʦʜʲʝʤ 

ʠ ʩʧʫʩʢ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʫʞʝ ʧʨʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʫʢʣʦʥʘʭ, ʪʦ ʠ 
ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʩʚʷʟʘʥʥʳʭ ʧʨʠ ʩʧʫʩʢʝ ʚʦ ʤʥʦʛʦ ʨʘʟ 
ʧʨʝʚʳʰʘʝʪ ɼʊʇ ʧʨʦʠʭʟʦʰʝʜʰʠʤʠ ʩ ʘʚʪʦʤʦʙʠʣʷʤʠ 
ʜʚʠʞʫʱʠʭʩʷ ʥʘ ʧʦʜʲʝʤ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʦʞʥʦ 
ʦʙʴʷʩʥʠʪʴ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʥʘ ʩʧʫʩʢʘʭ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʧʨʠ 
ʵʢʩʪʨʝʥʥʦʤ ʪʴʦʨʤʦʞʝʥʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʫʯʘʝʚ 
ʦʪʢʘʟʘ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʥʝʠʩʧʨʘʚʥʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ. ɸ ʥʘ ʫʯʘʩʪʢʘʭ ɸɼ ʛʜʝ ʠʤʝʶʪʩʷ ʟʘʪʷʞ-
ʥʳʝ ʠ ʢʨʫʪʳʝ ʩʧʫʩʢʠ, ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʝʱʝ ʚʳʰʝ. 

ɹʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʥʘ ʫʯʘʩʪʢʘʭ ɸɼ ʩ ʙʦʣʴ-
ʰʠʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʫʢʣʦʥʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦ-
ʜʷʪ ʚ ʥʠʞʥʝʤ ʫʯʘʩʪʢʝ ʩʧʫʩʢʘ, ʛʜʝ ʠʤʝʶʪʩʷ ʚʦʛʥʫʪʳʝ 
ʧʝʨʝʣʦʤʳ ʜʦʨʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ((ʧʦʚʦʨʦʪʳ), ʚ ʢʦʪʦ-
ʨʫʶ ʘʚʪʦʤʦʙʠʣʠ ʟʘʯʘʩʪʫʶ ʚʲʝʟʞʘʶʪ ʥʘ ʙʦʣʴʰʠʭ 
ʩʢʦʨʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʲʝʤʘ, ʪ.ʝ. 
ʩʨʘʟʫ ʟʘ ʚʝʨʰʠʥʦʡ ʚʳʧʫʢʣʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʨʠʚʳʭ 
ʜʦʨʦʛ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʚʘʨʠʡʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʧʨʦʜʦʣʴʥʦʛʦ ʫʢʣʦʥʘ, ʯʪʦ ʩʦ-
ʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪʫ ʯʠʩʣʘ ɼʊʇ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 
ʜʘʥʥʳʤ ʥʘ ʢʨʫʪʳʭ ʧʦʜʲʝʤʘʭ ʠ ʩʧʫʩʢʘʭ (ʨʠʩ.2). 
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ʈʠʩ.2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʛʦ ʫʢʣʦʥʘ. 
 
ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ɼʊʇ ʠʛ-

ʨʘʶʪ ʫʯʘʩʪʢʠ ʜʦʨʦʛʠ ʩ ʢʨʠʚʳʤʠ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ ʚ 
ʧʣʘʥʝ. ɺʝʨʦʷʪʥʦʩʪʴ ɼʊʇ ʥʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʪʝʤ 

ʚʳʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ ʠ ʥʘ ʥʠʭ ʧʨʠʭʦ-
ʜʠʪʩʷ ʦʢʦʣʦ 10-15% ɼʊʇ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 
(ʨʠʩ.3). 

 
ʈʠʩ.3. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʜʠʫʩʘ ʧʦʚʦʨʦʪʘ ɸɼ. 
 
ʂʦʵʬʬʠʮʠʝʥʪ ʘʚʘʨʠʡʥʦʩʪʠ ʠ ʨʦʩʪ ɼʊʇ ʥʘʯʠ-

ʥʘʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʜʠʫʩʘʭ Ò 600ʤ, ʯʪʦ 
ʟʘʯʘʩʪʫʶ ʚʳʟʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʦʜʠʪʝʣʠ ʥʝ ʩʦʙʣʶ-
ʜʘʶʪ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʧʨʠ ʚʲʝʟʜʝ ʥʘ ʵʪʠ ʫʯʘʩʪʢʠ. 
ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʥʦʛʠʝ ʚʦʜʠʪʝʣʠ ʜʣʷ 
ʪʦʛʦ ʯʪʦʙʳ ʩʛʣʘʜʠʪʴ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʚʦʨʦʪʘʭ ʩʪʘʨʘ-
ʶʪʩʷ ʩʨʝʟʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʥʘ ʢʨʠʚʳʭ 
ʫʯʘʩʪʢʘʭ. 

ʉʣʝʜʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ɸɼ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʦ-
ʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʘ ɼʊʇ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʳ ʧʦʧʝ-
ʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ɸɼ. ʐʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ɸɼ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠ-
ʤʳʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʫʚʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʦʩʫ-
ʱʝʩʪʚʣʝʥʠʷ ʤʘʥʝʚʨʦʚ ʦʙʛʦʥʘ ʥʘ ʜʦʨʦʛʝ. ʂʦʵʬʬʠʮʠ-
ʝʥʪ ʘʚʘʨʠʡʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʢʘʟʘ-
ʪʝʣʷ ʰʠʨʠʥʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (ʨʠʩ.4). 

 

 
ʈʠʩ.4. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ɸɼ. 
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ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʠʛʨʘʝʪ ʠ ʰʠʨʠʥʘ, 
ʩʦʩʪʦʷʥʠʝ ʦʙʦʯʠʥ ʜʦʨʦʛʠ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʵʣʝʤʝʥʪ ʧʦ-
ʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʨʦʛʠ ʪʦʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ-
ʜʠʪʝʣʷʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʷ 
ʦʙʦʯʠʥ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ-
ʣʠʯʘʝʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩ ʦʪ ʩʘʤʦʡ 
ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʜʦʨʦʛʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʰʠʨʠʥʘ ɸɼ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʪʘʥʦʚʢʦʡ ʘʚʪʦ-
ʤʦʙʠʣʝʡ ʥʘ ʦʙʦʯʠʥʘʭ ʜʦʩʪʠʛʘʝʪ 12%, ʘ ʦʢʦʣʦ 30% 
ʠʟ ʵʪʠʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʝʟʜʳ ʥʘ ʣʶ-
ʜʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʞʠʜʘʥʥʦ ʚʳʭʦʜʷʪ ʠʟ-ʟʘ ʧʨʠʧʘʨʢʦ-
ʚʘʥʥʳʭ ʤʘʰʠʥ ʠʣʠ ʢʘʙʠʥ ʘʚʪʦʤʦʙʠʣʷ. 

ɼʨʫʛʦʡ ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʥʘ ʜʦʨʦʛʝ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʚʠʜʠʤʦ-
ʩʪʠ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝ-
ʥʠʷ ʩʢʦʨʦʩʪʠ, ʦʙʛʦʥʘ ʠʣʠ ʦʩʪʘʥʦʚʢʠ ʧʝʨʝʜ ʧʨʝʧʷʪ-
ʩʪʚʠʝʤ ʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷ-
ʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ɼʊʇ ʧʨʠ ʦʙʛʦʥʘʭ ʥʘ ʢʨʠʚʳʭ 
ʚ ʧʣʘʥʝ ʠ ʧʦʜʲʝʤʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʫʯʘʩʪʢʘʭ ʛʜʝ ʤʦʞʥʦ 
ʨʘʟʚʠʪʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ, ʛʜʝ ʚʠʜʠʤʦʩʪʴ ʥʘ ʜʦʨʦʛʝ 
ʥʝʜʦʩʪʘʪʦʯʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʩʪʨʘʥ ʧʦʢʘʟʘʣʦ, 
ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʠʜʠʤʦʩʪʴ ʚ ʧʨʦʜʦʣʴʥʦʤ ʧʨʦ-
ʬʠʣʝ ʙʦʣʴʰʝ ʚʣʠʷʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ɼʊʇ, ʥʝʞʝʣʠ ʚ ʧʣʘʥʝ (ʨʠʩ.5) [2]. 

 
ʈʠʩ.5. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚʠʜʠʤʦʩʪʠ. 

 
ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʨʦʛ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʫʜʝʣʷʝʪʩʷ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʦʙ-
ʛʦʥʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ. ʊʘʢ ʧʨʠ 
ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ 100,80 ʠ 60 ʢʤ/ʯ ʚʠʜʠʤʦʩʪʴ 
ʜʦʨʦʛʠ ʠʟ ʫʩʣʦʚʠʷ ʦʙʛʦʥʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 
50,35 ʠ 25% ʦʪ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦʨʦʛʠ ʠ 650, 
525 ʠ 400 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ɸʥʘʣʠʟʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɼʊʇ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʯʠʥʦʡ ɼʊʇ ʫʢʘʟʳ-
ʚʘʝʪʩʷ ʣʠʰʴ ʦʜʥʘ ʧʨʠʯʠʥʘ. ʍʦʪʷ, ɼʊʇ, ʧʨʦʠʟʦʰʝʜ-
ʰʠʝ ʧʦ ʦʜʥʦʡ ʣʠʰʴ ʧʨʠʯʠʥʝ ʦʯʝʥʴ ʨʝʜʢʠ ʠ ʠʭ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʷ ð ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʷʜʘ 
ʬʘʢʪʦʨʦʚ. ʆʬʠʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʟʘʨʫʙʝʞʥʳʭ 
ʨʘʟʚʠʪʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʦʣʴ 
ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʠʩʰʝʩʪʚʠʡ 
ʥʘ ʜʦʨʦʛʘʭ ʥʝʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 20% ʦʪ ʦʙ-
ʱʝʛʦ ʯʠʩʣʘ ɼʊʇ. ʆʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʩʦʙʣʶʜʝʥʠʝ ʞʝʩʪʢʠʭ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʢ ʪʨʝʙʦʚʘʥʠʷʤ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʅʘʰʝ ʞʝ 
ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʪʦʞʝ ʫʢʘʟʳ-
ʚʘʝʪ ʤʘʣʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɼʊʇ ʦʪ ʩʦʩʪʦʷʥʠʷ ɸɼ, ʢʦ-
ʪʦʨʘʷ ʚ ʨʝʘʣʠʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʦʡ, ʪ.ʢ. ʟʘʯʘ-
ʩʪʫʶ ʨʘʙʦʪʥʠʢʠ ʢʦʤʧʝʪʝʥʪʥʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʨʘʩʩʣʝ-
ʜʦʚʘʥʠʠ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪ 
ʩʧʝʮʠʘʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʜʘʪʴ 
ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʵʣʝʤʝʥʪʦʚ ɸɼ, 
ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʇʨʠ ʘʥʘʣʠʟʝ ɼʊʇ ʠʟ-ʟʘ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʦʙʳʯʥʦ 
ʚʳʜʝʣʷʶʪ ʪʦʣʴʢʦ ʩʣʝʜʫʶʱʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ɸɼ, 
ʢʦʪʦʨʳʝ ʷʚʥʦ ʙʨʦʩʘʶʪʩʷ ʚ ʛʣʘʟʘ: 

¶ 10-12%, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 
ʤʦʩʪʦʚ ʠ ʦʙʦʯʠʥ; 

¶ 25%, ʥʝʨʦʚʥʦʩʪʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ; 

¶ 40%, ʩʢʦʣʴʟʢʦʩʪʴʶ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. 
 
 

ɺʳʚʦʜʳ 
ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʮʝʥʢʘ ʨʦʣʠ 

ʩʦʩʪʦʷʥʠʷ ɸɼ ʠ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʠ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʯʨʝʚʘʪʘ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸɼ ʥʝ ʙʫʜʫʪ ʩʦʚʝʨʰʝʥ-
ʩʪʚʦʚʘʪʴʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʤʝʥʝ-
ʥʠʷ ʇʦʣʦʞʝʥʠʷ ʚ ʩʬʝʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ 
ʜʦʨʦʛʘʭ. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪ 
ʧʨʦʠʩʰʝʩʪʚʠʡ ʩ ʫʯʝʪʦʤ ʠ ʦʩʤʦʪʨʦʤ ʜʦʨʦʞʥʳʭ ʩʦ-
ʩʪʘʚʣʷʶʱʠʭ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 60-70% ʦʥʠ ʷʚʣʷ-
ʶʪʩʷ ʧʨʷʤʦʡ ʠʣʠ ʢʦʩʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʚ ʚʦʟʥʠʢʥʦ-
ʚʝʥʠʠ ɼʊʇ [1]. ɼʦʨʦʞʥʳʝ ʫʩʣʦʚʠʷ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 
ʷʚʣʷʣʠʩʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚ ɼʊʇ, ʢʦʪʦʨʳʝ ʜʘʣʠ 
ʪʦʣʯʦʢ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʚʦʜʠʪʝʣʝʤ ʦʰʠʙʦʢ. 

 ʆʪʩʫʪʩʪʚʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʝ ʜʦʨʦʛ, ʝʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫ-
ʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ 
ʥʘʰʠʭ ʜʦʨʦʛ ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʶʪ ʩʪʦʠʤʦʩʪʠ ʜʦʨʦʛ ʚ 
ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɸ ʩʨʦʢ ʩʣʫʞʙʳ ʥʠʞʝ ʚ 4-5 ʨʘʟ, 
ʯʝʤ ʚ ʩʪʨʘʥʘʭ ʩ ʪʘʢʠʤʠ ʞʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝ-
ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʜʣʷ ʫʤʝʥʴʰʝ-
ʥʠʷ ɼʊʇ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʤʝʨʳ ʧʦ ʫʞʝʩʪʦʯʝʥʠʶ ʦʪ-
ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʦʜʠʪʝʣʝʡ ʟʘ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʜʦ-
ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʦ ʙʝʟ ʚʥʠʤʘʥʠʷ ʦʩʪʘʝʪʩʷ ʪʦʪ 
ʬʘʢʪ, ʯʪʦ ʙʝʟ ʫʣʫʯʰʝʥʠʷ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʤʳ ʥʝ 
ʩʤʦʞʝʤ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ ʜʦ-
ʨʦʛʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝ-
ʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʜʦʨʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 
ʫʩʣʦʚʠʡ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʘʚʘʨʠʡʥʦʩʪʠ. ɸ ʵʪʦ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʷʚʠʪʩʷ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʩʤʦʪʨʝ ʚʟʛʣʷʜʦʚ ʥʘ ʚʣʠʷʥʠʝ ʜʦ-
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