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ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʝʯʘʪʥʦʝ ʠʟʜʘʥʠʝ (ʚʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ). 
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ɸʜʨʝʩ ʫʯʨʝʜʠʪʝʣʷ, ʠʟʜʘʪʝʣʷ ʠ ʨʝʜʘʢʮʠʠ:  
614990, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧ., ʜ. 29.  

ʊʝʣ. +7 (342) 2-198-340, e-mail: photonics.appl.jrn@gmail.com. 
 

É ʇʅʀʇʋ, 2017



 243 

ʉʆɼɽʈɾɸʅʀɽ 

 

II ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ çʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ  
ʜʘʪʯʠʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè ............................. 245 

ɸ.ɺ. ʀʚʘʥʦʚ, ɺ.ʕ. ʂʦʨʦʣʝʚ  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ 
ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʨʧʫʩʥʳʭ  
ʢʦʥʩʪʨʫʢʮʠʡ .................................................................................................. 250 

ɺ.ɺ. ʄʘʭʩʠʜʦʚ, ʃ.ɸ. ʂʘʰʘʨʠʥʘ, ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ɸ.ɽ. ʈʘʩʢʫʪʠʥ  

ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  
ʜʝʬʦʨʤʘʮʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ  
ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ .......................................... 257 

ɺ.ɸ. ɸʥʠʩʢʦʚʠʯ, ɺ.ʖ. ʂʫʪʶʨʠʥ, ʊ.ɸ. ʄʫʭʘʥʦʚʘ, ʈ.ʈ. ʉʘʝʪʛʘʣʠʝʚ,  
ɺ.ɸ. ɺʦʜʦʧʴʥ̫ʦʚ, ʅ.ɺ. ʐʫʤʠʣʠʥ, ɸ.ɺ. ʐʫʤʠʣʠʥ, ʆ.ɻ. ʃʫʛʦʚʮʦʚʘ  

ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʩʝʪʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ  
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ .......................................... 271 

ʃ.ʃ. ʌʠʨʩʦʚ, ʉ.ɸ. ʖʨʛʝʥʩʦʥ  

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ  
ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ........................... 279 

ʄ.ɸ. ɹʘʟʘʥʦʚ, ʂ.ɺ. ʄʠʭʘʡʣʦʚʩʢʠʡ, ɸ.ʅ. ʊʠʤʦʬʝʝʚ  

ʀʟʤʝʨʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ  
ʚ ʫʛʣʝʧʣʘʩʪʠʢʝ ʚ ʧʣʦʩʢʦʩʪʠ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ  
ʩʣʦʷʤ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ..................... 296 

 ɸ.ɸ. ʃʘʨʠʥ, ʄ.ʖ. ʌʝʜʦʪʦʚ, ʉ.ɺ. ɹʫʭʘʨʦʚ, ɺ.ʀ. ʈʝʟʥʠʯʝʥʢʦ  

ʅʦʚʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ  
ʜʘʪʯʠʢʦʚ ....................................................................................................... 310 

ʀ.ʅ. ʐʘʨʜʘʢʦʚ, ʅ.ɸ. ʂʦʰʝʣʝʚʘ, ʈ.ɺ. ʎʚʝʪʢʦʚ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪʳ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ 
ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʠ .......................................... 324 

ɺ.ʄ. ɸʬʘʥʘʩʴʝʚ, ʈ.ʉ. ʇʦʥʦʤʘʨʝʚ  

ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʘʤʧʣʠʪʫʜʥʳʝ ʤʦʜʫʣʷʪʦʨʳ ʄʘʭʘïʎʝʥʜʝʨʘ  
ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʬʦʨʤʘʪʳ ʤʦʜʫʣʷʮʠʠ ...... 336 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ ........................................................................................... 360 



 244 

CONTENTS 

 

II All-Russian seminar «Application of fiber-optic 

sensors for monitoring composite materials» ........................................................ 245 

A.V. Ivanov, V. E. Korolev 

Application of composite materials with embedded condition  
monitoring sensors in the production of ship hull structures ......................... 250 

V.V. Makhsidov, L.A. Kasharina, A.A. Evdokimov, A.Ye. Raskutin  

Application of fibre bragg gratings for strain measurement  
of aviation and building structures based on polymer matrix composite ...... 257 

W.A. Aniskovitch, W.Yu. Kutyurin, T.A. Muhanova, R.R. Saetgaliev,  
W.A. Wodopyanov, N.W. Shumilin, A.W. Shumilin, O.G. Lugovtsova 

Determining strains of carbon-reinforced plastic lattice structure  
using fiber-optic sensors ............................................................................... 271 

L.L. Firsov, S.A. Iurgenson 

Concept design of monitoring system of the mechanical condition  
of aircraft structures ...................................................................................... 279 

M.A. Bazanov, K.V. Mikhaylovskiy, A.N. Timofeev 

Measurement of residual technological deformations in carbon  
fiber reinforcement in the plane of reinforcement and perpendicularly  
layer with the help of embedded fiber optic sensors..................................... 296 

A.A. Larin, M.Yu. Fedotov, S.V. Bukharov, V.I. Reznichenko 

New applications of fiber optic sensors ........................................................ 310 

I.N. Shardakov, N.A. Kosheleva, R.V. Tsvetkov 

Experimental and theoretical variants of thermal compensation  
of fiber-optical strain sensors ........................................................................ 324 

V.M. Afanas'ev, R.S. Ponomarev 

Electrooptical amplitude modulator mach-zehnder based lithium  
niobate, their modifications and modulation formats .................................... 336 

 

About the authors .................................................................................................. 360  

 

 

 



2017 ʇʨʠʢʣʘʜʥʘʷ ʬʦʪʦʥʠʢʘ ʊ. 4, ˉ 4 

 245 

II ɺʉɽʈʆʉʉʀʁʉʂʀʁ ʉɽʄʀʅɸʈ  

çʇʈʀʄɽʅɽʅʀɽ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ ɼɸʊʏʀʂʆɺ  

ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺè 

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʇʝʨʤʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ çʌʦʪʦʥʠʢʘè 5 ʦʢʪʷʙʨʷ 2017 ʛʦʜʘ ʚ ʛ. ʇʝʨʤʠ ʩʦʩʪʦʷʣʩʷ II  ɺʩʝ-

ʨʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ çʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʇʝʨʤ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʝʡ  

(ʇɸʆ çʇʅʇʇʂè) ʠ ʆʆʆ çʀʥʚʝʨʩʠʷ-ʉʝʥʩʦʨè. ʇʝʨʚʳʡ ʩʝʤʠʥʘʨ ʧʨʦʭʦ-

ʜʠʣ ʚ ʦʢʪʷʙʨʝ 2015 ʛʦʜʘ ʚ ʛ. ʇʝʨʤʠ ʠ ʧʦʢʘʟʘʣ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʠ ʘʢʪʫ-

ʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʉʝʤʠʥʘʨ ʩʪʘʣ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʦʙ-

ʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʫʤʥʳʭè ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʢʦʤʠʪʝʪʘ ï ɸ.ɻ. ɸʥʜʨʝʝʚ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ 

ʇɸʆ çʇʅʇʇʂè. ʉʝʢʨʝʪʘʨʴ ʦʨʛʢʦʤʠʪʝʪʘ ï ʀ.ʉ. ʐʝʣʝʤʙʘ, ʧʝʨʚʳʡ ʟʘ-

ʤʝʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ï ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʆʆʆ çʀʥ-

ʚʝʨʩʠʷ-ʉʝʥʩʦʨè. 

ʎʝʣʴʶ ʩʝʤʠʥʘʨʘ ʷʚʠʣʦʩʴ ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ-

ʜʝʣʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʠʥʪʝʛʨʘʮʠʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʂʄ, ʠʭ ʰʠʨʦʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʩʝʨʠʡʥʳʝ ʠʟʜʝʣʠʷ. 

ɺʩʝʛʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 33 ʫʯʘʩʪʥʠʢʘ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ: ʜʦʢʪʦʨʘ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪʳ ʥʘʫʢ, ʘʩʧʠʨʘʥʪʳ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʩʝʤʠʥʘʨʘ ʧʨʠ-

ʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠ-

ʚʦʚ: ʌɻʋʇ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ», ʌɻʋʇ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè, ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, ʌɻʋʇ «ʂʨʳʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪè, 

ʌɻʋʇ çʎʝʥʪʨʘʣʴʥʳʡ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʧʨʦʬʝʩʩʦ-

ʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦè, ɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʅʀʀ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷè. ʊʘʢʞʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʈʦʩʩʠʠ: ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè, ʇɸʆ ʅʇʆ çʀʩʢʨʘè. 
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ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʩʝʤʠʥʘʨʘ ʙʳʣʦ ʟʘʩʣʫʰʘʥʦ 11 ʜʦʢʣʘʜʦʚ.  

ʉʝʤʠʥʘʨ ʩʪʘʣ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʪʝʢʫʱʠʭ ʧʨʦ-

ʙʣʝʤ ʠ ʧʣʘʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ ʧʦ ʜʚʫʤ ʦʩʥʦʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʂʄ ʚ ʨʘʟʣʠʯʥʳʭ  

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʚ ʩʦʩʪʘʚʝ ʩʨʝʜʩʪʚ ʙʨʦʥʝʟʘʱʠʪʳ) ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʪʨʦ-

ʝʥʥʳʭ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

(ɺʆɼ) ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʠʭ ʩʦʩʪʦʥ̫ʠʝʤ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʨʫʰʝʥʠʷ.  

 

 
 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ (ʇʂʄ) ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠʭ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʨʦʩʪʦʤ 

ʠʭ ʜʦʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɺ ʜʦʢʣʘʜʘʭ ʩʝʤʠʥʘʨʘ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʇʂʄ (ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ), ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘ-

ʥʠʯʠʚʘʶʪ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʜʝʣʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ ʠ ʚ ʩʪʨʦʠʪʝʣʥɹr ʭ 

ʦʙʲʝʢʪʘʭ. ʀʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʥʠʟʦʪʨʦʧʠʶ 

ʩʚʦʡʩʪʚ, ʥʠʟʢʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʚʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ, ʛʠʛʨʦ-

ʩʢʦʧʠʯʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʞʠʜʢʦʩʪʝʡ, ʥʠʟʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɽʩʣʠ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʚʝʨʝʥʥʳʝ ʧʨʘʢʪʠʢʦʡ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʨʝʩʫʨʩʘ, ʪʦ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʇʂʄ ʪʘʢʦʡ ʦʧʳʪ ʥʝʟʥʘʯʠʪʝʣʝʥ. 

ʈʘʟʙʨʦʩ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ ʇʂʄ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʥʝʚʦʟ-

ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʠ ʧʦʣʫ-

ʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʇʂʄ 

ʟʥʘʥʠʝ ʧʨʝʜʳʜʫʱʝʡ ʠʩʪʦʨʠʠ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʨʝʩʫʨʩ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ-

ʜʝʣʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʜʝ-

ʬʝʢʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺ ʨʘʙʦʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʝʤʠʥʘʨʝ, ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʤʠʨʝ 

ʨʘʟʚʝʨʥʫʪʳ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ çʫʤʥʳʭè 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʇʂʄ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɺʆɼ. ʇʝʨ-

ʚʳʤ ʵʪʘʧʦʤ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʪʁʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʳʙʦʨ ʪʠʧʘ ʜʘʪʯʠʢʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ʙʨʵʛ-

ʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʤʝʨʝ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʧʦʩʚʷ-

ʱʝʥ ʮʝʣʳʡ ʨʷʜ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʝʤʠʥʘʨʝ ʨʘʙʦʪ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʩ ʚʥʝʜʨʝʥʥʳʤʠ ʦʧʪʦ-

ʚʦʣʦʢʦʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʜʥʦʢʨʘʪʥʦ ʠ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ, ʥʘ ʩʝʤʠʥʘʨʝ 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʢʘʟʘʥʠʡ ɺʆɼ ʩ ʪʨʘʜʠʮʠʦʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ (ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ʪʝʨʤʦʧʘʨʘʤʠ).  
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ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪ rʩ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʩʦ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʶʪ 

ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʦ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʠʷʤʠ ʚ ʫʨʦʚʥʝ ʟʥʘʯʝʥʠʡ. 

ɺʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʢʘʣʠʙʨʦʚʢʠ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʝʤʠʥʘʨʝ ʨʘʙʦʪ. 

ʆʩʪʨʳʤʠ ʚʦʧʨʦʩʘʤʠ ʜʠʩʢʫʩʩʠʠ ʩʝʤʠʥʘʨʘ ʩʪʘʣʠ: ʨʘʟʨʘʙʦʪʢʘ ʪʝʭ-

ʥʦʣʦʛʠʠ ʚʥʝʜʨʝʥʠʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʂʄ ʠ ʠʭ 

ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠ ʇʂʄ; ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʜ-

ʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʝʪʦʚʦʜʦʚ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ ʥʘ ʚʭrʦ-

ʜʝ ʠʟ ʂʄ; ʦʪʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʂʄ; ʥʶʘʥʩʳ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʠʸʤʥʦ-ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʇʆ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʇʦ ʠʪʦʛʘʤ ʩʝʤʠʥʘʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʇʨʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʩʝʤʠʥʘʨʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ɺʆɼ ʚ ʂʄ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʦʧʝʨʘʮʠʠ ʧʨʝʜʧʨʠ̫ -

ʪʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʘ ʠʭ ʦʩʥʦʚʝ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʡ ʩʝʨʴʝʟʥʦʡ ʜʦʨʘʙʦʪʢʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦ-

ʤʫ ʫʨʦʚʥʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʚʩʪʨʦʝʥʥʦʡ ʚ ʤʘʪʝʨʠʘʣ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʘ ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ. 

ʅʝʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʱʠʡ ʢʦʥ-

ʩʝʨʚʘʪʠʟʤ ʠ ʩʢʝʧʪʠʮʠʟʤ ʧʝʨʝʜ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʫʜʣʠʥʷʶʪ ʩʨʦʢʠ 

ʩʦʟʜʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʂʄ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ.  

ʏʣʝʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ ʜʠʨʝʢʪʦʨ ʀʄʉʉ ʋʨʆ ʈɸʅ, ʘʢʘʜʝ-

ʤʠʢ, ʜ.ʬ.-ʤ.ʥ. ɺ.ʇ. ʄʘʪʚʝʝʥʢʦ ʠ ʩʝʢʨʝʪʘʨʴ ʦʨʛʢʦʤʠʪʝʪʘ ʧʝʨʚʳʡ ʟʘʤʝ-

ʩʪʠʪʝʣʴ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ï ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʆʆʆ çʀʥʚʝʨ-

ʩʠʷ-ʉʝʥʩʦʨè ʀ.ʉ. ʐʝʣʝʤʙʘ ʦʪʤʝʪʠʣʠ ʚʘʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʝʤʠʥʘʨʘ 

ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʮʝʣʴʶ ʦʙʤʝʥʘ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʉʦʛʣʘʩʥʦ ʦʜʥʦʤʫ ʠʟ 

ʨʝʰʝʥʠʡ ʩʝʤʠʥʘʨʘ ʙʳʣʦ ʜʘʥʦ ʧʦʞʝʣʘʥʠʝ: ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʠʘʮʠʦʥʥʦʡ), ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 
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ʇʂʄ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʩʝʛʦʜʥʷ ʠ ʧʦʪʨʝʙʫʶʪʩʷ ʚ ʙʣʠʞʘʡʰʠʝ 3ï10 ʣʝʪ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʠʪʴ 

ʦʮʝʥʢʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʨʦʢʠ. 

ʋʯʘʩʪʥʠʢʠ ʩʝʤʠʥʘʨʘ ʚʳʨʘʟʠʣʠ ʞʝʣʘʥʠʝ ʧʨʦʜʦʣʞʠʪʴ ʨʝʛʫʣʷʨʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʩʝʤʠʥʘʨʘ ʚ ʙʫʜʫʱʝʤ, ʩʜʝʣʘʪʴ ʝʛʦ ʝʞʝʛʦʜʥʳʤ. 

ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʩʝʤʠʥʘʨʘ ʷʚʠʣʦʩʴ ʧʨʝʜʣʦʞʝʥʠʝ ʧʫʙʣʠ-

ʢʘʮʠʠ ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʝ çʇʨʠʢʣʘʜʥʘʷ ʬʦʪʦʥʠʢʘè ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ 

ʩʝʤʠʥʘʨʘ. 
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APPLICATION OF COMPOSITE MATERIALS  

WITH EMBEDDED CONDITION MONITORING SENSORS  

IN THE PRODUCTION OF SHIP HULL STRUCTURES 

This paper addresses the issues of polymer-based composites application in the shipbuilding 

industry with respect to the naval ship hull structures production. The need for the development of an 

automatic stress control system for composites used in hull and fairings is discussed. Additionally, the 

development of manufacturing techniques for polymer-based composites with embedded optical fiber 

strain sensors is considered.  

Key words: polymer composite materials, automatic systems for monitoring the strength of 

composite materials, fiber-optic strain gauges. 

 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠ-
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ʥʳʭ ʯʘʩʪʝʡ ʢʦʨʘʙʣʝʡ ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ. ɺʦ ʚʩʝʤ ʤʠʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʛʣʦʙʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʪʘʣʣʦʚ ʢʦʤʧʦʟʠʪʘʤʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʩʪʨʦʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʙʝʩʧʝʯʠʪ ʧʨʦʨʳʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ, ʘ ʠʭ ʚʥʝʜʨʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦ-

ʛʦ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʩʪʨʦʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʤʦʣʳ, ʪʢʘʥʠ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 ɺʳʙʦʨ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʨʧʫʩʦʚ ʠ 

ʥʘʜʩʪʨʦʝʢ ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ ʠʟ ʇʂʄ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʪʨʦ-

ʛʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʭ ʤʘʩʩʝ, ʧʨʦʯʥʦʩʪʠ ʠ ʥʝʛʦʨʶʯʝʩʪʠ [1]. ʊʷʞʝʣʘʷ 

ʩʪʘʣʴʥʘʷ ʥʘʜʩʪʨʦʡʢʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʨʘʙʣʷ. ʂʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʣʝʛʯʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʩʪʠʪʴ ʥʘ 

ʢʦʨʘʙʣʝ ʙʦʣʴʰʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʦʨʫʞʝʥʠʷ, ʦʥ ʥʝ ʛʦʨʠʪ, ʘ ʪʦʣʴʢʦ 

ʪʣʝʝʪ, ʥʝ ʚʳʜʝʣʷ ̫ʚʨʝʜʥʳʭ ʛʘʟʦʚ. ɹʝʟʫʩʣʦʚʥʳʤʠ ʧʣʶʩʘʤʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʦʧʝʨʘʮʠʠ ʧʦ ʩʙʦʨʢʝ ʢʦʨʧʫʩʘ ʠ ʤʦʥʪʘʞʫ ʚʥʫʪʨʝʥʥʠʭ ʩʫʜʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʛʦʨʘʟʜʦ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʘ. ʅʘʜ-

ʩʪʨʦʡʢʘ ʢʦʨʘʙʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʟʘ-

ʤʝʪʥʦʩʪʴ, ʯʝʤ ʤʝʪʘʣʣʠʯʝʩʢʘʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ  

ʫʩʣʦʚʠ̫ ʭ.  

ʄʥʦʛʦʩʣʦʡʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʢʦʨʧʫʩʘ ʠ ʦʛʨʘʞʜʝʥʠʷ 

ʚʳʜʚʠʞʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʦʩʦʚʳʝ ʠ ʢʦʨʤʦʚʳʝ ʦʙʪʝʢʘʪʝʣʠ ʠ ʨʫʣʠ, ʩʪʘʙʠ-

ʣʠʟʘʪʦʨʳ, ʦʛʨʘʞʜʝʥʠʝ ʨʫʙʢʠ, ʛʨʝʙʥʳʝ ʚʠʥʪʳ ʠ ʣʠʥʠʠ ʚʘʣʦʚ ï ʚʩʝ ʵʪʠ 

ʵʣʝʤʝʥʪʳ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʟʛʦʪʦʚʣʷʪʴ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 1). ɺʩʝ ʵʪʦ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʰʫʤʥʦʩʪʴ ʣʦʜʢʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʦʪʨʘʞʝʥʥʳʭ ʛʠʜʨʦʣʦʢʘʮʠ-

ʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʚʠʙʨʘʮʠʠ ʦʪ ʨʘʙʦʪʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʪ.ʜ., ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʦʟʠʪ ʦʙʣʘ-

ʜʘʝʪ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ, ʠʣʠ ʟʚʫʢʦʧʦʛʣʦʱʝ-

ʥʠʝʤ, ʤʦʞʝʪ ʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʠʙʨʘʮʠʠ, ʧʦʣʥʦʩʪʴʶ 

ʧʨʝʧʷʪʩʪʚʫʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ.  
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ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʇʂʄ ʚ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥrʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʭʦʜʷʪ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʂʨʳʣʦʚʩʢʦʤ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ (ɻʅʎ). ʇʝʨʚʳʡ ʘʜʘʧʪʠʚʥʳʡ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʡ ʛʨʝʙʥʦʡ ʚʠʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢ ʥʘʪʫʨʥʳʤ ʠʩʧʳʪʘʥʠʷʤ 

ʫʞʝ ʚ 2018 ʛʦʜʫ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥ, ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʠ ʢʨʫʧʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [2], ʢʦʪʦʨʳʝ ʩʜʝʨ-

ʞʠʚʘʶʪ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʀʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳ-

ʜʝʣʠʪʴ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʥʠʟʦʪʨʦʧʠʶ ʩʚʦʡʩʪʚ (ʥʝʧʦ-

ʩʪʦʷʥʩʪʚʦ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʦʙʨʘʟʮʘ ʢ ʦʙʨʘʟʮʫ), 

ʥʠʟʢʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ (ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ 

ʠʟʜʝʣʠʡ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ), ʚʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ, ʛʠʛ-

ʨʦʩʢʦʧʠʯʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʞʠʜʢʦʩʪʝʡ, ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯ-

ʥʳʭ ʧʘʨʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʠʟʢʫ  ʁʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫ  ʁʪʝʭʥʦʣʦʛʠʯ-

ʥʦʩʪʴ, ʥʠʟʢʫ  ʁ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫ  ʁ ʩʪʦʠʤʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʏʘʩʪʦ ʦʙʲʝʢʪʳ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʦʙʱʝ 

ʥʝ ʧʦʜʣʝʞʘʪ ʢʘʢʦʡ-ʣʠʙʦ ʜʦʨʘʙʦʪʢʝ ʠ ʨʝʤʦʥʪʫ. 
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ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʱʘʪʝʣʴ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʢʦʨʘʙʣʝʡ ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʚʦʟʥʠ-

ʢʘʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʨʥʦ-

ʛʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʚʦʝʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʨʘʙʣʝʡ 

ʥʝʦʙʭʦʜʠʤʘ ʦʙʲʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʥʘ 

ʢʦʨʧʫʩ ʚ ʣʶʙʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʢʦʨʘʙʣʝʤ ʚ ʰʪʦʨʤʦʚʳʭ ʠ 

ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʜʦʧʫʩʢʘʷ ʧʝʨʝʛʨʫʟʢʠ ʢʦʨʧʫʩʘ; ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ-

ʣʫʯʘʝʤʳʝ ʙʦʝʚʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʙʦʝʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʨʘʙʣʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʙʦʪʘʷ ʥʘ ʧʨʝʜʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦʤ 

ʫʨʦʚʥʝ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʝʤ ʥʘʧʨʷʞʝʥʠʡ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

(ɸʉʂʅ) ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʠ ʦʙʪʝʢʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ ʧʦʚʨʝ-

ʞʜʝʥʠʡ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʝʡ ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʦʪ ʥʝ-

ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʙʦ ʙʦʝʚʳʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʥʘʛʨʫʟʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟʥʦʩ ʢʦʨʧʫʩʘ ʢʦʨʘʙʣʷ ʦʪ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦ-

ʩʪʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʤʝʞʜʫ ʜʦʢʦʚʳʤʠ ʨʝʤʦʥʪʘʤʠ ʠ ʩʨʦʢ ʩʣʫʞʙʳ 

ʢʦʨʘʙʣʷ ʚ ʮʝʣʦʤ [3]. ɸʚʪʦʤʘʪʠʯʝʩʢʘ ̫ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘʜʩʪʨʦʝʢ ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ ʧʦʟʚʦʣʠʪ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʙʦʶ. ʇʨʦʪʦʪʠʧʦʤ ʩʠ-

ʩʪʝʤʳ [4] ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʜʦʚʦʡ ʥʘʛʨʫʟʢʠ 

(ʉʄʃʅ) ʥʘʫʯʥʦ-ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʩʫʜʥʘ çɸʢʘʜʝʤʠʢ ʊʨʸʰʥʠʢʦʚè (ʨʠʩ. 

2). 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʢʦʪʦʨʦʡ ï ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ, ʢʦʪʦ-

ʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʨʝ-

ʢʦʤʝʥʜʘʮʠʡ ʵʢʠʧʘʞʫ ʠʣʠ ʦʧʝʨʘʪʦʨʘʤ ɸʉʂʅ ʚ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʬʠ-

ʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʝʢʦʪʦʨʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʦʮʝʥʢʝ ʥʘʛʨʫʟ-

ʢʠ ʷʚʣʷʶʪʩʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ï 

ʜʘʪʯʠʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʜʦʙʥʳʡ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʩʠʛʥʘʣ (ʦʙʳʯʥʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʪʝʥ-



ɸ.ɺ. ʀʚʘʥʦʚ, ɺ.ʕ. ʂʦʨʦʣʝʚ 

 254 

ʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ: ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʝ, ʦʧʪʠʢʦ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ, 

ʧʴʝʟʦʨʝʟʠʩʪʠʚʥʳʝ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʠ ʜʨ. 

 
ʈʠʩ. 2. ɻʣʘʚʥʳʡ ʵʢʨʘʥ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʉʄʃʅ: 1 ï ʵʢʨʘʥʳ çʂʦʨʤʘè,  

çʄʠʜʝʣʴè, çʅʦʩè; 2 ï ʵʢʨʘʥ çʇʨʦʝʢʮʠʠè; 3 ï ʵʢʨʘʥ çʂʦʥʬʠʛʫʨʘʮʠʷè; 4 ï ʵʢʨʘʥ  

çɺʠʥʪʦʨʫʣʝʚʘʷ ʛʨʫʧʧʘè; 5 ï ʵʢʨʘʥ çʊʝʥʜʝʥʮʠʠè; 6 ï ʢɻʨʘʥ çʅʘʩʪʨʦʡʢʠè 

 

ʉʨʝʜʠ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʝ ʜʘʪʯʠʢʠ.  

ɼʨʫʛʠʤ ʚʠʜʦʤ ʪʝʥʟʦʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʪʷʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝ-

ʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʪʢʠ ɹʨʝʛʛʘ (FBG). ʅʘʧʨʠʤʝʨ, ʛʨʫʧʧʘ ʚʦʣʦ-

ʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʠ (ɺʆɼɼ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʫʜʥʘ, ʜʘʩʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʱʝʤ ʠʟʛʠʙʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʪ.ʧ. 

 ʇʝʨʝʯʝʥʴ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ɸʉʂʅ, 

ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ɺʆɼɼ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ɸʉʂʅ ʢʦʨʧʫʩʘ ʠ ʥʘʜʩʪʨʦʡʢʠ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʤʝ-

ʝʪ ʨʷʜ ʧʨʝʠʤʫɦ ʝʩʪʚ: 

ï ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʠʩʢʘ ʠʩʢʨʝʥʠʷ; 

ï ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴ; 

ï ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʕʄ-ʠʟʣʫʯʝʥʠʷʤ; 

ï ʠʟʤʝʨʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʭʦʡ ʠʣʠ ʧʦʛʨʫʞʝʥʥʦʡ 

ʚ ʚʦʜʫ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʩ çʛʦʨʶʯʠʤʠè ʩʤʝʩʤ̫ʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʜʘʪʯʠʢʦʚ ʚʥʫʪʨʴ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ.  
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ʅʘʠʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷ-

ʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ɸʉʂʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʘʙʣʷ (ʨʠʩ. 3). ɺʥʝʜʨʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʢʦʨʘʙʝʣʴʥʳʭ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʚʩʪʨʦʝʥ-

ʥʳʭ ɺʆɼɼ ï ʵʪʦ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʫʨʦʚʥʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʨʘʙʣʝʡ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʚʩʪʨʦʝʥʥʦʛʦ  

ʚ ʤʘʪʝʨʠʘʣ ʢʦʥʪʨʦʣʷ ʟʘ ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ. 
  

 
 

ʈʠʩ. 3. ʉʦʟʜʘʥʠʝ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ɺʆɼɼ 

 

ʉʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʦʜʨʘʟʫʤʝʚʘʪʁ ʦʨʛʘʥʠʯʥʳʡ ʩʠʤʙʠʦʟ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ 

ʙʶʨʦ, ʠʥʩʪʠʪʫʪʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʨʦʠʟʚʦʜʷʱʠʭ 

ʇʂʄ, ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʳ ɸʉʂʅ, ʩʫʜʦʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦ-

ʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʨʘʙʣʝʡ. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʦʪ ʦʛʨʘʥʠʯʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʘʙʣʷ ʧʦ 

ʨʝʩʫʨʩʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷ-

ʥʠʶ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [5]. ʊʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʝʝ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʆʜʥʘʢʦ, ʢʘʢ ʩʯʠʪʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ, ʰʠʨʦʢʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʇʂʄ ʧʨʝʧʷʪʩʪʚʫʝʪ ʭʨʦʥʠʯʝʩʢʦʝ ʦʪʩʪʘ-

ʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʇʂʄ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ. ʉʝʛʦʜʥʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʚʠʜʝʪʝʣʴʩʪʚʘ  

ʦ ʪʠʧʦʚʦʤ ʦʜʦʙʨʝʥʠʠ ʇʂʄ ʚ ʈʦʩʩʠʡʩʢʦʤ ʤʦʨʩʢʦʤ ʨʝʛʠʩʪʨʝ ʥʝʦʙʭʦʜʠ-
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ʤʦ ʚʨʝʤʷ ʦʪ ʪʨʝʭ ʣʝʪ ʠ ʙʦʣʝʝ. ʂʘʢ ʦʪʤʝʪʠʣ ʚ ʭʦʜʝ ʩʝʤʠʥʘʨʘ ʧʦ çʇʨʠ-

ʤʝʥʝʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠè, ʧʨʦʚʝʜʝʥʥʦʛʦ 

20 ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ ʚ ʉʇɹ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʠ 

çʅɽɺɸ-2017», ʜʠʨʝʢʪʦʨ ɼʝʧʘʨʪʘʤʝʥʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ 

ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʈʌ 

ɺʠʪʘʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʂʣʶʝʚ, ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ 

ʧʨʘʚʠʣʘʤʠ ʄʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʢ ʠʟʜʝʣʠʷʤ ʠʟ ʇʂʄ ʨʦʩʩʠʡʩʢʠʝ ʇʂʄ 

ʥʠʢʦʛʜʘ ʥʝ ʚʳʡʜʫʪ ʥʘ ʨʳʥʦʢ. ʆʥ ʪʘʢʞʝ ʟʘʷʚʠʣ, ʯʪʦ ʄʦʨʩʢʦʤʫ ʨʝʛʠʩʪʨʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠ.̫ ʉʧʝʮʠʘʣʠʩʪʳ 

ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʫʞʝ 

ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʢʦʨʨʝʢʪʫʨʦʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, 

ʩʦʟʜʘʥʠʝʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʝʤʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦ-

ʚʳʭ ʇʂʄ ʜʣʷ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ, ʥʘʜ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦ-

ʛʨʘʤʤʳ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʧʪrʘʥʠʡ ʥʦʚʳʭ ʇʂʄ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ 

ʥʠʭ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʟʣʦʚ. ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʵʪʦʡ ʨʘʙʦʪʳ ï ʵʪʦ 

ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʥʝʜʨʝʥʠ̫ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʂʄ 

ʦʪ ʤʦʤʝʥʪʘ ʠʭ ʩʦʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʘʙʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
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ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʇʈʀʄɽʅɽʅʀɽ ɺʆʃʆʂʆʅʅʓʍ ɹʈʕɻɻʆɺʉʂʀʍ ʈɽʐɽʊʆʂ  

ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ɼɽʌʆʈʄɸʎʀʀ ɸɺʀɸʎʀʆʅʅʓʍ  

ʀ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʀɿ ʇʆʃʀʄɽʈʅʓʍ 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ 
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ʯʠʢʘ, ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 6 %. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʇʂʄ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʝʨʚʦʛʦ ʠ ʦʩʥʦʚʘʥ ʥʘ ʢʘʣʠʙʨʦʚʢʝ ʧʦ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʤʝ-

ʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 9 %. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʢʘʣʠʙ-

ʨʦʚʢʠ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʨʘʟʨʫʰʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʟ-

ʚʦʣʷʝʪ ʢʘʣʠʙʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʠʤʝʶʱʫʶ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʝʤʦʥʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟ ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʥʘ ʧʨʠʤʝʨʝ 

ʬʨʘʛʤʝʥʪʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-47ʀ ʮʝʥʪʨʦʧʣʘʥʘ ʩʘʤʦʣʝʪʘ ʊʫ-204ʉʄ ʠ ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʘʷ ʥʘ ʚʦʟʚʝʜʝʥʥʦʤ ʘʨʦʯʥʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʜʚʫʭʧʦʣʦʩʥʦʤ ʤʦʩʪʝ ʚ ʧʦʩʝʣʢʝ ʗʟʳʢʦʚʦ 

ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʚʦʣʦʢʦʥʥʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʨʝ-

ʰʝʪʢʘ, ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʛʣʝʧʣʘʩʪʠʢ, ʤʦʥʠʪʦʨʠʥʛ, ʚʩʪʨʦʝʥʥʳʡ ʢʦʥʪʨʦʣʴ. 
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APPLICATION OF FIBRE BRAGG GRATINGS FOR STRAIN 

MEASUREMENT OF AVIATION AND BUILDING STRUCTURES 

BASED ON POLYMER MATRIX COMPOSITE 

Fibre Bragg gratings (FBG) are a promising basis for sensor-based measurement of strain and 

begin more widely used in measuring systems for different designs. This paper examines the possibility 

of using FBG in the built-in control system designs from polymeric composite materials (PCM)
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in a number of industries, in particular for structural elements of aircraft. There discuses two methods of 

strain measurements for PCM structures using fiber-optic sensors on the examples of standard samples 

and a three-stringer panel of carbon plastic. The first method is based on calibration by strain gage and 

has an inaccuracy of 6 %. This technique is recommended for standard samples, for example, used to 

determine properties of PCM. The second method is a modified version of the first and based on the 

calibration of strains obtained in the result of theoretical calculations using computer-aided software. 

The method has an inaccuracy of 9 %. A modified version of the calibration has the advantage that 

does not require the structure destruction and allows calibrating the design with the hard to reach plac-

es. In the case of aviation equipment, this method can be used during the strengthening test at the 

stage of certification. The modified method is recommended for the system of built-in control to obtain 

strains and loads of the PCM-structures. 

Keywords: fibre optic sensor, fibre Bragg grating, strain, structural element, structural health 

monitoring. 

 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ) ʚ ʩʨʘʚʥʝʥʠʠ  

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʩʪʘʣʴ, ʘʣʶʤʠʥʠʝʚʳʝ ʠ ʪʠʪʘʥʦʚʳʝ 

ʩʧʣʘʚʳ ʠ ʪ.ʧ.) ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ, ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʩʪʝʪ 

ʦʙʲʝʤ ʧʨʠʤʝʥʝʥʠʷ ʇʂʄ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʩʫʜʦʩʪʨʦʝʥʠʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʨ. [1ï4]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʇʂʄ, 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚ ʠʟʜʝʣʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʘʧʨʠʤʝʨ,  

ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ ʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ɺ ʩʠʣʫ ʩʚʦʝʡ  

ʧʨʠʨʦʜʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʂʄ ʚ ʩʨʘʚʥʝʥʠʠ  

ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ ʥʝ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ, ʦʙʣʘ-

ʜʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ, ʩʧʦʩʦʙʥʦʩʪʴʶ  

ʧʦʛʣʦʱʘʪʴ ʚʣʘʛʫ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ [5ï8]. ɽʩʣʠ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ  

ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʚʝʨʝʥʥʳʝ ʧʨʘʢʪʠʢʦʡ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʨʝʩʫʨʩʘ, ʪʦ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʇʂʄ ʪʘʢʦʡ ʦʧʳʪ ʥʝʟʥʘ-

ʯʠʪʝʣʝʥ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʨʷʜʘ ʠʟʜʝʣʠʡ, ʥʘʧʨʠʤʝʨ, ʚʦʝʥʥʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʘʚʠʘʮʠʠ, ʥʝʢʦʪʦʨʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʝʩʫʨʩ ʨʝʘʣʴʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʨʝʩʫʨʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ, ʤʦʞʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʦʙʳʯ-

ʥʦ ʚʝʜʝʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʩʲʝʤʫ ʠ ʫʪʠʣʠʟʘʮʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʫʟʣʘ ʠʣʠ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ. ʉʪʘʪʠʩʪʠʢʘ ʜʣʷ 70 ʩʘʤʦʣʸʪʦʚ F/A-18 ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 135 ʪʳʩʷʯ ʣʸʪʥʳʭ ʯʘʩʦʚ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ [9]. ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʚ ʦʮʝʥʢʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʩʚʷʟʘʥʘ ʩ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘ-
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ʮʠʠ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʪʘʢʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʘʪʝʨʠʘʣʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʙʨʵʛʛʦʚʩʢʦʡ ʨʝh ʝʪʢʠ [10, 11]. ɺʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ (ɺɹʈ) 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʙʦʣʝʝ ʢʦʤ-

ʧʘʢʪʥʳ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʠ ʤʦʛʫʪ ʠʥʪʝʛʨʠ-

ʨʦʚʘʪʴʩʷ ʚ ʝʜʠʥʦʝ ʦʧʪʦʚʦʣʦʢʥʦ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʦʧʪʦʚʦʣʦʢʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʇʂʄ (ʥʘʧʨʠʤʝʨ, ʚ ʫʛʣʝ-, ʩʪʝʢʣʦ-, ʦʨʛʘʥʦʧʣʘʩʪʠ-

ʢʝ ʠ ʪ.ʧ.) ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʟʣʠʯʥʳʤ 

ʚʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺɹʈ ʧʦ-

ʩʚ̫ɦ ʝʥ ʦʪʜʝʣʴʥʳʡ ʧʣʘʩʪ ʨʘʙʦʪ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦ-

ʪʫ [12], ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʠʟʤʝʨʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʯʪʦ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʠʤʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʪʘʪʴʶ [13], ʧʦʩʚʷʱʝʥʥʫʶ ʨʝʰʝʥʠʶ ʛʣʘʚʥʳʭ 

ʚʦʧʨʦʩʦʚ ʚ ɻʪʦʡ ʦʙʣʘʩʪʠ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʮʝʥʢʠ ʝʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʝʦʙʭʦʜʠʤʘ ʚʥʝʧʣʘʥʦʚʘʷ ʧʨʦʚʝʨʢʘ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʚ  ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʧʨʠʤʝʨʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚʝʨʪʦʣʸʪʦʚ UH-60 (1900 ʰʪ.) ʠ AH-64 (725 ʰʪ.) ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʣʝʪ ʦʙʱʠʡ ʵʬʬʝʢʪ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʘʚʠʣ $112 ʤʣʥ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʦʪ-

ʢʘʟʦʚ ʪʝʭʥʠʢʠ, ʟʘʪʨʘʪ ʥʘ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʦʩʤʦʪʨʳ ʠ ʪ.ʧ. [14]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ɺɹʈ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʘ ʪʘʢʞʝ  

ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɹʈ ʜʣʷ 

ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʬʨʘʛʤʝʥʪʝ ʬʶʟʝʣʷʞʘ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʘʤʦ-

ʣʝʪʘ ɺ-737 [15] ʠ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʦʛʦ ʪʠʧʘ A-350XWB [16], ʠʟʤʝ-

ʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʫʛʣʝʧʣʘʩʪʠʢʘ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [17], ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ [18]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ: ʢʘ-

ʣʠʙʨʦʚʢʘ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɺɹʈ 

ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʵʪʘʣʦʥʥʦʡè ʜʝʬʦʨʤʘʮʠʠ, ʧʦʣʫ-
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ʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ (ʉɸʇʈ) [19]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʪʦʨʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʪʁʩʷ ʦʪ-

ʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ  

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʤʝʶʱʝʡ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ 

ʤʝʩʪʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʝ-

ʤʦʥʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʟ ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʥʘ ʧʨʠʤʝʨʝ ʬʨʘʛʤʝʥʪʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ɺʂʋ-47ʀ ʮʝʥʪʨʦʧʣʘʥʘ ʩʘʤʦʣʝʪʘ ʊʫ-204ʉʄ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʦʚʦʣʦ-

ʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʇʂʄ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʚʦʟʚʝʜʝʥʥʦʤ ʘʨʦʯʥʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʜʚʫʭʧʦ-

ʣʦʩʥʦʤ ʤʦʩʪʝ ʯʝʨʝʟ ʨʫʯʝʡ ʉʦʣʦʚʝʡ ʚ ʧʦʩʝʣʢʝ ʗʟʳʢʦʚʦ ʋʣʴʷʥʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʯʥʦ-

ʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 4.1 çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʇʂʄ II ʠ III ʧʦʢʦʣʝʥʠʡè 

(çʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè) [1]. 

1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʤʝʪʦʜʦʤ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʜʝʬʦʨ-

ʤʘʮʠʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʜʣʠʥʦʡ, ʰʠʨʠʥʦʡ ʠ ʪʦʣʱʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 250³10³2 ʤʤ. ɼʣʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʨʝʧʨʝʛ ʤʘʨʢʠ 

ɺʂʋ-47ʀ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ IMS65 (Toho Tenax, ʗʧʦʥʠʷ) 

ʠ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ɺʉʕ-1212 (ʌɻʋʇ çɺʀɸʄè). ʇʘʢʝʪ ʩʦʩʪʦʷʣ 

ʠʟ 12 ʩʣʦʝʚ ʧʨʝʧʨʝʛʘ, ʫʣʦʞʝʥʥʳʭ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉ ʮʝʣʴʶ ʠʟʤʝ-

ʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʙʨʘʟʮʝ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʧʘʢʝʪʘ ʤʝʞʜʫ 6-ʤ  

ʠ 7-ʤ ʩʣʦʝʤ ʫʢʣʘʜʳʚʘʣʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʦʧʪʦʚʦ-

ʣʦʢʥʦ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ɺɹʈ. ɼʠʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʚʘʨʮʝʚʦʛʦ 

ʦʧʪʦʚʦʣʦʢʥʘ ʩʦʩʪʘʚʠʣ 125 ʤʢʤ, ʘ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʝʛʦ ʧʦʣʠʤʝʨʥʦʡ 

ʦʙʦʣʦʯʢʠ ï 250 ʤʢʤ. ɿʘʛʦʪʦʚʢʫ ʧʦʜ ʦʙʨʘʟʮʳ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠʟʛʦʪʘʚ-

ʣʠʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʩʩʦʚʳʤ ʤʝʪʦʜʦʤ. ʇʨʠ ʬʦʨʤʦʚʘ-

ʥʠʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ ʜʣʷ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʚʳʚʦʜʘ ʦʧʪʦʚʦʣʦʢʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʱʝʛʦ ʦʙʨʘʟʮʘ ʚ ʝʛʦ ʧʝ-

ʨʝʭʦʜʥʦʡ ʯʘʩʪʠ (ʤʝʞʜʫ ʨʘʙʦʯʝʡ ʠ ʟʘʭʚʘʪʥʦʡ ʯʘʩʪʷʤʠ). ɼʝʬʦʨʤʘʮʠʶ 

ʦʙʨʘʟʮʘ ʫʛʣʝʧʣʘʩʪʠʢʘ ʦʧʨʝʜʝʣʷʣʠ ʚʜʦʣʴ ʦʩʠ ʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʠʩʧʳ-

ʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦ ɻʆʉʊ 25.601ï80 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 



ɺ.ɺ. ʄʘʭʩʠʜʦʚ, ʃ.ɸ. ʂʘʰʘʨʠʥʘ, ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ɸ.ɽ. ʈʘʩʢʫʪʠʥ 
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ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick/Roell Z100. ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʥʘ ʟʘ-

ʭʚʘʪʥʫʶ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠʢʣʝʠʚʘʣʠ ʥʘʢʣʘʜʢʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦ-

ʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʝʛʦ ʮʝʥʪʨʫ ʥʘʜ ʤʝʩʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɺɹʈ 

ʧʨʦʚʦʜʠʣʠ ʘʧʧʣʠʢʘʮʠʶ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʘ ʥʘ ʨʘʙʦʯʫʶ ʟʦʥʫ ʢʨʝʧʠʣʠ 

ʥʘʚʝʩʥʦʡ ʵʢʩʪʝʥʟʦʤʝʪʨ ʩ ʙʘʟʦʡ 25 ʤʤ. 

ɼʣ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʚʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʦʩʝʚʦʡ ʜʝʬʦʨ-

ʤʘʮʠʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ɺɹʈ, ʠ ʧʨʦʜʦʣʴ-

ʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʜʘʪʯʠʢʘ. ʆʩʝ-

ʚʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʧʪʦʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʠʚʝʜʝʥʥʦʡ  

ʚ ʨʘʙʦʪʝ [20]: 
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  (1) 

ʛʜʝ ɚɺ ï ʨʝʟʦʥʘʥʩʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ɺɹʈ; ȹɚɺ ï ʠʟʤʝʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ɺɹʈ; neff ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ; 

p11, ʨ12 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʦʢʢʝʣʴʩʷ ʫʧʨʫʛʦʦʧʪʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ; ɜ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ; Ůz ï ʦʩʝʚʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʧʪʦ-

ʚʦʣʦʢʥʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʥʷʪ rʜʚʘ ʜʦʧʫʱʝʥʠʷ. ʇʝʨʚʦʝ: ʨʘʜʠʘʣʴʥʘʷ ʜʝ-

ʬʦʨʤʘʮʠʷ ʦʧʪʦʚʦʣʦʢʥʘ ʚʳʟʚʘʥʘ ʝʛʦ ʦʩʝʚʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʠ-

ʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ (1). ɺʪʦʨʦʝ: ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʳʪʘʥʠʷ 

ʚʩʝ ʩʣʦʠ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ. ɺʳʨʘʞʘʷ ʦʩʝʚʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠʟ ʬʦʨʤʫ-

ʣʳ (1) ʠ ʧʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ (neff = 1,447467; ʨ11 = 0,113; 

ʨ12 = 0,252; ɜ = 0,19 [20, 21]), ʧʦʣʫʯʘʝʤ: 
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ɿʘʪʝʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʦʪ ɺɹʈ ʫʤʥʦʞʘʣʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʥʝʝ ʢʦʵʬʬʠʮʠʝʥʪ  

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʦʣʫʯʘʣʠ ʧʨʦʜʦʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʙʨʘʟʮʘ.  

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʦʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʙʨʘʟʮʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʝʥʟʦʤʝʪʨʘ, ʪʝʥʟʦʜʘʪʯʠʢʘ ʠ ɺɹʈ. ɹʦʣʝʝ ʧʦ-

ʜʨʦʙʥʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [22]. 

ɺʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɺɹʈ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʝʨ-
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ʚʦʛʦ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʘʣʠʙʨʦʚʢʝ ʧʦ ʨʘʩʯʝʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʕʢʩʧʝ-

ʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʝʭʩʪʨʠʥʛʝʨʥʳʭ ʧʘʥʝʣʷʭ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ  

ɺʂʋ-47ʀ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ɺɹʈ. ɼʘʥʥʘʷ ʧʘʥʝʣʴ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʜʦʙʥʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʮʝʥʪʨʦʧʣʘʥʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʘʤʦʣʝʪʘ ʊʫ-204. ʀʟʥʘ-

ʯʘʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦ-

ʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʳʙʠʨʘʣʠ ʦʨʠʝʥʪʘʮʠʶ ʩʣʦʝʚ 

ʇʂʄ ʠ ʦʧʨʝʜʝʣʷʣʠ ʛʝʦʤʝʪʨʠʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʘʥʝʣʠ, ʧʨʦʚʦʜʷ 

ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʦ ʘʚʪʦʢʣʘʚʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠʟ ʧʨʝʧʨʝʛʘ ɺʂʋ-47ʀ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʨʝʭʩʪʨʠʥʛʝʨʥʳʝ ʧʘʥʝʣʠ 

ʜʣʠʥʦʡ 2000 ʤʤ ʠ ʰʠʨʠʥʦʡ 400 ʤʤ. ʀʥʪʝʛʨʘʮʠʶ ʦʧʪʦʚʦʣʦʢʥʘ ʩ ɺɹʈ 

ʧʨʦʚʦʜʠʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʣʦʡ ʇʂʄ ʦʙʰʠʚʦʯʥʦʡ ʯʘʩʪʠ ʧʘʥʝʣʠ ʧʦʜ 

ʩʪʨʠʥʛʝʨʦʤ. 

ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ çABAQUSè 

ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʩʝʯʝʥʠʶ ʪʨʝʭʩʪʨʠʥ-

ʛʝʨʥʦʡ ʧʘʥʝʣʠ ʧʨʠ ʝʝ ʥʘʛʨʫʞʝʥʠʠ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʡ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʫʜʦʙʩʪʚʘ ʟʘʢʨʝʧʣʝʥʠʷ  

ʧʘʥʝʣʠ ʚ ʦʩʥʘʩʪʢʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʠʩʧʳʪʘʥʠʝ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ  

ʠʟʛʠʙ (ʨʘʙʦʯʘʷ ʙʘʟʘ 1500 ʤʤ): ʧʘʥʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʦʙʰʠʚʢʦʡ ʢ ʦʧʦ-

ʨʘʤ ʠ ʩʪʨʠʥʛʝʨʘʤʠ ʢ ʥʘʛʨʫʞʘʶʱʝʤʫ ʧʫʘʥʩʦʥʫ. ʇʨʠ ʪʘʢʦʤ ʠʟʛʠʙʝ ʦʙ-

ʰʠʚʢʘ ʧʘʥʝʣʠ ʨʘʙʦʪʘʝʪ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʅʘʛʨʫʞʝʥʠʝ ʪʨʝʭʩʪʨʠʥʛʝʨʥʦʡ 

ʧʘʥʝʣʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʝʥʜʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʢʨʫʧʥʦʛʘʙʘ-

ʨʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʬʠʨʤʳ çWalter + Baiè AG (ʐʚʝʡʮʘʨʠʷ) ʚ ɻʎʂʀ 

ʠʤ. ɻ.ɺ. ɸʢʠʤʦʚʘ (ʛ. ɻʝʣʝʥʜʞʠʢ) [23]. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ 

ʥʘʛʨʫʟʢʫ ʥʘ ʧʘʥʝʣʴ ʧʨʠ ʠʟʛʠʙʝ ʧʨʠʥʠʤʘʣʠ ʢʘʢ 90 % (2575 ʢʛ) ʦʪ ʨʘʟʨʫ-

ʰʘʶʱʝʡ (2860 ʢʛ), ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʥʝʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ 

ʧʘʥʝʣʠ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʘʥʝʣʠ 

ʠ ʠʟʤʝʨʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ɺɹʈ. ʅʘ ʧʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ ʫʤʥʦʞʘʣʠ ʟʥʘʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʠʟʤʝʨʝʥʥʦʝ ɺɹʈ ʩ ʧʦ-

ʤʦʱʴʶ ʬʦʨʤʫʣʳ (2), ʠ ʧʦʣʫʯʘʣʠ ʧʨʦʜʦʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʘʪʝʨʠʘʣʘ 

ʚ ʦʙʣʘʩʪʠ ʩ ɺɹʈ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʭʦʜʠʣʠ ʧʫʪʝʤ ʩʨʘʚ-

ʥʝʥʠʷ ʩ ʜʝʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʨʘʩʯʝʪʘ ʚ ʉɸʇʈ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʤʝʪʦʜʦʤ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʜʝ-

ʬʦʨʤʘʮʠʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-
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ʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʝʡ, ʠʟʤʝʨʷʝʤʦʡ ɺɹʈ ʠ ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʪʝʥʟʦʜʘʪʯʠʢʦʤ. ɺ ʫʧʦʤʠʥʘʝʤʦʡ ʨʘʙʦʪʝ [22] ʜʣʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ʤʘʨʢʠ ɺʂʋ-47ʀ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʩʪʠ ʩʦʩʪʘʚʠʣ 1,136. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʙʨʘʟʮʘʭ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʘʨʪʠʡ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺɹʈ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʩ  ʧʦʤʦʱʴʶ ʪʝʥʟʦʤʝʪʨʠʠ ʠ ʵʢʩʪʝʥʟʦʤʝʪʨʘ, ʩʦʩʪʘʚʠʣʘ ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ 

ʫʨʦʚʥʝʡ ʥʘʛʨʫʟʦʢ ʥʝ ʙʦʣʝʝ 6 % ʧʨʠ ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 

0,83 % (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ʇʂʄ, ʠʟʤʝʨʝʥʥʳʭ  

ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʵʢʩʪʝʥʟʦʤʝʪʨʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɺɹʈ:  

 ï ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʘʷ ʪʝʥʟʦʜʘʪʯʠʢʦʤ;  ï ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ, 

ʠʟʤʝʨʝʥʥʘʷ ʵʢʩʪʝʥʟʦʤʝʪʨʦʤ;  ï ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʘʷ ɺɹʈ  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʦʨʝʙʨʝʥʥʳʭ ʧʘʥʝ-

ʣʝʡ ʪʨʝʙʫʝʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʪʠʧ 

ʠ ʨʘʟʤʝʨ ʜʝʪʘʣʠ, ʘ ʛʣʘʚʥʦʝ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʥʝʵʢʦʥʦʤʠʯʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʚʦʟʤʦʞʥʦ ʢʘʣʠʙʨʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʠʤʝʶʱʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ ʜʣʷ ʧʨʠʢʣʝʠʚʘʥʠʷ ʪʝʥ-

ʟʦʜʘʪʯʠʢʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʚ ʪʨʝʭʩʪʨʠʥ-

ʛʝʨʥʦʡ ʧʘʥʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺɹʈ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʤʝʪʦʜ ʢʘʣʠʙʨʦʚ-

ʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ 

(ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ). 

ʅʘ ʨʠʩ. 2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʝʭʩʪʨʠʥʛʝʨʥʦʡ ʧʘʥʝʣʠ ʧʨʠ ʥʘʛʨʫʟʢʝ, ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ 90 % ʦʪ ʨʘʟʨʫʰʘʶʱʝʡ, ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʚʜʦʣʴ ʝʝ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʚ ʩʣʦʝ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʦʧʪʦ-

ʚʦʣʦʢʦʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ. ʇʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 
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ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ɺɹʈ ʠ ʠʟʤʝʨʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ɺɹʈ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʪʦʡ ʞʝ ʥʘʛʨʫʟʢʝ, ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ. ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʜʣʷ ʜʨʫʛʠʭ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʘʥʝʣʝʡ. 

 

 
 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʚ ʩʣʦʝ  

ʦʙʰʠʚʢʠ ʩ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʚ ʧʦʣʦʚʠʥʝ ʧʘʥʝʣʠ ʧʨʠ ʪʨʝʭʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʇʂʄ, ʠʟʤʝʨʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɺɹʈ, ʜʣʷ 

ʜʨʫʛʦʡ ʪʨʝʭʩʪʨʠʥʛʝʨʥʦʡ ʧʘʥʝʣʠ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺɹʈ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʩʪʘʚʠʣʘ 

9 %. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ ʧʨʝʜ-

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʷ ʠ ʪʦʣʱʠʥʳ ʤʦ-

ʥʦʩʣʦʝʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʨʘʩʯʝʪʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʠ ʥʘ ʜʨʫʛʠʭ ʧʘʥʝʣʷʭ ʪʘʢʦʡ ʞʝ 

ʛʝʦʤʝʪʨʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʕʪʦʪ ʤʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʢ ʠʩ-

ʧʳʪʳʚʘʝʤʦʡ ʧʘʥʝʣʠ ʚ 10 % ʦʪ ʨʘʟʨʫʰʘʶʱʝʡ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʢʘʟʘʣ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʚ ʧʨʝʜʝʣʘʭ 9 %. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʧʨʠ ʢʘʣʠʙ-

ʨʦʚʢʝ  ʧʦ  ʨʘʩʯʝʪʥʦʡ  ʜʝʬʦʨʤʘʮʠʠ  ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʩʝʥʩʦʨʦʚ  



ɺ.ɺ. ʄʘʭʩʠʜʦʚ, ʃ.ɸ. ʂʘʰʘʨʠʥʘ, ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ɸ.ɽ. ʈʘʩʢʫʪʠʥ 
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ʈʠʩ. 3. ʀʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɺɹʈ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ  

ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʇʂʄ ʜʣʷ ʪʨʝʭʩʪʨʠʥʛʝʨʥʦʡ ʧʘʥʝʣʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ  

ɺʂʋ-47ʀ:  ï ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɺɹʈ;  ï ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 

 

ʥʘ ʦʩʥʦʚʝ ɺɹʈ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ ʧʨʦʜʦʣʴʥʫʶ 

ʠ ʧʦʧʝʨʝʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ [24]. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ 

ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʧʦ ʨʘʩʯʝʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥ ʜʝʤʦʥʩʪʨʘʪʦʨ 

ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʳʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥ-

ʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʥʘ ʧʨʠʤʝ-

ʨʝ ʬʨʘʛʤʝʥʪʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ 

ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-47ʀ ʮʝʥ-

ʪʨʦʧʣʘʥʘ ʩʘʤʦʣʝʪʘ ʊʫ-204ʉʄ.  

ɼʝʤʦʥʩʪʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ-

ʩʪʨʠʥʛʝʨʥʦʡ ʧʘʥʝʣʠ ʠʟ ʫʛ-

ʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-47ʀ ʩ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʤʠ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘ-

ʪʝʨʠʘʣʘ ɺɹʈ, ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʨʦʩʘ ɺɹʈ (ʠʥʪʝʨʨʦʛʘʪʦʨ) ʠ 

ʤʦʙʠʣʥɹʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

(ʨʠʩ. 4).  

ɼʝʤʦʥʩʪʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʜʦ 30 ʟʦʥ ʩ ʯʘʩʪʦ-

ʪʦʡ ʜʦ 100 ɻʮ. 

 

 
 

ʈʠʩ. 4. ɼʝʤʦʥʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɺɹʈ  

(ʥʘ ʧʨʠʤʝʨʝ ʬʨʘʛʤʝʥʪʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ  

ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-47ʀ ʮʝʥʪʨʦʧʣʘʥʘ  

ʩʘʤʦʣʝʪʘ ʊʫ-204ʉʄ) 
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ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠ ̫ ʜʝʬʦʨʤʘʮʠʠ 

ʇʂʄ ʤʝʪʦʜʦʤ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʜʝʬʦʨʤʘʮʠʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʚ ʌɻʋʇ 

çɺʀɸʄè ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺɹʈ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʠ ʟʘʧʫʱʝʥʘ ʚ ʪʝʩʪʦʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʚʦʟʚʝʜʝʥʥʦʤ ʘʨʦʯʥʦʤ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʤ ʜʚʫʭʧʦʣʦʩʥʦʤ ʤʦʩʪʝ ʯʝʨʝʟ ʨʫʯʝʡ ʉʦʣʦʚʝʡ ʚ ʧʦʩʝʣʢʝ ʗʟʳʢʦʚʦ 

ʂʘʨʩʫʥʩʢʦʛʦ ʨʘʡʦʥʘ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 5).  

 

 
                                       ʘ 

 

 
                                        ʙ                                                             ʚ 
 

ʈʠʩ. 5. ɸʨʦʯʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʜʚʫʭʧʦʣʦʩʥʳʡ ʤʦʩʪ ʚ ʧʦʩʝʣʢʝ ʗʟʳʢʦʚʦ ʋʣʴʷʥʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ: ʘ, ʙ ï ʦʙʱʠʡ ʚʠʜ; ʚ ï ʙʣʦʢ-ʢʦʥʪʝʡʥʝʨ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝ-

ʨʠʘʣʘ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇʂʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙ-
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ʨʘʟʮʦʚ ʠ ʪʨʝʭʩʪʨʠʥʛʝʨʥʦʡ ʧʘʥʝʣʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ɺʂʋ-47ʀ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʤʝʪʦʜʦʤ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʜʝʬʦʨʤʘʮʠʠ 

ʪʝʥʟʦʜʘʪʯʠʢʘ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʦ 6 %. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝ ʨʝʘʣʠʟʫʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʛʦʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʦʩʦ-

ʙʝʥʥʦ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠ ʠʤʝʶʱʠʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ. ʊʘʢʘʷ 

ʤʝʪʦʜʠʢʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʇʂʄ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʢʘ-

ʣʠʙʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʉɸʇʈ, ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʇʂʄ ʩʦʩʪʘʚʠʣʘ 9 %. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʘ  

ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʷ ʠ ʪʦʣʱʠʥʳ ʤʦʥʦʩʣʦʝʚ ʜʣʷ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʧʘʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʨʘʩʯʝʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ  

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʧʝʨʚʳʤ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ ʨʘʟʨʫʰʝʥʠʷ ʠʟʛʦ-

ʪʦʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʢʘʣʠʙʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʠʤʝʶ-

ʱʫʶ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ. ɺ ʩʣʫʯʘʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʵʪʦʪ  

ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʪʘʧʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɼʣʷ  

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʛʨʫʟʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʟ ʇʂʄ ʚ ʩʠʩʪʝʤʝ 

ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʣʫ-

ʯʝʥʥʦʡ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ  

ʚ ʉɸʇʈ. 
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 DETERMINING STRAINS OF CARBON-REINFORCED PLASTIC LATTICE STRUCTURE USING 

FIBER-OPTIC SENSORS 

The paper presents the results of measuring strains of carbon-reinforced plastic lattice structural 

members during strength testing. It has been determined that Bragg grating based fiber-optic sensors 

glued on the external surface of the structure show the results which are analogous to the results of 

standard strain gages. It has been established that the moment of failing the structure is accompanied 

with the release of a large quantity of heat which can be fixed by an infrared imager. It is supposed that 

heat processes in carbon-reinforced plastic begin still before the failure, but they cannot be fixed on the 

external surface because of the rapid growth of a load. 

Keywords: fiber-optic sensors, Bragg grating, strain, composite materials, carbon-reinforced 

plastic, lattice structures, strength testing. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ), ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʠʣʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʥʦʝ ï ʚʟʘʠʤʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʵʪʠʭ ʪʦʯʝʢ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ [1]. ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʧʨʠʦʙʨʝʪʘʝʪ  

ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʠʘʮʠʦʥʥʦʡ  

ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʛʜʝ ʢʘʞʜʦʝ ʠʟʜʝʣʠʝ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ 

ʢʦʥʪʨʦʣʴ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʷʤʦ-

ʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʠ ʪʝʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʪʝʣ ʠʟʤʝʨʷʶʪʩʷ ʢʘʢ ʧʨʤ̫ʳʤʠ, ʪʘʢ 

ʠ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʭʘʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩʚʷʟʳ-

ʚʘʶʪ ʠʭ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʝ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʢʦʥʩʪʨʫʢʮʠʡ.  

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʩʫʱʝ-

ʩʪʚʠʪʴ ʪʦʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ. ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʘʷ  

ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʧʨʠ ʩʣʦʞʥʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʠʩʧʳʪʫʝʤʦʡ ʜʝʪʘʣʠ ʠʣʠ ʧʨʠ ʥʝʷʩʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʧʦʛʨʘʬʠʶ 

ʥʘʧʨʷʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʪʝʥʟʦʤʝʪʨʦʚ ʦʛʨʘʥʠʯʝʥʘ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʧʝʨʝʭʦʜʘ ʥʘ ʢʘʯʝʩʪʚʝʥ-

ʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʪʁʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʩʪʨʦʝʥʥʳʭ  

ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʂʄ) ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʟʘ ʝʛʦ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʳʤ ʠ ʪʝʧʣʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʠʭ ʨʝʰʸʪʢʘʤʠ ɹʨʵʛʛʘ 

(ɺɹʈ) [2] ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠ-

ʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ 

ʥʘ ʦʩʥʦʚʝ ʨʝʰʸʪʦʢ ɹʨʵʛʛʘ ʨʘʟʤʝʨʦʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ. ɺ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ  

ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʫʛ-

ʣʝʧʣʘʩʪʠʢʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʠʣʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ [3], ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚʦʡ ʟʘʛʦʪʦʚʢʠ [4]  



ɺ.ɸ. ɸʥʠʩʢʦʚʠʯ, ɺ.ʖ. ʂʫʪʶʨʠʥ, ʊ.ɸ. ʄʫʭʘʥʦʚʘ ʠ ʜʨ. 

 274 

ʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʜʝʣʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ [5]. ɺ ʨʘʙʦ-

ʪʝ [6] ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʟ ʂʄ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʩʠʣʦʚʦʛʦ ʠ ʫʜʘʨʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʨʘʙʦʪʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʦʪʩʝʢʝ ʩʝʪʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʠʤʠʪʠʨʫʶʱʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʦʪʩʝʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʟ-

ʛʦʪʦʚʣʝʥʥʦʤ ʤʝʪʦʜʦʤ çʤʦʢʨʦʡè 

ʥʘʤʦʪʢʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ. ɺʥʝh-

ʥʠʡ ʚʠʜ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.  

ʅʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʪʩʝʢʝ  

ʙʳʣʠ ʥʘʢʣʝʝʥʳ 8 ʪʝʥʟʦʜʘʪʯʠʢʦʚ  

(ʪʜ1-ʪʜ8) ʠ 7 ʜʘʪʯʠʢʦʚ ɺɹʈ (6 ʜʘʪ-

ʯʠʢʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʜʝʬʦʨʤʘʮʠʶ, 

ʠ ʦʜʠʥ ï ʪʝʤʧʝʨʘʪʫʨʫ). ʄʝʞʜʫ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ ɺɹʈ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚʳʜʝʨʞʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ: ʪʜ4 ï M84, 

ʪʜ5 ï ɽ85, ʪʜ6 ï U6, ʪʜ7 ï P85, ʪʜ8 ï K112. ʄʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʪʩʝʢʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʫʩʣʦʚʠʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʸʪʦʚ ʦʙʲʝʢʪʘ. 

ɼʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʦʧʨʘʰʠʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʨ-

ʨʦʛʘʪʦʨʘ (ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ), ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ ʪʝʭ-

ʥʦʣʦʛʠʠ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʌʘʙʨʠïʇʝʨʦ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ɺɹʈ ʢ ʠʥʪʝʨʨʦʛʘʪʦʨʫ. 

ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʜʣʠʥʳ ʚʦʣʥ ʮʝʥʪʨʘʣʴʥʳʭ ʧʠʢʦʚ ʜʣʷ ʢʘʞʜʦʡ ɺɹʈ. 
 

 

 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ɺɹʈ ʢ ʠʥʪʝʨʨʦʛʘʪʦʨʫ 

 
 

ʈʠʩ. 1. ʆʪʩʝʢ ʩ ʥʘʢʣʝʝʥʥʳʤʠ ɺɹʈ  

ʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 
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ɺɹʈ, ʠʟʤʝʨʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʶ, ʙʳʣʠ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʥʘ ʩʪʝʥʜʝ, 

ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 3. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʠʥʜʠʢʘʪʦʨ Mitutoyo ABS ID-SX. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ɺɹʈ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ENLIGHT 1.7.7. 

 

 
 

ʈʠʩ. 3. ʉʪʝʥʜ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ɺɹʈ, ʠʟʤʝʨʷʶʱʠʭ ʜʝʬʦʨʤʘʮʠʶ 

 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ çʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦ-

ʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ (ʢʦʤʧʦʟʠʪʦʚ) ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭè ɸʆ çʎʅʀʀʉʄè 

(ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʘʢʢʨʝʜʠʪʘʮʠʠ ˉ ʀʃ/ʃʈʀ-01026. «ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ 

ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ». ʆʨʛʘʥ ʧʦ ʘʢʢʨʝʜʠʪʘʮʠʠ ï 

ʆɸʆ çʅʊʎ çʇʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè), ʛ. ʍʦʪʴʢʦʚʦ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʆʢʨʫʞʘʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: 

ï  ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ï 18 °ʉ; 

ï  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ï 60 %; 

ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ï 93,1 ʢʇʘ. 

ʅʘʛʨʫʞʝʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʦʪʩʝʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 3 ʵʪʘʧʘ: 

ï  ʨʘʩʪʷʞʝʥʠʝ ʦʪʩʝʢʘ ʫʩʠʣʠʝʤ 5 ʢʅ; 

ï  ʩʪʫʧʝʥʯʘʪʦʝ ʩʞʘʪʠʝ ʦʪʩʝʢʘ ʥʘʛʨʫʟʢʘʤʠ 50ï100ï150ï200ï250 ʢʅ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʷʪʠʝʤ ʥʘʛʨʫʟʢʠ; 

ï ʩʞʘʪʠʝ ʦʪʩʝʢʘ ʜʦ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʪʩʝʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ  

(ʨʠʩ. 4). 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ çʩʪʫʧʝʥʯʘʪʦʝè (ʫʩʠʣʠʝ 250 ʢʅ ʯʝʨʝʟ 

50 ʢʅ) ʩʞʘʪʠʝ ʦʪʩʝʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝ-

ʥʠʷ (ʨʠʩ. 5). 
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʪʩʝʢʘ: ʘ ï ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʳʡ ʩʧʦʩʦʙ;  

ʙ ï ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝh ʸʪʢʠ ɹʨʵʛʛʘ 
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ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ çʩʪʫʧʝʥʯʘʪʦʛʦè ʩʞʘʪʠʷ ʦʪʩʝʢʘ: ʘ ï ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʳʡ ʩʧʦʩʦʙ;  

ʙ ï ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʰʸʪʢʠ ɹʨʵʛʛʘ 

 

ɺ ʮʝʣʦʤ ʢʦʥʪʫʨʳ ʛʨʘʬʠʢʦʚ ʩʦʚʧʘʜʘʶʪ, ʥʦ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʧʦ-

ʜʨʦʙʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʪʯʠʢʦʚ ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ. 

ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʬʦʨʤʘʮʠʠ ʧʦ 

ʦʪʩʝʢʫ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʥʝʨʘʚʥʦʤʝʨʥʦ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷ. ʇʦʢʘʟʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʚʦ ʚʨʝʤʷ ʦʧʳʪʘ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ï ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 25 ʢʅ ʠʭ ʧʦʢʘʟʘʥʠʷ ʙʳʣʠ ʩʣʝ-

ʜʫʶʱʠʤʠ: 1,95, 2,15, 2,2, 2,15 ʤʤ. ʀʥʜʠʢʘʪʦʨʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 


