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Summary  

Polarizing microscopy methods in differential diagnosis of  

infection in patients after total hip or knee replacement 

A new technique of polarizing microscopy was assessed for diagnostic value in differential 

diagnosis of septic and aseptic complications after total joint replacement. 56 patients with 

complications in the hip or in the knee were assessed. The possibility to differentiate 

periprosthetic infections from aseptic inflammatory complications using polarizing microscopy, 

spectropolarimetry, and microphasometry was established. Asymmetry and excess of spectral 

relation of light beam polarization azimuth differ in aseptic and in septic arthritis, including 

infected prosthesis, by 5.1-5.4 ЭТЦОs. TСО ЦОЭСШН’s sОЧsТЭТvТЭв rОКМСОs 87-88% at specificity of 

71-72%. AsyЦЦОЭrв КЧН ОбМОss ШП pСКsОs’ МШШrНТЧКЭО НТsЭrТЛЮЭТШЧ ТЧ ХКsОr ЦТМrШsМШpв ШП 
synovial fluid from patients with aseptic and septic arthritis, including periprosthetic infection, 

differ by 1.8-2.4 ЭТЦОs. TСО ЦОЭСШН’s sОЧsТЭТvТЭв Тs 73-75% at specificity of 64-69%. The results 

of such assessments are available within 1.5-2 hours. 

 

Rezumat 

DТКРЧoЬЭТМuХăНТПОЫОЧĠТКЭăКХăМoЦpХТМКĠТТХoЫăЬОpЭТМОăşТăКЬОpЭТМОăНupăăОЧНopЫoЭОzăЫТХОă
КЫЭТМuХКĠТТХoЫăЦКЫТăpЫТЧăЦОЭoНКăНОăpoХКЫТzКЫОăЦТМЫoЬМopТМă 

DО КЮЭШrТ К ПШsЭ ОХКЛШrКЭă Ш ЧШЮК ЭОСЧТМă НО pШХКrТгКrО ЦТМrШsМШpă pОЧЭrЮ НТКРЧШsЭТМЮХ 
НТПОrОЧĠТКХ КХ МШЦpХТМКĠТТХШr sОpЭТМО sКЮ КsОpЭТМО НЮpК ОЧНШprШЭОгКrОК КrЭТМЮХКĠТТХШr ЦКrТ КЮ ПШsЭ 
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ОvКХЮКĠТ 66 НО pКМТОЧЭТ МЮ МШЦpХТМКĠТТ ХК ЧТvОХЮХ КrЭТМЮХКĠТОТ şШХНЮХЮТ sКЮ К РОЧЮЧМСТЮХЮТ. A ПШsЭ 
staЛТХТЭ pШsТЛТХТЭКЭОК НО К НТПОrОЧĠТК ТЧПОМĠТТХО pОrТprШЭОЭТМО НО МШЦpХТМКЭТТ ТЧПХКЦКЭШrТТ КsОpЭТМО, 
ПШХШsТЧН ЦТМrШsМШpТО pШХКrТгКЧЭă, spОМЭrШpШХКrТЦОЭrЮ, şТ ЦТМrШpСКsШЦОЭrТО К prШЛОХШr ХТМСТНЮХЮТ 
sТЧШvТКХ. AsТЦОЭrТО şТ ОбМОs НО rОХКĠТК spОМЭrКХО НО ХЮЦТЧК pШХКrТгКЭК КгТЦЮЭ ПКsМТМЮХ НТПОră ьЧ 
КsОpЭТМО şТ ьЧ КrЭrТЭК sОpЭТМК, ТЧМХЮsТv ТЧПОМЭКЭО prШЭОгО, НО 5.1-5.4 ori. Sensibilitatea metodei 

atinge 87-88% cu  specificificare de 71-72%. AsТЦОЭrТО şТ ОбМОs НО НТsЭrТЛЮĠТО МШШrНШЧКЭО ПКгО 
"ьЧ ЦТМrШsМШpТК МЮ ХКsОr НО ХТМСТН sТЧШvТКХ НО ХК pКМТОЧЭТ МЮ КrЭrТЭК КsОpЭТМО şТ sОpЭТМО, ТЧМХЮsТv 
ТЧПОМЭТТ pОrТprШЭОЭТМă, НТПОră НО 1.8-2.4 ori. Sensibilitatea metodei este de 73-75% cu specificarea 

de 64-69%. MОЭШНОХО ЮЭТХТгКЭО ПКМ pШsТЛТХă НТКРЧШsЭТМКrОК prШМОsОХШr sОpЭТМО şТ КsОpЭТМО ьЧ ЭТЦp 
de 1,5-2 ore. 

 

Ɋɟɡюɦɟ 

 Ⱥɜɬɨɪɚɦɢ ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɚɫɟɩɬɢɱɟɫɤɨɝɨ ɢ ɫɟɩɬɢɱɟɫɤɨɝɨ ɨɫɥɨɠɧɟɧɢɣ 
ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ ɫɭɫɬɚɜɨɜ. Ɉɛɫɥɟɞɨɜɚɧɨ 66 ɛɨɥɶɧɵɯ ɫ ɩɚɬɨɥɨɝɢɟɣ ɤɨɥɟɧɧɨɝɨ ɢ 
ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, 

ɫɩɟɤɬɪɨɮɨɬɨɩɨɥɹɪɢɦɟɬɪɢɢ ɢ ɦɢɤɪɨɮɚɡɨɦɟɬɪɢɢ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɢɧɮɟɤɰɢɨɧɧɵɟ ɨɫɥɨɠɧɟɧɢɹ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ. ɉɨɤɚɡɚɬɟɥɢ 

ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɭɱɤɚ ɜ ɝɪɭɩɩɚɯ ɚɫɟɩɬɢɱɟɫɤɨɝɨ ɫɢɧɨɜɢɬɚ ɢ ɫɟɩɬɢɱɟɫɤɨɝɨ ɚɪɬɪɢɬɨɜ ɜɤɥɸɱɚɹ ɢɧɮɟɤɰɢɸ 

ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɭɫɬɚɜɚ ɨɬɥɢɱɚɸɬɫɹ 5,1 - 5,4 ɪɚɡɚ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 
ɞɨɫɬɢɝɚɟɬ 87% -88% ɩɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 71% -72%. ɉɨɤɚɡɚɬɟɥɢ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ 

ɤɨɨɪɞɢɧɚɬɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɮɚɡ ɥɚɡɟɪɧɵɯ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɦɚɡɤɨɜ 

ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɚɫɟɩɬɢɱɟɫɤɢɦ ɫɢɧɨɜɢɬɨɦ ɢ ɫɟɩɬɢɱɟɫɤɢɦ ɚɪɬɪɢɬɨɦ 

ɜɤɥɸɱɚɹ ɢɧɮɟɤɰɢɸ ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɭɫɬɚɜɚ ɨɬɥɢɱɚɸɬɫɹ ɜ 1,8-2,4 ɪɚɡɚ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɨɫɬɢɝɚɟɬ 73% -75% ɩɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 64% -69%. 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɞɢɚɝɧɨɫɬɢɤɟ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɞɢɚɝɧɨɫɢɱɧɢɣ ɩɪɨɰɟɫɫ ɞɨ 1,5 

- 2 ɱɚɫɨɜ. 
ɗɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɟ ɤɨɥɟɧɧɨɝɨ ɢ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ ɹɜɥɹɟɬɫɹ ɨɛɳɟɩɪɢɧɹɬɵɦ 

ɜ ɥɟɱɟɧɢɢ ɬɟɪɦɢɧɚɥɶɧɵɯ ɫɬɚɞɢɣ ɚɪɬɪɨɡɚ, ɬɚɤ ɤɚɤ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɭɦɟɧɶɲɢɬɶ ɛɨɥɟɜɨɣ ɫɢɧɞɪɨɦ, ɭɥɭɱɲɢɬɶ ɮɭɧɤɰɢɸ ɫɭɫɬɚɜɚ ɢ ɤɚɱɟɫɬɜɨ ɠɢɡɧɢ ɜ 
ɰɟɥɨɦ. ɋɥɨɠɧɵɦ ɨɫɥɨɠɧɟɧɢɟɦ ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɩɟɪɢɩɪɨɬɟɡɧɨɣ ɢɧɮɟɤɰɢɢ, ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 1-2%, ɚ ɞɥɹ ɪɟɜɢɡɢɨɧɧɨɝɨ 3-5% Д1,7,8Ж. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ 
ɫɟɩɬɢɱɟɫɤɢɯ ɢ ɚɫɟɩɬɢɱɟɫɤɢɯ ɨɫɥɨɠɧɟɧɢɣ ɩɨɫɥɟ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ ɤɨɥɟɧɧɨɝɨ ɢ 
ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ – ɫɥɨɠɧɚɹ ɡɚɞɚɱɚ, ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɦɭɥɶɬɢɮɚɤɬɨɪɢɚɥɶɧɨɣ ɢ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɤɥɢɧɢɱɟɫɤɨɣ ɤɚɪɬɢɧɟ, ɪɟɧɬɝɟɧɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɄɌ, ɆɊɌ, ɍɁɂ; 
ɩɨɜɵɲɟɧɢɢ ɮɚɤɬɨɪɨɜ ɜɨɫɩɚɥɟɧɢɹ ɜ ɤɪɨɜɢ, ɚ ɬɚɤɠɟ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɧɨɜɢɚɥɶɧɨɣ 
ɠɢɞɤɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɚɧɚɥɢɡɭ ɥɢɬɟɪɚɬɭɪɵ Д8,9,10Ж, «ɡɨɥɨɬɵɦ ɫɬɚɧɞɚɪɬɨɦ» ɩɨɞɬɜɟɪɠɞɟɧɢɹ 
ɢɧɮɢɰɢɪɨɜɚɧɢɹ ɫɭɫɬɚɜɚ ɹɜɥɹɟɬɫɹ ɤɭɥɶɬɭɪɚɥɶɧɵɣ ɦɟɬɨɞ, ɬ.ɟ. ɜɵɞɟɥɟɧɢɟ ɜɨɡɛɭɞɢɬɟɥɹ ɧɚ 
ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ, ɚ ɄɌ, ɆɊɌ, ɍɁɂ, ɛɨɥɶɲɢɧɫɬɜɨ ɫɟɪɨɥɨɝɢɱɟɫɤɢɯ ɢ ɰɢɬɨɥɨɝɢɱɟɫɤɢɯ 
ɬɟɫɬɨɜ ɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɹɸɳɢɦɢ, ɧɟ ɜɫɟɝɞɚ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ Д3,9Ж. ɇɟɞɨɫɬɚɬɤɨɦ 

ɤɭɥɶɬɭɪɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨ ɞɚɧɧɵɦ ɥɢɬɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 

ɨɬ 2-5 ɞɨ 20 ɞɧɟɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɫɥɨɠɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɫɥɭɱɚɹɯ, 

ɡɚɬɹɝɢɜɚɟɬɫɹ ɥɟɱɟɛɧɵɣ ɩɪɨɰɟɫɫ. ɉɨ ɞɚɧɧɵɦ ɥɢɬɟɪɚɬɭɪɵ [5,6] ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɦɟɬɨɞɵ (ɩɨɥɹɪɢɡɚɰɢɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɦɢɤɪɨɮɚɡɨɦɟɬɪɢɹ, 

ɫɩɟɤɬɪɨɮɨɬɨɩɨɥɹɪɢɦɟɬɪɢɹ) ɚɩɪɨɛɢɪɨɜɚɧɵ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɰɟɥɶɸ ɜ 

ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ ɦɟɞɢɰɢɧɵ ɤɚɤ ɛɢɨɯɢɦɢɹ, ɩɚɬɨɦɨɪɮɨɥɨɝɢɹ, ɫɭɞɟɛɧɚɹ ɦɟɞɢɰɢɧɚ, 

ɨɧɤɨɝɢɧɟɤɨɥɨɝɢɹ, ɤɚɪɞɢɨɥɨɝɢɹ, ɝɚɫɬɪɨɷɧɬɟɪɨɥɨɝɢɹ. 
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ɐɟɥɶ ɪɚɛɨɬɵ  
Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɹɪɢɦɟɬɪɢɱɟɫɤɢɟ, ɮɚɡɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɫɩɟɤɬɪɨ ɩɨɥɹɪɢɦɟɬɪɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɫɟɩɬɢɱɟɫɤɨɝɨ ɚɪɬɪɢɬɚ ɢ ɫɢɧɨɜɢɬɚ ɩɪɢ ɨɫɬɟɨɚɪɬɪɨɡɟ ɢ ɜɵɹɜɢɬɶ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ɇɚɦɢ ɨɛɫɥɟɞɨɜɚɧɨ 66 ɛɨɥɶɧɵɯ ɫ ɩɚɬɨɥɨɝɢɟɣ ɤɨɥɟɧɧɨɝɨ ɢ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ. ɍ 

44 ɛɨɥɶɧɵɯ, ɫɨɫɬɚɜɢɜɲɢɯ ɩɟɪɜɭɸ ɝɪɭɩɩɭ, ɧɚ ɨɫɧɨɜɟ ɤɥɢɧɢɱɟɫɤɢɯ, ɥɚɛɨɪɚɬɨɪɧɵɯ, 
ɪɟɧɬɝɟɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧ ɚɫɟɩɬɢɱɟɫɤɢɣ ɪɟɚɤɬɢɜɧɵɣ ɫɢɧɨɜɢɬ ɩɪɢ 
ɨɫɬɟɨɚɪɬɪɨɡɟ I-III, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɤɭɥɶɬɭɪɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ. ɍ 12 
ɛɨɥɶɧɵɯ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɢɥɢ ɜɬɨɪɭɸ ɝɪɭɩɩɭ, ɤɭɥɶɬɭɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɩɨɞɬɜɟɪɠɞɟɧ 
ɫɟɩɬɢɱɟɫɤɢɣ ɚɪɬɪɢɬ, ɭ 4 ɢɡ ɧɢɯ ɫɟɩɬɢɱɟɫɤɢɣ ɚɪɬɪɢɬ ɪɚɡɜɢɥɫɹ ɩɨɫɥɟ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ 
(ɢɧɮɟɤɰɢɹ ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɭɫɬɚɜɚ). Ʉɭɥɶɬɭɪɚɥɶɧɨ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɜ 11 ɫɥɭɱɚɹɯ S. 
КЮrОЮs ɢ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ PsОЮНШЦШЧКs КОrЮРТЧШsК. Ʉɚɠɞɨɦɭ ɩɚɰɢɟɧɬɭ ɞɨ ɧɚɱɚɥɚ ɥɟɱɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɩɭɧɤɰɢɸ ɫɭɫɬɚɜɚ ɢ ɩɨɥɭɱɟɧɧɭɸ ɫɢɧɨɜɢɚɥɶɧɭɸ ɠɢɞɤɨɫɬɶ ɨɬɞɚɜɚɥɢ ɧɚ 
ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɝɨɬɨɜɢɥɢ ɦɚɡɨɤ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ɤɚɩɥɢ 
ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɧɚ ɨɩɬɢɱɟɫɤɢ ɢɡɨɬɪɨɩɧɨɟ ɩɪɟɞɦɟɬɧɨɟ ɫɬɟɤɥɨ, ɩɨɞɫɭɲɢɜɚɥɢ ɜ 
ɭɫɥɨɜɢɹɯ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ ɩɨɬɟɪɢ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɜɨɞɢɥɢ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɚɡɤɚ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɜ 
ɥɚɛɨɪɚɬɨɪɢɢ ɨɩɬɢɤɢ ɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɑɇɍ ɢɦ. ɘ.Ɏɟɞɶɤɨɜɢɱɚ ɧɚ ɩɪɢɛɨɪɟ ɅɆɉ-1 

(ɥɚɡɟɪɧɵɣ ɦɢɤɪɨɩɨɥɹɪɢɦɟɬɪ-1) (ɪɢɫ. 1). ɉɪɢɦɟɧɹɥɢ ɦɢɤɪɨɩɨɥɹɪɢɦɟɬɪɢɱɟɫɤɢɣ, 
ɦɢɤɪɨɮɚɡɨɦɟɬɪɢɱɟɫɤɢɣ, ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɢ ɦɢɤɪɨɫɩɪɟɤɬɪɨɩɨɥɹɪɢɦɟɬɪɢɱɟɫɤɢɣ  
ɦɟɬɨɞɵ ɡɨɧɞɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɬɪɨɟɧɢɟɦ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɚɪɬ. ɉɨɥɭɱɟɧɧɵɟ ɰɢɮɪɨɜɵɟ ɦɚɫɫɢɜɵ ɨɛɪɚɛɚɬɵɜɚɥɢ 
ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MATLAB ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɦɨɦɟɧɬɨɜ 1-4 ɩɨɪɹɞɤɚ (ɫɪɟɞɧɟɟ, ɞɢɫɩɟɪɫɢɹ, ɚɫɢɦɦɟɬɪɢɹ ɢ ɷɤɫɰɟɫɫ) 

 
 

Ɋɢɫ. 1. Ʌɚɛɨɪɚɬɨɪɧɚɹ ɦɚɤɟɬ-ɫɯɟɦɚ ɥɚɡɟɪɧɨɝɨ ɦɢɤɪɨɩɨɥɹɪɢɦɟɬɪɚ ɅɆɉ-1. 

ɝɞɟ 1 - He-Ne ɥɚɡɟɪ, 2 - ɤɨɥɥɢɦɚɬɨɪ, 3 - ɫɬɚɰɢɨɧɚɪɧɚɹ ɱɟɬɜɟɪɬɶɜɨɥɧɨɜɚɹ ɩɥɚɫɬɢɧɤɢ, 5, 8 - 

ɦɟɯɚɧɢɱɟɫɤɢ ɩɨɞɜɢɠɧɵɟ ɱɟɬɜɟɪɬɶɜɨɥɧɨɜɵɯ ɩɥɚɫɬɢɧɤɢ, 4, 9 - ɩɨɥɹɪɢɡɚɬɨɪ ɢ ɚɧɚɥɢɡɚɬɨɪ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 6 - ɦɚɡɨɤ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, 7 - ɦɢɤɪɨɨɛɴɟɤɬɢɜ, 10 - CCD ɤɚɦɟɪɚ, 

11 - ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ. 
 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɡɤɚ 

ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɨɬɞɟɥɶɧɨɝɨ ɩɚɰɢɟɧɬɚ ɨɬ ɡɚɛɨɪɚ ɦɚɬɟɪɢɚɥɚ ɞɨ ɩɨɥɭɱɟɧɢɹ 

ɰɢɮɪɨɜɵɯ ɞɚɧɧɵɯ ɫɨɫɬɚɜɥɹɟɬ 1,5 - 2 ɱɚɫɚ. 
 

Ɋɟɡɭɥɶɬɚɬɵ  
 ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɡɤɚ 
ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɚɰɢɟɧɬɨɜ ɢɡ ɝɪɭɩɩɵ 1 ɭɫɬɚɧɨɜɥɟɧɨ ɜɵɪɚɡɢɬɟɥɶɧɭɸ ɨɩɬɢɱɟɫɤɭɸ 
ɚɤɬɢɜɧɨɫɬɶ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɬɪɟɬɢɱɧɨɣ ɢ 
ɱɟɬɜɟɪɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɟɥɤɚ, ɝɥɸɤɨɩɪɨɬɟɢɞɨɜ, ɩɪɨɬɟɢɧɨɜɵɯ ɮɢɛɪɢɥɥ. ɉɪɢ 
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ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɡɤɚ ɫɢɧɨɜɢɚɥɶɧɨɣ 
ɠɢɞɤɨɫɬɢ ɩɚɰɢɟɧɬɨɜ ɢɡ ɝɪɭɩɩɵ 2 ɭɫɬɚɧɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɨɹɜɥɹɸɳɟɟɫɹ ɜ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɤɨɨɪɞɢɧɚɬɧɨɣ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɤɚɪɬɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɥɚɡɟɪɧɨɝɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɚɤɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɤɫɬɪɟɦɭɦɨɜ ɜɟɪɨɹɬɧɨɫɬɢ 
ɫɥɭɱɚɣɧɵɯ ɡɧɚɱɟɧɢɣ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɢɨɯɢɦɢɱɟɫɤɭɸ 
ɩɟɪɟɫɬɪɨɣɤɭ ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɫɩɟɤɬɪɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɨɩɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, 

ɜɵɹɜɥɟɧɨ ɢɯ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɞɥɹ ɨɛɫɥɟɞɨɜɚɧɧɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ. Ⱦɥɹ 

ɪɟɚɤɬɢɜɧɨɝɨ ɫɢɧɨɜɢɬɚ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɢɦɟɟɬ ɦɟɫɬɨ ɭɡɤɨ ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ ɷɤɫɬɪɟɦɭɦ 

ɡɧɚɱɟɧɢɹ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɤɪɚɫɧɨɦ (λ ţ 650 ɧɦ) ɭɱɚɫɬɤɟ ɫɩɟɤɬɪɚ (ɪɢɫ. 2). 

 
Ɋɢɫ. 2. ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ 

ɩɪɨɩɭɳɟɧɧɨɝɨ ɫɥɨɟɦ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɚɰɢɟɧɬɚ ɫ ɪɟɚɤɬɢɜɧɵɦ ɫɢɧɨɜɢɬɨɦ ɩɪɢ 
ɨɫɬɟɨɚɪɬɪɨɡɟ. 

 

Ⱦɥɹ ɫɟɩɬɢɱɟɫɤɨɝɨ ɚɪɬɪɢɬɚ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɯɚɪɚɤɬɟɪɟɧ ɛɨɥɟɟ ɲɢɪɨɤɢɣ 

ɫɩɟɤɬɪɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ (λ ţ 610-650 ɧɦ) ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɧɚɥɨɝɢɱɧɵɦ ɫɫɥɟɞɨɜɚɧɢɟɦ ɩɪɨɹɜɥɟɧɢɣ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

ɢɡ ɝɪɭɩɩɵ 1 (ɪɢɫ. 3). 

 
Ɋɢɫ 3. ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ 

ɩɪɨɩɭɳɟɧɧɨɝɨ ɫɥɨɟɦ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɚɰɢɟɧɬɚ ɫ ɫɟɩɬɢɱɟɫɤɢɦ ɚɪɬɪɢɬɨɦ. 
Ʉɨɥɢɱɟɫɬɜɟɧɧɵɦ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɞɚɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɦɟɧɬɨɜ 1-4 ɩɨɪɹɞɤɚ (ɬɚɛɥɢɰɚ 1). 
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Ɍɚɛɥɢɰɚ 1 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɦɟɧɬɵ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ 

ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɱɤɚ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɦɚɡɤɚɦɢ ɩɚɰɢɟɧɬɨɜ ɞɜɭɯ ɝɪɭɩɩ ɩɭɱɤɚ ɩɟɪɟɬɜɨɪɟɧɨɝɨ 
ɦɚɡɤɚɦɢ  

ɩɚɰɢɟɧɬoɜ ɞɜɭɯ ɝɪɭɩɩ 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɦɨɦɟɧɬɵ 

Ƚɪɭɩɩɚ 1 ( 44n ) Ƚɪɭɩɩɚ 2 ( 12n ) 

ɫɪɟɞɧɟ 0,016 0,0029 0,031 0,005 

ɞɢɫɩɟɪɫɢɹ 0,17 0,026 0,38 0,063 

ɚɫɢɦɦɟɬɪɢɹ 2,25 0,37 0,41 0,073 

ɷɤɫɰɟɫɫ 0,68 0,11 3,48 0,57 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1, ɩɨɤɚɡɚɬɟɥɢ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ ɫɩɟɤɬɪɚɥɶɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ ɩɨɥɹɪɢɡɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɱɤɚ ɜ ɝɪɭɩɩɟ 1 ɢ ɝɪɭɩɩɟ 2 ɨɬɥɢɱɚɸɬɫɹ ɜ 

5,1-5,4 ɪɚɡɚ. 

ɋɪɚɜɧɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɦɢɤɪɨɮɚɡɨɦɟɬɪɢɢ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɚɰɢɟɧɬɨɜ 

ɞɜɭɯ ɝɪɭɩɩ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɳɚɹ ɜɟɥɢɱɢɧɚ ɢ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɮɚɡɨɜɵɯ 
ɫɞɜɢɝɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɩɚɬɨɥɨɝɢɢ. Ⱦɥɹ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

ɩɚɰɢɟɧɬɨɜ ɫ ɫɟɩɬɢɱɟɫɤɢɦ ɚɪɬɪɢɬɨɦ ɯɚɪɚɤɬɟɪɧɨ ɪɨɫɬ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɜɟɳɟɫɬɜɚ 

ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ 2. 

Ɍɚɛɥɢɰɚ 2 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɦɟɧɬɵ ɤɨɨɪɞɢɧɚɬɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɮɚɡ ɥɚɡɟɪɧɵɯ  

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɦɨɦɟɧɬɵ 

Ƚɪɭɩɩɚ 1 ( 44n ) Ƚɪɭɩɩɚ 2 ( 12n ) 

ɫɪɟɞɧɟ 0,72 0,012 0,87 0,13 

ɞɢɫɩɟɪɫɢɹ 0,095 0,013 0,145 0,023 

ɚɫɢɦɦɟɬɪɢɹ 0,84 0,11 2,09 0,34 

ɷɤɫɰɟɫɫ 4,12 0,68 2,23 0,36 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 2, ɩɨɤɚɡɚɬɟɥɢ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ ɤɨɨɪɞɢɧɚɬɧɵɯ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɮɚɡ ɥɚɡɟɪɧɵɯ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ ɭ ɩɚɰɢɟɧɬɨɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɨɬɥɢɱɚɸɬɫɹ ɜ 1,8-2,4 ɪɚɡɚ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɨɥɹɪɢɦɟɬɪɢɢ ɜɚɪɢɚɰɢɣ ɚɡɢɦɭɬɚ 

ɩɨɥɹɪɢɡɚɰɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫɨɝɥɚɫɧɨ ɧɚɲɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɞɨɫɬɢɝɚɟɬ 87% -88% ɩɪɢ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ 71% -72%. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɦɟɬɨɞɚ ɮɚɡɨɦɟɬɪɢɢ ɥɚɡɟɪɧɵɯ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫɨɝɥɚɫɧɨ ɧɚɲɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɞɨɫɬɢɝɚɟɬ 

73% -75% ɩɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 64% -69%. 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

ɩɚɰɢɟɧɬɨɜ ɭ ɤɨɬɨɪɵɯ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɚ ɩɟɪɩɪɨɬɟɡɧɚɹ ɢɧɮɟɤɰɢɹ ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɭɫɬɚɜɚ, 

ɩɨɞɬɜɟɪɠɞɟɧɚɹ ɤɭɥɶɬɭɪɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɧɚɦɢ ɧɟ ɨɬɦɟɱɟɧɨ ɞɨɫɬɨɜɟɪɧɨɣ ɪɚɡɧɢɰɵ ɜ 
ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɫ ɩɚɰɢɟɧɬɚɦɢ ɭ ɤɨɬɨɪɵɯ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧ ɫɟɩɬɢɱɟɫɤɢɣ 
ɚɪɬɪɢɬ. 

 

ȼɵɜɨɞɵ 
1. ɋ ɩɨɦɨɳɶɸ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɫɩɟɤɬɪɨɮɨɬɨɩɨɥɹɪɢɦɟɬɪɢɢ ɢ 

ɦɢɤɪɨɮɚɡɨɦɟɬɪɢɢ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ 

ɢɧɮɟɤɰɢɨɧɧɵɟ ɨɫɥɨɠɧɟɧɢɹ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ. 
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2. ɉɨɤɚɡɚɬɟɥɢ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɡɢɦɭɬɚ 

ɩɨɥɹɪɢɡɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɱɤɚ ɜ ɝɪɭɩɩɚɯ ɚɫɟɩɬɢɱɟɫɤɨɝɨ ɫɢɧɨɜɢɬɚ ɢ ɫɟɩɬɢɱɟɫɤɨɝɨ 

ɚɪɬɪɢɬɨɜ ɜɤɥɸɱɚɹ ɢɧɮɟɤɰɢɸ ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɭɫɬɚɜɚ ɨɬɥɢɱɚɸɬɫɹ 5,1 - 5,4 ɪɚɡɚ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɨɫɬɢɝɚɟɬ 87% -88% ɩɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 71% -72%. 

3. ɉɨɤɚɡɚɬɟɥɢ ɚɫɢɦɦɟɬɪɢɢ ɢ ɷɤɫɰɟɫɫɚ ɤɨɨɪɞɢɧɚɬɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɮɚɡ ɥɚɡɟɪɧɵɯ 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɦɚɡɤɨɜ ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɭ ɩɚɰɢɟɧɬɨɜ ɫ 
ɚɫɟɩɬɢɱɟɫɤɢɦ ɫɢɧɨɜɢɬɨɦ ɢ ɫɟɩɬɢɱɟɫɤɢɦ ɚɪɬɪɢɬɨɦ ɜɤɥɸɱɚɹ ɢɧɮɟɤɰɢɸ ɩɪɨɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɫɭɫɬɚɜɚ ɨɬɥɢɱɚɸɬɫɹ ɜ 1,8-2,4 ɪɚɡɚ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɨɫɬɢɝɚɟɬ 73% -75% 

ɩɪɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 64% -69%. 

4. ɋɤɨɪɨɫɬɶ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɞɢɚɝɧɨɫɬɢɤɟ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɞɢɚɝɧɨɫɢɱɧɢɣ ɩɪɨɰɟɫɫ ɞɨ 1,5 

- 2 ɱɚɫɚ. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ƚɪɢɰɚɣ ɇ.ɉ., Ʌɢɧɟɧɤɨ Ⱥ.ɇ., Ʉɨɥɨɜ Ⱥ.Ȼ. Ƚɧɨɣɧɵɟ ɨɫɥɨɠɧɟɧɢɹ ɩɨɫɥɟ 
ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɢ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ / / Ɇɚɬɟɪɢɚɥɵ ɉɥɟɧɭɦɚ 
ɚɫɫɨɰɢɚɰɢɢ ɨɪɬɨɩɟɞɨɜ-ɬɪɚɜɦɚɬɨɥɨɝɨɜ ɍɤɪɚɢɧɵ 23-24 ɫɟɧɬɹɛɪɹ 2004 Ʉɢɟɜ-ȼɢɧɧɢɰɚ.-
ɋ.33-36. 

2. Ƚɪɢɰɚɣ ɇ.ɉ., Ɋɨɣ ɂ.ȼ., Ʌɢɧɟɧɤɨ Ⱥ.ɇ., Ʉɨɥɨɜ Ⱥ.Ȼ. Ɋɟɚɛɢɥɢɬɚɰɢɹ ɛɨɥɶɧɵɯ ɫ ɝɧɨɣɧɵɦɢ 
ɨɫɥɨɠɧɟɧɢɹɦɢ ɩɨɫɥɟ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɢ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ / / 
ȼɟɫɬɧɢɤ ɬɪɚɜɦɚɬɨɥɨɝɢɢ, ɨɪɬɨɩɟɞɢɢ ɢ ɩɪɨɬɟɡɢɪɨɜɚɧɢɹ - 2007. - № 3 - ɋ. 38-41. 

3. Ƚɪɢɰɚɣ ɇ.ɉ., Ʉɨɥɨɜ Ⱥ.Ȼ. Ɋɚɧɧɢɟ ɝɧɨɣɧɵɟ ɨɫɥɨɠɧɟɧɢɹ ɩɨɫɥɟ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ 
ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɢ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɨɜ / / Ʉɥɢɧɢɱɟɫɤɚɹ ɯɢɪɭɪɝɢɹ.-2006.-№11-12.-ɋ.55. 

4. Ƚɪɢɰɚɣ ɇ.ɉ., Ʌɢɧɟɧɤɨ Ⱥ.ɇ., Ʉɨɥɨɜ Ⱥ.Ȼ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɢ ɥɟɱɟɧɢɟ ɢɧɮɟɤɰɢɨɧɧɵɯ 
ɨɫɥɨɠɧɟɧɢɣ ɩɨɫɥɟ ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɹ ɤɨɥɟɧɧɵɯ ɫɭɫɬɚɜɨɜ / / ȼɟɫɬɧɢɤ ɬɪɚɜɦɚɬɨɥɨɝɢɢ, 
ɨɪɬɨɩɟɞɢɢ ɢ ɩɪɨɬɟɡɢɪɨɜɚɧɢɹ - 2007. - № 4 - ɋ. 20-26. 

5. Ʌɚɡɟɪɧɚɹ ɩɨɥɹɪɢɦɟɬɪɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɚ ɜ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɟ / ȼ.ɉ. ɉɢɲɚɤ, Ⱥ.Ƚ. 
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