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* ȼɨɥɝɨɞɨɧɫкɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟхɧɢчɟɫкɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫкɨɝɨ 
ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ (ɆɂФɂ), 

**Ⱦɨɧɫкɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟхɧɢчɟɫкɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ȾȽɌɍ) 
 
ȼ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧɵ ɬɟɨɪɟɬɢɱɟɫкɢɟ ɨɫɧɨɜɵ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɞаɧɵ 
ɜɨзɦɨɠɧɵɟ ɩɪɢɧɰɢɩɵ ɮɨɪɦɢɪɨɜаɧɢɹ ɪɟɮɟɪɟɧɬɧɵɯ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɩɪɹɦɵɯ ɢ ɩɪɢɜɟɞɟɧɵ 
ɬɟɯɧɢɱɟɫкɢɟ ɪɟɲɟɧɢɹ, ɢɫɩɨɥɶзɭɟɦɵɟ ɩɪɢ кɨɧɬɪɨɥɟ ɫɨɨɫɧɨɫɬɢ кɨɧɬɭɪɧɵɦ ɫɩɨɫɨɛɨɦ.  ȼ ɬɨɦ 
ɱɢɫɥɟ ɪаɫɫɦɨɬɪɟɧɵ ɨɩɬɢɱɟɫкɢɣ, ɥазɟɪɧɵɣ ɢ ɞɢɮɪакɰɢɨɧɧɵɣ ɫɩɨɫɨɛɵ ɪɟаɥɢзаɰɢɢ 
ɪɟɮɟɪɟɧɬɧɵɯ ɩɪɹɦɵɯ. Ⱦаɧɵ ɬɨɱɧɨɫɬɧɵɟ ɯаɪакɬɟɪɢɫɬɢкɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɟаɥɢзаɰɢɢ  ɷɬɢɯ 
ɫɩɨɫɨɛɨɜ.   
 

Ʉɥɸчɟɜɵɟ ɫɥɨɜɚ: кɨɧɬɪɨɥɶɧɵɟ ɢзɦɟɪɟɧɢɹ, ɫɨɨɫɧɨɫɬɶ, ɪаɫɩɨɥɨɠɟɧɢɟ, ɨɲɢɛка ɢзɦɟɪɟɧɢɹ, 
ɫɪɟɞɫɬɜɨ ɢзɦɟɪɟɧɢɹ. 
 

ɉɨɫɬɭɩɢɥа ɜ ɪɟɞакɰɢɸ: 14.06.2018 

 

Ʉɨɧɬɭɪɧɵɟ ɩɨɫɬɪɨɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢз ɧаɢɛɨɥɟɟ ɪаɫɩɪɨɫɬɪаɧɺɧɧɵɯ ɦɟɬɨɞɨɜ 
ɝɟɨɞɟзɢɱɟɫкɨɝɨ кɨɧɬɪɨɥɹ ɝɟɨɦɟɬɪɢɱɟɫкɢɯ ɩаɪаɦɟɬɪɨɜ ɩɪɢ ɦɨɧɬаɠɟ  ɬɟɯɧɨɥɨɝɢɱɟɫкɨɝɨ 
ɨɛɨɪɭɞɨɜаɧɢɹ ɢ ɦаɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɢзɞɟɥɢɣ ɜ ɨɛɥаɫɬɢ ɛɨɥɶɲɢɯ ɪазɦɟɪɨɜ Д1Ж. 

Ʉ ɝɪɭɩɩɟ ɩаɪаɦɟɬɪɨɜ ɪаɫɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɹɬɫɹ: ɫɨɨɫɧɨɫɬɶ, ɩɟɪɩɟɧɞɢкɭɥɹɪɧɨɫɬɶ, 
ɩаɪаɥɥɟɥɶɧɨɫɬɶ, ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ, ɩɨзɢɰɢɨɧɧɨɟ ɪаɫɩɨɥɨɠɟɧɢɟ, ɧɨɦɢɧаɥɶɧɵɣ ɧакɥɨɧ. 

Ʉɨɧɬɪɨɥɶ ɫɨɨɫɧɨɫɬɢ ɫɜɨɞɢɬɫɹ к ɬɨɦɭ, ɱɬɨ ɜ ɧɟкɨɬɨɪɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ 
кɨɨɪɞɢɧаɬ заɞаɧа ɪɟɮɟɪɟɧɬɧаɹ ɮɢɝɭɪа ɜ ɜɢɞɟ ɩɪɹɦɨɣ; ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɢɧаɞɥɟɠɧɨɫɬɶ ɱаɫɬɧɨɣ ɨɫɢ, заɞаɧɧɨɣ, как ɩɪаɜɢɥɨ, ɞɜɭɦɹ кɨɧɟɱɧɵɦɢ ɞɥɹ ɧɟɺ 
ɬɨɱкаɦɢ, к ɞаɧɧɨɣ ɩɪɹɦɨɣ (ɪɢɫ.1) Д2-10Ж. Ʉɨɧɬɭɪ ɜ ɞаɧɧɨɣ заɞаɱɟ, как ɩɪаɜɢɥɨ, ɬакɠɟ 
заɞаɟɬɫɹ ɞɜɭɦɹ ɬɨɱкаɦɢ. ɇɟɫɨɨɫɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟкɬа ɯаɪакɬɟɪɢзɭɸɬ ɩɪɨɟкɰɢɢ 
ɧа кɨɨɪɞɢɧаɬɧɵɟ ɩɥɨɫкɨɫɬɢ ɥɢɧɟɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɪаɫɩɨɥɨɠɟɧɧɨɣ ɩɨ ɩɟɪɩɟɧɞɢкɭɥɹɪɭ ɨɬ 
ɪɟɮɟɪɟɧɬɧɨɣ ɩɪɹɦɨɣ ɞɨ ɬɟкɭɳɟɣ ɬɨɱкɢ, заɞаɸɳɟɣ ɱаɫɬɧɭɸ ɨɫɶ. 

ɉɨ ɭɫɥɨɜɢɸ заɞаɱɢ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ɢ ɪɟɮɟɪɟɧɬɧаɹ ɩɪɹɦаɹ заɞаɧа ɞɜɭɦɹ 
ɬɨɱкаɦɢ 1(x1 , y1 , z1) ɢ 2(x'2, y'2, z'2) . Ʉаɧɨɧɢɱɟɫкɨɟ ɭɪаɜɧɟɧɢɟ ɩɪɹɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ 
ɱɟɪɟз ɞɜɟ ɞаɧɧɵɟ ɬɨɱкɢ, ɢɦɟɟɬ ɜɢɞ: 
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Ⱥɧаɥɢзɢɪɭɹ ɜɵɪаɠɟɧɢɟ (1), ɨɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ заɞаɱɢ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɫɢɫɬɟɦа кɨɨɪɞɢɧаɬ xyz ɛɵɥа ɦаɬɟɪɢаɥɢзɨɜаɧа ɧɟкɨɬɨɪɵɦ ɫɪɟɞɫɬɜɨɦ 
ɢзɦɟɪɟɧɢɣ. Ɍɨɝɞа ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ ɜɵɩɨɥɧɹɸɬ ɢзɦɟɪɟɧɢɹ (ɨɩɪɟɞɟɥɟɧɢɟ) 
кɨɨɪɞɢɧаɬ xi , yi , zi ɬɟкɭɳɟɣ ɬɨɱкɢ i, ɩɨ кɨɬɨɪɵɦ ɜɵɱɢɫɥɹɟɬɫɹ ɩаɪаɦɟɬɪ ɧɟɫɨɨɫɧɨɫɬɢ 

δi, hi, ɬɨɝɞа аɛɫɨɥɸɬɧаɹ ɜɟɥɢɱɢɧа ɧɟɫɨɨɫɧɨɫɬɢ ɨɩɪɟɞɟɥɢɬɫɹ ɫɨɝɥаɫɧɨ ɮɨɪɦɭɥɟ: 



 ɄɈɇɌɍɊɇɕȿ ɉɈɋɌɊɈȿɇɂə ɉɊɂ ɄɈɇɌɊɈɅȿ ȽȿɈɆȿɌɊɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ 41 
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ii h ,  (2) 

 

ɝɞɟ ∆�  – аɛɫɨɥɸɬɧаɹ ɜɟɥɢɱɢɧа ɧɟɫɨɨɫɧɨɫɬɢ ɜɵɜɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа; 
 δi  – ɩɪɨɟкɰɢɹ ∆�  ɧа кɨɨɪɞɢɧаɬɧɭɸ ɩɥɨɫкɨɫɬɶ ɏɈɍ; 

 ℎ�  – ɩɪɨɟкɰɢɹ ∆�  ɧа кɨɨɪɞɢɧаɬɧɭɸ ɩɥɨɫкɨɫɬɶ ZɈɍ. 
 

 
Ɋɢɫɭɧɨк 1 – ɋɯɟɦа кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ДAХТРЧЦОЧЭ МШЧЭЫШХ ЬМСОЦОЖ 

 

ɉɪɢ ɷɬɨɦ: 
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Ɉɪɢɟɧɬɢɪɨɜаɧɢɟ ɫɢɫɬɟɦɵ кɨɨɪɞɢɧаɬ ɫɪɟɞɫɬɜа ɢзɦɟɪɟɧɢɣ xyz ɜ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ 
ɢзɦɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа δХС ɯаɪакɬɟɪɢзɭɸɬ кɨɷɮɮɢɰɢɟɧɬɵ: 

 

12

12
1 xx

yy
Ê




 ,  
12

12
2 yy

zz
Ê




 . 

 

ɉɪɢ Ʉ1 ≠ 0, Ʉ2 ≠ 0 ɞаɧɧɨɟ ɭɫɥɨɜɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɛɨɞɧɨɦɭ ɨɪɢɟɧɬɢɪɨɜаɧɢɸ 
ɫɢɫɬɟɦ кɨɨɪɞɢɧаɬ хɭг ɢ δ1С, ɧɟɫɬɜɨɪɧɨɫɬɶ ∆i ɜ ɷɬɨɦ ɫɥɭɱаɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢз ɜɵɪаɠɟɧɢɣ 
(3)-(4). ȿɫɥɢ Ʉ1 = Ʉ2= 0, ɬɨ ɷɬɨ ɭɫɥɨɜɢɟ ɨɩɪɟɞɟɥɹɟɬ ɫɥɭɱаɣ ɫɬɪɨɝɨɝɨ ɨɪɢɟɧɬɢɪɨɜаɧɢɹ 
ɫɢɫɬɟɦ кɨɨɪɞɢɧаɬ хɭг ɢ δ1С ɢ ɜ ɷɬɨɦ ɜаɪɢаɧɬɟ ɧɟɫɬɜɨɪɧɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  

 

  δi = yi - y1,    hi = zi – z1 , (5) 
 

(ɩɪɢ ɩаɪаɥɥɟɥɶɧɨɦ ɩɟɪɟɧɨɫɟ ɨɫɟɣ кɨɨɪɞɢɧаɬ хвг//δ1С ɩаɪаɦɟɬɪɵ y1, z1 ɯаɪакɬɟɪɢзɭɸɬ 
ɜɟɥɢɱɢɧɭ ɫɦɟɳɟɧɢɹ кɨɨɪɞɢɧаɬ хвг ɨɬɧɨɫɢɬɟɥɶɧɨ δ1С), ɢ:  
 

  δi = yi, hi = zi (6) 
 

(ɩɪɢ ɫɨɜɦɟɳɟɧɢɢ ɨɫɟɣ кɨɨɪɞɢɧаɬ хвг=δ1С). 



42  ɉɂɆɒɂɇ ɢ ɞɪ. 
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Ɋаɫɫɦɨɬɪɢɦ ɩɪакɬɢɱɟɫкɢɟ ɫɩɨɫɨɛɵ ɪɟаɥɢзаɰɢɢ ɮɨɪɦɭɥ (5-6). Ƚɟɨɞɟзɢɱɟɫкɢɣ 
кɨɧɬɪɨɥɶ ɫɨɨɫɧɨɫɬɢ, как ɩɪаɜɢɥɨ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ, ɨɛɳаɹ ɫɭɬɶ кɨɬɨɪɨɝɨ 
закɥɸɱаɟɬɫɹ ɜ ɢɞɟɟ ɜɵɩɨɥɧɟɧɢɹ ɢзɦɟɪɟɧɢɣ ɨɬ ɧɟкɨɬɨɪɨɣ ɢɞɟаɥɶɧɨɣ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ 
ɩɪɹɦɨɣ, ɦаɬɟɪɢаɥɢзɭɟɦɨɣ ɜ ɩɪɟɞɟɥаɯ кɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɭɱаɫɬка. Ʉаɱɟɫɬɜɟɧɧɨɟ 
ɦɧɨɝɨɨɛɪазɢɟ ɩɪɢɧɰɢɩɨɜ ɮɨɪɦɢɪɨɜаɧɢɹ ɪɟɮɟɪɟɧɬɧɵɯ ɩɪɹɦɵɯ ɦɨɠɧɨ 
кɥаɫɫɢɮɢɰɢɪɨɜаɬɶ (ɬаɛɥ. 1). 

 
Ɍаɛɥɢɰа 1 – ɉɪɢɧɰɢɩɵ ɮɨɪɦɢɪɨɜаɧɢɹ ɪɟɮɟɪɟɧɬɧɵɯ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɩɪɹɦɵɯ ДPЫТЧМТЩХОЬ ШП ЭСО 

formation of reference spatial lines] 

ɊȿɎȿɊȿɇɌɇɕȿ ɉɊɈɋɌɊȺɇɋɌȼȿɇɇɕȿ ɉɊəɆɕȿ 

ɉɪɢɧɰɢɩɵ ɮɨɪɦɢɪɨɜаɧɢɹ 

ɦеɯаɧичеɫɤиɣ ɨɩɬичеɫɤиɣ ɥɭчеɜɨɣ 

ɫɬɪɭɧɧɨ-ɦɟɯаɧɢɱɟɫкɢɣ ɨɩɬɢɱɟɫкɨɝɨ ɜɢзɢɪɨɜаɧɢɹ ɥазɟɪɧɵɣ 

ɫɬɪɭɧɧɨ-ɨɩɬɢɱɟɫкɢɣ кɨɥɥɢɦаɬɨɪɧɵɣ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɣ 
(ɞɢɮɪакɰɢɨɧɧɵɣ) ɫɬɪɭɧɧɨ-ɷɥɟкɬɪɨɧɧɵɣ аɜɬɨкɨɥɥɢɦаɰɢɨɧɧɵɣ 

 

ɂз ɬаɛɥɢɰɵ ɫɥɟɞɭɟɬ, ɱɬɨ кɨɧɬɪɨɥɶ ɫɨɨɫɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɯаɧɢɱɟɫкɢɦ, 
ɨɩɬɢɱɟɫкɢɦ, ɥɭɱɟɜɵɦ ɦɟɬɨɞаɦɢ. ɇаɦɢ ɢɫɫɥɟɞɨɜаɧɵ ɞɜа ɩɨɫɥɟɞɧɢɯ ɦɟɬɨɞа. 

ȼ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢзɜɟɫɬɧɨ ɛɨɥɶɲɨɟ кɨɥɢɱɟɫɬɜɨ ɜаɪɢаɧɬɨɜ ɪɟаɥɢзаɰɢɢ 
ɨɩɬɢɱɟɫкɨɝɨ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ. Ⱦаɧɧɨɟ ɧаɩɪаɜɥɟɧɢɟ ɝɟɨɞɟзɢɱɟɫкɢɯ ɢзɦɟɪɟɧɢɣ 
ɩɨɫɬɨɹɧɧɨ ɫɨɜɟɪɲɟɧɫɬɜɭɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɪазɪаɛаɬɵɜаɸɬɫɹ ɩɪɨɝɪаɦɦɵ, аɞаɩɬɢɪɨɜаɧɧɵɟ 
ɧа кɨɧкɪɟɬɧɵɟ ɩɪɨɢзɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ. Ⱥɜɬɨɪаɦɢ ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɢзɦɟɪɟɧɢɣ, 
ɨɫɧɨɜаɧɧɵɟ ɧа ɩɨɫɬɪɨɟɧɢɢ ɪɟɮɟɪɟɧɬɧɵɯ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɩɪɹɦɵɯ, ɫɬɪɨɝɨ 
ɨɪɢɟɧɬɢɪɨɜаɧɵɯ ɜ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ ɜɵɜɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа. ɇɢɠɟ ɩɪɢɜɟɞɟɦ 
ɨɩɬɢɦаɥɶɧɭɸ ɩɪɨɝɪаɦɦɭ, ɯаɪакɬɟɪɢзɭɸɳɭɸ ɞаɧɧɵɟ ɪɟɲɟɧɢɹ. 

 

ɈɉɌɂɑȿɋɄɂɃ ɆȿɌɈȾ ɄɈɇɌɊɈɅə ɋɈɈɋɇɈɋɌɂ 

 

ȼ ɩɪɨɰɟɫɫɟ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ɪɟɮɟɪɟɧɬɧаɹ ɩɪɨɫɬɪаɧɫɬɜɟɧɧаɹ ɩɪɹɦаɹ заɞаɟɬɫɹ 
ɞɜɭɦɹ ɬɨɱкаɦɢ 1, 2 (ɪɢɫ. 2), ɦаɬɟɪɢаɥɢзɭɟɬɫɹ ɜɢзɢɪɧɵɦ ɥɭɱɨɦ ɝɟɨɞɟзɢɱɟɫкɨɝɨ ɩɪɢɛɨɪа 
(ɧаɩɪɢɦɟɪ, ɧɢɜɟɥɢɪ), кɨɬɨɪɵɣ ɫɬɪɨɝɨ ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɜ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ δ1С 

ɜɵɜɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа (ɬ.ɟ. хвг‖δ1С). ɉɪɢ ɷɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶзɨɜаɧ ɥɸɛɨɣ ɫɩɨɫɨɛ 
ɨɪɢɟɧɬɢɪɨɜаɧɢɹ ɫɢɫɬɟɦɵ кɨɨɪɞɢɧаɬ ɫɪɟɞɫɬɜа ɢзɦɟɪɟɧɢɣ хвг ɜ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ δ1С. 

ɇа ɜɵɜɟɪɹɟɦɵɟ ɷɥɟɦɟɧɬɵ кɨɧɫɬɪɭкɰɢɢ (ɧаɩɪɢɦɟɪ, ɨɩɨɪɧɵɟ ɱаɫɬɢ ɩɨɞɲɢɩɧɢкɨɜ) 
ɭɫɬаɧаɜɥɢɜаɸɬ ɞɜɟ ɜзаɢɦɧɨ ɩɟɪɩɟɧɞɢкɭɥɹɪɧɵɟ ɥɢɧɟɣкɢ, ɩɪɢɱɟɦ ɬак, ɱɬɨɛɵ ɨɞɧа 
ɥɢɧɟɣка ɛɵɥа ɝɨɪɢзɨɧɬаɥɶɧа, ɜɬɨɪаɹ ɜɟɪɬɢкаɥɶɧа. Ⱦаɧɧɭɸ ɭɫɬаɧɨɜкɭ ɩɨзɜɨɥɹɟɬ 
ɨɫɭɳɟɫɬɜɢɬɶ ɰɢɥɢɧɞɪɢɱɟɫкɢɣ ɭɪɨɜɟɧɶ, ɫкɪɟɩɥɟɧɧɵɣ ɫ ɥɢɧɟɣкɨɣ. Ⱦаɥɟɟ ɛɟɪɭɬ ɨɬɫɱɟɬɵ 
аi, bi ɩɨ ɥɢɧɟɣкаɦ ɢ ɜɵɱɢɫɥɹɸɬ ɩаɪаɦɟɬɪɵ ɧɟɫɨɨɫɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥаɦ: 

 

  δi = ai – a0 ,      hi =bi –b0,  (7) 

 

ɝɞɟ а0,b0 – ɩаɪаɦɟɬɪɵ ɫɬɪɨɝɨɝɨ ɨɪɢɟɧɬɢɪɨɜаɧɢɹ ɫɢɫɬɟɦɵ кɨɨɪɞɢɧаɬ хвг ɜ ɫɢɫɬɟɦɟ δ1С.  

 

ɋɪɟɞɧɹɹ кɜаɞɪаɬɢɱɟɫкаɹ ɨɲɢɛка ɨɩɪɟɞɟɥɟɧɢɹ δi ɢ hi ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

  mδi
2
 = mai

2
 + ma0

2
,      mhi

2
 = mbi

2
 + mb0

2
 ,  (8) 

 

ɝɞɟ mai , mbi  – ɫɪɟɞɧɢɟ кɜаɞɪаɬɢɱɟɫкɢɟ ɨɲɢɛкɢ ɨɬɫɱɢɬɵɜаɧɢɹ ɩɨ ɥɢɧɟɣкаɦ; 
 ma0, mb0 – ɫɪɟɞɧɢɟ кɜаɞɪаɬɢɱɟɫкɢɟ ɨɲɢɛкɢ ɨɪɢɟɧɬɢɪɨɜаɧɢɹ ɫɢɫɬɟɦɵ кɨɨɪɞɢɧаɬ хвг 

ɜ δ1С. 



 ɄɈɇɌɍɊɇɕȿ ɉɈɋɌɊɈȿɇɂə ɉɊɂ ɄɈɇɌɊɈɅȿ ȽȿɈɆȿɌɊɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ 43 
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Ɋɢɫɭɧɨк 2 – ɋɯɟɦа кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ДAХТРЧЦОЧЭ МШЧЭЫШХ ЬМСОЦОЖ 
 

Ɉɩɢɫаɧɧаɹ ɦɟɬɨɞɢка кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ɛɵɥа ɪɟаɥɢзɨɜаɧа ɩɪɢ ɦɨɧɬаɠɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫкɨɝɨ ɦɟɥɶɧɢɱɧɨɝɨ ɨɛɨɪɭɞɨɜаɧɢɹ (ɆɆɋ ɢ ɆɒɊ) зɨɥɨɬɨ ɨɛɨɝаɬɢɬɟɥɶɧɨɝɨ 
кɨɦɛɢɧаɬа. Ⱥɧаɥɢз ɪɟзɭɥɶɬаɬɨɜ ɜɵɩɨɥɧɟɧɧɵɯ ɪаɛɨɬ ɩɨказаɥ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶзɨɜаɧɢɢ 
ɞаɧɧɨɣ ɦɟɬɨɞɢкɢ ɨɛɟɫɩɟɱɢɜаɟɬɫɹ ɬɨɱɧɨɫɬɶ кɨɧɬɪɨɥɹ, ɯаɪакɬɟɪɢзɭɟɦаɹ ɫɪɟɞɧɢɦɢ 
кɜаɞɪаɬɢɱɟɫкɢɦɢ ɨɲɢɛкаɦɢ, ɧɟ ɩɪɟɜɨɫɯɨɞɹɳɢɦɢ ± 0.1 ɦɦ. 

 

ɅɍɑȿȼɈɃ ɆȿɌɈȾ ɄɈɇɌɊɈɅə ɋɈɈɋɇɈɋɌɂ 
 

Ⱥɜɬɨɪаɦɢ ɢɫɫɥɟɞɨɜаɧ ɫɩɨɫɨɛ кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ɫ ɢɫɩɨɥɶзɨɜаɧɢɟɦ ɥазɟɪɧɨɝɨ 
ɭказаɬɟɥɹ ɧаɩɪаɜɥɟɧɢɣ. ȼ ɷɬɨɦ ɫɥɭɱаɟ ɪɟɮɟɪɟɧɬɧаɹ ɩɪɨɫɬɪаɧɫɬɜɟɧɧаɹ ɩɪɹɦаɹ 
ɦаɬɟɪɢаɥɢзɭɟɬɫɹ ɨɫɶɸ ɫɢɦɦɟɬɪɢɢ ɫɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɥазɟɪɧɨɝɨ ɩɭɱка, кɨɬɨɪɵɣ ɫɬɪɨɝɨ 
ɨɪɢɟɧɬɢɪɨɜаɧ ɜ ɫɢɫɬɟɦɟ кɨɨɪɞɢɧаɬ δ1С ɜɵɜɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа (ɪɢɫ. 3).  

 

 
 

Ɋɢɫɭɧɨк 3 – ɋɯɟɦа кɨɦɩɨɧɨɜкɢ ɥазɟɪɧɨɣ ɫɢɫɬɟɦɵ ДLКвШЮЭ ШП ХКЬОЫ ЬвЬЭОЦЖ 
 

Ɉɪɢɟɧɬɢɪɨɜаɧɢɟ ɥазɟɪɧɨɝɨ ɩɭɱка ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪазɨɦ. 
ɉɪɢ закɪɟɩɥɟɧɢɢ ɢзɥɭɱаɬɟɥɹ 1 ɫɨɜɦɟɳаɸɬ ɟɝɨ ɫ ɧаɱаɥɶɧɨɣ ɬɨɱкɨɣ кɨɧɬɪɨɥɢɪɭɟɦɨɣ ɨɫɢ 
ɢ ɩɪɨɟкɬɢɪɭɸɬ ɥɭɱ ɧа ɷкɪаɧ, ɪаɫɩɨɥɨɠɟɧɧɵɣ ɧа кɨɧɟɱɧɨɣ (ɞɢаɦɟɬɪаɥɶɧɨɣ) ɬɨɱкɟ ɬɨɣ 
ɠɟ ɨɫɢ. Ɂаɬɟɦ ɩɨɜɨɪаɱɢɜаɸɬ ɢɫɬɨɱɧɢк ɧа 180º ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɝɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. ɉɪɢ 
ɷɬɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱаɟ, ɥазɟɪɧɵɣ ɥɭɱ ɛɭɞɟɬ ɩɪɨɟкɬɢɪɨɜаɬɶɫɹ ɜ ɞɪɭɝɨɟ ɦɟɫɬɨ ɷкɪаɧа 
(ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɨɧаɱаɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ). ɘɫɬɢɪɨɜɨɱɧɵɦɢ ɜɢɧɬаɦɢ кɪɟɩɥɟɧɢɹ 
ɢɫɬɨɱɧɢка ɢзɥɭɱɟɧɢɹ ɩɟɪɟɦɟɳаɸɬ ɩɹɬɧɨ ɥɭɱа ɧа ɩɨɥɨɜɢɧɭ ɥɢɧɟɣɧɨɣ ɜɟɥɢɱɢɧɵ, 
закɥɸɱɟɧɧɨɣ ɦɟɠɞɭ ɞɜɭɦɹ ɩɪɨɟкɰɢɹɦɢ ɷɬɨɝɨ ɥɭɱа. ɉɨɜɬɨɪɢɜ ɨɩɢɫаɧɧɭɸ ɨɩɟɪаɰɢɸ 
ɧɟɫкɨɥɶкɨ ɪаз, ɞɨɛɢɜаɸɬɫɹ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɪазɜɨɪɨɬɟ ɢɫɬɨɱɧɢка ɧа 180º ɟɝɨ ɥɭɱ ɜɫɟɝɞа 
ɩɪɨɟкɬɢɪɭɟɬɫɹ ɜ ɨɞɧɭ ɢ ɬɭ ɠɟ ɬɨɱкɭ ɷкɪаɧа. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜаɸɬ ɫɬɪɨɝɨɟ 
ɨɪɢɟɧɬɢɪɨɜаɧɢɟ ɫɢɫɬɟɦɵ кɨɨɪɞɢɧаɬ хвг ɫɪɟɞɫɬɜа ɢзɦɟɪɟɧɢɣ ɜ ɫɢɫɬɟɦɟ δ1С ɜɵɜɟɪɹɟɦɨɝɨ 
ɨɛɴɟкɬа, ɬ.ɟ. хвг = δ1С. 

ɇа ɢɫɫɥɟɞɭɟɦɵɟ ɬɨɱкɢ ɭɫɬаɧаɜɥɢɜаɸɬ ɪɟɝɢɫɬɪаɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜа 2 

(ɰɟɧɬɪɨɢɫкаɬɟɥɢ), ɢɦɟɸɳɢɟ ɩɨɥɭɩɪɨзɪаɱɧɵɟ ɷкɪаɧɵ. Ⱥɧаɥɢзɢɪɭɹ ɪаɫɩɨɥɨɠɟɧɢɟ 



44  ɉɂɆɒɂɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(29) 2018 

ɢзɨɛɪаɠɟɧɢɹ ɢɫɬɨɱɧɢка ɢзɥɭɱɟɧɢɹ ɢ ɛɢɫɫɟкɬɨɪа ɷкɪаɧа ɢ ɫɨɜɦɟɳаɹ ɢɯ (ɢɫɩɨɥɶзɭɹ 
ɦɢкɪɨɦɟɬɪɢɱɟɫкɢɟ ɜɢɧɬɵ), ɛɟɪɭɬ ɨɬɫɱɟɬɵ ɚi, bi . ɂɦɟɹ ɜɜɢɞɭ, ɱɬɨ ɚ0 ɢ b0 ɪаɜɧɵ 0  

(ɜɵɩɨɥɧɟɧɨ ɫɬɪɨɝɨɟ ɨɪɢɟɧɬɢɪɨɜаɧɢɟ ɫ ɫɨɜɦɟɳɟɧɢɟɦ ɨɫɟɣ кɨɨɪɞɢɧаɬ хвг = δ1С), ɬɨ : 
 

  δi = ai , hi =bi . (9) 
 

Ɉɩɢɫаɧɧаɹ ɦɟɬɨɞɢка ɦɨɠɟɬ ɛɵɬɶ ɪɟаɥɢзɨɜаɧа ɞɢɮɪакɰɢɨɧɧɵɦ ɫɪɟɞɫɬɜɨɦ 
ɢзɦɟɪɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɦ аɜɬɨɪаɦɢ. Ⱦаɧɧаɹ ɫɢɫɬɟɦа ɫɨɞɟɪɠɢɬ ɢɫɬɨɱɧɢк ɫɜɟɬа – ɥазɟɪ 
1, ɫɜɟɬɨɩɪɢɟɦɧɢк 2, ɫɩɟкɬɪаɥɶɧɭɸ ɦаɪкɭ, ɫɨɫɬɨɹɳɭɸ ɢɯ зɟɪкаɥɶɧɵɯ ɩɥаɫɬɢɧ 3 (ɪɢɫ. 4). 
ɇа зɟɪкаɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟɞɧɢɯ ɧаɧɟɫɟɧа ɧɟɩɪɨзɪаɱɧаɹ зɨɧа 4. ɇа ɨɛɪаɬɧɨɣ 
ɫɬɨɪɨɧɟ ɩɥаɫɬɢɧɵ ɧаɧɟɫɟɧ ɪаɞɢаɥɶɧɵɣ ɛɢɫɫɟкɬɨɪ 5, ɜ ɰɟɧɬɪɟ кɨɬɨɪɨɝɨ ɢɦɟɟɬɫɹ 
ɩɪɨзɪаɱɧаɹ зɨɧа 6 ɜ ɜɢɞɟ кɪɭɝа. ɉɪɢɱɟɦ каɠɞаɹ ɩɨɫɥɟɞɭɸɳаɹ зɟɪкаɥɶɧаɹ ɩɥаɫɬɢɧа 
ɢɦɟɟɬ ɪаɞɢɭɫ ɩɪɨзɪаɱɧɨɣ зɨɧɵ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɩɪɟɞɵɞɭɳɟɝɨ. ɉɪɢ ɷɬɨɦ ɩɨɫɥɟɞɧɹɹ 
зɟɪкаɥɶɧаɹ ɩɥаɫɬɢɧа ɧɟ ɢɦɟɟɬ ɩɪɨзɪаɱɧɨɣ зɨɧɵ. Ʉаɠɞаɹ зɟɪкаɥɶɧаɹ ɩɥаɫɬɢɧа 
ɪазɦɟɳɟɧа ɜ ɨɛɨɣɦɟ 7, кɨɬɨɪаɹ ɭɫɬаɧɨɜɥɟɧа ɩɪɢ ɩɨɦɨɳɢ ɦɢкɪɨɦɟɬɪɢɱɟɫкɢɯ ɜɢɧɬɨɜ 8 ɜ 
ɰɟɧɬɪɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 9.  

 

 
Ɋɢɫɭɧɨк 4 – Ⱦɢɮɪакɰɢɨɧɧаɹ ɫɢɫɬɟɦа кɨɧɬɪɨɥɹ ɫɨɨɫɧɨɫɬɢ ДDТППЫКМЭТШЧКХ КХТРЧЦОЧЭ ЬвЬЭОЦЖ 

 

Ⱦɢɮɪакɰɢɨɧɧаɹ ɫɢɫɬɟɦа ɪаɛɨɬаɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪазɨɦ. ȼɞɨɥɶ ɨɫɢ ɨɛɴɟкɬа 
ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɥазɟɪɧɵɣ ɥɭɱ. ɋ ɷɬɢɦ ɠɟ ɧаɩɪаɜɥɟɧɢɟɦ ɫɨɜɩаɞаɟɬ ɨɪɢɟɧɬɢɪɨɜка 
ɫɜɟɬɨɩɪɢɟɦɧɢка, ɫɜɹзаɧɧɨɝɨ ɫ ɥазɟɪɨɦ, ɧаɩɪɢɦɟɪ, ɩɨɥɭɩɪɨзɪаɱɧɵɦ зɟɪкаɥɨɦ. 
Ɂɟɪкаɥɶɧɵɟ ɩɥаɫɬɢɧɵ ɭɫɬаɧаɜɥɢɜаɸɬ ɬак, ɱɬɨ ɛɥɢɠаɣɲаɹ к ɩɪɢɟɦɨɩɟɪɟɞаɬɱɢкɭ 
ɩɥаɫɬɢɧа ɢɦɟɟɬ ɦакɫɢɦаɥɶɧɵɣ ɪаɞɢɭɫ ɩɪɨзɪаɱɧɨɣ зɨɧɵ, а ɩɨɫɥɟɞɭɸɳɢɟ – ɩɨɫɬɟɩɟɧɧɨ 
ɭɦɟɧɶɲаɟɦɵɟ ɪаɞɢɭɫɵ. Ɍакɨɟ ɪаɫɩɨɥɨɠɟɧɢɟ зɟɪкаɥɶɧɵɯ ɩɥаɫɬɢɧ ɩɨзɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɦɧɨɝɨɮɭɧкɰɢɨɧаɥɶɧɭɸ ɫɩɟкɬɪаɥɶɧɭɸ ɦаɪкɭ. 

Ʌазɟɪɧɵɣ ɥɭɱ ɪаɫɩɪɨɫɬɪаɧɹɟɬɫɹ ɜɞɨɥɶ ɨɫɢ ɜɵɜɟɪɹɟɦɨɝɨ ɨɛɴɟкɬа. ɉɪɢ ɷɬɨɦ, 
ɩɨɩаɞаɹ ɧа ɩɟɪɜɭɸ зɟɪкаɥɶɧɭɸ ɩɥаɫɬɢɧɭ, ɜɧɟɲɧɹɹ ɱаɫɬɶ ɥɭɱа ɨɬɪазɢɬɫɹ ɨɬ зɟɪкаɥɶɧɨɣ 
ɩɥаɫɬɢɧɵ ɜ ɨɛɪаɬɧɨɦ ɧаɩɪаɜɥɟɧɢɢ ɢ ɜ ɩɥɨɫкɨɫɬɢ ɷкɪаɧа ɫɜɟɬɨɩɪɢɟɦɧɢка ɫɮɨɪɦɢɪɭɟɬ 
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɭɸ каɪɬɢɧɭ, кɨɬɨɪаɹ ɛɭɞɟɬ заɞаɜаɬɶ ɮɭɧкɰɢɸ ɩɟɪɜɨɝɨ 
кɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɷɥɟɦɟɧɬа ɨɛɴɟкɬа. ȼɧɭɬɪɟɧɧɹɹ ɱаɫɬɶ ɥɭɱа ɩɪɨɣɞɟɬ ɱɟɪɟз ɩɪɨзɪаɱɧɭɸ 
зɨɧɭ ɩɥаɫɬɢɧɵ ɢ ɩɨɩаɞɟɬ ɧа ɩɨɫɥɟɞɭɸɳɭɸ зɟɪкаɥɶɧɭɸ ɩɥаɫɬɢɧɭ. ȼɧɭɬɪɟɧɧɹɹ ɱаɫɬɶ 
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ɥɭɱа ɜɧɨɜɶ ɩɪɨɣɞɟɬ ɱɟɪɟз ɩɪɨзɪаɱɧɭɸ зɨɧɭ, а ɜɧɟɲɧɹɹ ɨɬɪазɢɬɫɹ ɢ ɜɫɥɟɞɫɬɜɢɟ 
ɞɢɮɪакɰɢɢ ɫɮɨɪɦɢɪɭɟɬ кɨɥɶɰɟɜɭɸ каɪɬɢɧɭ ɜ ɩɥɨɫкɨɫɬɢ ɪаɞɢаɥɶɧɨɝɨ ɛɢɫɫɟкɬɨɪа 
ɩɪɟɞɵɞɭɳɟɣ ɩɥаɫɬɢɧɵ, ɬɟɦ ɫаɦɵɦ заɞаɫɬ ɮɭɧкɰɢɸ ɜзаɢɦɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɷɥɟɦɟɧɬа 
ɨɛɴɟкɬа ɩɪɟɞɵɞɭɳɟɣ ɩɥаɫɬɢɧɵ. ɉɪɢ ɷɬɨɦ ɧɟкɨɬɨɪаɹ ɜɧɭɬɪɟɧɧɹɹ ɱаɫɬɶ кɨɥɟɰ 
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ каɪɬɢɧɵ ɩɨɩаɞɟɬ ɫ ɨɛɪаɬɧɨɣ ɫɬɨɪɨɧɵ ɜ ɨɛɥаɫɬɶ ɩɪɨзɪаɱɧɨɣ зɨɧɵ 
ɩɪɟɞɵɞɭɳɟɣ ɩɥаɫɬɢɧɵ ɢ ɞɨɫɬɢɝаɟɬ ɷкɪаɧа ɫɜɟɬɨɩɪɢɟɦɧɢка, ɝɞɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ 
заɞаɜаɬɶ ɮɭɧкɰɢɸ ɜɬɨɪɨɝɨ ɷɥɟɦɟɧɬа ɨɛɴɟкɬа. Ʉаɠɞаɹ ɩɨɫɥɟɞɭɸɳаɹ зɟɪкаɥɶɧаɹ 
ɩɥаɫɬɢɧа ɮɨɪɦɢɪɭɟɬ ɜ ɩɥɨɫкɨɫɬɢ ɪаɞɢаɥɶɧɨɝɨ ɛɢɫɫɟкɬɨɪа ɩɪɟɞɵɞɭɳɟɣ ɩɥаɫɬɢɧɵ 
ɞɢɮɪакɰɢɨɧɧɭɸ каɪɬɢɧɭ. ɗɬɢɦ ɨɧа заɞаɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɮɭɧкɰɢɸ ɜзаɢɦɧɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɛɴɟкɬа ɢ ɮɨɪɦɢɪɭɟɬ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɭɸ каɪɬɢɧɭ ɜ ɩɥɨɫкɨɫɬɢ 
ɷкɪаɧа ɫɜɟɬɨɩɪɢɟɦɧɢка, ɝɞɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ заɞаɟɬ ɮɭɧкɰɢɸ ɷɥɟɦɟɧɬа, ɜ кɨɬɨɪɨɦ 
ɭɫɬаɧɨɜɥɟɧа зɟɪкаɥɶɧаɹ ɩɥаɫɬɢɧа ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɛɴɟкɬа. ɉɪɢ ɧɟɫɨɨɫɧɨɫɬɢ 
ɷɥɟɦɟɧɬɨɜ ɜɟɥɢɱɢɧɵ ɫɦɟɳɟɧɢɹ ɢɯ ɨɩɪɟɞɟɥɹɸɬ ɢз ɨɬɫɱɟɬɨɜ ɩɨ ɦɢкɪɨɦɟɬɪɢɱɟɫкɢɦ 
ɜɢɧɬаɦ, ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɞɨɛɢɜɲɢɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɟɪɟɦɟɳɟɧɢɟɦ зɟɪкаɥɶɧɵɯ 
ɩɥаɫɬɢɧ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ кɨɥɶɰɟɜɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ каɪɬɢɧ ɜ ɩɥɨɫкɨɫɬɢ 
ɪаɞɢаɥɶɧɨɝɨ ɛɢɫɫɟкɬɨɪа каɠɞɨɣ зɟɪкаɥɶɧɨɣ ɩɥаɫɬɢɧɵ. 

Ⱥɧаɥɢз ɪɟзɭɥɶɬаɬɨɜ ɥаɛɨɪаɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɥазɟɪɧɵɯ ɫɢɫɬɟɦ кɨɧɬɪɨɥɹ 
ɫɨɨɫɧɨɫɬɢ ɩɨказаɥ, ɱɬɨ ɩɪɢ ɢɯ ɢɫɩɨɥɶзɨɜаɧɢɢ ɨɛɟɫɩɟɱɢɜаɟɬɫɹ ɬɨɱɧɨɫɬɶ кɨɧɬɪɨɥɹ, 
ɯаɪакɬɟɪɢзɭɟɦаɹ ɫɪɟɞɧɢɦɢ кɜаɞɪаɬɢɱɟɫкɢɦɢ ɨɲɢɛкаɦɢ, ɧɟ ɩɪɟɜɨɫɯɨɞɹɳɢɦɢ ± 0.03 ɦɦ. 
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Abstract – The paper considers theoretical foundations of the coaxiality control. It gives possible 

principles of the formation of reference spatial lines and the technical solutions used to control 

coaxiality in a contour method. Optical, laser and diffraction methods of the reference line 

implementation are review. Accuracy characteristics obtained after using these methods are 

presented.  
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