
ɌɊȺɇɋɉɈɊɌ. ɌɊȺɇɋɉɈɊɌɇЫȿ ɂ ɌȿХɇɈɅɈȽɂɑȿɋɄɂȿ ɆȺɒɂɇЫ 
 

 
50                                                                            Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 6 (46), 2015  

5. BalaФТЧ P.D., RaФТmгСaЧШv N.E., D.A. 
SФrТЩЧТМСОЧФШ, JО.A. KЮгЧОМШv MaЭОmaЭТМСОsФШО 
mШНОlТrШvaЧТО НТЧamТФТ НvТгСОЧТУa mЧШРШМОlОvвС 
РЮsОЧТМСЧвС masСТЧ ДMaЭСОmaЭТМal mШНОllТЧР ШП Нв-
ЧamТМs ШП mШЭТШЧ mЮlЭТЩЮrЩШsО ЭraМФОН vОСТМlО]. 
OmsФТУ nauМСnвУ vОstnТФ. PrТbШrв, masСТnв Т tОСnШХШРТТ, 
2012, ЧШ 3 (113). ЩЩ. 40 – 44. 

6. AlПОrШv S.V., KЮгЧОМШv JО.A., SЮСШrЮФШv Ja.V., 
D.A. SФrТЩЧТМСОЧФШ ObШsЧШvaЧТО ЧОШbСШНТmШsЭТ 
avЭШmaЭТгaМТТ rОгСТmШv rabШЭв РТНravlТМСОsФТС 
amШrЭТгaЭШrШv mЧШРШМОlОvвС РЮsОЧТМСЧвС masСТЧ 
ДTСО raЭТШЧalО ПШr aЮЭШmaЭТШЧ ШП mШНОs ШП ШЩОraЭТШЧ ШП 
СвНraЮlТМ sСШМФ absШrbОrs mЮlЭТ-ЩЮrЩШsО ЭraМФОН ma-
МСТЧОs]. VОstnТФ SТbТrsФШРШ ШtНОХОnТУa aФaНОmТТ 
vШОnnвС nauФ, № 23, 2013. ЩЩ. 181-191. 

7. AnaХТгatШr vТbraМТУ НvuСФanaХ'nвУ «DТana - 2M». 
RuФШvШНstvШ ЩШ УОФsЩХuataМТТ. ILFM.402213.005.RJО 
ДTСО НЮal МСaЧЧОl vТbraЭТШЧ aЧalвгОr "DТaЧa - 2M". 
MaЧЮal. ILFM.402213.005.RО]. 

8. TОШrТУa Т ФШnstruФМТУa tanФa ДTСОШrв aЧН НОsТРЧ 
ШП ЭСО ЭaЧФ]. ParamОЭrв vЧОsСЧОУ srОНв, ТsЩШl'гЮОmвО 

v rasМСОЭaС ЭaЧФШv. MШsМШа, MasСТЧШsЭrШОЧТО, 1987. 
196 Щ. 

 
ɋɤɪɢɩɧɢɱɟɧɤɨ Ⱦɦɢɬɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ (Ɋɨɫ-

ɫɢя ɝ. Ɉɦɫɤ) – ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ Ɉɦɫɤɨɝɨ 
ɚɜɬɨɛɪɨɧɟɬɚɧɤɨɜɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ ɢɧɫɬɢɬɭɬɚ 
(ɮɢɥɢɚɥɚ) ɮɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɚ-
ɡɟɧɧɨɝɨ ɜɨɟɧɧɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɭɱɪɟɠɞɟɧɢя 
ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢя «ȼɨɟɧ-
ɧɚя ɚɤɚɞɟɦɢя ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɟɫ-
ɩɟɱɟɧɢя ɢɦɟɧɢ ɝɟɧɟɪɚɥɚ ɚɪɦɢɢ Ⱥ.ȼ. ɏɪɭɥёɜɚ» Ɇɢ-
ɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 
(644098, ɝ Ɉɦɫɤ, ɝɨɪɨɞɨɤ ȼɨɟɧɧɵɣ 14-ɣ). 

 
SФrТЩnТМСОnФШ DmТtrв, (RussТan FОНОratТШn, 

OmsФ) – ХОМturОr ШП OmsФ armШrОН ОnРТnООrТnР InstТ-
tutО (branМС) FОНОraХ statО mТХТtarв ОНuМatТШnaХ ТnstТtu-
tТШn ШП СТРСОr ЩrШПОssТШnaХ ОНuМatТШn "MТХТtarв AМaНО-
mв ШП ХШРТstТМs bОСaХП ШП tСО armв GОnОraХ A.V. 
KСruХОva" ШП tСО MТnТstrв ШП НОПОnsО ШП tСО RussТan 
FОНОratТШ (644098, OmsФ, 14tС MТХТtarв МamЩ). 
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ȼ.ɋ. ɓɟɪɛɚɤɨɜ, Ɇ.ɋ. Кɨɪɵɬɨɜ, ȿ.Ɉ. ɒɟɪɲɧɟɜɚ 
ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾИ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ.  

 

Аɧɧɨɬɚɰиɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝ-
ɥɚ ɨɬɤɥɨɧɟɧɢя ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ ɨɬ ɜɟɪɬɢɤɚɥɢ ɢ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟ-
ɧɢя ɞɚɧɧɨɝɨ ɭɝɥɚ ɨɬ ɭɫɤɨɪɟɧɢя ɢ ɜɪɟɦɟɧɢ ɭɫɤɨɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢя ɬɨɱɤɢ ɩɨɞɜɟɫɚ ɝɪɭɡɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥя ɝɚɲɟɧɢя ɦɚяɬɧɢɤɨɜɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɝɪɭɡɚ, ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɦɨɫɬɨɜɵɦ ɤɪɚɧɨɦ, ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɜ ɤɨɧɟɱɧɵɣ ɦɨɦɟɧɬ 
ɩɟɪɟɦɟɳɟɧɢя ɝɪɭɡɚ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɦɨɫɬɨɜɨɣ ɤɪɚɧ, ɩɪɢɜɨɞ, ɭɩɪɚɜɥɟɧɢɟ ɪɟɥɟɣɧɨɝɨ ɬɢɩɚ, ɭɫɤɨɪɟɧɢɟ, 
ɝɪɭɡ, ɝɚɲɟɧɢɟ ɤɨɥɟɛɚɧɢɣ. 
 

ȼɜɟɞɟɧɢɟ 
ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɩɨɜɵɲɟɧɢɹ ɩɪɨ-

ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ (ɆК) ɹɜɥɹ-
ɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɦɚɹɬɧɢɤɨɜɵɯ 
ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɩɨɫɥɟ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜ 
ɰɟɥɟɜɭɸ ɤɨɧɟɱɧɭɸ ɩɨɡɢɰɢɸ. ȼɪɟɦɹ ɡɚɜɟɪɲɟ-
ɧɢɹ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɯ ɝɚɲɟ-
ɧɢɹ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 20 % ɨɬ ɜɪɟɦɟɧɢ 
ɰɢɤɥɚ ɆК Д1,2,3]. 

Ⱦɥɹ ɩɪɢɜɨɞɨɜ ɪɟɥɟɣɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɦɢ 
ɨɫɧɚɳɟɧɵ ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɚ-
ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɆК, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢ ɫɨɯɪɚ-
ɧɟɧɢɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɜɤɥɸɱɟɧɢɣ ɢ ɜɵ-
ɤɥɸɱɟɧɢɣ ɨɛɟɫɩɟɱɢɬɶ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɝɚɲɟ-
ɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ, ɩɨɫɤɨɥɶɤɭ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɭɫɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 
ɩɪɢɜɨɞɚ ɩɪɢɜɨɞɹɬ ɤ ɩɨɹɜɥɟɧɢɸ ɛɨɥɶɲɢɯ ɩɭɫ-
ɤɨɜɵɯ ɬɨɤɨɜ, ɭɦɟɧɶɲɚɸɬ ɫɪɨɤ ɫɥɭɠɛɵ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ Д4]. 

Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɤɨɪɟɧɢɹ ɬɨɱɤɢ 
ɩɨɞɜɟɫɚ ɝɪɭɡɚ ɢ ɜɪɟɦɟɧɢ ɟɝɨ ɭɫɤɨɪɟɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɞɥɹ ɝɚɲɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɝɪɭɡɚ 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚ-
ɱɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɤɢɯ ɡɧɚɱɟɧɢɣ 
ɭɫɤɨɪɟɧɢɹ ɬɨɱɤɢ ɩɨɞɜɟɫɚ ɝɪɭɡɚ aɬɨɪɦ ɢ ɜɪɟɦɟ-
ɧɢ ɟɝɨ ɭɫɤɨɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ Tɬɨɪɦ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɨɫɬɚɬɨɱɧɵɟ ɦɚɹɬ-
ɧɢɤɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ ɝɪɭɡɨɜɨɝɨ 
ɤɚɧɚɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ θ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɨɣ  .  

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɤɨɥɟɛɚɧɢɣ ɝɪɭ-
ɡɚ ɜ ɩɥɨɫɤɨɫɬɢ, ɬ.ɟ. ɨɬɞɟɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ 
ɦɚɹɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɆК. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ 
ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢ ɦɚɥɨɣ ɚɦ-
ɩɥɢɬɭɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɹ ɤɨ-
ɥɟɛɚɧɢɣ ɝɪɭɡɚ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ Д1,2,3]. 
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Ɋɟɲɟɧɢɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ ɡɚɞɚɱɢ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ ɫɨɱɟɬɚɧɢɣ ɞɜɭɯ ɡɧɚɱɟɧɢɣ Дθ;  ] 
ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɞɜɭɯ ɡɧɚ-
ɱɟɧɢɣ Дaɬɨɪɦ; Tɬɨɪɦ], ɬ.ɟ. ɪɟɲɟɧɢɹ ɞɜɭɯɩɚɪɚ-
ɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɨɜ ɢɦɢɬɚɰɢɨɧ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɨɣ 
ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ, ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɛɨɪ 
ɦɧɨɠɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫ ɨɫɭ-
ɳɟɫɬɜɥɟɧɢɟɦ ɞɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɨɰɟɫɫɚ 
ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɨɪɦɨɠɟɧɢɹ 
ɆК ɫ ɝɪɭɡɨɦ Д5]. ɗɬɨ ɞɨɫɬɚɬɨɱɧɨ ɡɚɬɪɚɬɧɵɣ ɩɨ 
ɜɪɟɦɟɧɢ ɫɩɨɫɨɛ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɟɝɨ ɩɪɹɦɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
(ɢɡɦɟɪɟɧɢɟ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ Дθ;  ] ɫ ɧɟɦɟɞ-
ɥɟɧɧɵɦ ɧɚɱɚɥɨɦ ɬɨɪɦɨɠɟɧɢɹ ɬɨɱɤɢ ɩɨɞɜɟɫɚ ɜ 
ɪɟɠɢɦɟ Дaɬɨɪɦ; Tɬɨɪɦ]). 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚ-
ɞɚɱɢ ɬɚɤɠɟ ɡɚɬɪɭɞɧɟɧɨ ɧɟɥɢɧɟɣɧɵɦ ɯɚɪɚɤɬɟ-
ɪɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵ-
ɜɚɸɳɢɯ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɆК ɫ ɝɪɭɡɨɦ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɚɡɝɨɧ ɆК ɢɡ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ ɢ ɝɪɭɡɚ (ɨɬɫɭɬɫɬ-
ɜɢɟ ɪɚɫɤɚɱɢɜɚɧɢɹ) ɜ ɪɟɠɢɦɟ Дaɪɚɡɝ; Tɪɚɡɝ] ɞɨ 
ɧɟɤɨɬɨɪɵɯ, ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ Дθ; 
 ] (ɩɪɹɦɚɹ ɡɚɞɚɱɚ № 1) ɢ ɬɨɪɦɨɠɟɧɢɟ ɫ ɷɬɢɯ 
ɠɟ ɡɧɚɱɟɧɢɣ ɞɨ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɟ-
ɠɢɦɟ Дaɬɨɪɦ; Tɬɨɪɦ] (ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ № 2, ɩɨ-
ɫɬɚɜɥɟɧɧɚɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ) ɜ ɫɢɥɭ ɝɨɥɨ-
ɧɨɦɧɨɫɬɢ ɢ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫ-
ɬɟɦɵ ɞɨɥɠɧɵ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 
ɩɨ ɦɨɞɭɥɸ ɭɫɤɨɪɟɧɢɹɦɢ (еaɪɚɡɝе=еaɬɨɪɦе) ɡɚ ɨɞɢ-

ɧɚɤɨɜɨɟ ɜɪɟɦɹ (Tɪɚɡɝ=Tɬɨɪɦ) Д4]. Ⱦɚɧɧɚɹ ɡɚɤɨɧɨ-
ɦɟɪɧɨɫɬɶ ɩɨɞɬɜɟɪɠɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

ɗɬɨ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɹ-
ɦɨɣ ɡɚɞɚɱɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɹɯ Дaɪɚɡɝ; 
Tɪɚɡɝ] ɞɥɹ ɢɧɬɟɪɩɨɥɹɰɢɢ Дaɬɨɪɦ; Tɬɨɪɦ] ɞɥɹ ɡɚ-
ɞɚɧɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟɧɢɣ Дθ;  ].  

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɝɨɧɚ 
ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ ɢɡ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟ-
ɫɢɹ ɫ ɡɚɞɚɧɧɵɦɢ ɭɫɤɨɪɟɧɢɟɦ ɦɨɫɬɚ ɢ ɜɪɟ-
ɦɟɧɟɦ ɪɚɡɝɨɧɚ 

ɉɪɢ ɩɨɦɨɳɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɆК ɫ 
ɝɪɭɡɨɦ Д5,6] ɩɭɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɭɫɤɨɪɟɧɢɹ 
ɪɚɡɝɨɧɚ, ɜɪɟɦɟɧɢ ɪɚɡɝɨɧɚ ɢ ɞɥɢɧɵ ɝɪɭɡɨɜɨɝɨ 
ɤɚɧɚɬɚ ɆК Х ɜ ɩɪɟɞɟɥɚɯ 

aɪɚɡɝ=(0,1:0,1:5) ɦ/ɫ2; Tɪɚɡɝ=(0,1:0,1:3,5) ɫ; 
Х=(2,5:0,5:12) ɦ                       (1) 

ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɞɜɚ ɬɪɟɯɦɟɪɧɵɯ 
ɦɚɫɫɢɜɚ ɤɨɧɟɱɧɵɯ ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɤɚɧɚɬɚ θ=П(aɪɚɡɝ, Tɪɚɡɝ, Х) ɢ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɭɤɚɡɚɧɧɨɝɨ ɭɝɥɚ =П(aɪɚɡɝ, Tɪɚɡɝ, Х) ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ Tɪɚɡɝ (ɪɚɡɝɨɧ ɧɚɱɢɧɚɥɫɹ ɜ ɧɭɥɟɜɨɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ). 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɜɪɟɦɟɧɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ θ ɢ  , ɩɨɥɭɱɟɧɧɵɯ ɜ ɨɬɞɟɥɶɧɨɦ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɩɨ ɤɨɧɟɱɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɤɨɬɨɪɵɯ (ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ 
Tɪɚɡɝ=3,4 ɫ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ) 
ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɷɥɟɦɟɧɬɵ ɦɚɫɫɢɜɨɜ θ=П(aɪɚɡɝ, 
Tɪɚɡɝ, Х) ɢ =П(aɪɚɡɝ, Tɪɚɡɝ, Х). 

 
Ɋɢɫ. 1. ȼɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ θ ɢ   ɩɪɢ ɪɚɡɝɨɧɟ ɫ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ  

(ɪɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ, ɩɪɢɦɟɪ) 
 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɮɨɪ-
ɦɵ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɩɨ ɦɚɫ-
ɫɢɜɚɦ θ=П(aɪɚɡɝ, Tɪɚɡɝ, Х) ɢ =П(aɪɚɡɝ, Tɪɚɡɝ, Х) 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚɱɟ-
ɧɢɣ ɭɫɤɨɪɟɧɢɹ ɢ ɜɪɟɦɟɧɢ ɬɨɪɦɨɠɟɧɢɹ ɞɥɹ 
ɡɚɞɚɧɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɨɬɤɥɨ-
ɧɟɧɢɹ ɤɚɧɚɬɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɨɣ 

ɉɨɩɵɬɤɢ ɩɨɞɨɛɪɚɬɶ ɩɨ ɞɚɧɧɵɦ ɦɚɫɫɢɜɚɦ 
ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɜ ɜɢɞɟ ɜɵɪɚɠɟɧɢɣ aɪɚɡɝ= 
П(θ,  , Х) ɢ Tɪɚɡɝ = П(θ,  , Х), ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢɫɶ ɜɵɪɚɠɟɧɢɹ ɜ ɜɢɞɟ ɫɢɦɦɟɬɪɢɱɧɵɯ ɦɧɨ-
ɝɨɱɥɟɧɨɜ ɨɬ ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ-ɩɪɟɞɢɤɬɨɪɨɜ θ, 
  ɢ Х ɜ ɫɬɟɩɟɧɹɯ Д0; 1; 2; 3; 4] ɜɨ ɜɫɟɯ ɜɨɡɦɨɠ-
ɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɫɬɟɩɟɧɟɣ ɚɪɝɭɦɟɧɬɨɜ, ɧɟ ɩɪɢ-
ɜɟɥɢ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ, ɩɨɫɤɨɥɶɤɭ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɟɜɵɲɚɥɚ 60 %.  

0 0,5 1 1,5 2 2,5 3 

-20 

-15 

-10 

-5 

0 

3,4 

=–0,48 ɝɪаɞ/ɫ 

t, ɫ 

aɪɚɡɝ=2 ɦ/ɫ2; Tɪɚɡɝ=3,4 ɫ; l=12 ɦ 

 θ, ɝɪаɞ 
 , ɝɪаɞ/ɫ 

θ=–22,9 ɝɪаɞ/ɫ 



ɌɊȺɇɋɉɈɊɌ. ɌɊȺɇɋɉɈɊɌɇЫȿ ɂ ɌȿХɇɈɅɈȽɂɑȿɋɄɂȿ ɆȺɒɂɇЫ 
 

 
52                                                                            Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 6 (46), 2015 

ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɥɚ ɡɚɞɚɱɚ ɢɧɬɟɪɩɨɥɹɰɢɢ 
ɡɧɚɱɟɧɢɣ Дaɬɨɪɦ; Tɬɨɪɦ] ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɨɱɟɬɚ-
ɧɢɹ ɡɧɚɱɟɧɢɣ Дθɡ;  ɡ; Хɡ]. ȿɟ ɪɟɲɟɧɢɟ ɨɫɥɨɠɧɹ-
ɟɬɫɹ ɬɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ θ ɢ  , ɩɨɥɭɱɟɧɧɵɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɩɪɢ ɪɚɜ-
ɧɨɦɟɪɧɨɦ ɦɨɧɨɬɨɧɧɨɦ ɢɡɦɟɧɟɧɢɢ aɪɚɡɝ, Tɪɚɡɝ ɢ 
Х, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɡɦɟɧɹɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ 
ɢ ɧɟɦɨɧɨɬɨɧɧɨ.  

 
 

Ɋɢɫ. 2. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɩɨ ɦɚɫɫɢɜɚɦ θ=П(aɪɚɡɝ, Tɪɚɡɝ, Х) ɢ  =П(aɪɚɡɝ, Tɪɚɡɝ, Х)  
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ: ɚ) θ ɨɬ aɪɚɡɝ; ɛ)   ɨɬ aɪɚɡɝ; ɜ) aɪɚɡɝ ɨɬ θ; ɝ) aɪɚɡɝ ɨɬ  ; ɞ) ɩɨɜɟɪɯɧɨɫɬɶ = П(aɪɚɡɝ, 

Tɪɚɡɝ); ɟ) ɩɨɜɟɪɯɧɨɫɬɶ θ= П(aɪɚɡɝ, Tɪɚɡɝ); ɠ)   ɨɬ θ; ɡ) ɩɨɜɟɪɯɧɨɫɬɶ Tɪɚɡɝ= П(θ,  ) 
 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢ-
ɦɟɪɚ 4 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɞɚɧɧɵɯ, 
ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɦɚɫɫɢɜɨɜ θ=П(aɪɚɡɝ, Tɪɚɡɝ) ɢ 
=П(aɪɚɡɝ, Tɪɚɡɝ) ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ ɫɨ ɡɧɚɱɟ-
ɧɢɹɦɢ θɡ =15,3629 ɝɪɚɞ ɢ  ɡ=10,62 ɝɪɚɞ/ɫ ɩɪɢ 
Х=10 ɦ (Хɡ=10,16 ɦ).  

Ⱦɥɹ ɢɯ ɧɚɯɨɠɞɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɟɪɟ-
ɛɨɪ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɦɚɫɫɢɜɨɜ 

θ=П(aɪɚɡɝ, Tɪɚɡɝ) ɢ =П(aɪɚɡɝ, Tɪɚɡɝ) ɫ ɩɨɢɫɤɨɦ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ, ɢɦɟɸɳɟɣ ɦɢɧɢɦɚɥɶ-
ɧɨɟ ɦɚɧɯɷɬɬɟɧɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɚɞɚɧɧɨɣ. 
Ⱦɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ ɡɚɜɢɫɢ-
ɦɨɫɬɢ 

RmanС=еθ(Тa, ТT)–θɡе+е(Тa, ТT)– ɡе,         (2)  
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 ,  
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 , ɝɪаɞ/ɫ θ, ɝɪаɞ 

aɪɚɡɝ, ɦ/ɫ2 aɪɚɡɝ, ɦ/ɫ2 Tɪɚɡɝ, ɫ Tɪɚɡɝ, ɫ 

Tɪɚɡɝ=0,1…1,7…3,3 ɫ Tɪɚɡɝ=0,1…3,3 ɫ 
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ɝɞɟ Тa, ТT – ɰɟɥɨɱɢɫɥɟɧɧɵɟ ɢɧɞɟɤɫɵ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹɦ ɭɫɤɨɪɟɧɢɹ ɪɚɡɝɨɧɚ ɢ 
ɜɪɟɦɟɧɢ aɪɚɡɝ, Tɪɚɡɝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ (1) ɜ 
ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ ɩɨɫɥɟɞɧɢɯ. Иɧɞɟɤɫɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ, ɢɦɟɸɳɟɣ ɦɢɧɢ-
ɦɚɥɶɧɨɟ ɦɚɧɯɷɬɬɟɧɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɚɞɚɧ-
ɧɨɣ, ɨɛɨɡɧɚɱɟɧɵ ТamТn, ТTmТn. 

 

 
Ɋɢɫ. 3. ɉɪɢɦɟɪ ɛɥɢɠɚɣɲɢɯ 4-ɯ ɬɨɱɟɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ  

Иɡ ɦɚɫɫɢɜɨɜ θ=П(aɪɚɡɝ, Tɪɚɡɝ) ɢ =П(aɪɚɡɝ, Tɪɚɡɝ) ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ 
θɡ=15,3629 ɝɪɚɞ ɢ  ɡ=10,62 ɝɪɚɞ/ɫ 

 

Ⱦɚɥɟɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɜɟɫɬɧɨɣ ɱɢɫ-
ɥɟɧɧɨɣ ɨɩɟɪɚɰɢɢ ɩɪɨɜɟɪɤɢ ɩɨɩɚɞɚɧɢɹ ɬɨɱɤɢ 
ɧɚ ɩɥɨɫɤɨɫɬɢ ɜɧɭɬɪɶ ɩɨɥɢɝɨɧɚ Д7] ɜɵɩɨɥɧɹ-
ɥɚɫɶ ɩɪɨɜɟɪɤɚ  ɩɨɩɚɞɚɧɢɹ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ Дθɡ; 
 ɡ] ɜɧɭɬɪɶ ɤɚɠɞɨɝɨ ɢɡ ɱɟɬɵɪɟɯ ɱɟɬɵɪɟɯɭɝɨɥɶ-
ɧɢɤɨɜ, ɢɦɟɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɣ ɢɡ ɜɟɪɲɢɧ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɬɨɱɤɭ ɫ ɧɚɢɦɟɧɶɲɢɦ ɪɚɫ-
ɫɬɨɹɧɢɟɦ ɞɨ ɡɚɞɚɧɧɨɣ. ɉɪɢ ɷɬɨɦ ɢɧɞɟɤɫɵ ɬɨ-
ɱɟɤ, ɨɛɪɚɡɭɸɳɢɯ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɢ Тa, ТT, ɩɪɢ-
ɧɢɦɚɥɢ ɡɧɚɱɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ Д(ТamТn–1):1: 
(ТamТn+1); (ТTmТn–1):1: (ТTmТn+1)]. 

ɉɭɫɬɶ ɢɧɞɟɤɫɵ ɛɥɢɠɚɣɲɢɯ 4-ɯ ɬɨɱɟɤ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɜ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤ 
ɢɡ ɤɨɬɨɪɵɯ ɩɨɩɚɞɚɟɬ ɡɚɞɚɧɧɚɹ ɬɨɱɤɚ, ɪɚɜɧɵ 
Тa1...Тa4 ɢ ТɌ1...ТɌ4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɛɨɡɧɚɱɢɦ 
бȺ=θɡ; гȺ= ɡ; бȼ=θ(Тa1, ТT1); гȼ=(Тa1, ТT1); бɋ=θ(Тa2, 
ТT2); гɋ=(Тa2, ТT2).  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɫɨɬɚ С23, ɨɩɭɳɟɧɧɚɹ ɢɡ 
ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ Дθɡ;  ɡ] ɧɚ ɥɢ-
ɧɢɸ ɫɬɨɪɨɧɵ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɚ, ɨɛɪɚɡɨɜɚɧ-
ɧɭɸ ɜɟɪɲɢɧɚɦɢ № 2 ɢ № 3, ɛɭɞɟɬ ɜɵɱɢɫɥɹɬɶ-
ɫɹ ɩɨ ɮɨɪɦɭɥɟ  

. (3) 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɛɭɞɭɬ ɜɵɱɢɫɥɹɬɶɫɹ 

ɜɵɫɨɬɵ ɢɡ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ ɧɚ ɨɫɬɚɥɶɧɵɟ ɥɢ-
ɧɢɢ ɫɬɨɪɨɧ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɚ С12, С34, С14. 

ȼɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɭɫɤɨɪɟɧɢɹ aɡɧ ɢ 
ɜɪɟɦɟɧɢ ɭɫɤɨɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ Tɡɧ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɭɝɥɚ ɨɬɤɥɨɧɟ-
ɧɢɹ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ θɡɧ ɢ ɟɝɨ ɫɤɨɪɨɫɬɢ  ɡɧ, 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨ-
ɥɹɰɢɢ ɩɨ ɢɡɜɟɫɬɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ Д8] 
aɡɧ= aɪɚɡɝ1+С12(aɪɚɡɝ1–aɪɚɡɝ4)/(С12+С34); 

Ɍɡɧ= Ɍɪɚɡɝ1+С14(Ɍɪɚɡɝ1–Ɍɪɚɡɝ2)/(С14+С23).    (4) 

ȼɵɱɢɫɥɟɧɧɵɟ ɩɨ (4) ɡɧɚɱɟɧɢɹ aɡ, Ɍɡ ɞɥɹ 
ɜɚɪɶɢɪɭɟɦɨɣ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɯ ɞɥɢɧɵ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ ɆК, ɛɥɢɠɚɣɲɟɣ 
ɦɟɧɶɲɟɣ ɤ ɡɚɞɚɧɧɨɣ (Хɡɧ =10 ɦ) ɨɛɨɡɧɚɱɟɧɵ 
aɡɧ, Ɍɡɧ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ aɡ, Ɍɡ ɞɥɹ ɞɥɢ-
ɧɵ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ ɆК, ɛɥɢɠɚɣɲɟɣ ɛɨɥɶɲɟɣ 
ɤ ɡɚɞɚɧɧɨɣ (Хɡɜ=10,5 ɦ) ɨɛɨɡɧɚɱɟɧɵ aɡɜ, Ɍɡɜ. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɢɧɬɟɪɩɨ-
ɥɹɰɢɢ ɡɧɚɱɟɧɢɣ ɭɫɤɨɪɟɧɢɹ ɢ ɜɪɟɦɟɧɢ ɭɫɤɨ-
ɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɛɭɞɭɬ ɢɦɟɬɶ ɜɢɞ 

aɡ=aɡɧ+(Х–Хɡɧ)(aɡɜ–aɡɧ)/((Х–Хɡɧ)+(Хɡɜ–Х)); 

Ɍɡ=Ɍɡɧ+(Х–Хɡɧ)(Ɍɡɜ–Ɍɡɧ)/((Х–Хɡɧ)+(Хɡɜ–Х)).      (5) 
Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚ-

ɱɟɧɢɣ Дaɡ; Ɍɡ] ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟ-
ɧɢɣ Дθɡ;  ɡ; Хɡ] ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɨɜɟɪɤɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɢɧ-

ɬɟɪɩɨɥɹɰɢɟɣ ɞɥɹ ɝɚɲɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ 
ɩɨɤɚɡɚɥɚ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ. Ⱥɦɩɥɢɬɭɞɚ 
ɨɫɬɚɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟ-
ɧɢɹɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɟ ɩɪɟɜɵɲɚɥɚ 1 ɝɪɚɞ. 

Иɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚɱɟɧɢɣ Дaɡ; Ɍɡ] ɞɥɹ ɡɚɞɚɧɧɨɝɨ 
ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟɧɢɣ Дθɡ;  ɡ; Хɡ] ɨɬɤɪɵɜɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟ-
ɦɟɧɢ ɡɧɚɱɟɧɢɣ ɭɫɤɨɪɟɧɢɹ ɢ ɜɪɟɦɟɧɢ ɬɨɪɦɨ-
ɠɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɝɚɲɟɧɢɟ ɦɚɹɬɧɢɤɨ-
ɜɵɯ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɧɚ ɤɚɧɚɬɧɨɦ ɩɨɞɜɟɫɟ 
ɞɥɹ ɬɟɤɭɳɢɯ (ɢɡɦɟɪɹɟɦɵɯ) ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɨɬ-
ɤɥɨɧɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɤɚɧɚɬɚ ɆК ɨɬ ɜɟɪɬɢɤɚɥɢ ɢ 
ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɧɢɦɚɸɳɟɟ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɟ, ɫɢɧɬɟɡ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɱɢɫɥɟɧɧɵɦ ɡɧɚ-
ɱɟɧɢɹɦ ɦɚɫɫɢɜɨɜ θ=П(aɪɚɡɝ, Tɪɚɡɝ, Х) ɢ =П(aɪɚɡɝ, 
Tɪɚɡɝ, Х). 
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Ɋɢɫ. 4. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚɱɟɧɢɣ Дaɡ; Ɍɡ]  

ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟɧɢɣ Дθɡ;  ɡ; Хɡ] (ɧɚɱɚɥɨ)

 llТ ɡɧlɡ ɧ ;  llТ ɡɜlɡ Δɜ  ; lɡɧ= Тlɡɧ∙∆l; lɡɜ= Тlɡɜ∙∆l 

ɉɭɫɤ 

ȼɜɨɞ ɢɫɯɨɞɧɵɯ ɞаɧɧɵɯ: ɡаɞаɧɧɵɟ ɡɧаɱɟɧɢя ɭɝɥа ɨɬɤɥɨɧɟɧɢя θɡ, 
ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢя ɭɝɥа  ɡ, ɞɥɢɧɵ ɝɪɭɡɨɜɨɝɨ ɤаɧаɬа lɡ,  

ɦаɫɫɢɜɵ θ=f(aɪɚɡɝ, Tɪɚɡɝ, l) ɢ =f(aɪɚɡɝ, Tɪɚɡɝ, l) 

Тa 
Тa=1;ТaТaɤɨɧ; 

Тa=Тa+1 

 
Тa 

RmanС=еθ(Тa, ТT, Тlɡɧ)–θɡе+е (Тa, ТT, Тlɡɧ)–  ɡе 

RmanС min=∞ 

ТɌ 
ТɌ=1;ТɌТɌɤɨɧ; 

ТɌ=ТɌ+1 

 
ТɌ 

Тa1=Тa; Тa2=Тa+1; Тa3=Тa+1; Тa4=Тa;  
ТT1=ТT; ТT2=ТT+1; ТT3=ТT+1; ТT4=ТT 

 
 

RmanС < RmanС min 
ɇɟɬ Ⱦа 

RmanС min= RmanС ТamТn=Тa;   ТTmТn=ТɌ 

Тa 
Тa=ТamТn–1;ТaТamТn; 

Тa=Тa+1 

 
Тa 

ТɌ 
ТɌ=ТɌmТn–1;ТɌТɌmТn; 

ТɌ=ТɌ+1 

 
ТɌ 

ɉɪɨɜɟɪɤа ɩɨɩаɞаɧɢя ɬɨɱɤɢ Дθɡ;  ɡ] ɜɧɭɬɪɶ 
ɩɨɥɢɝɨɧа ɢɡ 4-ɯ ɬɨɱɟɤ ɫ ɤɨɨɪɞɢɧаɬаɦɢ 

Дθɡ(Тa, ТT, Тlɡɧ);  ɡ(Тa, ТT, Тlɡɧ)] Дθɡ(Тa+1, ТT, Тlɡɧ); 
 ɡ(Тa+1, ТT, Тlɡɧ)] Дθɡ(Тa+1, ТT+1, Тlɡɧ);  ɡ(Тa+1, 
ТT+1, Тlɡɧ)] Дθɡ(Тa, ТT+1, Тlɡɧ);  ɡ(Тa, ТT+1, Тlɡɧ)]. 

Ƚɟɧɟɪаɰɢя ɩɟɪɟɦɟɧɧɨɣ P ɫɨ ɡɧаɱɟɧɢяɦɢ Д0 
(ɨɬɫɭɬɫɬɜɢɟ ɩɨɩаɞаɧɢя); 1 (ɩɨɩаɞаɧɢɟ)] 

 
 

P = 1 

Ⱦа 

ɇɟɬ 

бȺ=θɡ; гȺ= ɡ 
бȼ=θ(Тa1, ТT1, Тlɡɧ); гȼ= (Тa1, ТT1, 

Тlɡɧ); бɋ=θ(Тa2, ТT2, Тlɡɧ);  
гɋ= (Тa2, ТT2, Тlɡɧ) 
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Ɋɢɫ. 4. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚɱɟɧɢɣ Дaɡ; Ɍɡ]  
ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɡɧɚɱɟɧɢɣ Дθɡ;  ɡ; Хɡ] (ɩɪɨɞɨɥɠɟɧɢɟ)

1 

бȼ=θ(Тa2, ТT2, Тlɡɧ); гȼ= (Тa2, ТT2, Тlɡɧ); бɋ=θ(Тa3, ТT3, Тlɡɧ); гɋ= (Тa3, ТT3, Тlɡɧ) 
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С






бȼ=θ(Тa3, ТT3, Тlɡɧ); гȼ= (Тa3, ТT3, Тlɡɧ); бɋ=θ(Тa4, ТT4, Тlɡɧ); гɋ= (Тa4, ТT4, Тlɡɧ) 
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бȼ=θ(Тa1, ТT1, Тlɡɧ); гȼ= (Тa1, ТT1, Тlɡɧ); бɋ=θ(Тa4, ТT4, Тlɡɧ); гɋ= (Тa4, ТT4, Тlɡɧ) 

     
   2214

BCCB

BCCBABCACB

ббгг
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С






 
aɡɧ= aɪɚɡɝ1+С12(aɪɚɡɝ1–aɪɚɡɝ4)/(С12+С34); Ɍɡɧ= Ɍɪɚɡɝ1+С14(Ɍɪɚɡɝ1–Ɍɪɚɡɝ2)/(С14+С23) 

Тa 
Тa=1;ТaТaɤɨɧ; 

Тa=Тa+1 

 
Тa 

RmanС=еθ(Тa, ТT, Тlɡɜ)–θɡе+е (Тa, ТT, Тlɡɜ)–  ɡе 

RmanС min=∞ 

ТɌ 
ТɌ=1;ТɌТɌɤɨɧ; 

ТɌ=ТɌ+1 

 
ТɌ 

 
 

RmanС < RmanС min 
ɇɟɬ Ⱦа 

RmanС min= RmanС ТamТn=Тa;   ТTmТn=ТɌ 

Тa 
Тa=ТamТn–1;ТaТamТn; 

Тa=Тa+1 ТɌ 
ТɌ=ТɌmТn–1;ТɌТɌmТn; 

ТɌ=ТɌ+1 
ɉɪɨɜɟɪɤа ɩɨɩаɞаɧɢя ɬɨɱɤɢ Дθɡ;  ɡ] ɜɧɭɬɪɶ 

ɩɨɥɢɝɨɧа ɢɡ 4-ɯ ɬɨɱɟɤ ɫ ɤɨɨɪɞɢɧаɬаɦɢ 
Дθɡ(Тa, ТT, Тlɡɜ);  ɡ(Тa, ТT, Тlɡɜ)] Дθɡ(Тa+1, ТT, Тlɡɜ); 
 ɡ(Тa+1, ТT, Тlɡɜ)] Дθɡ(Тa+1, ТT+1, Тlɡɜ);  ɡ(Тa+1, 
ТT+1, Тlɡɜ)] Дθɡ(Тa, ТT+1, Тlɡɜ);  ɡ(Тa, ТT+1, Тlɡɜ)]. 

Ƚɟɧɟɪаɰɢя ɩɟɪɟɦɟɧɧɨɣ P ɫɨ ɡɧаɱɟɧɢяɦɢ Д0 
(ɨɬɫɭɬɫɬɜɢɟ ɩɨɩаɞаɧɢя); 1 (ɩɨɩаɞаɧɢɟ)] 
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ɇɟɬ 
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Тa1=Тa; Тa2=Тa+1; Тa3=Тa+1; Тa4=Тa;  
ТT1=ТT; ТT2=ТT+1; ТT3=ТT+1; ТT4=ТT 

 
Тa 

 
ТɌ 

бȺ=θɡ; гȺ= ɡ 
бȼ=θ(Тa1, ТT1, Тlɡɜ); гȼ= (Тa1, ТT1, 

Тlɡɜ); бɋ=θ(Тa2, ТT2, Тlɡɜ);  
гɋ= (Тa2, ТT2, Тlɡɜ) 
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бȼ=θ(Тa2, ТT2, Тlɡɜ); гȼ= (Тa2, ТT2, Тlɡɜ); бɋ=θ(Тa3, ТT3, Тlɡɜ); гɋ= (Тa3, ТT3, Тlɡɜ) 
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aɡɜ= aɪɚɡɝ1+С12(aɪɚɡɝ1–aɪɚɡɝ4)/(С12+С34); Ɍɡɜ= Ɍɪɚɡɝ1+С14(Ɍɪɚɡɝ1–Ɍɪɚɡɝ2)/(С14+С23) 

aɡ=aɡɧ+(l–lɡɧ)(aɡɜ–aɡɧ)/((l–lɡɧ)+(lɡɜ–l));   Ɍɡ=Ɍɡɧ+(l–lɡɧ)(Ɍɡɜ–Ɍɡɧ)/((l–lɡɧ)+(lɡɜ–l)) 

ȼɵɜɨɞ ɪɟɡɭɥɶɬаɬɨɜ: aɡ; Ɍɡ 

Ɉɫɬаɧɨɜ 
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RESEARCH OF INDICATORS OF PENDULAR 

FLUCTUATIONS OF THE FREIGHT MOVED АITH 
THE BRIDGE CRANE АITH THE RELAВ DRIVE 

 
V. S. SМСОrbaФШv, M. S. KШrвЭШv, E.O. SСОrsСЧОva 

 
AЛstrКМt. TСО sЭЮНТОs аОrО ШbЭaТЧОН НОЩОЧНТЧР 

ЭСО aЧРlО ШП НОПlОМЭТШЧ ШП ЭСО brТНРО МraЧО СШТsЭ rШЩО 
ПrШm ЭСО vОrЭТМal, aЧН ЭСО raЭО ШП МСaЧРО ШП ЭСО aЧРlО 
ШП ЭСО aММОlОraЭТШЧ ШП ЭТmО aЧН ЭСО aММОlОraЭОН mШvО-
mОЧЭ ШП ЭСО ЩШТЧЭ ШП sЮsЩОЧsТШЧ ШП МarРШ. TСОsО НО-
ЩОЧНОЧМТОs МaЧ bО ЮsОН ЭШ ОбЭТЧРЮТsС ЭСО ЩОЧНЮlЮm 
ШsМТllaЭТШЧ ШП ЭСО lШaН bОТЧР mШvОН bв ШvОrСОaН 
МraЧО, аСОЧ braФТЧР ТЧ ЭСО ПТЧal mШmОЧЭ ШП mШvТЧР 
РШШНs. 

 
KОваШrНs: brТНРО МraЧО, НrТvО, МШЧЭrШl rОlaв ЭвЩО, 

aММОlОraЭТШЧ, lШaН, vТbraЭТШЧ НamЩТЧР. 
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