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Подсекция 1.4 Техническая физика 
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Гретцель ұяшықтары – жаңа буындағы күн батареялары. Ӛсімдіктердің фотосинтез 

процесін және органикалық бояғышта жұмыс істеуді сәтті үлгілейтін әлемдегі жалғыз 

фотоэлектрлік құрылғылар. Бұл даму арзан ӛндірістік күн электр станцияларын құруға 

арналған. 

Әзірлеудің басты артықшылықтарының бірі – күн сәулесінің түсу бұрышына 

қарамастан энергияны тиімді жинақтау. Мұндай панельдерді тіпті сынған немесе 

шағылысқан жарықтан да қуаттауға болады. Жарық күн сәулесінің астында фотоэлементтер 

15% тиімділікпен жұмыс істейді, ал шашыраңқы жарық кезінде (бұлтты ауа райында немесе 

бӛлмеде) пәк кӛрсеткіші 28,9% - ға жетеді. Осылайша, олар жарық ағыны жиілігінің әр түрлі 

диапазонында, тіпті инфрақызылда жұмыс істей алады [1]. 
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Ԥɡɿɪɥɟɭɞɿң ɬɚԑɵ ɛɿɪ ɚɪɬɵԕɲɵɥɵԑɵ – ԕԝɪɵɥԑɵɧɵң ԕɚɪɚɩɚɣɵɦɞɵɥɵԑɵ ɠԥɧɟ ԕɵɦɛɚɬ 
ɟɦɟɫ ɦɚɬɟɪɢɚɥɞɚɪɞɚɧ ɠɚɫɚɥɭɵ. Ȼԛɝɿɧɝɿ ɤԛɧɿ ɛԝɥ ɤԛɧ ɷɥɟɦɟɧɬɬɟɪɿ ɧɚɪɵԕԕɚ ɬɢɿɦɞɿ ɛɚɥɚɦɚ - 

ɤɪɟɦɧɢɣ ɤԛɧ ɛɚɬɚɪɟɹɥɚɪɵɧɵң ɚɫɚ ԕɵɦɛɚɬ ɠԥɧɟ ɤԛɪɞɟɥɿ ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧ ԝɫɵɧɞɵ. Ԕɚɡɿɪɝɿ 
ɤɟɡɞɟ Ƚɪɟɬɰɟɥɶ ԝɹɲɵԕɬɚɪɵ ɨɧɞɚԑɚɧ ɦɵң ɲɚɪɲɵ ɦɟɬɪɦɟɧ ɲɵԑɚɪɵɥɵɩ ɠɚɬɵɪ. Ɉɥɚɪɞɵң 
ԧɧɞɿɪɿɫɿ ɛɨɣɵɧɲɚ ɡɚɭɵɬɬɚɪ ɒɜɟɣɰɚɪɢɹɞɚ, ɀɚɩɨɧɢɹɞɚ, Ԕɵɬɚɣɞɚ ɛɚɪ. Ɏɪɚɭɧɝɨɮɟɪ ɚɬɵɧɞɚԑɵ 
ɧɟɦɿɫ ɤԛɧ ɷɧɟɪɝɟɬɢɤɚɥɵԕ ɠԛɣɟɫɿ ɢɧɫɬɢɬɭɬɵɧɵң ɛɨɥɠɚɦɵɧɚ ɫԥɣɤɟɫ 2030 ɠɵɥԑɚ ԕɚɪɚɣ 
Ƚɪɟɬɰɟɥɶ ԝɹɲɵԕɬɚɪɵɧɵң ɚɪԕɚɫɵɧɞɚ ɠɵɥɵɧɚ ɤɟɦɿɧɞɟ 20 Ƚȼɬ ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵ ԧɧɞɿɪɿɥɟɬɿɧ 
ɛɨɥɚɞɵ[2-3]. 

Ȼɚɫɬɚɩԕɵ ɤɟɡɟңɞɟ Ƚɪɟɬɰɟɥɶ ԝɹɲɵԕɬɚɪɵ ԧɬɟ ɬɢɿɦɞɿ ɟɦɟɫ ɟɞɿ, ɛɿɪɚԕ ɭɚԕɵɬ ԧɬɟ ɤɟɥɟ 
ɨɥɚɪɞɵң ɤԧɪɫɟɬɤɿɲɬɟɪɿ ɠɚԕɫɚɪɞɵ. 2009 ɠɵɥɵ ɨɫɵ ɷɥɟɦɟɧɬɬɟɪɞɟ ɤɥɚɫɫɢɤɚɥɵԕ ɨɪɝɚɧɢɤɚɥɵԕ 
ɛɨɹԑɵɲɬɚɪɞɵң ɨɪɧɵɧɚ ɤɪɢɫɬɚɥɞɵԕ ԕԝɪɵɥɵɦɵ ɛɚɪ ɠɚңɚ ɫɿңɿɪɝɿɲ ɦɚɬɟɪɢɚɥ - ɝɢɛɪɢɞɬɿ ɨɪɝɚɧɨ-

ɛɟɣɨɪɝɚɧɢɤɚɥɵԕ ɩɟɪɨɜɫɤɢɬ ԕɨɥɞɚɧɵɥԑɚɧ. Ⱥɥ 2012 ɠɵɥɵ ɫԝɣɵԕ ɷɥɟɤɬɪɨɥɢɬɿ ɛɨɥɦɚԑɚɧ ɬɨɥɵԕ 
ɤԛɧ ԝɹɲɵԑɵ ɠɚɫɚɥɞɵ. 

Ԝɹɲɵԕɬɚɪɞɵң ɨɫɵɥɚɣ ԛɞɟɦɟɥɿ ɞɚɦɭɵ ɤɥɚɫɫɢɤɚɥɵԕ ɤɪɟɦɧɢɣ ɤԛɧ ɮɨɬɨɷɥɟɦɟɧɬɬɟɪɿɧɟ  
ԕɚɪɚԑɚɧɞɚ, ԧɧɿɦɞɿ ԧɧɞɿɪɭɞɟ 6-7 ɟɫɟ ɚɪɡɚɧ ɛɨɥɚɬɵɧ ɩɟɪɨɜɫɤɢɬ (ɩɟɪɨɜɫɤɢɬ - ɠɟɪ ɛɟɬɿɧɞɟ ɫɢɪɟɤ 
ɤɟɡɞɟɫɟɬɿɧ ɦɢɧɟɪɚɥ, ɤɚɥɶɰɢɣ ɬɢɬɚɧɚɬɵ) ɤԛɧ ɛɚɬɚɪɟɹɫɵɧɵң ɫɚɩɚɥɵ ɠɚңɚ ɤɥɚɫɵɧɵң ɩɚɣɞɚ 
ɛɨɥɭɵɧɚ ԥɤɟɥɞɿ. 

Ԕɚɡɿɪɝɿ ɭɚԕɵɬɬɚ ɩɟɪɨɜɫɤɢɬɬɿ ɤԛɧ ɷɥɟɦɟɧɬɬɟɪɿ ԥɡɿɪɥɟɭ ɫɚɬɵɫɵɧɞɚ ɠԥɧɟ ԧɧɞɿɪɿɫ 
ɩɪɨɰɟɫɿɧɟ ԥɥɿ ɞɟ ɟɲ ɠɟɪɞɟ ɟɧɝɿɡɿɥɦɟɝɟɧ. Ȼɿɪɚԕ ԑɚɥɵɦɞɚɪɞɵң ԥɥɟɦɞɿɤ ԕɨԑɚɦɞɚɫɬɵԑɵɧɵң 
ɧɚɡɚɪɵɧ ɚɭɞɚɪԑɚɧɞɚɪ ɨɫɵɥɚɪ. Ʉԛɧ ɫɚɣɵɧ ɨɫɵ ɫɚɥɚɞɚ 5-6 ɠɚңɚ ԑɵɥɵɦɢ ɦɚԕɚɥɚɥɚɪ 
ɠɚɪɢɹɥɚɧɚɞɵ. 

ɋɨңԑɵ ԛɲ ɠɵɥɞɚ ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧ ԧɧɞɿɪɭɞɿң ɠɚɥɩɵ ɤԧɥɟɦɿɧɞɟ ɠɚңɚɪɬɵɥɚɬɵɧ 
ɤԧɡɞɟɪɞɿң ԛɥɟɫɿ ԧɫɭɞɟ. Ԥɥɟɦɧɿң ԛɡɞɿɤ ԑɚɥɵɦɞɚɪɵ ɤԛɧ ɷɧɟɪɝɢɹɫɵɧ ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧɚ 
ɬԛɪɥɟɧɞɿɪɭɞɿң ɠɚңɚ ɬɢɿɦɞɿ ɬԥɫɿɥɞɟɪɿɧ ɬɚɛɭ ԛɲɿɧ ɠԝɦɵɫ ɿɫɬɟɩ ɠɚɬɵɪ.  Ԧɣɬɤɟɧɿ, ɟɝɟɪ ɛɿɡ ɠɟɥ 
ɷɧɟɪɝɢɹɫɵ ɦɟɧ ɝɢɞɪɨɷɧɟɪɝɢɹ ɬɭɪɚɥɵ ɚɣɬɚɬɵɧ ɛɨɥɫɚԕ ɬɚ, ɛԝɥ ɞɚ ɤԛɧ ɷɧɟɪɝɢɹɫɵ. Ɉɧɵң ԛɫɬɿɧɟ, 
ɬɿɩɬɿ ɛԝɥɬ ɚɪԕɵɥɵ ɠɚɪԕɵɪɚɣɬɵɧ ɤԛɧɧɟɧ ɠɟɥɞɿң ɚɣɵɪɦɚɲɵɥɵԑɵ - ɨɥ ԛɧɟɦɿ ɟɦɟɫ. 

Ԥɪɢɧɟ, ԧɧɟɪɤԥɫɿɩɬɿɤ ɩɚɣɞɚɥɚɧɭ ԛɲɿɧ, ɦɵɫɚɥɵ, ɦɟɬɚɥɥ ɛɚɥԕɵɬɭ, ɤԛɧ ɷɧɟɪɝɢɹɫɵɧɵң 
ɤԛɲɿ ɠɟɬɤɿɥɿɤɫɿɡ. Ȼԝɥ ɠɚԑɞɚɣɞɚ ɨɬɵɧ ɧɟɦɟɫɟ ɠɟɥ ԕɚɠɟɬ. Ȼɿɪɚԕ ɷɥɟɤɬɪɥɿɤ ɤԧɥɿɤ, ԛɣ 
ɲɚɪɭɚɲɵɥɵԕɬɚɪɵɧ ɠɚɪɵԕɬɚɧɞɵɪɭ ɦɟɧ ɠɵɥɵɬɭԑɚ, ɬԝɪɦɵɫɬɵԕ ԕɨɥɞɚɧɭԑɚ ɤɟɥɟɬɿɧ ɛɨɥɫɚԕ, ɛԝɥ 
ɧɚɪɵԕɬɚ ɛɨɥɚɲɚԕ ɤԛɧ ɛɚɬɚɪɟɹɥɚɪɵɧɵң ɚɪɬɵɧɞɚ. 

ɀɚɪɬɵɥɚɣ ɦԧɥɞɿɪ ɩɚɧɟɥɶɞɟɪ ɬԛɪɿɧɞɟɝɿ ɛɚɬɚɪɟɹɥɚɪ ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧ ԧɧɞɿɪɭ ԛɲɿɧ 
ԑɢɦɚɪɚɬɬɚɪɞɵң ɛɟɬɬɟɪɿɧɟ, ԑɢɦɚɪɚɬɬɚɪɞɵң ɬɟɪɟɡɟɥɟɪɿɧɟ ɠԥɧɟ ɛɚɫԕɚ ɞɚ ɤɨɧɫɬɪɭɤɬɢɜɬɿɤ ɠԥɧɟ 
ɞɟɤɨɪɚɬɢɜɬɿɤ ɷɥɟɦɟɧɬɬɟɪɿ ɪɟɬɿɧɞɟ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤɿɧ.. Ɉɥɚɪɞɵ ɬɟɪɟɡɟ ԥɣɧɟɝɿɧɟ ɟɧɝɿɡɝɟɧɞɟ 
ԕɨɫɚɪɥɚɧԑɚɧ ԥɫɟɪɝɟ ԕɨɥ ɠɟɬɤɿɡɭɝɟ ɛɨɥɚɞɵ: ɛԧɥɦɟɥɟɪɞɿ ɫɚɥԕɵɧɞɚɬɭ, ɲɭɞɚɧ ԕɨɪԑɚɭ ɠԥɧɟ 
ɷɥɟɤɬɪɨɝɟɧɟɪɚɰɢɹ[2-3]. 

 ɀɚңɚ ɷɧɟɪɝɢɹ ɤԧɡɞɟɪɿɧ ɿɡɞɟɫɬɿɪɭɞɟ ɚɞɚɦɞɚɪ ɤԛɧ ɛɚɬɚɪɟɹɥɚɪɵɧ ɠɢɿ ԕɨɥɞɚɧɚɞɵ. Ȼԝɥ ԥɪ 
ɬԛɪɥɿ ɬɢɩɬɟɝɿ ɝɟɧɟɪɚɬɨɪɥɚɪɞɵ ɚɭɵɫɬɵɪɭ, ɨɥɚɪɞɵң ɤɟɣɛɿɪɟɭɿ ɚɡ ɮɭɧɤɰɢɨɧɚɥɞɵɥɵԕ ɧɟɦɟɫɟ 
ɠɟɤɟ ԛɣ ԛɲɿɧ ԕɚɭɿɩɬɿ ɛɨɥɭɵ ɦԛɦɤɿɧ.Ȼɚɫɬɵ ɚɪɬɵԕɲɵɥɵԑɵ-ɤԛɧ ɛɚɬɚɪɟɹɥɚɪɵɧɵң ɛɚԑɚɫɵ ɛԛɝɿɧɝɿ 
ɤԛɧɞɟ ԕɵɦɛɚɬ ɟɦɟɫ, ɫɨɧɞɵԕɬɚɧ ɨɥɚɪ ɛɿɪɚɡ ɠɵɥɞɵң ɿɲɿɧɞɟ ɬɟɡ ɫɚɬɵɥɵɦԑɚ ɢɟ ɛɨɥɞɵ. 
ɀɚɧɚɪɦɚɣ ɠɟɬɤɿɡɿɥɿɦɞɟɪɿ ɚɹԕɬɚɥԑɚɧ ɫɚɣɵɧ, ɤԛɧ ɛɚɬɚɪɟɹɥɚɪɵɧ ɩɚɣɞɚɥɚɧɭ ɛԛɝɿɧɝɿ ɤԛɧɞɟ ԧɡɟɤɬɿ 
ɦԥɫɟɥɟ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɇԝɧɚɣ ɦɟɧ ɝɚɡ ɚɡɚɸɞɚ, ɬɢɿɫɿɧɲɟ, ɨɥɚɪɞɵң ɛɚԑɚɫɵ ԧɫɭɞɟ. Ⱥɥ ɭɚԕɵɬ 
ԧɬɟ ɤɟɥɟ ɲɢɤɿɡɚɬ ɤԧɩɲɿɥɿɝɿɧɟ ɠɟɬɤɿɥɿɤɫɿɡ ɠԥɧɟ ɷɥɟɤɬɪ ԕɭɚɬɵ ɤԛɧ ɫɚɣɵɧ ԕɵɦɛɚɬɬɚɥɵɩ 
ɤɟɥɟɞɿ.Ʉԛɧ ɛɚɬɚɪɟɹɥɚɪɵ ԕɚɠɟɬɬɿ ɷɧɟɪɝɢɹɧɵ ɬԝɪɚԕɬɵ ɠԥɧɟ ɟң ɛɚɫɬɵɫɵ – ɬɟɝɿɧ ɤԛɧ-ɤԧɡɿ 
ɫԥɭɥɟɫɿɧɟɧ ɚɥɭԑɚ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ. Ȼԝɥ ɠԛɣɟ ԕɚɡɿɪɝɿ ɬɚңɞɚ ɟɥɿɦɿɡɝɟ ԧɬɟ ԕɨɥɚɣɥɵ. ɋɨɧɵң ɛɿɪɿ 
Ƚɪɟɬɰɟɥɶ ԝɹɲɵԕɬɚɪɵ ɤԛɧ ɫԥɭɥɟɫɿɧɿң ԕɚɛɵɥɞɚɣɬɵɧ ɛɚɬɚɪɟɹɥɚɪԑɚ ԧɡɟɤɬɿ ɤԧɡԕɚɪɚɫԕɚ ɢɟ ɛɨɥɞɵ. 
Ƚɪɟɬɰɟɥɶ ԝɹɲɵԕɬɚɪɵ ɫɨңԑɵ ɠɵɥɞɚɪɵ ɛɿɪɟɝɟɣ ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ԕɚɫɢɟɬɬɟɪɿɧɟ ɛɚɣɥɚɧɵɫɬɵ 
ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɧɿң ɧɟɝɿɡɿɧɞɟɝɿ ɧɚɧɨɦɚɬɟɪɢɚɥɞɚɪԑɚ ɞɟɝɟɧ ԕɵɡɵԑɭɲɵɥɵԕ ԝɞɚɣɵ ԧɫɭɞɟ. Ȼԝɥ 
ԥɪɬԛɪɥɿ ɩɪɚɤɬɢɤɚɥɵԕ ɟɫɟɩɬɟɪ ԛɲɿɧ TiO2 ԕɨɥɞɚɧɭɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. ɋɨɧɵɦɟɧ, ɬɢɬɚɧ 
ɞɢɨɤɫɢɞɿɧɿң ɧɟɝɿɡɿɧɞɟɝɿ ɧɚɧɨɦɚɬɟɪɢɚɥɞɚɪ ɮɨɬɨɤɚɬɚɥɢɡɞɟ, ɤԛɧ ɷɧɟɪɝɟɬɢɤɚɫɵɧɞɚ, ɫɭ ɦɟɧ ɚɭɚɧɵ 
ɨɪɝɚɧɢɤɚɥɵԕ ɥɚɫɬɚɧɭɞɚɧ ɬɚɡɚɪɬɭ ԛɲɿɧ, ɫɨɧɞɚɣ-ɚԕ ɛɚɤɬɟɪɢɹɥɚɪɞɵ ɠɨɸ ԛɲɿɧ ԕɨɥɞɚɧɵɥɚɞɵ. 
TiO2 ɮɭɧɤɰɢɨɧɚɥɞɵԕ ɦԛɦɤɿɧɞɿɤɬɟɪɿ ɧɚԕɬɵ ԕɨɥɞɚɧɭ ɫɚɥɚɫɵɧɞɚ ɨɥɚɪɞɵң ԕɚɫɢɟɬɬɟɪɿɦɟɧ 
ɚɧɵԕɬɚɥɚɞɵ. 

Powered by TCPDF (www.tcpdf.org)

2

http://www.tcpdf.org


354 

 

ɀԝɦɵɫɬɵң ԑɵɥɵɦɢ ɠɚңɚɲɵɥɞɵԑɵ ɤɟɥɟɫɿ ɧɟɝɿɡɝɿ ɧԥɬɢɠɟɥɟɪɞɿ ԕɚɦɬɢɞɵ: 
ɧɚɧɨԕԝɪɵɥɵɦɞɚɪɞɵң ɝɟɨɦɟɬɪɢɹɥɵԕ ɫɢɩɚɬɬɚɦɚɥɚɪɵɧɵң ԧɡɝɟɪɿɫɿɧɟɧ  ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɧɿң 
ɧɚɧɨɬԛɬɿɤɲɟɥɟɪɿ ɦɟɧ  ɧɚɧɨɫɬɟɪɠɟɧɶɞɚɪɵɧɚɧ ԕԝɪɵɥԑɚɧ ԕɚɛɵԕɲɚɥɚɪɞɵ ɲɵԑɚɪɭ ԥɞɿɫɬɟɪɿ 
ԥɡɿɪɥɟɧɞɿ; ɚɥԑɚɲ ɪɟɬ ɷɥɟɤɬɪɨɧɧɵң ɲɚɥɚԧɬɤɿɡɝɿɲɬɿ ԧɬɤiɡɭ ɡɨɧɚɫɵɧɚ ɮɨɬɨɢɧɠɟɤɰɢɹɞɚԑɵ 
ɫɟɧɫɢɛɢɥɢɡɚɬɨɪ (ɞɚɣɵɧ ɮɨɬɨɦɚɬɟɪɢɚɥɞɚɪɞɵң ɠɚɪɵԕ ɫɟɡɿɦɬɚɥɞɵԑɵɧ ɚɪɬɬɵɪɭ)  
ɦɨɥɟɤɭɥɚɥɚɪɵɧɵң  ɫɩɢɧɞɿɤ ɤԛɣi ɡɟɪɬɬɟɥɞɿ; ɠɚɪɬɵɥɚɣ ԧɬɤɿɡɝɿɲ / ɛɨɹԑɵɲ ɛԧɥɿɝɿɧɞɟɝɿ 
ɷɥɟɤɬɪɨɧɞɵ-ɬɟɫɿɤ ɠԝɛɵɧɵң ɫɩɢɧɞɿɤ ɤԛɣɿɧɿң ɞɢɧɚɦɢɤɚɫɵ ɚɥԑɚɲ ɪɟɬ ɡɟɪɬɬɟɥɞɿ; Ɍɢɬɚɧ 
ɞɢɨɤɫɢɞɿɧɿң ɧɚɧɨɬԛɬɿɤɲɟɥɿ ɠԥɧɟ ɧɚɧɨɫɬɟɪɠɟɧɞɿ ԕɚɛɵԕɲɚɫɵ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɧɿң 
ɧɚɧɨɛԧɥɲɟɤɬɿɤ ԕɚɛɵԕɲɚɫɵɧɚ ԕɚɪɚԑɚɧɞɚ ɷɥɟɤɬɪɨɧɧɵң ɷɮɮɟɤɬɢɜɬɿ ɠԛɪɿɫɿ ɠɨԑɚɪɵ, ɚɥ 
ɪɟɤɨɦɛɢɧɚɰɢɹ ɠɵɥɞɚɦɞɵԑɵ ɬԧɦɟɧ ɟɤɟɧɿ ԕԝɪɵɥɞɵ; ɤԛɧ ԝɹɲɵԕɬɚɪɵɧɵң ɮɨɬɨɜɨɥɢɤɚɥɵԕ 
ɫɢɩɚɬɬɚɦɚɥɚɪɵɧɚ ɛɟɬɬɿɤ ɦɟɧɲɿɤɬɿ ɚɭɞɚɧɧɵң, ɬɢɬɚɧɨɤɫɢɞɿɧɿң ԕԝɪɚɦɵɧɵң ɠԥɧɟ ԕɚɪɫɵ 
ɷɥɟɤɬɪɨɞɬɵң ԥɫɟɪɿ ɬɭɪɚɥɵ ɠɚңɚ ɦԥɥɿɦɟɬɬɟɪ ɚɥɵɧɞɵ; TiO2 ɧɚɧɨԕԝɪɵɥɵɦɞɚɪɵɧ ԧɧɞɿɪɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵ ԥɡɿɪɥɟɧɿɩ, ɧɚɧɨɛԧɥɲɟɤɬɟɪɞɿң ԧɥɲɟɦɿɧɿң, ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɵң ɠԥɧɟ 
ɠɚɪɬɵɥɚɣԧɬɤɿɡɝɿɲ ԕɚɛɚɬɬɵң ԕɚɥɵңɞɵԑɵɧɵң DSSCɧɵң (ɛɨɹԑɵɲ ɠɚɪɵԕ ɫɟɡɝɿɲ ɤɭɧ 
ɛɚɬɚɪɟɹɥɚɪɵ) ɷɮɮɟɤɬɢɜɬɿɥɿɝɿɧɟ ԥɫɟɪɿ ɡɟɪɬɬɟɥɞɿ. 

ɗɤɫɩɟɪɢɦɟɧɬ. Ɂɟɪɬɬɟɥɟɬіɧ ԛɥɝіɥɟɪɞіԙ ɞɚɣɵɧɞɚɥɭ ɩɪɨɰɟɫɫі 
Ȼɿɡ ɡɟɪɬɬɟɭɿɦɿɡɞɟ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿ ɧɟɝɿɡɿɧɞɟɝɿ ɨɪɝɚɧɢɤɚɥɵԕ ɛɨɹԑɵɲ ɬɚңԕɭɪɚɣɦɟɧ  

ɛɨɹɥԑɚɧ  ɤԛɧ ɛɚɬɚɪɟɹɫɵɧ ɠɚɫɚɞɵԕ[4]. 
Ⱥɥɞɵɦɟɧ ɲɚɦɚɦɟɧ 0,5 ɝɪɚɦɦ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɧ. ɋɨɞɚɧ ɤɟɣɿɧ ɨɧɵ ɠԝԕɚ ɛɨɹɭ ɧɟɦɟɫɟ 

ɫԝɣɵԕ ɫԝɣɵԕɬɵԕɬɵң ɤɨɧɫɢɫɬɟɧɰɢɹɫɵɧɚ ɞɟɣɿɧ ɫɿɪɤɟ ɬɚɦɲɵɥɚɪɵɧ ɚɪɚɥɚɫɬɵɪɞɵԕ. Ɉɫɵ ɞɚɣɵɧ 
ɛɨɥԑɚɧ ɫԝɣɵԕɬɵԕԕɚ ɵɞɵɫ ɠɭɭԑɚ ɚɪɧɚɥԑɚɧ ɠɭԑɵɲ ɡɚɬ ԕɨɫɬɵԕ.ȿɧɞɿ ɢɧɞɢɣ ԕɵɲԕɵɥɵɧɵң ɨɤɫɢɞɿ 
ɧɟɝɿɡɿɧɞɟɝɿ ɲɵɧɵ ɛԧɥɿɝɿɧ ɚɥɞɵԕ. ɒɵɧɵɧɵң ɤɟɞɟɪɝɿɫɿɧ ԧɥɲɟɭɝɟ ɚɪɧɚɥԑɚɧ ɦɭɥɶɬɢɦɟɬɪ 
ɠɢɵɧɬɵԑɵɧ ɩɚɣɞɚɥɚɧɵɩ, ԥɣɧɟɤ ɤɟɞɟɪɝɿɫɿɧ ԧɥɲɟɭ ɚɪԕɵɥɵ ԧɬɤɿɡɝɿɲɬɿɝɿɧ ɬɚɩɬɵԕ. Ԧɡɿɦɿɡ 
ɛɿɥɟɬɿɧɞɟɣ ɷɥɟɤɬɪ ԧɬɤɿɡɝɿɲɬɿɤ ɠɚԑɵ ԧɬɤɿɡɝɿɲ ɟɦɟɫ ɠɚԑɵɧɚɧ ԥɥɞɟԕɚɣɞɚ ɬԧɦɟɧ ԕɚɪɫɵɥɵԕԕɚ ɢɟ 
ɛɨɥɚɞɵ. 

Ԧɬɤɿɡɝɿɲ ɠɚԑɵɧ ɠɨԑɚɪɵ ԕɵɥɵɩ ԥɣɧɟɤɬɿ ɬɟɝɿɫ ɛɟɬɤɟ ԕɨɣɵɩ, ԛɲ ɲɟɬɿɧɟɧ 1 ɦɦ  
ԝɡɵɧɞɵԕɬɚ ɬɚɫɩɚɦɟɧ ɠɚɩɬɵԕ. Ⱥɥ ɛɿɪ ɲɟɬɿɧ 4 ɦɦ ɬɚɫɩɚɦɟɧ ɠɚɩɬɵԕ. Ɍɚɫɩɚ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿ 
ɲɵɧɵɧɵң ɛԛɤɿɥ ɛɟɬɿɧɟ ɠɚԑɵɥɵɩ ɤɟɬɩɟɭɿ ԛɲɿɧ,ɚɥ 4 ɦɦ ɡɨɧɚ ɤɨɧɬɚɤɬɿ ԛɲɿɧ ԕɚɥɞɵɪɵɥɞɵ. 

ȿɧɞɿ ɲɵɧɵ ɬԛɬɿɤɬɿ ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ, ɬɢɬɚɧ ɞɢɨɤɫɢɞɿ ɛɨɹɭɵɧ ɲɵɧɵɧɵң ԧɬɤɿɡɝɿɲ 
ɛɟɬɿɧɟ ɠɚԕɬɵԕ. ɒɩɚɬɟɥɶ ɚɪԕɵɥɵ ɛɨɹɭɞɵ ɬɚɫɩɚɧɵң ɛɨɣɵɦɟɧ ɫɵɪԑɵɬɵɩ, ɛɨɹɭɞɵ ԥɣɧɟɤɬɟɧ 
ɛɿɪɤɟɥɤɿ ɠԥɧɟ ɛɿɪɬɟɤɬɿ ɠɚԕɬɵԕ. ɒɵɧɵɦɵɡɞɵ ɚɭɚɞɚ ԕԝɪԑɚɬɵɩ,ɫɨɞɚɧ ɤɟɣɿɧ ɬɚɫɩɚɧɵ ɦԝԕɢɹɬ 
ɬɚɡɚɥɚɩ ɫɥɚɣɞɬɵ ɚɥɞɵԕ. ɋɥɚɣɞɬɵ, ԧɬɤɿɡɝɿɲ ɠɚԑɵɧ, ɵɫɬɵԕ ɩɥɢɬɚԑɚ ԕɨɣɵɩ ɠɵɥɭɞɵ 200 C ɞɟɣɿɧ 
ԕɵɡɞɵɪɞɵԕ. Ȼԛɤɿɥ ɩɪɨɰɟɫɫ ɲɚɦɚɦɟɧ 20 ɦɢɧɭɬ ɚɥɚɞɵ. 

ȿɧɞɿ ɫɭɵɬɵɥԑɚɧ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿ ɠɚԑɵɥԑɚɧ ɫɥɚɣɞɬɵ ɚɥɵɩ, ɨԑɚɧ ɬɚңԕɭɪɚɣ ɲɵɪɵɧɵɧ  
ɛɿɪɧɟɲɟ ɬɚɦɲɵɫɵɧ ԕԝɣɞɵԕ. Ɍɢɬɚɧ ɞɢɨɤɫɢɞɿɧɟ ɡɚԕɵɦ ɤɟɥɬɿɪɦɟɭ ԕɚɠɟɬ. Ȼԝɥ ɩɪɨɰɟɫɫ ɛɿɪɧɟɲɟ 
ɦɢɧɭɬԕɚ ɫɨɡɵɥɞɵ, ɫɨɧɞɚ ɛɨɹɭɵɦɵɡ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɧɟ ɠɚԕɫɵ ɫɿңɿɩ ɤɟɬɟɞɿ. 

Ɉɫɵ ɭɚԕɵɬɬɚ ɛɚɫԕɚ ɢɧɞɢɣ ɨɤɫɢɞɿɧɿң ɲɵɧɵ ɫɥɚɣɞɵɧ ɚɥɵɩ, ԧɬɤɿɡɟɬɿɧ ɠɚԑɵɧ ɛɿɥɞɿɤ. 
ɋɵɪɬɬɚԑɵ ɛԧɥɿɤɬɟɪɞɿ ɬɢɬɚɧ ɞɢɨɤɫɢɞɿɦɟɧ ɫԥɣɤɟɫɬɟɧɞɿɪɿɩ ɚɥɭ ԛɲɿɧ ɦԝԕɢɹɬ ɬɚɡɚɥɚɞɵԕ.ȿɤɿɧɲɿ 
ɫɥɚɣɞɵɦɵɡ ɚɧɨɞɬɵң ԕɵɡɦɟɬɿɧ ɚɬԕɚɪɭ ԛɲɿɧ ɛɿɡ ɨɧɵң ɛɟɬɿɧɟ ɝɪɚɮɢɬ ɠɚԕɬɵԕ. ɋɨңԑɵ ԕɚɞɚɦɵɦɵɡ 
ɫɥɚɣɞɬɚɪɞɵ ɛɚɣɥɚɧɵɫɬɵɪɵɩ ɤɥɢɩɫɚɥɚɪɦɟɧ ɛɿɪɿɤɬɿɪɿɩ ɚɪɚɫɵɧɚ ɣɨɞ ԕԝɣɞɵԕ. Ɇԝԕɢɚɬ 
ɬɚɡɚɥɚɭɞɚɧ ɤɟɣɿɧ ɛɿɡɞɿң ɤԛɧ ɷɥɟɦɟɧɬɿɦɿɡ ɞɚɣɵɧ ɛɨɥɞɵ. Ɉң ɠɚԑɵ – ɝɪɚɮɢɬ ɠɚԑɵ, ɚɥ ɬɟɪɿɫ ɠɚԑɵ 
- ɬɢɬɚɧ ɞɢɨɤɫɢɞɿ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɇɭɥɶɬɢɦɟɬɪɝɟ ɠɚɥԑɚɩ ɤԛɧ ɷɥɟɦɟɧɬɿɦɿɡɞɿң ɠԝɦɵɫɵɧ 
ɬɟɤɫɟɪɞɿɤ. 

Ɂɟɪɬɬɟɭ ɧԥɬɢɠɟɥɟɪі. ȿң ɚɥɞɵɦɟɧ ɛɿɡ ɨɪɝɚɧɢɤɚɥɵԕ ɤԛɧ ɷɥɟɦɟɧɬɿɧɿң ɫɩɟɤɬɪɥɿɤ 
ɫɟɡɝɿɲɬɿɝɿɧ ɡɟɪɬɬɟɞɿɤ. Ɇɵɫɚɥɵ, 1 ɫɭɪɟɬɬɟ ԥɪ ɬԛɪɥɿ (ɋɋ-12, ɀɋ-12, Ʉɋ-3) ɫɜɟɬɨɮɢɥɶɬɿɪɥɟɪɞɟɧ 
ԧɬɤɟɧ ɠɚɪɵԕ ɫԥɭɥɟɫɿɧɟ ɤԛɧ ɷɥɟɦɟɧɬɿɧɿң ɮɨɬɨɠɚɭɚɛɵ ɤԧɪɫɟɬɿɥɞɿ. Ȼԝɥ ɝɪɚɮɢɤɬɟɪɞɟɧ ԕɵɡɵɥ 
ɠɚɪɵԑɵɧɵң ɟң ɤԧɩ ɦԧɥɲɟɪɞɟ ɡɚɪɹɞ ɬɚɫɵɦɚɥɞɚɭɲɵɥɚɪɵɧɵң ɬɭɚɬɵɧɵң ɤԧɪɞɿɤ.   

 

Powered by TCPDF (www.tcpdf.org)

3

http://www.tcpdf.org


355 
 

 
1-ɫɭɪɟɬ – Ɉɪɝɚɧɢɤɚɥɵԕ ɤԛɧ ɷɥɟɦɟɧɬɿɧɿң ɫɩɟɤɬɪɥɿɤ ɫɟɡɝɿɲɬɿɤ ɝɪɚɮɢɝɿ 

 

Ʉɟɥɟɫɿ ɪɟɬɬɟ, ɤԛɧ ɷɥɟɦɟɧɬɿɧɟ ԥɪ ɬԛɪɥɿ ɠɚɪɵԕɬɚɧɭ ɤɟɡɿɧɞɟɝɿ ɮɨɬɨɠɚɭɚɛ ɝɪɚɮɢɝɿ. Ȼԝɪ 
ɝɪɚɮɢɝɬɟ, ɤɟɪɿɫɿɧɲɟ ɫɚɪɵ ɚɣɦɚԕɬɚ ɡɚɪɹɞɬɚɪɞɵң ɤԧɩ ɦԧɥɲɟɪɞɟ ɝɟɧɟɪɚɰɢɹɫɵ ɚɧɵԕɬɚɥɞɵ. 
Ȼԝɧɵɧ ɠɚɭɚɛɵ, ɀɋ-12 ɫɜɟɬɨɮɢɥɶɬɪɿ ԕɚɥԑɚɧ ɟɤɿ ɮɢɥɶɬɪɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɤԧɛɿɪɟɤ ɠɚɪɵԕ 
ԧɬɤɿɡɟɬɿɧɿ, 2 ɫɭɪɟɬ ɚ ɛԧɥɿɝɿ.   

 

 
2-ɫɭɪɟɬ  – Ɉɪɝɚɧɢɤɚɥɵԕ ɤԛɧ ɷɥɟɦɟɧɬɿɧɿң ɠɚɪɵԕɬɚɧɭ ɝɪɚɮɢɝɿ 

 

ɋɨɧɞɚɣ-ɚԕ ɛɚɫԕɚ ɮɨɬɨɷɥɟɤɬɪɥɿɤ ɩɚɪɚɦɟɬɪɥɟɪɿ ԧɥɲɟɧɞɿ. Ɇɵɫɚɥɵ 2 ɫɭɪɟɬɬɟ ɫԛɧ ɷɥɟɦɟɧɬɿ 
ɲɵԑɚɪɚɬɵɧ ɤɟɪɧɟɭ ɲɚɦɚɫɵɧɵң ɨɧɵң ɛɟɬɿɧɟ ɬԛɫɟɬɿɧ ɠɚɪɵԕ ɦԧɥɲɟɪɿɧɟ ɬԥɭɟɥɞɿɥɿɤ ɝɪɚɮɢɝɿ 
ɤɟɥɬɿɪɿɥɞɿ.   

Ԕɨɪɵɬɵɧɞɵ. Ȼԝɥ ɠԝɦɵɫɬɚ ɛɿɡ Ƚɪɟɬɰɟɥɶ ɤԛɧ ɷɥɟɦɟɧɬɿɧɿң ɚɪɡɚɧ ɠԥɧɟ ɠɟңɿɥ ɬԛɪɿɧ ɿɫɬɟɩ 
ԛɣɪɟɧɞɿɤ. Ʌɚɛɨɪɚɬɨɪɢɹɥɵԕ ɠԝɦɵɫɬɚ ɬɢɬɚɧ ɞɢɨɤɫɢɞɵɦɟɧ ɤԛɧ ɛɚɬɚɪɟɹɫɵɧ ɠɚɫɚɭ ɛɨɥɵɩ 
ɬɚɛɵɥɚɬɵɧ. Ʌɚɛɨɪɚɬɨɪɢɹɞɚԑɵ ԕԝɪɵɥԑɵɥɚɪɞɵң ɚɪԕɚɫɵɧɞɚ ɠԝɦɵɫ ɫԥɬɬɿ ԧɬɬɿ. Ɉɣɞɚԑɵɞɚɣ ɛɿɡ 
Ƚɪɟɬɰɟɥɶ ɤԛɧ ɷɥɟɦɟɧɬɿɧ ɠɚɫɚɩ ɲɵԕɬɵԕ. 
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