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спектрлері K2SO4 кристалының рұқсат етілмеген аймағының ені шамамен 5,2 эВ екендігін 

кӛрсетеді.  
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Кіріспе 
Жылдам ауыр иондардың қатты денелермен ӛзара әрекеттесуін талдауда 

қолданылатын термиялық шың моделінде бір-бірінен ерекшеленетін екі тәсілді бӛліп 

қарастыруға болады: серпімсіз және аналитикалық термиялық шың моделі. Осы екі модельді 

кеңінен қолдануға байланысты олардың сипатты ерекшеліктерін анықтау және салыстыру 

маңызды. Термиялық шыңның екі моделінің мұндай салыстырмалы талдауы ЖАИ (жылдам 

ауыр иондардың) қатты денемен ӛзара әрекеттесуінің эксперименталдық және теориялық 

зерттеулерінде маңызды болып табылады.  

Термиялық шың моделін алғаш рет Десауэр ұсынып[1], оқшаулағыштар үшін 

Чадертон мен Монтегю-Поллок[2] , ал металдар үшін Зейтц және Келлер[3] қайта қарады. 

Бұл модельдің негізгі идеясы мынада: кристалдық торға берілген энергия жылу беру 

механизмінің кӛмегімен сипатталуы мүмкін. Электрондардан торға жылу беру механизмі 

металдар мен диэлектриктер үшін әртүрлі. Электронды және атомдық жүйелер асты 

термодинамикалық тепе-теңдікті орнату уақыты олардың арасындағы релаксация уақытына 

қарағанда айтарлықтай аз болғандықтан, торлардың температурасы мен электрондардың 

температурасы туралы айтуға болады. Координаталардың цилиндрлік жүйесінде жылу беру 

процесі r  ортасынан арақашықтыққа және t уақытына байланысты келесі байланысқан екі 

дифференциалдық теңдеулердің кӛмегімен сипатталады[4]: 
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ɦԝɧɞɚԑɵ C(T), K(T), T – ɦɟɧɲɿɤɬɿ ɠɵɥɭ ɫɵɣɵɦɞɵɥɵԕ ɩɟɧ ɠɵɥɭ ԧɬɤɿɡɝɿɲɬɿɤɬɿң 
ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɬԥɭɟɥɞɿɥɿɝɿ, ɷɥɟɤɬɪɨɧɞɵԕ (ɟ) ɠԥɧɟ ɚɬɨɦɞɵԕ (ɚ) ɠԛɣɟɥɟɪ ɚɫɬɵ  ɬɟɦɩɟɪɚɬɭɪɚɫɵ. 
A(r,t) – ɢɨɧɢɡɚɰɢɹ ɧԥɬɢɠɟɫɿɧɞɟ ɷɥɟɤɬɪɨɧɞɚɪԑɚ ɛɟɪɿɥɝɟɧ ɷɧɟɪɝɢɹɧɵң ɤɟңɿɫɬɿɤɬɿɤ ɠԥɧɟ ɭɚԕɵɬɲɚ 
ɬɚɪɚɥɭɵ, g  – ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ԧɡɚɪɚ ԥɫɟɪɥɟɫɭ ɤɨɧɫɬɚɧɬɚɫɵ [5]. 

Ɍɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɞɟ ɠɵɥɞɚɦ ɚɭɵɪ ɢɨɧɞɚɪɞɵң ԕɚɬɬɵ ɞɟɧɟɥɟɪɦɟɧ ԧɡɚɪɚ 
ԥɪɟɤɟɬɬɟɫɭɿɧ ɬɚɥɞɚɭɞɚ ɩɚɣɞɚɥɚɧɵɥɚɬɵɧ ɛɿɪ-ɛɿɪɿɧɟɧ ɟɪɟɤɲɟɥɟɧɟɬɿɧ ɟɤɿ ɬԥɫɿɥɞɿ ɛԧɥɿɩ ɤԧɪɫɟɬɭɝɟ 
ɛɨɥɚɞɵ: 

1) ɋɟɧɟɲ ԝɫɵɧԑɚɧ[6, 7] ɚɧɚɥɢɬɢɤɚɥɵԕ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ (ɚ-TS), ɷɧɟɪɝɢɹ 
ɷɥɟɤɬɪɨɧɞɵɞɚɧ ɚɬɨɦɞɵԕ ɠԛɣɟɥɟɪ ɚɫɬɵ  ɛɟɪɿɥɭɿɧ ɟɥɟɦɟɫɬɟɧ, ɞɢɮɮɟɪɟɧɰɢɚɥɞɵ ɬɟңɞɟɭɞɿң 
ɚɧɚɥɢɬɢɤɚɥɵԕ ɲɟɲɿɦɿɧ ɛɟɪɟɞɿ (1.1). Ȼԝɥ ɦɨɞɟɥɶ Ɍɪɢɧɤɚɭɫɩɟɧ ԕɚɪɚɫɬɵɪɵɥɞɵ[8]. 

2) ɋɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң (iTS) ɦɨɞɟɥɿ[9-16] ɠɵɥɭ ԧɬɤɿɡɝɿɲɬɿɤ ɞɢɮɮɟɪɟɧɰɢɚɥɞɵԕ 
ɬɟңɞɟɭɥɟɪ ɠԛɣɟɫɿɧɿң ɬɨɥɵԕ ɫɚɧɞɵԕ ɲɟɲɿɦɿɧ ɛɟɪɟɞɿ (1.1) 

Ⱥɧɚɥɢɬɢɤɚɥɵԕ ɬɟɪɦɢɹɥɵԕ ɲɵԙ ɦɨɞɟɥі. Ⱥɧɚɥɢɬɢɤɚɥɵԕ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɞɟ, 
ɬɪɟɤɬɿ ԕɚɥɵɩɬɚɫɬɵɪɭ ɫɚɥɚɫɵɧɞɚԑɵ ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɬɚɪɚɥɭɞɵ ɚɧɵԕɬɚɭ ɤɟɡɿɧɞɟ, ɷɥɟɤɬɪɨɧɞɵ 
ɠԥɧɟ  ɚɬɨɦɞɵԕ ɠԛɣɟɥɟɪ ɚɫɬɵ  ɷɧɟɪɝɢɹ ɬɚɫɵɦɚɥɞɚɭ ɩɪɨɰɟɫɿ ɬԛɫɿɧɞɿɪɿɥɿɩ, ɨɥ ɛɨɣɵɧɲɚ 
ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɬɚɪɚɥɭ Ƚɚɭɫɫ ɬɚɪɚɥɭɵ ɬԛɪɿɧɞɟ ԝɫɵɧɵɥɭɵ ɦԛɦɤɿɧ[17]. Ȼԝɥ ԛɥɝɿɝɟ ɫԥɣɤɟɫ, ɬɪɟɤ 
ɚɣɦɚԑɵɧɞɚԑɵ ɬɟɦɩɟɪɚɬɭɪɚɧɵң ɬɚɪɚɥɭɵ Ƚɚɭɫɫɬɵԕ ɞɟɩ ɟɫɟɩɬɟɥɟɞɿ: 
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ɦԝɧɞɚԑɵ   ɠԥɧɟ ɫ – ɧɵɫɚɧɚ ɦɚɬɟɪɢɚɥɵɧɵң ɬɵԑɵɡɞɵԑɵ ɦɟɧ ɨɪɬɚɲɚ ɦɟɧɲɿɤɬɿ 
ɠɵɥɭɫɵɣɵɦɞɵɥɵԑɵ,   - ɷɧɟɪɝɢɹɧɵң ɛɟɪɿɥɭ ɬɢɿɦɞɿɥɿɝɿ ɠԥɧɟ )0(a ɬɟɦɩɟɪɚɬɭɪɚɧɵң ɪɚɞɢɚɥɞɵ 
ɬɚɪɚɥɭɵɧɵң ɛɚɫɬɚɩԕɵ ɟɧɿ. ɋɟɧɟɲ[6] ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɬɚɪɚɥɭ ԧɡɿɧɿң ɦɚɤɫɢɦɭɦɵɧɚ ɠɟɬɤɟɧɞɟ, 
ɬɪɟɤɬɿң ɟң ԛɥɤɟɧ ԧɥɲɟɦɿ t = 0 ɤɟɡɿɧɞɟ ɠɟɬɟɞɿ ɞɟɩ ɛɨɥɠɚɞɵ, ɫɨɧɞɵԕɬɚɧ irm TTrT  )0,(  , 

ɦԝɧɞɚԑɵ mT  ɠԥɧɟ irT  ɫԥɣɤɟɫɿɧɲɟ ɛɚɥԕɭ ɠԥɧɟ ɫԥɭɥɟɥɟɧɞɿɪɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɬɟɤ )0(a  ԛɲɿɧ ԑɚɧɚ 
ɚɧɵԕɬɚɥɚɞɵ. Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ, ɫԥɭɥɟɥɟɧɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɬɪɟɤɬɟɪɞɿң 
ɪɚɞɢɭɫɬɚɪɵɧ ɦɵɧɚ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ: 
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ɦԝɧɞɚԑɵ Se, k, n, Tm, Tir, ɷɧɟɪɝɢɹɧɵң ɦɟɧɲɿɤɬɿ ɢɨɧɢɡɚɰɢɹɥɵԕ ɲɵԑɵɧɞɚɪɵ, Ȼɨɥɶɰɦɚɧ 
ɬԝɪɚԕɬɵɫɵ, ɧɵɫɚɧɚ ɦɚɬɟɪɢɚɥɵ ɚɬɨɦɞɚɪɵɧɵң ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ, ɧɵɫɚɧɚ  ɦɚɬɟɪɢɚɥɵɧɵң ɛɚɥԕɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɠԥɧɟ ɫԥɭɥɟɥɟɧɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ; a(0), Ȗ – ɬɟɪɦɢɹɥɵԕ ɲɵңɧɵң ɚɧɚɥɢɬɢɤɚɥɵԕ 
ɦɨɞɟɥɿɧɿң ɩɚɪɚɦɟɬɪɥɟɪɿ, ɤԧɩɬɟɝɟɧ ɨԕɲɚɭɥɚԑɵɲɬɚɪ ԛɲɿɧ ɬɢɿɫɿɧɲɟ 4,5 ɧɦ ɠԥɧɟ 0,4-0,17 ɬɟң 
(ɢɨɧ ɠɵɥɞɚɦɞɵԑɵɧɚ ɛɚɣɥɚɧɵɫɬɵ). Ɍԛɡɿɥɭ ɲɟɝɿ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ: 
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ɋɟɧɟɲɤɟ ɫԥɣɤɟɫ, ɛɚɫɬɚɩԕɵ ɝɚɭɫɫɬɵԕ ɟɧɿ ɛɚɪɥɵԕ ɦɚɬɟɪɢɚɥɞɚɪ ԛɲɿɧ ɛɿɪɞɟɣ 5.4)0( a  

ɧɦ. ɗɧɟɪɝɢɹ ɛɟɪɭ ɬɢɿɦɞɿɥɿɝɿ ɬɟɤ ɛԧɥɲɟɤɬɟɪɞɿң ɠɵɥɞɚɦɞɵԑɵɧɚ ɛɚɣɥɚɧɵɫɬɵ. Ɍԧɦɟɧ ( 2E
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Ɇɷȼ/ɧɭɤɥɨɧ) ɠɵɥɞɚɦɞɵԕ ɤɟɡɿɧɞɟ 4.0~ , ɚɥ ɠɨԑɚɪɵ ɠɵɥɞɚɦɞɵԕ ɤɟɡɿɧɞɟ ( 8E Ɇɷȼ/ɧɭɤɥɨɧ) 
ɢɨɧɞɚɪ 17.0~ . Ɉɫɵɥɚɣɲɚ, ɛԝɥ ɦɨɞɟɥɶɞɟ ɢɨɧɞɚɪɞɵң ɬԧɦɟɧ ɠԥɧɟ ɠɨԑɚɪɵ 
ɠɵɥɞɚɦɞɵԕɬɚɪɵɧɞɚ ԥɪɬԛɪɥɿ ɨԕɲɚɭɥɚԑɵɲԕɚ ɬԥɧ ɟɪɤɿɧ ɩɚɪɚɦɟɬɪ ɠɨԕ. 

Ⱦɟɦɟɤ, ɚ-TS ɦɨɞɟɥɿ t = 0 ɭɚԕɵɬ ɤɟɡɿɧɞɟ ɚ(0) ɝɚɭɫɫɬɵԕ ɟɧɿ etS  ɬԛɡɿɥɭ ɲɟɝɿɧɟɧ 
ɲɵԑɚɪɵɥɭɵ ɦԛɦɤɿɧ ɛɨɥԑɚɧ ɠɚԑɞɚɣɞɚ ɦɚɬɟɪɢɚɥɞɚɪɞɚԑɵ ɬɪɟɤ ɪɚɞɢɭɫɬɚɪɵɧɵң ɫɚɧɞɵԕ 
ɫɢɩɚɬɬɚɦɚɫɵɧ ɛɟɪɟɞɿ .   ɤɨɷɮɮɢɰɢɟɧɬɿ ԕɚɬɬɵ ɮɚɡɚɞɚɧ ɫԝɣɵԕ ɮɚɡɚԑɚ ԧɡɝɟɪɬɭ ԛɲɿɧ ԕɚɠɟɬɬɿ 
ɷɧɟɪɝɢɹɧɵң ɠɚɫɵɪɵɧ ɠɵɥɭɵɧ ɟɫɤɟɪɦɟɣ, ɷɧɟɪɝɢɹɧɵң ɛɟɪɿɥɭ ɬɢɿɦɞɿɥɿɝɿɧ ɚɧɵԕɬɚɣɞɵ. 
Ⱦɟɝɟɧɦɟɧ, ɛԝɥ ɦɨɞɟɥɶ ɚɬɨɦɞɵԕ ɠԛɣɟ ɚɫɬɵ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɵң ɛɚɫɬɚɩԕɵ ɬɚɪɚɥɭɵɧ 
ɫɢɩɚɬɬɚɣɞɵ. Ɉɥ  = 0,6 ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ, Ʉɥɚɭɦɸɧɡɟɪɦɟɧ ɫԥɬɬɿ ԕɨɥɞɚɧɵɥɞɵ[18]. 

ɋɟɪɩіɦɫіɡ ɬɟɪɦɢɹɥɵԕ ɲɵԙ ɦɨɞɟɥі. Ɍɟɪɦɢɹɥɵԕ ɲɵңɧɵң ɫɟɪɩɿɦɫɿɡ ɦɨɞɟɥɿɧɞɟ ɢɨɧɧɵң 
ԝɲɵɩ ԧɬɭ ɚɣɦɚԑɵɧɞɚ ԕɨɡԑɚɧ ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɬɟɪɦɢɹɥɵԕ ɪɟɥɚɤɫɚɰɢɹ ɩɪɨɰɟɫɬɟɪɿ ɠԥɧɟ 
ɤɪɢɫɬɚɥɞɵԕ ɬɨɪ ɢɨɧɞɚɪɵɧɚ ɵɫɬɵԕ ɷɥɟɤɬɪɨɧɞɚɪɞɚɧ ɷɧɟɪɝɢɹɧɵң ɬɚɫɵɦɚɥɞɚɧɭɵ 
ԕɚɪɚɫɬɵɪɵɥɚɞɵ. ɀɵɥɭ ɛɟɪɭ ɦɟɯɚɧɢɡɦɿ ɠɵɥɭԧɬɤɿɡɝɿɲɬɿɤɬɿң ɛɚɣɥɚɧɵɫԕɚɧ ɟɤɿ 
ɞɢɮɮɟɪɟɧɰɢɚɥɞɵԕ ɬɟңɞɟɭɥɟɪ ɠԛɣɟɫɿɧɿң ɤԧɦɟɝɿɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ[19]: 
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  (1.5) 

 

ɦԝɧɞɚԑɵ C(T), K(T), T – ɦɟɧɲɿɤɬɿ ɠɵɥɭ ɫɵɣɵɦɞɵɥɵԕ ɩɟɧ ɠɵɥɭ ԧɬɤɿɡɝɿɲɬɿɤɬɿң  
ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɬԥɭɟɥɞɿɥɿɝɿ, ɷɥɟɤɬɪɨɧɞɵԕ (ɟ) ɠԥɧɟ ɚɬɨɦɞɵԕ (ɚ) ɠԛɣɟɥɟɪ ɚɫɬɵ  ɬɟɦɩɟɪɚɬɭɪɚɫɵ. 
A(r,t) – ɢɨɧɢɡɚɰɢɹ ɧԥɬɢɠɟɫɿɧɞɟ ɷɥɟɤɬɪɨɧɞɚɪԑɚ ɛɟɪɿɥɝɟɧ ɷɧɟɪɝɢɹɧɵң ɤɟңɿɫɬɿɤɬɿɤ ɠԥɧɟ ɭɚԕɵɬɲɚ 
ɬɚɪɚɥɭɵ, g  -ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ԧɡɚɪɚ ԥɫɟɪɥɟɫɭ ɤɨɧɫɬɚɧɬɚɫɵ, g=DeCe/λ2

. 

Ɇɟɬɚɥɥ ɦɚɬɟɪɢɚɥɞɚɪ ԛɲɿɧ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɟ i-TS ɬԥɧ ɛɟɥɝɿɥɟɪ 
ɤɟɥɟɫɿɞɟɣ[9-16,20]: 

ɚ) ɗɧɟɪɝɢɹɧɵң ɠɨԑɚɥɭɵ Ɇɨɧɬɟ-Ʉɚɪɥɨ[22] ԥɞɿɫɿɦɟɧ ɚɥɵɧɚɬɵɧ Ⱥ(r,t) ɷɥɟɤɬɪɨɧɞɚɪɵɧɵң 
ɪɚɞɢɚɥɞɵ ɠԥɧɟ ɭɚԕɵɬɲɚ ɬɚɪɚɥɭɵɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ. 

ɛ) ɀɵɥɭ ɛɟɪɭ ɩɪɨɰɟɫɿ Ɏɭɪɶɟ ɬɟңɞɟɭɥɟɪɿɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ, ɨɥɚɪ ɤɨɨɪɞɢɧɚɬɚɥɚɪɞɵң 
ɰɢɥɢɧɞɪɥɿɤ ɠԛɣɟɫɿɧɞɟ ɲɟɲɿɥɟɞɿ. Ɍɟңɞɟɭɥɟɪɞɿң ɫɚɧɞɵԕ ɲɟɲɿɦɿ (1.1) ɀȺɂ-ɞɚɧ ɷɥɟɤɬɪɨɧɞɵԕ 
ɠԥɧɟ ɚɬɨɦɞɵԕ ɠԛɣɟɥɟɪ ɚɫɬɵ ɛɟɪɿɥɝɟɧ ɷɧɟɪɝɢɹɧɵ ɟɫɟɩɬɟɭɝɟ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ. ȿɫɟɩɬɟɭɥɟɪɞɿң 
ɛɚɫɬɚɩԕɵ ɲɟɤɚɪɚɥɵԕ ɲɚɪɬɬɚɪɵ ɫԥɭɥɟɥɟɧɝɟɧ ɬɨɪɞɵң (T0) ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɧɟɦɟɫɟ Ei(T0) ɿɲɤɿ 
ɷɧɟɪɝɢɹ, ɠԥɧɟ ɟɫɟɩɬɟɭɥɟɪ ɨɪɵɧɞɚɥɚɬɵɧ ɤԧɥɟɦ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ȱɲɤɿ ɷɧɟɪɝɢɹ ɦɟɧɲɿɤɬɿ 
ɠɵɥɭɫɵɣɵɦɞɵɥɵԕɬɵ 0 Ʉ-ɧɟɧ T0-ɝɟ ɞɟɣɿɧ ɢɧɬɟɝɪɚɥɞɚɭ ɠɨɥɵɦɟɧ ɟɫɟɩɬɟɥɟɞɿ. ȿɫɟɩɬɟɭ 
ɨɪɵɧɞɚɥɚɬɵɧ ԕɚɲɵԕɬɵԕ ɠɟɬɤɿɥɿɤɬɿ ԛɥɤɟɧ ɛɨɥɭɵ ɬɢɿɫ (ԥɞɟɬɬɟ ɰɢɥɢɧɞɪ ɪɚɞɢɭɫɵ ~200 ɧɦ). 

ɜ) Ԕɨɡԑɚɧ ɷɥɟɤɬɪɨɧɞɵԕ ɠԛɣɟɥɟɪ ɚɫɬɵ  ɪɟɥɚɤɫɚɰɢɹɫɵ g ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ɛɚɣɥɚɧɵɫ 
ɤɨɧɫɬɚɧɬɚɫɵɦɟɧ[22, 33]  ɫɢɩɚɬɬɚɥɚɬɵɧ ɷɥɟɤɬɪɨɧ-ɷɥɟɤɬɪɨɧɞɵԕ ɠԥɧɟ ɷɥɟɤɬɪɨɧ-ɚɬɨɦɞɵԕ 
ɫɨԕɬɵԑɵɫɭɥɚɪ ɫɟɛɟɛɿɧɟɧ ԧɬɟɞɿ ɞɟɩ ɛɨɥɠɚɧɚɞɵ. Ȼԝɥ ɲɚɦɚ gTɋ ee /)(  ɟɪɤɿɧ ɠԛɪɿɫɬɿң 

ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ɨɪɬɚɲɚ ɭɚԕɵɬɵɦɟɧ ɠԥɧɟ gTKTD eeee /)()(2    ɟɪɤɿɧ ɠԛɪɿɫɬɿң 

ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ɨɪɬɚɲɚ ԝɡɵɧɞɵԑɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵ , ɦԝɧɞɚԑɵ )( ee Tɋ  ɠԥɧɟ )( ee TK   

ɬɟɦɩɟɪɚɬɭɪɚ eT  ɤɟɡɿɧɞɟɝɿ ɷɥɟɤɬɪɨɧɞɵԕ (ɟ) ɤɿɲɿ ɠԛɣɟ ԛɲɿɧ ɦɟɧɲɿɤɬɿ ɠɵɥɭɫɵɣɵɦɞɵɥɵԕ ɩɟɧ 
ɠɵɥɭԧɬɤɿɡɝɿɲɬɿɤ[9,13,15]. 

ɝ) Ɂɚɬɬɵң ԧɬɟ ԕɵɫԕɚ ɭɚԕɵɬɬɚԑɵ ԕɵɡɞɵɪɵɥɭɵɧɚɧ, Tm ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɛɚɥԕɭ 
ɩɪɨɰɟɫɿɧ ɫɢɩɚɬɬɚɭ ԛɲɿɧ ɬɢɿɫɬɿ ɩɚɪɚɦɟɬɪ ɛɨɥɵɩ ɬɚɛɵɥɦɚɣɞɵ. Ȼԝɥ ɮɟɦɬɨɫɟɤɭɧɞɬɵ ɥɚɡɟɪɥɟɪɦɟɧ 
ɷɤɫɩɟɪɢɦɟɧɬɬɟɪɞɟ ɞԥɥɟɥɞɟɧɝɟɧ [24], ɦԝɧɞɚ Tm ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɞɚ ɬɟɦɩɟɪɚɬɭɪɚɧɵң ԧɫɭɿ 
ɬɨԕɬɚɦɚɣɞɵ, Tm  ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚɧ ɠɨԑɚɪɵ ԧɫɭɿɧ ɠɚɥԑɚɫɬɵɪɚɞɵ. g ɷɥɟɤɬɪɨɧɞɵԕ-ɮɨɧɨɧɞɵԕ 
ɛɚɣɥɚɧɵɫ ɤɨɷɮɮɢɰɢɟɧɬɿ ɟɪɤɿɧ ɩɚɪɚɦɟɬɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɥ ԧɡ ɤɟɡɟɝɿɧɞɟ ɛɚɫԕɚ ɩɚɪɚɦɟɬɪɥɟɪ 
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ɚɪԕɵɥɵ ɤԧɪɫɟɬɿɥɭɿ ɦԛɦɤɿɧ. ɀɚɪɬɵɥɚɣ ԧɬɤɿɡɝɿɲ ɦɚɬɟɪɢɚɥɞɚɪ ɠɚԑɞɚɣɵɧɞɚ g ɚɧɵԕɬɚɭɞɵң ɟɤɿ 
ɠɨɥɵɧ ɩɚɣɞɚɥɚɧɭԑɚ ɛɨɥɚɞɵ. Ɇɵɫɚɥɵ, ɬɨɪɥɚɪɞɵң ɬɟɦɩɟɪɚɬɭɪɚɫɵ Ⱦɟɛɚɹ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚɧ 
ɤɟɦ ɛɨɥɦɚԑɚɧ ɠɚԑɞɚɣɞɚ ɦɟɬɚɥɞɚɪ ԛɲɿɧ[25] ɠԝɦɵɫɬɚ ɚɥɵɧԑɚɧ ɮɨɪɦɭɥɚɧɵ ԕɨɥɞɚɧɭԑɚ ɛɨɥɚɞɵ, 
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                                                             (1.6) 

 

ɦԝɧɞɚԑɵ em  - ɷɥɟɤɬɪɨɧ ɦɚɫɫɚɫɵ; en  - ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ; S  -  

)6/(2
2

adBS nhTk    ɮɨɪɦɭɥɚɫɵɦɟɧ ɠɚɡɵɥԑɚɧ ɧɵɫɚɧɚ ɦɚɬɟɪɢɚɥɵɧɞɚԑɵ ɞɵɛɵɫ 
ɠɵɥɞɚɦɞɵԑɵ, ɦԝɧɞɚԑɵ na  - ɚɬɨɦ ɬɵԑɵɡɞɵԑɵ , kB  Ȼɨɥɶɰɦɚɧ ɬԝɪɚԕɬɵɫɵ, TD Ⱦɟɛɚɣ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɠԥɧɟ h ɉɥɚɧɤ ɬԝɪɚԕɬɵɫɵ; e  - ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɛɨɫ ɠԛɪɿɫɿɧɿң ɨɪɬɚɲɚ ɭɚԕɵɬɵ. 

Ⱥɥɚɣɞɚ, )( ee T  ɚɧɵԕɬɚɦɚɫɵ ԕɚɡɿɪɝɿ ɤԛɧɝɟ  ɞɟɣɿɧ ɲɟɲɿɥɦɟɝɟɧ ɤԛɪɞɟɥɿ ɦԥɫɟɥɟ ɛɨɥɵɩ 

ɬɚɛɵɥɚɞɵ. ɒɚɥɚԧɬɤɿɡɝɿɲɬɟɪ ԛɲɿɧ ɛɿɪɿɧɲɿ ɠɚԕɵɧɞɚɭ ɪɟɬɿɧɞɟ e ɬԝɪɚԕɬɵ ɠԥɧɟ 10-16
-10

-15
 ɫ ɬɟң 

ɞɟɩ ɫɚɧɚɭԑɚ ɛɨɥɚɞɵ. 
ȿɤɿɧɲɿ ɠɚԑɵɧɚɧ,   ɟɪɤɿɧ ɠԛɪɿɫ ԝɡɵɧɞɵԑɵ ɚɪԕɵɥɵ g ɤԧɪɫɟɬɭɝɟ ɛɨɥɚɞɵ 

 

gKgCD eee //
2                                                  (1.7) 

 

ɦԝɧɞɚԑɵ eD  -ɬɟɪɦɢɹɥɵԕ ɞɢɮɮɭɡɢɹ ɤɨɷɮɮɢɰɢɟɧɬɿ. 
Ɍɪɢɧɤɚɭɫ ɠԥɧɟ ɬ.ɛ.[8, 26] ԥɡɿɪɥɟɧɝɟɧ ɦɨɞɟɥɶ ɚɪԕɵɥɵ ɠɵɥɞɚɦ ɚɭɵɪ ɢɨɧɞɚɪɦɟɧ 

ɫԥɭɥɟɥɟɧɭɞɿң ɧԥɬɢɠɟɫɿɧɞɟ ɚɦɨɪɮɬɵ ɦɟɬɚɥɞɚɪɞɵң[58] ɠԥɧɟ ɞɢɷɥɟɤɬɪɢɤɬɟɪɞɿң[52, 59-61] 

ɚɧɢɡɨɬɪɨɩɬɵ ԧɫɭɿ ɫԥɬɬɿ ɫɢɩɚɬɬɚɥɭɵ ɦԛɦɤɿɧ. Ȼԝɥ ɚɧɢɡɨɬɪɨɩɬɵ ԧɫɭ ɢɨɧ ɬɪɚɟɤɬɨɪɢɹɫɵɧɵң 
ɛɨɣɵɦɟɧ ɬɪɟɤɬɿң ɩɚɣɞɚ ɛɨɥɭɵɧɵң ɧԥɬɢɠɟɫɿ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

ɗɤɫɩɟɪɢɟɧɬɬɟɪ ɠԥɧɟ ɬɚɥԕɵɥɚɭ. TiO2 ɦɨɧɨɤɪɢɫɬɚɥɞɵ ԛɥɝɿɥɟɪɞɿң ԥɪ ɬԛɪɥɿ 
ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɞɚ 5×1010 ɮɥɸɟɧɫɤɟ ɞɟɣɿɧɝɿ 220 Ɇɷȼ ɷɧɟɪɝɢɹɥɵ Xe ɢɨɧɞɚɪɵɦɟɧ ɫԥɭɥɟɥɟɧɭɿ 
ɛɨɣɵɧɲɚ ɷɤɫɩɟɪɢɦɟɧɬɬɟɪ Ⱦɐ-60 ԛɞɟɬɤɿɲɿɧɞɟ ɠԛɪɝɿɡɿɥɞɿ.  

ɋԥɭɥɟɥɟɧɝɟɧ ԛɥɝɿɥɟɪɞɿң ɦɨɪɮɨɥɨɝɢɹɫɵ Ɉңɬԛɫɬɿɤ Ⱥɮɪɢɤɚ, ɗɥɢɡɚɛɟɬ ɉɨɪɬɵ, 
ɇ.Ɇɚɧɞɟɥɵ ɚɬɵɧɞɚԑɵ ɭɧɢɜɟɪɫɢɬɟɬɿɧɞɟɝɿ ɠɨԑɚɪɵ ɲɟɲɿɦɞɿ ɷɥɟɤɬɪɨɧɞɵ ɦɢɤɪɨɫɤɨɩɢɹ 
ɨɪɬɚɥɵԑɵɧɞɚ JEOL ARM 200F ɦɢɤɪɨɫɤɨɩɵɧɞɚ ɠɚɪɵԕɬɚɧɞɵɪɭɲɵ ɷɥɟɤɬɪɨɧɞɵ ɦɢɤɪɨɫɤɨɩɢɹ 
ԥɞɿɫɿɦɟɧ ɡɟɪɬɬɟɥɞɿ. ɀɚɪɵԕɬɚɧɞɵɪɭɲɵ ɷɥɟɤɬɪɨɧɞɵԕ ɦɢɤɪɨɫɤɨɩɢɹԑɚ ԛɥɝɿɥɟɪɞɿ ɞɚɣɵɧɞɚɭ FEI 

Helios Nanolab 650 ԕɨɧɞɵɪԑɵɫɵɧɞɚ ɮɨɤɭɫɬɚɥԑɚɧ ɢɨɧ ɲɨԑɵɪɵɧɵң (Focused Ion Beam, FIB) 
ɤԧɦɟɝɿɦɟɧ ɠԛɡɟɝɟ ɚɫɵɪɵɥɞɵ. 

ɇԥɬɢɠɟɥɟɪ. 
1-ɫɭɪɟɬɬɟ TiO2 ɫԥɭɥɟɥɟɧɭɝɟ ɚɪɧɚɥԑɚɧ ɷɤɫɩɟɪɢɦɟɧɬɬɟɪɿɦɿɡɞɟ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɚɭɵɪ 

ɢɨɧɞɚɪɞɵң ɷɧɟɪɝɢɹ ɲɵԑɵɧɵ ɤԧɪɫɟɬɿɥɝɟɧ. ɂɨɧɞɚɪɞɵң ɷɧɟɪɝɢɹ ɲɵԑɵɧɵ ɦɟɧ ɠԛɪɿɫɿɧɿң 
ɦԥɧɞɟɪɿ 2-ɤɟɫɬɟɞɟ ɤɟɥɬɿɪɿɥɝɟɧ, ɢɨɧɞɚɪɞɵң ɷɧɟɪɝɢɹ ɲɵԑɵɧɵ ɦɟɧ ɠԛɪɿɫɿɧɿң ɲɚɦɚɥɚɪɵɧ 
ɚɧɵԕɬɚɭ ԛɲɿɧ SRIM 2008 ɤɨɞɵ ɩɚɣɞɚɥɚɧɵɥɞɵ 
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1-ɫɭɪɟɬ – TiO2 ɫԥɭɥɟɥɟɧɭ ɤɟɡɿɧɞɟ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɛɟɬɿɧɞɟ 220 Ɇɷȼ ɷɧɟɪɝɢɹɫɵ ɛɚɪ Xe 

ɢɨɧɞɚɪɵɧɵң ɢɨɧɢɡɚɰɢɹɥɵԕ ɷɧɟɪɝɢɹ ɲɵԑɵɧɵɧɵң ɩɪɨɮɢɥɿ. 
 

1-ɤɟɫɬɟ 

TiO2 ɦɨɧɨɤɪɢɫɬɚɥɥɞɚɪɵɧɵԙ Xe ɢɨɧɞɚɪɵɦɟɧ ɫԥɭɥɟɥɟɧɭ ɩɚɪɚɦɟɬɪɥɟɪі 
 

ɂɨɧ ɗɧɟɪɝɢɹ (dE/dx)ɢɨɧ (dE/dx)ɭɩɪ 
Ɍɨɥɵԕ 

ɠԛɪɝɟɧɿ 
Xe 220 Ɇɷȼ 25,4 ɤɷȼ/ɧɦ (ɛɟɬɿɧɞɟ) 0,1 ɤɷȼ/ɧɦ (ɛɟɬɿɧɞɟ) 13,2 ɦɤɦ 

 

ɋɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ ɲɟңɛɟɪɿɧɞɟ ԝɫɵɧɵɥԑɚɧ (1.1) ɬɟңɞɟɭɥɟɪ ɠԛɣɟɫɿɧ 
ɲɟɲɭ ԛɲɿɧ ThermalSpike02 ɤɨɞɵ ɩɚɣɞɚɥɚɧɵɥɞɵ [31]. ɀԛɣɟɞɟ ԧɡɝɟɪɝɟɧ ɠɚɥԑɵɡ ɟɪɤɿɧ 
ɩɚɪɚɦɟɬɪ ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭɞɿң Ȝ ɟɪɤɿɧ ɠԛɪɿɫɿɧɿң ԝɡɵɧɞɵԑɵ ɛɨɥɞɵ.[32]  
ɠԝɦɵɫԕɚ ɫԥɣɤɟɫ TiO2 ԛɲɿɧ Ȝ ɲɚɦɚɫɵ 5,8±1,36 ɧɦ ɦԥɧɿɧ ԕɚɛɵɥɞɚɭ ɤɟɪɟɤ . ɋɟɪɩɿɦɫɿɡ 
ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɞɟ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿɧ ɚɧɵԕɬɚɭ ԛɲɿɧ ɬɪɟɤɬɿң ɿɲɿɧɞɟɝɿ 
ɬɟɦɩɟɪɚɬɭɪɚ ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚɧ ɚɫɵɩ ɬԛɫɟɬɿɧ Xe ԛɲɿɧ ɷɧɟɪɝɢɹɧɵң ɦɟɧɲɿɤɬɿ 
ɢɨɧɢɡɚɰɢɹɥɵԕ ɲɵԑɵɧɵɧɵң ɦԥɧɿɧ ɬɚңɞɚɭ ԕɚɠɟɬ. ɒɟɤɬɿ ɷɧɟɪɝɢɹ ɲɵԑɵɧɵ Tir=573 Ʉ ɤɟɡɿɧɞɟ 
11,54 ɤɷȼ/ɧɦ, Tir=773 Ʉ ɤɟɡɿɧɞɟ 10,15 ɤɷȼ/ɧɦ ɠԥɧɟ Tir=973 Ʉ ɤɟɡɿɧɞɟ 8,69 ɤɷȼ/ɧɦ ԕԝɪɚɣɬɵɧɵɧ 
ɫɭɪɟɬɬɟɧ ɛɚԑɚɥɚɭԑɚ ɛɨɥɚɞɵ. 

 
2-ɫɭɪɟɬ – Tir=573 Ʉ (ɠɚɫɵɥ), Tir=773 Ʉ (ɤԧɤ) ɠԥɧɟ Tir=973 Ʉ (ԕɵɡɵɥ) ɫԥɭɥɟɥɟɧɞɿɪɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɤɟɡɿɧɞɟ TiO2-ɞɟ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿɧɿң ɩɪɨɮɢɥɿ 
 

Ⱥɧɚɥɢɬɢɤɚɥɵԕ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɞɟ ɫԥɭɥɟɥɟɧɞɿɪɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ 
ɬɪɟɤɬɟɪɞɿң ɪɚɞɢɭɫɬɚɪɵɧ (1.3) ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ. Ɍɪɟɤɬɟɪɞɿң ɩɚɣɞɚ 
ɛɨɥɭɵɧɵң ɲɟɤɬɿ ɷɧɟɪɝɢɹɫɵɧ (1.4) ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɬɚɛɭԑɚ ɛɨɥɚɞɵ. 

3-ɫɭɪɟɬɬɟ TiO2 (ɪɭɬɢɥ)-ɞɟ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿɧɿң ɫԥɭɥɟɥɟɧɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɬԥɭɟɥɞɿɥɿɝɿ ɤԧɪɫɟɬɿɥɝɟɧ. Ʌɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿ ɫԥɭɥɟɥɟɧɭ 
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ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɵң ԝɥԑɚɸɵɦɟɧ ɚɡɚɹɞɵ. ɋɬɚɧɞɚɪɬɬɵ ɩɚɪɚɦɟɬɪɥɟɪ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɫɟɪɩɿɦɫɿɡ 
ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɿң ɟɫɟɩɬɟɭɥɟɪɿɧɟɧ ɚɧɚɥɢɬɢɤɚɥɵԕ ɦɨɞɟɥɶ ɲɟңɛɟɪɿɧɞɟɝɿ ɟɫɟɩɬɟɭɥɟɪ 
ɬԧɦɟɧ ɛɨɥɚɞɵ. 

 
3-ɫɭɪɟɬ – TiO2-ɞɟ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿɧɿң ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɬԥɭɟɥɞɿɥɿɝɿ. 

Ԕɵɡɵɥ ɠԥɧɟ ɤԧɤ ɬԝɬɚɫ ɫɵɡɵԕɬɚɪ ɫɬɚɧɞɚɪɬɬɵ ɩɚɪɚɦɟɬɪɥɟɪɦɟɧ ɬɟɨɪɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪɝɟ ɫԥɣɤɟɫ 
ɤɟɥɟɞɿ, ԕɵɡɵɥ ɠԥɧɟ ɤԧɤ ԛɡɿɤ ɫɵɡɵԕɬɚɪ ɷɤɫɩɟɪɢɦɟɧɬɬɿɤ ɞɟɪɟɤɬɟɪɞɿң ɧɟԑԝɪɥɵɦ ɠɚԕɵɧ 

ɫɢɩɚɬɬɚɦɚɫɵɧ ɛɟɪɟɬɿɧ ɬɟɨɪɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪɝɟ ɫԥɣɤɟɫ ɤɟɥɟɞɿ. 
 

4-ɫɭɪɟɬɬɟ TiO2 (ɪɭɬɢɥ)-ɞɟɝɿ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪ ԧɥɲɟɦɞɟɪɿɧɿң ɫԥɭɥɟɥɟɧɞɿɪɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɬԥɭɟɥɞɿɥɿɝɿ ɛɟɪɿɥɝɟɧ, ɨɥ ɚɧɚɥɢɬɢɤɚɥɵԕ ɠԥɧɟ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң 
ɦɨɞɟɥɶɞɟɪɿɧɿң ɞɟɪɟɤɬɟɪɿɧ, ɫɨɧɞɚɣ-ɚԕ ɠɚɪԕɵɪɚɣɬɵɧ ɷɥɟɤɬɪɨɧɞɵԕ ɦɢɤɪɨɫɤɨɩɢɹ ԥɞɿɫɿɦɟɧ 
ɚɥɵɧԑɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ɞɟɪɟɤɬɟɪɞɿ ԕɚɦɬɢɞɵ. ɋɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ 
ɲɟңɛɟɪɿɧɞɟɝɿ ɟɫɟɩɬɟɭ ɧԥɬɢɠɟɥɟɪɿ ɷɤɫɩɟɪɢɦɟɧɬɬɿɤ ɞɟɪɟɤɬɟɪ ɫɬɚɧɞɚɪɬɬɵ ɩɚɪɚɦɟɬɪɥɟɪ 
(ɫɟɪɩɿɦɫɿɡ ɦɨɞɟɥɶ ԛɲɿɧ Ȝ=5,8±1,36 ɧɦ, ɚɧɚɥɢɬɢɤɚɥɵԕ ɦɨɞɟɥɶ ԛɲɿɧ a(0)=4,5 ɧɦ, Ȗ=0,4) 
ԕɨɥɞɚɧɵɥԑɚɧ ɬɟɨɪɢɹɥɵԕ ɛɚԑɚɥɚɪɞɚɧ ɬԧɦɟɧ ɟɤɟɧɿɧ ɤԧɪɫɟɬɬɿ. Ⱥɧɚɥɢɬɢɤɚɥɵԕ ɠԥɧɟ ɫɟɪɩɿɦɫɿɡ  
ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɶɞɟɪɿɧɿң ɩɚɪɚɦɟɬɪɥɟɪɿ ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ɞɟɪɟɤɬɟɪɞɿ ɞԥɥ ɫɢɩɚɬɬɚɣ 
ɚɥɚɬɵɧɞɚɣ ɟɬɿɩ ԧɡɝɟɪɞɿ. ȿɫɟɩɬɟɭ ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬɿң ɟң ɠɚԕɵɧ ɫԥɣɤɟɫɬɿɥɿɝɿ ɚɧɚɥɢɬɢɤɚɥɵԕ 
ɦɨɞɟɥɶ ԛɲɿɧ a(0)=4,1 ɧɦ,  = 0,14; ɠԥɧɟ ɫɟɪɩɿɦɫɿɡ ɦɨɞɟɥɶ ԛɲɿɧ Ȝ=7,3 ɧɦ ɤɟɡɿɧɞɟɝɿ ɠɟɬɬɿ. 

 

 
4-ɫɭɪɟɬ – TiO2-ɞɟɝɿ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪ ɪɚɞɢɭɫɵɧɵң ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɬԥɭɟɥɞɿɥɿɝɿ. Ⱥԕ ɧԛɤɬɟɥɟɪ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ɞɟɪɟɤɬɟɪɝɟ ɫԥɣɤɟɫ ɤɟɥɟɞɿ, ԕɵɡɵɥ ɠԥɧɟ ɤԧɤ ɬԝɬɚɫ ɫɵɡɵԕɬɚɪ ɫɬɚɧɞɚɪɬɬɵ 

ɩɚɪɚɦɟɬɪɥɟɪ ɬɟɨɪɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪɝɟ ɫԥɣɤɟɫ ɤɟɥɟɞɿ, ԕɵɡɵɥ ɠԥɧɟ ɤԧɤ ԛɡɿɤ ɫɵɡɵԕɬɚɪ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ɞɟɪɟɤɬɟɪɞɿң ɟң ɠɚԕɵɧ ɫɢɩɚɬɬɚɦɚɫɵɧ ɛɟɪɟɬɿɧ ɬɟɨɪɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪɝɟ 

ɫԥɣɤɟɫ ɤɟɥɟɞɿ. 
 

Ⱥɧɚɥɢɬɢɤɚɥɵԕ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿɧɞɟ ɷɧɟɪɝɢɹ ɛɟɪɭ ɬɢɿɦɞɿɥɿɝɿɧɿң ɲɚɦɚɫɵ 0,14 
ɲɚɦɚɦɟɧ (~1,67 Ɇɷȼ/ɧɭɤɥɨɧ) ɢɨɧ ɷɧɟɪɝɢɹɫɵ ɤɟɡɿɧɞɟ ɛɚɫԕɚ ɦɚɬɟɪɢɚɥɞɚɪɞɵң ԛɥɤɟɧ ɫɚɧɵ ԛɲɿɧ 
ɬɪɟɤɬɟɪɞɿң ɩɚɪɚɦɟɬɪɥɟɪɿɧ ɬɚɥɞɚɭ ɧɟɝɿɡɿɧɞɟ ɤԛɬɿɥɟɬɿɧ ɷɧɟɪɝɢɹ ɛɟɪɭ ɬɢɿɦɞɿɥɿɝɿɧɟɧ 3 ɟɫɟ ɚɡ.[32] 
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ɠԝɦɵɫɬɚ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ ɛɨɣɵɧɲɚ ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɞɵԕ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭɞɿң 
ɟɪɤɿɧ ɠɨɥɵɧɵң ɦԥɧɿ 7,3 ɧɦ ɬɟң, ɨɧɞɚԑɵ Ȝ=5,8±1,36 ɧɦ ԕɚɬɟɥɿɤ ɲɚɦɚɥɵ ɚɫɵɩ ɬԝɪԑɚɧɵɧ 
ɤԧɪɫɟɬɟɞɿ. Ɉɫɵɞɚɧ, ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚ ɤɟɡɿɧɞɟ 220 Ɇɷȼ 
ɷɧɟɪɝɢɹɥɵ Xe ɢɨɧɞɚɪɵɦɟɧ TiO2 ɫԥɭɥɟɥɟɧɞɿɪɭ ɧԥɬɢɠɟɫɿɧɞɟ ɬɪɟɤɬɟɪɝɟ ɠɚԕɵɧ ɚԑɚɬɵɧ ɠɵɥɭ 
ɩɪɨɰɟɫɬɟɪɿɧ ɫɢɩɚɬɬɚɭ ԛɲɿɧ ɤԧɛɿɪɟɤ ԕɨɥɚɣɥɵ ɞɟɩ ɚɣɬɭԑɚ ɛɨɥɚɞɵ. Ȼԝɥ ɚɭɵɪ ɢɨɧɧɚɧ ɧɵɫɚɧɚ 
ɷɥɟɤɬɪɨɧɞɚɪɵɧɚ ɠԥɧɟ ɨɞɚɧ ɤɟɣɿɧ ɧɵɫɚɧɚ ɚɬɨɦɞɚɪɵɧɚ ɷɥɟɤɬɪɨɧɞɚɪɞɚɧ ɷɧɟɪɝɢɹ ɬɚɫɵɦɚɥɞɚɭ 
ɩɪɨɰɟɫɬɟɪɿɧ ɟɝɠɟɣ-ɬɟɝɠɟɣɥɿ ɫɢɩɚɬɬɚɭɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɭɵ ɬɢɿɫ. 

5-ɫɭɪɟɬɬɟ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɠɚɪɵԕɬɚɧɞɵɪɭɲɵ ɷɥɟɤɬɪɨɧɞɵԕ ɦɢɤɪɨɫɤɨɩɢɹɞɚԑɵ 
ɫɭɪɟɬɬɟɪɿ ɤԧɪɫɟɬɿɥɝɟɧ. 220 Ɇɷȼ ɷɧɟɪɝɢɹɞɚԑɵ ɤɫɟɧɨɧ ɢɨɧɞɚɪɵɦɟɧ ɫԥɭɥɟɥɟɧɝɟɧ TiO2 

ԛɥɝɿɥɟɪɿɧɿң ɤԧɥɞɟɧɟң ԕɢɦɚɫɵɧɵң ɝɟɨɦɟɬɪɢɹɫɵɧɞɚ ɠɚɪɵԕɬɚɧɞɵɪɭɲɵ ɷɥɟɤɬɪɨɧɞɵԕ 
ɦɢɤɪɨɫɤɨɩɢɹɧɵң ɫɭɪɟɬɬɟɪɿɧɞɟ ɬɟɤ ɫԥɭɥɟɥɟɧɝɟɧ ԛɥɝɿɧɿң ɛɟɬɿɧɞɟ ԑɚɧɚ ɟɦɟɫ, ɿɲɿɧɞɟ ɞɟ ԛɡɞɿɤɫɿɡ 
ɚɦɨɪɮɬɵ ԕԝɪɵɥɵɦɵ ɛɚɪ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪ ɛɚɣԕɚɥɚɞɵ. 

 

                 
 

                         ɚ)                                                   ɛ)                                                  ɜ) 
5-ɫɭɪɟɬ – Ʉԧɥɞɟɧɟң ԕɢɦɚ ɝɟɨɦɟɬɪɢɹɫɵɧɞɚԑɵ TiO2-ɞɟ 220 Ɇɷȼ Xe ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң 

ɠɚɪɵԕɬɚɧɞɵɪɭɲɵ ɷɥɟɤɬɪɨɧɞɵԕ ɦɢɤɪɨɫɤɨɩɢɹɫɵɧɵң ɫɭɪɟɬɬɟɪɿ (ɫԥɭɥɟɥɟɧɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ 
Tir=573 K (ɚ), Tir=773 K (ɛ), Tir=973 K (ɜ)). 

 

TiO2-ɞɟ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ԧɥɲɟɦɞɟɪɿɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ԧɥɲɟɭ ԛɲɿɧ ImageJ 
ɛɚԑɞɚɪɥɚɦɚɫɵ ԕɨɥɞɚɧɵɥɞɵ. Ɍɪɟɤɬɟɪɞɿң ɪɚɞɢɭɫɬɚɪɵɧ ԧңɞɟɝɟɧɧɟɧ ɤɟɣɿɧ Tir=573 Ʉ ɤɟɡɿɧɞɟ 
3,1±0,7 ɧɦ, Tir=773 Ʉ ɤɟɡɿɧɞɟ 3,5±0,5 ɠԥɧɟ Tir=973 Ʉ ɤɟɡɿɧɞɟ 3,9±0,8 ɪɚɞɢɭɫɬɚɪɞɵң ɦԥɧɞɟɪɿ 
ɚɥɵɧɞɵ. 

Ʌɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɪɚɦɟɬɪɥɟɪɿɧ ɟɫɟɩɬɟɭ ɧԥɬɢɠɟɥɟɪɿ 2-ɤɟɫɬɟɞɟ ɤԧɪɫɟɬɿɥɝɟɧ. 
 

2-ɤɟɫɬɟ 

Ԥɪɬԛɪɥɿ ɬɟɦɩɟɪɚɬɭɪɚ ɤɟɡɿɧɞɟɝɿ TiO2-ɞɟɝɿ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪ ɩɚɪɚɦɟɬɪɥɟɪɿɧɿң ɟɫɟɩɬɿɤ 
ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬɿɤ ɦԥɧɞɟɪɿ 

 

ɋԥɭɥɟɥɟɧɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵ 

(T, Ʉ) 

Ɍɪɟɤɬɟɪɞɿң ɪɚɞɢɭɫɵ (R, ɧɦ) 
Ɍɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ 

ɲɟɝɿ 
(Set, ɤɷȼ/ɧɦ) 

ɗɤɫɩɟɪɢ
ɦɟɧɬ 

Rexp 

ɚɧɚɥɢɬɢɤɚɥɵԕ ɫɟɪɩɿɦɫɿɡ 
ɚɧɚɥɢɬɢɤɚɥ

ɵԕ 
ɫɟɪɩɿɦɫɿɡ 

RaTS 

(Ȗ=0,4) 
RaTS 

(Ȗ=0,14) 
RiTS 

(Ȝ=5,8) 

RiTS 

(Ȝ=7,4) 
Set 

(analytical) 

Set 

(inelastic) 

573 3,1±0,7 5,3 3 4,2 3 11,54 6,14 

773 3,5±0,8 5,6 3,4 4,6 3,5 10,15 5,35 

973 3,9±0,8 5,9 3,8 5 3,9 8,69 4,56 
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Ԕɨɪɵɬɵɧɞɵ 
ɀɚɪԕɵɪɚɣɬɵɧ ɷɥɟɤɬɪɨɧɞɵ ɦɢɤɪɨɫɤɨɩɢɹ ԥɞɿɫɿɦɟɧ ɫԥɭɥɟɥɟɧɭɞɿң ԥɪ ɬԛɪɥɿ 

ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɤɟɡɿɧɞɟ 220 Ɇɷȼ ɷɧɟɪɝɢɹɥɵ Xe ɢɨɧɞɚɪɵɦɟɧ ɫԥɭɥɟɥɟɧɭ ɧԥɬɢɠɟɫɿɧɞɟ ɬԛɡɿɥɟɬɿɧ 
TiO2(ɪɭɬɢɥ)-ɝɿ ɥɚɬɟɧɬɬɿ ɬɪɟɤɬɟɪɞɿң ɩɚɣɞɚ ɛɨɥɭ ɲɟɝɿ ɦɟɧ ԧɥɲɟɦɞɟɪɿɧɿң ɦԥɧɞɟɪɿ ɚɧɵԕɬɚɥɞɵ. 
Ɍɪɟɤɬɟɪɞɿң ɷɤɫɩɟɪɢɦɟɧɬɚɥɞɵ ɚɥɵɧԑɚɧ ɩɚɪɚɦɟɬɪɥɟɪɿ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ ɲɟңɛɟɪɿɧɞɟ 
ɚɥɵɧԑɚɧ ɟɫɟɩɬɟɭɞɟɝɿ ɦԥɧɞɟɪɦɟɧ ɫɚɥɵɫɬɵɪɵɥɞɵ. Ȼԝɥ ɠԝɦɵɫ ɛɨɣɵɧɲɚ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ 
ɲɵң ɦɨɞɟɥɿ ɠɚԕɫɵ ɛɨɥɠɚɦ ɤԧɪɫɟɬɬɿ, ɚɥ ɚɧɚɥɢɬɢɤɚɥɵԕ ɦɨɞɟɥɶ ɲɟңɛɟɪɿɧɞɟɝɿ ɛɚԑɚɥɚɭɥɚɪ 
ɚɣɬɚɪɥɵԕɬɚɣ ɠɨԑɚɪɵ ɛɨɥɞɵ. Ɇԝɧɞɚɣ ɧԥɬɢɠɟ ɛɿɪԕɚɬɚɪ ɫɟɛɟɩɬɟɪɝɟ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɭɵ ɦԛɦɤɿɧ, 
ɨɥɚɪɞɵң ɿɲɿɧɞɟɝɿ ɧɟɝɿɡɝɿɥɟɪɞɿң ɛɿɪɿ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ ɲɵң ɦɨɞɟɥɿ ɲɟңɛɟɪɿɧɞɟ ɀȺɂ-ɞɚɧ 
ɧɵɫɚɧɚ ɦɚɬɟɪɢɚɥɵɧɚ ɷɧɟɪɝɢɹ ɬɚɫɵɦɚɥɞɚɭ ɠԥɧɟ ɞɢɫɫɢɩɚɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪɿɧ ɛɚɪɵɧɲɚ ɟɝɠɟɣ-

ɬɟɝɠɟɣɥɿ ԕɚɪɚɭ. 
ɀԝɦɵɫ ɧԥɬɢɠɟɥɟɪɿ TiO2 ɠɵɥɞɚɦ ɚɭɵɪ ɢɨɧɞɚɪɦɟɧ ɫԥɭɥɟɥɟɧɭ ɠɚԑɞɚɣɥɚɪɵ ԛɲɿɧ 

ɥɚɬɟɧɬɬɿɤ ɬɪɟɤɬɟɪɞɿң ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɞɵ ɚɧɵԕɬɚɥɚɬɵɧ ɩɚɪɚɦɟɬɪɥɟɪɿ ɫɟɪɩɿɦɫɿɡ ɬɟɪɦɢɹɥɵԕ 
ɲɵң ɦɨɞɟɥɿ ɲɟңɛɟɪɿɧɟ ɫɚɥɵɧɚɬɵɧɵ ɬɭɪɚɥɵ ԕɨɪɵɬɵɧɞɵ ɠɚɫɚɭԑɚ ɦԛɦɤɿɧɞɿɤ ɛɟɪɟɞɿ. 

 

Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬіɡіɦі 
1. Desauer F., Z. Phys. 38, 12 (1923). 

2. Chadderton L.T., Montagu-Pollock H.M., Proc. Roy. Soc., London, A 274, 239 (1963) 

3. Seitz F., Koehler J.S., Solid State Phys. 2, 305 (1956). 

4. Lifshitz I.M.,. Kaganov M.I,. Tanararov L.V, J. Nucl. Energy A 12, 69 (1960).  

5. Miterev A.M., Theoretical aspects of the formation and evolution of charged particle 

tracks, Physics-Uspekhi, 45, 1019–1050 (2002). 

6.. Szenes G, Phys. Rev., B 51, 8026 (1995). 

7. Szenes G., Phys. Rev., B 52, 6154 (1995). 

8. Trinkaus H., J. Nucl. Mater. 223, 196 (1995). 

9. Toulemonde M.,. Dufour Ch,. Meftah A, Paumier E., Nucl. Instr. Meth. B 166–167, 

903(2000). 

10. Trautmann C., Toulemonde M., Dufour C.,. Paumier E, Nucl. Instr. Meth. B 108, 94 

(1996). 

11. Meftah A,. Brisard F,. Costantini J.M,. Dooryhée E, Hage-Ali M., Hervieu M., Stoquert 

J.P., Studer F., Toulemonde M., Phys. Rev. B 49, 12457 (1994). 

11. Meftah A., Djebara M.,. Khalfaoui N,. Toulemonde M, Nucl. Instr. Meth. B 146, 431 

(1998). 

12. Dufour Ch., Audouard A., Beuneu F., Dural J.,. Girard J.P,. Hairie A, Levalois M.,. 

Paumier E, Toulemonde M., J. Phys. Condens. Matter 5, 4573, (1993). 

13. Dufour Ch.,. Wang Z.G,. Paumier E,. Toulemonde M, Bull. Mater. Sci. 22, 671 (1999). 

14.. Wang Z.G,. Dufour Ch, Paumier E, Toulemonde M., J. Phys. Condens. Matter 6, 

6733(1994). 

15.. Dufour C, Lesellier de Chezelles B., Delignon V., Toulemonde M., Paumier E., in 

Proceedings of Conference on Chemical and Physical Modifications Induced by Irradiationin 

Glasses, ed. by P. Mazzoldi (E-MRS, Strasbourg, 1992), 61. 

16. Szenes G., Comparison of two thermal spike models for ion–solid interaction, Nucl. 

Instrum. Methods Phys. Res. Sect. B., 269, 174–179 (2011). 

17. Klaumünzer S., Mat. Fys. Medd. 52, 293 (2006). 
18 Lindhard. J., M. Scharff, Phys. Rev. 124, 128 (1961). 

19. Toulemonde M., Assmann W., Dufour C., Meftah A., Studer F., Trautmann C., Mat. 

Fys.Medd., 52, 263 (2006). 

20. Kaganov M.,. Lifshitz I.M, Tanatarov L.V., Sov. Phys. JETP 4, 173 (1957). 

21. Kaganov M., Lifshitz I.M.,. Tanatarov L.V, Sov. Phys. JETP 4, 173 (1957). 

22. Lifshitz I.M., Kaganov M.I., Tanararov L.V., J. Nucl. Energy A 12, 69 (1960). 

Powered by TCPDF (www.tcpdf.org)

8

http://www.tcpdf.org


416 
 

23 Hermes P., Danielzik B., Fabricius N., von der Linde D., Luhl J.,. Heppner Y, Stritzker 

B., Pospieszczyk A., Appl. Phys. A 39, 9 (1986). 

24. Toulemonde M., Nucl. Instr. Meth. B 250, 263 (2006). 

25.. Ryazanov A.L,. Trinkaus H, Volkov A.E., Phys. Rev. Lett. 84, 919 (2000). 

26.. Hou M.D, Klaumünzer S., Schumacher G., Phys. Rev. B 41, 1144 (1990). 
27. Benyagoub A., Loffler S., Rammensee R., Klaumunzer S., Radiat. Eff. Defects Solids 

110, 217 (1989). 

28. Benyagoub A., Loffler S., Rammensee R., Klaumunzer S., Saemann-Ischenko G., Nucl. 

Instr. Meth. 65, 228 (1992). 

29. Benyagoub A., Klaumunzer S., Toulemonde M., Nucl. Instr. Meth., B 146, 449, 2 

Models for the Description of Track Formation 103 (1998). 

30. Dufour C., Stoquert J.P., Toulemonde M., TSpike02, EuNITT Work. Ion Track Technol, 

(2002). 

31. Awazu K., Wang X., Fujimaki M., Structure of latent tracks in rutile single crystal of 

titanium dioxide induced by swift heavy ions, Appl. 

 

 

ɍȾɄ 539.534.9; 621.039.5422 

ɍɋɌȺɇɈȼɄȺ ȾɅə «IN-SITU» ɂɋɋɅȿȾɈȼȺɇɂɃȼɕɋɈɄɈɗɇȿɊȽȿɌɂɑȿɋɄɈɃ 
ɅɘɆɂɇȿɋɐȿɇɐɂɂ ɇȺ ɍɋɄɈɊɂɌȿɅȿ DC-60 

 

ɋɟɣɬɛɚɟɜ Ⱥɣɛɟɤ ɋɚɦɝɭɥɥɚɭɥɵ 

Ⱦɨɤɬɨɪɚɧɬ ȿɇɍ ɢɦ. Ʌ.ɇ. Ƚɭɦɢɥɟɜɚ, Ⱥɫɬɚɧɚ, Ʉɚɡɚɯɫɬɚɧ 

kena3991@mail.ru 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – Ⱦɚɭɥɟɬɛɟɤɨɜɚ Ⱥ.Ʉ. 

 

ȼɜɟɞɟɧɢɟ 

ɋɪɟɞɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɪɚɞɢɚɰɢɨɧɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɞɢɷɥɟɤɬɪɢɤɚɯ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɦɟɬɨɞɵ ɨɩɬɢɱɟɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɬɚɤɢɟ ɤɚɤ ɢɡɦɟɪɟɧɢɟ ɫɩɟɤɬɪɨɜ 
ɩɨɝɥɨɳɟɧɢɹ ɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɨɰɟɫɫɵ ɞɢɫɫɢɩɚɰɢɢ ɷɧɟɪɝɢɢ ɡɚɪɹɠɟɧɧɵɯ 
ɱɚɫɬɢɰ ɜ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɝɟɧɟɪɚɰɢɟɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɢ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɹɯ ɨɩɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ, ɜɵɡɜɚɧɧɨɝɨ 
ɢɡɥɭɱɚɬɟɥɶɧɵɦ ɪɚɫɩɚɞɨɦ ɷɥɟɤɬɪɨɧɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ, ɥɸɦɢɧɟɫɰɟɧɰɢɟɣ ɰɟɧɬɪɨɜ ɨɤɪɚɫɤɢ, 
ɰɟɧɬɪɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɢɦɟɫɧɵɦɢ ɚɬɨɦɚɦɢ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ ɢ ɢɯ 
ɤɨɦɩɥɟɤɫɨɜ. ɉɨɷɬɨɦɭ ―in-situ‖ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɨɜ ɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɜɨɡɛɭɠɞɚɟɦɨɣ 
ɬɹɠɟɥɵɦɢ ɢɨɧɚɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɡɵ, ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɥɭɱɟɧɢɹ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɷɜɨɥɸɰɢɢ ɞɟɮɟɤɬɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɨɛɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɭɫɬɚɧɨɜɥɟɧ ɤɨɦɩɥɟɤɫ ɞɥɹ ―in-situ‖ 
ɢɡɭɱɟɧɢɹ ɢɨɧɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɚ ɰɢɤɥɨɬɪɨɧɟ DC-60.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɢɨɧɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɥɭɱɟɧɢɹ, ɬɨ ɟɫɬɶ ɜ ɪɟɠɢɦɟ ―in-situ:‖ Ʉɨɦɩɥɟɤɫ ɫɨɞɟɪɠɢɬ: 

1) 4-x ɩɨɡɢɰɢɨɧɧɵɣ ɦɨɧɢɬɨɪ (4pMon) ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɢɨɧɨɜ ɩɪɢ ɧɢɡɤɢɯ 
ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ (104

 ɢɨɧ/ɫɦ2) ɢ ɤɨɧɬɪɨɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɭɱɤɚ ɢɨɧɨɜ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɪɚɡɰɚ ɫ ɩɪɨɝɪɚɦɦɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɥɹ ɨɩɟɪɚɬɨɪɨɜ ɰɢɤɥɨɬɪɨɧɚ Dɋ-60, 

ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ; 

2) Ⱦɟɬɟɤɬɨɪ ɟɞɢɧɢɱɧɵɯ ɢɨɧɨɜ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɚɧɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ (ɆɄɉ) ɞɥɹ 
ɝɟɧɟɪɚɰɢɢ «ɫɬɚɪɬɨɜɵɯ» ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ; 

3) Ɇɢɧɢɤɪɢɨɫɬɚɬ ɫ ɤɜɚɪɰɟɜɵɦɢ ɨɤɧɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 80-300 Ʉ ɢ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 300-800 ɧɦ. ɉɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ 
ɨɩɬɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɡɚɞɚɧɧɨɦ ɫɩɟɤɬɪɚɥɶɧɨɦ 
ɞɢɚɩɚɡɨɧɟ; 
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