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１　はじめに
㏆ᖺ䚸 〇ရ䛾㍍㔞໬䛾䛯䜑䛻㔠ᒓ䞉䜺䝷䝇䛛䜙䝥䝷

䝇䝏䝑䜽䜈䛾௦᭰䛜㐍䜣䛷䛔䜛䚹䛭䛾ᶞ⬡〇ရ䛾ရ㉁

⟶⌮䛻䛚䛔䛶䚸 ◚ᦆ䛾ཎᅉ䛸䛺䜛〇㐀᫬䛾ṧ␃ᛂຊ

䛾ᢕᥱ䛿㔜せ䛷䛒䜛䚹 㠀◚ቯ 䞉 㠀᥋ゐ䛷ṧ␃ᛂຊ䜢

ᢕᥱ䛩䜛ᡭἲ䛸䛧䛶䚸೫ග䜢฼⏝䛧䛯ගᙎᛶἲ䛜䛒䜚䚸

㏱᫂䛺ᶞ⬡〇ရ䛾᳨ᰝ䛻ᛂ⏝䛥䜜䛶䛔䜛䠍）䚹 䛧䛛䛧䚸

工業〇ရ䛻䛿୙㏱᫂䛺ᶞ⬡䛜ከ⏝䛥䜜䛶䛚䜚䚸 ㏱᫂

䛺ᶞ⬡〇ရ⏝䛾᳨ᰝᶵჾ䛷⏝䛔䛶䛔䜛ྍどᇦ䛾ග䛷

䛿༑ศ䛺㏱㐣ග㔞䛜ྲྀᚓ䛷䛝䛺䛔䚹 䛭䛾䛯䜑䚸 ୙㏱

᫂䛺〇ရ䛻ගᙎᛶἲ䜢㐺⏝䛩䜛䛻䛿䚸 㐺ษ䛺ග※Ἴ

㛗䛾㑅ᐃ䛜㔜せ䛻䛺䜛䚹 䛭䛣䛷䚸୙㏱᫂䛺ᶞ⬡䜢㢦ᩱ

䜔䝣䜱䝷䞊䛺䛹䛾ᩓ஘య䛜ྵ᭷䛩䜛ヨᩱ䛻ぢ❧䛶䚸 䝰

䞁䝔䜹䝹䝻ἲ䛻䜘䜛ගᩓ஘ゎᯒ䛷ヨᩱ䜢㏱㐣䛩䜛ග

㔞䜢ண 䛩䜛䛣䛸䜢ᥦ᱌䛩䜛䚹

ᮏ研究䛷䛿䚸䜺䝷䝇䝉䝹䛻⢏Ꮚ䛜ศᩓ䛧䛯⣧Ỉ䜢‶

䛯䛧䛯ゎᯒ䝰䝕䝹䜢⏝䛔䛶䚸ගᩓ஘ゎᯒ䛷ண 䛧䛯ṇ

㏱㐣⋡䛸ᐇ 䛧䛯ṇ㏱㐣⋡䛾ẚ㍑᳨ド䜢⾜䛳䛯䚹 䜎

ගᩓ஘ゎᯒ䛻䜘䜛୙㏱᫂䛺ヨᩱ䛾೫ගィ 䛾ྍྰุᐃ

ග⛉　　　ኴ⏣ᖾᏹ*

Availability judgments for polariz ation measurements using light scattering
analysis on opaq ue samples

OHTA Yukihiro

In this paper, the authors propose applying a light scattering analysis to select an appropriate light source 
wavelength with the aim of visualiz ing the residual stress in opaq ue resins. The photoelastic method can be used to 
visualiz e the residual stress of transparent resin products without destruction and contact. To apply this method to 
opaq ue resin products, it is important to select an appropriate light source wavelength. Therefore, the amount of 
light transmitted through the sample is predicted by performing light scattering analysis based on the Monte Carlo 
method in order to select an appropriate light source wavelength. In this study, the authors performed a basic 
Yerification by using a model constructed with a glass cell filled with pure water and dispersed particles� The results 
demonstrated that the measured values agreed with the analyz ed values. In addition, the same model was used to 
create a polariz ation measurement propriety determination diagram which selected the light source wavelength and 
the particle concentration as variables. The effectiveness of the propriety determination diagram is also discussed 
based on the polariz ation measurement results in this report.

Keywords : Photoelastic method,  Monte Carlo method,  Light scattering analysis

୙㏱᫂䛺ᶞ⬡ෆ㒊䛾ṧ␃ᛂຊ䜢ྍど໬䛩䜛䛣䛸䜢┠ⓗ䛸䛧䛶䚸 㐺ษ䛺ග※Ἴ㛗䛾㑅ᐃ䛻ගᩓ஘ゎᯒ䜢ᛂ⏝䛩

䜛䛣䛸䜢ᥦ᱌䛩䜛䚹 ගᙎᛶἲ䛿㠀◚ቯ 䞉㠀᥋ゐ䛷㏱᫂䛺ᶞ⬡〇ရ䛾ṧ␃ᛂຊ䜢ྍど໬䛩䜛䛣䛸䛜䛷䛝䜛䚹 䛣䛾᪉

ἲ䜢୙㏱᫂䛺ᶞ⬡〇ရ䛻㐺⏝䛩䜛䛻䛿䚸 㐺ษ䛺ග※Ἴ㛗䛾㑅ᐃ䛜㔜せ䛸䛺䜛䚹 䛭䛣䛷䚸 䝰䞁䝔䜹䝹䝻ἲ䛻䜘䜛ග

ᩓ஘ゎᯒ䛷ヨᩱ䜢㏱㐣䛩䜛ග㔞䜢ண 䛧䚸 㐺ษ䛺ග※Ἴ㛗䜢㑅ᐃ䛩䜛䚹

ᮏ研究䛷䛿䚸 䜺䝷䝇䝉䝹䛻⢏Ꮚ䛜ศᩓ䛧䛯⣧Ỉ䜢‶䛯䛧䛯䝰䝕䝹䛷ᇶ♏᳨ド䜢⾜䛔䚸 ᐇ ್䛸ゎᯒ್䛜୍⮴

䛩䜛䛣䛸䜢♧䛧䛯䚹 䜎䛯䚸 ྠ䝰䝕䝹䜢⏝䛔䛶䚸 ග※Ἴ㛗䛸⢏Ꮚ⃰ᗘ䜢ኚᩘ䛸䛧䛶೫ගィ ྍྰุᐃᅗ䜢సᡂ䛧䛯䚹

䜎䛯䚸 ೫ග ᐃ⤖ᯝ䛻ᇶ䛵䛔䛶䚸 ྍྰุᐃᅗ䛾᭷ຠᛶ䜒㆟ㄽ䛧䜎䛩䚹

䜻䞊䝽䞊䝗 䠖 ගᙎᛶἲ䚸 䝰䞁䝔䜹䝹䝻ἲ䚸 ගᩓ஘ゎᯒ

㻖㻌⌧　ᶵᲔ㟁Ꮚ⛉
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䛯䚸ྠ䝰䝕䝹䜢⏝䛔䛶䚸ග※Ἴ㛗䛸⢏Ꮚ⃰ᗘ䜢ኚᩘ䛸

䛧䛶೫ගィ 䛾ྍྰุᐃᅗ䜢సᡂ䛧䚸 ᐃ䝅䝇䝔䝮䛾

ග※Ἴ㛗䛾㑅ᐃ䜢⾜䛳䛯䚹

２　方法
2.1　ޫ散ཚղ析によるಁա率の予ଌ
ᅗ䠍䛿䝰䞁䝔䜹䝹䝻ἲ䛻䜘䜛ගᩓ஘ゎᯒ䛾䝣䝻䞊

䝏䝱䞊䝖䚸ᅗ䠎䛿ගᏊ䛾ᣲື䛾䜲䝷䝇䝖䛷䛒䜛䠎）䚹 䠍ගᏊ

䛪䛴፹㉁䛻↷ᑕ䛧䚸 ึᮇ䛷୚䛘䛯䜶䝛䝹䜼䞊䛜䚸 ᩓ

஘䜔፹㉁㏱㐣䛻䜘䜛྾཰䛷タᐃ䛧䛯㜈್䜎䛷ῶᑡ䛩

䜛䜎䛷䚸䛒䜛䛔䛿䚸፹㉁䛛䜙཯ᑕ䜎䛯䛿㏱㐣䛩䜛䜎䛷䚸

ගᏊ䛾ᣲື䜢㏣㊧䛩䜛䚹 䛣䜜䜢ከ䛟䛾ᅇᩘ⾜䛖䛣䛸䛷䚸

㏱㐣⋡䚸཯ᑕ⋡䛚䜘䜃྾཰⋡䛾ண 䛻฼⏝䛩䜛䛣䛸䛜

ྍ⬟䛸䛺䜛䚹 䛭䛾䛖䛱䛾୍䛴䛷䛒䜛㏱㐣⋡䛾ண 䛿䚸

㏱㐣䛧䛯䛸䛝䛻ගᏊ䛜ᣢ䛳䛶䛔䛯䜶䝛䝹䜼䞊䛾࿴䜢䚸

ึᮇ䛷୚䛘䛯䜶䝛䝹䜼䞊䛻ゎᯒᅇᩘ䜢᥃䛡䛯್䛷๭

䜛䛣䛸䛷ồ䜑䜛䚹䝰䞁䝔䜹䝹䝻ἲ䛿஘ᩘ䜢ά⏝䛩䜛ᡭἲ

䛷䛒䜛䚹 䛣䛾ගᩓ஘ゎᯒ䛷䛿䚸ᅗ䠍୰䛾䐟ගᏊ䛜⛣ື

䛩䜛㊥㞳䛾Ỵᐃ䚸 䐠⢏Ꮚ䛸⾪✺䛧䛯䛸䛝䛻᪂䛯䛻ගᏊ

䛜㐍䜐᪉ྥ䛾Ỵᐃ䚸䐡ගᏊ䛜፹㉁䛾ቃ⏺䛻฿㐩䛩䜛

䛸䛝䛻཯ᑕ䛧䛶፹㉁䛻ᡠ䜛䛾䛛䚸 ㏱㐣䛧䛶ḟ䛾፹㉁䛻

㐍䜐䛾䛛䛾Ỵᐃ䛻஘ᩘ䜢ά⏝䛩䜛䚹

2.2　試料とղ析モデル
䝰䞁䝔䜹䝹䝻ἲ䛻䜘䜛ගᩓ஘ゎᯒ䜢⾜䛖䛯䜑䛻䛿䚸

⢏Ꮚᚄ䚸 ග䛾Ἴ㛗䚸 ፹㉁䜔⢏Ꮚ䛺䛹䛾」⣲ᒅᢡ⋡䚸

䛚䜘䜃䚸⢏Ꮚ⃰ᗘ䛸䛔䛳䛯≀ᛶ್䜢ධຊ䛩䜛ᚲせ䛜䛒

䜛䚹 ᮏ研究䛷䛿䚸ゎᯒ್䛸ᐇ ್䜢ẚ㍑᳨ド䛜䛷䛝䜛

䜘䛖䛻䚸 ≀ᛶ್䛜඲䛶᪤▱䛾䜒䛾䛷ヨᩱ䜢⏝ព䛩䜛ᚲ

せ䛜䛒䜛䚹 䛭䛣䛷䚸䜺䝷䝇䝉䝹䛻⢏Ꮚᚄ䛜ᥞ䛳䛯䝫䝸䝇

䝏䝺䞁䛾ᶆ‽⢏Ꮚ （㻟200㻭　䝰䝸䝔䝑䜽䝇〇） 䛜ศᩓ䛧

䛯⣧Ỉ䜢‶䛯䛧䛯ヨᩱ䜢స〇䛧䛯䚹 ᅗ䠏䛻䚸 ヨᩱ䛾እ

ほ䛸ゎᯒ䝰䝕䝹䜢♧䛩䚹䛣䛾ヨᩱ䜢⏝䛔䛶⮬グศගග

ᗘィ （㼁㼂㻙㻟1㻡0　ᓥὠ〇స所〇） 䛷ṇ㏱㐣⋡䜢ᐇ 

䛧䚸 ゎᯒ䝰䝕䝹䜢⏝䛔䛶ගᩓ஘ゎᯒ䛷ṇ㏱㐣⋡䜢ண

 䛧䛯䚹 ゎᯒ䛻䜘䜛ṇ㏱㐣⋡䛿䚸䝰䝕䝹䛻ᑐ䛧䛶ᆶ┤

䛻ගᏊ䜢↷ᑕ䛧䛯䛸䛝䚸 䛭䛾㐍⾜᪉ྥ䛜ኚ䜟䜙䛺䛔䚸

䛴䜎䜚䚸 ⣧Ỉ䛻ศᩓ䛧䛯⢏Ꮚ䛻⾪✺䛧䛺䛔䛷䝰䝕䝹䜢

㏱㐣䛧䛯ගᏊ䜢⏝䛔䛶ィ⟬䛧䛯್䛷䛒䜛䚹

３　結果および考察
3.1　ޫ散ཚղ析による正ಁա率の予ଌ
ᅗ䠐䛻䚸 ගᩓ஘ゎᯒ䛾ධຊ್䛸䛧䛶ᚲせ䛺䚸 ␗䛺䜛

⢏Ꮚ⃰ᗘ䛷స〇䛧䛯ヨᩱ䛾≀ᛶ್䜢♧䛩䚹 ᅗ୰ （㼍）

䛾≀ᛶ್୍ぴ䛾୰䛷䚸≀㉁䛾」⣲ᒅᢡ⋡䛿ග※Ἴ㛗

䛻䜘䜚␗䛺䜛䛯䜑䚸㻌（㼎） 䛚䜘䜃 （㼏） 䛻ᶓ㍈䜢ග※Ἴ㛗

䛸䛧䛯䜾䝷䝣䛷♧䛩䚹 」⣲ᒅᢡ⋡䛸䛿䚸 ග䛜䛭䛾≀㉁

䜢㏱㐣䛩䜛䛸䛝䛾㏿ᗘ䛻㛵ಀ䛩䜛ᒅᢡ⋡䛸䚸 ග䛜䛭䛾

≀㉁䜢㏱㐣䛩䜛䛸䛝䛻྾཰䛥䜜䜛ᗘྜ䛔䛻㛵ಀ䛩䜛ᾘ

⾶ಀᩘ䛛䜙䛺䜛≀ᛶ್䛷䛒䜛䚹 ᅗ䠑䛻䚸 ගᩓ஘ゎᯒ䛷

ண 䛧䛯ṇ㏱㐣⋡䛸䚸⮬グศගගᗘィ䛷ᐇ 䛧䛯ṇ㏱

㐣⋡䜢♧䛩䚹 ᅗ䠑䛻䛚䛔䛶⥺䛷♧䛩ᐇ ್䛿䚸 ග※

䛾Ἴ㛗䛾ቑຍ䛻క䛔ṇ㏱㐣⋡䜒ቑຍ䛧䚸 Ἴ㛗 0㻚㻥䃛㼙

௜㏆䛛䜙ῶᑡ䛻㌿䛨䛶䛔䜛䚹 䛣䜜䛿䚸୍⯡䛻Ἴ㛗䛜኱

図１　ޫ散ཚղ析のϑϩーνϟーτ

図２　ޫࢠのڍಈのイϥετ

図３　試料

図、表及び写真

図㸯

ゎᯒ㛤ጞ

ゎᯒ⤊஢

䜶䝛䝹䜼䞊ῶ⾶

光子䛾⛣ື

㐍⾜᪉ྥ䛾᭦᪂
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図㸯 ගᩓ஘ゎᯒࢺ࣮ࣕࢳ࣮ࣟࣇࡢ

図、表及び写真

図㸰
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図䠎 光子䛾ᣲື䛾䜲䝷ス䝖

図、表及び写真

図㸱
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䜺䝷ス䝉䝹
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図㸱 ヨᩱ

㸦㹟㸧እほ 㸦㹠㸧ゎᯒࣔࣝࢹ
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䛝䛟䛺䜛䜋䛹䚸 ⢏Ꮚ䛻䜘䜛ᩓ஘䛾ᙳ㡪䛿ᑠ䛥䛟䛺䜛䛜䚸

ᅗ䠐 （㼎） 䛻♧䛩䜘䛖䛻⣧Ỉ䛾ග䛾྾཰䛻ᐤ୚䛩䜛ᾘ

⾶ಀᩘ䛜Ἴ㛗 0㻚㻥䃛㼙 ௜㏆䛛䜙኱䛝䛟䛺䜛䛣䛸䛜ཎᅉ䛷

䛒䜛䚹 ᅗ䠑䛻䛚䛔䛶グ号䛷♧䛩ゎᯒ್䛿䚸ᐇ ್䛾ቑ

ຍ䛛䜙ῶᑡ䛻㌿䛨䜛ኚ໬䛻䜘䛟୍⮴䛧䛶䛔䜛䛣䛸䛜☜

ㄆ䛷䛝䜛䚹 䛣䜜䜘䜚䚸ගᩓ஘ゎᯒ䛜ヨᩱ䛾ṇ㏱㐣⋡䛾

ண 䛻᭷ຠ䛷䛒䜛䛣䛸䛜᳨ド䛷䛝䛯䚹

3.2　ଌ定γεテϜのޫݯ波長のબ定と検ূ
 ᐃ䝅䝇䝔䝮䛾ග※Ἴ㛗䜢㑅ᐃ䛩䜛䛯䜑䚸ᅗ䠒䛾≀

ᛶ್䜢ධຊ䛧䛶ගᩓ஘ゎᯒ䜢⾜䛳䛯䚹 ග※Ἴ㛗䛾㑅

ᐃ䜢┠ⓗ䛸䛧䛶䛔䜛䛯䜑䚸ᅗ䠐䛸ẚ㍑䛧䛶䚸ධຊ್䛾ග

※Ἴ㛗䛾⠊ᅖ䛿䠎ಸ䛻ᣑ኱䛧䛯䚹䛣䛾ゎᯒ⤖ᯝ䜢⏝䛔

䛶䚸  ᐃ䝅䝇䝔䝮䛾 㻿㻺 ẚ䜢⪃៖䛧ṇ㏱㐣⋡䠍䠂䜢㜈

್䛸䛧䛶䚸 䠍䠂௨ୖ䜢೫ගィ ྍ⬟㡿ᇦ䚸 䠍䠂ᮍ‶䜢

೫ගィ ୙ྍ⬟㡿ᇦ䛻䠎ศ๭䛩䜛೫ගィ 䛾ྍྰุ

ᐃᅗ䜢సᡂ䛧䛯（ᅗ䠓）䚹 ᅗ䠑䛷ぢ䜙䜜䛯㛗Ἴ㛗㡿ᇦ䛷

䛾ṇ㏱㐣⋡䛾పୗ䛿䚸 ᅗ䠓䛷䜒☜ㄆ䛷䛝䜛䚹 䛣䜜䜒ᅗ

䠒 （㼎） 䛻♧䛩㛗Ἴ㛗㡿ᇦ䛷䛾⣧Ỉ䛾ᾘ⾶ಀᩘ䛾ቑຍ

䛜ཎᅉ䛷䛒䜛䚹 ᅗ䠓䜘䜚䚸 Ἴ㛗 1㻚2䃛㼙 ௜㏆䛾ග※䛜䚸

௚䛾Ἴ㛗䛸ẚ㍑䛧䛶䚸 ⢏Ꮚ⃰ᗘ䛜㧗䛟䛶䜒䠍䠂௨ୖ䛾

ṇ㏱㐣⋡䛜ᚓ䜙䜜䜛䛯䜑䚸䛣䛾ゎᯒ䝰䝕䝹䛻䛚䛔䛶᭱

㐺䛺ග※Ἴ㛗䛸⪃䛘䜙䜜䜛䚹

図４　実ଌ値とのൺֱ༻ޫ散ཚղ析の入力値

図５　実ଌ値とղ析値のൺֱ 図６　ޫݯ波長બ定༻ޫ散ཚղ析の入力値

図、表及び写真

図㸲
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