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㑭. Ǿ ǧ Ȑ Ǻ

ȴɱɁΧǽ⒙ⰢמǾΧ˛ǽᕧᗡ⾻ᙉ

ᜟ⾻ǙȗȂቈ╫ࡘബᢼᵱǽᘧ⣋ᣞຎǹǸǺ⬄

ϭǨȚම✤ǶǑș⾻ࢍ✤ǹȴɱɁȡ⓯⢧ǨȚˀ

ǶⰞǺ⦔┶ǹəɱɩʀɇǷǹȚƹɏȫɁɟɴ

Ȭ࣠ኑ᧸ȴɱɁǹǸȡǾǧȐ⾻ⶲݨ✤ȡ┶ᕷǤ

țȚᲷƼǽɓɭʀȴɱɁǽᚩಏǾ 1773 K

ͨˀǺڽȅȑǽǛএǓǮȐ⾻ǢǽȗǕǹȴɱɁ

ǽᓺǹ⒙Ⱒמȡ 1873 K ᲦಏǽⶲᚩࣕȍǶ

⮥᳒ǨȚർ┶ǛǑȚƹǤȘǺ⾻ɟɵɃɁǽ

ȚǮȐǺ⒅Ǖȿɧɭɴʀࡖȡكȓሬ⣪ك╋

ȿɯɻǺȑṐಏǽȗǓ⒙ⰢמǛർ┶ǷǹȚƹ

ǦǮǛǲǵ⾻ǢǽȗǕǹ┶☔ǺଓඅǨȚǮȐǺ

Ǿ⾻ⶲṐಏǺ⒙ⰢמȡᚬǨȚཆᗕǷཪ⒈ǽ

ᴗǛർ┶˃ᓍǶǑȚƹ

ȴɱɁΧǽ⒙ⰢמᚬᗕǷǦǵ⾻㎥ㆌɲɻ

ȸǜˀǡᗕ1)⾻㎥ㆍሬগᗡࡿᗕ2)⾻㎥ㆎⰙᜟᗕ3)⾻

㎥༃ᜟᗕ4)⾻㎥㆐ᙉᜟᗕ5)⾻ǹǸǛ᧸ǤțǵǓ

Țƹ㎥ㆌǶǾΧ⒙ⰢǺଓǦǵ౪⒅Ǻယ╮ǨȚɲ

ɻȸȡǜˀǡǮ⭾ǺɲɻȸǺҘǞሬগ⛤∜∜

⦔ȡ⾻㎥ㆍǶǾΧ˛ǺẫᶩȡᬼࢦǺ࿗ӱǦ⾻ᶩ

ԑǽמࡿȡˀǡǵᗡȡബ༔ǨȚ⭾ǽሬগԑ⤴ࡿ

⾻ȡᕷȐȚཆᗕǶǑȚƹ㎥ㆎמȡᚬǦǵ⒙Ⱒמ

㎥ǶǾǬțǭț࣠ኑˀǙȗȂᶩǽӞǺ۲șˁ

ǛǲǮᙉᜟǽബᣞǚȘ⒙ⰢמȡᕷȐȚᅀᗕǶ

ǑȚƹ㎥㆐Ǿᬼࢦǹᶩǽˁᴻȗș⊝ˁǨȚᙉᜟǽ

⦔⦖ǚȘ⒙ⰢמȡᕷȐȚᚬᗕǶǑȚƹ

⊣༔౪ǾǶૅ᳣ᮾǽ 10 ౫ಏǚȘ 3 ౫⫻Ǻ

ȞǮșǃ᰷ࡐᗕ͆ɓɭʀȴɱɁɝȱʀɱɨȴɱ

ɁΧᢼම△Ϣཪ⒈ɟɵɀȯȷɐǄǺףڹǤǪ

ǵⱹǜ⾻ȴɱɁͽᏡǚȘံϜⱹǓǮ۬ᲷȴɱɁ

ǽ⒙ⰢמȡીᚬǦ⾻ȴɱɁǽⶲᚩᢼම△Ϣᅀ

ᗕǽ࡛⭾ᑙᛡكȡဝ⢳ǦǵǜǮƹቊ᳄ǶǾẜⰢ

ǽ⬄ϭˀ⾻ⓓΈǽ͘ᐯȓીᚬɏʀɇǽ◌ẫǾׂ

ǤǪǵⱹǜ⾻⊣ɻɲȚǓǵǓ᧸Ƕૅ᳣ᮾǽ

ȸǜˀǡᗕǽẴ͒ǹȘȂǺ۬ᲷḯಏࣕǺǠȚ

⒙ⰢמᚬᗕȡẴ͒ǨȚƹ

㑮. ɲɻȸǜˀǡᚬᗕǽڤᥴ

ࡖ 1 ǺɲɻȸǜˀǡᗕǽڤᥴȡᰳǨƹɲ

ɻȸȡΧ▿ᄦǽ⒙ⰢǺယ╮ǤǪǮᆣ⾷ࡖ˛

⾷A⾸⾸⾻⒙Ⱒמ g ȗǲǵᓎǶ˄ǗȘțȚמ

F ǛɲɻȸǺǚǚȚƹ

F⿌W 〔 g⿌4pRg cos u (1)
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ǢǢǶ⾻W ǾɲɻȸǺǚǚȚ⛤∜∜⦔⾻g Ǿ

⢦ಏ⾻Rףמ⦓ Ǿɲɻȸǽ౪ࢍ٪ൎ⾻u Ǿယ╮

╦ǶǑȚƹᓎǺɲɻȸȡȕǲǞșǜˀǡ⾻ယ

╮╦ u ȡ 0 Ǻ⡨ǴǠȚ⾷ࡖ˛⾷B⾸⾸ƹǬǽ⭾Ǻ

ᚬǤțȚሬগ⛤∜∜⦔ Wmax ǾᓎǶᰳǤ

ț⾻⒙Ⱒמ g ȡᚬǨȚǢǷǛǶǜȚƹ

g⿌
Fmax

4pR
⿌

Wmax 〔 g
4pR

(2)

ɲɻȸǾ 1923 K ȍǶǽⶲᚩǺǙǓǵȑᑿ፦

ഁಏǛⶲǓ⦘ɿɵɀȮɨ⾷10㎪)ɿɀɳȻɓ

Ȫ⾷0.16㎪⾸⾷FKS㏏S16Pt10㎪Rh⾸⓯Ƕ⾻٪

ൎ R0テ7.165 mm⾻⁺ڣテ0.500 mmq ǽȑǽȡ

π᧸ǦǮƹ⒙Ⱒמᚬ᧸៵ǺǾ 1873 K ȍǶ

ᚬǛǹ̘ᥡكɪɲɞɎɻᡡΧ⾷ȳɻɇ

ɳ⓯ KS㏏10801⾸ȡ 6 ቊѿǗǮ⯍ᕧ៵ȡπ᧸Ǧ

Ǯƹᚬᚩ᧸ǺǾɳɌɤ۞ǺࡘǤțǮ R ᡡ⯍

ଓȡ᧸Ǔ⾻៵ǽᚩಏ֝൧ǺǾѩⰢǺ▚ΈǦǮ

PR20/40 ᡡ⯍ଓȡ᧸ǓǮƹ

㑯. ⒙Ⱒמǽᶟլᅀᗕ

(2)ǺᰳǦǮ⒙ⰢמǾᚬᆣǺǙǠȚɲ

ɻȸǽᡡ℗ǙȗȂɲɻȸǷȴɱɁΧǺ᧯ǧ

Ț഻ⱶǛອǤțǵǓǹǓƹǬǢǶቊᮾ᳣ǶǾ

ᓎǽȗǕǹⓝᓺȡ⒅Ǔ⾻ȗșᓺǹ⒙Ⱒמȡ

ᕷȐǮƹȍǩ⾻ⶲᚩΧǽ⒙ⰢמᚬǶǾɲ

ɻȸǽᡡ℗ǺȗȚ഻ⱶȡອǨȚർ┶ǛǑ

ȚƹǦǮǛǲǵ⾻(2)ǾᓎǽȗǕǺǹȚƹ

g⿌
Fmax

4pR0(1⾺aDT)
⿌

Wmax 〔 g
4pR0(1⾺aDT)

(3)

ǢǢǶ⾻R0 ǾૅᚩǺǙǠȚɲɻȸ٪ൎ⾻a Ǿ

ɲɻȸǽᡡ℗ϭᄋ⾷0.1019j10⾼4 K⾼1), DT

ǾᚬᚩಏǷૅᚩǽఞǶǑȚƹ

ǤȘǺṐಏȡ۹ˀǤǪȚǮȐቊᮾ᳣ǶǾ

Harkins Ș6)ǽံ╵Ǻ࣠Ǵǜ⾻ɲɻȸǽ⁺ڣȓ

ɲɻȸǽԑѩǷঋѩǷǽɩɓɁȳɁǽബᣞǽᭀ

⣖ǙȗȂ▿ᄦǽ͛᭭ǺȗȚ഻ⱶȡອǦǮⓝᓺ

ࡍ S ȡ᧸Ǔǵ⒙Ⱒמ g ȡᶟլǦǮƹ

g⿌
Wmax 〔 g

4pR0(1⾺aDT)
〔 S (4)

Harkins ȘǾⓝᓺࡍ S ǛɲɻȸǽൎǷ⁺ڣ⾻

ሬগ⛤∜∜⦔ǙȗȂ▿ᄦಏǽ⬄ᄋǷǦǵ⒙Ǥ

țȚǢǷȡअܝǦǵǓȚƹቊᮾ᳣ǶǾӴ▿ᄦǺ

ǙǓǵ۴ʶǽɲɻȸȡ᧸ǓǵᚬǦǵǓȚǽǶ

ᠪᓎәǽⓝᓺࡍ S Ǿ⾻ሬগ⛤∜∜⦔Ƿ▿ᄦ

ಏǽ⬄ϭǺȗǲǵᕷȐȚǢǷǛǶǜȚƹǬǢ

Ƕ⒙Ⱒמᅝ᮪ǽद7)⾷PbCl2, KNO3,

NaCl, KCl, NaNO3, K2SO4, Na2SO4⾸ǺǳǓǵ⾻

ሬগ⛤∜∜⦔ǙȗȂȪɳȵɩɏɁ 2 ᥱᗕǺȗ

șಏȡᚬǦǮƹǢǢǶ S ǾીᚬǦǮ Wmax

ȡ(3)ǺͦӱǦǵᕷȐǮ⒙Ⱒמо g㈙Ƿᄙᤙ

о gcited ǚȘ S⿌g㈙/gcited ǷǦǵᶟլǦǮƹǢǽ

ȗǕǺǦǵᕷȐǮ⒙Ⱒמᅝ᮪ǽदǽⓝᓺ

ࡍ S Ƿ Wmax/r ǽ⬄ϭȡᓎǽȗǕǺᖑǦ

Ǯƹ
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S⿌0.772⾺0.255j106 〔
Wmax

r
(5)

ͨˀǽȗǕǺીᚬǦǮ Wmax Ƿ r ȗș S ȡᖑ

Ǧ⾻(4)ȗș⒙Ⱒמ g ȡᶟլǦǮƹǦǮ

Ǜǲǵ⾻ɲɻȸǜˀǡᗕǺǙǓǵȗșᓺǹ

⒙ⰢמȡᕷȐȚǮȐǺǾ⾻ሬগ⛤∜∜⦔ǽȎ

ǹȘǩ۴ẻ༔ȴɱɁΧǽಏȑᓺǺીᚬǦ

ǹǠțǿǹȘǹǓƹᚬᗕǽᚬṐಏǾԙᥰ

ම⾻ᾎș⡫ǦṐಏȑ܅Ȑǵd0.3㎪ǶǑǲǮƹ

㑰. ḯಏǺȗȚΧᢼමᚬᗕǽոⲲ

ɲɻȸǜˀǡᗕǺȗȚ⒙ⰢמǽᚬǾḯ

ಏǛⶲǞǹȚǢǷǶሬগ⛤∜∜⦔ǽᓺǹᚬ

Ǜࡓ⮽ǷǹȚǮȐ⾻ⶲǓṐಏǶᚬȡ⒅ǕǺǾ

Ǽ 20 Pa 〔 s ǽḯಏȍǶǛᚬ⭈ᨕǷǹȚƹ

ǢǽǢǷǾ⾻ᚬ⭈ᨕǛᚩಏǺȗǲǵ╄Ǥț

ȚǽǶǾǹǞ⾻ḯಏǺȗǲǵ╄ǤțȚȈǜǶ

ǑȚǢǷȡᰳތǦǵǓȚƹǬǢǶ⊣ᗕ╮ယǾ

ǺոⲲǤțȚΧᢼමᚬᗕǾḯಏǺȗǲǵ╄

⾻ᄏᥴǤțȚȈǜǶǑȚǷǗ⾻ḯಏȡᘓؔ

᠊ǙȗȂ⟲ك᠊ȡ࣠ᛡǺǷș⾻˛⾻ⶲǽ 3

ǳǺٚոǦǵḯಏ⾻ಏ⾻⒙ⰢמǺǳǓǵᄏ

ᥴǦǮ⾷ࡖ 2⾸ƹḯಏࣕ⾷101 Pa 〔 s ͨˁ⾸Ƕ

Ǿ⦘ୡǽṐ⩖ո⦕ǺǙǠȚɁɱȸᮾ᳣ǶಏǾ

ȪɳȵɩɏɁ 2 ᥱᗕ⾻ḯಏǾɳɌɤࡋ⟵ᗕ⾻

⒙ⰢמǾɲɻȸǜˀǡᗕǺȗǲǵᚬᗕǛ

ȊȋᴗǤțǵǓȚƹ˛ḯಏࣕ⾷101」107 Pa

〔 s⾸ǾɓɭʀȴɱɁ᧳ᏡǺǙǓǵṐףకɿ

༔ബȡ⒅ǕǮȐǽ⦔┶ǹⲏࣕǶǑȚƹǢǽⲏࣕ

ǽḯಏǺǳǓǵǾኇلগક᮸۵◘ჹǷȪȸ

ɕཪ⒈Ƀɻɇʀǽᮾ᳣ǶᴗǤțǳǳǑȚ8)ƹ

˛ḯಏࣕǽಏǙȗȂ⒙ⰢמǾⰙᜟᗕǛ᧸Ǔ

ȘțȚƹⶲḯಏࣕ⾷107」1014 Pa 〔 s⾸ǽᚬ

ᗕǾ▿ᄦȡɝȩȬɘʀᣞǺǦǮέỺΖᗕ9)

⾷ˆber elongation method⾸Ǜ᧸ǓȘțȚƹǢ

ǽཆᗕǾɝȩȬɘʀȡʶᚩಏ⾻ᆣ⫻Ǻǵףᡡ

ǨȚǢǷǺȗșΖȂ⢦ಏȡીᚬǦ⾻⒙Ⱒמȡ
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ᕷȐȚȑǽǶǑȚƹᥰǾǶș⭈Ț᮪ǽ⊢⾻ࢀ

Ǣǽཆᗕȡ᧸ǓǮીᚬоǾȊǷȢǸअܝǤțǵ

ǙȘǩ⾻ᄽǮǹⲏࣕǺǙǠȚ△ϢᗕǷǦǵ⅟ܬ

 Ǔƹ

ǢțȍǶǺẴ͒ǦǮ⒙ⰢמǽᚬᗕǾɲɻ

ȸȡ᧸ǓǵΧǷǽ⫻ǺҘǞמȡᚬǨȚယ╮

ᗕǺոⲲǤțȚƹ⡨౫⾻Ⱎယ╮ᗕǷǦǵᙉΧ⒙

ⰢǺɴʀȾʀȡӱଙǦ⾻Ǭǽᄃ̇ӟǺ܅ȍțȚ

ษअ⾷ᡡȕȘǝ⾸ǚȘᙉΧǽ⒙ⰢמǷḯಏ

ȡᚬǶǜȚ⒙Ⱒӟᄃ̇ᗕ10)⾷Surface Laser-

Light Scattering method⾸Ǜ᧸ǓȘțǵǓȚƹ

ǢǽཆᗕǾ⢪ỮǺংكǨȚ⒙ⰢᣞຎȡɲȪɳ

ɇȬɨǶ╞ᚬǶǜ⾻ȍǮڤᥴǺȑᷮϪǶ◳ఞ

ȑଦǹǓǮȐ⾻͑ൖ⾻ૅᚩǶǽ⒙Ⱒמǽᶟլ

ǽȎǹȘǩⶲᚩࣕȇǽྮ⾻ሠǺǾٸệᇋ༔

ǽ⭾ǽݨ✤ᶩᥴǺȑౙ౺Ǟඅ᧸ǤțȚȑǽǷቃ

൏ǤțȚƹ

ቊ᳄ǶǾȴɱɁΧᢼමǺ⬄ȞǲǵǜǮ⊣

ǽᮾ᳣༔እȡ࣠Ǻ⒙ⰢמᚬᗕǺǳǓǵ╫◻

ǦǮƹ͑ൖ⾻ሠǹȚЈⲠමǽⶲǓᚬᗕȡᴗ

Ǧ⾻ଛቻǺǾ⒙ⰢמȡǾǧȐǷǨȚΧᢼ

මȡ̔ᚬǨȚ᠋ǽẻ༔âᚩಏəɱɩʀɇǛᐦ᷂

ǤțȚǢǷȡչǺⲬǕƹǬǽǮȐǺܬࢄǶǾǑ

ȚǛ۬Ჷẻ༔ǺଓǦǵṐಏȗǞીᚬǦ⾻ǬǽЈ

ⲠමǽⶲǓɏʀɇȡˌᨕǺ۹ǠǵЈǦỮǠȚ

ǢǷǛ⦔┶ǶǑȚƹቊ᳄ǛȴɱɁΧᮾ᳣ȡ

Ǩ⇙ཆᮾ᳣ƹȚǑǶǓ౯ǿțǹǺʶǽ
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