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ᄴ
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ѽ
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⌺
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ᄵ
ླ
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Ѳ
ђ
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Ⴎ
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␒
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ѿ
џ
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Ѿ
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༇
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ѿ
ѓ
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Ⴎ
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ླ
∩
џ
ї
ж
љ
Ѷ
ж
к
ѿ
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ѿ
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ऐ
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ⅼ
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Ѣ
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Ѣ
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Ѣ
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ध
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⑂
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ѿ
:
я
Ѣ
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ᇶ
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ᄴ
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␢
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␢
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⅜
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ᄇ
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⒇
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␢
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ў
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⊐
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༇
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ᅍ
̩
о
Ḵ
ж-
Ớ
*Ø
҆
ೖ
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⌬
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ѽ
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⅜
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ќ
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②
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⊛
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ћ
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⌈
ў
⌬
Ẕ
њ
д
ѿ
ў
ѽ
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Ѣ
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␢
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␒
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໐
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ќ
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⇈
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⅜
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ќ
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Ѳ
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о
ќ
Ѣ
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໐
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Ѳ
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໐
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ѿ
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␢
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␢
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ѽ
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໐
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Ѣ
ᅍ
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Ѣ
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␢
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Ѣ
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༞
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Ѣ
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␒
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⅜
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Ѣ
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Ѳ
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②
ᄎ
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ѽ
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␢
Ὧ
Ḗ
Ѭ
Ѣ
ஃ
҃
Ѿ
ѣ
х
х
њ
ྚ
ѭ
љ
ж
ѿ
ѯ
ќ
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␢
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ѿ
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⌈
џ
щ
ђ
:
ື
ѣ-
౯
њ
๘
+sч
Ҁ
ђ
ૈ
ط
ઋ
«
Ⓒ
ཥ
ए
џ
ї
ж;

љ-
↶
␁
ל
ᄇ
Ѣ
ᆌ
ఱ
҆
ۗ
к
ѿ
х
ћ
҆
Ὧ
ט
щ
ђ
:
я
Ѣ
Ḕ
ఇ
⑂
₅
ѣ
ᅹ
⅜
Ὧ;

Ḗ
џ
ஃ
҃
ѿ
້
ଢ
Ѣ
ѳ
Ѣ
₫
Ⴇ
५
◒
џ
ఱ
ѿ
ѭ
п
х
ћ-

ج
ᇂ
Ѣ
≺
㋯
ਏ
▩
ѣ
;

⊷
ᅍ
м
Ѽ
ѧ
≘
¹
ປ
Ѣ
ק
ລ
џ
Ѳ
н
ы
ћ
ж
и
શ
ὀ
Ѣ
⑂
₅
҆
໗
ї
х
ћ
҆
‐
ᄴ;

џ
གྷ
ἕ
҆
щ
ђ
:
ด
\8
\Ḗ
҆
憭
Ḵ
ћ
ѳ
ђ
Ѿ
щ
ў
ж
ђ
ѵ
џ
Ѷ-
х
Ѣ
⑂
₅
҆;

х
Ѣ
Ḕ
ఇ
Ѣ
ऐ
Ṹ
џ
ເ
ѿ
Ѳ
њ
ṕ
㈫
ы
ѿ
х
ћ
ѣ
ᆘ
щ
н
ї
ђ
щ-
Ѳ
ђ
х
Ѣ
⒁;

ж
ด
⅜
Ὧ
Ḗ
҆
ຫ
к
љ
п
ђ
≲
Ѣ
త
ṑ
њ
д
ї
ђ
ћ
യ
Ѷ
ວ
и
:

ж
ї
Ѷ-
х
Ѣ
Ḕ
ఇ
њ
Ѷ
ї
љ
ۓ
н
҆
ਝ
Ṿ
щ
ї
ј
у
ђ
ື
ћ-
Ѳ
ђ-
я
Ѣ;

ཛ
≒
Ѣ
ṩ
с
Ѣ
ᅍ
̩
џ
ћ
ї
љ
-
х
Ѣ
⑂
₅
ѣ
྇
с-
Ѳ
ђ
₢
 
њ
п
ў
ж
х
ћ;

Ѷ
д
ї
ђ
х
ћ
ѣ
ᅹ
к
ᇂ
Ҁ
ў
ж
:
щ
н
щ-
\
ü

Ḗ
҆
῭
Ḵ
ћ
ঠ
أ
ж
щ
ў;

ж
ђ
ѵ
џ
↶
␁
ў
х
ћ
њ
д
ѿ
:
я
Ѣ
Ѽ
и
џ
ก
␢
Ὧ
Ḗ
҆
4
с
ఙ
Σ
5
ы
х
ћ;

о-
༇
ѽ
ۓ
҆
ў
ы
ѭ
п
н
Ѣ
২
Ẕ
Ὧ
ਯ
џ
Ѷ
ў
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Ѣ
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Ⓒ
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ѽ
ў
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Ѣ
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Ѣ
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ђ
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Ѿ
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Ѣ
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⅜
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Ѵ;
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ѽ
ў
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ћ
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ћ
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ѣ
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щ
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Ѣ
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␢
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Ѣ
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␢
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Ѣ
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қ Ӫ Ӂ ᄶ ബᇐ

µ⇣ ປ ତ ೬ ڧ ặ ຫ ᾕ 0 / 3 2 0 È 0 3 5 3 / 1 4
µẒ 0 ج µড ଃ ତ ೬ ᆾฝ ຫ ᾕ 0 . 3 3 È 0 / 0 / 2 4 4 7
µ๋ ↳ ତ ೬ ஓ → པ ຫ ᾕ 0 / 1 4 0 È 0 20 1 / 5 7 4 / 0
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An Approxiiated Analysis of Boundary Eletient Method In Three- 

Diiensional Coupled Groundwater Flow and Migration of nuclides 

Ryujl KAWAHURA

Coupled problems as grounwater flow and ilgration of nuclides have been considered in «any 
science and engineering. By aeans of BEM for its si ip lic lty ,  these probleos have been treated to 
further investigation. In the disposal of radioactive la teria ls  after reprocessing of nuclear 
fuel, ■igration analysis plays an iiportant proble« to assess the perfortance of the repository as 
well as thenal ,  radioactive and structual analyses. This «igration analysis is cotbined with the 
analysis of groundwater flow and advective diffusion. Coupled groundwater flow and advective 
diffusion of radioactive nuclides with a decay chain are fornulated in this paper by «eans of the 
direct boundary eleaent aethod using respective fundanental solution in each phenoienon. A few 
nuaerical examples are presented. This approach is also applicable to chrolo-carbon and heavy 
■etal disposal probleos.

Approximation Analysis on 3-Dioensional Coupled Electric Potential and 

Hole or Electron by Boundary Element Hethod

Ryuji KAWAHURA

•Information and Mathematical Science Laboratory, Inc. 0-43-/
Ikebukuro, Toshimaku, Tokyo /7/

ABSTRACT
Coupled problems such as electr ic potential and hole or electron of semiconductor 

have been considered in many science and engineering. By moans of HKM for its 
simplicity, these problems have been applied to further investigation.
In the design of semiconductor device simulation
This simulation analysis is combined with the analysis of electr ic potential 
flow and hole or electron . The former consists of non-linear pol.ential prohlpm. 
however, the later is slightly complex because of an advective Lf»rin due t.o its 

Us advectivs Lerm. Coupled electric potf!nüaI flow and advective ditfusion of 
hole or electron are formulated in this paper bv means of the direct boundary 
element method usinf； respective fundamental solution in each phenomenon. A 
numerical example is presented. The method aiines at analyzing not only 
simple but also conventional treatment.
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િ ढ ␁ ḓ ≼ џ Ѽѿ 3໙ణ↟ ὦᄑ׳ ⑦ॆ ๑ ≺ ὴ ༌ Ѣ ऐ ≼ ы

ۣ Ṧ ⑬ һ ( • ∞ ২ ὀ ᅍ .

ABSTRACT Advective diffusion analyses have been applied to many fields of science and engineering, such as

dispersion of chemically reacting substances, thermal conduction in fluid, electromagnetic field by a moving magnet,

and migration of nuclides in g^roundwatcr flow. In solving non-static advcction diffusion equations by the boundary elc- 

ment method, however, time iiitegrations appear in the boundary integral equation, which makes the BEM application 

to advection diffusion problems difficult. Therefore, the method has been approximated in the past relevant publica 

tions. This paper describes the method to carry out the time integrals analytically, and the uscfullncss of the technique is 

demonstrated with some examples of practical engineering interests. The results obtained from the examples were com- 

pared with the analytical solutions or with the results from other numerical codes.

/ . Ѳ к о п ∧ ༝ Ѣ ׳ ⑦ॆ ¹ Ῑ ҆ ਭ ྚ ы ѿ ≺ ὴ ༌ ѣ ج Ⅻџ ໙༌ њ ⍥

׳ ⑦ॆ ⃝⌬ Ẕ ѣ ℅Ṹ Ỳ џ ⑦Ҁ о Ṣ ธ ы ѿᄎഔѢ ॆ ⃝ &
బ ჻ ҆ ਭ ྚ ы ѿ Ѷ Ѣ њ д Ѿ̔ ۑ ज़ ڰ⅞ ̔ ₃ ᾝῴ ̔ ׳ ` &
༃ ਣ ̔ )д ѿ ж ѣ ≹ ༩ ᆐॉ ཌ Ѣ ׳ ೬ ऐ ᆷῙ ṩ ≺ ⌔ џ ҃ ђ &
ѿ ڰ ⍷ о ۘ ₣ њ д ѿ .х Ѣ ऐ ≼ ћ щљଡ ₄ િ ढ ␁ ḓ ≼ &
о Ἂ ⌤ч Ҁ љж ѿ о mn>↟ ὦᄑ♙⑦ॆ ⃝⌬ Ẕ ҆ ང Ѿ־ &
и џ ѣ я Ѣ ׳ ⑦ഋѢ ђ ѵ џ ̔ ਏ ⊷ ऐ Ѣ ໘ ২ џ ৪ ы ѿ ἲ &
ᇄᆹ∩ о ര ‼ њ д ѿ . щђ о і љ ̔ ྀ ␒ Ѣ ऐ ≼ њ ѣ ̔

׳ ⑦ഋ҆ ى ≒ џ Ѷ і љп љҭ ̬ ҩ ഋћ щљང Ѿ־ і ђ &
Ѿ ̔ Ѳ ђ ѣ Green৪ ᅹ҆ ଡ ໑ ы ѿ ͅ 3>х ћ џ ѼѾх &
Ѣ ര ‼ ч ҆ ↞ у љп љж ѿ о ̔ я Ѣ װ ṩ Ⴟ Ѣ ಊൌо ᆛ&
ъ љж ѿᄎഔо д ѿ .
⊷ ऐ ᆷњ ѣ ̔ х Ҁ ѽ Ѣ ׳ ⑦ഋ҆ ৰ Ѵ ਏ ⊷ ऐ ҆ ἲ ᇄ໘ &

২ ᆹ∩ ы ѿ х ћ џ ѼѾὦ ༌ ۑ щ ̔ х Ҁ џ ਏ ј с  3໙ణ &

↟ ὦ ᄑ׳ ⑦ॆ ๑ ऐ ᆷң ̬ ҹ ҆ ध ℴ щ ђ • Ѳ ђ .х Ѣ ң &
ج ҹ ҆ ⍷ ж љ̔ ਜ Ṣ Ѣ 3 ҡ ̬ ҩ Ѣ ⒛Æ / )ᆭᾆ આѧ ` ᾆ &
િ ढ ộ ⌬ Ẕ 0 ) / ໙ణӁҔ ӈ எ Ѣ ҭ ̬ ҩ Ѣ д ѿᄎഔѢ ׳ &
⑦ॆ ๑ ⌬ Ẕ 3) 0 ໙ణ ॉ ཌ ׳ ೬ Ѣ ẽ ྫ ў ⌬ Ẕ Ѣ F E M ћ&

ῲ ⍳ ў வ๖ ҆ ೬ ж ̔ я Ҁ ё Ҁ Ѣ ௪ ۠ ҆ → ॓ . ఎ ΰ щђ .

0 . ὦ ༌ ۑ

] ⑦Ṹ Ỳ Ѣ ͅ ᾝῴ ̔ ۑ ज़ Ѳڰ⅞ ђ ѣ ≹ ༩ ᆐ≵ ओ҆ ⅛и &
Analysis of Three-Dimensional Transional Advective Difu 
sion by Boundary Element Method. By Ryuji Kawamura (Infor 
mation and Mathematical science Laboratory, Inc.) and Mi- 
tsulo Fukuma (Japan Research Institute, L tdj 

•" ᄒ≰ ᆒ⑂ ఔક ྵ &
®" ⁰ ⊷ ḹ ഔఔક ྵ
t l 788₄ 4 ௭ 07⁰ དྷ ⇟ / 788₄ 7 ௭ 5 ⁰ ൮དྷ ⇟

к ѽ Ҁ ѿ .

Z .[c] (v-VC) + X C - K V  VC=S(.f, I) ( / )
ot

х х њ c ѣ એ ѵ ѿ ⒄ ̺ ی ᾶ ̔ ॉ ཌ « ᾶ ̔ Ῑ ̻ ̔ S ѣ ҭ &
̬ ҩ ഋњд ѿ . Aѣ C о ≹ ༩ ᆐॉ ཌ ]Äᾶ Ѣ ᄎഔѣ ≹ ༩ &

≵ ➂ ὦᅹњд Ѿ̔ ۑ ज़ ⅞ ڰ ̺ ج ໙ ̻ ҆ ⅛и ۑ ज़ ཌ Ѣ ₡ &
ᾶ ᄎഔѣ Ṙڰ⅞ ᾶ ὦ ᅹњ д ѿ .₃ ᾝῴ ҆ Ṻ ჻ ћ щљж &
ѿ ᄎഔѣ 9Iѣ Ṣ ธ щ ў ж . S■ѣ ̺ < . ׳( ⑦Ṙ ᾶ њ д &
Ѿ̔ х х њ ѣ ᄎྵ џ ן Ṣ щ ў ж ὦ ᅹћ ы ѿ . Ѳђ ̔ &

X ( < . )ѣ ༞ ಙ ᾆ ў ॆ ๑ ஃ ᅹњ х Ҁ Ѷ ὦ ᅹћ ы ѿ .↟ &
ּ ྒ ᆐ⑦Ṹ Ỳ Ѣ ₃ ᾝῴ Ѣ ᄎഔ. ༸ ѣ ₃ ॆ ⃝ ① ̺ ; ל &
⍢Ѿ̻ ̗ х х њ ̔ i ѣ ₃ ᾝῴ ①̔ P ѣ ⋢ ᾶ .Ѿѣ ὦ ּ → &
₃ ̻ њ д ѿ . ॉ ཌ Ѣ ớ Ỳ ׳ ೬ Ѣ ᄎഔ̔ ớ ې ᅪ⑦ .∩ ๑ &
. ॆ ๑ ஃ ᅹ̔ ụ ږ ஃ ᅹ̔ м Ѽѧ ̔ ҭ ̬ ҩ ഋ҆ я Ҁ ё Ҁ &

a, D, R , м Ѽ ѧ ̔ F t  L љ ̔ % \ K=D/ R,  S=F/R &

ћ ы ҀѤѼж .

ྴ ਝ ᄔ௮ѣ ̔
C(x,y,  z, l= 0 ) =C 〇(x,j>, z) 

ћ щ ̔ િ ढ ᄔ௮ѣ ̔
C(x两̔ҟ两ѓҐ . * (Dirichletᄔ௮)

Ѳђ ѣ ̔ ಚ ℂ

- K -

dC{x„ji„ zu t) ]  
® -----------n = z,, t ) ,  

(Neumann ᄔ௮̻

( 2 )

(3 )

(4 )

њ ⍥ к ѽ Ҁ ѿ Ѷ Ѣ ћ ы ѿ . х х њ ᾜ ̺ ҁ ̔ Ⴟ/ ̔ ҿ ̻ ѣ િ &
ढ ᄇџ д ѿ Ѷ Ѣ ћ щ ̔ ㊗ѣ х Ѣ િ ढ ᾜџ м у ѿ ब ಝп
≼ ᇦӐ ҟ Ҹ Ӣ њд ѿ .

ҧ Ӗ Ӝ ӣ ̬ ҧ Ӟ Ӫ Ẓ 7 ঢ Ẓ 3ഓ
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