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Abstract 

 

    This thesis studies the convective cell interaction with the low-level jet in the 

typhoon (TY) environment. Observations of TY Morakot (2009) indicate that the 

east-west oriented rainband in the Taiwan Strait is in the convergent zone caused by the 

interaction of the TY circulation and the southwesterly monsoon flow. The rainband is 

with low-level westerly jet of 30 m/s and composed of many eastward moving 

convective cells. The new convection often developed to the west of the mature cells 

and the eastward speed of the convective cell in general is slower than the low-level jet 

speed. We use 1-km resolution Cloud Resolving Storm Simulator (CReSS) model to 

simulate and to analyze the convective cells in rainbands associated with TY Morakot. 

Our hypothesis that the vertical wind shear associated with the low level jet, when 

interacted with the horizontal vertical wind variation in the presence of the convection, 

can generate significant vertical pressure gradient force on the upwind side of the 

convective cell. The vertical pressure gradient force to the west of the convective cells 

may strengthen the convective cell in the TY Morakot rainband.  

    With the numerical model data, we solve for the buoyancy pressure perturbation 

and dynamic pressure perturbation. The dynamic pressure perturbation can be further 

separated into the linear and non-linear contributions. The linear term mainly involves 

the product of the vertical wind shear from the low-level jet and the horizontal variation 

of the convective updraft and the nonlinear terms are from convective cells. Our 

pressure diagnosis suggests that the linear contribution is the most important in the 

dynamic pressure perturbation. The interaction of the low-level jet with convection will 

produce relative high (low) dynamic pressure perturbation in the lower (upper) level and 
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positive vertical perturbation pressure gradient to the west of the convective cells. 

Together with the buoyancy, the dynamics vertical pressure perturbation gradient force 

also contributes to the positive vertical acceleration to the west of the mature convective 

cells.  

    Our analysis highlights the importance of the low-level jet in TY environment 

when interact with existing convective cells may produce significant dynamic vertical 

pressure perturbation gradient to the upwind side. The dynamic vertical pressure 

gradient force may strengthen the convective cells in the TY rainband. 

 

Keyswords: low level jet, vertical wind shear, perturbation pressure, buoyancy, vertical 

perturbation pressure gradient. 
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Ϛ  ›ṕ 

 

￼ṅש1.1ׁ  

╥ Ẓủוּ ѻ ᾼḳ щ Ṇ ȲḕדӂᶁּצפϮᴟХ –

Ȳ Ἤᶈ ᾼ ​ἏἏϷ כ ֵ ᾼḳ ȲӦ ҟᾼ

ᾼ МȲᴫ⁮ủ ế ☼ ֯ ᴫ ҵ ӢԚᴴṳᶮכ ֥

Ȳ ֥ᾼ сҒϱᴫ⁮ ☼ᾼѬ ẁȲ Ӣ​ ὑ ֥ ϱȴ ҟᾼ

ẂМȲ2004דᾼ ᵓ(Mindulle) ȳ2005דᾼ ᵓ(Talim) (Haitang)

ȳ2008דᾼ (Jangmi) ᾼד2009 Ἦᵌ(Morokot)( 1.1 a-b)

Ҡѿ Ӧ ᾼ ṓẞ ᴫ ҵ ֥ ế ᾼ​ Ȳ

֥ Ӣᾼ​ Ȳᴴ ☼֣ὧ ᴟ ֮ȲⱢ ẃЄ ᾼ ​ȴ

☼ ᴫ⁮ ☼Ԛᴴᵂӣ ֥ Ӣᾼ​ ЛᵀЛ юṓȲḆ╥ ᴫכ ​ᾼϚ

Є֪ ȴ 

Ӑׁשṅṿӣᾼ Ɫ ד2009 8ѣⱢ М⁮ ẃ Є ​ᾼ Ἦᵌ

Ȳ Ἦᵌ Є ⇔ⱢМ⇔Ȳṳ֯ ד 2009 8 ѣ 6 ѡẞ 10 ѡ Ȳắ

ẞ ᴫ⁮ ☼ᾼ ȲҒϱ  ═ ᾼ ​ȲҳщвⱢ ẃ 2855 mm

ᾼ​ Ȳ М⁮ ֵ ѬȲЍ ϷצЄ ᾼᶀѠếЁӰ☼Ȳ כ

ᾼ Ϻ ắᵺᾼḳ Ȳֵ ​ Ϸẚ נּ Ȳ Ὥ ᾫᾼ ҷϷϫи Ȳױ

Ɫ ҭϱḳ ϥϝѬḳᾼɦϥϥ ḳɧȴ (  1.2)Ҡѿ 8

ѡᴟ 9ѡȲ ֯ 0600UTCᴞ ᴫ ҏ ∟ ⇔ (ӂᶁ ᴩ צҬפּ⇔

1.8 m/s)Ȳ ᾼ Ғ ​ в ☼Л ᾼӢכṳ ֮Ȳ ẃᴫ Є

ᾼ ​Ȳ Ҡѿ Ȳ Ἦᵌ ẓצЛ ᾼ Ȳ֯ Җ

☼ ЛὙ Ȳᵀ⁮ Єצ ᾼ ☼ҏ Ȳв ᾼ​ МȲ֯׀ ֵ ᾼ
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☼ ȲЛ ֯ҵ Ӣṳѹ ֣ ֮Ȳ כ ᴫҙ ᾼ ​ȴ Ϡ

☼ ᴫ⁮ ☼ ֥ сᵂӣ ☼ ӢכȲᴫ⁮ ☼Ϸẁ Є ᾼѬ

Ȳᵀ╥֯ᴴ ᵅ ֥ Ӣᵅ ☼ᾼ МȲ ☼╥ᵡҠѿ ϩ

ԛ ϚḔҒ ☼ ȹצ ᾼв ϩ ╥ ᾼ ȴ 

1.2ѝ ֫  

    Ἦᵌ Мᾼ​ ᵧὧᴫṛ֣ȲⱢϚ ᾭ ☼ᾼ Ȳ ὑМѐ⇔

☼ Ṇ (MCS)Ȳ֯ױЮ ☼Ṇ П›ᾼד ṅȴParker and Johnson(2000ȳשׁ

2004)ɔ ӣּר М 5ѣד1996 5ѣᾼ֫ᾌד1997 88 ᾭ ☼Ṇ ȲṼ

Ṇ ȳכ ∟ Ӣ ᾭ Ѭᾼᴯ иⱢϮ ȲиᵑⱢ›і ᾭ (leading 

stratiformȷ LS)ȳὈץ ᾭ(trailing stratiformȷ TS) ӂᴩ ᾭ(parallel 

stratiformȷ PS) ( 1.3 a-b)ȲϷ LSѩ Ẕһϡ Ḇ ȲҠ Ḇ ẃ

​Ȳ ᾼ ᾭ ☼Ṇ Ɫ ȲṆ ᴩѠ֣₣᾿ ᾭ ☼Ṇ Ȳ 

Schumacher ế Johbson (2005ȳ2006)ɔ ӣ1999-2003דМּר ЍѿὧЛᵶᴵא

ᾼ М24Њ ​ ẞ184 ​ṶԈȲ Ẕи Мѐ⇔ ☼Ṇ

כ ​ṶԈἬᴾѩẂ 66.3%Ȳ Ϥиέ∟ PSȳLSȳTSϮ Мѐ⇔

☼Ṇ ế ὑἬצМѐ⇔ ☼Ṇ Ҭᴾ30.3%צȲᴖҫҵ ҏẒ ѩẂḆ ᾼ

Мѐ⇔Ṇ Ȳиᵑ╥ᴴ ᾭ Ѭȳ ᾭ ☼֣› ᾼ ₤(training line-adjoining 

stratiformȷ PS/AS) ( 1.4 a)Ȳᴾ33.6%ȲЛ֝ὑ ȲṆ в ☼ṛ֣ӂᴩṆ

Ѡ֣ȷҫϚ Ɫ∟ ₤(backbuiding/quasi-stationaryȷ BB) ( 1.4 b)Ȳ

ᵛ∟ ד) ☼ Ѡ֣)∂Ӵ ☼ ᾼ ☼Ṇ ȲᴾᴍиП19.7%Ȳ ☼ ҵ

☼ ꜜ ֥Ȳ ☼ Л ֯∟ Ӣậ҅П›ᾼ ☼ ᴯ Ȳ כ ☼ Ἇ›

ȲᵀṆ ᵧ Ὼᴿ ᾼ ᶮȴᴖӐׁשṅМ Ἦᵌ ᾼ​ Ϸ ᴿ∟ ∂

Ӵ ☼ ᾼ ☼ᶮהȲᴫ⁮ủ ☼ӻ ȲҒϱצЄ ᾼѬ ẁ Ȳ​

Ϸ ὔ֯ ֥ ϱ∂ӴȲᴖ Ӣᾼ ᾭ ☼֣ὧ ȴ ὑ​ и ᾼׁשṅȲ
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Willoughby et al.(1984)ɔ ӣ Ȳ ​ иⱢϮ ȸ1.ѻ ​

(principal band)Ȳ ᾭȲ ☼ ᾘ ​ Ȳ​ ӂᴩ ☼ȷ 2. ​

(connecting band)Ȳẓצ ☼ ᾭ ѬȲ ѻ ​ ȷ3.װ ​

(secondary band)Ȳᴯὑ ѻ ​ Ȳ ☼ ȴῺ ᾼׁשṅȲHouze (2010)

⁄ҫҵ Лắ ᾼ​ Ɫ ​ (distant band)ȲӦ ☼ Ȳכ

ᴴ Єѐ⇔ᵅ Ϥ МȲצ ҏ ᾼ Ȳᵛ Ѡ֣₣᾿ ᾭ

☼ Ȳᴖắ ᾼв ֣виᵑצѻ ​ ếװ ​ (  1.5)ȴӐׁשṅ

ᾼ​ Ȳ╥ ὑ ᾭ ☼ӂᴩ Ѡ֣ᾼѻ ​ ȲᴖЛ╥ ȴ 

    (2010)ɔ ӣϝῖ ᾼ Ȳ Ἦᵌ ὧᴫṛ֣ᾼ​ ( 1.6)Ȳ

ҫҵӦ⁮Җ ᾼиέМȲϷ ֯ 8ѣ 7ѡ 1600 UTCẞ 8ѡ 0300 UTC Ӣṳ

Ἇ⁮ ȲT 8ѡ 0400 UTC Ở​ ֯⁮ҖѠ֣ϱצ═ ⁮Җ ᾼ Ȳ

ṳ═ ᴟ 1500 UTCȲ ӱ֯ױ ᴫ⁮ ☼ ☼ ϩד Ȳ Ӣᾼ ֥

Ȳṿ ☼ Ӣ∟Л ֣֮ ֮ ȲЛᵀ כ ᴫҙ Єכ ᾼ ​ȲϷ

Ἃ  ☼֯ ᴫ ᾼ ​ Ȳ (2010)ɔ ӣ 8ѡ 1301ᴟ 1501 UTC ϝῖ

ᾼὧᴫ֫ᾌ ( 1.7)ȲҠѿכҏ ☼ Ӧҵ ֣ὧ ϤЍ ᾼ Ȳ

ҫҵ ᾼׁשṅМϷ ẞ​ вᾼ (ᵅ ☼) ⇔Єὑ 30 m/sȲᴖ е ϝ

ῖ ᾼ כ֥ (ϝῖ ⁮Ѡ 60еṭȲᴫѠ 100еṭ ᾼӂᶁѬӂ(כ

ὧᴫи ᾼ₣᾿ ( 1.8 a-b)Ȳᴫ ᾼ פּ⇔ 1.5еṭȲ ֥ᵅ צ☼

ᾼ₣᾿ й Ȳ Мᵓӣ 0902ᴟ 123UTC е ֯Хеṭ ᾼ֫ᾌ

( 1.9 a)ȲҠѿכẞ ☼ ֯​ Мᾼ ֣ὧ Ȳ מּ в ӱ ☼ ᵂ

ᶧ ( 1.9 b)Ȳᴷ מּ в ☼ ᾼ ⇔╥ 21 m/sȴLee et al.(2011)

ᾼ ὨȲ ​ вᾼ ☼ Ȳ╥Ӧ​ ᴫ ӢȲṳᾘ ֥ ֣ὧ ẞ

֮ȴ (2012)ɔ ӣϝῖ е о ᾼ ч Ȳ֯ 1.25еṭ

ᾼ ⇔( 1.10 a)Ȳ​ ᶄ ֯ᴫҖ ᴫ⁮ ӻ ᾼ Ȳᵀ 3.25еṭ( 1.10 b)

⁯ ӱᴫҖ ếᴫ ֥Ȳ ᾼᴫ⁮ ȲϷ ӱ ›(0еṭѿᴫ)​
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ᾼὧᴫ₣᾿ вȲ3еṭѿϯᴴ ᴫ ☼ ( 1.11 a-b)ȴ 

   ⱢϠ ​ вᾼ ☼ ☼ᾼӻФᵂӣȲᵓӣ Doswell et al.(1996) ҏᾼ

ֵ ☼ ₤( 1.12)Ȳ ☼ ᾼ› Ӣϯḛ ​ Ȳṳ֯ᵅ Ӣ ϩ֣ϯ

ᾼ Ȳ֪Ɫ ​ ᵐ⁯ṿ ⇔ ᵅȲ╝ Ɫᵐᴃ(cold pool)Ȳ∟ ᾼϱс ☼

ếϯḛ ☼ᾼҵ☼ ꜜ Ӣ ȲҬ ∟ Л ᾼצ ☼Ӧ∟֣›ᾼẁ Ȳ

☼ᾘ ὋсᵛҠ Ӣ Ӣ ☼ Ȳ֯ Ệứᾼ ᾓϯȲ ☼ Л

֣› Ȳᵀ∟ ☼ Л ᾼ ӢȲ‚ṿϱс ☼ Є Л ֣֮∟ Ȳ

∟ Ṇכ Ȳ ᵅצ Ȳ֯֯׀☼ ếᵐᴃвᾼϯḛ ☼ ֥

сȲᶮכϱс ☼ṿ ☼ Л ᾼ֯∟ Ӣ ☼Ȳ ὑ Ἦᵌᾼ​ ᴖṕȲ

☼֣ὧ Ȳ ☼ ֵצ ᾼ ạ֯׀Ȳṿϱс ☼ Є Л ֣֮ᴫ Ȳ

ҠѿὍ ☼ ֣ὧᾼ ⇔ȴᵀ֪Ɫ ֯ᵅ ⇔ᾼ МȲяẔ

◦ϱᾼЄ ȲҒϱӐׁשṅ ☼ ᴯὑ ​ вȲᵐᴃṳЛϚứ

ὑ֯׀ ☼МȲ ☼ ױ ═ȴ 

    Rotunno ế Klemp (1982)⁄ ҏ ᾼ ἘȲ Мצ ᾼ₣᾿ й

֯׀ ȲᵓӣҔ Ѡ Ҡѿ ҏ Ðếς3Ͻɳ ӔѩȲ3כ× ×иᵑῶӱ

Ѭӂ ᾼ₣᾿ й ₣᾿ ⇔Ȳ ₣᾿ йⱢӔ Ȳ ☼ ϱ й (ᶯ× π

Ӣד Ȳϯ й ᶯ× π⁄ Ӣᵅ Ȳֽ 1.13Ἤӱȴ ∟ ☼ Ṇ ֯

ѬӂѠ֣ϱ Ӣ ⇔Ȳṳ֣ᵅ ṿ ☼ ֣› ȴ 

     в ế₣᾿ йᾼ …ᾼ צ ᾼẂІȲWang et al.(2009)

ᵓӣ έ (Cloud Resolving Storm Simulatorȷ CReSS) ה ד2002

12ѣ 19ѡᴫ ҵ ᾼ ☼ȲׁשṅМ ☼ вᾼѬӂ иӁế₣᾿ й

Ѡ֣Ϛ ( 1.14 a-d)ȲѬӂ ⇔ӦὧҖ ᴫ⁮ Ȳ Ӣᾼ₣᾿ й╓֣ὧ

ҖȲ֯ ᴥ ῶӱᾼ ☼ ϱс ☼ᴯ ᾼὧҖ ᴫ⁮Ẓ ᾼ Ӣד ᵅ

ד ȲϷ ☼ ᾼד иӁ ₣᾿ й ⇔ᾼḂ
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ᴖצ оȲѬӂᾼ ⇔ ₣᾿ й֝ ⇔ ( 1.15 a-f)ȴ 

    ᵓӣ₣᾿ й ד ὑ ☼ ᾼиӁ …ȲJohnson (2011)ẞ (

1.16)ȲМѐ⇔ ☼Ṇ ὧᾼᵅ֣צ Ȳ֯׀☼ иᵑὑϱϯ Ӣч֣ᾼ₣

᾿ йȲ Ӧϱϯч֣ᾼ йᵂӣȲѬӂᾼ ⇔Ϸ ֯ϱϯ ч֣Ȳ ϱכ

йѠ֣ᾼᴫ Ȳϱ Ӣᵅ Ȳϯ Ӣ ȲἬѿᴫ ₣᾿ й ⇔

Ӣ₣᾿ ⇔Ȳ ᵂӣҒױ ☼ ᴫ ᾼϱс ☼Ȳ ᴿֵ ☼Ȳ

ϱс Є ҠЛ ֣ᴫ Ȳ╥ҫϚ Ҡ Ғ ☼ ᾼ ạȴ 

    ϱ Ẓ Ғ ᾼ ạҠ Ҡѿ М ⇔∟ ₤ ᾭ ☼ в ☼ ֯

ᴫ Л ᾼ Ӣ ạȲᵀ ὑ ☼ ☼ ᾼӻФᵂӣ ȲӐׁשṅᵓӣᾼ ϩ

ạ ☼ ֯∟ ☼ᾼҒ Ȳᴖ‍​ в ᵑ ☼ ᾼᶮכ

ȴ 

ṅש1.3ׁ  

    Ӑׁשṅ ẃᴞϱ ᾼ ϡ ϩ ạȲӦὑᴫ⁮ ☼ ☼ᾼԚᴴ

Ӣ ֥ ☼Ȳ ☼ ᾼᶮכ Ϡ ֥ Є ᾼЛ ứ ҵȲϷ

Ṽ ₣᾿ й Ӣ ᾼ₣᾿иӁ ȲӦ ֫ᾌ ECMWF-YOTCᾼ

ȲҠכẞ Ἦᵌ֪Ɫ֯׀ ֥ Ȳᴴ Ὑצ ᾼ ☼ ☼​ ᾼ

Ȳ Ӧ ᾼ иӁȲ ☼ Ҡ Ҡѿ ᵅ ☼ ẃᾼ₣᾿ йȲ

Ӣ₣᾿ ⇔ ᴫ ᾼϱс ☼ ᴖҒ ☼ ȴ 

    EMWFC-YOTC Ҡѿ ẁ Ὲ έ⇔ᾼ

иέМѐ⇔ᾼв ϩ Ȳᵀ╥ⱢϠ ϚḔᾼ ☼ѐ⇔ᾼ ϩ ȲӐ

ṅṿӣῈשׁ έ⇔Ḇ ᾼ έ (CReSS) ה ѿḖ ẞḆכ ᾼ

☼ ϩ Ȳ ϚḔᾼ ᵅ ☼ Ἦᵌҵ ᾼ​ М ☼ в ᾼ ȴ

Ϡ ​ вᾼ₣᾿ йế ☼ ҵȲӐׁשṅ ὑ₣᾿ йᾼ Ӣ₣
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᾿ᾼ ⇔Ғ ☼ ᾼ ϩ Ȳ╝ׁשṅМ ϚḔḖậ ṳиᵑ

ṿӣ Ѡ ṳṿӣ Klemp(1987)ᾼ и ϩ ϩ Ȳи

ᵑиέ֢ ⇔ᾼиӁȲҫҵϷ ứᾼ ☼ Ȳԛ Ϥ ☼ М

иӁȲ Ϡ ₣᾿ й ὑ ☼ ᾼ ἤȲ иέ₣᾿ й

Ϡᵅ ☼ᾼ ПҵȲ ᾼᾭᾓМ╥ᵡ ҒϤẔһᾼ Ȳ и

Ӂȴ 

    ӐѝиⱢг Ȳ Ϛ Ɫ›ṕȲ ϡ Ю Ӑׁשṅṿӣᾼ ה ȳ Ѭ

ᾼ Ὑ ֫ᾌᾼ ѩ ȷ Ϯ ᵓӣ ה ᾼ Ὠ иέᾼ​

ṳѹῴḔиέ ☼ȳ₣᾿ ⇔ȳ₣᾿ й ​ в ☼ ᾼ ȲҔ╗

Ѭӂ ₣᾿ ᾼиέȲṳЮ ֽᴶḖậ ȷ ҳ ⁄ᵓӣ₣᾿ Ѡ ה

☼ Ғ ᾼᵂӣϩ ϚḔиέȷ Х и Ɫ ϩ ϩ Ȳ

ṳ ᵑ ҏϚ и ☼ ֯ὧᴫ ⁮Җ ᾼ֢ иӁѿц₣᾿

⇔ϩᾼ ȷ г ⁄Ɫ ∟ᾼ ȴ 
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ϡ  Ὑ 

 

    Ӑׁשṅᵓӣ έ (CReSS) ה ҏ ᾼ Ȳṳ ҏ

ד2009 8ѣ 8ѡᾼ​ ȲCReSS ᾼה ╥Ҡѿ ẞ Ὼ Ὠᾼ

ȳ ☼ѿц ​ȴҫҵϷṿӣ ᶝᾼ ֫ᾌ Ὠѩ ȲẔ

М 0530ẞ 1000UTCҠѿ֯ ᴫ⁮ҵ ҏ ᾼ​ ȲϷ ҏ​ в

ᾼ ☼ Л ֣֮ὧ ȴⱢϠѠ―П∟ Ὠᾼѩ иέȲѿϯ֯ӐׁשṅМἬ

ṿӣц Ὑᾼ ╥ (UTC)ȲҫҵϷ ṿӣ z ῶӱ₣᾿ᾼ ȴ 

2.1 ẃ  

ד2009.(1) 8ѣ 8ѡ CReSS ה  

    ӐׁשṅМṿӣᾼ CReSS ה ȲⱢWang et al.(2012)ɔӣ ECMWF-YOTC

ԓ иέ (0.25Ј 0.25Ј)ᵂⱢῴỞ ꜜ ԈȲ έ⇔Ɫ 6Њ Ȳ 8

ѣ 8ѡ 0 ỞȳѬӂ έ⇔ 3еṭȳ50 ȳḕ 15и ҏϚ ᾼ ה (ᵛ

ѝ R01 )Ȳԛᵓӣ 3еṭᾼ ה ᵂⱢῴỞ ꜜ ԈȲ ҏѬӂ

έ⇔ 1еṭȳ55 ה Ȳ 8ѣ 8ѡ 0 ỞȲḕ 7.5и ҏϚ

Ȳᴟ 9ѡ 0 Ԛ 193 ȴᵓӣ 1еṭ ᾼה ὨȲ―Ҡѿ ​ вᾼ

☼ ȲӣḆЊᾼѐ⇔כв ᾼ ☼ ȴ3еṭ ᾼה ⱢҖ 18.659

⇔ᴟ 32.099⇔ȳὧ 112.04⇔ᴟ 127.736⇔ȷ1еṭ ᾼה ⱢҖ 21.19

⇔ᴟ 25.86⇔ȳὧ 118.078⇔ᴟ 122.73⇔ȴצ 3еṭ 1еṭ CReSS ᾼה

ứ ᾼ иᵑֽῶ 1ȳῶ 2ȳ 2.1ἬӱȲϷ 1еṭ ֯ה 5100е

ѐв ҏ֢ ᾼ ⇔ԝῶ ӱֽῶ 3ȴ 

ד2009.(2) 8ѣ 8ѡМҶ ᶝ Ἦᵌ ֫ᾌ CV ȴ 
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2.2 Ὠ ֫ᾌПѩ  

    ⱢϠѩ ֫ᾌ ᾼ ֝Ȳ ԒậӣМҶ ᶝᾼ Ἦᵌ

֫ᾌ CV  ( 2.2 a-h)ȲӦὑ вה ṳ ֫ᾌ ⇔ (dBZ)ȲἬѿӇ

ṿӣҫϚ ֫ᾌ ⇔ѩ ȴ вה иᵑצХ ῶӱХ Ѭ

Іᾼ ֥ѩȲиᵑⱢ​ȳ ȳ Ԝȳ Ѭȳ ᾼ ֥ѩ( иᵑⱢ

ήȳήȳήȳήȳή)Ȳ ᴯⱢ g/kgȲẔМ֪Ɫ​ȳ ȳ Ϯ Ѭ І ếҠѿ

҅ῶ Ѭ ֥ѩȲἬѿҠ ֢ ᾼḕϚ Ϯ ҒȲḕד ֯₣᾿

Ѡ֣ ╚ҏ Є ԛ֥כὑӂ ϱȲױ Ѡᾎ ẞᾼ ᾼ ή Ȳ ∟

Ҡѿ ẞ 8ѣ 8ѡ 0 ᴟ 24 Ԛ 193 ᾼ ᶮȲ ḕϮЊ ᾼ ᵑԝҏ

ṳ МҶ ᶝ ֫ᾌ CV ѩ ( 2.3 a-h)ȴ ᾼ ὨМȲӦὑѩ ᾼ

ṳЛ֝Ȳế ֫ᾌ ẓצϚứᾼ Ȳ​ ᾼᴯ ѩ ᴯ ⁮Ȳ

ṳѹ֯ 8ѡ 12 ѿ∟ ᴫ⁮ ҵ ᾼ​ ᾼ ⇔ЛЄȲЛ ᾼ ☼ế

​ Ȳῴ Ҡѿ ᾼ ȲѹҠѿ ֫ᾌ 6 ( 2.2 b)ѻ ​ ҖѠ

ҏ װ ​ Ȳ ᾼ Ὠ֝ Ϸװצ ​ ҏ ( 2.3 b)Ȳ ᴖṕȲ6 ẞ

9 ЛᵀҠѿ ẞ ᴫ⁮ ᾼὧᴫṛ֣​ ȲṳѹҠѿ ​ в╥ӦϚ

☼ Ἤ ∟ᾼȲἬѿכ ᵓӣ ◕ ה ᾼ​ в ☼ Ȳ

ԛ Ϥᾼиέȴ 

    ҫҵᶺ Ϸ ה ᾼ ȲԒ 6 ȳ7 ȳ8 ȳ9 Ȳṳ

ẔМẒ Л֝ᾼ ⇔ȲиᵑⱢ 1058 3113еѐ( 2.4 a-h)Ȳ1058еѐ ᾼ

֯ ᴫ⁮ҵ ӱ ☼ ẃᾼᴫҖ ếᴫ⁮ủ ֥Ȳṳѹṿ​ ֯

ϱȲᵀ 3113еѐ ⇔ ᴫ⁮ ҵ ѿ ☼ ẃᾼᴫҖ ⱢѻȲế

ᴫ ֥☼Ȳ ӱᴫ⁮ủ ֯ᵅ ѩ ẃᾼὙ Ȳ ᵅ ֥ чכ֥

ᾼ Ὠ( 1.10 a-b)ȴ 



9 
 

Ϯ ה  Ѭӂ ὧᴫ Пиέ 

 

3.1​ П  

    Ӧή ֢֯ ᾼӂ иӁ Ὠѩ Ȳ Ҡѿ֯ ᴫ⁮ҵ

ᾼ​ иᵑⱢ05 30иᴟ7 15и 7 45иᴟ10 ȲӦ 2.4 (a)-(h)

ᾼиӁ Ҡѿכẞ Ẓ ᾼ​ Ȳ Ẓ◕ Ἤҏ ᾼ​ иᵑ Ɫ

​ Ϛ ​ ϡȲ​ Ꞌ ὑᴫ⁮ ᴫҖ ֥ᾼ֮ѠȲẒ​ ЄּפᴯὑҖ

22.3ᴟ 22.6⇔ȴѿϯׁשṅ ᵑ Ẓ​ ϚḔиέȴ 

3.2Ḗậ  

    ӐׁשṅМȲ֪Ɫ ϩвᾼ ᴯ ᶁⱢ ẞȲҫҵϷ

Ѭӂ (uȳv) иⱢ￼ ԛ ϚḔᾼ ȲἬѿѿϯḖậᾼ

Ȳ ϠҠѿ Ḗҏ ПҵȲӼҠѿṼ ֝ ᾼ Ḗҏ ᾼ ᴯ

ѿцѬӂ ȴ 

    Ӧὑ￼ ╥ᴯ֯ Ἦᵌ  ῺȲἬѿ￼ ᾼ ế Ӈứắẞ

Ӑṝ ᾼ Ȳ֯Ϛ ᾼ ᾓ￼ ᾼ ⇔ Ȳ

Ѭӂ Ϸ ⇔ оȲᵀ╥֯ ᾼ МȲ ϠӇ ל

⇔ᾼ оȲ Ṇ Ἤ Ӣᾼ оϷ ϚẆל ȴἬѿ

ѿ›Ȳ Ԓ ҏҔᵶ ⇔ᾼ о ￼ᾼכ ᾼ ẃᾼ

Ȳԛ Мה ӐᾼЄЊ ҟ￼ ᾼЄЊḖҏ ᾼЄЊȴ 

    ѿ Pῶӱ Ḗậ ᾼ ȲЮ ḖậᾼḔ Ȳ ḖậᾼѠᾎ

ֽϯἬ ȸ 
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1. Ϛ◕ ḖҏP ᾼӂᶁ(0)Ȳ Ở Ɫ3 (Ôρ)ȳ ∟ Ɫ12 (Ôς)Ȳ

ḕ ᾼ PҒ ∟Ḗ P ᾼӂᶁȲ╝0Л оȲѠ  ϯȸֽה

0ØȟÙȟÚ ᷿ 0ØȟÙȟÚȟÔÄÔ                                    (3.1) 

2. ứᾼῈ Ḗҏ P Ὲ ᾼӂᶁ(0)Ȳ Ɫὧ 119.2⇔(Øρ)ȳᴟὧ

120.2⇔(Øς)ȳҖ 22⇔(Ùρ)ᴟҖ 23⇔(y2)ȴ вᾼ Ғ ∟ậӂᶁȲ

ḕ ⇔ Ϛצ 0 Ȳ╝0Л Ѭӂᴯ ᴖ оȲѠ  ϯȸֽה

0ÚȟÔ ᷿ ᷿ 0ØȟÙȟÚȟÔÄØÄÙ                                (3.2) 

3. P Ὲ ᾼӂᶁ(0)ԛ ӂᶁḖҏϚ  (0 )Ȳ ᾼ 1֝Ȳ.0Ҭ

⇔Ḃ ȲЛ Ѭӂᴯ оȲѠ  ϯȸֽה

0 Ú ᷿ 0ÚȟÔÄÔ                                          (3.3) 

вḖה(3.2) .4 ᾼ P Ὲ ᾼӂᶁ(0) ҟ 3Ἤ ẞᾼ0ȲḖҏЎ0ȲᵛῈ в

ᾼӂᶁ ḕ ᾼ оȲϷ ╥Ὲ ӂᶁᾼ ֯Л֝ ⇔ ᾼ

о ȲѠ  ϯȸֽה

Ў0ÚȟÔ 0ÚȟÔ 0 Ô                                       (3.4) 

5. Ў0ҒϱӦ(3.1)Ḗ ᾼ P ᾼӂᶁ(0)Ȳᵛ Ὲ ӂᶁᾼ ᾼ оҒ

ϱ ӂᶁ∟ᾼῈ иӁȲ ẞᾼ ⱢҔᵶῈ иӁ ᾓ ᾼ￼

(0)ȲᵛҔᵶ P ⇔ Ṇ Pᾼ ȲѠ  ϯȸֽה

0 ØȟÙȟÚȟÔ 0ØȟÙȟÚ+ Ў0ÚȟÔ                                 (3.5) 

вЛ֝ה .6 Ὲ ᾼ P ҟ￼ 0Ȳᵛ ẞ 0ȲѠ ֽה

ϯȸ 
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0 ὼȟώȟᾀȟὸ 0ØȟÙȟÚȟÔ 0ØȟÙȟÚȟÔ                           (3.6) 

    ϱ Ḕ ȲᵛҠ Pכғи Ɫ￼ 0 0Ȳṳѹ Л ֪

Ɫ Ṇ ᾼ Ὲ иӁᾼ ᴖצḂ ȴ 

    Ϛ ϯȲ￼ ⇔ о 0ÚȲᵀ ᾼ Ɫ￼

ᾼϚ иȲ╝ xȳyȳt ᴕ ҟȴ 

     Ḗҏ ∟ѿ​ ϚⱢẂȲиᵑѿ 547ȳ1058ȳ2013еѐ֯ 6 30и

ᾼ ῶӱ ( 3.1 a-c)Ȳᴥ ῶӱ₣᾿ ⇔ЄЊȲ Ɫ Ȳ ⁄╥

₣᾿ й(ѿρπ ῶӱ)ȲӦ Ҡѿ ₣᾿ йᾼѠ֣ ⇔ ἬḂצ Ȳ

ᴖ ᾼиӁṳЛ֪Ɫ ₣᾿ й ⇔ᾼḂ Ὑצ ᾼ оȲҬ֯צ₣

᾿ ⇔ Єᾼ ☼ Ȳ ᾼ ⇔ ֥₣᾿ йѠ֣ ⇔ Ȳ

ֽ֝ 1.9ȳ 1.10ᾼ ὨȲ ᾼ ⇔ ⇔Ḃ Ѡ֣Ȳᵀ ᾼ

иӁ Ὑ оȴ 

    Ϡ₣᾿ й ֥ ϩᾼᵂӣ ӢѿҵȲ ϩᾼᵂӣӼ

ᾼиӁȲ Ὲ ᾼ ȳᵐῈ ᾼ Ȳ Ӣ ᾼḂ ȲἬѿ

ϩ ᵐ иӁӼ ṿ иӁצἬḂ ȲẒ῏Ἤ Ӣᾼ и

ᵑⱢ ϩ ϩ ȲӦ Ҡ ῀Ȳ Ϡϱс ☼ Єᾼ֮ѠҵȲ

Є и╥Ӧ ϩἬ ӢȲѿÐῶӱ ϩ ȳÐῶӱ ϩ Ȳ

Ðᴂ…ֽϯȸ 

ÐᴂÐ Ð                                                  (3.7) 

    Х ϚḔᾼ и ѿ∟Ȳԛ ᴩѩ ȴ 

 

3.3ὧᴫ Ѭӂ Пиέ 
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3.3.1 ή ⇔иέ 

    ὑ​ Ϛ ​ ϡᾼᴯ Ȳиᵑ Җ 22.5 22.48⇔ ὧᴫѠ֣ᾼ

иέȲὧᴫ ᾼ Ɫὧ 118.5ᴟ 120.5⇔ȲҠѿ ​ẞכ в

ᾼ ☼ ᾼ Ȳѿ 6 30и​ Ϛᾼ ᶮⱢẂȲ 3.2Мᴥ ῶӱήȳ

ῶӱ₣᾿ ⇔ȳ ᴥ ⁄ῶӱ ⇔Ȳ МȲЛᵀҠѿ Ѭ

ЄֵиӁ֯₣᾿ ⇔ Є ᾼὧ Ȳὧ ЄᾼήἏϯ юȲⱢ Ѭẞ

ᵅ ȴכ ​ Ϛּמ ӱᾼ ☼ ὍЄ ( 3.3 a)Ȳ ⇔ᾼиӁȲ

֣ϱᾼ ☼ Ὲ ἏϱὋсȲὧ ᾼ Ѭ М ᵐ⁯ᾼᵂӣᴿѾ ⇔ о

ḥצыЄᾼ ȲҫҵԛὍЄ 6 45и֝Ϛ ☼ ᾼὧᴫ ( 3.3 b)Ȳ֯

☼ вϱс ☼ ϯ ☼М Ѭ І ֵᾼ Ȳ Ѭ ᾼᵐ⁯ᵂӣ

Ὑ ȲᵀЬ Ể ᾼ ⇔ ЛЄȴ ᴖṕȲ֪ ☼ Мϱс ⇔ ὧ ᾼ

ϯ ⇔ЄȲϱс ☼ᴴ ᵂӣṿ ֮ ᾼᵂӣ ᵐ⁯ᾼᵂӣὙ Ȳ

ᵀ ֯ ☼ виӁЬ ӂ ȴҫҵиᵑṿӣ 173ȳ3113еѐ ⇔֯ 6 30

иᾼѬӂ ҅ῶ ᵅ ᾼ ( 3.4 a-b)Ȳᴥ ῶӱήȳ ῶӱ₣᾿ ⇔ȳ

ᴥ ⁄ῶӱ ⇔Ȳ М ᾼ ☼ Ȳϱс ⇔֯ ЄȲᴖή֯

ᵅ ֵȲ ӱᵅ Ѭ ᵂӣ Ὑ Ȳѹή Є ֯ ϱс Є Ȳ

ᴖᵅ ⁄ ☼ ὧ ᾼϯ ☼Ȳ ӱὧ ᾼϯ ☼Ɫ ѬἬ ȷ֯כ

⇔иӁᾼ ᶮМȲ ☼ ᾼϱс ϯ ֯ ⇔ Ể Ȳᵅ ֯ ᵅ

╥֯ϱс ϯ ᾼӻꜜ Ȳ Ѭ Іֵᾼ Ȳ 173еѐצҏ

Ὑ Ȳᵀ ⇔ϯ ֯Ϛ⇔ѿвȴӦ ἨѬӂ ӱ ᾼῈ Ȳ

☼ в Ѭϯ ֪ⱢῈ Ȳ ᾼ Ὠצ Ȳᵐ⁯ᾼᵂӣЛὙ Ȳḥצ

Ὑכ ᾼᵐᴃᾼ ȴ 

3.3.2Ѭӂ ֥ ὧᴫ иέ 

     Ѭӂ ֥ȳ ᴫ ѿ֝ ᾼὧᴫ иέȲиᵑѿ 6 30
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и 8 15и ​ Ϛ ​ ϡᾼ₣᾿иӁ( 3.5 a-b)ȴᴥ ῶӱѬӂ ֥ȳ

(Ӕ ῶӱ ֥)ȳ ῶӱᴫ ȳ ῶӱ ᾼ᷾ Ȳᵅ

Ѭӂ ֥ ⇔֣ὧ Ȳᴫ ậ҅Ȳ ֣ϱᾼ₣᾿ ⇔Ȳᴟὑᴫ

ᾼиӁҠѿ ᾼᴫ Ӣ Єᾼ ⇔Єּ֯פ 1000еѐҿҢȲᵛ

ᵅ ☼ᾼ ⇔Ȳ₣᾿Ѡ֣ϱ ☼ ϯѠȲᴫ ⇔ Ȳᵀ 1000еѐѿ

ϱᴫ ⇔⁄ ȴ 

    ⱢϠ Ẓ​ ᴫ ⇔Ɫᴶ Ὑצ ᾼ Ȳ ὧᴫ (u) и

Ɫ￼ ᾼὧᴫ (Õ ᾼὧᴫ (Õ)ȲẔМ￼ ⱢҔᵶ ⇔

ᾼ оѿц Ṇ ᾼ ȴ Ẓ῏֝ ὑὧᴫ ϱȲᴥ Ь҅ῶ

Ѭӂ ᾼ ֥ЄЊȲ ῶӱ ᾼ Ȳ ᴥ ῶӱ￼ ὧᴫ Ȳ

ᴥ ⁄ῶӱ ὧᴫ Ȳ֝ ᵓӣҖ 22.5⇔ 6 30иᾼ ҅ῶ​

Ϛ( 3.6 a)ȳҖ 22.48⇔ 8 15иᾼ ҅ῶ​ ϡ( 3.6 b) ᴩиέȴ￼

Ҕᵶ ☼ ᴫ⁮ ᾼᴫכ Ȳ ֯​ ϚἨ​ ϡȲ￼ Ь

֯ 1000еѐϱϯצ Єᾼᴫ Ȳṳѹ֣ὧ ȲҠѿ֯Ẓ​ ẞכ

Ἤ Ӣᾼ ☼ Ȳҁ ѩ Ҡѿ ​ Ϛ Єᾼᴫ (38 m/s) ​ ϡ(36 

m/s)ЄȲЛ иӁϱṳḥצ Ὑ ᾼ ȴᵀ ὑ ᾼὧᴫ ᴖṕȲ⁄ẃ

ᴞѬӂᾼ ֥ Ѭӂ Ἤ ẃᾼ ȴ 3.6 (a)Ҡế₣᾿ ⇔ѩ ( 3.2)Ȳ

ᴫ Ὑ ᾼᴯ ᴿѾ ₣᾿ ⇔ Єᾼ֮ѠȲᵛ ☼ ᾼᴯ ȴ 

    Ѭӂᾼ иӁ⁄иᵑ 1058 3113еѐẒ ⇔Ȳṳиᵑѿ 6 30и

8 15и ​ Ϛ ​ ϡиӁ( 3.7 a-d)Ȳᴥ ῶӱѬӂ ֥ȳ (Ӕ

ῶӱ ֥)ȳ ῶӱᴫ ȳ ῶӱ ᾼ Ȳ 1058еѐ Ὼ

☼ᾼ ⇔ȲҠѿ ᴫ ֣ὧ ҒȲ֯ ֥ ϱ о ЄȲᴫ ᴿѾṷ

Ἇ⁮ἏҖ ȲѬӂѠ֣Ϸẓ ☼ᾼ Ȳᵀ╥ 3113еѐᾼ ⇔МȲẒ​ ᴫ

ӦᴫҖ֣ὧ⁮ Ȳצ ЄᾼѬӂ йȴ ￼ и (
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3.8 a-d)Ȳ֪Ɫᴫ⁮ủ ᴫҖ Ԛᴴ Ӣ ֥ Ȳв ￼ ᾼᴫ ֯ 1058еѐ

֣ὧ Ȳ ֥ᵂӣȲӦὑ​ ⁮Җ Ȳ⁮Җ Ὑ оȲᵀ

֯ 3113еѐ⁄֪Ɫ иӁ╥ᴫ ᴫҖ ֥☼ ӢҒ Ȳᴫ⁮ủ ЛὙ Ȳᴫ

ӦᴫҖ֣ὧ⁮ ҒȲ Ὑ ᾼѬӂ йȴ 1058 3113еѐẒ ⇔ᾼӂ

ᶁὧᴫ ц ὧᴫ ҫҵ ₣᾿ ⇔ ( 3.9 a-d)Ȳṳ 3.10 (a)-(d)вᾼ₣

᾿ ⇔ѩ Ȳ1058еѐ ☼ ϱсᾼᴯ ֥ᾼ Ȳ ֥ ᴫ צ ᴫ

Ӕ Ȳὧ צ Ȳϯ ᾼᴯ ⁄ ᾼ Ȳѹϱсᾼᴯ Ӕ ⇔Ȳ

Ғ ⁮ ᴫ Ȳ֯Ẓ​ М ὧᴫ Ӕ ṷ ᵧ ᴫ⁮ ⱢӔȲὧҖ Ɫ

ᾼ ᶮȲ ֥ ᵂӣиᵑṿὧᴫ ⁮Җ Л֝ᾼצ ὧᴫ иӁȲᵀᵅ

֥ᵂӣЬ Ὑ ȴ3113еѐ֯ ☼ ϱс Є ȲếӔ ⇔ᾼᴯ Ȳѹ

ᴫҖ Ӧ Ἤậ҅ȲӔ ⇔⁮ −צ ᾼ ᴫ ȲҖ צ ᾼ ὧ Ȳ

Ӧὑ Мᵅ ₣᾿ й ӢᾼѬӂ ₣᾿ ᷁ Ɫ₣᾿ ⇔ȲӔ ⇔

☼ ᾼ ᵂӣ Ȳѹ ֯ ☼  Ὼצ ᾼѬӂ йȴ 

3.3.3₣᾿ йиέ 

    ᾼ₣᾿ й ϠѬӂ (uȳv)ᾼ ֣ ⇔ᾼ ҵȲ ☼Ϸ ₣᾿

йᾼЄЊȲᵓӣЛ֝ ⇔ᾼὧᴫѠ֣ ⁮ҖѠ֣ Ȳиᵑ ⇔ иȲ

₣᾿ йѿ Ѡהиᵑ ὑὧᴫ֣₣᾿ ϱȲ֝ иᵑᵓӣҖ 22.5

22.48⇔҅ῶ​ Ϛц​ ϡȲṳѿ 6 30и 8 15ииέ( 3.11 a-b)Ȳѿᴥ

ῶӱ₣᾿ Ȳ ῶӱὧᴫ ₣᾿ й ‬ό‬ᾀϳ ᾼЄЊȲҫϷѿ ῶӱѬ

ӂ ₣᾿ йЄЊ Ѡ֣Ȳ ᴖṕȲ М₣᾿ йѠ֣Ӧ֣ὧ ⇔ Ɫ֣

ᴫᾼӻꜜ ЄּפⱢ 1000еѐ Ȳ ᵅ ☼ᾼ ⇔Ȳᵀ Ὼ ☼ ϱс ⇔

Є ⁯ Ἤצ Ȳ֣ὧᾼ₣᾿ й֣Ḇ ἋᴼȲᴫ ֯ 1000ᴟ 3500е

ѐצ ᾼ֣ᴫ₣᾿ йȴ֯ 1000еѐѿϯ₣᾿ й ⇔ Єѹ ԝ

Ȳᵀ 1000еѐѿϱиӁ ЛὙ ȴ 
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    ֝ иᵑ ​ Ϛ ​ ϡᾼὧᴫ иכ￼ Ӣᾼ₣

᾿ йṳиᵑѿ ᴥ ᴥῶӱ( 3.12 a-b)ȴ 3.10 (a)-(b)ѩ Ҡѿ 1000

еѐѿϯ₣᾿ йᾼиӁѻ ╥￼ ᾼᴫ Ἤ Ȳᴖכ 1000еѐѿϱ₣᾿ й

ᾼиӁ⁯╥ѿ ᾼὧᴫ Ӣᾼ₣᾿ йⱢѻȴⱢϠиέ ֣ ⇔ᾼ

ὑ ᾼ₣᾿ йᾼ ȲᵓӣϮ ⇔ȲиᵑⱢ 173ȳ1058ȳ3113еѐȲ

ῶӱѬӂ Ȳӣᴥ ῶӱ₣᾿ ⇔Ȳ​ Ϛ ​ ϡ֯ 173еѐ ⇔ ֵ֣Ɫ

ᴫ ȳᴫ⁮ ( 3.13 a-b)Ȳ 1058еѐ ⇔( 3.10 aȳc)Ȳ иӁ֯Ẓ​

ЄֵⱢᴫ Ȳ Мᾼ￼ ₣᾿ йиӁȲ1000еѐѿϯᾼ йѠ֣ѿ

֣ὧ⁮Ɫѻȴ3113еѐ ⇔( 3.10 bȳd)ᾼ ⁄ѿᴫҖ ⱢѻȲ 1058еѐ

⇔ᾼᴫ ד ПϯȲ₣᾿ й֯ ⁄ֵ ֣ᴫ⁮ȴ › ẞᾼ￼ ᴫ

иӁ( 3.12 a-b)ȲҠѿ ☼ ⇔ϯѠᴫ ⇔ Ὑ ȲᵀϱѠᴫ

⇔ Є−ֵȲ ЛὙ ȲἬѿẒ​ ᾼ₣᾿ йиӁ ᴿȲ1000е

ѐѿϯ ⇔ Ὑ ȲҠ╥ 1000еѐϱѠ֣ᴫᾼ йЛ Ȳ ᵛ ֥Ἤ

Ӣᾼ ☼Ȳϱϯ Ӣᾼ й צ⇔ ᾼ ᵑȲϯ Ҡѿ Ӣ ᾼ֣ὧ йȲ

ᵀϱ ⁯ צ ᾼ֣ᴫ₣᾿ йȴӦὑ ᵅ ᾼ Л֝ȲӦᵅ ᴟ

╥⁮ ⱢҖ ᾼ Ȳ₣᾿ й֯⁮Җ֣ ⇔ Ѿ╥ ⁮ᾼȲ֪ױӐׁשṅ

ὧᴫѠ֣ᾼ₣᾿ йȴ 

    ὧᴫ Ӣᾼ₣᾿ йȲ⁄֯ ☼  Ὼד Ὑ Ȳ ​ ϚἨ​

ϡᾼ ☼ в֯ 1000ᴟ 2500еѐצ ЄᾼӔ Ȳ Єᾼ ҏ ֯ 2500еѐ

ѿϱȲ ☼ вᾼ₣᾿ йӔ ᾼӻꜜ ֯ ☼  ῺӦ 1000еѐ ẞ 2000

еѐҿҢȴ М֯׀ᾼᵅ ☼ϱѠȲ╥Ӧ ὧᴫ Ӣᾼ₣᾿ йἬѻ

Ȳᴫ ⇔ᾼ ЛṜѿ֯ ☼  Ὼ Ӣ ᾼ֣ᴫ йȲἬѿ ὧ

ᴫ Ӣᾼ₣᾿ й ὑ ☼ ᴫ ᾼҒ ᵂӣצҠ ḆⱢ ȴ 

    Л֝ὑ ṿӣ ֫ᾌЄЊ в ☼ ⇔Ȳ Мᵓӣ₣᾿ ⇔
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​ в ᾼ ☼ ☼ ᾼ Ȳɲ Җ 22.3ẞ 22.7⇔Ȳὧ 119.4ᴟ 120.4

⇔֯ 1058еѐ ⇔ᾼ₣᾿ ⇔Ȳṳ ứẒ​ ҏ ᾼ Ȳ Є₣᾿ ⇔

ᾼ оᵂ ( 3.14)Ȳ Єᾼ₣᾿ ⇔ Ӣ֯ ᾼ ☼ МȴҠѿ ​

Ϛв ☼ ҏ Єᾼϱс ⇔Ȳ֯ 1058еѐᾼ ⇔Ҡѿ ᴟ 8ẞ 9 m/sȷ

ᵀ​ ϡвᾼ ☼ ᴟ Єᾼϱс ⇔Ҭצ 6-7 m/sȲἬѿ​ ϚвȲ Є₣

᾿ ⇔ ѩ​ ϡᾼ Є₣᾿ ⇔ЄȲῶӱ​ Ϛвᾼ ☼ Ὑ ȲⱢᴶ

Ẓ​ ₣᾿ ⇔ оצ Ȳ ֯ Х Ḇ ϚḔ ȴ 
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ҳ     ₣᾿ Ѡ  иέה

 

4.1₣᾿ Ѡ ה ֢ иέ 

     ὑМѐ⇔щ Ṇ Ȳ ѐ⇔ᾼиέצἬ Ȳ ѐ⇔М֪Ɫ

ѩ ￼ Њ−ֵȲ ₣᾿ Ѡ ѿ ϩӂ ȲἬѿ₣᾿Ғ ⇔ѐ⇔

ѩ ₣᾿ ⇔ϩ ϩЊȲT Мѐ⇔М ᾼЄЊד ѐ⇔ ֵȲ

Ở Ѡ  ῶӱȸהѿϯה

    
Ἶ

Ðɳ Çἳ Æἳ Ἶ &z                                     (4.1) 

   ἾῶӱϮ ȳ ÐɳⱢ ⇔ϩȳ Çἳῶӱ ϩȳ Æἳ Ἶῶӱּדѫϩȳ&z

ῶӱ ϩȴ Ð ⇔ʍҠѿи Ɫ￼ Ðȳʍ ÐᴂȳʍᴂȲ ѬӂѠ

֣ӂᶁ ᾼ ⇔ϩ ѫϩדּ Ṝ֮ ӂ …Ȳֽϯȸ 

     Ðɳ Æἳ Ἶ                                               (4.2) 

    ☼ѐ⇔иέϯȲ Ҡѿἕ ѫϩȲѹדּ ϩ֯ ☼ѐ⇔ϯѿ ☼

֥ ậ҅Ȳ ∟ѬӂѠ֣ᾼҒ ⇔ Ѭӂ ⇔ϩȳ ֥ ӂ ֽϯȸ 

     
Ἶ

ᶯÐ & &                                           (4.3) 

    ₣᾿Ѡ֣Ҡῶӱֽϯȸ 

    ” ʍ Ç &Úᶻ                                           (4.4)  

     ӂᶁ ⇔ϩ ϯ₣᾿Ѡ֣Ȳ ₣᾿Ѡ֣ӂᶁ ⇔ϩ Ṝ ϩӂ

…ֽϯȸ 
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    ʍÇ                                                     (4.5) 

     ╝(4.4) ҟ(4.5)Ȳṳ ⇔ʍ ⱢʍȲᵛ ⇔ ⇔ᾼ о ЄὑѬӂ

Ѡ֣ ᾼכ оȲ ẞϯהȸ 

    Ç &Úͯ Ç &Ú " &Ú         (4.6) 

    ϱהᵛ╥ Ἤ ẞᾼ₣᾿ Ѡ ȲBῶӱ ϩȲ֪ⱢѠ ה

☼ Ȳ ϩ&ÚᶻϷѿ ☼ ֥ЄЊ&Úậ҅ȲҠѿ ₣᾿Ѡ֣ᾼҒ ⇔ Ӧ

⇔ϩ ȳ ϩ"ȳ ☼ ֥ᵂӣӂ &Úȴ ∟ ỞѠ ȲҔᵶҒ

⇔ȳ ⇔ϩȳ ϩ ☼ ֥Ҡῶӱֽϯȸ 

    Ðɳ "Ë &                                             (4.7) 

     ϩҠѿӦ ҒϱỆ Ẓ и Ȳכ ᾼ иҔᵶ ⇔

⇔ ⇔ᾼ Ӣᾼ ϩȲᵀ╥Ӧὑ ⇔Ҕᵶ ҒϱỆ ѬȲ╠

Л Ṝ ϩӂ …ȲӼЛ Ṝ Ѡ Ȳה Мה ⇔֯ ᾼ ԌҠѿ

Ḃӣ ᴯ ῶӱȲ ếỆ ⁄╥Ӧ Ѭ Ӣ֣ϯᾼὈץϩȲԓ ᾼ ϩῶ

ӱֽϯȸ 

    " Ç Ç ÇÑ Ñ Ñ Ñ Ñ)                        (4.8) 

    ᵓӣ ￼МḖҏה ᾼ ᴯ ʃ ᾼ ᴯ ʃᴂȲᵛҠѿḖҏ ᾼ

ϩÇ Ȳᴖ Ѭ Ӣ֣ϯᾼὈץϩȲ╥Х Ѭ І ֥ѩᾼ ếȲиᵑⱢ

Ѭ(Ñ)ȳ​(Ñ)ȳ (Ñ)ȳ Ԝ(Ñ)ȳ (Ñ)Х ȴ 

    ⇔(Ἠ ⇔) Ӣ оᾼ …Ȳ ϩ ế ϩ₣᾿

⇔ϩ( )ч֣Ȳ֪Ɫ֯ ☼ѐ⇔МȲЛ Ṝ ϩӂ …Ȳᶮכᾼ₣᾿
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ϩ ⇔ϩЄЊЛ ὑ ϩȴ 

    ứ₣᾿ ⇔ϩ╥Ӧ ϩᾼ₣᾿ ⇔ϩ ϩᾼ₣᾿ ⇔ϩ

ȲṳҒϱכ ϩ ϩȳ ϩ и ȲẒϩ ếҠи ֽϯȸ 

    Ðɳ " "                                (4.9) 

    ₣᾿Ғ ⇔иⱢỆứ ₣᾿ ⇔ о ӂ☼ Ȳṳ ⇔ϩи

Ɫ ϩ ϩẒ иȲ₣᾿ Ѡ  ῶӱȸהᵛҠӣϯה

Õ Ö × " &Ú          (4.10) 

    ẔМ₣᾿ᾼҒ ⇔ ȲӦỆứ ₣᾿ ⇔ ᾼ о Ϯ Ѡ֣ᾼӂ☼

Ἤ  ȴכ

    ѿϯṿӣ 6 30иҏ ᾼ​ ϚⱢẂȲѿ ₣᾿ Ѡ М₣᾿Ғ ⇔

Ẕһ ֯ ☼  ῺᾼиӁȴӦ› ᾼиέ ῀ᴫ ᾼ ⇔ Ὼ 1000еѐȲ

╝ѿϯṿӣ ⇔ 1058еѐиέ֢ Ȳᴥ ҅ῶ₣᾿ ⇔Ȳ֢ ᾼЄЊ⁄ṿӣ ᴥ

ѿρπ ῶӱȲ Ԓ₣᾿Ғ ⇔( )Ҡ ֽ 4.1 (a)Ȳ֯ὧ 199.2

⇔ᴟ Ϯצ⇔120.2 ☼ Ȳ֯׀ ☼ ᾼᴫ Ӕᾼ₣᾿Ғצ ⇔Ȳὧ ⁄Ὑ צ

ᾼ₣᾿Ғ ⇔Ȳ ᴫ ☼ᾼӂכ (Õ ) ( 4.1 b)Ȳ ₣᾿Ғ ѩ Ҡѿ

₣᾿Ғ ⇔Є и ╥Ӧᴫ ☼ ☼ᾼӂכ ᴖ Ӣȴ 

    ҫҵиᵑכ ϩ ₣᾿ ⇔ϩ( 4.2 a-b)Ȳѩ ∟Ҡѿ Ϯ

☼ ֯Ẓ῏ᾼѩ צ Ȳҿ ᾼ ☼ Ȳϱс ☼ ᴖЛὙ Ȳ

☼ ϱс в ϩⱢӔȲ ₣᾿ ⇔ϩ╥ Ȳẓ֣צϯᾼ ⇔ϩȲ

Ҡѿ ╥Ӧ֣ϱᾼ ϩ Ӣ ᾼᾼ ϩ₣᾿ ⇔ϩȲᵀҢ М ᾼ

☼ ϱс ☼ Ȳ ϩế ₣᾿ ⇔ϩ֯ ☼ ϱс вꞋⱢӔȲ
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Ҡѿ ₣᾿ ⇔ϩѻ Л╥Ӧ ϩ ӢȲ֪Ɫ ϩⱢӔȲϚ ẓ֣צ

ϯᾼ ϩ ⇔ϩȲἬѿ ὑ Ẓ כ ᾼ ☼ Ȳ ѻ Ӧ

ϩἬ ӢȲṿ₣᾿ ⇔ϩ֯ ☼ вⱢӔ Ȳ ₣᾿ ⇔ϩ

ϩᾼ ếȲҠѿ ẞ₣᾿Ғ ל ☼ ֥ ᾼ ( 4.2 c)ȲҢ Ẓ

כ ᾼ ☼ Ȳ֯ Ὼϱс ☼ Єᾼ֮Ѡצ ЄᾼӔ Ȳᵀҿ ᾼ

☼ ѾḥצӔ ҏ Ȳ֣ϱᾼ ϩ Ѿ ֣ϯᾼ ⇔ϩὂ ȴ ὑ

ᾓЛ֝ᾼ ☼ Ҡӣ Ἐ ῶӱ( 4.3 a-b)Ȳ ὑ כ ᾼ ☼ ᴖṕȲ

֯ᴫ ếϱс в ϩꞋⱢӔȲṿ ☼ ᴫ Ӣ−Єᾼ₣᾿Ғ ⇔( )Ȳế

4.1(a)ѩ Ȳ₣᾿Ғ ⇔ Є ֯ Ẓ ☼ ᴫ Б ẞρππρπÍ Óϳ

ѿϱȲ ϩ₣᾿ ⇔ϩ Ϛ и ϩἬ Ӣ֣ϯᾼ ϩ₣᾿

⇔ϩὂ Ȳ ẞᾼ₣᾿ ⇔ϩ⁯ЬⱢӔȲҒϱ ϩṜѿếᴫ Єᾼ₣

᾿Ғ ⇔ӂ ȴᵀ ὑ ᾼ ☼ Ȳ₣᾿ᾼ ⇔ϩⱢ Ȳ Ѿ╥Ӧ

ϩ₣᾿ ⇔ϩ ȲӔᾼ₣᾿Ғ ⇔( )Єֵ╥ ϩ Ȳ₣᾿Ғכ ⇔

Є ЛẞẔһẒ ☼ ᾼϚҙ(ςυρπÍ Óϳ )ȴ 

     М ᾼ ☼ ὧᴫ Ȳ ₣᾿Ғ ⇔ (ѿ ᴥ ῶӱ) ₣

᾿ ⇔ϩ ϩᾼ ế(ᵛ₣᾿Ғ ל ☼ ֥ Ȳѿ ᴥ

ῶӱ)ѩ ( 4.4)Ȳ₣᾿Ғ ⇔֯ϱс ⇔ Є ȳ₣᾿ ⇔ϩ

ϩᾼ ế֯ϱ ☼ᴫ צ ЄӔ ȳὧ צ Є Ȳᵀ∟῏ЄЊ ѩ₣᾿

Ғ ⇔Њ− Ȳֵ ֪Ҡ ╥ έ⇔Ɫ 7.5и ȲЬЛ Ȳɑ כ ЄЊ ᵅᴷȲ

ṿ₣᾿Ғ ⇔ᾼЄЊ ᴷ ֵȲ∟ ṿӣ₣᾿ ⇔ϩ ϩᾼ

ế ☼ вᾼҒ ᵂӣȴ 

    ϩӔ ế₣᾿ צ …Ȳϱс Є и Ӕ ϩȲϯ

⁄ ϩȲ ὑ כ ᾼẒ ☼ ᴖṕȲ֯ ☼ ὧᴫ צ ᾼ ϩҏ
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Ȳ֪ױ ϩиⱢ ᾼ ϩ(Ç  )( 4.5 a) ѬὈץϩ( ÇÑ Ñ

Ñ Ñ Ñ) )( 4.5 b)ṳ ϩ( 4.2 b)ѩ Ȳиᵑ Ẕ ֪Ȳ

ᾼ ϩ֯ ☼ в ֯ϱс ếϯ Ӕצ ҏ Ȳᵀ╥ ὑẒ כ

ᾼ ☼ Ȳ֯ϱс ᾼᴫҖ Ȳצ⁯ Њᾼ ҏ Ȳꜙᴟ ὧ ᾼ ☼ ҏ

ᾼϯ ☼ȴ ѬὈץϩ Є ֣ϯᾼ ϩȲ Єᾼ ҏ ֯ ☼

вϱс ᾼὧ Ȳѹכ ᾼ ☼ Єᾼ Є и ὧ ᾼϯ ☼ȲἬ

ѿ Ѭ ІиӁ ֵᾼ֮Ѡ ☼ ὧ ᾼϯ ☼Ȳᵛ Ѭ ȴ ☼

֯ϱс ᾼᴫҖ Ὀץϩ ЊȲᵀҠ ╥ắẞ ☼ Ȳ ᵐῈ ☼

ϱс ᾼᴫҖ ϤȲϷṿ ᾼ ϩⱢ֯ᴫҖ צ ҏ Ȳꜙᴟ֯ Ң

ᾼ ☼ ҏ ϯ ☼ȴϮ ☼ ᾼϱс Ӕᾼ ϩȲᴖ ☼  Ὼ

ϩⱢ ᾼ Ȳὧ ╥ ѬᾼὈץϩἬ Ȳꜙᴟ כ ☼ ϯ ☼ᾼ

Ȳᵀ כ ᾼẒ ☼ ᾼᴫҖ ҏ Њ ᾼ ϩȲҠ ╥ҖѠ ᵐ

Ὲ ᾼ ϤҒϱϱс ☼ ꜜ ᵐ⁯ ȲЛᵀếϱсכ ḥצ Ȳ֯ Ң

ᾼ ☼ Бҏ ᾼϯ ☼ȴ∟ ᾼиέȲ ϩᵛⱢ ѬὈ

ϩᾼץ ֥ȴ 

 

4.2 ᶧ иέ ₣᾿Ғ ѐ⇔иέ 

4.2.1 ☼  

    ⱢϠ ᵑ ☼ Ḇ ᾼиέȲѿϯ иᵑ֯​ Ϛѿц​ ϡв

Ϛ Ԍ ☼ ẃ ȲЛ֝ ᵓӣ ֫ᾌȲ ᵓӣ 1058еѐ ⇔ᾼ₣᾿

⇔иӁ ứ ☼ Ȳ​ ϚӦ 6 15и( 4.6 a)ȳ6 30и( 4.6 b)ȳ6 45

и( 4.6 c)Ȳ​ ϡ⁄Ӧ 8 15и( 4.6 d)ȳ8 30и( 4.6 e) ᾼ ☼

ᾼᴯ Ȳ​ Ϛиᵑ 1Aȳ1BẒ ☼ ȳ​ ϡ⁄ 2Aȳ2BẒ
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☼ Ḇ ᾼиέȴ 

4.2.2 ᶧ иέ 

    ​ Ϛв 1A 1BẒ ☼ ѿц​ ϡвᾼ 2A 2BẒ ☼ ᴯ ‍

ῺȲὧ ᾼ ☼ Ϸѩᴫ ȲἬѿҠѿԒиᵑѩנ Ẕ …ȴṿӣҖ

22.5⇔ 22.48⇔ῶӱ​ Ϛế​ ϡᾼ Ȳᴥ ⁄ῶӱ₣᾿ ⇔ȲᵛҠѿ

ὧᴫ ᾼ ᶧ ( 4.7 a-b)Ȳѿ ☼ ᾼᴯ ṳ ד ȲҠѿכẞ

Ẓ ☼ ֯​ Ϛ ​ ϡМ ╥ ֣ὧ Ȳ ֥ Ϛ Ἤ ẞᾼ

ὨȲӦὑṿӣ Л҅ῶḕ йẞ ☼ ϱс Є Ȳ

ἬѿԒѿ 1058еѐ ⇔ Єϱс ⇔֯›∟ ᾼ ⇔ᴯ ᴷ Л֝ᾼ ☼

⇔Ȳ​ Ϛѿ 6 30иᴟ 7 ᾼ ᶧ иέ( 4.8 a)ȴ ҙЊ вȲ1A ☼

ᾼὧ פּ⇔ 26.11 m/sȲ1B ☼ ᾼὧ Ɫפּ⁄⇔ 29.44 m/s;​ ϡ⁄ᵓӣ 8

15иᴟ 8 37и ᾼה30ּ ᶧ иέ( 4.8 b)Ȳ2A ☼ ֯ ◕ ֣ὧ

פּ⇔ 26.67 m/sȲ2B ☼ ὧ פּ⇔ 28.89 m/sȴ Ϯ М ẞ 1058еѐ

⇔ᾼᴫ ֣ὧ ҒȲ￼ ᴫ Ӧᴫ֣ὧ֯ὧ 119.4ᴟ פּ⇔120.4 32ᴟ

38 m/sȲЛҬ╥ ☼ ᾼ ⇔ ѩ￼ ᴫ Ḇ Ȳѹ 1Aȳ2A ☼ ֣ὧ

⇔ᴿѾὙ Ȳѹ֝ 1Bȳ2B ḆֵȲҠѿ 1A

Ȳנ ☼ Ȳϱс ☼ᾼᴫ צ Єᾼ₣᾿Ғ ⇔ȲҒ ☼

ᴫ ᾼ₣᾿ ⇔Ȳṿ Єϱс ֯Лᴕ ￼ ᾼ ᾓȲד ᴫ֣צ

ᾼ ᾓȴ֯ ϱ 1Aȳ1Bѿц 2Aȳ2B ֣ὧ צ Ὼᾼ ᶮȲ1A

☼ ᾼᴫ Ϸ צ ᶮכᾼ ☼ Ὼ 1A ☼ ȴ ᾼ МӼ

10 ᴟ 11 ֯ вᾼϡ ☼ ֣ὧ Ȳᴫ ᾼ ☼ ֣

ὧ Ὼѹ ∟֥Ẇᾼ ᶮ( 4.9)ȴ 

    5087еѐ ⇔ϱс ⇔ Є Ȳ֝ ​ Ϛȳ​ ϡᵂ ( 4.10 a-b)Ȳ

6 30иᴟ 7 Ȳ1A ☼ ᾼὧ פּ⇔ 25.56 m/sȲ1B ☼ ᾼὧ Ɫפּ⁄
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25.56 m/sȷ8 15иᴟ 8 37и Ȳ 2Aה30ּ ☼ ֯ ◕ ֣ὧ פּ⇔

27.41 m/sȲ8 22и ᴟה30ּ 8 37и Ȳ2Bה30ּ ☼ ὧ פּ⇔ 28.89 m/sȴ

Ҡѿ ֝Ϛ ᾼ ☼ Ȳ5087еѐᾼ ⇔ѩ 1058еѐ ЊȲ￼

פּ⇔ 28ᴟ 30 m/sȲҠ ╥￼ ᴫ ױ ☼ ֣ὧᾼ Ȳ

ὧᴫѠ֣ᾼ ⇔Ҡ Ϸ ☼ ֣ὧ ȴҫҵ 5087еѐ ⇔МȲ1Aȳ1B

2Aȳ2BẒ ☼ ὧ ⇔ ᵑЊȲ╥֪Ɫ ☼ ᴫ ᾼ₣᾿Ғ ᵂӣ֯ 1058

еѐᾼ ⇔Ὑ ֵȴ Ὠ (2010) 5еṭ ᾼ ֫ᾌ Ὠ( 1.6)Ȳ

☼ ὧ ᾼ ⇔֯Ẓ​ МꞋѩ (21 m/s)Єȴ 

4.2.3 ☼ ₣᾿Ғ ѐ⇔иέ 

    ᶺ ϷҠѿᵓӣ ҳ ᾼ₣᾿ Ѡ ᾼиέ(4.6)ה Ὠ ☼ ᾼὧ

⇔ᵂ ☼ ₣᾿Ғ ᾼѐ⇔иέȲṿӣ ϩ ₣᾿ ⇔ϩᾼ ế Ɫ₣

᾿Ғ ⇔ѿᴷ Ғ ᾼᵂӣ ȴ 1A ☼ ֯ 6 30иᾼὧᴫ ᴩ

иέ( 4.4)Ȳ ᴥ Ἤ╓ᾼ֮Ѡ ⱢῴỞᴯ ₣᾿Ғ χפּ⇔ ρπÍ Óϳ Ȳ

₣᾿ ⇔ 10 m/sȲᵓӣױ ᾼ₣᾿Ғ ⇔ ᾼ₣᾿ ⇔ȲҠиᵑᴷ Ϛ◕

∟ᾼ₣᾿ ⇔ Ȳеֽהϯȸ 

    × ύ ὥ ὸ                                                (4.11) 

    $ ύ ὸ ὥ ὸ                                         (4.12) 

    ẔМύȳὥиᵑⱢῴỞᾼ₣᾿ ⇔ế₣᾿Ғ ⇔Ȳᴖὸῶӱ Ȳ×ế$и

ᵑῶӱҒ ∟ᾼ₣᾿ ⇔ Ȳ ᴥ ӱύȳὥᾼЄЊȲиᵑⱢ 10 m/sȳ

χ ρπÍ Óϳ Ȳ ×Ɫ 15 m/sȲӦ(4.11)K ὸּפⱢ Ȳה71.43ּ ᾼ∟ה71.43ּ

₣᾿ ⇔ о Ὼ 6 30иᾼὧᴫ ȲӦ(4.12)Ҡѿ ẞ$ּפⱢ 893еѐȲ

ῴỞᴯ פּ 1300еѐȲӦ Ὠ ῀Ȳ71.43ּה∟ ϩ ₣᾿

⇔ϩᾼҒ ᵂӣȲ Єּפ ᴟ 2193еѐᾼ ⇔ѹẓצ 15 m/sᾼ₣᾿ ⇔ȴ
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6 30иᾼὧᴫ Ҡѿכҏ₣᾿ ⇔ 15 m/sᾼ פּ⇔ 2400еѐȲ

ῺᵓӣѠ ᴷה ᾼ ὨȲἬѿ ϩ ₣᾿ ⇔ϩ ὑ ☼ ᾼ₣᾿Ғ

ᵂӣᾼ ᴷ ╥֥ ᾼȴ 
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Х  и ☼ в иέ 

 

5.1 и  

    ҠѿиⱢ ϩᵂӣ Ӣᾼ ϩ ϩ Ӣᾼ ϩ Ȳ

ӦὑҬצ ⇔ϩЄЊБ῀Ȳ ὑ ☼ в ϩȳ ϩẒ῏ᾼᵂӣȲЬ

ᾎи ẃ ȴKlemp(1987)ɔ ӣῺᴿЛҠ ᾼҔ Ѡ ȲҠ и Ɫ

ϩ ϩẒ ȴ ԒӦϮ ἤо∟ᾼ ỞѠ ה ЛҠ Ὼᴿ∟ᾼ Ѡ

 ϯȸֽה

ÖϽɳÖ Ðɳ "Ë &                                      (5.1) 

ϽɳʍÖ π                                                     (5.2) 

    ỞѠ ה ϱӂᶁ ⇔∟Ȳԛậ ⇔ᵛҠ иⱢ ϩ

ϩ Ȳ ẞϯ Ẓהȸ 

ᶯÐ ʍ"                                                  (5.3) 

ᶯÐ ϽɳʍÖϽɳÖ Ͻɳʍ&                                   (5.4) 

    ᴖᵓӣ Ѡ Ҡѿ ҟ ☼ ế ếỆứ оȲ (5.4) ∟

Ҡ ẞϯהȸ 

​Ð ” ύ ὰὲ”   ☼ ᴼ  

ς”   ☼ й                                (5.5) 

    (5.3)ȳ(5.5)v Ɫ ϩ Ð ϩ Ð ậ Laplacian(Ԓ Ẕậ
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⇔∟Ȳ ὨԛậϚװ ⇔)ᾼҔ Ѡ Ȳᴖậ Laplacianᾼ ᾼ

Ӕѩכ …ȲϷ ᴯ ȲӦҢ Л֝ᾼᵂӣᵛҠѿиᵑ

ᾼ …ȴӦϱהҠѿכҏȲ ϩ ế ϩ₣᾿ᾼ צ⇔ Ȳ ϩ

⇔⁄Ҕᵶ ֵ ϩ ȲҠѿ иⱢ☼ ᴼ (fluid extension term) ☼

й (fluid shear term)Ȳᴼ вҔᵶ ” (ѿϯ ex1)ȳ ” (ѿϯ

ex2)ȳ ” (ѿϯ ex3)ȳ”Ͻύ ὰὲ” (ѿϯ ex4)Ȳ›Ϯ ⱢϮ

⇔ᾼ ӂѠȳ ҳ ⁄ế ⇔ᾼ₣᾿иӁ ₣᾿ צ Ȳ й вҔ

ᵶ ς” (ѿϯ sh1)ȳ ς” (ѿϯ sh2)ȳ ς” (ѿϯ sh3)Ȳ

Ϯױ ⁄иᵑếѬӂ йȳὧᴫѠ֣ᾼ₣᾿ й ⁮ҖѠ֣ᾼ₣᾿ йצ ȴsh2ȳ

sh3ѻ Ӧϡ Ὲ ӂᶁѬӂ ᾼ₣᾿ йἬ ӢȲἬѿҠѿ҅ῶ ἤ ȲᴖẔһ

⁄ế ☼ Ӑṝ … Є(Ҕᵶ ֥ȳ )ȲⱢ‍ ἤ ᾼᵂӣȴѿϯ ѿ ☼

ϱ ☼ⱢМїȲ֢ ֯ ☼ вד иӁ ȴ 

 

5.2​ Laplacian иӁ  

    Ϛ ѿ​ Ϛ 6 30иᾼиӁⱢẂȲ Ԓиᵑ ѩ ṿӣ ậ

Laplacian ɳ Ð иᵑӦϱẒהМҢ ᾼ ֥Ḗҏ ϩ ϩᾼ ậ

LaplacianԛדҒ ᶯÐ ᶯÐ Ȳѿ​ ϚⱢẂȲ 6 30иᵑѿ 547 3499

еѐ ⇔ᵂ ( 5.1 a-d)Ȳᴥ ῶӱ₣᾿ ⇔Ȳ ⁄ῶהЛ֝ѠᾎḖ ᾼ

ậ Laplacianѿρπ ῶӱȲ Ӧ 547еѐἨ 3499еѐȲẒѠᾎḖ

ᾼ ậ Laplacianᾼ иӁ Ѿḥצ ȲἬѿӦ вᾼה ∟Ȳ

ᾼ Ҡѿ Ṝϱ Ἤ ẞᾼ  ȴה…

    5.1ᾼ Ὠ ϩ Laplacian ɳ Ð ѩ Ȳ ϩ ᾼиӁ֝

6 30иᵑѿ 547 3499еѐ ⇔ᵂ ( 5.2 a-b)Ȳế 5.1ѩ ȲẒ
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ᾼиӁᴿѾṳ ᵑȲᵀ֯ Ὼ ☼ ᾼ ȲяẔ╥֯ϱс ⇔ Є

 ῺȲ ᾼиӁצ⁯Ὑ ᾼЛ Ȳ֝ М ᾼ ☼ ὍЄȲṳế 5.1(b)ȳ

(d)ὍЄᾼ Ὠѩ ( 5.3 a-d)ȲҠѿכẞẒ ⇔֯ Єϱс ⇔ὧᴫẒ Ὑ Л֝Ȳ

547еѐ ⇔ҒϤ Laplacian ϩ ∟Ȳᴫ צ Њᾼ ҏ Ȳ ד

Ȳᴖὧ ᾼӔ Ϸ Ғȷ3499еѐ ⇔Ȳ֯ᴫ ⁄ҏ ЄᾼӔ Ȳ ד

ᵅ Ȳὧ ҒϤ Laplacian ϩ ∟Ӕ ᾼ Ϸ Ɫ ȴӦ Мᾼ

ὨҠѿԛװ ϩ Ѿ╥Ӧ ϩἬѻ Ȳᵀ֯ Ὼ ☼ ᾼϱс Ȳ

ϩ ϩὙ ȲᵀⱢᴶ֯ ☼ ᾼᴫ ӢὙ ᾼ ϩ

иӁȲӇ Ḇ ϚḔ ᵑ ☼ иέȴ 

 

5.3 ☼ Laplacian иӁ  

    ѿϯ иᵑ ứ 1A ☼ 2A ☼ ѩ ☼ ȲLaplacian

֯ ϩ ֢ ϩ иᵑѩ ᾼӔ иӁ ᾓȲ ☼

МȲ ὑ ϩ֢ ϩ Ӣᾼ ȲẔиӁᾭᾓ ὑ ☼ ᾼ

ȴӐ Ἤṿӣᾼиέ ȲϚ√ṿӣᴥ ῶӱ₣᾿ ⇔Ȳѿᵓиέ֢ Laplacian

ᾼиӁד ὑϱс ☼ᾼ ᶮȲṳѹᵓӣᶯÐᶿ Ðᴂᾼ … (Ӕ)

ᾼ Laplacian иӁᴯ Ɫ Ӕ( ) ד ὑ ☼ иӁᾼ ȴ 

5.3.1 Laplacian ϩ ֢ ЄЊѩ  

    ֪ Ӣ Laplacian ϩ ᾼᴼ й в Ҕᵶϝ ȲиᵑⱢ ex1ȳ

ex2ȳex3ȳex4ȳsh1ȳsh2ȳsh3ȴἬѿѿϯᵓӣ 6 30и Ȳ 1A ☼ ֯ 547ȳ

2013ȳ3499еѐϮ Л֝ᾼ ⇔иᵑ ֢ ᾼЄЊ( 5.4 a-hȳ5.5 a-hȳ5.6 a-h)Ȳ

(a)ᴟ(h)ȲṼᶧ҅ῶ ex1ȳex2ȳex3ȳex4ȳsh1ȳsh2ȳsh3ȳᶯÐṳṿӣ ᴥ Ȳ

Ϡ ex4 Ϛ ѿρπ ῶӱѿҵȲẔһ ѿρπ ῶӱȴ 
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    Ϯ ⇔Ҡѿ ֯ᴼ МȲex3ᾼЄЊ ѩ ex1ȳex2ȳex4ЄȲѹ

⇔ Ȳῶӱ₣᾿ ֥ѩѬӂ ֥ЄȲ֯ 547еѐᶯÐ ֵӦױ ẁȲ

ᵅ Ὼϱс Є ex1ȳex2ȳex3 צ Єᾼ Ȳᴖex4ᾼ ρπᴟρπȲפּ

֯ 3499еѐᾼ ⇔ꜙᴟ ᾎ Ȳ Њ Ẕ҃Ϯ (ρπᴟρπ)Ȳ֯ й

МȲsh2ЄЊѩ sh1 sh3ᾼЄЊ ЄȲ Є ῺρπȲ ẁᶯÐ ȴ 

    ᵀ֯כ ᾼ ☼ Ϛ◕ П∟Ȳѿ 6 45иᾼ 1A ☼ ֝ ᾼϮ

⇔иᵑиέ֢ ϩ ЄЊ( 5.7 a-hȳ5.8 a-hȳ5.9 a-h)ȲҠѿ Ϯ ⇔

МȲᴼ ᾼЄЊЬế 6 30и ῺȲex3ᾼЄЊ ѩ ex1ȳex2ȳex4Єѹ

⇔ ȷ й МȲϮ ᾼ ῺȲЛ ֯ 547еѐ sh1ȳsh2 sh3Єȳ

֯ 2013еѐ sh1ȳsh3 sh2Єȳ֯ 3499еѐ⁄╥ sh2 ЄȲἬѿ ⇔ Ϯ

ᾼЄЊ֢ᴞצЛ֝ оȲЛ֝ὑ 6 30иȲsh1ȳsh3ᾼЄЊϷ ḆЄȲ ᶯÐᾼ

иӁȴ 

    ӦѿϱϷҠѿכẞᴼ МȲ֢ ╥ᵅ Єѹ֯ᵅ Є ֵ М

ὑ ☼ ϱс вȲҳ ֯ ѩ й ֢ ᾼЄЊ ЊȲ֪Ɫ ex3ᾼЄЊ

֢֯ ⇔ϱ ѩ ex1ȳex2ȳex4ЄȲἬѿ ϯẃҬ ex3҅ῶᴼ ᾼ ȴ

й МȲ֯ 6 30и sh2ЄЊ Ẕ҃Ẓ ЄȲᵀ 6 45и Ȳsh1 sh3

ᾼЄЊϷ Є(яẔ֯ 2013еѐ)ȲἬѿ Ϯ ԛ ϚḔиέȴ 

5.3.2 ☼ ὧᴫ  

    ѿϯ ᵓӣ ex3ȳsh1ȳsh2ȳsh3ѿцᴼ й ế(ᵛ ϩ ᶯÐ)ȳ

ϩ (ᶯÐ)֯ὧᴫ ᾼиӁȲṳếᶯÐѩ Ȳ ϠᵓӣᶯÐᶿ Ðᴂᾼ …Ҡѿᵒ

ᾼӔ иӁ ᶮѿҵȲⱢϠҠѿԛ ᴩ֢ ₣᾿ ⇔ϩᾼѩ Ȳ

ᴖᵒ ֢ ₣᾿Ғ ⇔ᾼᵂӣ ⇔Ȳѹ Б῀ȲἬѿӇ ᵓӣ ו

ᾎ(Relaxation method) ϩ ֢ ϩ ҅Ϥ∟Ḗҏ֢ ᾼ ЄЊȲ

ᴖḖ ⇔ϩȲᴖҠѿḆ ֢ ᾼᵂӣȴӐׁשṅМ ᾎᾼᵂᾎȳו
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Ѡ ה ꜜ Ԉᾼ ứὑ  МЮ Ȳ Лԛ цȲ ӦὑḖҏ

Ҡ צ Ȳ╝ḕϚ Ҡ ҒἨל Ệứᾼ ṿ вҠѿᵧ Ӕ

иӁᾼ ᾓȲᵀ₣᾿ ⇔ϩᾼЄЊṳЛ Ḃ ȴ 

    Ԓ 1A ☼ ֯ 6 15и( 5.10 a-o)ȳ6 22и )ה30ּ 5.11 a-o)ȳ6

30и( 5.12 a-o) 6 45и( 5.13 a-o)ҳ ѿὧᴫ и

Ӂ ᾼ оȲҫҵӦ 8 15и 2A ☼ ὧᴫ ᾼ֢ иӁẃѩ Ẓ​

вᾼ ☼ иӁ ἤ( 5.14 a-o)Ȳ М₣᾿ ⇔ѿᴥ ῶӱȳӦ(a)ᴟ(g) ᴥ

Ṽᶧῶӱ-ex3ȳ-sh1ȳ-sh2ȳ-sh3ȳ ᶯÐȳ ᶯÐȳ ᶯÐ ᶯÐ)Ȳṳѿρπ

ῶӱȲⱢϠế Ҡѿ᾿ ȲἬѿᶁ ϱ ȴ ᴥ ֯(b)ȳ

(c)ȳ(d)ȳ(f)⁄Ṽᶧῶӱ₣᾿ ⇔(ρπ ῶӱ)ȳὧᴫ֣ (u)ȳ⁮Җ֣

(v)ȳ ϩ(ρπ ῶӱ)ѿ― ֢ ѩ Ȳ֯(c)ȳ(d)ᾼ ᴥ ῶӱ

йᾼѠ֣ ЄЊ;(h)М ᴥ Ɫ ȳ ᴥ Ɫ₣᾿ ⇔

ϩ(ρπ ῶӱ);(i)ᴟ(n)М ᴥ Ṽᶧ҅ῶᵓӣ ᾎו ҏᾼᶯ (ex3)ȳ

ᶯ (sh1)ȳᶯ (sh2)ȳᶯ (sh3)ȳÐȳÐц֢ ᾼ Ȳ ᴥ иᵑ

Ẕ₣᾿ ⇔ϩȲ(o)⁄Ɫ ᾎו ҏᾼ ϩ ϩ ế 

(ᵛÐ Ðȷ ᴥ ) Ẕ₣᾿ ⇔( ᴥ )Ȳױ Ҡѿế(h) вᾼ

ѩ ȴ 

    6 15и( 5.10 a-o)Ȳ1A ☼ ᾼ₣᾿ ⇔ ЊȲ ӱⱢ Лϵᾼ ☼

Ȳ-ex3ȳ-sh1ȳ-sh3Ꞌ Ὑ иӁȷ-sh2֯ᴫ ϱ צ Ȳᵛᴯὑᴫ

☼ϱѠ(1000еѐϱϯ)Ȳ 2000ᴟ 3500еѐⱢ Єᵅ иӁȲϱϯиᵑ Ӣ

֣ϱ ֣ϯᾼ ⇔ϩȲ ϩᾼ и ᶯÐȳ ϩ ₣᾿

⇔ ế sh2ᾼиӁ Ὠ ῺȲ ӱ sh2Ϛ Ởѻ ϩ ᾼиӁȲᵀױ

Ӕ ϩὙ ϱс Ȳ ☼ ϱс ☼ ⇔Ὑ ֣ὧ Ȳ ϩ ᶯÐ֯

ᴫ ϱϯиᵑ ᵅ Ȳ ֣ϯᾼ ⇔ϩȲϷҠѿכṓ ϩế ϩ
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₣᾿ ⇔ϩӔ ⁄чȴᶯÐᾼиӁד Ὼ ϩ Ȳ֯ὧᴫẒ ꞋὙ צ

֣ϯᾼ ⇔ϩȲếӔ ϩᾼиӁᴯ Ϛ Ȳ ֵⱢ ϩ Ȳ╝ױ

ϩ ֯ᴫ Ӣ֣ϱᾼ ϩ₣᾿ ⇔ϩȲᵀЬЛц ϩ ₣

᾿ ⇔ϩᾼЄЊȲ֪ױӔᾼ₣᾿Ғ ⇔ЬӦ ϩ ẁȴ 

     6 22и )ה30ּ 5.11 a-o)ᾼὧᴫ МȲϱс ☼ ⇔֣ὧ Ȳsh1ȳ

sh3 Њ; -ex3 Єᾼ֮Ѡ֯Ὼ֮ ϱс ›Ϛ ҒȲ֣ϱᾼ ⇔Ϸ

Ὑ ȷᴖ-sh2ᾼиӁ ᶮȲד ὑϱс ☼ Є Ȳ ױ ᾼ Ȳ֯

ᴫ 1500еѐѿϱצ ᾼᵅ иӁȲѿϯ⁄דצ Ɫ ᾼ Ȳὧ ⁄֯2500

еѐѿϯ⁄ד צ ᾼᵅ иӁȲѿϱ⁄ד צ ᾼ Ȳױ иᵑ֯ὧᴫ

ϡ иᵑᶮ֣כϯ ֣ϱᾼ ⇔ϩȲᴫ иӁМϷҠѿכẞ ☼ᾼ ⇔

֯ Мּפ 1000еѐ Ȳᵀ Ὼ ☼ ϱс Ȳ ὨМᴫ ☼ᾼ ⇔⁯֣

ὧ ὋсȲ ᾿₣כ й ⇔Ӧὧ ֣ᴫᾼӻꜜ Ϸ ὋсȲ ᴫ ₣᾿

йᾼиӁȲ sh2֯-כ ☼ ϱс ᾼὧᴫ ϱϯϡ иӁЛ Ȳ ֪ ֯

П∟ ϚḔ Ȳᴫ ᾼᴫ ֯ 2000ᴟ 4000еѐ ⇔ Ὑ Ȳ Ӣᾼ֣ὧ

ᾼ₣᾿ й Ȳ 6 15и-sh2ᾼиӁ( 5.10 c)Ȳ֯ ᾼ 7.5и в-sh2

Ὑ Ϛ ѿϱȲἬѿḖҏᾼᵅ ᾼЄЊϷЄ−ֵȲ ᶯÐѿц ϩ

ѩ Ȳ ϱс ☼ ⇔֣ὧ ȲῺ֮ Ὼϱс Є ex3 Ӣᾼד

sh2֯ᴫ Ὼ֮ Њᾼד ȲҠ֯ sh2֯ϱс Є ᴫ

Єᾼᵅ Ȳex3Ὼ֮ ᾼ sh2 ᾼᵅ ᴯ ‍ ῺȲ

ПҵẒױ Ӣᾼ₣᾿ ⇔ Єᾼ ⇔Ϸ− ῺȲ₣᾿ ֥ ϱᾼ֣כ ϩ

⇔ϩ֯ᴫ ḆЄȲ╝ sh2ȳex3иᵑⱢ ϩ М װ ȷӔ ϩ

ױ֯ Ь֯ϱс в ЄȲᵀὧ ᵅ צ ϩ Ὑ ȲױⱢ ѬᾼᵂӣȲᴫ

ϩ Є פּ 1000еѐȲϱѠ Ὼ֮ иᵑҏ ᶯÐӔ Ȳ╝ᴫ

ᾼ ϩ ⇔ϩᾼѠ֣֣ϯȲ ϩ ֯ὧ ế ϩṳḥצὙ Ӕ

Ȳᵀ ᾼ ϩЬҠѿ Њᾼ ϩ₣᾿ ⇔ϩȴế ᶯÐи
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Ӂѩ Ȳ ϱс Є ᾼᴫ ế ᶯÐ ῺȲ ╥ 5.11(h)Ἠ(o)ᾼ ὨȲ

֯ 2000еѐϱϯҏ Єᾼ ⇔ϩȲ֯Ḇᴫ 2500еѐѿϯᾼ Ȳ

ד иӁИế ᶯÐиӁ ῺȲ֯ד 1000еѐ Ὼ֣צϯᾼ ⇔ϩȴ ֥ẃ

Ȳᴫכ Б ϱ֣צ ⇔ϩҏ Ȳῶӱ Ὼᴫ ϩ Ӣᾼ₣᾿ ⇔

Б ѩ ϩ ӢᾼЄȲ₣᾿ ⇔ϩӦ ю₣᾿Ғ ⇔ᾼṔᴥ Ɫế ϩϚ

Ғ ֣ϱᾼ₣᾿Ғ ⇔Ȳѿ ₣᾿ ⇔ϩᴖṕȲ╥֯ᴫ Ғ Ȳὧ

ȴ 

    ѩ 6 30и( 5.12 a-o)Ȳ-ex3֯Ὼ֮ Ὼϱс ☼ Є Ȳ Ғ

☼ в֣ϱᾼ ⇔Ȳ₣᾿ ⇔ȳ-sh1 ᾼᵅ ȲᴿѾ צ Ȳ2500еѐ

ϱϯиᵑצ Ὑ ֣ϯ ֣ϱᾼ ⇔ȷ-sh3 Ὑ иӁȷ-sh2ᾼиӁế›Ϛ

ᴿȲ╝ὧᴫẒ иᵑᶮ֣כϯ ֣ϱᾼ ⇔ϩȲ ắẞϱс ☼

Ὃс ю ☼ ⇔Ȳṿ-sh2֯ᴫ ϱ ЊȲ юᴫ ֣ϱᾼ ⇔ϩȲ

ᵀῺ֮ Ὼϱс -ex3₣᾿ ⇔ ҒȲҒϱ ☼ ⇔Ь֣ὧ Ȳsh2ȳ

ex3ᶮכᾼ ⇔ Єᾼ ⇔ ᴯ ῺȲἬ Ӣᾼ₣᾿ ⇔ϩ֯ᴫ Ғ

ḆֵѹḆ Ὼϱс Є Ȳ ᶯÐ ᾼиӁế-sh2Ь ῺȲᵀ ϩ ֯Ὼ

֮ ѩ sh2 ᾼ ḆὙצ ᾼד ȴ ϩЬ֯ϱс ☼ Ὼצ ЄӔ Ȳ

ᵀϱс ☼֣ὧ ᾼ ⇔ Ɫ ЊȲӔᾼ ϩ֯ᴫ Ϸ Ὼϱс ⇔ Є

Ȳὧᴫϡ ֯ 3500еѐѿϯ ҏ ᾼ ϩȲᴫ ֥₣᾿ ⇔ Є פּ) 2000

еѐ)ȲἬѿҠѿ ᵐῈ Ϥ ֥ ꜜ ᵐ⁯ Ȳὧכ ⁄Ɫ Ѭ

Ȳᴫ ֯ 1500еѐѿϯ ᶯÐ ⇔иᵑ ד ᵅ Ȳế ϩ

иӁדᴿȲ ϩ ⇔֣ϯȲḆ ⁄ ᾼ ϩ Ӣ֣ϱᾼ ϩ

⇔Ȳ ϩế ϩ₣᾿ ⇔ϩᾼӔ …Ҭ֯צὧ ḥצ ᾼ

Ȳὧ ᾼ ϩ ⇔ϩЬ֣ϯȲҠ╥ ᾼ ϩиӁ Ȳ ϩ

⇔ϩ ד Ь Њȴ ᶯÐиӁế ᶯÐצ Л֝Ȳ֯ᴫ צ

Єᾼ Ȳ ᴫ ֯ 2000еѐצ Єᾼ₣᾿ ⇔ϩȲ 4.4 ӱױ ☼
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ϩ ₣᾿ ⇔ϩᾼ ֥ȲҒϱ₣᾿ ⇔Ӵ∟֯ᴫ ѩ ϩЄЊ

ḆЄȲ ϩᾼҒ ᵂӣ Ὼ֮ Ȳế₣᾿ ⇔ϩ Є ᵂӣ ⇔

Л֝Ȳᵀ ϩ Ἤ ᾼכ ⇔֯ᴫ ѩ ϩצḆὙ ᾼҒ ᵂӣȲ

ὧ ᵓӣ ᾎו ∟ ẞᾼ₣᾿ ⇔ϩ ᴷȲᵀὙ Ҡѿכҏὧ

Лᵓὑ ☼ ᵂӣҒ ȴ 

    ֯ 6 45и Ȳ-sh3ѿц ᾼ Ь Ὑ иӁȷ-ex3Ὼ֮ ЄЊ Ɫ

ҒȲἬѿ֯Ὼ֮ ᾼ Ȳᵀ-sh1ѩ 6 30и ☼ в Ғ ֵȲяẔ֯

1000еѐᴟ 2000еѐ ⱢὙ ȲЛᵀ ד ᵅ ᾼ ȲϷ ᾼ

⇔Ȳ ⇔ Ғ 20ᴟ 40 ρπÍÓ ҿҢȲἬѿ Ѭӂ ᾼᵂӣὙ Ғ−

ֵȲ֪Ɫ sh1 ⇔ ᵅȲ Ὼϱ ☼ ᴫ ֯ 2000еѐѿϱὙ Ӣ֣ϯᾼ

⇔Ȳ Ὼ֮ ὧ ϱᾼ֣צ ⇔Ȳ ᵂӣ Ȳ ☼ в

Ӣ֣вᾼ ⇔ѿế їϩӂ ȷ-sh2֯ᴫ ЄЊЛᵀ юȲѹ-sh2

⇔ӦӔ Ɫ ᾼ ⇔֯ᴫ Ϸ 1000еѐ ᴟ 2000еѐϱϯѹиӁ

֣ᴫ Ȳ Ὼ ☼ Ȳ ☼ᾼ Ὃ Ḇ ѹ Ȳᴫ ⇔ᾼ

Лֽ 6 30и Ὑ ȲἬѿᴫ sh2 Ӣᾼ₣᾿ ⇔ϩЄЊ юȲ֪Ɫ ☼

вϱс ☼ ֣ὧ Ȳsh2 Ӣᾼ₣᾿ ⇔ϩ Є ѩ Ὼ֮ ϱс

Ḇ ᴫѹ Ȳὧ ⁄ ֣ϯᾼ ⇔ϩȲЛᵓ ☼ Ӣȴ ᶯÐиӁȲ

ϱс Ὼ֮ ЬצὙ ᾼד ȲᵀḆ Єᾼ иᵑиӁ֯ᴫ 3000е

ѐѿϱ ד ᾼӔϱѠּפ 2000еѐϱϯȲѻ иᵑ╥-sh2 -sh1 ȲҠѿ

ᾼᵅ Ȳ Єᾼ ϩ₣᾿ ⇔֯ Ὼϱс ☼ 500ᴟ 1500е

ѐȲ ѩҠ ѻ ╥Ӧ ex3 Ӣ Єᾼ₣᾿ ⇔Ȳᴫ ᾼ₣᾿

⇔ ю ֵȲ ֪ Ϡ sh2ᾼᵂӣ юȲsh1Ϸ֯ ᾼϱс Ӣ ᾼ₣᾿

⇔ȲҒϱsh2֯ ᾼ ᾼ₣᾿ ⇔ϩ Є ex3 ᾼ Є ȷ

ϩᾼиӁế›Ϛ ᴿȲϱс ☼ᴴ Ӕ ϩȲὧᴫ иᵑצ ϩȲᴖѹ

֪Ɫ ϤḆֵᵐῈ ȳ ѬϷḆὙ Ȳ ϩ ḆЄȲ ᴫ ​Ðи
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ӁЬ ᴿ›Ϛ Ȳ1500еѐ Ӣ֣ϯᾼ ϩ ⇔Ȳṳѹ ϩế₣᾿

⇔ Ȳᵀὧ ϩ ᾎו ҏᾼ ḥצҏ ֣ϱᾼ ϩ

⇔ȲЛ ד ὑẔ֮҃ѠȲὧ 1000ẞ 4000еѐᾼ ϩ ᾼ Ҡ

ѿ Њᾼ ⇔ȷᴖ֯ ᶯÐиӁ ᾼ ȲҠѿ ֯ᴫ

ᾼד ᵅ ѻ ЬӦ sh2ᵂӣȲẔ҃ иӁ⁄ ᴿ ϩȲᴫ 1500еѐ

ѿϱ ֣ϱᾼ ⇔ȲӦ ϩế sh2Ἤ Ȳѿϯכ ֣ϯᾼ ⇔ѻ

Ӧ ϩ Ȳ֣ϯᾼכ ϩ ⇔ϩ֯ᵅ Єὑ ex3 Ӣᾼ֣ϱ ⇔ȴ

ᾎἬו ẞᾼ ֯ὧ ế Ӑᾼ иӁ ЄȲḥצ ẞ֣

ϱᾼ ⇔Ȳᴖ╥Ḗҏד Њᾼ֣ϯ ⇔ȲЛ Ҡѿ ╥ Ѭ Ӣ

ϩᴖᶮכȲἬѿὧ ☼ ᾼϱс ☼Ȳᴫ 1500еѐѿϯⱢӔᾼ ϩȲ

Ḇ Ȳ ⇔ϩ֣ϱȲᵀ sh2 Ӣ֣ϱᾼ ⇔ϩ ᴫ ᾼ ϩᾼᴯ

Ϛ Ȳѹ ϩ ȲἬѿ 1500еѐѿϱᵐῈ Ϥᾼ ᵂӣҠ ⱢὙ Ȳ

Лᵓ ☼ ȴ 

    ╝ᵓӣ 1A ☼ ᵒ ​ Ϛв ☼ ᾼ Ȳ ҳ ẞ₣᾿ Ѡ

ᾼ₣᾿Ғ ⇔Ȳѻ ӦὧᴫѠ֣ᾼӂ☼ Ἤѻ ȲҠṓᴫ ὑ ẁ֣ϱᾼ₣᾿

⇔ϩ‍ ȲἬѿᴫ Ӣᾼ₣᾿ й ϩ ᾼ иӁ(ᵛ sh2ᾼ

)Ӈứ᷊ ṔᴥȲ Ӧὧᴫ иέȲᾼ sh2 ᾼ ╥ ϩ

₣᾿ ᾼẃ Ȳ Ὠ ֥ 1.16ῶӱᵅ ☼ ☼

иӁ …ӱ Ȳҫҵᴼ М₣᾿ ֥ṿ ex3 ẁϱс Ὼ֮ ᾼ Ȳ

☼ ֣ὧ ṿ ex3ȳsh2 Ӣᾼ₣᾿ ⇔ϩᴯ ῺȲṿ₣᾿ ⇔֯

ᴫ Ғ ֵȲᵀ כ ԛ Ϛ◕ Ȳsh2֯ᴫ Ӣᾼᵅ юѹ ex3

Ὼ֮ Ӣᾼ Ȳ ᵅ ᾼ Ғ Ȳ֯ sh1ᵂӣṿ֯ ẓ֣צϯᾼ

⇔ϩȲ ϩ ⇔ϩЄЊ ю ֵȲᴫ Ӕᾼ ⇔ϩᴯ ế ϩ

ῺȲЛᵓ ☼ ȴ 
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    ⱢϠѩ Ẓ​ в ☼ ᾼ иӁ Ȳ 2A ☼ ֯ 8 15иᾼ

иӁиέ( 5.14 a-o)Ȳ֪ Ɫ 2A ☼ ױ֯ ẓצ Єᾼ ⇔ ₣᾿Ғ

⇔Ȳsh1ȳsh3ᾼᵂӣЛὙ ȷϱс Ὼ֮ -ex3ᶮכ Њᾼ₣᾿ ⇔ϩȲ

-sh2ᾼиӁế 1AדᴿȲ ѩ 1A֯ 6 30иᾼᴫ Ȳכᴿ ᾼ ᶮϚ Ȳ

ᵀ Ὑ ᾼ ⇔ ȲἬѿד ᵅ ᴯ Ϸ ȲҫҵϷ ẞᴫ ᾼϱс

☼иӁϷ 1A Ȳᴫ ᾼ Ὑ ЊȲἬѿ-sh2ᾼЄЊ╥ѩ ЊᾼȲ сᾼ

⇔ϩЄЊϷ 1A ☼ כ ЊϠ ֵȴ ὑ ϩ ᴖṕȲ ☼ ֣ὧ

Ȳᵀ -sh2 Ӣᾼד ᵅ ѩ 1A֯ 6 30и ⇔ Ȳṿ Ὼ֮ ᾼד

Ȳ֪ױ sh2 Ӣᾼ ⇔ϩ Є ⇔Ḇ (2000еѐѿϱ)Ȳex3 sh2

Ἤ Ӣᾼ ⇔ ⇔Л֝ ֣ϱᾼ ϩ ⇔ϩ֯ᴫ ЄЊЛֽ 1A ☼

ȴ ϩế ϩ₣᾿ ⇔ϩӔ чȲ1500еѐ֯ᴫד ϱϯиᵑ ֣ϯѿ

ц֣ϱᾼ ϩ ⇔Ȳ ҖѠᵐῈ Ϥ Ӣᾼ ϩȲῺ֮ Єᾼ

ϩ₣᾿ ⇔ϩȲҒϤ ϩ ∟ ֣ϯᾼ ϩ ⇔ϩὂ Ȳ

ᾼиӁȲ ᴫ ֯ 1500еѐѿϱצ Єᾼ₣᾿ ⇔ϩȲᵀ Ϡ sh2 כ

֣ϱᾼ ϩ ҵȲֵӦ ϩ ӢȲἬѿ₣᾿Ғ ⇔֯ᴫ ᵅ ᾼӔ

ϩҒ Ẕ ȴsh2ᶮכᾼ₣᾿ ⇔ϩѩ 1A ☼ ЊȲѹế ex3 Ӣ

Єᾼ ⇔ ד⇔ ȲἬѿ ϩ₣᾿ ⇔ϩЛ ЄȲ֯ᴫ ᾼҒ Ҭ

ᵅ ᾼ ϩȲἬѿ₣᾿ ⇔ צ ȲḆЛᵓ ex3ȳsh2ᾼ ȲҠ ╥​

ϡвᾼ ☼ Лᵓᾼѻ֪ȴ 

5.3.3 ☼ ⁮Җ  

    ӐׁשṅӼ 1Aȳ2A ☼ ֯⁮ҖѠ֣ϱ֢ иӁ ᶮȲ 1A ☼ ֯ 6

22и )ה30ּ 5.15 a-o)ȳ6 30и( 5.16 a-o) 6 45и(  5.17 a-o)Ϯ

2A ☼ 8 15и(  5.18 a-o)ᾼиӁѩ Ȳ ᾼ ֝ὧᴫ ȴ 

    1A ☼ ֯ 6 22и )ה30ּ 5.15 a-o)Ȳ-ex3֯Ὼ֮ ϱс ЄȲ-sh1
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Ӣᾼ ЬЊȲ ὑὧᴫѠ֣ᾼиӁȲ-sh3Ϸ֯⁮ҖẒ иᵑצ ᾼד ᵅ

иӁȲҠѿ ṓ╥ иӁ ⇔Ӧᴫ⁮ ⱢᴫҖ ᾼ ὨȲᵀ

╥иӁ ᾼ⁯╥-sh2ᾼ Ȳ -sh2МὧᴫѠ֣ᾼ о ЄȲᵀ֪ ☼

֣ὧ Ȳᴫ 1500еѐѿϱᾼ-sh2ᾼ ᾼᵅ ֯⁮Җ МϷҠѿᵧ Ȳ

ҫҵᴫ ᾼиӁȲ Є ⁮֯פּ ᾼ 2000еѐ ⇔Ȳ ₣᾿ й֣ὧ Ɫ

֣ᴫᾼ ⇔ѿцױ Ӣᾼ₣᾿ ⇔ Є Ȳѹ-sh2 ᾼᵅ ֣⁮ ȴ

ᶯÐиӁМ Ὼ⁮ ᵅ иӁѻ иᵑẃᴞ-ex3ế-sh2ȲὙ ẓ֣צϱᾼ ϩ

⇔ϩȲᵛṿ ϩ ᶯÐᾼиӁМȲ֯ Ὼϱс ᾼ ϩ ⇔

ϩế ϩדчȲ2500еѐѿϯⱢ Ȳᵀ ᶯÐϱс Є ⁮ ╥Ҡѿ ֣ϱᾼ

⇔ȲἬѿᵅ ֯⁮ ϩȳ₣᾿ ⇔ϩꞋⱢӔȲצᵓὑ ☼

Ȳᴖ⁮ 2000еѐѿϱ֣⁮ἋᴼצḆЄᾼ֣ϱ ⇔Ȳ⁄╥ ϩἬ  ȴכ

    6 30и( 5.16 a-o)֯ ⁮ҖѠ֣ϱ-ex3ế-sh1ϷếὧᴫѠ֣ϱиӁדῺȲex3

֯ϱс ᵅ Ҡ Єᾼ₣᾿ ⇔ȷ-sh3 ╥ᵧ ⁮Җ ᾼᵅ

иӁȷsh2֯ 2000еѐѿϱ ᴿѾѩ›Ϛ ЊȲἬѿ ᾼ₣᾿

⇔ϩ ЊȲế ☼ ю֣ὧ צ ȷ ᶯÐ֯⁮ ϱϯ иᵑҠ ḆЄᾼצ

ד ᵅ ד ȲЬиᵑ╥Ӧ sh2 ex3Ἤ Ȳ֪Ɫ ex3 ҒῺ֮ ṿ

⇔ ЄȲ ϩ ⇔ϩЄЊ ›Ϛ Ғȷ ϩЬ֯ 2500еѐѿ

ϯⱢӔȲ⁮ ḆϱѠắẞ Ѭ ᴖצ ϩȲἬѿ ϩ ⇔ϩế ϩ

Ѡ֣דчȲиᵑ֯ ᵅ Ӣ֣ϱ ֣ϯᾼ ϩ ⇔ϩȴ ᶯÐᾼи

ӁМȲ ⁮ ֯ 2500еѐѿϯҏ Ӕᾼ ⇔ϩȲ╥ ϩ Ȳכ

ᾼиӁ֯Ὑ Л֝ὑ ϩ Ȳᵀ 2500еѐѿϱȲ֣⁮Ἃᴼᾼ М֣

ϱᾼ ⇔ϩ Ϡ sh2ѿҵȲҠ ╥ ϩ  ȴכ

    6 45и ( 5.17 a-o)Ȳ-ex3֯Ὼ֮ ḆЄȲ ϱс ᵅ ᾿₣ḆЄᾼצ

⇔Ȳ-sh1֯ 1500еѐᾼ ⇔ҏ Њ Ȳ ᾼᵅ ȲẔϱϯ֯⁮
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Җ ϱиᵑẓ֣צϯ ֣ϱᾼ ⇔ȷ -sh2 ֯ὧᴫ ϱЬצ ד

ᵅ ᾼ Ȳᵀ⁮ҖѠ֣ϱБЛṓ ᾼᵅ Ȳ ӱϱс ☼֣ὧ ᾼᵂ

ӣ ЛὙ ȷ-sh3֯ϱс Є ⁮Җ Ьצ ᾼᵅ иӁȲᵀᵅ ⁮

⇔ ױ֯ ᾼҖ ḆὙ Ȳ⁮ 1500еѐצḆЄᾼ

ȲἬѿ-sh3֯ױ ИצὙ ᾼϱϯ Ȳϱϯиᵑ Ӣṷ ֣ϯ ֣ϱᾼ

⇔ȷ ᶯÐиӁ МȲ-ex3֯Ὼ֮ ẓצ Єᾼד Ȳ -sh1ế-sh3Ẓ

֯ 1500еѐϱϯиӁᾼד ᵅ Ȳ֯⁮ Ҡѿ Ӣ Єᾼ֣ϱᾼ ϩ

⇔Ȳế sh2 ȷ ϩế ϩ ⇔ϩӔ ӔᾼצчȲ2500еѐѿϯד

ϩȲѿϱ⁄צḆЄᾼ ϩȴ иӁȲ1500еѐѿϯИצ Ὑ ֣

ϱᾼ ⇔ϩȲᴖϱѠҏ ᾼ ⇔ϩȲ Ӕ ϩ Ȳ ⇔

ϩ֯ὧᴫ ⁮Җ ᾼиӁϷצ ᾼЛ֝ȲӦὧᴫ МҠѿ ẞ ☼

⇔Ḇ Ȳϱс ☼Ӧ֣ὧ Л Ȳ-sh2ϷḆЛ ֯⁮Җ

М ӢᵂӣȲ⁮Җ М Ὼ֮ ⁮ ϩế ⇔ϩꞋⱢӔȲצ

ϩ ᵂӣȲЛ֝ὑὧᴫ ᾼ ᶮȴ 

   ᴖ 8 15и( 5.18 a-o)​ ϡв 2A ☼ ᾼиӁ Ȳɲ-ex3ế-sh1ᾼи

Ӂếὧᴫ ᾼ ᶮדᴿ;Ӧὑ ☼ ֣ὧ Ȳ-sh2֯ 2000еѐȳᴫ ᾼ

⇔ϱѠצ Ὑ ᾼᵅ иӁȲҠ╥ ⇔ϩ Є ֯ 3000еѐѿϱȷ-sh3֯

1500еѐ⁮ Ҡ Єᾼד ᵅ Ȳế 6 45иᾼиӁᾭᾓ ᴿȴ ᶯÐᾼи

ӁҠѿכẞ ☼ ⁮ Ẓצ Єᾼ иӁȲ ϩ иӁế֢ ᾼ

Ҡѿ ᵅ иᵑⱢ-sh3 -sh2Ἤ ᾼד ᵅ Ȳ›῏ếכ

-ex3 Ӣᾼד ῺȲҠѿ Ӣ Єᾼ֣ϱᾼ ϩ Ȳ Ẓ ֣

ϱᾼ ϩ ⇔ϩ Є ֯פּ 1000ѿц 4500еѐȷ ϩ֯ϱс в֣ϱȲ

֣ϯᾼ ϩ ⇔ϩȲᵀ⁮ Ѭ Ӣᾼ ϩȲ ֣ϱᾼ ϩ

⇔ϩȲṳ ⇔֣⁮Ἃᴼȷ ᶯÐᾼиӁМȲϱс ☼⁮ ᵅ צ Њ

ᾼ ⇔ϩ֣ϱȲ Ӕ ϩȲἬѿ Ϡ ϩȲצ ϩ ҠѿҒ ☼
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₣᾿ ⇔Ȳᵀ ЄЊ ЊȲᴖ ⇔Ἇ⁮Ἃᴼ֣ϱᾼ ϩ

⇔ế ϩᾼᴯ ȲЛᵓ֝ד ☼ Ғ ȴ 

    Ӧὧᴫ ὑ⁮Җ ᾼиέȲ ὑ 1A ☼ ᴖṕȲϚ Ở sh2֯ᴫ

Ӣד ᵅ Ȳ ֣ϱᾼ ϩ ⇔ϩȲ֪ ☼ ⇔֣ὧ Ȳ

sh2֯ᴫ ᾼד ᵅ ex3֯Ὼ֮ ϱс Ӣ Єᾼᾼד Ҡѿ

ṿᴫ ᶮכ Єᾼ ϩ ⇔ȲếӔᾼ ϩ֯ᴫ Ғ ☼ Ȳᵀ 6 45

и ☼ ὋсḆὙ Ȳѹϱс ☼ юȲsh2ЄЊ юṳ Ὼ֮ ד

ṳḆ Ὼᴫ ϩиӁᾼ ȲҒϱ Ҡ ṿ sh1֯ ϱс ẓצ

֣ϯᾼ ⇔ϩȲ ϤᵐῈ Ϸṿ ϩ ҒȲᴫ ᾼ ϩ₣᾿

⇔ϩ ю ֵȲṿ ⇔֯Ӕ ϩᾼ ѾⱢ Ȳ ⁮ ex3

sh3ᵂӣ֯Ὼ֮ צ Єᾼ ϩ₣᾿ ⇔ϩȲếӔ ϩҒ ☼ ȴ ὑ

2A ☼ ẃ Ȳᴫ ѽ ϩ ᾼҒ Ȳsh2Ҡ ╥ѻ ֪ȲӦὑ sh2

֯ᴫ ᾼד ᵅ ы Ȳsh2ЄЊϷ ЊȲ Ϡױ ᾿₣ᾼכ

⇔ ЊȲϷ Ὼ ϩ Ȳ֣ϱᾼ ⇔ ϩЄ ὂ Ȳ ὑ ☼ ᾼ

Ғ ᵂӣЛЄȲᴖῺ֮ ⁮ Иѻ צ ex3 sh3Ẓ Ӣ Њᾼ ϩ ₣᾿

⇔ϩếϱс в ЄᾼӔ ϩҒ ☼ ᾼ Ȳ Ҡ ╥​ Ϛвᾼ

☼ ​ ϡ ᾼ ֪ȴ֪ױ₣᾿ й ὑ ϩ ᾼᵂӣȲᵛ sh2

ὑ₣᾿ ⇔ϩᾼ Ӣ֯Ἤצ ϩ М Ɫ ȴ 

5.3.4￼ ȳ ₣᾿ й ϩ   

    Ӧ›Ϛ ᾼ Ȳ֪Ɫᴫ ☼ᾼ ч֣ᾼכȲϱϯҠѿᶮ֯׀ йȲṳ

Ӣ sh2Ȳᵀ⁮Җ ᾼ₣᾿ й Ѿ֣⁮Ȳὧᴫ sh3 Ὑ иӁȲ⁮Җ ֯

☼ ϱс ☼⁮ҖϷᵧ иӁȲἬѿ sh2 ☼ ᾼ иӁ Є ֵȲᵀ

ᶺ Ϸ ᴫ ☼ Ὼ ☼ ⇔ ὋсȲ ₣᾿ й כ sh2ᾼиӁ Л

ȲҫҵӦ 1A 2AẒ ☼ МϷ sh2ᾼиӁếЄЊ צ Єᾼ ȲҠ
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ѿԛ ϚḔᾼиέȴ 

    Ӧ 5.3.2 МБ 1A ☼ ѬӂѠ֣иᵑṿӣ 547ȳ2013ȳ3499еѐᾼ

Ѭӂиέ Ȳ6 30и sh2 Ὑ Ȳsh2иӁиᵑֽ 5.4(f)ȳ 5.5(f)ȳ 5.6(f)

ἬӱȲϮ ⇔МȲsh2ᾼ ₣᾿ йᾼѠ֣ȲЛ ₣᾿ й֯Ϯ ⇔ᾼ

Ѡ֣ оצ− ᾼ Ȳ֯ 547еѐ₣᾿ й ὧȲ ϱс ☼ὧᴫϡ и

ᵑדצ ᵅ иӁȲT ֯ 2013еѐȲὧᴫϡ ₣᾿ й⁯иᵑ ὧ ᴫȲ

ὧ ₣᾿ й ֣ᾼ ⇔ѩᴫ ȲẒ иᵑ Ӣד ᵅ Ȳ᾿ẞ 3499еѐȲ₣

᾿ йᶁ ᴫȲẒ Ииᵑҏ ד ᵅ Ȳ 5.12 (c)ᴫ ᾼ иӁȲ

☼ᾼ ֯ ☼ в Ὃ ϠȲἬѿ 2013еѐ₣᾿ й֯ᴫ Б ֣ᴫȲᵀὧ

Ь֣ὧȴ 

    ѿϯ Ѭӂ иⱢ￼ Ȳ ϚḔ ☼  Ὼ ֯￼

ᾼ ᾓϯֽᴶиӁȲѿц Єᾼ sh2ֽᴶ ӢȲ й М

sh2( ςʍ Ҡѿи ￼כ msh2( ςʍ ế psh2( ςʍ Ȳ

֪Ɫ∟῏Ҕᵶ ☼ ₣᾿ Ѭӂ ᾼ ȲᴖЛ Ҭצ ☼ Ӑṝ

ӢᾼѬӂ Ȳ╝∟῏Л ҅ῶ й М‍ ἤᾼ иȲᴖҬ ᵒ ☼  Ὼ

ᵂӣᾼ Ȳɲ›῏ӼЛ ҅ῶ ἤ ȴѿϯѿ 1A ☼ ֯ 6 30и(5.19 a-d)

6 45и(5.20 a-d)msh2ế psh2ὧᴫ ᾼиӁ ᾓ ȲṳҠ 5.12(c)ѿ

ц 5.13(c)sh2 ᴫ ᾼиӁѩ Ȳѿϯᾼ Мᴥ ҅ῶ₣᾿ ⇔Ȳ ᴥ ֯

(a)ȳ(b)иᵑῶӱ-msh2ȳ-psh2Ȳṳѿρπ ῶӱȲ ᴥ ṼᶧῶӱÕȳÕȲ

ᴥ иᵑ҅ῶ ȳ ȴҫҵᶺ Ϸᵓӣ ᾎиᵑḖҏו ᶯ (msh2)ȳ

ᶯ (psh2)ȲṳḖҏ₣᾿ ⇔ϩȲ ᴥ ֯(c)ȳ(d)иᵑῶӱ msh2 psh2

ᾼ Ȳ ᴥ ⁄иᵑῶӱ msh2 psh2 Ḗҏᾼ₣᾿

⇔ϩȴⱢϠế​ ϡѩ Ȳ֝ 2A ☼ 8 15иᾼὧᴫ иӁ(

5.21 a-d)ȴ 
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    Ԓכ 1A ☼ ֯￼ Мᾼ иӁȲ6 30иѿц 45и Ȳᴫ ☼ᾼ

⇔֯ 1000еѐϱϯȲ ⇔ἏϱἏϯ ȲӦὑ ☼ ֣ὧ Ȳᴫ

⇔ ЄȲᵀ иӁЛ Ȳ-msh2ᾼиӁ֯ὧᴫ Ὑ Ȳ1000еѐϱϯẓ

᾿₣ч֣ᾼצ йȲѿ 1000еѐⱢи Ȳꜜ ᵅ иᵑ ד ᵅ ד Ȳ

Ӣᾼ₣᾿ ⇔֯ᴫ ᵅᾼ ϱᾼ֣צ⇔ ⇔ϩȲὧ чȲד⁄

msh2ȳ ᾼ Ἠ ⇔ϩȲὧᴫἨϱϯѠ֣иӁ ᵧ Ȳᵀ

-sh2иӁЛᵀ Л֝Ȳ-msh2֯ὧᴫ ᾼЄЊϷЊ−ֵȲḖҏᾼ₣᾿

⇔ЄЊϷ−ЊȲ ӱ Ӧ ᾼᴫ ☼ Ȳᴫ ⇔ᾼ оЬЛ

Ȳ₣᾿ й ᾼכ Л ȴ 

    ᵀֽὨכ-psh2ᾼиӁȲ -psh2ЄЊѩ-msh2ḆЄȲ Ὼ-sh2ᾼЄЊȲ

иӁ֯ὧᴫѠ֣ϱϷ Л Ȳ6 30и ὧᴫ ⇔֯ϱс ᵅ

ᾼὧ ᾼᴫ о ѩ Ὑ ȲϷ -sh2 Єᾼ ȲT 6 45и Ȳ

ᴫ ᾼ-psh2ЄЊ юȲ ᴫ Ϸ юϠȲᴖ ☼֯ὧᴫ Ὃ

Ȳ −Ҡ ╥ϱс ☼ὋсἬ ȴ Ϯ иέМ Ѭӂ Ѭӂ

ᾼ ֥ȳ₣᾿ צ⇔ Ȳ6 30и Ȳ 3.8(a)Б ӱᵅ Ѭӂ ֥ Єᾼ

╥ ὧᴫ ֣ὧ Ὑ ᾼ֮ѠȲ ϱс Є ȲἬѿẒ -psh2ὧᴫ

иӁ МȲ ὧᴫ ֯ϱс ᵅ ֣ὧὙ ȲἬѿὧ Ὼ֮ ҏ

ὧᴫ Єᾼ ȲϷ֪ױὧ ֯ᵅ Ȳ ὧᴫ ⇔ᾼ Ғ‍ Ὑ Ȳ

Ӣ Єᾼ-psh2Ȳ 3.9 (c)Ҡѿ ӱ 6 30и ☼ ᴴ Ӕ₣᾿ ⇔Ȳ⁮

צ Єᾼ ᴫ ȲҖ צ⁄ ᾼ ὧ Ȳ 1058ȳ2013ȳ3499еѐ

Ϯ ⇔( 5.22 a-c)ȲҠѿ ὧᴫ ᴫ ᾼ иӁῺᴿȲἬѿ Ὼ

☼ ᾼиᵉѿ ⱢѻȲ֯ 1058еѐ₣᾿ ⇔ ЊȲ ᵂӣ Ȳ

֥ᵂӣᾼ Ь Ὑ Ȳ2013еѐ ᵂӣ ȲἬѿ⁮ ᴫצ ҏ Є Ȳ

3499еѐ⁮ ֝ צ ᴫ Ȳᵀᴫ Њ ẞᴫҖ Ȳ 5.19 (b) Ȳ Ὼ

ϱс ᴫ Є ⇔֯ 1500еѐѿϱȲҒϱ Ὑ ᾼѬӂ й Ȳ
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ṳҒϤ ȲҠѿ ҖѠᾼ ὧ Ҡ ױ֪ Ϥ ☼ ᴫ Ȳ⁮Ѡᾼ

ᴫ Ϥὧ ȲἬѿ ӱ ᴫ צ ὧ ҏ Ȳṿᴫ ☼ϱѠᴫ

⇔ ЄȲ֯ᴫ ӢὙ ᾼ₣᾿ йȲᴖὧ Ҡ ֪Ɫ⁮

ᴫ ϤȲ ☼ ⇔ѩϱс Є Ḇ ȴ М ☼ -psh2ᾼϱϯӔ иӁ

ӻꜜ ᾼ ⇔ȲϷ╥₣᾿ йӦὧ ֣ᴫᾼ ⇔ȲṿὧᴫẒ иӁЛ ȲӦὑ

ᴫ ☼ ⇔ ҒȲҒϱ₣᾿ ⇔֯ ȲҠѿ Ӣ ᾼ ȴ

psh2ἬḖҏᾼ Ȳ֯ᴫ ὧ ᵅ צ ᾼᵅ Ȳᴫ Єᾼ₣᾿

⇔Ϸ ẞ 2000ᴟ 2500еѐ ᴫ Є Ȳὧ ⁄֯Ḇ ᾼ

ᴫ Є ₣᾿ ⇔ Њ ȲЄЊ msh2ᾼ₣᾿ ⇔Єȴ

ᵀ 6 45иȲ 5.20(b)М ☼ ⇔ѩ 15и ›Ḇ ȲяẔᴫ Ӧ 1500ẞ 3000

еѐ ᴟ 2500ẞ 4000еѐȲѹ ☼ϱѠᴫ ЊȲ  1058ȳ2013ȳ3499

еѐϮ ⇔( 5.22 d-f)Ȳ֪Ɫᵅ Ȳ֯ 1058ȳ2013еѐ⁮ ᴫצ

צ Ȳᵀ 3499еѐᾼ ⇔МȲᴫҖ ὧ юȲ Ҡ ╥ҖѠ ὧ

☼ ὧ юȲ ᾼ ᴫ Лὔ ὧ Ȳ ᴫ ⇔

Њѹ ⇔ Ȳ Ḗҏᾼ Ȳᴫ ᾼᵅ ю ֵȲϷ֪Ɫ

Єᾼ ᴫ ֯ᴫ ⇔Ϸѩ 6 30и ȲἬѿ₣᾿ ⇔ϩ֯ᴫ Є

֯ 3000еѐᴟ 3500еѐȲ msh2 Ӣ Єᾼ₣᾿ ⇔ϩ ⇔ ЄȲἬѿ

╥ sh2 ᾿₣ᾼכ ⇔ϩ Њȳ ⇔Ḇ ᾼѻ֪ȴ 

    8 15иȲ 5.14 c ӱ 2A ☼ ᴫ sh2ЄЊЛֽ 1A ☼ Ȳᴫ

Ὑ ᾼ ⇔֯ 2500еѐѿϱȲ msh2ȳpsh2ѿцḖҏᾼ и

Ӂ( 5.21 a-d)Ȳmsh2ᾼЄЊḆЊȲᵀֽ֝ 1A ☼ ֯ 1000еѐϱϯ ὧᴫ

ᵧ иӁȲ Ḗҏᾼ Ȳ Ѿḥצ₣᾿ ⇔ϩ Ӣȷpsh2⁄и

ᵑ֯ᴫ ὧ ᵅ צ Єᾼ sh2Ȳ ᴫ Єᾼ ⇔Ӧᴫ פּ 2500еѐ

֣ὧὋсȲ₣᾿ йϷ֯ ᾼ ⇔Ὑ ֣ȲѬӂᾼиӁМ( 5.22 g-i)Ȳ1058ȳ

2013еѐᾼ Ȳ⁮ צ Ὑ ᾼᴫ Ғ Ȳᵀ 3499еѐ ᵂӣыЊȲ
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ὧ Лὔ Ϥᴫ Ȳ ѩ6 30и1A ☼ ( 5.22 c) ὧ Ϥ ⱢὙ Ȳ

Ἤѿ ᾼ ᴫ Лὔ ὧ ḀȲ ☼ ᴫ ᾼ ☼ ⇔Ϸѩ Ȳ psh2

Ḗҏ Њ ֯ᴫ ὧ ᵅ Ȳᴫ Ӣᾼ₣᾿ ⇔ϩ Є

֯פּ 2500ᴟ 3500еѐȲ ᴫ ☼Ȳ ⇔Ϸ Ȳ ₣᾿ ⇔ϩ

ЄȲ⁯ Ὼᴫ ϩᾼ ⇔ȴҫҵ› Б ᴫ ֯ 1A ☼ ѩ 2A

☼ ᴫ Є−ֵȲἬѿϷ כ 2A ☼ sh2ȳmsh2ȳpsh2֯ᴫ Є

Њ ЊȲḆЛᵓ ☼ ᾼ ȴ 

    Ӧ 3.2.3 Б῀֯ 1000еѐѿϱȲᵛṿצᵅ ☼ᾼ Ȳ ᾼᴫ ₣᾿

йЬ−ЊȲ Ϡ ẁᵅ ☼ᾼ Ӣ Єᾼ msh2Ȳ ☼ в ☼

ὋсȲҒϱ Ϥᾼ ὧ Ȳ ẞᴫכМҠѿה Єᾼ₣᾿

йȲ ᾿₣כ ⇔Ҡѿ Ғ ֵȲᴫ ӢḆЄᾼ sh2 ᾼ₣᾿

⇔ϩȲἬѿ₣᾿ й ᶮכ Єᾼ Ȳ ☼ ẓ Єᾼ₣᾿ ⇔ȳҒ

ϱ ᵂӣᾼ ֥ȴ 

 

 

 

 

 

 

 

 



42 
 

г   

 

    ֯ ᴫҖ Ȳ ⌂ ᴫ⁮ủ Ȳ ☼Ἤ ẃᾼᴫҖ ếᴫ

⁮ủ ԚᴴȲӦ ֫ᾌȲ Ҡѿ ẞ ☼֯ ᴫ ҵ ֥Ȳ

ṳѹ ӢϚ ὧᴫṛ֣ᾼ  ​ Ȳ Ϡ ֥ᵂӣ Ӣכ ☼Ȳҏ ᾭ

☼ ᾼ​ Ȳᴫ⁮ủ Ϸ ẁЄ ᾼѬ Ȳṿв ᾼМѐ⇔ ☼ Ḇ ὔ

Ӣȴ Ἦᵌ ―╥ẕ₤ᾼẂІȲЛᵀ֯ᴫ ҵ ҏ  ᾼ​ Ȳ ҏ ∟

ȲϷṿ​   Ȳ​ вᾼ ☼ Л ֮ ᴫ ᴫ

֣ὧ ֮ṳ ẃ ​ȴӐׁשṅ ​ в ☼ ᾼ Ȳ ​

ᴿ∟ ₤ (back-buiding)Ȳὧ М ☼ ∟ Ҡ Ғצ ᾼ Ȳ ֥ᵂӣ

Ӣ֣ὧᾼᵅ ☼ Ӣϱϯч֣ᾼ₣᾿ й Ȳ ☼ вᾼ₣᾿ ⇔ ЄȲ

ᵓӣ₣᾿ йȳ₣᾿ ⇔ѿц ᾼ …Ȳᶺ Ɫϱϯч֣ᾼ й֯ ☼

ϱ ☼ᾼᴫ ֯ᵅ иᵑ Ӣד ᵅ ȲצҠ ֯ ☼ М

₣᾿ ⇔ϩᵂӣȲ֯ᴫ Ғ ☼ ȴ 

    ӐׁשṅᵓӣῈ έ⇔ 1еṭᾼ CReSS ה Ἦᵌ ᴩ Ȳṳ

ҏᴫ Ὑצ ᾼ​ ѿцᵅ ⁮ᴫצ ếᴫҖ ӻ ᾼ Ȳ

​ ᾼ Ȳ ​ Ϛ ​ ϡ ᴩиέȴ Мᾼᵅ ☼ ֯פּ⇔ 1

еṭȲᴫ ⇔ἏϱṳḥצὙ Ȳ ᾼ₣᾿ йЛЄȲᵀ Ὼ ☼ Ȳ

ᵅ ☼ᾼ צ⇔ Ὃсᾼ ᶮȲҒϱᴫ ҏ ὧ ȲҠҒ ᴫ

ᾼ₣᾿ йȴҫҵ֯ Є₣᾿ ⇔ᾼѩ МȲ​ Ϛвᾼ ☼ ₣᾿ ⇔

Ѿ ​ ϡ ȴ ᾼ иⱢ￼ ȲϷ

Ϡ ϩȲ ϩḆ╥ ᾼѻ ֪ ȲӇ Ḇ ϚḔ ȴ 

    иέ₣᾿ Ѡ Ȳ₣᾿Ғ ⇔ҠѿиⱢ₣᾿ ⇔Ệứ оѿцϮ
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ᾼӂ☼ Ȳ ϩȳ₣᾿ ⇔ϩ ☼ ֥ ӂ ȴᵓӣ​ Ϛ

в ☼ ᾼѩ Ȳ₣᾿Ғ ⇔֯ϱс Є ᴫ ὧ צ ЄᾼӔ ȲὙ

Ӧὧᴫ ☼ᾼӂכ ѻ Ȳѹכ ᾼ ☼ ȲϷ Єᾼ₣᾿Ғ ⇔Ȳ

כ ᾼ ☼ Ȳϱс вӔᾼ ϩȲ Ӕᾼ₣᾿ ⇔ϩȲᵀ

ᾼ ☼ Ȳϱс в₣᾿ ⇔ϩⱢ Ȳ Ӕ ϩȲἬѿҠѿ

כ ᾼ ☼ ᾼиӁӦ ϩᴖ‍ ϩѻ Ȳ ϩế ⱢӔ ȴ

ϩиⱢ ȲϷ ϱс ᴫҖ ᾼ ϩҠ ӦҖѠᾼ ᵐῈ

ϤҒϱ ᵐ⁯ᵂӣ ⁮Ȳὧכ ⁄╥ Ѭ  ϩȴץϯᾼὈ֣כ

    Ӧ ☼ ᾼ ᶧ иέȲ ☼ ϱс ֣ὧ Ȳᵀ 1058еѐᾼ ☼

ế ☼ᾼ ѩὙד⇔ Ȳѹ כ ᾼ ☼ ḆⱢὙ ȲҠ

╥ᴫ ₣᾿ ⇔ϩҒ ☼ᾼ ȲӦѐ⇔иέҠѿ ☼

כ Ȳᴫ Л Ӕᾼ ϩ ₣᾿ ⇔֥ϩҒ Ȳᵀὧ Ϸ

ᾼ ϩ ₣᾿ ⇔ϩ֥ϩ Ẕ Ȳϱс Є Л ֣ᴫ ṿ

☼ ֣ὧ Ḇ Ȳѹ₣᾿ ⇔ ṳЛֵȴ 

    Ҡи Ɫ ϩ ϩ Ȳᴖ ϩ Ӧᴼ й Ἤ Ȳכ

ứ ☼ ᵓӣὧᴫ ⁮Җ иέȲ​ Ϛв ứᾼ ☼ ῴ ֯ ϱ ☼

ᴫ Ӕ ϩЬ ᾼ₣᾿ ⇔ȲᵀП∟ᴫ Ӕᾼ ⇔ϩ

ҒȲ ֢ ϩ ᾼиέȲ ςʍ (ᵛ sh2Ȳṓ 26 )ᾼᵂӣ ⱢὙ Ȳ

Єᾼᴫ ₣᾿ йȲҠѿ֯ᴫ ᶮכ Єᾼ₣᾿ ⇔Ȳᴼ М

₣᾿Ѡ֣ ֥(ᵛex3Ȳṓ26 װ╥⁄( Ȳ֯ Ὼ֮ ϱс Єᾼ Ȳ

Ẓ ᵂӣҠѿ Ӣ Єᾼ ϩ₣᾿ ⇔ϩȲѩ ֯ᴫ ᾼӔ ϩḆ Ғ

₣᾿ ⇔Ȳѿ 1A ☼ 6 30и ⱢẂȲӦὑ ϩ ϩ₣᾿ ⇔

ϩ ῺȲ ϩ₣᾿ ⇔ϩ( ϩ )ЄЊ ѩ ϩế ϩ₣᾿ ⇔

ϩ ếЄ( ϩ )ȲἬѿ ϩ ₣᾿ ⇔ϩᾼ ế Ӣ Єᾼ₣᾿Ғ ⇔



44 
 

( 5.23 a-c)ȴT Ϛ◕ ȲҠ ╥ ᵅ Ғϱᴫ ☼ Ὃ Ḇ Ȳ

sh2ᾼᵂӣ֯׀Ȳᵀ Ӣᾼ ϩ ⇔ϩ⁯ ֵȴ​ ϡв ứᾼ

☼ sh2ЄЊ Њȳѹ Ӣᾼᵅ ⇔ы Ȳ₣᾿ ⇔ϩ Ὼϱс ☼ᴫ

ᾼ ϩ Ȳ֪֯ױᴫ Ғ ᾼᵂӣ ЛὙ ȴ 

    иέ й Мὧᴫ ᾼ₣᾿ й╥ᴫ Ӣ Є ϩ ᾼ

֪ІȲ֪ױ ὧᴫ ₣᾿ йи Ɫ￼ ᾼ й Ȳ ₣

᾿ ⇔ ЄȲᵀᵅ ☼ϱѠᴫ ֯ М ⇔ ЛὙ Ȳ ☼ ⇔

ὋсȲҒϱϱѠ ҖѠ ὧ Ϥᴫ Ȳ―ҠҒ ᴫ ☼ϱѠ

ᾼ₣᾿ йȲ Ӣ Єᾼ₣᾿ йҒ й ȴ​ ϡвᾼ ☼

Ϡ ѽὙ ᾼ₣᾿ йҵȲᴫ ₣᾿ ⇔֯ὧᴫѠ֣ᾼ ⇔Ϸ ЊȲsh2֯ᴫ

Лֽ 1A ☼ ЄȲ֪ױ ѽ ϩ₣᾿ ⇔ϩ֯ᴫ Ғ ₣᾿ ⇔ȲҠ

╥​ ϡвᾼ ☼ ₣᾿ ⇔Њὑ​ Ϛᾼ ֪Ȳ ṓ ϩ ⇔

ϩ ₣᾿Ғ ⇔ᾼ ἤȴ 

    Ӑׁשṅ ᵅ ☼ ᾿₣ᾼכ й Ӣᾼ Ғ ☼ ᾼ

ἤȲ ᾼ ὨȲᴫ Ӣᾼ₣᾿ йȲ Ҡѿ֯ ☼ ᾼᴫ ᶮכ

ѿц֣ϱᾼ ⇔ϩȲ Johnson (2011)Ἤ ҏᾼ ( 1.13)Ҡѿ Ӣ

֯ᴫ⁮ủ Ԛᴴ Ӣᾼ​ МȲׁשṅϷ Ὼ ☼ ᴫ ᾼ₣᾿ йЄȲ

ṿᴫ ᾼ ☼Ғ ḆὙ Ȳצᵓὑ​ в ☼ ᾼҒ Ȳ╥צᵓ ☼

ᾼϚ ϩ ạȲ Ϡ ᴫ⁮ủ ӻ Ӣᾼ​ ѿҵȲ֮ᶮ ἬҒ

ᾼ ᾭ ☼ȳҍủ  ᾼѬ (Є  ᾈ)ȳ ​ ᴴ ᾼᵅ ☼

☼ ȲҬ ₣᾿Ѡ֣ϱצ ᾼᵅ ☼ ȲϷҠ צ ϩ Ғ

☼ᾼ Ȳ ϚḔׁשṅȴ 
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  ᾎו  Ὠ 

 

    Ӑׁשṅᵓӣ ᾎ(Relaxation)Kו ὑ֢ פּ ȲӦὑ МԚה

צ 55 Ȳḕ ᾼ ṳЛד ȲⱢϠ о ṓȲ ה ᾼ(5.3)ȳ(5.5)

в֢ה ὨȲ₣᾿Ѡ֣ᵓӣϡֵװ вה Ѡᾎ Ɫḕ ╥ 100еѐ

ᾼ Ȳ ⇔Ɫ 50ᴟ 27050еѐȲԚ 270 Ȳ в ᾼ Ҕ╗₣᾿ ⇔ȳ￼

⇔ȳex3ȳsh1ȳsh2ȳmsh2ȳpsh2ȳsh3ȳᶯÐѿцᶯÐȲ∟ϥ Ɫ Laplacian

ᾼ ὨȲБ῀ᾼ Laplacian Ɫ Ӑ֢ ᾼ Ȳᵛᵓӣᶯὖ(ᵛ∟

ϥ )ᾼ ὨḖҏὖȴ 

    ѿ xѠ֣ⱢẂȲὖⱢБ῀Ȳѿ x+1 x ᾼ P ц x x-1 ᾼὖ иᵑ

Ḗҏ xѠ֣ᾼ ⇔Ȳᵓӣ Ẓ ⇔ ȲԛḖậϚװ ⇔ȲϚ ᾼ Laplacian Ҡѿ

 ȸהϯכ

ᶯὖ                         (A.1) 

    ἬѿϮ ᾼ Laplacian ὨҠӣϯהῶӱȸ 

ᶯὖ              (A.2) 

    ∟ᾼ ὨМȲ Ḃ ÄÚⱢ 100еѐȲÄØếÄÙⱢ 1000еѐȲἬѿ(A.2)

ҠḂ Ɫϯהȸ 

ᶯὖ           (A.3) 

    ὖ ẞҿהȲᶯὖ ᴟҢהȲ(A.3)ҠḂ ֽϯȸ 

ὖ
ᶯ

              (A.4) 
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    ṿӣ Neumann ꜜ ԈȲᵛ ꜜҵ ꜜвױ ֝ד Ȳ╝Ϛ

иⱢ 0Ȳѿ xѠ֣ⱢẂȲ ẞ ꜜȲ ὖ ᾼ Ȳ(A.1) ῶӱֽϯȸ 

ᶯὖ                    (A.5) 

    (A.3) (A.4)Ḃ ֽϯȸ 

ᶯὖ                (A.6) 

ὖ
ᶯ

                 (A.7) 

    Ἤѿ ẞЛ֝ᾼ ꜜȲ(A.3) (A.4) Ṽ Л֝ᾼ ꜜᴖדצ оȲ Л

ԛ Ὑȴex3ȳsh1ȳsh2ȳmsh2ȳpsh2ȳsh3ȳᶯÐѿцᶯÐ ╥Б῀(​ὖ)Ȳ(A.4)

Ԓ ὖ ȳὖ ȳὖ ȳὖ ȳὖ ȳὖ ҅Ϥῴ ȲḕϚ ҠѿḖҏ ᾼὖȲ

ԛ҅Ϥ(A.3)Ḗ LaplacianȲḖҏᾼᶯὖ Ӑᾼᶯὖ ӑ ẞ  ѿϯȲ

ϱ Ḕ Ȳ Ӑᾼᶯὖѿц ᾼὖ ȳὖ ȳὖ ȳὖ ȳὖ ȳὖ ҅Ϥ

ḖὖȲϷ ╥ ҅ Ȳ᾿ẞᶯὖ Њὑ  Ȳ ╥ ∟ ẞᾼὖ ȴ 

    ᾼ ὖȲᵛ Ȳ Ṝ(A.4)הȸ 

ὖ ὖ ὖ ὖ ρπ ὖ ὖ τ ρπ ς ὖ

ÄØ ᶯὖ π                                                               (A.8) 

    ᴖ ϱᾼ ╥ ҅ Ȳ(m)ῶӱ›Ϛ Ȳ(m+1)ῶӱ ҅∟ ᾼ Ȳ(A.8)

ῶӱֽϯȸ 

 ὖ ὖ ὖ ὖ ρπ ὖ ὖ

τ ρπ ς ὖ ÄØ ᶯὖ π                                    (A.9) 

     (A.9) ҟ(A.8)Ҡ ẞϯהȲeῶӱẔМᾼ ȸ 
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Ὡ Ὡ Ὡ Ὡ ρπ Ὡ Ὡ τ ρπ ςὩ π 

(A.10) 

ԛḂ ֽϯȸ 

Ὡ               (A.11) 

    Ἤѿ ҅ Ȳ ╥ ӂᶁоᾼ Ȳ Ӧ ꜜѿц Єᾼ Ȳ

ӂᶁẞỂ Ȳ ҅ Ȳ Єᾼ Ҡѿ ᴟ Њᾼ Ȳ ю

ᾼ ȴ 

    Ἤ ẞᾼ֢ Ȳԛ҅֫(A.3) ▲ LaplacianᾼиӁế Ӑ╥ᵡ ῺȲ

ѿ 6 30и 1A ☼ ⱢẂȲѿ A.1 (a)-(h)ῶӱȲᴥ Ɫ₣᾿ ⇔ȳ ᴥ

Ṽᶧῶӱ-ex3ȳ-sh1ȳ-sh2ȳ-msh2ȳ-psh2ȳ-sh3ȳ ᶯÐѿц ᶯÐȲ ᴥ

⁄ῶӱḖҏᾼ ԛậ Laplacian ∟ᾼиӁȲ ᴥ Ɫ֢ МẒ

Laplacianᾼ Ȳѿρπ ῶӱȲ М ӱ ᴥ ᴥ ᾼ

Ὠ Ѿ ֥ȲἬѿ֢ ἬḖ ᾼ Ὠ╥Ҡ‒ᾼȴ 
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 3KM Model 

Grid spacing  3km 3km 123-980m 

Grid dimension (x,y,z) 480 480 50 

Domain size (x,y,z) 1440km 1440km 36km 

Minimum height 50 m 

IC/BCs ECMWF YOTC analyses (0.25Ј 0.25Ј and 19 levels, 6h) 

Initial time 0000 UTC 8 Aug 2009 

Integration length 48 h 

Output frequency 15 min 

ῶ 1  3 еṭ CReSS ה ứȴ 

 

 

 

 

 

 

 

 

Experiment name  1KM Model 

Grid spacing  1km 1km 123-987m 

Grid dimension (x,y,z) 450 500 55 

Domain size (x,y,z) 450km 500km 27km 

Minimum height 50 m 

IC/BCs 3 KM Model (3km 3km and 50 levels, 0.25h) 

Initial time 0000 UTC 8 Aug 2009 

Integration length 24 h 

Output frequency 7.5 min 

ῶ 2  1еṭ CReSS ה ứȴ 
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5100еѐѿϯ ҏ ⇔ 

50 

173.224 

340.387 

546.617 

787.328 

1058.22 

1355.28 

1674.78 

2013.28 

2367.63 

2734.97 

3112.7 

3498.55 

3890.5 

4286.83 

4686.11 

5087.2 

ῶ 3 1еṭ CReSS ה 5100еѐѿϯ ҏ ⇔ԝῶȲ ᴯⱢеѐȴ 
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(a) 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

1.1 (a)МҶ ᶝ Ἦᵌ ֫ᾌCV ȴ Ӧ 8ѣ 8ѡ 0000UTCᴟ 9ѡ 0800UTCȲ

ḕϡЊ Ϛ Ȳ(b)ECMWF-YOTC 0.25⇔ 0.25⇔ Ȳ Ɫ 8ѣ 8ѡ 1200 UTCȲ ⇔

925mbȴ 
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1.2МҶ ᶝ Ἦᵌ ȴҢϱⱢὍЄ Ӧ ֮ҏ ∟ᾼ ȴ 
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1.3 ֫ᾌ ᾼϮ ᾭМѐ⇔ ☼Ṇ ӢỄ ӱ Ȳ(a)›і ᾭ (TS)Ȳ(b)

Ὀץ ᾭ (LS)Ȳ(c)ӂᴩ ᾭ(PS)ȴḕ ᴯד Ὼᴿ ȸTSּפ 3-4Њ ȳLSּפ 2-3Њ ȳ

PSּפ 2-3Њ ȴᴥ Ɫ 20ȳ40ȳ50 dBZȴ( ᴞ Parkerế Johnson, 2000) 
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 (a) 

 

(b) 

 

1.4 ᾼẒ Мѐ⇔ ☼Ṇ ӱ ȴ(a) ᾭ ☼ᴴ ᾭ ᾼṆ Ȳɑ йȳ

М й иᵑ ֮ ᴟ 925 hPaȳ925 hPaᴟ 500 hPa(TS/AS)ȴ(b)∟ ₤(BB)ȴᴥ

Ɫ 20ȳ40ȳ50 dBZȴ( ᴞ Schumacherế Johnson, 2005) 
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1.5 Җҙ ѿц​ и ӱ ȴ( ᴞ Houze, 2010) 
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1.6 Ἦᵌ 8ѣ 8ѡ 0800UTCϝῖ 4еṭ ֫ᾌ Ȳ Ɫϝῖ Ȳ

ᴯὑҖפּ 23.1⇔ȳὧ 120.1⇔ȴ( ᴞ , 2010) 
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1.7 8ѣ 8ѡ 1301~1531UTC ϝῖ ᾼὧᴫ ᶧԝȲḕҙЊ Ϛ Ȳ

140ᴟ 160еṭ Ɫ ⅜ Ѝ ϱ ᴯ Ȳ Ɫϝῖ ᴫ 100еṭȲּפᴯὑὧ

119.1⇔ȴ( ᴞ , 2010) 
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כ֥ 1.8 вᾼӂᶁѬӂ ὧᴫи ₣᾿ (ÍÓ )Ȳ Ɫ

(a)1009UTCȳ(b)1031UTCȴ( ᴞ , 2010) 
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(a)                                      (b) 

 

1.9 (a) е ֫ᾌ֯ 5еṭ ⇔ѬӂиӁȲ ᴞ 8ѣ 8ѡ 0902ᴟ 1102UTCȲḕҙЊ

Ϛ Ȳ מּ ӱẔМ█ ☼ ᴯ ᾼ оȲ Ɫϝῖ ȲּפᴯὑҖ 23.1⇔ȳ

ὧ 120.1⇔Ȳ Ɫӧ҇​ ᴯ ( ᴞ , 2010)Ȳ(b) מּ в ☼ ᵂ ᶧԝ Ȳ

Ҡᴷ Ẕ֣ὧ ⇔ȴ 
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(a) 

 

(b) 

 

1.10 8ѣ8ѡ1001UTCֵ чכ֥ ( ) ֫ᾌ(dBZȷᴥ )Ȳ(a)1.25еṭȲ(b)3.25

еṭ Ȳ Ɫϝῖ ȲּפᴯὑҖ 23.1⇔ȳὧ 120.1⇔ȴ( ᴞ , 2012).. 
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1.11 8ѣ8ѡ1039UTC ϝῖ ⁮ 40еṭ(ּפҖ 22.7⇔)ὧᴫ֣₣᾿ Ȳ Ɫ

ϝῖ Ȳּפᴯὑὧ 120.1⇔ȲҿⱢᴫ ȴ(a)֫ ᾌ(dBZȷᴥ )ȳu-wиӁ(ÍÓ ȷ ȷ

2)Ȳ₣᾿ ⇔(ÍÓ ȷ )ȴ(b)ὧᴫѠ֣ (ÍÓ ȷ 5)ȴ( ᴞ , 2012) 
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1.12ֵ ☼ ₤ӱ Ȳּמᴥ ᴥ ╥Ɫ ὙҒϤȲ‍ ȴּמᴥ ῶӱᵅ

☼ȳ ᴥ ῶӱ ☼ ∟ ϯḛ ☼ȴ( ᴞ Doswell et al., 1996) 
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1.13 ₤ӱ Ȳ ᾿₣ὧᾼ֣צ йȲHῶӱד ȳLῶӱד ᵅ ȳ

+ῶӱ₣᾿ ⇔ⱢӔȳ-ῶӱ₣᾿ ⇔Ɫ ȴ( ᴞ Rotunno ế Klemp, 1982) 
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ד2002 1.14 12ѣ 19ѡ 0645UTCᴫ ҵ ☼ Ȳ(a)2366еѐ (b)4829еѐȲד

ᾼѬӂ (ÍÓ ; )ȳ​Ѭȳ ȳ ֥ѩ ế(Ç ËÇȷᴥ ȳ₣᾿ ⇔(ÍÓ ȷ

)ȳ ꜜ(​Ѭȳ Ѭȳ Ԝȳ ȳ Х Ѭ פּ 0.5 Ç ËÇȷ );(c)2366еѐ

(d)4829еѐȲ₣᾿ ⇔(ÍÓ ȷ )ȳ ꜜ(​Ѭȳ Ѭȳ Ԝȳ ȳ Х Ѭ

πȢυ Ç ËÇȷפּ )Ȳ֝(a)Ȳ(b)ȲẔһⱢ (hPa;ᴥ )ȳ₣᾿ד ⇔(ρπÓ ȷ

)ȴ( ᴞ Wang et al., 2009) 
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1.15 (a)-(c) ֝ 1.9 (a)-(b)Ȳᵀ Ɫ ד2002 12ѣ 19ѡ 0930UTCиᵑ֯ 2366ȳ4829ȳ

7105еѐ;(d)-(f)֝ 1.9 (c)-(d)Ȳиᵑ 2366ȳ4829ȳ7105еѐȴ( ᴞ Wang et al., 2009) 
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1.16  ᵅ ☼ ☼ иӁ …ӱ ȲWȳSȳHȳLиᵑῶӱϱ ☼ȳ₣

᾿ йȳד ȳד ᵅ ȴ( ᴞ Johnson, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 
 

 

2.1МҶ ᶝ Ἦᵌ Ȳ ᴥѠ ᴥѠמּ иᵑῶӱ CReSS Ὲ֯ה έ

⇔ 3еṭ 1еṭ ᾼה ȴ 
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2.2 8ѣ 8ѡ 3 ᴟ 9ѡ 0 МҶ ᶝ Ἦᵌ ֫ᾌ CV Ȳḕ 3Њ Ϛ ȴṼᶧ

Ɫ(a)8ѡ 3 Ȳ(b) 8ѡ 6 Ȳ(c)8ѡ 9 Ȳ(d) 8ѡ 12 Ȳ(e)8ѡ 15 Ȳ(f)8ѡ 18 Ȳ(g)8

ѡ 21 Ȳ(h)9ѡ 0 ȴ 

 

 

 

 

 

 

 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) 
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2.3 CReSS Пה Ἦᵌ ​ȳ ȳ ֥ѩ₣᾿Ѡ֣ Є (Ñ )ȲṼᶧⱢ(a)8ѡ 3

Ȳ(b) 8ѡ 6 Ȳ(c)8ѡ 9 Ȳ(d) 8ѡ 12 Ȳ(e)8ѡ 15 Ȳ(f)8ѡ 18 Ȳ(g)8ѡ 21 Ȳ(h)9

ѡ 0 ȴ 

 

 

 

(a) (b) 

(c) 

(d) (e) 

(f) 

(g) (h) (a) (b) 

(d) (e) 

(g) (h) 
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2.4 8ѣ 8ѡ ṼᶧⱢ(a)6 Ȳ(b)7 Ȳ(c)8 Ȳ(d)9 Ȳ​ȳ ȳ ֥ѩ₣᾿Ѡ֣

Є (Ñ ( Ç ËÇȷᴥ ) 1058еѐѬӂ (Í Ó ȷ )ȴּמᴥ ⁄иᵑ ӱ​ Ϛ

ѿц​ ϡᾼᴯ ȴ 

 

 

 

 

(a) (b) 

(c) (d) 

​ Ϛ 
​ Ϛ 

​ ϡ 

​ ϡ 
​ ϡ 
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 2.4( ד2009 ( 8ѣ 8ѡ ṼᶧⱢ(e)6 Ȳ(f)7 Ȳ(g)8 Ȳ(h)9 Ȳ​ȳ ȳ ֥ѩ

₣᾿Ѡ֣ Є (Ñ ( Ç ËÇȷᴥ ) 3113еѐѬӂ (Í Ó ȷ )ȴּמᴥ ⁄иᵑ

ӱ​ Ϛѿц​ ϡᾼᴯ ȴ 

 

 

 

(g) (h) 

(e) (f) 

​ Ϛ 
​ Ϛ 

​ ϡ 

​ ϡ 
​ ϡ 
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3.1  6 30и ​ Ϛ֯(a)547еѐȲ(b)1058еѐȲ(c)2013еѐȲ₣᾿ ⇔ (Í Ó ȷ

ᴥ )ȳ (hPaȷ Ȳ 0.2)ȳѬӂ ₣᾿ й(ρπ Ó ȷ )ȴ 

 

 

 

 

 

 

 

 

(a) 

(b) 

(c) 
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3.2 6 30и ​ Ϛ֯Җ 22.5⇔ὧᴫ МȲ​ȳ ȳ ֥ѩ(Ñ ( Ç ËÇȷᴥ )ȳ

₣᾿ ⇔(Í Ó ȷ ȲѿӔ 0.5ȳ1ȳ2ȳ5 )ȳ ⇔(ᴈȷ ᴥ Ȳ 2)ȴ 
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מ3.1ּ 3.3 в ☼ ֯​ ϚвȲ(a)6 30иὑҖ 22.52⇔Ȳ(b)6 45иὑҖ 22.51

⇔ᾼὧᴫ МȲ​ȳ ȳ ֥ѩ(Ñ ( Ç ËÇȷᴥ )ȳ₣᾿ ⇔(Í Ó ȷ ȲѿӔ

1ȳ5ȳ10ȳ15 )ȳ ⇔(ᴈȷ ᴥ Ȳ 2)ȴ 

(a) 

(b) 
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3.4 6 30и֯(a)547еѐȲ(b)3113еѐ ⇔Ȳ​ Ϛ​ȳ ȳ ֥ѩ(Ñ ( Ç ËÇȷᴥ

)ȳ₣᾿ ⇔(Í Ó ȷ ȲѿӔ 0.2ȳ0.5ȳ1ȳ2ȳ5 )ȳ ⇔(ᴈȷ ᴥ Ȳ

1)ȳѬӂ (Í Ó ȷ )ȴ 

 

 

 

 

 

 

 

 

 

(b) 

(a) 
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3.5 (a)6 30иҖ 22.5⇔​ Ϛὧᴫ Ȳ(b)8 15и​ ϡὧᴫ ȲѬӂ

֥ (ρπÓ ȷᴥ Ȳ ῶӱ )ȳὧᴫ֣ (Í Ó ȷ Ȳ 2)ȳϡ ᷾

(Í Ó ȷ )ȴ 

 

(b) 

(a) 
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3.6 (a)6 30иҖ 22.5⇔​ Ϛ (b)8 15и​ ϡᾼὧᴫ ȲѬӂ ֥

(ρπÓ ȷᴥ Ȳ ῶӱ )ȳ￼ ὧᴫ֣  (Í Ó ȷ ᴥ Ȳ 2)ȳ

ὧᴫ֣  (Í Ó ȷ ᴥ Ȳ 2)ȳϡ ᷾ (Í Ó ȷ )ȴ 

(b) 

(a) 
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3.7 6 30и​ Ϛ֯(a)1058еѐȲ(b)3113еѐȲѿц 8 15и​ ϡ֯(c)1058еѐȲ

(b)3113еѐᾼѬӂ ֥ (ρπÓ ȷᴥ Ȳ ῶӱ )ȳὧᴫ֣  (Í Ó ȷ

Ȳ 2)ȳѬӂ (Í Ó ȷ )ȴ 

 

 

 

 

 

(a) 

(b) 

(c) 

(d) 
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3.8 ​ Ϛ 6 30и֯(a)1058еѐȲ(b)3113еѐȲ ​ ϡ 8 15и֯(c)1058еѐȲ

(d)3113еѐȲѬӂ ֥ (ρπÓ ȷᴥ Ȳ ῶӱ )ȳ￼ ὧᴫ֣  (Í Ó ȷ

ᴥ Ȳ 2)ȳ ὧᴫ֣  (Í Ó ȷ ᴥ Ȳ 2)ȳѬӂ (Í Ó ȷ

)ȴ 

 

(b) 

(a) 

(c) 

(d) 
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3.9 ​ Ϛ 6 30и֯(a)1058еѐȲ(b)3113еѐȲ ​ ϡ 8 15и֯(c)1058еѐȲ

(d)3113еѐȲ₣᾿ ⇔ (ρπÓȷᴥ )ȳ￼ ὧᴫ֣  (Í Óȷ ᴥ Ȳ 2)ȳ

ὧᴫ֣  (Í Ó ȷ ᴥ Ȳ 2)ȳѬӂ (Í Ó ȷ )ȴ 

 

(a) 

(b) 

(c) 

(d) 
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3.10 ​ Ϛ 6 30и֯(a)1058еѐȲ(b)3113еѐȲ ​ ϡ 8 15и֯(c)1058еѐȲ

(d)3113еѐȲ₣᾿ ⇔ (Í Ó ȷᴥ )ȳѬӂ (Í Ó ȷ )ȴ 

(a) 

(b) 

(c) 

(d) 
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3.11 (a)6 30иҖ 22.5⇔​ Ϛὧᴫ Ȳ(b)8 15и​ ϡὧᴫ Ȳ₣᾿ ⇔ 

(Í Ó ȷᴥ )ȳὧᴫ ₣᾿ й (ρπ Ó ȷ Ȳ 2)ȳѬӂ ₣᾿ й (ρπ Ó ȷ

)ȴ 

(b) 

(a) 
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3.12 (a)6 30иҖ 22.5⇔​ Ϛὧᴫ Ȳ(b)8 15и​ ϡὧᴫ Ȳ₣᾿ ⇔ 

(Í Ó ȷᴥ )ȳ￼ ὧᴫ ₣᾿ й (ρπ Ó ȷ ᴥ Ȳ 2)ȳ￼ Ѭӂ ₣

᾿ й (ρπ Ó ȷ ᴥ )ȳ ὧᴫ ₣᾿ й (ρπ Ó ȷ ᴥ Ȳ 2)ȳ

Ѭӂ ₣᾿ й (ρπ Ó ȷ ᴥ )ȴ 

(b) 

(a) 
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3.13 (a)​ Ϛ 6 30и֯ 173еѐȲ(b)​ ϡ 8 15и֯ 50еѐȲ₣᾿ ⇔ (Í Ó ȷ

ᴥ )ȳѬӂ (Í Ó ȷ )ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 
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3.14 ​ Ϛ(ּמ )ѿц​ ϡ( )МȲ֯ 1058еѐ Є₣᾿ ⇔ оȲ Ɫ

Ȳ Ɫ Є₣᾿ ⇔(Í Ó )ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5

6

7

8

9

10
W

m
a

x(
m

/s
) 

rainband 1

rainband 2
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4.1 6 30 и (a)​ Ϛ֯ 1058еѐᾼ₣᾿ ⇔ (Í Ó ȷᴥ )ȳ₣᾿Ғ ⇔(Ä×ȾÄÔ) 

(ρπ Í Óȷ )Ȳ(b)֝ (a)Ȳ֯ 1058еѐᾼ₣᾿ ⇔ (Í Óȷᴥ )ȳᴫ ӂ☼ (Õ Ћ×ȾЋØ) 

(ρπÍ Ó ȷ ȲѿӔ 5ȳ10ȳ25ȳ50ȳ75ȳ100ȳ150ȳ200Ɫ )ȴ 

 

 

 

 

 

 

 

 

 

(a) 

(b) 



88 
 

 

 

 

4.2 6 30 и (a)​ Ϛ֯ 1058еѐᾼ₣᾿ ⇔ (Í Ó ȷᴥ )ȳ₣᾿ ⇔ 

(ρπ Í Óȷ )Ȳ(b)֝ (a)Ȳ֯ 1058еѐᾼ₣᾿ ⇔ (Í Óȷᴥ )ȳ ϩ(ρπÍ Ó ȷ

)Ȳ (c)֝ (a)Ȳ֯ 1058еѐᾼ₣᾿ ⇔ (Í Ó ȷᴥ )ȳ ⇔ϩ ϩ֥

ϩ(ρπ Í Ó ȷ )ȴ ֝ 4.1ȴ 

 

 

(b) 

(a) 

(c) 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 ☼ вϩᾼӂ Ἐ (a) ῴ ᾼ ☼ Ȳ(b) כ ᾼ ☼ Ȳ֣ϱᾼϩѿ

ᴥמּ ῶӱȲ֣ϯᾼϩѿ ᴥ ῶӱȲHῶӱד ȳLῶӱד ᵅ ȴ 

H 

L 

Warm 

">0 

ρ

ʍ

ЋÐ

ЋÚ
π 

">0 

ρ

ʍ

ЋÐ

ЋÚ
π 

ρ

ʍ

ЋÐ

ЋÚ
π 

H 

L 
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4.4 6 30и М ᾼ ☼ ֯Җ 22.52⇔ὧᴫ МȲ₣᾿ ⇔ (Í Ó ȷᴥ )ȳ₣᾿

Ғ ⇔(ρπ Í Ó ȷ ᴥ Ȳ ֝ 4.1)ȳ₣᾿ ⇔ϩ ϩ֥ϩ

(ρπ Í Ó ȷ ᴥ Ȳ 10)Ȳ ᴥ ṓ 4.2.3 Ὑȴ 
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4.5 6 30и (a)​ Ϛ֯1058еѐᾼ₣᾿ ⇔ (Í Óȷᴥ )ȳ ϩ (ρπ Í Ó ȷ

)Ȳ(b)֝(a)Ȳ֯ 1058 еѐᾼ₣᾿ ⇔ (Í Ó ȷᴥ )ȳ ϩ( ѬὈץ

ϩ)(ρπÍ Ó ȷ )ȴ ֝ 4.1ȴ 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 
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4.6 (a)6 15иȲ(b)6 30иȲ(c)6 45и Ȳ​ Ϛ֯ 1058еѐȲ₣᾿ ⇔ (Í Ó ȷ

ᴥ )ȳѬӂ  (Í Ó ȷ )Ȳ1Aȳ1Bиᵑ ӱ ☼ 1Aȳ1Bᾼᴯ ȴ 

 

 

 

 

1A 

1A 

1A 

1B 

1B 

(a) 

(b) 

(c) 
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4.6( ) (d)8 15иȲ(e)8 30и Ȳ​ ϡ֯ 1058еѐȲ₣᾿ ⇔ (Í Ó ȷᴥ )ȳѬ

ӂ  (Í Ó ȷ )Ȳ2Aȳ2Bиᵑ ӱ ☼ 2Aȳ2Bᾼᴯ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2A 

2A 

2B 

2B 

(d) 

(e) 
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(a) 

 

(b) 

 

 

4.7 (a)​ Ϛ֯Җ 22.5⇔ὧᴫ ᶧ (b)​ ϡ֯Җ 22.48⇔ὧᴫ ᶧ Ȳ₣

᾿ ⇔ (Í Ó ȷᴥ )ȳѬӂ  (Í Ó ȷ )ȴ 
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(a) 

 

(b)  

 

4.8 (a)​ ϚȲ(b)​ ϡ֯ 1058еѐѬӂ ᶧ Ȳ₣᾿ ⇔ (Í Óȷᴥ ȳ Ȳ2 Í Ó

ѿϱѿ 1 ȲҫҒϱ 2.5ȳ3.5 Í Ó )ȴ 

1A 

1B 

2A 
2B 
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4.9 10 ᴟ 11 Є ᾌ֫כ֥⇔ ᶧ ȲḕҙЊ Ϛ ȴ 
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(a) 

 

(b) 

 

4.10 (a)​ ϚȲ(b)​ ϡ֯ 5087еѐѬӂ ᶧ Ȳ₣᾿ ⇔ (Í Óȷᴥ ȳ Ȳ5 Í Ó

ѿϱѿ 1 ȲҫҒϱ 2.5ȳ3.5 Í Ó ) 

1A 
1B 

2A 

2B 
2A 
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5.1 (a)​ Ϛ 6 30и Ȳ֯ 547еѐᾼ₣᾿ ⇔(Í Óȷᴥ )ȳLaplacian ᶯÐ  

(ρπ 0Á Í ȷ ȲѿӔ 2ȳ5ȳ10ȳ25ȳ50ȳ100ȳ150 )Ȳ(b)​ Ϛ֯ 547еѐ

ᾼ₣᾿ ⇔(Í Óȷᴥ )ȳLaplacian ϩ ϩ ế ᶯÐ ᶯÐ  (ρπ 0Á Í ȷ

ȲѿӔ 2ȳ5ȳ10ȳ25ȳ50ȳ75ȳ100ȳ150 )ȴ 

 

 

 

 

 

 

(b) 

(a) 



99 
 

 

 

5.1( ) (c)֝ (a)Ȳᵀ ⇔Ɫ 3499еѐȷ(d)֝ (b)Ȳᵀ ⇔Ɫ 3499еѐȴ 

 

 

 

 

 

 

 

 

 

 

(c) 

(d) 


