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µ—«Õ¬à“ß‡¡◊ËÕ¡’¢âÕ¡Ÿ≈ Ÿ≠À“¬ ‚¥¬°“√ª√–¬ÿ°µå„™âµ—«ª√–¡“≥§à“‡©≈’Ë¬ Td1 ¢Õß Singh ·≈–§≥– [2] ‡¡◊ËÕ
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Td1, Td2, µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’§à“‡©≈’Ë¬ (mean imputation), µ—«ª√–¡“≥
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¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´ (compromised imputation) ·≈–µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈
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§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π (ratio imputation), µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“
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¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° (weighted nearest neighbor and

regression imputation)
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ABSTRACT

The objective of this study is to propose an estimation of population mean in sample

survey with missing data, which is obtained by applying the method of Td1 estimator of Singh,

et al. [2]. By comparing the root mean square error (RMSE) of the proposed estimator

and Td1 estimator, Td2 estimator, estimators based on mean imputation, ratio imputation,

compromised imputation and weighted nearest neighbor and regression imputation, under the

specific condition, it indicates that the proposed estimator is more efficient than Td1 estimator,

Td2 estimator, mean imputation, ratio imputation, compromised imputation and weighted

nearest neighbor and regression imputation.
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∫∑π”
ªí≠À“À≈—°ªí≠À“Àπ÷Ëß´÷Ëßæ∫‚¥¬∫—ß‡Õ‘≠®“°°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈®“°·∫∫ Õ∫∂“¡„π°“√

 ”√«®µ—«Õ¬à“ß §◊Õ °“√‰¡àµÕ∫ À√◊Õ‡√’¬°«à“ ¢âÕ¡Ÿ≈ Ÿ≠À“¬ (missing data) ¢âÕ¡Ÿ≈ Ÿ≠À“¬®“°°“√ ”√«®
µ—«Õ¬à“ß‚¥¬∑—Ë«‰ª¡’ 2 ª√–‡¿∑ §◊Õ unit nonresponse ·≈– item nonresponse ‚¥¬ Kalton ·≈–
Kasprzyk [1] ‰¥â„Àâπ‘¬“¡¢Õß unit nonresponse ·≈– item nonresponse ‰«â¥—ßπ’È unit nonresponse
§◊Õ °“√‰¡àµÕ∫ ”À√—∫Àπà«¬µ—«Õ¬à“ß∫“ßÀπà«¬ ´÷ËßÕ“®‡ªìπº≈ ◊∫‡π◊ËÕß¡“®“°°“√‰¡à‡¢â“„®§«“¡À¡“¬¢Õß§”
µà“ßÊ ∑’Ë„™â„π·∫∫ Õ∫∂“¡  ”À√—∫ item nonresponse §◊Õ °“√ Ÿ≠À“¬¢Õß¢âÕ¡Ÿ≈∑’Ë‡°‘¥®“°°“√‰¡àµÕ∫
‡©æ“–∫“ß§”∂“¡À√◊Õ∫“ßµ—«·ª√ ÷́ËßÕ“®‡°‘¥®“°°“√∑’ËÕÕ°·∫∫§”∂“¡„π·∫∫ Õ∫∂“¡‰¡à§√Õ∫§≈ÿ¡ ∑”„Àâ
ºŸâµÕ∫·∫∫ Õ∫∂“¡‰¡à “¡“√∂µÕ∫§”∂“¡∫“ß§”∂“¡‰¥â À√◊ÕÕ“®‡°‘¥§«“¡º‘¥æ≈“¥„π°“√∫—π∑÷°¢âÕ¡Ÿ≈
∑”„ÀâµâÕßµ—¥¢âÕ¡Ÿ≈∫“ßµ—«ÕÕ°‰ª  à«π„À≠à°“√·°â‰¢ªí≠À“°√≥’¢âÕ¡Ÿ≈ Ÿ≠À“¬∑’Ë‡°‘¥®“°°“√‰¡àµÕ∫‡©æ“–
∫“ß§”∂“¡À√◊Õ∫“ßµ—«·ª√ ∑“ß ∂‘µ‘¡—°„™â«‘∏’°“√ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬ (imputation) ·≈â«π”§à“
ª√–¡“≥∑’Ë‰¥â‰ª·∑π¢âÕ¡Ÿ≈ Ÿ≠À“¬‡æ◊ËÕ„Àâ‰¥â™ÿ¥¢âÕ¡Ÿ≈ ¡∫Ÿ√≥å ´÷Ëß„πß“π«‘®—¬π’È π„®»÷°…“¢âÕ¡Ÿ≈ Ÿ≠À“¬∑’Ë
‡°‘¥®“°°“√‰¡àµÕ∫‡©æ“–∫“ß§”∂“¡ À√◊Õ∫“ßµ—«·ª√ (item nonresponse)

¢âÕ¡Ÿ≈ Ÿ≠À“¬‡ªìπ ∂“π°“√≥å∑’Ë‡°‘¥¢÷Èπ®√‘ß·≈–‰¡à “¡“√∂À≈’°‡≈’Ë¬ß‰¥â „πß“π«‘®—¬°“√µ—¥Àπà«¬
µ—«Õ¬à“ß∑’Ë‰¡àµÕ∫ÕÕ°®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡ªìπ ‘Ëß∑’ËÕ“®°√–∑”‰¥â∂â“¢âÕ¡Ÿ≈π—ÈπÀ“¡“‰¥â‚¥¬ßà“¬ ¡’§à“„™â®à“¬
πâÕ¬ ·≈–¡’°“√ ”√Õß¢âÕ¡Ÿ≈®”π«π¡“°Ê ·µà„π§«“¡‡ªìπ®√‘ß·≈â«Õ“®‡ ’¬‡«≈“ §à“„™â®à“¬ °”≈—ß·√ßß“π
·≈–∑√—æ¬“°√Õ◊ËπÊ ‡ªìπ®”π«π¡“° °“√®—¥°“√°—∫¢âÕ¡Ÿ≈ Ÿ≠À“¬π—Èπ¡’À≈“¬«‘∏’„Àâ‡≈◊Õ°„™â °“√æ‘®“√≥“‡≈◊Õ°
„™â«‘∏’°“√„¥π—Èπ¢÷ÈπÕ¬Ÿà°—∫≈—°…≥–¢Õß¢âÕ¡Ÿ≈ Ÿ≠À“¬∑’Ë‡°‘¥¢÷Èπ ¥—ßπ—Èπ°“√·°â‰¢ªí≠À“∑’Ë‡°‘¥®“°¢âÕ¡Ÿ≈ Ÿ≠À“¬
‡ªìπ ‘Ëß ”§—≠ ·≈–µâÕß‡≈◊Õ°„™â«‘∏’°“√·°â‰¢ªí≠À“∑’Ë‡À¡“– ¡ À√◊Õ§âπÀ“«‘∏’„À¡à∑’Ë‡À¡“– ¡°«à“°“√ª√–¡“≥
§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬ ¡’ºŸâ∑’Ë‡ πÕ«‘∏’°“√ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬À≈“¬Ê «‘∏’ ‰¥â·°à

1. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬ Mean imputation (MI)
2. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬ Regression imputation (RI)
3. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“„°≈â ÿ¥ Nearest neighbor imputation (NNI)
4. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° Weighted

nearest neighbor and regression imputation (WNR)
5. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π Ratio imputation (RAT)
6. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“ŒÕ∑‡¥§ Hot deck imputation (HDI)
7. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‚§≈‡¥§ Cold deck imputation (CDI)
8. «‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´ Compromised imputation (COMP)
9. «‘∏’°“√ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¢Õß Singh ·≈–§≥– [2]
Singh ·≈–§≥– [2] ‰¥â»÷°…“«‘®—¬‡√◊ËÕß Estimation of population mean using imputation

techniques in sample surveys ‚¥¬‡ πÕµ—«ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬ 2 «‘∏’ «‘∏’·√° §◊Õ ¢âÕ¡Ÿ≈µ—«·ª√
™à«¬ x ‡ªìπ¢âÕ¡Ÿ≈∑’Ë ¡∫Ÿ√≥å∑—ÈßÀ¡¥ n Àπà«¬ °“√·∑π§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬‚¥¬„™â‡©æ“–¢âÕ¡Ÿ≈¢Õßµ—«·ª√™à«¬
x ‡ªìπ¢âÕ¡Ÿ≈∑’Ë ¡∫Ÿ√≥å∑—ÈßÀ¡¥ r Àπà«¬ ¢ÕßÀπà«¬µ—«Õ¬à“ß∑’Ë¢âÕ¡Ÿ≈¢Õßµ—«·ª√∑’Ë π„® y ∑’Ë‡°Á∫‰¥â ́ ÷Ëß¡’∑—ÈßÀ¡¥
r Àπà«¬  à«π∑’Ë‡À≈◊Õ n-r Àπà«¬ ‡ªìπ¢âÕ¡Ÿ≈ Ÿ≠À“¬ ´÷Ëß (r < n) ‚¥¬°”Àπ¥„Àâ
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(1)

‡¡◊ËÕ A = (d›1)(d›2), B = (d›1)(d›4), C = (d›2)(d›3)(d›4) ·≈– 

´÷Ëß d ‡ªìπ®”π«π®√‘ß∫«°

µ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√∑’Ë„™â¢âÕ¡Ÿ≈∑’Ëª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬ ¡°“√ (1) Õ¬Ÿà„π√Ÿª

(2)

‡ªìπµ—«ª√–¡“≥§à“∑’Ë‡Õπ‡Õ’¬ß ‚¥¬¡’§à“‡Õπ‡Õ’¬ß (Bias) ¥—ßπ’È

(3)

‡¡◊ËÕ , ·≈– 

‚¥¬∑’Ë CY §◊Õ  —¡ª√– ‘∑∏‘Ï°“√·ª√º—π¢Õß¢âÕ¡Ÿ≈¢Õßµ—«·ª√∑’Ë π„® Y
CX §◊Õ  —¡ª√– ‘∑∏‘Ï°“√·ª√º—π¢Õß¢âÕ¡Ÿ≈¢Õßµ—«·ª√™à«¬ X

·≈– ρYX §◊Õ  —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å√–À«à“ßµ—«·ª√∑’Ë π„® Y ·≈–µ—«·ª√™à«¬ X

·≈–¡’§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬

(4)

´÷Ëßæ∫«à“ MSE(Td1) ¡’§à“µË” ÿ¥°ÁµàÕ‡¡◊ËÕ

(5)

®“° (5) ‡¡◊ËÕ∑√“∫§à“ ρYX, CY ·≈– CX  “¡“√∂À“§à“ d ∑’Ë‡À¡“– ¡‰¥â ·≈–®–‰¥â§à“
§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬∑’Ë‡À¡“– ¡ ¥—ßπ’È
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(6)

‡¡◊ËÕ  §◊Õ §«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈¢Õßµ—«·ª√∑’Ë π„® Y

 ”À√—∫«‘∏’∑’Ë Õß∑’Ë Singh ·≈–§≥– [2] ‡ πÕ°“√·∑π§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬‚¥¬„™â¢âÕ¡Ÿ≈¢Õßµ—«·ª√

™à«¬ x ®“°∑—Èß n Àπà«¬ ‚¥¬°”Àπ¥„Àâ

  (7)

‡¡◊ËÕ A = (d›1)(d›2), B = (d›1)(d›4), C = (d›2)(d›3)(d›4) ·≈– 

´÷Ëß d ‡ªìπ®”π«π®√‘ß∫«°

µ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√∑’Ë„™â¢âÕ¡Ÿ≈∑’Ëª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬ ¡°“√ (7) Õ¬Ÿà„π√Ÿª

(8)

‡ªìπµ—«ª√–¡“≥§à“∑’Ë‡Õπ‡Õ’¬ß ‚¥¬¡’§à“‡Õπ‡Õ’¬ß (Bias) ¥—ßπ’È

(9)

¡’§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬

(10)

·≈–§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬∑’Ë‡À¡“– ¡ ¥—ßπ’È

(11)

¥—ßπ—Èπ „π°“√»÷°…“§√—Èßπ’È‡√“®÷ß π„®»÷°…“µ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√ ‚¥¬ª√–¬ÿ°µå„™âµ—«ª√–¡“≥§à“ Td1

¢Õß Singh ·≈–§≥– [2]
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«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬
1. ‡æ◊ËÕ‡ πÕµ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√„π°“√ ”√«®µ—«Õ¬à“ß‡¡◊ËÕ¡’¢âÕ¡Ÿ≈ Ÿ≠À“¬‚¥¬°“√ª√—∫

µ—«ª√–¡“≥§à“ Td1

2. ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õßµ—«ª√–¡“≥§à“∑’Ëπ”‡ πÕ°—∫µ—«ª√–¡“≥§à“ Td1, Td2,

µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬ °“√ª√–¡“≥
¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´ ·≈–«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈
 Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—°

«‘∏’°“√¥”‡π‘π°“√«‘®—¬
«‘∏’°“√¥”‡π‘π°“√«‘®—¬¡’¢—ÈπµÕπ¥—ßπ’È

1. »÷°…“ß“π«‘®—¬¥—ß∑’Ë‰¥â°≈à“«¡“¢â“ßµâπ ‚¥¬‡√“¡’§«“¡ π„®∑’Ë®–ª√—∫µ—«ª√–¡“≥§à“ Td1 ¢Õß

Singh ·≈–§≥– [2] „Àâ‡ªìπµ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√„À¡à „Àâ Tnew ·∑πµ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√

„À¡à ´÷Ëß°”Àπ¥¥—ßπ’È

(12)

‡¡◊ËÕ Td1 §◊Õ µ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√¢Õß Singh ·≈–§≥– [2] ·≈– λ §◊Õ §à“§ßµ—«∑’Ë

∑”„Àâ§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬¢Õß Tnew ¡’§à“µË” ÿ¥

2. À“§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬¢Õßµ—«ª√–¡“≥§à“∑’Ëπ”‡ πÕ

3. ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õßµ—«ª√–¡“≥§à“∑’Ëπ”‡ πÕ·≈–µ—«ª√–¡“≥§à“ Td1, Td2,

µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬ °“√ª√–¡“≥

¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´·≈–«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈

 Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° ‚¥¬„™â§à“ the root mean square error

(RMSE) ´÷Ëß‡√“°≈à“««à“ µ—«ª√–¡“≥§à“  ‡ªìπµ—«ª√–¡“≥§à“∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“  °ÁµàÕ‡¡◊ËÕ RMSE

( ) < RMSE( )

4. · ¥ßµ—«Õ¬à“ß‡™‘ßµ—«‡≈¢‡æ◊ËÕ π—∫ πÿπº≈°“√»÷°…“„π‡™‘ß∑ƒ…Æ’‚¥¬„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å

‡¢’¬π¥â«¬‚ª√·°√¡ R ´÷Ëß¥”‡π‘π°“√ ¥—ßπ’È
4.1 ¢âÕ¡Ÿ≈®“°√“§“∑Õß§”¬âÕπÀ≈—ß®“° ¡“§¡§â“∑Õß§” (Gold Traders Association)

µ—Èß·µà«—π∑’Ë 28 ¡’π“§¡ 2553 ®π∂÷ß«—π∑’Ë 1 µÿ≈“§¡ 2554 ¢π“¥ª√–™“°√ N ‡∑à“°—∫ 1,219 ÷́Ëßª√–°Õ∫
¥â«¬µ—«·ª√™à«¬ X §◊Õ √“§“∑Õßµà“ßª√–‡∑» µ—«·ª√∑’Ë π„® Y §◊Õ √“§“∑Õß§”·∑àß 96.5% ≥ √–¥—∫§à“
 —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation coefficient) ‡∑à“°—∫ 0.97 ·≈–¢âÕ¡Ÿ≈®“°√“§“¢â“«ÀÕ¡¡–≈‘¬âÕπ
À≈—ß®“°°√¡°“√§â“¿“¬„π °√–∑√«ßæ“≥‘™¬å µ—Èß·µà«—π∑’Ë 1 ¡°√“§¡ 2550 ®π∂÷ß«—π∑’Ë 1 æƒ»®‘°“¬π 2554
¢π“¥ª√–™“°√ N ‡∑à“°—∫ 1,147 ª√–°Õ∫¥â«¬µ—«·ª√™à«¬ X §◊Õ √“§“¢â“«‡ª≈◊Õ°ÀÕ¡¡–≈‘ (™π‘¥ ’‰¥âµâπ
¢â“« 32-46 °√—¡) πÈ”Àπ—° 1000 °‘‚≈°√—¡ µ—«·ª√∑’Ë π„® Y §◊Õ √“§“¢â“«ÀÕ¡¡–≈‘ 100% ™—Èπ 1 πÈ”Àπ—°
100 °‘‚≈°√—¡ ≥ √–¥—∫§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation coefficient) ‡∑à“°—∫ 0.91
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4.2 ∑¥ Õ∫√–¥—∫§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å√–À«à“ßµ—«·ª√∑’Ë π„® Y ·≈–µ—«·ª√™à«¬ X
«à“¡’√–¥—∫§«“¡ —¡æ—π∏åµ“¡∑’Ë√–∫ÿ‰«âÀ√◊Õ‰¡à

4.3 ™—°µ—«Õ¬à“ß (n) ¢π“¥ = 1% ·≈– 2% ¢Õß¢π“¥ª√–™“°√ (N) ¥â«¬ «‘∏’°“√™—°
µ—«Õ¬à“ß·∫∫ßà“¬™π‘¥·∑π∑’Ë (simple random sampling with replacement À√◊Õ SRS) Chaimongkol
·≈– Suwattee [3]

4.4  ÿà¡µ”·Àπàß°“√ Ÿ≠À“¬¢Õß¢âÕ¡Ÿ≈„Àâ°—∫µ—«·ª√∑’Ë π„® Y ‚¥¬ ÿà¡¢π“¥ 5%, 10%,
15% ·≈– 20% ¢Õß¢π“¥µ—«Õ¬à“ß (n) Little ·≈– Rubin [4]

4.5 À“§à“ d ∑’Ë‡À¡“– ¡‚¥¬„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å‡¢’¬π¥â«¬‚ª√·°√¡ maple ®“°

 
(13)

·≈â«π”§à“ d ∑’Ë‰¥â∑—Èß 3 §à“ ·∑π≈ß„π§à“ A = (d›1)(d›2).
B = (d›1)(d›4) ·≈– C = (d›2)(d›3)(d›4)

4.6 π”§à“ A, B ·≈– C ∑’Ë‰¥â·∑π§à“≈ß„πµ—«ª√–¡“≥§à“ Td1, Td2 ·≈–µ—«ª√–¡“≥§à“

Tnew ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬µ—«ª√–¡“≥§à“ Td1, Td2 ·≈–µ—«ª√–¡“≥§à“ Tnew

4.7 ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß§à“ (the root mean square error À√◊Õ RMSE) ¢Õß

µ—«ª√–¡“≥§à“∑’Ëπ”‡ πÕ ·≈–µ—«ª√–¡“≥§à“ Td1, Td2, µ—«ª√–¡“≥§à“ ‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬

«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬, °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π, °“√ª√–¡“≥
¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´ ·≈–«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫
∂à«ßπÈ”Àπ—°

º≈°“√«‘®—¬
º≈°“√«‘®—¬∑’Ë‡√“µâÕß°“√ ”À√—∫°“√»÷°…“§√—Èßπ’È §◊Õ µ—«ª√–¡“≥§à“∑’Ëª√–¬ÿ°µå¡“®“°·π«§‘¥¢Õß

Singh ·≈–§≥– [2] ‡ß◊ËÕπ‰¢∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ¢Õßµ—«ª√–¡“≥§à“∑’Ëπ”‡ πÕ¥’°«à“µ—«ª√–¡“≥§à“

Td1, Td2, µ—«ª√–¡“≥§à“ ‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬,

°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π, °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´·≈–«‘∏’°“√

ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° ´÷Ëß‡√“®–π”‡ πÕ‡ªìπ≈”¥—∫ ¥—ßπ’È

1. µ—«ª√–¡“≥§à“∑’Ëª√–¬ÿ°µå¡“®“°·π«§‘¥¢Õß Singh ·≈–§≥– [2] æ‘®“√≥“§«“¡§≈“¥-

‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬¢Õßµ—«ª√–¡“≥§à“ Tnew π—Ëπ§◊Õ
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®“°§«“¡‡Õπ‡Õ’¬ß¢Õßµ—«ª√–¡“≥§à“ Td1 §◊Õ b(Td1) = E(Td1)›  À√◊Õ E(Td1) =  + b(Td1)

¥—ßπ—Èπ‡√“®–‰¥â

‚¥¬∑’Ë

(14)

´÷Ëß‰¥â®“° ¡°“√ (6)

µàÕ‰ªÀ“§à“§«“¡‡Õπ‡Õ’¬ß¢Õßµ—«ª√–¡“≥§à“§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬®“°
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¥—ßπ—Èπ‡√“®–‰¥â

(15)

µàÕ‰ª‡√“®–À“§à“ λ ∑’Ë∑”„Àâ§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬¢Õß Tnew ¡’§à“µË” ÿ¥ ¥—ßπ’È

´÷Ëß∑”„Àâ‰¥â MSE(Tnew) ¡’§à“µË” ÿ¥‡¡◊ËÕ

„Àâ   = 0

 (16)

¥—ßπ—Èπµ—«ª√–¡“≥§à“∑’Ëª√–¬ÿ°µå¡“®“°·π«§‘¥¢Õß Singh ·≈–§≥– [2] À√◊Õ

¡’§à“ MSE(Tnew) µË” ÿ¥°ÁµàÕ‡¡◊ËÕ§à“ λ ‰¥â¡“®“° ¡°“√ (16)

2. ‡ß◊ËÕπ‰¢∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ¢Õß Tnew ¥’°«à“ Td1  “¡“√∂æ‘®“√≥“‰¥â ¥—ßπ’È
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´÷Ëß MSE(Tnew)›MSE(Td1) < 0 °ÁµàÕ‡¡◊ËÕ

(17)

µàÕ‰ª‡√“®–À“‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡¢Õß§à“ λ ∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ¢Õß Tnew ¥’°«à“ Td1 ‚¥¬·∫àß

°“√æ‘®“√≥“ÕÕ°‡ªìπ Õß°√≥’ ¥—ßπ’È
°√≥’∑’Ë 1 ∂â“ λ < 1
®“°Õ ¡°“√ (17) À“√µ≈Õ¥¥â«¬ (λ›1) ‡√“®–‰¥â«à“

‚¥¬°”Àπ¥„Àâ  

„π°√≥’π’È‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡¢Õß§à“ λ §◊Õ

k* < λ < 1 (18)

°√≥’∑’Ë 2 ∂â“ λ > 1
®“°Õ ¡°“√ (17) À“√µ≈Õ¥¥â«¬ (λ›1) ‡√“®–‰¥â«à“
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„π°√≥’π’È‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡¢Õß§à“ λ §◊Õ

1< λ < k* (19)

¥—ßπ—Èπ ®“°∑—Èß Õß°√≥’ MSE(Tnew) ¡’§à“πâÕ¬°«à“ MSE(Td1) À√◊Õ MSE(Tnew) ¡’

ª√– ‘∑∏‘¿“æ¥’°«à“ MSE(Td1) °ÁµàÕ‡¡◊ËÕ§à“ λ  Õ¥§≈âÕß°—∫Õ ¡°“√‡ß◊ËÕπ‰¢ (18) À√◊Õ (19)

¢âÕ —ß‡°µ
1. ‡√“®–‡ÀÁπ‰¥â«à“§à“ λ ∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ¢Õß Tnew ¥’°«à“ Td1 ¡’‰¥â¡“°¡“¬À≈“¬§à“ ·µà§à“

λ ∑’Ë∑”„Àâ Tnew ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥ §◊Õ §à“ λ ∑’Ë‰¥â¡“®“° ¡°“√ (16)

2. æ‘®“√≥“§à“ λ „π ¡°“√ (16) ·≈–§à“  k* „πÕ ¡°“√ (18) ·≈– (19) ‡√“®–‡ÀÁπ«à“ λ

·≈– k* ®–¡’§à“πâÕ¬°«à“Àπ÷Ëß°ÁµàÕ‡¡◊ËÕ  ·≈–„π∑“ß°≈—∫°—π λ ·≈– k* ®–¡’§à“

¡“°°«à“Àπ÷Ëß°ÁµàÕ‡¡◊ËÕ 

µ—«Õ¬à“ß‡™‘ßµ—«‡≈¢
„πÀ—«¢âÕπ’È‡ªìπ°“√»÷°…“À√◊Õ∑¥ Õ∫«à“º≈≈—æ∏å‡™‘ßµ—«‡≈¢¡’§«“¡ Õ¥§≈âÕß°—∫º≈≈—æ∏å‡™‘ß

∑ƒ…Æ’À√◊Õ‰¡à ¥—ßπ—Èπ ‡√“®÷ßπ”‡ πÕµ—«Õ¬à“ß‡™‘ßµ—«‡≈¢‡æ◊ËÕ· ¥ß„Àâ‡ÀÁπ«à“º≈≈—æ∏å‡™‘ßµ—«‡≈¢ π—∫ πÿπ
º≈°“√»÷°…“„π‡™‘ß∑ƒ…Æ’∑’Ë‰¥â„πÀ—«¢âÕ∑’Ëºà“π¡“ ´÷Ëßµ—«Õ¬à“ß∑’ËºŸâ«‘®—¬π”¡“‡ πÕ„πß“π«‘®—¬π’Èπ”¢âÕ¡Ÿ≈¡“®“°
 ¡“§¡§â“∑Õß§” (Gold Traders Association)

µ—«Õ¬à“ß∑’Ë 1 ª√–™“°√∑’Ë‡ªìπµ—«Õ¬à“ß„π°“√§”π«≥„™â¢âÕ¡Ÿ≈®“°√“§“∑Õß§”¬âÕπÀ≈—ß®“°
 ¡“§¡§â“∑Õß§” (Gold Traders Association) µ—Èß·µà«—π∑’Ë 28 ¡’π“§¡ 2553 ®π∂÷ß«—π∑’Ë 1 µÿ≈“§¡ 2554
§”π«≥¥â«¬‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å‚¥¬„™â‚ª√·°√¡ R 2.13.1 ·≈–‚ª√·°√¡ Maple7 ´÷Ëß¢âÕ¡Ÿ≈ª√–™“°√ N
¡’¢π“¥‡∑à“°—∫ 1219 ª√–°Õ∫¥â«¬ µ—«·ª√™à«¬ X §◊Õ √“§“∑Õßµà“ßª√–‡∑» µ—«·ª√∑’Ë π„® Y §◊Õ √“§“

∑Õß§”·∑àß 96.5% ≥ √–¥—∫§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation coefficient) ‡∑à“°—∫ 0.97 ≈—°…≥–

¢Õßª√–™“°√¢Õßµ—«·ª√™à«¬ X = 1479.72 µ—«·ª√∑’Ë π„®  = 21441.3 ·≈– ρ = 0.97748
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µ“√“ß∑’Ë 1 · ¥ß°“√‡ª√’¬∫‡∑’¬∫«‘∏’°“√ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬‚¥¬§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation
coefficient) ‡∑à“°—∫ 0.97

n m d k* λ root mean square error

MI RAT COMP WNR Td2 Td1 Tnew

13 5 1.510149 0.9999930 0.9999980 636.69169 612.38411 611.76421 757.36279 193.79686 73.37749 62.46432

2.060511 0.9999930 0.9999980 636.69169 612.38411 611.76421 757.36279 193.79686 73.37749 62.46430

12.090167 0.9999930 0.9999980 636.69169 612.38411 611.76421 757.36279 193.79686 73.37749 62.46433

10 1.541730 1.0051560 1.0025780 754.32537 725.75905 724.84092 1719.46140 233.44700 91.35741 72.84549

2.063123 1.0051560 1.0025780 754.32537 725.75905 724.84092 1719.46140 233.44700 91.35741 72.84536

11.417991 1.0051560 1.0025780 754.32537 725.75905 724.84092 1719.46140 233.44700 91.35741 72.84550

15 1.542186 1.0052166 1.0026395 754.46726 725.91520 724.99481 1848.87480 234.17731 93.25965 75.24578

2.063164 1.0051539 1.0025770 754.46726 725.91520 724.99481 1848.87480 234.17731 93.25965 75.23389

11.408835 1.0051539 1.0025770 754.46726 725.91520 724.99481 1848.87480 234.17731 93.25965 75.23390

20 1.541401 1.0062017 1.0031018 826.25457 762.36571 760.27051 4084.34390 346.37943 95.91018 69.34235

2.063094 1.0061998 1.0030999 826.25457 762.36571 760.27051 4084.34390 346.37943 95.91018 69.34218

11.424602 1.0061998 1.0030999 826.25457 762.36571 760.27051 4084.34390 346.37943 95.91018 69.34237

25 5 1.397881 1.0030220 1.0015110 605.87223 593.73868 593.58472 658.55214 140.40754 74.01101 66.56700

2.099960 1.0030220 1.0015110 605.87223 593.73868 593.58472 658.55214 140.40754 74.01101 66.56697

14.709459 1.0030220 1.0015110 605.87223 593.73868 593.58472 658.55214 140.40754 74.01101 66.56700

10 1.396770 1.0033203 1.0016686 633.04556 607.43082 607.10502 638.65743 191.97563 76.02422 67.30464

2.099859 1.0033032 1.0016516 633.04556 607.43082 607.10502 638.65743 191.97563 76.02422 67.30359

14.749100 1.0033032 1.0016516 633.04556 607.43082 607.10502 638.65743 191.97563 76.02422 67.30366

15 1.393099 1.0036310 1.0018134 661.09628 620.28705 619.77642 5286.90410 233.92496 59.98271 45.65767

2.099530 1.0036352 1.0018176 661.09628 620.28705 619.77642 5286.90410 233.92496 59.98271 45.65756

14.881649 1.0036352 1.0018176 661.09628 620.28705 619.77642 5286.90410 233.92496 59.98271 45.65760

20 1.392961 1.0040014 1.0019998 692.80209 635.03895 634.30802 12908.90100 278.89470 52.89651 31.04113

2.099517 1.0040032 1.0020016 692.80209 635.03895 634.30802 12908.90100 278.89470 52.89651 31.04089

14.886680 1.0040032 1.0020016 692.80209 635.03895 634.30802 12908.90100 278.89470 52.89651 31.04113

®“°µ“√“ß∑’Ë 1 ‡√“®–‡ÀÁπ«à“ MSE(Tnew) ¡’§à“πâÕ¬°«à“ MSE(Td1) ·≈–‡¡◊ËÕæ‘®“√≥“§à“ λ ∑’Ë

§”π«≥‰¥â®“° ¡°“√ (16) ‡√“æ∫«à“  ¡’§à“πâÕ¬°«à“ λ ́ ÷Ëß¡’§à“πâÕ¬°«à“ 1

· ¥ß«à“§à“ λ ∑’Ë§”π«≥‰¥â Õ¥§≈âÕß°—∫Õ ¡°“√ (18) ·≈–  ¡’§à“

¡“°°«à“ λ ´÷Ëß¡’§à“¡“°°«à“ 1 · ¥ß«à“§à“ λ ∑’Ë§”π«≥‰¥â Õ¥§≈âÕß°—∫Õ ¡°“√ (19) ®÷ß∑”„Àâª√– ‘∑∏‘¿“æ

¢Õß Tnew ¥’°«à“ Td1
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µ—«Õ¬à“ß∑’Ë 2 ª√–™“°√∑’Ë‡ªìπµ—«Õ¬à“ß„π°“√§”π«≥„™â¢âÕ¡Ÿ≈®“°√“§“¢â“«ÀÕ¡¡–≈‘¬âÕπÀ≈—ß
®“°°√¡°“√§â“¿“¬„π °√–∑√«ßæ“≥‘™¬å µ—Èß·µà«—π∑’Ë 1 ¡°√“§¡ 2550 ®π∂÷ß«—π∑’Ë 1 æƒ»®‘°“¬π 2554
§”π«≥¥â«¬‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å‚¥¬„™â‚ª√·°√¡ R 2.13.1 ·≈–‚ª√·°√¡ Maple7 ´÷Ëß¢âÕ¡Ÿ≈ª√–™“°√ N ¡’
¢π“¥‡∑à“°—∫ 1147 ª√–°Õ∫¥â«¬ µ—«·ª√™à«¬ X §◊Õ √“§“¢â“«‡ª≈◊Õ°ÀÕ¡¡–≈‘ (™π‘¥ ’‰¥âµâπ¢â“« 32-46
°√—¡) πÈ”Àπ—° 1000 °‘‚≈°√—¡ µ—«·ª√∑’Ë π„® §◊Õ Y √“§“¢â“«ÀÕ¡¡–≈‘ 100% ™—Èπ 1 πÈ”Àπ—° 100 °‘‚≈°√—¡
≥ √–¥—∫§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correlation coefficient) ‡∑à“°—∫ 0.91 ≈—°…≥–¢Õßª√–™“°√¢Õß

µ—«·ª√™à«¬ X = 13269.49 µ—«·ª√∑’Ë π„®  = 2713.94 ·≈– ρ = 0.916703

µ“√“ß∑’Ë 2 · ¥ß°“√‡ª√’¬∫‡∑’¬∫«‘∏’°“√ª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬‚¥¬§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (correla-

tion coefficient) ‡∑à“°—∫ 0.91

n m d k* λ root mean square error

MI RAT COMP WNR Td2 Td1 Tnew

12 5 1.966920 1.0001122 1.0000561 48.58824 49.67618 48.10681 1790.01678 35.85464 34.88393 34.88359

2.451553 1.0001090 1.0000545 48.58824 49.67618 48.10681 1790.01678 35.85519 34.88454 34.88423

5.274912 1.0001122 1.0000561 48.58824 49.67618 48.10681 1790.01678 35.85464 34.88393 34.88359

10 1.742112 1.0056660 1.0028978 125.48274 122.02115 121.59833 797.55077 72.46244 64.99265 64.56069

2.092745 1.0055357 1.0027678 125.48274 122.02115 121.59833 797.55077 72.46244 64.99265 64.55974

8.398822 1.0055357 1.0027678 125.48274 122.02115 121.59833 797.55077 72.46244 64.99265 64.55974

15 1.513531 1.0134302 1.0068189 177.07469 164.53838 163.67565 829.56058 87.44966 57.73937 54.92440

2.110635 1.0119090 1.0059686 177.07469 164.53838 163.67565 829.56058 88.42489 59.49806 57.30014

11.519923 1.0119090 1.0059686 177.07469 164.53838 163.67565 829.56058 88.15752 59.01918 55.79973

20 1.033993 1.0234480 1.0118619 197.91859 189.76037 189.76001 4704.33402 73.03193 42.11720 28.44016

2.041570 1.0231659 1.0115829 197.91859 189.76037 189.76001 4704.33402 73.03193 42.11720 28.43014

170.460293 1.0231658 1.0115829 197.91859 189.76037 189.76001 4704.33402 73.03193 42.11720 28.43031

23 5 1.538243 1.0043931 1.0022128 108.50140 106.64775 106.58313 277.80846 51.85900 47.79757 47.43174

2.114195 1.0043603 1.0021801 108.50140 106.64775 106.58313 277.80846 51.85900 47.79757 47.43165

11.004862 1.0043603 1.0021801 108.50140 106.64775 106.58313 277.80846 51.85900 47.79757 47.43165

10 1.567199 1.0055358 1.0028396 113.22061 111.20858 111.11813 237.63493 51.86731 46.93469 46.36585

2.118875 1.0053916 1.0026958 113.22061 111.20858 111.11813 237.63493 51.86731 46.93469 46.36421

10.454388 1.0053916 1.0026958 113.22061 111.20858 111.11813 237.63493 51.86731 46.93469 46.36421

15 1.458283 1.0070480 1.0035417 121.08739 114.08033 113.92242 657.49496 61.53041 44.29611 43.26966

2.103847 1.0070123 1.0035061 121.08739 114.08033 113.92242 657.49496 61.53041 44.29611 43.26954

12.860635 1.0070123 1.0035061 121.08739 114.08033 113.92242 657.49496 61.53041 44.29611 43.26955

20 1.513531 1.0080288 1.0040648 129.03307 118.76485 118.43549 6612.15355 67.33408 42.72617 41.36213

2.110635 1.0079272 1.0039636 129.03307 118.76485 118.43549 6612.15355 67.33408 42.72617 41.36122

11.519923 1.0079272 1.0039636 129.03307 118.76485 118.43549 6612.15355 67.33408 42.72617 41.36123
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®“°µ“√“ß∑’Ë 1 ‡√“®–‡ÀÁπ«à“ MSE(Tnew) ¡’§à“πâÕ¬°«à“ MSE(Td1) ·≈–‡¡◊ËÕæ‘®“√≥“§à“ λ ∑’Ë’

§”π«≥‰¥â®“° ¡°“√ (16) ‡√“æ∫«à“  ¡’§à“¡“°°«à“ λ ´÷Ëß¡’§à“¡“°°«à“ 1

· ¥ß«à“§à“ λ ∑’Ë§”π«≥‰¥â Õ¥§≈âÕß°—∫Õ ¡°“√ (19) ®÷ß∑”„Àâª√– ‘∑∏‘¿“æ¢Õß Tnew ¥’°«à“ Td1

 √ÿªº≈°“√«‘®—¬
µ—«ª√–¡“≥§à“‡©≈’Ë¬ª√–™“°√„π°“√ ”√«®µ—«Õ¬à“ß‡¡◊ËÕ¡’¢âÕ¡Ÿ≈ Ÿ≠À“¬∑’Ëπ”‡ πÕ„πß“π«‘®—¬π’È

‡√“‰¥âª√–¬ÿ°µå„™â«‘∏’°“√À“µ—«ª√–¡“≥§à“¢Õß Singh ·≈–§≥– [2] „π°“√ª√—∫µ—«ª√–¡“≥§à“ (Td1) „Àâ‡ªìπ
µ—«ª√–¡“≥§à“„À¡à (Tnew) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õßµ—«ª√–¡“≥§à“µ—«„À¡à∑’Ëπ”‡ πÕ°—∫µ—«
ª√–¡“≥§à“ Td1, Td2, µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬,
°“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π, °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´·≈–«‘∏’°“√
ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° (‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ‚¥¬„™â§à“
the root mean square error À√◊Õ RMSE æ∫«à“µ—«ª√–¡“≥§à“ Tnew ¡’ª√– ‘∑∏‘¿“æ¥’°«à“µ—«ª√–¡“≥§à“
Td1, Td2, µ—«ª√–¡“≥§à“‡¡◊ËÕª√–¡“≥§à“¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬«‘∏’ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“‡©≈’Ë¬, °“√
ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“Õ—µ√“ à«π, °“√ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“§Õ¡‚æ√‰¡´·≈–«‘∏’°“√
ª√–¡“≥¢âÕ¡Ÿ≈ Ÿ≠À“¬¥â«¬§à“∂¥∂Õ¬¢Õß§à“‡¢â“„°≈â ÿ¥·∫∫∂à«ßπÈ”Àπ—° ¿“¬„µâ‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥ (§à“ λ „π
 ¡°“√ (16) µâÕß Õ¥§≈âÕß°—∫Õ ¡°“√‡ß◊ËÕπ‰¢ (18) À√◊Õ (19)) πÕ°®“°π’Èº≈≈—æ∏å‡™‘ßµ—«‡≈¢∑’Ë‰¥â
π”‡ πÕ∑—Èß Õßµ—«Õ¬à“ß¬—ß π—∫ πÿπº≈°“√»÷°…“„π‡™‘ß∑ƒ…Æ’¢â“ßµâπ‰¥â‡ªìπÕ¬à“ß¥’

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ºŸâ∑√ß§ÿ≥«ÿ≤‘∑’Ë‰¥âÕà“πº≈ß“π«‘®—¬·≈–‰¥â°√ÿ≥“„Àâ§”·π–π”·≈–·°â‰¢

¢âÕ∫°æ√àÕßµà“ßÊ ®π∑”„Àâº≈ß“π«‘®—¬π’È¡’§«“¡∂Ÿ°µâÕß·≈– ¡∫Ÿ√≥å¡“°¬‘Ëß¢÷Èπ
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