
Kasetsart J. (Soc. Sci) 33 : 442 - 453 (2012) «. ‡°…µ√»“ µ√å ( —ß§¡) ªï∑’Ë 33 : 442 - 453 (2555)

√–¥—∫ ‘π§â“§ß§≈—ß ”√Õß ”À√—∫ ‘π§â“∑’Ë¡’§«“¡µâÕß°“√ ‘π§â“

‡™‘ßƒ¥Ÿ°“≈À√◊Õ¡’§«“¡º—π·ª√ Ÿß

Safety Stock Levels for Products with Seasonality

or High Variability in Demand

ª√“√∂π“ ª√“√∂π“¥’ ·≈–  ÿ√—µπå  ÿ¢µâÕ

Parthana Parthanadee and Surat Suktor

ABSTRACT

This research considered methods for setting safety stock levels for products with seasonal demand
or high variability in demand. The standard method was compared to the seasonal safety stock calculation
method and the method proposed in Krupp (1997). Thirty three data sets of actual sales of agro-industrial
products were used in the study. The results from the randomized complete block design analysis revealed
that the standard method set higher safety stock levels and thus yielded a lower percentage of being out of
stock during the replenishment lead time than the other two methods did, whereas the seasonal safety stock
calculation method had higher out of stock levels, at the significance level of .05. It could be noticed that
the seasonal safety stock calculation method and the method proposed by Krupp seemed to be suitable for
many products with fairly apparent seasonality in demand. The seasonal safety stock calculation method
seemed to be suitable for the seasonal demand data with no trend or low trend. The method proposed by
Krupp seemed to be suitable with data sets with low MAPE, whereas the standard method seemed to be
suitable with data sets having high variability in demand. Applying the Technique for Order Preference by
Similarity to an Ideal Solution (TOPSIS), it was found that when the weight w for the safety stock level
measure was set low (or in other words the weight for the out of stock level measure was set high), the
standard method would be best. When the weight w was set higher, the percentage of products that were
suitable with the method proposed by Krupp and the seasonal safety stock calculation method became higher.
The percentage of products that were suitable with the method proposed by Krupp was almost always higher
than that with the seasonal safety stock calculation method.
Keywords: safety stock levels, seasonal demand products, products with high variability in demand
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È»÷°…“°“√°”Àπ¥√–¥—∫§ß§≈—ß ”√Õß

∑’Ë‡À¡“– ¡ ”À√—∫ ‘π§â“∑’Ë¡’§«“¡µâÕß°“√ ‘π§â“‡™‘ß

ƒ¥Ÿ°“≈À√◊Õ¡’§«“¡º—π·ª√ Ÿß ‡ª√’¬∫‡∑’¬∫√–À«à“ß

«‘∏’¡“µ√∞“π°—∫«‘∏’°”Àπ¥√–¥—∫§ß§≈—ß ”√Õßµ“¡

ƒ¥Ÿ°“≈·≈–«‘∏’∑’Ëπ”‡ πÕ‚¥¬ Krupp (1997) ‚¥¬„™â

¢âÕ¡Ÿ≈ ‘π§â“Õÿµ “À°√√¡‡°…µ√®√‘ß ®”π«π 33 √“¬°“√

‡¡◊ËÕ∑”°“√«‘‡§√“–Àåº≈∑“ß ∂‘µ‘¥â«¬«‘∏’°“√ ÿà¡„π

∫≈Õ§ ¡∫Ÿ√≥å æ∫«à“ ∑’Ë √–¥—∫π—¬ ”§—≠ .05 «‘ ∏’

¡“µ√∞“π¡’§à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß ‘π§â“§ß§≈—ß

 ”√ÕßµàÕª√‘¡“≥Õÿª ß§å®√‘ß Ÿß°«à“«‘∏’§”π«≥

ª√‘¡“≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp

¥—ßπ—Èπ®÷ß¡’§à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß°“√‡°‘¥°“√¢“¥ ‘π§â“

„π√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡ ‘π§â“µË”°«à“«‘∏’§”π«≥

ª√‘¡“≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp

¢≥–∑’Ë«‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈¡’§à“‡©≈’Ë¬

¢Õß√âÕ¬≈–¢Õßª√‘¡“≥ ‘π§â“¢“¥µàÕª√‘¡“≥Õÿª ß§å®√‘ß

 Ÿß°«à“«‘∏’¢Õß Krupp ·≈–«‘∏’¡“µ√∞“π ·≈– —ß‡°µ

‰¥â«à“ «‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß

Krupp ¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’≈—°…≥–§«“¡

µâÕß°“√ ‘π§â“‡ªìπ·∫∫‡™‘ßƒ¥Ÿ°“≈∑’Ë§àÕπ¢â“ß™—¥‡®π

‚¥¬«‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈¡—°®–‡À¡“–

 ¡°—∫¢âÕ¡Ÿ≈∑’Ë‡ªìπ‡™‘ßƒ¥Ÿ°“≈∑’Ë‰¡à¡’·π«‚πâ¡ À√◊Õ¡’

·π«‚πâ¡‡æ’¬ß‡≈Á°πâÕ¬ «‘∏’¢Õß Krupp ¡—°®–‡À¡“–

 ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’§à“ MAPE µË” „π¢≥–∑’Ë«‘∏’¡“µ√∞“π

¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’§«“¡·ª√º—π Ÿß¡“°

®“°°“√«‘‡§√“–Àåº≈¥â«¬ TOPSIS æ∫«à“ ‡¡◊ËÕπÈ”Àπ—°

§«“¡ ”§—≠∑’Ë„Àâ°—∫µ—«™’È«—¥¥â“πª√‘¡“≥ ‘π§â“§ß§≈—ß

 ”√Õß w ¡’§à“µË” (À√◊ÕπÈ”Àπ—°¢Õßµ—«™’È«—¥¥â“πª√‘¡“≥

 ‘π§â“¢“¥¡’§à“ Ÿß) «‘∏’¡“µ√∞“π®–‡ªìπ«‘∏’∑’Ë‡À¡“– ¡

∑’Ë ÿ¥ ‡¡◊ËÕπÈ”Àπ—° w ¡’§à“‡æ‘Ë¡¢÷Èπ  —¥ à«π¢Õß®”π«π

 ‘π§â“∑’Ë‡À¡“– ¡°—∫«‘∏’¢Õß Krupp ·≈–«‘∏’§”π«≥

µ“¡ƒ¥Ÿ°“≈®– Ÿß¢÷Èπ ‚¥¬ —¥ à«π¢Õß®”π«π ‘π§â“∑’Ë

‡À¡“– ¡°—∫«‘∏’¢Õß Krupp ®–¡“°°«à“«‘∏’§”π«≥

µ“¡ƒ¥Ÿ°“≈∑’Ë‡°◊Õ∫∑ÿ°™à«ßπÈ”Àπ—° w

§” ”§—≠: √–¥—∫ ‘π§â“§ß§≈—ß ”√Õß  ‘π§â“∑’Ë¡’Õÿª ß§å

‡™‘ßƒ¥Ÿ°“≈  ‘π§â“∑’Ë¡’§«“¡º—π·ª√¢ÕßÕÿª ß§å Ÿß

∫∑π”

 ‘π§â“§ß§≈—ß ”√Õß (safety stock) ‡ªìπ

 ‘π§â“§ß§≈—ß∑’Ë‡°Á∫‰«â‡°‘π®“°§«“¡µâÕß°“√ ‘π§â“

(demand) ́ ÷ËßµâÕß¡’ ”√ÕßÕ¬Ÿà„π§≈—ßµ≈Õ¥‡«≈“‡æ◊ËÕÀ≈’°

‡≈’Ë¬ßÀ√◊ÕªÑÕß°—π°“√‡°‘¥¿“«– ‘π§â“§ß§≈—ß¢“¥·§≈π∑’Ë

Õ“®‡°‘¥¢÷Èπ‰¥â®“°§«“¡‰¡à·πàπÕπµà“ßÊ „π°“√

¥”‡π‘π∏ÿ√°‘® °“√¡’ ‘π§â“§ß§≈—ß ”√Õß‰«â„πª√‘¡“≥

¡“°¬àÕ¡≈¥§«“¡‡ ’Ë¬ßµàÕ°“√¢“¥ ‘π§â“ ·µà∑”„ÀâºŸâ

ª√–°Õ∫°“√µâÕß‡ ’¬§à“„™â®à“¬„π°“√®—¥‡°Á∫§ß§≈—ß

‡æ‘Ë¡¢÷Èπ ¢≥–∑’Ë°“√¡’ ‘π§â“§ß§≈—ß ”√Õß‰«â„π

ª√‘¡“≥πâÕ¬‡°‘π‰ª Õ“®∑”„ÀâºŸâª√–°Õ∫°“√‡ ’¬

‚Õ°“ „π°“√∑”°”‰√ ·≈–Õ“®‡ ’¬≈Ÿ°§â“‡π◊ËÕß®“°≈Ÿ°§â“

À—π‰ª„™â ‘π§â“¢Õß§Ÿà·¢àß·∑π °“√§«∫§ÿ¡ª√‘¡“≥

 ‘π§â“§ß§≈—ß ”√Õß®÷ß‡ªìπ ‘Ëß∑’Ë¡’§«“¡ ”§—≠µàÕ°“√

¥”‡π‘π∏ÿ√°‘® °“√®—¥°“√ ‘π§â“§ß§≈—ß ”√Õß∑’Ë¥’®–

™à«¬„ÀâºŸâª√–°Õ∫°“√ “¡“√∂≈¥§à“„™â®à“¬„π à«π

¢Õßµâπ∑ÿπ°“√¥”‡π‘πß“π‰¥âÕ’°¥â«¬

„π°“√§”π«≥À“ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß

∑—Ë«‰ª¥â«¬«‘∏’¡“µ√∞“π ∫√‘…—∑¡—°°”Àπ¥√–¥—∫°“√

„Àâ∫√‘°“√‡ªÑ“À¡“¬ (target cycle service level) ‰«â

·≈â«π”¢âÕ¡Ÿ≈§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡µâÕß°“√

 ‘π§â“„πÕ¥’µ¡“„™â§”π«≥À“ª√‘¡“≥ ‘π§â“§ß§≈—ß

 ”√Õß∑’ËµË”∑’Ë ÿ¥∑’Ë∑”„Àâ “¡“√∂µÕ∫ πÕßª√‘¡“≥

§«“¡µâÕß°“√ ‘π§â“„πÕπ“§µ‰¥â ¿“¬„µâ√–¥—∫°“√

„Àâ∫√‘°“√∑’Ë°”Àπ¥ ‚¥¬¡’¢âÕ ¡¡µ‘«à“ §«“¡µâÕß°“√

 ‘π§â“„π™à«ß‡«≈“π”„π√–À«à“ß°“√‡µ‘¡‡µÁ¡ ‘π§â“

(demand during replenishment lead time) ´÷Ëß‡ªìπ

§«“¡µâÕß°“√ ‘π§â“∑’Ë‡°‘¥¢÷Èπ„π™à«ß√–À«à“ßµ—Èß·µà°“√

 —Ëß ◊́ÈÕ ‘π§â“‡æ◊ËÕ‡µ‘¡‡µÁ¡§≈—ß ‘π§â“ ®π°√–∑—Ëß‰¥â√—∫

 ‘π§â“π—Èπ ®–µâÕß¡’≈—°…≥–°“√·®°·®ß·∫∫ª°µ‘

(normal distribution) °“√§”π«≥À“ª√‘¡“≥ ‘π§â“

§ß§≈—ß ”√Õß«‘∏’π’È®–‰¡à‡À¡“–°—∫ ‘π§â“∑’Ë¡’§«“¡
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µâÕß°“√‡ªìπ·∫∫ƒ¥Ÿ°“≈ (seasonal demand product)

À√◊Õ ‘π§â“∑’Ë¡’ª√‘¡“≥§«“¡µâÕß°“√º—π·ª√ Ÿß ÷́Ëß¡’

≈—°…≥–°“√·®°·®ß¢Õß§«“¡µâÕß°“√ ‘π§â“‰¡à‡ªìπ

·∫∫ª°µ‘ ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ«‘‡§√“–Àå

À“«‘∏’°“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß∑’Ë‡À¡“–

 ¡ ”À√—∫ ‘π§â“∑’Ë¡’≈—°…≥–§«“¡µâÕß°“√ ‘π§â“‡™‘ß

ƒ¥Ÿ°“≈À√◊Õ¡’§«“¡º—π·ª√ Ÿß ‚¥¬‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ„π°“√®—¥°“√ ‘π§â“§ß§≈—ß¢Õß«‘∏’°“√

§”π«≥·∫∫¡“µ√∞“π°—∫«‘∏’µà“ßÊ ∑’Ë‰¥â∂Ÿ°π”‡ πÕ

„πß“π«‘®—¬∑’Ëºà“π¡“ ‚¥¬„™â¢âÕ¡Ÿ≈§«“¡µâÕß°“√

 ‘π§â“°≈ÿà¡Õÿµ “À°√√¡‡°…µ√®√‘ß∑’Ë¡’≈—°…≥–§«“¡

µâÕß°“√‡™‘ßƒ¥Ÿ°“≈À√◊Õ¡’§«“¡º—π·ª√ Ÿß ®”π«π 33

™ÿ¥¢âÕ¡Ÿ≈ ·≈–«‘‡§√“–Àåº≈‡æ◊ËÕ √ÿª«‘∏’°“√§”π«≥

ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß∑’Ë‡À¡“– ¡∑’Ë ÿ¥

 —≠≈—°…≥å

CSL §◊Õ √–¥—∫°“√„Àâ∫√‘°“√„π√Õ∫°“√

‡µ‘¡‡µÁ¡ ‘π§â“ (cycle service level)

zα §◊Õ ®”π«π‡∑à“¢Õß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

®“°§à“‡©≈’Ë¬¢Õß§«“¡µâÕß°“√ ‘π§â“ „π™à«ß√–¬–

‡«≈“π”„π°“√‡µ‘¡‡µÁ¡ ‘π§â“√Õ∫Àπ÷ËßÊ µ“¡ CSL ∑’Ë

°”Àπ¥‡∑à“°—∫√âÕ¬≈– (100 › α)

σL §◊Õ  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡

µâÕß°“√ ‘π§â“„π™à«ß√–¬–‡«≈“π”„π°“√‡µ‘¡‡µÁ¡ ‘π§â“

σt §◊Õ ª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“„π™à«ß√–¬–

‡«≈“Àπ÷ËßÊ ‚¥¬∑’Ë t ≤ L

L §◊Õ √–¬–‡«≈“π”„π°“√‡µ‘¡‡µÁ¡ ‘π§â“

SSm §◊Õ ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß ”À√—∫

ƒ¥Ÿ°“≈ (‡¥◊Õπ) m

σm §◊Õ  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡

µâÕß°“√ ‘π§â“„πƒ¥Ÿ°“≈ (‡¥◊Õπ) m

dt §◊Õ §«“¡µâÕß°“√ ‘π§â“®√‘ß„π™à«ß‡«≈“ t

d̂t §◊Õ §à“æ¬“°√≥å¢Õß§«“¡µâÕß°“√ ‘π§â“„π

™à«ß‡«≈“ t

SSt §◊Õ ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß ”À√—∫™à«ß

‡«≈“ t

kMAD §◊Õ µ—«§Ÿ≥¢Õßªí®®—¬¥â“π°“√∫√‘°“√ ́ ÷Ëß

kMAD = 1.25zα
MAD §◊Õ §à“‡©≈’Ë¬¢Õß à«π‡∫’Ë¬ß‡∫π —¡∫Ÿ√≥å

(Mean Absolute Deviation)

TBMn §◊Õ §à“‡©≈’Ë¬¢Õß à«π‡∫’Ë¬ß‡∫π —¡∫Ÿ√≥å∑’Ë

‡ª≈’Ë¬π·ª≈ßµ“¡‡«≈“ „π™à«ß n ™à«ß‡«≈“

°“√µ√«®‡Õ° “√

°“√§”π«≥§ß§≈—ß ”√Õß

„π°“√§”π«≥À“ª√‘¡“≥ ‘π§â“§ß§≈—ß¥â«¬«‘∏’

¡“µ√∞“π ¡—°°”Àπ¥¢âÕ ¡¡µ‘«à“ ª√‘¡“≥§«“¡

µâÕß°“√¢Õß ‘π§â“„π™à«ß√–¬–‡«≈“π”„π°“√‡µ‘¡‡µÁ¡

 ‘π§â“¡’°“√·®°·®ß·∫∫ª°µ‘ (normal distribution)

‚¥¬ “¡“√∂§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß (safety

stock, SS) ‡¡◊ËÕ√–¬–‡«≈“π”„π°“√‡µ‘¡‡µÁ¡ ‘π§â“

(replenishment lead time) ¡’§à“§ß∑’Ë ‰¥â®“° ¡°“√∑’Ë

(1) ·≈– (2)

SS = zaσL (1)

σ σ σL t tL L= =2 (2)

·µà‡π◊ËÕß®“° ‘π§â“∑’Ë¡’§«“¡µâÕß°“√‡ªìπ·∫∫

ƒ¥Ÿ°“≈·≈– ‘π§â“∑’Ë¡’§«“¡µâÕß°“√ ‘π§â“º—π·ª√ Ÿß

π—Èπ®–¡’≈—°…≥–°“√·®°·®ß¢Õß§«“¡µâÕß°“√ ‘π§â“

„π™à«ß‡«≈“π”‰¡à‡ªìπ·∫∫ª°µ‘ °“√§”π«≥À“

ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õßµ“¡«‘∏’¡“µ√∞“π®÷ß‰¡à

‡À¡“– ¡°—∫ ‘π§â“¥—ß°≈à“« °“√π”«‘∏’°“√§”π«≥

ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß¡“µ√∞“π¡“„™âÕ“®∑”„Àâ

‡°‘¥ªí≠À“„π°“√®—¥°“√ ‘π§â“§ß§≈—ßµ“¡¡“ ¥—ßπ—Èπ

Herrin (2005) ®÷ß‰¥â»÷°…“«‘∏’°“√§”π«≥ª√‘¡“≥ ‘π§â“

§ß§≈—ß ”√Õß ”À√—∫ ‘π§â“ƒ¥Ÿ°“≈ ‚¥¬¥—¥·ª≈ß®“°

«‘∏’¡“µ√∞“π §◊Õ ∑”°“√§”π«≥§à“ à«π‡∫’Ë¬ß‡∫π

¡“µ√∞“π¢Õß§à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√æ¬“°√≥å

§«“¡µâÕß°“√ ‘π§â“ (standard deviation of demand

forecasting error) „π·µà≈–‡¥◊Õπ ·≈â«π”§à“¥—ß°≈à“«

¡“„™â§”π«≥À“ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß√“¬‡¥◊Õπ

µ“¡«‘∏’¡“µ√∞“π ·∑π°“√„™â à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
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®“°¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ (overall standard deviation) ·µà

„π∑“ß∑ƒ…Æ’ À“°·∫∫®”≈Õß∑’Ë„™â„π°“√æ¬“°√≥å¡’

§«“¡‡À¡“– ¡·≈â« §à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√

æ¬“°√≥åµâÕß‡ªìπ‰ªµ“¡¢âÕ ¡¡µ‘„π°“√æ¬“°√≥å

´÷Ëß°≈à“««à“ ç§à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√æ¬“°√≥å®–

µâÕß¡“®“°°“√·®°·®ß·∫∫ª°µ‘∑’Ë‡À¡◊Õπ°—π ÷́Ëß¡’§à“

‡©≈’Ë¬¢Õß§à“§«“¡§≈“¥‡§≈◊ËÕπ‡∑à“°—∫ 0 ·≈–§à“§«“¡

·ª√ª√«π§ß∑’Ë ·≈–‡ªìπÕ‘ √–µàÕ°—π (Identically and

Independently distributed, IID)é ´÷Ëß°“√„™â§à“ à«π

‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√

æ¬“°√≥å§«“¡µâÕß°“√ ‘π§â“„π·µà≈–‡¥◊Õπ µ“¡«‘∏’¢Õß

Herrin π—Èπ · ¥ß«à“ §à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√

æ¬“°√≥å„π·µà≈–‡¥◊Õπ¡’≈—°…≥–‰¡à‡ªìπÕ‘ √–µàÕ°—π

°≈à“«§◊Õ ¡’§à“·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫ƒ¥Ÿ°“≈ (‡¥◊Õπ) ∑’Ë

æ‘®“√≥“ ´÷Ëß‰¡à Õ¥§≈âÕß°—∫¢âÕ ¡¡µ‘„π°“√æ¬“°√≥å

¥—ßπ—Èπ ºŸâ«‘®—¬®÷ß‡ÀÁπ«à“ °“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß

 ”√Õß√“¬‡¥◊Õπ‚¥¬„™â§à“ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß

§«“¡µâÕß°“√ ‘π§â“„π·µà≈–‡¥◊Õπ (standard deviation

of demand) ®–¡’§«“¡‡À¡“– ¡¡“°°«à“ π—Ëπ§◊Õ À“°

§«“¡µâÕß°“√ ‘π§â“„π‡¥◊Õπ„¥¡’§«“¡º—π·ª√ Ÿß §«√

¡’ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß Ÿß À“°§«“¡µâÕß°“√

 ‘π§â“„π‡¥◊Õπ„¥¡’§«“¡º—π·ª√µË” §«√¡’ª√‘¡“≥ ‘π§â“

§ß§≈—ß ”√ÕßµË” ÷́ËßÀ≈—°°“√¥—ß°≈à“« Õ¥§≈âÕß°—∫

¢âÕ‡ πÕ·π–„π°“√ª√—∫π‚¬∫“¬°“√®—¥°“√ ‘π§â“

§ß§≈—ß ‡¡◊ËÕ§«“¡µâÕß°“√ ‘π§â“¡’≈—°…≥–‡™‘ßƒ¥Ÿ°“≈ ∑’Ë

‡ πÕ‚¥¬ Chopra and Meindl (2010) „π°√≥’π’È

 “¡“√∂§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß√“¬‡¥◊Õπ‰¥â

¥—ß ¡°“√∑’Ë (3)

SS Z Lm m= ασ (3)

Krupp (1997) ‰¥â‡ πÕ«‘∏’°“√§”π«≥ª√‘¡“≥

 ‘π§â“§ß§≈—ß ”√Õßµ“¡§«“¡º—π·ª√¢Õß§«“¡

µâÕß°“√ ‘π§â“ ‚¥¬„™â§à“‡©≈’Ë¬¢Õß à«π‡∫’Ë¬ß‡∫π —¡∫Ÿ√≥å

∑’Ë‡ª≈’Ë¬π·ª≈ßµ“¡‡«≈“ (Time-based mean absolute

deviation, TBM) æ‘®“√≥“√à«¡°—∫µ—«§Ÿ≥¢Õßªí®®—¬

¥â“π°“√∫√‘°“√ (Service factor multiplier, k) ‚¥¬¡’«‘∏’

°“√§”π«≥¥—ß ¡°“√∑’Ë (4) ·≈– (5)

TBM
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1 (5)

«‘∏’∑’Ë Krupp π”‡ πÕπ’È¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ„Àâ

ºŸâ«“ß·ºπ “¡“√∂°”Àπ¥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß

‡¡◊ËÕ§«“¡µâÕß°“√ ‘π§â“¡’§«“¡º—π·ª√ Ÿß‰¥âÕ¬à“ß

‡À¡“– ¡¡“°¢÷Èπ ·¡â«à“ª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“

°”≈—ß¡’·π«‚πâ¡‡æ‘Ë¡¢÷ÈπÀ√◊Õ¡’·π«‚πâ¡≈¥≈ßÕ¬à“ßµàÕ

‡π◊ËÕß ´÷Ëß«‘∏’¥—ß°≈à“« “¡“√∂π”¡“ª√–¬ÿ°µå„™â°—∫°“√

À“ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß ”À√—∫ ‘π§â“∑’Ë¡’§«“¡

µâÕß°“√‡™‘ßƒ¥Ÿ°“≈‰¥â Krupp (1997) ‰¥â· ¥ß

µ—«Õ¬à“ß°“√„™â«‘∏’∑’Ëπ”‡ πÕ„π 2 °√≥’ §◊Õ °√≥’

§«“¡µâÕß°“√ ‘π§â“¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ ·≈–°√≥’

§«“¡µâÕß°“√ ‘π§â“¡’·π«‚πâ¡≈¥≈ß æ∫«à“ «‘∏’∑’Ëπ”

‡ πÕ “¡“√∂°”Àπ¥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß‰¥â

¬◊¥À¬ÿàπµ“¡ª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“∑’Ë·ª√º—π‰¥â

Õ¬à“ß‡À¡“– ¡ πÕ°®“°π’È Krupp ¬—ß‡ πÕ«à“ „π

°√≥’∑’Ë§à“æ¬“°√≥å¡’§à“ Ÿß°«à“§«“¡µâÕß°“√ ‘π§â“

(overestimation) À√◊Õ‡¡◊ËÕ§à“ —≠≠“≥µ‘¥µ“¡

§«“¡§≈“¥‡§≈◊ËÕπ®“°°“√æ¬“°√≥å (forecast error

tracking signal, FETS) ∑’Ë§”π«≥®“°§à“ TBM ¡’§à“

‡ªìπ∫«° Õ“®‰¡à®”‡ªìπµâÕß¡’§ß§≈—ß ”√Õß‰«â„π

®”π«π¡“° ‚¥¬Õ“®æ‘®“√≥“ª√—∫≈¥√–¥—∫§ß§≈—ß

 ”√Õß¥â«¬µ—«§Ÿ≥ f = 1+FETS (°√≥’µâÕß°“√ª√—∫≈¥

§ß§≈—ß ”√Õß‡™‘ß‡ âπµ√ß) À√◊Õ 1+ FETS  (°√≥’

µâÕß°“√ª√—∫≈¥§ß§≈—ß ”√Õß„πÕ—µ√“‡√àß) ‰¥â

°“√µ—¥ ‘π„®·∫∫À≈“¬‡°≥±å (Multi-Criteria

Decision Making)

°“√µ—¥ ‘π„®·∫∫À≈“¬‡°≥±å §◊Õ °“√µ—¥ ‘π

„®∑’Ë¡’∑“ß‡≈◊Õ°∑’ËÀ≈“°À≈“¬ ÷́Ëß¡’«—µ∂ÿª√– ß§åÀ√◊Õ

‡°≥±å°“√µ—¥ ‘π„®∑’Ë„™â‰¥âÀ≈“¬‡°≥±åµ—Èß·µà Õß

‡°≥±å¢÷Èπ‰ª ‚¥¬‡°≥±å°“√µ—¥ ‘π„®π’ÈÕ“®¡’§«“¡

¢—¥·¬âß°—π °“√µ—¥ ‘π„®·∫∫À≈“¬‡°≥±å®–«‘‡§√“–Àå

§ÿ≥ ¡∫—µ‘¢Õß·µà≈–∑“ß‡≈◊Õ°«à“µ√ßµ“¡‡°≥±å
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(criterion) ·µà≈–‡°≥±å¡“°πâÕ¬‡æ’¬ß„¥ ®“°π—Èπ

∑”°“√‡√’¬ß≈”¥—∫∑“ß‡≈◊Õ°µ“¡√–¥—∫§«“¡‡À¡“– ¡

°“√µ—¥ ‘π„®·∫∫À≈“¬‡°≥±å¡’Õ¬ŸàÀ≈“¬«‘∏’ ‰¥â·°à «‘∏’

°“√«‘‡§√“–Àå°√–∫«π°“√µ—¥ ‘π„®·∫∫√–¥—∫™—Èπ

(Analytic Hierarchy Process, AHP) «‘∏’°“√√«¡·∫∫∂à«ß

πÈ”Àπ—° (Simple Additive Weighting, SAW) «‘∏’

º≈√«¡‡™‘ß‡ âπ·∫∫∂à«ßπÈ”Àπ—° (Weighted Linear

Combination, WLC) ·≈–‡∑§π‘§°“√µ—¥ ‘π„®∑’Ë„Àâ

§«“¡ ”§—≠°—∫§ÿ≥≈—°…≥–¢ÕßÀ≈—°‡°≥±å (Technique

for Order Preference by Similarity to an Ideal

Solution, TOPSIS) ‡ªìπµâπ ´÷Ëß„π°“√»÷°…“π’È ºŸâ«‘®—¬

‰¥â‡≈◊Õ°„™â«‘∏’ TOPSIS „π°“√«‘‡§√“–Àå‡æ◊ËÕ§—¥‡≈◊Õ°

«‘∏’°“√°”Àπ¥§ß§≈—ß ”√Õß∑’Ë‡À¡“– ¡∑’Ë ÿ¥

TOPSIS ‡ªìπ‡∑§π‘§°“√µ—¥ ‘π„®∑’Ë„Àâ§«“¡

 ”§—≠°—∫§ÿ≥≈—°…≥–¢ÕßÀ≈—°‡°≥±å ‚¥¬∂◊ÕÀ≈—°°“√

‡≈◊Õ°∑“ß‡≈◊Õ°„π°“√µ—¥ ‘π„® ®“°√–¬–„°≈â∑“ß‡≈◊Õ°∑’Ë

‡ªìπ‡™‘ß∫«° (À√◊Õ∑“ß‡≈◊Õ°∑’Ë‡ªìπ§”µÕ∫„πÕÿ¥¡§µ‘)

·≈–√–¬–„°≈â∑“ß‡≈◊Õ°∑’Ë‡ªìπ‡™‘ß≈∫ (À√◊Õ∑“ß‡≈◊Õ°∑’Ë

‰¡à„™à§”µÕ∫„πÕÿ¥¡§µ‘) «‘∏’π’È‰¥â∂Ÿ°π”¡“„™â‡æ◊ËÕ§—¥

‡≈◊Õ°∑“ß‡≈◊Õ°∑’Ë‡À¡“– ¡∑’Ë ÿ¥„πªí≠À“À≈“¬√Ÿª·∫∫

‡™àπ °“√‡≈◊Õ°°Æ°“√®—¥≈”¥—∫ß“π∑’Ë‡À¡“– ¡„π

°√–∫«π°“√º≈‘µº≈‰¡â∫√√®ÿ°√–ªÜÕß ‚¥¬ Parthanadee

and Buddhakulsomsiri (2010) °“√§—¥‡≈◊Õ°»Ÿπ¬å°≈“ß

‚≈®‘ µ‘° å¥â“π°“√¢π àß ‘π§â“„πª√–‡∑»‰∑¬ ‚¥¬

¿—™√’ ·≈–Õ¿‘™“µ (2551) °“√§—¥‡≈◊Õ°ºŸâ®”Àπà“¬∑’Ë

‡À¡“– ¡ ‚¥¬ Shahanaghi and Yazdian (2009)

·≈–°“√§—¥‡≈◊Õ°«‘∏’°“√·°â‰¢ªí≠À“„π°√–∫«π°“√

µ√«® Õ∫°“√å¥ ‚¥¬ ÿ√—°…å (2551) ‡ªìπµâπ

«‘∏’¥”‡π‘π°“√«‘®—¬

°“√¥”‡π‘πß“π»÷°…“«‘®—¬ª√–°Õ∫¥â«¬¢—ÈπµÕπ

¥—ßµàÕ‰ªπ’È

1. ‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈¬Õ¥¢“¬®√‘ß¢Õß ‘π§â“

Õÿµ “À°√√¡‡°…µ√ ®”π«π 33 √“¬°“√ ́ ÷Ëßª√–°Õ∫¥â«¬

 ‘π§â“ª√–‡¿∑Õ“À“√·≈–‡§√◊ËÕß¥◊Ë¡  à«πª√–°Õ∫

Õ“À“√ ·≈–∫√√®ÿ¿—≥±å°√–¥“… ®“°‚√ßß“π°√≥’

»÷°…“µà“ßÊ „π¢âÕ¡Ÿ≈¬Õ¥¢“¬®√‘ß¢Õß ‘π§â“∑—Èß 33

√“¬°“√π’È ¡’ ‘π§â“∑’Ë¡’¬Õ¥¢“¬√“¬‡¥◊Õπ¬âÕπÀ≈—ß 3 ªï

®”π«π 21 √“¬°“√ ‰¥â·°à  ‘π§â“ A01 ∂÷ß A21 ·≈–

 ‘π§â“∑’Ë¡’¬Õ¥¢“¬√“¬‡¥◊Õπ¬âÕπÀ≈—ß 4 ªï ®”π«π 12

√“¬°“√ ‰¥â·°à  ‘π§â“ B01 ∂÷ß B12 (∑—Èßπ’È‰¡à√«¡¢âÕ¡Ÿ≈

1 ªï ÿ¥∑â“¬∑’Ë„™â„π°“√∑«π Õ∫) „π∑’Ëπ’È‰¥â ¡¡µ‘„Àâ

¢âÕ¡Ÿ≈§«“¡µâÕß°“√ ‘π§â“„π™à«ß‡«≈“µà“ßÊ π—Èπ¡’°“√

·®°·®ß∑’Ë‡À¡◊Õπ°—π·≈–‡ªìπÕ‘ √–µàÕ°—π

2. π”¢âÕ¡Ÿ≈¬Õ¥¢“¬„πÕ¥’µ¢Õß ‘π§â“·µà≈–

√“¬°“√¡“«‘‡§√“–Àå≈—°…≥–¢Õß¢âÕ¡Ÿ≈ ·≈–æ¬“°√≥å

§«“¡µâÕß°“√ ‘π§â“¥â«¬ CB Predictor „π‚ª√·°√¡

 ”‡√Á®√Ÿª Crystal Ball 11.1 ‚¥¬‚ª√·°√¡®–√“¬ß“πº≈

∑’Ë‰¥â®“°‡∑§π‘§«‘‡§√“–ÀåÕπÿ°√¡‡«≈“∑’Ë„Àâ§«“¡§≈“¥

‡§≈◊ËÕπ∑’ËµË”∑’Ë ÿ¥„Àâ (Werckman & Crosswhite, 2007)

3. ∑”°“√∑«π Õ∫º≈°“√æ¬“°√≥å¥â«¬¢âÕ¡Ÿ≈

¬Õ¥¢“¬®√‘ß„πªï≈à“ ÿ¥ ‚¥¬· ¥ß§à“§«“¡§≈“¥‡§≈◊ËÕπ

„π√Ÿª¢Õß§à“ MAPE (mean absolute percentage error)

4. §”π«≥ ‘π§â“§ß§≈—ß ”√Õß¥â«¬«‘∏’°“√

§”π«≥ 3 «‘∏’ ‰¥â·°à «‘∏’¡“µ√∞“π «‘∏’§”π«≥µ“¡

ƒ¥Ÿ°“≈ ́ ÷Ëß¥—¥·ª≈ß®“°«‘∏’∑’Ëπ”‡ πÕ‚¥¬ Herrin (2005)

·≈–«‘∏’¢Õß Krupp (1997) ‚¥¬„™â CSL ∑’Ë√âÕ¬≈– 95

·≈– ¡¡µ‘„Àâ™à«ß‡«≈“π”„π°“√‡µ‘¡‡µÁ¡ ‘π§â“¢Õß ‘π§â“

∑ÿ°√“¬°“√§ß∑’Ë ‡∑à“°—∫ 1 ‡¥◊Õπ ·≈–„™â§à“ TBMn ∑’Ë

§”π«≥¡“®“°¢âÕ¡Ÿ≈§«“¡µâÕß°“√ ‘π§â“ 12 ‡¥◊Õπ

≈à“ ÿ¥ (n = 12) „π«‘∏’¢Õß Krupp

5. ∑”°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√

®—¥°“√ ‘π§â“§ß§≈—ß¢Õß«‘∏’°“√§”π«≥·µà≈–«‘∏’

 ”À√—∫ ‘π§â“·µà≈–√“¬°“√ ¥â«¬™ÿ¥¢âÕ¡Ÿ≈∑«π Õ∫ (1

ªïÀ√◊Õ 12 ‡¥◊Õπ) ·≈–«‘‡§√“–Àåº≈∑“ß ∂‘µ‘

6. «‘‡§√“–Àåº≈¥â«¬«‘∏’ TOPSIS ‡æ◊ËÕæ‘®“√≥“

‡≈◊Õ°«‘∏’°“√§”π«≥§ß§≈—ß ”√Õß∑’Ë‡À¡“– ¡°—∫ ‘π§â“

‚¥¬„™âµ—«™’È«—¥ 3 µ—«¡“‡ªìπ‡°≥±å„π°“√µ—¥ ‘π„® ´÷Ëß

‰¥â·°à (1) §à“‡©≈’Ë¬¢Õß√âÕ¬≈–§ß§≈—ß ”√ÕßµàÕ

ª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“ %
SS

D




 (2) §à“‡©≈’Ë¬¢Õß
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√âÕ¬≈– ‘π§â“¢“¥µàÕª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“

%
SO

D




  ·≈– (3) √âÕ¬≈–¢Õß°“√‡°‘¥°“√¢“¥ ‘π§â“

„π√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡ ‘π§â“ (chance)

7. «‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß≈—°…≥–¢Õß

¢âÕ¡Ÿ≈·≈–«‘∏’°“√§”π«≥ ‘π§â“§ß§≈—ß ”√Õß ‡æ◊ËÕ

 √ÿª«‘∏’°“√§”π«≥§ß§≈—ß ”√Õß∑’Ë ‡À¡“– ¡°—∫

≈—°…≥–¢âÕ¡Ÿ≈·µà≈–√Ÿª·∫∫

º≈°“√«‘®—¬·≈–¢âÕ«‘®“√≥å

®“°°“√»÷°…“¢âÕ¡Ÿ≈°“√¢“¬®√‘ß¢Õß ‘π§â“

Õÿµ “À°√√¡‡°…µ√ ®”π«π 33 √“¬°“√ π”¡“

æ¬“°√≥å¥â«¬ CB Predictor „π Crystal Ball 11.1

 “¡“√∂ √ÿª·∫∫®”≈ÕßÕπÿ°√¡‡«≈“∑’Ë„™â„π°“√

æ¬“°√≥å∑’Ë‡À¡“– ¡ §à“ MAPE „π™ÿ¥¢âÕ¡Ÿ≈∑’Ë„™â„π

°“√æ¬“°√≥å·≈–™ÿ¥¢âÕ¡Ÿ≈∑«π Õ∫ ·≈–§à“

 —¡ª√– ‘∑∏‘Ï¢Õß§«“¡º—π·ª√ (coefficient of variation,

CV) ´÷Ëß· ¥ß∂÷ß —¥ à«π¢Õß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

¢Õß¬Õ¥¢“¬ ‘π§â“µàÕ§à“‡©≈’Ë¬¢Õß¬Õ¥¢“¬ ‘π§â“‚¥¬

√«¡‰¥â¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ®–‡ÀÁπ‰¥â«à“™à«ß¢Õß§à“

MAPE ¢Õß™ÿ¥¢âÕ¡Ÿ≈∑’Ë„™â‡∑§π‘§°“√«‘‡§√“–Àå

Õπÿ°√¡‡«≈“‡™‘ßƒ¥Ÿ°“≈·≈–‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡„π

°“√æ¬“°√≥å ®–¡’§à“πâÕ¬°«à“§à“ MAPE ¢Õß™ÿ¥¢âÕ¡Ÿ≈∑’Ë

„™â‡∑§π‘§Õπÿ°√¡‡«≈“·∫∫§ß∑’Ë·≈–·∫∫·π«‚πâ¡ ∑—Èßπ’È

‡π◊ËÕß®“°°“√»÷°…“π’È„™â¢âÕ¡Ÿ≈¢Õß ‘π§â“„π°≈ÿà¡

Õÿµ “À°√√¡‡°…µ√ ´÷Ëß ‘π§â“À≈“¬√“¬°“√¡’√Ÿª·∫∫

§«“¡µâÕß°“√ ‘π§â“‡ªìπ‡™‘ßƒ¥Ÿ°“≈∑’Ë™—¥‡®π¡“° ®÷ß

∑”„Àâ “¡“√∂æ¬“°√≥å§«“¡µâÕß°“√ ‘π§â“‰¥â§àÕπ¢â“ß

·¡àπ¬” „π¢≥–∑’Ë¢âÕ¡Ÿ≈∑’Ë„™â‡∑§π‘§°“√«‘‡§√“–Àå

Õπÿ°√¡‡«≈“·∫∫§ß∑’Ë·≈–·∫∫·π«‚πâ¡®–‡ªìπ™ÿ¥

¢âÕ¡Ÿ≈∑’Ë¡’§«“¡º—π·ª√¢Õß§«“¡µâÕß°“√ ‘π§â“ Ÿß ¡’

√Ÿª·∫∫Õπÿ°√¡‡«≈“∑’Ë‰¡à™—¥‡®πÀ√◊Õ‰¡à‡ ∂’¬√ (¥—ß®–

‡ÀÁπ‰¥â®“°™à«ß§à“ CV ´÷Ëß¡’§à“§àÕπ¢â“ß Ÿß ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë„™â‡∑§π‘§°“√«‘‡§√“–Àå

Õπÿ°√¡‡«≈“‡™‘ßƒ¥Ÿ°“≈·≈–‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡)

‚¥¬∑—Ë«‰ª ™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’≈—°…≥–√Ÿª·∫∫Õπÿ°√¡‡«≈“

‡ªìπ·∫∫‡™‘ßƒ¥Ÿ°“≈·≈–·∫∫‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡∑’Ë

‡ÀÁπ‰¥â§àÕπ¢â“ß™—¥ ®–¡’§à“‡©≈’Ë¬¢Õß§à“ CV √“¬‡¥◊ÕπµË”

´÷ËßÀ“°µË”°«à“ .10 ®–‡ÀÁπÕ‘∑∏‘æ≈¢ÕßÕß§åª√–°Õ∫

ƒ¥Ÿ°“≈„π™ÿ¥¢âÕ¡Ÿ≈‰¥â™—¥‡®π

°“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß¥â«¬«‘∏’

¡“µ√∞“π «‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈ ·≈–

«‘∏’¢Õß Krupp (1997)  √ÿªº≈‰¥â¥—ß„πµ“√“ß∑’Ë 2 ·≈–

3 ®“°µ“√“ß∑’Ë 3 ®–‡ÀÁπ«à“°“√„™â«‘∏’§”π«≥µ“¡

ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp ∑”„Àâ√–¥—∫§ß§≈—ß ”√Õß

≈¥µË”≈ß®“°°“√„™â«‘∏’¡“µ√∞“π ·µà®–°àÕ„Àâ‡°‘¥

‚Õ°“ „π°“√¢“¥ ‘π§â“¡“°¢÷Èπ ‚¥¬æ∫«à“§à“‡©≈’Ë¬

¢Õß°“√‡°‘¥°“√¢“¥ ‘π§â“„π√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡

 ‘π§â“ ®“°«‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp

¡’§à“ Ÿß∂÷ß√âÕ¬≈– 14.14 ·≈– 10.35 µ“¡≈”¥—∫ „π

¢≥–∑’Ë°“√‡°‘¥°“√¢“¥ ‘π§â“„π√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡

 ‘π§â“®“°«‘∏’¡“µ√∞“π®–¡’§à“‡©≈’Ë¬‡æ’¬ß√âÕ¬≈– 4.80

‡∑à“π—Èπ

µ“√“ß∑’Ë 1 ≈—°…≥–¢Õß¢âÕ¡Ÿ≈·≈–º≈°“√æ¬“°√≥å ®”·π°µ“¡‡∑§π‘§°“√«‘‡§√“–ÀåÕπÿ°√¡‡«≈“∑’Ë„™â

‡∑§π‘§°“√«‘‡§√“–Àå ®”π«π MAPE

Õπÿ°√¡‡«≈“  ‘π§â“ ™ÿ¥¢âÕ¡Ÿ≈ √â“ß·∫∫®”≈Õß ™ÿ¥¢âÕ¡Ÿ≈∑«π Õ∫

§ß∑’Ë 10 10.37 - 76.94 5.02 - 224.93 0.1487 - 0.7523

·π«‚πâ¡  4 4.89 - 10.42 4.00 -  24.98 0.1582 - 0.3267

‡™‘ßƒ¥Ÿ°“≈ 10 6.48 - 18.86 5.22 -  19.73 0.1642 - 0.4768

‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡  9 1.54 - 10.87 3.98 -  20.25 0.1173 - 0.4209

§à“ CV ‚¥¬√«¡
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µ“√“ß∑’Ë 2 º≈°“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß¥â«¬«‘∏’¡“µ√∞“π «‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈ ·≈–«‘∏’¢Õß Krupp

(1997) ∑’Ë CSL = 95%

«‘∏’°“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß

«‘∏’¡“µ√∞“π «‘∏’µ“¡ƒ¥Ÿ°“≈ «‘∏’¢Õß Krupp (1997)

%
SS

D
%

SO

D
chance %

SS

D
%

SO

D
chance %

SS

D
%

SO

D
chance

A01 36.37 0.00 0.00 5.53 0.34 25.00 6.22 0.19 16.67

A02 34.70 0.00 0.00 36.73 0.00 0.00 25.79 0.00 0.00

A03 34.53 0.00 0.00 38.36 0.00 0.00 12.88 0.14 8.33

A04 47.90 0.00 0.00 52.83 0.00 0.00 16.53 0.00 0.00

A05 40.19 0.00 0.00 9.31 0.06 8.33 14.25 0.00 0.00

A06 49.24 0.00 0.00 18.58 0.00 0.00 20.86 0.00 0.00

A07 45.95 0.00 0.00 14.58 1.49 16.67 14.54 0.38 16.67

A08 32.50 0.04 8.33 12.91 4.45 41.67 29.05 1.60 25.00

A09 65.13 0.00 0.00 24.31 2.60 33.33 18.79 0.73 16.67

A10 54.03 0.28 8.33 21.43 4.62 41.67 35.54 2.45 16.67

A11 18.97 0.04 8.33 15.40 0.00 0.00 19.29 0.00 0.00

A12 15.55 0.00 0.00 5.48 0.03 8.33 5.44 0.44 16.67

A13 25.32 0.00 0.00 21.22 0.00 0.00 23.44 0.00 0.00

A14 21.92 0.00 0.00 18.57 0.00 0.00 25.13 0.00 0.00

A15 20.66 1.29 16.67 19.56 1.67 16.67 21.87 1.30 8.33

A16 17.15 0.00 0.00 16.58 0.00 0.00 9.86 0.00 0.00

A17 26.95 0.00 0.00 23.18 0.00 0.00 25.52 0.00 0.00

A18 35.94 0.00 0.00 13.98 1.51 25.00 12.74 1.84 25.00

A19 116.34 0.00 0.00 101.86 3.97 8.33 116.95 0.07 8.33

A20 153.24 2.96 16.67 102.55 3.04 16.67 181.83 6.18 16.67

A21 41.36 0.00 0.00 32.42 1.02 16.67 21.56 0.61 8.33

B01 23.40 8.99 66.67 22.20 12.75 66.67 30.39 5.05 33.33

B02 31.57 0.39 16.67 19.38 6.85 41.67 32.33 2.03 33.33

B03 21.66 0.00 0.00 11.14 0.64 25.00 12.13 0.37 16.67

B04 21.26 0.07 8.33 11.97 2.21 25.00 11.41 1.62 16.67

B05 31.53 0.00 0.00 26.26 0.60 8.33 22.53 0.06 8.33

B06 69.33 0.00 0.00 70.40 0.00 0.00 24.35 0.00 0.00

B07 60.41 0.00 0.00 49.30 0.00 0.00 35.44 0.29 8.33

B08 68.87 0.00 0.00 24.00 0.00 0.00 13.10 0.00 0.00

B09 69.83 0.00 0.00 25.09 0.00 0.00 10.08 0.00 0.00

B10 56.26 0.00 0.00 15.25 2.08 25.00 18.26 2.99 25.00

B11 25.96 0.01 8.33 21.82 0.87 8.33 30.06 0.07 8.33

B12 51.53 0.00 0.00 37.85 0.29 8.33 40.59 0.29 8.33

 ‘π§â“
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°“√«‘‡§√“–Àåº≈∑“ß ∂‘µ‘

°“√∑¥ Õ∫§«“¡·µ°µà“ß¢Õß«‘∏’°“√§”π«≥

 ‘π§â“§ß§≈—ß ”√Õß∑—Èß 3 «‘∏’ ¥â«¬°“√∑¥≈Õß·∫∫

 ÿà¡„π∫≈Õ§ ¡∫Ÿ√≥å (randomized complete block

design, RCBD) ‚¥¬°”Àπ¥„Àâ ‘π§â“‡ªìπ∫≈Õ§ ·≈–

‡ª√’¬∫‡∑’¬∫¥â«¬ Tukeyûs test „π‚ª√·°√¡ Minitab

15.0 ∑’Ë√–¥—∫π—¬ ”§—≠ .05 æ∫«à“ (1) «‘∏’¡“µ√∞“π¡’

§à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß ‘π§â“§ß§≈—ß ”√Õß Ÿß°«à“Õ’°

 Õß«‘∏’ ‚¥¬∑’Ë«‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈¡’

§à“‡©≈’Ë¬ Ÿß°«à“«‘∏’¢Õß Krupp ·µà‰¡à·µ°µà“ß°—πÕ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘µ‘; (2) «‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈¡’

§à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß ‘π§â“¢“¥ Ÿß°«à“Õ’° Õß«‘∏’

‚¥¬∑’Ë«‘∏’¢Õß Krupp ¡’§à“‡©≈’Ë¬ Ÿß°«à“«‘∏’¡“µ√∞“π ·µà

‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘; (3) «‘∏’

§”π«≥µ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp ¡’§à“‡©≈’Ë¬¢Õß

√âÕ¬≈–¢Õß°“√‡°‘¥°“√¢“¥ ‘π§â“„π√–À«à“ß√Õ∫°“√

‡µ‘¡‡µÁ¡ ‘π§â“‰¡à·µ°µà“ß°—π ·µà Ÿß°«à“«‘∏’¡“µ√∞“π

°“√«‘‡§√“–Àåº≈¥â«¬«‘∏’°“√µ—¥ ‘π„®·∫∫À≈“¬‡°≥±å

TOPSIS

‡π◊ËÕß®“°„π°“√»÷°…“π’È¡’®“°µ—«™’È«—¥∑’Ë π„® 3

µ— « ‰¥â·°à §à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß ‘π§â“§ß§≈—ß

 ”√ÕßµàÕª√‘¡“≥§«“¡µâÕß°“√ ‘π§â“®√‘ß %
SS

D






√âÕ¬≈–¢Õß ‘π§â“¢“¥µàÕª√‘¡“≥§«“¡µâÕß°“√®√‘ß

%
SO

D




  ·≈–√âÕ¬≈–¢Õß°“√‡°‘¥°“√¢“¥ ‘π§â“„π

√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡ ‘π§â“ (chance) ´÷Ëßµ—«™’È«—¥∑’Ë

‡°’Ë¬«‡π◊ËÕß°—∫ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß∑’Ë®—¥‡°Á∫°—∫

µ—«™’È«—¥∑’Ë‡°’Ë¬«‡π◊ËÕß°—∫°“√¢“¥ ‘π§â“®–„Àâº≈∑’Ë¢—¥·¬âß

°—π °≈à“«§◊Õ ∫√‘…—∑¡—°µâÕß°“√®—¥‡°Á∫ ‘π§â“§ß§≈—ß

 ”√Õß„πª√‘¡“≥∑’ËµË” ·µà„π¢≥–‡¥’¬«°—π °Á‰¡à

µâÕß°“√„Àâ¡’°“√¢“¥ àß ‘π§â“À√◊Õ„Àâ¡’„πª√‘¡“≥∑’ËµË”

´÷ËßÀ“°ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß∑’Ë®—¥‡°Á∫µË”¡—°®– àß

º≈„Àâ‚Õ°“ „π°“√¢“¥ àß ‘π§â“·≈–ª√‘¡“≥ ‘π§â“

¢“¥¡’¡“°¢÷Èπ ¥—ßπ—Èπ ®÷ß®”‡ªìπµâÕß„™â«‘∏’°“√µ—¥ ‘π

„®·∫∫À≈“¬‡°≥±å¡“„™â„π°“√§—¥‡≈◊Õ°«‘∏’°“√

§”π«≥ ‘π§â“§ß§≈—ß ”√Õß∑’Ë‡À¡“– ¡ ´÷Ëß„π∑’Ëπ’È‰¥â

‡≈◊Õ°„™â«‘∏’ TOPSIS „π°“√«‘‡§√“–Àå ‚¥¬°”Àπ¥

πÈ”Àπ—° w = 0.50 „Àâ°—∫µ—«™’È«—¥¥â“πª√‘¡“≥ ‘π§â“

§ß§≈—ß ”√Õß §◊Õ %
SS

D
 ·≈–πÈ”Àπ—° (1›w)/2 = 0.25

„Àâ°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“ §◊Õ %
SO

D
 ·≈– chance

º≈®“°°“√«‘‡§√“–Àå¥â«¬ TOPSIS æ∫«à“‰¡à “¡“√∂

 √ÿª«‘∏’§”π«≥§ß§≈—ß ”√Õß∑’Ë ‡À¡“– ¡∑’Ë ÿ¥°—∫

≈—°…≥–¢Õß™ÿ¥¢âÕ¡Ÿ≈‰¥âÕ¬à“ß™—¥‡®π ·µà “¡“√∂

 —ß‡°µ‰¥â«à“ (1) «‘∏’¢Õß Krupp §àÕπ¢â“ß¡’§«“¡

‡À¡“– ¡ ”À√—∫ ‘π§â“∑’Ë¡’≈—°…≥–§«“¡µâÕß°“√ ‘π§â“

‡ªìπ·∫∫ƒ¥Ÿ°“≈ ‡π◊ËÕß®“°æ∫«à“¡’ ‘π§â“∑’Ë¡’√Ÿª·∫∫

‡™‘ßƒ¥Ÿ°“≈ (∑—Èß∑’Ë¡’·≈–‰¡à¡’·π«‚πâ¡) ‡æ’¬ß 1

√“¬°“√‡∑à“π—Èπ (®“°∑—ÈßÀ¡¥ 19 √“¬°“√) ∑’Ë«‘∏’¢Õß

Krupp ∂Ÿ°®—¥„Àâ‡ªìπ«‘∏’°“√∑’Ë¡’§«“¡‡À¡“– ¡πâÕ¬∑’Ë ÿ¥

(2) «‘∏’¢Õß Krupp ¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’§à“

MAPE µË” (3) «‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈

·≈–«‘∏’¢Õß Krupp ¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’

≈—°…≥–§«“¡µâÕß°“√ ‘π§â“‡ªìπ·∫∫ƒ¥Ÿ°“≈∑’Ë§àÕπ¢â“ß

™—¥‡®π ‚¥¬«‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈¡—°®–‡À¡“– ¡

°—∫¢âÕ¡Ÿ≈‡™‘ßƒ¥Ÿ°“≈∑’Ë‰¡à¡’·π«‚πâ¡ À√◊Õ¡’·π«‚πâ¡

‡æ’¬ß‡≈Á°πâÕ¬ (4) «‘∏’¡“µ√∞“π¡—°®–‡À¡“– ¡°—∫™ÿ¥

µ“√“ß∑’Ë 3  √ÿªº≈®“°°“√§”π«≥ª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß¢Õß ‘π§â“∑—Èß 33 √“¬°“√∑’Ë CSL = 95%

«‘∏’°“√§”π«≥ %
SS

D
%

SO

D
chance

¡“µ√∞“π 44.41 0.43 4.80

µ“¡ƒ¥Ÿ°“≈ 28.49 1.55 14.14

Krupp (1997) 28.45 0.87 10.35
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¢âÕ¡Ÿ≈∑’Ë¡’§«“¡·ª√º—π Ÿß¡“° ¿“æ∑’Ë 1 · ¥ßµ—«Õ¬à“ß

√Ÿª·∫∫¢Õß™ÿ¥¢âÕ¡Ÿ≈∑’Ë‡À¡“– ¡°—∫«‘∏’°“√§”π«≥

§ß§≈—ß ”√Õßµà“ßÊ ®“°°“√®—¥Õ—π¥—∫¥â«¬ TOPSIS ‡¡◊ËÕ

°”Àπ¥πÈ”Àπ—° w = 0.50 „Àâ°—∫µ—«™’È«—¥¥â“πª√‘¡“≥

 ‘π§â“§ß§≈—ß ”√Õß ·≈–πÈ”Àπ—° (1›w)/2 = 0.25 „Àâ

°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“

·¡â«à“∫√‘…—∑ à«π„À≠à¡—°®–„ÀâπÈ”Àπ—°°—∫µ—«

™’È«—¥¥â“π°“√¢“¥ ‘π§â“¡“°°«à“µ—«™’È«—¥¥â“π√–¥—∫ ‘π§â“
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√Ÿª·∫∫¢ÕßÕπÿ°√¡‡«≈“: ‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡

MAPE (™ÿ¥ √â“ß·∫∫®”≈Õß): 6.47%

MAPE (™ÿ¥∑«π Õ∫): 7.79%

CV ‚¥¬√«¡: 0.2647

§à“‡©≈’Ë¬¢Õß CV √“¬‡¥◊Õπ: 0.0728

«‘∏’∑’Ë‡À¡“– ¡∑’Ë ÿ¥: «‘∏’¢Õß Krupp (1997)

(°) ™ÿ¥¢âÕ¡Ÿ≈ A05 ¢π¡ªíß∫‘ °‘µ

√Ÿª·∫∫¢ÕßÕπÿ°√¡‡«≈“: §ß∑’Ë

MAPE (™ÿ¥ √â“ß·∫∫®”≈Õß): 76.94%

MAPE (™ÿ¥∑«π Õ∫): 32.65%

CV ‚¥¬√«¡: 0.5933

§à“‡©≈’Ë¬¢Õß CV √“¬‡¥◊Õπ: 0.5686

«‘∏’∑’Ë‡À¡“– ¡∑’Ë ÿ¥: «‘∏’¡“µ√∞“π

(¢) ™ÿ¥¢âÕ¡Ÿ≈ A19 ªï°‰°à·™à·¢Áß
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√Ÿª·∫∫¢ÕßÕπÿ°√¡‡«≈“: ‡™‘ßƒ¥Ÿ°“≈∑’Ë¡’·π«‚πâ¡

MAPE (™ÿ¥ √â“ß·∫∫®”≈Õß): 6.10%

MAPE (™ÿ¥∑«π Õ∫): 8.73%

CV ‚¥¬√«¡: 0.4209

§à“‡©≈’Ë¬¢Õß CV √“¬‡¥◊Õπ: 0.1667

«‘∏’∑’Ë‡À¡“– ¡∑’Ë ÿ¥: «‘∏’¢Õß Krupp (1997)

(§) ™ÿ¥¢âÕ¡Ÿ≈ B08 ™Õ§‚°·≈Áµ¥”

√Ÿª·∫∫¢ÕßÕπÿ°√¡‡«≈“: ‡™‘ßƒ¥Ÿ°“≈

MAPE (™ÿ¥ √â“ß·∫∫®”≈Õß): 11.23%

MAPE (™ÿ¥∑«π Õ∫): 11.29%

CV ‚¥¬√«¡: 0.3325

§à“‡©≈’Ë¬¢Õß CV √“¬‡¥◊Õπ: 0.1103

«‘∏’∑’Ë‡À¡“– ¡∑’Ë ÿ¥: «‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈

(ß) ™ÿ¥¢âÕ¡Ÿ≈ B10 ‡§√◊ËÕß¥◊Ë¡Õ—¥≈¡

¿“æ∑’Ë 1 µ—«Õ¬à“ß™ÿ¥¢âÕ¡Ÿ≈∑’Ë‡À¡“– ¡°—∫«‘∏’°“√§”π«≥§ß§≈—ß ”√Õßµà“ßÊ ®“°°“√®—¥Õ—π¥—∫¥â«¬«‘∏’ TOPSIS

‡¡◊ËÕ°”Àπ¥πÈ”Àπ—° w = 0.50 „Àâ°—∫µ—«™’È«—¥¥â“πª√‘¡“≥§ß§≈—ß ”√Õß ·≈–πÈ”Àπ—° (1›w)/2 = 0.25

„Àâ°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“
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§ß§≈—ß ·µà·µà≈–∫√‘…—∑°ÁÕ“®°”Àπ¥πÈ”Àπ—°À√◊Õ

√–¥—∫°“√„Àâ§«“¡ ”§—≠°—∫µ—«™’È«—¥·µà≈–µ—«·µ°µà“ß°—π

‰¥â ¥—ßπ—Èπ ®÷ß‰¥â∑”°“√∑¥ Õ∫‡ª≈’Ë¬π·ª≈ß§à“πÈ”Àπ—°

§«“¡ ”§—≠¢Õßµ—«™’È«—¥ ‡æ◊ËÕ¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß

º≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¥â«¬ TOPSIS ´÷Ëß √ÿªº≈‰¥â¥—ß

„π¿“æ∑’Ë 2 æ∫«à“™ÿ¥¢âÕ¡Ÿ≈µà“ßÊ ¡’§«“¡‡ ∂’¬√

µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“πÈ”Àπ—°µà“ß°—π „π™ÿ¥¢âÕ¡Ÿ≈

∑’Ë¡’≈—°…≥–§«“¡µâÕß°“√ ‘π§â“‡ªìπ·∫∫ƒ¥Ÿ°“≈∑’Ë‡ÀÁπ‰¥â

§àÕπ¢â“ß™—¥ «‘∏’¡“µ√∞“π®–‡ªìπ«‘∏’§”π«≥ ‘π§â“§ß§≈—ß

 ”√Õß∑’Ë¥’∑’Ë ÿ¥‡¡◊ËÕ§à“πÈ”Àπ—°∑’Ë°”Àπ¥„Àâ°—∫µ—«™’È«—¥

¥â“π√–¥—∫ ‘π§â“§ß§≈—ß ¡’§à“§àÕπ¢â“ßµË” °≈à“«§◊Õ ‡¡◊ËÕ

„Àâ§«“¡ ”§—≠°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“§àÕπ¢â“ß

¡“° (w < 0.44) ·≈–„π∑“ß°≈—∫°—π æ∫«à“«‘∏’§”π«≥

§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp ®–‡ªìπ

«‘∏’∑’Ë‰¡à‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’§«“¡·ª√º—π Ÿß¡“°

·≈–‰¡à¡’√Ÿª·∫∫¢ÕßÕπÿ°√¡‡«≈“∑’Ë™—¥‡®π ‡π◊ËÕß®“°

®–µâÕß°”Àπ¥§à“ w ‰«â Ÿß¡“°∂÷ß®–∑”„Àâ«‘∏’¡“µ√∞“π

‡ªìπ«‘∏’∑’Ë‰¡à‡À¡“– ¡ ¥—ß‡™àπ ™ÿ¥¢âÕ¡Ÿ≈ A19 (¿“æ∑’Ë

1¢) ÷́Ëß§à“πÈ”Àπ—°∑’Ë°”Àπ¥„Àâ°—∫µ—«™’È«—¥¥â“π√–¥—∫

 ‘π§â“§ß§≈—ß w ®–µâÕß Ÿß°«à“ 0.88 ∂÷ß∑”„Àâ«‘∏’§”π«≥

§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈‡ªìπ«‘∏’∑’Ë¥’°«à“«‘∏’¡“µ√∞“π

®÷ßÕ“® √ÿª‰¥â«à“ «‘∏’§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈

·≈–«‘∏’¢Õß Krupp ‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’

≈—°…≥–§«“¡µâÕß°“√ ‘π§â“‡ªìπ·∫∫ƒ¥Ÿ°“≈∑’Ë§àÕπ¢â“ß

™—¥‡®π ‡¡◊ËÕ∫√‘…—∑‰¡à‰¥â°”Àπ¥πÈ”Àπ—°„Àâ°—∫µ—«™’È«—¥

¥â“π°“√¢“¥ ‘π§â“ Ÿß¡“°®π‡°‘π‰ª ®“°¿“æ∑’Ë 2 ®–

‡ÀÁπ‰¥â«à“ ‡¡◊ËÕ w ¡’§à“‡æ‘Ë¡¢÷Èπ  —¥ à«π¢Õß ‘π§â“∑’Ë

‡À¡“– ¡°—∫«‘∏’¢Õß Krupp ·≈–«‘∏’§”π«≥µ“¡

ƒ¥Ÿ°“≈®–‡æ‘Ë¡¢÷Èπ  —¥ à«π¢Õß ‘π§â“∑’Ë‡À¡“– ¡°—∫

«‘∏’¡“µ√∞“π®–¡’§à“πâÕ¬°«à“ —¥ à«π¢Õß ‘π§â“∑’Ë

‡À¡“– ¡°—∫«‘∏’¢Õß Krupp ‡¡◊ËÕ w > 0.40 ·≈–¡’§à“

πâÕ¬°«à“ —¥ à«π¢Õß ‘π§â“∑’Ë‡À¡“– ¡°—∫«‘∏’§”π«≥

µ“¡ƒ¥Ÿ°“≈ ‡¡◊ËÕ w > 0.50 ‚¥¬ —¥ à«π¢Õß ‘π§â“∑’Ë

‡À¡“– ¡°—∫«‘∏’¢Õß Krupp ®–¡“°°«à“«‘∏’§”π«≥

µ“¡ƒ¥Ÿ°“≈∑’Ë‡°◊Õ∫∑ÿ°™à«ßπÈ”Àπ—° w (µ—Èß·µà 0.01 ∂÷ß

0.9)

°“√°”Àπ¥§à“πÈ”Àπ—° w ®–¢÷ÈπÕ¬Ÿà°—∫√–¥—∫

°“√„Àâ§«“¡ ”§—≠°—∫µ—«™’È«—¥·µà≈–µ—«¢Õß·µà≈–∫√‘…—∑

´÷ËßºŸâ∫√‘À“√·≈–ºŸâ®—¥°“√∑’Ë¡’ à«π‡°’Ë¬«¢âÕß°—∫°“√§«∫§ÿ¡

 ‘π§â“§ß§≈—ß¢Õß∫√‘…—∑§«√√à«¡°—π°”Àπ¥¢÷Èπ ‡°≥±å

Àπ÷Ëß∑’ËÕ“®π”¡“„™â„π°“√°”Àπ¥§à“πÈ”Àπ—° w ‰¥â‡ªìπ

Õ¬à“ß¥’ §◊Õ °“√‡ª√’¬∫‡∑’¬∫ —¥ à«π¢Õßµâπ∑ÿπ°“√

¿“æ∑’Ë 2  —¥ à«π¢Õß®”π«π ‘π§â“∑’Ë„™â«‘∏’°“√§”π«≥§ß§≈—ß ”√Õß·∫∫µà“ßÊ ‡¡◊ËÕ°”Àπ¥πÈ”Àπ—° w „Àâ°—∫µ—«

™’È«—¥¥â“πª√‘¡“≥ ‘π§â“§ß§≈—ß ”√Õß ·≈–πÈ”Àπ—° (1›w)/2 = 0.25 „Àâ°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“
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∂◊Õ§√Õß ‘π§â“„π§ß§≈—ßµàÕÀπà«¬°—∫µâπ∑ÿπ°“√¢“¥

 ‘π§â“µàÕÀπà«¬ ‡™àπ À“°µâπ∑ÿπ°“√¢“¥ ‘π§â“¡’§à“

¡“°°«à“µâπ∑ÿπ°“√∂◊Õ§√Õß ‘π§â“‡ªìπ 2 ‡∑à“ √–¥—∫

°“√„Àâ§«“¡ ”§—≠°—∫µ—«™’È«—¥¥â“π°“√¢“¥ ‘π§â“°Á§«√¡’

§à“‡ªìπ 2 ‡∑à“‡™àπ°—π π—Ëπ§◊Õ §à“πÈ”Àπ—° w §«√¡’§à“

‡∑à“°—∫ 0.33 ‡ªìπµâπ

 √ÿª·≈–¢âÕ‡ πÕ·π–

„π°“√»÷°…“«‘∏’°“√°”Àπ¥√–¥—∫§ß§≈—ß

 ”√Õß ”À√—∫ ‘π§â“Õÿµ “À°√√¡‡°…µ√∑’Ë¡’§«“¡

µâÕß°“√·∫∫‡™‘ßƒ¥Ÿ°“≈À√◊Õ¡’§«“¡µâÕß°“√º—π·ª√ Ÿß

æ∫«à“ πÕ°®“°«‘∏’¡“µ√∞“π∑’Ëπ‘¬¡„™â°—π∑—Ë«‰ª·≈â«

«‘∏’§”π«≥ª√‘¡“≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß

Krupp (1997) °Á “¡“√∂π”¡“„™â„π°“√°”Àπ¥

√–¥—∫ ‘π§â“§ß§≈—ß‰¥â ´÷Ëß®“°°“√«‘‡§√“–Àåº≈∑“ß

 ∂‘µ‘¥â«¬°“√∑¥≈Õß·∫∫ ÿà¡„π∫≈Õ§ ¡∫Ÿ√≥å ·≈–

‡ª√’¬∫‡∑’¬∫¥â«¬ Tukeyûs test ∑’Ë√–¥—∫π—¬ ”§—≠ .05

æ∫«à“ «‘∏’¡“µ√∞“π¡’√–¥—∫ ‘π§â“§ß§≈—ß ”√Õß∑’Ë Ÿß°«à“

«‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp ·µà¡’°“√

‡°‘¥°“√¢“¥ ‘π§â“„π√–À«à“ß√Õ∫°“√‡µ‘¡‡µÁ¡ ‘π§â“

µË”°«à“«‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp ¢≥–

∑’Ë«‘∏’§”π«≥µ“¡ƒ¥Ÿ°“≈¡’√–¥—∫ ‘π§â“¢“¥ Ÿß°«à“«‘∏’¢Õß

Krupp ·≈–«‘∏’¡“µ√∞“π ·µà∑—Èßπ’È ¬—ß‰¡àÕ“® √ÿª«‘∏’

§”π«≥§ß§≈—ß ”√Õß∑’Ë‡À¡“– ¡°—∫≈—°…≥–¢Õß™ÿ¥

¢âÕ¡Ÿ≈‰¥âÕ¬à“ß™—¥‡®π Õ¬à“ß‰√°Áµ“¡  —ß‡°µ‰¥â«à“ «‘∏’

§”π«≥§ß§≈—ß ”√Õßµ“¡ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp

¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’≈—°…≥–§«“¡µâÕß°“√

 ‘π§â“‡ªìπ·∫∫ƒ¥Ÿ°“≈∑’Ë§àÕπ¢â“ß™—¥‡®π ‚¥¬«‘∏’

§”π«≥µ“¡ƒ¥Ÿ°“≈¡—°®–‡À¡“– ¡°—∫¢âÕ¡Ÿ≈∑’Ë‡ªìπ‡™‘ß

ƒ¥Ÿ°“≈∑’Ë‰¡à¡’·π«‚πâ¡ À√◊Õ¡’·π«‚πâ¡‡æ’¬ß‡≈Á°πâÕ¬ «‘∏’

¢Õß Krupp ¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’§à“ MAPE

µË” „π¢≥–∑’Ë«‘∏’¡“µ√∞“π¡—°®–‡À¡“– ¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë

¡’§«“¡·ª√º—π Ÿß¡“° ¥—ßπ—Èπ ºŸâ®—¥°“√§≈—ß ‘π§â“

 “¡“√∂‡≈◊Õ°„™â«‘∏’§”π«≥ª√‘¡“≥§ß§≈—ß ”√Õßµ“¡

ƒ¥Ÿ°“≈·≈–«‘∏’¢Õß Krupp „π°“√®—¥‡°Á∫ª√‘¡“≥

 ‘π§â“§ß§≈—ß ‚¥¬æ‘®“√≥“¬Õ¡√—∫§«“¡‡ ’Ë¬ß„π°“√

¢“¥ àß ‘π§â“∑’ËÕ“®‡°‘¥¢÷Èπ

§”π‘¬¡

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ∂“∫—π«‘®—¬·≈–æ—≤π“·Ààß

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å∑’Ë„Àâ∑ÿπ π—∫ πÿπß“π«‘®—¬π’È

‡Õ° “√Õâ“ßÕ‘ß

¿—™√’ π‘Ë¡»√’°ÿ≈ ·≈– Õ¿‘™“µ ‚ ¿“·¥ß. (2551). °“√

ª√–¬ÿ°µå°“√µ—¥ ‘π„®·∫∫À≈“¬À≈—°‡°≥±å„π

°“√§—¥‡≈◊Õ°»Ÿπ¬å°≈“ß‚≈®‘ µ‘° å¥â“π°“√¢π àß

 ‘π§â“„πª√–‡∑»‰∑¬. „π ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’

¡À“π§√. (∫√√≥“∏‘°“√). √“¬ß“π°“√ª√–™ÿ¡‡™‘ß

«‘™“°“√ª√–®”ªï¥â“π°“√®—¥°“√‚ à́Õÿª∑“π·≈–
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