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Comparative Experiments and Block Designs
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ABSTRACT

A comparative experiment for the effect of different treatments need a proper design
of experiment to control confounding effects of other factors. In order to record reliable data,
Balanced Incomplete Block Design (BIBD) is a crucial tool to construct such a proper
experiment. This article introduces BIBD and provides some common BIBD construction.
Moreover, we propose a method to construct a new BIBD from the old BIBD when one
treatment is appended.
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∫∑π”
„π°“√∑¥≈Õß∑“ß‡°…µ√ π—°«‘®—¬µâÕß°“√‡æ‘Ë¡º≈º≈‘µ‚¥¬°“√„ àªÿÜ¬„Àâæ◊™∑’Ëª≈Ÿ°‰«â„π∑’Ë¥‘π·ÀàßÀπ÷Ëß

‡π◊ËÕß®“°ªÿÜ¬∑’Ë®–π”¡“„™â¡’À≈“¬™π‘¥ π—°«‘®—¬®÷ßµâÕß∑¥ Õ∫«à“ªÿÜ¬™π‘¥„¥ “¡“√∂‡æ‘Ë¡º≈º≈‘µ‰¥â¥’∑’Ë ÿ¥
‚¥¬°“√‡ª√’¬∫‡∑’¬∫ª√‘¡“≥º≈º≈‘µ∑’Ë‰¥â®“°æ◊™∑’Ëª≈Ÿ°‰«â ¥—ßπ—Èπ ∑’Ë¥‘π®÷ß∂Ÿ°·∫àßÕÕ°‡ªìπ·ª≈ß∑¥≈Õß
(Experimental plot) ¬àÕ¬Ê ‡æ◊ËÕ∑”°“√∑¥≈ÕßªÿÜ¬·µà≈–™π‘¥ ´÷Ëß„π·µà≈–·ª≈ß∑¥≈Õßπ—Èπ®–µâÕß¡’°“√
§«∫§ÿ¡ªí®®—¬ (Factor) Õ◊ËπÊ ∑’ËÕ“® àßº≈°√–∑∫µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™

‚¥¬ ¿“æ∑—Ë«‰ª·≈â«æ◊Èπ¥‘π¡—°®–¡’§«“¡Õÿ¥¡ ¡∫Ÿ√≥å„°≈â‡§’¬ß°—π‡©æ“–∫√‘‡«≥∑’Ë‰¡à°«â“ß„À≠à
¡“°π—° ∂â“À“°∑”°“√∑¥≈Õß„ àªÿÜ¬≈ß„π·ª≈ß∑¥≈Õß‚¥¬‰¡à§”π÷ß∂÷ßªí≠À“π’È¬àÕ¡‰¡à “¡“√∂ √ÿª‰¥â«à“ §«“¡
·µ°µà“ß√–À«à“ßº≈º≈‘µ∑’Ë‰¥â„π·ª≈ß∑¥≈Õß‡ªìπº≈‡π◊ËÕß¡“®“°°“√∑’ËªÿÜ¬·µà≈–™π‘¥¡’Õ‘∑∏‘æ≈µàÕ°“√‡®√‘≠
‡µ‘∫‚µ¢Õßæ◊™‰¡à‡∑à“°—π À√◊Õ‡ªìπº≈‡π◊ËÕß¡“®“°§«“¡Õÿ¥¡ ¡∫Ÿ√≥å¢Õß¥‘π‰¡à‡∑à“°—π «‘∏’°“√„π°“√·°â‰¢ªí≠À“π’È
§◊Õ °“√®—¥·ª≈ß∑¥≈Õß∑’Ë¡’≈—°…≥–„°≈â‡§’¬ß°—π„ÀâÕ¬Ÿà√«¡°—π‡ªìπ°≈ÿà¡ ́ ÷Ëß‡√“‡√’¬°«à“ °“√∫≈ÁÕ° (Blocking)
À≈—ß®“°∑”°“√∫≈ÁÕ°·≈â« ‡√“®–‰¥â∫≈ÁÕ°∑¥≈Õß∑’Ëª√–°Õ∫¥â«¬·ª≈ß∑¥≈Õß¬àÕ¬Ê ´÷ËßÕ¬Ÿà¿“¬„µâªí®®—¬
§«∫§ÿ¡‡¥’¬«°—π ¥—ßπ—Èπ ‡√“®÷ß‡ª√’¬∫‡∑’¬∫ªÿÜ¬·µà≈–™π‘¥∑’Ë¡“®“°∫≈ÁÕ°‡¥’¬«°—π‡∑à“π—Èπ ¢—ÈπµÕπ ”§—≠„π°“√
∑¥≈ÕßÕ’°ª√–°“√ §◊Õ °“√«“ß·ºπ„ àªÿÜ¬≈ß„π·ª≈ß∑¥≈Õß ‚¥¬„π·µà≈–·ª≈ß∑¥≈Õß®–„ àªÿÜ¬‰¥â‡æ’¬ß
1 ™π‘¥‡∑à“π—Èπ ·≈–·µà≈–∫≈ÁÕ°∑¥≈Õß®–„ àªÿÜ¬·µà≈–™π‘¥≈ß„π·ª≈ß∑¥≈Õß‰¥â‰¡à‡°‘π 1 ·ª≈ß  ”À√—∫
°“√«“ß·ºπ°“√∑¥≈Õß∑’Ë¡’°“√∫≈ÁÕ°®–∂Ÿ°‡√’¬°«à“ ·ºπ·∫∫∫≈ÁÕ° (Block design)

·ºπ·∫∫∫≈ÁÕ°π’È‰¥â∂Ÿ°æ—≤π“¢÷Èπ‡ªìπ§√—Èß·√°1 „πªï §.». 1920 ‚¥¬π—° ∂‘µ‘™“«Õ—ß°ƒ… 2 ∑à“π
§◊Õ øî™‡™Õ√å (Fisher) ·≈–‡¬µ å (Yates) ´÷Ëß‡ªìπºŸâ√‘‡√‘Ë¡π”À≈—°°“√∑“ß¥â“π ∂‘µ‘¡“„™â„π°“√«“ß·ºπ°“√
∑¥≈Õß∑“ß‡°…µ√ µàÕ¡“„πªï §.». 1932 øî™‡™Õ√å (Fisher) ·≈–‡¬µ å (Yates) ‰¥â√à«¡ß“π«‘®—¬°—∫
π—°«‘™“°“√®“°À≈“°À≈“¬ “¢“«‘™“ ∑”„Àâ‡°‘¥Õß§å§«“¡√Ÿâ„π‡√◊ËÕß°“√„™â ∂‘µ‘Õ¬à“ß‡ªìπ√–∫∫ ”À√—∫°“√
«“ß·ºπ°“√∑¥≈Õß ´÷Ëß°àÕ„Àâ‡°‘¥ª√–‚¬™πå„π¥â“π°“√‡°…µ√·≈–«‘™“°“√Õ◊ËπÊ ‡ªìπÕ¬à“ß¡“° πÕ°®“°π’È
¬—ß¡’°“√«“ß·ºπ°“√∑¥≈Õßª√–‡¿∑Õ◊ËπÊ ÷́Ëß∂Ÿ°π”¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬ ‡™àπ ·ºπ·∫∫ ÿà¡ ¡∫Ÿ√≥å
(Completely randomize design) ·ºπ·∫∫®—µÿ√— ≈–µ‘π (Latin square design) ·≈–·ºπ·∫∫
·ø°∑Õ‡√’¬≈ (Factorial design) ‡ªìπµâπ2

„π∫∑§«“¡π’È ºŸâ‡¢’¬π®–»÷°…“·ºπ·∫∫∫≈ÁÕ°ª√–‡¿∑Àπ÷Ëß´÷Ëß‡√’¬°«à“ ·ºπ·∫∫∫≈ÁÕ°‰¡à ¡∫Ÿ√≥å
∑’Ë ¡¥ÿ≈ (Balanced incomplete block design) ‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕÕ∏‘∫“¬¢—ÈπµÕπ°“√ √â“ß·ºπ·∫∫
∫≈ÁÕ°¥—ß°≈à“« ·≈–®–„Àâ«‘∏’°“√ √â“ß·ºπ·∫∫∫≈ÁÕ°„À¡à´÷Ëß‰¥â®“°·ºπ·∫∫∫≈ÁÕ°∑’Ë¡’Õ¬Ÿà‡¥‘¡„π°√≥’∑’Ë¡’
∑√’µ‡¡πµå (À√◊ÕªÿÜ¬) ‡æ‘Ë¡¢÷Èπ 1 ∑√’µ‡¡πµå ‚¥¬°“√‡ª≈’Ë¬π·ª≈ß·ºπ·∫∫°“√∑¥≈Õß‡¥‘¡‡æ’¬ß∫“ß à«π‡∑à“π—Èπ
æ‘®“√≥“‰¥â®“° ∂“π°“√≥å ¡¡µ‘µàÕ‰ªπ’È

1°≈à“«∂÷ß‚¥¬‡Õ° “√Õâ“ßÕ‘ß [1]
2»÷°…“·ºπ·∫∫‡À≈à“π’È‡æ‘Ë¡‡µ‘¡‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß [2]
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≥  ∂“π’∑¥≈Õß·ÀàßÀπ÷Ëß¡’æ◊Èπ∑’Ë ”À√—∫ª≈Ÿ°æ◊™∑—ÈßÀ¡¥ 10 ∫≈ÁÕ° ´÷Ëß·µà≈–∫≈ÁÕ°∂Ÿ°·∫àß‡ªìπ
·ª≈ß∑¥≈Õß¬àÕ¬ 3 ·ª≈ß ·≈–¡’ªÿÜ¬∑’ËµâÕß°“√‡ª√’¬∫‡∑’¬∫ 5 ™π‘¥  ¡¡µ‘„Àâ‡ªìπªÿÜ¬ A B C D ·≈– E
π—°«‘®—¬‰¥â«“ß·ºπ°“√∑¥≈Õß‚¥¬°“√®—¥ªÿÜ¬·µà≈–™π‘¥≈ß„π·ª≈ß∑¥≈Õß¥—ß°≈à“«‚¥¬„™â·ºπ·∫∫∫≈ÁÕ° ¥—ßπ’È

·ºπ·∫∫°“√∑¥≈Õß∑’Ë 1

∫≈ÁÕ°∑’Ë 1 „™âªÿÜ¬ A B C ∫≈ÁÕ°∑’Ë 2 „™âªÿÜ¬ A B D

∫≈ÁÕ°∑’Ë 3 „™âªÿÜ¬ A B E ∫≈ÁÕ°∑’Ë 4 „™âªÿÜ¬ A C E

∫≈ÁÕ°∑’Ë 5 „™âªÿÜ¬ A C D ∫≈ÁÕ°∑’Ë 6 „™âªÿÜ¬ A D E

∫≈ÁÕ°∑’Ë 7 „™âªÿÜ¬ B D E ∫≈ÁÕ°∑’Ë 8 „™âªÿÜ¬ B C D

∫≈ÁÕ°∑’Ë 9 „™âªÿÜ¬ C D E ∫≈ÁÕ°∑’Ë 10 „™âªÿÜ¬ B C E

„π‡«≈“µàÕ¡“ π—°«‘®—¬‰¥âæ—≤π“§‘¥§âπªÿÜ¬‡æ‘Ë¡¢÷Èπ¡“ 1 ™π‘¥  ¡¡µ‘„Àâ‡ªìπªÿÜ¬ F ·≈–‰¥â«“ß·ºπ°“√∑¥≈Õß
„À¡à‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ªÿÜ¬∑—Èß 6 ™π‘¥ ‚¥¬„™â·ºπ·∫∫∫≈ÁÕ°¥—ßπ’È

·ºπ·∫∫°“√∑¥≈Õß∑’Ë 2

∫≈ÁÕ°∑’Ë 1 „™âªÿÜ¬ A B C ∫≈ÁÕ°∑’Ë 2 „™âªÿÜ¬ C E F

∫≈ÁÕ°∑’Ë 3 „™âªÿÜ¬ A B E ∫≈ÁÕ°∑’Ë 4 „™âªÿÜ¬ B D F

∫≈ÁÕ°∑’Ë 5 „™âªÿÜ¬ A C D ∫≈ÁÕ°∑’Ë 6 „™âªÿÜ¬ B C F

∫≈ÁÕ°∑’Ë 7 „™âªÿÜ¬ B D E ∫≈ÁÕ°∑’Ë 8 „™âªÿÜ¬ A E F

∫≈ÁÕ°∑’Ë 9 „™âªÿÜ¬ C D E ∫≈ÁÕ°∑’Ë 10 „™âªÿÜ¬ A D F

‡æ◊ËÕ„Àâ‡°‘¥§«“¡·¡àπ¬”„π°“√«—¥ª√‘¡“≥º≈º≈‘µ¢Õßæ◊™∑’Ë‰¥â®“°°“√„™âªÿÜ¬™π‘¥µà“ßÊ π—°«‘®—¬‰¥â
„ àªÿÜ¬·µà≈–™π‘¥≈ß„π·ª≈ß∑¥≈ÕßÀ≈“¬Ê ·ª≈ß´÷ËßÕ¬Ÿà„π§π≈–∫≈ÁÕ° ≈—°…≥–‡™àππ’È‡√’¬°«à“ °“√´È”
(Replication) ·≈–‡æ◊ËÕ„Àâ¢âÕ¡Ÿ≈∑’Ë‰¥â¡’§«“¡πà“‡™◊ËÕ∂◊Õ π—°«‘®—¬µâÕß«“ß·ºπ°“√∑¥≈Õß„Àâ®”π«π°“√ È́”
 ”À√—∫ªÿÜ¬·µà≈–™π‘¥¡’§à“‡∑à“°—π πÕ°®“°π’È‡æ◊ËÕ„ÀâªÿÜ¬·µà≈–§Ÿà‰¥â√—∫°“√‡ª√’¬∫‡∑’¬∫¿“¬„µâªí®®—¬§«∫§ÿ¡‡¥’¬«°—π
π—°«‘®—¬®÷ß„ àªÿÜ¬ Õß™π‘¥„¥Ê ∑’Ë·µ°µà“ß°—π≈ß„π·ª≈ß∑¥≈Õß∑’ËÕ¬Ÿà„π∫≈ÁÕ°‡¥’¬«°—π·≈–®”π«π∫≈ÁÕ°´÷Ëß‰¥â
√—∫ªÿÜ¬ Õß™π‘¥π—Èπ¡’§à“‡∑à“°—π¥â«¬

„π·ºπ·∫∫°“√∑¥≈Õß∑’Ë 1 ¡’ªÿÜ¬ 5 ™π‘¥ ‚¥¬∑’ËªÿÜ¬·µà≈–™π‘¥‰¥â√—∫°“√∑¥≈Õß´È”‡ªìπ®”π«π
6 §√—Èß ·≈–¡’∫≈ÁÕ°∑’Ë‡ª√’¬∫‡∑’¬∫§Ÿà¢ÕßªÿÜ¬ Õß™π‘¥„¥Ê ‡ªìπ®”π«π 3 ∫≈ÁÕ°‡∑à“Ê °—π
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 ”À√—∫·ºπ·∫∫°“√∑¥≈Õß∑’Ë 2 ¡’ªÿÜ¬ 6 ™π‘¥ ‚¥¬∑’ËªÿÜ¬·µà≈–™π‘¥‰¥â√—∫°“√∑¥≈Õß´È”‡ªìπ®”π«π
5 §√—Èß ·≈–¡’∫≈ÁÕ°∑’Ë‡ª√’¬∫‡∑’¬∫§Ÿà¢ÕßªÿÜ¬ Õß™π‘¥„¥Ê ‡ªìπ®”π«π 2 ∫≈ÁÕ°‡∑à“Ê °—π „π°“√∑¥≈Õß
§√—Èß„À¡àπ’È¡’ªÿÜ¬‡æ‘Ë¡¢÷Èπ 1 ™π‘¥ ∑«à“π—°«‘®—¬‰¡à®”‡ªìπµâÕß∑”°“√∑¥≈Õßµ“¡·ºπ·∫∫„À¡à∑’Ë°”Àπ¥‰«â∑—ÈßÀ¡¥
‡π◊ËÕß®“°π—°«‘®—¬ “¡“√∂π”¢âÕ¡Ÿ≈®“°·ºπ·∫∫°“√∑¥≈Õß∑’Ë 1 (´÷Ëß¡’Õ¬Ÿà‡¥‘¡„π∫≈ÁÕ°∑’Ë 1 3 5 7 ·≈– 9)
¡“„™â√à«¡°—∫¢âÕ¡Ÿ≈§√—Èß„À¡à‰¥â ‚¥¬π—°«‘®—¬µâÕß∑”°“√∑¥≈Õß„À¡à‡©æ“–„π∫≈ÁÕ°∑’Ë 2 4 6 8 ·≈– 10 ‡∑à“π—Èπ
´÷Ëß®–™à«¬„Àâπ—°«‘®—¬ “¡“√∂ª√–À¬—¥‡«≈“·≈–§à“„™â®à“¬„π°“√∑¥≈Õß§√—Èß„À¡àπ’È

·ºπ·∫∫∫≈ÁÕ°
®“° ∂“π°“√≥å∑’Ë‡°√‘Ëππ”„πµÕπµâπ∑”„Àâ‡√“√Ÿâ®—°·ºπ·∫∫∫≈ÁÕ° ”À√—∫°“√∑¥≈Õß∑—Ë«‰ª·≈â«

„π∑“ß§≥‘µ»“ µ√å‡√“®–„Àâπ‘¬“¡·ºπ·∫∫∫≈ÁÕ° ¥—ßπ’È

∫∑π‘¬“¡∑’Ë 1
·ºπ·∫∫∫≈ÁÕ° (Block design) (S, ) ª√–°Õ∫¥â«¬
S ‡ªìπ‡´µ®”°—¥´÷Ëß¡’ ¡“™‘°‡√’¬°«à“ ∑√’µ‡¡πµå (Treatment) ·≈–

‡ªìπ‡´µ¢Õß‡´µ¬àÕ¬∑’Ë‰¡à«à“ß¢Õß S ´÷Ëß¡’ ¡“™‘°‡√’¬°«à“ ∫≈ÁÕ° (Block) „π∑’Ëπ’È¬Õ¡„Àâ¡’
∫≈ÁÕ°´È”°—π‰¥â

‚¥¬Õ“»—¬À≈—°‡°≥±å‡°’Ë¬«°—∫®”π«π∑√’µ‡¡πµå·≈–®”π«π ¡“™‘°¢Õß∫≈ÁÕ°‡√“ “¡“√∂·∫àß
·ºπ·∫∫∫≈ÁÕ°‰¥â‡ªìπ 2 ª√–‡¿∑ ¥—ßπ’È ·ºπ·∫∫∫≈ÁÕ° ¡∫Ÿ√≥å (Complete block design) §◊Õ ·ºπ·∫∫
∫≈ÁÕ°´÷Ëß·µà≈–∫≈ÁÕ°¡’®”π«π ¡“™‘°‡∑à“°—∫®”π«π¢Õß∑√’µ‡¡πµå∑—ÈßÀ¡¥ ·≈–·ºπ·∫∫∫≈ÁÕ°‰¡à ¡∫Ÿ√≥å
(Incomplete block design) §◊Õ ·ºπ·∫∫∫≈ÁÕ°∑’Ë¡’®”π«π∑√’µ‡¡πµå¡“°°«à“®”π«π ¡“™‘°¢Õß∑ÿ°∫≈ÁÕ°

°“√π”·ºπ·∫∫∫≈ÁÕ° ¡∫Ÿ√≥å‰ª„™âß“ππ—Èπ “¡“√∂∑”‰¥â –¥«° ‚¥¬®—¥∑√’µ‡¡πµå≈ß„π∫≈ÁÕ°
„Àâ§√∫∑ÿ°∑√’µ‡¡πµå  ”À√—∫·ºπ·∫∫∫≈ÁÕ°‰¡à ¡∫Ÿ√≥å„π°√≥’∑—Ë«‰ªÕ“®®–¡’ Õß∑√’µ‡¡πµå∑’Ë‰¡à‰¥â√—∫°“√
‡ª√’¬∫‡∑’¬∫¿“¬„π∫≈ÁÕ°‡¥’¬«°—π ‡π◊ËÕß®“°¡’®”π«π∑√’µ‡¡πµå¡“°°«à“¢π“¥¢Õß∫≈ÁÕ° ∂â“À“°π”·ºπ
·∫∫π’È‰ª„™âÕ“®°àÕ„Àâ‡°‘¥§à“§«“¡§≈“¥‡§≈◊ËÕπ„π°“√∑¥≈Õß‰¥â„π√–¥—∫ Ÿß „πªï §.». 1935 ‡¬µ å (Yates)
[3] ‰¥â§âπæ∫«‘∏’°“√·°â‰¢ªí≠À“¥—ß°≈à“«‚¥¬„™â·ºπ·∫∫∫≈ÁÕ°™π‘¥æ‘‡»…∑’Ë‡√’¬°«à“ ·ºπ·∫∫∫≈ÁÕ°‰¡à
 ¡∫Ÿ√≥å∑’Ë ¡¥ÿ≈ (Balanced incomplete block design) ‚¥¬„Àâπ‘¬“¡‰«â¥—ßπ’È

∫∑π‘¬“¡∑’Ë 2
·ºπ·∫∫∫≈ÁÕ°‰¡à ¡∫Ÿ√≥å∑’Ë ¡¥ÿ≈ (Balanced incomplete block design) ‚¥¬„™âµ—«¬àÕ BIBD

§◊Õ ·ºπ·∫∫∫≈ÁÕ° (S, ) ´÷Ëß Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢µàÕ‰ªπ’È
(B1) ·µà≈–∑√’µ‡¡πµå ¡’®”π«π∫≈ÁÕ°´÷Ëß∫√√®ÿ∑√’µ‡¡πµåπ—Èπ‡ªìπ r ∫≈ÁÕ°‡∑à“°—π
(B2) ·µà≈–∫≈ÁÕ° ¡’®”π«π ¡“™‘°‡∑à“°—∫ k (·µà≈–∫≈ÁÕ°∫√√®ÿ∑√’µ‡¡πµå‡ªìπ®”π«π‡∑à“°—π)
(B3)  ”À√—∫ Õß∑√’µ‡¡πµå„¥Ê ¡’®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ§Ÿà¢Õß∑√’µ‡¡πµåπ—Èπ‡ªìπ  ∫≈ÁÕ°‡∑à“°—π
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°”Àπ¥„Àâ v ·∑π®”π«π∑√’µ‡¡πµå ·≈– b ·∑π®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥ (π—Ëπ§◊Õ v = |S| ·≈–
b = | |) ‡√“®–‡√’¬°Àâ“ ‘ËßÕ—π¥—∫¢Õßµ—«·ª√ (v,b,r,k, ) «à“ æ“√“¡‘‡µÕ√å (Parameters)  ”À√—∫ BIBD
·≈–®–‡√’¬°‡ß◊ËÕπ‰¢ (B3) «à“ ‡ß◊ËÕπ‰¢ ¡¥ÿ≈ (Balanced condition)  ”À√—∫ BIBD

µàÕ‰ª®–æ‘®“√≥“§«“¡ —¡æ—π∏å√–À«à“ßæ“√“¡‘‡µÕ√å (v,b,r,k, )  ”À√—∫ BIBD „¥Ê ‚¥¬°“√π”
‡Õ“·ºπ·∫∫∫≈ÁÕ°π’È‰ªª√–¬ÿ°µå„™â„π°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫ªÿÜ¬™π‘¥µà“ßÊ „π∑’Ëπ’È ∑√’µ‡¡πµå §◊Õ ™π‘¥¢Õß
ªÿÜ¬ ·≈–∫≈ÁÕ° §◊Õ ∫≈ÁÕ°∑¥≈Õß ´÷Ëß·µà≈–∫≈ÁÕ°®–∂Ÿ°·∫àß‡ªìπ·ª≈ß∑¥≈Õß¬àÕ¬Ê k ·ª≈ß ·≈–®”π«π
∫≈ÁÕ°∑¥≈Õß∑—ÈßÀ¡¥ §◊Õ b ¥—ßπ—Èπ ®”π«π·ª≈ß∑¥≈Õß∑—ÈßÀ¡¥ ‡¢’¬π·∑π‚¥¬ N ®–¡’§à“‡∑à“°—∫ bk
Õ¬à“ß‰√°Áµ“¡ ‡√“ “¡“√∂¡Õß‰¥âÕ’°π—¬Àπ÷Ëß¥—ßπ’È ‡æ√“–«à“ªÿÜ¬·µà≈–™π‘¥‰¥â√—∫°“√∑¥≈Õß´È”„π·ª≈ß
∑¥≈Õß r ·ª≈ß ·≈–®”π«π™π‘¥¢ÕßªÿÜ¬∑—ÈßÀ¡¥ §◊Õ v ‡æ√“–©–π—Èπ ®”π«π·ª≈ß∑¥≈Õß∑—ÈßÀ¡¥
®–‡∑à“°—∫ vr ∑”„Àâ‡√“‰¥â ¡°“√¥—ßπ’È

N =   = (1)

„Àâ A ‡ªìπ™π‘¥¢ÕßªÿÜ¬∑’Ë‡≈◊Õ°¡“Àπ÷Ëß™π‘¥  ”À√—∫„π·µà≈–∫≈ÁÕ°∑¥≈Õß∑’Ë‰¥â√—∫ªÿÜ¬ A ®–¡’®”π«π§√—Èß„π
°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßªÿÜ¬ A °—∫ªÿÜ¬™π‘¥Õ◊Ëπ‡∑à“°—∫ k›1 §√—Èß ·≈–®”π«π∫≈ÁÕ°∑¥≈Õß∑’Ë‰¥â√—∫ªÿÜ¬ A ‡∑à“°—∫
r ∫≈ÁÕ° ®–‰¥â«à“®”π«π§√—Èß„π°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßªÿÜ¬ A °—∫ªÿÜ¬™π‘¥Õ◊Ëπ‡∑à“°—∫ r(k›1) §√—Èß ´÷Ëß “¡“√∂
°≈à“«‰¥âÕ’°π—¬Àπ÷Ëß¥—ßπ’È ‡π◊ËÕß®“°®”π«π§√—Èß„π°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßªÿÜ¬ A °—∫ªÿÜ¬™π‘¥Õ◊ËπÊ ‡∑à“°—∫ l
§√—Èß ·≈–¡’ªÿÜ¬™π‘¥Õ◊ËππÕ°®“°ªÿÜ¬ A ‡∑à“°—∫ v›1 ™π‘¥ ¥—ßπ—Èπ ®”π«π§√—Èß„π°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßªÿÜ¬ A
°—∫ªÿÜ¬™π‘¥Õ◊Ëπ®–¡’§à“‡∑à“°—∫ (v›1) §√—Èßπ—Ëπ‡Õß ´÷Ëß∑”„Àâ‡√“‰¥â ¡°“√¥—ßπ’È

r(k›1) = (v›1) (2)

‡√“®–‡√’¬° ¡°“√ (1) ·≈– (2) «à“ ‡ß◊ËÕπ‰¢®”‡ªìπ (Necessary condition)  ”À√—∫ BIBD
πÕ°®“°π’È „πªï §.». 1935 ŒÕ≈≈å (Hall) [4] ‰¥âæ‘ Ÿ®πå«à“  ”À√—∫ BIBD „¥Ê ®–¡’®”π«π

∫≈ÁÕ°¡“°°«à“À√◊Õ‡∑à“°—∫®”π«π∑√’µ‡¡πµå‡ ¡Õ π—Ëπ§◊Õ

b ≥ v (3)

µàÕ¡“„πªï §.». 1940 øî™‡™Õ√å (Fisher) [5] ‰¥âæ‘ Ÿ®πå«à“ Õ ¡°“√ (3) ‡ªìπ®√‘ß ”À√—∫ BIBD „¥Ê ‡™àπ°—π
‚¥¬„™â§«“¡√Ÿâ∑“ß¥â“π ∂‘µ‘„π°“√æ‘ Ÿ®πå ´÷Ëß‡√“®–‡√’¬°Õ ¡°“√ (3) π’È«à“ Õ ¡°“√¢Õßøî™‡™Õ√å (Fisherûs
inequality)

∫∑π‘¬“¡∑’Ë 3
 ”À√—∫ BIBD „¥Ê ́ ÷Ëß¡’®”π«π∑√’µ‡¡πµå‡∑à“°—∫®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥ (À√◊Õ v = b) ®–∂Ÿ°‡√’¬°«à“

·ºπ·∫∫∫≈ÁÕ°‰¡à ¡∫Ÿ√≥å∑’Ë ¡¥ÿ≈·≈– ¡¡“µ√ (Symmetric balanced incomplete block design)
‚¥¬„™âµ—«¬àÕ SBIBD
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¢âÕ —ß‡°µ
®“° ¡°“√ (1) ·≈– (2) ®–‡ÀÁπ‰¥â«à“æ“√“¡‘‡µÕ√å (v,b,r,k, ) ‡À≈à“π’È‰¡à‡ªìπÕ‘ √–µàÕ°—π ∑”„Àâ

‡√“‰¥â«à“ ∂â“À“°∑√“∫§à“¢Õß “¡æ“√“¡‘‡µÕ√å„¥Ê ·≈â«®– “¡“√∂À“§à“¢Õß Õßæ“√“¡‘‡µÕ√å∑’Ë‡À≈◊Õ‰¥â‡ ¡Õ
æ‘®“√≥“·ºπ·∫∫∫≈ÁÕ°∑’Ë¡’æ“√“¡‘‡µÕ√å v = 8 b = 12 ·≈– k = 4 ®–‰¥â«à“æ“√“¡‘‡µÕ√å∑’Ë‰¥â®“°

 ¡°“√ (1) ·≈– (2) §◊Õ r = 6 ·≈–  = 18/7 µ“¡≈”¥—∫ ‡π◊ËÕß®“°¡’æ“√“¡‘‡µÕ√å∫“ß§à“∑’Ë‰¡à„™à®”π«π‡µÁ¡
¥—ßπ—Èπ ‡√“®÷ß‰¡à “¡“√∂ √â“ß·ºπ·∫∫∫≈ÁÕ°´÷Ëß Õ¥§≈âÕß°—∫ “¡æ“√“¡‘‡µÕ√å¢â“ßµâπ„Àâ‡ªìπ BIBD ‰¥â

Õ¬à“ß‰√°Áµ“¡ „πªï §.». 2001 ‚Œ‡∑Áπ (Houghten) ·≈–§≥– [6] ‰¥âæ‘ Ÿ®πå«à“‰¡à “¡“√∂ √â“ß
BIBD ∑’Ë¡’æ“√“¡‘‡µÕ√å (46,69,9,6,1) ∂÷ß·¡â«à“§à“æ“√“¡‘‡µÕ√å‡À≈à“π’È®– Õ¥§≈âÕß°—∫ ¡°“√ (1) ·≈– (2)
°Áµ“¡ πÕ°®“°π’È „πªï §.». 2007 ∫‘≈≈—  (Bilous) ·≈–§≥– [7] ‰¥â· ¥ß«à“‰¡à¡’ BIBD ∑’Ë Õ¥§≈âÕß°—∫
æ“√“¡‘‡µÕ√å¥—ßπ’È (22,33,12,8,4) ¥â«¬‡Àµÿπ’È  ¡°“√ (1) ·≈– (2) ®÷ß‰¡à„™à‡ß◊ËÕπ‰¢‡æ’¬ßæÕ (Sufficient
condition)  ”À√—∫ BIBD

µàÕ‰ª‡√“®–Õ∏‘∫“¬«‘∏’°“√ √â“ß BIBD ·≈– SBIBD ∑’Ë¡’¢—ÈπµÕπ‰¡à´—∫´âÕπ®π‡°‘π‰ª ´÷Ëß®–
∑”„Àâ‡°‘¥§«“¡ –¥«°„π°“√«“ß·ºπ°“√∑¥≈Õß°àÕπ∑’Ë®–≈ß¡◊ÕªØ‘∫—µ‘®√‘ß

∑ƒ…Æ’∫∑∑’Ë 1 (·ºπ·∫∫‰¡à≈¥√Ÿª À√◊Õ Unreduced design)
 ”À√—∫®”π«π‡µÁ¡ v ·≈– k „¥Ê ‚¥¬∑’Ë v > k ≥ 2 ®–¡’ BIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å

¥—ßµàÕ‰ªπ’È  (( ) ( ) ( )), ,v v-1
k k-1v, k, v-2

k-2

∫∑æ‘ Ÿ®πå „Àâ (S, ) ‡ªìπ·ºπ·∫∫∫≈ÁÕ° ‚¥¬∑’Ë |S| = v ·≈–  = {B|B  S,|B| = k}

‡ÀÁπ‰¥â™—¥«à“®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥ §◊Õ v
k( ) b=

°”Àπ¥„Àâ x ·≈– y ‡ªìπ Õß∑√’µ‡¡πµå„¥Ê ®–‰¥â«à“®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ x §◊Õ (v-1
k-1r = ) ·≈–

®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ x ·≈– y §◊Õ (v-2
k-2) ■

®–‡ÀÁπ‰¥â«à“ ·ºπ·∫∫°“√∑¥≈Õß∑’Ë 1 ‡ªìπ·ºπ·∫∫‰¡à≈¥√Ÿª„π°√≥’∑’Ë v = 5 ·≈– k = 3 ‚¥¬¡’
®”π«π·ª≈ß∑¥≈Õß∑—ÈßÀ¡¥ (N) 30 ·ª≈ß  à«π„π°√≥’∑’Ë v = 7 ·≈– k = 3 ®“°∑ƒ…Æ’∫∑∑’Ë 1 ‡√“ “¡“√∂
 √â“ß BIBD ´÷Ëß¡’æ“√“¡‘‡µÕ√å (7,35,15,3,5) ‰¥â ‚¥¬¡’®”π«π·ª≈ß∑¥≈Õß §◊Õ N = 7 x15 = 35x 3 = 105
Õ¬à“ß‰√°Áµ“¡ ‡√“ “¡“√∂≈¥®”π«π·ª≈ß∑¥≈Õßπ’È‰¥â‚¥¬°“√ √â“ß SBIBD ∑’Ë Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å
(7,7,3,3,1) ·≈–¡’®”π«π·ª≈ß∑¥≈Õß≈¥≈ß §◊Õ N = 7 x 3 = 21 ·ª≈ß ´÷Ëß®–æ∫‰¥â„πµ—«Õ¬à“ß∑’Ë 2

µàÕ‰ª‡√“®–„Àâπ‘¬“¡ ”§—≠∑’Ë„™â„π°“√ √â“ß SBIBD æ√âÕ¡∑—Èß∑ƒ…Æ’∫∑∑’Ë‡°’Ë¬«¢âÕß ¥—ßπ’È
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∫∑π‘¬“¡∑’Ë 4
„Àâ (G,+) ‡ªìπ°√ÿª ≈—∫∑’Ë‚¥¬¡’®”π«π ¡“™‘°‡∑à“°—∫ v ·≈–
„Àâ B ‡ªìπ‡´µ¬àÕ¬¢Õß G ‚¥¬¡’®”π«π ¡“™‘°‡∑à“°—∫ k
‡√“®–‡√’¬° B «à“ ‡´µ‡™‘ßº≈µà“ß (Difference set) ∂â“∑ÿ° ¡“™‘°  ∑’Ë‰¡à‡ªìπ‡Õ°≈—°…≥å¢Õß G

®–¡’  §ŸàÕ—π¥—∫ (x1,y1),(x2,y2),....,(x1,y1) ¢Õß ¡“™‘°„π B ‚¥¬∑’Ëº≈µà“ß¢Õß§ŸàÕ—π¥—∫π—ÈπÊ §◊Õ

 = y1 
› x1 

= y2 
› x2 

= .... =  y  ›  x

‡√“®–‡√’¬° “¡ ‘ËßÕ—π¥—∫¢Õßµ—«·ª√ (v,k, ) «à“ æ“√“¡‘‡µÕ√å ”À√—∫‡´µ‡™‘ßº≈µà“ß

µ—«Õ¬à“ß∑’Ë 1 „π°√ÿª®”π«π‡µÁ¡¡Õ¥ÿ‚≈ 7 º≈µà“ß∑’Ë‡ªìπ‰ª‰¥â∑—ÈßÀ¡¥ ”À√—∫§ŸàÕ—π¥—∫¢Õß ¡“™‘°„π‡´µ {1,2,4}
›››

§◊Õ ±1,±3,±2
›››  ´÷Ëß‡°‘¥®“°§ŸàÕ—π¥—∫¢Õß ¡“™‘°„π‡´µ¢â“ßµâππ’È‰¥â‡æ’¬ß·∫∫‡¥’¬«‡∑à“π—Èπ ¥—ßπ—Èπ {1,2,4}

›››  ‡ªìπ
‡´µ‡™‘ßº≈µà“ß´÷Ëß¡’æ“√“¡‘‡µÕ√å (v,k, ) = (7,3,1) ■■

∑ƒ…Æ’∫∑∑’Ë 2 (‡´µ‡™‘ßº≈µà“ß¢Õßæ“‡≈¬å À√◊Õ Paleyûs difference set)
∂â“ v = 4t›1  “¡“√∂‡¢’¬π‰¥â„π√Ÿª‡≈¢¬°°”≈—ß¢Õß®”π«π‡©æ“–∑’Ë¡’§à“¡“°°«à“ 3 ·≈â«®–¡’

‡´µ‡™‘ßº≈µà“ß´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (4t›1,2t›1,t›1)

∫∑æ‘ Ÿ®πå  „Àâ ( v,+,.) ‡ªìπøî≈¥å´÷Ëß¡’®”π«π ¡“™‘°‡∑à“°—∫ v ·≈– B  = {x .  x |  x v \{0}}
®–‰¥â«à“ B ‡ªìπ‡´µ‡™‘ßº≈µà“ß„π°√ÿª ( v,+) ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å∑’ËµâÕß°“√
 ”À√—∫√“¬≈–‡Õ’¬¥„π°“√æ‘ Ÿ®πå∑ƒ…Æ’∫∑π’È ∑à“πºŸâÕà“π “¡“√∂»÷°…“‡æ‘Ë¡‡µ‘¡‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß [8] ■

∑ƒ…Æ’∫∑∑’Ë 3 (·ºπ·∫∫«—Ø®—°√ À√◊Õ Cyclic design)
∂â“¡’‡´µ‡™‘ßº≈µà“ß ÷́Ëß¡’æ“√“¡‘‡µÕ√å (v,k, ) ·≈â«®–¡’ SBIBD ∑’Ë Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å

(v,v,k,k, )

∫∑æ‘ Ÿ®πå °”Àπ¥„Àâ G ‡ªìπ°√ÿª ≈—∫∑’Ë‚¥¬¡’®”π«π ¡“™‘°‡∑à“°—∫ v ·≈– B = {b1,b2,...,bk} ‡ªìπ
‡´µ‡™‘ßº≈µà“ß„π°√ÿª G ·≈–°”Àπ¥„Àâ (G, ) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°´÷Ëßª√–°Õ∫¥â«¬  = {B +  | G}
‡¡◊ËÕ B +  = {bi 

+ | bi G} ‡ÀÁπ‰¥â™—¥«à“®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫®”π«π ¡“™‘°¢Õß G π—Ëπ§◊Õ b = v
¥—ßπ—Èπ ·ºπ·∫∫∫≈ÁÕ° (G, ) „À¡àπ’È‡ªìπ SBIBD3

■

µ—«Õ¬à“ß∑’Ë 2 „Àâ ( , ) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°„π∑ƒ…Æ’∫∑∑’Ë 3 ‚¥¬„™â B = {1,2,4}
›››  ´÷Ëß‡ªìπ‡´µº≈µà“ß„π

°√ÿª®”π«π‡µÁ¡¡Õ¥ÿ‚≈ 7 ®–‡ÀÁπ‰¥â«à“  ª√–°Õ∫¥â«¬∫≈ÁÕ°∑—ÈßÀ¡¥ ¥—ßπ’È

{1,2,4}
›››

 , {2,3,5}
›››

 , {3,4,6}
›››

 , {4,5,0}
›››

 , {5,6,1}
›››

 , {6,0,2}
›››

 , {0,1,3}
›››

¥—ßπ—Èπ ·ºπ·∫∫∫≈ÁÕ° ( , ) ‡ªìπ SBIBD ∑’Ë¡’æ“√“¡‘‡µÕ√å (7,7,3,3,1) ■■

3 ”À√—∫æ“√“¡‘‡µÕ√å∑’Ë‡À≈◊Õ “¡“√∂»÷°…“‡æ‘Ë¡‡µ‘¡‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß [9]
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°“√ √â“ß·ºπ·∫∫∫≈ÁÕ°„À¡à®“°·ºπ·∫∫∫≈ÁÕ°‡¥‘¡
„πÀ—«¢âÕ∑’Ëºà“π¡“ ‡√“‰¥â°≈à“«∂÷ß¢—ÈπµÕπ°“√ √â“ß BIBD ·≈– SBIBD ‰«â·≈â«„π∑ƒ…Æ’

∫∑∑’Ë 1 ·≈–∑ƒ…Æ’∫∑∑’Ë 3 µ“¡≈”¥—∫ µàÕ‰ª‡√“®–Õ∏‘∫“¬«‘∏’°“√π”‡Õ“ BIBD ∑’Ë¡’Õ¬Ÿà‡¥‘¡¡“ √â“ß‡ªìπ BIBD
„À¡à´÷Ëß‡√’¬°«à“ ·ºπ·∫∫‡µ‘¡‡µÁ¡ (Complementary design) πÕ°®“°π’È ‡√“ “¡“√∂π”‡Õ“ SBIBD „¥Ê
¡“æ—≤π“„Àâ‡°‘¥ BIBD „À¡à‰¥â Õß·ºπ·∫∫ §◊Õ ·ºπ·∫∫ à«πµ°§â“ß (Residual design) ·≈–·ºπ·∫∫
Õπÿæ—∑∏å (Derived design) ´÷Ëßæ∫‰¥â„π∑ƒ…Æ’∫∑µàÕ‰ªπ’È

∑ƒ…Æ’∫∑∑’Ë 4 (·ºπ·∫∫‡µ‘¡‡µÁ¡ À√◊Õ Complementary design)
∂â“¡’ BIBD ÷́Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (v,b,r,k, ) ·≈â«®–¡’ BIBD ´÷Ëß Õ¥§≈âÕß°—∫

æ“√“¡‘‡µÕ√å ¥—ßπ’È (v,b,b › r,v › k,b › 2r + ) ‚¥¬∑’Ë b › 2r + > 0

∫∑æ‘ Ÿ®πå   ¡¡µ‘„Àâ (S, ) ‡ªìπ BIBD ÷́Ëß¡’æ“√“¡‘‡µÕ√å (v,b,r,k, ) ‚¥¬∑’Ë  = {B1,B2,...,Bb}
°”Àπ¥„Àâ (S′, ′) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°„À¡à ‚¥¬∑’Ë S′ = S ·≈– ′ = {S \  B1,S \ B2,...,S \ Bb}
‡√“‰¥â«à“„π·ºπ·∫∫∫≈ÁÕ°∑—Èß Õßπ’È®–¡’®”π«π∑√’µ‡¡πµå‡∑à“°—∫ v ·≈–®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫ b
πÕ°®“°π’È ®–‡ÀÁπ‰¥â™—¥«à“·µà≈–∫≈ÁÕ°„π (S′, ′) ¡’®”π«π ¡“™‘°‡∑à“°—∫ v›k

æ‘®“√≥“·ºπ·∫∫‡√‘Ë¡µâπ (S, ) ·µà≈–∑√’µ‡¡πµåÕ¬Ÿà„π∫≈ÁÕ° r ∫≈ÁÕ° ∑”„Àâ‰¥â«à“∑√’µ‡¡πµåπ—ÈπÊ
Õ¬Ÿà„π à«π‡µ‘¡‡µÁ¡¢Õß∫≈ÁÕ°∑’Ë‡À≈◊Õ b›r ∫≈ÁÕ° π—Ëπ§◊Õ„π·ºπ·∫∫∫≈ÁÕ° (S′, ′) ·µà≈–∑√’µ‡¡πµåÕ¬Ÿà„π
∫≈ÁÕ° b›r ∫≈ÁÕ°

„Àâ x ·≈– y ‡ªìπ∑√’µ‡¡πµå„¥Ê æ‘®“√≥“ (S, ) ÷́Ëß‡ªìπ BIBD ‡√‘Ë¡µâπ ®–‰¥â«à“®”π«π∫≈ÁÕ°
∑’Ë∫√√®ÿ x ·≈– y ‡∑à“°—∫  ‡π◊ËÕß®“°∑√’µ‡¡πµå x Õ¬Ÿà„π∫≈ÁÕ° r ∫≈ÁÕ° ®–‰¥â«à“®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ x
·µà‰¡à∫√√®ÿ y ‡∑à“°—∫ r›  „π∑”πÕß‡¥’¬«°—π ®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ y ·µà‰¡à∫√√®ÿ x ‡∑à“°—∫ r ›  ‡™àπ°—π
‡æ√“–©–π—Èπ®”π«π∫≈ÁÕ°∑’Ë‰¡à∫√√®ÿ x ·≈– y ¡’§à“‡∑à“°—∫

b › (r › ) › (r › ) ›  = b › 2r + 

¥—ßπ—Èπ ®”π«π∫≈ÁÕ°„π (S′, ′) ∑’Ë∫√√®ÿ x ·≈– y ´÷Ëß‡∑à“°—∫®”π«π∫≈ÁÕ°„π (S, ) ∑’Ë‰¡à∫√√®ÿ x ·≈– y
®–¡’§à“‡∑à“°—∫ b › 2r +  ∫≈ÁÕ° ■
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∑ƒ…Æ’∫∑∑’Ë 5 (·ºπ·∫∫ à«πµ°§â“ß À√◊Õ Residual design)
∂â“¡’ SBIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (v,v,k,k, ) ·≈â«®–¡’ BIBD ÷́Ëß Õ¥§≈âÕß°—∫

æ“√“¡‘‡µÕ√å ¥—ßπ’È  (v›k,v›1,k,k› , )

∫∑æ‘ Ÿ®πå  „Àâ (S, ) ‡ªìπ SBIBD ´÷Ëß¡’æ“√“¡‘‡µÕ√å (v,v,k,k, ) ·≈– B0 ‡ªìπ∫≈ÁÕ°„¥Ê „π (S, )
°”Àπ¥„Àâ (R, ) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°„À¡à ‚¥¬∑’Ë R = S \ B0 ·≈–  =  {B  \ B0 |  B  \ {B0}}
®–‰¥â«à“®”π«π∑√’µ‡¡πµå‡∑à“°—∫ v › k ·≈–®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫ v › 1
πÕ°®“°π’È ®–‡ÀÁπ‰¥â™—¥«à“·µà≈–∑√’µ‡¡πµåÕ¬Ÿà„π∫≈ÁÕ° k ∫≈ÁÕ°

®“°§ÿ≥ ¡∫—µ‘4  ”À√—∫ SBIBD „¥Ê ∑”„Àâ‡√“∑√“∫«à“®”π«π∑√’µ‡¡πµå∑’ËÕ¬Ÿà„π à«π√à«¡
√–À«à“ß∫≈ÁÕ° B0 °—∫∫≈ÁÕ° B Õ◊ËπÊ ‡∑à“°—∫  ‡ ¡Õ ¥—ßπ—Èπ ·µà≈–∫≈ÁÕ°„π (R, ) ®–¡’®”π«π ¡“™‘°
‡∑à“°—∫ k›

„Àâ x ·≈– y ‡ªìπ Õß∑√’µ‡¡πµå„¥Ê „π S  \  B0 ‡ÀÁπ‰¥â™—¥«à“®”π«π∫≈ÁÕ°„π (R, ) ∑’Ë∫√√®ÿ
x ·≈– y ¡’§à“‡∑à“°—∫  ∫≈ÁÕ° ■

∑ƒ…Æ’∫∑∑’Ë 6 (·ºπ·∫∫Õπÿæ—∑∏å À√◊Õ Derived design)
∂â“¡’ SBIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (v,v,k,k, ) ·≈â«®–¡’ BIBD ÷́Ëß Õ¥§≈âÕß°—∫

æ“√“¡‘‡µÕ√å¥—ßπ’È (k,v›1,k›1, , ›1) ‚¥¬∑’Ë  > 1

∫∑æ‘ Ÿ®πå  ¡¡µ‘„Àâ (S, ) ‡ªìπ SBIBD ∑’Ë¡’æ“√“¡‘‡µÕ√å (v,v,k,k, ) ·≈–„Àâ B0 ‡ªìπ∫≈ÁÕ°„¥Ê
°”Àπ¥„Àâ (D, ) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°„À¡à ´÷Ëßª√–°Õ∫¥â«¬ D = B0 ·≈–  = {B  B0 

|  B B\{B0}}
®–‰¥â«à“®”π«π∑√’µ‡¡πµå‡∑à“°—∫ k ·≈–®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫ v›1

®“°§ÿ≥ ¡∫—µ‘4  ”À√—∫ SBIBD „¥Ê ∑”„Àâ‡√“∑√“∫«à“®”π«π∑√’µ‡¡πµå∑’ËÕ¬Ÿà„π à«π√à«¡
√–À«à“ß∫≈ÁÕ° B0 °—∫∫≈ÁÕ° B Õ◊ËπÊ ‡∑à“°—∫  ‡ ¡Õ ¥—ßπ—Èπ ·µà≈–∫≈ÁÕ°„π (D, ) ®–¡’®”π«π ¡“™‘°
‡∑à“°—∫ 

‡π◊ËÕß®“° B0 ‰¡à„™à∫≈ÁÕ° ”À√—∫·ºπ·∫∫„À¡àπ’È ‡æ√“–©–π—Èπ·µà≈–∑√’µ‡¡πµå∑’ËÕ¬Ÿà„π D ®–¡’
®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ∑√’µ‡¡πµåπ—ÈπÊ ≈¥≈ß 1 ∫≈ÁÕ° (®“°·ºπ·∫∫‡√‘Ë¡µâπ) ÷́Ëß¡’§à“‡∑à“°—∫ k›1 ∫≈ÁÕ°

πÕ°®“°π—Èπ ·µà≈– Õß∑√’µ‡¡πµå∑’ËÕ¬Ÿà„π D ®–¡’®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ∑√’µ‡¡πµå§Ÿàπ—Èπ≈¥≈ß 1 ∫≈ÁÕ°
(®“°·ºπ·∫∫‡√‘Ë¡µâπ) ´÷Ëß¡’§à“‡∑à“°—∫ ›1 ∫≈ÁÕ° ■

4»÷°…“§ÿ≥ ¡∫—µ‘ ”À√—∫ SBIBD ¥—ß°≈à“«π’È‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß [10]
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∫∑·∑√°∑’Ë 7
∂â“ v = 4t›1  “¡“√∂‡¢’¬π‰¥â„π√Ÿª‡≈¢¬°°”≈—ß¢Õß®”π«π‡©æ“–∑’Ë¡“°°«à“ 3 ·≈â«®– “¡“√∂

 √â“ß BIBD „Àâ Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√åµà“ßÊ ‰¥â¥—ßµàÕ‰ªπ’È
(1) (4t›1, 4t›1, 2t›1, 2t›1, t›1)
(2) (4t›1, 4t›1, 2t, 2t, t)
(3) (2t, 4t›2, 2t›1, t, t›1)
(4) (2t›1, 4t›2, 2t›2, t›1, t›2) ‚¥¬∑’Ë t > 2
(5) (2t›1, 4t›2, 2t, t, t) ‚¥¬∑’Ë t > 2

∫∑æ‘ Ÿ®πå ¢âÕ∑’Ë (1) ‚¥¬„™â∑ƒ…Æ’∫∑∑’Ë 2 ·≈–∑ƒ…Æ’∫∑∑’Ë 3
¢âÕ∑’Ë (2) ‚¥¬„™â∑ƒ…Æ’∫∑∑’Ë 4 ·≈– BIBD ®“°¢âÕ∑’Ë (1)
¢âÕ∑’Ë (3) ‚¥¬„™â∑ƒ…Æ’∫∑∑’Ë 5 ·≈– SBIBD ®“°¢âÕ∑’Ë (1)
¢âÕ∑’Ë (4) ‚¥¬„™â∑ƒ…Æ’∫∑∑’Ë 6 ·≈– SBIBD ®“°¢âÕ∑’Ë (1) ·≈–
¢âÕ∑’Ë (5) ‚¥¬„™â∑ƒ…Æ’∫∑∑’Ë 4 ·≈– BIBD ®“°¢âÕ∑’Ë (4) ■

µ—«Õ¬à“ß∑’Ë 3 ‚¥¬„™â‡´µ‡™‘ßº≈µà“ß {1,3,4,5,9}
› › ›››  „π°√ÿª®”π«π‡µÁ¡¡Õ¥ÿ‚≈ 11 ®–‰¥â BIBD µà“ßÊ ÷́Ëß

 Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å„π∫∑·∑√°∑’Ë 7 ¥—ßµàÕ‰ªπ’È
°”Àπ¥„Àâ S = {0,1,2,3,4,5,6,7,8,9,10}, R = {0,2,6,7,8,10}, D = {1,3,4,5,9} ·≈–

„Àâ (S, ), (R, ), (D, ), (S, ′), (S \  R, ′),(S \ D, ′) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°´÷Ëßª√–°Õ∫¥â«¬
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®–‰¥â«à“
(S, ) ‡ªìπ SBIBD ÷́Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (11,11,5,5,2) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (1)
(R, ) ‡ªìπ BIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (6,10,5,3,2) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (3)
(D, ) ‡ªìπ BIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (5,10,4,2,1) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (4)
(S, ′) ‡ªìπ SBIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (11,11,6,6,3) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (2)
(S\ R, ′) ‡ªìπ BIBD  Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (5,10,6,3,3) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (5)
(S\ D, ′) ‡ªìπ BIBD  Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (6,10,5,3,2) „π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (3) ■■

®“°∑ƒ…Æ’∫∑¢â“ßµâπ ‡ªìπ°“√ √â“ß BIBD „À¡à®“° BIBD ∑’Ë¡’Õ¬Ÿà‡¥‘¡ ‚¥¬∑’Ë®”π«π∑√’µ‡¡πµå
≈¥≈ßÀ√◊Õ‡∑à“‡¥‘¡ „π∑ƒ…Æ’∫∑ ÿ¥∑â“¬π’È‡√“°”≈—ß®–Õ∏‘∫“¬«‘∏’°“√ √â“ß BIBD „À¡à®“° BIBD ‡¥‘¡
´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å„π∫∑·∑√°∑’Ë 7 ¢âÕ∑’Ë (5) „π°√≥’∑’Ë¡’®”π«π∑√’µ‡¡πµå‡æ‘Ë¡¢÷Èπ 1 ∑√’µ‡¡πµå

∑ƒ…Æ’∫∑∑’Ë 8
°”Àπ¥„Àâ (S, ) ‡ªìπ BIBD ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (2t›1, 4t›2, 2t, t, t)
∂â“¡’‡´µ¢Õß∫≈ÁÕ° 1  ´÷Ëß Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢ Õßª√–°“√ ¥—ßπ’È
(i) | 1|  = 2t›1 ·≈–
(ii)  ”À√—∫∑ÿ°∑√’µ‡¡πµå x „¥Ê „π S ®–‰¥â«à“ |{B | x   B;B  1}| = t
·≈â«®–¡’ BIBD ÷́Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (2t, 4t›2, 2t›1, t, t›1)

∫∑æ‘ Ÿ®πå  °”Àπ¥„Àâ (S, ) ‡ªìπ BIBD „¥Ê ∑’Ë¡’æ“√“¡‘‡µÕ√å (2t›1, 4t›2, 2t, t, t)
·≈– 1  ‡ªìπ‡´µ¢Õß∫≈ÁÕ°∑’Ë Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢ (i) ·≈– (ii)
·≈–„Àâ 2 = \ 1 ®–‰¥â«à“ 2  Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢ (i) ·≈– (ii) ¥â«¬‡™àπ°—π

„Àâ x0 ‡ªìπ∑√’µ‡¡πµå„¥Ê ∑’Ë‰¡à„™à ¡“™‘°¢Õß S ·≈–°”Àπ¥„Àâ (S′, ′) ‡ªìπ·ºπ·∫∫∫≈ÁÕ°„À¡à
‚¥¬∑’Ë S′= S {x0} ·≈– ′= {B  | B 1}  {S′ \B  | B  2}
®–‰¥â«à“®”π«π∑√’µ‡¡πµå¡’§à“‡∑à“°—∫ (2t›1)+1=2t ·≈–®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫ 2(2t›1)= 4t›2
 ”À√—∫∑ÿ°∫≈ÁÕ° B 2 ®–‰¥â«à“ |S′\ | = t ¥—ßπ—Èπ ·µà≈–∫≈ÁÕ°„π (S′, ′)  ®–¡’®”π«π ¡“™‘°‡∑à“°—∫ t
πÕ°®“°π’È ®–‰¥â«à“®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥∑’Ë∫√√®ÿ x0 ¡’§à“‡∑à“°—∫ 2t›1 ∫≈ÁÕ°

„Àâ y ‡ªìπ∑√’µ‡¡πµå„¥Ê „π S ‡æ√“–«à“ 1  Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢ (i) ·≈– (ii) ¥—ßπ—Èπ ®”π«π
∫≈ÁÕ°„π 1 ´÷Ëß∫√√®ÿ y ¡’∑—Èß ‘Èπ t ∫≈ÁÕ° „π∑”πÕß‡¥’¬«°—π ‡π◊ËÕß®“° 2  Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢ (i) ·≈–
(ii) ∑”„Àâ‰¥â«à“®”π«π∫≈ÁÕ°„π 2 ´÷Ëß∫√√®ÿ y ¡’∑—Èß ‘Èπ t ∫≈ÁÕ° ¥—ßπ—Èπ ®”π«π∫≈ÁÕ°„π 2 ´÷Ëß‰¡à∫√√®ÿ y
¡’∑—Èß ‘Èπ t›1 ∫≈ÁÕ° ‡æ√“–©–π—Èπ®”π«π∫≈ÁÕ°„π (S′, ′) ´÷Ëß∫√√®ÿ y ¡’§à“‡∑à“°—∫ t + (t › 1) = 2t › 1 ∫≈ÁÕ°

µàÕ‰ª®–· ¥ß«à“ ”À√—∫ Õß∑√’µ‡¡πµå„¥Ê „π (S′, ′) ®”π«π∫≈ÁÕ°∑’Ë∫√√®ÿ∑√’µ‡¡πµå§Ÿàπ—Èπ¡’§à“
‡∑à“°—∫ t›1 ∫≈ÁÕ°‡∑à“°—π °”Àπ¥„Àâ y ·≈– z ‡ªìπ Õß∑√’µ‡¡πµå„¥Ê „π S (´÷Ëß‰¡à„™à x0)
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„Àâ 1 (·≈– 2) ·∑π®”π«π∫≈ÁÕ°´÷Ëß∫√√®ÿ∑—Èß y ·≈– z „π 1 (·≈– 2 µ“¡≈”¥—∫) ‡ÀÁπ‰¥â
™—¥«à“®”π«π∫≈ÁÕ°„π 2 ´÷Ëß‰¡à∫√√®ÿ y ·≈– z ¡’§à“‡∑à“°—∫

(2t › 1)› t  › t + 2 
= 2 

› 1
‡æ√“–©–π—Èπ ®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥„π (S′, ′) ∑’Ë∫√√®ÿ∑—Èß y ·≈– z ́ ÷Ëß¡’§à“‡∑à“°—∫º≈√«¡√–À«à“ß®”π«π∫≈ÁÕ°„π

1 ∑’Ë∫√√®ÿ∑—Èß y ·≈– z °—∫®”π«π∫≈ÁÕ°„π 2 ∑’Ë‰¡à∫√√®ÿ y ·≈– z ®–¡’§à“‡∑à“°—∫ 1 
+ ( 2 

› 1) = t › 1
πÕ°®“°π’È ‡√“‰¥â«à“®”π«π∫≈ÁÕ°„π (S′, ′) ∑’Ë∫√√®ÿ∑—Èß x0 ·≈– y ®–‡∑à“°—∫®”π«π∫≈ÁÕ°„π 2 ∑’Ë‰¡à
∫√√®ÿ y ´÷Ëß¡’§à“‡∑à“°—∫ t›1 ∫≈ÁÕ° ■

 √ÿª
„π∑ƒ…Ø’∫∑∑’Ë 8 ‡√“‰¥â √â“ß BIBD „À¡à®“° BIBD ‡¥‘¡„π°√≥’∑’Ë¡’∑√’µ‡¡πµå‡æ‘Ë¡¢÷Èπ 1

∑√’µ‡¡πµå ‚¥¬µâÕß°“√ BIBD ‡¥‘¡ ´÷Ëß Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å (2t › 1, 4t › 2, 2t, t, t) ·≈–¡’‡ß◊ËÕπ‰¢ ”§—≠
§◊Õ

ç¡’∫≈ÁÕ°‡ªìπ®”π«π§√÷ËßÀπ÷Ëß¢Õß∑—ÈßÀ¡¥ ´÷Ëß·µà≈–∑√’µ‡¡πµå®–µâÕßÕ¬Ÿà„π∫≈ÁÕ°‡À≈à“π’È
‡ªìπ®”π«π t ∫≈ÁÕ°é

‚¥¬°“√π”∫≈ÁÕ°∑’Ë Õ¥§≈âÕß°—∫‡ß◊ËÕπ‰¢¥—ß°≈à“«®“° BIBD ‡¥‘¡¡“„™â‡ªìπ∫≈ÁÕ° ”À√—∫ BIBD „À¡à ·≈–
π” à«π‡µ‘¡‡µÁ¡¢Õß∫≈ÁÕ°∑’Ë‰¡à„™â®“° BIBD ‡¥‘¡¡“„™â‡ªìπ∫≈ÁÕ° ”À√—∫ BIBD „À¡àπ’È¥â«¬ ´÷Ëß®–∑”„Àâ‡°‘¥
BIBD „À¡à∑’Ë Õ¥§≈âÕß°—∫æ“√“¡‘‡µÕ√å¥—ßπ’È (2t, 4t › 2, 2t › 1, t, t › 1) ®“°¢—ÈπµÕπ¥—ß°≈à“«∑”„Àâ‡√“ “¡“√∂
π”¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß‡¥‘¡ à«πÀπ÷Ëß¡“„™â„π°“√∑¥≈Õß§√—Èß„À¡à‰¥â

πÕ°®“°π’È·≈â« ‡√“æ∫«à“¢—ÈπµÕπ°“√ √â“ß BIBD „À¡àπ’È‡ªìπ°“√®—¥∑√’µ‡¡πµå≈ß„π∫≈ÁÕ°„À¡à
‡æ’¬ß§√÷ËßÀπ÷Ëß‡∑à“π—Èπ ‚¥¬∑’Ë®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥·≈–®”π«π ¡“™‘°„π·µà≈–∫≈ÁÕ°‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß
π—Ëπ§◊Õ „π BIBD ∑—Èß Õßπ—Èπ¡’®”π«π∫≈ÁÕ°∑—ÈßÀ¡¥‡∑à“°—∫ 4t › 2 ∫≈ÁÕ° ·≈–∑ÿ°∫≈ÁÕ°¡’®”π«π ¡“™‘°‡∑à“°—∫
t ´÷Ëß®–™à«¬„Àâª√–À¬—¥§à“„™â®à“¬„π°“√∑¥≈Õß·≈–‰¡àµâÕß‡ ’¬‡«≈“„π°“√‡µ√’¬¡∫≈ÁÕ°·≈–°“√®—¥·∫àß∫≈ÁÕ°
„À¡à‡æ◊ËÕ„™â„π°“√∑¥≈Õß§√—Èß„À¡àπ—Ëπ‡Õß
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