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- ‚§√ß √â“ß∑’Ë„™â·≈°‡ª≈’Ë¬π·°ä ¢Õß —µ«å∫“ß™π‘¥ 115

√–∫∫¢—∫∂à“¬¢Õß‡ ’¬°—∫°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬ 115

- ‰µ¢Õß§π 115

- °≈‰°°“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”„π√à“ß°“¬ 119

º‘«Àπ—ß°—∫°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬ 120

- ‚§√ß √â“ß à«π∑’Ë„™â¢—∫∂à“¬¢Õß —µ«å 121

√–∫∫À¡ÿπ‡«’¬π‡≈◊Õ¥ 122

- °√–∫«π°“√≈”‡≈’¬ß “√¢Õß ‘Ëß¡’™’«‘µ 122

- √–∫∫À¡ÿπ‡«’¬π‡≈◊Õ¥„π§π 124





π—°«‘∑¬“»“ µ√å¡’§«“¡ ß —¬¡“π“π·≈â««à“

 ‘Ëß¡’™’«‘µ∑’Ë‡°‘¥¢÷Èπ§√—Èß·√°¢Õß‚≈°§◊ÕÕ–‰√ ·≈–

‡°‘¥¢÷Èπ‰¥âÕ¬à“ß‰√ ·≈– ‘Ëß¡’™’«‘µµà“ß°—∫ ‘Ëß‰¡à¡’™’«‘µ

Õ¬à“ß‰√ ®“°¢âÕ ß —¬¥—ß°≈à“«∑”„Àâπ—°«‘∑¬“-

»“ µ√å∫“ß∑à“π Õ“∑‘ Õ“√‘ ‚µ‡µ‘≈ (Aristotle,

384-322 °àÕπ§√‘ µå»—°√“™) π—°«‘∑¬“»“ µ√å™“«

°√’°µ—Èß ¡¡µ‘∞“π«à“ ‘Ëß¡’™’«‘µπà“®–‡°‘¥®“° ‘Ëß

‰¡à¡’™’«‘µ     (spontaneous generation) ø√“π´‘ ‚°

‡√¥‘ (Francisco Redi, §.». 1625-1698) π“¬·æ∑¬å

™“«Õ‘µ“‡≈’¬π‡ πÕ«à“  ‘Ëß¡’™’«‘µ®–µâÕß‡°‘¥®“°

æàÕ·¡àÀ√◊Õ ‘Ëß¡’™’«‘µ¥â«¬°—π (biogenesis) µàÕ¡“

π—°«‘∑¬“»“ µ√å‰¥â∑”°“√ ”√«®µ√«® Õ∫®“°

øÕ ´‘≈ (fossil) ∑’Ë¢ÿ¥æ∫„π∫√‘‡«≥µà“ßÊ ∫π‚≈°

·≈â««‘‡§√“–Àå«à“  ‘Ëß¡’™’«‘µπ—Èπ‡°‘¥¢÷Èπ„π¬ÿ§„¥ ‡°‘¥

¡“·≈â«°’Ëªï ·≈â«π”¡“®—¥≈”¥—∫°“√‡°‘¥°àÕπ-À≈—ß

‡ªìπµ“√“ß∏√≥’°“≈ (geological time) À√◊Õ

≈”¥—∫ “¬ —¡æ—π∏å∑“ß∫√√æ∫ÿ√ÿ… (phylogenetic

relationship)

√Ÿª· ¥ßµ“√“ß∏√≥’°“≈
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  ∏√√¡™“µ‘¢Õß ‘Ëß¡’™’«‘µ

·π«§‘¥°“√°”‡π‘¥ ‘Ëß¡’™’«‘µ∫π‚≈°
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¢≥–‡¥’¬«°—π ¬Ÿ‡√·≈–¡‘≈‡≈Õ√å (Urey, H.C. and Miller, S.L., §.».1953) π—°‡§¡’™“«Õ‡¡√‘°—π ‰¥â √â“ß‡§√◊ËÕß¡◊Õ®”≈Õß ‡æ◊ËÕ

æ‘ Ÿ®πå ¡¡µ‘∞“π°“√°”‡π‘¥‚¡‡≈°ÿ≈¢Õß “√Õ‘π∑√’¬å®“° “√Õπ‘π∑√’¬å  ‚¥¬®—¥ ¿“æ„Àâ§≈â“¬°—∫∫√√¬“°“»¢Õß‚≈° ‡¡◊ËÕ 4,000-5,000

≈â“πªï ÷́Ëß§‘¥«à“ ‡¡◊ËÕ‚≈°∑’Ë‡§¬√âÕπ·≈â«‡¬Áπµ—«≈ß ®–¡’·°ä µà“ßÊ §◊Õ ¡’‡∑π (CH
4
) ·Õ¡‚¡‡π’¬ (NH

3
) ‰Œ‚¥√‡®π (H

2
) ·≈–πÈ”‡¢â“√«¡

°—π ‡¡◊ËÕª≈àÕ¬°√–· ‰øøÑ“‡¢â“‰ª º≈°“√∑¥≈Õßæ∫«à“ ‡°‘¥ “√Õ‘π∑√’¬å®”æ«°°√¥Õ–¡‘‚π (amino acid) ∑’Ë‡ªìπÀπà«¬¬àÕ¬¢Õß‚ª√µ’π

‰¢¡—π §“√å‚∫‰Œ‡¥√µ ·≈–Õ◊ËπÊ Õ’°¡“° ÷́Ëß “√Õ‘π∑√’¬å‡À≈à“π’È¡’„π√à“ß°“¬ ‘Ëß¡’™’«‘µ∑—Èß ‘Èπ

√Ÿª· ¥ß‡§√◊ËÕß∑’Ë¬Ÿ‡√·≈–¡‘≈‡≈Õ√å„™â„π°“√∑¥≈Õß

®“°¢âÕ§âπæ∫¥—ß°≈à“«∑”„Àâπ—°«‘∑¬“»“ µ√åπ”¡“≈”¥—∫

§«“¡§‘¥°“√°”‡π‘¥‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ (level of organization

in nature) µ—Èß·µà°“√°”‡π‘¥ ‘Ëß¡’™’«‘µ‡√‘Ë¡·√°¢Õß‚≈°®π∂÷ßªí®®ÿ∫—π

®“°Õ–µÕ¡ (atom) ¢Õß∏“µÿ ‚¡‡≈°ÿ≈ (molecule)     ¢Õß

 “√ª√–°Õ∫√«¡°—π¢÷Èπ‡ªìπ “√ª√–°Õ∫ (compound) ´÷Ëß‡ªìπ

æ◊Èπ∞“π¢Õß‡´≈≈å (cell) ∑’Ë‡√’¬°«à“ ÕÕ√å·°‡π≈≈å (organelle)   ·≈–

‡´≈≈å∑’Ë∑”Àπâ“∑’Ë‡À¡◊Õπ°—π‡√’¬°«à“ ‡π◊ÈÕ‡¬◊ËÕ (tissue) Õ«—¬«–

(organ) ·≈–√–∫∫°“√∑”ß“π¢ÕßÕ«—¬«– (organ system)

®π∂÷ß‡ªìπ à«πª√–°Õ∫¢Õß ‘Ëß¡’™’«‘µ 1 µâπ À√◊Õ 1 µ—«µπ

(organism) ·≈–¡’°“√‡æ‘Ë¡®”π«π¡“‡ªìπª√–™“°√ (population)

‡ªìπ°≈ÿà¡ ‘Ëß¡’™’«‘µ (community) ∑’Ë¡’§«“¡ —¡æ—π∏å°—π„π ‘Ëß

·«¥≈âÕ¡‡°‘¥‡ªìπ√–∫∫π‘‡«» (ecosystem) À≈“¬Ê √–∫∫∑’Ë¡’Õ¬Ÿà

∫π‚≈° ®π‡ªìπ‚≈°¢Õß ‘Ëß¡’™’«‘µ (biosphere) µ“¡≈”¥—∫

√Ÿª· ¥ß·π«§‘¥°“√°”‡π‘¥‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ
(level of organization in nature)
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 ‘Ëß¡’™’«‘µµà“ß®“° ‘Ëß‰¡à¡’™’«‘µÕ¬à“ß‰√

 ‘Ëß¡’™’«‘µ®–¡’≈—°…≥–∑’Ëµà“ß®“° ‘Ëß‰¡à¡’™’«‘µ ‚¥¬≈—°…≥–µàÕ‰ªπ’È®–æ∫„π ‘Ëß¡’™’«‘µ ‰¥â·°à

1.  ‘Ëß¡’™’«‘µµâÕß¡’°“√ ◊∫æ—π∏ÿå ‡æ◊ËÕ¢¬“¬æ—π∏ÿå·≈–‡æ‘Ë¡®”π«π„π°“√√—°…“‡ºà“æ—π∏ÿå‰«âÀ√◊Õ‰¡à Ÿ≠æ—π∏ÿå ∑”„Àâ¡’°“√∂à“¬∑Õ¥

≈—°…≥–∑“ßæ—π∏ÿ°√√¡®“°√ÿàπÀπ÷Ëß‰ª¬—ß√ÿàπµà“ßÊ ‰¥âÕ¬à“ß‡À¡“– ¡

2.  ‘Ëß¡’™’«‘µ¡’§«“¡µâÕß°“√Õ“À“√·≈–æ≈—ßß“π ‡æ◊ËÕ∑”„Àâ√à“ß°“¬‡®√‘≠‡µ‘∫‚µ ¡’°√–∫«π°“√∑”ß“π ¡’°“√‡§≈◊ËÕπ‰À«

À√◊Õ‡§≈◊ËÕπ∑’Ë‰¥â √«¡∑—Èß∑”„Àâ¡’°≈‰°°“√∑”ß“π¢Õß√à“ß°“¬¥”‡π‘π‰ªµ“¡ª°µ‘

Õ“À“√∑’Ë√à“ß°“¬¡πÿ…¬å·≈– —µ«å√—∫‡¢â“‰ª®–‰¥â®“°°“√ —ß‡§√“–Àå¥â«¬· ß¢Õßæ◊™ ®÷ß®—¥æ◊™‡ªìπºŸâº≈‘µÕ“À“√ (producer)

 à«π¡πÿ…¬å·≈– —µ«å‡ªìπºŸâ∫√‘‚¿§ (consumer)

3.  ‘Ëß¡’™’«‘µµâÕß¡’°“√À“¬„® ‚¥¬π”·°ä ÕÕ° ‘́‡®π®“°Õ“°“»‰ª ≈“¬Õ“À“√∑’Ë°‘π‡¢â“‰ª ‡æ◊ËÕ„Àâ‰¥âæ≈—ßß“π∑’ËÕ¬Ÿà„π√Ÿª

¢Õß‚¡‡≈°ÿ≈¢Õß “√Õ‘π∑√’¬å∑’Ë√à“ß°“¬ “¡“√∂π”‰ª„™â∑”ß“π ·≈–‡§≈◊ËÕπ‰À«À√◊Õ‡§≈◊ËÕπ∑’Ë °“√ ≈“¬Õ“À“√‡ªìπªØ‘°‘√‘¬“‡§¡’

‡√’¬°«à“ ‡¡·∑∫Õ≈‘´÷¡ (metabolism)

4.  ‘Ëß¡’™’«‘µµâÕß¡’°“√‡®√‘≠‡µ‘∫‚µ ‚¥¬ —µ«å·≈–¡πÿ…¬åπ”Õ“À“√∑’Ë°‘π‡¢â“‰ª∑”„Àâ√à“ß°“¬¡’°“√‡®√‘≠‡µ‘∫‚µ  à«π„πæ◊™

®–‰¥âπÈ”·≈–·√à∏“µÿ®“°¥‘π‡¢â“‰ª  —ß‡°µ‰¥â®“°§«“¡ Ÿß·≈–¡’πÈ”Àπ—°¡“°¢÷Èπ ·µà°“√‡®√‘≠‡µ‘∫‚µ„π ‘Ëß¡’™’«‘µ·µà≈–™π‘¥¡’¢’¥®”°—¥

√Ÿª· ¥ß°“√ ◊∫æ—π∏ÿå·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™

5.  ‘Ëß¡’™’«‘µ¡’°“√µÕ∫ πÕßµàÕ ‘Ëß‡√â“ „π§π¡’µ“ ÀŸ ®¡Ÿ° ≈‘Èπ ·≈–º‘«Àπ—ß‡ªìπÕ«—¬«–√—∫ —¡º—  ‚¥¬¡’ ¡Õß‡ªìπ

»Ÿπ¬å°≈“ß°“√§«∫§ÿ¡°“√√—∫§«“¡√Ÿâ·≈–°“√µÕ∫ πÕßµàÕ ‘Ëß‡√â“π—Èπ ·≈â«‡°‘¥°“√· ¥ßÕÕ°·≈–‡°‘¥ªØ‘°‘√‘¬“µÕ∫ πÕßµàÕ ‘Ëß‡√â“

(response) π—Èπ „πæ◊™·¡â®–‰¡à¡’√–∫∫ª√– “∑·µà°Á “¡“√∂µÕ∫ πÕßµàÕ· ß·≈–°“√ —¡º— ‰¥â ‡™àπ „∫‰¡¬√“∫

seed

germinated pollen grain  (male gametophyte, n)
on stigma of carpel

anther at tip of stamen

 pollen tube

 ovary  (base of carpel)

ovule

embryo sac
female
gametophyte,
zygote (2n)

seed (develope
from ovule)

mature
sporophyte (2n)
plant with
flowers

sporophyte (2n)
seedling

fertilizations

embryo
(sporophyte, 2n)

sperm (n)
egg (n)

zygote (2n)
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¢≥–‡¥’¬«°—π ¬Ÿ‡√·≈–¡‘≈‡≈Õ√å (Urey, H.C. and Miller, S.L., §.».1953) π—°‡§¡’™“«Õ‡¡√‘°—π ‰¥â √â“ß‡§√◊ËÕß¡◊Õ®”≈Õß ‡æ◊ËÕ

æ‘ Ÿ®πå ¡¡µ‘∞“π°“√°”‡π‘¥‚¡‡≈°ÿ≈¢Õß “√Õ‘π∑√’¬å®“° “√Õπ‘π∑√’¬å  ‚¥¬®—¥ ¿“æ„Àâ§≈â“¬°—∫∫√√¬“°“»¢Õß‚≈° ‡¡◊ËÕ 4,000-5,000

≈â“πªï ´÷Ëß§‘¥«à“ ‡¡◊ËÕ‚≈°∑’Ë‡§¬√âÕπ·≈â«‡¬Áπµ—«≈ß ®–¡’·°ä µà“ßÊ §◊Õ ¡’‡∑π (CH
4
) ·Õ¡‚¡‡π’¬ (NH

3
) ‰Œ‚¥√‡®π (H

2
) ·≈–πÈ”‡¢â“√«¡

°—π ‡¡◊ËÕª≈àÕ¬°√–· ‰øøÑ“‡¢â“‰ª º≈°“√∑¥≈Õßæ∫«à“ ‡°‘¥ “√Õ‘π∑√’¬å®”æ«°°√¥Õ–¡‘‚π (amino acid) ∑’Ë‡ªìπÀπà«¬¬àÕ¬¢Õß‚ª√µ’π

‰¢¡—π §“√å‚∫‰Œ‡¥√µ ·≈–Õ◊ËπÊ Õ’°¡“° ´÷Ëß “√Õ‘π∑√’¬å‡À≈à“π’È¡’„π√à“ß°“¬ ‘Ëß¡’™’«‘µ∑—Èß ‘Èπ

√Ÿª· ¥ß‡§√◊ËÕß∑’Ë¬Ÿ‡√·≈–¡‘≈‡≈Õ√å„™â„π°“√∑¥≈Õß

®“°¢âÕ§âπæ∫¥—ß°≈à“«∑”„Àâπ—°«‘∑¬“»“ µ√åπ”¡“≈”¥—∫

§«“¡§‘¥°“√°”‡π‘¥‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ (level of organization

in nature) µ—Èß·µà°“√°”‡π‘¥ ‘Ëß¡’™’«‘µ‡√‘Ë¡·√°¢Õß‚≈°®π∂÷ßªí®®ÿ∫—π

®“°Õ–µÕ¡ (atom) ¢Õß∏“µÿ ‚¡‡≈°ÿ≈ (molecule)     ¢Õß

 “√ª√–°Õ∫√«¡°—π¢÷Èπ‡ªìπ “√ª√–°Õ∫ (compound) ´÷Ëß‡ªìπ

æ◊Èπ∞“π¢Õß‡´≈≈å (cell) ∑’Ë‡√’¬°«à“ ÕÕ√å·°‡π≈≈å (organelle)   ·≈–

‡´≈≈å∑’Ë∑”Àπâ“∑’Ë‡À¡◊Õπ°—π‡√’¬°«à“ ‡π◊ÈÕ‡¬◊ËÕ (tissue) Õ«—¬«–

(organ) ·≈–√–∫∫°“√∑”ß“π¢ÕßÕ«—¬«– (organ system)

®π∂÷ß‡ªìπ à«πª√–°Õ∫¢Õß ‘Ëß¡’™’«‘µ 1 µâπ À√◊Õ 1 µ—«µπ

(organism) ·≈–¡’°“√‡æ‘Ë¡®”π«π¡“‡ªìπª√–™“°√ (population)

‡ªìπ°≈ÿà¡ ‘Ëß¡’™’«‘µ (community) ∑’Ë¡’§«“¡ —¡æ—π∏å°—π„π ‘Ëß

·«¥≈âÕ¡‡°‘¥‡ªìπ√–∫∫π‘‡«» (ecosystem) À≈“¬Ê √–∫∫∑’Ë¡’Õ¬Ÿà

∫π‚≈° ®π‡ªìπ‚≈°¢Õß ‘Ëß¡’™’«‘µ (biosphere) µ“¡≈”¥—∫

√Ÿª· ¥ß·π«§‘¥°“√°”‡π‘¥‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ
(level of organization in nature)
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√Ÿª· ¥ß°“√µÕ∫ πÕßµàÕ°“√ —¡º— ¢Õßµâπ‰¡¬√“∫ √Ÿª· ¥ß°“√µÕ∫ πÕßµàÕ· ß¢Õßæ◊™

6.  ‘Ëß¡’™’«‘µ¡’§«“¡ “¡“√∂‡§≈◊ËÕπ‰À«À√◊Õ‡§≈◊ËÕπ∑’Ë‰¥â ‡™àπ ¡¥ µÿä°·°  “¡“√∂‡¥‘π‰¥â ´÷Ëß°“√‡§≈◊ËÕπ‰À«µâÕß„™â

æ≈—ßß“π∑’Ë‰¥â√—∫®“°Õ“À“√∑’Ë°‘π‡¢â“‰ª

7.  ‘Ëß¡’™’«‘µ¡’≈—°…≥–‡©æ“– ‡™àπ √Ÿª√à“ß ≈—°…≥– ¢π“¥ §«“¡ Ÿß  ’ Õ«—¬«–µà“ßÊ ∑—Èßπ’È‡æ√“–‡ªìπ°“√· ¥ßÕÕ°∑“ß

æ—π∏ÿ°√√¡„π·µà≈–™π‘¥

√Ÿª· ¥ß≈—°…≥–‡©æ“–¢Õß —µ«å·≈–æ◊™™π‘¥µà“ßÊ

°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ

°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ (homeostasis) À¡“¬∂÷ß  ‘Ëß¡’™’«‘µ¡’°“√√—°…“ ¿“«– ¡¥ÿ≈¢Õß√à“ß°“¬„Àâ

‡À¡“– ¡°—∫ ¿“æ·«¥≈âÕ¡∑’ËÕ“»—¬Õ¬Ÿà ·≈–‡À¡“– ¡°—∫°“√∑”ß“π¿“¬„π√à“ß°“¬ ‡æ◊ËÕ°“√¥”√ß™’«‘µÀ√◊Õ°“√Õ¬Ÿà√Õ¥ ‡™àπ ª≈“

πÈ”‡§Á¡ “¡“√∂Õ“»—¬Õ¬Ÿà„ππÈ”∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ∑–‡≈‰¥â √à“ß°“¬¢Õß§π‡¡◊ËÕ¡’∫“¥·º≈®–¡’°≈‰°∑’Ë∑”„Àâ‡≈◊Õ¥·¢Áßµ—«·≈–À¬ÿ¥‰À≈

À√◊Õ∑”„Àâ‰¡à Ÿ≠‡ ’¬‡≈◊Õ¥¡“°

● °“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”¿“¬„π‡´≈≈å ‡æ√“–„π√à“ß°“¬ ‘Ëß¡’™’«‘µ®–¡’πÈ”‡ªìπ à«πª√–°Õ∫¢Õß√à“ß°“¬ª√–¡“≥

70-80 ‡ªÕ√å‡ Á́πµå ‡¡◊ËÕ Ÿ≠‡ ’¬πÈ”°Á®–¡’º≈µàÕ°“√¥”√ß™’«‘µ ‡™àπ „πæ◊™æ◊™°Á®–‡À’Ë¬«‡©“ „π§π∑’ËÕÕ°°”≈—ß°“¬®–¡’‡Àß◊ËÕÕÕ°¡“°∑”„Àâ

√Ÿâ ÷°°√–À“¬πÈ” ®÷ßµâÕß¥◊Ë¡πÈ”‡¢â“‰ª™¥‡™¬ „π°√≥’¢Õßæ“√“¡’‡´’¬¡ (Paramecium) ‡ªìπ ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«∑’ËÕ¬Ÿà„ππÈ”®◊¥ ∂â“πÈ”·æ√à

‡¢â“‰ª¡“°Ê ®–∑”„Àâ‡´≈≈å‡µàß®π·µ°‰¥â ®÷ß¡’‚§√ß √â“ß∑’Ë‡√’¬°«à“ §Õπ·∑√Á°‰∑≈å·«§‘«‚Õ≈ (contractile vacuole) ∑”Àπâ“∑’Ëª√—∫

 ¿“æ ¡¥ÿ≈‚¥¬√—∫πÈ”∑’Ë·æ√à‡¢â“‰ª®π‡µÁ¡∑’Ë·≈â«∫’∫µ—«¢—∫πÈ”ÕÕ°πÕ°‡´≈≈å

√Ÿª· ¥ß°“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”„πæ“√“¡’‡ ’́¬¡

 watercontractile vacuole

 water
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● °“√√—°…“¥ÿ≈¬¿“æ¢Õß·√à∏“µ ÿ ‡™àπ ª≈“®–¡’º‘«Àπ—ß·≈–‡°≈Á¥ªÑÕß°—π‰¡à„ÀâπÈ” ÷́¡‡¢â“‰ª ª≈“∑’ËÕ“»—¬„ππÈ”∑–‡≈®–

°”®—¥·√à∏“µÿ∑’Ë‡¢â“‰ªÕÕ°∑“ß‡Àß◊Õ° π°∑–‡≈°‘πÕ“À“√∑–‡≈∑’Ë¡’·√à∏“µÿ Ÿß ®–¡’Õ«—¬«–æ‘‡»…‡√’¬°«à“ µàÕ¡π“ ‘° (nasal gland) Õ¬Ÿà

∫√‘‡«≥‡Àπ◊Õµ“ 2 ¢â“ß ∑”Àπâ“∑’Ë¢—∫·√à∏“µÿ à«π∑’Ë‡°‘πÕÕ° „πæ◊™∑’Ë¢“¥·√à∏“µÿÕ“®‡°‘¥‚√§‰¥â ‡™àπ æ◊™¢“¥∏“µÿ‰π‚µ√‡®π®–‡°‘¥‚√§

„∫‡À≈◊Õß ∂â“¢“¥∏“µÿ‚æ·∑ ‡´’¬¡„∫·°à®–¡’®ÿ¥‡À≈◊Õß√–À«à“ß‡ âπ„∫·≈–¢Õ∫„∫ ·≈–Õ“®¡’Õ“°“√„∫‰À¡â‡°√’¬¡

√Ÿª· ¥ß°“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”·≈–‡°≈◊Õ·√à„πª≈“πÈ”®◊¥ (´â“¬) ·≈–ª≈“πÈ”‡§Á¡ (¢«“)

● °“√√—°…“¥ÿ≈¬¿“æ¢Õß°√¥-‡∫  æ◊™∫“ß™π‘¥Õ“®‡®√‘≠‡µ‘∫‚µ‰¥â„π¥‘π¡’ ¿“æ‡ªìπ°√¥-‡∫  (pH) ∑’Ë‡À¡“– ¡ ‡™àπ

¢â“«‡®√‘≠‰¥â¥’„π¥‘π∑’Ë¡’ pH 5.5-5.6 ∂—Ë«≈—π‡µ“‡®√‘≠‰¥â¥’„π¥‘π∑’Ë¡’ pH 6.0-7.0 „π√à“ß°“¬¢Õß§π√–∫∫°“√À“¬„®·≈–°“√‰À≈‡«’¬π

‡≈◊Õ¥µâÕßª√—∫ ¿“æ§«“¡ ¡¥ÿ≈°√¥-‡∫  ‚¥¬„ππÈ”‡≈◊Õ¥∑’Ë¡’ª√‘¡“≥·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å®”π«π¡“° ®–µâÕß°”®—¥ÕÕ°∑“ß

ªÕ¥‰ªæ√âÕ¡Ê °—∫°“√À“¬„®ÕÕ°

● °“√√—°…“¥ÿ≈¬¿“æ¢ÕßÕÿ≥À¿Ÿ¡‘ ‡™àπ „πƒ¥ŸÀπ“«‡√“µâÕß„ à‡ ◊ÈÕ°—πÀπ“« ‡¡◊ËÕÕ“°“»√âÕπ®–¢—∫‡Àß◊ËÕ‡æ◊ËÕæ“§«“¡

√âÕπÕÕ°®“°√à“ß°“¬  —µ«å„π‡¢µÀπ“«®–¡’‰¢¡—πÀπ“‡æ◊ËÕ„Àâ√à“ß°“¬Õ∫Õÿàπ æ◊™ ≈—¥„∫‡¡◊ËÕ‡¢â“ Ÿà™à«ßÀπâ“·≈âß √à“ß°“¬¢Õß —µ«å‡≈◊Õ¥‡¬Áπ

(poikilothermic animal)  “¡“√∂ª√—∫Õÿ≥À¿Ÿ¡‘„Àâ‡¢â“°—∫ ‘Ëß·«¥≈âÕ¡‰¥â ‡™àπ ª≈“ ßŸ °‘Èß°à“ ¡—°®–¡’æƒµ‘°√√¡‡ ◊́ËÕß´÷¡ ·≈–º÷Ëß·¥¥

‡ªìπ‡«≈“π“π‡æ◊ËÕ™à«¬„Àâ√à“ß°“¬¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ °∫®–Õ¬Ÿà„π√Ÿ‡æ◊ËÕ®”»’≈„π™à«ßƒ¥ŸÀπ“«·≈–ƒ¥Ÿ√âÕπ  ”À√—∫ —µ«å‡≈◊Õ¥Õÿàπ

(homeothermic animal) Õÿ≥À¿Ÿ¡‘¢Õß√à“ß°“¬®–§ß∑’Ë ‡™àπ §π¡’Õÿ≥À¿Ÿ¡‘ª°µ‘‡∑à“°—∫ 37°C ™â“ß¡’Õÿ≥À¿Ÿ¡‘ª°µ‘‡∑à“°—∫ 36.2°C

drink/food
(water, ions)

diffusion
(ions)

osmosis
(water)

frashwater
Na+ = 0.08 mM
K+ = 0.01 mM
Cl

-
 = 0.05 mM

osmotic concentration = 1 mOsm

gill salt pumps
(ions)

urine (copius)
water (ions)

Na+ = 150 mM
K+ = 4 mM
Cl- = 120 mM
osmotic concentration = 290 mOsm

drink/food
(water, ions)

diffusion
(ions)

osmosis
(water)

frashwater

Na+ = 470 mM

K+ = 10 mM

Cl
-
 = 348 mM

osmotic concentration = 1000 mOsm

gill salt pumps
(ions)

urine (copius)
water (ions)

Na+ = 183 mM
       K+ = 4 mM
      Cl- = 146 mM
   osmotic concentration = 360
mOsm

√Ÿª· ¥ß°“√√—°…“¥ÿ≈¬¿“æ·√à∏“µÿ¢Õßπ°∑’ËÀ“°‘π„π∑–‡≈

bobe gland

central canal

capillary

secretory
tubule

artery

central duct

blood flow

lumenof
secretory
tubule

vein

Na�

Cl�
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√Ÿª· ¥ß°“√µÕ∫ πÕßµàÕ°“√ —¡º— ¢Õßµâπ‰¡¬√“∫ √Ÿª· ¥ß°“√µÕ∫ πÕßµàÕ· ß¢Õßæ◊™

6.  ‘Ëß¡’™’«‘µ¡’§«“¡ “¡“√∂‡§≈◊ËÕπ‰À«À√◊Õ‡§≈◊ËÕπ∑’Ë‰¥â ‡™àπ ¡¥ µÿä°·°  “¡“√∂‡¥‘π‰¥â ´÷Ëß°“√‡§≈◊ËÕπ‰À«µâÕß„™â

æ≈—ßß“π∑’Ë‰¥â√—∫®“°Õ“À“√∑’Ë°‘π‡¢â“‰ª

7.  ‘Ëß¡’™’«‘µ¡’≈—°…≥–‡©æ“– ‡™àπ √Ÿª√à“ß ≈—°…≥– ¢π“¥ §«“¡ Ÿß  ’ Õ«—¬«–µà“ßÊ ∑—Èßπ’È‡æ√“–‡ªìπ°“√· ¥ßÕÕ°∑“ß

æ—π∏ÿ°√√¡„π·µà≈–™π‘¥

√Ÿª· ¥ß≈—°…≥–‡©æ“–¢Õß —µ«å·≈–æ◊™™π‘¥µà“ßÊ

°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ

°“√√—°…“¥ÿ≈¬¿“æ¢Õß√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ (homeostasis) À¡“¬∂÷ß  ‘Ëß¡’™’«‘µ¡’°“√√—°…“ ¿“«– ¡¥ÿ≈¢Õß√à“ß°“¬„Àâ

‡À¡“– ¡°—∫ ¿“æ·«¥≈âÕ¡∑’ËÕ“»—¬Õ¬Ÿà ·≈–‡À¡“– ¡°—∫°“√∑”ß“π¿“¬„π√à“ß°“¬ ‡æ◊ËÕ°“√¥”√ß™’«‘µÀ√◊Õ°“√Õ¬Ÿà√Õ¥ ‡™àπ ª≈“

πÈ”‡§Á¡ “¡“√∂Õ“»—¬Õ¬Ÿà„ππÈ”∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ∑–‡≈‰¥â √à“ß°“¬¢Õß§π‡¡◊ËÕ¡’∫“¥·º≈®–¡’°≈‰°∑’Ë∑”„Àâ‡≈◊Õ¥·¢Áßµ—«·≈–À¬ÿ¥‰À≈

À√◊Õ∑”„Àâ‰¡à Ÿ≠‡ ’¬‡≈◊Õ¥¡“°

● °“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”¿“¬„π‡´≈≈å ‡æ√“–„π√à“ß°“¬ ‘Ëß¡’™’«‘µ®–¡’πÈ”‡ªìπ à«πª√–°Õ∫¢Õß√à“ß°“¬ª√–¡“≥

70-80 ‡ªÕ√å‡ Á́πµå ‡¡◊ËÕ Ÿ≠‡ ’¬πÈ”°Á®–¡’º≈µàÕ°“√¥”√ß™’«‘µ ‡™àπ „πæ◊™æ◊™°Á®–‡À’Ë¬«‡©“ „π§π∑’ËÕÕ°°”≈—ß°“¬®–¡’‡Àß◊ËÕÕÕ°¡“°∑”„Àâ

√Ÿâ ÷°°√–À“¬πÈ” ®÷ßµâÕß¥◊Ë¡πÈ”‡¢â“‰ª™¥‡™¬ „π°√≥’¢Õßæ“√“¡’‡´’¬¡ (Paramecium) ‡ªìπ ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«∑’ËÕ¬Ÿà„ππÈ”®◊¥ ∂â“πÈ”·æ√à

‡¢â“‰ª¡“°Ê ®–∑”„Àâ‡´≈≈å‡µàß®π·µ°‰¥â ®÷ß¡’‚§√ß √â“ß∑’Ë‡√’¬°«à“ §Õπ·∑√Á°‰∑≈å·«§‘«‚Õ≈ (contractile vacuole) ∑”Àπâ“∑’Ëª√—∫

 ¿“æ ¡¥ÿ≈‚¥¬√—∫πÈ”∑’Ë·æ√à‡¢â“‰ª®π‡µÁ¡∑’Ë·≈â«∫’∫µ—«¢—∫πÈ”ÕÕ°πÕ°‡´≈≈å

√Ÿª· ¥ß°“√√—°…“¥ÿ≈¬¿“æ¢ÕßπÈ”„πæ“√“¡’‡´’¬¡

 watercontractile vacuole

 water
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™’««‘∑¬“ (biology)

·¢πß«‘™“À≈—° °“√®”·π° ‘Ëß¡’™’«‘µ (taxonomy)

● Õπÿ°√¡«‘∏“π (taxonomy) ●  —µ««‘∑¬“ (zoology) ¡’·¢πß¬àÕ¬ ‡™àπ

● ‡´≈≈å«‘∑¬“ (cytology) - °’Ø«‘∑¬“ (·¡≈ß) : entomology

● √–∫∫‡π◊ÈÕ‡¬◊ËÕ·≈–Õ«—¬«– (histology) - ¡’π«‘∑¬“ (ª≈“) : ichthyology

●  —≥∞“π«‘∑¬“ (morphology) -  —ß¢«‘∑¬“ (ÀÕ¬) : malacology

● °“¬«‘¿“§«‘∑¬“ (anatomy) -  —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡ : mammalogy

●  √’√«‘∑¬“ (physiology) - ªí°…’«‘∑¬“ (π°) : ornithology

● æ—π∏ÿ»“ µ√å (genetic) ● æƒ°…»“ µ√å (botany) ¡’·¢πß¬àÕ¬ ‡™àπ

● π‘‡«»«‘∑¬“ (ecology) - À≠â“ : agrostology

● §—æ¿–«‘∑¬“ (embryology)                                      - ¡Õ  å : bryology

● «‘«—≤π“°“√ (bioevolution) - ‰¡â¬◊πµâπ : dendrology

● æƒµ‘°√√¡«‘∑¬“ (behavier) ● ®ÿ≈‘π∑√’¬å (microbiology) ¡’·¢πß¬àÕ¬ ‡™àπ

- ‚æ√‚∑´—« : protozoology

      À¡“¬‡Àµÿ             À¡“¬∂÷ß ¡’§«“¡ —¡æ—π∏å°—π - °‘≥«‘∑¬“ (‡ÀÁ¥ √“ ¬’ µå) : myvology

- ‰«√— «‘∑¬“ : virology

- ·∫§∑’‡√’¬«‘∑¬“ : bacteriology

-  “À√à“¬«‘∑¬“ : phycology

 ™’««‘∑¬“§◊ÕÕ–‰√

™’««‘∑¬“ (biology) À¡“¬∂÷ß «‘™“∑’Ë»÷°…“‡°’Ë¬«°—∫¢âÕ‡∑Á®®√‘ß¢Õß ‘Ëß¡’™’«‘µ √«¡∑—Èß·π«§‘¥¢Õß§π∑’Ë¡’µàÕ ‘Ëß¡’™’«‘µ ·≈–‡ªìπ

 “¢“Àπ÷Ëß¢Õß«‘∑¬“»“ µ√å („π¿“…“°√’° bios À¡“¬∂÷ß  ‘Ëß¡’™’«‘µ ·≈– logos À¡“¬∂÷ß §«“¡√Ÿâ)

‡π◊ËÕß®“° ‘Ëß¡’™’«‘µ∑’Ëæ∫∫π‚≈°¡’∑—Èß∑’Ë¡Õß‡ÀÁπ¥â«¬µ“‡ª≈à“·≈–¡’¢π“¥‡≈Á°¡“°®π¡Õß¥â«¬µ“‡ª≈à“‰¡à‡ÀÁπ ®÷ßµâÕß„™â‡§√◊ËÕß¡◊Õ

∑’Ë‡√’¬°«à“ °≈âÕß®ÿ≈∑√√»πå (microscope)  ”À√—∫ àÕß¥Ÿ ∑”„Àâπ—°«‘∑¬“»“ µ√åπ”¡“®”·π°‡ªìπ·¢πß«‘™“¬àÕ¬Ê ‡æ◊ËÕ„Àâ‡À¡“– ¡

°—∫°“√»÷°…“„π·µà≈–‡√◊ËÕßÕ¬à“ß≈÷°´÷Èß ¥—ßπ’È

    §«“¡°â“«Àπâ“¥â“π™’««‘∑¬“„πªí®®ÿ∫—π

™’««‘∑¬“‡ªìπ«‘™“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥”√ß™’«‘µ¢Õß ‘Ëß¡’™’«‘µ π—°«‘∑¬“»“ µ√å„πÕ¥’µ·≈–ªí®®ÿ∫—π‰¥â»÷°…“∑¥≈Õß®“°°“√«‘®—¬

µà“ßÊ ∑”„Àâ‰¥â§«“¡√Ÿâ·≈–°“√π”§«“¡√Ÿâ‰ªª√–¬ÿ°µå„™â„π™’«‘µª√–®”«—π∑—Èß„π¥â“πÕ“À“√ °“√·æ∑¬å °“√‡°…µ√  ‘Ëß·«¥≈âÕ¡

Õÿµ “À°√√¡ ·≈–Õ’°À≈“¬Ê ¥â“π ‚¥¬‡©æ“–™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈∑’Ë‡√’¬°«à“ ‡∑§‚π‚≈¬’™’«¿“æ     (biotechnology)     ´÷Ëß‡ªìπ»“ µ√å

∑’ËÀ¡“¬∂÷ß°“√π”§«“¡√Ÿâ¥â“π™’««‘∑¬“∑’Ë‡°’Ë¬«°—∫ ‘Ëß¡’™’«‘µ‰ª„™âª√–‚¬™πå‡©æ“–Õ¬à“ßµ“¡§«“¡µâÕß°“√¢Õß¡πÿ…¬å ‡™àπ °“√º≈‘µÕ‘π´Ÿ≈‘π
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º≈‘µ°≈Ÿ‚§  º≈‘µ°√¥Õ–¡‘‚π °“√‡≈’È¬ß‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕæ◊™ (tissue culture) πÕ°®“°π’È¬—ß¡’°“√∑”‚§≈ππ‘Ëß GMOs ‚¥¬

°√–∫«π°“√∑“ßæ—π∏ÿ«‘»«°√√¡     (genetic engineering)     ´÷Ëß‡ªìπ°“√µ—¥µàÕ¬’π (gene §◊Õ  “√æ—π∏ÿ°√√¡) ·≈–°“√‡ª≈’Ë¬π·ª≈ß¬’π

„π‡´≈≈å ‚¥¬‡©æ“–‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å „Àâ¡’»—°¬¿“æ Ÿß„π°“√π”‰ª„™âª√–‚¬™πå‰¥âµ√ßµ“¡µâÕß°“√„πª√‘¡“≥¡“°·≈–√«¥‡√Á«

°«à“∑’Ë¥”‡π‘πÕ¬Ÿàµ“¡∏√√¡™“µ‘ ªí®®ÿ∫—π„π∑“ß°“√·æ∑¬å¡’°“√√—°…“‚√§∫“ßÕ¬à“ß·∫∫„À¡à∑’Ë‡√’¬°«à“ °“√√—°…“‚√§¥â«¬¬’π

(gene therapy) ‡™àπ ¡–‡√Áß ·≈–∑”«—§´’π®“° DNA ‚¥¬„™â¬’π Õß°≈ÿà¡„π·∫§∑’‡√’¬∑’Ë∑”„Àâ‡°‘¥«—≥‚√§„π°“√ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ„π

ÀπŸ∑¥≈Õß

™’««‘∑¬“°—∫°“√¥”√ß™’«‘µ

§«“¡√Ÿâ¥â“π™’««‘∑¬“¡’§«“¡ ”§—≠·°à‡√“¡“° ‚¥¬‡©æ“–∑’Ë‡°’Ë¬«¢âÕß°—∫™’«‘µª√–®”«—π „π‡√◊ËÕßÕ“À“√∑’Ë ‘Ëß¡’™’«‘µ°‘π‡¢â“‰ª

‡æ◊ËÕ∑”„Àâ√à“ß°“¬‡®√‘≠‡µ‘∫‚µ √à“ß°“¬π”·°ä ÕÕ°´‘‡®π∑’ËÀ“¬„®‡¢â“‰ª ≈“¬Õ“À“√‡æ◊ËÕ„Àâ‡°‘¥æ≈—ßß“π ∑”„Àâ§π‡√“¡’§«“¡

 “¡“√∂„π°“√ÕÕ°·√ß∑”ß“π‰¥â ¢≥–‡¥’¬«°—π‚√§¿—¬‰¢â‡®Á∫∑’Ë‡°‘¥¢÷ÈπÕ“®‡ªìπ‚√§∑’Ë‡°‘¥®“°®ÿ≈‘π∑√’¬å∑’Ë∑”„Àâ‡°‘¥‚√§À√◊Õ‚√§∑’Ë‰¡à„™à

‡°‘¥®“°‡™◊ÈÕ‚√§ ‡™àπ ¡–‡√Áß ‡∫“À«“π §ÕæÕ° ÷́Ëß‡°‘¥®“°§«“¡º‘¥ª°µ‘„π°“√∑”ß“π¢ÕßÕ«—¬«–„π√à“ß°“¬ «ß°“√·æ∑¬å®÷ßπ”

§«“¡√Ÿâ∑“ß™’««‘∑¬“¡“«‘π‘®©—¬°“√‡°‘¥‚√§·≈–º≈‘µ¬“ ”À√—∫√—°…“ ´÷ËßÕ“®‡ªìπ¬“®“° “√ —ß‡§√“–ÀåÀ√◊Õ ¡ÿπ‰æ√ πÕ°®“°π’È°Á àß

‡ √‘¡„Àâ§π‡√“√Ÿâ®—°¥Ÿ·≈√—°…“ ÿ¢¿“æ·≈– ‘Ëß·«¥≈âÕ¡√Õ∫µ—«¥â«¬ ‡™àπ °“√¥Ÿ·≈√—°…“µâπ‰¡â ‰¡àµ—¥µâπ‰¡â∑”≈“¬ªÉ“ ÷́Ëß¡’º≈µàÕ°“√

 √â“ß·°ä ÕÕ°´‘‡®π∑’Ë„™â„π°“√À“¬„® ∑”„Àâ∫√√¬“°“»¡’§«“¡™◊Èπ ‡°‘¥Ωπµ° °“√‡º“ªÉ“À√◊ÕÀ≠â“·Àâß°Á®–¡’º≈µàÕ°“√‡°‘¥¡≈æ‘…

¢ÕßÕ“°“» ‡°‘¥¿“«–‚≈°√âÕπ  —µ«åªÉ“‰¡à¡’∑’ËÕ¬Ÿà °“√∑”„Àâ·À≈àßπÈ”‡πà“‡ ’¬  ‘Ëß‡À≈à“π’È®– àßº≈°√–∑∫µàÕ°“√¥”√ß™’«‘µ¢Õß ‘Ëß¡’™’«‘µ

‡ªìπÕ¬à“ß¡“°

™’«®√‘¬∏√√¡

™’«®√‘¬»“ µ√å (bioethics) À¡“¬∂÷ß °“√ªØ‘∫—µ‘µàÕ ‘Ëß¡’™’«‘µÕ¬à“ß¡’§ÿ≥∏√√¡ ‰¡à∑”√â“¬À√◊Õ∑”Õ—πµ√“¬µàÕ ‘Ëß¡’™’«‘µ·≈–

¡πÿ…¬å‡æ◊ËÕ°“√»÷°…“À√◊Õ°“√«‘®—¬

ªí®®ÿ∫—ππ—°«‘∑¬“»“ µ√å‰¥â¡’°“√»÷°…“§âπ§«â“«‘®—¬·≈–æ—≤π“Õß§å§«“¡√Ÿâ∑“ß™’««‘∑¬“„À¡àÊ Õ¬à“ß¡“° ‡™àπ °“√µ—¥µàÕ

¬’π °“√∑¥≈Õßæ◊™ GMOs (genetically modified organisms) °“√∑”‚§≈π (cloning) √«¡∂÷ß°“√√—°…“‚√§‚¥¬„™â‡´≈≈åµâπ°”‡π‘¥ (stem

cell) °“√π”¢âÕ¡Ÿ≈≈”¥—∫‡∫ ¢Õß DNA ¡“æ—≤π“«‘∏’°“√§“¥‡¥“°“√∑”ß“π¢Õß‚ª√µ’π„À¡à À√◊Õæ—≤π“°√–∫«π°“√ àß·°ä 

ÕÕ° ‘́‡®π‡¢â“ Ÿà√à“ß°“¬·∑π∑’Ë‡≈◊Õ¥®√‘ßÊ ·≈–¬—ß¡’°“√∑¥≈Õß∑“ß™’««‘∑¬“„π¬ÿ§„À¡àÕ’°¡“°¡“¬ °“√»÷°…“«‘®—¬¥—ß°≈à“«®÷ßÕ“®¡’

¢âÕ ß —¬«à“ §ÿ≥∏√√¡°—∫‡∑§‚π‚≈¬’„À¡àÊ ®–‰ª¥â«¬°—π‰¥âÀ√◊Õ‰¡à Õ¬à“ß‰√ ‡æ√“–‡√“¡—°®–‰¥â¬‘π‡ ¡Õ«à“«‘∑¬“»“ µ√å¡—°®–∑”„Àâ

»’≈∏√√¡‡ ◊ËÕ¡‚∑√¡ ·µà∂â“À“°«à“°àÕπ∑”°“√»÷°…“§âπ§«â“«‘®—¬¥â“π‡∑§‚π‚≈¬’™’«¿“æ‡√◊ËÕß„À¡àÊ π—°«‘®—¬‡À≈à“π—Èπ§«√®–«‘‡§√“–Àå

«‘π‘®©—¬∂÷ßº≈¥’ º≈‡ ’¬ À√◊Õº≈°√–∑∫µàÕ°“√¥”√ß™’«‘µ·≈–§«“¡ª≈Õ¥¿—¬¢Õß ‘Ëß¡’™’«‘µ∑’Ë®–µ“¡¡“¥â«¬
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™’««‘∑¬“ (biology)

·¢πß«‘™“À≈—° °“√®”·π° ‘Ëß¡’™’«‘µ (taxonomy)

● Õπÿ°√¡«‘∏“π (taxonomy) ●  —µ««‘∑¬“ (zoology) ¡’·¢πß¬àÕ¬ ‡™àπ

● ‡´≈≈å«‘∑¬“ (cytology) - °’Ø«‘∑¬“ (·¡≈ß) : entomology

● √–∫∫‡π◊ÈÕ‡¬◊ËÕ·≈–Õ«—¬«– (histology) - ¡’π«‘∑¬“ (ª≈“) : ichthyology

●  —≥∞“π«‘∑¬“ (morphology) -  —ß¢«‘∑¬“ (ÀÕ¬) : malacology

● °“¬«‘¿“§«‘∑¬“ (anatomy) -  —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡ : mammalogy

●  √’√«‘∑¬“ (physiology) - ªí°…’«‘∑¬“ (π°) : ornithology

● æ—π∏ÿ»“ µ√å (genetic) ● æƒ°…»“ µ√å (botany) ¡’·¢πß¬àÕ¬ ‡™àπ

● π‘‡«»«‘∑¬“ (ecology) - À≠â“ : agrostology

● §—æ¿–«‘∑¬“ (embryology)                                      - ¡Õ  å : bryology

● «‘«—≤π“°“√ (bioevolution) - ‰¡â¬◊πµâπ : dendrology

● æƒµ‘°√√¡«‘∑¬“ (behavier) ● ®ÿ≈‘π∑√’¬å (microbiology) ¡’·¢πß¬àÕ¬ ‡™àπ

- ‚æ√‚∑´—« : protozoology

      À¡“¬‡Àµÿ             À¡“¬∂÷ß ¡’§«“¡ —¡æ—π∏å°—π - °‘≥«‘∑¬“ (‡ÀÁ¥ √“ ¬’ µå) : myvology

- ‰«√— «‘∑¬“ : virology

- ·∫§∑’‡√’¬«‘∑¬“ : bacteriology

-  “À√à“¬«‘∑¬“ : phycology

 ™’««‘∑¬“§◊ÕÕ–‰√

™’««‘∑¬“ (biology) À¡“¬∂÷ß «‘™“∑’Ë»÷°…“‡°’Ë¬«°—∫¢âÕ‡∑Á®®√‘ß¢Õß ‘Ëß¡’™’«‘µ √«¡∑—Èß·π«§‘¥¢Õß§π∑’Ë¡’µàÕ ‘Ëß¡’™’«‘µ ·≈–‡ªìπ

 “¢“Àπ÷Ëß¢Õß«‘∑¬“»“ µ√å („π¿“…“°√’° bios À¡“¬∂÷ß  ‘Ëß¡’™’«‘µ ·≈– logos À¡“¬∂÷ß §«“¡√Ÿâ)

‡π◊ËÕß®“° ‘Ëß¡’™’«‘µ∑’Ëæ∫∫π‚≈°¡’∑—Èß∑’Ë¡Õß‡ÀÁπ¥â«¬µ“‡ª≈à“·≈–¡’¢π“¥‡≈Á°¡“°®π¡Õß¥â«¬µ“‡ª≈à“‰¡à‡ÀÁπ ®÷ßµâÕß„™â‡§√◊ËÕß¡◊Õ

∑’Ë‡√’¬°«à“ °≈âÕß®ÿ≈∑√√»πå (microscope)  ”À√—∫ àÕß¥Ÿ ∑”„Àâπ—°«‘∑¬“»“ µ√åπ”¡“®”·π°‡ªìπ·¢πß«‘™“¬àÕ¬Ê ‡æ◊ËÕ„Àâ‡À¡“– ¡

°—∫°“√»÷°…“„π·µà≈–‡√◊ËÕßÕ¬à“ß≈÷°´÷Èß ¥—ßπ’È

    §«“¡°â“«Àπâ“¥â“π™’««‘∑¬“„πªí®®ÿ∫—π

™’««‘∑¬“‡ªìπ«‘™“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥”√ß™’«‘µ¢Õß ‘Ëß¡’™’«‘µ π—°«‘∑¬“»“ µ√å„πÕ¥’µ·≈–ªí®®ÿ∫—π‰¥â»÷°…“∑¥≈Õß®“°°“√«‘®—¬

µà“ßÊ ∑”„Àâ‰¥â§«“¡√Ÿâ·≈–°“√π”§«“¡√Ÿâ‰ªª√–¬ÿ°µå„™â„π™’«‘µª√–®”«—π∑—Èß„π¥â“πÕ“À“√ °“√·æ∑¬å °“√‡°…µ√  ‘Ëß·«¥≈âÕ¡

Õÿµ “À°√√¡ ·≈–Õ’°À≈“¬Ê ¥â“π ‚¥¬‡©æ“–™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈∑’Ë‡√’¬°«à“ ‡∑§‚π‚≈¬’™’«¿“æ     (biotechnology)     ´÷Ëß‡ªìπ»“ µ√å

∑’ËÀ¡“¬∂÷ß°“√π”§«“¡√Ÿâ¥â“π™’««‘∑¬“∑’Ë‡°’Ë¬«°—∫ ‘Ëß¡’™’«‘µ‰ª„™âª√–‚¬™πå‡©æ“–Õ¬à“ßµ“¡§«“¡µâÕß°“√¢Õß¡πÿ…¬å ‡™àπ °“√º≈‘µÕ‘π´Ÿ≈‘π
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®ß‡≈◊Õ°§”µÕ∫∑’Ë∂Ÿ°µâÕß∑’Ë ÿ¥‡æ’¬ß§”µÕ∫‡¥’¬«
1. °”Àπ¥„Àâ B §◊Õ  biosphere C §◊Õ  community

O §◊Õ  organism P §◊Õ  population

E §◊Õ  ecosystem Ce §◊Õ  cell

     ¢âÕ„¥∑’Ë· ¥ß≈”¥—∫‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ (level of organization in nature) ®“°´—∫ ấÕππâÕ¬∑’Ë ÿ¥‰ª¬—ß∑’Ë´—∫´âÕπ¡“°∑’Ë ÿ¥

µ“¡≈”¥—∫

1. B,  C,  O,  E,  Ce,  P 2. C,  P,  Ce,  O,  E,  B

3. Ce,  O,  P,  C,  E,  B 4. O,  B,  E,  Ce,  C,  P

2. ¢âÕ„¥§◊Õ°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡ (metabolism) „π√à“ß°“¬¢Õß§π

1. °“√¬àÕ¬Õ“À“√®“°‚¡‡≈°ÿ≈„À≠à„Àâ‡ªìπ‚¡‡≈°ÿ≈∑’Ë‡≈Á°

2. °“√¥Ÿ·≈ ÿ¢¿“æ¢Õß√à“ß°“¬¥â«¬°“√ÕÕ°°”≈—ß°“¬

3. °“√¢—∫∂à“¬¢Õß‡ ’¬ÕÕ°πÕ°√à“ß°“¬∑“ß√–∫∫ªí  “«–

4. °“√¢—∫‡Àß◊ËÕ∑’Ë∫√‘‡«≥º‘«Àπ—ß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“» Ÿß¢÷Èπ

3. ¢âÕ„¥‡ªìπ ¡∫—µ‘¢Õß ‘Ëß¡’™’«‘µ

1. ª≈«°∑’ËÕ“»—¬Õ¬Ÿà„π¥‘π®–π”¥‘π¡“ √â“ß√—ß„Àâ¡’¢π“¥„À≠à¢÷Èπµ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“ª≈«°¡’°√–∫«π°“√‡®√‘≠‡µ‘∫‚µ

2. µâπ°√–∫Õß‡æ™√∑’Ë¢÷ÈπÕ¬Ÿà„π∑–‡≈∑√“¬®–¡’§«“¡∑π∑“πµàÕ§«“¡·Àâß·≈âß ®÷ß‰¡à®”‡ªìπµâÕß„™âπÈ”‡æ◊ËÕ°“√¥”√ß™’«‘µ

3. ¡–æ√â“«µâπÀπ÷Ëß∑’Ëª≈Ÿ°‰«â„π «πÀ≈—ß∫â“π  —ß‡°µ‡ÀÁπ«à“°≈“ß≈”µâπ®–·¬°ÕÕ°‡ªìπ 2 ·©°§≈â“¬√Ÿªµ—« Y ´÷Ëß‡ªìπ≈—°…≥–

°“√ ◊∫æ—π∏ÿåÕ¬à“ßÀπ÷Ëß

4. „πµÕπ‡™â“ —ß‡°µ‡ÀÁπ·¡àπ°§“∫µ—«ÀπÕπ∫‘π«π‡«’¬π∑’Ë√—ß¢Õß¡—π ‚¥¬¡’≈Ÿ°π°∑’ËÕ¬Ÿà„π√—ß°”≈—ß™ŸÀ—«·≈–Õâ“ª“°‡æ◊ËÕ„Àâ·¡à

ªÑÕπÕ“À“√

4. ™’««‘∑¬“¡’§«“¡À¡“¬¥—ß¢âÕ„¥

1. °“√»÷°…“°“√°”‡π‘¥ ‘Ëß¡’™’«‘µ„πÕ¥’µ·≈–ªí®®ÿ∫—π 2. °“√»÷°…“¢âÕ‡∑Á®®√‘ß·≈–·π«§‘¥¢Õß§π∑’Ë¡’µàÕ ‘Ëß¡’™’«‘µ

3. °“√»÷°…“ ‘Ëß·«¥≈âÕ¡·≈–°“√‡√’¬π√Ÿâ¢Õß ‘Ëß¡’™’«‘µ 4. °“√»÷°…“‡æ◊ËÕπ”§«“¡√Ÿâ¡“„™â°—∫™’«‘µ

5. °”Àπ¥„Àâ

°. æ—π∏ÿ»“ µ√å (genetic) ¢. Õπÿ°√¡«‘∏“π«‘∑¬“ (taxonomy)

§.  √’√«‘∑¬“ (physiology) ß. π‘‡«»«‘∑¬“ (ecology)

®. ‡´≈≈å«‘∑¬“ (cytology)

ç°“√∑”°≈â«¬µ“°∑’ËÕ”‡¿Õ∫“ß°√–∑ÿà¡ ®—ßÀ«—¥æ‘…≥ÿ‚≈° ‰¥â¡’°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå∑’Ë¥’∑’Ë ÿ¥ §◊Õ æ—π∏ÿå¡–≈‘ÕàÕß ´÷Ëßπ”¡“

®“°®—ßÀ«—¥©–‡™‘ß‡∑√“ ‡¡◊ËÕπ”‰ªµ“°°—∫· ß·¥¥ ®–∑”„Àâ·ªÑß„π°≈â«¬‡ª≈’Ë¬π‡ªìππÈ”µ“≈∑’Ë¡’√ À«“πÀÕ¡é ®“°¢âÕ§«“¡

¥—ß°≈à“«π’È π—°‡√’¬π§‘¥«à“πà“®–¡’§«“¡‡°’Ë¬«¢âÕß°—∫·¢πß¢Õß«‘™“™’««‘∑¬“Õ–‰√∫â“ß

1. ¢âÕ ° § ·≈– ® 2. ¢âÕ ¢ § ·≈– ß

3. ¢âÕ ° ¢ § ·≈– ß 4. ¢âÕ ¢ § ß ·≈– ®

·∫∫Ωñ°À—¥Àπà«¬°“√‡√’¬π√Ÿâ∑’Ë 1
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6. ¡’π—°«‘∑¬“»“ µ√å°≈ÿà¡Àπ÷Ëß¡’§«“¡‡™◊ËÕ«à“ ‘Ëß¡’™’«‘µ∫π‚≈°πà“®–¡“®“°¡πÿ…¬å∑’ËÕ¬Ÿà∫π¥“«Õ◊ËπÕæ¬æ¡“Õ“»—¬Õ¬Ÿà∫π‚≈°¢Õß‡√“

·≈â«„™â‡«≈“∑’Ë¬“«π“π„π°“√ª√—∫µ—«„ÀâÕ¬Ÿà„π ¿“æ·«¥≈âÕ¡∫π‚≈°‰¥â ∂â“π—°‡√’¬π‡ªìππ—°«‘∑¬“»“ µ√å Õ—π¥—∫·√°∑’Ë§«√

¥”‡π‘π°“√§◊ÕÕ–‰√

1.  √ÿª‰¥â‡≈¬«à“‰¡à‡ªìπ§«“¡®√‘ß

2.  ◊∫§âπ¢âÕ¡Ÿ≈‡æ◊ËÕÀ“À≈—°∞“π∑’Ë‡ªìπ®√‘ß

3. µ—Èß ¡¡µ‘∞“π‰«â‡æ◊ËÕ√Õ°“√æ‘ Ÿ®πå¢âÕ‡∑Á®®√‘ß

4. «“ß·ºπÀ“«‘∏’°“√»÷°…“∑¥≈ÕßÀ√◊ÕÕÕ°‰ªæ‘ Ÿ®πå‡æ◊ËÕÀ“¢âÕ‡∑Á®®√‘ß

7. π—°∏√≥’«‘∑¬“‰¥â¢ÿ¥æ∫´“°¥÷°¥”∫√√æå (fossil) „πÀ≈“¬Ê ∫√‘‡«≥∫π‡ª≈◊Õ°‚≈°∑’Ë√–¥—∫§«“¡≈÷°µà“ß°—π ‡æ◊ËÕ§âπÀ“§”µÕ∫«à“

 ‘Ëß¡’™’«‘µ∑’Ë°”‡π‘¥¢÷Èπ§√—Èß·√°¢Õß‚≈°§◊Õ™π‘¥„¥ ·≈â«π”¡“ √ÿª ´÷Ëß¢âÕ √ÿª∑’Ë¡’§«“¡‡ªìπ‰ª‰¥â¡“°∑’Ë ÿ¥§◊Õ¢âÕ„¥

1. øÕ ´‘≈ ‘Ëß¡’™’«‘µ∑’Ëæ∫„π√–¥—∫∑’Ë≈÷°∑’Ë ÿ¥πà“®–°”‡π‘¥¡“°àÕπ

2. øÕ ´‘≈ ‘Ëß¡’™’«‘µ∑’Ëæ∫„π√–¥—∫„°≈âÊ º‘«‚≈°πà“®–°”‡π‘¥¡“°àÕπ

3. øÕ ´‘≈ ‘Ëß¡’™’«‘µ∑’Ëæ∫«à“¡’‚§√ß √â“ß∑’Ë ¡∫Ÿ√≥å∑’Ë ÿ¥πà“®–°”‡π‘¥¡“°àÕπ

4. øÕ ´‘≈ ‘Ëß¡’™’«‘µ∑’Ëæ∫¬—ß«‘π‘®©—¬‰¡à‰¥â«à“°”‡π‘¥°àÕπÀ√◊ÕÀ≈—ßµâÕß¡“®—¥≈”¥—∫«‘«—≤π“°“√°àÕπ

8. æ—π∏ÿ«‘»«°√√¡√Ÿª·∫∫Àπ÷Ëß∑’Ë‡√’¬°«à“ gene therapy ¡’°“√∑”¢÷Èπ¡“‡æ◊ËÕ«—µ∂ÿª√– ß§å„¥

1. °“√∑”‚§≈π (cloning) „π ‘Ëß¡’™’«‘µ∫“ß™π‘¥

2. °“√¥—¥·ª≈ßæ—π∏ÿ°√√¡„πæ◊™‰√à·≈–æ◊™ «π∫“ß™π‘¥

3. °“√√—°…“‚√§∑“ßæ—π∏ÿ°√√¡∫“ß™π‘¥∑’Ë‡√’¬°«à“¬’π∫”∫—¥

4. °“√µ√«® Õ∫ “¬æ—π∏ÿ°√√¡„π ‘Ëß¡’™’«‘µ™π‘¥„¥™π‘¥Àπ÷Ëß

9. ¢âÕ„¥‡ªìπ ‘Ëß∫àß™’È§«“¡¡’§ÿ≥∏√√¡¢Õßπ—°«‘∑¬“»“ µ√å

1. «‘®—¬∑¥≈Õß¥—¥·ª≈ß “¬æ—π∏ÿå¡–≈–°Õ„Àâ¡’ “√µàÕµâ“π·¡≈ßµ“¡∑’Ë§‘¥‰¥â∑—π∑’

2. √–¥¡π—°«‘∑¬“»“ µ√å∑’Ë‡°àßÊ ¡“√à«¡°—π∑”‚§≈π (clonning) ¡πÿ…¬å„Àâ‰¥âº≈ ”‡√Á®

3.  √â“ß‚√ß‰øøÑ“π‘«‡§≈’¬√å∑—π∑’‚¥¬‰¡à®”‡ªìπµâÕß»÷°…“º≈°√–∑∫ ‡æ√“–µâÕß∑¥·∑ππÈ”¡—π∑’Ë¡’√“§“·æß

4. °àÕπ∑’Ë®–«‘®—¬¥â“πæ—π∏ÿ«‘»«°√√¡„π‡√◊ËÕß„¥‡√◊ËÕßÀπ÷ËßºŸâ«‘®—¬§«√‡ πÕ‚§√ß°“√·≈–¢Õ§«“¡§‘¥‡ÀÁπ‡æ◊ËÕÕπÿ¡—µ‘µàÕπ—°«‘∑¬“»“ µ√å

·≈– “∏“√≥™π°àÕπ

10. æ“√“¡’‡´’¬¡ (Paramecium) ‡ªìπ ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«™π‘¥Àπ÷Ëß∑’ËÕ¬Ÿà„π∑–‡≈ ®–‰¡à¡’‚§√ß √â“ß∑’Ë‡√’¬°«à“ §Õπ·∑√Á°‰∑≈å·«§‘«‚Õ≈

(contractile vacuole) „π°“√∑”Àπâ“∑’Ëª√—∫ ¿“æ ¡¥ÿ≈¢ÕßπÈ”·≈–·√à∏“µÿ ¢âÕ„¥‡ªìπ‡Àµÿº≈∑’Ë¥’∑’Ë ÿ¥¢Õß§”°≈à“«π’È

1. §«“¡‡¢â¡¢âπ¿“¬„π‡´≈≈å·≈–„ππÈ”∑–‡≈„°≈â‡§’¬ß°—π ®÷ß‰¡à®”‡ªìπµâÕß¡’

2. §«“¡‡¢â¡¢âπ¿“¬„π‡´≈≈å¡“°°«à“„ππÈ”∑–‡≈ ®÷ß‰¡à‡°‘¥°“√·æ√à¢ÕßπÈ”¿“¬πÕ°‡´≈≈å‡¢â“‰ª

3. §«“¡‡¢â¡¢âπ¿“¬„π‡´≈≈åπâÕ¬°«à“„ππÈ”∑–‡≈ ®÷ß‰¡à‡°‘¥°“√·æ√à¢ÕßπÈ”ÕÕ°πÕ°‡´≈≈å

4. πÈ”∑–‡≈¡’·√à∏“µÿÀ≈“¬™π‘¥∑’Ë‡ªìπÕ—πµ√“¬µàÕ§Õπ·∑√Á°‰∑≈å·«§‘«‚Õ≈ æ“√“¡’‡´’¬¡®÷ßª√—∫µ—«‚¥¬‰¡à¡’‚§√ß √â“ßπ’È

11.  ‘Ëß¡’™’«‘µ„π¢âÕ„¥∑’Ë· ¥ßÕÕ°∂÷ß°“√√—°…“¥ÿ≈¬¿“æ¢ÕßÕÿ≥À¿Ÿ¡‘√à“ß°“¬

1. ¥Õ°‰¡âÀ≈“¬™π‘¥®–ÕÕ°¥Õ°™à«ßƒ¥ŸÀπ“« ·µà®–‰¡à¡’¥Õ°„πƒ¥Ÿ√âÕπ

2.  ÿπ—¢æ—π∏ÿå∫“ß·°â«®–¡’ƒ¥Ÿº ¡æ—π∏ÿå„π™à«ßƒ¥ŸÀπ“«

3. À¡’¢“«∑’ËÕ“»—¬Õ¬Ÿà„π¢—È«‚≈°‡Àπ◊Õ®–¡’‰¢¡—π„µâº‘«Àπ—ßÀπ“¡“°

4. ‡¡◊ËÕ‡¢â“ Ÿàƒ¥ŸÀπ“« µâπ —°®– ≈—¥„∫∑‘Èß∑—ÈßÀ¡¥ ´÷Ëß¥Ÿ§≈â“¬°—∫µâπ —°µ“¬
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®ß‡≈◊Õ°§”µÕ∫∑’Ë∂Ÿ°µâÕß∑’Ë ÿ¥‡æ’¬ß§”µÕ∫‡¥’¬«
1. °”Àπ¥„Àâ B §◊Õ  biosphere C §◊Õ  community

O §◊Õ  organism P §◊Õ  population

E §◊Õ  ecosystem Ce §◊Õ  cell

     ¢âÕ„¥∑’Ë· ¥ß≈”¥—∫‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ (level of organization in nature) ®“°´—∫´âÕππâÕ¬∑’Ë ÿ¥‰ª¬—ß∑’Ë´—∫´âÕπ¡“°∑’Ë ÿ¥

µ“¡≈”¥—∫

1. B,  C,  O,  E,  Ce,  P 2. C,  P,  Ce,  O,  E,  B

3. Ce,  O,  P,  C,  E,  B 4. O,  B,  E,  Ce,  C,  P

2. ¢âÕ„¥§◊Õ°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡ (metabolism) „π√à“ß°“¬¢Õß§π

1. °“√¬àÕ¬Õ“À“√®“°‚¡‡≈°ÿ≈„À≠à„Àâ‡ªìπ‚¡‡≈°ÿ≈∑’Ë‡≈Á°

2. °“√¥Ÿ·≈ ÿ¢¿“æ¢Õß√à“ß°“¬¥â«¬°“√ÕÕ°°”≈—ß°“¬

3. °“√¢—∫∂à“¬¢Õß‡ ’¬ÕÕ°πÕ°√à“ß°“¬∑“ß√–∫∫ªí  “«–

4. °“√¢—∫‡Àß◊ËÕ∑’Ë∫√‘‡«≥º‘«Àπ—ß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“» Ÿß¢÷Èπ

3. ¢âÕ„¥‡ªìπ ¡∫—µ‘¢Õß ‘Ëß¡’™’«‘µ

1. ª≈«°∑’ËÕ“»—¬Õ¬Ÿà„π¥‘π®–π”¥‘π¡“ √â“ß√—ß„Àâ¡’¢π“¥„À≠à¢÷Èπµ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“ª≈«°¡’°√–∫«π°“√‡®√‘≠‡µ‘∫‚µ

2. µâπ°√–∫Õß‡æ™√∑’Ë¢÷ÈπÕ¬Ÿà„π∑–‡≈∑√“¬®–¡’§«“¡∑π∑“πµàÕ§«“¡·Àâß·≈âß ®÷ß‰¡à®”‡ªìπµâÕß„™âπÈ”‡æ◊ËÕ°“√¥”√ß™’«‘µ

3. ¡–æ√â“«µâπÀπ÷Ëß∑’Ëª≈Ÿ°‰«â„π «πÀ≈—ß∫â“π  —ß‡°µ‡ÀÁπ«à“°≈“ß≈”µâπ®–·¬°ÕÕ°‡ªìπ 2 ·©°§≈â“¬√Ÿªµ—« Y ÷́Ëß‡ªìπ≈—°…≥–

°“√ ◊∫æ—π∏ÿåÕ¬à“ßÀπ÷Ëß

4. „πµÕπ‡™â“ —ß‡°µ‡ÀÁπ·¡àπ°§“∫µ—«ÀπÕπ∫‘π«π‡«’¬π∑’Ë√—ß¢Õß¡—π ‚¥¬¡’≈Ÿ°π°∑’ËÕ¬Ÿà„π√—ß°”≈—ß™ŸÀ—«·≈–Õâ“ª“°‡æ◊ËÕ„Àâ·¡à

ªÑÕπÕ“À“√

4. ™’««‘∑¬“¡’§«“¡À¡“¬¥—ß¢âÕ„¥

1. °“√»÷°…“°“√°”‡π‘¥ ‘Ëß¡’™’«‘µ„πÕ¥’µ·≈–ªí®®ÿ∫—π 2. °“√»÷°…“¢âÕ‡∑Á®®√‘ß·≈–·π«§‘¥¢Õß§π∑’Ë¡’µàÕ ‘Ëß¡’™’«‘µ

3. °“√»÷°…“ ‘Ëß·«¥≈âÕ¡·≈–°“√‡√’¬π√Ÿâ¢Õß ‘Ëß¡’™’«‘µ 4. °“√»÷°…“‡æ◊ËÕπ”§«“¡√Ÿâ¡“„™â°—∫™’«‘µ

5. °”Àπ¥„Àâ

°. æ—π∏ÿ»“ µ√å (genetic) ¢. Õπÿ°√¡«‘∏“π«‘∑¬“ (taxonomy)

§.  √’√«‘∑¬“ (physiology) ß. π‘‡«»«‘∑¬“ (ecology)

®. ‡´≈≈å«‘∑¬“ (cytology)

ç°“√∑”°≈â«¬µ“°∑’ËÕ”‡¿Õ∫“ß°√–∑ÿà¡ ®—ßÀ«—¥æ‘…≥ÿ‚≈° ‰¥â¡’°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå∑’Ë¥’∑’Ë ÿ¥ §◊Õ æ—π∏ÿå¡–≈‘ÕàÕß ´÷Ëßπ”¡“

®“°®—ßÀ«—¥©–‡™‘ß‡∑√“ ‡¡◊ËÕπ”‰ªµ“°°—∫· ß·¥¥ ®–∑”„Àâ·ªÑß„π°≈â«¬‡ª≈’Ë¬π‡ªìππÈ”µ“≈∑’Ë¡’√ À«“πÀÕ¡é ®“°¢âÕ§«“¡

¥—ß°≈à“«π’È π—°‡√’¬π§‘¥«à“πà“®–¡’§«“¡‡°’Ë¬«¢âÕß°—∫·¢πß¢Õß«‘™“™’««‘∑¬“Õ–‰√∫â“ß

1. ¢âÕ ° § ·≈– ® 2. ¢âÕ ¢ § ·≈– ß

3. ¢âÕ ° ¢ § ·≈– ß 4. ¢âÕ ¢ § ß ·≈– ®

·∫∫Ωñ°À—¥Àπà«¬°“√‡√’¬π√Ÿâ∑’Ë 1
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§«“¡√Ÿâ¥â“π™’««‘∑¬“‰¥â¡“Õ¬à“ß‰√

ø√“π´‘ ‚° ‡√¥‘ (Francisco  Redi, §.». 1625-1698) π“¬·æ∑¬å™“«Õ‘µ“‡≈’¬π ¡’§«“¡ ß —¬µàÕ·π«§‘¥¢ÕßÕ“√‘ ‚µ‡µ‘≈∑’Ë«à“

 ‘Ëß¡’™’«‘µ‡°‘¥®“° ‘Ëß‰¡à¡’™’«‘µ ‡¢“®÷ß‰¥â∑¥≈Õßπ”‡π◊ÈÕ —µ«å (µ—«·∑π¢Õß ‘Ëß‰¡à¡’™’«‘µ) „ à„π¢«¥ 2 „∫ „πª√‘¡“≥‡∑à“°—π „∫Àπ÷Ëß

‡ªî¥Ω“ à«πÕ’°„∫Àπ÷Ëßªî¥Ω“‰«â ·≈–„∫∑’Ë‡À≈◊Õ‰¡à„ àÕ–‰√‡≈¬ ‡ªî¥Ω“∑‘Èß‰«â√–¬–‡«≈“Àπ÷Ëß ®– —ß‡°µ‡ÀÁπ«à“¢«¥∑ÿ°„∫¡’·¡≈ß«—π¡“µÕ¡

·µà·¡≈ß«—π®–‡¢â“‰ª„π¢«¥∑’Ë¡’‡π◊ÈÕ·≈–‡ªî¥Ω“‰«â‡ªìπ®”π«π¡“° µàÕ¡“ —ß‡°µ‡ÀÁπ«à“¢«¥∑’Ë¡’‡π◊ÈÕ ‡π◊ÈÕ®–‡√‘Ë¡‡πà“·µà¢«¥∑’Ë‡ªî¥Ω“®–¡’

µ—«ÀπÕπ·¡≈ß«—π®”π«π¡“°  à«π¢«¥Õ’°„∫‰¡à¡’ ®“°º≈°“√∑¥≈Õß √ÿª‰«â«à“ ÀπÕπ‡°‘¥®“°·¡≈ß«—π∑’Ë‡ªìπæàÕ·¡à¢Õß¡—π‰¡à‰¥â‡°‘¥

®“° ‘Ëß‰¡à¡’™’«‘µÀ√◊Õ‡π◊ÈÕ∑’Ë‡πà“ °“√∑¥≈Õß¢Õß‡¢“‰¡à Õ¥§≈âÕß°—∫·π«§‘¥¢ÕßÕ“√‘ ‚µ‡µ‘≈ ®÷ß‡ πÕ·π«§‘¥π’È«à“  ‘Ëß¡’™’«‘µ‡°‘¥®“°

 ‘Ëß¡’™’«‘µ∑’Ë‡ªìπæàÕ·¡à¢Õß¡—π (biogenesis)

®“°º≈°“√∑¥≈Õß¢Õßø√“π´‘ ‚° ‡√¥‘ ∑”„Àâπ—°«‘∑¬“»“ µ√åπ”¡“®—¥≈”¥—∫¢—ÈπµÕπ‡æ◊ËÕ‡ πÕ‡ªìπ·π«∑“ß„π°“√»÷°…“

§âπ§«â“∑¥≈Õß„Àâ‰¥â¡“ ÷́Ëß§«“¡√Ÿâ∑“ß™’««‘∑¬“À√◊Õ∑“ß«‘∑¬“»“ µ√å‡√’¬°«à“ «‘∏’°“√∑“ß«‘∑¬“»“ µ√å (scientific method) ‰¥â¥—ßπ’È

1. °“√ —ß‡°µ (observation) ‡ÀÁπµ—«ÀπÕπÕ¬Ÿà„π‡π◊ÈÕ∑’Ë‡πà“

2. ªí≠À“ (problem) À√◊Õ§”∂“¡∑’Ëµ—Èß¢÷Èπ®“°°“√ —ß‡°µ ‡æ√“–‡π◊ÈÕ‡πà“®÷ß¡’ÀπÕπ ·≈–µ—«ÀπÕπ

 ‡°‘¥®“°‡π◊ÈÕ‡πà“ ( ‘Ëß‰¡à¡’™’«‘µ) À√◊Õ‰¡à

3. °“√µ—Èß ¡¡µ‘∞“π (hypothesis) (°“√§“¥§–‡π§”µÕ∫) ÀπÕπ‰¡àπà“®–‡°‘¥®“°‡π◊ÈÕ‡πà“ ( ‘Ëß‰¡à¡’™’«‘µ)

4. °“√ÕÕ°·∫∫°“√∑¥≈Õß (experiment) ‡æ◊ËÕµ√«® Õ∫ ¡¡µ‘∞“π ·∫àß°“√∑¥≈Õß‡ªìπ 3 ™ÿ¥

2
  °“√»÷°…“™’««‘∑¬“
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maggots no
maggots

√Ÿª· ¥ßº≈°“√∑¥≈Õß¢Õß¢«¥„∫∑’Ë 2 ·≈–¢«¥„∫∑’Ë 3

maggots

- °”Àπ¥µ—«·ª√Õ‘ √– (µ—«·ª√µâπ) ‡æ◊ËÕ°“√‡ª√’¬∫‡∑’¬∫ §◊Õ  ¢«¥„∫∑’Ë 1, 2 ·≈– 3

- µ—«·ª√§«∫§ÿ¡ (∑’Ë®—¥„Àâ‡À¡◊Õπ°—π) §◊Õ ¢π“¥¢Õß¢«¥ ª√‘¡“≥‡π◊ÈÕ ·≈– ∂“π∑’Ë∑¥≈Õß

- µ—«·ª√µ“¡ (º≈∑’Ë§“¥«à“®–‡°‘¥¢÷Èπ®“°µ—«·ª√µâπ) §◊Õ ¢«¥„¥¡’ÀπÕπ·¡≈ß«—π

6.  √ÿªº≈°“√∑¥≈Õß (conclusion) ÀπÕπ‡°‘¥®“°·¡≈ß«—π∑’Ë‡ªìπæàÕ·¡à¢Õß¡—π π—Ëπ§◊Õ ‘Ëß¡’™’«‘µ‡°‘¥®“° ‘Ëß¡’™’«‘µ‰¡à‰¥â‡°‘¥

®“° ‘Ëß‰¡à¡’™’«‘µ  Õ’°µ—«Õ¬à“ßÀπ÷Ëß §◊Õ ¢âÕ§âπæ∫¢Õß Õ‡≈Á°´“π‡¥Õ√å  ‡ø≈¡¡‘ß (Alexander Fleming) π—°®ÿ≈™’««‘∑¬“™“«Õ—ß°ƒ…

‰¥â∑¥≈Õß‡æ“–‡≈’È¬ß·∫§∑’‡√’¬„π®“π‡æ“–‡≈’È¬ß‡™◊ÈÕ ∑ÿ°§√—Èß∑’Ë∑¥≈Õß‡¢“ —ß‡°µ«à“¡’‡™◊ÈÕ√“‡®√‘≠Õ¬Ÿà„π®“π‡æ“–‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬

·≈–¬—ß —ß‡°µ‡ÀÁπÕ’°«à“ ·∫§∑’‡√’¬∑’Ë‡æ“–‡≈’È¬ß‰«â‰¡à‡®√‘≠Õ’°¥â«¬ º≈°“√ —ß‡°µ∑”„Àâ‡°‘¥ªí≠À“«à“ ‡¡◊ËÕ¡’‡™◊ÈÕ√“‡°‘¥¢÷Èπ∑”‰¡

·∫§∑’‡√’¬®÷ß‰¡à‡®√‘≠·≈–‡ªìπ‡æ√“–‡Àµÿ„¥ ‡¢“®÷ß„Àâ¢âÕ —ß‡°µ«à“ √“∑’Ë‡®√‘≠„π®“π‡æ“–‡≈’È¬ß‡™◊ÈÕπà“®–¡’ à«π∑”„Àâ·∫§∑’‡√’¬µ“¬

¿“¬À≈—ß®“°°“√§âπæ∫¢Õß‡ø≈¡¡‘ß ∑”„Àâ‰¥â§«“¡√Ÿâ„À¡à«à“ √“∑’Ë‡®√‘≠„π®“π‡æ“–‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬π—Èπ¡’™◊ËÕ«‘∑¬“»“ µ√å«à“

‡æπ‘´‘≈‡≈’¬¡ (Penicillium sp.) ‡ªìπ‡™◊ÈÕ√“∑’Ë°àÕ„Àâ‡°‘¥ª√–‚¬™πå∑“ß°“√·æ∑¬å ‚¥¬π”¡“„™â∑”¬“ªØ‘™’«π– (antibiotic) ∑’Ë™◊ËÕ«à“

‡æπ‘ ‘́≈‡≈’¬¡ (Penicillin)  “¡“√∂∑”≈“¬‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë∑”„Àâ‡°‘¥‚√§µà“ßÊ ‰¥âÀ≈“¬™π‘¥

¥—ßπ—Èπ ®÷ß°≈à“«‰¥â«à“ «‘∏’°“√∑“ß«‘∑¬“»“ µ√å‡ªìπ«‘∏’°“√∑’Ëπ—°«‘∑¬“»“ µ√å‡™◊ËÕ«à“ “¡“√∂π”‰ª„™â„π°“√·°âªí≠À“∑’Ë°”Àπ¥

‰«â‰¥â À√◊Õ‡ªìπ°√–∫«π°“√»÷°…“§âπ§«â“„Àâ‰¥â¡“„π ‘Ëß∑’ËÕ¬“°√Ÿâ Õ¬“°‡ÀÁπ Õ¬“°æ‘ Ÿ®πå∑¥≈Õß„Àâ‰¥â¢âÕ‡∑Á®®√‘ß (fact)     À√◊Õ‰¥â

§”µÕ∫∑’Ë‡°‘¥®“°°“√æ‘ Ÿ®πåπ—ÈπÕ¬à“ß∂Ÿ°µâÕß ·≈– “¡“√∂π”¢âÕ∑’Ë‰¥âæ‘ Ÿ®πå¡“ √ÿª·≈â«π”‰ª‡º¬·æ√à ª√–¬ÿ°µå„™â À√◊Õ‡ªìπÀ≈—°°“√

°Æ (law) ·≈–∑ƒ…Æ’ (theory)     π—°«‘∑¬“»“ µ√å‰¥âπ”√Ÿª·∫∫π’È¡“„™â„π°“√¥”‡π‘πß“π«‘®—¬∑“ß«‘∑¬“»“ µ√å (science research) ·≈–

„π à«π¢Õßπ—°‡√’¬π‡√’¬°«à“ ‚§√ßß“π«‘∑¬“»“ µ√å (science project) ´÷Ëß‡ªìπß“π«‘®—¬¢—Èπæ◊Èπ∞“π (miniscience research) „π√–¥—∫

‚√ß‡√’¬πÀ√◊Õπ—°‡√’¬πµ“¡·∫∫Õ¬à“ß¢Õßπ—°«‘∑¬“»“ µ√å

°≈ÿà¡§«∫§ÿ¡                                  °≈ÿà¡∑¥≈Õß

(control experiment)

¢«¥„∫∑’Ë 1 ¢«¥„∫∑’Ë 2  ¢«¥„∫∑’Ë 3

‰¡à„ àÕ–‰√‡≈¬ „ à‡π◊ÈÕ·≈–‡ªî¥Ω“‰«â  „ à‡π◊ÈÕ·≈–ªî¥Ω“‰«â

       5. °“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈ ‰¡à¡’ÀπÕπ ¡’ÀπÕπ   ‰¡à¡’ÀπÕπ

·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈

¢«¥„∫∑’Ë 3¢«¥„∫∑’Ë 2
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°≈âÕß®ÿ≈∑√√»πå

°≈âÕß®ÿ≈∑√√»πå (microscope) ‡ªìπ‡§√◊ËÕß¡◊Õ«‘∑¬“»“ µ√å∑’Ë„™â»÷°…“ ‘Ëß¡’™’«‘µ∑’Ë¡’¢π“¥‡≈Á°¡“°·≈–¡Õß¥â«¬µ“‡ª≈à“‰¡à‡ÀÁπ

● §.». 1655 √Õ‡∫‘√åµ Œÿ° (Robert Hooke) π—°«‘∑¬“»“ µ√å™“«Õ—ß°ƒ…‰¥âª√–¥‘…∞å°≈âÕß®ÿ≈∑√√»πå‡≈π åª√–°Õ∫

(compound microscope) „™â‡≈π å 2 ‡≈π å¡“ª√–°Õ∫°—π∑”„Àâ¡’°”≈—ß¢¬“¬ Ÿß ÿ¥ª√–¡“≥ 200 ‡∑à“

√Ÿª· ¥ß°≈âÕß∑’Ë√Õ‡∫‘√åµ Œÿ° √â“ß¢÷Èπ

● §.». 1672 Õ—π‚µπ’ «“π ‡≈‡«πŒÿ° (Antoni van Leeuwenhoek) ‰¥â¥—¥·ª≈ß·«àπ¢¬“¬„Àâ‡ªìπ°≈âÕß®ÿ≈∑√√»πå ·µà‡ªìπ

™π‘¥‡≈π å‡¥’¬« (single lens) ·≈â«π”‰ª àÕß¥ŸÀ¬¥πÈ” æ∫ ‘Ëß¡’™’«‘µ∑’Ë¡Õß‰¡à‡ÀÁπ¥â«¬µ“‡ª≈à“„ππÈ”‡ªìπ§√—Èß·√°

● µàÕ¡“¡’ºŸâπ”°≈âÕß®ÿ≈∑√√»πå®“°·∫∫¢Õß‚√‡∫‘√åµ Œÿ°

¡“¥—¥·ª≈ß„Àâ‡ªìπ°≈âÕß®ÿ≈∑√√»πå∑’Ë¡’°”≈—ß¢¬“¬ Ÿß¢÷Èπ ·≈–‡ªìπ

°≈âÕß∑’Ë„™â· ß∏√√¡¥“ (light microscope) ‚¥¬Õ“»—¬·À≈àß

°”‡π‘¥· ß®“°À≈Õ¥‰øÀ√◊Õ· ß®“°¥«ßÕ“∑‘µ¬å ¡’°”≈—ß¢¬“¬

 Ÿ ß∂÷ ß 1,000-1,500 ‡∑à“ ·≈–‡ªìπ°≈âÕß∑’Ëπ‘¬¡„™â°—π¡“°

πÕ°®“°π’È¬—ß¡’°≈âÕß®ÿ≈∑√√»πåÕ’°·∫∫Àπ÷Ëß∑’Ë„™â· ß∏√√¡¥“

´÷Ëß‡√’¬°«à“ °≈âÕß ‡µÕ√‘‚Õ (stereo microscope) ·µà¡’°”≈—ß

¢¬“¬‰¡à¡“°  Ÿß ÿ¥ª√–¡“≥ 40-50 ‡∑à“ ÷́Ëß„™â»÷°…“ ‘Ëß¡’™’«‘µ

À√◊Õ‚§√ß √â“ß∑’Ë¡’¢π“¥„À≠à ·≈–∑÷∫· ß‰¥â ‡™àπ „∫‰¡â ·¡≈ßµà“ßÊ

√Ÿª· ¥ß°≈âÕß∑’Ë„™â· ß∏√√¡¥“

fine focus

eyepiece  ocular lens

 body tube

nosepiece

objective
lenses

stage clip

slide with
specimen

condenser

light source

   stage

coarse focus
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