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°“√¬âÕ¡‡™◊ÈÕ ‰ª‚√¢’µ¥â«¬«‘∏’ Warthin-Starry

‚¥¬„™â‡µ“‰¡‚§√‡«ø

Demonstration of  Spirochetes by Warthin-Starry

Method Using the Microwave Oven

∑√‘°“ ®—π∑¡≥’‚™µ‘  ®‘√“ §ß§√Õß ·≈–  ¡®‘µ√ √ÿ®‘¢«—≠

Tharika Chantamaneechote, Chira Kongkrong and Somchit Ruchikuan

Abstract

Histo slides of colon, being diagnosed swine dysentery, were stained by Werthin-Starry method for

spirochete. In the staining process of silver impregnation and developer steps, microwave oven is used

instead of incubater or water  bath. The good result is by using microwave oven at 150 watt 5 minutes

in the silver impregnation and at 150 watt 3 minutes in developer steps.The spirochetes staining are distinctly

black and background  are pale yellow to light brown. In addition, the staining time is 30 minutes less than

the conventional staining method.
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∫∑§—¥¬àÕ

π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ®“°≈”‰ â„À≠à¢Õß ÿ°√∑’Ë‡ªìπ‚√§∫‘¥¡Ÿ°‡≈◊Õ¥ ¡“¬âÕ¡ ’‡æ◊ËÕÀ“‡™◊ÈÕ ‰ª‚√¢’µ ¥â«¬

«‘∏’ Warthin-Starry ‚¥¬„™â‡µ“‰¡‚§√‡«ø„π¢—ÈπµÕπ°“√¥Ÿ¥´—∫‚≈À–‡ß‘π ·≈–¢—ÈπµÕπ°“√∑”„Àâ‡°‘¥ ’∫π

‡π◊ÈÕ‡¬◊ËÕ·∑π°“√∑”„πµŸâÕ∫À√◊ÕÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ º≈°“√∑¥≈Õßæ∫«à“ °”≈—ß‰øøÑ“·≈–‡«≈“∑’Ë„™â„π

°“√¬âÕ¡∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥´—∫‚≈À–‡ß‘π §◊Õ 150 «—µµå 5 π“∑’·≈–„π¢—ÈπµÕπ°“√∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ

§◊Õ 150 «—µµå 3 π“∑’ ‚¥¬‡™◊ÈÕ ‰ª‚√¢’µµ‘¥ ’¥”·¬°®“° à«πª√–°Õ∫Õ◊ËπÊ ´÷Ëßµ‘¥ ’‡À≈◊ÕßÕ¡πÈ”µ“≈Õ¬à“ß

‡¥àπ™—¥ °“√∑¥≈Õß„Àâº≈‡ªìπ∑’Ëπà“æÕ„®·≈– “¡“√∂≈¥‡«≈“®“°°“√¬âÕ¡·∫∫‡¥‘¡≈ß‰¥âª√–¡“≥ 30 π“∑’

§” ”§—≠: ‡™◊ÈÕ ‰ª‚√¢’µ , «‘∏’ Warthin-Starry, ‡µ“‰¡‚§√‡«ø
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∫∑π”

‡µ“‰¡‚§√‡«ø‡ªìπÕÿª°√≥å∑’Ë„Àâ§«“¡√âÕπ

‚¥¬·¡§π‘µ√Õπ„π‡µ“º≈‘µ°√–· §≈◊Ëπ‰¡‚§√‡«ø

§«“¡∂’Ë 2,450 ‡¡°°–‡Œ‘√åµ ¡’≈—°…≥–§≈â“¬°—∫

§≈◊Ëπ«‘∑¬ÿ·≈–‚∑√∑—»πå ·µà¡’§«“¡¬“«§≈◊Ëπ —Èπ°«à“

·≈–§«“¡∂’Ë Ÿß°«à“ ‡¡◊ËÕ “√≈–≈“¬¥Ÿ¥´—∫æ≈—ßß“π

‰¡‚§√‡«ø‡¢â“‰ª ®–∑”„Àâ‚¡‡≈°ÿ≈ —Ëπ –‡∑◊Õπ‚¥¬

¡’Õ—µ√“‡√Á«‡∑à“°—∫§«“¡∂’Ë¢Õß§≈◊Ëπ‰¡‚§√‡«ø ·≈–

‡°‘¥°“√‡ ’¬¥ ’°—π¢Õß‚¡‡≈°ÿ≈ ‡ªìπº≈„Àâ

 “√≈–≈“¬¡’æ≈—ßß“π§«“¡√âÕπ‡°‘¥¢÷ÈπÕ¬à“ß

√«¥‡√Á«°«à“·À≈àß„Àâ§«“¡√âÕπ∑—Ë«Ê‰ª (Login and

Dvorak, 1994) ¥â«¬§ÿ≥ ¡∫—µ‘¥—ß°≈à“« ‡µ“

‰¡‚§√‡«ø®÷ß∂Ÿ°π”¡“„™â‡ªìπ‡§√◊ËÕß¡◊ÕÀÿßµâ¡

Õ“À“√·∑π‡µ“ ‡π◊ËÕß®“° –¥«°·≈–√«¥‡√Á« µàÕ

¡“®÷ß¡’°“√æ—≤π“π”‡µ“‰¡‚§√‡«ø¡“„™â‡æ◊ËÕ™à«¬

≈¥‡«≈“ „π°“√‡µ√’¬¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ∑“ß®ÿ≈æ¬“∏‘

«‘∑¬“ ‚¥¬ Brinn (1983)  “¡“√∂≈¥‡«≈“¬âÕ¡

 ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ‚¥¬«‘∏’ methenamine silver staining

®“° 180 π“∑’ ‡À≈◊Õ 20 π“∑’·≈– “¡“√∂≈¥

‡«≈“„π°“√¬âÕ¡«‘∏’ Pascualûs modification of

Grimeliusû, Masson-Fontana ·≈– Perlsû πÕ°®“°

π’È‰¥â¡’°“√π”‡µ“‰¡‚§√‡«ø¡“„™â¬âÕ¡ ’ ‰≈¥å

‡π◊ÈÕ‡¬◊ËÕÕ’°À≈“¬«‘∏’ ‡™àπ alcian blue-periodic acid-

Schiff stain (Matthews and Kelly,1989), Steiner

method (Swischer,1987) , Grocottûs methenamine

silver nitrate (Loughman,1989), acid and alcohol fast

staining(Hafiz et al.,1985), Warthin-Starry method

(Churukian and Schenk,1988) ·≈– Leong (1991)

¬âÕ¡  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ¥â«¬«‘∏’ methamine silver stain,

PAS stain ·≈– “¡“√∂¬âÕ¡¥â«¬«‘∏’ colloid silver

nitrate staining for melanin ‡ √Á®„π‡«≈“ 45 «‘π“∑’

°“√≈¥‡«≈“„π°“√¬âÕ¡≈ß‡ªìπº≈„Àâ°“√™—π Ÿµ√

‚√§∑“ß®ÿ≈æ¬“∏‘«‘∑¬“√«¥‡√Á«¢÷Èπ ∑”„Àâ “¡“√∂

√—°…“ ªÑÕß°—π §«∫§ÿ¡‚√§‰¥â∑—π‡«≈“ ´÷Ëß¡’º≈„π

°“√≈¥§«“¡ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®

‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ ‰ª‚√¢’µ ∑’Ë∑”§«“¡‡ ’¬

À“¬„Àâ·°àª»ÿ —µ«å ‡™àπ leptospirosis, swine dysen-

tery, porcine intestinal adenomatosis-complex (PIA

› complex) ¡’«‘∏’°“√°“√™—π Ÿµ√∑’Ë·πàπÕπ∑“ß®ÿ≈

æ¬“∏‘«‘∑¬“§◊Õ °“√æ∫‡™◊ÈÕ∫√‘‡«≥√Õ¬‚√§‚¥¬°“√

¬âÕ¡ ’æ‘‡»… ´÷Ëß„πÀâÕßªØ‘∫—µ‘°“√æ¬“∏‘«‘∑¬“¡’

À≈“¬«‘∏’‰¥â·°à Dieterle, Steiner and Steiner ·≈–

Warthin-Starry (Sheehan and Hrapchak, 1980)

 ”À√—∫«‘∏’ Warthin-Starry π—Èπ‡ªìπ«‘∏’∑’Ëπ‘¬¡„™â¡“°

∑’Ë ÿ¥‡æ√“–¡’°“√‡µ√’¬¡ “√‡§¡’∑’Ë‰¡à¬ÿàß¬“°·≈–¡’

¢—ÈπµÕπ„π°“√¬âÕ¡πâÕ¬°«à“«‘∏’Õ◊Ëπ  “√≈–≈“¬

´‘≈‡«Õ√å‰π‡µ√∑∂Ÿ°π”¡“„™â„π°“√¬âÕ¡«‘∏’π’È‡π◊ËÕß

®“°‡™◊ÈÕ ‰ª‚√¢’µ¡’§ÿ≥ ¡∫—µ‘„π°“√¥Ÿ¥´—∫‚≈À–

‡ß‘π„Àâ¡“‡°“–∫πµ—«‡™◊ÈÕ ·µà∑—Èßπ’ÈµâÕßÕ“»—¬§«“¡

√âÕπ·≈–‡«≈“‡æ◊ËÕ„Àâ‚≈À–‡ß‘π∂Ÿ°¥Ÿ¥´—∫‚¥¬ ¡∫Ÿ√≥å

´÷Ëßªí®®ÿ∫—π¢—ÈπµÕππ’È®–∑”„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

(water bath) À√◊ÕµŸâÕ∫ (incubator) Õÿ≥À¿Ÿ¡‘ 43°C

√“¬ß“π§√—Èßπ’È‡ªìπ°“√π”‡µ“‰¡‚§√‡«ø¡“‡ªìπ

Õÿª°√≥å„Àâ§«“¡√âÕπ„π°“√¬âÕ¡ ’·∑πÕà“ß

§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘À√◊ÕµŸâÕ∫ ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ

»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√≈¥‡«≈“„π°“√¬âÕ¡≈ß

·≈–‡ªìπ·π«∑“ß‡∫◊ÈÕßµâπ∑’Ë®–π”‰ªæ—≤π“«‘∏’¬âÕ¡

 ’Õ◊ËπÊ „πÕπ“§µ

Õÿª°√≥å·≈–«‘∏’°“√

°“√‡µ√’¬¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ

∫≈ÁÕ°‡π◊ÈÕ‡¬◊ËÕ≈”‰ â„À≠à¢Õß ÿ°√∑’Ëæ‘ Ÿ®πå
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·≈â««à“‡ªìπ‚√§∫‘¥¡Ÿ°‡≈◊Õ¥(swine dysentery) ·≈–

µ√«®æ∫‡™◊ÈÕ ‰ª‚√¢’µ¥â«¬«‘∏’∑“ß®ÿ≈æ¬“∏‘«‘∑¬“

∑—Èßπ’È∫≈ÁÕ°‡π◊ÈÕ‡¬◊ËÕ¥—ß°≈à“«ºà“π°“√·™à„π 10%

∫—ø‡øÕ√åøÕ√å¡“≈‘π ·≈–ºà“π°√–∫«π°“√∑“ß®ÿ≈

æ¬“∏‘«‘∑¬“µ“¡«‘∏’¢Õß Luna (1960) ·≈â«π”¡“µ—¥

Àπ“ 2-4 ‰¡§√Õπ ®”π«π 60 ·ºàπ ®“°π—Èπ™âÕπ

‡π◊ÈÕ‡¬◊ËÕ«“ß∫π·ºàπ ‰≈¥å·°â« ·≈â«π”‰ªÕ∫∑’Ë

Õÿ≥À¿Ÿ¡‘ 60°C ‡ªìπ‡«≈“ 30 π“∑’ À≈—ß®“°π—Èπ∑‘Èß„Àâ

‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

°“√‡µ√’¬¡ “√≈–≈“¬

1. Acetic Acid-Glycine ,stock solution

Acitic acid,glacial ; AR grade

(BDH : Prod.100015N) 0.3 ml

Glycine ; AR grade

(BDH : Prod.101196X) 2.4 gm

Distilled water 100.0 ml

‡°Á∫ stock solution „πµŸâ‡¬Áπ 3-6°C

2. Acetic Acid-Glycine ,working solution

Acetic acid-glycine,stock solution 5.0 ml

Distilled water 500.0 ml

3. 0.5% Silver Nitrate

Silver nitrate ; AR grade

(M&B : Prod. L810) 0.5 gm

Acetic acid-glycine, working

solution 100.0 ml

4. 2% Silver Nitrate

Silver nitrate ; AR grade

(M&B : Prod. L810) 2.0 gm

Acetic acid-glycine, working

solution 100.0 ml

5. 4% Gelatin

Gelatin; Molecular biology grade

(CALBIOCHEM : Prod.345808) 4.0 gm

Acetic acid-glycine, working

solution 100.0 ml

6. 0.15% Hydroquinone

Hydroquinone ; GPR grade

(BDH : Prod.300114E) 0.15 gm

Acetic acid-glycine, working

solution 100.0 ml

7. Developer Solution

2% Silver nitrate 10.0 ml

4% Gelatin 25.0 ml

0.15% Hydroquinone 15.0 ml

«‘∏’°“√

 ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ®”π«π 60 ·ºàπ ·∫àß‡ªìπ 6

™ÿ¥Ê ≈– 10 ·ºàπ ·≈–„π·µà≈–™ÿ¥·∫àß‡ªìπ 2 °≈ÿà¡Ê

≈– 5 ·ºàπ ‚¥¬·µà≈–™ÿ¥∑”°“√∑¥≈Õß·∫∫´È” Õß

‡æ◊ËÕÀ“§«“¡·¡àπ¬”¢ÕßÕÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√

„™â‡µ“‰¡‚§√‡«ø ´÷Ëß¡’«‘∏’°“√¥—ßµàÕ‰ªπ’È

1. ®ÿà¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ∑—ÈßÀ¡¥„π xylene 3 §√—ÈßÊ

≈– 3 π“∑’ µ“¡¥â«¬ absolute ethanol 3 §√—ÈßÊ ≈– 3

π“∑’ 95% ethanol 2 §√—ÈßÊ ≈– 3 π“∑’ ·≈– 70%

ethanol 1 §√—Èß 3 π“∑’ µ“¡≈”¥—∫

2. ®ÿà¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ¥—ß°≈à“«„π acetic acid-

glycine, working solution 5 π“∑’

3. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 1 ºà“π¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π ‚¥¬®ÿà¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ≈ß„π‚∂¬âÕ¡

æ≈“ µ‘°¢π“¥ 50 ml ∑’Ë¡’ 0.5% silver nitrate 50 ml

·≈â«π”‰ª«“ß„π‡µ“‰¡‚§√‡«øŒ‘µ“™‘ √ÿàπ MR › 8220

(¿“æ∑’Ë 1 › 2) ‚¥¬µ—Èß°”≈—ß‰øøÑ“∑’Ë 150 «—µµå ‡«≈“

3 π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 60°C)



13«“√ “√ —µ«·æ∑¬å ªï∑’Ë 12 ©∫—∫∑’Ë 3 2545

4. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕÕÕ°®“°‰¡‚§√‡«ø ·≈â«

π”‰ªºà“π¢∫«π°“√∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ ‚¥¬·™à

„π‚∂¬âÕ¡æ≈“ µ‘°∑’Ë¡’ developer solution ∑’Ë‡µ√’¬¡

„À¡àÊ ·≈â«π”‰ª«“ß„π‡µ“‰¡‚§√‡«ø µ—Èß°”≈—ß

‰øøÑ“∑’Ë 150 «—µµå ‡«≈“ 3 π“∑’ (®–„Àâ§«“¡√âÕπ

ª√–¡“≥ 60°C) ®π “√≈–≈“¬·≈–‡π◊ÈÕ‡¬◊ËÕ∫π ‰≈¥å

‡ªìπ ’‡À≈◊ÕßÕ¡πÈ”µ“≈

5. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕÕÕ°®“°‡µ“‰¡‚§√‡«ø

·≈â«·™à„ππÈ”°ÁÕ°Õÿ≥À¿Ÿ¡‘ 56°C 10 «‘π“∑’

6. ®ÿà¡ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ„ππÈ”°≈—Ëπ 2 §√—ÈßÊ ≈–

10 «‘π“∑’

7. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ·™à„π 95% ethanol 3

π“∑’ µ“¡¥â«¬ absolute ethanol 3 §√—ÈßÊ ≈– 3 π“∑’

·≈– xylene 3 §√—ÈßÊ ≈– 3 π“∑’

Figure 1 -2 Using microwave oven (HITACHI MR-8220) in Warthin- Starry method

Figure 3 Spirochetes in colonic-crypt of pig (arrow), Warthin-Starry staining (X100)
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8. À¬¥πÈ”¬“ permount ≈ß∫π ‰≈¥å ªî¥

¥â«¬°√–®°ªî¥ ‰≈¥å

9. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 2-6 ¡“ºà“π

¢∫«π°“√‡™àπ‡¥’¬«°—∫™ÿ¥∑’Ë 1 ·µàµ—Èß°”≈—ß‰øøÑ“

·≈–‡«≈“¢Õß‡µ“‰¡‚§√‡«øµà“ß°—π ¥—ßπ’È

9.1  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 2 ¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π µ—Èß°”≈—ß‰øøÑ“ 150 «—µµå 5 π“∑’

(®–„Àâ§«“¡√âÕπª√–¡“≥ 75°C) ·≈–¢—ÈπµÕπ°“√

∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ µ—Èß°”≈—ß‰øøÑ“ 150 «—µµå 3

π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 60°C)

9.2  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 3 ¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π µ—Èß°”≈—ß‰øøÑ“ 150 «—µµå 7 π“∑’

(®–„Àâ§«“¡√âÕπª√–¡“≥ 85°C) ·≈–¢—ÈπµÕπ°“√

∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ µ—Èß°”≈—ß‰øøÑ“ 150 «—µµå 3

π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 60°C)

9.3  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 4 ¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 1 π“∑’

(®–„Àâ§«“¡√âÕπª√–¡“≥ 65°C) ·≈–¢—ÈπµÕπ°“√

∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 1

π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 65°C)

9.4  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 5 ¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 1.5 π“∑’

(®–„Àâ§«“¡√âÕπª√–¡“≥ 75°C) ·≈–¢—ÈπµÕπ°“√

∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 1

π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 65°C)

9.5  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 6 ¢—ÈπµÕπ°“√

¥Ÿ¥´—∫‚≈À–‡ß‘π µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 2 π“∑’

(®–„Àâ§«“¡√âÕπª√–¡“≥ 85°C) ·≈–¢—ÈπµÕπ°“√

∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ µ—Èß°”≈—ß‰øøÑ“ 400 «—µµå 1

π“∑’ (®–„Àâ§«“¡√âÕπª√–¡“≥ 65°C)

10. π” ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ‰ªµ√«®À“‡™◊ÈÕ¥â«¬

°≈âÕß®ÿ≈∑√√»πå∏√√¡¥“

º≈

æ∫°“√µ‘¥ ’¢Õß‡™◊ÈÕ ‰ª‚√¢’µ∑’Ë¡’√Ÿª√à“ß‡ªìπ

‡°≈’¬«À≈«¡Ê ª√–¡“≥ 1 › 2 ‡°≈’¬« µ‘¥ ’

πÈ”µ“≈∂÷ß¥” Õ¬Ÿà„π™àÕß¿“¬„π≈”‰ â (lumen) ·≈–

„π à«π§√‘æ∑å (crypt) ‚¥¬ à«πª√–°Õ∫Õ◊Ëπ (back-

ground) µ‘¥ ’‡À≈◊Õß∂÷ßπÈ”µ“≈ · ¥ß„πµ“√“ß∑’Ë 1

Table 1 Demonstration of spirochetes and background by Warthin - Starry method using the microwave

oven in different power and time.

Set Silver impregnation step Developer step Spirochetes Background

1 150 watt, 3 min. 150 watt, 3 min. brown pale yellow

2 150 watt, 5 min. 150 watt, 3 min. black pale yellow to light brown

3 150 watt, 7 min. 150 watt, 3 min. black yellow to light brown

4 400 watt, 1 min. 400 watt, 1 min. black pale yellow to light brown

5 400 watt, 1.5 min. 400 watt, 1 min. black brown

6 400 watt, 2 min. 400 watt, 1 min. black dark brown
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«‘®“√≥å

®“°°“√∑¥≈Õßæ∫«à“ º≈°“√¬âÕ¡∑’Ë‡À¡“–

 ¡§◊Õ  ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 2 ‚¥¬„Àâ§«“¡√âÕπ¢≥–

¬â Õ ¡ „ π ¢—È π µ Õ π ° “ √ ¥Ÿ ¥ ´— ∫ ‚ ≈ À – ‡ ß‘ π ¥â « ¬

 “√≈–≈“¬´‘≈‡«Õ√å‰π‡µ√∑ 150 «—µµå 5 π“∑’ ´÷Ëß

À≈—ß®“°ºà“π¢—ÈπµÕπ°“√∑”„Àâ‡°‘¥ ’¢Õß‡π◊ÈÕ‡¬◊ËÕ

∫π ‰≈¥å∑’Ë 150 «—µµå 3 π“∑’·≈â« ‡¡◊ËÕ¥Ÿ¥â«¬

°≈âÕß®ÿ≈∑√√»πåæ∫«à“¡’§«“¡·µ°µà“ß√–À«à“ß‡™◊ÈÕ

´÷Ëß‡ªìπ ’¥” ·¬°®“° à«πª√–°Õ∫Õ◊ËπÊ ∑’Ë‡ªìπ ’

‡À≈◊Õß·≈–πÈ”µ“≈‡¢â¡Õ¬à“ß™—¥‡®π (¿“æ∑’Ë 3)

·≈– ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 4 ´÷Ëß„Àâ§«“¡√âÕπ„π¢—Èπ

µÕπ°“√¥Ÿ¥´—∫‚≈À–‡ß‘π 400 «—µµå 1 π“∑’ ·≈–¢—Èπ

µÕπ∑”„Àâ‡°‘¥ ’∫π‡π◊ÈÕ‡¬◊ËÕ 400 «—µµå 1 π“∑’ °Á„Àâ

º≈¥’„°≈â‡§’¬ß°—π ·µà™ÿ¥∑’Ë 2 „Àâ§«“¡‡¢â¡¢Õß ’∫π

‡π◊ÈÕ‡¬◊ËÕ ¡Ë”‡ ¡Õ°«à“ ‡æ√“–°“√„™â°”≈—ß‰øøÑ“∑’Ë

«—µµåµË”Ê ·¡â®–„™â‡«≈“¡“°°«à“ ·µà®–¡’°“√

°√–®“¬§«“¡√âÕπ¢Õß “√≈–≈“¬ ¡Ë”‡ ¡Õ∑—Ë«

 ‰≈¥å „π¢≥–∑’Ë°“√„™â«—µµå Ÿß®–¡’§«“¡·µ°µà“ß

√–À«à“ßÕÿ≥À¿Ÿ¡‘ à«π∫π°—∫ à«π≈à“ß¢Õß ‰≈¥å

ª√–¡“≥ 10°C ‡ªìπº≈„Àâ‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà¥â“π∫π¢Õß

 ‰≈¥å¡’ ’‡¢â¡°«à“¥â“π≈à“ß ´÷Ëßº≈∑’Ë‰¥âπ’È Õ¥§≈âÕß

°—∫√“¬ß“π¢Õß Churukian and Schenk (1988) ´÷Ëß

„™â‰¡‚§√‡«ø Litton Model 1450 ¬âÕ¡‡™◊ÈÕ ‰ª

‚√¢’µ∑’Ë«—µµåµË”‰¥âº≈¥’°«à“°“√¬âÕ¡∑’Ë«—µµå Ÿß

 ”À√—∫ ‰≈¥å‡π◊ÈÕ‡¬◊ËÕ™ÿ¥∑’Ë 1 ‡™◊ÈÕ ‰ª‚√¢’µ

µ‘¥ ’πÈ”µ“≈ ‡π◊ËÕß¡“®“°Õÿ≥À¿Ÿ¡‘µË”·≈–„™â‡«≈“

πâÕ¬ ∑”„Àâ°“√¥Ÿ¥´—∫‚≈À–‡ß‘π‰¡à ¡∫Ÿ√≥å

Suurmeijer ·≈–§≥– (1990) √“¬ß“π«à“Õÿ≥À¿Ÿ¡‘

∑’Ë‡À¡“– ¡„π°“√¬âÕ¡‡π◊ÈÕ‡¬◊ËÕ¥â«¬ “√≈–≈“¬

¢Õß‚≈À–Õ¬Ÿà√–À«à“ß 75 - 95°C  à«π ‰≈¥å™ÿ¥∑’Ë 3, 5,

6 ‡™◊ÈÕµ‘¥ ’¥” ·≈– à«πª√–°Õ∫Õ◊ËπÊµ‘¥ ’πÈ”µ“≈

‡¢â¡ ∑”„Àâ·¬°‡™◊ÈÕ®“° à«πª√–°Õ∫Õ◊Ëπ‰¥â¬“°

Kok ·≈– Boon (1992) „™â‰¡‚§√‡«ø Energy

Beam Science √ÿàπ H 2500 ¬âÕ¡ ‰ª‚√¢’µ¥â«¬«‘∏’

Warthin › Starry ‡™àπ°—π ‚¥¬µ—Èß°”≈—ß‰øøÑ“ 450

«—µµå π“π 5 π“∑’ ‡¡◊ËÕ∑¥≈Õß„™â°—∫‡µ“‰¡‚§√‡«ø

∑’Ë„™â„π°“√∑¥≈Õßπ’Èæ∫«à“ §«“¡√âÕπ Ÿß‡°‘π‰ª

∑”„Àâ “√≈–≈“¬‡¥◊Õ¥·≈–°√–‡¥ÁπÕÕ°®“°¿“™π–

®÷ß§«√≈¥®”π«π«—µµåÀ√◊Õ≈¥‡«≈“≈ß  ”À√—∫‡µ“

‰¡‚§√‡«øÕ◊ËπÊ °Á‡™àπ‡¥’¬«°—π  “¡“√∂π”¡“„™â

¬âÕ¡‰¥â ·µà®–µâÕß∑¥ Õ∫À“®”π«π«—µµå·≈–

‡«≈“∑’Ë‡À¡“– ¡°àÕπ

¥—ßπ—Èπ®÷ß‡ÀÁπ‰¥â«à“°“√¬âÕ¡‡™◊ÈÕ ‰ª‚√¢’µ ‚¥¬

„™â‡µ“‰¡‚§√‡«ø‡ªìπÕÿª°√≥å„Àâ§«“¡√âÕπ ·∑π

°“√„™âµŸâÕ∫À√◊ÕÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘  “¡“√∂™à«¬

≈¥‡«≈“„π°“√¬âÕ¡‚¥¬«‘∏’ Warthin-Starry·∫∫‡¥‘¡

≈ß‰¥âª√–¡“≥ 30 π“∑’ ·≈–„Àâº≈°“√∑¥≈Õß‡ªìπ

∑’Ëπà“æÕ„® ‡ªìπ«‘∏’∑’Ë “¡“√∂™—π Ÿµ√‚√§‰¥â‡√Á«¢÷Èπ

‚¥¬‡©æ“–„π°√≥’∑’ËµâÕß°“√§«“¡√«¥‡√Á«„π°“√

«‘‡§√“–Àå ·≈–‡ªìπ√“¬ß“π‡∫◊ÈÕßµâπ∑’Ë®–π”‡µ“

‰¡‚§√‡«ø‰ªæ—≤π“«‘∏’¬âÕ¡ ’Õ◊ËπÊµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥  æ.≠.≈—¥¥“ µ√ß«ß»“ °≈ÿà¡

ß“πæ¬“∏‘«‘∑¬“  ∂“∫—π ÿ¢¿“æ —µ«å·Ààß™“µ‘ ∑’Ë

°√ÿ≥“™à«¬·°â‰¢ ·≈–µ√«®∑“πµâπ©∫—∫

‡Õ° “√Õâ“ßÕ‘ß
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