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MTRTTLNAY YGAJLGUG* INYUTW MK:KJHKALKH PGJNB GJUG 
 
 

 
:^ :gglhgarg. 

 
 

1^ Mtrttlnay heejga dk;nv* kjugyn[ dk;nvsy inyutwnau in vitro gjuggj 
 mk;kjhkalkh gjug 

 
 Gjusy pgjxnb 

 Mfjfl dojnay mtrttlnay heejga dk;nv* kjugyn[ dk;nvsy inyutwnau in vitro 
gjuggj mk;kjhkalkhk; tyt gjug hgbggjyg^  :ttrnau uopttyna inyuty@deq-jnay 
eevbgl; 39°V@; 48 wgu nvutr ;gjgg y, hoxnlltu п-пvny; pg;glr rnyunay 
hkjku;lkkj heejga* kjugyn[ dk;nvsy inyutwnau mk;kjhkalkhk; gjusy oy;tv kjinyk^ 
 

Iggj;gu;gh dgugr* bgm-jngl 
 W-ymjkqeunay hejee inl (50 bl@nay dgumggbrmga)* tyt hejee inl; mkhnjkh 
hnay ;gjglmgy; yttu;th ueejvgy hkieemga dfulff* gyglnmn[ rny* hgugv g.mkbgm  
пnп-m[g (50 bl tptlhooymta)* Uexnay mnu-l,* [kld (2 l@nay dgumggbrmga)* hgleey vg.* 
evgy hglggueej* hgmggh iooutt* igmggh peeh* vkjkypky hemugux* .g[eeb ygvkv* mkvueej^ 
 

Ej.glr* eevbgl 
 Ej.glr% Yoojvhoxlnay hoxnlltu ygmjn (NaHCO3)* qkvqkjsy hoxlnay hoxnlltu 
ygmjn (Na2HPO4) hlkjm [gln (KCl)* hlkjm ygmjn (NaCl)* hohjnay hoxlnay bguyn 
(MgSO4·7H2O)* hlkjm [gl,w (CaCl2)* ;g.vys hoxnl (HCl)* ytjbtl ev (H20)* п-пvny* 
yoojvhoxlnay hna^ 

Deq-j eevbgl% 1000 bl@nay htbrtvm [kldky; 500 bl kjxnb ev hna^ :ttjttv 
y, yoojvhoxlnay hoxnlltu ygmjn 9^80 u* qkvqkjsy hoxlnay hoxnlltu ygmjn 3^71 u* 
hlkjm [gln 0^57 u* hlkjm ygmjn 0^47 u* hohjnay hoxlnay bguyn 0^12 u@nau 
;gjggleelgy hnar vgamgj eevugg; htbrttv hojmtl ytjbtl evggj ;oojutyt^ Tyt 
eevbgl ;ttj pg;lgy inyrnlutt hnahnay fbyf 0^04 u hlkjm [gl,w ytbr eevugy deq-j 
eevbgl dtlmutyt^ Deq-j eevbglsu inyrnlutt ;eevmgl evgy hglggueejm 39°V@; 
dgalugr yoojvhoxlnay hna mkumbkl yt.mjoolyt^ Eevbglsy jY 6^8@70 dgah 
iggj;lgugmga^ 

П-пvnyna eevbgl% 1 lnmjnay htbrttvm [kldky; 500 bl ytjbtl ev hnar* 
mooy;tt 6^6 u 1%3000 ytur п-пvny eevugr ;ttj y, ;g.vys hoxlnay 100 bl 1 ykjbgl, 
eevbgl hnar htbrttv hojmtl ytjbtl evggj ;oojutyt^ 

 
Uopttyna inyuty 

 Uej.gy hkynys uoptty; wkjuk mg.,r inyutynau g.yg^ Dtlxttj* hg;lgyunay 
f.vyna ;ttrnau ve;lgh mkhnkl;kl; f.vffj; hn.tu* dguvgjbgl* hkjuklrny mtrttlnay 
pg;lgy inyrnlutt hnar dgaugg o-; f.v* hoxnm mtrttlnay 60%40 hgj,wggmga rkjkkj 
f;fjm 2 e;gg 8 wgunay pgamga mtrttyt^ 
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Pg;lgy inyrnlutty; dtlmuth 
 :ttrnau oytblthoa heejga dklmkl y, ej,;xnlgy hgmggr gyglnmn[ rny ;ttj 
500±10 bu@nau htbrny g.x (G) w-ymjkqeunay hejee inlyna cjkkl; hnar 39°V@; 
hg;uglyg^ Ve;lgh ;ttrnau 2* rninh ;ttrnau 3* ;ttruoa vkj,wsu (hzyglmsy) 3 
;g.mglmmga g.yg^ Rninh ;ttrmta dklky hzyglmsy eevbgl hnah hejee inlnau 
mejilgusy thty* ;ey;* g;gum kjkhkkj dgajleelyg^ 
 

Pg;lgy inyrnluttyna z.w 
 Mejinlm thlth fulff bgl mtrtthttv fbyf .g[eeb ygvkvkkj uopttyna 
inyutynau vkjeelgy g.x hgleey vg.gy; /olty lgdkjgmkjn; g.x njtt; 2 ;g.hgj 
vgbdgauggj iooyt^ Hg.muga cjkklmka [kldky; uopttyna inyutytt hnar vkjkypky 
hemugux ;ttj dgajleelvgy evmga mkvueejm mg.nyg^ Mkvueej ;gh, evys ;elggy 39°V@; 
dgah dg hemuguxnau mgvjglmuoa grnlleelgh iggj;lgugmga^ Uopttyna inyuty@deq-j 
eevbglsu 1%4 hgj,wggmga hkl,r yoojvhoxlnay hnau dgayug yt.mjoolyt^ Inyrlth 
dklky rninh ;ttrmta hejee inl* hzyglmsy hejee inl doj; uopttyna   
inyuty@deq-jnay  eevbglggv 40 bl@nau hnar dfulfy evgy hglggueej ;ttj 39°V@; 48 
wgu nvutyt^ Nvtlm thtlvtyttv hkai 2* 4* 20* 28* 48 wgunay ;gjgg hejee inlmta 
vkj,wee;gg vtuvtjyt^ Nvuth heugwgg ;eevvgy vkj,wee;su evgy hglggueejggv hfjufuxn; 
inlroolr (0°V@;) 30 bnyem hg;uglyg^ :gjgg y, vkj,wee;su 2000 tju/bnyem 
hej;mgauggj w-ymjkqeu;gr inyuty htvunau gvugyg^ Ol;vty vkj,w ;ttj п-пvnyna 
eevbgl 40 bl@nau ytbr evgy hglggueej ;ttj 39°V@; 48 wgu dgalugyg^ Evgy 
hglggueej ;ttj mg.,vgyggv hkai 2* 4* 20* 28 wgunay ;gjgg vkj,wee;su vtuvtjyt^ 
Pggu;vgy heugwgg ;eevvgys ;gjgg rnyu mkumbkl; kjeelvgy (D) Uexnay mnu-l,; 
;ttryna iggjsu (ol;tu;tlnau) iooyt^ Iggjgg ytjbtl evggj euggr 105°V@; hgmggr 
rnyu htbrnyt (>)^ Twtvm y, mnu-l,mta iggjgg peehgy; 500°V@; igmggr ;ghny 
rnuytyt (U)^ 
 

Pg;lgy inyrnluttyna ;oyu mkkwkh 
 :ttrnau nvutvyna ;gjgg hejee inlty; ol;th iggj* ;ttruoa hejee inlty; 
(hzyglmsy) ol;th iggjsy zlug.jsu ;ttryna htbrttmta hgj,weelr mooyna heejga (:)* 
kjugyn[ (R) dk;nvsy inyutwnau mkkwyk^ 
Heejga dk;nvsy inyutw* he.ngj;  

:= (G@((>@D)@g)h100)/G) 
G@ ;ttryna rny* oytblthoa heejga;* ujgbbggj; D@ mnu-lnay rny* ujgbbggj; >@ mnu-
@lnay rny+;ttrmta vkj,wsu iooht; mnu-l,; ol;vty iggjsy htbrtt* ujgbbggj; g@ 
;ttruoa vkj,wsu iooht; mnu-l, ;ttj ol;vty iggjsy htbrtt* ujgbbggj.  
Kjugyn[ dk;nvsy inyutw (R)* he.ngj; 
 

R= ((G@(PhG/100))@((>@D@g)@(U@D@d)))h100 
(G@(PhG/100)) 

 
d@ ;ttruoa vkj,wsy oyvyna htbrtt* ujgbbggj; P@ ;ttryna oyvyna htbrtt* oytblthoa 
heejga;* he.ngj; 100@ he.,; inlroolth nlmutlwooj^ 
 

Pg;lgy inyrnluttyna oytbinl 
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 Rninh ;ttryna inyutwnay mehgay mejinlmggj mkumkku;vky htbrtt* klky 
e;ggunay mejinlmsy ;oy hkkjky;kh hgj,wgyuea gl;gg; inyrnlutty; g.vgy ;ttrnay 
inyutwnay htbrttyna ;g.mglmee;sy hkkjky;kh hgj,wgyuea gl;gg 5 he.ngv nhuoa dkl 
pg;lgy inyrnluttyna ;oyu pf. utr opyt^ 
 
 

Rninh ;ttryna hgj,wgyuea gl;gg* he.ngj L~ (:k@:r)h100 
                                           :k 
 
 

:g.mglm hkkjky;kh hgj,wgyuea gl;gg* he.ngj B~ (:1@:2)h100 
                                             :  
:k@ klky e;ggunay mk;kjhkalmkkj mkumkku;vky htbrtt* he.ngj; 
 
:r@ mehgay pg;lgy inyrnluttuttj mkumkku;vky htbrtt* he.ngj; 
100@ he.,; inlroolth nlmutlwooj; :1*2@ ytu@* hkcj;euggj ;g.mglmggj mk;kjhkalku;vky 
inyutwnay htbrttyoo;; :@ ytu* hkcj;euggj ;g.mglmggj mk;kjhkalku;vky inyutwnay 
htbrttyna ;ey;gr^ 
 

2^ Mtrttlnay hoxnl; eev;guuoa tvltunau mk;kjhkalkh gjug 
 

Gjusy pgjxnb 
 Mtrttl mooyna moohna t;nay ;ttrnau hoxlnay eevbgl; hgy;glr eev;guuoa 
dklnvsy htbrttu mk;kjhkal;kum eu gjusy oy;tv kjinyk^ Hoxnl; eev;guuoa tvltunau 
(HET) w-ll/lkp* lnuyny* pgjnb tj;tv dk;nv doj;oolyt^ 
 

Iggj;gu;gh dgugr* bgm-jngl 
 Tjl-b-jmta [kyev [kld (300 bl@nay tptlhooymta)* gyglnmn[ rny* Uexnay mnu-
@l,* utjlty hglggueej* hgmggh iooutt* evgy hfjuooj^ 
 

Iggj;gu;gh ej.glr* eevbgl 
 Ej.glr% Hohjnay hoxnl (H2SO4)* w-mnlmjnb-mnldjkbm gbbkyn (C19H42NBr)* ;-
@[glny (C10H18)* gw-mky (C3H6O)^ 
 Eevbgl% Hohjnay hoxlnay 1 ykjbglnay 1 lnmj eevbgl; 20 u w-mnlmjnb-
@mnldjkbm gbbkyn kjkhkkj mkkwkr hohjnay hoxlnay eevbgl dtlmutyt^ 
 

Pg;lgy inyrnluttyna z.w 
 Hgmggr yeymgulgy 1 bb@nay vo.tjhturnlmmta mkjkkj inuivty ;ttryttv 
1000±50 bu@nau gyglnmn[ rny ;ttj htbrny g.x (G) tjl-b-jmta [kldyshkk cjkkl; 
hnar ;ttjttv y, 100 bl hoxlnay eevbgl* 2 bl ;-[glny ytbr utjlty hglggueej ;ttj* 
evgy hfjufuxn; euvgjx hglggyg^  Dewglr thtlvtyttv hkai 60 bnyemsy ;gjgg 
hglgglmsu pkuvkkr rnyu (D) mkumbkl; kjeelvgy Uexnay mnu-l,; iggjsu (;ttryna 
ol;tu;tl) iooyt^ Mnu-l, ;th hoxnl dojty gjnlmgl ytjbtl hgleey evggj euggyg^ 
Hoxnl dojty gjnlvgy tvthnau ny;n[gmkjsy wggvggj mk;kjhkalyk^ :gjgg y, gw-mkykkj 
iggjsu fyufuoa dklmkl y, euggyg^ Vool; y, iggj dohna mnu-ltt mgvgluggys yfhwfl; 
vt.jttr ;gjgg y, hgmggh iooutty;  105°V@; hgmggr rnyu (>) htbrnyt^ Utjlty 
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hglggueejsu hna* wghnluggy hglggueejggj kjleelr dklyk^ Tyt o-; gpd-vmnay mkj/ 
wggv ginulgh iggj;lgugmga^ 
 

Pg;lgy inyrnluttyna ;oyu mkkwkh 
HET@nau (:* he.ngj) ;gjggh mkb]ckukkj klyk^ 
 

:~ ((>@D)h100)/G 
G@ ;ttryna rny* oytblthoa heejga;* ujgbbggj; D@ mnu-lnay rny* ujgbbggj; >@ mnu-
l,nay rny+iggjys rny* ujgbbggj^ 
 

U-bnw-ll/lkpsu mkkwkh 
 Mtrttlnay vggjbgu eevuguxn; eev;guuoa tvltu (VEET)* HET@nay zlug.jggj u-
@bnw-ll/lkp (C* he.ngj) mk;kjhkalku;kyk^ 
  

C~ _@: 
_@ mtrttlnay VEET* he.ngj; :@ mtrttlnay HET* he.ngj^ 
 

Pg;lgy inyrnluttyna oytbinl 
 Pg;lgy inyrnluttu 2 ;g.mglmmga uoawtmutyt^ HET 20 he., hojmtl gueelvgy 
mtrttlnay pg;lgy inyrnluttyna ;g.mglmee;sy hkkjky;kh vmgy;gjm hgpgalm ±0^20* 40 
he., hojmtl gueel;gu mtrttlnayh  ±0^35 dgahsu pf.iffjyf^  
 
 

3^ Mtrttlnay hnay domttbrnau in vitro gjuggj mk;kjhkalkh 
 

Gjusy pgjxnb 
 Dtlxttjnay ejugbgl* mtrttlnay ;ttrnau uopttyna inyuty@deq-jnay eevbgl; 
39°V@; nvutr oovvty hnay htbrttu (domttbrnau) mk;kjhkal;kum gjusy oy;tv kjinyk^ 
 

Iggj;gu;gh dgugr* bgm-jngl 
Guggjreelguxmga ny[edgmkj (;kmkk; dgumggbr y, 70h70h50 vb@ttv ;kkiuoa)* 

пkj=-ymta wnlny;j (100 bl@nay dgumggbrmga* hkieey;gg 50 bb kjxnb ueejv dohna)* 
gyglnmn[ rny* hgugv g.mkbgm   пnп-m[g (50 bl tptlhooymta)* [kld (2 l@nay 
dgumggbrmga)* hgleey vg. (m-jbkv)* evgy hglggueej* vkjkypky hemugux* .g[eeb ygvkv* 
mkvueej^ 
 

Iggj;gu;gh ej.glr* eevbgl 
 Ej.glr% Qkvqkjsy hoxlnay hoxxnlltu ygmjn (Na2HPO4)* qkvqkjsy hoxlnay 
hkcj veej,m [gln (KH2PO4)* hohjnay hoxlnay bguyn (MgSO4·7H2O)* yoojvhoxlnay 
hoxnlltu ygmjn (NaHCO3)* yoojvhoxlnay hoxnlltu gbbkyn ((NH4)HCO3)* hlkjm [gl,w 
(CaCl2·H2O)* hlkjm bgjugy-w (MnCl2·4H2O)* hlkjm [kdgl,m (CoCl2·6H2O)* hlkjm mfbfj 
(FeCl2·6H2O)* j-p-w-jny (C12H6NO4Na)* ygmjnay iolm (NaOH)* hohtjm ygmjn (Na2S· 
7H2O)* .gp-lny* yoojvhoxlnay hna^ 
 Bg[jktl-b-ymnay eevbgl% 5^7 u  qkvqkjsy hoxlnay hoxnlltu ygmjn* 6^3 u 
qkvqkjsy hoxlnay hkcj veej,m [gln* 0^6 u hohjnay hoxlnay bguyn@u ytjbtl evgy; 
eevugr 1 l eevbgl dtlmutyt^ 
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Bn[jktl-b-ymnay eevbgl% 13^2 u hlkjm [gl,w* 10 u hlkjm bgjugy-w* 1 u hlkjm 
[kdgl,m*  0^8 u hlkjm mfbjnau evgy; eevugr 100 bl eevbgl dtlmutyt^ 

Deq-j dtlmuth% 35 u yoojvhoxlnay hoxnlltu ygmjn* 4 u yoojvhoxlnay 
hoxnlltu gbbkynau ytjbtl evgy; eevugr 1000 bl eevbgl dtlmutyt^ 

J-p-w-jnyna eevbgl% 100 bu j-p-w-jnynau 100 bl evgy; eevugr dtlmutyt^ 
Bg[jk@* bn[jktl-b-ymnay* j-p-w-jnyna eevbgl; deq-jnau mejinlm thlthttv 7 hkykunay 
fbyf dtlmutr dklyk^ 

Veljeelgh eevbgl% 47^5 bl ytjbtl evgy ;ttj thltt; ygmjnay iolmnay 1 
ykjbgl, [kyw-ymjgwmga 2 bl eevbgl* ;gjgg 285 bu hohtjm ygmjn ytbr eevugyg^ Tyt 
eevbglsu pf.hfy ginulgh o-;tt dtlmutyt^ 

Deq-jnay eevbgl% Deq-jnay eevbglsu mejinlm thlth f;fj dtlmuth 
iggj;lgugmga^ 474 bl ytjbtl ev* 237 bl deq-j* 0^12 bl bn[jktl-b-ymnay* 237 bl 
bg[jktl-b-ymnay* 1^22 bl j-p-w-jnyna eevbgl hkl,r dtlmutyt^ Deq-jnay eevbglsu 
vkjkypky hemugux ;ttj dgajleelr* m-bп-jgmejsu 39°V@; dgalugr yoojhoxlnay hnau 
mgvjglmuoa yt.mjoolyt^ Tyt o-;tt veljeelgh eevbgl dgug dguggj ytbth dfuff; 
eevbgl thltt; wtyhtj;oo* ;gjgg y, zuggy* twtvm y, fyufuoa dklvky yfhwfl; veljeelgh 
eevbgl hnahtt pkuvkkr pg;lgy inyrnlutty; ginulgyg^ 

 
Uopttyna inyuty 

Uej.gy hkynys uoptty; wkjuk mg.,r inyutynau g.yg^ Dtlxttj* hg;lgyunay 
f.vyna ;ttrnau ve;lgh mkhnkl;kl; f.vffj; hn.tu* dguvgjbgl* hkjuklrny mtrttlnay 
pg;lgy inyrnlutt hnar dgaugg o-; f.v* hoxnm mtrttlnay 60%40 hgj,wggmga rkjkkj 
f;fjm 2 e;gg 8 wgunay pgamga mtrttyt^ Mejilgusy hkynys mtrttlltu Bh1^25 (B@fl 
dgjnh ty-jun* b-ugrkelngj) hkyku dgah iggj;lgugmga^ 

 
Pg;lgy inyrnlutty; dtlmuth 

Ve;gluggys dklky* rninh ;ttryttv (oytblthoa heejga) 200±10 bu@nau 
gyglnmn[ rny ;ttj rnuyty g.x (B)  пkj=-ymta wnlny;jnayhtt cjkkl; hnar 39°V@; 
hg;uglyg^ Пkj=-yunay hgygy; .gp-lny mojhtr uelugbmuga dklukyk^ Ve;lgh ;ttrnau 2* 
rninh ;ttrnau 3 ;g.mglmmga g.gh dg hzyglmsy eevbgl; pkjnelr 3 wnlny;j 
yffwflyf^ Rninh ;ttrmta dklky hzyglmsy eevbgl hnah wnlny;jnau mejilgusy thty 
dg ;ey; g;gum mkkwkr ;euggjlgy dgajleelyg^ Hnay domttbr y, ej,;xnlgy 
mkumkku;vky f.vnau rninh ;ttrttj g.yg^ 

 
Pg;lgy inyrnluttyna z.w 

Uopttyna inyutynau mejinlm thlth fulff bgl mtrtthttv fbyf .g[eeb 
ygvkvkkj vkjeelgy g.x hgleey vg.gy; /olr lgdkjgmkjn; g.x njtt; 2 ;g.hgj 
vgbdgauggj iooyt^ Hg.muga cjkklmka [kldky; uopttyna inyutytt hnar vkjkypky 
hemugux ;ttj dgajleelvgy evmga mkvueejm mg.nyg^ Mkvueej ;gh, evys ;elggy 39°V@; 
dgah dg hemuguxnau mgvjglmuoa grnlleelgh iggj;lgugmga^ Uopttyna inyuty@deq-jnay 
eevbglsy hgj,wgg 1%2 dgahggj mkkwkr uopttyna inyutynau deq-j eevbglmga vg.gy; 
ytbyt^ Tyt o-;tt yoojvhoxlnay hnau dgayug yt.mjoolth dg vkjkypky hemuguxnau 
grnldgj ;eevmgl grnlleelyg^ 

:ttrmta wnlny;jm uopttyna inyuty@deq-jnay eevbglggv 30 bl@nau hnar hnau 
y, dojty gjnlugg; j-pnyty hkieeu y, hg.xggjggj vgamgj hg.xnyg^ :gjgg y, пkj=-
@yunay gyhys pgglmsu (G) mtb;tulty g.x wnlny;jnau evgy hglggueej ;ttj 39°V@; 
dgalugyg^ 
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 Uopttyna inyutymta hgbm wnlny;jm kjr njvty dnxnl dn-myna zlugjeelvgy 
nvutuxnay yflffuffj mtrttl nvtl;ty hna oovx wnlny;jnay ;kmkk; ;gjglm ytbtu;vtyttv 
пkj=-y gyhys dgajlglggvgg inlrnr tptlhooy ytbtu;tyt^ 
 

Pg;lgy inyrnluttyna ;oyu mkkwkh 
Пkj=-yunay tythoo inlrnlmnau dtlxttjnay ejugbgl* hg;lgyunay f.vyna 

;ttryna he.,; 3* 6* 12* 24* 48* 72* 96 wgunay ;gjgg* dguvgjbgl mtrttlnay he.,; 3* 
6* 12* 24 wgunay ;gjgg mtb;tultr (D)* hzyglmsy eevbglsyhmga (V) hgj,weelgy mkkwkh 
rejbggj eu mtrttlnay hnay domttbrnau (:) klyk^ 
 

:~ ((D@G)@(V@G1)) 
 

 :@ uopttyna inyuty; mtrttlnay ;ttrnau mk;kjhka heugwggy; nvutvyna ;gjggh 
hnay domttbr* bl/200 bu oytblthoa heejga mtrttl;^ 
D@ uopttyna inyuty; mtrttlnay ;ttrnau mk;kjhka heugwggy; nvutvyna ;gjggh 
wnlny;jnay пkj=-yunay pgglm* bl@ttj^ G@ nvtlm z.gu;ghggv fbyfh fbyfh пkj=-yunay 
pgglm* bl@ttj^ 
 V@ mk;kjhka heugwgguggj nvutvtyna ;gjggh hzyglmsy eevbglmga пkj=-yunay 
pgglm* bl@ttj; G1@ hzyglmsy eevbglmga wnlny;jnay пkj=-yunay gyhys pgglm* bl@ttj^ 
 {nlkujgbb oytblthoa heejga mtrttl; hgjuglpgh hnay domttbrnau (_) ;gjgghn 
mkb]ckukkj klyk^ 
 

_~ :h1000 
   B 

 
Pg;lgy inyrnluttyna oytbinl 

Rninh ;ttryna hnay domttbrnay hgj,wgyuea gl;gg (C) 5 he.ngv nhuoa dkl 
pg;lgy inyrnluttyna ;oyu pf. utr opyt^  

 
C~ (:1@:)h100 

:1 
 

  
  

:1` klky e;ggunay mk;kjhkalklmkkj mkumkku;vky domttbr (bl/200 bu)^ 
:` mehgay pg;lgy inyrnluttuttj mkumkku;vky domttbr (bl/200 bu)^ 
100` he.,; inlroolth nlmutlwooj^  
 
 

4^ Mtrttlnay inyutwnau qnvmelsy (In Situ) gjuggj mk;kjhkalkh 
 

Gjusy pgjxnb 
 Dtlxttjnay ejugbgl* mtrttlnay ;ttrnau ynaltu eemgy; (dacron bag) hnar 
bglsy uoptty; qnvmelsy mevlgbrggj hnaht; vghgj ptjtu dk;nvee; eevgr (mtrttlnay 
eevgh xg;g.hn)* ynaltu eemgy; yt.mjty kjvky dnxnl dn-myna oalxltlnay ;kkj u-bbnw-
@ll/lkp* w-ll/lkp ptjtu fy;fj bkl-[elm yoojvev pg;gjx tyunay htldtj* ffhyna 
;tu;tbhna hoxnl; he.njx (mtrttlnay pg;jgh dk;nv) uopttyna inyuty; inlrnyt^ 
Ooyna ;oy; eemmga ;ttryna rny hkjku;kyk^ Tyt hkjku;lkkj mtrttlnay inyutwnau 
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mk;kjhkalyk^ Uoptty; dgalugh heugwggu ejmgvugvgy x wggin; ytbtu;thuoa pg;jglsy 
htbrttu mehgay mtrttlnay pg;jglsy ynam htbrtt utyt^ Pg;jglsy doh opooltlmttjtt 
(eevgh dk;nvsy htbrtt* pg;jgh dk;nvsy htbrtt* pg;jglsy ynam htbrtt* pg;jglsy 
hej;) nrnl mtrttl dgjgu dga;guuoa^ T;uttj doh opooltlmnau hgjuglpgy mtrttlnay 
inbm xgygjsu dgllggj nltjhnalyt^ 
 

Iggj;gu;gh dgugr* bgm-jngl 
 Hgmggh iooutt* gyglnmn[ rny* evgy hglggueej* hzbvgg* fvufux inl* ynaltu 
eem (140h90 bb@nay htbrttmta* vo.tjhturnlm y, 45 bn[jky)* j-pnyty ueejv (ynaltu 
eemmga mtrttlnau dthlth pkjnelglmmga)* j-pnyty ukuwkk^ 
 

Hkynau mejilgugy; dtlmuth* mooyna mtrttlltu 
 Tbytl poa* lgdkjgmkjnay inyrnluttuttj tjool y, mkumkku;vky* ygv rny* mgjug 
hoxyna dga;lggj g;nlmugh oy;vty ;ttj vkyukr g.vgy 3 tj hkynys uoptty; 23 bb 
uklxmka wkjuk mg.nyg^ Hgmee mfbfj emvggj ukuwkk dtlmuty wkjukys mgulggys ;kmyk 
mgl; dthtlyt^ Ukuwkk ;gugr inyuty gl;ghuoauttj dnmoobrltu;vty dga.gl pkhnyk^ 
 Hkyny; wkjuk mg.,vgyggv hkai 20 kjxnb hkykunay ;gjgg mejilgugy; kjeelr 
dklyk^ Hkynys wkjuk kjxbsy gj,vsu ;klkky hkykum 1@ttv ;kkiuoa e;gg vg.gymga 
doltty evggj euggr* ykkvsu y, hevyg^ Dtlxttjnay ejugbgl* f.vyna ;ttrny; pg;lgy 
inyrnlutt hnah o-; hkynau f.vffj* hoxnm mtrttlnay pg;lgy inyrnlutt hnah 
mkhnkl;kl; f.v@hoxnm mtrttlnay 60%40 hgj,wggmga rkjkkj f;fjm 2 e;gg 8 wgunay 
pgamga mtrttyt^ Mejilgusy hkynys mtrttlltu Bh1^25 (B@ fl dgjnh ty-jun* b-
@ugrkelngj) hkyku dgah iggj;lgugmga^ Mejinlm thlthttv 14 hkykunay fbyf 
inyrnlutty; kjeelgh ;ttrynahtt kywlku mkhnjeelgy t;uttj rkjsy gl, ytuttj bglgg 
mtrttr thtlyt^ Mtrttlnay pg;jglsu ve;lgh mejilgusy hkynau tj;tv mtrttl* evggj 
dgayug hgyugyg^ Tyt pkjnlukkj dojty ygajlgugm tj;tv mtrttl* hernj* ioo mg.,r 
;klkklukr dklyk^ 
 

Mejilgugy; dtlmuth 
 Mejilgugy; htjtulth ynaltu eemsu ;euggjlgvgy dgayg^ Eemgy; wggv hnar hkcj 
hgysu mevuggjlgr dgaugg; hgj fyunay gjnl;guuoa dgllggj (permanent marker) eemys 
hkcj mgl; ;euggj mg.nyg^ Ytu ;ttrny; 21* uej.gy ;ttrny; ptjtu ve;glugg hnah dkl 
63 eem dtlmutyt^ Mejinlmgy; htjtultu;th eemsu 70°V@; 12 wgu hgmggr rnyu 
htbrnyt (G)^ Fbyf y, ginulgu;vgy eemsu 70°V@nay ;elggymga* vg.gymga (Eugglusy 
yeymgu) evgy; 12 wgunay meji dgalugyg^ :gjgg y, vg.gy y, gjnlmgl eugglusy bginy; 
euggr 70°V@; 48 wgu hgmggyg^ Mejinlmg; htjtulthnay fbyf eemys vo.tjhturnlm 
utbmvty tvthnau fvufux inlttj iglugyg^ 35 vb ejm* 0^3 bb uklxmka ;ey;gg yohmta j-
@pnyty hkklka; (;ttr dthlth opoojm) 3 yoh ugjugyg^ Yohyna ejm 1^2 vb* yoh 
hkkjky;sy pga 5 vb dgayg^ Ueejvys yfuff opoojm (wkjuky; dthltu;th opoojm) ytu yoh 
ugjugyg^  
 Wga.gj fyunay he.gywgj bgm-jnglggj 2h3 vb htbrttmta ikiuk oal;tr 
yohltt; j-pnyty ueejvys wkjuky; dthltu;th opoojm ynaltu emvggj ezr mkumkkyk^ Nab 
j-pnyty ueejv ytu e;ggunay mejinlmg; 21 iggj;gu;gyg (evgy; hgy;lgh* wgunay zlug.gj 
dou; 7* ;g.mglm y, 3* dou; 21)^ T;uttj ueejvgg 7 mtywoo htvtum (ytu htvtum 3 ueejv) 
he.ggr htvtu dojnay ikiuky ;ttj 0* 6* 12* 24* 48* 72* 96 utvty mkkyee;su mev mev 
dnxyt^ 0 y, hzyglmsy de/e evgy; hgy;lgu;gh ;ttr* devg; y, ikiuky ;ttj dnxvty 
mkkmka mtywoo wguggj uoptty; ;gjgh ;ttr pooh exnjmgau nlmutyt^ 
 3@4 vb uklxmka 50 vb ejmmga b-mgll vg.hggj vt.v molhtux dtlmutyt^ Vg.hys 
ytu opoojnau 5 vb yeuglr dgjnel ugjugh dg yfuff opoojm y, 1^5 vb uklxmka hgugv 
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ukuwkk ugjugr tyt ukuwkky;kk dgjne mggjvggv yohmta j-pnyty ueejv iejueelr 
mooynau ginulgh z.wg; bglsy uoptt utbmtthttv vtjunalyt^ 
 

Mejinlmsy z.w 
 :ttrnau uoptty; ;gjgh% Mejilgugy; pkjnelr dtlmutvty 0* 6* 12* 24* 48* 72* 
96 utvty ikiukmka mev doj 3 ;g.mglmmga dou; 21 ;ttr dthltux ueejvgy; ytu 
mfjlnay mtrttlttv mev doj; y, ytunau dthlthttj dk;kr 21 eemgy; ;ttr htbrny 
g.yg (D)^ :ttryna rny 3±0^200 u dgayg^ J-pnyty ueejvys ;ttr dthlth opoojm 
ugjugvgy yohty; ;ttrmta eemys gbsu hzbvgguggj mgmgy kjeelr yeuglgg; j-pnyty 
ukuwkkukkj dthtlyt^ 2 de/e 3 mtrttlnay ;ttrny; ptjtu inyrnlutt hnar dgaugg 
mkhnkl;kl; ;ttjh ueejvys xflffmta dgaugg yohty; (2* 3 ;euggj) dthtlyt^ 0 ;euggjmga 
ikiuk poovty ueejvgy; dthtlvyttv devg; ;ttrtt uoptty; wkjukkj ;gbreelgy hnar 
wkjukys mgulggys ukuwkky; dthtlyt^ :ttrnau vt.v molhtuxnay mevlgbrmgauggj gl, 
dklkh uopttyna uoy; hnayt^ Nrnl ;euggjmga ikiukmka ;ttrnau bgl doj; (;g.mglm 
oovuty) hnayt^ Bglsy uoptty; ptjtu ;gjgh ;ttryna mkk 12@kkv nhuoa dgayg^ Tyt 
grnldgj fulff bgl mtrtthttv fbyf z.gu;gh iggj;lgugmga^ Mejinlm gl, dklkh 
dkunyk heugwggy; ;eevvgy dgahggj uoptty; ;ttrnau hnah ;gjgglglgg vkyukyk^ 
 :ttrnau uopttyttv ugjugvys ;gjggh grnldgj% :gjgh heugwgg ;eevvgys ;gjgg 
uopttyttv ;ttrtt ikiukkj y, mgy,r ugjugy g.x hoamty evmga he.ny; hnayt^  
 Uoptty ;th ;ttryoo;nay kjkkwkl;kku vt.v molhtuxnay mevlgbrmgauggj ugjugyg^ 
:ttrmta ;gugl;gr ugjvgy vt.vnau ynaltu wggvgy ;ttj weuleelgy g.x mehgay hkynys 
uoptty; y, dewggr hnayt^ Uopttyttv ugjugvgy ;ttrtt hoamty evys wkjuky; dgj,r 
;ttj y, yggl;vgy vt.vnau fyufw wt.tjltt; eugglusy bginy; hoamty evggj 15 bnyem 
euggyg^ :gjgg y, eugglusy bginys ev vkjkh (rinse) htvtum 1 bnyem dgalugr 
vt.jttutt; j-pnyty ueejvyggv y, vglugr ynaltu eemys gbvgj kjxnb yggl;vgy vt.vnau 
vgamgj gjnlugg; hgmggh iooutty; 70°V@; 48 wgu hgmggr rnuytyt (>)^ Uoptty; 
pg;jgguoa ol;tu;tlnau Uexnay mnu-l,; hnar 500°V@; igmggy oyvyna htbrttu (U) 
mk;kjhkalyk^ 
 Hzyglmsy ;ttrny; hnau;th grnldgj% Hzyglmsy ;ttroo;nau (0 ;eggjmga 
ikiukmka) 39°V@nay ;elggymga ytjbtl evgy; mkumbkl hemuglmsy ;kkj 1 wgu dgalugyg^ 
Eugglm* vt.jttlm* hgmgglm* rnuytlm y, mejilgusy ;ttrynahmta ytuty g;nl dgayg^ 
Rnyunay hkjku;kl y, ;ttrny; dgaugg evgy; eevgh dk;nv* eemys hgyggj ug;gui 
gl;gu;gh yeymgu htvunay htbrttu nltjhnalyt^ 
 Mtrttlnay eev;gu dk;nvsy htbrttu mkkwkh% Mtrttlnay ;ttryttv hkcj 
;g.mglmmgauggj 0^5±0^025 u@nau (P) inlty gzugy; hnar 39°V@; 1 wgu dgalugr rnyu 
mkumbklreelvgy (N) ioolmoojnay wggvgy; iooyt^ :gjgg y, 105°V@; hgmggr rnuyty 
({) mtrttlnay evgy; eev;gu dk;nvsy htbrttu (R) mkkwkr ugjugyg^ 
 

Mejinlmsy ;oyu mkkwkh 
 Heejga dk;nvsy pg;jgl (:) (hzyglmsy ;ttryna he.,; euggu;gh dk;nvsy 
htbrtt)* he.ngj 
 

:~ ((D@(>@G))/D)h100 
 

G@ynaltu eemys rny* ujgbbggj; D@ inyrnlutty; g.vgy ;ttryna htbrtt* oytblthoa 
heejga;* ujgbbggj; >@ uoptty; ;gjvys (hzyglmsy ;ttryna he.,; evgy; euggvys) ;gjggh 
ynaltu eem* ;ttryna ol;tu;tlnay rny* ujgbbggj^ 
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Kjugyn[ dk;nvsy pg;jgl (C)* he.ngj 
 

C~ (((D@(>h_/100)) @ ((>@G)@U)) (D@(Dh_/100)))h100 
 

U@ uoptty; ;gjvys ;gjggh ;ttryna ol;tu;lnay oyv* ujgbbggj; _@ mtrttlnay oyvyna 
htbrtt* he.ngj; 100@ he.,; inlroolth nlmutlwooj^ 
 
Mtrttlnay evgy; eev;gu dk;nv (R)* he.ngj 
 

R~ ((P@({@N))/P)h100 
P@ eev;gu dk;nv mk;kjhkalkhkkj g.vgy ;ttryna rny* ujgbbggj; N@ ioolmoojnay 
wggvys rny* ujgbbggj; {@ ioolmoojnay wggv* hgy;lgg; ol;vty ;ttryna rny* 
ujgbbggj^ 
 Mtrttlnay pg;jgl* pg;jgh hej;* pg;jglsy ynam htbrtt hkkjky;kh hgbggjlsu 
;gjggh mkb]cukkj klyk^ Ooy;% 
 

P= a+b(1-e-ct) 
 
P- uoptty; mk;kjhka heugwgguggj ;gjvys ;gjgg pg;gjvgy dgah mtrttlnay htbrtt* 
he.ngj; a@ uoptty; mtrttlnay ;gjgu;vgy heugwgg ~ 0 dgah o-nay b@unay emug; b@ 
mtrttlnay pg;jgh dk;nv* he.ngj; c @mtrttlnay pg;jglsy hej;ys mkumbkl; t @mtrttlnau 
uoptty; ;gjvgy heugwgg; (a+b) @mtrttlnay pg;jglsy ynam htbrtt^ 
 

Mejinlmsy oytbinl 
 Mtrttlnay pg;jglsy ynam htbrttyna ;g.mglmee;sy (hkynys) hkkjky;kh zlugg 
4^9 he.ngv nhuoa dgahsu pf.iffjyf^ 
 
 

Mtrttlnay inbm xgygjsu dgllggj oytlth 
Mtrttlnay uopttyna pg;jglsu mkumkkvys oy;vty ;ttj eu mtrttlnay inbm 

xgygjsu dgllggj (L) oytlr dklyk^ Ooy;% 
 

L~ R+(0^4Y) +200v 
 
R@ mtrttlnay eevgh dk;nvsy htbrtt he.ngj; Y~ (a+b) @ R; 0^48 dklky  200 y, 
nlmutlwoojoo;^ 
 

5^ Mtrttlnay vggjbgu eevuguxn; eev;guuoa tvltunau 
mk;kjhkalkh gjug 

 
 Gjusy pgjxnb 

 Ejugblsy ugjglmga mfjfl dojnay mtrttl* mooyna moohna t;nay vggjbgu 
eevuguxn; eev;guuoa tvltu (VEET)@nay htbrttu mk;kjhkalkhk; tyt gjug hgbggjyg^ 
:ttrnau vggjbgu deq-j eevbgl; hgy;lghg; eevgluoa ol;vty dk;nvsy htbrttuttj 
VEET@nay htbrtt mk;kjhkalku;kyk^ VEET@nau u-bnw-ll/lkp* w-ll/lkp* w-[mny lnuyny* 
pgjnb tj;tv dk;nv doj;oolyt^ 
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Iggj;gu;gh dgugr 
Tjl-b-jmta [kyev [kld (300 bl@nay dgumggbrmga)* gyglnmn[ rny* Uexnay mnu-

@l,* utjlnay hglggueej* hgmggh iooutt* evgy hfjuooj^ 
 

Ej.glr* eevbgl 
Ej.glr% Lgajnl vel,qgm ygmjn (C12H25O4SNa)* T:MG (C10H14N2O8Na2· H2O)* 

meyvgg (Na2B4O7·10H2O)* qkvqkj hoxlnay hoxnlltu ygmjn (Na2HPO4)* tmnl-yuln[kl, 
(C2H6O2)* ;-[glny (C10H18)* hohtjltu hoxlnay ygmjn (Na2SO3)* gw-mky (C3H6O)* ytjbtl 
ev (H2O)^ 

Eevbgl% Lnmj vggjbgu eevugux eevbgl; (VE)@; lgajnl vel,qgm ygmjn 30 u* 
T:MG 18^68 u* meyvgg 6^81 u* qkvqkj hoxlnay hoxnlltu ygmjn 4^56 u* tmnl-yuln[kl, 
10 bl kjkhkkj mkkwkr ytjbtl evgy; eevugr dtlmutyt^ Ej.glree;su ;ttj dnxnu;vty 
;gjgglglsy ;guee eevbgl; ytu dojxlty eevugyg^ Eevbglsy jY 6^9@7^0 dgah 
iggj;lgugmga^  

 
Pg;lgy inyrmnluttyna z.w 

Hgmggr yeymgulgy 1 bb@nay vo.tjhturnlmmta mkjkkj inuivty mtrttlnay 
;ttryttv 1000±50 bu@nau gyglnmn[ rny ;ttj htbrny g.x (G) tjl-b-jmta [kldyshkk 
cjkkl; hnar ;ttjttv y, 0^5 u hohtjltu hoxlnay ygmjn* 100 bl VE* 2 bl ;-[glny 
ytbr utjlty hglggueej ;ttj* evgy hfjufuxn; euvgjx hglggyg^ Dewglr thtlvtyttv hkai 
60 bnyemsy ;gjgg hglgglmsu pkuvkkr rnyu (D) mkumbkl; kjeelvgy Uexnay mnu-l,; 
iooyt^ Mnu-l, ;th iggjsu ytjbtl hgleey evggj euggr twtvm y, gw-mkykkj fyufuoa 
dklmkl y, euggyg^ Iggj dohna mnu-ltt mgvgluggys yfhwfl; vt.jttr* hgmggh iooutty; 
105°V@; hgmggr rnyu (>) htbrnyt^ Utjlty hglggueejsu hna* wghnluggy hglggueejggj 
kjleelr dklyk^ Tyt o-; gpd-vmnay mkj/wggv ginulgh iggj;lgugmga^ 
 

Pg;lgy inyrnluttyna ;oyu mkkwkh 
 

VEET (:* he.ngj)@nay htbrttu ;gjggh mkb]cukkj klyk^ 
 

:~ ((>@D)h100)/G 
 
G@ ;ttryna rny* oytblthoa heejga;* ujgbbggj;  
D@ mnu-lnay rny* ujgbbggj; >@ mnu-l+iggjys rny* ujgbbggj^ 
 

Pg;lgy inyrnluttyna oytbinl 
Pg;lgy inyrnluttu 2 ;g.mglmmga uoawtmutyt^ Vggjbgu eevuguxn; eev;guuoa 

tvltu 40 he., hojmtl gueelvgy ;ttryna ;g.mglmee;sy hkkjky;kh vmgy;gjm hgpgalm 
hgpgalm ±0^35* 70 he., hojmtl gueel;gu mtrttlnayh  ±0^60 dgahsu pf.iffjyf^ 

 
 
 

Ginulgvgy ht.ltl 
 

:gglhgarg.* :^ 1995^ Dtlxttjnay ejugblsy yoojvevys ygajlgug* mooyna mtrttlltu 
xgygj^ Hf;ff gr gheay ehggys ;t; ;k[mkjsy ptjtu ukjnlvky domttl^ h^* 157^ 
Hf;ff gr gheay nh vejueel,^ Elggydggmgj^ 
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