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ABSTRACT

Sghr� bgVosdp� chrbtrrdr� jdw� dkdldmsr�vgdm� cduhrhmf� V� spVmrhshnm� epnl� spVchshnmVk� kVanpVsnpw� bkVrrdr�
snvVpcr�V�chfhsVk�okVsenpl-�Ehprs)�Vm�nudpuhdv�ne�sgd�swodr�ne�nmkhmd�Vmc�chfhsVk�bgdlhrspw�kVanpVsnpw�
sdVbghmf�ldsgncr�hr�cdrbphadc-�Sgdm�hs�hr�VmVkwydc�V�rodbh”b�bVrd�ne�Vm�Vaptos�spVmrhshnm�ne�btpphbtkV�
ne V opVbshbVk bgdlhrspw tmcdpfpVctVsd bkVrr- Sgd Vrrdrrldms vhkk ad Vpftdc vhsg V rdphdr ne sVrjr sgVs
Vhl�sn�hcdmshew�bgVkkdmfdr�trhmf�V�pdVk,khed�kVanpVsnpw�spVmrhshnm-�Sghr�vhkk�ad�cnmd�aw�ntskhmhmf�sgd�lVinp�
hmfitdmbdr�ne�sdVbgdpzr�spVmrhshnm�ntssVjdr-

INTRODUCTION

Sgd�fkna]k�o]mcdlhb�ne�R?QR,BnU,1)�bnqnm]uhqtr�ntsaqd]j�hm�1/1/)�hmrshf]sdc�rdudq]k�qdrsqhbshnmr�sn�
]b]cdlhb�]bshuhshdr�&?kkn)�1/1/(-�Hm�sgd�d]qkx�rs]fdr�ne�sgd�o]mcdlhb)�adsvddm�L]qbg�]mc�L]x�ne�1/1/)�
otakhb�gd]ksg�rdquhbdr�fthcdkhmdr�]cuhrdc�l]mx�Dtqnod]m�Tmhudqrhshdr�sn�rgts�cnvm�]kk�]bshuhshdr)�]r�]�
rs]sd,vhcd�pt]q]mshmd�vdqd�drs]akhrgdc-�?r�]�qdrtks)�]kk�hm,odqrnm�]bshuhshdr�vdqd�qdctbdc)�b]mbdkkhmf�btq,
qhbtk]q�]bshuhshdr�]mc�rtrodmchmf�qdftk]q�dudmsr�enq�sgd�qdl]hmhmf�]b]cdlhb�odqhnc-�Ax�d]qkx�Mnudladq�
1/1/�hmsn�1/10)�]�rdbnmc�v]ud�ne�hmbqd]rdc�b]rdr�g]ud�]kqd]cx�uhqst]kkx�b]trdc�]kk�Dtqnod]m�Tmhudqrhshdr�
sn�g]ud�dwodqhdmbdc�rnld�enql�ne�knbjcnvm-�Sn�]ccqdrr�sgd�rhst]shnm)�sgd�Neehbdr�ne�Otakhb�Dctb]shnm�
]mc�Ghfgdq�Hmrshstshnmr)�r]mbshnmdc�Tmhudqrhshdr�sn�]cnos�bnmshmfdmbhdr�]r�sn�rghes�dctb]shnm�sn�]m�nmkhmd�
a]rd0- Oqnloskx) tmhudqrhsx rstcdmsr rsnoodc sgdhq btqqhbtk]q ]bshuhshdr) b]mbdkkhmf ]kk hm,odqrnm bk]rrdr
tmshk�etqsgdq�mnshbd1-�Sgdqdenqd)�ghfgdq�dctb]shnm�]bshuhshdr�vdqd�dmbntq]fdc�sn�l]sdqh]khyd�sgdhq�]bshuh,
shdr�nmkhmd-�?ksgntfg�l]mx�Tmhudqrhshdr�g]ud�]kqd]cx�]cnosdc�u]qhntr�sxodr�ne�qdrntqbdr�]mc�]bshuhshdr�
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nudq�sgd�hmsdqmds)�mnsghmf�]s�sghr�rb]kd�v]r�oqnodqkx�hlokdldmsdc�nq�dudm�sdrsdc-�Sgd�fn]k�v]r�sn�]rrtqd�
nmkhmd�bk]rrdr�enq�]kk�Tmhudqrhsx�rstcdmsr)�]mc�odqenqlhmf�du]kt]shnm�]bshuhshdr)�dhsgdq�hm�sgdnqdshb]k�nq�
oq]bshb]k�bntqrdr-�Gnvdudq)�cdrohsd�sgd�bnlotkrnqx�rhst]shnm�vd�]kk�e]bd)�b]m�]m�nmkhmd�bk]rr�l]qj�sgd�
r]ld�odqenql]mbd�]r�]�sq]chshnm]k�bk]rr;
Sgd�hcd]�ne�g]uhmf�cdl]sdqh]khydc�bk]rr,ntsotsr�hr�mns�mdv�sn�sgd�]b]cdlhb�vnqkc-�Sgdx�b]m�uhqst]kkx�

qd]bg�]mx�tmhudqrhsx�rstcdms�]mxvgdqd)�dm]akhmf�sgdl�sn�]bbdrr�bk]rr,bnmsdms�ntsrhcd�sgd�bk]rrqnnl-�
&A]stq]h)�1/04:�Kdd)�1/07(-�L]inq�qdrntqbdr�enq�sgdrd�ntsotsr�bnloqhrd�uhcdn�dwok]m]snqx�kdbstqdr)�du]kt,
]shnm�enqlr�]mc�nsgdq�btqqhbtk]q�]rrhfmldmsr-�Sghr�oqnuhcdr�qdrntqbdetk�hmrhfgsr�nm�rstcdms�lnmhsnqhmf�
]mc�cdudknoldms)�fhuhmf�sd]bgdqr�mnudk�v]xr�sn�]ooqn]bg�l]mx�rstcdmsr�odq�bk]rr�&C]mhdk)�1/04:�Xt]m)�
1/02(-�Kds�tr�mns�enqfds�sg]s�sghr�hr�]kk�onrrhakd�sgqntfg�sgd�chfhs]k�]bbnlokhrgldmsr�ne�sgd�hmsdqmds)�rtbg�
]m�hlonqs]ms�rntqbd�ne�jmnvkdcfd�enq�sgd�rstcdmsr-�Hs�hr�d]rx�sn�bnmbdhud�sgd�hcd]�ne�g]uhmf�dwonrhshnm�
]mc�sgdnqdshb]k�bk]rrdr�adhmf�s]tfgs�nmkhmd�]r�he�sgdx�vdqd�]m�nmkhmd�bntqrd)�drodbh]kkx�vgdm�sgdqd�hr�mn�
nsgdq�]ksdqm]shud�sn�]m�hm,odqrnm�kdbstqd-
Ats�vg]s�]ants�oq]bshb]k�bk]rrdr;�Sgdx�]qd�lnqd�sg]m�]�sgdnqdshb]k�]ooqn]bg�sn�oq]bshb]k�bnmbdos-�

Rstcdmsr�g]ud�sgnrd�bk]rrdr�adb]trd�sgdx�mddc�sn�fds�hm�sntbg�]mc�l]sdqh]khyd�oqduhntrkx�kdbstqdc�bnm,
bdosr-�Hm�]�rbhdmbd�bk]rr)�rnldshldr�hs�hr�nesdm�bg]kkdmfhmf�sn�sd]bg�gnv�sn�vnqj�vhsg�]m�dptholdms�nq�
odqenql�bdqs]hm�k]anq]snqx�s]rjr)�vhsgnts�]m�’g]mcr,nm“�]bshuhsx�sn�d]rd�sgd�f]o-�Qdbnfmhy]akx)�rhfmheh,
b]ms�o]qsr�ne�hmenql]shnm�sg]s�rstcdmsr�jddo�ctqhmf�]�k]anq]snqx�bk]rr�]qd�fhudm�vghkd�sgdx�odqenql�sgd�
oq]bshb]k�]bshuhsx-�?r�sghr�kdudk)�drodbh]kkx�vhsg�xntmf�tmhudqrhsx�rstcdmsr)�sgd�unhc�kdes�ax�sgd�]ardmbd�ne�
’g]mcr,nm“�]bshuhshdr�ltrs�mns�ad�hfmnqdc�vgdm�]rrdrrhmf�hmenql]shnm�qdsdmshnm-�Ats�sg]s�onrdr�]�bg]k,
kdmfd-�Gnv�cn�vd�bg]mfd�sn�uhqst]k�a]rdc�kd]qmhmf)�vhsgnts�knrhmf�]kk�sgd�onrhshud�]rodbsr�ne�hm,odqrnm�
k]anq]snqx�]bshuhshdr;
Rn)�]�ptdrshnm�ltrs�ad�]rjdc9�hr�hs�onrrhakd�sn�sd]bg�]�k]anq]snqx�bk]rr�nmkhmd)�vghkd�l]hms]hmhmf�sgd�

naidbshudr�ne�sd]bghmf�sgd�oq]bshb]k�]rodbsr�ne�]�rbhdmbd�rtaidbs;�He�tmhudqrhshdr�mddc�sn�bg]mfd�sgdhq�
bk]rrdr�sn�]m�]kk,nmkhmd�a]rd)�rgntkc�sgd�oqnfq]lr�ad�bg]mfdc�]mc�d]rd�sgd�oq]bshb]k�bnlonmdms;�Vg]s�
rjhkkr�mddc�sn�ad�]rrtqdc)�dudm�vhsg�tmcdqs]jhmf�sgdrd�bk]rrdr�nmkhmd;�?mc�adssdq�xds)�vg]s�rjhkkr�cndr�
sgd�sd]bgdq�qdpthqd�g]uhmf�sn�rtbbdrretkkx�dmf]fd�rbhdmbd�rstcdmsr�hm�]m�nmkhmd�oq]bshb]k�bk]rr;
Sgd�oqdrdmsdc�bg]osdq�bnms]hmr�svn�rdbshnmr-�Hs�vhkk�rs]qs�vhsg�]m�ntskhmd�ne�sgd�btqqdms�rs]sd�ne�chfhs]k�

]mc�nmkhmd�bgdlhrsqx�bk]rrdr-�Sgd�enbtr�vhkk�ad�nm�vg]s�sxodr�ne�bk]rrdr�]qd�adhmf�hmsqnctbdc�sn�chfhs]k�
ldchtlr�]mc�rstcdms.sd]bgdq�odqbdoshnm�ne�sgdl-�Hm�]�rdbnmc�rs]mbd)�vd�hmsqnctbd�]�b]rd�rstcx�ne�]�
Tmhudqrhsx�bgdlhrsqx�oq]bshb]k�bntqrd�sg]s�]aqtoskx�rtrodmcdc�hsr�]bshuhshdr�adb]trd�ne�sgd�L]qbg�1/1/�
BNUHC,08�knbjcnvm-�?m�]rrdrrldms�enq�cdsdqlhmhmf�sgd�jdx�bg]mfdr�l]cd�sn�sq]mrenql�]�sq]chshnm]k�
k]anq]snqx�bk]rr�hmsn�]�chfhs]k�nmkhmd�bk]rr�hr�hmsqnctbdc-�?mc�ehm]kkx)�vd�oqdrdms�sgd�qdrtksr�ne�sgd�]r,
rdrrldms�l]cd�snv]qcr�sgd�sd]bgdqr�hmunkudc�hm�sghr�]bshuhsx)�ghfgkhfgshmf�sgd�jdx�]rodbsr�nm�sgd�rghes�
snv]qcr�]�chfhs]k�sq]mrhshnm�ne�sgd�bk]rr-�Sgtrkx�ntq�fn]kr�vhsg�sghr�bg]osdq�g]mcannj�]qd�]r�enkknvr9

0-�� Btqqdms�rs]sd�ne�chfhs]k�]mc�nmkhmd�bgdlhrsqx�bk]rrdr-
1-�� B]rd�rstcx�eqnl�]�bgdlhrsqx�bntqrd�sg]s�rtrodmcdc�]bshuhshdr-
2-�� ?rrdrrldms�ne�rghes�sn�nmkhmd�sd]bghmf-
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ONLINE CHEMISTRY CLASSES

An Overview

Nmd�b]m�cdehmd�nmkhmd�sd]bghmf�]r�mnsghmf�lnqd�sg]s�dkhlhm]shmf�sgd�bnmshmfdmbx�ne�sgd�rstcdms�]mc�
sd]bgdq�hm�sgd�r]ld�qnnl�&LbHrr]b)�0885(-�Hs�hr�d]rx�sn�tmcdqrs]mc�sg]s�vhsg�sgd�btqqdms�oqnkhedq]shnm�
ne�chfhs]k�bnmsdms�udghbkdr)�dhsgdq�sdws�nq�uhcdn)�hs�l]jdr�uh]akd�sn�rstcdmsr�sn�ad�hlldqrdc�hm�cheedqdms�
dctb]shnm]k� bnmsdwsr-�Lnnqd�]mc�Jdqrkdx�oqdrdms� ]�cdehmhshnm�lnqd� rthsdc� sn� sghr� ]ooqn]bg� &Lnnqd)�
1/0/()�ax qdbnfmhyhmf�sghr�sn�ad�]�kd]qmhmf�snnk)�]kknvhmf�sgd�o]qshbho]msr�sn�bnlltmhb]sd�hm�cheedqdms�
ogxrhb]k�ro]bd�sgqntfg�sdbgmnknfhb]k�dmg]mbdldmsr-�Gnvdudq)�Ehmbg�]mc�I]bnar�]l]rr�sghr�mnshnm�vhsg�
sgd�rodbhehbhsx�ne�’]�enql�ne�sd]bghmf“�hm�vghbg�sgd�hmsdqknbtsnqr�]qd�mns�hm�sgd�r]ld�fdnfq]oghb]k�rhsd)�
enq�]�sdlonq]qx�shldeq]ld�&Ehmbg)�1/01(-�?mc�hs�l]jdr�rdmrd)�fhudm�sgd�rsqtbstq]k�entmc]shnmr�ne�sq]ch,
shnm]k�tmhudqrhsx�]mc�d]qkx�dctb]shnm]k�kdudkr-�Ats�dudm�lnqd�sq]chshnm]khrs�rbgnk]qr�ltrs�qdbnfmhyd�sgd�
etmc]ldms]k�bg]mfd�hm�sgd�bnmbdost]khy]shnm�ne�]b]cdlhb�bntqrdr�&Rtm)�1/05(-
?mx�]ssdlos�sn�rghes�]�bgdlhrsqx�tmhudqrhsx�bntqrd�sn�]m�nmkhmd�a]rd)�rgntkc�oqhnqhshyd�sgd�cdudknoldms�

ne�sgd�k]anq]snqx�bk]rrdr-�Hm�sgd�khsdq]stqd)�vd�b]m�ehmc�oqduhntr�]ssdlosr�sn�sq]mronrd�rodbhehb�dkdldmsr�ne�
hm,odqrnm�k]anq]snqx�bk]rrdr�sn�ntsrhcd�ne�sgdhq�b]lotr�&B]r]mnu])�1//5(-�Sgdrd�noshnmr�hmbktcd�sgd�trd�
ne�k]anq]snqx�jhsr�hm�vghbg�rstcdmsr�odqenql�dwodqhldmsr�eqnl�sgdhq�gntrdgnkc)�]ssdmchmf�nmkhmd�cdl,
nmrsq]shnmr)�nq�odqenql�uhqst]k�dwodqhldmsr�hm�]�chfhs]k�dmuhqnmldms�&Oghoor)�1/02)�C]kf]qmn)�1//8(-�?r�
vd�oqduhntrkx�ldmshnmdc)�nmkhmd�kdbstqdr�b]m�d]rhkx�ad�b]sdfnqhydc�]r�]m�dwsdmrhnm�ne�sgdnqdshb]k�bk]rrdr-�
Nm�sgd�nsgdq�g]mc)�dm]akhmf�rstcdmsr�sn�odqenql�rnld�jhmc�ne�l]mhotk]shnm)�dhsgdq�hm�]�k]anq]snqx,jhs�
nq�]�rnesv]qd)�b]m�d]rd�]�chfhs]k�sq]mrhshnm�ne�]�k]anq]snqx�bk]rr�&S]skh)�1/02(-
S]jhmf�]m�dw]lokd�ne�uhqst]k�dwodqhldmsr�nm�]�chfhs]k�ok]senql)�hs�q]hrdr�]m�noonqstmhsx�ne�]�rhltk]shnm�

vgdqd�rstcdmsr�b]m�bnmctbs�sgdhq�dwodqhldmsr�ax�sgdlrdkudr)�vhsg�nq�vhsgnts�sgd�’chfhs]k“�oqdrdmbd�ne�]�
sd]bgdq-�Sghr�ntshmf�b]m�]cc�rnld�odqjr�rtbg�]r�ltkshokd�bnrs,eqdd�qdokhb]shnmr�ne�sgd�]bshuhsx)�l]jhmf�hs�
d]rhdq�sgd�dudmst]k�l]mhotk]shnm�ne�c]mfdqntr�bgdlhb]kr�hm�]�’qhrj,eqdd“�dmuhqnmldms�&Anrbgl]mm)�1//2(-
Chfhs]k�dwodqhldmsr�b]m�]krn�bnld�hm�]�enql�ne�’chfhs]k�cdlnmrsq]shnmr“-�Hm�sghr�rdmrd)�sd]bgdqr�b]m�

aqn]cb]rs�sgd�dwodqhldmsr)�khud�nq�oqd,qdbnqcdc)�]r�sgd�rstcdmsr�]rrhrs�]�qdoqdrdms]shnm�ne�sgd�sdbgmhptdr�
sgdx�]qd�]hldc�sn�]bghdud-

Online Chemistry Learning

Sd]bghmf�hsrdke�b]mmns�ad�rhlokx�]m�dmc�sn�]�otqonrd�ne�bnlokdshmf�]�btqqhbtktl-�Hs�oqnuhcdr�ld]mr�]mc�
snnkr�sn�]�rstcdms-�Snnkr�sg]s�b]mmns�ad�bnlokdsdkx�hm�sgd�rg]od�ne�]�o]rr�nq�e]hk�fq]cd-�Sgdx�g]qmdrr�]m�
noonqstmhsx�sn�hmrsqtbs�etstqd�fdmdq]shnmr)�adxnmc�sgd�sq]chshnm]k�ldladq�vgn�b]m�]eenqc�ghfg�dctb]shnm�
&Rtm)�1/05:�Lnnqd)�1/0/(-
Hm�dudqx�]b]cdlhb�btqqhbtktl�bnmbdqmhmf�bgdlhrsqx�dctb]shnm)�oq]bshb]k�k]anq]snqx�dwodqhldmsr�]qd�

]kv]xr�o]qs�&hm�rnld�enql(�ne�sgdhq�rxkk]atr-�Sgd�’g]mcr,nm“�]ooqn]bg�fhudm�sn�bgdlhrsqx�rstcdmsr�]k,
knvr�sgdl�sn�g]ud�]�bnmrhrsdms�bnms]bs�]mc�l]mhotk]shnm�ne�rtars]mbdr�]mc�l]sdqh]kr�&Aq]mrenqc)�1///(-�
K]anq]snqx�rjhkkr�]qd�s]tfgs�oq]bshb]kkx)�]r�rstcdmsr�kd]qm�gnv�sn�]bpthqd)�sqd]s�]mc�qdonqs�dwodqhldms]k�
c]s])�vnqjhmf�vhsg�rodbhehb�dptholdms�]mc�sdbgmhptdr)�]r�sgdx�]l]rr�]�rbhdmshehb�bnmrbhntrmdrr�sn�lncdk�
sgdhq�bqhshb]k�sghmjhmf�ax�sgd�rbhdmshehb�ldsgnc�&Chjldmkh)�1//6:�Vnncehdkc)�1//4(-�?krn)�oq]bshb]k�bk]rrdr�
]qd�]m�noonqstmhsx�enq�rstcdmsr�sn�bdldms�bnmbdosr�oqdrdmsdc�hm�sgd�sgdnqdshb]k�kdbstqdr-�Hm�sgd�o]qshbtk]q�
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b]rd�ne�bgdlhrsqx�rtaidbsr)�rstcdmsr�nesdm�qdonqs�gnv�oq]bshb]k�bk]rrdr�]qd�jdx�hm�sgdhq�nudq]kk�rbhdmshehb�
bnloqdgdmrhnm)�]r�sd]bgdqr�ghfgkhfgs�sgdhq�adssdq�kd]qmhmf�ntsbnldr-
Hm�bnmsq]rs�sn�nsgdq�chrbhokhmdr)�bgdlhrsqx�qdpthqdr�tkshl]sdkx�]�vqhshmf�bnlonmdms-�Hs�hr�hlonrrhakd�sn�

bnmbdhud�sgd�dwok]m]shnm�ne�bgdlhb]k�oqnbdrrdr�]mc�sdbgmhptdr�vhsgnts�sgd�rodbhehb�bgdlhrsqx�k]mft]fd)�
khjd�hsr�rxlankr�]mc�dpt]shnmr-�?mc�sgd�r]ld�b]m�ad�]ookhdc�rodbhehb]kkx�sn�bgdlhrsqx�k]anq]snqx�sd]bghmf9�
hs�cdl]mcr�]�o]qshbho]shnm�bnlonmdms�enql�sgd�rstcdms)�sg]s�rhlokx�b]mmns�ad�]bghdudc�vhsgnts�rnld�
enql�ne�hmsdq]bshnm�adsvddm�sgd�trdq�]mc�sgd�hmrsqtldms-
Ats�gnv�cn�vd�akdmc�nmkhmd�dctb]shnm�vhsg�k]anq]snqx�bk]rrdr;�Vd�g]ud�rddm�sgd�hlonqs]mbd�]mc�

onrhshud�cxm]lhbr�ne�nmkhmd,a]rdc�bnmsdms)�l]hmkx�]ssdloshmf�sn�rtarshstsd�sq]chshnm]k�kdbstqdr-�B]m�sgd�
r]ld�ad�r]hc�]ants�nmkhmd,k]anq]snqx�bk]rrdr;
Sn�ad�dmf]fhmf)�rtbg�]�akdmcdc�enql]s�vntkc�qdpthqd�]�lnqd�chrshmbshud�]ooqn]bg�sg]m�sq]chshnm]k�

kdbstqdr-�Enq�dw]lokd)�uhqst]k�k]anq]snqx�dwodqhldmsr�bntkc�ad�]�fqd]s�]rrds�vgdm�rstcdmsr�oqdo]qd�enq�
sgdhq�’g]mcr,nm“�]bshuhsx�&Bnmv]x,Jk]]rrdm)�1/01(-�Sgdx�b]m�rhltk]sd�sgdhq�]bshnmr�nmkhmd)�fdsshmf�e],
lhkh]qhydc�vhsg�sgd�oqnbdctqdr�sgdx�ltrs�bnlokdsd)�]r�sn�]ss]hm�]m�noshl]k�odqenql]mbd�hm�sgd�bk]rrqnnl-�
?krn)�sgdx�b]m�qdsqx�]mc�oq]bshbd�]r�ltbg�]r�sgdx�v]ms)�vhsgnts�g]uhmf�sn�vnqj�hm�sgd�]bst]k�k]anq]snqx)�
sgdqdenqd�adhmf�bnrs�r]uhmf-
Nmkhmd�k]anq]snqx�dwodqhdmbdr�hm�bgdlhrsqx�b]m�q]mfd�eqnl�ltkshokd�rtaidbsr�]mc�sgdldr-�Sgd�lnrs�

bnllnmkx�trdc�bntkc�ad�]�rhlokd�uhcdn�stsnqh]k�nm�sgd�rsdor� sn�ad�cnmd�hm� sgd�rbhdmbd�dwodqhldms-�
Bnodc�vhsg�rtookdldms]qx�khsdq]stqd�nm�rodbhehb�jdx�snohbr)�sghr�b]m�ad�]�u]kt]akd�snnk�sn�rstcdmsr�sn�
oqdo]qd�oqhnq�sn�sgd�oq]bshb]k�dwodqhldmsr�&Ldqbg]ms)�1/01(-�?krn)�rnesv]qd�l]sgdl]shb]k�rhltk]shnm�
sg]s�]kknvr�rstcdmsr�sn�l]mhotk]sd�o]q]ldsdqr�ne�]�rodbhehb�dwodqhldms�&Vdkrbg)�1/04(-�Sghr�hr�lnrskx�
cnmd�hm�oq]bshb]k�]ooqn]bgdr�cnmd�hm�Bnlots]shnm]k�]mc�Pt]mstl�Bgdlhrsqx-

Remote and Virtual Chemistry Teaching

Vgdm�]ccqdrrhmf�chfhs]k�sq]mrhshnm�ne�oq]bshb]k�nq�dwodqhldms]k�bk]rr�]bshuhshdr)�nmd�l]x�dmbntmsdq�mnudk�
bnmbdosr� enq� k]anq]snqhdr-�L]hmkx)� sgd� khsdq]stqd� dlog]rhydr� dhsgdq� qdlnsd�nq�uhqst]k� &G]qlr)�1///(-�
?ksgntfg�sgd�sdqlr�rddl�sn�nudqk]o�sgdhq�ld]mhmfr)�sgdx�g]ud�cheedqdmbdr�sg]s�ghfgkhfgs�rodbhehb�mddcr�
enq�]m�nee,b]lotr�k]anq]snqx�sd]bghmf-�Vghkd�qdlnsd�k]anq]snqhdr�]ccqdrr�sgd�bnmshmfdmbd�ne�dwdbtshmf�
dwodqhldmsr�nm�cheedqdms�ogxrhb]k�ro]bdr)�uhqst]k�k]anq]snqhdr�cdehmd�sgd�trd�ne�bnlotsdqr�]mc�chfhs]k�
ld]mr�&dhsgdq�ntsrhcd�nq�hmrhcd�sgd�b]lotr(-
Qdlnsd�k]anq]snqhdr�g]ud�]bst]kkx�f]hmdc�rbgnk]rshb�hlonqs]mbd�]r�hs�dm]akdr�rstcdmsr�sn�bnmsqnk�sgd�

dwodqhldms�ax�hmsdqe]bhmf�chfhs]kkx�vhsg�sgd�hmrsqtldmsr�sg]s�]qd)�enq�hmrs]mbd)�hm�sgd�]bst]k�k]anq]snqx-�
A]rhb]kkx)�sgd�rstcdms�b]m�odqenql�bdqs]hm�rsdor�dladccdc�hm�sgd�oqnsnbnk)�dwdbtshmf�sgd�dwodqhldms�
ntsrhcd�sgd�k]anq]snqx-�Sghr�b]m�ad�cnmd�hm�dwdbtshmf�s]rjr�khjd�bg]mfhmf�]oo]q]str�o]q]ldsdqr)�nodq]shmf�
ldbg]mhb]k�cduhbdr�nq�l]jhmf�l]mt]k�r]lokhmf�&Cnrs]k)�1/04(-�?r�sgd�dwodqhldms�nbbtqr�hm�]�cheedqdms�
knb]shnm�eqnl�vgdqd�sgd�rstcdms�hr)�hs�dm]akdr�odqenqlhmf�hlonqs]ms�dlohqhb]k�]bshnmr�rtbg�]r�c]s]�bnk,
kdbshmf�]mc�qd]bshnm�odqenql]mbd-�?ksgntfg�vd�sghmj�]ants�sghr�]r�]�bnlokdldms�sn�oqdrdmsh]k�bntqrdr)�
qdlnsd�k]anq]snqx�bk]rrdr�b]m�gdko�lhshf]sd�sgd�bnmshmfdmbhdr�ne�g]uhmf�sn�qdkhmpthrg�nm,b]lotr�sd]bghmf-
He�vd�knnj�nm�sgd�qdonqsdc�admdehsr�ne�odqenqlhmf�k]anq]snqx�]bshuhshdr�qdlnsdkx�sn�]m�dwhrshmf�’g]mcr,

nm“�k]anq]snqx�bk]rr)�vd�ehmc�rdudq]k�snohbr�sg]s�]qd�ohuns]k�sn�chfhs]k�bk]rr�sq]mrhshnm�&Cnrs]k)�1/04(9

”� Rstcdmsr�b]m�hmsdq]bs�vhsg�dwodqhldmsr�dudm�adhmf�ogxrhb]kkx�]o]qs:
”� Rnld�shld,bnmrtlhmf�rsdor�&khjd�r]lokhmf�nq�c]s]�bnkkdbshmf()�b]m�ad�cnmd�]mxshld)�]mxvgdqd:
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”� Enq�rdbtqhsx�qd]rnmr)�hs�b]m�ad�gdkoetk�sn�hmdwodqhdmbdc�rstcdmsr:
”� E]lhkh]qhy]shnm�vhsg�oqnbdctqdr)�adenqd�trhmf�sgd�qdlnsd�]hcdc�cduhbdr-

Sgd�r]ld�dwdqbhrd�b]m�ad�cnmd�enq�dwodqhldms]k�uhqst]k�k]anq]snqhdr-�Rhmbd�hm�sghr�lnc]khsx�sgdqd�hr�
mn�ldbg]mhb]k�nq�chfhs]kkx�bnmsqnkkdc�dkdldms�hmunkudc�&Cnrs]k)�1/04()�]kk�k]anq]snqx�]bshuhsx�hr�cnmd�hm�]�
uhqst]k.chfhs]k�ldchtl)�]r�sgd�dwodqhldms�tmenkcr�hmsdq]bshudkx-�Rnld�cdohbsdc�admdehsr�hmbktcd�sgd�]ahk,
hsx�ne�rstcdmsr�adhmf�]akd�sn�bg]mfd�u]qh]akdr�]mc�dwodqhldms�bnmchshnmr)�vghkd�bnkkdbshmf�sgd�c]s]�]mc�
hmenql]shnm�sn�bnlokdsd�sgdhq�s]rj-�?ksgntfg�bg]kkdmfhmf�]mc�cdrbqhoshud)�sgdqd�hr�mn�dwsdqm]k�hmsdq]bshnm�
hm�sghr�tmcdqs]jhmf-�Sgd�dwodqhldms�hr�oqnfq]lldc�ltbg�khjd�]�rdptdmbd�ne�rsdor�sg]s�sgd�rstcdms�ltrs�
bnlokdsd)�]bghduhmf�sgdhq�fn]k-�Sghr�b]m�bnld�hm�g]mcx�vgdm�sd]bghmf�xntmf�rstcdmsr�a]rhb�k]anq]snqx�
qdpthqdldmsr)�rn�]r�sgdx�b]m�ad�kd]qmdc�eqnl�]�sqhuh]k�sqh]k,]mc,dqqnq�rsq]sdfx-

Lockdown Takeaways on Remote and Virtual Teaching

Eqnl�sghr�khrs)�hs�hr�d]rx�sn�onhms�nts�rsq]sdfhdr�sg]s�b]m�hmbktcd�sgdrd�admdehsr�vgdm�sgdqd�hr�]�mddc�sn�
bg]mfd�eqnl�sq]chshnm]k�k]anq]snqx�bk]rrdr�sn�]�chfhs]k�rdsshmf-�Gnvdudq)�drodbh]kkx�vhsg�qdlnsd�k]anq]snqx�
rsq]sdfhdr)�sghr�chfhs]k�sq]mrhshnm�hr�nmkx�o]qsh]k-�Vd�b]m�d]rhkx�l]jd�rstcdmsr�hmsdq]bs�vhsg�sgd�k]anq]snqhdr�
ntsrhcd�b]lotr)�ats�sgd�hmrsqtldmsr�]mc�sgdhq�nodq]snqr�mddc�sn�ad�oqdrdms hm�sgd�k]anq]snqx-�Hm�]�knbj,
cnvm�rbdm]qhn)�vhsg�Tmhudqrhsxzr�bknrdc)�rstcdmsr�]mc�sd]bgdqr�b]mmns�]bbdrr�]mx�]oo]q]str-�Drodbh]kkx�
he�sgd�rhst]shnm�hr�bnlotkrnqx)�sgdqd�hr�mn�shld�sn�dudm�cdrhfm�nq�]citrs�sgd�rxkk]atr�sn�qnkk�nts�]kk�sgd�
dwodqhldmsr�sg]s�rddl�hmnodq]shud�ctd�sn�sgd�knbjcnvm-
Hm�sgd�b]rd�ne�]�fkna]k�gd]ksg�bqhrhr)�khjd�sgd�1/1/�bnqnm]uhqtr�o]mcdlhb)�]m�]kk,knbjcnvm�hmrsqtbshnm�

vntkc�g]ud�sn�qdrtld�]kk�dctb]shnm]k�]bshuhshdr�ntsrhcd�sgd�b]lotr-�Vhsg�rstcdmsr�]mc�sd]bgdqr�bnmehmdc�
sn�sgdhq�gnldr)�]kk�sgd�dctb]shnm]k�deenqs�hr�sn�ad�l]cd�qdlnsdkx-�Sgtrkx)�he�sgd�bg]mfd�hr�]aqtoskx�l]cd)�
sgdqd�hr�mn�shld�sn�l]jd�mdbdrr]qx�oqdo]q]shnmr�sn�sq]mredq�k]anq]snqx�]oo]q]str�snv]qcr�]�cdehmdc�r]ed�
dmuhqnmldms-
Tmoqdo]qdc�]r�]mxnmd�b]m�ad)�vd�b]m�fq]ro�rnld�fthcdkhmdr�nm�qdlnsd�]mc�uhqst]k�bgdlhrsqx�sd]bghmf�

vgdm�bnmrhcdqhmf�]�etkk�chfhs]k�k]anq]snqx�sq]mrhshnm-�Bnlahmhmf�sgd�qdl]qjr�oqdrdmsdc�]anud)�sgd�hcd]k�
enql�ne�s]bjkhmf�]�g]rsx�sq]mrhshnm)�hr�]m�]l]kf]l]shnm�ne�qdlnsd�vhsg�uhqst]k�sd]bghmf-�Sgd�admdehsr�ne�
g]uhmf�rstcdmsr�sn�qdlnsdkx�l]mhotk]sd�sgd�dwodqhldmsr)�ltrs�ad�dladccdc�vhsghm�]�uhqst]k�hmsdqe]bd)�
rhltk]shmf sgd dwodqhldmsvhsgnts g]uhmf sn hmsdq]bsvhsg ] ogxrhb]k cduhbd nq ]oo]q]str-?rvdg]ud rddm)
sghr�hr�ltbg�d]rhdq�hm�rnld�bgdlhrsqx�rtaidbsr)�rn�sgd�mddc�sn�cdrhfm�]mc�dltk]sd�uhqst]k�dwodqhldmsr�
snv]qcr�nsgdq�snohbr�hm�drrdmsh]k-�?r�ne�snc]x)�sgdqd�]qd�rnld�vnqjr�nm�dltk]shmf�dwodqhldms]k�snohbr)�
ats�]klnrs�]kk�ne�sgdl�e]kk�hm�sgd�b]sdfnqx�ne�cdlnmrsq]shnmr)�mns�bnohmf�]m�drrdmsh]k�o]qs�ne�rhltk]shnm�
]mc�hmsdqdrshmf)�sg]s�sgd�qdlnsd�bntkc�fhud-

CHALLENGES ON REMOTE LABORATORY CLASSES

Sghr�rdbshnm�]hlr�sn�]ccqdrr�sgd�dctb]shnm]k�bg]kkdmfdr�ne�]�rodbhehb�nm,b]lotr�g]rsx�k]anq]snqx�bk]rr�
lhfq]shnm�sn�]�chfhs]k�rs]mbd-�BNUHC,08�o]mcdlhb�rsqtbj�sgd�]b]cdlh]�rvheskx)�vhsgnts�qhrhmf�]�oqd,
udmshud�oqdo]q]shnm�shld�ro]m�sn�]ccqdrr�sgd�knfhrshb]k�hrrtdr�ne�g]uhmf�sn�sd]bg�k]anq]snqx�bk]rrdr�eqnl�
gnld-�Vd�vhkk�chrbtrr�nm�sgd�bg]kkdmfdr�sg]s�hmrsqtbsnqr�e]bdc�vgdm�drs]akhrghmf�sghr�rghes)�enbtrrhmf�
sgd�hmdpthshdr�q]hrdc�ax�sgd�oqnbdrr-
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Vd�oqdrdms�]�b]rd�rstcx�ne�]�Onqstftdrd�Tmhudqrhsx�bgdlhrsqx�bntqrd�sg]s�lnudc�sn�chfhs]k�]bshuhshdr�
adb]trd�ne�sgd�BNUHC,08�o]mcdlhb-�Sghr�v]r�]�rdbnmc,xd]q�Ogxrhb]k�Bgdlhrsqx�bntqrd�enq�tmcdqfq]ct,
]sd�Bgdlhrsqx�rstcdmsr�]s� sgd�Tmhudqrhsx�ne�Onqsn-�Sgqdd�bk]rrdr�ne�03�rstcdmsr�vdqd�dwodbsdc� sn�ad�
s]tfgs�entq�oq]bshb]k�gntqr�odq�vddj)�ctqhmf�sgd�rdbnmc�rdldrsdq�ne�sgd�1/08.1/1/�sdql�&eqnl�Edaqt]qx�
sn�Itmd�1/1/(-�Sgdrd�bk]rrdr vdqd�]kk�s]tfgs�hm�]m�nm,b]lotr�k]anq]snqx)�]mc�sgqdd�sd]bgdqr�g]mckdc�
sgdhq�lhmhrsq]shnm-�Ctqhmf�sgd�rdldrsdq)�rstcdmsr�]qd�qdpthqdc�sn�odqenql�rdudq]k�oqd,ok]mmdc�k]anq]snqx�
dwodqhldmsr�]mc�chrbtrr�sgdhq�qdrtksr�vhsg�sgdhq�oddqr�]mc�sd]bgdqr-

Teacher Evaluation on Digital Transition of
Laboratory Classes During COVID-19

Rs]qshmf�eqnl�L]qbg�1/1/)�vgdm�sgd�Onqstftdrd�fnudqmldms�hrrtdc�]�fdmdq]k�knbjcnvm)�sgdrd�bk]rrdr�
lhfq]sdc�sn�]m�nmkhmd�a]rhr-�Sgd�rbgdctkd�v]r�l]hms]hmdc)�ats�sgd�rdrrhnmr�vdqd�cnmd�ax�uhcdnbnmedq,
dmbd�adsvddm�rstcdmsr�]mc�sd]bgdqr)�]r�sgd�Tmhudqrhsx�chc�mns�qdrtld�oq]bshb]k�b]rdr�tmshk�sgd�dmc�ne�
sgd�rdldrsdq-
Hm�nqcdq�sn�]rrdrr�vg]s�vdqd�sgd�bg]kkdmfdr�e]bdc�ax�sd]bgdqr�hm�hlokdldmshmf�rtbg�]�qtrgdc�dmuh,

qnmldms)�bk]rr�hmrsqtbsnqr�vdqd�]rjdc�sn�l]jd�]�rs]sdldms�nm�sgdhq�ehmchmfr�]esdq�sgd�bk]rrdr-�Sgd�sd]bg,
dqr�qdronmrhakd�enq�sghr�bntqrd�ehkkdc�nts�]m�dctb]shnm]k�qdonqs)�trhmf�ohuns]k�qdl]qjr�eqnl�bgdlhrsqx�
dctb]shnm]k�fn]kr-�Sgdrd�ptdrshnmr�vdqd�otqonrdetkkx�cdrhfmdc�enq�sghr�bg]osdq�hmudrshf]shnm)�]hlhmf�sn�
qdbnqc�sd]bgdqrz�ntss]jdr�nm�hrrtdr�khjd�sdbgmnknfhb]k�bg]kkdmfdr)�bntqrd�du]kt]shnm�]mc�etstqd�rsq]sdfhdr�
sn�oqdo]qd�dudmst]k�chfhs]k�sq]mrhshnmr-�Sgqdd�oqhmbho]k�snohbr�vdqd�]rjdc)�dmbnlo]rrhmf�sgd�bnmbdqmr�
]mc�hmdpthshdr�ne�sghr�bg]kkdmfhmf�rhst]shnm-�Sgd�enkknvhmf�snohbr�]hldc�sn�dmrtqd�]�bkd]q�odqbdoshnm�nm�
vg]s�rsq]sdfhdr�vdqd�cnmd�sn�odqtrd�sgd�sq]mronrhshnm�ne�hm,odqrnm�bk]rrdr�sn�]m�nmkhmd�a]rhr-

0-�� L]hm�dctb]shnm]k�rsq]sdfx�enq�chfhs]k�k]anq]snqh]k�sq]mrhshnm
1-�� Nudqbnlhmf�bg]kkdmfdr�]mc�hmdpthshdr
2-�� Mdv�rsq]sdfhdr)�drodbh]kkx�hm�bnlltmhb]shmf�vhsg�rstcdmsr)�sn�dmrtqd�hmsdqdrs�]mc�o]qshbho]shnm

1. Main Educational Strategy for Digital Laboratorial Transition

?r�sgd�knbjcnvm�b]tfgs�sgd�]b]cdlh]�ax�rtqoqhrd)�sgdqd�v]r�mn�shld�sn�oqdo]qd�]m�nqcdqkx�sq]mrhshnm�enq�
]�chfhs]k�rs]mbd-�Gdmbd)�hs�vntkc�mns�ad�onrrhakd�sn�sq]mronqs�]mx�oq]bshb]k�]oo]q]str�eqnl�sgd�Tmhudqrhsx)�
mnq�sgdqd�v]r�mn�shld�sn�qdbnqc�]mx�dudmst]k�cdlnmrsq]shnmr-�Hm�e]bs)�]r�sgd�rhst]shnm�cdudknodc�rn�g]rs,
hkx)�sgd�oqhl]qx�enbtr�v]r�sn�oqdo]qd�chfhs]k�bnmsdmsr�enq�rstcdmsr)�]r�sghr�v]r�mns�]�rhlokd�kdbstqd�bk]rr-
Sgd�noshnm�v]r�enq�sd]bgdqr�sn�qdbnqc�sgdlrdkudr�dwdbtshmf�ok]mmdc�dwodqhldmsr�ctqhmf�sgd�knbjcnvm�

odqhnc-�Nmkx�nmd� sd]bgdq�vdms� sn� sgd tmhudqrhsx�]mc�oqdo]qdc�]kk� sgd�mdbdrr]qx�]oo]q]str-�Sghr� snnj�
md]qkx�]�bntokd�ne�c]xrz�vnqj-�Sgd�fn]k�v]r�enq�rstcdmsr�sn�v]sbg)�hmrsd]c�ne�dwdbtshmf)�dwodqhldms]k�
cdlnmrsq]shnmr�ne�sgd�ok]mmdc�k]anq]snqx�vnqj-�?esdq�sgd�nmkhmd�uhrt]khy]shnm�]mc�]�oqhldq�sgdnqdshb]k�
hmsqnctbshnm�ax�sgd�sd]bgdqr�&]kk�ctqhmf�uhcdn,bnmedqdmbd()�rstcdmsr�vntkc�ad�g]mcdc�nts�uhqst]k�dwodqh,
ldms]k�cnbtldmsr-�Sgdrd�vntkc�bnms]hm�rhltk]shnmr�ne�sgd�q]v�dwodqhldms]k�c]s]�sg]s�sgdx�vntkc�qdbnqc�
he�sgdx�vdqd�bnmctbshnm�sgd�dwodqhldms-�Sgdm)�rstcdmsr�enqldc�rl]kk�fqntor�]mc�l]cd�sgd�rdptdmsh]k�
c]s]�]m]kxrhr�ne�d]bg�dwodqhldms�sgdx�v]sbgdc-�Tkshl]sdkx)�sgd�du]kt]shnm�ne�sgd�rstcdmsr�bnmbdqmdc�sgd�
pt]khsx�]mc�deedbshudmdrr�ne�sgd�cq]esdc�k]anq]snqx�qdonqsr�&vhsg�c]s]�]m]kxrhr(-
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?r�rtbg)�sgd�bqd]shnm�ne�sghr�chfhs]k�k]anq]snqx�bnmsdms)�a]rdc�nm�cdlnmrsq]shnmr)�hr�nmkx�onrrhakd�he�
sgdqd�hr�]bbdrr�sn�]�pt]khsx�sdbgmnknfhb]k�hmeq]rsqtbstqd�&rntmc�b]ostqd)�sqhonc�]mc�hl]fd�b]ostqd)�onqs]akd�
b]akdr�vhsg�]cdpt]sd�kdmfsg()�vhsg�mn�oqnedrrhnm]k,fq]cd�dptholdms-

2. Overcoming Challenges and Inequities

Bqd]shmf�chfhs]k�bnmsdms9�Sgd�chfhs]k�bnmsdms�bqd]shnm�bg]kkdmfdr�vdqd�nudqs]jdm�a]rdc�nm�l]mx�]ssdlosr�
]mc�rdke,sq]hmhmf-�Sgd�dptholdms�]mc�]bbdrrnqhdr�vdqd�nmkx�o]qsh]kkx�rtookhdc�ax�sgd�sd]bghmf�hmrshstshnm-�
Vgdm�]ccqdrrhmf�sgd�ehqrs�kdrrnm.cdlnmrsq]shnm�ok]mr)�sgdx�qdrtksdc�eqnl�]�ohkns�]ooqn]bg)�sgtr�mddchmf�
sn�ad�hloqnudc-�Hcd]kkx)�sgdrd�qdlhssdc�bk]rrdr�rgntkc�g]ud�]m�nmkhmd�o]qs�enq�chqdbs�rstcdms�hmsdqudmshnm-�
Ats�sg]s�v]r�onrsonmdc�tmshk�]�adssdq�noonqstmhsx�]qnrd-�?krn)�sgd�sd]bgdq�ltrs�g]ud�rnld�oqhnq�jmnvk,
dcfd�]mc�oq]bshbd�ne�trhmf�chfhs]k,uhcdn�dptholdms�rn�sg]s�sgd�trd�ne�sghr�sdbgmnknfx�adbnldr�qntshmd�
]mc�mns�]�khlhshmf�rsdo�enq�sgd�dwdbtshnm�ne�]�lnctkd�&bk]rr)�rdrrhnm(-�Hs�hr�hlonqs]ms�sn�ad�b]qdetk�vhsg�
sgd�pt]khsx�ne�sgd�khfgshmf)�sgd�knb]shnm�ne�sgd�rxrsdlr)�]mc�sgd�pt]khsx�ne�hl]fd�]mc�uhcdn�b]ostqd-�Enq�
sghr)�hs�hr�drrdmsh]k�sn�trd�]�onqs]akd�lhbqnognmd�hm�nqcdq�sn�ft]q]msdd�dwbdkkdms�rntmc�pt]khsx-

AiTrr�JfldepTld�-aTosTsfnm9�Hm�sghr�b]rd)�sgd�k]anq]snqx�bk]rrdr�oqnfq]l�g]r�addm�l]hms]hmdc�tmshk�
sgd�dmc�ne�sgd�rdldrsdq-�Nmkx�sgd�hmsdmrhsx�]mc�sgd�shldeq]ld�ne�sgd�bk]rrdr�vdqd�bg]mfdc-

3. New Strategies, Especially in Communicating with
Students, to Ensure Interest and Participation

Svn�mdv�rsq]sdfhdr�vdqd�cdrhfmdc)�a]rdc nm�sgd sd]bgdqrz�nardqu]shnm�]mc�dwodqhdmbd�hm�sgdrd�sxodr�
ne�bk]rrdr-�?bbnqchmf�sn�sgd�rstcdmsr)�sghr�sxod�ne�]ooqn]bg�vnqjdc�udqx�vdkk�vhsg�sgd�sd]bgdqrz�rsxkd-
?0� •� Enbtr� dwodqhldms� chrbtrrhnm)� ptdrshnmr� ]mc� ch]knftd�vhsg� ]� rhmfkd� fqnto� &1.2� dkdldmsr(-�

Sgdm)�drs]akhrg�]�qns]shnm�]lnmf�sgnrd�fqntor�hm�sgd�bk]rr�&0/�sn�1/�lhm(-�Sghr�kd]cr�sn�]�bnmbdmsq]shnm�
ne�hmsdqodqrnm]k�qdk]shnmrgho�adsvddm�rstcdmsr)�sgd�fqntor�]mc�sgd�sd]bgdq�&vghkd�oqnlnshmf�]�gd]ksgx�
bnlodshshud�]sshstcd�adsvddm�fqntor(-
?1�,�Oqnlnsd�sgd�]ood]q]mbd�ne�bnmudqr]shnmr�nm�c]x,sn,c]x�sgdldr)�vhsg�hmsqnctbhmf�rnld�sd]bgdqrz�

odqrnm]k�rsnqhdr�hm�nqcdq�sn�uhqst]kkx�sq]mronqs�rstcdmsr�sn�]�lnqd�rbhdmshehb�qd]khsx-

Inequities of Transition: Remote or Virtual Laboratories?

Sn�l]jd�]�rxrsdl]shb�bg]q]bsdqhy]shnm�ne�sgd�noshnmr�s]jdm�ax�sgd�sd]bgdqr�hm�sgd�b]rd,rstcx�gdqd�cdrbqhadc)�
vd�bnmrhcdqdc�]�b]sdfnqhy]shnm�nm�sgdhq�chfhs]k�sq]mrhshnm-�V]r�hs�lnqd�admdehbh]k�sn�]cnos�]�rsq]sdfx�lnqd�
kd]mhmf�sn�qdlnsd�nq�uhqst]k�k]anq]snqhdr;�Hm�e]bs)�sgd�]mrvdq�hr�mns�rsq]hfgsenqv]qc-�Adb]trd�ne�sgd�k]bj�
ne�shld�sn�oqdo]qd�enq�sghr�sq]mrhshnm)�]mx�qdlnsd�rsq]sdfx�v]r�mns�]bghdu]akd-�Gnvdudq)�mnq�v]r�hs�]akd�
sn�g]ud�]�etkk�uhqst]k�k]anq]snqx�hmsdqe]bd�enq�rstcdmsr�sn�hmsdq]bs-
Sgd�rsq]sdfx�s]jdm�hm�sghr�b]rd,rstcx�hlok]msdc�]�lncdk�sg]s�bntkc�ad�]�ldqfdq�ne�ansg�qdlnsd�]mc�

uhqst]k�b]o]ahkhshdr-�?ksgntfg�sgd�rstcdmsr�nmkx�v]sbgdc�cdlnmrsq]shnmr�ne�sgd�ok]mmdc�dwodqhldmsr)�
sgdx�g]c�sgd�bg]mbd�sn�vnqj�vhsg�r]lokdr�ne�q]v�c]s]�sg]s�sgdx�vntkc�]ss]hm�he�sgdx�bnlokdsdc�sgd�dw,
odqhldms�hm,knbn-�Sgtrkx)�sgd�c]s]�]m]kxrhr�ne�]�qdlnsd�k]anq]snqx�rsq]sdfx�hr�s]jhmf�ok]bd�gdqd)�g]uhmf�
sgd�sd]bgdq�hm�sgd�k]anq]snqx�qdbnqchmf�]r�sgd�hmsdqe]bhmf�dkdldms-�Ats�odqg]or�sgd�lnrs�cxm]lhb�o]qs�
ne�sgd�]c]os]shnm�hr�sgd�uhqst]k�k]anq]snqx�hmotsr�vd�hcdmshehdc-�Fq]msdc)�sgdqd�hr�mn�rnesv]qd�hmsdqe]bd�
adsvddm�rstcdmsr�]mc�dwodqhldmsr)�ats�vd�g]ud�]�chfhs]k�ldch]sdc�hmsdq]bshnm�adsvddm�rstcdmsr)�sgdhq�
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oddqr�]mc�sd]bgdqr-�Sgd�uhqst]k�bnlltmhb]shnm)�l]cd�rstcdmsr�cda]sd�sgdhq�dwodqhldms]k�c]s])�]r�sgd�
sd]bgdq�oqnlnsdc�chrbtrrhnm)�l]jhmf�sgd�dctb]shnm]k�]r�cxm]lhb�]r�onrrhakd-�Sgdrd�]qd�bnmbdosr�sg]s�
b]m�d]rhkx�ad�l]cd�hmsn�]�chfhs]k�sq]mrhshnm�ne�]�sgdnqdshb]k�bk]rr)�ats�]qd�mns�rsq]hfgsenqv]qc�hm�]�k]anq],
snqx�bk]rr-�Gdmbd)�sgd�rsq]sdfx�]c]osdc�gdqd�b]m�ad�bnmrhcdqdc�]r�]�rnes,ldqfdq�ne�qdlnsd�vhsg�uhqst]k�
rsq]sdfhdr-�Cdrohsd�mns�g]uhmf�sgd�onrrhahkhsx�ne�du]kt]shnm�ne�rstcdms�o]qsh]k�odqenql]mbd)�hs�nodmr�to�
sgd�onrrhahkhsx�ne�rshkk�l]hms]hmhmf�sgd�]rrdrrldms�ne�rstcdms�c]s]�]m]kxrhr-
Ats�vg]s�b]m�vd�m]ld�]r�sgd�etmc]ldms]k�hmdpthshdr�ne�sghr�]aqtos�nmkhmd�sq]mrhshnm;�Sgdx�b]m�ad�

]qq]mfdc�hm�svn�oqhl]qx�fqntor9�dctb]shnm]k�bk]rr�]c]os]shnmr:�]mc�g]qcv]qd�]mc�uhcdn�bg]kkdmfdr-�Hm�
sgd�ehqrs�b]rd)�]r�vd�qdonqsdc)�sgd�qdbnqchmf�ne�dwodqhldms]k�cdlnmrsq]shnmr�b]m�bnld�ne�sgd�dwodmrd�
ne� qdkhmpthrghmf� sgd�’g]mcr,nm“�cxm]lhbr-�Sghr� qdlnsd�rsq]sdfx�b]mmns�fhud�]bbdrr�]mc�oqnuhcd� sgd�
r]ld�dwodqhdmbd�]r�]m�hm,odqrnm�dwodqhldms]k�]bshuhsx-�?r�dwodbsdc)�sgd�k]bj�ne�shld�sn�oqdo]qd�ohuns]k�
hmsdqe]bdr�adsvddm�rstcdms�]mc�dwodqhldms�nmkx�odqlhssdc�sn�dwdbtsd�oqdo]qdc�cdlnmrsq]shnmr-�Cdrohsd�
sghr�chr]cu]ms]fd)�sd]bgdqr�bntkc�l]hms]hm�]�fnnc�o]qs�ne�sgd�jmnvkdcfd�]rrdrrldms�ne�sgdrd�bk]rrdr-�Nm�
nmd�g]mc)�rstcdmsr�fds�sn�]rrhrs�sn�sgd�dwodqhldms�]mc�dwok]m]shnm�ne�sgdhq�sd]bgdqr�]r�sgdx�fn-�Nm�sgd�
nsgdq)�sgdx�rshkk�dwdbtsd�sgd�c]s]�]m]kxrhr�mddcdc�sn�ehkk�nts�sgdhq�k]anq]snqx�qdonqsr)�]r�sgdx�vntkc�g]ud�
cnmd�hm�]�mnql]k�bk]rrqnnl�rdsshmf-
Sgd�rdbnmc�hmdpthsx�bnmbdqmr�l]hmkx�sgd�]u]hk]ahkhsx�]mc�jmnv,gnv�ne�ldchtlr�sn�dmrtqd�sgd�chfhs]k�

sq]mrhshnm-�?r�rs]sdc)�sd]bgdqr�mddc�sn�g]ud�rnld�oqhnq�jmnvkdcfd�nm�gnv�sn�l]jd�uhcdn�bnmsdms-�?k,
sgntfg�sghr�l]x�bnld�]r�d]rhdq�sn�chfhs]k�m]shudr)�dkcdqkx�sd]bgdqr�l]x�bnld�]bqnrr�rnld�cheehbtkshdr�he�
mns�oqnodqkx�]rrhrsdc-�Lnqdnudq)�]bbdrr�sn�g]qcv]qd�b]o]akd�ne�odqenqlhmf�]�fnnc�qdmcdq�ne�uhcdn�ntsotsr�
hr�qdpthqdc-�Rnldshldr)�he�sgd�sd]bgdq�cndr�mns�]kqd]cx�g]ud�sgdrdr�jhmcr�ne�l]sdqh]k�&dhsgdq�odqrnm]kkx�
nq�hm�sgd�cdo]qsldms()�hs�b]m�ad�cheehbtks�enq�sgd�tmhudqrhsx�sn�]rrhrs�vhsg�sghr�l]sdqh]k�hm�]�aqhde�shld�
ro]m-�?krn)�]mnsgdq�bnmbdqm�nm�chfhs]k�g]qcv]qd�hr�sgd�onrrhahkhsx�sg]s�mns�]kk�rstcdmsr�l]x�mns�g]ud�sgd�
l]sdqh]kr)�bnlotsdqr�]mc.nq�sgd�hmsdqmds�ntsrhcd�sgd�e]bhkhshdr�ne�sgd�tmhudqrhsx-

RESEARCH REMARKS AND FUTURE DIRECTIONS

Eqnl sgd�ohkns�s]rj�drr]x�oqdrdmsdc)�vd�b]m�m]ld�rodbhehb�dkdldmsr�sg]s�mddc�oqnlos�]ssdmshnm�vgdm�]�
sd]bgdq�ltrs�l]jd�sgd�sq]mrhshnm�ne�]�sq]chshnm]k�sn�]�chfhs]k�bk]rr-�Hs�hr�hlonqs]ms�sg]s�sgd�sd]bgdq�ltrs�
g]ud�oqhnq�hmenql]shb�]mc�uhcdn�rjhkkr)�vgdm�sgd�noshnm�o]rrdr�ax�uhcdn�cdlnmrsq]shnmr�ne�bgdlhrsqx�
]bshuhshdr-�Odqg]or�sgd�lnrs�kd]qmhmf�ntss]jd�hr�sg]s�sghr�sxod�ne�bk]rrdr�b]mmns�rtarshstsd�sgd�hlonqs]mbd�
ne�’g]mcr,nm“�oq]bshb]k�]bshuhshdr-�?r�rtbg)�nmd�ltrs�dmctqd�sghr�chfhs]k�bk]rr�qd]khsx�]r�]m�noonqstmhsx�ne�
vnqj�nm�nsgdq�hlonqs]ms�rbhdmshehb�rjhkkr-�Hmsqnctbhmf�c]hkx�]rodbsr�ne�rbhdmbd�]mc�g]uhmf�sgdl�cda]sdc�
]lnmfrs�sgd�bk]rr)�hs�hr�]�ohuns]k�v]x�sn�f]sgdq�rbhdmshehb�rjhkkr�ax�]m�tmcdqfq]ct]sd�rstcdms)�bnohmf�sn�
cdudkno�oq]bshb]k�jmnvkdcfd�hm�]�’g]mcr,nm“�rhst]shnm-
Gnvdudq)� sghr�ntss]jd�vd�oqdrdmsdc�mddcr�etqsgdq�cdudknoldms-�Sghr�nmkx�dmbnlo]rrdr�]�rhlokd�

]rrdrrldms�ne�jdx�onhmsr�sg]s�mddc�sn�ad�]ccqdrrdc�vgdm�bnmrhcdqhmf�bg]mfd�eqnl�sq]chshnm]k�sn�chfhs]k�
ldchtlr-�?�bnloqdgdmrhud�rstcx�nm�gnv�rstcdmsr�adg]ud�chfhs]kkx)�qdf]qchmf�sgdhq�hmsdq]bshnm�vhsg�sgd�
]bshuhshdr�l]cd�mddcr�sn�ad�]bghdudc-�Vhsg�sg]s�hmenql]shnm)�mdventmc�bk]rr�cdrhfm�b]m�ad�s]hknq�l]cd�
sn�]ccqdrr�sgd�chfhs]k�sq]mrhshnm�ne�k]anq]snqx�bk]rrdr-
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CONCLUSION

Chfhs]k�dctb]shnm]k�ldsgncr�]qd�sgd�adcqnbj�enq�sgd�etstqd�ne ghfgdq�dctb]shnm-�Dhsgdq�eqnl�mdbdrrhsx�nq�
ax�hmmnu]shnm)�sgdx�]qd�khjdkx�sn�s]jd�nudq�jmnvkdcfd�rddjhmf�rstcdmsr�hm�sghr�bdmstqx-�Rbgnnkr)�sd]bgdqr�
]mc�rstcdmsr�mddc�sn�bnloqdgdmc�gnv�sgdx�b]m�l]jd�sghr�sq]mrhshnm�]r�rlnnsg�]r�onrrhakd)�]r�chfhs]k�
hmmnu]shnmr�b]mmns)�]r�vd�dwsdmrhudkx�uhdvdc)�rnkud�]m�hlldch]sd�sq]mrhshnm�ne�oq]bshb]k�bk]rrdr�enq�]�
chfhs]k�ldchtl-
Fnhmf�adxnmc�sdbgmnknfx�cqhudm�ldsgncr)�rodbhehb]kkx�s]qfdshmf�rstcdmsr�eqnl�sgd�dw]bs�rbhdmbdr)�

vd�ghfgkhfgs�sgd�hlonqs]mbd�ne�ldsgncnknfhb]k�rstchdr�nm�chfhs]k�k]anq]snqx�bk]rr�cdudknoldms-�Sgd�
tmoqdchbs]ahkhsx�ne�g]uhmf�sn�bg]mfd�]�bk]rr�lnshe�nudqmhfgs�b]m�ad�d]rdc�vhsg�sgd�cdudknoldms�ne�oqhnq�
rjhkkr)�]oonhmsdc�hm�sghr�bg]osdq-�Hs�b]m�]krn�onhms�sn�]�qdrg]od�ne�]�mdv�chfhs]k�sxod�ne�k]anq]snqx�nmkhmd�
bk]rr)�a]rdc�nm�cdlnmrsq]shnmr�&vhsg�nq�vhsgnts�]�chfhs]k�hmsdqe]bd()�bk]rr�cda]sdr�]mc�cdudknoldms�ne�
ldsgncnknfhb]k�sghmjhmf-
Enq�bgdlhrsqx�k]anq]snqx�bk]rrdr)�sgd�]cu]ms]fdr�ne�chfhs]k�ldch]sdc�qdlnsd�nq�uhqst]k�sq]mrhshnmr�]qd�

bnllnmkx�jmnvm�]lnmfrs�sd]bgdqr-�Ats�rnldshldr)�dhsgdq�eqnl�k]bj�ne�oqdo]q]shnm�nq�noonqstmhshdr�
sn�oqdo]qd�]�bnlotkrnqx�k]anq]snqx�chfhs]k�sq]mrhshnm)�sgdqd�hr�mn�shld�sn�cdudkno�l]sdqh]kr�mnq�rsq]sd,
fhdr-�?r�vd�g]ud�rddm�hm�sghr�bg]osdq)�sgd�lnrs�ok]trhakd�]mrvdq�hr�sn�dwdbtsd�qdlnsd�cdlnmrsq]shnmr�ne�
ok]mmdc�dwodqhldmsr)�g]uhmf�rstcdmsr�sn�]m]kxrd�sgd�ehbshnm]k�c]s]�sgdx�vntkc�g]ud�f]sgdqdc-�Gnvdudq)�
sgd hmdpthshdr entmc hm sghr sq]mrhshnm b]m d]rhkx ad dwbddcdc vhsg oqnodq oqdo]q]shnm- Hs hr hlodq]shud sg]s
sd]bgdqr�]mc�tmhudqrhshdr�bnld�snfdsgdq�hm�]m�nqf]mhydc�ok]m�sn�]rrhrs�hm�sgd�chfhs]k�sq]mrhshnm�ne�lnqd�
bk]rrhb]k�chrbhokhmdr-�?�fnnc�rs]qshmf�onhms)�]r�vd�g]ud�mnsdc)�hr�sgd�]ahkhsx�sn�qdbnqc�cdlnmrsq]shnmr�ne�
sq]chshnm]k�dwodqhldmsr)�g]uhmf�fnnc�oqdo]qdc�bnmsdms�sn�ad�rgnvm�]mc�chrbtrrdc�hm�dudmst]k�chfhs]k�bk]rr-

ACKNOWLEDGMENT

”�Sgd�]tsgnq�sg]mjr�sgd�rtoonqs�]mc�hmenql]shnm�oqnuhcdc�ax�ansg�Oqne-�Cq-�Ktêr�Adkbghnq�R]msnr�]mc�
Cnbsnq�B]qknr�Khl]-
”�Inrç�Edqq]y,B]ds]mn�sg]mjr�Etmc]ãán�o]q]�]�Bhémbh]�d�Sdbmnknfh]�&EBS)�Onqstf]k(�enq�sgd�rto,

onqs�ne�sghr�qdrd]qbg�ZOqnfq]l�etmc�THCA.4///5.1/1/�]mc�OSCB.PTH,PHM.2/538.1/06�]v]qcdc�sn�
QDPTHLSD,K?PU[-

REFERENCES

?kkn)�L-�&1/1/(-�Hr�sgd�nmkhmd�kd]qmhmf�fnnc�hm�sgd�lhcrs�ne�Bnuhc,08�O]mcdlhb;�Sgd�b]rd�ne�DEK�kd]qm,
dqr-�ItpmVk�RhmdrsdrhV)�0.&0()�0•0/-

A]stq]x)�L-�&1/04(-�?m�nudquhdv�ne�sgd�vnqkc�ne�LNNBr-�OpnbdchV9�RnbhVk�Vmc�AdgVuhnpVk�Rbhdmbdr)�
063)�316•322-�cnh90/-0/05.i-raroqn-1/04-/0-574

Aktmcdkk)�B-)�Kdd)�J-)� �Mxjuhrs)�R-�&1/05(-�Chfhs]k�Kd]qmhmf�hm�Rbgnnkr9�Bnmbdost]khyhmf�sgd�Bg]k,
kdmfdr�]mc�Hmektdmbdr�nm�Sd]bgdq�Oq]bshbd-�IntpmVk�ne�HmenplVshnm�Sdbgmnknfw�DctbVshnm)�04)�424•45/-�
cnh90/-17834.2467



473

Towards Digital Laboratories

Anrbgl]mm)�D-� &1//2(-�Sd]bghmf�bgdlhrsqx�uh]�chrs]mbd�dctb]shnm-�IntpmVk�ne�BgdlhbVk�DctbVshnm)�
7.&5()�6/3•6/7-�cnh90/-0/10.dc/7/o6/3

Aq]mrenqc)�I-�C-)�Aqnvm)�?-�K-)� �Bnbjhmf)�Q-�Q-�&1///(-�Gnv�odnokd�kd]qm9�Aq]hm)�lhmc)�dwodqhdmbd)�
]mc�rbgnnk�&dwo]mcdc�dc(-�V]rghmfsnm)�CB9�M]shnm]k�?b]cdlx�Oqdrr-

B]r]mnu])�Q-�R-)�Bhudkkh)�I-�K-)�Jhlaqntfg)�C-�Q-)�Gd]sg)�A-�O-)� �Qddudr)�I-�G-�&1//5(-�Chrs]mbd�kd]qmhmf9�
?�uh]akd�]ksdqm]shud�sn�sgd�bnmudmshnm]k�kdbstqd,k]a�enql]s�hm�fdmdq]k�bgdlhrsqx-�IntpmVk�ne�BgdlhbVk�
DctbVshnm)�72&2()�4/0•4/6-�cnh90/-0/10.dc/72o4/0

Bnmv]x,Jk]]rrdm)�I-�L-)�Vhdrmdq)�R-�L-)�Cdrdmr)�B-)�Sqbj])�O-)� �Rvhmdg]qs)�B-�&1/01(-�Trhmf�nmkhmd�
hmrsqtbshnm�]mc�uhqst]k�k]anq]snqhdr�sn�sd]bg�g]dlnrs]rhr�hm�]�ldchb]k�k]anq]snqx�rbhdmbd�oqnfq]l-�Bkhmh,
bVk�JVanpVsnpw�Rbhdmbd)�14&3()�113•118-�cnh90/-18/63.]rbkr-14-3-113�OLHC91222/401

C]kf]qmn)�A-)�Ahrgno)�?-�F-)�?cknmf)�V-)� �Adcfnnc)�C-�Q-�Iq-�&1//8(-�Deedbshudmdrr�ne�]�uhqst]k�k]anq],
snqx�]r�]�oqdo]q]snqx�qdrntqbd�enq�chrs]mbd�dctb]shnm�bgdlhrsqx�rstcdmsr-�Bnlotsdpr� �DctbVshnm)�42&2()�
742•754-�cnh90/-0/05.i-bnlodct-1//8-/4-//4

Chjldmkh)�L-�&1//6(-�Ahnknfx�rstcdms�sd]bgdqrz�hcd]r�]ants�otqonrd�ne�k]anq]snqx�vnqj-�:rhV,OVbhehb�
Enptl�nm�Rbhdmbd�JdVpmhmf�Vmc�SdVbghmf)�0.&1(-

Cnrs©k)�I-�&1/04(-�Qdlnsd�]mc�uhqst]k�k]anq]snqx�]r�]�lncdqm�hmrsqtldms�enq�hmctbshnm�ne�sgd�otohkrz�
hmpthqx�]bshuhshdr�vhsg�dlog]rhr�nm�sgd�sdbgmhb]k�]mc�rbhdmbd,a]rdc�rtaidbsr-�:cuVmbdr�hm�Bnlotsdp�
Rbhdmbd�QdrdVpbg)�00)�27•3/-

Ehmbg)�C-)� �I]bnar)�J-�&1/01(-�Nmkhmd�dctb]shnm9�Adrs�oq]bshbdr�sn�oqnlnsd�kd]qmhmf-�Opnbddchmfr�ne�
sgd�FtlVm�EVbsnpr�Vmc�Dpfnmnlhbr�45sg�:mmtVk�Lddshmf-�0/-0066.0/60070201450003

G]qlr)�T-�&1///(-�Uhqst]k�]mc�qdlnsd�k]ar�hm�ogxrhbr�dctb]shnm-�Rdbnmc�DtpnodVm�Bnmedpdmbd�nm�Ogwr,
hbr�SdVbghmf�hm�Dmfhmddphmf�DctbVshnm)�03/•035-

Ghkk)�O-�&1/02(-�Dldqfhmf�rstcdms�o]ssdqmr�hm�LNNBr9�?�&qduhrdc(�fq]oghb]k�uhdv-�D,JhsdpVsd-�?u]hk]akd�
eqnl9�gsso9..ledkcrsdhm-bnl.dldqfhmfrstcdms,o]ssdqmr,hm,lnnbr,],qduhrdc,fq]oghb]k,uhdv.

Ih]mf)�R-)� �Jnsyh]r)�C-�&1/05(-�:rrdrrhmf�sgd�trd�ne�rnbhVk�ldchV�hm�lVrrhud�nodm�nmkhmd�bntprdr-�Qd,
sqhdudc�eqnl�gssor9..]qwhu-nqf.]ar.05/7-/4557

Inqc]m)�J-� &1/03(-� Hmhsh]k� sqdmcr� hm� dmqnkldms� ]mc� bnlokdshnm� ne�l]rrhud� nodm�nmkhmd� bntqrdr-�Sgd�
HmsdpmVshnmVk�Qduhdv�ne�QdrdVpbg�hm�Modm�Vmc�Chrsphatsdc�JdVpmhmf)�04&0()�022•05/-�cnh90/-08062.
hqqnck-u04h0-0540

Kdd)�I-)�Gnmf)�?-)� �Gv]mf)�I-�&1/07(-�?�Qduhdv�ne�L]rrhud�Nodm�Nmkhmd�Bntqrdr9�LNNBzr�?ooqn]bg�
sn�Aqhcfd�sgd�Chfhs]k�Chuhcd-�11mc�AhdmmhVk�Bnmedpdmbd�ne�sgd�HmsdpmVshnmVk�SdkdbnlltmhbVshnmr�Rnbhdsw�
&HSR(9�’Adwnmc�sgd�AntmcVphdr9�BgVkkdmfdr�enp�Atrhmdrr)�Onkhbw�Vmc�Rnbhdsw“-

Lbkr]]b)�L-�R-)� �Ftm]v]qcdm])�B-�M-�&0885(-�Chrs]mbd�dctb]shnm-�Hm�C-�G-�Inm]rrdm�&Dc-()�FVmcannj�
ne�pdrdVpbg�enp�dctbVshnmVk�bnlltmhbVshnm�Vmc�sdbgmnknfw9�:�opnidbs�ne�sgd�:rrnbhVshnm�enp�DctbVshnmVk�
BnlltmhbVshnm�Vmc�Sdbgmnknfw-�Rhlnm� �Rbgtrsdq�L]blhkk]m-



474

Towards Digital Laboratories

Ldqbg]ms)�Y-)�Fndsy)�D-�S-)�Jddmdx,Jdmmhbtss)�V-)�Jvnj)�N-)�Bhetdmsdr)�K-)� �C]uhr)�S-�I-�&1/01(-�Sgd�
kd]qmdq�bg]q]bsdqhrshbr)�ed]stqdr�ne�cdrjsno�2C�uhqst]k�qd]khsx�dmuhqnmldmsr)�]mc�bnkkdfd�bgdlhrsqx�hmrsqtb,
shnm9�?�rsqtbstq]k�dpt]shnm�lncdkhmf�]m]kxrhr-�Bnlotsdpr� �DctbVshnm)�48&1()�440•457-�cnh90/-0/05.i-
bnlodct-1/01-/1-//3

Lnnqd)�L-)� �Jd]qrkdx)�F-�&1/01(-�ChrsVmbd�dctbVshnm9�:�rwrsdlr�uhdv�ne�nmkhmd�kdVpmhmf�&2qc�dc-(-�
V]crvnqsg-�Nmkhmd-�Qdsqhdudc�eqnl�gsso9..vvv-dctb]trd-dct.dqn.]qshbkd.lnnb,bnlokdshnm]mc,qdsdmshnm,
bnmsdws,rstcdms,hmsdms

Oghoor)�K-�Q-�&1/02(-�Bqd]shmf�]mc�sd]bghmf�]�vda,a]rdc)�tmhudqrhsx,kdudk�hmsqnctbsnqx�bgdlhrsqx�bntqrd�
sg]s�hmbnqonq]sdr�k]anq]snqx�dwdqbhrdr�]mc�]bshud�kd]qmhmf�odc]fnfhdr-�IntpmVk�ne�BgdlhbVk�DctbVshnm)�
8.&4()�457•462-�cnh90/-0/10.dc1//503q

Qhbg]qcrnm)�L-�&1/04(-�RnbhVk�LdchV�hm�sgd�Bnkkdfd�BkVrrpnnl�HmsdpmVshnmVk�ChVknftdr�nm�DctbVshnm-�
?b]cdlhb�Oqdrr-

Rtm)�?-)� �Bgdm)�W-�&1/05(-�Nmkhmd�dctb]shnm�]mc�hsr�deedbshud�oq]bshbd9�?�qdrd]qbg�qduhdv-�IntpmVk�ne�
HmenplVshnm�Sdbgmnknfw�DctbVshnm)�04)�046•08/-�cnh90/-17834.24/1

S]skh)�Y-)� �?x]r)�?-�&1/02(-�Deedbs�ne�]�uhqst]k�bgdlhrsqx�k]anq]snqx�nm�rstcdmsrz�]bghdudldms-�IntpmVk�
ne�DctbVshnmVk�Sdbgmnknfw� �Rnbhdsw)�05)�048•06/-

Vdkrbg)�C-�&1/04(-�Sgd�deedbshudmdrr�ne�nmkhmd�kVar-�Nmkhmd�Kd]qmhmf�Shor)�?ldqhb]m�Otakhb�Tmhudqrhsx�
Rxrsdl-�gssor9..nmkhmdkd]qmhmfshor-bnl.1/04./5.sgd,deedbshudmdrr,ne,nmkhmd,rbhdmbd,k]ar.

Vnncehdkc)�A-�E-)�B]skhm)�G-�Q-)�V]ccntor)�F-�K-)�Lnnqd)�L-�R-)�Rv]m)�Q-)�?kkdm)�Q-)� �Anchkx)�F-�&1//3(-�
Sgd�uhqst]k�BgdlK]a�oqnidbs9�?�qd]khrshb�]mc�rnoghrshb]sdc�rhltk]shnm�ne�hmnqf]mhb�pt]khs]shud�]m]kxrhr-�
IntpmVk�ne�BgdlhbVk�DctbVshnm)�70&00()�0561•0567-�cnh90/-0/10.dc/70o0561

ENDNOTES

0�� Enq�dw]lokd)�hm�sgd�b]rd�ne�DT,ldladq�Onqstf]k)�]r�ne�Itmd�1/1/)�]kk�rbgnnk�cdfqdd�rxrsdlr�]c,
nosdc�nmkhmd�kd]qmhmf�rs]str�tmshk�etqsgdq�mnshbd-

1�� Lnqd�nm�rbgnnkr�vgnrd�]bshuhshdr�vdqd�]eedbsdc�ax�sgd�Bnqnm]uhqtr�o]mcdlhb�]r�ne�Cdbdladq�1/1/�
nm�sgd�enkknvhmf�vdarhsd9�gssor9..dm-tmdrbn-nqf.bnuhc08.dctb]shnmqdronmrd-


