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Stele QuaiyeQRioefQccfndr

Non-metallic Inclusions
O Micro Inclusion : 1-10 pm
*  Size , distribution and chemistry

* Influence on grain size, other phases , mechanical
properties

*  Product of metallurgical processes : deoxidation

+  Complex oxides , Oxysulphides , Sulphides
Q Exogenous Entrapment : Large>> 10 um

y

* Slag from ladle, tundish , mould
* Reoxidation products

* Refractory erosion products
Large (> 50 um ) exogenous entrapments are harmful

gCsDQae.QoeQ.KapQKmCM.QihQEe .KihQye.Kial QsTK.QseQoeKh.Qm,QhChQoe.KaaiEQih
KeQ.TeQ.,-eIQCIQihEaMIiChIQsT,QIC Q.Te,QK e QECo0ih0D Q1 QTKLe Qoeh.iChey Q.T
ihEaMIiCh3QNKIiEKaa,QoeKhIQseQEKhhC.QIeeQMhye QC Q K.Te Qsi.TQhC oKaQe,eQ.T
meQleehQMhye Q.TeQoiE CIEC-eI3QuCDQhC 0Kaa,Q.Te,QK eQClQ.TeQlieQ Kh0eQCIQnQ
KhyQC Q,CMQphCsQ eICaM.iChQCIQ1QiIQnccQoiE ChDQc3nQoiaaioe. e3

uCDQ.TeleQlieQCIQihEaMIiChIQsTiETQK eQEKaaeyQoiE CQihEaMIiChQseQEKhhC.QIee
¢,eQ.Te,QK eQ.CQmeQleehQMhye Q.TeQoiE CIEC-eQsTK.QK eQ.TeQyille eh.Q.eEThiMeIQK
siaaQ0CQih.CQ.TeQye.KialQaK.e QChDQmM.QsTK.QiIQio-C .Kh.QTe eQilQsTK.QK eQ.T
K eQ.Tei Qyil. imM.iChDQsTK.QK eQ.Tei QETeoil. ,DQsTK.Q.,-eQCIQihEaMIiChIQK eQ.Te ¢
.TeQKoCMh.QCIQihEaMIiChI3

gCsDQ.Te,QTKLeQihlaMehEeQChQ.TeQ0 KihQIi2Q.Te,Qoi0T.QECh. CaQ.TeQ0 KihQIi#Qih
.Te,Qoi0T.QE eK.eQ,CMQphCsQC QOehe K.eQC.Te Q-TKIeIQEe .KihQEKIeIQKIQ.Te,QoK,(



hMEaeiQIC QC.Te Q-TKIeIQ.CQIC 0Q.Te,Qoi0T.QihlaMehEeQ.TeQoeETKhiEKaQ- C-e .ielC
0i0T.QihEaMyeQihE eKIeQ.TeQI. eh0.TQ.Te,Qo0i0T.QyeE eKleQ.TeQ.CMO0ThellI QyME.iai.,(
- C-Q- C-e .,QsiaaQlioiaK Q- C-e .ielQsiaaQmeQKIlleE.eyQC QeLehQC.Te Q- C-e .ieIQaipeQE
0i0T.QmeQKIleE.eyQihQ- elehEeQCIQihEaMIiChIQC.Te Q.Te eQK eQEe .KihQoeETKhiEKa
seQoi0T.QmeQKIlleE.eyQsiaaQ.KpeQM-QaK.e QCh3

gCsDQ.TeleQK eQ- CyME.IQIC Qoe.KaaM 0iEKaQ- CEelleIQeKo-aeQilQyeCiyK.iChQ.TK.Q
.TeleQK eQO0e..ih0 Q0ehe K.eyQyM ih0Q.TeQoe.KaaM 0iEKaQ eKE.iChIQyM ih0QI.eeaoKpi
TKLeQ.CayQ,CMQseQTKLeQ.CQ.KpeQEK eQCIQyillCaLeQCl0ehQihQIl.eeaQm,QyeCiyK.
seQyCQi.Qei.Te Q,CMQMIeQliaiEChQle CliaiEChQle CoKhOKheleQC QseQMIeQKaMoihi
.TK.Q- CEelIQyilICaLeQC[0ehQsiaaQECo0eQyCshQTCsQyilICaLeQC[0ehQsiaaQECoeQyCs
.TeQIC 0QCIQIQiQCQINQ0i0T.Q0e.QIC 0eyQoQhQCQ0i0T.Q0e.QIC 0QC QKaMoihKQCiyeQ
IC 03QuCD Q.Tele QihEaMIiChI Q.TK. QsiaaQ.Tele Q CiyeI Q. Te,QK eQ-K.QCIlQ.Te Qoe.]
- CEelI3QuCDQyeCl0ehQseQEKaaQi.QyeCiyK.iChQ- CyME.I3QuCDQ.TeleQK eQIoKaaQhCl
ihEaMIiChI3

uCDQseQoi0T.Q0e. QECo-aelQ CiyeI Qse Q0i0T.Q0e. QIMa-Tiye QilQ1 QTKLe QoC e QKoCN
IMa-TM QihQl.eeaQseQoi0T.Q0e.QKhyQseQTKLeQoKh0KheleQIMa-TiyeQseQoi0T.Q0e.Qok
IMa-Tiye Qih QI.eea QoKhO0Khele QIMa-Tiye3QIQ1QTKLeQ.CayQ,CMQIilQ- elehEe Q C1Q
IMa-TiyeQilQme..e Q. TKhQi ChQIMa-TiyeD QmeEKMIeQi ChQIMa-TiyeQTKIQaCse Qoe:
0i0T.QEKaaQihEi-ieh. QIMIiChQ.Te Qoea.ih0 Q-Cih. QClQ.TeQIl.eeaQECo0el QyCshQ.Te e Q¥
yilliEMa.ielQoKh,Q- Cmaeol3

uCDQoKhOKheleQIMa-TiyeQilQme..e Q. TKhQi ChQIMa-Tiye3QuCDQilQ,CMQTKLeQoKh
KhyQilQ,CMQTKLeQIMa-TiyeQihQIl.eeaQhC 0Kaa,QC QhC.QKaaQICo0eQCIQ,CMQoi0T.Qr
,CMQphCsQseQTKLeQ.CQ0e.QoKh0OKheleQKoCMh.QihQIl.eeaQIK,QoKh0KheleQm,QIMa-T
ihQlL.eeaQIK,QoC eQ. TKhQB8QuCDQoKh0OKheleQm,QIMa-TiyeQ K.iCQoKh,Q-eC-aeQsiaaQ.
me QoC eQ.TKhQQsT,QmeEKMIeQilQ,CMQTKLeQTi0T Q KoCMh. Q Cl1Q.Te QoKhOKhe
ECo-K eyQ.CQ.TeQIMa-TM D Q.Teh QoKhOKhele QIMa-TiyeQsiaaQmeQIC 0Qi ChQIMa-T
KpehQEK eQClQ.Te eQsiaaQme QhC QoCye hQIMa-Tiye Q3QuCD Q.Tele QihEaMIiChI C
IMa-TiyeIQECo-aeQCiyeIQC QC[IMa-TiyelQ.TeleQK eQoiE CQihEaMIiChI3

gCsDQ1QTKLeQ.Kapey Q KmCM. QeC0ehCMIQ eh. K-0eh.IQ.Te,QK eQaK 0e Qih QIi#3 Q1
ihEaMIiChIQK eQIoKaaQihQIlieQhC oKaa,QleK.M eQoe.KaaM 0iEKaQ- CyME.IQECoih0C
oe.KaaM 0iEKaQ eKE.iChIQaipeQyeCiyK.iChQyM ih0QI.eeaocKpih0DQmM.QelC0ehCMIQeh. '



sTIETQK eQmKIiEKaa,QsTK.Q1QTKLeQoeh.iCheyQIC0eQClQ.TeoQaipeQIaK0QI CoQaK
phCsQ.TK.QyM ih0Ql.eeaoKpih0QI.K0eIQaKyaeQseQTKLeQaiMiyQIl.eeaQ,CMQKaICQTKL.e¢
[aK0Qm,Q.TeQsK,Qi.QilQmKIiEKaa,Q.TeQEComihK.iChQCIQCiyel Qaipe QmKIiE Q CJ0eh
TKLeQaC.QCIlQi ChQCiyeQseQTKLeQICoe QEKaEiMo Q Ciye Qse Q TKLe QIiaiECh Q Cilye
0KhOKheleQClilye3

uCDQ.TK.QIaK0QseQyCQhC.QsKh.Q.CQO0e.Qeh. K--eyQihQI.eeaQmeEKMIeQCIQEe .Kih(
yil[EMIIQaK.e QChDQmM.Q.TiIQIaK0IQsTe.Te Qi.QiIQl CoQ.TeQmKIiEQC[0ehQIM hKEe(
C QI CoQ.MhyilTQC QI CoQ.TeQoCMayQmKIiEKaa,QoeKhIQi.QoK,QmeQKQECh.ihMCMI«
i.QoK,QmeQKQ,CMQphCsQih0C.QoCMayQsTe eQIC0eQIaK0QiIQIC 0ih0 QmeEKMIeQse(
ICoeQ-Csye QsTiETQIC oIQKQ-K .iIEMaK QIaK0QoCMayQIaK03

uCDQ.TeleQIaK0IQsTe.Te Qi.Ql CoQaKyaeQC Q.MhyilITQC QoCMayQITCMayQhC.Q0e.Qih
meEKMIeQ.TeleQK eQIaKO0IQK eQmKIiEKaa,QsTK.Q.TeleQK eQmKIiEKaa, QCiyel Qyille
CiyelQ.TeQei.Te QEKaEiMoQCiyeQC QoKO0heliMoQCiyeQC QICoeQeleh.QoKh0KheleQCilye
ICoeQeleh.Qi ChQCiyeQ.Te e QEKhQmeQIMa-TiyelIQmeEKMIeQsTehQ,CMQK eQ eoCLih0
IMa-TiyeQ0CQ.CQ.TiIQ,CMQphCsQIaK0Q.Te, QEKhQmeQEKaEiMoQIMa-TiyeQ.Te eQE!
aipeQihQoCMayQIaK0QihQ.MhyilTQIaK0Q.Te eQEKhQmeQICoeQlaMC iyeI3QuCDQKaa(
0i0T.QE eK.eQ- CmaeoQilQ.Te,QK eQ0e..ih0Qeh. K--eyQKhyQih.e el.ih0a,Q.Te,QK eQaK 0eQ;
MhaipeQoiE ChQihEaMIiChI3

teCiyK.iChQ- CyME.QseQTKLeQ.KapeyQM-QyeCiyK.iChQsTiETQK eQ eaK.iLea,QIoKaaQi
mM.QsTK.QK eQ.TeQ eCiyK.iChQ- CyME.IQsTehQyCelQi.QIC 0QseQTKLeQoKyeQKQLe ,Q
MIih0Q,CMQphCsQIK,QMhye Q.TeQ elihih0QhCsQ.TeQl.eeaQilQi.QiIQeBfCIeyQ.CQKi QK
Cl0ehQKhyQhi. C0eh3QuCDQseQTKLeQm CMO0T.QKQ eCiyK.iChQseQTKLeQm CM0T.Q
hi. COK.iChQihQI.eea3QuCDQ.TeQl.eeaQIM IKEeQTKIQ.CQmeQKasK,IQECLe eyQi.QITC!
.CQ.TeQKi Qi.QITCMayQheLe QmeQesCIeyQ.CQKi Qi.QMI.Q.CQmeQECLe eyQsi. TQIaK0Q
ECo0ih0Ql CoQ,CMQphCsQCheQLelIleaQ.CQKhC.Te QaipeQK.Q.TeQ.ioeQCIQEKI.ih0Qi.Qil(
.TeQaKyaeQ.CQ.TeQ.MhyilTQC Q.KhyilTQ.CQoCMayQyM ih0Q.TeQ. KhIle Ql CoQCheQLe
.TeleQTKIQ.CQmeQECLe eyQsi. TQICo0eQ el KE.ih0QhChelI3

uCDQ.TK.Qi.QyCeIQhC.Q0e.QefCIeyQ.CQKi QmeEKMIeQilQi.Q0e.IQelCIey Q.CQKi C
- CyME.IQsiaaQIC 0Q ehi. C0eh Q- CyME.IQsiaaQIC 0QsTiETQK eQ-K .iIEMaK a,Q eCiyK
- CyME.IQaipeQhCQCkg,eIQ,CMQTKLeQKaMoihiMo0QihQI.eeaQseQoK,QTKLeQ.i.KhiMoQ
TKLeQCIQECM IeDQTKLeQi ChQihQl.eeaQseQTKLeQIliaiEChQihQI.eea3QuCDQ eCiyK.iC



meQKaMoihKQEKhQmeQliaiEChQCiyeQEKhQmeQICoe.Tih0Qeleh.Qi ChQCiyeQEKhQmeQ
,CMQTKLeQ.i.KhiMoQKhyQI.eeaQ.TiIQsiaaQE eK.eIQaC.QCIQ- Cmaeol3

hyQ-aeKIeQ. ,Q.CQ eceome Q.TeleQ eCiyK.iChQ- CyME.IQaipeQKaMoihKQ.i.KhiMoQCiyeQ
K eQLe ,QTi0TQoea.ih0Q-Cih.3QuCDQK.QIl.eeaoKpih0Q.eo-e K.M eQIC0eQCIQ.TeoQK eQIC
.TiIQsiaaQE eK.eQaC.QCIQ- Cmaeol Q.TilQsiaaQE eK.eQhCaeQmaCEpK0eQyM ih0QEKI.i
TKLeQ.CQmeQLe ,QEK elMaQKhyQ.Tei QIieIQK eQMi.eQmi0QseQEKhQIeeQ.TeleQ elC{0el
si.TQCM QhC o0KaQe,elI.TK.QoeKhDQ.Te,QK eQoC eQ. TKhQnccQoiE ChQihQlie3

RTehQ el KE.C,Qe CIiChQ- CyME.IQI CoQ.TeQ el KE.C ,Qaihih0QC Qe CIiChQoi0T.Q.Kpe¢
meEKMIeQ.TeQaiMiyQl.eeaQilQihQoC eQKasK,IQihQoC.iChQ.Te eQK eQEe .Kih QLea(
aiMiy QL.eea3QuCDQilQ.TeQ el KE.C ,QECo0-Cheh.QiIQhC.Q0CCyQehCMO0T Q.Tei QI. el
.e0-e K.M eQlI. eh0.TQiIQhC.Q0CCyQehCMO0TQ.Te eQoi0T.QmeQICoeQe CIiCh3QuCDQ.Ti
0i0T.Q0e.Qeh. K--eyQihQIl.eeaQ el KE.C ,Qe CIiChQsTK.QK eQ.TeleQmKIiEKaa,Q.Te,QK e
0K0heliMoQCiyeQ.Te,QK eQoK,meQICoeQEK miyelQ.Te,QK eQoK,QmeQKaMoihKQ.Tele
.TeleQCiyeIQEChLi.M.eQsTK.QK eQ.TeQ el KE.C iel3

uCDQ.TeleQoi0T.Q0e.Qeh. K--eyQihQI.eea3QuCDQeC0ehCMIQeh. K-0eh.IQEKhQmeQIaK0(
MhyilT Q oCMay Q.Til QEKhQ me Q eCiyK.iCh Q- CyME.IQ ehi. C0ehQ- CYME.IQC Qi.Q
el KE.C,Qe CIiChQ- CyME.I3QuCDQKaaQ.TeleQelC0ehCMIQeh. K-0eh.IQsTehQ.Te,QK eC
K.QKQIieQClQaK 0eQyioehliChIQ.Te,QK eQTK 0IMaQTK 0lMaQl CoQ.TeQ-Cih.QCIQLiesC
ClQl.eeaQsT,Q.Te,Qoi0T.QKIlleE.Q.TeQ- C-e .,QKalCQ.Te,Qoi0T.QE eK.eQMhleeoa,QIM IKI
phCsQIM IKEeQE KEpIQC QIM IKEeQyeleE.IQChQ.TeQIM IQChQ.TeQl.eeaQECo-Cheh.3(
eKaa,QmKy3



Stele QuaiyeQRioef Qcfi

» NMI's basically encompass

* Sulphides : Sulphur content of steel
- known from analysis

* Oxides:  Oxygen content at final stage
- normally not measured

* Total Oxygen : dissolved ( low ) + as oxide

+ Total Oxygen content after refining is normally
- taken as measure of Oxide Cleanliness

gCsDQae.QMIQ.KapQKmCM.Q.TeleQhQoQ1QhQoQilQhChQoe.KaaiE QihEaMIiChIQ1Q]
IMa-TiyeIQC QCiyeI QC QsTK.eLe QClIMa-TiyeIQhCsQ.TeQIMa-TM QECh.eh. QCIQI.
hC oKaa, QphCshQl CoQ.TeQKhKa,IilQ.TK.Qo0eKhID QsTehQ,CM QK eQKhKa,ih0Q.TeQ]
phCsQsTe.Te Q. TeQIMa-TM QECh.eh.QilQcntnccQC QhC.QseQphCsQEe .KihQK--aiEK.iC]
sTiIETQIMa-TM QTKIQ.CQmeQaellIQ.TKhQIK,QcnQC QccQC QeLehQccBQuCDQseQphCs(
iIQoC eQ.TeQIMa-TiyeQihEaMIiChIQKalCQsiaaQmeQoC e3QuCDQI CoQ.TeQIMa-TiyeQ-Ci
0C.QKQseQTKLeQIC0eQiyeKQCIQTCsQoMETQCIQIMa-TiyeQsiaaQIMa-TiyeQsiaaQ e- el
1 CoQ.TeQKhKa,lilQCIQI.eeaQIMa-TiyeQKhKa,liIQI.eeaQilQseQphCsQ.TeQIMa-TM QilQa
seQphCsQ.TeQIMa-TiyeQsiaaQmeQMi.eQECh. CaaeyQihQI.eea3

NM.QsTK.QiIQTK--ehih0Qsi.TQCiyeIQCl0ehQECh.eh.QihQl.eeaQK.Q.TeQlihKaQI.K0eQ.TK
sTeheLe QyCQKaaQ.TeQ elihih0 Qse QK e Q EKLih0 QK. Q.TK. QI.K0e Q hC o0Kaa, Q Cl0eh
0eKIM eyQCl0ehQihQlL.eeaQilQhC.Qo0eKIM ey QaipeQIMa-TM Q-TCI-TC CMIQhi. C0ehQ.
0eKIM eyQihQIl.eeaQEK mChQ.TeleQK eQoeKIM eyQihQl.eeaQKIQ-K .QClQ.TeQl.eeaQE
Cl0ehQiIQhC.QoeKIM eyQihQl.eea3

uCDQhCsDQTCsQyCQ,CMQphCsQTCsQoMETQCIQCIiyeQiIQ- eleh.QihQl.eeaQseQEKhQp
seQoeKIM eQ.C.KaQC[0ehQihQI.eeaQseQphCsQ.TK.QC[0ehQihQ- eleh.Qei.Te QihQ.TeQyill
LK.eQC QKIQCiyeIQ1QTKLeQoeh.iCheyQ.TK.QilQyilICaLeyQCl0ehQilQMi.eQTi0TQsTeh
MI.QlihiITeyQ.TeQIl.eeaQl CoQoea.eyQ.TeQl.eeaQihQmeaeE.iQ,CMQphCsQNQC QeQeael
IM hKEeQ.Te,QK eQ.TeQyilICaLeQC0ehQilQKIQTi0 TQKIQkcQ--0DQltcQ--0DQdccQ--0DC



yC QyeCiyK.iChQKh,Q0CCyQI.eeaQTKIQ.C QmeQyeCiyieylQ.TK.QoeKhID Q.TeQyilICaLe!
ECo0elQ.CQaellQ.TKhQQ--0QihQ.TeQ- CEelIQsTK.QiIQTK--ehih0QilQyilICaLeQC[0ehQilC
yCsh3QNM. Q Ciye Qil Q0e..ih0 Q0ehe K.ey QMhaell Qse QyeyMEe Q.Te Q Ciye QECh.eh.Qih Q1
KaaCsih0Q.Te0oQ.CQlaCK.QM-QKhyQ0e.QKQyilICaLeyQihQ.TeQIaK0Q.Te eQsiaaQmeQI(
L.eeaQ.Te eQsiaaQKasK,IQmeQICoeQCiyeQihQI.eeaQCM QKioQsiaaQmeQ.CQECh. CaQ.T
Ciyel Qsi.TihQaio0i.I3QuCDQ.TeQ.C.KaQCl0ehQilQmKIiEKaa, Q Cl0eh Q- eleh.Qih QyilICaL
-aMIQC[0ehQ- eleh.QihQ.TeQCiyel3

gCsDQilQ.TeQyillCaLeQC[0ehQilQLe ,QaCsQ.TehQseQilQ,CMQphCsQ.TeQ.C.KaQCj0ehQ
Cl0ehQilQiQ--0QKhyQseQphCsQ.TeQyillICaLeQC[0ehQKl.e Q0CCyQpiaaih0QilQaelIQ.TKh(
yillCaLeQCJ0ehQihEiyeh.Kaa,QiIQ-CIlimaeQ.C QoeKIM eQihQl.eeaQK.Q.TeQ.ioeQCIQI.ee
uCDQi.QTKIQmeehQICMhyQ.TK.QsTeheLe QseQK eQyCih0Q0CCyQpiaaih0QyilICaLeQC
TKhQQ--03QuCDQhCsDQilQ,CMQsKh.Q.CQoeKIM eQ.TeQ.C.KaQC[0ehD QseQphCsQ
yilICaLe QCj0ehQilQaelI Q. TKhQQ--0 QKhyQ.TeQ.C.KaQCi0ehQilQitQ--03QuCDQ.Te(
ihEaMIiChQsiaaQmeQK CMhyQC Q K.Te QC[0ehQKIQCiyeQsiaaQmeQK CMhyQQ--03

uCDQseQ0e.QKhQiyeK QClQCiye QEaeKhaiheIl QihQI.eeaQl CoQ.C.KaQ Cj0eh QmeEKM
Cl0ehQiIQaCs3QuCDQoCIL.QCIQ.TeQCi0ehQiI Q- eleh. QKIQCiye3QuCDQseQoMI.QoeKIN
Cl0ehQihQIl.eeaQ.CQMhye I. KhyQTCsQEaeKhQiIQ.TeQI.eeaQKIQ1QTKLeQ.CayQ.TeQhQo(
Q.,-eIQCheQilQ.TeQCiyeIQKhC.Te QilQ.TeQIMa-TiyeIQTCsQoMETQCIQIMa-TiyeQilQ- ele
phCsQsTK.QilQ.TeQIMa-TM QECh.eh.QihQI.eeaDQmM.QhC 0Kaa,QseQyCQhC.QoeKIM e!
ihQLeeaDQmM.QIilQ,CMQphCsQsTK.QilQ.TeQ.C.KaQC[0ehQilQI.eeaQQ.TK.QoeKhIDQseQI']
.C.KaQC0ehQihQIL.eeaQiIQKQihQKQ0CCyQMKai.,QI.eeaQseQEKhQKalCQphCsQTCsQoMl
- eleh.QK eQCiyeIQ.TK.QO0iLeIQKhQihyiEK.iChQCIQ.TeQCiyeQEaeKhaiheIIQihQIl.eea3

uCDQ.TiIQ.C.KaQCj0ehQKl.e Q elihih0Q.TK.QoeKhIDQ.TeQlihKaQI.K0eQCIQ elihih0QK.C
EKILih0QilQ,CMQphCsQ.TeQ.C.KaQCj0ehQilQ,CMQoeKIM eQ.C.KaQCi0ehQ.TiIQEKhQ:
0eKIM e Q C1QCiye Q EaeKhaiheII Q. TiIQilQLe ,QLe,Qio-C .Kh. QKhy Qse QoMI.Q eoeome
0eKIM eQ.C.KaQC[0ehQihQI.eea3

gCsDQ.TiIQiIQKhQio-C .Kh.QillIMeQ1QTKLeQ.Cay Q.TK.Q,CM QphCsQhCQI.eeaQilIC
ihEaMIiChI3



Stele QuaiyeQRioefQnfci

Content and Size of NMI

» 1kg of reasonably clean steel contains ~ 10°NMI s
« - 400are of 80-130 um size

* - 10areof 130- 200 um size

¢ - 1lisof 200- 270 pm size

* Volume fraction of small benign NMl's is more
* Few large NMI's are harmful

+ - detection of these few macroinclusions difficult

Therefore, Total Oxygen content after final refining is taken
as measure of Macrocleanliness

gCsDQnQpQOQCIQ eKIChKma,QEaeKhQI.eeaQEKhQ,CMQioK0iheQTCsQoKh,Q,CMQph
siaaQmeQ.Te eQKhyQoeh.iCheyQK.QncQ.CQ.TeQ-Cse QB3QuCDQoKh,QihEaMIiChIQK eQ- «
pQ0QCIQ eKIChKma,QEaeKhQI.eeaQyehC.eyQyK y,Ql.eeaQ1QKoQ.Kapih0QKmCM.Q1QKa
IL.eeaQ eKIChKma,QEaeKhQIl.eeaQIC .MhK.ea,QCM.QCIQ.TiIQncQ.CQ.TeQ-Cse QQihEaMI;
K eQClQaK 0e QIieQoKLC i.,QQ-e Eeh.QCM.QCIQoC eQ.TKhQhihe.,QQK eQLe ,QLe ,Qo0ihC C
C QIoKaaQIlieIQK CMhyQricQCM.QCIQ.TeleQncQ.CQ.TeQ-Cse QQihEaMIiChIQK eQitQ.C(
Cha,QncQK eQnicQ.CQkcQoK,QmeQCheQCha,QilIQKmCM.QitcQ.CQidc3

uCDQ.TeQLCaMoeQl KE.iChQClQIoKaaQmehi0hQseQEKaaQi.Qmehi0hQhChQoe.KaaiE Qi
ihEaMIiChQoeKhIQmehi0hQ.Te,QTKyQaellIQyeae.e iCMIQelleE.iLeQI.eeal3QuCDQ.TeleQ
uCDQ.TeQLCaMoeQl KE.iChQ.TeQhMome IQCIQ.TeleQmehiOhQihEaMIiChIQK eQoC eQih
K eQIC .MhK.eQehCMO0TQ.TK.QsK,DQmM.QlesQaK 0eQhChQoe.KaaiEQihEaMIiChIQ.Te,Q!]
TKLeQ.CQmeQEK eIMaQKmCM.Q.TeQaK 0eQihEaMIiChIQihQI.eea3

gCsDQ.TeQye.eE.iChQCIQ.TeleQaK 0eQihEaMIiChIQK eQyilliIEMa.QmeEKMIeQ,CMQphCs(
LCaMoeQl KE.iChDQmM.Q,CMQphCsQoMETQaCsQoK,QmeQc3cnQC QoK,QmeQc3ccnQ-e
Le ,QyilliEMa.Q.CQlihyQ.TilQihEaMIiChIQihQIl.eeaQ1QsiaaQECo0eQ.CQ.TeQ.TiIQKI-eE.Qa
lihyQihEaMIiChQihQI.eeaDQmM.Q.TeQye.eE.iChQCIQ.TeQoKE CQihEaMIiChIQK eQyilliE
TKIQmeehQICMhyQ.TK.QilQ.TeQ.C.KaQCj0ehQECh.eh.QKl.e Qyelihih0QiIQaell3

RTK.QoeKhID QCiyeQihEaMIiChIQihQOehe KaQC QaellQ.TehQKalICQ.TiIQoKE CQihEal
aelIQ.TiIQilIMeQsiaaQmeQ.KpehQM-QihQO0 eK.e Qye.KiaQaK.e QChDQmM.Q1QKoQ. ,ih



ilIMeQ.TK.Q.C.KaQC[0ehQilQ,CMQoeKIM eQihQl.eeaQK.QKQIlihKaQI.K0eQClQI.eeaoKpih
MI.QK.Q.TeQ.ioeQCIQEKI.ih0Q.TehQseQphCsQ.TK.QilQ.TeQ.C.KaQC[0ehQiIQaelIQ.TKhQ
C QctQ--0Q.TehQCl0ehQTKIQCIiyel QilQaellQ.TK.QoeKhIDQCiyeQihEaMIiChIQK eQaelI3!
LeeaQilQ eaK.iLea,QEaeKhQsi.TQ el-eE.Q.CQCiyeQihEaMIiChQilQ.TeQIMa-TiyeQilQaelIQ
eaK.iLea,QEaeKhQsi.TQIMa-TiyeQihEaMIiChI3QuCDQ.TeleQK eQ eaK.iLea,QEaeKhQI.eea:

uCDQ1QTKLeQ.KapeyQKmCM.QsTK.QK eQ.TeQyille eh.Q.,-eIQCIQihEaMIiChIQ.KapeyQ
0ihC QihEaMIiChIQsTiETQK eQIC oeyQyM ih0Q.TeQoe.KaaM 0iEKaQ- CEellelQsTK.QK e(
ihEaMIiChIQC QeC0ehCMIQeh. K-0eh.IQsTiETQK eQECo0ih0QIl CoQei.Te QIaK0Q1QTKL
I.eeaoKpih0 Q1.K.e Q.TK. Q0e..ih0 Qeh. K--eyQC QI CoQ el KE.C,Qe CIiChQ- CyYME.IQC
CiyK.iCh3

uCDQseQTKLeQ.CQmeQEK eilMaQKmCM. Q.TeQeC0ehCMIQ eh. K-0eh.IQihQl.eeaQm
eC0ehCMIQeh. K-0eh.IQCha,QaeKyQ.CQaK 0eQhQoQilQsTiETQK eQ eKaa,QTK olMaQ
KO0KihQ1QKoQ e-eK.ih0Q.TeQoihC QihEaMIiChIQsTiETQoK,QmeQ- eleh.QihQl.eeaQihQakK
.Te,QK eQmehi0hQ.Te,QK eQaellQTK 0lMaQ.Te,QK eQCIQhCQEChIeMehEeQ.CQ.TeQl.ee
ClQ.TeQIM IKEeQMKai.,QClQI.eeaDQmM.Q.TeleQaK 0eQihEaMIiChIQK eQ eKaa,QsTK.QK

RTKhpQ,CMQLe ,QoMET3



