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.06-VHOOXOR]DQLQJ� NHQJ� WDUTDOJDQ� RGGL\�
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.06� ROLVKGD� WXUOL� VHOOXOR]D� WXWXYFKL� [R�
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SD[WD�VHOOXOR]DVL�>��@��PDNNDMR൏[RUL�ERVKRTODUL�>��@��
EDQDQ� SR൏VWORJ൏L� >��@�� DSHOVLQ� TRELJ൏L� >��@�� VKDNDU�
TDPLVK� SR\DVL� >��@�� SDOPD� PHYDVL� >��@�� NDNDR�
SR൏VWORJ൏L� >��@�� PDNNDMR൏[RUL� TRELJ൏L� >��@�� PDNND�
MR൏[RUL�SR\DODUL�>��@��$VSDUDJXV�RIILFLQDOLV�SR\DODUL�
>��@��(XFDO\SWXV�JOREXOXV�>��@�� WULNRWDM�FKLTLQGLODUL�
>��@� DVRVLGD� WXUOL� VLIDW� NR൏UVDWNLFKODUJD� HJD� ER൏OJDQ�
.06�QDPXQDODUL�ROLQJDQ� 

.06� QDPXQDODULQL� ROLVK� MDUD\RQL� LNNL� ERV�
TLFKOL� NLP\RYL\� UHDNVL\D� RUTDOL� DPDOJD� RVKLULOGL��
%LULQFKL� ERVTLFKGD� VHOOXOR]D� QDPXQDODUL� QDWUL\�
JLGURNVLG�HULWPDVL�ELODQ�LVKORY�EHULOGL��,NNLQFKL�ERV�
TLFKGD�� KRVLO� ER൏OJDQ� LVKTRUL\� VHOOXOR]D� DONLOORYFKL�
DJHQW�LVKWLURNLGD�NDUERNVLPHWLOODVK�UHDNVL\DVL�DPDO�
JD�RVKLULOGL�>��@� 

КИНЕТИКА РЕАКЦИИ КАРБОКСИМЕТИЛИРОВАНИЯ ОБРАЗЦОВ  
ЦЕЛЛЮЛОЗЫ РАЗЛИЧНОЙ СТЕПЕНИ КРИСТАЛЛИЧНОСТИ 
 
ɂɥɶɯɨɦ�ȽɈɃɂȻɇȺɁȺɊɈȼ��LJR\LEQD]DURY#EN�UX���ɒɟɪɡɨɞ�ɃɍɅȾɈɒɈȼ��VKHU]RGEHNB\#PDLO�UX��� 
Ⱥɛɞɭɲɭɤɭɪ�ɋȺɊɕɆɋȺɄɈȼ��VDULPVDNRY����#PDLO�UX�� 
ɂɧɫɬɢɬɭɬ�ɯɢɦɢɢ�ɢ�ɮɢɡɢɤɢ�ɩɨɥɢɦɟɪɨɜ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ɐɟɥɶɸ� ɪɚɛɨɬɵ� ɹɜɥɹɟɬɫɹ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɤɢɧɟɬɢɤɢ� ɪɟɚɤɰɢɢ� ɤɚɪɛɨɤɫɢɦɟɬɢɥɢɪɨɜɚɧɢɹ� ɨɛɪɚɡɰɨɜ� ɯɥɨɩɤɨɜɨɣ� ɰɟɥɥɸɥɨɡɵ�
�ɏɐ���ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ�ɰɟɥɥɸɥɨɡɵ��ɆɄɐ��ɢ�ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɣ�ɰɟɥɥɸɥɨɡɵ��ɉɐ��ɫ�ɫɭɳɟɫɬɜɟɧɧɨ�ɨɬɥɢɱɚɸɳɢɦɢɫɹ�ɡɧɚɱɟɧɢ�
ɹɦɢ�ɫɬɟɩɟɧɢ�ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ�ɬɜɟɪɞɨɮɚɡɧɵɦ�ɢ�ɫɭɫɩɟɧɡɢɨɧɧɵɦ�ɦɟɬɨɞɚɦɢ�ɩɪɢ�ɨɞɢɧɚɤɨɜɵɯ�ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ��ɂɫɫɥɟ�
ɞɨɜɚɧɚ�ɡɚɜɢɫɢɦɨɫɬɶ�ɫɬɟɩɟɧɢ�ɡɚɦɟɳɟɧɢɹ�ɩɨɥɭɱɟɧɧɵɯ�ɨɛɪɚɡɰɨɜ�ɤɚɪɛɨɤɫɢɦɟɬɢɥɰɟɥɥɸɥɨɡɵ��ɄɆɐ��ɨɬ�ɫɤɨɪɨɫɬɢ�ɪɟɚɤɰɢɢ�ɤɚɪɛɨɤ�
ɫɢɦɟɬɢɥɢɪɨɜɚɧɢɹ�� ɤɨɧɫɬɚɧɬɵ� ɫɤɨɪɨɫɬɢ�� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɪɟɚɤɰɢɢ�� ɇɚ� ɨɫɧɨɜɟ� ɭɪɚɜɧɟɧɢɹ� Ⱥɪɪɟɧɢɭɫɚ� ɢɡɭɱɟɧɵ� ɬɟɩɥɨɜɨɣ�
ɷɮɮɟɤɬ� ɪɟɚɤɰɢɢ� ɤɚɪɛɨɤɫɢɦɟɬɢɥɢɪɨɜɚɧɢɹ�� ɷɧɟɪɝɢɹ� ɚɤɬɢɜɚɰɢɢ� ɪɟɚɤɰɢɢ�� ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ� ɜɟɥɢɱɢɧɵ� ɢ� ɪɟɚɤɰɢɨɧɧɚɹ� ɚɤɬɢɜ�
ɧɨɫɬɶ�ɪɟɚɝɟɧɬɨɜ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɤɚɪɛɨɤɫɢɦɟɬɢɥɰɟɥɥɸɥɨɡɚ��ɯɥɨɩɤɨɜɚɹ�ɰɟɥɥɸɥɨɡɚ��ɩɨɪɨɲɤɨɜɚɹ�ɰɟɥɥɸɥɨɡɚ��ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ�ɰɟɥɥɸɥɨɡɚ��ɫɤɨɪɨɫɬɶ�ɪɟɚɤɰɢɢ��ɷɧɟɪɝɢɹ�ɚɤɬɢɜɚ�
ɰɢɢ��ɬɟɩɥɨɜɨɣ�ɷɮɮɟɤɬ��ɤɢɧɟɬɢɤɚ� 

KINETICS OF CARBOXYMETHYLATION REACTION OF CELLULOSE  
SAMPLES WITH DIFFERENT DEGREE OF CRYSTALLINITY  
 
,ONKRP�*2<,%1$=$529��LJR\LEQD]DURY#EN�UX���6KHU]RG�<8/'26+29��VKHU]RGEHNB\#PDLO�UX��� 
$EGXVKXNKXU�6$5,062.29��VDULPVDNRY����#PDLO�UX� 
,QVWLWXWH�RI�3RO\PHU�&KHPLVWU\�DQG�3K\VLFV��7DVKNHQW��8]EHNLVWDQ 

 
7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH�NLQHWLFV�RI�WKH�FDUER[\PHWK\ODWLRQ�UHDFWLRQ�RI�VDPSOHV�RI�FRWWRQ�FHOOXORVH��&&���PLFUR�

FU\VWDOOLQH�FHOOXORVH� �0&&���DQG�SRZGHUHG�FHOOXORVH� �3&��ZLWK�VLJQLILFDQWO\�GLIIHUHQW�YDOXHV�RI� WKH�GHJUHH�RI�FU\VWDOOLQLW\�E\�VROLG-
SKDVH� DQG� VXVSHQVLRQ�PHWKRGV� XQGHU� WKH� VDPH� DGLDEDWLF� FRQGLWLRQV��7KH� GHSHQGHQFH� RI� WKH� GHJUHH� RI� VXEVWLWXWLRQ� RI� WKH� REWDLQHG�
VDPSOHV�RI�FDUER[\PHWK\O�FHOOXORVH��&0&��RQ�WKH�UDWH�RI�WKH�FDUER[\PHWK\ODWLRQ�UHDFWLRQ��WKH�UDWH�FRQVWDQW��DQG�WKH�GXUDWLRQ�RI�WKH�
UHDFWLRQ�ZDV�VWXGLHG��%DVHG�RQ�WKH�$UUKHQLXV�HTXDWLRQ��WKH�WKHUPDO�HIIHFW�RI�WKH�FDUER[\PHWK\ODWLRQ�UHDFWLRQ��WKH�DFWLYDWLRQ�HQHUJ\�RI�
WKH�UHDFWLRQ��H[SRQHQWLDO�YDOXHV��DQG�WKH�UHDFWLYLW\�RI�WKH�UHDJHQWV�ZHUH�VWXGLHG� 

 
.H\ZRUGV��FDUER[\PHWK\OFHOOXORVH��FRWWRQ�FHOOXORVH��SRZGHUHG�FHOOXORVH��PLFURFU\VWDOOLQH�FHOOXORVH��U HDFWLRQ�UDWH��DFWLYDWLRQ�HQHUJ\��WKHUPDO�HIIHFW��NLQHWLFV� 

TURLI KRISTАLLАNISH DАRАJАLI SELLULOZА NАMUNАLАRINI 
KАRBOKSIMETILLАSH REАKSIYASI KINETIKАSI 
 
,O[RP�*৞2<,%1$=$529��LJR\LEQD]DURY#EN�UX���6KHU]RG�<2৞/'26+29��VKHU]RGEHNB\#PDLO�UX��� 
$EGXVKXNXU�6$5,062429��VDULPVDNRY����#PDLO�UX�� 
3ROLPHUODU�NLP\RVL�YD�IL]LNDVL�LQVWLWXWL��7RVKNHQW��2৞]EHNLVWRQ� 
 

8VKEX� LVKQLQJ�PDTVDGL� ELU� [LO�DGLDEDWLN� VKDURLWGD�TDWWLT� ID]D� YD� VXVSHQ]L\D�XVXOODUL� ELODQ� NULVWDOOLN�GDUDMDVLQLQJ� VH]LODUOL�
GDUDMDGD� IDUT�TLODGLJDQ�TL\PDWODUL�ER
OJDQ�SD[WD� WVHOO\XOR]DVL� �37V���PLNURNULVWDOLN� WVHOO\XOR]D� �0.7V�� � YD�NXNXQVLPRQ� WVHOO\XOR]D�
�.7V��QDPXQDODULQLQJ�NDUERNVLPHWLODWVL\D�UHDNWVL\DVLQLQJ�NLQHWLNDVLQL�R
UJDQLVKGDQ�LERUDW��2OLQJDQ�NDUERNVLPHWLOWVHOO\XOR]D��.07V��
QDPXQDODULQL� DOPDVKWLULVK� GDUDMDVLQLQJ� NDUERNVLPHWLOODQLVK� UHDNWVL\DVL� WH]OLJLJD�� WH]OLN� NRQVWDQWDVLJD� YD� UHDNVL\D� GDYRPL\OLJLJD�
ERJ
OLTOLJL� R
UJDQLOGL��$UUHQLXV� WHQJODPDVL� DVRVLGD� NDUERNVLPHWLOODQLVK� UHDNVL\DVLQLQJ� LVVLTOLN� HIIHNWL�� UHDNVL\DQLQJ� IDROODQLVK� HQHU�
JL\DVL��HNVSRQHQVLDO�TL\PDWODUL�YD�UHDJHQWODUQLQJ�UHDNWVLRQ�IDROOLJL�RµUJDQLOGL�� 

 
ɄɚOLW� VR൏]ODU�� NDUERNVLPHWLOVHOOXOR]D�� SD[WD� VHOOXOR]DVL�� PLNURNU LVWDOOLN� VHOOXOR]D�� NXNXQVLPRQ� VHOOXOR]D�� U HDNVL\D� WH]OLJL�� IDROODQLVK� HQHUJL\DVL�� LVVLTOLN� HIIHNWL��
NLQHWLND� 
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�
���� .�, �0�<�2  
YD �NLP\R � W H[QR ORJ L\DV L  

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

�� 

CATALYSIS AND REACTION ENGINEERING 
ТЕХНОЛОГИЯ КАТАЛИЗА И РЕАКЦИЙ 
KATALIZ VA REAKSIYA TEXNOLOGIYASI 

8VKEX� UHDNVL\D� ELODQ� ELU� TDWRUGD�
DONLOORYFKL� DJHQWQLQJ� JLGUROL]L� KLVRELJD�

TX\LGDJL� TR൏VKLPFKD� UHDNVL\DODU� KDP� VRGLU�
ER൏ODGL�>��@� 

  OHCH2COONa  + NaCl ClCH2COONa + NaOH 

   OHCH2COONa + H2O 
2-etankislotaning natriyli tuzi 

OHCH2COOH + NaOH

OHCH2COOH + NaCl
etanol-2 kislota 

        

ClCH2COONa + H2O

8VKEX� TR൏VKLPFKD� UHDNVL\DODU� KLVRELJD�
R[LUJL�PDKVXORW� WDUNLELGD� ����� JDFKD� TR൏VKLPFKD�
QRRUJDQLN� WX]ODU� KRVLO� ER൏ODGL�� 5HDNVL\D� VKDURLWL��
VLQWH]�TLOLVK�XVXOL��[RPDVK\R� WXUL�� LVKODE�FKLTDULVK�
WH[QRORJL\DVLQL� WDQODVK� RUTDOL� DVRVL\� UHDNVL\DQLQJ�
VDPDUDGRUOLJLQL� RVKLULVKJD� HULVKLODGL��
.DUERNVLPHWLOODVK� UHDNVL\DVL� XQXPL�� UHDNVL\D�
WH]OLJL��PDKVXORWQLQJ� VLIDW� NR൏UVDWNLFKODUL� VHOOXOR]D�
WXWXYFKL� GDVWODENL� [RPDVK\R� XVWPROHNXO\DU�
WX]LOLVKL�YD�ERVKTD�NR൏UVDWNLFKODULJD�ERJ൏OLT�ER൏ODGL��
8VKEX� WDGTLTRWGD� ELU� [LO� VKDURLWGD� WXUOL�
XVWPROHNXO\DU� WX]LOLVKJD� HJD� ER൏OJDQ� 36�� .6� YD�
0.6� QDPXQDODULQL� TDWWLT� ID]DOL� YD� VXVSHQ]LRQ�
XVXOODUGD� NDUERNVLPHWLOODVK� UHDNVL\DVL� NLQHWLNDVL�
ELU-ELULJD�WDTTRVODQJDQ�KROGD�WDGTLT�TLOLQGL� 

 
7DGTLTRW�XVXOODUL� 
7DMULEDQL� R൏WND]LVK� XFKXQ� ]DUXU� ER൏OJDQ�

NLP\RYL\�PRGGD�YD�UHDNWLYODU� 
-�SD[WD�VHOO\XOR]DVLGDQ�*267������ 
-�QDWUL\�JLGURNVLG��*267�����-����NYDOLILND

-WVL\DVL�³D�X�W´� 
-�PRQR[ORUVLUND�NLVORWD��0;6.��³LPS´� 
-� WH[QLN� HWLO� VSLUW� �*267� ������� NYDOLILND-

WVL\DVL�³N�W�´� 
-�GLVWLOODQJDQ�VXY��*267������� 
�� J� VHOO\XOR]DJD� ��� PO� ��� �� OL� HWLO� VSLUW�

HULWPDVL� ELODQ� ��� PLQXW� YDTW� GDYRPLGD� LVKORY�
EHULODGL�� 2OLQJDQ� PDVVD� ��� PO� ��� �� OL� QDWUL\�
JLGURNVLG� HULWPDVL� ELODQ� DUDODVKWLULODGL�� 6HO�
O\XOR]DQL� LVKTRU� ELODQ� LVKORY� EHULVK� MDUD\RQL� ���
R&� [DURUDWGD� ��� PLQXQWJDFKD� GDYRP� HWWLULODGL��
6R൏QJUD� ROLQJDQ� UHDNVLRQ� DUDODVKPD� ELODQ� PRQ�
R[ORUVLUND�NLVORWD� HULWPDVL�RC]DUR���� R&�[DURUDW�
GD� �� VDRW� GDYRPLGD� DUDODVKWLULODGL�� 2OLQJDQ�
PDKVXORW� ILOWUODQDGL� YD� ��-��� R&� [DURUDWGD�
GRLPL\�PDVVDJD�NHOJXQFKD�TXULWLODGL�>��@� 

.06� QDPXQDODULQLQJ� Ⱥ'� TL\PDWL� >��@� 7V�
��������-��������ER¶\LFKD�[LVREODE�WRSLODGL� 

.DUERNVLPHWLOODVK� UHDNVL\DVL� NLQHWLNDVLQL�
DQLTODVK�� .DUERNVLPHWLOODVK� UHDNVL\DVLQLQJ� WH]OLN�
NRQVWDQWDVL�Ⱥ'�ERJ൏OLT�[RODWGD�DQLTODQDGL� 

������������������������������ 
������������������������� ��� 

 
 

%X� \HUGD�� Ȗ� –� DOPDVKLQLVK� GDUDMDVL�� ȖPDN� –� DO�
PDVKLQLVK�GDUDVLQLQJ�XPXPL\�PLTGRUL�� 

.DUERNVLPHWLOODVK� UHDNVL\DVLQLQJ� WH]OLJL�
ȺUUHQLXV�WHQJODPDVL�ELODQ�[LVREODQDGL�>��@� 

������������������������������� ��� 
 

%X�\HUGD��Ⱥ�–�UHDNVL\D�NRPSRQHQWODULQLQJ�WDQODQJDQ�
PRO\DU�QLVEDWL��ȿ�–�DNWLYODQLVK�HQHUJL\DVL��-�PRO��5�
–�XQLYHUVDO�JD]�GRLPL\VL��-�PROā.��Ɍ�–�[DURUDW��.� 

.DUERNVLPHWLOODVK� UHDNVL\DVLGD� TDWQDVKJDQ�
36��0.6��.6�QDPXQDODULQLQJ�DNWLYODQLVK�HQHUJL\D�
ODULQL�TX\LGDJL�IRUPXOD�DVRVLGD�KLVREODE�WRSLODGL� 

 
ȿ� �WJĮā5��������������������������������������� 

 
.DUERNVLPHWLOODVK� UHDNVL\DVLQLQJ� HNVSRQHQVL�

DO�TL\PDWODUL�TX\LGDJL�IRUPXOD�DVRVLGD�KLVREODE�WRSL�
ODGL� 

$� �H[S��OQ$������������������������������������ 
 
(NVSRQHQVLDO� TL\PDWODU� DVRVLGD� UHDNVL\DQLQJ�

LVVLTOLN� HIIHNWL� TL\PDWODUL� TX\LGDJL� IRUPXOD� DVRVLGD�
KLVREODE�WRSLODGL�� 

 
4� �FPGĲ����������������������������������� 

 
6HOOXOR]DQL�NDUERNVLPHWLOODVK�UHDNWVL\DVL�61��

YD�61��UHDNVL\D�PH[DQL]PLQLQJ�RUDOLT�[RODWLQL�HJDO�
OD\GL�� %XQOD\� NDUERNVLPHWLOODVK� UHDNWVL\DVLQLQJ�
NLP\RYL\�NLQHWLNDVL�TX\LGDJL�IRUPXOD�RUTDOL�LIRGDOD�
QLODGL�>��@� 

�������� ��� 
 
 

%X�\HUGD��N-�UHDNVL\DQLQJ�GLIIHUHQVLDO�RUTDOL�ROLQJDQ�
WH]OLN� NRQVWDQWDVL�� ��F��$'�–�.06� QDPXQDODULQLQJ�
DOPDVKLQLVK� GDUDMDVL� �PDVVD� XOXVKGD���$'PD[�–� HQJ�
\XTRUL�DOPDVKLQLVK�GDUDMDVL�TL\PDWL�� 

 
1DWLMDODU�YD�PXKRNDPD 
2OGLQJL� WDGTLTRWODULPL]GD� WXUOL� VHOO\XOR]D�

VDTORYFKL� [RPDVK\RODUGDQ� TDWWLT� ID]DOL� YD� VXVSHQ�
]LRQ�XVXOODUGD�VXYGD�WR൏OLT�HUXYFKDQ��\XTRUL�YD�TX\L�
Ⱥ'OL�.06�QDPXQDODUL�VLQWH]�TLOLVKQLQJ�RSWLPDO�VKD�
URLWODUL�DQLTODQJDQ>��@��%XQGD�36��.6��YD�0.6�DVR�
VLGD� Ⱥ'� TL\PDWL� ����-����� ER൏OJDQ� VXYGD� WR൏OLT� HU�
XYFKDQ�TX\L�Ⱥ'OL�.06�QDPXQDODUL�ROLVKJD�HULVKLO�
JDQ� >��@�� 2OLE� ERULOJDQ� WDGTLTRWODU� VKXQL�
NR൏UVDWDGLNL�� ELU� [LO� VKDURLWGD� WXUOL� VHOOXOR]D� QDPX�
QDODULQL� NDUERNVLPHWLOODVK� MDUD\RQLGD� KDU� [LO� VLIDW�
NR൏UVDWNLFKODUJD� HJD� ER൏OJDQ�.06� QDPXQDODUL� KRVLO�
ER൏ODGL�� 8VKEX� WDGTLTRW� LVKLGD�� DGLDEDWLN� VKDURLWGD��
XVWPROHNXO\DU� WX]LOLVKL� YD� NULVWDOODQLVK� GDUDMDVL� ML�
KDWGDQ� ELU� ELULGDQ� NHVNLQ� IDUT� TLOXYFKL� 36�� .6� YD�
0.6�QDPXQDODULQL�NDUERNVLPHWLOODVK�UHDNVLRQ�IDRO�

��� 

�� 
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OLNODULQL� EDKRODVK� ER൏\LFKD� ROLQJDQ� QDWLMDODU�
R൏UJDQLOGL��%XQGD��VXVSHQ]LRQ�XVXO�YD�TDWWLT�ID]DGD�
36�� .6� YD� 0.6� QDPXQDODULQL� NDUERNVLPHWLOODVK�
UHDNVL\DVL�NLQHWLNDVL��UHDNVL\D�WH]OLJL��[DURUDW��YDTW��
UHDNVL\DQLQJ�WH]OLN�NRQVWDQWDVL��IDROODQLVK�HQHUJL\D�
VL�� MDUD\RQQLQJ� LVVLTOLN� VDPDUDGRUOLJL� YD� ERVKTD�
NR൏UVDWNLFKODUQLQJ� R൏]DUR� ERJ൏OLTOLJL� WDTTRVODE�
WDGTLT�HWLOGL� 

.DUERNVLPHWLOODVK� UHDNVL\DVL� PD[VXV� G\XDU�
GDQ� LERUDW� ER൏OJDQ� TXULOPDGD�� DGLDEDWLN� VKDURLWGD�
ROLE�ERULOGL�YD�UHDNVL\D�VDPDUDGRUOLJL�YDTW�ER൏\LFKD�
KDURUDW�KDPGD�PD[VXORWQLQJ�Ⱥ'�TL\PDWL�R൏]JDULVKL�
RUTDOL�DQLTODQGL���-UDVP��� 

4DWWLT� ID]DGD� ���� .� KDURUDWGD� 36� .6� YD�
0.6� QDPXQDODULQL� NDUERNVLPHWLOODVK� UHDNVL\DVL�
XFKXQ� VDUIODQJDQ�YDTW�PRV� UDYLVKGD���������������
PLQXWQL� WDVKNLO� TLOGL�� 6XVSHQ]LRQ� XVXOGD� RUJDQLN�
HULWXYFKL�PXKLWLGD�����.�KDURUDWGD�36��.6�YD�0.6�
QDPXQDODULQL� NDUERNVLPHWLOODVK� UHDNVL\DVL� XFKXQ�
WHJLVKOLFKD���������������PLQXW�YDTW�VDUIODQGL� 

4DWWLT�ID]DOL�YD�VXVSHQ]LRQ�VKDURLWGD�ROLQJDQ�
.06�Ⱥ'VLQLQJ�NDUERNVLPHWLOODVK� UHDNVL\DVL�YDTWL�
JD�ERJ൏OLTOLJL�R൏UJDQLOGL��$' ���-UDVP�� 

4DWWLT�ID]DGD�NDUERNVLPHWLOODVK�UHDNVL\DVL�36�
XFKXQ�����PLQXW��0.6��.6�XFKXQ�HVD�����PLQXWJD�
\HWJDQLGD� Ⱥ'�PRV� UDYLVKGD� ����� ���� YD� ���� VXYGD�
WR൏OLT�HUXYFKDQ�.06�QDPXQDODUL�VLQWH]�TLOLQGL��6XV�
SHQ]LRQ� XVXOGD� 36�� .6�� 0.6� QDPXQDODULQL� NDU�
ERNVLPHWLOODVK� UHDNVL\DVL� WHJLVKOLFKD� ����� ���� YD�
���� PLQXWGD� Ⱥ'� ����� ����� �� ER൏OJDQ� .06� QDPX�
QDODUL�VLQWH]�TLOLQGL� 

.DUERNVLPHWLOODVK� UHDNVL\DVL� YDTWL� N I�Ĳ��
ELODQ� NDUERNVLPHWLOODVK� UHDNVL\DVL� WH]OLJLQLQJ� �GȖ�
G߬��R൏]DUR�ERJ൏OLTOLJL�R൏UJDQLOGL���-UDVP�� 

4DWWLT� ID]DGD�36�YD�0.6��.6�QDPXQDODULQL�
NDUERNVLPHWLOODVK�UHDNVL\DVLQLQJ�WH]OLN�NRQVWDQWDOD�
UL�PRV�UDYLVKGD�����YD�����PLQXW�YDTW�RUDOLTODULGD�
\XTRUL� TL\PDWODUJD� HJD� ER൏OGL�� 6XVSHQ]LRQ� XVXOGD�
NDUERNVLPHWLOODVK�UHDNVL\DVLQLQJ�WH]OLN�NRQVWDQWDOD�
UL� 36�� 0.6�� .6� XFKXQ� WHJLVKOLFKD� ����� ���� ���
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�-UDVP��Ⱥ-TDWWLT�%-VXVSHQ]LRQ�XVXOGD�ROLQJDQ�.06�DOPDVKLQLVK�GDUDMDVLQLQJ�YDTWJD�ERJCOLTOLJL�� 

�-UDVP��$-TDWWLT�ID]DOL�%-VXVSHQ]LRQ�XVXOODUGD�NDUERNVLPHWLOODVK�UHDNVL\DVL�WH]OLJLQLQJ�GȺȾ�GĲ I�Ĳ��NDUERNVLPHWLOODVK� 
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PLQXWGD� \XTRUL� TL\PDWODUGD� ER൏OJDQ�� %HOJLODQJDQ�
YDTW� RUDOLTODULGD� TDWWLT� ID]DOL� YD� VXVSHQ]LRQ�
XVXOODUGD� NDUERNVLPHWLOODVK� UHDNVL\DODULQLQJ� WH]OLJL�
\XTRUL�TL\PDWODUGD�ER൏OJDQ� 

36��0.6��.6�QDPXQDODULQLQJ�WH]OLN�NRQVWDQ�
WDVL� �.�� ELODQ� NDUERNVLPHWLOODVK� UHDNVL\DVL� [DUR�
UDWLQLQJ�R൏]DUR�ERJ൏OLTOLJL�R൏UJDQLOGL���-UDVP�� 

4DWWLT� ID]DGD� NDUERNVLPHWLOODVK�
UHDNVL\DVLQLQJ�WH]OLN�NRQVWDQWDVL�����.��VXVSHQ]LRQ�
XVXOGD�HVD�36��0.6��.6�QDPXQDODUL�XFKXQ�����.��
����.������.�KDURUDWODUGD�HQJ�\XTRUL�TL\PDWJD�HJD�
ER൏OLVKL�DQLTODQGL� 

36�� .6�� 0.6� NDUERNVLPHWLOODVK� UHDNVL\D�
ODULQLQJ� DNWLYODQLVK� HQHUJL\DODUL� ȿ WJĮā5� IRUPXOD�
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�-�UDVP��Ⱥ-TDWWLT�ID]DOL�%-VXVSHQ]LRQ�XVXOODUGD�NDUERNVLPHWLOODVK�UHDNVL\DVLQLQJ�GLIIHUHQVLDO���7�ELODQ�OQ.�ERJ൏OLTOLJL� 

�-�UDVP��Ⱥ-TDWWLT�ID]DOL�%-VXVSHQ]LRQ�XVXOODUGD�NDUERNVLPHWLOODVK�UHDNVL\DVL�WH]OLN�NRQVWDQWDVLQLQJ�[DURUDWJD�ERJ൏OLTOLJL�N I�Ĳ�� 
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ELODQ� KLVREODVK� XFKXQ� -� OQɄ� YD� ��Ɍ� IRUPX�
ODQLQJ�ERJ൏OLTOLJL�DVRVLGD�WJĮ�TL\PDWL�DQLTODQ�
GL���-UDVP��� 

4DWWLT� ID]DOL� YD� VXVSHQ]LRQ� XVXOODUGD� 36��
0.6�� .6� QDPXQDODULQL� NDUERNVLPHWLOODVK�
UHDNVL\DVLQLQJ� IDROODQLVK� HQHUJL\DODUL� �ȿ WJĮā5���
HNVSRQHQVLDO� NRHIILWVLHQW� �$ H[S� �OQ$����
UHDNVL\DVLQLQJ� LVVLTOLN� HIIHNWL� TL\PDWODUL� DQLTODQGL�
YD�TX\LGDJL�MDGYDOGD�NHOWLULOGL��MDGYDO�� 

4DWWLT� ID]DOL� YD� VXVSHQ]LRQ� XVXOGD� NDU�
ERNVLPHWLOODVK�UHDNVL\DVL�QDWLMDVLGD�HNVSRQHQ�
VLDO� YD� NLP\RYL\� IDROODQLVK� HQHUJL\DODUL�
TL\PDWL� NDPD\LE�� UHDNVL\DQLQJ� LVVLTOLN� HIIHNWL�
TL\PDWL�RUWLE�ERULVKL�36��0.6��.6�QDPXQDOD�
ULQLQJ� XVWPROHNXO\DU� WX]LOLVKL� ELODQ� ERJ൏OLJL�
NR൏UVDWLOGL��6HOOXOR]D�VDTORYFKL�[RPDVK\RODUQ�
LQJ� NLP\RYL\� WX]LOLVKL� NDUERNVLPHWLOODVK�
UHDNVL\DVLQLQJ� WH]OLJLJD�� WH]OLN� NRQVWDQODULJD��
YD� UHDNVL\DQLQJ� NLQHWLN� SDUDPHWUODULJD� WD൏VLU�
TLOLVKL�NR൏UVDWLOGL� 

;XORVD 
7XUOL� NULVWDOODQLVK� GDUDMDVLJD� HJD� 36�� 0.6��

.6�QDPXQDODULQL�UHDNVLRQ�IDROOLJL�XODUQLQJ�XVWPROH�
NXO\DU� WX]LOLVKLJD� ERJ൏OLT� HNDQOLJL� DQLTODQGL�� 36��
0.6�� .6� QDPXQDODULQL� NDUERNVLPHWLOODVK� UHDNVL-
\DVLQLQJ� WH]OLN� NRQVWDQWDVL� ELODQ� [DURUDW� R൏]DUR�
WR൏J൏UL� SURSRUVLRQDO� HNDQOLJL� DQLTODQGL�� 7XUOL� NULV�
WDOODQLVK� GDUDMDODULJD� HJD� ER൏OJDQ� VHOOXOR]D� VDT-
ORYFKL� QDPXQDODUQL� NDUERNVLPHWLOODVK� UHDNVL\DVL-
QLQJ� DNWLYODQLVK� HQHUJL\DODUL�� UHDNVL\DQLQJ� IDROODQ�
LVK� HQHJL\DVL�� WXUOL� [DURUDWODUGD� UHDNVL\DQLQJ� WH]OLN�
NRQVWDQWDODUL�YD�LVVLTOLN�HIIHNWODUL�DQLTODQGL� 

 
2৞]EHNLVWRQ� 5HVSXEOLNDVL� ,QQDYDWVLRQ�

ULYRMODQLVK� YD]LUOLJLQLQJ� ����-����-\LOODUJD�
PR৞OMDOODQJDQ� 2৞]EHNLVWRQ-%HORUXVVL\D� ʋ� 05%�
����-���� ³7XUOL� IXQNVLRQDO� PDTVDGODU� XFKXQ� RU�
JDQLN� YD�QRRUJDQLN�TRSODPDOL�PRGLILNDWVL\DODQJDQ�
WRODOL�PDWHULDOODUQL�\DUDWLVK´�[DOTDUR�LOPL\�OR\LKDVL�
GRLUDVLGD�EDMDULOJDQ� 
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36��.6�YD�0.6�QDPXQDODULQLQJ�NDUERNVLPHWLOODQLVK�UHDNVL\DVLQLQJ�NLQHWLN�SDUDPHWUODUL� 

1DPXQD 
4DWWLT�ID]DGD�ROLQJDQ 6XVSHQ]LRQ�ID]DGD�ROLQJDQ 

ȿ� 
-�PRO 

Ⱥ� 
��ɫ 

4U� 
ɤ-�PRO 

ȿ� 
-�PRO 

Ⱥ� 
��ɫ 

4U� 
-�PRO 

36 ����� ���� ���� ����� ������ ���� 
0.6 ����� ���� ���� ����� ����� ���� 
.6 ����� ���� ���� ����� ����� ���� 

5()(5(1&(6 
 

�� %DNLURY�'�/���%XUG\JD�9�Ⱥ���%DEXVKNLQ�(�9���)DWWDNKRY�0�0���9DXOLQ�9�*���9RONRYD�/�Ⱥ���6KDULSRYD�(�)��>)RUPDWH�GULOOLQJ�IOXLG�IRU�WKH�
FRQVWUXFWLRQ�RI�GHHS�SURVSHFWLQJ�DQG�H[SORUDWLRQ�ZHOOV�LQ�FRQGLWLRQV�RI�DQRPDORXV�EXW�KLJK�IRUPDWLRQ�SUHVVXUHV�DQG�HOHYDWHG�WHPSHUDWXUHV@��
9,,�0H]KGXQDURGQD\D�QDXFKQR-SUDNWLFKHVND\D�NRQIHUHQWVL\D�³3URP\VORYD\D�.KLPL\D´�>9,,�,QWHUQDWLRQDO�6FLHQWLILF�DQG�3UDFWLFDO�&RQIHU�
HQFH�³8SVWUHDP�&KHPLVWU\´@��0RVFRZ��������SS����-���� 

�� /HQFKHQNRYD�/�(���ȺNFKXULQD�'�;���<DNXERY�5�1���/HQFKHQNRY�1�6���.RYDOHQNR�2�(��>7KH�XVH�RI�D�JHO-IRUPLQJ�FRPSRVLWLRQ�EDVHG�RQ�RLO
-FRQWDLQLQJ�UDZ�PDWHULDOV�LQ�WKH�SURFHVV�RI�UHJXODWLQJ�WKH�R[\JHQDWLRQ�FRHIILFLHQW�RI�KHWHURJHQHRXV�KLJKO\�SHUPHDEOH�IRUPDWLRQV@��0H]KGX�
QDURGQD\D� QDXFKQR-SUDNWLFKHVND\D� NRQIHUHQWVL\D� ³3URP\VORYD\D� .KLPL\D´� >9,,� ,QWHUQDWLRQDO� 6FLHQWLILF� DQG� 3UDFWLFDO� &RQIHUHQFH�
³8SVWUHDP�&KHPLVWU\´@��0RVFRZ��������SS���-��� 

�� 0LVKDUHYD�0�<H�� ,]XFKHQL\H� SULPHQHQL\D� YRGRUDVWYRULP\NK� SROLPHURY� SUL� IORWDWVLRQQRP�RERJDVKFKHQLL� UXG��6FLHQWLILF� SURJUHVV�� ������
YRO�����SS�����-���� 

�� .KRYDQVNL\�9�9���'XERY\�9�.���.H\]HU�3�0��3ULPHQHQLH�[LPLFKHVNL[�YVSRPRJDWHOɶQɵ[�YHɳHVWY�Y�SURL]YRGVWYH�EXPDJL�L�NDUWRQD�>7KH�
XVH�RI�FKHPLFDO�DX[LOLDU\�VXEVWDQFHV�LQ�WKH�SURGXFWLRQ�RI�SDSHU�DQG�FDUGERDUG@��8FKHEQRH�SRVREL\H��63E��*7853�63E�3XEO������������S� 

�� 9HUPD�1���3UDPDQLN�.���6LQJK�$�.���%LVZDV�$��'HVLJQ�RI�PDJQHVLXP�R[LGH�QDQRSDUWLFOH�LQFRUSRUDWHG�FDUER[\�PHWK\O�FHOOXORVH�SRO\�YLQ\O�
DOFRKRO� FRPSRVLWH� ILOP� ZLWK� QRYHO� FRPSRVLWLRQ� IRU� VNLQ� WLVVXH� HQJLQHHULQJ�� 0DWHU�� 7HFKQRO��� ������ SS�� �–���� '2,��
����������������������������� 

�� *UHJRURYD�$���6DKD�1���.LWDQR�7���6DKD�3��+\GURWKHUPDO�HIIHFW�DQG�PHFKDQLFDO�VWUHVV�SURSHUWLHV�RI�FDUER[\PHWK\OFHOOXORVH�EDVHG�K\GURJHO�
)RRG�3DFNDJH��&DUERK\GU��3RO\P���������YRO�������SS�����-�����'2,����������M�FDUESRO������������ 

�� 0LVKDUHYD�0�<H�� ,]XFKHQL\H�SULPHQHQL\D�YRGRUDVWYRULP\NK�SROLPHURY�SUL� IORWDWVLRQQRP�RERJDVKFKHQLL� UXG�>6WXG\�RI� WKH�XVH�RI�ZDWHU-
VROXEOH�SRO\PHUV�LQ�WKH�IORWDWLRQ�EHQHILFLDWLRQ�RI�RUHV@��6FLHQWLILF�SURJUHVV��������YRO�����SS�����-���� 

�� 0RKDQ�7���'REDM�âWLJOLF�$���%HDXPRQW�0���.RQQHUWK�-���*�UHU�)���0DNXF�'���0DYHU�8���*UDGLãQLN�/���3ODYHF�-���.DUJO�5��*HQHULF�0HWKRG�
IRU�'HVLJQLQJ�6HOI-6WDQGLQJ�DQG�'XDO�3RURXV��'�%LRVFDIIROGV�IURP�&HOOXORVLF�1DQRPDWHULDOV�IRU�7LVVXH�(QJLQHHULQJ�$SSOLFDWLRQV��$&6�
$SSO��%LR�0DWHU���������YRO�����SS������-������'2,����������DFVDEP��E����� 

�� &KHQ� 3��� ;LH� )��� 7DQJ� )��� 0F1DOO\� 7�� 6WUXFWXUH� DQG� SURSHUWLHV� RI� WKHUPRPHFKDQLFDOO\� SURFHVVHG� FKLWRVDQ�FDUER[\PHWK\O� FHOOXORVH�
JUDSKHQH� R[LGH� SRO\HOHFWURO\WH� FRPSOH[HG� ELRQDQRFRPSRVLWHV�� ,QW�� -�� %LRO��0DFURPRO��� ������ YRO�� ����� SS�� ���-����� '2,�� ��������
M�LMELRPDF������������ 

��� =KHQJ�6���&KHQ�+���=KDQJ�7���<DR�<���&KHQ�<���=KDQJ�6���%DL�%��*HQH-PRGLILHG�%06&V�HQFDSVXODWHG�ZLWK�FDUER[\PHWK\O�FHOOXORVH�IDFLOL�
WDWH�RVWHRJHQHVLV�LQ�YLWUR�DQG�LQ�YLYR��-��%LRPDWHU��$SSO���������YRO������SS�����-�����'2,�������������������������� 

��� %LUVDQ�0���%LELUH�1���3DQDLQWH�$�'���6LODVL�2���$QWRQRDHD�3���&LXUED�$���&ULVWRIRU�$�&���:UREOHZVND�0���6RVQRZVND�.�-�1��7KH�,QIOXHQFH�
RI�WKH�3UHSDUDWLRQ�0HWKRG�RQ�WKH�&KDUDFWHULVWLFV�RI�D�1HZ�&RVPHWLF�*HO�%DVHG�RQ�+\DOXURQLF�$FLG�DQG�0DWUL[-)RUPLQJ�3RO\PHUV��0DWHU��
3ODVW���������YRO������SS�����–�����'2,�����������PS���������� 

��� <R൏OGRVKRY�6K�Ⱥ���*൏R\LEQD]DURY�,�6K���%RNLHYD�,�7���6DULPVRTRY�Ⱥ�Ⱥ��1HZ�LPSURYHG�PHWKRG�IRU�REWDLQLQJ�SXULILHG�FDUER[\PHWK\O�FHOOX�
ORVH�� ©3ROLPHUODU�KDTLGDJL� IDQQLQJ�]DPRQDYL\�PXDPPRODULª�5HVSXEOLND�LOPL\�DQMXPDQL� WR
SODP� >&ROOHFWLRQ�RI� WKH�5HSXEOLFDQ�VFLHQWLILF�
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FRQIHUHQFH��0RGHUQ�SUREOHPV�RI�SRO\PHU�VFLHQFH�@��7RVKNHQW��������SS����-���� 
��� 5DFKWDQDSXQ�3���/XDQJNDPLQ�6���7DQSUDVHUW�.���6XUL\DWHP�5��&DUER[\PHWK\O�FHOOXORVH� ILOP�IURP�GXULDQ� ULQG��/:7�)RRG�6FL��7HFKQRO��

������YRO������SS����–��� 
��� <XOGRVKRY�6K�$���*R\LSQD]DURY� ,�6K���1LVKRQRYD� 6�5��� 6DU\PVDNRY�$�$���.DUDEDHYD�%�6���$]L]RYD�0�$��6\QWKHVLV� RI�&DUER[\PHWK\O�

&HOOXORVH�IURP�3RZGHU�DQG�0LFURFU\VWDOOLQH�&HOOXORVH�LQ�,VRSURS\O�$OFRKRO�DQG�(WKDQRO�0HGLXP��,QWHUQDWLRQDO�-RXUQDO�RI�7UHQG�LQ�6FLHQ�
WLILF�5HVHDUFK�DQG�'HYHORSPHQW��������SS����-��� 

��� 5DKPDQ�0���0RQGDO�+��� ,EUDKLP�0���<HDVPLQ�0���6D\HHG�0�$���+RVVDLQ�0�$���$KPHG�0�%��&RQYHUVLRQ�RI� OLJQRFHOOXORVLF�FRUQ�DJUR-
ZDVWH�LQWR�FHOOXORVH�GHULYDWLYH�DQG�LWV�SRWHQWLDO�DSSOLFDWLRQ�DV�SKDUPDFHXWLFDO�H[FLSLHQW��3URFHVVHV��������YRO�����QR����SS�����-�����'2,��
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