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O�tDa� QwB�W

nvQQ�yJ �xWkv QO u�yH �tra O�rwD s�a� VN� ��DQD u�� x� �Ov�xWkv
�CU� xOW xO�O u�Wv

x� u�yH�tra O�rwD RmQtD �OvQ�OhrDNt ��yQwWm xm�tyU seQ x� �t�
��r�tW ��m� Qt	 R� Ov�CQ��a �tra ��y��k 
CU�X�NWD p��k �v�U	
R� xW�ty u�yH �tra �xWkv QO swO w pw���k �QwO Qw�N w ��� Qe ��B wQ�
QwO Qw�N��k �va� swU ��k Qwy� �t� �Ov�xOw� Q�OQwNQ� swO w pw� s�kt
xDmv u�� x� ��Oa� �CU� xDUw�B wkw x� sm� wCU�� uQk QO wCU� O�OH �Qt�
xv��t Qw�N �xk�vt QO u�Q�� x�o��H �xHwD QwNQO �xDmv �qai �CN�OQB s�y�wN
V��Ri� x� wQ �OvD ��W �� xDWPo �xyO �� QwWm �tra O�rwD OvwQ �CU�
���� p�U QJ�v �xrHt QO u	 x��Wt �xWkv �� xWkv u�� �xU��kt �� wCU� xOw�
O�rwD �va� �CU� xOW Zwa u�Q�� w x�mQD ��H xm OwW�t Q�mW	 xrY�iq�
O�rwD w xr�kt ����� w ����� ���DQD x� �p�U wO u�� QO u�Q�� �tra
�x�kv x� u�Q�� uO�UQ R� �m �L xmCU� xOw� xr�kt ����� w ����� �x�mQD
sra �Q�PoDU��U ��Q� XwYNx� xDmv u�� �CU� x�mQD �� C��kQ QO h�a
T�U�Q� xk�vt QO �tra pw� s�kt R�QL� xW�ty �CU� C�ty� R��L u�Q�� QO
Q�vOt QD� wQ � uwUBt�D �x��BxO�O QO xOWQWDvt �tra Cq�kt O�OaD XN�W
QwWm �x�v�Hxty �xaUwD ��y�Ov�u�tR R� QDOwR s�kt u�� uwvm � w CU� xOw�
d�QU x� �vwvm �tra O�rwD �twD�v	 �UQQ� �� O��� w �CU� xOt	 CUO x�
u�� T�U�Q� ���� RQ� C�a�D w CiQ �QwWm �tra 	t�H �xWkv� QO Q�vO�OHD

�xQ�tW u� QN	 QO O�v���t Q��N� �xQ�tW u�� �� w �� C�LiY QO xm �Q�Owtv
xOW QWDvt p�U u���B ��yQ�N wRH �Nature� QJ�v �xrHt ���� p�U
xv OQ�O �LQW xv �OQ�O T��kt 
ki ��xWkv Qy pFt sy xWkv u�� �CU�
Cq�kt O�OaD 
CU� xOW xDio 
ki �CU� uyQ�t w K��w ��Qy�� �� �iYw
w ���� p�U QO sra �L�Y ��yQwWm u� QDsyt �xOW QWDvt �D�k�kLD
QO QwWm u	 Cq�kt u� QDO�vDU�QB pw� �� �ULQ� QwWm Qy C�k�kLD syU
���i�QeH pt�W �t� �xQ�k GvB Qy pt�W �CU� u�yH �xWkv �xWkv �p�U u��
Q�otWJ ���e ��yQwWm O�OaD �CU� u�yH �tra �xWkv �CU�v u�yH pm
��� �ISI ��� QD� wQ � uwUBt�D �x��BxO�O QO OwHwt QwWm ��� R� �� CU�
lqt ��Qy�� �Ov�xOW Qy�� xWkv QO QwWm �� 
ki w Ov�xOW hPL QwWm
�CU�nvQ GvB xWkv �CU� xOw� p�U QO xr�kt ���� pk�OL O�rwD ���NDv�
��yxr�kt u� QDO�vDU�QB O�OaD uO�O u�Wv ��Q� �v�tU	 ��	 nvQ� nvQ l�
l� 
CU� xDiQ Q�m x� xQ�k xU ��Q� Qo�OnvQ Q�yJ wCU� lQDWt xty QO
xm ��U	 �xQ�k ��Q� nvQ wO ��B wQ� �xQ�k ��Q� nvQ l� ��m� Qt	 �xQ�k ��Q� nvQ
QO wvOvqR w ��r�QDU� �xv��t Qw�N w QwO Qw�N �CU� xOW s�UkD CtUk wO x�
lqt T�U�Q� �xv��t Qw�NQO �� wvH ��k� Qi	 w CU� xOW s�eO� QwO Qw�N
��B wQ� R� wCUy xWkv �wQ QwWm xU 
ki u�Dq ��m� Qt	 R� �xr�kt ����
R� w �rY� QwWm wO Qy x�Uwv��k� R� �QwWm xO ��U	 R� �QwWm xU sy �kQW
�wQ �rY� ��yQwWm �xty ���� QkD �� Qe ��B wQ� R� �t� �QwWml� 
ki �k� Qi�

u�Q�� �xiUri w CtmL �WywSB �xUU�wt ��

� ���� Q�y�



���� p�U QO nv�m VQ�Ro QwWm l� w�U C�akwt �� pwOH

���� p�U QO QwWm xv w �U Q�vm QO

���� ����

u�DUyr ��� �m� Qt� �� Ovqvi ��� �m� Qt� ��

p� RQ� ��� ��v�D� Q� �� V� QD	 ��
 ��v�D� Q� ��

SwQv ��� u�tr� �� u�J ��� u�tr� ��

Ovqvi �� u�J � �� wvH �xQm ��� uB	S �

x�UwQ ��� xUv	Qi �� u�DUyr ��� xUv	Qi ��

lJ �QwytH ��� 	O�v�m �� Ovy ��� 	O�v�m ��

�� wvH ��k� Qi� ��� ��r�D�	 �� p� RQ� ��� ��r�D�	 ��

u�vw� ��
 Ovry �
 u	w��D �� T��wU �


QwB�ovU ��� ��r	QDU	 �� OvrQ�	 ��� Ovry ��

x�mQD ��� ��v�BU	 ��� u�vw� ��� ��r	QDU	 ���

u	Q�	 ��� T��wU ��� QwB�ovU ��� O�wU ���

p�eDQB ��� uB	S ��� p�eDQB ��
 ��v�BU	 ���

wvOvqR ��� l� Sr� ��� �� wvH ��k� Qi� ��� l� Sr� ���

u�Dv	SQ� �� O�wU �� u	Q�	 ��� lQ�tv	O ��

l� Rmt ��� lQ�tv	O ��� nQw�t	Rowr ��� p��	QU	 ���

OvrQ�	 ��� �� wvH �xQm ��� x�UwQ ���

�OwaU u�DU� Qa ��� V� QD	 ���

QYt ��
 Ovy ��


�Rr�t ��� u	w��D ���

p��	QU	 ���

��yQwWm QDW�� ���U	 ��yQwWm QDW�� ��k� Qi	 ��yQwWm QDW�� �OvwW�t
xv��t Qw�N ��yQwWm QDW�� �u�Dq ��m� Qt	 ��yQwWm QDW�� ��kQW ��B wQ�
�xv�DU	 R� QDW�� �yv	 �tra O�rwD xm ���yQwWm R� ��a� �DL �QwO Qw�N w
lqt u�� T�U�Q�CU� p�U QO xr�kt ���� �va� Q�Owtv u�� QO Q�v OQwt
Ck�kL QO ��Rr�t w QYt Ovv�t �OvQ�Ov u�yH sra OQ�W�B QO �Wkv ���� QkD
Qy�� xWkv �wQ �v�tU	 ��	 �xv�N l� �� QwWm xv w �U u�� R� �t�v ���� QkD
s�Hv� �tkQ GvB �tra O�rwD �� x�mQD w u�Q�� �p�Ft ��Q� �xm �Q �Q�m �t� �Ov�xOW
R� �tkQ Q�yJ �tra O�rwD ��C�atHsm ���B wQ� ��yQwWm R� �Q��U� Ov�xO�O
V��Ri� C�tm ��Bx��B C�i�m xm OyO�t u�Wv xDmv u�� �Ov�xOt	Q� u	 �xOya
w x�mQD w u�Q�� �t� �OW�� OQwt u� QDRQ�� p� RQ� �tkQ GvB O�rwD O��W �O����tv
u� QDR�ov�se x�UwQ OQwt �OvDUy xwQo u�ty QO sy xQ�e w u�DUyr w x�UwQ
Q�y�tH O�LD� �W�B wQi R� Oa� �xyO R� Q�vhQY xm �Qw� x� CU� OQwt
xOQ� QU x� OwmQ C�akwt QO u�vJty R�v xDWPo �xyO �� QwWm u�� ��wQwW
u�� hqU� R� �m� d�QU x� xmCU�v O� Qo�O pwLD OvJ �x�Lqt ��Q� �CU�
VQ�Ro QO nv�m ������ �x��wS �� QJ�v� nv�m O� w�O VQ�Ro 
s� wQ� xWkv
OQmrta w xOQm �UQQ� �Q ���� ���� w ���� ���� �v�tR �xR�� OwN
xOQm �Ov�x�DQ swO �xr�U GvB �xQwO Cq�kt u� QDO�vDU�QB ��v�tQ� �Q �yQwWm
xv w �U Q�vm QO �Qnv�m VQ�Ro QwWml� w�UC�akwt � pwOH QO �CU�
!wkU xm OyO�t u�Wv �yv	 �xU��kt �s��xOQm CUQyi �O�OH Q�Owtv QwWm

��yxDWQQ� R x� �Dkw xm p�rO u�� x� XwYNx� �� OQm �UQQ� �Q XN�W
�OwW�tv �yxDWQ �xty pt�W �QDQ� u�� xm O�O s�y�wN s�vm Pwiv QwWm �tra
�rY� u�OLDt xm �u�J �Ovy �x�UwQ �p� RQ��Tm� Q� w�a ��yQwWm
QO �Wkv xm O�	�tv Q�v x� Ov�xOw� QwWm �U��U w �l� SwrwvmD ��O�YDk�
p� RQ� Qo � �t� �OvW�� xOQm O�H�� QwWm �rrtr�u�� ��y�Q�mty �wor� Q��eD
R� �W�v xm x�UwQ 	�w �CU� xDW�O �Q�otWJ OWQ �tra O�rwD �xv�tR QO
C�k�kLD xm OyO�t u�Wv �� wN x� CU� �wQwW Q�y�tH O�LD� �W�B wQi
xW�ty sDU�� uQk swO �xt�v QO x�UwQ �CU� xOvvmW xR�Ov� xJ �D �tra
x�mQD w u�Q�� �� R�QDsy ���� QkD uwvm � xm �r�L QO CU� xDW�O �R�Dtt s�kt
x� �Q OwN ��HCk�kL QO x�UwQ �CU� sra utWO �U��U �D��F�� �CU�
�U��U C��F wDQB QO sm� wCU�� uQk QO u�J xm s�v���t �CU� xO�O u�J
QwWm u�� OwaY w CU� xOQm OwaY u�yH �tra O�rwD swO s�kt x� ��Uv
��vat x� u�� ��	 �t� �CU�v Q��Dv�R�QwO sy u�yH �tra O�rwD pw� s�kt x�
���yxv�N x� xHwD sRrDUt VUQB u�� x� uDN�OQB "CU� u�J �tra �QDQ�
�CU� xOW ��mQD xWkv �wQ nvQQ�yJ Qy �� xm CU� �v�tU	 ��	 nvQ x�

O�OH 	xWkv

xOWQWDvt Q�Owtv�qFt��r�k pwtat��yQ�Owtv x�C�Uv Q�Owtvu�� syt�oS� w
xmr� sra O�rwD 
ki xv xm CU� u�� ����� p�U QJ�v �xQ�tW u� QN	 QO
sra hQYt �Q�oxR�Ov� XN�W �CU� xOW xOv���tv u	 QO sy sra hQYt
ESI �x��BxO�O�v�tR �xR�� R� �Hv�� QO �CU�u�at�v�tR �xR���� �yO�vDU� O�OaD
Q��l� x�t wO Qy w �CU� xr�UxO xm �Essential Science Indicators�

�x�U�Lt ��Q� xv �t� �CU� xOW xO�iDU� �OvwW�t VQ�tW �yO�vDU� O�OaD
�Orwt hQYt R� OwYkt �sra �Orwt� hQYt ��Q� xmr� sra hQ�aDt hQYt
pY� �Ovvm�t u��aD �Q �tra C�k�kLD CyH �qta xm CU� �Dq�kt O�OaD
QO pw� OYQO l� Vv� Ro R� CU� CQ��a Cq�kt u�� VQ�tW Q� sm �L
Q� ZQi ��Top �� Most�Cited Papers� �yxr�kt u� QDO�vDU�QB u��t
�tra C�r�ai ��Q� ��i�m� �mqt �y�OYQOl� u�� O�OaD xm CU� u��
��	 nvQ x� ���yxv�N �� Q�Owtv u�� QO �yxr�kt u�� O�OaD� CU� QwWm Qy
�Vv� Ro u�� �� ��xOW xO�O u�Wv �CU� xr�ktOY �xOv��tv xv�N Qy xm ��v�tU	
OwOL R�� O����tVy�m �Q�otWJ pmW x� �UQQ� OQwt Cq�kt pm O�OaD
����� OwOL R� �xWkv ��yxv�N�ULQ� �� ����� OwOL x� �������
�yv	 Cw�iD w OwW�t sm �yQwWm x��WD ���DQD u�� x� ��xv�N ��� x� xv�N
�OwR x� u�Q�� �tra O�rwD xm O�	�t Q�N QO �p�Ft ��Q� �O����tV��Ri� Q��U�
u�Q�� �tra O�rwD �Q�Owtv u�� j�� �OQ�o�t �W�B T��wU �tra O�rwD R�
xOw� xr�kt ����� T��wU �tra O�rwD w xr�kt ����� ����� p�U QO
u�Q�� xm s�v���t x�ov l� �� �t� �OUQ�t Q�v x� CUQO Q�N �u��Q��v� �CU�
�CU� �v�tU	 ��	 �xv�N Q�yJ ��Q�OT��wU w �v�tU	 ��	 �xv�N l� ��Q�O
�QJ s�vm lQO s�v�wD�t uwvm � �CU� jQ�ir�	t �wO u�� u�� T��k u��Q��v�
hPL u�yH �tra �xWkv R� OwN �tra O�rwD seQ x� u�yH ��yQwWm QDW��


� �B��B 	xQ�tW �



��yxv�N x� uDi�� CUO w u�yH �tra �xWkv �wQ uDiQo Q�Qk ��Q� VqD
�CU��H�w R�v !��DL��v�H uDiQo Q�v QO �t� �CU�Hx� �qt�m u	 QO QDW��
x� �� �rt ��yKQ� uOQmh� QaD ��Q� �y�o �u�Q�� QO w �u�yH QO xm s�v�O�t
xmv�� �CU� xOW xO�iDU� O�vDU�QB Cq�kt ptLt R� nQR� ��yxSwQB Kq�Y�
T��Dk� �rw �CU�v swrat Rwvy Ow� Oy�wN xJ �y�Q�PoDU��U u��CWwvQU
x� �D�k�kLD �xHOw� X�YND uwJ CU� pt��D p��k ���yCU��U u�vJ
VwONt Qo�Om� �� �yxDWQQ� R w �yxDWQC�Uv w OwW�t p�O�D RmQtDt �Qt�
�Ov�s�UkD x� �D OyO�tv xR�H��qai ISI�ESI �x��BxO�O uOw� �Q�HD �OwW�t
OQwt QO ��vt� �h�Ro �xv� Ry �� Qot s� Q�� �B xDWQ �ULQ� O�vDU�QB Cq�kt
�k�kLD O��� OQ�o�t Q�Qk xO�iDU� OQwt C�e�r�D QO x�o xm Scopus �x��BxO�O
K�U QO ESI �x��BxO�O Q�t	 �� xR�Ov� xJ �D u	 C�aq�� s�v��� �D OwW s�Hv�
K�U QO �tra �xat�H C��F ��tvy�Q pY� �OyO�t u�Wv ���Qoty �yQwWm

��v�yH ��ypOat �� u	 �xU��kt w CU� ��xDWQQ� R #OQN

�����	����� u�Q�� �WywSB Cq�kt 
xr�U �� Q�t�
�Scopus w ISI 
x��BxO�O wO T�U�Q

Scopus ISI p�U
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�vD�t Scopus �x��BxO�O w ���� OwOL Q� �vD�t ISI �x��BxO�O �

	CU� �WywSB �xrHt 
���� OwOL Q�

R�QL� w OwN �tra �O�rwD V��Ri� ��Bx��B u�J �t� �CU� xDi�� s�wO x�UwQ
CUO sQ�yJ s�kt x� Cq�kt u� QDO�vDU�QB �xv�tR QO CU� xDUv�wD swO s�kt
w ��v�D� Q� �� �B wQ� �rY� ��yQwWm ��Dty �x��Ft x� �Q OwN C�akwt w O���
u�� R� s�OmQy �xrY�i xm s�vm Vwt�Qi O���v xty u�� �� �Ovm C��FD �� u�tr	

�CU� VL�i �m� Qt	 �� �yQwWm
u� QDO�vDU�QB R� ���$� ���� QkD pw� s�ktCWy xmCU� xOt	VQ�Ro u	 QO
w Ov�xOQm QWDvt �Q Cq�kt u� QDO�vDU�QB R� ��� �Oa� s�kt xv w Cq�kt
swO xwQo w pw� xwQo u��t Q�otWJ hqDN� u�J ��Q ��$�� QwWm xOQ�yJ
sm �L �Q��Q��v u�� w CU� VL�i u�vJty hqDN� �t� �CU� xO�O Q��eD �Q
�xWkv C��F uDiQo Q�v QO �� �Pr �Ci�� Oy�wN Q�QtDU� u�yH �tra s��v Q�
�i�m %�Lr R� �m� Qt	 pw� s�kt xm OUQ�tv Q�v x� s�Ok �xWkv x�C�Uv O�OH
QO �� OQ�O �a� QU Q��U� OWQ xm u�J �DL �� Qo�O ��yQwWm �v�H R�
uO�O u�Wv ��k�kO pw� �xHQO QO sy O�OH �xWkv C�ty� �OW�� Q�N ZQat

�Q�PB�v��V�B �xOv�	 QO �m� Qt	 �tra pw� s�kt s�wO 
CU� Qt� u�ty
OQmrta �Ov�x�DQ w �Q�oxR�Ov� ��Q� �irDNt ��yVwQ xDWPo �xyO ��
CU� xOW 	�w xQ�e w �D�k�kLD w �y�oWv�O C�UU�wt w �yQwWm �tra
�� �v�UQq�� �D xDiQo C�e�r�D R� �� hrDNt OY�kt ��Q� C�aw��t QO w
u�ty �yXN�W u� QDu�v�t��p��k xm OUQ�t Q�v x� um�r �OwW�tTmavt
Qw�u�ty �OW�� Cq�kt ��yO�vDU� wA�J �� srahQYt w O�rwD ��yXN�W
�Ovm�t Q�mW	 u�yH QO �Q �tra 	� RwD O�OW RmQtD O�OH �xWkv �s�O�O xm
�xDi��xaUwD ��yQwWm �tra C�a�w ���� RQ� ��Q� u	C�ty� p�rO u�ty x�
�Wv� Ro �Q�PoDU��U ��Q� u	 C�ty� xmv�� ��i��t �CU� �y�O� C�atHQB
uWwQ sy �r�tW ��B wQ� ��yQwWm Ovv�t C�atHsm �xDi��xaUwD ��yQwWm

�CU�
u�wD�t xJ xDi��xaUwD QDtm ��yQwWm �� !��DQ� QO u	C�ty� OQwt QO �t�
uR�wD xmr� �CU�v lqt ���yvD x� �tra O�rwD xDWPo hqNQ� RwQt� "Cio
�Wv� Ro ��yxDWQ Q� R Q� RmQtD �CU� syt R�v �yxDWQ Q� R QO O�rwD �U�vD w
R� �Q�otWJ xOR�� CU� umtt �yv	 QO �QwQBx�Nv w �Q�Pox��tQU w X�N
�tra �xat�H ��kDQ� w OWQ �� V���DQ� �rw �OW�� xDW�O xr�kt O�rwD %�Lr
Ov�xO�O ���y�Qw�vi QO �Q�Pox��tQU QO �Q xQ�J sy �NQ� �CU�v OwyWt
Q�ODk�� �Q pY�L ��yOQw�DUO w CU� OwHwt V�B R� u	 x� !w� Qt sra xm
Q�Qk �� �Pr �CU� �tra Q��Da� QU Q� d�Rv xmv�� R� pi�e Ovt�v�t ��tra
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