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ABSTRACT. – The GIS-Based Road Distance and Time Connectivity Index of the 

Settlements within the West Region of Romania. !CDE&EFGHI& DE&JKELH&MN&5OLPDMGE&

K55OMKQCLE& FM& FCL& EGJRLQF& MS& QMNNLQFDPDFI& DNHLT& :+6& +GEG.& 233UV& +6& +GEG.& 233W>& KNH& DE&

MOXKNDQKYYI&YDNZLH&FM&FCL&[MOZ&MS&+6&+GEG.&!6&<KN&KNH&;6&<MYHMPKN&:2314>&[CDQC&DNFOMHGQLH&

FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT&SMO&FCL&ELFFYL\LNFE&MS&'KNKF6&BCDYL&5OLELOPDNX&FCL&

KJMPL8\LNFDMNLH& DNHLT& KNH& FCL&\LFCMHMYMXI& FM& QKYQGYKFL& DF.& FCDE& EFGHI& LTFLNHE& FCL&

OLELKOQC&FM&FCL&[CMYL&BLEF&+LXDMN&MS&+M\KNDK&KNH&ELFE&FCL&\LFCMHMYMXDQKY&SOK\L[MOZ&SMO&

QKYQGYKFDNX&K&OMKH&FD\L&QMNNLQFDPDFI&DNHLT.&JKELH&MN&HODPDNX&FD\LE&SOM\&LKQC&ELFFYL\LNF&FM&

FCL&NLKOLEF&QLNFOKY&5YKQLE&MS&LPLOI&OKNZ6&%YFCMGXC&FCL&PKYGLE&MS&FCL&OMKH&FD\L&QMNNLQFDPDFI&

DNHLT&[MGYH&DN&SKQF&HL5LNH&\MOL&MN&PKODMGE&SKQFMOE&FCKF&CKPL&KN&D\5KQF&MN&HODPDNX&E5LLH.&DF&

DE& K& \MOL& OLYDKJYL& DNEFOG\LNF& FM& QKYQGYKFL& QMNNLQFDPDFI6&  LFFYL\LNFE& QYMEL& FM& \MFMO[KI&

LNFODLE]LTDFE& MO& YMQKFLH& KYMNX& MO& NLKO& NKFDMNKY& OMKHE&[DYY& CKPL& K& JLFFLO& PKYGL& MS& FCL&

FD\L8JKELH&QMNNLQFDPDFI&DNHLT&FCKN&MS&FCL&HDEFKNQL8JKELH&QMNNLQFDPDFI&DNHLT6&'MFC&HDEFKNQL8

JKELH&KNH&FD\L8JKELH&OMKH&QMNNLQFDPDFI&DNHLTLE&\KI&OL5OLELNF&GELSGY&FMMYE&DN&FCL&5YKNNDNX&

KNH&\KNKXL\LNF& MS& DNSOKEFOGQFGOL& 5OMRLQFE.& DN& HLPLYM5\LNF& EFOKFLXDLE&\LKNF& FM& OLHGQL&

FLOODFMODKY&HDE5KODFDLE.&KE&[LYY&KE&DN&OLXDMNKY&KNH&YMQKY&5YKNNDNX6&
&

Keywords: West Region of Romania, road distance connectivity index (RD), road time 
connectivity index (RT), accessibility, isolation, settlements, GIS. 

 
 
 

1. INTRODUCTION 
 

;M\\GNDQKFDMN&KNH&KQQLEEDJDYDFI&KOL&PLOI&D\5MOFKNF&DEEGLE&SMO&LPLOI&ELFFYL\LNF6&

!CL& YMQKFDMN& MS& K& FM[N& MO& PDYYKXL& KYMNX& FCL& \KDN& OMKH& \KI& 5OMPDHL& KN& D\5MOFKNF&

QM\5LFDFDPL&KHPKNFKXL&DN&QM\5KODEMN&FM&MFCLO&ED\DYKO&ELFFYL\LNFE.& YIDNX&SKO&SOM\&FCL&

\KDN&QM\\GNDQKFDMN&YDNLE6&!CL&JLNLSDFE&MS&EGQC&K&YMQKFDMN&\KI&LPLNFGKYYI&QMNPLOF&FCL&

ELFFYL\LNF&DNFM&K&^QLNFOKY&5YKQL_&:B.&;CODEFKYYLO.&1`44>6&<MOL&FCKN&FCKF.&QLNFOKY&5YKQLE&

FLNH&FM&MOXKNDaL&FCLDO&M[N&FOKNE5MOF&KNH&QM\\GNDQKFDMN&NLF[MOZ&[DFCDN&FCLDO&KOLK&MS&

DNSYGLNQL6& !CLOLSMOL.& OMKHE& KNH&MFCLO& FOKNE5MOF& NLF[MOZE& FLNH& FM& QMNPLOXL& FM[KOHE&

QLNFOKY&5YKQLE&KNH&FCDE&DE&\MOL&PDEDJYL&DN&FCL&QKEL&MS&YKOXLO&QDFDLE6&$N&QMNFOKEF.&PDYYKXLE&

YMQKFLH&KF&HDEFKNQL& SOM\&FCL&\KDN&OMKHE&\KI&GNHLOXM&ELPLOL&HOK[JKQZE& DN& FLO\E&MS&

EMQDKY&KNH&LQMNM\DQ&HLPLYM5\LNF6&$EMYKFDMN&\KI&YLKH&FM&YKQZ&MS&DNPLEF\LNFE.&OLEGYFDNX&

DN&FCL&KJELNQL&MS&SKQDYDFDLE.&YM[&YDPDNX&EFKNHKOHE.&YKQZ&MS&YKJMGO&M55MOFGNDFDLE.&[CDQC&DN&

FCLDO& FGON&HLFLO\DNL&MGF\DXOKFDMN.& HL\MXOK5CDQ& KXLDNX& KNH&LPLNFGKYYI& FCL&NLXKFDPL&

QDOQYL&QYMELE&[CLN&FCL&PDYYKXL&CKE&:KY\MEF>&HDEK55LKOLH6&

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
1&“Babe -Bolyai” University, Faculty of Geography, 400006, Cluj-Napoca, Romania, e-mails:  

rrusu@geografie.ubbcluj.ro, tman@geografie.ubbcluj.ro, cmoldovan@geografie.ubbcluj.ro 
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-M[LPLO.&KQQLEEDJDYDFI& DE& RGEF&MNL&KE5LQF& FM&JL& FKZLN& DNFM&KQQMGNF6& $N& SKQF.&KE&
EFKFLH& KJMPL.& FCL& OMYL& MS& FCL& QM\\GNDQKFDMN& YDNLE& DE& FM& XDPL& KQQLEE& FM& CDXCLO8XOKHL&
QLNFOKY&5YKQLE.&YDZL&FM[NE&MO&QDFDLE.&[CDQC&5OMPDHL&XMMHE&MO&ELOPDQLE&FCKF&MNL&QKNNMF&SDNH&KF&
CM\L6&;LNFOKYDFI&DE&FCLOLSMOL&QOGQDKY&SMO&FCL&GNHLOEFKNHDNX&MS&KQQLEEDJDYDFI&:+6&+GEG.&!6&
<KN.&;6&<MYHMPKN.&2314>6&!CLN.&QMNNLQFDPDFI&[MGYH&NMF&\LKN&RGEF&FCL&\LOL&QMNNLQFDMN&
FM&FCL&\KDN&FOKNE5MOF&NLF[MOZ.&JGF& FCL&HLXOLL& DN&[CDQC&FCDE&NLF[MOZ&[MGYH&5OMPDHL&
FCL&\LKNE&FM&XLF&FM&CDXCLO8OKNZLH&QLNFOKY&5YKQLE6&

!CL& K55OMKQC&[MGYH& JL& FCLN& FM& QMNEDHLO& FCL& 5MEDFDMN& MS& E5LQDSDQ& XOMG5E& MS&
5LM5YL&DN&E5LQDSDQ&YMQKFDMNE&:LDFCLO&OGOKY&MO&GOJKN&QM\\GNDFDLE>&KNH&5MEFGYKFL&FCL&\LKNE&
JI&[CDQC& FCLI&\DXCF& KQQLEE&K& ELF&MS& ELOPDQLE&MO& SKQDYDFDLE&HLL\LH& EMQDKYYI&NLQLEEKOI6&
!CL&[LYSKOL&MS&FCL&QM\\GNDFDLE&HL5LNHE&FM&K&YKOXL&LTFLNF&MN&EFKNHKOHE&MS&QMNNLQFDPDFI&
KNH&KQQLEEDJDYDFI& FM& EGQC&ELOPDQLE&MO& SKQDYDFDLE6&!CL&\MEF&PKYDH&\LKEGOL&[MGYH&JL& FCL&
KEELEE\LNF&MS&FCL&E5KQL&:HDEFKNQL>&KNH&FD\L&JGHXLFE&NLLHLH&SMO&FCL&5M5GYKFDMN&MS&LPLOI&
ELFFYL\LNF&FM&OLKQC&E5LQDSDQ&HLEFDNKFDMNE&: 6#6&=GFYLI.&1`W3V&+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&
2314>6&

!CDE&5K5LO& DE& DNHLLH&K& ELbGLY&MS& MGO&5OLPDMGE& KNKYIEDE&MN& OMKH&QMNNLQFDPDFI&
DNHLT&:+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>.&JKELH&DN&DFE&FGON&MN&SMO\LO&KEELEE\LNFE&MS&
QMNNLQFDPDFI&KNH&KQQLEEDJDYDFI&DN&'KNKF&:+6&+GEG.&233UV&+6&+GEG.&233W>6&!CLOL&KOL&F[M&
NMFKJYL&HDSSLOLNQLE&JLF[LLN&FCDE&EFGHI&KNH&FCL&5OLPDMGE&MNLE6&ADOEF.&FCL&KOLK&MS&KNKYIEDE&
CKE& JLLN& LNYKOXLH.& FM& DNQYGHL& FCL&[CMYL&BLEF& +LXDMN& MS& +M\KNDK.& FCLOLSMOL& KHHDNX&
-GNLHMKOK& ;MGNFI& FM& FCL& KYOLKHI& EFGHDLH& %OKH.& !D\Dc& KNH& ;KOKc8 LPLODN& QMGNFDLE6&
 LQMNH.&KNH&\MOL&D\5MOFKNF.&K&EDXNDSDQKNF&EFL5&SMO[KOH&CKE&JLLN&\KHL&JI&DNFOMHGQDNX&
FCL&OMKH&FD\L&QMNNLQFDPDFI&DNHLT&KE&K&NL[&\KNNLO&MS&QKYQGYKFDNX&QMNNLQFDPDFI.&EFKOFDNX&
SOM\&FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT.&5OLELNFLH&DN&K&OLQLNF&5K5LO&:+6&+GEG.&!6&<KN.&;6&
<MYHMPKN.&2314>6&

&
2. METHODOLOGY 
&

!CL&\LFCMHMYMXI&[CDQC& SGNHK\LNFLH&FCL&QKYQGYKFDMN&KNH&KEELEE\LNF&MS& FCL&
OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT&CKE&JLLN&HOK[N&G5&DN&HLFKDY&DN&MGO&\MEF&OLQLNF&[MOZ&
:+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>6&-M[LPLO.& EDNQL& FCLOL& DE&K&EFOMNX& YDNZ&JLF[LLN&
FCL& OMKH& HDEFKNQL& QMNNLQFDPDFI& DNHLT& KNH& FCL& OMKH& FD\L& QMNNLQFDPDFI& DNHLT.& DF& DE&
NLQLEEKOI&FM&[ODFL&K&EG\\KODaLH&PLOEDMN&MS&FCL&\LFCMHMYMXI&SMO&QKYQGYKFDNX&FCL&OMKH&
HDEFKNQL&QMNNLQFDPDFI&DNHLT&JLSMOL&SMQGEDNX&MN&FCL&OMKH&FD\L&QMNNLQFDPDFI&DNHLT6&<MOL&
FCKN& FCKF.& OLEGYFE& SMO& JMFC& OMKH& HDEFKNQL& KNH& FD\L& QMNNLQFDPDFI& DNHLTLE& DN& FCL&BLEF&
+LXDMN&MS&+M\KNDK&[DYY&JL&5OLELNFLH6&

!CL& KJMPL8\LNFDMNLH& 5K5LO& QM\5ODELH& K& ECMOF& HLEQOD5FDMN& MS& FCL& OLQLNF&
+M\KNDKN&QMNFODJGFDMNE&MN&FCL&FM5DQE&OLYKFLH&FM&QMNNLQFDPDFI&KNH&KQQLEEDJDYDFI&:%YDNK8
(KJODLYK&<GOLcKN.&233W.&$6&<GNFLYL&et al.&2313.&<6(6&*5OLK.&2311.&;E6&<dFCe.&2311>&KNH&
KEELEELH&FCLDO&EFOLNXFCE&KNH&SYK[E6&%YY&FCLEL&[MOZE&\KHL&OLSLOLNQL&FM&\MOL&MO&YLEE&OLQLNF&
SMOLDXN&XLMXOK5CDQKY&YDFLOKFGOL&:-KXXLFF&KNH&;CMOYLI.&1`f`V&!KKSSL&KNH&(KGFCDLO.&1`U4V&
;CMOYLI&KNH&-KXXLFF.&1`UfV&BLDJGYY.&1`W3V&BCDFL&KNH& LNDMO.&1`W4V& 5DLZLO\KNN&KNH&
BLXLNLO.&1``fV&;KDONQOMEE.&1``UV& QCgO\KNN.& 5DLZLO\KNN&KNH&BLXLNLO.&1``UV&<DYYLO.&
1```V& 5DLZLO\KNN&KNH&=LGJKGLO.&2332V&/G\EHMN&KNH&,KXL.&2337V&#GPKY.&233UV&*YEEMN.&
233`V&+MHODXGL&et al.&233`.&FM&5MDNF&MGF&RGEF&K&SL[>&JGF&\KHL&YDFFYL&MO&NM&OLSLOLNQL&FM&
LKQC&MFCLO&MO&FM&MFCLO&OLYLPKNF&+M\KNDKN&[MOZE&MN&FCL&FM5DQ&MS&QMNNLQFDPDFI.&KQQLEEDJDYDFI&
MO&DEMYKFDMN6&
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!CL&\LFCMHMYMXI&SMO&QKYQGYKFDNX&FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT&[KE&YKOXLYI&
JKELH&MN&5OLPDMGE&[MOZE&:+GEG.&233UV&+GEG.&233W>&MN&FCL&EK\L&EGJRLQF6&=LPLOFCLYLEE.&
[CDYL&FCLN&K&XLNLOKY&QMNNLQFDPDFI&DNHLT&[KE&EMGXCF&SMO.&FCDE&FD\L&FCL&SMQGE&[KE&MN&FCL&
OMKH& QMNNLQFDPDFI& DNHLT.& GEDNX& K& EYDXCFYI& HDSSLOLNF& K55OMKQC& KNH&($ & FLQCNDbGLE6&BL&
OLYDLH&MNYI&MN&FCL&HDEFKNQL&FM&FCL&NLKOLEF&QLNFOKY&5YKQLE&:+#>6&

&

Ranking of central places considered for the West Region of Romania 

     Table 1. 

Rank Short description Cities, towns and commune 
centres in the West Region 

Settlements outside 
the West Region 

3& =KFDMNKY&QK5DFKY&QDFI& & 'GQCKOLEF&

1& +LXDMNKY&QLNFOL& !D\DcMKOK& ;YGR8=K5MQK.&;OKDMPK&

2&  GJ8OLXDMNKY&QLNFOL& %OKH& *OKHLK.& DJDG&

4& ;MGNFI&ELKF& +LcDiK.&#LPK& #OMJLFK&!6& LPLODN.&
!jOXG&kDG&

7& $\5MOFKNF&\DHHYL8
EDaLH&QDFI&

/GXMR.&;KOKNELJLc.&-GNLHMKOK.&
,LFOMcKND&

&

9&  \KYY&QDFI&MO&FM[N&
[DFC&YKOXL&KOLK&MS&
DNSYGLNQL&

/D5MPK.&$NLG.& LJDc.&;CDcDNLG&;ODc.&
 jNNDQMYKG&<KOL.&#LFK.&AlXLF.&
*OKPDiK.&<MYHMPK&=MGl.&'MQcK.&
*iLYG&+McG.&'OKH.&-KiLX.&*OlcFDL.&
/G5LND.&0GYQKN.&,LFODYK&

 KYMNFK.&mFLD.&*OcMPK.&
;j\5LND.&;GXDO&

f&  \KYY&FM[N&[DFC&
\DNMO&KOLK&MS&
DNSYGLNQL&MO&GOJKN8
YDZL&QM\\GNL&
QLNFOL&

,LQDQK.&=lHYKQ.& jNFKNK.&;GOFDQD.&
,jNQMFK.&(GOKCMNi.&+LQKc.&(lFKDK.&
;DKQMPK.&kD\JMYDK.&'GaDKc.&'lDYL&
-LOQGYKNL.&'MaMPDQD.&%NDNK.&;lYKN.&
 D\LODK.&"ODQKND.&%NDNMKEK.&(LMKXDG&

0KcQlG.&'KDK&HL&
%OK\l.&%JOGH.&nYKFNK.&
'G\JLcFD8kDG&

U& -DXC8XOKHL&
QM\\GNL&QLNFOL&

0DNXK.&0YKHD\DOLEQG.&mDODK.& lPjOcDN.&
'LYDG.&;LO\LD.&(CDMOMQ.&mD\KNH.&&
0jOSGODYL.&-lY\KXDG.&'DYLH.&*OiDcMKOK.&
(DOMQ.&kLJLY.&;lO5DNDc.&/MPODN.&
=lHOKX.&,LQDG&=MG.&,LODK\.&#GHLcFDD&
0LQCD.&<LCKHDK.&'LOaKEQK.&!M5YLi.&
;KOKcMPK.&!LOLXMPK.&;ODcQDMO.&$YDK.&
;LOFLRG&HL& GE.&(CLYKOD.&'KDK&HL&;ODc&

&

W& ;M\\GNL&QLNFOL& %YY&FCL&MFCLO&QM\\GNL&QLNFOLE& &

&
!CLOLSMOL.& DN& MOHLO& FM& KEELEE& FCL& QMNNLQFDPDFI& MS& ELFFYL\LNFE.& [L& CKPL& SDOEF&

FKZLN& DNFM& QMNEDHLOKFDMN&KYY& QYKEEDSDLH& OMKHE&[DFCDN& FCL& FLOODFMOI&MS& FCL& KNKYIaLH& OLXDMN.&
KNH& KYY& FCL& ELFFYL\LNFE6& #DEFKNQLE& JI& OMKH& [LOL& QKYQGYKFLH& :GEDNX& ($ >& SOM\& LKQC&
ELFFYL\LNF&FM&FCL&NLKOLEF&QLNFOKY&5YKQL&MS&LPLOI&OKNZ&:LTQL5F&SMO&OKNZ&4.&[CLOL&HDEFKNQL&FM&
FCL&QMGNFI&ELKF&[KE&QM\5GYEMODYI&QMNEDHLOLH>6&AMO&FCDE.&K&5OLYD\DNKOI&EFGHI&[KE&NLLHLH&FM&
HLFLO\DNL&FCL&OKNZE&MS&FCL&ELFFYL\LNFE&[DFCDN&FCL&KNKYIaLH&FLOODFMOI.&KNH&LPLN&DN&FCL&
NLDXCJMODNX&KOLKE6&BL&OLYDLH&MGO&KEELEE\LNF&MN&EGQC&K&CDLOKOQCI.&JKELH&MN&K&5OLPDMGE&
KNKYIEDE&:+GEG.&233U>.&[CDQC&QYKEEDSDLH&FCL&ELFFYL\LNFE&DNFM&12&OKNZE&MO&YLPLYE.&EFKOFDNX&
SOM\&FCL&NKFDMNKY&QK5DFKY.&'GQCKOLEF&:OKNZ&3>&HM[N&FM&FCL&\MEF&GNHLOHLPLYM5LH&PDYYKXLE&MO&
CK\YLFE.&[DFC&KY\MEF&NM&DNCKJDFKNFE&KNH&NM&LYL\LNFKOI&ELOPDQLE&:OKNZ&11>6&-M[LPLO.&
SMO& FCL& 5GO5MEL& MS& FCDE& EFGHI.&[L& CKPL& MNYI& FKZLN& DNFM& KQQMGNF& FCL& SDOEF& NDNL& YLPLYE&
:OKNZ&3&FM&OKNZ&W.&QM\\GNL&QLNFOL>.&QMNEDHLODNX&FCKF&E\KYYLO&PDYYKXLE&:OKNZLH&`&FM&11>&



+6&+" ".&!6&<%=.&;6&<*/#*0%=&

&

&

&177&

KOL&DOOLYLPKNF&KE&QLNFOKY&5YKQLE6&;LNFOKY&5YKQLE&JLYMNXDNX&FM&KNI&OKNZ&KOL&KYEM&DNQYGHLH&KE&
QLNFOKY&5YKQLE&SMO&KYY&FCL&OKNZE&JLYM[6&AMO&DNEFKNQL.&!D\DcMKOK.&OKNZLH&1.&DE&KYEM&QMNEDHLOLH&
KE&OKNZLH&2.&4h&HM[N&FM&FCL&YM[LEF&OKNZ.&KE&DF&5OMPDHLE&NMF&MNYI&CDXC&ELOPDQLE.&E5LQDSDQ&
SMO&OLXDMNKY&QLNFOLE.&JGF&KYEM&JKEDQ&XMMHE.&KPKDYKJYL&DN&KNI&YM[8XOKHL&ELFFYL\LNF6&

!CL&PKYGLE&MS&HDEFKNQL&[LOL&FCLN&KXXOLXKFLH&SMO&LPLOI&ELFFYL\LNF&DNFM&K&QMNNLQFDPDFI&
DNHLT&GEDNX&FCL&SMYYM[DNX&SMO\GYK&:+6&+GEG.&233WV&+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>o&
&

+#&p&:4&q&
150

0Dr >&r&:4&q
75

1Dr >&r&:4&q&
40

2Dr >&r&:4&q
20

3Dr >&r&:4&q
12

4Dr >&r&:4&q
8

5Dr >&r&:4&q
5

6Dr >&r&&

:4&q
3

7Dr >&r&:4&q
2

8Dr >&

[CLOL&&
+#&q&OMKH&HDEFKNQL8JKELH&QMNNLQFDPDFI&DNHLTV&
#O3&q&HDEFKNQL&SOM\&FCL&ELFFYL\LNF&OKNZLH&3V&
#O1&q&HDEFKNQL&SOM\&FCL&ELFFYL\LNF&OKNZLH&1h&
#OW&q&HDEFKNQL&SOM\&FCL&ELFFYL\LNF&OKNZLH&W6&

!CL&\KTD\KY&PKYGL&SMO&LKQC&QM\5MNLNF&MS&
FCL&SMO\GYK&DE&4.&KF&aLOM&HDEFKNQL.&\LKNDNX&FCKF&FCL&
ELFFYL\LNF&JLYMNXE&FM&K&OKNZ&KJMPL&MO&LbGKY&FM&FCL&
MNL& QMNEDHLOLH6& !CLOLSMOL.& FCL& SMO\GYK& FKZLE& DNFM&
KQQMGNF&K&CDXCLEF&5MEEDJYL&PKYGL&MS&2U&DN&FCL&QKEL&MS&
FCL&QK5DFKY&QDFI&MS&'GQCKOLEF6&%YY&FCL&MFCLO&ELFFYL\LNFE&
NKFDMN8[DHL&CKPL&E\KYYLO&PKYGLE&MS&FCL&QMNNLQFDPDFI&
DNHLT6&%YFCMGXC&\MEF&ELFFYL\LNFE&CKPL&5MEDFDPL&EQMOLE.&
PKYGLE&\KI&JL&NLXKFDPL&SMO&LKQC&QM\5MNLNF&KNH&MPLOKYY6&

%E& HDEFKNQLE& [LOL& QKYQGYKFLH& SOM\& LPLOI&
ELFFYL\LNF&GEDNX&QYKEEDSDLH&OMKHE.&MNL&\KI&SKQL&FCL&
DEEGL&FCKF&NMF&KYY&FCL&ELFFYL\LNFE&KOL&KQFGKYYI&YMQKFLH&MN&
OMKHE.&MO&KF&YLKEF&FCL&5MDNF&OL5OLELNFDNX&FCL&ELFFYL\LNF&DE&
NMF&MN&KNI&OMKH6&!CLOLSMOL.&K&OKNXL&MS&7&ZDYM\LFOLE&FM&
FCL&NLKOLEF&OMKH&CKE&JLLN&FKZLN&DNFM&QMNEDHLOKFDMN&SMO&
FCL&BLEF&+LXDMN&ELFFYL\LNFE.&KE&SMO&DNEFKNQL&42&PDYYKXLE&
MS&'KNKF&KOL&NMF&OLKQCLH&JI&KNI&5GJYDQ&QYKEEDSDLH&OMKH&:+GEG.&233U>6&

!M&QKYQGYKFL&HDEFKNQLE&K&NLF[MOZE&HKFKELF&[KE&XLNLOKFLH&GEDNX&%OQ($ &=LF[MOZ&
%NKYIEF&)TFLNEDMN6&!CDE&HKFKELF&DNQYGHLH&KYY&FCL&OMKHE&QKFLXMODaLH&JI&FI5LE&KNH&KYY&FCL&
NMHLE& :KQQLEE& 5MDNFE& FM& FCL& NLF[MOZ>6& 'KELH& MN& FCLEL& FCL& ECMOFLEF& OMGFL& SOM\& LKQC&
YMQKYDFDLE&FM&FCL&NLKOLEF&KFFOKQFDMN&5MDNF&[KE&QKYQGYKFLH6&!CL&SDNKY&EFL5&[KE&FM&QKYQGYKFL&FCL&
+#&DNHLT6&!CL&+#&PKYGL&SMO&LKQC&ELFFYL\LNF&[KE&GELH&KE& DN5GF&5MDNF& DN& DNFLO5MYKFDMN&
5OMQLEE&GEDNX&%OQ($ & 5KFDKY&%NKYIEF&OLEGYFDNX&K&OKEFLO&HKFKELF&OL5OLELNFDNX&FCL&E5KFDKY&
PKODKJDYDFI& MS& +#6& !CL& MPLOKYY& PKYGLE& SMO& LKQC& ELFFYL\LNF& CKPL& JLLN& DNFLO5MYKFLH& FM&
5OMHGQL&K&\K5&MS&FCL&OMKH&QMNNLQFDPDFI&DNHLT&DN&FCL&BLEF&+LXDMN&MS&+M\KNDK&:SDX6&1>6&

AMO&FCL&OMKH&FD\L&QMNNLQFDPDFI&DNHLT.&[L&FOKNESMO\LH&FCL&HDEFKNQLE&DNFM&HODPDNX&
FD\LE&NLLHLH&SMO&K&\MFMO&PLCDQYL&FM&XLF&FM&QLOFKDN&YMQKFDMNE6&BCDYL&HDEFKNQLE&KOL&D\5MOFKNF&
FM& KEELEE& FCL& QMNNLQFDPDFI& MS& K& QLOFKDN& ELFFYL\LNF.& RMGONLI& FD\LE& FM& QLNFOKY& 5YKQLE&
5OMPDHL& K& JLFFLO& KNH&\MOL& OLKYDEFDQ& 5DQFGOL& MN& KQQLEEDJDYDFI& KNH& FCL& OLKY& QMNNLQFDMN&
LKQC&ELFFYL\LNF&CKE&FM&FCL&NLKOLEF&QLNFOKY&5YKQLE6&AMO&LKQC&FI5L&MS&OMKH.&[L&QMNEDHLOLH&K&

Distances considered for a score 

of zero in every component  

of the formula 

               Table 2. 

Rank Distance (in km) 

3& 793&

1& 229&

2& 123&

4& f3&

7& 4f&

9& 27&

f& 19&

U& `&

W& f&
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Average speeds for motor vehicles 

according to the type of road 

 Table 3. 

Type of road 
Average 

speed 

<MFMO[KI& 113&Z\]C&

=KFDMNKY&OMKH& U3&Z\]C&

;MGNFI&OMKH& 93&Z\]C&

/MQKY&:QM\\GNL>&

OMKH&

43&Z\]C&

&

QLOFKDN&KPLOKXL&E5LLH&:FKJYL&4>6&#DEFKNQLE&\KI&JL&
5LOSLQFYI& QKYQGYKFLH& KNH& KOL& KY[KIE& FCL& EK\L&
:LTQL5F&[CLN&NL[&DNSOKEFOGQFGOL&DE&JGDYF>6&kMGONLI&
FD\LE&OL5OLELNF&CM[LPLO&RGEF&K&\LOL&K55OMTD8
\KFDMN.&JLQKGEL&FCL&E5LLH&KYEM&HL5LNHE&MN&\KNI&
SKQFMOE& q& FCL& bGKYDFI& MS& FCL& OMKH.& FCL&[LKFCLO&
QMNHDFDMNE.&FCL&HLNEDFI&MS&FOKSSDQ.&FCL&NG\JLO&MS&
ELFFYL\LNFE&KNH&EFM5E&MN&FCL&OMKH6&*N&FCL&EK\L&
OMKH.&FCL&EK\L&RMGONLI&[DYY&FKZL&YMNXLO&KF&5LKZ&
CMGOE&MO&DN&CLKPI&[LKFCLO6&

<MOL&FCKN&FCKF.&OMKHE&KOL&bGDFL&HDSSLOLNF.&
LPLN& DS& FCLI& JLYMNX& FM& FCL& EK\L& QKFLXMOI6& %N&
KPLOKXL&E5LLH&MS&U3&Z\]C&DE&NMF&5MEEDJYL&MN&KYY&NKFDMNKY&OMKHE6&#DSSLOLNF&OMKH&ELQFMOE&
KYYM[&SMO&HDSSLOLNF&E5LLHE6&0LCDQYLE&EYM[&HM[N&[CDYL&5KEEDNX&FCOMGXC&FM[NE&MO&PDYYKXLE6&&

!L\5MOKOI&[MOZE&MN&QLOFKDN&OMKHE&\KI&KYEM&HLFLO\DNL&K&CDXC&PKODKJDYDFI&MS& FCL&
KPLOKXL&E5LLH6&$N&[DNFLO&MO&DN&CLKPI&QMNHDFDMNE.&E5LLH&\GEF&KYEM&JL&KHRGEFLH6&#DSSLOLNQLE&
JLF[LLN&OMKHE&DNQOLKEL&KE&MNL&OLSLOE&FM&YM[LO&XOKHL&OMKHE6&AL[&QMGNFI&OMKHE&KOL&5LOCK5E&
JLFFLO&FCKN&EM\L&NKFDMNKY&OMKHE.&[CDYL&MFCLO&QMGNFI&OMKHE&KOL&GN\MHLONDaLH&KNH&LPLN&
GNOLYDKJYL& SMO&HODPDNX6&!CL& YMQKY& OMKHE&KOL& FCL&\MEF&HDPLOEL& DN& FLO\E&MS&\MHLONDaKFDMN6&
BCDYL&\KNI&KOL&EFDYY&NMF&SDF& SMO&\MFMO&PLCDQYL&FOKSSDQ.& D\5MOFKNF&[MOZE&KOL&DN&5OMXOLEE& DN&
\KNI&PDYYKXLE.&KE&K&OLEGYF&MS&FCL&D\5YL\LNFKFDMN&MS&OGOKY&DNSOKEFOGQFGOL&OLCKJDYDFKFDMN&
5OMXOK\\LE6&

%QQL5FDNX& FCL& SKQF& FCKF& FD\L& NLLHLH& FM& XLF& FM& K& HLEFDNKFDMN& DE&\MOL& OLYKFDPL&
FCKN&FCL&HDEFKNQL&FM&FCKF&HLEFDNKFDMN.&[L&FOKNESMO\LH&KYY&HDEFKNQLE&DNFM&HODPDNX&FD\LE6&
$N&SL[&QKELE.&DF&QK\L&MGF&FCKF&FCL&ECMOFLEF&OMGFL&:DN&FLO\E&MS&HDEFKNQL>&DE&NMF&NLQLEEKODYI&
FCL&SKEFLEF&MNL&:DN&FLO\E&MS&FD\L>.&KE&SMO&LTK\5YL&JLF[LLN&!D\DcMKOK&KNH&+LcDiK6&/M[LO&
QYKEEDSDLH&OMKHE&\KI&QGF&HDEFKNQLE.&NLPLOFCLYLEE&FCLI&\DXCF&DNQOLKEL&RMGONLI&FD\LE6&

"EDNX& FCL& EK\L& FLQCNDbGL& KE& DN& FCL& QKEL& MS& HDEFKNQL.& [L& KEELEELH& FCL& FD\L&
NLLHLH&FM&XLF&SOM\&LKQC&ELFFYL\LNF&FM&NLKOLEF&QLNFOKY&5YKQL&MS&LPLOI&OKNZ&:LTQL5F&SMO&
OKNZ&4.&[CLOL&FCL&QMGNFI&ELKF&[KE&QM\5GYEMODYI&QMNEDHLOLH>6&!CLN&[L&GELH&K&ED\DYKO&
SMO\GYK&KE&SMO&FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT.&KEEG\DNX&FCKF&1&ZDYM\LFLO&p&1&\DNGFL.&
[CDQC& \LKNE& FCKF& KN& KPLOKXL& E5LLH& MS& f3& Z\]C& DE& FM& JL& QMNEDHLOLH& FM& KQCDLPL& K&
5LOSLQF&ED\DYKODFIo&
&

+!&p&:4&q&
150

0Tr >&r&:4&q&
75

1Tr >&r&:4&q&
40

2Tr >&r&:4&q&
20

3Tr >&r&:4&q&
12

4Tr >&r&:4&q&
8

5Tr >&r&:4&q&
5

6Tr >&r&&

:4&q&
3

7Tr >&r&:4&q&
2

8Tr >&

[CLOL&&
+!&q&OMKH&FD\L8JKELH&QMNNLQFDPDFI&DNHLTV&
!O3&q&RMGONLI&FD\L&FM&FCL&ELFFYL\LNF&OKNZLH&3V&
!O1&q&RMGONLI&FD\L&FM&FCL&ELFFYL\LNF&OKNZLH&1h&
!OW&q&RMGONLI&FD\L&FM&FCL&ELFFYL\LNF&OKNZLH&W6&

+LEGYFE&[MGYH&JL&HDSSLOLNF& SOM\&FCMEL&MS& FCL&HDEFKNQL8JKELH&QMNNLQFDPDFI& DNHLT6&
%YFCMGXC& FCL& PKYGLE&MS& FCL& OMKH& FD\L& QMNNLQFDPDFI& DNHLT&[MGYH& DN& SKQF&HL5LNH&\MOL&MN&
PKODMGE&SKQFMOE&FCKF&CKPL&KN&D\5KQF&MN&HODPDNX&E5LLH.& DF& DE&K&\MOL&OLYDKJYL&DNEFOG\LNF&FM&
QKYQGYKFL& QMNNLQFDPDFI6&  LFFYL\LNFE& QYMEL& FM&\MFMO[KI& LNFODLE]LTDFE& MO& YMQKFLH& KYMNX& MO&
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NLKO&NKFDMNKY&OMKHE&[DYY&CKPL&K&JLFFLO&PKYGL&MS&FCL&FD\L8JKELH&QMNNLQFDPDFI&DNHLT&FCKN&MS&
FCL&HDEFKNQL8JKELH&QMNNLQFDPDFI&DNHLT6&*N&FCL&QMNFOKOI.& DEMYKFLH&ELFFYL\LNFE.&EDFGKFLH&SKO&
SOM\&FCL&\KDN&OMKHE.&EM\LFD\LE&KF&FCL&LNH&MS&K&\DNMO&YMQKY&OMKH.&[MGYH&CKPL&[MOEL&PKYGLE&
MS&FCL&FD\L8JKELH&QMNNLQFDPDFI&DNHLT&FCKN&MS&FCL&HDEFKNQL8JKELH&QMNNLQFDPDFI&DNHLT&:SDX6&2>6&

&

3. RESULTS 

3. 1. The distance-based connectivity index 
 

!CL&OLEGYFE&CKPL&JLLN&KYOLKHI&5OLELNFLH&SMO&'KNKF& DN&MGO&5OLPDMGE&[MOZ&:+6&
+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>6&$N&FCDE&5K5LO.&-GNLHMKOK&;MGNFI&DE&KHHLH&FM&CKPL&KN&
MPLOPDL[& MS& FCL& HDEFKNQL8JKELH& QMNNLQFDPDFI& DNHLT& MS& FCL& [CMYL& BLEF& +LXDMN& MS&
+M\KNDK&:SDX6&1>6&

!CL&MPLOKYY&EQMOL&MS&FCL&QMNNLQFDPDFI&DNHLT&SMO&FCL&1739&ELFFYL\LNFE&QM\5ODELH&DN&
%OKH.&;KOKc8 LPLODN.&-GNLHMKOK&KNH&!D\Dc&QMGNFDLE&PKODLE&JLF[LLN&2464W&:!D\DcMKOK.&
KYEM&FCL&YKOXLEF&GOJKN&QLNFOL>&KNH&q&416`1&:'DXlO>6&<MOL&FCKN&CKYS&MS&FCL&ELFFYL\LNFE&
:W37>&CKPL&5MEDFDPL&PKYGLE&MS& FCL&QMNNLQFDPDFI& DNHLT.&[CDYL& FCL&MFCLO&f31&CKPL&NLXKFDPL&
PKYGLE&KNH&KOL&OKFCLO&DEMYKFLH6&-M[LPLO.&\MEF&ELFFYL\LNFE&:13f1.&MO&\MOL&FCKN&U9s>&
CKPL&OKFCLO&KPLOKXL&EQMOLE.&JLF[LLN&13&KNH&q&136&

&

&

Fig. 1.&!CL&HDEFKNQL8JKELH&OMKH&QMNNLQFDPDFI&DNHLT&DN&FCL&BLEF&+LXDMN&MS&+M\KNDK6&
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!D\DcMKOK& :246WW>.&%OKH& :226f`>&KNH&+LcDiK& :23613>&HM\DNKFL& FCL& QYKEEDSDQKFDMN6&
/KOXL&KOLKE&[DFC&5MEDFDPL&PKYGLE&MS&FCL&QMNNLQFDPDFI&DNHLT&KOL&EGOOMGNHDNX&FCLEL&QDFDLE6&$N&
%OKH&;MGNFI.&FCL&KOLK&[DFC&JLEF&QMNNLQFDPDFI&YDLE&JLF[LLN&FCL&QDFI&MS&%OKH&KNH&;CDcDNLG8
;ODc&:FM&FCL&=MOFC>.&,LQDQK&:FM&FCL&BLEF>.&/D5MPK&:FM&FCL&)KEF>6&!M&FCL& MGFC.&DF&DE&QMNNLQFLH&
FM&FCL&KOLK&QLNFLOLH&MN&!D\DcMKOK.&[CDQC&KYEM&LTFLNHE&K&XOLKF&HLKY&FM&FCL&)KEF&:FM&/GXMR&
KNH&LPLN& SKOFCLO>&KNH& FM& FCL& MGFC& :FM&#LFK&KNH&(lFKDK>6& $N&;KOKc8 LPLODN&;MGNFI.& YKOXL&
KOLKE&[DFC&CDXC&PKYGLE&KOL&EDFGKFLH&KOMGNH&+LcDiK&KNH&;KOKNELJLc6&$N&-GNLHMKOK&;MGNFI.&
KYFCMGXC&\KTD\KY&PKYGLE&KOL&K&JDF&YM[LO&QM\5KOLH&FM&FCL&MFCLO&FCOLL&QMGNFDLE.&FCLOL&DE&EFDYY&
K&QM\5KQF&KOLK&[DFC&PKYGLE&KJMPL&13&KYMNX&FCL&<GOLc&:*OlcFDL>&;MOODHMO&KNH&FM&DFE& MGFC.&
QLNFLOLH&MN&FCL&bGKHOKNXYL&SMO\LH&JI&#LPK&q&-GNLHMKOK&q&;lYKN&q& D\LODK6&-DXC&PKYGLE&
KOL&KYEM& QCKOKQFLODEFDQ& SMO& FCL&NMOFCLON&5KOF&MS&-KiLX&'KEDN.& SMO&,LFOMcKND&'KEDN.& SMO& FCL&
QLNFOL&MS&'OKH&'KEDN.&KNH&SMO&FM[NE&YDZL& jNNDQMYKG&<KOL.&$NLG.& LJDc.&*OKPDiK.&%NDNK.&
'GaDKc.&kD\JMYDK.&NMF&FMM&SKO&K[KI&SOM\&FCL&\KDN&QDFDLE6&

!CL& YM[LEF& PKYGLE& QMOOLE5MNH& FM& FCL& YLKEF& KQQLEEDJYL& KOLKE.& GEGKYYI& DN& FCL&
\MGNFKDNE.&[CLOL&OMKH&QMNNLQFDMNE&KOL&[LKZ6&!CLOLSMOL.&FCL&YM[LEF&EQMOL&[KE&OLXDEFLOLH&
SMO&'DXlO.&KN&DEMYKFLH&PDYYKXL&DN&%Y\lR&<MGNFKDNE6& D\DYKOYI&YM[&PKYGLE&KOL&OLQMOHLH&SMO&
ELFFYL\LNFE&DN&<LFKYDSLOD.&;LONK.&tKOQG.&mGOLKNG.&(lDNK&KNH&;MHOG&<M\K&<MGNFKDNE.&KE&
[LYY&KE&DN&/D5MPK&-DYYE.&LKEFLON&nlOKNH&<MGNFKDNE.&%Y\lR&'KEDN6&&

$F& DE& DNFLOLEFDNX& FM& NMFL& FCKF& YM[& PKYGLE& KYEM& QCKOKQFLODaL& FCL& ELFFYL\LNFE&
EDFGKFLH&KYMNX&FCL&JMOHLOE.&YDZL&FCMEL&KYMNX&FCL&#KNGJL&MO&=LOK6&)PLN&YM[YKNH&ELFFYL\LNFE&
YDZL& $K\.& /liGNKc.& (OlNDQLODD.& 'LJK&0LQCL& :FCL&[LEFLON\MEF& PDYYKXL& DN&+M\KNDK>& KNH&
FCLDO&EGOOMGNHDNXE.&YMQKFLH&NLKO&FCL&JMOHLO&[DFC& LOJDK.&CKPL&YM[&QMNNLQFDPDFI6&!CDE&DE&
HGL& FM& FCL& 5MMO& DNSOKEFOGQFGOL& QYMEL& FM& FCL& JMOHLOE.& MN& FCL& MNL& CKNH.& KNH& FCL& YKOXL&
HDEFKNQLE&FM& FCL&\KDN&QDFDLE6& $N&FCLEL&QKELE.& FCL&5MYDFDQKY& SKQFMO&:FCL&JMOHLO>&KQFE&KE&K&
OLEFODQFDMN.&NMF&FCL&\MO5CMYMXI.&KE&DN&FCL&\MGNFKDNE&:+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>6&

&

3. 2. The time-based connectivity index 
 

0KYGLE&MS&FCL&OMKH&FD\L8JKELH&QMNNLQFDPDFI&DNHLT&KOL&EDXNDSDQKNFYI&HDSSLOLNF&FCKN&
FCMEL&MS&FCL&HDEFKNQL8JKELH&QMNNLQFDPDFI&DNHLT6&BCDYL&ELFFYL\LNFE&DN&FCL&G55LO&5KOF&MS&FCL&
QYKEEDSDQKFDMN&EYDXCFYI& D\5OMPLH&FCLDO&EQMOL.&HGL& FM& FCLDO&XMMH&QMNNLQFDMNE& FM&CDXC8XOKHL&
OMKHE&KNH&LPLN&\MFMO[KIE.&FCL&PKYGLE&HLQOLKELH&K&YMF&SMO&FCL&YM[LO8LNH&ELFFYL\LNFE.&
[CDQC&KOL&NMF& RGEF&PLOI& SKO&K[KI& SOM\&QLNFOKY&5YKQLE.&JGF&KYEM&QMNNLQFLH&FM& FCL\&JI&
5MMO&DNSOKEFOGQFGOL6&

!CL&PKYGLE&MS&FCL&FD\L8JKELH&QMNNLQFDPDFI&DNHLT&OKNXL&JLF[LLN&2763W&:!D\DcMKOK>&
KNH&q&f76WU&:<LODK.&DN&,MDKNK&+GEQl&<MGNFKDNE.&-GNLHMKOK&;MGNFI>6&/LEE&FCKN&CKYS&MS&
FCL& ELFFYL\LNFE& :fff& MGF& MS& 1739>& CKPL& 5MEDFDPL& PKYGLE& MS& FCL& DNHLTV& FCLOLSMOL& FCL&
\KRMODFI& MS& FCL& ELFFYL\LNFE& CKPL& NLXKFDPL& PKYGLE.& [CDQC& 5MDNFE& MGF& FCL& YM[& bGKYDFI&
DNSOKEFOGQFGOL&DN&\KNI&5KOFE&MS&FCL&BLEF&+LXDMN6&%JMGF&14s&MS&FCL&ELFFYL\LNFE&CKPL&
KN&DNHLT&KJMPL&13.&JGF&\MOL&FCKN&23s&CKPL&KN&DNHLT&JLYM[&q&13&KNH&\MOL&FCKN&9s&
OLXDEFLO&PKYGLE&JLYM[&q&236&

*NQL&KXKDN.&FCL&\KRMO&QDFDLE&KNH&FCL&QMGNFI&ELKFE&KOL&JLEF&QYKEEDSDLHo&!D\DcMKOK.&
%OKH&:24692>.&+LcDiK&:236`U>.&#LPK&:236ff&q&FCDE&EQMOL&HMLE&NMF&FKZL&DNFM&KQQMGNF&FCL&
OLQLNF&M5LNDNX&MS&FCL&\MFMO[KI&ELQFMO&JLF[LLN&#LPK&KNH&*OlcFDL>6&<MEF&MS&FCL&MFCLO&
QDFDLE& KNH& FM[NE& :/GXMR.& 'MQcK.& ;KOKNELJLc.&-GNLHMKOK.&  D\LODK.& /D5MPK.&*OlcFDL.& ,LQDQK&
KNH&EM&MN>&CKPL&EQMOLE&KJMPL&136& D\DYKO&CDXC&EQMOLE&QCKOKQFLODaL&FCL&OGOKY&KOLKE&YMQKFLH&
DN& FCL& D\\LHDKFL&NLDXCJMGOCMMH&MS& QDFDLE& :#G\JOlPDiK.&(DOMQ.&  lQlYKa.&;CDcMHK.&NLKO&
!D\DcMKOKV&0YKHD\DOLEQG.&AjNFjNLYL.&mKXG.&NLKO&%OKH.&FM&5MDNF&MGF&RGEF&K&SL[>6&
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!CL&\KDN&KTLE&[CLOL&5MEDFDPL&PKYGLE&KOL&OLXDEFLOLH&KOL&XLNLOKYYI&EG5LOD\5MELH&
MN&FCL&OMGFL&MS&FCL&\MFMO[KI&ELQFMOE&KNH&FCL&NKFDMNKY&OMKHE6&*NL&YKOXL&=MOFC8 MGFC&KTDE&
QOMEELE&FCL&OLXDMN&SOM\&nLODNH.&KF&FCL&JMOHLO&[DFC&'DCMO&;MGNFI.&FM&<MOKPDiK.&DN&EMGFCLON&
!D\Dc&;MGNFI6&!D\DcMKOK&KNH&%OKH& YDL& DN& DFE&QLNFOL6&*FCLO&KOLKE&[DFC&5MEDFDPL&PKYGLE&KOL&
KOMGNH&FCL&YKOXL&QDFDLE.&KE&\LNFDMNLH&JLSMOL.&JGF&FCLI&KYEM&LTFLNH&FM&FCL&BLEF&KNH&FM&FCL&
)KEF.& KYMNX&<GOLc&;MOODHMO& :SOM\&%OKH>&MO&'LXK&KNH&!D\Dc&PKYYLIE& :SOM\&!D\DcMKOK>6& $N&
-GNLHMKOK& ;MGNFI.& MNL& ECMGYH& \LNFDMN& FCL& CDXC& PKYGLE& MS& FCL& KOLK& JLF[LLN& #LPK.&
-GNLHMKOK.&-KiLX&KNH&*OlcFDL.&KE&[LYY&KE&\MEF&MS&,LFOMcKND.&-KiLX&KNH&'OKH&JKEDNE6&

&

&
 

Fig. 2.&!CL&FD\L8JKELH&OMKH&QMNNLQFDPDFI&DNHLT&DN&FCL&BLEF&+LXDMN&MS&+M\KNDK6&
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%E& DN& FCL& QKEL& MS& FCL& HDEFKNQL8JKELH& QMNNLQFDPDFI& DNHLT.& FCL& 5MMOLEF& PKYGLE&
QMOOLE5MNH&FM&DEMYKFLH&ELFFYL\LNFE.&\MEF&MS&FCL\&YMQKFLH&DN&FCL&\MGNFKDNE6&<LODK&KNH&
#lNGYLcFD&:DN&<LFKYDSLOD&<MGNFKDNE.&8&9`631>&OLXDEFLO&FCL&YM[LEF&PKYGLE6&%OLKE&[DFC&PLOI&
YM[&PKYGLE&KOL&,MDKNK&+GEQl.&<LFKYDSLOD.&(lDNK.&%Y\lR.&mGOLKNG&KNH&;LONLD&<MGNFKDNE.&
[CLOL&QLOFKDN&ELFFYL\LNFE&KOL&XOMG5LH&LDFCLO&MN&[KFLOECLHE&:,MDKNK&+GEQl&<MGNFKDNE>&
MO&MN&EYM5LE&KNH&HLKH&LNHE&MS&FCL&PKYYLIE6&

/M[& EQMOLE& KOL& KYEM& OLXDEFLOLH& DN& YM[LO& \MGNFKDNE& KNH& CDYYI& KOLKE.& [CLOL&

FM5MXOK5CI&DE&NMF&EM&\GQC&FM&JL&JYK\LH6&%OLKE&DN&FCL&^ECKHM[_&MS& DNPLEF\LNFE.&GEGKYYI&

JLF[LLN&QMGNFDLE.&YDZL&/D5MPK&-DYYE.&'GaDKc&-DYYE.&LKEFLON&nlOKNH&<MGNFKDNE.&;MHOG&<M\K&

<MGNFKDNE&KNH&;MHOG&-DYYE6&%YEM.&ELFFYL\LNFE&NLKO&FCL&JMOHLO.&JGF&NMF&QYMEL&FM&K&JMOHLO&

QOMEEDNX&5MDNF.&KOL&DN&FCL&EK\L&EDFGKFDMN.&KE&DNSOKEFOGQFGOL&DE&XLNLOKYYI&5MMO6&

!CL& KPLOKXL& PKYGL& MS& FCL& OMKH& FD\L& QMNNLQFDPDFI& DNHLT& :+!>& SMO& FCL& BLEF&

+LXDMN&[KE&q&16WU&QM\5KOLH&FM&K&5MEDFDPL&PKYGL&MS&36f9&MS&FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&

DNHLT&:+#>&SMO&FCL&EK\L&OLXDMN6&-M[LPLO.&[CDYL&HDEFKNQLE&KOL&GNYDZLYI&FM&QCKNXL.&RMGONLI&

FD\LE&\DXCF&D\5OMPL&[DFC&FCL&QMNEFOGQFDMN&MS&NL[&CDXC&E5LLH&OMKHE.&LE5LQDKYYI&\MFMO[KIE6&

$N&FCL&BLEF&+LXDMN&MS&+M\KNDK.&[MOZE&KOL&DN&5OMXOLEE&MN&FCL&JKEDQKYYI&BLEF&q&)KEF&%&1&

\MFMO[KI&5KEEDNX&NLKO&=lHYKQ.&%OKH.&!D\DcMKOK.&/GXMR.&AlXLF.& $YDK.&#LPK.& D\LODK&KNH&

*OlcFDL6&AMO&FCL&\M\LNF.&MNYI&%OKH&q&!D\DcMKOK&KNH&#LPK&q&*OlcFDL&ELQFMOE&KOL&SGNQFDMNKY.&

JGF&FCL&[CMYL&ELQFMO&[DFCDN&FCL&BLEF&+LXDMN&KNH&HM[N&FM& DJDG&DE&EG55MELH&FM&JL&OLKHI&DN&

FCL& NLKO& SGFGOL6& !CL& \MFMO[KI& [DYY& HLSDNDFLYI& D\5OMPL& RMGONLI& FD\LE& KNH& CKPL& K&

5MEDFDPL&D\5KQF&MN&+!&PKYGLE&SMO&FCL&BLEF&+LXDMN&ELFFYL\LNFE.&LE5LQDKYYI&FCMEL&YMQKFLH&

NLKO&\MFMO[KI&LTDFE6&&

&

4. CONCLUSIONS 
 

!CDE& EFGHI& DE& JKELH& MN& 5OLPDMGE& K55OMKQCLE& FM& FCL& EGJRLQF& MS& QMNNLQFDPDFI&

DNHLT&:+6&+GEG.&233UV&+6&+GEG.&233W>&KNH&DE&MOXKNDQKYYI&YDNZLH&FM&FCL&[MOZ&MS&+6&+GEG.&

!6&<KN&KNH&;6&<MYHMPKN&:2314>&[CDQC&DNFOMHGQLH&FCL&OMKH&HDEFKNQL&QMNNLQFDPDFI&DNHLT&

SMO& FCL& ELFFYL\LNFE& MS& 'KNKF6&BCDYL& 5OLELOPDNX& FCL& KJMPL8\LNFDMNLH& DNHLT& KNH& FCL&

\LFCMHMYMXI&FM&QKYQGYKFL&DF.&FCDE&EFGHI&LTFLNHE&FCL&OLELKOQC&FM&FCL&[CMYL&BLEF&+LXDMN&MS&

+M\KNDK&KNH&ELFE&FCL&\LFCMHMYMXDQKY&SOK\L[MOZ&SMO&QKYQGYKFDNX&K&OMKH&FD\L&QMNNLQFDPDFI&

DNHLT.& JKELH& MN& HODPDNX& FD\LE& SOM\& LKQC& ELFFYL\LNF& FM& FCL& NLKOLEF& QLNFOKY& 5YKQLE& MS&

LPLOI&OKNZ6&!CLOLSMOL.&FCL&\KDN&5MDNF&DE&FCKF&FCL&[LYSKOL&MS&FCL&QM\\GNDFDLE&HL5LNHE&

MN&FCL&EFKNHKOHE&MS&QMNNLQFDPDFI&KNH&KQQLEEDJDYDFI&FM&ELOPDQLE&KNH&SKQDYDFDLE& YMQKFLH&DN&

QLNFOKY&5YKQLE&KNH&FCKF&FCL&\MEF&PKYDH&\LKEGOL&MS&QMNNLQFDPDFI&[MGYH&JL&FCL&KEELEE\LNF&MS&

FCL&E5KQL&:HDEFKNQL>&KNH&FD\L&JGHXLFE&NLLHLH&SMO&FCL&5M5GYKFDMN&MS&LPLOI&ELFFYL\LNF&

FM&OLKQC&E5LQDSDQ&HLEFDNKFDMNE&: 6#6&=GFYLI.&1`W3V&+6&+GEG.&!6&<KN.&;6&<MYHMPKN.&2314>6&

!CL&OMKH&FD\L&QMNNLQFDPDFI&DNHLT&:+!>&DE&K&\MOL&OLYDKJYL&DNEFOG\LNF&FM&QKYQGYKFL&

QMNNLQFDPDFI.&LPLN&DS&RMGONLI&FD\LE&\DXCF&PKOI&KQQMOHDNX&FM&NG\LOMGE&SKQFMOE&FCKF&CKPL&KN&

D\5KQF&MN&HODPDNX& E5LLH6&BCDYL&HDEFKNQLE&KOL&GNYDZLYI& FM& QCKNXL.& RMGONLI& FD\LE&\KI&

D\5OMPL&[DFC&FCL&QMNEFOGQFDMN&MS&FCL&\MFMO[KIE6&$N&FCL&BLEF&+LXDMN.&FCL&LTLQGFDMN&MS&

FCL&%&1&\MFMO[KI&[DYY&HLSDNDFLYI&CKPL&K&5MEDFDPL&D\5KQF&MN&+!&PKYGLE&MS&FCL&ELFFYL\LNFE6&

'MFC&HDEFKNQL8JKELH&KNH&FD\L8JKELH&OMKH&QMNNLQFDPDFI&DNHLTLE&\KI&OL5OLELNF&

GELSGY&FMMYE&DN&FCL&5YKNNDNX&KNH&\KNKXL\LNF&MS&DNSOKEFOGQFGOL&5OMRLQFE.& DN&HLPLYM5\LNF&

EFOKFLXDLE& \LKNF& FM& OLHGQL& FLOODFMODKY& HDE5KODFDLE.& KE& [LYY& KE& DN& OLXDMNKY& KNH& YMQKY&

5YKNNDNX6 
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