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8�cSdbcutû[eûǹmh�dueqh�d�raZtfk̀ m_[�̂[̀[q_[�̀SbcqYù[u_�
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��]8�̀S[Tâuu�
cSdbcadecS̀ù m̀_�r[ta_�barcuYtù[q��
��1����ae�aTluVa�]â[juderS�barcuYtù[y �
qr̂qpedq�at̀agSZ̀mu�ZS_m]S̀[q�̀S�Zu_̂p��C== ��%��	 ��ac[j[̀m�raZ̀[]̀arù[q�ZS_m]S̀[q�
S̀Zu_̂p�cSZ̀aaTcSZ̀m.�ôu]ec[jud][y�bcaTay�[Zâqi[[�ZS�djue�tuyder[q�r̀fecù [̀h�[�
Se_adguc̀mh�bucùSbcqYù[y��%��	 /�_uhS̀[jud][u�barcuYtù[q�gSZ̀ay�[Zâqi[[��aTcmr�[�
bStù[u�bcaratS�raZtfk̀ mh�̂[̀[y�ôu]ecabucutSj[�̀S�Zu_̂p�[̂[�ZSZu_̂ù[u�]àdecf]i[[/�
bc[]ad̀arù[u�]� ù[Zâ[carS̀ m̀_�ea]arutfl[_�jSdeq_� p̂tn_[�[̂[�Y[raèm_[��
ak[Taj̀mu�tuyder[q�aTd̂fY[rSpluVa�bucdàŜS��8�]Sjuderu�ad̀ar̀mh�bc[Z̀S]ar�t̂q�
rmqr̂ù[q�C==�[dbânZfpe�ea]�[�̀SbcqYù[u�̀f̂uray�bad̂utarSeûǹade[�[̂[�Z̀Sjù[u�
bâ àVa�[̂[�S]e[r̀aVa�dabcae[r̂ù[q�[Zâqi[[�gSZ�due[�aèad[eûǹa�Zu_̂[�bc[�
S̀̂aYù[[�̀S�duen�badeacà ùVa�[deaj̀[]S�b[eS̀[q��
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]â[judera�raZ̀[]Spl[h�C==�r�dS_mh�cSZ̀mh�d[efSi[qh�[�̀udfluderù àu�[Z_ùù[u�
ôu]ec[jud][h�bScS_uecar�]ma�ba�dcSr̀ù[p�d�̀ac_Ŝǹm_�cuY[_a_�cSTaem�fd̂aỲque�
rmTac�abe[_Ŝǹmh�_ueatar�bcutfbcuYtù[q��rmqr̂ù[q�[�̂[]r[tSi[[�C==�
�?3=:9�AB76I6EH:G�:CC=76@53?:;�ASeu_Se[jud][u�ZSr[d[_ade[�ôu]ec[jud][h�

rû[j[̀�bc[�C==�ae�bScS_uecar�ôu]ecafdeS̀ar][�[ẐaYùm�r�cqtu�[dd̂utarS̀[y��%��	��
 ��
8du�dfluderfpl[u�C==�_aỲa�cSZtû[en�̀S�tru�Vcfbbm�1TuZtfVarmu�[�tfVarmu��7uZtfVarmu�
ZS_m]S̀[q�raZ̀[]Spe�bc[�̀Ŝ[j[[�̀StuỲay�VŜnrS̀[jud]ay�drqZ[�barcuYtù ày�gSZm�d�
Zu_̂uy��Iac_S�]c[ray�ea]S�TuZtfVaraVa�C==�dfluderù à�ZSr[d[e�ae�S]e[r̀aVa�
dabcae[r̂ù[q�]àeS]eS�bcaratS�d�Zu_̂uy��[�dabcae[r̂ù[q�cSdeu]S̀[q�ea]S (R .

EuZf̂neSem�[dd̂utarS̀[y��% �ba]SZŜ[��jea�deay]au�Vacù[u�tfV[�r�raZtfk̀ mh�dueqh�
S̀bcqYù[u_�
�1
��]8�raZ_aỲa�̂[kn�r�d̂fjSu�bcaTaq�[Zâqeacar�̀S�tucurq̀ m̀h�ecSrucdSh�
abac�8]��ud̂[�bucuhat̀au�dabcae[r̂ù[u�Tftue�dadeSr̂qen�̀ud]ân]a�tudqe]ar�]C_�
BS[Tâuu�abSd̀m_�qr̂quedq�C==�bc[�aTcmru�bcaratS�raZtfk̀ ay�̂[̀[[�ôu]ecabucutSj[�

da�deacàm�[deaj̀[]S�b[eS̀[q��
 ��8�_udeu�bStù[q�_aYue�raZ̀[]̀fen�Z̀Sj[eûǹau�
bucuhat̀au�dabcae[r̂ù[u��]aeacau�dfluderù à�d̀[YSue�Z̀Sjù[u�ea]S�ZS_m]S̀[q�̀S�
Zu_̂p��[�dcutderS�ae�C==�r�Tânk[̀deru�d̂fjSur�̀u�dcSTSemrSpe��FaZtSuedq�ak[Taj̀au�
rbujSêù[u�aT�aedfeder[[�barcuYtù[q�
?ca_u�oeaVa�̀S�deacàu�̀[Z]aVa�̀SbcqYù[q�ecS̀dgac_Seacar��]aeacmu�b[eSpedq�ae�

barcuYtù ày�̂[̀[[��[d]SYSpedq�_uYgSZ̀mu�̀SbcqYù[q��[�baecuT[eû[�bucuhatqe�r�
ùd[__uec[j̀my�cuY[_�cSTaem��abSd̀my�d�eaj][�Zcù[q�bucuVcurS�aT_aea]�
ecS̀dgac_Seacar�[�tr[VSeûuy�
,7=JL�B34@DI qr̂quedq�aiù]S�bucuhat̀aVa�dabcae[r̂ù[q�r�_udeu�C==�bfeu_�
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badecaù[q�_Seu_Se[jud]ay�_atû[��]aeacSq�daaeruederfue�cuŜǹa_f�bcaiuddf�aTcmrS�
bcaratS�t̂q�fjueS�uVa�Z̀Sjù[q�bc[�cSdjueu�ea]S�C==��
[Zrudèa��jea�bucuhat̀au�dabcae[r̂ù[u�r�_udeu�bStù[q�bcaratS� )R r]̂pjSue�r�duTq�

bad̂utarSeûǹau�daut[̀ù[u�bucuhat̀aVa�dabcae[r̂ù[q�]àeS]eS�bcarat̀[]S�d�Zu_̂uy��"R

[�dabcae[r̂ù[u�cSdeu]S̀[q�ea]S�ZS_m]S̀[q�r�Zu_̂p�(R ��ea�uden��� 

(") RRR �� . (1)

aucuhat̀au�dabcae[r̂ù[u�"R abcutûquedq�dabcae[r̂ù[u_�r�_udeu�dfYù m̀h�fjSde]ar�

bcaratS�)+�R ,ba�]aeacm_�bcahat[e�ea]�]�b̂alSt]S_�ZS_m]S̀[q�[�dabcae[r̂ù[q�b̂ù][�'R

S̀�baruch̀ade[�bcarat̀[]S��� 

')+�" RRR �� . (2)

Fabcae[r̂ù[u�b̂ù][�hScS]euc[Zfuedq�ZSr[d[_adenp��� 
SR 2"�' ��� , (3)

Vtu� 2"�� 1dcut̀uu�ftûǹaudabcae[r̂ù[u�b̂ù][�_Seuc[ŜS�bcarat̀[]S��C_2_ /�� 1
eâl[̀S�b̂ù][��_/��S 1baruch̀aden�bc[]ad̀arù[q��_2.
8�Tânk[̀deru�d̂fjSur��� �b̂ù][�̀S�baruch̀ade[�]àeS]ear�aTcSZfpedq�bat�tuyder[u_�

][d̂acatS�r�raZtfhu��aZàS��SZaeS�[�tcfV[h�h[_[jud][h�cuSVùear��C̀[�[_upe�eâl[̀f�
810�
� _�[�ftûǹau�ôu]ec[jud]au�dabcae[r̂ù[u� 310
� C_2_��� �

:̂q�abcutûù[q�bucuhat̀aVa�dabcae[r̂ù[q�r�_udeu�]àeS]eS�bcaratS�d�Zu_̂uy�Tânku�
rduVa�bathat[e�ô [̂be[jud]Sq�_atûn�]àeS]eS��eaVtS��)+�R ����� �_aỲa�abcutû[en��]S]
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Vtu�l 1t̂[̀S�bcaratS��]aeacmy�]àeS]e[cfue�d�Zu_̂uy/�R 1cSt[fd�]c[r[Z̀m�baruch̀ade[/�
E 1_atf̂n�fbcfVade[�Zu_̂[/�"F 1d[̂S��d�]aeacay�]àeS]e�tSr[e�̀S�Zu_̂p��B�
:̂q�abcutûù[q�cSt[fdS�]c[r[Z̀m�baruch̀ade[�fV̂fT̂ù[q�ae�aTacrS̀ àVa�bcaratS�r�

Zu_̂u��radbânZfu_dq�_ueata_�abcutûù[q�eructade[��]aeacmy�ad̀armrSuedq�̀S�[Z_ucù[[�
cSZ_ucar�̂f̀a]��bâfjù m̀h�bc[�rtSr̂[rS̀[[�r�baruch̀aden�[dd̂utfu_aVa�_Seuc[ŜS�
deŜǹmh�kSc[]ar��Ŝ_SZ̀mh�]àfdar�[̂[�bc[Z_��
 ��eructaden�ba�7c[̀û p̂��ba�Ea]rû f̂��
ba�8[̀ducf ��:̂q�̀SV̂qt̀ade[�bc[rutu_�_ueat�abcutûù[q�eructade[�ba�7c[̀û p̂��r�
]aeaca_�abcutûù[u�eructade[�bcarat[edq�rtSr̂[rS̀[u_�deŜǹaVa�ZS]Ŝù àVa�kSc[]S�r�
baruch̀aden�[dd̂utfu_aVa�eûS�bat�tuyder[u_�abcutûù ày�̀SVcfZ][��ac[�oea_�[Z_ucquedq�
t[S_uec�aTcSZarS̀ ày�̂f̀][�d��;d̂[�t[S_uec�kSc[]S�D��S�̀SVcfZ]S����ea�_ucay�eructade[�
d̂fY[e�rû[j[̀S�E��]aeacSq�abcutûquedq�ba�gac_f̂u��
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[Z��� �_aỲa�abcutû[en�t[S_uec�aTcSZarS̀ ày�̂f̀][
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8�gac_f̂f��� �r_udea��batdeSr̂qpe�ftûǹau�dabcae[r̂ù[u�bajrm�
acaeu]S̀[u�ba�]àeS]ef�bucu_ù àVa�ea]S�rmZmrSue�tabâ [̀eûǹau�frû[jù[u�

dabcae[r̂ù[q�]àeS]eS�rmZrS̀ àVa�baruch̀adèm_�oggu]ea_��Ga][�ZS_m]S̀[q�̀S�Zu_̂p�ae�
C==�̀u�bcurmkSpe�tudqe]S�S_buc��baea_f�r̂[q̀[u_�baruch̀adèaVa�oggu]eS�_aỲa�
bcùuTcujn�
ac[�cSdjueu�bucuhat̀aVa�dabcae[r̂ù[q�ba�fcSr̀ù[p��� �̀uaThat[_a�fj[emrSen�

ZSr[d[_aden�ftûǹaVa�dabcae[r̂ù[q�_Seuc[ŜS�]àeS]eS�ae�eu_bucSefcm��8�]àeS]eu�
eu_bucSefcS�ba�uVa�t̂[̀u�̀uat[̀S]arS��8�bc[T̂[Yù m̀h�cSdjueSh��� �_aỲa�abcutû[en��
t̂q�dcut̀uy�eu_bucSefcm�r�Zàu�dfYù[q�]àeS]eS��8��� �ba]SZS̀a��jea�dcut̀qq�eu_bucSefcS�
bc[T̂[Z[eûǹa�cSr̀quedq� 32 _S]d[_Ŝǹay�eu_bucSefcm�MT ��ba�aèakù[p�]�b̂alSt[�
bc[]ad̀arù[q��ac[�bcaeu]S̀[[�ea]S�ZS_m]S̀[q�ta�
��6��eu_bucSefcS�bajrm�̀u�_aYue�
bcurmkSen� �TM� �	� 10080 ��ac[�tade[Yù[[�eS]ay�eu_bucSefcm�bca[dhat[e�dbu]S̀[u�
bajrm�[�ZSr[d[_aden�ftûǹaVa�dabcae[r̂ù[q�bajrm�ae�eu_bucSefcm�r�eS][h�bcutûSh�uu�
[Z_ùù[q�daaeruederfue�bcq_â[̀uỳay�ZSr[d[_ade[
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Vtu� 0� 1ftûǹau�dabcae[r̂ù[u�bajrm�bc[�eu_bucSefcu�a]cfYSpluy�dcutm� 0�; �� 1

ftûǹau�dabcae[r̂ù[u�bc[�̀SVcuru�ta�eu_bucSefcm��
ESdd_aec[_�bcaiudd� S̀VcurS�]àeS]eS�_uYtf�aTacrS̀ m̀_�bcarata_�[�Zu_̂uy��

m̂u]ec[jud][y�ea]��]aeacmy�bcaeu]Sue�ba�]àeS]ef��rmtûque�r�uVa�bucuhat̀a_�
dabcae[r̂ù[[� )+�R eub̂arfp�_al̀ aden� 2IR)+� ��Gu_bucSefcS���r�_udeu�bc[]ad̀arù[q�

bcaratS�]�Zu_̂u�Tftue�barmkù ày�ba�dcSr̀ù[p�d�eu_bucSefcay�bcaratS�[�Zu_̂[��:̂q�
abcutûù[q�ZSr[d[_ade[�eu_bucSefcm�ae�bScS_uecar�]àeS]eS�[�a]cfYSpluy�dcutm�
radbânZfu_dq�cSdjuèay�dhu_ay��]aeacSq�ba]SZS̀S�̀S�c[d��%�



mB;E9;G[?6�[�m];?GECG;JB[?6

BSf]art�bcSit�8BGe��	�11, u�2 4

E[d��%��Fhu_S�t̂q�cSdjueS�eu_bucSefcm�]àeS]eS�aTacrS̀ àVa�bcaratS�d�Zu_̂uy

afden�̀SjŜa�]aact[̀Se�ZSr[d[_ade[� ��lfT � S̀hat[edq�r�̀SjŜu�]àeS]eS�d�Zu_̂uy. 
8mtû[_�̀S�cSddeaq̀[[�l ae�̀SjŜS�]aact[̀Se�ôu_ùe�t̂[̀ay�dl��7ŜS̀d�_al̀ ade[�r�oea_�
ôu_ùeu�ZSb[ku_�r�r[tu�rmcSYù[q� 4231 PPPP ��� ��Vtu� 31, PP 1_al̀ ade[��]aeacmu�

batratqedq�]�]àeS]ef/� 42 , PP 1_al̀ ade[��]aeacmu�aeratqedq�ae�]àeS]eS��c[d��% �
Aal̀ ade[�abcutû[_�ba�aTlu[Zrudèm_�fcSr̀ù[q_�eub̂abcarat[_ade[��, 
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Vtu�� 1]aogg[i[ùe�eub̂abcarat[_ade[/�([�S 1buc[_uec�[�b̂alStn�babucuj̀aVa�

dujù[q�bcarat̀[]S�baVcfYù àVa�r�Zu_̂p/��k 1]aogg[i[ùe�eub̂aaetSj[�[Z�baruch̀ade[�

bcarat̀[]S/�0T 1eu_bucSefcS�a]cfYSpluVa�dcutm-raZtfhS/

aad̂u�bucuhatS�ae�jSdèmh�bca[Zrat̀mh�]�aTmj̀m_�bâfj[_�t[ggucùi[Ŝǹau�
fcSr̀ù[u

� � 02
0

22 ���� SITT(kdlTSd T �� . (11)

Eukù[u_�fcSr̀ù[q�qr̂quedq�

+)*
klkl TeAeAT ��� �

21 ,

Vtu�1A , 2A 1badeaq̀ m̀u�[̀euVc[carS̀[q/� Skk T ��� .

edeS̀ar[rkuudq�Z̀Sjù[u�eu_bucSefcm�̀SVcurS�bcarat̀[]S�ea]a_�_aỲa�abcutû[en�[Z�
fcSr̀ù[q��%% ��?aVtS�bucrmy�ĵù�fcSr̀ù[q�aTcSlSuedq�r�̀f̂n��eaVtS

pSITT+)*
2

0 ��� (12)

[dhatq�[Z�fd̂ar[q��jea�ae�_udeS�̀SjŜS�]àeS]eS� 0�l r�at̀f�deacàf�cSdbcadecS̀quedq�

bc[T̂[Z[eûǹa�bâar[̀S�_al̀ ade[�r�]àeS]eu� 2

2
1

IRP c"
 bc[�daaeruederfpl[h�
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:̂q�ô [̂be[jud]ay�_atû[�]àeS]eS�[Z��%� 
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Vtu�R 1cSt[fd�dfYù[q�b̂alSt][��]aeacmy�abcutûquedq�[Z��
 �]S]� 2dR � ; L 1
badeaq̀ S̀q�]acùiS��abcutûquedq�t̂q�Ŝp_[̀[urmh�[�deŜǹmh�bcarat̀[]ar�[Z�eST̂[im�
[9].
:̂q�bcaruc][�Stu]rSèade[�_Seu_Se[jud]ay�_atû[�abcutûù[q�bucuhat̀aVa�
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]àeS]eS�bcarat̀[]S�d�

Zu_̂uy�&R ��C_
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[��F��GSur��1A�.�m̀ucV[q, 1973. 1424 d.
5. Omori T. Contact resistance / T. Omori, T. Ogo // Electr. Engin. Japan, 11965, 1Vol. 85.1u,. 1P. 28143.
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