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BDCFEGCIHKJ L�M H�NPOQJRH SUT

VXWZY\[^]`_GaFYFbdcFbfe\bgWhe�VjiIkKaUeIlfaFc
m npoPqpbdrUbtsFbuqpbvbdcFbd_GaFqKcFbuwhWZcFe\bdwGe\bjxyWfzdYFbfeIcFbXqpbdrUbtsFbh{|
|~}Q| wGeIa\l | c�[Qbfe | [QbfeIaFs |~� w`a�aFc � eGYG]G[ | cFe�l�e | WZYGaF�he\bDcFb�q��UzdcGaUe | qpbd� |~� l`bdcGaF�Gi!���WheGwIYGa\l`b � �PeG�vqpb�whWZ[ �\� eG�UY\cFb � aF[^]`_Fbd�GaF�uaDaFq � _ | r\l`bdc | cFb � Y | rUbZl`bdc | eIW�cFbur\lfaU� |p�cGa | eIW ��� WZ[^W~��e\bXcFb�r\l |K� Wtlh�UY`�GcGaFcGa��ZWfzdYFbdq�]Il`bt�ja
lfa �~� bXw`aFc | [QbfeIaFs\cFbKr\lhWtaF�FbIi`�ge� �\� |~� eIl | cGW�q�cFbts | cGa | qpb � aF[^]`_Fbd�GaF�he\b�a � lh�UY\qpbdcGaUe |v� c | �
aFq � _ | r\l`bdcGaF� | aFq�zfWZY\�PecFb�cFbtsFbd_\cFbfe\b�whWZcFe\bdwGeIcFb�eIWts\wGbIi���wGbdq�l`b �~| ��s |�� W � Wts | cGaUe | Whe�Vji�kKaUeIlfaFc�c | WfzZ�`W �r\aF[^a�] � _IWtlfaF�
qpb � �\� |~� eIlf]Il`bdc | cFbjwhWZcFe\bdwGeIcFbjeIWts\wGb�c |u� bjrIW � e\bfeG�Us\cGa�iF��m �to!a	m �Zoz |X� W � Wts | c�whWZcFeGYFb � YGaF[ | Y�� � WZwGbdq�l`bt��c | WfzZ�`W~r\aF[^W � e\e\bvWhe�rIW � �U_Gl`bdc | cFb�cFbtsFbd_\cGaUe |] � _IWtlfaF��l�qpbdrUbtsFbfe\b�qpbDbdcFbd_GaFqucFb�whWZcFe\bdwGe\bIi���cFb � eIWf�Z��bfe\b�YFbdzfWhe\b �~| eG�UY � �he
rIW �� �U_\cGaUe | _\cGa�] � _IWtlfaF�DwI�U[4eGYFbdr\aF�GaFWZc\cFbfe\b � W � e\bdcGWtlhwGbDcFb�qpbdrUbtsFbfe\bI� � Wfq�lhWf_\�dl`bt�ja� W~r\�`W~rF�Z��aFq�zfWZY�cFbjcFbtsFbd_\cFbfe\bjwhWZcFe\bdwGeIcFbjeIWts\wGbva
aFq�wI_ � sGl`bt�ja
lh�Uq�[^Wd�gcGW � e\e\bjqpb� �UYGlhWZcFbtsFbd_\cFbuaFcFe | Y }Q| Y | c\�GaF�vcFb�q��UzdcGaUe | e | _FbIi
���U� CFS��P �S\¡ J�¢�J¤£REhH SUT�J�¥�¦`ND§\H�NP¡ ¨�S�¡^SF© J ª�NUL C�L�ND¡�T�C
© SUT�«Kª^ ^L J L J	T�¨�SFL�O NU¨!¬ORL�N4OQSF­Q¨RN �5®�¯I°t±h²F³t´jµ�¯G¶ ³�·P¸P¹\ºd»P¸�¯I¼Pºd»P½G³d¼U¹
»P¸P¾P°t½G³d¼P¼U¹�°t¿�ÀI¼U¹�°Z¯IÁU³d·P½\¯I¼U³�Â ÃIÄÆÅQÇ�¿�ÀI¼�¯G»�¯·U¹`½G¿�¸\ÈU¼P¾P¼�¯

Σi

¾*ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯G»�¯�ºZ¾�ºd»U³f¶K¯
Si Ê ½	ÉG¹GË\»U¹¤ºZ³�¹`·P¾�ºZ½\¯ Σi Ì ºd¯¤¼U³d·U¹fµ�½G¾P´
¼U¹ºZ½G¿�¸P°Z¯I¼P¾¤ºZ¿!ºj°t½G³d¼U¹\»U¹

i Ê i = 1, 2 ÌtÍ ¯�ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯G»�¯
ºZ¾�ºd»U³f¶K¯ S0 Î ºZ¿!º
ºd»U¹`ÏPÉU¯G»�¯PÅÐ ³d¹GÀ`È\¹fµ�¾�¶�¾�»U³
ÑUºZ²F¹`½G¾PË
°Z¯
±h²�¯Iµ�ÉG¹\»U¹�µF¹`·P¾P¸�¯I¼U³�¼�¯�°t¿�ÀI¼P¾�»U³
·U¹`½G¿�¸\ÈU¼P¾P¼P¾
Σ1

¾
Σ2

ºZ³¹`·P¾�ºZ½\¯G»�¯I¼�¯I²P¾�»P¾PÒP¼U¹�ºjÑF¸�¯I½G¼U³d¼P¾PË\»�¯�Â ÓZÄ Í Â ÔhÄÆÕ
(1) ~r (1) (u1, θ1, ϕ1) = ~r (2) (u2, θ2, ϕ2) ,

(2) ~e (1) (u1, θ1, ϕ1) = ~e (2) (u2, θ2, ϕ2) ,ÉF¿�µF³f»U¹X¸�¯Iµ�¾PÑUºtÖÆ½G³dÉU»U¹`¸P¿!»
~r (i) ¹`·P¾�ºZ½\¯X·U¹`½G¿�¸\ÈU¼P¾P¼�¯G»�¯ Σi

½
S0 × ~e (i) ³�³~µ�¾P¼P¾PÒP¼P¾PËv¼U¹`¸�¶K¯I²F³d¼½G³dÉU»U¹`¸�ÉF¿!¶

Σi Í °Z¯I·P¾�ºd¯I¼D½ S0 × ui Í θi

ºd¯jÉF¸P¾P½G¹G²P¾P¼U³dÏP¼P¾�»U³�ÉG¹G¹`¸Uµ�¾P¼�¯G»P¾�¼�¯
Σi × ϕi

³g¿�±h¿�²P¿!»¼�¯D°Z¯I½G¿�¸P»�¯I¼U³�¼�¯
Si

ºZ·P¸PË\¶ ¹
S0
ÅØ ¸�¯I½G¼U³d¼P¾P³ Ê Ó Ì ¹\ºZ¾P±hÑF¸PËG½\¯�ºZ¿�Ù�³fºd»P½GÑF½\¯I¼U³f»U¹�¼�¯	¹GÀ`Ù�¯ Ê ÉG¹`¼�»�¯IÉU»U¼�¯ Ì »U¹hÒPÉU¯ M

°Z¯�·U¹IÚ½G¿�¸\ÈU¼P¾P¼P¾�»U³
Σ1

¾
Σ2 Í ¯�ÑF¸�¯I½G¼U³d¼P¾P³ ÊÜÛGÌ�Î ±h²�¯Iµ�ÉG¹\»U¹D¾�¶�µF¹`·P¾P¸�¯I¼U³ Ê »RÅ ³GÅ�ºZ¿�Ù�³fºd»P½GÑF½\¯I¼U³f»U¹¼�¯D¹GÀ`Ù�¯D°Z¯

Σ1
¾

Σ2
µF¹`·P¾P¸�¯G»U³d²P¼�¯�¸�¯I½G¼P¾P¼�¯D½
»U¹hÒPÉU¯G»�¯

M Ì ÅÝ µF¹GÀ\¯I½GËG¼U³f»U¹
¼�¯DÑF¸�¯I½G¼U³d¼P¾P³
Â ÓZÄ
(3) ~e (i).~V (12) = 0 (i = 1, 2)ºZ³�±`¯I¸�¯I¼�»P¾P¸�¯ Í ÒP³�½G³dÉU»U¹`¸P¿!» ~V (12) = ~Ve

(1) − ~Ve
(2) Ê »RÅ ³GÅK½G³dÉU»U¹`¸P¿!»1¼�¯Þ¹\»U¼U¹\ºZ¾�»U³d²P¼�¯G»�¯ºZÉG¹`¸P¹\ºd»�¶ ³t´jµ�Ñ�»U¹hÒPÉF¾�»U³v¹\»�·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³

Σ1
¾

Σ2 Í ºZ¿�½\¶ ³fºd»U³d¼P¾�½
ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�»U¹hÒPÉU¯
M Ì ³j¸�¯I°t·U¹G²F¹`´�³d¼�½�¹GÀ`Ù�¯G»�¯
µF¹`·P¾P¸�¯G»U³d²P¼�¯�¸�¯I½G¼P¾P¼�¯PÅÛIßGà
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¯I½\¯I¼U³�¼�¯vÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�°Z¯Iµ�¯hÒ�¯u¼�¯våv³d¸PÁ¤Â à Ä ÍÂ æfÄ Í Â ç`ÄR½G¿�°t¼P¾PÉF½\¯�½G¿�·P¸P¹\ºZ¿!»�°Z¯�¹`·P¸P³~µF³d²PËG¼U³�¼�¯DÑUºZ²F¹`½G¾PË Í ·P¸P¾¤ÉG¹`¾�»U¹�°t¿�ÀI¼P¾�»U³�·U¹`½G¿�¸\ÈU¼P¾P¼P¾½D¹`ÉG¹G²P¼U¹\ºd»
¼�¯�ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�»U¹hÒPÉU¯jµ�¯D¼U³jºZ³j·P¸P³fºZ¾PÒ�¯G»RÅFèj²�¯GºZ¾PÒP³fºZÉG¹\»U¹�¸P³däD³d¼P¾P³�¼�¯�»U¹G°t¾·P¸P¹GÀG²F³f¶1³
¾P°t²F¹`´�³d¼U¹�½�Â ÓZÄÆÅÐ ³dÉU¯D½G¿�¸\ÈUÑ�±h²�¯Iµ�ÉU¯G»�¯�·U¹`½G¿�¸\ÈU¼P¾P¼�¯
Σi

º�ÑF¸�¯I½G¼U³d¼P¾P³
(4) ~r (i) = ~r (i)(ui, θi)³
¾P°tÀI¸�¯I¼�¯�ÉF¸P¾P½\¯

MMi

º�ÑF¸�¯I½G¼U³d¼P¾P³
(5) ~ri

(i) = ~ri
(i)(ui(s), θi(s)),ÉF¿�µF³f»U¹u¸�¯Iµ�¾PÑUºtÖÆ½G³dÉU»U¹`¸P¿!»

~ri
(i) ¹`·P¾�ºZ½\¯ Σi

½
Si Í ¯ s

³�³fºd»U³fºd»P½G³d¼P¾PË\»�·�¯I¸�¯G¶ ³f»P¿�¸�¼�¯uÉF¸P¾P½\¯G»�¯
Î µ�¿�²P´
¾P¼�¯G»�¯D¼�¯�µ�¿�±`¯�¹\»�¼U³dË Ê ºj¼�¯hÒ�¯I²F¹�»U¹hÒPÉU¯G»�¯ M Ì Å

Vga\éIi�n
Ð ³dÉU¯�µ�¿�²P´
¾P¼�¯G»�¯D¼�¯�µ�¿�±`¯G»�¯

MMi

³
∆s Êëê ¾P±FÅRÓ Ì Å�®�¯I°t²�¯I±`¯G¶ ³�½�¸P³~µ¤¼�¯
ìg³dÏP²F¹`¸�Â í`Ä

(6)
−−−→
MMi =

d~ri
(i)

ds
∆s +

d2~ri
(i)

ds2
·
(∆s)2

2!
+

d3~ri
(i)

ds3
·
(∆s)3

3!
+ . . . ,

ÉF¿�µF³f»U¹ d~ri
(i)

ds
=

∂~ri
(i)

∂ui

·
∂ui

ds
+

∂~ri
(i)

∂θi

·
∂θi

ds
Í

d2~ri
(i)

ds2
=

∂2~ri
(i)

∂u2
i

(

dui

ds

)2

+ 2
∂2~ri

(i)

∂ui∂θi

dui

ds

dθi

ds
+

∂2~ri
(i)

∂θ2
i

(

dθi

ds

)2 ¾�»RÅ ¼RÅ
ãu¹\ºd»P¸P¹GËG½\¯G¶ ³�½2»U¹hÒPÉU¯

M
µF¹`·P¾P¸�¯G»U³d²P¼�¯G»�¯�¸�¯I½G¼P¾P¼�¯

Π
ÉF¿!¶

Σi

¾.ºZ·PÑUºZÉU¯G¶ ³�¹\»�»U¹hÒPÉU¯
Mi

·U³d¸P·U³d¼Pµ�¾PÉ\ÑG²PËG¸
MiP

ÉF¿!¶
Π (P ∈ Π)

ÅQî�³dÉU»U¹`¸P¿!» −−−→
PMi

³�ÉG¹G²P¾P¼U³f¯I¸P³d¼Þº�³~µ�¾P¼P¾PÒP¼P¾PË¼U¹`¸�¶K¯I²F³d¼�½G³dÉU»U¹`¸
~ei

(i) ÉF¿!¶ Σi

½D»U¹hÒPÉU¯G»�¯
M

¾�¹`·P¾�ºZ½\¯
¹\»PÉF²F¹`¼U³d¼P¾P³f»U¹�¼�¯D»U¹hÒPÉU¯G»�¯
Mi

¹\»µF¹`·P¾P¸�¯G»U³d²P¼�¯G»�¯
¸�¯I½G¼P¾P¼�¯
Π
Å Ð ³dÉU¯ −−−→

PMi = li~ei
(i) Å�ìg¿�Ï¤ÉU¯G»U¹ −−−→

MMi =
−−→
MP +

−−−→
PMi

»U¹
(7)

−−→
MP + liēi

(i) =
dr̄i

(i)

ds
∆s +

d2r̄i
(i)

ds2

(∆s)2

2!
+

d3r̄i
(i)

ds3

(∆s)3

3!
+ · · ·

Ø ¶�¼U¹`´�¯I½\¯IÏPÉF¾�ºZÉU¯I²�¯I¸P¼U¹ Ê æ Ì º ~ei
(i) ¾	¹\»PÒP¾�»�¯IÏPÉF¾ Í ÒP³ ~ei

(i)⊥
−−→
MP

¾
~ei

(i)⊥
d~ri

(i)

ds
Í ·U¹G²PÑ\ÚÒ�¯I½\¯G¶ ³

(8) li =
d2~ri

(i)

ds2
~ei

(i) (∆s)2

2!
+

d3~ri
(i)

ds3
~ei

(i) (∆s)3

3!
+ · · ·

ÛIß æ



Ð ³dÉU¯�ºZ½G¿�¸P´�³f¶�º
»U¹hÒPÉU¯
M

µ�Ë\ºZ¼�¯�·P¸�¯I½G¹G¿�±h¿�²P¼�¯DÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯�ºZ¾�ºd»U³f¶K¯Dºj¹\ºZ¾
η
¾

ζ Í ¸�¯I°~Ú·U¹G²F¹`´�³d¼P¾�½
Π
¾�¹\º

l Í ¼�¯GºZ¹hÒP³d¼�¯v·U¹j¼U¹`¸�¶K¯I²�¯G»�¯vÉF¿!¶ Σi

ÅGî*¹`ÉG¹G²P¼U¹\ºd»�¼�¯
M

½\ºZËGÉU¯�»U¹hÒPÉU¯u¹\»
Σi

¶ ¹`´�³�µ�¯jºZ³g¹`·P¸P³~µF³d²P¾�ÒP¸P³d°
η Í ζ ¾ l

¾P²P¾DÒP¸P³d°�ÁP¾P²P¾P¼Pµ�¸P¾PÒP¼P¾�»U³gÉG¹G¹`¸Uµ�¾P¼�¯G»P¾
ν Í ρ = MP Í

l
Å�ï °t½G³fºd»U¼U¹�³�Â í`Ä Í ÒÞ°Z¯�¼U¹`¸�¶K¯I²P¼�¯G»�¯
ÉF¸P¾P½G¾P¼�¯ κ

¼�¯�·U¹`½G¿�¸\ÈU¼P¾P¼�¯G»�¯
Σi

½¤ºZ³dÒP³d¼P¾P³f»U¹4ð¾Þº¸�¯I½G¼P¾P¼�¯G»�¯ Í ¹`·P¸P³~µF³d²F³d¼�¯�¹\» ~ei
(i) ¾ −−−→

MMi

³j½�ºZ¾P²�¯Dñ�¹`¸�¶�ÑG²�¯G»�¯�¼�¯ ê ¸P³d¼U³
(9)

d2~ri
(i)

ds2
~ei

(i) = κi.ìg¹G±`¯I½\¯Dº
»U¹hÒP¼U¹\ºd»�µF¹�½G»U¹`¸P¾�¸P³~µ�¹\» Ê ç Ì ·U¹G²PÑFÒ�¯I½\¯G¶ ³
(10) li =

1

2
κi(∆s)2 =

1

2
κi(η

2 + ζ2) =
1

2
κiρ

2,ÉF¿�µF³f»U¹
ρ = MP Í ¯ η

¾
ζ
ºd¯DÉG¹G¹`¸Uµ�¾P¼�¯G»P¾�»U³u¼�¯�»U¹hÒPÉU¯G»�¯

P
ÅÝ ·U¹`¸P³~µ�ñ�¹`¸�¶�ÑG²�¯G»�¯v¼�¯�òvÏP²F³d¸�Â ÓZÄ Í ºZ½G¿�¸P°t½\¯`Ù�¯v±h²�¯I½G¼P¾�»U³gÉF¸P¾P½G¾P¼P¾�¾�¼U¹`¸�¶K¯I²P¼�¯G»�¯vÉF¸P¾UÚ½G¾P¼�¯D½Dµ�¯IµF³d¼U¹�¼U¹`¸�¶K¯I²P¼U¹�ºZ³dÒP³d¼P¾P³ Ê ·P¸P³d° −−−→MM1 Ì ¼�¯ Σi

(11) κi = κ
(i)
I cos2 q + κ

(i)
II sin2 q,ÉF¿�µF³f»U¹

κ
(i)
I

¾
κ

(i)
II

ºd¯
±h²�¯I½G¼P¾�»U³XÉF¸P¾P½G¾P¼P¾ Í κi Î ¼U¹`¸�¶K¯I²P¼�¯G»�¯�ÉF¸P¾P½G¾P¼�¯ Í q = ν−σ Î ¿�±h¿�²P¿!»¶ ³t´jµ�Ñ	±h²�¯I½G¼U¹\»U¹�¼�¯I·P¸�¯I½G²F³d¼P¾P³
ºDÉF¸P¾P½G¾P¼�¯
κ

(i)
I

¾Þ¸�¯I½G¼P¾P¼�¯G»�¯�¼�¯�¼U¹`¸�¶K¯I²P¼U¹\»U¹�ºZ³dÒP³d¼P¾P³
ºÉF¸P¾P½G¾P¼�¯
κi

ÅÐ ³dÉU¯
Σ1

¾
Σ2

ºZ³¤µF¹`·P¾P¸�¯G»�½1»U¹hÒPÉU¯
M
ÅgÇ!¯�µ�¯*·P¸P¹`½G³d¸P¾�¶�µ�¯I²P¾�½*¹`ÉG¹G²P¼U¹\ºd»4¼�¯

M·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³
Σ1

¾
Σ2

ºZ³
·P¸P³fºZ¾PÒ�¯G»�»P¸PËGÀI½\¯
µ�¯
ºZ¸�¯I½G¼P¾�¶
l1
¾

l2
ÅÐ ³dÉU¯

γ1
¾

γ2
ºd¯�¿�±h²P¾�»U³ Í ¹`·P¸P³~µF³d²PËIÙ
¾	¼�¯I·P¸�¯I½G²F³d¼P¾PË\»�¯�¼�¯�±h²�¯I½G¼P¾�»U³�ÉF¸P¾P½G¾P¼P¾ κ

(1)
I

¾
κ

(2)
I

ºZ¿�¹\»P½G³f»U¼U¹j¼�¯
Σ1

¾
Σ2

½�ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯G»�¯vºZ¾�ºd»U³f¶K¯
(M ; η; ζ)

ÅGó�¯�·P¸P³fºZ³dÒP³f¶
Σ1

¾
Σ2

º¹GÀ`Ù�¯�¸�¯I½G¼P¾P¼�¯ Í ¶�¾P¼�¯I½\¯`Ù�¯�·P¸P³d°�»U¹hÒPÉU¯G»�¯ M
¾	ºZ¿�µ�¿�¸P´�¯`Ù�¯�¹GÀ`Ù
¾PË
³~µ�¾P¼P¾PÒP³d¼	¼U¹`¸�¶K¯I²F³d¼½G³dÉU»U¹`¸

~e = ~e (1) = ~e (2) Å Ð ³dÉU¯�¼�¯I·P¸�¯I½G²F³d¼P¾P³f»U¹D¼�¯
»�¯I°t¾�¸�¯I½G¼P¾P¼�¯
ºZ³
¹`·P¸P³~µF³d²PËD¹\»�¿�±h¿�² ν
Åãu¸P¾¤½G¿�½G³~µF³d¼P¾�»U³�¹G°t¼�¯hÒP³d¼P¾PË�¾�¯IÉG¹

M1M2⊥Π Ê »RÅ ³GÅ P ∈ M1M2 Ì Õ
(12) l1 =

1

2
ρ2

[

κ
(1)
I cos2 (ν − γ2) + κ

(1)
II sin2 (ν − γ2)

]

;

(13) l2 =
1

2
ρ2

[

κ
(2)
I cos2 (ν − γ2) + κ

(2)
II sin2 (ν − γ2)

]

ò�» Ê Ófô Ì ºZ²F³~µ�½\¯ Í ÒP³
(14) M1M2 =

{

M1P + PM2 = |l1 − l2|,
¯IÉG¹

κ1.κ2 < 0
|M1P − PM2| = |l1 − l2|,

¯IÉG¹
κ1.κ2 > 0.ò�» Ê ÓdÃ Ì ºZ³
ºd»P¾P±`¯�µF¹D¾P°t½G¹fµ�¯ Í ÒP³
¯IÉG¹�°t¼�¯IÉF¿!»�¼�¯�¸�¯I°t²P¾PÉU¯G»�¯ l1 − l2

¼U³
ºZ³j·P¸P¹I¶ ³d¼PËD·P¸P¾
ρ = const

¾Þ·P¸P¹`¾P°t½G¹G²P¼�¯�ºd»U¹`ÏP¼U¹\ºd»�¼�¯
ν Í »U¹�½¤¹`ÉG¹G²P¼U¹\ºd»�¼�¯¤»U¹hÒPÉU¯G»�¯ M

·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³
Σ1

¾
Σ2

¼U³
ºZ³
·P¸P³fºZ¾PÒ�¯G»RÅò�» Ê Ófô Ì ¾ Ê ÓdÃ Ì ºZ³D¾P°t½G³t´jµ�¯
ºZ²F³~µ�¼U¹\»U¹�õ`µF¹\ºd»�¯G»P¿�ÒP¼U¹QögÑUºZ²F¹`½G¾P³�°Z¯
¾P°tÉF²P÷vÒP½\¯I¼U³�¼�¯�¾P¼UÚ»U³d¸Pñ�³d¸P³d¼PÁP¾PË�¼�¯
Σ1

¾
Σ2

½�¹`ÉG¹G²P¼U¹\ºd»�¼�¯DÉG¹`¼�»�¯IÉU»U¼�¯G»�¯j»U¹hÒPÉU¯
Mi

Õï ¼�»U³d¸Pñ�³d¸P³d¼PÁP¾PË\»�¯j¼�¯�·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³
Σ1

¾
Σ2

½�¹`ÉG¹G²P¼U¹\ºd»�¼�¯�ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯X¾�¶1»U¹hÒPÉU¯
M

Ù�³�ÀG¿�µF³�¾P°tÉF²P÷vÒP³d¼�¯ Í ¯IÉG¹1·P¸P¾P½G³~µF³d¼�¯G»�¯Þ¼U¹`¸�¶K¯I²P¼�¯1ÉF¸P¾P½G¾P¼�¯
κnp = κ1 + κ2

¼U³�ºZ³·P¸P¹I¶ ³d¼PË�·U¹�°t¼�¯IÉ�°Z¯D½\ºZ¾PÒPÉF¾�¼U¹`¸�¶K¯I²P¼P¾¤ºZ³dÒP³d¼P¾PË�·P¸P³d°
M Ê °Z¯D½\ºZ¾PÒPÉF¾¤ºd»U¹`ÏP¼U¹\ºd»P¾�¼�¯ ν Ì ÅøR�uâ SFL�OQª�NU© ª J�¢�C\ª�L�N�¨�H�NPEIJ�­ CFEI¨�S�OQS�£REhH SUT�J�C�¦`N�L C\© ª�CFEIJ�­ NUL C1L�N2¡�T�C1© SP¬T�«Kª^ ^L J L J*T¤SF¨�SUHKL S�EGO�L�N�¨�SFL�O NU¨RORL�N¤OQSF­Q¨RN �Dî5Â Û ÄPÀ\³g·U¹`ÉU¯I°Z¯I¼�·P¸P¾�¶ ³d¸ Í ½jÉG¹`Ï�»U¹v·U¹IÚ½G¿�¸\ÈU¼P¾P¼P¾�»U³

Σ1
¾

Σ2
ºZ³�µF¹`·P¾P¸�¯G»�ºZ¿!º�ºZ½G¹`¾�¸�¯I½G¼P¾P¼P¼P¾�»U¹hÒPÉF¾RÅfî*»U¹G°t¾�ºZ²PÑFÒ�¯IÏ�ÑF¸�¯I½G¼U³d¼P¾PË\»�¯

ÛIß ç



Ê Ó Ì ¾ ÊÜÛGÌ ºZ³�ÑGµF¹`½G²F³f»P½G¹`¸PËG½\¯G» Í µF¹`¸P¾j¾�·P¸P¾�¼�¯hÒ�¯I²P¼�¯g¾P¼�»U³d¸Pñ�³d¸P³d¼PÁP¾PËu¼�¯ Σ1
¾

Σ2
½u¹`ÉG¹G²P¼U¹\ºd»¼�¯�»U¹hÒPÉU¯G»�¯

M
Å Ð ³ZÙ�¹v·U¹`½G³dÒP³ Í ¾P¼�»U³d¸Pñ�³d¸P³d¼PÁP¾PË\»�¯X¼U³g¶ ¹`´�³�µ�¯uÀG¿�µF³�¹\»PÉF¸P¾�»�¯Xº�¾P°t·U¹G²P°t½\¯I¼U³¼�¯�ÉF²�¯GºZ¾PÒP³fºZÉG¹\»U¹Dõ`µF¹\ºd»�¯G»P¿�ÒP¼U¹Qö�ÑUºZ²F¹`½G¾P³�°Z¯�¼U³d·P¸P³fºZ¾PÒ�¯I¼U³
¼�¯�·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³�½
¹`ÉG¹G²P¼U¹\ºd»¼�¯�»U¹hÒPÉU¯G»�¯

M
ÅFóv³dÏ�ºd»P½G¾�»U³d²P¼U¹ Í °Z¯�½\ºZËGÉU¯�ºd»U¹`ÏP¼U¹\ºd»
¼�¯ κ κnp = κ1 + κ2 = 0− 0 = 0

¾�¼U³ºZ³j·P¸P¹I¶ ³d¼PË�·U¹�°t¼�¯IÉ!Åóv¹`ÉU¯I°Z¯I¼U¹�À\³ Í ÒP³
½
»U¹G°t¾�ºZ²PÑFÒ�¯IÏRÕÓ Ì ò�»U¼U¹\ºZ¾�»U³d²P¼�¯G»�¯�ºZÉG¹`¸P¹\ºd» ~V (12) ³
¸�¯I°t·U¹G²F¹`´�³d¼�¯�½�¹GÀ`Ù�¯G»�¯
µF¹`·P¾P¸�¯G»U³d²P¼�¯�¸�¯I½G¼P¾P¼�¯ÉF¿!¶
Σ1

¾
Σ2

½
»U¹hÒPÉU¯
M

¾¤³
¾P°t·P¿�²P¼U³d¼U¹�ÑF¸�¯I½G¼U³d¼P¾P³ Êëß\Ì ÅÛGÌ Ç!¯D¸�¯I½G¼P¾P¼P¼P¾�»U³j»U¹hÒPÉF¾�¼�¯DÉG¹`¼�»�¯IÉU»�ºd¯D¾P°t·P¿�²P¼U³d¼P¾¤ÑUºZ²F¹`½G¾PË\»�¯
(15)

[

~Vr
(i), ~ω (12), ~e (i)

]
∣

∣

∣

M
= 0 (i = 1, 2) ,ÉF¿�µF³f»U¹ ~Vr

(i) ³D½G³dÉU»U¹`¸P¿!»�¼�¯�ºZÉG¹`¸P¹\ºd»�»�¯�¼�¯�·P¸P³f¶ ³fºd»P½\¯I¼U³�¼�¯�ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯D»U¹hÒPÉU¯�·U¹�·U¹IÚ½G¿�¸\ÈU¼P¾P¼�¯G»�¯
Σi Í ~e (i) ³�³~µ�¾P¼P¾PÒP¼P¾PË\»	¼U¹`¸�¶K¯I²F³d¼�½G³dÉU»U¹`¸�ÉF¿!¶ Σi

½�ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯D»U¹hÒPÉU¯ Í ¯
~ω (12) = ~ω (1) − ~ω (2) ³j¸�¯I°t²P¾PÉU¯G»�¯�¼�¯�¿�±h²F¹`½G¾�»U³jºZÉG¹`¸P¹\ºd»P¾�¼�¯ Σ1

¾
Σ2
Å

ß\Ì ãu¸P¾¤¼U³d¾P°t¸P¹fµF³d¼�²P¾P¼U³d³d¼¤ÉG¹`¼�»�¯IÉU»
(16) ~ω (12) × ~e (i) = ~0 (i = 1, 2) .ò�»*ÉU¯I°Z¯I¼U¹\»U¹�µF¹�»PÑFÉÞ¶ ¹`´�³
µ�¯�ºZ³�ºd»P¾P±h¼U³�µF¹�¾P°t½G¹fµ�¯ Í ÒP³�ÉF²�¯GºZ¾PÒP³fºZÉG¹\»U¹�µF¹\ºd»�¯G»P¿�ÒP¼U¹ÑUºZ²F¹`½G¾P³¤°Z¯Þ¼U³d·P¸P³fºZ¾PÒ�¯I¼U³�¼�¯�µ�½G³	·U¹`½G¿�¸\ÈU¼P¾P¼P¾�½1¹`ÉG¹G²P¼U¹\ºd»1¼�¯*ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�»U¹hÒPÉU¯�³�½ºZ¾P²�¯
ºd¯G¶ ¹
½�ºZ²PÑFÒ�¯hË Í ÉG¹G±`¯G»U¹�·U¹`¼U³
³~µ�¼�¯�¹\»¤»U¹hÒPÉF¾�»U³ Í º
ÉG¹`¾�»U¹�·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³
ºZ³jµF¹`·P¾P¸�¯G»¼U³j³
¸�¯I½G¼P¾P¼P¼�¯PÅUî�·P¸P¹\»P¾P½G³d¼�ºZ²PÑFÒ�¯IÏ¤»P¸PËGÀI½\¯
µ�¯�ºZ³
»P¿�¸�ºZË\»�¼U¹`½G¾�µF¹\ºd»�¯G»P¿�ÒP¼P¾�ÑUºZ²F¹`½G¾PË�°Z¯¼U³d·P¸P³fºZ¾PÒ�¯I¼U³GÅùQ�^ú S�EGO NPO «�­QL S	£REhH SUT�J�C�¦`N�L C\© ª�CFEIJ�­ NUL C�L�N	¦`«��PL J�OQC�© ª�S�ûgJRHKJ�T�SF¨�SUHKL S�EGOL�N�¨�SFL�O NU¨RORL�NPO N�OQSF­Q¨RN�© ª J4ª�NPT�L J L L S2üý©RH S�EI¨�S^þ
¦`NUÿ C\©�T�NUL C�E�J L ûXH C\¨�EIL J�OQSF­R¬¨^J � ®�¯I°t±h²F³t´jµ�¯G¶ ³
¸�¯I½G¼P¾P¼P¼U¹ Ê ·P²F¹\ºZÉG¹ Ì °Z¯IÁU³d·P½\¯I¼U³
¼�¯	·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³ Σ1

¾
Σ2 Ê »RÅ ³GÅQ¼�¯·U¹`½G¿�¸\ÈU¼P¾P¼P¾ Í ºZ½G¿�¸P°Z¯I¼P¾1º�µ�½G³
ÑUºZ·U¹`¸P³~µ�¼P¾Þ¹\ºZ¾*¼�¯¤½G¿�¸P»U³d¼U³ Ì Å Ð ³dÉU¯ M

³�ÉG¹`¼�»�¯IÉU»U¼�¯�»U¹hÒUÚÉU¯�¾
µ
³
¸�¯I½G¼P¾P¼�¯ Í ¶�¾P¼�¯I½\¯`Ù�¯�·P¸P³d° M

¾Þ·U³d¸P·U³d¼Pµ�¾PÉ\ÑG²PËG¸P¼�¯�¼�¯�¹\ºZ¾�»U³D¼�¯�½G¿�¸P»U³d¼U³GÅ � ÉG¹
σ1 = µ ∩ Σ1

¾
σ2 = µ ∩ Σ2 Í ¶ ¹`´�³f¶5µ�¯�¸�¯I°t±h²F³t´jµ�¯G¶ ³�ÉG¹`¼�»�¯IÉU»�¯�¼�¯�ÉF¸P¾P½G¾�»U³

σ1
¾

σ2
½ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�»U¹hÒPÉU¯

M
Å � ÉG¹

M
³�¾P¼UñK²F³dÉ\ºZ¼�¯1»U¹hÒPÉU¯Þ¾5°Z¯Þµ�½G³f»U³	ÉF¸P¾P½G¾ Í ³�½G¿�°Z¶ ¹`´
¼�¯¾P¼�»U³d¸Pñ�³d¸P³d¼PÁP¾PË�¼�¯�ÉF¸P¾P½G¾�»U³ Ê ñ ¾P±�Å ÛGÌ

Vga\éIiU�
Ð ³dÉU¯�ºZ½G¿�¸P´�³f¶5º

M
·P¸�¯I½G¹G¿�±h¿�²P¼�¯�ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯
ºZ¾�ºd»U³f¶K¯�ºD¹\ºZ¾

η
¾

l Í ¹`¸P¾P³d¼�»P¾P¸�¯I¼P¾ºZ¿�¹\»P½G³f»U¼U¹¤·U¹�¹GÀ`Ù�¯G»�¯¤»�¯I¼P±Z³d¼�»�¯¤¾4¹GÀ`Ù�¯G»�¯¤¼U¹`¸�¶K¯I²�¯�ÉF¿!¶
σi (i = 1, 2)

½�ÉG¹`¼�»�¯IÉU»U¼�¯G»�¯»U¹hÒPÉU¯
M
ÅÐ ³dÉU¯D½�¹`ÉG¹G²P¼U¹\ºd»�¼�¯�»U¹hÒPÉU¯G»�¯

M
ÉF¸P¾P½\¯G»�¯

σi

¾�¶K¯DÑF¸�¯I½G¼U³d¼P¾P³
(17) li = σi (η) (i = 1, 2) ,

ÛIß í



ÉF¿�µF³f»U¹
σi

³jµ�¾Pñ�³d¸P³d¼PÁP¾P¸PÑF³f¶K¯�¼U³d¹GÀ`È\¹fµ�¾�¶�¾PË�ÀI¸P¹`Ï�·P¿!»P¾RÅ
M

³�¾P¼UñK²F³dÉ\ºZ¼�¯4»U¹hÒPÉU¯Þ¾�¼�¯hÒ�¯I²F¹1¼�¯4ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯G»�¯�ºZ¾�ºd»U³f¶K¯PÅ Ý ²F³~µF¹`½\¯G»U³d²P¼U¹�Â Ófô`ÄºZ¿�Ù�³fºd»P½GÑF½\¯�¼U³dÒP³f»U¼U¹DÒP¾�ºZ²F¹
ni Í »�¯IÉG¹`½\¯
ÒP³

(18) σ′

i(0) = σ′′

i (0) = · · · = σ
(ni−1)
i (0) = 0

¾
σ

(ni)
i (0) 6= 0 (i = 1, 2)Ð ³dÉU¯

n = min{n1, n2}
Å�òvÒP³d½G¾Uµ�¼U¹

n
³
¼U³dÒP³f»U¼U¹DÒP¾�ºZ²F¹�¾

σ′

i(0) = σ′′

i (0) = · · · = σ
(n−1)
i (0) = 0 (i = 1, 2).ãu¸P¾P²�¯I±`¯IÏPÉF¾�»U³d¹`¸P³f¶K¯G»�¯
¼�¯�ìg³dÏP²F¹`¸ÞÂ Ófô`ÄR·U¹G²PÑFÒ�¯I½\¯G¶ ³

(19)
li = σi(η) = σi(0) + σ′

i(0).η + · · · + σ
(n−1)
i (0)

ηn−1

(n − 1)!
+ σ

(n)
i (θiη)

ηn

n!
= σ

(n)
i (θiη)

ηn

n!

(0 < θi < 1
¾

i = 1, 2).òvÒP³d½G¾Uµ�¼U¹¤³ Í ÒP³
·P¸P¾*¾P¼�»U³d¸Pñ�³d¸P³d¼PÁP¾PË�¼�¯
σ1

¾
σ2

¾P°t¸�¯I°t¿!»
l1 − l2

ºd¶ ³d¼PË�°t¼�¯IÉU¯�ºZ¾Þ½¹`ÉG¹G²P¼U¹\ºd»�¼�¯�õIÉG¹`¼�»�¯IÉU»U¼�¯G»�¯Rö�»U¹hÒPÉU¯
M
Å!ò�» Ê Ófí Ì ºZ²F³~µ�½\¯ Í ÒP³

(20) l1 − l2 =
(

σ
(n)
1 (θ1η) − σ

(n)
2 (θ2η)

) ηn

n!¾¤»P¿�Ï�ÉU¯G»U¹
ηn ºd¶ ³d¼PËD°t¼�¯IÉU¯�ºZ¾ Ê n Î ¼U³dÒP³f»U¼U¹�ÒP¾�ºZ²F¹ ÌtÍ »U¹ ∆σ (η) = σ

(n)
1 (θ1η)− σ

(n)
2 (θ2η)¼U³�ºZ¾¤ºd¶ ³d¼PË
°t¼�¯IÉU¯�½�¹`ÉG¹G²P¼U¹\ºd»
¼�¯

M
ÅòvÀI¸�¯G»U¼U¹ Í ¯IÉG¹v½v¹`ÉG¹G²P¼U¹\ºd»j¼�¯uÉG¹`¼�»�¯IÉU»U¼�¯G»�¯�»U¹hÒPÉU¯ M ∆σ (η) = σ

(n)
1 (θ1η)−σ

(n)
2 (θ2η)ºd¶ ³d¼PË�°t¼�¯IÉU¯�ºZ¾�·P¸P¾�·P¸P¹I¶�ËG¼�¯�°t¼�¯IÉU¯�¼�¯

η Í »U¹ l1 − l2
°Z¯I·�¯I°t½\¯�°t¼�¯IÉU¯�ºZ¾�¾�ºZ²F³~µF¹`½\¯G»U³d²P¼U¹

σ1
¾

σ2
¼U³
ºZ³
·P¸P³fºZ¾PÒ�¯G»RÅî�¹GÀ`Ù
¾PË�ºZ²PÑFÒ�¯IÏ

θ
i
= θ

i
(η) (i = 1, 2)

Å � ÉG¹
θi (η)

³�µ�¾Pñ�³d¸P³d¼PÁP¾P¸PÑF³f¶K¯�ñKÑF¼PÉFÁP¾PË Í ñKÑF¼UÚÉFÁP¾PË\»�¯
∆σ (η) = σ

(n)
1 (θ1η) − σ

(n)
2 (θ2η)

ºZ¿�Ù�¹4³	µ�¾Pñ�³d¸P³d¼PÁP¾P¸PÑF³f¶K¯1¾�ºZ²F³~µF¹`½\¯G»U³d²P¼U¹�³¼U³d·P¸P³dÉF¿!ºZ¼�¯G»�¯PÅGìg¹G±`¯I½\¯ Í ¯IÉG¹ ∆σ (0) 6= 0 Í ºZ¿�Ù�³fºd»P½GÑF½\¯�¹`ÉG¹G²P¼U¹\ºd»�¼�¯ M Í ½
ÉG¹GË\»U¹ ∆σ (η)
¼U³·P¸P¹I¶ ³d¼PË�°t¼�¯IÉU¯�ºZ¾ Ê »RÅ ³GÅ σ1

¾
σ2

ºZ³�·P¸P³fºZ¾PÒ�¯G»�½�»U¹hÒPÉU¯
M Ì Å Ý ¿�Ù
¾PË\»�¸P³d°tÑG²�»�¯G»�·U¹G²PÑFÒ�¯I½\¯`Ú¶ ³
¾�¯IÉG¹

∆σ (0) = 0
³
³dÉ\ºd»P¸P³f¶K¯I²P¼�¯�ºd»U¹`ÏP¼U¹\ºd»
¼�¯

∆σ (η)
Å � ÉG¹

∆σ (0) = 0
¾¤ñKÑF¼PÉFÁP¾PË\»�¯

∆σ (η)
³
¶ ¹`¼U¹\»U¹`¼P¼�¯�½�¹`ÉG¹G²P¼U¹\ºd»�¼�¯

M Í σ1
¾

σ2
¼U³�ºZ³j·P¸P³fºZ¾PÒ�¯G»�½
»�¯I°t¾�¹`ÉG¹G²P¼U¹\ºd»RÅ

�^�!ú S�EGO NPO «�­QL J1£REhH SUT�J�¥�¦`N¤L C\© ª�CFEIJ�­ NUL C�L�N�¦`«��PL J�OQC
© ª�S�ûgJRHKJ�T	SF¨�SUHKL S�EGOL�N4¨�SFL�O NU¨RORL�NPO N�OQSF­Q¨RN4© ª J'© ª�S�EGOQª�NUL EGO T�C\L S�¦`NUÿ C\©�T�NUL C*E�ª�NPT�L J L L J�OQSF­Q¨^J �®�¯I°t±h²F³t´jµ�¯G¶ ³�·P¸P¹\ºd»P¸�¯I¼Pºd»P½G³d¼U¹u°Z¯IÁU³d·P½\¯I¼U³�¼�¯�·U¹`½G¿�¸\ÈU¼P¾P¼P¾�»U³
Σ1

¾
Σ2

½jÉG¹`¼�»�¯IÉU»U¼�¯u»U¹hÒPÉU¯
M Í ÉG¹GË\»U¹�³
¸�¯I½G¼P¾P¼P¼�¯�¾¤°Z¯�µ�½G³f»U³�·U¹`½G¿�¸\ÈU¼P¾P¼P¾RÅÐ ³dÉU¯

Π
³�¹GÀ`Ù�¯G»�¯�»�¯I¼P±Z³d¼PÁP¾�¯I²P¼�¯�¸�¯I½G¼P¾P¼�¯�ÉF¿!¶

Σ1
¾

Σ2
½	»U¹hÒPÉU¯

M
Å Ý ½G¿�¸P°t½\¯G¶ ³�º

M
µ�Ë\ºZ¼�¯
·P¸�¯I½G¹G¿�±h¿�²P¼�¯
ÉG¹G¹`¸Uµ�¾P¼�¯G»U¼�¯�ºZ¾�ºd»U³f¶K¯

SM

º
¹\ºZ¾
η
¾

ζ
½

Π
¾	¹\º

l Í ¼�¯GºZ¹hÒP³d¼�¯D·U¹¼U¹`¸�¶K¯I²�¯G»�¯�ÉF¿!¶
Π
ÅÐ ³dÉU¯D½

SM

·U¹`½G¿�¸\ÈU¼P¾P¼�¯G»�¯
Σi

¾�¶K¯�ÑF¸�¯I½G¼U³d¼P¾P³
~rM

(i) = ~rM
(i)(η, ζ), (i = 1, 2) .Ð ³dÉU¯

Ni (η∗, ζ∗)
³�»U¹hÒPÉU¯�¹\»�¹`ÉG¹G²P¼U¹\ºd»v¼�¯

M
½X·U¹`½G¿�¸\ÈU¼P¾P¼�¯G»�¯

Σi

Å`òvÒP³d½G¾Uµ�¼U¹
~eM ~rM

(i)
∣

∣

NiÊ ÉF¿�µF³f»U¹ ~eM

³�³~µ�¾P¼P¾PÒP¼P¾PË\»�¼U¹`¸�¶K¯I²F³d¼�½G³dÉU»U¹`¸�¼�¯
Π Í ¯ ~rM

(i) ³
¸�¯Iµ�¾PÑUºtÖÆ½G³dÉU»U¹`¸P¿!»�¼�¯ Ni

½
SM Ì ¹`·P¾�ºZ½\¯�¹\»PÉF²F¹`¼U³d¼P¾P³f»U¹�¼�¯u»U¹hÒPÉU¯G»�¯ Ni ∈ Σi

¹\»j»�¯I¼P±Z³d¼PÁP¾�¯I²P¼�¯G»�¯�¸�¯I½G¼P¾P¼�¯
Π (i = 1, 2)

Åó�¯D¸�¯I°t±h²F³~µ�¯G¶ ³j¼U³d¸�¯I½G³d¼Pºd»P½\¯G»�¯
(21) ~eM~rM

(1) − ~eM~rM
(2) = ~eM (~rM

(1)(η, ζ) − ~rM
(2)(η, ζ)) > 0¾

(22) ~eM~rM
(1) − ~eM~rM

(2) = ~eM (~rM
(1)(η, ζ) − ~rM

(2)(η, ζ)) < 0.

Û Ã\ô



îgºZËGÉG¹�¹\»¤»PËIÈ�¹`·P¾�ºZ½\¯DÑFÒ�¯Gºd»P¿�É�¼�¯�¹\»PÉF²F¹`¼U³d¼P¾P³�¼�¯
Σ1

¹\»
Σ2

½
¹`ÉG¹G²P¼U¹\ºd»�¼�¯
»U¹hÒPÉU¯G»�¯
M
Åãu¸P¾�»U¹`½\¯�¹\»PÉF²F¹`¼U³d¼P¾PË\»�¯j½�»U³d°t¾�ÑFÒ�¯Gºd»P¿�ÁP¾¤ºd¯D·P¸P¹\»P¾P½G¹`·U¹\ºZ¹hÒP¼P¾
³~µ�¼U¹�¼�¯�µ�¸PÑF±Z¹�ÅÝ ²F³~µF¹`½\¯G»U³d²P¼U¹ Í ¯IÉG¹ ÊÜÛ Ó Ì ¾ ÊÜÛGÛGÌ ¾�¶K¯G»�¸P³däD³d¼P¾PËj½j¹`ÉG¹G²P¼U¹\ºd»�¼�¯j»U¹hÒPÉU¯ M Í »U¹ Σ1

¾
Σ2
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ON THE CHOICE OF AN INITIAL CONTACT POINT IN THE

CONTACT ANALYSIS OF GEARINGS

V. Zlatilov

The contact analysis problem [1], formulated by F. Litvin, is an efficient mathematical
instrument used in the theory of gearings. It opens up the way to computer simula-
tion and study of motion transmission by means of two surfaces forming a supreme
kinematic couple. The choice of the initial contact point is essential for the simulation
and the related studies. The necessary conditions for the existence of a contact point,
defined by F. Litvin, proved insufficient. In [2] and [3] a counter-example was shown
that proves the necessity of complementing the initial conditions in the contact analy-
sis problem. In this paper additional conditions to the conventional analysis problem
setting are sought that will provide for the right choice of the initial contact point
and will exclude the possibility of a primary interference of teeth bodies.
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