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4C8;;8)(*I,(:. 

-377,1,(+329:(J, =12;(,(3< );3D,(3< K9,?,('21(*L A29&3 4 =H,'*? C*);3D(J>, =C1=G3> 3 )3443C2-
'3;(J> 439 C1,)4'2;9,(J C* '3C2? &*9,A2(3L 3 *AM,)3(<F' C1*)*9:(J,, &1='39:(J,, 3BG3A(J, &*9,A2(3<, 
2 '2&D, &*9,A2(3< 4);3G2. $4(*;(2< '*C*9*G3H,4&2< 4'1=&'=12 3B*A12D,(2 ; 7*1?, ;B;,I,((*G* 3 );*L4'-
;,((*G* G127*; )9< (2>*D),(3< 439*;J> 3 &3(,?2'3H,4&3> C212?,'1*;. $'*A12D2FN2< 29G,A123H,4&2< 
434',?2 B2C34J;2,'4< ; ;3), ',(B*1(J> 4**'(*I,(3L. 

The differential equations of beam motion considering of moving, elastic and dissipative forces are presented on 

types of oscillations and integrate longitudinal, torsional, bending as well as shearing vibrations. The basic topologi-

cal structure is figured in the form of the weighed and dual graphs for determination of force and kinematic parame-

ters. The representing algebraic system is noted as tensor relations. 

$'?,H,((J, ; [1] '1=)(*4'3, 4;<B2((J, 4 C*-
9=H,(3,? '*H(*G* 1,I,(3< (,&*'*1J> 49*D(J>, 
; '*? H349, 3 (,93(,L(J> B2)2H )3(2?3&3 )34-
&1,'(*-&*('3(=29:(J> 4',1D(,;J> 434',?, ?*-
G=' AJ': C1,*)*9,(J 4 C*?*N:F C13A93D,((J> 
?,'*)*;, *4(*;2((J> (2 B2?,(, ),L4';3',9:(*L 
124C1,),9,((*L 434',?J 124H,'(*L 4>,?*L 4 
&*(,H(J? H349*? 4',C,(,L 4;*A*)J. % H24'(*-
4'3, )9< )3(2?3H,4&*G* 124H,'2 ?*4'*;J> &*(4'-
1=&+3L C13 ),L4';33 C*);3D(*L (2G1=B&3, '2&D, 
?*),931=,?*L 434',?*L )34&1,'(J> K9,?,('*;, 

'2&*L C*)>*) C1,)4'2;9<,'4< (23A*9,, K77,&-
'3;(J?. 

% )2((*L 12A*', 1244?2'13;2F'4< (,&*'*1J, 
C1,)C*4J9&3, C*B;*9<FN3, 1244H3'J;2': 
4',1D(,;J, 3 A29*H(J, &*(4'1=&+33 4 *AM,?-

(J?3 ()34&*;J?3) ?2442?3. % K'*? 49=H2, K9,-
?,('21(2< A29&2 4*4'*3' 3B );=> ';,1)J> ',9, 
+,('1J '<D,4'3 &*'*1J> 4*,)3(,(J A,BJ(,1+3-

*((J?3 =C1=G3?3 4;<B<?3 – 4',1D(<?3, *A92-
)2FN3?3 D,4'&*4'(J?3 >212&',134'3&2?3 34-
>*)(*L &*(4'1=&+33 A29&3. 

 
"34. 1. -34&1,'(2< ?*),9: A29&3 

O2D)*, ';,1)*, ',9* 3?,,' I,4': 4',C,(,L 
4;*A*)J 3 ?*D,' 4*;,1I2':, ; *AN,? 49=H2,, 
C*4'=C2',9:(J, 3 ;12N2',9:(J, );3D,(3<. % 
+,9*?, (,12B1,B(2< &*(4'1=&+3< C1,)4'2;9<,'4< 
; ;3), 434',?J ';,1)J> ',9, C*49,)*;2',9:(* 
4;<B2((J> ?,D)= 4*A*L =C1=G3?3 4',1D(<?3 
(134. 1). 
O*9,A2(3< K9,?,('21(*L A29&3 4 I,4':F 

4',C,(<?3 4;*A*)J (2 &2D)*? &*(+, *C34J;2-
F'4< 4 C*?*N:F *AJ&(*;,((J> )377,1,(+3-
29:(J> =12;(,(3L, &*'*1J, ?*D(* 12B9*D3': C* 

*'),9:(J? ;3)2? &*9,A2(3L )9< &2D)*G* k -G* 
',92 [2]. P2C13?,1, C13 1k   =12;(,(3< 4*A4'-
;,((J> C1*)*9:(J> 3 &1='39:(J> &*9,A2(3L 
3?,F' ;3) 
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% 4;*F *H,1,):, =12;(,(3< 3BG3A(J> &*9,A2-
(3L ; (2C12;9,(33 *4,L y , z  C13;*)<'4< & ;3)= 
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G), xxJ , yyJ , zzJ  – +,('129:(J, ?*?,('J 3(,-

1+33 ';,1)*G* ',92. 

Q9,?,('21(=F A29&=, 4*;,1I2FN=F C1*-
4'12(4';,((J, &*9,A2(3<, ?*D(* C1,)4'2;3': 
G127*? GR , C*)*A(J? G127= &*('3(=29:(*L 

A29&3 [6] 3 *'*A12D2FN,L 29G,A123H,4&*L 434',-
?*L )377,1,(+329:(J> =12;(,(3L )9< &2D)*G* 
',92 ; ?2'13H(*? ;3), 
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393 ; 4*&12N,((*L 7*1?, 

 F Y S , (5) 

G), !  – *C,12+3< *AM,)3(,(3< ;,&'*1*; iY  ; 
?2'13+= D,4'&*4'3 (2)?3'2(4*;) Y  C* 4**';,'4'-

;=FN3? 4'*9A+2? 1 2 3 4 5 6|| ||
x y z x y zu u u

iY Y Y Y Y Y Y
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{ | }x y z x y zF m m m q q q  – ;,&'*1 439*;J> C2-

12?,'1*;; { | }x y z x y zS u u u# # #  – ;,&'*1 &3-

(,?2'3H,4&3> C212?,'1*; (3(),&4 k  *C=N,(). 

!;<B: ?,D)= ;,&'*1*? =4393L 3 ;,&'*1*? C,-
1,?,N,(3L '2&D, ?*D(* ;J12B3': H,1,B ?2'13+= 
C*)2'93;*4',L (3?C,)2(4*;) 

1 2 3 4 5 6|| ||
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iZ Z Z Z Z Z Z : 

 1F Z S% ; S Z F . (6) 

 

"34. 2. R127J GR  3 
*GR  

#*(<'3< «3?C,)2(42» 3 «2)?3'2(42» ; A*9:-
I,L 4',C,(3 *'(*4<'4< & K9,&'1*',>(3&, 3 &*?-
A3(2'*1(*L '*C*9*G33, *)(2&* ;4, H2N, ;4'1,H2-
F'4< ; (2=H(*L 93',12'=1,, C*4;<N,((*L C1*-
A9,?2? ?,>2(3H,4&3> &*9,A2(3L [3, 4]. Q9,?,('J 
?2'13+ Y , Z  C13;,),(J ; 12A*'2> [2, 3, 5] 3 ?*-
G=' AJ': '2&D, C*9=H,(J C13 1,I,(33 B2)2H ),-
7*1?31*;2(3< 4',1D(< *' ,)3(3H(J> 93(,L(J> 3 
=G9*;J> C,1,?,N,(3L 393 ,)3(3H(J> 439 3 ?*-
?,('*;. -9< C1*4'12(4';,((J> &*9,A2(3L k -G* 
4',1D(<, 124C*9*D,((*G* ?,D)= k -? 3 ( 1)k , -? 

',9*?, ?2'13+2 2)?3'2(4*; 3 4**';,'4';=FN2< 
*A12'(2< ?2'13+2 3?C,)2(4*; 3?,F' ;3) [3]. 

! =H,'*? ;J12D,(3L (5), (6) G127 GR  )9< 
K9,?,('21(*L A29&3 3 );*L4';,((JL ,?= G127 

*GR  ?*G=' AJ': C1,)4'2;9,(J ; 49,)=FN,L 

7*1?, (134. 2). 

/2&3? *A12B*?, ;,1I3(J G1272 *GR  4**'-
;,'4';=F' I,4'3 *A*AN,((J? &**1)3(2'2? (&3-
(,?2'3H,4&3? C212?,'12?), 2 ;,1I3(J G1272 
GR  – I,4'3 *A*AN,((J? 4392? (439*;J? C212-
?,'12?) )9< &2D)*G* &*(+2 A29&3. 

-;*L4';,((JL G127 *GR  ?*D,' AJ': C*4'1*-
,( 49,)=FN3? *A12B*?: ;(='1: &2D)*G* &*('=12 
(&*(,H(=F *A924': [7]) C*?,4'3? C* *)(*L ;,1-
I3(, 3 *)(= )*C*9(3',9:(=F ;,1I3(= ;* ;(,I-
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(3L &*('=1 (A,4&*(,H(=F *A924':). Q'3 ;,1I3(J 
A=)=' *A*B(2H2': &3(,?2'3H,4&3, C212?,'1J 
K9,?,('21(*L A29&3. !**';,'4';=FN3, )=G3 

G1272 *GR  4*),1D2' ;4, 439J 4;<B3, &*'*1J, 
=H3'J;2F'4< ; 4,H,(3<> ?,D)= ',92?3, 2 '2&D, 
;4, 3?C,)2(4J 1244,H,((J> H24',L. S349* ;,1-

I3( 3 1,A,1 ; G1272> GR  3 *GR  A=),' *)3(2&*-
;J?. $H,;3)(*, 34>*)(JL G127 GR  '2&D, <;9<-

,'4< );*L4';,((J? )9< *GR . 

T*9,, 49*D(J, 4',1D(,;J, 434',?J ?*G=' 
3?,': A*9:I,, H349* ;>*)*;, 4*4'*<(3< &2D)*G* 
3B &*'*1J> *C34J;2,'4< I,4':F (,B2;343?J?3 
C,1,?,((J?3. $)(2&*, '2&3, 434',?J '2&D, ?*-
G=' AJ': 12B),9,(J (2 K9,?,('21(J, 4*4'2;-
9<FN3, (4',1D(3, A29&3), ?*),93 &*'*1J> '*C*-

9*G3H,4&3 C1,)4'2;9<F'4< G1272?3 GR  3 *GR . 

P,49*D(* B2?,'3':, H'* &2D)JL 4'*9A,+ ?2'-
13+ Y  3 Z  4**';,'4';=,' *C1,),9,((*?= '3C= 

&*9,A2(3L. #*K'*?= 1,A12? G127*; GR  3 *GR  

C134;*,(J B(2H,(3< ;,&'*1*; 2)?3'2(4*; iY  3 

3?C,)2(4*; iZ  ( 1,2, ,6)i  " : 
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",A12 ye , ze  3 ye , ze  *AM,)3(<F' ;,&'*1J 

3BG3A2 3 4);3G2. % 1,B=9:'2', C*9=H2,? ;B;,-

I,((J, G127J GR  3 *GR  [7] 4 ;,42?3 (2 )=G2> 

iY  3 iZ , 3 ?2'13+J 4?,D(*4'3 Y , Z  4 K9,?,(-

'2?3, 3?,FN3?3 ;,4 ijy  3 ijz  ( , 1,2, ,6)i j  " , 

&*'*1J, *'12D2F' *'),9:(J, ;3)J &*9,A2(3L 
)9< &2D)*G* ',92. 
$H,;3)(*, H'* *4(*;(J?3 &*?C*(,('2?3 

G1272 GR  A=)=' C*)G127J xG , G# , yG , zG , 

&*9:+,;2< 4=??2 &*'*1J> ; 12B93H(J> 4*H,'2(3-
<> C*B;*9<,' C*9=H3': G127J GL  3 GT  )9< 4*-
;?,4'(J> 3BG3A(*-C1*)*9:(J> 3 3BG3A(*-
&1='39:(J> &*9,A2(3L, 2 '2&D, G127 GR  )9< 
C1*4'12(4';,((J> &*9,A2(3L A29&3 [6]. 
-9< C1*?,D='*H(J> ',9, (2>*)<N3>4< ;(='-

13 4',1D(,;*L 434',?J, ?2'13+J Y , Z  )9< 4*-
4,)(3> 4',1D(,L *C1,),9<F'4< C* 7*1?=92?: 
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1 1k k kZ Z Z% % %
% , % , . (8) 

% &**1)3(2'(*L 7*1?, 4 =H,'*? (8) C*9=H3? 
434',?= )377,1,(+329:(J> =12;(,(3L, &*'*12< 
*AM,)3(<,' C1*)*9:(J,, &1='39:(J,, 3BG3A(J, 
&*9,A2(3< 3 &*9,A2(3< 4);3G2 k -G* ',92 
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/2& &2&, 4*4'*<(3< 9FA*G* C212?,'12 P#, O# 

4',1D(< ; G1272> GR , *GR  (4?. 134. 2) C13(3-

?2F' B(2H,(3< 0 393 1 [6], '* (,49*D(* *C1,),-
93': C,1,?,((J,, 4**';,'4';=FN3, (2C12;9,(3-
<?, ;)*9: &*'*1J> 439J (, ),L4';=F' 3 34&9F-
H3': 3> 3B 434',?J (9). /2&3? *A12B*?, ?*D(* 
=H,4': =49*;3< B2&1,C9,(3< &*(+,;J> 393 C1*-
?,D='*H(J> 4,H,(3L A29&3. 
#13?,1 G1272 )9< C1*4'12(4';,((J> &*9,A2-

(3L A29&3, 4*4'*<N,L 3B '1,> )34&1,'(J> ?244 3 
);=> 4;<BJ;2FN3> 4',1D(,L, C1,)4'2;9,( (2 
134. 3. 

U2C3I,? 4**'(*I,(3< ?,D)= *A*AN,((J?3 
4392?3 3 *A*AN,((J?3 &**1)3(2'2?3 (2 );=> 
&*(+2> A29&3 49,)=FN3? *A12B*? 

 1k k k k k kF g F g Y S,   ; (10) 

 1k k k k k kS S Z F- -,   , (11) 

G),, 4*G924(* [3], C,1,>*)(J, ?2'13+J kg , k-  

(2BJ;2F'4< ',(B*12?3 C,1,)2H3 3 ?*G=' 1244?2'-
13;2':4< &2& ?2'13+J C1,*A12B*;2(3< gC , C- . 
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"34. 3. R127 )9< *C342(3< C1*4'12(4';,((J> &*9,A2(3L A29&3 

1\

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

x y z x y z

x

y

k z

x

y k

z k

k k m m m q q q

m

m

g m

q

q l

q l

,

 

%

;   

1 \

1 0 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

x y z x y z

x

y k

k z k

x

y

z

k k u u u

l

l

u

u

u

# # #

#
#

- #

,

%

 . 

P,49*D(* B2?,'3':, H'* ?2'13+2 kg  C1,)-
4'2;9<,' 4*A*L '12(4C*(31*;2((=F 7*1?= ?2'-

13+J k- , '. ,. t
k kg - . #1*3B;,),(3< ?2'13+ 

k kg Y  3 k kZ-  *A12B=F' ?2'13+= ;B23?(J> 2)-

?3'2(4*; kY
#  3 ?2'13+= ;B23?(J> 3?C,)2(4*; 

kZ
#  [3]. 012;(,(3< 4;<B3 ?,D)= C,1,?,((J?3 F  

C13 C,1,>*), *' *)(*G* &*(+2 A29&3 & )1=G*?= 3 
C,1,?,((J?3 S  ?*D(* B2C342': ; 49,)=FN,L 

7*1?, 

 1 0k k kF g F, %  ; 1 0k k kS S-, %  , (12) 

393 

 1 0k k kF Y S, %  # ; 1 0k k kS Z F, %  # . (13) 

62'13+= 2)?3'2(4*; ;4,L &*(4'1=&+33 ?*-
D,? C*9=H3': 7*1?29:(J? C=',?, *AM,)3(3; 
;4, 2)?3'2(4J K9,?,('21(J> A29*& ; *)(= &;2)-
12'(=F &;2B3)32G*(29:(=F ?2'13+= 
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!9,)=,' 3?,': ; ;3)=, H'* *'),9:(J, K9,?,(-
'J )34&1,'(*L 434',?J, C13?J&2FN3, & *)(3? 
3 ',? D, =B92? (,*A>*)3?* 4*,)3(3': ; *)(= 
434',?= 93A* 4 =H,'*? 4**'(*I,(3L (8), 93A* 4 

C*?*N:F ?2'13+J C1,*A12B*;2(3< '
gC  [3] 

 ' ' 't
g gY C Y C . (15) 

O2D)JL K9,?,(' ?2'13+J gC  <;9<,'4< ,)3-

(3H(*L 393 (=9,;*L ?2'13+,L I,4'*G* C*1<)&2, 
&*'*1J, *A12B=F'4< ; B2;343?*4'3 *' '*G*, 4'J-
&=,'4< 93 4 )2((J? =B9*? 4**';,'4';=FN3L 
4',1D,(:: ,493 )2 – E , ,493 (,' – [0] . !'1*&3 

?2'13+J gC  4**';,'4';=F' C,1,?,N,(3<? &*(-

+*; (',9) *'),9:(* ;B<'J> K9,?,('21(J> A29*&, 2 
4'*9A+J – *A*AN,((J? &**1)3(2'2? *4(*;(*L 
434',?J. 
 (29*G3H(J? *A12B*? C*9=H2,? ?2'13+= 

3?C,)2(4*; 4*,)3(,((*L 434',?J ; &;2B3)32G*-
(29:(*L 7*1?, 
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, (16) 

)9< &*'*1*L '2&D, 4 34C*9:B*;2(3,? ?2'13-

+J C1,*A12B*;2(3< 'C-  ?*D(* B2C342': 

 ' ' 'tZ C Z C- - . (17) 

",B=9:'31=FN2< ?2'13+2 )9< C212?,'1*; 
434',?J C13;*)3'4< & ;3)= 

 

' ' '

' ' '

[0]

[0]

F Y S

S Z F
 . (18) 

% 49=H2,, ,493 ?2'13+J (15), (17), C*9=H,(-
(J, 4=??31*;2(3,? D,4'&*4',L 393 C*)2'93;*-
4',L *'),9:(J> 4',1D(,L 4;*A*)(*L &*(4'1=&-
+33, <;9<F'4< *4*A,((J?3 (;J1*D),((J?3), '* 
(,*A>*)3?* 4 =H,'*? =49*;3L B2&1,C9,(3< K9,-
?,('*; )9< C1*4'12(4';,((*L B2)2H3 34&9FH3': 
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(, ?,(,, I,4'3 C,1,?,((J> 3 4**';,'4';=FN3, 
K'3? C,1,?,((J? 4'1*&3 (4'*9A+J) ?2'13+ Y , 
Z . -1=G3?3 49*;2?3, C13 (29*D,(33 B2&1,C9,-
(3L )9< k -G* =H24'&2 A29&3 3B 434',?J (9) 49,-
)=,' 34&9FH3': H24': 4**';,'4';=FN3> B2)2(-
(J? (93I(3?) 4',C,(<? 4;*A*)J =12;(,(3L. 

 

"34. 4. 0H24'*& A29&3 4 =C1=G3?3  

B2&1,C9,(3<?3 

 
-9< =H24'&2 A29&3 4 =C1=G*-;<B&*L *C*1*L, 

=C1=G*L *'(*43',9:(* C*C,1,H(J> 3 =G9*;J> 

C,1,?,N,(3L (134. 4) ; 2)?3'2(4J iY  4**';,'4'-
;=FN,G* 1,A12? G1272 GR  )*A2;<'4< K9,?,('J 
c
iY , =H3'J;2FN3, D,4'&*4': *C*1J ; 4**';,'4'-
;=FN,? (2C12;9,(33 

 { }
x z x y zy u u u

c
i x y zY c c c c c c

# ##

. # / , (19) 

G), c. , c# , c/  – =G9*;J,, xc , yc , zc  – 93-

(,L(J, D,4'&*4'3 *C*1J. 
% =12;(,(3< 4*A4';,((J> C1*4'12(4';,((J> 

&*9,A2(3L )9< '2&*G* =H24'&2 (4) ;>*)<' 492G2,-
?J,, =H3'J;2FN3, )*A2;9,((=F D,4'&*4': 3 
),?C731*;2(3, 
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 , ,  ! , (20) 

G), 1 20 0 0 0 0 0
0 k k k k k kx y z x y zS u u u# # # ; 0

kx
# , 0

ky
# , 

0

kz
#  – (2H29:(J, =G9J C*;*1*'2, &*'*1J? 4**'-

;,'4';=F' C*9*D,(3< 12;(*;,43< )9< =G9*;J> 

D,4'&*4',L, 0

kx
u , 0

ky
u , 0

kz
u  – 12;(*;,4(*, C*9*-

D,(3, )9< 93(,L(J> D,4'&*4',L; 

{ }
x z x y zy u u u

i x y zY

# ##
0

. # /0 0 0 0 0 0 ; .0 , #0 , 

/0  – =G9*;J,, x0 , y0 , z0  – 93(,L(J, &*K773-

+3,('J ),?C731*;2(3< *C*1J. 
!;<B3, C139*D,((J, & =H24'&2? A29&3, '2&-

D, ?*D(* C1,)4'2;9<': ; G127, &*(4'1=&+33, 
&*'*1JL *'12D2,' ,, )3(2?3H,4&=F 4>,?=. .> 
?*),931*;2(3, *4=N,4';9<,'4< 4 C*?*N:F )*-

A2;9,(3< & C12;*L H24'3 )377,1,(+329:(J> 
=12;(,(3L (20) 439*;J> ;*B),L4';3L – 1,2&+3L, 
;*B(3&2FN3> ; 4;<B<>. 
#1*4'12(4';,((J, 1,2&+33, =H3'J;2FN3, 

;93<(3, 439 '<D,4'3, C*);3D(*L, =C1=G*L 3 
)3443C2'3;(*L *' 12B93H(J> ;3)*; 439*;J> 
;*B),L4';3L ?*D(* *C342': ,)3(*L 4'1=&'=1*L 
; ?2'13H(*L 7*1?, 

 FF R P 3 4 4 , (21) 

G), 1 2F
kU E3  , R  – ?2'13+2 C*;*1*'2 4;<-

B2((*L 4 =H24'&*? A29&3 434',?J &**1)3(2' 
*'(*43',9:(* 3(,1+329:(*L 434',?J; P  – 4392 
1,2&+33 ; 4;<B2((*L 434',?, &**1)3(2'; E  – 

,)3(3H(2< ?2'13+2; 

0

0

0

z y

k z x

y x

u u

U u u

u u

%

 %

%

. 

/2&, C*);3D(2< (2G1=B&2 vF  =H3'J;2,'4< 
A9*H(*L ?2'13+,L  

 F Y Z
v vk vF R P 3 4 4 , (22) 

G), vP  – C*);3D(2< 4392, &*'*12< ;JH349<,'-
4< C* 29G*13'?=, C13;,),((*?= ; 12A*', [8]. 
-9< ?*),931*;2(3< C='3 (2 C1*9,'(*? 

4'1*,(33 1,9:4*;J, (3'3 B2)2F' 4 C*?*N:F 
4C92L(2, *C*1(J, '*H&3 &*'*1*G* D,4'&* B2&1,C-
9,(J 4 =H24'&2?3 C='3. #*);3D(2< (2G1=B&2 *C-
1,),9<,'4< 4 =H,'*? C*9*D,(3< &*9,4(*L C21J 3 
4C92L(*;*G* C='3 ; &2D)JL ?*?,(' ;1,?,(3 
);3D,(3< C*,B)2 C* ?*4'=. 

167896 

#*9=H,((J, )377,1,(+329:(J, =12;(,(3< 
)9< 12B93H(J> ;3)*; &*9,A2(3L A29&3 ; &2H,4';, 
34>*)(J> )2((J> 4*),1D2' &3(,?2'3H,4&3,, 
?244*;*-3(,1+3*((J, 3 D,4'&*4'(J, >212&',13-
4'3&3 K9,?,('*; A29&3 ; (2H29:(JL ?*?,(' ;1,-
?,(3. .(',G131=< 434',?= ?2'13H(J> )377,-
1,(+329:(J> =12;(,(3L (4) C*9=H2,? &3(,?2'3-
H,4&3, >212&',134'3&3 &2D)*G* ',92 ;* ;1,?,(3. 
% 49=H2, =C1=G*G* B2&1,C9,(3< 3 ),?C731*;2(3< 
34C*9:B=F'4< =12;(,(3< (20). !34',?2 )377,-
1,(+329:(J> =12;(,(3L )9< A29*H(*G* K9,?,('2, 
C1,)4'2;9,((*G* ; )34&1,'(*L 434',?, ; ;3), k  

',9 4 r  B2&1,C9,(3<?3, 4*),1D3' (6 )k r%  =12;-
(,(3L );3D,(3<. -9< ?*),931*;2(3< ;J(=D),(-
(J> &*9,A2(3L C1*9,'(J> 4'1*,(3L ?*4'*; C13 
),L4';33 C*);3D(*G* 4*4'2;2 34C*9:B=F'4< 
=12;(,(3< (20) 4 )*C*9(3',9:(J?3 492G2,?J?3 
; ;3), A9*H(J> ?2'13+ (21), (22). /2&3? *A12B*?, 
C1,)9*D,((J, B2;343?*4'3 C*B;*9<F' *C1,),-
93': )3(2?3H,4&3, 1,2&+33, ;*B(3&2FN3, ; 
C1*+,44, );3D,(3< C*);3D(*G* 4*4'2;2 C* ),-
7*1?31=,?*?= C1*9,'(*?= 4'1*,(3F ?*4'2. 
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