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1. {1831C9� @A9H9>9� 39>9;>6>>O� 131AQ:>9F� A679=Q3
� J?�
BD@A?3?57DNCLBO�@6A6FQ5>9=9�@A?G6B1=9
�C1�O;1�:=?3QA>QBCL�@?O39�
;?7>?4?�8�>9F9
���0;Q�O39J1�3Q52D31NCLBO�@A9�;?A?C;9F�81=9;1>>OF�3�6<6;CA9H>Q:�

=6A67Q��F1A1;C6A�8=Q>9�@1A1=6CAQ3�A679=D5�C6A=QH>Q�C1�59>1=QH>Q�3@<939�
>1�6<6;CA?=6A67Q�C1�6<6;CA??2<15>1>>O5�A?2?C1�6<6;CA?@A9:=1HQ35�
8141<L>?B9BC6=>Q�>641C93>Q�O39J1�9
���r<O�H?4?�85Q:B>NPCLBO�A?8A1FD31>>O�;?A?C;9F�81=9;1>L9
.��~?8A1FD>;?3Q�D=?39�C1�5?@DJ6>>O
�3�=671F�O;9F�39;?>DPCLBO�

A?8A1FD31>>O�;?A?C;?4?�81=9;1>>O
�Q�?B>?3>Q�6C1@9�:?4?�39;?>1>>O��
�E?A=D<N:C6�A?8A1FD>;?3Q�D=?39�5<O�39@15;Q3
�;?<9:
1��81�A68D<LC1C1=9�2D56�392A1>?�;?=DC1GQ:>6�?2<15>1>>O5
2��C6�7
�392QA�DBC13?;�A6<6:>?4?�81F9BCD�C1�@6A63QA;1�RF�HDC<93?BCQ�



23

��JZFHZJ@OES�GZHZYKDF:@�HF?HUMKEBS:�U:UHSAE@M�
HZ>@DS:�GH@�BFHFJB@M�?UD@BUEEUM�:�KDF:UM�

?VZHZ>ZEEUI@DZJHST�I@IJZD@
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Ib>��1=@<QCD51�@?@6A65>L?4?��@6A65131AQ:>?4?��BCAD=D5
e>; ;���;DC�8BD3D�=Q7�BCAD=?=�Q�>1@AD4?N�3�@6A65131AQ:>?=D�C1�

BC1<?=D�131AQ:>?=D�A679=1F


;= arctg
X

R
;

;

.                    (2.3)

p�AQ3>O>>Q�������@6AI9:�5?51>?;�P�@6AQ?59H>?N�B;<15?3?N�@?3>?4?�
@6A6FQ5>?4?�BCAD=D��p17<93?
�J?�GO�B;<15?31���B9>DB?R51<L>1
�>68=Q>>1�81�
1=@<QCD5?N�ED>;GQO�H1BD�)6�3Q5@?3Q51P�BE?A=D<L?31>Q:�D=?3Q4�
6;3Q31<6>C>9:�46>6A1C?A�>6B;Q>H6>>?R�@?CD7>?BCQ
�C?2C?�N�7�Xdchi�

rAD49:�5?51>?;�������P�6;B@?>6>GQ1<L>?�B@151NH?N�ED>;GQPN�H1BD�Q�
>18931PCLBO�1@6AQ?59H>9=�BCAD=?=�

p95>?
�J?�3�������=QBC9CLBO�CQ<L;9�?5>1�@6AQ?59H>1�B;<15?31�Q�?5>1�
1@6AQ?59H>1��p�@6A6FQ5>?=D�BCAD=Q�;?A?C;?4?�81=9;1>>O�3�A61<L>Q:�
B9BC6=Q�8�46>6A1C?A1=9�;Q>G63?R�@?CD7>?BCQ�GO�D=?31�>6�39;?>DPCLBO�

{6�593<OH9BL�>1�G6
�@?5Q2>6�B@A?J6>6�@A65BC13<6>>O�@6A6FQ5>?4?�
@A?G6BD�36<L=9�;?A9B>6�3�@Q8>131<L>?=D�3Q5>?I6>>Q��{1@A9;<15
�>1�:?4?�
?B>?3Q�=?7>1�395Q<9C9�2141C?�36<9H9>
�J?�F1A1;C6A98DNCL�@6A6FQ5>9:�
@A?G6B�@A9�B9<L>?=D�82DA6>>Q�A679=D
�1�C1;?7�3BC1>?39C9�56O;Q�
81;?>?=QA>?BCQ�J?5?�G9F�36<9H9>�

� ��:̂]cVm[ccr�dgcdXĉk�X[âm̂c��od�kVfV̀h[f̂]iqhp�
e[f[ktZĉ_�efdl[g�ef̂�̀dfdh̀dbi�]Vb̂ V̀cct

r?�398>1H6>?4?�39J6�@?>OCCO�1@6AQ?59H>?4?�BCAD=D�5?51=?�@?>OCCO
�
J?�3Q5?2A171P�I395;QBCL�:?4?�841B1>>O�

:ORS_JNA�XART�=��tF�SAKIJ�XAR��P_RL]�HAK_NXFNN]�]KODO�HM_NNA�
CFLIXINA�POCN_RS\�HNIKLA�B��]KZO�YCIEK_RS[�̀̀�HDARANN]�BTLA�B�PORS_JNO\�
_�n_CNO\�S_J��]KA�BTLA�C�POXASKOC_J�SOXt_�FKRPONFNSI��SOBSO�PnI�%�.��. 
�C?B?3>?�1@6AQ?59H>?4?�BCAD=D��Q1)�G6�@?>OCCO�=?7>1�BE?A=D<N31C9�
Q>1;I6��u�OBDP=?�36<9H9>D�1@6AQ?59H>?4?�BCAD=D�H6A68�H1B
�O;9:�5?AQ3>NP�
%��p95Q<9=?�5AD49:�5?51>?;�������Q�81@9I6=?�:?4?�C1;4

�  �  i I I1 b�> b�@� ;
a

H e
t

T= sin sin   � � �
�

.           (2.4)

*1BC9>1����.�
�O;1�8>1F?59CLBO�3�;315A1C>9F�5D7;1F
�P�@?H1C;?39=
8>1H6>>O=�1@6AQ?59H>?4?�BCAD=D��i1
:

�  �  i I I1 b�> b�@� ;H0 = sin sin   � � � .                    (2.5)

l8�3A1FD31>>O=����/��39A18����.��2D564
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i i1 1 e
t

Ta= 0

�
.               (2.6)

}A9@DBC9=?�i�7�%1�5<O�C?4?
�J?2�3BC1>?39C9�8>1H6>>O�11�5<O�H1BD�
AQ3>?4?�@?BCQ:>Q:�H1BD4

i i1 1 1e e
T

T
a

a=  i = =
ia 0
e0 0

1� � .                             (2.7)

0;J?�@A94151C9
�J?�>6@6A?36�H9B<?
e32 7182, ,

C?
i1 130,368 i 0 .     (2.8)

|C76
�PORS_JNA�XART�HDARANN]�APFn_OEIXNODO�RSnTMT��tF�XAR��P_RL]�
HAK_NXFNN]�]KODO�APFn_OEIXNIJ�RSnTM�RSANF�n_CNIM�PnIBLIHNO�
��
���C_E�
RCÔ �̀POXASKOCÒ�CFLIXINI��)6�398>1H6>>O�=?76�39O39C9BO�;?A9B>9=�@A9�
6;B@6A9=6>C1<L>?=D�398>1H6>>Q�%1
�>1@A9;<15
�8�?BG9<?4A1=�

x?A9B>?�8�OBD31C9�D=?39
�@A9�O;9F�39>9;1P�=1;B9=1<L>6�8>1H6>>O�
1@6AQ?59H>?4?�BCAD=D��)Q�D=?39�A?8;A931P�>1BCD@>6�C36A576>>O�

%s|~szn����
0;J?�=1P�=QBG6�;?A?C;6�81=9;1>>O�3�1;C93>?�
Q>5D;C93>?=D� ;?<Q
� C?� >1:2Q<LI6� 8>1H6>>O�
1@6AQ?59H>?4?�BCAD=D�39>9;1P�@A9

� 

?






.0

.F.F0I >m
(2.9)

r|psrs{{0
}A65BC139=?����.��C1;4

�  � i I I1 b�>
a

b�@� ;
a

H e e
t

T
t

T
0 = sin sin   � � �

� �
.

p95Q<9=?4

� 

� � 

/
/

 

/
/

 

i

I

i
I

a

b�>

a
b�> >

H e

e

t
T

t
T

a

a

= sin = 0

=  cos = 0
>

�

� �



?
A
A


A
A

�

�
1 .

l>1;I64

.
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sin( )

cos( )

 

 

� 

� � 


?
A

A

�

�
>

t
Ta

b> >

t
Ta

e

I e

0

0 .

p�1;C93>?-Q>5D;C93>?=D�;?<Q�;?6EQGQP>C�841B1>>O�e
-t

Ta 10��5?365QCL�
B1=?BCQ:>?���QC?=D


?


��
�

)2.0)cos(I

a)0)sin(

>m>

> (2.10)

0;J?�=1P�=QBG6�����

�1�
�C?
cos (�>)=1    C1

8�����

�2��39F?59CL4��������

Im>�= 0,                                                       (2.11)

J?�Q>C6A@A6CDPCLBO�O;�F?<?BC9:�FQ5�
0;J?�B@A1365<93?�������
�C?�3�����

�1��8>9;1P�>��>6=1P�

>131>C176>>O
�>6=1P�Q�:?4?�E189���Q�C?5Q

sin  = 0,                                                     (2.12)

1�G6�=?76�2DC9�;?<9��7�
��{6317;?�2D<?�2�@?;181C9
�J?�8>1:56>Q�D=?39�
�����
�������3Q5@?3Q51NCL�=1;B9=D=D�1@6AQ?59H>?4?�BCAD=D��81�8=Q>?N�
8>1;1�@6AI?R�@?FQ5>?R�@A9�=1<Q:�8=Q>Q�1A4D=6>CQ3�3<Q3?�Q�3@A13?�3Q5�C?H;9�
?@C9=D=D���|C76
�C6?A6=1�5?3656>1�

{n�ylr|x
p�D=?31F�39>9;>6>>O�=1;B9=1<L>?4?�8>1H6>>O�1@6AQ?59H>?4?�BCAD=D
�:?4?�
@?H1C;?36�8>1H6>>O�1a0��@A9�i�7�
��5?AQ3>NP�1=@<QCD5Q�@6AQ?59H>?4?�BCAD=D�

r|psrs{{0
p3656=?�3����.��39A18����3�4

ia = �Im�@sin (�k) e
t
Ta

�
.

l>1;I64��������

ia= �Im�@sin k e
t
Ta

�
.

}A9�k 3"/2   sin k 3 1Q
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ia 3Im�@e
t
Ta

�
.

}A9�t = 0  i 3 Im�@
�G6�Q�@?CAQ2>?�2D<?�5?36BC9�
l>CDRC93>?�=?7>1�@A9@DBC9C9
�J?�>1:2Q<LI6�=9CCP36�8>1H6>>O�

@?3>?4?�@6A6FQ5>?4?�BCAD=D�;?A?C;?4?�81=9;1>>O�CQB>?�@?3̀O81>6�8�
D=?31=9
�J?�81268@6HDNCL�=1;B9=D=�1@6AQ?59H>?4?�BCAD=D�3�
;?A?C;?81=;>DC?=D�;?<Q��C6?A6=1������

p3656=?� 3� ������ D=?3D� @?@6A65>L?4?� F?<?BC?4?� F?5D�
;?A?C;?81=;>DC?4?�;?<1�( I>�= 0, > = 0):

i = b@I [ sin (%t + �k) � sin (�k) e
t
Ta

�
].                (2.13)

u�?BC1>>L?4?�39A18D�395>?
�J?�B6A65�1A4D=6>CQ3�@6A6FQ5>?4?�BCAD=D�
@A9�;?A?C;?=D�81=9;1>>Q�@A9BDC>Q�H1B�i�Q�;DC�:

i = f (t, ).

r<O�5?B<Q576>>O�>1�=1;B9=D=�ED>;GQR�@6A6FQ5>?4?�BCAD=D
�
A?84<O>6=?�D=?3D4

A
A


AA
?




/
/


/

.0
i

0
dt

i

                                                  (2.14)

 A
A


A
A
?



���%
/
/

F


E
<
=

;
CC


B
99
:

8
���%�%

/

�

�

0e)(cos)+t(cosI
i

0
T

1
e)(sin)+t(cosI

dt

i

a

a

Tt
kk

a

Tt
kk

@m

@m

|B;Q<L;9��Im@1 0, =1P=?4

A
A


AA
?



���%

��%��%

�

�

.e)(cos)t(cos

e)(sin
T

1
)t(cos

a

a

T
t

kk

T
t

k
a

k
(2.15)

pQ5�5Q<6>>O�@6AI?4?�AQ3>O>>O�>1�5AD46�?CA9=1P=?4

%  � �
1

T
tg 

a
k( ) . (2.16)

.
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}A94151P=?
�J?

T
X

Ra
k

k


%

,

Q�C?5Q�����0��@6A6@9I6=?�C1;4

�  �

�  �

�  �

X

R
tg 

tg tg 

tg tg 

k

k
k

k k

k k

( );

( ) ( );

( ) ( ),

 

  

  

1�G6�=?76�2DC9�<9I6�@A9� = 0.
%1;9=�H9>?=
�818>1H6>6�39J6�Q>CDRC93>6�=QA;D31>>O�?56A71<?�

5?;18?3D�B9<D4
NAJB_L[YF�MISŜCF�HNAXFNN]�PFnFV_ENODO�RSnTMT�PnI�KOnOSKOMT�

HAMIKANN_�MÂ�M_RtF�PnI�POPFnFEN[OMT�VOLORSOMT�VOE_�_�UAH_�CC_MKNFNN]�NA�
KOnOSKF�HAMIKANN]�� = 0.

r<O�3BC1>?3<6>>O�H1BD
�;?<9�=9CCP36�8>1H6>>O�@6A6FQ5>?4?�BCAD=D�
>12D31P�>1:2Q<LI?4?�8>1H6>>O
�2171>?�B@?H1C;D�836A>DC9BO�5?�C12<������Q�
5?�?BG9<?4A1=9�BCAD=D�;?A?C;?4?�81=9;1>>O�5<O�E189�n��A9B��������}A9�
A?84<O5Q�=?7>1�3BC1>?39C9
�J?�H1B
�O;9:�GQ;139CL�>1B
�BC1>?39CL�
@A92<98>?�


��B
�J?�3Q5@?3Q51P�@?<?39>Q�@6AQ?5D�@A9�H1BC?CQ�/
�qG��
pQ5@?3Q5>6�=9CCP36�8>1H6>>O�BCAD=D
�83171NH9�>1�:?4?�?B?2<93D�
317<93QBCL
�?56A71<?�>183D�D51A>?4?�BCAD=D�

|C76
�TEAnNIM�RSnTMOM�NAHICÂS[R]�MAKRIMAL[NF�MISŜCF�
HNAXFNN]�POCNODO�PFnFV_ENODO�RSnTMT�PnI�KOnOSKOMT�HAMIKANN_�_�
CIHNAXÂS[R]�C_N�EL]�TMOC�VOLORSODO�VOET�KOnOSKOHAMKNTSODO�KOLA�PnI��
.���SA�XART����%�R�

}?>OCCO�D51A>?4?�BCAD=D�>1BCQ<L;9�317<936�5<O�@A1;C9;9
�J?�P�B6>B�
3>9;>DC9�3�>L?4?�56J?�4<92I6�

%s|~szn����
0;J?�=1P�=QBG6�;?A?C;6�81=9;1>>O�3�6<6;CA9H>?=D�
;?<Q�268�1;C93>?4?�?@?AD
�C?�H1B�>1BC1>>O�D51A>?4?�
BCAD=D

%t = "�A15
��������������������������������(2.17)
1�:?4?�3Q5>?B>6�8>1H6>>O�@A9�B2 = Ib@ .

iD = 2.                                    (2.18)

r|psrs{{0

}?36A>6=?BO�5?�A?84<O5D�AQ3>O>>O���������{1�?B>?3Q�C6?A6=9�����
@A9:=6=?�3�>L?=D��7�
��|B;Q<L;9�A?84<O51P=?�;?A?C;?81=;>DC6�;?<?�268�
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1;C93>?4?�?@?AD��Kk�7�
�
�C?�841B1>>O�1@6AQ?59H>?4?�BCAD=D�>6�2D56�

rQ:B>?
�;?6EQGQP>C�841B1>>O�e
t
Ta

�
�81<9I1PCLBO�>68=Q>>9=�Q�5?AQ3>NP��4

T
X

R

X
a

k

k

k





*
% %0

;

e e e
e

t
T t

a

� �
* �    0

0

1 1

1
1.

pQ8L=6=?�5?�D3149
�J?�@A9�Kk =0


"

k
k

k

arctg
X

R
arctg  *( )

2
.

u�DA1FD31>>O=�GL?4?��������2D56

i
i

I
tD

b@
�
  �8

:9
B
C
�sin sin%

" "
2 2

;

i tD�
 �8

:9
B
C
�sin %

"
2

1 .         (2.19)

&=?31�=1;B9=D=D4

di

dt
t

D� �8
:9

B
C
 cos %

"
%

2
0 ;

cos %
"

t �8
:9

B
C


2
0 ,             (2.20)

1�G6�@?<?76>>O�39;?>DPCLBO
�O;J?�1A4D=6>C�;?B9>DB?R51<L>?R�ED>;GQR�

2D56�AQ3>9=�"2 :

%t �"2  = "2 ;

%t = " �39A18����1�5?3656>9:��,

J?�3Q5@?3Q51P�t
f

 


 
"
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"
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1
100

0 01, B�

p3656=?�����1��3�����3�4

iD� �8
:9

B
C
�sin "

"
2

1 ;
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iD�
8
:9

B
C
�sin

"
2

1=1+1=2 �39A18����2�5?3656>9:���

{n�ylr|x

p�1;C93>?-Q>5D;C93>?=D�;?A?C;?81=;>DC?=D�;?<Q�81�>1:B@A9OC<9-
3QI9F�D=?3���7�

�F��F���5<O�D51A>?4?�BCAD=D�=1P=?4

t

iD





I
�

0 01

2

, ;

.
               (2.21)

r?3656>>O��������81<9I9=?�H9C1HD
�1�3Q5F9<6>>O�i�3Q5�


��B�
A6;?=6>5DP=?�@?5939C9BO�3�C12<������������.�

%12<9GO�����z�p98>1H6>>O�H1BD�>1BC1>>O�Q�36<9H9>9�D51A>?4?�BCAD=D
(RK=0; XK=1.)

nA4D=6>C�i
�B u>1H6>>O�ED>;GQR�Q�i�
�3��?�

0,00000
0,00900
0,00910
0,00920
0,00930
0,00940
0,00950
0,00960
0,00970
0,00980
0,00990
0,01000
0,01010
0,01020
0,01030
0,01040
0,01050

0,00000
1,95106
1,96029
1,96858
1,97592
1,98229
1,98769
1,99212
1,99556
1,99803
1,99951
2,00000
1,99951
1,99803
1,99556
1,99212
1,98769
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%12<9GO�����z�p98>1H6>>O�H1BD�>1BC1>>O�Q�36<9H9>9�D51A>?4?�BCAD=D
(RK=0,1; ZK=1)

nA4D=6>C�i
�B u>1H6>>O�ED>;GQR i(t) 3Q5>��?5�

0,00000
0,00850
0,00860
0,00870
0,00880
0,00890
0,00900
0,00910
0,00920
0,00930
0,00940
0,00950
0,00960
0,00970
0,00980
0,00990
0,01000

0,00000
1,69272
1,70126
1,70886
1,71554
1,72127
1,72606
1,72989
1,73275
1,73465
1,73557
1,77552
1,73449
1,73248
1,72949
1,72553
1,72058

u�D51A>9=�BCAD=?=�CQB>?�@?3�O81>9:�Q>I9:�317<939:�@1A1=6CA���
TEAnNIJ�KOFU_t_̂NS�6T, ]KIJCCAGÂS[R]�BFHCIM_nNO\�CFLIXINO\��ZO�
POKAHT̂�T�RK_L[KI�nAH_C�TEAnNIJ�RSnTM�B_L[YIJ�C_E�AMPL_STEI�PFn_OEIXNODO�
RSnTMT��u4Q5>?�8�G9=�398>1H6>>O=4

x
i

ID
D

b@

 .                                                   (2.22)

}A9�@?@6A65>L?=D�A679=Q�F?<?BC?4?�F?5D
�1=@<QCD51�@6AQ?59H>?4?�
BCAD=D
�@A9A?5>?
�>1BC1P�H6A68�@?<?39>D�@6AQ?5D
�C?2C?
�@A9�i�7�


��B��
�1=6�5<O�GL?4?�H1BD�Q�@?CAQ2>?�81@9B1C9�3BQ�36<9H9>9
�O;Q�398>1H1NCL�
D51A>9:�;?6EQGQP>C�

%?5Q4
� 
b@

aab@
D I

T01,0expiI
K 0

��
 .      (2.23)
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%12<9GO���.�z�p98>1H6>>O�H1BD�>1BC1>>O�Q�36<9H9>9�D51A>?4?�BCAD=D
(RK=0,05; ZK=1)

nA4D=6>C�i
�B u>1H6>>O�ED>;GQR i(t) 3Q5>��?5�
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0,00860
0,00870
0,00880
0,00890
0,00900
0,00910
0,00920
0,00930
0,00940
0,00950
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0,00970
0,00980
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0,01000
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1,85215
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.               (2.24)
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1 )�xD) 2.                                                (2.25)
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9AEPFnFV_ENIJ�RSnTM�5����tF�E_\XF�HNAXFNN]�PFn_OEIXNODO�RSnTMT�HA�
PFnYIJ�PFn_OE�PFnFV_ENODO�PnOtFRT��C�tFNSn_�]KODO�HNAVOEIS[R]�XAR�%�.�
���%�R.

<SALIJ�RSnTM�I	 �E_\XF�HNAXFNN]�PFn_OEIXNODO�RSnTMT�P_RL]�
HAK_NXFNN]�PFnFV_ENODO�PnOtFRT�

3_\XF�HNAXFNN]�APFn_OEIXNODO�RSnTMT�T�MOMFNS�XART�%�5at �tF�JODO�
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HA�EANIJ�PFn_OE��C�tFNSn_�]KODO�HNAVOEIS[R]�%,

Iat = iat .                                                 (2.27)

3_\XF�HNAXFNN]�POCNODO�RSnTMT�KOnOSKODO�HAMIKANN]�T�MOMFNS�XART�
t It��CIHNAXÂS[R]�]K

It = I I@t ta
2 2�                                           (2.28)

PnI�PnIJN]SIV�EOPTZFNN]V�PnO�NFHM_NN_RS[�RKLAEOCIV�HA�EANIJ�PFn_OE��C�
tFNSn_�]KODO�HNAVOEIS[R]�%�

9AJB_L[YF�E_\XF�HNAXFNN]�POCNODO�RSnTMT�KOnOSKODO�HAMIKANN]�5T
�tF�E_\XF�HNAXFNN]�POCNODO�RSnTMT�HA�PFnYIJ�PFn_OE��C�tFNSn_�]KODO�
HNAVOEIS[R]�XAR�%�.����%�R�HA�NAJB_L[Y�NFRPnI]SLICIV�TMOC��C_EM_XFNIV�
CIZF� POPFnFEN_J�VOLORSIJ�V_E��� = 0 ):
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.                                    (2.29)
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;Q>G6=���3D8?<��I9>;D��;?A?C;?4?�81=9;1>>O�
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81BCD@>D�BF6=D
�398>1H9C9�C1�81@9B1C9�@A9>1<67>QBCL�H1BC9>�81BCD@>?R�
BF6=9�5?�@63>?4?�BCD@6>O�2189B>?R�>1@AD49��

���r<O�1;C93>9F�6<6=6>CQ3�81BCD@>?R�BF6=9��46>6A1C?A9
�B9>FA?>>Q�
;?=@6>B1C?A9
�;AD@>Q�6<6;CA?5394D>9�Q�D8141<L>6>Q�>131>C176>>O��
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                                            (2.31)
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 ,                                    (2.32)

56�N�2���2189B>1�>1@AD41�C?4?�BCD@6>O
�>1�O;?=D�8>1F?59CLBO�51>9:�
6<6=6>C
�;p5

s���s~��1;C93>?4?�6<6=6>C1
�;p5
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U�>���>?=Q>1<L>1�>1@AD41�51>?4?�6<6=6>C1
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��A679=Q�8�>65?82D576>>O=�@A?C9�>?=Q>1<L>?4?4

 ((  � (( � ((s U I X I X> > > d > d*( ) *( ) *( ) *( )( sin ) ( cos )0 0
2

0
2

1
2

0 0  ,        (2.33)

56��N��>�, I��>���3Q5@?3Q5>?
�3Q5>?B>Q�>1@AD41�Q�BCAD=�3�@?@6A65>L?=D�
A679=Q5

((Xd ��>15@6A6FQ5>9:�3Q5>?B>9:�>?=Q>1<L>9:�?@QA�@?�@?85?37>Q:�?BQ�
r<O�B9>FA?>>9F�46>6A1C?AQ3�Q�6<6;CA?5394D>Q3
�O;Q�@A1GN31<9�3�

@?@6A65>L?=D��Q>56;B�
��A679=Q�8�@6A682D576>>O=�@A?C9�>?=Q>1<L>?4?4

 ((  � (( � ((E U I X I X> > > d > d*( ) *( ) *( ) *( )( sin ) ( cos )0 0
2

0
2

1
2

0 0  .       (2.34)

r<O�B9>FA?>>9F�;?=@6>B1C?AQ3
�O;Q�@A1GN31<9�3�@?@6A65>L?=D�
A679=Q�8�@6A682D576>>O=�@A?C9�>?=Q>1<L>?4?4

((  � ((E U I X> > > d*( ) *( ) *( )0 0 .                                   (2.35)

r<O�B9>FA?>>9F�;?=@6>B1C?AQ3
�O;Q�@A1GN31<9�3�@?@6A65>L?=D�
A679=Q�8�>65?82D576>>O=�@A?C9�>?=Q>1<L>?4?4

((  � ((E U I X> > > d*( ) *( ) *( )0 0 .                                  (2.36)

r<O�1B9>FA?>>9F�5394D>Q3����81�39A18?=��������
���r<O�3BQF�6<6=6>CQ3�81BCD@>?R�BF6=9�398>1H9C9�3Q5>?B>Q�2189B>Q�
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U
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2
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2
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X[cĥapĉb̂ �e[f[hXdfqXVmVb̂

p�2141CL?F�B9BC6=1F�6<6;CA?@?BC1H1>>O�8�>6?2FQ5>QBCN�8�O3<ONCLBO�
36>C9<L>Q�@6A6C3?AN31HQ��p?>9�P�>63Q5�P=>?N�H1BC9>?N�6<6;CA?@6A651H�
@?BCQ:>?4?�BCAD=D�AQ8>9F�;<1BQ3�>1@AD4
�6<6=6>CQ3
�J?�83�O8DNCL�B9BC6=9�
AQ8>?R�H1BC?C9
�>131>C176>L�@?BCQ:>?4?�BCAD=D
�BCAD=??2=67D31<L>9F�Q�
;?=DCDNH9F�@A9BCA?R3�Q�C�5�

oD5DH9� H1BC9>?N� B9BC6=� 6<6;CA?@?BC1H1>>O
� 36>C9<L>Q�
@6A6C3?AN31HQ,�8�?5>?4?�2?;D,�39O3<ONCLBO�BF9<L>9=9�5?�3@<93D�
131AQ:>9F�A679=Q3
�J?39>9;1NCL�3�B9BC6=Q
�1,�8�Q>I?4?�2?;D, ��B1=Q�
@A?3?;DNCL�131AQ:>Q�A679=9�3�B9BC6=Q
�>1@A9;<15
�@A9�@A?2?R�36>C9<L>?4?�
@<6H1�

&�83�O8;D�8�G9=, =>?79>1�GQ<6:�A?8A1FD>;Q3�131AQ:>9F�A679=Q3�3�
B9BC6=1F� 6<6;CA?@?BC1H1>>O� 8� 36>C9<L>9=9� @6A6C3?AN31H1=9�
A?8I9ANPCLBO�3�@?AQ3>O>>Q�8�GQ<O=9
�3Q5=QH6>9=9�3�A?85Q<Q�������C1P�
1;CD1<L>9=�398>1H6>>O�=1;B9=1<L>?4?�BCAD=D�;?A?C;?4?�81=9;1>>O�D�
36>C9<L>?=D�@<6HQ�@A9�8?3>QI>L?=D�;?A?C;?=D�81=9;1>>Q�12?�
3>DCAQI>L?=D�@?I;?576>>Q��p17<93?4?�8>1H6>>O�>12D31P�CA931<QBCL�
@A?CQ;1>>O�131AQ:>?4?�BCAD=D�@?�6<6=6>C1F�36>C9<L>?4?�@<6H1��pB6�G6�
>6?2FQ5>6�5<O�392?AD�36>C9<Q3
�A?8A1FD31>>O�81F9BCD�36>C9<L>9F�
@6A6C3?AN31HQ3�Q�?GQ>6>>O�@?365Q>;9�B9BC6=9�;6AD31>>O��5<O�;6A?31>9F�
@6A6C3?AN31HQ3��3�D=?31F�131AQ:>9F�@6A6FQ5>9F�@A?G6BQ3�

{?3Q�GQ<Q�A?8A1FD>;Q3�131AQ:>9F�A679=Q3�39=141NCL�AO5D�5?51C;?39F�
5?@DJ6>L�5?�C9F
�J?�BE?A=D<L?31>Q�3������%1;,�>1@A9;<15
�@6A6521H1PCLBO�
C1;64

0 36>C9<Q�@6A6C3?AN31HQ3�P�Q561<L>9=9�6<6=6>C1=95
0 >68=Q>>QBCL�3�H1BQ�1=@<QCD59�s~�;
0 3BQ�36>C9<Q�826AQ41NCL�B3?R�3<1BC93?BCQ
�1�C9A9BC?A9��

;6A?31>QBCL��81�39>OC;?=�@?I;?576>9F5
0 >6�3A1F?3DNCLBO�81F9B>Q�K�-;?<1�36>C9<Q3�3Q5�@6A6>1@AD49.

uA?8D=Q<?
�J?�@A9�A?84<O5Q�B@6G9EQH>9F
�>1@A9;<15
�13C?>?=>9F�
B9BC6=�6<6;CA?@?BC1H1>>O
�56O;Q�5?@DJ6>>O�=?7DCL�Q�@?39>>Q�2DC9�
D@DJ6>Q��r<O�Q<NBCA1GQR�818>1H9=?
�J?�>1O3>QBCL�n~u�46>6A1C?AQ3�
13C?>?=>9F�B9BC6=�6<6;CA?@?BC1H1>>O�12?�B9BC6=�8�6<6;CA9H>?�2<98L;9=9�
46>6A1C?A1=9�A?29CL�>639@A1351>9=�5?@DJ6>>O�sm = const.

~Q8>?=1>QC>QBCL� BF6=� 36>C9<L>9F� @6A6C3?AN31HQ3� A?29CL�
>6=?7<939=�A?84<O5�131AQ:>9F�A679=Q3�5<O�3BQF�>9F��oQ<LI�39@A1351>9=�
P�3BC1>?3<6>>O�=6C?5?<?4QR�5?B<Q576>>O�@6A6FQ5>9F�A679=Q3�Q�Q<NBCA1GQO�RR�
81BC?BD31>>O�5?�2D5L-O;?R�?5>QPR�BF6=9�@6A6C3?AN31H1��u3171NH9�>1�



61

I9A?;6�A?8@?3BN576>>O�CA9E18>?R�=?BC?3?R�BF6=9�@A9:=6=?�5?�A?84<O5D�
B1=6�RR��l>I?N�?2BC139>?N
�O;1�39@A135?3DP�G6:�392QA�P�C6
�J?�
2141C?@D<LB?3Q�BF6=9�@6A6C3?A6>>O�A61<Q8DNCLBO�O;�2141C?=?BC?3Q�BF6=9,�Q�
131AQ:>Q�A679=9�3�?;A6=9F�=?BC1F�39>9;1NCL�>681<67>?�?59>�3Q5�?5>?4?�

r<O�=?BC?3?R�BF6=9�5?51C;?3?�5?�@A93656>9F�39J6
�@A9:=6=?�
5?@DJ6>>O�@A?�C6
�J?�@A9�8?3>QI>QF�Q�3>DCAQI>QF�;?A?C;9F�81=9;1>>OF�
@6A6C3?AN31H�@6A6F?59CL�3�A679=� ĈA9_
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5?AQ3>NNCL�BCAD=1=
�O;Q�2D<9�3�;Q>GQ�@6AI?4?�6C1@D�5<O�36>C9<Q3
�J?�
>1<671CL�?5>?:=6>>9=�E181=4

� 

� 

� 

i R
X di

dt
E t t i

i R
X di

dt
E t t i

i R
X di

dt
E t t

;
;

m

;
;

m

;
;

m

1
1 1

1
1

6
6 1

6
1

2
2 1

2 3

2 3 0

�  

�  � 

�  � 



?

A
A
A



A
A
A

%
%

%
% "

%
% "

sin ( )

sin ( )

sin ( ) .

( ) ( )

( ) ( )

( )

 i

 i

 i

1

6

2

(4.4)

}6A6FQ5>9:�@A?G6B�A?83931C9=6CLBO�3Q5@?3Q5>?�5?�@Q5=?56<Q (4.4) 
@?;9�BCAD=�D�36>C9<Q�0�>6�5?BO4>6�>D<O��{1836=?�G6:�H1B�>1�268@6A6A3>Q:�
I;1<Q�H1BD�i(2)��%?5Q�CA931<QBCL�5AD4?4?�6C1@D�B;<156:

t(2) � t(1).

�CAD=9�36>C9<Q3�3�;Q>GQ�5AD4?4?�6C1@D�@?8>1H9=?�C1;4

i1
2 2 20( ) ( ) ( ); ; i  i6 2 .

zQA;DNH9�1>1<?4QH>?
�@Q5=?56<L�CA6CL?4?�6C1@D�2D564



65

� 

� 

� 

i R
X di

dt
E t t i

i R
X di

dt
E t t

i R
X di

dt
E t t i

;
;

m

;
;

m

;
;

m

1
1 2

1
2

3
3 2

2
2 2

2
2

2 3 0

2 3

�  

�  � 

�  � 



?

A
A
A



A
A
A

%
%

%
% "

%
% "

sin ( )

sin ( )

sin ( ) .

( ) ( )

( )

( ) ( )

 i

 i

 i

1

3

2

               (4.5)

p17<939=�=?=6>C?=�@6A6FQ5>?4?�@A?G6BD�P�H1B�i(3),�;?<9�11=0. 
%A931<QBCL�CA6CL?4?�6C1@D�BC1>?39C9=6 t(3)�t�
���CAD=9�36>C9<Q3�D�=?=6>C�
t(3)�@?8>1H9=?4

i1
3

3
30( ) ( ); ; .  i  i2

(3)

}Q5=?56<L�H6C36AC?4?�6C1@D�2D564

� 

� 

� 

i R
X di

dt
E t t

i R
X di

dt
E t t i

i R
X di

dt
E t t i

;
;

m

;
;

m

;
;

m

4
4 3

3
3 3

3
3

2
2 3

2
3

0

2 3

2 3

�  

�  � 

�  � 



?

A
A
A



A
A
A

%
%

%
% "

%
% "

sin ( )

sin ( )

sin ( ) .

( )

( ) ( )

( ) ( )

 i

 i

 i

4

3

2

(4.6)

0;�Q�A1>QI6,�3Q5=QC9=?�H1B�i(4)
�;?<9�12=0. sC1@�CA931C9=6�t(4) ��t(3). 
�CAD=9�36>C9<Q3�D�=?=6>C�i(4)�@?8>1H9=?�C1;4

i4
4

3
4 0( ) ( ); ; . i  i2

(4) 

}Q5=?56<L�@�OC?4?�6C1@D�@A65BC139=?�C1;4

� 

� 
� 

i R
X di

dt
E t t i

i R
X di

dt
E t t i

i R
X di

dt
E t t

;
;

m

;
;

m

;
;

m

4
4 4

4
4

3
3 4

3
4

5
5 4

2
3

2
3 0

�  

�  � 

�  � 



?

A
A
A



A
A
A

%
%

%
% "

%
% "

sin ( )

sin ( )

sin ( ) .

( ) ( )

( ) ( )

( )

 i

 i

 i

4

3

5

(4.7)

}?8>1H9=?�i(5)�O;�H1B
�;?<9�137
��%A931<QBCL�@�OC?4?�6C1@D�2D56�
t(5) ��t(4)���CAD=9�36>C9<Q3�D�=?=6>C�i(5)�@?8>1H9=?�C1;4

i4
5

3
5 0( ) ( ); ; . i  i5

(5)



66

{1�0-=D�6C1@Q�@Q5=?56<L�>12D31P�394<O5D:

� 

� 

� 

i R
X di

dt
E t t i

i R
X di

dt
E t t

i R
X di

dt
E t t i

;
;

m

;
;

m

;
;

m

4
4 5

4
5

6
6 5

5
5 5

5
5

2 3 0

2 3

�  

�  � 

�  � 



?

A
A
A



A
A
A

%
%

%
% "

%
% "

sin ( )

sin ( )

sin ( ) .

( ) ( )

( )

( ) ( )

 i

 i

 i

4

6

5

           (4.8)

pQ5=QC9=?�H1B�i(6)�O;�H1B
�5<O�O;?4?�147
��%A931<QBCL�I?BC?4?�6C1@D�
2D56�i(6) ��t(5)���CAD=9�36>C9<Q3�D�=?=6>C�i(6)�@?8>1H9=?�C1;4

i4
6

6
60( ) ( ); ; .  i  i5

(6)

{151<Q�@6A6FQ5>9:�@A?G6B�A?83931C9=6CLBO�>1�?B>?3Q�@Q5=?56<6:�
(4.3) z��.�1��8�@?H1C;?39=9�D=?31=9
�81268@6HDNH9 >6@6A6A3>QBCL�
@6A6FQ5>9F�BCAD=Q3�@?�E181F��&�BD;D@>?BCQ�39A189 (4.3) z��.�1��Q�P
=1C6=1C9H>?N�=?56<<N�8?3>QI>L?4?�;?A?C;?4?�81=9;1>>O�CA9E18>?4?�
=?BC?3?4?�39@AO=<OH1�

�E?A=D<NP=?�C6@6A�8141<L>9:�1<4?A9C=�1>1<Q8D�@6A6FQ5>?4?�
@A?G6BD�@A9�8?3>QI>L?=D�;?A?C;?=D�81=9;1>>Q�CA9E18>?4?�=?BC?3?4?�
39@AO=<OH1�>1�?B>?3Q�A?8A?2<6>?R�=1C6=1C9H>?R�=?56<Q�

���{1�?B>?3Q�@?@6A65>L?4?�5?B<Q576>>O�398>1H9C9�H1B,;?<9�ED>;GQO
36>C9<L>?4?�BCAD=D�15�>12D31P�>D<L?3?4?�8>1H6>>O, C?2C?,�CA931<QBCL�
@6AI?4?�6C1@D�

���{1�?B>?3Q�@Q5=?56<Q��.����@A?36BC9�5?B<Q576>>O��@6A6FQ5>?4?�
@A?G6BD�>1�@6AI?=D�6C1@Q�

���u1EQ;BD31C9�@?H1C;?3Q�D=?39�H6A4?3?4?�k-?4?�6C1@D�
.��p98>1H9C9�H1B�>1BC1>>O�>D<O�36>C9<L>?4?�BCAD=D
�F1A1;C6A>?4?�

5<O�k-?4?�6C1@D�
/��0;J?�8>1:56>9:�H1B�2Q<LI9:�3Q5�H1BD@6A6FQ5>?4?�@A?G6BD
�O;9:�

8151>9:
�C?�@A9@9>9C9�A?8A1FD>;9
�Q>1;I6�@6A6:C9�5?�;A?;D�0�
0��{1�?B>?3Q�@Q5=?56<Q�k-?4?�6C1@D�@A?36BC9�5?B<Q576>>O�

@6A6FQ5>?4?�@A?G6BD�>1�k-?=D�6C1@Q�
1��}A9:>OC9�k = k�	��
�81EQ;BD31C9�@?H1C;?3Q�D=?39�5<O�>L?4?�Q�

@?36A>DC9BO�5?�;A?;D�.�

4.3�Ô gadX[�ZdgatZ\[ccr�e[f[ktZcdYd�efdl[gi�hf̂jV]cdYd�
bdghdXdYd�X̂efrbarmV�ef̂�]dXctncpdbi�̀dfdh̀dbi�]Vb̂ V̀cct

z1C6=1C9H>Q�=?56<Q
�A?8A?2<6>Q�3�@?@6A65>L?=D�A?85Q<Q
�51NCL�
=?7<93QBCL�5?B<Q57D31C9�@6A6FQ5>9:�@A?G6B�@A9�2D5L-O;?=D�8?3>QI>L?=D�
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;?A?C;?=D�81=9;1>>Q�39@AO=<OH1��3Q5=Q>>QBCL�2D56�3�@1A1=6CA1F�Qk�Q�Kk��Q�
2D5L-O;Q:�CA931<?BCQ�@6A6FQ5>?4?�@A?G6BD�

pQ5@?3Q5>?�5?�@A93656>?4?�A1>QI6�1<4?A9C=D
�317<939=�=?=6>C?=�
5?B<Q576>>O�P�8�OBD31>>O�C?H>9F�H1B?39F�=67�?;A6=9F�6C1@Q3�@6A6FQ5>?4?�
@A?G6BD��|B;Q<L;9�BC1>51AC>Q�1<4?A9C=9�A?83̀O8D31>>O�59E6A6>GQ1<L>9F�
AQ3>O>L�=?7DCL�8>1:C9�CQ<L;9�56O;Q�>D<Q�AQ3>O>>O
�C1�:�C?�39@15;?3?, 
@?CAQ2>?�8>1:C9�2Q<LI�5?36AI6>9:�Q>BCAD=6>C�

%1;9=�Q>BCAD=6>C?=�=?76�2DC9�@Q5@A?4A1=1�KD��@1;6CD���
@A9;<15>9F�@A?4A1=�LLI��u1�RR�5?@?=?4?N�=?7>1�85Q:B>9C9�@?@6A65>P
Q>C64AD31>>O�59E6A6>GQ1<L>?4?�AQ3>O>>O
�1<6�C1;6
�J?�5?83?<9CL�?56A71C9�
ID;1>Q�>D<Q�

u36A>6>>O�5?�KD��85Q:B>NPCLBO�C1;4
call RK1 (fun, hi, xi, yi, xf, yf, ansx, ansy, ier).           (4.9)

u>1H6>>O�E?A=1<L>9F�@1A1=6CAQ3�@?51>?51<Q.
fun ��@Q5@A?4A1=1���ED>;GQO
�J?�@?BC13<OPCLBO�;?A9BCD31H6=,�Q�51P�

dy/dx ;
hi ��5?379>1�@?3>?4?�;A?;D�Q>C64AD31>>O81�1A4D=6>C?= x;
xi ��@?H1C;?36�8>1H6>>O�m5
yi ��@?H1C;?36�8>1H6>>O�D, ?C76 yi=y(xi);
xf ���;Q>G636�8>1H6>>O�m5
yf ��;Q>G636�8>1H6>>O�D5
ansx ��;Q>G636�8>1H6>>O�m
�J?�393?59CLBO5
ansy ��;Q>G636�8>1H6>>O�D
�J?�393?59CLBO
�@A9H?=D�

12?�Vchm7m[
�
12?�Vchn7n[
�3�81<67>?BCQ�3Q5�C?4?
�J?�

39;?>DPCLBO�A1>QI65
ier ��;?5�@?36A>6>>O
�C1;�

ier = 0 ��>6=1P�@?=9<;9�Q����
                                        ier = 1 ��@?=9<;1�3�A?8A1FD>;1F�12?�

E1;C9H>9F�@1A1=6CA1F�
r?B<Q59=?�@6A6FQ5>9:�@A?G6B�3�=?BC?3?=D�39@AO=<OHQ�@A9

Em=1, =0, f =50 qG
�K37
.1, zk=1.
q?<?3>9:�=?5D<L�Q8�836A>6>>O=�5?�KD��8�@Q5@A?4A1=?N���ED>;GQPN�

[jc�=?76�2DC9�C1;9=4

*     Program RK1
'�����jw~|r}uyrz��~�("
�|{�o��oxrzu��z�x����zw°uu��{wm
      external fun
������D%IG)��c~�mz{ou�r�qu~wr���zm��~�}{v~�o{�R�

open(6,file='a:RK.txt',status='new')
      write(6,1)
  1   format(/20x,30h******************************/20x,
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#��,���̀mt}mn{��uw�T
Roomw�y{o�������L�
*30h******************************//)

      call RK1(fun,0.0001,0.02812,1.29226,0.037,0.,ansx,ansy,ier)
write(6,10)

�
����*CFA%H�
�L��̀rt�x��m���zm�{sqrzu��z�x����zw°uu��{wm���
write(6,20)ansx,ansy,ier

 20   format(10x,'Wzm�rzurm}p�yrz�m-',f8.5/
*10x,'Wzm�rzur���zw°uu�-  ',f8.5/

�����#
�L��Z{q�o{to}m�m�-      ',i3)
      write(*,50)
������*CFA%H�
L���T��{qz{v�xu~�uzp�~y{�}u�r�zm�qu~wr�r�o�
�mvxr���

*'RK.txt')
      close(6)
      stop
      end
      function fun(x,y)
      Um=1.
      alfa=0.

 f=50.
      pi=3.14159
      omega=2.*pi*f
      Rk=0.1
      Xk=sqrt(1.-Rk*Rk)
*     fun=Um*omega/Xk*sin(omega*x+alfa-2.*pi/3.)-
y*omega*Rk/Xk
      fun=Um*omega/Xk*sin(omega*x+alfa)-y*omega*Rk/Xk
*     fun=Um*omega/Xk*sin(omega*x+alfa+2.*pi/3.)-
y*omega*Rk/Xk

return
      end

r<O�;?7>?4?�;?>;A6C>?4?�6C1@D�@6A6FQ5>?4?�@A?G6BD�3�GQ:�@A?4A1=Q�
@?CAQ2>?�8=Q>N31C9�E1;C9H>Q�@1A1=6CA9�?@6A1C?A1

call RK1 (. . . . . ),
1�3�@Q5@A?4A1=Q��ED>;GQR�z2<?;D31C9�531�8�CAL?F�?@6A1C?AQ3�@A93<1B>6>>O�

fun = . . .,
O;Q�3Q5@?3Q51NCL�@63>9=�E181=�

~68D<LC1C�A?2?C9�81�GQPN�@A?4A1=?N�5<O�563�OC9�6C1@Q3�@6A6FQ5>?4?�
@A?G6BD�@?51>Q�>97H6�3�C12<��.��.
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%12<9GO�.�� z�~68D<LC1C9�A?8A1FD>;D�@6A6FQ5>?4?�@A?G6BD�3�
=?BC?3?=D�39@AO=<OHQ

~68D<LC1C9�8>1F?576>>O�
>D<O�ED>;GQR�BCAD=D

u>1H6>>O�1A4D=6>C1

u>1H6>>O�ED>;GQR

x?5�@?36A>6>>O 0 0 0 0 0 0 0 0 0

&�GL?=D�EA14=6>CQ�1A4D=6>C?=�P�H1B�3�B6;D>51F
�1�ED>;GQPN�
��3Q5>?B>9:�BCAD=�3Q5@?3Q5>?4?�36>C9<O.

}?51<LI1�A?2?C1�@?<O41P�3�@?6C1@>?=D�5?B<Q576>>Q�@6A6FQ5>?4?�
@A?G6BD�>1�?B>?3Q�@Q5=?56<6:��.�������.�2���p?>1�@?<O41P�3�Q>C64AD31>>Q
B9BC6=9�CAL?F�59E6A6>GQ1<L>9F�AQ3>O>L�>1�;?7>?=D�6C1@Q��|B;Q<L;9�3BQ�
@Q5=?56<Q�=1NCL�?5>1;?3D�BCAD;CDAD
�5<O�RF�39AQI6>>O�5?GQ<L>?�
39;?A9BC?3D31C9�2D5L-O;9:�D>QEQ;?31>9:�@A?4A1=>9:�@A?5D;C�

�;?A9BC1P=?BL�@A?4A1=?N�=B?NK
�O;1�>13656>1�3�5?51C;D�n.
p�>1BCD@>9F�53?F�EA14=6>C1F�39FQ5>9F�<QBC9>4Q3�51>Q�A68D<LC1C9�

5?B<Q576>>O�@6A6FQ5>?4?�@A?G6BD,�3Q5@?3Q5>?,�5<O�@6AI?4?�Q�5AD4?4?�
6C1@Q3��C12<��.���Q�.���
�1�4A1EQH>6�Q�H9B<?36�3Q5?2A176>>O�@6A6FQ5>?4?�
@A?G6BD�>1�Q>C6A31<Q�
�����


/�B6;����3Q5@?3Q5>?,�>1�A9B. 4.3 C1�3�5?51C;D�o.

%12<9GO�.���z�r?B<Q576>>O�@6AI?4?�6C1@D�@6A6FQ5>?4?�@A?G6BD
'1:<��51>9F��5?��@A?4A1=9  DIFUR
.00000  .00643  .00010  3
.00000  .00000  .00000
l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1

u�{�n�*�s�{�{�0����'�&�{�x�)�lm:~q&zs{%
t, c

VD1 VD6 VD5
1 2 3 4

.00000

.00080

.00161

.00241

.00322

.00000

.03160

.12335

.26786

.45445

   .00000
-.23050
-.47205
-.70868
-.92475

.00000

.19890

.34870

.44082

.47030
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}A?5?376>>O�C12<9GQ�.��
1 2 3 4

.00402

.00482

.00563

.00643

.66981

.89884
1.12561
1.33436

-1.10597
-1.24022
-1.31843
-1.33506

.43615

.34138

.19282

.00071

~9BD>?;�4.3 z�}6A6FQ5>Q�BCAD=9�36>C9<Q3�O=�
O=0�Q�O=/

%12<9GO�.���z�r?B<Q576>>O�5AD4?4?�6C1@D�@6A6FQ5>?4?�@A?G6BD
'1:<��51>9F��5?��@A?4A1=9  DIFUR
.00643  .01225  .0001   3
1.33436-1.33506  .00071
l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1

u�{�n�*�s�{�{�0����'�&�{�x�)�lm:~q&zs{%
t, c

VD1 VD6 VD5
1 2 3 4

.00643

.00720

.00796

.00873

.00949

1.33436
1.50309
1.63138
1.71075
1.73556

-1.33506
-1.29212
-1.19383
-1.04539
-.85490

.00071
-.21095
-.43754
-.66535
-.88065



71

}A?5?376>>O�C12<9GQ�.��
1 2 3 4

.01026

.01102

.01179

.01225

1.70333
1.61488
1.47431
1.36104

-.63290
-.39175
-.14491
.00093

-1.07041
-1.22312
-1.32939
-1.36197

� ��:eâX�UH?�Y[c[fVhdftX�cV�fd]X̂hd̀�e[f[ktZcdYd�efdl[gi�ef̂�
]dXctncpdbi�̀dfdh̀dbi�]Vb̂ V̀cct�X̂efrbarmV

~1>QI6�>14?<?ID31<?BO
�J?�D=?31�sm7Xdchi�@A9�A?84<O5Q�
@6A6FQ5>?4?�@A?G6BD�BC3?ANP�Q561<Q8?31>D�;1AC9>D�5<O�@6A6FQ5>9F�BCAD=Q3�
3�;?<Q�;?A?C;?4?�81=9;1>>O��)O�D=?31�39@A1351>1
�O;J?�@6A6C3?AN31H�=1P�
8>1H>6�6<6;CA9H>6�3Q551<6>>O�3Q5�576A6<1�12?�C?5Q
�;?<9�46>6A1C?A9�>6�
=1NCL�@A9BCA?R3�n~u�@A9�2D5L-O;Q:�RF�6<6;CA9H>Q:�2<98L;?BCQ��l>1;I6�
3A1FD31>>O�n~u�>6?2FQ5>6.

}A9BCAQ:�n~u�46>6A1C?AQ3
�O;�3Q5?=?
�81268@6HDP
�3�81<67>?BCQ�3Q5�
>1<14?576>>O
�@?BCQ:>QBCL�AQ8>9F�s~��12?�>13QCL�>1@AD49�>1�393?51F��n~u
B9<L>?R�5QR��46>6A1C?A1�>1�@63>?=D�Q>C6A31<Q�@6A6FQ5>?4?�@A?G6BD�3�
;?A?C;?81=;>DC?=D�;?<Q���<Q5�83179C9�>1�C6
�J?�>?39:�BC1>�>6�=?76�
3BC1>?3<N31C9BO�=9CCP3?
�2?�=1P�=QBG6�@6A6FQ5>9:�@A?G6B�3�?2=?CGQ�
82D57D31H1�Q�Q>6AGQ:>QBCL�B1=?4?�@A9BCA?N�n~u.

r<O�A?84<O5D�3@<93D�n~u�3�@6AI?=D�>12<976>>Q
�8151=?BO�81;?>?=�
sm7sm�i��3Q5�5QR�4Q@?C6C9H>?4?�n~u
�C?2C?, 12BCA14DP=?BO�3Q5�@6A6FQ5>?4?�
@A?G6BD�3�;?<Q�82D5>9;1�46>6A1C?A1��&�>1I?=D�39@15;D�G6�39@A1351>?
�
?B;Q<L;9�=9�F?CQ<9�2�39O39C9�B1=�E1;C�3Q5=Q>>?BCQ�@6A6FQ5>9F�BCAD=Q3�3�
;?<Q
�J?�=QBC9CL�n~u�46>6A1C?AQ3�3Q5�39@15;D�3Q5BDC>?BCQ�n~u.

p�=1C6=1C9H>Q:�=?56<Q��.�������.�2��G6�8>1:56�3Q5?2A176>>O�3�@A139F�
H1BC9>1F�B9BC6=�59E6A6>GQ1<L>9F�AQ3>O>L
�56�81=QBCL�sm�B<Q5�@Q5BC139C9�
@A9:>OCD�ED>;GQN�sm7sm(t).

(1:�81;?>�sm7sm�i��=1P�394<O5
�@A65BC13<6>9:�>1�A9B. 4.4.

~9BD>?;�4.4z�u1;?>�A64D<N31>>O�82D576>>O�sm7sm(t)

sm

1,5

1,0

0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08
t
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p DBL?=D�Q>I?=D�826A676=?�D=?39
�A?84<O>DCQ�3�A?85Q<Q�.����
xQ<L;QB>Q�D=?39
�J?�BC?BDNCLBO�sm
�3Q5?2A176>Q�3�>97H6>13656>?=D�
@A?4A1=>?=D�EA14=6>CQ
�56�F�z�H1B4

if(x.ge.0..and.x.le.0.02) then
           Em=1.
         else if(x.gt.0.02.and.x.le.0.03) then
           Em=exp(40.55*(x-0.02))
         else if(x.gt.0.03.and.x.le.0.04) then
           Em=1.5
         else if(x.gt.0.04.and.x.le.0.05) then
           Em=1.5*exp(-40.55*(x-0.04))
         else
           Em=1.
      endif

yQBC9>4�A?83̀O8;D�8151HQ�@A93656>9:�3�5?51C;D�p
�1�?BG9<?4A1=9
�J?�
3Q5@?3Q51NCL�:?=D
���>1�A9B. 4.5. 

���

���

���

����

����

���� ���� ���� ���
 ����

����

�

�

�

~9BD>?;�.�/z}6A6FQ5>Q�BCAD=9�81�>1O3>?BCQ�n~u
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u�A?84<O5D�Q�@?AQ3>O>>O�RF�8�A?83̀O8;?=�8151HQ�268�n~u�395>?
�J?�=1P�
=QBG64

0 ;Q<L;QB>1�3Q5=Q>>QBCL�@1A1=6CAQ3�@6A6FQ5>?4?�@A?G6BD5
0 @6A6=QJ6>>O�=?=6>CD�>1BC1>>O�=1;B9=D=D�BCAD=D�3�Q>ID�

H1B?3D�8?>D;
0 >13QCL�@A9�7
�>1:2Q<LI6�1=@<QCD5>6�8>1H6>>O�=1P�=QBG6�>6�D�

36>C9<OF�E189�n
�1�D�36>C9<OF�E189���
p�GQ<?=D�=?7>1�4?3?A9C9�@A?�B6A:?8>D�8=Q>D�@6A6FQ5>?4?�@A?G6BD�

4.5�DVh[bVĥmc[�bdZ[aqXVccr�XcihftncpdYd� d̀fdh̀dYd�
]Vb̂ V̀ccr�hf̂jV]cdYd�bdghdXdYd�e[f[hXdfqXVmV

1NTSn_YN_M�KOnOSKIM�HAMIKANN]M�CFNSIL[NODO�PFnFSCOn\CAXA�
TMOCIMOR]�CCAGASI�KOnOSKF�HAMIKANN]��OBTMOCLFNF�PnOBÔM�CFNSIL[NODO�
PLFXA��uA?8D=Q<?
�J?�C1;Q�@A?2?R�=?7DCL�39>9;1C9�3�2D5L-O;?=D�
36>C9<L>?=D�@<6HQ�@A9�>1:AQ8>?=1>QC>QI9F�@?P5>1>>OF�8?3>QI>QF�D=?3�

(1:�51>9:�CA9E18>9:�=?BC?39:�>6;6A?31>9:�39@AO=<OH�@A1GNP�>1�
F?<?BC?=D�F?5D�Q�@A?2931PCLBO�36>C9<L�O=/
�O;9:�81=QJ1P�>1�A9B. 4.1 
36>C9<L>6�@<6H6�;1C?5>?R�4AD@9
�J?�>1<679CL�E18Q����p17<93?�3BC1>?39C9�
H1B�@?H1C;D�3>DCAQI>L?4?�;?A?C;?4?�81=9;1>>O
�2?�3Q5�GL?4?�8>1H>?�
81<671CL�@1A1=6CA9�131AQ:>?4?�A679=D�

0;J?
�O;�Q�A1>QI6�3�A?85Q<Q�.��
�@A9:>OC9�7

�C?�8�A9B��.���395>?
�J?�
>1�Q>C6A31<Q�v = %t 4 0 ... "/636>C9<L�O=/�8>1F?59CLBO�D�3Q5;A9C?=D�BC1>Q�Q�
@A?2Q:�3�G6:�H1B�>QH?4?�>6�=Q>OP�3�A679=Q�:?4?�A?2?C9���CAD=�36>C9<O VD5 
3Q5BDC>Q:��F?<?BC9:�FQ5��Q�3�GL?=D�B6>BQ�5?B<Q576>>O�@A9�7
�>6�
@A65BC13<OP�Q>C6A6BD�

p�=?=6>C�k�7�"�0�@?H9>1PCLBO�@A?G6B�;?=DCD31>>O
�Q�O;J?�5?�GL?4?�
H1BD�3Q5>6BC9�@A?2Q:�36>C9<O�O=/
�C?�;?=DCD31>>O�BCAD=D�8�36>C9<O�O=/�
>1�36>C9<L�O=�
�O;1�Q�3�>?A=1<L>9F�D=?31F�@A?F?59CL�̂@Q5�D@A13<Q>>O=_�
BCAD=D�53?E18>?4?�;?A?C;?4?�81=9;1>>O
�81CO4DPCLBO��u=Q>NPCLBO�36BL�
F1A1;C6A�@6A6FQ5>?4?�@A?G6BD�3�;?>CDAQ�;?=DCD31>>O�Q�G6�BC1>?39CL
36<9;9:�Q>C6A6B�

|C76
�@?H9>1P=?�A?84<O5�131AQ:>?4?�A679=D�8�=?=6>CD�@?H1C;D�
;?=DCD31>>O�36>C9<O�O=/��u�GL?4?�H1BD�@?H9>1PCLBO�@6AI9:�6C1@�
@6A6FQ5>?4?�@A?G6BD��pQ>�@A?F?59CL�3�;?>CDAQ
�J?�?F?@<NP�E189�n�Q��
�3�
>L?=D�5QP�s~�61B. mR�8>1H6>>O�8>1:56=?�8�3A1FD31>>O=��.���4

61B7�61���6B7sm [sin (%t+) �sin (%t++ 2
3 ")] =

7�sm [sin (%t+) �sin (%t+)cos 2
3 "�cos (%t+)sin 2

3 "] =

7�sm [ 3
2 sin (%t+) � 3

2 cos (%t+).
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}A9:=6=?�="6 :

61B= 3
2 sm [ 3 sin (%t+"6 ) �cos(%t+"6 )]= 3

2 sm { 3 [sin(%t)cos"6 + 

+ cos(%t)sin "
6 ] �cos(%t) cos"6 +sin(%t) sin "

6 }= 3
2 sm [ 3

2 sin(%t) + 

+ 3
2 cos(%t) � 3

2 cos(%t) + 1
2 sin(%t)]= 3

2 �sm2 sin(%t).

u3Q5B9
61B= 3sm sin (%t).                                       (4.10)

u26AQ41NH9�33656>Q�A1>QI6�@?8>1H6>>O��3�������Q��.���
�5<O�;?>CDA1�
;?=DCD31>>O�36>C9<Q3�O=/�Q�O=��=?7>1�81@9B1C94

i R
x di

dt
e

i R
x di

dt
e

k
k

a

k
k

c

1
1

5
5

� 

� � 



?
AA


A
A

%

%
.

                                  (4.11)

pQ5>Q=6=?�5AD46�AQ3>O>>O��.�����3Q5�@6AI?4?
�@1=̀OC1NH9
�J?�11=i5, 
3Q8L=6=?�5?�D3149 (4.10), J?�51P�8>1H6>>O�61-�6B
�Q�C?5Q�=1C9=6=?4

i R
x di

dtk
k

1
1� 

%
3

2 �sm sin (%t).                      (4.12)

)6�Q�2D56�=1C6=1C9H>?N�=?56<<N�6C1@D��{6?2FQ5>?�CQ<L;9�?24AD>CD31C9�
@?H1C;?3Q�D=?39�Q�3BC1>?39C9�H1B?3Q�=67Q
�3�O;9F�@6A6FQ5>9:�@A?G6B�2D56�
156;31C>?�?@9BD31C9BO�AQ3>O>>O=��.�����

,?�BC?BDPCLBO�@?H1C;?39F�D=?3
�C?�3?>9�@A?BCQ4�5<O�
v = (t=0.00167 B), i17
��r<O�398>1H6>>O�=67�;?A9B>?�@A94151C9
�J?�D�2D5L-
O;9:�=?=6>C�@6AQ?5D�;?=DCD31>>O�;?=DCD31<L>D�>1@AD4D�>1�4A1EQ;D�
A9B�.���=?7>1�398>1H9C9�O;�>1@Q3BD=D�E18>9F�>1@AD4�;?=DCD31<L>9F�E18��
z9CCP36�8>1H6>>O�;?=DCD31<L>?R�>1@AD49�BC1>6�>D<6=�3�C?:�=?=6>C�H1BD
�

;?<9�5?BO4>6�>D<O�Q�>1@AD41�E189�p��)6�2D56�>1�A9B��.���@A9�k�7�2
3 "

(t(1)=0,00667 B���u�GL?4?�=?=6>CD�Q�51<Q�>1@AD41�E189�p�2D56�5?51C>?N. 
0;J?�3A1FD31C9
�J?�O=/�@A?29C9:,�O=��8>1F?59CLBO�@Q5�BCAD=?=
�1�

>1@AD41�>1�O=��BC1P�@?89C93>?N
�C?�@?H9>1NH9�8�k�7�2
3 "�F1A1;C6A�

@6A6FQ5>?4?�@A?G6BD�2D56�12B?<NC>?�Q>I9=
�?B;Q<L;9�@?H>6CLBO�CA9E18>6�
;?A?C;6�81=9;1>>O��)6�Q�2D56�;Q>G6=�@6AI?4?�6C1@D�Q�@?H1C;?=�5AD4?4?�

*9B<?39:�@A9;<15�1>1<Q8D�@6AI?4?�6C1@D�>13656>9:�>97H6�3�C12<��
.�.
�1�:?4?�4A1EQH>1�Q<NBCA1GQO�>1�A9B. 4.6.
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%12<9GO�.�.zr?B<Q576>>O�@6AI?4?�6C1@D�3>DCAQI>L?4?�;?A?C;?4?
81=9;1>>O�@A9�@A?2?R�36>C9<O�O=/

 (Em=1,Rk=0.1,Zk=1,alfa=pi/6)
'1:<��51>9F��5?��@A?4A1=9  DIFUR
.00167  .00667  .00010  1
.00000
l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1

:~q&zs{%
t, c

u�{�n�*�s�{�{�0����'�&�{�x�)�lm
 VD1     C1 - VD5

.00167

.00334

.00501

.00667

.00000

.31158

.72018
1.10694

~9BD>?;�4.6 z�}6A6FQ5>9:�@A?G6B�@6AI?4?�6C1@D

0;�Q�A1>QI6,�BCAD=9�D�36>C9<OF�3�;Q>GQ�@6AI?4?�6C1@D�@?8>1H9=?�C1;4
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i1
1( );  i5

(1)

}Q5=?56<L�5AD4?4?�6C1@D�2D564

� 
� 
� 

i R
X di

dt
E t i

i R
X di

dt
E t

i R
X di

dt
E t i

;
;

m

;
;

m

;
;

m

1
1

1
1

3
3

5
5

1
1

6

2
3 6 0

2
3 6

�  � 

�  � � 

�  � � �



?

A
A
A



A
A
A

%
% "

%
% " "

%
% " "

sin

sin

sin .

( )

( )

 t = t , i

 t = t , i

 t = t , i

(1)
1

(1)
3

(1)
5

   (4.13)

}6A6FQ5>9:�@A?G6B�A?83931C9=6CLBO�3Q5@?3Q5>?�5?��.�����5?�C9F�@QA
�
@?;9�BCAD=�36>C9<O�O=��>6�BC1>6�>D<6=��}?8>1H9=?�G6:�H1B�i(2)��%?5Q�
CA931<QBCL�5AD4?4?�6C1@D�2D564

t(2) � t(1).

�CAD=9�36>C9<Q3�3�;Q>GQ�5AD4?4?�6C1@D�@?8>1H9=?�i1
2 0( ) ; ; .  i  i3

(2)
5
(2)

p98>1H6>>O�H1BD�i(2)�@A93656>?�3�C12<��.�/�

%12<9GO�.�/z�~68D<LC1C9�8>1F?576>>O�>D<O�ED>;GQR�BCAD=D�O=��@A9�
alfa= pi/6

�����u36A>6>>O4
     call RK1(fun,0.0001,0.00667,1.10694,0.02,0.,ansx,ansy,ier)

~68D<LC1C9�8>1F?576>>O�>D<O�
ED>;GQR�BCAD=D

u>1H6>>O�1A4D=6>C1

u>1H6>>O�ED>;GQR

x?5�@?36A>6>>O 0

*9B<?39:�@A9;<15�1>1<Q8D�5AD4?4?�6C1@D�>13656>?�>97H6�3�C12<��.�0
�
1�:?4?�4A1EQH>1�Q<NBCA1GQO�>1�A9B. 4.7.
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%12<9GO�.�0�z�r?B<Q576>>O�5AD4?4?�6C1@D�3>DCAQI>L?4?�;?A?C;?4?
81=9;1>>O�@A9�@A?2?R�36>C9<O�O=/

         (Em=1.,Rk=0.1,Zk=1.,alfa=pi/6.)
'1:<��51>9F��5?��@A?4A1=9  DIFUR
   .00667  .01352  .00010  3
 1.10694  .00000-1.10694
l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1

u�{�n�*�s�{�{�0����'�&�{�x�)�lm:~q&zs{%
t, c

VD1 VD6 VD5
.00000
.00080
.00161
.00241
.00322
.00402
.00482
.00563
.00643

.00000

.03160

.12335

.26786

.45445

.66981

.89884
1.12561
1.33436

.00000

.03160

.12335

.26786

.45445

.66981

.89884
1.12561
1.33436

.00000

.19890

.34870

.44082

.47030

.43615

.34138

.19282

.00071

~9BD>?;�4.7 z�}6A6FQ5>9:�@A?G6B�5AD4?4?�6C1@D
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~18?=�Q8�81;Q>H6>>O=�5AD4?4?�6C1@D�@6A6FQ5>?4?�@A?G6BD�3�=?=6>C�
H1BD�i(2)�@?H9>1PCLBO�CA6CQ:�6C1@
�F1A1;C6A>?N�?8>1;?N�O;?4?�P�53?E18>6�
;?A?C;6�81=9;1>>O�E18�p�Q����p�;?>CDAQ�;?A?C;?4?�81=9;1>>O�C6@6A�5QP�s~�

63B. mR�8>1H6>>O�@A9�="6�2D56

63B76b��6c= 3sm sin (%t �"
3 ).                      (4.14)

z1C6=1C9H>1�@Q5=?56<L�5<O�CA6CL?4?�6C1@D�=?76�2DC9�81@9B1>1�3�
C6A=Q>1F�BCAD=D�13�12?�15
�J?�>6=1P�8>1H6>>O
�2?�3?>9�?5>1;?3Q:

i R
x di

dt
E t t i ik

k
m3

3 2
3 3

23
2 3�  �  

%
% "sin( ) ,( ) ( ) t3 .      (4.15)

%A6CQ:�6C1@�8136AI9CLBO�@QB<O�C?4?
�O;�13�5?BO4>6�>D<O��)6�2D56�H1B�
t(3)
�1�CA931<QBCL�CA6CL?4?�6C1@D�2D56

t(3) � t(2).

*9B<?39:�@?ID;�>D<O�ED>;GQR�13�@A93656>9:�3�C12<��.�1
�8�O;?R�395>?
�
J?�i(3)7�


�
..�B�

%12<9GO�.�1�z�~68D<LC1C9�8>1F?576>>O�>D<O�ED>;GQR�BCAD=D�O=��5<O�
CA6CL?4?�6C1@D�3>DCAQI>L?4?�;?A?C;?4?81=9;1>>O�@A9�@A?2?R�36>C9<O�
VD5

u36A>6>>O4
call RK1(fun,0.0001,0.01352,1.59981,0.030,0.,ansx,ansy,ier)

~68D<LC1C9�8>1F?576>>O�>D<O�
ED>;GQR�BCAD=D

u>1H6>>O�1A4D=6>C1

u>1H6>>O�ED>;GQR

x?5�@?36A>6>>O 0

(1A1;C6A�@6A6FQ5>?4?�@A?G6BD�>1�CA6CL?=D�@6AQ?5Q�395>?�8�C12<��.�2
�
1�:?4?�4A1EQH>1�Q<NBCA1GQO�>1�A9B. 4.8 
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%12<9GO�.�2�z�r?B<Q576>>O�CA6CL?4?�6C1@D�3>DCAQI>L?4?�;?A?C;?4?�
81=9;1>>O�@A9�@A?2?R�36>C9<O�O=/

(Em=1.,Rk=0.1,Zk=1.,alfa=pi/6.)
'1:<��51>9F��5?��@A?4A1=9  DIFUR
.01352  .02500  .00001  1
1.59981
l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1

:~q&zs{%
t, c

u�{�n�*�s�{�{�0����'�&�{�x�)�lm
VD3, VD5

.01352

.01430

.01508

.01586

.01664

.01743

.01821

.01899

.01977

.02055

1.59981
1.52276
1.39843
1.23320
1.03592
.81741
.58976
.36564
.15755
-.02298

~9BD>?;�4.8 z�}6A6FQ5>9:�@A?G6B�CA6CL?4?�6C1@D
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u�GQPR�C12<9GQ�=?7>1�39O39C9
�J?�8=Q>1�8>1;1�=1P�=QBG6�376�81�
=671=9�CA6CL?4?�@6AQ?5D��i(3)= 0,02044 B�
�1<6�C1=�@6A6FQ5>9:�@A?G6B�
?@9BD31C9=6CLBO�376�Q>I?N�=?56<<N
�BF?7?N�8�=?56<<N�@6AI?4?�6C1@D
�
@A?C6�81�Q>I9F�@?H1C;?39F�D=?3�

|C76
�33171P=?
�J?�=6C?5?<?4QO�5?B<Q576>>O�3>DCAQI>QF�
@?I;?576>L3Q5@A1GL?31>1��(?H1�@A?2Q:�=?76�BC1C9BO�8�2D5L-O;9=�
36>C9<6=�Q�D�2D5L-O;9:�H1B
�8141<L>9:�@Q5FQ5�5?�H9B<?3?4?�5?B<Q576>>O�
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@6A6I;?5�5<O�@AO=?4?�39;?A9BC1>>O�59E6A6>GQ1<L>?R�E?A=9�AQ3>O>L�
}1A;1-q?AP31�

}A9�5?B<Q576>>Q�I395;?@<9>>9F�6<6;CA?=14>QC>9F�@A?G6BQ3�
81839H1:�>6FCDNCL�8=Q>?N�I395;?BCQ�B9>FA?>>9F�=1I9>��)6�
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}A9:=6=?
�J?�@?85?37>O�?2=?C;1�BC1C?A1�Q�?2953Q�?2=?C;9�A?C?A1��
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u0 ��>1@AD41�>D<L?3?R�@?B<Q5?3>?BCQ�46>6A1C?A15
uf ��>1@AD41�?2=?C;9�82D576>>O��[�5
id, iq ��@?85?37>Q:�Q�@?@6A6H>9:�BCAD=9�BC1C?A1�46>6A1C?A15
i0 ��BCAD=�>D<L?3?R�@?B<Q5?3>?BCQ�46>6A1C?A15
i1d, i1q ��BCAD=9�@?85?37>L?R���d��Q�@?@6A6H>?R���q��56=@E6A>9F�

?2=?C?;�46>6A1C?A15
r, rf ��1;C93>Q�?@?A9�?2=?C?;�BC1C?A1�Q�82D576>>O5
r1d, r1q ��1;C93>Q�?@?A9�@?85?37>L?R�Q�@?@6A6H>?R�56=@E6A>9F�
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�f����@?C?;?J6@<6>>O�?2=?C;9�82D576>>O5
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xd, xq ��B9>FA?>>Q�@?85?37>Q:�Q�@?@6A6H>9:�Q>5D;C93>Q�?@?A9�

46>6A1C?A15
x0 ��Q>5D;C93>9:�?@QA�>D<L?3?R�@?B<Q5?3>?BCQ�46>6A1C?A15
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?BOF5
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e[f[ktZcdYd�efdl[gi�cV�dgcdXt�ftXcrcp�GVf̀V-;dfsXV

~?84<O>6=?�A?2?CD�1<4?A9C=D�>1�@A9;<15Q�C1;?4?�81351>>O4�@A?36BC9�
5?B<Q576>>O�@6A6FQ5>?4?�@A?G6BD�3�B9>FA?>>Q:�=1I9>Q�268�56=@E6A>9F�
?2=?C?;
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*9B<?39:�A?83̀O8?;��/�1��5<O�D=?3�uf = 1., Tf0 = 1.,  xad = 0.9, xf = 1.,
@A93656>9:�3�5?51C;D�q
�1�4A1EQH>1�Q>C6A@A6C1GQO�@6A6FQ5>?4?�@A?G6BD�3�
C6A=Q>1F�8=Q>>9F���>1�A9B. 5.1.
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~9BD>?;�5.1 z�}1A1=6CA9�@6A6FQ5>?4?�@A?G6BD�- if (t), ud (t), uq (t)

u�A9B��/���395>?
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ĝckfdccdYd�Y[c[fVhdfV

}A9@DBC9=?
�J?�>1�393?51F�B9>FA?>>?4?�CDA2?46>6A1C?A1
�O;9:
8>1F?59CLBO�>1�F?<?BC?=D�F?5Q
�39>9;1P�CA9E18>6�;?A?C;6�81=9;1>>O��(1:�
46>6A1C?A�>6�=1P�n~u�Q�56=@E6A>9F�;?>CDAQ3,1�3�;?<Q�82D576>>O�G9A;D<NP�
>?=Q>1<L>9:�BCAD=��

l8�B<?36B>?4?�?@9BD�81351>>O�=?7>1�3BC1>?39C9
�J?�8=Q>>9=9�3�
;??A59>1C1F�Y-q-
�2D5DCL4
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>6>131>C176>9:�46>6A1C?A�3Q5A18D�3F?59CL�3�A679=�;?A?C;?4?�81=9;1>>O�Q�
3�@?85?37>Q:�C1�@?@6A6H>Q:�?2=?C;1F�BC1C?A1�39>9;1NCL�@6A6FQ5>Q�BCAD=9��

p�@?85?37>Q:�?BQ�381P=?5QNCL�@?85?37>O�?2=?C;1�BC1C?A1�Q�?2=?C;1�
82D576>>O
�J?�@A?O3<OPCLBO
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�J?�@A9�CA9E18>?=D�;?A?C;?=D�
81=9;1>>Q�>1�393?51F�46>6A1C?A1�E18>Q�>1@AD49�BC1NCL�AQ3>9=9�>D<N��n�
?B;Q<L;9�udQ�uqP�ED>;GQO=9�un, up, u�
�C?�

ud = 0  C1                                              (5.10)
uq = 0.                                    (5.11)

u3171NH9�>1�3Q5BDC>QBCL�n~u
�81<9I1PCLBO�>68=Q>>?N�@A9;<156>1�
>1@AD41�5?�?2=?C;9�82D576>>O
�C?2C?:

uf = const.                                               (5.12)

|B;Q<L;9�81�D=?3?N�3Q5BDC>Q�56=@E6A>Q�;?>CDA9
�C?�>6=1P�Q�BCAD=Q3�3�
>9F4

i1d = 0  C1                                              (5.13)
i1q = 0.                                                 (5.14)

{1A6ICQ
�CA9E18>6�;?A?C;6�81=9;1>>O
�2D5DH9�B9=6CA9H>9=
�>6�
BC3?ANP�D=?3�5<O�G9A;D<N31>>O�BCAD=D�>D<L?3?R�@?B<Q5?3>?BCQ
�C?2C?:

i0 = 0.                                                  (5.15)
p�BD;D@>?BCQ�B@Q33Q5>?I6>>O��/��
��� (5.15) BC3?ANNCL�AO5�
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�O;Q�QBC?C>?�B@A?JDNCL�A679=>Q�AQ3>O>>O�}1A;1-q?AP31�
�/����Q�AQ3>O>>O�@?C?;?J6@<6>>O��/����
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;1>?>QH>Q:�@6A639AQI6>Q:
�3Q5>?B>?�@?FQ5>9F,�E?A=Q
�C?�=1C6=1C9H>1�
=?56<L�@6A6FQ5>?4?�@A?G6BD
�O;9:�5?B<Q57DPCLBO
�2D564
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*9B<?39:�A?83̀O8?;�8151HQ�>1�?B>?3Q�=1C6=1C9H>?R�=?56<Q��/��0��8�
@?H1C;?39=9�D=?31=9��/��1��5<O�@1A1=6CAQ3�uf = 1, Tf0 = 1, xad =0.9, xf

=1.17, xq = xd = 0.25, R = 0.3,�@A93656>9:�3�5?51C;D�s
�1�4A1EQH>1�
Q<NBCA1GQO���>1�A9B. 5.2.

~9BD>?;�5.2 z}6A6FQ5>Q�BCAD=9�3�?2=?CGQ�82D576>>O��1f���Q�BC1C?A>9F
?2=?C;1F��1d, iq��3�D=?31F�;?A?C;?4?�81=9;1>>O
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56=@E6A>9F�;?>CDAQ3�
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8>1F?59CLBO�3�>682D576>?=D�BC1>Q�>1�F?<?BC?=D�F?5Q�8�B9>FA?>>?N�
I395;QBCN, @A9�@?51HQ�3�RR�?2=?C;D�82D576>>O�@?IC?3F?=�>1@AD4D
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p6;C?A�8=Q>>9F�2D564
M = (ud, uq, if , i1d)

t. 
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0;J?�@A?36BC9�>6?2FQ5>D�A?2?CD�8��/��3
�/��
��3Q5@?3Q5>?�5?�
>13656>?4?�39J6�@A9>G9@?3?4?�1<4?A9C=D
�C?�?BC1C?H>1�=1C6=1C9H>1�
=?56<L�5?B<Q57D31>?4?�@6A6FQ5>?4?�@A?G6BD�2D564
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pBQ�36<9H9>9
�O;Q�3F?5OCL�5? (5.21),A?8C<D=1H6>Q�3�A?85Q<Q�/���Q�C?=D�
>6�39=141NCL�5?51C;?3?R�A?8I9EA?3;9�

*9B<?39:A?83̀O8?;��/�����5<O�C9F�76�D=?3
�J?�2D<9�@A9:>OCQ�
A1>QI6
�@A93656>9:�3�5?51C;D�t
�1�4A1EQH>1�Q<NBCA1GQO�8=Q>9�8=Q>>9F�3�
H1BQ�-�>1�A9B. 5.3.

~9BD>?;�5.3 z�%A1P;C?AQR�A679=>9F�@1A1=6CAQ3�3�;?>CDA1F�
46>6A1C?A181�>1O3>?BCQ�@?85?37>L?R�56=@E6A>?R�?2=?C;9
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&317>9:�A?84<O5�5?51C;Q3�q�Q�t
�3�O;9F�3Q5?2A171PCLBO�?59>�Q�C?:�76�
@6A6FQ5>9:�@A?G6B�3�B9>FA?>>Q:�=1I9>Q�268�56=@E6A>9F�?2=?C?;��q�C1�8�
@?385?37>L?N�56=@E6A>?N�?2=?C;?N��t�,�51PQ>E?A=1GQN�5<O�1>1<Q8D�Q�
39B>?3;Q3�

r6=@E6A>9:�6E6;C�39O3<OPCLBO�3�>1BCD@>?=D4
0 @6A6FQ5>9:�@A?G6B�̂@?5?37DPCLBO_�3�H1BQ5
0 BC1<9:�A679=�5?BO41PCLBO�@Q8>QI65
0 I395;QBCL�8=Q>9�@1A1=6CAQ3�A679=D�>1�56O;9F�Q>C6A31<1F�H1BD�

B@?3Q<L>NPCLBO��@?FQ5>Q�A679=>9F�@1A1=6CAQ3�8=6>IDNCLBO�
�J?�395>?�8�
A9B. 5.4 ��5.6.

~9BD>?;�5.4 z%A1P;C?AQR�BCAD=Q3�82D576>>O�81�3Q5BDC>?BCQ�����Q�
>1O3>?BCQ�����56=@E6A>?R�?2=?C;9�46>6A1C?A1
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~9BD>?;�5.5 z%A1P;C?AQR�@?85?37>L?R�>1@AD49�81�3Q5BDC>?BCQ�����Q�
>1O3>?BCQ�����56=@E6A>?R�?2=?C;9�46>6A1C?A1
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|B?2<93?�OB;A13?�̂D@?3Q<L>6>>O_�@6A6FQ5>?4?�@A?G6BD�@?;181>?�>1�
A9B. 5.6. 

~9BD>?;�5.6 z%A1P;C?AQR�@?@6A6H>?R�>1@AD49�81�3Q5BDC>?BCQ�����Q�
>1O3>?BCQ�����56=@E6A>?R�?2=?C;9�46>6A1C?A1

|B;Q<L;9�jq�81<679CL�3Q5�BD=9�BCAD=Q3�1f C1 i1d��/����
�C?�GO�B;<15?31�
>1@AD49�BC1C?A1�8=Q>NPCLBO�8�@?BCQ:>?N�H1BD�@A92<98>?�AQ3>?N�BD=Q�
@?BCQ:>9F�H1BD�?2=?C;9�82D576>>O�Mf0�Q�56=@E6A>?R�?2=?C;9�M1d0 C1
81268@6HDP�@?3Q<L>QI9:�39FQ5�>1�BC1<9:�A679=�

?VXZVccr�Zar�gVbdght_cdu�fdWdĥ

���0;�8=Q>OCLBO�4A1>9H>Q�D=?39�5<O�@A9;<15D
�A?84<O>DC?4?�3�A?85Q<Q�
/��
�O;J?�3�?2=?C;D�A?C?A1�@?IC?3F?=�@?51C9�>1@AD4D
�J?�8=Q>NPCLBO�3�
H1BQ
�>1@A9;<15, 81�C1;9=�6;B@?>6>GQ1<L>9=�81;?>?=4

U f =1- exp (-t) | t�7�
�y��
�c. ?

���r1:C6�EQ89H>6�@?OB>6>>O�CA1P;C?AQO=�@1A1=6CAQ3�@6A6FQ5>?4?�
@A?G6BD
�A9B��/��
�8?;A6=14

0H?=D�>1@AD41�Nd�3�BC1<?=D�A679=Q�BC1P�AQ3>?N�>D<N9
0H?=D�BCAD= if��@A?CO4?=�@6A6FQ5>?4?�@A?G6BD�3Q5AQ8>OPCLBO�3Q5�

BC1<?4?�8>1H6>>O9
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�A?84<O>DC?4?�3�A?85Q<Q�/��
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O;J?�>1�393?51F�39>9;1P�53?E18>6�;?A?C;6�81=9;1>>O�=Q7�E181=9�n�Q�p9
.��r1:C6�EQ89H>6�@?OB>6>>O�CA1P;C?AQO=�@1A1=6CAQ3�@6A6FQ5>?4?�

@A?G6BD
�A9B��/��
�8?;A6=14
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0H?=D�3�BCAD=Q�1f��39>9;1P�8=Q>>1�B;<15?319
0H?=D�39>9;1NCL�;?<931>>O�BCAD=Q3�1d�C1�1q?
0H?=D�;?<931>>O�BCAD=Q3�1d�C1�1q�@A9@9>ONCLBO�A18?=�8�5?BO4>6>>O=�

BC1<?4?�8>1H6>>O�BCAD=?=�1f ?
/��r1:C6�EQ89H>6�@?OB>6>>O�3Q5=Q>>?BCO=�@1A1=�CA1P;C?AQ:�@1A1=6CAQ3�

@6A6FQ5>?4?�@A?G6BD�>1�A9B��/�.
�/�/�Q�/�0�
0��~?84<O>LC6�=?7<93QBCL�Q>C64AD31>>O�B9BC6=9�AQ3>O>L�/�1�3�
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�81�G9=�@1;6C?=
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�dYZ��
�

dYZ./�12?�Q>ID�5
08151:C6�>6?2FQ5>Q�?@6A1>59�836A>6>>O�5?�392A1>?R�@A?4A1=95
0>1@A13C6�@A?4A1=D�>1�39;?>1>>O
�826A67QCL�39FQ5>D�Q>E?A=1GQN�Q�

@?2D5D:C6�4A1EQH>Q�81<67>?BCQ�1f(t), Ud�i��C1�Nq(t).
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n>1<?4QH>9:�@Q5FQ5�5?��0����@A93?59CL�5?�>1BCD@>?4?4
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|C76
�O;J?�3Q5?=Q�>1@AD49�D�3BQF�3D8<1F
�BD=Q7>9F�8�3D8<?=�A
�C?�3
3D8<Q�A�>1�?B>?3Q��0�.��>1@AD41�8>1F?59CLBO�81�?5>D�QC6A1GQN�Q�5?�C?4?�7
C?H>?�

0;J?�=9,�O;�Q�A1>QI6,�ID;1P=?�>1@AD4D�D�3D8<Q�A
�1<6�>6�8>1P=?�
C?H>?�>1@AD49�3�?5>?=D�8�BD=Q7>9F�3D8<Q3
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�8151C9�5?3Q<L>?�Q�?A41>Q8D31C9�

2141C?QC6A1GQ:>D�@A?G65DAD�RR�?2H9B<6>>O�D�3Q5@?3Q5>?BCQ�8�(6.4) C1
@6A63QA;?N�81�39A18?=��0�����}A9A?5>?
�J?�8�Q>76>6A>?R�C?H;9�21H6>>O�>1B�
>6�GQ;139CL�12B?<NC>6�39;?>1>>O�3D8<?3?4?�81;?>D�xQAF4?E14�5?B9CL�
8151C9�5?@DBC9=D�C?H>QBCL��O;�B;1<OA>D�36<9H9>D�

%?5Q��0����2D564
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.                             (6.5)

%6@6A�5?2A6�2D<?�2
�O;29�351<?BO�8151C9�QC6A1GQ:>D�@A?G65DAD
�O;1�
I395;?�BF?59CLBO��%?5Q�RR�=?7>1�2D<?�2�81BC?B?3D31C9�5?�BF6=9�8�8151>?N
5?3Q<L>?N�>1@AD4?N�>6�3�?5>?=D�3D8<Q
�1�3�2141CL?F��p�2D5L-O;Q:�81BCD@>Q:�
BF6=Q�8>1:56CLBO�>6=1<?�3D8<Q3
�56�>1@AD41�3Q5?=1�C?H>?
�@A9H?=D�O;J?�
C1;9F�̂?@?A>9F_�3D8<Q3�2D56�2Q<LI6
�C?�I395;?5QO�=6C?5D�2D56�39J1��r?�
3D8<Q3�8�3Q5?=9=9�>1@AD41=9�=?7>1�3Q5>6BC9�3D8<9�s~��46>6AD31<L>9F�
3QC?;
�3QC?;�>131>C176>L��B9>FA?>>9F
�1B9>FA?>>9F
�;?=@<6;B>9F��Q,
>1A6ICQ
�3D8?<�;?A?C;?4?�81=9;1>>O
�3�O;?=D�@A9�CA9E18>?=D�
@?I;?576>>Q�>1@AD41�AQ3>1�>D<N�

&�@?51>?=D�394<O5Q�=1I9>>?-?AQP>C?31>9:�=6C?5�3D8<?39F�>1@AD4�
BC3?ANP�?B>?3D�5<O�@?2D5?39�6E6;C93>9F�1<4?A9C=Q3�A?8A1FD31>>O
BCAD=Q3�;?A?C;?4?�81=9;1>>O�3�C6A=Q>1F�;?=@<6;B>9F�36<9H9>
�C?2C?,�@A9�
3A1FD31>>Q�E18�3D8<?39F�>1@AD4,�1;C93>9F�Q�A61;C93>9F�?@?AQ3�6<6=6>CQ3�
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81BCD@>9F�BF6=��uA?8D=Q<?
�J?�3�C9F�39@15;1F
�56�3A1FD31>>O�1;C93>9F�
?@?AQ3�Q�E18�s~��46>6AD31<L>9F�6<6=6>CQ3�>6�@?CAQ2>6
�;?=@?>6>C9
�J?�
3F?5OCL�5?��0�.��Q��0�/�,�B<Q5�33171C9�=?5D<O=9�

{1A6ICQ
�B<Q5�3Q5=QC9C9
�J?�=6C?5�GQ<;?=�@A9:>OC>9:�Q�5<O�
A?8A1FD31>>O�>6B9=6CA9H>9F�;?A?C;9F�81=9;1>L4�1576�A?8A1FD31>>O�C?5Q�
39;?>DPCLBO�81�;?=@<6;B>?N81BCD@>?N�BF6=?N.

%6@6A�BE?A=D<NP=?�@A9>G9@?39:�1<4?A9C=�A?8A1FD>;D�8�
39;?A9BC1>>O=�GL?4?�=6C?5D�

����9>C68D31C9�81BCD@>D�BF6=D��;?=@<6;B>D�BF6=D��5<O�A?8A1FD31>>O
3Q5@?3Q5>?4?�131AQ:>?4?�A679=D�

2.}A?>D=6AD31C9�3D8<9�Q�3QC;9�81BCD@>?R�BF6=9��;?=@<6;B>?R�BF6=9��
3.p9A189C9�3�@A9:>OCQ:�B9BC6=Q�?59>9GL�@1A1=6CA9�81BCD@>?R�BF6=9�

�;?=@<6;B>?R�BF6=9����s~��Q�?@?A9�
4. u151C9BO�>1@AO=1=9�BCAD=Q3�3�6<6=6>C1F 81BCD@>?R�BF6=9�

�;?=@<6;B>?R�BF6=9��
5.��;<1BC9�=1CA9GN�81BCD@>?R�BF6=9��;?=@<6;B>?R�BF6=9�
J?�

3Q5?2A171P�RR�C?@?<?4QN.
6.r1C9�>D<L?36�>12<976>>O�>1@AD41=�D�3BQF�3D8<1F
�;AQ=�7939<L>9F�

3D8<Q3�Q�3D8<1�@?I;?576>>O�
7.�}A9:>OC9�AQI6>>O�J?5?�C?H>?BCQ.
2��p36BC9�3BQ�Q>E?A=1GQ:>Q�=1B939�3�@1=�OCL�s|z�
9. p9;?>1C9�QC6A1GQ:>6�A?8A1FD31>>O�@1A1=6CAQ3�131AQ:>?4?�A679=D�
10.p936BC9�>1�8?3>QI>Q:�>?BQ:�?CA9=1>Q�A68D<LC1C9�
)6:�@A9>G9@?39:�1<4?A9C=�@?39>6>�J?A18D�56C1<Q8D31C9BL

3Q5@?3Q5>?�5?�392A1>?R�=1I9>>?R�@A?4A1=9��p9=?49�81839H1:�8151NCLBO�3�
?@9BQ�3Q5@?3Q5>?4?�@A?4A1=>?4?�@A?5D;CD�

6.3�J[kcdadYtr�X̂ d̀f̂ghVccr�efdYfVb̂��4#�Zar�fd]fVkiXVccr
ghfibtX�̀dfdh̀dYd�]Vb̂ V̀ccr

lB>DP�H9=1<?�@A?4A1=
�J?�39;?A9BC?3DNCL�39;<156>9:�39J6�
=1I9>>?-?AQP>C?31>9:�=6C?5�3D8<?39F�>1@AD4��p?>9�3Q5AQ8>ONCLBO�
4A1>9H>?N�39=QA>QBCN�BF6=9�81=QJ6>>O��H9B<?=�3D8<Q3�Q�3QC?;�
�
3A1FD31>>O=�12?�>63A1FD31>>O=�1;C93>9F�?@?AQ3�6<6=6>CQ3�51>?R�
6>6A4?B9BC6=9�C1�Q>I9=9�56C1<O=9��

&�GL?=D�A?85Q<Q�A?84<O>6=?�C6F>?<?4QN�39;?A9BC1>>O�@A?4A1=9�MDS�
3�@A1;C9H>9F�Q>76>6A>9F�A?8A1FD>;1F��)O�@A?4A1=1�@A98>1H6>1�5<O�
A?8A1FD>;D�@1A1=6CAQ3�131AQ:>?4?�A679=D�3�B;<15>?81=;>DCQ:�81BCD@>Q:�
BF6=Q��;?=@<6;B>Q:�BF6=Q��4A1>9H>?N�39=QA>QBCN�3��

�3D8<Q3�Q��

�3QC?;��
}A9�8=Q>Q�5?379>�=1B93Q3�@A?4A1=1�13C?=1C9H>?�>1BCA?NPCLBO�>1�>?3D�
39=QA>QBCL��&�@A?4A1=Q�>6�3A1F?3DNCLBO�1;C93>Q�?@?A9�6<6=6>CQ3�Q�E189�
s~��AQ8>9F�46>6A1C?AQ3��&�@A?4A1=D�MDS�32D5?31>9:�B6A3QB>9:�2<?;
�O;9:
85Q:B>NP�@6A63QA;D�;?A6;C>?BCQ�@?H1C;?39F�51>9F��)6�39O3<OPCLBO�36<L=9�
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;?A9B>?N�3<1BC93QBCN�@A?4A1=9��}A?4A1=1�MDS�@A98>1H6>1�5<O�
39;?>1>>O�>1�}s|z�@Q5�;6AD31>>O=�FL-=HL�Q�PBG=HPL�

{1:317<93QI9=�6<6=6>C?=�C6F>?<?4QR�39;?A9BC1>>O�2D5L-O;9F�
@A?4A1=�A?8A1FD31>>O�131AQ:>9F�A679=Q3�P�@Q54?C?3;1�@?H1C;?39F�51>9F��
r<O�51>?R�@A?4A1=9�1<4?A9C=�@Q54?C?3;9�8?3>QI>L?R�Q>E?A=1GQR�C1;9:.

1.   �9>C68D31C9�81BCD@>D�BF6=D��;?=@<6;B>D�BF6=D��3Q5>?B>?�C?H;9�
;?A?C;?4?�81=9;1>>O�

2. }A?>D=6AD31C9�5?3Q<L>?�3BQ�3QC;9�BF6=9
�81:=1NH9�H9B<1�
@Q5AO5�

3. }A?>D=6AD31C9�5?3Q<L>?�3BQ�3D8<9�BF6=9
�81:=1NH9�H9B<1�
@Q5AO5�

4. u151C9�>1@AO=9�BCAD=Q3�@?�3QC;1F,�Q�<9I6�>1@AO=9�BCAD=Q3�3�
3QC;1F
�268@?B6A65>L?�@?3�O81>9F�8�C?H;?N�;?A?C;?4?�81=9;1>>O
�@?39>>Q�
3Q5?2A171C9�@Q5793<6>>O�=QBGO�@?I;?576>>O�

5. }Q5A1FD31C9�3�51>Q:�BF6=Q�;Q<L;QBCL�3QC?;��3dalZi�
�;Q<L;QBCL�
3D8<Q3��3dajha��Q�;Q<L;QBCL�3D8<Q3
�3�O;9F�>1@AD41�@?39>>1�DC?H>N31C9BO�
(kolvar).

6. }A9:>OC9�2189B>Q�@?CD7>QBCL�Q�>1@AD4DC1�?2H9B<9C9�3Q5>?B>Q�
2189B>Q�?@?A9
�s~���6<6=6>CQ3�51>?R�BF6=9�C1�2189B>9:�BCAD=�3�C?H;1F�
@?I;?576>>O�

7. �9>C68D31C9�=1CA9GN�8�P5>1>L�BF6=9�39=QA>QBCN��3dalZi.3)
C1;
�J?2�;?76>�AO5?;�3Q5?2A1713�>?=6A�3QC;9
�>?=6A�3D8<1�@?H1C;D3QC;9, 
>?=6A�3D8<1�;Q>GO�3QC;9��33171C9
�J?�BCAD=9�:5DCL�3Q5�@?H1C;D3QC;9�5?�RR�
;Q>GO��

8. �9>C68D31C9�36;C?A�3Q5>?B>9F�2189B>9F�?@?AQ3�BF6=9�
39=QA>QBCN�3dalZi
�J?�3Q5@?3Q51P�@6AI?=D�BC?3@GN�=1CA9GQ�8�P5>1>L�

9. �9>C68D31C9�36;C?A�>?=6AQ3�3D8<Q3�39=QA>QBCN�3dajha�
10. �9>C68D31C9�36;C?A�3D8<?39F�>1@AD4�39=QA>QBCN�3dajha
�

@A9H?=D�D�3D8<1F�8�s~���RF�5Q:B>9=9�8>1H6>>O=9
�D�3D8<1F�@?I;?576>>O�
��

�3�Q>I9F�3D8<1F��5?3Q<L>9=9�8>1H6>>O=9�D�394<O5Q�@?H1C;?3?4?�
>12<976>>O�

11. <9>C68D31C9�36;C?A�>?=6AQ3�3D8<Q339=QA>QBCN�3dakVg
�3�O;9F�
3D8<?3Q�>1@AD49�8151>Q�@?H1C;?39=9�>12<976>>O=9�

12. u151C9BO�C?H>QBCN�>12<976>>O�
{1�GL?=D�@?@6A65>O�A?2?C1�8�@Q54?C?3;9�8?3>QI>L?R�Q>E?A=1GQR�

81;Q>H6>1��r1<Q�>6?2FQ5>?�GN�Q>E?A=1GQN�@A65BC139C9�3�>6?2FQ5>Q:�E?A=Q�Q�
826A64C9�>1�B3?R:�59B;6CQ�8�Q=�O=�MDS�YVi��}?B<Q5?3>QBCL
�E?A=1C9�Q�Q=6>1�
@A65BC13<6>>O�8?3>QI>L?R�Q>E?A=1GQR�395>?�8�>1BCD@>?4?�EA14=6>C1�
@A?4A1=9�

dimension mat(100,3),x(100),numusl(100),uusl(100),
*nuvar(100),tokwet(100),uvar(100),tvar(100)
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read(5,5) kolwet,kolusl,kolvar
read(5,5) ((mat(i,j),j=1,3),i=1,kolwet)
read(5,10) (x(i),i=1,kolwet)
read(5,15) (numusl(i),i=1, kolusl)
read(5,10) (uusl(i),i=1, kolusl)
read(5,15) (nuvar(i),i=1,kolvar)
read(5,20) eps
read(5,20) tbas

5     format (3i10)
10   format (10(f8.3))
15   format (20(i4))
20   format (f8.4)

p�GL?=D�EA14=6>CQ�@A9:>OCQ�Q=6>1�?8>1H1NCL�>1BCD@>64
kolwet ��;Q<L;QBCL�3QC?;�81BCD@>?R�BF6=9��;?=@<6;B>?R�BF6=9�5
kolusl ��;Q<L;QBCL�3D8<Q3�81BCD@>?R�BF6=95
kolvar ��;Q<L;QBCL�3D8<Q3
�>1@AD49�3�O;9F�2D5DCL�DC?H>N31C9BL�@?�

QC6A1GQOF5
mat ��=1CA9GO�8�P5>1>L81BCD@>?R�BF6=9�39=QA>QBCN��3dalZi���
�

;?76>�AO5?;�O;?R�@?;18DP�83�O8?;�H6A4?3?R�3QC;9�8�53?=1�3D8<1=95
x ��=1B93�39=QA>QBCN�3dalZi�3Q5>?B>9F�2189B>9F�?@?AQ3�6<6=6>CQ3�

81BCD@>?R�BF6=95
numusl ��=1B93�39=QA>QBCN�3dajha�>?=6AQ3�3D8<Q3�81BCD@>?R�BF6=95
uusl ��=1B93�39=QA>QBCN�3dajha�>1@AD4��s~���3D8<Q3�81BCD@>?R�BF6=9
�

3Q5@?3Q5>9:�cjbjha5
nuvar ��=1B93�39=QA>QBCN�3dakVg�>?=6AQ3�3D8<Q3
�>1@AD49�3�O;9F�

2D5DCL�DC?H>N31C9BL�@?�QC6A1GQOF5
eps ��C?H>QBCL�A?8A1FD>;D
�J?�8151PCLBO�;?A9BCD31H6=5
tbas ��2189B>9:�BCAD=�>1�BCD@6>Q
�56�8>1F?59CLBO�8151>1�C?H;1�

@?I;?576>>O
�;n�

u36A>6=?BO�C6@6A�5?�56O;?R�81BCD@>?R�BF6=9, A9B��0���
{1�GL?=D�A9BD>;D�@?8>1H6>Q�>?=6A9�3QC?;�Q�3D8<Q3
�>1@AO=9�BCAD=Q3�

@?�3QC;1F
�RF�3Q5>?B>9:�2189B>9:�?@QA�Q�3Q5>?B>Q�2189B>Q�s~��1;C93>9F�
6<6=6>CQ3��

%?H;1�CA9E18>?4?�;?A?C;?4?�81=9;1>>O�8>1F?59CLBO�D�3D8<Q��2��
o189B>9:�BCAD=�C?4?�BCD@6>O�>1@AD49
�>1�O;?=D�8>1F?59CLBO�C?H;1�
@?I;?576>>O
5?AQ3>NP�3
��;n��pB6�G6�51P�=?7<93QBCL�@Q54?CD31C9�E1:<�
51>9F�
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~9BD>?;�6.2 z�u1BCD@>1�BF6=1�5<O�A?8A1FD31>>O�BCAD=D�;?A?C;?4?�
81=9;1>>O

{97H6�@A93656>?�A?85AD;D31>>O�GL?4?�E1:<D
�B9>C68?31>?4?�3�
BCA?4Q:�3Q5@?3Q5>?BCQ�8�?@6A1C?A1=9�K>:=�@A?4A1=9�MDS��*9C1HD�
A6;?=6>5DPCLBO�D317>?�?8>1:?=9C9BO�8�>9=
�J?2�8214>DC9�C6F>?<?4QH>9:�
@A?G6B�@?BC1>?3;9�81351>>O�>1�s|z�

7               8                    3
1              11                 15
2              12                 17
3              13                 15
4              14                 18
5              15                 16
6              17                 16
7              16                 18
  0.200       1.310      1.170       3.330     0.510     0.590     1.430
11    12    13    14    15    16    17    18
  1.08        0.93          0.8           0.9        0.9         0.8         0.850        0.
15    16    17
0.01
9.2

2.0

1

17.1

3

51.0

5

59.0

6

31.1

2

43.1

7

33.3

4

15

11 13

14

18

17

16

12
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~68D<LC1C9�A?2?C9�@A?4A1=9�81�G9=9�51>9=9�>13656>Q�3�>1BCD@>?=D�
<QBC9>4D
�8�O;?4?�395>?
�J?�@A?4A1=1�MDS�393?59CL�BCAD=9�3�C?HGQ�
@?I;?576>>O
�BCAD=9�@?�3BQF�3QC;1F�81BCD@>?R�BF6=9��3Q5̀P=>Q�8>1H6>>O�
B3Q5H1CL�@A?�>6@A139<L>9:�392QA�>1@AO=Q3�BCAD=Q3��Q�>1@AD49�3�DBQF�3D8<1F�

yQBC9>4�A?83̀O8;D�8151HQ�A?8A1FD>;D�BCAD=Q3�CA9E18>?4?
;?A?C;?4?�81=9;1>>O

~?8A1FD>?;�131AQ:>?4?�A679=D�@AO=?R�@?B<Q5?3>?BCQ�@A9�;?A?C;?=D�
81=9;1>>Q�3�BF6=Q�81=QJ6>>O.

~?8A1FD>;?31�C?H;1�;?A?C;?4?�81=9;1>>O���3D8?<��2�
{15@6A6FQ5>9:�BCAD=�;?A?C;?4?�81=9;1>>O���1��
�;n�
&51A>9:�BCAD=�;?A?C;?4?�81=9;1>>O����2�0
�;n�

�CAD=9�3�6<6=6>C1F�81BCD@>?R�BF6=9
�
@A93656>Q�5?�>1@AD49�C?H;9�@?I;?576>>O
>?=6A
3QC;9�

3D8?<
@?H1C;D

3D8?<
;Q>GO

BCAD=
ka

1
2
3
4
5
6
7

11
12
13
14
15
17
16

15
17
15
18
16
16
18

5.205
  .867
�1.312
2.486
3.958
  .922
4.809

pQ5>?B>Q�>?=Q>1<L>Q�>1@AD49�D�3D8<1F�81BCD@>?R�BF6=9�
@A9�;?A?C;?=D�81=9;1>>Q�D�3D8<Q��2
>?=6A9
3D8<Q3

>1@AD41
 (3Q5B?C;9)

11
12
13
14
15
16
17
18

108.0000
  93.0000
  80.0000
  90.0000
  96.6838
74.7452

  80.6583
      .0000

u�1>1<Q8D�C6F>?<?4QR�=1I9>>?4?�A?8A1FD31>>O�131AQ:>9F�A679=Q3�
39F?59CL
�J?�CAD5?=QBC;QBCL�ADH>?R�A?2?C9�36<L=9�36<9;1��}A9A?5>?�
39>9;1P�@9C1>>O�@A?�=?7<93QBCL�RR�13C?=1C981GQR��}A9>G9@?3?�BL?4?5>Q�>1�
>L?4?�B<Q5�51C9�>641C93>D�3Q5@?3Q5L
�2?�8>1H>1�H1BC9>1�A?2?C9�>?B9CL�
C3?AH9:�F1A1;C6A
�O;9:�>6�E?A=1<Q8DPCLBO��}A?C6�56O;1�C6F>QH>1�H1BC9>1�
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@Q54?C?3H?R�A?2?C9
�>1@A9;<15
�A?8A1FD31>>O�3Q5>?B>9F�2189B>9F�?@?AQ3�Q�
s~��GQ<;?=�@Q551PCLBO�13C?=1C981GQR�

' ��I[fXtgcV�efdYfVbV�:19=3:�fd]fVkiXVccr�eVfVb[hftX�
]Vghiecdu�gk[b̂�

}A?4A1=1�L>KOBL�@A98>1H6>1�5<O�A?8A1FD31>>O�3Q5>?B>9F�2189B>9F�
?@?AQ3�Q�s~��81BCD@>9F�BF6=�@A9�2189B>Q:�@?CD7>?BCQ��

�zpn�

}A9�5?379>1F�=1B93Q3
�J?�?4?<?I6>Q
�4A1>9H>Q�=?7<93?BCQ�
@A?4A1=9�C1;Q4

0H9B<?�BCD@6>Q3�>1@AD4��u��
5�
0H9B<?�3QC?;��u��/
5
0H9B<?�3D8<Q3��u��/
�

}A?4A1=1�L>KOBL�>1@9B1>1�>1�=?3Q�[dgigVc-77.
|B?2<93QBCN�@A?4A1=9�P�C6
�J?�3�8?3>QI>L?=D�E1:<Q�51>9F�

;?>G6>CADPCLBO�<9I6�=Q>Q=1<L>1�Q>E?A=1GQO�@A?�81BCD@>D�BF6=D5�A6IC1�
Q>E?A=1GQR�@A?�C6F>QH>Q�F1A1;C6A9BC9;9�6<6=6>CQ3�6>6A4?B9BC6=�8151PCLBO�
D�E?A=Q�E1;C9H>9F�@1A1=6CAQ3�@Q5@A?4A1=��)6�8>1H>?N�=QA?N�8=6>IDP�
:=?3QA>QBCL�@?=9<?;�;?A9BCD31H1�

|B>?3>9=�2<?;?=�@A?4A1=9�P�@A?4A1=>9:�=?5D<L�FH=NE�[dg
�3
O;?=D�8Q2A1>Q��.�@Q5@A?4A1=��mF�8>1H6>>O�395>?�8�C12<9GQ
�C12<� 6.1.

%12<9GO�0�1 z�}6A6<Q;�@Q5@A?4A1=
�O;Q�39;?A9BC?3DNCLBO�3�
@A?4A1=>?=D�=?5D<Q�MODUL.for

l=̀O�
@Q5@A?4A1=9

~?8A1FD31>>O�3Q5>?B>9F�2189B>9F�@1A1=6CAQ3�6<6=6>CQ3�
6>6A4?B9BC6=

GNR
TR2
TR3
LIN1
LIN2

REAKT1
REAKT2

AD
ON

SYST1

SYST2
SYST3
PRINT1
PRINT2 

�9>FA?>>Q�46>6A1C?A
�;?=@6>B1C?A
�5394D>
r3??2=?C;?39:�CA1>BE?A=1C?A
%A9?2=?C;?39:��13C?��CA1>BE?A=1C?A
|5>?;?<?31�<Q>QO
r3?;?<?31�<Q>QO
~61;C?A��?59>?H>9:�
u53?P>9:�A61;C?A
nB9>FA?>>9:�5394D>
&8141<L>6>6�>131>C176>>O
�9BC6=1
�O;1�8151>1�@?CD7>?BCO=9�;?A?C;?4?�
81=9;1>>O
�zpn
�9BC6=1
�O;1�8151>1�BCAD=1=9�;?A?C;?4?�81=9;1>>O
�;n
�9BC6=1
�O;1�8151>1�?@?A1=9
�|=
p93656>>O�D�E1:<�39FQ5>?R�Q>E?A=1GQR
p93656>>O�A68D<LC1CQ3�A?8A1FD>;D�D�E1:<�L>KOBL�imi
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p�4?<?3>?=D�=?5D<Q�L>KOBL�[dg�85Q:B>NPCLBO�33656>>O�Q>E?A=1GQR�8�
8?3>QI>L?4?�E1:<D�51>9F�L>KOBL�YVi�Q�836A>6>>O�5?�P59>?R�@Q5@A?4A1=9�
PBLHP�[dg
�O;1�4?CDPCLBO�B1=9=�;?A9BCD31H6=,�Q�3�O;Q:�85Q:B>NPCLBO�
39;<9;�@?CAQ2>9F�:?=D�@Q5@A?4A1=�8�@A93656>?R�39J6�C12<9GQ�

|C76
�3Q52D31PCLBOC1;1�381P=?5QO�E1:<Q34

x?A9BCD31H�B1=?BCQ:>?�4?CDP�8?3>QI>Q:�E1:<�51>9F�L>KOBL�YVi�Q�
@Q5@A?4A1=D�PBLHP�[dg�

'1:<�51>9F�L>KOBL�YVi�=QBC9CL�8?3>QI>N�Q>E?A=1GQN
�B;<15�Q�
E?A=1�@A65BC13<6>>O�O;?R,�395>?�8�>1BCD@>?4?�EA14=6>C1�4?<?3>?4?�
=?5D<O�

read(5,5)kolst,kolwet,kolusl
5     format (3i10)

read(5,10)(numusl(i),i=1,kolusl)
10   format (10i4)

read(5,15)(ubas(i),i=1,kolst)
15 format (10f8.3)

p�G9F�?@6A1C?A1F4
kolst ��;Q<L;QBCL�BCD@6>Q3�>1@AD49�3�39FQ5>Q:�BF6=Q5
kolwet ��;Q<L;QBCL�3QC?;�81BCD@>?R�BF6=9;
kolusl ��;Q<L;QBCL�3D8<Q3�81BCD@>?R�BF6=95
numusl ��?5>?39=QA>9:�=1B93�39=QA>QBCN�3dajha�>?=6AQ3�3D8<Q3�

81BCD@>?R�BF6=95
ubas ��?5>?39=QA>9:�=1B93�A?8=QA>QBCN�3dahi�2189B>9F�>1@AD4��;p��

3BQF�BCD@6>Q3�>1@AD49�
{97H6�5<O�Q<NBCA1GQR�@A93?59CLBO�8?3>QI>Q:�E1:<�51>9F�56O;?4?�

C6BC?3?4?�81351>>O��
8              115                 28
11    12    13    14    15    16    17    18     19     20

SERVIS.for

VISOW.for

MODUL.for SERVIS.txt

SERVIS.dat
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21    22    23    24    25    26    27    28     29     30
31    32    33    34    35    36    37    38
220.000     10.520   110.000     18.180     35.000     38.500      120.989      11.000

)Q�51>Q�;?A9BCD31H�?56A7DP�8Q�BF6=9�6>6A4?B9BC6=9
�J?�
5?B<Q57DPCLBO
�Q�B9>C68?31>?R�>9=�B1=9=�81BCD@>?R�BF6=9��;?=@<6;B>?R�
BF6=9���{6?2FQ5>?�8>1C9
�J?�>1�81BCD@>Q:�BF6=Q�3BQ�3QC;9�Q�3D8<9�@?39>>Q�
2DC9�@A?>D=6A?31>Q
�@A9H?=D�3QC;9�z@?H9>1NH9�8�?59>9GQ
�1�3D8<9���8�
2D5L-O;?4?�H9B<1��{151<Q�>?=6A9�@?39>>Q�5131C9BO�@Q5AO5��'1:<�
L>KOBL�YVi�BC3?ANPCLBO�3�2D5L-O;?=D�A651;C?AQ�Q�81@9BDPCLBO�>1�B3?N�
59B;6CD�

}Q5@A?4A1=1�PBLHP�[dg�B;<151PCLBO,�3�?B>?3>?=D,�8�?@6A1C?AQ3�call, 
O;Q�39;<9;1NCL�@?CAQ2>Q�@Q5@A?4A1=9���9>C1;B9B�GL?4?�?@6A1C?A1�C1;9:4

XVaa�Q=�O�@Q5@A?4A1=9��@1A1=6CA
�@1A1=6CA, ...
�@1A1=6CA��
pQ5@?3Q5>?�5?�@A139<�=?39�[dgigVc
�>1�@?H1C;D�@Q5@A?4A1=9�=QBCOCLBO�

;<NH?36�B<?3?�hjWgdjc1cZ
�Q=�O�8�E?A=1<L>9=9�@1A1=6CA1=9�12?�268�>9F
�
51<Q:56�?4?<?I6>>O
�51<Q��39;?>D31>Q�?@6A1C?A9
�1�3�;Q>GQ���?@6A1C?A9�
gZijgc�Q�ZcY�

}Q5@A?4A1=1�PBLHP�[dg�5<O�56O;?4?�C6BC?3?4?�81351>>O�394<O51P�
C1;:

DIMENSION 
MAT(150,3),X(150),NUMUSL(150),UUSL(150),NUVAR(150),
*TOKWET(150),UVAR(150),TVAR(150),UBAS(10),TBAS(10)
COMMONMAT,X,NUMUSL,UUSL,NUVAR,TOKWET,UVAR,TVAR,
UBAS,TBAS,SBAS,
*KOLST,KOLWET,KOLUSL
  call print1
  call gnr(11,2,1,41,150.,10.5,0.89,0.26,0.39)
  call gnr(12,2,2,42,150.,10.5,0.89,0.26,0.39)
  call gnr(21,4,13,43,150.,18.18,0.89,0.195,0.232)
  call gnr(22,4,14,44,150.,18.18,0.89,0.195,0.232)
  call 
tr3(1,7,5,18,45,46,22,47,48,21,49,50,100.,100,100,100,230.,
*121.,38.5,11.,18.,31.)
  call tr3(1,8,6,26,51,52,28,53,54,30,55,56,60.,100,100,100,220.,
*38.5,11.,12.3,5.7,18.1)
  call tr3(1,8,6,27,57,58,29,59,60,31,61,62,60.,100,100,100,220.,
*38.5,11.,12.3,5.7,18.1)
  call tr3(1,3,5,8,63,64,113,114,115,24,67,68,247.5,100,100,100,
*242.,121.,38.5,10.5,28.,32.)
  call 
tr3(1,7,5,17,69,70,19,76,77,20,82,83,100.,100,100,100,230.,
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*121.,38.5,11.,18.,31.)
  call ad(26,6,32,84,12.,38.5,0.89,9.,8.,0.8)
  call lin1(1,5,85,73,0.4,90.,3.0)
  call lin1(1,7,86,75,0.4,96.,3.0)
  call lin1(1,6,88,74,0.4,155.,3.0)
  call lin1(1,15,93,81,0.4,56.,3.5)
  call lin1(1,16,94,90,0.4,128.,3.5)
  call lin1(5,25,96,99,0.4,3.5,4.0)
  call tr2(2,3,97,71,100.,11.,12.)
  call tr2(2,4,98,72,100.,11.,12.)
  call tr2(4,11,100,79,400.,20.,10.5)
  call tr2(4,12,101,80,400.,20.,10.5)
  call reakt1(2,33,102,95,10.,10.,14.)
  call syst1(32,7,115.,23,24,25,1000.,100.)
  call syst2(33,7,115.,103,104,105,4.77,0.477)
  call syst3(34,7,115.,106,107,108,0.1,0.4,2.8)
  call reakt2(2,34,35,36,37,38,39,10.,10.,28.,0.6)
  call lin2(5,109,110,111,0.4,3.5,4.)
  call on(36,6,32,112,50.,35.,0.18,0.35)
  call on(20,3,10,113,731.7,115.,0.11,0.35)
  call print2
  return
  end

|C76
�Q>593Q5D1<Q81GQR�@Q5<O41P�<9I6�>12QA�?@6A1C?AQ3�XVaa�
x<NH?39=�=?=6>C?=�C6F>?<?4QR�?B3?P>>O�@A?4A1=9�L>KOBL�P�

393H6>>O�E?A=1<L>9F�@1A1=6CAQ3�@Q5@A?4A1=
�J?�39;<9;1NCLBO
�8�=6C?N�
268@?=9<;?3?4?�81=QJ6>>O�RF�E1;C9H>9=9�@1A1=6CA1=9
�D84?576>9=9�8�
E?A=1<L>9=9�81�RF�H9B<?=
�C9@?=�Q�@?AO5;?=�@A?F?576>>O��%1;Q�39=?49�
=?39�[dgigVc�Q
�O;J?�>6?2FQ5>?
�H9C1H�@?39>6>�3Q5>?39C9�GN�Q>E?A=1GQN�8�
;>97?;.

'?A=1<L>Q�@1A1=6CA9�395>?�8�@6AI?4?�AO5;1�;?7>?R�@Q5@A?4A1=9��
{1@A9;<15
�5<O�@Q5@A?4A1=9�#GK�@6AI9:�AO5?;�C1;9:4

SUBROUTINE 
GNR(NUSLE,NUMST,NUMW1,NUMW2,PNOM,UNOM,COSF,
XONPR,*XONOBR)

p95>?
�J?�CDC�3�E?A=1<L>9F�@1A1=6CAQ3
�@A9H?=D�H?C9A9�@6AI9F
@1A1=6CA9�P�GQ<9=9
�1�Q>IQ�5Q:B>9=9�C9@1=9�51>9F��r1<Q�B<Q5�8A?8D=QC9�
8=QBC�E?A=1<L>9F�@1A1=6CAQ3��r6:

NUSLE ��@?AO5;?39:�>?=6A�3D8<1�8�s~���46>6A1C?A15
NUMST ��>?=6A�BCD@6>O�>1@AD49
�>1�O;?=D�8>1F?59CLBO�46>6A1C?A5
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NUMW1 ��>?=6A�3QC;9�46>6A1C?A1�3�81BCD@>Q:�@Q5BF6=Q�@AO=?R�
@?B<Q5?3>?BCQ5

NUMW2 ��>?=6A�3QC;9�46>6A1C?A1�3�81BCD@>Q:�@Q5BF6=Q�83?A?C>?R�
@?B<Q5?3>?BCQ��81�3Q5BDC>?BCQ���0);

PNOM ��>?=Q>1<L>1�@?CD7>QBCL�46>6A1C?A1
�zpC5
UNOM �>?=Q>1<L>1��>1@AD41�46>6A1C?A1
�;p5
COSF ��>?=Q>1<L>9:�;?6EQGQP>C�@?CD7>?BCQ�46>6A1C?A15
XONPR ��3Q5>?B>9:�>?=Q>1<L>9:�?@QA�46>6A1C?A1�5<O�A679=D�

@AO=?R�@?B<Q5?3>?BCQ5
XONOBR ��3Q5>?B>9:�>?=Q>1<L>9:�?@QA�46>6A1C?A1�5<O�A679=D�

83?A?C>?R�@?B<Q5?3>?BCQ�
u�OBD313I9�8=QBC�E?A=1<L>9F�@1A1=6CAQ3
�B<Q5�8>1:C9�RF�8>1H6>>O�Q8

81BCD@>?R�BF6=9�Q�8151>9F�C6F>QH>9F�@1A1=6CAQ3�46>6A1C?A1�C1�BE?A=D31C9�
?@6A1C?A9�836A>6>>O�<:EE�

n>1<?4QH>9=�H9>?=�393H1NCLBO�3BQ�@Q5@A?4A1=9��{1�GL?=D�6C1@Q�
?B3?P>>O�@A?4A1=>?4?�@A?5D;CD�;?A9B>?�8>?3D�836A>DC9BO�5?�A?84<O5D
@Q5@A?4A1=9�PBLHP�[dg
�@A93656>?R�39J6�

}Q54?CD313I9� B3?N� @Q5@A?4A1=D� PBLHP�[dg,� >6?2FQ5>?�
@A?CA1>B<N31C9�RR�Q�?56A71C9�?2�P;C>9:�=?5D<L�PBLHP�dW2��|2�P;C>Q�;?59�
Q>I9F�@Q5@A?4A1=>9F�=?5D<Q3���servis.obj C1�bdYja�dW2�376�@Q54?C?3<6>Q�Q�
H9C1H�=?76�RF�=1C9�>1�B3?R:�59B;6CQ�

pBQ�?2�P;C>Q�=?5D<Q���L>KOBL�dW2
�PBLHP�dW2�Q�FH=NE�dW2
�O;Q
8>1F?5OCLBO�>1�p1IQ:�59B;6CQ
�>6?2FQ5>?�?2A?29C9�B@Q<L>?�A651;C?A?=�
83�O8;Q3�Q�?56A71C9�@A?4A1=D�L>KOBL�6F6
�J?�39;?>DPCLBO��r<O�GL?4?
�
8>1F?5OH9BL�3�B6A65?39JQ�E?ACA1>D-11
�@?CAQ2>?�336BC9�>1BCD@>9:�
;?=1>5>9:�AO5?;4

LINK a:servis+wisow+modul,servis,nul,,;
~68D<LC1C?=�@A139<L>?R�A?2?C9�A651;C?A1�83�O8;Q3�2D56�BC3?A6>9:�

=?5D<L�L>KOBL�6F6
�J?�39;?>DPCLBO��w?4?�=?7>1�>1@A13<OC9�>1�
39;?>1>>O
�O;J?�>1�G6:�H1B�>1�p1IQ:�59B;6CQ�376�8>1F?59CLBO�E1:<�51>9F�
SERVIS.dat.

~68D<LC1C?=�A?2?C9�@A?4A1=9�L>KOBL�P�=1B939�3Q5>?B>9F�2189B>9F�
s~��1;C93>9F�6<6=6>CQ3�81BCD@>?R�BF6=9��;?=@<6;B>?R�BF6=9��Q�3Q5>?B>9F�
2189B>9F�?@?AQ3�3BQF�3QC?;�51>?R�BF6=9��p?>9�33?5OCLBO�D�E1:<�L>KOBL�imi��
{151<Q�;?A9BCD31H�=?76�RF�39;?A9BC?3D31C9�5<O�B9>C68D�E1:<D�51>9F�
?B>?3>?R�@A?4A1=9�MDS�

' 	�MVfV̀h[f̂gĥ V̀�efdYfVb̂���4#�fd]fVkiXVccr�ghfibtX�
d̀fdh̀dYd�]Vb̂ V̀ccr

p�56O;9F�39@15;1F�>6FCD31>>O�1;C93>9=9�?@?A1=9�6<6=6>CQ3�
6>6A4?B9BC6=9�Q�3Q5=Q>>QBCN�E18�s~��7939<L>9F�46>6A1C?AQ3�39O3<OPCLBO�
>65?@DBC9=9=��p�C1;9F�39@15;1F�=?76�2DC9�39;?A9BC1>1�@A?4A1=1�<MDS
�
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J?�A?83931P,�A?84<O>DCD�A1>QI6,�@A?4A1=D�MDS�>1�;?=@<6;B>9:�C9@�51>9F��
%?=D�Q=6>1�8=Q>>9F�CDC�=1NCL�C?:�B1=9:�6>6A46C9H>9:�8=QBC.

}?B<Q5?3>QBCL�Q�E?A=1C9�@?51>>O�8?3>QI>L?R�Q>E?A=1GQR�5<O�A?2?C9�
@A?4A1=9�<MDS�395>?�8�>1BCD@>?4?�EA14=6>C14

dimension mat(100,3),numusl(100),eusl(100),
*nuvar(100),twet(100)
complex x(100), uusl(100),tokwet(100),uvar(100),
*tvar(100),tok,uqypq,ypq,deltok,up,ctokkz
read(5,5) kolwet,kolusl,kolvar
read(5,5) ((mat(i,j),j=1,3),i=1,kolwet)
read(5,10) (x(i),i=1,kolwet)
read(5,15) (numusl(i),i=1, kolusl)
read(5,10) (uusl(i),i=1, kolusl)
read(5,15) (nuvar(i),i=1,kolvar)
read(5,20) eps
read(5,20) tbas

5     format (3i10)
10   format (4(2f8.3))
15   format (20(i4))
20   format (f8.4)

l<NBCA1GQN�A?2?C9�@A?4A1=9�<MDS�8A?29=?�>1�@A9;<15Q�A?85Q<D 6.2. 
%?@?<?4QN�81BCD@>?R�BF6=9�=?7>1�@?5939C9BO�>1�A9B��0��
�1�@1A1=6CA9�
81BCD@>?R�BF6=9���3�A?85AD;Q3GQ�E1:<D�51>9F
�J?�@A93?59CLBO�>97H6�

7               8                    3
1              11                 15
2              12                 17
3              13                 15
4              14                 18
5              15                 16
6              17                 16
7              16                 18
  0.060       0.200      0.400       1.310     0.300     1.170     1.000     3.330
  0.020       0.510      0.030       0.590     0.300     1.430     
11    12    13    14    15    16    17    18
  1.08        0.000        0.930         0.000        0.8         0.0         0.9        0.
  0.9          0.000        0.8           0.0              0.850       0.         0.          0.
15    16    17
0.01
9.2
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~?8A1FD>;?31�C?H;1�;?A?C;?4?�81=9;1>>O���3D8?<��2�
{15@6A6FQ5>9:�BCAD=�;?A?C;?4?�81=9;1>>O���1�
3�;n�
&51A>9:�BCAD=�;?A?C;?4?�81=9;1>>O����2�
3�;n�

�CAD=9�3�6<6=6>C1F�81BCD@>?R�BF6=9
�@A93656>Q�5?�>1@AD49�C?H;9�
@?I;?576>>O

>?=6A
3QC;9�

3D8?<
@?H1C;D

3D8?<
;Q>GO

;?=@<6;B�BCAD=D, 
;n

BCAD=
ka

1

2
3
4
5
6
7

11

12
13
14
15
17
16

15

17
15
18
16
16
18

1.009 + j(�4.988)
  .255 + j(  �.797)
�.390 + j(  1.197)
  .685 + j(�2.281)
  .616 + j(�3.859)
 .253 + j( �.856)
  .876 + j(�4.640)

5.09

  .84
�1.26
2.38
3.91
  .89
4.72

pQ5>?B>Q�>?=Q>1<L>Q�>1@AD49�D�3D8<1F�81BCD@>?R�BF6=9�@A9�;?A?C;?=D�
81=9;1>>Q�D�3D8<Q��2

>?=6A9
3D8<Q3

>1@AD41
�3Q5B?C;9�

11
12
13
14
15
16
17
18

108.0000
  93.0000
  80.0000
  90.0000
  96.5048
  74.9863
  80.5451
      .0000

?VXZVccr�Zar�gVbdght_cdu�fdWdĥ

���r<O�BF6=9
�A9B�0��
�@A?36BC9�C6BC?36�A?8A1FD31>>O�A679=D�
;?A?C;?4?�81=9;1>>O�@?�@6AIQ:�QC6A1GQR�81�=6C?5?=�3D8<?39F�>1@AD4
�
81513I9BL�@6AI9=�>12<976>>O=�8>1H6>L�>1@AD49�D�3D8<1F�
���r?�@A9;<15D�.�A?85Q<D���@Q54?CD31C9�E1:<�51>9F�5<O�

13C?=1C98?31>?4?�A?8A1FD31>>O�@1A1=6CAQ3�81BCD@>?R�BF6=9�131AQ:>?4?�
A679=D�81�5?@?=?4?N�@A?4A1=9�SERVIS.
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FLFMFNSI� PORL_EOCN_�_� ABO��PAnALFL[N_���ZO�CI]CL]̂S[R]�C�APFn_OEIXNOMT�
ABO�PFn_OEIXNOMT�HnORSANN_�NAPnTD�_�RSnTM_C�T�CR_J�RIRSFM_�ABO�OKnFMIV�̀̀�
FLFMFNSAV�CNARL_EOK�PAnAMFSnIXNODO�nFHONANRT�C�KONSTnAV�

0 RAMOnOHDOJETCANN]��CIE�FLFKSnOMFVAN_XNÒ�PFn_OEIXNÒ�
NFRS_JKORS_�RIRSFMI�PnI�MALIV�NACANSAGFNN]V�_�CFLIKIV�AKSICNIV�
OPOnAV�FLFMFNS_C��KOLI�nOSOn�RINVnONNÒ�MAYINI�HE_JRN\̂�RAMOC_L[N_�
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B=U2/ xM 0,714 0,579 0,457 0,350
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%12<9GO�2���z�~?8A1FD>?;�81<67>?BCQ�sM(U)

U 1,000 0,900 0,800 0,700
P>=PP* 0,900 0,848 0,804 0,770
Q>=QQ* 0,700 0,620 0,591 0,616
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Q>�xM/U 0,560 0,551 0,591 0,704
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EM 1,720 1,634 1,610 1,660
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56�Fs, R2 ��3Q5@?3Q5>?,�A68D<LCDNH9:�Q>5D;C93>9:�Q�1;C93>9:�?@QA�
81BCD@>?R�BF6=9�1B9>FA?>>?4?�5394D>1�

P
U

xm
s


2

2
; (8.14)
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U P x; sA 2 0 ; (8.15)

S
R

x;
s

A
2  . (8.16)

~|up̀0u&pn{{0

xA9C6AQN�
dP
dS
7
�3Q5@?3Q51NCL�B@Q33Q5>?I6>>O��2��4) � (8.16)

S
R

x;
s

A
,

,
,  2 0 03

012
0 25 ;

P
U

xm
s

 



2

2

10

2 012
416

,

,
, ;

U P x; sA , ,   2 2 1 012 0 490 ;

K
P P

P8
m

P


�


�
0

0

416 100

100
316

, ,

,
, ;

K8P =316 %;

K
U U

U8
;

U


�
 

�
 A , ,

,
%100

100 0 49

100
100 51 .

}~vxynr 8.7 r<O�D=?3�@A9;<15D�2�0�398>1H9C9�81�B@Q33Q5>?I6>>O=
dQ
dU

�* ;A9C9H>Q�@1A1=6CA9�N;A�Q�J;A, O;Q�3Q5@?3Q51NCL�@?ADI6>>N�

BCQ:;?BCQ�1B9>FA?>>?4?�>131>C176>>O��~68D<LC1C9�@?AQ3>OC9�8�A?83̀O8;?=
@A9;<15D�2�0�

upsrs{{0��{s|o(lr{v(��}lpplr{|+s{-�

Q



U

x

2

,                                                   (8.17)

Q I xx s ss
 2 ,                                                 (8.18)

56�Bs ��BCAD=�H6A68�1;C93>9:�?@QA81BCD@>?R�BF6=9�1B9>FA?>>?4?�
5394D>1�

Q Q QxS
 � ;                                            (8.19)
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P I
R

Ss 2 2 ;                                               (8.20)

U I x
R

Ss s �8
:9

B
C

2 2
2

.                                       (8.21)

~|up̀0u&pn{{0

u151NH9BL�8>1H6>>O=9�;?381>>O�L
�81 (8.20��8>1:56=?�BCAD=�BS
�J?�
3Q5@?3Q51P�>131>C176>>N
�O;6�5?AQ3>NP�?59>9GQ��p9;?A9BC?3DNH9�
?56A71>9:�BCAD=�BS, 81 (8.21��398>1H9=?�>1@AD4D�N��}?CQ=�?2H9B<9=?�Q, 
QxS
C1�Q 81�39A181=9 (8.17) � (8.19). 

~68D<LC1C9�83656=?�3�C12<9GN
�C12<��2�/�Q�@A65BC139=?�>1�A9B. 8.10.

%12<9GO�2�/�z�~68D<LC1C9�A?8A1FD>;D�81<67>?BCQ�Q(U)

S Is
2 Is U Q QxS Q

0,10 3,330 1,820 0,590 0,150 0,400 0,550
0,20 6,700 2,600 0,500 0,109 0,800 0,909
0,25 8,350 2,860 0,490 0,105 1,000 1,105
0,30 10,000 3,160 0,495 0,106 1,200 1,306

~9BD>?;�2��
�z�qA1EQ;�81<67>?BCQ�Q(U)

p95>?
�J?�;A9C9H>Q�@1A1=6CA9
�O;Q�3Q5@?3Q51NCL�
dQ
dU

= �*
�C1;Q4

U;A = 0,49; Q;A = 1,105.

xA9C9H>1�>1@AD41�82Q41PCLBO81�8>1H6>>O=Q8�A?83̀O8;?=�@?@6A65>L?R�
8151HQ�
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8.2�Hd]fVkic̀ �̂�dgcdXVct�cV�X̂ d̀f̂ghVcct�bVh[bVĥmĉk��
f̀̂h[ftuX

�6A65�?B>?3>9F�A?8A1FD>;?39F�=6C?5Q3�;6AQ3>9=9�3;18Q3;1=9�
>1831>Q�C1;Q
�3�O;9F�398>1H6>>O�BC1C9H>?R�BCQ:;?BCQ�6>6A46C9H>9F�B9BC6=�
218DPCLBO�>1�81BC?BD31>>Q�=1C6=1C9H>9F�;A9C6AQR3
�J?�39CQ;1NCL�8�=6C?5Q3�
=1<9F�;?<931>L��3Q5F9<6>L���w56CLBO�@A?�39;?A9BC1>>O�1<462A1RH>9F
�qDA39GO
�~1DB1
�yLP>1A1-+9@1A1�12?�H1BC?C>9F��z9F1:<?31��;A9C6AQR3.

u1BC?BD31>>O�2D5L-O;9F�=1C6=1C9H>9F�;A9C6AQR3�@?3�O81>6�8�1>1<Q8?=�
F1A1;C6A9BC9H>?4?�AQ3>O>>O�B9BC6=9
�O;6�@?39>>?�2DC9�5<O�51>?R�B9BC6=9�
>1@6A65�?56A71>?�12?�8151>?��x1>?>QH>1�E?A=1�F1A1;C6A9BC9H>?4?�
AQ3>O>>O�=1P�394<O54

D(P) = a0 p
n +a1 p

n-1+a2 p
n-2+...+an =0.       (8.23)

pBQ�1<462A1RH>Q�;A9C6AQR�BCQ:;?BCQ�81B>?31>Q�>1�81;?>?=QA>?BCOF
�J?�
@?3�O8DNCL�3Q5̀P=>QBCL�;?A6>Q3 Pi�F1A1;C6A9BC9H>?4?�AQ3>O>>O��?8>1;1�
BCQ:;?BCQ��Q8�8>1H6>>O=9�;?6EQGQP>CQ3�1j�GL?4?�AQ3>O>>O�Q�56O;9F�ED>;GQ:�
3Q5�;?6EQGQP>CQ3�

� � ��Bf̂h[ft_�;ifX̂lr

xA9C6AQ:�qDA39GO�3BC1>?3<NP�GQ�B@Q33Q5>?I6>>O�D�394<O5Q�
>6AQ3>?BC6:
�5?CA9=1>>O�O;9F�P�>6?2FQ5>?N�Q�5?BC1C>L?N�D=?3?N�
BCQ:;?BCQ�B9BC6=9�2D5L-O;?4?�@?AO5;D��&�B3?N�H6A4D,�84151>1�B9BC6=1�
>6AQ3>?BC6:�39F?59CL�8�=1CA9GQ�qDA39GO��;315A1C>?R�c-4?�@?AO5;D�, 
;?=@?>6>C1=9�O;?R�39BCD@1NCL�;?6EQGQP>C9�Vj�F1A1;C6A9BC9H>?4?�AQ3>O>>O�

0LDOnISM�RKLAEANN]�MASnIt_�2TnCIt]

���}?�4?<?3>Q:�5Q14?>1<Q�A?8C1I?3DNCLBO�;?6EQGQP>C9�D�@?AO5;D�RF�
>D=6A1GQR
�@?H9>1NH9�8�11�Q�81;Q>HDNH9�1n.

���&�AO5;1F�@?�H6A8Q�@?=QJ1NCLBO�;?6EQGQP>C9�CQ<L;9�
8�>6@1A>9=9�12?�CQ<L;9�8�@1A>9=9��3;<NH1NH9�>D<L?39:��Q>56;B1=9
�
@A9H?=D�<Q3?ADH�3Q5�4?<?3>?R�5Q14?>1<Q���8�Q>56;B1=9
�J?�8=6>IDNCLBO
�1�
@A13?ADH��8�C9=9
�J?�82Q<LIDNCLBO.

���pBQ�;?6EQGQP>C9�8�Q>56;B1=9�=6>I9=9�3Q5�>D<O�Q�2Q<LI9=9�81�c
�
81=Q>NNCLBO�>D<O=9�

<IRSFMA�HA�2TnCItFM�RS_JKA�SOE_,�_�S_L[KI�SOE_��KOLI�nAHOM�H�
EOEASN_RS\�KOFU_t_̂NS_C�Aj�VAnAKSFnIRSIXNODO�n_CN]NN]�CR_�"�E_ADONAL[N_
M_NOnI��i�SAKOG�EOEASN_
�C?2C?:
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a j

i

 

 


?
A

A

0 0 1 2

0 1 2

 j  n

 i  n.

, , , ... , ;

, , ... ,
                                 (8.23)

rQ14?>1<L>Q� =Q>?A9� �398>1H>9;9� qDA39GO�� ?CA9=DNCLBO
3Q5;A6B<N31>>O=�RF�8<Q31�Q�836AFD�3Q5�A6IC9�=1CA9GQ�qDA39GO
�O;�G6�395>?�
8�>1BCD@>?R�RR�=>6=?>QH>?R�BF6=9

~9BD>?;�2����z�z>6=?BF6=1�?CA9=1>>O�5Q14?>1<L>9F�=Q>?AQ3

}~vxynr�2�2r?B<Q59C9�>1�BCQ:;QBCL�B9BC6=D
�F1A1;C6A9BC9H>6�
AQ3>O>>O�O;?R�=1P�394<O54

p4 + 7p3 + 12p2 + 23p + 10= 0.

~|ù0u&pn{{0

z1CA9GO�qDA39GO4

101210

02370

010121

00237

;

rQ14?>1<L>Q�=Q>?A9:
1 = 7 > 0;

2
7 23

1 12
12 7 23 1 61 0  �   ;

; =

�C?3@GQ

~O5;9

q?<?3>1
5Q14?>1<L

zQ>?A9:

1�7��11

11���13
10���12

Q�C��5�

2 =
1n

11 1513
10
0
12 14
11 13

Q>56;B9
8=6>IDNCLBO

Q>56;B9
82Q<LIDNCLBO
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�  � 3
5 6

7 23 0

1 12 10

0 7 23

1 10
7 23

0 7
1 23

7 23

1 12
913 0 �  ��    ;

� 4
8

7 23 0 0

1 12 10 0

0 7 23 0

0 1 12 10

1 10

7 23 0

1 12 10

0 7 23

10 913 9130 0 �      .

|B;Q<L;9�D=?39��2��3��39;?>1>Q
�5?B<Q57D31>1�B9BC6=1�BC1C9H>?�
BCQ:;1��

8.2.2�Bf̂h[ft_�CpscVfV-P êVfV

)6:�;A9C6AQ:�P�56O;?N�=QA?N�A?839C;?=�;A9C6AQN�qDA39GO��<IRSFMA�
RS_JKA�HA�7[̂NAnOM-@IPAnOM��]KZO�nAHOM�H�EOEASN_RS\�KOFU_t_̂NS_C�Aj

VAnAKSFnIRSIXNODO�n_CN]NN]� "-1) -J�_� "-3) -J�E_ADONAL[N_�M_NOnI�MASnIt_�
2TnCIt]�EOEASN_
�C?2C?:

A


A
?








�

�
.0

0

n...,,2,1,0j|0a

3n

1n

j

}~vxynr�2�3�r?B<Q59C9�>1�BCQ:;QBCL�B9BC6=D
�F1A1;C6A9BC9H>6�
AQ3>O>>O�O;?R�=1P�394<O54

p5 + p4 + 7p3 + 4p2 + 10p + 3 = 0.

~|up̀0u&pn{{0

z1CA9GO�qDA39GO4

34100

010710

03410

001071

00341

;

.

rQ14?>1<L>Q�=Q>?A9:
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 n�   �  ��   �  1 4
2 3

1 4 3 0

1 7 10 0

0 1 4 3

0 1 7 10

1 1

7 10 0

1 4 3

1 7 10

1 1

4 3 0

1 4 3

1 7 10

63 55 8 0( ) ( ) ;

 n�    �  3 2
1 4

1 7
7 4 3 0 .

�9BC6=1�BCQ:;1�

8.2.3 Bf̂h[ft_�HVigV

xA9C6AQ:� ~1DB1� 3BC1>?3<NP� B@Q33Q5>?I6>>O
� @?3�O81>Q� 8�
;?6EQGQP>C1=9�F1A1;C6A9BC9H>?4?�AQ3>O>>O�D�394<O5Q�>6AQ3>?BC6:
�O;Q�
39CQ;1NCL�8�C12<9GQ�~1DB1�8�H9B<?=�AO5;Q3n+1.

0LDOnISM�RKLAEANN]�SABLIt_�;ATRA

1. p�@6AI?=D�AO5;D�A?8C1I?3DNCLBO�;?6EQGQP>C9�F1A1;C6A9BC9H>?4?�
AQ3>O>>O�8�@1A>9=9�Q>56;B1=9
�@?H9>1NH9�8�>D<L?3?4?�

2. p�5AD4?=D�AO5;D�A?8C1I?3DNCLBO�;?6EQGQP>C9�F1A1;C6A9BC9H>?4?�
AQ3>O>>O�8�>6@1A>9=9�Q>56;B1=9�

���s<6=6>C9�;?7>?4?�>1BCD@>?4?�AO5;1��kl�398>1H1NCLBO�39A18?=:

�kl = Ck+l ,l-2 �l-2 Ck+1 ,l-1,                                 (8.24)

56l
l

l

C

C
l�

�

�
 -2

1 2

1 1

3,

,

; 

k ��>?=6A�BC?3@GO;
l ��>?=6A�AO5;1�
<IRSFMA�HA�;ATROM�RS_JKA�SOE_,�_�S_L[KI�SOE_��KOLI�nAHOM�H�

EOEASN_RS\�KOFU_t_̂NS_C�Aj�VAnAKSFnIRSIXNODO�n_CN]NN]�CR_�FLFMFNSI�
PFnYODO�RSOCPt]�SABLIt_�;ATRA�EOEASN_
�C?2C?:

A

A
?


�



1n,...,4,3l0C

n,...,2,1,0j0a

l1

j
                       (8.25)

*9B<?�8=Q>�8>1;1�3�@6AI?=D�BC?3@GQ�C12<9GQ�3;18DP�>1�H9B<?�;?A6>Q3�
F1A1;C6A9BC9H>?4?�AQ3>O>>O
�O;Q�8>1F?5OCLBO�3�@A13Q:�>1@Q3@<?J9>Q�Q�C9=�
B1=9=�;A9C6AQ:�~1DB1�5?83?<OP�5?B<Q59C9�F1A1;C6A�>6BCQ:;?BCQ�
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}~vxynr 8.10�r<O�D=?3�@A9;<15D�2�2�@6A63QA9C9�BCQ:;QBCL�B9BC6=9�
81�;A9C6AQP=�~1DB1.

~|up̀0u&pn{{0

�;<151P=?�C12<9GN�~1DB1,�C12<��2�0
�O;1�5<O�8151>?4?�F1A1;C6A9BC9H-
>?4?�AQ3>O>>O�

A4�	�1A3�	���A2�	���A�	��
�7�


=1C9=6�@�OCL�AO5;Q3�

%12<9GO�2�0�z�%12<9GO�~1DB1�5<O�D=?3�@A9;<15D�2��


�11=1 �12=12 �31=10
�12=7 �22=23 �32=0
�13=61/7 �23=10 �33=0
�14=913/61 �24=0 �34=0
�15=10 �25=0 �35=0

�@Q33Q5>?I6>>O��2��5��39;?>1>Q
�B9BC6=1�BCQ:;1�

}~vxynr 8.11�r?B<Q59C9�>1�BCQ:;QBCL�B9BC6=D
�F1A1;C6A9BC9H>6�
AQ3>O>>O�O;?R�=1P�C1;9:�394<O54

A5�	�3A4�	��
A3�	��A�	��
�7�
�

~|up̀0u&pn{{0

%12<9GO�2�1�z�%12<9GO�~1DB1�5<O�D=?3�@A9;<15D�2���

1 10 3 0
9 0 10 0
10 17/9 0 0

�17/10 10 0
60,5 0
10

}A9�B;<151>>Q�C12<9GQ�~1DB1�81@?3>NNCL�>6�3BQ�6<6=6>C9�AO5;Q3
�1�
<9I6�CQ
�O;Q�@?CAQ2>Q5<O�@?51<LI9F�?2H9B<6>L. 

|B;Q<L;9�3�@6AI?=D�BC?3@GQ�P�3Q5̀P=>9:6<6=6>C
�C?�D=?39��2��5��>6
39;?>DNCLBO
�H6A68�J?�B9BC6=1�>6BCQ:;1��|B;Q<L;9�3�@6AI?=D�BC?3@GQ�
39O3<ONCLBO�53Q�8=Q>9�8>1;1��8�@<NB1�>1�=Q>DB
�1�@?CQ=�8�=Q>DB1�>1�@<NB�
�
C?�B9BC6=1�=QBC9CL�531�@A139F�;?A6>O�Q�=1P�=QBG6�;?<931<L>1�>6BCQ:;QBCL�

1=0,143
2=0,821
3=0,582

1=1/ 9
2=0,9
3=�100/17
4=�0,028
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� � ��Bf̂h[ft_�D k̂V_adXV

)6:�;A9C6AQ:�39AQIDP�@9C1>>O�@A?�8>1F?576>>O�;?A6>Q3F1A1;C6-
A9BC9H>?4?�AQ3>O>>O��1�8>1H9CL
�Q�@A?�BCQ:;QBCL��I<OF?=�@?2D5?39�
4?5?4A1E1�F1A1;C6A9BC9H>?4?�36;C?A1
�J?�Q=6>DPCLBO�C1;?7�4?5?4A1E?=�
z9F1:<?31�

0LDOnISM�POBTEOCI�DOEODnAUA�8IVAJLOCA

1. }A9:>OC9�3�F1A1;C6A9BC9H>?=D�36;C?AQ�e72%.
���p95Q<9C9�5Q:B>D

U(%) = an � an-2 %2 + an-4 %4 � ...                          (8.26)
Q�DO3>D

V(%) = an-1 %� an-3 %3 + an-5 %5 � ... (8.27)

H1BC9>9�F1A1;C6A9BC9H>?4?�36;C?A1�
���}A9�31AQ1GQR�%�3�=671F�3Q5�0 )%)*?2H9B<9C9�3Q5@?3Q5>6�

8>1H6>>O�U(%) C1V(%).
.��{1�;?=@<6;B>Q:�@<?J9>Q�3�;??A59>1C1F�O
�N�>1>6BC9�3Q5@?3Q5>Q�

;A?;D���C?H;9�
/��u�P5>1C9�C?H;9�@<13>?N�;A93?N��4?5?4A1E?=�z9F1:<?31�
<IRSFMA�HA�8IVAJLOCIM�RS_JKA�SOE_,�_�S_L[KI�SOE_��KOLI�DOEODnAU��

BFnTXI�POXASOK�NA�E_JRN_J�OR_��PnOVOEIS[�SAKT�K_L[K_RS[�KCAEnANS_C��]KA�
EOn_CN\̂�RSTPFN\�VAnAKSFnIRSIXNODO�n_CN]NN]��OSOXT\XI�POXASOK�
KOOnEINAS�PnOSI�VOET�DOEINNIKOCÒ�RSn_LKI�

l>1;I6
�5<O�BCQ:;?BCQ�81�z9F1:<?39=�>6?2FQ5>?�Q�5?B9CL
�J?2�@A9�
31AQ1GQR�%�3Q5�
�5?�*:   

���F1A1;C6A9BC9H>9:�36;C?A�D(j%) 8A?293�@?3?A?C�>1�;DC�c"���@A?C9�
4?59>>9;?3?R�BCAQ<;95

���4?5?4A1E�z9F1:<?31�>6�@A?F?593�H6A68�@?H1C?;�;??A59>1C�

}~vxynr�2�����}6A63QA9C9�>1�BCQ:;QBCL�B9BC6=D
�F1A1;C6A9BC9H>6�
AQ3>O>>O�O;?R

0,12 p3  + 0,10 p2 + 1,72 p + 0,50 = 0.

~|up̀0u&pn{{0
}A9:=6=?�A72%, 395Q<9=?

U(%) = 0,50 � 0,10 %2;

V(%) = 1,72 %� 0,12 %3

C1�?2H9B<9=?�81<67>?BCQ�U(j) Q�V(j)�@A9�8=Q>Q�1A4D=6>C1�0 )%)*�3�
C12<9H>?=D�394<O5Q
�C12<��2�2�
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%12<9GO�2�2�z�~?8A1FD>?;�U(j) C1�V(j)�5<O�@?2D5?39�4?5?4A1E1�
z9F1:<?31

% U(%) V(%)
0 0,50 0
2 0,10 2,48
3 � 0,40 1,98
4 � 1,10 � 0,80
* �* �*

~9BD>?;�2����z�q?5?4A1E�z9F1:<?31
�J?�3Q5@?3Q51P�A68D<LC1C1=�
A?8A1FD>;D

u�A9B�2����395>?
�J?�4?5?4A1E�z9F1:<?31�@A?F?59CL�CA9�;315A1>C9
�
?C?HDNH9�@?H1C?;�;??A59>1C��|C76
�B9BC6=1�BCQ:;1�

}?H6A4?36�@A?F?576>>O�;315A1>CQ3�4?5?4A1E?=�z9F1:<?31�5?83?<OP�
?56A71C9�D=?3D�BCQ:;?BCQ�3�Q>I?=D�E?A=D<N31>>Q�

<IRSFMA�HA�8IVAJLOCIM�RS_JKA�SOE_,�_�S_L[KI�SOE_��KOLI�
CIKONT\S[R]�SAK_�TMOCI,

A
A
A



A
A
A

?




I


%
%

%
%

%



0)(V

0)(U.3

;
d

)dV(
)(V'560)0('V.2

;0)0(V.1

           (8.28)

}6AID�D=?3D�B<Q5�A?8D=QC9�C1;
�J?�39A18��2��6��@A9�@Q5BC1>?3GQ�%=0 
@?39>>9:�2DC9�5?51C>Q=��rAD41�D=?31�39F?59CL�@A9�@Q5BC1>?3GQ�%7
�D�
@?FQ5>D�39A18D��2��7�
�O;1�P�DO3>?N�H1BC9>?N�F1A1;C6A9BC9H>?4?�36;C?A1��
|BC1>>O�D=?31�?8>1H1P
�J?�;?A6>Q�AQ3>O>>O�N�%�7
�C1�O�%�7

�2D5DH9�

5Q:B>Q�C1
@6A6=Q7>Q�
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A?8C1I?31>Q�>1�H9B<?3Q:�?BQ�%
�@?39>>Q�H6A4D31C9BO�?59>�8�?5>9=��l>1;I6�
;17DH9
�>6?2FQ5>?
�J?2�=Q7�2D5L-O;9=9�53?=1�;?A6>O=9�?5>?4?�8�G9F�
AQ3>O>L�8>1F?593BO�2�;?AQ>L�Q>I?4?�AQ3>O>>O��

}~vxynr�2�����r<O�D=?3�@A9;<15D�2����@6A63QA9C9�BCQ:;QBCL�81�
;A9C6AQP=�z9F1:<?31�3�5AD4?=D�E?A=D<N31>>Q�

~|up̀0u&pn{{0

rQ:B>1�Q�DO3>1�H1BC9>9�F1A1;C6A9BC9H>?4?�36;C?A14
U(%) = 0,50 � 0,10 %2;

V(%) = 1,72 %� 0,12 %3.

p95>?
�J?�N�
�= 0,50 > 0.
|B;Q<L;9V((%) = 1,72 � 30,12 %2C1 V((0) = 1,72 > 0,�C?�39;?>DPCLBO�Q�

5AD41�D=?31�
p98>1H9=?�;?A6>QAQ3>O>L�U(%��7�
�9�O�%) = 0:

U(%) = 0,50 � 0,10 %2 = 0; %1,2 = , ,5 2 24, ;
V(%) = 1,72 %� 0,12 %3 = 0; %3 = 0;

1,72 � 0,12 %2 = 0; %4,5 = , ,
172

012
3 78

,

,
, .

|B;Q<L;9�F1A1;C6A9BC9H>6�AQ3>O>>O
�J?�5?B<Q57DPCLBO
�CA6CL?4?�
@?AO5;D
�C?�>151<Q�2D56=?�A?84<O51C9�CQ<L;9�CA9�>63Q5̀P=>Q�;?A6>Q
�C?=D�
J?�84Q5>?�8�C6?AQPN,�8>1H6>>O�31AQNNCLBO�3Q5�
�5?�	*
�C?2C?
�8>1F?5OCLBO�D�
>63Q5̀P=>Q:�8?>Q��u�@�OC9�?56A71>9F�39J6�;?A6>Q3
�GQ:�D=?3Q�3Q5@?3Q51NCL4

U(%)=0 %1=2,24
V(%)=0 %3=0; %4=3,78

)Q�;?A6>Q�5Q:B>Q�Q�@6A6=Q7>Q��|BC1>>P�=?7>1�21H9C9�>1�C1;Q:�
=>6=?>QH>Q:�BF6=Q��

1 2 3 4 5 %

~9BD>?;�2����z�}?<?76>>O�;?A6>Q3�AQ3>O>L�U(j)�C1V�j�

8.2.5 D-fd]Ŵhhr�efdghdfi�̀d[jtltschtX

)6:�B@?BQ2�81BC?B?3DPCLBO�3�C9F�39@15;1F
�;?<9�3�@?H1C;?3?=D�
F1A1;C6A9BC9H>?=D�AQ3>O>>Q�B9BC6=9�8151>Q�>6�3BQ
�1�<9I6�56O;Q�8�

U = 0

0

V = 0
%3 %4

%1
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;?6EQGQP>CQ3,�Q�81351>>O�@?<O41P�D�398>1H6>>Q�8?>9�8>1H6>L�5<O�Q>I9F�
;?6EQGQP>CQ3
�J?�81268@6HDNCL�BCQ:;QBCL�B9BC6=9
�12?�3�5?3656>>Q�
3Q5BDC>?BCQ�8?>9�BCQ:;?BCQ�

|B;Q<L;9�;?6EQGQP>C9�F1A1;C6A9BC9H>?4?�AQ3>O>>O�=QBCOCL�56O;Q�
C6F>QH>Q�@1A1=6CA9�B9BC6=9
�C? D-A?829CCO�=?7>1�@A?3?59C9�3�@<?J9>Q�
G9F�@1A1=6CAQ3��r<O�39@15;D
�;?<9�;?6EQGQP>C9�F1A1;C6A9BC9H>?4?�
AQ3>O>>O�81<671CL�3Q5�53?F�@1A1=6CAQ3�&�Q�
�39A18��2��2) >126A6�394<O5D:

=�A
�&, )= &�~�A�	��Q(p)+ R(p)=0,    (8.29)

56�&, ���5Q:B>Q�@1A1=6CA95
P(p), Q(p), R(p) ��3Q5?=Q�=>?4?H<6>9�8�5Q:B>9=9�;?6EQGQP>C1=9�
}A?G65DA1�A?8A1FD>;D�83?59CLBO�5?�@?2D5?39�<Q>QR�E-=67Q�C1 D-

A?829CCO
�3;<NH1NH9�Q>?5Q�3�B626�?B?2<93Q�@AO=Q
�395Q<6>>O�83�O8>9F�8?>�3�
@<?J9>Q�@1A1=6CAQ3
�J?�5?B<Q57DNCLBO
�Q�@6A63QA;9�BCQ:;?BCQ�8?>9-
@A6C6>56>C1�>1�BCQ:;QBCL�

0LDOnISM�2-nOHBISS]�C�PLOZIN_�ECOV�PAnAMFSn_C

1. p�F1A1;C6A9BC9H>?=D�AQ3>O>>Q�=�e
�&, ) @A9:>OC9�A�7�2�%.
���p95Q<9C9�Q�@A9AQ3>OC9�5?�>D<O�5Q:B>D�Q�DO3>D


?


&%

&%

)2(0),,(DIm

)a(0),,(DRe
�

�
(8.30)

H1BC9>9�F1A1;C6A9BC9H>?4?�AQ3>O>>O�
���u�B9BC6=9�AQ3>O>L
�O;1�?56A71>1
�398>1H9C9�@1A1=6CA9H>Q�

AQ3>O>>O�<Q>QR�E

&(%)=



1 C1 (%)=



2 , (8.31)

56��, �1, 2 ��3Q5@?3Q5>?, 4?<?3>9:
�@6AI9:�Q�5AD49:�398>1H>9;9�
B9BC6=9
�J?�39AQIDNCLBO�81�@A139<?=�xA1=6A1�

.��}A9�31AQ1GQR�%�3�=671F��*�)�%�)�
�?2H9B<9C9�8>1H6>>O�&�Q�.
/��{1�E18?3Q:�@<?J9>Q�&, �>1>6BC9�3Q5@?3Q5>Q�5?�;A?;D�.�C?H;9�Q
�

8�P5>13I9�RF
�?56A71C9�<Q>QN�E-=67D�=-A?829CCO��O;J?����2�

�C?�=676N�
D-A?829CCO�B<D71CL�CQ<L;9�?B?2<93Q�@AO=Q��

0��{1�E18?3Q:�@<?J9>Q�2D5DNCLBO�?B?2<93Q�@AO=Q�81�D=?34�O;J?�5<O�
%Q�� = 1 = ��7�

�C?�2D5DNCL�@AO=D�KZD�(%Q, &, �7�
5�O;J?�3��2��2��10 = 
10(&, �
�C?�2D5DNCL�@AO=D�10(&, ) = 0.

1��u5Q:B>9C9�ICA9FD31>>O�<Q>QR�E
�;6ADNH9BL�C9=
�J?�@A9�
8A?BC1NH9F%�<Q>QO�E�ICA9FDPCLBO�8<Q31�81�F?5?=
�O;J?��8�

�Q�B@A131���3�
Q>I?=D�39@15;D.
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2��u5Q:B>9C9�ICA9FD31>>O�?B?2<939F�@AO=9F
�;6ADNH9BL�C9=
�J?�3�
=QBGOF�@6A6C9>D�@A9�C?A;1>>Q�RF�8�<Q>QPN�E�ICA9FD31>>O�@?39>>?�2DC9�
836A>6>6�?5>6�5?�?5>?4?�

3��p95Q<9C9�83�O8>Q�8?>9
�1�B6A65�>9F���8?>D-@A6C6>56>C�>1�BCQ:;QBCL�
�O;�8?>D�8�>1:2Q<LI9=�H9B<?=�<Q39F�;?A6>Q3�
�;6ADNH9BL�C1;9=9�
=QA;D31>>O=94

1��@A9�@6A6F?5Q�8�?5>QPR�8?>9�3�Q>ID�H6A68�<Q>QN�L 3�2Q;�ICA9FD31>>O�
>?31�8?>1�>12D31P�531�<Q39F�Q�3CA1H1P�531�@A139F�;?A6>O;

2��@A9�@6A6F?5Q�8�?5>QPR�8?>9�3�Q>ID�H6A68�?B?2<93D�@AO=D�3�2Q;�
ICA9FD31>>O,�>?31�8?>1?CA9=DP�?59>�<Q39:�Q�3CA1H1P�?59>�@A139:�;?AQ>L�

10. p�B6A659>Q�8?>9-@A6C6>56>C1�>1�BCQ:;QBCL�38OC9�5?3Q<L>D�C?H;D�8�
;??A59>1C1=9�&0, 0�Q�@Q5BC139C9�3�@?H1C;?36�F1A1;C6A9BC9H>6�AQ3>O>>O�
(8.29).

����r?B<Q59C9�>1�BCQ:;QBCL�81�2D5L-O;9=�=1C6=1C9H>9=�;A9C6AQP=
?56A71>6�F1A1;C6A9BC9H>6�AQ3>O>>O�8�;?6EQGQP>C1=9�3�O3>Q:�E?A=Q�

����0;J?�A?83̀O8?;�51P�BCQ:;QBCL
�C?�8?>1-@A6C6>56>C�5Q:B>?�=QBC9CL�
C?H;9�BCQ:;?4?�BC1>D
�Q>1;I6�8?>9�BCQ:;?BCQ�>6=1P�38141<Q�

}~vxynr 8.14 �p95Q<6>>O=�=-8?>�8>1:C9�8?>D�BCQ:;?BCQ�B9BC6=9

D(p, &, ��7�A3 + &�A2 + �A�	�0�7�


12?�@?;181C9
�J?�C1;?R�8?>9�>6=1P�38141<Q�

~|up̀0u&pn{{0

}A9:=6=?�A�7�j%C1�@A65BC139=?�F1A1;C6A9BC9H>6�AQ3>O>>O�D�394<O5Q

D(%, &, ) = �j%3 �&%2 + j% + 6 = 0.
p95Q<9=?�

Re D�(%, &, ) = �&%2 + 6 = 0;

ImD�(%, &, ) = �%3 + % = 0.

n>1<Q8DP=?�B9BC6=D�

A

A
?


%�&

�%&

;0

60
2

2

 
%

%
2

20

0 1
; 1 2

6 0

1
6 0  

%
; 2

2

2
46

0
 
%

%
% ;

&
%

 



1
2

6
; 

%
%

%  



2
4

2
2

.
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|2H9B<9=?�8>1H6>>O�&�Q��@A9��*) )% 0 .

% �* �3 �2 �1 0
& 0 2/3 3/2 6 *
 * 9 4 1 0

|B;Q<L;9�>6=1P�%i
�5<O�O;9F�29� = 1 = ��7�
�Q�10�>6�81<671<?�3Q5�
&�C1
�C?�?B?2<939F�@AO=9F�>6=1P�

}?2D5DP=?�<Q>QN�E-=67D�=-A?829CCO,A9B. 8.14. 

~9BD>?;�2��.�z�yQ>QO�Lz=67Q�DzA?829CCO
�J?�?CA9=1>1�81�
A68D<LC1C1=9�A?8A1FD>;D

z?7>1�395Q<9C9�8?>9���Q����(1:���2D56�8?>?N�=1(x, 3 ��x�
�C?5Q���
2D56�8?>?N�=2(x + 2, 1 ��x). u?>1 D2
�J?�=QBC9CL�2Q<LI6�H9B<?�<Q39F
;?A6>Q3
�P�@A6C6>56>C?=�>1�BCQ:;QBCL��r<O�C?H;9�[3; 5], O;1�>1<679CL�GQ:
8?>Q
�@?H1C;?36�F1A1;C6A9BC9H>6�AQ3>O>>O�C1;64

D(p) = p3 + 3p2 + 5p + 6 = 0.
r<O�>L?4?�

630

051

063

;
.

|B;Q<L;9�
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1 = 3 > 0; 2
3 6

1 5
9 0   ;

3 = 62 = 69 = 54 > 0,

8?>1�BCQ:;?BCQ�QB>DP�Q�3?>1�P�=2 (3, 0).

}~vxynr�2��/�p95Q<9C9�=-8?>9�Q�398>1H9C9�8?>D�BCQ:;?BCQ�B9BC6=9�

D(p, &, ) = &�A2 ��A��	��A2 	�A�� 1) + 1 = 0.

~|up̀0u&pn{{0

x~|x�����}A9�A�= j%

D(p, &, ) = � j&(%3 + %) + j%�%2 � + 1 = 0.

x~|x�����

A

A
?


%�&%�%�&%

��%�&&%

.0)(),,(DIm

;1)1(0),,(DRe
3

2

�

�

x~|x��


� �

� �
� �

0 1
1

2

3
2 2( )

( )
( )

%
% % %

%% ;

1

21 1

0

� � �

�
( )%
%

%;

2 3
20 1

0
1

�
� �

 �
( )

( )
% %

%% ;

&
%

 
�




1
2 2

1

1( )
;   

%
 

�



2
2

1

1( )
.

x~|x�4

% �* �1,00 �0,50 0
& 0 0,25 0,64 1,00
 0 0,50 0,80 1,00
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x~|x�/

~9BD>?;�2��/�z�yQ>QO�L-=671D-A?829CCO
�J?�?CA9=1>1

x~|x�0�|B;Q<L;9�@A9�%i�7�
�=1P�=QBG6� = 1 = ��7�

�C?�2D5DP=?�
?B?2<93D�@AO=D��A9B. 8.16)

Re D�(%i, &, ) = � (%2 + 1)  = � 1;

� (% + 1)  = � 1;

 = 1.

|B;Q<L;9�10 = &
�C?�2D5DP=?�?B?2<93D�@AO=D�& = 0.

~9BD>?;�2��0�z�|B?2<93Q�@AO=Q�>1�E18?3Q:�@<?J9>Q

x~|x�1
|B;Q<L;9��8�
�@A9���*�)�%�)�

�C?�ICA9FDP=?�8<Q31�@?�F?5D�<Q>QR�E�
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~9BD>?;�2��1�z�+CA9F?3;1�L-=67Q�>1�E18?3Q:�@<?J9>Q

x~|x�2�p95Q<9=?�8?>9 1, 2, 3, 4, 5 (A9B. 8.18)�C1�39;?>1P=?�
ICA9FD31>>O�?B?2<939F�<Q>Q:

~9BD>?;�2��2�z�+CA9FD31>>O�?B?2<939F�<Q>Q:

x~|x�3�{6F1:�8?>1���2D56�=2 (x, 3 ��x).
%?5Q

D1��x�	��
�����x�5

D3��x+ 1, 2 ��x�5

D4��x + 1, 2 ��x�5

D5��x, 3 ��x��

D1 ��8?>1-@A6C6>56>C�>1�BCQ:;QBCL
�?B;Q<L;9�=QBC9CL�>1:2Q<LI6�H9B<?�
<Q39F�;?A6>Q3.

x~|x��
�p926A6=?�3B6A659>Q�=1 (x + 2, 1 ��x) C?H;D��

�/5�

1/�
�C?5Q�
F1A1;C6A9BC9H>6�AQ3>O>>O�2D56
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=�A��7�A3�	���A2�	���A�	���7�
�

x~|x���

;

130

021

013







 

1

 3 1 

 1 2 

 3 1 0 

 1 2 0 

 0 3 1 

 

  �  

   

3 0

6 1 5 0

5 0

2

3 2

;

;

.

x~|x����|B;Q<L;9�A?83̀O8?;>1�;A?GQ����51P�BCQ:;QBCL
�C?�395Q<6>Q�
8?>9�>1B@A135Q�C1;Q4

D1 = D1 (3,0) ��8?>9�BCQ:;?BCQ5
D2 (1,2); D3 (2,1) ; D4 (2,1) ; D5 (1,2).

� ��MVfV̀h[f̂gĥ V̀�efdYfVb̂�:���3��Zar�e[f[Xtf̀ �̂ghVĥmcdu��
ght_̀dght

}A?4A1=1�LM:MB<�@A98>1H6>1�5<O�@6A63QA;9�BC1C9H>?R�BCQ:;?BCQ�
B9BC6=9
�8151>?R�F1A1;C6A9BC9H>9=�AQ3>O>>O=�@?AO5;D�>6�2Q<LI6��
��
n>1<Q8�BCQ:;?BCQ�@A?3?59CLBO�>1�?B>?3Q�=1CA9GQ�qDA39GO��%?=D�;<NH?39=�
=?=6>C?=�1<4?A9C=D
�A61<Q8?31>?=D�3�@A?4A1=Q
�P�B9>C68�=1CA9GQ�qDA39GO��
{151<Q�BCQ:;QBCL�398>1H1PCLBO�81�2Q<LI�6;?>?=>9=�8�?2H9B<N31<L>?R�C?H;9�
21H6>>O�;A9C6AQP=�yLP>1A1-+9@1A1�

pFQ5>?N�Q>E?A=1GQPN�5<O�@A?4A1=9�LM:MB<�P�@?AO5?;�Q�;?6EQGQP>C9�
F1A1;C6A9BC9H>?4?�=>?4?H<6>14

*  PROGRAM STATIC
#��R]R[XW�cab̂ YgXT̂ abX�aXabV\h�]R�̂a]̂ TV�

��������#��\Rb̀Xfh�Uc̀ TXfR
* R̀W\V̀ ]̂ abik�]V�Ŝ [VV�
��
* eR̀ RZbV̀ XabXgVaẐ Û c̀ RT]V]Xl
  REAL KOEFF
   DIMENSION GURV(10,10),KOEFF(11)
   READ(5,10) M

 10  FORMAT(i5)
   I1=M+1
   READ(5,15)(KOEFF(I),I=1,I1)

15  FORMAT(8F10.5)

p�GL?=D�EA14=6>CQ�@A?4A1=94
M-�@?AO5?;�=1CA9GQ�qDA39GO5
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KOEFF ��36;C?A-AO5?;�;?6EQGQP>CQ3�F1A1;C6A9BC9H>?4?�AQ3>O>>O�
p9FQ5>1�Q>E?A=1GQO�P�B9>C68?31>?N�3�@Q5@A?4A1=Q�F:MKBQ�

=1CA9G6N�qDA39GO
�A68D<LC1C9�?2H9B<6>L�>6?2FQ5>9F�=Q>?AQ3�3�
@Q5@A?4A1=Q�FBGHK�Q�39B>?3;9�3Q5>?B>?�BCQ:;?BCQ�B9BC6=9�

p�?B>?3Q�1<4?A9C=D
�A61<Q8?31>?4?�3�@A?4A1=Q
�<679CL�>1BCD@>6�
C36A576>>O�

{97H6�@A93?59CLBO�39FQ5>9:�<QBC9>4�@A?4A1=9�LM:MB<�8�?2A?2;9
F1A1;C6A9BC9H>?4?�AQ3>O>>O�@�OC?4?�@?AO5;D4

A5�	�A4�	1A3�	�.A2�	�
A�	��7�
�

}6A63QA;1�BC1C9H>?R�BCQ:;?BCQ�B9BC6=9
268�398>1H6>>O�;?A6>Q3�F1A1;C6A9BC9H>?4?

AQ3>O>>O

��������x?6EQGQP>C9�F1A1;C6A9BC9H>?4?�AQ3>O>>O�B9BC6=9�/-4?�
@?AO5;D4

1.00000 1.00000 7.00000 4.00000 10.00000 3.00000
z1CA9GO�qDA39GO
�J?�3Q5@?3Q51P�39FQ5>9=�D=?31=4

1.000    4.000   3.000    .000    .000
1.000    7.000  10.000    .000    .000
  .000    1.000   4.000   3.000    .000
  .000    1.000   7.000  10.000    .000
  .000      .000   1.000   4.000   3.000

zQ>?A9
�O;Q�;?>CA?<NNCLBO
��c-���C1��c-���@?AO5;Q34
D=      8.00;
D=      3.00.

�����������9BC6=1�BC1C9H>?�BCQ:;1�81�;A9C6AQP=�yLP>1A1-+9@1A1�

8.4 UXhdbVĥ]Vltr�efrbdYd�ednìi�̀df[ctX�kVfV̀h[f̂gĥmĉk�
ftXcrcp�

r?GQ<L>QBCL�@?ID;D�;?A6>Q3�F1A1;C6A9BC9H>9F�AQ3>O>L�39CQ;1P�8�C?4?�
E1;CD
�J?�@?<?76>>O�;?A6>Q3�>1�;?=@<6;B>Q:�@<?J9>Q�51P�3Q5@?3Q5L�>1�
@9C1>>O�@A?�BC1C9H>D�BCQ:;QBCL�B9BC6=9
�J?�5?B<Q57DPCLBO��{1O3>QBCL�
BDH1B>9F�?2H9B<N31<L>9F�=?7<93?BC6:�8>Q=1P�B;<15>QBCL�@?ID;D�;?A6>Q3
F1A1;C6A9BC9H>9F�AQ3>O>L�39B?;?4?�@?AO5;D
�5<O�O;9F�>6=1P�8141<L>9F�
1>1<QC9H>9F�A?83̀O8;Q3. 

p�C6?A6C9H>?=D�@<1>Q�@A93656>1�C681�4AD>CDPCLBO�>1�>1BCD@>?=D��
{6F1:�<Q>Q:>1�B9BC6=1�=1P�C1;D�=1C6=1C9H>D�=?56<L4
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
dt

dx
UF,                                                (8.32)

56�U�/;315A1C>1�=1CA9GO�c-4?�@?AO5;D�

%s|~szn�8.1
�9BC6=1��2��2��8�@?BCQ:>?N�=1CA9G6N�U�BCQ:;1�C?5Q,
Q�CQ<L;9�C?5Q
�;?<9�3BQ�F1A1;C6A9BC9H>Q�H9B<1

j = j (U)
=1CA9GQ�U=1NCL�>65?51C>Q�5Q:B>Q�H1BC9>9

Re �j (A) ) 0 j�7��
��
�y�, n.                  (8.33)

�0;J?�KZ� (A��6�
���2�7��
����
�c
�C?�<Q>Q:>1�B9BC6=1�
BCQ:;1�1B9=@C?C9H>?).

pQ5=QC9=?
�J?�F1A1;C6A9BC9H>Q�H9B<1�=1CA9GQ�P�;?A6>O=9�RR�
F1A1;C6A9BC9H>?4?�AQ3>O>>O

 () = det (A �I) = 0,                                      (8.34)
56�I ��?59>9H>1�=1CA9GO��
l>1;I6�;17DH9
�F1A1;C6A9BC9H>6�AQ3>O>>O�39F?59CL�O;�A68D<LC1C�

A?8;A9CCO�4?<?3>?4?�398>1H>9;1�=1CA9GQ�U�Q�@A9AQ3>N31>>O�:?4?�5?�>D<O. 
)6�=?76�2DC9�AQ3>O>>O�39B?;?4?�@?AO5;D
�;?A6>Q�O;?4?�>1�@Q5BC13Q�
@A93656>?R�C6?A6=9�Q�515DCL�1A4D=6>C9�5?�39B>?3;D�@A?�BCQ:;QBCL�12?�
>6BCQ:;QBCL�B9BC6=9�

r<O�39AQI6>>O�F1A1;C6A9BC9H>9F�AQ3>O>L�=?7DCL�2DC9�39;?A9BC1>Q�
AQ8>Q�@1;6C9�@A9;<15>9F�@A?4A1=��}}}�. {1@A9;<15
�3�}}}�LLI�P�
@Q5@A?4A1=1�IHEKM
�J?�81268@6HDP�A?8A1FD>?;�;?A6>Q3�@?<Q>?=Q1<L>9F�
AQ3>O>L�@?AO5;D�>6�39J6��0�81�=6C?5?=�{LNC?>1-~1EB?>1�

u36A>6>>O�5?�>6R�Q�8=QBC�3FQ5>9F�E?A=1<L>9F�@1A1=6CAQ3�>13656>Q�
>97H64

CALL POLRT (XCOF, COF, M, ROOTR, ROOTI, IER)
56�Q<H?���36;C?A
�39=QA>QBCN�z�d���;?6EQGQP>CQ3�@?<Q>?=1�D�

@?AO5;D�8A?BC1>>O�BCD@6>Q35
COF ��A?2?H9:�36;C?A�39=QA>QBCN�z�d 1; 
M ��@?AO5?;�@?<Q>?=15
ROOTR, ROOTI ��A68D<LCDNHQ�36;C?A1�39=QA>QBCN�z
�3�O;9F�

826AQ41NCLBO,�3Q5@?3Q5>?,�5Q:B>Q�Q�DO3>Q�H1BC9>9�;?A6>Q3
�J?�398>1H1NCLBO;
IER ��;?5�@?36A>6>>O�
l<NBCA1C93>1�@A?4A1=1�4?<?3>?4?�=?5D<O�@A93656>1�>97H6�

#�����̀m~����w{}zrv�|{xuz{ym�zm�{~z{or�|mwr�m�))'
dimension coeff(11),rezr(10),rezi(10),cof(11)
D%IG)��c~�mz{ou�r�qu~wr���~��mvx{y�qmzz���'&#/%&$
(%H�
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open(5,file='a:polynom.dat')
      open(6,file='a:polynom.txt',status='new')
      write(6,1)
 1   format(/20x,30h******************************/20x,
#��,���̀mt}mn{��uw�T
Roomw�y{o�������L�
*30h******************************//)

      read(5,10)m,(coeff(i),i=1,m+1)
10  format(i3/10f8.3)
      close(5)
      call polrt(coeff,cof,m,rezr,rezi,ier)

write(6,15)
�
��*CFA%H�
�L��dmvx�u~�{qz���qmzz���w�|}{p}myyr�
POLYNOM:')

write(6,20)m,(coeff(i),i=1,m+1)
20  format(10x,i3/10x,6f8.3)

write(6,25)
����*CFA%H�
�L��̀rt�x��m���{|}rqrxrzu��w{}zrv�|{xuz{ym���

write(6,30)(rezr(i),rezi(i),i=1,m)
30  format(20x,'(',f10.5,')+j(',f10.5,')')
      write(6,35)ier
35  format(/10x,'ier=',i3)

write(*,50)
����*CFA%H�
L���T��{qz{v�xu~�uzp�~y{�}u�r�zm�qu~wr�r�o��mvxr���
     *'POLYNOM.txt')
      close(6)
      stop
      end

~68D<LC1C�A?2?C9�GQPR�@A?4A1=9�5<O�F1A1;C6A9BC9H>?4?�AQ3>O>>O
�
39;?A9BC1>?4?�3�2��,�@A93656>9:�3�>1BCD@>?=D�39FQ5>?=D�<QBC9>4D�

}?ID;�;?A6>Q3�F1A1;C6A9BC9H>?4?�AQ3>O>>O
5<O�@6A63QA;9�BC1C9H>?R�BCQ:;?BCQ

'1:<�@?H1C;?39F�51>9F�5?�@A?4A1=9�IHERGHF4
5
3.000  10.000   4.000   7.000   1.000   1.000
~68D<LC1C9�A?8A1FD>;D�;?A6>Q3�@?<Q>?=14
           ****************************************
           *      (   -.31867)+j(    .00000)      *
           *      ( -.25295)+j(  -2.14954)      *
           *      (   -.25295)+j(   2.14954)      *
           *      (   -.08772)+j(  -1.41490)      *
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           *      (   -.08772)+j(   1.41490)      *
           ****************************************
n>1<?4QH>1�A?2?C1�839AQI6>>O�@?<Q>?=Q1<L>?4?�AQ3>O>>O�>97H6�

@?51>1�3�E?A=Q83QCD (REPORT��}}}�T.EUREKA

      ********************************************
      Eureka: The Solver, Version 1.0                              
      Sunday March 24, 2000, 11:03 am.
      Name of input file: POLYNOM
X~|{xzu�rx�- T.Roomw�y{o
********************************************

�������|{u~w�w{}zrv��m}mw�r}u~�u�r~w{p{��}mozrzu�
�������qx��|}{or}wu�~�m�u�r~w{v��~�{v�uo{~�u
������
      ;Program POLYNOM
���̀m~����w{}zrv�|{xuz{ym�zm�{~z{or�|||��+(�"�
;R(p)=p^5+p^4+7.*p^3+4.*p^2+10.*p+3.

      R(p):=poly(p,1.,1.,7.,4.,10.,3.)
      ********************************************

      Roots to the polynomial R

      #     Real part      Imaginary part
1     -.31867007      .00000000

       2    -.087719413      1.4149001
       3    -.087719413     -1.4149001
       4     -.25294555      2.1495370
       5     -.25294555     -2.1495370      
       *********************************************

p95>?
�J?�5?B<Q576>>O�BCQ:;?BCQ�>1�?B>?3Q�@AO=?4?�@?ID;D�
;?A6>Q3�12?�8�39;?A9BC1>>O=�@A?4A1=9�LM:MB<�BC?B?3>?�?5>?4?�Q�C?4?�7�
AQ3>O>>O
�@A9A?5>?
�@A93?5OCL�5?�?5>?4?�:�C?4?�7�39B>?3;D�@A?�BCQ:;QBCL�
B9BC6=9�

?VXZVccr�Zar�gVbdght_cdu�fdWdĥ

���r?B<Q59C9�>1�BCQ:;QBCL�B9BC6=D
�A9B�2��
�81�;A9C6AQP=�
dU

Qd
��}A9�

5?B<Q576>>Q�@A9:>OC9�BC1C9H>Q�F1A1;C6A9BC9;9�3D8<1�>131>C176>>O�81�
>1@AD4?N�8�C12<9GQ�2���
{1365QCL�B3?R�=QA;D31>>O�3Q5>?B>?�82Q4D�?CA9=1>9F�A68D<LC1CQ3�8�

A68D<LC1C1=9�@A9;<15D�2���
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���|24AD>CD:C6�H9�2D5DCL�3Q5AQ8>OC9BL�A68D<LC1C9
�?CA9=1>Q�5<O�D=?39�

@A9;<15D�2��
�@A9�5?B<Q576>>Q�81@1BD�BCQ:;?BCQ�81�;A9C6AQP=�
dU

dE
�3Q5�

A68D<LC1CQ3
�O;Q�?CA9=1>Q�81�;A9C6AQP=�
dU

Qd
?

���0;�3@<9>DCL�>1�A68D<LC1C9
�?CA9=1>Q�3�@A9;<151F�2�0�C1�2�1�
82Q<LI6>>O�@?CD7>?BCQ�~0
�>1@A9;<15
�~0 = 1,1?
.��r?B<Q5QCL�>1�BCQ:;QBCL�B9BC6=D
�F1A1;C6A9BC9H>6�AQ3>O>>O�O;?R�

8151>?�3�@A9;<15Q�2�2
�81�;A9C6AQP=�z9F1:<?31�D�3Q5@?3Q5>?BCQ�5?�53?F�
:?4?�E?A=D<N31>L�
%6�B1=6
�1<6�81�5?@?=?4?N�}}}�SSPC1�}}}�EUREKA.
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�GHFIJS��HF?HUMKEB@��Y@EUDSOEFT�IJSABFIJS�
ZCZBJH@OE@M�I@IJZD�JU�TM�U:JFDUJ@?UNSU


 ��Iihp�efdWa[b̂�ẐcVbtmcdu�ght_̀dght

0;�>14?<?ID31<?BO�A1>QI6
�59>1=QH>?N�BCQ:;QBCN�A679=D�6>6A46-
C9H>?R�B9BC6=9�>18931PCLBO�RR�851C>QBCL�@?36AC1C9BO�@QB<O�C9=H1B?3?�
@A9;<156>?4?�A1@C?3?4?�Q�AQ8;?4?�82DA6>>O�5?�C1;?4?�BC1<?4?�A679=D
�@A9�
O;?=D�8>1H6>>O�@1A1=6CAQ3�A679=D�D�3D8<?39F�C?H;1F�2<98L;Q�5?�
>?A=1<L>9F�

}?AQ3>NNH9�G6�398>1H6>>O�8�398>1H6>>O=�@?>OCCO�BC1C9H>?R�
BCQ:;?BCQ
�=?7>1�3Q5=QC9C9
�J?�3Q5=Q>>QBCL�@?<O41P,�4?<?3>9=�H9>?=,�D�
36<9H9>1F�82DA6>L
�1
�8>1H9CL
�D�3A1FD31>>Q�12?�>63A1FD31>>Q�Q>6AGQ:>9F�
@1A1=6CAQ3�B9BC6=9��xA9C6AQR�BC1C9H>?R�BCQ:;?BCQ�@?;18DNCL�851C>QBCL�
B9BC6=9�@A?C9BC?OC9�=1<9=�82DA6>>O=�Q�398>1H1NCLBO�@A9�>68=Q>>9F�
@1A1=6CA1F�B9BC6=9��xA9C6AQR�59>1=QH>?R�BCQ:;?BCQ��F1A1;C6A98DNCL�
851C>QBCL�B9BC6=9�826AQ41C9�B9>FA?>>D�A?2?CD�Q�3Q5>?3<N31C9�A679=�
2<98L;9:�5?�@?H1C;?3?4?�@A9�;?A?C;?H1B>9F�AQ8;9F�:?4?�8=Q>1F�

~Q8;Q�8=Q>9�A679=D��36<9;Q�82DA6>>O��=?7DCL�2DC9�39;<9;1>Q�8=Q>1=9�
@1A1=6CAQ3�B9BC6=9�@A9�>?A=1<L>9F�39=;>6>>OF�46>6A1C?AQ3
�;Q<�<Q>Q:�
6<6;CA?@6A651H
�8=Q>1F�>131>C176>>O
�3CA1CQ�82D576>>O�B9>FA?>>9F�=1I9>
�
@6A6F?5Q�>1�>6@?3>?E18>9:�A679=�Q�C��5�
�1<6�>1:B9<L>QIQ�82DA6>>O�@?3�O81>Q�8�
;?A?C;9=9�81=9;1>>O=9�

xQ>G639=�81351>>O=�5?B<Q576>>O�59>1=QH>?R�BCQ:;?BCQ�B9BC6=9�P�
39O3<6>>O�3Q5>?B>?4?�ADFD�A?C?AQ3�46>6A1C?AQ3��3�>1:@A?BCQI?=D�39@15;D�
?5>?4?��Q�?CA9=1>>O�>1�GQ:�?B>?3Q�39B>?3;D�@A?�851C>QBCL�B9BC6=9�
826AQ41C9�B9>FA?>>D�A?2?CD�

0;�@A139<?,�C1;9:�1>1<Q8�B@?H1C;D�39;?>DPCLBO�8�B6A:?8>9=9
B@A?J6>>O=9��{6�3A1F?3DNCLBO�1@6AQ?59H>Q�BCAD=9�BC1C?A1�Q�3Q5@?3Q5>Q�R=�
@6AQ?59H>Q�BCAD=9�3�A?C?AQ�B9>FA?>>?R�=1I9>9��q6>6A1C?A9�81=QJ1NCLBO�
B3?R=9�@6A6FQ5>9=9�@1A1=6CA1=9���?@?A1=9�Q�s~�
�@A9H?=D�@6A6FQ5>D�
s~��=1I9>9��A?84<O51NCL�@Q5�H1B�3BL?4?�@6A6FQ5>?4?�@A?G6BD�>68=Q>>?N
(E(q�7�Xdchi���}Q5BC13?N�5?�GL?4?�5?@DJ6>>O�B<D79CL�3Q5?=9:�81;?>�
6<6;CA?=14>QC>?R�Q>6AGQR
�84Q5>?�8�O;9=�3�B9>FA?>>Q:�=1I9>Q�A68D<LCDNH6�
@?C?;?J6@<6>>O
�@?3�O81>6�8�?2=?C;?N�82D576>>O
�81<9I1PCLBO�D�=?=6>C�
82DA6>>O�>68=Q>>9=
�1�51<Q�@?3?<Q�8=Q>NPCLBO��{1O3>QBCL�A64D<OC?AQ3�
82D576>>O�@A93?59CL�5?�BC12Q<Q81GQR�E(q J6�>1�2Q<LI?=D�Q>C6A31<Q�H1BD��)6�
Q�51P�@Q5BC13D�33171C9�E(q =�Xdchi�@A9�B@A?J6>?=D�1>1<Q8Q�59>1=QH>?R�
BCQ:;?BCQ�

}A9�G9F�5?@DJ6>>OF�BC1P�=?7<939=�A?84<O51C9�@A9�A?8A1FD>;D�
59>1=QH>?R�BCQ:;?BCQ�81BCD@>D�BF6=D�@?@6A65>L?4?�BC1<?4?�A679=D
�3�O;Q:�
381P=>Q�?@?A9�=Q7�46>6A1C?A?=�Q�3D8<?=�>68=Q>>?R�>1@AD49�
398>1H1C9=DCLBO�3Q5BDC>QBCN�12?�>1O3>QBCN�̂131AQ:>?4?�ID>C1_���?@?AD
�
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O;9:�BC3?ANP�;?=@<6;B>D�81BCD@>D�BF6=D�3Q5@?3Q5>?�5?�@A139<1
6;3Q31<6>C>?BCQ�@AO=?R�@?B<Q5?3>?BCQ�

{6@?3>?E18>Q�A679=9�C67�=?7>1�A?84<O51C9�O;�A679=9�@AO=?R�
@?B<Q5?3>?BCQ�3�BF6=Q
�?@QA�3�O;Q:�82Q<LI6>9:�3Q5@?3Q5>?�5?�@A139<1�
6;3Q31<6>C>?BCQ�@AO=?R�@?B<Q5?3>?BCQ�5<O�@?85?37>L?R�>6B9=6CAQR�

p 82DA6>9F�A679=1F�6<6;CA?=14>QC>1�41<L=Q3>1�@?CD7>QBCL�
46>6A1C?AQ3�8=6>IDPCLBO
�J?�8>97DP�Q�=?=6>C�41<L=D31>>O��}A?C6�=?=6>C�
?26AC1>>O
�J?�BC3?ANPCLBO�@6A39>>9=�5394D>?=���CDA2Q>?N
�81<9I1PCLBO,
3�@6AI9:�=?=6>C�Q�5?�3BCD@D�3�A?2?CD�A64D<OC?A1�I395;?BCQ,�>68=Q>>9=��
{621<1>B�=?=6>CQ3�?2D=?3<NP�6<6;CA?=6F1>QH>9:�@6A6FQ5>9:�@A?G6B
�
O;9:�F1A1;C6A98DPCLBO�8=Q>?N�3�H1BQ�@A?BC?A?3?R�=6F1>QH>?R�;??A59>1C9�
A?C?A1�- ;DC1����1=6�81�8=Q>?N�;DC1�Q�=?7>1�BD59C9�@A?�59>1=QH>D�
BCQ:;QBCL�B9BC6=9�


 ��HtXcrccr�fiki�ĝckfdccdu�bVn̂ ĉ�t�ft]cdbVcthct�jdfb̂�_dYd�
]Vêgi

~Q3>O>>O�ADFD�B9>FA?>>?4?�46>6A1C?A1�B9>C68DPCLBO�8�C?4?�
?H6395>?4?�E1;CD
�J?�>15<9I?;�@?CD7>?BCQ�~
�O;9:��39>9;1P�@A9�
82DA6>>Q,

~�7�~C����~�����������������������������������������������3���

>151P�A?C?AD�56O;6�@A9B;?A6>>O
�





d

dt

2

2
.                                                  (9.2)

p��3����Q��3���4
PT ��=6F1>QH>1�@?CD7>QBCL�@6A39>>?4?�5394D>15
~�����6<6;CA9H>1��3>DCAQI>O��@?CD7>QBCL�46>6A1C?A15
���;DC�@?3?A?CD�A?C?A15
t ��H1B�
p6<9H9>1�;DC?3?4?�@A9B;?A6>>O
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 ��GfV̀ĥmct�̀f̂h[ftu�dltc̀ �̂ẐcVbtmcdu�ght_̀dght��dgcdXVct�cV�
b[hdZt�eado

)Q�;A9C6AQR�218DNCLBO�>1�56;Q<L;?F�317<939F�@?>OCCOF��}6AI9=�8�
>9F�P�;DC?31��59>1=QH>1��F1A1;C6A9BC9;1�@?CD7>?BCQ
�O;1�@A9�3Q5=QH6>9F�
39J6�5?@DJ6>>OF�=1P�394<O54

P
E U

X
q

d


(

(
sin,                                               (9.6)

56�N���>1@AD41�@A9:=1<L>?R�B9BC6=95
dX( �� A68D<LCDNH9:� @?85?37>Q:� 381P=>9:� ?@QA� =Q7�

@6A65131<L>?N�Q�@A9:=1<L>?N�H1BC9>1=9�B9BC6=9�
�}A9�398>1H6>>Q�381P=>?4?�?@?AD�82DA6>?4?�A679=D
�@A9A?5>?
�

3A1F?3DPCLBO�̂131AQ:>9:�ID>C_��



155

q6?=6CA9H>9:�39A18��3�0��3�;??A59>1C1F�~
��P�B9>DB?R5?N�8�
1=@<QCD5?N�@?CD7>?BCQ�~m,

P
E U

Xm
q

d


(

(
.                                                         (9.7) 

0;J?�AQ8>Q�B9<L>Q�82DA6>>O�@?�AQ8>?=D�8=Q>NNCL�381P=>9:�?@QA
�C?�
3?>9�@?A?57DNCL�=>?79>D�B9>DB?R5�8�AQ8>9=9�1=@<QCD51=9��p17<93?�
3Q58>1H9C9
�J?�82DA6>Q�A679=9�=1C9=DCL�1=@<QCD59�=6>IQ
�>Q7�
@?H1C;?39:�>?A=1<L>9:�A679=�

|B;Q<L;9�3�@?H1C;?3?=D�>?A=1<L>?=D�A679=Q�@?CD7>QBCL�
@6A39>>?4?�5394D>1�~%�Q�6<6;CA?=14>QC>1�41<L=Q3>1�@?CD7>QBCL�~�AQ3>Q
�C?�
81��3�0��=?7>1�8>1:C9�;DC�>?A=1<L>?4?�A679=D�0��q6?=6CA9H>?�0
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%12<9GO�3��zr?B<Q576>>O��59>1=QH>?4?��@6A6F?5D�@A9�?5>?E18>?=D�
;?A?C;?=D�81=9;1>>Q
�J?�B1=?DBD>D<?BO�H6A68�
���B�

'1:<�51>9F�5<O�A?2?C9�@A?4A1=9�=RG:F4
  2 1.6600027.50000 4.78700  .050001.0001.000
  1.2931   .7670
  .1000 1.0000
n=@<QCD51�@?CD7>?BCQ
�J?�@6A651PCLBO
Pm( 1)= 1.28374
n=@<QCD51�@?CD7>?BCQ
�J?�@6A651PCLBO
  Pm( 2)= 2.16428
xA9C9H>9:�;DC�� ����������������������������=;A�7�/��/





N *1B
�B6;�
}?C?H>6�8>1H��
;DC1
�6<��4A15

}A9AQBC�;DC1
�
6<��4A15

}?C?H>6�8>1H��
@?CD7>�
�3��?�

}A9AQBC�
@?CD7>�
�
3��?�

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

0.00
 .05
 .10
.15
 .20
 .25
 .30
 .35
 .40
 .45
 .50
 .55
 .60
 .65
 .70
 .75
 .80
 .85
 .90
 .95
1.00
1.05
1.10
1.15

27.50000
28.47472
31.30657
34.76876
37.10978
37.98691
37.27442
35.07433
31.70777
27.68291
23.63185
20.21474
18.00471
17.37933
18.44633
21.02214
24.66839
28.77756
32.68613
35.78672
37.61586
37.90839
36.62249
33.94320

�
   .97472
 2.83185
 3.46219
 2.34102
   .87714
-.71249

-2.20009
-3.36657
-4.02485
-4.05106
-3.41711
-2.21003
-.62538

 1.06701
 2.57581
 3.64624
 4.10917
 3.90857
 3.10058
 1.82914
   .29253
-1.28590
-2.67929

1.00000
 .61205
 .66705
1.23421
1.30580
1.33207
1.31076
1.24368
1.13752
1.00547
 .86757
 .74784
 .66897
 .64646
 .68481
 .77639
 .90329
1.04190
1.16879
1.26560
1.32100
1.32973
1.29108
1.20847

�
 .40724
 .38795
-.12459
-.23421
-.30580
-.33207
-.31076
-.24368
-.13752
-.00547
 .13243
 .25216
 .33103
 .35354
 .31519
 .22361
 .09671
-.04190
-.16879
-.26560
-.32100
-.32973
-.29108

%DC�76�=?7>1�21H9C9�?A41>Q81GQN�E1:<D�51>9F�
p�C12<��3���@A65BC13<6>9:�A?83̀O8?;�5AD4?R�@Q58151HQ�
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%12<9GO�3��zr?B<Q576>>O�@6A6FQ5>?4?�@A?G6BD�@A9�?5>?E18>?=D�
;?A?C;?=D�81=9;1>>Q
�J?�3Q5;<NH1PCLBO�H6A68�
�/B�
�8�39F?5?=�>1�@QB<O131-
AQ:>9:�?5>?;?<?39:�A679=�A?2?C9

'1:<�51>9F�5<O�A?2?C9�@A?4A1=9�=RG:F4
            2 1.6600027.50000 4.78700  .050001.0001.000
            1.2931  1.0640
            .5000  .3000

n=@<QCD51�@?CD7>?BCQ
�J?�@6A651PCLBO
 Pm( 1)= 1.28374
n=@<QCD51�@?CD7>?BCQ
�J?�@6A651PCLBO
 Pm( 2)= 1.56015
xA9C9H>9:�;DC�� �������������=;A�7�/��/
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B6;�

}?C?H>6�8>1H��
;DC1
�6<��4A�

}A9AQBC�;DC1
�
6<��4A�

}?C?H>6�8>1H��
@?CD7>�
�3��?�

}A9AQBC�
@?CD7>�
�3��?�

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16

0.00
 .05
 .10
.15
 .20
 .25
 .30
 .35
 .40
 .45
 .50
 .55
 .60
 .65
 .70
 .75
 .80

27.50000
28.47472
31.30657
35.73224
41.35610
47.70657
54.29834
60.68677
66.50381
71.47212
75.40070
77.58927
77.27092
74.45468
69.23021
61.80965
52.59354

�
   .97472
 2.83185
4.42567
5.62386
6.35047
6.59178
6.38843
5.81704
4.96832
3.92858
2.18857
-.31835
-2.81624
-5.22447
-7.42056
-9.21611

1.00000
 .61205
 .66705
.74970
.84821
.94959
1.04248
1.11936
1.17730
1.21720
1.24229
1.52369
1.52181
1.50308
1.45876
1.37509
1.23930

�
 .40724
 .38795
.33295
.25030
.15179
.05041
-.04248
-.11936
-.17730
-.21720
-.50978
-.52369
-.52181
-.50308
-.45876
-.37509

|29531�A?83̀O8;9�?A41>Q8?31>Q�C1;
�J?2�A?8A1FD>;9�@A?3?59<9BO�3��-
��G9;<1F�;?76>��u�BD=QB>?4?�A?84<O5D��C12<9GL�395>?
�J?�3�@6AI?=D�Q�
5AD4?=D�39@15;1F�826AQ41PCLBO�59>1=QH>1�BCQ:;QBCL
�?B;Q<L;9�3�7?5>?=D�8�
>9F�=1;B9=1<L>9:�39<QC�A?C?A1�D8141<L>6>?4?�46>6A1C?A1�>6�5?BO41P�
;A9C9H>?4?�;DC1��)O�7�C681�@A?�826A676>>O�BCQ:;?BCQ�=?76�2DC9�
@Q5C36A576>1�C9=
�J?�;DC9
�5?BO4>D3I9�>1:2Q<LI?4?�8>1H6>>O
�@?CQ=�
D2D31NCL��)6�?8>1H1P
�J?�3�>1BCD@>9F�G9;<1F�4?:51>L,�83171NH9�>1�5QN�
56=@EDNH9F�H9>>9;Q3,�3Q52D56CLBO�@6A6FQ5�5?�BC1<?4?�A679=D�

l8�BD=QB>?4?�A?84<O5D�C12<9GL�C1;?7�395>?
�J?�82DAN31<L>9:
Q=@D<LB�3�5AD4?=D�39@15;D�2Q<LI9:, G6�Q�8D=?3<NP�2Q<LI6�8>1H6>>O�;DC1, 
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p�8151H1F�A?8A1FD31>>O�59>1=QH>?R�BCQ:;?BCQ�6>6A4?B9BC6=�
B9>FA?>>Q�=1I9>9, O;�@A139<?, @A65BC13<ONCLBO�@?3>9=9�12?�
B@A?J6>9=9�AQ3>O>>O=9�}1A;1-q?AP31�3�59E6A6>GQ1<L>?=D�12?�
?@6A1C?A>?=D394<O5Q���CD@Q>L�Q�3959�B@A?J6>>O�=1C6=1C9H>?4?�?@9BD�
81<671CL�3Q5�GQ<6:�A?8A1FD>;D
�BF6=9�6<6;CA9H>?R�B9BC6=9�Q�>6?2FQ5>?BCQ�
3A1FD31>>O�;?>BCAD;GQR�46>6A1C?A1
�B9BC6=�n~u46>6A1C?AQ3�C1�n~+�
CDA2Q>���;<15?3?N�H1BC9>?N�GL?4?�=1C6=1C9H>?4?�?@9BD�P�AQ3>O>>O�ADFD�
A?C?A1�

0;J?�8>6FCD31C9�56C1<O=9
�C?�=?7>1�8D@9>9C9BO�>1�C1;Q:�
=1C6=1C9H>Q:�=?56<Q�ADFD�B9>FA?>>?R�=1I9>9�@A9�B9<L>9F�82DA6>>OF4

T
d

d t
P PJ T m

2

2


 � sin ,                                     (9.15)

56�MJ ��@?BCQ:>1�=6F1>QH>?R�Q>6AGQR�CDA2?14A641CD
�A15Q1>95
���;DC�=Q7�3QBBN�f�Q�36;C?A?=�N
�O;9:�=1P�@A?6;GQR�Nd�Q�Nq, 

A15Q1>95
       t ��H1B
�A15Q1>95
     PC��@?CD7>QBCL�CDA2Q>9
�3��?.;
     Pm ��1=@<QCD51�6<6;CA?=14>QC>?R�@?CD7>?BCQ�46>6A1C?A1
�3Q5>?B>Q�

?59>9GQ�
u1<67>QBCL (9.15��3Q5?2A171P�C?:�E1;C
�J?�@A9B;?A6>>O�A?C?A1�

B9>FA?>>?R�=1I9>9�@AO=?�@A?@?AGQ:>6>15<9I;D�=?=6>CD�Q�?26A>6>?�
@A?@?AGQ:>6�5?�=6F1>QH>?R�Q>6AGQR�CDA2?46>6A1C?A1��~Q8>Q�DC?H>6>>O
�
@?3�O81>Q�8�DA1FD31>>O=�n~u�Q�n~+
�56=@E6A>9F�?2=?C?;�Q�C��5�
�8>1F?5OCL�
3Q5586A;1<6>>O�3�;?=@?>6>C1F�@A13?R�H1BC9>9��3��5�
�>6�=Q>ONH9�
@A9>G9@?3?R�BDCQ�AQ3>O>>O�ADFD�

u141<L>?@A9:>OC9=�CA159GQ:>9=�B@?B?2?=�A?83̀O8D31>>O�AQ3>O>>O�
(9.15��P�39;?A9BC1>>O,�C1;�831>?4?,�=6C?5D�@?B<Q5?3>9F�Q>C6A31<Q3�[8]. 
�C3?A6>9:>1�@?H1C;D��
-F�A?;Q3�5<O�ADH>?4?�A1FD>;D
�G6:�=6C?5�=1:76�
268�8=Q>�2D3�@6A6>6B6>9:�>1�BC1C9H>Q�=?56<Q
�1�@Q8>QI6�>1�s|z�Q�
A61<Q8?31>9:�3�2141C?H9B<6>>9F�@A?4A1=1F��w?4?�ED>51=6>C1<L>Q�>65?<Q;9�
@?<O41NCL�3�DO3<6>>Q�@A?�>68=Q>>QBCL�?B>?3>9F�@1A1=6CAQ3�>1�Q>C6A31<Q
�
>6BCA?4?=D�B@?<DH6>>Q�?;A6=9F�6C1@Q3�@6A6FQ5>?4?�@A?G6BD
�J?�
3Q5AQ8>ONCLBO�317;QBCN 82DA6>L
�Q�3Q5BDC>QBCN�;?>CA?<N�C?H>?BCQ��{6�
593<OH9BL�>1G6
�2141C?H9B<6>>9=9�6;B@6A9=6>C1<L>9=9�5?B<Q576>>O=9
@Q5C36A57DPCLBO�:?4?�82Q7>QBCL�8�A61<L>QBCN�

~18?=�8�C9=,�5?GQ<L>?�836A>DC9�D314D�>1�DB@QF9�H9B6<L>9F�=6C?5Q3�
Q>C64AD31>>O�839H1:>9F�59E6A6>GQ1<L>9F�AQ3>O>L�@6AI?4?�@?AO5;D
�O;Q�
218DNCLBO�>1�AQ8>9G639F�BF6=1F��z6C?59�n51=B1
�~D>46-xDCC1
�z6AB?>1�C1
Q>��5?83?<ONCL�8>1F?59C9�̂@6A6521H6>9:_�Q�̂39@A13<6>9:_�A?83̀O8;9
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3Q5AQ8>ONCLBO�>6�2Q<LI6,�>Q7�>1�>1@6A65�8151>D�36<9H9>D��)6�5?BO41PCLBO�
81�A1FD>?;�8=Q>9�;A?;D�

p17<939==?=6>C?=�P�C6
�J?�3Q5=QH6>Q�39J6�=6C?59,�A?8@?3BN57D-
PCLBO�Q�>1�B9BC6=9�839H1:>9F�59E6A6>GQ1<L>9F�AQ3>O>L�@6AI?4?�@?AO5;D��
}A?C6�AQ3>O>>O (9.15��P�AQ3>O>>O=�5AD4?4?�@?AO5;D�Q�G6
�=?7<93?
�BC1<?
@A9H9>?N�C?4?
�J?�5?�:?4?�Q>C64AD31>>O�>6�81BC?B?3D31<9BL�BDH1B>Q�
AQ8>9G63Q�=6C?59�

�<Q5�836A>DC9�D314D�>1�;<NH?3D,�5<O�51>?4?�@9C1>>O,�C6?A6=D�
QB>D31>>O4

2̂D5L-O;6�AQ3>O>>O�c-4?�@?AO5;D
y(n) = F (x, y, y(
�y�
�y(n-1))

33656>>O=�>?39F�8=Q>>9F
y1 = y(, y2 = y((
�y�yn-1 = y(n-1)

=?76�2DC9�83656>?�5?�B9BC6=9�c�AQ3>O>L

� dy
dx

y
dy

dx
y

dy

dx
yn

n  �
�1

1
2

1
1, , , , ,= F x,  y,  y1K K _


8�O;?R�39F?59CL�B1=1�=?7<93QBCL�@A65BC13<6>>O�AQ3>O>>O�ADFD�B9>FA?>>?R�
=1I9>9�B9BC6=?N�53?F�839H1:>9F�59E6A6>GQ1<L>9F�AQ3>O>L�@6AI?4?�
@?AO5;D�

p3656=?�3�A?84<O5�C1;Q�>?3Q�8=Q>>Q4
 = y1;                                                      (9.16)
( = y2,                                                     (9.17)

56��(
d

dt
.

~Q3>O>>O��3��5��@6A6@9I6=?�C1;4
T P PJ m  y  T((� �  sin 1 0 ;                                    (9.18)

� (( �
1

T
P P

J
m  y T 1sin .                                   (9.19)

u��3��7) (( ( y2 .}A9AQ3>OP=?�@A13Q�H1BC9>9��3��8��Q��3��9):

� ( �y
T

P P
J

m2
1

 y T 1sin .                                    (9.20)

u��3��6):
( ( y1 .                          (9.21)

}A9AQ3>OP=?�@A13Q�H1BC9>9��3��7��Q��3�21):
(y y1 2 .                                                  (9.22)

}A65BC139=?��3�22��Q��3�20��O;�B9BC6=D�839H1:>9F�59E6A6>GQ1<L>9F�
AQ3>O>L�@6AI?4?�@?AO5;D
�A?83̀O81>9F�3Q5>?B>?�@?FQ5>9F�>?39F�8=Q>>9F4

� A


A
?



(

(

1mC
j

2

21

ysinP-P
T

1
y

yy

.
                             (9.23)
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r?�B9BC6=9�AQ3>O>L��3�23��376�=?7>1�81BC?B?3D31C9�BDH1B>Q�

AQ8>9G63Q�=6C?59�H9B6<L>?4?�Q>C64AD31>>O�Q�BC1>51AC>Q�@A?4A1=9
�O;Q�
A61<Q8DNCL�GQ�=6C?59��u?;A6=1
�@A9�@?AQ3>O<L>?=D�C6BCD31>>Q,�A18?=�8�
@A?4A1=1=9�=6C?5D�@?B<Q5?3>9F�Q>C6A31<Q3�2D<9�39;?A9BC1>Q�C1;Q�
BC1>51AC>Q�@A?4A1=94

dYZ���@1;6CD�F:ME:;5
dYZ./�@1;6CD�F:ME:;5
rkgs @1;6CD�LLI5
Yg3/h�@1;6CD�LLI5
sysdif C1�Q>�

{97H6�@A93656>Q�BF6=9�836A>6>>O�5?�56O;9F�8�>9F4
[t,y]=ode23(f,t0,tfinal,y0,tol,trace);
[t,y]=ode45(f,t0,tfinal,y0,tol,trace);
call rkgs(prmt,y,dery,ndim,ihlf,fct,outp,aux);
call drkgs(prmt,y,dery,ndim,ihlf,fct,outp,aux);

56�[���AO5;?31�ED>;GQO�3Q5�i
�D5
t0 ��@?H1C;?36�8>1H6>>O�1A4D=6>C1;
tfinal �;Q>G636�8>1H6>>O�1A4D=6>C1;
y0 ��36;C?A-BC?3@6GL�@?H1C;?39F�8>1H6>L�ED>;GQ:5
tol ��C?H>QBCL5
trace ��;?5�393656>>O�>1�5AD;5
prmt ��36;C?A
�J?�=QBC9CL@?H1C;?36
�;Q>G636�8>1H6>>O�Q>C6A31<D
�
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dery ��B@?H1C;D�36;C?A�3149�@?=9<?;
�1�@?CQ=���@?FQ5>9F5
ndim ��H9B<?�AQ3>O>L�3�B9BC6=Q5
ihlf ��;?5�@?36A>6>>O5
fct ��@Q5@A?4A1=1-ED>;GQO
�O;1�8151P�@A13Q�H1BC9>9��3�23);
outp ��@Q5@A?4A1=1�393656>>O;
aux ��B<D72?31�=1CA9GO�39=QA>QBCN��2�cY1b��
p�A?8A1FD>;1F�@6A6FQ5>9F�@A?G6BQ3�>6?2FQ5>?�A6C6<L>?�@Q5Q:C9�5?�
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SimPowerSystems Report.
generated by powergui.

Model : 
C:\MATLAB6p5\toolbox\powersys\powerdemo\psbtransfo.mdl.

[1] Steady-State voltages and currents:
States at 60 Hz :
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Il_Load 1 120V 20kW 10kvar          =         115.6 A   -91.6�P
!0$#C%(���
��,���/-�
�/J%F��������������������

�
���������
��P
Uc_Load 3 240V 30kW  20kVar         =         332.8 V    -

��P
Il_winding1 Linear Transformer
                75kVA 14400-120-120V=         6.888 A    -�
�
P
Il_Lm Linear Transformer

           75kVA 14400-120-120V=        0.1458 A   -�

��P

Measurements at 60 Hz :

,�DF-A�����������
���)�����,������
��P
!�B)IHF%0����������
�����
�����
��
��P
I prim     =         6.888 A    -�
�
P

Sources at 60 Hz :
,G�
�����,��������
���)�����,������
��P

Nonlinear elements at 60 Hz :

+$�F)%/)F����������
��������,���
�

��P
!$�F)%/)F���������������
�������
�

��P

[2] Initial values of States Variables:

Il_Load 1 120V 20kW 10kvar                  =        -115.5 A
Il_Load 2 120V 20kW 10kvar                  =         115.5 A
Uc_Load 3 240V 30kW  20kVar                 =        -9.269 V
Il_winding1 Linear Transformer

        75kVA 14400-120-120V  =       -0.3375 A
Il_Lm Linear Transformer
                75kVA 14400-120-120V        =       -0.1457 A
************************************************************
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*      program DIFUR
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dimension y(10),soln(10)
      real instep
      logical start

start=.true.
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(%H�

open(5,file='a:difur.dat')
      open(6,file='a:difur.txt',status='new')
      write(6,1)
  1   format(/20x,30h******************************/20x,
#��,���̀mt}mn{��uw�T
Roomw�y{o�������L�
*30h******************************//)

      read(5,5)x,instep,acc,neqs,(y(i),i=1,neqs)
  5   format(2f8.3,f8.4,i3/10f8.3)

close(5)
      write(6,10)
�
����*CFA%H��
L��d�m�v�x��q�m�z�z������w��|�}�{�p�}�m�y�y�r��
DIFUR'/)

write(6,5)x,instep,acc,neqs,(y(i),i=1,neqs)
write(6,15)

�
����*CFA%H��
L��Xz�rp}u}{omzur�yr�{q{y�Z���m-\r}~{zm���
call kuttam(neqs,x,y,acc,instep,start,soln)

      write(6,16)
 16   format(1x,50(1h-))
*      write(6,20)(i,soln(i),i=1,neqs)
* 20   format(/1x,' r̀t�x��m�- y(',i2,')=',f10.5)

write(*,25)
������*CFA%H�
L���T��{qz{v�xu~�uzp�~y{�}u�r�zm�qu~wr�r�o�
�mvxr���

*'DIFUR.txt')
      close(6)
      stop
      end
*     ****************************************************
      subroutine dybydx(x,y,dydx,neqs)
      dimension y(neqs),dydx(neqs)
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      Um=1.
      alfa=0.
      f=50.
      pi=3.14159
      omega=2.*pi*f
      Rk=0.1
      Xk=sqrt(1.-Rk*Rk)
      do 10 i=1,neqs
            goto (1,2,3,4),i
 1          dydx(i)=Um*omega/Xk*sin(omega*x+alfa)-
y(i)*omega*Rk/Xk
            goto 10
 2          dydx(i)=Um*omega/Xk*sin(omega*x+alfa-2.*pi/3.)-
     *              y(i)*omega*Rk/Xk
            goto 10
 3          dydx(i)=Um*omega/Xk*sin(omega*x+alfa+2.*pi/3.)-
     *              y(i)*omega*Rk/Xk
            goto 10
 4          dydx(i)=(sin(x*x+sqrt(y(i))))**2
 10   continue
      return
      end
*     *****************************************************
      subroutine kuttam(neqs,x,y,acc,instep,start,soln)
      dimension y(neqs),y0(10),y1(10),y2(10),
     *dydx0(10),dydx1(10),dydx2(10),soln(neqs)
      logical start,double
      real instep
      if(.not.start) goto 1
      do 2 i=1,neqs
 2    y0(i)=y(i)

write(6,15)
 15   format(1x,50(1h-���
L��O�̀ Uc\V]bO���W�]�R�g�V�]�X�l��������
�����#�d�c�]�Z�f�X�X����O��
     */1x,'|   X    |                   Y(X)                |',
     */1x,50(1h-))
#�����̂|r}m�{}����~qrxmz�qx��b̀Ve��}mozrzuv�

write(6,20)x,(y0(i),i=1,neqs)
 20   format(1x,':',f8.5,':',3(2x,f10.5,1x),':')
      step=instep
      nsreqd=1
      start=.false.
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      goto 3
1    step=instep/nsreqd
 3    nsdone=0
 10   call dybydx(x,y0,dydx0,neqs)
      do 4 i=1,neqs
 4    y1(i)=y0(i)+step/3.*dydx0(i)
      call dybydx(x+step/3.,y1,dydx1,neqs)
      do 5 i=1,neqs
 5    y1(i)=y0(i)+step/6.*dydx0(i)+step/6.*dydx1(i)
      call dybydx(x+step/3.,y1,dydx1,neqs)
      do 6 i=1,neqs
 6    y1(i)=y0(i)+step/8.*dydx0(i)+3.*step/8.*dydx1(i)
      call dybydx(x+step/2.,y1,dydx2,neqs)
      do 7 i=1,neqs
 7    y1(i)=y0(i)+step/2.*dydx0(i)-3.*step/2.*dydx1(i)+
     *2.*step*dydx2(i)
      call dybydx(x+step,y1,dydx1,neqs)
      do 8 i=1,neqs
 8    y2(i)=y0(i)+step/6.*dydx0(i)+2.*step/3.*dydx2(i)+
     *step/6.*dydx1(i)
      double=.true.
      do 9 i=1,neqs
         error=abs(0.2*(y1(i)-y2(i)))
         if (error.le.acc)goto 11
         step=step/2.
         nsreqd=2*nsreqd
         nsdone=2*nsdone
         goto 10
 11      if(error*64..gt.acc) double=.false.
 9    continue
      x=x+step
      do 12 i=1,neqs
 12   y0(i)=y2(i)
      write(6,20)x,(y0(i),i=1,neqs)
      nsdone=nsdone+1
      if(nsdone.ge.nsreqd) goto 13
      if(.not.(double.and.nsdone.eq.(nsdone/2)*2.and.
     *nsreqd.gt.1)) goto 10
      step=step*2.
      nsdone=nsdone/2
      nsreqd=nsreqd/2
      goto 10
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 13   do 14 i=1,neqs
 14   soln(i)=y0(i)

return
      end
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r?51C?;�o
CtgĥcY�f[]iaphVhtX�ZdgatZ\[ccr�e[f[ktZcdYd�efdl[gi�

ef̂�]dXctncpdbi�̀dfdh̀dbi�]Vb̂ V̀cct�

'1:<�51>9F�5?�@A?4A1=9��=B?NK
  .000    .050   .0001  3
 .000    .000    .000

l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1
:~q&zs{% u{n*s{{0��'&{x)lw���%~&zlp��}|��'nun(

i
�B A B C
.00000
.00078
.00156
.00234
.00313
.00391
.00469
.00547
.00625
.00703
.00781
.00859
.00938
.01016
.01094
.01172
.01250
.01328
.01406
.01484
.01563
.01641
.01719
.01797
.01875
.01953
.02031
.02109
.02187
.02266
.02344

.00000

.02987

.11673

.25393

.43186

.63849

.86010
1.08211
1.28995
1.46993
1.61005
1.70075
1.73543
1.71091
1.62755
1.48929
1.30338
1.07994
.83138
.57164
.31533
.07691

-.13024
-.29456
-.40708
-.46187
-.45646
-.39196
-.27303
-.10754
.09386

.00000
-.22382
-.45850
-.68938
-.90204

-1.08318
-1.22138
-1.30784
-1.33683
-1.30613
-1.21706
-1.07448
-.88647
-.66383
-.41945
-.16755
.07721
.30059
.48958
.63328
.72345
.75506
.72661
.64014
.50119
.31845
.10319

-.13136
-.37081
-.60051
-.80638

.00000

.19395

.34177

.43545

.47018

.44469

.36129

.22573

.04689
-.16380
-.39299
-.62626
-.84896

-1.04707
-1.20809
-1.32174
-1.38059
-1.38052
-1.32096
-1.20491
-1.03878
-.83197
-.59637
-.34557
-.09412
.14342
.35327
.52332
.64384
.70804
.71251
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.02422

.02500

.02578

.02656

.02734

.02812

.02891

.02969

.03047

.03125

.03203

.03281

.03359

.03437

.03516

.03594

.03672

.03750

.03828

.03906

.03984

.04062

.04141

.04219

.04297

.04375

.04453

.04531

.04609

.04687

.04766

.04844

.04922

.05000

.31838

.55185

.77961

.98733
1.16191
1.29226
1.36994
1.38970
1.34975
1.25193
1.10152
.90701
.67951
.43214
.17921

-.06460
-.28517
-.46976
-.60774
-.69132
-.71591
-.68047
-.58754
-.44309
-.25619
-.03842
.19679
.43497
.66148
.86241

1.02535
1.14022
1.19980
1.20020

-.97578
-1.09829
-1.16626
-1.17535
-1.12475
-1.01722
-.85897
-.65921
-.42969
-.18392
.06360
.29826
.50621
.67521
.79534
.85959
.86433
.80946
.69846
.53816
.33836
.11121

-.12950
-.36918
-.59330
-.78827
-.94223

-1.04583
-1.09268
-1.07985
-1.00796
-.88118
-.70698
-.49565

.65741

.54643

.38665

.18802
-.03716
-.27503
-.51097
-.73048
-.92006

-1.06800
-1.16512
-1.20526
-1.18571
-1.10734
-.97455
-.79499
-.57916
-.33970
-.09071
.15316
.37754
.56925
.71703
.81227
.84949
.82669
.74545
.61086
.43120
.21745

-.01739
-.25903
-.49282
-.70454
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r?51C?;�p
CtgĥcY�ZdgatZ\[ccr�XeâXi�UH?�cV�e[f[ktZĉ_�efdl[g�

'1:<�51>9F�5?�@A?4A1=9��=B?NK
  .00000  .08000  .00010  3
  .00000  .00000  .00000

l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1
:~q&zs{% u{n*s{{0��'&{x)lw���%~&zlp��}|��'nun(

t, c A B C
.00000
.00125
.00250
.00375
.00500
.00625
.00750
.00875
.01000
.01125
.01250
.01375
.01500
.01625
.01750
.01875
.02000
.02125
.02250
.02375
.02500
.02625
.02750
.02875
.03000
.03125
.03250
.03375
.03500
.03625
.03750
.03875

.00000

.07550

.28662

.59551

.94968
1.28996
1.55947
1.71233
1.72060
1.57851
1.30339
.93296
.51964
.12250

-.20167
-.40708
-.46586
-.36973
-.12384
.24466
.68591

1.13296
1.51090
1.74819
1.78865
1.60618
1.22297
.69567
.10292

-.46660
-.92770

-1.21162

.00000
-.36427
-.73382

-1.05006
-1.26258
-1.33685
-1.25947
-1.04022
-.71054
-.31878
.07721
.41886
.65580
.75355
.69875
.50120
.19239

-.18898
-.59570
-.96363

-1.22814
-1.33457
-1.24819
-.96198
-.50075
.06502
.63799

1.13026
1.46625
1.59421
1.49405
1.18047

.00000

.28876

.44721

.45456

.31290

.04689
-.30000
-.67211

-1.01005
-1.25972
-1.38059
-1.35182
-1.17544
-.87606
-.49708
-.09412
.27347
.55871
.71954
.71897
.54224
.20162

-.26270
-.78620

-1.28789
-1.67120
-1.86096
-1.82593
-1.56917
-1.12760
-.56635
.03114
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.04000

.04125

.04250

.04375

.04500

.04625

.04750

.04875

.05000

.05125

.05250

.05375

.05500

.05625

.05750

.05875

.06000

.06125

.06250

.06375

.06500

.06625

.06750

.06875

.07000

.07125

.07250

.07375

.07500

.07625

.07750

.07875

.08000

-1.27653
-1.11764
-.77760
-.32515
.16109
.60518
.94472

1.13877
1.17178
1.05094
.79624
.44545
.05099

-.32801
-.63476
-.82341
-.86608
-.75707
-.51374
-.17388
.21006
.57896
.87600

1.05532
1.08901
.97138
.71976
.37193

-.01968
-.39595
-.70007
-.88620
-.92644

.70066

.14116
-.39768
-.83807

-1.12423
-1.22846
-1.15254
-.92460
-.59244
-.20525
.18635
.52378
.75667
.85052
.79197
.59082
.27854

-.09650
-.47642
-.80263

-1.02472
-1.10820
-1.03968
-.82895
-.50746
-.12356
.26488
.59927
.82924
.92029
.85904
.65530
.34053

.57586

.97648
1.17528
1.16322
.96313
.62328
.20782

-.21417
-.57934
-.84569
-.98259
-.96923
-.80766
-.52251
-.15722
.23259
.58754
.85357
.99017
.97651
.81466
.52924
.16369

-.22636
-.58155
-.84782
-.98464
-.97120
-.80956
-.52434
-.15898
.23089
.58591
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r?51C?;�q
CtgĥcY�ZdgatZ\[ccr�e[f[ktZcdYd�efdl[gi�ed�GVf̀i�(park.dgo)

(Uf=1., Tf0=1., Xad=0.9, Xf=1.)

l>C64Ae4AD31>>O�=6C?5?=�~D>46-xDCC1
:~q&zs{% u�{�n�*�s�{�{�0����'�&�{�x�)�l�w

t, c If Ud Uq
.00000
.10000
.20000
.30000
.40000
.50000
.60000
.70000
.80000
.90000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000
1.90000
2.00000
2.10000
2.20000
2.30000
2.40000
2.50000
2.60000
2.70000
2.80000
2.90000
3.00000
3.10000
3.20000
3.30000
3.40000

.00000

.09516

.18127

.25918

.32968

.39347

.45119

.50341

.55067

.59343

.63212

.66713

.69881

.72747

.75340

.77687

.79810

.81732

.83470

.85043

.86466

.87754

.88920

.89974

.90928

.91791

.92573

.93279

.93919

.94498

.95021

.95495

.95924

.96312

.96663

 .00000
-.81435
-.73686
-.66674
-.60329
-.54588
-.49393
-.44693
-.40440
-.36591
-.33109
-.29958
-.27108
-.24528
-.22194
-.20082
-.18171
-.16442
-.14877
-.13461
-.12180
-.11021
-.09972
-.09023
-.08165
-.07388
-.06685
-.06049
-.05473
-.04952
-.04481
-.04054
-.03669
-.03319
-.03004

.00000

.08565

.16314

.23326

.29671

.35412

.40607

.45307

.49560

.53409

.56891

.60042

.62892

.65472

.67806

.69918

.71829

.73558

.75123

.76539

.77820

.78979

.80028

.80977

.81835

.82612

.83315

.83951

.84527

.85048

.85519

.85946

.86331

.86681

.86996



208

3.50000
3.60000
3.70000
3.80000
3.90000
4.00000
4.10000
4.20000
4.30000
4.40000
4.50000
4.60000
4.70000
4.80000
4.90000
5.00000

.96980

.97268

.97528

.97763

.97976

.98168

.98343

.98500

.98643

.98772

.98889

.98995

.99090

.99177

.99255

.99326

-.02718
-.02459
-.02225
-.02013
-.01822
-.01648
-.01492
-.01350
-.01221
-.01105
-.01000
-.00905
-.00819
-.00741
-.00670
-.00606

.87282

.87541

.87775

.87987

.88178

.88352

.88508

.88650

.88779

.88895

.89000

.89095

.89181

.89259

.89330

.89394
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r?51C?;�r
CtgĥcY�f[]iaphVhtX�ZdgatZ\[ccr�e[f[ktZcdYd�efdl[gi�

X�̀ddfẐcVhVk�U��:��I

( Uf=1., gamma0=0., Tf0=1., Xf=1., Xad=0.9 )

l>C64AD31>>OO�=6C?5?=�~D>46-xDCC1
:~q&zs{% u�{�n�*�s�{�{�0��������'�&�{�x�)�l�w

t, c If Ud Uq Ua Ub Uc
.00000
.00100
.00200
.00300
.00400
.00500
.00600
.00700
.00800
.00900
.01000
.01100
.01200
.01300
.01400
.01500
.01600
.01700
.01800
.01900
.02000
.02100
.02200
.02300
.02400
.02500
.02600
.02700
.02800
.02900
.03000

.00000

.00100

.00200

.00300

.00399

.00499

.00598

.00698

.00797

.00896

.00995

.01094

.01193

.01292

.01390

.01489

.01587

.01686

.01784

.01882

.01980

.02078

.02176

.02274

.02371

.02469

.02566

.02664

.02761

.02858

.02955

 .00000
-.89910
-.89820
-.89730
-.89641
-.89551
-.89462
-.89372
-.89283
-.89194
-.89104
-.89015
-.88926
-.88838
-.88749
-.88660
-.88571
-.88483
-.88394
-.88306
-.88218
-.88130
-.88042
-.87954
-.87866
-.87778
-.87690
-.87603
-.87515
-.87427
-.87340

.00000

.00090

.00180

.00270

.00359

.00449

.00538

.00628

.00717

.00806

.00896

.00985

.01074

.01162

.01251

.01340

.01429

.01517

.01606

.01694

.01782

.01870

.01958

.02046

.02134

.02222

.02310

.02397

.02485

.02573

.02660

 .00000
-.89910
-.85369
-.72435
-.52399
-.27246
 .00538
 .28214
 .53059
 .72633
 .85020
 .89015
 .84242
 .71188
 .51153
 .26123
-.01428
-.28785
-.53256
-.72437
-.84451
-.88130
-.83128
-.69953
-.49920
-.25012
 .02309
 .29350
 .53450
 .72242
 .83887

.00000

.44877

.18499
-.09648
-.36788
-.60255
-.77745
-.87550
-.88719
-.81154
-.65618
-.43655
-.17439
.10442
.37240
.60321
.77419
.86865
.87742
.79983
.64366
.42445
.16390
-.11229
-.37688
-.60386
-.77097
-.86187
-.86776
-.78823
-.63127

 .00000
 .45033
 .66870
 .82082
 .89187
 .87501
 .77207
 .59335
 .35660
 .08522
-.19401
-.45360
-.66803
-.81630
-.88393
-.86444
-.75991
-.58080
-.34487
-.07546
 .20084
 .45684
 .66738
 .81182
 .87607
 .85398
 .74787
 .56836
 .33326
 .06581
-.20760
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r?51C?;�s
CtgĥcY�fd]X2r]̀i�ef̂�̀dfdh̀dbi�]Vb̂ V̀cct�

cV�X̂XdZVk�Y[c[fVhdfV

'1:<�51>9F�5?�@A?4A1=9��=B?NK
      .000  10.000   .0001  3
     .000      .000  1.000

l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1�
:~q&zs{% u�{�n�*�s�{�{�0����'�&�{�x�)�lw

t,c Id Iq If
.00000
.15625
.31250
.46875
.62500
.78125
.93750

1.25000
1.56250
1.87500
2.18750
2.50000
2.81250
3.12500
3.43750
3.75000
4.37500
5.00000
5.62500
6.25000
6.87500
7.50000
8.12500
8.75000
9.37500
10.00000

.00000
-.03496
-.11420
-.21452
-.32388
-.43544
-.54485
-.74593
-.91110

-1.03178
-1.10506
-1.13269
-1.12007
-1.07517
-1.00740
-.92651
-.76109
-.63520
-.57537
-.57944
-.62619
-.68785
-.74073
-.77124
-.77694
-.76383

.00000

.11718

.22633

.32520

.41221

.48636

.54706

.62764

.65621

.63916

.58577

.50686

.41362

.31655

.22469

.14511

.03958

.01194

.04640

.11291

.18093

.22898

.24847

.24229

.22037

.19440

1.00000
1.02980
1.09184
1.16230
1.22999
1.28967
1.33889
1.40277
1.42150
1.40072
1.34886
1.27571
1.19123
1.10465
1.02381
.95473
.86563
.84586
.87986
.94034

1.00035
1.04151
1.05699
1.05004
1.02981
1.00669
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r?51C?;�t
CtgĥcY�fd]X2r]̀i�ef̂�X̂Xm[cct�Z[bej[fcdYd�[j[̀hi

�X�ĝckfdcct_�bVn̂ ct

(Uf=1., Tf0=1., Xad=0.9 Xf=1., T1d0=1., X1d=1.)

'1:<�51>9F�5?�@A?4A1=9�=B?NK
.00000 9.00000  .00001  2
.00000  .00000

l>C64AD31>>O�=6C?5?=�xDCC1-z6AB?>1
:~q&zs{% u�{�n�*�s�{�{�0�����'�&�{�x�)�l�w

t, c If I1d Ud Uq
.00000
.03516
.07031
.10547
.14063
.17578
.21094
.24609
.28125
.31641
.35156
.38672
.42188
.49219
.56250
.63281
.70313
.77344
.84375
.98438

1.12500
1.26563
1.40625
1.68750
2.25000
2.81250
3.09375

.00000

.15737

.27064

.35284

.41314

.45797

.49188

.51806

.53877

.55557

.56960

.58162
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-.36960
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-.40118
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-.39746
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-.34490
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-.29780
-.27657
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-.11380
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-.40102
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-.37937
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-.33950
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-.26202
-.24333
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-.19488
-.14494
-.10780
-.09297

.00000
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.06421

.07953

.09457

.10934

.12383

.13806

.15203

.16574

.17920

.20539

.23063

.25495

.27838

.30096

.32273

.36391

.40215

.43767

.47065

.52973

.62461

.69518

.72336
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alfa=0.
f=50.
omega=2.pif
Rk=0.2
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real instep
      read(5,5)x,instep,acc,neqs,(y(i),i=1,neqs)
  5   format(3f8.3,i3/10f8.3)
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external f

      dimension vec(11)
      call rk2(f,0.1,0.,0.,1,11,vec)
      write(*,5) (vec(i),i=1,11)
 5    format (10x,f10.4)
      stop
      end
      function f(x,y)
      f=sin(x*x+sqrt(y))**2

return
      end
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        dimension mat(100,3),x(100),numusl(100),uusl(100),
        *nuvar(100),tokwet(100),uvar(100),tvar(100)
        common mat,x,numusl,uusl,nuvar,tokwet,uvar,tvar,
        *kolwet,kolusl,kolvar,eps,isign,ier
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        read kolwet,kolusl,kolvar
        read ((mat(i,j),j=1,3),i=1,kolwet)
        read (x(i),i=1,kolwet)
        read (numusl(i),i=1,kolusl)
        read (uusl(i),i=1,kolusl)
        read (nuvar(i),i=1,kolvar)

read epps
        read tokbas
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   real koeff
   dimension gurv(10,10),koeff(11)
   read(5,10) m

 10  format(i5)
    i1=m+1
    read(5,15)(koeff(i),i=1,i1)

15   format(8f10.5)
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