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#$ %&$'()&*+,#- $#.") !# ,'*),'-,#- 

/(#0$(&,0$1',,#- %,#2#%&00#1#- %#!'*) /#'3!&

;-?@6)-4 *5A46 +,- (6*5BC4A +-D?(5 ?5 -0)5**C 200 ,-4C@. 

;5?@6)6/ *5A46 - (6*5B64/ +-/?(5 ?5 +-0E/(*6/ 200 E/). 

Development of the science about dynamics of a train for last 200 years. 

<-?(5*6/ +5,-@-F )GH6 6 +A)/F 0--IJ/*6G 

(-0)5)-K*- I-ELM-F +,-)GN/**-0)6 +,6@/E- 4 

*/-IO-(6B-0)6 +,-6?@-(0)@5 )GH-@PO ,50K/)-@ 

0 >/ELQ -+,/(/E/*6G @,/B/*6 O-(5, )-,B-?*PO 

+A)/F, @P,5I-)46 ),/I-@5*6F 4 ,/N6B5B @/(/-
*6G +-/?(5. !/,@-F ,50K/)*-F 0O/B-F +-/?(5 
+,6 R)-B 0)5E5 B5)/,65EL*5G )-K45, @+6)5@M5G 
@ 0/IG B500A +-/?(5 6 -0)5EL*P/ +,60AJ6/ /BA 

O5,54)/,60)646 ()GH-@P/, )-,B-?*P/ 6 +,-K6/). 
< A@/E6K/*6/B (E6*P 0-0)5@5 @ 45K/0)@/ ,50-
K/)*-F 0O/BP 0)5E6 60+-EL?-@5)L H6I4AQ */-
,50)GN6BAQ *6)L (0-0)5@) 0 H,A?-B (E-4-B--

)6@) *5 4-*>/. S)5 ,50K/)*5G 0O/B5 6 0/FK50 0 
A0+/O-B 60+-EL?A/)0G @ )GH-@PO ,50K/)5O 6 

,50K/)5O, 4-)-,P/ 0@G?5*P 0 @PI-,-B -+)6-

B5EL*PO +- ?5),5)5B R*/,H66 ),5/4)-,6F (@6-

N/*6G, 60+-EL?A/BPO @ ,/N6B*PO 45,)5O 6 

),/*5N/,5O B5M6*60)-@ B5H60),5EL*PO E-4--

B-)6@-@. 

< A@/E6K/*6/B B500 6 (E6* +-/?(-@, -0--

I/**- H,A?-@PO, +-@PM/*6/B B-J*-0)/F E--

4-B-)6@-@ +-),/I-@5E-0L -+,/(/EG)L @-?*6-

45QJ6/ +,6 0)5>6-*5,*PO 6 +/,/O-(*PO ,/-
N6B5O (@6N/*6G +-/?(5 +,-(-EL*P/ 06EP @ 

*/B, */-IO-(6BP/  +,6 ,50K/)/ 4-*0),A4>6F 

E-4-B-)6@-@, @5H-*-@, RE/B/*)-@ 6O 0-/(6-

*GQJ6O, )-,B-?*PO A0),-F0)@. 1EG ,/M/*6G 

R)6O ?5(5K -)>-B ,A004-F 5@65>66 '64-E5/B 

 H-,-@6K/B 8A4-@046B @ 1919 H-(A IPE6 +,/(-

E-N/*P (@/ ,50K/)*P/ 0O/BP +-/?(5: -(*5 @ 

@6(/ A+,AH-H- 0)/,N*G 0 H,A?-B *5 4-*>/ 6 

(,AH5G @ @6(/ -(*-B/,*-F >/+-K46 )@/,(PO 

)/E, 0-/(6*/**PO A+,AH6B6 0@G?GB6. : +/,@-B 

0EAK5/ ?5(5K5 0@-(6E50L 4 ,/M/*6Q +,6 -+,/-
(/E/**PO *5K5EL*PO 6 H,5*6K*PO A0E-@6GO 

(6../,/*>65EL*-H- A,5@*/*6G @)-,-H- +-,G(45 
@ K50)*PO +,-6?@-(*PO, 5 @- @)-,-B – 4 ,/M/-
*6Q 060)/BP E6*/F*PO -(*-,-(*PO (6../-
,/*>65EL*PO A,5@*/*6F @)-,-H- +-,G(45.  0)/-
0)@/**-, K)- ,500/6@5*6G R*/,H66 +,6 +,-(-EL-

*PO 4-E/I5*6GO +-/?(5 +,6 R)-B */ AK6)P@5-
E-0L 6 *5F(/**P/ 0 +-B-JLQ ,50K/)-@ 

-0>6EE-H,5BBP +,-(-EL*PO 06E @ */B -)E6K5-
E60L -) ,/5E6?A/BPO @ ,/5EL*PO A0E-@6GO. 

:0/@-E-( T,A)Q*-@6K #5?5,G* @ 0@-/F (-4-

)-,04-F (600/,)5>66, 4-)-,AQ -*, ,5I-)5G @ 

1&&2/, ?5J6)6E @ 30 E/) @ #/*6*H,5(04-B 6*-

0)6)A)/ +A)/F 0--IJ/*6G, +,/(E-N6E AK6)P-

@5)L +,6 4-E/I5*6GO ,500/6@5*6/ R*/,H66 6 

,500B5),6@5)L +-/?( 454 A+,AH--@G?46F 0)/,-

N/*L 0 H,A?-B ( E-4-B-)6@) *5 4-*>/, E6I- 454 

-(*-B/,*AQ 060)/BA )@/,(PO )/E, 0-/(6*/*-

*PO A+,AH--@G?46B6 0@G?GB6. S)6 ,50K/)*P/ 
0O/BP 60+-EL?-@5E60L @ ,5I-)5O :. T. #5?5,G-
*5,  . !. "E-O6*5, &. U. "5,I505, 2. T. U-,-(/>-

4-F, T. &. <)A45E-@5, T. T. 3E5*-@5, V. :. 

VE-,6*04-H-. !-0)5@E/**P/ :. T. #5?5,G*-B @ 

,/5EL*PO A0E-@6GO B*-H-K60E/**P/ 0+/>65EL-
*P/ -+P)P 0 +-/?(5B6, +-()@/,(6E6 +,5@-B-K-

*-0)L +,6B/*/*6G, @ ,G(/ 0EAK5/@, A+-BG*A)PO 

,50K/)*PO 0O/B 6 +-?@-E6E6  *5F)6 */-IO-(6-

BP/ (EG ,50K/)-@ B*-H6/ O5,54)/,60)646 H,A-

?-@PO 6 +5005N6,046O +-/?(-@ (04-,-0)L I/H5 
@-E*P @-?BAJ/*6F +,6 +A04/ @ O-( 6 )-,B-N/-
*6GO, +,-(-EL*AQ N/0)4-0)L 0-0)5@5, N/0)-
4-0)L B/N@5H-**PO 0-/(6*/*6F +,6 *5H,A?4/ 6 

,5?H,A?4/, 0,/(*/0)5)60)6K/046/ ?*5K/*6G ?5?--

,-@ @ B/N@5H-**PO 0-/(6*/*6GO). 

 0)/0)@/**-, K)- +,6 R)-B ?5(5@5E60L +/,/-
O-(*P/ ,/N6BP (@6N/*6G, *5 4-)-,P/ ?5?-,P @ 

A+,GN6 +-/?(5 */ @E6GQ) (+A04 @ O-( +,/(@5,6-

)/EL*- ,50)G*A)PO 6 )-,B-N/*6/ 0 H-E-@P 

+,/(@5,6)/EL*- 0N5)PO +-/?(-@, (@6N/*6/ ,50-
)G*A)-H- +-/?(5 +- +/,/E-BA +A)6 )6+5 «H-,I» 

6 0N5)-H- +- +/,/E-BA )6+5 «GB5»). :- @0/O 

R)6O 0EAK5GO +,54)6K/046 0-@+5(5E6 */ )-EL4- 

H,5.646 ,50+,/(/E/*6G @(-EL 0-0)5@5  B5406-

B5EL*PO ?*5K/*6F +,-(-EL*PO A06E6F, +-EA-

K/**P/ ,50K/)-B 6 +- 6)-H5B R40+/,6B/*)-@, 

*- 6 -0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 0/-
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K/*6GO +-/?(-@ +,6 ,5?E6K*PO +/,/O-(*PO ,/-
N6B5O. 

: 45K/0)@/ +,6B/,5 *6N/ +-45?5*P ,50+,/-
(/E/*6G B5406B5EL*PO +,-(-EL*PO 06E +- (E6-

*/ +-/?(5 +,6 +A04/ @ O-( -(*-,-(*-H- 6 */-(-

*-,-(*-H- +-/?(-@ (,60. 1) 6 (@6N/*66 0- 04--

,-0)LQ 70 4B/K +- +/,/E-BA +,-(-EL*-H- +,--

.6EG +A)6 0 ,5?*-0)LQ A4E-*-@ 8,6‰ (,60. 2). : 

*/-(*-,-(*-B -+P)*-B +-/?(/ H-E-@*5G K50)L 
0-0)5@5 IPE5 0.-,B6,-@5*5 6? +-,-N*6O K/)P-

,/O-0*PO @5H-*-@, 5 O@-0)-@5G – 6? )546O N/, *- 

+-E*-0)LQ ?5H,AN/**PO. <+E-M*P/ E6*66 +--

EAK/*P 5*5E6)6K/046B ,50K/)-B, 4@5(,5)646 6 

),/AH-EL*646 0--)@/)0)@AQ) ,/?AEL)5)5B 

-+P)*PO +-/?(-4. '5 +,6@/(/**PO H,5.645O 

S/Ft – -)*-M/*6/ +,-(-EL*-H- A06E6G @ (5**-B 

0/K/*66 4 +,-(-EL*-BA A06E6Q @ 5@)-0>/+4/ 
B/N(A E-4-B-)6@-B 6 +/,@PB @5H-*-B. 

0
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1

1,2

1,4
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x/L

S/S1

-(*-,-(*PF +-/?( */-(*-,-(*PF

-(*-,-(*PF +-/?( */-(*-,-(*PF  

;60. 1. ;50+,/(/E/*6/ B5406B5EL*PO +,-(-EL*PO 

06E +- (E6*/ +-/?(5 +,6 +A04/ @ O-( 

-2,5

-2

-1,5

-1

-0,5

0

0 0,2 0,4 0,6 0,8 1

x/L

S/S1

 

;60. 2. ;50+,/(/E/6/ B5406B5EL*PO +,-(-EL*PO 06E 

+- (E6*/ +-/?(5 +,6 (@6N/*66 0- 04-,-0)LQ 70 4B/K 

+- +/,/E-BA +,-(-EL*-H- +,-.6EG +A)6 0 ,5?*-0)LQ 

A4E-*-@ 8,6 ‰ 

'5 ,60.3 6 4 +,6@/(/*P -0>6EE-H,5BBP 06E 

@ */04-EL46O 0/K/*6GO +,6 ),-H5*66 +,/(@5,6-

)/EL*- ,50)G*A)-H- -(*-,-(*-H- 6 */-(*-,-(-

*-H- (H-E-@*5G K50)L 0-0)5@5 0-0)-6) 6? -(*--

,-(*PO +-,-N*6O 4-O-0*PO +-EA@5H-*-@, O@--

0)-@5G – 6? +-E*-0)LQ ?5H,AN/**PO) +-/?(-@ 

0--)@/)0)@/**-. 2-K45B6 *5 -+P)*P/ -0>6EE--

H,5BBP *5*/0/*P ,/?AEL)5)P 5*5E6)6K/04-H- 

,50K/)5. 

 

;60. 3. $0>6EE-H,5BBP 06E +,6 ),-H5*66 -(*-,-(-

*-H- +,/(@5,6)/EL*- ,50)G*A)-H- +-/?(5 

 

;60. 4. $0>6EE-H,5BBP 06E +,6 ),-H5*66 */-(*--

,-(*-H- +,/(@5,6)/EL*- ,50)G*A)-H- +-/?(5 

#6*/F*5G +-0)5*-@45 ?5(5K +-?@-EGE5 60-
+-EL?-@5)L +,6 ,/M/*66 5*5E6)6K/046/ B/)-(P 

6 0-?(5**AQ @ E5I-,5)-,66 (6*5B646 6 +,-K-

*-0)6 +-(@6N*-H- 0-0)5@5 RE/4),6K/04AQ B--

(/EL *5 +5006@*PO RE/B/*)5O (R, L, C). 

$(*54- )545G +-0)5*-@45 ?5(5K6 */ +-?@-EG-
E5 )/-,/)6K/046B +A)/B *5F)6 @/,O*6/ H,5*6-

>P +,-(-EL*PO 06E, 4-)-,P/ @ -IJ/B 0EAK5/ 
B-HA) @-?*645)L @ +-/?(/ +,6 )/O 6E6 6*PO +/-
,/O-(*PO ,/N6B5O /H- (@6N/*6G, @P?P@5G 5@5-
,6F*P/ 06)A5>66. 

S40+/,6B/*)P 6 @P+-E*/**P/ @ +-0E/(AQ-

J/B ,50K/)P +-45?5E6, K)- *5 A,-@/*L *56-

I-ELM6O ?*5K/*6F ,50)GH6@5QJ6O 6 0N6B5Q-

J6O 06E @E6G/) */ 0)-EL4- .-,B5 06E-@-F O5-
,54)/,60)646 B/N@5H-**-H- 0-/(6*/*6G, 04-EL-
4- @/E6K6*5 ?5?-,5 @ R)-B 0-/(6*/*66, 

?*5K/*6/ 4-)-,-H- (-0)6H5/) @ R40+EA5)5>66 

100 BB. : -IJ/B 0EAK5/ ?5?-,P @ A+,GN6 -0--

I/**- H,A?-@PO +-/?(-@ @0/H(5 0/IG +,-G@EGQ). 
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'56I-ELM// @E6G*6/ -*6 -45?P@5Q) *5 ?*5K/-
*6G +,-(-EL*PO 06E +,6 +A04/ +,/(@5,6)/EL*- 

0N5)-H- (K50)6K*- 6E6 +-E*-0)LQ) 0 H-E-@P 

+-/?(5, )-,B-N/*66 0 E-4-B-)6@5 +,/(@5,6-

)/EL*- ,50)G*A)-H- +-/?(5, +,6 (@6N/*66 +- 

+A)6 E-B5*-H- +,-.6EG. <E/(A/) ?5B/)6)L, K)- 

6B/QJ6/ A(5,*PF O5,54)/, ,50)GH6@5QJ6/ 
06EP 0+-0-I*P ,5?-,@5)L */ )-EL4- A+,GNL, *- 

6 4-*0),A4>6Q 05B-H- @5H-*5 (,60.5), 5 0N6-

B5QJ6/ 06EP, 6B/QJ6/ 4@5?60)5)6K/04AQ 0--

0)5@EGQJAQ -+,/(/E/**-H- A,-@*G, @P(5@6)L 
6? 0-0)5@5 +-/?(5 */ )-EL4- +-,-N*6F, *- 6 

H,AN/*PF K/)P,/O-0*PF @5H-*. 

 

;60. 5. ;5?,AM/*6/ 4-*0),A4>66 @5H-*5 +-( @E6G*6-

/B +,-(-EL*PO 06E @ +-/?(/ 

'5E6K6/ @ A+,GN6 ?5?-,-@ 6 @ -IJ/B 0EAK5/ 
*/E6*/F*-0)6 06E-@PO O5,54)/,60)64 +-HE--

J5QJ6O 5++5,5)-@ 5@)-0>/+46 ?50)5@EG/) ,50-
0B5),6@5)L +-/?( 454 >/+-K4A )@/,(PO )/E, 0--

/(6*/**PO 0@G?GB6 0 */E6*/F*PB6 O5,54)/,6-

0)645B6. 2545G ,50K/)*5G 0O/B5 +,6@-(6) 4 

060)/B/ 0AJ/0)@/**- */E6*/F*PO (6../,/*-

>65EL*PO A,5@*/*6F @)-,-H- +-,G(45, ,/M/*6/ 
4-)-,-F  5*5E6)6K/046B +A)/B +-EAK6)L */EL-
?G. &00E/(-@5*6G  +/,/O-(*PO ,/N6B-@ (@6N/-
*6G +-/?(-@ @ ,500B5),6@5/B-F +-0)5*-@4/ 
@+/,@P/ IPE6 *5K5)P @ 1&&2/ *5 45./(,/ 
0),-6)/EL*-F B/O5*64/ +-( ,A4-@-(0)@-B :. T. 

#5?5,G*5. 1EG R)-F >/E6 IPE5 60+-EL?-@5*5 
0+/>65EL*5G RE/4),-**5G B-(/EL +-/?(5, @P-

+-E*/**5G *5 I5?/ ),/O 5*5E-H-@PO @PK60E6-

)/EL*PO B5M6* )6+5 W!2-9. &?@/0)*-, K)- -(-

*6B 6? (-0)-6*0)@ T:W G@EG/)0G +-EAK/*6/ 
,/M/*6F @ ,/5EL*-B B50M)5I/ @,/B/*6, K)- 

-K/*L @5N*- @ 0EAK5/ +,6B/*/*6G 060)/B 5@)--

B5)6K/04-H- A+,5@E/*6G. S)6 B-(/E6 IPE6 60-
+-EL?-@5*P @- B*-H6O ,5I-)5O :. T. #5?5,G*5, 
#. T. W5*5M46*5, T. :. ;PN-@5,  . !. "E-O6*5, 
&. U. "5,I505, T. &. <)A45E-@5, :. T. 75IEA4--

@5, :. T. WA?P46*5,  . X. 2,AI6>4-F. 

!-G@E/*6/ >6.,-@PO @PK60E6)/EL*PO B5-
M6* 6 60+-EL?-@5*6/ 0-@,/B/**PO @PK60E6-

)/EL*PO B/)-(-@ +-?@-E6E6 0AJ/0)@/**- ,50-
M6,6)L 4,AH @5N*PO (EG -),50E6 ?5(5K. !,6 

R)-B, +-EAK5/BP/ @ ,/?AEL)5)/ ,/M/*6G 060)/-
BP */E6*/F*PO (6../,/*>65EL*PO A,5@*/*6F 

-0>6EE-H,5BBP +,-(-EL*PO A06E6F B-N*- 

0,5@*6@5)L 0 +-EAK/**PB6 R40+/,6B/*)5EL*- 

E6ML 45K/0)@/**-, *- ,50+,/(/E/*6/ @(-EL 0--

0)5@5 B5406B5EL*PO ?*5K/*6F +,-(-EL*PO 06E, 

*5F(/**PO ,50K/)-B 6 R40+/,6B/*)5EL*-, 0--

HE50AQ)0G (-0)5)-K*- */+E-O- (,60. 6-8). 

<+E-M*-F E6*6/F +-45?5*P ,/?AEL)5)P, +-EA-

K/**P/ 0 +-B-JLQ Y:W, 4,/0)645B6 *5*/0/*P 

,/?AEL)5)P RE/4),-**-H- B-(/E6,-@5*6G, 5 
4,AN-K45B6 – A0,/(*/**P/ +- K/)P,/B -+P)5B 

(5**P/. 
 0)/0)@/**-, K)- )54-/ 0-HE50-@5*6/ B-N/) 

IP)L +-EAK/*- E6ML +,6 A0E-@66 60+-EL?-@5-
*6G @ ,50K/)/ (-0)-@/,*PO B/O5*6K/046O O5-
,54)/,60)64 +-/?(5, +,-.6EG 6 +E5*5 +A)6, 5 
)54N/ (5**PO - ,50+,/(/E/*6/ ?5?-,-@ @ A+,G-
N6 4 *5K5EA +/,/O-(*PO +,->/00-@. < 60+-EL-
?-@5*6/B Y:W IPE6 6?AK/*P  +/,/O-(*P/ ,/-
N6BP (@6N/*6G H,A?-@PO 6 +5005N6,046O +--

/?(-@ +,6 +A04/ 6O @O-(, +,6 )-,B-N/*66, +,6 

(@6N/*66 +- +A)6 E-B5*-H- +,-.6EG. !,6 R)-B  

,500B5),6@5E60L +-/?(5 -(*-,-(*P/ 6 */-(*--

,-(*P/, : )-B K60E/ +-/?(5, 0-(/,N5J6/ @5H--

*P 0 +-(@6N*PB6 H,A?5B6, -I-,A(-@5**P/ +--

HE-J5QJ6B6 5++5,5)5B6 5@)-0>/+46 6 @-?(A-

O-,50+,/(/E6)/EG ,5?*PO )6+-@. < 60+-EL?-@5-
*6/B Y:W ,/M/*- *56I-ELM// 4-E6K/0)@-, 

0@G?5**PO 0 +,-(-EL*-F (6*5B64-F +-/?(5 ?5-
(5K, ,/M/**PO @ ,5?*-/ @,/BG :. T. #5?5,G*-B, 

 . !. "E-O6*PB, U. &. "-H-B5?-B, #. :. "/E64, 

'. &. U,5*-@04-F, 7. &. 8/E/?*-@PB, #. T. W5-
*5M46*PB, #. U. W50E//@-F, T. :. ;PN-@PB,  

 . #. <)5BIE/,-B, #. :. 3,0AEG4. ;/?AEL)5)P 

R)6O 600E/(-@5*6F IPE6 60+-EL?-@5*P +,6 

+,-/4)6,-@5*66 *-@PO )6+-@ +-HE-J5QJ6O 

5++5,5)-@ 6 @-?(AO-,50+,/(/E6)/E/F, +,6 ,5?-
,5I-)4/ 0+-0-I-@ A+,5@E/*6G (@6N/*6/B 

-IPK*PO 6 0-/(6*/**PO +-/?(-@ 6 0-?(5*66 

0--)@/)0)@AQJ6O ,/N6B*PO 45,), +,6 +/,/-
0B-),/ <),-6)/EL*PO *-,B 6 +,5@6E (<'6!  

ZZ-39.76), +,6 @PI-,/ +5,5B/),-@, 0-?(5**-F @ 

1&&2/ 5@)-*-B*-F 060)/B/ 5@)-B5)6K/04-H- 

A+,5@E/*6G @0+-B-H5)/EL*PB E-4-B-)6@-B, 
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*5O-(GJ6B0G @ 0-0)5@/ 0-/(6*/**-H- +-/?(5, 
+,6 ,5?,5I-)4/ R*/,H-0I/,/H5QJ6O 0+-0-I-@ 

@/(/*6G +-/?(-@ 6 0-?(5*66 *5 I5?/ 4-B+LQ-

)/,*PO )/O*-E-H6F ),/*5N/,-@ (EG -IAK/*6G 
B5M6*60)-@, +,6 0-?(5*66 060)/B ?5J6)P 4-)-
E-@ >60)/,* @ 0EAK5/ 5@5,6F*PO 06)A5>6F. 
  

 
! 

 

;60. 6. ;50+,/(/E/*6/ B5406B5EL*PO 06E +,6 ),-H5-
*66 0N5)PO -(*-,-(*-H- +-/?(5 B500-F 4100 ) ( ) 6 

*/-(*-,-(*-H- +-/?(5 B500-F 1600 ) (!) ( i  – *-B/, 

@5H-*5) 

  

 
! 

 

;60. 7. ;50+,/(/E/*6/ B5406B5EL*PO 06E @(-EL -(-

*-,-(*-H- ( ) 6 */-(*-,-(*-H- (!) +-/?(-@ +,6 R40-
),/**-B )-,B-N/*66 0- 04-,-0)6 10 4B/K 

 

;60. 8. ;/HAE6,-@-K*-/ )-,B-N/*6/ +,6 (@6N/*66 

+-/?(5 +- +A)6 E-B5*-H- +,-.6EG 

'/-IO-(6B-0)L +6045 +,6K6* 4,AM/*6F 6 

5@5,6F 0 +-/?(5B6, G@EGE50L -(*-F 6? +,6K6*, 

?50)5@6@M6O ,500B5),6@5)L +,-0),5*0)@/**P/ 
4-E/I5*6G @5H-*-@, *5O-(GJ6O0G @ 0-0)5@/ +--

/?(5. : R)-B 0EAK5/ IP@5/) (-0)5)-K*- ,50-
0B5),6@5)L 4-E/I5*6G 0-M/(M/H- 0 ,/EL05 @5-
H-*5 (6E6 H,A++P @5H-*-@) +-( @E6G*6/B +,--

(-EL*PO 06E, +/,/(5QJ6O0G 0- 0)-,-*P -0-
)5EL*-F K50)6 +-/?(5. < 60+-EL?-@5*6/B 

6B/**- )54-H- +-(O-(5 IPE6 600E/(-@5*P +A-

)/B B5)/B5)6K/04-H- B-(/E6,-@5*6G +,6K6*P 

,G(5 4,AM/*6F +-/?(-@ *5 N/E/?*PO (-,-H5O 

;-0066 6 34,56*P. 

95(5K5 - +,-(-EL*PO 4-E/I5*6GO +-/?(5 
,/M5/)0G 0E/(AQJ6B -I,5?-B. : 45K/0)@/ ,50-
K/)*-F 0O/BP 60+-EL?A/)0G -(*-B/,*5G >/+-K-

45 )/E (R46+5N/F), 0-/(6*/**PO B/N(A 0-I-F 

0AJ/0)@/**- */E6*/F*PB6 (/.-,B6,A/BPB6 

RE/B/*)5B6, AK6)P@5QJ6B6 *5E6K6/ ?5?-,-@ @ 

A+,GN6. 1@6N/*6/ R46+5N5 -+60P@5/)0G 0E/-
(AQJ/F 060)/B-F A,5@*/*6F: 
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jj
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tjpjojbj
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FWWFS
V

 

 

, (1) 

H(/ jS  – +,-(-EL*5G 06E5, (/F0)@AQJ5G @ j --F 

0@G?6, 
jbF  – )-,B-?*5G 06E5, (/F0)@AQJ5G  *5 

j -F R46+5N, 
joW – 06E5 -0*-@*-H- 0-+,-)6@E/-

*6G +-0)A+5)/EL*-BA (@6N/*6Q +-/?(5 (EG j -

H- R46+5N5, 
jpW  – 06E5 0-+,-)6@E/*6G -) +,--

.6EG +A)6 (EG j - H- R46+5N5, tF – 06E5 )GH6 
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6E6 06E5, @P?@5**5G RE/4),6K/046B )-,B-N/-
*6/B, jjj VVx  ,,  – 0--)@/)0)@/**- +,-F(/**PF 

+A)L, 04-,-0)L 6 A04-,/*6/ j – H- R46+5N5. 

345?5**5G 060)/B5 (6../,/*>65EL*PO 

A,5@*/*6F ,/M5/)0G 0 60+-EL?-@5*6/B K60E/*-

*PO B/)-(-@ 6*)/H,6,-@5*6G, 4-)-,P/ @PI,5-
*P 0 AK/)-B -0-I/**-0)/F (6../,/*>65EL*PO 

A,5@*/*6F 6 +-EAK5/BPO ,/M/*6F [1, 2]. : 

+,/(E5H5/B-B @PK60E6)/EL*-B 4-B+E/40/ @ ?5-
@606B-0)6 -) ,/M5/BPO ?5(5K @-?B-N*- 60-
+-EL?-@5*6/ 454 B/)-(5 T(5B05-"5M.-,)5-
WAEL)-*5 )54 6 B/)-(5 %/BB6*H5. 

345?5**P/ B/)-(P -)*-0G)0G 4 H,A++/ 06EL-
*- A0)-FK6@PO [3]. !,6B/*/*6/ 6B/**- )546O 

B/)-(-@ @P?@5*- 0+/>6.64-F )/O ?5(5K, ,/M/-
*6/ 4-)-,PO ),/IA/)0G ,500B5),6@5)L *5 (--

@-EL*- (E6**PO -),/?45O 6*)/H,6,-@5*6G. 
!,6 600E/(-@5*66 (6*5B6K/04-F *5H,AN/*-

*-0)6 +-/?(-@ +,/(A0B-),/*5 @-?B-N*-0)L B--

(/E6,-@5*6G (@6N/*6G  0-/(6*/**PO +-/?(-@ 0 
,50+-E-N/*6/B E-4-B-)6@-@ @(-EL 0-0)5@5. 
!-E5H5/)0G, K)- @0/ E-4-B-)6@P (-EN*P IP)L 
-(*-H- )6+5. 3+,5@EG)L E-4-B-)6@5B6 B-N*- 

454 06*O,-**-, )54 6 +- ,/N6B*-F 45,)/ ( +/-
,/K/*L ,/N6B-@ A+,5@E/*6G @ ?5@606B-0)6 -) 
@,/B/*6 6E6 04-,-0)6 (@6N/*6G 6E6 +A)6), 4--

)-,5G ?5(5/)0G (EG 45N(-H- E-4-B-)6@5 454 *5-
K5EL*5G 6*.-,B5>66 (EG ,50K/)5. 

754 6?@/0)*-, @/E6K6*P +,-(-EL*PO A06E6F 

jS  – ?5@60G) -) @/E6K6*P -)*-06)/EL*PO +,--

(-EL*PO +/,/B/J/*6F ( jx ) 0-0/(*6O R46+5N/F  

jq  6 04-,-0)6 jq , 4-)-,P/ -+,/(/EGQ)0G 0E/-

(AQJ6B -I,5?-B: 

 
1

1.

j j j

j j j

q x x

q V V

%

%

$ &# 
"

$ & !  
  (2) 

: 0EAK5/ -I-,A(-@5*6G B/N@5H-**-H- 0--

/(6*/*6G -(6*54-@PB6 +-HE-J5QJ6B6 5++5-
,5)5B6 5@)-0>/+46 (EG -+,/(/E/*6G +,-(-EL-
*PO 06E 60+-EL?A/)0G B/)-(, -+605**PF @ [1, 

4].  0E6 @ B/N@5H-**-B 0-/(6*/*66 -45?P@5-
Q)0G 5++5,5)P 0 -)E6K5QJ6B60G B/N(A 0-I-F 

O5,54)/,60)645B6, )- +,-(-EL*-/ A06E6/ -+,/-
(/EG/)0G 6? 0E/(AQJ/H- A0E-@6G: 

 
,

" #

j j j

" #

j j j

S S S

q q q

# $ $ 
"

% $ !

  (3) 

H(/ "

jS  6 #

jS  – ?*5K/*6G +,-(-EL*PO A06E6F @ 

+/,/(*/B 6 ?5(*/B +-HE-J5QJ6O 5++5,5)5O 

0--)@/)0)@/**-; "

jq  6 #

jq  – (/.-,B5>66 0--)-

@/)0)@AQJ6O +-HE-J5QJ6O 5++5,5)5O. 

!,6 B-(/E6,-@5*66 )-,B-?*PO +,->/00-@, 

+,-60O-(GJ6O @ +-/?(5O, AK6)P@5/)0G, K)- @ 

?5@606B-0)6 -) )6+5 R46+5N5 @-?B-N*P ,5?-
E6K*P/ )6+P )-,B-N/*6F: +*/@B5)6K/04-/ 
(H,A?-@P/ 6 +5005N6,046/ @5H-*P), RE/4),-+-

*/@B5)6K/04-/ (+5005N6,046/ @5H-*P), RE/4-

),6K/04-/ (E-4-B-)6@P), 5 )54N/ )-,B-N/*6/, 
@P?@5**-/ 5@5,6F*PB ,/N6B-B – ,5?,P@ )-,-

B-?*-F B5H60),5E6. !,6 R)-B +,/(+-E5H5/)0G, 
K)- )-,B-?*5G B5H60),5EL B-N/) IP)L 454 

04@-?*-F, )54 6 5@)-*-B*-F, 5 ,500,/(-)-K/*-

*P/ E-4-B-)6@P B-HA) A+,5@EG)L0G 06*O,-**- 

6E6 +- 4546B-)- (,AH6B +,5@6E5B. 

<6E5 *5N5)6G *5 )-,B-?*AQ 4-E-(4A -+,/-
(/EG/)0G 0-0)-G*6/B @-?(AO-,50+,/(/E6)/EG, 

4-)-,PF  B-N/) 0-?(5@5)L @ )-,B-?*-B >6E6*-

(,/ (5@E/*6/ 0N5)-H- @-?(AO5, 0--)@/)0)@AQ-

J// @/E6K6*/ ,5?,G(46 )-,B-?*-F B5H60),5E6 

6E6 +-E*-BA 6E6 K50)6K*-BA (+,6 0)A+/*K5)-B 

-)+A04/) @P+A04A 0N5)-H- @-?(AO5 6? >6E6*(-

,-@ +,6 +-@PM/*66 (5@E/*66 @ B5H60),5E6. 

!,6 ,/HAE6,-@-K*-B )-,B-N/*66 0*6N/*6/ 
04-,-0)6 (@6N/*6G +-/?(-@ B-N/) IP)L +,-6?-
@/(/*- I--F, II--F 6E6 III-/F 0)A+/*GB6 )-,B--

N/*6F. : ?5@606B-0)6 -) @PI,5**-F 0)A+/*6 

+,/(+-E5H5/)0G, K)- )-,B-?*-F >6E6*(, *5+-E-

*G/)0G 0N5)PB @-?(AO-B  0--)@/)0)@/**- *5 
40%, 60% 6 88% -) B5406B5EL*-H- ?*5K/*6G 

(5@E/*6G. W5406B5EL*P/ ?*5K/*6G (5@E/*6G 

@-?(AO5 @ )-,B-?*-B >6E6*(,/ ?5@60G) -) ,/-
N6B-@ ,5I-)P @-?(AO-,50+,/(/E6)/EG; 6O ?*5-
K/*6G +,6@/(/*P @ )5IE. 1. 

25IE6>5  1  

%4567849:;<= >4?9=;7= ? @<A8<B;<8 C797;>A= 

;/N6B @/, 15@E/*6/, 5)B 

H,AN/*PF 3,8  

0,/(*6F 2,5  

+-,-N*6F 1,5  

!,6 600E/(-@5*66 ,5?E6K*PO @6(-@ )-,B--

N/*6F ?5(5/)0G @6( )-,B-N/*6G (0)A+/*L ,/HA-

E6,-@-K*-H- )-,B-N/*6G, !<2, S2 6E6 +5(/-
*6/ (5@E/*6G, @P?@5**-/ ,5?,P@-B )-,B-?*-F 

B5H60),5E6 @ ?5(5**-B 0/K/*66 +-/?(5). : 0--

-)@/)0)@66 0 R)6B B-(/E6,A/)0G ,5I-)5 @-?(A-

O-,50+,/(/E6)/EG 6 -+,/(/EGQ)0G ?*5K/*6G 06E 

*5N5)6G @ 45N(PF B-B/*) @,/B/*6. :-?(AO--

,50+,/(/E6)/EL *5 45N(-B R46+5N/ 0,5I5)P@5-
/) @ B-B/*) +,6O-(5 )-,B-?*-F @-E*P -) 60-
)-K*645 ,5?,G(46 )-,B-?*-F B5H60),5E6. &?-
B/*/*6/ 06EP *5N5)6G *5 )-,B-?*AQ 4-E-(4A 
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)(tk j  @ +,->/00/ *5+-E*/*6G )-,B-?*-H- >6-

E6*(,5 +,-60O-(6) +- R40+-*/*>65EL*-BA ?5-
4-*A, 5 +,6 @P+A04/ 0N5)-H- @-?(AO5 – +- E6-

*/F*-BA ?54-*A. !,6 -+,/(/E/*66 06EP *5N5-
)6G AK6)P@5/)0G R)5+ +-(@-(5 )-,B-?*PO 4-E--

(-4 6 @,/BG *5+-E*/*6G )-,B-?*PO >6E6*(,-@, 

4-)-,-/ ?5@606) -)  @6(5 )-,B-N/*6G (!<2 6E6 

S2),  ,/N6B5 ,5I-)P @-?(AO-,50+,/(/E6)/E/F 

*5 +5005N6,046O @5H-*5O ((E6**-0-0)5@*PF 

6E6 4-,-)4-0-0)5@*PF), 5 )54N/  B/0)5 *5O-N-

(/*6G (5**-H- R46+5N5 +- -)*-M/*6Q 4 60)-K-

*64A ,5?,G(46 )-,B-?*-F B5H60),5E6. 

<6E5, (/F0)@AQJ5G *5 E-4-B-)6@ @ )GH-@-B 

,/N6B/ 6E6 +,6 RE/4),6K/04-B )-,B-N/*66 

tF , -+,/(/EG/)0G 0-HE50*- ?5(5**PB )GH-@PB 

6E6 )-,B-?*PB O5,54)/,60)645B, 0--)@/)0)-
@AQJ6B @PI,5**-BA E-4-B-)6@A. 

<6E5 -0*-@*-H- 0-+,-)6@E/*6G +-0)A+5-
)/EL*-BA (@6N/*6Q +-/?(5 (EG j -H- R46+5N5 

joW  ?5@606) -) )6+5 R46+5N5 (H,A?-@-F, +50-

05N6,046F @5H-*P 6E6 E-4-B-)6@), 6 @6(5 +A)6 

(0)P4-@-F 6E6 I/00)P4-@-F). 1EG H,A?-@PO @5-
H-*-@ +,6 -+,/(/E/*66 

joW AK6)P@5/)0G )54N/ 

)6+ +-(M6+*64-@ (45K/*6G 6E6 04-ELN/*6G), 
*5H,A?45 *5 -0L 6 4-E6K/0)@- -0/F. !,6 @PK60-
E/*66 A45?5**-F 06EP (EG E-4-B-)6@-@ AK6)P-

@5/)0G ,/N6B (@6N/*6G ()GH-@PF).[5] 

<6E5 0-+,-)6@E/*6G -) +,-.6EG +A)6 (EG 
j -H- R46+5N5 -+,/(/EG/)0G +- .-,BAE/ 

jr

j

pj gmH
R

V

R
iW 001,0197,9495,1

200
2

'(
(
)

*
+
+
,

-
%&&&$  (4) 

H(/ i  – @/E6K6*5 A4E-*5 @ +,-B6EE/ (?*54 A4-

E-*5 ?5(5/)0G 0-HE50*- +,5@6E5B )GH-@PO ,50-
K/)-@: *5 0+A04/ 0- ?*54-B «–», *5 +-([/B/ 0- 

?*54-B «+» ), jV  – 04-,-0)L R46+5N5, R  –

,5(6A0 4,AH-@-F 4,6@-F @ +E5*/, rH  – @-?@P-

M/*6/ *5,AN*-H- ,/EL05 [5]. : +,6@/(/**-F 

.-,BAE/ @/E6K6*P ,5(6A05 4,AH-@-F 4,6@-F 6 

@-?@PM/*6G *5,AN*-H- ,/EL05 6?B/*GQ)0G *5 
@O-(*-F 6 @PO-(*-F 4,6@PO -) *AEG (- ?5(5*-

*-H- ?*5K/*6G. 
7,-B/ B-(/E6, 6B6)6,AQJ/F +,-(-EL*P/ 

4-E/I5*6G +-/?(5 6 +-?@-EGQJ/F ->/*6)L +,--

(-EL*P/ 06EP, A04-,/*6G, )-,B-?*P/ +A)6 6 

).+., *5B6 ,5?,5I-)5*- +,-H,5BB*-/ -I/0+/K/-
*6/ (EG 6?AK/*6G +,-0),5*0)@/**PO 4-E/I5*6F 

@5H-*5 (6E6 H,A++P @5H-*-@), (@6NAJ/H-0G @ 

0-0)5@/ +-/?(5. !,-0),5*0)@/**5G B-(/EL +--

?@-EG/) ->/*6)L )54 N/ (6*5B6K/046/ +-45?5-
)/E6, 0,/(6 4-)-,PO *56I-E// @5N*PB G@EG/)0G 

+-45?5)/EL, O5,54)/,6?AQJ6F I/?-+50*-0)L 
(@6N/*6G R46+5N5 – 4-R..6>6/*) ?5+505 A0-
)-FK6@-0)6 -) 0O-(5 4-E/05 0 ,/EL05.  

1EG +-0),-/*6G +,-0),5*0)@/**PO B-(/E/F 

60+-EL?-@5* -I[/4)*---,6/*)6,-@5**PF +-(-

O-(. !,6 R)-B B-(/EL R46+5N5 ,5?I6@5/)0G *5 
-)(/EL*P/ -I[/4)P 6 0@G?6 B/N(A *6B6. $I[-

/4)5B6 ?(/0L *5?P@5Q)0G */(/.-,B6,A/BP/ 
RE/B/*)P 4-*0),A4>66 R46+5N5, 6B/QJ6/ -+-

,/(/E/**P/ 6*/,>6-**P/ 0@-F0)@5 (+5,5B/)-
,P). <@G?6 – R)- (/.-,B6,A/BP/ RE/B/*)P 4-*-

0),A4>66, +,/(*5?*5K/**P/ (EG 0-/(6*/*6G 

-I[/4)-@ B/N(A 0-I-F. <@G?6 B-HA) IP)L ,5?-
E6K*PB6 +- )6+A: A+,AH--@G?46/ 6E6 A+,AH--

.,64>6-**P/ (E6*/F*P/ 6E6 I6E6*/F*P/), )6-

+5 «0AO-/ ),/*6/», 0@G?6, AK6)P@5QJ6/ G@E/-
*6G 4,6+5  (B/N(A 4-E/0-B 6 ,/EL0-B) 6 ).(. 

: 45K/0)@/ -I[/4)-@ B-HA) IP)L @PI,5*P, 

*5+,6B/,, @0/ 6*/,>6-**P/ 4-*0),A4)6@*P/ 
RE/B/*)P, 6E6 K50)L 6? *6O, 4-)-,5G B-N/) 
IP)L -I[/(6*/*5 @ -(6* -I[/4); +,6 R)-B -0-
)5EL*P/ B-HA) @P0)A+5)L @ 45K/0)@/ -)(/EL*PO 

-I[/4)-@. :0/ -I[/4)P 6B/Q) 454 B6*6BAB 

-(6* 6*/,>6-**PF +5,5B/), – B500A. 7,-B/ 
R)-H- -I[/4)P B-HA) 6B/)L 6 (,AH6/ 6*/,>6-*-

*P/ +5,5B/),P – B-B/*)P 6*/,>66 -)*-06-

)/EL*- HE5@*PO >/*),5EL*PO -0/F (/0E6 /0)L 
*/-IO-(6B-0)L ,500B-),/)L AHE-@P/ 4-E/I5*6G 

-I[/4)-@). 7,-B/ R)-H- (EG 45N(-H- -I[/4)5 
?5(5Q)0G 4--,(6*5)P /H- >/*),5 B500. :/,)6-

45EL*5G 4--,(6*5)5 ?5(5/)0G -)*-06)/EL*- 

A,-@*G H-E-@46 ,/EL05 (G0*-, K)- +,6 R)-B @/,-

)645EL*P/ 4--,(6*5)P >/*),-@ B500 ,/EL0-@ 

,5@*P *AEQ). !-+/,/K*P/ 4--,(6*5)P – -)*--

06)/EL*- -06 +A)6, 5 +,-(-EL*P/ – -)*-06)/EL-
*- +/,@-F 4-E/0*-F +5,P ,500B5),6@5/B-H- 

R46+5N5. 
754 6?@/0)*-, +-E-N/*6/ EQI-H- -I[/4)5 @ 

EQI-F B-B/*) @,/B/*6 -+,/(/EG/)0G M/0)LQ 

4--,(6*5)5B6. 3,5@*/*6G (@6N/*6G ,500B5)-
,6@5/B-H- -I[/4)5 @ (/45,)-@PO 4--,(6*5)5O 

6B/Q) 0E/(AQJ6F @6(: 
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H(/ ziFyiFxiF ,, – +,-/4>66 @*/M*6O 06E *5 -06 x, 

y, z 0--)@/)0)@/**-; zkykxk RRR ,,  – +,-/4>66 

,/54>6F 0@G?/F *5 -06 x, y, z 0--)@/)0)@/**-; 

ziyixi MMM ,,  – B-B/*)P @*/M*6O 06E Fi -)*--

06)/EL*- -0/F x, y, z 0--)@/)0)@/**-; 

zkykxk MRMRMR ,,  – B-B/*)P ,/54>6F Rj -)*--

06)/EL*- -0/F x, y, z 0--)@/)0)@/**-; zyx       ,,  – 

A04-,/*6G -I[/4)-@ @(-EL -0/F x, y, z; 10/       ,,  – 

AHE-@P/ A04-,/*6G -I[/4)-@ +,6 @,5J/*66 6O 

@-4,AH -0/F x, y, z 0--)@/)0)@/**-; zyx JJJ ,,  – 

B-B/*)P 6*/,>66 -)*-06)/EL*- HE5@*PO >/*-

),5EL*PO -0/F x, y, z 0--)@/)0)@/**-, m  – B50-
05 -I[/4)5, W – @/0 -I[/4)5. 

: A,5@*/*6GO (5) (EG 45N(-H- -I[/4)5 0AB-

B6,-@5*6/ +- i 6 k +,-6?@-(6)0G 5EH/I,56K/046 

0 AK/)-B ?*545 06EP 6 B-B/*)5. :*/M*GG 06E5 
F 6B//) +-E-N6)/EL*PF ?*54, /0E6 // *5+,5@-

E/*6/ 0-@+5(5/) 0 +-E-N6)/EL*PB *5+,5@E/*6-

/B -06, ,/54>6G @ 0@G?6 (EG «@/,O*/H-» -I[/4)5 
(>/*), )GN/0)6 B500, 4-)-,-H- ,50+-E-N/* @P-

M/  -)*-06)/EL*- A,-@*G H-E-@46 ,/EL05) -+,/-
(/EG/)0G ?*54-B -)*-06)/EL*-F (/.-,B5>66. 

1/.-,B5>6G IA(/) +-E-N6)/EL*5 +,6 ,50)GN/-
*66. 1EG «*6N*/H-» -I[/4)5 R)5 ,/54>6G IA(/) 
6B/)L +,-)6@-+-E-N*PF ?*54. 

W-B/*) IA(/) +-E-N6)/EL*PB, /0E6 /H- *5-
+,5@E/*6/ 0-@+5(5/) 0 +-E-N6)/EL*PB *5+,5@-

E/*6/B AHE-@-H- A04-,/*6G ( 10/       ,, ). 

754 @6(*- 6? A,5@*/*6F (@6N/*6G )/E5 (5), @ 

+,5@P/ K50)6 @O-(G) ,/54>66 0@G?/F 

zkykxk RRR ,, , 4-)-,P/ ?5@60G) -) )6+5 0@G?6 6 

@/E6K6*P -)*-06)/EL*PO +/,/B/J/*6F -I[/4-

)-@. 

754 IPE- 045?5*- @PM/, 0@G?6 – R)- (/.-,-

B6,A/BP/ RE/B/*)P 4-*0),A4>66 R46+5N5. %5-
,54)/,*-F 6 -K/@6(*-F 0@G?LQ G@EGQ)0G ,/0-
0-,*P/ 4-B+E/4)P, 6B/QJ6/ ,/5EL*P/ (/.-,-

B6,A/BP/ +,AN6*P. $(*54-, (EG A*6.645>66 

+-0),-/*6G B-(/E6 @ 45K/0)@/ 0@G?/F ,500B5)-
,6@5Q) )54 N/  RE/B/*)P, */ 6B/QJ6/ @ ,/5EL-
*-F 4-*0),A4>66 (/.-,B6,A/BPO RE/B/*)-@, 

*- 0EAN5J6/ )-F N/ >/E6 – -I[/(6*/*6/ 6*/,-

>6-**PO RE/B/*)-@  4-*0),A4>66 @ /(6*-/ >/-
E-/. !-R)-BA, @ +,-0),5*0)@/**-F B-(/E6 0@G-
?GB6 )54 N/ G@EGQ)0G B/0)5 0-/(6*/*6G 6*/,-

>6-**PO RE/B/*)-@ B/N(A 0-I-F. 2546/ 0@G?6 

6B/Q) I-ELM6/ ?*5K/*6G N/0)4-0)/F, 5 +-HE--

J/*6/ R*/,H66 @ )546O 0@G?GO, +,6 */-IO-(6-

B-0)6, AK6)P@5/)0G 0 +-B-JLQ 4-R..6>6/*)-@ 

@G?4-0)6 4-*0),A4>66 6E6 0 +-B-JLQ 4-R..6-

>6/*)-@ ),/*6G, 4-H(5 0-/(6*G/BP/ RE/B/*)P 

4-*0),A4>66 B-HA) +/,/B/J5)L0G (,AH -)*-06-

)/EL*- (,AH5, *5+,6B/,, @ +,/(/E5O ?5?-,5, 454 

R)- 6B//) B/0)- @ +G)*64-@-B A?E/ H,A?-@-H- @5-
H-*5. 

254-F +-(O-( +-?@-EG/) +,6 6*)/H,6,-@5-
*66 ,500B5),6@5)L */ M/0)L (+- K60EA 0)/+/*/F 

0@-I-(P), 5 @0/H- -(*- (6../,/*>65EL*-/ 
A,5@*/*6/ 4-E/I5*6F (EG 45N(-H- -I[/4)5. : 

R)-B A,5@*/*66 -I-IJ/**-F 4--,(6*5)-F B--

N/) IP)L -(*5 6? ),/O E6*/F*PO 6E6 -(*5 6? 
),/O AHE-@PO 4--,(6*5) +/,/B/J/*6G -I[/4)5. 
304-,/*6/ (@6N/*6G -I[/4)5 -+,/(/EG/)0G 454 

0ABB5 @*/M*6O @-?(/F0)@6F ()./. 0ABB5 06E 

6E6 B-B/*)-@ 06E, @ ?5@606B-0)6 -) )-H- G@EG-
/)0G 4--,(6*5)5 E6*/F*-F 6E6 AHE-@-F) -)*/-
0/**5G 4 6*/,>6-**-BA +5,5B/),A – B5005 6E6 

B-B/*) 6*/,>66 (-+G)L N/ @ ?5@606B-0)6 -) 
)6+5 4--,(6*5)P). 75N(PF RE/B/*) 0ABBP 

@*/M*6O @-?(/F0)@6F (A06E6/ @ 0@G?6 6E6 B--

B/*) 06EP, +/,/(5QJ6F0G *5 *//) @PK60EG/)0G 

454 */45G .A*4>6G -) @?56B*-H- +/,/B/J/*6G 

6, +,6 */-IO-(6B-0)6,  04-,-0)6 @?56B*-H- +/-
,/B/J/*6G -I[/4)-@. :6( R)-F .A*4>66 -+,/-
(/EG/)0G )6+-B 0@G?6, *5+,6B/,, E6*/F*5G A+-

,AH--@G?45G 6E6 A+,AH--.,64>6-**5G, 6E6 

0@G?L, -IE5(5QJ5G )-EL4- 0AO6B ),/*6/B, 6E6 

EQI5G 4-BI6*5>6G R)6O )6+-@ 0@G?/F. : +,--

H,5BB*-B 4-B+E/40/ +,/(A0B-),/* @/0L */-I-

O-(6BPF *5I-, )6+-@ 0@G?/F, -(*54- +,6 */-I-

O-(6B-0)6 +,/(A0B-),/*5 (-@-EL*- +,-0)5G 
+,->/(A,5 @@/(/*6G *-@-H- )6+5 0@G?/F. !,6 

?5(5*66 +5,5B/),-@ 0@G?/F (4,-B/ 0-I0)@/**- 

+5,5B/),-@ 0@G?6) ?5(5Q)0G 4--,(6*5)P (0- 

?*54-B) )-K/4 +,6E-N/*6G 0@G?/F 4 -I[/4)5B. 

S)- +-?@-EG/) 5@)-B5)6K/046 -+,/(/EG)L ?*546 

B-B/*)-@ 06E, +/,/(5QJ6O0G *5 R)6 0@G?6. :0/ 
),6 4--,(6*5)P )-K/4 +,6E-N/*6G 0@G?6 ?5(5-
Q)0G -)*-06)/EL*- >/*),5 B500 -I[/4)5. 

95(5**P/ @ B-(/E6 @/E6K6*P +5,5B/),-@ 

-I[/4)-@ 6 0@G?/F B-HA) IP)L E/H4- 6?B/*/*P 

(I/? 6?B/*/*6G )6+5 -I[/4)5 6E6 0@G?6) 60+-EL-
?AG 5*-B5E66 -I[/4)-@ 6 0@G?/F. 95(5**P/ 5*--

B5EL*P/ @/E6K6*P +5,5B/),-@ (/F0)@6)/EL*P 

+,6 @P+-E*/*66 )/4AJ/H- ,50K/)5 6 */ 6?B/-
*GQ) 0--)@/)0)@AQJ6/ @/E6K6*P @ 05B-F B--

(/E6. 

&*)/H,6,-@5*6/ 060)/BP (6../,/*>65EL-
*PO A,5@*/*6F @P+-E*G/)0G )/B6 N/ B/)-(5B6, 

K)- 6 (6../,/*>65EL*PO A,5@*/*6F +,-(-EL-
*-F (6*5B646 +-/?(5.  

;/?AEL)5)5B6 B-(/E6,-@5*6G G@EGQ)0G +/-
,/B/J/*6G +- @0/B M/0)6 4--,(6*5)5B @0/O 

-I[/4)-@, (/.-,B5>66 6 06EP @ 0@G?GO +- @0/B 

M/0)6 4--,(6*5)5B (/0)/0)@/**-, M/0)L 4--,-

(6*5) IA(A) )-EL4- (EG )/O -I[/4)-@ (EG 4-)--
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,PO, 4,-B/ B500P ?5(5*P @0/ ),6 B-B/*)5 
6*/,>66). 7,-B/ R)-H-, +- 06E5B @ 0+/>65EL*- 

@PI,5**PO +-EL?-@5)/E/B 0@G?GO -+,/(/EGQ)0G 
4-R..6>6/*)P (6*5B646, @ )-B K60E/, 4-R.-

.6>6/*)P ?5+505 A0)-FK6@-0)6 4-E/05 -) 0O-(5 
0 ,/EL05. S)6 @/E6K6*P @ O-(/ B-(/E6,-@5*6G 

,/H60),6,AQ)0G 6 454 +,->/00P 6 454 @/,-G)-
*-0)*P/ @/E6K6*P 0 ?5(5**PB +-EL?-@5)/E/B 

A,-@*/B (-@/,6)/EL*-F @/,-G)*-0)6. :/,-G)-
*-0)*P/ +-45?5)/E6 */-IO-(6BP (EG ->/*46 

(6*5B6K/046O 0@-F0)@ 6 A0)-FK6@-0)6 (@6N/-
*6G R46+5N5, 5 H,5.646 +,->/00-@ R)6O +-45?5-
)/E/F +-E/?*P +,6 5*5E6?/ ,/?AEL)5)-@ (*5-
+,6B/,, (EG -+,/(/E/*6G )-K46 +A)6, H(/ 45-
4-F-E6I- +-45?5)/EL +,/@P06E 0@-/ (-+A0)6B-/ 
?*5K/*6/). 

1EG ,/M/*6G +-0)5@E/**-F ?5(5K6 */-IO--

(6B- 0.-,B6,-@5)L ?5(5*6/ (EG ,50K/)5. : */B 

A45?P@5/)0G *5?@5*6/ AK50)45 +A)6, (EG 4-)-,--

H- @ I5?/ (5**PO 6B/Q)0G @0/ O5,54)/,60)646 

(+5,5B/),P +,-.6EG 6 +E5*5 AK50)45 +A)6), 0--

0)-G*6/ +A)6 (-)E6K*-/, 0,/(*// 6E6 +E-O-/), 
)6+ +A)6 (0)P4-@-F 6E6 I/00)P4-@-F). <-0)-G-
*6/ +A)6 -+,/(/EG/)0G A,-@*/B */,-@*-0)/F 

+A)6 6 @/E6K6*-F 0-+,-)6@E/*6G (@6N/*6Q 

+-/?(5 [5]. 

: ?5(5*66 A45?P@5/)0G )54N/: 
& *5?@5*6/ +-/?(5, (EG 4-)-,-H- @ I5?/ 

(5**PO A45?5*P */-IO-(6BP/ 60O-(*P/ (5*-

*P/ (0B. )5IE. 1); 

& *5K5EL*-/ 0-0)-G*6/ +-/?(5 (,50)G*A), 
0N5) 6E6 ?5?-,P @ B/N@5H-**PO 0-/(6*/*6GO 

,50+,/(/E/*P @(-EL 0-0)5@5 +,-6?@-EL*PB -I-

,5?-B); 

& @/E6K6*5 04-,-0)6 +-/?(5 @ B-B/*) *5-
K5E5 B-(/E6,-@5*6G; 

& *-B/,5 R46+5N/F, (EG 4-)-,PO @ +,--

>/00/ B-(/E6,-@5*6G (@6N/*6G +-/?(5 IA(A) 
-+,/(/E/*P (6*5B6K/046/ +-45?5)/E6 6 +-45-
?5)/E6 A0)-FK6@-0)6 (@6N/*6G. !,6 R)-B +-G@-

EG/)0G -4*- (EG ?5(5*6G +5,5B/),-@ +,-0),5*-

0)@/**-F B-(/E6 6 A0E-@6F (@6N/*6G 600E/-
(A/B-H- R46+5N5; 

& ,/N6B*5G 45,)5 (,/N6BP A+,5@E/*6G 

+-/?(-B), @ 4-)-,-F ?5(5/)0G *-B/, )GH-@-F 6E6 

)-,B-?*-F +-?6>66, +-E-N/*6/ ,A4-G)46 +,G-
B-(/F0)@AQJ/H- )-,B-?5 E-4-B-)6@5, ,/N6B 

+*/@B5)6K/04-H-  6E6 RE/4),-+*/@B5)6K/04-H- 

)-,B-N/*6F (),6 0)A+/*6 ,/HAE6,-@-K*-H- 

)-,B-N/*6G, +-E*-/ 0EAN/I*-/ 6E6 R40),/**-/ 
)-,B-N/*6/, -I,P@ )-,B-?*-F B5H60),5E6 +--

/?(5, 0 A45?5*6/B *-B/,5 @5H-*5). 345?5**P/ 
,/N6BP A+,5@E/*6G B-HA) +/,/4EQK5)L0G +- 

?5(5**PB ?*5K/*6GB 04-,-0)6 (@6N/*6G, 6E6 

@,/B/*6 6E6 +- 4--,(6*5)5B +A)6. 

!,->/00 ,50K/)5 B-N/) IP)L -0)5*-@E/* +- 

+-45?5*6GB 04-,-0)6 (@6N/*6G (4-H(5 04-,-0)L 
@ (5**PF B-B/*) @,/B/*6 -45N/)0G B/*LM/ ?5-
(5**-F), +- @,/B/*6 (4-H(5 @,/BG (@6N/*6G +--

/?(5 IA(/) I-ELM/ ?5(5**-H-), 6E6 +- 4--,(6-

*5)/ +A)6 (4-H(5 +,-F(/**PF +A)L -45N/)0G 

I-ELM/ ?5(5**-H-). 

: ,/?AEL)5)/ ,50K/)5 B-HA) IP)L +-EAK/*P: 

& -0>6EE-H,5BBP +,-(-EL*PO 06E 6 A0-
4-,/*6F; 

& ,50+,/(/E/*6/ @(-EL +-/?(5 *56I-EL-
M6O  ?*5K/*6F +,-(-EL*PO 06E 6 A04-,/*6F; 

& ?*5K/*6G B5406B5EL*PO +,-(-EL*PO 

A06E6F @ +-/?(/ @ (5**PF B-B/*) @,/B/*6 0 
A45?5*6/B *-B/,5 0/K/*6G, @ 4-)-,-B -*6 @-?-
*645E6; 

& ),5/4)-,6G (@6N/*6G. 
!,6 6?AK/*66 +,-0),5*0)@/**PO 4-E/I5*6F 

R46+5N5 B-HA) IP)L )54N/ +-EAK/*P: 

& -0>6EE-H,5BBP (/.-,B5>6F @0/O 0@G-
?/F B-(/E6 600E/(A/B-H- R46+5N5; 

& -0>6EE-H,5BBP  E6*/F*PO (@/,)645EL-
*P/, +-+/,/K*P/ 6  +,-(-EL*P/) 6 AHE-@PO (H5-
E-+6,-@5*6/, I-4-@5G 45K45 6 @6EG*6/)  +/,/-
B/J/*6F -I[/4)-@; 

& A06E6F @ 0@G?GO +,-0),5*0)@/**-F B--

(/E6; 

& (6*5B6K/046/ +-45?5)/E6 - +,->/00P 

6?B/*/*6G @- @,/B/*6 4-R..6>6/*)-@ (6*5B6-

46 (@/,)645EL*-F 6 H-,6?-*)5EL*-F), @ )-B 

K60E/ 4-R..6>6/*)-@ ?5+505 A0)-FK6@-0)6 -) 
0O-(5 4-E/05 0 ,/EL0-@. 

T+,-I5>6G ,5?,5I-)5**-F B5)/B5)6K/04-F 

B-(/E6 +,-6?@-(6E50L +A)/B 0-+-0)5@E/*6G  

,/?AEL)5)-@, +-EAK/**PO +A)/B K60E/**-H- 6*-

)/H,6,-@5*6G (6../,/*>65EL*PO A,5@*/*6F, 

-+60P@5QJ6O (@6N/*6/ +-/?(5, 0 ,/?AEL)5)5B6 

B*-H-K60E/**PO 0+/>65EL*PO -+P)-@, +,-@/-
(/**PO @ ,/5EL*PO A0E-@6GO N/E/?*PO (-,-H 6 

-+P)*-H- +-E6H-*5 :'&&825 (;-006G). ;50-
O-N(/*6G +,6 ->/*4/ *56I-ELM6O 06E, A04-,/-
*6F 6 )-,B-?*PO +A)/F */ +,/@PM5E6 15 %. 

;500B-),/**P/ B-(/E6 */-(*-4,5)*- +,6-

B/*GE60L *5B6 +,6 +,-@/(/*66 R40+/,)6?P 6*-

>6(/*)-@, 0@G?5**PO 0- 0O-(5B6 @5H-*-@ @ H,A-

?-@PO +-/?(5O *5 0/)6 N/E/?*PO (-,-H 34,56-

*P 6 ;-0066.  

;500B-),6B 0EAK5F - 0O-(/ @5H-*-@ @ 0-0)5-
@/ +-/?(5 *5 -(*-B 6? AK50)4-@ :-0)-K*--

<6I6,04-F N/E/?*-F (-,-H6. !-/?( 0-0)-GE 6? 
RE/4),-@-?5 )6+5 :#80 6 83-O K/)P,/O-0*PO 

H,A?-@PO @5H-*-@. V-,B6,-@5*6/ +-/?(5 @ A0-
E-@6GO 75?5O04-F N/E/?*-F (-,-H6 IPE- +,--

6?@/(/*- 0 *5,AM/*6/B +. 15.32 !2S: @ H-E-@-

*-F /H- K50)6 *5O-(6E60L 70 +-,-N*6O @5H--
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*-@, 5 @ O@-0)-@-F – 13 +-E*-0)LQ ?5H,AN/*-

*PO. <-HE50*- B5)/,65E5B ,500E/(-@5*6G 6*-

>6(/*)5 +-/?( (@6H5E0G *5 0+A04/ 0 A4E-*-B 

17‰. !,6 04-,-0)6 62 4B/K B5M6*60) +,6B/-
*6E ,/HAE6,-@-K*-/ )-,B-N/*6/ 0)A+/*LQ 0 
+-0E/(AQJ6B -)+A04-B +,6 04-,-0)6 50 4B/K. 

<+A04 ?545*K6@5E0G S--I,5?*-F 4,6@-F ,5(6A-

05B6 350 B. 3+-BG*A)-/ ,/HAE6,-@-K*-/ )-,-

B-N/*6/ IPE- *5K5)- ?5 1000 B (- *5K5E5 R)-F 

4,6@-F. 7 B-B/*)A @O-(5 @ S--I,5?*AQ 4,6@AQ 

+-/?( (@6H5E0G AN/ «*5 @PI/H/», 6 04-,-0)L /H- 

@-?,-0E5 *5 0)-EL4-, K)- B5M6*60) IPE @P*A-

N(/* +,6B/*6)L RE/4),6K/04-/ )-,B-N/*6/ 
E-4-B-)6@-B, 4-)-,-/ ?54-*K6E-0L *5 +E-J5(-

4/ (,60.9). !,6 @O-(/ *5 +E-J5(4A +,-6?-M/E 

0O-( 0 4-E/6 H-E-@*-F H,A++P @5H-*-@. 

 

;60. 9. ;/N6BP (@6N/*6G +-/?(5 

< >/ELQ @PG0*/*6G +,6K6*, IPE 60+-EL?--

@5* ,5?,5I-)5**PF 4-B+E/40 6 +,/(-0)5@E/*-

*P/ B5)/,65EP ,500E/(-@5*6G. 3K6)P@5E60L 
?5?-,P @ A+,GN6. !,/(+-E5H5E-0L, K)- @0/ @5-
H-*P +-/?(5 IPE6 -I-,A(-@5*P @-?(AO-,50+,/-
(/E6)/EGB6 \ 483, @4EQK/**PB6 *5 0,/(*6F 

,/N6B. 

 : ,/?AEL)5)/ +,-@/(/**PO ,50K/)-@ IP-

E6 +-EAK/*P -0>6EE-H,5BBP +,-(-EL*PO A06-

E6F +/,/( M/0)PB, 0/(LBPB, @-0LBPB, (/@G-
)PB, (/0G)PB 6 -(6**5(>5)PB @5H-*5B6 

(,60.10). !,6@/(/**PF ,60A*-4 6EEQ0),6,A/) 
K60E/**P/ ?*5K/*6G A06E6F 6 6O (E6)/EL*-0)L t 
(@ 0/4A*(5O)  +,6 RE/4),6K/04-B )-,B-N/*66. 

 

;60. 10. $0>6EE-H,5BBP 06E @ B/N@5H-**PO 0-/(6-

*/*6GO +,6 RE/4),6K/04-B )-,B-N/*66 

&? ,60.10 @6(*-, K)- -+50*PB -45?5E-0L 
RE/4),6K/04-/ )-,B-N/*6/ E-4-B-)6@-B, )54 

454  +,6 R)-B @ 0-0)5@/ +,-(-EL*PO 06E -45?5-
E60L 0-0)5@EGQJ6/ @/E6K6*-Q I-E// 500 4', 

4-)-,P/ (/F0)@-@5E6 *5 H,A++A H-E-@*PO @5H--

*-@ @ )/K/*6/ 1,5…2 0. $*6 )- 6 @P(5@6E6 6? 
0-0)5@5 H,A++A +-,-N*6O K/)P,/O-0*PO @5H--

*-@. 

:-?*64*-@/*6/ @ (5**-B 0EAK5/ 4@5?60)5)6-

K/046O 06E )54-H- -+50*-H- (EG +-,-N*/H- K/-
)P,/O-0*-H- +-EA@5H-*5 A,-@*G G@6E-0L ,/-
?AEL)5)-B 0-@B/0)*-H- (/F0)@6G E-4-B-)6@*--

H- )-,B-?5 6 @E6G*6/B +/,/E-B5 +,-(-EL*-H- 

+,-.6EG +A)6, 4-)-,P/ @P?@5E6 *545)P@5*6/ 
)GN/E-F O@-0)-@-F K50)6 0-0)5@5 *5 /H- E/H4AQ 

K50)L. 
<O-(A @5H-*-@ 0+-0-I0)@-@5E5 )54N/ A06-

E6@M5G0G +-( @E6G*6/B S--I,5?*-F 4,6@-F 6O 

I-4-@5G 45K45. 
: +,->/00/ B-(/E6,-@5*6G @PK60EGE0G 4--

R..6>6/*) ?5+505 A0)-FK6@-0)6 +,-)6@ 0O-(5 
4-E/05 0 ,/EL05 KA. ])-IP */ IPE- +-)/,6 A0-
)-FK6@-0)6 (@6N/*6G, @/E6K6*5 R)-H- 4-R..6-

>6/*)5 @0/H(5 (-EN*5 IP)L I-ELM/ /(6*6>P. : 

(5**-B 0EAK5/ ?*5K/*6/ KA 0*6?6E-0L (- *AEG. 
2546B -I,5?-B, +,6K6*-F ,500B5),6@5/B-H- 

0O-(5 @5H-*-@ 0)5E- */0-IEQ(/*6/ +. 15.32 

!2S. %-)G +,6 .-,B6,-@5*66 (5**-H- +-/?(5 
(-0)5)-K*- IPE- )-EL4- +-(@6*A)L H,A++A 

H,AN/*PO @5H-*-@ */ *5 H-E-@*AQ, 5 *5 O@-0)--

@AQ K50)L 0-0)5@5 6? 70-)6 +-,-N*6O @5H-*-@. 

$) ,5I-)*64-@, 0@G?5**PO 0 (@6N/*6/B +-/?-
(-@, */-IO-(6B- ),/I-@5)L @P+-E*/*6G !2S, 5 
+,6 -IAK/*66 B5M6*60)-@ 0E/(A/) 60+-EL?--

@5)L ),/*5N/,P B5M6*60)-@ 6 ?5,5*// 0-0)5@-

E/**P/ ,/N6B*P/ 45,)P @-N(/*6G ,5?*PO +--

/?(-@ *5 -+,/(/E/**-B AK50)4/ +A)6. 

95B/)6B, K)- @5H-* B-N/) IP)L @PN5) 6? 
0-0)5@5 +-/?(5 6 +,6 +-()5E46@5*66 @ )-B 0EA-

K5/, 4-H(5 -* *5O-(6)0G @ O@-0)-@-F 6E6 0,/(-

*/F K50)6 */-(*-,-(*-H- +-/?(5 . 254, *5+,6-

B/,, *5 0E-N*-B AK50)4/ +A)6 :-0)-K*--

<6I6,04-F N/E/?*-F (-,-H6 (,60.11) +,-6?--

M/E 0O-( 0 ,/EL0-@ 41-H- 0 H-E-@P +-/?(5 +--

,-N*/H- @5H-*5. : 0-0)5@ +-/?(5 @O-(6E6 H--

E-@*-F E-4-B-)6@, E-4-B-)6@-)-E45K 6 *5O--

(6@M5G0G B/N(A +-E*-0)LQ ?5H,AN/**PB6 @5-
H-*5B6 H,A++5 +-,-N*6O 4-O-0*PO @5H-*-@, 

0,/(6 4-)-,PO IPE 6 41-F @5H-*. !,6 (@6N/*66 

+- A4E-*A, 6B/QJ/BA 4,6@P/ @ +E5*/, IPE- 

+,6B/*/*- R40),/**-/ )-,B-N/*6/ H-E-@*PB 

E-4-B-)6@-B (- +-E*-F -0)5*-@46 +-/?(5. !,6 

+-+P)4/ ),-H5*6G -I*5,AN6E-0L, K)- -(6* 6? 
+-,-N*6O @5H-*-@ 0-M/E ,/EL0-@. 254 454 (-0-
)-@/,*5G 6*.-,B5>6G - ,/N6B/ @/(/*6G +-/?(5 
-)0A)0)@-@5E5, 5 6B/E60L )-EL4- (5**P/ 04-,--

0)/B/,5, )- B-(/E6,-@5E-0L */04-EL4- @5,65*-

)-@ (/F0)@6F B5M6*60)5 0 >/ELQ +-EAK/*6G 
4,6@-F 04-,-0)6, B5406B5EL*- IE6?4-F 4 +-45-
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?5*6GB 04-,-0)/B/,5. $45?5E-0L, K)- 4,6@P/ 
?5@606B-0)6 04-,-0)6 (@6N/*6G -) +,-F(/**--

H- +A)6, +-EAK/**P/ @ ,/5EL*PO A0E-@6GO 6 

+,6 B-(/E6,-@5*66, 0-@+5E6 @ )-B 0EAK5/, 4--

H(5 +-()5E46@5*6/ O@-0)-@PB E-4-B-)6@-B 

/J/ +,-(-EN5E-0L, 5 B5M6*60) H-E-@*-H- E--

4-B-)6@5 +,6B/*6E R40),/**-/ )-,B-N/*6/. 

 

;60. 11. ;/N6BP @/(/*6G +-/?(5 

'5 ,60.12 +,6@/(/*P -0>6EE-H,5BBP +,--

(-EL*PO 0N6B5QJ6O A06E6F @ +/,/(*/F 5@)--

0>/+4/ 41 6 21 @5H-*-@. S41(0) – -0>6EE-H,5BB5 
(EG 0EAK5G R40),/**-H- )-,B-N/*6G 0 H-E-@P 

+-/?(5 I/? +-()5E46@5*6G E-4-B-)6@-B, *5O--

(GJ6B0G @ O@-0)/ +-/?(5. S41(1) 6 S21(1) – -0-
>6EE-H,5BBP 06E @ 5@)-0>/+45O 41-H- 6 21-H- 

@5H-*-@ (EG 0EAK5G R40),/**-H- )-,B-N/*6G 0 
H-E-@P +-/?(5 0 -(*-@,/B/**PB +-()5E46@5*6-

/B E-4-B-)6@-B ((- B-B/*)5 +,6O-(5 4 */BA 

)-,B-?*-F @-E*P). 

-250
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-50
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t,c
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, 

S41(0)
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S21(1)

 

;60. 12. $0>6EE-H,5BBP +,-(-EL*PO A06E6F @ +/-
,/(*6O 5@)-0>/+45O 41 6 21 @5H-*-@ (EG 0EAK5G R40-
),/**-H- )-,B-N/*6G 0 H-E-@P +-/?(5 I/? +-()5E-

46@5*6G E-4-B-)6@-B, *5O-(GJ6B0G @ O@-0)/ +-/?(5 
S41(0)  6. R40),/**-H- )-,B-N/*6G 0 H-E-@P +-/?(5 0 
-(*-@,/B/**PB +-()5E46@5*6/B E-4-B-)6@-B  

S41(1) 6 S21(1) 

&? ,60. 12 (-0>6EE-H,5BB5 S41(1)) @6(*-, K)- 

+,6 R40),/**-B )-,B-N/*66 H-E-@*PB E-4-B--

)6@-B, 0-+,-@-N(5@M6B0G +-()5E46@5*6/B, *5 
41-F +-,-N*6F @5H-* (/F0)@-@5E5 @ )/K/*6/ I--

E// 2-O 0/4A*( +,-(-EL*5G 4@5?60)5)6K/04-H- 

O5,54)/,5 06E5 @/E6K6*-Q I-E// 600 4'. : R)-) 

B-B/*) A+-BG*A)PF @5H-* (@6H5E0G +- 4,6@-F 

,5(6A0-B 295 B/),-@. 

S)6 (@5 -I0)-G)/EL0)@5 6 0)5E6 +,6K6*-F 

0O-(5 0 4-E/6 R)-H- @5H-*5. 
W-(/E6,-@5*6/ +,-0),5*0)@/**PO 4-E/I5-

*6F 0>/+5 +-,-N*6O @5H-*-@ +,6 (/F0)@66 *5 
*6O A+-BG*A)PO +,-(-EL*PO 06E +-45?5E-, K)- 

4 B-B/*)A 0O-(5 (6*5B6K/046/ O5,54)/,60)646 

41-H- @5H-*5 6B/E6 ?*5K/*6G, 0AJ/0)@/**- -)-
E6K5QJ6/0G -) (-+A0)6BPO ()5IE. 2). 

25IE6>5 2 

!7;487D=657= E4A45@=A76@757 41-F< ?4F<;4  

5 8<8=;@G 6E<>4 6 A=9:6<? 

'56B/*-@5*6/ +5-
,5B/),5 

9*5K/*6/ 1-+A045/B-/ 
?*5K/*6/ 

W5406B5EL*-/ 
?*5K/*6/ 4-R..6-

>6/*)5 H-,6?-*-

)5EL*-F (6*5B646 

0,9 0,38 

W5406B5EL*-/ 
?*5K/*6/ 4-R..6-

>6/*)5 @/,)645EL-
*-F (6*5B646 ,5-
BP 4A?-@5 

1 0,6 

W6*6B5EL*-/ ?*5-
K/*6/ 4-R..6>6-

/*)5 A0)-FK6@-0)6 

+,-)6@ 0O-(5 4--

E/05 0 ,/EL05 

0,5 1,4 

754 0E/(A/) 6? )5IE. 2, +,-(-EL*P/ 0N6-

B5QJ6/ 06EP 4@5?60)5)6K/04-H- O5,54)/,5 @/-
E6K6*-F I-E// 1000 4', @P?@5**P/ ,5?E6K*P-

B6 +-/?(*PB6 06)A5>6GB6, B-HA) IP)L -+50*P 

6 (EG ?5H,AN/**-H- (- +-E*-F H,A?-+-([/B*--

0)6 K/)P,/O-0*-H- @5H-*5. 
254, 1 ./@,5EG 2007 H-(5 *5 +/,/H-*/ !,--

0*6>5–"AB4-BI6*5) 7A,04-H- -)(/E/*6G U-,L-
4-@04-F N/E/?*-F (-,-H6 +,-6?-M/E 0O-( 16-)6 

*5O-(GJ6O0G +/,/( @0+-B-H5)/EL*PB E-4-B--

)6@-B @5H-*-@ (0 59-H- +- 74-F ) @ 0-/(6*/**-B 

+-/?(/ \ 1904/1923 B500-F 11917 )-**, 0--

0)-GJ/H- 6? 131 +-E*-0)LQ H,AN/*-H- K/)P-

,/O-0*-H- @5H-*5 (,60. 13). 

!,6 B5)/B5)6K/04-B B-(/E6,-@5*66 ,50-
0B5),6@5/B-H- 6*>6(/*)5 +,6*6B5E60L @- 

@*6B5*6/ 60O-(*P/ (5**P/, 0-0)5@E/**P/ *5 
I5?/ +,/(-0)5@E/**PO ,-006F04-F 0)-,-*-F 

B5)/,65E-@: 

– ,50M6.,-@46 .5FE-@ +-/?(46 0 45,),6(N5 
\ 59035 (+-/?( \ 1903, RE/4),-@-? :#-80<  

\ 653) 6 0 45,),6(N5 \54854 (+-/?( \ 1923, 

RE/4),-@-? :#-80< \ 701); 
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– 0+,5@46 +- ,50M6.,-@4/ 04-,-0)/B/,*PO 

E/*) +-/?(5 \ 1903-2031, RE. :#-80< \ 653 6 

+-/?(5 \ 2033-1923, RE. :#-80< \ 701; 

– 0+,5@46 - )-,B-?5O +-/?(5 \ 2033( E-4--

B-)6@ :#-80< \ 701) 6 +-/?(5 \ 2031 (E-4--

B-)6@ :#-80< \ 653); 

– 0O/B5 B/0)5 0O-(5 @5H-*-@ @ 0-/(6*/**-B 

H,A?-@-B +-/?(/ \ 1903/1923 (*5 ,60. 13 B/0)- 

0O-(5 -)B/K/*- 4,/0)-B). 

 
;60. 13. <O/B5 (@6N/*6G +-/?(5 

;500B5),6@5E0G +/,/O-(*PF +,->/00 0 B--

B/*)5 *5K5E5 )-,B-N/*6G *5 1001 4B 4+4 (- -0-
)5*-@46 +-/?(5 *5 1000 4B 9 +4, 4-)-,PF IPE 

@P?@5* -(*-@,/B/**-F ,5?,G(4-F )-,B-?*-F 

B5H60),5E6 *5 0,8 5)B H-E-@*PB 6 @0+-B-H5-
)/EL*PB E-4-B-)6@5B6 6 +-0E/(AQJ6B +5(/-
*6/B (5@E/*6G (- 1,9 5)B @ )-,B-?*-F B5H60)-
,5E6  A H-E-@*-H- E-4-B-)6@5. 

'6N/ +,6@/(/*P */4-)-,P/ ,/?AEL)5)P B--

(/E6,-@5*6G: 

– ,50+,/(/E/*6/ @(-EL +-/?(5 B5406B5EL-
*PO ?*5K/*6F ,50)GH6@5QJ6O (+) 6 0N6B5Q-

J6O (–) +,-(-EL*PO A06E6F, 4-)-,P/ 6B/E6 

B/0)- ?5 @/0L ,500B5),6@5/BPF +/,6-(  

(,60. 14); 

– -0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 5@-

)-0>/+45O +/,/( +/,@PB 6 59-B @5H-*-B, 4-)--

,PF 0-M/E +/,@PB (,60. 15); 

– 4,6@5G 6?B/*/*6G 04-,-0)6 (@6N/*6G +--

/?(5 0 B-B/*)5 *5K5E5 )-,B-N/*6G (- -0)5*-@-

46 +-/?(5 (,60. 16). 

 

;60. 14. ;50+,/(/E/*6/ @(-EL +-/?(5 B5406B5EL*PO ?*5K/*6F +,-(-EL*PO A06E6F  

?5 @/0L ,500B5),6@5/BPF +/,6-( (@6N/*6G +-/?(5 \ 1903/1023 

754 @6(*- 6? 5*5E6?5 -0>6EE-H,5BB, 0 16--F 

+- 19-)AQ 0/4A*(P +-0E/ *5K5E5 )-,B-N/*6G, 
*5 59-F @5H-* @ )/K/*6/ 2-O 0/4A*( (/F0)@-@5E5 
0N6B5QJ5G 06E5 4@5?60)5)6K/04-H- O5,54)/,5, 
+,/@PM5QJ5G 100 )0 (1000 4' ). 

754 AN/ A+-B6*5E-0L, R)-H- (-0)5)-K*- (EG 
@P(5@E6@5*6G 4-O-0*-H- H,AN/*-H- +-EA@5H-*5 
*5 )/E/N45O 18-100. <+-0-I0)@-@5E- 0O-(A /J/ 
6 )-, K)- @ R)- @,/BG 59-F @5H-* (@6H5E0G +- 

4,AH-@-F 4,6@-F ,5(6A0-B 530 B/),-@. 

95B/)6B, K)- +- (5**PB B5)/,65E-@ ,500E/-
(-@5*6G +/,@PB 0-M/E 59-F @5H-* *5 15-F 0/-
4A*(/ 0 B-B/*)5 *5K5E5 )-,B-N/*6G, 5 +- ,/-
?AEL)5)5B ,50K/)-@ – *5 17 0. 254-/ */?*5K6-

)/EL*-/ ,50O-N(/*6/ @-?B-N*- 0@G?5*- 0 )/B, 

K)- +,-B/NA)-4 @,/B/*6 +-(@-(5 4-E-(-4 4 

4-E/0A +-0E/ +-G@E/*6G (5@E/*6G @ )-,B-?*-B 

>6E6*(,/ +,6 B-(/E6,-@5*66 IPE +,6*G) ,5@-

*PB 1,84 0, @ )- @,/BG 454 @ ,/5EL*PO +-/?(5O 

R)- @,/BG B-N/) 4-E/I5)L0G @ +,/(/E5O -) 1,4 

(- 1,9 0. 7,-B/ R)-H- 0E/(A/) AK6)P@5)L 6 */-
0)5I6EL*-0)L O5,54)/,60)64 @-?(AO-,50+,/(/-
E6)/E/F @ ,/5EL*PO +-/?(5O. 

S)6B -I[G0*G/)0G 6 */?*5K6)/EL*-/ (5 %) 

,50O-N(/*6/ @ )-,B-?*-B +A)6: +- ,/?AEL)5)5B 

,50K/)-@ -* 0-0)5@6E – 460 B (0B. ,60. 4), 5 +- 

B5)/,65E5B ,500E/(-@5*6G -* ,5@/* 488 B. 

46



 

;60. 15. $0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 5@)-0>/+45O +/,/( +/,@PB (S1) 58-B (S58)  6 59-PB (S59)  

@5H-*5B6 0 B-B/*)5 *5K5E5 )-,B-N/*6G 6 (- -0)5*-@46 0-/(6*/**-H- +-/?(5 @/0-B 11917 )  
(U-,L4-@045G N.(. 01.02.2007 H.) 

 

;60. 16. U,5.64 6?B/*/*6G 04-,-0)6 (@6N/*6G -) *5K5E5 )-,B-N/*6G (- -0)5*-@46 0-/(6*/**-H- +-/?(5  
B500-F 11917 ) (U-,L4-@045G N.(. 01.02.2007 H.) 

254-/ 0-HE50-@5*6/ ,/?AEL)5)-@ – /J/ -(*- 

(-45?5)/EL0)@- (-0)-@/,*-0)6 B-(/E6,-@5*6G. 
&? +,6@/(/**PO +,6B/,-@ 0E/(A/), K)- 

6B/QJ//0G B5)/B5)6K/04-/ 6 +,-H,5BB*-/ 
-I/0+/K/*6/ 6 (-0)-@/,*P/ (5**P/ -I -I[/4)/ 
600E/(-@5*6G 6E6 6*>6(/*)/ +-?@-EGQ) +-EA-

K6)L (-0)5)-K*- (-0)-@/,*P/ ,/?AEL)5)P +,6 

,/M/*66 ?5(5K @ -IE50)6 */E6*/F*-F (6*5B646 

+-/?(5. 

"&"#&$U;TV&] <7&^ <!&<$7 

1. "E-O6*,  . !. 16*5B645 +-/?(5 (*/0)5>6-*5,-

*P/ +,-(-EL*P/ 4-E/I5*6G) [2/40)] /  . !. "E--

O6*, #. T. W5*5M46*. – W.: 2,5*0+-,), 1982. – 

222 0. 

2. 3,0AEG4, #. :. '-@PF +-(O-( 4 ,/M/*6Q ?5(5K6 

- B-(/E6,-@5*66 +,-(-EL*-F (6*5B646 6 +--

0)A+5)/EL*-H- (@6N/*6G +-/?(5 ) [2/40)] /  

#. :. 3,0AEG4, 7. &. 8/E/?*-@ // :C0*64 

1'382. – 2005. – :6+. 8. – <. 107-112. 

3. W/)LQ?, 1. U. ]60E/**P/ B/)-(P. &0+-EL?-@5-
*6/ MATLAB [2/40)] / 1. U. W/)LQ?,  
7. 1. V6*4. – W.: &?(. (-B «:6ELGB0», 2001. – 

714 0. 
4. "E-O6*,  . !. ;50K/)P 6 60+P)5*6/ )GN/E-@/0-

*PO +-/?(-@ [2/40)] /  . !. "E-O6*, #. T. W5-
*5M46*. – W.: 2,5*0+-,), 1986. – 263 0. 

5. !,5@6E5 )GH-@PO ,50K/)-@ (EG +-/?(*-F ,5I-)P 

[2/40)]. – W.: 2,5*0+-,), 1985. – 287 0. 
 

!-0)A+6E5 @ ,/(4-EE/H6Q 21.07.2009 
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