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2. #9D9K9AP 6BCDBEB6 < ;484K > 8<HH9D9AJ<DB64AAB@G ;4K9FG. 
 

#9D9K9AP 6BCDBEB6 < ;484K > 8<HH9D9AJ<DB64AAB@G ;4K9FG (2 E9@9EFD). 
 

1. #@54<5B 0AB@>=><88, >1J5:BK 87CG5=8O. $0745;K 0AB@>=><88: 0AB@><5B@8O, =515A=0O 
<5E0=8:0, 0AB@>D878:0, ?;0=5B=0O, 72574=0O 0AB@>=><8O, :>A<>;>38O, :>A<>3>=8O. 

2. "A=>2=K5 ?>=OB8O > 72574=>< =515. %>725748O, 8E :>;8G5AB2> 8 8AB>@8O 2>7=8:=>25=8O. 
3. %CB>G=>5 2@0I5=85 72574=>3> =510, ?>=OB85 > =515A=>9 AD5@5. �KA>B0 ?>;NA0 <8@0 =04 
3>@87>=B><, 2KA>B0 A25B8;0 2 <5@8480=5. 

4. �7<5@5=85 2@5<5=8, 72574=>5 2@5<O, 8AB8==>5 8 A@54=55 A>;=5G=>5 2@5<O. 
5.  5AB=>5, ?>OA=>5 8 A57>==>5 2@5<O. 
6. �0;5=40@L, ?@8=F8?K 53> ?>AB@>5=8O 8 @07;8G=K5 284K. �@83>@80=A:89 8 N;80=A:89 
:0;5=40@8. 

7. -:;8?B8:0. �>480: 8 7>480:0;L=K5 A>725748O. 
8. #;0=5B=K5 :>=D83C@0F88. 



9. �0:>=K �5?;5@0. 
10. "?@545;5=85 @0AAB>O=89 2 3@0=8F0E %>;=5G=>9 A8AB5<K. 
11. (07K �C=K. 
12. �0B<5=8O %>;=F0 8 �C=K, CA;>28O 8E =0ABC?;5=8O 8 2848<>AB8. 
13. "?B8G5A:85 B5;5A:>?K. "A=>2=K5 E0@0:B5@8AB8:8. 
14. "A=>2=K5 70:>=><5@=>AB8 CAB@>9AB20 %>;=5G=>9 A8AB5<K. 
15. )8<8G5A:89 A>AB02 8 D878G5A:85 CA;>28O =0 ?;0=5B0E 75<=>9 3@C??K. 
16. )8<8G5A:89 A>AB02 8 D878G5A:85 CA;>28O ACI5AB2>20=8O <0B5@88 C ?;0=5B-3830=B>2. 
17. �0@;8:>2K5 ?;0=5BK. #;CB>= 8 53> A?CB=8: )0@>=. 
18. �AB5@>84K, :><5BK, <5B5>@K 8 <5B5>@8BK. 
19.  >45;L 2=CB@5==53> AB@>5=8O %>;=F0. $07<5@K, <0AA0, A25B8<>ABL, A@54=OO ?;>B=>ABL, 
B5<?5@0BC@0 %>;=F0. 

20. "A=>2=K5 E0@0:B5@8AB8:8 72574: B5<?5@0BC@0, @048CAK, A25B8<>AB8. 
21.  >45;8 2=CB@5==53> AB@>5=8O 72574: 725740 3;02=>9 ?>A;54>20B5;L=>AB8, 3830=B, 15;K9 
:0@;8:, :>@8G=52K9 :0@;8:. 

22. %?5:B@K 8 A?5:B@0;L=0O :;0AA8D8:0F8O 72574. 
23. "A=>2=K5 3@C??K 72574 =0 4803@0<<5 «A?5:B@-A25B8<>ABL»: 3;02=0O ?>A;54>20B5;L=>ABL, 
A25@E3830=BK, 3830=BK, AC1:0@;8:8, 15;K5 :0@;8:8. 

24.  ;5G=K9 #CBL 8 53> A>AB02;ONI85. 
25. �2574=K5 A:>?;5=8O: H0@>2K5 8 @0AA5O==K5.  
26. �2574=>5 =0A5;5=85 8 30;0:B8G5A:85 ?>4A8AB5<K. %?8@0;L=0O AB@C:BC@0 �0;0:B8:8. 
27. �;0AA8D8:0F8O 30;0:B8: 8 8E ?@>AB@0=AB25==>5 @0A?@545;5=85. 
28. %:>?;5=8O 8 A25@EA:>?;5=85 30;0:B8:. 
29. �@0A=>5 A<5I5=85 2 A?5:B@0E 30;0:B8:. #>AB>O==0O )011;0. 
30. +5@=K5 4K@K.  
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1. "?@545;8BL A:;>=5=85 72574, 4>ABC?=KE 4;O =01;N45=8O, 8 72574 =570E>4OI8E 8 
=52>AE>4OI8E =0 35>3@0D8G5A:>9 H8@>B5 +4221. 

2. ':068B5 A:;>=5=85 72574K, :>B>@CN 87 ;N1>3> ?C=:B0 �5<;8 8=>340 <>6=> =01;N40BL =0 
3>@87>=B5. 

3. %25B8;> 8<55B G0A>2>9 C3>; t = 18 G0A0<. � :0:>9 G0AB8 =515A=>9 AD5@K >=> 284=>? 
4. !09B8 @07=>ABL 75=8B=KE @0AAB>O=89 ?@8 >4=>8<5==KE :C;L<8=0F8OE >4=>9 8 B>9 65 
72574K =0 @07;8G=KE 35>3@0D8G5A:8E ?0@0;;5;OE. 

5. !0 :0:>< =08<5=LH5< 75=8B=>< @0AAB>O=88 8 =081>;LH59 2KA>B5 1K20NB 2 �=0?5 (φ = 

+44°53) 8  C@<0=A:5 (φ = +65°59) 72574K �;8>B 8 �=B0@5A, A:;>=5=85 :>B>@KE 
A>>B25BAB25==> @02=> +56°14 8 -26°19). ':068B5 078<CB 8 G0A>2>9 C3>; :064>9 72574K 2 
MB8 <><5=BK. � :0:8E A>725748OE =0E>4OBAO MB8 72574K? 

6. �KG8A;8BL @07=>ABL =081>;LH59 8 =08<5=LH59 2KA>BK 72574K �;L4510@0=0 2 B5E <5AB0E, 
345 >15 55 :C;L<8=0F88 1K20NB : A525@C >B 75=8B0. � ?@545;0E :0:8E 35>3@0D8G5A:8E 
?0@0;;5;59 2>7<>6=K MB8 O2;5=8O? %:;>=5=85 �;L4510@0=0 @02=> +16°25. � :0:>< 
A>7257488 =0E>48BAO �;L4510@0=? 

7. % :0:>9 35>3@0D8G5A:>9 ?0@0;;5;8 725740 �;3>;L (ô = 4046) AB0=>28BAO =52>AE>4OI59? � 
:0:>< A>7257488 =0E>48BAO �;3>;L? 

8. �K@078BL D>@<C;>9 C3;>2>5 @0AAB>O=85 l <564C 42C<O B>G:0<8 =515A=>9 AD5@K, 
:>>@48=0BK :>B>@KE 7040=K 2 M:20B>@80;L=>9 A8AB5<5. 

9. "?@545;8BL 2 4C35 1>;LH>3> :@C30 @0AAB>O=85 <564C 725740<8 ñ 8 ò �>;LH>9  542548FK, 
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3. &9EFB6O9 ;484A<S. "J9A>4 CB D9;G?PF4F4@ F9EF<DB64A<S.  
 

3.1. #@8<5@=K5 7040=8O B5AB0 
 

1. �AB@>=><8O 3 =0C:0, 87CG0NI0O ... 
a) @0728B85 =515A=KE B5; 8 8E ?@8@>4C 
b) 42865=85 8 ?@>8AE>645=85 =515A=KE B5; 8 8E A8AB5< 

c) 86<:9A<9, CD<DB8G, CDB<EIB:89A<9 < D4;6<F<9 A959EAOI F9? < <I E<EF9@ 

2. "?@545;8BL H8@>BC H5AB0 φ, 5A;8 8725AB=>, GB> A25B8;>, 8<5NI55 A:;>=5=85 · = +20° 8 
?@O<>5 2>AE>645=85 ³ = 30°, AB>O;> 2 2h 72574=>3> 2@5<5=8 =0 2KA>B5 h = 50°. 

a) 45° A.H. 
b) 30° N.H. 
c) 30° A.H. 
d) 60° N.H. 
e) 60° E.L.  

3. �K1@0BL ?@8G8=C ACB>G=>3> 2@0I5=8O =515A=>9 AD5@K O2;O5BAO: 
a) %>1AB25==>5 42865=85 72574; 
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a) 1>;LH>9 :@C3 =515A=>9 AD5@K, ?> :>B>@><C ?@>8AE>48B 
2848<>5 3>4>2>5 42865=85 %>;=F0 

B. #>;C45==0O 
;8=8O  

b) ;8=8O ?5@5A5G5=8O ?;>A:>AB8 =515A=>3> <5@8480=0 8 
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5. � <5AB5, H8@>B0 :>B>@>3> @02=0 +20° (A. H.), C A25B8;0 =01;N40;AO G0A>2>9 C3>; ³ = 310°, 
0 A:;>=5=85 · = −5°. !09B8 078<CB A25B8;0. 

a) 75° 6BEFBKAO= 

b) 75° 70?04=K9 
c) 25° 2>AB>G=K9 

d) 25° 70?04=K9 
e) 45° 2>AB>G=K9 
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BEP @<D4) 

7. #>;=K5 A>;=5G=K5 70B<5=8O 2 40==>9 B>G:5 75<=>9 ?>25@E=>AB8 284=K =5 G0I5 >4=>3> 
@070 2 ... 

a) 200–300 ?9F 
b) 50-60 ;5B 
c) 70-100 ;5B 
d) 500-600 ;5B 

8. �8=8O ?5@5A5G5=8O ?;>A:>AB8 =515A=>3> 3>@87>=B0 8 <5@8480=0. ("F69F: CB?G89AA4S 
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<8=, B>340 :0: ?> 0AB@>=><8G5A:><C :0;5=40@N >=> 4>;6=> 1K;> A>AB>OBLAO 2 3 G 51 <8= 
?> 3@8=28GA:><C 2@5<5=8. "?@545;8BL 4>;3>BC 8E <5AB0 =0E>645=8O? 

a) 1 K 21 @<A 6. 8. 
b) 1 G 55 <8= 2.4. 
c) 1G 10 <8= 2.4. 
d) 1G 5 <8= 2.4.  

10. %>;=5G=KE 8 ;C==KE 70B<5=89 2 3>4C <>65B 1KBL =5 1>;LH5: 
a) 7 

b) 15 

c) 20 

d) 12 

11. �K1@0BL 25@=>5 CB25@645=85: 
a) %@54=85 A>;=5G=K5 ACB:8 =0 3 <8= 56 A 4;8=55 72574=KE ACB>: 
b) %D98A<9 EB?A9KAO9 EGF>< A4 3 @<A 56 E >BDBK9 ;69;8AOI EGFB> 

c) %@54=85 A>;=5G=K5 ACB:8 =0 5 <8= 56 A :>@>G5 72574=KE ACB>: 
d) %@54=85 A>;=5G=K5 ACB:8 =0 5 <8= 56 A 4;8=55 72574=KE ACB>: 

12. �  035;;0=>2>< ?@>;825, H8@>B0 60° (N. H.), =01;N40;8 A25B8;>, C :>B>@>3> 1K; 
G0A>2>9 C3>; t = 20h, 0 ?>;O@=>5 @0AAB>O=85 p = 15° >B N6=>3> ?>;NA0 <8@0. !09B8 
2KA>BC 8 078<CB MB>3> A25B8;0.  

a) h = 85°; A = 25° 2>AB>G=K9  
b) h = 75°; A = 25° 6BEFBKAO=  
c) h = 35°; A = 15° 2>AB>G=K9 

d) h = 75°; A = 15° 2>AB>G=K9 

13. !09B8 2KA>BC h, 2 <5AB5, H8@>B0 :>B>@>3> +35° (A. H.), =01;N40;>AL A25B8;>, C :>B>@>3> 
G0A>2>9 C3>; 30°, 0 A:;>=5=85 1K;> +40°. 

a) 20° 



b) 60° 
c) 30° 
d) 50° 

14. !09B8 078<CB A25B8;0 2 <5AB5, H8@>B0 :>B>@>3> @02=0 +20° (A. H.), C A25B8;0 =01;N40;AO 
G0A>2>9 C3>; 310°, 0 A:;>=5=85 5°. 

a) 65° 2>AB>G=K9 

b) 75° 6BEFBKAO= 

c) 75° 70?04=K9 
d) 75° N6=K9 

15. !09B8 G0A>2>9 C3>; 2 <5AB5, H8@>B0 :>B>@>3> @02=0 45° (N. H.), =01;N40;0AL 725740 =0 
2KA>B5 45° 8 2 078<CB5 100° 2>AB>G=><. ("F69F: 320°) 

16. �K1@0BL 25@=>5 CB25@645=85: 
a) A:;>=5=85 %>;=F0 2 4=8 @02=>45=AB289 180° 
b) A:;>=5=85 %>;=F0 2 4=8 @02=>45=AB289 10° 
c) A:;>=5=85 %>;=F0 2 4=8 @02=>45=AB289 90° 
d) E>?BA9A<9 %B?AJ4 6 8A< D46AB89AEF6<= 0° 

17. "?@545;8BL H8@>BC <5AB0, 5A;8 8725AB=>, GB> A25B8;>, 8<5NI55 A:;>=5=85 +20° 8 
?@O<>5 2>AE>645=85 30°, AB>O;> 2 2h 72574=>3> 2@5<5=8 =0 2KA>B5 h = 50°. 

a) 65° A.H. 
b) 60° E.L. 
c) 80° A.H. 
d) 70° A.H. 

18. 'AB0=>28BL A>>B25BAB28O <564C @07;8G=K<8 ?>=OB8O<8 

A. "AL <8@0  a) 1>;LH>9 :@C3 =515A=>9 AD5@K, ?@>E>4OI89 G5@57 ?>;NAK 
<8@0 8 40==>5 A25B8;> 

B. �5=8B 
 

b) 2>>1@0605<0O ;8=8O, ?@>E>4OI0O G5@57 F5=B@ <8@0, 2>:@C3 
:>B>@>9 ?@>8AE>48B 2@0I5=85 =515A=>9 AD5@K. 

 

C. !515A=K9  
M:20B>@ 

c) A0<0O 2KA>:0O B>G:0 =515A=>9 AD5@K  
 

D. �@C3  
A:;>=5=8O 
A25B8;0  

d) 1>;LH>9 :@C3 =515A=>9 AD5@K, ?;>A:>ABL :>B>@>3> 
?5@?5=48:C;O@=0 >A8 <8@0 8 ?@>E>48B G5@57 F5=B@ =515A=>9 
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