
ǹʌȩ ĲĮ ȀȠȣȐȡț ȝȑȤȡȚ ĲȠ ȈȪȝʌĮȞ        A 
1. Ǿ įȚĮĳȠȡȐ İȞȑȡȖİȚĮȢ ȘȡİȝȓĮȢ ȞİĲȡȠȞȓȠȣ ȝİȓȠȞ ʌȡȦĲȠȞȓȠȣ (ıİ MeV) İȓȞĮȚ: 

(Į) 0,112 (ȕ)10 (Ȗ) -0,112 (į) 1,3  

2. ȅ ȝȑıȠȢ ȤȡȩȞȠȢ ȗȦȒȢ İȞȩȢ ĮțȓȞȘĲȠȣ ĮʌȠȝȠȞȦȝȑȞȠȣ ȞİĲȡȠȞȓȠȣ (ıİ seconds) İȓȞĮȚ: 

Į) 10^-23  (ȕ)10^-18 (Ȗ) 10^-8  (į) 890  

3. Ǿ ĮįȚȐıĲĮĲȘ ȑȞĲĮıȘ ĲȠȣ ǾȂ ʌİįȓȠȣ İȓȞĮȚ: 

(Į) 5,9x10^-39 (ȕ) 1 (Ȗ) 10^-5 (į) 1/137  

4. ȅ ȝȑıȠȢ ȤȡȩȞȠȢ ȗȦȒȢ (ıİ seconds) İȞȩȢ ʌȚȠȞȓȠȣ-ȝȘįȑȞ İȓȞĮȚ: 

(Į) 10^-23 (ȕ)10^-16  (Ȗ) 10^-8 (į) 1 

5. Ǿ İȝȕȑȜİȚĮ (ıİ ȝȑĲȡĮ) ĲȘȢ ĮıșİȞȠȪȢ ĮȜȜȘȜİʌȓįȡĮıȘȢ İȓȞĮȚ: 

(Į) 10^-10 (ȕ)  10^-13 (Ȗ) 10^-5 (į) 10^-18    

6. ǼȐȞ 2r  İȓȞĮȚ Ș ȝȑıȘ ĲȚȝȒ 2 2 2x y z� � � ! ȖȚĮ ĲȘ ȕĮıȚțȒ țĮĲȐıĲĮıȘ ĲȠȣ ĮĲȩȝȠȣ ĲȠȣ 
ȣįȡȠȖȩȞȠȣ, ĲȩĲİ Ș İȞİȡȖİȚĮțȒ įȚĮĳȠȡȐ ĲȘȢ ʌȡȫĲȘȢ įȚİȖİȡȝȑȞȘȢ țĮĲȐıĲĮıȘȢ Įʌȩ ĲȘ ȕĮıȚțȒ 
İȓȞĮȚ: 
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7. ȆȠȚȠ Įʌȩ ĲĮ ʌĮȡĮțȐĲȦ įȚĮȖȡȐȝȝĮĲĮ Feynman ʌİȡȚȖȡȐĳİȚ ĲȘ ĳȣıȚțȒ įȚĮįȚțĮıȓĮ ĮĳĮȞȚıȝȠȪ 
ĲȠȣ ıȦȝĮĲȓȠȣ ȝ; 
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8. ȆȠȚȠ Įʌȩ ĲĮ ʌĮȡĮțȐĲȦ ıȤȘȝĮĲȚțȐ ȖȡĮĳȒȝĮĲĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȘ ıȦıĲȒ İȟȐȡĲȘıȘ ĲȘȢ 
İȜİȪșİȡȘȢ İȞȑȡȖİȚĮȢ ĲȠȣ Gibbs G Įʌȩ ĲȘȞ ʌȓİıȘ P ȣʌȩ ıĲĮșİȡȒ șİȡȝȠțȡĮıȓĮ țĮȚ ĮȡȚșȝȩ 
ıȦȝĮĲȓȦȞ; 

(Į)  (ȕ) (Ȗ) (į) 



9. ǻİįȠȝȑȞȠȣ ĲȠȣ įȚĮĳȠȡȚțȠȪ ĲȘȢ İıȦĲİȡȚțȒȢ İȞȑȡȖİȚĮȢ dU TdS PdV dNP � � ȠȚ 
«ĳȣıȚȠȜȠȖȚțȑȢ» ĮȞİȟȐȡĲȘĲİȢ ȝİĲĮȕȜȘĲȑȢ ȖȚĮ ĲȘȞ U İȓȞĮȚ ȠȚ S, V, N. ȆȫȢ İȟĮȡĲȐĲĮȚ ĲȠ U Įʌȩ 
ĲȚȢ S, V, N; 

(Į) 0 1( , )U N f S VH  (ȕ) 3
0 2( / ) ( , )U V a f N SH    

(Ȗ) 3
0 3( / , / )BU N f S Nk V NaH  (į) 3

0 4 ( / , / )BU N f S Nk V aH  

 0[ ]H  [ȝȠȞȐįĮ İȞȑȡȖİȚĮȢ],  [ ]a  [ȝȒțȠȢ] 

10. ȆȠȚĮ İȓȞĮȚ Ș șİȡȝȠțȡĮıȓĮ ĲȠȣ ĲȡȚʌȜȠȪ ıȘȝİȓȠȣ ĲȠȣ ȞİȡȠȪ (ıİ ȕĮșȝȠȪȢ ȀİȜıȓȠȣ, Co ); 

(Į) -273,15 (ȕ)  0,01  (Ȗ)  -0,01 (į)  100 

11. Ǿ ĲĮȤȪĲȘĲĮ İȞȩȢ ıȣȞȒșȠȣȢ șĮȜȐııȚȠȣ țȪȝĮĲȠȢ (1m )dO� � , ȩʌȠȣ d İȓȞĮȚ ĲȠ ȕȐșȠȢ ĲȘȢ 
șȐȜĮııĮȢ, įȓȞİĲĮȚ Įʌȩ ĲȠȞ ĲȪʌȠ: 

(Į) gdX   (ȕ) / 2gX O S  (Ȗ) gkX   (į) cKFRXX   

12. ȅ ĲȪʌȠȢ ʌȠȣ įȓȞİȚ ĲȘȞ ʌȓİıȘ P İȞȩȢ ıȣıĲȒȝĮĲȠȢ ĳȦĲȠȞȓȦȞ șİȡȝȠțȡĮıȓĮȢ ȉ țĮȚ ȩȖțȠȣ V ıİ 
șİȡȝȠįȣȞĮȝȚțȒ ȚıȠȡȡȠʌȓĮ İȓȞĮȚ: 

(Į) /BP N k T V  (ȕ) 0P   (Ȗ) /BP V k T N   

(į) 2 4 3 3( / 45)( ) /BP k T cS =  

13. ȅ ȝȑıȠȢ ȤȡȩȞȠȢ ȗȦȒȢ Ĳ ĲȘȢ ȚįȚȠțĮĲȐıĲĮıȘȢ 2 zp ıĲȠ ȐĲȠȝȠ ĲȠȣ ȣįȡȠȖȩȞȠȣ įȓȞİĲĮȚ Įʌȩ ĲȠȞ 
ĲȪʌȠ: 

(Į) 3 2 2 31, 29( / )Bc e aW Z =  (ȕ) 2 2 31,29( / )Bc aW Z  

(Ȗ) 2 2 31,29( / )Bc e aW Z =  (į) W  f .    2 1Z H H �=   

14. Ǿ İȞİȡȖȩȢ įȚĮĲȠȝȒ İȜĮıĲȚțȒȢ ıțȑįĮıȘȢ ĳȦĲȠȞȓȠȣ ȤĮȝȘȜȒȢ ıȣȤȞȩĲȘĲĮȢ Įʌȩ ĳȠȡĲȚıȝȑȞȠ 
ıȦȝȐĲȚȠ İȓȞĮȚ: 

(Į) 2 2 2(8 / 3)( / )s q mcV S  (ȕ) 2 2(8 / 3)( / )s c mcV S =  

(Ȗ) 2 2(8 / 3)( / )s qV S Z =  (į) 4 3 2(8 / 3)( / )s q m cV S =  

15. Ǿ İȞİȡȖȩȢ įȚĮĲȠȝȒ İȜĮıĲȚțȒȢ ıțȑįĮıȘȢ ĳȦĲȠȞȓȠȣ ȝİ Ȝ= 600 nm Įʌȩ  ȠȣįȑĲİȡȠ ȐĲȠȝȠ 
ȣįȡȠȖȩȞȠȣ İȓȞĮȚ:  

(Į) 20 20,25 10 mV �| u  (ȕ) 14 20,75 10 mV �| u  

(Ȗ) 26 20,5 10 mV �| u  (į) 31 20,5 10 mV �| u   

16. Ǿ ıȤȑıȘ ȝİĲĮȟȪ ȝȒțȠȣȢ İȜİȪșİȡȘȢ įȚĮįȡȠȝȒȢ țĮȚ İȞİȡȖȠȪ įȚĮĲȠȝȒȢ ıțȑįĮıȘȢ ıİ ȑȞĮ ĮȑȡȚȠ 
İȓȞĮȚ: 

(Į) 2l nV  (ȕ) l nV  (Ȗ) 2 3,5l n V  (į) 1 / .l nV      /n N V  

 

 



17. Ǿ ĮȖȦȖȚȝȩĲȘĲĮ ı İȞȩȢ ȝİĲȐȜȜȠȣ įȓȞİĲĮȚ (ıĲȠ G-CGS) Įʌȩ ĲȠȞ ʌȡȠıİȖȖȚıĲȚțȩ ĲȪʌȠ ( fn İȓȞĮȚ 
Ș ıȣȖțȑȞĲȡȦıȘ ĲȦȞ ‘İȜİȪșİȡȦȞ’ ȘȜİțĲȡȠȞȓȦȞ țĮȚ Ĳ Ƞ ȤȡȩȞȠȢ ĮʌȠțĮĲȐıĲĮıȘȢ): 

(Į) � �2 1/f ee n m iV Z Z W � �  (ȕ) � �2 1/f ei e n m iV Z Z W � �  

(Ȗ) � �2 2 1/f ee n m iV Z Z ZW � �  (į) � �2 2 1/f eie n m iV Z Z ZW � �  

18. ǲȞĮȢ ȜİȣțȩȢ ȞȐȞȠȢ ʌİȡȚȑȤİȚ 1056 ʌȣȡȒȞİȢ țĮȚ 5x1056 ȘȜİțĲȡȩȞȚĮ. ȆȠȚĮ İȓȞĮȚ Ș ĮțĲȓȞĮ ĲȠȣ, 
șİȦȡȫȞĲĮȢ ĲȘȞ țĮĲȐ 22,5% ȝİȖĮȜȪĲİȡȘ Įʌȩ ĲȘȞ ĲȚȝȒ ĲȘȢ, ȖȚĮ ȠȝȠȚȩȝȠȡĳȘ țĮĲĮĲȠȝȒ ĲȘȢ 
ȝȐȗĮȢ ıĲȠ İıȦĲİȡȚțȩ ĲȠȣ ȜİȣțȠȪ ȞȐȞȠȣ; Ǿ ĲȚȝȒ ĲȠȣ G ıĲȠ ĮĲȠȝȚțȩ ıȪıĲȘȝĮ ȝȠȞȐįȦȞ İȓȞĮȚ 
2,4x10-43. 

19. ĬİȦȡȒıĲİ ȑȞĮ ȠȣįȑĲİȡȠ ȐĲȠȝȠ ȝİ ĮĲȠȝȚțȩ ĮȡȚșȝȩ 1Z � . ǼțĲȚȝȒıĲİ ĲȘȞ İȟȐȡĲȘıȘ Įʌȩ ĲȠ ǽ 
ĲȘȢ ȝȑıȘȢ ĮʌȩıĲĮıȘȢ a  İȞȩȢ ȘȜİțĲȡȠȞȓȠȣ Įʌȩ ĲȠȞ ʌȣȡȒȞĮ țĮșȫȢ țĮȚ ĮȣĲȒȞ ĲȘȢ ıȣȞȠȜȚțȒȢ 
İȞȑȡȖİȚĮȢ Ǽ ĲȠȣ ĮĲȩȝȠȣ (țȕĮȞĲȚțȒȢ țȚȞȘĲȚțȒȢ İȞȑȡȖİȚĮȢ ȩȜȦȞ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ țĮȚ 
ıȣȞȠȜȚțȒȢ İȞȑȡȖİȚĮȢ Coulomb). Ǿ İȝʌİȚȡȚțȒ ĲȚȝȒ ĲȠȣ a  ıİ ĮĲȠȝȚțȑȢ ȝȠȞȐįİȢ İȓȞĮȚ 

1/30,424a Z �|  țĮȚ ĲȠȣ Ǽ İȓȞĮȚ 7/3 7/30,589 16 eVE Z Z| � | �  

 

ȁȪıȘ 18: 

Ǿ įȣȞĮȝȚțȒ İȞȑȡȖİȚĮ ȖȚĮ ȑȞĮ Ȝİȣțȩ ȞȐȞȠ İȓȞĮȚ ıȤİįȩȞ ĮʌȠțȜİȚıĲȚțȐ ȕĮȡȣĲȚțȒ. Ǿ ȕĮȡȣĲȚțȒ 
ĮȣĲȠİȞȑȡȖİȚĮ İȞȩȢ ıĳĮȚȡȚțȠȪ ĮȞĲȚțİȚȝȑȞȠȣ ȝȐȗĮȢ Ȃ, ĮțĲȓȞĮȢ R țĮȚ ȠȝȠȚȩȝȠȡĳȘȢ ʌȣțȞȩĲȘĲĮȢ 
İȓȞĮȚ: 

20,6 / , uE GM R M N mQ'  �      (1) 

Ǿ țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ KE  ıİ ȑȞĮ Ȝİȣțȩ ȞȐȞȠ ȠĳİȓȜİĲĮȚ ıȤİįȩȞ ĮʌȠțȜİȚıĲȚțȐ ıĲȘȞ țȕĮȞĲȚțȒ 

țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ ʌȠȣ ıİ İʌĮȡțȒ ʌȡȠıȑȖȖȚıȘ ȝʌȠȡȠȪȞ ȞĮ șİȦȡȘșȠȪȞ ȦȢ ȝȘ 
ıȤİĲȚțȚıĲȚțȐ. ǱȡĮ: 

2 5/3 21,105 /K e eE N m R =       (2)  

Ǿ İȜĮȤȚıĲȠʌȠȓȘıȘ ĲȘȢ ȠȜȚțȒȢ İȞȑȡȖİȚĮȢ ıȣȞİʌȐȖİĲĮȚ ıĲȘȞ ʌĮȡȠȪıĮ ʌİȡȓʌĲȦıȘ ĲȘȞ ȚıȩĲȘĲĮ 
ĲȘȢ țȚȞȘĲȚțȒȢ İȞȑȡȖİȚĮȢ ȝİ ĲȠ ȝȚıȩ ĲȘȢ ĮʌȩȜȣĲȘȢ ĲȚȝȒȢ ĲȘȢ įȣȞĮȝȚțȒȢ İȞȑȡȖİȚĮȢ 
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ǹʌȩ (1), (2)  țĮȚ (3)  ȑʌİĲĮȚ, ȜĮȝȕȐȞȠȞĲĮȢ ȣʌȩȥȘ ȩĲȚ e p nN N N |  (ȖȚĮ ȝȚțȡȠȪȢ ʌȣȡȒȞİȢ 

ȑȤȠȣȝİ ȩĲȚ p nN N| ) țĮȚ İʌȠȝȑȞȦȢ 2p n eN N N NQ  � | : 
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ȁȪıȘ 19: 

Ǿ țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ ȩȜȦȞ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ įȓȞİĲĮȚ Įʌȩ ĲȘȞ ʌĮȡĮțȐĲȦ ıȤȑıȘ ȝİ ȕȐıȘ ĲȠȞ 
ĲȪʌȠ (2.12) țĮȚ ĲȠȞ 3(4 / 3)V aS � , ȩʌȠȣ a� , Ș İȞİȡȖȩȢ ĮțĲȓȞĮ ĲȠȣ ĮĲȩȝȠȣ, İȓȞĮȚ ĲȘȢ ȓįȚĮȢ 
ĲȐȟİȦȢ, ĮȜȜȐ ıĮĳȫȢ ȝİȖĮȜȪĲİȡȘ Įʌȩ ĲȠ a , įȘȜĮįȒ a x a �  ȝİ x  ȝİȖĮȜȪĲİȡȠ ĲȘȢ ȝȠȞȐįĮȢ. 
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2 21,1K
e

Z
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m x a
 

=
 

Ǿ ȠȜȚțȒ įȣȞĮȝȚțȒ İȞȑȡȖİȚĮ ʌİȡȚȜĮȝȕȐȞİȚ ĲȠȞ ȩȡȠ 2 2 /Z e a�  ȖȚĮ ĲȘȞ ĮȜȜȘȜİʌȓįȡĮıȘ ȩȜȦȞ 
ĲȦȞ Z  ȘȜİțĲȡȠȞȓȦȞ ȝİ ĲȠ ĳȠȡĲȓȠ Ze  ĲȠȣ ʌȣȡȒȞĮ țĮȚ ĲȠȞ ȩȡȠ 

2 2 2( ( 1) / 2)( / ) / 2Z Z e a Z e ac c� | , ȩʌȠȣ ac  İȓȞĮȚ Ș ȝȑıȘ ĮʌȩıĲĮıȘ ȝİĲĮȟȪ įȪȠ 
ȘȜİțĲȡȠȞȓȦȞ. ȉȠ a y ac   ȩʌȠȣ y  İȓȞĮȚ ȝȚĮ ĮȡȚșȝȘĲȚțȒ ıĲĮșİȡȐ ĲȘȢ ĲȐȟİȦȢ ĲȘȢ ȝȠȞȐįĮȢ. 
ǼʌȠȝȑȞȦȢ ıİ ĮĲȠȝȚțȑȢ ȝȠȞȐįİȢ ȑȤȠȣȝİ  
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ȆĮȡĮȖȦȖȓȗȠȞĲĮȢ ĲȘȞ (1) ȦȢ ʌȡȠȢ a  țĮȚ șȑĲȠȞĲĮȢ ĲȘȞ ʌĮȡȐȖȦȖȠ ȓıȘ ȝİ ȝȘįȑȞ ȕȡȓıțȠȣȝİ (ıİ 
ĮĲȠȝȚțȑȢ ȝȠȞȐįİȢ) 
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ǹȞĲȚțĮșȚıĲȫȞĲĮȢ ĲȘȞ (2) ıĲȘȞ (1) ȑȤȠȣȝİ 
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 � �  

1/30,426a z aǯ  , 1/31,37a z� ��   

īȚĮ ȞĮ İʌȚĲȪȤȠȣȝİ ĲȚȢ İȝʌİȚȡȚțȑȢ ĲȚȝȑȢ șĮ ʌȡȑʌİȚ ȞĮ İʌȚȜȑȟȠȣȝİ ȖȚĮ ĲĮ x țĮȚ y ĲȚȢ İȪȜȠȖİȢ 
ĲȚȝȑȢ 3,22x   țĮȚ 1y  . 

 


