
 

1. To ʌȡȫĲȠ ȑȡȖȠ ȚȠȞȚıȝȠȪ ĲȠȣ ĮȞȚȩȞĲȠȢ H � (ʌȠȣ ĲĮȣĲȓȗİĲĮȚ ȝİ ĲȘ ȤȘȝȚțȒ ıȣȖȖȑȞİȚĮ ĲȠȣ 
ȠȣįȑĲİȡȠȣ ĮĲȩȝȠȣ ĲȠȣ ȣįȡȠȖȩȞȠȣ) İȓȞĮȚ: (Ǿ ȝȑıȘ ĲȚȝȒ ĲȘȢ ȐʌȦıȘȢ ĲȦȞ įȪȠ ȘȜİțĲȡȠȞȓȦȞ 
İȓȞĮȚ 2(35 / 64) /e a  ȩʌȠȣ a  İȓȞĮȚ ĲȠ ȝȒțȠȢ ʌȠȣ ȤĮȡĮțĲȘȡȓȗİȚ ĲȘ ȕĮıȚțȒ țĮĲȐıĲĮıȘ ĲȠȣ  H � )  

(Į) 13,6 eV (ȕ) 1,52 eV  (Ȗ) 0,75 eV  (į) ȉȠ ĮȞȚȩȞ  H �  įİȞ ıȤȘȝĮĲȓȗİĲĮȚ 

2. Ǿ ȝȚțȡȠțȣȝĮĲȚțȒ ĮțĲȚȞȠȕȠȜȓĮ ȣʌȠȕȐșȡȠȣ ȦȢ ıȣȞȐȡĲȘıȘ ĲȘȢ ıȣȤȞȩĲȘĲĮȢ Ȧ ʌĮȡȠȣıȚȐȗİȚ ĲȠ 
ȝȑȖȚıĲȠ ȖȚĮ 0,665meVZ  = . ȆȠȚĮ İȓȞĮȚ Ș șİȡȝȠțȡĮıȓĮ ĲȘȢ ȝȚțȡȠțȣȝĮĲȚțȒȢ ĮțĲȚȞȠȕȠȜȓĮȢ 
ȣʌȠȕȐșȡȠȣ; 

(Į) 2,724 Ȁ  (ȕ) 0,297Ȁ (Ȗ) 297 Ȁ (į) 2970 Ȁ 

3. Ǿ șİȡȝȠțȡĮıȓĮ ĲȘȢ ȝȚțȡȠțȣȝĮĲȚțȒȢ ĮțĲȚȞȠȕȠȜȓĮȢ ȣʌȠȕȐșȡȠȣ İȓȞĮȚ 2,725 Ȁ țĮȚ ĲȠ ȈȪȝʌĮȞ 
Įʌȩ ĲȘȞ İʌȠȤȒ ĲȘȢ ĮʌȠıȪȗİȣȟȘȢ ȑȤİȚ ĮȣȟȒıİȚ ĲȘȞ ĮțĲȓȞĮ ĲȠȣ țĮĲȐ 1090 ĳȠȡȑȢ. ȆȠȚĮ ȒĲĮȞ Ș 
șİȡȝȠțȡĮıȓĮ ĲȘȞ İʌȠȤȒ ĲȘȢ ĮʌȠıȪȗİȣȟȘȢ; 

(Į) 2,725 Ȁ (ȕ) 0,297Ȁ (Ȗ) 297 Ȁ (į) 2970 Ȁ 

4. Ǿ ȞȠȣțȜİȠıȪȞșİıȘ ȑȜĮȕİ ȤȫȡĮ ıĲȠ įȚȐıĲȘȝĮ 120s 1200std d , ȩĲĮȞ Ș șİȡȝȠțȡĮıȓĮ ȒĲĮȞ  
ȖȪȡȦ ıĲȘȞ ʌİȡȚȠȤȒ ʌİȡȓʌȠȣ: 

(Į) 910 KT |  (ȕ) 710 KT |  (Ȗ) 510 KT |  (į) 310 KT |  

5. Ǿ ȕĮȡȣȠȖȑȞİıȘ ȑȜĮȕİ ȤȫȡĮ ıĲȠ įȚȐıĲȘȝĮ 510 s 150st� d d , ȩĲĮȞ Ș șİȡȝȠțȡĮıȓĮ ȒĲĮȞ  ȖȪȡȦ 
ıĲȘȞ ʌİȡȚȠȤȒ ʌİȡȓʌȠȣ: 

(Į) 810 KT |  (ȕ) 1210 KT |  (Ȗ) 1610 KT |  (į) 2010 KT |  

6. ȈĲȘ ȝİĲĮȕĮĲȚțȒ ʌİȡȓȠįȠ Įʌȩ ĲȘȞ ȣȜȠțȡĮĲȓĮ ʌȡȠȢ ĲȘȞ İʌȠȤȒ ĲȘȢ ıțȠĲİȚȞȒȢ İȞȑȡȖİȚĮȢ Ș 
İȟȐȡĲȘıȘ ĲȠȣ R  Įʌȩ ĲȠ ȤȡȩȞȠ İȓȞĮȚ: 

(Į) 2/3( ) 0,763 {sinh(0,0864464 )}R t R t6  (ȕ) 1/3( ) 0,763 {sinh(0,0864464 )}R t R t6  

(Ȗ) 3/2 2/3( ) 0,763 {sinh(0,0864464 )}R t R t6   (į) 1/3 2/3( ) 0,763 {sinh(0,0864464 )}R t R t6  

7. Ȉİ ȑȞĮ ȠȝȠȖİȞȑȢ țĮȚ ȚıȩĲȡȠʌȠ ȝȑıȠ ȤȦȡȓȢ ȩȡȚĮ ȝİ ʌȣțȞȩĲȘĲĮ İȞȑȡȖİȚĮȢ  İ  țĮȚ ʌȓİıȘ  p,  Ș 
ıĲȠȚȤİȚȫįȘȢ ĲİĲȡĮįȚȐıĲĮĲȘ «ĮʌȩıĲĮıȘ» ds  įȓȞİĲĮȚ ıİ ıĳĮȚȡȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ Įʌȩ ĲȘ 
ıȤȑıȘ  2 2 2 2 2 2 2 2 2 2( ) { (1 ) ( sin )}ds c dt R t du u u d dT T M � � � � , ȩʌȠȣ Ș ĮțĲȓȞĮ r  ȑȤİȚ ȖȡĮĳİȓ 
ȦȢ ( )r R t u  ȝİ ĲȠ  ( )R t  ȞĮ țĮșȠȡȓȗİȚ ĲȘȞ İȟĮȡĲȫȝİȞȘ Įʌȩ ĲȠ ȤȡȩȞȠ țȜȓȝĮțĮ ȝȒțȠȣȢ, İȞȫ 
ĲȠ u  İȓȞĮȚ ĮįȚȐıĲĮĲȠ. ȉȠ ( )R t  ȚțĮȞȠʌȠȚİȓ ĲȘȞ ĮțȩȜȠȣșȘ ȕĮıȚțȒ įȚĮĳȠȡȚțȒ İȟȓıȦıȘ 
ȣʌȠșȑĲȠȞĲĮȢ ĲȘȞ ȪʌĮȡȟȘ ʌȜȘșȦȡȚıĲȚțȒȢ ʌİȡȚȩįȠȣ ıĲȘȞ ĮȡȤȚțȒ ĳȐıȘ ĲȠȣ ȈȪȝʌĮȞĲȠȢ :  

(Į) 2 2 2 2 2( / ) (8 / 3 ) ( / ) , , / 8d dR R c G c R c GH HS H N H H H H Sc �  �  �   

(ȕ) 2 2 2( / ) (8 / 3 ) , , / 8d dR R c G c GH HS H H H H H Sc  �  /�  



(Ȗ)  2 2 2 2 2( / ) (8 / 3 ) ( / ), , / 8d dR R c G c R c GH HS H N H H H H Sc �  �  /�  

(į)  2 2 2( / ) (8 / 3 ) , , / 8d dR R c G c GH HS H H H H H Sc  �  �  

8. Ȉİ ʌȡȠȘȖȠȪȝİȞȘ ȐıțȘıȘ ȕȡȒțĮȝİ ȩĲȚ ȑȞĮȢ ĮıĲȑȡĮȢ ȞİĲȡȠȞȓȦȞ țĮĲĮȡȡȑİȚ ʌȡȠȢ ȝĮȪȡȘ ĲȡȪʌĮ 
ȩĲĮȞ Ƞ ĮȡȚșȝȩȢ ȞȠȣțȜİȠȞȓȦȞ ĲȠȣ İȓȞĮȚ: 2 3/2

, 1,42( / )cr nN c G mQ  = . ǻİįȠȝȑȞȠȣ ȩĲȚ Ƞ ĮȡȚșȝȩȢ 

ȞȠȣțȜİȠȞȓȦȞ ĲȠȣ ǳȜȚȠȣ İȓȞĮȚ 571,1936 10u ȕȡȑıĲİ ʌȩıİȢ ĳȠȡȑȢ ȕĮȡȪĲİȡȠȢ ĲȠȣ ǳȜȚȠȣ ȝʌȠȡİȓ 
ȞĮ İȓȞĮȚ ȑȞĮȢ ĮıĲȑȡĮȢ ȞİĲȡȠȞȓȦȞ: 

(Į) 1,44 (ȕ) 2,62  (Ȗ) 5,37 (į) 7,42 

9. ǵĲĮȞ Ș ȝȐȗĮ ĲȠȣ ȐıĲȡȠȣ İȓȞĮȚ ʌȠȜȪ ȝİȖȐȜȘ, Ș İȞȑȡȖİȚĮ ĲȦȞ ĳȦĲȠȞȓȦȞ ȖȓȞİĲĮȚ țĮĲȐ /  ĳȠȡȑȢ 
ȝİȖĮȜȪĲİȡȘ Įʌȩ ĲȘȞ șİȡȝȚțȒ İȞȑȡȖİȚĮ ĲȦȞ ıȦȝĮĲȓȦȞ ĲȠȣ. Ǽʌȓ ʌȜȑȠȞ Ș ʌȓİıȘ ĲȦȞ ĳȦĲȠȞȓȦȞ 
ȖȓȞİĲĮȚ ıȣȖțȡȓıȚȝȘ ȝİ ĲȘȞ ʌȓİıȘ ĲȘȢ ȕĮȡȪĲȘĲĮȢ. ȅȚ įȪȠ ĮȣĲȑȢ ıȤȑıİȚȢ țĮșȠȡȓȗȠȣȞ ĲȘ ȝȑȖȚıĲȘ 
įȣȞĮĲȒ ȝȐȗĮ İȞȩȢ İȞİȡȖȠȪ ȐıĲȡȠȣ: 

(Į) 2
max ( / )uN c G mK =   (ȕ) 2 2

max ( / )uN c G mK =  

(Ȗ) 2 3/2
max ( / )uN c G mK =  (į) 2 2 3/2

max ( / )uN e G mK  

10. ȅ ıȤȘȝĮĲȚıȝȩȢ İȞȩȢ ȐıĲȡȠȣ ĮțȠȜȠȣșİȓ ĲĮ İȟȒȢ ıĲȐįȚĮ: (1) ȂȚĮ ĮȡȤȚțȒ ıȣȖțȑȞĲȡȦıȘ ȪȜȘȢ 
ıȣȡȡȚțȞȫȞİĲĮȚ ȣʌȩ ĲȘȞ İʌȓįȡĮıȘ ĲȠȣ ȓįȚȠȣ ȕȐȡȠȣȢ ĲȘȢ țĮȚ ĲĮȣĲȩȤȡȠȞĮ ȑȜțİȚ ĲȘȞ 
ʌİȡȚȕȐȜȜȠȣıĮ ȪȜȘ ȝȑȤȡȚ İȟĮȞĲȜȒıİȫȢ ĲȘȢ. (2) ȀĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ıȣȡȡȓțȞȦıȘȢ țĮȚ ĲȘȢ 
ʌȡȠıșȒțȘȢ ȪȜȘȢ, Ș ȕĮȡȣĲȚțȒ İȞȑȡȖİȚĮ ȝİĲĮĲȡȑʌİĲĮȚ ȝȑıȦ ıȣȖțȡȠȪıİȦȞ ĲȦȞ ıȦȝĮĲȓȦȞ ıİ 
șİȡȝȚțȒ țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ, Ș ȠʌȠȓĮ ĮȣȟȐȞİȚ ıȣȞİȤȫȢ țĮȚ ȝĮȗȓ ĲȘȢ Ș șİȡȝȠțȡĮıȓĮ. (3) ǹȞ Ș 
ıȣȡȡȓțȞȦıȘ ıȣȞİȤȚıșİȓ ĮʌȡȩıțȠʌĲȘ, Ș țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ șĮ ıȣȞİȤȓıİȚ ȞĮ ĮȣȟȐȞİĲĮȚ ĮȜȜȐ Ƞ 
ȤĮȡĮțĲȒȡĮȢ ĲȘȢ șĮ ĮȜȜȐȗİȚ ıĲĮįȚĮțȐ ȝİĲĮĲȡİʌȩȝİȞȘ Įʌȩ șİȡȝȚțȒ ʌȡȠȢ țȕĮȞĲȚțȒ ȝİ 
ĮʌȠĲȑȜİıȝĮ Ș șİȡȝȠțȡĮıȓĮ ȞĮ ĳĲȐıİȚ ıİ ȑȞĮ ȝȑȖȚıĲȠ țĮȚ ʌȑȡĮȞ ĮȣĲȠȪ ȞĮ ȝİȚȫȞİĲĮȚ țĮșȫȢ Ș 
ĮțĲȓȞĮ ĲȠȣ ȣʌȩ ıȤȘȝĮĲȚıȝȩ ȐıĲȡȠȣ ȝȚțȡĮȓȞİȚ. (4) ǼȐȞ Ș ȝȑȖȚıĲȘ șİȡȝȠțȡĮıȓĮ ȣʌİȡȕĮȓȞİȚ ĲȘȞ 
șİȡȝȠțȡĮıȓĮ ȑȞĮȡȟȘȢ ĲȦȞ ʌȣȡȘȞȚțȫȞ ĮȞĲȚįȡȐıİȦȞ ıȪȞĲȘȟȘȢ ȣįȡȠȖȩȞȦȞ ʌȡȠȢ ȒȜȚȠ, ĲȩĲİ ȠȚ 
ʌȣȡȘȞȚțȑȢ ĮȞĲȚįȡȐıİȚȢ șĮ İȟĮıĳĮȜȓıȠȣȞ ȝȚĮ įȣȞĮȝȚțȒ ȚıȠȡȡȠʌȓĮ ĲȡȠĳȠįȠĲȫȞĲĮȢ ĲȘȞ  
țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ (țȣȡȓȦȢ șİȡȝȚțȒ)  ȖȚĮ ȞĮ ĮȞĲȚȝİĲȦʌȓıİȚ ĲȘȞ ȕĮȡȣĲȚțȒ ıȪȞșȜȚȥȘ țĮȚ ĲȘȞ 
ĮʌȫȜİȚĮ İȞȑȡȖİȚĮȢ ȜȠȖȦ ĮțĲȚȞȠȕȠȜȓĮȢ. īȚĮ ȝȚțȡȐ ȐıĲȡĮ, ȩʌȠȣ maxignT T| , Ș ȝȑıȘ 
șİȡȝȠțȡĮıȓĮ T ĲȠȣ ȐıĲȡȠȣ İȓȞĮȚ ĮȞȐȜȠȖȘ ĲȘȢ  ignT : /ignT T E , ȩʌȠȣ 3E | . ȈĲȘ ıȣȞȑȤİȚĮ 
İȟȚıȫȞȠȞĲĮȢ ĲȘȞ șİȡȝȚțȒ țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ ȝİ ȝİȓȠȞ ĲȠ ȝȚıȩ ĲȘȢ ȕĮȡȣĲȚțȒȢ ȕȡȓıțȠȣȝİ ȩĲȚ Ș 
ĮțĲȓȞĮ ĲȠȣ ȐıĲȡȠȣ İȓȞĮȚ: 

(Į) 2( / )u e BR Gm m e N aQK  (ȕ) 2 2( / )u BR Gm e N aQK  

(Ȗ) 2( / )u eR Gm m e NQK  (į) 2 2( / )e BR Gm e N aQK  

11. ȅ ıȤȘȝĮĲȚıȝȩȢ İȞȩȢ ȐıĲȡȠȣ ĮțȠȜȠȣșİȓ ĲĮ İȟȒȢ ıĲȐįȚĮ: (1) ȂȚĮ ĮȡȤȚțȒ ıȣȖțȑȞĲȡȦıȘ ȪȜȘȢ 
ıȣȡȡȚțȞȫȞİĲĮȚ ȣʌȩ ĲȘȞ İʌȓįȡĮıȘ ĲȠȣ ȓįȚȠȣ ȕȐȡȠȣȢ ĲȘȢ țĮȚ ĲĮȣĲȩȤȡȠȞĮ ȑȜțİȚ ĲȘȞ 
ʌİȡȚȕȐȜȜȠȣıĮ ȪȜȘ ȝȑȤȡȚ İȟĮȞĲȜȒıİȫȢ ĲȘȢ. (2) ȀĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ıȣȡȡȓțȞȦıȘȢ țĮȚ ĲȘȢ 



ʌȡȠıșȒțȘȢ ȪȜȘȢ, Ș ȕĮȡȣĲȚțȒ İȞȑȡȖİȚĮ ȝİĲĮĲȡȑʌİĲĮȚ ȝȑıȦ ıȣȖțȡȠȪıİȦȞ ĲȦȞ ıȦȝĮĲȓȦȞ ıİ 
șİȡȝȚțȒ țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ, Ș ȠʌȠȓĮ ĮȣȟȐȞİȚ ıȣȞİȤȫȢ țĮȚ ȝĮȗȓ ĲȘȢ Ș șİȡȝȠțȡĮıȓĮ. (3) ǹȞ Ș 
ıȣȡȡȓțȞȦıȘ ıȣȞİȤȚıșİȓ ĮʌȡȩıțȠʌĲȘ, Ș țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ șĮ ıȣȞİȤȓıİȚ ȞĮ ĮȣȟȐȞİĲĮȚ ĮȜȜȐ Ƞ 
ȤĮȡĮțĲȒȡĮȢ ĲȘȢ șĮ ĮȜȜȐȗİȚ ıĲĮįȚĮțȐ ȝİĲĮĲȡİʌȩȝİȞȘ Įʌȩ șİȡȝȚțȒ ʌȡȠȢ țȕĮȞĲȚțȒ ȝİ 
ĮʌȠĲȑȜİıȝĮ Ș șİȡȝȠțȡĮıȓĮ ȞĮ ĳĲȐıİȚ ıİ ȑȞĮ ȝȑȖȚıĲȠ țĮȚ ʌȑȡĮȞ ĮȣĲȠȪ ȞĮ ȝİȚȫȞİĲĮȚ țĮșȫȢ Ș 
ĮțĲȓȞĮ ĲȠȣ ȣʌȩ ıȤȘȝĮĲȚıȝȩ ȐıĲȡȠȣ ȝȚțȡĮȓȞİȚ. (4) ǼȐȞ Ș ȝȑȖȚıĲȘ șİȡȝȠțȡĮıȓĮ ȣʌİȡȕĮȓȞİȚ ĲȘȞ 
șİȡȝȠțȡĮıȓĮ ignT  ȑȞĮȡȟȘȢ ĲȦȞ ʌȣȡȘȞȚțȫȞ ĮȞĲȚįȡȐıİȦȞ ıȪȞĲȘȟȘȢ ȣįȡȠȖȩȞȦȞ ʌȡȠȢ ȒȜȚȠ, ĲȩĲİ 
ȠȚ ʌȣȡȘȞȚțȑȢ ĮȞĲȚįȡȐıİȚȢ șĮ İȟĮıĳĮȜȓıȠȣȞ ȝȚĮ įȣȞĮȝȚțȒ ȚıȠȡȡȠʌȓĮ ĲȡȠĳȠįȠĲȫȞĲĮȢ ĲȘȞ  
țȚȞȘĲȚțȒ İȞȑȡȖİȚĮ (țȣȡȓȦȢ șİȡȝȚțȒ)  ȖȚĮ ȞĮ ĮȞĲȚȝİĲȦʌȓıİȚ ĲȘȞ ȕĮȡȣĲȚțȒ ıȪȞșȜȚȥȘ țĮȚ ĲȘȞ 
ĮʌȫȜİȚĮ İȞȑȡȖİȚĮȢ ȜȠȖȦ ĮțĲȚȞȠȕȠȜȓĮȢ. Ǿ șİȡȝȠțȡĮıȓĮ ignT  įȓȞİĲĮȚ Įʌȩ ĲȠȞ ĲȪʌȠ: 

(Į) 4 2( / )B ign ek T e mK =  (ȕ) 4 2( / )B ign ek T e mK =   

(Ȗ) 4 2( / )B ign ek T e mK = em  (į) 4 2( / )B ign pk T e mK =  

 Ș=0,02 

 

12. ȁȩȖȦ ĲȦȞ țȕĮȞĲȚțȫȞ įȚĮțȣȝȐȞıİȦȞ ĲȠȣ țİȞȠȪ țĮȚ ĲȠȣ ĲİȡȐıĲȚȠȣ ȕĮȡȣĲȚțȠȪ ʌİįȓȠȣ ıĲȚȢ 
ʌĮȡȣĳȑȢ ĲȠȣ ȠȡȓȗȠȞĲĮ ȖİȖȠȞȩĲȦȞ ȝȚĮȢ ȝĮȪȡȘȢ ĲȡȪʌĮȢ, Ș ĲİȜİȣĲĮȓĮ İȝĳĮȞȓȗİĲĮȚ ȞĮ 
ĮțĲȚȞȠȕȠȜİȓ ȦȢ ȞĮ ȒĲĮȞ ȑȞĮ ȝȑȜĮȞ ıȫȝĮ șİȡȝȠțȡĮıȓĮȢ ȉ, ʌȠȣ įȓȞİĲĮȚ Įʌȩ ĲȠȞ ĲȪʌȠ: 

(Į) 2 /Bk T c GMK =   (ȕ) 3 2/Bk T c GMK =  

 (Ȗ) 2 3 2/Bk T c GMK =  (į) 3 /Bk T c GMK =  

 

13. Ȉİ ȑȞĮ  Ȝİȣțȩ ȞȐȞȠ ȝȐȗĮȢ uM N mQ , Ș ȠȜȚțȒ İȞȑȡȖİȚĮ İȓȞĮȚ ĮȞȐȜȠȖȘ ĲȠȣ:  

(Į) 2M  (ȕ) 5/3M   (Ȗ) 7/3M  (į) M  

 

14. ǼȟȚıȫȞȠȞĲĮȢ ĲȘȞ İȞȑȡȖİȚĮ ʌȠȣ ĮʌȠȡȡȠĳȐ ȑȞĮȢ ʌȜĮȞȒĲȘȢ Įʌȩ ĲȠȞ ǳȜȚȠ ȝİ ĮȣĲȒȞ ʌȠȣ 
İțʌȑȝʌİȚ ȕȡȓıțȠȝİ ĲȘ ȝȑıȘ șİȡȝȠțȡĮıȓĮ TS ĲȠȣ ʌȜĮȞȒĲȘ ıȣȞĮȡĲȒıİȚ ĲȘȢ șİȡȝȠțȡĮıȓĮȢ HT  
ıĲȘȞ İʌȚĳȐȞİȚĮ ĲȠȣ ǳȜȚȠȣ țĮȚ ĲȘȢ ȖȦȞȓĮȢ ș (ıİ ĮțĲȓȞȚĮ) ʌȠȣ ĳĮȓȞİĲĮȚ Ƞ įȓıțȠȢ ĲȠȣ ǳȜȚȠȣ 
Įʌȩ ĲȠȞ ʌȜĮȞȒĲȘ. ȉȠ ĮʌȠĲȑȜİıȝĮ İȓȞĮȚ: 

(Į) � �1/41 / 4HT A TS T �  (ȕ) � �1/41 / 4HT A TS T �  

(Ȗ) � �1/41 / 4 HT A TS T �  (į) � �1/41 HT A TS T �  

 



15. ȅ ʌȡȠıİȖȖȚıĲȚțȩȢ ĲȪʌȠȢ ʌȠȣ įȓȞİȚ ĲȘ ȝȐȗĮ Ȃ İȞȩȢ ʌȜĮȞȒĲȘ ȖȚĮ ĲȘȞ ȠʌȠȓĮ Ș ȠȜȚțȒ 
ȘȜİțĲȡȠıĲĮĲȚțȒ ĮȣĲȠİȞȑȡȖİȚĮ HE  İȓȞĮȚ ȓıȘ ȝİ ĲȘȞ ȠȜȚțȒ ȕĮȡȣĲȚțȒ ĮȣĲȠİȞȑȡȖİȚĮ BE İȓȞĮȚ: 

(Į) 2 2 2 3/2(3,8 / )( / )B u uM A e Gm m  (ȕ)  2 2 3/23,8( / )u uM e Gm m       

 (Ȗ) 2 2 3/2(3,8 / )( / )B u uM A e Gm m   (į)  2 2 2(3,8 / )( / )B u uM A e Gm m       

 

16. Ǿ ȠȜȚțȒ ȘȜİțĲȡȠıĲĮĲȚțȒ ĮȣĲȠİȞȑȡȖİȚĮ HE  İȞȩȢ ʌȜĮȞȒĲȘ Ȓ İȞȩȢ İȞİȡȖȠȪ ȐıĲȡȠȣ ȝȐȗĮȢ Ȃ 
İȓȞĮȚ ĲȘȢ ȝȠȡĳȒȢ: 

(Į) 5/3
H HE b M , (ȕ) H HE b M , (Ȗ) 1/2

H HE b M , (į) 1/3
H HE b M  

 

17. Ȉİ ȑȞĮ ȘȝȚĮȖȦȖȩ ȠȚ ıȣȖțİȞĲȡȫıİȚȢ ȘȜİțĲȡȠȞȓȦȞ n țĮȚ ȠʌȫȞ p ıĲȘ ǽǹ țĮȚ ıĲȘ ǽȈ 
ĮȞĲȚıĲȠȓȤȦȢ įȓȞȠȞĲĮȚ Įʌȩ ĲȠȣȢ ĲȪʌȠȣȢ  

 3/2( ) exp[ ( ) / )]c B g Bn A k T E k TP| � � ,     3/2( ) exp[( / )]h B Bp A k T k TP| � ,      *, ,i iA m i c hv     

Ȉİ ȑȞĮ ȘȝȚĮȖȦȖȩ ʌȠȣ ȑȤİȚ ĮȝİȜȘĲȑĮ ıȣȖțȑȞĲȡȦıȘ ĮʌȠįİțĲȫȞ  țĮȚ įȠĲȫȞ, Ș ıȣȖțȑȞĲȡȦıȘ 
ĲȦȞ ȠʌȫȞ ıĲȘ ǽȈ İȓȞĮȚ: 

(Į) 1/2 3/2( ) ( ) exp( / )e h B g Bp A A k T E k T| �               (ȕ) 1/2 1/2( ) ( ) exp( / )e h B g Bp A A k T E k T| �  

(Ȗ)  1/2 3/2( ) ( ) exp( / 2 )e h B g Bp A A k T E k T| �            (į)  1/2 1/2( ) ( ) exp( / 2 )e h B g Bp A A k T E k T| �  

 

18. Ȉİ ȑȞĮ ȘȝȚĮȖȦȖȩ ʌȠȣ ȑȤİȚ ıȣȖțȑȞĲȡȦıȘ ĮʌȠįİțĲȫȞ aN  țĮȚ ıȣȖțȑȞĲȡȦıȘ įȠĲȫȞ dN  
( )a dN N! ,  ʌȠȚĮ İȓȞĮȚ Ș ıȤȑıȘ ʌȠȣ ıȣȞįȑİȚ ĲȚȢ ıȣȖțİȞĲȡȫıİȚȢ ȘȜİțĲȡȠȞȓȦȞ , dn n  ıĲȘ ǽǹ 
țĮȚ ıĲȠȣȢ įȩĲİȢ ĮȞĲȚıĲȠȓȤȦȢ ȝİ ĲȚȢ ıȣȖțİȞĲȡȫıİȚȢ ȠʌȫȞ  , ap p  ıĲȘ ǽȈ țĮȚ ıĲȠȣȢ ĮʌȠįȑțĲİȢ 
ĮȞĲȚıĲȠȓȤȦȢ; (ȊʌȩįİȚȟȘ: ĬİȦȡȒıĲİ ʌȡȫĲĮ ʌȠȚĮ İȓȞĮȚ Ș ıȤȑıȘ ȖȚĮ 0 KT  ʌȡȚȞ įȫıİĲİ ĲȘ 
ĮʌȐȞĲȘıȘ ȖȚĮ 0K)T z  

(Į) d an n p p�  � ,  (ȕ) d a a dn n p p N N�  � � �  , 

(Ȗ) d a a dn n p p N N�  � � �   (į) d a a dn n p p N N�  � � �  

 

19. ǲıĲȦ ȑȞĮ ıȦȝȐĲȚȠ ʌȠȣ țȚȞİȓĲĮȚ İȜİȪșİȡĮ ıİ ȑȞĮ ĲȡȚįȚȐıĲĮĲȠ ȤȫȡȠ ȩȖțȠȣ V ofțĮȚ 
İʌȠȝİȞȦȢ 2 2 *( ) / 2k mH  k = . ȅ ĮȡȚșȝȩȢ ( )A E  ĲȦȞ ȚįȚȠțĮĲĮıĲȐıİȦȞ (ȤȦȡȓȢ ȞĮ ȜȐȕȠȣȝİ 
ȣʌȩȥȘ ĲȚȢ țĮĲĮıĲȐıİȚȢ ĲȠȣ ıʌȚȞ)  ĮȣĲȠȪ ĲȠȣ ıȦȝĮĲȓȠȣ ȝİ İȞȑȡȖİȚĮ ȝȚțȡȩĲİȡȘ ĲȠȣ Ǽ İȓȞĮȚ  

2 *3/ 2 3/ 2 3( ) ( 2 /3 )( / )A E V m ES = . ȅ ĮȡȚșȝȩȢ  ĲȦȞ ȚįȚȠțĮĲĮıĲȐıİȦȞ ıİ ȝȚĮ ʌİȡȚȠȤȒ İȪȡȠȣȢ 
dE ȝİĲĮȟȪ E dE�  țĮȚ  E  įȚȘȡȘȝȑȞȠȢ ȝİ ĲȠ dE  ȚıȠȪĲĮȚ İȟ ȠȡȚıȝȠȪ ȝİ ĲȘȞ ʌȣțȞȩĲȘĲĮ 
țĮĲĮıĲȐıİȦȞ ( )EU . ǼʌȠȝİȞȦȢ Ș ʌȣțȞȩĲȘĲĮ țĮĲĮıĲȐıİȦȞ ( )EU ȖȚĮ E ıĲȠ İıȦĲİȡȚțȩ ȝȚĮȢ 
ȗȫȞȘȢ ĮȜȜȐ țȠȞĲȐ ıİ ȑȞĮ ʌȑȡĮȢ ĲȘȢ aE  įȓȞİĲĮȚ Įʌȩ ĲȘ ıȤȑıȘ: 



(Į) 
3/ 2* 2 3( ) ( / 2 )( )aE V m E EU S| �=  (ȕ) 

3/ 2* 2 3( ) ( / 2 ) aE V m E EU S| �=   

(Ȗ) 
3/ 2 3/ 2* 2 3( ) ( / 2 ) aE V m E EU S| �=  (į) 

3/ 2 1/ 2* 2 3( ) ( / 2 ) aE V m E EU S| �=  

 

20. ȅ ȖİȞȚțȩȢ ȠȡȚıȝȩȢ ĲȘȢ İȞİȡȖȠȪ ȝȐȗĮȢ ȖȚĮ ȑȞĮ ıȦȝȐĲȚȠ ʌȠȣ țȚȞİȓĲĮȚ ıİ ȑȞĮ ĲȡȚįȚȐıĲĮĲȠ 
ʌİȡȚȠįȚțȩ įȣȞĮȝȚțȩ țĮȚ İʌȠȝȑȞȦȢ Ș țȐșİ ȚįȚȠİȞȑȡȖİȚȐ ĲȠȣ ( )nH k İȟĮȡĲȐĲĮȚ Įʌȩ ĲȠ įİȓțĲȘ 
ȗȫȞȘȢ n  țĮȚ ĲȠ țȣȝĮĲȐȞȣıȝĮ k ȑȤİȚ ȦȢ İȟȒȢ: 

(Į) * 1
,1/ ( )i n k nm H�{ � k=  (ȕ) * 2

,1/ ( )i n k nm H�{ ' k=  

(Ȗ) * 2
,1/ ( ( ))i n k k nm H�{ � u � k=  (į) * 2 2 2

,1/ ( ) /( )i n n im kH�{ w wk=  

 

21. ǼțĲȚȝȒıĲİ ĲȠ ȝȑȖİșȠȢ ĲȠȣ ȤȐıȝĮĲȠȢ gE  ıİ eV ıĲȠ ʌȣȡȓĲȚȠ. ǻȓįȠȞĲĮȚ: 14,79eVsH  � , 
7,58eVpH  �  țĮȚ 2, 3517 Ad   

(Į) 0,5 (ȕ) 1,66 (Ȗ) 2,7 (į) 4,1 

 

22. ȈĲȠ ȝȠȞĲȑȜȠ Jellium ĲȠ ȣįȡȠıĲĮĲȚțȩ ȝȑĲȡȠ İȜĮıĲȚțȩĲȘĲĮȢ İȞȩȢ ȝİĲȐȜȜȠȣ įȓȞİĲĮȚ Įʌȩ ĲȠȞ 
ĲȪʌȠ (ıİ Mbar ): 

(Į) 215,6 /B a rc  (ȕ) 315,6 /B a rc  

(Ȗ) 415,6 /B a rc  (į) 515,6 /B a rc ,  / Br r a{  

 

23. ǹʌȩ ĲȠȞ ĲȪʌȠ ȖȚĮ ĲȘȞ ȘȜİțĲȡȚțȒ ĮȖȦȖȚȝȩĲȘĲĮ ȝİĲȐȜȜȦȞ (ȕȜ. İʌȩȝİȞȘ İȡȫĲȘıȘ) İțĲȚȝȒıĲİ 
ʌȠȚĮ șĮ ȒĲĮȞ Ș ȝȑıȘ İȜİȪșİȡȘ įȚĮįȡȠȝȒ A  ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ ĮĲȠȝȚțȩ 
ıȪıĲȘȝĮ ȝȠȞȐįȦȞ ıİ ıȣȞįȣĮıȝȩ ȝİ ĲȘȞ ĮȞĲȚțĮĲȐıĲĮıȘ B Ba r ao  

(Į) A= 1 cm  (ȕ) A= 0,1 mm  (Ȗ) A= 1 mP  (į) 1 nm   

 

24. Ǿ İȚįȚțȒ ȘȜİțĲȡȚțȒ ĮȞĲȓıĲĮıȘ, ,U   ıİ ȑȞĮ ȝȑĲĮȜȜȠ Ȓ ĲȠ ĮȞĲȓıĲȡȠĳȠ ĲȘȢ, Ș ĮȖȦȖȚȝȩĲȘĲĮ 
1 /V U{ , ʌȡȑʌİȚ ȞĮ İȟĮȡĲȐĲĮȚ Įʌȩ ĲȘ ıȣȖțȑȞĲȡȦıȘ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ, ,n  Įʌȩ ĲȠ ȘȜİțĲȡȚțȩ 

ĲȠȣȢ ĳȠȡĲȓȠ, ,e�  țĮȚ Įʌȩ ĲȚȢ ıțİįȐıİȚȢ ʌȠȣ ȝĮțȡȠıțȠʌȚțȐ İțįȘȜȫȞȠȞĲĮȚ ȦȢ įȪȞĮȝȘ ĲȡȚȕȒȢ 
ĮȞȐȜȠȖȘ ĲȘȢ ȝȑıȘȢ ĲĮȤȪĲȘĲĮȢ ĲȦȞ ĳȠȡȑȦȞ İʌȓ ȑȞĮ ıȣȞĲİȜİıĲȒ ʌȠȣ ıȣȞȒșȦȢ ȖȡȐĳİĲĮȚ ȦȢ  

/ ,m W
  ȩʌȠȣ ĲȠ m
İȓȞĮȚ Ș İȞİȡȖȩȢ ȝȐȗĮ țĮȚ W   İȓȞĮȚ Ƞ ȜİȖȩȝİȞȠȢ ȤȡȩȞȠȢ ĮʌȠțĮĲĮıĲȐıİȦȢ ȖȚĮ 
ĲĮ ȘȜİțĲȡȩȞȚĮ. Ǿ įȚĮıĲĮĲȚțȒ ĮȞȐȜȣıȘ ıİ ıȣȞįȣĮıȝȩ ȝİ ĲȠȞ ȠȡȚıȝȩ ĲȠȣ ȝȒțȠȣȢ İȜİȪșİȡȘȢ 
įȚĮįȡȠȝȒȢ FX W A ȝĮȢ ȠįȘȖİȓ ıĲȠȞ İȟȒȢ ĲȪʌȠ ȖȚĮ ĲȠ 1 /V U{  ıĲȠ ıȪıĲȘȝĮ G-CGS: 

(Į) 2
e Fm

e n
X

V  
A

 (ȕ) 2
Fp

e n
V  

A  (Ȗ) 
2

Fe p
n

V  
A   (į) 

2

F

e n
p

V  
A  



 

25. Ǿ İȚįȚțȒ ȘȜİțĲȡȚțȒ ĮȞĲȓıĲĮıȘ ĲȦȞ ıĲİȡİȫȞ ȕȐıİȚ ȝȚĮȢ ĮʌȜȠȧțȒȢ įȚĮıĲĮĲȚțȒȢ ĮȞȐȜȣıȘȢ șĮ 
ȑʌȡİʌİ ȞĮ ȑȤİȚ ĲȘȞ İȟȒȢ ʌİȡȓʌȠȣ ĲȚȝȒ:  

(Į) 60 ȍ m�  (ȕ) 60 ȍ cm�  (Ȗ) 60 mȍ cm�  (į) 60 ȝȍ cm�  

 

26. ȅȚ ĮȞĲȚıĲȐıİȚȢ 2
0 4 ( / ) [(4 / ) all in atomic units] = 376,73Z e cSD S  :=  țĮȚ 

2 2
0 2 ( / ) / 25812,80744R e h eS{   :=  ȑȤȠȣȞ ĳȣıȚțȩ ĮȞĲȓțȡȚıȝĮ (ȩʌȠȣ 2/ 4108,236e  :=  

İȓȞĮȚ Ș ĮĲȠȝȚțȒ ȝȠȞȐįĮ ȘȜİțĲȡȚțȒȢ ĮȞĲȓıĲĮıȘȢ țĮȚ D  İȓȞĮȚ Ș ĮįȚȐıĲĮĲȘ ıĲĮșİȡȐ ȜİʌĲȒȢ 
ȣĳȒȢ ʌȠȣ İȟ ȠȡȚıȝȠȪ İȓȞĮȚ Ƞ ȜȩȖȠȢ ĲȘȢ ĮĲȠȝȚțȒȢ ȝȠȞȐįĮȢ ĲĮȤȪĲȘĲĮȢ / e Bm a=  ʌȡȠȢ ĲȘȞ 
ĲĮȤȪĲȘĲĮ ĲȠȣ ĳȦĲȩȢ ıĲȠ țİȞȩ). ȉȠ 0R  İȓȞĮȚ: 

(Į) Ș ȜİȖȩȝİȞȘ țȕĮȞĲȚțȒ ĮȞĲȓıĲĮıȘ Hall 

(ȕ) Ș ĮȞĲȓıĲĮıȘ İȞȩȢ ʌȡȩĲȣʌȠȣ ȝİĲĮȜȜȚțȠȪ țȡȐȝĮĲȠȢ  

(Ȗ) Ƞ ȜȩȖȠȢ ( ) /un E H ıİ ȑȞĮ İʌȓʌİįȠ ǾȂ țȪȝĮ ıĲȠ țİȞȩ ıĲȠ ıȪıĲȘȝĮ SI, 
ȩʌȠȣ /{n k k  

(į) Ș İȚįȚțȒ ȘȜİțĲȡȚțȒ ĮȞĲȓıĲĮıȘ ĲȠȣ țĮșĮȡȠȪ ȤĮȜțȠȪ ıİ șİȡȝȠțȡĮıȓĮ 295 Ȁ 

 

27. ȅȚ ĮȞĲȚıĲȐıİȚȢ 2
0 4 ( / ) [(4 / ) all in atomic units] = 376,73Z e cSD S  :=  țĮȚ 

2 2
0 2 ( / ) / 25812,80744R e h eS{   :=  ȑȤȠȣȞ ĳȣıȚțȩ ĮȞĲȓțȡȚıȝĮ (ȩʌȠȣ 2/ 4108,236e  :=  

İȓȞĮȚ Ș ĮĲȠȝȚțȒ ȝȠȞȐįĮ ȘȜİțĲȡȚțȒȢ ĮȞĲȓıĲĮıȘȢ țĮȚ D  İȓȞĮȚ Ș ĮįȚȐıĲĮĲȘ ıĲĮșİȡȐ ȜİʌĲȒȢ 
ȣĳȒȢ ʌȠȣ İȟ ȠȡȚıȝȠȪ İȓȞĮȚ Ƞ ȜȩȖȠȢ ĲȘȢ ĮĲȠȝȚțȒȢ ȝȠȞȐįĮȢ ĲĮȤȪĲȘĲĮȢ / e Bm a=  ʌȡȠȢ ĲȘȞ 
ĲĮȤȪĲȘĲĮ ĲȠȣ ĳȦĲȩȢ ıĲȠ țİȞȩ). ȉȠ 0Z  İȓȞĮȚ: 

(Į)  Ș ȜİȖȩȝİȞȘ țȕĮȞĲȚțȒ ĮȞĲȓıĲĮıȘ Hall 

(ȕ) Ș ĮȞĲȓıĲĮıȘ İȞȩȢ ʌȡȩĲȣʌȠȣ ȝİĲĮȜȜȚțȠȪ țȡȐȝĮĲȠȢ  

(Ȗ) Ƞ ȜȩȖȠȢ ( ) /un E H ıİ ȑȞĮ İʌȓʌİįȠ ǾȂ țȪȝĮ ıĲȠ țİȞȩ ıĲȠ ıȪıĲȘȝĮ SI, 
ȩʌȠȣ /{n k k  

(į) Ș İȚįȚțȒ ȘȜİțĲȡȚțȒ ĮȞĲȓıĲĮıȘ ĲȠȣ țĮșĮȡȠȪ ȤĮȜțȠȪ ıİ șİȡȝȠțȡĮıȓĮ 295 Ȁ 

 

28. Ȉİ ȑȞĮ ȣȖȡȩ Ș įȚĮȝȒțȘȢ ĲĮȤȪĲȘĲĮ ĲȠȣ ȒȤȠȣ ȣ ȝʌȠȡİȓ ȞĮ İțĲȚȝȘșİȓ Įʌȩ ĲȠȞ ĲȪʌȠ  ( / Br r a{ ): 

(Į) 2 /eX | =  (ȕ) / e Bm a rX | =  (Ȗ) / p Bm a rX | =  (į) / e a Bm m a rX | =  

 

29. ȈĲȠ ʌĮȡĮțȐĲȦ ıȤȒȝĮ İȚțȠȞȓȗȠȞĲĮȚ ȠȚ ĲȑııİȡȚȢ ȚįȚȠĲĮȜĮȞĲȫıİȚȢ ĲȠȣ ȝȠȡȓȠȣ 2CO  (Ș (Ȗ) İȓȞĮȚ 
įȚʌȜȐ İțĳȣȜȚıȝȑȞȘ). ȅȚ ĮȞĲȓıĲȠȚȤİȢ ȚįȚȠıȣȤȞȩĲȘĲİȢ ȚțĮȞȠʌȠȚȠȪȞ ĲȘȞ įȚʌȜȒ ĮȞȚıȩĲȘĲĮ 



(Į

 

30. ȉȠ

ȐĲ

. 

ij

(Į

(Ȗ)

 

31. ȈĲ
F

 

 

 

 

 

33. Ǿ 

(Į

 

34.  ȅ

(Į

(Ȗ)

 

35. Ǿ 
ȣį

Į) a EZ Z� �

Ƞ ıĲȠȚȤİȓȠ 

ĲȠȝĮ, 1 țĮȚ 2

ȁĮȝȕȐȞȠȞĲ

xss sp p 

Į) 2hV = 2,7�

) 2hV = 4,3�

ĲȠ ʌĮȡĮțȐĲ
3 4,F F , ȖȚĮ ĲĮ

32.  

İȞȑȡȖİȚĮ įȚ

Į) 5,2 

ȅ ıȣȞĲİȜİıĲ

Į) 2 3
1a aA e r rv

) 2 3 3
1a aA e r rv

ȝȑıȘ ĲȚȝȒ 
įȡȠȖȩȞȠȣ İȓȞ

JZ�  (ȕ)

2hV  ȝİĲĮȟȪ

2, țĮȚ țİȓȞĲ

ĲĮȢ ȣʌȩȥȘ 

x xp p  ĮȞĲȚıĲȠ
2 272( / )em d=
2 29( / )em d=

ĲȦ ıȤȒȝĮ İ
Į ȠʌȠȓĮ ȚıȤȪ

ȚȐıʌĮıȘȢ ĲȠ

(ȕ)

ȒȢ ǹ ıĲȘȞ Į
3
2 1 2/ ( )a a ar r�

3 2 2
2 1 2/ ( )a a ar r�

, ,n l m 2p
ȞĮȚ: 

) J EZ Z Z� �

Ȫ įȣȠ ȣȕȡȚįȚ

ĮȚ ıĲȘȞ ȓįȚĮ

ȩĲȚ 1
i HI

ȠȓȤȦȢ ȕȡȓıț

)  

 

İȚțȠȞȓȗȠȞĲĮȚ
ȪİȚ: (ǼʌȚȜȑȟ

(Į) 4
2F  

(Ȗ) 2 1
2F  

Ƞȣ ȝȠȡȓȠȣ N

) 3,4 

ĮȜȜȘȜİʌȓįȡĮ

)  

 

, ,n l m ĲȠȣ 

DZ  (Ȗ)

ȚțȫȞ ĮĲȠȝȚț

Į İȣșİȓĮ įȓȞİ
2ˆ (j ijH I K =

țİȚ țĮȞİȓȢ ȩĲ

Ț  ĲĮ Ĳȑııİ
ȟĲİ ĲȘ ıȦıĲ

1
2 (

zs pI I� �

1
2 (

zs pI I� �

2Na  İȓȞĮȚ ʌİ

(Ȗ) 1,7

ĮıȘ van der

ĲİĲȡĮȖȫȞȠȣ

) J DZ Z Z� �

țȫȞ ĲȡȠȤȚĮ

İĲĮȚ Įʌȩ ĲȠȞ
2 2/ )em d= , 

ĲȚ: (ǼʌȚȜȑȟĲİ

(ȕ) 2hV

(į) 2hV

İȡĮ ȣȕȡȚįȚț
Ȓ ıȤȑıȘ) 

)
x yp pI I� �

)
x yp pI I� �  

İȡȓʌȠȣ (ıİ e

7

r Waals įȓȞİ

(ȕ) Av

(į) Av

ȣ ĲȘȢ ȠȡȝȒ

EZ  (į)

țȫȞ 3sp  ʌȠ

Ȟ ĲȪʌȠ 11
4 sI

ȩʌȠȣ ijK  

İ ĲȘ ıȦıĲȒ 

= 21,99( /� =

= 23,22( /� =

țȐ ĮĲȠȝȚțȐ

  (ȕ) 3 1
2F  

 (į) 1 1
2F  

eV): 

(į) 0,8 

İĲĮȚ Įʌȩ ĲȠȞ
2 2 2

1 2 / (a a ae r r rv

4 3 3
1 2 / (a a ae r r rv

ȒȢ ĲȠȣ ȘȜİț

 

 a JZ Z Z� �

Ƞȣ ĮȞȒțȠȣȞ
1 1 ˆ3

xs p HI I�

1,32 1,4 �

ıȤȑıȘ) 
2/ )em d  
2/ )em d  

Ȑ ĲȡȠȤȚĮțȐ 

1
2 (

xs pI I I� �

1
2 (

zs pI I� �

Ȟ ĲȪʌȠ: 

1 2)a ar�  

1 2)ar�  

țĲȡȠȞȓȠȣ ıĲ

EZ  

Ȟ ıİ įȚʌȜĮȞ
2 23

xs pH I I�

42 2,22  ȖȚ

3sp , 1F ,F

)
y zp pI I�

)
x yp pI I� �

Ƞ ȐĲȠȝȠ ĲȠ

ȞȐ 

ȚĮ 

2F

)  

Ƞȣ 



(Į) 2 2 2/ Ba n=  (ȕ) 2 2/ Be a n  (Ȗ) 2 2 2/ 2 Ba n=  (į) 2 2/ 2e Be m a n  

 

36. H ȘȜİțĲȡȠȞȚĮțȒ įȚȐĲĮȟȘ ĲȠȣ ĮĲȩȝȠȣ Cu İȓȞĮȚ: 

(Į) 10 1 [Ar]3 4d s  (ȕ) 9 1 1[Ar]3 4 4d s p  (Ȗ) 
8 1 2[Ar]3 4 4d s p  (į) 11[Ar]3d  

 

37. ȉȠ ʌȡȫĲȠ ȑȡȖȠ ȚȠȞȚıȝȠȪ ĲȠȣ  ĮĲȩȝȠȣ Li İȓȞĮȚ ʌİȡȓʌȠȣ (ıİ eV): 

(Į) 13,6 (ȕ) 5 (Ȗ) 10 (į) 14 

 

38. H ȝȑıȘ ĲȚȝȒ 1, , , , ,n l m r n l m� ĲȠȣ 1/r ıĲȠ ȐĲȠȝȠ ĲȠȣ ȣįȡȠȖȩȞȠȣ İȓȞĮȚ: 

(Į) 1/ Bna  (ȕ) 21 / Bn a  (Ȗ) 21/ 2 Bn a  (į) 1/ 2 Bna  

 

39. Ǿ İȞȑȡȖİȚĮ ıȪȞįİıȘȢ ĮȞȐ ȞȠȣțȜİȩȞȚȠ ȖȚĮ ĲȠ ȒȜȚȠ 4 İȓȞĮȚ ʌİȡȓʌȠȣ: 

(Į) 4,1eV (ȕ) 6,5keV (Ȗ) 9,6ȂeV (į) 7,1 MeV 

 

40. ȉȠ ȝȒțȠȢ İȜİȪșİȡȘȢ įȚĮįȡȠȝȒȢ ǾȂ țȪȝĮĲȠȢ ȝȒțȠȣȢ țȪȝĮĲȠȢ Ȝ ıİ ȑȞĮ ȝȑĲĮȜȜȠ ȝİ 
įȚȘȜİțĲȡȚțȒ ıȣȞȐȡĲȘıȘ İ țĮȚ 2 Imn H|  įȓȞİĲĮȚ Įʌȩ ĲȠȞ ĲȪʌȠ (ıĲȠ G-CGS): 

(Į) 1 /l n V  (ȕ) 24l nS O  (Ȗ) 2/ 4l nO S  (į) / 4l O SH   

 

41. Ǿ ıȤȑıȘ ȝİĲĮȟȪ ĲȘȢ įȚȘȜİțĲȡȚțȒȢ ıȣȞȐȡĲȘıȘȢ İ İȞȩȢ ĮİȡȓȠȣ țĮȚ ĲȘȢ ʌȠȜȦıȚȝȩĲȘĲĮȢ pa ĲȠȣ 
țȐșİ ĮĲȩȝȠȣ Ȓ ȝȠȡȓȠȣ ʌȠȣ ĮʌȠĲİȜȠȪȞ ĲȠ ĮȑȡȚȠ İȓȞĮȚ (ıĲȠ ıȪıĲȘȝĮ G-CGS):   ( /n N V ) 

(Į) 1 paH  �  (ȕ) 1 4 paH S �  (Ȗ) 1 pn aH  �  (į) 1 4 pnaH S � .     

 

42. 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   

 

43. Ǿ țĮĲĮȞȠȝȒ ĮțĲȚȞȠȕȠȜȓĮȢ ȝȑȜĮȞȠȢ ıȫȝĮĲȠȢ ȦȢ ʌȡȠȢ ĲȠ ȝȒțȠȢ țȪȝĮĲȠȢ İȓȞĮȚ ĮȞȐȜȠȖȘ ĲȠȣ 

(Į) 3(1/ ){exp(2 / ) 1}cO S E O �=  (ȕ) 5(1/ ){exp(2 / ) 1}cO S E O �=  

(Ȗ) 7(1/ ){exp(2 / ) 1}cO S E O �=  (į) 9(1/ ){exp(2 / ) 1}cO S E O �=  



 

44. ȅ 
șİ

(Į

 

45. Ǿ 
șȐ

(Į

 

46. ȉȠ
ĮȞ
ĮȞ
ĲȠ

(i)

(ii

47. ȆȠ
İı

 

48. Ǿ 

(Į

 

49. Ǿ 

(Į

ĲȪʌȠȢ ʌȠȣ
İȡȝȠțȡĮıȓĮȢ

Į) 2( /1G S 

ĲĮȤȪĲȘĲĮ İ
ȐȜĮııĮȢ, įȓȞ

Į) gdX   

Ƞ įȚĮĳȠȡȚțȩ
ȞİȟȐȡĲȘĲİȢ ȝ
ȞİȟȐȡĲȘĲİȢ «
Ƞ G; 

)   (Į) G U{

i) ʌȠȚȠ İȓȞĮȚ

(Į) dG S 

(Ȗ) dG S 

 

ȠȚȠ Įʌȩ ĲĮ
ıȦĲİȡȚțȒȢ İȞ

(Į) 

İȞȑȡȖİȚĮ Șȡ

Į) 10^-31 

İȞȑȡȖİȚĮ Șȡ

Į) 938 

ȣ įȓȞİȚ ĲȘȞ
Ȣ ȉ țĮȚ ȩȖțȠ

415) ( ) /BV k T

İȞȩȢ ıȣȞȒș
ȞİĲĮȚ Įʌȩ ĲȠ

ȩ ĲȘȢ İıȦĲİ
ȝİĲĮȕȜȘĲȑȢ 
«ĳȣıȚȠȜȠȖȚț

TS NP� �

Ț ĲȠ įȚĮĳȠȡȚ

SdT VdP� �

SdT VdP� �

Į ʌĮȡĮțȐĲȦ
ȞȑȡȖİȚĮȢ U 

ȡİȝȓĮȢ ĲȠȣ Ș

(ȕ) 0

ȡİȝȓĮȢ ĲȠȣ ʌ

(ȕ) 1

Ȟ İȜİȪșİȡȘ
Ƞȣ V ıİ șİȡ

3 3/ c=    (ȕ) G

șȠȣȢ șĮȜȐıı
ȠȞ ĲȪʌȠ: 

(ȕ) X  

İȡȚțȒȢ İȞȑȡȖ
ȖȚĮ ĲȘȞ U İ
țȑȢ» ȝİĲĮȕȜ

 (ȕ) G {

Țțȩ ĲȠȣ G; 

dNP  

dNP  

Ȧ ıȤȘȝĮĲȚț
țĮȚ İȞĲȡȠʌȓ

(ȕ) 

ȘȜİțĲȡȠȞȓȠȣ

0,511 

ʌȡȦĲȠȞȓȠȣ İ

1836 

Ș İȞȑȡȖİȚĮ 
ȝȠįȣȞĮȝȚțȒ

0G     (Ȗ) G

ıȚȠȣ țȪȝĮĲ

/ 2gO S

ȖİȚĮȢ İȓȞĮȚ 
İȓȞĮȚ ȠȚ S, V
ȜȘĲȑȢ ĲȚȢ T,

U PV�    (

țȐ ȖȡĮĳȒȝ
ȓĮȢ S ȣʌȩ ıĲ

ȣ İȓȞĮȚ (ıİ M

(Ȗ) 1/1823

İȓȞĮȚ (ıİ Me

(Ȗ) 106

ĲȠȣ Gibbs
Ȓ ȚıȠȡȡȠʌȓĮ

2( / 4G S �

ĲȠȢ (1m O�

(Ȗ) gX  

dU TdS �
V, N. ȉȠ șİȡ
 P, N ĲȠ ȠȞ

Ȗ)G U P{ �

(ȕ) dG  

(į) dG  

ȝĮĲĮ ĮȞĲȚıĲ
ĲĮșİȡȩ ȩȖțȠ

(Ȗ)

MeV): 

3 (į) 

eV): 

(į) 

s G İȞȩȢ 
Į İȓȞĮȚ: 

445) ( ) /BV k T

)d� , ȩʌȠȣ

gk  (į)

PdV dNP� �
ȡȝȠįȣȞĮȝȚț
ȠȝȐȗȠȝİ G.

PV TS�    (į

SdT VdP �

SdT Pd � �

ĲȠȚȤİȓ ıĲȘ 
Ƞ țĮȚ ĮȡȚșȝȩ

 

 1836 

 10^5 

ıȣıĲȒȝĮĲȠ

3 3/ c=    (į) G

ȣ d İȓȞĮȚ Ĳ

 cKFRXX   

N țĮȚ ȠȚ «ĳȣ
ȩ įȣȞĮȝȚțȩ 
. ȆȫȢ ʌȡȑʌİ

į)G U T{ �

P dNP�  

dV dNP�  

ıȦıĲȒ ıȤ
ȩ ıȦȝĮĲȓȦȞ

(į

ȠȢ ĳȦĲȠȞȓȦ

G P V �  

ĲȠ ȕȐșȠȢ ĲȘ

ȣıȚȠȜȠȖȚțȑȢ
ʌȠȣ ȑȤİȚ ȖȚ
İȚ ȞĮ ȠȡȚıșİ

TS  

ȤȑıȘ ȝİĲĮȟ
; 

į) 

ȦȞ 

ȘȢ 

Ȣ» 
ȚĮ 
İȓ 

ȟȪ 


