
10

 тәвсиә қилған

Н.А. Закирова
Р. Р. Аширов

ФИЗИКА



 



1





1

М
Е

 Х
А

 Н
И

 К
А



a
t

=
−
Δ

0

a
tx

x ox=
−
Δ

,

x

x
0x 0y

a a ax y= +2 2 .

:



a
ax

0 x

a

ax

y

ay

0 x

ax

x sx

g
ì

ñ
9 8

2
,

a
tx

x ox=
−
Δ

g
ì
ñ

9 8
2

,

îò =
+0
2 îò =

+0
2

x ox xa t= + y oy yg t= +

s t
a t

x x
x= +0

2

2

s
ax

x x

x

=
−2 0

2

2
s tx =

+0
2

h t
g t

y oy
y= +

2

2

h
gy

y y

y

=
−2 0

2

2
h ty =

+0
2

x t x t
a t

ox
x( ) = + +0

2

2
y t y t

g t
oy

y( ) = + +0

2

2



ax const ax

a x>0

a x<0

3
2
1
0

a
a

a a

x x axt x

3
2
1
0

I

II

I ax
II ax

3
2
1
0

I
II

s t a t
x x

x= +0

2

2

I IVsx

III II

x > x 0
x > x 0

x x 0
x x 0



x t x t a t
ox

x( )= + +0

2

2

I

II

x

x > x 0
> x > x 0

t
g g y

H h h
h h h

y y t
g t

y
y= + +0 0

2

2

gy g

H
gt 2

2
H

ì ñåê ñ
ì=

⋅
≈

9 8 25
2

125
2 2,

h
gt

1
1
2

2

h
ì ñåê ñåê

ì1

2 29 8 1
2

5=
⋅

≈
,

h h h h
h

h
1

2

1
3

h h h h

h
1

3

1
5

h h

h h h
h

h
1

4

1
7

h h h h

h
1

5

1
9

h h h

h h h h h

 h h h h h

gH

y



1

x

 

x

12

6

0



K
u

K
x y z t

x uxt

x
x ux

y y z

K K

x ut
y
z
t

uzz

K K

x
x

y y



t

u
� �
s ut2

s ,
s1

s s s= +1 2.

0x 0y

s s s x
s s s y

sx x s x x sy y s y y

x s x
y s y

0x
ux uy

x uxt
y uyt

y

y

K

K

s s

x

x
s



s t1 1 , s ut2 , s t

t t ut= +1

= +1 u.

íèñ. 1

òîø u.

= +íèñ òîø. .

A , B

= +B òîø.

òîø A. = −

= −B A

=u



= +íèñ òîø, .

. 1 2, , .. .íèñ òîø

1 2= + .

= −1 2.

υ
υ
α
1

sin
υ υ α2 1ctg .

=
°
=

20
45

28
ì ñåê

ì ñåê
sin

 

C



2



a

a
a

tÿ. =
Δ
Δ

R

à
Rì ò. .

2

a a aÿ ì ò= + . .

a

a

aÿ
aì ò. .

a a aÿ ì ò= +. . .
2 2

a
a

R

a

a

a

a
a

a

R



tg
a

a
ì ò

ÿ

.

.

a
a

tgÿ
ì ò

.
. .

ε
ω ω

=
−
Δ

0

t

ε
ω ω

=
−
Δ

0

t

ω ω ε= ±0 t.

ϕ ω
ε

= +0

2

2
t

t
, ϕ

ω ω
ε

=
−2 0

2

2
,

ϕ ω
ε

= −0

2

2
t

t
, ϕ ω ω

ε
=

−0
2 2

2
.

îò =
+0
2

,

ϕ
ω ω

=
+0
2

t.

l R;
R;

a 2

a R
a R= +ω ε4 2



ω ω ε= ±0 t at

ϕ ω
ε

= ±
⋅

0

2

2
t

t
s t

at
= ±0

2

2

ϕ
ω ω
ε

=
−2 0

2

2

ϕ
ω ω
ε

=
−0

2 2

2

s
a

=
−2 0

2

2
;

s
a

=
−0

2 2

2

îò. =
+0
2 îò. =

+0
2

ε
υ υ

υ υ
=

−
=
−

=R R
t tR

a

R
ÿ

0

0 . .

R

a a a R R Rì ò ÿ= + = + = +. . .
2 2 4 2 2 2 4 2ω ωε ε

a R= +ω ε4 2 .

t
t

R

a
a

a

a
a

O



a
a t R

a
a a aì ò ÿ= +. . .

2 2

t
a a



x ut
y
z
t

s s s= +1 2

= +íèñ òîø.

a a aì ò ÿ= +. .
2 2

ε
ω ω

=
−
Δ

0

t

ε
ω ω

=
−
Δ

0

t

a R

ω ω ε= ±0 t

îò. =
+0
2

ϕ ω
ε

= ±0

2

2
t

t

ϕ
ω ω
ε

=
−2 0

2

2

ϕ
ω ω
ε

=
−0

2 2

2

a R
a R= +ω ε4 2



М
Е

 Х
А

 Н
И

 К
А

1



22

R2

R1

F1

F2

F3
F4

F3

F4

F2

F1



23

0x

FRx F1x F2x Fnx

FRy F1y F y Fny

F F FR Rx Ry= +2 2

-
-

� �
…

�
F F F à constn1 2 0 0+ + + = = =, ,

Fi
i

n

=
∑ =
1

0

-

F1

F2

F3 F4



24

a
F F F

m
n=

+ + +1 2 ....

à FR
F constR a const

-

F F1 2= − .

ma F mg F N= + + +

ma Fx mgx F Nx
may Fy mgy F Ny

F a
s

=
−2 0

2

2

F

y

mg

x



25

F
F

?

:

m m m m

:

3 (1)

F (2)

F
F

ê 3
,

F
 : F

F



26



27

F
Gmm

R
1 2
2
,

G
Í ì
êã

= ⋅
⋅−6 67 10 11

2

2
,

(4)

m
R

GMm
R

2

2

I

GM
R

.

F1 F2C

F1 F2C1
C2

F1 F2C1
C2



28

4-

Ih

GM

R h
É

=
+

Ih

êì
ñåê

5 6, .



Fermi Gammaray

Hubble

1

3



30

AQUA AURA



31



32

Ariane



33

R R R



34

g
ty

y oy=
−

Δ

y oy yg t= +

îò =
+0
2



35

s t1 0 h
gt

1

2

2

s t2 02

h
gt

2

2

4
2

s t3 03 h
gt

3

2

9
2

s t s t s tãîð ãîð ãîð1 2 32, ,

h t
gt

h t
g t

h t
g t

âåðò âåðò âåðò1

2

2 3

2

2
2

4
2

3
9
2

= − = − = −, ,

t
g
âåðò

t t
gï
âåðò2

2

-

0

h1 h2



36

l t
gãîð

ãîð âåðò2



37

2 = −0 gt,

h t
gt

= −0

2

2
,

t
g

cåê=
−
=

−
=0 16 4

10
1 2,

h ì= ⋅ −
⋅

=16 1 2
10 1 2
2

12
2

,
,

.

= 12

h

sin

(



38

2
)?

63

–





40

Fi
i

n

=
∑ =
1

0

F F Fn1 2 0+ + + =...... ,

F ma,

F
p
t

=
Δ
Δ

F F1 2= −

F
Gmm
R
1 2
2

h

g
GM

R h
Ä

À

=
+( )2

g
GM

R
Ä

À
2

. dynamic – 



М
Е

 Х
А

 Н
И

 К
А

1



42

C
C

02

01

C

.

F1

F2

A

C

B



43

 F F Fn1 2 0+ + + =... .   (1)

 
 M1 + M2 M  

= Fd

d

(

F
d0



44

-

N1
N1



45

tg
L
H0  (

L

H C

Fa

0
O

C

Fa

0

0

O

C
H

L
Fa

0
O

C
Fa

39-



46

 

F F
F

FA FA

 



C

C

N

C C

0 0
N

mgmg

N

C C

0 0
N

mgmg

N
C C

N

mgmg

F

F



48



49

  

h2

2

h1

1

1

2

2

1

h
h



50

   

0 

 

 

 



51

5

       



52

  

1

b
a

c

p p

pM

F1

F2

60-



53

62-

2 2



54

B
20
10

10
20

0

65-

.



55

67-



56

XI



( XVII

XVII



58

Hg

12

 



59

h = 2100
1

 

Δ =
⋅

= ≈ð
ìì ì

ì
ìì Ïà

ñèì òóâ
ñèì òóâ

1 2100
12

175 23327 5
. .

. . ,

p2 = p1
 ¯p2  

 2   

¯ p2
 ¯ 



60

50

100

150

250

200

300

400

350

 



61

1000

1000

1500

500

500

0

456

788 50
0

20
0

10
0 50

35

6

-

556

500

200

100

50

0

1000

0 50 10025



62

� �
…

�
F F Fn1 2 0+ + + =

M1 + M2 Mn = 0

M = Fd

= 
1

2

2

1

h
h



М
Е

 Х
А

 Н
И

 К
А

1

 



64

 p m  (1)

p

p
êã ì
ñ

[ ] = ⋅
1 .

 F t pΔ Δ= , (2)

Δp p p= −2 1 F t
F t Í ñΔ[ ]− ⋅1 .

F p↑↑ Δ



65

p m constæ i i
i

n

= =
−
∑

1

pæ
n

i

m m m mu m u m u1 1 2 2 3 3 1 1 2 2 3 3+ + = + +

1 2 3

u1 u2 u3

m m m m m m u1 1 2 3 3 1 2 3+ + = + +( )

u



66

-

u
Δp mu= −

F
p
t

mu
tð = = −

Δ
Δ Δ

.

( ) .M m mu− − = 0
y 

M m) mu
=

−
m

M m
u

 A mgh2 mgh1 À
kx kx

= − −
⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

2
2

1
2

2 2

 A Wp Wp1

A Fs ma
a

m m
= =

−
= −2

2
1
2

2
2

1
2

2 2 2
 A W Wk1

W
m

k

2

2

F

 



 W Wp W Wp2

 W  W Wp const,

       

  

EADS Astrium

A W W W

Perpetuum Mobile

 



m1 1
m2

m2/m1

:

u u u 
u u1 2= −

:

m mu m u1 1 1 1 2 2= +
0x
1

u u u 
m mu m u u m m1 1 1 2 2 1= − + = −( ) ;
1 2

1

1
u

m

m
= − ;

m

m u
1

2

1 1
10
20

1 1 5= + = + = , .

: m2/m

 m m1

10

2

H





A
m m

= −2
2

1
2

2 2

A Wp Wp1)

A
kx kx

= − −
⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

2
2

1
2

2 2

A mgh mgh1)

p m constÿ i
i

n

i= =
−
∑

1

W
m

k

2

2

W W W constk p= + =
W

kx
ð

2

2

W mghð



М
Е

 Х
А

 Н
И

 К
А

1

VIII



§

31

2



-

(

(

-

             



-

 



-
-

 

F

r 

 





11

g  2



F r6πη υ



2

М
О

 Л
Е

 К
У

 Л
И

 Л
И

Қ
 Ф

И
 ЗИ

 К
А



80

d
V
S

,

d V
S

V0 = d3

N
V
V0

m
m
N0



81

 

I

3

94-



IBM 

OO1

OO1

1

O

3

s

t

s

 =
−R r
t



83

R r

 s = t 

 t
s
R

3)

 υ
ω

=
−( )R R r

s
s R, r

 

r r0  
r r0   

r = r0 
F = 

-

-
-



F

0
r0

r

 



 p nm
1
3 0

2

, n , m0 , 

nm0 = 

 p
1
3

2ρυ

 E m0
2

2

p nm n
m

= ⋅ =
1
3

2
2

2
3 20

2 0
2

p nE
2
3

920
3

êã
ì

c



V = 1 



87

d1 > d  > d3

d2

d1
d3



88

 

A B C



F F F F

F

F



 

D



 

Silicium Kazakhstan



d
V
S

N
V
V0

m
m
N0

υ
ω

=
−( )R R r

s
Ð nm

1
3 0

2 ; Ð òÅ
2
3

;

P
1
3

2ρυ

r r0 

r r0  

 -

 

 
V
 



2

М
О

 Л
Е

 К
У

 Л
И

 Л
И

Қ
 Ф

И
 ЗИ

 К
А



V

= 

 n
N
V

 N = A

 pV
m
M
kN TA  

 R kN
Äæ

Ê ìîëüA=
⋅

= 8 31,

 pV
m
M
RT

m
1, V1, 1

, V , 
pV

m
M
RT1 1 1.

 pV

T
m
M
R1 1

1

.

R
Äæ

Ê ìîëü
=

⋅
8 31,

pV



 p V

T
m
M
R2 2

2

.

 pV

T

p V

T
1 1

1

2 2

2

pV
T

const

-

, 

1V1 = V
= 

-

 p
p

V
V

1

2

2

1

-

O V

2

1

2 1



 > 1

 V

T

V

T
1

1

2

2

V
T

const

-

V

V

T

T
1

2

1

2

V = 
 p

T

p

T
1

1

2

2

p
T

const

V1

V2

V

0

1

2

2 1



 p
p

T

T
1

2

1

2

-

V > V1

1 1V1, V , 3 3V3 

1 
 

1 = 
> 1

 3 < , 

1 2

3

1

3
2 3

1

O V1 V2 V3 V

V

V3

V2
V1

O

3

1 2 3

1 2

3

1
3

V3

V2

V1

1 2 3

1 2

O

1

3

1

2

V1
V2

0

V2 > V1

O

1 3

V

O

V 3

1

O

3
1



V1 V2 VO

1

1 2

1

2

1

 

C

m = 10 

t1 C
V

10 ·10
0,303 ·10

10 ·10 3

pV
m
M
RT1 1

V
mRT

Mp1
1 ;

V
êã

Äæ
ìîëü Ê

Ê

êã
ìîëü

Ïà
1

3

6

10 10 8 31 283

0 032 0 303 10
2 4=

⋅ ⋅
⋅
⋅

⋅ ⋅
= ⋅

− ,

, ,
, 110 3 3− −ì

pV
m
M
RT2 2 , Ò pV M

Rm2
2 ;

V1 



T
Ïà

êã
ìîëü

ì

Äæ
ìîëü Ê

êã
2

6 3 3

3

0 303 10 0 032 2 4 10

8 31 10 10
=

⋅ ⋅ ⋅ ⋅

⋅
⋅

−

−

, , ,

,
== ⋅1 18 103, Ê

 V1
3;  = 1,18 · 103 K

C C 

3



100

pV
m
M
RT

pV
T

pV
T

1 1

1

2 2

2

;

 

pV
T

const

, 

1V1 = V
 = 

, 
V
T

V
T

1

1

2

2

V
T

const

, 
p
T

p
T

1

1

2

2

p
T

const

 



2

М
О

 Л
Е

 К
У

 Л
И

 Л
И

Қ
 Ф

И
 ЗИ

 К
А



102

 – 

[ Q U



103

U
Q
A

 Δ = ′ +U A Q.  (1)

c ñ
Äæ
êã Ê

[ ] =
⋅

1

 [ ] = Äæ
êã

r r
Äæ
êã

[ ] = 1

q q
Äæ
êã

[ ] = 1

cm(t t1)

qm



U

Å kT
3
2

 U NÅ N kT RTA

3
2

3
2

N = vNA

 m
Ì

 U
m
Ì
RT= ⋅

3
2

m

 Δ ΔU
m
Ì
R T= ⋅

3
2

= F(h2 – h1) = pS(h2 – h1) ( ) 

 = p V
p

′ = − −( ) = −A F h h A2 1

 ′ = −A A  (7)

= A U

-

h1

p2

S

T1

h2

p2

p1 2

F

F

A
′ <A 0



U

 = U+A

 = A

 



JAC

PSA  ë

  



107

-

-

A = Q 
U

Q
Q
A U

 + A  (1)

 Δ = = ΔU
m
M
RT p V

3
2

3
2

 (2)
 A = p (3)

Q A A A= + =
3
2

5
2

Q Äæ Äæ= ⋅ =
5
2
600 1500 .



108

C

0 = 10 V2

V0 2V0 V

p0

2p0

O

p

1

2



ABCD
A1
AFKD A2

BCKF
= A1 – A2

T2

Q2

T1

A

Q1

O

p2

p1

p
B1 C 2

F
4

K
3

A D
V1 V2 V



110

 T

A
Q

Q Q

Q

Q

Q
= =

−
= −

1

1 2

1

2

1

1

Q1
Q2

 =
−T T

T
1 2

1

 = −1 2

1

T

T

T1 T2



111



112

NASA

2-

1



113

3

K

Q1 = 103 

T2 = 280 K  A
Q1

  (1) 

=
−T T

T
1 2

1

300
10

0 3
3

Äæ
Äæ

,

=
−

= − ⇒ = − ⇒ =
−

T T

T

T

T

T

T
T

T1 2

1

2

1

2

1
1

21 1
1

.

T1 



T
K

K1

280
1 0 3

400=
−

=
,

.

K

Q1 Q2

1 C 
2 C

A
1 C 2 C



U
m
M
RT

3
2

Δ = ΔU R T
3
2

p = p V
A

m
M
R T= Δ

′ = −A A

= cm( 2 – 1)

= 

= qm

I

Δ = ′ +U A Q

= A U

T

A
Q

Q Q
Q

Q
Q

= =
−

= −
1

1 2

1

2

1

1 =
−T T
T

1 2

1

= −1 2

1

T
T

U
Q A



 



2

М
О

Л
Е

К
У

Л
И

Л
И

Қ
 Ф

И
ЗИ

К
А



118

 p nkT
T = const

1 3

!

Ì
êã
ìîëü

= ⋅ −18 10 3



119

V m

m
V

,

3

ϕ
ρ
ρ

= ⋅100%,

= ⋅
p
p
100%,

p p

[ ]−1
3

êã
ì

1
3

ã
ñì

-



120

60 70 8090
10

20 30

0

 

 

5

1 5

4

2

3



121

18 18
20 20
22 22

26 26
28 28
30 30
32 32



122

3



123

132, 

F

F

F
F

F

F

F

F

F



F

l
ê

l F

l

P F

σ
π
mg
d

133, 

 F F

[ ]−1Í
ì
.

F F

F



 F F
F mg · 2

 F 2

2 2
h

gr
2σ
ρ

h
gd

4σ
ρ

 

[ ] = =1 1
2

Äæ
ì

Í
ì



126

l

1
R

m



127



128

m
V

ϕ
ρ
ρ

= ⋅100%

= ⋅
p
p

100%

F
l
ê

h
gr

2σ
ρ

h
gd

4σ
ρ

3

3



3

Э
Л

Е
К

ТР
 В

Ә
 М

А
ГН

Е
ТИ

ЗМ



130

N|e

A

n const



131

F
q q

rK

1
4 0

1 2
2πε ε

F
k q q

rK
1 2

2

1 2
r

k
0

F F12 21= − .

me

k
Í ì
Êë

= ⋅
⋅

9 109
2

2

0
12

2

28 85 10= ⋅
⋅

−, Êë
Í ì

k 1
4 0πε

F12 F211

F12 F21
1 2



132

-
-

-

E
F
q

Q

Q

F
k Q q
r 2

E
kQ
r 2

Q

E
Í
Êë

[ ] = 1

0 r

Q

Q



133

Q



134

F F

r1

r2

B
Q

Wp Wp1

Q

W
kQq
rp = ⋅

A
kqQ
r

kqQ
r

=
⋅
−
⋅1 2

W

q
p

qEd
q

Ed.

2

1



r r

r
r 1 1

ϕ
πε1
2

0 14
q

r
ϕ

πε2
2

0 24
q

r
.

A
q q

r r
Äæ= −

⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟
≈ ⋅ −1 2

0 2 1

6

4
1 1

1 3 10
πε

, .

18



2 1

C
q

ϕ
ε

=
⋅
kq
r

C
r
k

=
⋅

0 r

k
1
4 0πε

0



Ñ Ô
Êë
Â

[ ] = =1
1
1

.

E
q
S0
.

Δϕ
εε

= =Ed
qd
S0
.

Ñ
S

d
0 .

r Ck Ô
Í ì
Êë

ì

= = ⋅ ⋅
⋅

=

= ⋅

1 9 10

9 10

9
2

2

9 .

r
R

ì
ì

É

=
⋅
⋅

≈
9 10
6 4 10

1400
9

6,

Ñ
ì

Í ì
Êë

Ô ìÔ

É
=

⋅

⋅
⋅

=

= ⋅ =−

6 4 10

9 10

0 71 10 0 71

6

9
2

2

3

,

, ,



138

E
E

1 2 1

F qE
qE

1 2

A Fd
qEd

2

A
qU
2

W
qU
2

W
CU 2

2

W
q
C

2

2

1

1



W

W
2

1

W
q
C

q
C

W
2

2

2

2

1

1

2 2 2 2
= =

⋅
= .

W

W

1



140

W 10

W
CU ÑU

W2
2

2
1

2

12
2
2

2 .

W

10

19

1



141

q q q q constn1 2 3+ + + + =.....

q N e

F
q q

rK

1
4 0

1 2
2πε ε

F
k q q

rK
1 2

2

E
F
q

E
q
r4 0
2πεε
; E

kq
r 2

E
q
S0
; E

σ
εε0

W

q
p

ϕ
πεε
q
r4 0

; ϕ
ε
kq
r

Ed

W qEdð

A qEd qEd= − −( )2 1

W
kQq
rp

A
kQq
r

kQq
r

= −
1 2

A q= −( )1 2

U = −1 2

A qU

C
q

C r4 0πε

Ñ
S
d
0

F
F

0

E
E

0

W
qU
2

W
CU 2

2

W
q
C

2

2



142

A



3

Э
Л

Е
К

ТР
 В

Ә
 М

А
ГН

Е
ТИ

ЗМ



144

F F
F

F

F
F

I I

21

I

I
1 2

2



145

r R

A

q

A

q

A

q
á ê r R. . = +

r

r

R

-

A

q
á ê. . .

r

R r

A B

A B r

A B R

r



146

r

I
r

.

-

I
q
t

=
Δ
Δ

.

1 1À
Êë
ñ



147

t
q1 q2



148

§

I
R

U
R

=
−

=1 2 .

2

1 2

R

1

R1

r

1 2

R1 R2

C D

1
1



149

2 2

2 IR IR2

I
R R r

=
−( )+
+( )+

ϕ ϕ ε1 2

1 2

.

I
U
R r

=
+
+

R

D

I
R r

=
+

Ir

r

2 2

R2
R3

D

1

1
1

1
À

Â
Îì



r

I
r

: :

I
U
R

I
R r

=
+

.

U
R R r
=

+
.

R

R
Ur
U

=
−

.

I
U
r

=
−

.

I
Â Â
Îì

À=
−

=
3 2 8
1

0 2
,

, .

?



151

r
R

R
I

R1 I1
R2 I2

I1 1
I2 2



152

q 2

It

I2Rt
A

U
R
t

2

Cm
1



-

P
A
t

P
U
R

2

, I2R

P
R r

R=
+( )

⋅
2

2



154

q

I t

I
R r

=
+

A
R r

tá ê. = +
⋅

2

I R+r t

P
A

tòîë
á ê. ,

I

P
R ròîë = +

2

,

I R+r

η
ε ε

= = = = =
+( )

=
+

A
A

UIt
It

P
P

U IR
I R r

R
R rá ê òîë.

.

A
Aá ê.

,
P
Pòîë

, η
ε
U

, =
+
R

R r
.



155

I V
t1



156

I
q
t

=
Δ
Δ

,

U
A
q

A
q
á ê.

I
U
R

I
R r

=
+

I
r

q 2

I Rt

A
U
R
t

2

q
I t

P
A
t

P
U
R

2

, I2

P
R r

R=
+( )

⋅
2

2

P
A
tòîë
á ê. .

I

P
R ròîë = +

2

,

I R+r

A
Aá ê.

,

P
Pòîë

,

η
ε

U
,

=
+
R

R r
.



3

Э
Л

Е
К

ТР
 В

Ә
 М

А
ГН

Е
ТИ

ЗМ

•  



158

§

  
 

q
m

Êë
êã

= ⋅1 76 1011,

negativ



positive

  

 

8

8

28

25

Ge Ge Ge

Ge Ge Ge

Ge Ge Ge

e



-

HCl H Cl
CuSO Cu SO4

Na+

Cl-

+Na Cl-

Ge As Ge

Ge Ge Ge

Ge Ge Ge

e

 

Ge In Ge

Ge Ge Ge

Ge Ge Ge

 



100
Â
ì

0 0325,
ìì
ñ

-

+

 4

2   ;
2 4

e 

2  2

+
4

 ;
+2

4

E

Na+

Cl-

A K

 

1-



OH-

Cu2+

CuSO4

SO4

2-

 
 

 

 

I



k
m
q

-

k
êã
Êë

[ ] = 1

m kq
q It 

m kIt

k
M

N e nA

M
n
n NA e

1 1
N e FA

F
F

Êë
ìîëü

= ⋅9 65 104,

k
F

M
n

= ⋅
1



5

E
m

qEi

υ
λ

2

2

Ei m
q E

2 3

1 2

1 1

2



-

3-



23

 



1-



 

 N

  

2-

3-



p -
n 

n

p -n p -n

n

p- n

p -n

p- n

p

E0

E0n

E0

E0

E

n p

 

E0

E0

FF

E

n p

 



p -n- p n -p- n
pnp

n

p

pn

179



ppt

I

R

I I I

U I R



0 0

oC

184

= t
C

t C

K

R
l
S

R R t

R



CERN
 A 

K



 

ASTC

2Cu O

 



Lexus

 
 

 
 
 



ThyssenKrupp
MULTI

 

MULTI

C

 



t C t C

I1 I2



E
m

qEi

υ
λ

2

2

ρ ρ α= +( )0 1 Δt

R R t= +( )0 1 Δ

m = kq

k
F

Ì
ï

= ⋅
1

p n

p-n



3

Э
Л

Е
К

ТР
 В

Ә
 М

А
ГН

Е
ТИ

ЗМ



180

I

SN

S

S

N

N

I

N
N

S
S

I



181

1820-

B
I

a

μ
π
0

2

I
a

Â Òë
Í
À ì

[ ] = =
⋅

1 1 .

B
I

R

ιμ0
2

R

N
l d

B
IN

l

ιμ0

B nI

n
N
l

B B B Bn= + + +1 2 ... .

B
I

a

 
 

B R
I

I

 
 
 

d

l

 
 



182

-

B

B

S

S

N

N

 
 

 

I

 

B

I

 
 

 

I

B

 
 



183

BN S BI

I
N S

205- .

S

N

  
 



I

I

Â1 Â2

B B B
I

r0 1 2
0

2
1

1= − = −
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟⎟

μ
π

′ = + = +
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟⎟B B B

I

r0 1 2
0

2
1

1μ
π

Â

Â
0

0

1
1′

=
−
+

Â

ÂI
0

0

1
1

=
−
+

.

Â

Â
0

0
′
− ?

N

N N N N S S S S

S

N

N

S

S NS N

N

S S

NS NS S S

N S

N S N S

O

    

O



I A r

R
B

ppt



186

F B I lA = ⋅⊥

F BI lA = ⋅ sin

B

Â
F

Il
A

sin

Â Òë
Í
À ì

[ ] = =
⋅

1 1 .

N
N

FA
FA

B B

S
S

I I

                       

B B

FAFA

FA

S
S

I I
I

N N



B

B B⊥ = sin

F
F

NË
A

N

F

I
q
t

q N

t
0 .

F
Bq Nl

tNË
0 sin

.

l
t

F q0B F q BË äð0 υ αsin ,
Â

1-

B

B B

I



188

R

ma FË

à
Rì ò. .

2

m
R

qB
υ

υ α
2

sin

R
m
qB

 B = const

Cd Ge Tl Co Ga

B a

F

+q

0
R

 

3-

1
2

3

4

 



 

 

 
 

4-



5-



I A l

q

 B 
 

ppt

B

q



ιμ
Â
Â0

 B 
B0

1
1

1

 

B



spin

1

B

 
 

222-



Nd F

Sumitomo Special Metals -
General Motors

 

 



B0

B T

B T0 1 2



ppt





C C

 

C

C



l >> d



200

d

l



201

ppt



202

B
I
a

μ
π
0

2
F BI lA = ⋅ sin ιμ

Â
Â0

B
I
R

ιμ0
2

F
F
NË
A

μ π0
7

2
4 10= ⋅ − Í

À
B nIιμ0

B B B Bn= + + +1 2 ...

F q BË äð0 υ αsin



3

Э
Л

Е
К

ТР
 В

Ә
 М

А
ГН

Е
ТИ

ЗМ



204

 

SN SN

SN

S

N



205

-
-

  

-

U

B

S

. 



206

  

/0

0   

/

0

0

. 

BS cos

S

n B

. 

Bn S

Bn= B cos  B

[ 2



207

i

Ô
t

= −
Δ
Δ

-

N

i N
Ô
t

= −
Δ
Δ

N 

L
m

W W

W
LI

ì ì. .

2

2

i

Ô
t

= −
Δ
Δ

S

N

. 



208

Â

Bi

Â Bi ↑↓

Â Bi

Bi Ii

1. Â  

2

FA

FA

Bi

B
Ii

Ii

I



209

Bi

Bi
B Bi ↑↓ Bi

4. Bi i

30

 B 

N
i 10

5

0

. 



210

 

N

����������������� ���

���������� ������1

2
3

4

. . 

 

248, 

1-

. 



211

. 

N

S

. 



212

cos t

1

2

1

2

N

N

2. 

Ru1

i1
i2

u2N1 N2

 

.  

N N2

k
N

N
= >1

2

1. N N

k

. 
.

3-

2

k
I

I
2

1

.

Q I Rt2



213

c

k
N

N

U

U
1

2

1

2

1

2

k
I

I
2

1

2

1

4

5

9

2

8

7
6

1

3

5

.  
 

4 3

2

1

. 

. 



214

31



215

–



216

B

.  

=
−Å Å

h
2 1 ,

1

2



217

1-

. 

. 
 

.



218

 

 

 

 



219



220

Ô BS cos

Â n i

Ô
t

= −
Δ
Δ

i N
Ô
t

= −
Δ
Δ

W
LI

ì.

2

2

k
N
N

U
U

1

2

1

2

1

2

k
I
I
2

1



Қ
О

 Ш
У

М
 Ч

И
 Л

А
Р

4



222

d

� � �
F F Fåã êàðA+ + = 0.

F F Fåã êàðA= + .

F mg R g F R g F Råã êàðï A ÿ= = ⋅ ⋅ = ⋅ ⋅ =ρ π ρ π πη υ
4
3

4
3

63 3; ;

 υ
ρ ρ

η
=

−( )⋅ ⋅2

9

2
ï ÿ g R

n  R

 η
ρ ρ

υ
=

−( )⋅ ⋅2

9

2
ï ñ g R.

1
2

4

F

Fh

F



1
2

4

1
2

4

h
 = h / t



224

1 2

2

NaCl
4

Na+Cl



 

me

mp

k K
R K)
G 2

h
F

t C p Vm

NA

To K
P

ã
ñì

, íåìåñå 
êã
ì3 3

n ⋅
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟103 ã

ñì
, íåìåñå 

êã
ì3 3

n ⋅
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟103

ñ,
Äæ

êã Ñ⋅ °
ñ,

Äæ
êã Ñ⋅ °



ñ,
Äæ

êã Ñ⋅ °
ñ,

Äæ
êã Ñ⋅ °

t,°C , 104 Äæ

êã
t,°C , 104 Äæ

êã

11

21
12

 

t,°C r
Äæ

êã
, 106 t,°C r

Äæ

êã
, 106

q
Äæ

êã
, 106 q

Äæ

êã
, 106

44

44

14

t,°C 3 3 3

1 21 41
2 22 42

4 24 44



t,°C 3 3 3

11

12

14

t,°C t,°C

t,°C 1 3 4 5 6 7 8 9 10

1     
2 41 24 4    

11    
4    



t,°C 1 3 4 5 6 7 8 9 10

  
12   

1  
42 24  

14  
 

11 41  
12 4

14 42
22

44
21
22

24



 

,
ìÍ

ì
,
ìÍ

ì

21

24 22

1



, –1 , –1

k
êã

Êë
, k

êã

Êë
,









2 2 2 
2  2  2   

 1 t2  

1 2 4 t
2
4

12
14

s

1 2 4 t
2
4

12
14

 4 
 

 2  2  
2    

 2  

   
 

    
 

  
  

  
  

 
  

   
 

    

  

 
 

 

 2

  
 

 

  
  







4

11

21
22

41
42

 

141



 
144

 

 

221
221
222

 
222

 
224



ФИЗИКА

 

 
 



1  
 


