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∂
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∂
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∂
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∂
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 540 , . , 
, .
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.
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. . 
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.14.1. 

.
, 

:  (
),  ( ) 

. .

, , . 
 9 .

, , 
. σ :

σ = = = = −1
9

1
9

1

R
I
U

I A
B

I O[ ]    (14.5)

.
 ( . 14.1). 

 VT1  VT2,  VT3 
VT4.  ,

 BF1 .

 R4 , 
 VT3.

 Rx
1 2, . 

,  VT4 
,  VT3- .  BF1 

.
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, . 
. 

 HL1. , 
, . 

 SB1. 
, 1 2  R5.

.
 R5 

.

 R6 ,
 1  22  33 .  SB1,

, 
, , 

, . 
 R6 

. 
.

R1 1,2
R2-R4 12

 - 0.125 R5 15
R6 8,2 *
R7 100
C1-C2 0,033 ~

-50-6 C3 20  16 -
C4 50  16 -

312, 315 - VT1-VT4 315

-1  BF1 50 -3
-1 SB1,SB2
307  HL1 307

. 14.1. -1 
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 1. -1 
      .

.
1. 

σo.
2.  500 , 

,  14.1. 
.

 14.1.

t, 0C ρ,  / 3 t, 0C ρ,  / 3

0 999.8 21 998.0
10 999.7 22 997.8
15 999.1 23 997.5
16 998.9 24 997.3
17 998.8 25 997.0
18 998.6 30 995.6
19 998.4 40 992.2
20 998.2 50 998.0

60 983.2

3. mo = 10-100  (
) . , 

, 

, .14.2).
4. 

w m
m mo

o

b o
=

+
,

mo mb .
5. V1

 ( ).
6. m1

-1 ( ).
7. , ,

, I1
w1. 

.

w m w
m m

o

b
1

1

1
=

+
,   mb − .
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8. V1, C1 ( )

C
V

m
V V

w m
V V

o o

o b
o

o b
1

1

1

1

1
= =

+
=

+
ν

µ µ( ) ( )
,

ν µ  –
 ( m01), V ;

Vb .
9. :

n m w m
m w mo

o

o
b

b

o

o

ν
ν
ν µ ν ν µ

µ µ

( )

( ) ( )

1 01 01

01

1

1
= =

+
=

+b
.

10. S m
m

w m
mb

o
b

1
01 1= = .

11. V2 ,
 4, 5  6.

12. , 
,  4-6. 

:

) w w
m

m m
k o

i
i

k

b i
i

k=

+

=

=

∑

∑
1

1

,

)  ( ) C w
m

V V
k o

i
i

k

o b i
i

k=
+

=

=

∑

∑
1

1
µ ( )

) n w
m

m w m

k
o

i
i

k

o

b
b o i

i

kν
µ
µ

( )

( )
=

+

=

=

∑

∑
1

1

) S w
m

mk o

i
i

k

b
= =

∑
1 .

13. 
, .

14. :
).();();();( SfnfCfwf 4321 =σ=σ=σ=σ ν

15. f(C)
 (14.1).
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 2.
      .

1. 
.

2. , 
.

3.  (14.6) σ
, , 

.
4. , 

 (t,0C) .
5. σn = f(t).
6. , 

σ  0 C 

∆t ∆σ =  kt⋅∆t, k t −
σ σ= = +f t k tt o( ) . , 

∆σ ∆t t tk t k= − −, .
, 

 1 , σ
t = 0 0C

7. , .

 14.2.
 100 .

, 0

. 0  10 20 30 40 50 60 70 80
As2SO4  0,57 0,69 0,79 0,88 0,98 1,08 1,15 1,23 1,30
AlCl3 6H2O 43,8 44,9 45,9 46,6 47,3 - 48,1 - 48,6
Al2(SO4)3 18H2O 31,2 33,5 36,2 40,4 45,7 52,2 59,2 66,2 73,1
BaSO4 -  -  - 2⋅10-2 - - - - 2⋅10-3 -
CaSO4 2H2O 0,176 0,193 - 0,210 0,210 - 0,205 0,197 -
CuSO4 5H2O 14,3 17,4 20,7 25,0 28,5 33,3 40,0 47,1 55,0
FeSO4 7H2O 15,65 20,5 32,9 40,2 48,6 - - - -
HCl - 82,3 - - 67,3 63,3 59,6 56,1 - -
KCl - 27,6 31,0 34,0 37,0 40,0 42,6 45,5 48,1 51,1
KMnO4 - 2,83 4,40 6,40 9,00 12,8 - 18,5 - 24,8
NaCl - 35,7 35,8 36,0 36,3 36,6 37,0 37,3 37,8 39,0

. - , 
  .

:            (%)=100⋅ /(100+ ).
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VI. 

1. ? 
.

2. ? 
?

3. 
?  100 

?  ...  100 ?
4. ? ?
5. ? 

?
6. ?
7. , , 

?
8. . 

.
9. 

?
10. ?
11. ?
12. ?
13.  ( , )

,  30  KCl  150 ?



109

15

. :
 ( ).

. :
, , 

), , .

. , 
.

1. .
2. .
3. 

.
4. 

.

IV. 
, , 

. , .
, 

. , 
.  ?

, , , 
.

. 
, 

, , 
, 

, .
 (

) . 
. , 

, , 
: 

, . 

 ( .15.1).
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. 
. 

, 
. , , 

, , .

.15.1.

.

, .
lo ∆t

∆l, 
:

.
)( 1200 ttl

l
t
l

l
1

−
∆

=
∆
∆

=α      (15.1)

:

β =
1
V

V
t

∆
∆

.        (15.2)

α
.  (15.1)  (15.2) , lt Vt

, ∆t ,
:

l l tt o= +( )1 α∆    V V tt o= +( ),1 β∆    (15.3)

lo Vo  - .
α

. α β
, , 

, , . 
, 

, , α β
T . ,

, 
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: , 
, 

. , 
, 

α γ χ ρ=
3

cv ,      (15.4)

χ - , ρ - , cv - 
, γ - , 

 1,5  2,5.
,

∆l ∆t .

 V. 
1. 

.
2. .
3. , ;

.
4. : 

 8 - 10 .
5. l tt ( ).o

6. α
, 

α .

VI. 
1.  ( )  ?
2. α β  

 ?
3.  ?
4. 

 ?
5.  ?
6. 

)  ?
7. α ?
8.  ?
9.  ?
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16

. :
-400 

 290-650 .

. :
-400,  ( ),

.

. , 
.

1. .
2. .
3. 

, .
4. .

 IV. 

. 

. 
.

, ,
, 

. , 
, 

, 
, 

. 
. , 

, 
, 3N (N - , ).

N . 

, , 
, , , kT/2
. , 

, , 3kT. N
= 3NkT.
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Cv
 1

:

C
dE
dT

Nkv = = 3 .    (16.1)

N  =  NA = 6,02⋅1023 -1

), NAk  =  R ≈ 8,31 /( ⋅ )
. 

Cv = 3R ≈ 25 /( ⋅ ).    (16.2)

 (16.2) ,
 1819 . 

. 
.

. 
. 

. , 
 (

), , 
, . 

. , 
,

, , 
ε = hν  

, , 
 - ).

 ( ) 
, , 

θ, 
 ( )

νD. 
 ( .16.1). , 

, , . 

. 

.
 (  << θ) 

, , 
, 

,  ( n , 
.= nhν ); , 

, 
3. 

4,  - 3 ( ).
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, 

. 

, 

; 
, 

, ,  

v ( ).

. 
. 

:

∫
ν

−
ν∆

ν−ν
ν

=
D

kT

D 0

13
3 d)1(ehN9E ..     (16.3)

 ( ) 
,  (  - ).

, 
(16.3). , 

, , 

F ,  y 
 ( , 
). , 

, , E N kT RTe A
( ,) = =

3
2

3
2

C Re
) = ≈3 2 12 5/ , ⋅ ), 

C R
Ee

F
≈ π2

2
kT ,      (16.4)

F - . F  3 
8  (1 1 6 10 19eB = ⋅ −, ). T K≈ 300
kT ≈ ⋅ −4 10 21  (≈ 0,026 ).  (16.4) ≈
0,3÷0,1 /( ⋅ ), 

 = 300 . , 

. 16.1.
 (

): 1, 2, 3 - 
;

) 
 (

).
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, e  (T< 10 K)
C , T3.

V. 

,
.

.

.16.2).
1

2

,

3.
2

1

3

4.
Q

, 
S ) 

:
Q Q Qo a= + ,       (16.5)

Qo - ,  ( ),
Q a - ,  ( ).

Q Q
t

C m T
t

C m bo o o o o= = =
∆

∆
∆

,   (16.6)

 -  ( ⋅ )
mo -  ( ), b- .

, Q c m b C ba a a a= = , C c ma a a= −
), . Q

, ∆T
, 

:
Q = K T⋅ ∆ .     (16.7)

. 16.2
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, K T C m b C bo o a⋅ = +∆ , 

` C
m

K T
b

Co
o

a= −
1 ( )

∆
.   (16.8)

:

∆T dT
dt

b= =τ τ,

τ - . 
 (16.8) :

C K
m

C
Ko

T

o

a

T
= −( )τ .    (16.9)

C
K

a

T
a= −τ

, 
. 

C K
mo

T

o
a= −( )τ τ .     (16.10)

. τ
.16.1.

, . 
. 

36. 
 (  25 ) 

. , 
,  (

) .

 VI. 
1. ±0,001 , 

 16.1.
2. 

).
3. 

 90 .
4. .

.
5. 

 220 , 50 .
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6.  300 
 (40 ± 2  ). 

, , 
,  40 

.
7. t1, 

 25 . 
.

8. , 
, 

t2.

 . τ  .1.
9. t1, 

, 
.

10. 
.

11. .0. . 
.

12. .
13.  (16.10). 

 16.1.
14. . 

.
15. .

.16.1.

t, 0C , τα, τ, c 1 ⋅

25 0,3207 14,1
50 0,3318 14,1
75 1,3332 14,1

100 0,3425 14,0
125 0,3529 13,9
150 0,3547 13,7
175 0,3619 13,5
200 0,3651 13,2
225 0,3691 12,8
250 0,3723 12,6
275 0,3755 12,4
300 0,3770 12,2
325 0,3786 12,0
350 0,3795 11,7
375 0,3814 11,5
400 0,3877 11,5
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VI . 

1. .
2. 

 ?
3.  ?
4. 

,  ?
5. 

 (  0 K ), 
 ?

6. 
 ?

7.  ? 
 ?

8.  ?
9.  ?
10. 

 ?
11. 

 ?
12.  ( ) 

 ?
13. .

, 
 ?
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17

I. :

.

II. : ,
, , , , 

, , ,
 ( , ).

III. , 
.

1. .
2. , 

.
3. .
4. .

 IV. 
, 

, 
, . 

, . , 
, , 

, 
. ,

, . , 
, 

. 
, .

, 
, . ,

, , 
, 

. 
, , .

 - , 
: . 

, 
. , 

) .
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, , 
, 

 ( ), 
λ. m

Q m= λ ,      (17.1)

λ , m .
. 

, , .
, 
. ,  (

) 
, . 

λ t
.17.1.

.
, 

, , 

 ( , 
, ).

, 
, ,

, 
 ( , 

). , 
 ( = + h,  - 

, Ph h) 
. .

 V. .

. 17.2. Q , m
, 

77
, , 

t:
Q P t= .      (17.2)

,  (17.1)  (17.2), 

λ =
P t
m

.     (17.3)
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, 
.

. ,

      (  <<  ).
, 

Qo
. 

Q, t,

Q Q Q Q P t m P to o o= + = + = +λ ,    (17.4)

mo - , t
.  (17.4)  (17.1), :

λ =
−
P t

m mo
.      (17.5)

VI.
1. 

; .
2. to= 30-60 , 

mo .
3. 

, 
.

4. .
5. , 

t1, m1 , 
.

6.  3-5 mi .
7.  17.1  (17.5) 

.
!  m , 

m ,  (17.5) 

mo  2 t : o
o

i
oi m

t
tm = .

. 17.2.
         :

1 - ,
2 - ,
3 - , 4 - .
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8.  (17.6) 
λ , :

 - ,
 - ∆  ( ),

-  (
   ),

 - ∆t,
2

o
22

m
mm

t
t

P
P







 ∆+∆

+





 ∆

+





 ∆

=
λ
λ∆

=ε   (17.6)

: λ = λ ± ∆λ  [ ].
9. λ , 

.

 17.1.

P
mo to moi mi ti λi λ ∆λ ε,

%

1
2

VII. 
1.  ?
2. 

 ?
3.  ?
4. 

?
5.  ?
6.  ?  ?
7.  ?
8.  ?
9.  ?
10.  ?
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18

  v  

. :
.

. :
3-36, -73,  43-32,

, ,  ( ) .

. , 
.

5. .
6. . 

.
7. . 

, 
.

8. .
9. .

IV. 
, V

, , 
,  ( ):

PVγ = const      (18.1)

, γ (

V, γ V), 
. 

. 

2

V

p v
RTC

C µ
==γ      (18.2)

µ , ; v
; R ;

.
, γ

.
v

, .18.1.
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. 18.1

.
. 

. 
. 3-36, 

 43-32. , 
, -73. 

.
, , 

. 
, , 

. , 
, , 

n
2

L λ
=       (18.3)

λ - , n , 
L.  (18.3) , ,

, 
, .

, 
, 

. , , 
. , 

. , 
, ,  (18.3) 

, ,
.

v f λ

v = f⋅λ     (18.4)

, , 
.
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1.  (
) L. 

 ( ) . 
 ( ) 

. 
. 

:

;
2

)kn(L;
2

)1n(L;
2

nL kn1nn
λ

+=
λ

+=
λ

= ++ ...  (18.5)

k .
 (18.4)  (18.5) :

k
LLf2

2
LLf2)LL(f2

2
f2fv nknn2n

n1n
−

=
−

=−=
λ

=λ⋅= ++
+ . (18.6)

, L, 
, .

2.  (18.3) , 
, L, 

λ. 
, . 

:

kn
L2

fL2)1n(v
1n

L2
n
L2

f
v

n
L2

kn

1n1n

n
n

+
=λ

⋅=+
+

=λ

==λ

+

++

...

  (18.7)

 (18.7) :

k
ffL2

2
ffL2)ff(L2v nknn2n

n1n
−

=
−

=−= ++
+ .  (18.8)

V. 
1. , ,

. 

.
2. -73, 3-36 

,  4-5 . 

. 
, .

3. 
, 

. 
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, . , 
. 

, , 
.

4.  300 ,
, 

 2-3 .
5. . 

. 
 (  3-5 ). 

. 
, . 

 (18.6) .
6. .
7.  (18.2) 

γ.
8. . 

, 
, 

. 
.

, 
.

9.  (18.7) 
.

10. γ = V  (18.2),
.

11. .
12. .
13. , .

, 
.

14. ,
.

VI. 
1. , , 

 ?
2. v ?
3. R ?
4. 

:
)  = (i/2)R;    ) C = (I+2)⋅R/(2µ);   ) C = (i+2)⋅R/2;     ) C = i⋅R/(2µ)
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5. :
) PV = RT;    ) PT-1 = const;  ) PVγ = const; ) (PV)γ = const

6. 
?
) v ~ E;     )   v ~ E2;  )   v ~ E1/2;    )   E ~ 1/E

7. ν ?
) v ~ ν;     )  ; )   v ~ 1/ν;     )   v = λν

8.  ?
9. ?  

, ?
10. v  ?
11. 

 ?
12.  ?  

 ?
13. 

?
14. ?
15. 

.
16. .
17. . .
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