
πdH

S = πdNH = π × , × − × 41448× 3, 66 = , ×

Oz r r + r NH φ (r)
r

φ (r) φ (r + r)
PV V

0 =
U

t
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V = 2πr rNH

r
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T = −λ2
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φ (r) =

¨
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+
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= −Ar
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+

B

r
= −Ar
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= − PV

2λ2
r

B = 0
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r
r = 0

r < R3 PV
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3 r
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3 ) = T (r)− T2 =
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r r =

PV
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(R2
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φ (R3) = −λ2
T

r
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2πR3NH = PV πR
2
3NH = PV V = P1

r = R3 N
P1

2πR3NH

P1 = πR3NHh2(T2 − T3) : T3 = T2 −
P1
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=
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=
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P1d

2λ3S

(
R4

r

)



r = R4

P1 = 2πR4NHh3(T4 − T5) = S h4(T4 − T5)
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S h4
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= ◦
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= ◦
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= ◦

r = 0 P1 = PV πR2
3NH

T1 = T2 +
PV R2

3

4λ2
= T2 +

P1

4πλ2NH

T1 = 422 +
×

π × 4× 3, 5× 41448× 3, 66
= ◦
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2
4 z

z

Dmc5
T

z
= PV (z)πR

2
4

PV (z)
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=
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=
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=
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=
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PV (z)
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=
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+
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+
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=
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+
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=
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+

Dmc5
2H

(
1

hccR4
+

1

2λ2

) (πz
H

)]

(πz
H

)
= −Dmc5

2H

(
1

hccR4
+
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+
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Σ
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UΣ∗(t) = UΣ(t) + δm ue = UΣ(t) +Dmeue t

UΣ∗(t+ t) = UΣ(t) + δm us = UΣ(t+ t) +Dms tus

δm = Dme t ue Σ t t+ t
Dme δm

Dme = Dms = Dm
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Σ∗
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Dm t
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0 = ∆S = C
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T

T

)

T ≈ T

T1 ≈ T0

h1 − h0 = cp(T1 − T0) ≈ 0 h1 ≈ h0
∆S = C (Tf − Ti) ∆h = cp(Tf − Ti)



p3 = ,
p = ,

0 → 1 p2 =
,
,

1 → 2′

T2′ = ◦

2′ → 3 T0 = ◦

p3 (T0, p3)

T2′ = ◦ p2′ = p1 = , s2′ = , − −

2′ → 3 s3 = s2′ = , − −

x ,

s3 = xsV ( , ) + (1− x)sL( , )

x =
s3 − sL( , )

sV ( , )− sL( , )
=

6, 68− 0, 42

8, 47− 0, 42
= 0, 78

h3 = xhV ( , ) + (1− x)hL( , ) = 0, 78× (2554− 121) + 121 = , × −

x = 0, 78 ; h3 = , × −

wu

q

η =
wu

q

2′ → 3
−wu

1 → 2′

−wu = h3 − h2′ ; q = h2′ − h1
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0 → 1 h1 = h0 = hL( , ) =
− h2′ = −

h3 = , × −

η =
h2′ − h3
h2′ − h1

=
3391− , ×

3391− 121
= 0, 42

QC QF W

∆U = 0 = QC +QF +W ; ∆S = 0 =
QC
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+

QF

TF
+ S =

QC
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+
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TF

QF = −TF

TC
QC

ηC =
−W
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=

QC +QF
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= 1 +

QF
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= 1− TF
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TC = T2′ = ◦ = TF = T0 = ◦ =

ηC = 1− TF

TC
= 1− 302
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= 0, 61

η < ηC

T0 = ◦ p3 = ,
T2 = ◦ p2 = , T2′ = ◦ p2 = ,

T4 = ◦

T4′ = ◦

x = 1
T = ◦ P = T0 =

◦ p3 = , 5 → 0
p3

h5′ ≈ − x5′ = 0, 91

x ≈ 1



h4 =
− ; h4′ =

− ; h5′ =
−

w2′→4 = h4−h2′ = 3000−3391 = − − ; w4′→5′ = h5′−h4′ = 2200−3450 = − −

wu = −(w2′→4 + w4′→5′) =
−

q1→2′ = h2′ − h1 = 3391− 121 = − ; q4→4′ = h4′ − h4 = 3450− 3000 = −

q = −

η =
1641

3720
= 0, 44

Dm = , −

he = , − hs = , −

P = Dm(hs − he) =
, ×
3600

× ( , × − , × ) = , ×

P = ,

Dm =
, − he = , −

R6 R5 R4

R4

R6 R5 R4

Dm,i( − )
hi( − )



P = −
(
∑

i

(Dm,ihi )−Dm he

)
= ,

Dm = , − he = , −

Dm,i( − )
hi( − )

P = −
(
∑

i

(Dm,ihi )−Dm he

)
= ,

Pu = ,

η =
Pu

P =
0, 988

2, 78
= 0, 355

φ = B⃗ · Sn⃗ = BS (ωt) ; φ = BS (jωt)

e = − φ

t
= ωBS (ωt) ; e = −jωBS (jωt)

(R+ jLω)i = e = jωBS (jωt)

i =
jωBS (jωt)

R+ jLω
=

ωBS

|R+ jLω|

(
j
(
ωt− π

2
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i =
ωBS√
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(
j

(
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2
−

(
Lω

R
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i(t) =
ωBS√

R2 + (Lω)2

(
ωt−

(
Lω

R

))



Γ⃗ = M⃗ ∧ B⃗ = i(t)Sn⃗ ∧Be⃗x = −BSi(t) (ωt)e⃗z

⟨Γz⟩ = −BS
ωBS√

R2 + (Lω)2

〈 (
ωt−

(
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R
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〉
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R

))
(ωt)

〉
=

1

2

〈
−

(
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(
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R

))
+

( (
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R

))〉
= . . .

· · · = 1

2

( (
Lω

R

))
=

R

2
√
R2 + (Lω)2

⟨Γz⟩ = − Rω(BS)2

2(R2 + (Lω)2)
< 0

ω

P = −⟨Γzω⟩ = −⟨Γz⟩ω =
R(ωBS)2

2(R2 + (Lω)2)

PJ = R
〈
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〉
= R

〈
(ωBS)2
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2

(
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(
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R

))〉
=

R

2

(ωBS)2

R2 + (Lω)2

PJ = P =
R

2

(ωBS)2

R2 + (Lω)2

L P =
PJ

( ) + ( ) = −( ) + +( ) +

= a 2 = 10−9,25 × 105 = 10−4,25 = , × − ; pK = 4, 25

2 ≫ 1



=
a −a +

a a2
=

a,app

a2
: a,app = × a2

a,app = − 2

(
[ ]

c⊖

)

a,app

VA =

n = C0VA = CBVB

C0 =
VB

VA
CB =

10

10
0, 1 = , −

( ) + ( ) + −( ) = −( ) +

′ = / e = 10−4,25+14 = 109,75 ≫ 1
[ ] = [ −]

a,app =

= a,app +

(
[ −]

[ ]

)
= a,app

a a,app

V = VB/2 =

(a) = 9, 25 = a ; (b) = a,app(b) = 7, 25 ; (c) = a,app(c) = 5, 6

a

xa = 0

a,app = −2 ([ ]/c⊖)

[ ] = c⊖10( − a,app)/2

VA′ = MD = , −

x

[ ] =
x

MDVA′

x = MDV
′
Ac

⊖10( − a,app)/2



xb = 182, 17× 0, 2× 10(4,25−7,25)/2 = , ; xc = 182, 17× 0, 2× 10(4,25−5,6)/2 = ,

C0 = , − ; xa = ; xb = , ; xc = ,

n( ) = C0VA = 0, 1× × − = ; n(M,a) =
xb
MD

= , ; n(D, c) =

[ ] ≪ [ ]

CAVA = CBVB

VB =
CA

CB
VA

a = 9, 25

( ) + −( ) = ( ) −( )

a/ e = 10−9, 25 + 14 = 104,75 ≫ 1
VB

CAVA CBVB CBVB

CAVA − CBVB CBVB CBVB ≈ 0

(VA + VB)σ = (VA + VB)
(
λ( +)[ +] + λ( ( ) −)[ ( ) −]

)
= . . .

· · · = λ( +)n( +) + λ( ( ) −)n( ( ) − = CBVB
(
λ( +) + λ( ( ) −)

)

(VA + VB)σ = CBVB
(
(λ( +) + λ( ( ) −)

)

VB CB
(
(λ( +) + λ( ( ) −)

)
= , −

CAVA CBVB CBVB

≈ 0 CAVA CBVB CBVB − CAVA

(VA + VB)σ = CAVAλ( ( ) −) + CBVBλ(
+) + (CBVB − CAVA)λ(

−)

(VA + VB)σ = CAVA
(
λ( ( ) −)− λ( −)

)
+ CBVB

(
λ( +) + λ( −)

)

VB CB
(
(λ( +) + λ( −)

)
= , −
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0 = C0

VB = (VA + VB)σ = f(VB)
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( ) +( )

( ) + +( ) = +( ) +

4 = 6, 093− 5513, 46

T
= −

(
[ +]c⊖

[ +]2

)
= −

(
[ +]

c⊖

)
− 2

([ +]/c⊖) = − 4 − 2

T = ◦ = C ′ = , × − −

=
1

2

(
− (C ′ /c⊖)− 4

)
=

1

2

(
1 +

5513, 46

573

)
= 2, 3

+( )



> 3 ◦ [ +] < −

+( ) + = ( ) ( ) + +( )

5 = −6, 09 +
7282, 7

T
+ 0, 009476T = −

(
[ ( ) ][ +]2

[ +]c⊖2

)
= 2 +

(
[ +]

[ ( ) ]

)

[ +] = [ ( ) ]
◦

= 5

2
=

1

2

(
−6, 09 +

7282, 7

573
+ 0, 009476× 573

)
= 6, 0

+( )

< 6 s ≈ [ +]
[ +] = 4[

+]2/c⊖

s( < 6) ≈ − 4 − 2

◦
4 = −3, 5

s( < 6) ≈ 3, 5− 2

s( = 3) = −2, 5 s( = 6) =
−8, 5

> 6

[ ( ) ] = 5[
+]/[ +]2 = 5 4

s( > 6) ≈ [ ( ) ] = 4 5
◦

5 = 12

s( > 6) = −( 4 + 5) = −8, 5

= 6



[ ( ) ] = 5[
+]c⊖2

[ +]2
:

[ +]

[ +] + [ ( ) ]
=

1

1 + 5c⊖2/[ +]2

T

[ +] = [ −] = c⊖
√

e(T ) ; (T ) = e(T )

2

◦ = 11, 41/2 = 5, 705



[ ( ) ] =

4 5c⊖ s3 = [ ( ) −][ +]/c⊖2

[ ( ) ] = [ ( ) −]

4 5 =
s3c⊖

[ +]
: [ +] = s3

4 5
c⊖

( ) + +( ) = +( ) + ( 4)

+( ) + = ( ) ( ) + +( ) ( 5)

( ) + = ( ) −( ) + +( ) ( s3)

( ) ( ) + = ( ) −( ) + +( ) ; = s3

4 5
=

[ ( ) ][ +]

[ ( ) ]c⊖

[ ( ) ] = [ ( ) −]

[ +] = s3

4 5
c⊖

= − ( s3)− 4 − 5 = − ( , × − )− 12 + 3, 5 = 9, 3 > 6

+( )

9, 3



[ +] = 4[
+]2/c⊖

[ ( ) ] = 4 5c⊖ [ ( ) −] = s3c⊖/[
+] h = [ +]/c⊖

s =

(
4h

2 + 4 5 +
s3

h

)
c⊖

h s

1

c⊖
s

h
= 2 4h− s3

h2

h = 3

√
s3

2 4
: = ( s3 + 2− 4)/3

s3 = , × −
s3 = 17, 8

◦
4 = −3, 5
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( ◦ ) = 9, 1

◦

◦

− − − ◦
− − ◦


