
621.382(07)     4324
545

»

 2008



2
 621.382(07.07)+621.375(07.07)

., ., ., .

 « ».–
: , 2008. – 48 .

 –  ELVIS. 
, 
.

  
» 

».

. 22. .: 8 .

. , . . , 
  .



3
 NI ELVIS

 NI ELVIS 
,  LabVIEW, 

.
 NI ELVIS 

,
. 

LabVIEW  NI ELVIS 

:
1. .
2.  – .
3. .
4. .
5. .
6. .
7. .
8. .
9. .
10. .
11. .
12. .

 NI ELVIS

. 
, , 

:

.  NI ELVIS

. , 



4

.

 NI ELVIS

 Instrument Launcher

 NI ELVIS 
 NI ELVIS. 

, 
.

, ,

, 
. , 

, – Configure ).
,

 NI ELVIS, 
. 

,
 NI ELVIS ,

, 
. 

, 
.

 –  (Bode Analyzer)

 –  NI
ELVIS 

. 
,  –

.



5

. 1.2.  – 

 Function Generator (FGEN)

, « », « »), .
, 

, 
.

. 1.3. 



6
 Oscilloscope (Scope)

, 
.

.1.4. 

, 
, . 

 BNC 
.

NI ELVIS 
.

, 

. 

.



7
 NI ELVIS

 – 
, 

 – 
 NI ELVIS. 

. 1.6.

. 1.6. 

1.  System Power ( ).
2.  Prototyping Board Power (

).
3.  Communications ( ) 

 NI ELVIS 
.

4.
 Manual –

 ( ) 
.

 Voltage Adjust ) –
, 

 12  0 .
5.

 Manual – 



8
 ( ).

 –
. NI ELVIS ,

.
 Amplitude – 

.
 Coarse Frequency – 

.
 Fine Frequency – 

.
6. .

 (CURRENT):
HI – 

.
LO – 

.

(VOLTAGE):
HI – 

.
LO – 

.
7.

 CH A BNC –  A .
 CH B BNC –  B .
 Trigger BNC – 

.



9
 1

  

1. 

.

2. 

,   
. 

 RC  RC-
.

 RC-
, , . . 2.1 

RC .    R1, R2  R
 « » 

  .
R  OO .

E
  RR1

R2

C1
 C2

  R

. 2.1.  RC–

R1 R2
. 

, 
 ( )



10
,

.
1, 2 — .

 — .
. 

.

. 
,    –

. 

. 

.

, . 

. 

, , 
   

. 
. 

, 
. , 

 ( . 2.1) 
. 2.2. 

, 



11
 R1  R2 R = R1||R2.

R

r

r

∗rI

   U
R

β

. 2.2.  RC–

( ) ( )
Rrr

rrrrrr
I
Irr

I
rIrrI

I
Ur

++
⋅−⋅

++=⋅++=
⋅++

== *

*β ,

RRR //=
r *» R , 

r  = r  + r ( 1 + β).                                     (2.1)

R1 R2 :
R  = r  || (R1 || R2).

I=I /I , , 
I , 

,   
,

. 2.3.

R     r

I

I

.  2.3. 

I



12








 +
⋅=+=

R
rR

IIII .

, 
. 2.3, I
I , R r

 R R . 

R
RRII +

⋅= ,

RR
RII
+

⋅= .

 (2.1) 

II rR
R

RR
RKK

+
⋅

+
= ' .

RR
R
+ rR

R
+

.
U =U /U :

( )
( )

( )
( )

K
U rRrr

Rrr
RrrrI

RrrI
rI
RIK

⋅++
⋅−⋅

=
++⋅⋅
⋅−⋅⋅

=
⋅
⋅

= *

*

*

*
' ββ .

r *» R , 

U r
RK

−

⋅≈ β' .

, . 2.2.
r «r *, r

. 
r =r *|| R . 

, R «r *, 

, R .



13

.

1, 
, . 2.4. 

, 2
.

R   r

C1

. 2.4. 

  
, 
. 2.4.

( )1/1
1

CjRR
UI

ω++
⋅= .

R =R||r ;  R =R1||R2.

1 , 
, 

rR
RII
+

⋅= .

.

. U (t)=Um sin ωt.
: ( ))(/11

1
1

m RRCj
II

++
⋅=

ω
,



14
m

m RR
UI
+

= .

, 

( )

)(
11

1

1

m

RRCj
I
Ijh

+
+

==

ω

ω .

, h(jω).
h(jω)

:

( )
2

1)/1(1
1jh
ωτ

ω
+

= , 







=

1
1

1
C arctg

ωτ
ϕ ,

τ 1 1(R  +  R ) — 
1.

, 

2
1)/1(1

1KK
ωτ+

⋅=& .                          (2.2)

 — .
. 2.5 |K|

. 
, 

, 
|K|=0. . 

1 , 
.

       

ωω

. 2.5. 



15

, 2

1
, 

, , 
.

, 

R =r *||R , 2
. 2.6. 

, 
. 

, 
2, 

τ 2 = 2(R  + R ).                                (2.4)

∗rβ

2

. 2.6. 

C . , C1 C2
.

,   
, 

I m=U /R ,
U  — 

.   



16

R
UUI −

= .

U — R C . 

, , 
. 

m U
U

I
Ih −== 1 .

I
, . . , 

  , 
R +r r

. , 

, 
. 

  

1 2. 

, 
R

 ( . . 2.1).
τ , 

:

rR
R

U
UK

+
==

−

β' ,

r =r +r (1+β), R =R ||R .

, 
, r



17
r +Z,

RCj
R

Cj
RZ

ωω +
=








=

1
1|| .

)1)((
)1(1

1.

U

RCjrR
R

ω
β
++

+
+

= .

β+
+

=
1

/ rR
R .

/

.

/1
1

RRRCj
RCj

U ++
+

=
ω

ω .

)/( // RRR + . 

u j
jRRR

τω
τω

+
++

=
1

)/( //.

,

τ  = (R  || /R ).

2

2
2

/

/

)(1

)(

U
RR

R

KK
ωτ

ωτ

+

+







+

= .                      (2.5)

 |KU| . 2.7
 1. 

U R
R

RR
RKK ≈
+

= /

/

.  ( , 
1 2 ). 

1 2.
 (2.5) 

. , 
τω /1= , . τω /1> >  



18
1>ωτ .                                        (2.6)

 (2.6), 

/

/

RR
R
+

>ωτ .

,  (2.5) 

2)/1(1
1KK

ωτ+
=& .                           (2.7)

. 2.7 
(2.7). . 2.7 ,  1  2 

,  – ω , 
 (2.7).

       

ωω

.

. 2.7. 
)

.

, . 2.8.
r ,

. 
, 

, 
. 



19

 100 .
r ,

.

    

                        /

r '

  SU

r

. 2.8. 
: — 

,  — 
, 

r .

, , 

,  
.

. 2.8 
,

:
β0 = h21 ; TIS ϕ/= ;         ;          r  = β0/S.

, 
 ( . .

2.14). ,  

.



20

    r '

   SU

r

   

I2

I1

. 2.9. 

. 2.9 ,  

. 

( ) )(1
1||

'.

1
'

.

1

.

rj
rI

Cj
rIU

++
⋅=








+

⋅=
ωω

.

, SU ;
,   . 

β(jω)
:

( )
)(1 '

0
.

1

..

.

1

.

2

rjI

US

I

Ij
++

===
ω

β
ωβ .

β(jω) .
, , ωβ,

.

)(
1

'r +
=βω .

, ωβ, 
 6 .

ωβ .
2.10 . 

, 

. 
ωβ.



21

0,01 0,1 1 100
βω ω

)j( ωβ

ω

. 2.10. 

, 
, 

β(jω)=1, ωT. 
fT=ωT/2π,  

, .
|β | ω

:

βωω
β

β
/

0= .

β(jω)
.

,

( )
βωω

β
ωβ

/1
0

j
j

+
= ,

ωβ

,  |β|  2   . 

2
0

)/(1 βωω

β
β

+
= .



22

22
0

)/(1)/(1 ββ ωωωω

β

+
=

+
U r

RK& .

/| U

.
|  

22 )(1)/(1 ββ ωτωω +=+=M .

ββ ωτ /1= .

.
, 

. .
2.16. : 1 —

, ; 2 —
 « »; 3 —  « »; 4

—  « ».
.

3 4
R . 

. 
1,  2,  3   

R  ( ).

1 2+| U

.
| 3

-E
  R

R1

R2

 C 1
   U

1

3

2

4

2

. 2.11. 



23

, 
3 

. 

.
1>>UK& , UKC ⋅≈ & . 

 0

2)(1U U
UK

τω+
==& ,

τ = [r ||(R  + r )]⋅[C2 + C3(1 + )].

2)(1M ωτ+= .

, 
, 

, 
.

. 2.12.

. , 
.

-E
R1

R2

C2

C1
 U

  R

Rk

. 2.12.  RC–

R1 R2, R , ,



24

,   .

.
. 2.13.

r

r

r

−

        I

−

−
    U

rα

. 2.13.  RC–

RR
RRR

+
⋅

=  ,
RR
RUU

+
⋅

=    ,
RR
RRR

+
⋅

= .

, 
:

U  = I (r +r I r =I r +(I I )r ,                   (2.13)
0 = I (r αr )+I (r + R r ),                        (2.14)

I (αr  r )= I (r  + R  r ).

. 2.12

I
Rrr

rr
I
I

++−
+−

==
α/ .

r  » r » , r  » R , /
I α.

:

II RR
R

RR
R

I
I

+
⋅

+
⋅== / .                   (2.15)

 (2.15) , 

.
,

 r  ( . 2.18).



25
r ≈ r  + r (1 α).

R = r || R .

U r
R

rI
RI

rI
RI

U
U αα

=≈==/ .

, .

, 
. , . 2.18

, R =r ||R =R , r  » R .

, , 

.

( )
αωω

α
ωα

/1
0

j
j

+
= ,

ωα — , 
α0 2 ; α0 — 

  .

2
0

)(1 ατω
α

α
+

= ,

2

/

)(1 αωτ

α

+
==U r

R
.

 — 
,



26
αα ωτ /1= .

. 
. 2.12

1 + 2 3,
1 — ; 2 —

 « », 3 — 
». , 

. , 

, 
.

( )RR
RrR

||
/1/1/1

1
⋅≈

++
=τ .

2)(1UK
ττω α ++

=& .

. 2.14  ( ).
, 

, , 
, 

.
E

    R1

    R2

   C1
          U 2

     R      R

. 2.14.  RC–



27

, . 
. 2.14 , 

U  = U  U .
U

, U U . 

.

, 
, . 2.15.

r

∗r
β

R

. 2.15.  RC - 

( )[ ]RRrrr
I

Urr ||||)1( * +++=⋅= β .

r , r

( ) ( )Rrrr ||1 *⋅++= β ,
RRR //= .

. , 
R « *r . r

R
. , , R » *r , 

R r . 
, R , 



28
  

. , 

. , 
r  (β + 1) R .

 ( R
)  100–200

 10 . 

, 
 (

). 
, 

.

R =r ||R,       R = R1 || R2.

R»r . 

, 

. 
, 

,
 [7].

( )
( ) ( ) 1

||1

1)||)(1(

* +
⋅+

+
=

⋅+
⋅+

==
∗

U

Rr
rRIrR

IRr
U

UK

β

β ,

21 |||| RRRR = .

 <  1,   U U .  
. 



29

   . 

, R ,   . 
, R  0 R ∞

U rr
K

/1
1

+
= .

,
. , 

(β + 1), 

, 
  . 

I rR
R

RRr
RrK

++
+=

∗

||
||)1( *β .

, . 
. 2.15 

β+
+

>>
1

* rRr

, 

β+
+

+=
1

rRrR .

R  0  
.

, 
.

, 
. * , 



30
.

,
   * , 

.

, . 
,

. , U
, . 

.

3. 

 ( .1) 
, , ,

 15 .

. . 2.16 ,
.

 R1 —  R2, 
.

 R1  R2.
 R

. 
 R  ( ) 

, 
. , 



31

.2
.1

6.
 



32

. 
,  

     R , 
, 

.

.
1 ,  2 ,  3 4

. 

.
 R

, ,
. 

 R
. 

.

 S1, S2, S3:
.1.

 1

S1 S2 S3

1  1  2
2  1  1

. 1  2  3

.
 S1  S4 

.



33
 X1 , 2 — 

.

4. 

1. 
.

2.

.

5.

1. 

.
2.

.
3. , .
4.

.
5.  0.707

.
6.

.

6.

1.
.  S1…S3

. 1. . 1



34
, 

2 – . 
 1

 20...30 . 
, 

, .
.

2.

. 

 1 .

.
                

        , 
, 

. 

 S2, S3, S5 . 1.
. 

,

. . 2.
 2

Um,
Um , 
Um,
Um , 
Um,  
Um , 



35

u U
U

= .

3.  S1  «1»
Um ,

. 
 S1 

R ,  560 
,  3 . 

Um ,

UU
URR
−

=
0

.

4.  S1  S4 
«1» Um ,

 1 . 
 S4 

R ,  5,6
 100 .

Um ,









−= 10

U
URR .

5.
 S1  S4  «1».

,  «bode analyzer»  ( . 1.2)
. 

. 
, 

.
 «Run» . 



36
, f ,

 0,707 .
6. . 3.

 3

U

R ,

R ,

 f ,

7.

1. .
2.

.
3.

. 

.
4. . 1-6 . 6 .
5. . 

.

1.
.

2.



37
?

3.
.

4.

?
5.

?
6. .
7.

?
8. ?
9. ?
10.

.
11.

?
12.

?
13.

?

2

 RC-

1. 

1.1. 
   RC-

.
1.2. 

, 
, 

.



38
1.3. , 

.

2. 

. 

, . 
-

.

 LC-  ( .3.1). 
 – , 

, 

 L  C, – LC-
: , 

, 
.

.3.1.  LC-

 RC-
. 

 –



39
 ( ), 

. 
RC-

0
2

2

01
2

2)(
bpbpb
apapapK

k ++
++

= .    (3.1)

 RC- ,
. 3.2, 

.

.3.2.  RC-

, .   

.

:
 – 

;
 – , , 
.

, 



40
 ( . 3.3).

.3.3. 

2121
1

221
21

21
1

)(
2

RRCC
p

RCC
CCp

p
CRpK

⋅⋅⋅
+⋅

⋅⋅
+

+

⋅
⋅

−
= . (3.2)

 (3.1)  (3.2), , 

p=j .

 LC-

2
0

02

00

)(
ω

ω

ω

+⋅+

⋅
⋅

=
p

Q
p

p
Q

K

pK  ,   (3.3)

  0 – ;
  Q – ;
  0 – .

 2.2  2.3, 
:

1
221

21
1

R
RCC

CC
Q ⋅⋅⋅

+
= ,



41

2121
1

2
1

0 RRCC
f

⋅⋅⋅
⋅=

π
   (3.4)

 0,707 

221
21

2
10

707.0 RCC
CC

Q
ff

⋅⋅
+

⋅==∆
π

.   (3.5)

21
1

1
2

0 CC
C

R
RK

+
⋅−=  .   (3.6)

 Q 
f0 . 

 20. 

 R1   R2, 
.

 = 1 = 2

1
2

2
1

R
RQ ⋅= .

 (3.4) – (3.6)  

21
1

2
1

0 RRC
f

⋅
⋅

⋅
=

π
,

2
1

RC
f

⋅⋅
=∆

π
,             (3.7)

1
2

2
1

0 R
RK −= .

 (3.7) , , 
 R2, 

. 



42

 R1.

3. 

     RC-
 ( . 3.3)  140 , 

  
.

, 

 R2.  R5 = 5,1
   

. 3 
  

.  S
.

. 3.3. 

 NI ELVIS   LabVIEW 



43

.

4. 

4.1. 
RC - .

4.2. 
 RC-

.

5. 

5.1.
 RC- .

5.2.
 0,707  0,1 

R3 . 

.
5.3.

.
5.4.

 R4 
.

5.5.
  RC- .

5.6.
.

6. 

6.1.
 RC- . 



44
 NI ELVIS . 

,  R3, 
 R2 .

6.2. 
,  «bode analyzer»  ( . 1.2.)

. 
. 

, 
.

 «Run» . 

 K0 f  0,707  0,1.
  Q =

=f0 f0.707  = f0.1/ f0.707.
6.3. 

 6.2 
 R2  R3. . 6.1.

 6.1

f
U
U /U

6.4. 
 RC-

2

0

21

1








 ∆
⋅⋅+

=

f
fQ

y ,    (6.1)

f = f  f0 .
 Q 

 6.2.   .
6.2.



45
 6.2

f,
y

6.5.  6.2 
 R4 .

6.6.
 R2 

R3   

. 
R2  RC-

. 
 7 , . 6.3.

 6.3

f
U

6.7. ,

. 
 NI ELVIS.

7. 

7.1. . . 
.

7.2.  5.2  5.4.
7.3.  5.3  5.5

.
7.4. .



46

8.1. 
?

8.2. 
?

8.3. ?
8.4. 

?
8.5. 

?
8.6. ?
8.7. .
8.8. ?
8.9. 

?
8.10. , 

.
8.11. 

.



47

1. . .  . – .: ,
1977. — 357 .

2. ., . : 
. . . — 2- ., . 

. – .: . ., 1991. – 622 .
3. . : . –

3- ., .   . – : :
, 2003. – 416 .

4. . . 
. – .: , 1995. -250 .

5. . , . . :
/ . .– .: , 1982.–

512 .
6. . , . . /

. .- .: , 1984. -320 .
7. . . – 2- . –

.: , 1977. – . 310-346.
8. ., .  RC-

. – .: , 1980. – 217 .



48

.
.

: ., .,
.

 020565  23  1997 .

 60 84 1/16 . . .
. . – 3,0.  .  –  . . – 2,9.

                     . 100 .
»

__________________________________________________

 17 , , 28, , 44

 17 , , 28, , 1


