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B B e 'Jl e H H e 

BbiCOKaH a«P¢eKTHBHOCTb per&cTpanHH raMMa-ny'ieft cuHHTHnnHTopaMH 

Naj (TI) B pHJle cny'iaeB JlaeT B03MO)KHOCTb ycneliiHO npoBOJlHTb BpeMeHHbie 

H3MepeHHH B H8HOC9KYHJlHOM JlH8IT830He. 

B Jl8HHOft pa6oTe OITHCbiB89TCH CllHHTHnnHUHOHH8H ycTaHOK81 OCHOBaH.,. 

H8SI Ha M9TOJl9 I"8MM8-I"8MM8-cOBIT8Jl9HHft1 C ITO,MOIUbiO KOTOpOH 6bin0 nony-

'i9HO Bp9M9HH09 pa3p9II19HH9 

-9 2r0 1,48.10 ceK /Ey 1 = 511 KaB, Ey2 = 1270 KaB/ 

. -9 60 
2r0 1,12.10 ceK I 1170 - 1330 KOIB Co/. 

AnnapaTypa 

B ycTaHoBKe npHMeHHnHcb 4>3Y -36 co cuHHTHnnSITopaMH Naj(TI) pa3Me-

paMH cp 30 X 15 MMi 

Ha pHC. 1. 

cp 40 x 40 MM. EnoK-cxeMa ycTaHOBKH. noKa3aHa 

CHrHanbi JlnSI BpeMeHHOI"O aHanH3a CHHManHCb C aHOAOB 4>3Y H 38T9M1 

nocne ~OpMHpOB8HHSI ITO 8MITnHTyJle H ~pOHTy1 OCyiU9CTBnS19MOI"O C ITOMOIUbiO 

~opMHpoBaTeneii: t1> 
1 

t1>
1
' ; ct>

2 
t1>

2
', nocTynanH Ha KOHBepTop t -> A. 

llnSI nony'i9HHSI BbiCOKOI"O 8MITnHTyAHOI"O H Bp9M9HHOI"O pa3p9II19HHH 6btn 

ocyinecTBnea not:t6op t:tenHTeneft 4>3Y c noMOID:bJO cTa6HnH3a<ropa ToKa H no

nynpoBOAHHKOBbiX HCTO'iHHKOB CBeTa H3 ~OC!jJHAa rannHSI. 
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I 

lleJIHTeJib <fi3Y -36 H CXeMbl !flopMHpOBaTene~ <1>, <fl; npHBe]leHbl 

Ha pHc. 2 a,6. B Ka'leCTBe !flopMHpoaaTenH 6biCTporo CHrHana no aMnJIHTY-
/1/ 

]le HCnOJib30B8JI8Cb CXeMa, npe]lJIO*eHHBSI B pa6oTe f Ha Tp8H3HCTOp8X 

Il-417E. llnSI !flopMHpOBBHHSI 6biCTpOrO CHrHaJia ITO !flpoHTy npHMeHSIJIHCb 

Tp8H3HCTOpb1 Il-417E B JIBBHHHOM pe*HMe, 'ITO IT03BOJIHJIO nony'IHTb CHrHaJI 

C KpyThiM !flpoHTOM H aMnJIHTy/lO~ 40 Ha R_H = 100 oM. HaiiiH HCcneJloBaHHSI 

ttOK838JIH, 'ITO Tp8H3HCT0pbi Il-417E MOryT ycneiiiHO npHMeHSITbCSI B JIBBHHHOM 

pe*HMe. Oco6o~ KpHTH'IHOCTH K napaMeTpaM a, b
22 

, JK
0 

He Ha6JIIO/lanocb. 

Ilocne !flopMHpoaaTene~ <1>
1 

<I>} qepea Ka6enH aallep*KH nono*HTenb-

Hhie CHrHaJibl nOJl8B8JIHCb Ha $opMHpOBaTeJIH <fl 
2 

<I>; (pH Co 2B) t BBe]leHHbie 

B CXeMy KOHBepTopa. <l>opMHpOBaTeJIH <I> 
2 

<I>; C06paHbl Ha Tp8H3HCTOp8X 

A-479, KOTOpb!e TBK*e pa60T8IOT B J18BHHHOM pe*HMe, HO Tpe6yiOT noJl60pa 

a , h 22 , J K • Heo6XO/lHMo, 'IT06bi a = 0,998, 
0 

-6 
h 22 • 5•10 t JKo ""1 MK8o 

C BbiXOJlB !flopMHpOBaTeJISI <I> 
2 

<I> i, OTpHU8TeJibHbie CHrHBJibl C 8MITJIHTY/l0~ 
-9 

15 B ( R_If. = 100 OM) H r $ = 0,5 10 ceK nocTynanH Ha KOHBepTop. 

MepTaoe apeMSI !flopMHpoaaTene~ <I> 
1 

<I> 
1

' <I> 
2 

<I> 2 He 6onbrue 0,5 MKCeK. 

BpeM5I-aMnnHTY/lHhi~ npeo6paaoaaTenb (t ... A => KOHaepTop) HaroTosneH 

/2/ 
no cxeMe, paapa6oTaHHO~ a fla6opaTopHH 5!/lepHhiX npo6neM Ol1.Hl1 • Co6-

-12 
CTBeHHOe paapeiiiaiOIUee BpeMSI KOHBepTOpa 2r u = 1,6 10 CeK. KaHBJibl 

aMnJIHTy/lHOrO OT6opa COCTOSIJIH H3 9MHTTepHbiX nOBTOpHTeJie~, HHBepTopoa, 

.' .. ~~· q 
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1 
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llH$$epeHuHaJibHhiX /lHCKpHMHHaTopoa H Me/lneHHo~ cxeMbi coanaJleHH~ ( MCC). \ 

AMnJIHTY/lHhl~ CHrHaJI CHHMBJICSI C 8-ro /lHHO/la H nocTynaJI Ha 9MHTTepHbl~ 

rroaTopHTeJib ( 3Il), pHc. 2r. UnSI !flopMHpOBKH a~ITJIHTy/lHOro cHrHana no 

/lJIHTeJibHOCTH ( T u = 1 MKCeK) HCnOJib30B8JI8Cb JIHHHSI 38/lep*KH fl3T -0,5-
187 

600. AMnJIHTy/lHoe paapeiiieHHe 6biJIO He xy*e 11% Ha JIHHHH 662 K9B Cs. 

CxeMbl HHI!ep'ropoB H /lHCKpHMHHaTopoB CT8H/l8pTHbie, paapa6oTaHHbie B na
/3/ 

6opaTopHH ae~TpOHHo~ $H3HKH Ol1.Hl1 llJISI JlHanaaoaa aHaJIH3HpyeMhiX 

aMnJIHTYil OT 0 LIO 10 Bo 
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-36 H cxeMbl ¢opMHpoaaTenei!: <Ill <Jl; npHBeJJeHbi 

ttecTBe ¢opMHpoBaTemi 6biCTporo cHrHana no aMnnHTY-
/1/ 

cxeMa, npeJJno~eHHBH B pa6oTe , Ha TpaH3HCTopax 

pOB8HHH 6biCTpOrO CHrHana ITO <!JpOHTY npHMeHHnHCb 

E B naBHHHOM pe~HMe, 'ITO no3BOnHno nonyttHTb cHrHan 

H aMrrnHTy.aofi 40 Ha R_H= 100 oM. HamH HccneJJoBaHHB 

3HCTOpbl n-417E MoryT ycnelliHO npHMeHBTbCB B naBHHHOM 

HTHttHOCTH K napaMeTpaM a, h
22 

, JK
0 

He Ha6moJJanoch, 

poBaTenefi <ll
1 

<ll} ttepe3 Ka6enH 3aJJep~KH rrono~HTenb-

anHCb H8 <!JopMHpOBaTenH <Jl
2 

<Jl; (pHc.2s),sBe/leHHhle 

• <JlopMHpOBaTenH <Jl
2 

<Jl; C06p8Hbl H8 Tp8H3HCTOp8X 

~e pa60T810T B naBHHHOM pe~HMe, HO Tpe6yiOT noJJ6opa 

-6 
XO/lHMO, 'IT06bl a = 0,998, h Ill!"" 5•10 t JKo ""1 MK8o 

BTenH <Jl
2 

<Jl i, OTpHU8TenbHble CHrHanbl C 8MIInHTYilOi!: 
-9 

0,5 10 CeK ITOCTynanH H8 KOHBepTop, M) H T¢ 
MHposaTenefi <ll

1 
<ll

1
' <ll

2 
<ll2 He 6onhme 0,5 MKCeK. 

YllHbiH npeo6pa30BaTenb (t ->A =: KOHBepTOp) H3rOTOBneH 
u /2/ 

BHHOH B fla6opaTopHH H/lepHbiX npo6neM OH.HH • Co6-
-12 

mee BpeMH KOHBepTopa 2r u = 1,6 10 ceK, Kaaanbi 

a COCTOHnH H3 9MHTTepHblX ITOBTOpHTenei!:, HHBepTOpOB, 
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HCKpHMHH8TOpOB H MeJJneHHOH CXeMbl COBnaJJeHHil: (MCC), . \ 

n CHHManCH C 8-ro /lHHO/l8 H nocTynan Ha 9MHTTepHb!il: 

pHc, 2r. DnH ¢opMHpOBKH aMnnHTy/lHOro cHrHana no 

= 1 MKCeK) Hcnonb30Banacb nHHHH 38/lep~KH fl3T -0,5-
137 

a3pemeHHe 6bino He xy~e 11% Ha nHHHH 662 K9B Cs. 

H .QHCKpHMHH8TOpOB CT8H/l8pTHbie, pa3p860T8HHbie B fla
/3/ 

oil: ¢H3HKH OH.HH /lnB /lHana3oaa aaanH3HpyeMbiX 

0 Bo 

4 

_,.: 

N4J/Tl) Na.l{Tl/ 
f}3D~~'t5 t) 4o-~o 

Jnt ,___ t/J]!/.J6 O+L (/)JV-3~ 
J\... y y 

UH8t 02,1Jf Olp-2 

V"' 
,_,.. "Lr 

.t/.tlf ¢f ¢/' 
. .L 113 rD A.. r-,- ------r--, . 

I cpJ. tp;_' I 
I I 
I I I r y-

t~~ · I 
I_ - --' - - - -~ ]L- - ~ 1I-

tlt/-!28 

u 
l.n 

11CC u 
.-

J/12. 

.f\.. A 

lJH&Z 

v v 

./1112 

PHc, I. EnoK-cxeMa ycTaaoBKH, ocaoaaaaolt aa MeToae raMMa-ra~Ma

coantaeaHlt am1 HaMepeHHSI apeMea lKH3HH, 

5 



I 

I I '·f I I t I I ~ I L
_

 

;a
 

~
 --.--

I 
.!§

, 
"" .. ~"I 
'I() I 

881 
~tl --

-
-
-
-
-
-
-
-

--, I I I 

~
 

. 

~
~
 

"
' 

Q
 

~ ~. 
2~~ 
i' ~ +

 
1 ~~ 

\'I 
"
"
' 

~
 

I I 
_

_
_

_
_

_
_

 I 

! II, 
,. 

.. ~
~
 
~
 

'11..~ 

rx-nEf/J 

c\) 

i ., 

I I I 

"1 I 

ttil 

I I I 
I I 

-------------
~
l
 

I 
_

_
_

 j 

6 

.... 
~
 

'-~~:: 
-&

-&
"' 

.............. 
~ 

-"'a. 
a)-&

-&
g 

"[ .... 
~ 

» 
Ill 

Ill 
" 

(I)~~ 
0 

-& 
(-< 

,.. 
f.. 

"' 
"' 

0 
0:: 

a:! 
a:! 

!:I: 
t: 

0 
0 

0
. 

Q
l 

0
. 

0
. 

Q
) 

(-< 
"
' 

"
' 

f. 
"' 

::E 
::E 

f. 
t: 

0
. a. 

:s: 
Ill 

0 
0 

::E 
<
:
~
-
a
-
-
e
-
r
o
 

cu 
a:! 

a:! 
cu 

::E 
::E 

::E 
::E 

Q.) 
Q

) 
Q

) 
Q

) 
~
 
~
 
~
 
~
 

u
u

u
u

 
~
~
m
~
 

"' 0 "' 0.. 

.•• -~''1,! 
¥,1' 

.,,·.·,1 
'
·
~
#
 

. 
•(I 

:'f1'~ 
.... {~/ n 
,:e!· 

.·\-tt.f/.1 
:·~;i 
..1 

I 
"'':11:· 
··{;f{ .~!· 

11· ,\ 
.}!,. 

,~I li! 
,·f~j ~ 

-~,, 

;fli 
·, 

11 

it 
'.t·, 

,': 

J_f#!l 

'l' "• 

&. 

n
n

H
 

n
a

H
H

O
ti: 

Y
C

T
8

H
O

B
¥

H
 

p
a

3
p

a
6

o
T

a
H

a
 

M
e

n
n

e
H

H
a

H
 

C
X

e
M

a
 

C
O

B
 

p
H

C
o

 
3

. 
0

H
a

 
Il0

3
B

O
n

H
e

T
 

1
Ip

0
1

1
3

B
O

n
H

T
b

 
O

T
6

o
p

 
n

B
O

ti:!Ib
iX

 
H

 
T

p
O

ti:H
b

iX
 

H
 

o
c
y
m

e
c
T

B
n

H
T

b
 
rrn

a
B

H
y
J
O

 a
a

n
e

p
}!(K

y
 c

H
rH

a
n

o
B

 B
 

K
a

H
a

n
a

x
 o

T
 0 

n
o

 
I 

C
x
e

M
a

 
c
p

a
6

a
T

b
iB

a
e

T
 

O
T

 
o

T
p

H
u

a
T

e
n

b
H

b
iX

 
c
H

rH
a

n
o

B
 

c 
a

M
rrn

H
T

y
n

o
A

 

P
a

a
p

e
iiia

J
O

m
e

e
 

B
p

e
M

S
! 

M
C

C
 

M
O

)I{H
O

 
p

e
ry

n
H

p
o

B
a

T
b

 
H

3
M

e
H

e
H

H
e

M
 

!flo
 

n
H

H
H

H
 

a
a

n
e

p
)I{K

H
 

B
 

a
n

e
M

e
H

T
e

 
o

T
6

o
p

a
 

c
o

B
rra

n
e

H
H

A
 

T
 6 

-
T

 8 
• 

H
a

M
 

a
o

B
a

n
a

c
b

 
n

H
H

H
H

 
3

-f-2
-1

-1
2

0
0

. 
P

a
a

p
e

iii8
.J

O
III9

9
 

B
p

S
M

S
! 

C
X

S
M

b
i 

C
 

2 r o 
=

 
2

,0
 

M
K

c
e

x
. 

B
b

iC
T

p
o

n
e

A
c
T

B
H

e
 

x
a

H
a

n
o

B
 

o
T

6
o

p
a

 
rrp

o
B

e
p

s
r 

re
H

e
p

a
T

o
p

a
 

c
n

B
o

e
H

H
b

iX
 

H
M

rry
n

b
c
o

B
. 

M
e

p
T

B
o

e
 

B
p

e
M

S
! 

c
x
e

M
b

i 
H

e
 

5, 

4 
M

K
C

S
K

o
 

P
e

a
y
n

b
T

B
T

b
i 

H
a

M
H

 
rrp

o
B

o
n

{ln
O

c
b

 
H

c
c
n

e
n

o
B

a
H

H
e

 
a

a
B

H
C

H
M

O
C

T
H

 
p

a
3

p
e

iiia
iO

IU
• 

2
r 0 

y
c
T

8
H

O
B

K
H

 
O

T
 

9
H

e
p

rH
H

 
B

b
in

e
n

e
H

H
b

iX
 

ra
M

M
a

 .. 
liy

'Ie
ii: 

H
 

C
M

9
IU

E
 

U
S

H
T

p
a

 
T

S
!)K

€
C

T
H

 
K

p
H

B
O

H
 

C
O

B
IIa

n
e

H
H

H
 

IIp
H

 
tP

H
K

C
H

p
O

B
a

H
H

O
t!: 

( 51J 
1 

B
 

o
n

H
O

M
 

H
3

 
K

a
H

a
n

o
B

 
H

 
H

3
M

S
H

H
IO

IIIS
H

C
H

 
-

B
 

n
p

y
ro

M
. 

P
e

a
y
n

b
T

a
T

b
i 

rrp
M

B
e

n
e

H
b

i 
H

a
 

p
H

 c
. 

4 
( a

,6
)
. 

illM
p

M
H

a
 

a
H

e
p

re
T

I 

O
K

O
H

 
IIO

 
6

0
K

O
B

b
iM

 
K

a
H

a
n

a
M

 
B

O
 

B
C

S
X

 
c
n

y
'IB

H
X

 
p

a
B

H
8

 .180 
K

9
B

o
 

H
a

 
p

H
C

. 
5 

rrp
H

B
e

n
e

H
a

 
K

O
H

B
S

p
T

o
p

H
a

H
 

x
a

p
a

K
T

e
p

H
C

T
H

K
a

. 
nH

H
e 

X
y
)l{e

 
1%

. 
X

a
p

a
K

T
e

p
H

C
T

H
K

a
 

C
H

H
M

a
n

a
C

b
 

C
 

!IO
M

O
IU

b
iO

 
K

a
6

e
n

e
ii: 

3
a

n
e

 

1
0

0
-3

-1
7

, 
Ilp

O
K

8
n

H
6

p
O

B
8

H
H

b
iX

 
IIO

 
C

K
O

p
O

C
T

H
 

p
a

c
rrp

O
C

T
p

a
H

S
H

H
H

 
C

B
S

 

n
y
x
e

. P
a

3
p

9
1

II8
IO

IU
S

S
 

B
p

e
M

H
 

y
c
T

a
H

O
B

K
H

 
C

O
 

C
U

H
H

T
H

n
n

H
T

O
p

a
M

H
 

T
H

II8
 

cp 3
0

 
X

 
5 

n
n

H
 

H
C

T
O

'IH
H

K
8

 
60 

C
o 

B
 

llH
8

Il8
3

0
H

e
 

9
H

e
p

r H
ti: 

O
T

 
lO

C 
-9

 
2

r 0 
=

 
O

, 7 
x 

10 
c
e

K
. 

p
a

B
H

O
 

7 



--.-
I 

!§, 
"' .. 
~\c I 

I 

I 
---11:-

't 

~~1 
c:,tl 
~I 

I 
I 
J 

~ 
5~ 
~ l 
Ql~"";) 

2~~ i' ~ i-

lt~ 
t' c::, 
Qt 

!X-fiEf/J 

6 

,.~ 

--, 
I 
I 
I 

I 
I 

______ _I 

r\) 

1 
i I 
.,_, I 

I 
~til 

I 
I 
I ~l _J --

,,~ 

-"'" e- e- Q) 

............ ~ 
-"'c. r&e-e-~ 

"( .. ,.,~ » Q) Q) t:: 

(I) ~ ~ 0 
e- !-< !-< "' 

" " 0 tJ: al al !:C 
r:;: 0 0 0. 
Q) c. c. (I) 

E-o = = E-o = ::; ::; !-< 
r:;:a.c.= 
Q) 0 0 ::; 
r:!o&o&"' 

ca ca ca ca 
::; ::; ::; ::; 
(I) Q) Q) Q) 
~ ~ >< >< 
uuuu 
.; ,0 ai ~ 

"" 0 
= a. 

::,l11 
· kt;.(;r ,~, ,1:··' 

'\~·\j 
·~:~. 

~ 

il 
I 

J1 
' l -.,: I' 
' ~. 
1 
~~ 
.It 
}( 

~ , 
·~ t 

~. 
~ } 

llng naHHOA ycTaHoB~H paspa6oTaHa MenneHH89 cxeMa coBrraneHHA 

pHCo 3. 0Ha II03BOllgeT IIpOH3BOaHTb OT6op ABOti:HbiX R TpOti:HblX COBIIaaeHRtl: 

H ocymeCTBllgTb IlJ1,8BHyiO aaaep:>KKY CRI'H8l10B B K8H8l18X OT 0 no 10 MKCeK, 

CxeMa cpa6aTbiBaeT oT oTpHuaTenbHhiX cHrHanoB c aMrrnHTyaotl: 0,5 B. 

PaapelllaiOmee BpeMg MCC MO:>KHO perynHpOB8Tb H3MeHeHHeM <jlopMRpyiOllleA 

iiRHHR aaaep:>KKH B ::meMeHTe OT6opa COBIIaaeHHtl: T 6 -T 8 • HaMR HCIIOllb-

30B8l18Cb llHHHg 3-f-2-1-1200. PaapelllB.IOlllee BpeMg cxeMhi coBrraneHHA 

2 r o = 2,0 MKCeK. EbiCTponetl:cTBHe KaHanoB oT6opa rrpoBepgnocb oT 

reHepaTopa cnBoeHHhiX HMrrynbcoB. MepTBoe BpeM9 cxeMhi He 6onbllle 

4 MKCeK. 

PeaynhTBTbi 

HaMH rrpoBOa{inOCb RccneaoBaH!re aaBRCRMOCTR paapelllaiOiuero BpeMeHR 

2r 
0 

yCT8HOBKR OT :3HeprRR BbiJleneHHbiX raMMa .. l!y"'etl: R cMellleHRg ,:1 T 

ueHTpa TSUKeCTR KpRBOtl: COBil8)leHRtl: IIpR <jlRKCRpOBBHHOlt (51J K:3B) :3Hepi'RR 

B OJlHOM R3 K8H8llOB R R3MeHgiOllletl:cg - B JlPYI'OMo 

PesynbT8Tbi rrpRBeaeHbi Ha pRe. 4 ( a,6). lllRpRHa aHepreTR"'eCKRX 

OKOH ITO 60K0Bb!M K8H8l18M BO BCeX cny"'agx paBH8 .180 K:3Bo 

Ha pRe. 5 rrpRBe)leHa KOHBepTopHag xapaKTepRCTRKa. nRHeti:HOCTb He 

xy:>Ke 1%. XapaKTepRCTRKa CHRManach c rroMOlllbiO Ka6enetl: saaep:>KKR PK-

100-3-17, IIpOK8llR6pOB8HHblX IIO CKOpOCTR pacrrpOCTpaHeHRg CBeTa B B03-

ayxe. 

Paapelll810lllee BpeMg yCT8HOBKR CO CURHTRnngTOpaMR TRII8 "CTRllb6eH" 

60 
cp 30 X 5 Jlllg RCTO"'HRK8 Co B JlR8Il830He :3Hepr Rtl: OT 100 JlO 1000 K:3B 

-9 
paBHO 2r O = 0 1 7 X 10 ceK. 
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B saKmo'leHHe aBTOpbi Bbipa:lKaJOT rny6oKyro 6naroaapHOCTb K • .H.fpo

MOBY sa IIOCTOSIHHyJO IIOMO!Ilb B pa6oTe, a TaK:lKe IO.f,By.QSilliOBY H B.f.3H

HOBY Sa IIOMO!Ilb IIpH HaCTpOHKe KOHBepTopa. 
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PyKOIJHCb IIOCTyiiHJia B H3li8TeJibCKHH OTlleJI 

9 arrpensr 1969 roaa. 
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