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M ~ ~ e r p O n b ~ a R  MMKpOCXeMO MAX9000 COnepXMT Bbl- 

COKOCKOPOCTHO~ 0 n e p 0 ~ ~ 0 ~ ~ b l G  YCMJlMTenb, KOMnOpaTOp 

c 3 a n e p X ~ o f i  pOCnpOCTpOHeHMR 1 85 HC M MCTO'IHMK OnOp- 

HOrO HOllPRXeHMR 1,23 B f 1 %. P O ~ O T O ~ T  OT OnHOnO- 

nRPHOrO MCTOqHMKO nMTOHMR HOnpRXeHMeM OT 2,5 no 
5,5 B, n o ~ p e 6 n ~ e ~  TOK MeHee 500 MKA B COCTORHMM no- 
KOR. 

n p M B e n e ~  HeCKOnbKO CXeM npMMeHeHMR I/1C MAX9000. 

I ~ ~ ~ ~ H ~ H o H H ~ I ~  r e H e p a T o p  nnnoobpas~oro 
cnrnana na oanoi MC 
B UenRX pO3BepTKM M M3MePMTenbHblX np~6opax O'IeHb 

BOXHO f l M ~ e f i ~ 0 C r b  CMrHOnO n ~ n o o 6 p a 3 ~ o i  $OPM~I. Ha- 
npMMep, MMnynbCHble MCTO'IHMKM flMTOHMR M y f l p O B n R t o ~ M e  

UenM acMHxpoHHoro  ABMraTenR 'IOCTO c o n e p x a T  reHe- 

POTOP TpeyrOllbHblX MMnynbCOB KOK 'IOCTb UenM LUMPOTHO- 

H M ~ Y ~ ~ C H O ~  MOAynRuMM. 

Sasoeas l  c x e M a  r e H e p a T o p a  TpeyronbHblx cMrHanos  

COCTOMT M3 MHTerpaTOpO M s l  CO3flOHMR CMrHaJlOB IlMnO- 

0 6 p 0 3 ~ 0 i  $OPM~I M KOMnapOTOpO C BHelLlHMM rMCTepe- 

3MCOM, TMflO TpMrrepO UMMTTO, nnR yCTOHOBKM OMnnMTy- 

nb l  BblXOnHOrO CMr'Hana (CM. PHC.~). A. 6 x 0 ~  (CWA) pea- 
nM3OBOfl H a  RpOKMKe CXeMy reHepOTOp0 TpeyrOnbHblX CMr- 

HanOB C n O M O ~ b t 0  M ~ ~ e r p C l n b ~ 0 ~  CXeMbl MAX9000, KO- 

TOPOR COnepXMT 6 b 1 c r p o n e f i c r ~ y o u r ~ f i  0 n e p O ~ ~ o ~ ~ b l k  

YCMnMTenb M KOMflOpaTOp C llpeUM3MOHHblM MCTO'IHMKOM 

REFERENCE 1 i I 

!---------,,----,-,-----J r--------------------i 
I 
I 

SCHMfil TRIGGER INlEGRAlDR ! 

I Pnc. 1 ; 

OnOpHOrO HOnpRXeHMR 1,23 B. 
30 CqeT MHTerPMPOBOHMR no- 
CTORHHOrO TOKO, npM IlOCTORH- 

HOM HOnpRXeHMM H a  Pe3MCTO- 

pe, 0 6 e c n e ' 1 ~ ~ o e ~ c ~  n u ~ e i -  

HOCTb nMnbl HO BblXOne OY. H a -  

npRmeHMe n o c r y n a e T  HO Tpur -  

rep ~ M U T T O ,  BblXOn KOTOpOrO 

CBR3OH C pe3MCTOPOM MHTerpO- 

TOpO. ~ M K O B ~ I ~  HOIlpRXeHMR W R  

n ~ n o o 6 p a 3 ~ o r o  curHana HO B~ I -  

xone o n p e n e n R t o ~ c 9  BXOAH~IMM 

nOpOrOBblMM H O ~ ~ R X ~ H M R M ~ ,  

yCT0HOBneHHblMM M R  TpMrrepO 

~ M M T T o .  

K comanetlnto, m s l 3 ~ 0 f i  cxe- 
Mbl TpeyrOnbHble nMKM AOflXHbl 

6 b l ~ b  CMMMeTPMqHblMM OTHOCM- 

TenbHo onoptioro HanpRxeHMn. 

Hanp~~ep ,  q ~ 0 6 b 1  npOM3BOnMTb 

n ~ n o o 6 p a 3 ~ o e  HOnpRXeHMe OT 

0,5 no 4,5 B, H ~ X H O  o6ecne- 
'IMTb O n O p H O e  H O n p R X e H M e  

(0,5+4,5) / 2 = 2,5 B. ~ O ~ T O M Y  

B CXeMY n 0 6 0 ~ n e ~  p e 3 ~ 0 0 p  

R3 K r ~ c r e p e 3 ~ c ~ o R  UenM H a  

O ~ H O ~  I/1C (PHC.~), K O T O P ~ I ~  

fl03BOnReT M3MeHRTb OMnJlMTYw 

flMnbl He3OBMCMMO OT YPOBHR 

o n o p H o r o  HonpRxeHMq 1,23 B. 
n n ~  n o c ~ p o e ~ ~ ~  T p M r r e p a  

LUMMTTO H a  KOMflOpaTOpe CHa- 

'Ian0 ~ b l 6 M p O t 0 T  HOMMHOn pe- 
s~cropa R2. Bxon~oR TOK me-  
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T e n e p b  MOXHO flp0eKTMpOBaTb MHTerpa- 

TOP, YqMTblBaR ABO B03MOXHblX BblXOflHblX 

COCTORHMR KOMflOpOTOpa, BeJlMqMHy TOKa, 

npo~e~aourero q e p e 3  pes~c~op  R4: 
= ( V ~ ~ - V ~ ~ ~ )  MnM I R ~ = ~ R E F / ~ ~ .  

M a K ~ M ~ a n b ~ b l f i  B X O ~ H O ~  TOK CMeUeHMR 

OY COCTOBnReT 2 HA. . b R  MMHMMM3CIUMM . . 
O L U M ~ K M  TOK q e p e 3  R4 A o n x e H  B c e r p a  6 b i ~ b  

~ O I ~ ~ L I J M M  0,2 MKA.   TO orpaHMqeHMe n o p p a -  

3yMeBOeT, qTO HOMMHan R4 MeHbLLle, q e M  

6,12 MOM. 
YOCTOTO T p e y r o n b H o r o  c u r H a n a  

o n p e p e n s l e T c s l ~ 3  sblpameHM9: 

COCTOBflReT 25 Kru, B ~ I X O ~ ~ H &  HOflpRXeHMe 

4 B MnM OT 0,5 ~o 4,5 B WR TpeyronbHoro Ha- 

IlpRXeHMR, M OflOPHOe HOnPRXeHMe 1,23 B. 
)$lR ~ O C T O R H H O ~ ~  BpeMeHM R4C=9,27 MKC 

~ b l 6 p a ~ a  eMKOCTb 220 fl@ M COflpOTMBJleHMe 

pes~cropa R4 42,2 KOM. 
Ha p~c.3 n o ~ a 3 a ~ a  ocuMnnorpaMMa n ~ -  

n o o 6 p a 3 ~ o r o  HClflpRXeHMR WCTOTO~~ 25 K~U,  

P ~ A H O ~ ~ H ~ M H M K  WSI cncTeM 
HHAHKQ4HHaBapHH 
H O ~ H ~ P Y M ~ H H R  

Ha p ~ c . 4  n o ~ a 3 a ~ a  c x e M a  H a  HC 
MAX9000, KOTOPYO MOXHO MCllOflb30BQTb 

B CMrHClJlM30UMOHHblX CMCTeMOX, pa6o~ao- 
UMX H a  pOpMO~OCTOTOX. P ~ ~ O H O H C H ~ I ~  KOH- 

T y p  IlpHeMHMKO COAepXMT He3KPaHMPO- 

BaHHyO KaTYLLlKY MHpYKTMBHOCTM M KOHpeH- 

c a T o p b l  C1 A, C1 B M C1 C. 0 n e p a w o ~ -  
~ b l k  YCMnMTenb MMKPOCXeMbl YCMnMBaeT 



~ P M H R T ~ I ~  curtian. K o ~ n a p a ~ o p  y n y r l u a e T  

n o ~ e x o y c r o i i r ~ ~ o c r b ,  06ecne r~sae~  nopor 
MOUHOCTM c c l r H a n a  M n p e o 6 p a 3 0 ~ ~ s a e ~  

I l o J l y q e ~ ~ b l k  CMrHOJl B flOCJleQOBOTeJlbHOCTb 

MMflynbCOB. C HOMHHOnaMH, YKQ3QHHblMM 

H a  CXeMe, '4aCTOTCI LC KOHTYPa COCTOBflR- 

e T  300 KTU. 
MOHTOX M pa3MeUeHHe p0QMOKOMnOHeH- 

TOE M MC ,4OnXHbl 6 b l ~ b  nnOTHblMH, q~06t.1 

MMHMMM3HPOEaTb nOMeXM OT flpOMblLLlneH- 

HOG CeTM 50 r4  M YMeHblllMTb nepeKpeCTHyt0 

CBR3b OT KOMilOpOTOpO. 

PeKo~eHf lyeTGi  OrpankITb MMKPOCXeMy Me- 

TOJlJlMlrecKHM 3KPOHOM W R  3 0 W l  OT POflUO- 

nOMeX, 0 TOKXe ApyrMe ~ J M $ P O B ~ I ~  CXeMbl 

OT B O ~ ~ Y X A ~ H M R  ~ ~ P H ~ M H O ~  OHTeHHbl. 

n e p e Q O l o ~ 0 R  OHTeHHO MOXeT 6 b l ~ b  Bbl- 

n o n H e H a  ~3 PJIMHHO~ A B ~ ~ P O B O ~ H O ~  nn- 
HMM, C 3 0 3 0 P O M  7,2 CM, C OAMHOKOBblMH, HO 

npOTUEOflO~OXHblMM TOKCIMM. P ~ M O B O ~ H M  OT 

3 ~ 0 i  OHTeHHbl O~HOPY)I(MBO~~TC$~, KOrnO flpM- 

eMHMK HaXOAUTCR ~ 6 n ~ 3 ~ ,  a H a  6 o n b ~ n x  

PQCCTORHMRX OHM E3QMMHO YHMrTOXCIOTCR. 

B X O ~ H O ~ ~  K ~ C K ~ A  HK ~ ~ M ~ M H H K ~  

w n  yaanennoro ynpasnenHn 
Ha p~c.5 n o ~ a 3 a ~ a  c x e M a  npuMeHeHMR 

1/1C MAX9003 B K a r e c T s e  n p e n y c u n m e n g  

WR $o~on~ona M ceneuopa WR n~$pa- 
KpOCHOrO flpMeMHMK0. OY BblnOnHReT $ M b -  

TPO4Ht0 WYMOB M yCTpOHReT HM3K0'4aCTOTHble 

n o M e x M  OT contieworo cse-ra, $nyopec- 
UeHTHblX O T H ~ ~  M T.n. 

 TO YCTPOGCTBO IlPMMeHMMO N R  TeJleEM- 

3MOHHblX nHCTOHLU4OHHblX CMCTeM ynPOBfleHHR 

M HM3KOqOCTOTHblX KClHOnOE CBR3M A 0  

200 kbps. Yacro~a ~ecytue i  o r p a H u q e H a  

no 100 K ~ U .  
MOHTOX H pO3MeUeHMe PaAMOKOMnOHeH- 

TOE BO3ne MMKPOCXeMbl nOJlXHbl 6bmb nnOT- 

HblMM, q ~ 0 6 b 1  MMHMMH3HPOBOTb IlOMeXH OT 

I l p ~ ~ b l l u n e ~ ~ ~ G  CeTH 50 r4 M YMeHbWMTb 

nepe~pecr~yo C B R ~  OT K o M n a p a T o p a .  



lolh~odgo 88 M S3 '&a11 IqlHawauc 
'hj SS OU 0 [ 10 03~ 1q10130h aMHaHawEu 

aoHaouu ~ciosuhau~ago P3 M 9a D 103~ 
odoloda~a~ h10130h IOID~MU~DHD~~~ 

E3 M Pa IqlHaHOUWO] .q~aaodh YMYEMH 

aUOXlq9 OH DUJOY 'h~ SS OH~U~~MEMU~M~U 

M 'q~aaodh 5~~031qa odawyol sss OJO~ 

-dau atfOXlq9 OH D~JOY 'h] 0 [ OHqUalMEMUg 
-M~U 0~90d DlO130h 013 '03A YO1 qlDB 

-O~MHOM~YH~+ hwa atruoesou '~dawyol 
sss o~odola woUoxa w~rnaauaoduh 3 HaH 
-uuao3 odawyol 9s~ o~oadau UOXI~~ 

- 

-0103Ha~HOY M ZJ odol~~~ad MWDUDHMW 

-OH tr3latruauaduo MM~DEMHO~XHM~ 0101 

'dawyol - (sss~1) S31 DW~X~O~YMW 
-019OU Uowdau) h] so 1'0 OH4UalMEMUg 
-M~U MM~DEMHO~XHM~ h1013oh ahadau la 

91 lndln0 -oa~rogodlqa dawyor y~adau -a3hudow ou 1 {ndlno 10 o~qua.~oeoUau~ou a3 

-~aoxodgolo XAHHDU 1q1ug .odn~~ad xlqa wo~Uo s odawyol scjs oaU 1~xdauo3 

-0JMaU3 x~q~Uadeodxad~qlah 09U l~xdau (9~~~1)'31 owax30dY~fl 'aOYoU9 XlqH 

-~UDHOM~YH~+ ~wa3 EM 1~01303 owax3 
mdau 

-uodl~oYodYnw KMH~H~WM~U €99 (~YMJOU 

M iqdm~ad '~qdawyo~) xowax3od~~w ~lau 
OH o~aod130u Olh 'wal DHhlqgOaH (YOH~ 

-~d .w3) o+axu owax3 .aolYa+$~ xtqeol 
-a93 t(MHDuE03 KUu 80UOMtfOla83 WaMHah 
-a93 laauaoduh AUOY hwo~wwod~odu OH 

-30~~03 )i11qdo10~ 'dauuodl~o)~~dx~~ 101 



SELF-START CIRCUIT 12V 



PSEUDORANDOM-DATA 
GENERATOR 



'ieHMR KpOCHblX M CMHMX CBeTOAHOAOB, '-IT0 K O H C T ~ ~ K T M B H O  CBeTOAMOAHble n c l p b l  

~ P M B O ~ ~ M T  K ~ O R B ~ ~ H M O  $ H O J ~ ~ T O B O ~ O  U B ~ T Q .  K ~ O C H ~ I ~ / C H H U ~ ?  P C I C ~ O n O r O O T  PRAOM H a  

B c x e M e  MOXHO ~ c n o n b 3 0 ~ a ~ b  M npyrne n e p x H e ,  nnacTnHKe H n n  npyroR n n o U a A -  

TMnbl M O ~ - T ~ O H ~ M C T O P O B  C l l 0 ~ 0 6 H b l ~ M  Ke. 1/13 CBeTOflMOAHblX nap $OPMHPYIOT 

XOpOKTepMCTMKClMM, KOTOPble BblAepXM- A n c n n e R  B BMne MQTPMUbl 4x4. 
B O O T  TOK 6onee 0,5 A. 

Ko~napa~op - 3TO CpClBHMBOloUee YCT- 

~ o ~ C T B O .  A ~ a n ~ r O ~ b l f i  KOMflOpOTOp flpen- 
HO3HOcleH M s l  CpOBHeHMR HeflpepblBHO M3Me- 

HRIOUMXCR CMTHCInOB. B X O ~ H ~ I ~  OHOnOrOBble 

cMrHanH K o M n a p a T o p a :  UBX - a ~ a n u 3 n p y e -  

M ~ I R  CMrHClJl, U0n- OnOpHblfi CHrHOJl CpOBHe- 

HHR, a B~IXOAHOR UB~IX - A M C K ~ ~ T H ~ I ~  MnM no- 
T M ~ ~ C K M ~ ~  CMrHan, conepxalq~i 1 ~ U T  MH- 

$OPMO~MM. H e O f l p e i l e n e ~ I i O C T b  COCTORHMR 

eb lxona  K o M n a p a T o p a  npn HYJI~BOR p a 3 ~ o -  

CTM BXOAHblX CMrHOnOB HeT H~O~XOAHMOCTM 

YTO'iHRTb, TOK KOK p e a f l b ~ b l i  KOMflOpOTOp ' '  

BCerAO MMeeT nn60 ~ 0 ~ e ' i H b l A  KO~$$MUH- 

eHT ycMneHm,  nn60 n e ~ n o  r~crepe31.1~0. 

TnnosoR T ~ X H M K O R  pacnpeneneHMsl  rnc- 
Tepe3MCO BOKPYr KOMnOPOTOPO eCTb C03AO- 

HMe ~ O J ~ O X M T ~ J ~ ~ H O R  OC, n p M  yCJlOBMU, 'iTO 

MMeeTCR p e 3 M C T M ~ ~ b l k  TpOKT Me)l<AY BblXO- 

AOM K o M n a p a T o p a  n ~ P R M ~ I M  BXOAOM. 

~ ~ O ~ O X M T ~ J ~ ~ H O R  o 6 p a ~ ~ a ~  CBR3b $OPMM- 

P y e T n B a  IlOpOrOBblX HOIlpRXeHMR, KOTOPble 

MMeOT $MKCMPOBOHH~I~ 3HO'ieHMR. Kpo~e 
TOTO, OHM 3CIBMCRT OT HOCblUeHHOCTM BblXOA- 

HOrO KOCKOQO KOMllQPOTOPO, 0 TOKXe OT 

HOrPY3KM. 

Ha p~c.1 ~ O K O 3 O H O  CXeMO BKJllO'ieHMR 

KOM~OpOTOpO C OTKPblTblM KOnneKTOPOM H a  

BblXOne, IlepeXOAHOR XOpClKTepMCTMKO KO- 

TOPOR MMeeT r ~ c r e p e 3 u c  (puc. 2). floporo- . 
able HanpRxeHnR 3 ~ 0 6  cxeMbl o n p e n e n s l o r  

CR no $OpMyJlaM: 

IJ 4 ly =A 

" '+%, * un2 = m+um(&+R) 
4+4+% 

1/13-30 HeCUMMeTPMM BblXOAO KOMflOpO- 

TOP0 WTnR rMCTepe3MCO OKO3blBOeTCR He- 

CUMM~TPM'~HO~~ OTHOCMTeJlbHO OnOPHOrO Ha- 

npnxe t ius l .  

urn Un2 U' n. 6 p y ~ o  ( 1 / 1 ~ a n ~ R )  npennarae~ anb-rep- I HOTMBHylo CXeMy nnn ~ C T ~ O R C T B ,  ~pe6y0- 
Pmc.2 UMX K o M n a p a T o p  c ~ M C T ~ ~ ~ ~ M C O M ,  KOTOP~IR 

m 



AOnXeH MMeTb TOClHble flOPOrH, M MX MOXHO CX€!MO A ~ ~ C T B Y ~ T  KOK T p H r l e p  WMMTTO 
n e r K o  M H~JCIBMCMMO nepecrpaMsaTb.  C x e ~ a  naxe npu oTcyTcreuM n o n o x u ~ e n b ~ o i i  06- 
conepxm nsa K o M n a p o T o p a  M TpHrrep, KO- p a ~ ~ o k  C B R ~ M .  Tpurrep co3nae-r sanepx~y 
TOPblM OHH yflpClBJlRloT. HC pK.3 f lOKa3a- paCflpOCTp0HeHMR H a  neCRTKM HCIHOCeKYHn, 

H a  CXeMO C TPMt'rePOM, C ~ O ~ O T ~ I B ~ O ~ M M  ClTO CJlenyeT YClMTblBOTb f lpM MHTerpaUMM yC- 

OT CMrHanOB BblCOKOrO YPOBHR, 0 Ha p~c.4  - T~ORCTBO B BblCOKOCKOpOCTHble UeflM. 

c x e M a  c Tpur repoM,  K O T O P ~ I ~  nepetm IOW~T- 

CR OT CMrHOnOB HM3KOrO YPOBHR. 



CB~TOAMOA X O ~ O K T ~ ~ M ~ ~ ~ T C R  A B y M  mas- CBeTOnMOnbl f lepeKpblBaOT UIMPOKM? CneKTp 
HblMM flOpOMeTpOMM - HanpRXeHMeM M c M ~ o ~ ?  cl0CTOT f lpM p a 6 o q e ~  HOnpRXeHHH OT 3 A 0  
TOKO. T n n o s b l e  CBeTOnMOnbl pOCCclMTOHbl H a  3,7 B. 
cMny  T o K a  20 MA, HO 6 b l ~ a O ~  M cleTbipex- n o c ~ o n b ~ y  pa6oree ~ a n p ~ x e ~ ~ e  cae~o- 
KpMCTOnnbHble, pOCC'iklTOHHble H a  80 MA MnM flMOnOB H e  6blBaeT HMXe 1,8 B, 3TO MCKflO- 

OAHOBOlTHble CBeTOJJMOCZbl C n o ~ p e 6 n e ~ M e M  W e T  MX MCnOnb3OBOHMe B M3AenURX, pa6o- 
TOKO 300-400 MA. P a 6 o q e e  HOnpRXeHMe T O O ~ M X  OT OAHOrO 3neMeHTO flMTOHMR HO- 

CBeTOAMOAO 3OBMCMT OT flOnyflpOBOAHMKOB0- I l pRXeHMeM 1,2 MnM 1 ,5 B. )$lR peWeHMR 

r0 MOTepMOnO, M3 KOTOPOrO OH Q e n O H ,  CO- 3 ~ 0 k  n p o 6 n e ~ b l 3 .  K O ~ ~ O ~ H M K  (AH~-IMR) BOC- 

OTBeTCTBeHHO, eCTb 3OBMCMMOCTb M e M y  UBe- flOnb3OBanCR MeTOnOM, K O T O P ~ I ~  npMMeHR- 

TOM CBecleHMR CBeTOAMOAO M er0 p a 6 o r ~ ~  O T  B MMKpOCXeMOX DC-DC n o B b l w a O u r n x  

HanpRxeHMeM. C ~ e ~ o n ~ o n b ~  y n b ~ p a $ ~ o n e -  npeo6paso~a~enei. 3 ~ o  ocleHb KOM~QKT- 

TOBOfO CBecleHMR (MMHO BOnHbl400  HM) MMe- Hoe, 3KOHOMHclHOe M ~ $ $ ~ K T M B H O ~  peWeHMe 

O T  p a 6 0 c l e e  HOflpRXeHMe OT 3,1 n O  4,4 B; flO3BOnReT 3OCBeqMBOTb CBeTOflMOnbl OT MC- 

$ ~ o n e T o ~ b l e  (400 ... 450 HM) - OT 2,8 A 0  4 B; TOqHMKCI flMTOHMR C HOflpRXeHMeM OT 750 MB 
cMHMe (450 ... 500 HM) - OT 2,5 AO 3,7 B; men- no 1,5 B, TO e c r b  A a x e  B TOM cnyqae ,  K o r n a  

Tble (570 ... 590 HM) - OT 2,1 A 0  2,2 B; OpOH- 6a~apen p a 3 p R X e H a .  
XeBb le  (590 ... 6 1 0 HM) - OT 2,03 fl0 2,1 B; Ha ~ H C .  1 flOKO3OHO CXeMO MMKPO$OHO- 
KpOCHble (61 0...760 HM) - OT 1,8 A 0  2/03 B; pR. T p a ~ 3 M C T o p  TRl , T ~ O H C $ O ~ M O T O ~  T1 M 
M H ~ ~ O K ~ O C H ~ I ~  (OT 760 HM) - A 0  1,9 B. 6enble pe3MCTOp R1 $OPMMPYIOT y f l p a ~ n s l e ~ b l i  TO- 

11 
MICRO-TOROID 
(SEE TEXT) 

01 
1 .SV 
MAX 

Pmc. 1 

KOM reHepaTop.  K a m b l i  pa3,  K o r n a  T ~ O H ~ M -  

CTOP TR1 3OKpblBOeTCR, p a 3 p y u a 0 q e e c ~  

MOrHMTHOe none B T ~ O H C $ O ~ M O T O ~ ~  T1 CO- 

anae~ HO ~ o n n e ~ ~ o p e  TR1 n o n o x ~ ~ e n b ~ b ~ i  

MMflynbC 30 B, HOnpRXeHMe KOTOpOrO f l0C.e-  

AOBOTenbHO C HOnPRXeHMeM MCTOclHMKO nM- 

TOHMR ~PMKJlCl~blBOeTCR K CBeTOAMOAY. re- 
HepOTOp p a 6 0 ~ a e ~  H a  OcleHb 6 o n b w o i  ra- 
Cl'OTe, MMflynbCHOR flO~e,QOBOTenbHOCTb C 

HM3KMM K O ~ $ $ M ~ H ~ H T O M  3OflOnHeHMR no- 
OJTlCIeT H a  CBeTOnMOn. C p e f l ~ M k  TOK CBeTO- 

n M o n a  n p ~   TOM C o m a B n n e T  o K o n o  18 MA. 
Cwny TOKO, a c n e ~ o e a ~ e n b ~ o ,  H RPKOCT~ 

CBWeHMR CBeT0)JMOAa MOXHO YBenMclHTb, 

yMeHbUOR HOMHHOn pe3MCTOpCI R1 M HO- 

0 6 0 ~ 0 ~ .  ~ P M  COnpOTMBneHMM 2 KOM Cpen- 

H M ~  TOK r e p e 3  CBeTOnMOn 6 y ~ e ~  OKOnO 

30 MA, K O T O P ~ I ~  H ~ O ~ X O ~ M M M R  rMnePRPKMX 

~ C T ~ O R C T B .  
Knn 3CIBMCMT OT TPOH3MCTOPO TR1. XOTR 

MOXHO MCnOnb30BOTb n06ok TPOH3MCTOP. 

B ~ I C O K ~ O  ~ $ $ ~ K T M B H O C T ~  flOKO3blBOK)T no- 



-- -- 
+1.5V MAX 

I T I  1 
MICRO-TOROID 1 (SEE TEXT) I 

+ 1 .SV MAX 

MICRO-TOROID 
(SEE TEXT) I I 

BepXHOCTHO-CnflOBHbIe TpaH- 

3UCTOPbl C OqeHb HM3KUM Ha- 

npnxeHMeM. C T~OH~UCTOPOM 

ZTX450 Klla COCTaBnReT OKO- 

no 73%, ZTX650 - 79%, a c 
BC550 ~ $ $ ~ K T U B H O C ~ ~  YMeHb- 

u J a e T a  no 57%. Ho aaxe c To- 

KMMM n a p a M e T p a M u  3 ~ a  cxe- 
M a  BMHrpb lBaeT y O ~ ~ I ~ H M X  

O(eM C nOBblWeHHblM HClnpRXe- 

HHeM IlMTCIHHR, rne ~ $ $ ~ K T H B -  

HOOb PenKO IlpeBMWOeT 50%. 
B CXeMe MMKPO$OHOPR HC- 

n o n b 3 y e ~ c n  MMKPOTOPOUP, T1 c 
OTBOJIOM OT c p e ~ ~ e f i  T O ~ K U .  

T ~ O H C $ O ~ M O T O ~  T1 co6pa~ 
H a  a ~ ~ n n a p a 3 n ~ ~ o k  . 6 y c n ~ ~ e  
6 H a  4 MM B AMOMeTpe C BHYT- 

PeHHHM OTBePCTHeM AMOMeT- 

POM 2 MM. Ha ~YCUHKY repes 
OTBepf lMe HOBMTO 20 BMTKOB 

CnOXeHHOrO ~ O n O f l O M  OTpe3KO 

DlUHOfi 90 cM3ManUpOBOHHO- 

ro MenHoro nposoaa cerleHueM 

0,15 MM. 1/13 ~ Y C M H K M  OCTCIBJlR- 

KIT B ~ I B O ~ ~ I  ~ M H O I ~  25 MM. Ta- 
KMM 0 6 p a 3 0 ~ ,  ~YCHHKCI Tenepb 

COaepXUT ABO ~a6opa fl0 20 
BMTKOB c B ~ I B O ~ O M  OT cepeAn-  

Hbl KCITYLLIKM. 

MMKPO$OH~PR MOXHO 

nPMMeHRTb B YCTPO~CTBOX UH- 

n U K O ~ H H  M nPOCTblX U H $ ~ O -  

KPOCHblX nepefl0T~MKOX. 

Ha p~c.2 flOKO3OHbl oteMbl, 

H e  n o ~ p e 6 n n ~ 1 u c l e  3 ~ e p r n 0 ,  

KOrflO yCTpOfiCTB0 BbllcnloWHO. 

P o ~ B ~ ~ ~ ~ B o K I ~ L ( M ~  KOHAeHCaTOp 

H ~ O ~ X O A M M  npu pa6o~e reHe- 

p o T o p a  ~ 6 n u 3 u  gpyrMx a e M .  

auon D2 IlOBblWaeT n p n M o e  



A H ~ M O M ~ T ~  - npn6op ~9 M3MePeHMR CKO- 

pocru ee-rpa. E c r b  6 o n b l ~ o e  pas~oo6pa- 
3 H e  OHeMOMeTpOB, OTJlMrOloUMXCR MeTO- 

n O M  H3MepeHHR. A. XclTaKep (Ben~~o6pn- 
TOHMFI) p a 3 p a 6 0 ~ a n  HeCKOJlbKO CXeM npOB0- 

JlO'4HOrO TepMOOHeMOMeTpa. ~ ~ M H U H ~  MX 

neiicreu~ OCHOBOH ~a M ~ M ~ P ~ H M H  nepena- 
na T e M n e p a T y p  0 6 b e K T a  n 0 K p y ~ 0 l o U e f i  

cpew ( n p ~   TOM TeMnepaTypa 06beKTa Ha- 

MHOrO BblWe TeMflepOTypbl  0 K p y ~ C I l o ~ e i  

c p e ~ b l ) .  

Ha pHc.1 nOKO3OHO CXeMO TepMOOHe- 

MoMeTpa, n o c r p o e H H o r o  H a  OY c TepMope-  

3HCTOpOM RTHl (5 KOM I lpM 25°C). 6 YCT- 

+ - 
7 

Output 

c1:= C2 ,, 
l u  -- " 1 0 0 ~ '  

ov 
0 

Pnc.2 

~ O ~ C T B ~  MCnOJlb3yeTCR MOCTOBOR a t e M 0  C 

C O M O K O M ~ ~ ~ H C O ~ M ~ ~ .  n p M  BKJllocleHMM nMT0- 

HMIl H a  BblXOne OY MMeeTCR ~ O C T O T O ~ H ~ I ~  

YpOBeHb HOnpRXeHHR N R  OTKPblTMR TpOH- 

3HCTOpO TR1 ( ~ M M M T ~ P H ~ I ~ ~  ~ O B T O P H T ~ J ~ ~ ) ,  

~ o ~ o p b l i i  no6a~nRe~ TOK B ~ o c r o ~ y l o  ate- 
MY, B K J l l O ~ O O U y l o  pe3MCTOpbl R1, R3, R 4  M 

~ep~opea~crop.  
~ P M  YKO30HHblX H a  O(eMe HOMHHOJlOX T e p  

~opeslrcrop c a ~ o p a 3 0 r p e s a e ~ c ~ ,  n o K a  ero 
COnpOTMBJleHMe H e  nOHM3MTCR A 0  1 KOM 
( ~ e ~ n e p a ~ y p a  o~ono 65°C) M craHeT POBH~IM 
conpo- rusneHMo p e 3 u c r o p a  R4. TOKMM 06- 
p 0 3 0 M  yCTOHOBflMBOeTCR POBHOBeCMe MOC- 

T O B O ~  UenM 3 0  C W T  flOcTOBKM nOCrOTO'4HO- 

ro ToKa ~ep~opesucropy. 
Ecnn ~ep~opesucrop RTHl 0 6 n y ~ a e ~ c ~  

BO3RYWHblM nOTOKOM, 3T0 nPMBOAMT K np0- 
flOpUMOHOnbHOMy YBeflMWHHlo BblXOnHOrO 

HOnpRXeHMR OY, KOTOpOe HOnpOBneHO H a  

YCTOHOBJleHMe COCTORHMR POBHOBeCMR B 

CXeMe. C I ~ o 6 b 1  0 6 e c f l e ~ ~ T b  KOMneHCOUMIO 

T e M n e p O T y p b l  O K p y X C I l o U e r O  B 0 3 n y X 0 ,  

npMMeHRloT BTOPO~~  TepMOpe3MCTOP ( 3 ~ ~ 0 -  

H H P O B O H H ~ ~ ~ ~  OT B e p a ) ,  K O T O P ~ I ~ ~  0 6 e ~ f l e ~ f T  

~ e 6 o n b w o e  HanpRxeHue c o o ~ ~ e ~ c r ~ y l o ~ e f i  
nonRpHocrM. 

Ha pHc.2 nOKO3OHO CXeMO TepMOOHe- 

MOMeTpO H a  c r a 6 ~ n n 3 a ~ o p e  HOflpRXeHMR 

0 

R2 ,, 
,15V D.C. 1 OOK 
O 

VR2 
IOk 
a+- 

Pnc.3 

I 



LM317. v ~ 0 6 b 1  COnpOTMBneHMe COMOPO30- 

r p e T o r o  ~ep~opeauc~opa 6b1no 1 KOM B 

HenOflBUXHOM B034Ve,  H ~ O ~ X O ~ ~ U M O  HanpR- 

XeHUR 12 B U TOK 12 MA, ~ ~ o ~ C T P O ~ ~ H ~ I G  pe- 
3UCTOP VR1 AOJlXeH 6 b l ~ b  YCTaHOBfleH H a  

HOMUHan 100 OM. 
B b l x o n ~ o e  H a n p n x e H u e  c r a 6 u n u 3 a ~ o p a  

COf laBf lReT 13 B I lpM Hef lO~BUXHOM B03JJy- 

~ O ~ ~ W U H C T B O  ~ c M ~ u T ~ J I ~ R  ssy~osoi  qac-  

TOT~I  pa60~ato~  B p e x u M e  AB. npu  TOM 

OHM BblnOnHROT KaWCTBeHHOe yCUJleHUe, 

HO ~$$~KTMBHOCT~ 3TOr0 PeXUMa COCTaBfln- 

eTOT 50 a0 60 IlpOueHTOB. YcUnMTeJlb KnaC- 

C a  D HOMHOrO 6onee ~KOHOMH'~~H, e rO KflA 
90-1 00%, n0CKOnbKy y c r p o h ~ o  p a 6 0 ~ a e ~  
KaK KOMMYTaTOP. 

Ha pncywKe n o ~ a 3 a ~ a  c x e M a  ycunu-re- 
nn, KOTOP~IO paspa6o~an fl. Marreec (Benu- 
K O ~ P U T ~ H M R ) .  nocrynaouuR H a  BXOA SKI  
c u r H a n  ~ B ~ K O B O R  qacroTM ycunu~ae~cn MH- 

BePTMPYloUrUM OY IC1. Y P O B ~ H ~  CUrHaflCl 

PeryflUpyeTCR nOTeHL&IOMeTpOM VR 1. Ha 
K o M n a p a T o p e  IC6 c u r H a n  3 s y r o s o R  q a c r o -  

TM CpaBHUBaeTCSI C CUrHOnOM T p e y r o n b ~ o i  

$OPM~I ' ~ ~ C T O T O ~ ~  100 K ~ U ,  T.O. $OPMMPY~T- 
CR CUrHan C UU~OTHO-UM~~I~~CHO MOflynR- 

uueii. B uenu n o n o x w r e n b ~ o i i  OC npuMetieH 

pe3UCTOP R13 U ~CKOPRIOLQM~ KOHfleHCClTOP 

C6 Wfl YMeHblUeHUR BpeMeHU c p a b a ~ b l e a ~ u n  

K o M n a p a T o p a .  Ha sb lxone K o M n a p a T o p a  

~ b l p a 6 a ~ b l ~ a t o ~ ~ ~  ~ o n e b a ~ u ~  C a ~ f l f l ~ ~ y f l o f i  

*7,5 B. Ha HOrPY30'iHOM pesucrope R12 
6yne~ H a n p n x e H u e  +7,5 B n o K a  H a  OTKPM- 

TOM 3MMUTePHOM BXOne HClIlpRXeHUe -7,5 B 
(sb1e.1 IC6). 

n p U  ~ ~ o ~ ~ o x M T ~ J ~ ~ H o R  BOnHe CUrHana TpaH- 

~MCTOP TR1 OTKPblT, naAeHun HaflpRXeHUR H a  

p e 3 u c ~ o p e  R16 nocra~or~o, r ~ 0 6 b l  OTKpblTb 

M ~ ~ - T ~ ~ H ~ H C T O P  TR3. 
npu o ~ p u u a ~ e n b ~ o i i  BonHe c u r H a n a  OT- 

KpblBaeTCR TPaH3MCTOP TR2, n a n e H u e  Ha- 

npRxeHuR H a  p e 3 u c r o p e  R17 nocra~or~oe, 

~ T O ~ M  OTKP~ IT~  MO~-T~OH~UCTOJI TR4. Ta- 
KUM 0 6 p a 3 0 ~ ,  T P ~ H ~ U C T O P ~ I  TR3 u TR4 a m -  
BU3UPYOT01 nOOllepenH0, B ~ I ~ O ~ ~ T ~ I B O R  cur- 
H a n  UMM B npenenax +I 5 B. 

3 m e ~  u 3  ycuneHHoro curHana LLIMM BOC- 
CTaHaBIlUBaeTCSI CUrHOn ~BYKOBO? WCTOTbI. 

3 ~ a  a a n a q a  nocruraem ycpenHeHueMcur -  

Hans u1/IM C f l O M 0 4 b O  $MnbTpa 6arrep- 
Bop-ra 3-ro nopRnra ,  K O T O P ~ I ~  npencrasnn- 
eT co6oR $ u n b ~ p  HUXHUX ~ ~ C T O T  c ~ ~ C T O T O R  
C p e 3 a  25 K ~ U ,  KOTOPaR HaMHOrO HMXe W C -  

TOT~I  T p e y r o n b H o r o  curiiana, T.O. o6ecne- 
r(uBan 6 o n b w o e  ocna6ne~ue H a  q a c T o T e  

100 K ~ U .  nocne n p e o 6 p a 3 0 s a ~ u ~  u 
y c u n e H u u  BXOAHOR curtian n o c r y n a e T  H a  

rpOMKOrOBOpUTenb MOlL(HOCTbt0 30 BT. 
re~epal ru~ ~one6a~uCi ~ p e y r o n b ~ o i  $op- 

Mbl OCHOBaHa H a  IC2 U IC5. @OKTM'~~CKU H a  

IC2 co6pa~ reHepaTop n p n ~ o y r o n b ~ o k  eon- 
HM C ~ o J ~ o x u T ~ J ~ ~ H o R  0 6 p a T ~ O R  CBR3b0, 

obecnere~~oi i  R7 u R11. A u o n b l  Dl - D5 
nekCTByloT KaK nByHaflpaBfleHHble $UKCO- 

TOP~I ~ P O B H R  (D3 - C T ~ ~ U ~ U T ~ O H ) ,  OrpaHuqu- 

Ban HanpRxeHue H a  ypoe~e -+6 B. Tpeyronb-  

H ~ I R  CUlI-laJl $OPMMP~~TCII U3 npRMOyrOnbH0- 

ro H a  u n e a n b H o M  uHTerpaTope,  ~ o ~ o p ~ i i  
f lOCTpWH ti0 IC5 C KOHneHCaTOpOht C5 U 

flO~CTpOellHblM pe3UCTOpOM VR2, DJfl pery- 
nUPOBKU WCTOTbl CUrHana. 

Clepe3 pes~crop R14 u n o n c r p o e q ~ b l i i  pe- 
~UCTOP VR3 0 6 p a 3 0 e a ~ a  OC, T.O. $OPMM- 

PyeTCR p e r y n ~ p y e ~ b l k  aTTeHloaTOp Tpey-  

r o n b H o r o  CurHana. 





- - - 0 
+15V 

R16 
imn TR3 + 

C l l  =a 
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R19 
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ce 
1 OP 
I I 
I I 

cl3 II 
us 
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90W 

0 

I 
I 

ov 

TR2 
5 2 4 7  

m 1  
ek2 

Rl6  
1 k 

m 4  
1 k 

, 

TRIANGLE 

AMPLiTUDE 

4- 

-15v 



Ha PblCyHKe ~OKO3OHO a e M a  npn6op0, 
~ O ~ ~ O ~ O T O H H O ~ O  M. MOK~~MH~CCOM (up- 
n a ~ n ~ ~ ) .  C n o ~ o u b o  npocroro ycrpoRcrsa 
MOXHO nPOBePRTb HCnpOBHOCTb p 0 6 0 ~ b l  

PYqHblX IlYnbTOB nHCTCIHUMOHHOr0 YflpOBJle- 

HMR, KOTOPble MCflOnb3YtOTCR B CIYAMO- BM- 

neOTeXHMKe M APYrOM O~OPYAOB~HHM.  

Cxe~a  n o c r p o e H a  H a  octiose + o ~ o q y a c r -  

BMTenbHOrO TPOH3MCTOPHOTO BblKJltO'iOTeJlR 

TR1. npu ~ O ~ M ~ U ~ H M H  naTqMKa nphopa 
H a  POCCTORHMM MeHee 5 CM d I l M 3 M  MOOqHH- 

KO M H + ~ C ~ K ~ O C H O ~ O  kl3JlylceHMR nyJlbT0 BY 
~OTOTPOH~MCTOP TR1 OTKpOeTCR M 6 y n e ~  
CBeTMTbol CBeTOflMOn. 

TOKMM obpaso~, HOXMMOR nocnenosa- 
TeJlbHO KHOnKH H a  nyJlbTe BY, MOXHO IlpOBe- 

p m b  ero ~ O ~ O T O C ~ ~ O C O ~ H O C T ~  no cseqeHMtO 

caeTonMona. 

I / l C n b l ~ a ~ e J l b ~ b l ~  nphop, CXeMO KOTOpOrO no- 
~ a 3 a ~ a  H a  pncyn~e~co6pan r. AOMHHHK (UOT- 
J~OHAMR) JUlR TeCTMPOBOHMR CTO~H~MTPOHOB. 

B CXeMe MCflOJlb3yeTCR PerynRTOp HanpRXeHMR 

LM317 (IC1 ), KOTOP~IR p a 6 o ~ a e ~  B p e x M M e  cra- 
6cln~3au~1-1 ~OcTORHHOrO TOKO. TOK, npOTeKa0-  

u M k  W p e 3  T e c r M p y e ~ b l R  c r a 6 ~ n ~ ~ p o ~ ,  COCTOB- 

nReT OKOnO 5 MA ( ~ O C C ~ ~ M T ~ I B O ~ T C I  n0 +0p~yne 
I = 1,25V/R). n p M  3TOM BOnbTMeTP MOXHO nOa- 

WItOCIMTb n a p O n n e n b H 0  C T O ~ H J ~ U T P O H Y  CHR- 

TMR n o ~ a 3 a ~ n k  HanpRxeHMR. 

~ O T ~ H U M O M ~ T P O M  VR1 M3MeHRIOT HOnpRXe- 

w e  H a  6 a 3 e  M ~ M M M T ~ P ~  ~ p a ~ 3 u c r o p a  TRl , o6ec- 
neqMBOR PeryJlMpOBKy HOnpRXeHMR An9 OrpOHM- 

rlMTeJlR TOKO. TOKMM 0 6 p a 3 0 ~ ,  nocne noncoeAM- 

HeHMR K 3CIXMMOM np~6opa C T O ~ M ~ M T ~ O H O  C He- 

M3BeCTHMMM ~ClpOMeTpOMM nOTeHUM0- 

MeTPOM VRl A O ~ O B ~ R K ) T  HOflpRXeHHe 

H a  TpOH3MCrOpe, nOK0 CBeTOnMOn D 10 
H e  HCI'4HeT CBeTHTbCR, YK03blBOR, '4TO TOK 

T W e T  r l e p e 3  CTO~HJ~MTPOH M MOXHO H3- 

MePHTb MCnblTOTeJlbHOe HOflpRXeHMe. 

ABTOPCKHR T e c r e p  p a 6 o ~ a e ~  q e p e 3  

~ ~ o H M x o ~ O ~ H ~ ~  C ~ T ~ B O A  T ~ O H C ~ O ~ M O -  

TOP. C B T O P H ~ H O ~  O~MOTKM CHMMOeTCR 

HOnpRXeHMe 10 B. 3 ~ o r o  HanPRXeHMR 

OKO3OnOCb HeAOCTaTOrlHO PJlR TeCTMPO- 

BOHMR AMOAOB C ~ O ~ ~ L U M M  HanpRXeHM- 

eM, HaflpMMep C HanpRXeHMeM cra6uncl- 

3OUMM 33 B. f l 0 3 ~ 0 M y  B TecTep no6as- 
n e H 0  CXeMa yTpOMTeJlR HOnpRXeHMR, 

flOcTpOeHHOR H a  nMOnClX Dl, D2 M KOH- 

neHCOTOpOX C1, C2. H O ~ ~ R X ~ H M ~  no- 
cne yTpoMTenR o K o n o  42 B (1 0 [B] x 
1,4 14 X 3), OrpaHMqeHO TOKOM npM6flM- 

3MTeJlbHO 35 MA. 
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-'O 'o.~~~~~~~ ~OHHamqHaWh B3q1n1 -aduow MD~ ..war, yorxhwou BMHO~MU hruwhol 
-aa3duh9 pa ' 'uouu01aa3 '%Os -3, r ~aawMuao3tfou ,o, w ,+ ja,, odauel ~tfoslqg 
ouoao wourMh WMh09Dd 'M)IMJOU 1qwa~30dr~w DtfOQAB yMHaOU03 XlqHXOW 
-WM M*0Hqua1Da0ua1130U 14sa41 uoxa OH 

-cog xadlslah EM OHUO a3laavaUaduo a~waxadu 
ahDuou Mdu "1 'a03quhuWM aquOH -OH aodor~d~~wor xadl aqrnowou 3 3ao~~a~a~~ 
-qualoaOuamOu 31a01090d '*Oh Iqw XMY3ahMJOU odauar OWaX3 DHDED~OU I 9Hd DH 
-an a~r3ah~~ou OIDHUO .wax30dn~w .lqwauaUaduo ew MW 

XDuOaAa OH MWanHB0u03 MWHr3ahH1 -0uauadu MWM~E hti'xaw crweod,( .qwaaodh VMXEMH 
031a010god oHciaddor ror laatratfaduo oJa 'IMHDIMU BMwaxaduo~ %op 

XMn3ahMJ0u auHauauaduo dog amqwaw DtfJOY 0 'swaaodh ycl~3ahMJOLI ~HXO~AQ >D)I 

-*du !Iq wqua1011qu3u 03nuo mauatfaduo OJ~ 01 'BWH~X~UDH OJ~~~MDIMU %09 
ao3qu'uwn do'~n*mn arnquog awwaxwjuow ouJo1 'I~MH~XI~~UOH oJam 

'*~[~~'JOu OH BoaA'Orh W0EDd90 WMn 
-OIDlMU 10 lqlwahodu ID> 0 '~MH~X~~UDH alqHlolU 

-01'17a 'awwaxaduoH -0390 ror aw nuauatfaduo MOW> wtf ~waodh 
-qualMxOuoulauhg 131 auoxlqa OH 11. awr3ahwoU .g 8 LOU c 10 y~waxaduow awocouo 
'J" ouJol -MU worodum aauog a slarogod owgo3ou3 

a0n3ahuJ0u aowHauauaduoaH Ow OYwJOu .qwaaodh yM13ahMJOU ?(I~HH~u~U~~UO 
BoaAcDnh ',XI Ea u0Mu01aa3 a3q1w1aa3 -aw )ON lOIOlHh3 MW~HBO~~ HWM~E hti'xaw ~MH~XB~U 

laUhg .auHaxaduDH aowqualMxouou -OH wiaaodh yM103AB HUM 1" BDI3ahMJOU 101 
rauhg z31 OH u L~'OU 

owauauaduo 'g z aamquog 'awuaxaduow M 'swag 
U0.*'OU yHHaxsduow '"U -odh ~MIFHH HUM #oa ~WX~~~HJO~F YDX owauatfduo 

O,,'JOU .'HBOU03 
'g 8'0 wah amswaw 'a~waxaduow XowaX3 g 

OH aoa~qc~nh 'za tfo~Uolaa3 a3q~~raa3 'Muah yodwrwo~od 
laUhg aOHqUalMXOuOU 

aMhMUDH HUH qwaaodh YMY3ahHJOU ~lq~~alfatfad~ 
lauhg MI odolodouwor atfoxlqa OH 

-oaw raxorh dauar '. 1 ..JOU M ~~~~Jou ~HHIOU 
'waHaodh wMnahMJou wMrcMH ' 0 " -03xnwh1qgo auwauatfaduo r awwauuouotf g .MIM~ 
xaw mlbuOxoH aMHaxBduoH qHaaOdh -zi*dalrodox alqwgouou raaww andolor 'auyod 
l'sa'l w0Hqua101'qu3M OH '*3 -~h XMY3ahHJOU ~M~hdtf aWOlDl D '~~OYHJOU NOW)( 

.a3q1M1aa3rauh9 la uoMuol M uu 3 wax3odr.w a~~oaotfa~~~w sub. qrawaw 
Olh 'lrwHaxaduDH alqHqualoh -H~U 0~x0~ '(BMHDW~~J) HDWJ~O~ U0109~d~~d 

aOdO1OdOuwOn xadrxa3a y~sdoror 'dogwdu ynwqualomu3w ym3ahwou XOtfOXfla OH 'gW 00 1- ~MH~XM~UOH 
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ca (p~c.2)~ KOTOP~IR npencras- 
JlReT co6oR X n y U M i  MYJlbTMBM- 

6pa~op c n e p M o n o M  ~ b ~ x o n ~ b ~ x  

MMllyJlbCOB f l p M 6 J l ~ 3 ~ ~ e f l b ~ 0  

200 MC. TOKHM 0 6 p a 3 0 ~ ,  n06oii 
MMnyJlbC B TO'iKe ' P U ~ S ~ '  (pMc.1) 

3OnyCKOeT r n y ~ ~ R  MYJI~TMBM~PCI- 

TOP, npM 3TOM CBeTOnMOJJ 6yne~ 
CBeTMTbCR OKOflO 200 MC, 'iTO pe- 
rMCTPMPYeTCR BM3YOJlbHO. E c n ~  
raCTOT0 flOBTOpeHMR MMflyJlbCOB 

6 o n b l u e  5 ru, TO CBe'ieHMe cBe- 

TonMona Dl 0 6yne~ KO3aTbCR He- 

npepblBHblM. Ha BblXOne "A" 6yne~ 
TL" YpOBeHb MMflyJlbCOB, KOTO- 

Pble MOXHO CqMTMBOTb 'iOCTOT0- 

MepOM M T.fl. ECJH 3TOr0 H e  ~pe6y- 
eTCR, 3JleMeHTbl C2 M D5 MOXHO 

OflYCTMTb, 0 R14 M R15 30MeHMTb 

p e 3 ~ c r o p o ~  1 KOM. 





80)1MHh013M XlqHqUalMHUOUO~ XMIDIMH lahg 'WIMBU~~U~OU WI~H~U~~DU~X~H 1 MI 
-ad1 aH d0gMd~ 'MUH~X~~~UDH MMHDUDUO~U -3aeudu laxow Mla3 10 ~lqd0101 aMHahOlU)I 

WOHSUalHm MdU 4mMU IHUOX~MO~U MMhDE -10 'HWDBU~O~U~ MWM)~~~~M~W~UE HWMJ~~U 
-MUDHJM3 aM~~fllql09~d3 D '~133 8 KMHaX MUM YahMUUal 'MOIUUU )?0)l3ahMd~la~€ 3 OHU 

-M~UDH IMHDUDUO~U M 1q30dglqe atq~~awade -aweor, ssslDeoequou3M laxow '(ornquo~) 
-oxl~dn lahdudo~~n aMHaxaln owauq XBHOIHV -v u~dgo3 ylqdolo~ 'dogud~ 

Y VVV V 

SaPN ~o!ID~!/~v OJ 
'0 / hJ1 [ OH~U~~HEHU~M~U 

laIUGDU03 IqWaX3 MWDUDHHWOH MWAHHDU 
3 aodolon 'tc~~~sosodgoadu ~~~anhw+$~ 

-on AIMO~UDH 0lh~ho1 ~a~e~hau3ago [d 

-ttuh~ hng~mo 
199 UMHM~H~U ahDHM ylqd010~ '~31 A0 tlHHahl 

-am q~h~ B HahOlll)lB Zd dlawouh~alo~ 

131 no auoxe WOW 

-ttdU DH HHH~X~~UDH WOH~OUO 8 MMHaHaWEM 

alqHgoUou ~IHUO'OBEMO~U 1qgo1h 'Q 3 OHqual 

-DeoUamou lqUo~U alqnhMlHaUH IqHahotme 

UMhD3HaUWOl XH 8tfU ~WOIEOU '13 ~d01~3 

-HaUHon DUI~ED~ H DtltldDE ttwade attHaweM 
'~ngnrno q1n3o~e HUJOW PQ H €a BOUOMU 191 

-H~M~H~~€oI alqndh~dauwal Muah qU0H 

-~UM~DU ahndh~dauwal qlnrnhhuh 1qgo1h 

'ao~nawauc onquon3an Iqnauaogou hwan Q 

wieod ZI\ M [A 

>DY ID1 ' [A OlM~aXttdU0~ ~WOHUOX~ DHqUDH 

-o~hdouodu am01 131 ~lou~h aDHUoxlqe 

DUJOL 'I~H~UDHOM~~OUO~U 131 DLOUD~ BDH 

-uoxlqe M ZA ~MH~XK~UDH WOLE ud~ 'ZA = [A 

M~U IH~~BOH~D~ SIDJMUOU DUJa38 lauhg 
quah '~0EDdg0 WM>DJ_.WlqHHaWEMaH tnlaHD1 

-30 z31 AO 3HtiaXtrd~DH aoHUoxlqe 'lqneod 
2~ M [A tln~axtldu~n DUJO] '11 uoedal~n 
tl3laoms~awh M aadlsmg tr~laoxtrdsod 
13 ~O~D~H~UHOI '~UOH 1 WM>IEMug lauhg 
231 aUOXlq9 DH ~MH~X~~UDH DUJ0l1z/, 

BMH~X~~~UDH amqUOg [A ~MH~X~~~UDH M1133 

'ZA ~MH~x~~~uDH tr~mq~awh M [I ~DfldalHM 

ttoe~h~uaeh 'aa~amaw a~sloxtldsod lauhg 
13 ~OID~H~UHOX ~WO~EOU '~UH~XH~UDH 

aotiqualMxouou lauhg ~31 AO auoxlse OH 

'ZA IMH~X~~~UDH amqHaW [A ~UH~X~~~UQH 

urn3 -dolodouwon y~mahd~d~al~~ non la 
-hd~~o~hn~A+ ylqdolon '231 ~0 Uoxe ynm 
-ahd~ldae~u DH tl3laoUou [A an~axttduo~ 
aOHu0XQ ' 131 A0 al0UDh yOHuOXAB WISHqU 

-o~o~hdouodu qua 01 ' [I W~~H~UDHOM~~OU 

-0dU 0HlDdg0 tn1aDBlqED)IO z/\ ~MH~X~~UDH 

01 'DHHIOUOU zl qUoHqualMuU n~n no1 
-LL/ZIXSL = ZA 

:A0 DUDHJH3 ~unaxtldu 

-DH OlUHahDHE hwa~Uad3 ao~eod '2~ aUH 

-axtrdu~~ aOHHliOUOU tl3laDUEO3 '~3 '98 
yonhouah tnlahdlqu~c) 131 acl~axadu~~ 
aOHUOXN9 'Z31 IHH~X~~~UDH OJOHUOXI~~ 
tr~eodh lo wbihtc3MGDE ' 11 WOUD~~~~HM M 21 
OlqUOHqUalHm YOHHIOUOU 3 GO~~U~UWH 

XI~HqUalHXOUOU DUld EM lUOU03 WOED~~O 

WHXDl 131 A0 DUDHJM3 OJOHuOXlqB DW~O@ 

.tr3ludoleou qltruo muh 

M g S [+ OU tt3laWMHUOU D80H3 ~MH~XK~U 

-OH 13) ~0 auoxoxlqe DH DUJO~ 'Q s axnH 131 
AO auoxs wamolhd~d~al~~ DH tru~axtldu 

-DH OU '~31 A0 W~L~H~X~~UDH WlqHUOXlqe 

M Ld ~douucad ~~uDHH~OH yo~~auauad 
-.uo 'OI~UO~OI:, 03 231 A0 UOX'OXlqa €adah tt3 

-~usdeod qdaua113 dolo3~amo>( '€8 odol 
-3n~ad WOUDHMWOH OJOHHDUDE '03~Eada~ 

-HJ DE-EM Q OU DLMEMHOU auoxe wowtldu DH 

~MH~XM~UDH n 'L~uOH OU lau~uh ~MH~M~UQH 

131 no auoxlse DH -$a M 1 Q XDUOHU DH 

trMHaXtldU~H w~MH~UDU ao~adga~adu) 28 M 

'18 tlMtiaXttduDH WaUalMUa~ OHaUeOHDl 

-3h'g 0 1 o~qualuc~ug~du OH~D~ aMHaXtrd~ 



3HePTMM, TOKMX KOK 6 a ~ a p e ~  MnM OKKyMyflR- 

TOPbl. 

n p M ~ I . ( M ~ H ~ l l b ~ ~ l o  CXeMY ycrpokcr~a MOX- 

HO pa3nenMTb HO ABa ~ Y H K L ~ ~ O H Q J ~ ~ H ~ I X  6no- 
KO: 6 n o ~  flMTaHMR M 6 n 0 ~  CMTHOJlM3C1UMH. 

n e p ~ b ~ i  n o c T p o e H  no T M ~ O B O ~  c x e M e  

(PHC. 1 ) M H e  ~ p e 6 y e ~  ~ O J l b ~ e k ~ M x  KOMMeH- 

TapMeB. 6 n 0 ~  c ~ r ~ a n u 3 a u ~ u  C O ~ P O H  H a  

1/1C 4093, KOTOpaR COflepXMT 4 M-HE 3ne-  

MeHTa TpMrrepO UJMM~O.  
v ~ 0 6 b 1  ~POOHOnM3MPOBOTb p a 6 0 ~ ~  6no- 

KO CMTHOnM30UMM (PHC.~), nPeAnOJlOXMM, 

 TO nocne nonroro OTCYTCTBMR noRBMnocb 

CeTeBoe HOf lpRxeHMe. E c n ~  3 n e ~ ~ p 0 ~ ~ 0 6 -  

XeHMe AnMTCR 6onee 5 MMHYT (I~OCTOFIHH~SI 

BpeMeHM OnpefleJlReTCR HOMMHOJlOMM 3 n e -  

MeHToe R 1  Cl), TO n e p e K n o r a e T c R  T p M r r e p  

US1 A M HO er0 BblXOne YCTOHOBnMBOeTCR Bbl- 

C O K M ~  YPOBeHb. H O ~ ~ M H O ~ T  30PRXOTbCR KOH- 

n e H c a T o p  C2 r e p e 3  won D l  H p e 3 ~ ~ ~ 0 p  

R3. Ha B x o n e  T p M r r e p a  US1 6 nPMCYTCTBY- 

e T  B~ICOKM!? YPOBeHb M, CJle,QOBOTeJlbHO, H a  

BblXOne T p M r r e p a  US 1 C yCTaH0BMTCR Bbl- 

COKM!? YPOBeHb. ~ O ~ ~ Y C T M T C R  reHepaTOp, no- 
C T P O ~ H H ~ I ~  H a  T p M r r e p e  US1 D, M 6 y n e ~  
npepb lBMCT0 3BYqOTb n b e 3 0 3 Y M M e p  Q1. 
Tpe~ora nnMTcR o K o n o  5 M M H ~ T ,  ee nnu- 
TeJlbHOCTb OflpeAenReTCR n o c r o ~ ~ ~ o k  B p e -  

MeHM UenM R3C2 MnM M O X ~ T  6 b l ~ b  f l p e p B a -  

H a  HOXaTHeM KHOnKM S1. 
E c n ~  H a n p R x e H u e  c e T u  n p o n a n e T  no MC- 

TereHMR 5 MMHYT, TO CMTHQflM30L(MR H e  CpO- 

6 0 ~ a e ~ .  TOKMM O ~ ~ O ~ O M ,  nocne OTKJlOL(eHMR 

CeTM HOnpRXeHMe nMTOHMR HO BblXOfle MCTO'i- 

HMKO nMTOHMR CHMXOeTCR H e  CpO3Y, a nOCTe- 

n e H H 0  - KOH~eHCOTOpbl  C1 M C7 pa3pFiXO- 

OTCR r e p e 3  P~JMCTOP R12 (C1 r e p e 3  US1 A). 
T ~ K  KaK HanpRXeHHe B CeTH OTCYTCTBYeT, 

f l O p a n n e n b H 0  COenMHeHHble KOHfleHCaTO- 

p b l  C1 M C7 BblnOJlHROT POnb MCTOrHMKO 

IlMTOHMR AflR CMPeHbl B Te'ieHMe 1,s CeKYHn, 

BpeMR OnpeneJlReTCR ~ O C T O R H H O ~  UenM 

(C1 tC7) X R12). M nOCKOJlbKy BblBOAbl 1 M 2 
US 1 COeflMHeHbl C OTPMlJOTeJlbHblM BblBO- 

AOM KOHAeHCOTOPO C1, TO HO BXOAe TpMrre- 

pa US1 A 6 y n e ~  HM~KM!?,  H a  BblXOne BblCO- 

K M ~  YPOBeHb. TOKUR CMTYOuMFi npMBenCI 6b1  

K C ~ O ~ O T ~ I B O H M K )  CMTHOJlM30C(MM, eCJlM 6b1 H e  

3OAepXKO UenM R5C3. Ee IlOCTORHHOR Bpe-  

MeHM B HeCKOnbKO p a 3  6 o n b w e  flOCTORH- 

H O ~  UeflM (C1 +C7)xR12. K O H A ~ H C ~ T O ~ ~ I  C1 
M C7 pO3pRXeHbl, n b e 3 0 3 y M M e p  H e  6yne~ 
3BY'-laTb. 

T e n e p b  flpeflCTaBbTe, l lT0  nOCJle MMTeJlb- 

HOrO ~ ~ ~ K T P O C H ~ ~ X ~ H M R  B CeTM M C W 3 n 0  

HanpRXeHMe. B T ~ K O ~  CMTYauMM OAHMM M3 

KnK)WBblX 3neMeHTOB CMCTeMbl CTOHOBMTCR 

KOHfleHCaTOP C2, BMeCTe C OKpyXOloLl&iMM 

3neMeHTOMM. P a ~ e e  OH OTMepRn MMTef lb -  

H O C T ~  c u r H a n a  T p e s o r u  (c p e 3 ~ m o p o ~  R3), 
a T e f l e p b  KOHneHCaTOp C2 pa3pRXaeTCR 

r e p e 3  COnpOTMBJleHMR R2 n R3, OTMepRR 

A p y r O e  BpeMR - MaKCMManbHOe BpeMR M U -  

TenbHOCTM IlepepblBCl MrHOpMpOBOHHOrO CH- 



c r e ~ o h  n p H  oTKnoreHHu 3 n e ~ -  

TP03HePrUU. 

~OCTORHHOR BpeMeHU UenH 

(R2 + R3) xC2 cocraenReT OKO- 

no 20 MHHYT. MOKCUMO~~HOR 
m U H 0  HrHOpUpOBOHHOrO ne- 
pepma 20-5 = 15 MUH~T (T.K. 

r e p e 3  5 MUH~T nocne npona- 
nOHUR HOflpRXeHUR KOl+4eHCO- 

TOP C2 n p o n o n x a e T  paspa- 
xaTbcR r e p e 3  conpoTusneHuR 

R2 u R3). Ecnu n e p e p b l a  m M n -  

CR MeHee 3 ~ 0 r o  BpeMeHu, TO 

H a  BblB.3 USlA 6yne~ BblCo- 

KMA YPOBeHb, TPUr reP US1 B 
H e  nepeKntoquTcR u T p e s o r u  

He 6yne~. f i c r e m  H e  o6~apy- 
X W  ~ p O ~ O n O H U e  HOnpRXeHMFl 

M e H e e  15 MUH~T. npu 6 o n b -  

wek m u T e n b H o c r u  nponana- 
HUR 303BYWT 3yMMeP. 

~ O R C H ~ H U R  ~ p e 6 y e T  Hanu-  

w e  uenu T I ,  R6, C4. 'iepe3 

H e e  pO3pRXOeTCR KOHneHCO- 

TOP C2 B n e p ~ b l k  MOMeHT 3BY- 

r a H u Y  CupeHbl .  6naronap~ 
3TOMY CUpeHO NUTCR OflUHO- 

KOBOe BpeMFI, He3OBMCUMO OT 

Toro,  unu n e p e p b l B  B noflare 
3 n e ~ ~ p o m a 6 x e ~ u ~  6bm ~ M H -  

HblM (C2 pO3pRXOeTCR IlO'iTU 

no ~ y n ~ ) ,  unH OH 6b1n KOPOT- 

KUM, HeMHOrO nOnblLle 15 MU- 

HYT (C2 pO3PRXOeTCR He3HO- 

~ M T ~ J ~ ~ H O ) .  

~ M O P ,  D l  f lpenOTBpOUOeT 

p 0 3 p R n  KOHneHCaTOpO C2 
n p y r u M u  ~ ~ T R M M ,  cleM q e p e s  

p e 3 u ~ ~ o p b 1  R2 H R3 ( ~ a ~ x e  re- 
p e 3  pesucrop R6 M nepexon 
6-3  ~pa~aucropa TI) .  Hanu- 
r H e  fluofla D2 0 6 e c n e ~ 1 ~ a e ~  
HeMeaneHHoe n p e K p a u e H u e  

3BYClOHUR CUpeHbl n p U  HOXO- 

THM K H O ~ K H  S1, a H e  repes 
HeCKOnbKO CeKyHA (C nOCT0- 

RHHOR BpeMeHH uenu R5C3). 



b R  0 6 ~ a p y X e ~ ~ R  nOBpeXfleHHblX 3 0 H  ~OHBef iepHo!?  

neHTbl, KOTOPOR MCnOJlb3YeTCR B ~ 0 ~ ~ 0 ~ 0 6 b l ~ 0 t O ~ q e i  np0- 
MblWfleHHOCTM, >K. K a p a ~  (YMflM) p a 3 p a 6 o ~ a n  C B O ~  npM- 

60p. K O H B ~ ~ ~ ~ H O R  neHT0 COJJepXMT MHOXeCTBO TOHKMX KO- 

TYWeK MHJJYKTMBHOCTM. E c n ~  B neHTe IlORBFlTCR pO3pblBbl 

MflM AblPKM, TO OAHO MnM HeCKOflbKO KOTyWeK 6ynyr n 0 B p e X -  

JJeHbl. Me~on 0 6 ~ 0 p y X e ~ M R  H ~ M C ~ ~ O B H O ~  KOTylUKM MH- 

JJYKTMBHOCTM COCTOMT B YCTaHOBneHMM B P ~ M ~ H H O ~  MOT- 

H M T H O ~ ~  CBR3M M e X A y  C ~ H C O ~ H O ~ ~  K O T ~ W K O ~ ~  0 6 H a p y x M ~ e -  

JlR M ABMXYUMMMCR KOTYLUKaMM neHTbl. 

C ~ H C O ~ H O R  KOTYLUKO RBnReTCR '4OCTblO L C - r e H e p O ~ O p a  

0 6 ~ o p y x ~ ~ e n ~ .  Korna HenoBpeXfleHHOfl KOTyLLlKa npo- 
XOAMT B03f le C ~ H C O P H O ~  KCITYWKM, M3MeHFleTCR nOflHOR MH- 

JJYKTMBHOCTb M O ~ H M T H O ~  n a p b l  M, COOTBeTCTBeHHO, M3MeHR- 

eTcR q a c r o T a  retiepa-ropa. T ~ K  KaK new0 ~ o ~ s e i e p a  nBM- 

XeTCR C $ M K C M P O B ~ H H O ~ ~  CKOPOCTbtO, TO '-laCTOTa reHe-  

POTOpa M3MeHReTCR C $ M K C M P O B ~ H H O ~ ~  IlePMOflMqHOCTbtO. 

A K o r n a  nospemneHHaR KaTyluKa npoxonMT ~osne  ceti- 
c O p H 0 f i  KCITYWKM, TO YCTOHOBJleHHQR nePMOJJMqHOCTb Ha-  

pywaeTcR.  

B CXeMy 0 6 ~ a p y x ~ ~ e n ~  BXOJJMT ~ H ~ P ~ O ~ M K M ~  LUMPOKO- 

JJMan030HHblfi reHepaTOp CMHyCOMJJanbHOrO CMrHClna, $ 0 ~ -  

M a  KOTOpOrO H e  MAeOflbHO, HO 

OMnf lMTyAO c ~ a 6 M f l b ~ a  BO 

BCeM A M O l l O 3 0 H e  qQCTOT 

(p~c.1) .  OH r e H e p M p y e T  B 

6 0 n b ~ o ~  n ~ a n a 3 o ~ e  nap LC, 
name C H M ~ K O ~  ~ O ~ P O T H O C -  

TbO KOHTypa M ~ f l t O 6 b 1 ~  T ~ O H -  

3MCTOPOM. L1 - MHnYKTMBHOCTb 

C ~ H C O ~ H O ~ ~  KCITYWKM, Pe3MC- 

TOP R2 n p e n m o B n R e T  ee co- 

n p o T m n e H M e .  L2 - MHJJYKTMB- 

HOCTb KOTYWKM B ~ O H B e f i e p -  

HOG fleHTe, 0 BblKntO~OTeflb S1 
n p e a c r a s n R e T  ee coCTo5itiMe: 

KOrAO S1 30KPblT - KaTyLLlKO 

UeflOR, 0 KOrJJO OH OTKPblT - 
KaTyWKO MMeeT 0 6 p b 1 ~ .  

Kor~a MMeeTCR IlOflHOR Mar -  

HMTHOR CBR3b MeXAY CeHCOp- 

H O ~  KOTYWKO~~  M K ~ T Y U I K O ~ ~  

~ 0 ~ B e f i e p 0 ,  3TO 3KBMBafleHTHO 

H ~ ~ M ~ M O  neyx n a p a n n e n b H o  

CBR3aHHblX M H ~ Y K T M B H O C T ~ ~ ,  

n03TOMy YMeHbWOeTCR O~UJCIR 

MHAYlCrMBHOCTb M YBeflMqMBaeT- 

CR ~OCTOTO K O J I ~ ~ ~ H M ~  reHe- 

p a T o p a .  

FILTERIENVELOPE 
DETECTOR 

s1 

Pnc. 1 



TO SECOND- 
ORDER LOWPASS 

I I I FIITFR 

TOKUM o6paso~, N R  HOXOmeHMR n o e p e x -  

AeHMR JleHTbl, 0 UlenOBOTenbHO, M KOTYUJKM, 

~ e o 6 x o n ~ ~ o  O ~ H O ~ V X M B O T ~  p a 3 n ~ r ~ b l e  'IO- 

CTOTbl, BblflOnHRR C(M A ~ M o ~ ~ ~ ~ R ~ H I o  HnH KOH- 

BeprupyR r a c r o T y  B HanpRxeHMe. 

ABTO p e w M n  3 ~ y  3 a n a r y  6onee nerKMM 

CflOCO 2 OM - C flOMOqbK3 ~ U ~ ~ T ~ O ~ U U  'IOCTO- 

Tbl reHepQTOp0 HH3KO'iOCTOTHblM C $ M ~ ~ T P O M .  
E c n ~  ' I a C T o ~ ~ b l f i  nMOnO30H reHepOTOp0 HO- 

XOnHTCR BHe nOnOCbl IlPOnYCKOHHR Hy 4Mnb- 

TpO, T o r n 0  er0 ' I O f f O T b l 6 v n y ~  fl0nOBneHbl M 

H a  BblXOne Hy 4 ~ n b ~ p 0  6yne~ AM curHan, 

~ o ~ o p b ~ f i  MOXHO nerKO neTeKTHPOBOTb, B b l n e  

nm or~6aloqylo cclrHana. 

Ha pW.2 nOKO3OH ~ ~ M ~ M 0 J l b H b l f i  HM3KO- 

' l O f f 0 ~ ~ b l f i  RC-C$M~~TP H a  3neMeHTOX R.5 M C2 
M neTeKTop oru6alo~eirl H a  ~ ~ ~ M ~ H T O X  Dl, 
R,, M C3. 

B~IXOAHO~ CMrHOn neTeKTOp0 or~6alouek 
COnepXMT flVnbCOqMU, KOTOPble VCTpCIHRIOT- 

C9 HM3KO'IOCTOTHblM C $ H ~ ~ T P O M  BTOPOrO no- 
p w a  (p~c.3)~ M nanee curHan n o c r y n a e T  H a  

KOMnapOTOp (p~c.4). P~~MCTOPOM R14 VCrCf- 

HOBnMBOloT flOpOr, K O T O P ~ I ~  AOnXeH 6blTb B 

cpen~efi TOrKe M e m V  nPOM3BeneHHblMH HO- 

IlPRXeHMRMM C ~ H e U l H e f i  K O T Y W K O ~ ~  M 6 8 3  

Heel C B ~ ~ O H H O ~ ~  C C ~ H C O P H O ~ ~  KOTYUJKO~~ L1. 

6pa~a TOKMM 06paso~, I(TO~H KOHAeHCOTOp 

C6 6 b l ~ ~ p 0  3 a p ~ x a n c ~  no MOKCMMOnbHOrO 

HOnpRXeHMR, KOrflO BO3ne C ~ H C O ~ H O ~ ~  KO- 

TyLLlKM nPOXOnMT l.@nOR KOTyLLlKO ~ 0 ~ ~ e f i e p -  
H0f i  neHTbl M 30TeM MeNeHHO pO3pRXOeTC9. 

~ O T ~ H ~ M O M ~ T ~ O M  R15 BblCTOBnRlOT nOpOr 

M R  KOM~OpOTOpO, flpM KOTOPOM CBeTMTCR 

CBeTOnMOn, KOrnO np0MCXOnMT flepMOAM'Ie- 

FROM 
LOWPASS 

c, 
1 nF 

FILTER/ + I I 

ENVELOPE 17 

DETECTOR 
Re 
35k 

&I' 
- & - - 

R, b - 0  To 
1 Ok COMPARATOR 

- - - - 
Pwc.3 

rn 



" ..... . "  ........ -.....-----...---...-.A .. . . ".- . - "- -- ".." . . 

FROM 
SECOND-ORDER "cc 
LOWPASS FILTER 

- - - - - - 
Pnc.4 

I 
1 
I 

CKOe O ~ H O ~ ~ X ~ H M ~  flBMXYqMXCR KOTyWeK XeHMR H a  nPRM0M BXOAe KOMnOpaTOpO, .IT0 

neHTt.1. flpu nomneHMM n o ~ p e ) l a e ~ ~ o f i  KO- npMBeneT K ero n e p e ~ n t o . ~ e ~ ~ o .  
TyWKM ;OCTOTO reHepOTOp0 YMeHbWMTCR, B TOKMM o b p a 3 0 ~ ,  0 3 0 H e  n0BpeXneHMR 

pe3yJlbTaTe HOnpRXeHMe H a  KOHfleHCOTOpe K O H B ~ ~ ~ H O ~  JlMHMM 6 y A e ~  CBMAeTeflbCTBO- 

C6 YnaAeT HMXe yCTOHOBneHHOf0 HOnpR- BaTb B b l ~ J l t 0 ~ 0 l o U J k ~ R  CBeTOAMOA. 

100 r ~ .  Ero BblXOnHble MM~yJIbCbl3anyCKaOT 

m y U M k  M Y J ~ ~ T M B M ~ P ~ T O P  IC2, nepMOfl KOTO- 

POrO MOXeT M3MeHRTbCR nOTeHUMOMeTPOM 

VR1 ( ~ M K o C T ~  B P e M R 3 a A a O ~ e T O  KOHAeHCCI- 

T o p a  C2 flOflXHa 6blTb 6onee 1 HQ)). 

Ha norMrecKMx 3 n e ~ e ~ ~ a x  M-HE MMKPO- 

CXeMbl IC3 (401 1 B) $OPMMPYIOTCR nOJlOXM- 

TeJlbHble CMrHanbl mR MOqHOrO TPaH3WCTO- 

pa MOn TR1 M OTpM~aTef lbHble - f l f l  TR2. 
C T ~ ~ H J ~ M T P O H ~ I  D l  M D2 O ~ ~ C ~ ~ ' ~ M B O I O T  30-  

UlMTY AflR TpaH3MCTOpOB, AMOn D3 M KOH- 

A e H c a r o p  C3 0 6 e c n e . 1 ~ s a o ~  M ~ O ~ R U M O  M e x -  

Ay  3aAOOUJMM y C T p o f i C T B 0 ~  M BblXOAHblM Ka- 

CKaAOM. 

T ~ ~ H C $ O ~ M O T O ~  T1 YCMJlMBOeT BXOAHOe 

HOnpRXeHMe ,QO 220 B nepeMeHHOr0 TOKO. 





A.C. 
allw - 

1 

Pblc.2 
P. .- 

OH c o 6 p o ~  HO 6 0 n b w o ~  

CTanbHOM Cepf le l lHMKe, 

nepBMrHaR O ~ M O T K ~  CO- 

flepXMT no 22 BMTKa np0- 
BOAa f lMaMeTpOM 2 MM, 

BTOPMrHaR - 500 BMTKOB 

IlpOBOnOM 0,8 1 MM. 

~ o T ~ H L V I O M ~ T ~  VR1 MO- 

X e T  MCnOflb30BaTbCR fln9 

M3MeHeHMR YPOBHR BblXOfl- 

HOrO HaflPRXeHMR B flMCI- 

naso~e OT 50 no 220 B. 
M 0 ~ H b l e  Moll TpaH3MC- 

TOPbl AOflXHbl 6 b 1 ~ b  yCTa- 

HOBJleHbl H a  PaflMaTOp, M 

r n a ~ ~ b ~ R  n e p e ~ n o r a ~ e n b  

S1 TOKXe f lOJlXeH 6 b 1 ~ b  

PaCCrMTaH H a  KOMMYTM- 

p0BaHMe 6 o n b u r ~ x  TOKOB. 

Ha PHCyHKt? nOKa3aHa MHnMKaTOpHaR 

CXeMa A. C M ~ U I O H C ~  (AH~~MR), KOTOPYO OH MC- 

nOnb3yeT B CBO& pa6o~e. 
Y C r p o k C T ~ 0  n O n K J l O r ~ O T  M e m y  CeTeBblM 

nMTaHMeM M IlClFlJlbHHKOM. C B ~ T O ~ ~ M O J J  D l  
CBeTMT, KOrna IlaRnbHMK no~pe6ne~  TOK, T.K. 

H a  pe3MCTOpe R1 naf laeT HeCKOJlbKO BOJlbT 

H C ~ ~ ~ R X ~ H M ~  M OrpaHMrMBaeT npRMOe Ha- 

npRxeHMe no 5,6 B. 
C HOMMHaJlaMM, YKa30HHblMM H a  CXeMe, 

MOlqHOf fb  HCIrPY3KH AOnyCTMMa B I lpeAenaX 

45 ... 60 BT. ApyrMX MOUHOCT~R H ~ O ~ X O -  D 1 

MAINS MAINS 
INPUT R l  22 OUTPUT 

0 2 - l V v I  - 

AMMO M3MeHHTb COnpOTMBneHHe pe3MCTOpa 

R1  c o r n a c H o  c $ o p ~ y n b ~  R1=1000/P [OM], 
rfle P - MOLlJHOCTb naRflbHMKa.  TO r0paHTM- 

P y e T  TOK OKOnO 15 MA l l e p e 3  CBeTOnMOfl, 

K o r n a  xeneso HarpeeaeTcR. 

&lR nORJlbHMKa MOuHOCTbO 45 BT HOMM- 

Hanbuasl MOUHOCT~ p e 3 ~ ~ ~ 0 p a  Rl=22 OM 
flOJlXHa COCTaBJlRTb 0,6 BT. 

M O ~ ~ H D C T ~  paCCeRHMR 3HePrMM H a  pe3M- 

CTOpe R1 OnMCblBaeTCR 4op~ynoR 

02 5V6 
400mW 

TO IRON 



rne P 1 

~ / I M ~ ~ T c R  MHOXeCTBO PQ3JlMqHblX MeTOflOB flOnY'ieHMR 

CMMMeTPMrHblX ~ C I f l p R x e ~ M f i  ( I ~ o ~ o x M T ~ ~ ~ H o ~ ~  M OTPMUO- 

T e n b ~ o f i  ~ o ~ R ~ H o c T M )  C T~OHC~OPMOTOPOM,  Y KOTOPO- 

r0 TOJlbKO OAHO BTOPMqHClR O~MOTKO.  r. C f l p M H r e p  (rep- 
MOHMFI) n p e n n a r a e T  csoe c x e M H o e  pewewe (CM. pncy- 
HOK). 

B CXeMe HCnOJlb3yeTCR B T O P O ~ ~  MOCTOBO~~ BbltlPRMMTenb 

H a  flMOflOX D l  ... D4, K O T 0 ~ b l f i  '4epe3 KOHfleHCOTOPbl C1 

M C2 MMeeT eMKOCrHYlo CBR3b 

C B T O P M ~ H O ~ ~  O ~ M O T K O ~ ~  

T ~ O H C $ O ~ M O T O ~ O .  T ~ K  KOK 

p e 3 y n b ~ ~ p y o q e e  sblnpRMneH- 

H o e  HOflpRXeHMe M30JlMpOBO- 

HO fl0 IlOCTORHHOMY TOKY OT 

T ~ O H C $ O ~ M O T O ~ O ,  C KOTOPblM 

CBR3OH ~ ~ 0 f l ~ b l G  M O C T O B O ~ ~  

BblnpRMMTeJlb D5 ... D8, nOJl0- 

XMTeJ lb~b l f i  BblBOfl KOHfleHCO- 

T O P 0  C3 MOXeT 6blTb COenM- 

HeH HeflOCpenCTBeHHO C HyJle- 

BOG UJMHO~ PJlR CO3flOHMR 3 e p -  

KOJlbHOrO HOflPRXeHMR. 

TOK KOK KOHneHCOTOpbl C1 
M C2 y a e n ~ r ~ s a l o ~  o6u~R MM- 

fleflOHC UeflM, KOHfleHCaTOp C3 
flOJlXeH MMeTb 6onee BblCOKYlo 

eMKOCTb, W M  C4, MHOlle HO- 

npRxeHMe n y n b c a q ~ f i  OTPMUCI- 

TenbHOrO HOflpRXeHMR 6 y n e ~  
3HCI'iMTenbHO OTnH'iCITbCR OT 

er0 ~ o ~ o x M T ~ J ~ ~ H o I ?  KORMH. 

Pa6owe HOflpRXeHMR KOH- 

fleHCOTOpOB AOnXHbl, fl0 ~ ~ 0 6 -  
~ e k  Mepe, PCIBHRTbCR IlMKOBOMY 

3HOWHMK) TPOHC$OPMOTOPHO- 

r0 HOflpRXeHMR. C HOMMHOnO- 

MU, YKO3OHHblMM HO CXeMe, 

06ecnerusae~c~ TOK O,1 A PJlR 

T ~ C I H C ~ O ~ M C I T O ~ H O ~ O  ~ 0 f l p R -  

XeHMR 15 B npM HOflpRXeHMM 

f l y n b c a ~ ~ f i  OKOnO 1 B. 






