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KOP~KTOPH K O ~ $ ~ ~ ~ € H T Q  ~OTYXHOCT~ &IT'~MK Y M O ~ ~ O ~ O ~ O ~ M T H M X  efleKTpOHHMX npM- 

International Rectif~er npencTaanRE c i ~ e i -  CTPORX i onapa~ypi. 
CTBO I R 1 1 5~ K O ~ ~ K T O P ~ B  K O ~ + ~ ~ ~ E H T O  n O T F -  n p M  UbOMY IRS-B2 1 OSTO 1 -R1 TCIKOX E WM- 

HOCT~ (PFC) ~ J - I R  t u n p o K o r o  K o n a  AC-DC npM- HMM HO PMHKY n i p o e n e ~ ~ p ~ q ~ ~ ~  i ~ + p a q e p e o -  

CTPOIB. HMM flOTCIMKOM, nPMnOTHMM OflR nOBepXHeB0- 

Moxn~ei  3OCTOCYBO HHR: B M C B ~ T ~ ~ ~ H H R ,  r0 MOHTOXY. B ~ H  XOPCIKTePM3YETbCR BMCOKOO 

iMnyJlbCHi A x e p e n 0  XMBneHHR (SMPS) LCD / ryTJl!4BiCTO, BHCOKMM B ~ ~ H O L U ~ H H R M  CMr- 

PDP TefleEii30piB i i rp0Bclx  K O H C O ~ ~ ~ ,  BeHTH- HoJ~/WYM, L(YnOBOt0 CT~I?K~CTO A 0  3MiH TeM- 

n q ~ o p i e ,  ~ o ~ a ~ u i o ~ e p i e  i A x e p e n  6eane- n e p a T y p u  i P~BHFI ocsi~ne~ocri, a TOKOX nin~w- 
peb i i~oro  XMBneHHR 300 BT n O  8 KBT. UeHOK)  ~oBo/JocT~~K~CTK).  

C ~ ~ e i c r e o  IR115x, B M K O ~ M C T O B ~ E  TeXHO- ~CITI(MKM cepi'i IRS-B210ST01 -R1 n i n x o n ~ ~ b  

norio One Cycle Control (OCC), n p o n o H y E  a n 9  BMKOPMCTOHHR B o x o p o ~ ~ i i  anapa~ypi i 
B H C O K M ~  K O ~ $ ~ ~ ~ E H T  ~OTYXHOCT~ (PF), HM3b- nPMCTPORX P O ~ ~ ~ ~ H O B O H H R  H O ~ ~ M X ~ H H F I ,  

KME K O ~ $ ~ U ~ E H T  ~ O P M O H ~ ~ H M X  CnOTBOPeHb O C K ~ ~ ~ K M  BOHM aeTelCn/OTb ~ H + P O ' ~ ~ P B O H ~  EM- 

(THD) i BiplvliHHe p e ~ f l l o B O H H R  WMHM ~ o C T ~ ~ ~ H O -  ~ P O M ~ H I O B O H H F I  H a  AOBXMHOX XBMJlb, BM- 

r 0  CTPYMY n p M  OflHO'-!OCHOMy C K O ~ O ~ ~ H H ~  ~ ~ O M ~ H O B O H M X  flO,QCbKMM T ~ ~ O M .  Mani 
K ~ ~ ~ K O C T ~  K O M ~ ~ O H ~ H T ~ B ,  nJl0qi A ~ ~ K O B O H O ~  ~ 0 3 M i p M  KOPflYCO ,403BOflROTb 3OCTOCOBYBCI- 

flnOTM i q a c y  ~ 0 3 ~ 0 6 ~ ~  B ~ O P ~ B H R H H ~  3 TpO- TM QI ACIT'iMKM B noby-roeik e n e K T p 0 H i ~ i .  3 Or- 

~ ~ M I J ~ ~ ~ H M M M  P~LU~HHRMM. MIKPOCX~MM npM3HO- nRny H a  3POCTCIHHR nOnVlTY H a  e ~ e p r o 3 6 e p i r a -  

.;ecii m R  P O ~ O T M  B ~ ~ ~ Y ~ ~ M H H O M Y  pexMMi  BOOS~ or i fl pnc~poi, O'-~~KYET~CFI BMKOPHCTOHHR UbO- 

PFC IlepeTBOpOBUqO, BKnOraIOrM ~ O T O ~ H M I ?  TO AOT'IMKO B ~ O ~ ~ T O B M X  npMflOflaX (HClnpM- 

KOHTpOnb B X ~ ~ ~ H O ~ O  CTPYMY 8 ,Qi0tl030Hi HOnpyr  KnOn, C B ~ T M ~ ~ ~ H M K O X )  nJ-IR i'XHbOr0 OBTOMOTMq- 

85-264 B. ~ o r o  B ~ A W I I O ~ ~ H H F I  n i ~  rcac eincy-r~ocri no6nu- 
H o e e  CiMeiCTBO lC pPFC" n p o n o H y c  nepe- 3 y  nonei. 

n 0 B i  CMCTeMM BMMKOHHR i ~ Q X M C H ~  $YHKU~:, ~ P M C T P ~ ~ ~  MClE ABO eJleKTPOAM P O ~ M ~ ~ ~ M M  

e~norcaor~ aax~cr  e i ~  n e p e H a n p y r w ,  o 6 ~ e -  0,85 x 1,2 MM i3 KVOMM o r n g n y  +70° (no ro- 
xeHHR i ~ n y n b c ~ o r a  CTPYMY, VCC UVLO, npo- p m o ~ ~ a n i )  i 550" (no s e p ~ ~ ~ a n i ) .  ,4ianaao~ 
rpOMyBOHHR nJlOBHOr0 IlyCKy. Y P ~ X M M ~  30ny- P O ~ O ~ M X  TeMnepOTyp  nCYTrMKa - sin -40 no 
CKY/CHY (startup/sleep-mode) n p M n a A  cno- +70 "C, a n i a n a 3 0 ~  H a n p y r  xneneHHR - sin 2 
XMBOE M i H i ~ a n b H y  KiJlbKicTb e~epr i i ,  40  A 0  15 B. 
einnosinae s n M o r a M  Energy Star, Green ~ ~ C T O C ~ B ~ H H R :  

Power i Blue Angel. - e H e p r 0 3 6 e p e ~ e H H R  B no6yroeii ene~-  
IR1155S nponotlyc nporpa~osa~i r a c r o T w  '~po~iu i ;  

nepeKJlOqeHHR B ~ A  48 00 200 K ~ U  H a  OCHOB~ - O X O ~ O H H ~  CMCTeMM; 

KOHKPeTHMX BMMOr ~ P H C T P O ~ B .  IR1152S i - ~ C ~ i ~ ~ l o B ~ f l b ~ i  npMflOaM; 

IR1 153s npOi lOHyOTb $~KCOBOH~ qOCTOTH KO- - BMRBfleHHR ~ P M C ~ T H O C T ~  JltOnMHM. 

~y-rauii 66 i 22,2 ~ r u  sinnosin~o. Ll,i npncrpoi 
CYM~CH~ 3 Ultrafa~t i Warp lGBT T ~ o H ~ M C T O ~ O -  M ~ H ~ ~ T I O P H H ~ ~  1200V CHJl0BHfi 
MM AflR CMCTeM ~ o T ~ x H ~ C T O  B M q e  750 BT i L(0- MOflynb IPM 
CTOTOO nepeMMKOHHR A 0  100 Krl(. HOBMI? ~ H T ~ ~ ~ K T ~ C J ~ ~ ~ H M I ?  C M ~ O B M ~  MOnyf lb  

(IPM) MiniSKii KOM~OH~~SEMIKRON B~~CIHOB~OE 

H ~ ~ K O M ~ ~ K T H ~ ~ U H ~  H O B M ~  CTOHAOPT q i n b ~ o c r i  CTPYMYJIJIR M~H~~TIOP- 

n i p o e n e ~ ~ p ~ q ~ u i i  i ~ $ p a r e p e o ~ ~ i i  HMX IPM 3 p06oq00 ~anpyroo 1200 B. npu 
CIaTwK ~ a c i  55 r i nnoui 49 C M ~ ,  ue i  ~ o ~ y n b  n e r w ~ i  i 
HoeiTHR B e ~ c i R  n i ~ ~ e f l e K ~ ~ M r c n ~ r ~  in$~a-  K O M ~ O K T H ~ L L I M ~  6 y f l b - ~ ~ o r o  KOMnOHeHTO OHO- 

'iepBOHOr0 nOT'4MKO K O M ~ O H ~ ~ '  Murata M a €  n o r i q ~ o r o  macy noqg(~omi, Aocn/nHoro H a  

p e K o p A H o  Mani P O ~ M ~ P M  - BCbOrO 5,0 x4,7 PMHW. I H H O B ~ ~ ~ ~ H O  ~ e x ~ o n o r i s l 3 6 0 p ~ ~  MiniSKii 
x2,4 MM, q0 AO3BOnRE BMKOPMflOBYBaTM ueA 306e3ne1(y€ o ~ ~ T M M o J ' I ~ H ~  XOpaKTepMCTMKM ne- 
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* Ucc I 

vcc 

GNO 

SCL 

INTERFACE 

EEPROM 
16 BYTES 
(ODh-OFh) , 

EEPROM 

F8h RES 0 
2.54W1 

F9h 

FAh 

H O ~  CBR3bO. flnR no- 
nyIreHMR CTOHflClpTHO- 

r0 BblXOflHOrO HOflpR- 

XeHMR H ~ O ~ X O ~ ~ M M O ,  

C I T O ~ ~ I  H a  B ~ I B O A  FB 
f l O ~ O B ~ n O C b  HOf lpR-  

meHMe 1,25 B. B cny- 
Irae, ecnM t i a n p g m e -  

H u e  0 6 p a ~ ~ o i i  CBR3M 

HHXe 1,25 B, DC-DC- 
n p e o 6 p a 3 0 e a ~ e n b  

f l o6asn~e~  H a n p g m e -  

HMe H a  BblXOAe, VTO- 

6 b 1  H a  BblBOfle FB 
0 6 e c n e ~ u ~ a n o c b  Ha -  

f l p R X e H M e  1,25 8. 
Ypae~e~ue ,  csslsblea- 

OUee HOflpRXeHMR M 

COl l pOT~B l l eHUf l ,  Bbl- 

rnRflMT TOK: 

Vout =Vref(Rl/R2+ 
+ 11, 

r l e  Vref - H a n p g x e -  

H u e  H a  sbleofle FB. 
ECT~  HeCKOnbKO CnO- 

C O ~ O B  BBeCTM UWC$PO- 
B O ~  f lOTeHQMOMeTp 

DS3906 B cxeMy puc. 1. 
P a c c ~ o ~ p u ~  w a q a n e  

~o~+nrypauuto Aenu-  



MKP,9CXEMMJ,KOM,l~OHEH,T 
TenR HOnpRXeHMR, nOKO3OH- r 0 T  

HYO H a  PHC.~ ,  B KOTOPO~ MHKPOCXeMbl BXOAHT 3HePrOHe30BMCUMOR nOMRTb, B KOTOPO~~ COXpO- 

L(M+POBO~~ nOTeHUMOMeTp HROTCR YCTOHOBKM C O ~ P O T M B ~ ~ H M ~  pe3MCTOPOB. ~ O ~ T O M ~  nOCne 

DS3906 HO yCTOHOBnMB0- BKnOreHMR BOCCTOHOBnMBOOTCR YCTOHOBneHHble POHee COflpOTMB- 

eTCR nOCnenOBOTenbH0 C neHMR pe3HCTOpOB. K p o ~ e  TOrO, B COCTOB MMKpOCXeMbl BXORMT fl0- 

P ~ ~ M C T O P O M  R2 ~ e n ~ ~ e n ~  c n e n o s a ~ e n b ~ b ~ i  ~ ~ ~ e p + e k c  PC, repes ~ o ~ o p b ~ f i  MOXHO n p o M 3 ~ 0 -  
HanpRxeHMR. n O c K O n b K ~  AMTb YCTOHOBKY C O ~ ~ O T M B ~ ~ H M ~ ~  pe3MCTOpOB. HO pblc.4 flOKO3OHO 
Vref = j25 Bt To BblxOnHOe BHyTPeHHRR CTPYKTYPO MMKPOCXeMbl DS3906. OHO BblnyCKOeTCR B 10- 
HanpRXeHMe 32 n°CTMra- BblBOAHOM KOpflyCe mSOP-10. H a n p n m e ~ M e  nMTOHMR MHKPOCXeMbl OT 
~ T C R  ~ P M  Y ~ ~ H O B K ~  UM+- 2,7 no 5,5 B ( n p e n e n b ~ o  n o n y c r M M o e  6 B). 
POBOrO nOTeHUMOMeTp0 B 

c p e n H e e  nonoXeHMe (no31-  K p a ~ ~ u e  ceenetiug o ce~eiicree MUKPOCXeM 
UWR 20h). n p ~   TOM DS3906 MAX5025 - MAX5028 
Mcnonb3YeTcq c BHeuHMM M M K ~ O C X ~ M ~ I  npencTosnRoT  co6ok D C - D C - n p e o 6 p a 3 o e a ~ e n ~  
pe31f lopoM Rext M R  noebl-  co cneAyouMMM OCO~~HHOCTRMM: 
UleHMR ~ M H ~ ~ ~ H o C T W .  MAX5025 - BXOnHOe HOflpRXeHMe OT 4,s 10 1 1 B, BbIXOnHOe HO- 

06uaR cxeMa n°Ka3aHa IlPRXeHMe MOXeT B ~ I ~ M ~ O T ~ C R  nOnb30BOTeneM C nOMOUbO pe3MCTO- 
Ha pucB3. B ~ e u ~ u R  pesMc- PO6 B UenM 06pa~~o f i  CBR3M A 0  36 B; 
T o p  Rext pOBeH 270 OM 1.1 B 

n O p e  C ~ M C $ P O B ~ I M  flOTeH- 

UMOMeTPOM 0 6 p o 3 y e ~  CO- 

npoTMsneHue n o p n n K o  200 
OM. flpennonomw~, r ~ o  R1 
= 9,8 KOM ( C I T O ~ ~ I  CyMMO 

6b1no pas~ok 10 KOM). Tor- 
no nnn nonyreHMrr B ~ I X O ~ H O -  

r0  HOnpRXeHMR 32 B 
POCCClUTOHHOR BenM'IMHO 

conpoTMsneHm R1 AonmHa 

POBHRTbCR 246 KOM. B TO- 

~ o f i  cxeMe  n o n H o e  ~ a ~ e ~ e -  
HMe COnpOTHBneHHR UM+PO- 
BOrO flOTeHUMOMeTp0 no 64 
CTyneHRM nOCT M3MeHeHMe 

BblXOAHOrO HOnpRXeHMR OT 

31,92 no 32,09 B c w a r o M  

0,025 B. 

K ~ ~ T K H ~  cBenenun o 
MUKpOCXeMe DS3906 

M c l ~ p o c x e ~ a  DS3906 
npenc roanneT  co6ofi c6op- 
KY 143 T p e x  p e s ~ ~ ~ o p o e ,  yn- 
POBnReMblX UM+POB~IM KO- 

AOM. P ~ ~ M C T O P ~ I  CpOBHU- 

TenbHO HU3KOOMHble (a60 00 
2540 OM, OAMH no 1450 
a). klx conpo-rMsneHMe ~ 3 -  

MeHReTCR 64 UOrOMM no no- 
rap~+~urec~oR LuKane. b~ 
nonyreHMR n M ~ e k ~ 0 k  w K a -  

n M  ~eo6xonn~o  n o n K n o -  

- 
ULVO OSCILLATOR ,$,!,!!!h 

m 4 

CONTROL 
LOGIC 

U 6  

COMPARATOR a+ 

5 Vcc 

PGNO 1 

- - 

- - 



n a p a ~ e ~ p  
Hanp~xe~ue  IlHTaHHR VCC, B 
HanpRxeHne wwy ebleona~n 3e~n1.1 GND u PGND, B 
Hanpnxe~ne wwy ebleonaMu FB n GNDbn MAX5025 n MAX5026), B 
Hanpnme~ue Mewy ebleonaMu FB n GND (nn~ MAX5027 n MAX5028), B 
Hanp~xe~ue ~ e w y  B ~ I B O A ~ M H  SHDN n GND, B 
Hanpnme~ne  my BblBO,4aMH U: H GND, B 
MaKc~~anbHblfi TOK no BblB0,Qy U(, d 
b ~ 1 n a 3 o ~  pa6ornx ~e~nepa~yp ,  "C 

3~aqe~ne 

OT -0,3 80 + 1 2 
OT -0,l no +0,1 
OT -0,3 no Vcc+0,3. 

OT -0,3 no +40 
OT -0,3 no Vcc+0,3 
OT -0,3 AO ,045 

600 
OT -40 no +85 

Ta6nuua 2 

4 

COX SOT-23 C 6 BblBOnaMH. 

~ ~ H K L ( H o H ~ ~ ~ H ~ R  CXeMa flOKa30Ha Ha pblc.5. 
OCHOBO~~ MMKpOCXeMbl RBnReTCA W klM-lto~~pon- 

nep. B ero cocrae BXO~RT: OCHOBHO~ LUklM-KOM- 
napaTop, B KOTOPOM HanpRmeHcle 06pa~~o f i  

Bbleon~ 

5 

6 

CBR3H CPaBHMBaeTCR C OnOPHblM, yflpaBJlROUClR 

norwlta, reHepaTop cMrHana 500 KTU. Bblxon~M- 

0 6 0 3 ~ ~ 1 -  

qeHne 

PGND 

GND 

FB 

FB 

MAX5025, 
MAX5026 

1 

2 

3 

4 

OYHKUHR 

Cnnoean se~na. non~nlovae~cn HenocpencTseHHo K 

3e~nn~oR lUHHe MHKpOCXeMbl. 

3e~nn .  nonlcnlorae~ca HenocpencTeeHHo K 3e~nRHoR LunHe 

MKPOCXeMbl. 

06pm~an CBRJL. Onop~oe HanpnmeHne npnMpHo 1,25 B. 
K a ~ o ~ y  aMeony nonKnloraloT ~ ~ ~ H C T H B H U ~ ~  #en uwTenb 

HanpaxeHua. 

0 6 p a ~ ~ c m  CBR3b. ~ P H  nOfiKJl13qeHHH K BUXOAHOMy 

HanpRXeHHlo 3TOrO KOHTClKTa BWllOWleTCR B H V ~ ~ H H H ~ ~  

~ ~ ~ H C T H B H M ~  AennTenb HanprxeHnn. 

MAX5027, 
MAX5028 

1 

2 

3 

5 

6 

SHDN 
- fl0~KJlloqeH~e 3TOrO BblBOACI K HCTO'lHHKY nHTQHHIl BWIDrlaeT 

MnKpocxeMy, non~nlore~ue K 3e~ne ee s~lcnloqae~. 

Vcc 

' 
Hanp~me~ne nnTaHun. 
CTOK BHVpeHHerO cnnoeoro MOfl T~OH~HCTOPO C pa60vn~ 
~ a n p a ~ e ~ u e ~ 4 O  B. 



L/ l3MepM~enb C O ~ ~ ~ O T M B ~ ~ H M ~ ~  C OBTOMO- 

TMqeCKMM B ~ I ~ O P O M  AMOn030HOB M3Mepe- 

HMfi M3TOTOBMJl 1/1. CTpOLLJMn (YexMR). n p M -  

60p 6 y ~ e ~  O C O ~ ~ H H O  nOJle3HblM n p M  onpe- 
AeJleHMM HOMMHOJIOB pe3MCTOpOB B 6 o n b -  

UJMX KOnMqeCTBOX. ABTOMOTMC~~CKM~~ ~ b 1 6 0 p  

,QMOnO30HOB OMMeTpO 3H0'4MTenbHO 3KOHO- 

MMT BpeMR n p M  COpTMpOBKe 3JleKTPOHHblX 

KOMnneKTyOUMX. 

COeAMHROT K KOnO.QKe HEADER-1 x l o ,  B ~ I -  

BOA '+" K KOHTOKTY 7,O BblB0A"-" K KOHTOK- 

TY 8 (CM. PHC.~). TeCTMpyeMblk pe3MCTOp 

n O f l K n O ~ O O T  K KOHTQKTOM 9 M 1 0. 
C X ~ M O  M3MepMTenR C O ~ ~ O T M B J ~ ~ H M ~ ~  no- 

K030HO H a  pHc.2. CO~CTB~HHO OMMeTP no- 
CTpOeH H a  OAHOM OllepO4MOHHOM YCMnMTe- 

ne MMKPOCXeMbl U 1 (U 1.1 ), KOTOpU5l COAep- 

XMT ~ 3 M e ~ M ~ e f l b H b l f i  Pe3MCTOP B UenM 06po-r- 
HOG CBR3M no HOnpRXeHM0. TUKMM 0 6 ~ 0 3 0 ~  

YCMJleHHOe HOnpRXeHMe nOnOeTCR H a  HeMH- 

B e p ~ M p y ~ ~ k l E  BXOn OY, YpOBeHb HOnpRXe- 

HMR OnMCblBUeTCR + O P M Y ~ O ~  

U = Uref (1 + R, . I RJ, 

K o n ~ q e c ~ s o  nMOnO3OHOB M3MepeHMi( 4 - HOnpRXeHMe H a  flPRMOM BXOfle 

(BO~MOXHO PUCLuMpeHMe A 0  10). n 0 ~ 0 3 0 -  OY/ R x -  cOnpOTMBneHMe TeCTMpyeMOrO p e -  

HMR ~ 3 M e p e H ~ f i  CqMTbIBO0TCfl C n O M O U b 0  s~cropa, Rr - p e a ~ c ~ o p  (R6 ... R9), OnpenenR- 

BHeLLJHerO np~6op0, MOXHO MCnOnb30BOTb O U M ~  AMano30H. 

crpenOrHblfi HnH u ~ + p o ~ o f i  oMnepMeTp co 
C n e n o s a r e n a ~ o ,  e e n l r w H a  M3MepReMoro 

luKonO fi ' O0 Luynbl OMnePMeTPa nOn- C0npOTMBJleHMR6yfle~ COOTB~TCTBOBOT~ p 0 3 -  

HOCTM ~ O n p ~ x e H ~ f i  U - U,,f. 1 / 1 3 ~ e p M ~ e J l b -  

H ~ I R  np~60p nOACOeAMHReTCR q e p e 3  pe3MC- 

TOP R5 M e X A y  BblXOAOM M nP5lMblM OY. 
ABTOMOTMV~CKM~ 8 b 1 6 0 ~  flMOnO30HCI Bbl- 

flOnHReTCR C n O M O U b 0  AeCRTM'4HOfO CWT- 

clMK0 U3, KOTOP~IR p060~0e~  no COKpOUeH- 

HOMY 4MKflY OT 0 n O  3. ~ P M  3TOM nOOqepeA- 

HO BWIO~OOTCR pene RE1 ... RE4, OTBe'i00- 

U M e  3 0  8b160p ~ ~ 0 ~ 0 3 0 ~ 0  ~ 3 M e p e H M k  ( ~ M c -  
no nMOn03OHOB MOXHO YBenMrMTb 3 0  CYeT 

~ 0 6 a s n e ~ ~ n  HOB~IX pene). 
TOKTOBOR rOCTOT0 OKOnO 7 rut onpene- 

JReTCR reHepOTOpOM, K 0 ~ 0 p b l f i  C O ~ P Q H  H a  

MMKpOCXeMe U2. 
A B T O M ~ T ~ ~ C K O ~  on penenewe ananaso- 

H a  npOMCXOAMT C nOMOUbK)  ~ ~ M f l M ~ e n e k  

U 1.2, U 1.3 M AMOAOB D2, D3. U e n b  +OPMM- 

PyeT J ~ O ~ M ' - I ~ C K ! ~ ~  HOnb W R  BTOpOrO BXOnO 

C'4eT'iMKO U3, KOTOP~IR n03BOnReT p 0 6 0 ~ 0 ~ b  





SXFN0rnU 
CCleTqMKY. ~ O A C T P O ~ ~ H ~ I M  Pe3MCTOPOM R3 OMT 3 0  npe,QeJlbl flMan030H0, a TOKXe npM OT- 

yc raHasnMBatoT s e p x ~ ~ f i  npenen n~anaso- C~TCTBMM TecrMpyeMoro  pes~cropa MnM BHY- 

Ha, a nOnCTpOeClHblM pe3MCTOpOM R2 - HM- TpeHHeM 0 6 p b l ~ e  B HeM. 

X H M ~  P ~ ~ M C T O P ~ I  R6 - R9, KOTOpble onpenen~~o~ 
T ~ ~ H ~ M C T O P  T1 ~ ~ O K M P Y ~ T  CqeTqMK, eCnM AMana30H M 3 ~ e p e H M f i ,  AOnXHbl MMeTb p 0 3 -  

B e n M w H a  c o n p o ~ ~ ~ n e ~ ~ ~  pes~cropa B~IXO- 6poc n a p a M e T p o s  H e  6onee 0,1%. 

B e n o c ~ n g ~ b l f i  CnMnOMeTp C UMC$POB~IM ~ ( 3 6 ~ 7 0 ~  M3- 

r0TOBMn n. U O H ~  ( K ~ ~ a f i ) .  B KareCTBe nOT'-lMKa CKOPOCTM 

PHC. 1 ~ O K O ~ C I H O  pacnonoxe- 
HMe rePKOHO8 M MOrHMTOB HO 

BenocMnene.  

Ha pblc.2 nOK03OHU 3neKT- 

pM'4eCKOR CXeMO M3MepMTenR 

CKOPOCTM. 

I/1Mnynbcbl OT repKOHOB B Te- 

r e w e  o n p e n e n e H H o r o  o~pes- 
KO BpeMeHM nOCrYnaK3T H a  CWT- 

r(MK, B ~ I ~ O ~ H ~ H H ~ I ~  HO I/1C 
CD4020 (IC1, IC2). 3 ~ o  MMKPO- 

CXeMO CLieT'iMKO CO BCTPOeHHblM 

~ ~ W M @ ~ ~ T O ~ O M  C BblXOnOM HO 

C ~ M M C ~ ~ M ~ H T H ~ I ~  MHnMKCITOP. B 
3TOT MOMeHT BpeMeHM C'ieTqMK 

~ ~ O K M ~ Y ~ T C R ,  a pe3yJlbTOT C W -  

T a  neKOAMpyeTCR M o~o6paxa- 
eTcR HO nucnnee. 

3 n e M e H ~ b l  JlOrMKM N3 M N4 
Cf lyXaTmR YCTpaHeHMsl npe6es- 
r0 KOHTOKTOB OT rePKOHOBblX Bbl- 

~ n o w ~ e n e k  S l  a M S l  b, n o K a  

CreTHble MMnynbCbl nOCTyllOOT 

H a  1/1C IC2 q e p e 3  3neMeHT N7. 
n e p ~ o n  ~ 3 ~ e p e ~ ~ r r  onpene- 
JlAeTCR CX~MO?,  ~ O C T ~ O ~ H H O ~ ~  

HO 3 n e ~ e ~ ~ a x  norMKM N5, N ~ , M  
MOXeT 6 b l ~ b  M3MeHeH nOTeHUM- 

OMeTPOM P 1 . 
B ~ ~ M ' ~ M H O  BpeMeHM 3 a p R n a  

K O H ~ e H C a T O p a  C1 flOCTOTO'i- 

Ha, nnR T o r 0  q ~ 0 6 b 1  CqeTqMKM 

0 6 H y n M n M ~ b  'iepe3 3neMeHT N 1 
nepen HOBblM 3anYCKOM UMKJlCI 

CqeTo. 

~ J I ~ M ~ H T  JlOrMKM N2 n p e n o T -  

BpOUeT HallOJlO UMKJla C W T a  no 



B B M ~ ~  BblCOKOrO no~pe6n~e~oro TOKO LED pew. f l 0 3 ~ 0 ~ y  UBTOp npMMeHMJl KHOnKY S2, 
DMCnJleeM, npkl 6 a ~ a p e i i ~ o ~  nMT0HMM He- HOXOTMe KOTOPO~~ nPMBOnMT K nOflOW nMT0- 

npepblBHOe CclMTblBUHHe nOKU3OHMsl CKOPO- HMsl M O T O ~ P U X ~ H M R  HO DMCnnee I ~ o K u ~ ~ H M ~ ~  

CTM npHBefleT K ~ ~ I C T P O M Y  M C T O ~ e H M D  60~0- CKOPOCTM e3Abl. 



B. Bynsapn (CILIA) p a 3 p a 6 o ~ a n  npocrylo 
CXeMy (PHC. 1) H a  CW?TBepeHHOM OnTOM30nR- 

Tope, KOTOP~IG 8 m l o q e H  B myxnonyneplon- 
~ b l 2  MOCT (C ~ H ~ J ~ o ~ o B ~ I M  YMHOX~HM~M).   OH^ 
M3MePReT M Bbl'4MCJlReT BUTTbl no~pe6n~e-  
MOG MOUHOCTM n e p e M e H H o r o  TOKO M MrHo- 

PMpyeT nlo6ylo PeOKTMBHYtO COCTOBJlRKlUYK) 

B HOrPY3Ke. 

C ~ e ~ o f l ~ o n b l  OnTOM30nRTOp0, BKJlO'ieH- 

Hble B MOCTOBYlO CXeMY, nono6~o n lo6o~y 
ApyrOMy yCTp0kCTBy C flOJly~pOBOAHMKOBblM 

nepeXOflOM, MMeloT flMHOMMCleCKYlo npOBO- 

AMMOCTb, KOTOPOR nPRMO flpOflOpUMOHOJlb- 

H a  TOKY: n p M 6 J l ~ 3 M ~ e n b ~ 0  19 MMJlJlMCMMeHC 

H a  O M n e p  npM 25°C. H O ~ ~ R X ~ H M ~  JlMHMM M 

n p ~ n ~ p ~ M ~ ~ O J l b ~ b l ! ?  TOK HOrPY3KM M3MeHR- 

loT HOnPFlXeHMe HO MeAHOM UYHTe COnpO- 

TMBJleHMeM 0,001 OM, MOAYJlMPYR TOK, np0- 
T ~ K O O ~ M G  rep133 flMOflbl. T e ~ n e p O T y p ~ b l f i  

K O ~ + $ M U M ~ H T  MeQM 0 6 e c n e ~ ~ a e ~  KOMneH- 

COUMD ( I ~ ~ M ~ J ~ M ~ M T ~ J ~ ~ H O  0,4 %/"C) TeMne- 

p o ~ y p ~ o i  3OBMCMMOCTM nPOBOflMMOCTM CBe- 

TOAMOAU. 

C X ~ M O  M3MepaeT H e  TOnbKO BOTTbl, HO M 

BOnbT*OMnepbl ,  l lTO AeJlOeT BOBMOXHbIM 

OUeHMBOHMe K O ~ $ ~ M U M ~ H T O  MOUHOCTM - 

HOT 

OUT 
1 v 

OOW 

- - -15v 



Ban-, pa3nene~~blG Ha B O ~ ~ T - ~ M -  
nep. n p a s a ~  r a m  CXeMbl Ha 
p~c.2 - nonyaonHosaR sepcm ae -  
Mbl PMC. 1. B nesofi L(aUM nPMMeHeH 
dc-BblnpR~~~enb n0Cne nOnyBOnH0- 
BOrO MOCTa. f l o ~ b l l ~ l e ~ ~ e  HUrpy3Or- 
Horo ToKa, npo~e~atouero qepe3 
D4, ab~sb~eae~ yaenMreHwe HanpRxe- 
HMR Ha Konnenope Q4. OY A2 ycw- 
nMsaeT   TO HanpslxeHMe c nocne- 
AYOuMM BblnPRMfleHMeM Ha TPaH3h- 
crope Q8, obecner~ean Ha sblxone 
ycrpoficrsa aHanorosoe Hanpnxe- 
we, KoTopoe nponopuMoHanbHo 
B o J ~ ~ T * ~ M ~ ~ ~ H o I ?  Harpy3Ke. 

C n p a s ~ a  
K O ~ ~ ~ U ~ U ~ H T M O ~ H O C ~ M  - 6e3- 

p o 3 ~ e p ~ o g  q 5 ~ 3 ~ v e c ~ o g  senww- 
HO, f l s n m u o g c f f  3 ~ e p r e r ~ r e c ~ o i  

X O ~ O K T ~ ~ L I ~ ~ M K O ~  3neKTpM'ieCKO- 

r0 TOKO. KO~&MUM~HT MOLL(HOCTM 

XOpUKTepM3yeT ~ P M ~ M H M K  3JleKT- 

P O ~ H ~ P ~ M M  n e p e M e H H o r o  TOKO, a 
MMeHHO - CTeneHb ~ M H ~ ~ ? H O C T U  HO- 

TPY3KM. P06eH OTHOLUeHMlO norpe6- 
J l g e ~ O f i  ~ J ~ ~ K T P O ~ P M ~ M H M K O M  OK- 

T M ~ H O ~ ~  MOUHOCTM K l l 0 J l H 0 ~  MOLL(- 

HOCTN. AAKTMBHU~ MOUHOCTb POC- 

x o n y e r c g  HO c o B e p u e H M e  p a 6 o -  

Tbl. f l0nHUff  MOLL(HOCT~ - reOMeTpM- 

r e c K a g  C ~ M M U  O K T M B H O ~  M 

~ ~ O K T M ~ H O ~  M O ~ H O C E ~  (6 U lyYUe 

CMHYCOMflOJlbHblX TOKU M HOflpAXe- 

H M ~ ) .  B 0 6 4 e ~  cnyvae nontiya 
MOLL(HOCT6 MOXHO OllpeneJlMTb KUK 

n p 0 ~ 3 s e n e ~ ~ e , q e b ? m y ~ w x  (cpen- 
H~KBOAPOTMY~CKMX) ~ H O Y ~ H N ~  TOKO 

M HUnPffXeHMII 6 4enM. n0JlHUff  

MOLL(H0CTb POEHO KOPHlO KEOflpOT- 

HOMY M3 CYMMM KBOApUTOB OKTMB- 

HOG M H~OKTMBHO~? M O ~ H O C T ~ ~ ? .  8 
K o v e c r s e  ~ , ~ M H M L ( ~ I  ~ 3 ~ e p e ~ m  non- 
H O ~  MOUHOCTM IlPNHffTO MCnOnb- 

3060rb 6 o n b r  a M n e p  (BOA) 6 M e c r o  

6 U T O  (BT). 
B L ~ K M ~ ~ A M F ~  



,&lR flMTQHMFl CBeTOAMOAO OT eAMHOBeHH0- 

r0 3neMeHTO IlMTClHMR HOflPRXeHMeM 1,s B B 

6 0 n b w ~ ~ c r s e  Cny'iOeB flPMMeHRloT r e H e p 0 -  

TOPHYlo CXeMy. P a g ~ o n o 6 ~ ~ e n b  M3 I/IHAMM 
T. 6a6y p a 3 p a 6 o ~ a n  CXeMy flMTOHMR CBeTO- 

AMOnO C MCflOnb30BOHMeM flbe303JleKTpM'ie- 

CKOrO 3yMMepO (CM. PHCYHOK). 
n b e 3 0 3 n e ~ ~ p ~ ' i e c ~ a ~ l  n ~ a + p a r ~ a  COCTOMT 

M3 K ~ ~ O M M ' ~ ~ C K O ~  flnOCTMHbl C 3neKTpOAOMM 

H a  o 6 e ~ x  CTOPOHOX, C O ~ ~ M H ~ H H O ~ ~  C MeTOn- 

JIM'iec~ofi f lnacnl~oi  M3 MeAM, BblCOKOKO'ie- 

C T B ~ H H O ~  CTOnM MnM nono6~oro MOTepMOnO 

c TOKO~POBOAH~IM KneeM. C x e ~ a  ncnonbsy-  

eT TPM BblBOAO llbe303JleKTPMWCKOrO flpe- 
0 6 p a 3 0 ~ a ~ e n ~ .  B  TOM n p e o 6 p a 3 o ~ a ~ e n e ,  

nMO+parMa MMeeT KOHTOKT 06pa~~of i  CBR3M 

H a  OAHOM M3 er0 3neKTpOAOB. K o n e 6 a ~ ~ ~  
RBnROTCR pe3ynbTClTOM pe30HOHCO M e X n y  

KOTYWKO~? MHAYKTMBHOCTM M 3neMeHTOM, KO- 

TOP~IR RBnReTCR eMKOCTHblM. 

me L - MHAYKTMBHOCTb KOTYLUKM M C - eM-  

KOCTb flbe303fleKTPM'ieCKOTO 3fleMeHTO. 

B MCXOnHOM COCTORHMM CXeMbl TpOH3MC- 

TOP Q 1 HOXOAMTCR B OTKPblTOM COCTORHMM. 

Korga TPOH~MCTOP OTKP~IT, TOK clepe3 Ka- 

TYLLIKY MHAYKTMBHOCTM L1 YBenM'iMBOeTCR no- 
CTefleHHO, M nOTeHL\MOn H a  flflOCTMHOX 6b13bl- 

BOeT ~ 3 r ~ 6  KepOMM'ieCKOTO flbe303neKTpMKO. 

B pe3ynbTOTe ~ 3 r ~ 6 a  B b l p 0 6 0 T b l ~ O e ~ ~ s l  OTpM- 

L\aTenbHblfi fl0TeHUMOn H a  KOHTOKTe 06pa.r- 
HOG CBR3M; ~ 0 ~ 0 p b l f i  CBR3CIH c 6 0 3 0 i  TPCIH3M- 

nopa. C n e a o e a ~ e n b ~ o ,  TPOH~MCTOP 3 a ~ p b 1 -  

BOeTCR M HOKOflJleHHOR 3HePTMFI B BMTKOX KO- 

T ~ U K M  MHAYKTMBHOCTM nepegaeTcR B cseTo-  

AM0.4. ~ T O ~ O  HOflpRXeHMR flOCrOTO'iH0 M R  30-  

c e e r n s a H m  cseToAMoAa. 

L, 
100 pH 

PIEZOELECTRIC 
CERAMIC 
BUZZER 

A - 

- - 



C KaXAblM rOflOM H a  ~ a L U e ~ . n n a ~ e T e  YMeHbWatOTCR 

3anacb1 npec~oi i  B O ~ ~ I .  BO Bcex O p a H a x  MMpa npona- 
raHnMpyeTCR pa3yMHOe M PauMOHanbHOe ee PaCXOflO- 

BaHMe.  TOT BOnPOC C KaXnblM rOnOM 6yne~ CTaHO- 

BMTbCR60nee aKTyanbHblM, T.K. n O p O X a 0 T  3HeprOpeCyp- 

Cbl M, COOTBeTCTBeHHO, BOna CTaHOBMTCR flOpOXe, a r0- 
PRclaR O C O ~ ~ H H O .  

Pocc Tecrep 143 ABCTpanMM crMTaeT,   TO n p O u n M  Te 

BpeMeHa, K o r n a  M ~ I  MornM ce6e ~ O ~ B O ~ M T ~  6 8 3  yqeTa 

nMTb rOPR'iY0 Bony, HaXOnRCb n0.4 AyWeM B TeWHMe 

HeCKOJlbKMX AeCRTKOB MHHYT, a TO M 'iaCOB. H a x o n ~ c b  

crpyeii ~ennoii MnM ropweii BOA~I  oveHb nerKo noTepRTb- 

CR BO BPeMeHM. HO OKQ3blBaeTCR, ~ T O ~ ~ I ~ K O H O M H O  npM- 

HRTb AYW, nOCTaTOqH0 COBCeM HeMHOrO BpeMeHM. 

A B T O ~  n p e m a r a e T  O ~ M H  ~3 C ~ O C O ~ O B  QenaTb nyu 
3KOHOMHblM. Ha p~c.1 nOKa3aH BH~UHMR BHA KOHCTPYK- 

~ M M  ~ a i i ~ e p a ,  a H a  puc.2 - npMHuMnManbHa9 cxeMa 

~ C T ~ O ~ C T B ~ ,  KOTOpOe 0 6 e c n e r ~ s a e ~  ~-MMHYTH~IR AYW. 

BepbTe 3TOMY HnM HeT, HO nOnHOCTbtO MOXHO IlPMHRTb 

nylu BCerO 3 a  cleTblpe MMHPI :  HaMaLIMBaHMe - 30 CeKyHn, 

HaMblnMBaHMe - 60 CeKyHn, nOnOCKaHMe - 60 CeKyHn. no- 
nyqae-rcn nee c n o n o s ~ ~ o i i  M M H ~ T ~ I .  A 0 6 a ~ b ~ e  eqe  60 
CeKyHn H a  nOnb30BaHMe WaMnyHeM W R  BOnOC, OCTCIeT- 

CR 30 CeKYHflmR OIlOJlaCKMBaHMR. E C ~ M  Bbl COrJlaCHbl C 

aBTOpOM, BaM OCTaJlOCb y 6 e n ~ ~ b  WleHOB CeMbM M MOX- 

HO npMcTynaTb K M3rOTOBneHMO T a R ~ e p a .  

~ P M ~ O P  p a 6 0 ~ a e ~  nOflHOCTb0 aBTOMaTMqeCKM, TaR- 

M e p  BKJllo'4aeTCR n p ~ 6 n M 3 M T e n b ~ 0  H a  20-30 CeKyHfl no- 

Cne TOTO, KaK OH "YU~~IWMT" nep- 
B o e  nywesoe " w ~ n e ~ ~ e " ,  npe- 
n o c T a s n m  n o n b 3 o ~ a ~ e n t o  no- 
CTOTOqHO BpeMeHM, q ~ 0 6 b l  OT- 

perynMposaTb TeMnepaTypy BO- 

nbl. 3 a 7 . e ~  K a X n y l o  M M H W  3YM- 

M e p  sblnaeT a e y ~ o e o i i  cMrHan M 

B KoHue, nocne McreqeHMR 4 MM- 

HYT, 3BY'iMT CMrHCIJl. 

O ~ u t o r e ~ ~ e  nyua npMBonMT 

K BblKJlIOqeHMtO CMrHaflM3aL(MM. 

E C ~ H  OnRTb BKntO'iMTb flYLU, Ha+ 

HeT 3BeHeTb 3YMMeP. ~ O B T O P -  

H o e  ~ - M M H Y T H O ~  nOnb30BaHMe 

AyUIeM 6 y n e ~  AOCTynHO q e p e 3  

OAHY MMHYTY. 

B a e M e  ~ a i i ~ e p a  npMMeHeH 

n b e 3 0 3 n e ~ ~ p ~ q e c ~ ~ i i  ~ Y M M ~ P ,  
K O T O P ~ I ~  MCnOJlb3yeTCR He TOnb- 

KO B KaqecrBe ~ 3 n y q a ~ e n ~  ~ B Y K O -  

BblX CMTHQnOB, HO M KaK MMKPO- 

+OH, KOTOP~I? YnaBJlMBaeT 3By- 

KM BcnnecKa BOA~I.  

C n O M O U b 0  ~ - ~ O ~ M I J M O H H O ~ O  

nepeKJlIOqCITeJlR M nOTeHUMOMe- 

T p a  VR3 p e r y n ~ p y o ~  ~YBCTBM- 

TenbHOCTb 3ByKOBOrO npMeMHMKa. 

M M ~ O T C R  T a K X e  nOTeHuM0- 

MeTPbl, C I T O ~ ~ I  YnpaBJlRTb W O O -  

TOR M TOHOM CMrHana TpesorM, 

HO OHM YcTaHOBneHbl H a  +a6- 
pMKe M He T P ~ ~ Y O T  PerynMpO- 

BOK. H c n o n b 3 0 ~ a ~ ~ e  6a~apeu 
HanpRxeHMeM 9 B ( x e n a ~ e n b ~ o  

uenor~oii)  n o n x H o  0 6 e c n e q ~ ~ b  

IlMTaHMe ycrpokcrsa H a  npOTR- 

meHMM 12 MecRues. no~pe6ne- 
w e  ToKa B x n y u e M  p e x M M e  co- 
nOCTaBMM0 C TMnOBblM ACIT'-lMKOM 

flblMa M COCTaBJlReT OKOnO 10- 
1 5 MKA. 

ABTOP Pa3MeCTMn BCe 3neMeH- 

T ~ I  ~ a k ~ e p a  B K o p n y c e  noaa~o- 
pa .JJ,rlR XMAKOrO Mblna (CM. PMC. I ) ,  
K O T O P ~ I ~  KpenMTCR H a  CTeHKy 

B ~ H H O ~ ~  KOMHaTbl C n O M O u b 0  
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f l p e 4 ~ 3 ~ 0 ~ ~ b l b  
UMeHT 3JleKTPMrleCKOrO COllPOTMBJleHMF( 

3/91 1 x i o 3  1/"C, MeAb - 4,3 X I O - ~  1/"C, 
TOKMM O ~ D ~ ~ O M .  IICITrlMK C COIlDOTMBneHM- 

- 
npM np0eKTMpOBaHMM y C T p 0 f i c ~ B  M3Mepe- 

HMR TeMnePOTYPbl C nOMOubtO AOTWIKOB CO- Te p aTy p bl ~POTMB~C?HMR H ~ O ~ X O ~ M M O  ~ ~ M T ~ I B ~ T ~  (KOM- 

BeneHMR K ACITrlMKY K ~ ~ M ~ ~ O B ~ H H O ~ O  TOKQ 

XapaKTepMCTMKy B TeMnepaTypHOM AMOna- 

30He OT 0 A 0  1 OO"C, HO flpM POCLUMpeHMM AM- 

OnO3OHO M 3 ~ e p e H M f i  30BMCMMOCTb COnpO- 

TePMCTMKM npM M3MepeHMM TeMnepOTyp Bbl- 

tue 1OO"C. 
O ~ M H  cnoco6 YCTPaHeHMR H ~ J ~ M H ~ ~ ~ H o C T M  

XapaKTePMCTMKM RTD AOTqMKCI COCTOMT B 

p 0 3 p 0 6 0 ~ ~ e  MMKPOflPOueCCOPHblX YCT- 

pofiCTB, KOTOPble 6ynyr 06e~ne ' i~BaTb MaTe- 

MaTM.leCKytO KOMneHCaUMtO O U M ~ K M  M3Mepe- 

HMR nepen nocnenyouefi 06pa60~~ofi cHr- 

H a n a .  

P. B ~ n a ~ y r ~  (CUJA) npep,naraeT ~ c n o n b s o -  

B O T ~  npyrofi cnoco6 y c r p a ~ e ~ ~ ~  ~ e n ~ ~ e k -  
HOCrM XOpOKTepMCTMKM flOT'-IMKO C nOMOublo  

aHanoroBb lx  cxeM, r l ~o  3 ~ a q ~ ~ e n b ~ o  newes- 
ne M KOMnOKTHee nDM M3rOTOBneHMM. 

Ha~6onee p a ~ f l p ~ C T p a ~ e t i ~ b l e  naTrMKM 

RTD aeJ lOHbl  H3 MeflM, HMKenR MnM nnaTMHbl. 

C O ~ ~ O T M B J ~ ~ H M ~  TQKMX aCIT'4MKOB O ~ ~ I ~ H O  

100 OM npM TeMnepa-rype O°C, K o T o p o e  

yeenMrlmaeTcR c ~e~nepa-rypofi, T.e. ~ O T -  

rMKM RTD MMeloT f l ~ n ~ ~ ~ ~ e n b ~ b l f i  TeMnepO- 

TYpHblfi K O ~ ( $ + M ~ M ~ H T  COnPOTMBneHMR (TKC). 
n n a ~ ~ ~ a  MMeeT ~ e M n e p 0 T Y p H b l f i  K O ~ C $ + M -  

B O ~ ~ Y X ~ ~ H M R ,  0 BTOpCIR - AJlR M3MePeHMR 

nOneHMR HOnpRXeHMR Ha HeM, npM'ieMTOK no 
3TMM nPOBOAHMKaM H e  flpOTeKOeT. 60nee 
B ~ I C O K M ~ ~  TOK B O ~ ~ Y X ~ ~ ~ H M R ,  C OAHOG CTOPO- 

Hbl, yBenM'4MBOeT TeMnepOTypHylo 'iyBCTBM- 

TenbHOCTb flOT'-lMKa, ~pOnOpUMOHaJlbHyI0 TO- 

KY B O ~ ~ ~ W ~ H M F I ,  cnpyrok CTOPOHLI, Bb13blBO- 

eT COMOpO3OrpeB flOTIIMK0, .IT0 nPMBOnMT K 

n o n o n ~ ~ ~ e n b ~ o f i  norpetutiocw. ~ O ~ T O M Y  

BeJlMrlMHy TOKa B O ~ ~ Y X , ~ ~ H M R  B ~ I ~ w P ~ ~ O T ,  MC- 

XOnR M3 KOHKPeTHblX yCn0BMfi M3MepeHMR. 

Ha PHCYHKe flOK030HQ O(eM0 M3MePMTe- 

nR TeMnepOTypbl C IlpMMeHeHMeM CTOHAapT- 

Hero RTD ACITWKCI AJlR M ~ M ~ P ~ H M ?  B pat- 
LLlMPeHHOM TeMnepOTypHOM AMOnCI3OHe OT 

0 no 350°C. B b l x o n ~ o e  HOnpRXeHMe YCT- 

pokcrea nexw B n ~ a n a 3 o ~ e  OT 0 no 3 3  B, 
TOqHOCTb ~ 3 ~ e p e H M f i  COCTOBnReT OKOnO 

0,5"C. Cnenylouee n ~ ~ e f i ~ o e  ypasHeHMe 

OnMCblBOeT CMCTeMY nOTrMK0: 

Vo = 1 0 (MB/"C) x TM. 
I/1C IC1 - C,4~0eHHblfi flpeuM3~0HHblG MCTOr- 

HMK TOKa o ~ ~ c ~ € ! w I B ~ ~ T  ~ ~ O C T O S I H H ~ I ~ ~  TOK 

400 MKA '4epe3 3 0 3 e ~ n e H H b l f i  AaTllMK TI. 
Boa6yxne~~e nOTrMK0 3TMM TOKOM COOTBeT- 

m y e T  ~ynesofi MO~HOCTM.  name B c a M o M  

XyAWeM Cny'iOe PaCCeMBOHMe B flCITIIMKe 

MeHbUJe 40 MKBT. B o 3 6 y x ~ e ~ ~ e  RTD na~r  1- 

KO MCTOrlHMKOM flOCTORHHOr0 TOKO H e  YCTpQ- 

HReT C B O ~ ~ C T B ~ H H ~ O  eMy Hen~Hef iHoCTb, Bbl- 

XOAHOe HanpRXeHMe AOTrMKa OflMCblBOeTCR 

BblpaXeHMeM: 

Vs = 400 (MKA) x RS, 
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IlpMBeAeHbI HOMMHanbI COnpOTktB- 

n e w 9  RS cratinap-ra RTD. H c n o n b -  

- 3YR ~a6n~uy,  MOXHO C03naTb YPQB- 

HeHMe, OnMCblBOOUee KPMBYO, He- 

O ~ X O A M M ~ K )  anR n ~ ~ e a p ~ 3 a u ~ ~  

ACIHHblX, nOCn/llClK)uMX C ACITqM- 

Ka: 

Vo= 0,0005V + 0,8597VT + 

$ M ~ M ~ H T  C OnMCblBaeTCR Uleflylo- 
U M M  YpaBHeHMeM: 

c = 1 /I 0 x [R6/(R6+R,)12. 
P ~ ~ M C T O P ~ I  R8, R9 (M R10 B cny- 

rae ~ c n o n b s o s a ~ ~ ~ )  $OPMMP~IOT 

nOCCMBHy0 CMeCMTenbHyK) uenb, 

TaKMM 0 6 p a 3 0 ~ ,  YPaBHeHMe, OnM- 

C b l B a l o U e e  K O ~ $ $ M ~ M ~ H T  b, 6 ~ -  
n e T  MMeTb BMA: 

b = R9 / (R~+R,). 
K O ~ $ $ M ~ M B T  a O ~ M C ~ I B ~ ~ T ~ R  

)&lR K ~ ~ M ~ ~ O B K M  Y C T ~ O ! ~ T B ~  3CIMeHROT ACIT'4MK 

AeKaflHblM ~ a 6 o p o ~  llpeUM3MOHHblX COnpOTMBne- 

H M ~ .  C er0 I l O M O ~ b l o  MOAenMPYIOT COnpOTMBneHMe 

RTD naTrMKa n p M  T e M n e p a T y p e  0°C M noTeHuwoMe- 

TPOM R2 BbICTaBnROT HOnpRXeHMe H a  BblXOne IC3 
( ~ b l a . 7 )  PaBHblM 0 B. 3 a ~ e ~  MOAenMpyloT COnpOTMB- 

newe naTrMKa n p M  TeMnepaType  350°C M noTeHuM- 

OMeTPOM R3 PerynMpy loT  HOnpRXeHMe H a  BblXOae 

POBHblM 3,5 B. LUarM H ~ C T P O ~ ~ K M  nOBTOPROT A 0  no- 
UyreHMR ~ p e 6 y e ~ b l x  ~ H C I ~ ~ H M R  H a n p R X e ~ M i i  H a  Bbl- 

xoAe.  

3 ~ ~ n e p M ~ e ~ ~ C l J l b ~ b l i  o6paseq yCTp0fiCTBa nOKa- 

3 a n  H a  Bblxone 2,504 B npM TeMnepaType  250"C, T.e. 

o u r ~ 6 ~ a  cocraewna 0,16 % unM 0,4"C. n p c l ~ e ~ e ~ ~ e  

pe3MCTOpa R1O He OKa3blBaeT 3aMeTHOrO BnMRHMU H a  

TO'4HOCTb. 



M ~ o r M e  pan~onto6w~en~ XOTenM 6b1  nOCTPOMTb M3MePM- 

TenbHytO CMCTeMy C KOMnblOTePHblM YnpOBneHMeM. HO ,4nR 
~ O ~ ~ I J J M H C T B O  M3 HMX C O M O ~  6 0 n b w o k  npo6ne~ok RBnfleTCR 

H e  c o 3 n a ~ ~ e  c a M o r o  ycrpokcrsa, n p e o 6 p a 3 y t o u e r o  HO- 

npRxeHMe B L ~ + P O B ~ K )  +OPMY, a conpRxeHMe ~ s ~ e p ~ ~ e n b -  

HOE CMCTeMbl C KOMnbOTePOM. 

B npOnClXe BCTpellalOTCR IlpMCTaBKM np0c~ekUIek KOHCT- 

PYKUMM, KOTOPble MOrYT M3MePRTb HOnpRXeHMe TOflbKO B On- 

HOMflMafla3OHe. OCHOBHO~ MX HeAOCTOTOK - OTCyTCTBMe pe- 
rynMpOBOHMR YCMneHMR MnM o c n a 6 n e ~ ~ ~  CMrHOnO, K O T O P ~ I ~  

n03BOflMfl 6b1  BblflOnHRTb M3MepeHMR HOllpRXeHMR B 60nb- 

LUOM ~ ~ a n a s o ~ e  BenMrMH. 

H ~ x e  OnMCOH MGnyJlb M ~ M ~ P M T ~ ~ ~ H O ~  CMCTeMbI, p03p060- 

T C I H H ~ I ~  n. r0pe~ l t l . r  M 3. O ~ ~ O B C K M  ( f l o n b w a ) ,  ycMneHMe KO- 

TOpOrO PerynMpyeTCR JJMCTOHL(MOHH0 nOrM'ieCKMMM CMrHCI- 

JlCIMM. 

M o n y n b  MOXeT 6 b 1 ~ b  MCnOJlb30BaH nnfi C03flOHMR CMCTeMbl 

M3MepeHMR, KOTOPOR YnpClBnReTCR KOMnbOTepOM, MnM W R  CO- 

3nOHMR CIBTOHOMHblX M3MePMTenbHblX ~ P M ~ O P O B .  CMCT~MCI 

npeAHO3HO'ieHO W R  p a 6 0 ~ b 1  B nMOll030He 'iOCTOT OT HynR (no- 
C T O R H H ~ I ~  TOK) no 200 K ~ U .  

Y C M ~ ~ H M ~  MOnynR PerynMpyeTCR AMCKPeTHO, AOCrYnHbl Cne- 

A y O U M e  3HaL(eHMR: 0,001, 0, 002, 0,005, 0,01, 0,02, 0,04, 
0,1,0,2,0,4, 1,2,4, 10,20; 40.  TO n03BOnReT M3MePRTb HO- 

npRmeHMe B ~ ~ a n a 3 o ~ e  OT 5 MB AO 200 B. 
6 n 0 K - C X ~ M O  CMCTeMbl nOKO3OHO H a  p ~ c . 1 .  M o n y n b  CO- 

CTOMT 143 T p e x  ~ a c ~ a n o s  ycMneHm.  ~ O A O B O R  coo-ree-rcrsyo- 
u M e  n o r w e c K M e  YPOBHM HO B X O ~ ~ I  y n p a s n e H m ,  0 6 0 3 ~ 0 -  

L(eHHble A...F, MOXHO npOrpOMMMpOBOTb YCMJleHMe MOnynR 

B n~anaao~e OT 0,Ol AO 40 
B nOCJleflOBaTenbHOCTM .I - 
2-4. T O K ~ R  nocnenosa-renb- 

HOCTb H ~ O ~ X O A M M C I  ,4JlR n o -  

nyreHMR ~ r i p a k ~ o k  nOCJle- 

AOBQTenbHOCTM CTOnKHOBe- 

H M ~  2008 - 100B - 50B - 
208-  1 O B - 5 8 - 2 8 - 1 8 -  
0,5B - 0,2B - 0,l B - 5 0 0 ~ 8  
-200~8  - 1 OOMB - 5 0 ~ B  - 
2 0 ~ B  - 1 OMB - ~ M B  n p ~  HO- 

M M H ~ ~ ~ H O ~  B ~ I X O ~ ~ H O ~  CMr- 

H a n a  200 MB. 
Ha p ~ c . 2  nOKO3OHO 

npMHL(MIlMClnbH0R CXeMO M3- 

MepMTenbHOrO MOAynR. Yc- 
T~ORCTBO nMT0eTCR CMMMe- 

TpMqHblM HOflpRXeHMeM B 

~ M O n 0 3 O H e  OT *5 A 0  *9 B. 
H O ~ ~ R X ~ H M ~  IlMTOHMR H e  

MOXeT 6 b l ~ b  60nbwe, q e M  

+9 B, onpenen~e~oe a ~ a -  
JlOrOBblM AByHOnpOBJleH- 

H~ IM K ~ I O ~ O M  4066 (U4-U5), 
~ o ~ o p b l k  MOXeT p a 6 0 ~ 0 ~ b  

npM HanpRXeHMM IlMTaHMR 

18 B. 
B UenM ycMnMTensl npe- 

AYCMOTPeHbl nOnOnHMTen b- 

Hble 3neMeHTbl (R32, R35, 
C4, C7), KOTOPble B CJlY'iOe 

H ~ O ~ X O A M M O C T M  n o 3 e o n ~ -  

tOT 3OnMTblBaTb YCTPO~CT- 

BO OflHOnOnRPHblM HOnpR- 

XeHMeM - T o r n 0  HYXHO 3 0 -  

K O ~ O T M T ~  L2 M R34. On~a-  
KO, pa6o~y HO onHononRp-  

HOM nMTOHMM CTOMT MCflOJlb- 

30BOTb B K P ~ ~ H ~ M  Cfly'iOe. 

no M e p e  BO3MOXHOCTM 

HyXHO flpMMeHRTb CMMMeT- 

pMqHOe flMTaHMe B ,QMClflCl- 

I 3 0 ~ e  OT +7 AO f 9 B. 







G2EYPLK! I 
B TpeX yCMnMTenbHblX KaCKOflaX MCnOnb- U4D. Korna KnDqM U4C M U4D 3aKpblTb1, 

3YOTCR 6 b l ~ ~ p b l e  OnepauMOHHble YCMnMTe- YCMneHMe p a B H 0  0,2. K O H ~ ~ ~ H C ~ T O ~ ~ I  C1 1, 
nM LF356. flBa I lepBblX KOCKafla p a 6 0 ~ a 0 ~  C12 KOPPeKTMPYOT XOpOKTepMCTMKy YCT- 

B KOH~MIJ'POUMM M H B e P T M P Y O ~ e ~ O  YCMJlMTe- p0 f iCTBa B o 6 n a c ~ ~  BblCOKMX qaCTOT. &lR 

JlR. flM0flbl D l  M D2 f l p e ~ O X p a H R O T  BXOflbl T O ~ H O ~  YCTaHOBKM YCMneHMR MOXHO npMMe- 

1/1MC U 1 OT I lepeHanpRXeHMR. E c n ~  06a H M T ~ M O H T ~ X H ~ I ~ ~  flOTeHUMOMeTp PR3. B 60nb- 

aHanoroBb lx  ~ n l o r a  U4A M U4B 3aKpblTbl, LLIMHCTBe CJlyW.leB f lpe~eH3MOHHaR YCTaHOB- 

ycMneHMe nepeoro K a c K a n a  onpenenReTcn  Ka  ycMneHMR He ~ p e 6 y e ~ c ~  M noTeHuMoMeTp 

OTHOWeHMeM C O ~ ~ O T M B ~ ~ H M ~ ~  R4 K PR3 MOXHO 30MeHMTb n e p e ~ b l ' i ~ ~ f i .  

R1 +R2+R3 M PaBHReTCR OKOnO 0,5. OTKP~I- C B e T ~ f l M ~ f l b l  D3 M D4 OrPClHM'lMBOlOT Bbl- 

TMe OnHOrO M3 3TMX KJIIOqek nOflKnOqaeT pe- XOnHOe HanpRXeHMe flpM ~ O ~ ~ U O M Y C M ~ ~ H M M  

3MCTOP R5 MnM R6 B u e n b  0 ~ p M U a ~ e n b ~ o k  nepBblX n B y x  KaCKanOB. 7 ~ 0 6 b 1  HOMMHOJlb- 

o 6 p a ~ ~ o k  CBR3M M YMeHbWaeT YCMneHMe CO- ~ b l k  YPOBeHb CMrHaJla HO BblXOfle COCTaB- 

OTBeTCTBeHHO fl0 0,05 M 0,005. K o ~ n e ~ c a -  nsln 2 B, CBeTOnMOnbl H V H O  y 6 p a ~ b  MnM npM- 

TOPbl C8-C10 KOPPeKTMPYloT I lepenclTOII- MeHMTb f l 0  flBQ IlOAKnlO'ieHHblX flOCJleflOBa- 

HYO XClPaKTePMCTMKY B nMan03OHe BblCOKMX TenbHO CBeTOnMOna 3eJleHOTO CBWeHMR. 

'4aCTOT. T p e ~ ~ k  KaCKan YCMneHMR flOCTpOeH H a  He- 

1 /13~epMTef lb~b l f i  MOnynb MMeeT CBR3b C MC- MHBePTMPYOueM OnepaUMOHHOM YCMnMTe- 

TOqHMKOM no IlOCTORHHOMy TOKY M MOXeT MC- ne U3. Korna a ~ a J l 0 r 0 B b l k  KnOq 1/1MC U5 3 a -  

nOnb30BaTbCR M R  M3MepeHMR nOCTORHHblX KPbIT, YCMJleHMe paBH0 1. Korna OTKPblT KJlIOq 

~ a n p n x e ~ ~ f i .  B T a K o M  c n y q a e  MOXHO no- 143 napbl ,  ycMneHMe B b l p a c r a e T  no 2 MnM 4. 
6 a B M ~ b  M O H T ~ X H ~ I ~ ~  flOTeHuMOMeTp PR1 CO- B 3TOM KOCKQfle f lPMMeHeH0 no nBCl KJlOlra, 

npo-rMBneHMeM 22 ... 47 KOM, K O T O P ~ I ~  ~ Y X M T  n o n m o q e H H b l e  n a p a n n e n b t i o ,  q ~ 0 6 b l  c y q e -  

M R  KOMneHCaUMM HanpRXeHMR CMeLUeHMR TOM ~e60nb1110ro  COnPOTMBfleHMR Pe3MCTO- 

OY. pa R31 YMeHbLLIMTb COnPOTMBJleHMe I lpOBO- 

B~opofi KaCKafl YCMJleHMR M O X e T  MMeTb ARuerO KnOqO. B o 6 u e ~ ,  YCMJleHMe flOCJlea- 

ycunewe 0,2; 2; 20, B ~ ~ B M C M M O C T M  OT CO- H e r o  KacKana ~ O B H O  1,2 MnM 4. B c n y q a e  He- 

CTORHMR aHanoroBb lx  K o m y r a T o p o s  U4C M O~XOAMMOCTM MOXHO ero n e r K o  M ~ M ~ H M T ~ ,  

H a n p M M e p  H a  1-2-5 MnM 1-2, 5-5, q ~ 0 6 b 1  

IlPMMeHMTb MOflYnb B pa6o~e B ApyrOM flMa- 

naao~e ~ x o n ~ b ~ x  M B~IXOAH~IX ~ a n p s l x e ~ w f i .  B 
3TOMCJlYqae HYXHO M3MeHMTbTOnbKO HOMM- 

Hanbl  pe3MCTOpOB R29 M R31. 
A ~ a n ~ r ~ B b l e  KOMMyTaTOPbl YnPaBnRlOTCFl 

C n O M O u b O  BCnOMOraTenbHblX YCTPO~CTB, 

TpaH3MCTOpa M TpeX pe3MCTOpOB. Ta~ok  
cnoco6 y n p a s n e ~ ~ ~  o q e ~ b  ~ b l r o f l ~ b l k ,  no- 
TOMy '4TO n03BOnReT OTKPblBaTb nOO'4epeAHO 

KM~M, n o n ~ n o q a ~  T O ~ K H  A...F MnM K M a c c e  

MnM K MMHYCY IlMTCIHMR. Korna TO'4KM A...F H e  

~ f l K J I O ~ e H b I ,  COOTBeTCTBYOuMe KnO'4M pa- 
30MKHYTbl. ' 

B ~a6nuqe ~OK03OH0,  K ~ K O ?  ynpaBnRlo-  

UMR BXOAflOnXeH 6bl~bCOef lMHeH C M O C C O ~  

(z), a ~ a ~ o f i  H e  n o n m o q e H  Mnw O T K ~ ~ I T  (o), 
q ~ 0 6 b l  n o n y q M T b ~ p e 6 y e ~ o e  ycwnewe. 

Y c ~ n e ~ ~ e  
0,001 
0,002 
0,005 
0.01 
0.02 
0.04 
0.1 
0 2  
0.4 
1 
2 
4 
10 
20 
40 

A B C D E F 
0 Z 0 0 0 0 
0 Z  0 0 Z  0 
o z o o o z  
0 Z  0 Z  0 0 
0 Z  0 Z  Z  0 
0 z 0 z 0 z 
Z  Z  0 0 0 0 
z z 0 0 z 0 
z z 0 0 0 z 
0 0 0 z 0 0 
0 0 0 z z 0 
O O  O  O  
O O  O  O  O  
O O  O  O  
0 O Z  O O Z  







XE,M.QLEXU+M 
CR B ~ I C O K M ~  YPOBeHb. KOK TOJlbKO HOnpRXe- XOeTCR W p e 3  pe3MCTOp R l  , flMO0 D l  M spy- 
HMe HO KOHfleHCOTOpe AOCTMrHeT YpOBHR, Vlo WCTb nOTeHUMOMeTp0 P I .  B p e ~ R 3 0 p R -  

npM KOTOPOM HOnpRXeHMe HO MHBePTMPYO- A 0  KOHfleHCOTOpO MOXeT 6 b l ~ b  6 0 f l b U - l ~ ~  MJlM 

Ll@M BXOfle IlpeBblCMT YpOBeHb HOnpRXeHMR MeHblUMM 3 0  BPeMR p03PRfl0, HO CYMMO no- 
HO npRMOM BXOfle, HO BblXOne OY YCTOHO- CTORHHO~ BpeMeHM 30pRflO M pO3pflnO KOH- 

BMTCR H M ~ K H ~ ~  YPOBeHb. ~ O T ~ M  KOHfleHCOTOP fleHCOTOp0 OCTOeTCR H ~ M ~ M ~ H H O ~ .  TOKMM 
C1 HO'4HeT pO3pRXOTbCR, M KOrnO HOnpRXe- O ~ P O ~ O M ,  rOCTOT0 CJlenOBOHMR MMnyJlbCOB 

HMe HO MHBepTMpYOueM B X O ~ ~ ' C T C I H ~ T  HMXe H e  M3MeHReTCR npM PeVnMpOBOHMM CKBOX- 

YPOBHR HOnPRXeHMR HO RPRMOM BXOfle, HO HOCTM IlOCfleflOBOTeJlbHOCTM MMnYnbCOB C 

BblXOne OY OnflTb 6yne~ B~ICOKMR YPOBeHb. nOMOubt3 nOTeH~MOMeTP0 P I .  
K O H ~ ~ ~ H C O T O ~  C1 3OpRXOeTCR rep133 WCTb OCTOTO CnenOBUHMR MMnyflbCOB PetyflM- 

nOTeHUMOMeTP0 P I ,  n M 0 n  D2 M Pe3MCTOP PYeTCR nOTeHqMOMeTPOM P2. 
R2, nPMHMMOR BO BHMMOHMe, '4TO OH p03PR- 

COMCIR pOCilpOCTpOHeHHOR M nOnyJlRp- Philips kl ,E@yrMMM KOMllOHMRMM, BCe cue 
HOR MMKpOCXeMO ~ 0 f i ~ e p 0  555, npenCT0B- BblnyCKOeTCR B flOCTOTOrH0 6 o n b w o ~  KOJlM- 

neHHoR B 1971 C$MPMO~ Signetics, noaxe lrecne - 6 o n b w e  1 MMnnMopno U T ~ K  B ron. 
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8 NE555 
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rn5@9XW 
Hoeoe IlpMMeHeHMe T a f i ~ e p a  555 ripen- HM 3ClPRACl KOHAeHCaTOpa C1 IlOCTORHHO. 

nOXMJlM 4. AMocenM M 9. H a A b  (Be~rpm). ~ O C K O ~ ~ K ~  BpeMR p a 3 p R n a  KOpOre ,  r e M  

A O ~ ~ B M B  HeCKOJlbKO KOMnOHeHTOB K NE555, BpeMR 3apRfla, TO cnenyouee YpaBHeHMe 

MOXHO nOCTpOMTb npoCT0fi KOHBepTep Ha- OnMCblBaeT BblXOflHylo '4aCTOTy: 

n p ~ m e ~ ~ e / q a c r o ~ a .  C x e ~ a  conepmm MH- foUT - VIN / (PI +R1) x C1 x 1 /3VCC. 
TerpaTop, Oc~oeaHHblfi Ha TL071, M T ~ ~ M ~ P  nOTeHuMOMeTPOM P ]  TaPMPYK)T OTHOwe- 

NE555 (CM. P'CYHOK). n ~ M  M3MeHeHMM HMe MeXAY B ~ I X O A H O ~ ~  ' ~ O C T O T O ~ ~  M BXOAHblM 
sxon~oro HanpRxeHMR OT 0 AO -1  0 B ~a ~ b l -  HanpRmeHMeM. n o c ~ o n b ~ y  MHTepean pas- 
XoAe n ~ e o 6 ~ a 3 0 ~ a ~ e n R  q a c r o T a  M3MeHReT- p q n a  n p ~ 6 n ~ 3 ~ ~ e n b ~ o  30 MKC, T O ~ H O C T ~  

flMana30~e OTO Ioo0 ru. T°Kqe~e3 n p e o 6 p a 3 0 s a ~ ~ ~  ~ a n p f i r n e ~ ~ e / r a c ~ o ~ a  
KoHneHcaTop 3aBMcMT OT BXOAHOrO Ha- YMeHbLLlaeTCR C YBenMqeHMeM 'iaCTOTbl. E c n ~  
flpRX€?HMR M OnMCblBaeTCR @ o P M Y ~ ~ o ~ ~ :  0 n p e n e n ~ ~ b  100 rq KaK -1 B M 1000 r~ KQK 

lc = -V,N / (Pl+R1). -10 B, oww6~a n p e o 6 p a 3 o s a ~ ~ s l  6 y ~ e ~  B 

Korna HanpRxeHMe H a  KoHneHcaTope C1 n v a n a 3 o ~ e  OT 0,3 AO 3 %. E c n ~  noTeHqMo- 

AOCTMraeT YPOBHR ABYX TpeTMX HanpRXeHMR MeTPOM P1 0TKanMbp0BaTb BblXOnHYtO '4aC- 

nMTaHMR VCC MMC 555, B H Y ~ P ~ H H M ~ ~  Pa3PRA- TOTy H a  CpenMHe flMalla3OHa BXOAHOrO Ha- 

~bl; T P ~ H ~ M C T O P  O T K P ~ I B ~ ~ T C R  M HclnpRXeHMe "p"XeHMal T.e' Ha ypoBHe -5 B1 
H a  KOHfleHCClTOpe C1 CTaHOBMTCR PaBHblM 'yneT MeHbwe l3 % no BceMy AMana30Hy 

0nH0f i  TpeTbefi HanpRXeHMR Vcc Pa3pmHblf i  "e06~a30asaHlm' 
b~ noeblweHMsl K a q e c r s a  npeo6paaosa- 

TPaH3MCT0P 3aKPblBaeTCRt KOHfleHCaTOP HMfl HYXHO nPMMeHRTb KOHAeHCaTOP C1 C 
C1 CHOBa Ha'iHeT 3aPRXaTbCR. 

HM3KMM TaHreHCOM yrna nOTepb B AM3JleKTPM- 

n p M c ~ B o B a T b  sblcoKMMR YPoBeHb1 
CMMOCTH pe3MCTOp R1 Bb16Hpa10T C HM3KMM 

KOHneHcaTop y p O  TeMnepaTypHblM K O ~ @ @ H ~ M ~ H T O M  II nOTeH- 
BeHbt 'Orna KoHfleHcaTop pa3paxeH. n ~ o -  UpfoMeTp P1 - MHoroo60poTHblfi, M e r a n n o -  
M3BeneHMe BXOAHOrO HanpRXeHMR M BpeMe- KepaMMqecKMfi. 

r e ~ e p a ~ o p ~ b ~ e  CMcTeMbl, ~ 3 ~ n e ~ a o u ~ e  

3 ~ e p r ~ 1 0  143 0~py)~aoue f i  cpenbl, s b l p a 6 a -  

TblBaK)T HaMHOrO MeHbWe MOUHOCTM, qeM 

CTaHnapTHble 6 a ~ a p e ~ .  HO eUIM c 0 6 p a T b  

CXeMY C HaKOnJleHMeM 3HepTMM, TO MOXHO 

0 6 e c n e q u ~ b  nMTaHMeM MaJlOMOUHble HM3- 

KOBOnbTHble HOCMMble Y C T P O ~ ~ C T B ~ .  Kapnoc 
Koc~o  (Mcna~uR) paapa6o~an ycrpoficrao, 
a e M a  K o T o p o r o  n o ~ a 3 a ~ a  H a  pHcyHKe. 
 TOT 3 H e ~ r e T M ~ l e ~ K M f i  r e H e p a T O p  nO3BOnR- 

eT 3aMeHMTb 6 a ~ a p e ~  B ManOMOUHblX MO- 



EMUEFHJ11(4 
BOAMT n b e 3 0 3 n e ~ ~ p u q e c ~ ~ k  3 y ~ ~ e p ,  Kor- 

a0 qOCTOT0 ~ d p a u ~ n  COOTBeTCTByeT pe- 1 2 !A 
> C 

~ O H C I H C H O ~  r l aoo~e  n b e 3 0 3 n e ~ ~ p ~ q e c -  r c? fi 

i m 9 
KOrO 3YMMePO. 

fl0n nefiCTBkIeM M M ~ X ~ H M ~ ~ ~ C K O ~  8 ~ 6 -  
0 = +1(+11 

paum n b e 3 0 3 n e ~ ~ p ~ q e c ~ ~ G  3 y ~ ~ e p  B ~ I -  
LL 
C 

p 0 6 0 ~ b l B O e T  n e p e ~ e ~ u o e  ~ a n p ~ x e ~ ~ e ,  o o 
KOTOpOe H ~ O ~ X O ~ ~ M M O  n p e 0 6 p 0 3 0 ~ 0 ~ b  B i 

n o n o R H H o e  HanpRxeHMe n n u  nocneny- b-p-1 I 1 

O U e r O  HOKOnneHMR 3OPRnCI HO KOHfleH- 

ca-rope. 
i 

Ha qeTblpex nwonax LUOTTKM C+OPMM- 

POBOH MOCTOBO~~ BblllpUMMTeJlb. &lR HO- 

f l e ~ ~ 0 k  M ~ C $ + ~ ~ K T M B H O ~ ~  p a 6 0 ~ b 1 ,  OBTOp I- L3Z 

PeKOMeHAyeT MCnOflb30BOTb nMOnbl TM- 1 
g $ l i z n  

n0 1 N5820 C HM3KMM nPRMblM n0neHMeM 2 u $  
I X 

HOnpRXeHMR M HM3KMM TOKOM YTeqKM. < 
f l b e 3 0 3 n e ~ ~ p ~ r e c ~ ~ i i  ynasnMsaTenb 1 2 0 

3HePrMM 3OXBOTblBaeT ManeHbKOe KOflM- I F ~ Y :  
re060 ~ H ~ P T M M ,  am ee H ~ K O ~ ~ ~ H M R  ~ P M -  i 

i 
I 

MeHeH CynepKOHneHCOTOp TMnO Power- 
Stor 0,47 Mb>, 2,5 B. C f l e ~ y e ~ ~ ~ M ~ b l ~ ~ ~ b ,  L c 
rlT0 W M  60nbwe eMKOCTb KOHfleHCOTOPO, 

TeM 6 o n b w e  BpeMeHM T ~ ~ ~ Y ~ T c R ,  'iT0- 

6b1  ~ O P U A M T ~  ero. C npyrok CTOPOH~I, 

6 o n b w w f i  KOHfleHCOTOp 06ecnerneae~ 
6 o n b w e  MOUHOCTM nnR M f l e ~ T M q ~ ~ f i  HO- 

rPY3KM. 

~ O C K O ~ ~ K Y  HOMMHOnbHOe HOnpUXe- 

HMe CynepKOHneHCOTOpO 0 6 b l q ~ 0  HO- 

MHOrO HMXe HOMMHOnbHOrO HOf lpRXe- 

HMR CTQHflOPTHOrO 3JleKTPOJlMTM'ieCKOrO 

KOHfleHCOTOpO, ~ e o 6 x o n u ~  KpeMHMe- 

~ b ~ k  CTO~HJ~MTPOH TMna BZX85-C2V7, 
q ~ 0 6 b 1  RpeflOTBpOUOTb nOBblUeHHOe HO- 

npRXeHMe H a  CynepKOHfleHCOTOp. 

~ P M  fl0flKnK)lleHMM HOrPY3KM K Qnep- 
KOHneHCOTOpy OH pO3pRXOeTcsl, OTflOBOR 

3HeprMtO. ~ O ~ T O M Y ,  r ~ o 6 b l  rOpOHTMp0- 

BOTb +MKCMPOBCIHHO~ HOllpRXeHMe H a  

BblXOne, H Y H O  MCnOnb3OBOTb MMKPOCXe- 

MY n p e o 6 p a 3 0 s a ~ e n ~  n o c r o u H H o r o  HO- 

npRXetiMR TMnO MAX1 675 KOK nOBblU0- 

OUMf i  dc/dc n p e 0 6 p a 3 0 ~ 0 ~ e n b  H a  3,3 B. 
YCTpofiCTB0 B ~ I ~ O ~ ~ T ~ I B O ~ T  HOnpRXe- 

HMe 3,3 B n p U  ycnOBMU, '-IT0 HOnpRXeHMe 

H a  QnepKOHfleHCOTOpe H e  HMXe 0,7 B. 





3 a ~ p a ~ b 1 3 a  n o n b 3 0 s a ~ ~ e  ~ e n e + o ~ ~ o i  ce- 
TbO. 

~ P M H ~ M ~  p a 6 o ~ b 1  ~ C T ~ O ~ C T B ~  O r e H b  

npOCT. B MOMeHT nPMXOflCl CMrHana Bbl3OBa 

H a  ~ 0 6 M n b ~ b l i  Tene+oH er0 3KpaH HaqMHa- 

eT  CBeTMTbCR, C B ~ T O ~ ~ Y B C T B M T ~ ~ ~ H ~ ~ ~  pe3MC- 

TOP LDR, n p ~ c r a s n e ~ ~ b l i  K 3KpaHy, o6~apy- 
XMBaeT CBe'4eHMe. 1 /13~eHeHMe COnPOTMB- 

neHMR Pe3MCTOPQ RBnReTCR CMrHQJlOM 3any-  

C K ~  c x e m  n e p e w l t o q e H m .  

C x e ~ a  n o c T p o e H a  H a  6 a 3 e  n ~ o E ~ o r o  
T p M r r e p a  401 3, H a  ero nayx sb lxonax  ~ 3 ~ e -  

HReTCR COCTORHMe C nORBneHMeM MMflyJlbCa 

BblCOKOrO YPOBHR H a  BxOAe TRIGGER. Cse- 
T O ~ Y B C T B M T ~ ~ ~ H ~ ~ ~  Pe3HCTOP LDRl f lOMeua-  

O T  nepef l3KpaHOM Tene+oHa. ~ ~ B C T B M T ~ ~ ~ -  

H O C T ~  p e 3 ~ c ~ o p a  LDRl perynMpyeTcR no- 
TeHuMOMeTPOM VR 1.  Korna H a  T ~ J ~ ~ $ o H  no- 
CTynaeT CMrHan Bbl3OBa, CBeTMTCR 3KpaH, CO- 

npo-rMsneHMe p e 3 ~ c ~ o p a  LDRl naaae-r, OT- 

KpblBaeTCR TpaH3MCTOp TR1. K O H ~ ~ H C ~ T O ~  
C1 BblnonHReT p o n b  crnaxwaaroqero KOH- 

neHcaTopa,  KOTOP~IE nopAepxMBaeT Henpe-  

p b l s ~ b l i i  B ~ I C O K M ~  y p o B e H b  H a  Bxone  TpMrre- 

pa, naxe ecnM 3 ~ p a ~  ~ 0 6 M n b H a r 0  ~ene+o- 
H a  Mepuae-r, K o r n a  n o c r y n a e T  cwrtian B ~ I -  

3 o ~ a .  

Pes~mop R2 cosnae~ H a  sxone TpMrrepa  

IC1 H M ~ K M E  YPOBeHb, a TaKXe p a 3 p R X a e T  

EN0, Ik%UU 
KOHneHCaTOp C1, KOrna ~ e J l e + o H  He nPMHM- 

MaeT cMrHan B ~ I ~ O B ~ .  

T ~ ~ H ~ M C T O P  TR2 ynpasnr leTcR s b l x o n o ~  

Q 1 IC1 M MCnOnb3yeTCR P.nR BKJlK)'IeHMR M 

BblKnlo'ieHklR pene RW1, KOHTaKTbl KOTOPO- 

r0 KOMMYTMPYOT IlMTaHMe, nOnaBaeMOe K 

~ a r p y s ~ e .  
C s e ~ o n M o n b l  D l  M D2 CMrHanM3MPYK)T 0 

CoCronHMM pene, RMOA D3 a a u ~ u a e ~  a e M y  

OT O ~ P ~ T H ~ I X  nepexonHb lx  npoueccoe B Ka- 

TyUJKe. 

B b l w l O ~ U ~ e n b  S 1 MOXeT MCnOnb30BaTbCR 

An9 p y r H o r o  nepeKntoreHMrc pene. 
Mo6~n b~ blfi T € ? ~ ~ + o H  C CBeTO'iyBCTBMTeJlb- 

HblM Pe3MCTOPOM H ~ O ~ X O ~ M M O  nOMeCTMTb B 

c s e ~ o ~ e n p o ~ ~ u a e ~ b ~ G  Kopnyc .  

C Y L L ( ~ C T B ~ H H ~ ~ M  HenOCTaTKOM CXeMbl eCTb 

OnaCHOCTb C ~ U ~ C ~ T ~ I B ~ H M R  ~ C T ~ O ~ ~ C T B ~  n p M  

c n y r a i ~ o ~  ~ b l a o s e  MnM K o r n a  KTO-TO H e n p a -  

BMJlbHO H a b e p e T  HOMep M T.n. 

~ O ~ T O M Y  OCTaeTCR OKTyaJlbHblM nopa6o~- 
Ka MneM asTopa,  HanpMMep, MOXHO nopa6o- 
TaTb CXeMY Y C T P O ~ T B ~  M 3CIfle!kTB0BaTb ABa 

TeJleC$oHa ( B ~ ~ o R T H o C T ~  0.JJHOBpeMeHHOrO 

cnyrai~oro ~a6opa nByX Pa3HblX HOMePOB 

0'4eHb H M ~ K Q )  MflM f l o p a 6 o ~ a ~ b  YCTPO~~CTBO 

C ' ~ ~ T H ~ ~ M Y C T P O ~ C T B O M ,  KOTOPOe, HUnpMMep 

nocne 3-x B ~ I ~ O B O B  B TeqeHMe 30 ceKyHn, 

nepewltorm pene. 

p a n M o y n p a e n e H m ,  K o T o p o e  p a 3 p a 6 o ~ a n  

T. C~ap6opoyr (DXH~R A+pMKa). 

P a n ~ o n e p e n a ~ r ~ ~  pa6o~ae-r H a  q a c r o T e  

25 K ~ U ,  AMUna30H ,QaJlbHOCTM PaflMOnpMe- 

M a  cocraBnReT o K o n o  10 CM. O6nana~ M a -  

n0E AanbHOCTbO ~ ~ ~ ~ C T B M R ,  YCTPO~CTBO MO- 

X e T  6 b 1 ~ b  MCnOnb30BaHO mFl  CfleUManbHblX YC- 

TPOECTB, HanpMMep, B K a q e c r s e  ceKpeTHo- 

f l epena~w~ n o c r p o e H  H a  IC1, MMKpocxe- 

M a  ~ a i ~ e p a  7555 KMOn slcnoreHa no ate- 
M e  H ~ ~ C T O ~ ~ ~ M B O ~ O  ~ y n b T M B M 6 p a ~ 0 p a ,  KO- 

~ o p b l i  p a 6 0 ~ a e ~  H a  r a c T o T e  o K o n o  25 K ~ U .  
K a ~ y w ~ a  MHflYKTMBHOCTM L1 npOM3BOAMT 318- 

KTPOMarHMTHble BOnHbl. K O H A ~ H C ~ T O P  C3 
orpaHMrMsaeT TOK H a  Bblxone. 



GawxEFYw 
B npMeMHMKe MMeeTCR ~ ~ ~ O H O H C H ~ I ~  KOH- 

T y p  C4, L2, HOCTp0eHHblk H a  '-lOCTOTy p0,QMO- 

nepeflOT'-lMKO. C ~ ~ ~ K T M B H O C T ~  nPMeMHMK0 H e  

BblCOKO, HO H O C T P O ~ H H ~ ~ ~  p e 3 0 H C l H ~ ~ b l k  KOH- 

T y p  06eCne.1MBCleT fl0CT0~0'iHblk YpOBeHb 

n o n o s n e H m  ~ e r n e n a i e n b ~ b ~ x  3 n e ~ ~ p o ~ a r -  

HMTH~IX noneE. 
1/1C IC2 BblnOnHReT POnb npOC30rO flpe- 

AycMnMTenn ( ~ o r ~ e e ,   TO K o M n o p a T o p  c 
KOPPeKTHblM BHYTpeHHMM C M ~ U ~ H M ~ M ) .  

M M K ~ O C X ~ M O  IC3 p 0 6 0 ~ 0 e ~  KOK m y -  
u M k  T O k ~ e p ,  K O T O P ~ I ~  l l e p e 3  TPOH3MC- 

TOP TR1 yflpOBnR€?T H O ~ P Y ~ K O ~  (HOIlpM- 

Mep,  1 2-~0nbT0Bblk COneHOMA MnM pene). 
T ~ O H ~ M C T O P  TR1 MOXeT KOMMYrMpOBOTb 

HOrPY3KY A 0  36 BT C POflMOTOPOM, npM Ha- 

rpys~ax no 10 BT o x n o ~ o t o ~ ~ ~ i i  ~ O A M O -  

TOP H e  HyXeH. 

~ P M ~ M H M K  ~ O ~ O T O ~ T  YCTO~'-~MBO, T.K. 

p e 3 0 ~ 0 H ~ H b l k  KOHTyP M30nMPOBOH OT MC- 

TOrHMKO nMTOHMR M nOTeHl.(MOMeTp VR1 
0 6 e C ~ e ~ M ~ O e ~  ~ 6 0 n 0 ~ C M p 0 ~ 0 ~ ~ b l k  no- 
TeHqMOn H a  BXOAe W y U e r O  T O k ~ e p 0  IC3. 
COMO MMKpOCXeMO IC3 - BblCOKO YCTO~~'-~M- 

BOe yCTpofiCTB0. 

HOMMHO~~I  pe3MCTOpO R3 M KOHneHCO- 

~ o p a  C6 onpenennto~ n e p M o n  ~ o k ~ e p a ,  
B AOHHOM cny'-loe n p ~ 6 n ~ 3 ~ ~ e n b ~ o  TPM 

CeKYHAbl. f l e p e f l 0 T W I ~  n o ~ p e 6 n ~ e ~  OKOnO 

35 MA, KOrAO KHOnKO S1 HOXOTO. npMeM-  

HMK H e  MMeeT BblKJlto'-lOTenR, n 0 T p e 6 n ~ e T  

OKOnO 10 MA 6 e 3  HOrPY3KM. 




