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rAJlY3I 

CHJIOB~ noJlb0Bi TpaH3HCTOPH m n  DC-DC 3aCTOCyBaHb 
International Rectifier, csi~osufi ninep y ~ex~onor i i  KepyeaHHR XMBneHHRM, npencraswe 

 HOB^ O B T O M O ~ ~ ~ ~ H ~  c~noai  MOSFET TpOH3MCTOpM Y ~opnyci DiredFET, O ~ ~ T H M ~ ~ O B Q H ~  mR 
DC-DC npncrpoie. 

TPOH~MCTOPH MOXYTb 30cTOCOByBaTMcR B 6no~ax KepyBOHHR ABMryHOMH B H ~ P ~ W H ~ O ~ O  

3rOPRHHI, r i 6 p u n ~ ~ x  i eneKTpHclHHX C I B T O M O ~ ~ J ~ ~ H H X  ~ ~ ~ O T ~ O ~ M O X  i T.n. 
H o ~ i  40 B nonboei T ~ ~ H ~ M C T O P M  AUIRL7732S2 i AUIRL7736M2 3 K ~ ~ ~ B ~ H H R M  3a~aopa 

J ~ O T ~ ~ H H M  P ~ B H ~ M  O ~ T H M ~ ~ O B O H ~  WR MiHiMi30uii BTPOT Ha flepeMMKOHHR B DC-DC nepeTB0- 

ploBO'-iOX. flp~n0ncl TOKOX MOXYTb BMKOPMCTOBYBOTMCR Y flPMCTPORX 3 BenMKMMM HOBOH- 

TaXeHHRMM, TOKMX RK ~HB~PTOPM ~ B M V H ~ B  HOCOC~B i B ~ H T M ~ R T O P ~ B .  

AUIRL7732S2 B ~ ~ P ~ ~ H R E T ~ C R  HM3bKMM 3ClPRflOM 3OTBOpO (QG), n03BO""EKOPOTHTH nn0- 

WY ~PYKOBOHO~ nnOTM Ha 38 B ~ ~ ~ C O T K ~ B  y I ~ O ~ ~ B H R H H ~  3 KOpllyCOM SO-8, U O  3Hafi~e WMpO- 

Ke 3OClOCyBOHHR B CMHXPOHHMX nOHHXYloIIMX ~epeTBOploBO'iaX. AUIRL7736M2 3aCTO- 

COBy€rbcsl B CMHXPOHHMX Il03MuifiHM~ flepeMMKOIIOX, oc06n~~iff lo RKHX E HM3bKMfi oflip BinKpM- 
Toro KaHany (RDS (ON)). 

H H ~ ~ K O  ~ H ~ Y K T M B H ~ C T ~  AUIRL7732S2 i AUlRL7736M2 fl03BOnRE 3HOIIHO ~ ~ A B M L L & ~ T M  np0- 

P?/KTMBH~CT~ Ha 6inbw BMCOKMX ~OCTOTaX, H ~ X  Tpa~MuifiHi MO~-TPOH~MCTOPM. 

Haiwe~yean~n AUIRL7732S2 AUIRL7736M2 
T M ~  ~opnyca S Can M Can 
Hanpyra rip0600 CT~K-BMT~K (VDS), B 40 4 0 
Onip B~AKPMTO~O Katiany (RDS(On))l MOM 5 2 2  
CYMOPHM~ 30PRn 30TBOPO (Qg), H K ~  22 

noryn<~ocrpy~osi ~poceni IHLP- 12 12 y ~opnyci 12x 1 z MM 
K O M ~ O H ~ R  Vishay Intertechnology Inc. 3anycrMna y BMPO~HMUTBO  HOB^ cepii noTymHocr- 

PYMOBMX, ~~3bK0flp0$inb~M~ IHLP-~H~YKTMBHocT~~~ Y K O P ~ Y C ~  1 2 1 2. KOM~IOKTH~ ~ H C \ ~ K T U B H O ~ ~ '  

IHLP- 1 2 1 2AB- 1 1 i I HLP- 1 2 1 2AE- 1 1 npono~ylo~bc~ B ~opnyci 3 ra6apMTaMM 3,O x 3,6 i BM- 

COTOIO npo+ino 1,2 i 1,5 MM ~innoein~o. 
3 a e n ~ ~ u  3acrocyea~~lo H ~ $ ~ P M T H M X  ~a~epianie, npoceni IHLP MaloTb ~ p a u i  xapalcre- 

PMCrMKH ~ 0 6 0 ~ ~  B peXMMi HOCMWHHR B ~OP~BHI~HH~ 3 O H O ~ O ~ ~ ~ ~ H M M H  BMPO~OMM Ha OCHOB~ 

$epMTy. lHLP ~H~YKTMBHOCT~ flpeKpaCH0 npOuloloTb Ha BMCOKMX 'iOCTOTOX flpM BenMKMX 

crpyMax. 

T e x ~ i r ~ i  o c o 6 n u ~ o ~ ~ i  npocenis IHLP: e ~ p a ~ o s a ~ ~ f i  ~opnyc, r a c r o ~ ~ ~ f i  niana30~ no 
5 MTu, MiHiManbHe c ~ ~ ~ B B ~ ~ H o U I ~ H H R  R ~ c / M K ~ H ,  Y ~ ~ T P O H M ~ ~ K U ~ ~  piBeHb OKYCTMIIHMX UIYM~B. 

~H~YKTMBHOCT~ IHLP-12 12AB-11 i IHLP-1212AE-11 MOloTb MaKCMMOnbHy p06011y IIaCTo- 
Ty 1 Mru i CTaHnapT~Mfi ~iCln030~ ~ H ~ Y K T H B H O C T ~ ~ ~  Bin 0,22 M K ~ H  nO 1 MK~H.  

IH~~KTUBHOCT~ IHLP- 1 2 1 2 MOXYb 3aCTOCOBYBOTMCb B DC/DC IlepeTBOploBalrOX; HM3bKO- 

I l p O ~ i n b ~ M ~ ,  nOTyXHOCTpyMOBMX mepenax XMBneHHR; B eneKTpOHHUX flpMCrpORX, KPMTMII- 

HMX no ra6ap~~ ia  ~ o ~ n n e ~ ~ a u i i .  

IHLP-1212AB-11 IHLP-1212AE-11 
fiiano3o~ ~ o ~ i ~ o n i a ,  M K ~ H  0,22 ... 0,56 0,22 ...I 
~ iOf l030~ CTPYM~B HOCM'4eHHR, A 6,7 ... 9,3 5,3 ... 9 
Onip no noc r i f i ~o~y  crpy~y,  MOM 9,5 ... 18,7 9,5 ... 29,5 
fiianaso~ ~O~OI IHX  TeMnepaTyp, 'C -55...+125 -55...+ 1 25 





GAlN OF laO 
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'GAIN OF 20 

GAlN OF 10 

GAlN OF 5 
I 

GAlN OF 2 
I 

GAlN OF 1 

Ha pHc.1 nOKO3OHO TMnOBOR a t e M 0  BKJllo- 

WHMR. B ~ a 6 n ~ q e  npMBeneHbl B03MOXHble 

3HOreHMR K O ~ ~ ~ M U M ~ H T O  yCMneHHR MMKPO- 

CXeMbl B 30BMCMMOCTM OT UM$POBO~O KOnO 

n p ~  p a 3 ~ b 1 x  BapMaHTax nmaouero HanpR- 

XeHMR. 

M O K C M M O ~ ~ H ~ ~ ~  flOpOMeTpbl: 

H a n p ~ x e ~ ~ e  flMTOHMR, B.. . ........ 1 1 

vs 6v, VIN ~ ~ V R M S  

1 - 
50 

40 
* 

30 6 
s 
I a 

Bxon~ok TOK, MA . . . . . . . . . . . . . . . .  f 25 4 lo 
A ~ a f l 0 3 0 ~  pa6ornx 
T e ~ n e p a - r y p ,  "C.. .......... -40...+85. 
M O K C M M O ~ ~ H O ~  BblXOnHOe HOflpRXeHMe 

yCMnMTenR OflpeflenReTCR ypOBHeM HOnpR- 

XeHMR IlMTCIHMR. n M a f l 0 3 0 ~  ~ O f l p R ~ e ~ k l f i  nM- 

0 

-1 0 
100 lk  10k l00k 1M 10M 

T a H w  or 2.7 no 10.5 B. nonoca ycwneHMn [P,,2 
qacrma, r~ 

cMrHana 1 1 MTu. 
Ha pHc.2 nOK03OHbl 'iOCTOTHble XOpOK- 

TePMCrMKM LTC69 1 0- 1, H a  pW.3 - rOCTOT- 

Hble XOpOKTepMCTMKM LTC6910-2, H a  pHc.4 
- r0CTOTHble XOpOKTepMCTMKM LTC69 1 0-3. 

M a n o l l l y m n ~ ~ l  YCHnHTenb 
c qn+posb~m ynpasnenHem 
ycHneHHn H nonocoi nponycKaHHa 
B M a n o l u y m w x  aHanoroBblx ycrpoficrsax 

m5l YBenM'ieHMR COOTHOWeHMR CMrHOn-WyM 

H a  BXOne CTOBRT YCMnMTenb C 6 0 J l b ~ ~ ~  ~ 0 3 $ -  

+MUM~HTOM yCMneHMR. n 0 n 0 C y  IlpOtlyCKO- 

HMR YCTPO!~TBO nenOlOT HaCTOnbKO Y ~ K O ~ ,  

HOcKOnbKO B03MOXH0, 'i~06b1 f lepenaTb TOJlb- 

KO n 0 n e 3 ~ b l f i  CneKTp BXOflHOrO CMrHOnO. Pas- ' 100 l k  10k look 1M 10M 

p a 6 o ~ ~ a  M a n o u i y m q e r o  ycrpofima y c M n e  

HMR COCTOMT B OflTMMM30UHM KO~$$MUM~HTO 

qamma, r~ 
P*c-3 

yCMneHMR yCMnMTen5I M er0 nOnOCbl npOflyC- 

KOHMR. 0. K a p a ~ 3 a n ~ c  (CLUA) co6pan ate- 
MY ycMnnTenR c UM+POB~IM y n p a s n e H M e M  

yCMneHMeM M nonocok flpOllyCKOHMR, .IT0 

0 6 e c n e r ~ ~ a e ~ n ~ ~ a ~ ~ r e c ~ o e  p e r y n M p o e a -  

HMe ypOBHR BXOnHOrO CMrHOnO M WMPMHY 

ero cnempa. C x e ~ a  B c e r o  ycMnuTenR noKa-  

30HO H a  pHc.5, H a  pnc.6 ~OKO3OHO yflp0- 
UeHHOR CXeMO ycrpoficrea. A - B X O ~ ~ H O ~  

ycMnMTenb PGA ( y c ~ n ~ ~ e n b  c n p o r p a M M M -  

P Y ~ M ~ I M ~ C M ~ ~ H M ~ M ) .  Ha KOHneHCOTOpe C1 
M BXOAHOM p e 3 M C T O p e  R 1  MHTerpOTOpO j 

-' 
c + o p ~ ~ p o ~ o ~  B' i  4 ~ n b ~ p  n e p B o r o  nopgnl ta.  

B UeflM O ~ P O T H O ~  CBR3M MHTerpOTOpO BTO- 100 l k  10k 100k 1M 10M 

pofi ycMnMTenb PGA (B) obecnern~ae~ yn- puc.4 ~IICTOTB, r~ 

4 
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- (A) 

' Y c u n ~ ~ e n b  PGA 
- - 

BANDWIDTH - 
I nonocoeofi Ct)unb~p PGA GAIN=-1 I 

p a s n e H n e  nonocoR n p o n y c K a -  

HMR ycrpoRcrsa. 
M a n o u y ~ s l q e e  ycMnnTenb- 

H o e  ycrpoRcreo co6pa~o H a  

nByX I lpOrpaMMMpyeMblX yCM- 

n n ~ e n ~ x  (PGA) LTC69 1 0- 1 n 
a B O e H H O M  OY LT1884. B x o ~ -  
HOE YCMJlMTeJlb IC1 0 6 e c n e q n -  

s a e T  un+posoe y n p a s n e H n e  

K O ~ $ $ M ~ M ~ H T O M  YCMneHHR: 1, 
2,5,10,20,50, 1 00 c n c n o n b -  

' 
10 

K, a6 o 

-10 

-20 

-30 

- 40 

-50 

30BaHUeM ~ - ~ U T O B O ~ O  ~ L I ~ $ P O -  

B o r o  KOACI. HHXHRR r p a H n u a  

IlOnOCbl flpOflyCKaHMR YCMnMTe- 

nR HO y p o e H e  -3 n6 y c r a H o s n e -  

H a  B 1 rlr. B~opoii YCUJlHTeflb 

PGA LTC6910-1 (IC3) oxsa- 

-60 

-70 

-80 

1 10 100 1k 1ok 1DOk 

 re^ ne~neR OC u ~ ~ e r p a ~ o p a  , ~(acrora, r~ 
LT1884 (IC 2). Un$posok KOH- 1 ~ u e . 7  , -- ---- 
TpOnb YCMneHMR MHTerpaTOpO 
flaHoBnTcR uH$POBUM ynpaB- H ~ ~ / L L I ~ M  COCraBflReT 76 n6 m f l  CUrHaJla ypOBHeM 10 MB 
neHMeM n p o n y c ~ ~ o i  cnoco6- C K O ~ $ ~ $ W W ~ H T O M  YCHneHHR 100 H ~ O ~ O C O ~  nponyc~a- 
HOCT~K) M ~ e p x ~ e i  r p a ~ ~ u e i  H M ~  00 0Ll MflM - 64 a6 PJlR CMrHOnO 100 MB C yCMJleHHeM 

'iOCTOTbl H a  y p O B H e  -3 ~6 OT nOnOcOA 

1 0 r~ no 1 K ~ U .  C YMeHbWeHMeM HOMMHaJla eMKOCTM C2 PaCTeT BepX- 

ManowyMRuMfi 0)' LT1884 HRR r p C I H U ~ 0  WlCTOTbl XOpOKTC?pUCTUKU. Ecnn C2 = 0,l 
06benMHeH c PGA LTC69 10 1 M&, TO MaKCMMOflbHaR YrnOBaR rOCTOT0 ~ C T ~ O R C T B O  yBe- 

06ecneqeHMR BMCoKoro co- ~ U ~ U T C U  RO 10 K ~ U .  HUKHRR r p a i i n w a u  'lOCTOTO HO YPOB- 

OTHoWeHMfl cllrHan/LuyM. Ha- H e  -3 06 PaCTeT flpn YMeHbllleHHH HOMMHanO KOHaeHCO- 

f lpHMep, COOTHOWeHMe Cclr- Topa C1. 



'0 0 1 YOHMhMUa'as BMH 

-axtrduo~ OJOHH~W~~~U OJOH'dOX8 OIMHahDHE hwa~Uad3 laheu 
-la91003 Olh '0 S'P [ ~MH~XLI~UDH aOHuOX198 aOHqUDWM3>DW 

.~auyoduh auoxa 
DH IMH~XB~UDH ~~~~MUUWD OHBD~ g lsn aUOX199 DH ~UH~XM~U 

-DH -'IU~LUUM~~ OJOHUOXB UOXB ymahdclldae~~ DH laouhou 
~MH~X'I~UDH aOH~OXl9~ '0 [Sn A0 DH ylqHH~dg03 'tfD)13~)1 MOH 

-Uoxlqa ylq~daqhg OH la~uhou M (M ABOUDIHDI o~qual~uax) 

c' adOlD3~aU~Ol 'OH ~31ahd~qu~$ ~MH~XB~UDH a0~~aLrWtrdU 

-199 'hJ> 00 [ Ow hJ 0 [ 10 lOUDh aHOEDUDMu 9 DUDHJM3 OJOHUOXB 
ILIU sua~wwtldu~qa ylq~tfoMdauhuouo~tlo lahc~dgo [a WOUOMU 3 

v lsn A() .(MOH~H~ 'W3) DUDHJM3 I~U~~MUUWD MMH~~~WEM BUU 

~ra~u~du hwax3 uolog~d~~d (ornsuo~) ntnao HtrquDga3 

'c31 z'Blq9 M 231 S M E'9lqa 3 qlHHMua 

-03 131 2'9lqg .@IW [ dol~3HaUH0)1 €adah 

' 1 1 1 M 00 1 '100 :WOW quuwacDE 131 ~'81qa '01 M 231 '131 MaualMu 
-or w~saodqnh XAHHDUDE 'BMHDY~~UO~U 193 -u3h y9198 9lMLlWaEDE OH~H 0~01~ ~u'rj 'g 0 [ 
-0UOU ~~WH~~DHE xadl BlM IMH~UM~~ WO~H~M~ OW ~'2 10 W~MH~XB~UDH W~~H~BUOUOHUO 

-M$$EOI WAHhMHMua 3 DBU~O~U~ DIMUM~ 9lDlMU OHXOW aWD1 011 'g S'SF DIMHhOUM 

-auod~x BDH~OUD~ DHDEDIOU pud DH OJOH~IUOUXA~U 10 'I~~~DIMU oauyodu~ 



,&I9 ynp0BneHMR LlBHraTeJlRMU IlOCTORH- 

HOrO TOKO C HOMMHOnbHblM HanpRXeHHeM 

12 8 P. L U ~ M M T ~ ~ ~ O W M  ( L U p M - f l a ~ K a )  pas- 
pa6o~an H e n o p o r u e  cxeMbl  peryn~~opoe 
'laCTOTbl BpallleHMR, B KOTOPblX MCnOJlb3YeT- 

CR 30BMCMMOCTb llaCTOTbl BPCIqeHHR ABUTa- 

Ten9 n o o o s l t i H o r o  TOKO OT cpen~ek eenwrn- 
H ~ I  ero n ~ ~ a l o u e r o  HanpRmeHMn. 

Ha p~c.1 n o ~ a 3 a ~ a  npocTaR a e M a  pe- 
ryJlRTOp0, IlOCTpOeHHOR H a  COCTOBHOM 3M- 

MUTePHOM nOBTOpMTeJle Q1 U Q2. PeryJlM- 

POBKO WlCFOTbl BpOueHMR nBMr0TenR BblnOfl- 

HReTCR llOTeHuMOMeTPOMVR1. H O ~ ~ R X ~ H H ~  
IlMTOHMR ABMraTeflR MOXeT 6bl1-b H3MeHeHO OT 

Ono 12 B. 
3 ~ a  c x e M a  n o ~ a 3 b 1 ~ a e ~  xopowee pery- 

JlMpOBaHMe WCTOTbl BpOqeHMR H a  BblCOKMX 

CKOPOCTRX, HO IlnOXO B YnpOBJleHMM H a  HM3- 

KMX CKOPOCTRX M M e m e H H O  CTOpTyeT. 

Ha p~c.2 n o ~ a 3 a ~ a  6onee c n o x H a R  a e -  
MO, KOTOPOR 0 6 e c n e ~ i ~ a e ~  nywee  pery- 
JlMpOBaHMe llOCTOTbl BpOueHMR H a  HMJKMX 

CKO~OCTRX M nMeeT 6onee B ~ I C O K H ~  spaqa- 
l O q M k  MOMeHT. 

BO BTOPOR C X e M e  MCflOnb3YeTCR 

U ~ n ~ f l b ~ ~ b l G  PeXMM YnpaBneHUR nJlR M3Me- 

HeHMR CKOPOCTM BPaqeHMR nBMraTeJlR. Ha 
norMrecKMx 3 n e ~ e ~ ~ a x  MflM-HE IC1 co6pa~ 
~ e y C T 0 k c l M ~ b l k  MYJ~~THBM~POTOP, K O T O P ~ I ~  

B ~ I ~ O ~ O T ~ I B O ~ T  n p R ~ 0 ~ ~ 0 J l b ~ b l k  CMrHOn H a  

'4OCTOTe 50 ru. K o ~ ( $ $ M ~ M ~ H T  30nOJlHeHMR 

~ ~ R M o ~ ~ o J I ~ H o ~  flOCJle,QOBOTenbHOCTM HM- 

n y n b c o s  perynMpyeTcR OT 20: 1 no 1 120 c no- 
M O u b l o  I lOTeH~UOMeTpO VR1. 

Cur~aJl OT M ~ ~ ~ ~ T M B M ~ ~ C I T O ~ O  I lOCTyIlaeT 

H a  ~ o ~ ~ T ~ o H ~ M C T O ~ O  Q1, K O T O ~ ~ I ~ ,  B CBOlO 

OqepeJJb, YnpOBJlReT TpOH3MCTOPOM Q2 M 

nBMraTeneM. 

Cpen~ee n n T a l o u e e  HanpRmeHMe nelra- 
TenR ( ~ ~ ~ e r p c l p o ~ a ~ ~ o e  no nepwony 50 ru) 
TOKMM 0 6 ~ 0 3 0 ~  IlOJlHOCTblo PeryJlUpyeTCR 

flOTeHUMOMeTPOM VR1, HO IlPMMeHReTCR B 

($OPM~ MMnyJlbCOB B ~ I C O K O ~  MOuHOCTU C flH- 

KOBblMM BenMWHOMM ~ P M ~ ~ M ~ M T ~ ~ ~ H O  12 B. 

Pnc. 1 





Ha PHCyHKe nOK03OHO a teMa,  co6pa~- 
HOR H a  nByX OY, KOTOpOR p060~0e~ KOK KO- 

TYWKO C O T ~ H U O T ~ ~ ~ H O R  UHClylcnlBHOCTblo. 

P a 3 p a 6 o ~ a n  c x e M y  C. Mexpo~pa ( I / ~ H ~ H R )  
CX~MO ~ p e 6 y e ~  & B y  COrJlOCOBOHHblX KOH- 

neHCOTOpOB M TpeX COrJlOCOBOHHblX pe3MC- 

TOPOB. 

CflenyloUJ4e YpaBHeHMR OflHCblBOloT np0- 
ueccb l  B cxeMe: 

il = (Vl -V3)/R (1 1 
i2 = (V2 - V4) /R (2) 
( v 2 - v 4 ) ~ C ~ = ( v 3 - v 1 ) ~ C S =  
= (V, - V2)/R (3) 

M 3  POBeHCTB ( I ) ,  (2) n (3) CnenyeT: 

V1 = -il x CsR2 + V2 
. . (41 
'1 = -12 (5) 
C ~ O B H ~ H M ~  ~ ~ C I B H ~ H M ~ ~  (4) M (5) C MOTPM- 

ueR nepenarn naeT: 

V1 = A x V 2 - B x i 2  
il = C x V 2 - D x i 2 .  
T e n e p b  B - n e p e n a T o w o e  n o n H o e  conpo- 

TMBneHMe KOpOTKOrO 3QMblKOHHR, UlenOBO- 

TeJlbHO, 3KBklBOneHTHOe nepe~OTO'iHOe nOn- 

H o e  COflpOTMBneHcle OflllCblBOeTCR YpaBHe- 

HHeM Z = -cR~, T.e. RBnReTCR 3KBMBOJleHTOM 

o ~ p n u a ~ e n b ~ o i  KaTytuKe MHA~KTMBHOCTH. 

1 K2 (IDEAL) ._ 



MHOM~ yCTPokTB0, KOTOPble rlkITOIOTC3 OT 

MCTOqHMKOB nOCTORHHOr0 TOKCI, npeo6pa- 
~ O B ~ I B ~ I O ~ M X  n e p e M e H H o e  c e T e e o e  HanpR- 

x e H M e  220 B, MnM HaxonRTcg B M O ~ H ~ I X  me- 
KTPOMQrHMTHblX nOnSIX CeTeBOrO HOnpSIXe- 

HCIR, H ~ O I O T C S I  B n ~ n ~ n ~ ~ ~ e n b ~ ~ f i  $ H ~ ~ T P Q -  

UMM n a p a 3 ~ 1 m o r o  $ 0 ~ 0  ~~oCTOTOR 50 rU. TH- 

to- 
Bxop, T Bbl~op, 

L-1Iz.RS.m 

I Pnc. 1 

nosan aeMa pexeKTopHoro d)wnbT~a ceTe- Ha puc.2 noKa3aHa a e M a  pexenopwp 
HanpRxeHCIn n°Ka3aHa Ha put*'. ro $ ~ n b ~ p a  HO nsyx OY. C 3 n e ~ e ~ ~ a ~ w  R2 ... TOKOR ~ n e ~ M C l n b H b l R  +MJlbTp n O n X e H  no- R5, C2 M P1 c x e M a  M o n e n M p y e T  pa6o~y 

AOBnRTb TOnbKO KOMnOHeHTbl CMrHOJlO H a  qa-  
0 6 b l q ~ 0 R  KOTyUJKM MHAYKTMBHOCTM. 

OnycKaR n o n e 3 ~ b l e  q a n o ~ b l  M~~~~~~~~~~ cMHTe3MpoBaHHo~ Korylv 
co6~aTt~ d ) * n b ~  CW~P'T- KM OnpenenqeTcg  no +opMyne: 

HOCTbK) 10, n o ~ p e 6 0 ~ a n o c b  6b1 MCnOJlb30- L = ~2 ~3 ~ 2 .  
MHAYmBHOcrb 50 "1 n03T0MY nOTeH4110MeTPOM P1 W3MeHRIOTA06POT- 

~ e n e c o o 6 p a 3 ~ e e  
C U H T ~ ~ * P ~ B ~ T ~  we- H o m b  KaTyWKM. nonaBneHHe CMrHana q a c -  

0 6 x o n ~ ~ ~ o  'HAY"BHoCTb c n o M o ~ b ~ ' n e  TOTOR 50 in c o n a B n n e T  45-50 ~ 6 .  . 
KTPOHMKM. 





Pa6o~ae~ a e M a  c n e n y l o u u M  0 6 p a 3 0 ~ .  HanpRxeHMe H a  sb1e.2 c r a H e T  HMme ~ T O ~ O  

npennonaran,  TO MCTO~HMK nMTaHn9 yxe H o B o r o  nopora. Torna K o M n a p a T o p  nepe- 
flOnKJllo'ieH M B p e ~ ~ 3 C l n a l o L L ( ~ f i  KOHneHCaTOp KlllOL(MTCR M H a  er0 BblXOne RORBMTCR HaflpR- 

(C2 ... C7) pO3pRXeH1 HaflpRXeHMe H a  BblB.2 XeHMe OKOnO 8 B.   TOT 4MWI HeOflHOKPaTHO 

IC1 npM6flM3MTenb~o p a B H 0  4,s B. B b l x o n ~ o e  f lpO~OnXaeTCR, TaKMM 0 6 p a 3 0 ~  n O M e P X H -  

HaflpRXeHMe H a  ~b1e .6  6 ~ 7 ~ 3 ~ 0  K HQflPRXeHMIO BaR K O ~ ~ ~ O H M R .  

nMTaHMR ( O K O ~ O  8 B) M HanpRXeHMe H a  BblB.3 C Bblxofla OY 'iepe3 pa3~~3bl~aloLl&i~ KOH- 

Syne~ paw0 6/25 B. B p e M R 3 a n a l o q ~ R  KOH- AeHcaTop C9 ~ o n e 6 a ~ m  n o c r y n a l o T  H a  no- 
AeHCaTOp 6yne~ 3apRXaTbCR rep133 flOTeH- TeH4MOMeTP VR2, ~ 0 ~ 0 p b l f i  BblflOnHReT POnb 

UMOM~TPVR~ M p e 3 ~ c r o p  R3, n o K a  H a f l p R X e  a r r e H i o a T o p a .  K O H A ~ H C ~ T O ~  C9 MMeeT 

HMe H a  BblB.2 H e  npeBblCMT 6/25 B. Ko~napa- 6 o n b w y l o  eMKOCTb M3-30 HM3KMX 'iaCTOT flep- 
TOP n e p e ~ n t o r M T c R  M H a  eblxone OY ycra~o- B ~ I X  neyx n ~ a n a 3 0 ~ o e  r e H e p a T o p a .  

BMTCR HClnPRXeHMe, 6 n M 3 ~ 0 e  K nOTeHlJMany y ~ 0 6 b l  rQpaHTMpOBaTb 6 e 3 y n p e ' i ~ y l o  pa- 
HynR MCrO'iHMKa nMTaHMSI, I ~ P u ~ J ~ M ~ M T ~ ~ ~ H o  ~ O T Y  reHepc lTOpa H a  BblCOKMX 'iaCTOTaX, 

1 B. H a n p R X e ~ M e  H a  BblB.3 M ~ H O B ~ H H O  M3Me HenOCpef lCTBeHHO K BblBOAaM flMTaHMR 

HMTCR H a  2/75 B M Bpe~R3analoLL(Mfi KOHAeH- k!MC ICI I lpMnaRH pa3BR3blBalouMR KOH- 

CaTOp 6yne~ p a 3 p R X a ~ b c ~  Tex flop, n o K a  neHCaTOp C8. 

~ F I  noc rpoeHMR npocroro M neueeoro Bune. Ero a e M a  HeMHoro  c n o x H e e ,  HO ro- 
~ a f i ~ e p a  'iaue BCerO MCflOnb3yloT MMKPO- pa3.40 TO'iHee H a  6 0 n b ~ 0 ~  BpeMeHHOMnM- 

CXeMy 555, HO CyBenMreHMeMmMTenbHOCrM a n a 3 0 H e  OT 3 C A 0  6,8 'i. 
s a n e p x ~ ~  y x y n u a e T c R  T o r H o c r b  o T c r e T a  B K a r e c r s e  Mcro'iHMKa TaKToBblx cMrHa- 

BpeMeHM. ~ O ~ T O M Y  f l ~  ~ ~ B o ~ x C I K  ( ~ ~ x M R )  CO- JlOB B y c r p o R C r s e  MCflOnb3yeTCR 'iaCTOTa 

6pan a e M y  ~ a f i ~ e p a  H a  n o r M r e c K u x  3ne-  m e m p o c e ~ ~  50 ru. f l o ~ ~ x e ~ ~ o e  H a n p R x e -  

MeHTaX, KOTOPble PQ~OTCIOT B ~M$POBOM HMe CeTM CHMMaeTCR CO BTOPM~HO~? O~MOT-  

Bblxoa 

Pnc. 1 
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Re1 = rele 12 V 
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KM T ~ ~ H c ~ o ~ M ~ T o ~ ~ ,  f l O O y n a e T  H a  CXeMy, 

noc rpoe~~yo H a  3 n e ~ e ~ ~ a x  R1, R2, R3, TI ,  
T2 M D5 P,JlR ~OPMMPOBC~HMR TaKTOBOrO CMr- 

Hans ~ ~ ~ R M o ~ ~ o J I ~ H o R  $OPM~I, KOTOP~I; no- 
C f y f l a e T  H a  ~ ' i e ~ H b l R  BXOA C'ienMKCI 1020. 
flB0M'iHblfi CWT'iMK 4520 MCilOnb3yeTCR KaK 
AenMTenb racroTbl .  Ero BpeMeHHble n u a r p a M -  

Mbl nOKa30Hbl H a  pHc.1, C $ Y H K ~ M O H ~ J ~ ~ H ~ R  

c x e M a  - H a  p~c.2. 
C x e ~ a  ~ a R ~ e p a  n o ~ a 3 a ~ a  H a  p~c.3. TaR- 

M e p  MMeeT A B a  P e X M M a  - OAMH 6 b l ~ ~ p b 1 2 ,  

. ,Qpyrofi MeP,JleHHblfi. E c n ~  TPQH~MCTOP T3 OT- 

KP~IT (Ha BblxoAe 104d npMcyrc rsyeTnorc l re -  

CKMR Hynb), TO H a  BXOA 105 flPMXOAMT MM- 

nynbC (1 50 X 0,02 C = 3 C) K a w b l e  3 CeKyH- 

Abl. E c n ~  TpaH3MCTOP T3 3CIKPblT (Ha BbIXOAe 

104d n p M c y r c r s y e T  norM'iecKaR enu~~ua),  
TO ~a BblxoAe AenMTenR npucy-rcrsyeT MM- 

flynbC K a w b l e  0,44 CeKyHnbl (22 X 0,02 C = 
0,44 c). 

T ~ ~ H ~ M C T O P  T3 HaXOAMTCR B 3 0 -  

KP~ITOM COCTORHMM, K o r A a  H a  BXOA 

104d IlOAaeTCR n0rM'ieC~MR HOnb C 

nOMOUbt0  BblKntO'iaTenR S1, KOTO- 

PblM B b l 6 M p a t 0 ~  OAMH M3 ABYX PeXM- 

MOB p a 6 0 T b l  ~ a k ~ e p a .  B ~POMBHOM 

c n y q a e  H a  sb lxone  104d 6yne~ norcl- 

' ~ ~ c K M R  Hynb, nO3TOMy TpaH3MCTOP 

T3 OTKP~IT. 

f l n ~  y n p a s n e H M R  ~ a i ~ e p o ~  MC- 

flOnb3yloTCY ABe KHOnKM TI 1 - nYCK M 

TI2 - CTOn. C f l O M O U b 0  3TMX KHOnOK 

npoucxoAMT y n p a s n e H u e  RS TpMrre- 

POM, K O T O ~ ~ I R  c06pa~ H a  3 n e ~ e ~ -  

T a x  JlOrMKM 1 0 3 ~  M 104b. Ero BblXOn 

flOAKJJlo'ieH K 6 a 3 e  COOaBHOrO n-p- 
n TpaH3Mf fOpa1 B K O ~ ~ ~ K T O ~ H O ~ ~  ue- 
nu K o T o p o r o  CTOMT pene, n o 3 ~ o n ~ t o -  

Uee T a R M e p y  KOMMYrMPOBaTb no- 
6yo ~ a r p y 3 ~ y .  

BpeMeHHble MHTepBanbl Ta iMepCl  

3 a ~ a o ~ a  c n o ~ o q b l o  n e p e u o ' i a T e -  
n e i  S1 M S2, MX 3 ~ a ' i e ~ ~ ~  npwseAe-  

H ~ I  B ~ a 6 n ~ u e .  
C B ~ T O ~ ~ M O ~  D l  0 BblflOnHReT POnb 

MHnMKaTOpa p a 6 o ~ b 1  C i e N M K a  4020, 
CBeTOAMOA D 1 1 CBeTMTCR, KOrAa pe- 
ne KOMMyTMPYeT HarPY3KY. CB~TO- 
AMOAbl D 1 2 M D 1 3 MHAMuMPYtOT pe- 

/ XMM p a 6 0 ~ b l  ~ a i ~ e p a .  

S 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

P ~ ~ M M  1 

3,s c 
7 c 
14 c 
28 C 
56 c 
112c 

3,8 MMH 
7,s MMH 

15 MMH 
30 MMH 

1 
- 

P~XMM 2 

24 c 
48 c 
96 c 

3,2 MMH 

6,4 MMH 
1 2 , 8 ~ ~ ~  
25,6 MMH 
51,2 MMH 
1,7 11 
3,4 r 
6,8 
- 



Yc~poficreo npencraenne-r co6ofi npw- 
CTaBKy K T ~ ~ ~ + O H H O M Y  annapaTy, KOTOpaR 

BblnOnHReT POnb OnTMreCKOrO CMrHanM3a- 

~ o p a  B ~ I ~ ~ I B H O ~ O  cMrHana ~enec$o~a. Ycr- 
~o!~TBo M O X ~ T  6 b 1 ~ b  nOne3HblM B TeX CJlyqa- 

RX, KOrAa H e  CnbllLleH T e J l e $ o ~ ~ b l f i  3BOHOK, 

HaflpMMep B O W H b  WYMHOM MeCTe MnM KOT- 

A a  ~enec$0~ HClXOAMTCR H a  YAaneHMM M TepR- 

eTcn ero 3 e y ~ o ~ o f i  cwrtlan, a T a w e  K o r n a  

3BOHOK nPMXOAMTCR OTWIK)rlaTb, r l ~ 0 6 b l  H e  

HapylLlaTb I ~ o K o ~ ~ ,  Haf lpMMep B CnanbHRX MnM 

~ 0 6 f l t O n a ~ b  TMUMHY B ~ W ~ ~ M O T ~ K ~ X  ki T.n. 

O n ~ ~ r e c K b I f i  c ~ r ~ a n ~ 3 a ~ o p  (CM. P H C ~ H O K )  
cobpan n e ~ p  Bofi~oenr ( f lonbura) ,  ycrpok- 
c r ~ o ~  HHAMKauuu cnyxm n a M n a  H a K a n m a -  

HMR, n o n ~ n ~ o r a e ~ a ~  K ceTM 220 B. 
~ P M H U M ~  p 0 6 0 ~ b l  ~ C f p o f i C T ~ a  3aKJlK)rlaeT- 

B MOHMTOPMHre YPOBHR HanpRXeHMR T W e -  

$OHHOE JlMHMM. K ~ K  H3BeCTH0, YPOBeHb Ha-  

IlpslXeHMR M3MeHReTCR. H a f l p ~ x e ~ M e  pas- 
HO n p ~ G n u 3 u ~ e n b ~ o  60 B, Korna  ~ e n e $ o ~ ~ a ~  
T P Y ~ K ~  JleXMT H a  KOHTaKTHblX PblllaXKaX, M 

10 B BO BpeMR pa3rOBOpa.  Korna no nMHHM 

n o c r y n a e T  cMrHan B ~ I ~ O B ~ ,  K nocroRHHoMy 

~ a n p ~ x e ~ u o  60 B no6asn~e~cn nepeMeH-  

H o e  H a n p R x e H u e  a~nnmynofi 90 B c q a c r o -  

 TO^ 25 ru. 
Ko~ne~cmop C1 npenRTa6ye-r no~pe6ne- 

HMK) TOKa YCTPO?CTBOM B PeXMMe OXMnaHMR 

spem nocrynneHun cMrHana B ~ I ~ O B ~  ero pe- 
aKTMBHOe COnPOTMBfleHHe OrpaHMqMBaeT 

TOK CBeTOnMOnQ OnTOTPMQKQ TO]. 
n e p e ~ e ~ ~ b l f i  TOK BblnPRMnReTCFI MOCTOM M3 

nMOnOB D l  ... D4 M H a  KOHneHCaTOpe C2 Ha- 

K a n n M s a e T a  H a n p n x e H M e  o K o n o  l ,4 B, aK- 

MepHOe IlOBblUeHMe HOnpRXeHMR H a  KOH- 

n e H c m o p e  C2 M n o M e p x M B a e T  ero H a  ypos- 
H e  20 B. 

O ~ ~ T O T ~ M ~ K  ynpaBnReT pa6o~oR CMMMCTO- 

pa TR, K O T O P ~ I ~  M0xe-r  K O M M ~ T H P O B ~ ~  naM-  

fly HaKOnMBaHMR MOUHOCTblO A 0  100 BT, KO- 

TOpaR BblnOnHReT p 0 n b  CBeTOBOrO CMrHOnM- - 

HMR H a  HeM. 

I 



O r o ~ b  ~cerna npMBneKan r e n o e e K a  c a o e 2  ~paco~ofi. 
Tneour~e npoea K o c r p a  MnM rapytou~fi o r o H b  KaMuHa 

MaHMT r e n o ~ e r e c ~ ~ f i  ~ 3 0 ~ .  E c r b   TO-TO y c n o K a M e a o u e e  

B ~ a 6 n l o n e ~ u ~  M ~ ~ U O H M ~ ~  OrHR, M r p O O ~ e r O  H a  YrJlRX. 

~ O M O W H M ~  KOMMHbl RBJlROTCR HeM3MeHHblM Q T P M ~ Y -  

TOM AOMOB C ~OCTOTKOM, CO3nOOT YloT, MeCTO c6opa Ce- 

MbM M ~ J ~ M ~ K H X  nlonefi. OHM /JOnOJlHRlOT MHTePbeP AOMO 

TennoM, napm 3 c r e ~ ~ r e c ~ o e  H a c n a w e H M e .  

K COXOneHMO, B npOUeCCe 3KCnnyOTOl(MM KOMMHO OH 

3OrPR3HReTCR (KOK BHYTPM, TOK M CHOPY)KM). n 0 C D e  KOX- 

~ 0 f i  TOnKH M3 KOMMHO H ~ O ~ X O ~ M M O  YnOnRTb BCe OCTOTKM 

3onb1, nepMoAMrecKn ~ M C T M T ~  ~ ~ I M O X O ~ .  

no 3 ~ 0 f i  M nPYrMM IlPM'iMHaM MHOrO nlonefi npeAflO'iM- 

TOOT 3JleKTpOKOMMH, K 0 ~ 0 p b l f i  H e  H W H O  '4MCTMTb M OH 

pO3XMrCleTCR MrHOBeHHO. 

M~oro  3neKTpOKOMMHOB O ~ O ~ ~ ~ O B O H ~ I  CneUManbHblMH 

3JleKTPOHHblMM ~++~KTOMM,  KOTOPble MMMTMPYOT np0- 
uecc ropetimi yrnR MnM ~ p o e .  M~orna co BpeMeHeM 3 4 -  

@KT M O ~ ~ ~ ~ M ~ O B O H M R  OTKPMTOrO OrHR IlOPTMTCR, B 6 o n b -  

LUMHCTBe CnY'iOeB IlOnOMKO COCTOMT B M3MeHeHMM PeXM- 

M a  CBereHMR nOMnbl, KOTOPOR AOnXHO M3JlyrOTb MepUO- 

I 

Thy1 = Thyristor, 400 VI1 A 

Tri 1 = Triac, 400 V l4A  

r0 KOMMHO, KOTOPYlo p 0 3 p O -  

6o~an C. K a y n b  ( r e p ~ a ~ ~ ~ ) .  B 
CXeMe MCnOJlb3yeTCR MMHM- 

MOJlbHOe KOJlMWCTBO 3JleMeH- 

TOB, ~ O ~ B O ~ R O U M X  MMMTMPO- 

BOTb ~ e p ~ a l o q c l f i  OrOHb C no- 
MOUblO nOMnbl HClKaJlMBOHMR. 

Korna I l O ~ K n l o W H O  nMTOHMe, 

KOHAeHCOTOp C1 30pRXOeTCR 

nonyeonHaMM ceTeeoro  HanpR- 

XeHMR repes n a M n y  La, p e 3 ~ -  

CTOP R2 M n ~ o n  D l .  flocne 
n p o x o x n e H m  HeconbKMx ne- 
p~onoe c e T e s o r o  HanpmceHMR, 

HOflpRXeHMe 30pRaO KOHfleH- 

COTOPCY npeBblCMT OTnMpalo-  

qee HanpRmeHMe nMaKa Di 1, 
KOTOP~IA, B CBOKI oqepenb,  OT- 

KpOeT TMPMCTOP Th 1, TOK 'iT0 B 

MTOre KOHneHCaTOp C2 6b1crpo 

3OPRnHTCR L(ePe3 3TOT TMPMC- 

TOP M nMOn D 1. O~HOKO, KOraO 

ceiesoe H a n p R x e H u e  3 a ~ e ~  

n e p e c e r e T  Honb,  TOT TMPMC- 

TOP 3QKPOeTCR. KOHA~HCQTOP 
C3, KOTOP~IA RBJlReTCR IlOCTbO 

~ p ~ r r e p ~ o 2  UenM c T p u a K o M  

(CMMMCTO~OM) Tri 1, T e n e p b  30- 

PRXOeT 6 b 1 w 0  KOHAeHCOTOP 

C2 repes p e s c l c r o p  R3. 3 ~ o  
C M e q e H M e  n o c r o R H H o r o  H a -  

npRXeHMR H a  KOHneHCOTOpe 

C3 YMeHbWaeTCR C pO3pRnOM 

KOHneHCOTOpO C2, '-IT0 npMB0- 

AMT K n o c r e n e H H o M y  ~ 3 ~ e ~ e -  

HMO yrna OTKP~ITMR TpMaKa, 

Bbl3blBOR MepuOHMe JlOMnbl LO. 
KOK TOnbKO HOnpRXeHMe H a  

KOH~eHCOTOpe C1 CHOBO no- 
CTMrHeT YPOBHR OTflMpOloLl@- 

r0 HOl lpRXeHHR AMOKa, BeCb 

UUKn nOBTOPReTCR CHOBO. 

M O K C U M O ~ ~ H ~ I ~ ~  TOK TpHOKO 

n o n x e H ,  no ~ p a f i ~ e f i  M e p e ,  



ABOXnbl npeBOCXOnUTb TOK, n o ~ p e 6 n u e ~ b l i i  BO B p e M  C~OPKM,  HOCTPO~KM U 3KCnnya- 

J l a ~ n 0 ~  LO. h R  HOpMOJlbHOrO ypOBHR OrHR T O ~ U U  3JleKTPOKOMUHO HYXHO nOMHUTb, qTO 

4 A ~ O ~ X H O  6blTb ~ O C T O T O ~ H ~ I M .  Tpua~ n0n- 3JleMeHTbl CXeMbl HOXOflRTCR n0n HanpRXe-  

X e H  TOKXe BblflepXUBOTb IlUKOBble HOflpR- HUeM CeTU. ~ O ~ T O M Y  CJlenYeT CTPOfO CO- 

x e H u u  ceTu, TO e m  n p u 6 n u 3 u ~ e n b ~ o  400 B. 6 n o n m b  M e p b l 6 e 3 o n a c ~ o c ~ u  u no BO~MOX- 

n0n0hJeT TMPMC~OP C nOpOMeTpOMM 400 B HOCrU U30JlUPOBClTb 3fleMeHTbl YCTPO~CTBQ. 

(1 A), nUOn Dl - B ~ I ~ P U M M T ~ J ~ ~ H ~ I R  n106oro M- 
no H a  600 B. 

U U & ~ O B ~ I ~  reHepOTOpbl l lano flPOU3BO- 

M T  ~OCJle,QOBOTeJlbHO~b MMnynbCOB TTL UnM 

CMOS ypos~u n o n o x u ~ e n b ~ o i 7  nonupHoc-  

TU. C O ~ A O H M ~  CHMMeTPMr(HOf0 6unonup~o- 
ro c u r H a n a  oTHocuTenbHo ~ y n u  npencrasnn- 
eT cnom~yo sanalry. LU. Tusapu (MHAUR) pas- 
pa6o~an a e M y  r e H e p a T o p a  n a y n o n u p H o r o  

CUrHOJlO H a  on~oR MUKPOCXeMe nOrUKU 

74 HC 1 4 (CM. pncyno~). Y e ~ b ~ p e  3 n e ~ e 1 - 1 ~ 0  



I/ls~ecrno M n o m e c r e o  c n o x n b l x  a e M  n p ~ -  
6 0 ~ 0 ~  W R  MCflbrrOHMR ~ 0 6 e n R .  r. Y o K ~ ~  (Ho- 
BaR 3 e n a ~ ~ ~ ~ )  npep,naraeTAelueBylo M npo- 
CTYO OJlbTepHOTMBy. 6 er0 CXeMe (CM. p#Cy- 
HOK) MCnOnb3yeTCR TOnbKO 6 a ~ a p e R  IlMTOHMR 

HOf lpRXeHMeM 9 6, n B 0  KOHHeKTOpO, He- 

CKOJlbKO Pe3MCTOPOBt TeCTep WFI M3MepeHMR 

HanpRxenuR.  

6 CXeMe MOXHO H C ~ ~ O ~ ~ ~ O B Q T ~  n106ble HO- 

MMHOnbl Pe3MCTOPOB, HO Jly'iule, e U l M  MX CO- 

flpOMBJleHMR HOXOnslTcsl B AMOflO30He OT 1 A 0  

50 KOM. 

6 f lpMBeneHHOM f l p M M e p e  IlpOBepReTCR 

~ ~ R T M X M J ~ ~ H ~ I G  ~ 0 6 e J l b  I l epenOqM AOHHblX C 

KOHHeKTOPOM D-9. 
MHH~C MCTOqHMKO flMTOHMR(0 6) flOACOe- 

BMHRloT K KOHTOKTY 5,O +9 6 - K KOHTOKTY 1 
M 'ieTblpe pe3MCTOpO M e m y  3TMMM KOHTOK- 

TOMM. Ha n p y r O M  KOHUe ~ a 6 e n ~  MYnbTMMe- 

TPOM CHMMOIOT flOKO30HMR C KOHTOKTOB p03b- 

eMa.  TOKMM 0 6 ~ 0 3 0 ~  n e r K o  o n p e ~ e n ~ t o ~ c ~  
KOPOTK030MKHYTble MJlM 0 6 0 ~ ~ 0 ~ ~ b l e  XMnbl 

~ a 6 e n R .  

A~ynOJlflp~blCi MCTOSHMK llMTaHlfl15 B 
Ha ~ H C .  1 nOK03OHO CXeMO HCTOlrHMKO POMM C1 M C2 H a  YpOBHe OKOJlO f 20 6. no- 

IlMTOHMR C CHMMeTpM'iHblM HOf lpRXeHMeM J lo~ l lTeJ lbHb l f i  M O T P M ~ _ ( O T ~ ~ ~ H ~ I ~  KOHOJlM pe- 
f 1  5 6 M TOKOM HOTpY3KM 50 A. ryJlRTOp0 ~ O ~ O T O I O T  MAeHTMIIHO. POCCMOT- 

H a n p ~ x e ~ ~ e  co BTOPHI(HO~I O ~ M O T K M  PMM pa6o~y P e r y n R T o p a  HO n p M M e p e  $ 0 ~ -  

T~OHCC$O~MOTO~O BblnpRMIlReTCR MOCrOBblM MMPOBCIHMR nOnOXMTeJlbHOr0 HOIlPRXeHMR. 

BblflpRMMTeJleM H CTJlOXMBOeTCSI KOHAeHCOTO- r l 0 J l 0 ~ M ~ e J l b ~ b l f i  TOK Te  'ieT TpOH3MC- 
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C x e ~ a  t.wnnMoMMeTpa H a  onepauuoHHoMycMnMTene o n M c a H a  B 
T M B ~ ~ H M G ,  KOTOPble 

Popular Electronics. TOKMM M3MepMTeJlbHblM npn60p0~ MOXHO M3- YCTaHaBnMBa*TCR 

MePRTb COnPOTMBneHMR B ~ H O l l O 3 0 H e  OT 0 A 0  100 OM. BblBOAbl RX. nofl- 

Tecrupy~oe conpoTMsneHMe Rx s m o r a e T c g  B ~MMHT~PHYK) u e n b  CTPOe'IHblM nOTeH- 

T p O H 3 M ~ O p O  T, KOTOP~IR nMTOeTCR I1OCTORHHblM TOKOM 1 MA. Duo- UMOMeTPOM RV AO- 

6 
n a 3 o ~  M 3 M e p e ~ M i  npn6opa B~I~U~CI~TCR n e p e w l o ' I a T e n e M  Pr. MBaoTC"O'IHblX 

n e p e ~ n o l r a ~ e n b  KoMMyrMpyeT O ~ M H  1.43 Tpex  pes~cropos B uenM 06- n o ~ a 3 a ~ u G  np~60- 

POTHOG CBR3M OY. ~ P M  IlOflKJlIOWHMM Pe3MCTOPO COnpOTMBneHMeM 
pa. 3 a ~ e ~  y c r a H a -  

1 MOM n ~ a n a 3 0 ~  M ~ M ~ P ~ H M ~  np~6opa cocraenReT OT 0 no 1 OM, BnMBQtOT npM 3OKO- 

c p e 3 ~ c r o p o ~  100 KOM - OT 0 00 1 0 OM, c P~~MCTOPOM 10 OM - OT PO'IeHblX BblBOnaX 

0 no 1 00 OM. Rx H y n e s o e  o~mo- 
HeHMe M nPOL.leCC 

nOBTOPReTCR H e -  

CKOnbKO p 0 3 .  

O K O H ' I O T ~ J ~ ~ H O  YC- 

TOHOBnMBOlOT TO'I- 

H o e  nOKO3OHMe 

npu6opa IlOTeHuM- 

OMeTPOM RP. 
nepep, H a r l a n o M  

M3MePeHMR, C no- 
MOUbtO IlOTeHUMO- 

MeTPcl Rn, BblOaB- 

n R 0 T  H a  HOnb no- 
KCI3CIHMII M3MePM- 

TenbHoro np~6opa 
n p M  3OKOpO'IeHblX 

BblBOflOX Rx. 

MCrO'IHMKO H e  npeBbllLlOeT 100 MB 
npM HClrPY30qHOM TOKe 250 MA, TO 

TOKOG MCTO'IHMK MOXHO C4MTClTb 

OnbHblM. C nynbCOuMRMM 40 200 MB 
MCTO~HMK MOX~T 6 b 1 ~ b  POCueHeH KOK 

xopoluuG, no 500 MB - ynoBneTsopM- 

~ e J l b ~ b l i ,  6 o n b ~ u e  500 MB - nnoxoG. 
B a e M e  H e  npenycMoTpet iM HM 

perynMpoeKa HanpRxeHMR, HM p a 3 -  

BR3KO no IlMTCIHMK) JlJR nOnOBneHMR 



- - 

nynbCOIJ4M. TOKMM o6pa- 
 OM, q a m  nynbcauui i  OT MC- 

TOqHMKa flHTOHHR IlOCyna- 

eT H a  n p R ~ 0 f i  BXOn (Bble.3) 

OY W p e 3  fl0TeHUMOMeTp 

VR2,a H a  M H B ~ P T M P ~ O ~ H ~  

Bxon IC1 (~b1a.2)  n o c r y n a e T  

Hanpf ixeHue,  npoluenluee 
q e p e s  naoii~oii + M ~ ~ T P  HU- 

XHMX qClCTOT, C O C T O R L ~ M ~ ~  M3 

Tpex pes~cropoe (470 KOM, 
470 KOM, 1 MOM), nOTeH- 

UUOMeTpO VR1 M n B V  KOH- 

neHCOTOpOB eMKOCTblo no 
100 HQ), K O T O P ~ I ~ ~  3@@eK- 

TMBHO ynanReT ~ O ~ ~ W M H C T -  

BO IlyJIb~auMi. 

Korna yposeHb HanpRxe- 

HMR H a  MHBePTMPYlOUeM 

sxone H u x e ,  rceM H a  npn- 
MOM, CBeTMTCR CBeTOAMOP. 

LED 1 . ~ ~ B C T E M T ~ ~ ~ H O C ~  Te- 

crepa perynupyem noTeH- 

UMOMeTPOM VR1, IlOJlOXe- 

HMe ABMXKa KOTOpOrO OT- 

HOCMTenbHO TpCln~MPOBOH- 

H O ~  UlKanbl flO3BOJlReT On- 

PenenMTb OTHOCMTenbHYlo 

BeJlUrMHy nynbcauMR MCUle- 

n y e M o r o  MCTO~HMKO nuTa- 

HMR. 

Ilpu nonmtoqeHuu uccne- 
AyeMOrO HCrOq HMKO IlHTQ- 

HMR K TecTepY KOHneHCOTO- 

PM $ M ~ ~ ~ T P O  flepBOHOrlaJlb- 

HO pa3PRXeHbl, CBeTOnMOn 

LED1 B H a r a n e  CBeTMTCR M 

%pe3 napy CeKyHfl BblKJllo- 

WeTCR, eCnM HOMMHOflbHOe , 3 ~ a q e ~ u e  nynbcauuR H a x o -  

AMTCR B IlpeJJeflOX o~o6pa~-  
H O ~  TPOHWUM. 

flM0.Q D 1 flpe.QHCl3HO~eH 

I nnll 3aUk lTb l  CBeTOnUOnO 

Z - 
I < 
2 

1 1 ,  

( I  1 1  

I 

$ ~8 R v 
II L 
1111 

1111 
1 9 1 1  

I LEDI. MocroeoR B ~ I ~ P ~ M M -  

4 
LL ag g 

C C - 
I . . . . 

I 

i Tenb BR1 rapaHTupyeT pa- 
~ O T Y  TecTepa He30BMCHMO 
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I IL - g - 
( 1  . . . . ( 1  



OT B X O ~ H O ~  nOnRPHOCTM MCTOIrHMKa nMT0- IrMBOIOTJJBMXOK nOTeHUUOMeTp0 VR2 no Ira- 
HMFI. COBOR CTpenKe A 0  MOMeHTO BKnIOIreHMR CBe- 

C B ~ T O J ~ M O ~  LED2 BblnOnHReT POnb MHnMKO- T o n M o n a .  E c n ~  Xe CBeTOnMOn LED 1 
T o p a  HanpRmeHuR. npononmae~ c ~ e m a ,  ~ O B O P ~ L I M B ~ I O T  ABM- 

f l M a n 0 3 0 ~  TeCTMpyeMblX H O ~ ~ R X ~ H M R  MC- XOK nOTeHUMOMeTP0 VR2 UPOTMB I~OCOBO? 

TOIrHMKOB nMTOHMR JleXMT B I lpenenOX OT 5,6 W e J l K M  (B CTOPOHy YMeHbllleHMR COnPOTMB- 

no 18,6 B. nepen MCllOJlb3OBOHMeM TeCTep ~ ~ H M R ) ,  nOK0 CBeTOAMOn H e  nOrOCHeT. 

nOnXeH 6 b l ~ b  OTKO~M~POBOH H a  OnpeneneH- C YKO30HHblMM H a  CXeMe HOMMHClnClMM 

~ o e  sxon~oe ~ a n p ~ m e ~ ~ e .  ~ ~ M ~ H T O B  ~ec rep  cnoco6e~ onpenenm 
n e p ~ o ~ a ' i a n b ~ o  ~ b ~ c r a ~ n ~ t o ~ c o n p o ~ ~ ~ ~ n e  nynbcaUuM B n ~ a n a 3 o ~ e  OT 0 no 1000 MB. 

HMe IlOTeHUMOMeTpCI VR1 H a  0 OM, 3aTeM &FI 6 o n b u e R  IryBCTBMTenbHO~M, HO YMeHb- 

n o n c o e n ~ ~ s l o ~  6a~ape10 HanpmeHMeM, Ha- w e H H o r o  n ~ a n a 3 o ~ a  HoMHHan noTeHuMo- 

npMMep 12 B, MnM npyroA MCTO'iHMK IlOCTO- MeTPO VR1 HY>I(HO YMeHbLLIMTb. H a n p M ~ e p ,  

RHHOrO TOKO C H Y ~ ~ B O R  n y n b c a ~ ~ e ? .  CB~TO- WFI ~MOnO3OHO OT 0 no 200 MB COnPOTMBne- 

AMOn LED2 n 0 n X e ~  CBeWbCY. E c n ~  CBeTOnM- HMe nOTeHUMOMeTP0 n o n x H o  6 b l ~ b  20 KOM. 
on LED1 3OCBeTMJlCR M norac, T o  n o B o p a -  

E c n ~  HeCKOJlbKO BblXOnOB QBMrOBOrO pe- MM D l  ... D7. Han~Irue pe3MCTOpOB R18, R19, 
rMCTp0 COenMHMTb OnpeneneHHblM cnoco- KOHneHCOTOpO C3 M nMOn0 D8 rOpOHTMpy- 

6 0 ~  'iepe3 3neMeHTbl nOrMKM, TO COCTORHMe IOT, '-IT0 npM BKJlIO'ieHMM IlMTaHHR H a  BXOne 6 ~ -  
er0 BblXOnOB Q 6yne~ nOO'iepenH0 M3Me- AeT IlPMCyrCrBOBaTb JlOTM'ieCKOR '1 ' , 0 3 H a W -  

HRTbCR. MOKCMMO~~HO BO3MOXHOe IrMCJlO IOUOFI, 'IT0 COCTORHMe BbIXOflHblX PerHCTpOB 

B3CIMMHO pO3JlMIrHblX JlOrMIreCKMX c o c r o ~ ~ ~ R  HMKOTnO H e  6yne~ HyneBblM. 

CflBMrOBOrO PerMCTpO BM3YQJlM3MPYeTCR C CX~MO MOXeT 6 b 1 ~ b  MOnePHM3MPOBOHO 

IlPMMeHeHMeM CBeTOnMOnOB. M R  MCnOJlb3OBOHMR B KOIreCTBe UBeTOMY3bl- 

Ha PHCyHKe ~OKO3OHO CXeMO CBeTOflM- KOJlbHOrO ~ C T ~ O ~ C T B O .  &R 3TOrO CBeTOnMO- 

on~ok ~ M H ~ ~ K M  Geryq~x  OM?^ K a w b ~ R  TOK- nbl  HYXHO 30MeHMTb H a  OnTFOHbl, KOTOPble 

T O B ~ I ~  MMnynbC IlpMBOnMT K CBe'ieHMIO On- I repe3 MOUHble MCnOJlHMTenbHble yCTp0RCT- 

HOrO M3 CBeTOnMOAOB D l  ... D7, B pe3ynbTa- Bar  HOnPMMeP TPMOKM, ~ Y ~ Y T  YnPOBnRTb 

T e  ~a6nonae~c~1  6 e r y ~ ~ i  CBeT. CBepKOloUMMM JlOMnClMM. ~ B ~ K O B O R  CMrHOn 

B b l ~ o n b l  Q QBMrOBOrO PerHCTpO IC2 JIJM- H F H O  nOnClBaTb I repe3 pe3MTOp R3 H a  ~ b l e . 5  

H O ~  CeMb ~ C I T O B  HQnpOBneHbl I r e p e 3  3ne- MC IC1, q ~ 0 6 b 1  MOnYnMPOBQTb IrOCTOTy TOK- 

\eHTbl JlOrMKM N 1 ... N4 K ~ b l e . 7  - BBOW nOH- TOBMX MMnYJlbCOB PerMCTpO M, CJleAOBOTenb- 

b l ~  per~crpa. HO, M3MeHFITb CKOPOCTb 6eryqero CBeTO. 

TaKToeble MMnynbCbl ~ b l p 0 6 C i ~ b l ~ 0 e ~  MMK- ~ P M  3TOM KOHneHCaTOP C2 MOXHO MCKJlIO- 

IOCXeMa ~ a f i ~ e p a  IC1. ~ a C T 0 T y  M CJIenO- IrMTb M3 CXeMbl. 

aTenbHo c ~ o p o c r b  6eryqero caeTa MOXHO M ~ M ~ H ~ H M ~  ynpa~n~oqero HanpRxeHMR 

3MeHMTb C nOMOUbt0 nOTeHUMOMeTp0 P I .  OT 0 DO 15 B npHBeAeT K H3MeHeHMK) 'iCICTO- 

' ~ ~ M C T O P M  R4 ... Rl7 M TPOH3MCTOPbl T1 ... T7 TM TOKTOBblX MMnynbCOB OT 50 no 150 %. 
KntOreHbl, ' i~06b1 ynp0BnRTb CBeTOnMOflO- 





Ha nsyx ~ p a ~ ~ ~ ~ ~ o p a x  A. Earep (Aecrpanm) co6pan r e H e p a r o p  3 w " ~ a  Q 1 otiec- 
6enoro LuyMa, B~~~CI~CIT~~BCIIOUM~ uy~osof i  cMr t ian  o K o n o  30 n6. r w U B a e T  McrOqHMK 

B KOWCTBe TpaH3MCTOpOB Q1 M Q2 MOXHO ~ c n o n b 3 0 B a ~ b n I O 6 b l e  WyMOB, n ~ ~ a o u l ~ c  
ManOMOUHble TPOH3MCTOPbl C K O ~ $ $ M ~ M ~ H T O M  ~ C M ~ ~ H M R  no TOK' A 0  6 a 3 ~  T p a H 3 M n O p a  

Q2, H a  KOTOPOM CO- 

6 p a ~  npocrofi ~ C M -  

nMTenb C yCMneHMeM 

45 n6. 
K O H ~ ~ H C ~ T O ~  C1 

0 6 e c n e ~ ~ a e ~  H M ~ -  

K o e  conpoTMBneHMe 

no n e p e M e H H O M y  

TOKY LUYMOBOMOrO 

MCTO'IHMKO, YIlYqLUCl- 

e T  y p O B e H b  BblXO- 

more cMrHana ycr- 
~ O ~ C T B O  M H e  OKa- 

3blBCleT BnMflHMR H a  

C M e u e H M e  T ~ O H J M -  

cropa Q 1. 

P R X a e T  KOHneHCaTOp C, HO 

TpaH3MCTOP T4 He OTKPMBaeTCR, 

T.K. TPaH3HCTOP T3 CO3AaeT 3a-  

n~paoqee  HanpRxeHue H a  6a- 
&R KOHTPO~SI COCTORHMR KypMHoro r ~ e 3 n a  3 n e ~ e ~  K y ~ a  ae~pa~ancropa T4. Korna ~ypn- 

(Yexm) paspa6oran cneuuanbt ioe y c r p o f i c r s o  c + o ~ o n a ~ r ~ -  ua noKnnaeT r~esno, noToK cse- 
KOM (CM. PHC~HOK). J l a~na  Z (MCTO'IHMK C B ~ T ~ )  M +OTOTP~H- Ta BoccTaHaBnnBaeTcR, OTKP~I- 

3MCTOP S YCT0HOBnMBaK)T no 6 0 ~ 0 ~  rHe3na H a  PaCCTORHMM BQlOTCR ~ O T O T ~ ~ H ~ M C T O P  S M 

OKOnO 30 CM. Korna Kypklua CMnMT H a  rHe3Ae, C B ~ T O B O ~ ~  no- TpaH3MCTOP T I ,  TPQH3MCTOPbl 

TOK npePblBaeTCsl M @ O T O T ~ ~ H ~ H C T O P  S M TPClH3MCTOP T I  30-  T2 M T3 3aKpblTbl. KOH~~HCQTOP 
KPMTbl. O ~ K p b l ~ b l  TPQH3MCTOPbl T2 M T3. T ~ ~ H ~ M C T O P  T2 p 0 3 -  C nOnHOCTb0 pO3pRXeH, TpaH- 
r 

" 

00, 

4% BC 337 4 0  

sncrop T4 OTKPMT, c p a 6 a ~ b l ~ a -  

eT pent? RE, 3aMblKaR CBOMMM 

KOHTaKTaMH MCll0JlHIIK)qee YCT- 

poCiCTe0. 

C~opox nna rtieana WH+OP- 

MHPYeTO HaXOweHMM B HeM KY- 
PMubI, T.O. MOXHO KOHTPOJlHPO- 

BaTb KaK Kyp-HeCyLUeK, TaK M 

HacenoK. Y T O ~ N  n o n c s e m a  tie 
6ecno~ouna ~ y p ,  ee A P K O C T ~  

HVHO n o 6 a a n m b  noc rene~~o  B 

TeqeHMe HeCKOJlbKHX AH&. 
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MHBePTOPbl 
HanpnmeHMn 

H ~ K O T O ~ M ~  y C T p 0 i C T ~ a  MMeloT no~pe6- 
HOCTb B flMTOHMM HeCKOnbKMX OHOnOrOBblX 

CXeM CMMMeTPMqHblM HOflpRXeHMeM. 3TO- 

r0 ~ e o 6 x o n ~ ~ o  nOCTpOMTb MCTOqHMK flMT0- 

HMR nBFf lOnRPHOr0  HOnpRXeHHR. VaCT0 Ta- 

Vout = 
= -n Vin '-cr 

Vin Vout I 

N 
D 

- 
0 Vin VOU~ 

U1 

Vin N 
D 

K O ~  MCTO'iHMK CMMMeTPMqHOrO HOflpRXeHMR 

MMeeT HeCMMMeTPM'iHylo HOrPY3KY, KQK npa- 
BMnO, 6 o n b u e  m4nFI flOnOXMTenbHblX H a r p y -  

30K, 'leM N R  OTPMUaTeJlbHblX. Kpo~e~oro, H e  

BCerAO OKa3blBOeTCR BO3MOXHblM n O O p 0 -  

MTb C M M M ~ T P M ' ~ H ~ I ~  MCTOqHMK, HanPMMeP flPM 

MCnOnb3OBOHMM 6a~apeR~oro IlMTaHMR. 

~ M ~ M O  MAXIM BblflyCKOeT MHBepTOpbl 

HOflpRXeHMR MAX828 M MAX829 B MMHMCI- 

TDPHOM K o p n y c e  SOT23-5. 
~ T M  YCTPO~~CTBCI nPMMeHRlOTCR B ~ 0 6 ~ n b -  

H ~ I X  T ~ ~ ~ $ O H O X ,  LCD flaHenRX, B MeAMUMH- 

CKMX M APYrMX IlepeHOCHblX npw6opax, pa6o- 
TCIloUMX H a  6 a T a p e f i ~ o M  flMTCIHMM. 

~ H O ~ O ~ O H  n p e 0 6 p a 3 y e ~ b l x  ~ a f l p f l ~ e ~ ~ f i  

OT 1,5 a0 5,5 B, ~ 0 6 ~ r ~ e ~ ~ b l R  n o ~ p e 6 n ~ e ~ b l R  

TOK 60 MKA (MAX828) M 150 MKA (MAX829). 

2 ~ l n  

QND 

4 vout 

o m 1 -  

= a+ IN 

Pnc.2 

H a r p y 3 0 q ~ b l f i  TOK 25 MA flpM IlaneHMM Ha- 

*% 
MAX828NK 

Pmc. 1 

'WF T 3 - c l -  

- 

GND 

IlpRXeHMR H a  MHBepTOpe H e  6onee 500 MB. N 
Vln a VOM - 

M ~ ~ p o o c e ~ a  MHBepTOpO COflepXW B V O -  

~ H H ~ I R  reHepaTOp flpRMOyr OnbHblX MMnyJlbCOB 

M r e T b l p e  TpClH3MCTOPHblX WIOqO MOSFET. 
MAX828 flpOM3BOnMT n p e o 6 p a 3 0 ~ 0 1 ~ e  H a  

c l a c r o T e  12 K ~ U ,  a MAX829 - H a  ~ O C T O T ~  

35 K~U.  
TH~OBOR CXeMO BKJllo'leHMR MHBepTOpO 

f lOKa3aHa H a  pHc.1. Ha pHc.2 flOKO3OHO 

KOCKO~HQR CXeMO BKJlloCleHMR MHBePTOPOB 

W R  YBeJlMqeHMR HOnpRXeHMR npeo6paao- 

0 Vout Wn 0 

BOHMR. P e 3 y n b ~ ~ p y o ~ e e  H a n p R x e H n e  pac- 
C'4MTblBOeTCR no $opMyJle: U B ~ I X  = n X UBX. 

C Uenb lo  YBenHqeHMR B U X O ~ ~ H O ~ ~  MOUHOC- 

TM HHBepTOpCl IlPMMeHRloT napaJ l f l enbHOe 

BKJllo'ieHMe MMKpOCXeM (p~c.3). 

D 

N 

D I 

1 
Pmc.3 

'' Vln VoU 
N 
D 

:: 

V l n  
- 

Vout- 




