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A ~ W H K H  THCKY BHCOKO~ TO'IHOCT~ 
3 xnanenHam 3 B cepii HDI 
f l o r r n ~ n  T M C K ~  cepii HDI ~ o ~ n a ~ i i  

Sensortechnics 3flOTHi BL~M~POBOTH O~COIIOT- 

HnR, nn+epe~uianb~nR rn ~oni6poeo~nir TUCK 

y nianoao~i sin 10 ~ 6 a p  no 5 6op, npouloovu 

sin 6a~opei ~anpyroo 3 B, i S~RM~HHO nimom~b 

mn nopToTnsHnx ~n~ip losanb~nx npumpoie 3 

OBTOHOMHHM XclBJleHHnM. 

~ ~ O T ' ~ U K H  3fliR~HOloTb npeut43ifi~y UM~POBY 
o6po6~y cnrnony 3 ~ o r ~ i m  f 0,5% sin nos~o i  

wKann B fliono3o~i TeMnepovp 0...85 O C  

AONUKM np~3HO'leHi WII BC(M/POBOHHR TUCKY 

nosi~pn i HearpecuBHnx ra3is i Momyrb MaTn 

on~ocnpfl~osa~i,  neo~anpasne~i rn 6opo~e- 
T P M ~ H ~  K O ~ ~ ~ P ~ B O H H R ,  0 TOKOX pi3Hi TO'IHOCTH~ 

XOpOKTepnCTUKH. npMn0nU MOloTb ~ M $ P O B U ~ ~  

, n o p ~  12c i snxin 0.5 ... 4,5 B. O6uneo nopTn MO- 

Xvb npO~OBOTll OflHOWlCHO, U O  BMKOPHCTO- 

B~ETLCI( B npuCTponx, R K ~  BUMO~OOT~ ninsntue~oi 
6e3ne~n. 

Mi~ioTlopni SMT i DIP Kopnycn ~ a n n ~ i e  30- 

oqa~xy lo~b  Micue HO nno~i i cnpualo~b r H y -  

KOCT~ KOHCTPYOBOHHR. 

ninilni 1 A cra6ini3aropw nanpyrn 
ceoii NCP69x 

LLIyMOBO HOnpyrO 50 MKB ( C ~ P ~ U H ~ O K B ~ A P O -  

TnrHe ~ H O ~ ~ ~ H H R ) .  nepeu6arle~o 30XUCT Bin KO- 

pOTKOr0 3OMUKOHHn i heperpi~y. C~o6ini3o~o- 
pn ~ A O T H ~  BUTPHMOTU ~ ~ ~ K T P O C T O T U ~ H U R  BnnMB 

no 4 KB. Buxin~a ~ o n p y r o  unn NCP690, 
NCP691 i NCP692 Mome 6yru sin 1,25 no 5 B. 
MomnusnR pnp. Honpyr mn NCP693 cKnonae 
0.8B,l.OB,1.2B,2.5Bi3.3B. 

Halmenwnl TpaH3HCTOp MOSFET 
B ~opnyci 1 ,O x 0,6 x 0,43 mm 
SiM400 N-KOHO~~HMR TpOH3tlClOp 3 HOM~HO- 

n b ~ o o  ~anpyrolo 60 B. Onip RDS(on) cmanoe 
3,9 OM nnn VGS = 10 B (4,8 OM ~n 4,5 B i 
3,s OM Ann 8 8). B H T ~ U M ~ O T ~  eneKTpOCTOTUY- 

~ n i i  mnuB no 1500 B. 

K O M ~ O H ~ R  ON Semiconductor npeaCTaBn- 
no n i ~ i A ~ i  1 A c~o6ini3a~opn Hanpyrn cepii 
NCP69x. O ~ T U M ~ ~ O B O H ~  mn ~ o 6 o ~ n  B cucreMox 

Hut?", TOKHX nK ~ b d e n b ~ i  MoneMn, C ~ ~ ~ H M K O B ~  ~ o ~ n o ~ i n  STMicroelectronics BnnyCKOC AOT- 

pecneepn, ~ o ~ n ' l o r e p ~ i  npncrasru no ~enesiao- ~ M K H  pyxy 3 ~M+POBMM BUCOKOnpOflYKTUBHUM 

pa i nirunb~u~u ene~~poe~epri i .  n p n n y w e ~ ~ ~  3-OC~OBUM r i p o c ~ o n o ~  L3G4200DH, q o  
soson no w n ~ i  xuBneHHn CK~OROE 62 ~ 6 ,  m p y ~  ~ i m n ~ b  FIFO 6y+ep mn 6inbur in~ene~~yanb~o- 

y po6oriR T O ~ U ~  145 HA (TMIIOBB ~HO' I~HHR) ,  r0 KePYBOHHR eHeprOCllOXHBOHHRM. 



3-0cbo~ui ripoc~on L3G4200DH 3 i ~ ~ e r p o -  
BOHHM ~ ~ O K O M  FIFO MOC M O X ~ M B ~ C T ~  36epira- 
TU no 96 p i ~ ~ i ~  noHux ocei X, Y, Z (32 ~06opu 
sn6ipor mn KOXHO~ oci). Un oco6nnsinb PRT~C 
sin ~eo6xin~ocri 6e3ynw~noi K O M Y H ~ K O ~ ~ ~  host- 
KOHTpOnepO 3 nOT'4clKOM flnR OflepXOHHR 40- 
Hnx, OTXe, KOHTpOnep MOXe 6inbwnR qOC 3HO- 

xounTncn B ' c~~R' IoM~'  pexu~i ,  pi3~0 ~HMXYIO- 

rn  soronb~y su~pa~y  enenpoe~eprii. Kopucry- 
saq (poopo6ntosaq) Moxe COMOCT~AHO 3anpo- 
rp0MyBOTU FIFO HO p i3~ i  peXnMn PO~OTU,  yc- 
TOHOBnOIO'lU B U ~ H O ~ ~ H ~  P ~ B H ~  nepepHBOHHR npH 
~ O ~ O B H ~ H H ~  IIOM'RT~. 

OCHOBH~ nOPOMeTPM i XOpOKTepHCTMKM 3-x 
ocbosoro MEMS-ripoc~ono L3G4200DH: 

- TpU nOBHUX UIKOnU: 250/500/200 rp0n/c; 
- s6yno~o~nA 6y4ep ~ O M ' U T ~  FIFO: 96 pis~ia 

16-6 i~~nx flaHux; 
- ~6y~oea~n ic  ~ e ~ n e p a ~ y p ~ n i  ceclcop; 
- 1 6-~~THUA B M X ~ R H C ~ ~ ~  i ~ ~ e p ~ e i r c n o ~ n x  pvy: 

12c qn SPI; 
- 8 - 6 i ~ ~ i  n a ~ i  TeMnepoTypHoro ceHcopa; 
- i~~erpoeatiui 4inb~p suco~nx qocro~ i 4inb7p 

HH3bKMX qOCTOT 3 MOX~UB~CTD HOCTPOIOBOHHII 
CMyW npOflyCKOHHR; 

- nei suxin~i uu+posi n i~ i i :  nepepusaHHR i ro- 
T O B H ~ C T ~  IIOHLIX: 

1 - s~nane~ i  4 y ~ ~ u i i  3 ~ n x e ~ o r o  etieprocno- 

. , 
OCHOBH~ 3OCTOVBOHHR: npnCTp0i KepyBOH- 

tin I KOHTPO~KJ B irposnx CncTeMox, npncrpoi i 
cucTeMu GPS ~aslrauli, ~ O ~ O T O T ~ X H I K O .  

~ u ~ p o ~ u i  3-ocbosni ripoc~on L3G4200DH 
po3po6ne~uR 3 BUKOPC(CTOHHRMTOKO~ XTBXHO- 

norii snpo6~nroro npouecy, u o  fi i ~ w i  npen- 
CTOBHMKM na~qu~is pyxy Yci MEMS-ripoc~onn 
BMKOPHCTOBYIOTb yHiKanbHy )Ill8 ~ ~ o M ~ . ~ c ~ o B o C T ~  

~ o ~ u e n u i o  ~ n u ~ o i  C ~ H C O P H O ~  CTpYKTyptI unn 
BUM~PY P w  y3UOBX ycix TPbOX OPTOrOHOllbHHX 
ocei. u e i  ~ H H O B O U ~ A H ~ ~ ?  nip)tip. suKnorae snnue 
ycix rIepeutKOn, 3HOqHO 36inbuty10'1u T O ~ H ~ C T ~  i 
~aniic~icrb sn~ipis y WMPOKOM~ uionoso~i scix 
Momnnsux no6yrosux i npoMncnosux npncr- 

CB~TJ'IO#~~O#~H~ C B ~ T H ~ ~ H H K H  
3 RaNHKOhl PyXy 
K O M ~ O H ~ R  Philips snpo6nn~ LED C B ~ T H ~ ~ H U -  

KM, R K ~  KpinnflTb~R HO M O T H ~ T ~ .  )Kn~nTbcR 
csi~noniofl~ni npncrpii sip. 3-x 6a~opeRo~~n-  
ny AA, MOXe 3OCTOCOByBOTUCb RK OCHOBHe 'in 
ROnOTKOBe O C B ~ T ~ ~ H H R  y ~ P M M ~ ~ ~ H H R X .  CBiTunb- 
HnK O ~ ~ O ~ H O H O  )lOT'ICIKOM PvY, RKMR FJHMIIKOC 

csi~no qepea 15 ceryHn nicnn Toro, RK He 
B O ~ I K ~ E  H ~ U K O ~ O  pyxy y n p n ~ i q e ~ ~ i .  

pois, BKntosaoqu i ~ ~ e p 4 e i c u  ~opuqea r i s  3 
po3wnpeun~n ~ ~ H K U ~ R M ~  irop i nopTaTns- 
HHX npncrpoie, n p n q o o  s i n c r e x e ~ ~ ~  pyxy, cn- 
cTeMn cra6ini~auii 306pametib y KaMepax. 

npncrpii Ma€ rynosy crabinb~ic~b y wnpo~o- 
MY TeMnePOTyPHOMY nian030Hi, 40 BHKllIOqOE 

no~pe6y B R K O M ~ - H ~ ~ ~ R ~  ~oni6pysa~tii 3 6 0 ~ y  
Kopncryeoqo. 3ospp~n noninwe~n~ ~ e x o ~ i w a ~  
4inb~pouii WR npnnyweHtiR w y ~ y  Kopncrysaq 
MOXe sn6po~n Bt43HO'-!eHy CMyn/ npOnyCKOHHfl 
30 nono~oroo ~ 6 ~ n o s a ~ o r o  4inb~po sncoKnx 
i HU3bKMX qOCTOT, I40 TOKOX nOfl(1E neBHy 
myq~icrb npn po3po6ui ~ i~uesnx  npuc~pois. 

m 
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& l R  nOCTORHHOr0 BXOnHOrO TOKO BblXOnHOe s b l r o i ~ o  BblCOKOe yCUneHkie, KOTOpOe 6b1no 6b1 

H o n p R x e H n e  o n p e n e n u e r c u  +op~yno i  (nocne H ~ B O ~ M O X H O  peont130~orb HO O ~ ~ I L ( H O M  TPOH- 

B P ~ M ~ H U  U H T ~ ~ ~ H ~ O B O H U ~  TINT): CMMnenOHCHOM yCUnUTene, MOXeT 6 b l ~ b  BblnOn- 

HO nPOnOPLlnOHanbH0 eMKOCTH O ~ P O T H O ~ ~  CBR- = 100 MC 06ecne'lu~a10~ ~ $ $ ~ K T M B H ~ I ~ ~  TPOH- 

C ~ ~ ~ .  cnMnenoHc 1  OM. TOKUM O ~ P O ~ O M ,  npn sxon- 

Pholodiode 10 vo 
/ IvD + Data 

- - 11 12 
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13 -15V - - 



pa co3nae~c~ ~anpnme~uelo B. 
k l~~erpupyouee neAcrsue ycunmenfl IVC102 

npwsonuT K nona~ne~uo (ycpen~e~uo)  B X O ~  

HMX WYMOB ROT'iUKOB, ycwl~~enek U BHBWHHX WC- 

TOqHUKOB. 

IVC 1 02 nneanbHo nonxonnT nnfl ycunetiwq 

TOKOB P.CJWWKOB HU3KOrO YPOBHR OT ~$OTO~C(O~~OB 

U UOHU3auUOHHblX KOMep. TTL/CMOS 
CosMecrnMble BXOA~I cu~xpo~n3aqnn MR yn- 
posnwnR nepnonoM nnTerpuposaHuR. TOK BXOA- 

HOrO cnmana MOXeT 6bl~b nOnOmHTenbHblM nnw 
OTPH~OTellbHblM. 

Ha pnc.2 n o ~ a 3 a ~ ~  aeMa n3~epwen~  TO- 

HO3HO'IeHMR, OAHOKO nnR npeUU3UOHHOrO M3- 

MepeHuR cnenyeT ~ ~ U T M B O T ~ ,   TO B X O ~ H O R  TOK 

npononxaer nporeKaTb qepea rn0.t 52 B rere- 
HUe nnUTenbHOCTtl UMnynbCO C~POCO.  Ha KOH- 

neHcaTope CINT TepneTca HonpRmeHne, pas- 
Hoe npon3sene~no IIN e RS2, rne IIN - BXO~HOR 
TOK, RS2 - ConpoTnBneHue S2 (npu6nn3wenb~o 

1,5 KOM). 
K p o ~ e  Taro, HanpRxeHne cMetqeHuR BHV- 

pewero OY n uHmeKunn sapnna ~nlora S2 no- 
6osnne~ HClnpRXeHMe K HClnpllXeHHlo Ha KOWeH- 

COTOpe CINT B HOqOne UHTerpUpOBOHUR. 

bR~a3BR3Kn nnTaHnoBcxeMe npnMeHe- T;, n 3 a ~ e ~  B&recrb nbnYqeHHoe 3~aqk~ue  n3 
Hbl KOHneHCmOPbl eM~onboOtl I/Irnrpn- OKOHqOTenbHOrO pe3ynbTOTO U3MePeHI.cn B MO- 
PyloUUe KOHReHCaTOPbl Cl, C2 II C3 CoeAU- MeHT BpeMeHM T2, 
HeHu nQPannenbH0 Mfl nonYqeHnfl C Y M M ~ P H ~ ~  H~ P,,c.~ nOKa3aHa QeMQ npOcTOm om- 
eMKocrn CINT = 100 n@. no~e~uuan Hanpnme- -,, ollenr 6onswux conpmenennl, 
Hun Ha sbleonax 1 n 13 (a~anorosa~ n un$po- nocrooeHHoro HO nHTerDaTooe IVC102. C no- , , 

3e~nR) He nonxeH OTnuqaTbcR (0 npenenax M O ~ ' ~ K J  BHeluHero CqeTYUKO M ynpa~nRotqeR 
100 MB). CXeMM3TO CllCTeMO MOXeT M3MePRTb COnPOTUB- 

TOK BxonHoro cnr~ana nonaeTcn Henocpeu- neHUR B necnTKn rnraoM. 
crseHHO Ha n H B e P ~ u P ~ ~ u A  BXOA (B~BOP, 3, HH- npeut43!40~~blk ~ ~ $ $ e p e ~ u ~ a n b ~ b l ~  yCUnU- 
TerPmoPa lVCl02. Bxon~ok TOK ~OKOJaH WC- Tenb lNAl05 nonaeT HO u ~ ~ e p u e ~ o e  conpoms- 
x o ~ ~ n ~ t  H HO 0 ~ x 0 ~  c x e ~ ~  06pa3ye~cn no- neHne RX onopHoe HanpRmeHne Vref. B npo- 
nOXuTenbHOe nnn006~03H0e Han~uxeHue V@ UeCCe UHTerpMpOBOHUR BXOflHOrO TOKO IX Ha 

3anyc~ U3MepUTenbHblX uUKnOB HO'lUHOeTCR sblxoue nHTerpaTopo IVC102 noRsnReTca OT- 

, nocne 3OMblKOHWR KOHTOKTOB KIID~O S2 Ha spe- pnuaTenbHoe nunoo6pa3~oe HanpaxeHne Vg. 
hbl JUlmenbHOCTbo MC(C, T.0. npOn380~ ~ 6 ~ 0 -  &ia KOMnOpOTOpO Ha MHKpOCXeMOX LM311 
c BblxoMoro HanPRXeHHR HHTerPOTOPa P.O YPOB- CPQBHUB~KIT aMnnKn/Ry VO c P.BYMR ~ U K C W P O -  
HR 0 B. 

I / I H T ~ ~ ~ U ~ O B O H U ~  BXOnHOrO TOKO HOqHHOeT- 
BOHHMMH nOpOrOMU U sblpa6a~bteao~ UBO U U ~ -  
p o s ~ x  cnrHana "crap~" n "cron". Bpe~n Mexny a, KOrfla Knloq S2 OTKpMBaeTcRt B x O ~ ~ O R  
3mMH nBYMR C06UmRMn OnpenenReTcR napoMe- 

HOqUHOeT 3OpRXaTb 6no~  KOHneHCOTOpOB CINT. TPaMn CWCTeMM no 
aBHeHno: 

Bblxon~oe HanpRxe~ne Vo n 3 ~ e p ~ e r c ~  nouareR DT = Cint[(Va - VbP/VreflRx, 
BM~OPKU a~anoro-qnhsoro npeo6po3asme- r e  DT - BpeMR Memy CO~UTHRMU "crap~" n 
nR B KOHUB nepwona nmerpnpoBaHnR. Pesynb- '00n0, Gnt - B H Y ~ P ~ H H U ~  HHT~~PHPYK~UUA KOH- 

TOT ~3MepeHclR OK03blBOeTCR nponopunoHa- neHcaTOp WKPmwe lVCl02 c BHeWHnM c* 
JlbHblM K CpenHeMy 3H0'4eHUO TOKO Ha BxOfle enUHeHueM KoHTaKToB MnKPOCXeMbl 2, 5 n. 6 
(nnn o 6 q e ~ y  Konuqecrsy HaKonneHnoro 3apn- ( s a ~ e q a ~ n e :  ecnn Kn0.l S 1 Pa30MKHYT, 

no). Cint-10 n@, ~orna S ~ ~ O M K H ~ T  - Cint=l00 n@). 
Korna Knlor S2 3OKpblBOeTCR, Ha swxone HH- Hannrne nopora Va no3eonre~ He yrwbleaTb 

Terpmopa yc-roHasnneaeTcR Hanpnxenne 0 B cMeureHue curHana VD ATOK KaK lNAl05 RsnR- 
nePen CneflYloUnM nePnoAoM ~HTerP~PoBa- eTca nn@epe~uuanb~bl~ ycunnTeneM, TO Vref 
HHR. = Va - Vb n ~orna npen~ny~ee  ypae~e~ue yn- 

3 ~ a  npocraR cxeMa nwepeHnR MOXeT npn- poUaeTcR: 
MeHRTbCR BO MHOrnx ycrpoRcr~ax pa3nnr~oro DT = Cint. Rx. 

R a  



f lu44epe~quonb~~ i  ycnnu-renb ropownpy- 
eT BMCOK~KI TOYHOCT~ oMMeTpa, npu >TOM TOY- 

H O ~  pe3ncropo~ R1, R2, R3 He KP~TUYHO. 

C no~oqblo BHeuHero cvennKa MOXHO n3- 

MepMTb pa3HOCTb BpeMeHn MeWy CO~MTHRMU 

 crop^" u "cron" V e M  sononHeHnn BpeMeHHo- 

ro nHTepeona uMnynbcoMn cr06nnbnoA qocro- 
TM. no cnrnony "cron" npon3~o~n~cn c6poc nH- 

Terporopa unn BMnonHeHnr Hosoro ua~epe- 

HMR. 

Ha pmc.4 no~o3o~a  cxeraa npeobpaao- 
Emens TOK-'~am~a, BunonHeHHoro HO nH- 
TerpnpyloqeM ycnnnTene IVC102. Ycrpoicrso 

reHepnpyeT nocneRosoTenbtiocrb nMnynbcoe, 

racroTa cneRosaHnn KOTOPHX npmo nponop- 
UWOHOnbHCI OTHOUleHUlo nB)4 BXORHtJX TOKOB 

nHTerpaTopo IVC102. 
BbI~rIloYa~enb S1 utiTerpoTopo ucnonb3ye~a 

mn nonow HO nHBep~llpylo~UR BXOA ycnnu-re- 
nr onHoro unu nsyx BXORHMX TOKOB.  TO ~ Y H K -  

qnr n03~0nre~ nonyqoTb BMXORHOR CurHan, xa- 
POKTePUCTnKU KOTOPOrO HeilOCPeflClBeHHO OTO- 

~ ~ O X O O T  OTHOUleHnR MeWy AByMfi TOKaMn Ha 
sxoue. Cxe~a  nMeeT B ~ J C O K ~ O  TOYHOCTL, ~e30- 

BncuMo OT ~ O ~ ~ W U H C T B ~  nopoMeTpoB cncre- 
MU. &IR pennreHn9 TowotTn uwepeHun MOX- 

HO npuMeHu-rb ynpaBneHue lVCl02 c no~oqblo 

qn4poeoro cqewuro. B  TOM cnyqae HO BMXO- 



R e  CHCTeMbl B ~ I P O ~ O T ~ I B O ~ T C ~ ~  UM- 

+posoG c n r H a n  B s n n e  BCD KO- 

no (RBOU~HO-necn~nqnbl ic),  3 n o -  

r e H n e  K o T o p o r o  nponopuno- 
HOnbHO OTHOLUeHUO TOKO H a  BXO- 

Re. 
Pa6o~y CXeMbl MOXHO p o 3 n e -  

n m b  HO nee ~ $ 0 3 ~ .  n e p e o n  4x330 

HOqUHOeTCR B MOMeHT BPeMeHH, 

KOrRO BblXOUHOe HOnp f lXeHUe 

y w n u T e n g  lVCl02 npesb1clc.r no- 
poroeoe H a n p n x e H u e  ~ o ~ n o p o -  
~ o p a  LM311. Ko~napo~op B ~ I -  

pa6mb1eae~ curHan, no cnonoo- 
U e M y  @POHTY KOTOPOrO 3OnyCKO- 

eTCR MYUUR M ~ ~ ~ T U B U ~ ~ O T O ~  

H a  ~ ~ f i ~ e p e  555. Ha BbIxone 

@ O ~ M U ~ ~ ~ T C R  UMllynbC, K O T O P ~ I ~ ~  

3OKpbIBOeT KIll0.l S1 HO BPeMR 

ATk B  TOM c n y q a e  n0n~blfi TOK 

H a  E x o n e  c o c r a s n n e T  12-1 1, n ec- 
nu TOK 1 2 6 0 f l b ~ e ,  qeMTOK 11, H a  

Bblxoae UHTerpOTOpO supa6a- 
TbIBaeTC9 OTpUUOT€!nbHOe nUn0- 

o 6 p o 3 ~ o e  HanpnmeHue. 30 npo- 
MemyroK  epeMeHu ATA BMXOU- 

H o e  HClflpRXeHUe UHTerpClTOpO 

ROcTHrOeT OKOH~OTeJlbHOrO 3HO- 

qeHun. C n e u o s a ~ e n b ~ o ,  lVFIN- 
V ~ ~ l =  =(12-11)AT~/C~~~,  'Re CINT 
- eMKocrt. u ~ ~ e r p u p y o ~ e r o  KOH- 

fleHCaTOp0 IVC102. fl0 OKOHqa- 

HMO BblXORHOrO UMflYnbCO H a  555 
HO.lUHOeTCn BTOPOR $030: WIKN 

S1 OTKpblBOeTCR, H BXOUHOR TOK 

II pa3pRXOeT KOHUeHCOTOp CINT. 

porosoro HonpRmeHun (cornac~o 
C ~ ~ ~ ( V ~ ~ ~ ~ V ~ ~ ) / ~ ~ ~ ~  l4 KOMnapa- 
TOP OnDTb 3OnYCTHT mnyqufi 
M ~ ~ ~ T U B U ~ ~ C I T O ~ ,  HOqUHOn HO- 

BUA uuw. 
O T H O W ~ H U ~  BXOnHbIX TOKOB 

OnHCblBOeTCR y p O B H e H U e M  

I ,/I2 -ATA+, r e  F = 1 /(ATA+ATTB). 
~ / ~ ~ Y P O B H ~ H H R  BWJJHO, T O  npOU3- 

B e n e ~ ~ b I f i  B~XOUHOR CUrHOn (no- 
Cne~OBaTenbHOCTb H M n y I l b ~ 0 ~ )  
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uMeeT ~ O C T O T ~  F, nponopuuononbnyo OTHO- 

LUeHnO 1 ,/I2. T O ~ H O C T ~  P O ~ O T M  rnflyuero Mynb- 

T U B U ~ ~ O T O ~ O  HenocpencTsenHo ~03UeirCT~yeT 

Ha TO'IHOCT~ CnCTeMu. A noporosble Hanpnxe- 

HMU nn~erpnpyoqero KoHnencaTopa He snnu- 

OT Ha TOqHOCTb. 

~ O B ~ ~ C U T ~  TOqHOCTb UHTerPOTOPO MOXHO, U3- 

MeHUB qOCTb CXeMbl, KOTOpOU OTBeqOeT 30 40p- 
MUpOBOHUe tunpnnbl MMnynbCO AT 

B CXeMe, ~ O K O ~ O H H O ~  Ha pMC.$, tuupo~nir 

MMnpbC ATA +OPMMPY~TCR C nOMOUbD TpeX 
CqeTVHKOB ABOU'4HO-fleCUTU'4HOrO KO10 

HCF40110. Korno Tpe~nir CqeT'IUK BblnOnHt4T 

creT 1 OOO/FCK, RS Tpurrep, ynpasnnoqnir  no- 
roM S 1, u tuecTb ntisepTopos 74HC14 c Tpnr- 
rePHblMH BXOROMU nPOM3BOflUT ClMnYnbCbl Mfl 

nepeeanycra CucTeMH. 

K p a ~ ~ o e  onuconue unwla n ~ ~ e p e ~ u n .  B MO- 

MeHT BpeMeHU, KOrnO BblXOUHOe HOnpUXeHMe MH- 

TerpaTopa IVC102 npesbicnT noporosoe no- 
npaxeHue KoMnapaTopa, +op~npye~cu cnr- 

Han INH, sanpeqaoquir noncqeT FCK (HO sxo- 
nT nepeoro HCF40110). BTO xe caMoe speMu 

cnanaoqnM +POHTOM cnrtiana HO sMxoAe KOM- 

nopOTOp0 CO3nOeTCn 0~pn~o~eilbHblfi clMnynbC 

npn6nn3n~enbno 10 MKC mu +u~cauuu BUXOA- 

HblX ~HO'I~HHA CL(eNYIKOB, mU O T O ~ P O X ~ H H U  Ha 

nucnneux pe3ynb~a~os. nocne 3~aro o~pnqa- 

TenbHblA UMnynbC nOcn/nOeT Ha Rs~pnrrep, KO- 

T0pblR 3OKPblBOeT KnK)q S l  . C O O T B ~ T C T B ~ O ~ M ~  
nonoxuTenbnue nMnynbcb~o6nynno~ 3noqenu~ 

CqeTqMKOB, qTO He BnHfleT Ha nOKO3OHMU 0~06-  

paxae~oir UH+OPMCI~HH, T.K. HO +u~cnpyoqnx 

sxonax cqeTrnKoe 40 1 10 npucyrc~eyo~ s ~ c o -  
KUe YPOBHH. 

n0~Jle OKOHqOHnU UMnynbCO C~POCO (npM Ha- 
nHqctcl Ha BblXOfle KOMIlOpOTOpO BblCOKOrO yp0- 

BHU) C'4eTqMKI.I HCF401 10 ~ 0 r p  Bb l I lOnH~b CreT. 
Koruo TpeTnR C'ieTqMK BMnOnHKT noU@IeT (n0cne 

1000-r0 TOKTOBOrO U~llynbco), OTpUUOTenbHblM 

MMnyIlbCOM c6pacb1eae~cu RS Tpltrrep M OTKPU- 

saeTcn Knoq S1. Lln~n sa~a~qusae~ca c npnxo- 
noM cnanooqero +pon~a c suxona KoMnapo- 

~opa.  nepnou BpeMenn, B KOTOPOM P03HOCTbO 

TOKOB 12-1 3OPUXOeTCU KOHUeHCOTOP CINT, On- 

penenneTcn CoomotuenneM NpjFCK (NA=l OOO), 
0 TOK PC13PRUKU 1, - COOTHOUleHHeM NB/FCK. 

TOKUM O ~ P O ~ O M ,  COOTHOUleHHe BXOUHUX TO- 

KOB POBHO: l2/l1=N/NA, me N=NA+N8. 

Jlu~eparypa 
I. Precision switched inteqrator tronsimped- 
once amplifier. Texas lnstr~hents l n c ~ ~ i a t e d  
2007. 
2. Integrator enables simple ohmmeter with 
gigohm ronge//EDN. -2007. -NP~. 
3. Precision integrator sparks current-ratio- 
to-frequency converter//EDN. -2007. -M6. 

Mh4n)'IIbcHblfi cra6nnn3a~op (CM. PMCYHOK) 
r. @~MMOHO (Ascrpanuu) npen~a3~are~  nnn pa- 
6 0 ~ b l  OT ~ O P T O B O ~ ~  O B T O M O ~ M ~ ~ H O ~ ~  CeTM nanpu- 

xeHneM 12 unu 24 B. B pe3ynb~crre p a 6 0 ~ ~  no- 
B U W O ~ ~ U X  u nonnxaouux wloqes~x ueneir HO 

sblxone ycrpoircrso sbtpa6a~~eae~cfl cra6nnn- 

jnpoaannoe nonpuxeHue 13,8 B nocrounHoro 
TOKO. P~XHMOM PCI~OT~I npeo6po3oscrreneR yn- 
pasnneT OY IC 1, ~ o ~ o p ~ i r  s ~ n o q e ~  KOK KoMna- 

POTOP. ~ O T ~ H U U O M ~ T ~  VRl yCTOHOBnUBOeTTO'4- 

KY nepewlo~ennu. 

B OCHOBe CXeMbl M~nynbc~blfi C T O ~ U ~ M ~ ~ T O ~  

IC2, OH ynposnne~~pan3ucropo~ Q3 B noclmo- 

OUeM pexnMe U, - TpOH3MCTOpOM Q4 B nOBblluo- 

oqeM. 

npeflen BUXOnHOrOTOKO yCT0HOBneH Ha ypOB- 
He 2,5 A, KOTOPUR rnOBHblM 0 6 ~ 3 0 ~  OrFHMqeH 

MOKCWMClJlbHblM TOKOM Wpe3 MOHUTOP TOKO 

MAX471. C 0~0.8 HanpuxeHne nocrynaeT HO 

IC2 TL494 N U  CpOBHeHMU C OnOPHblM HClIlpUXe- 

HneM Ha ~bl0.15 TL494 N U  OrpaHHqeHHn TOKO. 

Kpe~nnesble c r a 6 n n n ~ p o ~ ~  saunurao~ ue- 
nn OT nepexonnblx npoueccos HanpuxeHnu B 

60p~osoA 3ne~~poce~n. 

Anon D l  M T ~ ~ H ~ U C T O P U  Q3, Q4 noMeueHw 

Ha POnHCITOPbI. 





CSCT~MK n o c e ~ ~ ~ e n e h  Ha MK nyrax 

~ ~ T W K  BOAM 
t io pwcymcyno~a~a~a cxem ~o f inpocn ' i cworo  nor- 

'iUK0 BOnU, R K W ~  MOXHO BUKOpWCrOB~BOTU UK CUrHOJll30- 

TOP nepenoBHeHHu aoppnoro  6 0 ~ 0  'iu n i n ~ i ~ o ~ ~ u  v y -  
6onpoeonis a60 x cumanismop o n ~ i e  y ~urnnni noqy. 

Ce~cop~uR npmpiii Mows ~ u r m o ~ m  HO npyxm~ifi 
mari M ~ T O ~ O M  ~ p a ~ n e ~ ~ n  y surnnnl ~OPIXOK. 

npu~lwn n~ i  noTruKo  nyxe npocruic. Konu ~ponni 00- 

nu norpannuon HO cetlcop, no'imac npriwcm Hesenur- 

KUR CTpyM, R K U ~  nPU3BOnHb A 0  B~KPUBOHHRTPOH~UCTO- 

Q1 I 3BpOHHR 3YMePO. 

~ B U W ~ H O  3 d O b  3yMepO MOXHO BCraHOBHM pl?Jle, Ill0 
6yne BMUKCITM 'iu BUMUKOTU HOCOCO~O i ~ ~ i  npunonu. 

TO yCTpofiCTB0 OCHOBOHO H a  npepblBOHUU UH- X e  MOMeHT BPeMeHU 0 ~ ~ ~ ~ 0 ~ e J l b H b l f i  nepen0n 
+po~pac~oro npa. B K o r e c r s e  u c r o r H u r a  L/IK 6yne~ npunomeH K C'ieTHoMy Bxony CLK necu- 
ny'ieic n p u M e H e H  UHI$~OK~OCHUR CBeTonuan  m'iHoro c'ieNuKo IC2, y~enu ' iueon ero s~a' ie~ue 
D l  LD271, ~ o ~ o p b l R  OCBeUaeT  TPOH3UETOP HO 1. MWK~OCX~MO 4033 (IC2) COflepXUT B H V -  - 
T1 BPW40. P ~ H H U A  neronep ~3 n~our~oic ~ O P M U  B ABOU'I- 

6 UCXOjlHOM COCTORHUU U H + ~ O K ~ O C H U ~ ~  fly, HO-neCUTU'iHy0, TOK YTO er0 BblXOnbl nOCTOTO'iH0 

nOnOnOU HO TPOH3UCTOP, OTKPblBOeT erO, HO- nUWb 0 6 e c n e ' i u ~ b  6 y + e p ~ b l ~ u  KOCKOnOMU H a  

npumenue HO ~onnenopeT1 onosb leoe~cn  nocra- MC IC3 u ~ p a ~ s u c ~ o p e  T3, mu HenocpencrseH-  

TO'iHO HH3KUM. W O ~ U  TPOH3UCTOP T2 OCTOBOncR HOrO 0 ~ 0 6 ~ ~ e H 1 . t ~  COCTOUHUR CIeNUKO HO 7-cer- 
XlKpblTblM Y P O B ~ H ~  HOI~PUX~HHU 30nUpOHUU 60- MeHTHOM &lUCnnee. 

3~ ~ p a ~ ~ u c r o p o  T2 MOXHO perynupsan noncr- B U ~ n l o ' i O ~ e n b  S 1 u c n o n b 3 y e ~ c a  wu c6poca 
POe'iHblM COllPOTUBlleHUeM P1 ( L ~ / B c T B K T ~ J ~ ~ H O ~ T ~  C'iePIUKO H a  HOnb. 

~CTPO~~CTBO). Emu O ~ H O C ~ K ~ H ~ H U ~ ~  UHTepBOn H e  YnOBne- 

Cpo6m~eae~ CreTHoe y~ rp0 f iCTB0 ,  KOK TOnb- TBOpReT BOWUM T~~~OBOHUIIM, TOfP.0 N U  er0 U3- 

KO 6yne~ pO3OpBaH MK ny, UnyulUfi OT CBeTOnU- MeHeHUn U e R y e T  U3MeHUTb HOMHHOllU pe3UC- 

O n 0  D l  K TpOH3MCTOpY T I ,  ero 6 0 3 0 ~ ~ f i  TOK TOP0 R3 unu KOHneHCOTOpO C1. YBerIll'ieHUe HO- 

yMeHbWUTC9 U TPOH3UCrOP 3OKpOeTCII. B p e 3 p b -  MUHOnO R3 )WlUHUeT UHTepBOn, 0 yM€'HbWeHUe - 
TaTe, HonpnmeHue  HO ero KonneK-rope yeenu- y r o p a r u s a e T .  Tome c a M o e  npasuno neiicrsu- 
'iUTCII, nPOM3BOflU nOBYUJeHUe HOnPUXeHUI HO TenbHO M OJlU KOHneHCOTOpO C1. 
6 0 3 e  T2. TP~H~UCTOP T2 OTKPOeTCR M OTPMUO- npu y C T O H O B K e ~ ~ f i C r B 0  no6nsairrecb, WO- 

TenbHblM nepenOnOM HOnpUXeHUR HO BblB.2 IC1 6~ H a  TPOH3UCTOP T I  nOnOnOn0 MOKCUMOnbHOe 

3onycTuT M O H O C T O ~ U ~ ~ H ~ ~ ~ (  M ~ ~ ~ T U B U ~ P O T O P ,  ~ ~ ~ ~ ' i e ~ ~ ~ ~ n y ' i e i c  OT CBeTOnuOno Dl. TPOHJHC- 
noCTp0eHHblfi H a  roic~epe 555. H0 BblXOne Mynb- TOP T 1 PeKOMeHnyeTCU n0MeCTUTb B ~C lneHbKo f i  

TUBU~POTOPO 6yne~ CurHan BMCOKOrO ypOBHfl B ~ p y b ~ e ,  KOTOpOR TO'iHO HOUeneHO HO CBeTOnu- 

TeqeHue o n p e n e n e H H o r o  O T P ~ ~ K O  BpeMeHu (C on D 1. Cnenye~ T o w e  ~ U T ~ I B O T ~ ,  rro reMnnuH-  

YKO3OHHMMU HOMUHOllOMU 3neMeHTOB CXeMbl - H e e  TPY~KO,  TeM MeHbWee KOnU'ieCTBO OTPO- 

O ~ H O  c ~ K ~ H ~ o ) .  XeHHOrO CBeTO LiOCTUrHeT TpOH3UCTOpO T I .  

mi 
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B c~~~~cKoI? MetTHocrn, rue racro sw~nlo- nocne ycnnnTena (DDl.1, DD1.2) cnrHan 
9OOT 3neKTpHqeCTBO H MOXHO OqYTHTbCR B flOcn/nOeT Ha UeTeKTOp C YUBOeHHeM HOnp5l- 
TeMHoTe B BOKPUTOM noMeqennn (nonean, xenna Ha swxoue n repeo peoncrop R6 sany- 
TeMHblR ~opnnop, xnes n T. n.), supyrcrr yc~pok- cKaeT noporosoe ycrpoirmo (a~anor ~pnrre- 
CTBO a~opnirnoro OCBeqeHHR C OBTOHOMHblM pa LUMH~TO), flOpOr cpa6a~wea~nn KOTOpOrO 
IlWTOHHeM, 3OflyCKOeMOe B neRcrene XnOnKO- non6npae~ca C nOMOlUblo nOTeH~tIOMeTp0 R4. 
MH nanoneir, yuopaMn naIIK0ir n ApyrnMn pes- C sblxona Tpnrrepa (HOXKO 1 1 DD1.4) nM- 
KHMH JBYKOMW. nynbC 30nyCKOeT nep8blR ~pl t r rep (DD2.1), 

npn p03p060~~e 3TOrO OBTOMOTO 6wno no- s ~ n o r e ~ ~ u i ,  KOK c '~~THMA,  0 Wpe3 RBO "XJl0n- 
CTClBneHO HeCKOnbKO ~ c ~ o B ~ R :  KO" BTOPOR, TOKXe EiK~lo'le~~blfi B ClleTHOM pe- 

- ~KOHOMWYHOCT~; x n ~ e .  Mn~pocxe~a  DD2 ~ n n a  K561 TM2. 
- ~e6onbluoe nn~aouee ~anpaxe~ne; 1 6 0  Tpnrrepa ~ O O T  ~ e ~ o ~ o p y l o  "~~H+POBK~', 
- ~ ~ ~ O ~ C H O C T ~  B flOXClPHOM OTHOWBHnH; OCBeTllTenbHOe YCTPO~~CTBO BKflloqOeTCR TOnb- 
- Manoe Konnrecmo pannone~anet?, uocryn- KO nocne neyx nocneuosaTenbHHx "xnon~os". 

HHX cenbc~o~y pannonlo6n~enlo; Manwe eennrntibc e ~ r o c ~ e f i  ~ o ~ a e ~ c a ~ o p o s  
'- HecnoxHoa B HananKe cxeuo; C1 n C2 ne nponyc~alo~ repeo swlueyno~n~y- 
- 3Oqt4TO OT PBYKOB POBPRflOB MO~HHR.  THA ycklnn~enb HW3KOqOCTOTHHe COCTOBnRIO- 
napa~e~pbl  yc~polcsa uue osym rpo~a .  
Honpnxe~ne nnTOHclR, 8 . .  . . . . . . . . . . . . 6  n ~ n  "aBneHnn Ha BUXOfle (BwB.13 DD2.21 
TOK B ~ ~ X Y P H O M  P ~ X M M ~ ,  MA. . . . . . . . . . 1 BHCOKOrO HanpRXeHllR Vepe3 ~ M M ~ ~ T ~ P H H R  no- 
TOK B pexnMe ocseqeHun, MA. . . . . . . .32 BTOPMTenb VTl f~KnoqOeTCfl OCBeTHTenbHOe 
ABTOMOT c p a 6 a ~ ~ e a e ~  Ha W T B ~ ~ T M A  xno- Y ~ ~ P ~ ~ ~ ~ ~ ,  c06~aHn0e Ha T~an3ncr0~e VT2. 

noK. HO cnyrair rnnoTeTnrecKoro KopoTKoro n o  C X ~ M ~ ~ T O  ~ ~ o K ~ H ~ - ~ ~ H ~ P ~ T o P I  K ~ 0 n n e ~ -  
oa~NKaHna B cxeMy BseneH nnae~nfi npeaoxpa- T O P H O ~  O ~ M O T K ~  T P ~ H C ~ O P M O T O P ~  T1 nos- 
HnTenb 250 MA ~ n l o r e ~ ~  napannenb~o csepxbflp~ne 6enwe 

CBeTOflclOnbl (VD4-VD 10) - 7 UVK. 3 ~ n  CBeTO- 
Ha PHCYHKe n°Ka3aHa IXeMa YcrPOirCTBa' AHOnM 3ClrOpOloTCR OT ~ O ~ ~ W U X  TOKOBblX UM- B Karecrse nonnlca ncnonbsoean 3 n e ~ ~ p e ~ ~ ~ i c  nynbcoe co C K B O ~ H O C T ~ O  3-4 n raCTo~oir ne- 

MnKp040H "M.' nnTaHne OcyureCTBnaeT- pe~nlore~nn 10-23 KTU. Yenoeerec~nir rnoo 
CR peoncrop R1. CnrHan cMnKp040Ha BOCnpUHnMOeT 3TH BCflHWKt4, KOK POBH~IR 6e- 

KOHneHcaTOp nOcn/naeT Ha BxOA nwR CBeT, 0 C ~ H T ~ ~ P M P O B O H H M ~  TOK COCTOBilI- 
ycnnuTenn c Kyc>100, C O ~ ~ O H H M R  Ha U B ~ X  eT eenurn~y OT 32 no 18 MA npu HonpMeHnn 
R ~ ~ ~ K O X  unc$po~oR MCIKPOCXeMbl K561JlE5 6aTapen BAn 1 oT 6 no 5 BOnbT, 

(4HflM-HE) c noMoqb0 Pe3ncToPoB R2 n R31 E~~~ nnTaTb cBeTonnonH HenocpenCTBeH- BseueHblx B pexnM nuneit~oro ycnnetiun. b n  
HO OT MCTO'IHMKO nOCTORHHOr0 TOKO, TO no- 

YCTpOHeHUR BOBMOXHOrO ca~o~oo6yxne~na H ~ p e 6 n e ~ u e  TOKO ~ o o p o c ~ e ~  no 140 MA. 
KOPpeKTnPOBKu napannenbH0 pesUcr0- B nemypHoM pexnMe MnKPoaeMo DD, 
POM nOflKllloqeHbl KOHfleHCOTOPbl C3 CI C4. 

Hanpnxennn 6a~apen 6 B no~pe6nfle~no 2 MA 

m 





~ @ @ ~ K T # B H ~ I ~  
KOMMyTaTOP 
AByX~BeTHOrO 
cseToAHoAa 

Ha pMc.1 nOKa3OHa CXeMa, KOTOPylo MHOrnO 

I l p M M e H U l o T ~ n  ynpaBneHMn RBWuBeTHblM CBeTO- 

RUOROM. B TOKOM YCTPO~~CTB~ UCIlOnb3YloT pene 
MnU M~XCIHM'I~CKU~~ BblWIloWTenb ( O ~ H O ~ ~ O ~ O C -  

H ~ I R  nepetanlo'lmenb no ABO HanpaBneHun SPDT). 

- -- -- -.-- 
12V 

GREEN 

@ R D2 A RB 

- - 
Pnc.1 

L(enb~epRe~MOL l4~0CTb  U He ~ O ~ O T Q ~ T P . O ~ ~ X H M M  

0 6 p a 3 0 ~ ,  emu HanpRmeHne UCTO'IHUK~ nma- 
HMR H e  npeBblLUOeT 3Ha'IMTenbHO CyMMy nPRMblX 

naflenui ~ a n p n x e ~ u i  H a  cseTonuone. R O ~ T O M ~  
TOKOU CXeMa HellpUrORHa m n  p 0 6 0 ~ b l  C nUTO- 

HueM 5 B, T.K. KPOCHMR unM 3 e n e ~ b 1 f i  CBeTonuo- 

nw u M e w  TunoBoe  n p u M o e  nanetiue nanpnxe- 
Hue  4 B. C. ne+anu (Ka~ana) m u  y n p a s n e n u n  

AB~UBeTHb lM CBeTOBUOAOM UCnOnb3yeT CXeMy, 

n o ~ a 3 a n ~ y t o  H a  pmc.2. Ero cxeMa nuweno He- 

nOCToTKOB CXeMbl, ~ O K C I ~ ~ H H O ~  H a  PUC. 1. B UenU 

n06a~n~e~cu  TonbKo o n H o  Hanpnmenue  nepe- 
xona ~onnemp-wmep VCE K npnMoMy HanpR- 

xetiun, VF ~aworo CB~TOAUO~O, npu  TOM ROCTO- 

TO'IHO UCTO'IHUKO nUTOHUR C HOnpRXeHUeM 5 B. 
b u  nocrpoenun ~ p u r r e p ~ o i  cxeMbl MOXHO UC- 

nonbaosaTb H e n o p o r u e  yl-rusepcanbnwe n-p-n 
TPCIH3UCTOPbI Tun0  2N4401 UnU C8050. B 3TOM 

n p u M e p e  c s e T o n u o n  K p a c t i o r o  u s e T a  Dl 
(VFI =1,6 B) u 3 e n e ~ o r o  w e T o  D2 (VF2 = 2,4 B). 
O C H O B ~ ~ B ~ R C ~  H a  CBeTOnUOne D2, MOXHO Bbl- 

'iUCnUTb, 'iTO RS = (5 B - 2,4 B - 0,l B) / 0,02 A = 

= 125 OM ( n p u ~ u ~ a m  130 OM m u  19 MA). B pe- 
3 y n b ~ a ~ e n o n p o e ~ ~ 0 ~ 2 5 M A ' i e p e ~ c ~ e ~ o ~ u o ~  R 1  = 20(VF1 - 0.7 B) / ILEDI = 720 OM 
Dl. Ecnu m e n a r e n b n o  u M e n  paenwe unu npou3-  (npuHuMaeM 750 OM). 
BOnbHO PO3nU'IHble TOKU, MOXHO BCTOBUTb no- R2 = 20(VF2 - 0,7 B) / ILED2 = 1.8 KOM. 
nonnUTenbHblA pe3uCTop O m H  BblBon Bb'WIKJqa- TOK 603t.1 TPOH3UCTOPa yMeHbWaeT ~OKTM'IB- 

'Iro6' u3MeHuTb COnPOTuBneHue R~ nnR CKUA TOK CBeTOnUOflO H a  5 %, KOTOPM~ RBnReTCR 

HYXHO~O ~ O ~ O X ~ H U R  BUWIO'IOT~~R. BU3yOnbHO He3HO'iUTenbHblM. YCTPO~~CTBO H e  

Conpo~usne~uu B 6a30sux  uenux (npunu~au n o n e e p x e H o  C ~ O R M  npu nepe~no'te~uu B uenu 
p = 20) paccquTbleator,  ucnonb3yn menyloque UCTO'IHUKO n m a n u g .  

+0pMynbl: 

.* m 



OU 8 13 O~O~D~H~UHOI antf~doc a ~UUOEU~U Olh '8 [3 do1 
-03HaUHOr OH uxaouadau 'za UOMU  ada ah 'KUJ~~HE WaH 8 

. 

MOHHaUUOaOH (amnh WOJ~& a) WalOE 0 'UUHOlUU au~axadu 
-OH UHUhUUa0 OW S [3 ~O~D~H~UHOY 13laoxado~ pa UOUU 
Fadah amuh woadau g 'OUM~OE ~rhorUou awuxad a laolog 
-od HO WO)I ~o~'~.lornquoga~ 'waua~oao~odgoadu vlswaoaou 
-1ss 'no1 'SSS adawllo1 OH ~osocuuoad adogudu wowaoaus 
-MUO a fi~qdolor '~MH~XU~UOH OJamaornuaou 'aua~oaoood 
-goadu W~UH~H~WM~U 3 aualo~3nouuolaw MUHOlUU 3OIUU 

HahOilrwuOU shudor OH :HUOh FOBOJOUOHO bUHO0lqlnUOE 
OUOlaW OJOflOUMlaH W~HH~H~WU~U 3 naoduou yu~axadu 
-OH XMhMOMU nMhOEULM9OlJ H bUHOUCO3 XOUq 'BO'AOUg XUH 

-~UOHOM~~H~$XU~~UO)I~~H EH WOUO~ qualorsnouuolaw 
.xoru~rnh 

-OH HUH XOIUWOHUU 9 HallJUu> o~odolor WHJn3 'H~U wd01 
-0daHaJ lauuaoduh uoHJns yu~~o1ogodg0 %slahdnd~al 
-HU n tmaoauuush DBOH3 '(IH~WJO~$ YAHEOUOU M3laM~aUls0) 
us~aoauaod~quu$lo '~slaoauuu~h 'nrrnhor 3 ~umaouhu 
-ou 'UOWU~ .aarnhon DH M~~H~XU~UOH uwdo+ auHaHawEn 
r ~uUoaudu n domalaU urrnhor CIUOHECI~\A~UHU auHaHaw 
-en laoaucus dogudu uwd yoaorsuou aucoe solawadu 
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C X ~ M O  C AMOnOMU D3, D5 U KOHneHCOTOpOM 
C19 p o 6 o ~ a e ~  aHOnorurH0 OnHCOHHOMY BbllLle 
C T O ~  TOnbKO PO~HMU~? ,  qTO ee BXOAHOe HanpR- 
xeHue POBHO Benurune H O ~ P R X ~ H U R  no KOH- 
nencoTope C18. flpeo6pa30sa~enb pa6a~ae~  
KOK Tpe~~paTHblfi MHOXMTenb HOnPRXeHUR nUTO- 
HUR MeTannoucKoTenR. 

OnepauuonnblR ycunwrenb s a n m ~ a e ~ a  CUM- 

MerpurHMM HanpRmenueM &5 B. 30 era aa6u- 
nuaauulo OTBe'ialoT cra6unu3a~opbl IC7, IC8. 
KOHA~HC~TO~M C4, C14, C24, C16, C19 +~nb- 
T P ~ O T  nu~aloqee nonpfimenue. Ha BTOPOR MM- 

KpOCXeMe 555 reHepUpyloTCR npRMOyrOllbHble 
uMnynbcu, aonmMealoque KOTYUIK~. V~CTOTO 
curtiona ycraHasnusaeTcn sneMenTaMu C2, R1, 
PR2 (nonmna 6bl~b oKona 100 ru), a OTPUUO- 
Tenb~blR UMnynbC HO BblXOne lC4 AOllXeH UMeTb 
WlMTenbHOCI'b OKOnO 150 MKC. 

Cur~on c suxona IC4 repes peaucrop R4 no- 
crynaeT Ha TP~H~UCTOP T2, KOTOP~IR nepesopo- 
rusoeT 403~. 3 m e ~  qepe3 P ~ ~ M C T O P  R6 u TPOH- 
3UCTOP T1 3anUTblBQeT KOTYUlKY L1 30HAQ. Pe3U- 
crop R8 npenna3~oqe~ mn orpanurennfl no- 
npRXeHMR CQMOUHflYKL!UU KOTYUlKH L1. CH~HOJI C 

sotino, repea P~BUCTOP R9 u KonaencaTop C9, 
nocTynoeT Ha M H B ~ ~ T H ~ Y O ~ M A  BXOR onepauu- 
oHnoro ycunwreng IC1. C T O ~ H ~ ~ O H  D l  npelo- 
xpanReT   TOT BXOA OT nepe~anp~menu?. 

jlpn A U C K ~ ~ T U ~ ~ ~ U U  ycunennoro curnana c 
KaTywKu B MoMeHT ero npoxowenua repea nonb 
npuMeHeHo Aea M O H O C T O ~ U ~ ~ H ~ ~ X  re~epa~opo, 
nocrpoeHnblx Ha IC2.060 renepaTopa slcnlore- 

Hbl KOCKOInHO. nepBbl? M3 HUX nOCTPOeH HO 3ne- 
MeHTOX IC2A, IC2B, reHepMpyeT UMnynbC nnu- 
TenbHOCTbO 60 MKC M 30IlYCKOeT BTOPO?, nOCT- 
poennb~fi Ha 3ne~en~ax lC2D, IC2E, reHepupy- 
OUUR UMnynbC )3JlUTenbHOCTbD 85 MKC. 

B HaqanbHbl~ MOMeHT BpeMeHU KOHAeHCOTOP 
CS p03pnXeH. nanaloquA +POHT HOnPRXeHUR 
Ha KOnneKTOpe TPaH3UCTOPO T2 nPUBOAMT K M3- 
M ~ H ~ H U O  COCTORHUR B U X O ~ O  3 n e ~ e ~ ~ a  IC2A c 
nor."O" HO nor."lV. flpu  TOM HarunoeT B ~ P R -  

XOTbCR KOHAeHCOTOP C5 Wpe3 pe3MCTOP R11. 
TOK BCIPIIRCI KOHAeHCOTOPO CS nPUBORUT K no- 
Rsnenuo na sxoue 3ne~en~a  IC2B sblcoKoro 
YPOBHU, YTO s~abrsae~ ua~e~enne COCTORHHR 

er0 BMXOna Ha HM~KUR.  B pe3yJlbTOTe, HO BXOAOX 

3ne~en~a IC2A noMepxuaoeTcn HUBKWA ypo- 
BeHb A 0  MOMeHTO OKOH'iOHUR 3OPRnCl KOHneHCQ- 
~ o p o  C5. CnanaloquA +POHT na sblxoue nepeo- 
r0 TpUrrepa npMBOAMT K 30nyCKy BTOpOrO TpUr- 
repo. flonomu~enbnb~A uMnynbc c s~xona BTOPO- 
r0 TpUrrepa AOnXeH OTKPblBOTb TpOH3UCTOP T5 
u nepe~a~b c no~oqblo R17 u C10 noneanp qa- 
CTb CUrHOnO Ha M H B ~ P T M P ~ ~ ~ ~ M A  BXOA OY IC3. 

Ha H ~ M H B ~ P T U P Y O ~ ~ H ~  BXOA %Or0 OY noAa- 
eTcR nocrontitioe nanpnmenue, perynwpyeMoe c 
nOMOUbO noTeHquoMeTpoB rpy6oR U T O ~ H O R  
H ~ C T ~ O A K M  ~e~annouc~a~en~ .  B peaynb~a~e c y ~ -  
MUPOBaHUR 3TUX A B F  H ~ ~ ~ R X ~ H M ?  HO BblXOAe 
ycunuTenn IC3 nonyqaloT curHon nunoo6pa3- 
HOA +OPMU c perynupye~ofi ~ O C T O R H H O ~  CO- 
crasnnloqeR, senuruna ~ o ~ o p o i  UH+OPMMPY~T 

o Honuquu MeTonnuqecKnx npemeTos ~osne 



K O T ~ W K U  11. Cur~an c B~IXOAO y c u n m e n n  IC3 
nonaeTcrc repes T ~ O H ~ U C T O P  T3 HO retieparop, 
y n p a B n ~ e ~ b l R  HClnpnXeHUeM, KOTOP~IR nOCTPO- 

e H  H a  6 a 3 e  IC6. O~pUlraTenbHbll? UMnynbc C BM- 

XOflCl 3 IC6 Yepe3  nOBTOpUTenb HanpRXeHUfl C 

TPClH3MCTOPOM T4 flUTClloT ~BYKOBO!? RUHOMUK 

SPl  . R o n o n n u ~ e n b ~ o  e m  BO~MOXHOCT~ perynn- 
POBaTb VOMKOCTb C nOMOU(b0 nOTeH4UOMeT- 

pa P3, n o 3 ~ o n n l o q n R  perynuposan senurutiy 
HOllpRXeHHR nOBTOpUTen9. 

Monranc H HQCTPO~KQ 
Ha pnc.2 n o ~ a 3 o ~ a  n e r o T n a n  nnaTa  c pac- 

nonomeHneM ~JI~M~HTOB. H o c ~ p o R ~ y  MeTanno- 

UCKaTenR Ha'lUHaOTC npOBepKU npCIBUnbHOCTU 

p 0 6 0 ~ b l  UCTO'4HMKa nUTCIHUII. C  TOG q e n b o  B 

nnClTy BnaUBaloT TOnbKO I/IMC IC5, IC7, IC8, 
KOHfleHCaTOPM C4, C14, C16, C18-C22, C24, 
C25 u ~ ~ ~ M C T O P M  R30, R 3 1 . 3 a ~ e ~  s ~ n l o ~ a l o ~  nu- 
TaHUe MeTclnnOMCKOTenR I4 np0BepaloT HOnUYUe 

H ~ ~ ~ R X ~ H M R  f 5 B H a  BMBonax 7 U 4 IC1 U IC3. 
M 3 ~ e p e ~ u e  BblnOnHRloT OTHOCUTenbHO I lnloCa 

UCTOYHUKCI IlUTCIHUR. 

npu nony ieHuu  ~ p e 6 y e ~ b 1 x  BenurnH Hanprcme- 

HUR nnTaHnrc MOHTUP~DT 3 n e ~ e ~ ~ ~  retiepmopa 
c u r H a n a  KOT~WKU (IC4, TI ,  T2, C1, C2, R1, R4- 
R8 u M O H T ~ X H ~ I R  ~ O T ~ H ~ M O M ~ T P  PR2). nonlcnlo- 

YOIOT 30HU K TOqKCIM H a  nnaTe, 0 6 0 3 ~ a r e n ~ b c ~  

KaK "COlll, C0112': U BKilloYaloTnUTaHUe- n p U  

3TOM flOnXH0 ~pOCJlyWUBaTbCfl M X O e  V X X O -  

H n e  3 o ~ ~ a .  Ecnu uMeeTcrc u s ~ e p u ~ e n b  r a c r o T M  

nnn ocqnnnorpa4, TO c ero n o ~ o u b l o  BMCTCIB~SI- 

OT H a  sb lsone 3 IC4 rocrory 100 ... 110 rq. 
Aanee MOHTWP~DT HO n e q a ~ ~ o i  nnaTe  oc- 

Bb lnon~c lB  BMWeyKO3aHHMe HOCTPO~?KU, np0- 
~eprclo~ p e a ~ ~ u l o  ~ e ~ a n n o ! ~ c ~ a ~ e n f l  HO npu6nu- 
x e H u e  MeTannnrecKux n p e m e T o s  K KorytuKe. 

n p a B U n b ~ 0  H ~ C T ~ O ~ H H M ~ ~  MeTOnnOUCKClTenb 6 ~ -  
ReT CMrHanM3UpOBOTb 0 HanUYUU K O H C ~ ~ B H O ~ ~  

6an~u H a  yflanenuu 0,4 ... 0,5 M. 

n p ~  pa6o~e MeTannOUCKaTeJlb n o ~ p e 6 n ~ e ~  
OKOnO 1 OOMA, n03TOMYWU er0 nclTfJHMfl ~eo6 -  
XOflUM ClKKyMynSTOp C HanpRXeHUeM 12 B U eM- 

KOCT~K) H e  MeHee of lHora awnep-raca. 
O K o ~ Y C l ~ e i l b ~ o e  TeCTUpOBaHUe MeTannOMCKCl- 

TenR flOnXH0 nPOU3BOAMTbCR BHe 3AOHUI( HOOT- 

KP~ITOR TePPUTOPUU. Cneflye~ YqUTMBCITb, YTO 

AeTeKTOP MMeeT BMCOKYO L(YBCTBMTenbHOCTb, 

noMexu  B pa6o~e M O V  6 M ~ b  BM3BOHbl CUnbHM- 

MU 3neKTPOMOrHUTHblMU nOnRMU. 

KOHCTP~K~HII 
&JIR P O ~ O T M  IIOHOAO~~TCR CneflyIOqMe UHCT- 

PYMeHTM: npenb, HanMnbHUK, HOXOBKO no Me- 

Tanny. B KOHCTP~K~UU npuMeHeHb1 nnomMKoBble 

B o A o n p o B o ~ H M e  T P Y ~ M  flUClMeTpOM 1 /2 flog- 
MCI. KOHCTP~K~UR P~KORTKU n 0 3 ~ 0 n a e ~  pacclcna- 

U M B ~ T ~ C I ~  HO nse qacru,  a T o w e  B cnyrae ~eo6- 
XOnUMOCTU 6blCTp0 AeMOHTUpOBOTb 30HA. Me- 
TannOMCKOTenb B P ~ ~ O ~ P O H H O M  BUfle flerK0 no- 
MeUOeTCII B 6 0 r a x ~ u ~ e  nerKOBOr0 CIBTOMO~U~R 

UnU B PloK3OKe. 

Ha PyKOUTKe KpenUTCfl nOWOKOTHUK 3 (CM. 

DHC.~). OH U3rOTOBneH U3 OTDe3Ka B0110nDO- 

OTpe3Ka TpeXXUnbHOrO ~a6enrc nOflKnloYaloT M C I T ~ ~ ~ ~ R .  

nOTeHUUOMeTp, p e ~ l l ~ p y l o ~ ~ l ?  TPOMKOCTb, K )$UHCI O T ~ ~ ~ K O  T P Y ~ M  1, K KOTOPOR npUKpen- 

TOqKaM PI.], P1.2, Pl.3- IlOTeH~UOMeTPM HOCT- JlneTCU ~Ofl l lOKOTHUK, ROnXHO 6 b l ~ b  Pc lBHa 

p0R~n. 3 m e ~  n p o ~ e n ~ ~ a l o ~  cnenyeuue MOHU- n p u 6 n u 3 u ~ e n b ~ o  30 CM. CO CTOPOHM ~OWOKOT- 

nyn9UUU. ABUXOK nOTeH~MOMeTp0 PerynRTOpa HUKO T P ) ~ K O  3OKPMTQ ~ ~ ~ U H O B O R  np06~oR 8, KO- 

rPOMKOCTU MOKCMMOnbHO BblBOflRT B CTOPOHY TOPYIO MOXHO npu06pe~~u B Mar03UHe m R  06-  

BMXOflCl MUKPOCXeMM lC6.30~4 MeTOnnOMCKOTe- TOMO~U~UCTOB UnU BenOCMne~UCTOB. Apy ry~  
nU pO3MeUa loT  TOK, 'ITO~M OH HOXORMnCR H a  CTOPOHYTPY~KU BKneUBaIOT B OAUH U3 COOCHMX 

paccronlruu H e  6nuxe 1 M K KpynHMM MeTannu- KOH~OBTPO~~HMKO 2. Apyroe ero oTsepcTue oc- 
WCKUM n p e W e T 0 M .  B b l c r a ~ n r c l o ~  noTeHquoMe- TaBnRloT C B O ~ O ~ ~ H M M  - OH0 6yfle~ CnYXUTb W R  

. TPM rpy6aR U TOYHOR HOCT~ORKM H a  naHenu  Me- K ~ ~ ~ ~ ~ H H R T P $ ~ ~ - L L I T C I H M  12, H a  KOTOPOR 6yfle~ 
TClnnOUCKaTenR B CpeUHlolo ll03CIUCI0 U OKKY- P03MeUOTbCII 30HA. Ha T P ) ~ K ~  nO&rlOKOTHUKa 

POTHO C ~OMOUlbtO MOHTOXHOrO ROTeHUUOMeT- MOHMPYlOT 6noro~, B KOTOPOM 6yne~ pa3Me- 

pa PR1 BblCTaBnUloT raCToTy u e n r K o B  B 3ByKO- UOTbCn OKKYMYnflTOp 6. Ero MOXHO yKpenUTb C 

BOM A U H ~ M U K ~  o K o n o  0,5 ... 2 rq. n o ~ o q b n ,  ~ n e n  ~a ropnqeR nocan~e. 



B OnHy M3 ~ O K O B ~ I X  CTe- 

HOK KOHCTPYKUWU KpenRT 

r~eano 3 o ~ n o  10. B as- 
TOPCKOM BOPUaHTe MC- 

nOnb30BaH ~ - U l T b l p b ~ ~ ~ b l R  

p a 3 b e M  OT M U K P O ~ O H ~  

Canon. B npyroR creHKe 

KpenRTCR rHe3aa 3aPflAKt4, 

HOYLUHMKOB M BblKnKJ'la- 

Tenb nClTaHMfl MeTanJlOUC- 

KOTenH 9.611090~ KPenflT K 

Tpe~be omepme ~po i i -  
nnKa  cnymnT MR K p e n n e  

Pac.3 

HMR PYKOflTKM 5, KOTOpaR 1 
M3rOTOBnHeTCfl M3 OTpe3- 

Ka T P Y ~ K M  MMHO!? OKOn0 

15 CM. Tpy6~a BKlleMBOeT- 

a BTPORHMK, HO Hee  one- 
BaDT pe3MHOByKJ HaKJIOp 

KY. Ha KOHqe PYKORTKM 

p a 3 ~ e q a e ~ c f l  6noro~ c 
nOTeHUMOMeTpaMU 3ByKa 

M H~CTPOAKM 1 1. 
T a ~ o e  p o 3 ~ e q e ~ ~ e  

K o p n y c a  n o 3 ~ o n ~ e ~  ner- 
KO UO~PCITMI( RO nOTeHLU4- 

o h n e v o s ,  a T a K x e  cosna- 
eT nonnoptcy c y n  nanoHn,  

6naronap~ r e M y  H e  ~ y x -  
HO CHnbHO CXUMOTb JlaAO- 

HH H a  PYKORTKe. 

K o n a p y t c ~ ~ a  
3OHAa H BIO 
Kpennenme 
M 3 r o ~ o e n e ~ ~ e  3 0 ~ 4 0  

HO9HHaKJT C U3rOTOBne- 

Hnn  p e r y n u p y e M o r o  co- 
eAMHeHUR 30Hfla C WTaH- 

roA. Ann wore n e n a o ~  
scrastcy  n 3  + a ~ e p b l  Ton- 

UMHOR 12 MM (PHC.~), KO- 

TOpyKJ 3 0 T e M  n n O T H 0  

BCTaBnRlOT 8 ~p$tcy-LLlTa~- 

ry MeTannoncKaTenn. Ko- 
HeU T P ~ ~ K M ,  MMHOR OKO- 

no 6...7 CM, cnenyeT  He- 

MHOrO pa3MRr'iUTb - er0 
nOMeqaK lT  HO KOPOTKOe 

BpeMR B rOPRYKJ BOflY. Ec- 
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jJ-19 nocrpoeHnn neycTopoHHero o~nnlm/n- 
HOrO OrPQHH'it4TeilR HOnpRXeHHR npHMeHRH3T 

Ilp~CEfiUlylo CXeMy C UCnOllb3OBOHHeM no-  
~W~L.(TPOHOB, BWIIOqeHHblX BCTpeqHO. TOKOR Me- 

Ton WeeT HecKOnbKO ~eyno6crs. Toq~ocla Orpa- 
HMqeHUU 3OBnCUT OT nOll.OnyCKa KpeMHUeBblX cr06~- 
nMTpOHOB, ypOBeHb OrpaHMqeHMn Henb3R PeryJlU- 
POBOTb OnePOTUBHO, er0 MOXHO H3MeHUTb, nHWb 

ycraHosns B uenn C T ~ ~ H ~ M T P O H ~ I  cnpyrn~u HO- 

npnmeHnnMn cra6nnn3ouuu. 
Ha pnc.1 no~a3a~a cxeMa perynnpyeMoro 

neyxcropoHHero oMnnnTynHoro orpaHurnTenu 
HonpnmeHnn, pa3pa60~a~~aR n. Jlyqa~o (kl~a- 
nnn). YcrpoRcreo meeT peryn~pye~bli WonaaoH 

orpaHnreHnn OT f 1 no f 10 B, KOTOP~IR yno-  
HOBnUBOeTCR ypOBHeM HanpRXeHnR Ha BXOne 

Vdamp. Y C M ~ M T ~ ~ U  C enUHHqHblM yCclneHHeM ICIA, 

lCIB t l  I C 3 ~  BblnOnHUOT pOnb 6y@p~blx KOCKO- 

floe. Ha OY IC2A co6po~ orpaHnqnTenb nono- 

OrpOHM'4MTenb OTpMLpTellbHblX QMnnMTyn CUrHO- 

noe. 
Ha pnc.2 ~ O K ~ ~ O H O  nepenaToqHan +~HKLIUR 

peyxcropouHero orpouurmenR c ynpasnnlouuM 

HOnpRXeHMeM OrpOHUqeHHU Vdomp, POBH~~M-5 B. 
Honpumeune orpaHnreHnn MomHo nwenm e m  
ono3oHe OT -1 n0 - 10 8 H TOKHM 0 6 ~ 0 3 0 ~  U3Me- 

HRTb YpOBeHb OrpaHC1~UTenR. Ecnn BXOAHOe HO- 

npnxeHne ViN ~axonmcu e npenenax OT -Vclamp 
no +Vdamp, Torna VOUT = VIN Ecnn VIN npesw- 

UaeT Vclampl Torno VOUT = Vclamp 
' i ~ o 6 ~  nOHRTb KQK po6o~ae~  CXeMO OMllnU- 

Pnc. 1 

Em 



Ha pncynice ~ O K O ~ O H O  c x e M a  B. Pux~epo p ~ n  y n p o e n e n u g  neyMn n o M n o M u  HoKanuea-  

( ~ ~ ~ M O H H R ) ,  KOTOPYK) MOXHO HCnOnb30BOTb HUR 683 ~ ~ o ~ o ~ H u T ~ ~ ~ H o R  3neKTPOnpOBO~KU. 

TYnHOrO O r P a H H ~ H T e n R ,  

MOXHO POCCMOTPeTb er0 
pa60~y npu rempex p a 3 -  

HWX BXO~HYX HanpaxeHu-  

IIX. 

B OCHOBHOMMOXHO cru- 
T ~ T L ,   TO ~ ~ ~ R C T B O  pa- 
~ O T O ~ T  B nBYX pexw~ax: B 
J~UH~RHOM, B KOTOPOMflUO- 

nbl Dl H D2 RBnRDTCII OT- 

KPYT~IMU BblwloroTennMu, 

u B p e x w  orpatiuqenua, B 

KoTopoM B m6nnue nuont4 n p u e e n e ~ b l  3aKpWTt4. re 

T Y p e  XOpClKTepHtJX BOpU- 

OHTO p o & ~ b l  CXWbl. Bopu- 
aHT A: na axone H a n p a x e -  

H u e  7 B, ynpasnaloqee Ha- 

n p a x e n u e  Vclamp = 5 B,nu- 
04 Dl npOBOnUTTOK, a pul- 

O n  D2 - 3OKpblT. K O H T ~ P  
O ~ ~ O T H O R  c s n 3 u  BOKpYr 

ICZA n o n n e p x u e a e T  HO 

a H o n e  nuona D l  nanpnxe- 
Hue 5 B ,, sblxone OY BOPUOHW B u C: 060 nuona 3OKpblTW. 

ICZA HonpaxeHfie 4,4 B, B a p u a ~ ~  D. nMOn D2 npOBOnm TOK, nuOP. Dl 3OKpYT. 
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3~ cunoeoro T~OHCC$O~MOTO~O nnn ynosnu- Ceeronuon D l  ecnblxmoer, ynosbieo~ HO 

BOHMII er0 MOrHUTHOrO nOn8 pClCCeUBOHUn. npMC)TCT8Ue flOCTaTO.IHOr0 CUflOROrO MOTHUT- 

nocne uenetiug Ha 10 Ha sblxone crevinra tioro nong. 
401 7 (ICl) nonyraercn cnrtian qac~o~oir 5 ru, B H M M O H H ~ ~  npo~on AOTYMKO nonxen 6 u r b  

KOTOP~IR 30TeM AenMTCR Ha 5 Ha BTOPOM CWT- nOMeU(eH ~ 6 n u 3 u  CNnOBOrO TPOHC~$OPMOTOPO, 

qUKe 401 7 (1C2), B pe3yflbTOTe Ha BblXOUe yC- HO HO AOCTOTOYHOM POCCTOffHUU, rro6u H e  

T ~ O ~ C T B O  nOflyrlOeTCR CMrHOfl ~~OCTOTOR 1 ru. HOPYUlOTb 3fleKTPNYeCKYK7 6 e 3 0 n o c ~ o c ~ b .  

Ha pHCyHKy nOKCl3OHO CXeMO npnflOny ~PYHT, B O ~ O ~ ~ C T ~  RKOrO MOIOTb K0HTpOJlK)BCI- 
ma KOHTPO~O sonoroc~i rpyHry, anucaHa B TM, U O B O ~ R T ~  AO 6axa~oro  P~BHR sonoroc~i. 
Popular Electronics. n o ~ i ~  B rpyHT B C ~ O B ~ R I O T ~  uynn i peryno- 

n p ~ n a n  no6ynoeanuCi Ha ocnoei ~ocroso i  saHtinM n o ~ e ~ u i o ~ e ~ p a  R6 n06usao~bcfl, 
aeMu, pis~osara n ~ o i  nocRramcR 30 paxy- 406 usa csi~nouioun, uo r p o o ~ b  ponb i ~ u u -  
HOK pis~ocri onopis n o r e ~ ~ i o ~ e ~ p a  R6 i rpyn- ~ a ~ o p i s  6ana~c0, He csi~unucn a60 npu- 
r y ~ i r n u e o ~ a  qynaMu. Uynn n s n ~ o ~ b  co600 H a h i  nenb mespinu. 
nsa Kpyrnux c r e p x ~ i  is ~epxasioqoi c~an i  T ~ K ~ M  WHOM, csi~nouiou LED2 6yue csi~n- 
nosrnMHolo 15 CM i n i a ~ e ~ ~ o ~  1,6 MM, R K ~  TMCR, K O ~ U  onip rpynry 6yne BMUUM 30 onip, 
~MOHTOBOH~ Ha PYKORTU~ i3 i30flII~ifiH0r0 Ma- B C T O H O B ~ ~ ~ H U ~  ~ O T ~ H ~ ~ O M ~ T ~ O M  R6, a KOnM 






















