A1\




M' ororoLa

»

DATA vidion
Kingbright
C vYaom

TonoeHoii opuc:

~ INTERNATIONAL
RECTIFIER INFINEON (SIEMENS)

MITSUBISHI, MOTO L: INTERSIL, ATMEL

OTERY S

MAXIM, HEWLETTP: 'RD ELEM:N NI-T

ST-MICROELECTRONICS, PHILIPS,
TOSHIBA, TEXAS INSTRUMENTS J *MICO

*COS BOURNS
MURA

D omponens

DA A |l le
INGBRIGHT
RK
ECE CRYDOM, TTI
a
&y

0¢hc 8 Cankr-leTepGypre

LleHTpanbHbIil MarasuH

Dunuansi
PEMMOHAJIbHbIE NPEACTABUTENU
HoBocubup

Kasan

Cama.

Yebokcap |

'yl

cous?



CxemorexHuka

Ne 2 HosGps 2000

W.0. Fnasroro penakropa
[laBen‘AcrawkeBuy

Pepkonneruna

Anekcein'Curaes
Ariekcarap QpyHae
Bukrop Mosuunk
Csetnana Xabaposa
Masen [1pagocynos

BepcTka n pusaiH

Muxaunn:Xabapos
Buktopusa Ceiuea (0bnoxka)

PepnakTopbl-nepeBof4nKu

AHnpen Actawkesiny
Bnaonmup Bonkos

OTtnen pacnpocTpaHeHus
Opuir Pybuyes

Appec pepakuvu

121851, Mockea; yn. Visana
Ddpanko; a. 40, K1, cTp. 2
Ten./dakc (095) 737-9279,
768-9456
e-mail: compitech@mtu-net.ru
www.compitech.ru

MapaTtenb, yapeantens:

HA CIKVAMEHNZ

- OrnevataHo's 3A0

- “Mabpuka opceTHON nevarin”
Tupax 3000 3k3.

3akaz Ne

KypHan 3aperncrpuposaH B
Mutauctepctee PD no nenam
nevaTn, TenepafnoBewiaHns u
' CPefCTB MaCCOBLIX KOMMYHUKaLN
Per.No MN77-5262

Pepakunsa He HeceT
OTBETCTBEHHOCTU 3a nHdopmaumnio,
NPUBEAEHHYIO B PeKNAaMHbIX
marepuvanax

FlonHoe nnn:yactuuHoe
BOCMPOVI3BEAEHNE MaTepuanos
LOMnycKaeTCst TONbKO C paspeluenusn
000« Cxnmer»

e

ABTOMATUKA .
Anroputm bpeseHxema B TUPUCTOPHbLIX PEryNsTopax MOUWHOCTY
ABTO3/1€eKTPOHMKA

Cucrema anekTpoOHHOro 3axuraduns Ha IGBT TpaHancTopax
HeTtpaonumoHHas NpoTUBOYrOHHAas cuctema gnsi aBTomoobuns

3amennieHHoe OTKoYEHNE OCBELLEHUS B canioHe aBToMobuns

AyaunortexHuka

CabBydep ona My3blkanbHOro LieHTpa

MpenBapuTenbHbI yCUNUTENb C MUKPOKOHTPOSMIEPHOM CUCTEMON YNPaBieHns

3MepuTenbHasa TeXHUukKa
MpumenenHne XK-monynent MT10T7 B uamepuTtensHeix npubopax

Lindposon TepmomeTp ¢ patinkamun ¢pupmel Dallas Semiconductor

Beibop anemeHTHOM 6a3bl ANA CUCTEM BBOAA,/BbiBOAla aHANOrOBbIX CUrHaNOB

KoHkypc naen

1001-e 3apsgHoe yCTPONCTBO

OCHOBbI CXEMOTEXHUKU
VIHCTpyMeHTarnbHbIE yCUnuTenn
leHepaTopbl NPAMOYrofibHBIX UMNYNLCOB Ha MUkpocxemax KMOIM
Oco6eHHOCTU NPUMEHEHUS SNEKTPONNTUHECKUX KOHAEHCATOPOB
MoBegeHWE MUKPOCXEM NPU NOHMXXEHHOM HamnpsaXeHUN NUTaHns
MNNANC: 0630p apxnTekTyp U 0COBEHHOCTY NMPUMEHEHNS

JaTtynkn Temnepartypbl

NMutaowme ycrponcrtea
MBI ¢ MUKPOKOHTPOIEPHBLIM yripaBneHnem
OKOHOMUYHBIN cTabunuaaTop

MNCTOYHMK NUTaHna naoc TecTep

TpaHchopmMaTopbl U APOCCENN AN UMNYJIbCHBIX UCTOYHWKOB NMUTaHUA

3apsafHoe yCTPOUCTBO C rONOCOBOM nHankaumen

LindpoBasa TexHuka
ATMEL: AVR-mukpokoHTponneps! B 2001 roay

Kak cBazaTb MUKPOKOHTPOSUIEP 1 KOMNbIOTEP Mo kaHany RS-232
CBeTOoTexHMKa

JVMMmepbl B CBETOTEXHUKE
CnpaBOY4HbIN NNCTOK

VIHTel'pal'leble CTa6MﬂM38T0pbl Hanpsa>XXeHnsa W1UpoKoro npuMeHeHuns

Coor

OcoBeHHOCTU HaumoHaNbHOro nnarocTpoeHus, unu ot P-CAD’a oo P-CAD 2000

TexHonoruun
Oco6EeHHOCTH UCMONBL30BaHUSA NO3UTUBHOIO poTopeancTa GUpMbl

Cramolin

16
18
20

21

24
28
30
32
35
39

42
45
46
48
50

51
54

56

59

61

63



I CxemoTexHuka Ne2 Hosbpb 2000

apTomMmatTvika

Anroputm bpe3eHxema B

TUPUCTOPHbIX peryjsisTtopax

MOLWHOCTMH

B gaHHow cTaThe NpuBeReHo OnucaHne KOHCTPYKLWA ABYX PerynsTopos
MOLLHOCTY [18 UHEPLMOHHON Harpy3ku. [IpumeHeHne MiKpOKOHTPONe=
POB M03B0/NO UCMOMNBE30BaTk 8NropuTM bpe3eHxema A1 paBHOMEPHOro
pacnpefeneHus UMybCoB TOKa B Harpy3Ke v rosnyqnTe OTHOCUTENTbHO
BbICOKYHO HACTOTY KOMMYTaUM 4axe npy Lware perynmpoBKy MOLUHOCTY
1%. MNepBbn perynaTop npeaHas’HaveH [s perynupoBaHns MOLUHOCTY B
Harpy3Kke, paccuMTaHHOM Ha CeTEBOE HanpsixeHve. 3TOT perynsaTtop obec—
rneYnBaeT NapamMeTpr4YecKoe perynuposanme MOLWHOCT BTopon peryns—
TOp -NpegHa3HayeH Aisi paboTbl C HU3KOBOMLTHOM HArpyskow, KoTopas
ransBaHWYecKy He CBA3aHa C CeTbo. ITOT perynsarop obecre4ynBaeT CcTa—-
6uUnM3aLmio MOLLHOCTM B HArpy3ke npu KonebaHusix CEeTeBoro Hanpsxe-

HusA

HOrve TUPUCTOPHLIE Perynsaro-
IVI pPbl  MOUIHOCTK  UCMONL3YIOT

npuHuun ¢as3oBoro ynpasne-
HUS. MpuHUMN paboTb! Takmux perynaro-
POB OCHOBa@H Ha M3MEHEeHU MOMeHTa
BKMIOYEHUSA TUPUCTOPA OTHOCUTENLHO
nepexoaa CeTeBoro HanpsaxeHusl Ye-
pes3 Honb (puc. 16). HeTpyaQHo BUAET,
YTO KOMMyTaLuUs TUpMCTOpa NPOUCXo-
ANT NPWY HEeHYNEBOM 3HAY€HUY CETEBO-
ro HanpsKeHWs1, YTO Bbi3bIBAET PE3Koe
N3MEHEHNe TOKa B Harpyske, 4, Kak
cneacrave, BbiCOKUIA YPOBEHb paano-
nomex. Takue perynatopbl obssaTenb-
HO [OO/DKHbI UMETh B CBOEM COCTaBe
LC-dunbTpbl, 4TO AenaeT UX KOHCTPYK-
umio rpoMosaakoit. CyliecTsyer Apyrom
MeTOoA PerynmpoBku MOWHOCTU, OCHO-

IAWAWA

Puc. 1

BaHHbIV Ha MPUHUMNE NoJa4Yn Ha Ha-
rpy3Ky HECKONbKUX NOMynepmnoaos ce-
TEBOro HanpsiXeHus ¢ nocnepyloLwen
naysom (puc. 18). lNpenmyulecTtBomM Ta-
KUX PerynaTtopoB fIBASETCA TO, YTO MO-
MEHTbI KOMMYTauun TMpPUCTopPa cosna-
L30T ¢ MOMeHTaMM nepexoia cereso-
ro HanpsXXeHvs Yyepesd HOoNb, NO3TOMY
YPOBEHb PaAMONOMEX PE3KO CHVXEH
Kpome Toro, Takom perynstop, B oOTm-
yue OT perynsatopa ¢ GasoBbLIM ynpas-
NIeHVeM, He COAEPXNT aHaNnoroBbiX Mo-
POroBbIX 3NEMEHTOB, HTO yBeNu4vBaeT
CcTabunbHOCTL PaboTbl N yNPOLLAEeT Ha-
cTpouky. OaHaKO y Takux Perynatopos
€CTb. HeI0CTaTOK — MOHWVKEHHAan YacTo-
Ta KOMMYyTauMM Toka B Harpyske Kak
CneficTBye Takue perynsitopkl Henpu-
rofiHbl 4NN ynpasneHus ramnamMmm Haka-
nmBaHvs. 3aTO OHW XOPOLLO NOAXOAAT

2

ONA YNPaBneHns NHEePUVOHHLIMN Ha-
rpy3kamMu Hanpumep HarpesarenbHbl-
MU 3neMeHTaMu 3NEeKTPONAUT, Harpe-
BaTtensiMu BoAbl, NasinbHukamu. [lo-
CKONbKY KOMMYTaumsi Harpyakut Npouc-
XOOUT TONLKO B MOMEHTEI Nepexoaa ce-
TEBOro HanpshkeHwsi 4yepesd HONb, MU-
HUManNbHasa NopuUUa IHepruu, nocTtyna-
loWwas B Harpysky, paBHa aHepruu, rno-
TpebnaemMon Harpyskom 3a OAnH Nnony-
nepunod. MNoatomy ANs ymeHblUeHuns
wara perynMpoBky MOLLUHOCTU MPUX0-
AVTCA YANMHATL NOBTOPSIOWLYIOCS MO-
cnenoBaTtenbHOCTbL  NONynepnonos.
Hanpumep, 41066 NONYYUTHL War B
10%, Heobxoavma LfiHa NOBTOPSIO-
wencsa nocneposartensHoctu 10 nony-
nepviogoB. Ha pucyHke 2a nokasaHa
nocneaoBaTenbHOCTb MMNYNbCOB Ha
yNpaBnsiloWEeM 3nNeKTPoAe TUpMcTopa
ana mMowHoctu B Harpyske 30%. Kak
BUAHO, TUPUCTOP OTKPLIT B Te4YeHwe
nepBbIX TPEX NONYNepUoaOoB, a B Teve-
HVYe ceMn nocneaylwmx — 3akpbit. a-
nee 3ara nocnenoBarenbHOCTb MOBTO-
preTca. HacTtota KOMMyTaumn y Takoro
perynatopa gns moboi MOwWwHOCTK,
meHblent 100%, pasHa 1/10 HacToThl
cnepoBaHua nonynepmnoaos. fopasno
noruyHee 6bino 6bl pacnpenenuTb Mo-
nynepuoabl, B Te4EHUE KOTOPbLIX TUPpYC-
TOP OTKPLIT, PABHOMEPHO 0 BCEeW Mo-
cneposatensHocTy. B obwem cnyvae
3anaqy pPaBHOMEPHOro pacrnpepene-
Husa ntoboro yucna nmnynscos N B rno-
cneposaTenLHOCTV anmMHon M (npu N
MeHbLUeM 1unu pasHomMm M) pelwsaet an-
roput™M BpeseHxema, KoTopblil OBbINHO
VCNoNb3YeTCs B pacTpoOBOW rpaduke
LN NOCTPOEHUS HaKNOHHBIX OTPE3KOB.
3TOT anroput™M peanusyercsi ¢ Nomo-
WbIO UEenoYncneHHon apudmetukn,
4TO CYLECTBEeHHO ynpowaeT ero npo-
rpammmposanue. Ha pucyHke 26 noka-
3aHa nocnenoBaTenbHOCTb ANA TOW Xe
mouwHocTn B 30%, HO € NpuMeHeHuem

anroputma bpeserxema. B nocnegHem
cny4ae 4acToTa KoMMyTauuu 8 Tpu pa-
3a BblWwe. HyXXHO OTMeTUTb, HTO BhIUr-
pbiw 6onee 3ameTeH Npu Manom ware
perynvMpoBky MOWHOCTU. Hanpumep, B
cnyyae wara 1%, Ana Tom Xe MOWHOC-
T B 30% BbIVIrpbiw coctasuT 30 paas.

OcHoBOW perynsatopa MOLLHOCTU
(pyc 3) aBNAETCA MUKPOKOHTpONnep
U1l tuna AT89C2051 dupmbr Atmel.
Ana nutaHua cxembl perynaropa uc-
NOMb30BaH MaNOMOLWHbIN TpaHcgOop-
matop T1, 4TO BMECTE C NPUMEHEHNEM
onToTUpUCTOpoB obecrneunBaeT rab-
BaHV4YECKyl0 pas3Bsa3ky OT ceTu. ITo
fenaet ycTporicTeo 6onee anexkrpobe-
3onacHeiM. Ewe oaHMM nonesHbim
CBOWCTBOM perynatopa siBNsieTcs To,
4YTO OH MOXET ObITb MCNONL30BAH C Ha-
rpy3kamu, pacC4HMTaHHbIMW Ha pasHoe
paboyee HanpsikeHwe. [na 3Toro o-
CTaTO4HO NoAaTh Ha BXO[ TUPUCTOPOB
Tpebyemoe HanpskeHne ¢ AOMNONHU-
TenbHOro TpaHcdopmaropa. Hanpu-
Mep, Perynsatop MOXHO UCMNONbL30BaThL
ANS NMUTaHUs HW3KOBONBLTHOrO MNasinb-
HuKa. HeobxoanMOo TONbLKO, YTOOKL! Ha-
NpsiXXeHne ¥ TOK He MpeBbilany Mak-
cuManbHO AONYCTUMBIX ANA npume-
HEeHHbIX TMUPUCTOPOB.

PerynupoBka MOLWHOCTK B Harpyake
OCYLLECTBASETCS C MOMOLWbID KHOMOK
SB1 u SB2. KopoTkoe Haxarvne ogHON
13 KHOMOK BbI3biBAET U3MEHEHME MOLLL-
HOCTK Ha oauwH war. Mpu yaepxadnn
KHOMKY MPOUCXOANT MOHOTOHHOE W3-
MeHeHue MoLHOCTU. OaHOBPEMEHHOE
Haxartme ABYX KHOMOK BbIKNOYaEeT Ha-
rpy3ky, ecnu Ao aToro oHa 6bina BKNio-
yeHa VN BKNOYHAET MaKCUManbHYIO
MOLLHOCTb, €CNu Harpyska Obina Bbi-
KNoYeHa.

Ana vHakaumMm MOLHOCTY B Ha-
rpyske cnyxart CBeTOAMOAHbIe CEMMW-
cermMeHTHble negukatopbt HG1 — HG3
Ana ymeHblueHWs Konuyectsa 3ane-
MEHTOB MCMNONb30BaHa AnHaMmMyeckas
VHaMKauMa, Kotopasi peanu3oBaHa
nporpammMmHo. Katoabl MHOVMKATOpPOB
noAK/OYeHbl K NMOpTaM MWUKPOKOHT-
ponnepa, aHoAbl BKNOYAKOTCA TPaH3W-
cTtopamuy VT1 1 VT2. TpaH3uCTOpbI Y-
PaBaAOTCA CUrHanamm CKaHVpoBaHUSA
nHankatopoB. B crapwem paspsae
BO3MOXHO WHAWUMPOBAHWE TONbKO
enuHuLBl, NO3TOMYy cermMeHTsl B n C
yepesa pPe3ncCTopbl NOAKIIKYEHB! K Of-
HOMY MOPTY, @ aHoAbl MHAWKATOPOB
HG1 n HG2 obveanHeHb. VIMnynbc-
HbI TOK CerMeHTOB OrpaHu4eH pe3unc-
Topamu R1-R9 Ha yposHe npumMepHO
15 MA, 4TO MeHblle MakCcumMasnbHO 00-
NycTUMOro Toka Aana noptos (20 MA),
HO [A0OCTATOMHO ONS NONyYeHust Heob-
XOONMOM APKOCTN.

BCTpoeHHbIE B MUKPOKOHTpONNep
aHanoroBbIt KOMMNapaTop OCYWeCcTs-
NAET NPUBA3KY K CETEBOMY Harpsixe-
HUIO Ha ero Bxoap! Hepes orpaHyymMTe -
nm R17, R18, VD1, VD2 noctynaet ne-

Puc. 2
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pPeMEHHOE HanpsiXXeHWe C BTOPUYHOMN
06MOTKM TpaHchopmaTopa NUTaHusa
(puc. 4a). Ha BepxHux (No cxeme) Bbl-
Boaax pesuctopoB R17 R18 pelictay-
eT Hanps>XXeHne ¢ OrpaHuyeHHbIMY OT-
pylaTensHbIMU NonysonHamm (puc. 46,
B). Ponb orpaHnudutenna pna orpuua-
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TENbHOW NOMSPHOCTU BLINONHSAOT ANO-
bl BEINPSIMUTENBHOrO MocTa onoxu-
TeNbHble NONYBOJIHLI OrPAHVHYNBAIOTCA
¢ nomoubto aunopos VD1, VD2 (puc 4r,
n). K Bxogam komnapartopa npukiagbl-
BaeTCs OrpaHMyeHHoe C ABYX CTOPOH
HanpsixeHne (puc 4e). Ha Bbixoge
KoMnapaTopa ¢popmMupyeTcs Meangp C
YacToTon ceTu (puc. 4x). MNepekntoye-
HUST KOMNapaTtopa MPOUCXOAAT B MO-
MEHTBI Nepexoaa CeTeBOro Hanpsxe-
HUSA Yyepe3 Honb. Beixoa komnapaTtopa
onpawvBaeTca NPOrpaMMHO, U Kak
TONMbKO OBHapyXmBaeTcsi M3MeHeHune
€ro COCTOSIHVA, HA BbIXOL YNpaBneHns
TUpUCTOPamMm (NOPT MUKPOKOHTPpONNe-
pa Int0) BbinaeTca ynpasnsoumin ypo-
BEHb AN BKNOYEHWA TUPUCTOPOB (ec-
N TeKywnii Nonynepuos noanexut
Nponycky, TO ynpasnsiloWmi ypoOBEHb
He Bblgaerca). 08 Toro 4Tobbl npepbi-
BaHWA MHOUKAUMWU He BANSNU Ha MO-
MEHT OTKPbIBAHUA TVPUCTOPA, WUKIIbI
VHAUKaLMN CUHXPOHHBI C CETEBBIM Ha-
npsxeHviem. HacrtoTa cKaHUpoBaHUA
MHAMKATOPOB paBHa yABOEHHOWN ceTte-
BOI YacToTte, T.e. 100 Ny. Mopsnok pa-
60Tbl MHAVKaUMu cnegyuwmin (puc.
5B): B MOMEHT nepexoja CeTeBoro Ha-
NPSXeHNA Yepes HoMb Ha 4 MC BKNYa-
ercs nHavkauua paspsga 1 (vHauka-
Top HG3). BHyTpu 3TOro uHTEepBana
MPONCXOONT MpoBepka HaxaTtvsa KHO-
MNOK ¥, €CMN HYXHO, U3MEHSIETCS 3Have-
HUE Tekylleih MOWHOCTY 3aTeM CHu-
MaeTCst ynpasnsiloLlee HanpsxxeHue C
TUPUCTOPOB (pUc. 56), 1 Ha 4 MC BK/IO-
YaeTcst HAMKauma paspsaaa 2 (MHauka-
Topbl HG1 n HG2). Nocne atoro B Tede-
Hue He Bonee 4 MC OXnaaeTcs HoBoe
M3MEHEHME COCTOAHUA KOMMapatopa.
Ecnu nameHeHns He NPOMCXOaUT, cuc-
TemMa BCe paBHO HaYyMHaeT UUKN, He
NpuBA3aBLWNCE K ceTu. ToNbKO B 3TOM
cnyyae TUPUCTOPbE HE OTKPLIBAIOTCS.
370 caenaHo Ana Toro, 4TodbLI HAVIKa-

ums HopManeHo paboTtana paxe 6e3
MMNYNbCOB MPUBS3KN K 4acToTe CeTu.
Takoi anropuTm paboTbl, OAHAKO, Ha-
KNaablBaeT HeKoTopble OrpaHuyYerusi
Ha CeTeBylD 4acTOTy: OHa [JOnXHa
nMeTb oTkNnoHeHue oT 50 'y He Gonee
20%. Ha npakTtnke OTKNoHeHve 4acTo-
Thl CETU 3HAUNTENIBHO MEHbLLE

Curnan c nopta Int0 nocrynaet Ha
KNIOY, BbINONHEHHLIN Ha TPaH3UcTopax
VT3 n VT4, KOTOPLIN CNYXWUT OS5 ynpas-
NeHust cBeToauoaamMmn onToTUPUCTO-
poB. Korga aktueeH curHan Reset muk-
POKOHTPONIEPA, Ha NOPTY NPUCYTCTBY-
€T ypoBeHb noruyeckon eamHnupl MNo-
3TOMY B Ka4yecTBe aKTUBHOIO YPOBHS
BblOpaH Honb. Ona KOMMyTaun Ha-
rpy3ku UCNoNL3YITCs ABa ONTOTUPKUC-
TOpa, BKIOYEHHbIE BCTPeYHO-napan-
nenbHo CBeToAno/bl ONTOTUPUCTOPOB
coefuNHeHbl NocnefoBaTenbHO. ToK
CBETOOMOLOB 3a/jaeTCsi Pe3ancTopoMm
R16 1 paBern npumepHo 100 MA.

Perynatop moxet paborare B Ogyx
pPexXnmMax C pasHbIM Larom perynupos-
Ky MoWHOCTU. BeiBop pexnma paboTsl
npouapoatTca nepembidkon JP1. Co-
CTOsIHWE 3TOWN MepeMbIdKU ornpauwviBa-
eTca cpagy nocne cbpoca MUKPOKOHT-
ponnepa. B pexwume 1 war perynvpos-
Ku MouwHocTn cocTtasnaet 1% [lpu
3TOM Ha mMHAuKaTope oTobpaxatoTcsa
undpsl oT 0 (0%) no 100 (100%). B pe-
Xume 2 war perynupoBKY MOLLHOCTU
coctaBngeT 10%. Npwn atom Ha uHankKa-
Tope oTobpaxatorcsa undpbl ot 0 (0%)
0o 10 (100%). Bribop uvcna rpagaumia
10 B pexume 2 o6ycnoBneH Tem, 4To B
HEKOTOPbIX CNy4Yasx (Hanpumep, yrnpas-
Nenne 31eKTponnuTon) He Tpebyercs
ManbliA Wwar perynmpoBKyl MOLHOCTW.
Ecnn perynatop npepnonaraetca uc-
NONb30BaTh TONbKO B pEXVME 2, TO VH-
avkatop HG1 n peanctopbi R8, R9
MOXHO He yCTaHaBnuBarb. BoobLue ro-
BOpSA, pPerynstop nosponsieT npous-
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aBToMaTukKa

BONBHO 334aTh YUCNO rpajauunii MOLLL-
HOCTWN A1 KaXA0ro u3 pexunmos. [nsa
3TOro HeoBXoAMO B MCXOQHOM TEKCTe
nporpamMmbel  onpenenuTb Xenaemoe
3HadeHue koHcTaHT Pow100 v Powl0
ansa pexvimoB 1 U 2 COOTBETCTBEHHO.
HyXHO TONbLKO MOMHWUTL, HTO MaKCu-
ManbHOE YMCNOo rpagauuin B pexvime 1
LOMKHO BbiTh He Gonee 127, a B pexu-
Me 2 — He Bonee 99, MOCKOMbLKY B 3TOM
pexvmMe UHOMKaums coTeH HEBO3MOX-
Ha.

Mpun Toke Harpy3ku Ao 2A ontotu-
PUCTOPBI MOXHO KCNOAb30BaTe 0e3
paavaTopos. MNpu Gonbllem ToKe Ha-
rPY3Ky ONTOTUPUCTOPLI HEOBXOAUMO
YCTAHOBUTbL HA TEMNNOOTBOAbLI NAowia-
Obio 50 — 80 cm2. IMNpu ncnonb3oBaHun
perynaropa ¢ HanpsiXeHUeM MeHee
50 B onTOTUPUCTOPLI MOTyT ObITh NIO-
6oro knacca no HanpsxeHuo. Mpwn
paboTe C CceTeBbIM HanpsiXXeHnem
KNacc onNTOTUPUCTOPOB AONXeEH ObiTh
He HMXe 6. B xauecTtBe TpaHchopma-
TOpa NMUTaHNA MOXHO NPUMEHUTbL NIO-
6o ManoMouHbI TpaHchopmMaTop C
HanpsXeHnem BTOPHUYHOM 0OMOTKN 8-
10 B (nepemeHHoOE€) U OONYCTUMBIM
TOKOM Harpyaky He meHee 200MmA.
Anoabl VD3-VD6 MOXHO 3aMeHUTb
nnonammn KA208, KA4209 nnu suinpsa-
MuTenbHbiM MocTom KLI405 ¢ nioboi
6ykBou. Mukpocxema crabunusaropa
U2 tuna 7805 (oTe4eCTBEHHbI aHa-
nor KP142EHS5A, KP1180EHS) pagna-
Topa He Tpebyert. TpaH3aucTopbl VT1-
VT3 — niobbie manomoulHble p-n-p.
TpaHn3ucTop VT4 MOXHO 3aMeHUTb
TpaHaucTopamu KT815, KT817 ¢ nio-
6o 6ykBon. [voaw VD1, VD2 - nio-
Oble KpEMHUEBbIE ManoMoLlHble, Ha-
npumep KA521, KA522. Knonku SB1
1 SB2 - niobbie manorabaputHele 6e3
dukcauuu, Hanpumep MKH —159. Un-
naukatopbl HG1-HG3 — niobble cemn-
cerMeHTHble ¢ 0OWuM aHoaooM. Xe-
natenbHO TONLKO, 4TOOLI OHW 0Bnana-
Ny JOCTaTOYHOW SPKOCTbIO CBEYEHMS.
KoHnpeHcaropel C3, C4, C6 — mobuie
anekTponutuyeckue. OcTanbHbIe KOH-
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JeHcatopbl - Kepamuieckue. Pesuc-
Top R16 — MJIT-0.5, ocTtanbHble —
MNT-0.125. Ewe ynobHee NpMeHnUTb
SMD-pe3aunctopsl, Hanpvumep, P1-12.
Mukpocxema U1 yctaHoBneHa Ha na-
HenbKe.

Ecnun perynatop cobpan M3 uc-
npaBHbIX AeTanei, a MUKPOKOHTPON-
nep 3anporpamMmuposaH 6e3 olwmnbok,
TO PErynsitop B HaCTPOUKe He HyXaa-
etcs. XKenartenbHO TONLKO NMPOBEpuTL
NpaBUNbHOCTb NPUBA3KW K CETEBOW
yactorte. [ins atoro Heobxoammo 3a-
CHHXPOHU3UpoBaTk ocuyunnorpad ce-
TEBBLIM HaNpPsXeHuem n ybeautbeCs,
4TO UMNYJIbCbl CKaHWPOBAHUA AUC-
nnes (Ha Bbisogax RXD n TXD mukpo-
KOHTPONNEepa) CUHXPOHHBLI C CETbIO U
VMEIOT YABOEHHYIO CETEBYIO HaCTOTYy.
Ecnu npu noaknioyerumn Harpyskv mua-
3a NOMEX CUHXPOHHOCTb HapyllaeTcs,
HeobXxoArMO MexXay Bxoaamu Komna-
patopa (BbiBOAb 12, 13 MUKPOKOHT-
ponnepa) BKNIoYNTbL KOHAEHCATOP eM-
KOCTbiO 1 — 4,7 H).

Mpw ware perynupoBannsa MOWHOC-
™ 1% HecTabuNbHOCTL CETEBOro Ha-
NPSXEHUN SBSIETCS OCHOBHBLIM UCTOM-
HUKOM MOrpeLHOCT YCTaHOBKY MOLL -
HocTu. Ecnn Harpyska He cBsizaHa
ranbBaHUYeCKn C CETbIO, TO HEC/IOXHO
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Puc. 5 nepexopa nepexona

V3MepUTb cpeaHee 3HaveHne Npuno-
XKEHHOFO K Harpy3ke HarnpskeHus u c
NOMOLLbIO Lienu obpaTHoW CBA3K Noa-
AepXuBaTb €ro MNOCTOAHHBIM. 3TOT
NPUHUMN U peann3oBaH BO BTOPOM pe-
rynstope. Onsa paboThl B pexume as-
TOMaTU4ECKOro perysimpoBaHns nUc-
nonb3ytoTcs aBa bpeseHxeMoBCKUX
moaynsitopa bp. Moa. 1 n bp. Moga, 2
(puic. 6), KoTOpbIE peanu3oBaHLl NPO-
rpammHo. Ha Bxop moaynstopa bp.
Moa. 1 nocTtynaetr koa Tpebyemon
MOLLHOCTH, KOTOPLIN 3afaercs ¢ no-
MOLLbIO KHOMOK ynpaBneHusl. Ha Bbixo-
[e atoro moaynatopa ¢opMupyeTca
UMMNyNbCHaa NOCNenoBaTenbHOCTD,
KOTOpaa nocne dunstpaun GUnbT-
POM HWXKHUX YacToT PHY 1 nocTynaet
Ha OAWH W3 BXOAOB KOoMMapatopa. Ha
BTOpPOW BXOAH KOMNapartopa 4epes
dUNLTP HMXHUX YacToT OHY 2 nocTy-
naeT HanpsXXeHue, CHUMaemoe C Ha-
rpyaku. C Beixofia KoMmnaparopa ofHO-
OuUTHLIN curHan owunbky NocTynaeT Ha
BXO/, MMKPOKOHTPONNEPA, rae OoH noa-
Bepraerca undposon dunsTpaunn.
Mockoneky ungposon dunetp LD pa-
GoTaeT CUHXPOHHO C MoAaynaTopamu,
obecneunBaetTca 3pPEKTUBHOE MO-
[aBneHwe nynbcaumini Ha Yactorte no-
BTOPEHUS BBIXOAHBIX UMMYNLCHBLIX MNO-
crnefoBaTensHOCTeN N Ha rapMOHUKax
aTon 4actoThl. C BbIxoAa UMPPOBOro
dunbrpa 8-6UTHLIA curHan owwndxn
NOCTyNnaeT Ha WHTErpupylowmvin pery-
natop UP. Ina noBbilWEHUA TOYHOCTU
NHTErpunpytowmnin perynatop patoraer
B 16-pa3psagHolt cetke. Mnagwwuve 8
OuT BbIXOAHOrO KOAda perynstopa no-
cTynalT Ha Bxod moaynsatopa bBp.
Moga. 2, Ha Bbixoae KoToporo Gpopmum-
pyeTca uMnynscHas nocnenoBaTenb-
HOCTb, MOCTyNaiollaa Ha ynpasneHue
TUpUCTOpamMi.

MporpammHoe obecnedyenrne ans
npowuekn AT89C2051 paameuigHO NO
agpecy www.platan.ru/shem/

B cnepnyowem HoMmepe XypHana by-
net noapobHO paccMOTPEH Apyroi Ba-
PUAHT CXeMOTEeXHWYEeCKOW peanusa-
UMn perynsaTtopa MoLHOCTW.

Jleonuupg Pnguko
wubblick@yahoo.com

MNpogomxkeHue cnepyeT



ABTO3NEKTPOHUKa

Cuncrema 3neKTpOHHOro
saxuranuvsa Ha IGBT
TpaH3ucTopax

HeBo3amoxxHO npefcTaBute cebe CoBPEMEHHbLIV 8BTOMObUIL 6E3 3neK—
TPOHWKY. INEKTPOHHBIX YCTPOUCTB CTAHOBUTCS BCE 601bLLE, OHY BHEAPSAIOT—
€5l BO BCE CUCTEMbI 8BTOMOBWITSA, 1 OOHWM U3 BaXHENLLIX TaKyX YCTPONCTB
ABNIAETCSA CUCTEMa 3IEKTPOHHOIMO 3aXuranvisi. Ha HoBbIX MaLLVHaX OHa, Kak
npasuio, BXOOWT B LUTATHOE obopyrosaHve. [py ycTaHoBKe Xe Ha cTapbie
aBTOMOOUWIY, BINOTHEHHBIE M0 KIACCUHECKOUN CXEME, 3T, NoXanyw, equH—
CTBEHHOE YCTPOVICTBO, CrIOCOBHOE Ka4YeCTBEHHO YITyHLLINTL XaPaKTEPUCTIIKU
MaLLINHBI, MOJHATH UX HA HOBbIV YDOBEHL A NOCKOMBLKY nogasnsoLLee 605b—
LLIMHCTBO aBTOMOBWNEV B HALLIEV CTPAHE, K COXAaneHuto, COCTaBnsiioT MeH—
HO Takue aBToMobunuv, TO HE0OXOAUMOCTE B PAa3paboTke NogobHbLIX CXeM C
ropamu He ymeHbLuaeTcs. Kpome Toro, asTomobutensim, KOTOpble He TONbKO
"nepxarcs 3a pyne", HO 1 NbITaOTCSs Pa306paTbCs B TOM, YTO XE Y MAaLLVHb!
HaxoguTcsa rnop Kanotom, byaeT MHTEPEeCHO 1 MOJIe3HO Y3HATb HEKOTOPbIe

OCOBEHHOCTY CUCTEMbI 38XXUTaHVISA.

BeepnexHue

anoMHUM OCHOBHbIE NpeuMyLLe-
CTBa, KOTOpblie OaeT cucrtema
3NEeKTPOHHOI0 3aXUraHus:

- 6bonee nonHoe cropaHue ToNnvBa
1 CBA3AHHOE C 3TVM NOBLILLEHWE MOLLL-
HOCTU Y1 BKOHOMUWUYHOCTHU;

+ CHWXEHWEe TOKCUYHOCTU OoTpabo-
TaBLUUX ra3os;

- obneryeHue xono0n0HOro nNycka;

- yBEeNuYeHve pecypca CBevein 3a-
XUraHua;

- CHUXeHue sHepronoTtpebneHus;

+ BO3MOXHOCTb MUKpOnpoueccop-
HOrO ynpaBneHusi 3aXXNraHyem.

Ha cerogHsawHWiA AeHb CyluecTeyet
MHOXECTBO CXEM 3NEKTPOHHOI O 3aXu-
ranusi. Boinyckaerca Takxe macca UH-
TerpasibHbIX CXeM AN CEPUNHOro uc-
nonb3oBaHUA B asTomMobunax. OaHako
oOHa 13 npobnem, NPUCYLLYX BCEM NO-
[06HBIM cucTEMaM, NONHOCTLIO He pe-
weHa Ao cux nop. 31o npobnema Ha-
AexHoctun. Muorne asTonbutenn
3HaIOT, 4YTO BbLIBECTU CUCTEMY 3axura-
HWSi ‘M3 CcTposi MoxeT obopeaslUviica
CO CBeYW BbLICOKOBONBLTHLIA MPOBOL,.
OKOHeuHbIl cunoBon kackapn 6noka
3NeKTPOHHOro 3axuraHna padortaer B
O4YeHb HaMnpPsiXXeHHOM 3NeKTPUYECKOM
Y TENNOBOM pexvme. Hu nonesble, Hy,
Tem 6onee, BUNoNsapHLIE TPAH3UCTOPLI
He cnocolbHbl gaTb rapaHTui 6e3oT-
Ka3Ho paboTbl BO BCEX peXuMmax,
0COBEHHO aBapUNHBLIX

IGBT Tpan3aucrtop

MOSFET TpaH3ucTopsl, nossuslume-
ca B 80-x rogax, UMesn xapakTepuctu-
Ky, 6nu3kne K xapakrepuctukam wae-
anbHOro Knmo4va v aBnanucek Hambonee
NONYNAPHbLIMU  KIKOYEBLIMU 3/1EMEHTa-
my. OQHako okazanocb, HTO MMaBHLIM
napameTpomMm, orpaHuyvBalowym o6-
nacTb VX NPUMEHERUs, SABNSETCH Ha-
npsXXeHne crToka. BelCOKOBONBTHBLIX
MOI1-TpaH3MCTOPOB C AOCTATOHHO XO-
POLIMMKN XapakTepucTukamu co3gatb
roka He yaaeTtcs, Tak Kak conpoTmnene-
Hue otkpeitoro MOI T pactet npo-
NOPUVOHaNbHO KBagpaTy NpoBUBHOro
HanpsxxeHua. Kpome Toro, kpuctansbl
BbLICOKOBONETHBLIX MOM MNT nmetoT 60nb-
wyto nnouwanb Y, COOTBETCTBEHHO,
GONbLLYIO CTOMMOCTb, HeMm y Bunonsap-
HbIX . TpaH3ucTopos. CnpaseanmesocTu
pajv Hago ckalaTb, YTO MHOrve GprpMel

npoaonxaioT paboTatb Haj, Co3aaHneM
BbICOKOBOJBTHBIX MOJSIEBLIX TPAH3UCTO-
poB. B wacthoctn dupma IXYS Beinyc-
kaeT TpaHauctopbl No BIMOSFET tex-
HONOrUKM, paccHUTaHHbIie Ha pabouee
Hanpsikenne no 1600 B. OpHako Ha-
MPsHKEeHYIe HACILLEHVS Y HAX COCTaBNs -
eT 7 B, COOTBETCTBEHHO ¥ paccemnBae-
Masi Ha HWX CTaTuyeckas MOLLHOCTb
OKa3blBaeTCA HeJONYCTUMO 60NLLLOINA.

B cepeavHe 80-x rofoB BO3HUKNa
naesi co3nanusa BUNONAPHOro TPaH3UC-
Topa ¢ MOl-ynpaBneHneMm, Ha3BaHHO-
ro IGBT — Insulated Gate Bipolar Tran-
sistor. B 90 — 91 roay B katanorax psina
dupM (Cpean KOTOpbIX OLHOM M3 nep-
Bbix 6bina prpma International Rectifier)
nossunucb TpaHsuctopel IGBT. C tex
nop X MN3roTaBnMBaloT NPaKTUYeCcKu
BCE BeayLe Npon3BOANTENY MOLLHBIX
nosynpoBOAHVKOBLIX Npubopos. Ca-
MbIMW  CUNbHBIMK  pa3paboTyrkamy
IGBT TpaH3uCTOpoB Ha ceroaHALHWIA
nexb asnsoTea International Rectifier,
IXYS, Siemens, Advanced Power Tech-
nology (APT).

CrpykrypHo IGBT npeacraensieT co-
6ot PNP tpan3uctop (Q), ynpasnsie-
MBI OT HU3KOBONLTHOrOo MO -TpaH3u-
CTOpa C MHAOYLUPOBAHHLIM KaHanom
(M) Yepea BbICOKOBONLTHLINA N-kKaHanb-
HbIV noneBon TpaHaucTop. N-kaHanb-
HbI TPAH3UCTOP Ha CTPYKTYPHOW cxe-
me (puc.1) nokasaH B BUAE HEMUHEN-
Horo peauctopa RN(MOD). Takyio
CTPYKTYPY NpYBOAUT B CBOEN OKYMEH-
Tauum pupma Toshiba. Hosas texHono-
rMs nos3Bonuna CoeavHUTb B OOHOM

3NeMeHTe AOCTOMHCTBA NOoNEeBbIX Y 6u-
NoNsapHbIX TPpaHaucTopos. Y IGBT npak-
TU4ECKN OTCYTCTBYIOT BXOLHbIE TOKM,
OHW UMEIOT OT/INYHLIE ANHAMWYECKNE
XapakTepucTvkn, He ycTynatouime (Ha
yactoTax no 20 — 50 xfu) xapakrepuc-
Tukam MOSFET. B 10 xe Bpemsa notepu
Y HUX pacTyT NPONOpUUOHANbLHO TOKY, a
He KBagpaTy TOKa, Kak y NoneBbIX TPaH-
3ucTopoB. MakcumanbHoe Hanpsxe-
Hue IGBT orpaHnyeHo TONbKO TEXHONO-
ry4eckvmM Npoboem, 1 yxe cerofHs Bbi-
NyCKalOTCs1 TPaH3UCTOpPbl C paboyvm
HanpsxeHveM cebliwe 2000 B. Mpu
3TOM HanpPsiXeHUe HacCbILLEHUS Y HUX
He npesbllaeT 2 — 3 B B pabounx pesku-
max OcHoBHbIM Hepoctatkom IGBT
TPaH3UCTOPOB MNOKa OCTalTCs AVHA-
MUYEeCKUe noTepu Ha BLICOKUX 4acTo-
Tax, obycnosneHHble aphekToM Tak
Ha3blBaeMoro "xBocTta” — OCTATOYHbIM
TOKOM BUNONAPHOro TpaHaucTopa. 1o
HECKONbKO CHWXAaeT AOMyCTUMbIA TOK
KONNEeKTopa Ha YyacToTax Bbiwe 10 Ky,
OpaHako ans cunoBbiX Kackaaos 6/10koB
3NEeKTPOHHOro 3axuraHuvs, rae pabo-
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Puc.1. CtpykrypHasn cxema IGBT

4yue 4YacToThbl He npesbiwatot 200 — 300
Uy, Ha cerogHAWRWI AeHb TPAH3UCTO-
pbl IGBT nooxopar 6onee fpyrvx ane-
MeHTOB. Hanpumep, B LUTATHbIX KOMMY-
TaTopax aBTomobunern BA32108-09
NoONeBOW TPaH3MCTOP OKOHEYHOro Kac-
Kaga MOXHO 3ameHuTb Ha IGBT, He pe-
nas HUKaknx [opaboToK B MpuHUMNN-
anbHOM CcxemMe U KOHCTpyKuun. B Ttab-
nvue 1 npuBedeHbl HeKOTOPbIE TUMbI
Tpanauctopos IGBT, npurogHeix ans
ycTaHoBky B KommyTatop "Camap”. B
nepsov CTPOKe A[aHbl NapameTpbl
MOSFET rpanauctopa BUZ384, vacTto
NPYIMEHAEMOro B BbIXOAHbIX Kackafax
3NEeKTPOHHLIX KOMMYyTaTopoB. O6paTtu-
Te BHUMaHVe Ha TO, YTO HanpsaxeHue
Hackllerna Ug, npy paboyem Toke 10
A y Hero coctasnsier 6 B. Mockonbky

Tabnuua 1
Tun tpanauctopa | Npounasoautens | Ic, A (25 C) Uce,V (llJ=l‘0'A‘; P(v::;z(é\)lv Kopnyc
BUZ384 (MOSFET) Thomson 10 500 6 125 TO-3
IRG4PC40F R 49 600 1.3 160 TO-247
IRG4PC50F IR 70 600 1 200 TO-247
IRG4PF40W IR 51 900 1.6 200 TO-247
IRG4PH50K IR 45 1200 2 200 T0O-247
IXSH24N60 IXYS 48 600 22 150 TO-247
IXSM30N60 IXYS 50 600 25 200 TO-3
IXSH25N100 IXYS 50 1000 3 200 TO-3
BUP604 Siemens 80 600 22 300 TO-247
APT30GT60 APT 55 600 2 200 TO-247
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Circuit : FIRO
Date/Time run: 06/30/98 17:34:43 Temperature: 27.0
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Puc.2. HakonneHve aHeprum B katylke 3axuradns (1500 06/muH)

K03(hPUUMEHT 3aNONHEHNUA UMIMYNIbCOB
B KNacCU4YECKOW 3IEKTPOHHOWM Cxeme
cocrtaensieT npumepHo 30 %, pacceun-
Baemasi Ha fofeBOM TpaH3ucTope
MOLLIHOCTb 3a cyeT NnoTepb Nposoau-
MOCTU

Pd = | Ugy - 0,3=18 BT

MocKonNbKy HanpsxeHue Hacbile-
Hua IGBT TpaHaucTopos Huxe B 2 — 3
pasa, TO COOTBETCTBEHHO Hux OByayT
MEHbLLVE MNOTEePU MOWHOCTU, TEMMNe-
paTtypa neperpesa 1 Bbllue pecypc

Kak npaBwno, aHeprusa B cucremax
3NeKTPOHHOI0 3aXuraHus 3anacaercs
B WHOYKTUBHOCTY KaTylwkyl 3aXUraHus
MY B HAKONUTENbHOM KOHAEHCaTope.
MepBbit cnocob peann3oBaH B "knac-
cvKe" 1 B 6ONbLUMHCTBE COBPEMEHHbIX
CUCTEM 3aXuUraHus, Hanpvmep B a/m
BA3-2108, 2109. MNepBuyHas obmoTKa

KaTyLIKN 32XWUraHusi B 3TUX MalumHax
VMEET HU3KOEe COMnpoTuBerue (0Kono
0,5 Om), 1 cTabunuaauust Toka npu Ko-
nebanusix HanNpsXeHUa akkymynatopa
He npeacTaBnaeT TPyaHOCTU. 3Hep-
rusi, 3anaceHHas B WMHAYKTUBHOCTY
Eind, Bbipaxaercs cnefyolmnm cooT-
HOLWEHNEM:

Eing=L " 12/2,

roe L — uHAYKTUBHOCTb NEPBUHHOMN
06MOTKU KaTyLuku 3axuranus, | — Tok.
VHAYKTMBHOCTL BbIOMpaeTca Tak, 4To-
66l TOK B KaTylLKe ycnesBan HapacTtu A0
HEOBXOAMMOro 3HaAYEHUA NPU Makcu-
ManbHOM 4acToTe BpalleHna Konerya-
Toro Basna, cocrasnsawouwein 200 'y npu
6000 o6/MuH. Tok crabunusvpyercs
Ha ypoBHe, obecnieuvBatolem Tpebye-
MYyIO 3Hepruto uckpsl. OnncaHHan cuc-
TeMa 3axuraHua senaerTca Hawbonee

Circuit : FIRO

Date/Time run: 06/30/98 17:34:43
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Temperature: 27.0
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Puc. 3 HakonneHue aHeprum B katywwke 3axuranus (6000 06/MuH)

Time

6

pPacnpoOCTPaHEHHOW Cpean CepuinHbIX,
MOCKONbKY MMeeT BO3MOXHOCTb UHTE-
rpansHoro McronHernus. OgHako oxa
VMEET Y1 CBOU HelOCTaTKN, MMaBHbLIM 13
KOTOPbIX ABNAETCA HeaddekTUBHanN ee
paboTa ¢ BLICOKOOMHOW KaTywkou u
HEBbLICOKAasi CKOPOCTb HapacTaruA Ha-
npsxeHun. Kpome Toro, B noaobHom
cucTemMe HanpsXXeHWe Ha TpaH3ncTope
onpeaensierca HanpsXeHeM BTOPUY-
Horo NpoBost B 3a30pe CBeuun, 1 onac-
HOCTb BbIXOl2 N3 CTPOS BLICOKOBONLT-
HOro TpaH3ncTopa [OBOMLHO BENKA.

B MawmHax ¢ knacCu4eckoi cxemomn
3aXuraHvs, rge uckpa dopmmpyerca
3a cHeT NPepbIBaHUSA TOKa B JOCTATOY-
HO BLICOKOOMHOW KaTyLLIKe MexaHv4ecC-
KM npepsiBatenem, npobnem eule
bonble. 3ameHa MexaHU4eCcKoro KOH-
TakTa Ha 3NeKTPOHHbIN NX HE peLuaeT, v
NPUMEHEHNE 3NIEKTPOHHbLIX KOMMYyTa-
TopoB OT "Camap™ nnn UM nNoaobHbIX B
aBTOMOBUNAX C BbICOKOOMHOW KaTyll-
KOV HE AaeT HNYEro, KpoMe CHKeRUS
TOKOBOW HArpy3Kn Ha KOHTaKT.

Heno B ToM. yto RL napameTpsl Ka-
TYLWIKW AOSKHbI YAOBNETBOPATL NPOTU-
BopeyvBbIM TpebosaHuaM. Bo-nep-
BblX, aKkTuBHOe conpoTmeneHue R
JLIOMKHO OrPaHn4MBaTh TOK Ha YPOBHE,
[OCTaTO4HOM AN HAKOMNMennss Heob-
XOANUMOro KONVYecTBa 3JHEeprun npw
Nnycke, KOraa HanpsXeHue akKyMyns-
Topa MmoxeT ynacTb 8 1,5 pasa. C gpy-
roll CTOPOHbI, CAUWKOM BOonbLIOK TOK
NpUBOANT K MpexAeBpeMeHHOMY Bbi-
X0y W3 CTPOsi KOHTaKTHOW rpynmbl.
Bo-BTOpbLIX, ANs1 YyBEAMHEHUA KONUYe-
CTBa 3anaceHHON 3Heprun Heobxoau-
MO YBENMYUBaTb VHAYKTUBHOCTb Ka-
Tywku. Fipn 3Tom ¢ PpocToM 060POTOB
TOK B KaTyLLKe He ycreBaeT QOCTUIrHyTh
HOMUHANBHOIO 3HA4YeHWsi, N 3HepPrus
VICKPbI, NponopuvoHansHasi KBagparTy
TOoKa, pe3ko CHmxaercs. Hanpumep, B
cucTtemax 3axuraHua BA32101-2107
npu 4acToTe BpaLLEHNsA KONEHYaToro
Bana 6000 o6/MVH TOK pa3pbiBa Ka-
TYWKN NaaaeT B NoATopa pasa a MoLl-
HOCTb, COOTBETCTBEHHO, Bonee yem B
0Ba, 4TO NPUBOAUT K MOBLILUEHHOMY
pacxony Tonnuea. CkazaHHOe WINCT-
pupyeTca aniopaMn, fnpueeaeHHbIMN
Ha puc. 2 v 3, rae (CHM3y BBEpX) Noka-
3aHbl HanNpsaXeHue Ha KOHTakTe npe-
pbiBaTensi, TOK KaTylukyl 1 3anaceHHasn
3Heprusa. Bce aniopbl nonyveHsl npm
MOAENUPOBAHUN 3NEKTPOHHBLIX CXeM
CUCTEM 3aXUraHvs C NOMOLLBIO NPO-
rpammbl PSPICE. V3 rpagvkoB BuaHo,
4TO NPU yBENUYEHUW 4aCTOTHI Bpalle-
Hua Bana c¢ 1500 o6/munH o 6000
06/MUH (4TO COOTBETCTBYET 4acTtoTe
nckpoobpaszosaHus 50 My v 200 My)
3anaceHHan B KaTyluKe aHeprusi naga- °
et ¢ 50 mx no 20 mIx.

Hanbonee nonHo npeumyliecTsa
3/1IEKTPOHHON CUCTEMBI  3aXuUraHua
MPOSBAAIOTCA B KOHAEHCATOPHOW CUC-
TeMe C HenpepbiBHbIM HaKOMIEeHNEM
aHeprymn. OQyH U3 BapuaHTOB KOHAEH-
CaToOpPHOI CUCTEMbI 3aXKUIaHusa 1 onu-
caH B AaHHOW crarbe. MNopobHbie ycT-
poiicTea oTBeYaloT HOMbLWNHCTBY TpE-
6oBaHU, NPeabABNSEMBIX K CUCTEME
3axuraHna. OQHako vX MaccoBOMY
pacnpocTpaHervio NpensTcTeyeT Ha-
nMyre B cxeme BbICOKOBONBLTHOMO NM-
nynbCHOro TpaHcdopmartopa, n3ro-
TOBNEHNE KOTOPOro NpeacTaBnser ua-
BECTHYIO CNIOXHOCTb.

B cxeme ¢ HenpepbIBHBIM Hakomnne-
HUEM 3HEePrun BbICOKOBOLTHBIN KOH-
[leHcaTop NOCTOSIHHO NoA3apsiXaeTcst
OT BCMOMOraTenbLHoOro reHeparopa,
CUNOBOW TPaH3NCTOP NOAKNouaeT 3a-
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Puc. 4 MpuHuvnuaneHan cxema 6n10Ka 3N1EKTPOHHOrO 3aXUraHUs

PSAXEHHBLIN KOHAEHCATOP K NEePBUYHON
OBMOTKE KaTylwKn 3aXuraHus, a ka-
TyWwKa uCrnonb3yeTca TONbKO Kak
TpaHcopmaTop. JHepruio, 3anaceH-
HYyl0 B KOHpeHcaTtope E .y, MOXHO on-
penenute cneaylowmm oé’paaoM:

Ecap = C - U2/2,

roe C — eMKOCTb, a U — Hanpsixenve
Ha KOHAeHcaTope, KOTopoe Bbibunpaer-
cs cxonsa ua TpeboBaHui K Hanpsaxe-
HUIO BTOPUYHOTo Npobos. OBLIMHO Ha-
npsikeHne Ha nepBuyHON 06MOTKe
HOopMupyetcs Ha ypoeHe 300 — 350 B.
Hanuuve BbICOKOYACTOTHOrO reHepa-
Topa u cTabunnaauns HanpPsXeHua ne-
flaeT BeNnYVHy 3anacaemon aHeprum
HE3aBNCUMOW OT HANPAXEHUA akKyMy-
NATOpa ¥ 4acToThl BpaweHvn Bana. Ta-
Kasa -CTPyKTypa nony4aeTcs ropasgo
6onee 3KOHOMUYHON, HEM NP HaKoN-
NeHNN 3HEPrumn B UHAYKTUBHOCTU, Tak
KaK TOK 4epes CUNOBOWN TPaH3UCTOP U
nepBuyHyl0 06MOTKY KaTylku TeyeT
TOJILKO B MOMEHT UCKpoobpasoBaHus.
Kpome Toro, BLICOKOBONLTHOE Hanps-
XeHne Ha TpaH3ucTope cTabunuanpo-
BaHO U He 3aBUCUT OT HanNpPAXeHus
BTOPUYHOro Npobosi, Kak B HAYKTUB-
HbIX CUCTEeMaXx, 4TO NOBLILLAET HANEX-
HOCTb PaboTbl CUNOBOrO TPaH3UCTOPA.

Ha puc. 4 npuseaeHa npuHUmnuans-
Haa cxema 6noka 3NeKTPOHHOrO 3axu-
raHUA C HenpepbIBHEIM HAKOMNeHUuem
3HEPrun U cTtabunusauvien BbIXOQHOrO
Hanpaxenus. [loasapagka Hakonu-
TenbHoro koHaeHcaropa C3 npousso-
ANTCA OT UMNYNbLCHOrO BbICOKOBOJLT-
Horo TpaHcgopmartopaTV1, ynpasnse-
MOro asTokonebarTefibHbiM reHeparo-
pom. TeHepatop cobpaH No cxeme
MynbTuBMGpaTopa Ha komnaparope D1
(LM311). leHepaTop OTKNIO4aETCA Npu
OTKpbIBaHWUY TpaHancropa VT 1 no uenn
obpaTHOI CBSA3WN NPU AOCTMKEHUN Ha-
NPsiXeHNs Ha KoHAeHcaTope 3a0aHHOro
3Ha4yeHuA. HanpsxxeHne crtabunusaumm
3apaervca crabunutporom VD2 u nenu-

Tenem R8, R11. Takoi cnoco6 perynu-
POBaHUA HaNPsXXeHUst NOBLILLAET 3KO-
HOMUYHOCTb CXEMbI, TaK Kak 3apsij, KOH-
[eHcaTtopa npoucxoauT cpasy nocne
nckpoobpasoBaHUsi, NOCNE Hero reHe-
patop paboTaeT B pexume HU3KOHac-
TOTHOrO NOA3apsAa, NPakTUYecKu He
notpebnsaa aHepruu. Mpu eMKOCTH Ha-
konutena C1 = 1 Mk® 1 HanpsixeHun
350 B, aHeprusi UcCKpbl B COOTBETCTBMMN
C NpviBeAeHHON Bbllwe (OPMYNoit co-
cTaBnseT okono 60 mOx.

Ha puc. 5 1 6, nokazaHo Hanpsixe-
HUe Ha HaKoNUTeNbHOM KOHOeHcarope
1 3anaceHHas B HEM 3HEPrusa Npu yac-
TOTEe BpalleHWss KONeH4YyaToro Bana

1500 06/Mun 11 6000 06/MUH. V13 aniop
BUAHO, YTO 3anaceHHas 3Heprus, co-
cTasnsowasn okono 60 mAx, npakTu-
4eckn He nameHsieTca. He 3aBucuT oHa
TaKXe N OT HaNPAXEHUS akKyMynaTopa
6naropapa crabunusauuu Hanpsixe-
HUS1 HA KOHOQEHCcaTope.

Mmnynbcel ¢ npepbisaTensa unu tec-
KOHTaKTHOro AaTtyuvka rocTynawT Ha
Bxon 6noka auddepeHumpyloTes Ue-
no4kort CSR13 u HopMupytoTes Tpurre-
pom Wmnara, BxoasWmMM B COCTaB Mu-
Kpocxembl D2, Takum obBpasom Bbipa-
6arbiBaeTCs NYCKOBOK UMNYNLC PUKCU-
POBaHHON ANIUTENBHOCTH (NPpUMEpHOo 1
MC), oTkpbiBalowmin IGBT TpaHaucTop
Q3, B pesynsTate 4ero NPOUCXOAUT
cOpOC IHEPIUUN B KATYLUKY 3aKUraHus.
3apady GOpMUPOBaHYIa MYCKOBOro NM-
nynbca, ynpasneHvsi CUNOBbIM TPaH3u-
CTOPOM ¥ 3aWnTy ero OT neperpyskm
BLINONHAET crneunanianpoBaHHaa MUK-
pocxema-apaneep D2 — IR2125.

B naHHOW cxeme 3awmTa opraHuso-
BaHa NO HanNpsXeHWio HacklWeHus
TpaH3ncTopa, KOTOopoe MNponopumo-
HanbHO TOKY KonnekTopa. Takana 3atm-
Ta He TpebyeT UCMNoNb30BAHYISI MOLLHO-
ro pe3ucTopa B uenu amuTTepa TpaH-
3UCTOopa, Co3aalouiero AoNonHUTENb-
Hble noTepu. Npu BKNIOYEHUN TPaH3VC-
TOpa cyMMa NpsiMoro NageHnsa Hanps-
XeHva Ha guope VD7 1 Ha OTKPbITOM
Tpansuctope Q3 yepes penurens R16
R17 noctynaeTt Ha Bxof 3auiutkl CS.
Ecnu aTo HanpsxeHue npeBbiwaeT no-
poroebi ypoBeHb (0,24 B), TpaHauc-
TOp OTKNIOYaeTcs.

[pailiBep BbLINONHSAET eule OaHYy
o4eHb BaxKHyo GyHKuuto. [ing nonHoro
oTkpbiBaHus IGBT TpaHaucTopa Ha ero
3aTBOP HeOOXOAMMO NoAATL Hanpsixe-
Hue He meHee 10 B B npoTtuBHOM cny-
Hae OH MOXEeT nepevTy B NIMHENHbIN pe-
XUM, NPU KOTOPOM pesKko BO3pacratoT
noTepy MOLHOCTY Y TPAH3UCTOP MO-
XeT BLIUTY M3 cTposi. Takaa cuTyaums
BO3MOXHa NPy MageHny HanpaxeHUs
akkymynartopa (Hanpvmep, nNpu paborte
ctaprepa). [1py 3TOM nUTaHue BLIXoA-
HOro Kackaja ppamBepa ocyllecTsns-
€TCH OT Tak HadbiBaeMon byrcrpenHon
emkocTu C6, KoTopasn 3apsaxaeTcs ve-

Date/Time run: 07/02/98 15:21:48

Circuit : FIRIG

Temperature: 27.0
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Tabnuua 2
MNo3. o6o3naveHne H. 3] 1% T™MN fpouseoantens KonuyectBo

C1C6 20MKDX16 2
c2 0 01mkd 1
C3 MKC-344 1mkdxd00Vdce/220Vac Philips 1
C4 3000n<® 1
Cc5 0.1Mk® 1
c7 300n® 1
D1 LM311 National Semiconductor 1
D2 IR2125 international Rectifier 1
R1,R2 R12, 0 125B7-3kOm 4

R17
R3 0.125B7-15kOm 1
R4 0 125B7-150kOm 1
R5,R13, R14 0.12587-10kOm 3
R6 0.125B7-2kOM 1
R7,R9 0.2587-510kOm 2
R8 0.125B7-13kOm 1
R10 1B7-0.1 Om 1
R11 0.5B7-510kOm 1
R15 012587-33 Om 1
R16 0.125B1-62kOm 1
VD1 Crabunurpos 10B, 0.587 1
VD2 CrabunurpoH 6.8B, 0.587 1
VD3, VD7 fvon MUR160 Motorola 1
VD4 [vop, FRE07 1
VD5, VD6 Luon, 1IN5408 Motorola 1
VT1, VT2 TpaHsucTop BC547 Philips 2
[¢]] Tpanauctop BS107 Philips 1
Q2 Tpanauctop IRFE30 International Rectifier 1
Q3 Tpanauctop IRG4PCS0FD International Rectifier 1
BR1 TRANSIL 1.5KE-20 ST-Microelectronics 1
BR2 TRANSIL 1.5KE-200 ST-Microelectronics 1
BR3 TRANSIL 1.5KE-440 ST-Microelectronics 1

TV1 Tpancdopmatop:

Cepriedhuk — 40x25x12 anekTpoTexHuseckas crans 3350 3asop - 0.5MM.

06MoTkV:W1 — 60 BUTKOB, Npoeoa M3B-2, 0.56
W2 - 600 sutkoB npoBog N3B-2, 0.1

pe3 anon VDG6. MNockonbKy TOKn ynpas-
NIEHUA OYeHb Manbl, emkocty 20 Mkd
xBaTaeT Ana YnpasfeHUs TPaH3UCTO-
pom B TeqeHue okono 5 c. Ipy naaeHnn
HanpsixeHus Ha emkocTn C6 Huxe 9 B,
apameep  OTKNOYaeTr  TPaH3ucTop.
C6pacbiBaeTcsa 3awura npyu Hynesom
BXOAHOM curHane apansepa. TOK TpaH-
anctopa Q2 reHepatopa OrpaHuyeH
Lenso oBpaTHO CBA3N U He NpeBbila-
eT 3 A, NoaToMy ynpasneHue oT Apai-

Bepa He Tpebyetcs. B kavectse Q2
MOXHO ucnons3osaTtb ntobon MOSFET
nnn IGBT TpaH3ncTop ¢ HanpsiXXeHnem
He meHee 200B 1 TOKOM He MmeHee 7A,
Hanpumep IRF630 unu IRG4BC20UD.
MepeyeHb 3NEMEHTOB CXeMbl NpuBe-
neH B Tabnuue 2.

Jns cunoBoro kntowa Q3 MOXHO Bbi-
6pathb noboit IGBT TpaHaucTop 13 Tab-
avugsl 1 MNKM aHaNOrMYHBIN, Hanpsixe-
HUe HacblWweHua KoToporo npu pabo-

Date/Time run: 07/02/98 15:21:48
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Puc.6. HakonneHve sHeprun 8 koHaeHcarTope (6000 06/muH)

Temperature: 27.0
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yem Toke 10 A He npesbiwaet 2,5 B.
CpenHsifn MOWHOCTb, paccevisaemMas
Ha HEM NpU MakcManbHbIX 0BopoTax,
He npeBblwaer 2 BT,

Kak Ob110 NOKa3aHo BhILLE, HAaNPXe-
HYE Ha KONNeKTope CUNOBOro TpaHauc-
TOpa CTabnnU3npPyeTcs Ha YPOBHE OKO-
no 350B 6naronaps 06paTHO CBA3W NO
HanpsbkeHuto. OAHaKo 3a cyeT napa-
3UTHbIX YHAYKTUBHOCTEWN NVHUINA CBSA3N,
6narogapsi BbICOKMM OUHAMUHECKUM
XapakTepycTukam Ha TpaH3ncTopax
MOFyT BO3HVIKaTb NEPexoaHble nepexHa-
NPAXEHUA B MOMEHT rfepeknodeHna.
O6bI4HO A151 OrPaHUYeHUs NepPexoaHbIX
nepeHanpsi)XeHnin NPUMEHSIOTCA Bapu-
cTopbl. B nocneanrve roabl paoom
¢GbvpM crann BbINYCKaTbLCH 3aLUUTHBIE
Onoabl, KOTopble Mo BbIcTPOAeNCTBUIO
¥ CNOCOBHOCTY K NOrNOLLEHVIIO 3HEPruv
HaMHOro NpPeBOCXOAAT BapUCTOPbL.
3710, BYacTHOCTN, Anoaw Transil npons-
BoactBa ST-Microelectronics (SGS-
Thomson) Bpema ux cpabaTbiBaHUA
COCTaBNAET eAvHUlbl NMUKOCeKyHA, a
YPOBEHbL MOrIOLIAEMON MOLLIHOCTU 10-
cruraer 1500 BT 3a 1 mc. imeHHo Ta-
Kvue 3NeMeHTbl YCTAHOBNEHbI B CXeme
napannensHo TpaHauctopam Q2 n Q3.
310 1.5KE200 (BR2 — Ha HanpsphkeHve
200 B) n 1.5KE440 (BR3 — Ha Hanpsaxe-
Hue 440 B). Onst 3awimniel HU3KOBOJILT-
HOM YacTn cxembl cnyxut anog BR1 Ha
HanpsixeHre 20 B. Hannune 3awmTHbIX
AVIO0B UCKIIIOHaeT neperpysky no Ha-
NPSHXEHNIO B NIOBBIX pexxiMax paboTl,
BKNOYAs aBapUiiHbIe

Bce ckazanHOe no3BongeT caenarb
BLIBOA, YTO TpaHaucTopsl IGBT asnsior-
CcA ONTUMANbHBIMY 4151 CUNOBOrO Kac-
Kkana 6noka anNeKTPOHHOTO 3aXuraHus,
No Kakon 66l CXeMe OH HW BbIMONHANCS.
Cnenyet OTMETWUTb, YTO fpUMEHEHNE
3TUX TPaH3UCTOpPOB TpebyeT akkypar-
HOro KBanMUUUPOBaHHONO NOAX0Aa ¥
[OCTaTO4HO BLICOKON TEXHONOMMN U3ro-
ToBneHusi. Henb3s 3abeiBaTh O TOM, 4TO
IGBT, KkaK v apyrne KOMNOHEeHTL! C U30-
SIMPOBAHHLIM 3aTBOPOM, 4PEe3BblHaNHO
qyBCcTBUTENBLHEI K ESD (CcTarnyeckomy
anekTpudecTry). Obsi3aTenbHbIM YCNO-
BMEM ABNSIETCA TakXe MpuMeHeHne
CPEACTB 3alUTLI OT NepeHanpPsXXeHni.
B 4acTHOCTK, YCTAHOBKa YNOMSAHYTbIX
nanoaoe Transil pekomeHgyeTca v Npu
MCNONL30BaHUY LWITATHOrO KOMMYTaTto-
pa "CAMAP".
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HeTtpagpnuunoHHasqa
NPOTUBOYIroHHada cuctema
ong apTomoouns

B HacTtosiee Bpemsi npobnema 3aLyuTel aBTOMODWINS ABNSETCH aKTy—
anbHoW Ans MHOrvx asTonrbutenen. VIMnopTHeIe NpoTUBOYroHHbLIE CUC—
TEMbI Y CUrHanmu3auvmn, Kak rnpasuno, JOBObHO [OPOM 1 WX NPUMEHEHNEe
He Bcerfga onpasfaHo, Tem 6onee HTo 60MbLUMHCTBO CEPUHO BbIMyCcKae—
MbIX CYCTEM XOPOLLO 3HaKOMbI NPohecCuoHansHbIM YroHLymkam. B aton
cTarebe npegnaraeTcs npocTas, Ho HeObbI4Has NPOTVBOYrOHHAsH CUCTEMA.
lockonbky KOHCTPYKUMSI CUCTEMbI COBEPLLIEHHO HETUMMYHA O71S1 NpoTN—
BOYrOHHbIX YCTPOVCTB, TO MOXHO HBAEATHCH HTO OHA MoCTaBuT B TYNWK
YrOHLUMKE W BbIHYOUT €ro OCTaBuTh BaLL aBTomMoburns B rnokoe. XoTs, KO—
HEYHO, Heb 351 HE NPU3HaTL, YTO YrOHLUMK — NPOheccroHasn BO3HaMepB—
LUMACA BO HTO Obl TO HY CTaNO0 yrHate aBToOMObUNb, CpasuTcsa ¢ ito6ou
cuctemont. AGCONOTHOV 38LUNTbI HE CYLLIECTBYET

ncrema Bksilo4aeT B ceba KHO-
MOYHYIO KNnasuaTtypy, ycTaHasnum-
BaeMmyio B ynobHOM Ans Boaute-
na Mecte. [na cHatna asTtomobuna ¢
OxpaHbl BOAUTENbL BKJlO4aeT 3axura-
HMe U HabupaeT Ha KnaBunaType Tpex-
3HayHbI Koa. Mocne aToro Heobxoau-
MO KpaTKOBPEMEHHO BKIIOYUTb OAHO

BKNIOYEHHOM 3aXUraHuu HaxaTtuem
no6oi KHOMKW, He BXOAALLEN B Tpex-
3Ha4YHbLIN KoA,

3Ha4YUTENbHBLIM  YAYHILWIEHUEM OX-
PaHHbLIX CBOWCTB CUCTEMbl MOXET
CcTaTb ycTaHoBKa GeHaoknanaHa. dnek-
Tpudecknin HeH3oknanaH — aTo 3NeKT-
pomarHut, KoTtopbii obecneduBaeT

Ha puc. 1. YCTpONCTBO cCoaepuT kna-
Buatypy SB1-SB9, koposapaiouive
nepexnodaTenn S1-S4, Tpurrepsl Ha
Mukpocxemax DD1, DD2, anemeHThl
coBrnageHus Ha mmkpocxeme DD3, nH-
Beptopsl DD4, knioyeBou Kackapn Ha
TpaH3uctopeVT1, pene K1 n nHomnka-
TOop HL1, curHanuamnpytoLlmnm 0 CHATUMU
C OxpaHbl. YcTpouncteo paboraer cne-
aywowum obpasom. Mpu BKAKOYEHUN
3aXUraHUs KIKYOM 1 NOABNEHUN Ha-
NPSXEHUS MUTAHUA, HanpskeHue Ha
KoHpeHcaTtope C1 BospacTaer ¢ Hyne-
BOro 3HAa4YeHUs 0O Hanps>XXeHWs BbICO-
KOro ypoBH$ HE cpa3y. a ¢ HebonbLlwomn
3a0EPXKON, B TeYeHne KOTOpOou Bce
TPUrrepsl BKNIOYAOTCA B HyneBoe Co-
cTosiHne n Ha 6ase TpaHaucTopa VT1
HanpsxeHne oTcyTcTByet. [pu aTom
pene K1 obecto4eHo, nurtaHue Ha xa-
TYWKY 3axuranus (1 Ha 6GensoknanaH,
€CN1 OH YCTaHORBNEH) He MOCTynaeT, u
aBTOoMOOUNL 3aBECTV HEBO3MOXHO.
Haxarne kHOMKWM, COOTBEeTCTBYIOLLEN
nepBon uudpe Koga nepeknovaet
Tpurrep Ha anemeHTax DD1.1, DD1.2.
HanpsixeHue norvyecrkon eanHulb! C
BuiBogAa 3 anemeHta DD 1.1 noctynaet
Ha BbIBOA, 2 anemeHTa DD3.1. Mpu Ha-
XaTuu cneaylowen KHOMKY , COoTBeT-
CTBYIOLLEN BTOpOU Undpe Koaa, Ha Bbl-
BoA 2 anemenTa DD3.1 Takxe nocry-
naert norndeckas eamHvla. Ha suixone
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M3 WTaTHLIX YCTPOWCTB anekTpoobopy-
AopaHua aBTomobuna (BeHTUNATOP
otonutens, oborpes 3agHero creknam
T. n.), BIGOP KOTOPOro onpenenaercs
npw ycTaHoBKe cuctemMel. BmecTo aTo-
ro MOXHO WNCMNONb30BaTb CEKPETHYIo
KHOMKY, HO MeCTa YCTaHOBKW 3TUX KHO-
MoK, Kak npaBuio, XOPOoLWOo WU3BECTHbI
yroHuwmkam. flocne Bcex aTnx MaHuny-
NAUMIA NUTaHWe NMoAAEeTCH Ha KaTylky
3aXuUraHvs, 1 aBToMobunb MOXHO 3a-
Bectu. Kpome Toro cucrema nossonn-
eT 3abnokuposatb aBToMobune npu

npoxoxaeHue 6eH3uHa oT 6eH3obaka
K OBuratesnio ToMbKO Npu nogade Ha
Hero nuUTalwero HanpsxeHus. Takue
B6eH30KknanaHL! BLINYCKAOTCS Cepuii-
HO, ¥ X MOXHO Nerko npuobpecTtu. Ye-
TaHOBUB Takoe YCTPOWCTBO B TPYAHO-
LOCTYMHOM MEeCTE M NOAKMYUB ero K
npepnaraemMoii cUcTemMe, Bbl OKOHYa-
TENbHO Pa3pylInTe MnNaHbl yroHLMKA,
[axe ecniv OH MornbITaeTCa HanpsaMyo
COEeAVHUTL KaTYLUKY 3aXUIraHWUA C akKy-
MYNSITOPOM.

Cxema ycrponcTea npefacrtassneHa

anemeHTa coBnafeHus nossenseTcs
NOrnyYeckun HONb, 1 TpUrrep Ha ase-
meHTax DD1.3, DD1.4 Takxe cpabaTtbl-
BaeT. AHaNorvuHo Npeasayuum nepe-
KNo4aeTca Tpurrep Ha 3NeMeHTax
DD2.1, DD2.2 npun Habope TpeTbei un-
bpot kopa. KpaTkoBpemMeHHoe BKye-
Hue Tymbnepa nuTaHua OQHOro U3
LITaTHLIX YCTPOMUCTB Bhi3biBaeT cpaba-
ThiBaHWE Tpurrepa Ha anemMeHTax
DD2.3, DD2.4, n Ha 6a3e TpaHaucTopa
MOABNRETCA HanNps>XXeHWe BLICOKOro
ypoBHs. Cpabatbiraer pene K1 1 ceon-
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aBTO3JTEKTPOHUKa

MU KOHTaKTamMu NnoaaeT NnuTasne Ha ka-
Tywky saxuraHus (u 6eHsoknanan).
Kpome Toro, saropaetcs 3eneHbli
ceetoauon HL1, curHanuavpyowmi o
CHATMM aBToMobuUNA ¢ pexuma 6noku-
posku. Ecnu B npouecce Habopa koaa
HaxaTa kKHorka ¢ umdpoi, He BXoasn-
ulei B Hero, To BXoAbl copoca Tpurre-
pOB COEANHSAOTCA ¢ OBLWYM RPOBOAOM
M TpuUrrepbl BO3BPAaLAIOTCA B UCX0A-
Hoe cocTosiHue. [locne aToro Koa He-
obxoaumo HabrpaTb 3aHOBO.

B kadectBe S1-S4 pekomeHayeTcsa
ucnonb3oBatb ManorabapuTHble ne-
pekntoyatenu Tuna BAM-1 nnn anano-

rUYHbLIE UMMOPTHBIE: 3TO MNO3BOAUT
onepaTuBHO N3meHsTb koa, Kop ycTa-
HaBnMBaeTcsl cnepylowumM obpasom:
Ha nepeknoyarensax S1-S3 BkovatoT-
cA Mo 0AHOMY KAowy (Ana npumepa Ha
cxeme nokasaH kog "127"), Ha nepe-
Knovarene S4 BKAOHAKTCA BCE KIIO4U,
COOTBETCTBYIOWNE Lndpam, He BXodn-
WMM B Ko,

Pene K1 MOXHO ncnons3osaTb Nto-
60e, ¢ pabo4um HanpsxeHnem obMoT-
kn 12 B (npn yctaHoBke 6eH30KnanaHa
KOHTaKTbl pesne AoMKHel obecnedmBaTh
Tok He meHee 0,4 A). B kavecTBe kna-
BUATYpbl MOXHO UCMNOSb30BAaTh K1aBu-

3amMmenneHHoe
OTKJ/IIOYEeHue ocBeleHusda
B caJIOHe aBTOMOO ns«a

HasepHoe scem aBToOMoObUTENSIM 3HAKOMAa CUTyaUWs KOr[a caguilbes
B BeYepHee wuiy HOYHoe BpemMsi B asToMObuNb 1 NPUXOANTCA BKIOYaTb
OCBeLeHVe B CarnoHe wuin OepxaTb ABepb OTKPLITON, Asl Toro HTobbl
BCTaBUTh KITHOY 3a@XUraHusi iy CHATb NPOTUBOYrOHHbIE YCTPOWCTBA, TaK
Kak cgenaTtb 3T0 B TEeMHOTE MPakTUYecK HeBO3MOXHO. Heobxogmmo o1
METUTb, 4TO [epXarb ABepb OTKPbITON Hebe30nacHo: 3TuM MOoryT BOC—
MonL308aTbCA 310YMbILLIEHHVKY, @ BKIMOHYaTh OCBELLEHWE BbIKoYare-
nem.Heyno6HO v 3384acTyo 3abbIBaeLLb ero BbIKMOYUTD.

HWe yCTPOWCTBa, KOTOpoe Ocy-

wecTenseTr 3ameaneHme  Ha
10...15 cekyHA OTKNIOYEHUA ocBelle-
HUA B canoHe asToMobuna nocne 3a-
KpbiBaHus napepeil. B TedeHue aToro
BpeMeHN BOaUTENb MOXET CMOKOWHO
CHATL MPOTUBOYIroHHBIE YCTPONCTBA
{ecnu OHM eCTb) C pyns W pel4ara ne-

B 3TOW cTaThe NPUBOANTCA onuca-

peknoyeHus nepepad, ornsageTs Npu-
6OpPHYIO AOCKY U BCTABUTb KNIOY 3aXW-
raHusa. B cxeme, npeacTaBneHHoON Ha
pucyHKke, MyHKTMPOM rokas3aHa 4acTb
cxembl anekTpoobopyaoBaHis aBToO-
mobunsa. 3gecsk EL1 — namna ocseule-
HUA canoHa aBTomMobuns, S1 — BLIK/IO-
yarenb oceeweHun canoHa, S2, S3 -
JaT4NKN OTKpbIBaHUA ABepein (ux Mo-

o o

+128

EL1

K1 3[ 1
e L,

rR3 [,] Ra
27k 7| 300k

DD1
KP1006BU1

Cc3
22,0x16B
R 8 f
BhiX.

T
2 0,01mx

ov |

| +C2
— 47 Omxx 108

K1
P3C49 Nacn.4.569.425

Puc. 1

aTypy oT TenedoHa unn manorabaput-
Hbl€ KHOMKU.

Mpepnaraemoe ycTPOWCTBO JIEMKO B
peanuaauuu, a rmaBHoe — UMeeT HU3-
Kyto cebecrtonmocTts. MNoaTomy aBTop
HaAEEeTCSH, YTO OHO 3amHTEPECYeT MHO-
rvux yurarenemn

Bacnuia l'y6eHnko
shem@compitech.mtu-net.ru

XeT BblTb 1 6onble). YCTPONCTBO 3a-
MeaneHus NoaKMoO4aeTCs Kak nokasa-
HO Ha pucyHke u paboTtaeT cnenyio-
wmM 06pazom: NMpu OTKPLIBAHUMW OBE-
PU KOHTaKThl S2 unm S3 3aMbiKatoTca 1
pene K1 cpabarsiBaeT (KOHTaKThl pene
2 n 3 3amMblKaloTcs), namna B cajioHe
ceetutca. lNocne 3akpeiBaHWS ABepu
pene K1 obecto4ymBaeTca 1 3aMKHYB-
WMMMCH KoHTakTamu 1 1 2 nogaet no-
TeHuman "macca” Ha koHaeHcaTop C1.
Takum o6pa3om, Ha BXOAE UHTerpasb-
Horo Taiimepa DD1 tuna KP1006BU1
(BbIBOA, 2) hopmMupyeTca MMMyNbLC 3a-
nycka oTpuuaTesnbHON NOMAPHOCTU.
Talimep 3anyckaeTcs 1 BblAaeT Ha Bbl-
xoae (BuiBog, 3) UMNYSbC MONOXUTESb-
HOM TMONAPHOCTU  ANUTENLHOCTLIO
10...15 cekyra. OnnTenbHOCTb UM-
nynbca onpeaensiercs HoMuHanamu
anemeHToB R4, C2 (ecnu Heobxoammo
ee yBenMinTb, To yBENNUUBAIOT HOMU -
Hanel anemeHToB). C BbIxOAa Tanmepa
yNpaBnsiownin MNynsC NOCTynaeT Ha
TpaHaucTop VT 1, KoTopbin OTKpbIBaET-
ca 1 nopaepxvieaet paboTy namnsi
EL1 B TeuyeHne 3anaHHOro BpeMEHU
nocne 3akpsiBaHust ABepu aBTomMobu-
na. BaxHo OTMETUTL, 4TO Hanu4ne
koHpeHcaTtopa C3 obszarenbHo, T. K.
OH 3aWmLLaeT Talimep OT NOXHbIX cpa-
6aTblBaHMUA 1U3-3a UMMYILCHBIX NMOMEX
npv 3anycke apurartens v npu ero pa-
6oTe. Bce anemMeHTH ycTponcTBa AB-
naTca ManorabapuTHLIMyY U MOTYT
pPa3MecTUTLCH Ha ManeHbkou nevart-
HOW nnarte, KOTopas ycTaHaBnmMBaeTcs
B niobom ynobHoM mMecTe canoHa aB-
Tomobuna. Pene K1 MOXHO 3amMeHUTb
nobbiM Opyriim ManorabapuTHeiM Ha
pabouyee Hanpskenue 12 B. Onucan-
HOE YCTPOWCTBO Nerko peanuayercs,
He HYXAaeTcsa B HanaxuBaHuu, umeeT
mansie rabaputsl U BbICOKYIO CTabunb-
HOCTb 6naropaps NPUMEHEHWUIO UHTer -
pansbHoro ranmepa.

MeTp 3aropenos,
shem@compitech.mtu-net.ru

onnavynBaOTCA.

Pepakuusa xypHana “CxemMoTexHuka”
npurnawaeT aBTOPOB K COTPYOHUYECTBY.
Bce nybnuvkyemble matepunanst

Ten.: (095) 737-9279, 768-9456
e-mail: shem@compitech.mtu-net.ru

Mapatenscteo OO0 “N[ Cknmen”
npurnawaeT K COTPYAHUYECTBY
pervoHanbHbiX NnpeacrasuTenen ans
pacnpocTpaHeHns XypPHanos
“CxemoTexHuka” n “KoMnoHeHTbI U

TexHonornn”
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KU TPOMKOCTU PyqKoit “volume” Ha my-

c a 6 B y¢ e p nn ﬂ 3bIKaSIbHOM LEHTPE CuUrHan Ha ca6By-

dep cHUMaeTen ¢ rHeaa 419 NoaKioye-

M 3 bl K a n b H O r 0 HUs KONoHOK. CymMmaTop CUrHanos (Mu-
y Kpocxema A1) umeeT koadpdpuumeHT
ocnabnenunss 40 gb 1 vacroty cpesa

u e H T p a okono 400 u, AKTUBHBLIN QUALTP HK-
XHUX YacToT (TpaHaucTop VT 1) nepect-

pavBaeTCcs CriapeHHbiM CONpPOTUBNEHN-

em R8-1, R8-2. daszoepawjarens co-

B HacToswee Bpems B npofaxe nMmeeTcsa 60nbLLoe pa3Hoo6pasve ay-  6paH Ha ABYX CeKUUsX, C UBMEHEHMEeM
ANOLEHTPOB, BOCTIPOM3BOAALLMX (hOHOrpamMMb! C pasnnyHbiXx Hocutenen 1 dasel 0-180 rpanycos kaxaas (TpaHau-
PacCYUTaHHbIX Ha LUMPOKMY AUana3oH 3anpocoB rnotTpebutenen. Obnagas  CTopel VT2 —VT4) Yeunmrens MouiHoc-

Tn (TpaHaucTopbl VT7-VT10) B 0cobbix
BBICOKUMW 3NEKTPUNYECKNMY XapaKTepncTukamuy, MYy3blKarbHble LEHTPb! KOMMEHTAPUSIX HE H 2eTos.

KOMIMNEKTYIOTCA KOTOHKaMM C 60/1bLLI0N HEPaBHOMEPHOCTbIO XapaKTepuc—

TvKK 1o gasnexwio (>266). KomnnexkTosaHme ayanoLeHTpoB [O6POTHLI- paﬁﬁgﬂggg W 1B asHON waae
MY GKyCTUHECKUMU CUCTEMaMU, CTOMMOCTE KOTOPbIX MPEBLILLAET CTOM~  Ha fHe HaxOmMTCs TpaHauctop o
MOCTb CamOro LUeHTpa, CYXaeT CeKTOp noTeHymarnbHbIX nokynatenen. ['1o—  gunstpom v cxemoit crabunuaaumn,
310My aBTOpOM Bbifl BbIOGPaH NyTe mofepHudaumm Heaopororo ($250—  wa nsyx nnatax pacrionoxeq ycunu-
300] mMy3bIKansHOro LeHTpa nyTem 4OYKOMIIEKTOBaHMS ero cabBy(hepoM  Tenb MOWHOCTU W OCTanbHas YacTb
CaMORenbHOro U3roToBAeHNA v peannu3ayum T. H. TPUOHVKA CO 3Ha4Yu—  CXembl (puc.1), Ha BepxHeit 6okoBoOI

TeNbHO MEHbLUEN HEPaBHOMEPHOCTbI) X8paKTEPUCTUKN M0 3BYKOBOMY g;%:';‘i Mﬁsgg“pgfyﬁ';psg&em“b; %%f?:'”b'

REBIIEHMIO. XHEN — BXOOHOW pa3beM, npenoxpa-

opaboTka My3blkanbHOro ueHTpa  ska 25 [[1-1). Mabaputel cabeygepa HUTENL U CETEBON LIHYP
(Ans Nnpumepa peyb MAET O LeH-  obecneduBaloT o6 06beM Kopryca HacTpoiika TpudoHnka saksiodaeTcs
Tpe "Technics-510") ceoanTca K okono 40 NUTPOB C pe30oHaHCHONM yac- B COMIAaCOBaHMK 3BYKOBOTO AaBneHus,
omyd 4To HeobxoanMo Harnyxo 3a-  ToToi 50 M, pa3BUBAEMOro KOMOHKaMM1 Ha CpeaHuX
KpbITb OTBEpCTUsi ha3ouHBEPTOPa Y OneKkTpoHHas HaunHKa cabBydepa, — HACTOTax 1 cabeyepom Ha HU3KMX Ya-
Kax/zon 13 KonoHok. [laHHas onepa-  u3 coobpaxeHuit noxapobesonacHoc-  CTOTax. [puyem noabem HU3KUX HacTot
UM yCTpaHseT "ABYXrOpOHbIA™ BUA XA~ T, BLIHECEHA HA 3aAHIOI0 CTEHKy Ay~  OOECMEYNBAETCS perynaTopami "ypo-
PakTEPUCTUKM MO [O@BIEHUIO Y LITAT-  Ka, 4TO oBecneunsaeT Takxe Boamox- BeHb" (R21) m "nonoca” (R8-1, R8-2). B
HBIX KOJIOHOK, @ BO3HMKAOWMIA NPY A0-  HOCTb ONEepaTuBHOro ynpasneHus Npy  3aBUCUMOCTU OT B3aUMHOrO pacrnono-
paboTke NoAbEM XapakTepuCTUKK (U3-  HacTpolike cabeydepa. XEHUA KONOHOK My3bIKaNbHOrO LIEHTPa
3a ManonUTPaxHoCTU obbema Kono- Mo CTPYKType anekTpoHHasi cxema Y Ca0Bydepa n B3aumoyaneHHoCTy nx
HoK) B 06nacTn 100 -150 NuMoxHo oc-  (puc. 1) npeacraensiet coboii nocne-  OF C/ywarens, perynstopom “¢asa’
nabuTb, €CNN He NONBL30BATLCA NOABE-  [0BATENbHO CoeauHeHHbie dyHkumo-  (R16-1, R16-2) nonbupaerca Taxoit
MOM HU3KMX 4acTOT NP TeMOPOBOW  HaNbHO-3aKOHYEHHLIE Yanbl: CyMmaTop — PA30BbIA CABUI, MPKU KOTOPOM MOSBASA-

obpaGoTke, NPefyCMOTPEHHOM B My-  CUFHANoB, YNpaBAseMblii  BpydHyio ~ ETCH Oulylierue rnyGuHbLI" BOCNPOW3-
BOAVMON HOHOIrPaMMbL.

3bIKaNIbHOM LeHTpe. PUNLTP HUBKMX HacTOT C AManas’oHOM

Co6cTteHHo cabeydep npeactaens-  perynuposaHust 90 — 1800y, ynpasnse-
et cobo NpUMep akyCTUHECKOro YCT-  Mblid BPYuHyto (ha3oBpatuatens G rytu- EBerennii Xogsipes
POWCTBA 3aKPLITOrO TUNa C 3ByKOMNOMIO-  HO perynnposkm ¢assl ot 0 — 360 rpa- mirbis@aha.ru

WAoUWUM NoKpLITUEM BHYTPEHHUX CTe-  NyCOB, Perynavop YPOBHS BOCMPOu3Be-
HOK. Ha n1ueBoi naHeny pacnonoxeH  geHust U yCUnuTenb MOLLHOCTU s
200 MM ArHaMUK (AMHAMUHECKan rono-  obecneyernsi CUHXPOHHOM perynupos-

.
.
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ayaAnoTexHUuKa

{(NMpoponxeHwe, Ha4ano B Ne1/2000)

NMpepnBapuTenbHbIN

ycunurtesnb C

MUKPOKOHTpPOJIJZIE HOM
cuctemowu ynpaesnieH

OPOBHO NPUHUUNUASBHYIO CXeMY
ycunutens.

Co BXOOHbLIX Pa3bEMOB CUTHanN Mo-
CTynaeT Ha NOACTPOEHHbLIE PEe3NCTOPbI
HopMupoBkK ypoBHs R1-- R8 (puc.4). C
NBUXKOB Pe3MCTOPOB HOPMUPOBAHHBIN
CUrHas NOCTynaeT Ha pesieliHbI KOM-
myTatop. KommyTtaTop BbinofHeH Ta-
Knm o6pasom, 4To6LI BXOAHOE COMpo-
TUBNEHNEe He 3aBuceno OT Toro, Uc-
nonbayeTcs N AaHHbI KOHKPETHBLIN
BX0OA A/151 NPOCNyLLUMBaHUA, A1 3anicu,
mnan pNsi Toro U Apyroro oAHOBpeMeH-
HO. 3TO HeobxoaumMo, 4TOObLI YPOBEHb
CuUrHasna Ha BbIxoAe NOACTPOEYHbIX pe-
3UCTOPOB OCcTaBasicsa NOCTOSHHbIM. [na
obecrnevyeHust NOCTOAHCTBA BXOAHOrO
CONPOTUBIIEHUST UCTIONBE30BAaHbI pesie C
nepeknoYyawmmMn KoHTaktamu. Ecnun
BXOZ, HE nogkniodeH K BydepHomy ycu-
NUTENo, TO Yepes3 HOPMasIbHO 3aMKHY-
Tbie KOHTaKTbl pefne noaKiyaeTcs pe-
3UCTOP. KOTOPLIA UMUTUPYET BXOOHOE
conpoTueneHne ycunutens. Bcero
nmeetcs 32 Takux peaucrtopa (R9-
R40).

C BbIXOoZa KommyTaTopa curHanbt
ON8 NPOCNYLWMBaHNUS 1 ANA 3anucut no-
CTYNnaloT Ha COBEPLIEHHO NOAEHTUYHbIE

PaCCMOTpVIM Tenepb 6onee no-

BKAlOYaTh WM BLIKIOYATb MOHUTOP-
Hble BbIXOALI, YTO HeobxoaAnMmMo Ans
nNpeaoTBpaLleHns MonbITKM 3anucu C
neku Ha camy cebs (3To MoOXeT npuse-
CTW K CaMOBO36YXAEHUIO CUCTEMbI)
PA-8000 wumeetr pgBa Bxopja CcoO
BCTPOEHHBLIMW NpeaycunnTensmu. 31o
mukpogoHHbI Bxoa (Mic) n Bxoa mar-
HUTHOro 3BykocHumarenss (Phono).
MukpodOHHBIN NpeaycunnTenb meeT
qyBCcTBUTENBHOCTL 1 MB 1 nuHeiHyo
AYX. MocTtpoeH oH Ha OY DA1, DA2 u
Manowymsawmx TpaHauctopax VT1,
VT2 (puc.5). MNpeaycunutens MarH1T-
HOro 3BYKOCHUMATENSI UMEET HyBCTBU-
TenbHoCTbL 5 MB 1 cTtaHpaptHyilo A4X
RIAA. On nocTtpoeH Ha OY DA3, DA4 n
Manowymaumx TpaHaucTopax VT3,
VT4. 3nementol R25, R28, R29, C13,
C14 (R39, R42, R43, C22, C23) y4acT-
Byl0T 8 opmupoBaHnm A4X, NoaToMy
xenartenbHO, YTOObI OHU UMenNu OTKII0-
HeHue OoT HOMuHana He 6onee 1% ans
peaucTtopoB 1 He 6onee 5% ANS KOH-
neHcaropos. Ha Bbixoge npeaycunv-
Tensa-KkoppekTopa BKMOYeH aKTUBHbIN
®BY BatTepsopTa BTOPOro nopsiaka,
KOTOpbI peanu3oBaH Ha OY DAS. 3tor
®BY npenHasHadeH o018 noaasBneHus
pokoTa U NHGPPaAHN3KOHACTOTHBIX CO-

BbLIXOAHbIE pPa3bembl. Ha 3aaHen naHe-
AN cenekTopa BXOAOB YCTaHOBJEHb!
BXOAHbIE pas3beMel, BHYTPWU, Ha Yronke,
YCTaHOBJEHbI MOACTPOEYHbIe Pe3ncTo-
pbl. B kayecTBe BXOAHOTO pa3bema 4ns
MukpodoHa npuMeHer pasbem 1/4
inch ¢ sbIKNOYaTenem, KoOTopbiA 3aMbl-
KaeT BXo4 Npeaycunutens Ha 3emiio,
Koraa Lwtekep He BCTaBsieH. JTo caena-
HO C UEeSIbl0 YMEeHbLUIEHUS YPOBHS Ly-
MOB Ha BbixofAe npepycwmrens, koraa
OH He wucnonb3yeTcA. HasHauweHue
BHELLHUX pa3beMOB CEJIeKTOPa BXOAOB
cnenyoulee (puc. 4): Mon1 n Mon2 —
BbIXOOb! HA MOHUTOPHBIE rHE3Aa; Sot —
BbIXO[, cenekTopa Bxoaos; SPow — nn-
TaHue =15 B; MonR — ynpasneHne pene
MOHUTOPHbIX BbIXxOAoB; RecR - ynpaBs-
nexue pene cenexkropa Bxoaoe Record,;
LisR — ynpaBneHve pene cenekropa
BxonoB Listen.

C Bbixona cenekrtopa Bxoaos SOut
curnasn noctyraet Ha nnaty 6ydepHoro
yeunutens (puc.7), Ha pasbém Bin [a-
nee curHan 4yepes pasvém TIn nocryna-
€T Ha BX0fl, perynatopa 1eM6poB. C Bbl-
xo[a perynartopa TemMbpoB curHan no-
cTynaeT Ha pa3bém TOut. [ing oTkno4e-
Hus (0Bxopa, Bypass) perynsatopa 1em-
6pos vcnons3oBaHo pene KS. Pene nos-
BOMIAET NOAKNIOYUTL K perynstopam
rPOMKOCTM 1 cTepeobanaHca unm Heno-
CpeAcTBeHHO curHan ¢ pasbvéma Bin,
UNU curHas, Npowealunin perynsatops
TembBpa ¢ pazvéma TOut. OgHOBpPEeMeH-
HO Yepes pasbém SOut curHan noaaer-
cs Ha cnekTpoaHanmaarop. Takum o6pa-
30M, MpU BKNIOYEHHbLIX perynatopax
Tembpa vx NONoXeHne BIMSET Ha NoKa-
3aHna cnekTpoaHanuaaropa. CnekTpo-
aHanM3aTop MOXHO NoAKNIouUTL ¥ A0
perynsaropa 1embpoB, AN 3TOro Ha nna-
Te BydepHoro ycunurens npenycmor-
peH crneumanbHbil pasbem, NnomMedeH-
Huin kak Not Used. N3BecTHO, 4TO LWy-

250mV MIN

250mV

INPUT

TONE
—I)—ﬁ(>> 3

EQ BYPASS
VOLUME

MONITOR O <

MODE

—

1+ ) pHones

»

1250mV|

I IMUTE

e

Puc.8. Bnok-cxema curHanbHoro Tpakra

6ydepHble ycunutenn (puc.5), noct-
poeHHble Ha QY DA6 (3anucek) n DA7
(npocnywusarne). OY BKAOYEHbLI NO
cXeMe HeUHBEPTUPYIWNX ycunute-
nei. Jenutenn obpaTHOM CBA3M 3a0a-
10T ko3 drumeHT ycunenna +10 dB. B
OenUTenax NpPUMEHEeHbl NPeun3noH-
Hble pesucTopbl, 4To obecneunsaer
NAEHTUYHbIE KO3 DUUMEHTH yeune-
HUs B cTepeokaHanax. C Bbixoga 6y-
depHoro ycunurens 3anucu curHasn
nocTynaeT Ha KOMMYTaTop MOHUTOP-
HbIX BbLIXOAO0B, KOTOPbLIA BLINOSIHEH Ha
pene K17, K18 (puc. 4). 3TOT KOMMY-
TaTtop MNO3BOSAET MWMHAUBUAYaNbHO

12

CTaBSAOLWMX, KOTOPLIE MOryT BO3HWU-
KaTb NpU NPoOUrpbiBaHNM KOPOBIEHBIX
rpamniacTuHOK.

KOHCTPYKTVMBHO MOACTPOEYHbIE pe-
3UCTOPbLl HOPMUPOBKN YPOBHEN, pene
KoMmyTaummn, OydepHele Kackanbl v
npeaycunuTenn pasmMeLeHbl B OTaesb-
HOM aKkpaHupoBaHHOM Bnoke - cenek-
TOope BXxoAoB. B aTom 6510ke HaxoasTCs
Tpy Nnatbl. Ha ogHOM 13 HUX coBpaHs!
npeaycunutenv Mic n Phono, 6ydep-
Hble yCunuTenu ans NPocnNyWwmBaHnsa v
3anuncu. Ha aopyroi nnare ycTaHoB/EeHb!
pene. TpeTest nNnarta — KOMMYTaUMOH-
Hasi, Ha Hell yCTaHOBNEHb! BXOAHbIE U

Mbl, CO3@aBaeMble NepeMeHHbIMU pe-
3ucTopamn nNpun perynmposke, 3Ha4un-
TENbHO PacTyT ecnu B Lenn OsuKKa
MPOoTEeKaeT MOCTOsHHLIN ToK. [ns npe-
[0TBpaLLeHUs) NonaaaHvusl NOCTOSHHON
COCTaBNAOLWEN HA PErynsaTop rPOMKOC-
TW BKNIOYEHBI pasfaenurensHble KOHOEH-
caropbl C19-C22. [ins npenoTtepatle-
HUA LWENYKOB NP BKAIOYEHN/BLIKINO-
YyeHun perynaTopa TemMbpoB, koHaeHca-
TOPbI MOAAEPKUBAIOTCH 3aPSHKEHHBLIMN
[0 HanpsbKeHUs CMeLLeHUst yeunure-
nein. 910 obecnedyuBaeTcs peaucTopa-
mu R37-R40. MNepen perynatopamu
rpoMKOCTU U cTepeobanaHca BKOYEH
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KOMMYTaTop CTEPEOPEXNMOB KOTOPLIN
BbINOSIHEH Ha pene K2-K4. Yepes pa3b-
em VCIn curHan noctynaer Ha peryns-
Top cTepeobanaHca, KOTOPbIA BLINOJ-
HEH Ha OAVHOYHOM NEPEMEHHOM PEe3Kc-

]
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Puc.9. A4X perynatopa Tem6pos

Tope R44 (rpynna A). Mpepens perynu-
poBku cTepeobanaHca 3a4al0Tcs pesu-
cropamn R43R45. B naHHoM ycmnnutenn
3TV npepensl BolbpaHsl HebonbWNMN
TaK KakK BbICOKOKa4E€CTBEHHbIE NCTOYHU-
K1 curHana obbiMHO UMEIKOT OHEHb XOPO-
wun crepeobanaHc. B kavecTse pery-
NATOPA FPOMKOCTU NpuMeHeH 6noK pe-
3uctopoB R46R47 (rpynna B) ¢ anekT-
ponpusoaomM. C Beixofa perynaropa
rPOMKOCTW CUrHan 4epes3 pasbem
VCOut noctynaeTt Ha Bxopn, 6ydepHoro
yeunurtens. BydepHeih ycunutens Bbl-
nonHeH Ha OY U3. KoadduuveHT ycu-
nenva +8 b 3apaH penvtenem obpar-
Hou cBa3n R26R27 (R31R32). B penun-
Tene UCnoib30BaHbl NPeUM3NOHHbLIE pe-
auctopsbl. C Bbixoga QY curHan yepes
pasgenuTensHoli koHgeHcatop C15
(C18) n orpanu4mnTenbHbie Pe3ncCTopbl
nocrynaeTt Ha pasbem BOUT, a ganee -

3eMAio, Noka obmMoTka He 3anuTaHa. Ta-
xasi peanusauus pexuma Mute ocbecne-
YyBaeT HaUMEHbLUVE LLIENYKM NPU BKITIO-
YeHUU 1 BLIKMIOYEHUY NinTaHust. Beixoa-
Hov TOK OY orpaHmymBaeTcs pesncto-
pamun R29 (R34). Peauctopsl R48 (R49)
OrpaHN4YMBaloT TOK B CUTyaumu, Koraa Ha
BbIXO[, YCUIUTENSA CRYHANHO NOAaHO Ka-
KOE-TO HanpspkeHne. HyXHO OTMETUTS,
4YTO U3-33 OFPaHUYUTESIbHBLIX PE3NCTO-
POB BBLIXOQHOE CONPOTUBIEHUE YCUNUi-
Tens OOBOMBHO BEMKO. MNoatomy ecnu
npepnonaraetca paborarb Ha eMKOCT-
HYIO Harpysky (Hanpumep, AJMHHLIN
Mex6nouHbIl kabenb), TO HOMUHasb!
3TUX PE3UCTOPOB HEOBXOOMMO yMEHb-
WnTb.

Curnan ¢ Boixoga OY U3 nocrtynaer
TaKxe Ha BXoA, TenedOHHOro yennutens.
TenedoHHBIN yeunuTesnb NpeacTaBnseT
coboi OY U1 (U2), ycuneHHsiti komnne-
MEHTAPHBLIM 3MUTTEPHBIM MOBTOPUTE-
nem VT1IVT2 (VT3VT4). KoadpduumeHt
ycuneHuss 3anaH  genutenem R2R3
(R14R15) n paseH +15 ab. Tok nokos
3MUTTEPHOrO MOBTOPUTENA 33JaH ue-
noykont RSR6VD1VD2 (R17R18VD3VD4)
n paBeH 10 A. BbixogHOW TOK OrpaHu4eH
peauctopom R12 (R24).

Mnata 6ydepHoro ycunurens ycra-
HOBNEHa BO3Ne nepegHen naHenu,
NPAMO B Hee BNasiH pa3bem cTepeoTe-
nedoHOB. HagHaueHne BHELHUX pasb-
€eMOB Mnatbl cneaytouiee (puc.7): Bin —
Bxoa 6ydepHoro ycunutens; BCnt —
ynpasneHune pene; S, — BbIXOA Ha

™; BPow — nutanue £15 B.
Perynatop temb6poB cobpar Ha QY
DA1 (puc.6). Cxema ero 3aumMcTBOBa-
Ha n3 [2], ogHako ¢ HEKOTOPLIMAN U3-
MeHeHuaMU. B opurnHansHou cxeme
perynatop Tembpa HY 6bin cBA3aH No
NOCTOAAHHOMY TOKY ¢ Bxoaamu QY. Mpu
perynMpoBke N3MeHANoChb COnpoTuB-
nenve mexay sxogamm QY n 3eMnén
1, Kak cneacrteve, n3MeHsNoCb Ha-
npsbkeHne cmeweHns Ha Boixope OVY.
370 BbI3bIBANO MHGPAHU3KOYACTOT-
Hble BCNJIECKW Ha BLIXOAE YCUNUTENS
BO Bpemsi perynmposku Tembpa HY.
Ona npepotepauleHnst atoro adpoek-
Ta B CXeMy BBE[leHbl pasaenuTenbHble
KoHaeHcatopsl C3C4 (C11C12). Mo-
TeHuman Ha Bxoaax OY No NoCTORHHO-
My TOKY 3adUKCUPOBaH C MNOMOLLbIO
peaunctopos R3R4 (R15R16). na To-
ro 4To6bl YCTPaHUTL NOCTOAHHYK CO-
CTaBrAIoOWY) TOKa 4Yepes3 perynarop
TemMbpa HY, BbI3BaHHYK Hanps>XeHu-
eM cmeuleHusa QY, BBeaEH ellé oavH
paspenutenbHbit KoHaeHcatop C2
(C10). TexHuuyeckne xapakrepucTUKn
perynatopa TeMBpoB, a Takxe peko-
MEeHAauunM No U3MEHEHUIo NPeenoB
perynupoBku npuseaeHsi B [2]. Ha
puc. 9 nokaszaHa AYX perynstopa
TeMOpPOB, “3MepeHHas Npu KpanHUxX
MONOXEHUAX PErynsiTOPOoB.
KOHCTpyKTUBHO perynaTtop TeMOpoB
BbINONHEH Ha OTAENbHOW MevyaTHoWN
nnarte, KOTopas ycTaHOBNEHa BO3Ne
rnepenHen naHenu. Ha nnate ¢ nomo-
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Puc.10. Bnok ¢punbTpoB cnekTpoaHanuaaTopa

Ha BLIXOAHLIE Pa3beMbl yCUNUTENsi pac-
MONOXEHHbIe Ha 3adHen CTEHKE Kopny-
ca. B BuIXOOHOW Lenn BKMAIOYEHO pene
pexuma "Mute” K1, koTopoe uepes Hop-
ManbHO 3aMKHYTble KOHTaKTbl 3akopa-
4ymBaeT Beixop, bydepHoro ycunurens Ha

cnexkTpoaHanusatop; VCOut — Bbixon
perynaTopa rpomkocTy; BOut — Beixon
6ydepHOro ycunutessi Ha BbIXOAHbLIE
rHespa; TOut — BbIxoa perynaTopa
Tembpa; Tln - BXop, perynaropa tem6b-
pa; VCIn — Bxoa perynatopa rpoMKoc-

LWbIO Yrosika 3aKpenneHsbl NepemMeHHble
pea3ncTopel. HasHauyeHne BHELWHUX
pasvemoB nnatel cnegyouwee: TOut —
BbIXOA, perynstopa Temépa; Tin — Bxon,
perynatopa tembpa; TPow — nutaHue
+15B.
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Kak yxe oTMeuanoch, curHasn ¢ Bbl-
xofaa perynstopa TemMBpoB nocrynaet
Ha cnekTpoaHanuaaTtop AHanoroeas
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Puc.11. A4X duneTpoB CnekTpoaHanuaaropa

YacTb cnexTpoaHann3aropa coaepPXuT
6ydepHbii ycunutens Ha OY DA1 (puc

10) u Habop M3 cemMn NONOCOBLIX aK-
TUBHbIX GunbTpoB MNonocosble GUbLT-

nonynepuofHOMY BLINPAMAEHUIO U
CrnaXxXupaHuio, 3aTeM 4Yepes3 aHanoro-
BbIA KOMMYTATOP MOCTYNalT Ha BXOL
ALIM. BMecTe ¢ aerekropamu, Nosnoco-
Bble GUNLTPBLI BLIMOMHEHLI HA MUKPO-
cxemax Tuna K1570A1. flocne crnaxu-
BaHMA BbINPAMNEHHOE HanpsaxeHune
NoCcTynaeT Ha BXOA, aHanNoroBoro Kom-
myTaTopa U1. KommyTaTtop nossonseTt
no odepeay NOAKAKYAaTb CUrHaN Kax-
aoro ounbtpa Ha Bxon AUIM.
KoHCTpYKTUBHO 610K punsTpoB cne-
KTpoOaHanu3aTopa BbINONHEH Ha OT-
JenbHOIM nnaTte, KOTopas pacnonoxeHa
noA NnaTtoil OCHOBHOI Yactu npouec-
copa. HazHauyeHne BHEeWwHNX pa3beMoB
nnatol cnegytowee: SOUT - ciopa no-
cTynaet curHan ¢ 6ydepHoro ycunure-
na; AIN — BxoaHow curHan ALM; FCNT

12) copepxnT co6CTBEHHO MUKPOKOH-
Tponnep U1, pernctp-3awenky agpe-
ca U2, MNKpoCcxemy 3HEeproHe3asncu-
Mol namatn U3 v wvHHbIe dopMupo-
sarenu U4, US. Korpa ycunurens ne-
pexoanT B AexXypHuin pexum (STAND-
BY), ocraetca BKAOYEHHBIM NULb
04MH NCTOYHUK NuTaHua — DUTY +5 B,
KOTOPLIN NMUTaeT AEXYPHYIO 4acTb NPo-
ueccopa B atom pexume wunHHbIE
dopmuposatenn U4, US BuIkIOYaloT-
ca, OTKNoYasi OT WWHbLI 06ECTOYEHHbIE
BHELWHWEe yCTPONCTBA.

Ona ponroBpeMeHHOro xpaHeHus
napamMeTpoB WUCNONb30OBaAHa MUKPO-
CXemMa 3HeproHe3aBUCUMOWN NamsTu
U3 tuna 24C04. MpoTtokon wuHsl 12C
peannaoBaH NPorpaMmmMHo.

AucTaHumMoHHOE ynpaBieHue Ha

Punc.12. JexypHasa yacTb npoueccopa
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pbl UMEIOT L EeHTPanbHble HacToTbl
17000 My, 7000 Ny, 3000 'y, 1000 Iy,
375 Ny, 150 'y, 1 60 My. Ana Toro, 4ro-
Hbl CKNIOYUTL "NpoBansl”™ Ha HAULN-
pyemom cnektpe, A4X punsTpos coe-
NaHbl CUNLHO NEepPeKpPLIBAIWNMUCS.
NamepeHHble AHX GunbTpoB NokasaHb!
Ha puc. 11. Boixoable curdansi nono-
COBbIX (PUNLTPOB NOABEPralTCA ABYX-

—ynpassfieHne aHanoroBeIM KOMMYTaTo-
pom; FPOW — nutanue +15 B.
YnpaBneHue ycunutenem ocyue-
cTBAReT MukpokoHTposnnep AT89CS51
bupmer Atmel. Ons Toro utobsl CHU-
3uUTb 3HepronoTpebneHre B AeXypHOM
pexume, 6nok npoueccopa pasbuvT Ha
[BE 4acTu: AEXYPHbIi U OCHOBHOM.
[exypHas yacTb npoueccopa (puc.

Tabnvua 1
Nopt AKTUBHLIN YPOBEHL HasHauerme
INTO 0 BXO, AEKOAEPA ANCTAHUMOHHOTO ynpasnexua (RC-5)
INT? HE UCNONLIYETCA
TO 0 BbIXOA, BKIIIOYEHUR LLMHHBIX (POPMYIpOBATEnen
T 0 BLIXOA, BKIIIOYEHV] BbIXOA0 B BHEWHUX PEMICTPOB
P1.0 BXO/, CHUTBIBAHUS COCTORHUA Komnaparopa ALLN
P11 0 BbLIXOA, BKMOYEHUA MCTOHHUKOB MU TaHNs
P12 BXO[, CHMTEIBAHMA COCTOSHMA AATHUKA NONOXEHUA rANETHOTO nepexniovarens LISTEN
P13 0 BBLIXOA, CMIHARA ynpasneHa Gunnepom
P14 - BXOA, CHMTBIBAHWS BLIBOAA NOABMXHOO KOHTAKTa raneTHoro nepexnioyarens LISTEN
P15 - BXO/l CYUTHIBAHUS BLIBOAA NOABUXHOMND KOHTAKTa raneTHoro nepekniouatens RECORD
P1.6 - BXOA, fMHAM Bo3BpaTa 0 KHONOK ynpasneHms
P17 - BXOA SIMHK BO3BpaTa 1 KHONOK yrpasneHmsa
XD 0 BbiIX0A curHana SCL twnke 12C
RXD 0 exoa/eeixon curkana SDA umhst 12C

MK-nysax ucnonsadyet kog RC-5, uto
NoO3BONAET MNPUMEHATH CTaHAAPTHBIN
nynst. GOTONPUEMHUK NPUMEHEH WH-
TerpanbHeiid, Tun — SFH506 OH conep-
XUT dpoToamon, ycunurenb n ¢popmu-
poeartesnb. Ha Boixone GoTonpueMHUK
dopmupyeT craHpaptHole TTJi1-ypoB-
HW, KOTOpbIE NOCTYNaloT Ha BXOA, Npe-
pbiBaHUs MukpokoHTponnepa INTO.
HexonupoBaHue kona RC-5 ocyuwe-
CcTBNSieTCA nporpaMmmHo. HasHavyeHue
NopTOB MMKPOKOHTpOsNepa npmueeae-
Ho B Tabnuue 1.

KOHCTPYKTMBHO GNOK AEXYPHOW Ya-
CTW NPOLECCOPA BLINONHEH Ha OTAE b~
Ho nnate. Ha3HayeHue BHEWHUX
pasbvemoB nnatsl cnegywouwee: Data -
LWIMHA J@HHbLIX HA OCHOBHYIO 4acTb MpPo-
ueccopa; Addr — wuHa agpeca Ha oc-
HOBHYIKD 4acTb npoueccopa; Pan
pasbeMm, Hepe3 KOTopbI NoaKIlYaeT-
cs GOTONPMEMHUK CUCTEMbBI ONCTaH-
LMOHHOro ynpasneHus; Bpr — nuraHue
6unnepa; Ret — nMHUKM BO3BpaTa KHO-
MoK ynNpassieHUn Ha nepeaHent naHenu;
Rec — BbIBOA NOABUMXHOIO KOHTaKTa ra-
netHoro nepexkmoyarensn Record; Lis —
BbLIBOL, NOABMXXHOTO KOHTAKTa raneTHo-
ro nepeknioyarens Listen; S — BbIxoq,
ynpaenenus 6unnepom; Sw — BXopn
[aTtymka NONOXKEHUS NepexkyaTens,
PPow — nutaHue +5 B, +5 B pexypHoe
n curHan Standby.
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OcHoeHas yacTb npoueccopa (puc.
13) copepxut pewwudpatop agpeca
U1 v peructpel U2-U6, asnsiowmvecs
pacwmpeHmnem nopTos BLIBOAA MUKPO-

Byaywee
MUKPOKOHTPOJJIEPHbIX
cucTem

B nocnepHee Bpems B Takoi paHee KoH-
cepBaTtUBHOW 061acTn, KAk MUKPOKOHTPOS-
nepHasi TEXHWKa, NPOMCXoANAT rnobasbHble
n3meHenns. Cenvac yxe HUKOro He yam-
BUWb BO3MOXHOCTbIO BHYTPUCXEMHOrO
nporpamMmnposBaHus, a Yepea napy nerv re-
PecTaHeT yanBnaTh Y yaaneHHas otnagka ¢
MCMonb3oBaHWemM CeTeBbiX UHTepdencos.
MoaknioyeHre MUKPOKOHTPONNEPHOR cuc-
TeMbl K ceTu Internet obelaeT aaTbL MHOXe-
CTBO MPEUMyLLLECTB, NOATOMY B CKOPOM By-
AyUleM Hac oxupaeT HacTosLumii 6ym Inter-
net-xonoannbHWKOB, CTUPANBHBIX MALLIMH K
KO(EMONOK (4TO YX TyT FOBOpUTb, ECNv Aa-
xe ¢pupma Nokian Tyres rotoBuT K BbINYCKY
aBTOMOBUNbHLIE MOKPBILLKN C NOAKMIOYEHN -
em k cetn). Camo cobown, ana nogo6bHoro
ckadka Heobxoauma COOTBETCTBYOLAN
anemMeHTHan 6asa.

[MokazateneH B 3TOM nnaHe roaxof
burpmbl Scenix, KOTOpas NPUMEPHO Yepe3 6

KOHTpoOJIepa. BbiBoabl paspelseHns
BbIxoaos peructpor OC obbeanHeHb!
1 ynNpasnalTCs cneunanbHbiM curHa-
NIOM MUKPOKOHTpOSIIEpa, 4To Heobxo-

MecsiueB nNnaHupyeT BbiNyCTUTL CBOW chne-
AyLWwmin NpoaykT, 06N34aI0LUIA OYEHb UH-
TePECHbIMWU XapakTepucTukamu:

- aapo, paboTtaoulee Ha 4actoTe
200MHz;

+ 32Kx16 flash-namaTte nporpamm;

+ 8BKx16 TeHeBoe O3Y nporpamm;

- 4K O3Y;

+ annapaTtHbiit cTek rybuHon 16 ypos-
Hew;

« BCTPOEHHLIN BOCbMUKaHaNbHbIA 10-
pa3psanbin ALM;

+ [Ba yHMBepcasbHbIX NnocneaoBartesb-
HbIX NOpTa (CKopee, Aaxe NPoCcTO CKOPOCT-
HbIX Npeobpa3osaTens MocNeaoBaTeNbHbIX
,uat;nux B napannesnbHble ¢ 6ydepnposarHu-
em);

- yeHa nopsgka $15.

MNpu atom ¢pupma Scenix, HecMOTpa Ha
nosBmsLLIMecs B coctase ycTponctaa AUM n
rocnenoBarteNbHee NOPTh, HUKOUM 0bpa-
30M He OTKa3blBaeTcs OT CBOeW KOHuenumm
BUpTyanbHou nepudepuu (kotopas 3akio-
4aeTca B TOM, YTO BCe Heobxoaumble ana pa-
60Tbl MUKPOKOHTPONNEpa nepudepuitHblie
YCTPOWMCTBA peanuayloTca NporpaMmHbimM
CNoco6OM C NPUMEHEHWEM CTaHBAPTHBIX
Moaynen; nogobHbI NOAX0A 3HAYUTENbHO
NOBLILAET rMMOKOCTb MCNOSNL30BAHUS MUKPO-
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ALLDIODESARE 1N4148 v Puc.13. OcHoBHas 4acTb npoleccopa
BHUMaHVE: pefakuvs NPUHOCUT CBOWM M3BUHEHWS 33 OMYLUEHHBIN Npu nybavkaunvi  AMMO NS BLIKITIOYEHUST BCEX UCMOSHMU-
nepBoOn YacTu pag owmbok: TeNbHbLIX YCTPONCTB Ha Bpems Aencr-
- Ha cxeme Gnoka npeaycunutenei (puc.5) uenodska R25C13 (R39C22) momxknal BWS curHana "cbpoc” MUKPOKOHTpON-
MOAKNIOYATLCA HE K HXHEMY, @ K BEPXHEMY BbIBOAY pe3uctopa R22 (R36); nepa n npu rHulnanusaunmn.
- Ha cxeme GydepHoro ycunutens (puc.7) NPUCYTCTBYIOT NUWHWE COEOUHEHUS Ha
BEPXHUX BbiBOAax anemeHTos R38, R40, C9, C10, HuxHem suisoge C24 1 npaBoii cTpenke Neoung Puauvko
ykazarena 1250 MB; koppekTHOe coeguHeHUE AOCTATOMHO O4EBUAHO. wubblick@yahoo.com

MpoponxeHne cneayet

KOHTpPONNepa). YNOMAHyTHIE Bbillie NOCNeno-
BaTeNbHbLIE NOPTHI NO3BOJSIAT PEANU30BLIBATL
C vX NOMOLbIO paboTy B COOTBETCTBUM CO
ctanpaptamu  10Base-T Ethernet, Full-
Speed USB 1.2, SPI, 12C u, koneuro, UART.

lToMuMO 3TOro, B HOBOM YCTPOWCTBE
NpeanonaraeTca NHTEPECHLI NOAXOA, K OT-
NnafoyHbIM cpencTsam. BHyTPUCXEMHbIN
0TNaA4nK/NPOrpamMmMaTop/amynaTop pe-
aneHoro BpemeHn Gypet wumeTte Ethernet
nHrepgenc n paborarb no TCP/IP. To ecTb
CMOKONHO MOXHO ByneT n3 Mockebl oTna-
XWBaATb YCTPOMCTBO, CTOSILIGE Y 3aKasuyuka
B VIpKyTCKe, Unu B COCeaHen KOMHaTe, unm
B cocefHen CTpaHe — kak 6onble HpasuT-
ca. C TeMn MUKPOKOHTPOANEpamMn pupMbl
Scenix, KOTOpbl€ BbINyCKAIOTCHS B HACTOS-
uiee spemsi, n o6onoykoin SX-DEV Takoe, B
MPUHUMNE, TOXE BO3MOXHO, HO TOSILKO Ha
YPOBHE 060104KMN.

B uenom, BUpTyanbHble WUHCTPYMEHTL!
4epe3 HeKOTOPOoe BPEMS HAYHYT 3aMeHsTb
peanbHble. Yxe cenyac, K npumepy, Ha
WwWW.virtio.com MOXHO co34arth 1 cmoienu-
poBaTb CBOKO CUCTEMY-Ha-KpucTanne nps-
MO B on-line. O4eHb CKOPO NOABATCH 1 BO3-
MOXHOCTY BUPTYanbHOro NPorpaMmmnpoBa-
HUSI 1 OTNAAKW PearnbHbIX CUCTEM...

.o........lnaa...oot..ooh.l-otlotlcl.'t'-...tc.lot.'-oolo'ltlto-o'.tooo'-..-ttt'-l.oo.-to-.-...ott-n.lbou
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NMpumeHeHUne
XK-mopynen
MT10T7

B USMepUTeJZibHbIX
npunobopax

B HacTosiLee Bpems 3aAa4y BblBOAa vHGopMmaL
B 6onsbUmHCTBE NpubopoB v YCTPOVICTB peLuaroTcs
fpy MOMOLUM  XUOKOKPCTaNMYeCKyX MHANKaTopos
[PKKW). Bee 6onbluyo nonynsapHOCTb NOny4aT ma—
TpudHble  3HakocuHTesupyowme KKV, Ho 4acTto,
ocobeHHO B Hepoporvx npubopax, onpasaaHo npu-
MEHEHWE TPaaULMOHHBIX CEMUCErMeHTHbIX. B 3Tou
cTaTbe NpefcTaBneH onbIT UCTMONb30BaHVs cemucer—
MeHTHOro mogynsi KK MT10T7 komnaru "MISTT"
B U3MEPUTESIbHBIX NPMBopax ¢ MUKPOKOHTPOINEPHbLIM
ynpasne+Hvem Ha 6ase cemencTsa x9 1.

meneHns moayneit XKW co BCTPOEHHbIM KOHTponne-

poMm YT0 KacaeTtca cemmcerMeHTHbIX XKW, To Ha peiH-
Ke NPefcTaBneHO He Tak MHOro Moaenelt 3TnxX YyCTPOWCTB.
Mo MHeHuio asTopa, NyHLWUMKU ANa NPUMEHEHNUst B U3amepun-
TenbHeIX Npubopax okaszanuce moayn MT10T7 npoussoa-
cT8a koMnauuy "MIAJT". MoapobHyo NHpOopMaLUIO MOXHO
HallTu Ha caiTe dupMbl No agpecy www.melt.aha.ru. Moaynb
nmeetr 10 3HAKOMECT, CErmMeHTbl B KOTOPbLIX YNPaBisioTCs
HEe3aBUCUMO, YTO AaeT BO3MOXHOCTb BbIBOAWTb, Hanpumep,
[Ba YeTbipexpaspsaHbIX HUCcna ¢ TOHKOM NNK HEKOTOPLIE A0-
nonHuTenbHble coobuieHun spoae Error u 1. n. MpocTton ye-
Thipexpa3psaHbii
nHTepdenc moay-
na TpebyeT Bcero 6
NpPOBOAOB.

Ha puc. 1 noka-
3aH nNpumep noa-
KOYEHUST MOAyNs
K MUKPOKOHTPOJI-
nepy. Bxopa WR2
MOXHO Mpu Heob-
XOOQUMOCTU mc-
nonbL3oBaTtb  Kak
Chip Select. Pe3u-
CTOp CAYXUT Ans
noaCcTPOMKU  KOH-
TpacTtHocTn XXKKW.
Ecnu pe3uctop oT-
CYTCTBYET, KOHTpa-
CTHOCTb MURHU-
ManbHast, eCnu Bbl-
BOJ, 3aKOPOTUTL Ha
3eMI0 — Makcu-
MasnbHas.

BUC «oHTpon-
nepa nmeet 10 pe-
r’MCTPOB AOaHHbIX,
PacnNoONOXEHHbIX
no agpecam 0 — 9,
Kaxablii N3 KOTopbiX pa3but Ha TeTpaabl SGx(L) n SGx(H).
3anucb AaHHbIX B 3HAKOMECTO NPOU3BOANTCA 3a ABa TakKTa:
cHayana mnagwas, 3atem crapwas terpaibl. IHKpemeHT
afpeca npoucxoauT asTomaruyecku. Mo anpecy OFh pac-
nonoxeH Tpurrep ynpasnexnus wuHet BLK. 3anuck B Hero
Hynst npueoANT K 6710KMpoBke WuHel Ha 30 TakToB WRX.
Puc. 2 oTtpaxaeT npuHuun pabotel WrHel. COOTBETCTBUE
61T JaHHbIX CerMeHTam MHAMKaTopa NokasaHo Ha puc.3.
CermMeHT BKNIOHaeTCs BLICOKUM YPOBHEM.

Noppo6HOCTU N3NOXEHbI B GUPMEHHOR AOKYMEHTauuu.
ABTOp Xe npepnaraet o6paTuTbCs K NpUMepam npakTnyec-
KOr0 NPOrpaMmmMmpoBaHuns.

[na yno6cTBa 3aroTOBMM MakpoChk! reHepaumn cTpoba
WR1 npu 3anucu 3HakomecTa u napst ctpobos AO/WRT,
HYXHBIX NpU 3anucy agpeca. Takxe npuroguTcst NoaNpo-
rpaMma anst “pyqHol” yCTaHOBKU Wwnkbt DB.

I laeepHoe, HUKOTO He Hano ybexpaaTb B yaobcTee npu-

MT10T7

Ag
WR1

x51

Px.7
Px.6

Px.5 DB3

Px.4 bB2

Px.3 DB1

Px.2 DBY

OWR2

+5B —+E

TooE;IM\Jc»m-bw_.

GND
R*
—{—1——vg

Puc. 1

©

16

MACRO %STROB-WR1
setbh WR1

clrWR1:.

ENDMAC

MACRO %STROB_ADDR.
CIrAD 2t
setb WR1

clrWRT1

setb’AO

ENDMAC

SET_BUS:

; noANporpamMma BeiIBoAA MaaLen
;TeTpaabt

i akkymynsitopa Halmiy DB

clrC

rrc A

mov.DBO,C

¢ A

mov DB1,C

MNocne BKMOYEHUA NUTaHUs COOAEPXXMMOE PerucTpoB Mo-
Oynst He onNpeaeneHo, Tak YTo HeobxoaMMo NPON3BECTU Ha-
yanbHyI nHUUManuaaumio. Hago sanucars B Tpurrep 610ku1-
posku wnHel BLK (no agpecy OFh) sHauenne 01h v B peruc-
Tpul Beex 3HakomecT SGx (appeca Oh-9h) 3aHecTu Hynu.

INIT_LCD: JnoanporpaMma nhnumanuaasmun
mov A;#0Fh
call SET _BUS ; ycTaHasnmBaem anpec OFh
%STROB ADDR
mov A, #01h
call SET BUS ; ycTanasnvsaem nanHebie O1h
%STROB_WRH1

;'cOpOCBCEX 3HAKOMECT
mov A #0
call SET: BU ; ycrarasnueaem Ha wmue 0
%STROB-ADD ; reHepupyem;cTpob sanvcy agpeca
mov RO, #0 ;Ha WwwvHe yxe yctanosneH 0,
Iblint: ; MHKpEeMEHT anpeca npouasoavtea

“%STROB_WRH1
inc RO .
cine RO,#20,Ibl.int:

 aBTOMATHYECKW,
;- Tak yTo.npocto 20 pa3
“BblOaemM CTpod. AaHHLIX

g O T P TS T ON

MpuBeAEHHOrO BbilLe KOAa BNONHE AOCTATOYHO Ans pabo-
Tbl C MOAY/IEM Ha NMPUMUTUBHOM YPOBHE. Tenepb paccMoT-
pvUM 3aaa4y, O6LINHO BO3HUKAIOLYI0 NpY padpaboTke Npo-
rpaMm A5 n3amepuTenbHbIX Npubopos. UcxoaHblie AaHHble:
yucno HaxoauTes B nape pernctpoe RSR4 B asonyHo-aecs-
TUYHOM opmaTe (Hanpumep, AnNs AecaTu4Horo yncna 1234
R5 = 12h, R4 = 34h); nonoxeHue AeCATUYHON TO4YKY 3aaHO B
peructpe R3 kak OTHOCUTENBHLI HOMEP 3HaKOMeCTa, B KO-
TOpPOM ee Haao pasMecTuTb (Hanpumep, ana Yvucna 98.76
R3=2h, ecnu Touky oTobpaxarh He Hafo, 3anuwwem 8 R3 Oh ).
Jns kpacueol nHavkauum HeobxoauMo noracuTb He3Hava-
wme Hynu B cTaplmx paspsgax (ducna mna 00.12 gonkHe
oTobpaxarscs kak 00.12, a 0012 kak 12).

Puc. 3 no3eonser nerko coctaBuTe Tabnuuy cemwucer-
MEHTHBIX KOAOB A/151 NeCATUYHbLIX Ldp.

CODE_7:

DB QEEh; 060h, 02Fh, 06Dh, OE1h; 0,1,2,3,4
DB 0CDh, OCFh, 068h, OEFh, OEDh; 5,6,7.8,9

; Tabnuiia CeMUCerMeHTHbIX KOA0B LGP

CODER: ; ToLANpPoOrpaMmma KOANPOBKU B
;cemucerMeHTHbI Gopmat

mov EP@T gé#CODEj i 6

mov A, . -aapec kogupyemon tmdpel 8

movc A,@A+DPTR P i R

m?v @RO,A ;3amMellaeM ncxoaHyio undpy Koaom

ret.

§eboerbansrasronresnrenrererbiaRoinbtnrhens sare

Tak kak MofyqMBLUMECS KOALI SIBISIOTCA BOCbMUPpA3paa-
HbiMK, oToBpaxaemoe HYMCNO MNPUAETCs pasMecTuTs B 4
aueikn O3Y. Haznauum nm apgpeca 20h-23h, HaumHaa co
crapiuen umdpst. 15 BbIBOAA AECATUHHON TOYKM Haao K ce-
MUCErMeHTHOMY Koy undpbl Ha COOTBETCTBYIOUEM 3HAKO-



namMmepurenibHada TeXHUKa

3armuct  3anuck OAHOTO 3anuUCb HECKONbKKUX 3HAKOMECT NOAPSA i
| aApeca 4 3HaKoMecTa 1 | le3HakomecTo | 2e3HaKkoMeCTO | 3e 3HaKOMECTO ¢ | |b
. i ! i i I DBO(L)- g DBO(H)- h
DEBO-3 ' ' @@@ @@ @@ 0 < DBI{L)- e DBi(H)- b
] 1 ] DB2(L)- d DB2(H)- ¢
A0 1 L1 (L= e| |C DB3(L)- a DB3(H)- f
| 1 |
WR1 ! I | eme gh
l 1 | d
‘wr2 1! 1 1
L] 1 1
1 I ¢
Puc. 2 Puc. 3

mecTe gobasuTte 10h. 3ameTum, 4To KOAabl Ungpbl 0 1 "Hyns

C TouKkoi" ByayT Tenepb pas3nuyHbl, Tak Y4TO anroputM uc- Eﬁ%@DBz ¢
KNOYEHUA NULLIHWX HYNel O4eHb NPOCT: NPOCMOTPETb YUCIIO e A !
cnesa Harnpaso, eC/in BCTpeTuncs koA "Honb 6e3 Toukn” EEh, mov DB3,C 3
Haao 3amMeHnTb ero Ha koa npcbena 00h n Tak 4o nepeon Un- %STROB WR1  FEHepUpyem rnepesin
dpbl C OTNNYHBIM 0T EEh KOa0M, nnn Ao TpeTbero aHakome- 'rr?:TRO6 WR1 . AArDYKAGM B NODT
cTa (HoNb B nocneaHeM paspsae Haao otobpaxars). Peann- mov DBO.C : craBﬁJyvo TeTPa fw
3yeM Bce u3NoXeHHoe B nognporpamme PREPAR. rc A ! :
mov DB1,C
e R I K 4 S e e SRS PP T RANEH e e A
PREPAR: ;. nogporpaMma NOAroToBKW mov.DB2,C
s umena ans nearkauuu rrc A
mov 020h;#0 ; ouninaem O3Y mov DB3,C
mov 8% ; g,zg %STRg\?\IF\tA{m | reHepupyem BTOpou
mov ; ;. CTPO
mov 023h,#0 ret
.  naAWYIo Terpany HE rosiraie e TR e R
» nomeujaem MocnegHum warom B peweHun 3agadn 6yaeTt cosnaHue
%%zioggg‘h ; 8 03Y noagpecy 21h noanporpammbl DISPLAY. YUC0 BLIBOOMTCS HAYMHAs C 7-ro
swap A 3HaKoOMecTa, T. €. B MpaBoil 4acTn MHOuKaTopa.
mav RO,#020h
xchd A,@RO . .CTapiuyio TeTpagy 8. 20h R eeseereriidiernesioniTiiasanaaivaerar
mov-A;R4 s asanoruydno ana R4 DISPLAY: 4 BbIBOA, 4-X Pa3psaHOro 3
mov RO,#023h ;Aecmvmnc&z? ;ag_rc?a C TOYKOWU
xchd A,@RO ;B MOAyNb
swap A call PREPAR ; NoAroToBKA “YnUCna Ans
mov.RO,#022h VHAUKaLmw
xchd A;@RO m‘l)lvg‘é#GBUS . - ‘
i x ca ; onpefensieM 3HakoMecTo
mov RO, #020h e QoD %STROB_ADDR ; 1-01 LdpE
(rf(l)l\,CR%ngm h #H8, COMNCOTMEHTHEN mov RO,#020h ; MOCNEoBATENbHO BLIBOANM
o iono B o aAsetin TR
ovBzan ’
mov RO, #023h mne -
' cjne RO,#024h,1bl_ciis
call CODER et
nu“fA,Rg ;paSMGUJGM'TOHKy gasvaressesassedorensresreranrnrrnttaasenernnen
jz bl pri ‘Fh ; ecm R3=0,06x0auM npoueaypy Kak BuaHO 13 npuBeaeHHOro npumepa, pabota ¢ Moayns-
e f'gg : ?E’é‘ggﬁg?:o':‘?(gep mecTa Mu MT10T7 aoBonbHo NpocTa. Ho B TO xe Bpems Ux okaabl-
mov RO.A ’ BaeTCsH BNOSHe JOCTAaTONHO ANs NprMeHeHus B 60NblumnHCT-
mov A,@RO ;. AoGaBnsiem K Kooy BE MU3MepuTeNbHbIX NPUHopoB, oToBpaxalowmx B KadKabii
add A,#010h s umdpsbi 10h KOHKPETHbIN MOMEHT BPEMEHN TONBLKO OAHY U3MepAemyo
I’&OV S’BO.A SATGHSEM MALIHAG YA BENNYMRY (NpeacTaBfeHne KOTOPOU MOXeT coaepXaTb A0
_pri: :'npo6en0M Y: 10 3HAKOB N OECATUHHYIO TOYKY).
mov RO,#020h ; npocMarpusaem undpsbt Bnapumup Yrones
Ibl pr2: ; HauuHas c nepeowu .
mov A,@R0 shem@compitech.mtu-net.ru
cjne A, #0EEh;ibl_pr3 ; ecnn aTo He 0, KoHeL npouenypsl .
mov @RO,#0 ecnu 0, nuwem npoben
inc RO . maem aansiue
ﬁg?e’ %O,#QZBh,IbI__prZ ; Bo TpeTben undpsl
_pra:

ret

MNockonbky Moayne MT10T7 umeeT HeToipexpas3psaHyo
WWHY AaHHbIX, NoTpebyeTca noanporpamMmMa BuiBoaa B nopT
MWKPOKOHTpOepa rno TeTtpagam.

OUT_A ; MOANpOrpaMma BsIBOAA
;COAEPXUMOro
e 7 akKKymynsTopa Ha wuiy DB
cir
rrc A ;3arpyxaem B nopt
mov DBQ,C T MNaawWwyo TeTpany

rmrc A
mov:DB1,C

dupma"MIAT"

Mocksa, yn. Hu  1opoackan. 29 odus 407
Ten.fepake: (U95) 278-96-60, 278-96-74, 913-84-21
E-mail: sales@meltaha.ru http:iwwaw meltaha ru
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LUundbpoBo TepmMmomeTp
C paryvKkamuv ouvpmMmbl
Dallas Semiconductor

[MosBneHve Ha HalLem PbiHKe OTHOCUTENbHO AeLLEBbIX UNPPOBbLIX 4aT—
YMKOB TEMMAEPaTypPbl Y AELLEBbIX MVKPOKOHTPONEPOB CAenano BO3MOX—
HbIM CO3[aHVe HEe[opororo LyughpoBoro TepMoMeTpa, KOTOpbIA He TpebyeT
KanbpoBky 1 0611agaeT LLMPOKUMY BOSMOXHOCTsMK. Cpean ungposbix
[aT4YmKoB remnepargpb/ Hanbonee VHTEPECHLIMY ABSIIOTCH MUKDOCXeMbI

DS1820 (DS18S2

OpOLWN OHY TEM, HTO UCNONBL3YIOT

ana obmeHa GUPMEHHBIN OAHO-

nposoaHoi nHrepdenc 1-Wire™.
3TO 3HAYNT, Y4TO AATHUKU MOFYT ObiTb
NoAKMOYEHbl K TEPMOMETPY BCEro C
nomouibio 3-x npoBoaoB (HaTyuk
DS1820 MOXHO NOAKNIOYUTL faXxe ¢
nomMoLwbio ABYyX NpoBOAOB). [atuuk
DS1820 Gonee TOYHbBIN, NMEET MEeHb-
wee Bpems npeobpasoBaHusn. 3aTo
DS1821 MmoxeT BbITh 3anporpammMmmnpo-
BaH B peXxuvuMm Tepmocrarta Ans nonHo-
CTbi0 aBTOHOMHOI paboThl.

OcHOBHBIE NapamMeTpsl TEPMOMET-
pa:

- Ananas3oH U3MepseMblX TemMnepa-
TYp - 0T -55,0°C po +99,9°C;

« KONIM4ECTBO AaTyMKOB Temrepary-
pbl --2;

« TUN [ATYMKOB Temneparypbl -
DS1820 nnn DS1821 (aBTOONpPEAEne-
Hue);

- TOYHOCTb NPEeACTaBNeHUs Temne-
patypbl - 0,1°C pna DS1820 1 1°C anna
DS1821;

- BpeMsl n3amepeHus temnepaTypsbl -
0,5 cek gona DS1820 u 2 cexk ans
DS1821;

- BbIXOA TepMocTaTa ans ynpasne-
HUA HarpeBaTenem unm oxnaguTeneMm,

- BO3MOXHOCTb NPOrpaMMnpoBaHus
mukpocxem DS1821 B pexum Tepmo-
crara;

) 1 DS1821 chupmet Dallas Semiconductor

+ perynupoBka sipKOCTU WHAMKAaTO-
pos.;

- COXpaHeHue Bcex MmapameTpoB B
3HEpProHe3aBUCUMON NamMaTy;

- noTpebnsemblit Tok (No uenu +5 B)
- 80 MA (Npu MakCUManbHOM APKOCTN).

MapameTpbl TEpMOMETPA B OTHOLIE -
HUW NOrPELIHOCTN U3MEPEHUI MOJSHO-
CTLIO OnNpenensaTca garivkamu, no-
3aTOMy HET CMbIC/ia UX 30echb MPUBO-
ouTb. Bonee noapobHyo uHdopmMmaumio
no undgpOoBLIM AaT4MKaMm Temnepatypbl
MOXHO Haitm B [1] nnn Ha caunte
www.dalsemi.com.

TepmomeTp MoxeT pabotaTtb B pe-
XUME TepmocTaTa, OCYLEecTBAsAs yn-
paBneHne NCNOMHUTENBHBIM YCTPONCT-
BOM. VICNOAHUTENBHLIM YCTPOWNCTBOM
MOXeT SIBNATbCA oxlaautens (Hanpu-
Mep, BEHTUNSTOP, XONOAWSBHbIN arpe-
rart) nam Harpesarens [ns 3Ttoro ume-
€TCA BbIXOA yNpaBneHust TEpMOCTaToOM.
Ha 3ToT BbIXOA NOCTYNaeT HanpshkeHne
0 vnn +5 B B 3aBMCMMOCTIM OT COCTOS-
Husa TepmocTtata. CoctosHue onpepe-
naeTcsa 3anporpamMmMmnpoBaHHbLIMU NO-
poramm v TemnepaTtypoin, cyHuTbiBae-
MOI1 C BHelWwHero garyvka. [jga nopora
NO3BOMAT 3aAaTb HEe0BXo0ANMLIA TNC-
Tepe3uc. Beixon Tepmoctara MoxeTr
MCNONL30BaTLCA AN YNPaBieHUsa Tn-
pycTopamMmn, TPaH3NCToOpaMn unu pene,
KOTOpbLIE, B CBOK o4epeab, KOMMYTUPY-

10T Harpysky.

OCHOBOI TEPMOMETPA ABMSETCS MU-
kpokoHTponnep U1 tuna AT89C2051
dupmbl Atmel.

[na oTobpakeHus 3HaveHus Temne-
paTypbl MCNONMb30BaHLI CEMUCErMEHT-
Hble cBeToauoaHble nHAavikatopbl (HG1
n HG2) c¢ obwum aHogom TUNa
LTD6610E. Ons yMeHblleHust Konu4e-
CTBa 3NEMEHTOB NPUMEHEeHa OUHaMW-
yeckasi HAMKauusl, KoTopas peannso-
BaHa nporpammHo  KaTtoabl nHanKaTo-
pPOB mogkModeHsl K nopty P1 mumkpo-
KOHTpOfepa, a aHoAbl BKNOHAKTCH
TpaHaucTtopamu VT 1- VT3. TpaHaucTo-
pbl YNPaBAKOTCA JIMHUAMW CKaHMpOBa-
Husa SO — S2. IMNynbCHBIN TOK CerMeH-
TOB orpaHuyeH peamnctopammn R1-R8 Ha
ypoBHE NPUMEPHO 15MA, 4TO MeHblwe
MakcrMasnbHO AonycTumoro Toka (20
MA), HO AOCTATOYHO 4151 NONYHEHUR He-
obxoaumoit apkocTy. Linknel ckaiimpo-
BaHUs1 GOPMUPYIOTCS C MOMOLLLIO BHYT-
peHHero TanMepa MUKPOKOHTPONnepa.
3a KaxablM LMKAOM MHAMKauun cneay-
eT "nycTton” unkn, Korga BCce nHavkarto-
pbl BolkNtoYeHs!. [1pyn HacTpolike ApKoc-
TN CBEYEHUSI NHOUKATOPOB perynupyer-
CAl OTHOWEHWE ANUTENbHOCTU Lukna
MHOUKAUMN K ONUTenbHOCTU “nycTtoro”
umkna. ApKocTb CBeHeHnsa nHaoukaTopa
yCTaHaBNVBaETCA B pexume nHAuKa-
UMM TemnepaTypsbl C NOMOLLIO KHOMOK
Down u Up. OgHOBpeMeEHHOE HaxaTne
ABYX 3TUX KHOMOK yCTaHaBNUBaeT Mak-
CUManbHYIO fpKocTL. HoBoe 3HaueHve
APKOCTN COXPaHAETCs B 3HEProHe3aBn-
cumoit namsaTn. ns cy6bekTMBHO No-
CTOSIHHOW CKOPOCTU U3MEHEHNSE APKOC-
TV B NMpOLECCe PErynnpoBKU NPpUMeEHeH
3aKOH PerynupoBku, 6nau3knii K runep-
6onmyeckomy

ns 9KOHOMUU NOPTOB MUKPOKOHT -
ponnepa K NMHUSAM CKaHUpPOBaHWUS
nogknioyeHa ewe u 12C Mukpocxema
flash-namatn U2. Linknbl ckaHupoBa-
HUA UFHOPUPYIOTCA MUKPOCXEMOU,
Tak Kak npencrasnaioT coboit yepeny-
iowmeca ycnosust "ctapt” mn "crton”.
Korga mMuikpokoHTponnep obmerusa-
€TCsl C MMKPOCXEMOW, UNKNbI CKaHW-
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namMeputenbHaa TexXxHUKa

POBaHUA NPUOCTaHaBNNBAKTCS.

MecTtHas knasuatypa ucnonb3yet B
Ka4yeCcTBE NUHUN CKaHUPOBaHUSA IMHUN
AaHHbBIX ANCMes a B Ka4ecTBe NUHUN
BoaBpara RL — NnopT MUKPOKOHTpONNE-
pa. CkaHupoBaHmne KnaBuatypbl npo-
UCXOOUT B LIKNAX CKaHUPOBaHUS ANC-
nnes.

BHEWHNI 1 BHYTPEHHUI AaTynku
TeMnepaTtypsl NOAKNOYEHBI K NOpTam
MUWKPOKOHTpONINEpa Yyepe3 3awmTHble
uenoykn. B uenn nutaHma QaTtynkos
BKNOYEHbI HeGoNbLUIME pe3ncTopbl Ans
3aWnTbl OT KOPOTKOro 3aMblKaHusa Ha
MHUAX TepmMomMeTpos. BHewHun part-
YUK NOOKMNIOYEH Yepe3 3-X KOHTaKTHbIN
3,5 MM pasbem, KOTopbIti 0ObIYHO UC-
nonbL3yeTcs ANA CTepecHayWwHUKOB.
BHyTpeHHW faTymK yCTaHOBNEH HEMno-
CpPeACcTBEHHO B KOpryce TepMomeTpa.
OAnH N3 faTiuNKoOB MOXHO HEe NOAKIOo-
YyaTtb. [Tpu oTCyTCTBYIOLEM OaTymKe Ha
VHAMKATOP BbIBOASTCH 4epTouKkn. [oa-
KloYaTb U OTKAYATL AATHUKN MOXHO
1 npn pabote TepmomeTtpa. Tepmo-
MeTp VHOUUMPYET Ha CBETOAMOOHOM
avcnnee TemMneparypy OAHOro 13 aar-
ynkoB. Bribop xenaemoro partyuvka
ocyuwectensieTcst kHonkoit Ext. Mpn nH-
[viKauum TeMmneparypbl BHEWHero aar-
ynka roput ceetroanon Ext. Cnycra 4
CeKyHAOb! NOCNe nepeknoyYeHns CoCTo-
siHMEe COXPaHAETCH B 3HEproHe3aBUCn-
MO NamaTn 1 aBToOMaTU4eCKN ycTa-
HaBNNBAETCH Npu cCneaylwemMm BKN-
YeHUN TepMoMeTpa. TepMoOMETp nUmMe-
eT pexuM aBTOMaTNHeCKoro nNepekxso-
YeHVsa nHAMKaunKn, korga Temneparypa
BHELWHEro U BHYTPEHHEro OaTYNKOB
nonepemMeHHo oTobpaxaeTca Ha WH-
Ankatope. Bknoyaercs aToT pexum
yaepxaHnem kHonkun Ext 6onee 0,5 ce-
KyHAb!. [py 3TOM ANNTENBHOCTL MHON-
Kaumn TemMnepaTypbl Kaxaooro aarymka
paBHa ONUTENbHOCTW  yAep>XaHusl
KHOMKM N MOXeT nexaTb B npepenax
0,5-25 cekyHa. Ee 3HavyeHne coxpaHs-
eTCsl B 3HEProHe3aBuCcUMo NamaTin

KopoTkoe HaxaTve KHOMKW BbIK/O-
YaeT pexuM aBTOMaTU4YecKoro nepe-
KNOYEHUS UHANKaUNA,

Boixon ynpaBneHus TepMocTarom
NOAKNIOYEH K 2-X KOHTAaKTHOMY 3,5 MM
pasbemMy. Ha aToM BhIxo4e yCTaHOBNEH
ABYXTaKTHbIN Kackag, Ha TpaH3ncTopax
VT4 n VT5. Takon kackan obecneynBa-
€T OQNHaKOBbIN BTEKAIOWMNIA 1 BbITEKA-
IOWMIA TOK 3TOT TOK OFpaHnyeH pe3nc-
TopoM R17 B uensax sawmnTtbl TPaH3UC-
Topos. Oba TpaH3ncTopa BKMOYEHb! NO
cXxemMe C obulMM aMUTTEepPOM, HTO NO
CpaBHEHNIO CO CXEMON 3MUTTEPHOro
rnosToputens obecneynsaeTr pasmax
BbIXOOQHOIO HanpsixeHns, 6AnM3knin K
HanpsHKeHUIO NMUTaHUA.

TepmocTaTt umeeT Asa Temnepatyp-
HbiX nopora: th1 n thO. MNopor th1 on-
pepensieT, Npu Kakoi Temnepartype
BbLIXOA, YNpaBneHust TepMocTaToM ne-
PEKNIoYNTCA B COCTOSIHWE STIOMM4EeCcKomn
eanHnubl. Mopor thO onpepenser, Npu
Kakon Temnepartype BbIXO[ Nepeknio-
YUTCSH B COCTOSIHNE NOrMYecKoro Hyns.
Ecnu noporu paBHbl unv BHELWHWIA AaT-
YUK TEMNepaTypbl OTCYTCTBYET, TO Tep-
MocTaT BbiknoyeH. lNpu aTomMm BbIXOA
BCE BPEeMs HaxoaMUTCAa B COCTOSHUN NO-
ruyeckoro Hynsi. NMoatoMy cxema yn-
paBneHna HarpesaTenem unm oxnanu-
Tenem AoMKHa ObiTh BbINOMHEHA TaKUM
ob6pa3som, 4To6bI CUrHANOM BKIOHEHUS
ABNANacb nornyeckasa egnHnua. B 3a-
BUCUMOCTMK OT 3HA4YEHUI NOPOroB BO3-

MOXHb! ABa pexuma paboTbl TepMo-
craTta: pexvMm HarpeBaTensi n pexunm
oxnagutens B pexume HarpeBatens
nopor th1 (nopor BkA4YEHUS) MeHblLLe
nopora thO (nopora Beikno4YeHNs). B
pexvmMe oxnagutens, HaobopoT, nopor
th1 (nopor BknioyeHun) 6onblue Nopo-
ra thO (nopora seiknoueHwn). Moporn
th1 n thO 3apaTcs ¢ TOYHOCTBLIO A0
1°C 1 MoryT nmeTb 3Hadenue ot -55 oo
+99°C. [ina 3apaHnsa noporos Heobxo-
AVMo HaxaTb kHonky Select. Mpn aTom
Ha nHOukKarope nosiBNAeTCs Haanuch
"th1", a cnycrtsa 2 cekyHAbl 3HaveHune
nopora th1. Tenepb ¢ NnomMowplO KHO-
nok Down 1 Up MOXHO yCTaHOBUTb Xe-
naemoe 3HayveHwne atoro nopora. Oa-
HOBPEMEHHOoe HaxaTne ABYX 3TUX KHO-
noK ycTaHaenMBaeT Nopor pasHbiM 0
°C. MNpu cnepyoLleM HaxaTum KHOMKK
Select Ha wHAvkaTope nosiBNAeTCH
Hagnucek "th0", a cnycta 2 cekyHab -
3Ha4veHue nopora thQ, kotopoe ycra-
HaBNMBalT aHanornyHo. Cnegyouwlee
HaxaTne kHonkn Select BoasspallaeT
TEPMOMETP B PEXUM NHANKALUNYN TEM-
nepartypbl. HoBble 3HayeHUs1 NoOporos
COXpPaHSIlOTCsl B 3HEpProHe3aBNCUMON
namsTn, NO3TOMy TepMocTaT Npoaon-
XaeT paboty gaxe nocne nepebos
3NeKTPONUTaHUS.

Pazbem Prg npegHasHayeH ans npo-
rpamMmMupoBaHus Mukpocxemol DS1821.
Mpy nporpammmnpoBaHum NCNonbayeT-
CS NINHNA AaHHbIX BHELWHEro TEPMOMET-
pa 1 BbIXOOAHOE HaNPsSDKEHWE BbIXOAA
TepmMocTarta (nutaHnem DS1821 HyxHO
ynpaenatb Npu NepeBoae MUKPOCXEMbI
13 pexnma TepmocTata obpaTHO B pe-
XM TepMomeTpa). MNoatomy npu Npo-
rPaMMUPOBaHNN BHELLIHUIN TEPMOMETP
W UCNONHUTENBHOE YCTPONCTBO TEPMO-
cTara QOIPKHbI ObiTb OTK/OYEHDI.

BrHumanue! [1nsa KOppekTHOro npo-
rpaMMmMpoBaHust TEpMOMETPOoB Tpeby-
eTca TovHoe cobntogeHne onMcaHHoM
HUXe nocnenoBaTenbHOCTU:

1. Tlepea nporpamMmmMmupoBaHuem
BHELUHWIA faTyuk Temneparypbl U Uc-
NONHUTESIbHOE YCTPOMCTBO TepMOCTa-
Ta QOMKHbI ObITb OTKNOYEHbI.

2. BHayane Heo6X0OMMO yCTaHO-
BUTb NOPOrn TepmocTarta, kak 6biio
onucaHo Bbilwe. YpOBHW curHana Ha
sbixoge DS1821 nocne nporpammupo-
BaHUsi OyayT TakMMW Xe, Kak 1 Ha Bbl-
XoAe ynpasneHus TepMoOCTaToM (ecnu
"th1” 6onble, yem “"th0", To byneT 3a-
NnPoOrpamMMnpoBaH BbICOKUIA aKTUBHbLIN
ypoBeHb 1 Hao6opoT).

3. MNMocne ycTaHOBKM MOPOroB Tep-
MocCTarta, korga TepMOMETP HaxoauTCs
B pexume UHAuKaLMn Temnepatypbi,
HeobxoaMMOo HaxaTb KHoMnKy Select. B
TOT MOMEHT, Korga Ha nHamkarope ro-
put Hapnueb "th1” nnn "th0" Hy>XHo oa-
HOBPEMEHHO HaxaTb KHOMku Down u
Up. Mpu 3ToM Ha nHOMKarope NossBuT-
cs Hapgnueb "Pr”.

4. Tonbko nocne 3TOro AaTyuk
DS1821, nognexawumn

cs Hagnueb “th” B cnyyae ycnewHoro
nporpamMmunposaHna garynka DS1821
B pexuMm TepmocTtaTta. B cnyyae Bos-
HUKHOBEHNA OWMNOKM HA MHAMKATOpEe
nosiensieTcs Hagnwuce “Err”.

7. 3ateM HeoOXoONMO OTKMOYNUTL
3anporpaMmMunpoBaHHLIN OaTymK
DS1821 ot pasvema ons nporpamMmmu-
poBaHus.

8. lNocne aTOro HyXHO Haxarb Ofi-
HOBpeMeHHO kHonkn Down u Up. TMpn
3TOM TEPMOMETP NepenpeT B PexXnm
MHAUKaUMmM TemMneparypsbl.

[ns Toro 4To6bl BepHYTL paHee 3a-
nporpamMmmupoBaHHbin gatunk DS1821
13 pexnma TepMmocTaTa 06paTHO B pe-
XUM TepMoMeTpa, HeobxoanMo ycTa-
HOBUTb NOPOru TepMocTaTta OAMHaKO-
BbIMU U NPON3BECTU ONUCAHHYIO Bbille
npouenypy nporpaMmmMmupoBaHmna. B
cllyqae yCnelwHoro 3aBeplieHns npo-
ueaoypbl Ha MHAVKaTope noaBnserca
Haanuces “rd"”, cuMBONV3NPYsi NepeBos,
DS1821 B one wire read mode.

Jina Toro 4To6bLl MOMEHATL MOPOrn y
paHee 3anporpaMMMpOBaHHOIO B pe-
XUM TepmMocTaTta pgatymnka DS1821, He
obazatenbHO nNepeBoanTb ero B pe-
XM TepmomeTpa. [locTaToyHOo npo-
CTO eule pa3 nepenporpaMmMupoBaTh
€ro B PeXuM TEPMOCTaTa, HO YXe C HO-
BbIMMW NOPOramu,

Ana nutaHua TepMomMeTpa Ucnons-
3yetca Hebonbwon TpaHcdopmarTop
T1 mowHocTelo 3-5 BT ¢ BLIXOAHLIM
Hanpsxernnem 8-10 B (nepemenHoe).
B kauectBe crabunuaatopa U3 npume-
HeHa Mukpocxema 7805 (KP142EH5A),
KoTopasa MoxeT padortate 6e3 pagua-
TOpa.

Mukpocxemy AT24C08 mMoxHO 3a-
MeHnTb niobon n3 papa 24C02
24C16 (KP1568PP1 He paboTaeT kop-
PEeKTHO NpV NCNONb3OBaHUN NUHNIA
CKaHupoBaHusa B kavectee SDA wun
SCL!). TpaH3nCcTOpbl MOXHO 3aMeHUTb
NoOLIMU  MaNOMOUWHBIMU, Hanpumep
KT3102, KT3107. B kavecTBe nHguka-
TOPOB MOXHO MCNOJb30BaTh Ntobbie ¢
obwmm aHogoM. BaXHO TONLKO, 4TOO.I
oHu obnaganu AOCTATOMHOW SIPKOC-
TbiO

McxopHble TeKCTbl N ABOUYHLIN
davin nporpamMmbl MUKPOKOHTpONNEpa
ANA BaHHOro yCTPOMUCTBa QOCTYMNHbI NO
appecy www.platan.ru/shem/

Jlutepartypa:

1. System Extension Data Book,
Dallas Semiconductor

JNeonup Punaouko
wubblick@yahoo.com

nporpaMmMmUpoBaHUnIo
MOXHO MNOOKMOuUTL K
pasbeMy Aans  npo-
rpaMMnpoBaHUs.

5. Nocne noaxnto-
YEHNS1 AaTymKa HyXHO
3anycTuTb  npouecc
nporpaMmMmnpoBaHus,
A1 4ero HeoB6xoauMo
HaxaTb KHONky Select.

Pepnakuuns xypHana “CxemoTtexHuka”
npurnatlaeT aBTopoB K COTPYAHMYECTBY.
Bce nybnukyembie matepuarb

Ten.: (095) 737-9279, 768-9456
e-mail: shem@compitech.mtu-net.ru

onnadymeatoTCH.

6. MNocne nporpam-
MUWPOBaHWA HA NHAMKaTope NOSsIBNSEeT-

M
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BbiOOpP KOMMNOHEHTOB A4
cucTem BBoaa/BbiBoga
aHaNIoroBbiX CUrHaJioB

1. BbiGop pe3ucToposB
| Ia BbLICOKUX vactoTax (Bbiwe 10

KL 1 B NepeknovaTenbHbiX pe-

xunmax) cneayer mnsberarb npu-
MEHEeHMNs1 Bbl-COKOOMHbIX Pe3NCTOpPOB
(100 kOm 1 Honee) 13-3a BAMAHNA Na-
Pa3nTHbLIX EMKOCTEMN.

Ecnn npumMeHATCa AUCKPEeTHbIe
3NEeMEeHTbI, TO Jlyylwe UCNo/b30BaTb
METaNNONNEHOYHbIE PE3NCTOPbI N 13-
6eraTe NPUMEHEHUS YIroIbHBIX KOMMO-
3UTHBLIX 1 MPOBOMOYHBIX PE3UCTOPOB
[1, c.160]. 370 cBA3AHO C TEM, 4TO Me-
TannonNNeHo4YHsLIe Pe3NCToPbl UMeEKT
MeHbLIVe TemnepaTtypHble Koadguum-
eHTbl (nopsaka 50-10E-6) un nyHwyto
BPEMEHHY0 CcTabunbHOCTb, a MpPOBO-
NOYHbIE PE3NCTOPLI NMMeT Bonblyto
napasnTHyYld WHOYKTUBHOCTb W €M-
kocTb [11, ¢.15]. Ecnn ana HopManb-
HOWM paboThbl CXEMbl BaXHO OTHOLUEHNE
COMPOTUB/IEHNIA PEe3NCTOPOoB (Hanpu-
Mep, B AeNUTEeNAX Hanpshkerus), Bbl-
6upalite peancTopbl B OQHOM Kopnyce,
¢ TeM 4To6bl KOMNEeHCNPOoBAaTb UX TEM-
nepartypHble apendsbi.

2. BbiGop KOHOEHcaTopoB

MmasHbIMY TPEeBOoBaHUAMN K KOHAEH-
caTopamM WHTErpupoBaHnNs, XpaHeHUs
HaNpPAXeHUA ABNAIOTCA BbICOKOE CO-
NpoTUBNEHWE U3oNALUUN 1 Manasi Ans-
nekTpnyeckaa abcopbums. Kavectso
N30NAUNN XapaKTepn3yeTcsi NOCTORAH-
Hol BpemeHu (MOm - Mkd), a Benuun-
Ha abcopOupyemoro (T.e. cBA3blBae-

S
= o—Hh——o

Puc. 2

MOro OAMaNeKTpukoM) 3apsaa Mnpueo-
autea B npoleHTax. Kak BWAHO 13 npu-
BeleHHON  Huxe  Tabnuubr  [1,
c.192,c.303; 8, c.12; 11, c.159-162],
HaunyywnMn ABNAOTCS GTopOoNNacTo-
Bbie 11 NONUMPONMUIEHOBbIE KOHOEHCA-
Topbl (Ha3BaHWe No Marepwany guane-
kTpuka). MonnctnponbHble KoHAeHca-
TOpbl YYBCTBUTESNbHbI K TMneperpesy
(makcumym 70°C), nonamcTupon npu
HeakKkypaTHOW narke MOoXeT pacnna-
BuTbes [1, ¢.160].

3. BbiGop 3aLMUTHbIX
ANoAoB

Ans 3almThl aHaNoroBbix BXOO0B U

+U
%s
o} 2
IN i{l | H ouTt
o p——t H 1
N !
o e ey —u
Puc. 1
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BLIXOAOB OT NepeHanpsXeHUA 0ObIYHO
NPUMEHSIIOT PE3NUCTUBHO-ANOAHbIE Or-
paHnuuTenun (puc.1). Quoa, BkNoHeH-
HbIi MeXAy aHanoroBbiM BXOAOM W
LWMHOW NUTaHWsl, orpaHnynBaeT BXoa-
Hoe HanpshkeHne Ha ypoBHe “Hanps-
XeHMe NUTaHuA + NpsIMoe NaaeHne Ha-
npaxeHna Ha Aauope”. Peauctop,
BK/IIOYEHHbBI NOCNeAoBaTeNbHO B Lienb
BXOAHOro curHana, orpaHuunsaer
BXOAHOM TOK. Heobxoonmo NMoMHUTS,

TOM 4acToThi [2, c.16]. 31O BaxHO, Tak
kak AUN nutaetca ot DC-DC koHBep-
TOpa, FreHepupPYIOWEro BLICOKOYACTOT-
Hble MyNbCauny HaNPsXXeHN NUTaHna
AUMN. MNosTomy HeobxoanMO:

- U30NNPOBaTb BLICOKOOMHBbIE aHa-
JIOroBble BXO/b! OT WWH NUTaHnA 3Kpa-
HOM, COEIMHEHHbLIM C BbIXOA0M MOBTO-
puTens curHana, a B cry4ae oTCyTCT-
BUA BbLIXOAA NOBTOpUTENsa - ¢ obwein
LUNHOWM @aHanoroBbLIX CUrHanNoB;

- pasnensaTe WWHbI NMTaHus aHano-
roebix U UMPPOBLIX 3NE€MEHTOB, und-
POBYIO 1 2aHANOrOBYI0 06WME LWNHBI CO-
eVHATL B OAHOW TO4ke - Yy BbIXOAA
€[VIHOro UCTOMHUKa NuTaHus nubo y
ALMN npu pasgenbHbiX UCTOYHUKaX NN-
TaHus;

- yCTaHaBNMBaTb UHAMBUAYaSIbHbIE
RC-¢dunerpul nutanna (100 OmG,1

Tabnuua 1
A6copbuns, MocTosHHas
Tun ananekTpuka MOM X MKeD BpeMeH MNpumep
Nonunponunex 0.01...0.05 10000...100000 K78
®dToponnacTt 0.01...0.1 10000...100000 PdT, K72
Monuctupon 0.03...0.1 1000...10000 M, K70, K71
MonuaTunerTepedtana | o, g 1000...10000 K73
T (nascaH)
Monukap6oHat 0.4...1.0 1000...10000 K77

4TO AONYCTUMOE NOCTOSIHHOE BXOAHOE
HanpsXXeHNe OrpaHNYyeHO OTHOLLEHN-
€M COMNPOTUBNEHUS OFPaHNYUTENBHO-
Fo pe3ncropa K BHYTPEHHEeMYy COonpo-
TUBNEHUIO UCTO4YHMKA nutaHma AL,
EMKOCTb BbixOAa WUCTOYHMKA NUTaAHWUA
AUMN gonxHa ObITe AOCTATOYHON, YTO-
6bl NOrNOTUTL UMAYNbCHBLIE MepeHa-
NpPsXEHUS.

OrpaHnunTeNbHbIE ANMOALI AOMXHbI
MMeTb MUHNUMaNbHBIA TOK YTe4YKH, 4To-
Obl HE YMEHbLIATb BXOAHOE CONpoTUB-
nenne ALIN MoXxHo ncnonb3oBarb Avi-
ofbl C Mafon YyTEYKON, HanpumMmep Tuna
ID101 dupmbl Intersil ntnn 1N6099 [10,
c.9-6]. NoaToMy B KayecTBe ANOACB
NCNONL3YIOT Nepexoabl 3aTBOP-UCTOK
NoONEBbIX TPAH3UCTOPOB (puc.2), Tokn
yTeyeK KOTOpbIX 04eHb Masbl (AeCATKN
nukoamnep) [1, ¢.303; 9, ¢.247]. Hawe
BCEro WNCAONb3YT TPaH3UCTOopbl
2N4117A [1, ¢.303] (6bnnxainwnii aHa-
nor 2N303r), J201 {9, c.247].

Mpy npoekTnposaHuu GbiCcTpoaeii-
CTBYIOLWMX CXEM, MEHEee KPUTUYHbLIX K
TOKaM yTeuvykm MOXHO, WCNOoMb3oBaTb
avoast LLoTTkn, Tak Kkak OHW UMeloT
Manoe npsiMoe NaaeHne HanpsHKeHN -
okono 0,4 B — n cywecrtseHHo 601b-
Y0 4acToTy NepekntodeHna Heobxo-
OMMO Yy4nTbIBaThb, 4TO HEKOTOPbLIE ANO-
bl ¢ 6apbepom LLIOTTKM nmetoT manoe
ponyctmmoe obpartHoe HanpsiXeHue
(meHee 10 B).

4. NapameTpbl onepaum-
OHHbIX ycunurtenemn

B kauecTBe npenBapuTenbHOro
ycunutens Ha exoae ALIM pomkeH npu-
MEHSITLCA MHCTPYMEHTaNbHbINA yeunn-
TeNb C ManbiM BXOAHbIM TOKOM U1 BbICO-
KNMU 3HaYeHusaIMn kKoadpbdUUnMeHTOB
ocnabnenusi cuHbasHbiXx CUrHanos
(KOCC) n unameHeHuir nutanmsa (KO-
). HanpsxeHua cMmewenns n gpeii-
da Hyns cywecTseHHbl Ana cxem ALLM,
HE MMEIOWMX CUCTEMHON Koppekunn
Hyns O6paTtuTe BHUMaHWE Ha TO, 4TO
KOCC n KOWIM pes3ko napatoT € poc-

MK®D) Ha Kaxayto aHanoroByto MUKPO-
cxeMy (B HEKOTOpbIX Cny4yasx MoryT
notpeboBarbca LC-punbTphbl).

YmenblueHne KOCC nerko yctpaHs-
eTcs hunsTpaumein BXoAHOro curHana
RC-uenoykoi.

JlutepaTtypa
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KOHKYpC uaein

OanTHbIX PAANO3NEKTPOHLMKOB HEPEAKO NOCELaOT NPEKPACHLIE naeu, pea-
nn30BATL KOTOPLIE UM O TEM UMUK UHBIM NTPUYUHAM HE YOQAETCA HET Cu1N, BpeMeHu,
WK NpPocTo He xsataer cpepcts. [NpuunHa npocra: usobperarensm yacto Geiea-
€T CIIOXHO HOUTK TOTO, KTO NOMOT Bbl MM PEanU30BaTL MX uaeu. MapecTHele Ham
XYPHQMB N0 POAMOINEKTPOHUKE NIPUHUMAIOT K NyBAMKAUMM TONMBKO rOTOBLIE CXe-
MOTexHnyeckune Y3nbl 1 KOHCTPYKUMN. TOK 4TO e KTO-TO 3ax0o4eT NoAeNnUTbCs
NPULLEALIEN K HEMY Maeen, emy Heobxoaumo ByneT NpeaBapuTeNsHO BONAOTHT
€€ B 5kM3Hb. A HO 5TO KOK PA3 M HE XBATAET HU CUI, HU BPEMEHM. 3aMKHYTHIN kpyrl

Hasaiite nonutaemcs  pasopeate  3TOT  kpyr. Pepakums  xypHana
"CxemoTexHuka” NpU3LIBAET BCEX, Y KOFO ECTh UHTEPECHDIE UAEW, MORENUTLC UMM
C yuTaTENsIMM HAWEro xypHana Te uaeu, kotopsie ByayT NPeRcTaBaTL UHTEPEC
ans uutateneit, GyayT nyGnMKOBATLCA M ONNAYMBATLCE TAK XE, KAK M CTaTbU C
3aBepLUEHHBIMK PA3PaboTKamm 1 KOHCTRYKUMaMi. Mol nnanupyem nyTem onpoca
yuTaTenei onpeaeniTh fYHWYIO MACIO TOAA M HAMPAXAAThH €€ ABTOPA LEHHbIM
noaapkom. A B KavyecTBe “3aTpaBku” Npeanarcem Bam NEpBbI M3 TAKMX
matepuanos. Ecnu kTo-To 13 Bac BOCNOAb3yeTcs um W BORAOTUT 3Ty maeio "B
xenese", Mbl C pagocTbio onybarkyem Baw matepuan.

1001-e 3apaaHoe
YCTPOUCTBO

Llinpokoe pacnpocTpaHeHne ycTPoICTB C aBTOHOMHbIM NUTaHUEM: 8y~
Avonneepos, NOPTaTUBHBIX N3MEPUTESbHLIX NMPUBOPOB CHUCTEM OXPaHbl —
MPUBENO K CTOJb XE LLIVMPOKOMY PacrpoCTPaHEHMIO NasbY1KoBbIX baTape—
ek 1 akkymynsTopos. [locnegHve, npasaa, HECKObKO [OPOXe NepBbiX U
YCTYNatT UM B EMKOCTU, HO MNPV VUCTIOb30BaHUN aKKYMYSATOPOB BaM He
npuxoauTCs uX BblOpackiBaTe Nocre paspsaaky v NAatuTe 3a HOBbIE: 40—
CTaTOYHO LU NMOCTaBUTL WX Ha NoA3apsaKy. [103ToMy peiHOK aKKymMyrisi—
TOPHbIX 38psAHLIX YCTPOVICTB Pa3BUBAETCSl 4OCTaTo4HO 6ypHo. a v ana
panvoniobuteney ata Tema nepectana bbiTb PEAKOCTLI0.

3HaKOMUBWUCL C pekomMeHaa-

uusamm no ncnonb3oBanmo NiCd

1 NiMH akkymMynsiTopos umpo-
KOro npumMeHenuns ot dupm GP, Pana-
sonic 1 Varta, a Takxe ¢ ONMcaHnamMm
4yTb NN He [JecaTka 3apsafHbIX YCT-
PONCTB /191 HUX, ONYONNKOBAHHBIMWN B
nocnegHue roapl B CNpaBOYHON U ne-
prnoanyeckon nutepatype no pagmo-
AMeKTPOHNKE, MOXHO CAenaTthb BbiBOA,
4TO aBTOpbl 3TUX Pa3pabdoToK NAoxXo
3HaKOMbl C COBPEMEHHbBIMY PEKOMEH-
AaunaMn KpyrnHenwmnx npoussoauTte-
nein NoA06HLIX akKyMyNATOPOB NO pe-
Xumam ux akcnnyatauuu. OaHako
npexage 4em U3NoXuTb 3TN PEKOMEH-
Aauvn 1 BO3HMKIWINE B MNpouecce mnx
n3yueHusa coobpaxeHns o TOM, Kak
HYXHO fenath 3apsifiHble YCTPOWCTEA,
X0O4y NO3HAKOMUTL YUTaTenen ¢ AByMA
MOYYNTENbHEIMU Cly4asaMn 13 Moewn
NpaKkTyKW.

MNepsbin Npounsowen NPUMEPHO rog,
Hasapg. MHe noHapo6unock B OAHOM 13
YCTPONCTB NPUMEHUTb aKKyMyNsiTOPbI
Tunopa3mepa AA (anemenTt 316), C
MaKCUManNbHO BO3MOXHOWN €MKOCTbIO.
B opHom 13 marasuvHos, cneuvanuan-
pylowmxca Ha npogaxe noaobHon
npoaykumn, A npuobpen 4 akkymyns-
Topa Sanyo emkocTtbio 1,5 A-u. MNpo-
fasubt ybeamnun MeHst B TOM, 4TO Hawe
poaHoe nonytopaaonnaposoe 3apsf-
Hoe ycTpowncTteo 3Y-01M He B cocrTon-
HUN HOPManbHO 3apAaNTL 3TN aKKyMy-
NATOPLI, U yropopunu npuobpectu 25-
[I0NNapoBoe UHTeNnneKTyanbHoe 3a-
paaHoe yctponcTtso ot GP.

3apaave npnobpeTeHHbie akKymy-
natopsl 3Y ¢npmbl GP, 51 Harpysun umx
TOoKOM 200 MA 1 yGeguncsa 8 TOM, 4TO
X eMKOCTb OEeWUCTBUTENIbHO COOTBET-
CTBYeT 3asBIEHHOWN: nx xBaTuno 6onee
4em Ha 7 yacoB paboTbi Ha Takylo Ha-
rpy3aky. KoHe4yHo, MOXHO 6bino 6bl Ha

3TOM OCTaHOBUTLCA. HO 5 BCTAaBMN UX B
npecnosyTtoe 3Y-01M v nposen 20-4a-
COBOW LMKN 3apsaku 90-munanamnep-
HblM TOKOM. Pe3ynbrat MeHsi NpocTo
nopasuf. nocne Takow 3apsaku nx
XBaTU/IO Ha Te Xe CeMb C NULLIHUM Ya-
coB nNpn ToM xe 200-MunnnamnepHoOM
Toke Harpy3sku. Beisog Nel: n 25-aon-
naposoe 3Y ot GP, u nonyropagonna-
poBoe 3Y-01M 3apsixkalT xopowwne
aKKyMYNATOPbl OAVWHAKOBO XOPOLO,
NoOakKTU4eCKNn 00 OAWHAKOBOW eMKOoC-
™, ApUYeM TOW, KOTOpash 3asBneHa
nponssoauTenem.

BTopon cnyuart nponsowen cnycra
napy mecsues. MHe HyXHO 6b1110 Npu-
obpectn napTnio akkyMynaTopos AA
emkocTbio 500...700 MA'4. Ha MUTUH-
CKOM pblHKE MHe nonanacb Kopobka
aKKymynaTopoe sikobel oT Panasonic

eMkocTbio 1,1 A4, npuyem no BnosHe
npuemnemMon uene. MNpoaaeeu cpasy
npenynpeann MeHsa, 4To ToBap "ne-
BbI”, HacTosWMM Panasonic'om 1 He
naxHeT, Ho npumepHo 750...800 MA-4
OHW JO/MKHBI faTb.

3apspne akkyMynsiTopbl NPy NOMO-
wn GP, 5 uamepnn ToK 1 Bpems pasps-
[a, U C rpycrbio KOHCTaTUpOBan, 4TO
oHW eaga TaHyT Ha 300 MA'4. Pagn nH-
Tepeca s nonpoboBan 3apsanTb UX B
3Y-01M - peaynsraT okasanca Tem xe.
A1 NpeanonoXxun, 4TO BCEMY BUHOW
npecnosyTin ahPekT NamsaTn, OCHO-
BaTeNIbHO Pa3paaun akKymynsTopbl,
nocne 4ero 3apsann Mx cHoea — BCe
6e3ycnewHo. HXW K yemy HOBOMY He
npueena v Mosi NONbITKa 3apaanTb NX
3HakonepemMeHHbIM TokoM: 300 MA'Y, 1
Bce. BuiBon Ne2: n 25-pnonnaposoe 3Y
ot GP, n nonytopagonnaposoe 3Y-
01M 3apsaxaloT nnoxme akkKymynaTopbt
OfINHAKOBO MNOX0, NPakTU4Yecku A0
OOHOW N TOWN Xe& eMKOCTW, MpuyemM B
HECKONbLKO pa3 MeHbLEe YKa3aHHOW Ha
3TUKETKE.

Co6CcTBEHHO,  BbILEYNOMSAHYTHIE
BbIBOAbLI B NEPBOM NpUBANXEHUN CHN-
MaloT BONPOC O 3apsgHOM YCTPOWCT-
Be: nokynante Hepoporoe 3Y-01M c
XOPOWWMN, HEe "NeBbIMN”, aKKYMYNATO-
pamn n y Bac He ByaeTt HUKaKmx Npo-
6nem. ToyHee, nNouTU HUKakmx. OfHa
BCE Xe eCTb — ANnTeNbHoe Bpema 3a-
psokn. Onsa nameputenbHoro npubo-
pa, He UCNoNbL3YEMOro B HOYHOE Bpe-
MS, 3TO HEMPVHUMNNAJILHO: NOCTABUA
aKKyMyNsiToOpbl HA HOYb Ha NOA3APAAKY,
v YTPOM OHN yXe roToBbl. Ho, Hanpun-
Mep, ANA nonb3oBaTeneit NNeepos,
10-4yacoBo nepepuiB HA NMOA3aAPALKY
CNNWKOM BEMMK. [103TOMY €CTb HeYTo,
4TO MOXET KOHKYpuposaTtb ¢ 3Y-01M,—
3apaaHoe yCTpPOUCTBO, NO3BONALLEee
3apaavTb akKyMynsiTopbt He Bonee Yem
3a 1-2 yaca. Pazpabotka 3apsgHoro
yCTPOWMCTBA, Npecneaylowero He aTy, a
Kakylo-HMOyab Opyryto uens — Hanpu-
mep, 3apag nepeMeHHbIM TOKOM C Me-
HAIWVMNCA B LWNPOKUX nNpenenax
ONNTENBHOCTAMU U BENUYUHAMN TOKa
3apsiga u paspsiga v T.4.,— BpPA4 v
3KOHOMNYecku 06oCHOBaHa.

Wrak, 3apaya scHa — [ocTatoyvHO
npocToe 1 geweBoe 3apsaHoe yCT-
POWMCTBO, KOPPEKTHO 3apsixaloulee ak-
Kymynatopbel 6onbwivmM Tokom. Kop-
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PEKTHO — 3TO TaK, KaKk PeKOMEeHAYIoT
NPON3BOANTENN aKKyMYyNATOPOB, a He
nccneposarenu-nobutenn. Y 3nece
HacTana nopa NO3HAKOMUTBCHA C TeM,
4TO Xe NeNCTBUTENbHO PEKOMEHAYoT
GP, Varta, Sanyo n gpyrue npovssoaun-
Tenu cospemenHbix NiCd v NiMH akky-
MYNSITOPOB.

Ha puc. 1 npueepeHa guarpamma
sapana unnmngpudeckux NiCd akky-
MYNATOPOB, B3ATas 13 AOKyMeHTauumn,
npepocrtasnaemoin pupmont GP, a Ha
puc. 2 — aHanoruynas ana NiMH. Cxo-
XU BUA UMEIOT 3TN guarpammbl 1 ansa
LUMNMHOPUYECKUX akKyMYNATOPOB ApY-
rux npoussoamutTenen. Ha npuBeneH-
HbIX NANKCTPALUSX OTY4ETINBO BUAEH
"rop6” 8 obnactu 100%-ro sapsapa:
Koraa akKymynaTop 3apsXaeTca Ao
emkocTn, Ha 10...20% Bbilwe HOMW-
HaNbHOM, HANPAXEHNEe Ha HeM BHava-
ne sospacTtaeTr Ha 50...100 mB no
CpaBHEHNIO C HANPS>XEHMEM NPW 3apa-
e A0 HOMUHANLHOW €MKOCTH, a 3aTemM
cHuxaeTca Ha 30...60 mB. MNpu atom
OTHOCUTENbHASA BENUYMHA YNOMAHYTO-
ro "rop6a” gna NiMH akkymynatopos
HecKoNbKo HUXe. Yem ana NiCd.

Tam xe, Ha pucyHkax 1 v 2, Hanuca-
Hbl pexomeraaumm no GeicTpomy 3aps-
ny (fast charging) — ToK 3apsaa MoxeTt
66Tb BbIBpan or 0,3...0,5°C po 1°C,
npaBaa, Npu Temneparype OKpyxXato-
wen cpenpl He Huxe +20°C (npu 10°C
He peKkoMeHOyeTcsl TOK 3apsifa sbille
0,3°C, no kpanHeit mepe, ansa NiCd ak-
Kymynatopos). C — 3TO TOK 8 MUnInam-
nepax, YYUCAEHHO PaBHbLIN HOMWUHAanNb-
HOW eMKOoCTW B MA 4. InA akkymMynaTo-
POB C HOMWHANLHOMW E€MKOCTbLIO, Ha-
npumep, 1 Ay, Tok 3apaaa 1°C cocras-
naet 1 A, 0,3°C —- 300 mA.

Janee o6paTtmMm BHUMaHWE Ha cne-
aywouwee. GP pekomeHAYeT 3apsixaTb
aKKyMyNATOpbl 6ONLWWUM TOKOM C He-
NpepbLIBHbIM KOHTPOJIEM HANPSXEeHUA
Ha akKyMynsaTope 1 npekpawarb 3a-
pAAKy, Korga OHO NPOMAET Yepes3 Mak-
cuMmyM n cHuautest Ha 10...15 mB B
CpaBHEHNU C MaKCUManbHbIM 3HaYe-
Huem. NoMKMO 3TOro, peKoMeHayeTCs
KOHTpONMpoBaTb TemMnepartypy Kopny-
ca akKyMynaTopa v npekpawiarb 3a-
psin, ecnu ona npesblcut +55°C (no
KpanHen Mmepe, MMEHHO 3TO 3HaveHue
ykasbiaetcs ana NiMH akkymynato-
poB). Kpome toro, ans NiMH akkymy-
NATOPOB AONYCTUMO MOcse Npekpate-
HUA OLICTPOro 3apsaa NPOBECTY OKOH-
yaTensHyto nNoas3apaaky B TevyeHue 2
yacoB TokoMm 0, 1°C unn B TeweHue 1 ya-
ca Tokom 0,2°C. MNpuyem npu 3TOM He
yKa3biBaeTCA HUKaAKNX KOHKPETHbIX
3HAYEHUI HanpsHKeHUsi, COOTBETCTBY-
IOLLEro NOSIHOCTbLIO 3aPSKEHHLIM aKKy-
MyNATOpaMm.

Taknm obBpaszom, 3apsaHoe yCTpon-
CTBO A0/MKHO HE TONbKO (opMNpOBaTL
Tpebyembiil TOK, HO U KOHTPONNPOBaTb
TeMnepaTypy Kaxa0ro na sapsixaemblx
aKKyMYNATOPOB, ANHAMNKY N3MEHEHNSA
HaNPSYXEHUA Ha KaXKaoM U3 HUX, onpe-
AenaTb MOMEHT, KOraa HanpsxeHne Ha
aKKyMyJIATOpE MpoLNo Yeped Makcu-
MYM U CHM3UNOCb MNOcfie 3TOoro Ha
10...15 MB, BKnio4aTh U BbIKNOYaTb TOK
3apsina. KoHeYHo, MOXHO BCe 3TO pea-
NM30BaTb HA @HANOroBbIX 1 LMPPOBLIX
MUKpOCXemMax Mafiol n cpegHen cre-
NeHn MHTerpauumn, HO Npu 3TOM OHO
NONYYNTCA YPEe3BbIHAMHO CIIOXHLIM.
lfopasno npolle Ncnonb3oBaTb MUKPO-
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KOHTpONNep €  MHOroKaHanbHbiM
10...12-pa3paaneiM ALM n UATT om,
Hanpumep, AduC812 unn emy aHano-
rMYHBINA. 8 N3MepseMbIX KaHanoB no3-
BONAT cpady Ha 4-x akKyMynmaTopax
KOHTPONMMPOBATbL U HanpsaxeHwe, U
Temnepartypy. OaHako Takoe peleHne
[0BOMBHO O0pOroe: caM KOHTponnep
ctout okono 20 gonnapos, Aa u otna-
[OYHbIE CpefAcTBa K HEMY OTHIOAb He
peulessbl.

Takxe Bpsa N1 Npuemnem BapuaHT
MWKPOKOHTPO/INEPA U MHOTOKaHA/TIbHO-
ro ALM, nanpumep, napa AT89C2051 n
MAX186. KoHTponnep aocrato4Ho ne-
wes, HO Npo AL atoro He ckaxeuib.
HenamMHoOro aewesne o6xoauTcsi nc-
nons3oBaHue opgHokaHanbHoro AL
(Hanpumep, MAX187) ¢ aHanorosbim
KOMMYTaTOpoM. K coxaneHuio, Haintn
xopownit AUN pewesne 4yem 3a 10-12
[ONNapoB Bpsg N BO3MOXHO, a8 yX
MHOIOKaHa/IbHbIi — 1 BOBCE Hepeasib-
HO.
Pasaymbisas Hag aTow npobnemoii,
st BCnoMHun, 4to net 10 Ha3an, He pac-
nonarasg XopownMu MOHONUTHLIMWU
ALM, Mbl peannaosbiBany NX ¢ NCMNoJb-
30BaHueM MuUKpokoHTponnepa, LAM n
KoMnapaTopoB. [pn 3ToM YeTbipexka-
HanbHbin AN Tpe6osan 0AHOro KOH-
Tponnepa, oaHoro UAIM n yetwbipex
KOMNapaTopos, 8-kKaHanbHbIl — TOro
xe koHTponnepa ¢ LIAMT'om 1 8 komna-
patopoB, u T.A. B HacToswee Bpemsa
10-paspsigHbii LIAM 572MNA2 Bce ewe
He aBnaeTcsa AedUUMTHBIM, Aa 1 ueHa
ero 6onee Yem Npruemnema — Ha ypos-
He 0,5 ponnapa. Takxe Heaoporn N He-
nedununtHel 554CA3. Takum o6pa3om,
C Ucnonb3oBaHUeM 3TUX OTEHECTBEH-
HbIX MWKPOCXEM ¥ KOHTponnepa
AT89C51 MOXHO co3paTtb 4-KaHasb-
Hblr ALIN He popoxe 4 — 5 gonnapos,
apuyeM B 3Ty CyMMy BXOOUT M CTON-
MOCTb KOHTpOAnepa.

Ha puc. 3 nsobpaxeHa cxema npea-
naraemoro ycrpoincTea. 3apaHee oro-
BOPIOCh, HTO 3TO HE FOTOBOE YCTPOUCT-
BO, a "nonydabpuvikar”, KOTOpbIA MO-
XeT coaepxaTb HeKoTopble OLwnbKn,
06bIYHO OOHapyXMBaeMble N YCTpaHs-
emMble Npy oTnagke. HYacTb MUKPOCXeMm
(LWAN DD2, xomnapatopbl DA1-DA4,

QY DA5) nsobpaxeHol cxemMaTnieckm,
OOHAKO CyTb nagewn oyeBnaHa. Mukpo-
KOHTpONnep GopMnpyeT Ha LUDPOBLIX
sxogax UAMN kop, nocneposatenibHO
BospacTatowmii or 0 go 1024, n nocne
KaXaoro yBenuYeHua Kofa aHannan-
pYeT COCTOsiIHMEe Komnapatopos. Mo-
MEHT U3MEHEHUA TEM NN NHBIM KOM-
napaTtopomM CBOEro BbIXOAHOIO Hanps-
xenua pukcnpyetca. Ko, BbloaHHbIN
Ha LLAM B 3TOT MOMEHT, 1 ABNSIETCA pe-
3ynNbTaToOM N3MEPEHUS KaHana, komna-
paTop KOTOPOro nepetuen n3 eanHNLb
8 HOMb. ONopHOEe HanpskeHne, NOAaH-
Hoe Ha LAN, paBHOo 2,5 B, noatomy
epnHuua  M3P  cocTtaBnsier 2,5
B/102472,5 mB. Takmm o6pasom, CHU-
XeHne HanpsXeHUst Ha akKkymMynsitope,
pasHoe 10...15 MB, coctaBnsneTt 4 — 6
egnHny, M3P 1 moxeT ObiTb HafeXHo
3apPerncTpupoBaHo.

YCTpONCTBO paccunTaHo Ha 3apsag-
Ky 2 aKKyMynsiTOpOB, 4TO ofpefeneHo
4UCNOM BBLIBOIOB KOHTponnepa. B
NpUHUMNEe, BO3MOXHO cAaenatb ero u
Ha 4 akkymynaTopa, HO NpuaeTcs cra-
BUTH AONONMHNTENbLHLIE PErnCTPbI.

NoMuMo y3na namepeHnss BaxHY1O
ponb urpaet ysen GopMupoBaHua To-
Ka MpoTeKalwero Yyepes 3apsxae-
MbIlA akkymynaTop. Ha cxeme aT10 co-
BEpLUIEHHO MAEHTUYHBbIE y3nbl A1 n A2.
K HUM npegbaBnsiioTcs cnepylowmne
TpeboBaHuA. Bo-nepBbiX, OHW AO0MKHb
6bITb B COCTOSSHUWN Pa3psikaTtb akKymy-
naTop Tokom 50...100 MA ansa HerTpa-
nusaummn addekta namatu. Bo-BTO-
PbIX, OHW O0/MKHLI 3aPsXKaTb akKyMyns-
Top GonbwuM TOKOM (Lenecoobpas-
HbIMW BeNNYMHLI Toka 700 MA, 1An 1,5
A; KOHKpeTHoe 3HaveHue Bbibnpaertcs
nonb3oBarenem nepes, Hayanom 3a-
PAOKM B 3aBMCUMOCTW OT TuMna 3aps-
XaemMoro akkymynsatopa). B-tperbux,
OHW OMXHbI ObiTb B COCTOAHUK N03a-
pAXaTh akKyMynsiTopbl HebGonbWNM To-
kom nopsgka 50...70 MA. B-yetsep-
ThIX, OHM AOMMKHbLI UHONLMPOBATb, HTO
UMEHHO [EeNaeTcsi C aKKyMyJISiTOPOM:
paspsixaeTcs M OH, 3apsxaercs
6onblLIMM TOKOM UNKM Ao3apsixaercs
ManbiM. Y1 B-NATbLIX, OHWU OOMXHbI CO-
nepxarb TePMOAATHNK, KOHTPOMNPYHO-
wnin  Temnepatypy akkymynatopa.
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Kpome Toro, OHY [0/1KHbI yMETb onpe-
OENATb  YCTaHOBNEH akKKyMynaTop B
rHe3no Unn Her.

M3o6paxeHHbIt Ha cxeme y3en Al
YAOBNETBOPAET BCEM NEPEHUCNEHHBIM
TpeboBaHuaM. Paspag akkymynatopa
OCYLLIECTBNAETCA TpaH3ucTopom VT4,
npu atom VT3 n VT1 aonxHsbl 6biTh 3a-
KpbiThi  TOK paspsapa onpeaensertcs
HOMWHanoM peaucropa R9: Ipasp =

k R17

K Touke B cxembl

Puc. 4

600 MB/R9"75 MA. BkmioyeHne Toka
pas3psna ocywecTsasercs nopadven
€NHNYHOrO YPOBHSI HA HUXHWIA NO
cxeme BbiBoA pe3uncTtopa R16, BuikNio-
YeHne - nogayeil Ha Hero HyneBoro
YPOBHSA.

3apan 60nblLWKMM TOKOM OCYULECTB-
naert Tpanaunctop VT1 (KT8166, ycra-
HOBNEHHbLIA Ha paguaTtope). 3HaveHue
TOKa, 3apsiXaloulero akkymynaTop,
paBHO oTHoWweHuto 600MB K HoMuHany
pe3ncropa, NoAKMOYEHHOro K aMnTTe-
py VT1 (R1, R2 unn R3). MNMpwu 3apsage
6onbwnmM TokoMm VT3 n VT4 AOnXHbI
6bITb 3akpbIThl. OTKpbiBaeTca VT1 no-
Aaden eguHULBL Ha HUXHWUIA Mo cxeme
BbiIBOA, pes3ucTtopa R7, 3akpbiBaetcs
nopavyen Hynesoro yposhsi. [lo3apsan-
Ka ManbiM TOKOM OCyLleCTBNsieTCs
TpaHanctopom VT3 npu 3akpbiTbix VT1
n VT4. OtkpoiBaetca VT3 nogayeit
€OUHNLIBI Ha HWKHUI NO CXeMe BbIBOA,
R12, 3akpbiBaetcsi noaayeit Ha R12 Hy-
nesoro yposHs. Csetoauoasi VD7 n
VD8 nHanumpyioT pexum pabotet. Mpu
3apsapne 60nbWMM TOKOM OOMKEH ro-
petb VD7 (kpacHoro ugeta), npun nosa-
psaoke — VD8 (3eneHoro useta), npu

paapsine — 06a, Npu OTCYTCTBUM aKKy-
MynsTopa — oba AonXKHbI ObITb Nora-
weHsbl. na onpeneneHns oTCyTcTBURA
aKKyMynsitopa B rHe3e CNyXuT peau-
ctop R9. Ecnu akkymynsatop ycTaHoB-
JIeH, HanpsXxeHne B Touke B He MoxeT
6617k Bbiwe 1,3 —1,6 B, a npu ero or-
cyrcTBun (ecnu npn atom VT1, VI3 u
VT4 3akpbiTbl), 32 CHET MPOXOXAEHUS
Toka no uenn R17VT8R4, oHO okaxeT-
CH paBHbiM NpriMepHo 2,5 B.

W nocneaHee — o0 TOM, kak U3MepsiTb
TemMneparypy akkymynstopa. Ana aTtoi
uenu npeaHasHaueH TpaH3ucTop VT8
(KT814).TpaH3ncTop HYXHO YyCTaHO-
BUTb B MHE340 3apsifiHOro YCTpOWCTBa
TaK, 4Tobbl MNOCOBOW BLIBOA, aKKYMYNA-
TOopa NpuXuMancsa K COeAMHEHHON C
KOSINEKTOPOM TpaH3ucTopa mertannu-
Yeckou Nnognoxkoi (puc. 4). bnarogaps
HenocpeacTBEHHOMY KOHTaKTy nof-
JIOXKM C BbIBOAOM aKKyMynsitopa, Tem-
neparypa VT8 kpariHe mano otinyaeTcs
OT TemMneparyps! BbiBoga. Konnekrop n
6a3a VT8 ob6beamHeHbl, 1 Ha HUX noaa-
eTca HanpsxeHue ¢ Touku B cxemel. Pe-
3uctop R17 3apaeT ToK yepe3 amntrep
VT8, paBHeiii npumepHo 1 MA, Npu 3aToM
yBenuieHue Temneparypbl 3MUTTEPHO-
ro nepexoga Ha 1°C conpoBoxaaercsi
yMeHbLUEHVNEeM MNafeHusi HanpsXeHus
Ha HeM npuMepHO Ha 2 MB. Mapenue
HanpsXXeHua Ha nepexope onpeaens-
€TCA NPOoLEeCcCOpPOM MNyTEM BbINUTAHUA
13 pesynbTata U3MepeHns Mo KaHamy
komMnapartopa DA1 pesynstarta No kaHa-
ny komnaparopa DA2

Anroputm paboThl ycTpocTea aon-
XeH 6blTb TaknM. MNpu BKNOYEHUU ra-
carca ceetopuonbl VD7, VD8, 3akpbl-
gatorcs VT 1, VT3 1 VT4, n koHTpONnep
onpegenset, BCTaBNeH nv akkymMyns-
TOp B rHe3no 3apsagku. Ecnv HeT — cHo-
Ba onpenensert, BCTaBneH nu, u Tak go
Tex Nop, nNoka He 0BHapPYXUT ero.

Kak Tonbko akkyMynsTtop yCTaHOB-
NeH, KoHTponep BkntoyaeT VT4 u 3a-
xuraet oba ceBetToauopa, paspsxas
aKKyMynsitop oo HeobxoanMMoro ypoB-
HA (100...200 mB). Mocne atoro VT4
3akpbiBaeTcs, oTkpbiBaeTcs VT 1, n Ha-

YUHaeTcs 3apsaa ¢ HeNPepbIBHLIM KOH-
TponeM nNageHUs Hanps>XXeHa Ha akky-
MYNATOpE U U3MepeHuemM TeMnepary-
pbl. [py 3TOM ropuT KpacHbI CBETO-
avop. Kak TonbKo akkymMynatop 3aps-
anten, VT 1 3akpoeTtca, otkpoerca VT3,
3aroputcs 3eneHbln CBeToAMNOM, akKy-
MynsaTop 6yaeTt 0o3apaxarbCa Manbiv
TOKOM, KOTOpblA HE BbiBEAeT ero us
CTpOS, Aaxe ecnu Bbl Ha AnnTenbHoe
Bpemsi 3abynete o HeobBxoanMmMocTu
N3BNEeYb aKKyMynaTop U3 3apsgHOro
ycTtpowcTea. Npn aTOM No-npexHemy
KOHTpONMpyeicsa Temrnepartypa akky-
mynstopa. Ecnn npu 3apsge 6onbwmm
TOKOM UNU Npu Ao3apsjake mManbim
TeMneparypa akkyMynsitopa npesbicut
55°C, VT1, VT3 u VT4 3akpoioTtca, oba
cseToauona noracHyT, U KOHTponnep
nepemnaeT B pexmnmMm oxuaaHnua n3ene-
YeHUs akkymynaTopa w3 rHespga. lo-
cne n3BneyeHns KoHTponnep onpeae-
NAET, 4TO akKKyMYynsTOpP OTCYTCTBYET, U
BbILLIEONUCaHHBIA LMK/ NOBTOPAETCS.

OnucaHHbIN anropuTM onTuManeH
A7 COBPEMEHHbIX aKKyMynaTopos,
HO ero He peannayeT HU OZHO N3 pac-
NPOCTPaHEHHbIX 3aPALAHbLIX YCTPOUCTB
crtoumocTbio ot 10 go 30 ponnapos.
CTOMMOCTbE KOMNNEKTYIOWMX ANS YCT-
poicTsea, naobpaxeHHOro Ha puc. 3,
He npesbiwaeT 10 gonnapos. MNMpasaa,
npu aTOM He yunThIBaeTCsl CTOMMOCTb
TpyAa Ha pas3paboTky, n3rotoBneHmne
W OTNaaKy ycTpoucTea.

Ewe pa3 obpawaem BHMMaHUE Yn-
Tarenein Ha To, 4TO Cxema Ha pucyHke 3
— HE rOTOBOE YCTPOUCTBO, a "nonydab-
pukat”, KOTOpPbIN MOXET cofepXaTb
HekoTopble owubku, 06uNHO 0bHapy-
XNBAEMbIe N YCTPaHAEMbIE NPU OTNaa-
ke. MNpocum Takxe Tex, KOMy ecTb H4TO
BbICKa3aTb MO 3aTPOHYTLIM BOMNPOCaM,
BLICTYMUTb Ha CTpaHuuax XypHana co
csonmn paspaboTtkamu. Hy a ecnu
onucaHHoe YCTPOWCTBO MNOHPaBUTCA
KOMY-TO U3 yutateneii n bynet nm “go-
BeAEHO A0 ymMa" — o6si3aTensHo noaro-
ToBbTE Marepwan ansa nyénmkaynm.

AnekcaHap ®PpyHse
alex.fru@mtu-net.ru
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OCHOBbLI CXEMOTEeXHUKHN

HCTPYMEHTaJibHble

ycunurtenu

Korpga Bo3HuKaeT HeobXoaMMOCTb B INMHENHOM yeunutene Asisi UaMmepmn—
TesIbHOW CYUCTEMbI!, B NEePBYI0 04epenb BCHOMUHAKT 06 OnepaumyoHHbIX
YCUITUTENSIX C UX (DYHKUMOHEbHOM rMOKOCTBLIO U LUMPOTON HOMEHKNaTYpPb.
Ha BTOpOM nnaHe ocTaéTcs HEOOX0[MMOCTb B BOMNOHUTENBHBIX NPeLy3n—
OHHbIX 311EMEHTAaX, TOYHOW N3MEPUTENbHON annapartype ans OTnagku v
3arparax BpemeHy BbICOKOKBanMMpUUMPOBaHHbIX nHXXeHepos. Cutyauyus
eLLé bonee OCOXHSAETCH, ECIV BCIO N3MEPUTESbHYHO CUCTEMY MPUXO[UT—
CA MPOEKTUPOBATL W OTIaXusaTb CreynanicTy, OCHOBHES 3pyauuus Ko
TOPOro nexuTt B 06nacT OUCKPETHOV TEXHVIKY Vv NpPorPamMmMpoBaHus.
3necb MoryT 6bITb 0HeHb NONE3HbI MHCTPYMEHTansHbie yeunutenn (V).
WY nosBunmvce B pe3ynsTate BblAeneHusi B OTAENbHYO rpynny uaaenn
4acTo NpUMeHsieMbix cxem BkmaydeHus OV.

NpeLUn3noHHbIe  ycunutenn ¢

anddepeHumanbHbiM BXOA0M 1
ycuneHnem, ycrtaHaBNMBaeMbIM LIENSI-
MU 0OpaTHOM CBA3M, HE CBA3aHHLIMU
HenoCpeacTBEHHO C BXOAHLIMW Ui Bbl-
XxoAHbIMY Lensamu. Cenvac Takoe onpe-
AeneHne OTHOCUTCSA TOMBbKO K OOQHOM 13
noarpynn NY — npeunanoHHsim NY NU3-
roToBUTENN OTHOCAT K NY BCE HOBblE
PasHOBULAHOCTN N3OeNnii, B 4aCTHOCTN
ycunutenu ¢ undpoBLIM ynpasneHnem
ycuneHnem, QY ¢ Habopamn npeumsn-
OHHbIX PEe3nCTOPOB, MepesaTynknu un
NPUEMHNKN CUMMETPUYHBLIX aHaNoro-
BbIX TMHWIA Nepeayn, uitepdeiica "tTo-
KoBasi NetTna”, AatinkoB TOKa U APYrnx
crneumanbHbiX NPUMEHEHNIA.

Bax+bim TpebosaHuem k NY asnsieT-
Ca NpocToTa npuMeHenns. B yacTtHoc-
TN, yCuieHue OOMKHO yCTaHaBNMBaTh-
CA MakCUMarnbHO NPOCTO: noga4yeint no-
rMYecKoro curHana crTaH4apTHOrro
YPOBHS1, YCTAHOBKOW MEpeMblHKN 1nn
1...2 BHELWHNX PE3NCTOPOB BEMNYMHDI,
onpepenaeMon N3 4oKymMeHTaLmm npo-
napoautens. XXenartenbHa BO3MOX-
HOCTb mnoakmoveHnsa Harpyskn UY He
TONBbKO MEXAY ero BbIXOAOM U obwen
WMHOWN UCTOYHWKA NUTAHUS, HO N OTHO-
CUTENbHO APYroro ONOPHOrO YPOBHS
6e3 cHMXeHnss To4yHoCcTU. [na nonyye-
HUSI XOPOLUMX pe3ynbTatoB notpedun-
Tenb He 06a3aTenbHO OOMKEH UMEeTb
BbICOKYIO KBanudukauuio B obnacrtu
aHanoroBoOn TEXHWKN U AeTafbHbIEe 3Ha-
HURA BHYTPEHHEro yctponctaea NY.

LieHon Bbile NepevyncneHHoro se-
naeTcs orpaHudeHue rubkocTn npu-
MeHeHu. MUY nyudwe onepaunoHHbIX
yennutenein (OY) BbINOAHAIOT TONbKO
OfHYy 3apadvy - NUHelrHoe ycunexHune
HanNpsXeHus N CBA3AaHHbIE C 3TUM
onepauun, Takne Kkak CyMmmmnpoBaHue
" MHBEPCUA CUrHanos, Nnpeobpasosa-
HMEe HanpsbkeHwsi B TOK M obpaTtHo,
npeobpasopaHne CUMMETPUYHBIX NK-
HWI B HECUMMETPUYHble U obpaTHO.
NHuTerpuposarune, auddepeHumnpo-
BaHue, HenuHenHble npeobpas3osBa-
HWUS, Hanpumep norapudmuposaHue
Unun BbiNpsMNeHne, Kak npasumno, 0c-
TaloTca 3a OY.

MY wmnpoko ncnonb3yioTest B U3me-
pUTENBHBIX U YNPaBNSOLWLNX YCTPOUCT-
Bax, MeAVULMHCKUX AMNarHOCTUHECKNX
npnbopax, ayaunoTexHuke, NPOMbIL-
NeHHoM unHTepdence "TokoBas neTns
4...20 MA", BLICOKOCKOPOCTHbIX corna-
CywmMX yCTPOMNCTBax.

I—lepsonaqanbno K WY oTHoCUAM
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Ny seinyckaiotcs B Buae mopynen
M3 OUCKPETHbLIX KOMMNOHEHTOB, rmnb-
PUAHBIX N MOHONMUTHBLIX MUKPOCXEM.
Hanbonee pacnpocTpaHEHHBIMU 1
NepPCNEKTUBHLIMW ABMAIOTCA MOHOMNT-
Hble WY, nuaupylowinm nponssoamte-
NIeM KOTOpPbIX B MUPE SIBASIETCHA KOMNa-
Hus Burr-Brown (tabnuua 1). Cerooxsn
B €€ karanorax cogepxarca 60 Tunos
n3nenuin 3Ton rpynnbl, NATHaALATL U3
KOTOpbIX Nnossunnck B 1999r. n Havane
Texkywero roga. bnnmxanwmnii KoHky-
peHT — Analog Devices (Tabnuua 2),
Bbinyckatowas 15 tmnos WY, Ha TpeTb-
em mecte — Linear Technology (Tabnn-
ua3)-9.

MOXHO BblAENUTL cneayowme noa-
rpynnel NY:

» MPELM3VOHHBIE OOLLEro Ha3HaueHVIst,

- C unppPOBLIM YNPaBeHEM YCUIEHU-
em;

- anddepeHuvanbHbie yeunutenu,

+ CXeMbl MPOMBILLIEHHOO HTepdelica
"TokoBasi newisi 4 — 20 A",

Ans noctpoenna WY ncnonbayercsa
OAvH 13 AByX nyTei. NepBbitt — koMOn-
HauMss HECKONIbKUX OnepauuoHHbIX
ycunutenen n NpeumnsnoHHbIX pe3nc-
TOpPOB. 3TOT NyTb NOABUSICA PaHbLLE Y
[0 CUX NOop LWWPOKO MCNOAb3yeTCs,
0COBEHHO B MOAY/NbHbLIX U TMBPUAHBLIX
KOHCTPYKLMSIX, NO3BONSSA N3 HEMHOMNX
CTaHOapTHBIX 3neMeHToB 6e3 gocTtyna
K TEXHONOrNU MOHONNTHBIX UHTErpanb-
HbIX cxeM cTpouTtb WY, B TOM Yncne noa
cneundgunyeckne 3anayn.

Bropol nyTb, AOCTYMNHbLIA TOMNBLKO
NPOU3BOANTENAM, BNAaACIOLMM TEXHO-
nornen MOHONMUTHBIX UHTErpanbHbIX
CXeM,— MOCTPOEHNE MOHONUTHLIX LY ¢
npumMeHeHnemMm Takux 6a3oBbix y3noB
aHanorosbix UC, kak anddepeHun-
anbHble Kackagbl N ynpasnsiembie nc-
TOYHMKM TokKa. Mo3BONSET yMEHbLUUTL
HYMCNO UCMNONLIYEMbIX TPaH3UCTOPOB,
NPEeUU3NOHHbIX PE3NCTOPOB N CHU3UTL
CTOUMOCTb 32 CHET YMEHbLUEHUs NJio-
waan kpuctanna MC. Bo3aMOXHOCTU
TEXHONOMMN N CKOPOCTL €€ COBEPLUEH-
CTBOBaHWA AenaioT aToT NyTb Bonee
nepcneKTUBHLBIM

MpeunsnoHHbIe UHCTPYMEH-
TanbHblE YCUNUTENU

1. TpeboBaHnsa

- TouyHoe 1 cTabunbHoe 3Ha4YeHne
koapduumnenTa ycuneHua. B cnyuyae
MNCNONb30BaHUA BHYTPEHHUX PE3NCTO-
poB, onpeaensiowmnx koadpbuuneHT
yCUNEeHUsi, TOYHOCTb Ha4YanbHOW ycTa-

HOBKM COCTaBnseT oOblMHO nopsigka
0,1...0,0005%.

- Boicokoe nopasneHue cuHdas-
HOro curHana. Ycunutenb AOMXEH
pearvpoBaTb TONbLKO Ha aunddepeH-
UnanbHbIN BXOAHOW curHan (mexay
Bxoaamun). CuHdasHbin curHan, no-
AaBaeMblii OQHOBPEMEHHO Ha o06a
BX04a, OomkeH ObiTh nogasneH. Ha
TOYHOCTb U3MEPEHNA CUTHANOB yaa-
NEHHBLIX NCTOYHWKOB BAUAIKOT Nage-
HUA HanpsXeHWs B NUHUK CBA3U W
HaBOLKW Ha HEE OT MNOCTOPOHHUX UC-
TOYHUKOB, Hepenko npesbllalouine
none3Heln curHan. Ana Toro 4tobwbl
MaKCUManbHO CHU3WUTb BAUSIHUE ne-
PEYUCEHHbIX UCTOYHWUKOB MNOMrPeLIHo-
cTeln, nogasneHne cuHGa3HoOro curHa-
na, xapaktepuayolee banaHc audde-
peHunanbHbIX BXOO0B, A0MKHO ObiTh
BbICOKVM. 3TO CBOICTBO BbIpa)aeTcs
napametpom CMRR (common mode
rejection ratio) — oTHowweHWeM ycune-
HUA auddepeHumansHOro curHana K
ycuneHnto cuHgasHoro curHana. Tak
Kak 3To o4veHb Bonblume uyncna, yatle
VCMONbL3YIOT Norapudmmyeckoe npea-
cTassneHne B peundenax (oB): CMR =
20Log10CMRR O6bivHo CMR co-
ctasnsetr nopsaagka 70...120 pgb n
pacTér ¢ ycuneHnem. lNpounssogure-
nem o6blMHO ykasbisaetca CMR ans
MakCUManbHO BO3MOXHOIo cuHd¢as-
Horo HanpsxeHus CMV (common
mode voltage), koTopoe 3aBUcuUT OT
4acTOTbl U aCUMMETPUN BbIXOOHOro
nMnegaHca nctovHmnka. Ero obuiyHoe
3HaYeHUe COCTaBASeT HEeCKONbKO
BonbT. ECcnu He oroBopeHo cneuun-
anbHO, 3Ha4YeHne OTHOCUTCH K MNPOo-
MbllLAEHHOW YacTtoTe 50/60 My C
ysenuyenunem yactotel CMMR 6bicT-
PO CHuxaertca. 3HaveHne 50 ob Ha 1
Mry, - xopownit pe3yneTar, 4OCTUXM-
MbIlh faneko He Bcemu Y.

- Beicokne, paBHbie BXOAHbE MMNe-
AaHchl. f1ocKonbky UCTOYHWK cUrHana
MOXET MEeTb BbICOKUI UNM acCUMMET-
PUYHBIK OTHOCUTENBLHO 0OUEen LWKUHbI
nmnenaHc, MY ponxeH MMeTb BLICO-
Kne, XenaTenbHo paBHble, MNeaaHCbl
no o6omm Bxoaam. Hepenko nx aHave-
Hue coctaenset 109...1012 Om. Bxoa-
Has EMKOCTb HAXOAUTCA B Npeaenax or
eaviHnL, 0O [eCATKOB Nukodapaa u cy-
WECTBEHHO 3aBNCUT HE TOMbLKO OT yCU-
AUTENbHbIX KackaaoB, HO W CXeMbl 3a-
WMTbl BXOAOB OT NepeHanpsiXeHui.

- Manoe cmeuleHne no BXOLHOMY Ha-
npsxeHuto. MockonbKy ycuneHue Mo-
XeT ObITb 3HAYUTESIbHBLIM, Hepeako
102...103 v BbllLE, CMELWEHME NO BXOA-
HoMy HanpskeHunio (offset voltage)
[OMKHO ObiTe ManbiM 1 cTabunbHbiM Y
U3nenuin, BLINOMHEHHbLIX C NPUMEHEHN-
€M COBPEMEHHbIX AOCTUXEHNIA B TEXHO-
Nornyecknx npoueccax n Tomnonorun,
OHO He NpesbilaeT [ecATKOB MKB. B no-
cnegHee Bpems pa3paboTynMkn BHOBb
obpatnnn BHUMaHNe Ha U3pPAOHO 3a6bi-
ThI, HO pPacnpPoCTpaHéHHbIn B 40-50-e
roabt MeToA CHYXeHUs apenda ¢ NoMo-
wbto npepsiBatenen (chopper). Cam
npepbiBaTens B 3aMKHYTOM COCTOSIHUW
[O/MKeH BHOCUTL OYEeHb Manoe cMmelle-
HUE MO NOCTOAHHOMY HaNPSPKEHWIO, 4TO
cpean NoJynpoBOAHUKOBLIX NprbopoB
NErko rnony4aeTcs C kKaHanom NONesoro
TpaHaucTopa. CyLlecTByloT ABa OCHOB-
HbIX BapuaHTa peanu3auvn. [pu MeTo-
ne mMoaynauuun-pemMoaynsumm camas
HM3KOYACTOTHanN 4acTb CUrHana ¢ NOMo-
Wwbto NpepbiBatena npeodpasyercs B
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Tabnnua 1. OCHOBHbIE NapameTpbl MPEUN3NOHHBIX MHCTPYMEHTanbHbIX yeunuteneit Burr-Brown Corp.

MeTo, Mopasnenue Bpems ycT. MNorpewHocTs
A cundasHoro P yer HanpsxeHune P
Mutanve YCTAHOBKM Monoca 0,01% Cmeutetve no Bxony y¢ MNp aHun
Tun curvana 60y, _ wyma Ha 1kly _
YCUREHUR K=10 K=10
..... K=1o = g creaens
MA B nb kM MKC MkB [ mkB/C| HA HBAIry %
INA103 9 +9.225 | Peancrop 100 800 3 3 3 2500 1 1...1000 0.05
INAT14 +225.#18| Peaucrop 110 10 20 50 0.1 2 1 1...10000 0.02
INA115 +2.25.+18| Peancrop 110 10 20 12 a 05 1 1...10000 0.02
+135.£18
INAT18 035 Peancrop 107 70 15 15 0.4 1 10 1...10000 00005
+2.7.436
+135.+18
INAT22 | 0.06 Peancrop 83 5 400 100 1 10 60 5...10000 0.1
+2.2.+36
INA125 0.46 [+1.35.%18| Peaucrop 100 83 50 025 10 38 4...10000 0.03
INA126 | 0175 |+135.+18| Peaucrop 83 9 60 100 05 10 35 5...10000 0.02
INA2126 | 035 |+1.35.+18| Peancrop 83 9 60 100 05 10 35 5...10000 0.02 2 xINA126
INA128 07 [+225.+18| Peancrop 120 200 7 20 0.4 2 8 1...10000 0.02
INA2128 +2.25.+18| Peaucrop 120 200 7 20 04 2 8 1...10000 0.02 2xINA128
INA129 07 |+225.%18| Peaucrop 120 200 7 20 0.4 2 8 1...10000 0.02
INA131 +225.418] Peauncrop 110 10 100 10 05 05 12 100 0.03
INA141 07 |+225.:18 C“"‘:"""" 120 200 a 20 02 2 8 10; 100 0.03
INA2141 +225.+18 °°e‘1:"e“"’ 120 200 4 20 0.2 2 8 10;100 0.03 2 xINA141
INAT10 3 +6.418 C"e"':“e“"' 106 470 2 200 a 002 10 n 1:(;)500; 0.01
INATT1 +6.+18 | Peaucrop 106 450 2 150 3 0.002 10 1...10000 01
INAT16 1 +45.+18 | Peauctop 86 70 25 550 0'022" 28 1...1000 0.01
INAT21 045 |£225.+18| Peaucrop 96 50 20 220 0.0005 20 1...10000 0.01
INA155 +27.455 | Peaucrop 78 550 5 200 5 0.001 38 10;50 0.05
INA156 +27.455 | Peaucrop 66 550 5 2500 5 0.001 38 10;50 0.05
PGA102 AucrpeTnuit| Hecnmmetpu- [0 70 1 20 31 1,10. 100 0015
curHan HbIU BXOO
PGA103 +4.5.¢18 [AMCKPeTHLI| HeaummeTpuy- - oq) 100 2 50 1 1.10.100 0.02
CUrHan HbIW BXOQ
PGA202 +6.41g |AVMOKPETHUIA 92 1000 2 1000 8 0.01 12 1,10, 100, 0.05
curHan 1000
PGA203 +6.+1g |AMCKPETHLIA 92 1000 2 1000 8 001 12 1,2.4,8 0.05
curHan
PGA204 145418 [AMCKPETHLIA 110 80 23 12 0.1 05 13 1,10, 100, 0.01
curnan 1000
PGA205 +4.5.218 |MoxpeTHbIA 110 100 23 12 0.1 05 13 1,2,4,8 0.01
curHan
PGA206 1 +4.5.418 |MCKkPeTHUIA 80 600 25 500 2 0.002 18 1,2,4,8 0.01
CUrHan
PGA207 11 +45.+18 ﬂ”‘;‘;’:;’;:"'" 80 600 25 500 2 0.002 18 1.2,5,10 0.01

nepeMeHHoe HanpshkeHue, ycunuBaeT-
cH 1 Opyrum npepeiBatenem npeobpa-
3yeTca 8 NOCTOSIHHOE, NOCAe Yero Cym-
MWPYETCH C OCTaNbHOI YacTblo CUrHa-
na. bnaropapsi NpUMeHeHWIO CxeMbl C
npepsisaTenemMm, cMmeweHne  ans
LTC1100 ypanock CHU3UTbL 40 TUMUHHO-
ro 3HaveHus 1 MkB [1] XoTa narotoBn-
Tesb He ykasblBaeT MPsIMO, MOXHO Mo-
naratb, YTO UCNONL3OBAH METOA Moay-
nAaunMn-[eMonynaunn C YacToTolh nepe-
kmoyveHna 2,6 kliy. Mpun mMeToae nepuo-
ANYECKON KOMMEHcaUmMm ycunutens ne-
proanvecKn NepeksiodaeTcss B Pexnm
M3MepeHUs 1 3anoOMUHaHNA COBCTBEH-
HOrO CMeLeHUs, KOTOPOoe B PeXnNME pa-
60Tbl BK/MIOYAETCH HA ero KOMAeHcauuio
3TOro cMeueHns. Tak NOCTPOEHbI NPo-
M3BOAUMBIN ONEPALIMOHHLIN yCunutTens
AD8551 co cmeueHnem 5 mMkB 1 aHOH-
cnposaHHbIt AD8571 co cmelueHnem 1
MKB [2] Pap napameTpos, B 4aCTHOCTU
aperid, 06bIMHO yKasbIBAIOTCA NpUBe-
AeHHbiMK K Bxoay: RTI (referred to input)
nnn RTO (referred to output). MHorne

MY cocTonT 13 ABYX HE3aBUCUMbIX YCU-
nuTenen: BXoOHOIO 1 BbIXOOHOIO, Kax-
ObIt U3 KOTOPbIX BHOCUT CBOW BKnag.
Bknag BbIXOOHOrO B OOLLYIO BEMHUHY,
onpepenexHyto no RTI, obpatHo npo-
NOpUNOHANEH YCUIEHNIO BXOQHOIO yCn-
nurens. YcuneHne obbiuHO perynupyeT-
CA BO BXOOHOWM YacTu. oatomy obuiee
CMeLLeHWe NO HaNpPsXKEHUIO OKa3biBaeT-
CH 3aBUCUMBIM OT YCWIEHUA N MOXET
6bITb HENPONOPLMOHAIBHO NOCNeaHe-
My. Mpun 60NbLLIOM YCUNEHUW AOMUHUPY-
€T BK1aJ BXOOAHOro ycunurens.

- Manuie BxogHble TOKM M UX pas-
HOCTb. MY MOXeT MeTb BXOAHbIE TOKWN
cmMeuweHuns (bias current), Brekaowme
B ycunurens (bunonsipHeie npuéopst) n
BbiTEKAIOLME (TOKN YyTeYkn 3aTBOPOB
nonesblx NpudopoB). Y npubopos ¢
06bitHBIMW BUNONAPHBIMM TPAH3UCTO-
pamMut BXOOHbIE TOKM OObIYHO Nexart B
npepenax 1...500 HA n oTnnvaioTca
apyr ot apyra Ha 10% nnu meHee Y NY
C NONEBbLIMY TPAaH3UCTOPaMN Ha BXOAE
Npyv KOMHaTHOW TemMnepartype OHN MO-

r'yT COCTaBnAaATb, Kak, Hanpumep, y INA,
ot 3 A (1demroamnep = 0,001 nA),
XO0Ts1 06bIYHO UMEIOT 3HAYEeHNe Nopaa-
ka 50 NA n cornacoBaHbl 3aMeTHO Xy-
xe. BxogHuie Tokn UY ¢ cynepbeTa 6u-
NONAPHLIMN TPaH3NCTopaMn n cTabu-
nu3aumen npepsiBaTeneM — OAHOro
nopsaka ¢ BXoAHbiMn Tokamn MUY ¢ no-
NeBbIMW TPAaH3NUCTOPaMn Ha BXoAe.
MapeHne HanpsxXeHWn OT 3TUX TOKOB
Ha HecOanaHCUPOBAHHbLIX BbLIXOAHLIX
CONPOTUBNEHUAX UCTOYHUKOB CO3al0T
DONONHUTENBHOE CMEeLEeHNe NO BXOA-
HOMYy HanpsixeHuio tem Bonble, yem
6onblie CONPOTMBAEHUA, K TOMY Xe
MMMNefaHC NCTOYHWKa HeobaszaTenbHo
crabuneH. Mpu oueHb GonbLUNX CONPO-
TUBNEHNAX WCTOYHUKOB WKW CBA3N C
HUMWN 4Yepe3 KOoHAEHcaTopbl WK
TpaHchopmaTopbl cneayeT NOMHUTL U
0 HeobXOAMMOCTU Lienen AN 3aMbika-
HUSA BXOOHBIX TOKOB. HYy>XHO CTpeMnThb-
CA K CHWKeHno padbanaHca BXOOHbIX
TokoB (offset current), cospatowero e
Xe npobnemsbl, 4TO M pasbanaHc co-
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OCHOBbI CXEMOTEXHUKHN

NPOTUBAEHNI NCTOYHNKOB.

- Manaa HenuHeltHoCcTbL B oTnuune
OT yCUNEeHusi U CMeWeHna No Hanps-
XEHUIO, HEeNMMHENHOCTb O4YeHb TPYAHO
OTKOPPEKTUPOBATL BHEWHUMU 3ne-
MeHTaMn 1 06bIYHO NPUXOANTCS NpU-
HUMaTL Ty, KOTopas AaETCA U3roToBU-
TeneM. Kak npaBwio, HENMHENHOCTb

(ot nuka no nuka). B nonoce 0,1-10 Ty,
06bI4YHO OH VIMeeT 3HaYeHne oT eanHULL
[0 necatkoB MKB n-n 1 3aBucKT OT ycC-
TaHOBNEHHOro koadduumeHTa ycune-
HuA. [laHHbIE NyHLWnX 06pa3uoB 3Ha4YN-
TenbHO MeHblue (Npu ycuneHnn onee
10 pns LTC1101- 0,9, a ans AD624 [3]
npu ycunexnn 200 n 6onee - 0 2 mkB

onyckasacek Hwxe 1) HB/ Tokosasa co-
CTaBAsOLLAN LWyMa HOPMUPYETCS aHa-
nornyHo: BnNAn-n ana 0,1-10 Ty B nA/
ons 6onee BbICOKMX 4acToT. [na BbICO-
KokayecTBeHHbIX WY oHa coctasnser
COOTBETCTBEHHO, HECKOJbKO AECATKOB
NA N-1 1 HeCKONbLKO aecaTbix NA/ . Cne-
ayeT oTMeTuTb (puc.1), 4To TOoYKa ne-

Ta6nuua 2. OCHOBHbIE NapaMeTpPbl NPEeLM3NOHHBIX MHCTPYMEHTaNbHLIX yeunutenei Analog Devices Inc

M Nonasne-nue Bpems ycr. Hanpaxe NMorpewnocTs
evon .
n -
- Muranue YCTaHOBKN curdasroro Monoca 0.01% Cwmewenue no exoay Hue Ycunenue| ycunenms pumea
Tun curxana 600y, K=10 K=10 wyma Ha K=10 HURA
ycuneuums K=10 = 1xly
MA B 06 Ky MKC mB |mkB/C| wA | peny %o
AD622 1,3 +23.+18 Peaucrop 86 800 10 125 1 5 12 1...1000 05 Aewesbin
+2.5.+6
AD623 0.575 Pesucrop 90 100 20 200 2 25 35 1...1000 0.35 AeWeBbin
+3.+12
2 +25.26
AD626 Coenp, i 67 100 24 500 1 250 10,100 0,5;1
023 +2.4.+10
+1.2.+18 3koHO-
AD627 0.085 Pesucrop 77 80 (K=5) 135 (K=5) | 200 3 10 38 5...1000 0.35 .,
+22.436 MUYHDBIU
AD620 13 +23.x18 Peaucrop 93 800 15 125 1 2 13 1...10000 0.3
AD621 13 +23.+18 |CoepuHerve 93 800 12 250 2 17 10,100 0.15
BxoaHoe
AD629 1 +25.+18 77 (K=1) 500 (K=1) 15 (K=1) 1000 20 550 1 005 (K=1) Hanpaxe-
Hue <=250B
AMPO3 35 +45.£18 80 3000 1 - - 750 1 0,008 (K=1)
AD524 5 +6.x18 |Coenvnenue 85 400 15 250 2 50 7 1...1000 0.25
AMPO1 48 | +45.£19 | Pesucrop 95 100 13 100 1 6 T 08
AD624 5 +6.+18 |CoeauHeHnune 90 1000 15 200 2 *50 4 1...1000 +0,05 (K=1)
AD625 5 +5.%£18 Peaucrop 90 400 15 200 2 +50 4 1...10000 0.05
+4.5.+16, w| R et- 1,2,4,8, 0.07
AD526 14 Avckpetrioit | Hecummet: | 4o, 16 7 700 | 10 joas| 30
5 curHan PUVNHEIM BXOA, 16 (K=16)
2000 Mukpo-
SSM2017 10,6 +6.+22 Pesucrop 74 s ne v - 100 - 6000 1...1000 0.2n6 GOHHBIN
(-306) younmrens
npnBoanTCA B 0 K NOMHON WKane, T.e. n-n). [lpeumywecrea ycunutenei, peruba KPUBOIN CNEeKTPanbHOWM NANOTHO-

OT npeaefnbHO OoTpuuaTenbHOro Ao
npenenbHO MONOXUTENbHOrO 3Have-
HUA BbIXOAHOrO HanpskeHusi. OObINHO
oHa coctasnsieT nopsipka 0,01%, xota
y HekoTopbix WY moxeT ObiTb MeHee
0,0001%.

- Huakne wymbl. lNockoneky WY
LOMKHBI UMETb BO3MOXHOCTL paboTh!
€ ManbiMn CuUrHanammn, OHU AONXHbLI
obnagartb HWU3KUMW COBCTBEHHBLIMWN
wymMamm, onpegensieMbiMm CyMMOWn
ABYX Cny4aiiHbiX COCTaBnAloWMX: wWy-
MOBOrO HanpshkeHUa 1 WYMOBOro TO-
ka Ha cambix HM3KMX YacToTax Wwym no
HanpsHXeHuo HopmMupyeTcs B MkB n-n
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