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LindpoBbie cMrHanbHble NpoLeccopbl

B smoti cmampe 2080pumcs 06 ycmpolicmee maiiMepa Cu2HANbHO20 NPOUECCOPA U e20 Ha3Ha4YeHuU.

TAUMEP

Kpome paccMOTpeHHBIX HAMH BBIYMCTUTENBHBIX YCTPOFCTB,
CUTHAMBHBIN TIPOLIECCOD CONEPXXUT B CBOEM COCTABE IPO-
rpaMMHpPyeMbliT TaliMep, 06eCTIeTHBAIOIINI aBTOMAaTHYeCKUI1
OTCYeT BpeMEHH, U JIBa NIPOrPaMMHUPYEMbIX NOC/IENOBATENb-
HBIX TIOPTa /1A CBA3H ¢ BHEIIHel nepudepueit. PaccMoTpum
TIOOYEPENHO 3TH YCTPOMCTBA.

ITporpammupyeMblit TaliMEP CHTHATIBHOTO ITPOLIECCOpa No3-
BOJISIET HMK/IM4ECKH TeHEPHPOBATh MPEPhIBaHUsA Yepes ompeie-
JIEHHBI€ IIPOMEXYTKH BPEMEHH, KpaTHbIE LIUK/IaM IIPOLeccopa.
CrpykrypHas cxeMa TaliMepa NpencTapneHa Ha puc. 1.

mmra DMD 16

16

TPERIOD

!

JIOT'HKA 3ATPY3KH IIEPHOJIA CIETA

I

TCOUNT

JIOTHKA
MACHITABHPOBAHHS
H VIIPABJIEHHR

CLKOUT

PA3PEIOEHHE PABOTHL
Puc. 1

Kaxk Bunso 13 puc. 1, Talimep BKIovaeT B ce6s 16-pasps-
He1#i peructp nepropa TPERIOD, BocbMupaspsAmHbIi perucTp
macurrabuposannsa TSCALE, 16-paspaaHblit perucTp-C4eTIHK
TCOUNT u noruky ynpasneHus. Bece Tpu perucrpa oto6pa-
>KEHbI Ha 06711acTh NaMATH JAHHBIX MPOLECCOPA B COOTBETC-
TBUH ¢ Tab6n. 1.

Tabnuua 1
Pa3|
15—8 7—0 Anpec
TPERIOD 0x3FFD
TCOUNT OX3FFC
0 [ TSCALE Ox3FFB

Paspeiuierze paboTsl TafiMepa MPOM3BOIAUTCS YCTAHOBKOM
B €[MHMITY ILITOTO paspAfa PeTUCTpa COCTOAHUA MPOLieccopa
MSTAT. Korpa paboTa TaliMepa paspeleHa, perucTp-CueTYrK
TCOUNT pekpeMeHTHPYETCA CUTHA/IAMH OT JIOTMKH MacIliTa-
6uposanmus. TTpy NOCTHKEHUH CYETIUKOM Hy/s1 POpMUPYeTCa
npepeiBaHUe TaliMepa V1A rporieccopa. ITocre aToro B peructp-
cueTak TCOUNT aBToMaTHYECKH 3arpy)KaeTcs 3HaYeHUe pe-
rucrpa nepuona TPERIOD u pabora TafiMepa mMpoRo/DKaeTCs.

Perucrp maciutabuposanusa TSCALE conepxut koaddu-
LMEHT IeNICHUA TaKTOBOM 4aCTOThI IPOHECCOPa U TIO3BOJLAET
H3MEHATH BpeMA MEXXAY IIPEPHIBAHUAMU TalMepa.

3uayenns peructpo TPERIOD u TSCALE moryr 3a-
rpyxatbcsi ¢ wuHsl DMD. TakuM 06pasoM, ¢ MOMOIbIO
TaifMepa MOXXHO T€HEPHPOBATh NPEPHIBAHMA KaXKHbi€
(TPERIOD+1)x(TSCALE+1) uuxsos, T. €. or 1 no FFFFFF16 =
= 1677721510 nuxnos. I1py TakTOBOM YacTOTe MpoLEeccopa
40 MI'1 taiimep MosxeT POpMHPOBATh IPEPHIBAHUA C TIEPH-
onomM oT 25 Hc 1o 0,4 ¢. EcTecTBEHHO, YTO 3aaBaTh NEPHO]L
reHepariy TpepbpiBaHMit MeHee 250 HC HE MMEET CMBICIa,
MOCKO/IBKY B 3TOM CIydae Tporeccop 6yneT BBIHYX/IEH 3a-
HHMATHCA TONBKO 06PabOTKOM 3THX IIpepHIBaHUIA.

Ilpu HeO6XONMMOCTH NPEPHIBAHUA TaMEPa MOXKHO Mac-
KHpOBaTh, COPAcHIBaTh WK ITPHHYIUTENBHO YCTAHABAUBATD
IMPOrpaMMHBIM 06pa3oM.

Hipke mpuBened NpUMep KOMaH/l MHHLYATHU3AlHH TaiiMepa:

{PerucTp Taiimepa TPERIOD=0x3FFD (Permctp nepwosa)}
AX0=0XTFFF; DM(TPERIOD)=AX0;

{PerucTp Tadimepa TCOUNT=0x3FFC (Peructp cuerTuywka)}
AXO=0XTFFF; DM(TCOUNT)=AX0;

{PerucTp vadmepa TSCALE=0x3FFB (Peructp macwtaGuposamusi)}
AX0=265; {OT 0 [0 255} DM(TSCALE)=AX0;

Crpoka 06paboTKM NpephiBaHHA B NPOTPaMME MOXXET
UMETH CEQYIOILMA BH];

jump V_TINER; nop; nop; nop; {BexTop npepusamusi Tahmepa}

Crenyoluyii npumep o6paboTuMKa NpepbiBaHuA TaiMepa
NO3BO/IAET aBTOMATUYCCKH HApaIllMBaTh 3HAYCHHUs AYEHKH

namaTH 0x3000 ¥ BBHIBOAUTH 3TH 3HAYCHHA B IIOPT BBONA-
BBIBOZIAa TIO azgpecy 2000.

V_TINER:

ENA SEC_REG;
AX0=DM(0X3000);
AR=AX0 + 1;
DM(0X3000)=AR;
10(2000)=AR;
RTI;

TMono6HpIM 06pa3oM MOYKHO OPTaHM3OBBIBATH ABTOMATH-
YeCKyl0 pereHepalluio JHHAMMYECKOH NaMATH, TOAK/II0Ya-
€MOit K CUTHATTBHOMY [POLECCopy. YUHTBIBasg, 4TO 06beM
TAKOTO THMIA TIAMATH COCTAB/IAET NECATKY MU/UTMOHOB GaHT
B OIIHOI MHMKPOCXEME, MOXXHO JIOTafaThCd O MOUIHOCTH yC-
TPOICTB, CO3[AaBAEMBIX C ee TIpUMEHeHMeM. B ToXke Bpems
pereHepanisa AMHaAMUYIECKOM TTAMATH OYEHD JIETKO pellaeTcs
[IpH TIONKTIOYEHUH €€ K CUrHaIbHOMY IIPOHECCOpy.

ITpodonycenue cnedyem

Oner Banbmna,
1. Muacc Yensabuuckoi o6
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Mukpocxembl

ANA UMNYNbCHbIX NCTOYHNKOB
nutaHna NCP1050, NCP1051,
NCP1052, NCP1053, NCP1054,
NCP1055 ¢pupmbi

ON Semiconductor

Mukpocxemsi cemeticmea NCP105x [1] npedHasHaveHol 018 nocmpoeHus
UMNYNbCHbIX 06PAMHOX0008bIX UCMOYHUKO8 NUMAHUSA U OMJ/IUYaomcs
Om aHano2u4HbIX MUKpOcxem [2, 3], paccMompeHHbix 8 NpedblOyLux
Homepax XypHana, 6o/blueli 8bIX00HOU MOUWHOCMbIO, 2ubKOCMbIO U NPO-

cmomol npumeHeHus.

~==emeicrBo NCP105x nipencrasiser
: TPYIITYy MUKPOCXEM BBICOKOJ CTe-

- > [ICHU MHTETPAIMH, B KOTOPBIX Ha
OJTHOM KpHucTamie cpOPpMUPOBaHBI BCe
Heo6XOIMMBIe Y3/IBI [ O6PaTHOXOO-
BBIX IpeobpasoBare/ieil — BBICOKOBO/Ib-
THbIH K/TI0Y, I[elIH yIpaB/eHu, IOTHKa,
LENH 3aMThL. /15 moCcTpoeHNs npeo6-
pasoBarteneit TpebyeTcss MHHHUMajbHOE
YHUC/I0 BHEITHUX 3/IEMEHTOB, 4TO YIIpO-
I@eT U3TOTOB/IEHHE U CHHIKAET UX CTO-
uMOCTb. [ToTeHuManbHBIH PHIHOK MU
3THX MHKPOCXEM COCTAB/IAIOT 3aps/IHbIE
YCTPOICTBA UIA COTOBHIX Te/eOHOB,
AEeKYpHbIe MCTOYHMKH IHUTAHUA I
TIepPCOHAIBHBIX KOMITBIOTEPOB, HCTOUHH-~
KM IIMTaHUA MHKPOIIPOLIECCOPHBIX YCT-
POWCTB M MH(PaKpacHBIX JETEKTOPOB,
a Takxke Bce Jpyrue npeobGpasoBarenu
¢ MOIIHOCTBIO 6...40 BT mpu dukcu-
POBaHHOM HOMMHAJILHOM HalpsKeHHH
ceru (100, 115, 220, 230 B) u 3...20 Br
IJ17 YHUBEPCATbHBIX UCTOYHUKOB TIPH
HanpsbKeHuu cetu oT 85 1o 265 B.

ITO CEMENCTBO MpPeJICTaB/IgeT co6oit
CNEMYIONIYIO CTylleHb PasBHTHA IOM06-
HBIX MHUKpocxeM ¢upMbl ON Semicon-
ductor. TIpHHIMIHAIBHBIX OT/IHYUI OT
cemerictrea NCP101x [3] npa. ITepBoe —
3TO Pe3KO yMeHbIHEHHOE BpeMA Peakiuu
Ha M3MeHeHHe Harpy3KH, BTOpoe — BO3-
MOJKHOCTb CTAaOW/IM3aIlMM BBIXOJHOTO
HanpsDKeHHA KaK ITyTeM YyBETHYEHHA
BBITEKAIOIIIETO TOKa BHIBOJA OGPaTHOIM
CBA3M, TaK M 3a CYeT YBE/TUYEHHSA BTeKa-
IOIIETO TOKa TOTO K€ BBIBOJA.

Cob6cTBeHHOE moOTpeb/ieHHe ToKa
MHKPOCXEMOM OT MEePBUHYHOTO HCTOY-
HMKa YMeHBIIIeHO B JIBa pasa, 4TO MO3-
BOJISET IIPAKTHYECKH B JIOGBIX CTydasx
06XOMUTHCA 6€3 MOMONHUTENTBHOM 06-

MOTKH TpaHc(opMaTopa fi/1d MUTaHHSA
MMKPOCXEMBI, HO He HCK/TIOYaeT ee UC-
T10/Ib30BaHHA [UIA [OTyYeHHA [IPeNe/b-
HO HU3KOTO NoTpeb/ieHHs Ha XO0/I0OCTOM
xomy.

CeMelCTBO BKIIOYAeT B Cebs IIeCTh
rpynn Mukpocxem — NCP1050,
NCP1051, NCP1052, NCP1053, NCP1054,
NCP1055. T'pynibt pas/IHIaoTcsa MeXIy
€060t MaKCHMIbHBIM TOKOM BBICOKO-
BO/ILTHOTO Kmio4a (ot 100 mo 680 MA).
B xaxkmoii Tpyrine — Tpu MHKPOCXeMBI,
paboTaroiye Ha OTHON U3 (PHUKCHPOBaH-
HBIX 9acTOT — 44, 100, 136 xI11.

MuxkpocxeMbl 0pOpMIAIOTCS B KOPITY-
cax PDIP-7 u SOT-223 (pwuc. 1). B koprmryce
PDIP-7 BbiBO7 Drain BBICOKOBOIBTHOTO
KIo4a MMeeT YBE/IMYeHHOe PacCTOSHHE
OT JpPYTHMX 3a CYeT MCK/IIYeHHd Onu-
JKalllero coceHero BbIBOMA. PasBonka
BBIBOZIOB MHKpOCXeM B Kopiryce PDIP-7

PDIP-7
$0T-223

chE o 3] GND vee [T
re 2 7} GND

FB[Z 4 | GND
GNDE (2] ::'

_5—.] bR DRAN =]

NCE

CxemorexHuka Ne 3 . mapt 2006

OTIMYAeTCsl OT AHAIOTHYHBIX IPHOOPOB,

paccMOTpeHHBIX panee [1, 2].
OcHOBHBIE CBOMCTBa MHKPOCXEM U

mpeobpa3oBaTesieit Ha HX OCHOBE:

e BCTPOEHHBIH Kmiod Ha 700 B;

e QUKCHpOBaHHasA paboyas 4acToTa
44, 100 u 136 Iy

e II/IaBHBIH 3aITyCK;

e 3allIUTa OT Meperpy3KH U OOpHIBa
Lenu o6paTHOM CBA3H;

¢ aBTOMAaTHUYeCKHI Ilepe3anycK Mocse
KOPOTKOTO 3aMBIKaHHA BBIXO/1a;
BCTPOEHHas 3alllUTa OT IeperpeBa;
ObICTPBHINI OTK/IMK Ha H3MeHeHHe
HarpyskHu;

e KayaHHe pabouell YacTOThI, YMEeHb-
maolee U3TydeHHe IoMeX (JKUT-
Tep);

e JONYCTHMBI /1Mana3oH BXOJHOTO

HaNpsKeHHA [1epeMeHHOTO TOKa —

85...265 B;

TPUITEPHas 3aI[UTa OT HeJIONYCTH-

MO0 CHMKeHHA BXOIHOTO Hamps-

JKEeHU;

e KpaitHe MaJjiag MOIIHOCTb NOTpe6-

JleHuA 6e3 Harpy3KH;

e l[eNM NHUTAHUA MHUKPOCXeMBI HC-
K/IIOYAI0T HeO6XOIUMOCTD B JIOIIOI-
HUTE/NBHON BTOPHUYHON OOMOTKe
tpanchopmaropa;

e IS MHHMMH3AIMH [IOTPe6/IgeMOi
MOIITHOCTH BO3MOKHO HCIIO/Tb30Ba-
HHE JIOMOJHHTEIbHON BTOPHYHOM
O6MOTKH.

Tumosas cxeMa IOCTPOEHHUA IIPeo6-
pasoBare/iAd HalpsKEHHUS OT/IHYAeTCA
OT MPHUBENEHHON B cTathe [3] Ha puc. 2
TO/IBKO HOMEPOM BBIBOJIa OOpaTHOM CBA-
3M MHKPOCXEMBI (pHC. 2) ¥ HOMHHA/IaMU
3/IeMEeHTOB, 3aBUCAIIMMH OT THIIA KOHK-
PETHO HCIIO/Ib3YyeMOiT MHKPOCXEMBI.

PaccMorpuM QyHKUMOHA/IBHYIO CXe-
MY MHKPOCXeMBI CeMeNICTBa, IPUBeJIeH-
HYIO Ha pHC. 3.

T'eneparop A9 paboraeT Ha OMHOI U3
(UK CHPOBAHHBIX YaCTOT U ¢ (PUKCHPO-
BaHHBIM K03(PUILHEHTOM 3aNI0/THeHUA

Puc. 1
R2
== C1
VD1 -VD4 1 Ve |P

R1 .

<_|=< 7& &

the 2

~85...265 B =c2 &

<« 2 z

F8 | y1 JeND
= U221

Puc.2

D.....
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77 %. 1o PppoHTaM BHIXOTHBIX HMIY/Ib-
COB T€HepaTopa IMOAK/IIOYEHHbIE K €T0
BbIxOmy Tpurrepst DD5 u DD7 ycra-
HaB/MBAIOTCA B €IMHUYHOE COCTOAHME,
TO crafiaM — c6pachIBalOTCA B HY/IEBOE,
Borxopmoit curaan tpurrepa DD7 wepes
6ydepusriit anement DD8 oTxpsiBaer
TpaHsucTOop VT4 CHIOBOIO BBICOKO-
BOJIbTHOTO KJTI0Ya. Takoe MOCTpOeHHe
LENU yNpaBleHUsA CWIOBBIM KIIOYOM
TapaHTHPYeT, YTO HU MTPH KakHX 06cTo-
ATENHCTBAX K03 PHUIMEHT 3aITONIHEHUA
HMITY/IbCOB KAKOYa HE MpeBbICUT 77 %.

C6potten Tpurrep DD7 moxer 65ITh
TAaK>KE BLIXOJHBIMU CHTHA/IAMU 3/IEMEH-
Tta DD1, BXOonsaiero B mens crabunmmsa-
IMU BBLIXOJIHOI'O HAIIPSKEHUA, U KOM-
nmaparopa Toka Al0 curoBOro xmmwua
VI3VT4.

Komnaparop Al0 cpabarsiBaer mpu
IPEBLINIEHUHM TOKOM KIIO4Ya 3aTaHHOU
BEIMIMHBL C HEKOTOPOH 3a/Iep>KKOIL,
onpenendemon uensio All. Jra 3a-
HepXKa MPUCYTCTBYET BO BCEX MHUKPO-
CXeMax pa3/IMYHBIX IPOM3BOIHUTENEH,
npefHa3sHaYeHHBIX 1A TOCTPOEHHUSA
HMIIy/IbCHBIX 06paTHOXOMOBHIX ITPe0s-
pasoBaTenieil HallpsKEHUA. 3afepikka
Heo6X0MMa I NCK/TIOYeHUs CpabaTsl-
BaHMA 3a[1IUTHI B IIEPBbIIL MOMEHT IOC/IE
OTKPbIBaHU K044, TIOKa UIYT Mpoliec-
CbI PaspAIKKM EMKOCTH y3/1a CTOKA TPaH-
3ucTopa VI3, MEXXBUTKOBOH €MKOCTH
TpanchopMaTopa M BOCCTAHOB/IEHUSA
06paTHOTO CONPOTHBIICHUS BBINPAMHU-
TE/IbHOTO JHOJa BTOPHYHOM IIETTH.

Hacrora rexeparopa A9 mopynupy-
€TCs HaNpsXeHHeM Ha BbIBOZe V¢
MHKPOCXEMBI aHAJIOTMYHO 3TOMY MpO-
Heccy B Mukpocxemax cepuu NCP101x
[3]. OuamasoH xadaHHUA COCTABIAET
npuMmepHo +1,5 k' A1A MHKpOcxem
C HOMHHaJIbHOI 4YacToTO¥ 44 xI'm, +3
mnst 100 xI'n u +4 mna 136 kT, Bepx-
HAA KpMBas Ha pUC. 4 MUHOCTpUPyeT
3aBMCMMOCTb YacTOTHI TE€HEPaTropa OT
HanpspKeHUs Ha BoiBofie Vec. Kauanue
9aCTOThI YMEHBIIIAET YPOBEHb H3/Iydae-
MbIX TipeobpasoBaresieM IIOMeX.

Crabwimsanys BHIXOZHOI'O HATIPSIKe-
HHUA B MUKPOCXEMAX PacCCMaTPHUBAEMOIO
CEMENCTBAa MPOMCXOJUT HE TaK, Kak B
PaccMaTpHUBaBIIHXCA paHee NpHboOpax.
Bxop momaum cursana ob6partHoOi CBs-
su FB BbInosHeH B BUAE COeIHHEHMSA
uctoxos asyx MOII Tpansucropos
OONOAHALINEH CTPyKTypsl — VT1
€ KaHanoM n-tumna U VI2 ¢ xaHanmom
p-tuma (puc. 3). Ha sarBopsI Tpansuc-
TOPOB MOJaHbl HANpsXXKeHUA +2,6 U
+3,3 B. Crok tpansucropa VT1 Harpy-
JKEH Ha YIIpaB/siEMBIH T€HEpaTOp TOKa
A7, crok VT2 — Ha aHa/JIOTUYHBIi Te-
HepaTop TokKa A8. BrIxonHble CHrHambI

VD1 Startup/Vcg Reg
10V ¢ Al

Fault

| Startup |A5

Circuit
A3

A6

Control ﬁ
Input

.
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Lockout > Thermal | $—{S| 7T g"‘ﬁ
A2 Shutdown Driver SWIC
- ppg Circuit
+ y 9 R VT4
. i
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[
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I
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Primary Current

Puc. 4

JTUX TPAH3UCTOPOB ITOJAHLI HAa MHBEP-
CHBIM U TPAMOH BXOIbI JTOTHYECKOTO
anementa UJIM DDI1.

IToxa BXOmHOI cHrHAM MO Hemu 06-
PaTHO¥ CBA3H OTCYTCTBYeT, TPAH3UCTO-
pot VI'1 u VI2 sakpsiTsl, HaNpsKeHUe
Ha croke VT'1 6113K0 K HaNpsDKEeHUIO Ha
BbIBOZIE Vc, Ha cToke VI2 — K Hysio.
Beixognoit curaan DD1 cooTBercTByeT
nor. 0 ¥ He BAMAET Ha MIOJAYY MMITy/Ib-
COB OT T€HEPaTOPa HA BHICOKOBO/IBTHBIH
ko VI3VT4. Ilpu mpessinteHuu
BXOIHBIM TOKOM 3HAa4eHHA IPHUMEPHO
47,5 MKA (/1106010 3HaKa, KaK BTEKAIO-
LIIET0, TaK H BBITEKAIOLIETO, JUarPaMMa
IconTROL HA pHC. 4) Ha CTOKE OTHOTO
M3 TPAH3UCTOPOB CHUTHAJI MEHSET CBOM

I IR
AL Al
[
| Current Limit

Current Limit
Threshold

~—» [«—— Propagation
Oelay

NOTHYECKUIH ypOBEHb Ha NPOTHBOIO-
JIOXHBI U cpabarbiBaer 3nemenT DDI.
Ero Bsixommoit cursan (nor. 1) mocry-
MAeT Ha MHBEPCHBI BXOJ 3neMeHTa 1
DD3 u 4epes anement I DD6 — Ha
Bxog cbpoca R tpurrepa DD7 u 06-
PbIBAET MMITyIbC TOKA 4Yepes CHIOBOH
KoY (BTOPOI1 TPEYroMbHBIH HMIYIbC
TOKa Ha HUXKHEH JuarpaMMe Ha puc. 4).
Ecnu Tox mo Bxomy 06paTHOM CBA3H K
HaYaTy CRENYIOIETO UMITy/Ibca TeHepa-
TOpa He yMEHbIIMTCA 10 37,5 MKA, ero
MpOXOXIeHKe Ha BXOH S Tpurrepa DD5
6ynmer sabnoxuposano anemenrom DD3
U CNIefYIOUIHI UMITY/IbC TeHEpaTopa He
oTkpoeT x4 VI3VT4. Ogxako, ectu
9TO yMEHbIIIEHHE IIPOU3OMJIET B TEYEHHE




KOMHOHGHTbI

CCD&CMOS matpuLbl

n moaynun ¢pupmboi Pixelplus
C BugeonpoLleccopom

Ha OJHOM Kpuctanne

B cmamee paccmompeHrsl Mampuuysl U MoOY/U HA OOHOM Kpucmasie, Ko-
mopele npednazaem ¢gupma Pixelplus.

CIIOJIHEHHE HA OOHOM KpHUCTa/UIE,
CreuyajM3upoOBaHHas apXUTEK-
Typa, BCTPOEHHbIE CPEACTBA U
YCTAaHOBJIEHHOE MPOrpaMMHOE obecrie-

UMeEIT TaK)Xe HU3KOe U eJUHCTBECHHOE

Hamnps>XeHUA MUTaHUA 4TO, 663yC)10BHO,

oberdaer ux IpUMEHEHHe.
HOMCHKHaTypa HU3roTaB/IMBaAECMBbIX

SoC CCD/CMOS marpumy, onrudec-
KyI0 CHCTEMY M COeNMHMTEbHBIN Ka-
6enp 18 TMOAKIOYEHHS K BHEIIHUM
HensaM yrpaBieHus U o6paboTKM BU-
meocurHama. Bce momynu cHabxeHB!
BBICOKOKA4€CTBEHHBIMH BCTPOCHHBIMHU
KOPOTKOGOKYCHBIMM 06'beKTHBAMH, UX
mapaMeTphl IpUBesieHs! B Tabn. 2. Mo-
IyU ABASIOTCA MOMHOCTBIO QYHKIMO-
HIbHO 3aKOHYEHHBIMH YCTPOACTBAMH,
He TpeOYIOT BHEIIHETO YIpPaBIeHUS U
MoryT pa6oTtaTs aBToHOMHO. ITpu pabo-
Te B COCTaBe CUCTEMbI HMEETCSI BO3MOXK-
HOCTb YIIPaB/ieHusA BCeMH (YHKUHAMH
Y BHYTPEHHUMH PErUCTPaMu IPHOOPOB
OT BHEIIIHETO KOHTPO/UIepa Mo CTaHxap-

YeHMe 3HAYUTENHHO YIPOLIAIOT Mpy- (PUPMON U HAXONAIMXCA B paspaboTke THOMY nHTepdeiicy 1°C.
MeHeHue npubopos ¢upmer Pixelplus Marpuu 1 HX OCHOBHbIE XapaKTepHCTH-
M He TPe6yIOT OT paspafoT4MKa [Iy6o- Ki IpefCTaBlIeHa B Taom. 1. KOHCTPYKLIKA

KMX 3HaHMH B o6macty uudposoit 06-
paboTKu BumeousobpakeHuil. Bee aro
COKpaIlaer cpoku NPOeKTUPOBaHUA H
BHEJIPEHUA B MPOU3BOJACTBO KOHEYHBIX
YCTPOYICTB M 3aTpaThl Ha IPOEKTHPO-
BaHUE M B TOXe BpeMsa obecrreynBaer
UCKITIOYUTENIBHO BBICOKHE XapaKTepHC-
THKM 110 06paboTKe BHOEOCUTHANMA 32
cYeT UpHMeHeHHs (QYHKIHOHATbHO
3akoHyenHoro SoC npubopa fns ero
BBOZA 1 00paboTKHU. [IOIOTHUTENDHBIM,
HO BeCbMa BaXXHBIM NPEHMYILECTBOM,
ABNAIOTCA MUHUManbHbIe TabapUTBI,
obecrneunBaeMble OJHOKPUCTANbHBIM
pelllenreM. B cydae MOHTaXKa Ha Ile-
vatHyo wiary CCD/CMOS npubopsr,
odopmIeHHBIE B CTaHAPTHbIE IVIaHAp-
Hble KOPITyCa, [MO3BOMAIOT 3HAYUTE/Nb-
HO 9KOHOMHUTbH MX Iwiowafb. IIpubopst

B Hacrosimee BpeMsA HOMEHK/IAaTypa
MATPHI[ COCTOUT U3 HeCKONBKHUX IIPH-
60pOB, MOANEP)KUBAIOMIUX Pa3/THYHBIE
CTaHJapTh! BUAEOCUTHANOB. B munelike
HMEIOTCA M HEHOpOTHe U3NeNHUs ¢ HU3-
kuM paspertenueM (PO2010, PO2030,
PO3030, PC1025) u BBICOKOKa4eCTBEH-
Hble MHOTOMETanuKcenAbHble MHOTO-
(yHKIHOHANbHBIE MY/TbTUCTAaHAAPTHBIE
npubopet PE1320. B macrodimee spems
BeflyTcsa paboTHl MO MPOEKTHPOBAHHUIO
U OCBOEHHUIO B IPOM3BOACTBE 4...6-Me-
TanmMKCe/IbHBIX YCTPOVICTB, B KOTOPBIX
[pefycMaTpuUBaeTCs BBefeHHE LeNoH
raMMbl HOBBIX BCTPOEHHBIX (PYHKIHMH
U 0cOOEeHHOCTE.

B HOMeHK/TaType nponyKiyy GUpMbI
Pixelplus Tax>Xe IIMpPOKO mpefcTaBe-
HBl MOAY/IHM, COBMemjalmie B cebe

Bce Mopynu UMEOT MPUMEPHO OfU-
HaKOBYI0 KoHCTpyKuuio (puc. 1). Onu
COCTOAT U3 MOKOM Me4aTHON IIaThi
C yCTaHOB/IEHHBIMU Ha Hee MAaTpUIleH
CCD/CMOS SoC u paspeMoM [ Tof-
KII0YeHus K BHEIITHUM LIETIAM.

Henocpencrsenno Ha CCD/CMOS
MATpPULY YCTaHABIMBAETCA OTITHIECKas
cucreMa, GoKycupyroias H306paxkenue
Ha GOTONMPHEMHOM YCTPONCTBE.

Bce mpu6Gopst U Momymu GUpPMBI
HMMEIOT NpaKTHYeCKH ONUHAKOBYIO ap-
XUTEKTYPY M HPUHLHUIB! TOCTPOEHNS,
HaIJITHBIM TPUMEPOM MOXKET CITy>KUTb
npubop PO3130D.

Marpuna npubopa HMeeT AUAro-
Haip 5,409 MM, 1280x1024 aKTHBHBIX
MMUKCENeH ¢ IBETHBIMU GUABTPAMH U
MHUKpoMH304. Hanpsixenne muTanus

Ta6nuya 1
| Ya3speiwienve |
®opmat Tan Paspewetive Yucno "::::'::ﬁ TexHonorus, Pasmep no MpuMedaHmne
(meranukcenm) X Y nuKkcenen MK . MKM AnaroHanu, Mm P
CIF PO2010D 352 288 101376 5,6%5,6 0,25 2,547 ISP
VGA PO2030N 640 480 307200 5,2%5,2 0,25 4,16 ISP
PO3030K 640 480 307200 3,6x3,6 0,18 2,88 —
NTSC&PAL PC1025N 510 480 244800 5,6x7,0 0,25 44 AHanoroBbiv Bbixo
PO2130D 1280 1024 1310720 4,8x%4,8 0,25 7,868 ISP
13 PO3130D 1280 1024 1310720 3,3x3,3 0,18 5,409 -—
PO4130K 1280 1024 1310720 2,8x2,8 0,18 4,59 ISP, A/E, D/IC
20 PO1200N 1600 1200 1920000 33x33 0,18 6,6 ISP, AF
! PE2200K 1600 1200 1920000 2,8x2,8 0,18 56 ISP, A/F, JPEG
32 PE1320K 2048 1536 3145728 2,6%2,6 0,18 6,656 ISP, A/F, D/IC, JPEG
4,0 B pa3paborke 2272 1704 3871488 2,5%2,5 0,13 7.1 1SP, A/E, D/IC
2592 1944 5038848 2,5%2,5 0,13 8,1 1SP, A/E, D/IC
>0 BpaspaboTke 550> 11044 | 5038848 |  2.0%2.2 0,09 7,128 Zoom, Shutter
6,0 B paspaboTke 3024 2016 6096384 2,0x2,0 0,09 7,269 —
Ta6nuuya 2
lFa6apwrby, Yucno | O6vexrtns | Koncrpykuusa | ®okyc, Yron v
Tun Haumenosauue MM BbIBOAOSB P/N ob6vexTnsa mm__| o630pa, rpag. Aneprypa MCKaXeHna
CIF PO2010DC-MOR-PP11 7,0x7,5%4,3 20 DC-050-C 1P 23 64 28 2
PO2030NC-MSH-PP02 7,0%6,0x5,45 20 V37642C 2P 3,57 62,2 28 -0,94
VGA PO2030NC-MSH-PP0O3 7,0%6,0x5,45 20 V37642C 2P 3,57 62,2 28 -0,94
PO2030NC-MSH-PPO7 8,0x8,0x5,45 20 SK3528 2P 35 61,2 2,8 -1,2
P0O2130DC-MSR-PPO1 11x11x9,2 20 V7060MC 1G+2P 6,97 60 4 0,76
SXGA PO3130DC-MSH-PPMO1 8,5x8,5%7,6 20 SK5028 3P 4,7 57,5 28 0,51
P0O3130DC-MSH-PPM02 9,0x9,0x7,2 20 GS-8246A 1G+3P 4,7 62 28 0,51
) P0O3130DC-MOR-PPMO7 9,0x9,0x7,0 24 GS-8246A 1G+3P 4,7 62 28 0,51
(f\ UXGA | PO1200NC-MSH-PP2M02 9Xx9x8,2 24 L0017-85 3P 5,01 66 28 0,59
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Puc. 1

Puc. 2

1,8 B gns SoC sppa npubopa u 1,8...3,3
B nns ysmos BBoma/BriBOfa. ®opma-
THI BEIXOAa — 8 6uT YCbCr, RGB565,
10 6uT nmonb3oBaTeNbCKUE NAaHHBIE, 12
6ut RGB888. Marpumna obecnevuna-

eT cKOpocTh fo 15 xagp/c dopmara
SXGA (mporpeccuBHas pasBepTKa)
TIPY TaKTOBO Yactore 54 MI'n unu 1o
30 kamp/c dopMata VGA mpu TaKTOBOI
vyacrote 27 MI'. O6paborka usobpa-
KEHUs Ha KPUCTajyle BKIIOYAET raM-
Ma-KOPPEKIHIO, KOPPeKIHIO fedeKTOoB,
crienuanbuble GUABTPHI, HHTEPIIO/A-
[IMI0 IBETa, TOBBINIEHUE YETKOCTH
Kpasi, KOPPEKIILIO 1BETa, PEryIHPOBKU
KOHTPaCTHOCTH, HACBIII[EHHOCTH 11BETa,
ycTaHoBKy 6ananca 6enoro, KOHTPOIb
SKCIOSUIMHU U KOMITEHCALUIO (POHOBOM
3aCBETKHU.

[Tonp3oBaTenbCckuil pasMep Kaapa H
OKH4, yCTaHOBKa WX Pa3MEPOB H ITO3HUIIHU-
OHHUPOBAHHE 337deTCs Yepe3 uHTepdeirc
I2C. Bo3MO>KHBI TIpeiBapUTEIbHASL BBI-
6opka 1 MaciTabupoBaHue B peKUMax
SXGA/VGA/QVGA/QQVGA/CIF/QCIF,
FOPU3OHTAIIBHOE U (MIM) BEPTUKANBHOE
3epKabHOe oTpakenue. OCyIIeCTBAAET-
Csl aBTOMATHIECKOE ITOJIaB/ICHUE MEPIIa-
HuUs vactoroi 50, 60 I'n.

[Ipubop PO3130D umeer ypoBHU
CUTHA/IOB, COBMECTHMBIE C HaIpsKe-
HueMm nurtanus 3,3 B. Bxomnble cursa-
JIBL DO/DKHEL OBITH BeIIIE O U HIDKE HIU
PaBHBl HANPSOKEHHIO IUTAHHUA ANPa,
HO He MOryT O6BITh BHIIe 3,3 B. Bxogn
PO3130D nocTpOeHsI ¢ UCIIONb30BAHU-

€M 3al[UTHI, YTO TO3BOJIAET U3OEKATh
HOBPEXKAeHUH IIPHOOPa BXOTHBIM CHUT-
HA/IOM, JaXKe eC/IU HaIpsUKeHHe IHTa-
HUS OTKIIOYEHO.

[Tpubop comep>XKUT Y3/1bl OpaitBEPOB
CTPOK U CTONMO1I0B, 06eCIIEIUBAIOIIHE
[IOC/IEOBATENBHOE CIMTHIBAHME IAHHBIX
Kakgoro mukcens. Y3sen CDS ymenbia-
€T IL[yMOBBIEe CUTHAJIBL, TIOAB/IAIOIIUECA B
mpouecce mpeobpasosanus. Kaxapii us
BbIx0nOB R, G, B MOXeT 6bITh anmapar-
HO YMHO)XEH Ha PasnUdYHBIE IpOrpam-
MHO yCTaHOB/IEHHbIe KO3 DHIEHTH
ycuieHus, 4To6bl cbanaHCMPOBaTh IBET
U306p@KEHUsI B Pa3IUYHBIX YCIOBHAX
OCBeIIleHHsI. AHA/IOrOBbIe CUIHAJIBI TIpe-
o6pasyrorcs B uudpoBo BUA U MOCTY-
MAIOT Ha BBIXOJ, KOJIOHKA 33 KOJIOHKOM.
Hanee RGB curaamel mocTymamoT moc-
JIEMOBATE/BHO B MPOIIeCcOp 06paboTKU
BUHeOCUTHaM, 9T00BI cPopMHPOBATEH
BbIxo#HOM curaan YCbCr 4:2:2.

Hawano xoopaunar xagpa (0, 0) — B
[IPaBOM BEPXHEM YTy MATPHIIbI THK-
ceneit (puc. 3).

Pasmep xanpa onpefienieH TByMs PEruC-
tpamu — FrameWidth u FrameHeight.
Omnun kanp cocrout u3 FrameWidth+1
xonoHok U FrameHeight+1 psanos. 3na-
wenus FrameWidth u FrameHeight mo-
ryT GBITH 3alpOTPaMMMPOBaHbI 60/1b-
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KOMHOHGHTbI

1724
MakcimanbHas WupuHa okHa = 1280 Hauano
KoopaVHaT
MaTpULbI
(0,0)
MpoussornsHo 3anasaamuie ]
1 MO3MLMOHNDYEMBIS OKHa Hauano
KoopavHaT

1044

okHa (213, 13)
10 YMON4aHUIo

MakcumaneHas
BbICOTa OkHa = 1024

Montkie pasmepst okHa = 1280 x 1024

MakcumanbHble 3Havenus koopauHar (1723, 1043)

Puc. 3

1€, 4eM (PUSHIECKUI PasMep MaTPUIbL
Marpuua B 1280x1024 nuKcenos ume-
eT Havyano orcuera B (213, 13). Mox-
HO OIpPeNeNuTh YacTh Kafpa KaK OKHO.
IMpocMoTp mmKceneil HaYMHAETCA C
(0, 0), ¥ psx 3a PAOOM CBEPXY BHUS, I/
KaXXO¥H TMHHUH HAIIpaB/Ie€HUe IIPOCMOT-
pa — cmpasa naneBo. HSYNC curnan
YKa3bIBAaeT, ABASAETCA TH BBIXOMHOM CHUT-
HaJI MUKCENA IPUHAIEKALIMM TeKYIIe-
My OKHY wiu HeT. EcTh nBa cuyerumka,
ANA yKasaHUA TeKyIleH KOOPIUHATHI
Kajpa — CYeTYUK PIAXOB Kagpa U CYeT-
YUK KOMOHOK Kampa. CUeTYHKH Iocne-
AOBATENBHO IOBTOPAIOT WHKA OT 0 110
FrameHeight, u ot 0 no FrameWidth
COOTBETCTBEHHO. BO3MOXXHOCTD 3ama-
HHUs Pa3MepOB OKOH U HX IIOOXKEHMs
Ha OCHOBHOI1 6a30B01 MaTpHUile TO3BO-
NA€T HUCIIONb30BaTh COXKHBIE PEKMMBI
MaciITabUpOBaHUA UM BH3YaAU3ALMH
PasIUYHBIX JeTaknel H300pakeHu .
Bce perucrpst npubopa PO3130D go-
CTYDHBI [UIf 3aIIMCU U YT€HUA TI0 CTaH-
HapTHOMY BHeurHeMy HHTep(eitcy 12C,
Ipu6op PO3130D umeeT NOTYMHEHHDIH

(slave) pexxum. PaGota mo unTepdeitcy
yUpaB/AeTca TakToBHIM curHanoMm (SCL),
F€HEPUPYEMBIM BHEIIHUM BeIYIIMM
(master) ycrpoitctBom. JlaHuble 1epe-
MAIOTCA IO MMHUU maHHBIX SDA. JIuauu
SCL u SDA nonmxHb1 66ITh TOTKIIOYECHBI
K MCTOMHHKY ITHTaHHUSA AApa Yepes pe3uc-
TOpHl conpotuieHreM 2 KOM. JIrob6oe
YCTPOMCTBO Ha IIMHE, BeAyllee WIH Be-
AOMOE, MOXeT ITOJaTh Ha TUHUU CUTHAN
nor. 0. ITporokon I2C onpepneser, Kako-
MY YCTPOHMCTBY paspelileHa Iepenada Ha
3TH [Be IMHUYU B KOHKPETHBI MOMEHT
BpeMeHH. [leTabHOe OMMCaHMe HHTep-
(eiica ¥ TONB3OBATENBCKOM CHCTEMBI
KOMaHg MoxHo Haiitu B datasheet Ha
npubop PO3130D u datasheet momyneit
Ha ocHOBe npubopa PO3130D.

IMpubops1 0GOPpMIAIOTCS B KOPILycax
BGA umu CLCC ¢ 48-10 BeiBomamu. Ha
pHC. 4 TIpUBefeHO PaCIONOXKEHUE BbI-
BoxoB npu6opa PO3130D.

IMpubopbt UMEIOT pasiIU4YHbIE IIPO-
rPaMMHO yCTaHAaBIMBaeMble PeXUMbI
IIPeBAPUTENBLHOTO IIPOCMOTpa H306pa-
JKEHUA C IIOHIDKEHHBIM paspellieHHeM

-2 <aq<
$5s288885488%
E€202%228248
42 41 40 39 38 37 36 35 34 33 32 31
STDBY | 43 30 § SDA
RSTB | 44 29 | scL
D11 | 45 28| D7
D10 | 48 27| b8
D9 | 47 26 | D5
o8 | 48 PO3130D 25 D4
Do | 1 24 | D3
HVDD | 2 23 | HVDD
DGND | 3 22 | DGND
ovoD | 4 21 | DGND
ovoD | 5 20 | bvDD
X116 18 | PCLK
789 1011213141516 1718

89dddygdddy
22222222

HSYNC
VSYNC

Puc. 4

IIPYU YBEIMYEHHOI YacTOTe CKaHMPOBa-
HUA U IIPeo6pasoBaHUA U300pakeHuUs
2714 GBICTPOrO ITO3UIIHOHUPOBAHISA Kafipa
U ero Busyam3sauuu. [1Ipu6op PO3130D
MOJIAEP>KUBAET YeThIpe PasIMYHBIX CIIO-
coba MacIITabupoBaHUA — MAaCIITabu-
posanue 1/4, 1/16, CIF u QCIFE.
ITpumenenue MpUOGOPOB He BHI3BIBA-
eT KaKUX-1M60 CIOXKHOCTEH, TaK Kak
IIPOCTOE H YAOOHOE YIIpaBaeHHe 110 UH-
tepeitcy I2C 103BosAeT MOAKIOYATD
MX K Nn060# NMpUKTagHOM cucTeMe 6e3
CITeUHATBHBIX YCTPOHCTB CONPSIKEHHSL.
IlpocTas u MoOIHAasA BCTPOeHHAs CHC-
TeMa KOMaHza 06paboTKy H306paxkeHHs
IIO3BOJIAET BHIIONHATE Bce (PYHKIMH aB-
TOHOMHO, He 3arpy>kast KOHTPOJUIEP CHC-
TeMbL. MOILIHbIE BCTPOCHHBIE CPENCTBA
06paboTKH U306paKeHH, MHOTOO6pa-
3Me PeXXHUMOB OTOOpaskeHHA U 06paboT-
KU, @ TAK)XKE OMHOKPHUCTAIBbHOE UCITONHE-
HHe IIpUOOpOB [eal0T UX IPUMEHEHHUE
BeCbMa IIEPCIIEKTUBHBIM BO MHOTHX IIPU-
KIagHBbIX CHCTEMaX M YCTPOMCTBaX.

Cepreit Jo6pyceHko,
r. Hepronuru, AkyTtua

HoBbie Kuuru

A. B. ®pyHse

MUKPOKOHTPOJUIEPbI ®UPMbI PHILIPS CEMEVUCTBA x51

Muxpoxol
Supmmt PHILIPS
cemedicTaa x51

Kura thopmata A4 UMEST MATKYI0 0GNOXKKY M cOaspXMT 336 C.

/ Waparenbekmit oM «CKUMBH» BLINYCTUN NEPBLIA TOM KHUMM AnBkcaHapa PpyHae «MukpokoHTponnepsl dupmei Philips cemericTsa x51».
| B 370/ KHure npuseasH NOAPOGHGLIA 0630p BCeX BbINYCKABMbIX (MPMON Philips MMKpOKOHTpORNEpOB, AaHa MHAIOPMALMA MO JOCTYMHBLIM

A.B.®pyH3e

0Te'eCTBEHHOMY NONL30BATBNI0 MUKPOKOHTPONNSPAM C8MBIACTBA X51, N3roTaBNUBaeMbimM APYriMA BEfYLIMMA MUPOBbIMM NPON3BOAM-
TenMU. B Heit npuesneHa camas CBEXas Ha MOMEHT BbIMycka CBOAHAA TAGNMUA N0 8C8M BLiTyCKasMbiM Philips MUKDOKOHTpORNSpam, a
TaKxKe TBPMUHONOTM4ECKUI CnoBapk. [lanes noapoGHO PaccmaTpuBAOTCA OCOGEHHOCTU KMACCU4BCKUX MUKPOKOHTPONNSPOB CemeicTaa
X51 — cucTema KomaHR (NoAPOGHO OMMCAHLI BCB KOMaHAbI MUKDOKOHTPOUIBPOB C KOA@MM ONSpauuil, onepaHAaMm, NpUMBpamm feit-cTens
KOMAHR, BPBMEHBM UX UCTIONHEHMA) M annaparHsle 0COG8HHOCTM (CTPYKTYPA NAMATU U PBIUCTPOB, apGIMBTM4ECKO-NIOTMYECKO® YCTPOICTBO,
TaMEPLI-CHBTHUKI U PEXUMBI WX PABOTHI, CUCTBMA MPBPBLIBAHMUIA, CTAHAAPTHBIA NOCNGAOBATBNLHLIA MOPT CO BCBMA PBXMMAMM PaBOTHI
W CMCTEMA YnpasfieHus nutanueM). NoApO6HO OMUCaHBI MUKDOKOHTPONNSPLI C pa3paGoTaHHLIM thupMoi Philips OpHruHANEHLIM AppoM
80C51+, B TOM wMCNE MUKDOKOHTPONNBPB! C (hNIALLI-NAMATLIO NPOrpaMM, C NPOrPAMMUPYSMOI MATPULBH CHBTYMKOB, C PACLIMPBHHONM
NaMATLI0 MPOrPaMM U AaHHBIX. PACCMOTPEHBI TaKKe MUKPOKOHTPONEPLI € AONONHUTBNBHLIMM NOPTaMU BBOAA/BLIBOAA, € aNNapaTHo psa-
NM30BAHHOM WMHOM 12C 1 BCTPOBHHBIM aHANOr0-uMdpOBLIM NPE06Pa30BaTNeM. Bcs NpMBEABHHAR MHIDOPMALUMA OCHOBAHA Ha CTIPABOYHBIX
marepuanax (upmsl Philips.

KHura paccuuTana Ha WUPOKMIA KPYT MHKEHBPHO-TBXHUBCKUX PRBOTHUKOB, MHTBPECYIOLUMXCA NOCABAHUMI AOCTVOKBHIAMU MUKDO-
KOHTPONNEPHON TEXHUKM.

Bb! MOXETE NOANMCATLCSA HA 3TY KHWTY YEPE3 PE/laKUMIO. CTOMMOCTL noanHcku — 260 Py, B 3Ty CyMMy BKIOYEHA nepechinka no Poccuu, NpuMep 3anN0NHEHMA KBMTaHLMK

Ans onnarbl yepe3 6auk CM. Ha cTp. 56.



NpumeHeHne

rpadpunueckoro KKV BF9864A

Kontponnep PCF8548 — Bbibop
napameTpoB, onpepenaioux
Hanpaxexue ynpaBnenua XKW

Koutponnep PCF8548 o6ecnieunsaer
rHbKoe M3MeHeHHE I1apaMeTPOB TeHe-
PHPYEMBIX CUTHA/IOB, YTO obeciednBaeT
BO3MO>XXHOCTb €TI0 paboThl € PasiIHYHbI-
mu Tunamu JKKH. Koprnopanus Boly-
min JMIIb IPUCIOCOOMIA 3TOT KOHT-
pomnep mia csoero JKKH. Ycranoska
SHAYEHUH [TapaMeTpPOB BITTOTHAETCS 110
KOMaHIaM, IlepeiaBaeMbIM KOHTpOJUTe-
py PCF8548 no mmue 12C.

TpymHOCTH BBI3BIBAET OTCYTCTBHE
nHGOPMAIMHM O TOM, KaKHe UMEHHO
3HAYCHHA TapaMeTPOB HEOOXOAMMO
APOTPaMMHO YCTaHOBHUTb B KOHTPOJ-
nepe PCF8548 it HopManbHO¥ paboTh
KOHKpeTHOro pucined. IIpoime rosops,
KaK BBIOPATh MogecsaTKa MapaMeTpos,
4TO6BI AHUCIIEN HaYal II0Ka3biBaTh.

[omy4aercs, 4To, KaK U4 OIlpexesne-
HHA 3THX [IapaMeTpPOB, TaK U VIS OIIpe-
nenenud agpeca aucivies BF9864A, ycr-
PO¥ICTBO U 60JIbIlIAA 9aCTh IIPOTPAMMBI
IO/DKHBI OBITH BHITOMHEHH 6€3011H60Y-
HO. la>xe ITpU KOPPEeKTHOH IIPOrpaMMe
MUCIIIeN MOXKeT He paboTaTh M3-3a He-
BEPHO MOTOOPaHHBIX TAPAMETPOB.

Hanee B gBOMYHOM KOHe IIPHBO-
OATCA 3HAYEHUA [ApaMeTpPOB, Ilepe-
naBaeMbix B koutpomnep PCF8548
NpH MHULMAAU3aIMH 018 obecrede-
HHA HOPMAa/JbHOTO H300pakeHHS Ha
/KK BF9864AFPH mnpu mampsxe-
HHUH [IUTAaHHUA B AuamnasoHe 2,7...4,5 B.
O6o3HaveHys mapameTpoB B3ATHI M3
TEeXHHYECKOTO OITMCAHUA KOHTpPOJie-

dopmynel 1 TabnuIbI, CBASBIBAIOLTHE
3TH [TapaMeTpsI ¢ HapsKednem Upcp,
TeHEPHPYEMBIM KOHTPOJUIEPOM.

PRS =1 (programming range select —
BBIGOD IIPOrPAMMHUPYEMOrQ QHAIIA30HA
Hanpsokenus JKKI).

BS[2]:BS[1]:BS[0] = 010 (bias sys-
tem — cHCTeMa cMeLIeHud ).

S[1]:S[0] = 10 (HV-generator multi-
plication — xoadpunment ymaoxeHus
BBICOKOBOJIBTHOTO TeHepaTopa).

TC[1]:TC[0] = 00 (Vicp temperature
coefficient — TemmepartypHsIit K0agpdu-
uMeHT HanpspKenusa JKKH).

Vop[6]:Vop[5]:Vop[4]:Uop[3]:Vop[2]:
Vopr[1]:Vop[0] =1000000.

BosmoxHO, 4TO s Opyro¥ mapTuM
OHUCIIEEB MPUAETCS ORO6pPaTh OT/H-
YaloIIMecs 3HAYCHHs MapaMeTpoB, Ha-
[IpUMeED, [/ BHOBb NPHOOpPETEHHBIX
IpH6OpOB OINITHMaNbHOE 3HAYEHHE I1a-
pamerpa Upp coctasuno 01100000.

Brusnune TemrepaTyprr Ha KadecTBO
H3006paKeHHs He IIPOBEPANOCH, MHCII-
7iel paboTall B TeMIIepaTyPHOM Jualia-
sone 15...30 °C. BosmoxxHO, moTpeby-
€TCa KOPPEeKTHPOBKa nmapameTpa TC mis
obecrieyenns paboTsl gUCIUIes B 6oiee
IIMPOKOM JMAIllasoHe TeMIIeparyp.

Nepepaua KomaHA U AaHHDIX
B KoHTponnep PCF8548

Paspa6orunku koutpomiepa PCF8548
06eceqnN BOSMOXHOCTh KOMaHIHOM
YCTaHOBKH IIHPOKOTO CIIeKTpa Iapa-
METpOB, HO I/l 3TOTO MOHAZOOHIACh
JOTIOTHUTEIbHAsE KOMAHAA YCTAaHOB-
ku ¢ynkuun. Ecmu B 3108 KOMaHpe

CxemoTexHuka N2 3 - mapT 2006

HeH I'pylia KOMaH[ MPUHALNEXHUT K
pacIIHpeHHOM Tpynie, eciu ¢nar H
cOpollleH, 3a KOMaHIOH YCTAHOBKH
bYHKIHH CrenyloT KOMaHAbl OCHOB-
HOM IpyMneI.

Heckonbko xoMang, B ToM 4ucie U
KOMaHJIa YCTaHOBKH (PYHKIIHH, BOCIIPH-
HUMatoTcs KouTposmiepom PCF8548 mpu
mo6om 3Havennu ¢rara H.

B Tabn. 2 mpencTaBieHBl KOMaHBI
koHTpornnepa PCF8548.

B Tabn. 3 mpuBeneHa paciHppoBKa
HaHMEHOBaHHH ITapaMeTpPOB.

Hucnneri BF9864A 6pin ycTanaBieH B
TOTOBBIN KOPITyC, KOHCTPYKIIHA KOTO-
poro TpeboBana pasmelleHHs nuieiida
AUCIIIes CBepxy, Kak Ha puc. 1 (Hop-
ManpHOE TMOOXKeHHe — mieid guc-
wied cHU3Y). Jig Toro 4ToOH JaHHEIE,
ImpenAHAa3sHAYeHHBbIE [JIA IIepefadd B
DDRAM, He TpeboBanu IOMOAHUTENb-
HOIl 06paboTKU IIPH IepPeBEPHYTOM
MOZIOKEeHUH AMCIUIEs, ObUIM BHIOpaHBI
3Ha4yeHud mapameTpoB V, MX, MY, TRS,
BRS u DO, npencraBneHHbie B OCHe-
Hell KOJIOHKe Ta6J1. 3.

Bei6paHHbIe 3HaYeHHS MapaMeTPOB
PRS, S, BS, TC u Vop o6ecrmednBamoT
HOPMa/ibHOE KadecTBO HM300pakeHus
MIPH HATIPSHKEHHH ITMTAHUSA B AHMAIIA30-
He 2,7...4,5 B.

Nporpammtoe obecneyenmne
MUKpoKoHTponnepa ATmega8

IIporpamma HamMcaHa Ha accembriepe
u otnaxena B AVR Studio 4.11.

JIucTHHT mporpaMMsl IIpeNCTaBieH
OTHEeNbHBIMU [POHYMEPOBaHHBIMH
6710KaMH ¢ TIOSICHEHHEM HX [peqHa3Ha-
4yeHHus. broku crenyeT pacnonarate mo
MOPAAKY HOMEPOB.

Crpoku, Tpebyouiue MOACHEHHUS,
IOMeYaloTcd KOMMEHTapHeM, COnep-
JKaIMM HOMep, HallpHMep,

pa PCF8548, rtam xe MoxHO Haitth ¢rar H yCTaHOB/IeH, MepeflaBaeMas 3a Cycle: rimp Cycle ;104
Tabnuuya 2
Komanga [B7] B6 | B5 | B4 | B3 | B2 | Bi | BO | Npumeuanue
H — nwboe
NOP 0 0 0 0 0 0 0 0 Het onepaunu
PesepBHas 0 0 0 0 0 0 0 1 He ncnonb3oBatb
YcTaHOBKa GyHKUMM 0 0 1 MX | MY | PD Vv H BO (H) onpegenser nocnegyiolme KoMaH bl
Baiit cratyca PD | TRS | BRS D E MX | MY | DO —
[aHHble D7 | D6 D5 D4 D3 D2 D1 DO —
H = 0, ocHoBHaA rpynna KomaHg
Pe3epBHas 0 0 0 0 0 0 1 X He ncnons3oBarb
YcraHoBka gnanasoHa VLCD 0 0 0 0 0 1 0 PRS —
YnpasneHue aucnneem 0 0 0 0 1 D 0 E —
Pe>Xnm BBICOKOBONIBTHOIO reHepaTtopa | 0 0 0 1 0 0 S1 S0 —
YcraHoBka agpeca Y 0 1 0 0 Y3 Y2 Y1 Y0 YctaHoBKa apgpeca Y DDRAM
YcraHoBKa agpeca X 1 X6 X5 X4 X3 X2 X1 X0 YcraHoBka aapeca X DDRAM
H = 1, pacluumpenHan rpynna Koma
Pe3epBHas 0 0 0 0 0 0 1 X He ncnonb3osars
TepmokomneHcauna 0 0 0 0 0 1 TC1 | TCO Bbi6op k03 dULMEHTa TEPMOKOMIIEHCALUN
KoHndurypaumsa gucnnes 0 0 0 0 1 DO | TRS | BRS |llopagok cneaoBaHUA BEPXHEN N HUXKHEN rpynn pagos
Cucrema cmelleHUA 0 0 0 1 0 BS2 | BS1 | BSO YcraHOBKa cMeLleHuns
PeszepsHas 0 1 X X X X X X He ncnonb3osarb
YctaHoeka VOP 1_[VOP6 | VOPS | VOP4 | VOP3 | VOP2 [ VOP1 | VOPQ —

3 CxemorexHuka Ne 3
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Tabnuua 3

Bur Bur=0

bur=1

Cocronune CocTronHue BRA
nocne c6poca | BF9864A

PD KoHTponnep akTmseH

PeXnM NOHWXeHHOTo
notpebnexruns

1 0,1

lopun3oHTanbHan
agpecauma

v

BeptukanbHan
agpecayus

0 0

OcHoBHasA rpynna
KOMaHA

H

PaclmpeHrHan rpynna
KoMaHA

MX HopmanbHasn agpecaumns

O6paTtHan appecauma X (] 1

MY HopmanbHas agpecalms

O6parHan agpecayma Y (] 1

HopmanbHoe
otobpaxeHne BepXHUX
panos

TRS

3epkanbHoe
oTobpaxkeHue BEPXHUX 0 (]
pagos 19—32n 51—64

HopmanbHoe
oTobpaxkeHne HWKHNX
pagoes

BRS

3epkanbHoe
oTobpaxeHme HWKHUX
pagos 0—18 u 33—50

Crapwmi 6ut
oTobpaxaeTca cepxy

Mnagwmin 6uT
oTo6paXxkaeTca cBepxy

PRS HuxHui ananason Vicn

BepxHuit guanasoH Vicp 0 1

Bce Toukn gucnnen caethvie,
Ho DDRAM He ountiaetca

01 HopManbHbin peXuMm

DnE

Bce Toukn ancnnes TeMHbie, 00
DDRAM He ounujaetca

10, 11

AHBepCHBIA pexum
(HeraTuBHOE n3obpaxeHue)

00 TemnepaTypHbii ko3bduument Vien 0

01 TemnepatypHbii Ko3pduuyment Vicp 1

TCl1:0]

10 TeMnepatypHbiii kosbduumeHT V) cp 2

11 TemnepaTypHbiiA kosdduumentVicp 3

00 YMHOXUTEND HANPSXEHUA, X2

S[1:0]

OXUTEND HANDAXKEHNA, X5 |
01 YMHOXUTEND HaNPAXEHUS, X3 00 10

10 YMHOXUTENb HanPXKeHnA, X4
11 YMHOXUTENb HANPAXKEHUA, X5

BS[2:0] Tun cmewienna

000 010

Vopl6:0] YctaHoska Vicp

0000000 1000000

Kommenrapwuit «; 104» 03Ha4aer, 9T0 B
TekcTe GyaeT TONOTHUTENBHOE MOsICHEHHE
K TIOMEYEHHOJ CTPOKE, HOMEP COOTBETC-
TByeT KOMMeHTapuio 04 1is 67oxka 1.

Tekcr mnporpaMMbi NPHUBENEH B
Tabn. 4.

Bce mporpaMmbl I NaHHOM CTaTbH
BbI MOXKET€E HallTH Ha caiiTe XXypHaJa 1o
anpecy www.dian.ru/programs.

Kommenrtapuit Ne 101 — B Havasne
[POTrPaMMbi YIOOHO 3alMCaTh COCTO-
sinue Fuse-6aiiToB MHKPOKOHTPO/IEpa
ATmegaXX uMeHHO /I ITOH paspa-
60TKH. Fuse-6aiTbl OIPENEIAIOT PEXKUM
paboThl MUKPOKOHTPO//IEPA H 3aMIHChI-
BAalOTCA C TIOMOLILIO TIporpaMMaropa. B
9aCTHOCTH, 110 YMOT4aHHIO UX COCTOS-
HHME COOTBETCTBYET paboTe MUKPOKOH-
Tpo/Ulepa OT BHYTPEHHETO TaKTOBOTO
reHeparopa ¢ TAKTOBOH YacTOTOMH OKOJ/IO
1 MI'u. B gaHHOM YCTpPOMCTBE TaKXe
HCIO/IL3YETCA BHYTPEHHUN TeHepaTop,
4acToTa KOTOPOIO YCTaHABIMBAETCA
6/mu3Koit k 8 My (py Heo6X0qMMOCTH
KOPPEKIIMIO JaCTOThI IPOM3BOJAT TIPO-
TPaMMHO# yCTaHOBKOH KaIMOPOBOYHO-
ro 6aiita (cM. TEXHUYECKOE OIIHMCaHUE
MHKPOKOHTPOJUIEPA ).

Ne 102 — nyts k Gaitry m8def.inc,
OTKOPPEKTHUPYWTE €TI0, €CM Ha BaIleM
KOMIIbIOTEPE OH HAXOMHUTCA 10 APYroMy

agpecy.

Ne 103 — 6710k BEKTOPOB IPEPbIBA-
HMI1, JUI1 MUKpOKoHTpoUtepa ATmega8
ux 19, He nepeMerathb!

Ne 104 — nopt C ~— BaXXHbI yCTAHOB-
ki wisn maamia SCL (PC5), SDA (PC4) u
RST_LCD (PC3), 10 KOTOPBIM TIEPENAIOT-
s cursamst TWI — Two Wire Interface
(MBYXIIPOBONHBNT MHTEPdEHC, TaK HMe-
HyeTCsi alapaTHbill 670K MUKPOKOHT-
poiwepoB ATtmegaxx, 06eCIeIMBAIOLLIVI
cBs3b 110 nmee 12C). lanee 6yneT npume-
HeHo cokpainenue TWI, eci omvcanue
Kacaercs MHKpoKoHTpo/Ulepa ATmega8.

Ne 105 — onpenenenue CKOpPOCTH CBSI-
31 TWI, upH TakTOBOH 4acTOTE MUKPO-
kouTposviepa 8 MI'y TakToBas 4acrora
ua muauu SCL oxoio 85 Iy (yacToTta
OrpaHHYeHa BO3MOXHOCTAMH MHKpO-
KOHTpO/UIepa, aucruteii BF9864A momyc-
KaeT TaKTOBYIO 4acToTy o 400 k).

Ne 106 — Bri30B opmporpaMmsl Dis-
playRst — mocnie BK/IIOYEHHUS IUTaHUSA
1o nepenauun ungopmaruu no mune [2C
koHTposviep PCF8548 HY>KHO C6pOCHTD,
yIEp>KUBas Ha TMHUH RST_LCD nor. 0
He MeHee 0,1 MKc nocjie 1oaavdy Hamnps-
JKEHHS MTHTaHUA.

Ne 107 — BbI30B noAnporpaMmai Dis-
playlni — uBMnManmuzanus aUCIUIed,
YCTaHOBKa PacCMOTPEHHBIX BbILIE IIa-
paMeTpoB, OIIPeNE/IAONINX HANPSDKEHHE
ynpasnenus U agpecanuio JKKH.

Ne 108 — BBI3OB NOANPOTPaMMbI
OYUCTKH IKpaHa.

Ne 109 — BBI30B NOAIIPOIpPaMMbl BbI-
BOJIa CTPOKH U3 HECKOIBKHUX CHMBOJIOB.
CTpoxa BBIBOLHMTCS B Y€TBEPTHI 6aHK
DDRAM (addrY ycranasmuBaercs pas-
HBIM dYeTbipeM). B mamsaTu mporpamMm
XpaHuTcsA 60K CHMBOJIOB («0»—«9»,
«Arn—«Z», «A»—«S» U cuMmBoON Npobe-
na), OHU OYAYT TIPENCTaB/IeHbI B BJIOKe
4. Anpec TIepBOTO CUMBOJIA (3TO CUMBOJ
«0») o6o3naven Metkoi €0. Ilepen BuI-
30BOM TONIPOrPaMMBbI IEPENAYH CTPO-
k¥ cuMBo/ioB WrData B perucTp Z 3amu-
CHLIBAETCSA ajipec IEePBOTo U3 CUMBO/IOB
kak e0 << 1 (37mech U Janee CUMBOJIbI
«<<» O3HAYAIOT CABMUI IMC/IA M afipe-
ca, CTOALLIETO C/IeBa OT 3TUX CHMBOJIOB
HAJIEBO, YUC/IO MO3UIUI CABMIa yKa3a-
HO CIpaBa OT 3THX CUMBOJIOB). MeTke
€0 KOMIM/IATOP CTABUT B COOTBETCTBHE
afgpec IBYX6aHTHOTO CIOBa B NaMATH
TIporpaMM, VIS TIOMyYeHu afpeca 6ait-
Ta HY’)KHO YKa3aHHBIN a/ipec YMHOXXHUTD
Ha B4 WIM COBHHYTb BJIEBO Ha OHY
nosunuo (e0 << 1).

Ne 110 — BbI30B NOAIIPOrpaMMbl PH-
COBaHMS NPAMON HAKIIOHHOHN JIMBUH U3
touxu (0, 0) B TOUKy (64,64).

Ne 111 — BBI30B NOANPOTPaMMBbI UH-
BEPCHHU H300paXeHUs (HETaTHB).

Ne 112 — BBI30B NOAUPOrpaMMbI BOC-
CTaHOBJIeHHA H300paKenus (IO3UTHUB).

Ne 113 — OeCKOHEYHBII LUK, 03~
BOJIIET OCTABUTD TIOCACAHION KAPTUHKY
Ha 9KpaHe.

Ne 114 — BK/IIOUEHHE COOEP>KUMOTO
aivta TW.inc, pacronoXXeHHOTO TaM
xe, rae U Bech npoekT. Comepxumoe
Jaivia GyeT pacCCMOTPEHO HIKE.

Crpoku Ne108—112 sakoMMeHTHPO-
BaHbI (B Ha4aJle 9TUX CTPOK YCTaHOBJIEH
CHMBOJI «;» — CTPOKH HCK/IIOYAIOTCA U3
[pOrpaMMbl TIPH aCCeMGIMPOBAaHHUH).
[Moce omayy MUTaHUA Ha YCTPOMCTBO
Ha 9KpaHe J0/DKHbI IIPUCYTCTBOBATH Xa0-
TUYHO PacTIONOXKeHHbIe TOUKH (pHC. 9).

Ec/i BOCCTaHOBHTH BBI30B TOIIIPO-
rpammbi ClrScr (y6path CUMBOT «» B
HaJaJle CTPOKH), acceM6IMpOBaTh 1po-
rpaMMy, MOIyYeHHBI KO 3arPy3UTh B
MHUKPOKOHTPOJUIEP (fa/ie€ 3TOT IpOoLecc
MOBTOPATh TOC/IE KOKIOTO OTHMChIBaE-
MOTO M3MEHEHMs NPOrPaMMBI), IKpaH
6ymeT OYMIIEH.

BoccTaHOBUB BHI30B IIOATIPOTPAMMbI
WrData (Ne 109), nosy4uM CTPOKY CHUM-
BOJIOB Ha 9kpaHe (puc. 10).

Y6paB 3HaK KOMMEHTapHs B Havale
crpoku Ne 110 (rcall ShowLine), ony-
MM HaKAOHHYIO MHUIO (puc. 11).

Crout 06patuTh BHUMaHHE Ha TO, KaK
NMHUA, HAPUCOBAHHAs TIOBEPX TEKCTa,
Bbipesaer dparMeHThi ciMBONOB. Ecn
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Tabnuya 4
;===b0K 1=== RESET: 1di tmp, 1ow(RAMEND)
;high 1101 0001 ;101 out SPL, tmp  ; HHHUKANH3AUNA cTeKa
;low 1100 0100 1di tmp, high(RAMEND)
out SPH, tmp
.include “c:\SOFT\MCU\AVR\def\m8def.inc" ;102 1di tmp, (1<<WDE) | (1<<WDCE)
.CSEG out WDTCR, tmp
.org 0 . 103 1di tmp, (1<<WDE) |7 ; WatchDog=2¢
rimp RESET ;Reset Handler out WDTCR, tmp
nop i rjmp EXT_INTO wdr
nop ;rimp EXT_INT1 ser tmp
nop ;rimp TIM2_COMP out DDRB, tmp
nop ;rimp TIM2_OVF out DDRC, tmp ;ana TWI: PC3..PC5
nop s rimp TIM1_CAPT cbi DDRC, PC4 ; 104
nop yrimp TIM1_COMPA out PORTC, tmp
nop s rijmp TIM1_COMPB out PORTB, tmp
nop ;rimp TIM1_OVF out PORTD, tmp
nop ;rimp TIMO_OVF out DDRD, tmp
nop i rimp SPI_STC cbi DDRD, PD3
nop s rimp U_RXC cbi PORTD, PD3
nop ;rjmp USART_DRE
nop ;rimp USART_TXC 1di XH, high(aCmd)
nop ;rimp ADC_I ldi XL, Low(aCmd)
nop s rimp EE_RDY
nop ;rimp ANA_COMP 1di tmp, 10 7 105
; nop ,rjmp TWI out TWBR, tmp
nop i rimp SPM_RDY ser tmp
out TWDR, tmp
;OnpegeneHue nepeMeHHHX M KOHCTaHT: 1di tmp, 1<<TWEN
.def  aBank1 =r2 out TWCR, tmp
.def  aBank2 =r3 rcall DisplayRst ;106
.def plo =r4 rcall DisplayIni ;107
.def  pHi =r5 ;reall cirScr ; 108
.def addrwr =rb ;lokasaTb CTPOKY CHMBOMOB:
.def  addrX =r8 ;agpec X pucnnes 1di addry, 4
rcall SetAddr
.def  tmp =r16 1di ZH, high(e0<<1)
.def  addrY =ri7 ;appec Y aucnnes 1di ZL, low (e0<<1)
.def cnt =r18 .rcall  WrData ;109
.def TWData =r19 ,nepeMeHHan ana AanHbix TWI ;NokasaTb HAKAOHHYO MHHWK:
.def  TWStat =r20 ycTatyc TWI 1di addryY, 0
rcall SetAddr
.def  cnt1 =r22 ;rcall ShowLine ; 110
.def  tm2 =r23 ; rcall Invert ;1N
.def  datrs =r24 ; rcall UnInvert ;o112
.equ  aCmd =$0060 cycle: wdr ;113
.equ  aData =$0070 rimp cycle

TOYKA IPAMOI IOMaJaeT B TOT XKe 6aHK
DDRAM, 4TO 4 CTpOoKa CUMBOMOB, B
6aHK 3alMCBIBAeTCA HOBBIN OaiiT, a Ha
3KpaHe TOAB/sAETCA HOBBI cTONOEL B
BOCeMb TOUeK. [I1s1 HaK/IOHHOM TIPAMO#
TaKo¥1 cTonbel COCTOUT U3 ONHOI TeM-
HOM ¥ CEMU CBETIBIX TOYEK.

Ecmu nonano6urcs, HanpuMep, Hato-
JKeHHe IByX rpadUKOB, TO OTCYTCTBHE
BO3MOXHOCTH CUUTATh COAEPKUMOeE
DDRAM xontponnepa PCF8548 mot-
Puc. 10 peGyer xpaHeHus ofpasa 3KpaHa BO
BHEIIIHEH TaMATH WIX TOTIOIHUTEIbHBIX

Puc. 9
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Puc. 11

G

¥ LN fodi

Komnanus MEMSIC [4] ssngercs
HCKIIIOYUTENBHO Pa3pabOTYNKOM M He
06/1aj1aeT CBOMMH TIPOM3BOJCTBEHHBIMH
MOINHOCTAMU. [1 IPOU3BO/ICTBA M3zte-
/Mt OHA KOOTEPHPYETCA € PAIOM HPYTHUX
koMnanmit. KoMnauus crienpamisupyerca
B o6n1actu paspa6orku MEMS-npu6opos
PpasmryHOro HasHaveHus. Eit nepsoit yna-
JIOCh CO3[IaTh AKCEIEPOMETP, BBIIO/THEH-
HBI TIOJTHOCTBIO N0 TexHOMoruu CMOS
U He CONePIKaIni HUKAKUX IBHKYIIMX-
€4 9acTed, YTO 3HAUMTENBHO TOBBICH/IO
TOYHOCTb, HAIEXKHOCTH U HO/TOBEYHOCTh,
a TAKXKe 3HAYUTE/IBHO CHHU3HJIO eTO CTO-
HUMOCTh. KOMMaHHA 3aKMOYWIa npous-
BOJCTBeHHBIH coi03 ¢ Honeywell [5] o
COBMECTHOM paspaboTke M IPOU3BOJCTBE
pana MEMS-nipr60pos, nosromy npuso-
AHMBIE HIDKE JAHHBIE O TIPOM3BOIUMBIX
aKce/llepoMeTpPax MOTYT OTHOCHTBCA K
o6oum Kommarusam. KoMmanmu Beimycka-
0T JOCTATOYHO 6O/BILOH PAX NPUOOPOB.
Bhirmyckarores akcenepoMerpst ¢ Byms
THIIAMH aHA/IOTOBBIX BBIXOIOB — C af-
COMIOTHBIM aHATOTOBBIM BBIXO[IOM, TIPH
9TOM cocrosHue nokod (0 g) Bcerna co-
OTBeTCTBYyer 1,25 B, M C OTHOCHTEIbHBIM
AHA/IOTOBBIM BBIXOIOM, Y KOTOPOTO CO-
crosuue nokos (0 g) Bcerma coorBerc-
TBYeT TOTIOBUHE HANPAKCHHSA TMTAHH
(Upp). Kpome Toro, BBITYyCKAIOTCA TaKKe
akcenepomMerpsi ¢ HUdposbM IITHMM Boi-
XOIOM, JUIsi KOTOPOTO COCTOSIHHE TIOKOS
(0 g) cooTeTCIBYET BRIXOXHOMY CHTHATY
¢ xoappuunentom sanomsenus 50 %.
Bce axcenepomerpor komnan MEMSIC
TIO/PA3JIENIAIOTCA HA TIATH TPYIIIL

IlepByto rpyry cocraBsoT MpoMBILI-
TieHHBIE AKCe/lePOMETPBI, OCHOBHbIE Napa-
METPBI KOTOPBIX IPHBENEHB! B TAOL. 4.

Bce mpu6opsi, nepeuncrennsie B
Ta0/1. 4, OMHOOCEBEIe.

Puc. 12

Bropyro rpynny npencrasnsior uus-
KOLIYyMAIIHE aKCeaepOMeTPhl 06IIeTo
Ha3sHaYCHUA, MepedHCIeHHbIe B TaOL. 5.

HENUCTBHI 110 KOPPEKTHPOBKe TpadhMKOE
TIPH MX HAJOXKEHHH.
Boccranosus BbI30B mopnporpaMme
Invert (Ne 111), momyunm Ha skpaue He-
raTHBHOE H306paxkeHHe (puc. 12).
Iocne BoccranoB/IeHHA Bb130Ba NOMTIPO-
rpammbl Unlnvert (Ne 112) BHoBb nory4mm
NIO3UTHBHOE U306paxkeHHe (puc. 11).

Oxonuanue credyem

Bagum Bapanos,

r. XappKkoB, YkpauHa

Bce npubops! B Tabn. 5 — oxHOOCE-

BbIE.

Tperpio rpynny cocraBasior HH3-
KOCTOUMOCTHBIE
(tabn. 6).

aKcenepoMeTpsl

Bce mpubophi, nepeuncnennsie B
TabJ1. 6, OHOOCEBBIE, MHANA30H pabounx
TemMneparyp — -40...105 °C.

Tabnuua 4
Awanasox Ananason
Tun ! YyscTBuTenbHoCTL Boixop pa6ounx
9 Temneparyp, °C
MXD7202GL +2 12,5 %/g LM 0...70
MXD7202ML +2 12,5 %/g im -40..,105
MXD7210GL +10 4 %/q LM 0...70
MXD7210ML +10 4 %/q Lm -40...105
AHanorosbin
MXR7202GL +2 312 mMB/g A6COMOTHN 0...70
AHanoroebin
MXR7202ML +2 312 mB/g A6COOTHBIA -40...105
AHanorosbin
MXR7210GL +10 100 mB/g A6CONOTHLIIA 0...70
AHanorosbii
MXR7210ML +10 100 mB/g A6COMIOTHAI -40...105
AHanoroBbli
MXR7311GL +2 167 mB/g A6COMOTHAIA 0...70
Tabnuua 5
AwanasoH
Tvn Aunanazon, g YyscrBuTenbHocTs Boixop pa6ouux
Temneparyp, °C
MXA23120L +2 312 MB/g Aanorosbii -40...105
abCconoTHLHIN
AHanorosbin
MXA2500GL +1 500 mB/g a6COMOTHLI 0...70
AHanoroebiv
MXA2500ML +1 500 mB/g ABCONIOTHLIA -40...105
AHanorosbin
MXA2500UL +1 500 mMB/g A6COMOTHI -40...105
MXD2020GL +1 20 %/q LM 0...70
MXD2020ML +1 20%/q LM -40...105
MXD2020UL +1 20 %/q LM -40...105
MXD2125GL +2 12,5 %/g WM 0...70
MXD2125ML +2 12,5 %/g M -40...105
AHanorosbin
MXR2312EL +2 312mB/g A6COMOTHEN -40...85
AHanorossti
MXR2312GL +2 312 mB/g OTHOCHTENBHbI 0...70
AHaNoOroBbi
MXR2312ML +2 312 mMB/g OTHOCUTENbHBI -40...85
AHanoroBoi
MXR2999EL 1 1000 mB/g OTHOCUTENBHBI -40...85
AHanoroebii
MXR2999GL +1 1000 mB/g OTHOCUTENbHBI 0...70
AHanoroeblii
MXR2999ML +1 1000 mMB/g OTHOCHTENbHI -40..,105
AHanorosbin
MXR2999UL +1 1000 mB/g OTHOCUTENLHBI -40...105
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Tabnuua 6 YerBepTyio TPYIINY COCTaBAAOT
Tun Owanason, g YyBCTBUTENbHOCTD Bbixogy npenyu3svOHHbIe rpafynpOBaHHbIC MH-
MXA2050AL +10 50 mB/g AHanoroBbi abconTHLIA KIMHOMETPbI, OCHOBHBIC IIapaMETPHI
MXA2100AL +5 100 mB/g Ananorosbiin abcontoTHbin KOTODBIX [IDUBEIEHBI B Ta01. 7
MXA2312AL +2 312mB/g AHanoroBbivt abCoONIOTHbIN P I6) A o
MXA2500AL +1 500 mB/q AHANOroBbIV A6CONIOTHbI Bce mpubopbl, TepevucleHHbIE B
MXD2002AL +10 2%/q 1M Tab1. 7, OGHOOCeBbIE, uana3oH — +1 g,
MXD2004AL 15 4 9%/q LM nuamason pabodmx Temmeparyp —
MXD2020AL +1 20 %/g WM 40...105 °C
MXR2050AL +10 50 mB/g AHanoroBbI OTHOCUTENbHBIV TEV -
TlocnenHiom0, ATYIO TPYIITY COCTaB/IA-
Ta6nuua 7 IOT aKCe/IEPOMETPBI [I/I1 HOCHMBIX o0bek-
TOB, UX OCHOBHBIC TapaMETPHI TIpHUBele-
Tun YyBCTBUTENbHOCTD Boixon ’ 6. 8 P PBI TIPHBEY
MXA2500EL 500 mB/g AHanoroBbI abconioTHbIN HBbL B TaO/. O.
MXD2020EL 20 %/g WM Bce IIpI/I60pr, nepevyucieHHbie B
Ta6nuua 8 tabi. 8, ogHOOCEBHIE.
Auanaso
Tun Owanason, g |YyBcTBU-TeNADHOCTD Bonop patounx
Temneparyp, °C
MXAG6500EP +1 500 mB/g AHanorosbil aGCONIOTHBIN -40...+85
MXA6500GP +1 500 mB/g AHanorosblii_abconioTHbIN 0...+70
MXA6500MP +1 500 mB/g AHanoroBsbi abcontoTHbIN -40.,.4+85
MXA6999EP +0,5 1000 mB/g AHanorosbl abcontoTHbIN -40...+85
MXA6999GP +1 1000 mB/g AHanorosblA abCoONOTHbIN 0...+70
MXA6999MP +1 1000 mB/q AHanorosblin abcontoTHbIN -40...+85
MXD6020EP +0,5 20 %/q WM -40...+85
MXD6020GP +1 20 %/g WM 0...+70
MXD6020MP +1 20 %/9q WM -40...+85
MXD6125EP £1 12,5 %/q WM -40...+85
MXD6125GP +2 12,5 %/g WM 0...+70
MXD6125MP +2 12,5 %/g WM -40...+85
MXR6500EP +1 500 mB/g AHanoroBbiil OTHOCUTENbHbIV ~40...+85
MXR6500GP +1 500 mB/g AHanoroBbi OTHOCUTENbHBbIN 0...+70
MXR6500MP +1 500 mB/g AHanoroBblil OTHOCUTENbHbI -40...+85
MXR6800GP +1 800 mB/g AHanoroBblil OTHOCUTENbHbIV 0...+70
MXR6800MP +1 800 mB/g AHaNOroBbi OTHOCUTENbHbIA -40...+85
MXR6999EP +0,5 1000 mB/g AHanoroBbi OTHOCUTENbHBIN -40...+85
MXR6999GP +1 1000 mB/g AHaNoOroBbl OTHOCUTENbHbIA 0...+70
MXR6999MP +1 1000 mB/g AHanoroBblil OTHOCUTENbHbIV -40...+85
Tabnuya 9
Yucno YyBCTBUTENbHOCTD, Monoca MnoTHoCTL Hanpaxenue | Motp.
Tun ocew Auanason, g mB/g yacrot, kl'y | wyma, mkg/My1/2 nuraxun, B TOK, MA Kopnyc
KXBO1-L20 +2 1000
KXBO1-L50 1(X) £5 400 250 60,0 4,75...5,25 35 SOIC16
KXB01-010 +10 200
KXEQ0-010 200
2 (XY) +40 250 120,0 4,75...5,25 3,5 SOiC16
KXEQ0-040 50
KXFQ0-L20 +2 1000
KXF00-L50 1(2) +5 400 250 60,0 4,75...5,25 3,6 SOIC16
KXF00-010 +10 200
KXG11-L20 +2 1000
KXG11-L50 2 (XY) +5 400 250 60,0 4,75...5,25 6,5 SOIC16
KXG11-010 +10 200
KXM52-L20 +2 650 5x5x1
KXM52-L50 3(XY2) 35 260 3000 35,0 2,5...55 1,5 DEN14
Tabnuya 10
Awnanasod
Tun Yucno | finanason,| YyscrBu- | Tounoct, Buixon I::::’c: "":;;:“b Hanpsaxexue r_':;':' paboumx Kopnyc
oceit g TenbHOCTb % e mig/Tuy172 nuraxun, B MA tamneo;c)afyp,
+2 +1/5Upn/g +1 AHanorosebln _
LIS2L02AQ | 2(XY) %6 +1/15Upp/a 3 OTHOCHTERBHBIA 4,0 50,0 24...525 | 0,85 40...85 | QFN44
+2 +1/5Upp/g +1 AHanoroebIn .
LIS3LO2AQ | 3(XYZ) 6 +1/15Upo/q %3 | GTHOCUTERBHBI 4,0 (XY) 50,0 2,4...525 0,85 40...85 QFN44
LIS3L02DS | 3(XYZ) fg 1 6ut/mg +1 12C, SPI 56Ty — 2,7...36 1 -40...85 SO24
LIS3L02DQ | 3 (XYZ) fé 1 6ut/mg +1 12C, SPy 70y — 27..36 1 -40...85 S024
+2 +1/5Upp/g AHanoroBbIn _
LiIS2L02AS4 | 2 (XY) %6 +1/15Upp/q +1 OTHOCHTENbHBIN 4,0 50,0 24...5,25 0,85 40...85 SO24
+2 +1 AHanoroBbin
LIS3L02AS4 | 3 (XYZ) 46 1 61T/mg 23 OTHOCHTENbHbIN 4,0 50,0 24...525 0,85 -40...85 S024
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& OMMOHEHTbI

Komnanua Honeywell [5] Taxoke camo-
CTOATE/IBHO BBIITYCKAET PAJ, IIPOMBIIIUIEH-
HBIX aKCe/IePOMETPOB B YHAPOYCTONIMBbBIX
TePMeTHYHBIX CTAIbHBIX Kopnycax. OHH
HCTIO/Ib3YIOTCS TO/IBKO I IIPOMBIIIUIEH-
HBIX Lie7Ieit, UMeIOT 60/IbIIIe raGapUThI 1
BEC, HU3KYIO YyBCTBUTENBHOCTD M HIO/I0CY
nponyckanui. C mapaMeTpaMH 9THX ak-
Ce/IEPOMETPOB MOXXHO O3HAKOMMTHCA Ha
CaiiTe KOMIIAHHH.

ARCEREPOMETPBE
DYEPMbE KIONIX

Kommanus Kionix [4] mpousBoaut
HecKo/NbKo ceMeitctB MEMS-akcene-
POMETPOB, OCHOBHBIE XaPaKTEPUCTHKH
KOTOPBIX PHBeeHbI B Tab1. 9.

st Bcex mpu6OPOB, NePeYHC/IEHHBIX
B Tabm1. 9, TOUHOCTb cocTapnsgeT +2 %,
BbIXOJ] — aHA/IOFOBBIN.

OTANYnTEeNbHBIMH OCOOEHHOCTAMH
akcemepoMeTpoB kxoMnaHuu Kionix
ABJAIOTCA BBICOKadA TOYHOCTH, Y3Kas
110/10Ca TIPONYCKaHUA M CTaHIAPTHHIN

Kopryc.

AKCENEPOMETPb!
OUPMbI
ST MICROELECTRONICS

Komnanusa ST Microelectronics [6]
BBITIyCKaeT IeCTh CEMEMNCTB aKcene-
POMETPOB, BHINO/IHEHHBIX B CTaHAAp-
THEIX kopmycax QFN44 m SO24. Ye-
ThIPE CeMeilCTBa MMEIOT aHaJOTOBBIN
BBIXOH, ABa — U} PpOBOH HHTepdeiic,
IIpHYeM MOAAePXKUBAIOTCA Ba HHTEp-
deiica — I’C u SPL. OmimumnrensHOM
OCOGEHHOCTDHIO AKCETIEPOMETPOB KOM-
manun ST Microelectronics saBnserca
Hn3koe sHepronorpebiaenne. OcHOB-

Hble TTapaMeTPHI ITHX aKCETIEPOMETPOB
npHuBeneHs! B Tabn. 10.

Jlna Bcex mpHOOPOB, MepeIHC/IeHHBIX
B Tabsn. 10, puamason pabouux temime-
paryp cocrasnser ~40...+85 °C.

KpoMe mepeuncieHHBIX BHIIIE KPYII-
HeMiuux npouspogutencit MEMS-ax-
CeNlepOMETPOB CYLIECTBYET eIlle PAR
KOMITIaHH}, KOTOPbIe He CYNUTAIOT MPO-
HM3BOJCTBO aKCEIePOMETPOB CBOEH OC-
HOBHOM 3ajadeif, HO MOCTOAHHO pa60—
TAlOT B 3TOM HanpasreHuH. K Takum
dbupmam crenyer OTHECTH, HApPHMeD,
KOMIaHHI0 Motorola, KoTopas BHImyc-
KaeT akcenepoMeTrpsl MMAS40G, wm
xommnanuio Crossbow. Onnako akcerne-
POMeETPBI 3THX KOMIIAHHH He NONydH-
JIH IITMPOKOTO PaclpOCTPaHEHHS M He
TIpeACTaBAeHbl B paMKaX HacToOsIeN
CTaTbH.

NATEPATYPA:

1. O. Huxonaiiuyx. Beedenue ¢ MEMS-
mexHonozuu. — Cxemomexnuxa, 2005,
Ne 11, c. 33—35, 2006, Ne 1, c. 47—>50.

2. http://www.analog.com/.

3. http://www.memsic.com/.

4. http://www.kionix.com/.

5. http://www.honeywell.com/.

6. http://www.st.com/.

7. T. Roessig Mirrors with Integrated
Position Sense Electronics for Optical-
Switching Applications. Analog Dialogue,
vol. 36, Ne 4, 2002, http://www.analog.
com/library/analogDialogue/archives/36-
04/mirrors/index.html.

Oner Hukonatrayk,
r. Knmnnes, Monnasus

Mpepnaraem opraHnsaunam n pmsnuecknm nnuam opopMnTb NOANNCKY HA KHUTY
«X51-COBMECTUMbBIE MUKPOKOHTPOJIIEPBbI ®UPMbI SILICON LABORATORIES
(CYGNAL)»

Asrop 0. U. Hukonaituyx, o6noxka markas, 640 crp.

BTopoe pacumpeHHoe u3faHue HacTOALEd KHUTK
npefHasHaYeHo AN 03HAKOMNEHMA wuTatened ¢ non-
HbIM CNEKTPOM X51-COBMECTUMbIX MUKDOKOHTPONIIEpOB,
BbINYCKaeMbIX B HacToswlee Bpema chupmon Silabs,
KoTopas obbeguHunack ¢ dupmoil Cygnal.

B kuure nogpo6HO paccMOTpeHbl apxuTekTypa,
€OCTaB NepudepuitHbIX NOACUCTEM, CTPYKTypa
perncTpoB W 0COBEHHOCTM NPUMEHEHWA BbICO-
KOWHTErpupoBaHHblX cucTeMm 06paboTku AaHHbIX
X51-COBMECTUMbIX MUKPOKOHTPONNEPOB CO CMe-
LIAHHOW aHanoroBol W LKPOBON apxXvTEKTYpO#,
BKIHOHAOWMX BLICOKONPON3BOAUTENLHOE MUKDO-

KoHTponnepHoe aapo CIP-51, nocTpoeHHoe No KOH- -

BeiepHOMy npuHumuny. bnarogaps atomy MHorme
CeMeACTBa MUKPOKOHTPONNepos cupmbl Silabs
pa3BMBaOT NUKOBYH NPOV3BOANTENLHOCTL 25 MIPS,
a 0fiHO u3 cemencTs — 50 u gaxe 100 MIPS, 4o
ABNAETCA HANBLICILKMM PE3yNbTaTOM NO NPOM3BOaMN-
TeNLHOCTH CPpeay MUKPOKOHTPONNEPOB B Mupe. 310
YHUKambHOE MIUKPOKOHTPOSINEPHOE AAPO OCHALLEHO
HE MeHee MOLLHbIMI aHanoro-undpoBLIMM 1 Lud-
PO-aHanoroBbIMy y3namu, pacuipeHHon LugpoBsoi
nepudepunedt, Bknyawlled nHtepdeicsl UART,

SMBus (I12C), SPI, CAN, USB, MoOWHbIMK nofacuc-
TeMamu NamaTh W NPEepbIBaHW#A, a TakXkKe ycoBep-
LLIEHCTBOBAHHLIMM CPeACTBaAMI BHYTPUCUCTEMHOIO
NporpaMMnpoBaHna u otnagku. TakuMm o6pasoM,
COBpeMeHHble MUKPOKOHTpOANEpbt thupMsl SiLabs
(Cygnal) aBnSI0TCA He TONLKO CaMbiMW BbICOKON-
pOU3BOANTENLHBIMY, HO ¥ CAMbIMW MOLLHbIMK NO
COCTaBY aHanoroBo# W LNchpoBo# nepidepnn.

Bo BTOpOe #3faHve AONONHUTENLHO BBepgeHa
VNHOpMaUNa O YeTbipex HOBbIX ceMeicTBax, KoTo-
pbie NOABUANCH C MOMEHTA NEPBOT0 U3AAHNA KHUTH.
Kpome TOro, ucnpasneHsl HEKOTOpble HETOYHOCTH,
[ONYLLEHHbIE B NEPBOM M3JaHuu.

Knura paccunTaHa Ha WWHAPOKUIA Kpyr WHXXEHepHO-
TexHu4eckux paboTHUKOB, a TalKe CTYAGHTOB K acnu-
PaHTOB, UHTEPECYIOLLMXCA NOCTEAHNMY AOCTIKEHVAMA
COBPEMEHHO? MUKDPOKOHTPONNEPHON TEXHUKN.

CTOMMOCTb NOANMEKM YEPE3 PEeaKuMi0 HA KHH-
ry — 250 py6., B 3Ty CTOMMOCTD BIJTIOYEHA CTOMMOCTD
nepecbinku No Poceun.

fipumep 3anonHeHWs KBHTAHUMKM ANS ONNATLI Ye-
pe3 6aHK em. Ha eTp. 56.

AE IRKOBLIX
AUTEME

ITocne TOTO, KaK Mbl O3HAKOMUIUCH
C pas/IMYHBIMHM BapHAHTAMH TPeACTaB-
JieHUsl 3HAKOBBIX 4HCENl, AaBaiTe pas-
6epeMcs, KaK OCYILECTBIATH Haj HUMH
apudmernieckue onepanuu. Ecrect-
BEHHO, HAYHEM CO C/IOXKEHHS H BBIYM-
TaHHUA.

s 4ucen, MpeAcTaBAeHHBIX B IpA-
MOM Kofie, Bce mpocto. ITpennonoxum,
YTO MBI CKJIaAblBaeM JBa 3HAKOBBIX
ypcna. Kak HeTpyaHo coo6pasuTts, npu
3TOM BO3MOJKHBI J[Ba Pa3IMYHbIX BapH-
aHTa COOTHOLUEHHS CTaraeMBIX MEXKAY
coboit. Ilepeslit, korma o6a ciaraeMbIX
HMeIOT OfMHAKOBble 3HAKM, M BTOPOIL,
KOT/Ia 3HAKH C/IaraeMbIX pasiyyHbL. Tak-
e HETPYAHO CO06PasHTh, YTO AIFTOPHT-
MBI C/IOKEHHs /I IEPBOFO M BTOPOTO
cnydas 6yayt pasHbiMH. Bxparne pac-
CMOTPHM HX.

B mepBoM ciy4ae HaM JHOCTAaTOYHO
BHIJIETNTH MOAY/IM OOGOMX C/laraeMsix,
CNIOKHTh MX KaK MPOCTHe 6€33HAKO-
Bbl€ I1ie/Ible YHC/Ia, TOROGHO TOMY, KaK
9TO HEN10Ch B MPeABbIAYLINX I/aBax,
M TIPHUIIHCATH 3TOM CyMMe 3HAK, KO-
TOPBLT MMENH HAlllM C/laraemMble (Belb
CyMMa IIOJIOKHUTENBHBIX YHCeT BCErnaa
TIONIOKHUTENbHA, 3 OTPHLATENBHBIX YH-
Cejl — BCerja OTPHIaTe/IbHa).

Bo BTOpOM CiTydae aITOPUTM FOpasio
6osiee cnoxHbIN. BHava/le HY)XHO OII-
penenmTh, KaKoe M3 CaraeMbIX MMeeT
6onbImit MOJY/lb, 4 KaKO€ MEHBIIIHIA.
Janee u3 6onbllero MOAY/Is HY>KHO
BbIYECTb MEHBIUHUI B TOJTHOM COOT-
BETCTBMH C PpacCMOTPEeHHOH paHee
apudmernkon 6essHakoBbix uncen. Y
Ha 3aBepLIalolleM JTane HY>XHO HpH-
CBOUTH PasHOCTH TOT 3HAK, KOTOPBIi
611 y upcna ¢ 60mbIUM (ymapeHHe Ha
TIEPBOM CJIOFe) MOAY/IEM.

Hrak, cio>xeHHe ABYX YHCeN B pH-
MOM KoOje TIpeAIIO/IaraeT Le/lblil pAn
onepanuil. BHauane Hy)KHO BHIACHHUTb,
OIMHaKOBble 3HAKH Y C/IaraeMbIX M/IH
uet. Eciu na, To Ham MpeACTOHUT CO-
XpaHHMTb 3HAKU (TOYHee 3HAK) C/1ara-
€MBbIX, BBIIE/IHTh HX MOMYJH, CIOXHTD
IocneiHde, MOC/Ie Yero HPHUCBOUTD
CyMMe cOXpaHeHHbI 3Hak. Ecnu sHaku
CnaraeMbIX pasHble, TO HYXHO BbIe-
JIMTh MX MOJY/IH, CPABHUTD UX MEXIY
co60i1, COXPaHUTb 3HaK 60JbLIEro U3
HHX, BHIYeCTh M3 GONbIIEro MOy
MEHbIIMI M TMPHUIIKCATH €My COXpa-
HeHHBII 3HaK. BoT Tak, HU Goiblie,
HY MeHblIIle.

He crany yroMIaTh Bac OHCaHHEM
TOro0, KaK OCYIIECTBIsI€TCS BBIYUTA-
HHMe 3HAKOBBIX YHCeJ, NpelCcTaBIeH-



MukpokoHTponnepbi?

9TO0 e npocTo!

HBIX B IIPAMOM KoOj/le — OHO He Ipo-
e CJI0KEHMs, ¥ YBBI, €T0 A/ITOPUTMBI
OTJUYHBL OT AJITOPHUTMOB C/I0XKEHHS.
B pesymbraTe, s C/IOXKeHHA U BBI-
YUTAHMA 3HAKOBBIX YMCET B IPAMOM
KOJle HaM HY>XHO MMeTh 4eThlpe pas-
JUYHBIX aNTOPUTMa, KaXKIbIH M3 KO-
TOPBIX pasfuBaeTcs Ha 4—5 IOAINYH-
KTOB. JTO BecbMa HeapdexTuBHO. Kak
MBI YBUJIMM B JlalbHeIIeM, CTIOKeHHe
H BBIYMTaHHE 3HAKOBBIX 4YHCEN B [O-
TTO/THUTENIBHOM KO/l OCYILeCTBIIAIOTCSA
SBICTPee U IpoIILie.

C MHBEPCHBIM KOIOM TaKX€ €CTh
Zsou npobemel. Ha puc. 77 npusefe-
bl YeThIp€e PA3/IMYHBIX BApHAHTA C/IO-
ACHHA YeTHIPEXPA3pALHBIX 3HAKOBBIX
1Hcejl, IPENCTaBIeHHBIX B MHBEPCHOM
zo1e. IIpu 3TOoM B KaXKZI0M U3 BapHaH-
TOB CIIpaBa IpeJCTaB/IeHbl CKIa/ibIBae-
ible “B CTOMOMK” MBOMYHBIE 3HAKOBBIE
<1araeMble M MX CYMMbI, @ C/IeBa — Jie-
CATHYHBIE SKBHBAJeHTBI 3allMCAHHBIX
<71araeMbIX M CyMMBI TIOC/IEIHUX B NpsA-
MOM JeCATHYHOM KO[e.

-(+ 5)10 0101; (' 5)10 10102
*-2,,  *ooro, *(+2, “ooto,
{+ 7)10 01112 (' 3)1o 1100:
(+ 5)10 01019 (‘ 5)10 + 10102
(-2 *1101, T(-2. o010,
(+ 3)10 l1 00101 (' 7)10 I10171,
3 s 1
0011, 1000,

Puc.77

HeTpynHO 3aMeTHUTB, YTO pe3y/IbTa-
Tbl CIO>KE€HHs BEPXHUX [IBYX BAPHAHTOB
TIPAaBWIbHBI, €TI0 He CKaXKEIIb O HHXK-
HuX. B oboux mocmenHux BapHaHTax
Hab/II0naeTCcs mepenoniHeHHe TBOHY-
HOIT CyMMBI — QHa yXe He YMeIaeTcs
B YeTHIpeX paspsamax U Tpebyer mis
pasMelnenus nATh 6UT. B TO XKe Bpe-
Mst TIPaBWIbHbIE NEeCATHYHBIE CYyMMBI
(310 1 —710), HOMy4eHHBIE B PE3YIbTATE
CITOXKEHHA JEeCATUYHBIX 3KBUBA/ICHTOB
HaIIUX [[BOMYHBIX C/laTaeMbIX, Oynydn
nepeBeleHHbBIMU B JIBOMYHbIE 3HAKO-
Bble yucaa (0011, u 1000,), BmoaHe
KOM®OPTHO yMecTWIHCH OBl B YEThI-
pex burax.

Kak BuIuM, croXKeHne YUCeN, Ipej-
CTaBJICHHBIX B HHBEPCHOM KOJ(€, HMeeT
HEKOTOpble IMPEHMYIEeCTBA B CpaBHe-

HMH C IpAMBIM KoftoM. OHO ocylnecT-
BJIAETCS Be€CbMa IIPOCTO, NpHUYEM He
IO JIBYM, a BCETO IO OJHOMY-€IHHC-
TBEHHOMY alroputmy. K sTomy mox-
HO J00aBHTH, YTO OHO [la’Ke JaeT Ipa-
BH/IbHbIE Pe3ynbTaThl... Ho, yBBI, He
Bcerga. Y1 3ToO OCHOBHOM HEHOCTATOK
Tpe/ICTaB/IEHUA 3HAKOBBIX YHCEI B MH-
BEPCHOM KoOjie.

Koneuno, paccmoTrpentblie ommboyq-
HBI€ Pe3y/IbTAaThl MOTYT OBITH CKOPPeK-
THpoBaHbl. Eciu, Hampumep, B IBYX
HI)KHUX BapHMaHTax Ha puc. 77 mepe-
Hoc, cHOPMHMPOBABIIMH €OUHULY B
CTaplieM paspsie, NpUOaBUTb K CyM-
Me€, TO B UTOr'€ IOIYIUTCA IPABHIbHBIN
pesyibtar. OfHAKO M 3/1eCh He BCe TaK
npocro. Eciu neperionHenre BOSHUKaeT
HE TOJIKO B pe3y/bTaTe CI0KEHUA 3Ha-
KOBBIX YHCEI, HO U B Pe3y/IbTaTe C/I0XKe-
HHUA MX MOJXYJ/IEH, TO KOPPEKTHPOBaTh
CYMMY 3THM IIePEIONTHEHHEM He/b3S.
Taxkum o6pasom, cloxkeHHe YHUCEN B
HMHBEPCHOM Kojie 6e3 IONOMHUTENbHOM
KOPPEKIIMH Pe3y/IbTaTa He BCETHA IMpa-
BWIBHO, 4 KOPPEKIMA HEONHO3HaYHa U
TpebyeT HeHCTBHI, OTIPENENSIOIINUX ee
npuMmeHUMOcTb. C/I0BOM, MHBEpPCHBII
KOJi TaK)Ke He JIMIeH CyIIeCTBEHHBIX
HEIOCTATKOB.

BoT MBI U 06panuch 10 CAOXKEHUsS
4YuCen B HONONMHHTeNbHOM Kome. Ha
pHC. 78 IpUBe[leHBl IPUMEPHI CA0XKe-
HHUA TeX Xe CaMBIX 3HAKOBBIX YHCE,
4YTO ¥ Ha puUC. 77, HO TIPU ITOM [BO-
MYHbIe YHC/IAa IpeNCTaBICHBI B JO-
NOJIHKUTe/NbHOM Koge. Kak HeTpynHO
y6enuThCst, BCe YeThIpe paccMaTpHBa-
€MbIX BapHaHTa ABOUYHOTO C/I0XKEHHA
B JaHHOM C/Iy4yae JalOT NMpaBUWIbHBIN
pesyabTat! Takum o6pasoM, crnoxxeHHe
3HAaKOBBIX YHCEJI, IPEACTABJIEHHBbIX B
HOTIONTHUTETBHOM KOJ(€, OCYIIeCTBIIA-
€TCA COBEPIIEHHO aHAJOTHYHO TOMY,
KaK MBI CKIaJbIBajaM Iie/1ble Oe33Ha-
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KOBBIE YHC/IA, IPUYEM 3HAKOBBIE Pas-
PAIBI CKIANBIBAIOTCH HE OTHENbHO OT
1upoBOH YACTH, & B TOM K€ IHMKJIe
C/IOXKEeHMS, U IIPU 3TOM MBI A8MOMA-
mutecku, 6e3 HeoOX00UMOCM U YMO-mo
KOppexmuposams, oIydaeM IPaBH/Ib-
HOe 3HadeHMe KaK nU(pPOBON YacTH
CYMMBI, TaK M e€ 3HaKa.

Temeps cpaBHUM OMHCAHHBIE KOMBI.
CnoxeHre 3HaKOBBIX YHCEN B IpS-
MOM Kofie TpefyeT IIpe[BapUTENbHO-
IO aHaAM3a MOJy/IeH CAaraeMblX, U B
3aBHCHMOCTH OT COOTHOILICHHS MEXIY
HUMH CyMMa ONpeleNsieTCst [0 TOMY
WIH MHOMY aITOpUTMY, NpUYeM He-
MPOCTOMY, TPebyIoIneMy Pas/IMIHBIX
OEeHCTBHUM HAl 3HAKOBBIMHM YacCTAMH
cmaraeMbIX 1 Han nugpossiMu. Cro-
JKeHHe 3HaKOBBIX YHCEJI, IIPENCTABIeH-
HBIX B HHBEPCHOM KOJ€, OCYILeCTB/Is-
€T HAMHOTO MPOILE, TaK JKe, KaK MbI
CKnagpiBaeM OObIYHBIE Oe33HAKOBBHIE
IBOUYHBIE YMC/IA, HO PE3YJIbTAT C/IO-
JKeHus TpeOyeT OTHOCUTENbHO He-
NPOCTOM KOPPEKTHPOBKM (M Iipen-
BAPUTENbHOIO BBISCHEHMS, HYXHa
JIM OHa WIM CyMMa BepHa). U TonbK0
CITOXKeHHE 3HAKOBBIX YHCe, [IPeCcTaB-
JIeHHBIX B JOMOMHHTEABHOM KoJe, He
TONMBKO aBTOMAaTHYeCKH, 06e3 KaKoii-
160 KOpPeKnmuH, HaeT NpaBHIbHBIIA
Pe3y/lbTaT, HO H OCYLIECTB/IAETCSA IIpe-
[e/IbHO TIPOCTO — BHE 3aBHCHUMOCTH
OT COOTHOILUEHHUS MOMAYIeH U 3HAKOB
c/araeMblX OHM CKAABIBAIOTCH TOYHO
TaK e, KaK MBI CKIagbIBaeM OObI4-
Hble 0e33HaKOBBIE IleNble YHMCAa. B
ob1ieM, U IPOCTO, U NpaBWiIbHO. Tak
YTO Temepb U BaM OY€BMIHO, [TOUYEMY
MMEHHO [[OTIO/IHUTE/IbHBIM, a He TIPs-
MOM MJIM MHBEPCHBIM KOJBI, MOMYYHI
CTOJIb IIMPOKOE PACIPOCTPAaHEHHE B
nbpoBOI TeXHUKeE.

IMoitgem mampine. Ml yxe TOBOpH-
JIK O TOM, YTO BBIYMTAHHE MOXKET OBITh
3aMEHEHO C/IOKEHUEM, B KOTOPOM Y
BTOPOTO C/IaraeMoro JI0/KeH ObITh MH-
BepTHPOBaH 3Hak. [loaToMy ripu 3ameHe
BBIMMTAHHA CIOKEHHEM TIONIOKUTEBHOE
BBIYMTAEMOE JOMKHO OBITH 3aMeHEeHO
OTPHIATE/IbHBIM BTOPBIM C/IaraeMbIM C
TeM JKe MOJIY/IEM, @ OTPHUIIATE/IBHOE BbI-
YUTAEMOE ~— TIOJIOKUTE/IbHBIM BTOPBIM
c/araeMpIM (CM. puc. 79).

Taxum 06pa3oM, eCIM Mbl yMeeM JIeT-
KO HpeBpaliaTh M0/I0XXHTENbHOE YHC/IO B
paBHOE eMy [0 MOTY/IIO OTPHIATENBHOE,
M Ha000POT, MBI MOXKeM BOoO1LIe 060i1-
THCh 6€3 KOMaH][ BHIYUTAHHA, CBENA HX
K cnoxxernio! MMenno 6aropaps sTomy
B psifie MUKPOKOHTPOJUIEPOB (B 4aCTHOC-
TH, B O4YeHb NOMOYy/BIpHBIX Hekorga MK
ceMeitcTBa X48) KOMaH/Ibl BbIYHTAHUSA
HaIpoYb OTCYTCTBOBAIU. M 3TO He Me-
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IMano paspaboTiMKaM pealU3sOBbIBATH
Ha 11ogo6Hbx MK 10BONMBHO C/IOXXHBIE
BBHIYUCIUTENbHBIE AITOPUTMBI — 10~
fyMaeib, HeT BBIYMTaHMA, U 6e3 Hero
cripasumcs! KoHewHO, IPOrpecc MUK-
PO3/IEKTPOHUKYU MPHUBET K TOMY, 4TO
“6esppraMraTenbHble” MK npakTiudecku
ucyesm us obpattienus. Ho Hammyue Ko-
MaHJ BbIYUTaHHsA HE YIPOCTWIO apud-
METHKY 3HaKOBbIX gHces. [To-npexHemy
py paboTe ¢ HUMU 4aCTO OKa3bIBAaeTCs
ropaso ynoGHee U3MEHUTH 3HAK Y YHC-
713, 4eM MEHATh BeCh &ITOPUTM, BCTaB/AA
B HETO KOMAH/Ibl U [TOANPOrPaMMBbI Bbi-
YMTAHUSA BMECTO C/IOXKEHUS.

A Tereps, Mocne pacCMOTPEHUA TeO-
peTHYecKoro MpUMepa, KaK BbIYMTaHUe
MOXeT ObITh 3aMeHeHO CTIOXKeHHUEM, Mla-
BaliTe ITOCMOTPUM, KaK C Y4eTOM 3TOrO
peau3yeTcsl anapaTHOE BbIYUTAHUE B
apudMeTHYeCKO-TOTHIECKUX YCTPOHC-
TBax (AJIY) MUKPOKOHTPOJ/IEPOB M
MHKpPOIIPOLIeCCOPOB. BCrIOMHUM, 4TO
BO BTOPOIi CTaThe 3TOro 1uKiaa («Cxe-
MOTeXHHKa», 2004, Ne 12, c. 28) MBI
3HAKOMIWIKChH C TeM, KaK YCTPOeHa OfiHa
AdeitKa MOJHOr0 OFHOPa3PAAHOIO ABO-
MYHOro CymMmaropa (puc. 8) M Kak us
BOCBMU IIOC/IEA0BATENBHO COelUHEH-
HBIX TaKMX CyMMaTOpOB (opMHUpYeT-
Cs1 TIOHBIN BOCBMUOUTHBII CYMMaTOpP
(puc. 9), peamusyrowuit B MK koman-
a1 ADD, ADDC. Kak ABCTBOBajJIO U3
puc. 10, ofHOOUTHBII cyMMaTOp Tpe6o-
Bl WISl peau3alvy 12-TH OTAENBHBIX
JIOTMYECKUX 3/71€eMEHTOB MAJIoON CTerle-
HM UHTETPAI{d, a BOCBMUOMTHBIN —
12x8 = 96. [TockonpbKy Ha peaH3aruio
KaXJ0TO TaKOro JIOTHYECKOTO 37€MEHTa
yXOouT 5—8 TPaH3UCTOPOB, HETPYAHO
ITOCYUTATh, YTO CYMMATOpP, Peayusyro-
it koMaunpl ADD, ADDC, “o6xopurt-

cA” MUKPOKOHTPOJUIEPY TIOYTHU B THICAY
TPAH3UCTOPOB. A Bellb IIOMUMO CyMMa-
Topa MK no/pkeH efrle UMETh ITaMATh,
perucTpsl, mwuHHbIe POpPMHUpOBaTENH,
6ydepHble 3/1eMEHTBI, TOTHIECKYIO YaCTh
AJIY u 1. . B TO e BpeMs BO3MOXXHOC-
TH MUKPO3/IEKTPOHUKH BOCbMHUAECATHIX
TOJOB ITPOLUIOTO CTOMeTHsA OBUIM BeChbMa
orpauudeHsl, 1 MK Tex BpeMeH cocTos-
JIM BCETO U3 ABYX-TPeX NECATKOB THICAY
TPaH3UCTOPOB, GOJIbille Pa3SMECTUTb HA
KpucTa/ute 6bUIO TPYAHO.

O4eBUAHO, YTO PaspabOTYUKH BCA-
YEeCKU IMbITANUCh IKOHOMUTH Ha BHYT-
pennux ysnax MK, ocTapnsas nuinsb Te,
6e3 KOTOPHIX NEHCTBUTENBHO ObUIO He
o6oirtrck. U yx TeM 60s1ee OHU HUKOTAA
He Jle/IaTy y3el Ha ThICAYe TPaH3UCTO-
POB, €CIIH ero, Cerka MnofyMas, MOXHO
6bUI0 cAenaTh Ha ABYX COTHAX. Mmen-
HO moatomy B coctaBe MK o6brano
OTCYTCTBYeT CaMOCTOATENbHBIA BOCH-
MUOUTHBIN BbIYUTATe b, AaHATOTHYHBIH
CyMMaTopy, paCCMOTPEHHOMY Ha puc. 7
U 8, a KOMaHAbI BHIYUTAHUSA PeanusyeT
3TOT CaMBI¥ CyMMATOp, MOMOHEHHBIN
BOCEMBIO JIOTMYECKUMU 3JIeMEHTAMHU
“Uckmoyatoriee MU (puc. 80).

Ha puc. 80 co6cTBeHHO CyMMaToOp,
CTPYKTypa KOTOPOTO IpHBeleHa Ha
puc. 9, u3o6paxkeH B BUJie Tpareluu ¢
U37I0MOM B CepeiriHe 60IbIero 0CHO-
paHus. HiDKHAA 4acThb 3TOT0 OCHOBa-
HUA — 3TO BXOAbI Y,_j...Y(, MeHbIee
OCHOBaHUe — BBIXOABI Sy,_1...Sg. CUTHa-
JbI X,,_1...Xo, MOAAIOTCA Ha CYMMAaTOP He
HAIPAMYKO, a KOXIbIN 9€PE3 CBOM 3J1e-
ment “Uckmouatomee UM, BTOpoix
BXOJ{ KOTOPOTO YIIPaBJIsieTCA JOTUYec-
KMM CHUTH&/IOM BBIYUTaHUE/C/IOXKEHHUE.
Korza HeO6XOAMMO OCYLIECTBUTH OIle-
palMIO COXKeHMA, 3TOT CUCHAT MMeeT
Hy/1eBO# JIOTHYeCKuit yposenb. [Tpu
9TOM Ha BBIXOJaX 3/1eMeHTOB X,_...Xo,
curHansl X,_i...Xo UMEIOT Te XK€ JIOTHU-
YecKde yPOBHH, YTO U ObUIM y HMX Ha
Bxoaax aneMmeHTOB. COOTBETCTBEHHO,
KOoTjla HeoO6XOOuMO IIPOU3BECTH BbI-
YUTaHUE, YIIOMAHYTHIA ynpaBnﬂlomI/n?I
CUTHAM — eNUHUYHBIN, U 3/1€MEHTDI
“Uckmovatomee WJIN” us mosTopu-
Tenel MpeBpaIialoTCsl B MHBEPTOPHI,
moaaBasg B AJIY uHBepTHMPOBaHHbIE
curgaasl X, ... Xo.

anee, o6paTuTe BHUMaHHE Ha TO,
YTO 3TOT YIIPAB/IAIOLIUI CUTHAJT €1E U
HCII0/IB3yeTCsA B KayecTBe IIEPBOro Iie-
peroca Ciy. [Ipn cmoxennu oH paBeH
0, a mpu BbIYMTaHUU — 1.

Yro Bce 3TO HaM fgaeT?! A BOT YTO.
Korpga MBI OCyLIecTBAsieM OIEPALIUIO
ClIOXeHMA, B paccMarpusaeMoM AJIY
MBI, KaK 06bIYHO, CKIambIBaeM Xy 1...Xo
¢ Y, ,...Yy, B MOMHOM COOTBETCTBUHU C

CyMmMuposaHue/abiHumanue
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TeM, 4TO ObUIO paccKasaHO B IEPBOH
rnase. [Ipy BBIMMTAHUM XK€ MBI BMeC-
TO BBIYMTAEMOrO ITOfIaeM Ha CyMMaTop
YUCT0, Bce OUTHI KOTOPOTO IIPOMHBEP-
TupoBaHbl. KpoMe TOro, Mpu 3TOM eliie
u Cip YCTaHOB/IEH B 1, YTO yBe/IMYHBA-
€T Ha | pe3ylbTaT C/IOXKeHUs Y,1...Y
¢ TOOHUTHO NPOUHBEPTUPOBAHHBIM
Xo-1...Xo. Joragamucn? Ecim HeT, TO Ha-
[IOMHIO, YTO B TI06UMOM M €TUHCTBEHHO
pUMeEHAEeMOM HaMM TIPeACTaBlIeHUH B
JOMONHUTEIBHOM KOJE UL TOTO, YTOOBI
U3SMEHHMTb 3HAK 4HC/Ia, HY)KHO IPOUH-
BEPTHPOBATb BCe ero GUTHI U MprbaBUTh
K pe3ynbTary MHBepTHpOBaHua 1. Cre-
JOBaTe/IbHO, LITI0YKA 7IeMEHTOB “HC-
xmodatoriee UJIN” ¢ peansoBaHHBIM,
KaK IT0Ka3aHo Ha puc. 80, CUTHA/IOM YII-
paB/ieHuUs1, OCYLIeCTBIAET arlnapaTHoe
U3MeHeHHe 3HAaKa BTOPOTO CIAaTaeMoro,
3aMeHss OTPULIATENLHOE C/IaraeMoe I1o-
JIOXKUTETbHBIM, a TI0JI0KUTENTbHOE ~— OT-
puiaTeNnbHbIM (aITOPUTM USMEHEHUs
3HaKa M B TOM, U B IPYTOM CIydae, Kak
Mbl Y6e[MIMCh BbIIlle, OAMHAKOBBIN).
[To3TOMY CaMOCTOATETbHBIN BHIYUTATEb
OKasajcsl He HyXeH — JOMOHEHHBINA
PACCMOTPEHHBIM JTOTHIECKUM Y3€KOM
CYMMATOD BIO/IHE CIIPAB/ISETCS He TO/Ib-
KO CO C/IOYKeHHeM, HO U C BbIYMTaHUEM. A
YTO HaM 6BUIO HYXKHO, KaK He 3T0?

IIpodonxcenue cnedyem
Anexcanap Opynse,

Anekceit Opynse,
T. MockBa
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NocnepoBaTenbHan nepepaya

BaHHbIX

Pa6ota npuemonepeparuuka
B pexumax 1u 3

Ha puc. 6 mokasansl cTpyKTypHas
CX€Ma ¥ BpEMEHHBIC TUArpaMMbl pa6o—
ThI IIpPHEMOTIEPEeAaTUYUKA IIPU IIPUEME U
nepenave naHHbIX B pEXXUME 1.

Yepes Bbixon TXD npueMoriepenaTuik
mnepenaet, a co Bxoga RXD mpunumaer

MepenonHexve Taiimepa 1
| 3anues B SBUF

necATb GUT: CTapT-6UT, BOCeMb OUT faH-
HBIX ¥ cTon-6urt. [Ipu mpueme cron-6ut
nocrynaer B 6ur RB8 peructpa SCON.
Kak oTmeyanoch, CKOpocTh IipueMal/Tie-
pemayu ompeneifeTcA IacTOTOM Iepe-
TIO/IHEHUA TaliMepa/cueT4yMKa 1.
Ilepenada MHUIMUPYETCS TIO60M KO-
MaH/I0M, B KOTOPOJ I10/TydaTeaeM 6aitta
asnserca peructp SBUF. I'enepupye-

___Cxemotexnmnka N2 3 -mapt 2006

MBlii TIPH 3TOM YTIPaB/IAIOLUIUN CHTHAT
«3anuce B Gydep» 3arpykaer exuHULY
B IeBATBI OUT CABUTAIOLIETO PETUCTPA
TlepenaTInKa, 3aIyckaeTr 6JI0K ynpase-
HUA Iepenadyeil ¥ B MOMEHT BpeMEHU
S1P1 dopmupyer paspelIalouivii cur-
Ha1 «Ilocbuika». Ilo aToMy curHary Ha
soiBop TXD cHavasma rmocTymnaer craprt-
6ur, a 3atem (IO BHYTpeHHEMY paspe-
IAoLeMy curHany «lanubie») 6UTHI
nauHbix. Kaxpblii nepuopn mnepenauu
6ura paBeH 16-TH TaKTaM BHYTPEHHETO
cYeTYHKa-neauTens Ha 16.

B npomnecce nepenauu comep>xumMoe
perucTpa nocaenoBaTeNbHO COBUraeTCsa
BIpaBo (MIaguiMMu GuTaMu Brepen)
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u nocTynaet Ha Boixof RXD. B ocso-
60xpaomMecs cTapuise GUTHI peruc-
Tpa IepefaTYHKa 3aIHCBIBAIOTCS HYIIH.
Korma Bce Bocemp 6ut 6ynyT mepena-
HBI, Ha BBIXOJI€ TI€PeNaTIHKa MOABHTCA
€IMHHUYHBII CTOM-OUT, @ BO BCEX MO-
3HLUAX perucTpa 6yayT HAXOOUTHCA
HyMH. DTO cOCTOsiHHE OOHAPY)KUBaeTCA
CIeIMaNbHbBIM BHYTPEHHHM [IETEKTO-
pom Hyns. Ilpu momydyeHHMH OT 3TOrO
HeTeKTopa Hy/s curHama «[lepemaTyuk
ITyCT» 6JI0K yIpaBIeHHs TIEPEIATIMKOM
CHUMaeT curnan «[TocbUika» 1 ycTanas-
nusaer ¢rar TI (MOoMeHT mecATOro Tax-
Ta JeJUTeNs Ha 16 moc/ie IOCTYIUIEeHU
curHana «3anucey B 6ydep»).

Ilpuem HauMHaeTCs MpH OGHapyxe-
HMM Tiepexopa cHMTHala Ha BXxome RXD
u3 coctosuus 1 B cocrosuue 0. [Insa
3TOro MOA yHpaB/IeHHEM BHYTPEHHErO
cyeryuKa sxon RXD onmpammBaercs 16
Pas 3a iepuon npencrabrenns 6ura. Kak
TONBKO nepexon k3 1 B 0 Ha Bxome RXD
ObHapyXXeH, B CEBUIAIOHIMIL PErUCTp
npHeMHHMKa 3arpyxaercs kox 1FFH,
BHYTPEHHMI CYETYHK 110 MOAY/IIO 16 He-
MEUICHHO COPachIBAETCs M TIePesarrycKa-
€TCsl [UIA1 BBIPAaBHUBAHUSI €TO IIEPEXONOB
€ rpaHHIIAMH TIEPHOIOB ITPEICTABIEHHA
NpHHHMaeMbIX 6UT. Takum o6pasom,
KaXXIbI MEpPHOJ TpencTaBaeHus OGuTa
HEMHTCA Ha 16 mepuoOgoOB BHYTPEHHETO
CYeTYHKa.

B cocrosuusax 7, 8 u 9 cueryuxa B
K&X/IOM [epPHOJIE TIPEACTAB/IEHHs OHTa
IIPOU3BOIHMTCS ONMPOC CHTHAIA HA BXONIE
RXD. Cunrtannoe 3HaueHHe TPHUHHMMA-
emoro 6uta — 3TO TO, KOTOpPOE GBIIO
IOJTYYEHO IO MEHBIIEH MeEpe IBaKabl
M3 TpeX 3aMepoB ( MaXXOPHTapHOE rO0-
COBaHHME IO MPUHIHUITY «BA U3 TPEX»).
Ecnu sHauyenue, mpUHATOE B mepBoMm
TakTe, He pasHo 0, 610K ynpasieHus
IIPHEMOM BHOBb BO3BPAlIaeTCs K IOUC-
Ky nepexonos u3 1 B 0. OTOT Mexauusm
obecrneyuBaeT IOJABACHHUE JIOXKHBIX
(c6oiupix) crapT-6MTOB. MCcTHHHDIH
CTapT-6UT CABHIAEeTCA B PETHCTPE TPH-
€MHMKA, ¥ MPOMO/DKAETCS MpPHEM OC-
TaJIbHBIX GUT MOCBUIKU.

bnox ynpasnenns nmpuemom cdop-
MupyeT curnan «3arpyska 6ydepa»,
ycranosut RB8 u ¢ar RI Tonpko B
TOM C/Iy4ae, eC/IH B IOCJE[HEM TaKTe
COBUTa BHIMOMHAIOTCS /IBA YC/IOBHS: GHT
RI =0, u mu60 SM2 = 0, 1460 nIpuHATHIIH
cron-6ut paseH 1. Ecu xoTs 661 onno
M3 3THX [JBYX YC/IOBUI HE BBINIOTHSAETCA,
TIPHHATAs TIOC/IELOBATENLHOCTD OUT Te-
psetca. B ato BpeMsA BHE 3aBHCHMOCTH
OT TOTO, BBITOMHAKITCS YKa3aHHBIE YC-
JIOBUS WIH HET, 6/I0K yIIpaBIeHHs IPU-
€MHHKOM BHOBb HAYMHAET OTHICKMBATD

} 4 mepexon u3 1 B 0 Ha Bxo#e RXD.

Pa6ota B pexxume 3 uMeeT MMHHMA/Tb-
Hble OTIMYHA OT pexkuMa 1. Yepes BbI-
Box TXD mnpuemonepenaTyuk mepenaer
uu ¢ BeiBoga RXD npunumaer He 10,
a 11 6uT: cTapT-6UT, BOCEMb GUT [aH-
HBIX, IPOIPAMMHUPYEMBIH AEeBATHIA OUT
u crom-6ut. Janee, B pexume 3 B 6ut
RB8 3aHOCHTCs HE CTON-OUT, a TEeBATHIN
6uT maHHbIX. EcrecTBeHHO, 3TO HMKaK
HE U3MEHsIeT BPeMeHHbIe [HarpaMMbl
B P&KHME 3 B CPaBHEHMM C PEKHMOM
1, 3a MCKIIOYEHMEM TOTO, YTO I{MKI
nepenayy OKasplBaeTCA Ha 1 IOMHBIN
IIepUOA paboTHI CUETIMKA-[E/TUTENS Ha
16 mmuuHee.

Heob6xonuMo Takke OTMETHTB, YTO
HECKOJIbKO H3MEHSIOTCS YCTIOBUA OKOH-
JaHMA [MK/IA IpHemMa — 610K yrpasiie-
HUSA TIPUEMHHUKOM CHOPMHUPYeT yIpaB-
JAOIUA curHan «3arpyska 6ydepar,
sarpysut RB8 u ycranosur ¢mar Rl
TOMBKO B TOM CIIy4ae, €CIM B IIOCIeN-
HEM TaKT€ CIBHMra BHIITOMHAIOTCA [Ba
ycaosust: 6ut RI = 0 u 6o SM2 = 0,
60 3HaYeHUE HMPHUHATOIO AEBATOTO
6MTa maHHBIX paBHO 1.

IIpumep. Hacrpoiixa npuemornepe-
maTYMKa O/ paboTel B pexume 1 co
CKOpOCThIO 06MeHa 9600 6ox.

s monb3oBaTeneit, He MMEIOLUIHX
MPaKTHYECKOro OmbITa PaboTh! C MpPH-
€MOIEPETATIMKOM, HACTPOHKA €ro0 MO-
JKET IOKa3aThCsl [€/I0M HENPOCTHIM.
OpHako Ha fene OHa 3aK/JIIOYaeTCsA B
HaIMCAaHUU [1eCATKA-NOAYTOpa acceM-
6nepHbIX CTPOK. PaccMOTpUM BapuaHT
HaCTPOMKH NpHeMONepefaTIHKa s
paboTsl B pexxume 1 (mpuem u mepe-
Jaya BoceMb OMT, peXXuM 1, cKOpoCTb
9600 60m).

IE LEQU 0A8H
SCON . EQU 098H
SBUF .EQU 098H
TMOD LEQU 088H
T .EQU 08BH
TH1 .EQU 08DH
ET1 .EQU 0ABH
TR . EQU OBEH
PCON EQU 087H
DPL LEQU 082H
DPH LEQU 083H
TI .EQU 098H
RI LEQU 098H
RELS6  .EQU OFDH

;UART 8600 bits/s
y(for 11.059 MHz oscillator)

Hnsa accembmepos, TpebyoUmx orm-
pene/ieHus afpecoB HCIOIb3YEMBIX pe-
THCTPOB, B Havyajie MPOrpaMMbl B pas-
nene OObsIBIEHU KOHCTAHT M afipecoB
IIepeMEHHBIX HeOOXOAMMO ITOMECTHTh

HHPOPMALHIO, TIPHBENEHHYIO B 3TOM
¢dparmenTte. K Takum accembrepam or-
HOCHMTCH HCIIO/Ib3YEMBIN MHOM YK€ MHO-
ro et TASM. MHorue accem6mepst yoxe
cofepart B cebe aipeca epeyHCIeHHBIX
PETHUCTPOB, TO3TOMY TIPH HX HCIOIb30-
BaHUM B Pasfen 00 bsIB/IEHHs! KOHCTAHT U
a[pecoB MEPeMEHHBIX He0OXOaHMO Mo-
MECTHUTB JIMILIb TIOCTEAHIOI CTPOKY 3TOro
(parmenta, onpenesOIYIO KOHCTAHTY
REL96. Bemuyuna 3701 KOHCTAHTHI BBI-
6paHa B COOTBETCTBHH C TabIL. 4.

Hanee, B paspen HHUIHAIM3ALMH TIPO-
IpaMMBI, OGBIYHO PACIIONOKEHHBII B Ca-
MOM ee Havajle, HeOOXOMMMO IOMECTHTD
TIOCTIEAOBATE/IbHOCTD KOMAH/, IPUBEICH-
Hy10 HrDKe. [lepBas 3 HMX 3anperaeT Bce
npepbIBaHMA (eC/TH Kakue-mH60 U3 HUX
B OIbHENIIIEM TOTPeOYIOTCA, MX MOC/e
BBITIO/THEHHUS! IPHBEIEHHOTO ()parMeHTa
HYKHO paspeLuuts). Bropas macrpausaer
TaliMep-cYeTYHK | Ha paboTy B pexxnme 2
TaiimMepa (c aBromepesarpyskoii). Tperss
H YE€TBEPTas KOMaH/blI 3aHOCAT B Tak-
MEpHbIE PETHCTPhI KOHCTAHTY, O0ecTIedH-
BAIOHIYIO CKOPOCTb IIPHEMa U TIepenayn,
pasnyio 9600 6on. I1aras cbpackiBaeT B
0 61t SMOD. lllectas Hactpausaer mpu-
eMoIiepeaTiiK Ha paboTy B pexxume 1
(BocomubutHbili UART ¢ mepemennoit
CKOpPOCTBIO O6MeHa), cOpaceiBaeT GUT
paspellieHHsi aBTOMAaTH4eCKOrO PacIios-
HaBaHMs afpeca, (Iaru mpeppIBaHui, U
yCTaHaB/THBaeT GUT paspelLlleHHs [pHeMa
TIepefiaBaeMbIX aHHBIX. M mocnenuss sa-
ITyCKaeT TariMep 1, saBepllias HaCTPOHKY
IpHeMoInepeaTInKa.

;HacTpouTb nopt: 9600 GuT/c, 8 OuT/cumeon,

;1 cTon-6uT, HeT 4eTHOCTH
MOV IE, #0
MOV TMOD, #20H
MoV TH1, #REL96
L0 TL1, #RELS6
ANL PCON, #7FH
. MOV SCON, #50H
SETB TR1

OTMedy, 4TO B COOTBETCTBHH € Tab1. 4
AJIsi TOro, 4YTOOBI MPH BBHITOTHEHHH
YKa3aHHO! MOCIEHOBATENbHOCTH KO-
MaH[| CKOPOCTb O6M€HA AEHCTBUTEILHO
6pu1a pasHoit 9600 601, KBapIEBBIH pe-
30HATOP MUKPOKOHTPO/UIEPA HO/DKEH
umeThb yacroTty 11,0592 MI'u, wau ot-
JTMYAIOHIYIOCS OT Hee He 6oJiee, YeM Ha
1...2 %.

OpHako GBIBAIOT CIy4ad, KOIga Mo
TeM MM MHBIM IIPHYHHAM pa3pabor-
YUK BBIHY)KIEH CTaBHTb KBapIi€BBIi
Pe30OHATOP C YaCTOTOM, 3aMETHO OT/IH-
yasouiesica ot 11,0592 MI'n. TIpu satom




Ta6bnuua 5

T2CON  Agpec=C8H
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3Hauenwme no cbpocy = 00H

1

7
[ TF2 | EXxF2 |

RCLK |

TCLK | EXEN2 | TR2 |

CcT2

0
[ cPRL2 |

Bur Cumson

Pyrkuna

T2CON.7 TF2

Onar nepenonHeHna TaiMepa/cueTunKa 2. YCTaHaBNMBAETCA annapaTHO Npy NepenonHeHna TalMepa/cueTumka 2.
C6pacbiBaeTca nporpaMmHo NyTem cbpoca 6mTa Nonb3oBaTeNbCKON NPOPAMMOIA.
TF2 He ycTraHoButca, ecm RCLK = 1 i TCLK = 1.

T2CON.6 EXF2

BHewHw# dnar Taiimepa/cuerunka 2, YCTaHABMBAETCA B PEXKUMAX 3aLeNKnBaHns 1 Nepesarpy3ky B MOMeHT Nepenaga us 1
B 0 Ha Bxoge T2EX npw EXEN2 = 1. Ecm pa3peweHbi npepbiBaHmna or T/C2, ycraHoBka dniara EXF2 BbisbiBaeT nognporpammy
obpabotkn npepbiBaHna o1 T/C2. Copoc EXF2 gonmkeH ocyw|ecTBAATLCA NporpammHibim nyTem. Ecam DCEN = 1 (T/C2 B pexume
cyeta BBEPX/BHM3), ycTaHoBKa EXF2 He Bbi3biBAET NpepbiBaHuA.

T2CON.5 RCLK

Bbibop Tarmepa/cueTumnka 2 onis 3a4aHnA CKOpOCTM paboTbl NpuemHnKa B pexxumax 1 u 3. Mpu RCLK = 1 gna dopmmnposanns
CWUTHANOB TAKTMPOBaHWA NPUEMHWNKA NCMONb3YIOTCH CUTHAbI NepenoiHeHWA TalMepa/cueTumnka 2, nHayue — Taiimepa/cueTumka 1.

T2CON.4 TCLK

Bbibop Taimepa/cueTumnka 2 ons 3agaHua CkopocTk paboTbl nepeaatunka B pexumax 1 n 3. Npn TCLK = 1 gna dopmmposanns
CUTHANOB TAKTMPOBAHWUA NPUEMHNKA MCMONb3YIOTCA CUTHA/bl NepenoiHeHna TanMepa/cueTUnKa 2, UHaue — Tanmepa/cueTumka 1.

T2CON.3 | EXEN2

Onar paspeweHunn paboTbl OT BHeWHero curHana, Mpw EXEN2 = 1 nepenag u3 1 8 0 Ha Bxoge T2EX Bbi3biBaeT 3alilenknsaHune
nHopMaLMn nnn NepesarpysKky TaiMepa/cueTumnka 2, KOTopbiv He fOoMkeH BbiTh B PeXXUMe reHepaTopa CKOPOCTH Nepefaun
npuemonepegatymka, Mpn EXEN2 = 0 TalMep/cueTumnK 2 nrHopupyeTt curHanbl Ha sxoge T2EX.

T2CON.2 TR2

3anyck/ocTaHoB Tamepa/cuerumnka 2. TR2 = 1 3anyckaer Tanmep/cuetunka 2, TR2 = 0 ero octaHaBIMBaeT.

T2CON.1 | ¢/T2

But Bbi6Opa pexima paboTbl TaiMepa/cueTumka 2. Npwm yctaHoBKe 6uTa B 1 Taiimep/cUeTunk GYHKLUMOHWPYET Kak CYETUMK
nepenazaos u3 1 8 0 Ha Bxope T2. Mpw ycTaHoBKe 61Ta B 0 paboTaer Tanmep.

T2CON.0 | CP/RL2

Bbibop pexuma 3ailenknsanma neperpyskin. Ecnm 6ut ycranosnet 8 1, To npun EXEN2 = 1 nepenag u3 1 8 0 Ha Bxoge T2EX
Bbi3biBAET 3aleNKnBaHNne cogepxumoro TL2, TH2, B RCAP2L, RCAP2H cooreTcTBeHHO. Ecnn 6ut chpouweH B 0, TaitMep/cueTumnk
2 paboTaet B peXxume aBToNepe3arpy3ku: Npu NepenonHeHn CYeTUYnKa nnm npn obHapyxeHun nepenaga ns 1 8 0 Ha Bxoge
T2EX (nocnenxee npv EXEN2 = 1) cogepxumoe RCAP2L, RCAP2H nepenucbiBaercs B TL2, TH2 cOOTBETCTBEHHO.

MOXXET OKa3aTbCs HEBO3MOXKHBIM I10-
nobparp 3Hauenme KOHCTaHTHI REL96
TaK, 4To6B 06ecmeunTh Tpebyemylo
CKOpPOCTh O06MeHa ¢ IOTPEIIHOCTHIO
1...2 %. B sToM ciydae BO3MOXKHO 3a-
AaTh CKOPOCTh 0OMeHa IpPH MOMOIH
TaliMepa-cieTyHKa 2, HMeIoIierocs
B COCTaBe BCeX MHKPOKOHTPOJIIEPOB
ceMeiicTBa x51, HaunHas ¢ 8x52. Y-
paBjIeHHe TaliMepOM-CIeTYHKOM 2 ocy-
INEeCTB/AETCS MPH [TOMOIIH perucrpa
T2CON (rabmn. 5).

A HacTpoliku TaliMepa-c4eTYHKa 2
B PE>XHM I'eHepaTopa CKOPOCTH NpHeMa/
Hepefayn HeoOXOOUMO cOPOCHTD GHTHI
TF2, EXF2, EXEN2, CP/#RL2, C/#T2 u
ycraHoBuTh B enmuuuy 6uThi RCLK,
TCLK, TR2. 3to genaercsa KOMaHOoI

MOV T2CON, #34H

KOTOpas B mpeablnyieM dparmeHte
HO/DKHA 3aMEeHHTh MOCIeTHION KO-
MaHny.

Yacrora npremMa-nepeaiu npu pabo-
Te OT TaiiMepa-CcueTYHKa 2 OIpeneser-
€5l M3 COOTHOILLIeHHs

f = fpes/{32x[65536 -
- (RCAP2H, RCAP2L)]}, (3)

rae (RCAP2H,RCAP2L) — comepxwu-
Moe perucrpoB RCAP2H u RCAP2L,
B3iTOe Kak 16-6uTHOe nenoe GessHa-
KOBO€ YHCJIO.

3aBHCHMOCTb 4aCTOTHI IIPHEeMOIIepe-
JAaTYHKa OT HACTPOMKHM TaiiMepa 2 mns
9acToT pe3oHaropa 12 u 6 MI'y npuse-
neHa B Tabi. 6.

Anpeca peructpos T2CON, RCAP2H,
RCAP2L — 0CS8H, 0CBH u 0CAH co-

OTBETCTBEHHO, UX IIPH HCIIO/Ib30BAHHH
TaliMepa-cyeTYHKa 2 HYXXHO pasMec-
THTb B (pparMeHTe MPOTPaMMBbl, TIPH-
BeEHHOM B Hayajle IMpuMepa. TaMm ke
HOJ/DKHBL ObITh pa3MellleHbl KOHCTAHThI
Hacrpoiiku REL96T2H u REL96T2L, 3a-
HocuMbie B RCAP2H u RCAP2L :

RELS6T2H .EQU OFFH ; UART
9600 bits/s

REL96T2L .EQU ODSH ;USE
WITH T/C2

Bri6panHble TakuM 06pa3soM KOHC-
TaHTbI HACTPOIKH 0becriedaT 06MeH Ha
ckopocTtH 9600 6ox mns MHKPOKOHT-
po/lepa ¢ KBapUeBbIM Pe30HATOPOM
vacroroit 12 MTI'u. EcrecrBenno, mng
HHBIX CKOpoOcTeil 06MeHa W/WIH HHOM
TaKTOBOM 4aCTOTbI 3HAUEHHA KOHCTAHT
6yayT MHBIMH, M JUIA MX OIpene/IeHHs
HY>XHO BOCIIO/Ib30BAThCS COOTHOILICHH-
eM (3).

Janee, Bo BropoM (pparMeHTe BMECTO
CTPOK, 3aHOCAIMX B peructpol THI u
TL1 xoncranty REL96, Hy>xHO pasmec-
THTb CAEAYIOLIHe CTPOKH:

MOV RCAP2H, ¥REL96T2H
MOV RCAP2L, #RELS6T2L
a CTPOKM
ANL PCON, #7FH
H
SETB TR1

MOTIVT ObITh HCKTIOMeHBL. B urore dpar-
MeHT HHHUHATH3alluH IPHeMoTIepefaT-
4YHKa ¢ TanmepoM 2 6yneT BBIIIAAETDH
CIETVIOHIHM 00Pa3oM:

Ta6bnuua 6
Ckopocts | TaxroBas Taiimep 2
obmeHa, | vacrToTa,

K6og Mry RCAP2H | RCAP2L
375 12 FF FF
9,6 12 FF D9
48 12 FF B2
24 12 FF 64
1,2 12 FE cB
03 12 F8 1E
0,11 12 F2 AF
03 6 FD 8F
0,11 6 F9 57

;HacTpoutb nopt: 9600 6uT/c, 8 OGuT/cumeon,

;1 cTON-GMT, HET 4YeTHOCTH
MOV IE, #0
MOV RCAP2H, #REL96T2H
MOV RCAP2L, #¥REL96T2L
MOV SCON, #50H
MOV T2CON, #34H

IlpueMoniepenaT4K HAaCTPOEH, H CO-
OTBETCTBYIOILIHI Talimep 3amyieH. [fa-
nee mobas KOMaHAa, 3aHOCAIas GaiT
naaHbIx B peructp SBUF, unnumupyer
mepezady aroro 6aiita B [IOC/Ie0BaTeNb-
HOM (popMare, IpuBeneHHOM Ha puc. 1,
€0 ckopocTbio 9600 60a. CooTBeTCTBEH-
HO, MO60¥ ITOCTaHHbIT MUKPOKOHTPO/I-
nepy GaiiT JaHHPBIX Ha 3TOM >Ke CKOPOCTH
6ymer NIPUHAT ¥ pa3MellleH B perucTpe
SBUF (¢usuuecku perucrpsl SBUF ma
IpueMa H [JIg iepefadn — pPasHbie, 110~
3TOMY NepenaBaeMblIi 6aiiT He Bo3zelic-
TBYeT Ha IIPUHSATBIN).

ITpodonscerue cnedyem

Anexcannp ®pynase,
r. Mocksa



A CKYCCTBO CXEMOTEXHWKN

O npob6nemax npakTnuyeckomn
peannsaunmn HeKOTOpPbIX TUNOB
3BeHbeB ARC-punbrpos

B cmamee nodpo6Ho paccmompeHsbl npobiieMebl KOHCMPYUPOBAHUSA K-
MUBHbIX (USILMPOB Ha ONEPAUUOHHbIX yCUNUMEeNAX U CNocobbl Ux npe-

000/1eHUA.

MIPenUCIOBUHM K KHUre [1] ykassl-

BAeTCA, YTO COBPEMEHHAsA UCTOPHA

AKTHUBHBIX (PWIBTPOB HAYMHAETCSA C
pat6otsr Cawtena v Ku [2]. Ha nieppsix no-
pax, HeCMOTPS Ha 3HAYHTE/bHbIE YCIIEXH B
paspaboTKe TeOPHH AKTHBHBIX (DHILTPOB,
MX HIMPOKOe TIPAKTHIECKOe HCIIONb30Ba-
HUe B POA cuep>XUBanoOch cepbe3sHbIMHU
TPYEHOCTAMH W BBICOKOY CTOMMOCTBIO
PeanHu3anyy BHICOKOKAYECTBEHHBIX yCH-
NMTeNell Ha AUCKPETHBIX TPAH3MCTOPaX
[3, 4]. MiHTepec paspabOTINKOB K aKTHB-
HbIM (IIHTPaM pesKo BO3POC BO BTOPOE
NIO0BHHe 60-X TOOOB IIPOLIUIOrO CTOJIE-
THA, KOTZa TIPOMBILIUIEHHOCTBIO 6bUT OC-
BOEH MACCOBBII BBIIYCK MHTETPATbHAIX
OY. C a3Toro BpeMeHHU M TI0 ceil AeHb
TIPAKTHYECKH BCe aKTHBHbIE (DHABLTPHI
PeaTM3yIOTCA B CIEAYIOLIeM 3IeMEHTHOM
6asuce — QY, pesnCcTOpPBI, KOHEHCATO-
poI (ARC-¢dwisTpst). B Hacrosmiee Bpemsa
ARC-¢dwIsTphI HHPOKO UCTIONB3YIOTCA B
POA, ux Teopua meTanpHO paspaboraHa,
a IMC/I0 TIOCBALIEHHBIX UM ITYO/IMKaIyil
WCIHCISETCS THICYaMHU (CIIMCOK /IUTepa-
TYPBI y>Ke YIIOMHHABI1IeltcsA Kuuru [1] co-
nepxut 6onee 1300 HanmenoBanmit). Ha
ITPaKTHKe HAHGO/IbILIee PACTIPOCTPAHEHUE
TIOTYYWIN KacKafHble peanusanun ARC-
dwistpos [5—7]. Kackagusiin gumbTp
TIPeACTABIAET COOOM PAL TOC/IENOBATE -
HO BKTIOYeHHBIX 3BeHbEB, KAXK/0e U3 KO-
TOPBIX peannayeT QWILTP BTOPOIO IiO-
panka. [Tpy pewmzaryu GuibTpa HU3KOM
9acToThl (OHY) 1/vmv BBICOKOH 4acTOThI
(®BY) HewerHOro MOpAAKA (TI0I0COBBIE
U pe>keKTOpHble QWIBTPHI BCerna MMe-
10T YE€THBI TOPSAIOK) B COCTaB Habopa
3BEHBEB BKIIOYACTCA OOHO 3BeHO OHY
v/wm ®BY nepsoro nopaaka. [Ipore-
AYPHI pacyera KacKagHbIX QWIBTPOB XO-
Ppo1LI0 hOpMAI30BAHbI Y IIPHBOJATCA BO
MHOTHX McrodHukax [5—10]. Bonee Toro,
B HACTOAIIIEE BpeMA UMEETCA HECKOIBKO
KOMMePYecK¥X H CBOOOIHO pacrpocTpa-
HAeMbIx niporpamm [11—13], ucnionbso-
BaHHE KOTOPBIX CYLLIECTBEHHO YIPOIIIAeT
M yCKOpseT Tpolecc IPOeKTHPOBaHUA
ARC-duisTpos. OnHaKo KaxXyiianca 3a-
BepILIEHHOCTb TeMbl BeCbMa OOMaH4MBa.
Heno B TOM, YTO IPHBOJMMSIE B IMTEPa-
Type pacueTHbIe POLEAYPbI X a/ITOPUTMBI

2 O pacyeroB ARC-bWIBTPOB, HCTIOb3yeMble

npo6neM, paccMOTpUM (YHKIMOHAND-
Hylo cxeMy ARC-3BeHa, U306 paskeHHYIO
Ha puc. l.

B o6mem crydae B coctaB ARC-3BeHa
BXOOUT HecKOoMbKo OY A,...Ay ¥ mac-
cusHaa RC-uens. BxonHoe conipotnsie-
HHe 3B€H4a, KOTOPOE AB/IAETCA HAIPY3KOH
TIO OTHOIIEHHIO K MCTOYHHKY BXOZHOTO
CHTHama Vi, OIIpefenaeTcs CIenyOmuM

BbIpaXXCHHEM!

Puc. 1 -

B TIPOTpaMMaXx, 6asUpyIOTCs Ha CIIemyio-
LIUX YIIPOLUAIOIIMX JOIYILIEHHUAX:

® B 3BeHbAX (PH/IBTPOB HCTIONB3YIOTCHA

uneanpHbre OY;

® MCTOYHHK BXOZHOTO CHTHAJIA 3B€HA

MMeeT Hy/eBOe BBIXOZHOE COTIPO-
THUBJICHHE.

CrmenyeT 3aMeTHUTh, YTO B IIPAKTH-
YeCKUX YCTPOMCTBAX B MOAABAAIOIEM
60/IBIIMHCTBE CIy4aeB UCTOYHHKOM
BXOJHOTO CMT'Haja I 3BeHa puabTpa
ABJIAETCA y3el Ha OTePaLMOHHOM YCH-
nuTene (MacIITaOUPYIO LUV YCWINTEIb,
MIOBTOPUTE/b HATIPSKEHN S, TIPE/IIIecT-
ByIOILI(ee 3BeHO GWILTPA M T. IL.), UMeIO-
LM KOHEYHOE Y 3aBHCALIlEE OT YaCTOTHI
BBIXOJHOE CONPOTHBIeHMe. B jmre-
partype [6, 8] IpHMBOOATCA pacyeTHbIe
COOTHOIIIEHHA (KaK TIPaBH/IO, BecbMa
TPOMO3JKHE), KOTOPbIe TTO3BOJIAIOT KO-
JTMYeCTBEHHO OLEHWUTH BIMAHNE YacTO-
THI eTMHUYHOTO YCH/IEHNS OHOIOMIOC-
Horo OY Ha 4acToThl M HOOGPOTHOCTH,
peanusyeMble 3BeHOM (PMIbTPaA TOMO-
COB M Hy/Ieit Ilepefad. B 6opinHcTBe
M3BECTHBIX Peanu3aluil GHIbTPOBbHIX
3BeHbEB TP MIPABHIBHOM BbIGOpe HO-
MHHAJIOB IIACCHBHBIX KOMIIOHEHTOB W
tunos OV BIUAHMe HeHAeaNbHOCTeH
TIOC/IEAHNX Ha XAapaKTepPUCTHKY 3BeHa
OKa3bIBaeTCA HeSHAYUTEIbHBIM M MOXKeT
6bITH B IIEPBOM TIPHUGMIDKEHHH YITEHO
Tpu pacuere [8, 14] ¥ OKOHYATENBHO
CKOMITEHCHPOBAHO (TIPaKTHYecKH TOJI-
HOCTBIO) B IIpoiecce (pyHKIHMOHAIBHOM
HAaCTPOUKM 3BeHa [5]. OnHako umeercsa
HECKOJIbKO JOCTATOYHO M3BECTHBIX CXeM
(pUABTPOBLIX 3BeHbEB, IPH IIPAKTHYEC-
KOH peamM3alluil KOTOPHIX BOSHHKAIOT
cepbesHble TIpobieMbl. YTOOBI TIOHATH
TIPMYMHBI BOSHUKHOBEHWUA YKA3aHHBIX

Vi (8) |

IIN (S)

ITo oTHOMIeHMIO K j-ToMy OY Aj mac-
cuBHyI0 RC-1eTis ¥ cBA3aHHBIE ¢ Hel
OV A,...Aj, Aji...ANy MOXHO pac-
cMmatpuBaTh Kak uens OC OV Ay, Bor-
xopn j-roro OV Aj Harpy>keH Ha BXOJHOE
conpoTuByieHue ero nenn OC, KoTopoe
OIIpenefeTcs BhIpaKeHHeM:

V. S
ZxNFBA}(S)z_Iw_T'(]S(T) .
A}

Zn(8)=

CdopmynrpyeM nBa OIIpefieneHud,
I0/1aras, 4YTO B cXeMe PHC. 1 BBIXOIHbIE
conpoTHBiaeHus Bcex OV U UCTOUHMKa
BXOZHOTO CUIHala Viy PaBHbI HYJIIO.

Omnpenenenne 1. 3seHo ARC-dunbrpa
MMeeT CYIIeCTBEHHO eMKOCTHOM XapaK-
Tep BXOMHOT'O COTIPOTHBIIEHHNA, C/IV TIPH
HEeOI'PaHWYEHHOM BO3PACTAHUM YaCTOThI
BXOJHOTO CHTHAJIa €T0 BeJTMYMHA CTpe-
MHTCA K HYJIIO, T. €. BBIIIOIHAETCA CIe-
OYyIoIIee yCIoBHe:

|ZIN(j(D)|m_>N—-)O_ (1) |

Omnpenenenune 2. 3seno ARC-duab-
Tpa MMeeT CYLIECTBEHHO eMKOCTHOW
XapaKTep BXOZHOI'O COMPOTHUBIEHHUSA
nenu OC, eciu B ero cocTaBe UMeEeTCH
xoTa 661 oguu OY Ay (M = 1...N), nas
KOTOPOTO TIPM HEOTPAaHWYEHHOM BO3- |
PACTaHVM YacTOTHI BXOZHOT'O CHUTHAjA |
BBITIO/THAETCA CIENYIONee YCIOBHE:

IZIN FB AM (jo))lww—ao . (2*

B cratbe paccMarpHBaeTca pAn cxeM
(HUABTPOBBIX 3BEHbBEB, KOTOPbIE OTBEYA-




10T m160 yc1oBuo (1), 60 OTHOBpEMeH-
HO ycoBuaM (1) u (2). Ha koHKperHBIX
MpUMepax TOKa3aHo, YTO IIPH NPaKTH-
YeCKOM peaIn3aliiy THX 3B€HbeB BO3HU-
KaloT cepbesHble mpodembl. Jocrarouno
OeTalbHO MPOaHaTU3HPOBAaHbI IIPYHHEI
BO3HMKHOBEHHS M XapaKTepHEIE 0COOeH-
HOCTH YKa3aHHBIX [IPOGIIEM.

A willipiPOB C (YILL{TREHHO
SAOUTNUR JAPAKTEPOM B8XGAHDIX
vl weuriIW 3BERA W QR OC

B stom pasgene paccmarpuBarotcs
TpH cxeMbI 3BeHbeB ARC-duibrpos,
KOTOpbIe OTHOBPEeMEHHO OTBEYAKOT Y-
nosuaM (1) u (2).

3BeHo OBY2 c mHoroneTneBoif
0C(MOC)

Ha puc. 2 uso6paxeHa cxema 3BeHa
®BY2 ¢ MOC (anrnoasbratas a66pe-
Buatypa: MFB HP2 Stage).

C3

i
R2
—LH

In ¢ Al

S+ -45
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3seno PBY2 ¢ MOC paccmarpupaer-
¢d BO MHOTHX patorax [8, 9, 10, 14, 15]
Y LUMPOKO HCIIOTIBb3yeTCs B IIPOrpaMmax
npoektupoBadus ARC-bunsrpos [11,
12]. Cnepyer sameTuTh, OOHAKO, 4TO
B YKAa3aHHBIX MCTOYHHMKAX HE YOaloCh
O6HAPYXXUTh KaKHUX-IHOO CBEIeHHN o
XapaKTepe BXOZHOTO COIIPOTHBIEHHUSA
sBeHa. Ecnu B 3Bene ®BY2 ¢ MOC uc-
ojb3yerca uneansHbi OY, TO BeIBOL
TOYHON aHATHTHYECKOH 3aBHCHMOCTH
BXOIHOIO COTIPOTHB/IEHHUSA 3B€HA OT Jac-
TOTbl HE BBLI3BIBAET NMPHHIMITHATIBHEBIX
3aTPYOHEHHUI, HO CONPSXKEH C JOCTa-
TOYHO T'POMO3JKUMH MaTeMaTHYECKU-
MH 1Ipe06pa3oBaHHAMH H, HO3TOMY,
OILyCKasA IPOMEXYyTOYHbIe BHIKJIANKU,
pUBeleM OKOHYaTe/IbHBIN Pe3y/bTart:

7 e2 vrs (S) =

Out
0

Puc. 2

1 R}

T me
1S -2 S+
1 P
roe —_—
COP VCZCSRIRZ

IIOJIIOCOB, peaiusyeMbIx 3BeHoM PBY2;
Q,= —VC2C3 R _ 106pOTHOCTH Ma-
C,+C, VR,

PbI IIOJIOCOB, peann3yeEMBbIX BTOPbIM
C/IaracMbIM.

(3)

— 9acToTa IIapsl

6 Cxemoiexruka Ne 3

O4eBHIHO, YTO MEPBOe CaraeMoe
BbIpaXeHHs (3) YHC/IEHHO PaBHO co-
npoTuBieHHI0 KoHpeHcatopa Cl, a
HU3MEHEHUE COIPOTHBJICHHA BTOPOTO
C/IaraeMoro COBIAfaeT ¢ NepeNaToYHON
bynxuuerr ®HY2, KoTopslil peanmsyer
Tapy IIOIIOCOB € YaCTOTOM Wp (3aMETUM,
YTO 3Ta YaCTOTA COBIALAET C YACTOTOH
nomocos ®BY2) u po6potHocThIO Qp.
Ha nynesoir yactore Bropoe ciaraemoe
YUCIEHHO paBHO R1, ogHako Ha yacto-
Tax, NPEBBIMIAIOUIMX (p, €r0 BeIMYMHA
ACUMIITOTHYECKH YOBIBAET C CKOPOCTHIO
40 b Ha gekamy yactoTsl. [lepBoe ciara-
emoe (conpoTHBiieHHe KoHpeHcaropa C1)
y6bIBaeT 3HAYHTeILHO MeICHHEee — CO
CKOpocThI0 20 b Ha meKany 4acTOTBL
U3 ckasanHOTO crenyer, YTO Ha OCTa-
TOYHO BBICOKMX 4actoTax (B 10 u 6osee
Pa3 MPeBAIAIIINX YaCTOTY HOIOCA (p)
BxonHOe cornpotrusienne PBY2 ¢ MOC
HMMEET ABHO BBIPAKEHHBIH €MKOCTHOM
XapakTep ¥ MpHOIM3HTENBHO PABHO CO-
NIPOTUBJIEHMIO KoHeHcartopa Cl:

. 1
Z 15 102 Mrs 1 (JF)lzm (4)
1

B Teoperuyeckom Ij1aHe eMKOCTHBIN
XapakTep BXOOHOTO CONPOTHBIEHUS
®BY2 ¢ MOC osnagaer, 410 1pH He-
OIrPaHHYE€HHOM BO3PAaCTAaHHUM YaCTOTHI
BXOIHOTO CHTHA/IA Yepe3 UCTOYHUK CUT-
Hasa, eMkoctu Cl, C3 u Beixog OY Al
6yoyT IpoTeKaTh 6eCKOHETHO GOTIbIUIME
TOKH. M3 ckazanHoOro cnemyer, 4ro 3Be-
HOo ®BY2 ¢ MOC ongHOBpeMeHHO oTBe-
gaet ycinosuam (1) u (2). Harpyszounas
CIIOcO6GHOCTD coBpeMeHHBIX OY 061mero
HasHaYeHHA OrPaHIYHBACTCA Y3/IAMH 3a-
LUMTHI OT KOPOTKOTO 3aMbIKaHMA BbIXOIA
Ha YPOBHAX, KOTOPbIe 06bIYHO HAXOIAT-
€A B pana3zoHe 3HadeHwi (10...100) MA.
YKasaHHOe 06CTOATEILCTBO MOXKET CTaTh
CEpBbE3HOIT MPOOIEMOIl ITPH MTPaKTHIEC-
koit peammsanuu PBY2 ¢ MOC., ITosc-
HHM CKa3aHHOe KOHKPETHBIM [IPUMEPOM.
B xadectBe npumepa ucnonbzosanus OY

CxemoTexHMKa N2 3 - mapt 2006

C3
[]1

LU
01uF R2
o1 c2 Ay 332K
IN ] 1 d>
1 I ouUT
Vin 1uF 1uF ideal
R1
VAC=1V =168
Ph=0dg 7.5K Aste

Puc. 3

MIC6211 B [16] npuseneHa cxema GPBY2
¢ MOC. B xoMMeHTapusX yKa3bIBaeTcs,
yro PBY2 umeer actorty cpesa 10 [u u
YCHWIEHHE B IOJIOCe NPOITYCKaHWA, paB-
Hoe 10 (20 nb), a Takxke coobuiaercs,
910 60/IbIlas BEMHYMHA IPOU3BENCHHA
ycwnenud Ha yacrory OY MIC6211 mos-
BO/IAET PWIBTPY PabOTaTh HA YACTOTAX,
npesbimatonmx 100 k', Cxema ykasan-
HOTO QWIbTPA, IOArOTOB/IEHHAA K MOJIE-
mvposanmio B cpene CAITP OrCAD 9.2,
uszobpaxkeHa Ha puc. 3.

Iia BBIABIEHUS ¥ HATVIATHON MILTIOC-
TpaLMH HeEKOTOPBIX (PYHIAMEHTAIbHbBIX
csoricts PBY2 ¢ MOC na nepsom atarne
aHamM3a 6yneM HUCTIOIb30BaTh MAKPOMO-
Ie/ib IPaKTHYeCKH upeansHoro QY [17],
VMEIOMIETO eTHHCTBEHHBIM KOHEYHBIN
napameTp — ycwieHue nuddepenny-
aIbHOTO CHIHa/ia, BeJIMYHHA KOTOPOIO
OOHAKO MOXXeT OBITh 3aJaHa C MOMO-
HIbI0 aTpHOyTa A YPE3BBIYANHO 60/b-
moit (Ha puc. 3 A = 108). Pesynbrathi
aHQ/IM3a CXeMbI B YaCTOTHOM 061acTH
H300paXKeHbl Ha puC. 4.

HeranbHoe uccienoBanre AYX cxembl
MOKa3bIBaeT, 4YTO OHA ABJAAETCA (PUIIb-
TPOM BBICOKOM 4acToThl YebbiueBa ¢
napaMeTpamu:
HEpaBHOMEPHOCTh 3aTyXaHHUsA
B II0/IOCe MPOIycKaHus, 1b
4acToTa cpesa, [
K0a(pHULMeHT epenayn
B MOJIOCE MPOITycKaHud, Ob 20.

[Tonydennslie pesy/bTarsl aHam3a AUX
HaxXOOATCA B IIOJIHOM COOTBETCTBHH C 3a-
AB/IEHHBIMY B [16] mapamerpamu ®BY2.
Ecmn orpanmumrbes anammsom AYX

1,26;
10,07;

20
100K
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Ycunenue, nb
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AUX, aB, ®BY2

pd

Tok ucTouHMka Vin

BxoaHoe conpotusneHne ®BY2

1.0 BeixoaHon Tok OY A1

Bxogroe
conpoTuBneHmue
uenmn OC OY A1l

V|N=1V

i 100m 100na

1.0Hz 10Hz

Puc. 4

100Hz

1.0KHz
Frequency

10KHz 100KHz 1IMHz
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EACKYCCTBO CXEMOTEXHWKN

dwbTpa, TO CKIANBIBAETCA BlIeYaTICHHE,
9TO ero NMPAaKTHYECKas PeaH3alua He
JOJDKHA BHI3bIBATh 3aTpynHenuit. OmHako
607ee TIIATEIbHBIN U I€TA/IbHBIN aHAM3
CXeMbl TTOKa3bIBaeT, YTO 3TO He TakK. Mo-
Iy/I¥ BXOZHOTO colpoTuBaeHusA OBY2 u
BXogHOTO conpotusienua ueny OC QY
A1l Ha vacroTax, npesbimaomux 100 I,
YMEHBUIAIOTCA CO CKOPOCThIo 20 1b Ha
HEKAJLy YaCTOThI, ITO CBUAETENLCTBYET O
€MKOCTHOM XapaKTepe YKa3aHHbIX COIPO-
tus/ieauit. Ha gacrore 100 xI'y Mmomym
BXOIHbIX CONPOTHBeHMI (PuibTpa M
uerm OC ymensmaroTes 1o 1,5916 Om (1)
# 15,916 OM cOOTBETCTBEHHO. 3aMeTUM,
9TO HO/Iy4eHHOE BXOTHOE COLIPOTHUB/IEHHE
GWIBTpa XOPOLIO COTIACYETC C Pe3yb-
TAaTOM ero pacyera 1o dopmysne (4). He-
CTIOXHBIA pacyeT TIOKA3bIBACT, YTO Ha BhI-
COKHX YaCTOTaX SKBUBAIEHTHAS BXOXHAS
emkoctb Cpqy v GrmbTpa paBHa 1 Mx®,
a 9KBMBA/IEHTHAs BXOAHAsA eMKOcTh Crqy
ra et OC, KOTOpas AB/IAETCS HATPY3KOIL
ans OY Al, pasHa 0,1 Mx®. U3 ckasan-
HOTO BbIlLIe CIERYET, ITO 1151 3BeHa PBY2
¢ MOC (puc. 2) emxoct Ceqy iy ¥ Cegy
FB PaBHBI €MKOCTAM KOHJIEHCATOPOB CO-
orBercrBerno Cl u C3:

Cevix =C1>» (5)
Ceques =C3- (6)

Bospeticteue Ha Bxom ®BY2 rapmo-
HHYECKOTO CHUTHA/A C aMIUIMTYo# 1 B u
vacroTo#i 100 k['11 BeI3bIBaeT IpoTeKanue
Jepe3 HCTOYHHK ViN BXOTHOTO CHTHAIa
U Boixog OV Al IpakTH4eCKu paBHbIX
ToKOB 0,628 A. ['apaHTHpOBaHHbBIN TOK
KopoTKoro 3aMbikaansa OY MIC6211 co-
craBager 30 MA [16] H, ciemoBaTenbHO,
®BY2, pearusoBanHsiit Ha 3ToM OV, He
6yner uCKaXKaTh TAPMOHMYECKHI CHTHAT
¢ yacroroit 100 kI TOIBKO B TOM City-
Jae, eC/TH €ro aMIVTHTYIa Ha Bxoxe $Huib-
Tpa He npesbiiiaer 50 MB (500 MB na
Boixone (uabTpa). Ha gactoTe 100 kI
OY MIC6211 npu HAIpsXXEHHH IMTa-
HUA 115 B M CONPOTUBICHUH HAarpy3Ku
2 kOM o6ecrieqUBaeT pa3Max BBIXOIHO-
rO CHHYCOMAAIbHOTO HAaNpsDKeHus 25 B
[16]. U3 ckasaHHOTO CIENyeT, 4TO BbI-
xopuo¥ curaan O®BY2 ma gactoTe 100
k[ rapaHTHPOBAaHHO He OymeT HCKaxkeH
TOMILKO B TOM C/Ty4ae, €C/TH €T0 YPOBEHb
He TIpeBblIIIaeT YeThIpeX MpoueHTos (!)
OT MaKCHMAJILHOTO BBIXOZHOTO HAIIPA-
*ensa. Ho gake NpH BHIIOJIHEHUH 3TOTO
KpaliHe >KeCTKOTO YCIOBHS Yepe3 BhIXo[
OY npoTekaeT 3HAYHTENABHBIA TOK, YTO
BbI3bIBAET CYIICCTBEHHBIM HarpeB MUK-
pocxeMbl M, KaK CIE€ICTBHE, CHHXXEHHe
HAZEXKHOCTH PaboTh! U YXynlUIeHHe CTa-

77 Ttryeckux mapamerpos OV.

ITpuHUNTIHANBLHOE OTIHYHE ACCUB-
ubix RLC-dbuistpos ot ARC-dwistpos
3aK/II0YAEeTCA B TOM, 9TO B TOC/AETHHUX
BEPXHAA PaHHUIIA JHHAMHYIECKOTO Ha-
MIa30Ha BHIXOTHBIX CHTHA/IOB OTPaHHYEHA
YPOBHAMHY, TIpH KoTopbix OY HaxomaATcA
B IMHEHHOM peXuMe (CTporo roeops,
KBasHWIMHEHHOM pexxume) pabotsl. OY
ARC-buibTpa HAXOOUTCA B THHEHHOM
peXXuMe paboThl, eCTH OFHOBPEMEHHO
BBITIOTHAIOTCA CHACTYIOLHE YCIOBHA:

e BXogHble HanpsKenusa OV He Bbi-
XOIAT 3a IIpefe/bl perlaMeHTHPO-
BaHHBIX 3HAYCHUI;

BbixogHoM curaanr OY He orpanu-
YHBAETCA NPeNeTbHBIMH YPOBHAMH
Vour LM P, YOUT LiM M HaCHIIIeHHsA
€ro BBIXOHa;

BoixogHO¥ curaan OY He Hcka-
XKaeTCA MO NPHIHHE OTrPAHHIECHHS
CKOPOCTH M3MEHEHHA €ro BBLIXOJ-
HOTO HAIPSXKEHUA Ha NPele/IbHbIX
YPOBHAX HapacTaHuA SRyjax p w/1wm
craga SRyiax M3

e BoIXOHOIM curHan OY He McKaxa-

€TCA MO MPHIMHE OTPAHHICHHUSA €ro
BBIXOZHOTO TOKAa Ha IIpele/NIbHBIX
YPOBHAX BTEKAWOIUETO loyut LM
H/WAn BuITEKaoUero loyr v — TO-
KOB (TOKOB KOPOTKOIO 3aMbIKaHHSA
Boixoga OY).

BeinonHeHHe TOCTETHETO YCIOBHA B
CITy4ae eMKOCTHOTO XapaKTepa HarpysKH
OY yacTo okasbiBaeTca NpobaeMaTHI-
HbIM. UsBectHo [17], 4To MrHOBeHHBIE
3HA49eHMA HanpsDKeHHA Ve (t) Ha eMKOC-
T C 1 TOKa ic(t), IpoTeKarouiero yepes
3Ty €MKOCTb, CBASAHbI C/IEAYIOLLHM CO-
OTHOILIEHHEM:

i (t)=c el 7)
dt
s (7) cnenyerT, 4TO miA HAXOXKIEHUSA
B TMHEHHOM pexume paborsi OV, Ha-
TPY>KEeHHOTO Ha eMKOCTb CLoAD, MO/KHO

BBITIOTHATHCA YCIIOBHE:

SR yax croap =

— dVe oup (t) < IOUT.L[M s (8)

dt Ciosn

rae lour LM — MHHHMAaAbLHBIN U3 TOKOB
louT LM TouT LiMes CLoap — 9kBHBa-
JIeHTHAasA eMKOCTb Harpy3ku OV,
BaxHO mMOHMMATbH, YTO B 3BEHbAX
®BY2 ¢ MOC MakcuManbHas CKOPOCTb
M3MEHEHUS BBIXOLHOTO HAIPKEHHUS
OY 4acro orpaHuveHa He BeMUYIHHAMMU
napaMeTpoB SRyax p» SRMax M> @ TOKOM
Iout 1m. Tak, B 9acTHOCTH, pacyer 1o
dopmyne (8) moxasweiBaer, uto y OY
MIC6211 (SRMAXP = SRMAXM =6 B/MI(C,
IourLmM 2 30 MA) CKOPOCTh H3MEHEHUA
BBIXOZHOTO HAlpsDKCHHA OrpaHHYeHa

BenHYHHaMH SRyax p, SRyax My €C
€MKOCTb €r0 HaTPy3KH He TIPeBBbIIII
5000 n®. B cxeMe puc. 3 OY Harpyx
Ha eMKOCTb Cpqv pp = 0,1 MK® u, ¢
DOBaTeNbHO, CKOPOCTb H3MEHEHUS €
BBIXOHOTO HAIIpsDKCHHA OrpaHHYe
BenuuuHoit 0,3 B/MKc, cocTaBAAION]
Bcero 5 % (!) oT Benuuunanl 6 B/m
KOTOpasi TapaHTUPYETCA IPH HArpy:
OY Ha akTHBHOE COIIPOTHBIIEHHE.

3Beno ®BY2 ¢ MOC umeer enie ox
Cepbe3HEeNIIINI HEROCTATOK — IIPH ¥
MO/Ib30BAHMM B 3BEHE NONY/IAPHBIX
Hegoporux OY o6uiero HasHadew
€r0 YCTOMYMBOCTH HE rapaHTHPYeT(
HO JaXke B TeX CTy4afx, KOI/a 3BEHO ¢
XpaHAeT yCTOMIUBOCTD, ero AYX ume
3HAYUTENBHYIO BEIMYHHY MapasHTHO
pesoHaHCHOro BcIiecka (Peaking)
BBICOKHX 4acTOTax. [ToscHMM CKa3aHH(
B pesynbrare B3auMOIECTBIA KOHEYH
BEAMYUHBI Royt BRIXOXHOTO COMPOTH
neHuA peTbHOTO OY ¥ SKBHBAJICHTH
eMKocTH Cgqv g €TO HArpysku (uel
OC) B neT€BOM YCHICHUH 3BEHA 10§
nsercs [18] mononHUTenbHLIN (TIapast
HBIIT) TIOMIOC C YaCTOTOMH:

B stray = _—1— : (
ZTCROUTCEQV FB

ITOT MOMIOC AAET HOTONHUTENbH
(asoBoe 3anaspiBaHKe CHIHANA B TIET
OC, 4eM, cOOCTBEHHO, H OODBACHAET
CHIDKEHHE 3aIlaca YCTOMYHBOCTH 3Bel
dunbTpa.

Ha puc. 5 u 6 nnpexcTaBiens! pesyn
TaThl YeThIPEXBAPHAHTHOTO AHATH
sBeHa ®BY2 ¢ MOC (puc. 3), B KOT
poM OV mIpencTaBiieH ONHOMOMIOCH
Makpomozensio [18}] ¢ napameTrpamu

e A = 10 — ycunenue OY Ha noct
AHHOM TOKE;

e Fi =1 MTI'u — 4acToTa eqMHUYHO
ycunenus OV,

e R,y = 0; 10; 50 1 100 OM — BBIXO,
Hoe conpoTuBeHue OY (Bapbup
eMbIlf TTapaMeTp).

Ha puc. 5 xopomio BHAHO, YTO I
Rour = 0 AYX HarpyxeHHOro Ha el
OC OY mperepreBaeT OaHH H3/IOM |
yacrore nomoca Fp = Fr/A = 107/10¢6
= 10 I'tt, a ipu KOHEYHBIX Be/IMYHHAX Roy
cooTBeTcTRYyIONME KpuBbie AUX OV um
10T IBa H3/10Ma — TIEPBBIM HA YACTO
Fp u BrOpOIt Ha gactoTe Fp grray map
suTHOTO Nomoca. Yacrtora Fp grray pa
cyuThIBaeTcs 1o dhopmyne (9). Mspectt
[18], 9TO CremeHn YCTOWIUBOCTH OTIEP
moHHOI cxeMbl (OITC) MoXKHO oreHu
10 Pa3sHOCTH YIJIOB HAK/IOHA IHArpaMm
norapubmmudeckux AYX (JIAYX) OV
koadduumenta Gup yCuaeHHA TIyM
OIIC B Touke uX HepecedeHusA. PasH
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@
=3

AYX OY, HarpyxeHHOro Ha uens OC

YcuneHue, nb
3

AUX xoaprumenTa younenmna
/\éuyua 3meHa ®BY2 c MOC
Rout=100 Om

o4
Cxema TeCTUpOBaHMA . puc. 3

Rout=50
Rapamerpui makpomogenn OY : out=50 Om

A=1000000 Rout=10 Om
Ft=10MIy
Rout=VAR
-40
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz
Fraquency

Puc.5

CTAM YKa3aHHBIX YIJI0B HaxioHa -20 u
-40 nb Ha feKafly 4acTOTBI COOTBETCTBYIOT
BEMIMHbBI Py 3amaca yCrofIMBOCTH 110
¢ase OIIC, paBHBIE COOTBETCTBEHHO 90°
u 0°. M3 puarpamm, M306pakeHHbIX Ha
puc. 5, cnenyert, uyro npu Royr = 0 pas-
HOCTb YI/IOB Hak/ToHa KpuBbIX JIAUX OY
1 Koapurventa Guip ycHwIeHHA 1IyMa
OIIC B TouKe MX mepeceyeHUs DaBHA
-20 nb/mexany W, c/enoBaTeNbHO, B 9TOM
crydae BeldyuHa Py 3amaca ycroidu-
BoctH o dasze OIIC paBHa 90°. Ilpnu
RouTr = 10; 50 u 100 Om pasHOCTH yI-
;0B HakiaoHa JIAYX OV u xoadduu-
enTa ycureHus wyma OINC 6musku K
-40 nb/mekana u, cieqOBaTeIbHO, B 3TUX
cnyyasix 3BeHo ®BY2 ¢ MOC umeer
HE3HAYMTE/IbHBIA 3ar1ac yCTOMYMBOCTH.
HM3secTHO Taxoke [18], uto ecni 3amac yc-
ToMYUBOCTH 110 hase Py ABYXIIO/MOCHOM
OTIC menee 65° (puOIU3UTENBHO), TO
JTAYX sroit OIIC umeeT pe3oHAHCHBIH
Bcivteck. Ha puc. 6 uao6paxkeHbl YeTbipe
JIAYX 3Bena ®BY2 ¢ MOC, coOTBETCTBY-
IOIIMe Pas/IMIHbIM BHIXOOHBIM COIIPOTHB-
neHusaM Rour makpomogem OY.

B Tabn. 1 mia xaxmoro U3 4eTbipex
3nadyeHui Royr npuBeneHb! 3HaYCHHSA
P\ 3amaca ycroituuBoctu 1o ¢ase, a Tak-
Ae 3HaveHuA (Peak) u yacToThl (Fppak)
MaKCHMyMOB Pe30HaHCHBIX BCIUIECKOB
-TAYX 3BeHa ¢wibTpa.

CrieiyeT OTMETHTD, YTO PE3OHAHCHbBIE
Bcruteckn AYX sBena (puc. 6) o6yciios-
JIeHBI €MKOCTHBIM XapaKTePOM BXOIHOTO
conpotuBieHus Zpp(S) maccuBHOi RC-
1[eNHK €O cTopoHsI Bbixoga OY. EMkocrt-
HOJ XapaKTep BXOAHOTO COIPOTHB/ICHHS
Zn(S) He okasbiBaeT OTPHUATEIBHOIO
BnuAHMA Ha AYUX 3BeHa, HO TO/IBKO IO-
TOMY, 4TO B CXeMe TeCTUPOBaHHsA (pHC.
3) MCTOYHHK BXOAHOTO CHTHaja Viy
AB/ISIETCA UJEATBHBIM (MMeeT Hy/IeBOe
BBIXOIHOE compoTuBieHue). OfHaKo B
IPAKTUIECKHX YCTPOMCTBAX MCTOYHMKOM
BXO/IHOTO CHTHajia Ais 3BeHa GWIbTpa
06br4HO spmsercs OIIC, HanpuMep, oB-
TOPUTe/Ib HalIPsYKEHHA, peaTM30BaHHbIH
Ha OY. B atoM ciyqae Bbixog OY OIIC

Rout=100 Om
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=
T
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o
> o0
CxemMa TeCTUPOBaHMA : pHC. 3
flapaMerput Mmakpomogenu OY:
A=1000000
Ft=10Mf
Rout=VAR
1.0MHz 10MHz _215. OHz 10Hz lot;Hz l.t;mz 10KHZ 1061«1: 1.0‘!4Hz 10MHZ
Frequency
Puc. 6
Ta6nuuya 1 5. I. Mowuy, I1. Xopn. Ilpoexmuposanie
akmueHvix Punvmpos, nep. ¢ anen. — M.:
NapameTpbt pesoHaHCHOTO Mup. 1984.
Rour, | p,, o scnnecka AYX seena
Oom L 6. I'. JIam. Ananozoevte u yudposvie Puno-
Peak, ab Freax, KI4 mpuoi. Paciem u peanusayus. Ilep. c anen. nod
0 %0 — — ped. M. H. Tenawoxa. — M.: Mup, 1982.
10| 247 812 383 7. C. A. Bykawxun, B. Il. Bnacos,
0| 11.2 150 1;7 B. @. 3muii u dp. IIod ped. A. A. Jlanns.
100 7.9 180 126 Cnpasoqnux no pacuemy u npoexmuposanuno

OKa3bIBaeTcs Harpy>XeHHbIM Ha BXOIHOE
conpoTuBreHre Zin(S) 3BeHa GHWIbLTpa,
KOTOpOe MMeET SIPKO BBIPaYKEHHBIH eM-
KOCTHBIN XxapakTep. OueBHIHO, 4YTO B
3TOM C/Ty4ae Ppe30HAHCHBIH BeIvieck AYX
vMeeT He TOIbKO 3BeHO (pmibTpa, HO M
OTIC. 910 Heus6eXHO yBETMYHBAET He-
PaBHOMEPHOCTD pe3ynbTHpyroleii AUX
¢uwipTpa Ha BhIcOKMx wacToTax. Eciv B
3BeHe PBY2 ¢ MOC ucnombsyercs OY
¢ opHonomocHoi AYX, To ycroiuu-
BOCTb 3B€Ha TapaHTHPOBaHa, IIOCKO/Ib-
Ky B3auMHBIN HakioH KpuBBbIX JIAUX
Koo durmenTa ycuieHus IIyma 3BeHa
¥ HarpyxeHHoro OY (puc. 5) B npu-
HIUOe He MOXET IIPeBBICHTb BEINYH-
HbI 40 nb/nekana. PeansHbie OY umeoT
MHOTONOMOCHOM XapakTep AYUX. ®PakT
YCTOMYHBOCTH (M/TH HEyCTOMYHBOCTH)
sgeHa ®BY2 ¢ MOC, peann3oBaHHOTO
Ha peaibHOM OY, MOXKeT 6BITb YCTaHOB-
JIeH TO/IBKO B IIPOIecce aHAIN3a, YIUTHI-
BAIOILEro cHenududeckue 0CO6eHHOCTH
napameTpoB OY KOHKpeTHOTO THIIA.
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lMporpammubie cnoco6bi
ONTVMU3AL UM AaNrOPNTMOB
undpposoit 06paboTku

CUrHanos

ONTAMI3ALMA HA CPEQHEM YPOBHE
Peanusanus anmropurma ma namaOM
KOHKPETHOM A3bIKE NPOrPaAMMHPOBA-
HMA — OYeHb OTBETCTBEHHAd CTamus
ONTUMH3ALMH. 3€Ch MOXKHO HOMYIHTH
BLIMIDBIII B CKOPOCTH B JeCATKH pas3
WM ClieNiaTh POIPaMMy B IECATKH pa3
MeJllcHHee TIPH CePbe3HBIX OLMOKAx
B peanusauuu. MHOTHME U3 OCHOBHBIX
NPHHIUIIOB MOXXHO CPOPMYNTHPOBaTH
OY€Hb KPaTKO ~— XPaHUTb IlepeMeHHbie,
C KOTOPBIMM BefIETCS aKTHBHAsA paboTa,
B Perucrpax, MCIONb30BATh TaG/IMIbI
Nepexo/ia BMECTO [UIMHHBIX HOCTeN0Ba-
TE/IbHOCTEH NIPOBEPOK M YCTIOBHBIX Hepe-
XopoB U T. 1. TeM He MeHee, Take I10X0
peanusoBaHHbIE OllEPALIMM He BHOCHT
3aMETHBIX 3aMel/IeHUIl B IIpOrpammy,
€CIM OHM HE TIOBTOPSIOTCA B LUK,
Mo>xHo roBopurs, 4TO MOfABIIOMIEE
6onbIIMHCTBO TIPO6TEM OINTUMHU3ALUHU
Ha cpefiHEM YPOBHE TaK WIM MHaYe CBS-
3aHO ¢ nuiamy [1]. [Tosromy pacemort-
PUM OCHOBHBIE NPaBH/IA, KOTOPBIE CTOUT
MMeTb BBUY IPH PealM3anMK TI060r0
A/ITOPUTMA, COMEPKALUETO LUK IbL,

Bbiumncnenne nepemMeHHbIX BHe L1Kna

Camoe oueBHIHOE M caMoe BaxkHOe
TpaBU/IO IIPU CO3JaHMM LUKIA HA JTIO-
60M sA3bike NpOrpaMMHUPOBAHUSA — Bbi-
HOC BCeX NNEPEMEHHBIX, KOTOPbIe He U3-
MCHAIOTCA Ha NPOTSKEHUM LUKIA, 3a
€TI0 IIpefieNbl.

flepenoc npoBepku ycnosus B Komey
uuKna

Huwrbt tuma WHILE 1 FOR, xoro-
PbI€ TaK 49acTO NPUMEHAOTCA B A3BIKAX
BBICOKOIO YPOBHSA, OKa3bIBAIOTCH MeHee
3 PEKTHBHBIMY 1O CPABHEHMIO C 1IMK-
namu tuna UNTIL u3-3a toro, uro B Hux
TpebyeTcs MUINHAA KOMaHAA repexopa.
Boob1ie, oTcyTcTBIe BeTBNEHMIT B Ipo-
TpamMMe BCAYECKH TIPUBETCTBYETCS. JTo0
CBA3AHO C T€M, YTO Ha MHOTHX MALIIMHAX
HA/ITINE BETB/ICHUI 3aMEUIAET BEIGOPKY
KOMaHJ{ ¥ 67I0KHPYeT UX Tapa/uie/ibHOe
BbIIlONIHeHMe. KpoMe Toro, Hamryue Bet-
BTICHHIT MOXXET IIPENATCTBOBATE BBINION-
HEHUIO ONTMMH3ALHMU KOMIIMIATOPOM.
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3¢ beKTUBHO pa6oTaeT ¢ HeCKOMBKUMM
GomblMMu 6710KaMU Koia, YeM ¢ MHO-
XKecTBoM Hebonbiux [1, 6, 7).

* BeinonHenue nykia B o6patHom

HallpaBleHUH

llpu peanmsaunuu Ha Accembrepe
LMK7bI, B KOTOPBIX 3Ha4YeHUe CueTYHKa
PacTeT OT Hy/A [0 HEKOTOPOI KOHCTAH-
ThI, MOKHO peanu3oBaTh BoobIie Ge3
OIlepauMy CPaBHEHUS, BHIMOMHASA UK
B 00paTHOM HanpaBAeHHH. DTO BO3-
MOXHO, €C/IM MCIO/Nb30BaTh KOMaH/y
DEC counter wm xomangy SUB coun-
ter, BMeCTO Imapbl KOMaHf

INC counter

CMP counter,count

Passopauuanme yuknos

M1 HeGOMbIIMX UUKIOB BpeMs BbI-
NIOTHEHHSA TIPOBEPKHU YCIOBHA M TlePexo-
Aa Ha HaYWIO LIMK/A MOXET OKAa3aTbcs
3HAYMTE/ILHBIM 110 CPaBHEHHIO CO BpeMe-
HeM BBINO/IHEHUA caMoro nuKia. C 3Tum
TIETKO CNPaBUTLCA, BOOOLIE He co3maBas
LHKIL, TIPOCTO TIOBTOPHB €10 Te/IO HY)KHOE
UMCTIO a3 (pasyMmeercs, B Cyuae, eciu
HaM 3apaHee H3BECTHO 9TO 4ucro). Kpome
TOro, 6bIBaeT yIoGHO YacTh paGoTHI clie-
7IaThb B LUKJIE, & YacTh PasBepHYTb.

O6cynum reneps crnoco6n OKpyIe-
HUA YHCIa g0 Omvskammnien 6o/biei
LEION CTENEHU YHCTA [ABA, YTO MOXKET
NpUroauTbcs npu BbraucieHuu BITO.
Oxkpyrnenue B Gonpuryio CTOPOHY
MOKHO [OCTaTOYHO JIETKO BBLIYHCIUTD
C MOMOLIBI0 DYHKLMM, BHIYMCTIAIONIEN
HYMCIO BelyLIUMX HYJeBbiX GUTOB, Kak
NOKA3aHO HUXe:

high2(x) =1 << (32 - nlz(x - 1)) =
= 0x80000000 >> (nlz(x - 1) - 1),

rae nlz(x) — ¢bynkuns, BBIYMCIAIOIIAS
YHUC/IO BEAYIIMX HY/TEBBIX OUTOB B 4MC-
7ie X, 3HAYOK U O3HAYAET, UTO IPOUIBO-
AUTCA 6€33HAKOBBIN CABMT, a KOHCTAHTA
0x80000000 — Bcero mumb LIeCTHAA-
LaTepUYHAs 3allUCh CTPOKU GUTOB, co-
CTOAIUEH U3 OTMHOIO €NUMHUYHOIO GMTa
U CTERYIOIUX 32 HUM 31-r0 Hy/leBBIX
OMTOB. 3amuch GYHKUMM AaHa 108
32-paspanubix x. Oyukuusa nlz(x) umeer
MHOXeCTBO JIPYTHX IIpUMeHeHM#H [7] —

OT MOJelHPOBaHMA apU(MeETHYECK]
OEeUCTBUI HaJ YUCIaAMHU C I/IaBarOLII¢
3aIITOM [0 TeHePalUH 3KCIIOHEeHIIHAN
HO pacripefie/IeHHbIX CIy9YaiHbIX YHCe
H II0O3TOMY IIO/IE3HO UMETh €€ B CBOE
6ubnuoTeke, ecru ee HeT B 6a30BOM H
6ope KomaH HCIIO/Ib3YeMOTO 1IpoIIe
copa. CyllecTByeT psim MPOCTHIX CIIOCC
00B OJICYETa BEAYIIUX HY/IEBBIX GUTC
cnoBa [7], peanusyembix, HanpuMep, Iip
HOMOIIM GMHAPHOIO MOMCKA, HO 36
OHM paccMaTpPHUBATLCA He GynyT. B Tab;
| npusenen anropurm 6e3 BeTBIeHM:
KOTODbIi 1I07I€3€H B C/Ty4ae OTCYTCTBH
YHKUMH, BBIUMCISIOMWEN YHCTO Bexy
IIUX Hy/NeBbiX 6uToB. OH OCHOBaH H
pacnpocTpaHeHMM BIIPaBO cTapiuer
6uTa U BBIMONHSAETCS 32 12 KOMaH/I.

Tabnuua 1

unsigned high2(unsigned x)

{

X = x =1

X = x| (x> 1);

X =x | (x> 2);

X =X | (x> 4);

X = x | (x > 8);

X = x| (x > 16);

return x + 1;

}

ITonbrTka IIPOBECTH BBIYMUCIEHHE C
HCITIO/Ib30BAaHUEM ITHKIA pa60TaeT He¢
TaK XOPOIO, KaK XOTe/NOCh ObI.

y = 1;

while (y < x)
y = 2+y;
return vy;

// GesasHakosoe cpasHenue

Hng x = 0 nanHbIi anropurMm paer 1.
TO HE COBCEM TO, 4TO Tpebyercs; a mpy
x 2 2! npoucxomur sanukuBanue. Boi-
YUCTIEHUA TPe6YIOT BBITIOMHEHUS 4n+>
KOMaHJ, rle n — CTelleHb 4YHC/Ia [ABa.
BO3BpalllaeMOTro KOAOM 4Hcla. Takuwm
o6pasom, aToT arropurm Gymer pa6o-
TaTh MeJl/ICHHee aITOpUTMa 6e3 BeTBie-
HUA yXe Ipy n 2 3 (T. e. npu X > 8).

Apyroit crioco6 ymenblienns Buramc-
JIMTENBHBIX 3aTPAT — IIPeIBAaPUTENTBHOL
BBIMHCTIEHHE S3HAYCHMIT PYHKLMI U pas-
MELeHHEe UX B CIIPABOYHBIX TaGIMLAY
(Iook-up table) ¢ nocnenyroruert BBIGOD-
Kot [8]. Tax 4acro nmocrymaror ¢ TpaHc-
LeHAEHTHbIMU QYHKUMAMM (sin, cos, exy
M Ap.), T. K. OHH BBIYMCIAIOTCA Pasio-
KEHHEM B PAMN, YTO BecbMa MeMJICHHO
Cy1LecTByeT 10BOMBHO NOMYIAPHBII a71-
rOpuT™ (1], 1O3BONAIOIIMIT BEIMHCUT!
Tab/UITy KOCHHYCOB (WIH CHHYCOB, C He-
607bLION Moz(mbnxauneﬁ), HUCIIOTIb3Ys
PEKYPPEHTHOE BbIpakeHHe



cos(x,) = 2cos(step)cos(x, ;) -
- 08 (X;_,),

rfe step — 1mar, ¢ KOTOPBIM BBIYUCIIA-
IOTCS KOCHHYCBI.

CyiectsyoT u 6oiee 3¢ deKTHBHbBIE
M MHTEPeCHbIe MeTONb!. Tak, HalpUMep,
mporpaMma M3 Tabm. 2 BBIYUCTAET Ile-
JIOMMCIEHHBIN TorapudM IO OCHOBa-
HUIO 10, MCTIOIb3Y s YIOMAHYTYIO BBIILIE
dynkmuio high2(x), ¢ noMowbo Byx
TIOMCKOB B Tabmuue [7].

Tabnuua 2

AYeHKaMU MaMATH, KpaTHbIM MM. Pac-
CMOTPHM, KaK MOXKHO YCKOPHTH paboty
TIPWIOXKEHH, €C/TH 06pabaThIBATH MACCUB
KOPOTKHX He/bIX YHce Kak c1oBa. [Tycts
1A OLpe/Ie/IeHHOCTH C/IOBO COMIEPKUT 4e-
THIpE OMHOOANTOBBIX [E/IbIX YHMC/IA (XOTH
METObI, KOTOPBIE 37eCh PaccMaTpUBa-
H0TCH, JIETKO IPUCHOCOOUTH K APYTHM
THMIIAM YTIAKOBKH, HallPUMeP, K CI0BaM,
cofieprxatm ofHo 12-6uToBoe u nBa 10-
OGMTOBBIX IIE/IBIX YMCIA U T. 1.). OTHCHI-
BaeMble METOJbI HrPAIOT GOMBIIYIO PO/Ib

int ilogt10(unsigned x)

{

int y;

static unsigned char tablei[33] =

{

2,2,2,1,1,1,0,0,0,0

H
static unsigned char table2[10] =
{

h

y = tablei[high2(x)1;
if (x < table2[y]l)
return y;

}

y=y-1

9,9,9,8,8,8,7,7,7,6,6,6,6,5,5,5,4,4,4,3,3,3,3,

1, 10, 100, 1000, 10000, 100000, 1000000, 10000000, 100000000, 1000000000

®ynknua high2(x) pasHO3sHauHa BbI-
YHCTIEHUIO LeTOYHCIEHHOTO oTapud-
Ma 10 ocHOBaHHMIO 2 (ToyHee ilog2(x) =
= 31-high2(x)). Ta6muia tablel gaer nam
npu6mxenne ilogl0(x). o Ipub/IHKe-
HHME B OCHOBHOM IIPaBW/IBHOE, OIHAKO,
151 HEKOTOPBIX 3HAYEHUH X OHO 3aBBblllle-
HO Ha efiuHUIy. Ecim Tpebyercs xoppex-
U¥s, TO MCHO/b3yeTcs Tabmima table2.

Korna cospanue Tabnui 3aTpynHeHO
WIIM HEIe1ecO06PasHO BCIENCTBHE He-
J0CTaTOYHOM TOYHOCTH WIH HENOCTaTKa
TIaMATH, MOXXHO OPTaHH30BaTh CIICI[HA/Tb-
HYI0 BBIYMCIMTEIBHYIO NPOLENYpPY, KO-
TOpas oTBeYaia OBl AIBYM KPHTEPHAM —
HEO6XOMMOI TOYHOCTH M MHHUMyMy
KOMaHfl. Harpumep, Bbr4ucieHrne KOCH-
HyCa MOYKHO 3aMEHHTH ITOTHHOMOM:

cos(mx) = 0,998568 - 4,888184x> +
+ 3,819208x* - 0,930944x5,

rmexe (0; 1).

Panee B arToit cTaThe TOBOPUIOCH O
CTPYKTYPax ¢ HU3KOI 4yBCTBUTE/IBHOC-
TBIO, O TOM, YTO XapaKTEPUIYIOIIIHE HX
k03 bHIMERTB! MOTYT GBITh TIPENCTaB)Ie-
HBI BCETO HECKOIBKUMHU 6uramMi. OmHaKo,
KaK U3BECTHO, IPaKTHYECKH BCE KOMAH/Ib]
06paboTKH DaHHBIX MOGOro Mpoleccopa
BBIIOJIHSAIOT JIEHCTBUSA Haz 6ailTaMu WTH

7 Cxemorexuuia Ne 3

IpH paboTe Ha 64-6UTOBBIX MaIMHAX,
MIOCKONIbKY B 3TOM C/Ty4ae ITOBBIIIAETCA
CTEIIEHb BO3MOXXHOM IIapajjIeIbHOCTH
BBIYHC/IEHUIL

CrnoxxeHHe NO/DKHO OBITH OPraHUso-
BaHO TakuM 06pasoM, 4robsl He BO3-
HHUKAJIO0 TIEPEHOCOB M3 OHOTO OaiiTa B
APYTo¥; [UIS 3TOr0 MOXXHO BOCITO/IB30-
BaThCs MPMBEJICHHBIM HIDKe BYXIIIAro-
BBIM aITOPUTMOM, OLUCAHHBIM B [7].

1. 3amackupoBaTh CTapiuuit 6UT B
Ka)X1oM OaliTe OLlepaH/ia U BBIIOTHUTD
croxxenue (U3bexxas rakum 06pasom me-
PEHOCOB 4epe3 rpaHuIlbl GaiToB).

2. YdecTs crapuine GUTHI KaKAOTO
6aifTa, T. €. BBILIOJIHUTD CTIOXKEHHE CTap-
KX 6UTOB ONEPaHoB (U Ipu Heobx0-
AMMOCTH [1€PEeHOC B 3TOT OHT).

AHaTOTHYHBI METOJl UCIOIb3YeTcs
M IPH BBIYHTAHUM.

CroxeHie:

s« x & 0x7F7F7F7F) +
- v & 0x7F7F7F7F)
5 x T v:&0x80808080 D s.

Borustaniie

I« Y x80808080) -
- v & TETF7F7F)
OxTFTF7F7F) = d.

Se— YT
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3nech (x @ y) — mobUTOBOE HCKITIO-
Yajollee WM, X = y— NOGUTOBas S5KBU-
BaJICHTHOCTD (—(x D y)).

Hexotoprie nponeccopsr DSP, Ha-
npumep TMS320C62xx/64xx dUPMBI
Texas Instruments, moANEP>KUBAIOT 06-
PaboTKy TaKHX YIIaKOBaHHbBIX JIaHHBIX.
YnakoBaHHbIe laHHbIE B HUX TIPEICTaB-
7AI0T co60¥f rpynIry naHHbIX (opMara
«TIOJTyC/IOBO» WIH «6aiiT» (BCe MaHHbIE B
TPYIIIe UMEIOT OMHAKOBbIA popMar),
coxpaHseMbix B ¢opMare «CIoBO». B
npoueccopax TMS320C62xx/64xx cito-
BO MMeeT JTMHY 32 6UTa, 4TO I03BO-
€T MOC/IE0BaTe/IbHO PACIIONOXHUTH B
sroM dopmare (YakoBaTh) Hapy HaH-
HbIX pOpMaTa «IIOIYCIOBO» MU [BE
Mapbl JaHHBIX popMara 6aiiT (TONBKO B
TMS320C64xx).

HU3KOYPOBHEBAA ONTUMU3ALUA

[TocKOMBKY Ka>KAblit IPOLIECCOP MMe-
€T CBO} Habop KOMaHJI, MHOITA BeChbMa
COXKHBIN, GONBIIMHCTBO OIMepamuil
MOJKHO BBIITO/THUTh Ha HU3KOM YPOBHE
pasnmMyHbIMK crocobamu. [Ipu stom
HMHOIZIa OKa3bIBaeTCs, YTO Hauboiee
OYEBUIHBIN CIIOCO6 — He camblil 6bic-
TPBIA WIM KOPOTKHMI. YacTo mpocThiMu
NepecTaHOBKaMM KOMaH], 3Has# Mexa-
HHU3M MX pealM3aiMM Ha COBPEMEHHBIX
poileccopax, MOXHO 3aCTaBUTh Ty
K€ Tpoleaypy BBINOMHATBCA B 1,5...3
pasa 6sicTpee. Pasymeercs, nepexonuthb
K 9TOMY YPOBHIO OIITHMHM3AIIMH paspe-
INAETCH TOJIBKO HOC/E TOTO, KaK TEKCT
IIPOTpaMMBI OKOHYATe/IbHO HAIIMCAH U
MaKCHMa/TbHO ONTHMH3HPOBaH Ha Cpejl-
HEM YPOBHe.

bonbimoit TpUpPOCT IPOU3BOAUTED-
HOCTH MOJKeT OBITh IIONYYeH 3a cYeT
napaj/le/IbHBIX BbruMcieHuit. [lox Ta-
KHMHM BBIYMCICHHAMH HOHHMMAETCs
Napa/yle/IbHOCTh Ha YPOBHE KOMaH[ M
napasienbHas 06paboTka TaHHBIX.

[lepBoii cayuaii nonpasyMeBaer Iia-
Pa/UIeIbHOE BBHIIIO/THEHHE HE3aBUCUMBIX
KOMaHl, YTO PEaTM30BaHO IIPaKTHYEC-
KM Ha BCEX COBPEMEHHBIX KOMITBIOTEPaX
(RISCu CISC) [1, 6, 9]. B camoM o6111em
Crygae HE3aBUCHMBIMH KOMaH[bI CYM-
TAIOTCA TOTIa, KOTa HM ONHA U3 HUX
HE MCTIONb3yeT Pe3y/IbTaThl APYTHX KO-
MaHJl, KOMaHIbl He 3aHOCAT 3HaYeHHA
B OIIMH PErucTp WIH 6UT cocrosinus. B
DSP mpomneccopax yBeTHYeHHe Tapasie-
JM3Ma IOCTUIAETCS 32 CYET YBETHYEHUS
YHC1a JOTIOMTHUTE/IBHBIX (DYHKI[MOHA/Tb-
HBIX M ONEPallMOHHBIX Y3/I0B U MOAY-
neil (YMHOXMTENH, cymMmMmarophl, AJIV
M 7. ), YBENMUYEHHEM PasPANHOCTH IIHH
M OPYTHMH alIapaTHBIMU CPEeNCTBAMHU.
Yro MOXET 3TO 03HAYATH A IPOTPaM-
MHCTa?
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¢ B craggaptaeix DSP npoueccopax
PacLIMpseTCA M YCIOXHAETCA CHC-
TeMa KOMaHJ, KOTOpble I103BOJIA-
0T MCIIO/Ib30BATh AOTIOTHUTE/IbHbIE
dbyukuponansasie MOxymH. Uto6s1
Ka4eCTBEHHO MMCaTh IPOrPaMMBl
IJIA TaKUX MPONECCOPOB, HYXHO
XOPOIIIO 3HaTh MX CHCTeMy KOMaHz
M apXUTEKTYpY.
B DSP npoueccopax ¢ apxurekTypoit
VLIW (Very Long Instruction Word,
OY€eHb [/IMHHOE CJIOBO KOMaH/IBI ) MC~
[OJIb3yeTCa YIpOIeHHas cHcTeMa
KOMaHJl, KaK1asA U3 KOTOPBIX OITpe-
Ie/iAeT eIMHCTBEHHYIO OIEpanuio.
Heckompko Takux KOMaH/L BBITIOHA-
I0TCs OMHOBPEMEHHO B HE3aBUCHMBIX
omepaiMOHHbIX Mony/asax. O6imas
KOMaH/a npolieccopa GopMHupyeTcs
Kak 6ospllias CyliepkOMaHaa — Ha-
60p (maker) KOMaHJI, VIS OTAETHHBIX
MORYJIEN H, COOTBETCTBEHHO, MMeeT
6onbluyio mHy. Harmpumep, B He-
KOTOPbIX poneccopax ¢pupm Lucent
Technologies 1 Motorola, ucrosns-
syromux aapo CS140, MoxkeT onHO-
BPEMEHHO BBIMIOHATHCH [0 IECTH
npocreix komann RISC. Hemocrar-
KOM 3TOM apXHUTEKTYPHl ABJAETCA
HepalMOHabHOE HCII0Ib30BaHME
MaMATH.
CyniepckanspHble IIpOLEeCCOPbI 0TI~
Yaj0TCsA OT IMPOLECCOPOB THna VLIW
TEM, YTO KOMaH[pl, IIpeHa3HayeH-
HbI€ i BHIITOJIHCHHA B OTIEIbHbIX
MORYIAX, He OOBETUHAIOTCA B OTHY
O6IIYIO CynepKOMaHy, a BBICTYIIAIOT
camocroarenbHO. [Iponeccop ume-
€T CIEHANbHBIN MOIY/b, KOTOPBIA
BbIOHMpaeT M3 O4Yepenu KOMaH[ Te,
KOTOPbI€ MOTYT ObITb BBHITIOHEHBI
[apa/viesisHO, M TPYIIIHPYeT MX B
aKeT, T. e. IPOrPaMMUCT OT 3TOrO
0cBOGOXIeH. HemocTaTkoM sBJIsA-
€TCsl HeOIPENeIEHHOCTh pacyera H
[pencKasaHus BPeMeHH BBITOJIHE-
HUS IPOrPaMMbl, 9TO OYEHb BAXKHO
A1 CHCTeM pealbHOrO BPEMEHH.
ITox napannensnoit 06paboTKOM naH-
HBIX IOpasyMeBaeTCsA CIydal, Koraa
IIPOLIECCOP BBIMOIHACT OINEPAIMH Hap
A9eHKaMH OIepaTHBHON IMAaMATH, KO-
TOPbIE He ABJAIOTCH 3aBHCHMBIMH. JT0
MOryT 6bITh OAHOOOPasHbIe OIepalH
WIH HET, [JIaBHOE, YTO JaHHbIE [/ CTie-
AYIOILEN KOMaHIbl MOTYT CUMTHIBATHCA
M3 ITaAMATH, ¥ OHa MOXET BBITOTTHATHCA,
He JOXHAaACh KOHNA BHIITOTHEHHA Tpe-
OoeITyIIei koMaHapl. KpoMe Toro, atu
IaHHBIE O/DKHbI HAXOXUTHCA B K3III-Ta-
MSATH, HHa4Ye 06543aTe/IbHO IPOHCXOMHT
3afiepkKKa (OT OXHOTO O HECKOJIbKUX
TaKTOB) H O Hapa/UIC/IBHOCTH YXXe He
MOXeT ObITh U pedH.

Oco6eHHOCTH K31iIa TaKOBBL:

e €0 He/Tb3A aJIPeCOBATh HALIPAMYIO, H B
6OMBHIMHCTBE C/Iy4aeB OH MO/HOCTBIO
TIpO3padeH IS IPOTrPaMMHCTa;

e 1aHHbIE M3 OCHOBHOM ITaMATH B K3III
MHUIYTCA 6I0KaMM 3aIaHHOTO 06'b-
eMa, IMEHYeMBbIMH KolI-THHelKa-
MH, Ha OCHOBE CTPaTerHH, 3aJI0KeH-
HOII B POIECCOP €r0 CO3NATENAMH
(ammaparHas IpegBsI60pPKa);

® CYIIECTBYeT KL KOMaHJ M K3l
IaHHBIX.

TTockonsky ot DSP mporeccopos tpe-
6yercs BbICOKaA MPOM3BOAMUTENBHOCTD,
oHM 061analoT 60/Iee MHUPOKHUMH BO3-
MOKHOCTAMH PaboThl ¢ K3UI-TIAMATHIO
(BO3MOXHOCTb KOHGUIYPAIMH KI1II-Ta-
MATH ¥ HaJIM4YHe KOMaH/ A paboTsl ¢
Hell — IMporpaMMHas MpeaBsI6OpKa),
4yeM IIPOLecCOPHl 061Iero HasHaYeHH .
Hanpumep, B mpoueccopax ¢upmbl
Lucent DSP16xx u DSP16xxx B k3111€
MOXET COXpaHATHCA A0 15-tv M 31-0#
KOMaHIbl COOTBeTCTBeHHO. Mx 3ammce
B K3MI U1 MKIMYECKOTO IIOBTOPEHHA
IIPOM3BOAMTCA [TPH IIOMOIIH CIIEI{HAb-
Ho# xomannhl do K, roe K — Heobxomm-
Moe YHCIO IOBTOpeHHi. B pesymbrare
HCII0/Ib30BaHHe K3IIIa COBMEINAETCA C
OpraHM3anMeN MKa.

B mponeccopax 061ero HasHaueHus
TaKKe MMOABWIACh BO3MOXKHOCTH IIPO-
rpaMMHO¥ mpenBsi6opky [1, 9] (pas-
JMYHbIe BAPUAHTHI MHCTPyKumH prefetch
B poneccopax AMD K-6, C3-VIA, Ath-
lon, P-1II u P-4), HO 13-3a anmaparHoi
3aBUCHMOCTH 3TOI MHCTPYKUHMH H Or-
POMHOro MHOXecTBa KOHGUIypauui
[ePCOHANBHBIX KOMIIBIOTEPOB IOJb-
30BaThCA €10 He PEKOMEHIYeTCs, U Bee
HaJeXKAbl BO3NIOXHUTH Ha allllapaTHYIO
[IpeaBHI6OPKY, 6J1ar0 C MOsBICHHEM
HOBBIX IPOIIECCOPOB OHa Bce 6oJiee co-
BepIIEHCTBYETCA.

I 3¢ dexTUBHOrO HCIIONB30BaHKA
K3UI-MTaMATH HEOGXOAMMO 3HATH Op-
FaHM3alMIO K3II-TIAMATH BbIGPaHHOIO
mpolueccopa (06beMbl KI1IIel BceX TH-
IIOB M YPOBHEW, pasMep KIIII-THHEHKH,
CTPaTeruio MpeaBsI6OPKH) M KOMaHIbI
s pabOTHI € KIUI-TTaMATHIO,

[l ycKOpeHus BOCTyTa K AAHHBIM MX
TAKXKe PEKOMEHIyeTCA BbIpaBHMBATH B
ampecHOM IpOcTpaHcTBe. Bocomubait-
THbIC JaHHble MOJDKHBI ObITH BBIPOB-
HeHbl 10 BOCBMHOAIITHBIM IPaHHLIAM
(1. e. TpH MIamIIMX GUTa afpeca JOJDK-
HBI 6bITH paBHbI HymO). YeTsipex6airt-
HbIE JaHHBIE JOJ/DKHbI ObITh BHIPOBHEHBI
10 TPaHHIIE JBOMHOIO CJIOBa (T. €. 1Ba
MIafIUMX 6MTa agpeca JO/DKHBI GBITH
paBHBI Hynio). [IByx6aiiTHbie naHHbIE
[OJDKHBI IIOTHOCTHIO COMEPKATHCA B
BBIPOBHEHHOM IBOMHOM C/lIOBe (T. €.

oBa Miuammdx 6MTa agpeca HE DOJDK-
HBI GBITH paBHbI enMHHKLE). 80-6HUTHBIE
IaHHBIE JO/DKHBI 6BITH BEIPOBHEHHI IO
16-6aiTHBIM rpaHMuaM. Tak Kak M-
HellKa K911Ia KOfia cOCTaBiseT 32 6aita
(Bce Pentium, xpome P-4), metku mis
[epexonoB, OCO6eHHO METKH, OTMeda-
IOIMe HA4auo LHKIA, JO/DKHBI ObITH
BHIPOBHEHBI 11O 16-6aiiTHHIM I'PaHHUIAM,
a MacCUBbI IaHHBIX, PABHbIE WIH 60JIb-
mine 32-x 6aiT, RO/DKHbI HAYMHATBCA C
agpeca, kpatHoro 32 [1].

ITpu mporpaMMHpOBaHHH Ha AcceM-
6yiepe mpo6yieM ¢ BbIpaBHHBAaHHEM HE
BO3HHMKAET, OIHAKO M HITaTHBIX CPEACTB
a3plka C HOCTaTOYHO IA PEUICHUSA
aron samauu. [Tockonbky 32-6uTHBIE
HIDKHHE yKa3aTeau ABJAIOTCA [0 CYTH
32-6MTHBIMH 1Li€/IBIMH, TO (PaKTHYECKH
pelieHue 3afadi CBOOMTCA K C/Ienyio-
1eMy — He0OXOIUMO MOJIYIHTH YHCTI0
Y, MakcuManbpHO 6/1M3K0€ K 3aiaHHOMY
ypcay X u xpatHoe N. ITockonpky N
B HaIlleM CJIydae SBJIAETCA CTENEHbIO
IBOVIKH, BCE CBOOUTCH K COpachIBaHHIO
COOTBETCTBYIOIMX Pa3pAnOB C MOMO-
b0 gorudeckoro M. Koneuno, xomu-
4eCTBO BBIIENAEMOI MMaMATH HE06X0-
ouMo GynmeT yBEJIMMMTb Ha BEJIHYMHY
OKpYT/IeHH A, YTOObI BIIOCIEACTBHH IIPH
paboTe ¢ BHIPOBHEHHBIM yKa3aTesleM He
[OMacTh B YYXylo 067acTh. Perrenue
6yzneT BhIJIANETh IPUMEPHO Tak [9]:

char =p;

p = (char+) malloc(need_size + (align
- 1)); //BugenAeM naMaTb C 3anNacoM
p = (char+) (((int)p + align - 1) &
“(align - 1)); //ewpasHueaem

rae align — Tpebyemas cremeHn BHI-
paBHMBaHus, need_size — TpeGyeMslit
pa3Mep BblensneMO MaMATH, TUI yKa-
3arena HeoOs3aTeIbHO IOKEeH ObITh
char. Oror ke mpueM MOXKHO HMCTIONB-
30BaTh JUIA BbIPaBHMBaHHUA MAaCCHBOB,
PacIonoKeHHbIX B CTeKe WM CerMeHTe
naHHbIX. Harmpumep:

#define array_size 1024

#idefine align 64

int alarray_size + align - 1]

int =p;

p = (int+) (((int)&a + align - 1) &
“(align - 1));

Ykasatens p 6Gymer ykasbiBath Ha
Ha4yaJ0 MacCHBa, BHIPOBHEHHOIO IIO
64-6aiTHOI rpaHMIIe.

3akmovenue

OnTHMH3aLHIO CIENyeT BHITONHATD B
MPaBWILHOM MOPSAIKE — OT BHICOKO- K
HU3KOYpOBHeBoOIL. Ilpexxne, ueM npu-
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CTYHaTh K ONTUMU3AINH, JyYllle UMETh
pa60’ra10nm171 HEONITUMU3UPOBaHHBIA
BapHaHT. JTO AaXKe CKopee Tpe60BaHHe,
4yeM PEeKOMEHAAuud, MOCKONBKY, 4eM
60/1e€ OITUMHU3HPOBAH KO, TEM 6onee
oH TpyaHouutaeM. M BooOIIle, BCeraa
CIelyeT 3HaTh, I B Ballel mporpamme
caMbie MeJIcHHBIE MeCTa, YTO MMEHHO
TOPMO3UT BCIO CHUCTEMY. 3IT0 MOXHO
Y3HaTh TOJBKO IIPH MOMOIIU TECTOB U
9KCIIEPUMEHTOB, PE€3y/NbTaThi KOTOPBIX
MOTYT CWIbHO YAUBUTD.

KauecrBeHHad onTUMH3aLMA IIPOrpaM-
MHOTO 06ecriedeHra MOXKET 3HATUTETBHO

CHU3HTD TPeGOBaHMA K AITIAPATHOMY 0ec-
HIEYEHHMIO CHCTeMBI IIM(POBOI 06paboTKM
NAHHBIX, Y, C/IEAOBATE/IbHO, 3HATHTENHHO
ee ypereBHTb. [ToaToMy orrrumu3atysa —
06s3aTe/IbHBI 3TAIl HAa ITYTH CO3JAHUSA
KOHKYPEHTOCIIOCOOHOM CHCTEMBIL.
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KomMmnbloTepHoe

cxemorTexHnyeckoe
mMmoaenmposaHune 3/1IeKTPOHHbIX

yCTPOWNCTB

B daHHOU cmambe paccmMampusalomcsa Makpomooesnu npocmeutuux
onepayuoHHbix ycunumenel (OY), 8binonHeHHbie cpedcmeamu npozpamm
Electronics Workbench (EWB) u Micro-Cap (MC).

ONEPAUMOHHDBIE CXEMbI

Hcnonpsoparue OY 14 BbIIOTHEHUA
pasmuuHbIX PyHKIMI 10 06paboTKe CHr-
Ha/IOB OCHOBaHO Ha IIPUMEHEHHH C HUMH
COOTBETCTBYIOIIHMX OOPaTHBIX CBA3EH, 3a-
natoryx 91U Gysxupu. OY COBMECTHO €O
CIELHUATBHO TOROGPAHHBIMH BHELIHUMH
aneMeHTaMHu, obpasyonmmu uenu OC,
cocrapnseT PyHKIUMOHVIBHBIA 610K —
oTepalMoHHyI0 cxeMy. Ilofo6HbIE yCT-
POMCTBa, HEKOTOPBIE U3 KOTOPbIX 6yIIyT
PacCMOTPEHbI HIDKE, MOTYT BBIIIONHATD
caMble pasHoo6pasHbie OllepalyH 1o 06-
pa6oTKe aHAIOTOBBIX CUTHAJIOB.

Hamyue y OY gByx BXOOB ¥ OJJHOTO
BBIXOJIA OTIpEe/AeT CXeMOTEXHHIECKHe
BapUaHTHI BK/IIOYCHHA CUTHA/IA, HArpys-
x4 ¥ genen OC.

B mporpamme EWB, ucnonbsys npo-
CTEMILLIYIO MOJE/1b UACATBHOTO TPEXBXO-
nosoro OY, cobepeM cxemy (puc. 242), B
KOTOPOW CHTHA]1 YMHOXA€TCS Ha 3aiaH-
HYIO OTPHLATE/IbHYI0 KOHCTAHTY.

R1 R2
in 10kQ (o}

Puc. 242

WHBepcHa cUTHaMA OCYILIECTBAAETCA 3
cyer 4aCTOTHOHE3aBUCHMOM NIApajlie/ib-
noit OOC uepes pesucrop R2, a Maciira-
6upoBaHue ONpeNeNaeTcsA OTHOIIEHHEM
R2/R1. B npuseaennoM ysie Koobbu-
LMEHT Tepeaayy MO HANpmKECHUIO CO-
CTaBHT (C y9€TOM MHBEPCHM CUTHajA)
-1 MOM/10 xOm = -100. ITpu nopaye Ha
pxon (In) Hanpsbkennd +1 MB Ha BbIxone
(Out) nonyyuM HanpsokeHue -100 MB,
PETrUCTpUPYEMOE BOJIBTMETPOM.

3pech, OTHOCHUTEeNBbHO Toukd O (06-
LM} TIPOBOJ), Ilie BCTPEYAIOTCA BXO/-
Hoy curHan u curian OC, Kak 6B
pa6oTaeT KOPOMBICIO CBO€OGPa3HBIX
BecoB ¢ cootHomenneM -R2/R1. Tak
BOT, 4eM nyduie OY, TeM TouHee 6ymyT
pa6oTaTh 3TH «Bechbl». 110 OTHOIIEHUIO
K 3TOM TOYKe paGOTaeT Pe3UCTUBHBIH
IeMUTeNb HanpskeHus ¢ koaddummen-
toM nepefiayd -R1/R2. OC coBMecTHO
¢ OY cocrapnaior 610K ¢ Iepefayen
o6paTHOTO BMAA. DTO IpaBWIo — KO-

o¢dULMEHT Nepesayyd ONepaluoHHOM
cxeMbl o6pateH KoaGh(HUIHeHTy Tepe-
nauu menu OC — BBIMOIHAETCA BO BCeX
OTIepPaliHOHHBIX CXEMaX.

HsMeHsas mapaMeTpsl Pe3UCTOPOB,
MOXHO Habmopnath 3a paboTol ysia.
IIpu R2 = Rl BBIXOAHOE HAIpAKEHHE
6yneT paBHO BXOJZHOMY, HO C ofpaT-
HBIM 3HaKOM — YCTPOHCTBO CTaHOBUTCA
O6BIKHOBEHHBIM HHBEPTOPOM CHTHAJIOB.
Ecnu curHan Ha BXOJ| y3na TOAaBaThb
yepes pasfenUTeNbHbIA KOHIEHCATOP,
y3en 6ymeT OCyLIeCTBUTh MHBEPTUPY-
101Iee yCwIeHHe TONBKO NePEMEHHOro
HanpskeHus (puc. 243).

. B ;
L .
R2
1 M8
ct
R
1 F DAY
in 10kE ~ out

- et
1 mv# kHz/0 Deg

100.0m \/

Puc. 243

Hanpsxenue Ha 3a)KMMaxX HCTOYHUKA
el u3MeHAETCA 0 CHHYCOMAAIBHOMY
3aKOHY ¢ 4acToTOH 1 K['1f Ipu AeHACTBY-
IOIIeM 3HA4eHHM HanpsbkeHusa 1 MB.
BosibTMeTp paboTaeT B pexuMe uaMepe-
HUA TIEPEMEHHOT0 HAlIPsDKEHUA M TAKXKE
TIOKA3bIBAET €0 ACHCTBYIOIIee 3HAUCHUE
(HeoTpHLaTeNbHAA BETUYHMHA), TIOSTOMY
ero TokKasanue pasHo +100 MB.

Puc. 244
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Hnst Toro, YT0061 YBHIETH HHBEPCHIO
CUTHaJjIa, KOTOpas Ha IIEPEMEHHOM TOKE
3aK/II0YAETCH B M3MEHEHHM ero ¢assl
Ha 180° BxroueH ocuwinockor. Ha
puc. 244 mokasaunl Maciitab u dasa
KoneGanui B Toukax A U B puc. 243.

CobepeM cxeMy HEHHBEPTHPYIOLIIETO
ycumrens (puc. 245).

Puc. 245

3pecs OOC BK/IIOYEHA B UHBEPTHUDY-
omuit ka"an OY, a CUTHaJI [IoJaeTcs Ha
HeWHBEpPTUPYIOLMI Bxof. Boobpaxae-
MbI€ BECHI HECKOJIBKO YCIOKHUIUCH, KO-
apduLenT repenayy 0 HaNPHKEHUIO
9TOM OIEPAIHOHHON CXEMBI CTa/l PABEH
1+R2/R1. B 3TOM 7eTKO YOEMUTBCH, I10C-
MOTPEB Ha COIMPOTHB/IEHUA KOMIIOHEH-
TOB ¥ II0Ka3aHHUA BOJIbTMETPA.

B nporpamme MC Taxxe MOXHO HC-
CNIeNI0BATh aHA/IOTHYHBIE OIIEPAlliOHHbIE
cxeMbl, [[/ist IOCTPOEHNUA HHBEPTUPYIO-
LIETO YCHIUTES HCIIO/Ib3yeM IIATHBbI-
oo OV (puc. 246).

LM741A

+Vcc -Vee In R 1

V1 V2 10 R
J:ISI15 l1mV I

Puc. 246

CxeMoTexHHYecKaa rpaduxa sToi
MpOrpaMMbl HECKOJIBKO OT/IHYAeTCH,
[I09TOMY Jaa¥M HeOOXOOMMELA KOM-
MeHTapuil. Mcxognoe nonoxenne YI'O
OY TaxkoBO, 4TO 00a «IUII0Ca» HaXOMsT-
ca cBepxy. KoHeuHO, €ro JIerko MOXHO
[OBEPHYTh OTHOCHTE/IBHO TOPH3OHTA/Ib-
HOIT OCH, HO He OyzeM cedyac 9Toro ge-
JIATh U3 METONMYECKUX COOOpaKeHHI.
Jleno B TOM, 4TO B II€YaTHBIX U 37I€K-
TPOHHBIX WH(POPMALMOHHBIX pecypcax
MOTYT BCTPETHTHCA PasIMYHbIE BApHaH-
Tbl, K 3TOMy HaJO I[PHBHIKAaTbh M OBITH
rpenebHO BHUMATE/IbHBIMU, 115 THBbI-
BogHOMy OY TpebyoTcs 1Ba PasHOIO-
JIAPHBIX O OTHOIIEHHIO K 00IIEMY [IPO-
BOJLy MCTOYHHKA [IMTaHMA. Beemem mx
aHaJIOTHYHO puc. 231. Hns momemupo-
Banus BoineM B pexuM DC Analysis u,

AT

Puc. 247

BBIITO/IHUB YCTAHOBKH B COOTBETCTBHH C
OKHOM Ha puc. 247, saxxmeM Run, sateM
F3 1, HakoHel, IMUKTOTPaMMYy BBIBOMIA
3Ha4YeHHUU Y37I0BbIX HAIMPSKEHMI HA CXe-
my (Node Voltages).

Ha cxeme B CKpPYI/IEHHBIX paMOYKax
HAa COOTBETCTBYIOLIUX Y3/aX IMOABATCH
YHCNOBBIE 3HAaUeHUA HX HAIPKeHHHA
OTHOCHTENIbHO o6wero mposopa. Ha
y3/ax IMUTaHHA YPOBHM HMEIOT 3HaYe-
Hus +15 B U ~15 B COOTBETCTBEHHO,
Ha BXOZHOM y3/e (In) Hanpsxenune 1m,
T.e. 1 MB, a HampsKeHue BBIXOTHOTO
yana (Out) cocraBnsgeT -99,95 MB munu
okpyriesHo -100 mMB. O6paTtum Tak-
K€ BHHMaHHe Ha HalpspbKeHHe ysaa O,
paBHOe Bcero b 499,81 n, T. €. Ok-
pyriaeHHo 500 HB = 0,5 MxB, aT0 npak-
THYeCKH PaBHO HYJIO, — OTCIOZIA K €T0
Ha3BaHHE «BHPTYaIbHAsA 3€M/IS».

Pa6oTa HHBEPTHUPYIOLIETO YCUIUTEISA
B PE&XXHME YCHWIEHHUA IIEPEMEHHOTO TOKA,
ucrone3syrowwero OV B mporpamme MC,
6p1a mpepcTaBiena paxee (puc. 233),
TaK 4TO OCTAaeTCA JHIIL COINOCTABUTH
9TH PE3Y/IbTATHL C PHC. 244.

CaMy0 IpPOCTY0 OIEPAHOHHYIO
cxeMy, B KOTOPOU BXOJHOH CHIHAI Ha
WHBEPTHUPYIOLIEM BXOJe CHHMAETCH C
BBIXO7]a, 4 HEMHBEPTHUPYIOLIUIA BXOJ
HCIIONB3YETCA 11t 00pabOTKH UCCEMy-
€MOTO CUI'Ha/IA, C YCIIEXOM IIMPOKO HC-
HO/IB3YIOT KaK uueansHbiil Oydep. Jleno
B TOM, YTO BXOJIHO€ coripoTisierne OY
¢ OC o4eHb BeTHKO (MOXET COCTAB/IATh
COTHH METOM), a BHIXOTHOE OUYEHD MA/IO
(emuHMILIBI OM). ITO HACAIbHBIA TPAHC-
¢$bopMaTOp IOMHBIX COMPOTUBIEHUH (B
JIAMIIOBOJ TEXHHKE [I00OHOe YCTPO¥HC-
TBO HA3bIBAIOT KaTORHBIM ITOBTOPHTE-
nieM).

Ha puc. 248 1 249 cOOTBETCTBCHHO B
nporpamMmax EWB u MC npencrasnena
CXeMa 3TOrO YCTPOMCTBA, TaKXKe Hasbl-
BAEMOTO [IOBTOPHUTE/IEM HANPSIKEHUA.

B nporpamme MC (puc. 249) usobpa-
xenne QY Terepsb rosepHyTO Ha 180°
BOKPYT' TOPH30OHTa/ILHON OCH, Y3/I0BbIE
HAIPsOKEHNA BbIBENIEHBI HA CXEMY BMeEC-
T€ C pacyYeTHBIMH HOMEPAMH €€ Y3/I0B B
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Puc. 249

¢dopmare Ne ysia: ysmoBoe HarpsDKe-
HUe, HarpuMep, 2:999.995u osnavaert.
4yto Ha Bbixome (Out) B y31e Ne 2 Ha-
MpsKeHHe cocTaBageT 999.995u, T. e. =
1 MB. Janee, sgecw xe (puc. 250), mo-
KaszaHa IepeJaTOYHasA XapaKTePHCTHKa
9TOTO MMOBTOPHUTEIA.

Iockonbky OY nmeet middepeniu-
a/bHBIL BXOZ, TO TPETBHM BapHaHTOM
IIOIaYH BXOJHOTO CHTHajaa SB/IAETCA
€ro romava cpasy Ha o6a BXoma, a He
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Ha OfMH BXOn ¥ 061muit HpoBod. 3To
ucnonpzopanue OY kak 651 10 IPAMO-
My HasHAa4eHHI0 — B KayecTBe mud-
(epeHIHaTBHOTO YCHIUTENSA, TOMBKO
o4eHb xopourero. Ha puc. 251 u 252,
COOTBETCTBEHHO B mporpammax EWB
u MC, nokasan puddepeHyanpHblit
YCHINTENb Ha ocHoBe OY.
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Puc. 254

31eck CHTHAI MOJAETCA MEXIY HH-
BEPTHUPYIOIINAM H HEMHBEPTUPYIOLIUM
BXOZIaMH U UCTIO/IB3YETCA PE3UCTUBHAA
OC. 310 Kak 6yaTO COBMELIEHHE OBYX
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Puc. 255

Puc. 256

Puc. 257

TIPeNbIAYIIUX YCUINTENEH HHBEPTUPYIO-
LIIEr0 ¥ HEMHBEPTUPYIOLIETO U, Ka3alI0Ch
651, YTO HHYETO HOBOTO 31ECH HE COTIEP-
XUTCA., OOHAKO TaKas oneparuoHHasA
cxeMa 06/1aaeT OTHUM HEMATOBAKHBIM
CBOMCTBOM — OHa 3HaYUTENbHO 0CIa6-
et CHH(A3HBIA CUTHAI, HAaPUMEP
CHTHalA TIoMexH. Jto Beps mubdepeH-
LHMATbHBIN, @ 3HAYAT Pa3HOCTHBINA YCH-
JIUTE/b — BBIYATAHHE [BYX CUTHA/IOB B
cnyqae upeanpHoro OY pgacr Hyns WA
CHUNIBHOM TIOME€XU M BBINEIUT TI0/1€3-
HBIM CHTHAJI, XOTA €0 OTHOCHUTE/TBHBIN
YPOBEHBb MOXeT OBITH CPAaBHUTEIBHO
ManbiM. Ha npaktuke npuMeHsOT Ta-
KHe OTEepPanOHHBIe CXEMBI Ha OCHOBE
CHenHATbHBIX HHCTPYMEHTATBHBIX (TIpe-
LY3UOHHBIX ~— BBICOKOTOYHBIX) OV,
HanpUMEP, B MEOUIUHCKOM U OPYTOi
CHeIUaNbHON 371eKTPOHUKE.

Eme ogHuM JOCTaToyHO TPOCTOIt M
TIO/IE3HOM CXEMOM AB/IAETCA CyMMATOP,
CxeMa KOTOPOro IMoKasaHa Ha puc. 253
# 254, COOTBETCTBEHHO B IIPOrpaMMax
EWB u MC.

Hanpsxenue Ha Beixone cymmaropa
paBHO anre6panyecKoll CyMMe BXOJH-
HBIX HanpsxeHui. Ecium u3MeHuts
3HAaK ucToYHukKa E2 Ha mportuBomo-
JIOKHBIH, TO pesynbrar 6ymer -3 MB.
Yucno BXOHOB [/ C/IOXKEHUS MOX-
HO NIPH HeOOXOIUMOCTHU YBETUYHTH.
Mo>xHO TaK)Xe TIOCTPOUTH MHBEPTHU-
PYOLIMI CYyMMaTopP, TPOU3BOAAIIUIA
OIHOBPEMEHHOE MAacUITabHpOBaHUE
CK/IafIbIBa€MBbIX UHCEL.

IlepeiineM Tenepp K ONEPalIOHHBIM
cxeMaM ¢ RC-nensiMu, 3TO TO3BOJIUT
CO3aTh UHTEIPATOPH! U nUPGepeHuu-
aTopsl, a TaKXKe JPyrue yCTPOMCTBa.

ITpocrevumit uaterparop Ha OY B
nporpamme EWB npencrasiser coboit
HMHBEPTUPYIOIIUH YCWIATENb, B KOTO-
pom pesucrop OC 3aMeHeH KOHeHCA-
TOopoM (pHc. 255).

B kayecTBe MCTOYHHKA BXOTHOTO
CHUTHA/a, MOJ/IEXallero HHTETPUPO-
BAHUIO BO BpeMeHH, BHIOpaHa mepu-
OfMYeCKasA NMOC/IEROBATENBHOCTD NIPSA-
MOYTO/IBHBIX UMITY/IbCOB, 3amaBaeMas
GYHKIHOHATBHBIM TEHEPATOPOM B
COOTBETCTBHH C YCTAaHOBKaMHU Ha €ro
nmaHenu (puc. 256).

Beimonuue Takke Heobxomumsle yc-
TaHOBKH Ha OCLIWUIOCKONE U BKIIIOYHB
MOJeIMpOBaHUe, NOMYIUM H306paxe-
HHe (pHC. 257) BXOTHBIX IPAMOYLO/b-
HBIX HMIIY/IBCOB (JIyd A) U pe3y/IbTaT UxX
HHTerpupoBaHud (ay4 B).

IIpoodonxucenue cnedyem

Il'enpux Kappamies,
r. Mocksa

Pepakuus xypHana
«CxeMoTexHuKa»

npUrnalaeT aBTopoB K COTPYAHWYECTBY
no BCeM BofpocamM obpaluarscs
e-mail: editor@dian.ru, Ten./dakc
(095)777-12-15
Tpe6oBaHua No 0hOPMNERNIO CTaTeH
cM. B Ne 12, 2005, c¢. 42 v Ha caitte
penakumm www dian.ru.
loHopapsl BLINNA4MBAOTCA aBTopam,
npoxveaowmm Ha Tepputopun CHI.
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Linpposonn nsmepureno ESR

MocnedHee epems 8HUMAHUE MHO2UX pa3pabomuyuKkoe npusieyeHo K
Heo6x00UMOCMU 3HAHUSA 3KBUBAIEHMHO020 NOC/1e008aMe/bHO20 CONPO-
muesieHus oKCuOHbIx KoHOeHcamopos (ESR). 3HaueHue ESR ocobeHHO
8AXHO ONA ux pabomel 8 UMNYJ/TbCHbIX UCMOYHUKAX NUMAHUSA U 8bICOKO-
kauyecmeeHHbix YM3Y. Taxxe senuquHa ESR emecme ¢ nomepeli emkocmu
ABNAIOMCA KPUMEPUAMU 3GMEHbI OKCUOHbIX KOHOEHCAmMopoe npu PemMoH-
me paduo3/1eKmpOoHHOU anhapamypei.

KBUBAJIEHTHAs CXeMa OKCHIHOTO
KOHJeHcaTopa MpuBeleHa B CTa-
the [1]. Kpome cobcTBEHHO eM-

kocru C ona comepxwur (puc. 1) compo-
TUBJIeHHE yTeUKU R, 1ocenoBare/bHOe
conporusienye Rg ¥ NapasuTHYIO HH-
ayxktuBHOCTH L. [locnenosarebHoOe CO-
IPOTHB/IEHHE TIPeNCTAB/AET COO0MH CyM-
My I10 Kpa¥iHeH Mepe YeThipex CoCTaB/idA-
IOIIMX — COTIPOTHBJICHUN 3/IEKTPOIUTA,
¢onbry, BHIBONOB U CONMPOTUBIEHUS,
BO3HMKAOIIETO U3-3a MI0TEPD B IU3JIEK-
TpuKke. B medexTHOM KOHIEHCATOpE K
3THM YeThIpeM COCTAB/AIOMINM H06aB-
MAETCA CONPOTUB/IEHHE HECTAOWIBHOTO
KOHTaKTa Mexiy (o/nbroit 06K1amox u
TIPUK/IETIaHHBIMU BbIBOJAMHU.

Ry
L BRs [

Puc. 1

CreiyeT OTMETHTb, YTO NOTEPHU B -
371eKTpUKe NpH (PUKCUPOBAHHOMN aMIl-
JIUTYIe MPOTeKaloero MmepeMeHHoro
TOK2 YMEHbIUNAIOTCS C yBEeIUYEHUEM
qacToThl. [IpOMNTIOCTPUPYEM 3TO B
cooTBeTcTBUH ¢ [1]. [InanexTpuiecKue
noTepu P, MponopuMoHaibHbI 3HEPIUH
W,., 3al1aceHHoit B KOHIEHCATOPe, U Yac-
TOTe TIpOoTeKamINero Toka f:

Py, = kfW, = kfCU%/2,

rae k — HeKkoTOpbIit KO3DDHUIHEHT.
[Mockonbky U = 1/(2nfC), monywaem:

P, = kfCI?/(2(2rfC)?] = kI?/(8n*C).

U3 sroit (opmyasl crenyeT Mpuse-
JeHHOE BbIIIe YTBEPXKIEHHUE.

B crathe (1] na puc. 1 mpuseneH
rpaduk sasucumoctu ESR or wacro-
Thl /I KOHKPETHOIO KOHIEHCAaTopa,
U3 KOTOpPOro crenyer, YTO Ha Yacrore
BbILLIE HECKOJILKUX KHIOTEPIL /IS HEero
IM3eKTPUIeCcKHe TIOTePH CYIECTBEHHO
HIKe OMHYECKUX [TOTePh B 3/IEKTPOTIH-
Te, honbre u Boisozax. [IpakTHIECKH HA
gactote nopsaka 100 k[ UMy MOX-
HO TIpeHeOpedb 11 MIOObIX OKCHAHBIX
KOHJIEHCATOPOB U CYUTaTh, 4T0 ESR or
4acTOThbI He 3aBHCHUT.

Knaccudeckuit rpauK 3aBUCHMOCTH
MajeHuss HAIpPsDKEHHA Ha OKCHIHOM
KOHZIEHCATOpe OT 4YacTOThl MpH (HK-
CUPOBaHHOM aMIUTUTYE MPOTEKAIOIETO
Yepe3 HETO CHHYCOMIaNbHOIO TOKa HPU-
BeZieH, HalpuMep, B cTaTse (2] Ha puc. 8.
B nmBoitHOM jorapudMuieckoM Macil-
Tabe OH COINEPXUT TMHENHBIN YIaCTOK €
HAKJIOHOM —45°, COOTBEeTCTBYIOMIUI TIpe-
06manaHio eMKOCTHOM COCTaB/IIIOIICH B
TIOJIHOM COMPOTHUBJICHUH, IIABHBIA U3-
THO, TIepeXoiAIIUi B JIAHEHHBI Y4aCTOK
¢ HaknoHoMm +45° (puc. 2). YyacTok ¢
HaKIOHOM +45° COOTBeTCTBYeT Npeobna-
JAHUIO UHIYKTHBHOTO CONIPOTHBIICHN,
a Ha yacrorax Iepexofia OT OIHOTO /U-
HeHOTO yYacTKa K JPYyroMy OCHOBHYIO
PO/ UTPaeT aKTMBHOE COTIPOTHUB/IEHHE
ESR (Rg Ha puc. 1).

Uc

Rs

0 f
Puc. 2

B npunnumne, ESR MoxHO H3MepPUTb,
KaK 3TO OIMCAHO B cTarhe 2], — CHATDH
3aBMCUMOCTD, aHAJIOTHIHYIO NpHUBENIeH-
HOI Ha PHUC. 2, U TIO NaJIeHUIO HaTIpsKe-
HUA B TOUKe MUHHMYMa PacCIUTaTh €To,
OJIHAKO 3TO JOBOJIBHO XIOMOTHO.

B pasnuunbIX )XypHanax u Unrepuere
TIPUBOMATCSA MHOTOYMC/IEHHBIE OMMCa-
nua mpubopos mwis usmepenua ESR ox-
CUIHBIX KOHIEHCaTopos. B 6onpiiunc-
TBe KOHCTPYKLMIT 4epes KOHIEHCATOp
MPOIYCKAeTcst TOK CHHYCOMNANbLHON
dopwmei ¢ gacToToit nopsamka 100 k' u
usMepsercs TNaJeHue HalpsOKeHUs Ha
Hem. MOXHO HaliTH BapHaHThI KakK 1Ipo-
CTefIX IpHOOPOB, B KOTOPBIX U3MEpe-
HMe IPOU3BOMUTCA Ha PUKCHPOBAHHOIM
4acTOTe, TaK U C/IOKHBIX YCTPOWCTB, B
KOTOPBIX Yepe3 KOHJeHCaTop Noodepen-
HO NIPOILyCKaeTCs CHHYCOMA/IbHbIA TOK

HECKOIBKHX YacTOT U IO pe3ynbTaram
TaKOM IMPOBEPKU MHUKPOKOHTDPOIEP
paccuuThIBACT TIApaMETPbl UCTIBITYeMOro
KouaeHcaropa. TaKoi BapHaHT CI0XKeH,
HO II03BOJIAET ONMpeNeIuTh HE TOJIbKO
Noc/IefioBaTebHOe COMPOTHB/IEHHE, HO
1 (AKTHIECKYI0 EMKOCTb KOH/IEHCATOPA,
a TaKxe ero HHIYKTHBHOCTb.

JocraTo4HO NPOCTO ONpEREeNUTb
ESR, eciu depe3 KOHIEHCATOp MNPO-
MycKaTh TOK NMPAMOYTO/MbHOM (popMbl
(meannp). B atoM ciyuae ¢popma ma-
JeHHMA HalpsDKeHHs Ha KOHpeHcaTope
COOTBeTCTBYeT IIPHBEIEHHON Ha AHa-
rpamme Cy Ha pHC. 3.

Bws. 12002 [ | [ | [
Rs,R6,R7 | | [

Cx /1\‘/‘\I/L
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Puc.3

Hak/n10H IOYTH TOPH3OHTAIbHBIX
YYaCTKOB OMNpeNe/IfaeTcs eMKOCTBIO MC-
MBITYEMOrO KOHIEHCATOPd, @ BBICOTA
BEPTUKAJIbHBIX MepenaloB guarpam-
Mbl coorBercTBveT ESR. ECM Hakion
«TOPU30HTAJbHBIX» Y4AaCTKOB HEBE/UK,
IBYXIIONYTIEPHOIHOE BBITIPAMIIEHME [1a-
JeHMsA HalpsHXeHHA Ha KOHIeHCarope
MoO>KeT IaTh pe3y;abTaT. MPOMOPLHUO-
HanpHBI ESR, HO 0H 6VvIeT HcKaxeH
3a C4eT BBIOPOCOB Ha HMHIVKTHBHOCTH
KOHAEHCATOpa H COe IMHHTE TbHBIX MPO-
BOJIOB, OHH 1A MMPOCTOTH HA pHC. 3 He
MoKasaubl. [Ipi 10¢TaToOYHO 6OMbIIOH
eMKOCTH KOHIeHcaTopa ¢opMa majie-
HMA HaMpsDOKEHHS — MeaHIp, eClH xe
ToC/enoBaTeIbHOe CONPOTHBICHHE Ha-
MHOTO MeHbllle eMKOCTHOH COCTaB/fA-
jorrielt, 3TO MaleHie NpHodpeTaeT Tpe-
yronbayio $opMy, COCTOALIYIO TOMLKO
M3 HaKTOHHBIX YIacTKOB. B mocnennem
cnydae 06bIYHOE ABYXIOMYHNEPHONHOE
BbINPSMJIEHHE HETOMYCTHMO, II0CKO/Ib-
Ky JIaCT COBEPIIEHHO HEBEPHBLA Pe3yIb-
tar. CMHXPOHHOE BBITpAMI/IEHHE, NTPH
KOTOPOM B KadeCTBE OIIOPHOTO HAMps-
JKeHH UCTIOIb3veTcd HexonHaa dopma
TOKa (MeaHAp) He IIOMOKET H3bexaTh
HCKa)XeHMIl pe3y.IbTaTa, CBA3AHHBIX €
HHIYKTHBHOCTAMH KOHJIEHCATOPa H CO-
eNMHUTENbHBIX TIPOBOIOB.

BbIxogoM MOXeT ObITh CMHXPOHHOE
BBIIPsAM/IEHHE, TIPU KOTOPOM B KadecTse
OIOPHOTO HATIPSKEHUA KCIIOJIb3YIOTCA




OTHOCHTE/TbHO KOPOTKHE MMITY/IbCBI, CO-
OTBETCTBYIOIINE CePefiuHe HAKTOHHBIX
y4acTKOB (UeTBepTas M IATas AUarpam-
MBI Ha pHcC. 3). K Havany 3THX HMITY/Ib-
COB «3BOH» Ha ITAPasUTHBIX WHAYKTHB-
HOCTAX 3aKaHYMBaeTCA, M UX BAUAHHE
Ha pesy/IbTaT UCYesaeT.

Hecare neT Hasaj asTOp OMyOIUKO-
B OIIMCaHWE COOPaHHOrO UM NpUbopa
[3, 4], B KOTOPOM HCITONB3OBAICA ITOT

Cxemorexnunka N2 3. mapt 2006

koHpmeHcatop Cy. Pesucropnr R5 u R6
CAy’XaT [Jif OTPaHUYEHHA CKBOSHOTO
TOKa Yepe3 TPaH3UCTOPBL
Hanpsxenue ¢ xongencatopa Cy
4epes pesucrop R8 mogaerca Ha cHMH-
XPOHHBIIl BBIIPAMHTENb, COOPaHHBIN
Ha xmovax DD3.1, DD3.2 u xoHgeHca-
Topax C9 u C10. Kmoyn ynpasiasaoTca
BBIXOJHBIMH HMIIY/IbCAMH CYETYHMKa
DD?2 u otkpbiBaoTca Ha 1/10 nepuopa

st noacoemMHEHUS HCMBITYeMbIX
KOH/JEHCATOPOB HCIIONB3YIOTCA AOpa-
60oTaHHBbIe 3KUMBL X2 U X3 «KPOKO-
own» [5,4]. Y ogHO¥ U3 TY60K KaXKnoro
3@KHMMa CIIWIEHB! 3yObA M HAa UX MECTO
HamasHa IUIaCTHMHKA M3 OBYCTOPOHHE
(OABrIpOBaHHOTO CTEKIOTEKCTOMUTA.
Poib 0gHOTO M3 KOHTAKTOB BHIIOIHA-
eT ry6Ka, OCTaBIIasgcs ¢ 3y6bAMH, PO/b
BTOPOr0 — IIOBEPXHOCTD IIIACTHHKH.
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TIPMHINII /11 U3MEPeHHA COIIPOTHBIIE-
HMIT Ha [TlepeMeHHOM ToKe. [1pn6op oka-
3JICA BeCbMa YHOOHBIM AJIsi U3MEPCHHSA
ESR OKCHIHBIX KOHIEHCATOPOB, HO €T0
paspemarougast cnocobuocts (0,1 Om)
Ha CaMOM 4YyBCTBHUTE/IILHOM IHAaIa3oHe
200,0 OM siB/steTCs HEXOCTATOUHOM /1A
MHOTHMX U3MEpeHUI.

Ha puc. 4 mpusenena cxema npu6o-
pa ¢ uudpoBON MHEMKAMe, CIIEeIH-
QIBHO pa3pabOTaHHOrO MIA H3Mepe-
Hua ESR okcHaHBIX KOHIEeHCaTOPOB, B
HEM MCNOIb30BaH OIMCAHHbLINA BBbIllIe
IIPUHIIMIL

Ha mukpocxeme DD1 co6pan reHepa-
TOp, paboTaloluii Ha yacrore 1 Ml
CurHai ¢ ero BbIXo[a IOJaH Ha Jecs-
THYHBIA CIETYHK C gemindpaTopoM Ha
mukpocxeme DD2. Meanap ¢ 9acToTO#
100 kI ¢ BBIXOAa epeHoca P cieTyHKa
nocTynaer Ha HHBepTop Ha MOII Tpan-
sucropax VI'1 u VI2 gononrsuTeIbHON
CTPYKTYPbI, a C €ro BbIXOJa 4epes pe-
suctopst R5—R7 — Ha npoBepAeMblii

KOHTPOJIMPYEMOTO CHrHajia B Cepenu-
He «TOPH30HTAIbHBIX» Y4aCTKOB, K04
DD3.2 — B cepeauHe MOTOXUTENBHOHN
moayBoyHbl, DD3.1 — oTpHuaTeIbHOI.
Kongencaropsr C9 u C10 3anmoMHHAIOT
HallpsyKeHUA Ha BpeMs PasOMKHYTOTO
COCTOSIHUSA KIIOYeH, C HUX CUTHAJI Yepe3
dunbTper RICI1 1 R10C12 nomaercs
Ha usMepuTenbHbnt Bxox ALITI. ATIIT
co6paH Ha MuKpocxeme DD5, pesynbrat
OTOOpaXKaeTCs Ha XUAKOK pUCTa/UTHIEC-
xoM uHaukatope HGI.

OcimwuiorpaMMbl HalIpsDKeHUH B pas-
JIMYHBIX TOYKAX U3MEPUTE/IA [IpUBele-
HbI Ha pHC. 3.

KoHTponmpyeMslit KOHAEHCATOP 1O~
K/IIOYaeTCA IO TaK Ha3bIBAEMOM «4eThI-
PEeX32)XHMHOI» CXE€Me, 4TO IIO3BOJIACT
[MOJIHOCThIO0 UCK/IIOUMUTH BJIUAHHE CO-
IIPOTHUBJIEHUA COCAUHUTEIBHBIX IIPO-
BOIHHUKOB, COIIPOTUBJICHUA KOHTAaKTOB
pazpema X1 M xavecTBa KOHTaKTOB B
MeCTe COeJHHEHHUA THUX IIPOBOLHUKOB
¥ KOHJIeHCATOoPa.

Ocrasiumecs 3y0bs cenyeT NOAPaBHATD
TaK, 4TOObI [IPU M3MEPEHHAX OHH He
Kacaiuch BCTaBKU. ['yOKM KpOKOAW/IOB
COeiMHEHbI TIPOBONHUKAMU C KOHTaK-
Tamu 3 ¥ 1 paspeMa X1, U depes HUX
Ha KoHpeHcaTop Cy ITogaeTcs usMepu-
Te/IbHBI TOK. BCTaBKM ITOAKMIOYEHDBE K
KOHTAaKTaM 4 U 5 pasbeMa, ¥ Yepes HUX
HanpsxeHHe ¢ koHgeHcaTtopa Cy depes
xnoyn DD3.1 u DD3.2 nopaerca Ha
kxoHpeHcaTopbt C9 1 C10 1 3apskaeT uX.
Touka coegyHEeHHMA 3THX KOHAEHCATO-
POB B CpeiHEM HaXOQUTCS IO, HY/IEBBIM
HaNpsDKEHWEM, HO Ha Hel IPUCYTCTBY-
10T My/IbCAIUH U3MEPAEMOro TOKa, A
CIJIAXUBAaHUA 3THX Iy/IbCALU BBeIeHbI
menu R9C11 u R10C12.

HOuoner VD1 u VD2 ciyxar pis 3a-
LIATHI IpU6Opa OT MOAKIIOYCHHS 3a-
PAXKEHHOTO KOH[EHCATOpa, HafleXXHee,
O[HAKO, PaspsaXKaTh KOHACHCATOPHI 3a-
paHee.

[Tp1 HOMHHAILHOM HAIIPSKEHUH ITH-~
TaHuA 9 B TOK, 3amaBaeMblil Pe3UCTO-
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JDaKTVKa

pamu R5—R7 depes KOHTPOTHPYEMBIi
KOHfIeHcaTop, paBeH *7,5 MA. Mak-
cUMa/bHOe 3HaueHHe HAITPSDKEHHA Ha
KOHTPOJMPYeMOM KOHJICHCATOpEe U Ha
C9 u C10, cooTBeTCTBYIOILIEE IIPEAEIb-
HOMY 3HaYeHHIO TUAIa30Ha, COCTaB/IgeT
+150 MB. OToro HamnpskeHHsA HEMOCTA-
TOYHO /I OTKPBIBaHMS P-N IEPEX0-
OB KPEeMHHEBBIX IIPHOOPOB, II0O3TOMY
MOKHO M3MepsATh ESR KOH/IEHCATOPOB,
He BBIITaUBas MX U3 IIPOBepSEMOTO YCT-
poticrBa. [TomHOe HaIIpsbKEHHE, TIOflaBa-
emoe Ha Bxon AIIIT DD5 — 300 MB.

Bmouenne Mukpocxembl DD5 [6, 4]
HMeeT HeKOTopbie 0cobeHHOCTH. Onop-
HOe HanpsKeHHe, OIpee/1AeMOe MaKCH-
MaJIbHBIM BXOIHBIM CUTHA/IOM, IO/DKHO
651TH paBHO 150 MB. OHO cHUMaeTCs C
menurens R18—R21. HecrabuiapHOCTD
HanpsUKeHHA UCTOYHMKA NHMTaHMSA He
UTpaeT HUKAKOI POJH, MMOCKOIbKY KaK
BBIXOJHO€ HaIpsbKeHHe CHHXPOHHOTO
BBIITPAMUTEIS, TAK U OIIOPHOE HaIrpsi-
JKeHHe IPOIOPIHOHAIBHBI HaNpsKe-
HUIO IIUTaHus, a ALIIT usMepseT Ux oT-
Homenue. TaKKe He CKasbIBAETCA YXON
gacrotsl reHeparopa DD1.1—DDL.3.
Wcxonuas vactoTa paborsr ALII BsI-
6pana pasHoi1 40 x['11.

Ecnu us mpu6opa uckmouuts ALITI
v uamepaTs Hanpsokerue Ha C11 u C12
BHEIUHUM U(POBBIM H3MEPUTEIBHBIM
npubopoM c rpenenom 200 MB, Hanpsike-
HYe TUTaHUA ClefyeT CTabUIM3HPOBATD.
U1 TIONydeHuA TIOKa3aHmH, He TPeGylo-
ILIHX TIepecyeTa, TOK depe3 IpOBepAEMbIi
KOHIEHCaTOp HeoOXOIMMO YMEHBIUMTD
1o £5 MA 3a cyer COOTBETCTBYIOLLCTO
yBe/II4eHHs COIPOTUB/ICHUS PE3UCTOPOB
R5—R?7. HexoTopoe HeymOGCTBO BCe XKe
6yneT B HellpaBIWILHOM II0JIOXKEHHUH 3a-
HATOM Ha HHIHUKATOPE.

[Ipu6op MOXHO MHTATH OT AKKYMYy-
naropHoi 6atapert GB1 tmna 711-0,125
WUIN TaIbBAHHYECKOi1 6aTaper THIIOPas-
mepa PP3 («KpoHa»), TOK IOTped/IeHH!s
cocraBaser okono 2,5 MA. CpenHss
TOYKa MCTOYHMKA OPraHHM30BaHa IIpH
nomoiny genutens R3R4. ITpubop co-
XpaHsieT CBOIO TOYHOCTH IIPH CHIKEHNH
HanpsyKeHUs TUTaHUA 10 7,5 B.

Il KOHTpPOJA 3a PaspANKOH aKKY-
MynaTopa BBefleHa nerb R11R15 u mnc-
nonp3yercs anement «Mcxmovaoomee
WJIU» mukpocxemst DD4 ¢ BeIXOmOM
11. HanpsokeHnue NUTaHHA MHMKPOCXe-
Mpl DD4 crabunnsupoBaHO Ha ypOBHE
-5 B orHOCHTeNBHO 1enH +4,5 B BHYT-
peHHUM CTaGH/IU3aTOPOM MHKPOCXEMBIL
DD5 ¢ Boixonom 37. I1pu HOMHHAIBHOM
Hanpsoxenun 6arapen GB1 HarpsKeHne
Ha Bxoze 13 aTOro s/1eMeHTa HHXE 110-
pora repex/IodeHus, CHTHall Ha BBIXOJE
11 moBTOpseT MeaHp, MOCTYNAIOILHI

Ha ero Bxon 12 ¢ Berxoma F Mukpocxe-
a1 DD5. [1pu CHIKeHHH HAIIPsSHKEHUS
GB1 HanpsokeHue Ha BXofe 13 MHUKpO-
cxembl DD4 O0THOCHTE/IBHO €€ BBIBOAA
7 noswlnaercs. Korma oHO QOCTUTHET
ropora IepeKIodeHus 10 3TOMY BXO-
my, 3/IeMEHT MHMKPOCXEMBI ¢ BBIXONOM
11 HauMHAaeT MHBEPTHPOBATDH CBOM BBI-
XofHOM curHal, Ha uHaukarope HGI
nosgpiasercsa Hammuch «LO BAT».

15 BKTIOUEHNs HY)KHOM 3aIisTOH Ha
uupukarope HG1 ncronsaoBaH 3/IEMEHT
mukpocxeMsl DD4 ¢ BbIXxOIOM 4. dne-
MeHTHI ¢ Bhixonamu 3 U 10 — pesep-
BHBIE, OHM ITO3BOJIAIOT HMCIIO/IE30BATH
CXeMy BK/TIOYeHHS 1 Pa3BOJIKY Ie4aTHON
[UIATHL B APYTMX HUGPOBBIX H3MEPH-
TebHBIX pHbopax.

[Ipu6opy CBOWCTBEHHa CHCTEMATH-
YecKad INOTPEIIHOCTh, BO3HUKAIOILAA
M3-3a TOTO, YTO IOC/IE0BATEIbHO C TO-
KO3aaloIuMu pesucropamu RS> u R7
BK/IIOYEHO aKTHUBHOE CONPOTHBIEHHE
ESR KOHTpOIHPYyeMOTO KOH/EHCAaTOpa
(ero eMKOCTHOE COTIPOTHB/IEHHE B ITMPO-
KHMX ITpefe/iax He BIMsAeT Ha nOKasaHusA).
MO’KHO I10Ka3aTh, YTO €C/IM OTKanuo-
posarp mpu6op pesucropom R19 Tak,
4TO6BI ITPH KOHTPOIMPYEMOM COIPO-
tupieann 7 OM OH gaBal OBl TOYHBIE
TOKa3aHMs, TO CHCTeMAaTHYecKas Omuo-
Ka COCTaBHMT MeHee 1 % OT M3MepsAeMOi
BemuuHsl B nuanasone 0...13 OM u He
npessicuT 2,1 % npu 20 Om.

TUTEPATYPA:

1. A. Konnaxos. Ocobennocmu npume-
HEHUST INEKMPOUMUMECKUX KOHOEHCAMO-
pos. —Cxemomexnuxa, 2000, Ne 2, ¢. 30,
31, 2001, Ne 1, c. 20, 21, Ne 2, ¢. 27—29.

2. C. Acees. Ceepxnunetinvtic YM3Y
¢ enyboxoii OOC. — Paduo, 2000, Ne 1,
¢. 18—20.

3. C. Buptoxos. Llugpposots usmepumens
RCL. — Paduo, 1996, Ne 3, c. 38—4l1,
Ne 7, c. 62, 1997, Ne 7, ¢. 32, 1998, Ne 5,
¢. 63, 2001, Ne 5, c. 44.

4. C. A. Buprokos. Ycmpoticmea Ha
muxpocxemax. L{ugposvie usmepurent-
Hble NPuUbOPbl, UCHOUHUKU HUMAHUL,
ntobumensvckue KoHcmpykyuu., — M.
Cumeon-P, 1998.

5. C. Bupioxos. IIpocmoii yugpo-

goii mezommemp. — Paduo, 1998, Ne 3,
c. 32,

6. C. Bupioxos. Ipumenenue AIII
KP572I1B5. — Paduo, 1998, Ne 8,
¢. 62—65.

Oxonvanue cnedyem

Cepreii buprokos,
r. MockBa
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[HAKO TMpeXKJie, Y4eM TOBOPHTE O

CaMOM YCTPOHCTBE, HEOOXOAMMO

10IPOOHO PACcCKasaTh O pasjmd-
HBIX CI10C06aX 3apAIKN HUKE/Ib-KaAMH-
eBbix (Ni-Cd) n HMKen1b-MeTa/UITHAPUL-
meix (Ni-MH) akkyMynsiTOpOB.

CNOCOBbI 3APAAKA ni-(D
A NI-MH AKKYMYJIRTCPOB

CaMblit ITPOCTON cnocob — 3apsAngKa
MabIM TOKoM. [1o71 MajlbiM ITOHMMAIOT
3apAMHBIIA TOK (B aMmepax), YHCICHHO
paBHblit 0,1 OT eMKOCTH aKKyMyIATOpa
B amMrrep-yacax (A-1). B mireparype aT0T
Cr1oco6 9acTo Ha3bIBAIOT HOPMAJIHHOM
3apAKON WM 3apANKOH C TOKOM 0,1C
(C — capacity, emkocTb). Kak Herpyn-
HO cO00pasuTh, 111 AKKyMyIATOpa C
emkoctsio 700 MA-4 Tok 0,1C paBeH
70 MA, mig 2,1 Aoy — 210 MA, U T. 1.
WMenHo Takumu Tokamu (50...150 MA)
M 3apSYKAIOT aKKyMyIATOPB! ITHPOKO
pacITpOCTpaHeHHbIe 3aPsiHbIE YCTPOHC-
rBa 3Y-01, 3Y-01M, 3¥-80 u um mo-
no6HbIe.

VY nomo6HOro crocoba eCTb MUHUMYM
ABa NOCTOMHCTBA. [IepBhiit — JereBH3-
Ha. Bropoii — 6e301acHOCTb, HOCKO/IBKY
MpaKTHYECKH BCE TIPOM3BOIMMBbIE CETON1-
HA aKKyMY/IATOPBI PaccMaTpPHBAEMBbIX
K/IaCCOB TI03BO/IAIOT OCYLUECTBIATD 3a-
panxy Tokowm 0,1C Heomnpe/ieNeHHO 1071
TO 6e3 PUCKA TIOBPETUTH aKKYMY/IATOD.
[TosToMy, ecii BeI 3abyneTe O 3apsKae-
MOM aKKyMY/IATOPE, ¥ OH IPOCTOMT 101X
3apAAKONM HECKONBKO CYTOK — HHIEro
CTPAIIHOTO, M3 CTPOS OH HE BBIMIET
{4To, YBBI, HE BCETAa MOXKHO CKasaThb O
3apAZHOM YCTPOWCTBE).

Ho y cnioco6a 3apsnxu 0,1C ectb
HeTOCTATOK, ABAAMOLIMICA MPSAMBIM
C/eICTBHEM BbIUIEVIIOMAHYTHIX J0-
CTOMHCTB. Bpeys 3apsIxi cocTapiiser
06b19HO 14...16 9al. 970 4acTO OKaspI-
paeTcs cAMIIKOM 1o TN, [ToaTomy Ta-
KOIt c110co0 He CTaT IoMH{HHPVIOLIHM.

BTOpO# 9acTO NP} MexHgeMblF CETOAHA
crroco6 3apsAakii — OblCTpas 3apaiKa.
TlouATHE «OBICTPaA. B JAHHOM KOHTEK-
CTe OTHOCHUTEIbHOe. ATTOPDHUTM TaKOM
3apsANKH — 3apslka TOKOM 0,2...0,3C
B TedeHME 5...6 Yac ¢ Mocaenylouen
mosapAnkoil (6e3 KOHTPO/ISL BPEMEHH,
BIIOTH /10 BBHIKTIOYEHHS YCTPOMCTBA)
6esonacusiM TokoM 0,1C. VIMeHHO Ha
TaKOM IIPHMHIIMIIE OCHOBAHBI ITpeiara-
eMBble CeTONHA B OOBIIOM KOIMIECTBE
KUTAiCKHME 3apsaHbie YyCTPOMCTBA [JIA
6bICTPOIL 3aPAIKH.

Eirie ofuH aropuT™ 66ICTPOH 3apsaf-
KM — 3apsAnKa TOKOM 0,2...0,3C go Toro
MOMeHTa, KOT/Ia HallpsyKeHHue Ha 3api-
’KaeMOM aKKyMY/ISTOpe NOCTUTHET He-
KOTOPOTO Hallepes| 3a1aHHOTO 3HAYEHH L.




1001-e 3apAfHOE YCTPOUCTBO.

Jnunor

«1001-e 3apadHOe ycmpoucmeo» — no0 MAakum HA38aHUem names jiem
HA3a0 8 XypHase «CXeMOmexHUKa» 6bi1a 0ny6/1IUK08aHA MOA cmameA. B
Hell s onucan, Kak 0o/IKHa 6bime peanu3o8aHa KOHCMPYKYUsA, N0380/1A-
JOWGSA 3aPAXAMb HUKESTb-KaOMUEBbIe U HUKe/b-Memasi2uopudHeie aKKy-
My/IAMOopb! 6OMLWUMU MOKAMU U COKpamume 8pems 3apaoKu 00 00HO20
yaca. K coxaneHuto, omcymcmaue 8peMeHuU He N0380/1Us10 MHe mo20a
ommakemuposams nodo6Hoe ycmpoucmao, U A 02PAHUHU/ICA TUWb do-
€MamoyHo coipoli cxemol, KOMopas, Ha mou 832710, 6el/1d 8 COCMOAHUU
86IN0OIHUMb mpebyembie deticmaus. A HadesCs, Ymo Kmo-HUByOb u3
yumamerneti dosedem udeu 0o npakmuyeckol KOHCMpyKyuu. Ho, yebl,
3mo2o He npousowsio. bosee Mo2o, 3a NAMb Npoweowux 1em makxe

He NOABUJIOCH U CEpULIHO NPOU3BOOUMbIX yCmpoucme, peasusyrouux
nodo6Hsie anzopummsl. [103MOMy A NOCMApaAscs ebibpame epema U 3a-
gepwums pazpabomky, ONUCAHUIO KOMOPOU NOCBAWEHA npeonazaemas

sawieMy BHUMAHUIO CMAambA.

Ho, moCKoMbKy aKKyMyasiTOPBI OaxKe
OIHOTO IPOMU3BOIUTENA 9aCTO MMEIOT
3aMETHO pa3nuYaloIifecs 3HaYCHUA Ha-
NIPAXKEHMUH, COOTBETCTBYIOIIMX YPOBHIO
sapsapku 100 % (a y’K akKyMyIsaTOPBI OT
Pa3HBIX TIPOU3BOTHTENEH — TeM Boree),
STOT aITOPUTM TaKKe He MOMyIWI IHn-
POKOTO PacnpoCTpaHeHHUs.

Kak BUOHO, B 3THX YCTPOMCTBAX Yac-
THYHO TIPEOTOJIEH HEJOCTaTOK, CBOMC-
TBEHHDBIM YCTPOMCTBAM, 3apsXXaloniuMm
akkymynaTtopel Tokom 0,1C. Bpewms
3apsIKU COKPAILIEHO NPUMEPHO BTPOCL.
OnHaKo M 3TO JOATrO, €CTH BBI COOU-
paeTech HCIOIb30BaTh 3apAXacMble
aKKyMy/ATOpBl 1A uTanus Qoroan-
mapaTa, TO 3a 3TH 5...6 4ac 9KCKypCHs,
KOTOPYIO BBI XOTHTE 3aCHATh, HATHETCA
M 3aKOHYMTCA. Tak 4TO BCE PABHO BaM
MIPMIETCS 3aPAXKATh X B HOYHOE BpeMsl
HaKaHyHe, a B 3TOM C/Iy4ae 4To 5, 4TO
15 yacoB — pOJIM HE UTPAET.

TpeTmit crroco6 — CKOPOCTHas 3apaf-
ka TokoM 1C. [ akKkyMyasiTopa C €M-
KocThio 700 MA-4 Tok 1C pasen 700 MA,
mast 2,1 Arw — 2100 MA, v 1. 0. Bpemsa
3apAfKM TaKMM TOKOoM — Bcero 1 Jac
WIM 9y Tb-4yTh 6071ee, OHAKO MOTOOHbIE
TOKHM yXe He SBAAIOTCA 6€30MacHBIMU
T/ AKKYMY/ISITOPOB, Y IPU CKOPOCTHOM
3apsijIKe 3apsAgHOE YCTPONCTBO JO/DKHO
KOHTPOJIMPOBATh LiebIA PN ITapaMeT-
pOB — TeMIIepaTypy akKyMyaaTopa,
mafieHne HAlpsDKeHHs Ha HeM M BpeMs

3apAIKU. YBBI, 9TO 3aMETHO YCIOXKHSAET
KOHCTPYKIIHIO, B CBAA3H € 4eM IIOTOOHbIE
yCTpOIiCTBa TTOKA BECbMa JOPOTH.

U B 3aBepilleHHE HEOOXOIUMO OTME-
TUTD e1ie OIUH CII0c06 — CTpyiHas 3a-
panxa. O6bIYHO OH IPUMEHSETCS B CITY-
Yafx, KOTa JOITYCTUMOE BpeMsl 3apAIKI
aKKyMy/ATOPOB ropasnio 6onbiue 14...16
Yyac. ITO TUIIMYHO /ISl CHCTEM XPaHEHHUSA
IJAHHBIX WIM aBapUITHOTO OCBEILIEHMS.
B momo6HBIX cnydasx TOK 3apsijgKy
Bo6upaercs Ha yposae 0,03...0,05C.
PaccMaTpuBaeMblil CIIOCO6 O4€Hb T1O-
X0 Ha MEepPBbIi U3 YIIOMAHYTHIX BBIIIE
croco6oB (HOpManbHas 3apsika). Pas-
JIMYHE COCTOMT B TOM, 4YTO 3apsAfKa B
CHCTeMax XPaHEeHUs JaHHBIX U aBapHii-
HOTO OCBEII€HHS OCYIIECTBJISAETCA HE
OT BHEIIHETO 3apAfHOTO YCTPOMCTBA,
a OT MCTOYHHMKa OCHOBHOTO IIUTaHMA
3THX CHCTEM, U B LIITATHOM PEXHUME pa-
60TBl AaKKyMY/IATOPH U3 YIIOMAHYTBIX
cucreM He usBiekaorcs. Kpome Toro,
IIPU CTPYJHOM 3apsAaKe TOK B 2...3 pasa
MeHbllle, YeM IIPU HOPMaTbHOM.

B tabn. 1 mepeuucinenbl Hambonee
pacnpocTpaHeHHbIE CIIOCOOBI 3apsaKu
Ni-Cd u Ni-MH akkymynsTopoB.

CKOPOCTHAR TAPADKA

Ni-CD W Ni-MH AKKYMYRATOPOR
PaccmoTpum 6Gornee mogpo6HO, Kak

IOJDKHBI ObITh Pea30BaHbl yCTPOUCTBA

sapsigku TokoM 1C. Ha puc. 1 npusene-
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Puc. 1

HbI THIOBbIE 3apAJHBIC XaPAKTEPUCTH-
KM HUKeIb-KaIMHEBbIX aKKyMY/IATOPOB
dupmur GP (st aKKyMynsSTOPOB IPYTHX
IIPOM3BOTUTE/IEH OHU AHATIOTHYHDI).

TTo TOpU3OHTANbHON OCH OTIOXEHA
BE/IMYMHA 3apA7a aKKyMyIATOpa (B Ipo-
HeHTax OT HOMMHaIBHOM €MKOCTH), &
110 BEPTUKAIbHOM — HAIPAXEHUE Ha
aKKyMynaTope B mpouecce 3apsaki. Ha
puc. | IpUBeneHbI TPU 3aBUCUMOCTH —
st Toxos sapsigku 0,1C, 0,5C u 1C.

O6paTuTe BHMMaHHE Ha Cegylomiee
o6cTosnTenbcTBo. Ha 3apAmHbIX Xapak-
Tepuctukax BO6nmsn emkoctu 100 %
OTYET/IMBO 3aMETEH «TOpO», BEIUYMHA
KOTOPOTO OOBIYHO COCTAB/AET HE MEHEE
20...50 MB. Ilpu 3TOM BeIM4YMHA ITO-
ro rop6a MakcumaabHa 1A ToKa 1C, u
CHIDKaeTCA B HECKOJbKO pas Mo Mepe
CHIDKEHUS 3apsAIHOTO TOKA.

HMeHHO HATHYME YIIOMSIHYTOTO «TOP-
6a» MO3BOJsAET B OONMBINMHCTBE CTyYacs
JIETKO OTIPEIETINTh MOMEHT [JOCTIDKEHUSA
TIOIHOM 3apANKH aKKyMy/IATOpa. JTOT
MOMEHT COOTBETCTBYET CHIDKEHHIO I1a-
IeHUA HATIPSDKEHMUs Ha aKKyMy/IATOPe Ha
10...20 MB B cpaBHEHMH C MAKCUMYMOM.
[1pu aTOM 3apAz aKKyMy/ITOPa MPUMeEp-
HO Ha 20 % 60sblIe €T0 HOMHHAA.

Q4eBUIHO, YTO €CAM 3apANHOE YCT-
POVICTBO MOXET KOHTPOJIMPOBATD IIajie-
HYe HAIIPSDKEHHNA Ha 3apAKaeMOM aKKy-
My/ATOPE U OTPEIeNATh MOMEHT, KOT/Ia
oHO cHu3uTCs Ha 20 MB B cpaBHEHMH C
MaKCHMMYMOM, TO CHTHa/I, POPMHUpPyeMBbIA
B 3TOT MOMEHT, MOXKET HMCIO/Ib30BaTh-
sl JUIst OTKTIOYEHMs! 3apsiIKH. SHaYeHHe
20 MB COOTBETCTBYET 3apsHOMY TOKY
1C. Jlna MeHBIIMX TOKOB CHIDKEHME
TOJDKHO OBLITh BIGPaHO MeHbIuM. [1pn
tokax 0,1...0,3C OHO CTaHOBHTCS COIOC-
TaBUMOM C LIYMaMH, B CBA3H € YeM II0-
DO6GHBI KPUTEPHH OKOHYAHMs 3apALKI

Ta6bnuvua 1
MeToab! 3apagku
HOPMaNbHbIA 6bICTPbIA CKOPOCTHOM CTPYHDLIR
OcHOBHbIE oTKNIOuEHMe oTKnovueHue OTKJIIOMEHUe
OTKNIOUEHNEe | OTKAKUEHME | MO AOCTHKEHNIO N0 CHUMKEHHIO npu pocre Ge3
napameTpbt . HanpsXeHus TeMneparypbi
BPYUHYIO no raumepy 3apaHHOTO wa 10...20 mB cebiwe 1 °C/muH OTKJHIOMEHWNA
HanpRKeHns (AV-3apag) {AT-3apsaa)
Bpema 3apagku, yac 14..16 5..8 5.8 1.2 1..2 30 u 6onee
Tok 3apagku 0,1C 0,2...0,3C 0,2..0,3C 0,5..1C 0,5..1C 0,03...0,05C
CreneHb 3apagku batapeu, % 0o 120 8o 120 8o 120 110..120 100..110 120




1 PaKTHKA

He MOXeT ObITh HCII0/Ib30BaH IIPU MAIBIX
tokax. Ha puc. 2 npuBefeHb! TUIIOBbIE
3apANHbIE XapaKTEPUCTUKN HHUKE/b-Me-
TA/UITHAPUAHBIX akKyMynaTopos GP.

3pech HY>KHO 0OpaTHTh BHUMaHHe Ha
cnenytoniee 06cToATebCTBO. CTPYKTY-
Pa KPMBBIX CXOXa C TIPUBE/ICHHBIMH Ha
pHC. 1, oiHaKo BeMYMHA «TOpOa» 3aMeT-
HO MeHblle. O4eBUIHO, UTO BEINYHHY
CHIDKEHMs HalpsDKeHHsA B CPaBHEHMH
¢ MAaKCUMYMOM [UIl OIPENEIEHNS MO-
MEHTa 3aBepliieHus 3apAaiku Tokom 1C
CTOMT BbI6UpaTh Ha ypoHe 10...15 MB.
COOTBETCTBEHHO /I MEHBIINX TOKOB
ee HeobxomuMo 6paTh eure MeHee. Ilpn
3TOM 3apsAfika TOKOM MEHBIINM, YeM
0,5C, /19 CKOPOCTHOH 3apANKY He PEKO-
MeHpyertcs. B o61ieM, 10THYHO — Kakas
e 3TO CKOPOCTHas 3apsafka, eClu OH
IUTNTCA 607ee ABYX YaCOB.
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Puc. 2

YIOMSAHYTBIN C110CO0, XapaKkTepH3y-
JOIIMICA 3aBepIIIEHHEM 3aPAIKH B MO-
MEHT CHIDKEHHS HaIIPsKEHNA Ha aKKy-
mynaTope Ha 10..20 MB B cpaBHEHHH ¢
MAaKCUMYMOM, [IO/TY4YH1 B QHI/IOA3BIYHON
nuTepaType HasBanue Negative Delta V
um cokpanienHo NDV. B oredecten-
HOH JUTEpAType MOJOOHbIN criocob
HMEHYIOT CrocoboM AV-3apaikH HIH
croco6oM oTpHLATEbHOM AV-3apsANIKH.
HasBanue crioco6a 0qHO3HAYHO OTpaXka-
€T €ro CyTb — OTK/IIOYEHHE 3aAPANHOTO
TOK2 B MOMEHT He6O/IbIIOTO CHIKEHNSA
HAMpsDKEHHA Ha aKKyMY/ISATOPe B KOHIIE
3apankH. Eule pas HanoMHIO — pedb
HAET TONBKO O HHUKENIb-KaIMHEBDIX
(Ni-Cd) u HuKenb-MeTa/UVITHIPHIHBIX
(Ni-MH) akxymynaTtopax.

BcnepctBue O6HCTPOTHI OTK/IMKA
crioco6 AV-3apanku 0COOEHHO XOpo-
110 MCTONB30BaTh A1 ONPENCICHHUSA
KOHIIA 3apAAKA MOHOJIMTHBIX 6aTapen,
COOpAaHHBIX M3 HeCKOIbKHX MOC/IeN0-
BAaTe/bHO BK/IIOYEHHBIX OJMHOYHBIX
akkymynsTopos. IIpaBaa, 1pu 3TOM
HY>XHO UMETb B BUAY, YTO BXOAALIHE B
cocTaB 6arapeu aKKyMynsaTOPBL JOJDK-
HbI OBITH COIVIACOBAHBI 110 €MKOCTH,
[IpU4YeM He TONbKO 110 HOMHHAIBHOM,
HO M II0 peajibHON — IMOC/HeNHAA Y
OJMHAKOBBIX 110 HOMHHAIY aKKyMy-
JIATOPOB MO>XXET PasjM4aThcsi OT 06-

pasua k obpasuy go 20 %. Ecnmn npn
c6opke 6aTaped BXOAUINE B €€ COCTaB
AKKYMYJIATODBI 6yAyT pas/in4arhCs 1o
peaIbHOM eMKOCTH, CHHKeHHe Hamps-
>KeHHMdA B KOHIle 3apAAKM Ha OTHOM U3
AKKyMY/IATOPOB 6yIeT MaCKHpOBAThCA
POCTOM Ha IPYyTOM, B pe3y/IbTaTe 4ero
YHOMSAHYTBIA «TOpP6» OKaXKETCs pas-
MBITBIM. COT/IacOBaHHBIE AKKYMY/IATO-
pol 0becriedaT CHHXPOHHOE CHIDKEHHe
HAIIPsDKEHUA Ha KaKIOM, B pe3ynbTa-
Te 1eT0 MOMEHT 3aBepLIeHHs 3apAIKHI
MOJXET OBITh Y€TKO BBIJE/IEH.

Eite OTHO IPeMMyLIECTBO CII0co6a
AV-3apARKH NPOAB/IAETCA MPH MOMNBIT-
K€ 3apsAAUTh YaCTUYHO WIH [IOTHOCTBIO
3apsOKEHHbIe akKymy/aaTopbl. [lpu yc-
TaHOBKE NMOJOOHOTO aKKyMYIATOpa B
3apAfHOE YCTPOMCTBO, PeaN3yIolliee
A/ITOPUTM CKOPOCTHOMH AV-3apsAAKH,
HanpsDKEHHe Ha TaKOM aKKYMYJIATO-
pe BHa4ale, Kak OOBIYHO, BO3pAcTaeT,
a 3aTeM, CITyCTA HECKOJIbKO MHMHYT (B
3aBUCMMOCTH OT CTETIeHH PaspAIKH aK-
KyMynsTopa), ragaeT. Takum o6pasom,
HCKIIOYAETCA repe3apsaKa akKyMy/IaTo-
pa, IPUBOAALIAsA [IPH 3apAaKe OOBIINM
TOKOM K €T0 Jerpajaliiu.

CyiecTByerT ele OfuH crioco6 CKo-
POCTHO 3apankH. B ero ocHOBe I&KHUT
HM3BECTHOE CBOJICTBO aKKYMY/IATOPOB
pasorpeBaTbCs [0 Mepe NMPUOMIDKeHNs
K cocrosHMo 3apafku 100 %. IMoka
3araceHHas aKKyMyJIATOpOM JHEPTHUA
JazeKa OT MAaKCHMYMa, €70 TeMIlepaTrypa
ocraeTca HeMaMeHHOI. Korga ypoBeHb
3apAAKKM NOMMAeT npumepHo Ko 70 %,
CKOPOCTD TOTJIOINEHHA AKKYMY/IATO-
POM 2HEPTHH CHMIKAETCA, M ee U3JHUIL-
KM HarpeBaioT KOPIIYC aKKYMY/IATOPa,
TeM CIIbHEE, 9eM MEHBILE CIIOCOBHOCTD
akkymynsaTopa K ee nornomenno. K
MOMEHTY HOCTIDKeHHA 3apsapku 100 %
CKOPOCTb pasoTpeBa aKKyMynaTopa
nocturaeT 3Hadenmit 0,8...1°/MuH, 4TO
ABJIACTCA KpHUTepHEM 3aBepIEeHHA 3a-
PAOKH.

TakuM 06pa3oM, ec/iu 3apAIHOe YCT-
POHCTBO (WM CaM aKKyMY/IATOP) NMeeT
TEPMOJATYHMK, & TAKXKE y3ell, Crocod-
HBIII U3MEPATb CKOPOCTb M3MEHEHHA
TeMIIEPATYPBI 3TOTO JATYMKA, U MOXET
3aUKCHPOBATb MOMEHT HNOCTHXKEHHA
sHayeHus 0,8...1 °/MHH, TO CHUTHaI,
dbopMHIpyeMblit B 3TOT MOMEHT, MOXET
HCIIO/Nb30BAThCsA A OTK/IMIOYEHUA 3a-
PpAOKA.

Momo6HbI CIIOCO6 MOMYYWIT Ha3Ba-
HHe criocoba AT-3zapsapku. IIpu atom,
B OTAMYHME OT criocoba AV-zapaaku,
ypoBenb 3apsagku cocrasmser 100 %
OT HOMMHA/IbHOM €MKOCTH, T. €. PHUCK
riepesapAIKi aKKyMYNATOpa MpaKTHIeC-
KM IOMHOCThIO uckmoyeH. Ho y MeTona

€CTh OYEBHIHBII HEJOCTATOK — B CO-
CTaBe 3apAJHOTO YCTPOMCTBA NO/DKEH
6BITh DATIUK TEMIIEPATYPBI aKKyMY/IfA-
TOpa, a ITO YCTOXKHAET YCTPOHCTBO M
ero KOHCTPYKTHBHOE MCIIO/HEHHe, T10-
3TOMY TONOOHBIE YCTPOMCTBA BCe €INE
PeIKOCTb.

[locse 3aBeplueHUs 3apAnKH 60b-
LINM TOKOM, BHe 3aBUCHMOCTH OT TOTO,
HCITONB30Ba/ICA 1K criocod AV wm AT,
AKKYMY/IATOPBI € €TI0 KOMITeHCAUNH
CaMOpaspAOKH PeKOMEHAyeTcs [03a-
PARUTH MajbIM TOKOM (0,1...0,2C).
Bpems gosapsanku — 1...2 4ac. Onnako
3To TpefOoBaHHe, KOTOPOE 0e3 KaKUX-
nH60 KOMMEHTapHeB MOXHO BCTpe-
TUTb Y BCeX IIPOM3BOIMTENEN AKKY-
MY/IATOPOB, BeCbMa IPOTHBOPEIMBO.
C OfHOW CTOPOHBI, NPAaKTHYECKH BCe
OHHM IIPOBO3I/AIIAIT BO3MOXHOCTD
3apsKATh POM3BOJAMMBIE HMH AKKY-
mynaTopsl TokoM 0,1C CKOIb Yrof-
HO IO/TO, BecATKH 4acoB. C apyrou
CTOpPOHBI, TIPH CKOPOCTHON 3apAnKe
aKKyMY/IATOP 3allacaet 3apsj, COCTaB-
asomui 100...120 % oT HOMHHAJA,
M OCO3HATh, O KaKO¥ HO3apANKe HIAET
peub, BeCbMa TPYAHO. MHe, BO BCA-
KOM C/Iy4ae, [OHATb 3TO 6€3 HOION-
HUTE/NbHBIX Pa3bACHEHUH He YAAJIOCh,
a MOC/IeNHME, YBBI, OTCYTCTBYIOT. M3
BCEro CKasaHHOTO f Clie/la/l BHIBOJ, YTO
rocjae 3aBepuieHUsA 3apsAlNKH TOKOM
1C HY>XHO MepeKTIOYUTb AKKYMYIA-
TOp Ha f03apAaKky Tokom 0,05...0,1C
M [EpXaTb €ro B TAaKOM COCTOAHHMH
BIUIOTD 10 M3BJIEYeHHUA U3 3aPANHOTO
ycrpoicTBa. [1pu 3T0M aKKyMyNATOP
MOXeT O5ITh HCIIOJNB30BaH B MO60H
MOMEHT, B TOM YHC/IE M Cpasy I1ocie
fepeKIoueHHs ¢ 3apANKM GObLINM
TOKOM Ha 3apAIRY MaTbIM TOKOM.

M nocaenee, 4T0 HEOOXOIMMO OTMe-
TUTh — B IIPOLIECCE 3aPAIKH OO IBLIMM
TOKOM HEOOGXOMMMO KOHTPO THPOBATh
TeMIepaTypy akKyMyIaTopd, ¥ HH B
KOeM Cy4ae He AONYCKATb IpEeBbIIIIE-
Hus 55 °C (HeKOTOpbIE TPOHU3BOIHTE/H
JOTYCKAIOT /s cBoMX u3nemit 60 °C).
Takum o6pa3oM, 3TO MOC/IEAHee 3aMe-
JaHHe OKOHYATeNMLHO TIPUBOIUT K He0O-
XOIHMOCTH MMETh B COCTaBe YCTPOMCTBA
3apafkyu 6OAbIIMM TOKOM TepMOJAT-
YUK, KOHTPOJIUPYIOLINIA TeMIepaTypy
3apAXKAEMOTO aKKyMY/IATOPA.

IIpodonscenue cnedyem

Anexcanpp Ppynse,
r. MockBa




O 6nvi>kHeM nosie NpuemMHOun

AHTEeHHDbI

B cmameoe paccmompeno e3aumodelicmaue cobcmeeHHO20 6/1uXHe20
NOAA 31eKMpuYecKu Manol NPUeMHOU aHMeHHbl ¢ nosiem npuxooawel
nonepeqHol 3n1eKmpomazHUmMHoU 80J1Hbi, KOMOpPOe U NPUBOOUM K u3sie-
YeHuIo SHepauu aHmeHHou. MokasaHo, Ymo scnedcmeue uHMepgpepeH-
yuu noneti NUHUU MOKA 3HEP2UU UCKPUBAIAIOMCSA 8 CMOPOHY NpuemHou
aHmeHHel. [laHa npocmas 2eomempudeckas uHmepnpemauus 3ggpex-
musHoti noznowarouleli nogepxHocmu u deticmayrouje2o obvema cobc-
maeeHHO20 nosia aHmeHHbl. OBHapyXeHul 084 He ONUCAHHbIX paHee A8-
fleHus — 06pasosaHue «31eKmpoMazHumHoUl meHu» no3adu npuemHou
aHmMeHHsl U cywecmeosaHue obaacmet npocmpaHcmea o0Ko/10 aHMeHHbI
C 8pAWAIOWUMUCA 3/1EKMPUYECKUM U Ma2HUMHbIM nosAmMu. PacckasaHo
06 3xkcnepumeHmax, nodmaepxaoarouwux meopuro. Mamepuan cmameu
66171 DOI0XeEH HA cemuHape “InekmpoduHamuka u mexHuka CBY, KB4 u
onmuueckux yacmom” 8 MHTOP3C um. A. C. Monosa 20.05.05 u ony6nu-
KosaH 8 XxypHane CQ-QRP, abin. 8, okmabpb 2005 2.

IIpensicropus npo6aemsl. B cratbax
aBTopa [1, 2] (Bropas — pacmupeH-
HBII BApHAHT TEpPBOI) oOCyXmanach
CienyIoMas TUIIOTe3a — TPHEM 971€K-
TPOMATHHTHBIX BOJH H Npeo6pasoBa-
HHME MX aHTeHHOI B 3/1eKTPHYECKUMN
CHTHa/ NMPOUCXOOUT IIyTeM B3aHMO-
NEMCTBUA TO/NA MPUXOAALIEN BOTHBI
C coBCTBeHHBIM TofeM aHTeHHBL. [lo-
IPYTOMY TPYAHO OOBACHHTH TOT (aKT,
YTO 9AEKTPHUUECKH Majble aHTEHHBI
CIIOCOGHBI U3BAEKATh U3 TIPUXOIAILEA
BOJIHBI 3HAYUTENBHYIO MOLIHOCTH [3].
BsaumopeiicTBHe MOjel yCUAHBAETCA
MIPH HACTPOIiKe aHTEHHBI B Pe30HAHC.
ITpu stom a¢ddekTUBHEBIN 00BEM Ca-
Moit aHTedsbl V [1, 2] He usMeHseT-
Csl, HO yBeNHUHBaeTCs o6beM, 3aHU-
MaeMbIil OMMXKHUM TI0/1eM aHTeHHBI, U
BO3pacTaeT OTHaBaemas B NPHEMHHK
MOIIHOCTb.

Bri10 BBeieHO MOHATHE PE3OHAHC-
HOro oO6'beMa M0/ aHTEeHHBI Vp =VQ
(Q — HOBPOTHOCTH aHTEHHOM LEMH).
Brino mokasaHo, 4TO 1IA MIEANBHOM
(6e3 TOTepb) aHTeHHbI B CBOOOAHOM
IPOCTPAHCTBE PE30HAHCHBIN 00DBEM
nons cocraister V, = (A/3)% a nas
cToAIEeN Ha IpOBOAAIIEHN 3eMne aHTeH-
#ubt — 0,5(A/3)3. Tlokasano, uro KIIJ
peanbHON aHTEeHHBI T} ONpelenseTcs
mpocTeIMU popMynaMu:

n= Vp/VO, w1 = Q/Qy,

rie Q, — HO6pOTHOCTD UEANBHOM aH-
TEeHHBL

l'inoTesa Halina MOATBEPXAECHHE B
onmy6nHKOBaHHBIX paHee (cM. 6M6MHO-
rpaduio K {2]), HO MaOU3BECTHBIX pa-
60Tax CIIEIUAIICTOB B 00/1ACTH 3/IEKTPO-
TMHAMHKH, ¥ OTHIOb He IPOTHBOPEYHUT
9KCIIEPHMEHTY, TdK YTO BIIOJIHE MOXKET
6bITh TIpH3HAHA TeopHeil. Ho BO3HHK

BOIPOC, 2 KaK MMEHHO TPOMCXOAUT
B3aUMOJENCTBHE TIO/IEl, U KaKuM 06-
pasom Masasi aHTEHHA MOXKET H3BJIEKaTh
MOIITHOCTh K3 JOBOJIBHO 3HAYUTE/NBHO-
ro o6’beMa MPOCTPaHCTBA, HAMHOTO (B
Q pas) mpeBocxopsIero GUIMIECKHIT
06beM caMoOil aHTeHHBI. 31ech cenata
MOIIBITKA JaTh OTBET.

IlonmepeyHas 3MeKTPOMATHUTHASA
BonHa u Bekrop IloitHTHHTA. PaccmoT-
PHM PagHOBOJIHY € OTIEPeYHOM CTPYK-
Typoit B CBOGOJHOM IIPOCTPAaHCTBE
(puc. 1), rie BeKTOpa HaIPAXKEHHOCTH
anekTpudeckoro monas E u marautHo-
ro H nampaBniess! NepleHAUKYIAPHO
APYT OpYyry M TepIeHAUKYAAPHO Ha-
TIpaB/IeHUIO PACIIPOCTpaHeHus, o6pasys
NpaBOBUHTOBYIO Tpoiiky. Konebanus
3NEKTPUYECKOTO H MarHUTHOTO MOJEN
poucxopaT cudas=o.

iz
Puc. 1

BextopHoe npousBenenue I = EX H
(BexTOop YmoBa-IloitHTHHra) HMeeT
pasmepHocTh B/M X A/M = Br/M* u
PAaBHO IIOTHOCTH NIOTOKA 3HEPTHH pac-
npocTpaHsoLeiicad BONHbL [TocKonbKy
E u H B cB0o601HOM IIpOCTpaHCTBE IIPO-
opuHoHanbHb APYT Apyry, E = WH, 1o
I1 = E2/W = H?W, 1. e. 10THOCTD
MOTOKa 3HEPIrHH IPONOPIHOHANBHA
KBAfpaTy HANPAXeHHOCTH MO, KaK
anektpuueckoro E, Tak u mMarauTHO-
ro H. Koadpdumnuenr W (BonHoBoe

CxemorexHuia Ne 3 wapT 2006

COMpOTHBIEHHE) B CBOOOAHOM IPO-
CTpaHCTBE paBeH:

W =1L, /€, =120m=377 Om,

rae [y K €, — 371eKTPHYecKas K MarHUT-
Has KOHCTaHTBI cHcTeMbl enuaul CH.

Cusycouganbaas BO/IHA, H300paXKeH-
Hag Ha pHUc. 1, ABMXKETCS B Halpaene-
HuK BekTopa II co CKOpPOCTBIO CBeTa
c=1/yN,€,. HenopBrxHbIiA Habmoma-
Tesb TIPH PacIpoCTPaHeHHH MHUMO HEro
PafHOBOMHBL 3aPETHCTPUPYET CHHYCO-
UOanbHBIE KONeOaHUsA 371eKTPHYECKOTO
M MardUTHOTO TIOZel ¢ dactoToi f, B
TOYHOCTH PABHOM YacTOTE IMepenaTit-
ka. JINOTHOCTh TIOTOKA 3HEPTHH TAKXKe
6yneT KonebaTbcs, HO C yLBOEHHOH Yac-
ToToit 2f. MakcuMyM ToToKa 6yfieT TIpH
IPOXOXKAEHHH MaKCHMYMOB TIO/IeM, OH
paBeH NPOH3BeNeHHIO MX aMIUIMTYAHbIX
3HavYeHUil. MUHUManbHbIE 3HAYEHUSA
[OTOKA PaBHBI HY/MO. TakuM 06pasom,
SHEPTHA PaCHPOCTPAHAETCA KaK Obl TONI-
YKaMM, HJIM OHOCTOPOHHHMH CHHYCOH-
NaTbHBIMH MMIIYIbCAMH, KaK IOKa3aHO
Ha puc. | mTpuxoBoi nuHKEN. B cpen-
HeM xe IT = EH, ecin E u H noxcra-
BUTH B 3¢ ¢deKTUBHBIX 3Havenuax. Jlanee
Be3ne Mbl OyJeM HCIIOIb30BATh TOIBKO
cpensee 3Havenue BekTopa IL

Co6cTBeHHBbIE ITEKTPHIECKOoe H Mar-
HHTHOE MONs aHTeHHbI. M3naraemas
TeopUs TIPUIOKHMA K MIOOBIM aHTeH-
HaM, HO MbI OrpPaHHYMMCA MPOCTeEM-
LIMM Cly4aeM — [IHHHBIMH BOTHAMH
M ManbIiMH, TI0 CPaBHEHHUIO C JITHHOM
BOJIHBI, aHTeHHaMH. Ha piMHHBIX BOA-
Hax UCMOAB3YIOT HCKIIOUUTENBHO Bep-
THKabHYIO Mossipusanuio (Bektrop E
BepTHKaJeH), TIOCKObKY BOJHBI C TO-
PH30HTANbHOI TO/IsApH3alHell BOMU3H
npoBoasAmieil 3eM/IM He PacpocTpa-
HAIOTCS, TIO3TOMY PACCMOTPHM MATYIO
BEPTUK/IBHYI0 aHTEHHY, CTOAIIYIO Ha
3emne (puc. 2). OHa MOXeT HUMeTb
BEPXHIOI0 eMKOCTHYIO Harpy3Ky B BUJiE
IMCKa, 30HTHKA WIH IPOCTO IPOBOA0Y-
HOI TOPH30HTAJbHOM YaCTH, a TAKXKe
KAaTYILKy HHEYKTHBHOCTH, BKTIOYEHHYIO
B IIPOBOJ, aHTEHHBI K HACTPaHBAIOIYIO
ee B pe3oHaHC. Takas aHTeHHa SAB/IAETCA
KakK 6bI IONOBHHKOI BubpaTopa I'epra
(mpyras IIOOBHHA — 3EPKAIbHOE OTpa-
xeHue TepBoit B 3emne). B neMenkon
AMTepaType 3Ty aHTEHHY 4acTO Ha3bl-
BaOT BUGpaTtopom Abpaxama.

Eciu B padHOiM aHTeHHe BO3OymUTh
Kosie6aHHs (HeBaXXHO, KAKMM 06pa3oM)
Ha pe30HAHCHOI 4acToTe, MO IPOBOAY
aHTEeHHBI [TOTEYeT NTEPEMEHHBIN TOK, KO-
TOpBIiL OyneT Iepe3apsakaTh BEPXHIOKO
YacTh MpoBofa (MM «IUIANY») aHTeH-
HbL. Tok cospact marautHoe mone H,
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Puc. 2

CHJIOBBIE THHUHM KOTOPOTO UMEKOT BUIL
KOJI€ll, [IOKa3aHHbIX Ha PUC. 2 IITPUXO-
BbIMH JIMHUAMU. B To e BpeMs Harps-
SKEHHE «ILUIAMbI» CO3TACT 3MEKTpHYEC-
koe noyie E,, cioBbie TUHUH KOTOPOTO
MOKA3aHbI CIUIOIIHBIMHU JTMHUAMH. Ko-
ne6anus E, u H, cusunyTs o dase Ha
90° (kBagpaTypHbi), TOYHO TaK Xe, KaK
TOK U HalpsDKeHHe B PeaKTUBHOM Ha-
rpyske — KOHpeHcaTope.

BexTtop TlojiHTUHIa, BHIYUCIEHHBIA
B KaKOIl JM60 TOYKe OKOJO aHTEHHbI,
4eTBepTh IepHOna KoJe6aHU# Halpas-
JIeH HapyXy, OT aHTEHHBI, B CIEAYIONIYIO
4eTBEPTh [1EPUOAA BOBHYTPb, K aHTEH-
He. OH MeHseT HarpaB/IeHHE JBAKMbI
3a MEpHON, a B CPelHEM PaBEH HYIIO.
9TO O3HAYa€eT, YTO PeaKTUBHOE GIMK-
Hee TI0JIe He U3/Ty4yaeT SHEePTHIO, a JIUIb
KaK 6bl MYIbCHPYeT BOKPYT aHTEHHbIL.
ITone u3mydeHHs, B KOTOPOM Eu H
cundasHbi, GOpMUPYETCA B GMHKHEM
none Tem 3¢ dexTuBHEe, deM 60/bIlIe
pasMepbl ITOCTeTHETO.

Amrumarynst noeit E, u H, y6biBa-
0T NOBOJBLHO ObICTPO IPH YAATEeHHU
OT aHTEHHbI Ha PaccTosHUe, 6OMbIlee
€€ PasMepOB, NMPONOPLHOHATEHO Ky6y
paccTosgHus. JTO pagMKalbHO OTIIH-
qaeT 6/DKHee [10/1€ aHTEHHbI OT M07IA
[PUXOIALLEH BOJIHBI, KOTOpOE BOIMU
aHTeHHbI BIIOJIHE MOXKHO CYUTATh Of-
HOPOIHLIM BBMJY 3HaUUTENbHOH yna-
JIEHHOCTH IIepenaTyyKa.

BsaumogpeiictBue momneit. [Ipuxoms-
r1as BOJHA HaBONUT B TPOBOJIE aHTEH-
b1 Hekotopyto JJIC &, paBHy0O npous-
BefleHu1o E Ha meficTBYIOIIYIO BBICOTY
anTennsl, § = Eh,. Tlocnennss saBu-
CUT OT paciipefie/ieHHsi TOKa B MPOBO-
lle aHTEHHbI U MOXXET U3MEHAThCA OT
h/2 (TpeyronbHoe pacrpeneseHHe) 10
h (paBHOMepHOe pacripesienieHye), re
h — reomerpuyeckas BbICOTa aHTEH-
Hil. J]IC cosmaeT B MpOBOME aHTEHHbI
cuHbasHb1 ¢ roneM E TOK i, MOCKOMbKY
PEaKTHUBHOCTH B HACTPOEHHO! aHTEHHE
CKOMIIEHCUPOBaHbI (peaKTUBHOE MHIYK-~
TMBHOE CONPOTHB/IEHNE KaTYILIKH PaBHO
10 a6COMOTHOM BeMYMHE H IPOTUBO-
TIO/IOKHO 10 3HaKy EMKOCTHOMY COIIPO-

TUBJIEHUIO «IIUIAIbI» ). AKTHBHOE JXKe CO-
MPOTUB/ICHUE aHTEHHBI CKAaIbIBAETCS
U3 OYeHb HEGOJIBILIOTO COMPOTUBIEHUA
U3Ty4eHHs I' U COMIPOTHUBIEHHUA NOTEPD
r,. Bymem cuuratb, 4TO B CONpPOTHUBIIE-
HUe IOTEPb BXOMUT U BXOMHOE COIPO-
TUBJ/IEHHE IPUEMHHKA, [TOCKO/TbKY B HEM
TaKoKe rorIomaerca sHeprus. UTak, i =
Eh /(ry + 1,).

MarH4THOE I0JI€ B HEIOCPECTBEH-
HOI 6/TU30CTH OT IIPOBOMA BEIUHACIAETCA
1o ripocroyt popmyne: H, = i/(2nr), Toe
i — TOK B aHTeHHe, I — pPacCTOAHUE
ot nposoma. [TpuBeneHHbie GOpMyYIHI
MMO3BOJIAIOT COEMATh BBIBOJ, YTO BCETTa
MOKHO OA06PaTh CTOJIb Maoe pacCTo-
AHHe OT IPOBOJIA T, [IPH KOTOPOM CO6C-
TBeHHOE MarHUTHOe [10jIe aHTeHHbl H,
6yner HaMHOTO 6o7IbINE TPUXOTAIIETO
nona H, v BOMM3M TpoBOJa MOCAETHUM
MOJXHO IpeHeOpeyb.

Ho BcmoMHHUM, 4TO TOK, a C/lemoOBa-
tenbHO U H,, curdasnbl ¢ Bektopom E
NpUXOAAIIEH BOTHBI, HalpaBIeHHbIM
BepTUKaIbHO. Berunciss Bextop Ilof-
HTUHTa BGIM3H MPOBOAA aHTEHHBI KaK
npoussegenye EH , noryyaem, yto oH
HaripaBjieH MpPAMO B IPOBO], NEPIIEH-
TUKYISAPHO €ro IIOBEPXHOCTH. JTO WII-
JIOCTPUPYET PHUC. 3, Iie NOKasaH BUJ
Ha MpOBOJ aHTEHHBI CBepXy (ceueHue
€aMOTO IPOBOJIA 3aILTPUXOBAHO ). D/EK-
TPUYECKOE M10J1€ [IPUXOsIeii BOTHbI E
HalpaB/IeHO Ha PUCYHKe Ha Hac, ¥ 0603-
HayeHO TOYKaMU B KpyXKKaX. Maraur-
HOe 1io/Ie camoit aHTeHHH H, Harnpas-
JIeHO 110 KacaTelbHOM K OKPY>KHOCTH
(jurpuxoBas TUHHA) U306paKaoLIEN
MarHMTHYIO CWIOBYIO THHHIO.

Taxum o6pasom, Bextop E npuxons-
1iei BOJHbI ¢ BekropoM H, nons anreH-
HbI IRQI0T NOTOK SHEpPrUM, HarpaBieH-
HbII B IIPOBOJ, U, B KOHEYHOM HTOTE,
B IpueMHHK. JnexTpudeckoe none E,
aHTeHHBl B 3TOM Mpolecce (BO6MM3U
NpoBOAa) HE YYacTBYET, ITOCKONBKY
OHO B KBagparype ¢ Bektopamu H u
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H,. Teriepp MbI HarAIHO BUIUM, KaK
cO6CTBEeHHOE T10JIe aHTEHHBI MI03BOJIAET
M3BJIEKaTh 9HEPTHIO U3 MPHUXOUAIIETO
oJIs.

JIMHHUM TOKA HEPrUH H «3NEKTPO-
MArHHTHas Te€Hb» N03a1H AHTCHHBI.
TloxyguB 3TOT pe3ynbTaT, HHTEPECHO
MPOIO/DKUTh HUCCTIeIOBAHUE, OTONBHU-
HYBILIMCh OT aHT€HHbI HECKOJILKO la/Ib-
me. Terepb ye He/b3s GyneT npenet-
pedb NPUXOMAIIMM TI0/IEM, NOCKOIBKY
H, y6bIBaeT ¢ pacCTOSHHEM OT aHTEHHbI
ITOCTATOYHO GBICTPO, U IIPUIETCA UCKaTh
BexTopHyio cymmy H u H,. O6patumcs
K pHC. 4, a, ITie TIOKa3aH BUJI AHTEHHbI
CBepXy M HapHCOBaHbl TPH BEKTOPa
CO6CTBEHHOTO MarHUTHOTO 110714 AHTEH-
Hbl H, Ha pasHbIx paccTosHMAX a, bu ¢
oT auTeHHbl. CleBa 10Ka3aHbl BEKTOPbI
E (manpasen Ha Hac), H u II npuxons-
el BOJMHBI.

Ilepen anTeHHO# Ha ocu X nons H
u H, HarpaB/ieHbl B OfHY CTOPOHY H
CK/IambIBAIOTCA, a 1103311 AHTEHHbI — B
pasHbie U BbruMTaOTCA. B Touke a H,
6onpiue H, nosromy 3mech cyMmmapHoe
MarHUTHOE [10JIe HarpaBlIeHo MPOTUBO-
[O/I0’KHYI0 CTOPOHY 110 OTHOIIEHUIO K
npuxoisaieMy. MeHseT Hanpas/leHHe
u Bekrop Il — 31ech OH Hampas/IeH K
[IPOBOAY aHTEHHbI, MPOTHB HalpaBrie-
HHA paclpOCTPaHEHHs BO THBL

BosbMmem 6onbiuee D:ilITOAHUE, €
TakuM pacueroMm. yTofx H = H. B
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TOYKe b MarHWTHOe moJe, a, CIedOBa-
Te/NbHO, U BeKTOp II 06paTATCA B HY/b.
ITpu eme 6o/bLIEM PACCTOAHUY (TOUKA
¢) Bce mpuxomut B Hopmy: H > H, u
Hanpab/leHue MOTOKA SHEPrUU BOCCTA-
HapuBaerca. ['padux usMeHenua Ha-
rpspKeHHOCTH cymmapHoro noias H+H,
Ha ocu X 110KasaH Ha puc. 4, 6. Bunno
4YTO TIepesi aHTEHHOM MarHUTHOE TI0JIE
yBEIU4YUBAETCA, B MECTe, IT7ie Pacrosno-
JKeHa aHTeHHa, MeHseT 3HaK, U, IPOX0as
4epes Hyllb, BO3BPAILAETCA K TIPEXXHEMY
YPOBHIO.

A 4to 6yzer MO CTOPOHAM OT AHTEH-
ubl? B Toukax d u e Ha puc. 4, a no-
kasaHbl BekTopa H u H,. Tenepp onu
HAIIPAB/ICHBI IO/l IPAMBIM YIJIOM APYT
K JIPYTY, U CyMMAapHBIH# BEKTOP MEHAET
HanpapieHue. OTHOBpeMEHHO MEHSET
HalpaB/ieHHe U TOTOK IHEPIUH (BEKTOP
IT), oTKJIOHAACE B CTOPOHY AHTEHHBI.
TaxuM 06pasoM, MBI ICHO BUIUM, KaK
aHTeHHa KaK 6Bl «BcachlBaeT» B cebs
9HEPIUI0 U3 OKPYXKAIOIIETO €€ IJIEKT-
POMarHUTHOTO IO

OueHb WHTEPECHO OCTPOUTDH TAKUM
e obpasoM Bektopa I m B mpyrux
TOYKAaX HPOCTPAHCTBA, OKPYXKAIOIMETO
aHTEHHY, a 3aTeM IIPOBECTH IUHHMU, Ka-
catenbHble K BekTopaM I1. Oto 6yayT He
CH/IOBBIE JTUHHUH I10JI51, KOTOPBIE CTPOAT-
¢S aHAJIOTUYHBIM 06pa3oM Ha BEKTOpax
E u H, a nunuu toka suepruu. Ilpumep
TAaKOTO MOCTPOEHHUA faeT puc. 5. Ha Hem

ellle Har/IAHee BUAHO, KaK 9HepTHs CTe-
Kaerca K aHTeHHe. CTAaHOBUTCA ACHBIM
U CyLIeCTBOBAaHHE TOYKU b, B KOTOPOH
OTCYTCTBYeT TOK 3Hepru, MOCKOJbKY
61MKHYE TUHHUH TOKA 3HepTHH 3aBo-
PayuBAIOT K aHTEeHHe, a JAIbHUE JTHIIb
UCKPUBIAIOTCA, HO COXPaHAIT CBOE
reHepanbHOe HampaBieHue. B Touke b
06Gpasyercs Kak ObI «37IeKTPOMAarHMTHas
TE€Hb» OT aHTE€HHBI. MOXKHO NIPOCeTUTh
9Ty Te€Hb 10 MOBOJIBHO 3HAYMTEIHHOMU
BBICOTBI, TIPEBOCXOMSAIIEN BBICOTY aH-
TEeHHBI.

JluHuM TOKAa SHEPruu HO3BOAIOT
OYeHb HArIANHO U (H3udecKUu Npel-
cTaBuUTh cebe, uTo Takoe 3¢ deKTUBHAasA
Moraomanmas MA0MAanh AHTEHHBHI.
Ecmu BbIGpaTh TOMABKO Te THHUU TOKA
9HEPruM, KOTOPhie 3aBOPaYUBAIOT K aH-
TeHHe, ¥ 00BECTU UX KOHTYPOM, TO OH U
orpanuyut 3¢ beKTUBHYIO NOI/IOIAI0-
IIIYIO IIOBEPXHOCTD. Pasymeercs, crenath
3TO MOXKHO Ha MoO60M PacCTOSTHMU OT
AHTEHHBI, HO BCe JK€ 3TO PaCCTOAHHE
Hajo BeIGUPATh NOO0BIIE, BO BCAKOM
ciy4ae, KOHTYp JO/DKeH OBITh TaM, IJIe
JIMHUY TOKA erne NPaKTUYecKHu He Hc-
KpuB/IAOTCA. Ha MeHBLINX pacCTOAHU-
AIX OT aHTEHHBI TIOmMANb KOHTYpa Oyner
MeHblIIE, 3aTO TIOTOK YHEPTUY BO3PACTET
Y3-3a B3auMoOzeicTBUA 1osei. Beerma
6ymet BbIHOIIHHTbCH COOTHOLIEHHE
IS, = Py @ Ha GonbLIMX paccroa-
Husx nepes anteHHOH — 1S o0 = P
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Puc.5

rae I1, — IIOTHOCTB OTOKA 9HEPIHUH B
CBOGOIHOM MPOCTPAHCTBE, T7€ eIe HeT
UCKDKEHHH TPUXONAMIETO TOMA €obC-
TBEHHBIM II0JIEM AHTEHHBI.

NUTEPATYPA:

1. B. Ilonaxos. «Mucmuka» Kopom-
Kux awmenn npodonxaemcs... .— Paduo,
2004, Ne 11, c. 21.

2. B. ITonsixos. IIpuemtas anmenra —
amo «uepHas dvipar? <ftp://ftp.radio.ru/
pub/2004/11mystic.zip>.

3. B. INonaxos. O numaruy paouonpu-
eMHUKO08 «C80600HOIL IHepeueti». — Pa-
ouo, 1997, Ne 1, c. 22.

Oxonuanue crnedyem

Brnagumup Ilonaxos,
RA3AAE

LiBeTomy3bika ans MK

Ha PIC16F84A

B cmamebe onucaHo npocmoe ycmpolicmeo, 0HO Moxem 6eimb NOJIE3HO
0719 mex, KMo MoJbKO HaYuHaem oceausame pabomy ¢ MUKDOKOHMPO/I-

nepamu.

€roHsa 04eHb MHOTHUX [10/Ib30Ba-

Teneit IIK rpusnekaer npociy-

HIMBAaHUE MY3BIKAIbHBIX KOM-
[I03UIYI C TOMOILIbIO KOMIIbIOTEDA.
BosmoxHoctu coBpeMennbix IIK ne
OrpPaHMYMBAIOTCA TIPOCTBIM BOCHPOU3-
BefleHYeM MysbIKanbHbIX GaivioB. Tak,
HaIpuMep, NOMy/IAPHBIA My3bIKATbHBIX
IpourpbiBaTeib WIinAmp MOXET He
TOJIBKO BOCIIPOM3BOIUTD 3ByKOBOW I10-
TOK, HO U HA OCHOBaHMH HHpOPMaIyH
U3 3TOT'0 NOTOKA YIPABAATH BHELTHUMH
ycTpoHicTBaMH, HallpuMep, LiBETOMY3bI-
KaJIbHBIMU TIpUCTaBKaMu. BapuaHT ta-
KO TipucTaBky omucad B [1]. Ee paboTa
CBOIMTCA K YTIPaB/IeHUIO CBETOMUOIAMH
Kak GbyHKUIHH 3ByKoBOro rnotoka. Haps-
Iy € IPOCTOTON KOHCTPYKIIUM TAHHOMY
YCTPOMCTBY IPUCYII] CYIIECTBEHHbIN He-

IOCTAaTOK — IPU BBIKIIOYEHHOM IIPO-
UTPBIBATE/IE YIIPABJIEHHE CBETOIHOIAMU

He [IPOUCXOAUT. Y CTPOMCTBO, IPHHIH-
MUaIbHaA CXeMa KOTOPOTO H306paskeHa
Ha puc. 1, Moxxer paboTaTh B ABYX pe-
XKUMax — I[IBETOMY3BIKaTbHOM M KaK
ABTOMAT CBETOBBIX 3¢ ¢eKTOB.

B nepBoM pexume OpH HaTHYMU
CUrHA/IA OT KOMIIBIOTEPA TPOUCXOTUT
BOCIIpOU3BeJeHNHEe LBETOMY3BIKH, BO
BTOPOM CBETOXUOABI 3AKUTAIOTCA TIO
sapaHee 3agaHHO mporpamme. Ilepe-
K/II0OYeHUe MEXIy PeKHUMaMM IPOouC-
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: DAKTMKA

XOIUT aBTOMAaTHYECKH.
CBA3b ¢ KOMIIBIOTEPOM
OCylLIecTBAsieTCA dYepes
crargaptheiit COM-nopr
KOMIIBIOTEPA C IIOMOIIIBIO
CIy>KeOHBIX JMEMIL OpPTa
DTR u RTS.

I'maBHOe MeCTO B KOHC-
TPYKLIMH 3aBMMaeT MHK-
poxorTpoUiep PIC16F84A.
OH ocyugecTsiseT 06- [4— -»
Hapy>KeHHe CUTHaJIOB OT pyc o
IIK, ¥ npu ero HalIUIUHU ,-\\ZF—l QZF—I Qﬂ
OCYIIECTBJIAETCA BOCINPOHU3BENEHHE
nBeToMy3bikansHbX addexros. [Ipn
OTCYTCTBHHM CHTHAJIOB CBETOAHOIBI yII-
PaBIIAIOTCA IO AITOPUTMY, PEAM30BaH-
HOMY B IporpaMme MMKPOKOHTpO/Ilepa.
MOIIHOCTS BHIXOIHBIX THHUA MHKPO- RS
KOHTpO/UIepa N03BOJIAET MOAK/IIOYAThH
CBETOIMO/BI HETIOCPEACTBEHHO K MUKPO-
CXeMe Yepe3 TOKOOTPaHHYMBAIOIIIHe pe- 7
3HCTOPBL B ycTpoiicTBe HCNOMBE30BaHbL 1
ynsTpasipkue cBetoguoisl L-813 mpo- g
uspozcrea ¢upmel King Bright. Ceero- 2
IHMOABI UMEIOT pas3Hble I[BETa CBEYCHUSA:
L-813PBC — rony6oit, L-8135GC — +
seneHplit, L-813SYC — KenThlH, o
L-813SRC — kpacHblii. -

1
R7 RS
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o |
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Bce cBeTOmMOIBI HMEIOT NPO3PAYHYIO 0 .

nuH3bl. HeKoTOpBIM HeNOCTaTKOM [aH-
HBIX MOJe/elt cienyeT CYMTaTh Mabli
yron usmydenus. Ilpoeruposanue H3y-
YeHHs Ha KakKoi-TH60 KpaH MOXeET Cy-
IIECTBEHHO YBEMMYHTH 9 EeKTUBHOCTD
paboTH yCTPOICTBA.

Jeyusernsiit ceeropuon HL9 npenna-
3HAuYeH JUIA MHIMKAIMH peXuma pabo-
ThI LIBETOMY3BIK&TBHOTO 6/10Ka.

YcTpoiicTBO MMeeT Ta/lbBAHHYECKYIO
pasBA3Ky OT NOPTa KOMIIbIOTEpa MpH
YCIIOBUM MCIONB30BAHHUA BHEIIHETO
HMCTOYHHKA NHUTaHHA. Y3el ralbBaHHU-
YeCKOil PasBA3KM OCYLIeCTB/IET TAKKe
npeo6pasosanue YpoBHel HHTepderica
RS-232 B TTJI. B aTtom y3ne npume-
Henbl ontpoHsl Ul, U2 H pesucTopsl
R9, R10. Juoner VD1, VD2 samiumianoT
ONITPOHBI OT OTPHUIATENLHOTO HAMps-
>KeHHUA C BHIXO[A MOCAEHOBATEHHOTO
nopra.

ITpourpeiBatens WinAmp ynpasis-
€T LIBETOMY3BIKAJbHHM 6/10KOM NpH
MOMOILM ClIe[[HATBHOTO I/IATHHA, NpU-
HI[MOBI CO3aHUs [VIaTHHOB ONMCaHBbl B
[2]. YcrpoiicTBO mONHOCTRIO paboToc-
MOCOBHO C MIATMHOM OT IIPeNbIIYIIeH
Bepcuu [1].

KoHCTpyKumsa MpUCTaBKH MPOCTa H
OHa He Tpebyer HanmagKu. BosmMoXxHBIE
BAPMAHTHl M3TOTOB/IEHHA MOTOOHBIX
YCTPOMCTE BechbMa pPasHOOGPA3HBEL.
IMpocreifiiuuM U3 HUX ABIAETCI MOH-
Ta’k CBETOMHOMIOB U IJIATHL HA 3aT/IYILIKY

22 o5 S F 8 ommeporni 510
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] o
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Puc. 4

MATHAONMOBOTO OTCeKa PaCIiHPeHHUsA
xomnploTepa. Ha puc. 2, 3 npusenex
yepTeXX MeYaTHOM IJIaThl, paspaboTaH-
HOI1 JUI TaKO¥ YyCTaHOBKH, H PaCCTaHOB-
Ka 3/IeMEHTOB Ha HeM.

[Ipu mcnonb3oBaBMU JAHHOM IUIATHI
CBETONUOABI PasMEIIaloT CO CTOPOHBI
MPOBOZHHUKOB, a B CTaHAAPTHOM 3a-
riayke oTceka ITK ceepaT orBepcTHs
COTTacHO pHucC. 4.

B gaHHOM YCTpPOIICTBE MOKHO HCIIO/Ib-
30BaTh 3/EMEHTHI, OTIUYAIOIIHECT OT
YKa3aHHBIX Ha TIPHEIUIIHA/IBHOM CXeMe.
Huonst cepuu K/1521 MO>KHO 3aMeHHUTH
Ha 1N4148, BMeCcTO ONTOTPAaH3UCTOPOB
AOT128B npurogsel UMIopTHEE 4N35
Uy noxo6Heie, CBEeTOJUONBI MOXHO
[IPUMEHATH MOObIe ¢ COOTBETCTBYIOMIEH
KOppeKIHell HOMHHA/IOB TOKOOTpaHH-
YUBAOIIMX pesucTopoB. [Ina cBeTORH-
opoB cepuu L813 pasnuyHBIX I|BETOB
pPeKOMeHAYeTCA NMoJo6paTh 3TH Pe3uc-
TOPBI C 11e/IbI0 NIOTy4eHUA ONHHAKOBOH
sApkocTy cBederusa. Qain ¢ nporpam-
MO# /1A NPOIUHBKH MHMKPOKOHTPOII-
nepa Sosh_ProgMK.zip MOXHO HalTH

Ha caifTe )XypHa/a 110 agpecy www.dian.
ru/programs.

1. U. Cowun. HscomysvikanvHast
npucmagrka 08 PC. — CxeMomexHuxa,
2004, Ne 7, c. 54.

2. . Cowun. Paspadominag nia2unos
susyanusayuu 013 W:nAMP. — Paoduo-
mup. Baw xomnviomep. 2004, Ne 6.

Hnba ConivH,
I. JIpicbBa [lepMcKoOT 0671

BHHMaHHIO aBTOPOB H IHTaTenek!

Ecnu BEI 06Hapy>XXHTe Kakue-mH60
OIIMOKY B )KyPHAIBHBIX CTAThAX, CO-
O6IIMTE B PEIAKLIHIO, MbI OITY6/IHKyeM

. mompaskH. Baiy nonpasku 6ynyT, o
BO3MOYXHOCTH, YYTEHbI TIPH BHIITYCKe
OYepENHOIO JUCKA C COmeprKaHHeM

, XKypHasa.

Penaxkuus




ALl Ha 6a3e

MUKpOKOHTponnepa AVR

B cmamee paccmompen AT ¢ ynpasnsemol paspewarowieu

CNOCOBHOCMbIO.

**% pemmaraeMsprit ATl peanuso-

£ BaH B COCTaBe peryasTopa TeM-
¢ mepaTypbl, MOCTPOEHHOTO Ha
6a3ze muxpokonTpomiepa ATtiny2313.
HanpsokeHne, NoJaBaeMO€ Ha BXOJ
ALTII, cuuMaeTca C MHTErpajlbHOTO
tepmomaTyrka K1019EM1A. Tepmo-
peryasaTop NMO3BO/seT NOAAEPKUBATD
3aIaHHYIO TeMIIEPATYPY C TOYHOCTHIO
mo 0,3 °C, OH HMCIIONb3yeTCsl B Ka4eCTBE
OEACTBYIOMIETO CTeHIa A/lA U3y4eHHA
MHKPOKOHTPO/UIEpOB Ha GaKyibTeTe
3/MeKTpUGHUKALUH CEIBCKOTO XO3ANCTBA
CTaBpoOIOIBCKOTO TOCYLAPCTBEHHOTO
arpapHOTO YHMBEPCHTETA.

AUTI peanusoBan craeyomum 06-
pasoM.

Ha unseptupyrommit Bxof (puc. 1)
aHaJIOrOBOTO KOMIIapaTopa MHKPOKOH-
TpOJUIepa MOJaeTCs BXOMHOE HalpsbKe-
uue Uy, KOTOpOe HEOOXOMMMO Mpeos-
pasoBatb B uudpoBoi1 Koa.

s am&%
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Ha HeHHBEpTHPYIOLIHI BXOJ, AaHAJIO-
rOBOr0 KOMIIapaTOpa NOJaeTCsa BO3pac-
Taiomee HanpspkeHue U, cHUMaeMoe ¢
BBIXOfla UHTerpHpytomero 3sena (M3).
Ha sxox M3 moctynaiot npaMoyroab-
HBIE UMIIY/IbChl HAaNpsDKeHUA WIMPOT-
HO-UMIyIbcHoro monymsitopa (IIMM),
dbopMHpYyeMble MHKPOKOHTPOLIEPOM
Ha Beixofle PB2. IIsowmunsriit xon N,
mponopnuoHanbHbiit Uy, HaXOBUTCA
B ONHOM M3 PETHCTPOB MHUKDPOKOHT-
pomnepa. Kax tonmbxo U cpaBHAeTCA
¢ Uy (puc. 2), Ha BbIXOJIE aHAZIOTOBOTO
KOMIIapaTopa GopMHUpyeTCa CUTHA, TI0
KOTOPOMY MHKPOKOHTpOJLIEpP OCTaHaB-
JIMBaeT MPOIecC NpeoHpa3oBaHHA.

B arom ciyvae nponussit kog N okBH-
Ba/IeHTeH BXOOHOMy Hanpspxeruio Ugy.

Usx

v

Puc.2

MeTon OCHOBaH Ha TOM, 4YTO €CIM Ha
U3 nomasaTh NpAMOYTONBbHBIE UMITY/Ib-
cbl, KoHpencarop M3 sapsxkaerca Ko
CpelHero HaIpsHKEHUs 3THX UMITY/IbCOB
(puc. 3). Ilpu aToM moOcTOAHHas Bpe-
Menu U3 pomkHa 6BITH JOCTaTOMHO
60/1bIION 10 CPABHEHMIO C MEPHOIOM
C/IeIOBAHMA UMITY/IbCOB.

3Havenue U onpenensercs no ¢op-
MyJie:

U, = k(U'-UY) = kAU,

rae Ul u U® — BbICOKMIt U HHU3KMMI
YPOBHM HAIIPsDKEHHUS TIPAMOYTOMBHBIX
HMITy/IbCOB Ha Bbixofe PB2 (1 Heunsep-
THPYIOMIEM BXOIIe aHA/JIOTOBOTO KOMIIa-
paropa nipu C = 0); k — xoapdunyent
3aNOHEHHs UMITYIbCOB, K = ty; /(t+ty),
rje t, u t; — IIMTETbHOCTH MMITY/Ibea
W Tay3bl MeXy UMIYIbCaMH.

U

r Y
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S = AU/Nyyux-

Paspematomas crocobHocts ALIL,
MOCTPOEHHOro Ha 6ase BOCHbMHUpa3psif-
HOTO MHKpOKOHTpomiepa AVR, mpu
Uy =5 B, cocrasur S = 5/255 = 19,6 MB.

Paspemnatomeit criocobnoctbio ALITI
MO>XHO YIIPaB/IATh, H3MEHAA HaIIPsDKeHMe
AU. B npepjiaraeMoM pellleHHH U3MEHe-
Hue AU pocTuraercsa BBeIeHUEM [Ie/IMTeE-
7111, cocToAMIero u3 pesucropos R1, RZ u
TOJICTPOEYHOTO pe3ncropa R3 (puc. 4).
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PaccmoTpum crydait, korga R1 = R2.
Ha puc. 5 nokasaHo H3MEHeHH e Hallps-
YKEHHs B TOUYKE COCTUHEHUS PE3UCTOPOB
Rl u R2 npu C = 0.

U
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Un

I e Ue

Uc ue

Puc.3

Ecnun nepuon cnenoBaHUA UMITYTBCOB
¢duxcuposan, U Oyrer nponopuuo-
Ha/IbHO ty,.

3HaveHHe t,;, B CBOIO Ouepelb, Ipo-
[OPIMOHAAPHO ABOMYHOMY Komy N.
MUKpPOKOHTPO/I/IEp YBETHMIMBAET 3HA-
yenre N Ha eIHHHIY Nepel KaXKIbIM
suiBofioM UL, Jisouunblit kxog N usMe-
HAETCS OT MUHUMAIBbHOTO Ny = 1, 10
MakcumanpHoro Ny, . Eciu perucrp, B
KOTOpPOM XpaHHUTcA Kof N, BOCbMHpa3s-
panHbli, Toraa Ny, = 28-1 = 255.

Paspewalomas crocob6uocts ALII
omnpegensercs 1o popmyne:

Puc. 5

Jomyctum, Ha Bxofe U3 cdhopmupo-
BaH HM3KMi1 ypoBeHb Hanpsokerusa U,
YTO PaBHO3HAYHO MOJKTIOYEHHIO BXO/a
W3 k obmemy nposony (puc. 6, a).
> +Un
Uy

—

B aTom cryyae:

U, = U;x R23/(R1 + R23) (1),
roge R23 — conpoTuBaeHHe Napan-
JeIbHO BKIIOYEHHBIX pe3ucTopos R2
H R3.

ATMEL




PaKTVKa

Ta6nmua 1
ADC: ;MoanporpaMMa ALR wa 6a3e nporpammuoro WAM
.def ti = r16 :NpuceouTs perncTpy R16 wMs ti (ti - aauTenbHocTb uMnynbca)
.def tp = r17 ;MipuceouTs perucTpy R17 wMs tp (tp - AAMTENbHOCTb Nayau)
.def NT = r18 ;NMpuceouts pernctpy R18 wMs NT (B KOTOPOM XpaHuTb 4ucno
: NOBTOPEHWA BbBOAA OAHOro nepuona WWM)
:PerncTp R19 - NpOMEXYTOYHMIA

1di ti, © 1 3arpyanTh HadanbHyl ANWTENLHOCTb UMNYnbCa

1di tp, 255 ;3arpyauTb HadanbHyl AJNWTENLHOCTb Nay3ul

1di NT, 2 :3arpyauTb 4MCNO BHBOROB OAMHAKOBuX Repuopos WAM
al: inc ti ; YBEAWUUTD QUTENbHOCTb MMNYnbca

dec tp s YMEHBWNTDL ANWUTENBHOCTbL Nayanl
a2: mov ri19, ti ;MlepecnaTb ANWTENnbHOCTL WMNynbca B peructp R19

sbi PORTB, 2 :BHBECTM BHCOKMI YpOBEHb HanpaAXeHwus B nunuo PB2
a3: dec r19 ; lekpeMeHTMpoBaTL copepxuMmoe perwctpa R19

brne a3 ;ECnM He Hynb, NepeUTH K MeTke al

mov ri9, tp :MlepecnaTb ANMTENLHOCTL Nay3w B perucTp R19

cbi PORTB, 2 :BWBECTM HM3KMIA YPOBEHb HanpsXewws B nuxno PB2
ad: dec ri19 ; lexpeMeHTHpoBaTL CopepxuMoe pernctpd R19

brne a4 ;Ecnu He Hynb, nepeiTH K MeTke a4

dec NT ; lekpeMenTupoBaTh CcopepxuMoe NT

brne a2 ;Ecnu He Hynb, NOBTOPUTb BWBOA Nepuopa

sbis ACSR, 5 ;MponycTMTL cnep. KoMawpy, ecnum Gut ACO ycTaHoBneH

rimp al ;MlepeliTm K MeTke al

ret ;BoaBpaT u3 nopnporpamms ADC

Ecnu xe Ha Bxoge 113 chopmupoBan
BBICOKHI1 YPOBEHb HaIIPXKEHHUSA U}, uro
PpaBHO3HAYHO IMORK/IKYEHUIO BXOIa "3
K TIONO’KHTETbBHOMY BHIBONY THTaHHsI
(puc. 6, 6), nomxy4uMm:

U, = Uy x R13/(R2 + R13),

rae R13 — conporusneHue napaniens-
HO BKIIOYeHHHIX pesucTopoB R1 u R3.
Pacuer conporusnenns R3 pna obec-
TeyeHUsi HeOOXOXMMOI Paspellalomen
croco6HOCTH, HarrpuMep 11 S = 1 MB,
npu Ny, .« = 255, n/1a yacTHOTO Ci1y4as,
xorma R1 = R2 = 100 xOM, npousseneM
B CNIERYIOLIEN TOCNEN0BAaTeIBHOCTH.
MaxcruManbHbI fHaTIa30H U3MEHEHUA
Upy He nomke mpesbinats AU. Torpa

AU = SxN = 1x255 = 255 MB.

U0 = U, =Uy/2-AU2 =
5/2 - 0,255/2 = 2,3725 B.

Us dopmynsl (1) HECTOXKHO MOTY-
YUTh:

R23 = Rlez/(Un—Uz) = 90,295 xOm.
R3 = R23xR2/(R2-R23) = 934 kOm.

IMpu R3 = 1 MOm, R1 =R2 = 100 xOm,
{} C=047mxd uUp=5 B paspemaiomas

CIIOCOGHOCTD M3TOTOBIEHHOTO OIIBIT-
Horo AIIIT cocraBuma S = 0,85 MB. B
Ta6n. 1 mpHBeneHa IOJIpOrpaMMa Ha
acceMbnepe T MHKPOKOHTpPOJNEpa
ATtiny2313, peanmayromas AIIL

Hegocrarok npegnaraemoro AT —
OTHOCHTEIBHO NUTENbHBIH IIPOLECC
mpeo6pasoBanus. [Ipu BxogHOM Hamnpsi-
keuny 1 B 1 yacToTe TaKTOBOTO TeHe-
paTtopa 4 MT'l Bpemst peo6pasoBaHus
cocTaBnser oKono 2 ¢,ampu 4B — 8c¢.
YMeHBIIUTh BpeMs IpeoOpa3oBaHUsA
MOXKHO PasIWYHBIMH CIOCO6AMH, Ha-
IIpUMep, YBETMYUTh YaCTOTy TAKTOBOTO
reeparopa o 10 MI'u, ucmonssosatb
anmapatHbiil IIMM, peanusoBaTh Me-
TOp [IOC/IEXOBATENHHOTO IPHOIKEHHs
C TIOMOILIBIO TIPOTPAMMHOTO MJIH aflla-
pataoro IITMM.

IMocne Bumonuenus koMmaHnbl RET
MHKPOKOHTPOJUIEP IO/DKEH 3aTPaTHTh
ompeneneHHoe BpeMs (He MeHee 2 <),
HalpuMep, Ha BBINIOTHEHHE JPYTHX
MORMpPOTrpaMM, B TedeHHE KOTOPOTO
KOHJIEHCATOP [O/DKeH IOMHOCTbIO pas-
panutca. KoHpeHcaTop paspskaercs
[IOTOMY, 4TO Ha MHUH PB2 ycraHoBEH
HM3KMI1 YPOBEHDb HanpsiKeHus (KOMaH-
na — c¢bi PORTB, 2).

Anexcangp BocrpyxuH,
r. CtaBpornonb

[TeyaTHas miaTa yacoB IIOKa3aHa Ha
pHC. 4, a pacTIONOXXEHHE D/IEMEHTOB Ha
HeWl — Ha pHC. 5.

IMeyaTHas TraTa MHOWKaTOpa IOKa-
3aHa Ha puc. 6.

Ha nevaTHOI!1 T1aTe HHAKXKATOPA pac-
TIO/TOXKeHbI KHOMKH «Pexxum», «Paspsan»
U «YCcTaHOBKa». Pe3ucTOpPHl M KHOIKH
Ha IUIaTe€ HHIWUKATOPAa YCTAHABIHBAIOT
Ha TO¥ CTOPOHE, T/i€ PacITOIOXKeHb! Ipo-
BORHUKH TI€YaTHOM II/IaThI.

Knonku «C6poc» u mepeknoyarenb
«MeAHUHMHCKHIT TEPMOMETP» YCTAaHOB-
7eHBl HA TMeyaTHOH Iare 58x10 Mm.
[TnaTa uMeeT Kpeme)XXHbie OTBEPCTHSA,
Kak Ha puc. 4. KHonka «C6poc» B3sATa
¢ 6OKOBBIM PacIONOKEHHEM BBIBOJIOB,
a mepexnoyaTehb — IION3YHKOBOTO
THIIA.

O61Mi1 BU 9acOB MOKa3aH Ha pHC. 7.

Yacpl cobpatbl B yHHHIHPOBAaHHOM
kopuyce Z55. [lepex ycTaHOBKOI medat-
HBIX IUIaT B HEM BBIIONHAIOT OTBEPCTHA
mox KHOIIKK M Iepexnodarenb. OTBep-
cTHs 1ox KHomku «Pexxum», «Paspsany,
«YCTaHOBKa» CBEP/AT JUAMETPOM 2,5 MM
/11 CBOGOIHOTO TIPOXOXKICHHA CTEPXKHS
LIapUKOBOM aBTOPYYIKH. [lj1s1 MCK/IOYeH s
C/lyqaifHOTO HaXXaTHsl 3TUX KHOIOK OHM
YTOIVIEHBI B KOPIIYC.

B 1ieHTpe BepxHei1 KPHIIIKU KOPITyca
CBEpNAT OTBEPCTHE HHAMETPOM 4 MM
I TMOMMITHAEHOBOH Tpybku. B aTy
TpyOKy nmuHOK okono 100 MM BCTaB-
as1oT TepMonaTuuk DS18B20 u samu-
BalOT €r0 CHIMKOHOBBIM T€PMETHKOM.
K maTuyuKy mpHIauBalT TPH IIPOBOA
MIT®-0,07 xuuont 0,5 M. ITonuaTu-
JIEHOBYIO TPVOKY C TePMOJATYHKOM
MOJKHO JIETKO BBIHYTH M3 KOpIIyCa Ois
H3MepeHHs TeMIIepaTyphbl Te/Ia (I He-
06XOXMMOCTH — AKHIKOCTH).

OTBepcTHe 101 THe310 pasbema X1,
ycTaHOBNeHHOe Ha niate (puc. 4, 5)
CHapyXX# HEeMHOTO Pa33¢HKOBBIBAKOT
nns cBOOOXHOM YCTAaHOBKH BHIKH B
THE3MO.

Ha niepenHeit KphILlke BbICBEPIMBAIOT
OTBepCTHsL FION BbIBOIbI HHIHMKaTopa. Ile-
pern TeM, KaK BIaATh HHIMKATOP B IUIATY,
K Hell TIPHIIauBaloT BCe IIPOBOA.

3yMMep KpemaT K 3aTHeH KPbILIKe IIPA
IIOMOHIHM TepMETHKa, MPEeIBapHTEIbHO
[IPOCBEP/IMB B HEH OTBEPCTHE IHaMeT-
pom 4 MM. HeobxomMo 3aMeTHTB, YTO
3yMMep C BCTPOEHHBIM [€HEPATOPOM
3BYYHMT IPOMYE, IIOITOMY. 115 VBeIHIe-
HHUsA TPOMKOCTH 3BY4aHHs 3vvvepa 6es
BCTPOEHHOTO TeHepaTord. BO3MOXKHO,
oTpeGyeTcst YCTAaHOBHTH VO THTENb Ha
TpaHsucTope, Hampuyver. KT315 ¢ mo-
6b1M GYKBEHHBIM HEIZHIOM.

B oTcek KopImvca 114 FaTapeH ycra-
HaB/IMBAIOT ITEHAT 118 =¢TbIPeX 3.JeMeH-




_paKTu1Ka

Puc. 10

«Pexxum». [Ipu 3TOM, B 3aBUCHMOCTH
OT TOTO, ObIna M BK/IIOYEHA 3aMATast
B peXXHMe TeKyllero BpeMEHH, IOsf-
BATCA U300pakeHUs paspAnoB MHHYT
(puc. 12) wmm gacos (puc. 13).

WNHnuxanusa ycTaHOBOK OyAUIbHHM-
Ka, B OT/IMYME OT YCTAHOBOK TEKYLIETO
BpeMEHH, BBIIIOJHACTCA Pa3feNbHO, B
3aBUCHMOCTH OT TIOJIOXKEHHS 3aIATOMH.
Ecnu 3amATas HaXOpMTCA B IEPBOM U
BTOPOM paspAne, HHAUNUPYETCA 3Ha-
yeHHe MUHYT GynmuabHHKa (pHC. 12), a
€C/IM 3amATasg B TPETBHEM M YETBEPTOM
paspajax — 3HaYeHHe 4acoB Oymuib-
Huka (puc. 13). ITocne ycTaHOBKH 3Ha-
YeHui GynuIbHUKA KHOTIKaMK «Paspan»
U «YCTaHOBKAa» HaXXMHTe KHONIKY «Pe-
KuM». [IpH 5TOM HHAUKAIHUA BEPHETCA
K PeXXMMY TEKYLIETO BPEMEHH.

E>XeHEBHO B YCTAaHOBJIEHHOE BPEMA
Ha 1 MuH 6ymer BI/IIOYAThCA 3yMMED.
Ina BbIKmIOYeHMA OynMIbHMKA, Ha-
[IPUMEP, Ha BBIXOJHBIE, HEOOXOXUMO
B 3HaYEHMAX 4acoB GyAWUIbHHMKA yCTa-
HOBUTb YHCAO 24, a MUHYTH MOXHO
ocraBuTh Oe3 usmenenus. Kax ynomu-
Haj0Ch BHILle, IS BBIK/IIOYEHHUA 3yM-
Mepa GynWIbHMKA HAOKUMMAIOT KHOIMKY
«C6poc».

Mupukauua Temneparypbl Ha yauue

Ha puc. 9 nokasana mHOMKauus
TeMIepaTypbl Ha yaume. Jng Toro
YTOOB MOMECTUTh Ha HWHIUKATOD
3HAK TeMIEpaTyphl, 3Ha4EeHH NECATHIX
[oJeH Tpagyca MHOMLIMPYETCS 3ars-
TOH BO BTOpOM paspsaze. [lokasaHus
Ha pUC. 9 HEO6XOIMMO YMUTATH KaK
muByc 15,5 °C.

Ipu BHIKTIOYEHHOM JIaTYHKe TeMIle-
paTypbi Ha MHAMKaTope OYyHET HyneBoe
3HaYeHHE CO 3HAKOM MMHYC.

Puc. 12

Puc. 13

Nnpukauus Temnepartypbl B fjoMe
VHguxaiisa TeMIepaTyphl B IOME T10-
KasaHa Ha puc. 10.

Pexum meauUUHCKOTO TepmomeTtpa

Ins mepexoga B pe>KMM MEOUIIMHC-
KOTO TEPMOMETPa NIPH TI060M pexume
MHAMKAHUHK TIepEMECTUTE TBUXKOK Iie-
pexmoyarend «MegUIUHCKUHA TEPMO-
MeTp», IPH ITOM (pHKCHpyeTCa HHOMKA-
LM, aHAIOTMYHAA TOMH, YTO ITOKas3aHa Ha
puc. 10. B aToM pexxuMe 3a[IOMHUHAETCA
MaKCHMalbHOE M3MEPEHHOE 3HaYeHHe
Temrepatypsl. s 06Hy/IeHHA MTOKa3a-
HUIT HOKMHTE KHOTIKY «C6poc».

Ochauuﬂ WHAKKaLUKn

Ilna HenpepbIBHOTO HabmomeHHUs 32
M3MEHEHHEM TEMIIEPATYPhl B IOME MK
Ha yume BO BpeMs MHAHKAIMH HEO6-
XOAMMOTO PEXHMMA HAKMHUTE KHOMKY
«Cbpoc». Ypep>KUBaHTE KHOIKY IO
MOABNEHHUA 3aIATON B IEpPBOM paspAle
(puc. 14, 15). [lna nepexona K USMEHSIO-
LIeMyCs POKUMY HHINKALUHM HOKMHUTE
KHOMKy «CO6poc» M yHep>KUBAHUTE €€ 10
BHIK/IOYEHHS 3aIATON B NEPBOM pas-
pane.

Kanubposka repmomerpa
A6comoTHAsA DOTPEUIHOCTh TEPMO-
matyuka DS18B20 mMoXXeT mOCTUIaTh
0,5 °C, moatoMy Heob6xomuMa KaaHu6-
pOBKa TEPMOMETPA, aHATIOTHYHAA TOH,
yto onucaHa B [3]. [Insa KagiubpoBKH
TepMOMETpa YCTAaHOBHUTE Yachl B pe-
KHUM «MemqunUHCKUI TepMOMeTp». B
eMKOCTh ¢ Terwtoil Bomoit (36...40 °C)
YCTAHOBHMTE PTYTHBIH MEIULUHCKHI
TEPMOMETP M TepMopaTduk. Pasnumy
B [I0OKa3aHUAX MOXKHO 3aITHCATh C yde-
TOM 3HaKa Ha KOpIIyce YacoB, 3 MOXHO

L

L

Puc. 14

Puc. 15

BBECTH B IIPOTPaMMy MHKPOKOHTPOJ-
nepa. Ecniu TeMnepaTypa TEpPMOATIYHKA
MeHBbIIIE, YeM TEMIIEPATYPa TEPMOMET-
pa, TO 3HAK NONPABKM MON0XXHTETbHBIA
u Haobopot. B mporpamme teled.doc
Bhbifle/IeH GalT YCTAaHOBKH MOTPENTHOC-
ti. [IpaBbiit TONy6alT MOXKET MPUHHU-
maTb sHaveHusa 0—8. JIeBbrit mony6anT
Mo)KeT NPHHMMATh 3HadeHua 0 OpH
MOJIOXKUTEBHON NOMPAaBKe MK 1 pHu
OTPHUIATENBHOM MOTIPABKE.

Yucno mif 3aHeCEHUA B IIPOrpammy
paBHO monpaske B 1oaAax °C, neneHHOM
Ha 0,0625. Hanpumep, eciu MoKasaHUsA
Kanu6pyeMoro TepMoMeTpa 60IbIIIE 06~
pasposoro Ha 0,2 °C, momnpaeka 6yner
pasna 13 (0,2/0,0625 = 3 = mMuHYyC 3).
ITocne mepenporpaMMHPOBaHUA MHK-
POKOHTPOJIIEPA TEPMOMETP TOTOB K
9KCIUTyaTA UK.

®aiin i IPOrpaMMHPOBAHUA MOXK-
HO Ha#iTH Ha caiiTe XXypHajia Mo aapecy
www.dian.ru/programs.

1. H. 3aey. Tepmomemp-uacvt ¢ oam-
wukamu upmot Dallas Semiconductor, —
Cxemomextuka, 2005, Ne 5, c. 52—55.

2. H. 3aeuy. Paduontobumenvckue KoH-
cmpyxyuu Ha PIC-muxpoxonmponnepax.
Knuea 3. — M.: Conon-IlIpecc, 2005,
c. 196—2189.

3. H. 3aey. Meouyunckuii mepmo-
memp. — Cxemomexnuxa, 2004, Ne 11,
c. 45, 46.
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MHoro¢pyHKLUNOHanbHble Yacbl

roB AAA nmu6o nenaoT caMoeTbHbBIN
TepKaTend Wi Tpex 3neMenToB. Co-
cIMHEHUs B TIeHaJe IepelanBaloT s
rpexX 3/7€MeHTOB. JJIeMEHTbI IHTaHuUsA
pacTIo/I0KeHbl BHM3Y KOPIIycCa, IIO3TO-
My OHM O06eCIIeuHBAIOT JOIOTHUTEND-
yIO YCTOMYHUBOCTh 4YacaM. MoXHO
YCTAaHOBUTH IUIOCKYyI0 Garapeio 3R12,
17151 4€r0 HeoOXOOMMO K OCHOBAaHHIO
3ajiHell KPBIIIKK KOpIlyca MIPUKIEUTH
TUXIOP3TAHOM IMOAOCTaBKY IIMPHHOU
40 mM. Ha a1y mopcraBky c3afmu Koprryca
ycTaHaBMUBaOT 6atapero 3R12.
Hcnonp3oBaHue CBEeTORMOAHBIX Ce-
MHCETMEHTHBIX MHIMKATOPOB 06YCIO-
BHJIO TIPUMEHEHHE MUKPOKOHTPO/UIEPA
PIC16F73 ¢ 60/MbIIHM 4HCIOM BHIBOJOB.
Muxkpokoutpomnep PIC16F73 anano-
ruden Mukpoxourpowiepy PIC16F873
(M TOpasno MelleBse MOCTEIHETo), HO
He AB/ISAETCA €ro IIOJHBIM aHAIOrOM.
B muxpoxourpomiepe PIC16F73 or-
cyrctByeT Flash-mamsaTh JaHHBIX, 3aTO
BCe TIOJle MaMATH [POrpaMM MOXKeT
ObITh HMCIONB30BAHO KakK 12-paspsa-
Has [IAMATH JAHHBIX, 3aIIMCAHHbIX TIPH

58

IpOrpaMMHPOBaHMH. JTO YAOOHO Wist
HCTI0/Ib30BAaHUA MUKPOKOHTpPO/IIEPA
B [IporpaMmax ¢ 6O/MbIIMM MacCHBOM
HeM3MeHseMBIX HNaHHBIX. B cBasu ¢
YKa3aHHBIMH OTIMYHMAMH MHKPOKOHT-
powiep PIC16F73 MoxxeT 6BITH 3aMe-
HeH MukpokouTtponnepom PIC16F873
¢ KOPPEKTHPOBKOH DPerucTpa KoHQH-
Typaluy ¥ TOAMPOrpaMMbl HHUIHATH -
3allMM MHKPOKOHTPO/UIEPA, TIOCKONBKY
B JaHHOW paboTe MaMATh AAaHHBIX He
HCIIOIB3YeTCA.

[Ipu mcmonp30BaHMU afanTepa co
CTA6HMIM3HPOBAaHHBIM HaIIPsKeHHEM
5B crabumsatop DAl He ycraHaBu-
BalOT. AanTep HeoOXonuUMO ronobpaThb
TaK, YTOOBI P WIKTEIbHOM PAbOTE €ro
KOPIIYC He MeperpeBacs.

PABOTA C YCTPOCTBOM

ITpu BKTIOYEHUH JaCOB HA MHIUKATO-
Pe BBICBETATCA HYJIM, a 3allATas B TPETh-
eM paspsfie 6yleT MUTATh C IEPHONOM
2 ¢ (puc. 8).

[Tpu sTom 6ymeT BKMIOYEH 3yMMeEP.
Ecmu ycranosneH symmep BF1, curhan

Cxemorexuuxa N2 3- mapT 2006

6yneT MpepHIBUCTBIM C [IEPUOAOM 2 C.
[Moxa BKIOUeH 3yMMep, HHIMKaIUsA He
uaMeHserca. Jlas BRIKTIOYEHUS 3yMMe-
pa HaxxmuTe KHONKy «C6pocy», mocie
4ero HagyHeT U3MEHATHCA MHANKAIHS B
OCTIEIOBATENBHOCTH — TeKYIilee BpeMst
(puc. 8), Temmeparypa Ha yrmutie (puc. 9),
TeMIlepaTypa B fioMe (puc. 10).

YcranoBka yacos

B pe>xriMe HHAMKALIMK TEKYLLIETO Bpe-
MeHH Ha)XMMAIOT Ha 1 ¢ M OTIyCKaioT
KHOIIKY «PexXuM», IIpH 3TOM PHKCHPY-
eTCca MHIMKAIUA 4acoB, a 3amATas He
muraert (puc. 11).

HaxuMaot KHOTIKY «Paspsji» u niepe-
MEIIAIOT 3aIATYIO IO PaspsiiaM, BHIOU-
pas Heob6xoquMbIi. Ha)KMMAIOT KHOIIKY
«YcTaHOBKa» ¥ HOOMBAIOTCH HYXHOTO
3HavyeHHs B BbIOpaHHOM paspsafe. Ilpu
YCTaHOBKE YacoOB I10 CHI'HATAM TOYHOTO
BpeMeHH HOKHUMAT KHOIKY «C6pocy.
Yacel HAYMHAIOT XOJl B MOMEHT OTIIyC-
KaHuA KHOIKH. JIBa pasa HaXUMaOT
KHONKyY «PexxuM». Ha mnpukarope mo-
SABUTCSA YCTAaHOBIEHHOE BPEMSA € MHTAI0-
1ell 3aIATON B TPEThEM paspsie.

YcranoBKa GyaMNbHUKA
B pexuMe HMHAMKaIMU TEKYIIEro
BPEMEHH JBAXKIBL Ha>XHUMAT KHOIIKY
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MarHurorepaneBTnyecKkasn

YCTaHOBKA

EMmkocts koHpeHcatopos C8—Cl10,
THaMeTp KOJjell, COIPOTHUBICHHE H
HHIYKTUBHOCTE coymeHoMpoB L1— L3,
pacCYMTaHB! TAKUM 00pasoM, 4TO IPH
3MEHEHUH HalpsHKeHUs Ha HaKOIM-
reIbHBIX KOHIEHCATOpax B AMalla30He
65...500 B MHAYKIMA B 1IeHTpE CONEHO-
1ina MeHseTca B guarasone 0,5...4 M.
Csetosnie nionocel HL4—HL6 cmyxar
UIs1 BU3YIBHOTO KOHTPOJIS IIPOIECCOB
3apAIKY U PaspAIKH KOHIEHCATOPOB.
Konnencaroper C4—C6 cayxat misa
YMEHBIIICHHs YPOBHS IIOMEX, CO3JaBa-
eMBIX YCTAaHOBKO! B pabodeM IUKJIE.
Tax>ke Ui yMeHBIIIeHHs YPOBHA ITOMeX

KABI paboYui UMK HAYMHAETCA B
MOMEHT IIepeXojia CeTeBOTO HaIpsKe-
HIS depes Hy/b. [IuTanue Ha 1 poBYyIO
JaCTh IIOCTYTIAET CO CTabuIM3aTopa Ha-
pshKeHHsl, COOpaHHOrO Ha MUKPOCXeMe
DAl. [lng 3aluThl CHIOBOIH 4acTH OT
TepeHalpsHKeHUs YCTaHOBIeH BapHcC-
rop FAL

OcCuWIIOrpaMMEL, TOSACHAIONINE ajl-
FOPUTM PabOTHI YCTAaHOBKH, IIPHUBEICHEI
Ha puc. 3.

Kak yxe mOMHHamoceh BhIlle, Cpasy
10C/Te TOJAYM ITUTaHHA HeOOXO0IUMO C

JIaBUATYpEI UHTepdetica 610Ka ynpas-
1eHHA 3a1aTh HeOOXOMMMELE TIapaMeTPhbl
pabOTEL — MHAYKUMIO U BpeMs TIpoIie-
xypbl. JJaHHbIE TTapaMeTpbl IIOCTOAHHO

HAMUMPYIOTCA Ha Aucriee (MHIUKa-
ropet HG1, HG2). TIpu uannmanusa-

MM Ha BCeX BbIBOfAax nopta P3 MHK-
poxoHTpO/UIepa DD1 ycraHaBMMBaloTCA
or. 1. YCTaHOBKaA ITepeXOUT B paboumit
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LMK Cpasy MoC/ie HaXKaTHA Ha KHOIIKY
«Ctap1/Crom» (S4), IIpu 3TOM BKIJIIO-
yaeTcs cBeroBas mosoca HL3. Muxkpo-
KOHTposwtep DD1 HauMHaeT ompalu-
Bath Bxoj 3 (P3.1) v npu Ha/mMIHHK Ha
BXopie sior. O (70r.0 — COOTBeTCTByeT
MOMEHTY IPOXOXXACHHUsI CeTeBOro Ha-
MIpsKeHUA Yepe3 Hy/lb) YCTaHABIMBAeT
sor. 0 Ha BeIxOJie 6 (pHC. 3, a). OTKpEHI-
BaeTcs TpaHaucrop VIl u BrmovaoTcs
orrroTupucTopel VS2, VS3. HaunHaet-
CA 3apAgKa HAKOIMTEIBHBIX KOHAEH-
catopos C8—C10. 3ToT mpo1tecc, Kak
YIOMHHA/IOCh BBIIIE, MOXET TIPONOI-
atbca 50...400 MC B 3aBUCMMOCTH OT
TOTO, Kakoe HabmonaeMoe 3HaueHHUe
MAarHUTHOW HHOYKIIUU YCTaHOBJICHO
Ha JMcIUiee 6/0Ka ympaBieHHs. Uepes
BBIIIIeyKa3aHHOE BpeMsi MUKPOKOHTPOJI-
Jlep yCTaHaBAMBAaeT /OT. 1 Ha BBIXOJe
6, TeM caMbIM 3aKpbIBasg TPAH3UCTOP
VT1 u BRIK/TIOYAas ONTOTHUPUCTOPHI VS2,
VS3. Yepes 900 Mc MHKPOKOHTpO/LIEP
ycTaHaBiuBaeT nor. 0 Ha BeIXoje 7
(puc. 3, 6). OTKpBIBaeTCA TPaH3UCTOP
VT2 u BrmovaeTcsa onToTHpUCTOp VS4
TIepPBOro paspsAHOro KoHrypa. HaunHa-
€Tcs KonmebaTebHBIH IIPOoliece pa3psnKy
C8 4yepes conenoun L1 mHaykropa. B
koHType C8L1 BO3HMKaeET 3aTyXalOIuii
TOK CHHycOMNanpHON QopMel. Yepes
3,3 Mc ¢ MOMeHTa IOABJCHUA JIoT. O
Ha BBIXOf¢ 7 MUKPOKOHTpPOJUIepa JIOT.
0 BosHuKaeT Ha BbiBOje 8 (puc. 3, 8),
a emie yepe3 3,3 MC — ua BEIBOAe 9
(puc. 3, ¢). Ilpu 5TOM uepes OTKPBITHIE
TpaH3ucTopel VI3, VT4 Brmoualorcs
onrotupuctophl VS5, VS6. Konpenca-
toppl C9 u C10 paspspkaroTcs depes
conerounet L2 u L3 uapykTopa A2.
Yepes 100 MC ¢ MOMeHTa BK/TIOYEHUSA
ONTOTHPHCTOPa V54 MUKPOKOHTPO/UIEP
Ha CBOMX BHIBOJAX 7—9 yCTaHaB/IMBacT
7ior. 1. 3a 310 BpeMs Kojre6aTe IbHbIE IIPO-
1[eCChl B KOHTYPaX 3aKaHYMBAIOTCA, OTI-
TOTUPUCTOPBI V54—V S6 3aKphIBaloTCA,
pabounit yuK 3aBepiter. Cremyromuit
pabouMil MK HAYHEeTCAA CPa3y B MOMEHT
ITPOXOXKAEHUSA CETEBOTO HAIIPSDKEHUA Je-
pes Hymb. Takue UKIIbI 3apAfKHU M pas-
PAJKH HaKOIIMTeTbHBIX KOH/IEHCATOPOB
MPOJIO/DKAIOTCS CHOBA M CHOBA, IIOKA
He 3aKaHYMBaeTCsA BpeMs CeaHca (MM
BpeMs 1pouenypsl). Bo BpeMst paboue-
ro yukiaa touka h maaukaropa HG2.2
muraet ¢ yactotod 1 I'm. [To okonvyauuu
3aJaHHOTO BPEMEHH IIpolleAypsl Ha 10
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C BK/IIOYAeTCA 3BYKOBas CHUTHA/IU3allMA
BA1, cBeroBaa monoca HL3 HauunHaer
murath ¢ yactotoit 1 [, [To ucrevennm
10 ¢ cBeToBas nosoca HL3 BrixmounTce,
Toyka h mmpukaropa HG2.2 moracHer.
s Toro, 4To6b1, HanpUMep, HadaTh HO-
BYIO ITPOLIENyPY C TeMH >Ke ITapaMeTpaMHu,
He0O6XOMMO IPOCTO HAXKATh Ha KHOTIKY
S4. JnA OCTaHOBKM IPOLIEAYPhI TaKXKe
Heo6X0AMMO HKATh Ha IJAHHYIO KHOIIKY
(cBetoBas monoca HL3 noracHer).

Hu¢pposas vacTh YCTAaHOBKH HaXo-
IOUTCS Ha IUiaTe ynpasiaeHua Al.l u
raJlbBaHUYECKU pasBs3aHa OT ceTH. Ha
3TOM I/IaTe pasMelleHpl BCe 3/IEMEHThI
uHTepdeiica.

[TporpaMMHOe obecredeHre MUKPO-
KOHTpO/Iepa 00eciednBaeT peansa-
MO YIIpaB/IsieMON 3apANKH HaKOIM-
TenbHBIX KOHIeHcaTopoB C8—CI10 u
TaiiMepa ¢ 06paTHBIM OTCYETOM BpeMe-
HU C BBIBOIOM 3alaBaeMbIX ITapaMeTPOB
Ha MHIMKAIUIO.

Taiimep TFO MHUKpOKOHTpOJ/IEpa
DD4 ¢opmupyeT 3aIpoC Ha IpephIBa-
HUe depe3 KaKapie 310 Mkc. JJaHHBIH
TaiiMep UrpaeT poab 6a30BOro CUETYH-
Ka BpeMeHH, KOTOpbIi GOpMHUpYeT Bpe-
MeEHHBIE HHTepPBa/Ibl, HEOOXOUMBIe /IS
OTOOpa>KeHHUsl pa3psANoB B JMHaMHYec-
KOV MHIMIKAI[UM YCTAaHOBKH M 3aJaHusd
BpEeMEHHBIX MHTEPBajIOB A1 paboTH
YCTPOICTBA B paboueM IUKITe.

Cpasy nocse Iopayy IMTaHKA Ha BhI-
Bope 1 MukpokoHTpoyuiepa DD4 depe3
nenb R14C3 ¢popMupyeTcs curHai cuc-
TEMHOTO aIMapaTHOTO c6poca MUKpO-
koHTposepa DD1.

Ianeine uMpeT MHUIIMAIU3AIUA TIPO-
rpaMMel, B KOTOPO¥ 3a/al0TCs TTapaMeT-
PpBI pabOThI AUHAMUYIECKON MHIUKAITUN
M CYETYMKOB 111 (POpMHUPOBaHUSA Bpe-
MeHHBIX MHTepBanos 3,3, 100, 900 mc.
3areM 3arryckaercs TaiMep TFO u pas-
peliiaeTcs paboTa yCTpOCTBa IO IPHU-
BeJlecHHOMY Bblllie aITOpUTMY. [I14 pa-
60TbI IMHAMMYeCKON MHaUKauK B O3Y
MUKpOKOHTposUtepa DD1 oprannsosan
6ydep oTobparkeHH .

B umksie B moamporpaMme 06paboTku
npepbIBaHuA TaiiMepa TFQ 4epes xax-
Ipie 310 MKC MMKPOKOHTPOJUIEP OIpa-
HIMBaeT cocrosiHue Beiopa 3 (P3.1). B
syerike Z25MS opraHu3oBaH CUETHMHK,
PpeUTH3YIONIHI 3a0ePXKKy 25 MC, B AYeil-
ke ZADER — cyeT4yuK, 06ecClieunBalo-
mui 3apepxkKy 50...400 Mc ¢ marom
50 MC. 3ajiep)KKa OIIpesie/sAeTCs He0OX0-
MO 3a/laBaeMO¥1 MHAYKIMEH. B stdeii-
Kax Z3MS, Z01S, Z09S opraHu30oBaHbI
CYETYUKH, peasM3YIoNIye 3afePXKKH 3,3,
100, 900 Mc cOOTBETCTBEHHO.

HasoBeM yCIOBHO 6aiiThi, KOTOpEIE
MHKPOKOHTPO/IIEp TePUOJUYECKH 3a-
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MHCHIBaeT B ropt Pl 114 MHOMKATOPOB
HG1, HG2 u B peructp DD3, cooTBeTc-
TBEHHO, 6aiTOM TUHAMUYECKOM UHIU-
Kauud U 6aiiTOM CBETOBOM CUTHAIU-
sauuu. BuTel crapmieit TeTpanpl Yepes
tpausuctopnl VI5—VT8 ynpasisior
unpukaropamun HG1, HG2 B punamu-
YE€CKOM MHIUKALUU.

Muapnsas TeTpaga 6aiiTa {UHAMIYeC-
KOM MHAMKAIUM TPECTABIAET CO60M
ABOMYHO-KOAMPOBAHHOE NECATUYHOE
YUC/IO U 4epe3 mpeobpasoBarenb KOAa
DD3 ynpapnsier cerMeHTaMH MHIHUKa-
topos HG1, HG2.

PaccMOTpUM anroputM paboTh yIi-
paB/IsIeMOIT BO BpeMeHH 3apANKU HaKO-
muTenbHbIX KoHpeHncatopos C8-—C10.

Kaknp1it HOBbIit paGodyuil UMK Ha-
YUHAETCA B MOMEHT IIPOXOXIAEHUSA Ce-
TEBOTO HANPSKEHUA Yepes Hymb, [Tocne
YCTAHOBKM TIApaMeTpPOB ¢ HaXXaTHeM
xkaonku S4 (Crapr/Crom), ycraHaB-
MUBaeTca OGUT, paspeluaoNlui paboTy
nporpamMmbl ynpas/ienus sapanku. [1pu
Hamauu jor. 0 Ha Beioze 3 (P3.1) Muk-
POKOHTpO/I/IEP yCTaHABAUBAET 0T. 0 Ha
BBIBOJIE 6, TEM CaMBIM Yepe3 TPaH3UC-
Top VT1 OTKpBIBaeT ONTOTHPUCTOPHI
VS2, VS3. Uaaykuusa B MHAYKTOpE IIpU
paspsAfKe HAKOTUTE/IbHBIX KOHAEHCA-
TOPOB 3aBMCHT OT HANPAKECHHUA 3apA-
KeHHbIx koHnencatopos C8—C10 um
OT IIUTEIbHOCTH MHTEPBaia BpEMEHH,
B T€YeHHE KOTOPOro OINTOTHPUCTOPHI
VS2, VS3 6ymyT OTKpBITHL. HauTenb-
HOCTb AHHOTO HHTEpBa/a IPUBA3aHA K
HHAYKIMY 0TO6PKaeMOTo Ha IUCIIee
unrtepdeiica. MarHUTHaA MHIYKIUA
MOJXKET PUHUMATh BOCEMb 3HaYeHUH B
nuanasoHe 0...4 mTn ¢ marom 0,5 M.
JnutenbHOCTD MHTEpBana 3apAAKY
gomxkHa 6p1Th 50—400 Mc ¢ u1arom
50 mc. Kak yXe oTMedanoCh BbIIIE,
NOROGHYIO 3aIep>KKy pealusyeT Cdyer-
MK, OpPraHU30BaHHbIA B Adeiike ZA-
DER. ITo oxoH4anuu aTOro UHTEPBaIa
MUKPOKOHTPOJUIEp YCTaHaB/IMBAET JIOT.
1 ya BBIBOIE 6, TeM CaMBIM 3aKpbiBasd
tpau3ucrop VI1 ¥ ONTOTHPHUCTOPDI
VS2, VS3, 3apsanka HaKOMUTENbHBIX
KOHIEHCATOPOB 3aKAHYMBAETCS.

KopoTko o mporpaMMe M agpecHOM
MPOCTPAHCTBE TAMATH MUKPOKOHTPOJI-
nepa. B mamMaTH gaHHBIX MUKPOKOHTPOI-
nepa B nuanasone agpecos 22H—25H
opranusoBan 6ydep orobpaxkeHus s
OUHAMHYECKON MHIMKaud. Mnanmasn
Terpama Kaxnoro 6aira B 6ydepe orob-
paXeHus TIpencTaB/seT co60H OBOMY-
HO-KOMUPOBaHHOE [IEeCATHIHOE YUCIIO,
KOTOpOE OTIpene/iseT 3HaYeHue paspna,
a crapuras TeTpana ONpenessieT HoMep
paspsaja B IUHAMHYECKOH MHIHUKAIIUH.
TakuMm o6pasoM, B KaXaoM Oaitre 6y-

¢depa onpemeneHo 3HaYeHME YHCTA U
€ro MeCTO TIpU BbIBOJI€ Ha MHIUKALIMIO.
Kaxapiit 6aitT M3 QyHKOIMOHATbHON
[PyNIbl B LMK/IE B TIOANPOTpPaMMe 00-
paborku npepbiBans Taiimepa TFO Bb1-
BoOAUTCA B TOpT P1 MUKPOKOHTpO/IIEpA
DD1. Crapiuas Terpasga 6anita UHIUKA-
UM TIPEACTABIAET o601 KOJ| «Gerymiuit
Hy/b». TakuM 06pasoM, 3arucbisadg 110-
odepenHO B UMKIe B mopT Pl 6aitTsl
u3 GyHKUMOHAIbHOM Tpynmb1 6ydepa,
MbI TIOJIy4aeM PpeXHUM JUHAMHYECKOH
MHEUKauuy, B nognporpamme o6pabort-
KM TIpephIBaHMUs BHauazne MPOMCXOMUT
ONPOC AATYUKA CeTH (BBITIOTHEHHOTO
Ha casoenHom onrpoxe Ul), 3arem
peaM3yIOTC 33aAEPKKH, NIPOUCXOTUT
OIIPOC KJIABUATYPBbI U JIMILIb IIOTOM BbI-
pogurca B peructp DD3 6atit cBeToBOM
MHAUKANuK, a B opt P1 — Oalit au-
HaMHMYECKOU UHAMKAUH. B pesyabraTe
TOYTH BCe BpeMsi Ha BBIBOAAX IOPTA
P1 mpucyrcTByer 6aiiT TUHAMUYECKOH
HMHIUKALMH.

B peructp RO sanucbiBaeTcs agpec
Ageriku u3 6ydepa orobpaxenud. [Ipu
KoM 00paiieHHH K NOognporpamMmme
o6pa6oTku mpepeiBanusa peructp RO
UHKPEMEHTUPYETCA.

B ocuoBHOI TporpamMme NMPOUCXOTUT
OTCYeT ORHOM MUHYTBI (CIETYUK Opra-
HU30BaH Ha peructpe R5), mexpemeHT
TEKYIIEro BpeMeHH U yCTaHOBKa Bpe-
Menu nponeAypsl. Kak Tombko sagaHHoe
BpeMs IPOLERYPHl 3aKAHYIMBAETCH, Ha
10 ¢ Bk/MOYaeTcsi 3ByKOBasA CUTHaN3a-
mua BA1l. ITo ucredenuu 10 ¢ MHKpO-
koutrpoiep DD1 ycranasnuBaer BCe
BeIBOMIBI opta P3 B nor. 1.

Paspa6oTanHas mporpaMma Ha acceM-
671epe saHuMaeT Bcero 820 6aiT MaMATH
IporpaMM MUKpPOKOHTpoepa. Ipo-
rpaMMy MOJKHO HalTH Ha calTe XKypHa-
na 1o agpecy www.dian.ru/programs.

[nara ynpasnenusa Al.l umeer pas-
Mepst 100x140 Mm.

B ycrpoficTBe IpUMEHEHDBI Pe3UCTO-
pot C2-33H, rogarca mobbie npyrue ¢
TaKO YK€ MOIIHOCTBIO pacCeUBaHUA H
ponyckoM 5 %. KonpgeHcaTtophl Cl—
C3 — K50-35, C4, C6 — K15-5 ¢ pabo-
gyuM HanpsxeHueM 3 kB, C5 — K73-11,
C7—C10 — K75-406. Tpauncdopmarop
T1 — TIII1254-220-50. Ero moxHo 3a-
menutb Ha TTI[1220-220-50 wiu gpyrou
¢ mapameTpaMu:

MakKCHUMaabHasA BbIXOOHAA

MONIHOCTB, BT =10
HalpsDKeHHe BTOPUIHON

06MOTKH (IpH HOMUHATBHOM
Harpyske), B =9
OTK/IOHEHHE HaIPSDKEHUA
BTOPUYHOH 06MOTKH, % <5

9NEKTPUIECKAsA TPOYHOCTD
MEXAY NepBUIHON
M BTOpUYHOM O6MOTKaMu, KB 24

Y mukpoxkontpoynepa DD1 u perucr-
pa DD3 Mexxay BeiBOOOM nuTanus +5 B
¥ O6IIMM TIPOBOLOM I10/IE3HO YCTAHO-
BHUTb 6JO0KHUPOBOYHBIE KOHREHCATOPBI
K10-17-H90-0,1mx®.

I1be302/IEKTPUIECKUN  U3Ty4aATEND
BA1 HPM17AX MOXHO 3aMEHUTH Ha
HPA14AX unu HPA17A. YaurpiBas
06beM NaMATH IPOTPaMM, MMKDPOKOH-
tponnep DD1 AT89C4051-24P1 Mox-
HO 3aMeHuTb Ha AT89C2051-24P1 mwim
AT89C1051-24P1L.

IToTpe6aseMbIli OT UCTOYHUKA ITH-
tanua +5 B TOK cocrasisieT He 6oree
500 MA.

HoMuUHaIbHBII TOK NPeNOXpaHuTe-
neit FUL, FU2 — 5 A, FU3 — 0,16 A.
Casoennbie uanukaropbi HG1, HG2
MO>HO 3aMEHUTb Ha jo6bie ¢ 06muM
aHOAOM U MpHUEM/IEMOI APKOCTDIO CBe-
YeHMs KEITOTO WIH 3€7I€HOTO LIBETA C
npambiM TokoM < 20 MA. Cserosbie
nonocst HL1—HL6 M0XHO 3aMEHUTD
Ha gpyrue ¢ npsAMbiM TokoMm 10 MA.
MO>XHO TIPUMEHUTDb OTUHAPHBIE CEMU-
cerMeHTHble uHauKaropbl HDSP-F501
win HDSP-5601. PasBogka y HaHHbBIX
CEeMMCETMEHTHBIX HHIMKATOPOB OT/IMYa-
eTcA OT TPUMEHEHHBIX B YCTaHOBKE.

Brok ynpasieHus BBITIOTHEH B BURE
(YHKUHMOHAIBHO 3aKOHYEHHOTO MOMY-
n4. BayTpu 6710Ka K nepenHei maHem
MOy KPENMTCA IIaTa yIpaBreHUd
Al.1. Ha 3agHell nma”Henyd pasMeniaer-
cA BBICOKOBO/bTHAs CHIOBasg YacTb,
B TOM YHCJIE CETEBOH BBLIK/IIOYATENLh
SAl u coemuHuTeNb X6, K KOTOPOMY
HOAKTIOYaeTcA coenuHuTenh X1 MH-
myktopa A2. ITnata ynpasnenus Al.l
COeOUHAETCH C BBICOKOBOJBTHOM CH-
JIOBO}T YacThIO yepe3 coenuHUTemH X1,
X4 (BUAKM), K KOTOPBIM IOIK/IIOYa-
JOTCA COemUHHUTETH X2 H N3 (PO3eTKH)
COOTBETCTBEHHO. MekIv rnepenHed H
3amHell MaHeTAMH pPacrioloxkeH 670K
koupencatopos C7. C8. Ciemyer oTMe-
THUTB, 9TO [p¥MEHEHHbIE KOHNEHCATOPBI
K75-406 mocratouno rpoxo3aku. Pas-
Mepbl KOHAeHcaTopa K75-400 20 Mx®
Ha 1000 B — 140x25x80 sy, a K73-406
100 Mx® Ha 750 B — 140x30x 80 M.

Kaxkpmpiii cOMEHOWA B HHIVKTOpE
BBITIONHEH B BHME KO.blla Z:i{aMETPOM
800 MM | comepKUT 100 83715038 MPOBO-
ma [T9B-2 guametpos l.2o s Komb-
110 06MOTAHO JIEHTOH #: [JHTEIIOHA U
BJIOYKEHO B [IBe 00010uL: 3EPXHION U
HIDKHIOW) 3 momcre 7 Y T1C-0803D.
CoemuuuTeb X1 HETV: 107 IOIKIIOYEH
K COMEHOMAM Yepe: 1%




CxemortexHuka N2 3 mapt 2006

(abesTb 3aXOIMT B KO/IbHO coseHoMzia de-  Tloce npoBepku paboTOCIIOCOBHOCTH £, 1+) A} r+° L

e3 KabenbHbI BBog MGB-P-8G. KJIABMATYDPHI U MHOUKAUUHU 6/I0Ka yII-

ONeKTPOMOHTAX CHIOBO¥M YacTH paB/ICHUA 1ie/1ecoo6pa3HoO 3aJaTh UH- 1. B. B. Bpooun, H. H. Hlaeypun.
7I0Ka yIIpaB/leHUs Befercss MpoBoaoM  aykumio 0,5 MT u iepeittn B pabouuit  Muxpokonmponneps.. Apxumexmypa,
I'TIB-1,0. UUKJI, IDOBEPUTD CUTHAJIBL, IDUBEAEH-  npoepammuposarue, unmepdeic.—M.:

B ycTpolicTBe HeT HUKaKHMX HacTpO-  HBbIE Ha pUC. 3. YBeIMYMBAass MaTrHUT-  F3damenvcmeo Ixom, 1999.

K M PeryIMpoBOK. Ec/TM MOHTaX BBI-  HYI0O MHAYKIMIO, IPOKOHTPO/JIUPOBAThL 2. Muxkponpoyeccopel U MUKponpouyec-

I0HEH [IPAaBH/IbHO, OHO HAYMHAET Pa-  YBEAMYEHHUE /IUTENBHOCTH UMIIYIBCA  COpHBIE KOMNAEKIMbL UHMEZPATLHBIX CXEM.
OTaTh Cpasy IOCe TI0JaYM HA HETO  HA BBIBOAE 6 MUKPOKOHTpomtepa DD1  Cnpasounux 6 2-x m. nod. ped. B. A. Illax-
lanpsoKeHus nuraHud, Ilogxmodats  (puc. 3, a). [ToToM HEOGXOZUMO HPO-  nosd.— M.: Paduo u 653w, 1988.
(HAYKTOP K 6/I0KY yIIpaBieHUA MOKHO  BEPUTb MHAYKIUIO MarHUTHOTO I0/IA B 3. A. B. Opynse Mukpoxonmpoanepui?
OZIPKO IIPU BBIKITIOYEHHOM CETEBOM ILIEHTPE COJ€HOMAA M HEIOCPENCTBEH-  Dmo xe npocmo! m. 3. — M.:000 ]I
bIK/IOYaTenne. B ycTaHOBKe MMeETCA HO Ha €ro IOBEPXHOCTU. MarHutHyo  Cxumen», 2002

1aCHOE I/ KM3HU HANPAXKEHUE N0 HHAYKUMIO 110/ MOXXHO IPOBEPHUTH

000 B, nosToMy BO BpeMs IIDOBEPKH  IIOPTATUBHBIM YHHBEPCATBHBIM MHII- Cepreit IIlnmkun,
IDU CHATOM BepxHell KpbllIKe HeobXo-  murectamerpom TII2-2Y. r. Capos Huxeropopackoit o6
(MMO CO6MI0TaTh MephI 6€301IaCHOCTH.
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Ana nTep USB — RS-232 CKOpOCTD Ilepefaiyl JaHHBIX, HO BO3-

HUKJIA TeXHUYecKas IpobjieMa — B
PC-xoMmnploTepax He NMOAAEPKUBANCA
3TOT CTaHAAPT U TPeOOBAIOCH HATUIUE
IDONOTHUTENBHON IUIAThl PAacLIUpeHHUs
¢dbopmata ISA\PCL. IostBnenue ynusep-
5 g /1A CTBIKOBKM Das/IMUHBIX 3/1EKT- €M 3TOrO CTaJo NOoABJeHHe MUKPOKOH- CadbHBIX KOHTposulepoB USB nosponu-

 Hawem XypHarse yxe 6bi1u 0NUCAHbl HECKONIbKO 8apUaHmos adanmepa
JSB — RS-232. B 0aHHOU cmambe paccMompeH 8apuaHm yHU8epCaibHo-
0 ycmpotcmed Ha cospemeHHoU 31emeHmHol 6ase.

§ POHHBIX yCTpoiicTB ¢ PC-KOMIIBIO-  TpO/UIEpOB, Ha 623¢ KOTOPBIX BO3MOXHO  JIO YIIPOCTHTD HAHHYIO 3agady. Ha puc. 1
sy TepaMu GBUI paspaboTaH NPOCTOH  cosmanue amantepos USB — RS-232.  mpeacraBieHa cXeMa YHUBEDPCATBHOTO
TaHAapT RS-232, nosBosstomuit nop-  TecrupoBanue 110ka3ano, 9to KakuM 661 agantepa USB — RS-232/RS-422.
TI04aTh K crangaprHomy COM-mopTy  6bicrpopeiicTBytonM Hu 6501 riopt USB, Ilepemeruku JP1 u JP2 nosponsior
epriepHitHble yCTpoiicTsa. JapHelllliee  MaKCUMAIbHAS CKOPOCTD [1€peIady OIpe-  MEHATB PEXKUM paGoThl agantepa. [Ipu
a3BUTHUE BBIYMCIMTE/TBHOM TeXHMKH IPU-  AenAerca mpaiBepoM RS-232. B pesyiibrare  saMbikanum JP1 apganrep pa6otaer B
€710 K TOMY, 9TO BO MHOTHX KOMITbIOTe-  USB ucnosnpsyercs He Kak BbIcOKOcKopoc-  pesxuMe USB — RS-232, npu 3aMbrka-
ax, 0COGEHHO B HOYTOYKax, 6510 peille-  THas HIMHa, a Kak Moguuuuposanusii  Huu JP2 peanusyercs sapuant USB —
[0 OTKA3aThCsl OT MEJIEHHBIX IIOPTOB, U BUPTyaIbHblit COM-1i0pT. RS-422, a ecn 3aMKHYTH IlepeMBId-
. 6onpiiuEcTBe Mogeneit LPT- u COM- IosBnenue cranpapra RS-422/485 «ky JP2, o6begunuts RXD+ ¢ TXD+
OPTHI He yCTaHAaBIMBAIOTCA. CIEACTBU-  IIOMOrI0 cCymecTBeHHO NoBBICMTH UM RXD- ¢ TXD-, u He ucnO/Ib30BaTh

cn JP2
0,1 MK ﬂ
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= PaKTUKA

curnanel RTS u CTS, apanrep 6yzner pa-
6otath B pexxuime USB — RS-485.

B xadecrBe konTpoUiepa USB ncnonb-
syercst Mukpocxema FT232BM (USB —
UART) ¢upmbl Future Technology De-
vices. Oco6eHHOCTBIO 3TOTO KOHTPO/UIEpa
spgercs nongep>kka USB Bepcun 2.0
LIMPOKHE BO3MOXKHOCTH IO TIPHMEHE-
nuro. IlogkmodeHneM COOTBETCTBYIO-
IIHX OKOHEYHbIX y3/I0B MOXKHO IOy IUTh
KOHBepTep Wi pexxumon RS-232, RS-422,
RS-485, IrDA wmi 14 IpsAMOTO NONK/IIO-
yenuA K nopram UART MHKPOKOHTpOII-
7I€POB M MHKPONIPOLIECCOPOB.

Ha puc. 2 npuBesena cxema HOMTHO-
OyIUIEKCHOTO KoHBepTepa RS-485.

B xadecTBe OKOHEYHOIO KacKajla MC-
nosb3yercst MUKpocxemMa MAX1484, yto
MO3BO/IH/IO TOAYYHTh MaKCHMa/lIbHYIO
ckopocTb o6Mena g0 12 Mé6og.

OnHoit M3 OCHOBHBIX IPHYMH BbI6Opa
3/IEMEHTHOI 6a3bI cTalMy rabapUThl IPH-
MeHseMbIX KOMIIOHEHTOB. MHMKpocxema
FI232BM sblnyckaercst B Kopryce 32-1LD
LQFP pasmepamu 9x9 MM, MAX 1484 —
10uMAX 3,1x5,1 MM, HCIO/b30BaHHUE
Pe3HCTOPOB M KOHJEHCATOPOB THIIOPas-
mepa 0603 nosBOMMIO Pa3sMECTHTDb Bech
aJlanTep B CTAHAAPTHOM KOPIIyce pash-
ema DB-9.

Ha puc. 3 npuBeses pUCYHOK mevat-
HOM II/1aThI.

IMnata usrotoBnena U3 ¢GoOIBIMPOBaH-
HOTO C [IByX CTOPOH CTEK/JIOTEKCTONHTA
TO/IIUHON 1,5 MM M YCTaHOB/IEHa MEXTY
KOHTaKTaMH paspeMa X2. Kpapuenbiii pe-
sonarop ZQ1 HS-49/S Ha yacroty 6 MI'nt
BIIAMBAETCsi B IIOC/IEAHIO0 OYepens. B na-
CTPOMKeE YCTPOMCTBO He HY>KIACTCA.

I1pH BK/TIOYEeHHH yCTPOMCTBO onperie-
nstercs kak <<PnP USB to UART Bridge
Controller (COM3/4)>>. [lpaitBepbl
MOJ>XHO HaMTH Ha cafiTe KOMIIaHUH-TIPO-
ussogurens www.ftdichip.com. ITocne
YCTaHOBKH PaiiBepOB M MOAKTIOYCHH
pasbema USB nosBnsiercs BUPTyaab-
Hb1ii COM-NopT, ¢ KOTOPBIM MOXKHO
paborath KaK co CTaHIapPTHbIM IOPTOM,
TIpefiBAPUTENBHO YCTAHOBUB B HEM He-
06X0auMYyI0 CKOpPOCTh 06MeHa.

TToMHMO cTaHAapPTHOTO IPHMEHEHHSA
B KadecTBe HHTepdeiica CBASH MEXMy
KOMIbIOTEPOM H yaJI€eHHBIM BHEILIHUM
YCTPOMCTBOM BO3MOKHO HETPAfiMIIH-
OHHO€ IIPUMEHEHHUE [/ CBA3H ABYX
KOMIIbIOTEPOB. /151 3TOr0 MOHamO6HTCA
IBa aganTepa M Kabelb, KOTODBIA HC-
TIOIb3YeTCs Ik IPOK/IAfKH IOKAIbHBIX
ceTeif ¢ COOTBETCTBYIOIMMH pasbeMa-
miu. oakmodenne kabensa x aganrepam
MPOM/UIIOCTPHPOBAHO Ha PHC. 4.

CoenuHeHre MeXAy KOMIbIOTepa-
MH OmpefiensieTcsi KaK «IpsiMOe Ka-
6eMbHOE COeAMHEHHE», HO B Ka4eCTBE
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nbeloTepom no mne USB, ot konBeptepa
OCYLLeCTB/IAeTCA U IIMTaHHe YCTPOKCTBA.
Berpoennbnit ALIIT MuKpoxonTpo/uiepa
DD2 npousBogut oUy(ppoOBKY BXOTHO-
TO CUTHA/a U IepefaeT pe3y/ibTaThl IjId
06paboTky B KoMmbioTep. C NOMOIIBIO
Bcrpoennoro LIAIT MoxHO Wwn ynpas-
ASTh BHELUHHMM YCTPOMCTBOM, WIH C
MOMOIIbIO HANPSDKEHHs CMeEILeHHs Ha
BxogHoM OY H3MEHATb AHANA30H H3-
mepenysi. OCHOBHBIM 3/IEMEHTOM YCT-
po¥icTBa AB/ISIETC MHKPOKOHTPOJUIED,
uMmeronmit Bcrpoennble LHATT n AT,
Hanpumep, dupmbl Atmel. Hamrame nop-
ta UART He 00513aT€/IbHO — €ro MOXHO
CHHTE€3MPOBATH TPOIPaAMMHO, HCTIONb3Yst
ABa CBOOOIHBIX PETHUCTpa.
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MOPTOB YKa3blBalOTCsi BHPTYya/lbHbIE
COM-noptsl. B pesynbraTte nomydaercs
coeMHEHHeE ropasfio 6osee ObICTPOE, YeM
coegunenne COM — COM (RS-232), u
CHHMMaeTCsi OTpPaHU4eHye B 3 M Ha JUIH-
Hy COeIMHUTENLHOTO Kabens mpH pabore
ABYyX KOMIbIOTepoB 4epe3 USB.

Eime omHO MHTEpecHOEe NPUMEHEHHE
[OaHHOTO KOHTPO/UIepa — BO3MOXHOCTb
CO3IaHHs MMHHATIOPHOTO H3MEPHUTENBHO-
YIIPaB/SIOILIETO YCTPONCTBA, €10 MYHKIIHM-
OHaJIbHAs! CX€Ma NOKa3aHa Ha pHC. 5.

Kouseptep DD1 o6ecne4nBaer cBs3b
MuKpokounTpomtepa DD2 AVR ¢ xom-

1. O. Banvna. Ycmpoticmea USB. —
Cxemomexuuxa, 2003, Ne 7, c¢. 36—39,
Ne 8, c. 39—42.

2. O. Huxonaituyx. Hosviit mocrn USB-
UART ¢pupwmot Silicon Laboratories, — Cxe-
momexnuxa, 2005, Ne 4, c. 20—22, 29.

3. O. Banvna. Adanmep USB —
RS-232. — Cxemomexnuira, 2005, Ne 10,
c. 47—49, Ne 11, c. 43—15.

Amnppeit lllecronanos.,
r. Mocksa
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"Tpn6op ana nsmepeHnsa yCKopeHuns

cB060OAHOro nagexHns

 cmamee npusedeHo Kpamkoe onucaHue npubopa, Komopeili MoXxem ucno/b3o8amscA 019 NEPBOHAYAIbHO20
3HAKOMJIEHUSA C NPUHYUNAaMu pabomsi MUKPOKOHMPO/IEPa U e20 NPo2paMmMUupo8aHuem.

it

ned KOHCTPYKUIHMH BO3HHK/IA BO BPeMs BBHITIONHEHHA
naboparopHoit pa6othl 110 $usuke. Yacto npu mpo-
£ BeIeHUH KaKOro-au6o 3KCIIepHMeHTa HeoGXOomuMo
[BMEPHTD BpeMs IIPOTEKAHHA [IMTEIBHOIO TIPO1ECca, OMHAKO
epeNKO TIPOLIECCH! IPOTEKAIOT OYeHb GBICTPO, W, IIANA Ha
aCbl, H3MEPHTD UX IINTeIBHOCTb NPOCTO HEBO3MOXKHO. [ TpH-
{€pOM TaKOH 3a1a4H MO)KeT MOCTY>KHTh H3MepEeHHe BPEMEeHH
afeHHA MeTauMdeckoro mrapuka. Ecim sto cpenarts, 1O,
Has pacCTOAHHE, IPOAIECHHOE HIAPHKOM, MOKHO PaCCUHTATh
ckopeHHe cBoGorHOro naennsa. IMeHHO 3T0 M peansosaHo
paccMaTpuBaeMoOM Ipubope.

3a OCHOBY MeXaHHYeCKOM KOHCTPYKIIHH B3AT HITATHB, KO-
OpBIil MCTIONB3YIOT Ha ypokax ¢uamku. Ha Bepxueit ero
aCTH 3aKpell/IeH 97IeKTPOMAarHUT, KOTOPBIH yIep>KHBaeT Me-
a/UTHYeCKMi InapHK. Hipke 3akpellieH OTITHYECKHI JaTYHK,
OCTOSALIMI M3 IAMITOYKH U (POTOPE3UCTOPA, PaCIIONOKEHHbIE
aK, YTO LIApHK IIpH MTAfeHHH IlepeceKaeT CBEeTOBOM JIyY.

Tpuniym pa6oTsl Ipubopa 09eHb IMPOCT — I0C/E BKIIOYEHHA
pHOOP2 3MEKTPOMArHHT Ha LUTATHBE BI/IFOYAETCS, 3AKMIAETCA
aMrroyka Ha poroparuuxe. Terepp Hy>KHO TIOTHECTH K S/IEKT-
OMAaTHHTY CTaTBHOM HIAPHK, OH TIOBHCHET Ha €ro crepxxHe. s
aIycKa Ipuéopa HY>KHO HaXXaTb KHOTIKY «[1yck». Cpasy moce
e Ha)KaTHA MEeKTPOMArHHT OTK/IIOYAETCA M ILIAPHK IajaeT.
)IHOBPEMEHHO MHKPOKOHTPO/UIEp HAYMHAET OTCUYET BPEMEHH.
orfa MIApUK TIepeceKaeT JIyd cBeTa Tiepern GOoTopesncTopoM,
a pxop, INTO MukpokoHTpO/UIepa MOCTYIIRET CHIHAJ, OH OCTa-
@B/IHBAET OTCYET BPEMEHH M BHIBOIMT €r0 Ha MepBYIO CTPOKY
(MIKOKPHCTa/UDIYECKOTO HHAUKATOpa. Terepb OH paccyuThIBa-
T yCKOpeHMe CBOGONHOTIO IafeHHA H BEIBOJUT €r0 BO BTOPYIO
TPOKy MHOHMKaTOpa. s Toro, YTo6bl CHOBa HCIIOAB3OBATH
pHOOP, Er0 HY>KHO OTK/IOYUTH H CHOBAa BIUTIOYUTb.

Ha puc. 1 cxemaTudecku uso6pakeHa KOHCTPYKIMA IIPH-
opa, Ha pHC. 2 — ero cxema.

Pesucrop R2 HyxHO nnogo6paTh TaKOro HOMHHaNA, YTOOBI
PH ocBerieHnu ¢oTopesucTopa R3 HampskeHue Ha BXOME
NTO cooTBeTcTBOBaIO JIOT. 1, @ TIPH [TepeceYeHHH CBETOBOTO
yya — nor. 0.

3nexTpoMarHnT

METaNMUNECKH WapHK

KorcTpyiaius doToaaTumka

- M -
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BMmecto pesucropoB R2 1 R3 MOXHO mocTaBuTh 10608
(poTOUYBCTBHUTE/NBHBINA y3el, KOTOPBIX BBIJA€T Ha BBIXOJE
AQHAJIOrHYHble CHIHAJIBI B 3aBHCHMOCTH OT OCBEIIEHHOCTH.
Kpome TOoro, MOXHO MOZEpHHM3HPOBAaTb YCTPOMCTBO, HC-
TI0/Ib3ysl BCTPOEHHBIN aHAIOrOBBIH KoMmapatop. Ha omuu
M3 ero BXONOB HY)XHO IIOfATh HampsbKeHHe, GopMHpyeMoe
[eHUTeNeM, COCTOALIMM H3 (OTOPE3HCTOpa H TIOCTOAHHOrO
PE3UCTOPa, 2 Ha BTOPOM BBIBOJ — HAIIpsDKeHMe, POpMHpY-
eMoe [IepeMeHHBIM Pe3HCTOpPOM, KpaliHHe BHIBObI KOTOPOTo
TIOAK/TIOYEHBI K HCTOYHHMKY IIMTaHHA. B 3ToM ciydae ¢ moMo-
LIBIO [TEpeMEHHOTO PE3HCTOPA IErKO YCTaHOBHUTD YPOBEHD OC-
BELIEHHOCTH (POTONATIHKA, IIPH KOTOPOM YCTPOHCTBO 6yzeT
9eTKO cpabaThIBaTh.

PesynbTaT (Bpems mapeHus U pacieTHOe 3HaYeHHE YCKOpe-
HHA) BBIBOAMTCA Ha NBYXCTPOYHBIN >KHIKOKPHCTUUIHIECKHIH
uHpuKarop HG1. Pesuctopom R4 perymMpyroT KOHTpaCTHOCTb
nsobpaxkeHusa. Katyriika snekTpoMarauTa YAl sairyHTHpOBaHa
nuopoM VD1 mia samursr Tpansucropa VI'1 oT BeI6poca Ha-
IIpsUKEHMA Ha Hell B MOMEHT ero 3aKphiBaHus. B mpubope B ka-
4JecTBe 3/eKTPOMarHHTa HCIIOIb30BATACh KATYIIIKA OT pere.

TekcT IporpaMMst:

/tttt'*Q*kttttithtttttttittttttt.ttiitliltﬁﬁtt
fipoext: fpnBop ANR U3NEPeHUR YCKOPeHHR CBOBOAHOIO NafeHus
Bepcua: 1.0

MukpoxonTponnep: ATmega8515

Takrosas u4acTova: 11,0592 MMy
Mogenb namATH. Small

Paamep BHewHero 03Y gaHHux: O

PagmMep cTeka paHHbx: 128
ii**ttittt“itt.tttii.ttﬁiiitittti.it!*ﬁ*.i't/

#include
#include
#include
#include
#include

<megad515. h>
<delay.h>
<stdlib.h>
<stdio.h>
<math.h>

#pragma ruslcd+

flash char M1[]="Haxmute";
flash char M4[]="'flyck'";
flash char M2[]=" wmc”;
flash char M3[]="Ouwnbxal";
#pragma ruslcd-
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‘DaKTMKa

unsigned int time;
unsigned long temp;
float S, g;

char str[8]; // maccup ans BuBOAa 4yucen Ha XK uHamkaTop

// OyHkumu ana paboti ¢ XK uMHaMkaTopOM
#asm
.equ __lcd_port=0x15
#endasm
#include <lcd.h>

// NoanporpamMMa o6paboTku npepwBanus no Bxoay INTO
interrupt [EXT_INTO] void ext_intO_isr(void)

{

// OcTanoBuM Talimep 1

TCCR1B=0x05;

// Nony4um oTcuuTaHHoE TaiMepoM BpeMs
time=TCNT1/10.8; // Bpems B MuaaucekyHaax

// TipeoBpascBaTe nonyyeHHoe BPEMA B CUMBONbLHY CTPOKY
// uT0obu oToGpa3uTe ero Ha XK-unankaTope
sprintf(str,”Xd", time);

// OuMCTuTL HHAMKATOp
lcd_clear();

// BuBecTn Hagnmch “t="
led_putsf("t= *);

// BuiBecTu Bpems
lcd_puts(str);
// BuBecTu “Mc”
led_putsf(M2);

// PaccumTaem yckopeHue cBobogHore nagenus
g=S+2+1000000.0/((float)time»(float)time);

temp=g*1000; // NpecGpasyeM B uence 4ucne

// NpeoBpa3csBaTb nonyvyeHHoe YCKOPEHWE B CUMBOALHYR
// cTpoky, uToGn oTe6pasuTb erc Ha XK uHamkaTope
sprintf(str,"%d.%d”, temp/1000, temp-1000«(temp/1000));

// NepeitgeM Ha BTOPYO CTPOKY
lcd_gotoxy(0,1);

// BuBecTM Hagnuce “g="
led_putsf(“g= ");

// BuBecTH Bpems
lcd_puts(str);

// BeckoHewHbit uMkn - Hudero Gonbwe He genaem
while(1);
}

void main(void)

{

// WHuumanusaums nopToB BBOAA/BHBOAA
// Nopt A

PORTA=0x08;

DDRA=0x04;

// Nopt D
PORTD=0x04;
DDRD=0x00;

// Whmumanusauus Taituepa/cyeTumka 1

// WCTOMHMK TaKTMpPOBAaHWA. TAKTOBHHA reHepaTop
// MacTtota TakTuposammusa: 7,200 kluy

// Mode: Normal top=FFFFh

// Input Capture on Falling Edge
TCCR1A=0x00;

TCCR1B=0x05; //5 - TaitMvep 3anyweH c¢ CK/1024, 0 - ocTaHoBneH

TCNT1H=0x00;
TCNT1L=0x00;
OCR1AH=0x00;
O0CR1AL=0x00;
0CR1BH=0x00;
0CR1BL=0x00;
TCCR1B=0x00;

// MNpepuisanus nc BxogaM INT
// INTO: BKAO4eHO

// INTO pexwu: no cnagy

// INT1: oTkn4eno

// INT2: oTkno4eHo
GICR|=0x40;

MCUCR=0x02;

EMCUCR=0x00;

GIFR=0x40;

// HacTpofika npepwBaHuit no TaiMmepam -
// npepuBaHUA OTKANYEHH
TIMSK=0x00;

// HacTpoitka aHanoroBoro KomnapaTtopa
// OTKno4eH
ACSR=0x80;

// Wnmunanusaumus KK mHgmkaTopa
lcd_1init(16);

// Pa3peuuTb npepbBaHuUs
#asm(“sei”)

$=0.5; // anvMHa NyTM, NPOXOAUMOTO WAPHKOM
// oT anexkTpoMarkhuTa ac ¢otopatymka, 0,5 M

// BknoyuM HanpsXeHue Ha KaTyillke 3nekTpoMarHuTa
PORTA. 2=1;

// BuBeseM Haanucb “Haxmute “Myck”
lcd_putsf(M1);

lcd_gotoxy(0,1);

led_putsf(M4);

// Xgem HaxaTua kHonku “Myck”
while(PINA. 3==1);

// 04ncTMM mHamKaTOp
lcd_clear();

// OTKNO4YMM HarlpaxeHWe Ha KaTyllke 3neKTpoMarHuta
PORTA. 2=0;

// 06nynum Taitvep 1
TCNT1=0;

// 3anycTuM Taimep 1
TCCR1B=0x05; // wacToTa TaitMepa 110590200/1024=10800 Iy

while (TCNT1<65530);

// Ecau nornanu c¢oAaa, wapuk 33 MakCUManbHO BO3MOXHOE

// oTcyMTaHHoe TaiMepoM BpeMs He flepecexk ny4 ¢oTopaTuMka,
// BO3MOXHO, OTKAOHUACA OT HYXHOW TpaekTOpMM noneta M3-3a
// HepeBHOrg pacnonoXeHus wTaTuBa mnu He Obn 3akpenneH

// Ha cepaeyHuke anexTpoMarHuTa

lcd_clear();
lcd_putsf(M3);

} // main

Muxaun l'ory6108,
T. 3eeHorpag

// OC1A output: Discon.
// 0C1B output: Discon.
// Noise Canceler: Off
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AByX4acTOTHbIN
MeTannouckarenb
BM8043 — «Kowen»

CaMOCTOATeNbHOE H3TOTOBIEHHE «C
HY/LI» OIMMCAHHOTO B MPENbITyIIel Jac-
TH CTaTbU MeTa/VIOMCKaTe/lA NOCTaToY-
HO Tp061eMaTHYHO JaXKe JULA ONMBITHBIX
pamuomobuTeneil mo npuuMHe gedu-
IIUTHOCTH MHOTHX feTa/Iel, CJIOXKHOCTH
MoOHTaXa SMD 371eMeHTOB M HEBO3MOX-
HOCTH Ka4eCTBEHHOTO U3TOTOB/ICHHA Me-
XaHWYIeCKVX y3/I0B. YUHUTHIBAA epeunc-
JIeHHBbIe MPUYHHBI, KoMmanusa «Macrep
KUT» semIycTiia Habop BM8043, xo-
TOPBII COCTOUT U3 3MEKTPOHHOTO 6/10Ka,
BCeX HeOOXOMUMEIX Pa3beMOB U KOPITyCa
parduka. TeM He MeHee, 3TOT IpH6OP He
ABJIAETCSA «IEPHBIM SLIUKOM» — 0605
MOXXeT OTBHHTHTb KpBIIIKY TEKTPOH-
HOTO 6JI0Ka U, BOOPY>KHBLIHCH TPUHIU-
MHANbHOM CXeMOU M ocuuiorpadoM,
HCCIeqoBaTh paboTy OTHENbHBIX Y3/IOB.
Taxoke aTOT Habop ocTapAeT 60/BIIOE
OJIe IJIfl TBOPYECTBa, CAMOCTOSATEIbHOE
M3TOTOBJIEHHE IaTYMKa U MOCIenyonas
HacTPoO#iKa Ipubopa — JOCTaTOYHO Kpo-
MOT/IMBas M MO3HaBaTe/IbHasA paboTa.

OcraHoBuMcs monpo6Hee Ha KOHC-
TPYKLMM 3/MeKTPoHHOTO 6y10Ka. [ledat-
Has 1wiata, JKKU, ¥ ocrampHble meTain
(mMHAMITIECKAs TONOBKA, PA3bEMBI K T. [1.)
CMOHTHPOBAHEI BHYTPH (pe3epOBaHHOTO
AMOMMHMEBOTO Kopiryca (puc. 7).

Kopmyc okpaitieH BBICOKOIPOYHOM
OPOLUKOBOI KpacKoil. JproHoMHuy-
Hast /IMIeBas MaHe/ b BIUTIOYaeT B cebs
IUIEHOYHYIO KJIaBHATyPy HOBBILIEHHOM
HAJEeXXHOCTH. B HIDKHel YaCTH Kopiyca
yCTaHOB/IEHA ATIOMHUHUEBas BTY/IKa Tua-
meTpoM 18 MM, KOoTOpad npeaHasHadYeHa

Puc.7

VIS KpeTUTleHUs 3/IeKTPOHHOro 6JI0Ka K
pykosTke. [IbUle- 1 Baro3aliMUIeHHBIA
6aliOHETHEII PasbeM C TO30/I09eHHBIMHU
KOHTaKTaMH obeciieyMBaeT Hame>XHOE
¥ yno6HOe COWIeHeHHE 3/IEKTPOHHOTO
6/10Ka M JaTYuKa.

st Toro, 4To6pl MpeBpPaTHThL 3TOT
HaboOp B MOTHOLIEHHBIA MeTa/IoNCKa-
Te/lb, HEOOXOMUMO ClIemylonee:

e BHIGPAaTh HCTOYHHUK IMUTaHUA;

® WM3rOTOBHMTH LITAHTIY;

® HU3TOTOBUTD JATYHK;

® IPOU3BECTH CEPBHCHYIO HACTPOUKY

nmpubopa.

UCTOYHUK NUTAHUA

PexomeHmyeMble MCTOYHMKH ITHTA-
HMA — 3TO KHCIOTHBIN aKKyMY/SATOP
HanpspkenueM 12 B, emkocreio 1,2 A-g
w 10 Ni-MH akkymysnsiTopos THITOpas-
Mepa AA emkoctrio 1000...2000 MA-4.
Kaxnpiit BapHaHT MMeeT CBOM JOCTO-
HMHCTBa M HegoCTaTKu. KHCIOTHBIN ak-
KyMyJIATOp TOPasfo AelleBlie, OfHaKo
OH BECHUT B iBa C IMIIIHUM pa3a 6oJbllle,
YeM KOMIUIEKT METa/UITHAPULHBIX.

TTocme TOro Kak MCTOYHMK HMUTaHUA
BbIOpaH, HY)XHO NOO6paTh IOJ HETO
TMONXOASAUIMI KOPITyC U CMOHTHPOBaTh
aKKyMy/IATOp BHYTpH Hero. Eciu BbI-
6paH HabOp M3 MATbYMKOBBIX aKKyMy-
JIATOPOB, PEKOMEHAYyeTCA CHMaATh HX
Mexny coboii (He meperpesas!), a He
HCIOIb30BaTh BCEBO3MOKHBIE KaCcCeThl.
3to ropasmo HamexxHee.

K akkymynaTopy HeoO6XOAHMO IIOA-
K/IIOYHUTh IIHYP OUTAHHA C CeYeHHU-

Ny

HRD

eM IpoBogHHKOB He MeHee 0,5 MM2,
[ITHyp Heo6XOmMMO MOAK/IIOYATE Yepes
mpeRoXpaHuTeb 2 A. OTO IIO3BOIMT
HU36eXaTh HENPUATHOCTEH BO BpeMA
moaeBOM aKciUlyaTauuu npubopa. K
06paTHOI CTOpOHe LITHyPa HeO6XOTHMO
MOANaATh pas’beM IMUTaHUA, COOMOnas
[IO/IIPHOCTb, KOTOpask yKasaHa Ha 3a-
IHeH KpbILLKe 3IEKTPOHHOTO 610Ka.

Taxke ig BbIOGPaHHOTO aKKyMYJ/ISITO-
pa Hy>XHO 6yeT IpHo6PeCcTH UK U3r0-
TOBHUTb CAMOCTOATENHHO COOTBETCTBYIO-
Hee 3apAmIHOE YCTPOMCTEO.

LUTAHIA

K 1iTatre BRgBHralOTCs TaKue Tpe6o-
BaHMA — OHa JO/DKHA 6BITh I0CTATOYHO
mpoyHoH u serkoit. IllTanra He gomx-
Ha COmep>kaTh METa/VTHYECKUX [ETAIEN,
KOTOpbI€ PaclolIOKEHbI Ha PaCCTOAHUN
6moxe 40 cM oT garduka. K3 mompyy-
HBIX MaTepHaaoB A/ IITaHIH MOXHO
MOPeKOMeHIoBaTh AETaiM OT IIacTMac-
COBOro BOIOIPOBO/A WIH IVIACTHKOBOM
ymouky. [l KperienHs naTyuka MOXX-
HO MCIO/Ib30BaTh IUIACTUKOBHIA 60T,
KOTOPBIH HCITONIb3YeTCA M1 KpETUTEHHA
KPBIIIKH YHUTAa3a.

DaTapeiiHEIT OTCEK PEKOMEHIYETCS
YCTaHOBUTH Ha 06paTHOM OTHOCUTELHO
JaT4MKa CTOpPOHe ITaHru. B aTom ciy-
4Yae OH OymeT CIYXXUTh MPOTHBOBECOM
[aTYMKy, U pyka OyleT MeHbIUE yCTa-
BaTh IIPH TOMCKaX.

Kpennenue anekrpoHHOro 6/10Ka MO~
KeT GBITh JOCTaTOYHO IIPOH3BOIbHEIM,
HampuMep, €To MOXHO COBMECTHUTB C
PYKOATKOH, B 3TOM CJIydae PyKOSITKa
OOMKHA MUMeTb B BepXHed YacTH OT-
BepCTHE AHAMETPOM 18 MM M [ITy6HHON
He MeHee 25 MM, YTOOBI TyZla BXOmMIA
BTy/IKa 3/IEKTPOHHOrO 6/I0Ka.

M3TOTOBNEHUE AATYUKA

Hipke onmcaH nopAROK H3TOTOB/ICHHUA
maT4YMKa ¢ MCIIONMh30BaHHEM IUIacTMac-
COBOTO KOpIIyCa 3aBOJCKOTO H3TOTOBJIE-
ua. OgHako, pYKOBOACTBYACH 3THMH
peKoMeHAanMsAMY, MOXKHO U3TOTOBHUTD
JaTYMK U U3 MOOPYYHBIX MaTEPHANIOB, B
TOM YHCJIEe U APYTHX Pa3MePOB.
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Chavana Heo6XOTMMO HaMOTaTh Ka-
TYIUKH [aT9uKa. Jnsa HaMOTKH >Xena-
T€/IbHO M3TOTOBUTH CIIEIIMaIbHbIE OII-
paBku. OIUH U3 BO3SMOXXHBIX BAPHAHTOB
TaKOH OMPaBKH CO CHATON OOKOBOI
CTEHKOM MOKa3aH Ha pHc 8.

) B L4

Puc.8

N HAMOTKH Tepefarolliell KaTyIli-
k# L1 BHYTPeHHHII JUCK IOJDKEH HMETh
puameTp 172 u Tomuuny 5 MM. Ins Ha-
MOTKH MPHEMHO# L3 u KoMIeHcHpY-
omel L2 Karyiiex BHyTPeHHMH OHCK
I0O/DKEH HMeTb auaMeTp 112 H Tonmu-
Hy 5 MM. B 60KOBBIX CTeHKaX BBIIION-
HAOT NPOIWIBI IS 3aK/IaJKH HHUTEM.
OTHMH HHTAMHM KaTyIlIKa YBA3BIBAIOT
Iocje HaMOTKH, 3aT€M OTCOEIHHSAIOT
60KOBBIE CTEHKH OMpPABKH H KaTYIIKy
H3BJIEKAIOT.

B xpattHeM cirydae, KaTyku MO>XXHO
HaMOTaTBb U C MOMOIIbIO H0ojiee MPOCTOTO
mpucrocobneHus. A aToro Ha Kycke
mepeBa Wi daHephl HY)KHO Ha4ePTHUTD
OKPYHOCTB HY>KHOTO THaMeTPa, 3aTeM
IIO 3TO¥ OKPY>KHOCTH 3a6uTh 20—30 He-
60/1pIIHX TBO3/EM, HA KOTOPbIE HAJIEThI
orpesku IIBX Tpy6ku. ITocne sToro Ha
MOMTY4EeHHBIN KapKac MOXXHO HaMaTbl-
BaTp KaTylKy. [Tociie HAMOTKH KaTylIky
VBA3BIBAIOT HUTKAMH, TBO30H OTTHGAIOT
BHYTPb M KaTYIIIKY CHUMAIOT.

JInsa HaMOTKH mepemalolied KaTyIl-
ku L1 pekoMeHayeTcss HCIONB30BaTh
3MaJHPOBaHHBIN NPOBOJ THAMETPOM
1 mm. [lomyckaercsa HCIIONB3OBaHHE H
6onee ToHKOTO TpoBoAa — 1o 0,7 MM,
OJHAKO B 3TOM C/y4ae BO3PacTyT IO-
TepH, # npubop Gyner MOTPeOAATL TOK
nmpuMepHo Ha 30 MA 6onbire. Karymika
L1 nomxHa comepxxaTp 21 BUTOK.

IlpuemHas L3 u xoMmeHcupylomas
L2 xaTyIIKy HaMaTHIBAIOT Ha OJHOM OII-
paBke. BHauane HamaTHIBaIOT IPHEMHYIO
KaTyIIKy, OHa [O/DKHaA cofepxXarb 210
BUTKOB NpoBopa auamerpom 0,2...0,3
MM. JKenaTenmpHO HCIO/IB30BATh MPO-
BOJI, KOTOPHBIi HMeeT AOMOIHUTEIbLHYIO
LIETKOBYIO H30/AIMIO, B 3TOM CiIydae
CyIIeCTBEHHO YMeEHBIIIAeTCs BEPOAT-
HOCTb MEXBUTKOBOI'O 3aMBIKaHHA, a
TaK>Ke BEPOATHOCTh 0OPbIBa IIPOBO/IA BO
BpeMa HamOTKH. [ToBepx mpHeMHOM Ka-
TYILIKH HaMaTBIBAIOT KOMIIEHCHPYIOILYIO
KaTymKy L2, oHa fomkHa cofep)XaThb

OEBATb BUTKOB [IPOBOMA [HAMETPOM 1
MM. OHH H3 KOHLIOB IPOBOJA 3TO#
KaTYIIKH [IOC/Ie HAMOTKH HYXHO OCTa-
BUTB IOCTATOYHO JUIMHHBIM — 00pe3aTpb
€ro Ha paccTOSHHHU 0KO0j1o 20 cM OT Ka-
TYIIKH. JTOT OTPE30K MOHATKOOUTCS B
JanbHEUIIIEM [IJZIA TOHKOM 6anchnp03—
KM Aatduka. [Tocne HAMOTKH KaTyIku
L2 u L3 yBsA3BIBaIOTCA HUTAMH BMeCTe
M CHHMAIOTCA C OTIPaBKH.

Cnepyomuii sTan — 3KpaHHPO-
BaHHE KOPIIyca JaTYHMKa € MOMOIIBIO
TOKOIPOBOAAIIETO jlaka Ha OCHOBE
rpadputa. TaKoi 1aK MOXXKHO KYIIHTBb
6o clenaTe caMoCcTOATeNnbHO. s
M3TOTOBJICHHA /1aKa HY)X€H HUTPOJAK,
HanpuMep, HII-218 u rpadutoBHIl
nopomok. I'paduroBeiit mopomox
IpojaeTcss B MarasHHax XO3TOBapoB,
€ro MOXXHO C/Ie/IaTh CaMOCTOSATEIbHO,
HM3MENBUHB N1eKTPOTEXHHYECKHE Ipa-
¢durosere metku. g npuroroBneHus
TOKOIIPOBOJSAIETO laka HYXKHO CMe-
[IaTh TPUMEPHO B PaBHBIX 0O'BEMHBIX
IIPOTIOPIHAX HUTPONAK H rpadUTOBBIM
IOPOIIOK M TIIATE/NbHO IiepeMellaTh
MOJTyI€HHYIO CMECH.

IIpenBapuTenbHO HY)KHO 3alliMTHTB
BHEIIHIOK MOBEPXHOCTb KOPpITyca fAaT-
9MKa OT CIy4aiHOTO MIOTIaJaHus Ha HETO
JIaKa M 3TIOKCHAHOM CMOJIbI. OTO MOXKHO
ClleIaTh C MOMOIIBIO OOBIYHOTO CKOTYA,
KaK II0Ka3aHO Ha pHuc. 9.

Hlanee HY>KHO TIPHTOTOBHTD «3a3€MJifA-
1omMi» BeIBOA,. i Haflo B3ATH OTpe-
30K HEM30/IMPOBaHHOTO 3aYMII[€HHOTO
MeTHOTO MPOBOJA IUIMHOM 0Komo 200 u
nuamerpom 0,2...0,3 MM H ¢ moMouIbIO
MasyIbHHUKA BIUIABUTH B HECKONILKMX Mec-
TaX B KOPIYC JaT4HKa, KaK II0Ka3aHo Ha

Puc. 10

Crepyroniuii 3Tall — MOKPHITHE KOP-
TTyca JaTYHKa TOKOIIPOBOAALIHM TaKOM.
Jlak ¢ TOMOUIBIO KHCTH HAHOCHTCS TOH-
KHM CJI0€M Ha TONOCTH 1 U 2, KOTopble
IpeiHa3HAYeHbl JUIA YK/Ia[KH KaTyIIeK
(puc. 11).

ITocne HaHeceHHs naKa JATIHK HeoO-
XO[MMO IIPOCYLIUTb B TeYeHHE HECKO/Ib-
KHX 9aCOB, a 3aTeM IIPOBEPHUTD KauecTBO
aKpaHa. g 3Toro Heo6XoguUMO mof-
KIIOYUTh ONMH M3 IIYyIIOB OMMETpPa K
MeIHOMY ITPOBOJHHKY, a BTOPOH ILIOT-
HO MPIDKHMATh K Pa3TUIHBIM TOYKAM
akpaHa. IIpu6op HomxeH MOKa3bIBaTh
COIMPOTHUBJIEHHE OT COTEH OM J10 €EJUHUI]
kwtooM. Ecnu conporusnenue 6onblite,
3HAYHT, JIAK COMEP>Kajl C/IUIIKOM Majo
rpaduTOBOTO MOpOILIKA. B 3TOM Cirywae
Heo0XonuMo N06aBUTh B nak rpaduTa 1
MOBTOPUTD MOKPHITHE KOPIyCa TaKOM.

CriemyOI1Hit 5Tal — 3a/MBKa KaTyIleK
SMOKCHAHON cMOJIoN B Kopmyce. CraH-
IApTHBIN 3aBOICKOM KOPHYC HY>KHO IIpef-
BapHTENLHO MOATOTOBUTD (pHcC. 12.)

Puc. 12

Ha mecte ogHoit M3 606bIIIEK HYX-
HO TIPOCBEP/IUTHL OTBEPCTHE THAMETPOM
15 MM ¥ yCTAaHOBHTb B HETO TE€PMOB-
Box, PG-9. 3areM HeoO6XxonuMO 3allon-
HHUTb TIa3bl B KOPITyce KyCOYKaMH Iie-
HOII/IACTa, 3TO MO3BOMHT CYILIECTBEHHO
YMeHBIIHTh OOIIYI0 MacCy HaTdHKa.
IleHOm/IACT TpedBaPUTENBHO HYXKHO
Hape3aTh KYCOYKAMH pa3MepaMH IIpH-
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MepHO 10x15%20 MM. JKenarenbHo uc-
110/Ib30BaTh TBEPHLIH MENKOTIOPHUCTBIN
TIeHOIIACT, KOTOPHIH NPHMEHSAETCA B
CTPOUTENbCTBE I TEPMOU3OAILHUN.
Hapesky nesonnacta MOXHO BBIIIOJ-
HHTH € IOMOIIBI0 OGBIYHOTO JI0O3UKa
WM OCTPOTO HOXa. Bosee KayecTBeHHO
HapesKy HeHOIUIacTa MOXXHO CHE/NATh €
OOMOIIBI0 Pa3orpeToii HUXPOMOBOM
NMpoBoNoKu. Ina aroro mMoHamo6UTCH
CTelIMaIbHOE CaMOTe/IbHOE TIPUCIIOCO0-
JIeHHe, COCTosIIee H3 MOHIKAIOMIETO
TpaHcGOpMaTOpa M INMEKTPHYECKOTO
pesaka.

CHavaia 3Q/IMBaIOT 3TOKCHIHOM CMO-

JIOH IepPefaloLIyIO KaTYIIKY, €€ YK/Iabl-
BAalOT B COOTBETCTBYIOIIee YIIy6ieHHe
Kopmyca. BeIBoAsl KaTyIIKH NPOMyCKa-
IOT Yepes masbl. 3aTeM 3TH Masbl repme-
TU3UPYIOT IVTACTH/IHHOM H/IH TEPMOKJIe-
€M, MOoC/ie 9TOro KarylIKy 3ajMBaloT
3MOKCUAHONM cMonoH (puc. 13).

Puc. 13

Ilepen 3anuBKoi cMOJTY HY>KHO TIIIa-
TEIbHO CMEINaTh ¢ OTBEPAUTENIEM B
AOPOHOPIMHM, KOTOPas YKa3aHa Ha yTa-
KOBKe.

Pa6oTy Heo6x0MMO IIPOBOJIUTH B XO-
POIIO MPOBETPHBAEMOM IIOMEIIIEHHH,
TaK KaK OTBEPIUTENb TOKCHYeH! 3anuB-
Ky Y TIONMMMEPHU3AlMIO CMOJBL HYXHO
IPOU3BOJMTE IIPH TeMIlepaType BO3/lyxa
He BhHIIe +25 °C!

Ilpu 6omee BrIcOKOIH, TeMIlepaType
Peakiius oTBep>KeHUs TOHMET C IABU-
HOOGDa3HBIM Bbifie/IeHHEM TEIUIA, CMO/Ia
Harpeercs 0 BHICOKOM TeMIIEPaTypHI,
BCIIEHUTCA U JeOpMUPYET IUIACTUKO-
BBIH KOPIIyC.

IMocne 3acreIBaHMA CMOJIBI Ha Iepe-
AaloIei KaTyIlKe MOXKHO IIPHUCTYIIaTh
K 3a/IMBKE NPHEMHOM ¥ KOMIIEHCHDY-
IoIel KaTylleK, ONHAKO TepeNl 3THUM
OYEHDb XKe/IaTe/AbHO YOENUTHCA B TOM,
YTO 3TH KaTYIIIKH HAMOTAHBI U yI0XKe-
HBl NpaBWiIbHO. [locne 3anMUBKK 4TO-
nu60 McnpaBUTh 6yAET HEBO3MOXKHO.

Ha srom ararne k JaTYHKy HY>KHO NOJ-
KIIOYHTh CUTHA/ILHBIN XTYT. a4 aToro
noTpebyerca Kycok kabens AWM2919

muaoM 1,2 M. Takoit kabenb UCHOMb-
3yeTcs B KaYeCcTBe CUTHA/ILHOTO Kabesis
B VGA u SVGA MonuTOpax, mns mias-
MEHHBIX MaHeNned U T. [,

KoHIlbl kabens He0o6XOOUMO pasfie-
naTh B COOTBETCTBHU € PHC. 5 ¥ 14.

Puc. 14

Heckonpko HeoOpIyHOE BKIIOYEHUE
3KPaHOB HEKOTOPBIX IPOBONHUKOB
Kabenss OOBACHAETCA TaK — TaKUM
o6pazoM HOPMHUPYIOTCI «COOPHBIE»
HIPOBOOHUKU C 6OJBIIONH CYMMapHOH
IJIOIIAfbI0 CeYeHHA ISl MUHHMH3a-
OMH CONMPOTHBJIEHHA B IEIH Iepe-
maloleli KaTymku. [lego B TOM, 4YTO
yBeIHYEeHHE CONpPOTHUBIEHHUS B 3TOH
ey Ha 0,1 OM NpUBOOHUT K yBenude-
HUIO HOTPEGIIeMOTr0 TOKa IIPUMEPHO
Ha 10 MA. Hekoropsie akseMmuspsl
TAaKoro Kabejnsl MOTYT HMeTb OPYTYIO
paciiBeTKy IIPOBOJIOB, NH6O Opyroe
YUCIO «TOHKHX» POBOJHHUKOB. JTO
HEIIPHHIIUIIHAJIBHO — HY)KHO BBIfe-
NMUTH ONUH BHYTPEHHHUH KOaKCHAIb-
HBIi1 Ka6enp 1 IpUEeMHON KaTYILIKH,
a ocrasbHble TPOBOJHHUKHU PasHenuTh
Ha [Be TPYIIBI H COCTUHHUTDH Iapai-
JIeIbHO B COOTBETCTBUH C PHC. 5.

Opun koHell Kabens HOAIIAMBAIOT
K pa3peMy B COOTBETCTBHH C PHC. 5.
Jns yMmeHBIIEHHUS BEPOATHOCTU 3a-
MBIKaHUS pekoMmeHngyercs ofers [IBX
TPYOKH Ha 06'befUHEHHbIE IIPOBOIHHU-
KM, KOTOPBIe BefyT K Iepenaomen Ka-
ryuike. [Tatpy6ok pazbpeMa Hafio OfeTh
Ha Kabesb, HO [IOKa He 3aKPY4YHBATh,
06 aToM 6ymer HamucaHoO HHXKe. Bro-
poit Kouell kabGensi Hafo BCTaBUTH B
TrepMOBBOJ, HaTYHKA.

. [is mpoBepku Katymku L2, L3 yk-
NMafpIBalOT B COOTBETCTBYIOIMH Ia3
(puc. 15).

Kuns! curnanpHOrO Kabens rnopman-
BAIOT K JaTYUKY COTJIACHO PHC. 5, 6, IpU
3TOM BBIBOJL 3 KaTyLIKU L2 Hy»HO ocTa-
BUTH InUHHEBIM (10 20 cM). Ocra/ibHbIE
BBIBOZIBI KaTyIlleK 00pe3aloT 10 MUHH-
Ma/JIbHO HeoOXOoOuMOIl [UIHHEL. Mecro
criafiku Katyinek L1 u L2 pacnionaraior
TAKUM O6Pa3oM, YTOOBI OHO OKa3a/IoCh
B TOM JKe YIIYG/IeHHH, YTO U KaTYIIKH
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Puc. 15

L2, L3. Tlocnenyioias 3aMBKa HafeXXHO
3AIMUTHUT 3Ty CIANKYy.

ITocme aroro Hafo BKIIOYUTE IPHOOD,
Ha 3KpaHe IOABHUTCA IPedyTpeXaeHue
«Jaryuk paszbamancuposan!» Hraopu-
pyeM ero M HaXKHMaeM KHOIKY «Bsom».
Bei6upaem myHkT MeHIo «[lapamerpsi»,
3aX0fUM B Hero U MeHsAeM IlapaMerp
«Y cunenue» IS MepBoro mpoduid Ha
1 (MuruManbHOe ycunenue). Takxe
ycTaHaBAMBaeM Iapamerpsl «HacToTa»
Ha 7 kI'f 1 paryuk HOMep 1. Brixomum
M3 3TOTO IIYHKTa MEHIO 10 K/aBHIIIe
«BBopi», manblile HOHAKOGUTCA OOUH U3
CEPBHCHBIX PeXXHMOB IIpu6opa.

Jns TorO, YTOOHl CTaNH HOCTYIIHHI
CepBHUCHBIE IYHKTHI MEHIO, HEO6X0IUMO
cHenath ciefyioliee — BOHTH B IIyHKT
meHI0 «KoHTpOonb 6arapen» M HaXKaTb
wiapumy «W» He mMeHee BOCbMU pas,
Ioc/ie 3TOr0 HaXKaThb KJaBMIIy «Bpom»
M BEPHYTbCA B OCHOBHOE MEHIO, 3aTeM
HAXKaTh HECKOMBKO pas KmaBumry «W»,
M [Oce MPOKPYTKHU YOemUThCS, YTO B
MeHIO TNOABWINCH HONOIHUTEIbHbIE
IYHKTBL

Heo6xonumo BRIGpaTh IIyHKT MEHIO
«Kannbposka TpakTa» H 3aHTH B HETO.
Ha skpane nossurcs Hso6pakeHue, 1o-
Ho6GHOe IpUBEREHHOMY Ha puc. 16.
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Puc. 16

Oxonuanue cnedyem

Amnppeit llenpun,
r. Mocksa

IOpuii Konokonos,
r. loHenk, YKpauHa




AKycTun4yeckKoe pene
Ha NMoJjIeBOM TpaH3uUCTope

B cmamee onucaHo manozabapumHoe akycmuydeckoe pese ¢ N1aeHbIM
8K/II04eHueM 0/1 ynpasnieHus oceéemumenesHeiMu npubopamu. Yempodic-
meo nooK/Ioudemca nocnedo8amesbHO ¢ Hazpy3Kkol, ymo obnezuaem
€20 MOHMAX U nossiluaem 6e30NnacHOCMb SKCnayamayuu.

KYCTHYECKOe pefie HOAKIIOYaeT-
€A TOCAeoBaTeNbHO ¢ HArpys-
KOM#, TI0 KOMaHJie TIaBHO €€
BKJIIOYAET, BHIK/IIOYEHNE TTPOU3BOIUT-
€A Yepes OTIpe/ieIEHHBIA NPOMEXYTOK
BpeMernu. OHO He co3JaeT MOMeX H
MpaKTHYECKH He yMeHbIIAaeT SpKOCTh
CBeYeHHs aMIIbl HakanuBauua. Kpo-
Me€ 3TOro, yCTPOMCTBO UMeeT HHIHKaA-
LUIO HATIPACKEHHUA TIPH BEIKNIOYEHHOM
Harpyske M aBapuitHOe OTKIIOUEHHE
IO TOKY TIeperpysku. Y cTpoiCTBO cob-
paHoO Ha mnaTe pasMepaMu 28x50 MM
M JIETKO Pa3sMEIIAETCA B BHIKIIOYATETE
OCBEILICHU A [/IA BHYTpeHHENH 3/I€KTPO-
TPOBOMKH.
[TpuHUnHanbHaA cxeMa pefie MOKa-
3aHa Ha puc. 1.

TBUEM 3TOr0 HAIIPsKEHUA KOHJEHCATOP
C4 sapspkaerca depes pesucrop R12 u
ceeropuor HL1 no omopHoro Hamnpske-
Hus crabwmrtpona VD1 (15 B).
YcuwuTenb curtama ¢ 31€KTPETHOTO
Mmukpodona BM1 cobpan na Tpansuc-
tope VI1 u paboraer B pexxuMe Ma-
JIOTO TOKa KOJUleKTopa — okono 0,15
MA. TIntanue MukpodoHa OCyIIecTB/IsI-
eTca 4epes pesucrop R1 TokoMm Menee
0,3 MA. PasnenuTenbHbI KOHIEHCATOP
C1 Manmoit eMKOCTH TIONABAAET HU3-
KOYacTOTHbIe CUTHAIBL. PerymmupoBka
YYBCTBUTEIBHOCTH OCYIIECTBIAETCA
TIOACTpoeYHbIM pesucTopoM RP1, BiIiO-
YEeHHBIM B LIeTIb OTPHLIATE/IBHON 00pat-
HO¥ CBA3H TI0 TOKY. Curnan, YCHAEHHBIA
0 aMIuIMTyAs! 1...2 B, yepes pasgenu-
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Puc. 1

YcrpoitctBo nutaercs ot cetu 220 B
yepes Harpysky (Mamma HaKaaHBaHHsAg
EL1). Hanpsxenue nuranus mopaercs
Ha AHOIHBIA MocT VD4—VD7 depes
KIEMMHYIO KOnojKy. KmodeBeIM 31€-
MEHTOM YCTPOMCTBA ABASAETCA MOJIEBOA
Tpansucrop VTS5, BKIIOYeHHBIH B JUAr0-
Hajib MOCTa 4epes pesuctop R17, aBna-
IOLIMACA HAaTYUKOM TOKa. B ucxoaHoM
COCTOAHHM BCE KOHIEHCATOpBI pasps-
>KEHBI, HAIpAXeHie MeXAy 3aTBOPOM
M MCTOKOM TIO/IEBOTO Tpaxsucropa VI5
PaBHO HYIIO, B pe3y/abTaTe 4ero 3TOT
TPaH3HUCTOp HAXOJUTCA B 3aKPBITOM
cocroauu. Tok depes Harpysky mpax-
THYECKH OTCYTCTBYeT. Hanpsoxenue Hc-
TOK-CTOK Tpausucropa VI5 gacTruyHo
3alMIIEHO OT BOSMOYKHBIX BCIUVIECKOB
B ceTH konpaeHcatopoM C10. ITox pefic-

Te/bHbIN KoHAeHcarop C2 mocTymaer
Ha BXOJ| TPaH3UCTOPHOrO Ki04a, cob-
panHoro Ha tpansucrope VI2. Orpuria-
Te/IbHAas TIOTyBO/IHA CUI'HA/IA, TIPEBHIITA-
omas no ammwntyae 0,6 B, oTkppiBaer
tpansucrop VI2 wu 4epes muon VD2
M TOKOOTpaHMYMBAIOIIHI pesucTop R7
sapsxaeT koHpaeHcaTop C5. Takoit xe
Pe3y/IbTaT MOXHO MOJTYYUTh IPH HaXKa-
TuHU Ha KHOTIKY SB1 (xHomka 6e3 ¢puk-
canuu). Yepes genurens R10R11 ato
HaTIpsDKeHMe TIOAAeTCA Ha 3aTBOP Majlo-
MOIITHOTO TI0JIEBOrO TpaHaucropa V13,
OTKpBIBaeT €ro, B pe3yjabTare 3aKpbl-
Baerca 6umoaapueit Tpansucrop V14
Hampsxenne Ha xonpencarope C5 3a
BpeMa okono 0,5 Mc 0CTHTaeT YPOBHA
HEMHOTO MEHBIIETO, YeM HaIpsKeHHe
Ha Konpercarope (4. Yepes BEICOKOOM-
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HbDA pesuicTop R9 HauuHaeT sapsmKaTbes
konpexcatop C9, BKIIOYEHHBI HeNoc-
PENCTBEHHO B IieNb 3aTBOpa MOJIEBOTO
tpausucropa VI5. COBMeCTHO ¢ LIeTbIo
oTpHuarensHok obparHoi ceasu C8R15
obecrieynBaeTcs IUIaBHOE OTKPbIBaHHE
nojeBoro Tpausucropa VI5. Bpems
MIIaBHOTO BK/IIOYEHHUSA COCTaB/IAET 4yTh
6obItie 1 ¢ 1 MOXeT U3MEHATHCA TO]-
6opxoit HoMHUHAIOB peaucropa R9 mwiun
konpexcatopa C8. [Tocne oTkpeiBanus
Tpausucropa VTS5 puaroHambe Mocra
VD4—VD7 craHOBUTCA 3aMKHYTOH,
3aropaeTcs Ha IOJIHYIO APKOCTh JIaMIIa
HakanuBaaua EL1. Hampsxenue cTok-
HCTOK OTKpBITOrO Tpausucropa VIS5 co-
CTaBseT JOMHM BOJIbTA, TPEKpaIlaeTcs
Tok B nenu R12, HL1, racuer cBeTomu-
Ol M TajlaeT JI0 Hy/IA HaNpsKeHHe Ha
koHpeHcarope C4. Y cwmTens curaana c
MuKpogoHa Ha Tpansucrope V11 mepe-
craer paborars. Konnencaroper C5, C9
IUTaBHO paspsXaloOTCs Yepe3 pesucTOpbl
R10, R11. Tpausucrop VT4 cayxur aia
6bicTpoit paspsaaku KoHeHcaTopos C5,
C9 1 3aKpbIBaHM KJIIOUEBOIO TPaH3HUC-
topa VI5 B ABYX c/Iydasax:

e [IPH HUCTEYEHHU BPEMEHH BBIAEPK-
KM, KOTJ]a HalIpsDKEHHE Ha 3aTBope
mosieBoro Tpaxsucropa VI5 mpu-
6/11KaeTcsa K MOpOroBOMy 3Hadye-
HUIO U Ha €ro CTOKe MOAB/IAETCH
HaTpsKEHHE;

e B CJIydae HeperpysKy 1o TOKy, Korja
OTPHLATEILHOE OTHOCHTEBHO MH-
HycoBoro BbiBoia C4 HampshKeHHe
Ha pesucrope R17 mpesbiiaer mo
a6COMIOTHOM Be/IMUKHe HATIPSKEHHE
OTKpBIBaHUSA Mepexofia IMUTTep-6a3a
Tpausucropa VI4 (6onee 0,6 B).

[Tonepoit Tpansucrop VI3 Heobxomum

IJ1s1 3aKpbIBaHUA TpaHaucropa VI4 Bo
BpeMs [UIABHOTO BK/IOYEHHS, TTOCKOMb-
Ky B UCXOJTHOM COCTOSIHUH (TpaH3HCTOp
VT5 sakpHT) TpaHsucrop VI4 Haxo-
IHUTCS B OTKPBITOM COCTOSIHMH, KOTOpPOe
co3JaeTca 3a CYeT MaJieHUs HampsKe-
HHSA Ha pesuctopax fenutensa R13R14.
[Tpu paspsapke koHpercatopoB C5, C9
yepes pesucropel R10, R11 u mmas-
HOM YMEHBIIIEHUH HAIIPsDKEHHUA Ha HUX
TpaHsucrop VI3 [o/KeH 3aKpBITbCA
paHee, YeM HamNpsyKEHHME Ha KOHJIEHCa-
tope C9 JOCTUrHET Nopora 3aKpbIBaHUS
tpausucropa VI5. Oto obecreunBaercs
TIOA6OPKOM COMPOTHUB/IEHUI JENUTENA
R10R11. [Tpu moctvkenuu mopora 3a-
kpbiBanus V5 Ha ero cToke NOABIAETCA
HaIpsKeHHe, KOTOPOe, BO3JIEHCTBY de-
pes pesucrop R13 Ha 6asy TpaHsucTopa
VT4, obecrieunBaer GBICTPYIO PaspsaKy
koHnpaencaropos C5, C9 yepes Tokoorpa-
HUYMBaKomuil pesucrop R8 u mepexon
KOJUIEKTOP-3MHUTTEp 3TOrO TPaH3HCTOpa.
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SPaKTMKa

Tpansucrop VT5 3aKpbIBaeTcA M BBIKIIO-  PaTHBIA TOK M IIO3BOJMAET HECKONBKO  I[MA Harpy3kH IMPOH3BOAUTCA IOIEBbIM
YaeT HarpysKy. Haumsaer CBETHTbCA CBe-  YBEIHYHTb BpPeMs BbIHEPXKH. Kao- TpaHSHCTOPOM aHaJOTHYHO MpeMibIny-
tomguon HL1 ¢ moapnseTcs HanlpspkedHe deBoi Tpansucrop VI5 — IRF840 Ha Imemy ycTpoONCTBY. YcHieHHe CHTHana
Ha Konpercatope C4. YCTpoiicTBo ToTo-  Hampspken#e 500 B u Tok 8 A MOXXKHO ¢ MMKpodoOHa BBIIIOTHEHO HAa MHKPO-
BO K [IOBTOPHOMY BK/IIOUeHHIO. Bpems or  3amennTs Ha oredecTBensbrit KI1707b1, MomHOM oNepayHOHHOM YCHIHTeNle
BIUTIOYeHMs Harpysku fio ee Bbikmodesns  KI1707B1. Tlpn kommyrauuu gammer DALl ¢ MansIMM BXOIHBIMH TOKaMH.
IpH HOMHMHA/AX, YKa3aHHbIX HA CXeMe, MOLIHOCTbIO 70 100 Bt it ipu Bpemenn B mukpocxemy TL062 Bxopsr psa OY,
COCTaB/IIET OKOJIO 3 MHH M MOXET ObIThb  BBIIEPKKH 3 MHH TPaH3HCTOP MOXKeT ~CyMMAapHbIM TOK IIOTpe6/eHHs OKOIO
M3MeHeHO moiGopkoi KonmeHcaropa C5  pa6oTaTs 6es fononHuTenbHOro Tewno- 0,4 MA. IluTanue 3/1eKTpeTHOTO MHKPO-
WIH CONPOTHBIeHHI pesHcTopoB R10, 0TBOMA, MOCKONBKY €r0 CYLleCTBeHHbIN  (OHa MPOM3BOJMTCA depes pesuctop Rl
R11 B MeHBILIYIO WM 60/IBIIYIO CTOPOHY.  pasorpeB HPOMCXOMT TOAbKO BO Bpemsi  Koadduunent ycunenus, oT KOToporo
Konpencarop C7 mosbiiiaer momexoyc- Bxmodenns. Cseroguop HL1 xpacHoO-  3aBHCHT YyBCTBHTEAbHOCTb YCTPOHCTBA
TOHMYHMBOCTb, KOTOpask B 3TOM CIydae IO CBEUEHHsA C MajbIM PabOYHM TOKOM K 3BYKOBBIM CHTHA/IaM, yCTAHABIUBAETCA
HAaMHOTO JydIlle, YeM y TaiiMepa Ha mo-  L-53LSRD. ITonesoit Tpansucrop VI3 mopcrpoednsiM pesucTopom RP1. Kon-

7eBOM TpaHsucTtope {1]. ZVN2120 MOXHO 3aMeHHTD ero aHago- peHcatopbl C3, C4 BeIOpaHBI He6OMDb-

B ycTpoiictse npuMenensl Manora6a- rom KITS501A. 110 eMKOCTH [UIA CHIDKEHHS YCHIEHHUA
PpHUTHBIE Pe3UCTOpPHI TUIIOpasMepa 1206 Bropoit BapHaHT aKyCTHYecKoro peie  Ha HM3koM dacrore. Konpmencarop C5
(Bce pesmcTopnl Ha cxeMe 6e3 0603Ha- cobpad IO cxeMe puc. 2. yMeHbIIaeT BHICOKOYACTOTHBIE ITOME-
YeHHA MONIHOCTH) M KOHIEHCATOPbI ITOT BapHaHT pese pa3pabaThIBAICA XU. Y CHIECHHBIH CHTHAJI Y€PE3 LENOYKY
THIopasmepa 1206 (C1—C3, C6, C7). ¢ uensio ynpaenesus ocselllenHeM Ha R7C6 M BHIIpAMHTENb C OTPHLIATEND-
Pesucropsr R10, R11 — BBICOKOOM- JIeCTHMYHBIX IUIOLIANKaX B MOXBE3[aX HbIM BLIXONHBIM HANPKEHHEM (IHOIbI

#bie C3-13, C3-14, R17 — npoBoioY- XHmbIx goMoB. Pene ycraHaBnusaercs VD1, VD2) sapsokaeT xonaencatop C7.
selil. Ocranbuble pesuctopsl — MJIT, Bsamen BbIxmOuaTens ocBelledua. OHo  CHIHaJ C HETO TIOIAETCA Ha HHBEPTHPY-
C2-23, C1-4 B COOTBETCTBHH C YKa3aH- IIaBHO BK/IIOYaeT Harpysky npu Hamu- romuit Bxox OY DAL.2, paboTaroruero
Holl MoutHocTbio. Konpencatop C4 —  4uy 3BYKOBOTO CHTHAla U BBIKIIOYAET B PEXHME KOMIApaTopa C IONOXH-
MMIIOPTHBI OKCHHBII Ha HAIPsDKeHHe  ee, KOIZla 3BYKOBOM CHTHAI He O6GHapy- TeAbHON OOpaTHOU CBA3BIO (pesucrop
He Menee 25 B, octanbHble KOHJeHCa- >KHBaeTCA B TedeHHe ompepenessoro R10). TIpu oTCyTCTBHH 3BYKOBOIO CHI-
TOPBI IIeHOYHble, Hampumep, K73-17, mnpomexytka Bpemenn. KpoMe Toro, Hajxa HanpsXeHHe Ha Konpjencatope C7
Konjlencatopsl C8, C10 Ha HampsyKe- 3/leCb MMeeTCsa GIOKHpPOBKa BKIO4Ye- 6amusko x Hymo. [Topor cpaGaTwiBaHus
HHe He MeHee 400 B. [luogHbIll MOCT HMsA Harpy3kM B CBETIOe BpeMs CYTOK, Kommaparopa DAl.2 ompenensercs pe-
VD4—VD?7 Ha HanpspKeHHe He MeHee [/i dero npyMered ¢oropesucrop. B suctopamu R2, R3, R8, R10 u cocras-
600 B ¥ TOK, MpeBBIIAIOLIHA HOMH- 9TOM YCTPOHCTBe, B OTAHYHME OT Ipe- JAeT mpumepHo -2,4 B oTHocHTensHO
Ha/bHBIHM TOK HaIPY3KH He MeHee, YeM  ABIAYLEro, Heo6XonuMo obeclednTs OOLIEro MpoBOja (TOYKH COENHHEHHSA
B IBa pasa. paboty muxpodonnoro ycuwnutens npy  Cl u C2). Ha Brixose Komitaparopa

Crabumntpon VD1 — BZX55C15 BrmouyeHHON Harpyske. [i1f 9TOM eI HNPHCYTCTBYET HU3KHMI YPOBEHb M Ha-
Ha HampsKeHue 15 B, ero MOXKHO 33a- mpumeHeH MIOMOIIHBIA TpeobpasoBa-  IpsDKeHHe Ha 3aTBOpe TpaHsHucTopa V12
Menutb Ha KC515A1, amonbl VD2, Tenp TOk-HAIpsDKeHHe, BBITOMHEHHBIN  6MH3KO K HANPsIKEHUIO HA HCTOKE ITO-
VD3 — 1N4148, BMeCTO HHX MOXXHO Ha HH3KOYAaCTOTHOM TPAaHCOPMATOpPe IO TPaH3UCTOPa, IO3TOMY TPAaH3HUCTOP
ucnonbzosatb KI[521, KI522 ¢ mobbim  T1, mepsuynas o6MoTKa KOTOPOTO CO-  3aKpbIT. Ilpu mosBaeHHH 3BYKOBOTO
6ykBeHHBIM HHIEKCOM. B KadecTBe efHeHa IMOCIEOBaTeNbHO C HATPYSKOM.  CHIHana Ha KoupgeHcatope C7 mossis-
puona VD2 (mpeporBpaitaeT paspan OpHOBpeMeHHO Hamps KeHHeE, CHUMa- €TCA OTPHI[aTe/lbHOe HalpsDKeHHe H,
koHpeHcatopos C5, C9 4epe3 Mepexox eMoe C BTOPHYHOH OOMOTKH TPaHC- €CIM ero abcomoTHas BeMMYMHA IIpe-
KomtekTop-6asa Tpausucropa VT2, dopmaropa, kpoMe CBOETO OCHOBHO-  BbillaeT 2,4 B, na Berxone DA1.2 noss-
KOT[ja HaImpsDKeHMs Ha KOHJEHCaTOpe TO HasHadeHHs (NHMTaHHEe YCHIHTENA JIAE€TCA BBLICOKHH ypobeHb (0xomo +8 B
C4 napjaer o Hyns) Jydille BKIIOYATb  CUTHaIa MHKpOdoHa), HCIOAb3YeTCA B OTHOCHTENbHO HMCTOKa TPaH3HCTOpa
Hepexofi Ko/eKTop-6asa TPaH3HCTOpPa KadecTBe CHTHana, Hcmonbdyemoro mia  VT2), xougencatop Cl1 MennenHo 3a-
BC547, KOTOPBIi MMEET MEHBILUI 00-  3alMTHI OT TOKA Heperpysk. KommyTa-  pskaeTcs depes pesucTopnt R12, R15.
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yausucTop VT2 TIaBHO OTKPBIBACT-

, TIPY 3TOM OJ{THOBPEMEHHO MCHAETCA

)POroBoe HaNpsDKEHMe Ha BHIBOAC 3

pkpocxembl DA1.2, koTopoe B 3TOM

yaae pasHO npubmsurensao —0,8 B.

PH Ha/IMYMH 3BYKOBOTO CHIrHA/A KOH~
rcatop C7 NOCTOAHHO MOA3aPANKACT-
[ ¥ TIOAJEPXMBAET BHICOKMI YPOBEHD
1 BBIXOJI€ KOMIIApaTopa, TPaH3HCTOP
T2 GypneT HaXOOUTHCA B OTKPBITOM €O~
rosipiy. [1py mponaganuy 3SByKOBOro
sraaia KoHpeHcarop C7 1OCTENEHHO
aspspkaeTcs yepes pesuctop R9 1 npu
OCTIDKEHMM HanpsDKeHMEM Ha BRIBOJE

DA1.2 nopora cpabarsiearms -0,8 B
a soiBone 1 DAL.2 noapnsieTcs HU3KMHA
posenb Hanpsxenus. Konaencatop
11 B eny saTBOpa Tpansucropa VI2
a3psKAETCA, B Pe3y/IbTaTe OH 3aKphbi-
aercs M BBIK/IIOYaeT Harpysky. Bpems,
, TeyeHME KOTOPOro HAmpsDKeHME Ha
coupencarope C7 mapmaer Jo 3Haue-
st —0,8 B, ompenensiercs TIOCTOAHHOH
s peMEHM LETIOUKH C7R9 u cocTaBasieT
koo 40 ¢. [Tiranve Mukpocxembl DAL
{ MyuKpodoHa BM1 mpy BI/LIOYEHHOH
1arpysKe, KOria HanpsbkeHue Ha CTOKE
toneporo Tpansuctopa VI2 6113KO K
1YI1I0, OCYLLECTBIACTCS OT BTOPHIHON
v6mMoTkn Tpancdopmaropa T1. Ha-
IpsKEHMe C 3TOM OOGMOTKM BBITIPAM-
ISeTCA MUOMHEIM MocToM VD6 M depes
peauicTop R14 moxsapsmkaeT KOHACHCA-
rop C8 B uer nuranus. CTabWMTPOH
VD3 orpaHMuYMBaeT 3TO HANpsXCHHE
na yposHe 9 B. Hanpspxenue Ha BTO-
puuHOil 06MOTKe TpaHcopMaTopa T1
IPONOPLMOHAIBHO TOKy Harpysku M
[IO3TOMY MCNOb3YeTCH s 3ALUTHI
OT TOKOB Tleperpysku. [ljia 9TOH Lenu
IIpHMeHeH Pery/MpyeMblii CTaGHIHTPOH
DA2 TL431 u Tupucrop VS1. Hampsoke-
HMe oTKpbiBaHUs DA2 onpenensaercs ne-
murenem R17R18 [2]. TIpu gocTHXKEHNH
HATpsOKEHVA MOX/Y aHOJIOM M KaTolioM
DA2 emmuuHbi 27 B, uT0 COOTBETCTBYET
TOKY HATPY3KM OKOZo 3 A, CTabHmT-
POH OTKPBIBAeTCS M BK/IIOYAET THPHC-
top VS1, KOTOpHI# 3aMBIKAET BBIXON
yewmurens DALl Ha mMHY -4,5 B, B
pesy/IbTaTe Yero 3aKpHBaeTCsA TPAH3HUC-
top VT2. [l 610KMpOBKHM BKIOYCHIA
VT2 B cBeT/IOE BpeMs CyTOK Napasie/b-
HO pesucTopy R5 uepes yrnpasifeMbli
K104 Ha TpaHsucrope VI1 BKIOYEH
doropesucrop R6. B ncxonHoMm cocro-
AHUM, KOTZa TpaHsucrop VI2 3aKphIT,
HATIpsDKeHHe Ha Konpencatope C9 mpe-
BbIlIdeT HATpSKeHWe CTaGMIMTPOHA
VD3 Ha nageHve Ha cBeTOAMOMOEC HL1.
Sto HanpsDKeHMe TIONAETCs HA 3aTBOP
K/rioua Ha rpansicrope VI1 1 OTKPBIBa-
et ero. Potopesmcrop R6, BK/TIOYEHHBIN
Hapa/ie/bHO peaucTopy R5, ompeneniet

k03 GULNEHT yCHIEHMS 3BYKOBOIO
curnana ¢ mukpodona BM1. B cer-
f0e BpeMs CyTOK IPH [0CTaTOYHOH
OCBeIeHHOCTH COTIpoTHB/IeHHE $OTO-
Pe3MCTOPa COCTABNAET eAMHMLIBI KII0-
OM M yCWieHMe CUTHana ¢ mukpodo-
Ha HEeMOCTATOYHO JUIsA CPaGaThIBaHMA
KOMIIApaTopa Ha MUKpOCXeMe DALl.2,
OTKpPBIBAHUA I0/IEBOTO TPaH3MCTOPA
VT2 ¥ BKIOYeHMs Harpysku. Ilpu
CHDKEHMU OCBEMIEHHOCTH CONPOTHB-
nenve (POTOPESMCTOPA BO3PACTALT,
K03GGULUMEHT YCHICHUS yBETIMBA-
eTCS M YCTPOMCTBO IIPH OGHAPYXKEHHH
3BYKOBOTO CMTHA/a BK/IIOYaeT NaMILy,
YCTaHOB/IEHHYIO B Ka4ecTBe HarpysKiL.
Kmou Ha Tpausucrope VT1 mepeso-
IMTCS B 3aKPHITOE COCTOSHME, YTOOB!
He 6BI1I0 6IOKMPOBKM YCWICHHMA CHUT-
Hana ¢ MUKpodoOHa, TOCKOIBKY OCBE-
HIEeHHOCTD IOMENICHNS YBEeTHIMBAETCA
u potopesucTop R6 yMeHbIIaeT CBOE
COTIPOTHB/ICHHE.

Pene co6paHo Ha TIaTe pasMepamu
50x50 MMm.

B xauecrBe pesucropoB 6e3 yKa-
3aHMA MOMIHOCTH Y KOHJEHCaTOpOB
C3—-C6, C12 npMMEHEHB! 3/1EMEHThI
tnopasmepa 1206. OKcuHbIE KOH-
IeHCATOPhl — MMIIOPTHBIE Ha HAaNpsA-
sxenue He Menee 16 B. OcranbHble
KOHJIeHCATOPhI IUIEHOYHBIE, HATIPMMED,
K73-17. B xadecrBe OIMOOHOrO MOCTa
VD6 mcnonb3oBaH OHUOOHBIX MOCT
KI906A, HO MOTYT GBITH IPHMEHEHE
mmonsl KI1521, KI1522 ¢ m066IM 6YK-
BeHHBIM MHAeKCOM. PoTOpesucrop —
®P-764. Tpaucdhopmarop T1 HaMoTaH
Ha ManorabapMTHOM MarHMTONpPOBONE
1I[/T14x5. CHavyana HaMaTbBalOT BTO-
PHUHYIO 0GMOTKY (BBIBOAB! 4—6), OHA
copepxuT 3500 BUTKOB NIPOBONA 113B
0,05. TToBepx Hee HaMaTHBAT ONMH
C/IOH JIMIIKO¥ M3OJISIUOHHOHN NOIH-
adupHO# NEHTHI, 3aTEM NEPBUIHYIO
06MOTKY (BBIBOABI 1—3), COCTOANIYIO
us 25 sutkos nposopa [19B 0,45. B
KayecTBe MAarHUTOINPOBONA MOXET
6bITh MCIIONb30BAH TEPMA/IOEBHIH
CepledHMK OT MajnoraGapMTHBIX
tpaHcGopMaTOPOB, MCIIONB3YEMBIX B
TPaH3UCTOPHBIX PagMONpHEMHHMKAX,
XOTHA MHOYKIMA HACBILIEHUA y T€P-
MaJUIOEBBIX CEPHeYHHKOB MPMMEPHO
B 7[Ba pasa MeHbIllE, YeM Y IIEKTPO-
rexumueckoit cramu [3]. Kmoueson
tpansucrop VT2 IRF840 moxHO 3a-
MeHuTb Ha otevecTsennbit KI1707B1,
Bl. K nemy Heo6X0NMMO NPUKPENNTD
TEenmA00TBO B BHUJE AMIOMMHHEBON
nnacTMHKM pasmepamu 20x30 MM.
Tpausucrop VTl — 110/1€BOH C U30-
AMPOBaHHBIM 3aTBOPOM ZVN2120, ero
MoxHO sameHMTh Ha KIT501A.
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HacTtpojika pene CBORMTCS K yCTa-
HOBKe B 00miey TOuKe COeNMHEHMA
xornercatopos C1 1 C2 (MCKycCTBEH-
HBI o6UIMIT TIPOBOA) HANPSDKEHUSA,
PABHOTO TOOBHHE HATIPSKEHMA MH-
TaHMA. DTO Omepaunus MPOU3BOAUTCSH
non6OPKOM CONMPOTHBIACHUA pe3NC-
topa R1. TTocne aTOro mMpoBEPAETCHA
ypoBeHb CHTHaNa Ha BBHIBOME 7 DA1.2,
Heo6X0aMMas YYBCTBUTENBHOCTD YCTa~
HAB/IMBAETCS MOACTPOEYHBIM Pe3HCTO-
pom RP1. IIpu OTCyTCTBUM 3BYKOBOTO
CHTHa/Ia BBIXOHOE HaIPAXeHME IPEN-
cTaBnsfeT HM3KOYaCTOTHBIE CETEBBIE
HABOJIKY ¥ He JO/DKHO NPEeBHIIAThH MO
ammuryae 0,5 B, B IpOTHBHOM CIy-
yae HEO6XOAMMO YKOPOTHUTD NIPOBONA
MHKpoGdOHA MM, BOSMOXHO, IpHMe-
HUTDb sKpanuposanye. [locne npoBep-
K¥ BK/ITIOYEHMSA /aMIIBl HaKaJaMBAHMA
100 Bt oT 3BYKOBOrO CMrHaaa ¥ Bbi-
KIIOYeHM ee Yepes BpeMs 3afiepXKKH,
paBHoe npumepHo 40 ¢, Heo6X0aMMO
npoBepuTh PaboTy 3amIMTHL OT TOKA
eperpysKku, [/If 9TOr0 NapanieNbHo
BK/TIOYEHHOM /IaMIle TIONK/II0YaI0T BTO-
PyI0 1aMIIy MOLIHOCTBIO 150...200 Br
(compoTMBIEHNE XOMTOAHOU JIaMIIEL
HAKQ/IMBAaHMA MOUIHOCTBIO 150 Br
oxono 30 OM), obe nmaMnbl JOMAKHBI
nioracuyTb. [1py paboTe Ha aMIy Ha-
Ka/MMBAHMA MOMIHOCTBIO 100 BT 6b1710
3aMepeHO MajeHMe HaNpsKeHHe Ha
KknemMHOM konoake X1. TIpn Hanps-
skeauy B cet 230 B oHo cocTaBmiIO
2,1 B, us mux 0,7 B mapano Ha mep-
BuuYHON o6MOTKe TpaHCchopmaTopa
T1 u 0,4 B Ha oneBOM TPaHSUCTODE
VT2. Taxkum o6pasom, KI1JL ycrpoiic-
TBa IpM paboTe Ha 1aMITy MOIIHOCTBIO
100 Br cocrasnser Gonee 99 %.

YepTexH NMEYATHBIX IUIAT MOXHO HaH-
TH Ha caiiTe XypHaaa 10 afpecy www.
dian.ru/programs/
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