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Mukpocxembl

ANA UMNYNbCHbIX
NCTOYHVKOB NMUTAHUA
NCP1000, NCP1001, NCP1002

$dupmbi ON Semiconductor

Bcrpoennas cucreMa TeIIOBOM 3a-
LU THI BHIK/IIOYaeT MUKPOCXEMY, KOrja
TeMIlepaTypa KpHCTalla MOJAHUMET-
ca 1o 140 °C 1 BHOBB BKJIIOYAET €€,

KOT/Ia OHa OCThIBAET MPUOTHU3UTEIBHO
go 110 °C. Bo3MOXHOCTb KOHTpOJISA
TeMIIepaTypbl KPUCTa/ljla ABIAETCA Cy-
IeCTBEHHBIM IPEUMYILIECTBOM IIpe-

obpasoBaTeieil HaNpsKEHHsA, coOpaH-
HbIX Ha MHKpPOCXeMax, COOeprKallux
MOIIHBIN BBICOKOBOJIbTHBIN K/IIOY, O
CPaBHEHHIO C YCTPOMCTBaMH, B KOTO-
PbIX HeNHu ylnpaBJeHMA HaXOOATCA B
OJHOM KOPIIycCe, KIIOYEBOM TPaH3UC-
TOp — B JPYLOM.

Hist yaydyuieHus TemaooTBoga OT
KPHCTa/UIa MUKPOCXEMbI BHYTPH KOPITY-
ca obecrieyeH MaKCHMa/IbHBII TEIVIOBOM
KOHTaKT KpHCTa/Ula ¢ BbIBOJaMH 3, 6,
7, 8. OTH BBIBOABI CAeNyeT paclauBarh
Ha MeYaTHBIN TPOBOAHUK MAKCUMAaIbHO
BO3MO>KHOM IUIOLIAJH.

OcHoBHbIE TapaMeTpbl MHUKPOCXEM
NCP1000, NCP1001, NCP1002 npusene-
ubl B Tabn. 1. Ecin ycioBus usmepenus

Tabnuua 1
YcnoBus 3HaueHue napamerpa
Mapamerp Mukpocxema n3mepeHus MuH. l Tun. ] ” Makc.
leneparop
T,=25°C 90 100 110
Pa6ouas yacToTa, k' - T,=0...125°C 85 — 115
T,=-40...+4125°C 75 — 115
Komnaparop UMM
MakcumanoHbi KoabduymneHT 3anonHedns, % — — 68 72 74
Tok ynpaBneHus, obecneymBaloLnii Hynesow kosbduumneHt o L 18 L o
3anonHeRus, MA !
HaknoH KpuBoW perynupoBaHms, %/mMA — — -110 -136 -170
MakcumanoHoe HanpsxeHue nunoobpasHoro curHana WM, B — — — 4.1 —
MuHumanbHoe HanpsaxeHue NuoodpasHoro curHana LM, B — — — 2,7 —
Llenb ynpaBaeHWA 3anycKom n orpaHnunrenb yenu Vec
MakcumanbHoe HanpsixeHue Ha BoiBoge 1 (V) B — — 8,3 8,55 8,9
Mopor BkMoYeHus no BolBogy Ve B npouecce 3anycka, B — — 82 8,5 8,8
Mopor BbIKMOYEHNs N0 BoiBOAY Ve, B — — 7.2 7.5 8
MicTepesunc no BoiBogy Ve, B — — — 1 —
BbiTekatowni Tok BolBoAa Vc B Apouecce 3anycka, B — Ve =0 2 34 4,2
' Vcc=88B 1,5 2,6 4,2
HanpsxeHue 3anycka no BoiBogy 4 (Start Up), B — — — 14,7 20
KoadduLmeHT 3anofiHeHna Npu aBTo3anycke, % — Conr = 4 5 6
pint = 47 M@
YacToTa nonbITOK aBTO3anycka, 'y — — 1,2 —
MNpobuBHOE HanpsXeHKe nNo BbiBoay 4, B — T,=25°C 700 — —
Us=700B,T,=25°C — 20 40
Tok yTeuku no BbIBOAY 4, MKA — Us=7008, _ 30 75
T,=-40...+125°C
KniouyeBom Kackag
NCP1000 T,=25°C — 13 18
T,=125°C — 24 36
NCP1001 T,=25°C — 7 9
ConpoTuBAEHME BO BKIIDYEHHOM COCTORHUK, Om T,=125°C — 14 18
NCP1002 T,=25°C — 4 6
T,=125°C — 8 12
pobuBHOE HanpsXeHue No BbiBody 5, B — T,=25°C 700 — —
Us =650B,T,=25°C — 0,25 1
Tok yTeukun o BbIBOAY 5, MKA — Us =650 B, . o 50
T,=-40...+4125°C
Bpems BKtOYEHUS, HC — — — 50 —
Bpemsa BbiKIOYEHUA, HC — — — 50 —
OrpaHuueHne TOKa 1 3aluta No remneparype
NCP1000 0,42 0,48 0,54
Tok orparuyeHns, A NCP1001 T,=25°C 0,84 0,96 1,08
NCP1002 1,26 1,43 1,6
NCP1000 di/dt = 100 MA/MKC — 0,5 —
MukoBOe 3HaYeHne ToKa orpaHuyeHus, A NCP1001 di/dt = 200 MA/MKC — 1 —
NCP1002 di/dt = 300 MA/MKC — 1,5 —
Tok OTK/IOYEHNA NO BbiBOAy 1, MA — =27 — 18 2>
' T,=0...125°C 10 — 35
3agepxKa BolKNIOYeH WA Npu TPeBbIeHNn TOKa OrpaHuYeHrs, HC — — — 220 —
Mopor oTKA4YeHKa No TemnepaType Kpuctama, °C — — 125 140 —
McTepesnc oTkIYeHUA No TeMnepaType kpnuctanna, °C — — — 30 —
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CHEUHUATBHO HE OTOBOPEHDI, TeMIlepaTypa
nepexona cocrapisieT 25 °C, a HallpsDKe-
Hue Ve Ha BoiBOzie 1 paBHO +8,6 B.
Ha puc. 10 u 11 mokasansl TUIIOBBIE
TeMIIEpPATYPHbIE 3aBUCHMOCTH TOKa OI-
PaHUYeHHUs BBICOKOBOJIbTHOIO KIIOYa
MHKPOCXEM M COIPOTUBJIEHHUA ITOTO
K/II0Ya B OTKPBITOM cocTosHUM. Kak u
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U1 APYTHX [10JIEBBIX TPAH3UCTOPOB, CO- 3.3 mK o 10710 o2 1000
1
OPOTUBJIeHHe K/II0Ya MIPH MTOBBIIIEHHN T 1w D I o
TeMIIePaTyphI CyINeCTBEHHO yBeIHBa- .,
uc.
eTCsl, YTO C/leqyeT YIUTbIBAThb IIPH pac-
yeTe Mpeobpa3oBaTesieif HA pacCMaTPU-  Ta6nuya 2
Ba€MBIX MUKPOCXCMAX. Napametp YcnoBus usmepenns 3nauenve
HectabnnbHOCTL BbIXOAHOIO
180 N ' 1002 T HanpPAXeHnsa Npn M3MeHeHNN 85B < Ugx<265B AUgyx = 6 MB
2 160 /T;OT_____\\ HanpsXeHNa ceTu
E 1.40 — | ' HecTabuAbHOCTL BBIXOAHOTO
2120 HaNPsXXeHNA NpPU U3MEHEHUN O<lgux<1A AUgpix =8 MB
= NCP1001 P
E oo N , TOKa HarpysKu
£ oso EE——— HecT1abunbHOCTb BLIXOAHOTO 85 B < Uny < 265 B
£ NCP1000 HaNPAXKEHNA NPU N3MEHEHNN o oBX= AUgpx = 10 MB
£ 060 009A<Igux<TA
5 HanpaXeHUs ceT 1 TOKa Halrpy3Kn
< 040 AMNANTYAQ RYNbCALMIA BBIXOAHOTO oo = 1 A 100 MB
& 020 HanpspkeHus (0T NKa 4o NuKa) BbiX =
UBX=TTSB|BHX=1A 7,75 Br
0.00 L L
%% 25 0 2 s 75 10 125 |/10TPe6AAEMAR MOWHOCTL Upy = 220 B, lge = 1 A 7 B8 BT
Temperature (°C) Upx = 1158, | =1A 66 %
KoadduumeHT nonesHoro aencTems EX - BbIX
Puc. 16 bbun A Usx = 220 B, lgx = 1 A 64%
25.0
NCP1000 ¢ BbIXomHOI MOIITHOCTBIO 5 BT Toauopa u crabwintpoHa. B mpeo6paso-
200 N [3], ero mapameTps! yka3aubl B Tab/L. 2. BaTesie [TO CXeMe Ha pHC. 12 3aBUCHMOCTb
. P1000
g e DleMeHTBHI MpeoOpa3oBaTe/si JOCTa- 9TOTO TOKA OT BBIXOZHOTO HANPsDKeHUS
Q
g 150 TOYHO TPAAMUHOHHBI IS YCTPOMCTB  3amaeTcsi KOIQDUIHEHTOM He/IeHNA Heln
'?,, NCP1001 - %
% 100 /,/ c 1 Taxoro poga [2]. Kounencarop Cl coB- R4R5 u kpyTtusHoit muxpocxembr U3
< L " MecCTHO ¢ pesucropamu R6, R7 crysxutr  (TL431), koropas BecbMa Benuka. Kpome
50 IUISL IO AB/IeHUsI IOMEX, [IPOHUKAIOIIUX  TOTO, IIPU TaKOM BapHaHTe MOCTPOEHU
T "] NCP1002
— | U3 nmpeobpasonarens B cetb. He menee nenn OC HCKIIOYAIOTCS TEMITEPATYPHbBIE
0.0 o o
w0 25 0 25 50 75 100 125 Ba)KHOM (YHKUMEH 3THX Pe3UCTOPOB HeCTaOW/IBHOCTH MAaJeHHUs HaIpsDKEHUS
Temperature (°C) ABJISAETCS OrpaHHYeHHe Opocka TOKa Ha CBETOAHOJE ONTPOHA M HAIIPsKEHUA
Puc. 11 IpU 3apsAfiKe uepe3 BHIMPSAMUTENbHBIN  CTAaOWIHTPOHA, XapaKTepHbIE A1 CXeMbl

NsroroBurens muxkpocxeM NCP1000,
NCP1001, NCP1002 mpenymnpexpaer,
4TO IpH paspaboTke NpeobpasoBaTeeit
He C/IefyeT IbITaThCs COOMpPATh UX MeTO-
JIOM HaBECHOTO MOHT@Xa Ha MaKeTHBIX
wiatax. i1 HOpMaJIbHOTO (PYHKLIMOHH-
poBaHUs IIpeoOpa3oBaTesieil BaKHO obec-
[EeYUTh MUHUMAIBHYIO IUTMHY H HHIYK-
THBHOCTb BCeX TPOBOAHUKOB IePBUYHOMN
ery, 0codenHo obrero nposona (GND).
OO61uit MpoBOJ HO/DKeH 3aHUMATh MaK-
CUMaJIbHO BO3MOJKHYIO IUIOIIAfAb, OT
Hero He IO/DKHO ObITh HUKaKUX OTBOLOB
K BBIBOJAM HCIIO/Ib3YeMBbIX 3IeMeHTOB.
10 TpebOBaHKe, IPeXKe BCero, KacaeTcs
KOH/IEHCATOPOB, [TONKIIOUYeHHbIX K BbI-
BogaMm 1 u 2 MukpocxeMsl. Ilocnennuit
IO/DKEH ObITh YCTaHOB/IEH MAKCUMAJIbHO
6/1M3K0O K BBIBOZaM 2 U 3, 4TO obecIie-
YHBaeT CYI[eCTBeHHOe CHIDKEHHE YpPOB-
HSI IHYMOB, KOTOPbIe MOTYT IIOCTYTIAaTh Ha
BXOJI 2 ¥l HAPYIIIaTh HOPMAIBHYIO PaboTy
ey 0OpaTHO¥ CBA3M.

Ha puc. 12 npuBezeHa cxema rpeo6pa-
30BaTe/sl HANPsHKEHHA Ha MHUKpOCXeMe

moct D1—D4 crinaskusaoniux KOHIeH-
catopoB C2 u C3.

Bxmoyenue Mukpocxemsl Ul — tu-
noBoe. llenb R2C4D7 cnyxur pns
MIO/IaB/IeHUs BBIOPOCOB Ha MHIYKTHB-
HOCTH paccessHHs IEPBHYHON 0OMOT-
k1 TpaHcpopmaTopa T1 B MOMEHTH
3aKpbIBaHUS BBICOKOBO/IBTHOT'O KJIIOYA
MHKPOCXEMBL.

Huon D5 u xonpencaroper C9 u C10
BHITIPSMIISIOT U CIJIAYKHUBAIOT HUMITY/IbChI
c o6motku II Tpancdopmaropa T1. Iens
o6paTHO¥ CBA3H B IIpeobpasoBarete co6-
paHa 1o cxeme, COOTBETCTBYIOLIEH pHC.
13, ¢ crarbu [2]. OtoT Bapuant OC obec-
MeYHBaeT CyII{eCTBEHHO JIydiilee MOJie-
P’KaHHMe BBIXOHOTO HANpsKEHHs, YeM
M300paKeHHBIIT Ha pHC. 2 TpeabIIyIIedt
YacTH JaHHOM cTaThH. B cxeme Ha puc.
2 KpyTH3Ha 3aBHCHMOCTH TOKa uepe3
CBETOAMOJ ONTPOHA OOPATHOI CBA3U OT
OTKJIOHEHH:A BBIXOJHOTO HAIIPSDKEHUA OT
HOMHHA/Ia OIpefeAeTcss CONPOTHBIIE-
HHeM BKIIOYEHHOTO MOC/IEHOBATE/IBHO C
HUM Pe3ncTopa, a Takxe nuddepenu-
JIBHBIMH COIIPOTHUB/IEHHAMHU 3TOTO CBe-

Ha puc. 2. B cBo1o o4epenp, TeMIeparyp-
Hasl CTAOWIBHOCTH [TOPOTa MHKPOCXeMBbI
TL431 u ee MHOTOYKC/IEHHBIX aHA/IOTOB
BeCbMa BBICOKA, UTO BO MHOTHX C/Ty4asax
II03BOJISIEeT UCIOMb30BaTh e€e B KaueCTBe
BBICOKOCTaOWIBHOTO HUCTOYHHMKA OIOP-
HOTO HaUpsLKeHUsA U oOecrieurBaeT OT-
JINYHYIO TeMIIepaTyPHYIO CTaOHIbHOCTD
BBIXOJTHOT'O HalIpsKeHUs Mpeobpa3oBa-
tens. [Tlogpo6Hoe cpaBHeH1e BAPUAHTOB
TIOCTPOEHHUS el 06PaTHOI CBA3HU MPH-
BeIEeHO B cTaThax [2] u [4].

Konpencarop Cl2 cHuKaeT ypoBeHb
IIOMeX, reHepUpYeMbIX Ipeobpa3oBaTe-
neM, ero pabouee HamnpshKeHUe TO/DKHO
6piTe He meHee 630 B. Bce okcumnbie
KoHmeHcaTopbl — ¢upmbl Panasonic.
Ionpl D5—D7 go/DKHBI UMETh BBICOKOE
ObICTPOIENCTBHE, HCIOIH30BAHbI JHOMABI
COOCTBEHHOT'O IPOU3BOACTBA (PUPMBI
ON Semiconductor, D5 — guogn Ilort-
Tk MBRS340T3, 40 B, 3 A, D6 — 65bIcT-
pozerictByrorimit MMBDG6050LT1, 70 B,
200 MA, D7 — ymeTpabbicTpeiit MUR160,
600 B, 1 A. TpansucropHas onronapa U2
— 67-1560-5 dupmpr Lumex.
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Puc. 15

B nnpeobpasoBaresie MpUMEHEH TPaHC-
dopmartop CTX13-14602 dpupmer Coo-
per Coiltronics [5]. O paccuuTtan Ha
padoTy B 0OPaTHOXO[OBBIX ITpeobpa-
3oBaTemsix Ha dactore 100 kIl ¢ 06-
el MOHIHOCTHIO 5,8 BT nipu BXogHOM
HaOpsiKeHUHU IIOCTOSIHHOTO TOKa OT
114 no 375 B. JIBe BTOpHUYHBbIE OOMOT-
ku Tpanchopmaropa 006ecIeYnBaIOT
[1OC/Ie BBHIMIPSIM/IEHUS] U CIIaKUBAHUS
HanpsoKedust 5 ¥ 14 B ipy tokax 1 A u
5 MA COOTBETCTBEHHO. IHIYKTUBHOCTh
nepBUIHON 06MOTKH — 1250 MKIH.

Ha puc. 13 1 14 npuBenens! OCOUUION-
paMMbI Ha BbIBOJIE 5 MHUKPOCXEMbI ITpU
pabore npeobpasoBartess NPU BXOIHOM
HarnpsiKeHnd 115 u 220 B 1 nonHo¥M Ha-
rpyske. M3 ocuwiuiorpaMM BUAHO, 4TO
npeobpasoBarenb (PYHKIHOHUPYeT B
peKUMe MPepbIBUCTOrO0 MAarHUTHOrO
MOTOKA cepieyHrKa TpaHcdopmaropa.
Kaxabiil MK paboTbl MOKHO pasfie-
UTh Ha TpH (asbl — asy 3aMKHYTOro
KIova, mIsinyocs 26 u 14 % nepuoga
it HanpspKeHus cetu 115 u 220 B co-
OTBETCTBEHHO, B 3TO BpeMA NPOUCXOIUT
HaKOIUIEHHe 9HEPTHH B TpaHcopmaTope
W MariMTHBINA [TOTOK HapacTaeT. Bropas
asa COOTBETCTBYET Iiepenade SHEPruu
13 TpaHcdopMaTopa B HarpysKy, OHa co-
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Puc. 16

craBnseT 42 % He3aBUCUMO OT HaIIPSDKE-
HMSI CETH, YTO XaPaKTEePHO /ISl 0OO6paTHO-
XOIOBbIX MCTOYHHUKOB B [PEPLIBUCTOM
peskuMe. MarHUTHBIA TIOTOK IIPHA 9TOM
yObIBaeT 1o Hy/si. B Tperbent dase mar-
HHUTHBIM TIOTOK PaBeH HYJ/II0, HallpsuKe-
Hye Ha OOMOTKE HMeeT BUJI 3aTyXaIOIINX
CHHYCOW/IA/TBHBIX KO/TeOaHuH.

dasa mepemaun IHEPIUM HAYMHAETCH
¢ KOPOTKOTO BbIOpOCa 3a CYeT dHEPT UM,
HaKOIIEHHOM B MHIYKTUBHOCTH pacce-
SHUs TIEPBUYHOI OOMOTKH TpaHcdop-
Mmaropa. [TomHoe NMKOBOE HalPsKEHME,
MPUIOXKEHHOE K 3aKPbITOMY K01y, CO-
craB/sieT 360 u 520 B i Hanpsokenus
cetu 115 u 220 B.

HanpsikeHne BTOPUYHOH OOMOTKH,
npuBenerHoe K mepsudHoir (Upr B
0603HaYeHUsIX CTaTbhH [2]), cocTaBsier
okoso 90 B. OTuM 3HaueHHEM MOJKHO
PYKOBOICTBOBATLCS IIPU pacyeTe IIpe-
obpasoBaTesieil Ha APYTUE BbIXOIHbIE
HaIIPSDKEHUA.

[Tpeo6pasoBaTens cobpaH Ha OjiHO-
CTOPOHHEN [I€YaTHOM II/TaTe pasMepaMu
63,5x43,2 MM (puc. 15), paccraHOBKa
97€MEHTOB — Ha puc. 16. MoHTax —
ABYCTOPOHHMH, 371€MEHTbI NOBEPXHOCT-
HOT'O MOHTa’Ka YCTaHOBJ/IEHBI CO CTOPOHBI
MeYaTHbIX TPOBOAHUKOB, OCTa/IbHbIE — C

npoTUBONONOKHOI. Ha puc. 16 mosu-
LUOHHbIe 0OO3HAYCHHS 3JIEMEHTOB IO-
BEPXHOCTHOTO MOHTaXKa IPUBEIEHb! B
3epKasbHOM OTOOpaKEeHUH.

[To mauHBIM [3] Ha MHKpocxeme
NCP1000 moxHO cobpaTh npeobpa-
30BaTeMM C BBIXOAHOW MOIIHOCTBIO
no kpaitHeit mepe 10 Bt npu ceTeBOM
HanpspKeHun 85...265 B, u, cooTseTC-
tBeHHO, 20 n 30 BT Ha MuUKpocxeMax
NCP1001 u NCP1002.

OduunanbHbIM AUCTPUOLIOTOPOM
dupmer ON Semiconductor apjseTcs
000 «MakpoTum».

NIUTEPATYPA:

3. ANDS8019/D. Offline Converter
Provides 5.0 Volt, 1.0 Amp Output for Small
Electronic Equipment. http://www.onsemi.
com/pub/Collateral/AND8019-D.PDF

4. C. Xeacmun. O6pamHas ces36 6 MHO-
20KAHAZILHBIX UMHYTTDCHBIX 00pamHoxodo-
BbLX NPeOOPA30BAINENAX HATIPANCEH U, —
Cxemotnexnuxa, 2002, Ne 5, ¢. 6, 7.

5. http://www.cdiweb.com/Portal
ProductDetail.aspx?Prodld=133050

Cepreit buprokos,
r. Mocksa
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! Virtex-4 LVPECL MC100LVEP11, 14,111 Pacwnputens
| Virtex-ll Pro MC100LVEP34 [Nenntens
Virtex-ll NBC12429, 30, 39 CuHTesatop
! Virtex-E NB10OLVEP56 Mynbrunnekcop
! LVTTL MC100EPT21, 23, 25, 26 Tpaxcnatop
LVDS NB6N239S Henutens
Spartan-1iE LVPECL MC100LVEP11, 14,111 Pacwmnputent
Spartan-ll MC100LVEP34 Lenutens
Spartan-XL NBC12429, 30, 39 CuHTesatop
Spartan-iil NB10OLVEP56 Mynbrunnekcop
LVTTL MC100EPT21, 23, 25, 26 TpancnaTop
LVDS NB6N239S Lenutens
MC100EP210S Pacwmputens
| FPGA ALTERA e - ; POCHOM oo ..
¢ Stratix LVPECL MC100LVEP11, 14,111 Pacwwupurens
i Stratix-it MC100LVEP34 Jenntenb
F Stratix-GX NBC12429, 30, 39 CuHTe3atop
i NB100OLVEP56 MynbTinnekcop
§ LVTTL MC100EPT21, 23, 25, 26 TpaHcnsaTop
LVDS NB6N239S Denurens
MC100EP210S PacumpuTens
j Cyclone LVTTL MC100EPT21, 23, 25, 26 TpaHcnaTop
: Cyclone-li LvDS NB6N239S Lenntens
% MC100EP2105 e Pocuvpurene
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OMMNOHEHTbI

Cucrema paguoynpasjieHUA
Ha MUKpocxemax

dupmbi Holtek

Ce200HA MHO2UE 3/1eKMPOHHbIe ycmpoucmaea 06opydyromcsa KOHMpos-
J1epamu, NO380AAWUMU NOML30BAMESTIO 8K/TIOYAMb U OMK/TIOYAMb 3MU
ycmpoucmaea, 6yk8asibHo He cxo0s ¢ mecma. Bedywyio pons npu smom
uepaem paduoynpasseHue, obecnevusaroujee HaoexHbil u 2ubKul cno-
cob nepedayu KomMaHo. KombuHauusa amo2o memooa ¢ mese@oHHoOU unu
comosol (GSM) cemamu no3gonaem co30ame cucmemy OUCMAHYUOHHO-
20 ynpassieHus npakmuy4ecku ¢ Heo2paHU4YeHHoU 0aneHOCMbIO.

B cmamee paccmampugaemcsa nocmpoeHue cucmemsi paouoynpasieHus
C npumeHeHuem mMukpokoHmposiepa HT95L100 u cneyuanu3upo8aHHbIX
Mukpocxem koouposaHus HT12E u dekoouposaHus HT12D ¢pupmer Holtek.

a puc. 1 mpuBefeHa cxema Iie-

penaomnielt YacTH KaHasa yIpas-

JIeHMs, Ha pUC. 2 — IPHUEMHOIL
MuxkpoxkonTtpomwtep HT'95L100 ycranos-
JIeH B IPMeMHOM 4acTH U €0 3afjava 3a-
K/IIOYAeTcsi B BLIOOPE yCTPOMCTBA H €T
BK/IIOYEHUN WM OTKIo4eHuHu. CocTo-
sIHHe YCTPOMCTB OTOOpa’kaeTca CeMblO
csetonuomaMu HL1—HL7, kaxnp1it us
KOTOpPBIX IOKa3blBaeT, BKIIOYEHO MU
HET COOTBETCTBYIOIIee YCTPONCTBO.

B nepenatorrteit yactu (puc. 1) HCIIONb-
3yeTcst MHKpocxeMa konupoBanust HT12E.
IlepexmouarensiMu SA1—SAS8 ycranas-
MBaeTCcs MHAMBUIYAIbHBIN afpec (ma-
POJib) paiHoKaHaIa, KHollkaMu SB1—SB4
BBOJIUTCS IepeflaBaeMasi KOMaHZa. ¥ 3e/
DAl — cofcTBeHHO mepeaTyuk, pabo-
TaroL KN Ha yacroTe 315 MTI'y, nanipumep
JR-220 dupmbr Juwa Corp.

SAT 1 18
[se : :(1) Vopkio> +58
SA3 3
Y s 17
¢ ——{as Dour
JEEE 5 e
SAG 6
[ ——A5 w
SA7 7 N 1
tor —% | £ |~
B oL ] F Rz
tem ] 15 1M
oo py X2
SB3_- 12
582 1322
=03 .
ha TE |ppt| Vesf—

Puc. 1

B npueMHOIl 4YacTM HCIOJb3yeT-
csl MHKpOcxeMa nekoaupoBanus DD2
(HT12D) u muxpoxkonrpomwtep DD3
(HT95L100). Y3en DA2 — mpueMHHK,
pa60Taroumy"1 Ha TOH »Xe 4JacToTe, Ha-
npuMep JR-200 (pupma Juwa Corp).
B npueMHOI YacTy NepeKIioYaTenIMU
SA1—SA8 ycranaBiHBaeTcs TOT Xe
MHJUBHIYyaIbHBIN afipec, 4YTO U B Iepe-
patoreil. BosMoXKHBIN Habop afpecos
28 = 256 omnpenensieT DOMYCTHMOE YHCTIO
OTHOBPEMEHHO 3KCIUTyaTUPYEMbIX YCT-
POMCTB B IpefeaX paauyca NeiCTBUA

nepenaTyMKa, KOTOPbIM IPU HAIMYHH
aHTEeHHBI cocTasasseT 0koo 300 M.

Muxkpokoutposnep HT95L100 [3]
BO MHOTOM ONTHMaJbHO MOAXOOUT
ISl pellleHHss IOCTaBAeHHOM 3aja-
yu. Ero nuana3soH Hanps KeHHUs MHU-
TaHUA coctraBasger 2,4...5,5 B. B co-
craB HT95L100 BXOZUT BCTPOCHHBIM
npaitep JKKM 20x8, nosponAmomui
paborars HemocpencrBenHo ¢ JKK-
nucrieem. O3Y nporpamm Ha 4 K6 u
20 BBIBOIOB BBOJa/BbIBOA IO3BOJIA-
IOT JIETKO MOAK/IIOYATHCA K Pa3THYHbIM
k1aBuaTypaM. K atomy cnenyer goba-
BUTb BO3MOJKHOCTb HEMTOCPEACTBEHHO
paboTaTh ¢ CHIOBBIMH 3/IeMEHTaMU
(TpMaku HIH pene).

Ha6op mporpaMMHbIX U almnapar-
HBIX CPEICTB, 00'beIHHEHHBIX B CHCTe-
my paspaborku HT-IDE30000, nomosn-
HSIeT TUHENKY MHKPOKOHTPO/UIEPOB
Holtek. Omynsanus B peanbHOM Bpe-

R4240 H
+5B ?gOK Voo PAO DO @HU
RES 44
=514[ 5 v _T_C1 R3 15 pat | g’ i HL2
N oo To 1 MK XC i
15 RE240 M pi3
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¢ | g 16 ML T | &
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$A6 ¢ Bl s o1 | PB2 R9240 M g
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R 8y p3}2 PBO oA6 F“I:IO 240 @“ HL7 |
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Puc. 2
Power Down STACKO
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irgg:; STA:CKQ IN'*CO \32768Hz
Pg:ngm — ISTACK10 INTC1
STACKI1 I @ ﬂ O MRO
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Instruction MP0] S\t lockd/d
Register - M MDATA ystem clocl
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Instruction
Decoder
ALU STATUS K—) PE J&—>»OPEO-PE3
Timing [acc] | shitter ] (—L_PEC
Generator
g 0 ,
(I
X1 PN
X2 8: 0SC Circuit | 32768Hz ——Py 7
XC WDT 0SC ——pf L)é WDT Prescaler
HFI 8:. System Clock/4— DTVE
HFO RN—Generator () DTMF
HDI O——»
HDOg . . . L 3.58MHz
OKsS Dialer /O K >
P
32768Hz
X?Aﬁ?rg E :: H H or 3.58MHz/4
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g: we;r Battery LCD Driver
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MeHH, MOTudUKAUUA TaMATH/Peruc-
TPOB, alapaTHas peaqH3ausa TOYeK
OCTaHOBA, TPACCHPOBOYHbIE aHATH3a-~
TOPBI U T. [. ABAAIOTCS CTaHZAPTHbBI-
mu cocrasagomumu HT-IDE30000,
IpenoCTaB/IsAs pa3paboTIYNKaAM CPelC-
TBa, HeOoOXonuMble s OBICTPON H
s dexTuBHOM pa3pabOTKH U OTIATKH
U3enus.

OcHOBHBIE XAPpAKTEPUCTHKH

HT95L100

Pabouee HampsKeHHE 24...558B

l'eneparop BHewHAs RC-uenp
WIM KBapLEBBbIN pe30HATOP

Yucno THHUI BBOMA-BbIBOOA 20

JIBe crcTeMHbI€ 4acTOTbI

TaKTUPOBAHUS 32,768 kl'y

u 3,58 MI'y

[13Y mporpamm 4Kx16 6ut

03V panHbIX 1152%8 6ur

KOMAHJHbIN LUK

[IPU TAKTOBOM 4acTOTE

3,58 MI'ng 1,117 Mkc

BcTpoeHHbIit apaisep KKH.

brok-cxemMa u pasBOAKa BBIBOIOB
mukpokoHTposvtepa HT95L100 npuse-
JeHbl Ha puc. 3 U 4.

OcHOBHbBIe mapaMeTpbl MHKPOCXEM

mudpanuu u nemudpamuu HT12E

u HT12D

e Hanpsixenue nutanus 2,4...12 B

e KMOII-TexHo/m10THA C HU3KUM YPOB-
HeM NOoTpeb/IeHUs U MajibIM YPOBHEM
IIYMOB

e BcrpoenHblit reHepaTop (Heo6XoguM
TO/IBKO OJUH BHEIIHHII Pe3UCTOP)

e 8 1IMH afpeca U 4 IIMHbI JaHHBIX

e Tpexpa3oBas npoBepKa MOJYYEHHOTO
KOZa;

e Tok morpebneHus B pesKUMe OXKHUIA-
HUS | MKA.

YcTaHoBska
napameTpos

PB=08H
fer PA3=0

HL4 Bbikn.

pa=0oH >
PAG—

9
Rer HL5 BKn.

PB=0AH
et PA4=0

HL5 BoIKn.

pB=0BH >H°
PAS=1

Bl
Her HL6 BKn.

PB=0CH
| PAs=0

HL6 BbiKN.
Da

PB=02H
Lot PAO=0

HL1 Bbikn.

PB=0sH >
PB=04H
[ par=0

HL2 BbIKn,

PB=0DH

He PA6=1
T HL7 BKn1.

PB=0EH fia
et PA6=0

HL7 Bk

Puc. 5

Ina nopmanbHoit pa6orst HT12E u
HT12D pomKHO BBINONHATHCA CAEAy-
I011ee COOTHOILIIeHNe — 4YacTOTa TeHe-
paropa HT12D pomxsa 6bITh paBHa
50-kparHoii yacrote reneparopa HT12E.
ITO COOTHOIIIEHHE YaCTOT 3aJaeTcs pe-
sucropamu R, (puc. 1) u R2 (puc. 2).

AnroputM paboTbl MHKPOKOHT-
poJuiepa CHCTeMBI pafgHOyIIpaBIeHHU
npencrasiaeHa Ha puc. 10. McxonHbrit
KOJ MpOTPaMMBbl MOJKHO HaHTH Ha
caiiTe KypHala mo agpecy www.dian.
ru/programs.

JIUTEPATYPA:

1. http://www.commlinx.com.au/
Holtek_ HTI2E.htm

2. http://www.commlinx.com.au/
Holtek_HTI12D.htm

3. hetp://www.holtek.com.tw/pdf/comm/
95lxxxv150.pdf

Li-Jun Lai
Radio Remote Control of Appliances

Ilepeson Huxonaa PakoBuda

NOCTaBKU
BCero cnekrpa
npoaykKuum
Holtek

BO3MOXHOCTb
MOHTaXa
CHIP-ON-BOARD,
CHIP-ON-GLASS,
CHIP-ON-CABLE




.. OMINOHEHTDI

Spartan-3L —

HOBOe CeMencTBOo
BbICOKONPON3BOANTENbHbIX
skoHoOMUMUYHbIX MJTNC FPGA
dupmbli Xilinx

B cepuu ny6nuxayud, npedcmasneHHsIx Ha cmpanuyax xypHana [1—3],
661510 NOOPOBHO paccMOMpeHAa apxumekmypa u Xapakmepucmuku hpo-
2pammupyembix si02udeckux uHmezpaneHeix cxem ([JINC) cemedcmea
CoolRunner-ll, komopbie omnuuaromcs 8bicokum bvicmpodelicmauem 8
coYemaHuu ¢ ynempaxuskol nompebagemou MowHocmsto. Mukpocxemsi
amoeo cemeticmea omuocamcs K knaccy CPLD (Complex Programmable
Logic Device). MN/INC ceput CPLD o6nadas makumu npeumyujecmesamu,
KAK COXpaHeHuUe KOH(uU2ypayuu npu 8eblK/II0YeHUU NUMAHUA U HU3KOU
CMOUMOCMbIO, UMEoM 02paHudeHus 8 obveme J102U4eCcKUX pecypcos, Ko-
mopble He N0380JIAI0M UCNO016308aMb UX 018 peasiu3auuu C/I0XKHbIX yCm-
poticmes. Mukpocxembl ¢ apxumexkmypou FPGA (Field Programmable Gate
Array), ebinyckaemsie pupmou Xilinx, npedocmasnarom paspabomyukam

cywecmeeHHo 6os1ee WUpOoKUe 803MOXHOCMU, BK/TIOHAA B03MOXHOCMb
npoekmMupo8aHus «cucmem Ha kpucmasnsne» (System-on-Chip). B koHue
2004 2. 66110 8bINYWEHO HOBOE cemeticmeo T/INC Spartan-3L, komopoe
npedcmasnsem cobol OanvHeliwee pazgumue cepuu NJINC Spartan-3 [4].
B cmamee paccmampusaromca omsuyumesneHsle 0CO6eHHOCMU U OCHOB8-
Hble mexHuyveckue xapakmepucmuku JINC cemeticmeaa Spartan-3L, a mak-
XKe npusoouUMCs UHHOPMAUUs, NO3BONAIWAA 8616pAMb KOHKPEMHbIU mun
MUKPOCXeMbi 0718 peaiusayuu paspabamelsaemoeo ycmpoucmeda

usiu cucmemeal.

CemeitctBo Spartan-3L Bxiouaer B
ce6a tpu tuna [VIMC normyeckoit em-
KocTbio 0T 17280 po 62208 makposuye-
eK (OT OJHOTO 10 YeTbIpeX MUUTHOHOB
CHCTEMHBIX BeHTHIEH ), BBITYCKAaeMBbIX I10
texuonorny KMOIT 90 um. Haubornee cy-
1ecTBeHHbIMH npeumyiectsamu [JIMC
HOBOTO CEMeUCTBa AB/IAIOTCS 3HAYUTE/Ib-
HO€ CHH)KeHHe YPOBHS MOTpebiaeMoit
MOIIIHOCTH U YMEHblIIeHHEe CTOMMOCTH
peann3yeMbIX YCTPOUCTB IIPH HUX Mac-
COBOM Ipou3BoacTBe. IIpuMmenenue B
610kax BBoga/BbiBona [ IJIMC cemericTBa
Spartan-3L rexnonoruu SelectlO o6ecne-
YHBaeT MOAJEP>KKY IIHPOKOTO CIEeKTpa
n¢pPOBLIX CHTHAIBHBIX CTaHAAPTOB,
BxTovas quddepeHinanbHble.

Hepapxuyeckas cicTeMa OpraHH3alHK
[IaMSTH, PaCIio/NI0XEHHO! Ha KPUCTAIIeE,
SelectRAM mnpepocraBisieT pa3pabor-
YHUKaM BO3MOYXHOCTb UCIIO/Ib30BaHUSA
no 1728 Kéur 6/104HOM MaMATH U OO
432 Kbur pacnpene/ieHHON MaMATH.

O6mwem pecypcoB ITVIMC cemeiicTBa
Spartan-3L mo3sBo/isfeT NPUMEHATH B
cocraBe paspabaTbIBaeMbIX IIPOEKTOB

nenbiit psan pasmmunbix [P (Intellectual
Property) KOMIIOHEHTOB, BK/IIOYasg MUK~
poripoueccopHbie simpa PicoBlaze (5] u
MicroBlaze [6].

Hannuue BCTpoeHHbIX 18-pa3pagHbIx
amnmapaTHBIX YMHOXHTE/NEH, a Takxke
noffepXKa Mepefayy JaHHBIX C YOBO-
enHoit ckopocthio Double Data Rate
(DDR) oTkpblBaeT HIMPOKHE BO3MOXK-
noctu npumeneHus [TJIMC cemeiicrsa
Spartan-3L mis peanusauuu BbICOKOC-
KOPOCTHBIX YCTPOMCTB HUPPOBOIT 06-
pabOTKH CUTHAJIOB.

ITpumeHsiemas JMHeNKa KOPIIyCOB JIA
MHMKPOCXeM ceMeNcTBa Spartan-3L rpeno-

CTaBJIsSIeT BO3MOXKHOCTb HCITO/Ib30BaHUA
B pa3pabaTbiBaeMbIX MPOEKTax Ao 633
MO/Ib30BaTE/IbCKUX BXOJOB/BBIXOOB.
ITpu 3TOM BCe MHKPOCXEMBI CeMeHCTBa
Spartan-3L 065agatoT NOIHOM COBMECTH-
MOCTBIO TIO BBIBOJAM C OJHOTHUIIHBIMU
[TJIMC 6a30BO¥t cepuM B OJMHAKOBBIX

KOPIIycax.

OcHOBHbIe MapaMeTPbl MHKPOCXEM
cemeiicTBa Spartan-3L, koToppie oTpa-
xatot undopmanuio 06 o6beme 10-
CTYIHBIX PECYpPCOB Pa3/IMYHOTO THUIIA,
IpencTaBeHbl B Tab. 1.

Bce MukpocxeMbl paccMaTpuBaeMo-
TO CeMeMCTBa BBIMTYCKAIOTCSA C KIACCOM
obicTponeiicTBust —4. bonbIIMHCTBO Bpe-
MeHHbBIX U 3/IeKTPUYECKUX IapaMeTpOB
Spartan-3L coBmapjaeT c’aHIOTHYHBIMU
XapaKTepUCTHKaMH MHKPOcxeM 6a30Boit
cepun Spartan-3, KOTOpbIe MOAPOOHO
paccmotpens! B [4]. [Ipu xpatkom pac-
CMOTPEHUH OCHOBHBIX XapaKTepUCTHUK
TUVIUC cemeticTBa Spartan-3L ocHOBHOe
BHUMAaHUeE yIe/IAETCs TeM IapaMeTpaM,
3HaYeHHUsA KOTOPbIX OTIMYAIOTCS OT TH-
TIOBBIX IIOKa3aTe/Ieil MUKPOCXeM 6a30BOTo
CeMeNCTBa.

[IpuMeHeHHEe HOBBIX TEXHOTOTHYEC-
KHX PellleHHI B IpoLiecce MPOU3BOICTBA
TTJIMC no3BoAWIo DOOUTHCSA 3HAYH-
TE/TbHOTO CHUIKEHHS YPOBHSI MOIIHOC-
TH, [MOTPe6/IsieMON MHKPOCXeMaMH B
cratudeckoM pexuMe. Ilo cpaBHeHHIO
C aHA/IOTHYHBIMHM KPHCTA/UIaMH 6a30-
BOI1 cepuu NMOTpebasieMasd MOIIHOCTD B
CTaTHYECKOM peXuMe IS MHKPOCXeM
HOBOTO ceMellCcTBa CHIDKeHa 10 68 %.
Kpome toro, B IT/IMC cemeticTsa Spar-
tan-3L mpemycMOTpeH «CHALIMI» pe-
xuM (Hibernate mode), npumeHeHue
KOTOPOrO MO3BO/ISIET CHU3UTH OOIIYIO
norpeb/asieMyio MOIIHOCTL 10 2 %.
JI/ist OLEHKH MOTPeb/IsieMOl MOIIHOC-
TH MOKHO HCITO/Ib30BaTh TPOrPaMMHbIe

Ta6bnuua 1
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XC354000L 4 62208 |96 72| 6912 | 432K [ 1728K [ 96 4 633 300
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cpencrBa Web Power Tool, a Takxke rmpo-
rpammy XPower, KoTopas BXOJUT B CO-
craB CATIP cepuu Xilinx ISE (Integrated
Synthesis Environment).

JUiss muTaHusA MHKPOCXeM CeMelcTBa
Spartan-3L Heo6x0guMO, KaK IpaBWIO,
TPU MCTOYHMKA. HanpspxeHue NMHUTaHUsA
agpa [UVINC cocrasnser 1,2 B. Ilutanue
BBIXOMHBIX KacKajoB 6/J0KOB BBOga/
BBIBOJIA OCYILECTB/ISIETCA OT MCTOUHH-
Ka, HapsDKeHHe KOTOPOIO 3aBHUCHUT OT
BBIOPaHHOTO CHTHAJIBHOT'O CTaHJapTa.
BbIXOqHOe HaIpsKeHHe 9TOTO HUCTOY-
HHUKa MOXeT cocrasnarb 1,2...3,3 B.
Mopnynu MHKPOCXEMBI, BBIITOIHSAIONINE
crienuajbuble QPyHKIUHU, TPeOyIOT HOo-
TIO/THUTE/ILHOTO HAIpSDKeHUS [TUTaHusA,
KoTopoe cocrapiser 2,5 B. Kpome Toro,
npu KOHPUTYPHUPOBaHUH 6/IOKOB BBOfIA/
BbIBOJIa B  COOTBETCTBHU C OOIBINHHC-
TBOM OJHOITO/IIOCHBIX CTAHIAPTOB HU-

CxemoTexHuKa N¢ 8 -asryct 2005

Ta6bnuua 2
Napametp Mukpocxema | Tun. | Makc.
fccintq —— CTaTMYecKnit Tok notpebnexns XC351000L 30 43
snpa NIUC, A XC351500L 50 90
! XC354000L 160 | 220
| . XC3S1000L 2 6
ccoq — CTaTUYEeCKNiA TOK noTpebneH s BbIXOAHbIX
KackafoB 6510KOB BBOAA/BbIBOAA, MA XC351500L 22 8
! XC354000L 4 10
lccauxq — CTaTUYECKMI TOK nOTpebeHns OT UCTOYHKKA XC351000L 2> 23
JOMONTHNTENMBHOrO NUTaHUA, MA XC351500L 40 46
! XC354000L 62 80
BaTbCA B COOTBETCTBUU C OMHUM U3 17-T1 mut Xilinx. — CxemomexHuxa, 2004,

OIHOIIO/IIOCHBIX CTAHAAPTOB IHU(POBBIX
curranos. Kpome Toro, 60/1bIIMHCTBO
6/I0KOB BBOJa/BbIBOJA MOTYT OBITH HC-
[0/Ib30BAaHbI MOMAPHO /I OCYIIeCT-
BJIEHUs MOOACPKKU /TI0O60T0 U3 ceMHU
nuddepeHHaTbHBIX CTaHAApTOB. WH-
dbopmauus 0 cTangaprax HHPPOBBIX
CUTHAJIOB, MOJIlep)KUBaeMbIX 67I0KaMu
BBOIIa/BbIBOJA MUKPOCXEM CeMeNCTBa
Spartan-3L, c ykasaHHeM 3HadeHUI Ha-

Ne 5—1]1.

3. B. 3omos. Cpedcmsa npoepammuposa-
nust IDTHC cemeticmea CoolRunner-II gpup-
mot Xilinx. — Cxemomexruxa, 2004, Ne 12.

4. M. O. Kysenun, H. A. Knuoviues,
B. IO. 3omos. Cospemernvie cemeticrnea
ITUVINC ¢pupmor Xilinx. Cnpasouroe noco-
6ue. — M.: Fopsuas nunus-Tenexom, 2004,

5. B. 3omos. PicoBlaze — cemeiicmeo
B0COMUPASPAOHBIX MUKPONPOYECCOPHBLX

Tabnuua 3
YVenoBHOE 0603HaYeHNE CurnanbHbiv Hanpsxenvie nutaHua gna ATpubyT, ncnonbsyembin Noanepmka
CcTaHZapT yuPpoBbIX BbIXOAHBIX Kackaaos 6nokos Knacc NPy KOHGUrypupoBaHumn
CUrHanbHoOro CTaHpapTa DCi
CUrHanoB BBoga/BbiBoga Ucco, B BXofa/Bbixoga
OpHONOAKCHDbIE CTaHAAPTbI UMPPOBbIX CUrHANOB
) . . Terminated GTL +
GTL Gunning Transceiver Logic — Plus GTLP "
15 i HSTL_} +
’ lil HSTL_ +
HSTL High-Speed Transceiver Logic I HSTL_|_18 +
1,8 Il HSTL_Il_18 +
I HSTL_IH_18 +
1,2 — LVCMOS12 -
: 1,5 — LVCMOS15 +
LVCMOS Low-Voltage CMOS 18 — LVCMOS18 +
2,5 — LVCMOS25 +
33 — LVCMOS33 +
LVTTL Low—VoIta)ge Trang istor- 33 . LVTTL _
_ Transistor Logic
Pl Peripheral Component 30 33MM PCI33.3 _
Interconhect
1,8 — SSTL18 | +
SSTL Stub Series Terminated Logic 25 i SSTL2_| +
! H SSTL2_1I +
Ouddepenumnanbhbie cTaHgapTHl UMPPOBLIX CUrHANOB
LDT Lightning Data Transport 25 o LDT 25 _
(HyperTransport)
ULVDS Ultra Low V.oltag‘e Differential 25 . ULVDS_ 25 B
Signaling
Standard LVDS_25 +
LVDS Low Volstiagnea:?:‘fferentual 25 Extz:; — BLVDS_25 -
gnaling LVDSEXT_25 +
Mode
LVPECL Low-Voltage Posmvg Emitter- 25 . LVPECL_25 B
Coupled Logic
RSDS Reduced-S‘wmg Differential 25 N RSDS_ 25 _
Signaling

poBbix curanoB (kpome LVCMOSxx),
TpebyeTCsi HOTIO/THHTE/IbHbIH HCTOYHUK
oropHoro HanpspkeHus (Uggr), KOTOpoe
UCIIO/Ib3YETCA I CMELIeHHUsl MOoporo-
BOTO 3Ha4YeHHS MepeKoYeHHs BXOHa.
TunoBble U MaKCUMaJIbHble 3HAYEHHS
nmoTpeb1s1eMOro Toka OT KaKJAOIo H3
UCIO/Ib3YeMbIX MCTOYHUKOB IHTaHUSA
I MUKPOCXeM ceMeicTBa Spartan-3L
npuBeeHbl B TabI. 2.

KaxapIit monb30BaTeIbCKUN BBIBOJ
MHUKPOCXeMBI MOXXeT KOH(HUTypHupo-

NpsDKEHUS UTAaHUS BBIXOJHBIX KacKa-
noB Uccio cogepxutcs B Tabi. 3.

NUTEPATYPA:

1. B. 3omos. CoolRunner-1I — nosoe
noKoAeHUe BbICOKONPOUIBOOUMNELbHBIX
IIVIMC CPLD ¢pupmu Xilinx ¢ mux-
pomowsroim nompebrenuem. — Cxe-
MomexHuxa, 2003, Ne 5—12, 2004,
Ne 1—4.

2. B. 3omos. Opeanusayus numanus
IITHUC cemeticmsa CoolRunner-1I ¢pup-

s0ep, peanusyemvix Ha ocHose ITJIMC
pupmor Xilinx, — Komnonernmot u mex-
Honoeuu, 2003, Ne 4, ¢. 194—198.

6. B. 3omos. MicroBlaze — cemeilcrmeo
MPpUOYAMmuo8yxpaspaoHvix MUKponpo-
yeccopHoix S0ep, PeAnu3yemvix Ha 0CHOBE
IVIMC ¢pupmu Xilinx. — Komnonermuot
u mextonoeuu, 2003, Ne 9, c. 146—151.

Oxonuarue credyem

Basnepuii 3010B,
r. MockBa



Mpoponxenue. Hayano — N2 2/2004

LindpoBble curHanbHble NpoLeccopbl

ALU nomaep>KuBaeT OIepaiHio 1e/IeHUs, OHO OCYIIIeCTB/ISET-
sl TIyTeM CJIOYKeHHUA U IUKIMYEeCKOTO CABKUIa YMCET C IIOMOLBIO
IBYX CrellianbHbIX mpuMuTHBOB mernenus DIVS u DIVQ. Ko-
manga DIVS BbMUCIAET 3HaKOBBII OUT YacTHOro, a DIVQ — ero
onuH 6ut. JJaHHbIe KOMaHbI IPUMEHSIOTCS 1A Ie/IeHUA 3Ha-
KOBBIX WIH 6€33HaKOBbIX YHCe/l. AJITOPUTM J€/IEHUS BbIIOHSET
nubo cloxeHue, MO0 BhIYUTaHHE, OCHOBBIBAsACh HA 3HAKAX
He/IUTe/NsA U YaCTUYHOTO OCTATKa, OCTATOK [IPH 3TUX ONepalHsiIxX
HenoCTyIleH. [leTesns U eMuMoe TO/DKHBI ObITh OHOTO THIIA.
O6bI4Has TOYHOCTD JIE/IEHUS 1A 32-paspsiIHOrO AEIMMOro, 16-
Pa3psITHOTO HeMHUTeNA U 16-paspsagHOro OCTaTKa peamsyeTcs 3a
16 uuxsioB. JlemiTenb MoXKeT ObITh cOXpaHeH B peructpe AXO0,
AX1 wm B mob6oMm perucrpe pesynbrato R. Crapuumii 6ailT
3HAKOBOTI'O JE/TUTeNA JO/DKeH HaXOOUThCs B peructpe AY1, mubo
B AF, a 6e33HaxkoBoro gemurens — B peructpe AF. Mapimit
6aiiT genuTeIs MoO60ro THIia Jo/bKeH HaxoguTbcs B AY0, ocra-
TOK IOC/Ie mefeHus Oymer 3anucad B peructp AY0.

ITepBbli1 U3 IBYX IPUMHUTHBOB — KOMaHga DIVS (menenue-
3Hak). OHa npegHa3HaveHa st 06pabOTKU YHCeT CO 3HAKOM.
Crpykrypa onepauun DIVS nokasana Ha puc. 3.

15
ri

7
CJBHF BJEBO
o
L
AX0 AX1 AY1 AF S AY)  [e——

B

MIAIHIEE
AEJIMMOE

| MUX I r MUX I
CTAPUHIEE
JEJHMOE
MSB
AEJMTETH [WCTAPWHIA
BHT =

* AQ

X Y
ALU
R=PASS Y

R-BUS

£

L4
15 MUTAJITHX BHT

Puc. 3

JlaHHas omepanus BHIYHC/IAET 3HAKOBBIN OUT OCTAaTKa, BbI-
nonHssa omnepaunio «Mckmovatoniee MIW» pna 3HaKOBbIX
paspsAnoB menutens U penumoro. Pernctp AYO caBuraercs
Ha OJHY MO3UIMIO TaKUM 06pa3oM, YTOOBI 3HAKOBBIH PaspAn
nepeMecTWICS B rmo3uyuoo LSB. BeryucneHHbI 3HAKOBBIN
paspsn coxpansercs B 6ure AQ perucrpa cocrosnud. 11pu
nenenuu urcen 6e3 sHaka onepanus DIVS ne npumensercs,
B 9TOM caydae 6uT AQ ycraHaBnaMBaeTcs B 0, OH IIOKa3bIBaeT,
YTO OCTATOK JO/DKeH OBITh MOIOKUTENbHBIM.

Bropoit npumutuB geneHus — koManga DIVQ (nenenue-
YaCTHOE), KOTOPas BBIMIO/IHAETCA MHOTOKPATHO U FeHEPUPYET
110 OTHOMY OUTY YacTHOTO IOC/I€ OYePETHOrO BBIITO/HEHHA.
ITpu mpoCTOit TOYHOCTU He/leHHs ducen 6e3 3Haka KOMaHza
DIVQ BeinonssieTcs 16 pas, U1 TaKOM >Ke TOYHOCTH Je/IeHNA
YHCe/l CO 3HAKOM OIepalius BBINNONHAETCA 15 pas rocie BbI-

YHC/IeHHS 3HAKOBOTO paspsfia ¢ moMorbio KoMaHasl DIVS.
Omnepaiusa DIVQ npowrmocrpupoBaHa Ha puc. 4.

15
r]

¥
CABUT BIEBO
rl_
L
AX0 AX1 AF S AY()  [el—

B
16 MIAEE
7 JETHMOE
I
TEKYIHUI
MUX OCTATOK
i ™~
: CTAPIINEL
JEAHTENb \PI _J
y AQ
R-BUS X a0

R=X+Y, EC.TH AQ=1
R=X-Y, EC.TH AQ=0

MSB

£
£
15 MVTAIWTUX BUT

Puc. 4

DIVQ caBuraer perucrp AYO Bj1eBO Ha OIMH paspsj Tak,
YyTOOBI HOBBIIT OUT YaCTHOT'O OKA3a/ICA B ITO3UIIHMH MJIAAIIErO
paspsma (LSB). Cocrosinue 6uta AQ, KOTOpO€E reHepupyeT-
cs TpeNbIAyIeil onepauuel, onpenenser omnepaunio ALU
/IS BBIYUC/IEHUsI YacTU4YHOTO pesynbTata. Ecim AQ = 1, 1o
ALU po6aBnsieT nenuTenb K YacCTUYHOMY pe3ynbraTy B AF.
Ecnmu AQ = 0, o ALU BbIYMTaeT geauTenb U3 YaCTUYHOTO
pesynbrata B AF. Tak ke, kak u B onepauuu DIVS, ALU
BBIBOAUT pe3ynbTaT B perucTp AF. ®opMar pesynbrara npu
M060M YHCIOBOM NPEICTAB/IEHUH OIpeensaeTcs: GopMaToM
OEeMUTeNS U JETUMOTO.

IMycts NL — uncno paspsagos BneBo u NR — wucio
paspsAIOB BIPaBO OT OBOUYHOM TOYKH genumoro, DL u
DR cOOTBETCTBEHHO TO K€ CaMOe€, TONbKO [/ JeIuTe-
ns. Torma yactHoe coctout u3 NL-DL+1 6utoB cneBa ot
nBouYHON Touku U comepxut NR-DR-1 6urtoB cnpasa.
Hike mokasan npumep popmaTa Yucesl IpU BLIIIOJHEHHH
omepanuu Je/eHus.

llenumoe: XXX . X0
NL = 5 6ut NR = 27 6ut
llenuTenn: XX X000

DL = 2 6uT DR = 14 But
YacTHoe: XXX L XO0000OMXX
(NL-DL+1) = 4 6ut (NR-DR-1) = 12 But

Huorga Heo6XOOUMO HEKOTOpOe H3MeHeHHe ¢opmarta
AenuMoro u genurens. Hampumep, ecnu o6a onepaHia 3Ha-
KOBble U IpobOHble (Iemumoe B dopmare 1.31, a menutensd
B ¢opmare 1.15), pesynprar 3anumiercs B ¢popmate 1.15.
TakuM 06pasom, IS [MOTy4eHHA MPaBHIBHOIO pe3y/bTa-
Ta Olepaluu Je/leHUsi HeOOXOIUMO, YTOObI AeHMOe ObIIO
MeHbIIle TeTUTeNA.

ANALOG
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Y106kl pa3aeMTh IBA Le/IbIX YMCIa (fenumoe B popmare
32, a geauTesb B cl)opMaTe 16), HEOOXOTUMO TIepe AeTeHHEM
NpUBECTH emumoe K popmaty 31.1, T. €. CIBUHYTB €ro BAEBO
Ha OIMH Pasps.

Ecin pesysbTat He MOXKeT ObITh MPEACTaBIeH B popmare
YaCTHOrO, KaK CKa3aHO BbIIIE, WIH KOT[A JeAUTe/b PAaBEH
HY/TIO WM MeHbIle e THMOTO 110 abCOTIOTHOMY 3HAYEeHMIO,
MIPOUCXONUT TEepeloIHeHHe.

[Tpu peanusauuu aaropuTMa JeAeHHUA /18 3HAKOBLIX
OTEepaHIOB AC/TUTENb MO/DKeH XpaHuTbcsa B AX0 n AX1
win B mobdom peructpe ¢ muael R. Crapmoiee ¢1oBo 1e-
JIMMOTO MOXKeT OBITh 3arpyxeHo B AY1 unu AF, maaamee
c10BO — B AY0. UT0OBI BHIYUCIUTDH YAaCTHOE, CHAaYasa Bbl-
nosHseTcs komanaa DIVS, onpenensitoniad 3HaK 4acTHOTO,
3a koTopoi cieayoT 15 Komana DIVQ naa BbiuucieHus
15-t1 6uT YacTHOro. [IpumMep mopnporpaMmbl 3HAKOBOTO
geneHus ¢ GPUKCUPOBAHHONM TOYKOU MPUBENAEH HIXKe. JTa
nopnporpamMma Oepert nenurens us peructpa AX0, crapuree
croso nenumoro u3 AF u mmanmee — u3 AYO. YactHoe
BosBparaercsa B AYO.

.MODULE Sig_Div_FP;

{
BxoaHoe paHHHE:

AF = cTapuwee CNOBO RENUMOrO

AY0 = Mnajwee CNOBO AENUMOro

AXO = 16-OuTHu penuTennb

BoiXOAHbLIE JaHHbe:

AY0 = 16Tu OuTHuiA pesynbTaTt

NameHAEMHE pPErucTphH:

AYD, AF

Bpems BuuucneHns = 17 uuknos

}

.ENTRY  sdivfp;

sdivfp: DIVS AF, AXO; {Boyncnenne 3HakoBoro Bura}
DIVQ AX0: DIVQ AXO; DIVQ AXO; {Butuucnenue 15 6uTOB 4acTHOrO}
DIVQ AX0; DIVQ AXO; DIVQ AXO;

DIVQ AX0; DIVQ AX0; DIVQ AXO;

DIVQ AXO; DIVQ AX0; DIVQ AXO;

DIVQ AX0; DIVQ AX0; DIVQ AXO;

RTS;

. ENDMOD;

Hike npuBOIUTCA 1MoaHblin crincok komana ALU B coor-
BETCTBUM C MPUHATHIMU PaHee YCTOBHBIMH COKPAILIEHHUSMHU.
HasHayenue KoMaHy OY4eBUIHO M3 UX 3alIMCH U KOMMEHTA-
pHUeB /11 HEKOTOPBIX U3 KOMaHI,.

KomaHbl ¢/IOKeHUS U CJIOXKEeHUS C IIePeHOCOM:

[IF cond] |AR} = xop + lyop |
JAF| {C I

lyop + C |

|constant |

KOMaH,HbI BbIYUTAHUA U BbIYHMTAHUSA ¢ 3AaEMOM!

[IF cond} |AR} = xop - {yop B
|AF| fyop+C-1 |

|constant |

{IF cond] |AR} = yop - | xop I
| AF} | xop+C-1 }

) |constant }

CxemoTexHuka N2 8 asryct 2002

Komanne! norudeckux onepainii H, M, «Mexmovarowee
NI »:

[IF cond] |AR} = xop JAND | yop
AF| |0R |
| XOR |
Komannpl nepenayu:
[IF cond] |AR] = PASS I xop I
| AF| lyop |
|constant
Komanapl ¢cMeHbI 3Haxa:
[IF cond] |AR} = - jxop |
|AF] {yop !

Komanger norudeckoro orpuuanus HE:

[IF cond] |AR}] = NOT |xop I
|AFt {yop [
{0

KOMaHﬂ,bI BbIYUC/IEHHU S A0COTIOTHOTO 3HAYEHUS:

[IF cond] |AR] = ABS

[AF|

| xop I

Komannpl HHKpemeHTa: *

[IF cond] [AR] = |yop+1 [k
[AF

KomaHpbl nexpeMenTa:

[IF cond] |AR] = | yop-1 [
[AF|

KomaHnbl 6UTOBBIX Olepaliii:

[IF cond] jAR|=|TSTBIT n xopl;
|SETBIT n xop|;

{CLBIT n xopl;

|TGBIT n xop|; {onepauua <Ucknodawowee WIW» Buta n C

1}

{onepauna W pa3papa n ¢ 1}
{onepauns ycTaHOBKM pa3pspa n B 1}
{ onepauus yCTaHOBKM pa3psaa n B 0}

31ech N MOXKET NPUHKUMATb 3HadeHus ot 0 1o 15.
Komanjpl MopaspsAgHoro neaeHus:

i

[IF cond]
[IF cond]

[AR]
[AR]

DIVS vyop,
DIVQ xop;

xop;

]

KOMaHIIbI TeCTHPOBAHMA pe3y/l1bTaTa:
NONE = <ALU>;

ITocnenHas xomaHaa BbHIMOMHAET 3aJaHHYIO KOMaHIy
AJ1Y, ycranaBauBaeT ¢ard M cOpacblBaeT 3HA4CHHE pe-
synpraTa. OHa NO3BO/IAET TECTHPOBATb 3HAYEHUA B PErUC-
Tpax 0e3 uaMmeHeHus comepxxumoro AR mwin AF. Ctpoka
<ALU> — aT10 nro6as 6esycnopHaa koMmanna AJIY, kpome
DIVS, DIVQ u nonoanutensHsix komaHn AJ/1Y ¢ KoHc-
TaHTaMH.



KOMMOHEHTS
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s Bcex mpuBeneHHbIX Bblie KoMmaHn ALU paspewieno

HCMOJIBb30BaTh CI€AYIOUIHUE OIIEPAHBI

e xop: AX0, AX1, AR, MR0O, MR1, MR2, SR0, SR1;

e yop: AY0, AY1, AF;

e constant: 0, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048,
4096, 8192, 16384, 32767, -2, -3, -5, -9, -17, -33, -65,

AR=AXO0+AY0+(C; /+ [lpucBouTb perucTpy AR 3Ha4yeHUE CyMMb perucT-

pos AX0, AY0 u nepeHocax/

IF EQ AR=AXO0+AY0+C; /+ BufionHeHue OfiMCaHHOM BhWE oOfiepaunn npu

YCNOBWY DABEHCTBA Hyn® Npeawayuero pedynbTaTa */

-129, -257, -513, -1025, -2049, -4097, -8193, -16385,

-327638.

Komanga DIVS He moxeT ucnonbsoBaTs peructp AY0 Kax
oniepatop yop. Komw! ycnosus IF cooTBeTCTBYIOT KOOam, nNpu-

BEJIEHHBIM PaHee B TaOIUIHOM BHIIE.
IIpuMepb! 3anucH KOMaH[I:

AF=TSTBIT 7 AX; /+ 3aHectu B peructp AF 3HayeHue pesynbraTta
onepaumu U paspana 7 ¢ eauHuuenr =/

IIpodonxcerue cnedyem

Ojer Banbma,
r. Muacc Yens6uuckoit o61.

Mpoponxenue. Hauano — N23/2004

AHanun3 SFR-coBmecTumocTm
MUWUKPOKOHTpPOIepPOB

dupmbli Silabs

B pamkax HacmosaAweli cmameu YuxkIa npoussedeH cucmemHolli aHanus3
cosMecmumMocmu nodcucmemoi GONOTTHUMETbHO20 AHAI020-UUdpo8020
npeobpaszosamersis, ONUCAHbI yNnpassiowue pe2ucmpoi, OMmeYeHsl HEKO-

mopeie ocobeHHOCMU.

JlomonHUTeNbHBI aHATOTO-IIHPPO-
BO¥L IpeobpasoBarendb (0603HaAUYaEMBII
kak ADCI1 mwm ADC2) uMmeercs He
BO BCEX MHKPOKOHTpOJIIEpax UPMbI
Silicon Laboratories [1]. IIpeo6pazo-
BaTe/Jb HA3bIBAIOT IOIOTHUTEIbHBIM,
MOCKOJIbKY KpOMe Hero B 3THX Xe
MHKPOKOHTPOJIZIEPAaX UMeeTCs erne Kak
MHUHHMYM OJIHH [JIABHBII aHATOTO-1TH -
pOBOI1 IpeobpaszoBaTeb.

Boo61ie roBops, HOMOTHHUTENIbHBIN
a"anoro-nuQpoBoI npeobpasoBaTeb
MMeETCsI TOJIBKO Y YeThIpeX U3 15-TH Bbl-
ITyCKaeMBbIX CEMENUCTB MHKPOKOHTPOJI-
nepoB (o cocrosuuo Ha 01.06.2005):
F02x, FO4x, FO6x u F12x, Tak 4TO rOBO-
PHTB O KaKo¥-I60 COBMECTHMOCTH BCexX
ceMecTB He mpuxonuTcsa. OmHaKo IS
3THX CeMeHCTB y3e/l MNOCTAaTOYHO HHTe-
peceH M 3aciay’kuBaeT BHMMaHuA. Oc-
HOBHbIE [TapaMeTpbl JTONOTHHTETbHBIX
aHaoro-1ndpoBbIX IpeobpasoBaTeel
ADC2 Bcex BBILIEYKAa3aHHBIX CEMENCTB
IIpHBefeHb! B Tab. 1.

B aroit Tabnuie B rpade «CxopocThb
npeo6pasoBaHUs» YKa3aHO MpeleabHOe
YHCO THICAY M3MEPEHHIT B CeKYHIY
(ksps).

Y Bcex BBILIETIEPEYHCTEHHBIX Ce-
MeVICTB MHKPOKOHTPOJIIEPOB BXOZBI
IOTIOJTHUTE/IBHOTO aHamoro-1ugpoBo-
ro mpeo6pasoBaTens MYJIbTHIUIEKCH-

pPOBaHBbI C BbIBOOAMH IOPTAa BBOJA/BbI-
Bona P1. AHanoroBblii MY/IbTHILIEKCOP
HMeeT BOCEMb BXOIIOB, KOTOPbIe MOTYT
paboTaTh KakK B OJHOIOIAPHOM, TaK U
B nuddepeHnunarbHoM pexxume. Bee
Iepevyuc/JeHHbIe CeMEHCTBAa HMEIOT
BCTPOEHHBIN MCTOYHHUK ONOPHOTO Ha-
npsxeHus 2,43 B, Bce cemencrna, Kpo-

Me FO2X, HMEIOT BCTPOEHHYIO OKOHHYIO
bYHKIHIO. '
Peructpor SFR pomonnuTensHoro
aHaJIoro-1UMPOBOTO MpeoHpasoBaTes
ADC2 npuseneHsl B Tabn. 2.
IMopcucreMa MOMOMHUTENBHOTO aHa-
noro-uudpoBoro npeobpasopares
MUKPOKOHTpo/IepoB ¢upmel Silabs
npencTaBleHa CIeAYIOUIUMH DeCATHIO
perucTpamu:
ADC2CF — xondurypamus ADC2;
ADC2CN — ympasnenne ADC2;

AMX2SL — BbI6Op KaHamoB
AMUX2;
AMX2CF — «koHburypamnus
AMUX2;

ADC2(L) — mumangiiuit 6aiT gaHHBIX
ADC2;

ADC2H — crapmmit 6aiiT maHHBIX
ADC2;

ADC2GT(L) — mrapmit 6aiiT Bepx-
Hero nopora ADC2;

Ta6bnuua 1
g 3
3 5 3
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c 2 =
F020, F021, F022, FO23 8 8 500 0,51:2;4 - -
F040, FO41, FO42, F043 8 8 500 0,5,1,2;4 + -
F120,F121,F122,F123 8 8 500 051,24 + -
F060, FO61, FO62, FO63 10 8 200 — + +
Ta6bnuua 2
Appec SFR perncrpa
Perucrp Hasnauenue FO2x | FO4x | FO06x | Fi2x
ADC2CF Kondurypauma ADC2 0xAB | 0xBC/2 [0xBC/2 | OxBC/2
ADC2CN Ynpasnenune ADC2 OxAA |OxE8/2 |OxE8/2 | OxE8/2
AMX2SL Bbibop KaHanos AMUX2 OxAC | 0OxBB/2 | 0xBB/2 | 0xBB/2
AMX2CF Kondurypauuva AMUX2 — 0xBA/2 | OxBA/2 [0xBA/2
ADC2(L) Mnagwwui 6ant aawHsix ADC2 0x9C | OxBE/2 |[OxBE/2 | OxBE/2
ADC2H Crapwwvn 6ant gauHsix ADC2 — — OxBF/2 | —
ADC2GT(L) Mnagluuin 6anT sepxHero nopora ADC2 — 0xC4/2 | 0xC4/2 | 0xC4/2
ADC2GTH Crapwuit 6ainT sepxHero nopora ADC2 — — OxC5/2 |—
ADC2LT(L) Mnapwuin 6anT HUXHero nopora ADC2 — 0xC6/2 | OxC6/2 | OxC6/2
ADC2LTH CTapwuit 6ainT HXKHero nopora ADC2 — — 0xC7/2 | —
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ADC2GTH — crapmuit 6afiT Bepx-
Hero nopora ADC2;

ADC2LT(L) — mmammit 6aifT HHXK-
Hero nopora ADC2;

ADC2LTH — crapimii 6aiT HIDKHe-
ro ropora ADC2.

[Ipexxe Bcero OTMETHM, YTO BBIXOI-
HbIe IaHHbIE H TOPOTH TONOTHUTEIBHBIX
aHanoro-1u@poBeIX Mpeobpasosareneit
pasMemaTcs B IBYX OaliTax i gecs-
tupazpsigHoro ADC2 cemeiicTa FO6x u
B OIHOM OaiiTe (MJIajiieM B CeMENCTBe
F06x) mist BocbMupaspanHbix ADC2
cemerictB F02x, FO4x u F12x. CootBer-
CTBEHHO, 1 cemelicTBa F06x B 0603Ha-
YeHHUSAX PErHCTPOB /I MafLIero 6anTa
nobasnsiercst 6ykBa L, a ms crapiiero
6arita — 6yksa H.

BoixonHble maHHBIe ceMelcTBa FO6X
pasMenialoTcsa B IBYX Oaiftax — MJIajl-
it 6anr B peructpe ADC2L, pacriono-
sxernHoM 10 SFR anpecy 0xBE/2 (cTpa-
HUIA 2), CTapIuui 6aiiT — B perucrpe
ADC2H, pacrionosxenHowm o SFR anpecy
0xBF/2. JInsi oCTa/lIbHBIX OIMHCHIBAEMBbIX
CEMENCTB, OUYeBHIHO, HCITOIb3YeTCs TOMb-
KO MJIAAIINI OaliT, ODHAKO B CeMeNCTBAX
F04x u F12x oH pacrionaraercs 1o Takomy
xe SFR anpecy 0xBE/2, a nna cemericrpa
F02x — no SFR agpecy 0x9C.

3HaueHHUs1 HIDKHETO Iopora ceMei-
crBa FO6X pasmenaiotTcs B 1ByX 6aiiTax:
wraamuit 6aint B peructpe ADC2LTL,
pacrionosxenHoM 1o SFR agpecy 0xC6/2
(cTpaHuma 2), crapmuit 6aiT — B pe-
ructpe ADC2LTH, pacrionoxeHHOM 110
SER appecy 0xC7/2. [lns cemericts FO4x
u F12x ncrionb3yercss TOMbKO MIAIIIHIA
6aitt ADC2LT, pacrionoyxeHHBbII 10 Ta-
koMy ke SFR anpecy.

3HaueHHUs BepXHETO ITOpora cemelc-
TBa FO6X Tak>Xe pasMeniarTcs B OBYX
6adrax: mmammini 6aliT B perucrTpe
ADC2GTL, pacnionoxensHom mo SFR
anpecy 0xC4/2 (crpanmnia 2), crapiinit
6aiitr — B perucrpe ADC2GTH, pac-
nonoxeHHoMm 1o SFR agpecy 0xC5/2.
Hnsa cemericts FO4x u F12x ucnonssy-

Ta6nuua 3

Hazsanue perncrpa — AMX2CF, AMUX2 Configuration Register
(Pervcrp KoHdurypaunm aHanoroBoro MynbTunnexkcopa 2)

SFR agpec — OxBA/2

3HaueHue nocne c6poca — 00000000b (0x00)

Cemencrsa | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Tabnuua 4
HazBanue perucrpa — AMX2(1)SL, AMUX2(1) Channel Select Register
(Perncrp Bbi6opa KaHanoB aHaNoroBoro mynsrunnexkcopa AMUX2 (1))
SFR apgpec F02x — OxAC, 3xaueHwe nocne c6poca —
F04x, FO6x, F12x — OxBB/2 00000000b (0x00)
CemeincrBa Bit7—3 Bit2 Bit 1 Bit0Q
FO2x, F04x, FO6x, F12x — AMXA D2 AMXA D1 AMXA DO

eTcs TobLKO muammnit 6ant ADC2GT,
pacronoXeHHbI 1Mo TakoMmy e SFR
agpecy.

Perncrp koHpUTypanHu aHaTOTOBOTO
mynbTHIIekcopa AMX2CF B cemericTse
F02x otcyTcTByeT. B ocTambHbBIX OMMCHI-
BaeMbIX CEMENCTBAX OH PacIO/IaraeTcs
o SFR anpecy 0xBA/2 (tabn. 3).

buret 7—4 He HCMONBL3YIOTCA, HPHU
YTEHHH M3 HHUX BO3BPAIAIOTCA HyJIE-
Bbl€ 3HA4YEeHUs, IIPU 3aIMCH UX 3Hade-
HHUSI UTHOPHUPYIOTCA. OCTabHbIe YeThI-
pe 6uTta oIpefensioT KOHPUTYPAIUIO
nap BXomoB, HaripumMep, AIN671C onpe-
IesnsieT Iapy aHaJIoroBbIX BXonoB P2.6
u P2.7. Ecniu cooTBeTcTBYOUIUNH OUT
paBeH 1, BXOZIbI HCITO/Ib3YIOTCS KaK He-
3aBUCHMBbIe omHOIONspHble. Ecmu 6uT
paBeH 0, rmapa BbIBOJOB paboTaeT Kak
nuddepenanbHble BXOMbI, TPHYEM
BXOH C MEHbIIUM HOMEPOM SIB/IAETCA
HEeHHBEPTHPYIOLHUM, a BXOHA C 60/b-
IIUM — MHBepTHpyooumM. Hanpumep,
wis PIN671C Bxon P2.6 — npsamoit, a
Bxon P2.7 — uHBepTHUpYOUIUIL.

Peructp Be160pa xanamra AMX2SL nme-
€T OIMHAKOBYIO CTPYKTYPY, XOTA H pac-
Toj1araeTcs 1o pasgndHbeiM SER agpecam.
B cemeiictBe FO2X perncTp pacrionoxeH
1o agpecy 0xAC, B OCTa/IbHBIX CeMeNC-
TBax — I10 aapecy 0xBB/2 (Tabn. 4).

OnHako, HECMOTPSI Ha HAEHTHYHOCTb
B Ha3BaHMAX OUTOB pPa3IHYHBIX Ce-
MEVCTB, X QYHKITUH PasTHYAlOTCA.

IOna cemerictBa F02x 6uUTH
AMXI1AD2-0 (AMUXI Address Bits)

OIpenensioT BHIOOP KaHaja MyIbTH-
IUIeKcopa:

e 000 — BpIOpaH kaHan AIN1.0;

e 001 — BpIbpaH KaHan AIN1.1;

e 010 — BBIOpan KaHan AIN1.2;

e 011 — BBIOpaH KaHan AIN1.3;

e 100 — BpiI6paH KaHan AIN1.4;

e 101 — BpI6paH KaHan AINL.5;

e 110 — BrI6paH KaHan AIN1.6;

e 111 — Bpi6bpan kaHan AIN1.7.

Insa cemericts F04x, FO6x u Fl12x
OITHCbIBaeMble OUTHI HCIONb3YOTCH
IS HAXOKIeHUsT KOMOMHAIMHU BXOIOB
B COOTBETCTBHH C Tab. 5.

Peructp ynpasmenuss ADC1(2)CN ce-
MmetictBa FO2x pacrionmaraercs o SFR an-
pecy 0xAA, a ma cemericts FO4x, FO6x,
F12x — mo SFR agpecy 0xE8/2. Paccmor-
pHM HasHaueHHe OTIeIbHbIX OMTOB Peruc-
tpa ynpasreHust ADC1(2)CN (Tabm. 6).

ADI1(2)EN — 6uT paspeleHus pa-
6oret ADC1(2). Ecnu 6ut pasen 0,
JOTIOIHUTENbHBIM aHAOTO-IIHPPOBOI
npeo6pasoBaTenb BBHIKJIIOYEH, €CIU
1 — BKJ/IIOYEH.

ADI1(2)TM — 6ur 3amaHust pexuma
cnexxerus. Ecom 6uT paBeH 0 — cie-
JK€HHEe BBIKJIOUEHO [0 Hayaja Ipe-
o6pa3oBaHus, B IIPOTUBHOM CIydae
PEeKUM CIeKeHHUs 3amgaeTcss OUTaMu
AD1(2)STM2-0.

AD1(2)INT — dnar nmpepbIBaHUA 3a-
BepLIeHHs MpeoOpa3oBaHusA, YCTaHAB-
nuBaercs B 1 Iocie 3aBeplieHus mpeood-
paszoBaHus. BuT Heo6X0nMMO OOHYIATD
IIPOTPaMMHO.

Ta6bnuuya 5

AMX2CF AMX2AD2-0

Bits 3-0 000 001 010 011 100 101 110 111
0000 P2.0 P2.1 pP2.2 P2.3 P24 pP2.5 P2.6 P27
0001 +(P2.0)-(P2.1) | —(P2.0)+(P2.1) P2.2 P23 P2.4 P25 P2.6 p2.7
0010 P2.0 P2.1 +(P2.2)-(P2.3) | —(P2.2)+(P2.3) P24 P25 P2.6 P27
0011 +(P2.0)-(P2.1) | —(P2.0)+{P2.1) | +(P2.2)-(P2.3) | -(P2.2)+(P2.3) P24 P25 P2.6 p2.7
0100 P2.0 P2.1 p2.2 P2.3 +(P2.4)-(P2.5) | —(P2.4)+(P2.5) P2.6 P27
0101 +(P2.0)=(P2.1) | —(P2.0)+(P2.1) P2.2 P2.3 +{P2.4)-(P2.5) | -(P2.4)+(P2.5) P2.6 P2.7
0110 P2.0 P2.1 +(P2.2)-(P2.3) | -(P2.2)+(P2.3) | +(P2.4)-(P2.5) | -(P2.4)+(P2.5) P2.6 P2.7
0111 +(P2.0)—(P2.1) | —(P2.0)+(P2.1) | +(P2.2)-(P2.3) | —-(P2.2)+(P2.3) | +(P24)-(P2.5) | —{(P2.4)+CP25) P2.6 P2.7
1000 P2.0 P2.1 P2.2 P2.3 P24 P25 +CP26)-(P2.7) -(P2.6)+(P2.7)
1001 +(P2.0)-(P2.1) | —(P2.0)+(P2.1} P2.2 P23 P24 P2.5 +(P2.6)-(P2.7) | —(P2.6)+(P2.7)
1010 P2.0 P2.1 +P2.2)-(P2.3) | —(P2.2)+(P2.3) P24 P2.5 +(P2.6)-(P2.7) | —(P2.6)+CP2.7)
1011 +(P2.0)-(P2.1) | —(P2.0)+(P2.1) | +(P2.2)-(P2.3) | —(P2.2)+(P2.3) P24 P2.5 +(P2.6)-(P2.7) | -(P2.6)+(P2.7)
1100 P2.0 P2.1 P2.2 P2.3 +(P2.4)-(P2.5) | —(P24)+(P2.5) | +(P2.6)-(P2.7) | -(P2.6)+(P2.7)
1101 +HP2.0)-(P2.1) | —(P2.0)+(P2.1) P2.2 P2.3 +(P2.4)-(P2.5) | —(P24)+(P2.5) | +(P2.6)-(P2.7) | -(P2.6)+(P2.7)
1110 P2.0 P2.1 +(P2.2)-(P2.3) | —(P2.2)+(P2.3) | +{P2.4)-(P2.5) | -(P2.4)+(P25) | +(P2.6)-(P2.7) | —(P2.6)+({P2.7)
1111 +(P2.0)—(P2.1) | —(P2.0)+(P2.1) | +(P2.2)-(P2.3) | -(P2.2)+(P2.3) | +(P2.4)-(P2.5) | —(P2.4)+(P2.5) | +CP26)-(P2.7) | -(P2.6)+(P2.7)
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Ta6bnuua 6

Hassanue perncrpa — ADC1(2)CN, ADC1(2) Control Register
(Pernctp ynpasnenns ADC1(2})

SFR agpec FO2x -— OxAA, F04x,
FO6x, F12x — OxE8/2

3nauenme nocne c6poca — 00000000b (0x00)

CemeincrBa | Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
FO2x AD1EN | AD1TM | AD1INT | AD1BUSY | AD1CM2 | AD1CM1 { AD1CMO —
FO4x, F12x | AD2EN | AD2TM | AD2INT | AD2BUSY | AD2CM2 | AD2CM1 | AD2CMO | AD2WINT
FO6x AD2EN | AD2TM | AD2INT | AD2BUSY | AD2CM1 | AD2CMO | AD2WINT —
Ta6bnuua 7

Hazsaume perncrpa — ADC1(2)CF, ADC1(2) Configuration Register
{PerucTp kondurypauwnn ADCI(2))

SFR appec FO2x — OxAB,

FO4x, F06x, F12x - OXEC/2 3xauenve nocne c6poca — 11111000b (0xF8)
Cemeiictea | Bit7 | Bit6 | Bits | Bita | Bit3 |Bit2] Bit1 Bit0

F02x | AD1SC4 | AD15C3 | AD1SCZ | AD1SC1 | AD15CO | — | AMPIGNT | AMP1GNO
F°4FX1' 536"' AD25C4 | AD2SC3 | AD25C2 | AD2SCT | AD25CO | — | AMP2GNT | AMP2GNO

AD1(2)BUSY — 6ur sansartocru. Ilpu
YTeHUH, eCTH OUT paBeH 0, mpeo6paso-
BaHHe 3aBepIIeHO WIH MocIe cOpoca He
6b110 npeobpasosanuil. I1pu nepemane
YPOBHE! C BBICOKOTO B HU3KHU TeHe-
pHupyeT IpepbiBaHUe, €C/IM OHO paspe-
mreHo. Ecnu npu urenun 6uT paBeH 1,
ADC 3anar npeo6pasoBanuem. IIpu 3a-
HCH OOHY/IEHHbIN OUT HTHOPHPYETCA.
Ecnmn nmpu 3amucu 6UT yCTaHOBJIEH B
1, 3amyckaeTcs npeobpasoBaHHE IIPH
AD1(2)TM = 000b.

butsr AD1(2)CM2-0 onpenensioT yc-
JOBHE 3aITycKa IpeobpasosaHus. Ecau
ADI1TM pasen 0, To npeo6pasoBaHue
HAYMHAETCS MIPH COYeTaHHM OUTOB:

¢ 000 — npu ycTaHOBKe OHTa
AD1BUSY;

e 001 —rIpH Ieperto/IHeHnH TavMepa 3;

e 010 — mo meperragy ypoBHeH C

HU3KOrO B BBICOKHI Ha BXOHe
CNVSTR;

e 011 — mpwu meperoIHEHHH TaliMe-
pa 2;

e IXX — TIIpu yCTaHOBKe OHTa
ADOBUSY, T. e. cuHXpoHO 114
ADCO u ADCI.

Ecmu AD1TM paBeH 1, To cnexxeHue

HaUMHAETCSA MPU COYETAHHH OUTOB!

¢ 000 — mpu ycTaHOBKe OHTa
AD1BUSY u mpomomxaerca TpH
TaKTa;

e 001 — rpu nepenonHeHUH TaliMepa
3 ¥ npomo/DKAeTCsA TPU TaKTa;

¢ 010 — npu HHUBKOM YpOBHE Ha
Bxone CNVSTR, npeobpasoBanue
HaUYMHAETCA [0 Ieperragy YPOBHEH
C HU3KOTO B BbLICOKHMI Ha BXOe
CNVSTR;

e 011 — mnpu neperoHeEHHH TaMepa
2 ¥ IpONO/KAETCA TPH TaKTa;

e IXX — TIIpH YCTaHOBKe OHTa
ADOBUSY, 1. e. cuHXpOHHO 174
ADCO u ADCL.

AD2WINT — d¢nar npepoiBaHus

cpaBHeHHs: okHa ADC, anmapaTHO yc-

14 tanasnuBaerca B 1 mpu CpaBHEHHH.

Ouwncrka (cTupanue) dara KOKHO
HIPOU3BOIUTHCS [IPOTPAMMHO.

Peructp xoHdwurypannn ADC1(2)CF
cemetictBa FO2x pacrionaraerca mo SFR
anpecy 0xAB, a 1 cemericts FO4x, FO6x,
F12x — mo SFR anpecy 0xEC/2. Paccmor-
pHM HasHaueHHe OTIEeTbHBIX OMTOB PETHc-
tpa ynpasneHuss ADCI(2)CF (rabm. 7).

ADISC4-0 — 6UTBHI OnpenesnaroT Ie-
puorn rmpeo6pa3oBaHuA MO INPUMEPHON

dbopmyrne:
ADI1SC = (SYSCLK/CLK1)-1, (1)

roe AD1SC — xox mepmnona npeobpa-
30BaHHA aHAJIOTO-UHPPOBOTO Mpeob-
pasosarens ADC1; SYSCLK — cucrem-
Hasi TakToBas yactora; CLK1 — vacrora
aHanoro-1udpoBoro nmpeobpasoBaTe/s
ADCI.
AMPIGNI1-0 — 6uTbI ONpenensroT
K09 PHUIHEHT YCHIEHHUS BXOIHOTO YCH-
nutensa PGA:
e 00 — xoaddHIMEHT YCUIeHus pa-
BeH (,5;

o 01 — x03dPHUIMEHT YyCUTeHHs pa-
BeH 1;

e 10 — x03dPUIMEHT yCHIeHUA pa-
B€H 2;

e 11 — koaddumeHT ycureHus pa-
BeH 4.

Taxum 06pazoM, Mbl paccCMOTpETH
Bce SFR perucrpsl momnosHUTEIbHOTO
aHamoro-1u¢poBoro npeobpasosares.
O4eBUIHO, YTO PETUCTPBI ITOM MONCHC-
TeMbl 06/1aaI0T TOTBKO OTPaHUYEHHOM
SFR-COBMECTMMOCTBIO H TOJIBKO Cpenn
cemericts FO4x, FO6x u F12x.

AIUTEPATYPA:
1. http://www.silabs.com
ITpodoncerue cnedyem

Oner Huxomaiyyk,
r. Kumnnes, Monnasus

HpMma Maxim Hadajna cepuil-

HBIH BBIITYCK HOBOTO CEMENCTRA

MHKpPOCXeM JTHHEHHBIX CTabu-
mu3aTOpoB HanpspkeHus MAX8718/
MAX8719. I'maBHOI 0COOEHHOCTHIO
HOBOTO C€MENCTBA ABISAETCA IIUPOKUIT
IHManasoH BXOIHbIX pabouHX HAIIpsKe-
HUNl — 4...28 B. MUKpOCXeMbi HMEIOT
MajIblii COOCTBEHHBIN TOK noTpebie-
HUA — OKOMO 18 MKA, pesXxuM OTKJIIO-
JeHUs MpHU MoTpebNeHHur TOKa MeHee
3 MxA. MakcuMaabHbIH BBIXOTHOU TOK
mukpocxembl — 100 MA. Mukpocxema
MAX8718 cTabninsupyer ofHO U3 IBYX
MpenyCTAaHOBIEHHbIX HANPsIKEHUH —
3,3 B wiu 5 B. Cnenyer OTMETHUTD,
YTO MPH BBIXONHOM HANpsiKeHuu 5 B
BXO/IHO€ HAIpsDKeHHe NOKHO OBbIThb
KaKk MHHUMYM Ha 1 B 6osbire. Mukpo-
cxema MAX8719 umeeT BXOI IJIaBHOM
PEeryTHpOBKH BBIXOJHOIO HAIPsKEHHUSA
C TIOMOLUBIO BHEIIHETO Pe3HCTUBHOIO
neaUTeNs1, MO3BOMAONIINIA yCTaHaB-
JUBAaThb ero B nHanasoHe 1,24...28 B.
Enre omHOM BaXHOM 0COOEHHOCTHIO
MHUKPOCXeM SIBISIETCS MCIIOJIHEHHE B
CBEPXMHHHATIOPHOM TEPMOCTOMKOM
koprnyce TDFN-8, umeronieM pasmepsl
3x3 MM. MuKpocXembl IIpeJHa3HaYeHbl
w1 paboThl B HAITa30HE TeMIIEpaTyp
-40...85 °C.

MsrotoBurens npenmnosaraeT HCIoAb-
30BaHMe 3TOTO CeMENCTBA IJIA MOMITUTKH
TaitMepoB peanbHoro BpeMenu RTC u
MHKPOKOHTPOJUIEPOB, @ TAK)KE B CHCTEMAX
6aTapelHOTO IMHTaHUS HOYTOYKOB U JIpy-
THX CHCTEM BBIYHCHTENbHON H ObITOBOI
TEXHUKH C aKKyMYJIATOPHbIM ITHTaHUEM.
KoHeyHO, omucbiBaeMble MHKPOCXEMBI
MOTYT HalTH IIMPOKOE IPUMEHEHHE U B
APYTHX MA/IOTabapUTHBIX U3JETHAX C Ma-
JIBIMH TOKaMH ITOTpeO/IeHHA U IIHPOKUM
BXOIHBIM IHANla30HOM HaIlPsHKEHHUI.

HasHavyeHue BBIBOIOB MHKPOCXEM
MAX8718/MAX8719 mnpusepeHo B
Tabs1. 1, a pacronoxeHue BbIBOIOB I10-
Kas3aHo Ha puc. 1.

TUMoBON BapuaHT BK/IIOYEHHUA MHK-
pocxeMbl MAX8718 ¢ BbIXOIHBIM Ha-
npsbxeHuem 3,3 B mpuBeneH Ha puc. 2.

Emxoctp xoHpmencatopa Cl Ha puc. 2
He yKa3aHa, TaK KaK OHa 3aBHCHT OT
BXOJHOTO HMCTOYHHKA. ECIH HCIIONb3y-
eTCst aKKyMyATopHas 6atapesi, EeMKOCTb
3TOTO KOHIEHCaTopa HO/DKHA ObITh OT
1 Mx® npu Toke Harpysku Huxe 30 MA
1o 15 Mx® npu 100 MA, XemaTenbHO UC-
II0/Tb30BaTb TAHTA/IOBBIN KOHIEHCATOP.
MuHUMaNbHasA OOMYCTHMasg eMKOCTb
BXOJTHOTO KOHJIIEHCAaTOpa IPU HCITOb-
30BaHUM aKKYMYIATOPHON 6aTapen —
0,1 mx®. boee BbICOKHE eMKOCTH yIy4-
LIAIOT IEepPeXOoHble XapaKTe€PHUCTHUKH
crabuwruzatTopa. MUHHMAaNIbHYIO PEKoO-
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HoBbi BbICOKOBOJIbTHbIN
NINHEeNHbIN cTabununsarop
MAX8718/MAX8719

dupmbl Maxim

Cmamesa 3Hakomum yumamesiet ¢ HO8bIM CEMELCMBOM B8biCOKOBOJIbMHbIX
MATIOMOWHbIX MUKPOCXeM JTuHeliHbix cmabuniuzamopos gpupmer Maxim.

Ta6nuua 1

BuiBog
MAX8718 |MAX8719

HaumenoBanue

Hazxauenune

1 1 IN

Usx=4...28B

2 2 GND

oo6wun

5/3

Bxop nepexntoyeHus npeaycTaHOBNEHHOro
BbIXOAHOIO HaNpPKEHNA
ecnu Bxoa coeguHeH ¢ GND, Ugyx = 3,3 B;
ecny sxop coeanHeH ¢ OUT, Ugyx =58

Bxop yCTaHOBKM BbIXOAHOMO HanpsAXeHus 8
avanascHe 1,24...28 B

Uec

N3mepuTenbHblin 8X0g HanpsiKkeHus

PGOOD

Bbixog «HanpsxeHve 8 Hopme» (Power-Good)

SHDN

Bxog nepexntoYeHs B akTUBHbIN
(1)/naccusHbi (0) pexnm

TonbKo pns TeCcTpoBaHUA

OouT

Bbixog perynatopa HanpaxeHus

A
bomaxeze 5] SHON
: 1] pooon

GND
5/3(FB)
Vee (4

Puc. 1

U o [ocoef ourfEey

MAX8718
MAX8719
(2]

ci=t o PGOOD .

5/3 10 MK ==
%]

1)

=z

S
=

GND *

Puc. 2

GND

MEHIYeMYIO eMKOCTb BXOTTHOTO KOHJI€H-
catopa C1 MOKHO ITOCUUTATh JOCTATOY-
Ho npocro. [Ina MAX8718 Cl(mx®) >
> 140,16XIgpx(MA), mrs MAX8719
Cl(MK(D) > 1+0,23><IB]3[)((MA).

Ecnu B xauecTBe HCTOYHHKA MCITO/b-
3yeTCsi BBIIPAMUTEALHBLIN ITHOLHBIN
MocT, eMkocTh Cl momkHa ObITH yBe-
audeHa 1o 22...47 Mk® npu HCronb3o-
BaHUH TaHTAJIOBOTO KOHAEHCATOpa MU
o 100...220 mx® mi1st aTIOMHHHEBOTO.

EMKOCTB BBIXOTHOTO KOHjTeHcaTopa C2
I ClZ)I/IKCI/IpOBaHHbIX HaIpspKeHun 3,3
win 5 B no/mxHa 661Th He MeHee 10 MO,
IUIs1 HAaIIpsDKeHMH Hipke 3,3 B pekomeH-
TyeTCA YBEIMYIUTD ee 10 15 MK®.

Ecam Bxon SHDN (6) coenmHeH ¢
BXOIHBIM HCTOYHHKOM, MUKPOCXeMa Ha-

Uout

PGOOD

XOIOMTCS B aKTUBHOM (pabodem) cocTo-
aruu. IIpu coenuHeHUH 9TOrO BXOHa C
06111M IPOBOIOM MHKPOCXeMa I1epexo-
IUT B ITACCUBHOE COCTOSIHUE, IIPH 3TOM
BXOIHOM TOK MHMKPOCXEMbI CHUYKAeTCA
IO BeTUUMHBI MeHee 3 MKA, a BBIXOJTHOE
HaIpsiKeHHe BbIK/TIOYaeTCs.

O6e MHKpocXeMbl UMEIOT BCTPOEH-
HBII y3€7 OTPAaHHYEHHUs] BBIXOLHOTO
TOKa Ha ypoBHe mIpumepHO 210 MA.
Maxkcumasibto IHOIyCTUMbIN pa6qu1”4
BBIXOHOU TOK HE IO/DKEH ITPEBbILIATD
100 MA. MUKpOCXeMBbI BbIIEPKHBAIOT
6e3 MOBPEXXIEHHA KOPOTKOE 3aMbIKaHHE
IO BBIXO/Y B TedeHHe He 6ostee 30 c.

Bxon Vec (4) siBAsieTcst u3MepuTeNnb-

HBIM BXOJIOM IaT4YHKa (KOMITapaTopa),
IPOBEPAIONIETO COOTBETCTBHE BHIXOI-
HOTO HallpspKeHHs Hopme. BTopoit Bxon
KOMIIapaTopa COeAMHEH C BCTPOEHHBIM
OenuTeseM, Ha BBIXOe KOTOPOIO yCTa-
HAB/IMBaeTCAd HaIpsDKEHHe, MPHMEPHO
coorBeTcTByo1tee 0,9Ugpix. Brixon
KOMIIapaTopa COeNMHEH C 3aTBOPOM Bbl-
XOIHOTO I10/IEBOTO TPaH3HCTOpa 4epes
y3€/1 3a[lepKKH, COCTaB/IAIONIEN 4,5 MKC.
Boixon PGOOD (5) BBIIIOTHEH € OTKPbI-
TBIM CTOKOM, pe3ucrop R1 — ero co-
HNpOTHUBIEHHe Harpysku. [omycrumoe
HaIpsDKeHUe Ha 9TOM Bbipoze — 28 B.

Turosoit BapuaHT BK/IFOYEHHS MHKPO-
cxeMbl MAX8719 HeCKOBbKO OT/IMYACTCS
OT TIPHBENEHHOIO Ha puc. 2. [lonmoaHn-
Te/JbHO BBOAMTCS PE3UCTUBHBIN [€/IH-

Te/Ib, MOJKIIOYEHHDBIN MEX/y BBIXOIOM
(BBIBOIOM 8 MHKPOCXeMbl) M 0OIIHM
npoBooM. Bxon 3 MHKpPOCXeMbI B 9TOM
CTy4ae TOAKIIOYaeTCsA K CpeqHell TOUKe
nemuTensi. Bepxuuit pesucrop o6o3Haya-
ercst R2, HiokHuit — R3. Comporusie-
Hue pesrcropa R3 0O6bIMHO cocTaBiseT
125 kOM unu MeHee JI1 MOCTUIKEHUS
MHHUMA/IBHOTO TOKa, OTOHMPAeMOoro e-
muteneM (10 MxA). Pesucrop R2 pac-
CYMTBIBAETCSA B COOTBETCTBUU C BbIpa-
JKEHUEM:

R2 = R3X(Ugbrx/UpB-— 1):

rme Upp = 1,24 B.

Huskuit ypoBeHb BBIXOHBIX IIYMOB
CTabM/IN3aTOpPa MO3BOJIAET UCHONIb30-
BaTb €ro IPAaKTHYECKH BO BCEX IPHJIO-
JKeHHUAX, KpOMe Y37I0B aHaI0rO-1iud po-
BOTO Npeo6pasoBaHusA C paspANHOCTbIO
6onee 12-TH ¥ NpEeH3HOHHBIX AHAJIO-
TOBBIX Y3JI0B. B aToM cnydae cnenyer
3HAYUTE/TBHO YJAYULIIHTD BXOJHbIE U BbI-
XO[HBIe QWIBTPBI MUKPOCXEMBIL.

MukpocxeMbl HMEIOT BCTPOEHHYIO
TEIUIOBYIO 3aiuuTy. lIpm moctixenun
TeMIlepaTypsl Kpucrauia +165 °C npo-
XOMHON (perymHpyIouiuii) TpaH3HCTOP
MHKPOCXeMbI OTKIIOUaeTcs. Mukpocxema
YIEPKUBAETCSl B BBIK/IFOYEHHOM COCTOSI-
HHUH 10 OX/TaKIEeHUs KPUCTa/UIA IpUMep-
Ho Ha 20 °C. CyefiyeT HIOMHHUTB, 9TO eC/TH
IPHYHHA NeperpysKu He OyIeT yCTpaHeHa,
OyneT HabMIOAATHCA IEPHOTUIECKOE BbI-
K/TIOYEeHHEe BbIXOIHOI'O HaIpsKeHH .

B 3axmoueHne 1aguM HeKOTOpbIe pe-
KOMEH/IAIUH ITO TPUMEHEHHIO.

Konpencatopsr Cl1 u C2 cnemyer
pacronaraTs HeNmoOCpeINCTBEHHO PALOM
C KopIycoM MHKpocxembl. Hanomunm,
4TO BXOI MUKPOCXeMblI (BBIBOZ 1) M BbI-
xo1 (BpIBOJ 8) pacronoskeHbl HAaNPOTHB
IPYT APYTa. ITO MO3BOJISAET PACIIONATaTh
psimoM ¢ HUMH KoHzteHcaTopsl C1 u C2,
BTOpbI€ BBIBObI KOTOPBIX COEOUHSAIOT
¢ oOITUM I0/IeM IIeYaTHOH IJIaThbl, KO-
TOpOE C/IeflyeT COeAMHATb He TOJbKO C
BbiBOomOM 2 (GND), HO H ¢ mIacTHHOM
(rmommoskkoit) Koprmyca. PexoMmennyercs
obecrieyuTs od111ee IoJIe MeYaTHOM IU1a-
Tbl, COEIMHEHHOE C MOIJIOKKON U BbI-
BOIOM 2, IUIOIIAIbIO He MeHee 650 MM2.
st Muxpocxembr MAX8719 pesucropbi
nenutens R2R3 Taxoxe crenmyeT pacrosna-
raTh PAJOM C KOPITYCOM BO H36eXaHHe
MapasUTHBIX HAaBOOOK.

NUTEPATYPA:
1. http://pdfserv.maxim-ic.com/en/ds/

MAX8718-MAX8719.pdf

Oner Huxonaiyyxk,
r. Knmnnes, MongaBus
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ITpenmy11IeCTBO 3TOTO MK Ha rreyaTHOM

M “ Kpo Ko HTpon" e p T1aTe 1A MMOBEPXHOCTHOTO MOHTAaXa I1¢-
AT8958252 o ot e Tpeyes o Aperpa

POBaHUSA MMAMATH KaKIIbIN Pa3 U3B/IEKATDb

5 bl CTp bl ﬁ cTa pT €ro U3 [UIAThl, BCTaB/IATh B ITPOrPaMMaToOp
W CHOBA IIPOiEIbIBATH 3Ty MPOLENypy B

obpatHOM ropsAnxe. ITaHenbku 111 MHUK-
pocxem DIP BbImep>KHBAIOT B CpelHEM
10...15 Taxux ornepaiiuii, 1a 1 y MK gacro
T0C/Ie HeCKOJIbKHX TaKUX IPOIenyp OT-
JTaMbIBAIOTCA BBIBOIbL. B mpemiaraemomM
BapHaHTe MOXKHO NEUCTBUTEIbHO OYEHb
/M HeT oIIbITa paboThi ¢ MuKporipo- MK K BHeLIHHM IIMHaM: afipeca, laH-  OOMbIIOE YHCIO Pas MePENpOrpaMMHIpo-
LIECCOPHOV TEXHHKOIL, ObIBaeT IOCTa-  HbIX, ympasneHus. M, camoe cymiecT-  BaTh MK. HasBaHue 3TO¥ npoLeaypbr —
TOYHO CIO’KHO CIe/aTh MEPBbIi [IIar  BeHHOe, BCe MPOTPaMMbl, HAITHCAHHbIE  «IIPOTPAMMHPOBAHME B CHCTEME» — I0]I-

B OCBOCHHH HOBOTO MHKPOKOHTpO/UIepa. I/if odeHb crapbix mofenedr MK 8051,  pasymepaeT IporpaMMHpOBaHHE MK Ha
Ta cTaThsi MOXKET OKasaThCA TIONE3HON  TakKe paGoTaioT Ha Bcex HOoBbIXx MK, IuiaTe m jaxxe B mporecce paboTbi 6e3

B cmameve npednoxeH sapuaHm munosoeo 8KII04YeHUS MUKPOKOHMPOI-
nepa AT8958252 pupmer Atmel nokasaHo, Kak MO3HO peasiu308ame Noc-
nedosamernbHeili uHMepgelic obmerHa danHbimu ¢ IBM PC, paccmompeH
8apuaxm mModepHu3ayuu npozpammamopa Ponyprog, npugedeHsi npume-
pbl NPO2PAMM.

IUIA TOTO, KTO peLvI CenaTh 9TOT LIar. COBMECTHMBIX ¢ 8051, U, BUIHMO, OYAYT  BbIKIOYEHMA TUTAHUA.
Cy1LIeCTBYeT HeCKOTbKO THIIOB MHK-  PabOTaTh emie 04eHb TOJTO. Ilnst mporpammuposannsa MK asropom
pokoHtpoepos (MK), mporpammet Tlna yenewnHoit pa6otsl ¢ MK Tpebyetcss  6bUI MCITONB30BAH MOIIEPHU3HPOBAHHbIH

KOTOpbIX coBMecTUMBI. AT8958252  BbIOIHEHIE HECKOTBKUX YCTOBHI: Heo6- mporpammarop Ponyprog. Omucanue
upmbI Atmel HMeeT apXUTEKTyPy, COB-  XOTMMA [leYaTHast IUIaTa pabOTakOMIero y¢-  MPOrpamMmaTopa W TepMUHATbHAA TTPO-
mectumyto ¢ MK Intel 8051. Us otedec-  Tporicrsa ¢ MK, KOMIMIATOP KaKOTO-/MO0  TpaMMa PaciipOCTpaHAIOTCA B WuTepnere
TBeHHbIx MK Takyio »e COBMECTUMOCTD  A3bIKa [ CO3MAHMA (pafiia NCONHAEMON  GeCrIaTHO, UX MOYKHO MEpenHcarh, Ha-
HMEIOT OIHOKPHCTATbHbIE MUKPODBM  Iporpammbi B MAlIMHHBIX Koflax B pop-  MpHMEp, C caiTa www.lancos.com. 9rot

K1816BES51, K1830BE31 u T. 1. Mare, COBMECTUMOM C TIPOTPaMMaToOpOM H,  [TPOEKT ITOIIep>KUBACTCA UTATbAHCKHUM
MHor#e crieraauctb mpuMensiior MK co6cTBeHHO, cam NporpaMmaTop. nporpammucrom Claudio Lanconelli. B
¢ apxurtexTyport AVR. Hncmo HHCTpYKINH AT89S8252 mpu 1eHe HeMHOTHM KadecTBe albTEPHATHBbI MOXKET ObITH

1IPOLIeccOpa Y HUAX B HECKOJTLKO Pas MeHb-  6oJIbllie 4 JOJIL. (MHTepHeT-MarasuH HCIOMb30BaH Mporpammartop «Kryuni
111e, BBITIOJTHAIOTCA OHH B HECKOIBKO pas  upmbl «ILtatan») umeer 8 K6alT Kabenb», ero OMMCaHHE MOKHO HaHTH
GbICTpee, U 32 CYeT 3TOro B cpestHeM ro-  Flash-mamaATH aHHBIX, 3aTPYKaeMBIX M0 Ha CauTe www.atmel.ru. TepmunanbHas
jtyqaercs 60/1ee BbICOKast IIPOU3BOAUTENb-  [TOCTEIOBATEIbBHOMY unTepdeiicy SPI, nporpamma Ponyprog 2000 moxxet pago-
HOCTb, YeM y 8051. CriefyeT yuntbiBath, 2 K6aitT BHyTpeHHEH EEPROM mamsTH, TaTb B ONeparHoHHoi cucreMe Windows
YTO CpaBHEHHe MPOM3BOAMTeNbHOCTH 256 Gairr O3Y. Jror MK morpebaser  98. Wurepderic npoct u ynobeH. Ennnc-

8051 u AVR IO CKOpPOCTH BHIONHEHHA 25 MA IpH TaKTOBOM YacToTe 24 MTI'L. TBeHHoe 3ame4aHHe — IIpU CTHPAHUU
OTIepaIfHii PeTHCTP-PETHCTP He COBCeM B ero cocraBe MMeeTCs CTOPOKEBOHW  IAMATH MK Bbigaercs coobuieHue
KOPPEKTHO, T. K. 60/IbLIMHCTBO aNapaT-  TaiMep, YHHBEPCATbHbIH MOCIEN0Ba- «device not responding», HO CTHpaHue
HBIX MHCTPYKLHI nporeccopa 8051 AVR  TespHbIN unTepdeiic UART, MOHHTOp TIpH 3ToM BbiIOnHseTcs. Ilepenenka
BBITIO/IHSIET POTPAMMHO H 32 HeCKOTbKO  IIOTPEO/IAeEMOM MOLIIHOCTH U T. TI. nporpamMmaTopa OblTa ClielaHa 1ocse
TaKTOB. Takoe cpaBHeHHE He OTpaXKaeT Brarogaps XopolieMy COOTHOLIEHHIO  TOTO, KaK CTaTHYECKUM IMOTEHIIHATOM

peabHOM ITPOM3BOTUTENLHOCTH CHCTEM.  IICHbI M KaUeCTBa AT89S8252 MOXeT ce-  OT KOMITbIOTepa 6bU1 MpoOuUT 1mopT SPI
B To ke BpeMs HOBBIe MHKPOKOHBep- TOfHA C YCIIeXOM 3aMeHuTh momynsap- MK AT8958252. Cxema nmporpamMmMaropa

Tepsr ADUC845 dupmpr Analog Devices  Hblit HeckonbKo et Hasay PIC16F84. npuBeneHa Ha puc. 1.
BBIIOTHAIOT OHY KOMAHHY 3a OIIMH TaKT 1
C coxpaHeHHeM Bcex JOCTOMHCTB 8051. 0.1 -
OueBHaHO, 4TO AVR 110 CpaBHEHUIO C Ta- " . ?:L ) O_‘HM_K TMPEVS’S&S
KO CHCTeMOMH IPH OJMHAKOBOU TaKTOBOH T ; c1+ | DA v 1‘; ﬂ o[
qacToTe OyIIyT 3HAYUTETHHO IPOUTPbIBATH ow T — vl N0l ! Un
110 06111e¥ MPOU3BOIUTETbHOCTH. o g s Q R1in % n ;xom
MK 8051 umeeT nBa MHCTPYMEHTA, 01w ——C2- § Riout (=3 out
ofecreyHBaOIUX TOCTOMHYK 3TOU 0,13§:_—7¥;0ut 2 i;::Td L—;vom DAZ 1 oy 1‘; 1 2
apXHTEKTYpe KOHKyPeHIHIO B 60pboe ¢ — Roin R2out } el el z N2 2 C";(S:O
OCAeNHUMH paspaboTKaMU MHPOBBIX i ‘; vio | 8| von :3 i SCK
JMIEPOB B TOI 06/1acTH. —le, 5 x'ocd § V\z; T 5| ’::SOS
Bo-I1epBBIX, 5T0 HIUYHE HANEXKHO- ars| R147x —vet | = vez | 2 J—ﬁ— GND
ro 6UTOBOTO MPOIIECCOPA, a BO-BTOPDIX, UXE 1z GND1 GND2
rubxasg cucrema Moje/aeH MmaMaTH, I103- 812 4 SVPéZE
BoJAIONIAA THOKO IepeXOIUTh OT af- sG> -
pecauui peTUCTPOB M IOPTOB BHYTPH Puc. 1
uc.

¢ AIMEL
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SI3BIK mporpaMMHpOBaHUsA Ha paboTy
ycTporcTBa He BauseT. CauTaercs, 4yTo
KOJbI, CO3JJaHHbIe Ha acceMbnepe, BBI-
IIOJTHAIOTCA OBICTpee, T. K. 3TOT A3BIK
nporpaMMHUpoBaHuA OIMKe OCTalb-
HBIX K MalIMHHOMY. Bce KoMmuIATOpbI
06BIYHO ITO3BOJIAIOT BCTPAHBATh MOLY-
1 Ha acceMb6nepe. OO6LIenpU3HaHHO,
49710 onTUMantbHBIM ans1 MK apnserca
A3bIK C WIH ero pa3sHOBUIHOCTH.

3arpyso4Hbli (a1 mporpaMMbl Mo-
KeT OBITh CO37JaH Ha GOJBIIOM YHCTIE
KoMIIIATOpoB. Haubosnee M3BecTHbI
kommunATopsl sA3bika C mia MK 8051
¢upm Keil, TAR, Franklin (www.fsinc.
com). JIMIieH3HOHHBIE KOIIMY OYeHb 10-
POTH, MOXXHO BOCITO/Ib30BAaThCA IEMO-
BepCHell OHOTO M3 3TUX KOMITWIATOPOB.
Kax mpaBumo, meMOBepCHH ITO3BOJISAIOT
co3[aBaTh 3arpysouHsle (aisl ¢ 06b-
emoM 1o 2 K6aitt u 6ecriatHo pacrpo-
CTPaHAIOTCA € IEeMOHCTPAallMOHHBIMU
I/IaTaMH MHKPOKOHTPOJUIEPOB MM UX
MO>XHO CKOITMPOBaThb C CallTOB paspa-
6otunkoB. Takxe B VIHTepHeTe MOKHO
HaiTH MHOKECTBO YCTOBHO 6ecTUTaTHBIX
KOMITH/IATOPOB Pa3MUYHBIX aBTOPOB.
Kcratu, 2 Kb6aiT naHHBIX — 3TO OKO-
IO TpeX CTPaHHUI] TeKCTa IPOrpaMMBbl Ha
si3piKe BbICOKOTo ypoBHA ANSI C, atoro
BIIOJTHE XBaTaeT IJIs yIpaB/eHusa pabo-
TOH JOCTATOYHO CTOXKHOIO YCTPOMCTBA.

ITocne Toro, kak KOMIWIATOP BBbI-
6paH, Heo6x0OUMO Y6eIUTbCA, YTO OH
nongep>xusaer MK Intel 8051. [lna pa-
60TBI HY)XHO J00aBUTH (eCTM KOMIIH-
natop He mongaepxkuBaetT AT8958252) B
COOTBETCTBYIOWIYIO aupekTopuio INC
¢ain koudurypanuu MK. Irot daivr
uHpguBuayaneH mua kaxgoro MK. I1pu-

Mep Takoro (aitra pyia KOMIWIATOPA
Franklin npusenen B Tabn. 1.

A Ipyrux KOMITHIATOPOB BO3MOX-
HO moTpebyeTcs H3MEHUTH ¢opmart
KOMaHj IPHCBOEHHUA aqpecoB B 3TOM
daitre.

JlnA ycIremHoro cospaHHsA 3arpysod-
Horo ¢aria ¢ MOMOIIBIO KOMIWIATOPA
Heo0X0nMMOo HadaTh paboTy C USYUYEHUA
ero (arvra moMoruu. 3aTeM CO31AETCA
IIPOEKT, 3a/IAI0TCA BaXKHBIE ITapaMeTpbl
npoexTa B pasgene «Hacrpoitka» — Mo-
ienb ITaMATH, PopMaT BRIBOOHMBIX [aH-
HBIX, HCITO/Ib3YeMble PETUCTPHI U T. 1. B
IpOeKTe ITONKTI0YaeTca (Al npuMepa
IIOTb30BATETBCKON MPOTPAMMBI U /1A
Hero BBINIOJMHAIOTCA TPH 3Talla — KOM-
IS, CO3MaHne 00beKTHOTO (paitia u
cosmanue 3arpysouHoro ¢aitia, KOTOpbIA
C MOMOII[BIO MporpaMMaTopa Ponyprog
MOXeT ObITh 3arpyxeH B MK.

ITpuMep mnporpaMmsl, 3arpyxae-
Mot B Flash-mamars MK mna o6mena
¢ COM nopToM KOMIIBIOTEpPa, NTPHUBE-
neH B Tab. 2.

IIporpaMMa HamucaHa Ha f3bIKe
ANSI C gnsa xomnunaropa Franklin.

IMpuHnnHaapHas cxeMa OT/IaqOYHOM
IIaThHI [IPUBENeHa Ha puc. 2.

Texuudeckoe omucanue AT8958252 B
dbopmate pdf MOXKHO CKOTIHPOBATH C Cail-
Ta MPOU3BOAUTENI www.atmel.com.

s MK ¢ Flash-namsaTseio mporpamm
U JAHHBIX HEOOXOIMMO HAINYHE B CHC-
TeMe CyIepBH30pa NMuTaHuA. B obuiem
CTy4yae 3T0 KOMITapaTop ¢ UCTOYHUKOM
oropHoro HanpspkeHusa. Korga Hamps-
JKeHUe ITUTaHUs CTaHOBUTCA MeEHbIIe
4,65 B, dopmupyercsa curaan «COHpoc».
Ecnu B cucreme ucnionmb3syerca 1A c6po-

ca obbruHasn nenoyka RC, To HeusbexHO
IIPH BKTIOUEHHH HIH BBIKTIOYEHUH Oy-
OYT BO3HHMKAThb CHUTYaIlHH, KOTHA Ipo-
meccop 6ymeT paboTaTb HEKOPPEKTHO,
BCencTBHe Yero cofep>xanue Flash-ma-
MATH 6yJeT UCKa’KeHo.

Cynepsusop ADM707 ynobeH erie 1
T€M, YTO UMeeT MPAMOHU U MHBEPCHBIN
BbIXO[ Reset (c6poc).

Bo mHorux ycrporicrtsax Ha MK Bos-
HHUKAIOT CUTYallHH, KOrJa HeoOXomum
oO6MeH HaHHBIMH C IepCOHaJbHBIM
KOMIIBIOTEPOM, KOTOpO€ OOBIYHO I1PO-
usBogurca depes COM mopt RS-232.
MakcuManbHas JJTHHA Kabens /1 Tako-
ro MOJK/II0YeHUs cocrapasaer 10...12 M.
Ins cornmacoBanus ypoBHel +12u-12 B
(RS-232) ¢ TTJI ucnoneayercs npeobpa-
3oBaTenb ypoBHelt ADM202. KoMmIibio-
Tep ABJIACTCA BO3SMOXXHBIM HCTOUHHKOM
IIOMeX M BBICOKMX CTaTHUECKUX ITOTEH-
IIMAJI0B, OIACHBIX JUIA 3/IEKTPOHUKH, I10-
3TOMY JKeaTe/IbHO (HO He 0643aTeNnbHO)
HCIIO/Ib30BaHHE TajTbBaHUYECKON pas-
BA3KH IT0 [IMTaHUIO U CUTHA/IaM, BBIITOI-
HEeHHOM Ha UMITYJIbCHOM ITpeoOpasoBa-
tene TME0505 u paspsaske ADUMI1301.
Koneuno, ecnu co6monath Tpeb6oBaHUA
6e301macHOCTH, MO>KHO nopaxmodats MK
K KOMITIBIOTepY U 6e3 rajbBaHHYecKoH
pasBA3KH, HO B TpodeCcCHOHATbHBIX
YCTpOICTBax 3To 06s13aTeIbHOE Tpebo-
Banue. [lna pa6oTel 6e3 rajpBaHUYEC-
KOM Pa3BA3KH W3 YCTPOWUCTBa yHIAIOT
TME0505 u1 ADUM1301, ycranaBmu-
BalOT TePeMBIYKU MEXIY BBIBONAMU
1—16, 2—15DA3 u 1. 1.

Haskatue xkHonk# Interrupt BbI3bIBa-
€T BBIIOTHEHHe MPorpaMMbl 06paboTku
npepsiBanuda INTO, B pesynbTare rmosry-

Ta6nuua 1

/* AT89S8252 ATMEL +«/ sfr at OxCA RCAP2L; /+ SCON (O0x98) Bit Registers */ /« IP (0xB8) Bit Registers =/
sfr at 0xCB RCAP2H; sbit at 0x98 RI; sbit at 0xB8 PX0;

/+* BYTE Register sfr at 0xCC TL2; sbhit at 0x99 TI; shit at 0xB9 PTO;

4

sfr at 0x80 PO; sfr at 0xCD TH2; sbit at 0x9A RB8; sbit at OxBA PX1;

sfr at 0x81 SP,; sfr at 0xDO PSW; sbit at 0x98B TB8; sbit at 0xBB PTt;

sfr at 0x82 DPOL; sfr at 0xD5 SPCR; sbit at 0x9C REN; sbit at 0xBC PS;

sfr at 0xB3 DPOH; sfr at OxEO ACC; sbhit at 0x9D SM2; sbit at 0xBD PT2;

sfr at 0x84 DPtL; sfr at OxFO B; sbhit at Ox9E SM1;

sfr at 0x85 DP1H; shit at OXx9F SMO; /* T2CON (OxC8) Bit Registers =/

sfr at 0x86 SPDR; /+ TCON (0x88) Bit Registers +/ sbit at 0xC8 CP_RL2;

sfr at 0x87 PCON; sbit at 0x88 ITO; /= IE (OxA8) Bit Registers =/ sbit at 0xC9 C_T2;

sfr at 0x88 TCON; sbit at 0x89 IEO; sbit at OxA8 EX0; sbit at OxCA TR2;

sfr at 0xB9 TMOD; sbit at Ox8A I, shit at OxA9 ETO; sbit at 0xCB EXEN2;

sfr at Ox8A TLO; sbit at 0x8B IE1; sbhit at OxAA EX1; shit at 0xCC TCLK;

sfr at 0x8B TL1;  sbit at 0x8C TRO; sbit at OxAB ET1; sbit at 0xCD RCLK;

sfr at 0x8C THO; sbit at 0x8D TFO; sbit at 0xAC ES; sbit at OxCE EXF2;

sfr at 0x8D TH1; sbit at Ox8E TR1; sbit at OxAD ET2; sbit at OxCF TF2;

sfr at 0x90 P1; sbit at Ox8F TF1; sbit at OxAF EA;

sfr at 0x96 WMCON; /* PSW (OxDO) Bit Registers =/

sfr at 0x98 SCON; /+ SPI Bit Registers =/ /* P3 (0xBO) Bit Registers =/ sbit at 0xDO P;

17
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Ta6nuua 2

#include <stdio.h>
#include <AT8988252.h>

sbit LED = P274; //

data char 1ii=0;
bit flag=0;

delay(int );
INTO_() interrupt O;
GENER_LED(int, int);

void
void
void

delay(int length) {
while (length >=0) length--;

void

INTO_() interrupt 0 {
GENER_LED(10, 12000);
}

void

Yoy o

}

CPU = 4.9152 MHz,
// UART config

CBETOANOA

// 3aaepxkKa

// obpaboTka npepuBaHuA

// FRQ
// DLT

- Ko3¢.
- ANVTENbHOCTL

4acToThl

// BWKNOYUTL CBETOAMOS,

9600 baud

interrupt enable

\n");

void GENER_LED(int DLT_, int FRQ_) {
ckl: LED=! LED;
delay(FRQ_);
DLT_--;
if(DLT_) goto ckl;
LED = 1;
}
void main (void)
LED = 1;
RCAP2H = OxFF; // FRQ
RCAP2L = OxFO;
TH2 = OxFF;
TL2 = 0xFO;
SCON = 0x52;
T2C0N = O0x34;
EA =1 //
ET2 = 1
ITO = 1;
EX0 = 1;
while(1) {
ii=getchar();
switch(ii){
case ‘1': printf(“\n Hello, world!
break;
case '2': GENER_LED( 10, 12000);
break;
default: break;

qaeM CepHI0 HMITY/IbCOB, TOCTYIIAIOIINX
Ha CBeTOnHoMA. THUIT CBETOAHOa MOXKET
6BITH IIPAKTHIECKH JIOOBIM ¢ pabouuM
TOKOM B AuvanasoHe 5...10 MA.
YacToTa KBapIeBOTO Ppe3oHaTopa
4,9152 MI'y BbIOpaHa [ TOMyYEeHHUA
yno6HOro 3HaYeHHA TaKTOBOM YaCTOTHI
o6MeHa IaHHBIMH I10 IIOC/IeNOBaTeTbHO-
My uHTepdeicy. 3HadeHHe PETHCTPOB
TaliMepa MOC/eN0BaTeIbHOrO MopTa IyIs

ckopoctd o6MeHa 9600 6om pacCYUTEHI-
BaloT 10 (opMmye:

(RCAP2H, RCAP2L) =
= 65536~Fpgs (T11)/(9600 (60m)x32)).

PesynbTaT BbIUMCICHNIT TIPEOGPAsYIOT
B IlI€CTHAIIIaTEPUYHBINA BUII.

Jlna HopManbHON PaboThI peXuMa
MOC/TeN0BaTeNbHOrO MPOrpaMMHpPOBa-

uus Flash-mamaru MK gacTtora pesoHa-
TOpa [O0/DKHa OBITh He MeHee 3 MTI'm.

Ilpu paspaboTKe yCTPONCTB Cemyer
IIOMHHUTB, 4TO MOPT PO MMeeT NBOMHYIO
Harpy304HYIO CIIOCOOHOCTD, HO y HEro
OTCYTCTBYIOT MOATATHUBAIOIIME PE3UC-
TOPBHL.

[TeyaTHBIE MIAaTHI MMPOTPaMMaTOPa U
MHKPOKOHTPOJUIEpa C/IeTyeT USTOTOBUTD
OYeHb TIIATEMBHO, XKeNaTebHO C IMasib-
HOM MacKoli «kapariefic». [ leqaTHas roata
MoO>KeT 6BITh OIHOCTOPOHHEN 6e3 oTBep-
CTHIA, T. €. TTOf, TOBEPXHOCTHBIN MOHTaX.
B Takux IutaTax i IepeceKaroluXCs
MIPOBOJHHKOB HCIIOIB3YIOT II€PEMBIY-
KH ¢ MapKHpoBKoil «0» (000) pasmepa
1206. ®oTouiabnoH mIs ONHOCTOPOHHEN
IUIAThI MO’KHO U3TOTOBUTH Ha JIa3€PHOM
IIPHHTEPE, UCTIOMB3YS TPO3PAYHYIO TUIEH-
Ky ¢opmara A4. Takyro IIeHKy [IPUMEHSI-
0T [UIA TIPE3EHTAIUI C HCITOIb30BaHHEM
KOMITBIOTEPHBIX IIPOEKTOPOB, KYITUTD €e
MOYKHO B MarasiHax, IpoJaonux 6ymary
O nBeTHbIX MpuHTepoB. Ilpu mevarn
criefyeT o6paTUTh BHUMaHMe Ha TO, YTO-
OBl He ObUI BK/IIOYEH PEKHM dKOHOMHHU
toHepa. Kak mpaswo, dbotomabnon mna-
AMBHOM MacKy MMeeT TeMHbleé KOHTaKT-
Hble IVIOLIA/IKH, a OTOLIA6/I0H IIPOBO/-
HUKOB — CBET/Ible TPOBOIHHUKH, HO 3TO
3aBHCUT OT TeXHOJOTHH U3TOTOB/IECHHUSA
r1at. PasBonxy IUiaThl MOXKHO HapHCO-
BaTh B rpaduyeckom pepnakrope Corel
Draw. B TexHH1eCKOM OITMCAHHH Ha KOM-
MIOHEHTHI JAIOTCA TOUHBIE Pa3sMephbl KOH-
TAKTHBIX IVIOLIATOK, IIIHPHHY TPOBOIHH-
KOB PEKOMEHJIYeTCs CMIe/IAaTh 04...0,5 mm,
3a30pbI MEKIY IpoBoAHMKaMH — 0,3 MM.
11 BBIpYOKH rOTOBOJ IUIATHI HEOOXOH-
MO IpeIycMOTpeTh KOHTYP ((oTolab/1oH
IPOBOJHUKOB) IO [IEPUMETPY 3aTOTOBKH,
TO/MIKHEA TUHUH okoso 0,1 MM.

Koprmyc u BeiBonbl MK umeror He-
fonplivie pasMepbl, 3aTPyHHAMOL[HE
MOHTa)X, HO CyILIeCTBYeT IIPOCTOH CIO-
co6 maiiku, Jaruvi Heryoxoe Kadec-
TB0. MK 1eHTpyeTcsA IO KOHTaKTHBIM
IUIOIIAKaM, IPYYKUMAETCA, MaJIeHbKON
KMCTOYKO¥ Ha OMUH pAJ KOHTAKTOB Ha-
HOCHTCA CIIMPTOBOI PacTBOp KaHHPO-
JIM ¥ TOHKHUM >Xa/IOM ITas/IbHUKA MOILL-
HocThio 10...15 BT ¢ ucnonb3oBaHuEeM
HU3KOTEMIIePaTyPHOTO IPHIIOA Clerka
KacaloTC KOHTaKTHOH IIOLIafKH —
¢rmoc ucnapseTca, a IPUIIOH pacTeka-
eTcs 10 KOHTaKTaM IUTaThl M BbIBOLAM
MHMKpocxeMbl. TakuM 06pasoM Mojyya-
eTCsA KayecTBeHHasa MarKa.

ITocne Toro Kak mmata codpaHa, Ioj-
KII0YaioT MUTaHHe, ITPOBEPAIOT OCITUII-
norpacdoM HampsDKeHHe Ha BBIBOIAX
MUTaHUA BCeX MUKpPOCXeM U paboTy
KBapueBoro reieparopa DDI1. Ocuun-
norpad HCMONB3YIOT C MOMOCON MPO-
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Puc. 2 =

nyckaHus 6oJblielt, yeM 4YacToTa re-
HepaTtopa MK. Ha ogHOM M3 BBIBOJOB
KBapI[€BOTO pe30HaTopa JO/UKEH IIPU-
CYTCTBOBaTh CHHYCOHM[AIbHBIM CHUIHAJ
aMIIuTynon oxono 1 B u 4acroron,
paBHOM YacTOTe pe30HaTOpa.

lanee x pasbeMy J2 OT/IapoYHOM
IJIaThl MOOKIIOYAI0T MIPOrpamMMaTop
Ponyprog M mpucTymamoT K 3arpys-
K€ IT0/Tb30BaTe/bCKON IIPOTPaMMBI BO
Flash-mamate MK ¢ noMompio TepmMu-
HanpHOU Iporpammsel Ponyprog 2000.
Pasbem J1 nmporpammaropa mogKmoda-
10T K COM NopTy nepcoHaJIbHOTO KOM-
IbIOTEpa COeTUHUTENBHBIM KabeseM,
cxeMa Kabessa npuBeneHa Ha pHUC. 3.

ITpu sarpyske nporpammsl B Flash-ma-
MATH CUTHI Ha BeIBoze SS (master/slave
SPI) He uMeer 3Havenus. Tok moTpet-
JeHUsA nporpaMmaropa okoso 50 MA.
Bce MaHUMynAmuy no noakKIiO4eHUIO
IIporpamMmarTopa cjiegyeT IPOU3BOIUTD
Ipu OTKII0UYeHHOM muTanuu MK.

B okHe HacTpoiiku 060pymOBaHHUA
TepMHHAJIBHON IporpaMmel Ponyprog
2000 Heo6XOAUMO YCTaHOBUTD IEPEKIIIO-
vateny uusepcuu s mHui SCK, D-IN,
D-OUT, kak nmokasaHo Ha puc. 4.

C momowpio GyHKIUH «OTKPHITH
dari» BEIGHpAETCs 3arpy30YHBIN (aiiL
IIpenBapurensHo B okHe «Tum daiia»
HeoOX0MMO yKasaTh THUI paciiupe-
HuA. Ponyprog 2000 mopmep>kuBaer
6onplroe 9ucno GOpMaTOB NAHHHX, B
IaHHOM CIydae HCIonb30BajIca popMat
HEX (Intel hex). B menio «KomaHnbi»
cnenyer BBIOpaTh «3amMcaTh Flash».
[Tocne BBIMOMHEHUSA KOMaHIbI HeOOX0-
muMo ouucTUTDL Oydep (YTumutsl), a
3aTeM BBIIIOJTHUTH KOMaHIy — «IuTaTh

DB9S
D
RD
DTR
DSR
RTS
CTS
DCD
Ri
SG

DBSS
7D
RD

DTR

DSR

RTS

CTS

DCD

RI
SG

[4,] 17o3 BN Kool ENY Fo>] F-N [h6] [4V)

[&,] Kol B Kool EXT Fop) Bo 1iN] o)

Puc. 3

Flash». B pesynprare 3anmucaHHble NaH-
HbI€ [O/DKHBI OBITH B OKHe 6ydepa.
ITocne BbInTONIHeHHA KoMaHp «Cre-
perb» u «Yurtath Flash» B 6ydepe Bce
6aiiThl O/DKHBI ObITH paBHBI FFh.

Puc. 4

ITocne sarpysku HporpamMMbl Ipo-
rpammartop oTkmouaioT, COM mopt
(RS-232) xomIbIoTepa MOAKITIOYAIOT Ye-
pes3 COeMHUTENbHBIN Kabenb K pasbeMy
J3 oTnamo4HO I1aTHI.

ITpuem u mepegaya faHHBIX 10 MOC-
negoBaTenbHOMY uHTepdericy RS-232
MPOU3BOIUTCA IT0 OHOMY 6aitTy. [ind

HACTPOMKH 0OMeHa NaHHBIMH yIOOHO
HCII0H30BaTh TePMHHANIBHYIO IIPO-
rpamMmy HyperTerminal. 3rta mpo-
rpaMMa Haxomurca B manke «CraH-
JapTHbIe» OMEeParHOHHON CHCTEMBI
Windows. HyperTerminal mpousso-
AUT Iepenady MAHHBIX, BBOOMMBIX C
KJIaBHATYPHI, U IIPHEM NAaHHBIX U3 3a-
narHoro COM mnoprTa. /laHHBIE MOTYT
OBITh MPeNCTaB/lIeHbI B CHMBOJIBHOM U
ABOMYHOM BHe. /IBOUYHBIE [aHHbBIE
HepenaTcs IPpU HaXXaTHH U yIoepiKa-
HUM Ha BpeMs BBona KiaBHIIH Alt u
HabOPOM NECATHIHOTO 3HAYEHHA THC-
na Ha UpOBOI KIaBHATYypE.

B paboueM cocTosHMM IHUTaHHE Ha
I/1aTy MOJaHO, COeNMHHUTEIbHBIN Ka-
6enp mopkmoded, HyperTerminal Ha-
CTpOeH Ha 06MeH C COOTBETCTBYIOLIUM
COM noproMm Ha ckopoctu 9600 6ox (8
OUT, YeTHOCTh — HET, cTol 6ur — 1,
ynpasjeHHe — amnmapatso). IIpu Ha-
YKaTHM KIaBUIIM «1» Ha KIaBUaTtype B
OKHe TepMHHa/Ia TO/HKHO OBITH Haleda-
taHo coobrrenue «Hello, world!» — ato
nepBas pasa A U3Y4AOIIUX ASBIK
nporpammupoBanua C. Ilpu Haxa-
TUU KJIaBHUIIU «2» Ha cBetomuon HIL2
MOCTYIIUT CepHs UMITyIbCoB. Ha aToM
npouenypa oTnagKu oOMeHa JaHHBIMU
C IepCOHaMbHBIM KOMITBIOTEPOM OymeT
3aBeplIeHa.

JleB I'pssun,
r. Momxap-Omna
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Mipogomkenue. Hayano — N¢ 11/2004

MukpokoHTponnepbi? OT0 e NpocTo!

HEKOTOPbIE NONE3HbIE NOANPOrPAMMbI

B Hacrosuem pasnene Mbl MO3HAKOMHUMCA C TpeMs TOJIe3-
HBIMH MOAIPOTPaMMaMH, KOTOpPbIe HAM YacTO IMOHAK00ATCA
B Ja/IbHEHUIIIEM.

ITepBas n3 HUX — MOAIpOrpaMMa CPpaBHEHHUA IBYX I1€/IbIX
16-paspsoHbIX Yucen (puc. 48).

Kak BbI TOMHUTe, C/IU /1S CPaBHEHHA IBYX YMCeTT He IIpeycC-
MOTpPEHO CITeIIHAIbHBIX KOMaH], OIlepaniia CPaBHEHUA MOXKET
OBITH BBIMIOTHEHA ITyTeM BHIYMTAHUA OHOTO YHC/IA U3 JPYTOTO
M aHaIM3a IOTY4eHHON PAa3sHOCTH, IT03TOMY IOIIpOrpaMma
BBITIO/THsIET CAeAyIoLiye nelicTBUA. BHavyaze oCyIecTBIseTcs
BBIYHTaHHe MIajLIero 6aifTa OIHOTO YHC/IA H3 MIIAAIIIero 6arirta
OPYroro U pesy/abTaT CoOXpaHsAeTcs B peructpe B. [lanee mpous-
BOJIUTCA BBIYMTAHME C YIeTOM 3aeMa CTapliux 6arrros. Ecmu
rocie BeluHTanua CY = 1, ymMeHbIIaeMOe MeHbIIle BhIYHTae-
Moro (B JaHHOM C/iydae peub HAeT O YncIax 6e3 3HaKa), HHaJe,
ecmu CY = 0, ymeHbl1aeMoe 60/1bliie BBIYUTaeMOTO WK PaBHO
emy. Jlanee, ecti cpaBHHBaeMble YHC/IA PABHBI, TO M IIEPBBIA
(xpanuMmblii B B), 1 Bropoii (B akkymyiAaTOpe) 6aliTbl Pa3HOCTH
6ynyT paBHbI 0, H, CIeIOBaTe/TbHO, PE3yIbTaT 3aBepIlaIoNIEH
noanporpammy oneparun ORL A, B ocraBUT akKymymaTop
HY/IeBBIM. B NMpOTHBHOM CiIydae (e CpaBHMBaeMble YHC/Ia
He PaBHBI), Ha BBIXOle MOAMPOTPaMMBI B aKKymy/nATope 6y-
leT HeHYIeBoi1 pe3ynbTaT. TakuM 06pa3oM, 1/1s 6e33HaKOBBIX
qyceN aHa/MU3 IT0C/IE BBIMOMHeHUA nognporpammbel CMP16
¢ara CY u akKymy/asaTopa gaeT HHGOPMALUIO O TOM, PaBHBI
CpaBHHMBaeMble UMC/Ia WIM HeT, U eC/IH HeT, TO KaKoe M3 HUX
60/blIIe, 32 KaKOoe MeHbIIIE.

PaccmatpuBaeMad roznfporpaMma TakyKe OCyIIEeCTB/ISET CPaB-
HeHHe 3HAKOBBIX YHCEs, /IS Yero B Hee BK/IIOUEH Makpoc JNS
CMP16_1 u kxomanga CPL OV. Opnako 6onee mogpo6HOe
OITHCaHue, IS Yero OHU HY>KHBI U YTO OHM J€/1af0T, MBI JauM
B paspese MUK/Ia, PacCMaTPUBAIOLLIEH YMC/Ia CO 3HAKOM.

Ha puc. 49 npuBeneHa IonnporpaMma apupmMeTHIecKoro
CIOBUTA BJIEBO Ha ONUH OHUT IBYX6AMITOBOTO YMCIA, XPAHHMO-
ro B peructpax R5 u R4. ITpu aToM B Miapmmit 6UT ymcna
sanocutca 0. Kak HeTpynHO coo6pasuTh, YMCIO B PETHCTPaX
R5 u R4 B pesynbraTe 9TOH ONepauyi yIBaHBAETCA, IO3TOMY
MOJKHO I10/Tb30BaThCS 3TOH MOAIIPOrpaMMON 1A YABOECHUA
qycesl, ydeTBepeHUA U T. I,

B psane cimydyaeB BO3HMKaeT HeoOXOOUMOCTb B TaK Hasbl-
BaeMOM JIOTHYECKOM CIBUTe IBYXOAaNTOBOrO YMCIa Ha OOUH
paspsm BeBo Yepes nepenoc (moanporpamma RLC16). B pe-
3y/IbTaTe 9TOTO CABHTA B MJI[ILIIMI OUT YNC/Ia, XPaHALIErocA B
perucrpe R4, saHocuTca copep>xnmoe diara CY (0HO MOXKeT
ObITh KaK 0, TaK M 1 B 3aBUCHMOCTH OT pe3y/IbTaTa BHITTOIHE-
HUA TpeabInyIIvuX KoMaHn). B pesynbraTe aToro cnpura B CY
OKa3bIBaeTCsl COIEPXKUMoe cTapiero 6ura perucrpa R5.

Cxo3K1e MONIPOrPpaMMBI IPUBeeHE! Ha puc. 50: apugme-
TUYECKHUI U JIOTUYEeCKUH CIBUT BIIPaBO nByXGap”iTOBoro 4yuCiIa
u3 R5 u R4. Ilpasna, nognporpamma RRA16 opuenTposana
Ha paboTy cO 3HaKOBBIMH YHMC/IaMH, /I YeTO OHa OCTaB/AET
HEeM3MEeHHBIM cTapiiui (cempMorr) 6ut peructpa R5. bonee
noapo6HO 06 3TOM MBI MOTOBOPUM B pasfese, rae 6ymem
paccMaTpuBaTh 4MC/Ia CO 3HAKOM.

B ocTanbHOM NpHBENEHHbIE MTOANPOrpaMMBI OYEBUIHBI U
He TPeOYIOT KaKuX-mu60 00bACHEHUH.

R R T R R T N T N I A N A T R O I B N R I R I T I O I S T N T I I L S I IO O}

:; NopnporpaMma cpaBHEeHMs ABYX uensx 16-paspafHbX vucen

;. Bxop:
i R3R2 - t-e wyucno
N R5R4 - 2-e wyucno

;. Beixop: s
A A - pased 0, ecnu 4ucna pasHu o
i He paBeH 0, €CAM 4ucna He pasHb ;
iy Onaru: HH
oY cYy - paBeH 1, ecnu 4ucno B RS5R4 Mewswe 4ucna B R3IR2 ;;
oA paseH 0, ecnu yucno B RS5R4 > = yucna B R3R2;;
B (npu cpaBHeHun 4ucen He3 3HaKa) v
i ov - paBeH 1, ecmu uyucno B RS5R4 MeHswe 4ucna B R3R2 ;
i pased 0, ecnu uyucno B RS5R4 > = yucna B8 R3R2;;
N (Npn CpaBHEHWM 4WUCEN CO 3HAKOM) M-
;v T. e. ana ducen Be3 3Haka: o
- R5R4 = R3R2, ecnn A = 0 (J2) ;
. R5R4 <> R3R2, ecnm A <> O (JNZ) N
i R5R4 < R3R2, ecan CY = 1 (JC) M-
BN R5R4 > R3R2, ecnu CY = 0 n A <> O 4N
HH R5R4 > = R3R2, ecnu CY = 0 (JNC) -
;0 T. e. pna yucen CO 3HAKOM: i
0 R5R4 = R3R2, ecnu A = 0 (J2) ;
o R5R4 <> R3R2, ecnn A <> O (JIN2) BN
- R5R4 < R3R2, ecnu OV = 1 (J0) M
A R5R4 > R3R2, ecnu OV = 0 u A <> 0 o
N R5R4 > = R3R2, ecnu OV = 0 (JNOD) o
17 HcnonbayeMbie perucTpu: s
N A, B Ve
i Tpebyer cBoGopHux BaWT B CTeke: i
H 2 i
CLR C: oyucTWTb ¢nar nepeHoca ana nepsoro SUBB

MOV A, R4 i MAB ymeHbwaemoro

SuBB A, R2 ; BbiyecTo MNB Buw4uTaemoro

MoV B, A ; 3anucaTb pasHocTb oBoux MAB B B

MOV A, RS ; CTB yMeHbWaeMmoro

SUBB A, R3 7 Bw4eCTb (G yd4eTom 3aema) CTb BhyuTaemoro

JNS CMP16_1

| Hyno, T.e.

CPL ov
CMP16_1: ; oV
ORL A, B ; A
RET

Puc. 48

CY yxe yCTaHOBnEH

peantHuit 3HAK Pa3HOCTH 4uCen CO 3HAKOM
(¢ y4eTom

BO3MOXHOFO NepenonHeHUs Npu BuYUTAHWK)
fynet paBeH

SG XOR 0V. JNS # CPL BmecTe peanu3ywT
dyHkumuo XOR

W pe3ynbTaT oOkaspiBaeTcs B 0V

yXe YCTaHOBNeH
Gynet pasen 0, ecnu pasHOCTb 4YMCen pasHa
Yyucna pasHbi
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;. floanporpamMma apupmeTuyeckoro casura 16-paspspHoro dwcna;,
:;  BnAeBo Ha 1 pas3psa: B MRAuuMi paspap ducha 3apsuraeTcs 0

;7 Bxoa: o
i R5R4 - wyucno -
;3 Bbxoa: -
- R5R4 - CABMHYTOE 4UCAO MM
;o Gnarm: M
i cY - BHABMHYTHA n3 4ucna OuT HH
;s HNcnonb3yeMble perucTph: i
i A \ N
;. Tpebyet cBoGoaHux 6aiT B cTeke: -
HH 2 H
CLA C
RLC16

B R R I I R A O 2 B I A A R A N B A N AU NE A N LA R

:;  lopnporpamMma noruyeckero cAsura 16-pas3pagHoro i
:, 4uAcna BNEBO Ha 1 paspsf 4epes nepeHoc i
;s Bxoa: ik
M R5R4 - w4uecno M
i cY
" BoixoA: i

- 3ajBMraeMbil B 4ucno OuT HH

HH R5R4 - cpBuHyTOE 4uCNO o
7y Onarm: o
i cY
iy Hcnonb3yemHe perucTp: HH
i A b
;7 TpebyeT ceofoaHbx GaiT B CTeke: i

- BHBUHYTHIA M3 qucna OuT v

MoV A, R4
RLC A

MoV R4, A
MoV A, RS
RLC A

MoV RS, A
RET

Puc.49

HEKOTOPBIE NONE3HLIE NPUEMbI
NPOrPAMMUPOBAHUA

B moctenHeM paspieie MyOnUKaluy, IOCBAIIEHHOM 6e3-
3HAKOBBIM 4MC/IaM, MbI II03HAKOMUMCS C HEKOTOPBIMH TIPH-
€MaMH, HCIIOIb3yeMbIMHU LIPOTrPaMMUCTaMH [/ TIOBBILIEHN
3¢ (PeKTUBHOCTH HAIIMCAHHBIX UMH MPOrPaMM.

ITon noBbiienneM 3¢ PeKTUBHOCTH IPOrpaMM Ml bynem
IOHMMATh IOBBILIIEHHUE CKOPOCTH UX BBIIONHEHUA U (W)
CcoKpaIreH#e JUIMHBI TIporpaMMbL. TIpy aToM Haubo/ee BaKHOM
3aadeil ABAeTcA, 6€3yCIOBHO, IIOBHIILIEHHE ObICTPOEHCTBHS
TIOAITPOrpaMM, HOO HACKO/IBKO He BO3PACTaIo 6bI ObICTpOnEHC-
TBYE MUKPOKOHTPO/UIEPOB WIM MHKPOIPOIECCOPOB, BCeraa
HaXOMATCA 3afadi, UCIOMb3YIOWUE 3TO OBICTPOIENCTBHE HA
TIpeniene (@ MofYac ero Bce paBHO He XBaTaeT). 11oaTomy, ckonb
6bI IPOM3BONUTE/ILHBIMU HU OBUIH aIIapaTHBIE CPENCTBA, VLA
KOTOPBIX BBl paspabaTsiBaeTe HPOrpaMMHOe o0ecredeHue,
HABBIKY TOBBIIIEHUS CKOPOCTH BHIIIOTHEHHSA HAIMCaHHBIX
BaMH IIPOrPaMM HHKOTTA He MOMEIIAIOT.

.; fNoanporpammMa apudMeTU4EeCKOro CABUTA ;

;7 16-paspsgHoro 4ucna Bnpaso Ha 1 paspsa: -
:;  cTapumit (3HAKOBHA) paspsaji 4uCna OCTAETCH HEUIMEHHbM |,
»7  Bxop: b
0 R5R4 - 4ucno i
v, Buxop: b
i AS5R4 - cpBuHYTOE 4MUCHO N
iy Onaru: i
b cY
;7 Mcnonbayemble pEerucTph: i
i A 0
;. TpebyeT ceoGogHbx B6aWT B CTeke: -

- BHABWHYTHI M3 ducna OuT i

MoV A, RS
RLC A

1 ToOANpOrpaMMa Nnorw4eckoro casura 16-paspagHoro o
©:  4yucna BNpaBo Ha 1 paspsi 4epes nepeHoc HH

i+ Bxop: .
S R5R4 - 4ucno -
i cY - 3ajBATaEMblit B 4ucno OuT s
;7 BHXOA: -

i R5R4 - CABUHYTOE 4KUChO oA

iy Onarw: i
o cY - BHABUHYTHA U3 4ucna OuT -
;7 Ncnonb3yeMbe perucTph: HH
i A b
;. TpeGyeT cBofopHHX 6aWT B cTeke: i
H 2 HH

MOV A, R5

RRC A

MOV R5, A

MOV A, R4

RRC A

MOV R4, A

RET

Puc. 50

YMHOXeHHe 1 fleneHune Ha 256,

YMHOKeHHe Ha 256 O3HadaeT, 4TO BbI BMECTO [BYX0OaiTO-
BOTO YHCIA IO/DKHEI B3ATh Tpex0aiiToBOe, CTapliie nBa 6alita
KOTOPOIr0 MIAECHTHYHBI UCXOMHBIM [BYM 6aiiTaM, a MJIAJIINH
6aitT paseH (. IHBIMH CIOBaMH, YMHOXKEHHE Ha 256 O3HaYaeT
“IopnuxuBaHMe” K MCXOMHOMY YHMC/Ty CIIpaBa Hy/IeBOro GaiiTa.

Hamnpumep, mycts B peructpax R5 u R4 xpanurcs 1ucio
7000,, (R5 = 1BH, R4 = 58H) u BaM Hafo YMHOXHUTH €TO
Ha 256. EC/lu MCIONB30BaTh CaMyio OBICTPONEHCTBYIOLLIYIO
M3 PacCMOTPEHHBIX Bbiile mogmporpaMMm MULI6M, To BEI
IO/DKHBI 3aHeCTH B peructpsl R3 1 R2 umcno 256, (R3 = 01H,
R2 = OH) u BBI3BaTh YIIOMAHYTYIO IIOAIIPOrpaMMmy, IOCHIE
wero mpuMepHo uepe3 70 MKc B peructpax R6, R5 u R4 BoI
HIo/Ty4uTe TpebyeMoe IpOU3BeIeHHE.

Ho ectb u mpyroii nyTs. Ilepenecure conep>kMMoe perucTpa
R5 B R6, R4 B R5 u o6uynure R7 1 R4. OnucriBaeMble fievic-
TBUA 3alMYT MeHee 10 MKC, a pe3y/IbTaT OyMIET TeM Ke.
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. Henenue Ha 256 03Ha4YaeT, 4YTO BB HO/LKHBI MOMPOCTY OT-
OpOCHTH MIANIINI GAaAT NETMMOro, eC/TH BaC He UHTEPECYET
OCTaTOK OT I[eJIOUUC/IEHHOTO fieieHus. Ecmu e ocTaTOK Bac
HHTepecyeT, HallpUMep 1A OKPYIJIEHMA, MMEHHO B HEro M
IO/KEH MOWTU OTOpachIBaeMbIif MTaAInui OanrT.

Hamnpumep, IycTh BaM HYXXHO pasfieluTh TpexOalTOBOE
quciao u3 R6, R5, R4 Ha 256. Bel MoxKeTe OOHYIHTH PErUCTD
R7, momecTtuth 256 B peructpnl R3 11 R2 (R3 = 01H, R2 = 0H)
U BbI3BaTh mmognporpammy DIV16, mocie gero yepes HeCKO/b-
KO COTeH MHUKPOCeKyHA B peructpax R5 u R4 BrI momyuure
TpebyeMoe JacTHOE, a B perucTpe R6 — ocTatox.

Ho ectp u mpyroit myTs. Ilepenecure comep>kuMoe perucrpa
R4 B R6, R5 B R4, R6 B R5. OnucnriBaeMble OeCTBUA 3alIMYT
HECKO/bKO MHKPOCEKYHI, a pe3y/bTaT OyleT TeM Xe.

OueHp WacTo Je/leHMe Ha 256 MCIO/b3yeTCsa MPU yCpen-
HeHUH pesynbTaToB usMepenus. Hampumep, Tpebyerca yc-
PENHUTH Pe3y/nbTaT [0 BHIOOPKE U3 COTHM M3MepeHui. B
IIPUBBIYHONM HaM NECATHYHOM CHUCTEME HYXXHO OJiA 3TOTO
poCcyMMHUpPOBaTh Bce 100 u3aMepeHuii, a 3aTeM OTOPOCUTDH
OT MOTyYeHHOTO YHC/Ia ABa MIAIIINX paspsana. Eciu e Mbl
cobupaeMcst IOPYIHUTD BCE 3TU AEHCTBUA MUKPOKOHTPOJUIEDY,
TO JIOTMYHO 3aCTaBUTh €ro mpocymmupoBaTs He 100, a 128
pe3y/IbTaTOB, YABOUTH MOTYYEHHYIO CyMMYy (06 3TOM 9yTh
HIDKE) U pas3ieNuTh ee Ha 256. [Ipyu TakoM anropurme o6pa-
60TKa 3aiiMeT MeHee JBYX NeCATKOB MHUKPOCEKYHI.

YMHOXeHUe 1 AeneHue Ha cTeneHb Ynaia 2

U 3pmech Bce mMpOCTO. YMHOXKEHHME Ha 2 O3HAYAET, YTO BBI
IO/DKHBI CIBUHYTH Ballle 4YUC/IO BIEBO HAa OIUH Pa3psifl, 3aHECA
IIPY 3TOM B MJIaiui 6ut caBuHyTtoro umcia 0. Ygobuee
BCEro 3TO CHe/IaTh IIPU MOMOIIY PaCCMOTPEHHOM BHILIIE TIO -
nporpaMMbl RLA16. EnuHCTBEHHOE, YTO MPU 3TOM HYXHO
YIMTBIBATh, 3TO TO, YTO B Pe3y/lbTaTe YABOEHHUS pe3y/nbTaT
MO>KET OKasaThcs Gosee ueM nByxGafitoBeiM. MHBIMHU crO-
BaMM, eC/Id 4HC/I0, KOTOpOe BBl XOTUTE YIBOMTD, Oosblile,
yeM 32767y, TO IIOC/IE YIBOEHUS OHO HPEBBICUT 65535,y H
noTpe6yeT I CBOErO XpaHEHUs He [Ba, a Tpu GaiiTa.

Bexon U3 CIOKUBILIENCA CUTYallUM C/IEMYFOIIHMM — HCIO/b-
3yiTe TpexGaiTOBBI WIH YeThIPeX0aHTOBBI POopMaT [y Xpa-
HeHUs1 pesynbTaTa. Hampumep, maBaiiTe pacCMOTpUM CITydait
yeThIpex6aiToBoro (popMata. PasmecTM Hallle ByX0aHTOBOE
qucio B perucrpax R5 u R4 (crapimit 6aiir — B R5), a crapime
He3Hayallie BHayajze perucrpsl R7 u R6 obnymm. YTtobs! ya-
BOWTb HUCXOIHBI pe3y/IbTaT, JOCTaTOYHO BbI3BATh ITPOCTEMIIIYIO
nomrtporpammy R54 M2 (puc. 51). Ona, B CBOIO 04€peNb, BHaYaIe
BBI3BIBaeT romporpamMmy RLA16, ynBausatomyio ucio B R5R4 u
COXPAHAIOLLYIO CTapILIMI, IIIECTHANIAThIN, 6uT YOBOEHHOT'O YH1C/Ia
B CY. Jlastee  €er0 y4eTOM YIBauBaIOTCS CTapIiie OUTHI YHca (B
R7R6). O4eBHIHO, YTO €C/IM UCXOMHOE YHCIO — OBYXOaiTOBOE,
10 mommporpaMMa R54_M?2 Moxer ObITh BhI3BaHa 6e3 pHCKa
TIepeIIoHeHus 10 16-TH pas BKIOUNTEIBHO (puc. 51).

HeTrpynHo noragaThbcs, YTO €CIM HY>KHO HE YIBOMTDH YHC-
/10, @ yMHOXKUTD €T0, CKa)KeM, Ha 8, HaM JIOCTaTOYHO BCEro-
HaBCEro TPWXKIbl BbI3BaTh mognporpamMMmy R54_M?2. Takum
06pa3oM, YMHOKEHHUE YHC/Ia Ha 20, Tie 1 = 1...16, cBOgUTCAH
K N-KpaTHOMY BbI30BY R54_M2.

Jleienne 4ucIa Ha 2 OCYIeCTBIIAETCA CIBUTOM 6€33HaKOBO-
IO YHC/Ia Ha OOMH paspsl BIIPAaBo, IPH 3TOM B CTapIIUi OUT
YHC/Ia JO/DKeH OBITh 3aHeceH 0. ITO MOYKHO OCYILECTBUTD IIPU
IIOMOIIY TIPUBENEHHON HIKEe IPOCTENIeN TTOAIIPOrpaMMBbl
R54D_2. OHa, B cBOIO 04epenb, BHavyaje obuyser ¢dar CY,
nocye 4ero BeispiBaet noxgiporpammy RRC16, casuramoiyio
BIIpaBo 4UCIO B R5R4 1 COXpaHAOIITYI0 MIAITIIUHI OUT CIBH-

22 nytoro uucia B CY (puc. 52).

R I N A o A A A RN A I I R R R TN A L L L L B L B

:;  NopgnporpaMma yaBoexus 32-paspsproro wucna Hes 3Haka i
vy Bxop: N
. R7R6R5R4 - 4ucrno -
v+ Baxop: s
- R7R6R5R4 - CjABMHYTOE 4UCHO e

i onarn: .
. cY - BLABMHYTHIA U3 4ucna OuT -
7y Mcnonb3yembie perucTpu: .
o A =
;. TpebyeT cBobBoaHuix 6aiT B CTeke: o
iy 4 v
LCALL RLA16
MOV A, R6
RLC A
MOV R6, A
MOV A, R7
RLC A
MOV R7, A
RET
Puc.51
R54D_2

R R R R N N I S A A O R A R A R RN A BT N BRI B I I R A

;1 TNopnporpamma fenieHus Ha 2 16-paspspnoro uucna 6es 3Haka; ;
;v Bxoa: o
H R5R4 - 4ucno .
i Buxop: .
HH R5R4 - cpBuHyTOE “uUCHO -
iy Onaru: -
s CcY
7 Hcnonb3yemuie perucTpu: i
s A s
i1 TpebyeT cBoGoaHux 6aiT B cTexe: i

- BHABUHYTHW W3 4ucnha OuT M

IR A A A A IR R IR N N N A O N N N N N N N N B N

CLR ¢
LCALL RRC16
RET

Puc. 52

Eci BaM HY)KHO OCYILIECTBHUTH OBICTpOe nerieHue 6e3 OK-
pyrienus (06 3TOM HIbKe) 6€33HAKOBOTO YMC/IA Ha 29, rnie
n = 1...16, BBI IOIIPOCTY JO/DKHBI OCYIIIECTBUTH N-KPATHBIN
BbI3OB R54_D2.

OnHako HeOOXOMMO UMEThb BBHIY, YTO OCYLLIECTB/IAAA [ie/IeHIE,
BBbI IO/DKHBI KOHTPO/IMPOBATh, He ITOIY4/IM JIH BbI B PE3y/IbTaTe
HyeBoe dactHoe. Hampumep, B perncrpax R5R4 Haxomwiock
YHCA0 3 M BBI ABaKAbI Be3BtM R54_D2. Curyauus, xorma B
pesy/bTaTe fe/ieHHA JaCTHOE OKA3bIBAETCs PABHBIM HYJTIO, HA3bI-
BAeTCsl aHTUIIEPENIOIHEHHEM, ¥ OOA3aHHOCTD IIPENOTBPAIEHHUA
ATOM CHTYaI[U¥ OOBIYHO JIEXKHUT Ha IIPOTPaMMICTE.

ITpodonxenue cnedyem
Anexcangp ®Ppynse,

Anekceil Ppynse,
r. Mocksa
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BepoAaTHOCTHaA

CMHXPOHN3aUMNA
B Te/IeKOMMYHUNKaLNOHHbIX

cmcTemMax

PasrpaHnyeHune 6antToB B 6uToBOM NoToke

AaHHDbIX

[ina coenacosanus pabomel yoaneHHeix Opy2 om Opy2a ycmpoucmes 8
npedbidywux cmamesx [1, 2] npe01oxeHo Ucno/ib308ame «8epPOAMHOC-
MHyIo» (Ccmoxacmuuyeckyio) cuHxporusayuro. [llo cymu, pazpabomar
HeKul Ha nepabili 8327190 napadoKcaibHbili cNocob 00HO8PeMeHH020
nosy4eHus yoasaeHHbiMu Opy2 om opyaa ycmpolcmsamu Memok apeme-
HU «HUOMKYOa» 8 HeuemKo npedckazyemble MOMeHMbl. imeemcs 88u0y,
4YMO 3Mu MemKuU He Co30aHbl NO BOJ1e Yesio8eKd, KaK co30arom, Hanpu-
Mep, pacnosHasdemvle Ha yoasieHHoU CMOopOoHe IUHUU 853U 3a20/108KU
UHGOPMAYUOHHbIX KAOPO8 — 3apaHee 3a0dHHbIe N0C1e008aMesbHOCMU
cyxebHbix 6UmMos. B 0aHHOM C/ly4de Memxu 803HUKAIOM «Ccamu co6ou»
U U38J1eKalomcs u3 nces0oWwyM0o8020 CU2HAd, NOJTy4eHHOR20 8 pe3ysibma-
me ckpem61upOBaHUS NOMOKA NoJie3HbIX 0aHHbIX. CkpembiuposarHbil
NomMokK NOOHYUHAeMCA 3KOHAM meopuu 8eposmHocmed, NO3MOMy 8 HeM
o653amenbHO npucymcmayrom sobsle 3apaHee 3a0aHHbIe KoObl. Ynoms-
Hymesle MemKu 8peMeHu hopMUpPYIOMCs 8 MOMeHMbl 0OHOBPEMEHHO20

(C yuemom 3a0epKu nepedayu) 06HAPyXeHUsa 3mux K0008 yoasieHHbIMU
Opye om dpyea ycmpoucmeaamu. B 0aHHOU cmamebe onucaHo ucnosie308a-
Hue 8epoAMHOCMHOU CUHXPOHU3AYUU 0718 yKa3aHusa paHuy mexoy 6at-

mamu 8 6uMoB8oM NOMOKe OGHHbIX.

NIOBBIIIEHHEM CKOPOCTH Iepefadu
NIaHHBIX 110 IMHUAM CBSI3U BO3pac-
TaloT TpeboBaHUs K ObICTponElic-
TBMIO TIepeaIOLLIeii U IPUEMHO aIlapa-
TypbL. UTOOBI CHUSUTH TAKTOBYIO 9aCTOTY
1py 06paboTKe IPMHUMAEMOTO IIOTOKA
JAaHHBIX, HEOOXONUMO mpeoOpa3oBaTh
BXOMAIINI OUTOBBII IIOTOK B OATOBBIIA.
IU1st Takoro mpeo6pasoBaHus IPUEMHHK
JIOJDKEH 3HATh, T1i€ Pa3MEIileHbI TPAaHUIIbI
Mexy 6aifTaMy B HEIIPEPHIBHOM TIOTOKE
IIPMHUMaeMBbIX OUTOB. Y Ka3aHMe I'PaHHILL
Mexny 6aiiTaMi — He COBCEM ITPOCTast
3amava, TpeOyolas BBENIeHU H30BITOY-
HOCTU B OMTOBBII TIOTOK.
Tak, cormacHo [3], Kk KaxuoMy 6aitTy
B GUMTOBOM TIOTOKE nmobasnsgerca OUT
pasrpaHHUveHHst, TIOJIYYEHHBIH OT TeHe-
paTopa ICeBHOCAYYaliHOM IIOCIeN0OBa-
TeTbHOCTH OUTOB. IIpUeMHUK HaHHBIX
o6HapyXuBaeT OUTHI pa3rpaHUYEHHUsA
Onarogapst MX YCTOMYMBOMY COBHaje-
HUIO C 3TAJIOHHOM IICEBAOCIYYaMHOM
[OC/IENOBaTeNbLHOCThIO 6uTOB. [pyroi
croco6 [4] pasrpaHudeHus 6aiTOB B
OUTOBOM ITOTOKE TaK)Ke MpeRycMaTpu-
BaeT nobap/ieHHe U30BLITOYHOrO OHUTa K
Kakgomy 6aitry. OToT 6UT PopMuUpyer-
s myOIMpOBaHUEM ¥ MIHBEPTHPOBaHKEM
Hy/IeBOrO 61Ta repenaBaeMoro 6aiira. B
pesy/ibTaTe Hada1o GaiiTa COMPOBOXIa-
ercs nepenadeit kombunaiui 6uros 01

wn 10. TIpueMHUK JaHHBIX OOHAPYXKHU-
BaeT OWMTHI PasTpaHUYEHUs U Hy/IEBbIE
OUTHI JaHHBIX Oarogapst UX CTaTUCTH-
YeCKU YCTONYMBOMY COBIIQIEHHIO C KO-
gamu 01 wiu 10. O6a criocoba BBeneHus
OGUTOB pasrpaHUYEHU CJIOKHBI U Hed-
KOHOMMYHBI — Ha Ka)KIble BOceMb OH1-
TOB IAHHBIX TIPUXOTUTCA BBOOUTH OUH
CITy>KeOHBII pasTPaHUIUTEIBHBIN OUT.
ITpetaraeMoe fajee perieHHe yMeHb-
11aeT BHOCHMYIO B OUTOBBII IIOTOK H3-
OBITOYHOCTD MPAKTUIECKU 10 HYIEBOTO
ypoBHs. PaccMoTpuM cHauana o6iryio
HJeI0 IPUMEHeHA BePOATHOCTHOM CHH-
XPOHM3AIUH [ PasTpaHUYeHHA 6aTOB
B OMTOBOM ITOTOKE IMAaHHBIX (pHC. 1).
Tepenaromias amnmaparypa COOEpP>KUT
npeobpasoBatens P-S mapamienpHOro

X

YcratosneHue HOBOA rpasuLibl

KOJIa B TIOC/IENIOBATE/TbHBIA U CKpeMOrep
[1]. [IpuemHas arnmaparypa BKIIOYaeT B
cebs meckpembriep M mpeobpasoBaTeib
S-P mocnenoBaTeIbHOTO KOAa B Iapai-
JenbHbIA. baiiThl MAHHBIX IIOCTYIIAIOT Ha
Bxof TxD cucTeMsl Iepefaud JaHHBIX
TI071 YIIPaBIeHHEM CMHXPOCHUTHA/Ia Ha BbI-
xone TxC u mepepatorcsa Ha Bbixon RxD
II0]] yTIpaBjeHHeM cUHXpocurHama RxC.
[Ipeo6pasoBatens P-S dopmupyer He-
IIpepbIBHBII MOTOK 6uTOB DATA, compo-
BOXKIaeMblit cuaxpocuriaiom CLK. Stor
IIOTOK CKPeMOMPYeTCs U IepechbUIaeTCs
110 JIMHUY CBSA3H B allllapaTypy IIPMEMHOM
cropousl. [ocre neckpeM6/mipoBanyA 61-
TOBBI} NOTOK AaHHbIX DATA™ B compo-
BoXKIeHuu cuHxpocurHama CLK* mocry-
maeT B peobpasoBarens S-P u nepenaerca
Ha BBIXOJ B BHIE IIOC/TENOBAaTEeTbHOCTH
GaiiroB. OCHOBHas 3ajaya, KaKk OTMeYa-
JIOCh, COCTOUT B OIIpefie/IeHUH IIPUEMHOM
anmapaTypoi MeCTOIIOJIOXKEHHUA TPaHHUL]
Mexny 6aiitamu B 6uTOBOM TI0TOKE. 15
ee PeLIeHUsA UCIOIb3YeTCs BEPOATHOCT-
Hast CUHXPOHM3AlMA.

[MpeamnonoxuM, YTO B HEKOTOPBIH
MOMEHT TIPOU3OIIUIO OTHO U3 TPeX He-
COBMECTHBIX CTyJailHbIX COOBITHI S;—
S;. OTH cobbITUst, TOBOps 6otee TOYHO,
MIOPOKIAIOTCA KOJOBBIMU CUTYallUAMH
B IMHUH CBsA3H (cTpenka A), HO 11 06-
IHETO OITMCAHUA MU 3TO HeCYIeCTBEH-
Ho. Ha puc. 1 cobsrTHE S; YCIOBHO 1IO-
Ka3aHO B BUJI€ BCIIBIIIKY CBETA B TOUKE,
PpacIIOIOKEHHOH 61xe K nepenarmIen
ammaparype, 4eM K IpueMHo. Benpi-
Ka PerucTpUpyeTcA CHadajaa Iepelaro-
miei, a 3aTeM ¥ TPUEMHOM allllaparty-
poii. B pesynbraTe perucTpanuu 3TOro
cobpITHA B cKpeMbiiepe U ieckpembrepe
bopMUPYIOTCE UMITYIBCH | U J*. ITH
HMITY/IBCBI CTY>KaT OIIOPHBIMHM METKaMH,
OpHMEHTUPaMH BO BPEMEHHU VI yKasa-
HUA TI0/I0KEHHS IPAHUI] MeX Ay OafiTa-
MU B GUTOBOM IIOTOKE NAHHBIX.

[Ipu mpaBunbHOI pabOTe CUCTEMBI
nepenayy JAaHHBIX M OTCYTCTBHHM MM-
my/AbCoB ] (J*) GaiiThl MmepenarTca C ee
BXO/Ia Ha BBIXOJl C PABHOMEPHBIM TEM-
IIOM, KaK I10Ka3aHO Ha puc. 2.

Criydaddribie cobblTust — BCNbRUKW CBETa

YcraHoBneHye HOBOW rpanHuLibl

Gai

MoKy danTamu S, mexay Ganrtamu

\

T*D nty A ! o
J 1. A N \A RxD
8 6ut ‘ g S o
P-S = NuHus cessu 8 Bur

- DATA" |s.p
———
™>C DATA fannbie /
N\,
CLK S OBHOBEHME CKPEMBIINPYIOLLRH NOCNeA0BATENLHOCTY BUTOB CLK _R_"E,
> O6HoBREHWe geckpemBrinpytowen nocnegosarerisHocTn Gutos
\\ Ckpembriep

\ MpeoBpasoBaTtesnt napanfiensHoro koaa
B nocneaoBarenbHsii

‘Puc. 1

ﬂeékpemﬁnep /
MpeobpasoBarent NOCNeAoBaTensHOTo Koaa
B napannenpHbiv
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To >xe MpoUCXOOUT ¥ B TOM CIIydae,
korga umnynsc J (J*) chopmuposan
TOYHO Ha IpaHUIle MeXAy OaiiTaMu.
Torna mepenarorias anmnaparypa UrHo-
pPHPYET ero ¥ MpOAO/DKAeT HEIpPephiB-
Hoe peobpasoBaHue 6aiTOBOrO MOTOKa
[IaHHBIX B CKPeMOMPOBaHHBI OUTOBBII
notok. [IpueMHas ammaparypa Takxe He
pearupyeT Ha COOTBETCTBYIOIIMI MM-
IyabC J*, ecnu paHee OblIa TOCTUTHYTa
IIpaBWIbHAs CHHXPOHU3AI[UsA Ha YPOBHE
6aiiToB. B mpoTUBHOM CiIy4ae mpueM-
Hasl anmnapaTypa CHHXPOHU3UPYETCS UM-
IIy/IbCOM [* ¥ B Ia/IbHENIIIEM [1PaBWIbHO
PacIiO3HaET IOIOKEHUE TPAHUL MEXTY
GaiiTaMu.

Ecmu umnynsc | (J*) mocrymaer BoO
BpeMs MOC/IEOBATEe/IbHON Iepeayu
110 IMHUY CBSA3U HEKOTOporo Oaiira i
(puc. 3), TOo mepenaya IpepaiBaeTCA H
3aTeM BO30OHOB/IAETCA B HOBOH CHC-
TeMe OTCYeTa BPeMeHH, B KOTOPOH Hy-
JieBast TOYKAa COOTBETCTBYET MOMEHTY
MIOCTYIUICHHUS 3TOTO UMITY/IbCa.

[TomuMo 0603HaUEHUS HOBBIX I'pa-
HUI[ MeXAY 6aiiTaMy UMIYAbCH | U J*
CHHXPOHHUSHPYIOT paboTy cKpeMbiiepa 1
neckpembepa. Kaxxnoe us cobertuit S;
BBI3BIBAET MEPEXO]] K COOTBETCTBYIOIIUM
HAYaTHHBIM TOYKaM CKpeMOIHpYyIomen
U IeCKpeMOIUPYIOEi TI0C/IEN0BaTe/Ib-
HocTel 6MTOB (IOAPOOHOE OIMHCaHMe
3TOrO Mpolecca mpuseneHo B [1]). Iro
TI03BOJISIET [I€PBOHAYA/ILHO YCTAHOBUTD
KOIOBYIO CHHXPOHU3AIIHIO, a B CTyJae ee
IIOTEPH — aBTOMAaTHYECKH BOCCTAHO-
BUTH MPaBWIBHYIO pabOTy MOICUCTEMBI
«CKpeMOtep-neckpeMOiep» TP PerucT-
palyy EPBOTO Ke COOBITHA S;.

PaccMOTpHUM IIpemiaraeMyio CucTeMy
(puc. 4) noapobHee.

HavHeM ¢ ommcaHUA ee COCTaBHBIX
JacTen.

Cnpurossie peructpst RGl u RG2
NIpeqHasHa4YeHbl I/I1 BPEMEHHOIO Xpa-
Henus ¢pparmenToB SDATA u SDATA*
IIOTOKAa CKPeMOTMPOBaHHBIX JaHHBIX U
peanusyioT (QYHKIUIO «CKOMb3SAIIETO
OKHa», Yepe3 KOTOpOoe IIPOCMaTPHUBAETCA
6uTOBas IOC/IENOBATENBHOCTD. B ycra-
HOBUBIIIEMCS PeXXHMe 3T PparMeHTHI
OJWHAKOBHI (COBMAIAIOT C TOYHOCTBIO
IO 3amepKku mepemauu). [Ipuem ode-
pensoro 6ura B peructp RG1 (RG2)
MPOUCXOAUT O (HPOHTY CUTrHaJA Ha
CUHXpOHU3HUpYyIOIIeM Bxome C 3TOro
perucrpa. OOHOBPEMEHHO C IIPUEMOM
ouepengHoro 6ura ¢ Bxona D paHee xpa-
HUMbIE JIaHHBIE CABUTAIOTCA Ha ONMH
paspsi BmpaBo. B manHOM mpumepe
IIOCTPOEHUS CUCTEMBI Pa3pATHOCTD pe-
ructpoB RG1 u RG2 Bri6paHa paBHOM
BOCbMH, XOTsL OHa MOXXeT 6bITh 00JIb-
1Iei MIX MEeHbIIIEH.
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I'enepatop W mceBnocmy4aitHOM 1MoOC-
JeOBATENBHOCTH OUTOB CKpeMOyepa
BBINIOJIHEH Ha OCHOBE CABUIOBOTO pe-
ructpa RG3. AHanoru4Hbli reHepaTop
Ha ocHOBe perucrtpa RG4 copepxurcsa
B neckpem6iepe. Peructper RG3 u RG4
MpeqHasHa4YeHsb! /I BPEMEHHOIO Xpa-
HEHU TICEBROCTyYaliHbIX KogoB SRND
u SRND*. B ycraHoBuBIIEMCA PEXU-
Me 3TH KOABI OMHAKOBBI (COBIANAIOT
C TOYHOCTBIO [0 3a[EPKKU IIepPenadn).
[IpueMm ouepemHOro 6MTa B PErUCTP C
Bxoga D mpoucxonur mo ¢poHTy Cur-
Ha/la Ha CMHXpoHusupymoomeM Bxoze C
IIPH YC/IOBMH, YTO Ha €0 YIIPaB/IAIOIEM
Bxone P/S (P/S$*), 3saparoiieM pexuM ma-
PAJUIEIBHOTO WIH IIOCTEN0BATEILHOTO
IIpyeMa TaHHBIX, IPUCYTCTBYET CUTHAI
nor. 0. OmHOBpEMEHHO ¢ IpUEMOM OdYe-
penHoro 6ura ¢ Bxoma D mpoucxopur
CIBUI paHee XPaHMMOTrO Koja Ha OOUH
paspan BupaBo. Eciu Ha ympaBisio-
weM Bxonme P/S (P/S*) perucrpa npu-
CYTCTBYeT JIOT. 1, TO 110 PpOHTY CHrHa-
Ja Ha CHHXpoHu3upyoieM Bxoxe C B
PEerucTp NMPUHUMAETCS ITapa/ie/IbHbIN
KOJI C TPYIHIIbI BHIXONOB AeludparTopa

N B wN
N OB WwN -
NN e o

DC1 (DC2). B maHHOM mpuMepe Ioc-
TPOEHHs YCTPOMCTBA PaspANHOCTb pe-
ructpoB RG3 u RG4 BribpaHa paBHOIA
MATH, XOTS OHAa MOXeT ObITh OobLIeit
WX MEHBIIIEHN.

AnemenTtsl «cxmouatornee YIH» D1
U D2 dopMupyIOT cKpeMOIMPOBaHHBII
SCRD u meckpem6bmupoBannsni DIN cur-
HaIpl gaHHbIX. Tpurrepst D3, D4 u D5
IIPUHUMAIOT OUTHI JaHHBIX ¢ Bxozxa D mo
(poHTY cUrHaIa Ha BXOJI€ CMHXPOHM3a-
mu C. Tpurrepst D3 u D5 dopmupyror
peixopupie curdaisl DLINE u DATAY, B
KOTOPBIX Ha TPaHUIAX MEXX/Ty OMTOBBIMU
HHTEPBa/laMH{ CUTHAT MOYKET U3MEHUTHCA
TOJILKO OfIUH Pas3, B TO BpeMs KaK BXOf-
Heie curHanpl SCRD u DIN stux tpur-
repoB Ha IPAHHUIAX MEXAY OMTOBBIMHU
HWHTEPBUTaMU MOI'YT MHOTOKPAaTHO H3Me-
HSATHCS U3-3a «TOHOK» CHTHAIOB. Tpurrep
D4 B 3HaUMTe/NBbHON CTEIIEHU YCTpaHAET
JDKUTTEP BXOMHOTO CUTHATA (IposKaHHe
(dpPOHTOB Ha TPaHHMIEAX MEXTy OUTOBBI-
MU MHTepBaIaMH) O1aromapsa TOMY, YTO
mpueM O6uTa B 3TOT TPUITEP IMPOUCXOAUT
B cepemyHe OMTOBOrO MHTEPBaTa, KOIIa
nepexonHsie nporteccel cursana DLINE*
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y’Xe 3aKOHYWIMCh. OCTaTOYHBIN IXKHT-
Tep curdaza SDIN Ha BwIXOzme Tpurrepa
D4 omnpenensercs HEMIEATBHOCTHIO CHI-
Hata CLK* Ha BpIXOnE reneparopa PLL
¢ (a3oBoit aBTOIOACTPOMKOM JaCTOTHL
Hcxopnbie cocrosnus tpurrepos D3—D5
IIPOM3BO/IbHBL

I'eneparop PLL MoxeT 6BITH BBIIIOI-
HEeH 10 OJHOH W3 U3BECTHHIX cxeM [5].
On npennasHadeH i GOPMUPOBAHUA
BBICOKOCTaOM/IBHOIO CHHXPOCHTHa/a
CLK* Ha OCHOBe HEMPEPHIBHOTO Clie-
JK€HHA 32 BXOMHBIM curHaiom DLINE*,
®ponT curnana CLK* npusssan K Mo-
MeHTaM u3MeHeHus curHaia DLINE*,
Tak 410 cpe3 curHana CLK* ¢opmupy-
€Tca B cepefuHe OMTOBOrO MHTEpBaia
curHaza DLINEY, uTo cooTBeTcTBYeT €ro
YCTaHOBUBILIEMYCS 3HAYEHUIO.

bnaromapa pmocraTouHOM WMHep-
IIMOHHOCTH TeHepaTtopa PLL curnan
CLK* mpakTu4ecku HedyBCTBHTE/IEH
K mxurTepy curdana DLINE* u unpim
€r0 KPaTKOBPEMEHHBIM MCKaKEHUSIM,
BBI3BaHHBIM IIOMEXaM{ B JIMHUM CBH-
3u. Takoe MCIIO/Ib30BaHUE TeHepaTopa
¢ $a30BO#1 AaBTOMONCTPONKOM YaCTOTHI
B T€JI€KOMMYHHUKAIIMOHHBIX CUCTEMaX
ABJAETCA OOINENPUHATHIM U [la/iee He
NEeTaTU3UPYETCA.

Hemmdparop DC1 (DC2) npenHasHa-
YEH [UIA BBIJE/NIEHUS B IIOTOKE CKpEM-
6/IMPOBaHHBIX [JAaHHBIX, MPOXOAAIIEM
yepes CKOJIb3AIee OKHO — CIBUTOBBIN
peructp RG1 (RG2), onpenenennpix
kogos CODE,, CODE,, ..., CODEg.
Ilpu o6HapyxeHuH mnemudpaTopoM
DC1 (DC2) ykasaHHBIX KOZOB Ha €ro

BBIXOZIaX, OOBENEHHBIX Ha pHUC. 4 OBa-
oM, (POPMHPYETCS COOTBETCTBYIOLIHIA
V-paspagnsii kon LOAD,, LOAD,,
..., LOADg mna mocnenytonest mapari-
JIETbHOM 3aTPY3KH CIOBUTOBOIO Perwc-
tpa RG3 (RG4). B nanHoM mpumepe
K= 4,V =5][1]. [Ipu o6HapyxeHuu mo-
6oro koma CODE,;, CODE,, ..., CODEg
nemudparop DC1 (DC2) dopmupyer
TaK>Ke e€IMHUYHBIM CHUTHAJI Ha BXOme
P/S (P/S*) yripaBienus pexxuMom pabo-
TbI perictpa RG3 (RG4), mogrorasmiBas
€r0 K Iapa/UIeIbHOMY IIPUEMY NaHHBIX
110 (PPOHTY OYEPETHOTO CHHXPOMMITY/Ib-
ca Ha Bxone C.

Ycunurens D6 (D7) npennasuauen
1A mepenady (mpuema) ckpeMm6mupo-
BaHHOTO CHT'HAIa IAHHBIX B IMHUIO (M3
nmuaun). [TapaMeTprl ycumuTeneii onpe-
IENAI0TCA TUIIOM JIMHUH CBS3H, KOTOPas
B HauboJIee IPOCTOM BapUaHTE MOXKET
OBITH BBIIIO/IHEHA B BHJlEe BUTON Iaphl
IIPOBOJIOB, KOAKCHATLHOTO WIH OIITOBO-
JIOKOHHOTO Kabests. JIMHUA CBA3H MOXKeT
COZiep>KaTh MOC/IENOBATENIBHO BK/IIOUEH-
Hbl€ PETPAHCIATOPRI, B KOTOPBIX MOTYT
HCIIO/Ib30BaThCA 6710ku OydepHOi ma-
MATHU. B pesybTaTe 3agepskKa Mpoxox-
I€HHs CUTHAJIa MEX/Y almnapaTypo 1e-
penayy U pueMa aHHBIX MOXKeT ObITh
3HAYUTE/IbHON U 3apaHee HEU3BECTHOM
(HO TIOCTOSIHHOJ1).

l'enepaTtop cuHxpocurHanos G, pas-
MelteHHbIi B 6710ke P-S (puc. 5), sagaer
TEMII pabOThI BCEIl CHCTEMBI Iepefadu
IaHHBIX.
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STATE \ Y1 Y0
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213 1100 001 1 0
Z14 1101 001 1 0
Z15 1110 001 1 0
216 1111 001 1 0
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CxemoTexHuKa N2 8 - aBryct 2005

Ha Brixope reneparopa gopmupyer-
CA HeIpepbIBHas MOCIENOBATETbHOCTD
HUMIIY/IbCOB CO CKBa)KHOCTBIO, PaBHOI
nByM. baittel manneix TxD, npencras-
JIEHHbIE TTaPAIIEbHBIM KOIOM, IOCTY-
IAJOT Ha BXOJBI CUCTEMBI B OTBET Ha
dponts! curnana TxC. Baiit ocraercs
HEU3MEHHBIM BIUVIOTh 10 GOPMHUPOBa-
HUA cnenyomero ¢dponTa curHana TxC.
Baiit TxD samuceiBaercs B peructp RG5
10 ¢ponTy curHana C Ha ero Bxoje
CMHXPOHM3AIUH [IPY HaIUYUs CUTHA/a
L =1 Ha ero ympasnswoIeM Bxone P/S.
ITpu L = 0 mo ¢ponram curnana CLK B
peructpe RG5 mpoucxomuT caBur maH-
HBIX Ha OQUH paspsj BHUS.

B orcyrctBue ummynbsca J 6mok P-S
npeo6pasyeT moTOK GaittoB TxD B pas-
HOMepHBIH ToTOK 6utos DATA. Cur-
Ha1 ] = 1 BBI3bIBa€T KOPPEKIUIO IPaHHUII
6aiiTOB B GMTOBOM IIOTOKE, €C/IH HOBbIE
TPaHHUIIBl HE COBIAJAIOT CO CTAPBIMHU.
OTOT CUI'HaJT BPEMEHHO 3aITOMHHAETCA
B Tpurrepe D8 u mocTymaer B MUKpO-
IIPOrpaMMHOE YCTPOHCTBO yIIpaB/IeHuA,
BBIIIO/IHEHHOE Ha OCHOBE ITOCTOSIHHOTO
3artoMuHaloero ycrpoicrsa (I13Y) D9
1 BBIXOIHOTO IIaPa/UIEJIBHOTO PErucT-
pa RG6. Curnan ] = 1 B He0OXOTUMBIX
C/Ty4asiX BbI3bIBAET IPUOCTAHOBKY IIepe-
lavy TeKytiero 6aiTa, ero MOBTOPHBIM
Mapajie/ibHbIA NMpUeM ¢ BxogoB TxD
(rme OH OCTaeTCss HEU3MEHHBIM) U I1OB-
TOPHYIO MOC/IEN0BaTENbHYIO BbIIAYy Yye-
pes peructp RG5. Koguposka I13Y D9
(MHKpOIIpOrpaMMa) U 1OC/Ie0BaTe/b-
HOCTH II€PEX0J0B 10 HEeH MPEACTaBIeHbI
B HIDKHEN YacTH pucC. 5.

B 61oke S-P mpeo6pasoBanus moc-
71el0BaTEIbHOIO KOMa B TapajUlesb-
HBIN (pHUC. 6) cIBUTOBBIA peructp RG7
dbopMHpyeT MOTOK BHIXOTHBIX GAATOB
RxD, cpsurossiit peructp RG8 Boimon-
HAeT (QYHKIMU 3JIEMEHTa 3alep>KKU
/s BbIpaBHMBaHUA (a3 CUTHANOB J* U
DATA*.

[TapannensHsle nanubie RXDATA 3a-
mucpIBaloTCA B peructp RG7 mo dposn-
TaM curHana RxC.

B orcyrcTBue ummynbca J* 610K
S-P mpeo6pasyer notok 6uroB DATA* B
PaBHOMEPHBII OTOK 6aitToB RxD. Cur-
Hajl J* = 1 3amep>KuBaeTca CABUTOBBIM
perucrpom RG8 1 nmocrymaer B MHKpO-
IIPOrpaMMHOE YCTPOHCTBO YIIPaB/IeHUH,
BLITIONIHEHHOE Ha ocHOBe [13Y D10 u
nmapaurenibHoro peructpa RG9. Curnan
J* = 1 B HeOOXOIUMBIX crydasx (Kor-
lla HOBbI€ TPAHMIIBI HE COBIAJAIOT CO
CTapbIMH) BBI3BIBAE€T MOBTOPHOE Gop-
MHpOBaHHUe TeKyilero 6aiita. Cursan
RxC npu atoM dopmupyercss TOIbKO
OJIMH Pa3, KOIza IOBTOPHO chOPMHUPO-

BaHHbI 0aitT RXDATA monroTosieH K 2 5
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3ammmcu B peructp RG7. Kopguposka I13Y
D10 (MukpomporpamMma) 1 mocjaenosa-
TEJIBHOCTH IIEPEXOOB TI0 HEll IIPENCTaB-
JIeHBI B HIDKHEH 4acTH puc. 6.

Bo BrOpoi# yacTu cTaThu OymeT pac-
CMOTpeHa paboTa CHCTEMBI B 1I€IOM.
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BHuMaHuIO aBTOPOB M YHTaTeNes!

Ecnu Bel obHapyxure Kakue-1u60
OLINOKH B )XYPHATbHBIX CTAThAX, COOOMIHU-
Te B PeIaKIHIO, Mbl OITyO/IMKYeM ITOTIPaB-
K4. Bamm nonpasku 6ymyT, 1o BO3MOX-
HOCTH, YYTEHBI P BBITYCKE 0YEPETHOTO
JHCKA C CONEPKAHUEM KYPHAIA.

Pemakuus

e o

Mpogonxenue. Hayano — N° 1/2004

KomMmnbiloTepHoe

cxemorexHmyeckoe
MmoaennpoBaHme S3N1eKTPOHHDbIX

YCTPOUCTB

YCUNUTENDbHbBIE KACKALbI
HA TIONEBDBIX TPAH3UCTOPAX

OCHOBHBIMHM BHIaMH KacCKamoOB Ha
II0JIEBBIX TPAH3UCTOPAX SABIAIOTCA Kac-
Kafibl C OOIIIMM UCTOKOM H OOILIUM CTO-
KOM (MCTOKOBBIN IoBTOpUTEND). Kackan
¢ o61UM 3aTBOPOM 06/1afaeT HU3KUM
BXOMIHBIM COIIPOTUBIEHUEM H II0O3TO-
MY CaMOCTOSITE/IbHOTO IIPUMEHEHUS He
HaXOIUT; OH UCIIOIB3YETCA B C/IOKHBIX
cXeMax YCWIMTeNeH M yCTpaHEeHUs
06paTHOIT CBA3U 4Yepe3 MPOXOAHYIO
eMKocTh. Haubonee pacnpocTpaHeHbI
KacKanbl ¢ OOIIMM HCTOKOM.

Y cumiTenbHbIe Kackabl Ha IOJIEBBIX
TPaH3UCTOPaX, cOOpPaHHbIE TIO CXeMe C
OOIIMM HMCTOKOM B CXEMOTEXHUYECKOM
OTHOIIIEHUH BO MHOTOM MTOBTOPSIIOT Kac-
Kajgbl Ha OUITOSIPHBIX TPAH3UCTOPAX C
061uM 3MUTTEPOM. B TOXe BpeMs uc-
TI0/Ib30BaHHUE TIO/EBBIX TPAH3HUCTOPOB B
YCWIMTENTAX HIPUBORUT U K OCOOEHHOC-
TAM MOCTPOEHU KaCKa[0B. BO-mepBbhIX,
IIOCKO/IbKY TOKH 3aTBOPOB IpeHeOpe-
KUMO MaJibl, KOHKPETHbIE COIPOTHB-
JIeHUsI PE3UCTOPOB B IIEMAX CMEIEHHUS
BBIOMPAIOTCS U3 TpeOOBaHUI 3aTaHHOM
BEJIUYHHBI BXOMHOTO COMPOTHBICHUS.
Bo-BTOpPHIX, 3HaK HalpsLKEHUs CMelLle-
HUS Ha 3aTBOPe MOXKET OBITH IIPOTHBO-
TI0JIO’KEH 3HAKY HANpsDKEeHWs, IIPUIo-
»KeHHOro K cToKy. [lockonbky moneBoi
TPAH3HUCTOP YIIPAB/IAETCS HAPSDKEHUEM,
cosmaHue HeOOXOMMMOro pexxuma cMe-
IIeHHs, TIPEeXe BCETo, MpeaycMaTpUBaeT
BBIOOP COOTBETCTBYIOLIETO HAIIPKEHUS
CTOK-MCTOK M HANPSDKEHUS CMEIeHUS
3aTBOPa 3aTBOP-UCTOK.

CxeMa TpocCTeiiliero Kackama ¢ 00-
LI[MM MCTOKOM Ha I10/IEBOM TPaH3UCTOPE
NJFET (B mporpamme MC) Ha puc. 158,
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IIO CYTH, OT/IM4YaeTcA TOJIbKO HOMHHaIA-
MM OT aHAJIOTMYHOM CXEMBI, IIPEACTaB-
JIEHHOM Ha pHuc. 138, B TOM 4HC/I€ TIOBbI-
[IeHHBIM HaIlPsOKEHUEM IIMTAHUSA U TEM,
yT0 pesuctop R1, saparoiuii cMenienue
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3aTBOpa (aHanor 6asbl) COENMHEH C 00-
IIUM [TPOBOAOM.

OciyiorpaMMbpl BXOIHOTO IIepeMEH-
HOTO HAIpsDKEHHMA aMIUIMTYno# 1 MxB
u qactoTtoii 50 I'n ¥ BRIXOOHOTO Hanps-
>KeHus II0Ka3aHbI Ha pUc. 159, a yacro-
THBIE XapaKTePUCTUKH — Ha puc. 160
(BepxHss KpUBasg — 3aBUCHUMOCTH KO-
apduneHTa YCUAEHUA OT HacTOTHI,
HIDKHSAA — CIBUT (asbl).
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AnajnoruyHo Ha puc. 161—163 noka-
3aHa cxeMa Kackaja Ha II0JIeBOM TpPaH-
sucrope B mporpamme EWB u pesynbraT
ee MOJIeTMPOBaHHUS.

Kackap Ha 11o1€BOM TpaH3UCTOPE MO-
XeT ObITh COOpaH U ¢ UCIIOIb30BaHHEM
H-cmetenus (puc. 164). Monemiposa-
HYe paboThI KacKaza B mporpamMme MC,
BBIIIO/IHEHHOE CTAaHAAPTHBHIM 00pa3oM
II0Ka3aHo Ha puc. 165, 166.
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Puc. 167

Amnanoruyno B nporpamme EWB Ha
puc. 167 mokasaHa cxeMa KacKaja Ha
II0JIEBOM TPaH3HUCTOpE, Pe3yaAbTaT €e
MO eIMPOBaHUA IIPUBENEH Ha puc. 168,
169. OT™MeTHM, YTO YaCTOTa BHIXOOHOTO
CUTHa/Ia yCTaHOB/IeHa paBHO# 50 kI

Bappupyss BeIHUMHBI PE3UCTOPOB,
3afjalOlIUX CMEIIeHHEe 3aTBOpa, COMpPO-
TUBJIEHNA HAarpy3Ku U oOpaTHOM CBA3YU
B IIPUBENEHHBIX CXeMaX MOXHO TMpocC/ie-
OUTH 32 OCOOEHHOCTSIMU PabOTBI 3TUX
KackanoB. Hampumep, ecnu ycunurenb
NO/DKEH YCWINBAaTh CHUHYCOMIA/IbHBIE
CUTHaJbl WIM Pa3HOIONAAPHBIE HMM-
IIy/IbChI, TO HYJIEBYIO TOYKY C/IE€NYeT
BBIOMpPATh Ha CepelyHe MepesaToOYHOM
XapakTepucTUKHU. [Ipu ycunenuu ogHo-
IIOJIAPHBIX UMITY/ILCOB 3Ty TOYKY MO>KHO
COBUIATh K ITOJIOTUM y49acTKaM Ilepefa-
TOYHOH XapaKTE€PUCTUKH, YTO MPHUBEIET
K YBEJMYEHHUIO MaKCHUMaJIbHOM aMIUIH-
TYZAbI BBIXOIHBIX MMITY/IbCOB HY>XKHOM
no/iApHOCTU. COOTBETCTBYIOIIHE BUPTY-

500.0n S5u
s | [l 5
5 0 o &
> 3

A
e

-15u

] 8u 16u 24u 32u 40u
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Puc. 169

aJIbHBIE SKCIIEPUMEHTBI YUTATETH MOTYT
IpOMie/IaTh CaMOCTOATENBHO B 000
U3 IPOTPaMM C IIOIIATOBBIM MOMEIU-
POBaHMEM IO COOTBETCTBYIOLIEMY IIa-

pameTpy.

IIpodonsicerue cnedyem

I'enpux Kapgames,
r. Mocksa

Banmanuro yutateneii!

Ha caiTe XypHama mo azpecy
http://www.dian.ru/programs/index
B apxuse 2000_1_2_2001_1_Kuznets.
zip BBUIO>KEHA cTaTba A. Kysnenosa
«TpancdopmaTophr U gpocceny s
UMITy/IbCHBIX NCTOYHUKOB ITIHTaHUAY,
(CxemotexHuka, 2000, Ne 1, 2, 2001,
Ne 1) ¢ ydeToM yTOYHEHUIi, ClI€IaH-
HBIX aBTOPOM.
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Borland C++ Builder 6
OANA HauMHaLWnXx

Meron Pie(X1, Y1, X2, Y2, X3, Y3, X4,
Y4) (rmpor) pucyer 3aMKHYTYIO HUIypy
B BHJIe CEKTOPA 9JUTUIICA WIH OKPY>XHOCTH
C TIOMOIIIBIO TEKYIIUX [TapaMeTPOB Iepa
(Pen). ®durypa 3amo/JHAETCA TEKYIIUM
sHauenueM kuctu (Brush). Touku ¢ ko-
opaunaramu X1, Y1 1 X2, Y2 onpenensior
YIJ/IBI TIPAMOYTO/IbHUKA, OIMChIBAIOIIIETO
ayunc. HavairpHas U KOHe4YHast TOYKHU
JIyTH OTIpee/IAI0TCA aHAJIOTHYHO [IPeIbI-
myiemy metomy. Ilyra pucyercsa mpoTUB
YaCOBOM CTPE/IKM OT Ha4YaIbHOM 10 KO-
HEe4YHOit Touyku. KpoMme TOro, pucyrorcs
IpsiMble, OTPAaHUYMBAIOIIME CETMEHT U
MPOXOAAIINE 4Yepe3 LEHTP JJUIMIICA U
TOYKHM C KoopauHatamu X3, Y3 u X4, Y4.
Kak BUOHO U3 OIMCAaHUs, TaHHBII METON
oueHpb cx0k ¢ MerogoMm Chord.

Meron Arc(X1, Y1, X2, Y2, X3, Y3, X4,
Y4) (myra) pucyeT pasoMKHYTYIO PUTYPY
B BHe OYTH 3/UTMIICA WIM OKPY)XHOCTH
C TIOMOIIIBIO TEKYILMX IIapaMeTPOB Iepa
(Pen). ®urypa He 3a110/IHAETCA 3HAYCHHEM
kuctu (Brush). Touku ¢ koopaMHaTAMHU
X1, Y1 u X2, Y2 onpenenstioT yribl mps-
MOYTO/IbHUKA, OIMCHIBAIOIIETO 3JUTUIIC.
KoopauHaThl (QUTYPBI OIPENENAIOTCA
araoruano meronaM Chord u Pie.

Meton Rectangle(X1, Y1, X2, Y2)
(IIpAMOYTOJIBHUK) PHUCyeT TEKYUIUM
IIepoM Ha KaHBE IPAMOYTOIbHUK, KO-
OpIUHATHI BEPXHETO IEBOTO ¥ HIKHETO
PaBOTO YIIOB KOTOPOTO UMEIOT KOOP-
muHaThl X1, Y1 u X2, Y2 COOTBETCTBEH-
HO. [IpAMOYTONBbHUK 3aKpalIMBaeTCA
TeKymiei KUCThio. PucoBanue mpsmo-
yrojbHuKa 6€3 paMKHU MOXHO OCyIIIeC-
tBUTh MeTogoM FillRect. IIpsamoyromns-
HMK CO CKPYT/IEHHBIMM YTJIaMH{ PHCYeTCs
metonoMm RoundRect. [IpAMOYTronbHUK
Ge3 BHYTPEHHEH 3aKPaCKH PUCYETCS Me-
tonoM FrameRect.

Meton RoundRect(X1, Y1, X2, Y2,
X3, Y3) B ommuue ot Rectangle ume-
eT NOIIOJIHUTEAbHbIE KOOPAUHATHI X3 U
Y3, KoTOopbl€ 3a1al0T LIIMPUHY U BBICOTY
9JUIHIICA, OIPEAeAINero pucoBaHue
3aKPYI/ICHHBIX YIJIOB.

Meton TextOutA(X, Y, «cTpokar)
[IMIIET CTPOKY TEKCTa Ha KaHBE, HaYU-
Has C MO3UIUH ¢ KoopnuHaTaMu X 1 Y.
Hajmnucs memaercs B COOTBETCTBUH C Te-
KYII[MMH ycTaHoBKamu mipudra (Font).
®oH HaIKCH OTIpeie/IAeTC YCTAaHOBKa-
MU TekyIei KucTd. Tekyilas mosunus
nepa (PenPos) nmepeMemiaercst K KOHILY
BBIBEIEHHOTO TEKCTa.

/11 BoIpaBHUBAHUA MTO3UIIUH TEKCTA
Ha KaHBEe MOKHO MCIIOJb30BaTh METO-
ibl, BO3BpAILAIONIUE TIepell BHIBOIOM
TEKCTa ero BbICOTY M IUIMHY B IIMKCe-
nax. s oTUX uenei MOaXoasT MeToIbl
TextExtent, TextHeight u TextWidth.
Hampumep, nporpaMMHas CTpoKa:

Imagel->Canvas->TextOut((ClientWidth-
Canvas->TextExtent(«123»).cx)/2,
Canvas->TextExtent(«123»).cy, «123»);

BbIBeleT Ha KAaHBY TEKCTOBYIO CTpPO-
Ky «123», BRIpaBHHBas €€ IpH T0O60M
uipugTe Ha CepeUHy KaHBbI U OTCTY-
NUB OJHY CTPOKy cBepXy. Ecim et
KMCTH B MOMEHT BBIBOJIAa TE€KCTA OT/IH-
yaeTca OT TOTO, KOTOPBIM 3aKpalleHa
KaHBa, TEKCT IOJYYUTCA BbIBEJEHHBIM
B I[BETHOH IIPSIMOYTOJIbHOW paMKe, HO
pasMmepsl paMKu OymyT TOYHO PaBHBI
pasmepaM Hamamucu. Ecniu Tpebyercs
Gostee KpacuBas paMKa C OTCTYIIOM OT
TE€KCTa WIH HAaZO OTPAaHUYUTH BHIBO-
NMMBIA TEKCT pa3MepaMH OIIpeie/ieH-
HOt paMKH, CIeflyeT IIPUMEHATb METO]
TextRect.

Meron TextRect(Rect, X, Y, «cTpoka»)
BBIBOIMT TEKCTOBYIO CTPOKY Ha KaHBE,
HauMHaA ¢ HO3UIHUM JIEBOTO BEPXHETO
yIla HagmucH, ¢ koopauHatamu X, Y.
YacTh TEKCTa, He MOMEIIApIasaca B
npAMOYToJbHYIO 061acTs Rect, oTOpa-
cpiBaeTca. Hanmuch fienaercss B COOT-
BETCTBUU C TEKYIHMMH YCTaHOBKaMH
uipudra Font. IIpocTpaHCTBO BHYTPH
obmactu Rect 3akpamnrBaeTca TeKyien
kucThio Brush. [i1a BoIpaBHMBaHMS T10-
3UIIMHU TE€KCTa BHYTpH 06/1aCTH Ha KaHBE
TaK K€ MO>XHO HCIIO/Ib30BaTh METOMIBI
TextExtent, TextHeight u TextWidth,
3ajalolye repeln BbIBOAOM BBICOTY H
[UIMHY TE€KCTa B IIMKCEIAX.

Meton MoveTo(X, Y) usMeHsieT Te-
Kyiyio nmosunuio nepa PenPos Ha mo-
3UILIMIO, 3aJaHHYIO TOYKOM C KOOpIUHA-
TaMu X, Y. DTO OeiicTBHE SKBUBAJIEHTHO
HeITOCPEACTBEHHOM yCTaHOBKE CBOMCTBA
PenPos. Ilpu nepeMelieHUU mepa Me-
togoM MoveTo Ha sKkpaHe HMYEro He
oTobpakaeTcs.

Mertop LineTo(X, Y) pucyeT Ha Kan-
Be MPAMYIO JTHMHHUIO, HaYMHAIOIIYIOCH
c Texymieii nmosunuu mepa (PenPos)
U 3aKaHYMBAIOIIYIOCSA HAa TOYKE C KO-
opauHatamMu X, Y. Tekymiast mosuuus
1epa nepeMeriaercsa B Touky X, Y. Ilpu

PHMCOBAHMH UCIOMB3YIOTCA TEKYIIME yC-
TaHOBKM Ilepa Pen.

Metoxn FloodFill(X, Y, Color, FillStyle)
3aKpalIMBaeT TeKYyIleil KUCThio Brush
3aMKHYTYIO 00/1aCTh KaHBbI, OTIPE/IE/IEH-
HYIO I[BETOM ¥ Ha4aTbHBIMH KOOPJIMHA-
Tamu 3akpamuBanua X, Y. Touka ¢ Ko-
opauHaTaMy X ¥ Y TOHKHA HAXOTUTHCS
BHYTPH 3aIlO/THAEMON 00/1aCTH, UMEIO-
mieif MpoM3BOIbHYI0 (popmy. 'panuna
9TO¥ 06/1aCTH OTIpefie/IAeTCA COYeTaH -
eM mapamerpos Color u FillStyle. ITapa-
Mmetp Color ykassiBaeT 1BeT, KOTOPbIN
UCTIO/Ib3YeTCS JUIS 3afaHUA TPAHMIIBI
3aKpaliMBaeMol 00/IacTH, a IapamMeTp
FillStyle ompenenser, Kak MMEHHO IO
5TOMY HBeTy 3amaeTcs rpanuiia. Ecmm
FillStyle = fsSurface, sanomusercsa 06-
nacth, okpamenHas usetrom Color, a
Apyrue nBeTa He HU3MEHAIOTCH. Ecmu
FillStyle = fsBorder, Hao6opoT, 3amon-
HsAeTcA 00/1acTh, OKpalileHHas TI0ObIMU
1BeTaMH, oTMyaoutumucs ot Color, a
usetT Color He U3aMeHsETCA.

Meton FillRect(Rect) 3amonuser
IPAMOYIOTbHUK KaHBBI, YKa3aHHBIN
mapaMeTpoM Rect, HCIIONB3YA TeKylllee
3HayeHue KUCTHU. 3aTlonHsgeMas 06/1acTh
BKJ/IIOYAeT B ce0s1 BEPXHIOIO U JIEBYIO CTO-
POHBI IPSAMOYTO/IBHUKA, HO HE BK/TIOYa-
€T TPaByI0 ¥ HIDKHIOI CTOPOHBL IIpu
ucnonp3oanun Merofa FillRect mapa-
MmeTp Rect MOXHO 3alaBaTh B CaMOM
MeTofie C TIOMOIIbIO CTPOKH

Rect(X1, Y1, X2, Y2),

roe X1, Y1, X2 u Y2 ABIsI0TCA KOOp-
JIMHATaMH JIeBOTO BEPXHEro U HIDKHETO
IIPaBOTO YIJIOB IPAMOYTO/IbHHUKA.

[TocnenHue aBa METOA UCIIONB3YIOTCA
B IIPMBEIEHHOM BBIliIe IporpaMme Draw
VISt OYMCTKH KaHBBI. Jlajiee ciemyer oile-
paTop 0OHy/IeHHs IEPEMEHHOM 1 ¥ BBIXOJL
u3 Tena omeparopa Switch. ITocnennas
cTpoka rporpaMmsl «Buttonl >Caption
= «Ourypar+String(++1i);» mo3BongeT
U3MeHATD cBoitcTBO Caption [i/Ist KHOII-
k1 Buttonl Ha Hagmuch «@urypalN», rae
N npuHMMaeT 3HaueHHe epeMeHHOM 1 B
nmamasose 1...9. 3amycTuTe IporpaMmy
U TPOBepbTe, Kak oHa paboTaeT. Kax-
bl pa3 HMpH IEeTIKE 10 KHOIIKE MpH-
JIOKeHUs MO/KHAa PUCOBAaThCA HOBasdg
¢durypa B COOTBETCTBUH C METONOM,
3anMCcaHHBIM B IIPOIPaMMe.

[HoMuMO TPOCTHIX (UTYp HMpOrpam-
MHO MO>KHO OTOOpakaTh Ha 9KpaHe MO-
HUTOpA CIOKHBbIE KPUBBIE, HATIPUMED B
Buge rpaduka ¢pynkuuit. PaccmoTpum
Oo4YepeHOM IPUMEDP IMPOTrpaMMBbl, OCY-
IIECTB/ISIONINIT UMEHHO TaKWe OImepa-
muu. CospaiiTe HOBOe IPUIOXKEHHUE U
noMecTuTe Ha ero GopMy AT KOMIIO-



HEeHTOB KHOMOK Button ¥ OgHMH KOMIIO-
HeHT Image. 3apaiite cBoiictBo Caption
11 KHOIIOK, IIpMCBauBalolMe UM Ha3Ba-
HUA «PUCOBATEY, «+», «—», « OUUCTUTL» U
«DyHKUIMA». PasMep mATON KHONKK Hago
YBEIMYUTD II0 FTOPU3OHTAIN IIPUMEPHO B
nBa pa3a. KommonenT Image pactsasure u
pa3MecTuTe Ha OCTaBIIeHcs 4acTu dop-
mbl. CosictBo Caption ¢popMbI 3aII0HU-
Te HasBaHMeM «Function». PasmectuTe Bce
KOMIIOHEHThI Ha opMe B COOTBETCTBUH
C puc. 3.

Puc. 3

Teneps coxpanuTe MOIyIb POEKTA B
daite ¢ HaspanueMm Ufunction.cpp, a cam
IpoekT — B aite ¢ HazBaHUeM Func-
tion.bpr. BcraBpTe B daitn omucaHuin
Ufunction.h mocne crpoku «public: //
User declarations» cremyroriue mporpam-
MHBI€ CTPOKH, OTIMCBIBAIOLIINE [IepeMEeH-
Hble HOMepa YHKLIMI U MaciTaba:

int n; // Homep dyHkuUuu
float m; // Macuitab
[Mocne omepatopa #include

«Ufunction.h» B daitne Ufunction.cpp
BIIMIIUTE CTPOKY

#include <math.h>

KOTOpas IpefHa3Ha4YeHa IIA IOAKIIIO-
4eHUs K IPOeKTy Ou6IHOTeKH MaTe-
MaTHYeCKUX (PYHKIMIf, B TOM UYHCNIE
TPUTOHOMETPUYECKUX, U TO3BOIACT
HCIIO/Ib30BATh UX B MPOTpaMMe.

Hanee BmuiileM B mporpammy obpa-
6otuuku cobeitua OnClick misa Bcex
KHOTIOK. HauHeM ¢ 4eTBepTOH KHOIIKH,
OTBEYAOLIEH 3a OYUCTKY 9KpaHa. [[ns
Hee o6paboTuuk cobpitus OnClick nosn-
KeH BBIT/IANETh TaK:

void __fastcall TForm1::
Button4Click(TObject =+Sender)

{
Image1->Canvas->FillRect(Rect(0, 0, Image1
->Width, Image1->Height});

}

[IporpammHas cTpoka o6paboTun-
Ka COHEeP)KUT 3HAKOMBII HaM MeETO[
FillRect, onmucaHHpIN BHILIIE.

Insa obpaborauka cobprtus OnClick
KHOIIKM PHCOBAHHUs BBefieM CJIeNYIOLIye
CTPOKH IIPOrPaMMHOTO KOJia

#define PI 3.14159
float X,Y; // NepeMeHHbEe QYHKLMUM
int PX, PY; // KoopauHaTu mnukcen
Form1->Button4Click(0);
Image1->Canvas->MoveTo(0, Imagel1-
>Height/2);
for(PX=0; PX<=Imagel->Width;
{
X=PX*4+PI/Image1->Width;
switch(n) // Bouucnenue QyHKUmMiA
{

case 1:

PX++)

Y=m*sin(X);
case 2: Y=mxXxsin(XxX);

break;
break;
case 3: Y=mxcos(X)*sin(X); break
default: break;
}
PY=Image1->Height-(Y+1)+Imagel-
>Height/2;
Image1->Canvas->LineTo(PX, PY);
}

[TepBast U3 3TUX CTPOK OIMCBHIBAET
koHcTaHTy Pl, mpunaumarmmniywo 3Ha-
yeHMe YuCIa . [lamee caegyeT omuca-
Hue nepeMeHHbIX pyHkuuu X, Y, PX u
PY, cnyxamux KoopauMHaTaMH TOYEK
pucyska. [Tocie aToro cienyer BbI30B
$yuxuu obpadorunka cobpiTusa On-
Clik kHOTIKM OYMCTKH 9KpaHa, CO3[aH-
HO¥ HaM¥ paHee U IpeJHa3HAYCHHOH
IUTA OYUCTKY KaHBbl KOMIIOHEHTa Im-
age (T. e. pUCyHKa Ha 3KpaHe). [lanee
BIIMCaHa CTPOKa YCTAaHOBKH Mepa s
PHCOBaHUSA B JIEBYIO CPEIHIOI TOUYKY
skpaHa. [locie 3TOM CTPOKM B HpO-
rpaMMe MPUCYTCTBYET OIepaTop s
OpraHM3alMHU [[MK/IA BEIYUC/IEHHUA 3Ha-
YeHUs mepeMeHHOH Y 11 MHOXKeCTBa
3HaueHHUH TO4YeK PX sKpaHa oT Hynd
[0 MaKCHMaJbHOM HIMPHUHBI 9KPaHa B
nukcenax. Ilepemennaa X BoIUUCIA-
eTcss B caMoM uukie. OmHOBpeMeH-
HO MacuiTabupyercs ee pasmep IO
BepTHKamu sKpaHa. Omeparop switch
CITY>KHMT /I CPaBHEHHs HOMepa BbI-
6paHHOM (QYHKLIMHM N U BBIYUC/IEHHUA
IUIA Hee 3HA4YeHUA IepPeMeHHON Y 1is
onHoit U3 ¢pyukuui. PYHKIUU MOTYT
OBITh NIPOU3BOIBHBIMU. B HanbHeii-
ureM MOXXHO OymeT M3MEHATH U pac-
IUPATH CIIUCOK 3TUX PpyHKuuit. [lanee
B IpOrpaMMe BBIYHCIAECTCA 3HAYCHHE
koopauHat PY u pucyercs dparmeHT
AMHUM PYHKIUHU.

B 06pabotunk cobprtist OnClick kHor-
K4 «+» BCTaBbTe CTPOKU YIBOCHUA KO3 (-
dbunventa QyHKIMH U BbI30Ba 06paboT-
4MKa MepPepUCcOBKHU rpaduka QyHKIUH,
KOTOPBIH IPHHA/UIEKUT KHOIIKE pHCOBa-
Hus Buttonl:

CxemotexHuka N¢ 8 - asryct 2005

m=m*2;
Form1->Button1Click(0);

B o6paboruuk cobpitus OnClick
KHOIIKM «—» BCTaBbT€ CTPOKH YMEHb-
uIeHus BaBoe koaddunuenta GyHKyu
M TOT ke 00pabOTIHK IIePepPHCOBKH Tpa-
duka GyHKIUH:

m=m/2;
Form1->ButtoniClick(0);

HaxoHen, m1s KHOTIKY BbI6opa PyHK-
nuu Button5 Bruiure 06paboTduk co-
6prtusa OnClick, cocrosmuit U3 cTpok:

if(n>3) n=1;
switch(n) // Bubop ¢yHkyuiA

{

case 1: Button5->Caption="Y=m+sin(X)";
break;

case 2: Button5->Caption="Y=m«Xxsin(X«
X)": break;

case 3: Button5->Caption="Y=mxcos(X)+s
in(X)"; break;

default: break;

}

n++;

3nech 6ygeT MPOMCXOOUTD aBTOMATH-
YeCKHit HHKPEeMEHT HoMepa PyHKIIUU U
IIPUCBOEHUE eMy Ha4a/IbHOT'O 3HaYeHU
[P TIPEBBIIIEHUH MaKCUMaIbHOTO 3Ha-
4yeHud n > 3. B 3aBUCMMOCTH OT HOMe-
pa dyHkuuu corictso Caption KHOTIKM
Button5 6ymer MeHATh CBOe 3HauY€HHE
Ha 3HAa4YeHHE CTPOKHU C 3AIMCHIO CaMO
MaTeMaTH4eCKON QYHKIMHU.

I/1s1 3aBepileHUs IIPOrpaMMbl He00XO0-
VMO 3a7IaTh HaYaJbHble 3HAYEHUA [J1A TIe-
peMeHHBIX MaciirTada 1 HoMepa (QyHKIIHIHL
ITO menaeTcs 3aIHChI0 MIPOrPaMMHBIX
CTPOK MHUIMATH3AIINY IIepeMEHHBIX M U
n B Tente Qyuxuun GopmuposBanua ¢op-
MBI 311ech ke HeOOXOMUMO BIIMCATh BBI-
30B 06paboTunka cobprtus OnClick mia
KHOTIKM OYMCTKH 9KpaHa. B KoHewHOM
Bune GyHkuA GopmupoBaHusa GopMsI
OOJDKHA UMETD CIEAYIOLIMI BHUL:

__fastcall TFormi::TForm1(TComponent+
Owner) TForm(Qwner)
{

m=0.05; n=1;
Form1->Button4Click(0);

}

[lenKOM IIPOEKT HMPOTpPaMMBI C Ha-
3BanueM Function MO>KHO HaliTH Ha caii-
Te XypHama www.dian.ru/programs.

Temepp 3amycTHTe IIPUIOXKEHHE
U 1npoBepbTe ero pabory. Pesyms-
TAaT NPH BBIBOME Ha 3KpaH (PyHKIUHU
Y = mxXxsin(XxX) mpencraBieH Ha
puc. 4.
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Function

P T

Puc. 4

B 5100 porpaMme MbI MCIIONb30BATH
He TOAbKO METOIbl, HO U HEKOTOpbIE
¢pynxuuu, Hampumep sin(X) u cos(X).
Borland C++ Builder 6 umeer orpom-
HO€ YHC/I0 BCTPOEHHBIX OMOIHMOTEK C
TOTOBBIMH K IPUMEHEHUIO (PYHKIIMA-
MH, 9TO IIO3BOJISIET IUCAaTh MOIIHBIE U
3/1eTaHTHbIE IPOrpaMMbl. 1A 3HaKOMC-
TBa ¢ QPYHKUHMAMH MOXHO IIPUOETHYTH
K BCTPOEHHOM CIPAaBOYHOHM CHCTEME
cpenbl pa3pabOTKHU, BbI3BAaB €€ HaXKa-
tiem wiapuiu Fl1 wiu Ctrl+F1, xorma
KypPCOPp peliakTopa HaXOQUTCA Ha CaMO¥
dyHKIMH. AHQIOTHYHO MOXXHO HOCTY-
HaTh I 3HAKOMCTBa C JPYTMMH Me-
TOAaMHM, HE PACCMOTPEHHBIMH 3[€Ch.
Kpome Toro, cpelia pa3apaboTKu umeeT
BCTPOEHHBIH cyiep Kofa, KOTOPbIii aB-
TOMATHY€CKH BHIBOIHT Ha 3KPAH CIIUCOK
IOCTYITHBIX METOMIOB, CBOMCTB U (PyHK-
LM I OOBEKTOB TIPU BBOJE CHUMBOJIOB
«->», «.» WIH «(» TOC/Ie 3aIIUCH UMEHH
o6bekTa. QueHpb IOIE3HOI KOMOMHAIU-
eit kiapuu apisercs Ctrl+Space, BbI3bI-
BaIOILasl CITMCOK JOCTYIHBIX (DYHKLMM
U MeTOHNOB it 00BEKTa, Ha KOTOPOM
pacIonoXeH Kypcop penakropa. Kom-
6unanusa xnaasum Ctrl+] oTkpniBaer
OKHO C TiepedHeM yHKIUF-3aT0TOBOK,
KOTOpPbI€ BRIOHPAIOTCA TPOTPaMMUCTOM
C TIOMOIIBIO CTPENIOK KYPCOpa U BCTaB-
NAI0TCA B TPOTPaMMy IIOCA€ HaKaTHsA
wiaBuud Enter. OTUMHU 3aMedaTeTbHbI-
MU HHCTPYMEHTaMH Cpeibl Pa3paboTKH
yIOOHO MMO/b30BaThCA KaK HAYMHAIO-
IIIUM, TaK ¥ OTIBITHBIM IIPOIPaMMHUCTaM
I/l BbI30OBAa BCTPOEHHOMN CIIPaBOYHOM
CHCTeMBI ¥ MCK/TIOUeHHsI OIIMO0K B 3a-
IIMCH TTPOrPaMMHBIX CTPOK.

IIpodonsxcerue cnedyem

Oner Banbna,
r. Muacc Yensb6bunckoir 0671

OkoHuarue. Hauano —— N 3720065

NMoaroroBKa Nnporpamm
ANA MUKPOKOHTPOJ/1IepoB

cememncrBa x51

B cpepe MVISION-2

MOAYNbHOE NPOTrPAMMUPOBAHUE

B nByx mpemplayIjuX CTaThsX B Ka-
yecTBe NMpuMepa (PUIypHpOBajia O4YeHb
npocTas nmporpaMma Progectl, Ha aTOM
npuMepe ObUIO OPTaHM30BaHO IMEPBOE
3HAKOMCTBO cO cpemo#t fVision-2. B o
xe BpeMs cpena pVision-2 6osee Bce-
ro MHTepecHa KaK pa3 TeM, 4TO 3Hayu-
TeIbHO YTIPOIilaeT HAaIlMCaHUE U OT/IAMIKY
MHOTOMOJIY/IBHBIX IIporpamm, (opma-
JIU3yeT CBASH MEXy HUMH U JIe/IaeT Ha-
IJIAIHOM U yIoOHOM paboTy ¢ 60/1bLIKNM
IIPOEKTOM.

XodeTcss He MOBTOPATH CI0Ba M3
y4eOHUKOB ¥ clenaTh IMOBECTBOBA-
HUEe KaK MOXHO 6ojlee IPaKTHYHBIM
U IPOCTHIM, ONHAKO HEBO3MOXHO
clenaTh paccKas MOHATHBIM U TOCIIE-
moBaTelbHbIM, He BBOAA (3, MO CyTH,
IOBTOPAsA) HEKOTOpBIE OIpPENeTeHHUL.
HrTak, Mbl IpefiiojaraeM, 4To Halla
nporpaMma OyneT COCTOATh M3 He-
CKOJTbKHMX HeGOIBIINX 110 06BEMY U 110
BO3MO>KHOCTHU JIOTUYECKH 3aBepIlIeH-
HBIX MOJYyJ/eH, 3TO MOTYT OBbITH IIOM-
IIPOTPaMMBI, B UJieaje peaausyolye
OJHY KOHKPETHYIO (PYHKIHIO.

Kaxxnp1it nporpaMMHBIA MOJY/Tb MO-
xeT o6MeHUBaThCA MHOpMaLuen ¢
MO6GBIM IPYTUM MOZy/IEM, IIPUHAMATD U
iepe/iaBaTh €€, a TAKXKe IPENOCTaB/IATh
CBOM pecypcsl ApyruM mopynam. M ot
MMEHHO 3TH OTHOLLEHHUS JO/DKHBI OBITH
OTOBOPEHBI B KaKIOM IPOrpPaMMHOM
MopyJe.

AcceMmbiepHBle MHCTPYKUMH, OII-
penensomye o6MeH HHOpPMaUUEH,
»e/laTelbHO PACIONIOXKUTh B Havajie
IIPOTpaMMBI TIOC/IE €€ UMEHU N0 Hadajia
HCIIOJIHAAEMOTO TeKCTa IIPOrPaMMBbI.

BHauajme paccMOTPUM HHCTPYKHUH
ummopTa uHpopmauuu. Eciu npenio-
JaraeTcs, YTO NaHHBIM IIPOrPaMMHBIA
Mopmy/b GyaeT UCII0/Ib30BaTh HH(POpMa-
IIMIO U3 IPYTUX MOIIYJIei, 3TO HeoOX0oaH-
Mo ompenenuTs HHCTpykiuein EXTRN.

B uncrpyknuu EXTRN mepeuncis-
I0TCSL CAMBOJIBI, KOTOpHIe OOBABIEHbI B
Opyrux Mony/iIax. JlaHHas MHCTPYKLHUA
3aIIMChIBAETCA B CAEAYyOLEM BUIE:

EXTRN knacC (CMMBOA, CHMBON..)

rae kaacc — kaacc mamat BIT, CODE,
IDATA, XDATA wm NUMBER (mra
yKasaHHA CHMBOJIOB 6€3 Ompene/eHus
TUIIOB JaHHBIX), B KOTOPOM oOIlpefere-
HpI CUMBOJIBL (Tab1. 1);

CHUMBOJI — BHeEIlIHee CHUMBOJbHOE
UM3l, TIPeICTaB/IAgoIIee COOOM, 110 CYTH,
ajipec B IIaMATH, TUII KOTOPO# Ompefe-
JIeH KJIACCOM.

Hucrpykuus EXTRN CODE (code_
symbol) mpenmonaraer BBOA THOOOM
JTOTHYECKH 3aBEpLIEHHOHM 4YacTH IIPO-
rPaMMBbl, BbIJeIEHHOM B TEKCTE METKOMN
code_symbol. Merka o6pryHO (HO He
06s3aTeIbHO) OIMUChIBaeT (PU3MIECKUMI
cMbIC faHHOrO pparmMenTa. PakTHeC-
KM MeTKa YKa3blBaeT HayalbHBIA agpec
IPOrpaMMBbl WIH €€ YaCTH, UMIIOPTHPY-
eMO¥f U3 OpPYTHX MOMYyJIEeN.

B camoMm mpocToM cilydae 3TO MO-
ryT OBITH KaKHe-TMO0 HMOAIPOrpaMmsl,
ONHAXIBI CleaHHbIE, OT/IaXKeHHbIE, a
II03)Ke YCIIELIHO 3a0bIThIE.

B unctpykuuo EXTRN moryT 6bITh
BK/IIOYEHbl 4epe3 3alATYI0 Cpasy He-
CKOJIBKO aflpecoB:

EXTRN CODE (code_symboll, code_symbol2}.

Uncrpykuusa EXTRN DATA (data_
symbol) mpenmonaraer BBOI B AaHHBIA
IPOTPaMMHBIIl MOIY/Ib CHMBOJIOB, OII-
pejlefleHHBIX B CeTMEHTaX [JaHHbIX NPY-
rux Monyneit. TeM caMbpIM cO3[aeTcs
COBMECTHO HCIIO/NIb3yeMO€E aipecHOe
pocTpaHcTBO B O3Y MUKPOKOHTPOII-
nepa. ®akrudecku data_symbol ykxassi-
BaeT afpeC OIEpaTHBHOM NaMATH, TN
XpaHATCS KOHCTAHThI WM TI€pEMEHHBIe,
oIIpeNie/ieHHbIe B IPYTOM MOTyJIe.

Jl1st CHUMBOJIOB K)K/IOTO THIIA MaMATH
B TEKCT MOIy/I1 HEOOXOOMMO 3alicaTh
coio nHcTpykiuio EXTRN:

e EXTRN BIT (bit_symbol) — mas
OUTOBBIX I€PEMEHHBIX M KOHC-
TaHT;

e EXTRN XDATA (xdata_sym-
bol) — p/is CHMBO/IOB U IIEpEMEH-
HBIX, XpaHAIIUXCA BO BHEIIHEN
IaMATH, HallpUMep, KaTHOpOoBO4-
Hbie K09 UIIUEHTHI 1/ Balllero
npubopa;



Tabnwvua 1

Donycrumbie merogbi

Knacc namsatu aapecauynn

data (8cTpoeHHoe O3Y

8 AManasoHe OH...07FH) NpAMan 1 KOCBEHHAA aapecauma

NPAMaA 1 KOCBEHHAA agpecauus;
K OTAeNbHbIM BUTaM MOXKHO
obpawarbca
nocpencTsom 61MToBOM agpecaumm

bit (scTpoeHHoe O3Y
B AnanasoHe 20H...02FH)

idata (mononHuTenbHoe BCTpOEHHOE
O3Y 8052
8 AmnanasoHe 080H...OFFH)

TONbKO KOCBeHHan agpecauuns

sfrs (06nactb namaTv Ans perncTpos
creymnanbHOro HasHaueHus, B
HEKOTOPbIX 13 HAX BO3MOXHa 6uUTOBanA
afipecayun)

TONbKO NpAamMan agpecaums

xdata (BHewWHAA NaMATb AaHHbIX) MHCTPYKLn MOVX

yTeHVe UHCTPYKLUNIA (B HEKOTOPbIX
MUKPOKOHTpONNiepax [ONYCKaeTcA
3anuchb)

code (namATb Nporpamm)

e nHCcTpykuusa EXTRN NUMBER (typeless_symbol) mos-
BOJIIET HMCIIO/Ib30BATh B JAHHOM MOJYJIE CHMBOJ type-
less_symbol, o6bsBrennsiit uncrpykuueir SET win EQU
B IPyTOM IIPOTPaMMHOM MOYJI€.

Haree mpemraraerca paccMOTpeTh MHCTPYKIMH MMIIOPTA
MHPOPMAIWH, T. €. OPTaHH3ALHIO OGMEHa MEKY MOIYIAMH
B OOpaTHOM HallpaB/IeHUH.

OparmMeHTbl IPOrpaMMBIl, TaHHbIE, XpaHAmuecss 8 O3Y
(kak 6aiTOBOM, TaK M GHTOBON OGJACTel) MUKPOKOHTPOII-
Jiepa, AaHHbIE BO BHEIIHEH IIaMSATH, ONIpele/eHHbIE B TAaHHOM
MpOTPaMMHOM MOJyJle, HEOOXOOUMO CHe/IaTh MOCTYIIHBIMU
JUISL KCTIONIb30BAHHUSA B [PYTHUX MONY/ISAX.

ITO BHITIOHAETCA C IOMOILbBIO uHcTpykuuu PUBLIC:

e PUBLIC data_variable — genaer nocrymuoit mis mcrons-
30BaHHSA B JPYTHUX MOAY/IAX IepeMeHHyIo data_variable,
OIIpENENEHHYIO B IAMATH JAaHHBIX.

e PABLIC code_entry — [Jl€/IaeT JOCTYIIHBIM ISl HCIIOIB30-
BaHHS B IPyrOM MOZTy/ie (pparMeHTa IpOrpaMMBbl JAHHOTO
MOJy/Is, OTMEYEHHOTO MeTKo code_entry.

e PUBLIC typeless_number — paspemaer ucrnonb3osats
B IPYTHX MOAYNAX CUMBOI typeless_number, onpenenen-
bl uHCTpyKuuen SET wmu EQU B mannoMm Mopmyre.

e PUBLIC xdata_variable — menmaer BOSMOXXHBIM HCIIO/b-
30BaHHe mepeMeHHON xdata_variable, xpansaeiica Bo
BHEIITHEH [AMSATH W ONPENe/IeHHON B HAIlleM TeKyllleM
Momyrte.

Ananoruunas unacrpykuus PUBLIC bit_variable umeercs

U /151 OGUTOBBIX MEepeMEHHBIX.

B nucrpykimn PABLIC MOXHO nepeqncnaTh yepes sams-
TYX0 HECKO/IbKO CUMBOJIOB, ONIPENIE/IEHHBIX B JAHHOM MOy/le
U IIpeIHa3HAYEHHBIX JI/IA 0011ero UCTIONMb30oBaunsa — PABLIC
data_variablel, code_table, typeless_num1, xdata_variablel.

Crenyer oTmeruTs mapHOCTh MHCTpykuuit PABLIC u
EXTRN, 1. €., ec/iv B tTaHHOM MOJTy/Ie KaKas-/TH00 repeMeHHas
BBOIUTCA ¢ MoMOIIbI0 HHCTpYKuuu EXTRN, To o6g3aTensHo
B IPyTOM MOfyJ/ie OHA TO/DKHA ObITh OTKPbITA ISl HCIIOMb30-
Banus uHcTpykuueit PUBLIC.

Tenepp aBTOPBI MPOCAT yBaXKaeMBbIX YHTATeNEH HAGPATHCA
€Ill¢ OTHOW MOpLMeEN TePIIEHUs U PaCCMOTPETh (pparMeHTsl
TEKCTa, HE UMEIOIME HEIOCPEACTBEHHOTO OTHOIIEHHS K Ka-
KOU-TMOO0 KOHKPETHOM IpOrpaMme, HO HEOOXOmMMble Ui
IOC/IeAYIOLeVl HHTETPALUK B APYTHE IPOeKTHI. [locTapaemcs
OBITb 10 BOSMOXHOCTH KPaTKUMH. Pedn HjieT o pesepBupo-
BaHHMH a[PECHBIX [IPOCTPAHCTB MUKPOKOHTPO/UIEPA U Bhije-
JIEHUH OT[JE/NbHBIX CETMEHTOB B Pas/IMYHBIX THUIIAX ITAMSATH.
HacTnyHO 3TOT BOmpoC GBI 3aTPOHYT B IIEPBOI CTaThe B
nporpamme Progectl.

CxemotexHuKa N2 8 . asryct 2005

CermenTanus OCyINECTBAAETCA OTHENBHO I/ KAXKZOTO
THIIa IaMATH. B Tabs1. 1 mepevnciens! Kaacce! (THIBI) MaMATH
MHKPOKOHTPOJUIEPOB CeMeMCTBa X51 U JomycTuMble A1 HUX
METOMBI afpecalyH,

Ho yxe 3mech He06X0MMO BBICKA3aTh MPENOCTEPEKEHHE:
HeNb3s [enaTh OObABIECHHA MONPSAL BCEX CETMEHTOB, TaK
CKasaTh «OGUTH IO MIoInansIM». CrlenyeT onpeneaTh TOIbKO
T€ CETMEHTHI, KOTOPbIE NEeHCTBUTENIbHO HEOOXOOUMBI B TaH-
HOM MOZYJIe.

Haee paccMOTpUM UHCTPYKIUH, TIPUMeEHsAeMbIe TIPU 06'b-
ABJIEHUHU Pa3HBIX TUIIOB CETMEHTOB.

CermeHT CTeKa MOMEILIAETCA B OCHOBHOM MOJIY/Ib:

7?STACK SEGMENT IDATA
RSEG ?STACK
DS 5 ; PesepBupoBaHie naTu OaiT nop cTek.

Heo6xommuMo y4ecTs, YTO 3TOTO MOKET 0Ka3aTbCs Majo.

Ec/m B nanHOM MOy /e HCIIO/Ib3YIOTCS MIepeMeHHbIe, XpaHs-
mnecs B O3Y MHUKpOKOHTpoJUIepa, Hanpumep, DATA_VARI
u DATA_VAR2, B TekCT mporpaMMbl HEOOXOIMMO BBECTH
C/IeRYIOIHE CTPOKHU:

NAME1 SEGMENT  DATA

RSEG NAME1

DATA_VAR1: DS 1
DATA_VAR2: DS 2

rae NAMEl — umsa cermenta 8 O3Y MHMKPOKOHTPOJIIEpPa,
DATA_VAR1 — MertKa, yKaspIBawoIlas agpec IMepeMEHHON
DATA_VARI1 pasmepoM B onun 6Gaitt, DATA_VAR2 — meTka,
yKasbiBawolas ajgpec nepeMennoi DATA_VAR2 pasmepom
B [IBa Oaiira.

Cornacno uncrpykuun NAME1 SEGMENT DATA koH-
KPETHOC MECTO pasMeEIlEHUs HaIIuX mepeMeHHbIXx DATA_
VARI] u DATA_VAR?2 6yzer omnpefie/ieHO KOMIIOHOBILIMKOM,
TIOCKOJIBKY CeTMEHT OObAB/IEH IIepeMelaeMbIM. HCTpyKIus
RSEG NAMEL! orkpsiBaer cermeHT manubix NAMEL.

Cnenyionue nBe rpyInsl HHCTPYKIUIT KACAIOTCS BHEIIIHE
IaMATH U 6uToBOM obmactn O3Y Mukpokontpomnepa. OHu
TaKXe NO/DKHBI IPUCYTCTBOBATH B IPOTPaMMe TOIBKO B CITy-
Yae HeOOXONMMOCTH B HUX M aHA/JOTMYHBI TPEbIIYILIHM,
IIO3TOMY TIPUBONATCA 6€3 KOMMEHTAPHEB.

NAME2 SEGMENT  XDATA

RSEG NAME2

XDATA1: DS 3
XDATA_ARRAY: DS 500
BIT_NAME SEGMENT  BIT

RSEG BIT_NAME

BIT_VAR1: DBIT

BIT_VARZ: DBIT 4

115 pesepBHpPOBaHMSA CTPOTO ONPENENEHHOTO MeCTa HAMSATH
Bo BHeIIHeM O3Y npuMeHsAeTCs UPEKTHBA pe3epBUPOBAHHA
C yKasaHHeM abCOIOTHOTO ampeca (3T0 MOXKeT MMOHAZOOUThCS
IJ1A OpraHH3aIUU BBOJA-BHIBOJA).

XSEG AT 4000H
X101: DS 12
X102: DS 16H

HasnaveHne nMeH KOHCTaHT JKENATENMBbHO TAKXKE MPOU3BECTH
B Ha4a/I€ IIPOrpaMMmBel, HCITONb3YA CICAYIOIHe HHCTPYKUHH.

31



coq>T

32

CONST1 EQU
CLK EQU

OCH ; CONST1 npucsausaeTca 3HauveHue OCH
P0.4; CLK npucBauBaeTcA 3HaveHWe veTBepToro 6uta
; nopta PO

B sakarouenme sToro paspgena pacCMOTPHUM HHCTPYKLMH
pesepBHPOBaHUA O0/IACTH ITaMATH 110 aGCOMIOTHBIM ampe-
CaM B IIaMATH KOJOB. JTO KacaeTcs Nepeqayd yIpaBjeHnus B
Cllyyae BOSHUKHOBEHUSA IIPEPBIBAHUI U 00€CIIeyeHHs cTapra
I10/Ib30BaTENbCKON IIPOrPaMMBbl € HY/IEBOTO afpeca.

CSEG AT OBH ; Taimep 0

JMP Timer( ; fNepexos Ha nporpammy oOpaboTkM npepuBaHus
CSEG AT 1BH ; Taimep1

RETI

CSEG AT 0 ; CTapT nporpammu nocne cbpoca MHKPOKOHTponnepa.

KoneyHo ke, B mporpaMme KO/DKHbI IPUCYTCTBOBATH OHA
V/IM HECKOJ/IbKO MHCTPYKIIUI CO3IaHUA CETMEHTOB B ITaMATH
IIpOrpaMM, KOTOpble OBUIM PacCMOTpPEHbl HAMH B IIEPBO
CTaThbe.

PROG
RSEG

SEGMENT  CODE
PROG

B mamaTu KOJOOB TaKXX€ MOTYT OBITh PpaciionoxXeHbl KOHC-
TaHTbhl. ITO BBIIIOIHAETCA C IIOMOILbIO I/IHCTPYKHI/II;I

CONST  SEGMENT CODE
RSEG CONST
XT: DB *TEST PROGRAM’, OOH

Pasgenpnoe HanmMcanue ¢pas (C10B) B BbIllle IPHUBENEH-
HBIX (PparMeHTax IporpaMM O3HavaeT HaJH4YHE B ITHX
MecTax IporpaMMsl XOTs Obl OFHOrO Impobena Wid, 4TO
ymobHee, Tabyasuuu. Boobie uncrpykuuu x51 accem6-
7iepa He YyBCTBUTE/NbHBI K MECTY PAcIlONIOKEHHUSA B CTPOKE
M MOTYT Ha4YyHMHATBCA C J0boro cronbua. Exuncreennoe
HCK/II0YEHHE KacaeTcs MMapaMeTPOB U ONlepaHIOB, KOTOphIe
JO/KHBI 6bITh OTHENEHBl OT AUPEKTHB M HHCTPYKIUHM XOTA
661 onHUM pobenoM. JIiob6as MeTKa B mporpaMme HO/KHA
HAYUHATHCA C IIepBOM MOSKIUM CTPOKHU U 3aKaHYHBATHCA
IBOETOYHUEM.

Bce momym (accem6/epHbre mporpamMmbl) JO/DKHBI BKITIO-
4aTh qupexTuByY END, ykaspiBaromiyio acceMbiepy Ha KOHel|
IPOrpaMMBbl MOTY/ISL.

B xavecTBe ipuMepa, MOACHAIOLLETO TIPHHLUITHL HATTUCAHHS
MHOTOMOJY/IbHOTO IIPOEKTA, IIPEUIAraeTCsl PACCMOTPETh KOM-
IUIEKC IIPOTPAMM, COCTOALIHI U3 TPeX MOIY/IEH U IpefHasHa-
YEHHBIN /1 OpraHH3allMd OOMeEHa I10 I0C/IeNOBATEIEHOMY
nopry RS-232.

AnropuT™M paboThl POEKTa MOXKHO OIMCATh B BUJE CJle-
IVIOLLEN MOC/IeR0BATE/IbHOCTH TEHCTBUIA:

1. Onpenenerue BHEIHUX KOMIIOHEHTOB MPOTPAMMBI.

2. HasnadyeHue oOIIUX epeMeHHBIX.

3. OnpeneneHNe mepeMeIaeMblX CETMEHTOB MPOEKTa.

4. Onpenenenye abCOMOTHBIX CETMEHTOB MPOEKTa.

5. Hacrpoiika Taiimepa 1 nna pa6otst ¢ moprom RS-232.

6. 3arpyska B DPTR nHavanpHOro ampeca mepemaBaeMoii
IIOC/IENOBATENBHOCTH KOOB.

7. Bb130B mogmporpaMMsl nepefady mocaeqoBaTebHOCTH
CHUMBOJIOB U3 aKKyMy/ATOpa Yepe3 RS-232.

8. ITommporpamma STRING_IO npu nepemave kaxmoro
6uTa cuMBOIa BhIsbiBaeT mognporpammy CHAR_IO pis me-
penauu 6Oaitta yepe3 RS-232.

AnroputMm paboThl 3THX MOANPOTrPaMM OYEBHEH, a [O-
IIO/THUTENbHbIE KOMMEHTAPHUH B HX TEKCTe HETaIOT €ro pac-
CMOTPEHHE H3THUIITHUM.

Monyab 1 (ocHOBHOI).

NAME SAMPLE ; Uma Mopyns

EXTRN CODE (PUT_CRLF, PUTSTRING)

; Apeca WCNONbL3YEMWX NOANPOTPaMM

PUBLIC TXTBIT ; ObuvAsneHue obued nepeMeHHON

PROG SEGMENT  CODE ; Coapanue cerweHToB
CONST  SEGMENT CODE
VAR1 SEGMENT  DATA
BITVAR SEGMENT BIT
STACK  SEGMENT IDATA
RSEG STACK ; OTkpuTHe cerMeHTa cTeka
DS 10H ; PesepeupoBavue 16 OailT ana cTexa
CSEG AT 0 : Cosnanue abconoTHOrO;
; cTapToBOoro cerMeHTa ¢ appeca 0
USING 0 ; HasHaueHue Hynesoro OaHKa perucTpoB
JMP START
RSEG PROG ; OTKpWTHB cerMeHTa Koga
START: MOV 'SP, #STACK-1

; YcTaHoeka ykasaTensa cTeka (cneayeT o6paTuTb BHMMaHMe Ha
; obrzaTenbHoe Hanudue 9STOM

; KoMaHpW B8 nporpamMe ' {06b4HO 3TO OCHOBHOH MORYNb),

, CTapTyemed ¢ Hynesoro appeca,

; Kaxgoro npoekra)

v MHMunanusayms nocnenoBaTenbHoro uHTepdeica

; Wcnonbayes TIMER 1 ans $opMMpOBAHMA 4acTOTH nepepadu

; HacTtoTta renepatopa = 11.059 MHz
MOV TMOD, #001000008 iC/T = 0, Mode = 2
MoV TH, #OFDH
SETB TR1
MOV SCON, #01010010B

; cb6poc TXTBIT npu uyTeHWM 3 NaMATH NPOrpaMM

CLR TXTBIT ’
REPEAT: ; Uukn nepepauu uHbopMaumu no RS-232
MOV DPTR, #TXT
CALL PUTSTRING
CALL PUT_CRLF
SJMP REPEAT
RSEG CONST ; OvxpuTue cerMmenTa CONST
; B NMaMATH KOROB
T: DB ‘TEST PROGRAM',00H
RSEG VART ; Ovkputue cermeHTa VAR B naMaTW HaHHbHX
i B BaHHOW NpPOrpaMMe He WCNONbL3yeTCH
DUMMY: DS 10H

; TXTBIT = 0 4TeHue TeKCTa M3 NaMaTH NpPOrpaMM
; TXTBIT = 1 yTeHue TeKCTa #3 BHEWHEH NaMATH

RSEG BITVAR
; OTKpuTHe cermednTa B OMTOBOM 06nacT NaMATH [aHHMWX
TXTBIT: DBIT 1
END
Monyns 2
NAME STRING_IO ; Wus wopyns
EXTRN BIT(TXTBIT); MWcnonb3oBanue BHewHell OWTOBOM fiepeMeHHOM

i 9Ta nepeMeHHan o6LABREHA B OCHOBHOM MOZYne
EXTRNCODE (PUTCHAR); Ampec ‘MCNONL3yeMOW NOANPOrpaMMul
PUBLICPUT .CRLF, PUTSTRING
: OGuAsnesne fognporpamm pAs obmero wcnonb30BaHMs
STRING_ROUTINES SEGMENT CODE ; CoapaHue CermeHTa NpOrpaMMu



RSEGSTRING_ROUTINES
; OTxkpuitue cermeHTa nporpammsl STRING_ROUTINES
; HasHayeHue CUMBOMLHHX WMEH

CR EQU ODH ; BO3BpaT KapeTku
LF EQU 0AH ; NEepeBol CTPOKU
PUT_CRLF:

MoV A, #CR

CALL PUTCHAR

MOV A #LF

CALL PUTCHAR

RET

; flopnporpaMma BHBOAA CTPOKM,

; OKaH4MBaWOWEHCH CWUMBONOM KOHEL CTPOKM,

, apgpec nopnporpammbl pacnonoxeH B DPTR.

; CTpoka MOXeT HaxOBRUTbCS B naMATH

; NpOrpaMM wWnu BO BHEWHe# NaMsiTH B 3aBUCHMOCTH
; OT 3KHaueHus Outa TXTBIT.

PUTSTRING:
JB TXTBIT, PS1
CLR A
MOVC A, @A+DPTR
SJMP ps2
PS1: MOVX A,@DPTR
PsS2: JZ EXIT
CALL PUTCHAR
ING DPTR
SJMP PUTSTRING
EXIT: RET
END
Mogyns 3
NAME CHAR_IO

PUBLIC PUTCHAR

CHAR_ROUTINES SEGMENT CODE

VAR2 SEGMENT DATA
RSEG CHAR_ROUTINES

; NopnporpaMMa BHBOSa O4EPENHOr0 CHMBONA

; B MOCNefoBaTenbHwil nopr

i MUKPOKOHTpORNEpa W3 aKKyMynaTopa

PUTCHAR:

JNB TI,$

CLR TI

MOV SBUF,A

RET

RSEG  VAR2 ; OTkpuTHe cerMeHTa VAR2 B NaMsTu RaHHHX

i B [DAHHOW NporpaMMe He MCNONb3yeTCH

DUMMY: DS 40H

END

B BpIIEU3T0)KEHHOM TEKCTE He pas3 YIIOMHHAIOCh, YTO
KOMIIM/IATOP caM OIIpefensieT MeCTOpacIoIoXeHHue CO-
3JaHHBIX HAMH CE€TMEHTOB NpOrpaMM, HAHHBIX, CTeKa U
Tak jlanee. MHOrma BOSHUKAaeT HEO6XOAUMOCTD, HALIPHUMED
OpU OTIajKe, y3HaTh KOHKPETHOE MeCTO PacIoNIOXKeHUsd
IPOrpaMMHBIX [I€PEMEHHBIX. [[/11 3TOro MOXXHO BOCIIO/Ib-
30BaTbCa co3maHHbIM cpenoli LVISION-2 B nmpouecce koMm-
nuIAUMKM QainioM ¢ pacmupeHueM *.MS51. Paccmorpum
dbparmenT daitna.
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TYPE BASE LENGTH RELOCATION SEGMENT NAME
* k k k k ¥ * DATA MEMORY * k k *k k k *
REG 0000H 0008H ABSOLUTE “REG BANK 0"
DATA 0008H 0021H UNIT VARt
BIT 0029H.0 0000H.1 UNIT BITVAR
0029H.1 0000H.7  *xx GAP *xx
DATA 002AH 0040H UNIT VAR2
IDATA  006AH 00104 UNIT STACK
* k k k Kk * * C0DE MEMORY * k k k¥ K *
CODE 0000H 00034 ABSOLUTE
CODE 0003H 001CH UNIT STRING_ROUTINES
CODE 001FH 001BH UNIT PROG
CODE 003AH 000DH UNIT CONST
CODE 0047H 0008H UNIT CHAR_ROUTINES

B arom dparmenre npencrapiena nHbOpMaLusL 0 KOHKpeT-
HBIX afipecax CETMEHTOB MaMATHU, TUIIaX ITUX CEIMEHTOB, UX
HMEHAX, OOBABIEHHBIX B PaCCMAaTPUBAEMOM [IPOrpamMme.

BosmoxxHoctu cpennt paspa6orku UWVISION-2, paccmot-
PEHHBIE B JAHHBIX TPEX CTAaThSIX PaCKPBITHI JTHILb YACTHYHO,
HO 5TO OCHOBHAs MH(POpMaNus, HeoOX0oUMast /s llepexoa
or DOS k Windows opueHTHpOBaHHBIM CpenaM paspabor-
ku. Oupma Keil — paspaborymk cpempl npoekTUpoBaHHA
UVISION-2 — mupoBo# nunep B 061aCTH IPOU3BOACTBA
NPOrPaMMHBIX MPOJYKTOB VI MUKPOKOHTPOJUIEPOB, UTO
ABJIAETCS HEKOTOPOU rapaHTHe!! MUHUMAa/IBHOI'O YHC/Ta BHYT-
PEHHUX OIIMOOK B cpene paspaboTKu.

Ham nipencrapnserca oco6eHHO BaKHBIM UMETb [10/1 PYKOi
TAKOW WHCTPYMEHT KaK IIPOrPaMMHBIN 3MYIATOP MMEHHO
Ha IIEPBOM 9Talle OCBOEHHA MHUKDPOKOHTPO/IEPOB. B Teye-
HHE 3TOrO NEPHUOMA IEATENbHOCTH, Yepe3 KOTOPBI, KCTATH,
IPOXOJAT BCE, IIO3HAHUA OCTAB/IAIOT JKe/IaTh MHOTO JIy4llIero,
OTbITa HET M MHCTPYMEHTAapUA TOXe€ HeT, a KaXKIbIM Iar
BBISBIBAET OIPOMHOE YHC/IO BOIIPOCOB.

ABTOpBI CYUTAIOT, YTO JOIOHUTE/IbHAS TTPAKTHYECKAs OB~
3a cpenbl ipoexTHpoBanua ULVISION-2 3akmoueHa B ee OTpOM-
HOM IIOTEHIMA/Ie KaK BEJMKOJIEIHON y4eOHOH IIPOrpaMMBI 110
OCBOEHHIO MMKPOKOHTPO/UIEPOB, U HAJIEIOTCsL, YTO TAHHDBIH IIMK/T
CTaTed SIBUTCA TAKXKe M BBOTHBIM KYPCOM B 3TOM HAIpaBJICHUH,
Y 9TH CTaThH CTaHyT CTapTOBOM IVIOLIANKOH 1151 OBICTPOTO Tie-
pexopa K BBICOKOIIPOUSBOAUTENTBHOM Cpefe pa3paboTKiL.

Anppeit Conikus,
AHppeit MaMoHTOB,
r. Mockga

BHumauuio yurarenei!

Ha capite )xypHana «CxeMoTexHHKa» 1o agpecy http://www.
dian.ru/programs/index.html Bbut0XeHBI MPOrpamMMbl ¥ TabIULIBT
npoutnBkH 113Y x crathe «JacToTOMEp Ha MUKPOKOHTPO/LTEpE
AT89C51» (Ne 2,2002), 4epTexH MeYaTHBIX IUIAT K CTAThAM «AB- :
TOMOOHIBHBIN TaxoMeTp Ha K1003ITIT1» (2001, Ne 10), «Coto-
BRI Te/lepOH B KaHA/Ie OXPAHHOM curHa/Msanuuy» (2002, Ne 11)
Y IPYTUM CTaThAM H3 IIOC/IEIHUX HOMEPOB, & TAK)Ke Colep KaHue
(mepeyens crateir B dopmare Excel) Bcex BoilIenmmx HoMepos
KYPHaIOB «CXE€MOTEXHUKA,

33
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LinkBell — npoTokon cBsa3n
MUKPOKOHTPOJIIEPHbIX

YCTPONCTB

B cmamee onucax npomokon obmeHa 0aHHbIMU MeXOy KOMNbloMepamu
U MUKpOKOHMponnepHeimMu ycmpoticmsamu. OH npedsazaemcsa 8 Ka-
yecmee anbmepHamMu8sl usgecmHomy npomokosny Modbus 8 mex ciyua-
AX, K020a cyuecmeeHHbl 02paHuYeHusa 3mo2o NPOMOKOQ.

paspaboTynKa 3TeKTPOHHBIX YCT-
POJICTB, COMEPIKAIINX MUKPOKOHT-
POJLIEPBI, MHOTTIA OSIBISIETCS HE0O-
XOIMMOCTb CBA3ATh UX B JIOKJIBHYIO CETh,
YTOOBI OHU MOT/TH OOMEHHBATHCS JAHHBI-
MH KaK MeX]ty o001, TaK 1 C IPYTUMHU yC-
TPOWCTBAMH, HAIIPHMED, C TIEPCOHATbHBIM
KoMmbioTepoM. TIpu aTom Tpebyercs He
TOJIBKO PELLINTb, KaK (DU3UIECKU PEUTH30-
BaTh JIMHHUIO CBA3H (TaKO¥ TMHUE MOYKET
OBITH TIPOBOIHOM KaHAT ¢ MHTepdeiicoM
RS-232, RS-485 u T. 1. WK >Xe Kakas-
60 PasHOBHAHOCTh PafMOKaHIA), HO
M BBIOPaTh MOAXOMAIIMIA TIPOTOKON 06-
MeHa uHbopManueir Mexxny HuMu. OsHa-
KOMUTBCSI ¢ HEKOTOPBIMH TIPOTOKOTAMHU
nepefayd NAHHBIX B IPOMBIIUIEHHBIX
CeTsIX MOYKHO, Harpumep, B [1].
ITpu BeIGOpE TIPOTOKO/IA CIENYeT IPH-
HHUMAaTbh BO BHHMaHHe C/IefylolIIee:
® 33/1a4a MIPOTOKO/A — 00eCIeYuTh
JOCTAaBKY HEKOTOPO¥ HH(POPMALIMK
OT OOHOI0 YCTPOMCTBA K IPYromy,
TMpUHUMAA [IPU 3TOM MePHI K ee
3alllTe OT UCKaKeHUI1 BCIIENCTBHE
TIOMeX B KaHaJle CBS3H;
® B CBfI3M C TeM, YTO B PafiMOKAHA/Ib-
HBIX CeTSAX 4acTO IPUMEHSETCs peT-
PaHCIANMS TIepenaBaeMbIX TaHHBIX,
MIPOTOKONT NO/DKEH obecnedynBaTh
MIPOXOXKAeHHE MHPOPMaLUH depes
PETPaHCIATOPEI;
® ©C/TH CeTh BBITIO/THEHA C IIPUMeHeHUeM
panroKaHaIa, TO He UCKTIOYeHa BO3-
MO>YKHOCTB B3aUMHOTO IIPOHHKHOBe-
HUS CUTHA/IOB MEXXTY OTHOTHITHBIMHU
CeTAMM, M Ha TIPOTOKOJT BO3/IaraeTcs
0053aHHOCTh KaKUM-THO0 06pasoM
HCK/IOYHTH TaKOe TIPOHHKHOBEHHE;
e NIPUHKMMAs BO BHUMaHHe OOBIYHYIO
HEXBaTKY pecypcoB MUKPOKOHTPOJI-
nepa, clenyeT BBIOpATh IPOTOKOI,
peanusanus KOTOPOTO He TOTpe-
6yeT 601bIINX 0OBEMOB MAMATH U
BBIYHCTUTETBHBIX PeCypcoB (3TOT
HNYHKT Cpa3y ke HCKIYaeT BO3-
MOXHOCTb Hcrnoab3oBanusa TCP/
[P — npoTokona, UCIIONB3YIOIETO-
Cs1 B KOMIIBIOTEPHBIX CETSX, B YaCT-
HOCTH, NIpH nocTyte B MHTEpHeT);
® TAaK)Ke HEJINIIHUMHU OYIyT HEKOTO-
phle ClienMaTbHble XapaKTePHCTUKHU

CHTHAJIa, TIepeNaBaeMoro 1o JHHUH
CBSI3H, OCOOEHHO eC/IM 9Ta JIUHUS —
pagMoOKaHal, a UMEHHO: He3aBUCH-
MOCTb IOCTOAHHOM COCTAB/IAIOLIEHA
oT MH(OPMAIIMOHHOTO COEP>KaHHs
CHTHaJIa ¥ BO3MOXKHO 60Jiee y3KHH
cnekTp (MmomoOHBIM CBOWCTBOM
o6yafaeT M3BeCTHass KOZMPOBKaA
Manchester-1I, Ho 3T0 Bcero aullb
KOOUPOBKA, ¥ 3a0a4H, BO3/IaraeMble
Ha [IPOTOKOJI, OHa He pelllaeT);

® [I0CKOJIBKY TOJaBs0Inee 60/b-
IIMHCTBO MUKPOKOHTPOJUIEPOB HMe-
€T B CBOEM COCTaBe TOCIe[0OBaTeNb-
ot npuemonepenaTiuk (UART
unn USART), a mepconanbHbIe
KOMIIBIOTEPBI OOBIYHO 00OPYIOBAHEI
COM-niopToMm, 65110 OBl TOTHYHO
BOCTIO/IB30BaThCsI UMM [UISI TIepenadr
¥ TIpreMa HHPOPMa¥H (STOT IyHKT
HCK/TIOYaeT U3 PACCMOTPEHUs Npo-
Tokon AX.25, Tpefyrommit TaKk Ha-
3bIBaeMOro 6uT-cradrHra, o4eHp
3aTPYOHAIOLIETO NPHUMEHEHHE MOC-
JIemOBATE/IbHOTO TIPHEMOTIepeRaTIH-
ka 1 COM-1miopTa KOMIIBIOTEPA);

® CYIIeCTBYIOT NPOTOKOJBI, 3a HC-
MI0Tb30BaHHE KOTOPBIX pa3paboT-
YUK OepeT TUIEH3UOHHYIO IIIaTy.

Cpenyu M3BECTHBIX IIPOTOKOJIOB /IS

OpTaHM3ALINHU CBSI3H MEXKIY MUKPOKOH-
TPOJUIEpaMH CJIeAYeT BBIAETUTD IIPOTO-
ko1 ModBus ¢upmer Modicon Gould
(omucaHKMe 3TOro MPOTOKOJAA MOYKHO
HaiTH B [2]). Bo MHOTUX Cnywasx mis
CBSI3H YCTPOMCTB C MHKPOKOHTpOJIIe-
paMy MMEHHO 3TOT IPOTOKOJ ¥ TpH-
MeHnsiercsa. K cokanenuio, oH Hakia-
IbIBAeT CYHIECTBEHHBIE OIPaHHYEHMS,
a UMEHHO:

® YHC/I0 afpecyeMbIX YCTPOMCTB B
CEeTH, JaHHBIE B KOTOPOM Tiepena-
I0Tcs1 1o nporokony ModBus, He
MOJKET NPEBBIMIATL 247;

® IPOTOKOJ He NpeAyCMaTpHUBaeT
BO3MOYKHOCTH YKa3aHHs MaplIpyTa
peTpaHCcIALNY;

e 00beM MaHHBIX, NlepPeNaBaeMbiX B
OIHOM Kajpe, OTPaHMYEeH OYeHb
MaJIbIM YHUC/IOM OaiiTOB;

® IIPOTOKOJ He MpefyCMaTpHBaeT 3a-
LIUTHI OT TIPOHMKHOBEHHS JaHHBIX

U3 OpYyrou aHaJIOTMYHOM CeTH, HC-
OJIB3YIOILEH pafuOKaHal;
e curHaja He obJamaer CBOMCTBAMH
konupoBku Manchester-I1.
IIpotoxon LinkBell 6511 paspa6oran
ISl TIPUMEHEHNA B CAyyasx, KOTha 9T
OrpaHUY€EHUS He IT03BOJIIIOT IPUMEHHTh
ModBus. Huyrto He maeTcst mapoMm, B
NaHHOM CJydae IUlaTa — Oojee CIOX-
Hasl pea/M3alUs MIPOTOKOIA, 0COOEHHO
B MHKPOKOHTpoJ/UIepax. OmHaKo 3Ta pe-
aNMu3anys BBIIOTHUMA, 4TO OBUIO HOKa-
3aHO IIPYMeHeHHeM npoTokosa LinkBell
B OOHOM M3 M3JENHI, pa3pabOTaHHBIX
aBTOPOM Ha MHKPOKOHTpoOUIepe At-
megal6 npousBonacTBa hupMbI Atmel.
B aToii cTaThe YUTaTEISIM TIpe[IaraeT-
¢ onucaHHe npoTtokona LinkBell.

ONUCAHUE NPOTOKONA

IMpotoxon LinkBell npepnasuaven
I OpraHM3alMH Iepenadyn He6Osb-
1IMX 06 BeMOB HHOPMAIMH B CeTAX yc-
TPOJCTB, COAEPKALIMX B CBOEM COCTaBe
MHKPOKOHTPOJUIEPEl U KOMIIBIOTEPHI.
OH OTHOCHUTCS K IPOTOKO/IAM I1aKeT-
HOTO THIA, T. €. OIeKAINas [lepefade
uHQopManua pazéuBaeTcsa Ha AUCKpeT-
Hble 6/10KH (Kamphl), COMPOBOXKIaeMble
cryxe6HOH MHpOpManHeit.

[Tpotokon sBnseTcss 6alT-OpUEHTH-
pPOBaHHBIM, HHPOPMaNUA IepenaeTcs
6ariTaMy TIOC/IENOBaTEIBHO C obpamte-
HHUeM CTapT-0MTa M OMHOTO CTON-OHUTA.

OcobenHocTH cUraana, GopMHpPYeMOro
TIPOTOKOJIOM — B JIOOOM MecTe TIonpsif
cremyeT He 6o/ee IBYX ONWHAKOBBIX OH-
TOB, YHC/IO Hy/IeHl PaBHO YHUCTY eOMHHIL
B m060M 6ariTe, B pe3y/IbTaTe U B TIOO0I
TIOC/IENOBATeIBHOCTH U3 11E/IbIX OAliTOB.

Orpannyenmna

CereBoyt upnentuduxkarop (ampec)
m060T0 YCTPONCTBAa TIpenCTaB/IeH
YHC/IOM MJIMHOM nBa OaiiTa, CTapILIH#
OUT agpeca yCTPOHCTBA HO/DKEH OBITH
Bcerna paBeH Hymwo. Anpec 0000h 3a-
npemeH, angpec 7FFFh — mupoxose-
IaTeNbHbII. TaKuM 06pa30M, B OMHOM
CeTH MOKeT OBITh afnpecoBaHo 10 32766
yCTPOMCTB.

IMporokon LinkBell o6ecneunBaer
BO3MOJKHOCTb PETPAHCIAIMH Iepena-
BaeMbIX HaHHbIX. CIIMCOK CeTeBhIX HIEH-
TH(DHUKATOPOB (afpecoB) PeTPaHC/IATO-
POB MOJKeT BKIIOYATh He 0ojiee IATH
PETPAHCIATOPOB.

YpoBHK npoToKona

B pamkax nporokona LinkBell onpe-
Ie/leHbl TPU YPOBHSA U3 CEMH, IIpemyc-
MOTPEHHBIX CEMUYPOBHEBOH MOJETBIO
nporokona OSIL.
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IIpuxnapHoi ypoBeHb

Wnadopmariys IpUK/IaTHOTO YPOBHA —
nHbopManus, MomIexamas IOCTaBKe
OT MCTOYHHKA K MPHeMHHUKY. [TpoTokon
LinkBell o6ecnieunBaeT mpospayHoCTS Ie-
penayn MHPOPMALIMHK, T. €. OHa MOJKET
NPEenCTaBIATh coboi moboe uucno 6ari-
TOB (peaJIbHO OHO OTPAaHUYEHO BO3MOX-
HOCTSIMH aIllIapaTypsl), a KaXKAbI GaiiT
MOKeT TIPUHUMATB MT000e 3HaYeHHE.

CerteBoii ypoBeHbD

Ha ceTreBOM YypoBHe YKa3blBaeTcCs
ceTeBol MAeHTHGUKATOp (agpec) mo-
nyvatens MHGOPMaUHUH MPHUKIALHOTO
YPOBHsI, a TaK)Ke (IIpH HeOOXOIUMOCTH )
MAapuUIpyT PeTPaHCIALNH, T. €. CIIHCOK
CETEeBBIX HMAEHTHUPUKATOPOB (ampecosn)
YCTPOJICTB, KOTOPBIE TO/DKHBI IOCTaBUTD
uadopManuio noxyyareno. IIporokon
LinkBell npenycmaTpuBaer Toapko moc-
JeNOBATE/IBHYIO PeTPAHCIALINIO.

®opmar ceTeBOro ypoBHS CIENYIOLIHIL:
niepBble HECKOJIPKO (OT IIECTH 0 16-TH)
6aliTOB TIPEICTABMAIOT cOOO0T 3ar0/I0BOK
CeTeBOTO YPOBHS, 32 HUM CJlefiyeT HHGOp-
Manus MPUKJIaTHOTO YPOBH. 3aro/I0BOK
COCTOUT M3 CIEAYIOIINX 3/TeMEHTOB:

® OMH 6alT — [UIMHA 3arojJ0OBKa B
6aiirax;

e opvH 6aiT — ¢ary (B JaHHOH Bep-
cuu npotokona LinkBell dnaru e
ollpeme/eHbl, 3HaueHNe 6anTa da-
rOB TO/DKHO ObITh paBHO 00h);

e nBa 6aiiTa — CeTeBON HIEHTU(HUKA-
TOP YCTPOMCTBa-IIOIy4aTeN;

e 11Ba GaiiTa — ceTeBOM HIEHTU(DHUKA-
TOP YCTPOHCTBA-OTIIPaBUTEIS;

® Jajiee CrefyeT CIIHCOK PeTPaHCIs-
TOpPOB (YMCIOM He 6ojee HATH),
CeTeBOM HMAEHTHU(DUKATOP KAXKIOTO
3aHMMaeT aBa Oaitta. COMCOK Ha-
YHHAETCS C TOCTeIHero (caMmoro
OMIDKHETO K TOIy4aTeTo) peTpaH-
CATOpA, a 3aKAaHYUBAETCS TIEPBBIM
(caMbIM OMIDKHHUM K OTIIPAaBUTENIO
nndopMamun).

3HaYeHHs BCeX CeTeBbIX HIEHTHU(UKATO-
POB MOTYT OBITb B TMariasoxe 1...32766 (B
ectHaaTepraHoM Buze 0001...7FFEh),
T. e. CTapIIMEL OUT afpeca BCerja NO/DKeH
6bITh HyNeBbIM. Equnyna B crapiiieM 6ute
afpeca O3HadaeT, YTO YKA3aHHBIA afipec
SIB/ISICTCS TPYIIIOBBIM. B niaHHOM Bepcun
npotokosa LinkBell rpymmosast ampecarys
He MOIeP>KUBAETCA.

CereBoit uaeHtuduxkarop 32767
(7FFFh) — 1mmpoxoBeliaTebHbIN af-
pec, T. e. TIAKeT € STHM aJpecoM IOJIy-
qyaTeas JO/KeH ObITh NPHUHAT BCEMH
ycTpoiicTBaMH #aHHOH ceTH. CeTeBoN
uneatuduxkarop 0 (0000h) — appec
IYCTOTO YCTPOWCTBA, 3TUM 3HAaYeHUEM
IOITyCKaeTcs MOAMEHATD anpeca B CIIHC-

Ke PeTPaHCIATOPOB 110 Mepe IMPOXOKIe-
HUS T1aKeTa Yepe3 peTPaHCIATOPHI.

Bce ampeca pasmeraioTcs B 3arojioB-
Ke, HAUMHAs CO CTapuiero 6aura.

KananbHublii ypoBeHb

NudopManna KaHATbHOTO ypOB-
Hs, HaspIBaeMas KaJpOM, F'OTOBUTCS
cnenyrouumM obpasom. Mudopmanns
CeTeBOTO YPOBHSA AENUTCA Ha OJ0KH
no 16 6aiitoB. Kaxnsiit (B TOM 4uc-
Jie TIOC/IefHUH, KOTOPBhIN MOXKET 6BITH
oIHHOM MeHee 16 6aiToB) 670K 3a-
muiaercss kogoM CRC16, onpenens-
eMBbIM 110 ToTMHOMY X16+X154+X2+X0,
Ui (B BUAe ABOMYHOTO 3HAYEHMA)
11000000000000101b.

ITepen BBIYMCIEHHMEM II€peMEHHas
CRC pgomxHa 6bITh HHUIIUATH3HPOBaA-
Ha 3HadeHHeM, paBHbBIM FFFFh-SYSID,
rge SYSID (mByx6aiiToBOe 4HC/IO) —
UoeHTHQUKATOp ceTH. I/ TIpOBOX-
HBIX CeTell 3HaYyeHHe HneHTHdHUKaTOpa
CeTH YCTaHaB/IMBAETCs PaBHBIM HYIIIO,
I paguoceTe — YHUKaIbHOMY (OT-
TUYHOMY OT OPYTHUX CeTeM, UCIOMb-
syromux nporokon LinkBell) uncny,
HayMHAasA C eIUHUIBL. B cMeIIaHHBIX
ceTsx (4acTh ceTH — pagMOKaHaJIbHal,
9acTh — MPOBOAHAsA) HIEHTUPUKATOP
CeTH YCTaHaBIHBaeTCs KaK B pajuo-
ceTsX, T. €. HeHyneBol. Ecmu B cetu
HCKTI0YaeTcsl B3auMHoe (C APYTMMH
CeTsIMH ) TPOHUKHOBEHHNE CUTHA/IOB, TO
s Hee MACHTUQPUKATOP CETH yCTa-
HAB/IMBAETCsA PaBHBIM HYIIO.

Ipouenypa pacdera CRC (3a ocHOBY
B3ATO OMHCaHHe NPOLENYPhl pacyeTa
CRC u3 onmcanus nporokona ModBus)
TIpUBeeHa HIKe:

1. [TonroToBUTH 3HaYEHHE [TOIMHOMA:
YAaIUTh CTapIIHi 6UT MOTMHOMA U TIe-
PeCTaBUTH OCTATbHBIE OUTHI B 0OpaTHOH
TIOC/TeIOBATE/IBHOCTH, MOTYYUB TaKUM
obpasom umcro 1010000000000001b =
= A001h.

2. 3arpy3uth 16-pa3psAnHbIf perucTp
gynciom FFFFh-SYSID.

3. Beimonnuth onepanuio XOR Hag
MEePBBIM 6alTOM MAaHHBIX U CTapIIUM
6aiitoM peructpa. [ToMecTuTh pesynb-
TaT B PETUCTP.

4. CiBUHYTb PeTHCTp Ha ONHH Paspsin
BIIPaBo.

5. Ecnu BBIIBUHYTHIH BIIPaBo (M3 pe-
rucTpa) 6afiT — eJUHHUIA, BBIIIOTHUTD
onepanuio XOR Mexpy perucrpom u
3HavyeHnreM moauaHoMa AQ01h.

6. IToBTOpATH I1aru 3 u 4 KO TeX 1Op,
IIOKa He OYAYT BBINOTHEHBI BOCEMb
COBUTOB perucTpa.

7. Boimonuuth onepauuo XOR Hapg
CIeqYIOIUM 6afiTOM JAaHHBIX M PeTHc-
TPOM.

8. IloBTOpATH 11aru 4—7 [0 TeX 110p,
ToKa He OynmeT BBIIOJIHEHA OIepanys
XOR Han BceMM 6afiTaMH U PeTHCTPOM.

9. ComepKMMoOe perucTpa npeCTaB/is-
eT coboit nByx6aiitoBoe sHaueHne CRC.

3nece XOR o3HauaeT omepanuio 1o-
6uroBoro «Mckmouaromero MJIN».

JByx6aintoBoe sHadeHne CRC mepe-
maeTcs, Ha4MHAsA CO cTapliero 6anTa.
[Nopsanok cnenoBaHus 6MTOB B 6aiiTax
CRC ananorudeH NopsAnKy Iepenadu
TOOBIX IPYIUX 6aHTOB, T. €. HAYMHAA C
mapuiero 6ura. B oranane ot obue-
npunAToro nonoxenusa kox CRC nepe-
[aeTcsl Tepef 3aIfiaeMbIM OJTIOKOM.

[ToprotoBneHHas TakKuUM o6pasom
nndopManusa naaee o6pabaThIBaeTCs
cnenyromum obpasom. Kaxneni 6ait
pasbuBaeTcs Ha nBa HHOOMA (TeTpansl,
MIOC/IeNOBaTEIBHOCTH M3 4YeThipex Ou-
TOB) — CTaplUIMHi M MJIAOIINH, [OCTe
4ero KaKAblii HUOO1T KomupyeTcs 6aii-
TOM B COOTBETCTBHH C Tabn. 1.

Tabnuua 1
3navenne uub6na 3navenne Gaita
0000 01010101
0001 01010110
0010 01011001
0011 01011010
0100 01100101
0101 01100110
0110 01101001
0111 01101010
1000 10010101
1001 10010110
1010 10011001
1011 10011010
1100 10100101
1101 10100110
1110 10101001
1111 10101010

Baiit xopupyerca aBymsa 6aliTaMu,
mpudYeM BHadajle clefyeT OaiT, COOT-
BETCTBYIOIIMI CTapliieMy HUOOTY, 3a-
TeM — MJIafileMy.

[Tepen momy4eHHOM MOCTEROBATE/TLHOC-
TBIO 6AIITOB ITOMEIAeTCsl MapKep Hadaja
Kafpa — 6aitT, 3Ha4YeHHe KoToporo 2Bh,
mocae Hee — MapKep KOHIIA Kafipa —
6aitt, 3Ha4eHne KoToporo 4Bh.

O61mmas p1MHa Kagpa He IO/IKHA Ipe-
BBILLIATH 3HAYEeHUs, YCTAHOB/IEHHOTO 1A
KOHKPETHOTO YCTPOMCTBA.

[Mepen nepenadveit Kagpa MOXeT Iepe-
JaBaTbcsA npeaMOyia — IOBTOPAIOIIA-
ACS TIOCIeJOBATE/IbHOCTD M3 OAHTOB CO
snayenusamu B2h u 4Dh. [ymna npeam-
6y/bl onpenenseTcs BpeMeHeM BBbIXOfa
TepelaloUX U IPHUEMHBIX YCTPOHUCTB
Ha pabouMit peXHM, HO He TO/DKHA OBITh
KOpodYe 4eThIpeX YKa3aHHBIX II0C/Ie[o-
BaTE/ILHOCTEN, T. €. BOCBMH 6aiiToB. B
CeTsX, B KOTOPBIX OTCYTCTBYIOT LIyMBI B
OTCYTCTBHE CUTHAJIA, A TAIOKe MEXITY HIy-
IIIUMH 6€3 IPOMEXYTKa KaJpaMH IIpeam-
OyI1y paspellraeTcs He IepeaBaTh.
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Kaxxnpiit 6afiT nepenaercs B o6pam-
JIEHUM CTapT-OMTa ¥ OMHOTO CTOI-OHTA.
3HayeHHe CTapT-OMTa — HY/Ib, CTOI-
6uta — epuuuia. bait nepenaercs, Ha-
YyuHaA ¢ Maaalero 6ura. Yucio 6MToB B
6aiite — 8, OUT KOHTPOJISL YETHOCTH HE
nepenaercs. CKOpOCTb mepenain HHPOp-
MaLH OTIPeNeIsAeTCs IS KaKOOM CeTH,
HCXOJIA U3 BO3MOYKHOCTEI KaHa/Ia CBAI3H,
U B IIporjecce paboThl He MEHSIeTCH.

PusuIecKHil ypoBeHb

dusuyeckas peanusanus KaHAIOB
CBA3H MOKET ObITh MI000M1, TO3BOJIAIO-
IIell OpraHM30BaTh Iepefady IMOC/IeRo-
BaTe/IbHBIX NaHHBIX. [logpasymesaercs,
4TO B C/Iydae MPOBOJHOTO KaHaia IpH-
MEHSIOTCST HHTepdeiiC U TMHNUU CBA3H,
YHOBIETBOpAOIIME cTaHAapTy RS-485,a B
C/Ty4ae paJOKaHa/Ia — CTBIKOBKA C MOJIY-
JIeM IpHeMOTIEPENaTINKa BBIIIOTHAETCS C
ucrons3oBanveM maui TXD, RXD noc-
JIeROBaTeIbHOTO UHTepdelica MUKPOKOH-
Tpo/LIepa, a Takxke muHuM TXON Brmo-
9eHHA TIepenaTyuKa, Hecymias 4acToTa
TIepeNady ONpeneAeTcs oNb30BaTeNIeM,
MOZY/IALMA — Y3KOIOTOCHAA YacTOTHAA
(NEFM). Onsako aTo He siBasgercs obssa-
TENBbHBIM TpeOOBaHUEM.

KonTtpons BamugHOCTH

uHdopManuu

YcTpoicTBo, OCyHIeCTBAAIOIeE IPH-

eM MHQOpPManKH, IPOU3BOLUT IIPOBEP-
Ky Ha KaHaJIbHOM YPOBHe:

@ Ka)XIOoro 6arita, HaXOMAIErocs Mex-
Iy MapKepaMH Havyala ¥ KOHIIa KaJ-
pa, Ha COOTBETCTBHE [JONYCTHMBIM
3HAa4YeHUsIM, YKa3aHHBIM B Tao. 1;

e coBranmenus 3Hadeunsa CRC16, moa-
CYHMTAHHOIO 1A KaXKOTO ITOJTHOTO
M HemnojHoro 16-6aiTHoro 610kKa,
CO 3HaYeHHEM, TlepeJlaHHbIM Iieper
3TUM OJIOKOM;

® MaKCHUMaJdbHOIO 4YHcaa OaliTos,
HAXOJAMIMXCSA MEXIY MapKepamu
Hayaja M KOHIA Kazpa.

Kagp, He ynoB/1eTBOPAIOINIL XOTS ObI

OTHOMY YC/IOBHIO, CYUTAETCs MOBPEX-
IE€HHBIM.

KOMMEHTAPUM K ONMUCAHUIO

ITpu cosmanuM M OT/IAJKe MpOrpam-
MHOT0 obecIed4eHHs, Pealu3yoIiero
npotokon LinkBell na Mukpokonrposn-
7epe WM KOMIIBIOTEPe, MOTYT BO3HUK-
HYTb TPYJHOCTH C peanusaijueit npo-
uenypel nogcdera CRC. B aTom ciydae
MO>KHO IPHMEHUTH (PYHKIMIO ITOfIcUeTa
CRC, nHamucaHuyio Ha sseike C U yxe
MIPOBEPEHHYIO B paboTe:

#define- CRC_POLYNOME -0xA001 : //corre~
sponds: to. X" 16+X™15+X"24X70

unsigned int common_flags;
unsigned int CalcCrc(unsigned int crg,
unsigned char data)
{
unsigned int result;
char 1i;
result=crc¢”(unsigned int)data;
for(i=0; i<8; i++)
{ .
if(result¥2) common_flags{=(1<<CRC_
AUX_FLAG);
else common_flags&="(1<<CRC_AUX_FLAG);
result=result>>1;
if(common_flags&(1<<CRC_AUX_FLAG))
result=result™CRC_POLYNOME;
}

return result;

3nece common_flags — rmo6anbuas
nepeMeHHas, oiH 6uT Kotopoi (CRC_
AUX_FLAG) BbifienieH U1 NIOTPeOHOCTH
¢dbysakuun CalcCre. Tlepen mopcyérom
CRC nepemenHnyo crc crenyeT MHUIIM-
QTM3UpPOBATh 3HaYeHHEM, YKa3aHHBIM B
OTIMCAHUH KaHAJIbHOTO YPOBHS.

KoHTponbHbIN npumep

Pacyer CRCI16 mna pByx 6aiitoB 02h
u 07h, ecin SYSID = 0, nomkeH nath
3HaueHue crc = 1241h, pacuer CRCI16
s 6aittoB 02h, 07h, 41h u 12h nomwken
nath 3HayeHue crc = 0000h.

Konuposanue nHbpopmanuu ceteBo-
IO YPOBH: Ha KaHAIbHOM IIPHU3BaHO ISt
TOTO, YTOOBI 00eCIIeYNTh CBOMCTBA CHUI-
Ha/la, ofo6HbIe KoaupoBke «Manches-
ter-II», a Tax>Ke MOMyYUTh 3Ha4YeHMA Oaii-
TOB JI/IA MapKepOB HayaIa ¥ KOHIIA Kafipa
¥ ITpeaMOyJIbl, OT/IMYAIOIIHECS OT JOOBIX
3HaYeHU! 6aiiTOB BHYTPH Kajpa.

[epenada nmpeamMOybl IpeciienyeT fiBe
EJTH.

Bo-nepBrIX, HeMb3s IepenaBaTb MH-
dbopMariuio cpasy xe mocie BKIIOYEHHA
nepenaTyMKa, Befb U OH, @ MHOT/a U Ka-
KHE-TO YCTPOKCTBA B IPHEMHHKE, NO/DKEH
BBIMTH Ha YCTAHOBUBLIHMICS PeXXHM, a Ha
3TO TpebyeTcs Ompemne/IeHHOE BpeMs, 0
NIECATKOB U JJaXKe COTEH MIUIHCEKYH/I,

Bo-BTOpPBIX, B HEKOTOpHIX KaHamax
MMeeTCs WIN BO3MOJKEH IITYM, KOTOPBIH
UART KoHTpo/UIepa MO>KeT BOCIIPUHH-
MaTh KaK OMTBI CHTHa/la, B TOM YHCIIE
CTapT- ¥ cTon-6MThL [Toce momayn B Ka-
HaT ocMbIcIeHHON nHpopManyuu UART
MOXKET He HalTH cTapT-6ut. [loaTomy B
Hayasle Iepefavy CIeayeT NoaTh TaKyIo
I10C/Te;OBAaTe/TbHOCTD eNUHHIL U HYJIEH, B
kotopoit UART cMor 651 HaiiTH NIpaBWIb-
HO€ TI0JIOKEeHUe CTapT- U CTOI-OUTOB,
T. €. CHHXPOHH3HPOBaThCs. [IpuHsaTas
II0C/IENOBATE/IBHOCTH 6afTOB peaMOy/Ibl
(B2h u 4Dh) o61agaer cBOICTBOM caMo-

CHHXPOHH3AIMH Ha TIEpPHONE B YeThIpe
HOBTOPA 3THX KOJIOB, T. €. TI0C/Ie Tlepena-
gyu B2h 4Dh B2h 4Dh B2h 4Dh B2h 4Dh
UART rotos k npuemy 6aiToB.

Mpumep c6opku nakera

VcxopHble naHHbIe: IIyCTh B CETH C WIEH-
ti¢uKatopom 10 (000Ah) ot yerpoiicrsa ¢
uperTrgukaropom 1000 (03E8h) rpebyer-
CAl IiepeJaTh YCTPOHCTBY ¢ MaeHTH(HKaTO-
pom 100 (0064h) wico Tuma unsigned long,
paBHOe 3735928559, i DEADBEEFh.
Perpanciaums e Tpebyercsi.

ITpuxnagHOM ypoBeHb: YHCIO 3aMH-
cbIBaeTcsa 4eTbipbMs 6aittamu: EFh BEh
ADh DEh.

CeteBoit ypoBeHb: n06aBIsIeTCs ceTe-
BOI1 3arojJIOBOK IJIMHOM WIECTHb OANTOB.
ITonmy4aeTcs oC/IenOBaTe/IBHOCTD CeTe-
BOTO YPOBHs BHJa:

06h 00h 00h 64h 03h E8h EFh BEh
ADh DEh

KananpHbIl ypoBeHb: /11 yKa3aH-
HOI TIOC/IElOBATETbHOCTH 3HAYEHHE
koga CRC16, mHMuManu3sHpoOBaHHOTO
snaueHneM FFFFh-000Ah = FFF5h, pas-
HOo E25Dh.

Takum o6pasom, urpopMauus nepen
npeo6pa3oBaHHeM HHO6I0B HpHoGpe-
TaeT BUI:

E2h 5Dh 06h 00h 00h 64h 03h E8h
EFh BEh ADh DEh

Hanee mpoucxonur npeobpasoBaHue
KayKgoro HH66/1a 1o 1abin. 1, mocie gero
TIOJTY4aeTCA:

A%h 59h 66h A6h 55h 6%h 55h 55h 55h
55h 69h 65h 55h 5Ah A9h 95h A9h AAh
9Ah A9h 99h A6h A6h A9h

ITocne Toro, Kak 3Ta moclemoBa-
TEJBHOCTh GAaHTOB 3aK/II0YeHa BHYTPb
MapKepoB Hayaja M KOHI[A Kagpa U
npegBapena npeaMOyI0i M3 4YeThIpex
IBYX0alTOBBIX KOMOMHANMIA, MTOIyYa-
eTCsl TOCTeJOBaTe/IbHOCTh, TOMHASA K
nepenayde, a UMEHHO:

B2h 4Dh B2h 4Dh B2h 4Dh B2h 4Dh
2Bh A9h 5% 66h A6h 55h 69h 55h 55h
55h 55h 69h 65h 55h 5Ah A9h 95h A%h
AAh 9Ah A9h 99h A6h A6h A9h 4Bh

Mpumenenne nporokona Linkbell
ITpumensaTs npotokon LinkBell moxx-
HO 6e3 KaKuX-TH60 OrpaHHYEeHHIL.
Borpocs! 1 no>keanus, Kacarommecs
npotokona LinkBell, mo>xHo HanpaBuTh
aBTOpy 1o e-mail: mickbell@r66.ru.

NUTEPATYPA:

1. http://sysavt.h11.ru/index.html?/docs/
inter/protocol/fieldbusl.html

2. http://www.modicon.com

Muxann benoycos,
r. Exatepun6ypr



MMmnynbcHbIN

npeob6pasoBarenb

HalNnpAXeHnA

Ha MMKPOKOHTponnepe
dupmbi Microchip

OcobeHHOCMbI0 KOHCMpYKYUU a815emcs npumereHue PIC MUKPOKOH-
mpoJsiziepa, 4mo no380/1Us10 86INOAHUMb Criedyroujue mpebosaHus K
ycmpoucmaey — 084 He3a8UCUMbIX KAHAd, NPOMbIWIeHHbIU 0uana3oH
memnepamyp, ycmou4usocmse K 07UmesibHOMY KOPOMKOMY 3aMbIKAHUIO
8bIX00Q, 8bICOKASA MOYHOCMb NOOOEPXKAHUSA 8bIXOOHO20 HANPAXKEHUS, 803-
MOXHOCMb NOOCMPOUKU 8bIXOOHO20 HANPAXEHUS CUHXPOHHO U/IU pasde-

JIbHO NO KaHa1am.

€CMOTPs1 Ha 4YacToe IOsIB/ICHHE B

TIOoC/IenHee BpeMs COOOIeHHIT 06

YIaYHOM IPHUMEHEHUH NPOTpaM-
MHPYEMBIX MHKPOKOHTPO/UIEPOB B YCT-
POYICTBaX CWIOBOM TEXHUKH, UX UCIIO/b-
soBanne B DC-DC npeobpaszoBaTtensx
OCTaeTCsl OKa 9K30THKOM. OOBsACHACTCS
3TO, CKOpee BCero, OOMIMeM CIIeliHaIu-
3MPOBaHHBIX MUKpocxeM. OnHaKo opoit
TIOCTaB/IEHHYIO 3a/lady 3aTPYIHUTENIBHO
pelnTb «B 106». B 3THX cMydasx Bech-
Ma yno6HO BMeCTO [eCATKAa CTaHJapT-
HBIX KOPITYCOB TIOCTaBUTb Ha IUIATY OOHY
MHKDPOCXEMY, TIOPY4YHB €li BBIITOTHEHHE
Bcex HeoOxommMbIx ¢yHKuuit. [1o aroit
MpUYHHE MUKPOKOHTPOJUIEP MOKET CTaTh
€CTM He MaHaueed, TO NpeNIoYTUTENb-
HBIM BapraHToM. B [1] nokasansl mpuau-
HBI, IO6Y>KIaroIHe pa3paboTIHKa COBpe-
MEHHOH MMITY/IbCHO! TEXHUKU OOpaIlaTh
CBOM B30pbl HA MUKPOKOHTPOJUIEPHI.

B nanHoM npeo6pasoBaresie IpUMeHeH
mukpokorTpomtep PICI6F876A-1/P [2].
[Touemy umenHo aToT? Bo-nepBbIX, U 3TO
camMoe IJIaBHO€, OH MMeET [Ba He3aBH-
CUMBIX 10-6UTHBIX LINPOTHO-UMITY/Tb-
cupIx MomynAaTopa (IIIMM), Bo-BTOpBIX,
NATHKAHAIbHBII aHAJIOTO-1HQPOBOI
npeo6pasoBarens (AIIIl). B Tpersux,
MHUKPOKOHTPOJIIEP CONEPXKHUT SHEPTo-
HE3aBHCHMYIO IIaMATh NaHHbIX. B ger-
BEPTBIX, Y HETO €CTh MHOXECTBO APYTHX
BBIBOJOB, KOTOPbIE MOYKHO HCIIO/B30-
BaTb IIOJ, BCEBO3MOXHBIE HHTEPhENCHI.

HMTak, nopa nepelTH K TEXHHIECKUM
XapaKTepUCTUKaM OIIMCBIBAEMOTO YCT-
porictBa. [Tpeo6pasoBartenb cOCTOUT U3
[BYX HE3aBHCHMBIX KaHAJIOB — HUCTOYHH-
KOB IMTaHHs, KOTOpble T/TbBAaHUYECKH
M30/IMPOBAHBI KaK OT BXOJHOTO HAamps-
KeHMA, TaK U Apyr oT mpyra. [Ipeobpa-

30BaHHNeE JHEPIUY OCYILECTBIAECTCA CHHX-
POHHO, YTO UCKITIOYAET 6HeHns 4acToT.

OcCHOBHDBIE TEXHHYECKHE
XapaKTePUCTHKH

Bxongnoe nanpsixenue, B 18...30
HomuHnanpHoOe BHIXOZHOE
Hanps>KeHHe KaHaios, B 12 wnn' 5
TouyHocTh nonmep>xanus
HampsKEHUs KaHana, %
IS KaHala
C HanpsbxkeHueM 12 B 0,5
U1 KaHajia
C HallpsKeHHeM 5 B *1,2
Ilynpcanuu BBIXOZHOTO
HalpspKeHus, MB, He 6onee 50
BeixonHasg MOIIHOCTD
KaHasla, B, He MeHee 6
Koaddunuent nonesxoro
neicTBUA, %, He MeHee 77
Pa6ouuit nuanasou
TeMIeparyp, °C -15...+85

ITpeo6pasoBaTens MMeeT 3aIUTY IO
BXOJZly OT IIEpEIOTIOCOBKH, 3aHV)KEHHO-
ro WM 3aBBbIIIEHHOTO HAIpSDKEHUs, OT
IPEeBBILIEHN MaKCUMaIBHOH MOIITHOC-
TH KaHIA, NMOTpe6/IsgeMOoil HarpysKoit,
OT KOPOTKOTO 3aMBIKAaHHs, @ TaKXe IO
neperpeny. IloncTpoiika BBIXOJHBIX Ha-
npspKeHuii B pepenax +1 B ocytuecrsia-
€Tcs IpH IIOMOLIM HAKATHA Ha KHOMKH.
PesynbpTaT moaCTpOMKHM 3aHOCHUTCS B
SHEpPTrOHe3aBHCHMYIO IIaMATh MUKPOKOH-
Tpotepa. [Ipeo6pasoBaTens BBIMONTHEH
B Kopnyce ¢pupmbl Phoenix contact ce-
pur UEGH. 3rtoT Koprryc nMeer KieM-
MBI /11 BHEIIHHX 3/IEKTPOMOHTAXKHBIX
COEIMHEHHUI Y KJIMIICY JUIA er0 (PUKCAITUI
Ha cranmaptHoH perike DIN. g unnyka-
LMK PEXHMOB paboTHI Ha (PPOHTAIHHYIO
IUIOCKOCTb BBIBEZICH CBETOM3/TYYAIOIIHIT

 TTIpaKTUKa

IMOL KpacHoro cBedeHus. [Ipu mopmave
BXOZIHOTO HAIPSUKEHHA MUKPOKOHTPO/I-
JIEP OCYIIECTB/IAET BPEMEHHYIO 3aJIePXKKY
3 ¢, aHUIM3HpYET YPOBEHb BXOIHOTO Ha-
HOpSAKEHHUA, BHYTPEHHIOW TeMIEPATypy
M BBITIOJIHAET 3aIyCK IpeoOpa3oBaTeis.
Ilpr HanMYMH KOPOTKOrO 3aMBIKAHHS
(K3) mo omHOMy M3 KaHaJOB MHKpPO-
KOHTPO/UIEp NPHOCTaHABIMBAET IIPeo6-
pa3oBaHHUe SHEPTUM HaA 15 ¢, mIoC/e Yero
OIIAATh BBITIOMHSAET 3aIlyCK IpeobpasoBa-
tend. I1pu nammyuu K3 Takoit aBapuii-
HBIII PEeKMM He IPUBOOMUT K IEpErpeBy
CWIOBBIX 97IEMEHTOB YCTPOWCTBA U MOXKET
MIPOZIO/DKATBCA IO YCTPAHEHU A IPUIHHBI
KOPOTKOTO 3aMBIKaHHA. DTOT PEXKUM pea-
JTM30BaH ITPOTPAMMHO U TI03BOJIAET PE3KO
TIOBBICUTD HAaI&KHOCTB ITpeo6pasoBaTeis.
Eure ogHHM BaXXKHBIM IPEMMYIIECTBOM
HCIIO/Ib30BaHUA IPOrPaMMHUPYEMOTO
MHKPOKOHTPOJUIepa AB/AETCS KOHTPOITb
TEMIIEPATYPBI ¥ TEMIIEPATypPHas KOPPeK-
UV BBIXOHBIX HATIPSIKEHMIA, YTO ITOBHI-
IIIaeT TOYHOCTD UX MOIIep>KaHus B LU~
POKOM TeMIIepaTypHOM [HANa30He.
bnaronaps onpeneneHHbIM KOHCTPYK-
TOPCKMM PEIIEHHUSM MOYKHO JIETKO H3-
MEHHUTb BBIXOIHOE HAIpsKEeHHE KaHala
¢ 12 na 5 B. Takas ru6KocTh MO3BOJISET
MIO/TY4YHUTh [OBOJIBHO LIMPOKHI CHEKTP
HMCTOYHHUKOB IIMTaHMS, HAIIpHMep: IBa 10
12 B, ;Bamo 5 B, ogyn Ha 24 B, ogyie Ha 9
B, onun neynonapneni o 12 B, aa Ha 12
u 5 B u 1. 1. [Ipeo6pasosarens npegHa-
3Ha4eH I/1 IPMMEHEHNU s, IPEKIE BCETO,
B IIPOMBILLIEHHO! aBTOMATHKE, CBSI3U 1
Te/IEKOMMYHHKAIIWH, CTIELITEXHHUKE,

Ha puc. 1 mokasaHa 4acTh CXeMBbI, KO-
TOpas OTHOCHUTCA K MUKPOKOHTPOJUIEPY
DDI.

ITopT A, BBIBOJBI KOTOPOTO HCIIO/B-
3y10TCs Kak Bxoap! ALITI, npenHasnavuen
/11 KOHTPO/IA BBIXOIHBIX HaIPS)KEHUI
(BerBonbI RAO, RAL), HanpspKeHus nu-
tanua (RA2) u temmepartypnoi (RAS5).
Iopt B ucrionpsyercs ni1s opraHu3anuu
yHpaBlIeHUA peXXUMaMH paboTsl Hpe-
obpasosarens. ITpu noMomu ycTaHoB-
KU TlepeMblueK Ha IITHIPbKOBBIE KOH-
TaKThl Ha BBIBOJBI MOPTA, K KOTOPHIM
MIPOrpPaMMHO TIOJK/TIOYEHbI BHYTPEHHME
NOJTATUBAIOIINE PE3UCTOPHI, MOJAIOT-
ca nor. 0. Kpome Toro, BeiBog RBO nc-
HO/Ib3YeTCs 1Sl OOCTY>KMBaHNA KHOMKHU
SB1 «Ilamsate». Ha mopt C Bo3nm0Xe-
HBI CIEAYIOIIMe 3aaYl: OIPOC KHOTIOK
SB2 1 SB3 «+» ¥ «—», BKIIOYEHHUE CBE-
tognona HL1 (RCO), Bbimaya CUTHA/IOB
UM (PWM1 1 PWM2) Ha 06a kaHa1a
npeo6pa3soBaHMs, a TaKXe, IPH HEOO-

@ MICROCHIP
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O X4

SB2
g
SB3

Puc. 1

XOZMMOCTH, OPTaHM3aluA MOCIeOBa-
TE/TbHOTO JBYX- WIH TPEXIIPOBOOHOTO
HHTepdelica ¢ BHEIIHEN anmnaparypoi
KOHTpPOJifl, yIPaBJeHHUs WIH aBTOMAaTH-
9eCKo¥ IIpoBepKH U HacTpoyku. Ha ane-
MeHTax VT1, VD1, R1, R3, R4 opranuso-
BaH CyNIepBU30p HaNPsKEHHs MUTaHUSA
MHKpPOKOHTpo/UIepa. Ecin npuMeHHTH
crabunutpoH Ha 3,3 B, mpu cHkenuu
HaIpsDKeHUs NMHUTaHuA 10 4 B Ha BbI-
Bogje 1 chopmupyercs or. 0 — cursan
copoca. [Insa GuapTpanuu myabcanumn
ycTaHOB/IeH KoHneHcaTop Cl13.

Y3en nutanus (puc. 2) BeipabaThiBa-
eT [OBa HallpsDKeHUA NMHUTaHHMA — +12
u +5 B.

+5B

NMUBaPINUNACA npegoxpanurteab MF-R
¢upmsbl Bourns Ha Tok 1 A.

Ha puc. 3 nokasana cxeMa OfHOTO U3
KaHaJI0B IpeoOpa3oBaTess.

Ha rpansucropax V12, VT4, VT8, VI9
co6paH JpalBep IOJIEBOTO TPAH3UCTOPA.
ITpeobpasoBanue SHEPTHUM OCYILIECTBIIA-
eTcsl OOpPaTHOXONOBBIM HMIIY/IbCHBIM
tpanchopmaropom T1. Ha snemenrtax
C5, R6 cobpana pemripupyromas 1enoy-
Ka [3]. Ona HeoOxoguMa IS HOnaBJe-
HHS MMITYJIBCHBIX BBIOPOCOB HAIIpshKe-
HUA Y UIYHTHPYET NIepBUYHYI0 OOMOTKY
TpaHcgopMaTopa, OJAB/IAL TEM CAMBIM
IapasuTHbIe KojeOaHMsA, BO3HUKAIOII[HE
B HeM. VD2, VD3, C3 — BempaMurens

DA2
LM2940T-12

06w,

+12B +5B
Bhixog, I _Bxop, DA4 Boixog, T
LM29362-5,0,
LU, 06w,
C20 L2 ci Cc10 == C12
100MKT TO,'IMK 100 MK 0,1 MK

Puc.2

Ecnu nanpsixenue +5 B Heo6xo-
OUMO 11 MUKPOKOHTPOJ/IEPA, TO
+12 B ucnoassyercsa gasa gpanBepoB
NOJIEBBIX TPaH3UCTOpOB. VD5 — 3a-
IIUTa OT IMEPENOIIOCOBKHU MO BXOXY.
B xauecTBe mpenoxpanurens Fl B ne-
YaTHYIO IIJIaTy BIIaUBaeTCs IPOBO/[-
HUK guaMeTpoM 0,1 mm. Bmecto Hero
MOXXHO IIPUMEHHUTb CaMOBOCCTaHaB-

R6 T1
+12B (R12) +24B (T2 5
200 §

Fs  X9(X10) VD2(VDS)

BTOpHU4HO 111y, L1, C14, C4 — crinaxu-
Barommuii GuwibTp. C MOMOIIBIO PE3HCTO-
poB R19, R20 ynpasisieMbIit cTabWMTPOH
DALI nacTpoeH Ha HallpsbKeHHe CTabWm-
sanuu 8,5 B. IlosTomy mpn M3MeHeHMH
BBIXOJHOTO HAIIpsKEHHs B JHMAaIla30He
9,5...14,5 B HanipsbKeHue, NMOCTyMAloNIee
4epes pesucrop R31 na ALITT MUKpOKOHT-
poruiepa, usMeHsercs B fuarasone 0...5 B,

R28(R29)
2,2 X8(X15)
—0O

L1{L2)
10 MklH

7

(VT6)

ﬁ 1N5819
]

(C15) (C7)
8 Lo o—VD3(VD7),| C3 470mx 0,1 MK
X26(X11) | 1N5819 ==(CB)
470 Mk

C14

X1 2$X20}

IRF540

Vour1
(Voutz)

(VT11)
BC857A

Puc.3

R35R36 C17
o530) (C18)
wZa 0,01 Mk

, DAl R8(2R15)
R31(R32)
10« 4
R10
U1(u2 R19(R26) R20(R27)
’—(R1182 4"(435)"'58 10k 24«

Taxum 06pa3oM MOCTHUraeTcst HeOOXOIH-
Mas KpyTH3Ha TIpepelayd OTKIOHEHHS
BBIXOOHOTO HAalpsDKEHWs OT HOMHMHAIA
Ha Bxon ALITI, obecrieunBaromas Tpeby-
€MYI0 TOYHOCTb U YCTOHYHBOCTb NETIH
06paTHOI CBA3M.

Omnrotpansuctop Ul obecneunBaer
raJIbBAHUYECKYIO HM30IAIMIO, HO MTOBHI-
I1aeT TeMIepaTypHblit gpeitd. 3amava
KOMIIEHCAIIMH 3TOro npetida peltiaercs
MIPOrpaMMHBIM ITyTeM. MUKPOKOHTPOI-
nep u3MepsieT HANpsKeHHUs Ha CBOUX
Bxofax RAO u RAl, cpaBHMBaeT aTu
HaIpsKEHHUs C OIIOPHBIMH, KOTOpbIe
XpaHATCSA B €ro 3HEpProHe3aBHCHMOM
naMATH B uM(POBOM BHJIE, U B 3aBUCH-
MOCTH OT BEIMYMHBI U 3HaKa Pa3HOCTH
KOpPeKTHUpYyeT CKBa)KHOCTh CHTHAIOB
MM 110 COOTBETCTBYIOIIMM KaHa/IaM.
ITporpaMMHBIit 610K, KOTOPBIiT OTBEYa-
€T 3@ YCTAHOBKY CKBOKHOCTH, UMeEET J0-
BOJIBHO C/IOXKHYIO CTPYKTYpy. Pelienue
IIPUHHUMAETCA He TOABKO 10 BEeTHYHHE
U 3HAKy U3MEPEeHHOIO M OIIOPHOTO Ha-
IpsDKeHUN, HO M MO IWHAMHKE H3Me-
HEHHs BBIXO[JHOTO HampsDKeHUs U ero
OTK/JIOHEeHMs. Tak’Ke B 9TOM JOorudec-
KOM IIporpaMMHOM 6JI0Ke pealM30BaHa
nojnporpamMma geMnupoBaHus Bo3-
MO>KHO¥W HEyCTOHYHBOI paboThl TN
OC. Tlpu peskoM OTKIOHEHMH HAamps-
K€HHUS OT HOMHHAJbHOTO, HalpUMep,
BHU3, IPOTPaMMa SHEpPrUYHO U3MEHsIET
ckBaxHOoCcTh IIMIM, T. e. yBenuuuBaer
IUTUTETbHOCTb UMITY/Ibca OTKPBITOTO CO-
CTOSIHMSA K/TI0UeBOTo TpaHsucTopa. Ho
IIpY BOCCTAaHOBJIEHUH HATIPSI’KeHUs MO-
KeT TIPOM30HTH llepeKOMIIeHCalHs, OHO
CTaHeT Bblllle HOMHHAIA, IpOorpamMMme
IIPUAETCSl Pe3KO YMEHBIIUTD MJINTE/Tb-
HocTtb uMitynbca MM u T. 1., B pesynb-
TaTe BO3HUKHET KOjle6aTe/lbHBIN Mpo-
uecc. g nemMnupoBaHus MapasuTHBIX
Ko/le6aHMIT TPOrpaMMa aHaIN3HUPYET, C
KaKo¥ CTOPOHBI MIET NPHOMIDKEHHE K
HOMHUHATY U ¢ KaKo¥ ckopoctbio. [Tpu
NpHUOIIKEHUH K HOMHHAJIbHOMY Ha-
IPSDKEHMIO TIPOUCXOTUT Oolee TOYHAs
HOJCTpOHKa CKBaKHOCTU. [lepuon ns-
MepPEHHUsI BBIXOIHBIX HAIIPsXKeHUH 060-
X KaHamoB cocTaBiaser 0,6 mc. Yepes
KaXkable 255 W3MEPEHMIT BBIXOJHBIX
HaNps>KeHUH POU3BOJUTCS KOHTPOIb
BXOJHOTO HallPsDKEHUA U TEMIIepaTyphlL.
Cpasy nocjie U3MepeHHs TeMIlepaTyphl
110 ee 3HaYEHHIO CITIOCOO0M TabIMYHOTO
IIEpPEeBOfIa MUKPOKOHTPOJUIEP IOIy4aeT
K03¢pbUIMEHT TeMIlepaTypHOI Kop-
PEKUUH U COOTBETCTBEHHO HM3MEHMET
3Ha4YeHHe ONIOPHOTO HallpsKeHus. [1pu
3aBBIIIICHHOM WIHM 3aHIDKEHHOM BXO[I-
HOM HaINpsHDKEHHMH MHKPOKOHTPOJUIEP
IpeKpaliaeT npeobpa3oBaHHe U BKJIO-
qaeT cBertonuon HLIL.
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B cBasu ¢ TeM, yTO npeobpaszoBaTesb
BBINOJIHEH 110 OOPAaTHOXOJIOBOI CXeMme,
KOPOTKO€ 3aMBIKaHHe BbIXOJIa TPUBOJUT
K YBEJIMYEHUIO JUTUTETBbHOCTH UMITY/Ib-
cos 1M 1o mpenenbHO BO3MOKHOI
BEIMYMHBL. 3allIUTa OT KOPOTKOTO 3aMbl-
KaHMA peajM30BaHa 3a cyeT Mpekpaille-
HUA Bbitayu curdanos UMM B pexxume
K3. TloporoBoe 3HaueHME WIMTETLHOCTH
M3MEHAETCA B 3aBUCUMOCTH OT BXOJTHOTO
HAMpsKEeHUsT — 4eM HalpsKeHYe BhILIe,
TeM JIOITyCTUMAsA VI TETbHOCTh MEHBIIIE.
Ins orpaHMYeHUA TOKa KOPOTKOTO 3a-
MBIKaHUA B BBIXOJHBIX HETISIX BBEJ/[€HBI
pesucropnr R28, R29. EcrecTBeHHO, 3a-
HMTa cpabateiBaeT He TonbKO mpu K3,
HO U IIpU 1I000M TpeBBILIEHUH MOIII-
HOCTH NIOTpe6/1AeMOort Harpy3Koil MakCH-
Ma/IbHO JIOMYyCTUMO¥ Be/TUIMHBL.

Ilpu HEO6XOUMOCTH U3MEHUTD BbI-
XOJIHbIe HANPs)KeHUA HAXUMAIOT U
YIEPKUBAIOT MUKPOKHONKU SB2 umu
SB3. B nomiaroBoMm pexxume U3MeEHS-
I0TCA 3Ha4YeHUA OTIOPHOTO HAMP sHKeHUA,
C/Ie/I0BaTe/bHO, U BBIXOJHBIE HAIps-
’KEHHA, MTOCKOIbKY MHKPOKOHTPOJLIEP
OTC/IEXKUBAET PaBE€HCTBO OMOPHOTO U

Puc. 4

BBIXOJHOro Hanpspkenuil. [locne mon-
CTPOMKHM HEOOXOIMMO KpaTKOBpeMeH-
HO Ha)KaTh Ha KHONKy SBl u mMukpo-
KOHTPOJIIEp 3aHECET HOBbI€ 3HAYEHUS
OIIOPHBIX HANPS)KEHUI B 3HEPrOHe3a-
BUCHMYIO MaMATbh. BeImonHeHUe aToMH
onmepauuu OyIeT CONPOBOXIATHCSA
ceeyeHueM cseronuona HL1. Tlpu BbI-
K/JII0OYeHUM U NOBTOPHOM BKJIIOYEHUU
npeo6pasoBare/s Ha BBIXOIAX YCTaHO-
BATCA HeOOXOJMMBbIe HOBBIE 3HAYEHUHA
Hanps>keHui. Eciim  ycraHOBUTH nepe-
MBIYKM Ha KOHTAKThI J6 u J7 (puc. 1),
TO U3MEHEHHe HaIpshkeHuit Oymer 3a-
npenteHo. Ilpu oTcyTcTBUM nepeMpryex
M3MeHeHHe HaIps>KeHUH OyjreT mpouc-
XOIUTh CHHXPOHHO 110 000UM KaHa/laM,
a IIPY YCTAaHOBKE OJHOH U3 IepeMbIYeK
M3MEHEHHe HAlPsDKEeHUA MPOU30MIIeT
TOJBKO B OXHOM KaHaJie.

Pa6oyas wacrora mpeobpasoBatess
(20 xI'y) aABAgeTCA IOBOJBHO HU3KOM
U1 COBPEMEHHOI0 MMIIY/IbCHOTO YCT-
POMCTBa, HO 3TO BBIHY)XJIEHHAs Mepa,
ellle OIUH KOMITPOMHUCC MEX/IY CHUKe-
HHEM TOYHOCTH YCTAHOBKU CKBAKHOCTH
HIMM u noBbIllIeHHEM YaCTOTHI.

° ©00000

sy

| ==00600000

Puc. 6

RS
~ - "33 [E
vTY
% vTq £ YR 23
n24
"23
c

=

Jlna BeIXOIHOTO HanpsiKeHus 12 B Ha
IeYaTHYIO IUIaTy YCTaHaB/IMBAIOT Iepe-
MbIuku X9, X10 (puc. 3), a guousr VD3,
VD7 ynanaoT. YkasaHHbIE IepeMbIYKU
HaxoyATcsa 6mKe K ueHTpy mwiatel. [pu
BBIXOIHOM HallpsKeHUHU 5 B atu nepe-
MBIYKY BBIITaBAIOT U BIIaUBAIOT JHOJIbI
VD3, VD7 u nepembruxku X26, X11. Tak-
’Ke 04eHb BaKHO IpH 1epexone ¢ 12 Ha
5 B ynamuts pesucroprl R19, R26. 1o
HEeoOXOIMMO [UIA MepeBOja yIpasise-
MOTO CTabM/IUTPOHA B pexxum 2,5 B.

YcrpoiicTBO cO6paHO Ha I1e4aTHOM
11are, (ObTUPOBAHHOI C IByX CTOPOH.
Tomonorusa HUHKHETO U BEPXHETro CI0s
NpuBejieHa Ha pUC. 4 U 5 COOTBETCTBEH-
HO, PacIloioyKeHHe 37IeMEHTOB ITOKa3aHO
Ha pUC. 6 U 7.

OTnenbHO HY)XXHO OCTaHOBUTBCS
Ha 3/71eMeHTHOH 6ase. KepaMuueckue
KOHJIEHCATOPHBI Ui O0BEMHOTO MOH-
Taka — K10-17, 11 moBepXHOCTHO-
ro moHTaxa — 0805X7R. Oxcunnsie
KOHJI€HCAaTOpbl — HMIIOPTHbBIE aHAIO-
ru K50-35, C10 Ha Hanpsokenue 35 B,
ocrajnbHble Ha 16 B. Pesucropwsr nns
o6bemMHOro MoHtaxka — MIJIT wunu




FiPakinka

C2-33, pisg MOBEepXHOCTHOTO MOHTa-
’Ka — kopiryc 0805, Bce ¢ mOIyCTUMBIM
OTK/JIOHEHHEM OT HOMHHama 5 %. Tep-
mopesucrop RT1 — NTC. [Ipoccenu
L1, L2 — AIIM-0,6. Ina usrotoBje-
HHS MMIY/JIbCHBIX TpaHChHOPMaTOPOB
HCITO/Ib30BaHBl KapKackl U CepreYHU-
ku ¢upmer Epcos [4] cepun E13/7/4 ¢
MHMHHMa/IbHEIM cedeHHeM 12,4 Mm? U3
MaTepuana N67 ¢ Ha4a/IbHO! MarHUT-
HOM TIPOHMIIAEMOCTHIO 860 M 3a30poM
0,2 Mm. [lepBuunas ob6morka 1-4 BbI-
nonHeHa nposopoM [13B-1 guamerpom
0,25 MM, BTOpH4HbIE 5-6 U 7-8 HaMOTa-
Hbl OLHOBPEMEHHO IIpoBonoM [19B-1
nuametpoM 0,33 MM. Mexxzty nepBUYHOM
Y BTOPUYHBIMHU OOMOTKaMHU IPOTOXEHO
nBa c/10A TaKoTKaHU. CepeyHUKH CTa-
BATCSA Ha ObICTpocoxHyIuMH kel Eciu
HE YAa/JIOCh HAUTHU CEPIEeYHHUKH C 3a30-
POM, MOXXHO IIPUMEHHUTH U 6e3 3a3opa.
B atom ciydae npu c6opke Tpa"cdop-
MaTOPOB HEOOXOIHMMO BKIEHUTh MEXIY
BHEIIHUMH KE€PHAMHU CEPIEYHHKOB 10
IBa cosi 6ymMaru [isi IpUHTEpA.
Wnrerpanpuele crabuwimsaTopsl DA2
(TO-220), DA4 (TO-92) 3ameHAThr Ha
OTEYECTBEHHbIE AaHAIOTH HETOIYCTHUMO.
IloneBrle TPaH3UCTOPBI MOXKHO TIPU-

menuuts IRF1310, IRF3710, IRF2910 ¢
cydduxcamu NS (kopuyc D?PAK) win
NL (xopmyc TO-262). IledaTHas miata
IOIYCKaeT YCTAHOBKY TPAaH3UCTOPOB B
m060M M3 3THUX KOpmycoB. BosmMoxk-
HO IIpMMEHEHHE U TPaH3UCTOPOB C
JIOTUYECKHMH YPOBHAMHU YTIPaBIeHUA
(IRL...). B aTOoM ciyyae WHTerpanbHbIi
crabunmusarop DA2 Hamo 3aMeHUTH Ha
LM2940T-5, a BMecto DA4 nocraBuTth
TIEPEMBIYKY MEXIy BXOIOM U BBIXOOM.
Huopner VD2, VD3, VD6, VD7 — TonbpKo
HIoTTKH MaH, B KpaHEM CIIydae, yib-
TpaOBICTpPBIE C BpeMEeHEM OOPATHOTO
BOCCTaHOB/IeHUs He Gosnee 50 nc. VD5
MO>XHO 3aMeHMTb Ha 1N5408. Onrpo-
Hbl Ul, U2 MOXXHO 3aMEHUTH IPYTUMHU
C aHAJIOTUYHBIMU TMApaMeTpaMH, HO B
3TOM CJIy4ae MOXKeT NOoTpebOBaTHCS
M3MeHeHHe TaOIHUIBl TeMIIepaTypPHOM
KOppEeKIUH B IIpOrpaMMe MHKPOKOH-
TpoJUIepa.

Hacrpoiika npeo6pasoBaTes 3aKai0-
JaeTcA B YCTAaHOBKE TPeOYeMBIX BBIXOJI-
HBIX HaNIpsKEHUH U 3aHeCEHUH HX B TIa-
MATb MHKPOKOHTpOJIIEpA.

B omnmcannoit mporpaMMe He peaso-
BaHbl MHOTHE 3a/I0KEHHBIE B yCTPOHCTBO
BO3MOYXHOCTH MHKPOKOHTpOJUIEpa, Ha-

HpHMep, OPTaHU3aLHA [OC/IENOBATENBHO-
ro uHTepderica ¢ BHELIHUM YCTPOHCTBOM
IVIA aBTOMaTU3MPOBAHHOM IPOBEPKH U
HACTPOYMKHU IpeobpasoBaTesieli, TaK Kak
3TO He NPENYCMaTPUBATIOCh TEXHUIECKUM
3aJlaHeM U PpacCMaTPHUBAETCS aBTOPOM KaK
IOTEHIHAJI JULA COBEPIIIEHCTBOBAHUSA T10-
IOOGHBIX YCTPOVCTB.

IMporpamma B daiine 24-24v.hex no-
CTYIIHA Ha CaiiTe peNaKUHHU MO ampecy
www.dian.ru/programs.
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CeHcOpHbIN perynarop
OCBeLLeHMNA C MATKUM
BK/IOYEHNEM Harpyskm

HecnoxHoe ycmpoicmeo, peds 0 Komopom notidem 8 3moli cmamee, He
codepxxum depuyumHsix demanet. OHO NpeOHAa3Ha4eHo 01 pe2ynupos-
KU ApKOCMU c8e4eHus c8emusibHUKd, 8 KOMOPOM UCNO/b3YMCA 1aMNbi
HakanueaHus obuwjel MowHocmolo He 6onee 75...80 Bm.

PH 9KCIUIyaTallMM CEHCOPHBIX

pEryiaTopoB OCBEIeHHs, BBI-

MOJIHEHHBIX C TIPUMEHEHHEM
mukpocxeMbl K145AT12 [1, 2], 6picTpo
BBIABM/IACH OffHA HENPHUATHAS 0COOEeH-
HOCTb, BBIP@XAIOIAsCs B TOM, 4TO €C/IH
CBETHWIPHHK OBbUI BBIKTIOYEH IIPH paboTe
JIaMIIbl HAKa/JIUBAaHUA B PeXHUMe MakK-
CHMa/IbHOM MOIITHOCTH, TO, TIOCKOJIBKY
MukpocxemMa K145AI12 samomunHaer
PEXXMM YCTAaHOBJIEHHOHM MOIIHOCTH,
Hoc/iefyomiee BKIIOYEHHE ITaMIIbl TaK-
e IMPOUCXOJUT Cpasy B peKHUMe MaK-
CHUMJIBHOM MOIIHOCTH. B MoMeHT Ta-
KOTO BK/IIOUYEHH A HePenKo IIPOUCXOIUT
neperopaHye JaMIIbl HAKA/IWBaHUA, B
HEKOTOPBIX CITYYasiX COIPOBOXKJAIOLIIE-
€csl pa3pbIBOM €€ CTEK/IAHHOTO Oa/UIOHA.
J1s Toro, 94TOOHI PeryIaTOp Ha MUKPO-
cxeMe K145AT12 obecrieurBan miaBHOe
BK/IIOYEHHE HArpysKH, B HEro BBeleH

40 HEC/TO>KHbIN CUMHCTOPHBIN Y3€7I, yMEeHb-

MIAIOMUHA 6POCOK TOKA depes CIIHpaIb
JTaMIIbl HAK&/IMBAaHHSI B MOMEHT TI0JaYH
Ha Hee HANpspKeHUs nutaHusa. Cxema
YCTpOWCTBaA NpUBENEHA Ha puC. 1.

ITocKoMbKy CEHCOpHBIE PETyIATOPHL,
BeInojHenHble Ha K145AT12 o tumo-
BOJi cXeMe BKIIOYEHH S, TpeOyIoT cobio-
neHus (GasUpOBKH NIPH MOAKITIOYEHUN K
CeTH NIepeEMEHHOT0 TOKa, IIpeylaraeMoe
YCTPOMCTBO, TaK XK€ KaK M IPOTOTHII
[1], comep>XUT TPaH3UCTOPHBIA YCHIH-
Te/lb HaBeIeHHOTo Ha ceHcop El cur-
Hama. B pannoM ycrpoiictBe 3TOT ycu-
JIUTENb BHIIIO/THEH He Ha I10JIEBOM, a Ha
ABYX OHUIIO/IAPHBIX P-N-p TPaH3UCTOPAX,
4TO OTYACTH peliaeT npobneMy IHpu-
oOpeTeHUs feTanel, a TaKXe 3aMeTHO
MOBBILUAET YYBCTBUTEIBHOCTD.

Ilpu mopaye Ha yCTpOWHCTBO Hamps-
>)Kenust nutaHug 220 B noaknodennas
B KayecTBe IOJIE3HON HAarpysKu jaamia
HakanuBaHus EL1 o6pI4HO ocTaercs B

BBIKJIIOYEHHOM COCTOSIHMHU. [1pu Kpat-
KOBPEMEHHOM KaCaHUU TTTbIIEM CEHCO-
pa E1 na 6asy tpansucropa VI'1 nocry-
TIA€T TIEPEMEHHOE HAIIPSDKEHHE, KOTOPoe
YCU/IMBAETCsl KacKafioM Ha TPaH3HCTO-
pax VTI1, V12, a 3aTeM BbIIpAMIAETCS
BBIIIpAMUTENIEM Ha auopax VD1, VD2,
Korpa orpunatensHoe HanpsbkeHHe Ha
BBIBOZIEe 3 MUKpocxeMbl DAL npeBpicHT
no abCoMIOTHON BeMuuMHe -5 B, ero
YPOBEHb OKa)KETCsl NOCTAaTOYHBIM [JIA
yIIpaB/ieHUss MUKpocxeMoH. Iloracuts
JTaMITy MOXXHO IIOC/IEYIOIIHM KPaTKOB-
PEMEHHBIM IPUKOCHOBEHHEM K CEHCOPY.
Ecmi xacanue 6ynet mponomKarbes 60-
nee 0,5 ¢, TO MOIITHOCTB, TOJaBaeMast Ha
HarpysKy, OyneT HHKINIeCKH MEHATbCA
OT MUHHMMAaJIbHOTO 3Ha4eHHA 1O MaKCH-
Ma/IbHOTO M Ha060POT.

Ha Ttpansucrope VI3 cobpan ycu-
JTUTENb MMIIyAbCOB TOKA YIIpaBJIEeHHS
cumucropom VS1. Crabwmurpon VD6
NpegHasHa4YeH I 3aIlMThI MUKpOCXe-
MBI OT IIOBPEXAEHHA NPHU HEKOTOPBIX
HEHCIIPABHOCTAX cuMHUcTopa VSI nmau
npu omM6Kax B MOHTaxe. MHKpo-
cxema DAI u gpyrue HU3KOBO/JIBTHbIE
Y3/Ibl peryasATopa IMUTAIOTCA MOCTOSH-
HBIM HaNpsDKEHHEM OTPHIATENbHON
MONSAPHOCTH OT OFHOIIOAYNEPHOLHOTO
BBIIPAMUTEA Ha d1eMeHTax R15, Cl11,
VD3—VD5, HL1, C4, C6. Csetonuon
HL1 BeinonHseT QyHKUHIO HHAMKATOPA
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HAIIPsAXKEHUA CeTH U 0Ojerdaer MOUCK
KHOIIKH CeHCOpa B TEMHOTE.

[TeppoHayaIbHO 6BITO 3aAYMaHO BbI-
TIO/IHUTh 3aLUTy JIaMIIbl HaKaIUBaHUA
OT meperopaHusi B MOMEHT BK/IIOYEHUA
Ha TepMOpe3UCTOpe C OTPUIATETbHBIM
TKC, HO u3-3a oTCyTCTBUA Y aBTOpa
ITONXONALIMX II0 IIapaMeTpaM TepMope-
3UCTOPOB («XOJIOMHOE» COMPOTUBIEHHE
50...90 Om, pabouumit Tok 0,35...0,4 A,
«ropsyee» conporusnaeHue < 2 Om), 3a-
1iUTa OblIa BBHIIOTHEHA Ha HECTOKHOM
y3/1€, COCTOSAILLEM U3 IIPOBOIOYHOTO pe-
sucropa R16, cumucropa VS2, camone-
JIBHOTO repKOHOBOro pese K1 u aemen-
toB R17—R19, C12, C13, VD7—VD10.
Korpa nammia HakanuBaHusA BBIKTIOYEHa,
HalIpsKeHHe Ha BbIBOIAX KOHIEeHCaTopa
C13 6/mM3K0 K Hy/mO, KOHTaKTH pese K1
pasoMkHyThI. [Ipu mogave ua Harpysky
HAaPsKEeHUs MUTaHUS TTYCKOBOM TOK
JTAMIIbI HaKa/JMBaHUSA OTPAHUYHUBAETCH
pesucropom R16. B reuenue 0,4...0,7 ¢
KoHgeHcatop C13 3apsikaercs o Ha-
npsbKeHus 2...5 B, KOHTaKThI repKoOHO-
BOT'O peJjie 3aMbIKaIOTCH, YTO IIPUBOTUT K
WyHTHpOoBaHuIo R16 cumucropom VS2.
3a 3TO BpeMsl HUTh HaKaJMBaHUA MaJIo-
MOIIIHO# JTaMIIbI yCIIeBaeT pa3orpeThes.
Bapucrop R13 samuinaer cuMuCTOpBI
OT MOBPEXAEHUS BCIVIECKAMU CETEeBOTO
HaIp s >KeHUs TTUTaHUA.

B ycTpoiicTBe MOXXHO HCIIONB30BATH
OCTOsAHHBIe pesucTopel MJIT C2-23,
C1-4 cooTBercTByIOIiLEH MOIHOCTH. Pe-
sucropel R12, R15, R17, R18 >xenaTenb-
HO B3ATh HEBOCIUIaMeHsAeMble Tulra P1-7
WIN aHAJIOTMYHbIe UMIIOPTHbIE Pa3pbIB-
Heie. Bapucrop R16 — FNR-10K431,
FNR-07K471, FNR-10K471 unu IPYTrou
aHaIOTHYHBIN. [IpOBOIOYHEI pesucTop
R16 — C5-37, TI9B-7,5 unu APYrou
MOILHOCTBIO 5...15 Br. KonneHncaropsr
Cl10, C11, C12 — nonustunentepedra-
natHble Tunia K73-17, K73-24 na nanps-
KeHue He Hwke 400 B wnu ummoptHbie
TPYAHOBO3TOpaeMble KOHIEHCATOPBI,

IpenHasHayeHHbIe A paboOThl B CeTU
1epeMeHHOro Toka. OKcuaHble KOHEH-
€aTOpbI — UMIIOPTHBIE aHanoru K50-35,
OCTajIbHble — TI00bIe Ma/IOrabapUTHbIE
KepaMHUuyecKue WIH IuleHodHble. CTa-
6uwtntpos KC508A MOXHO 3aMeHUTD
Ha 2C512A, 2C516B, KC213B, 1N5350,
IN4743A, a sBmecro KC508T monoviner
KC220K, KC522A, 1N4746A, 1N5357.
Huoner VD4, VD5 MOXHO 3aMeHUTD Ha
KO1056, KI209A, KI1247B, 1N4004,
RL105; ocrampupre — K521, KII522 ¢
MoOBIM GYKBeHHBIM HHIEKCcOM. CBeTo-
nuon HL1 — mo60it kpacHoro mnsera
cBeveHus us cepuit AJI307, KUITM21,
KUITA35, KUIT1O40, KUIIJ66, L1503,
L1513. Tpansucroper KT3107M moxHO
3aMeHUTb Ha Ipubopsl cepuit KT3107,
KT361, KT6112, KT6115, SS9015,
25A709; KT3102 — KT503, KT645,
KT6113, KT6117, 25C2001, 25C2331,
25D261 ¢ mo6bIM GyKBEeHHBIM HHIEK-
coM. IMITOPTHBII aHA/IOT MUKPOCXEMBI
K145ATIT2 — SLB0576. Bmecto cumuc-
topoB MAC8N nopoitmyr BT136B-600E,
BT136X-600F, BT137X-600E. Cumucrop
VS1 ycranaBamBaeTcs Ha II0PaTOMHHU-
€BBII TETIUIOOTBOL pasMepamu 40X15 MM.
Hpoccens ¢uaprpa L1 MOXHO H3TOTO-
BUTDb Ha Konbie K35X25X7 us ¢eppura
M2000HM-A, HamoTaB Ha Hero 120
BUTKOB 1ipooga [IOB-2 nuamerpom
0,51 mm. ITepenm HamoTKO#M mposoOna
OCTpble KPOMKHM KOJbIIa 3aTYIUIAIOT,
KOJIBIIO OOMAThIBAIOT T€ChbMOJ U/IH JIaB-
CaHOBOM JIEHTOU (MOYXHO MCIIO/Ib30BATh
OTCIY>KUBLIYIO CBOY CPOK peppoOKcHI -
HYI0 MarHUTO(MOHHYIO JIEHTY LUMPUHOH
6,25 MM, HaripuMep, b-3716). T'oToBbIi1
IPOCCe/b IIPOIUTBIBAIOT 9/IeKTPOTEXHH -
YeCKMM JIAKOM HIH KOMIIAYHIOM, TAKHUM
06pa3oM, IIOTy4aeTcst IPAaKTUYeCKH Gec-
WyMHBIN fpoccenb. CaenyerT OTMETUTD,
4TO MCTOYHUKOM aKyCTHYeCKOro Iryma
(rymeHUs) MOTYT ObITh U ITOJIUITH/IEHTe-
pedranaTHble KOHAEHCATOPE! (B TAHHOM
ycrporictse — C10, C11, C12). Hlyms-

LU KOHAEHCATOP HY)KHO 00513aTe/IbHO
3aMeHUTDb OeCIIyMHBIM, HHAYe OH Heu3-
G€>XHO BBIIIET U3 CTPOS.

Pene K1 — camonenpHoe. ITpu ero us-
FOTOB/IEHUM Ha OYMa)KHYIO TH/Ib3y HaMa-
thiBatloT 4000 BuTKOB mposoma [19]I-1
nuamMerpoM 0,07 MM, BHYTPb TWIb3bI
BCTaB/A0T repkoH KOM-3A. Ha usro-
TOBJIEHHE pe/le ¢ IIOMOLIBIO PYYHOTO
HAaMOTOYHOTO CTaHKa C MOBBIIAKIIUM
penykropom 1:3 saTpauuBaercs He 6o/ee
30 mun. Tok cpabaTeiBaHus pejie ODKEH
ObITE He Hortee 7 MA.

[Tpu MoOHTaxe ycTpoiicTBa mpoccennb
L1 crmemyeT pacmomoXuTh KaK MOX-
HO fanblileé OT YCH/IMTEeNbHOTO KacKa-
#a Ha tpansucropax VT1, VT2. Ilpu
HEOOXOMUMOCTH TIOHU3UTb YYBCTBU-
TEJIbHOCTh 3TOTO KacKafla MOXXHO yBe-
MHYeHrneM eMKOCTH KOHpmeHcatopa C2
ro 0,01...0,033 mx®. Ecnu ycrpoitctBo
6ynet paboTaTh C TAMIION HaKATUBAHUS
MOIITHOCTBIO 10 40 BT, (Hanpumep, Hou-
HMK), COIIDOTHB/IEHHE NIPOBOJOYHOIO
pesucropa R16 xxenatebHO YBeTMYUTH
10 82 Om. Ecnu koHTakTh pene K1 e
OymyT 3aMBIKaThCS 1IPU [TOFABAEMOIT Ha
HarpysKy MUHHMMAaJbHOM MOIIHOCTH,
cienyer mogo6paTe eMKOCTh KOHIEH-
caropa C12. IIpu cbopke ycrpoiictsa
clefyeT y9UTBIBATh, YTO MHUKpOCXeMa
K145AI12 BecbMa 9yyBCTBUTEIBHA K CTa-
THYECKOMY 3/IeKTPUYECTBY, KPOMeE TOTO,
IIPUMEPHO KaXXABIM IIATBHIN 3K3eMIUIAP
MHKPOCX€M 3TOTO THUIIa HeHUCIpaBeH
M3HAYa/IbHO M/IM BBIXOTUT U3 CTPOS B
1epBble Yachl UM AHU IKCIUTyaTalluH,
HI03TOMY IPHOOPETATh UX ClIenyeT C He-
6OIBIIMM 3amracoM.

NUTEPATYPA:

1. A. Bymos. Cencophuiti pecynsmop
ocsewjenus. — Cxemomextuxa, 2001,
Ne 12, c. 59, 60.

2. A. bymos. Kombunuposanuuviii pezy-
AAMop mowgHocmu. — Paduomup, 2003,
Ne 4, ¢. 19, 20.

3. A. Hegpedos. Humezpanvroie mux-
pocxemvl U ux 3apylexcHvie aHaiozu.
Cnpasounux. Tom 2. — Mocksa, «Pa-
ouocogpm», 1999, c. 82, 83.

Awnppei byros,
c. Kyp6a fApocmasckoit 0651.
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Tanmep

Ha MUKPOKOHTpoOJiepe
C UHANKaTOpOoM PUpPMbI

Data Vision

/KK-uHpuKaTop paboTaer B pexuMe
YeTBIPEXPA3PANHON ILIHUHBI NaHHBIX. [[71s
Triepeiauy JJaHHBIX UCTIO/IB3yeTCs CTapIias
TeTpana 6ailTa, mepechuIaeMOro MHKpO-
KoHTpo/ulepoM B 1toptT P1. C BbiBoza 14
MHKPOKOHTPO/IIepa OCTYIaeT CUTHA,
UHGOPMHUPYIOUIHI HHIHKATOP O THUIIE
nepejaBaeMblx faHHbIX (RS = 1 — nan-
Hele, RS = 0 — curnan). C BeiBOga 15
MHKPOKOHTpOJIIEpa MOCTYTAET CTPOO-
CUI'HaJI, IO Iepenajy KoToporo u3 1 B 0
OCYILECTB/IAETCA 3allUCh NaHHBIX B UH-
nuKatop. UTteHue naHHBIX U3 MHOUKATO-
pa He IPOU3BOIUTCA, IOITOMY BBIBOI 5
(R/W) noaxmodeH K 0o6LieMy MPOBOIY.
C nepemeHHOTO pe3ucTopa R16 Ha BBIBOJ
3 MHAMKATOpa IOCTYIIAeT HAIIPsKEHHE,
YPOBEHb KOTOPOTO PETYIUPYET KOHTPac-
THOCTb (POPMHUPYEMOTO H300PaKEHMUS.

ajpeca AYEHKH BUACOIAMATH HHIHKaTopa
w O3Y 1aHHBIX HHIUKATOPa, YCTAaHOBKA
anpeca GG RAM — ycraHOBKa anpeca B
3HaKOTre€HepaTope MHAUKATOpa).

ABTOp He 6ynet NPUBOAUTH IOIPOO-
HO€ OITMCaHUEe MHCTPYKILMH, a TaKxke
TabIUIy 3HaKOTeHepaTOpa MHIUKATO-
pa. 91y uHbOPMAIHIO MOXKHO HAalTH B
MHTepHeTe WK B Katanorax (hUpPMbI-
npousBosutesid. Crlenyer OTMETUTD, YTO
1oOOHBIE HHIUKATOPBI CO BCTPOECHHBIM
MHUKPOKOHTPOIZIEPOM — OY€Hb THOKHE
U37eTHs, TT03BOIAIOLINE OITUMHU3UPO-
BaTh CXeMOTEXHUYECKUI y3e/1 «6a30BbIi
MHUKPOKOHTPO/UIEP-UHIUKATOP», H Op-
raHHU30BaTh Pa3THYHbIE PeKUMBbI BBOJA
undopmaiuu B Hux. Beison uadopma-
Uy U3 6a30BOro MUKPOKOHTpO/UIEpa

B MHIHUKATOP JIeTKO 0(OPMHUTb B BHIE
npouenypsl. /1 moaxmoueHus WHON-
KaTopa MCIIOIb30BAHO IIECTb JUHUI
nopra P1, mpudeM ueTsIpe TUHUM CTap-
MX paspsanos nopra Pl mpuMeHeHbI
TaKXKe M JUIs paboThl KIaBUATYPHI.

B maMsTH maHHBIX MUKPOKOHTPO/-
nepa o axgpecam 30—35H, a rakxke
5A—61H opranusosan 6ydep otob-
paxeHud 1A BbIBOAA UHOPMALHU
Ha JUCIUIeR WMHAUKaTopa. 1o cBoe-
My GYHKIIMOHATBHOMY HA3HAYCHUI)
B 3aBHCHMOCTH OT peXHUMa paboThl
YCTPOMCTBA aJipecHOe MPOCTPAHCTBO
6ydepa pasébuTo Ha nBeHanUATh yHK-
I{MOHAABHBIX I'PYIII, IpECTaB/IeHHbIX
B Tabs. 2.

Cpasy nocsie moayu MMTaHUSA HA BbI-
Bojie 1 Muxpokontpowmiepa DD1 uens
C1R15 dpopmupyet curHan cbpoca MUK-
pokonTpoiepa DD1.

Jlasplile MOeT MHUIHAIN3AIHUA TPO-
rPaMMBl, B KOTOPOH HACTpaWBaeTCs
uHpukarop HGI, npu atoMm mpoucxo-
IUT O4YHuCTKa ero Ovdepa, paspenraercs
otobpakeHue Kypcopa. Jlnsd ymeHbllle-
HUA 4YMCIA JUHUHU BBOJA, TpeOyeMBIX
1 3anucu HHGOPMaIUK B HHIUKATOP,
pa3Mep LIMHBI YCTAHABIUBACTCA PABHBIM

B ABycTpOYHOM pucCITIee Kypcop aBro- vaénuua2
MaTUYECKU COBUTAETCA C [IEPBOU Ha BTO- Appeca CoaepxaHue WHAanKauma B pexumax
PYIO CTPOKy Iocie noctiwkeHus 40-ro 30H—35H Tekylilee Bpemsa B MUHYTax U B CeKyHAax BO BCEX PEXMUMaxX
sHakoMecTa. ECmu mucrureit CONEPKUT B 36H—39H Hayasno nHTtepsana 1 «MHTEpBan 1», «<nHTEpBan 9»
16 3AH—3DH Hayasio uHTepsana 2 «MHTEPBAN 1», «<MHTEPBanN 2»
CTPOKE CUMBOJIOB, II/IA 11€pEX0/ia Ha 3EH—41H Hayano uHTepsana 3 «UHTEPBan 2», <UHTEpPBan 3»
BTOPYIO CTPOKY HEOOXONMMO CHOBa YC- 42H—45H Hayano nHTepeana 4 «UHTEPBaN 3», «MHTepBan 4»
TaHAB/IUBATDH aﬂpec AYeUKU BUOEeOIaMATU 46H—49H Hayano uHTepsana s «nHTEpBan 4», «<MHTEpPBan 5»
HIK (DD RAM) VMecTHO 6 4AH—4DH Hayano uHTepsana 6 «HTEpBan 5», «<MHTEpBan 6»
HAUKaTOpa : €CTHO OyneT 4EH—51H Hayano uHtepsana /7 «MHTepBan 6», <uHTepsan 7»
MMpUBECTU CUCTEMY KOMaHJ MHOUKATOpPa 52H—55H Hayasno nHTepsana 8 «MHTEPBan 7», «uHTepsan 8»
(B Tabnm. 1% — 6espaanque COCTOsIHUE, 56H—59H Hayano uHtepsana 9 «MHTEpBan 8», «mHTepsan 9
YCTAaHOBKa afipeca DD RAM — YCTAHOBKA 5AH—5DH Hayano Tekylero nHTepsana BO BCEX PeXXMMax
5EH—61H KOHeU TeKyliero nHTepsana BO BCEX PeXnMax
Ta6bnuuya 1
Kon Wcnonnenwe,| deTbipem Gutam. B mopt P3 samuchisa-
WucTpykuMa  peTR/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1] DBO MKC IOTCS CUTHABI IOT. 1 (Harpy3ku BBHIKIL ).
QOuuctka aucnnes | 0 0 0 0 0 0 0 0 0 0 82...1640 Cpasy [IOC/Ie MHUITMATU3AIUY UHIUKA-
Bosspar BHavyano| 0 0 0 0 0 0 0 0 ] * 40...1640 .
YCTaHOBKA TOpa Ha II€EPBOU CTPOKE NUCII/IEA TTOAB-
pe)xuma BBofa 0 0 0 0 0 1 /D S 40 nsaercsa coodbuenne «HELLO WORLD».
Ancnneit ol o 0 ol ol o 1 D | ¢ B 40 Yepes 3...5 ¢ Ha mucIUiee UHOMKATopa
B/ BblKA HG1 dpopmupyercsa undopmanus, npen-
Casur kypcopa u RIL . . 40
cnnes 010 00 0 1 |5C CTaB/IeHHas Ha puC. 3.
YcTaHoBKa 0 0 0 0 1 DL N F . . 40 Hanee unet cuer TeKYyIleTro BpeMEHU
yd’y”"”"“" U paspelraeTcs paboTa yCTPOMCTBA IO
CTaHOBKa
anpeca GG RAM 0 0 0 1 Acg 40 [IPUBEIEHHOMY BBILIE a/ITOPUTMY.
YctaHoBKa 0 0 1 Acg 40
agpeca DD RAM . .
YreHue ¢nara BF u 0 y BF AC ] OO-O0.00 OOOOOO
cyetymka AC
3anmcb AaHHbIX 1 00:00 00:00 0
GG nsn DD RAM 1 0 3anucbisaemble AaHHble 40 —_
YTeHune faHHbIX
GG w DD RAM 1 1 YuTaemble faHHble 40 Puc. 3

., ATMEL
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Kaxapii 6aitt u3 GyHKUMOHAIBHOM
rpynsl Oydepa 0TOOpaKkeHHs B IIOANPO-
rpamme 0OpabOTKH IIpepbIBaHMsA TaiiMepa
TFO BbiBOIMTCA B TOPT P1 MEHKPOKOHTPOI-
nepa DD1. Homep rpyrims! wi pexxum pa-
0oThI 3anKcaH B perucrpe R1. B mporecce
00pabOTKH MOITPOrPaMMbl TIpephIBaHHsA
IIPOMCXOIMT OITPOC KJIABUATYPBL

Crapuras TeTpaza BBIBOAMMOIO IIPU
5T0oM B 11opT P1 MMKpokoHTpOITepa Gaiita
IVIA KIaBUATYPBI IPENCTaB/sAeT co60i KO,
«Oeryuuit Hyib». [1oce sarucy gagHOTO
Garira B riopt P1 mukpokonrpomtep DD1
aHa/IM3UpyeT curHai Ha Bxoge 11 (P3.7). B
paMKax BbILLIEYKa3aHHOM [TONIPOrPaMMbI
npu mobo¥t HAXKATO KHOIIKe Ha Bxofie 11
MUKDPOKOHTPOJUIEPa TOAB/sAETCA 10T, 0.
Taxum 06pasom, Kakass KHOTIKA K/IaBUa-
TypblI IPUBSI3aHa K CBOEMY OUTY B CTaplLeit
Terpajie GaiiTa JaHHBIX MHOUKATOPA.

ITpu Haxatuu KHONKM S1 MHKpeMeH-
Tupyercs peructp R1 v 3amaercs oqun us
BbIIIEYKa3aHHbIX IEBATH PEXUMOB paboT.
Ha perucrpe R3 peamsoBan cueryuk, ko-
TOPBIi1 OIIpeZie/IAeT CIBUT Kypcopa Ha JHC-
wiee uHaukaropa HG1 B atoit ke mon-
nporpamme. [Ipu HakaTuu Ha KHOTIKY S3
CYeTYMK MHKPEMEHTHPYETCS, Kypcop Ha
UHAMKATOPE CABUIAETCA Ha paspsiz B/IEBO.
Hakatue na xnonky S4 mekpemeHTupyer
CYETYHK, KypCOp CIBUIaeTcA BIpaso. [Tpu
HKaTUUM Ha KHOIIKY S2 yCTaHABIMBAeTCA
(rar, paspellaroLHit UHKPeMEHTHPOBATh
paspAn, BBIOpaHHBII KHOIKaMH S2, S3.
Cueryuk Ha perucrpe RO u taitmep TFO
(bOpMHUPYIOT BpeMeHHO# HHTepBa [/TH-
Te/bHOCTHIO 1 ¢. Taiimep TFO dpopmupyer
3arpoC Ha ITpepbIBaHKe Yepes Kaxble 41,8
MC. CYeTYMK CYUTAeT YMC/IO TpePhIBAHUIA,
U KaK TOJIbKO YHC/IO IPephIBAHUI CTAHET
paBubiM 20, ycraHaBauBaetcs iar, 1o
KOTOPOMY B OCHOBHO IIpOrpamMme WH-
KpeMeHTUPYyeTCcs sideiiKa MaMATH MHUK-
POKOHTPOJUIEPA, TTie XPaHATCA eqUHUIIbI
cexkyHn. [Ipu BelllleykasaHHBIX apamer-
pax TaiiMepa U CY€TYHKA yCTPOMCTBO OT-
CTaet 3a OgMH 4ac Ha 2 ¢. Ha perucrpe
R2 peanusoBaHa 3amepyxka okono 80 MK,
HeOOXOIMMas TOC/Ie BLIBOAA CHMBOJIOB U3
O3¥Y MHUKPOKOHTpOJ/IUIepa Ha OUCIVIe UH-
nukaTopa (tabi. 1). Ha perucrpax R6, R7

peasM30oBaHa 3azepKKa OKoJIo 1 Mc, oHa
HeoOX0[MMa ITOC/Ie BbITOTIHEHH KOMaH]]
«OYUCTKA TUCIUIEA» U «BO3BPAT B HAYAJIO»
(tabn. 1).

B ocHOBHOII TporpaMme mpoOUCXOOUT
CYeT TEKYLIEro BpeMEHH, KOPPeKITUs Te-
KyIllero BPEMEHH, YCTaHOBKAa BpeMeHU
BK/IIOYeHUS OyIUIbHUKOB, CPaBHEHME
TeKyIerO BpeMEHU C BpeMeHeM OYIuib-
HHUKOB, BK/IIOYEHHE CBETOBBIX U 3BYKO-
BBIX CUTHA/IOB, BBIBOZ 6aiiTa yIipaBaeHus
Harpyskamu B opT P3 MUKpOKOHTpOI-
nepa DDI.

Paspa6oTaHHas rnporpaMma Ha acceM-
6repe 3aHuMaeT nopsanka 2,5 K6 mamaru
IporpaMM MUKPOKOHTpO/UIepa. Afima-
patHas YacThb MMKPOKOHTpO/lepa DDI
UCITO/Ib30BaHA ITOJTHOCTHIO, HO 34 CYEeT ero
IPOTrPaMMHBIX PeCYPCOB MOYXKHO, HATIPU-
Mep, YBETMYUTh 10 20-TH YUC/IO IPOTPaM-
MHPYyeMbIX UHTEPBAIOB (OYIWIbHUKOB).

YcTpoiicTBO MOHTHPYIOT Ha OTHe-
JTbHOW MAaKeTHOH IIIaTe C pa3MepaMH
100X110 MM (pasMepsl MOOy/IsA MHAH-
Karopa — 75X25X10 mm). [Tpu mMonTa-
XKe CJleflyeT OTAENMUTh HH(PPOBYIO YacTh
YCTPOMCTBA OT CHJIOBOTA.

B ycTpoiicTBe MCIIONIb30BaHb! pesuc-
Topbl C2-33H-0,125, nopoitayt mobble
IpyrHe ¢ TaKO¥ XKe MOIIHOCTBIO pacce-
UBAaHUA U IIOTPELIHOCThIO 5 %. Pesuc-
top R16 — CII5-2BA, nogoitner n060i1
APYro¥ TaKoro >ke HOMUHaaa. Kongen-
caropsl Cl1, C2 — K50-35. [IBUKKOBBII
nepexmoyarendb SB1 mad otkmouyenus
TTOICBETKU MHAMKATOPA PacIioNoyKeH Ha
[Ie4YaTHOM IUIaTe yCTPOMCTBA. Y MUKPO-
KoHTpoytepa DD1 u mexxay nernbio +5 B
1 OOLIMM IIPOBOTHHUKOM ITOJIE3HO yCTa-
HOBUTb GJIOKHPOBOYHBII KOHIEHCATOP
K10-17-H90-0,1 mx®.

Caerosas nonoca HL1 — KB-2300EW
KPacHOTO 11BeTa. MOXXHO 1ono6parh mo-
6Y10 OpPYTYIO WIM 3aMEHUTh €€ CBeTONH-
omom. Harpysku, Kak y’ke oTMeuanoch
BBIlLIE, ITOQKIIOYAIOTCA K YCTPOMCTBY
yepe3 COemUHUTETH (BUAKHU) X2—X7
tuta MPW-2 (oTBeTHas yacth — po-
setku MHU-2). JlanHble coemuHUTe-
M MOXKHO 3aMEHUTb Ha KJIeMMHbIe
TB-10-02. Ecrti HoMuHambHaA MOILIHOCTD

Harpysku B KaHajae npesbliiaer 100 Br,
CHUMMCTOp C/IeyeT YCTAHOBUTH Ha COOT-
BETCTBYIOIIMH TEMI00TBOA. CHUMUCTOP
TIC236M, momycTUMBIN TOK KOTOPOTO
12 A, mo3BO/IAET YIIPaBIATb HArPY3KOM
no 1,5 kBT, MOXXHO NIPUMEHHUTL TaKXKe
otegyectBeHHbINT KY208I, ommako own
o6/1afaeT 3HAYUTEILHO XYHUIeN qyBC-
TBUTE/NIbHOCTBIO. [[/i1 Hame>xKHOro cpa-
OarbiBanmA cumucropa KY208[ uepes
€ro YIPaBAAILIUI 3/IEKTPOA HOIKEH
IpoTekaTh TOK He MeHee 250 MA, noro-
My COIpOTHB/IeHUE pesuctopoB R1-—R3,
R7—R9 Heo6x0mMMO yMeHBIIUTHL 1O
100 Om. Jl1s1 Harpy3oK MOIIHOCTBIO HO
2 kBT MOXHO HCIIOB30BATH CHMUCTOPBI
C OOMYCTUMbBIM TOKOM 16 A, Hanpumep
TIC246N. Ilpu Heo6XOmMMOCTH BBIXOT-
Hble KaHajIbl WIM UX YaCTh MOXKHO I10C-
TPOUTH Ha pesle (MOXXHO MPUMEHHUTh U
TBepAOTe/NbHbIe pee). Kanan, Bbimos-
HEHHBII Ha pejie, MOXKET NPUTOIUTHCH,
HATpuMep, I/iA OTKIoYeHus Tenedona
Ha HOYb (4TO II03BOIAET U30aBUTHCHA OT
CIy4aiiHbIX 3BOHKOB). [Ibe3oanextpuyec-
Kui usiaydatesb BA1 HPM14AX moxHO
3amenuTh Ha HPA17AX wim HPA14AX.

[TuTaromee HampsiKeHHe TMOCTyIIaeT
Ha IUIaTy yCTPOMCTBA 4epe3 COENUHU-
Tenb X8. [ToTpebienne Toka mo kaHamy
+5 B He 605ee 110 MA (mpu OTK/TIOYEH-
HOM MofAcBeTKe uHauKatopa HGI).

B ycrpoiicTBe HeT HMKAaKMX HaCTpO-
€K U PeryIMpoBOK KpOMe PeryIupoBKU
KOHTPaCTHOCTH MHAUKATOPa, U eC/IU
MOHTaX BBIIIOJIHEH NPaBMILHO, TO
OHO HayuHaeT paboTaThb Cpasy OCIe
ITOla4Yy Ha HETO HaIps>KeHUs TUTaHUA.
[Tpu mpoBepke KaHalIOB MepBOe BK/IIO-
YeHHe KaXXIOro KaHaja jJydllle CoelaTh
Ipu HeOOBILON Harpyske, HaIpUMep,
C JIaMIIOM HaKaJTUBaHUS MOIHOCTHIO
40...60 Br. [Iporpammupyembie unrep-
BAJIbI 11€/1ECO06PAa3HO TPOBEPATD (U ycC-
TaHaB/IMBaTh) B IIOPSAZKe BO3PACTaHUA.

Daitn f14 IPOrpaMMUPOBAHUS MHK-
POKOHTpO/VIepa MOKHO HaWTH Ha cail-
Te pefakuuu o azpecy www.dian.ru/
programs.

Cepreit llnmkux,
r. Capos Hmxeroponckoit 0671.

HoBble KHUIK

A. B. ®pyHse

MWUKPOKOHTPOJIIEPbl ®PMbI PHILIPS CEMECTBA x51

B kuwre nipusenen nonpo6Hbi 0630p Beex BblmyckaeMbix pupmoii Philips MHKPOKOHTPO/UIEPOB, JaHa HH(OPMALMSA [0 HOCTYITHLIM OTeyec-
TBEHHOMY I10/Ib30BATE/M0 MHKPOKOHTPO/IIEPAM CeMeHCTBA X51, H3TOTABIMBaEMbIM JIPYTHMH BelYILIMMH MHPOBBIMU TIPOUSBOINTEISIMH. B Heit
TIpUBENIcHa CaMas CBOKadA Ha MOMEHT BBITYCKa CBOJIHAA Tab/MLA 1O BCeM BbiyckaeMbiM Philips MUKpOKOHTposUTepam, a Takske TepMHHO/IO-
THYeCKHH C/10Bapb. [lasee Moapo6HO paccMaTpHBAIOTCA 0COGEHHOCTH K/IaCCHYeCKHX MHKPOKOHTPO/UIEPOB CeMelicTBa X51 — CHCTeMa KOMAHI
(110npo6HO OMHCaHbI BCe KOMAHIbl MHKPOKOHTPO/UIEPOB C KOJAMH OIeparHii, OTIepaHfiaMH, IPUMEPAMH HeHCTBUS KOMaHI, BpeMEHeM HX
HCTIO/IHEHHs) U aIlfiapaTHble 0COBEHHOCTH (CTPYKTYpa IIAMATH M PeTUCTPOB, apH(PMETHIeCKO-IOTHYeCKOe YCTPOKCTBO, TaMEPbI-CIeTIMKH U
PeKUMbI MX PaGOThI, CHCTEMA NPEPBIBAHHIT, OCTCHOBATE/IbHBI ITOPT CO BCEMU PXXHMAMH paGoThl M CHCTeMa YTIpap/ieHHdA [THTaHHEM ).

Be1 MoskeTe moamuCaTLCA Ha 3Ty KHUYY Yepes pegakuuio. CTOMMOCTb MOXITHCKY — 260 py6., B 3Ty CyMMYy BK/II0Y€Ha IIePECHUIKA IO
Poccun. Ilpumep sanonHeHns KBUTAHUMK [UIA OIUIATHI Yepe3 GAaHK CM. Ha cTp. 56.
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Pednekromerp KOCBEHHOIo
namepeHmnsa KospduumeHTa
OTpa)keHVA ANA ananasoHa
yactoT 10...1100 MI'y

B cmamee paccmompeHo ycmpoucmaeo, nosgossoujee ¢ 0onycmumou
0J19 NPAKMUYECKUX yesiel moYHOCMbIO U3Mepsame Ko3gguyueHm ompa-
MXeHUSA 8 WUPOKOM 0uandasoHe 4yacmom.

a4ecTBO pabOTHI BBICOKOYACTOTHBIX
YCTPOWCTB — YCHIMTENeH, CeleK-
TOpPOB Te/IeBUSHOHHBIX KaHA/IOB U
APYTHX — BO MHOI'OM 3aBHCHT OT COIJIa-
COBaHUS BXOIHBIX LIeIIeH 3TUX YCTPOUCTB
C TMHUAMHU IIepe/layd CUTHAIOB.
OcCHOBHBIM [TOKa3aTe/eM, XapaKTepu-
3YIOLIMM COIJIaCOBaHHUE BXOMAA 3/IEKT-
POHHOTO YCTPOWCTBA C TPAaKTaMH Iie-
penauu curHanoB BY u CBY, sasnsercs
K03bdHUIMEHT OTpakeHUs, KOTOPBIi
ompenenseTcss OTHOIIEHUeM KOMIIIeK-
CHO¥ aMIUIMTYZBI OTPaKeHHOH OT BXOIa
BO/HBI Ugtp K KOMIUIEKCHOH aMIUTUTYIE
nagawoiei BomHbl Upay:
Kot = Uore/Unap: (1)
Il usmepeHud MapaMeTpoB Iaja-
I0Llleil U OTpPakeHHO¥ BOIH Haubosee
3 bEKTUBHBIM CIIOCOOOM SBIAETCA UX
pasfie/ieHue ¢ UCIIONb30BAHHUEM IUPKY-
naropos. Ha puc. 1 nokasaso ycrpovic-
TBO BBIJIC/ICHUS OTPaKeHHON BOJIHBI ITPU
IIOMOUIH TPeXIIedero MUpPKyIATopa.
BoipabatbiBaeMble reHepatopom [
Koj1ebaHMs TOCTYyal0T OTHOBPEMEHHO
Ha BxoJ 1 nupkynsaropa Ll u Ha BXOR

Bxog,
10...1100 Ml
0,1...1 mBT

Zx

PV1 PV2
Puc. 1

BO/IbTMETpa II€PEMEHHOr0 ToKa PVI,
obecrieynBaIoOIIero U3MepeHue aMIUIU-
TyObl HaIPs>KeHUA Mafalollieil BOJIHBI
Upag. B uMpkynarope magawouias Boj-
Ha, pacIPOCTPaHAACDH [TO HaIIpaB/AEHUIO
CTpe/IKY, TONafgaeT B IUIEYO 2 U ITOTJIO-
1aeTcd Harpyskou Zy, IpencraBadio-
el OO0l MCIIBITyeMOe YCTPOMCTBO.
Yactb sHepruM, He IMOIJIOLIEHHON Ha-
IPy3KoH Zy M3-3a PaccOI/IacOBaHUsA ee
BXOJHOTO COIPOTUB/IEHUA C BOTHOBBIM
COIIPOTHBJIEHUEM TPaKTa, OTPa’kaeTcs
OT Harpy3KM M IIOCTyIIaeT OOpaTHO B
I/1e40 2 uupKyasatopa. B nupkynsaro-
pe BOIHA MOJKeT ABUTATbCHA TOJIBKO IO
HallpaB/eHHUIO IIeYa 3, B pe3y/ibTaTe
Yero IIOCTyTIaeT Ha COIVIACOBAaHHYIO Ha-
rpy3Ky Rp M IO/IHOCTBIO OT/IOLIaeTCA.
Bonpr™merp nepemenHoro Toka PV2 us-

Zx

Puc. 2

MepsAeT aMIUTUTYly Hampsi>KeHUs oTpa-
»KeHHO# BoHBL Ugrp. B aTOM cryyae,
nonctasnsasg B dhopmyny (1) usmepen-
Hble 3HAYEeHMA HAIPSHKEHUIN aMIUIUTYIL
Mafaioien U OTPayKeHHON BOJIH, MOJKHO
paccuuTath Ko PUIHEHT OTpaKeHU
BXOZIa UCIIBITYeMOTrO YCTPOHCTBA.

[IpumeHeHne Meroma HpAMOTO BbI-
IeeHus OTPaKeHHOM BOJIHBI IIPOCTO U
BecbMa 3¢ PeKTHBHO B IUATTA30HE YACTOT
Boilte 3,5 I'T1y, roe co3mana 1e1as HOMeH-
KJIaTypa BOJIHOBOAHBIX LIUPKY/ATOPOB. B
HIDKHeH YacTu nuanasoda CBY, B nuana-
30H€ MeTPOBBIX U IelUMeTPOBBIX BOTH
IIPUMeHEeHHUe NaHHOTO MeTOHa CHCPKH-
BA€TCA OTCYTCTBHEM IIMPOKOIONIOCHBIX
KOaKCHa/IbHBIX IIUPKY/IATOPOB.

B cBA3M C DaHHBIM OOCTOATETBCTBOM
IIpu pa3paboTke xapakrepuorpacda BM94-
4 KOMIUIEKCHOT'O U3MepeHUsA TapaMeTpOB
CEIEKTOPOB TE/IEBUSHOHHBIX KaHAIOB ObUT
IIPUMeHEH OPYTOi MeTON U3MepeHuUs KO-
adduimenTa oTpaskeHns, OCHOBAHHBII
Ha IPUMEHEHUH U3MePUTETbHOTO MOCTa.
[TpuHiunuanbHasn cxeMa pedieKTomMeTpa
IIpUBeNEeHa Ha puc. 2.

OcHoBoit pediekToMeTpa SBIASAETCH
U3MEPUTEIbHBI MOCT, 06pa30BaHHBIN
pesucropamu R1, R5, R6 u BxonubIM co-
IIPOTUBJIEHHEM UCIIBITYeMOTO YCTPOMCTBA
Zy. V3BecTHO, 4TO B C/Iyuae paBeHCTBA
COIIPOTHUBJIEHUI BCEX IUIEY MOCTA IIPH IO~
Jade HAIPsOKeHUA Ha OJHY U3 ero [uaro-
HaJIeit, B IPYTOi AUaroHaIN (TOYKM a U 6
Ha pHC. 2) HaIpsHKeHHe PaBHO Hymo. [Tpu
paccoracoBaHUM KOMIUIEKCHOT'O BXOITHO-
IO CONPOTUB/IEHUSA Zy UCIBITYeMOTO YCT-
POJICTBA OT YMCTO aKTUBHOTO 3HaU€HHUA 75
OM rponcxonuT pasbalaHCHPOBKA MOCTa
U B IMArOHA/IH a-0 MOAB/IAETCA TepeMeH-
HOe HalpshKeHHe, aMIUTUTYZa KOTOpPOro
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CxemoTexHukKa N‘-’_ §-_g BIyCT 2005

IIPAMO IIPOTIOPIIMOHA/IbHA HAIPSDKEHUIO
OTpa>XeHHOM BOJIHBI.

C 1e/1b10 U3MepeHHs aMIUTHTY/ HaITpsA-
’KeHUS Tafaroller U OTPOKEHHOU BOJIH
K U3MEPUTEIbHOMY MOCTY TIOIK/IIOUEHbI
IBa IE€TEKTOPA C 3aKPBIThIM BXomoM. [le-
TEKTOP IIafJarolleil BONHBI TOJK/IIOYeH K
Bxony XW2 u o6pasoBaH anementamu C3,
VD2, VD3 u C4, narpyskoit merekTopa
spsercs pesucrop R9. [locnenoBarensno
¢ nuonoM VD2 BxmodeH pesucrop R7,
YMEHbIIAIOLIMI BIUSAHUE BXOOHOM eM-
KOCTH JMO[a Ha pabOTy MOCTa | y/Ty4llIa-
IOLIUH TTePefaTOYHYI0 XapPaKTePUCTHKY
neTeKTopa. JIeTeKTOp OTpaXKeHHOM BOJIHbI
BK/IIOYEH B JMarOHa/Ib MOCTa MEXITY TOY-
KaMH a 1 6 u obpasoBan sneMentamu Cl,
C7, VD1, R4, C2, Harpyskoit meteKTopa
spnsierca pesucrop R10. [ina 6amancu-
POBKM MOCTa B BEPXHeI 4aCTH 4acTO-
THOTO [Malla30Ha K TO4YKe 6 MTOOK/II0Ye-
Ha ymnusa LK1, obpasoBaHHast oTpeskoM
CUMMETPUYHOTO Kabens u obeciieynBa-
I0LasA KOMIIEHCAIHIO [OTIOTHUTETbHOM
€MKOCTH, BHOCUMOH pazbeMoM XWI.
s ycuneHus MpomeTeKTUPOBAHHOIO
HAMIpsKeHUsA B KaXIOM H3MepPUTeb-
HOM KaHaJle YCTaHOBJIEHBI [Ba yCH/IHTe-
1 — annpokcumupymoiue Ha OY DAL,
DA2 u macirrabusie Ha OY DA3, DA4.
B anmpoKCMMHPYIOIIMX YCHIUTENSX B
LEb OTPULIATe/IbHONM OOPATHOM CBA3H
OITEPAITMOHHBIX YCHIMTeNeH BK/IIOYEHbI
Iapa/Ule/ibHbIE 1elH, 06PAa30BaHHbIe pe-
3MCTOPaMU H THOAMH U (POPMHUPYIOLIHE
HEJTMHENHYIO OTPULIATENTBHYIO 0OPAaTHYIO
CBfI3b, [TO3BO/IAIOLLIYIO CKOMIIEHCUPOBATD
HETUHEHHOCTh TIpeoOpa3soBaHus mepe-
MEHHOTO HaIIps)KEHHUS NeTeKTOPHbIMU
CBY muomamu. Koadduiuent ycune-
HUsL IO HANPSDKEHUIO alllIPOKCHMUPYIO-
IIUX YCUJIMTENIEN COCTAB/IAET OKOJIO 3,5.
Macirabuele ycumutenn va OY DA3,
DA4 nmeroT koapduiireHTs! ycuneHus
IO HAIIPSYKEHHIO 3 1 6 COOTBETCTBEHHO.

Menpumit Macirrabubiit Koagduiment
ycwiurena Ha OY DA3 Bpi6paH B cBA3U
C TeM, YTO aMIUINTYHa Iafalolieil BOJ-
HBI Ha Bxofie Zy ¢ nemmrens R1Zy sBusoe
MeHbIIIE YeM y CHFHa/Ia, ITOCTYIAIOUIero
Ha BXOJ pedIeKTOMeTpa OT TeHepaTopa
Kauyaroliemcsa 4acTOThI.

BbIxonb! ycumTe et CurtaioB Iafaro-
1ie U OTPOXKEHHOM BOJH ITOIK/II0YEHbI
Ko BxogaMm 12-paspsanubix ALIIT xapak-
Tepuorpada, OCyIIecTB/IAIOIEr0 BHIYHC-
neHue KoadduuresTa OTpaskeHUs UC-
IIBITYEMOTO YCTPOMCTBA U OTOOPakeHHe
PesyIbTaTOB pacyeTOB Ha SKpaHe MOHH-
TOPa B peajlbHOM MaclluTabe BpeMeHH,
9TO IO3BO/SET BLITOJHATD PETYIUPOBKY
BXOIHBIX HeIel A obecreyeHUs] MHU-
HUMyMa Ko3addHileHTa OTpa)KeHHd B
UIMPOKOM IUarra3oHe 4acToT.

Pednextomerp BBIIONHEH B BUJE BbI-
HOCHOTO MO[IY/s, HOOKTIOYaeMOro rub-
KM KabeneM K Xapakrepuorpagy BM-
94-4 Ipu OMOIM MHOTOKOHTaKTHOTO
pasbema. MoHTa)xHas IU1aTa yCTpOCTBa
BBIITO/IHEHA Ha IOMJIOXKKE M3 JUDJIeK-
Tpuka OJIAH-5 Tomuunoi 1,5 MM Ha
HECUMMETPHUYHBIX [TOJIOCKOBBIX THHUSAX.
Oco6bIx TpeOGoBaHHIT K pPasBOIKE BBICO-
KOYaCTOTHBIX LieTiel He TIperbaB/seTcs. B
YCTPOMCTBE MCIIO/Ib30BAHBI TTOCTOSIHHBIE
pesucropsl R1, R5, R6 — C2-10, ocranb-
Hpie — P1-12. [Topcrpoeunsie pesucro-
pbl — CII5-2BA, xonnencaropsr — K10-
478. /lIuana LK1 BbimonHeHa us Kabens
PI50-1-21 gnuHoit 20 M.

Pery/mpoBKa ycTpoiicTBa BbITOIHAETCS
B CJIeflyIoleN nocnegoBarenbHocTu. Ha
pasbeM XW2 [OmamT CHUTHaI C 4acTo-
To# 10 MI'11 1 meficTBYIOIIMM 3HAYeHHEeM
HanpspkeHus 250 mMB. K paspemy XW1
TOJK/IIOYal0T KOAKCHAIBHYIO COTIaco-
BaHHYIO Harpysky 75 Om. Kontponu-
PyA MM/UIMBOJIbTMETPOM MOCTOSTHHOLO
TOKA HampsbKeHHe Ha BEPXHeIl IO CXxeMe
obxIanke KoHgeHcaropa C2 mop6opom

IvHbl muaud LK1 nobuBaoTtcss MUHU-
MaJIbHOTO pazbanaHca MOcTa (Ipu6/Iu-
sutenpHO 1...2 MB). Jlanee, usmeHss Ha
Bxone XW2 ypoBeHb HallpsDKeHUA B IHa-
nasoHe 5...250 MB mozpcrpoiikoit pesuc-
TopoB R17 B HIDKHE!N YacTH 1IKambl (o
75MB) u R16 B guamasose 75...200 mB
IOOUBAIOTCA JTMHENHOCTH TIpeoGpasoBa-
HUS TIEPEMEHHOTO HaIpshKeHHs (OTcuer
II0 1UKajle MWUIMBOJbTMETPA TTOCTOSH-
HOTO TOKa, TONK/IIOYEHHOTO K BBIBOMY 7
OY). KoHrpomipys BOTbTMETpOM HaIpsi-
»xeHue Ha BbiBome 7 OY DA3 pesucro-
poM R29 ycranasmiBaior koaddurimeHT
YCU/IEHUA KaHajla Iiepefadu, paBHbIi 10,
J1/11 HaCTpOMKY KaHa/ia U3MepeHUs aMII-
JMTYIbI OTPaXXE€HHOU BOJIHBI BMECTO CO-
[JTACOBAaHHOM HAarpysKu K pasbemy XW1
TTOIKII0YalOT KOPOTKO3aMKHYTYIO 3a-
IIyUIKy. FIsmeHsist HarpsikeHue Ha BXojle
B quarasoHe 10...500 MB, mopcrpoitkoi
pesucropa R22 B HYDKHe# 9acTH ILKa/IBI U
R21 B BepxHeit YacTu [OOUBAIOTCA TMHET-
HOCTH NTPe0OPasoBaHHA IlePEMEHHOTO Ha-
npspxenust. [Tongcrpoiikoit pesucropa R30
yCTaHaBIUBAOT O6IIMi Koabduiuent
Irepeiavyy KaHasa, papHblit 20, cpaBHUBas
TIO/Ty9eHHOE HaNpsKeHHe C H3MePeHHbIM
B TouKe 6. MI3MeHAs 9acTOTy BXOHHOTO
CHUTHA/IA [IPU MOJKIIOYEHHON K pasbemMy
XWI cornacoBaHHO#M Harpyske 75 OM B
muamazode yacror 10...1100 MI', mon-
6opom mmHbI uHMK LK1 go6usaorcs
HawIy4uiei 6aIaHCHPOBKHM MocTa. Pacyer
BeIMYMHBI KO3 HUIIMEeHTa OTpaXKeHUs
ocymecrBagercs o popmyse (1).

IIpuBenenHass OTHOCHUTeNbHAA ITOT-
pelHoCcTs u3MepeHus koaddulmenra
OTPa)X€HHUA COCTaBAfAeT JISI JaHHOTO
Mmeroma 7...10 %.

Bmapumup JKyxk,
r. Munck, benopyccus

Mpeanaraem opraHnsaunam n Gpusnyeckum nnuam oGopMnTb NOJANCKY Ha KHUTY
«X51-COBMECTUMbIE MUKPOKOHTPOJUJIEPbl ®UPMbI SILICON LABORATIRES (CYGNAL)»

AsTop O. U. Hukonaituyk, o6noxka markasn, 640 crp.

Bropoe paciuimpenHoe usfaHne HacTOALLEN KHUMA NPeHa3Ha4eHo ANA
O3HaKOMJIEHWA YMTaTENEeR C NOMHBIM CNEKTPOM X571-COBMECTUMBIX MUKPO-
KOHTPO/NNEPOB, BbiNYCKaeMbiX B HacToAwlee Bpema ¢pupmon SiLabs, Kotopas
obbeauHunacs ¢ drpmoit Cygnal.

B KHUre noApo6HO paccMoTpeHbl apXUTEKTYpa, COCTaB repudepritHbix
NOJCUCTEM, CTPYKTYPa PErUcTPOB i OCOBEHHOCTM NPUMEHEHUA BbICOKOUHTEr-
PUPOBAHHBIX CMCTEM 06PaBOTKN AAHHBIX X51-COBMECTUMBIX MUKPOKOHTPON-
NePOB CO CMELLAHHOWN aHANOrOBON 1 LLGPORBON apXUTEKTYPOIR, BKIIOYAIOLLWX
BbICOKOMPON3BOANTENBHOE MUKPOKOHTPONepHoe aapo CIP-51, noctpoeHHoe
no KOHBeNepHOMyY NpuHUMNY. brarogapa 3ToMy MHOMe cemeiicTaa MUKPO-
KOHTpO/IEpOoB GpupMmbl SiLabs pa3suBaloT MKoBYIO NPOU3BOANTENBHOCTL 25
MIPS, a ogHO 13 cemeliicTe — 50 1 Jaxxe 100 MIPS, yTo ABNSETCA HAMBDICLLIVM
Pe3y/bTaToM MO NMPOU3BOAUTENBHOCTUA CPEAV MUKPOKOHTPOMNNIEPOB B MIpe.
370 YHUKANBbHOE MKPOKOHTPOSIIEPHOE AAPO OCHALLIEHO HE MEHEE MOLHbIMM
aHanoro-ynepPoBbIMK 1 UUPPO-aHANOrOBLIMIA Y3flaMK, PACILMPEHHON Ld-
poBoi nepudepueit, sBkniovatowen nHTepdeircsr UART, SMBus (12C), SPI, CAN,

USB, MOWHBIMY NOACCTEMaMM MAMATY 1 NPEPLIBAHIAY, @ TaKXKe YCOBEPLLEHC-
TBOBaHHbIMM CPEACTBaMI BHYTPUCUCTEMHOO NPOrPaMMUPOBAHUA U OTAIAAKM.
Takum 06paszom, coBpeMeHHbIe MUKPOKOHTpOsIepb dupmbl SiLabs (Cygnal)
ABMAITCA HE TOMIbKO CaMbIMU BbICOKONPOU3BOAUTENbHDBIMIA, HO 1 CamMbIMU
MOLLHbIMI MO COCTaBY aHasoroBoit 1 Uudporoi nepudepui.

Bo BTOpOE n3ganue fononHuTeNnbHO BBEAEHa MHGOPMALIA O YeThIPEX
HOBbIX CEMENCTBaX, KOTopbie MOABWMIMCE C MOMEHTa NepBOro M3faHuA
KHUTK. Kpome TOro, ncnpasfieHbl HEKOTOPbIE HETOYHOCTY, [ONYLLEHHbIe
B MepBOM U3AaHNN.

KHura paccumrana Ha WnpoKiA KPyr MHXEHEPHO-TEXHUUECKIAX PaBOTHIKOB,
a TaKke CTyAEeHTOB 1 aCMPAHTOB, NHTEPECYIOLMXCA NOCNeIHUMI SOCTMKE-
HUAMI COBPEMEHHON MUKPOKOHTPOSIEPHOMN TEXHUKM,

CToMmocTb NoANUCKM Yepes peAaKkumio Ha KHUry — 250 py6., B 3Ty
CTOMMOCTb BKJTIOYEHA CTOMMOCTb nepecbinku no Poccun.

Mpumep 3anoNHeHUA KBUTAHLUMM ANA ONNaTthbl Yepes 6aHK CM. Ha
cTp. 56.
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46 BBEIBOJIUTCA. JTO TIO3BOJAET IIPOBe-

ABTOMaTMNYECKNN Npnbdop
ANA NPOBEePKN TPaH3NCTOPOB

B cmamese onucaH npubop, komopeili no3gosigem onpedenams ucnpas-

HOCMb MPAH3UCMOPO8 U NPpou3800UM OUeHKY Ko3gpuyueHma nepeda-
yu moka 64a3sl Npu NPOU3BOLHOM NOOK/IIOYEHUU 6€e3 ydema cmpyKmypbl
u yokonesku. OH Moxem 6bime nose3eH Npu KOHMpose 6016020 Yucna

mpaH3ucmopos.

pubOp ITperHasHaYeH I onpee-

JIeHUS] UCTIPAaBHOCTH GUIIOIAPHBIX

TpaH3ucTopoB. ONMHCAHUS TIOI00-
HBIX YCTPOVICTB He pa3 MyGIMKOBAIICh B
UTEPaType, HO 3TO GBUTH, B OCHOBHOM,
IpUOOPBI, OTIPeNle/ISOIIHe HCTIPAaBHOCTD
TPaH3HCTOPOB IIPH Y>Ke U3BECTHOM CTPYK-
Type u HoKomeBKe. ECM ke OHU U 1MO3-
BO/IIOT HAXOMIUTD 1IOKO/IEBKY (HAIIpUMep,
[1]), To Tpe6YIOT BMeIIaTeIbCTBA YeI0Be-
Ka, KOTOPBIIA TO/DKEH BBITIONHATh Pas/iid-
Hble TICPCK/TIOYCHHUSI.

[TonMHOCTBIO aBTOMAaTH4YeCKHM IIPH-
60pOM MOYXHO CYUTATh ammapaT, OIHU-
canHbIil B [2], HO maxxe 6e3 610Ka pas-
OpakoBKHU 10 KOI(PDHUITHEHTY Trepenadu
ToKa 6asbl hy)5 OH mpencraiser co6oit
MOCTaTOYHO CNOXKHYIO IS TIOBTOPEHHUS
KOHCTPYKIIHIO, HACYUTBIBAOILYIO 26
MHKPOCXeM U YeThIPe TPAH3HCTOPA.

Koncrpykuus, omnucansas B [3],
BBIIIOJIHEHA Ha COBPEMEHHO 3jle-
MEHTHO 6a3e, UMeeT CPABHUTEIbHO
MaJIoe YUC/IO JETAIEH, HO TaKKe Tpe-
OyeT mepeKIoYeHUs pe>XKUMOB IS
omnpenenenns Koapduimenta hy;s,
T. €. OTIPeNie/IAETCA OO II0KO/IEBKA
U CTPYKTYpa, MO0 TPYIIIa I10 3TOMY
k03 Punuenty. imenno ee ommca-
HUe U TIPUHITUIT paOOThI TTOCTY>KHIU
HPOTOTHUIIOM 11 CO3IaHHUsI TIOJIHO-
CThI0 aBTOMAaTHYECKOro TMpubopa,
OTIMCaHHOTO B JAHHOM CTaThe.

M3 opraHoB yrpaBieHus yCTpOHC- 3

PATh Ha O6PBIB M KOPOTKOE 3aMbIKaHHe
BCeBO3MOXXHbIe ITPUOOPBI — CBETO- U
(oTOIHO/IBI, TUOIHBIE U TPAaH3UCTOPHBIE
OTITOIIApbl, BBIIIPAMHUTENbHbIE MOCTHI,
ONHOIIepeXonHble TPaH3UCTOPBI, KOH-
TaKTHBIE I'PYTIIBL pejle, FepKOHBI, IIPo-
BOJHUKHU Kabesel U T. I

Taxum obpasom, cepa npuMeHeHUs
maHHOTO IpHOOpa IO CPaBHEHUIO C IIPO-
TOTHIIOM CYIIIeCTBEHHO pacHIupeHa. Bes
MHQPOPMAIIHA ITO UCTIBITYeMOMY 06'beK-
TY BBIBOIUTCSA Ha JMUCIUIEH, BBITIOIHEH-
HBII Ha rpadpuIeckoM >KUIOKOKPHCTAI-
JTM4eCKOM HHIHUKaTope.

Cxema ripu6opa IpuBeieHa Ha puc. 1.

Ero ocHoBoJl siB/ifieTci MUKPOKOH-
tpomntep cemeiictea MCS-51 ¢upmsr
Atmel — AT89C2051-12PI. Ilpumene-

HUe MUKPOKOHTPOJUIEpa ISl BRIPaOOTKH
CHIHa/IOB KOMMYTallUM [TO3BOIMIO YII-
POCTHUTDb CXeMY, yCOBEPLLIEHCTBOBATb aJl-
rOpUTM paboThl IPHOOPA U PACIIUPUTH
ero (pyHKIIHOHAIbHBIE BOSMOYXHOCTH.

JUtst yIydlleHusl 9KCIUTyaTallHOHHBIX
XapaKTepHUCTHK BBeIeH KOHTPOJIb HaIIps-
JKeHUs IUTaHHUS M KOHTPOJb paspsna
3/leMeHTa ITUTaHUA B TIpoliecce paboTH,
TaK)Ke IIPeJyCMOTPeHa BO3MOXKHOCTBb
HOJK/IIOYeHHs K BHelIHeMy OJIOKy IH-
TaHMs, IPH 3TOM BCTPOEHHBIH 3/IeMEHT
OTK/IIOYaeTCs. Y 3e/I KOMMyTallMH cOOpaH
Ha mukpocxemax DD1—DD?7.

Ins orobpaxkenus uHpopmauu B
npubope HCIOJAb30BaH 16-3HAYHBIN
onHocrpounslit JKK gucrnein ¢pupmer
Powertip co craHmapTHBEIM HHTepdeii-
coM KoHTposutepa HD44780. Ina ero
TeCTUPOBAHHUsA U IIPOBepKH paboToCIIO-
COOHOCTH BBeJIeHa [TPOBepKa CIVIOIIHbBIM
noneM. MaKkcUMaJIbHBIH TOK ITOTpebite-
HUs Tpubopa ot ajremenTa 1,5 B — He
6onee 50...60 MA.

NPUHLIUN PABOTDHI

Jlnsg aHanM3a HCIBITYeMOTrO TpaH-
3HCTOpa Ha €ro 3/MeKTPOnbl IOJAI0TCA
CNenyIolIe COYeTaHUsI CUT'HAJIOB, IIPH

TBO UMCET KHOIIKY BK/IIOYCHHUSA IIH- 2

TaHHUA, KHOIIKY IPOCMOTPa THOOHbBIX
IIepeX0J0B U KOHTAKTHYIO KOJIOIKY
I TIOOK/IIOYEeHHS] TeCTHPYeMOTo
npu6opa. OTIHYUTEIBHON OCOOeH-
HOCTBIO JAHHOTO NPHOOpa ABJIAETCA
TO, YTO OH aBTOMAaTH4eCKH OIIperie-
NISI€T LIOKOJIEBKY M CTPYKTYPY TpaH-
3UCTOPOB, a TaKXe OCYILECTB/SET
rpy6yio pas6pakoBKy IpHOOPOB IO
hy15. B cygae manoro hyj munmim-
PYeTCsi HaT4YHe ero p-N IepeXofioB,
a TaKoKe UX Ipo6oit WK o6psIB. [To-
JyIIPOBOJIHHKOBEIE IT€PEXO/IbI HH/TH-
HUPYIOTCS M300paXeHHeM THOIOB,
IIpH 1Ipo6oe BBIBOIUTCS H300pake-
HMe TTePeMBIYKH, IIPH OOPEIBE H306-
pakeHHe Kakoro-nbo cHMBO/IA He
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3TOM IIepedUpaIOTCA BCe BO3MOYKHbIE
BApUAHTHI MOJKIIOYeHUsA (UX 6):

e +Unur;

e ~Upyr (o61mmit);

e b — 6a30BBbIi1 TOK, KOTOPBIit B IPO-

1[ecce KOHTPOJIA U3MeHSeTCs T10 Ha-

* IIPaBJIeHHUIO U BelMYMHe.

Jlns nsMeHeHHUs BapHaHTa OJKII0Ye-
HUs MHKporpoueccop DD8 Bbigaer Ha
cBoux Berxogax P1.0, P1.1 u P1.2 noo-
yepegHo Koxbpl KomMmyTanuu 000—101,
MOJAIOIUeCA Ha afpecHble BXOIbI MYJIb-
THILIeKcepoB DD1—DD3.

CooTBeTCcTBHE MeXOY KOIOM KOM-
MyTalMi ¥ 1JOKO/IEBKOI HCIBITYeMOTO
TPaH3UCTOpPa pHUBeeHO B Tabi. 1.

Ilna mpenorBpaiieHusd BBIXOOA U3
CTPOsi KOMMYTAaTOpPOB U IIPOBEePSAEMBIX
TpaH3UCTOPOB B 1enb +Upyr BKIIOYeH
HCTOYHUK TOKa, cobpaHubiii Ha VTI,
HL1, R3, R4, ypoBeHb OrpaHUYCHUS —
16...18 MA.

Hns pa3sbpakoBKH TPaH3UCTOPOB IIO
ko3¢ duiuenty h,13 npuGop ycranas-
JIMBaeT pas3/IMyHble 3HaYeHUS TOKa 6asbl
UCIIBITYEMOTO TPaH3UCTOPA, IS 4ero
UCIIO/Ib3YeTCA JIHHeNKa Pe3UCTOPOB
R13—R20. Cuna Toka ompepnensercs
BK/IIOYEHHO! B MOMEHT KOHTPOJS 4ac-

CxemotexHuKa N2 8 - asryct 2005

ThIO P€3UCTOPOB 1eN0oYKU. BxmoveHue u
BBIK/IIOYEHHE PESUCTOPOB OCYILECTBIISA-
eTcsl KmoyaMu MukpocxeM DD6 u DD7,
yIIPaBAsAeMbIMU BBIXOOHBIMU CHUTHa/Ia-
MH CIBUTOBBIX PETUCTPOB MHKPOCXeMbI
DD5. Perucrpel DD5 ycranaBnuBaotes
B HEOOXOIMMOE COCTOSIHUE ITOC/IeNOBa-
Te/IbHBIM KOJIOM, ITOJlaBaeMbIM Ha BXO[
DI DD5 (BbiBog 15) ¢ Beixopa P1.4 MHK-
ponponeccopa DD8. Kop hy;5 iepenaer-
s, HaYMHAasA C MIafiiero 6UTa, U COmpo-
BOXXHaeTcsd TaKTOBBIMH UMITYJIbCAMU C
Beixoga P1.5. IIpu nmopavye Ha Bxombl
DD6 u DD7 nor. 0 coOoTBeTCTBYIOLIIHE
K/II0OYHU 3aMBIKAIOT HOJK/IIOYEeHHbIEe K
HeMy pe3HCTOPBI, IIPU NOT. 1 — BKJIIO-
9al0T PEe3UCTOPHI B IETIOYKY (BXOXBI ¥
DD6 u DD7 — uHBepcHble).
CoorBercTBHE Mexay KoaoM hyjs u
HOMUHaNaMH TIOJKIIOYeHHBIX K 0Oase
PEe3HCTOPOB IIPUBeNeHo B TabI. 2, 3.
OTcioga BUIHO, YTO MUHHUMAJILHBII
IIar B JIMHeHKe OIpemneseTcs COIpPO-
THB/eHHeM pesucropa R20 — 5 xkOmM.
[Tpenenpr usamenenus koma hyj5 —
0FFh—O01h (255—1). Yucno rpymit kona
hy15, MHIHIIUPYeMBIX Ha aucIiee — 50
(T. e. IPUXOOUTCA TIATH KONOB hy 5 Ha

ONHY UHJMULUPYEMYIO I'PYIIY).

Ha TpaHsucrope VT1 uin k obuiemy
1poBony. 14 yMeHbUIeHUs COIPOTUB-
neHus kommyraropa DD4 ero xmouun
COeNUHEHDI ITapajUIe/1bHO.

[TpuHIUE TPOBepKH TPAH3UCTOPHOM
CTPYKTYpPBI TAKOB: YCTaHaB/IHBaeTCs Ha-
YajpHbIN Ko KommyTtauu 000, 3atem
OpraHusyeTcs LUK IO Iepebopy KOJoB
hy15 oT MakcuManbHOTO 3HaYeHHSA 1O
MHMHUMA/JbHOTO, IIPH 3TOM TOK 6asbl
TPaH3UCTOpPa CTYIIEHYaTO YBETUYUBA-
erca. [Tocne kaxxnmoro yBenuyeHus Toxa
Gaspl IPOM3BONUTCS ITPOBEPKA IS ABYX
PasHBIX HaIlpaBJIeHUI 3TOro Toka. Eciu
TPaH3UCTOP BKIIOYEH B COOTBETCTBHUH C
€r0 LIOKOJIEBKOMH, TOK KOJUIEKTOPa (eciu
3TO TPaH3UCTOP P-N-P) WIH IMUTTepa
(ecnu OH HMeeT CTPYKTYpPy N-p-n), TaK-
JKe CTYMEeHYaTO yBeIMYUBAeTCA. JTOT
TOK TedeT 4epe3 pesucrtop R10. Korpa
€ro BelIMYMHA IIepeXONUT Yepe3 Io-
poroBoe 3HaueHue 2,2 MA, Ha BBIXOZe
IIOPOTOBOr0 TOKOBOTO KOMIIapaTopa,
cobpaHHOro Ha MHKpocxeme DA1 (BbI-
BOoJ 14), BO3HUKAeT OTpUILIATENbHBII
nepenajl, PUKCUPYeMbIii MHKPOKOHT-
poinepom 1o Bxoay P1.6. B pesynbrare
IenaeTcst BbIBOJ, O ITOKOJIEBKe U IPYIIIIe
10 h,15. [To HanpaBreHuto Toka 6asnl B

PaHHYUTENAEL TOKa

MEHE€HHEM CHTHajIa Ha Bxole P1.6 Muk-
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POKOHTpO/UTEpa, IPUHUMAETCS pellie-
HHe 006 aHa/IM3€ UCIIBITYeMOTo pubopa
TOJIbKO KaK JUONHOM CTPYKTYPBL.

JInd KOHTPOAA IPeBbILLIEHUS TOKOM
IIOPOTOBOTO YPOBHSA IIPUMeEHeH Yy3el,
ormucaHHbIN B [4]. Ero ocHOBHOe mpe-
HMYILIeCTBO — MaJioe TajeHHe Hamps-
KeHUs Ha U3MePUTE/IbHOM Pe3UCTope
IIPY 3aJaHHOM TOKe (mopsgka 60 mB).
JlaHHBII Y3/ TOMUMO CTaOWIBHOTO I10-
pora cpabaTeIBaHUs MaJI0 YyBCTBUTEIEH
K M3MEeHEHUIO HAaIpsDKeHUS TUTaHUS.
Heo6xogumoe ycnoBue fist cTabMIbHOM
paboThl — QBa IPaBbIX IO CXeMe TPaH-
3UCTOpPa 3TOTO Y371 TO/DKHBI OBITh COTIa-
COBaHbI, T. €. OHU JO/DKHBI HAXOJUThCA
B OfHOI MuKpocxeMe. [To cpaBHeHHIO ¢
IIPOTOTUIIOM [aHHOE€ TeXHUYecKoe pe-
1IeHHe B COYeTaHUH C OOIBILIMM YHUCIOM
3HaYeHHI 6a30BOTO COMPOTUBIEHHA (255
3HaYeHHI: oT 5 go 1275 kOm) cpenano
Ipu6b0p 60JIee TOBTOPSAEMBIM, IT03BO/TH-
JIO YTIPOCTUTB €ro HaJlaJKy U 0TKa3aTbCs
OT [IpOLeAypPhI KaTHOPOBKH.

bunionspHble TPaH3UCTOPBI YCHIHBa-
I0T TOK 0a3pl He TOJBKO IPU IPAMOM
BK/TIOYE€HUH, HO U TIPU HHBEPCHOM (BBI-
BOJIBI KOJUIEKTOPA U 9MUTTEPA MEHSAIOT-
cs1 MectaMH). [Ipu npsAmMoM BKIIOYEeHUH
Koo uitnent h,15 6onblie, yeM 1pu
HHBepcHOM. Ilpu peranpHOM aHanu3e
KOZOB KOMMYTAaI[HH MOYXXHO 3aMeTHUTb,
gy1o Kogbl O 1 5, 1 1 4, 2 1 3, ABJIAIOT-
¢S JONOHSIOIIMMH [0 TISATH, Pasju-
JaIOTCA OHU TONBKO PAaCIIONOKEeHUEM
+Unut ¥ -Uput, T. €. paciionoxXeHuemM
IIpefIio/IaraeMbIX BBIBOJIOB KO/UTEKTOPA
U 3MUTTepa. BeiBon 6a3bl y 9THX KOJIOB
coBnajaet. [y npaBWIBHOrO ollpenee-
HHS LIOKOJIEBKH U I'PYIIIBI II0 YCHIEHHIO
TIOC/ie IIEPBOTO Nepernajja Ha BBIXOIe TO-
KOBOTO KOMITapaTopa Ha Beixome DAl
KOJ KOMMYTAIIU{ MEHseTCs Ha HOIO/-
HAIOIIUI [0 IATH (HanpuMep, 2 Ha 3, 1
Ha 4, 0 Ha 5), T. e. MEHAIOTCA MeCTaMH
IpenrioaaraeMble BBIBOIBI KOJUIEKTOpa
Y AMUTTEPa U IIPOU3BOIUTCS ellje OJHa
TpOBepKa Ha ITOMCK BTOPOro koja hys,
TaK>Xe COOTBETCTBYIOLIEro Iepexnoye-
HUIO HCIIBITyeMOro TpaHaHcTopa. On-
pemenss U3 ABYX KonoB hj s 6ombLimii,
MHUKPOKOHTPOJUIEP HenaeT BBIBOI, YTO
COOTBETCTBYIOLIMI eMy KOJi KOMMyTa-
IIUU U, CJlefOBaTeIbHO, I[OKONEBKa —
npaBuibHbIe. Ecy 66110 OBa mepemnaza
P Pas3HBIX KOJAaX KOMMYTalMH U B
oboux cry4asx Kombl hyjp coBmamu, B
Le/IAX UCKTIOYeHHS BO3MOXKHOI OIIHO-
KU [IPUHUMAeETCs pelieHne 00 aHaIu-
3e TPaH3UCTOPA TOJNLKO KaK JHOTHOM
CTPYKTYPbL. ITO SBIAETCS OCHOBHBIM
OT/IMYHEM aIropuTMa paboThl JaHHO-
ro Ipubopa OT UIFOPUTMA IIPOTOTHUIIA.
JlaHHOe pellleHHe 3HAYUTETbHO YMeHb-

ILIaeT BepOATHOCTD OLIMOOK IT0 OIipere-
JIEHUIO IIOKOJIEBKH TPaH3UCTOPOB.

Ilpu HanmMYUHM HECKOTbKUX JUOTHBIX
IepexoioB ¢ OOIIel TOYKOM coemuHe-
HUA Ha HHOUKATOpe OyneT H300pakeHHe
OUOOHBIX ITepexonoB. Takasd KapTHHA
Habmoaercs, ecau, HallpuMep, TpaH-
3UCTOp UMeeT Manoe 3HaveHue hy 5, HO
nepexonbl y Hero uenbl. [Ipu o6prise
IIPOBEPAEMOr0 THOMHOTO Iiepexofa Ha
COOTBETCTBYIOIIUI pas3psn UHOUKATO-
pa HUYero He IfofaeTcs, OpU mpodoe
BBIBOJUTCA H300pakeHHe ITePeMBIUKH.
ITO, KaK YKa3bIBaJIOCh BbIIlIe, TO3BO-
JIsIeT IPOBepPATh Ha OOPBIB U KOPOTKOE
3aMBIKaHHe Pa3/HYHbIe TPHOOPBI.

Ecnu B ucnpaBHOM TpaH3ucTOpe 06-
Hapy>XHBaeTcs TpU P-N IIepexona, 3To
CBHIIETE/TbCTBYET O HATMYUU B HEM 3a-
LIUTHOTO Auona. Takue TpaH3UCTOPBHI
4aCTO HUCIMONb3YIOTCS B BBIXOTHBIX Kac-
Kagax CTPOYHOI pa3BepTKH, B 6/10Kax
3NeKTPOHHOTO 3a’KUTraHUA U T. 1. [ns
IIPOCMOTPA TUOMIHBIX IIEPeXOMIOB B TPaH-
3MCTOPHOI CTPYKType IpenycMOTpeHa
KHomKa SB2, saMbIKaloliass Ha oOLMit
1poBoJ BbIBOT P1.7 MUKpoIiponieccopa.
B aTOM CiTyyae MHOUITUPYIOTCA TONBKO
HalileHHble JUOJHbIe TepPeXOIbl.

OrnucaHHBIA BBIIIIE AITOPUTM YIIpaB-
JIEHUsI PeaTM30BaH Ha MUKPOIIPOIeccope
DD8. Ynpasnaiouias IiporpaMMa 3aHHU-
maet B I13Y DD8 o6weM okono 1,8 K6,
U3 HUX IpuMepHoO 500 6aiiT — Heobx0-
OUMBble CUMBOJIbI M COOOIIIEHUS.

Jns BeiBOma MH(OPMAIMK Ha THCIUIEN
HG1 ucnoms30BaHbl 4e€THIPE BBIXO/A JaH-
HbIxX P3.0—P3.3 mukponpoueccopa DDS,
ero BeIxof, P3.4 crpobupyer pucIuieit cur-
HanoMm E, P3.5 ynpasnser um no Bxomy
RS. Cursan R/-W nucivies nOQKIOYeH K
06111eMy IIPOBOZLY, ITOCKO/IBKY PEXXHUM dTe-
HHUS U3 OHUCIVIes He Hcronbsyerca. [Ipu
3aMbIKaHMU BbiBOna P1.4 MUKpOKOHTpONI-
siepa Ha oOTHHI IPOBOM AKTHBU3HPYIOTCA
BCe 3/IeMeHThI IUCIVIes], 3TO Ce/IaHo IUIA
ero ObICTPOH IIPOBEPKH.

Hns nutanusa npubopa DpuUMeHeEH
HUMITY/IbCHBIH [TOBBIMIAIOUIUI CTaOHIH-
3aTop Ha MHKpocxeMe DA2 (MAX1674
win MAX1675).OH 103BO/IAET HCITO/b-
30BaTh BCErO ONMH 3/IEMEeHT MUTaHUSA
HanpspkeHueM 1,5 B. CxeMa BKIIo9eHHs
MAX1674 — Tunosas.

Bo Bpems paborsl nmporpaMma mepu-
OJMYeCKH aHATU3UPYeT COCTOSIHHE 3JIe-
MEeHTa IIUTaHHUSA, a TAK)Ke HaIIpsKeHUe
+5 B. [ly1a KOHTpO/IA paspsna 271eMeHTa
IporpamMma MepUONHYeCcKH OIpariuBa-
eT Bxon P3.7, koTOphIil mOOKIIOUeH K
BCTPOEHHOMY B MHKpocxemy MAX1674
MOHUTOPY a/leMeHTa nuranus. Ecm nHa-
IpsbKeHHe aneMeHTa <1,3 B, Ha BeiBozIE 3
MAX1674 n, cooTBeTCTBEHHO, Bxoge P3.7

MuKporpoiteccopa DD8 6yzer nor. 0. Yii-
paB/IOLIAs MPOrpamMMa IIPH 9TOM BbI-
mact coobuienue «Battery !!!», uro 6ymer
CBUIETETLCTBOBATh O HEOOXOMMMOCTH
3aMeHBI 3JIeMEeHTa ITUTaHUA.

KonTponps HampsbxeHus +5 B ocy-
LIeCTB/AETCA CNIENYIOUIUM 06pasoM —
OTK/II0YaeTcsd 610K KOMMYTHUPOBaHUA
kKoma hj;s, HAa BBIBOOE 2 MUKPOCXeMBbI
DD3 ycranasnuBaerca nor. 0, BbICTaB-
nserca ko kommyrtaiuu 110. Kommy-
TaTop Ha MuKpocxeme DD2 nogxmoyaer
natuuk Toka R10 gyepes pesucropsr R5,
R6 x mmocy nuranusd. [Ipu Unyr =5 B
curgHaa Ha Beixome 14 DA1 cooTBeTc-
tByet jior. 0. Ectm Ha 3TOM Ha BBIBOZE
P1.6 nor. 1, cuuraercs, yro Ugur < 5 B,
U BBIBOIUTCS cooblineHue «Power !!!»,
[IporpaMma 3amuknauBaeTcs OO MOSB-
JIeHUs HOMHHabHOTO 3HaveHus Uy,
IIPU €r0 HOPMalU3alUU MPOUCXOTUT
aBTOMAaTHYeCKHI Tepexo IPOorpamMMbl
B pabo4uil peXXUM.

[Ipu BxmodeHuu nmpubdopa nporpam-
Ma NIpOoU3BOAHUT NpoBepKy O3V u non-
c4eT KOHTpobHOH cymMbl 113V (cymma
Bcex OaiT [I3Y Ges ydera 6ura eperoca
IO/KHA OBITH paBHa HyMo). Bo Bpems
nposepku O3Y Beixon P3.0 ycranas-
nmuBaercs B 0, a mpu nposepke [I13Y —
P3.1. 3nayeHHe KOHTPOJIBHON CYMMBI
[I3Y BoiBogutca B nopt Pl, u npu
HaJIMYUHU OLIHOOK BO BpeMs IPOBEPOK
IIPOrPaMMa 3alIMK/IMBAETCS, TeHEPUPYA
Ha Bbixoje P3.0 Meanzmp c uwacroToi
npuMepHo 160 kI, ecnu 3To ommbKa
O3V, unu Ha P3.1, ec1u oiubxa B KOH-
TponbHO¥M cymMe I13Y. Oto nosponser
C NMOMOIIBIO JOTHYECKOr0 MPOOHHUKA
M ocuwulorpada onpeneTuTh Heuc-
npaBHOCTh O3Y MUKpoIpoileccopa Wiu
npouuskH [13Y.
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y o ~ 3BYKOBOI'O CUTHAJa, a TaK>Xe B paboTe
CTp “CTBO nHgukatopa HL2. Ipu coepunenun
L EeHTPAJbHBIX KOHTAKTOB Pa3beMOB

Anﬂ IKCN peCC'KO HTpOﬂﬂ 3ByK U cBeyeHue HL2 nomkubr npo-

nactb. C IOMOIIBIO HNHUHIETA UIU
3 Kpa H " pO Ba H HO rO Ka6enﬂ obpeska IPOBOJA 3aMKHUTe IKpaH
Ha LEHTPaJbHYIO XUIY, NI 3TOTO
OnucaHHoe ycmpoflcmeo Moxem 3amemHo obnea4ume auaeHochKy COeMHUTE MEXAY CoOOM 1eHTpaTh-
HeucnpasHocmeu SKPpAHUPOBAHHbIX Kabened, umerouwux passemsl Ha 060-  HbBIil ¥ BHEIIHHIT KOHTAKTBHI TI060T0 13
ux koHuax. [l[pocmoma u docmynHocme 3nemeHmHoU 6asel NO380AAIOM pasbeMoB. B 9TOM cyuae no/mKen 3a-
coﬁpamb €20 30 KOpomkKoe spemMaA. roperbcsa cgetoguo HL1 u mosAsBUTBCA
3ByK. Ha atom mposepky ycrpoiicTBa
« Jled CO3NaHuUsA YCTPOMCTBA IOABU-  Pa/lbHOM XKIWIbI Kabend Ha BXOX MHBEP- MOYHO CYUTATh 3aKOHYEHHOIL.
" ¢ JIach IIPU OMAarHOCTHKe Kabesell Topa, COOpaHHOro Ha snemenTax DD1.1 JlaHHOe YCTpOMCTBO MOXeT OBIThH
MHOTOKaHa/JIbHON cucTeMbl BU- 1 DD1.2 yepes pesuctop R2 moctymaer ucmonp3oBaHo misi MpOBEPKU MOOBIX
neonabmopaeHus. O6bIYHbBIe METOOUKHU ¢ J10T. 0, YTO IPUBOMUT K MOABIEHHIO HA KOaKCHAJIbHBIX Kabeeil, TpebyeTcs
UCTIO/Ib30BAaHUEM MYIBTUMETPA HE BCEr-  BBIXOj(€ HHBEPTOpA /IOT. 1. B 3TOM ciy-  /IMIIBL yCTAaHOBUTH COOTBETCTBYIOILIME
Iia yIOOHBI, TaK KaK BO BpeMs IIpOBelle-  4ae 3aropaeTcs cseTomuox HL2 u Ha-  OTBeTHbIe YacTH B KayecTBe Pa3beMOB
HUA IPOBEPKU HEOOXOAMMO He TOTBKO —YHHaeT PaboTaTh 3BYKOBOJ renepatop. X1 u X2. B aBTopckoM BapHaHTe GbUIH
YOEPKUBATh Lylibl Mpu6oOpa Ha KOH- [Ipu 3aMbIKaHUM LEHTPATbHOM XWIbl IPUMeHeHbI pasbeMbl BNC-144, B3siThie
TPOJIbHBIX TOYKAX, HO M MPOU3BOAUTL  Kabejs Ha 9KPaH 3arOPAeTCH CBETONUON C HEUCIPABHBIX CETEBBIX KApPT IIEPCO-
ero u3ru6, pacrarusanue ¢ He6opiuM  HL1, 4TO Tak)Ke HIPUBORUT K MOABIE- HaTbHbIX KOMIILIOTEDPOB.
yCUIMEM U OPYTHUe NeUCTBUA. HMIO 3BYKOBOTO CHUTHAaIA.
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Puc.2
OcHOBHOE JOCTOMHCTBO OIHCAHHOM YcrpoiictBo co6paHo B HeGONbIIOM
KOHCTPYKIIMM — TIPOCTOTa W HOCTYIl- IIJIacTMaccoBoM Kopmyce. [levatnas JTeoung Mopoxus,
HOCTh PafAMO3/IEMEHTOB. YCTPOMCTBO IIATa M3-3a POCTOTHI YCTPOICTBA He c. Makaposo
[I03BO/IAET KOHTPOJMPOBAaTh OOpPBIB  paspabaThIBasiaCh, MOHTaX ObII BBILIO/I- Horunckoro p-Ha
LEeHTPAIbHOU XWIBI Kabens, a Tak)Ke HeH HaBeCHBIM CIIOocO60M Ha HebOJIb- MockoBckoit 0671.

ee 3aMbIKaHMe Ha 9KpaH. [Ipu BO3HUK- 1IO¥ MaKeTHO# IUlate. BHeIUHUIT BUL
HOBEHMHU B Kabesie HEMCIIPABHOCTH 3a-  YCTPOMCTBA [TOKA3aH Ha pHC. 2.
ropaeTcs COOTBETCTBYIOLIUIA CBETOMUOL, Ocob6pix Tpe6oBaHMII K 3/TeMEHTHOI
U 3BYYMT 3BYKOBOH curHal. [Tocnennee 6ase Her. Mukpocxema DD1 Moxer
ouyeHb ymoOHO, TaK KaK IIO3BO/AAEeT He ObITh 3aMeHeHa K176JIA7, KP1561JIA7
OTPBIBATBCH OT BU3Ya/JbHOrO NOMCKAa WIM UX UMIIOPTHBIE aHanoru. Pesucro- . . .
HEUCIIPAaBHOCTH. Pbl M KOHIEHCATOpbI — JI00ble Majio- Pepakune my e -
K Hemocratkam ycrpoiictBa MOXXHO rabaputHble. CBETONUONBI JKeIaTebHO
OTHECTH TO, YTO IIPOBEPAeMbIH Kabelb HPUMEHATb C MAIbIM TOKOM ITOTpebTe-
IO/DKEH OBbITh NONKIOYeH K HeMy 0O0M-  HHUfA, TaK KaK BBIXOZHOI TOK JIOTHYeC-
MU KOHIIaMH, YTO He BCerfa peau3yeMo KHUX 3/IEMEHTOB MaJl, C 3TOM YKe 1[e/IbI0
Ha npakTuke. Takke oHO He puxcupyer amemenTsl DD1.1 u DD1.2 BK/IIOY€HbI
OOpbIB 9KpaHa Kabesis, XOTA 9TO BCTpe-  mapaulenbHo. [[ns yno6cTsa BU3yatu-
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yaeTcAd KpajiHe penKo. 3aI[UU YKe/aTelbHO BBIOPATH CBETONM-

CxeMa ycTpo¥icTBa IpUBeleHa Ha ONbl PasHOTO I[BeTa CBeYyeHMA. B maH- Ten./cpake (095)777-12-15
puc. 1. HOY KOHCTpYKiuu HL1 uMmeer KpacHbIiA |

[Tposepsiembrit Kabenpb momkmodaer- IBeT, a HL2 — skenTbrit.  TpeGosaHus no oopmIeHNIo
cd 0O0MMH KOHIIaMH K pasbemam X1 u [IpaBunbHO cob6paHHas M3 HC- cTatert cM. B Ne 12, 2002, c. 44 #
X2. ITpu BxmodeHns SAL ¥ UCIIDaBHOM ~ IIPAaBHBIX 3/1eMEHTOB KOHCTpykius | Ha caute pegakumm www.dian.ru.
Kabesie Ha BoiBoZie 8 DD1 mpucyrcrsyer He Tpebyer Hanakusauus. Ilposep-
nor. 0, TO9TOMY 3BYKOBOI IeHeparop, Ka paboTOCIIOCOOHOCTH CBOOUTCA K ['OHopapb! BbINNa4YMBaloTCs
cobpanHbIii Ha anemenTax DD1.3 u crenywouemy. Braodure ycTpoiicTso aBTopam, NnpoXxueanoLnMm Ha

DD1.4, seikmoyen. IIpu obpeiBe ieHT-  6e3 Kabesss u ybequrech B HalUYUU Tepputopuun CHI.



" PaAKTNKaA

N3rotToBneHune nevyaTtHbix nnart
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[Ipu cxragplBaHuuM OTIIEYaTKa IO JIM-
HUU TIeperu6a o6e MeTKH JIOJDKHBI OBITH
TIIATebHO COBMeIIIeHbl, OymMara 3a HUMH
CKJIe€Ha, TOTHA COBMECTATCA U PHCYHKH,
HAXO[ALIHECS Tellepb BHYTPH CKJIEEHHOTO
KOHBEPTa MEeX[y JTHHUEH U COBMeILIeH-
HbIMM MeTKaMU. Jlydiiie cHaYama coBMec-
THTb METKH, CKJIEUTb OyMary, a 3aTeM yxe
COTHYTB ee 10 ITHUM Ireperuoa.
Ecnmu pucyHok pasmelnate He ro-
PU3OHTaIbHO, KaK B IIpHUMepe, a Bep-
TUKaJIbHO, TO BO3MOXXHO yXyJlIeHHE
COBMeILIeHUA KOHTaKTHBIX IUIOLIAIOK
3a CueT HepaBHOMEPHOTO BBITATUBAHHUA
6ymaru Ipy Imevaru.
Eije onHO CKO/Ib3KOE MeCTO — cMellie-
Hue GyMaru Ipu IePBOM IIPOXOfZie YTIO-
roM. BbISIBUTH €r0 MOXXHO TOJIBKO IIPU
CBep/JIeHHH. 30eCh MOXXHO BOCHO/Ib30-
BaTbCA C/IENYIOIMMH PEKOMEHAIIUsAMH:
@ JIy4Ille HAYMHATh CBepIeHHE C KOH-
TaKTHBIX IUIOLIANIOK, COBMeIlleHHe
KOTOPBIX MeéHee KPUTHYHO;

® eC/Ii CMelljeHHe 0OHAPYKeHO, Halo
OII€HUTDb, B KaKyl0O CTOPOHY U Ha-
CKOJIBKO Haf0 HAaKJIOHUTDb ILIATY,
YTOOBI CBEp/IO IIOIAJI0 B IIEHTP
KOHTaKTHOW IJIOLaOgKU OPYroM
CTOPOHBI IIaTHI;

® CBEP/IMTh B TPU 3Talla: C OMHOM CTOPO-
HBI (MeHee KPUTHYHOM B IUIaHe pas-
MeIleHHs LIeHTpa /Ul KOHKPETHOM
KOHTaKTHO¥ IVIOLafKH) IIPHMEPHO
Ha [TOJIOBUHY TOJILIMHBI IVIAThI CBEP-
oM muameTpoM He Horee 0,5 Mym; co
BTOPOI CTOPOHBI Te€M K€ CBEPJIOM,
HAKJIOHUB IUIaTy (1A moafep>KaHusA
HY>KHOTO YI/Ia HAK/IOHA IUIaThl yTOOHO
HCIIO/Tb30BATD IE€PEBAHHYIO IPULIIEIT-
Ky C [TepecTaB/eHHO¥ IPY>KHHON), a
TaK)Ke ¢ KOPPEKTUPYIOLIUM HaKJIO-
HOM, HO CB€p/IaMH COOTBETCTBYIOLIIMX
OUAMETPOB.

Ilpuuienka ¢ UHBEPCHBIM pasMellie-
HUeM HOpyXuHBI (puc. 14) okasanach
YEOOHBIM NPUCIOCOO/IEHHEM C O4YeHb
KPeIIKUM 3aXBaTOM.

Y mpuuienku, KoTopas UCIOIb3yeTcs
IIPH HaKJIOHHOM CBepJ/IEHHUH, JOIIOJIHH-
Te/IbHO CTOYeHa ofHa rybka. Pasmerrre-
HHe CTOYeHHOM TYOKH CBePXY WK CHHU3Y
IUIaThI TIO3BOJIAET THOKO U3MEHSATD YTOJT
HaKJIOHA [UIaThl Ha CTOJIE CBEP/IU/IbHOTO
CTaHKa.

ABTOp mepernenbIBal IPHLIETIKY IJIA
dukcanuu xkoporkux npoonoB MI'TO

Puc. 14

(B cKOIB3KO¥ (PTOPOTIACTOBON U3OISA-
IIUU) TPpU CHATUM u3zonsuuu. Okasa-
JIOCh, 4TO 6Garomapsi LIepOXOBaTOCTH
HOBEPXHOCTH [lepeBa KOPOTKHUIL IPOBOL
IIPAKTHYECKH HEBO3MOXXHO BBITALLIUTh
M3 TaKOTO 3a)KMMa ITaJbI[aMH, KpoMe
TOTO, OH He nepopMHUPyeTcs, KaK B IIac-
CaTHXKaX.

Ouenp yno6HO PuKcHpOBaTH B 3a-
KHMe MeJKHe JeTalu Ipu o6paboTke
HandunieM, ynep>XUBaTh ONUHOYHBIE
KOHTAaKThl [IPU IPUIIAMBAHMM K HUM
IPOBOOHUKOB, NepXKaTh OIUIETKY IIPO-
BOma (9KpaH) HIpU JTy)KeHHH ITOPOXKeK
WIA CHATHYU U3TUIUKOB IIPHUIIOA, @ TaK-
e (PUKCHPOBATh MeJIKHe IUTaThl IIPH
MoHTaxe. OH yno6Hee MeTa/UIM4eCKUX
3Q)KMMOB, a PYHKIIMU er0 MOXKHO pac-
IIHPUTH, 3aKpeliuB Ha paboyeM CTOJTe.

FABGTA CIATOTOBROW

He 6yny ocTaHaBMHBaTBCS Ha IIepeHe-
CeHUH PHCYHKa Ha 3arOTOBKY IUIATBI C
ITOMOIIBIO YTIOT'd, 3TO HOCTATOYHO I10]-
po6HO onucano B ctatbe O. enoposa.
Cpasy roc/ie HAKaTKH yTIOTOM OITyCTUM
3arOTOBKY ¢ IIPUK/IEUBIIIeNicH O6yMaroi B
MHUCKY C KUIIALEeH BOOOW, CHUMEM ee C
OrHA U OaJUM BOJE OCTHITh: B ropsA4en
BOJlE TOHEP XyXXe JepKUTCsA Ha (onbre,
KpOMe TOro, e 3a BpeMsd OCTbIBaHUSA
6ymara jydllie pa3MOKaeT. 3aTeM akK-
KYpaTHO CHHMaeM OyMary Ion CTpy-
€l XOJIOOHOM BOIBI, IIPH 3TOM 6yMary
Aep>XUM HadblaMU IIOZ YIIoM 45°, He
OTpbIBasg OT IUIaThl, OT/IMIIaHHe OyMa-
I IIPOMCXOAMT IION HOEHCTBHEM CTPYHM
BOZIbI, HAaITPaB/JIeHHOM Me>i<11y 6y1v1ar01?1 H
mnaroi. ITocne cHATHA 6yMaru ocTaTKu
CMBIBaeM CTapOii MATKOM 3yOHOIT 111eT-
KOM B MUCKe C XOJIOODHOM BOIOM.

O TPABJIEHWW

[Tepen TpaBreHHeM ONATH HEOOXOMHU-
MO TIPOBEPUTD IUIATY, €C/TH €CTh MeCTa €
OT/IMIIILIMM TOHEPOM, HX HaJO TIOKPBITh

CpencTBOM, KOTOPBIM BbI pUCyeTe ITa-
ThL. benblil HaeT, HalfpuMep, B eHTpax
KOHTaKTHBIX IJIOLIANOK He IPeATCTBY-
eT TPaBJeHHUIO.

ABTOp mpo6OBaJ TPaBUTh IUIATHI
HalUIaBY, IOTPY’K€HHbIE B PacTBOP Ha
CTOUKAaX U3 CIUYeK, C MOAOrPeBOM,
BEPTUKA/IbHO IOABELLIEHHbIEe HAa HUTKE
K AKOPIO 3/1eKTPOMarHura, [ojeprusa-
IOLIETO IIaTy, K MeIJIEHHO Bpallaolie-
Mycd POTOPY OBUTraTe/IA.

B pesynbTare aBTOp HpHIUEN K Cle-
OYIOLIEMY BBIBOAY: I/I1 Ka4eCTBEHHO-
FO TpaB/leHUsd 0053aTeTbHO OBIIKEHHE
IUIAThI ¥ TIOAOTPEB PacTBOpPa XJIOPHOTO
)Kese3a, TOTrIa Hake IT03e/IeHeBILMI pac-
TBOP € HEBBICOKOM KOHIIeHTpalen gaeT
XOPOIUUI pe3y/bTart, a IPOLIecC TpaBle-
HUSA 3aHUMaeT MeHee NeCATH MUHYT.

Heo6xoguMoCTh HMHOTHA TPAaBHUTH
II/IaThl AOMa IPHUBeNa K CAeAYIOUEeMY
peleHHIO. Y IIACTHUKOBOM 6YyTBHUIKH 06-
pe3aloT TOPJIBIIIKO, B Hee 3aIMBaIOT ro-
pAYYIO BOLY U3-TION KpaHa (TeMIepary-
pa npuMepso 50 °C), aTty HOMeIaoT
B HeOONbIIION, 0043aTe/IbHO TIIOTHBIM
u 6es [TOBPEKAECHUN ITONMHITUIEHOBBIN
nakeT, aKeT ONYCKAIOT B OYTBUIKY C
ropsivel BOOOW M B HEro HajJuBalOT
pacTBOp XJI0pHOTO Xene3a. [laker 3a-
KPBIBAIOT U IIOCTOSIHHO BCTPSAXUBAIOT.
Yepes 7...10 MuH m1ata roTOBa, €CIH
)Ke B IIpollecce TpaB/eHHUA ITaKeT MOB-
penuTCcA, pacTBOP MPOCTO OKaXKeTCH B
6yTbUIKe. Y TO6CTBO UCITO/Ib30BAHUA Ta-
KOO ITaKeTa — B BO3MOYKHOCTH HaO/I10-
IeHUs 33 TpaBIeHUEM, HeT HeoOXomu-
MOCTHU BBIHUMATb IUIATY /151 KOHTPOJISA,
IIayKasg [OPHU 3TOM PYKH U YBEIMUHBaA
LIAHCBI pacIlecKaTh XJIOPHOE >Kejle-
30. Hepgocratok — IIpu MOBBILLIEHHOM
TeMIepaType HOJMUATWIEH 4acTO HaeT
IIPOTEYKY, OCOOEHHQ eC/TM YTOIKU ITa-
Thl IPeJBAPUTEIbHO He CKPYIJIEHBI, U
pacTBOp OBICTPO BBITEKAeT U3 MTaKeTa.

CTOMKUMH K TOBPEXIEHUAM IIPHU
IIOBBIILIEHHON TeMIiepaType OKa3aauCh
maKeThl U3 (PONBIU C IVIEHKOM, B TAKUX
IaKeTax [IpomaeTcs, HaIpuMep, KeT4ytl,
LLIOB y HUX IUHPOKUI U TPOYHBII. ABTO-
Py OPHULIOCh TPaBUTD IIATy, KOTOpas
TYrO BXOOWIA B TaKOH MakKeT, OOHAKO
6rarogaps aToMy HOTpebOBajsCA MHU-
HUMYM XJIOpHOTrO Xenesa. Hemocrarok
nakeTa ¢ (poIbroil — Hempo3pavyHOCTh,
IIJISL TOTO, YTOOBI Y3HATh, IPOTPAaBUIACDH
JIU TI71aTa, ee HaJo U3BJeYb U3 ITaKeTa.

Bmecro makera mopoiper MIOCKas
npo3payHasg OyTbUIOYKA W3-TOA IaM-
IyHA, HO HEOOXOMUMBIN 00BbeM XJI0p-
HOTO JKe/le3a BO3PacTeT CYILeCTBEHHO,
KpOoMe TOTO, €e He/lb3sl 3aKPbITh TaK ke
IIPOCTO, KaK IIaKeT, IO3TOMY BpenqHbIe
HCTIapeHus BO3PaCTYT.



MoxHo nonpo6oBaTh MpUIATh OYThI-
no4ke 6os1ee IIOCKYI0 GopMy, HCIIOb-
3ysl CBOJMCTBO HEKOTOPbBIX BH/IOB IIIAC-
THUKOB CKUMATbhCs B KUILATKe. [yt aTOro
B OYTBUIOYKY HaJO BCTaBUTh, HAIIPHUMeEP,
¢banepHy10 60TBaHKY ¥ MOIPY3UTH BCe
3TO B KUIATOK, a I10C/I€ OCTBIBAHUA BbI-
HYTb OOJIBaHKY.

Ha puc. 15 npencrasien Buj I1aThl
II0CJIe CBEPJIEHUS OTBEPCTHIL.

Ha npaBom pHcyHKe 3aMEeTHO HEKOTO-
poe cMelIeHNe OTBEPCTUH B/IEBO, HO TIe-
pexoaHble OTBEPCTUSA, CBEP/IMBILIMECS TIO
OIIMCaHHOMY BBILLIE METOJIY, TOYHO IT0Ia-
JAIOT B HEHTPbI KOHTAKTHBIX IUIOUIAI0K
(OTBEpCTHA PAIOM CO CIUIOLIHBIMH IUIO-
HIaIKaMU, OTBEPCTHE B LIEHTPE C O4YEHb
MaJIeHbKOM KOHTAKTHOM IUIOLIAIKOM ).

WM B 3axnoyenue e peKOMEHIALNH OT
Moero Kojuter Anaromua Konomuiiia.

Ecmu Ha rtaTe HeOOXOAUMO OCTaBUTD
6onbI1ve y9acTKy (OJIBIU (3ATUTBIE TUIO-
IIafKH, O HUX CM. BBIIIE), HapUMep, B
KadecTBe 3KPaHa, II0C/Ie CMBIBKY OyMaru
HAJIO JATh IUIaTe BBICOXHYTh, a 3aT€M I10
OOJIBLUIMM CIUIOIIHBIM Y4aCTKaM, IOK-
PHITBIM TOHEPOM, aKKYpPaTHO IPONTHUCH

TaMIIOHOM, CJIeTKa CMOYEHHBIM alleTo-
HOM, He IIPHOIHXasCh K JOpo>kKam. bes
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Puc. 15

TaKOM OIepalvy I10Cjie TPaBIeHusT Ha
6onpiux yuacrkax $hoabru HabdOHa-
I0TCS IIPOTPAB/ICHHbBIE IITPUXH, OOBIYHO
OpPHEHTHPOBAHHbIE B OJIHOM HalpaBrie-
HUH. ITO HOPTHUT BUJI IUIATHI.

[Ipy ucnonp3oBaHUM B KadecTBe
POKIANKHA MEXKIY YTIOTOM U Oymaroit
C PUCYHKOM IUIAThI TAKUX MaTepUAIIOB,
KaK TKaHb, OyMara, TOHKHH KapTOH
(nepdokapta) u T. A., Ha IUIaTe OKa-
3BIBAIOTCSE YYACTKU, HA KOTOPBIE TUIOXO
Hepenies TOHeP, a TAK)Ke TOHKHe THHUH,
pacIion3iuecss OT YPe3MEePHOro MpHu-
MaBIUBaHUSA.

\30nvpoBaHHble 1 HéMéonMposaHHble DC-DC KOHBEPTEPbLI
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CylecTBeHHOE yIydllleHHe KadyecTBa
HaKaTKH PUCYHKA JlaeT UCIIOIb30BaHHE
B KayeCTBe NMPOK/IAAKH HNPONUTAHHON
crexnoTkanu. K coxanenuio, HazpaHue
3TOTO MaTepuajsa HaM HeusBecTHO. Oc-
HOBa — CTEK/JIOTKaHb, OHa IIPOMMUTaHa
COCTaBOM, 110 MEXaHHYECKUM CBOICTBAM
MOXO0XXMM Ha PE3UHY, HO CTOMKUM K BbI-
COKOI TeMIlepaType M C ODOCTaTOYHON
TEMIOMPOBOIHOCTHIO.

Bapum bapanos,
r. XapbKoB, Y KpauHa




PAKTKKa

OxpaHHaA cncrema Ha
MukpokoHtTponnepe PIC16C57

lMpednazaemeoil Habop «Macmep KUT» NS309 nozsonum cneyuanucmy
usu paduosmobumernio cpedHel K8anupukayuu camocmoameslbHoO cob-
pame OXpAHHyIo cucmemy, NpeoHAa3HAa4YeHHyIo 0718 Kpy2/a0CymoyHouU
0XpaHbi 06BeKMOo8 pa3/Iu4yHOo20 HA3HAYeHUA: 0ucos, 0a4y, Keapmup, 2a-
paxed, XxpaHuauw u m. n. Ycmpolcmaeo nocmpoeHo Ha 6a3e MUKpoKoHm-

posnepa PICT16C57.

¢ CTPOMCTBO LOMYCKaeT HCHO/Ib30-
.» BaHHE MAaCCUBHBIX OXPaHHBIX I'ep-
KOHOBBIX JIATYUKOB C HOPMAJIBHO
3aMKHYTBIMH KOHTAaKTaMH, BK/IIOYE€H-
HBIX ITOC/IEIOBATEIbHO B IIelb Huleiida
curHaansauuu. Takske uMeeTrcs BO3-
MOYKHOCTDb IOOKIIOUYEHHUS aKTHBHBIX
NATYMKOB. OAaTYUKOB 3aIbIMJIEHHOCTH,
MHOPAKPACHBIX YCTPOUCTB U T. A. C
pasgenbHbIMU IENSAMU [TUTAHUS U CUT-
Ha/IU3al[UH,
O61u#t BUIL OXPAaHHON CUCTEMBI IO-
KaszaH Ha pHc. 1.

Puc. 1

Texauueckue XapaKTEPUCTHKH

O611ee YuC/I0 OXpaHAEeMBbIX 30H 5
Ywmcao 30H ¢ BKIIOUYCHUEM

curHana 6e3 3aepPKKU 4
Yucio 30H ¢ 3a0ep>KKoH 1
YUMo 30H KPYI/IOCYTOYHOTO
KOHTPO/IA 1
JmnTenbHOCTH CHTHAJIA

«TpeBoOra», ¢ 30...120

3agepikka BK/IIOYEHHSA
CHUTHa/Ia «TPEBOTa»

(BpeMs Ha BXOR), C 15...60
3ameprKKa BKIIOUEHUA PEKUMA
«oXpaHa» (BpeMs Ha BBIXOQ),

C 15...60
[TepemenHOE HanpsKeHHE

nurtaHusd, B 17
Tox motpebeHns B peXxume
«TpeBora», A - 2
Tox moTpebienns B pexume
«OXpaHar, MA 50

K ycrpoitcTBy MOKeT ObITh HOIK/IIO-
YeHa 5/IeKTPOHHAs CHPeHa WIM CUPEHa C

aBTOHOMHBIM nuTaHueM. [TpousBonur-
Cs1 CBETOMOIHAS MHANKAIIUA COCTOSHUA
nvierda KaKIoHu 30HbI, BKIIOUECHUA Pe-
YKHMa «OXPaHa» U MOIAYH HaIlPsDKEHUS
HUTaHUA.

YcTpoitcTBO MOCTPOEHO Ha 6a3e MUK-
pokourposiepa PIC16C57 (DD1) dup-
MbI Microchip. C HOMOIIIbIO TPOTPaMMBl,
HPOIIMTON B KOHTPOJUIEPE, OCYILIECTBIIA-
eTCst KOHTPOJIb 332 BXOIAMH M yIIpaBJie-
HHUE BCEMH BBIXOIHBIMH IIETISIMU.

[TpuHIMIMATbHASA CXeMa YCTPOHCTBa
CUI'Ha/IM3alIUH [IPUBEEHA Ha puc. 2—4.

3aparoluil TeHepaTop MHKPOKOHT-
poJuIepa HCIIONIb3yeT KBapIeBbII pe3o-
Harop ZQ1 u xoHpeHcaropst Cl, C2.

[IuTaHue ycTpOMCTBA OCYIIECTBIIA-
eTCsA OT BTOPUYHON OOMOTKHM HOHH-
atomero TpaHchopmaropa 220/17 B,
2 A, mOOK/JAIOYeHHON K KOHTakTaM 1 u
2 mevyaTtHO¥M Iwiarsl (TpaHcdopmarop
B Habop He Bxoaut). B 6710k TMTaHUA
BXOIAT Takke npepoxpanutens FUI1
3,15 A, BBIIPAMUTENbHBIM OUOIHBIN
Moct D2—D5 u xoHpencatopsl Cl4,
C15 (puc. 2).

Perynupyembiit cTabuimsaTop Ha-
HPs>KEHUsT BBINOJTHEH Ha 3JIeMEH-
tax DA1, R19, R20, C16—C18, RP1.
[Tepemennsiit pesucrop RP1 cayxur
IUIsT TOYHOW YCTAHOBKM HaIps>KeHUs
13,8 B. OTo HanpsykeHue depe3 NUOL,
D8 mopaerca Ha akkymynsatop GBI,
KOTOPBIN CAY>KHT HCTOYHHKOM Oec-
nepeboiiHoro nuranuA. Ha ajnemenrax
DA2, D10, C4, Ce, C7, C20—C24 co6-
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paH cTabwWwIM3aToOp HANps KeHus 5 B
IJIsl IMTAaHUs MUKPOKOHTpPOJUIEpa, Ha
crabumutponax DZ1, DZ2 u pesucro-
pax R26, R27, R33, R34 dopmupyor-
Cs1 OTIOPHBIE HANPsKEHUs Wist paboThl
komnapatopos DA3—DAS.

Ha neuarHo#t n1ate npegycMoTpeHo
MeCTO /I yCTaHOBKHM Bapucropa VRI
(B Ha6Op He BXOIMT) IS 3allUTHI yC-
TPOICTBA OT OPOCKOB CETEBOTO HAIPA-
JKEHMUA.

B kauectse GB1 (B Habop He BXOIHUT)
MO>KHO MCIIO/Ib30BaTh aKKyMY/IATOP Ha-
npsbKeHueM 12 B emxocThio 7 A+d. 3a-
pAOKa aKKyMyJIATOpPa OCYIIECTBIACTCA
yepe3 auox D8 u naBkuil npemoxpa-
Hutens F2 3,15 A.

Cperonnon HL7 nnounmpyer Hamrune
nuTarwlIero Hanpsbkenus 17 B, Kaxnas
u3 mukpocxeM DA3—DAS5 (LM339)
CONEPKHUT deThlpe Kommapartopa. s
dbopMHupOBaHHA BXOOHBIX I[eled KaK-
OO M3 HMATH 30H MCHOIb3yeTcs Iapa
KOMIIapaTOpOB.

Paccmotpum paboTy ogHOTO U3 BXO-
noB (puc. 4). lllne#id sonsr 1 (ycnos-
HO NMOKa3aHO [Ba JaTYMUKa) depes mo-
noMHuUTeNbHbIN pesuctop Rf 4,7 kOwm,
BK/JAKOYEHHBIH IIOC/IENOBATEABLHO C
JAaTYNKaMU, HOTK/IIOYAITCA K BXOIaM
OIEepPallMOHHBIX YCHJIUTENEH — HH-
BEePTUPYIOIIEMY BXOOy IIEPBOTO H
HEUHBEPTHUPYIOIIEMY BXOAY BTOPOTO.
Kongencatop C8 u pesucropst R21, Rf
npencrasasior coboit puabTp HY ¢ yac-
TOTOM cpesa okoso 60 I'n. Ha nBa npy-
TUX BXOJa ONEePallHOHHBIX YCHIUTENEH
[OCTYNAIOT ONOpHbIE HANIPsKEHUA 3,3
u 9,1 B. [Toxa maT4yuku 30HBI 3aMKHY-
ThI U 1UIeHd 11e/1, HapshKeHue, KOTo-
poe omnpenensiercs penureneMm RfR21,
MONNEP>KMUBAETCA B 3TOM QUalasoOHe.
B cnydae pasMpIKaHusA OFHOTO U3 [aT-
YHKOB 30HbI, Pa3pbIBa IUleiida HWIH ero

RCO e

~

DA5.3 R32
U1 I

3oHa 5
RC4

u2

KOPOTKOT'O 3aMbIKaHUs HANIPsDKeHHE Ha
BXOJle U3BMEHUTCS U BBIIJIET U3 3a[aH-
HOTO IMana3oHa, Ha COOTBETCTBYIOIIEM
BXOJle MUKPOKOHTpOJUIepa (BbiBOL 18)
MosABUTCA Jor. 0 U cucTema mnepenner
B peXUM «TpeBorar. llenmn ocranpHbIxX
30H paboTalOT aHAJIOTUYHO.
«Macrtep xI04» HNOAK/IIOYAETCA K
KoHTakTam 19 u 20 (B Habop He BXo-
IoUT). B 3aBUCHMOCTH OT €T0 HOJTOXKEHUs
Ha BXozde 24 MHKPOKOHTposuiepa ¢op-
MHUPYeTCst THO0 HUSKHI, THO0 BHICOKHUI
ypoBseHb. [Ipu HH3KOM ypOBHE CHUCTe-
Ma HaXOOUTCs B pabodeM peXume, Ipu
BBICOKOM — B JI&XYPHOM. B kadecTBe
«MacTep KI04Ya» MOXKHO UCIO/Ib30BaTh
OOBIYHBIN TYMOJIEP, HO B 1[€/IAX HOBBI-
1IeHUs1 6€30MaCHOCTH PEeKOMEHAYETCs
YCTaHOBUTH KOJOBBIN 3aMOK WIM JIHC-
TAaHIIMOHHO YIIPaBIAEMBbIN BBIK/IIO-
yatenp. CBeroguon HL6 mupunmpyer
BKJIIOYEHHe padodero pexxuma. [is cra-
OMWIBHOM pabOTHEl MHKPOKOHTpOJIIepa
IpefycMOTpEHa Ielb aBTOMAaTHYeCKO-
ro cOpoca, BbIIOTHEHHAS Ha 3/IeMeHTax
R16—R18, VT1.
Cseronunonbl HL1—HL5 unpunupy-
10T COCTOsIHHE LIUIEH(OB BCEX 30H.
JIBU>KKOBBIMU IE€PEKIIOUATENAMU
T1—T3 ycranaBnmusaoT Tpebyemble
BpeMEHHbIE IIapaMeTPBl CUCTEMBI CHI-
Hagusanuu (Tadsr 1):
e T1 — mMTeNbHOCTL CUTHAJIA «Tpe-
BOra»;

e T2 — BpemMs Ha BXop (3amepiKka
BK/TIOUEHHS PeXUMA «TPEBOTa»);

e T3 — Bpems Ha BBIXO, (3amepskKa
BK/TIOUEHHS PeXKHUMA «OXPaHa»).

Tpansucrop V12 saBnsercs 3/eKTpoH-
HBIM KJIIOYOM [jIA BK/IIOYeHus pene K1,
K KOHTakTaM KOTOPOTO HMOJK/II0YaioT
cupeny. [luon D1 samuinaer Tpansuc-
TOP OT BCIUIECKOB HalIPsXKEHUA BO Bpe-
M1 IPH BBIK/TIOYEHUU perie.

Ta6bnuua 1
Tt T2 T3
«Tpesora» BXOA BbIXO[
112 mun | 1|2 cek | 12 cek
0|0 0,5 0|0 15 00 15
110 1 110 30 110} 30
04 1,5 01 45 01 45
111 2 191 60 111 60

[lepeyeHb KOMIIOHEHTOB HPUBENEH
B Tabs1. 2, pacCTaHOBKa 3JIeMEHTOB Ha
IIaTe U MOAK/II0YeHre K Hell BHEIITHUX
y3/I0B — Ha PHC. 5.

Bmecto muomos 1N5402 MOXHO
MPUMEHUTH AUOAHbIN MocT RAX837U.
Yacrora KBaplueBoro pesoHaTopa
ZQ1l — 4 MTI'n. Cseromuongpr HL1—
HL7 — xpacHoOro cBeyeHus gUaMeT-
pom 5 mm. Pere KI — FRM1-1Cl1 Ha
pabouee HanpspKeHue 6 B, KOHTaKTbI
paccunTanbl Ha Tok 110 10 A. s yno6c-
TBa HNOOK/IIOYEHUSI B KOMIUIEKT BXOOSAT
KJIEMMHbBIE BUHTOBbIE 3aKHUMBbI, a TaK)Ke
paguaTop Iiss MUKPOCXeM CTabM/In3aTo-
POB M KpeneXXHbIe 3/IeMEHTHL.

MOAKNIOYEHUE U HACTPOMKA

Hanpsoxenue muranua 17 B 50 ' mo-
OAeTcsl Ha KOHTAKThI 1 M 2 TUIaThl.

Tabnvua 2
Mozwiius HaumeHosanme | Koa.
R1—R7, R9,
R28—R34 15 kKOm 15
R8, R15,
R10—R13 3300m 6
R14,R35 1,2 KOMm 2
R16 10 KOm 1
R17 1 kOMm 1
R18 3,3 KOm 1
R19, R27 220 Om 2
R20 1,8 KOm 1
R21—R25 5,6 kKOm 5
R26 100 Om 1
Rf 4,7 KOm 5
RP1 1 kOm 1
C1,Q2 22 nQ 2
C3,C5,C7,C13,
C17,C19,C21, 0,1 mkO 9
C22,C24
C4,C6,C20,C23 100 mx®/25 B 4
c8—C12 0,47 MO 5
Cl14 2200 mx®/35 B 1
C15 0,22 MkQ 1
C16 10 mx®/25 B 1
c18 220 mk®/25 B 1
D1 1N4148 1
D2—D5 1N5402 4
D6—D10 1N4001...4007 5
Dz1 33B/1,3B7 1
DZ2 9,1B/13Bt 1
VTA1 BC638 1
VT2 BC639 1
DD1 PIC16C57 1
DA1 LM317 1
DA2 LM7805 1
DA3—DAS5 LM339 3
ZQ1 4 MHz 1
HLT—HL7 CeeToguon 7
MNepexnioyvatens
T1—T3 ADEO2 3
K1 FRM1-1C1 1
FU1, FU2 3,15A 2
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AxkymynatopHasa Oatapes (12 B,
7 A*4) MOOK/IIOYaeTCd K KOHTAaKTaMm 3
(+) m4 ().

Hanpsxenne 13,8 B, koHTaKkTHI 5 (-)
U 6 (+) uCnosp3yeTcs AjId MUTAHUSA aK-
THBHBIX JaTYUKOB (JaTIYUKH 3aJbIMIEH-
Hocry, UK merekroper u T. 1.).

[MTopxmouenue nuieitoB 30H CUCTe-
MBI CJIefIyIoIIee:

o 11uteitd 30HbI 2 — KOHTAKThI 9 (Z2)

u 8 (COM);

e 1ureiid 30HBI 3 — KOHTAKTHL 10
(Z3) u 11 (COM);

o 1ieiid 30HBI 4 — KOHTAKThI 12
(Z3) u 11 (COM);

e 1wieii 30HBI 5 — KOHTaKTH 13

(Z3) u 14 (COM).

HononnurenpHele pe3ucTopsl Rf
(4,7 xOM) HEO6XOIMMO YCTAHOBUTH ITOC-
JlemoBaTeIbHO TATYMKaAM Ivteida, npu-
4eM 9TH pPe3HCTOPBI TO/DKHBI HAXOAUTHCS
B CaMOM Ja7ibHeM KOHiie 1teidal

Ecnu He ucnonesyercsa Kako#-nubo
13 uieitdoB CUrHaaU3alMM, HA BBI-
XO[MHbIe KOHTAKThI /I 3TOro Iteiida

HeOOXOMUMO YCTaHOBHUTH MOCTOSHHBIN
pesucrop 4,7 kKOM.

IJIeKTPOHHYIO CUPEHY C Hallp>KeHHeM
nutanudg 12 B nogxnoyaioT K KOHTaKTaM
15 (+) u 16 (-), cupeHy ¢ aBTOHOMHBIM
nuTaHueM — K 18 (+) un 17 (-). Kaonky
MEM nogxaoyaroT K KOHTakTaMm 21 u
22, «Macrep xmod» — K 19 u 20.

Cucrema roroBa K pabdore. Bauma-
TeJIbHO NPOBepbTe BCe NOAKTIOYEeHNS U
nojaiTe Hanps>KeHHe TUTaHKSA.

[TepeBenuTe cHUCTeMYy B IeXYpPHBIH
PEXHM, IJIA 3TOTO «MacTep KIU» He-
00X0IMMO BBIK/IIOYUTb.

C nomompio DIP mepekmiouareneit
yCTaHOBUTe TpebyeMble BpeMeEHHbIE
napameTpsl (Tabmn.1).

NOPAA0K PABOTbI C OXPAHHOM
CUCTEMON

Hexypubiit pexxum. B saToM pexu-
Me «MacTep KJII0Y» JO/DKeH ObITh BbI-
kmoyeH. C IOMOIIBIO TepeKIIodaTesei
T1—T3 Heo6XOEMMO YCTaHOBHUTH Bpe-
MEHHBIE TTapaMeTPhI CHCTEMBI.

Cperoguon HL7 curnammsupyer o Ha-
JTMYMH HANpsDKeHUA MUTaHuA. B nesxxyp-
HOM peXXKHMe NPH HaXKaTUX Ha KHOIIKY
MEM no cBedeHHIO COOTBETCTBYIOIIETO
CBETONMONA MOXXHO BHUIETb, KaKas U3
30H aKTHMBHM3HpOBaHa.

CrenyeT UMeTh BBUJLY, YTO B 3TOM pe-
KHMe 30Ha 5 OCTaeTcsi aKTHUBHOI, T. €.
HpH CpabaTeIBAHUH HATYHMKOB OXPaHBI
30HBI 5 3a3BY4YHMT CHTHAT TPEBOIH!

Pa6oumii pexxum. [Tocne Toro, kak yc-
TaHOBJICHbI BCE BpEMEHHbIE TapaMeTphI,
HeoOXOIMMO BKJIIOUHTH «MacTep KIow€»,
0 yem 6yneT CHrHUTM3HPOBATh CBETOMH-
on HL6 — pexxum «oxpananr.

Cucrema He nepeiieT B PKUM «OX-
paHa», eCJIM KaKoN-IM60 13 HOPMAJIbHO
3aMKHYTBIX IaTYUKOB OXPaHsIEMBbIX 30H
6yner pasoMKHyT!

NPUMEPbI PABOTbI OXPAHHOM
CUCTEMDI

Ec/m B paboueM pexxuMe IpOH30HIET
cpabaTbIBaHMe TATYMKOB 30HBI 2 (IpsAMas
30Ha), TO BKJIFOYMTCA CUPEHa ¥ CBETOIHON
HL2, a xorga ucreder BpemMs CUTHA/IA «Tpe-
Bora» (T1), cpeHa IpeKpaTUT CBOE 3By4a-
nue ¥ HL2 otwnounrca. «Macrep xnod»
MO>KeT IpepBaTh pabOTy CHCTEMEL.

Ecmm npoucxonur cpabarbiBaHue gar-
YHKOB 30HBI 5 (30Ha KPYyIJIOCYTOYHOTO
KOHTPOJIA), BKJIIOUHTCA CUPEHa U CBETO-
mvon HL5, a xorma ncreuer BpeMs cur-
Hana «Tpesora» (T1), cupena mpekpa-
TUT cBOe 3By4anHe H HL5 otimounrcs.
«Mactep wirou» He MOXKeT IpPepBaTh
paboty cupensl! YToOBI 3TO cmenatso,
HeoOXonuMo HakaTs kHOKy MEM, Ho
3TO CHPABEIMBO TOJIBKO IS 30HBI 5.

Ecm npoucxonur cpabateiBaHMe HaT-
YHMKOB 30HBI 1 (30Ha C 3aJep>KKOH Cpa-
OaThIBaHMA), NOC/Ie UCTeYeHUS BpeMe-
HY Ha Bxon (T2) BKIIOYMTCA cupeHa U
cseroguon HLI. «Macrep xmou» moxer
IpeNoTBPaTHTh BKIIOYEHHE CHPEHBI, HO
TOJIbKO 10 HcTedenusa Bpemenu T2. Kormga
HICTeYeT BpeMsl CHTHA/IA «TPEBOTa», CUPeHa
IIpEKpaTHT cBoe 3Byyanue 1 HL1 otkmo-
qUTCA. «MacTep KIFOU» MOKeT MpepBaTh
paboTy cHcTeMBl. 3TO MO3BO/IAET BONTH
B OXpaHsfeMoe [TIOMeIlleHHe U BEIK/ITIOYHTH
CHCTeMYy.

10puit Capuxos,
r. MockBa

Y7061 CIKOHOMUTB BpemA U U36aBUTL BaC OT PYTUHHOM paboTbl MO MOUCKY HEOBXOAUMBIX KOMIMOHEHTOB W U3rOTOBJIEHMIO NeYaTHbIX Nnat, <Macrep
KWUT» npepnaraet Habop NS309. Habop coctout 113 neuaTHoOM nnatsl, BCeX HEOBXOANMbIX KOMMIOHEHTOB W MHCTPYKLMW MO CEOPKe U SKCryaTauun.
Bonee nogpo6HO 03HAKOMUTLCA € ACCOPTUMEHTOM Halllel MPOAYKUMM MOXKHO C MOMOLLBIO KaTanora «Mactep KUT-2005» u Ha Halllem cainTe http://www.
masterkit.ru, rae npeAcrasneHo MHOro nonesHon uHGopmaumy Mo NEKTPOHHBIM Habopam u mogynam «Mactep KUT» v npviBegeHbl agpeca MarasvHoB.
Ha caitte paboTaeT KoHdpepeHUMa 1 3neKTPOHHaA NOANUCKA Ha PacCbiiKy HOBOCTEM. B pasgene «KUTbi B »KypHanax» NpeanoXeHsl paguoTexHnyeckme
CTaTby, @ TAKKE MHOTO UHTEPECHON nHPopMaLmu Ana paauosobutenein n cneunanncTos. Hal accopTUMEHT NOCTOAHHO PacCLUMPAETCA v JONOHAETCA
HOBVHKamMu, CO34aHHbIMU C UCNONb30BAHNEM HOBENIUNX JOCTUKEHNA COBPEMEHHOWN SNEKTPOHUKN,
Ha6opul, 6noku n mogynu «Mactep KUT» 1 xxypHansl «<CXeMOTEXHVKa» MOXHO KyNuTb B MarasuHax pagviofeTanei Ballero ropoga.
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CrepeodpoHnyecknmn
ycunutenb AJA ronoBHbIX

TenedpoHoB

B daHHOU cmamee asmop npedndzaem c80U 8apudHmM NPOCmMo20 86iCO-
KOKa4eCmeeHHO020 yCuaumessa Ha nosiessiX mpaH3ucmopax 0715 20/108HbIX
menegpoHos. OcobeHHOCMbIO Nped1azaemo20 ycmpoucmaa A8naemcsA
npumeHeHue opoccesnel 8 Uenu CMoKa mpaH3ucmopos.

HUMAHMIO YHTaTe/Ie IIpe/IaraeT-

cst crepeoOHNYECKUI YCH/IUTETb

JL/IA TO/IOBHBIX Te/lePOHOB, HMEIO-
UIUI B K&KIOM KaHajIe BCEro JTHIIb 0
OIHOMY KacKafy YCHIEHHs Ha MOIITHOM
MOIEBOM TPaH3HUCTOPE ¢ M30JUPOBaH-
HBIM 3aTBOPOM. OCOOEHHOCTBIO JTAHHO-
TO YCHINTEIAA IB/ISAETCA NPOCCe/IbHAs Ha-
rpyska. OT4acTH Ha TaKyro UJCI0 aBTOpa
HatonkHyMH cratbu A. Illuxatosa 06
YCWINTE/ISIX Ha OJIEBbIX TPAH3UCTOPAX,
B TOM UHCJIe ¢ HCIO/Ib30BAaHUEM TpaHC-
dbopmaropos win gpocceneit (http://
www.bluesmobil.com/shikhman/).

B cBoe Bpems, nMes HOCTATOYHBIH
OIBIT B KOHCTPYUPOBaHHH JIAMIIOBOMH
anmapatypbl, aBTOP HbITAJICA PEIIUTD
BOIPOC, @ B CAMHX JIM JIAMIIaX [1e/10, KOT-
Jia peub MOET O TaK Ha3bIBaEMOM «IaM-
IOBOM» 3BY4YaHHH! MO>KeT ObITD, Ie/o B
YHC/Ie KaCKaloB yCHIEHHs, OXBaueHHbIX
o6111et 06paTHOM CBA3BIO WIH B Hojlee
palMoOHaTbHON Iepefaye CUrHaaa OT
KacKazia K KacKajy WIH OT KacKaja K Ha-
Tpy3Ke, HallpuMep, ¢ MOMOIIbIO TPaHC-
dopmaTopa unu gpoccenal! Benb, Ha
caMOM Jiefle, B KacKaje ¢ pe3HCTHBHOM
Harpyskoi 6OJIbIllass 4acTh MOIIHOCTH
YCUJICHHOTO CUTHa/Ia pacceuBaeTcs Ha
pesucTope B BUe TEIUIA, @ B KIaccHyec-
KOM JIBYXTaKTHOM TPaH3HUCTOPHOM (WIH
nammnoBom) GecTpaHCPOpPMATOPHOM
Kackajge aMIUIMTyda HOJIe3HOTO CUTHa-
JIa Ha BBIXOZEe He MOXKeT ObITh 00JIbIlle,
YeM NMOJOBMHA HapsDKEeHHs TUTaHuA. B
ycwinTesne ¢ MHAYKTHBHON HarpysKof,
6yap TO HepBUYHAsA 0OMOTKa TpaHCcdOp-
Maropa WIH IpOCCe/lb, MbI IOTydaeM Ha
Harpyske IO/IHBIN (WIN HOYTH [TOTHBIN)
pasmax Hallps>KeHUsA [TUTaHMA.

Bepuemcs K ronoBHBIM TeseOHAM.
Mx akTUBHOE Y PeaKTUBHOE CONPOTHB-
neHue (MMIIefaHC) OOBIYHO HA MOPATOK
BbIIIIE, YeM y aKyCTHYeCKOM CHCTeMBI
C OUHAMUYECKUMHU rOJIOBKaMH, U /A
ux paboThl HeoOXOO¥Ma Ha MOPATOK
MeHbIasA 3/eKTpUYeckas MOUIHOCTB.
Ycunurtenb, Harpy>keHHbIH Ha CTepeo-
TeepOHBI, MOXXKeT UMeTb HeGOoJIbIIoe
ycunenue mo HampsxeHuwo (1...5).
Ero nyuinie cmenaTh OJHOKAaCKagHBIM
Ha MOJIEBOM TPAaH3HCTOpE, HMeEIoIIeM

BBICOKOE€ BXOJHOE CONPOTUB/ICHHE, U C
OPOCCEJIbHONM HarpyskKou, KoTopas, Kak
u TpaHchopMaTopHas, XoTsa U o6a-
HaeT HeKOTOPbIMH HEBOCTaTKaMH, HO
peliaeT MHOTHE epeduC/IEHHbIE BbIIIE
npo6aemMpl. YTo6bl IPOBEPUTH HIEIO,
OBUTH MCIO/I30BaHbI APOCCEN OT JIAMII
OHEBHOTO CBeTa MONIHOCThIO 40 BT, pac-
cuMTanHble Ha TOK 0,43 A.

Ycunurens O6bU1 cOOpaH MO CXeMe,
HpUBEeHHON Ha puc. 1, ¢ HCNoOIb30-
BaHMEeM HaBECHOTO MOHTAa)Ka NPsAMO Ha
BBIBOLAX MOJIEBBIX TPAH3UCTOPOB, yC-
TaHOBJ/ICHHBIX Ha HeOOIBIIION paguaTop
Yyepes U30/ALIMOHHbBIE TPOKTAfKH.

R6 33 k L1

KOTOPBIX OYIYT 3a30pbl, YMEHbIIAIOIIIHE
WCKaKEHHUs OT THCTepe3nca, 3Byd4aHUe
OyzeT erwe Jydle.

Bce ycTpoiicTBO CMOHTHPOBaHO B
KopHyce OT KOMIBIOTepHOro 6J0Ka
nutanusa. TpanchopMaTop HPHIIUIOCH
BBIHECTH M3 KOpHOyca, T. K. OH AB/IA/ICH
NPUYHMHON 3aMeTHOTro (oHa ceTeBOM
YaCTOTHI, U PACHONIOXKUTb €ro B IMOJ-
XOMAIIEM KOpIIyce CeTeBOTro ajamnTepa.
TpancdopmaTtop Ho/mKeH MMETb [Be
BTOPHYHbIE 0OMOTKH, 0OecedynBaro-
1pe HanpspkeHue o 12 B npu Toke 2 A.
OdyeHb BaXHO MPABUJIBHO COCTUHUTH
0o61IMiI TDPOBOA M TOJOXHUTE/NbHBIN
BBIBOJ IIMTAHHMA B BUOE «3BE3Ibl», KaK
MOKa3aHo Ha pHC. 1, TOra MOXXHO OXKHU-
IaTh, 9T0 (GOH MIEPeMEHHOr0 ToKa OyJeT
MUHMManbHbIM. Tpancdopmarop non-
KJII0YAEeTCs K YCHWINTETIO Yepe3 pazbeM
thna XLR, Ha BXo#aX ycTaHOB/IEHBI Ba
raesna tuna RCA, a Ha BbIXOJle — I'HE3-
IO IJIS1 «TOJICTOrO Maiblia». Eciau B 6J10-
Ke MUTaHH!sA UCO/Ib30BaTh UMITY/IbCHbIE
BBIIPAMUTE/IbHBIE THOOBI ¢ 6apbepoM
HIoTTKH, 9TO TaKKe YJIYYIIUT KaueCcTBO
3By4aHus. Takue [uonapl NpUMEHAIOTCA,
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Cuayasia 6bI10 YCTAaHOBJIEHO 10 OJTHO-
My IpOCCenmo B KaXblil KaHaL B pas-
PBIB IpOcCcesisl OTHOTO U3 KaHAOB (Bep-
XHEro MO cXeMe) U MICTOYHHMKA NUTAHuA
ObUT BKJIIOUEH aMIIepMeTp, U Toa60poM
pesucropa R4 ObIT yCTaHOBIEH TOK
50 MA. 3aTeM 3Ta ke omepaunuA 6bITa
Hpofe/ianHa ¢ IPYTUM KaHAIOM YCHIeHUSA
(nombupanca pesucrop R5). Iocne sTo-
TO Ha BXO[ ObUI MONKIIOYEH MCTOYHHMK
CHTrHAjIa, @ HA BBIXON — TOJIOBHbIE Te-
nedonsbr. KauecTBO 3By4aHusA 0KA3aI0Ch
BBIIIIE OXXHIAEMOTO, HO B HIDKHEH dac-
TH 3BYKOBOTO [Malla3oHa ObUI 3aMeTeH
3aBaJI, YTO TOBOPM/IO O HEJOCTATOYHOM
MHIYKTHBHOCTU OPOCCETBHON HArpys-
K. Beut no6aBrieHs! erlie 1Ba TAKHX JKe
[pocces, YTO MPAaKTHYeCKH YCTPAHH/IO
aTOT HepocTaToK. Hano momarate, 4ro
ec/I BMECTO IpOCCeieil OT jaMI JHeB-
HOTO CBeTa YCTaHOBUTD CHENHATIBHO Ha-
MOTaHHBIe KaTYIIKH C CEPEEYHHKOM, B

HalpyMep, B KOMIbIOTEPHBIX O0Kax
NHUTaHUA.

Ycunurens O6bI1 MCOBITAH C TOJIO-
BHbIMH TeneporHamu AKG301K ¢ um-
nenancoM 600 OM u MixTeck LH075D
(100 Om). Koadduument ycumenus
ycwmrtens paseH 9 nb. Hemuneinwie,
MHTEepMOY/IAIIMOHHbBIE U IPOYHe UCKa-
KeHHd, a Takke AYX He M3MepAIHCD.
3By4aHHe MPOTPeTOro YCHIMTENA 3a-
METHO OT/IMYaeTCs B JYYIIYIO CTOPOHY
OT 3BY4aHHA TOJILKO YTO BK/IIOYEHHOTO
XOJIOMHOTO, MO3TOMY B Te€4eHHe IHA
JIy4llle €r0 He BBIK/IIYaTh.

Muxaun CanoXxHHKOB,
r. ['aneit ABus, Uspans
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