2% ]

CxemMmoTexHuKa

Ne 7 (9) mronb 2001

W. O. rnasHoro pegakropa:
DOmutpuin Xpyctanes

3am. rmasHoOro peflakropa:
Anekceit Curaes

PepaxumoHHan konnervs:

Maeen AcTaiukesu4
AnekcaHzp dpyHse
BukTop WoBunk

INnurepatypHLIi pepakTop:
Onbra KysoeunkoBa

KoppekTop:
IOnust Actalkesud

[Aunzaik n BepcTKa:

BukTopusi ChiveBa (06noxka)
Upura HYukuna

Ot1aen pacnpocTpaHeHus:

Mapura Tpocumosa

Opuir PyGuyes

Ten.: (902) 112-9838

e-mail: compitech@mtu-net.ru

Otaen peknamei:
Ceetnana Xa6aposa

Appec penakumm:

121351 Mockea, yn. MiBasa Ppakko, -

040,k 1,cp. 2

Ten./cpakc: (095) 737-9279,
768-0456

e-mail: shemotech@mtu-net.ru
www.compitech.ru

Waparenb u yupeguTens
000 “UA CknmeH”

OrmnevaraHo 8 S3AO “KpacHoropckas
Tunorpacgpums’”

143400 MO, r. KpacHoropck,
KoMMmyHarkeHeIW kKBapTan, 2

Ten: (095) 562-0433

Tupax 4000 aka.

3axas Ne 1979

YKypHan sapervictpupoBat &
Munmnctepetee PO no genam nesarw,
TenepagvioBeLLaHnn u cpeacTs
MacCoBbiX KOMMYHMKaLWA.

Per. Ne NMN77-5262

Penakuus He HeCeT CTBETCTBEHHOCTY 33
UHGOPMaUUIO, NPUBEAEHHYIO B
peKnamMHeIX MaTepuanax

MonHoe unu YacTuuHoe
BOCNpoM3BeeHie MaTteprancs
[ONYCKaeTcs TONBKO ¢ paspeweHus
000 "N4 Cxumer”

FognvcHoit nHAeKE u3naHvs No CUHeMy
karanory "Pocnevars” — 66750

{co sToporo nonyrogust 2001 r.) —

cM. cTp. 33

LleHa ceobogHas

CopepxaHue

ABTO3reKTPOHMKa

UHoukaTtop neperpeea oBuratens asToMoouns

N3mepuTtenbHana TeXHUKa

Uudposoi TepmomeTp Ha MukpokoHTpornepe VSP430P325
C @BTOHOMHbLIM NUTaHUEM

[Npeur3noHHbIR aHanoroBbI TEPMOPENYIATOp

UCTOYHMKM NUTAHUA

[pocTon MMNynbCHBIN MCTOYHUK NUTaHUS
Mcnonb3osanue MukpokoHTposnepa cmpmbl Microchip
B MMNYJIbCHBIX UCTOYHMKaX NUTaHUs

w

8

12

O6Lume Npobrembl KOMMYTaLMOHHLIX NOTepb B MHBEpTOpax Hanpspkerust 17

OCHOBbI CXeMOTEXHUKMU
CeHcopHble NaHenu — B3rnsig U3HYTpU

O 6MNONSPHOM TPaH3UCTOPE 3aMOSIBYIM Mbl CMOBO...
Pa3 waxok, ABa WaXOK...

MukpokoHTponnepbl? 310 e NpocTo!

PeMOHT

PeMOHT KOMNbIOTEPHbLIX MbILLE
PeMoHT AnHamMn4yeckmx roroBok

CeTeBble TEXHONOrMmn

KomaHgHo-uHGOpMaLUMOHHbBIE CETU — YTO 3TO Takoe?

Codpt
Mpumepbl NpoekTUpoBaHKs UMD POBLIX YCTPOMCTE

€ UCNorb3oBaHVEM i3bIKOB ONUCaHUst annaparypbl
CosaaHne aHanoroeblix PSPICE-pagnoanemeHToB

HOBOCTH HaYKN N TEXHUKMU
Rototron v Stellar — gBa Wwara k coBepLeHCTBY,
[Ba nontoca CMMMETpUn

TexHONnormm

Jlaku u komnayHg bt

LincppoBas TexHuka
MporpaMmupoBaHe MYKpOKoHTponnepos cepun AVR
MHTennekTyanbHbii ManorabapuTHeli (hotoaaTyvk,
paboTaloLmin Ha oTpadKeHue

20
23
26
30

35
36

37

42
46

54

55

58

60



‘ CxemotexHmka No 7 uons 2001

ABTOIJIEKTPOHMKA

NHaukaTop neperpesa
ABvratenss aBTomoouns

lMosbiwieHUe memriepamypbi dguzamerisi asmoMobUITs ebillie orpedernieHHo20 rpederna, 0cobeHHO 6 JiemHee epe-
Msi, MOXKem ebi3eamb HexxerlameribHele rocriedcmeust. Y umo6Bbi npedomepamume UX, OYeHb 8a3KHO Ornpedesiuma
MoMeHm Hadarna nepezpeea. B amom criydae romoxxem aniekmpoHHbIl UHOUKamop nepezpesa. OH npedyrnpedum
38YKOBBIM CU2HaIIOM O Hazpeee dsuzamerisi 00 oriacHol memrepamypei.

rmy6neHHoe 3HaKOM-

Py AO BENMUWYUHBLI BEPXHETO

CTBO C MMKPOCXEMOM
KP1436AMN1 [1, 2] paer

C3

D1 KP1436AM1 0,22mKD nopora, ¢ NOMOLLbIO pe3nc-

Topa R6 yctanaenuBatoT

BO3MOXHOCTE CNPOEKTUPOBaTE
OBYXMOPOroBbIV MHAMKATOP Ne-

u out |

7 BF

BKITIOY€EHVE ABYXTOHAMNBHO-
ro 3ByKOBOro curhana. Ha-

perpeBa ¢ NpUMeHEHNeEM part-
yMKa TeMMepaTypbl Ha TpaH3u-

CTOPHOM OMOPHOM 3IE€MEHTe
[3]- Ha eoiBOge BC, ¢ nomo-
LI KOTOPOTO OCYLLIECTEISET-
CSl BKITIOYEHNE MUKPOCXEMbI
npu Nnogade Ha Hero ynpaens-
loLLLEero Toka Heobxoanmor Be-

R1 ov 51_
R8  VT1-KT3107

300K VT2-VT4: KT3102

Be RC2 3r-25 CTpOVKa CXeMbl UHAVKATO-
6 RO pa npousBoguTcs 3a

RC1 R | 1S ABa—TPY LMKIa U3MEHEHNS
:Eo:w TeMneparypb! U rnogcTpon-

K1 pe3nCTOpOoB. Takmm crno-
cobom gocTuraetcs HanGo-
nee BbICOKasi TOYHOCTb
yCTaHOBKM Moporoe cpaba-

NWYMHEl, NPUCYTCTBYET cTa-
OUNbHOE HanpsHKEHWE OKOIo

VD1, VD2 - K[1522
Ka %vm

TbiBAHWUSA.

9,3 B. PaccmarpuBasi cxemy,

NPUBEAEHHYIO HA pYC. 1, MOXHO 3aMETUTh, YTO ABYXTOHAIbHbLIN
3BYKOBOW reHepaTop aHanorvyeH onvucaHHomy B [2]. A BoT gat-
UMK TEMMNEPaTYpPbl, BLINONHEHHBIN Ha TpaHanctope VT1, Takke,
KaK 1 CXeMa yrnpaeneHusi reHeparopoM, oTrmyaioTes. Paccmor-
pum Bonee nogpoGHO paGoTy SreMEHTOB 3TON CXEMbI.

Mopor cpabaTtbiBaHWs MHAVKATOpa Neperpesa onpeaernsieT-
ca peanctopom R1. HanpskeHne Ha peanctope R1 yctanaenn-
BaeTcs TakM 06pa3om, YTO ero BenmuvHa HegocTaToqHa Aris
oTKpbiBaHust Tpananctopa VT1. Korga Temneparypa gartuvka
TemMnepartypbl HUXe nopora cpabarbiBaHusi, TO BCe TPaH3UCTO-
pbl onopHoro anemeHTa (VT1-VT3) 3aKkpbiThl M reHepaTopbl 3a6-
nokvpoeaHbl. [Mpy yBenvueHun Temneparypbl HanpsikeHue ne-
pexopa 6aza-amMuTTep TpaHancTopa VT1 ymeHbLIaeTcs], Tak Kak
OH MmeeT oTpuuatenbHbii TKH, n npy onpegenenHon Temne-
patype VT1 HauHeT OTKpbIBATLCSH. Takke Npon3onaeT OTKpbI-
BaHue TpaH3nctopa VT2. B atom cnyyae HanpshkeHve Ha Kon-
nektope VT2 cHmamutes n yvepes guogbl VD1 m VD2 cHumer
6nokmpoeky ¢ TpurrepoB LLmntTa. Menepartopbl BKoYaTcsi v
6ynyT BoipabaTbiBaTb OAHOTOHAINbHbIV CUTHAIN HU3KOW YacTOoThl
(f,). navkatop neperpesa “coobLMT” O NPeBbILLEHNN NEPBOTO
(HWxHero) TemnepaTypHoro nopora. lNpy gansHenwem noBbi-
LUEHVW TEMIMEPATYPLI 10 BEPXHETO 3HaYEHUs TPAH3UCTOPbI ONop-
HOro anemeHTa OTKpbIBaloTcs curbHee. [pu aTom cozgaercs
HeobxoayMoe CMeLLEeHKE [Nt OTKPLIBAHWS ELLE U TpaH3ncTopa
VT3, koTopbii 6riokupyeT TpanancTop VT4. NHavkatop nepe-
rpeBa Ha4HeT BoipabaTbiBaTh ABYXTOHAIBHLIN CUrHar, o3Haqa-
IOLUIA JOCTUXEHVE MaKCMManbHOW TemMnepaTypbl. 3TOT nopor
yCTaHaBNUBAETCH C NOMOLLbIO peancTopa R6.

Nhgvkatop neperpeBa, NOCTPOEHHbIV MO TAKOW CXEME, MO-
KET NMTaTbCsi OT HECTabUNM3UPOBaHHOIO NCTOYHVKA NUTaHUS:
€10 MOXHO NOAKITHYUTL HENOCPEACTBEHHO K 6OpPTCETU aBTOMO-
6uns. Kpome Toro, cnegyet obpatnte BHUMAHWE, YTO NPU KOH-
Tpore TeMneparypbl Kakoro-nmbo o6GbekTa, HaunyuLLniA pesyrb-
Tar AOCTUraeTcsi NPU HENOCPEeACTBEHHOM KOHTaKTe [aryuka
Temnepartypbl (TpaHauctop VT1) ¢ 3tum obbekTom. MNostomy
TpaHavcTop VT1, ga v Becb onopHbivi anemMeHT (VT1-VT3) cre-
OyeT pa3MecTUTb B TOWM YacTu ABUraTtensi, KoTopas nogeepxe-
Ha MakcumarbHOMY HarpeBy.

YcTaHoBKa NoporoB cpabartbiBaHvs HAVKaTopa neperpesa
JOMKHa NPOU3BOANTLCH B YKa3aHHOW MOCreaoBaTeribHOCTU.
Haruvk Temnepartypbl (TpaHauctop VT1), a ewe nydwe Becb
OMOPHbLIV ANEMEHT C LIENbI0 YMEHbLIEHUS! AOMONTHUTENBHOW Mo-
rPELUHOCTY MOMELLAETCS B Cpeay C TEMMEpPaTypom, PaBHOM HUK-
HeMy rnopory cpabaTtbiBaHusl. YBENMUeHeM BENWHMHBI PE3NC-
Topa R1 gobuBalotcs oTkpbiBaHus TpaH3aucTopa VT2 go
BKIIOYEHWs 3BYKOBOTO curHana. [lanee, yBenvuve temnepary-
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Uropb Konbuoe
shemotech@mtu-net.ru
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nsMmepuTesibHAas TEXHUKA

Linchposon tTepMmomMmeTp Ha MUKPOKOHTpoOJIiepe
MSP430P325 ¢ aBTOHOMHbIM NMUTaHUEM

lNpednazaemeill yugposoli mepmomemp ripedHa3HaqeH Orsi UsMepeHUs1 meMrepamypekl 8 LUUPOKOM OuarnasoHe
om —50 60 +500°C. B kadecmee damuuka memMriepamypbl Ucronb3yemcs rnnamuxossiti damyuk PT1000, komo-
pbIl MOHMUPYemcsi 8 8bIHOCHOM 30HO€ U rNOOKIYaemcsi K mepMomempy ripu rnomouju passema muna BNC (npu-
6opHeltl paszbem CP-50). Takoe peuieHue ro3eonsiem rnpuMeHsime ¢ mepMoMempoOM HECKOITEKO 30HO08, UME-
LUX pasfuydHyro KOHCMPYKUUIO: KOHMaKMHYH0, rogpy»aemyro, 6030ywWHYr0 U m. 0. PeanbHasi memrnepamypa, us-
MepsiemMasi mepMoOMeMmMpPOM, OfpPeCENSIeMmcs KOHCMPYKMUBHbLIM OCbOPMITEHUEM 30HOa.

€PMOMETP MOXET CINYXWUTb AN U3MepeHUsi TeMnepary-

pbl B cCaMbIX pa3nuyHbix 06nacTsix: B NULLEBO MPOMbILL-

JIEHHOCTU, MeAULIMHE, HETAHONW NPOMBILLIEHHOCT W Op.
Tam, rge HeobBxoaVMO KOHTPONUPOBATL TEMIMEPATYPHBIN PEXUM
C BbICOKOV TOYHOCTbIO, LnchpoBol TepMomeTp Byaer xopoLumm
noMoLLHUKoM. OCHOBHBIE OCOBEHHOCTU ONVCHLIBAEMOIO TEPMO-
METpa 3aKNYaloTcsl B ANMMTENbHOM CpoKe paboThl 663 3ameHbl
6aTapen NUTaHUsi M Marol NorpeLLHOCTU USMEPEHVSI TEMINepa-
Typbl. 3TO cTano BO3MOXHbLIM Bnarogapsi NPUMEHEHNIO B HEM
MukpokoHTpornnepa MSP430P325 komnanvm Texas Instruments.
B tepmomeTpe peann3oBaHbl Yackl peansHoro Bpemenn (Real
Time Clock, RTC), dmkcaumsi uUsMepeHHOro 3Ha4eHusl Temnepa-
Typbl v pexum “Auto Off”.

KoHcrpykuus uudposoro
TepMomeTpa

TepMOMETP CMOHTVMPOBAH HAa ABYXCTOPOHHEN NeyaTHoN nna-
Te. Ha ee nuueeroli ctopore nomeLleHbl 2KK-MHOVKaTop U KHOM-
k. MMKpOKOHTPOINIEP U OCTarnbHbIE 3NEMEHTbI YCTAHOBIEHBI HA
obparHoii ctopoHe. B undpoBom TepMmomeTpe npyMmeHeHsl SMD-
KOMIMOHeHTHI. NevarHas nnara TepmMoMeTpa NoMeLLeHa B CTaH-
OAPTHEIN KOPIYC, B BEPXHEW YacTu KOTOPOro HaXoAWUTCs pasbem
A5l TeMneparypHoro 3oHga. PacrnonoxeHrne 0CHOBHBIX 3reMeH-
TOB LMpPOBOro TEPMOMETPA BHYTPU KOPMyca NnokasaHo Ha puc. 1.
MevaTHas nnara KpenuTcs YeTbiPbMS BUHTaMK K 600bILLKaM Ha
BEpXHel Kpeilwke kopnyca. [NocnegHsis 3akpbiTa cneuyanbHON
MMEHKOW, Ha KOTOPYIK METOAOM Liernkorpacdum HaHECEHbl Haa-
nven. MHavkatop sawmieH OKHOM U3 NMpo3paYyHol NnacTmaccehl
TonwwHow 0,6 mm. Kpbiliky TepMOMETpa KpenaTest Apyr K Apyry
YeTblpbMsi BUHTaMU. [nsi AOCTUXKEHWSI FepMETUHHOCTU KOpIyca
BCE LUBLI Nepes cO0pKON NPOKIIEMBAKOTCH CUINMKOHOM.

TepmomeTp obnagaeT crneayoLwymMmM XapakTepucTUKamu:

e TMOMPELHOCTb M3MEPEHUS (annapaTHasl) — B AuanasoHe oT
—50 po +199,9°C — 10,1°C;

e MOrpeLHoOCTb M3MepeHrsl (annaparHas) — B AnanasoHe ot

+200 po +450°C — +1°C;

rnepvoa namMepeHusi Temneparypel paeeH 1 ¢;

TOYHOCTb BHYTPEHHMX YacoB cocTaensieT 10 ¢ B cyTky;

vHavkauus paspsiga barapew;

4 ~paspaaHbivi XXK-MHAMKaTOpP € BLICOTON LmMp 9 mm;

rabaputbl: 65x130x25 mm;

Bec 120 T;

nuTaHne ot nutueBoin Gatapen 3,6 B;

cpok cnyx6el 6atapeun npn pabote 12 YacoB B CyTKU — He

meHee 5 ner.

MpuHUUNUanLHas cxema
UM poBOro TepMomMerpa

Ha puc. 2 npyeegeHa npyHUMnNuanbHas 3NeKTpuYeckas cxe-
Ma TepmomeTpa. basoBLIl 3NEMEHT CXeMbl — MUKPOKOHTPON-

KDbILLKA KODN! KHOMKa VHOVKATO)
_ M ’_
ST TE—I& _ ]
] &y __ ___] [
i:|_||% . 11 | |_i k
Garapen HKHSSA KDBILIKA KODYCA | _NeuaTHas nnara |

Puc. 1 1420

nep MSP430P325 — ngeanbHass MUKpoOCXema Ansl co3gaHust
3HEProHe3aBUCUMbIX M3MepUTErbHbIX NpuBopoB. MUKPOKOHT-
ponnep MSP430E325 ¢ EPROM-namsaTe0 nporpamMmm nenosnb-
3yercst Ans otpaboTkn nporpaMmmMHoOro obecrneyeHusi, a ogHo-
KpaTHO NporpaMmMupyemeli MMKpoKoHTponnep MSP430P325 —
B cepuiiHol npogykuun. MukpokoHTpornep MSP430P325 vveer
BCTPOEHHbIN cTabunmaatop Toka 0...6 MA u 12-paspsgHeii AL
¢ pacwwmpeHvem oo 14 paspsigos. [1oatomy namepeHve Temne-
patypbl € NpUMEHeHEM MUKpokoHTpornepa MSP430P325 He
npeacTaBnsieT ocobbIX TPYAHOCTENN.

Peanctop R2 3apaeTr TOK, NpoTEKawWWn Yepe3 gartyumk
PT1000. Kongencatopol C1, C3 u pesnctop R3 npeacraensitor
coboit npoctewmin punetp. OctanbHble 3rneMeHThl Heobxoan-
Mbl A5 HOpMarbHOTo (hyHKUMOHMpPOBaHKs npubopa. KHonku
SB1-SB3 ynpaensiot pexumamy pabotel TepmomMeTpa. Pesnc-
Topbl R4-R6, R12 n koHgeHcatop C8 mcnonb3yoTcst CXemom
obcnyxvBeanusi kHonok. Peauctop R7 u mukpocxema DA1 npu-
MEHSIIOTCS At GOPMUPOBaHUS OMOPHOIO HANPSKEHUS B NPO-
rpaMme KOHTpons paspsiga 6atapen nutanus. Peanctopbl R8—
R11 onpeaensioT pexum paboTel BCTPOEHHOTO ApaiBepa Xug-
KOKpucTannmyeckoro nHgukaropa HL1. XKK-uHgmnkatop tvna
5066 umeeT TpY NOANOXKM U paboTaeT B MyNsTUNIIEKCHOM pe-
KUME.

INntnesas Gatapes Bat1 oGecneunBaet npnbop NUTaHNEM.
MukpokoHTponnep MSP430P325 (DD1) ynpaensier Bcemu ne-
peuyncrneHHbivMM anemeHTamu. brnarogaps ero ncnonb3oea-
HWIO, KONMUYECTBO KOMIMOHEHTOB B CXeMe MUHuMarnbHo. Oc-
HOBHbIE 3NEMEHTbI, HeoOXxoarMbIe Ans paboTsl TepMoMeTpa —
ALIM, ctabununaatop Toka, gpaneep XXK-ungrnkatopa, aHano-
roBbIli MyINbTUNINEKCOP, TalMepbl — BCTPOEHbl B MUKPOKOHT-
pornep.

Knorka SB1 (On/Off) Bknioqaet/Boikntodaet TepmomeTp. KHor-
ka SB2 (Hold/Set) B pexvme “temnepartypa” vkeupyet noka-
3aHVsi UAMEPEHHON TEMNEPATYPLI HA UHAVMKATOPE WUIN BKITKOHa-
€T pexumM HenpepbiBHOrO uamepenusi. Khonka SB3 (C/Time)
nepekniyaeT pexmnm pabotel TepMomeTpa “Temneparypa /
yachbl”.

Anropurm nsMepeHus
TEMMepaTypbl

Conpotuenexne gatumnka PT1000 3aBuCHT OT BHELLHEN TEM-
nepatypebl. [py Temneparype 20°C conpoTvBNeHve gartyuvka
coctaensier 1000 Om, otcioga un Tvn garyumka — PT1000. 3aBu-
cuMOCTb conpoTvenenns gatuvka PT1000 or Temnepatypol
onvcelBaeTcs hopMynon:

R(T) = 1000-(1 + 3,908-103-T — 5,802-107-T2),

rae R — conporuenenve garuvka, T — Temneparypa. Temnepa-
TYPHbIV rpagveHT garyvka paeeH 3,9 Om/°C. Ons Toro, 4tobbl
BbIBECTW Ha MHAMKATOP 3HaYeHWe TeKyLlel Temneparypebl, He-
ob6xoanmo M3MepuTb conpoTueneHve gatumka PT1000. O1a
3ajaqa peLlaeTcsi annaparHeiM M NporpaMMHelM nyTem. [Mpo-
rpammMHoe obecneveHne MukpokoHTponnepa MSP430P325
BKIToYaeT B ce6s1 Onbnnoteky maremaTvku ¢ nnaearoLlein Tou-
koW (Floating Point Package), noatomy npo6rnem ¢ BelumcrneHu-
AMU ObITb HE JOIMKHO.

Brbnuoteka onepupyet 24-paspsigHbiMY YUCaMK, TOHHOCTb
BbluKCrieHuii 6onee yem gocraroyHa. BHumarensHo B3rmsiHyB
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Ha NpVYBeAEHHYIO Bhilwe hopMyny, Bbl YBUANTE, HTO 3TO OObIK-
HOBEHHOE KBaapaTHoe ypaBHeHVe. Kak BbIUMCIMTE KOPEHb KBag-
paTHOro ypaBHeHUsl, U3BECTHO U3 Kypca anrebpel ans 7 knac-
ca. Hanomtio: Y=AX2+BX+C, rae Y cootBercTByeT R — conpo-
TuBneHusi aaryuka (Om), a X — temnepartype (°C). MNpeobpasysi
dopmyny 3aBMCUMOCTU CONPOTUBIEHUsT AaTumKa OT Temnepa-
Typbl K Bugy Y=AXZ+BX+C, nonyunm cdopmyny:

R(T) = —5,802-10~4-T2 + 3,908-T + 1000.

EcTtecTtBeHHbIV BONpOC: OTKyAa B3ATb 3HadveHne R? Peauc-
Top R2 3apaet ToK, NpoTekarLwmi Yepes gatumk. TOK BblUNCTIs-
eTcs no opmyre:

1 =0,249-Vce/R2,

rne R2 = 1,5 kOwm, Vee = 3,6 B (HanpsbkeHne Gatapeu Bat1).
OTciopa | = 0,5976 MA.

MwikpokoHTponnep, ncnonb3ys AL, namepsietr nageHve Hanpst-
XEHUs1 Ha COMpPOTMBNEHUY garuvka no Bxogy AO. N3amepeHHoe
HanpspKeHVie paBHO NPOU3BEAEHUIO UMCna, nonyyveHHoro ot AL,
Ha Bec mnagwero paspsga ALM: U = N-0,2197 mB. [lermm 3Have-
HUE HanNPsSPKEHVISA, NOMyYeHHOE MNPV U3MEPEHNU, Ha USBECTHDIV TOK
Yepes Jaryuk 1 noryyaemM COnpoTUBNEHUE OAaTyvka Ha MOMEHT
namepeHust. Tok vYepes Aarumk SBNSIETCs NOCTOSIHHOW BENWMUMHOWN,
rnosToMy rnocre Bcex npeobpasoBaHuii noryymm hopmyrny, rno Ko-
TOPOW NporpamMma U BbIYVCIUT 3HaYEHWE TEMINEPaTypbi:

- 3,908 +\/17,593 —0,0008535 -N

- ~0,0011604

rae N — yucno, nonyyeHHoe B pesynerare paborsl ALUM, T —
3HauyeHve TeMneparypbl B rpagycax Llenbcus, BbiBogvmMoe Ha
VHOVKaLMIO.

dparmeHT nporpammbl, BEIMUCTISIIOLLME 3HaYEHVE Temnepa-
Typbl, NOKa3aH HUxe. Bee BbuMCeHnst NPoOu3BoasT € UCTonNb-
30BaHuemM 6ubnuorekn FPP.

adc cm |1 call ;CoxpansieM 3HaueHns] perMCTPOR B
cTeRe

sub  #4.sp

;Pesynerar paboter ALLL coxpansieM B staeltkax ¢ Haua TbHEIM aIpecoM "res”

mov rSres

; [lpec6pasyem pesymnsrat AL & dopmar FPP 1 coxpasmnM pesynmeTaT mpect—
pascBanus B uetikax Nx

mov #res RPARC

call #CNV BIN16

mov  @sp+ ,Nx

mov  (@sp Nx+2

sub  #2,8p

;BEIMMC TIsIeM 3HaUeHNst TEMIEPaTyPH TIo TPURENIEHHOT BEIMTIe dopMyTe

mov  #NxRPRES

mov #c 08 1 RPARC

call #FLT MUL

jmp adc cm n

#FLT_SAV

JNY0.0008532

adc cm n mov #c 1759 RPRES  ;

call #FLT SUB ;17.593 — (N1.0.0008532)

call #FLT SORT ;VIsBTeueHne KBaIPaTHOTO KOPHST

mov  #c 3508 RPARG

call #FLT ADD ; —3908 + npensIAyImit Pe3yIETaT
mov #c 0116 RPARG

call #FLT DIV ; [peneraynmit pesynetat/ —0 0011604
mov  #const6 RPRES

call #FLT MUL + Hpemwimymmit pesyerar Y 1000000

mov sp, RPARC

; [Ipec6pazoBEIBaEM PEsyIbTAT BEMMCTIenns B BCD dopMaT f11st BRIBOIA Ha UH —
TIKATTNIO
call
mov
mov

#CNV _FP BCD
@sp+,res
@sp,res+2
add #4.sp
call #FLT REC ; BoccTanaemEaeM SHaHUEHNsT PEMMCTPOR
; B staelikax maMsIT ¢ HaHa TbHBIM a/TpeCoM "res" XpaHnTCs Pe3yIbTaT BEIHIC —
Termit B bopmare BCD: res 220—221h 00 00 (+), 80 00 (—), 222 —223h 05 32(053 2)

Anropurm paGorbl nporpamMmmbl

OcHoBHOM NpyHUMN paboTel NporpamMmmbl COCTOMT B TOM, YTO
MVKPOKOHTPOINEP AOMKEH MaKCUManbHO AONro HAXOOUTLCS B
“cnsiwem” pexvme. bnarogapsi 3ToMy gOCTUraeTcsl MYHUMAanb-
Hoe aHepronoTpebtnenne. MVKPOKOHTPONNEp He OOIMKEH Haxo-

OuTbeA B umknax “onpoca”. Noatomy Bece

co6bITUs1 06pabaThIBalOTCS MO NpepLIBa-

XP1
>0 Pt HYSIM, MO3BONSIOLLMM UCKITHOUNTD HEMNpo-
I _ct n3soauTernbHble OXuUaaHus cobbITUi B
o DD1 uvknax. MATHaguaTs BEKTOPOB NpepbiBa-
NMI 59f \MIR cowmo 151 _COoMo HL1 HUs MUKpokoHTponnepa MSP430P325
walin @ og cru | comt g gg%;- gfl’ 01 Mo3BOINSAOT NPOrPaMMUCTY 3PDEKTUBHO
UL
| il xout % 10 %\IUT ggxg 54 2 03 ncrnonb3oeatb pabouee BPEeMsi MUKPO-
R1 c2| &0 S3 04 KOHTpOnnepa.
O™ 0 1m@_ —1 XBUF seco |2 Solss 05 OCHOBHOW TaliMep MUKPOKOHTpONNepa
Svee 031 Svee SEG1 6 71 © (Basic Timer) nporpamMmMm1pyeTcsi Ha reHe-
R21K  sveclpext 04 secz (22— 52 o0 8
Red o —— REXT SEcs |33 s3]s7 06| 9 paumio BeKTopa NpepbiBaHks C NEPUOAOM
Pi] A0 61 70 SEG4 [ Sag: o~ ® 8 500 mc. Mpy reHepauny BeKTopa NpepbI-
c:?o Pt 821 A1 ggg 36 S6]S10 1] - BaHusi BbI3bIBAETCA nporpamma “Int_ BT,
R31K Too A3 06 ﬁ% Q SEG7 g_'é gg ggmo 12 ob6pabarbiBaroLLas 310 cobbITHE:
H 07 = C
+B —os] M © | SEoe [3a_ sofcomi 14
= Tn o] R e i % | sgeto [40—_S10JCoMZ 15 Int_BT mov
B\S\S 8 Q sEe11 41 S11 #SSEL+CNTCL+WDTPW, &WDTCTL ; 3amyck
1w 1 191 Poi1 2 | seciz 22— Watchdo
cg 2 21 poz % SEG13 [43— ¢
51m 22| P02 = [ s B cnyyae 3aB1caHKsi NPOrpaMmbl CTO-
Laee H P05 SEG16 % POXEBON TaMep MUKPOKOHTpOrnepa
sveels3 25| P06 SEG17 75— (Watchdog) nepesanyctut cuctemy, BOC-
P07 SEG18 [7o— R33
R4-RT: E]R7 1 SEG19 (23— RS cTaHoBMB paboTy LMPOBOIC TEpMOMET-
10K a3| 2| 9, SEG20 [ — R23 M pa.
DA __13] ™1 26 R33 R9 push r10
17\ 258 — 14| 1 R33 : M push 111
LM4040-2,5 15 Ro3 2L R23] R13
VP —6] TP3 R13 128 R R10 mvb &SEC 05
—7] TP4 RO3 29 RO RO3 M cmp b #0ffh &SEC 05
— TPS Tlo copepxxmmvomy staetiku SEC 05 paesemv 0Ch
AR I R11 P
+BJ + 02 58 TCK "JACHI" - 1
> DV¢c TCK 28— TCK] 0,1M BBIZ0B IOMIPOrPAMMEL pas B CEeKyHAY
Eg___i C5l+ C4 CZ]L CﬁLl—gg ﬁxgc ™S H 1z 1t btct
o | |GNDEGND :64 sS TDI call #clock ;BEIZOE moAmpOorpaMMEL
2 ] C5, C7 - 22vk®x10B PVss o [ 1o "UACHI"(+1 sec)
. . - Kdx .
g mt btet cnpb  #00h&ON OFF ;Tep-—
C4,C6- 10040 MOMETD BRITEOHEH?
Puc. 2 Jz. it bt0 ;Oa, pabotaem!
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Pop 11l ;Her, "cniatp"!

Pop 110

Rett

mt bt0 movb IB bufL B

cmp b #00,&MODE ;Pexum: Temneparypa

VTV JACE?

jz mt btz ;Pexxum: Temneparypa

jmp mt clk ;Pesxuv: gace

mt bt2 cmpb  #0fth SEC 05

jz mt bt mrg JVEaukanmst

jmp mnt temp ;VsMeperne + MBEAMKANS

BpemeHHass guarpamma paboTbl LMPOBOro TepMOMETpa
nokasaHa Ha puc. 3. OCHOBHOE BpeEMS MMKPOKOHTPOINEP HaxXo-
autest B “cnsiliemM” pexumve, u bnarogaps 3ToMy AOCTUraeTcsi
NoTpsICaIoLLAs XapakTepucTrKa aHepronoTpebneHns TepMomer-
pa. CpegHuii TOK, NoTpebnsiemMbiii LMPOBEIM TEPMOMETPOM OT
6aTapewm, He npeBbllwaeT 30 MKA.

Lvkn pabotbl umcpoBoro TepMomMeTpa Ha4UMHAETCs ¢ Nogaun
vmMnyneca Toka vepes PT1000, 3aganHoro pesuctopom R2 (B
reHepartope Toka), AnutensHocTbio 1 mc. B ALIM, BCTPOEHHbIV B
MUWKPOKOHTPONIEp, BKIOYEHa cxema BblOOpKW/3anoMuHaHus.
MoaTomMy cneumansHbIX Mep Mo cTabunmaauum BXOQHOTO Hanpsi-
KEHUsI NPUMEHSITE He Haao. Bpems 3anoMmMHaHust BXOOHOro Ha-
npsbxkeHns coctaenset 30 MKe, Bpemsi npeobpasoBaHnst —60 MKC.
MNocne nameperns NnageHns HanpsbkeHns Ha gartyvke PT1000,
BLIKITIOYAETCH reHepaTop TOKa, U AaHHble 06pabaTbIBaloTCs NPo-
rpamMMoii € CNONb3oBaHNEM OUONMOTEKMN C NIABaIOLLEN TOUKOIA.

Ins noBbIlWeHNs1 cTabUNBHOCTU MOKa3aHWii UCMNONb3yeTcs
criegyowmii npuem. Peaynbstarel namepeHust XpaHsITCs B YeTbl-
pex nocnegoeatenbHbix Auerikax namstn Nx1-Nx4. Nocne kax-
[oro namepennsi nHpopmaums B suerikax Nx1—-Nx4 casuraet-
cs1 BNPaBo, HOBasi MHhoOpMaLysl 3anuckiBaeTcs B suenky Nx1.
MporpaMma BeMKCNSIET CpeaHee 3HA4YEHNE YEThIPEX pe3yrbTa-
TOB u3aMepeHusi. Pesynsrar ycpegHeHUs nepecuHuTLIBaeTCcs B
rpagycel Llenscus n BeiBoanTCSA Ha MHOVkKaTop. AKTMBHOE Bpe-
mMs1 pabotbl NporpammMbl 06paboTkn — 9 mc. Mocne o6paboTkn
pe3yneTaTtoB U3MEPEHUSI MUKPOKOHTPOIep NepeBoanTcst B
“cnsiwmi” pexkum. Yepes 500 mc MUKPOKOHTpornep “npoceina-
eTcs”, BuiNonHseT nporpammel “Hacol” n “Mhgukaumn” n cHoBa
nepexoauT B “cnsiwmn” pexmm. Yepes 500 mc LMKN NOBTOPSIET-
cs1. OTHoWweHve paboyero pexuma MUKPOKOHTpOonnepa K “cns-
wemy” coctaensiet 1/100 (10 mc/1000 mc). Mpun aTom cpeaHuin
TOK, NoTpebnsieMblil LMPOBEIM TEPMOMETPOM B pabovem pe-
xume, He npeebiwaeT 40 MKA (nNpu pabote 24 Yaca B CyTKM).
Ins 0ONONHUTENBHOTO CHXXEHWS 3HepronoTpetneHnsl BBeAeH
pexum “Auto Off". o ucteueHnn BpeMEHW, 3a4aHHOTO PEXU-
mMom “On/Off” (1...8 yacoB), NpuBop aBTOMaTUYECKN NEPEXOanT
B “CNAWMIA” peXuM C BbIKMIOHYEHMEM mMHAMKauuu. [MoBTOpHOE
BKJ1HOUEHNE BO3MOXHO KHonkow “On/Off’. Manoe Bpems npoTe-
KaHWs1 TOKa Yepes JaTyvk enaeT NCrornb3oBaHne 3Toro npubo-
pa npuBnekarenbHbIM 1151 M3MEPEHUST HU3KMX TEMIeparyp.

Bxogbl PO.5—P0.7 MyKpokoHTpornrepa ucnorns3oBaHbl st 06-
CINYXVBaHUS1 KHOMOK. AnnapaTHoe peLleHue KrnaBuatypbl Takke
npecrieqyer Lernb CHYXeHUs1 3HepronoTpebnenusi. B nexogHom
cocTtosiHum koHpeHcatop C8 sapsikeH yepes peauctop R12 co-
npotueneHnem 1 MOm. Mpu HaxkaTum NGO KHOMNKW BbI3LIBAETCS
npoueaypa o6paboTku BekTopa npepbieaHus nopra PO. BeiabiBa-
ercs nognporpamma obcnyxveanus krnaevatypel. Mpy yoepxa-
HUM KHOTIKU B H2XKaTOM TMOINOXEHUM TOK YEpEe3 3aMKHY TYIO KHOTIKY

9 mc /uameperve/

i i 60 MKC /MHankaums+yacol/
1mA |™ i —»

1mc
04 mMA 0,4 mMA
Pa6ouni “Cnswwmin

0 pPeXuUm pexum”

- 500mc >

< 1000 mc >

Puc. 3

He npeBbiwaeT 3 MKA. [Nocne oTnyckaHvst KHOMKU KOHOEHCaTop
C8 3apsixaercs 3a 50 Mc 1 knaBuarypa CHOBa roToBa k pabore.
®dparmeHT nporpammel, obcnyxvearower dyHkuvio “Hacel”,
npueegeH Huxe. MNporpamma KOPPEKTUPYET NOKa3aHWs YacoB
(nnroc 1 cekyHOa) v OAHOBPEMEHHO KOHTPONUpYeT pexuM “Auto
Off’. B “cnsiwiem” pexume pyHkums “Auto Off” oTknoueHa.

B nopnperpamma Clock (Hace)) ——MM———
Clock clrc ;OHICTRKA [IPM3HAKA [IEPEHOCA
dadd b #1,CLK S 41 B sTetike cexyH[
cmp b #60h,CLK S ;paeso 60 cexryHm?
Jloclock exs ;mer

crbCLK S ;8 o6HYINM CEKYHARL

clre

dadd b #1,CLK M ;+1 B stuettke MUBYT
cmp b #60h,CLK M ;paeso 60 MyHYT?
Jloclock exm ;met, nepexon Ha clock exm
crbCLK M ;f1a, o6HY/INM MUHYTEL

clre

dadd b #1,CLK H :+1 B sTi€elike Jace
cmp b #24h CLK H ;parHo 24 Haca?
Jloclock exh ;mer, BEIXOH

crbCLK H  ;fma, o6HY/IMM 9aCEL
jmp clock exh
clock_exs ret

‘KouTpomns peskumva “AutcOFF" 1 RoppeKImst TIoKazaunit nEankaropa KK

clock exm mov b CLK MLCDBUF L ;xoppeKIms MEAVKAIN

cmp b #0fth &ON_ OFF ;crisummit pesxm?

Jnzctl off JHET

clr b &OFF MIN ;7a, OOHYNUM STHeKy KOHTPOTS peXnMa
" RutoOFF"

clr b &OFF HOUR

jmpctl offl BBIXOT

ctl offinc b OFF_MIN ;+1 mMuEYyTa B siieiike KOHTPOTIS

cmp b #60,0FF MIN  ;paBHG 60 MyEYT?

Jloctl_offl
mc b OFF HOUR ;1a, +1 Hac B stuelike KOHTPOTIS
cmp b &OFF HOUR &OCFF CTL BEIKITIOMUTE TEPMOMETD?
Jnzctl coffl JHET

clr b&OFF MIN ;71a, COHYTTUM STIEVKY MUHYT

clr b &OFF HOUR ;71a, COHYTUM STIElKY YacoB
mov b #0fth &ON_OFF ; fa, ycTaHOBMM NPUS3HAK BEIKJTFOMEHNS
mov b #0ffh, &LCDBUF M

mov b #0ffh, LCDBUF L

JHET

call #L.CD DSP

bic b #01,&LCDCTL ;718, BRIKJTIOUYM MEAMKAamio KK

ret T BEIXOIT

clock exh mov b CLK. M.LCDBUF L :KoppeKIms MEAVKAIY MUHYT

mov b CLK HLCDBUF M
ctl offl ret

T KOPPEKIS MEAVKAIUYN SacoB
s BBIXOT]

YnpaBneHue uugpoBbIM
TEpMOMETPOM

YnpageneHve UM poBbIM TEPMOMETPOM OCYLLECTEISIETCS MPU
MOMOLLY TPEX KHOMOK:

e kHOMNKM “On/Off”, koTOpasn cny>wuT Ansa BKITHOYEHYS U BBIKIHO-
YeHusi TepmoMeTpa. B BbIKIIOYEHHOM COCTOSIHUM TOK NOTPe6-
INeHns1 He npeBbiwaeT 1 MKA;

e kHOMkM “°C/Time”, koTopas Nepeknoyaer TEPMOMETP U3
pexumMa “Temneparypa’ B pexum “yackl” u 06paTHo;

e kHonku “Hold/Set”, koTopas pykerpyeT namepeHHoe 3Haqe-
Hue Temnepartypbl. [py 3TOM NokasaHws TemMneparypbl Ha
vHaVkaTtope muratot. [ToBTOpHOE HaXaTue KHOMKU BO3Bpa-
LLAET TEPMOMETP B PEXUM HENPEPLIBHOIO N3MEPEHUS] TEM-
nepartypbl.

B pexxnme “yacel” nepeoe HaxaTtne kHonkn “Hold/Set” nepeso-
OvT TepMOMETp B pexum yctanoBku “Auto Off”. Ha nngvkatope
nosiensietcs murarowan umdpa or 1 go 8. KHonkon “C/Time”
MOXHO YCTaHOBUTL XENaemMoe BpeMsi aBTOMaTUHECKOrO BbIKIIO-
yeHust TepmomeTpa. Bropoe HaxaTtve Ha kHonky “Hold/Set” douvk-
cvpyeT BeibpaHHoe Bpems “Auto Off” u nepeeogut TepMomeTp B
pPEeXVM yCTaHOBKM BpeMeHu. Ha uHoykatope mMuraet 3HaueHve
yacoB. KrHorkort “*’C/Time” koppeKTupytoT nokasanHusi 4acos. 1o
TpeTbeMy HaxaTuio kHonkm “Hold/Set” koppekTnpytoT nokasaHus
MUWHYT Npy nomoLy kHonku “C/Time” YeTeepToe Haxatne KHon-
kn “Hold/Set” Bo3BpalLaer TepMOMETP B pEXUM “Yachl”.

BukTop 3ankuH,
viktor.zaikkin@mail.ee
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NMpeun3noHHbIN

aHanoroBbIy TepMOperynaTop

B nabopamopHoli U akcriepUMeHmarbHOU MEXHUKe, a MakKxe 8 pa3fuyHbIX
MEXHOII02UYECKUX cucmeMax 0ocmamo4YHO 4acmo 803HUKaem 3adaqa
cmabunusayuu memnepamypel obbekma uccriedosaHusi. [pu smom Ha
y4yacmkax cmabunusayuu memrepamypbl ComkHa obecrieuueamsCs ebICo-
Kasi mo4Hocmb yoepxarusi. CoepeMeHHasi arieMeHmHasi basa roseornsiem
co030amb OMHOCUMENBHO NMpocmbie o obbeMy annapamHbix 3ampam
mepmopezynamopsl ¢ 3ad0aHueM memriepamypbl cmabunu3ayuy 8X00HbLIM
HanpskeHueM. [Npu amom memrnepamypa cmabunusayuu rnporopyuUoHae-
Ha 8XOOHOMY HarpsiKeHUIo, YImo ro3eosisem yrpaersimb mepMopeaynsimo-
pom, Haripumep ¢ nomowybro LIATT, noOKmoYeHHO20 K rnepCcoHarnbHOMY KOM-
rietomepy. 3mo obecriedugaem 803MOXHOCMb OriepamueHo20 rpozpamm-
HO20 3a0aHus 3aKOHa peaynupoeaHus, 8 makxe U3MepeHUs U OOKYMeHMu-
poBaHUSs MeKyLeao 3Ha4eHUsI memrepamypabil.

Briok-cxema Tepmoperynsropa

TepmoperyrnsTop BbINONHEH B BUAE He-
CKOJTBKMX KOHCTPYKTMBHO OCOOPMITEHHBIX
6noKOB. 3TO NOBLILLAET PEMOHTONPUIOA-
HOCTb U no3eonsieT Gonee ahHEKTVBHO
KOMIMOHOBATL U3Jenne, B COCTaB KOTOPO-
ro oH BXoauT. briok-cxema Tepmoperynsi-
TOpa npeacraeneHa Ha puc. 1.

OH cocTOonT N3 N3MepUTENBHON TEPMO-
napsl (Mnv cuctemsbl TepMonap), Npeaea-
PUTENBHOIO yeunuterns, COGCTBEHHO Tep-
Moperynsitopa, 6roka NnuTaHust 1 CUITOBON
yacTtu.

CvnoBas YacTb COAEPXUT aBTOMaT Ha
COOTBETCTBYIOLLWIA cpeaHui Tok (40, 25,

npu 3TOM B npouecce paboTbl X TeMne-
partypa He npeBbiwaeT 40°C npuv Toke go
25 A.

Briok nutanus Tepmoperynsitopa
Power BbINONMHEH MO KNacCUYeCKOM
TpaHchOpMaTOPHOM CXEME Ha MUKPOCXE-
Max crabunmaaropoB 7805, 7815 n 7915.
Toku Harpy3skm He npeBbiwanT 300 mA
ansa uecrouHmka +5 B n 100 mA ans uc-
TouHukoB 15 B. Brniok nutaHmnsa obsiza-
TENbHO AOIMKeH ObiTb NMOAKMIOYEH K TOWM
xe dase cetn 220 B, uto n Harpy3ka, Tak
KaK ogHa 13 o6MOTOK TpaHcdopmaropa
(~6 B) vcnonb3yetcs TepMoperynsiropom
OIS onpeaeneHns MOMeHTa Nnepexoaa ce-

TEBOrO HanpsiKeHus

Puc. 1. Bnok-cxema TepmMoperynaropa

yepes Horb.
158 054 | AU MpyHuunuansHas
+158 0,1A POWER E_"_, cxema npvBeaeHa Ha
158 0,1A L ,~220B | puc. 4.
Uy 68 - MpenBaputens-
HEIl  younuTens
1 npeacTaeneH B ABYX
Rn BapuaHTax ucronHe-
| Hus (puc. 2 u 3) B 3a-
[> BUCUMOCTH OT MC-
t koo [T R 62’5’ MoNb3yeMON CXEMb
014330 BKITIOYEHUA TEPMO-

napol. OH pacnonara-
eTcs B Henocpen-

CTBEHHOW 6rnm3ocTn oT Tepmonapbl Ans
VICKJTIOHEHUS] BO3MOXHBIX BBICOKOYACTOT-
HbIX HABOAOK Ha BXogHble Lenn. Koadhdun-
LMEHT YCUIEHUS! NPEABAPUTENBHOIO YCU-
nutenst npubnuanTensHo paseH 100, uto
obecne4vrBaeT Ha ero BuIXoAe NUHENHbIN
curHan 1 mB/°C nonoxuTtensHon nonsip-
HOCTK B anana3soHe 25...1000°C.

Tepmoperynsitop paccqutaH Ha pabo-
Ty C BbICOKOTEMIMEPATYPHBIMK TEpMOna-
pamMu, UMEKLLMMU NMHEVHBIV YHaCTOK Xa-
pakTepucTrkm B gnanasoHe 25...1000°C,
Npy 3TOM KPYTU3HA XapakTepUCTUKN MO-
xet coctaensAtb 10,6...12 mkB/°C.

B Ttepmoperynsitope BO3MOXHblI OBE
cxembl BKIOYeHUs Tepmonap. MNMepeas
cXema BKITHYEHWS CBOAUTCS K Mocneao-
BaTeNbHOMY BKITHOHEHUIO [ABYX OOWHAKO-
BbIX Tepmonap. [nocoBom NpoBog BEpX-
Hel TepMonapbl NOAKIMIYAETCS Ha BXOL,
npeaBaputeribHOro yeunurens (puc. 2),
MVHYCOBOW MPOBOZ, HWXHEN TepMOonaphbl
— Ha obwwmii NpoBoA TepMoperynsTopa.
BepxHsisi Tepmonapa siBnsieTcst UsMepu-
TENBHOW, U €€ crnaw pacnonaraeTcsi B 30He
KOHTpons Temneparypbl. Cnan HKHeEN
TepMonapbl pacronaraeTcsi B cocyge ¢
Tasilym Nbaom (ero Temneparypa, cooT-
BETCTBEHHO, cTabunmnaupyetcsi). Bropasi
cXema BKJTIOHEHUS] UCTONb3YeT OAHY Tep-
MOonapy, NONOXUTENBHEBIN MPOBOA KOTOPON
nogkrnoHaeTcs k obwemy npoeoay Tep-
MOpEryrnsTopa, a oTpularerbHblli — KO
BXOA4Y NpenBapUTenbHOrO ycunutensi
(pyc. 3). MNMepBas cxema BkIoydeHwusi, Ge-
3yCIOBHO, siBNnsietcsl Gonee goporon u
CINOXHOW B W3rOTOBIIEHWMM W 3KCMnyarta-
UMK, HO 3aT0 OHa obnapgaet 6onee BblCO-
KOW TOUHOCTBIO U HAAEXHOCTBIO.

n peagBapurernbHble ycunurenu

Kak y>xe oTmMeuanoch BhilLe, B 3aBUCH-
MOCTU OT UCMONb3YEMOV CXEMBI BKITHOYE-
HUS1 TEpMONap Uy HeoGXoANMON TOYHO-
CTW U HAOEXHOCTU, MOTYT UCMOSb30BAaTh-
CS1 [1Ba BapyiaHTa CXeM NpeaBapuTenbHbIX
ycunutenen. Ha puvc. 2 npegcraenena
cxema npeaBapuTernbHOIO HEMHBEPTHPY-
HOLLLEro yCUnuTensi s Cry4asi Ucrornb30-
BaHWs OBYX MOCNEA0BATENbHO BKIIOYEH-
HbIX Tepmonap. Ha puc. 3 npeacraeneHa

16 nnu 10 A), cob-

CTBEHHO Harpy3ky (cu- R2 +15/B
CTEMY HarpeBaTteneu, | INPUT 10K c3 _L _E \
neyb U T. A1.) U perynu- 2 2D Cc5
PYIOLLMIA ONTOCUMMC- 2 _L ’ L L OUTPUT
Top TCO142-40. On- R5 200K P
TOCUMMCTOP MOXET — ~
ObITb 3aMeHeH Ha ABa o7 06
onToTupucTopa (Ha- +£ | D> |our GND
npumep, TO2-40), Tn- MAX

02l | 420 L
pUCTOPbI  KOTOPBIX <
BKITHO4EHbI BCTPEYHO- 03 4 Cea |01
napanrensHo, a cBe- Cr 05 |
TOQMOARI NOCIEA0Ba- 04 e | A2 CeB@ R6
TenbHo. OnTocumunc- 470K
TOP VN ONTOTUPUCTO- R4
pbl AOMKHBI BBITE YC- K 1 6:’::5,4?6 ® TT
TAHOBMNEHb! Ha N30MNV- - AMK - C:; = c6 -15B
pOBaHHbIE paguaTo- 2mk®7T™ 7T <

pbl pasMepom npwu-
mMepHo 100x100 mm2,

Puc. 2. NpegBapuTenkHbIN HEMHBEPTUPYIOLLWI yeUNuTene
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namepurTesnibHAaA TeXHUKdA

CcXema VHBEPTUPYIOLLETO NpeaBapuTESb-
HOIO YCUINUTES C annapaTHOM KOPPEKLU-
el Temnepatypbl XonogHoro cnasi ans
CIny4asi UCMNorb30BaHKs OAWHOYHON Tep-
Monapbl.

HevHeepTypyowuii npegeapuTenbHbIN
yeunuternb (puc. 2) copepxuT aBa orne-
pauvoHHbix yeunutenst A1 n A2. B cxeme
npeaBapyTESbHOTO YCUITUTENSI UCMONb30-
BaH OAVH 13 Ny4LLMX OnepaumoOHHbIX YCU-
nurtenen (OY) dmpmbl Maxim — MAX420
[1]. OcHOBHLIMK €r0 JOCTOMHCTBaMK SIB-
TNSIIOTCS: Maneiy TeMnepaTypHbIv gpend,
cocraensaowmun B cpegHem 0,02 mkB/°C;
Manble BXogHble Toku nopsigka 0,03 MkA;
HU3KUIN YPOBEHb HU3KOYACTOTHbIX LLIYMOB
coctaensiet 0,3 mkB (B gnanasoHe ot no-
cTosiIHHOTO Toka A0 1 Mu) 1 BeICOKUIA cO6-
CTBEHHbIN KO3 PVLMEHT yeuneHnss —
Goree 1-108. Ha nepeom OY A1 Bbinon-
HEH aKTUBHbLIA OUMNBTP HUXHUX 4acToT
(®HUY), onncanHIi B [2].

buneTp pabortaeT cneayowmmM obpa-
30M: HanNpsiXeHUe NOMEXU NPOXOAUT Ye-
pes pesnctop R2 B Touky Bbixoga unesT-
pa. Yepes kongeHcatop C1 oHo nonaga-
€T Ha uHBepTVpytowmii Bxog OY, yennu-
BaeTcs HA HeM M vepes koHgeHcatop C2
onsATb NoNagaeT B Ty Xe TOYKY Bbixoaa,
rae KOMINEHCHPYET BXOOHOE HanpshkeHne
nomexu. Peanctop R3 crabunuamnpyer
paboty OY no nocrosiHHOMY TOKY. [locTo-
VHCTBOM CXeMmbl sIBNsieTcs Gonbluasi 3k-
BYBareHTHasi eMKOCTb KOHAEeHcaTopa
¢dunerpa C2, koTOpasi yBENMUUBaeETCs
npumepHo B K+1 pas (rne K— cobcreen-
HbIl ko3t drumeHT yennenus OY). B Ha-
weM crny4vae, Npu ykasaHHbIX B CXeme
HommHanax, ®HY nogaensier Hanpsixe-
HUe NoMexu, HauvHasi ¢ 56 u.

Beepernne ®HY B cxemy npegsapu-
TEIbHOIO YyCUnmTesst HeobxoamMmo o cre-
JyLwum npuyuvHamM. Bo-nepeeix, cucte-
Ma TepmMonap MMeeT A0CTaTouqHO Gorb-
WY ONMHY NPOBOAOB, AOCTUrAOWY0 1
M, Ha KOTOPbIX HABOASITCSI MOMEXU pasnuy-
HOIO MPOVCXOXAEHWS, B TOM YUCIe U OT
pabotarwero onrocumncTopa. Bo-BTo-
pbIX, U3MEpUTESTBHYIO Tepmonapy, pabo-
TaLWY NMpU BbICOKMX TeMnepatypax,
4acTo Ans U30NSLMK BCTABMSAOT B Kepa-
MUWYECKYIO TPYOKY C ABYMSsI NapannerbHbi-
Mu oTBepcTusivu. Mpu aTom Npoeoaa Tep-
MOMnapbl PacrnonoXeHsl NapannensHo Ha
paccrosiium npumepHo 20-30 cm, o6pa-
3ysi, Takum 06pasom, NPEKPaCHYI aHTEH-
Hy. Ha OY A2 cobpaH yeunurenb ¢ koad-
¢vumenTom yennenus okono 100 (ycra-
HaBNUBaeTcs NoaGopPOM CONPOTUBMEHUST
R5). Peanctop R6 cnyxuT onsi koppektu-
POBKU HyNsi MPeBapUTENIbHOTO yCUnuTe-
ns. Kak otmevanock Bhiwe, npeasapu-
TelbHbIV yCUNUTEnb HacTpavBaeTcsl Ta-
KMM 06pa3om, 4YToObl Ha ero BeIXoae nu-
HEVHBII CUIHan NONOXUTENBHON Nonsip-
HocTu coctaensan 1 mB/°C B ananasoHe
25...1000°C. Takxe cnegyer OTMETUTD,
UTO NpeaBapuTEnbHBIA YCUNUTENb Xena-
TelNbHO TLATENbHO 3KPaHWPOBaTb, a Mo
BO3MOXHOCTW M TEPMOCTaOMIN3NPOBAaTh.

MHBepTypylowun npegBaputensHbIi
ycunuTene € 3NeKTPOHHON KOppPEKUUnen
TeMNnepatypbl KOHTAKTOB TepMonapsbl

+159

* <
cal —cs
C1 1y 0. 1Mk L L
10K R2 R8 24K OUTPUT
1 | | v
M | S | ™~
62K

VT1 07 06 GND
INPUT- | 2N3904 +E MEX ouTt
R3 1K | <
R4 200K _|__|_
— 19 M- CeA 0% 2

R5 110K crx3e
|%F-E A2 |ceB o8 Cc3
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Puc. 3. lNpenBaputenkHbii MHBEPTUPYIOLLWI YCUINUTENE € 3NEKTPOHHON KoppeKuuein

n3obpaeH Ha puc. 3. OH onucaH B AoKy-  HopMupytowero yeunutenst ALIN gns He-
MeHTaumm Ha OY MAX420 [1]. Mockonbky  nocpeacTBEHHOTO M3MEPEHUsI TEMMepaTy-
COBMECTHO C 3TMM NMpeaBapuTENbHBEIM  pbl B 30HE PEryNIMpOBaHYsI.

YCUNWUTENEM WCIONb3yeTCsi TONbKO OaHa

Tepmonapa, AnvHa NpoBOAOB €€ CuMTa- Oner Hnkonaituyk
€TCH Maroi 1, CrneaoBaTenbHO, aKTUBHBIN onic@ch.moldpac.md
®HY He vcnonbayetes. [nsa addektne-

HON paboTkl CXEMBI KOHTAKThI NOAKITIoYEe- lNpodaomxeHue crieCyem

HUSI TeEpMONapbl W KOpMNyc TpaH3ucTopa
VT1 pgonxHel UMETb

OOVHaKOBYI TeMIMe-

patypy. Cneayet 06-

patuTb BHUMaHUE Ha

TO, YTO Tepmonapa

MOAKMICHAETCS K 3T0-

My YCUINUTETIO OTpU-

LaTenbHbIM NPOBO- u ANALOG Hobule cepuu npenyasoHHLIX
JIOM KO BXOfly, @ Morno- DEVICES cnepauMoHHEIX yCUNUTENER
XUTENbHBIM — K 06-

= TRACDO

wemy npoeogy. Pean- - 1 L POWER
cropom R8 nogbvpa- o A Smmr: =
etcsi Tpebyemblli Ko- NE 1L —{ 7 AIMEL
adhdULUNEHT ycune- "L > 4 \‘ A Y e
Hus. Peauctopom R6 . ST, s
Npon3BOANTCA KOpP- - BOYRND
pekuusa nepegartoy-
HOW XapaKTEPUCTMKN 9
ycunutensi (C nNomMo- e il bctaitoimodimt i CLARE
LLbIO STANOHHOTO Tep- . T g
MoMeTpa). ;- P S

Bbixon npeasapu- - i
TEMNBEHOMO YCUNUTENSI e T /IXICOM
COEAVHSIETCSH CO BXO- e
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nsaTopa ¢ NOMOLLBIO - JE- AN
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MUCTOYHMU KM NTUTAHMNA

NMpocTOoN UMNYNbLCHLIN  °
MCTOYHUK NUTAHUA

TTroboll pazpabomuuk Moxxem cmorKHymecCS ¢ ripobriemMoli co3daHust rpo-
CIMOo20 U HAalEeXXH020 UCMOYHUKa rnumanusi 05151 KOHCIMPYUPYyeMoz0 UM yCm-

polticmea. Euje HedasHo amo ripedcmaernisino orpederneHHy ClIoXHOCMb.

OdHako e Hacmosiujee epemMs cyuwecmeyrom docmamoy4Ho fipocmeie cxem-
HbIe pelwieHus U coomeemcmeyrouwjas UM arieMeHmHasi 6a3a, no3eosnsto-
wue cos0asame UMIYTIbCHbIE UCMOYHUKU nNumaHus Ha MUuHUMaribHOM KO-

Jiu4decmee 371ieMeHmaoe.

B Hacmosiweli cmampee 6HUMaHUK Yumamernel rnpediazaemcs oriucaHue
OOHO20 U3 CyLecmeyIoLuX 8apuaHmos rpocmoeao cemeeoeao UMIYIbCHo-  ®

20 6r1oKa rumaHus.

CeTteBas yacTb 6noka NUTaHuA

komnapaTtop 1, HEeMHBEPTUPYIOLLUNA
BXOZ, KOTOPOIrO COEAUHEH C UCTOYHU-
KOM MUTaHWS, 8 UHBEPTUPYIOLLMIA BXOL,
— € BHYTPEHHVWM WCTOYHMKOM Orop-
Horo HanpsbxeHvs +16 B (y gpyrmx MC
CEeMEeINCTBa UCTIONb3YHOTCS ApYyrue 3Ha-
YEHWS UCTOYHMKA OMNOPHOIO HaNpshKe-
Hus1). ATOT KoMNapaTop onpeaensieT
HanpsbkeHue BkoveHus MC;
YNPaBnsieMblil BBIXOAHBIM CUTHANOM
komnaparopa COMP1 ncto4Hmk onop-
Horo HanpspkeHust Vief (+5 B, <50 mA),
BbIXO/[, KOTOPOIO COEAVHEH C BbiB. 8.
Kpome Toro, K UCTOUHWKY NMOAKIoHe-
Hbl BHYTPEHHUE LiENW CMELLEHUST;
VICTOYHVIK OMOPHOTO HanpsikeHus (+5 B),
KOTOpLIV Yepes pe3nCTUBHLIN JENUTESNb
Ha 2 COeAVHEH C HEMHBEPTUPYIOLLMM
BXOA0M yeunuternsi ombku. VHBeptm-
PYIOLLMIA BXOL, STOFO YCUIMUTENS COeaU-

Mbl Byem paccMaTprBaTb UMEHHO Takoe
uncrionHeHne MC. HasHauyeHve BLIBOAOB e
MC cewmenctea 384X npuBegeHo B

HEH C BbIB. 2, a BbIXOA — C BbIB. 1;
younuTernbs oLwmnbKY, € BbIXoOa KOTOpO-
o HanpshkeHKe Yepes ABa amoaa v pe-

MpegnaraemMein Bawemy BHUMaHUIO
BapuaHT umMnyrnscHoro 6noka nutaHus
peanvn3oBaH Ha OCHOBE MWKPOCXEMbl

UC3842. 3ta mukpocxema (MC) nornyum-
na pacrnpocTpaHeHre, HaunHas Co BTOPO
nonoeuHbl 90-x rogoe. Ha Hel peannso-
BaHO MHOXECTBO PasNyHbIX MCTOYHVKOB
nUTaHWs st TENEBU3OPOB, (hakcoB, BY-
[eoMarHUTooHOB 1 Opyrov TEXHVKW. Ta-
kyto nonynsipHocte UC3842 nonyuuna
6narogaps CBOEN Marnoi CTOMMOCTH, Bbl-
COKOW HaeXHOCTU, MPOCTOTE CXEMOTEX-
HUKM ¥ MMHUMATIBHOW Tpeby-

Tabn. 1.

Mukpocxema cogepuT criegylwme

OCHOBHbIE Yy3Ilbl:

cTabunMUTPOH OrpaHNueHVs HanpsiKe-
HUS NUTaHus (Mexay BbiB. 5 n 7),
06blYHO Ha HanpsbkeHve 36 B (y He-
KOTOpLIX MPOU3BOAUTENEN 3TO Hanpst- e
KEHWe OTNnyaeTcs, HanpuMmep, B
DBL3842A yka3aHa BernuuvHa 29);

3VICTUBHBIN genuTenb Ha 3 nocTynaer
Ha UHBEPTYPYIOLLMIA BXOL, KOMINaparTo-
pa 2, KKOTOPOMY TaKKe NOAKIIOHEH CTa-
6unutpoH Ha HanpsbkeHue 1 B; BTopoi
HEVHBEPTUPYIOLLMIA BXOZ KOMIMaparopa
coeanHeH ¢ BbiB. 3 (Current Sense);
BCTPOEHHBLIN reHepaTop MMIyIbCOB,
BXO04, KOTOPOro coeamHeH ¢ BuiB. 4 MC,
K KOTOPOMY MOACOEAVHSIETCS BpEMSI-
3apawwas RC uenouka;

‘ CxemotexHmka No 7 wuons 2001

emol 00BA3Ke.

CewmerictBo MC 384x ¢ He-
3HAYUTENBHBIMUY OTIINYMSIMK
BbIMyCKaIOT MHOTME MPOU3BO- Vit
avtenm: UC3842 (Unitrode, ref 80 Vref
Unitra, Solitron, Phillips | Comp 10 vb2.3 4 o5 GND
Semiconductors), KA3842 R ] 1681
(Fairchild Semiconductor), vib 20—F—0O
DBL3842 (Daewoo), SG3842

!

KA3842 Q7 Vce

\ 368

N

+5B SR

Cxema
cMeLLeHUst

TokoBbIV 1
KOMMapaTop

R ZS 2298 6
Tpurrep
LM

(MicroSemi, Silicon General),
TL3842 (Texas Instruments),
KIA3842 (KEC), GL3842 (LG)
v mHorve gpyrve. CyllecTey-
10T TaKKe OTe4YeCTBEHHble
Mukpocxembl KP1033EY10 n
KP1033EY16, kotopbie sBrsi-
10TCS1 MOANULIMPOBAHHBIMU
aHanoramm UC3842/43/44.
O606weHHas dhyHKLMO-
HanbHasi cxema CeMencTBa

Output

Current

Sense 30

leHepatop
VMMyIbCOB

RUCt 40O

Puc. 1. O6061ueHHas yHKLUMOHANBHAs CxemMa CEMENCTBA MUKPOCXeM 384x

MUKPOCXEM 384x Tabnuua 1. HasHaueHne BLIBOOOB MUKPOCXEM cemeicTea 3842/3843
npencraeBrneHa Ha
pﬁc.ql. DIP8 DIP14, Hassanve Onvcanve BbiIBOga
MC cemeiicTea 384x SOIC14 [ BeiBOAA
BbINyCKaOTCA B pas- 1 1 Comp Bbixog, yeurvTers olwmbku
JIMYHBIX KOprycax —
DIP8, SOICS, DIP14, 2 3 VVFeedback |Bxog obpartHoii cesiau
SOIC14. Mexay HUMm 3 5 ISense Bxo curHana orpaHnueHns Toka
CYLLECTBYIOT HE3HAYW- =
TenbHble pasnuums, 4 7 Rt/Ct Bxop ,EI,VJ'IH nogknoveHust Bpemsizagatowei RC uenovkm
KOTOPBIE CBOLSTCS, Ha- 5 8 GND O6wwmih BEIBOA, MUTaHUA
npuMmep, K Hanuuuwo 6 10 ouT Brixog
OTAEnbHbIX BEIBOOB 7 12 \ce Bxon NoaKIIoYEHWs MUTaHVs
NUTaHWUSI U 3eMINN Y Bbl-
XOHOTO TPaH3NCTOP- 8 14 Vref BbIxoa BHYTpEHHEro MCTOYHMKa ONOpHOro Hanpsixerust +5 B (o 50 MA)
Horo Kackaga. OgHako - 9 OutGND |O6uwii BbIBOA BEIXOOQHOIO TPaH3NCTOPHOIO Kackaaa
Hanbonbwen nony-
ASIPHOCTBIO MOMb3Y- - 11 OutVe1  |Bxoa nutaHnsi BLIXOOQHOMO TPaH3MCTOPHOIO Kackaaa
torca MC B kopnyce - 2,4,86,13 [N/C BLIBOABI HE MCMOMb3YIOTCS
DIP8. B pancHenwem
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UCTOYHUKMU NUTAHMNA

Brixog komnapaTtopa 2 coeauHEH C BXO-
aom R Tpurrepa LLUAM.

Bbixog reHepatopa CoeMHEH C BXOA0M
S Tpurrepa LLUAM; ero MHBEpCHBIN BbIXOA,
COEAVHEH C MHOTFOBXOLOBLIM 311EMEHTOM
UIW, opyrve Bxogbl KOTOPOro coeguHe-
Hbl C BBIXOAOM koMnapartopa 1 v reHepa-
TOpa UMMNYNbLCOB; BeXoAkl anemeHTa UM
YNPaBnsiioT MOLLHBLIM TPaH3UCTOPHBLIM Bbi-
XOAHBbIM KacKaZioM, BbIXO KOTOPOro COo-
eIMHEH C BbIB. 6.

MpyHumn pa6otel MC nerve paccmar-
puBaTb NpW CONocTaBneHun ee OYyHKLU-
OHarbHOW CXeMbI U MPYHLMNNAITBHOM CXe-
Mbl CETEBOW YacTV UCTOYHUKA MUTaHWUS,
n306pakeHHOol Ha puc. 2.

Ha Bxoge 6roka nutaHns pacrionoxeH
CETEBOW BLINPSMUTENb HanpsiXeHusl,
BKTHOYAKOLWMWI MNaBKUA NpeaoxpaHnTenb
PR1 Ha Tok 5 A, Bapuctop P1 Ha 275 B
Ans 3awmThl 6rioka NUTaHust OT NMpeBbiLLe-
HVS1 HANPSKEHWA B ceTu, koHaewcatop C1,
Tepmopeauctop R1 Ha 4,7 Om, gnogHbii
mocT VD1-VD4 na gnopax FR157 (2 A,
600 B) n koHpgeHcatop dunerpa C2
(220 mk® x 400 B). Tepmopesuctop R1 B
XOINOAHOM COCTOSIHUM MEET COMNPOTUBIIE-
Hue 4,7 Om, 1 Npu BKITKOHEHW NUTaHKS TOK
3apsiga koHgeHcaropa C2 orpaHnynBaeT-
cs1 3TMM conpoTtveneHvem. [lanee pesanc-
TOP Pas3orpeBaeTcs 3a CHET NPOXOASLLEroO
uepes Hero Toka, U ero ConpoTUBIIEHUE
nagaer o pecatbix gonen oma. [Npy atom
OH MPaKTU4ECKN HE BNUSIET Ha AarnbHewn-
Wwyto paboTy Cxembl.

Peanctop R2 oGecneunBaet nMtaHue
MC B nepwmopg 3anycka Grioka nutaHusi.
O6moTka TpaHcdopmaropa W2, gnog
VD6, kongercatop C8, peanctop R6 un
avop VD5 o6pasyloT Tak Ha3blBaeMylo
netno obparHoii censu (Loop Feedback),
koTopasi obecneunBaeT nutatne MC B

paboyem pexxume, U 3a CHET KOTOPOI OCY-
LecTBnsIeTCA cTabnnuaaumns BoIXOAHbIX
HanpsixeHun. KongeHcatop C7 siensietcst
mnbrpom nutanms MC. AnemeHTtel R4C5
COCTaBNSAIT BPEMS3a[AI0LLYI0 LEEMNOYKy
A5l BHYTPEHHETO reHepaTopa MMNyrbCoB
MC. PeanctuBHbin genutens R2R3 3apa-
€T HanpsixeHve, BblpabaTteiBaemMoe net-
newi obpaTHoI CBsI3W, Ha BXOAE yCunure-
na  owubkn, ApyrMMu CrnoBamu,
onpeaersieT HanpsbkeHne cTabunmsauum.
3AnemeHTbl R5C6 HeoOxoaymbl Asl KOM-
neHcauum AYX yennutens owmbkn. Pe-
anctop R9 — TokoOrpaHuyMBaKoLWmmn, pe-
anctop R13 3awmwaetr noneeon
Tpanauctop VT1 B criyuae obpbiBa peau-
ctopa R9. Peanctop R11 siBnsierca mns-
MEepUTENbHBIM A OnpeaeneHnsl Toka
yepes TpaHaucTop VT1. OnemeHThl
R10C10 0o6pasyloT MHTErpupyoLLyIo Lie-
MOYKY, Yepe3 KOTOPYIO HanpsbkeHne ¢ pe-
anctopa R11, sBnsioweecsi aKBMBaneH-
TOM TOka 4epes TpaHaucTop VT1,
nocTynaeTt Ha BTopon komnapatop MC.
AnemenTol VD7, R8, C9, VD8, C11nR12
dopmmpytoT Tpebyemyto hopmy MMMNyrb-
COB, YCTPaHsIIOT NapasuTHYIO reHepauuio
(OPOHTOB 1 3aLMLLAI0T TPAH3UCTOp OT
MOLLHBIX UMIYITbCOB HaNpsiKeHUs.
BospacTarolee HanpspkeHne Ha KOH-
neHcarope cunerpa C2 npuBoguT K 3apsi-
Ay koHgeHcartopa C7 yepes pesuctop R7.
Tok 3apsiga oCTaTouHO Mar U He NpeBbl-
waert 3...5 MA. lpu gocTmwkeHnn Hanpsi-
>xeHust Ha koHgeHcatope C7 ypoeHs 16 B
(nopor cpabaTeiBaHWs NEPBOIo KoMINapa-
TOpa, 0OYyCrNOBINEHHLIN BENMUYMHOW Hanpsi-
JKEHUSI BHYTPEHHETO UCTOYHKKA OMOPHOTO
HaNPSPKEHUSs], NOAKITKOHYEHHOTO K UHBEPTU-
pytoLLeMy Bxofly koMnaparopa), komMnapa-
TOp BKIIOHYAETCS U HA ero Beixoae HhopmMu-
pyeTcsa BbICOKMI ypoBeHb. Cnepgyert

VD5 VD6 T
1N4937  1N4937 ETD39
H +E1
C7 + R6 :o
63B iCwa
100 :
¢l Ri 47mkD —|_ :
PR1 100h® NTS ypi.vD4 % ggB : +E2
4008 3,30 10 Wé
N A YV | 220m0 10008 i
—— H -E3
2758 47_' + : | =2
< VY K - _|R7 RE Ra[l] i
_| s y 100K—|_4,7K > 1C W5
:
VT1 Z' FR207 -
R2 PC +E 07 28K1357
18K 6 ROZ F
q |out 1 e
RC | & R10 1K w
cs5 114,70 g CUR |83y 71 3KB
02 vre —
R3 o com| a1 |en|® _lct0 [] [ VD6
47K ce R5 470 R13 R12 T FR207
100 150K 3,6K 27K
Puc. 2. MNpyHUMnuaneHas cxema ceTeBoi YacTu UCTOYHUKA NUTaHUA

OTMETUTb, YTO KOMIMNapaTop UMEET IcTe-
pesuc, T. e. HanpsikeHne cpabaTtbiBaHust
paBHO 16 B, a HanpsiKeHWe BLIKNOYe-
Hus — 10 B gnss MC 3842 (gnst 3843 —
8.4 B n 7,6 B coorBeTcTBEHHO). [NOKa KOM-
naparop He BKIOYeH, HU3KUI YPOBEHb Ha
ero Bbixoge Griokupyet anemeHT UMW n
BLIXOAHOW TPaH3NCTOPHBIN Kackag (ynpas-
TNSIOWMIA MorneBbiM TpaHaucTopom VT1),
KOTOPLIN B 3TO BpeMs 3akphIT. Korga kom-
napartop 1 BKIOYEH, €r0 BEICOKOE BbIXO-
HOE€ HanpsiKeHWe BKITIYaeT WCTOYHUK
onopHoro Hanpskenus +5 B (Vref) n pas-
6nokuvpyet anemeHt M.

Mpy BKMIOYEHMN UCTOYHUKA OMNOPHOTO
HanpsiXeHUs1 BCTPOEHHBIN reHepaTop Ha-
uvHaeT BblpabaTbiBaTh Y3KME MONOXK-
TerbHbIE NPSMOYTOrNBHBIE UMMYTBCBI, Ya-
cToTa KOTOPbIX onpepensieTcs
anemeHTamn R4C5 1 koTopble noctyna-
10T Ha Bxog S Tpurrepa LWAM w TpeTtuin
Bxog anemeHTa UIMN. 3Tn nmnynecel ve-
pe3 anemeHT UJTN (1, COOTBETCTBEHHO,
TPaH3WCTOPHBLIN BLIXOAHOW Kackap), OT-
KpbIBaOT noneeon TpaHanctop VT1. Tok
vepe3 VT1, nepBuydHyto obmotky W1
TpaHcdopmaropa T1 m pesnctop R11
HauvHaeT Bo3pacTatb. HanpsbkeHve ¢
pesuctopa R11, nponopumoHansHoe Npo-
TeKaloLeMy TOKY, Hepes3 MHTENPYPYIOLLYIO
uenouky R10C10 noctynaer Ha Bxog 3
MC (HevHBepTUpYIOLWMI BXO4 KOMMapa-
Topa 2). lNMockonbky npeobpasoBarenb
eLe He goctur pabodero pexnmva (He 3a-
nycTurncs), koHgeHcartop C8 eue He 3a-
PAOWIICS, W €70 HANPSHKEHNE MEHbLLE Ha-
npsixxeHuss Ha koHpgeHcaTtope C7.
CnepoeartensHo, gnog VD5 eLle 3aKpbiT.
Kongencatop C7 B MOMEHT vMMynbca
TEPSIET HanpsieHue, 1 Npy JOCTUXEHUN
Ha HEM HanpsiKeHWs! BEIKIIOYEHVS1 KOMNa-
patop 1 BLIKMOUNTCS (3a CHET rucTepe-
3uca). HanpsixeHue ¢ koHgewcatopa C7
yepes genuternb R2R3 nonagaert Ha mH-
BEPTVPYIOLLMIA BXOA, YCUITUTENST OLLMOGKMN.
OHo okasbiBaeTcst Hxe 2,5 B, nonyuae-
MbIX HA HEMHBEPTUPYIOLLIEM BXOAE YCUINU-
Tensi olwmbKu 3a cueT AerneHusi ONOPHOToO
HanpsixeHwusi (+5 B) Ha gBa (Ha BHyTpeH-
Hux pesnctopax R-R). Kak cnepcteue,
HanpsikeHue Ha BbIXOAE ycunutens
OLLMOKM BLICOKOE, 1 vepes genntens 2R—
R BkItovaeTcs cTabunuTpoH Ha UHBEPTU-
pytowem exoge komnapartopa 2. Kak Tonb-
KO HanpsikeHWe Ha UCTOKE TpaH3ncTopa
VT1 npeBbicuT 1 B, kOMnapartop 2 BKIo-
uutcsi u copoeut Tpurrep LLUVM no exopy
R. BbixogHoi kackag BbIKIIOYaeTcsl, cre-
[OBaTeNbHO, BBIKITKOYAETCHA TPaH3UCTOP
VT1.

Mockornbky conpoTUBIEHNE pe3ucTopa
R7 pocrtatoyHo Benuko, 3a Bpemsi OgHO-
ro ONMCaHHOTO LMKI1a 3arycka KOHAEeHCa-
Top C7 ycneBaeT pa3psanTbesl, 8 KOHOEH-
catop C8 B uenu o6moTkm obpaTHom
cesan W2 ycneBaer HEMHOIO nopgsapsi-
autbes yepes anog VD6. MNonbiTky 3anyc-
ka GyayT NOBTOPSATLCS OO TEX MOp, Moka
HanpsbkeHne Ha koHgeHcatope C8 He
NPEBLICUT HAaMPsSPKEHNE Ha KOHAEHCATO-
pe C7. Torga pnog VD5 otkpoercs, n 06-
MOTKa ObparTHoO CBSA3KM Ha4YHET NMUTaTb
MC. lNepvognyHOCTL NMOMBITOK 3anycka
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orpeaersieTcs NOCTOSIHHOM BPEMEHW 3r1e-
meHToB R7C7.

Kak Tornbko HanpsikeHue Ha genuvrene
R2R3 npeBbicuT 2,5 B, HanpsbkeHne Ha
BbIX0O[€E yCUnuTensi olmMOKM YMEHbLLNTCS
1 ctabunuTpoH BoikMounTes. Hactynmr
pexum ctabunmsauum no oomoTke obpar-
HOW CBSI3K, a CINeoBaTerbHO, U N0 BCEM
Opyrum obmoTkam. B atom pexume nio-
60€e yMeHbLUEHVE HaMpPsPKeHUs B Lenu
obpaTtHol cBsian 1 Ha pgenuTtene R2R3
BbI3bIBAET YBENMUYEHWNE HANpPsKEeHUs1 Ha
BbIXOEe yCuUnuTensi olmnbkn 1 Ha MHBEpP-
Thpyrowem Bxoge komnaparopa COMP2,
a crnegoBaTesibHO YBENUYEHUE TOKa Ye-
pes noneeow TpanHanctop V11 u nepend-
Hyto o6moTky W1 Tpancdopmatopa T1 m
BO3pacTaHue nepegasaeMomn MOLHOCTH,
a 3HauUT M NOBbILLEHWE BLIXOAHBIX HANPsi-
xeHuti. OueBMaHo, YTO YMEHbLUEHWE Ha-
NpsPKeHKs1 B Lieny o6paTHON CBA3W BbI30-
BeT 06paTHbIN 3dhdeKT.

OTmMeTUM HekoTopble 0COBEHHOCTU
NPUMEHSIEMbIX 3ITEMEHTOB.

1. V3 npuBegeHHOro Bhlle ONMMcaHust
crieyert, |YTo U3MEPUTENbHBIN pPe3ncTop
R11 chbakTtnueckm 3agaeT BO3MOXHbBIN MaK-
CYManbHbIM TOK Yepes NorneBol TpaH3ne-
Top VT1. Tak, npy MmakcumanbHOM TOKe
2 A ero HomuHan gormkeH obite 0,51 Om,
npy MmakcumaribHoM Toke 1 A — cooTBeT-
ctBeHHO 1 Om 1 T. 4. PekoMeHrgyembiv Tvn
pesuctopa — C5-16MB.

2. Hecmotps Ha 10, uTtO BHYTpK MC
vMeeTcs CTabUIMTPOH, OrpaHNYMBaIOLLUIA
MaKCUMaribHOe HarnpsbkeHWe Ha BbiB. 7
(nuTaHue), B 0cob0 OTBETCTBEHHLIX Oro-
Kax NUTaHWsi PEKOMEHYETCS yCTaHaBU-
BaTb MOLLHbLI AOMNONMHUTENBHBLIA BHELLHWIA
CcTabunNUTPOH NpUMepHo Ha 22...24 B.

3. OrnewmeHTbl KOppekummn AHX yennu-
Tensi owmnbkn R5C6 cneayer ycraHaBnv-
BaTb B COOTBETCTBUU C YKa3aHHBIMUY HOMW-
Hanamu, Npu4YeM eMKOCTb KOHOEHCaTopa
C6 0CODEHHO KPUTUYHA W OOrHKHa Haxo-
anTbes B ayanasone 91...110 nd.

4. OnemMeHTbl BpeEMsI3aaloLLern Lenm
R4C5 onpegensiior 4acTtoTy BHYyTPEHHETO
reHepaTopa MMNynbLCOB. JTa YacToTa
MOXET UBMEHSITLCSI B IOCTATOUHO LUMPO-
KMx npegenax n goctmratb 250 k. XKe-
narernbHO NCrornb3oBaTb koHaeHcarop C5
¢ 60onbLIMM CONPOTUBIEHNEM NOCTOSIHHO-
My Toky. CooTHoweHve anemeHToB RC
LenoYky MOXeT ObITb pasanuyHbIM, OgHa-
KO Nnpy Gornblunx 3HadYeHnsIX R n manbix
3HaveHusix C avanasoH perynvpoBaHusi
3HauuTeneHo Gorblie, Yem Npy Marbix
3HaueHusix R n Bonbumx 3HaveHmsx C.
OnTMmansHBIMU ABNSOTCS EMKOCTU KOH-
aeHcaropa ot 2700 go 5100 n® n Homu-
Hanbl peanctopa ot 91 go 130 kKOm.

5. Crnepyer OTMETUTb, YTO OO
NpOBOA CETEBOW YaCTU SIBMSIETCH BUPTY-
arbHbIM, OH HU B KOEM Cryyae He Jor-
eH OblTb COEAVMHEH C BbIXOAHBIM OOLLUM
npoeoaoM 6r1oka NMTaHusi Uy Koprycom
vagenvsi.

6. Wuorpa gnsa ynydweHusi popmbl
VMIMynbca Ha TpaHcdopmaTope naparn-
nenbHo pesnctopy R9 moxHO nogkmio-
YaTb UMMNYTBLCHBIN MO aHOOOM K 3aTBO-
py noneeoro TpaHauctopa. [NapameTpbl
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MCMoMNb3yeMblX AVOAOB UMW UX BO3MOX-
HOI 3aMeHbl NPVBEAEHbI B Tabn. 2.

7. B HekoTOpbIX Cryuasix GeIBAET He-
06X0AMMO OCYLLECTBNATE PEryrnvupoBKy
BbIXOAHOIO HANPSXEHWS, AT1514ETr0 B CXeMY
crnegyeT BBECTU NEPEMEHHBIN pe3ncTop,
BKJIOHMB €ro B pa3pbie genmtens R2R3, a
BbIBOZ, AABW)XKA COEAVMHUB cO BXogom 2 MC.

8. Pesuctopebl R8 n R12 paccevBa-
0T gocTaTouHo 6onbLyo MOLWHOCTL. UX
MOLLHOCTb paccemBaHus JOIKHa ObITb He
meHee 5 Br. B cnyuae oTcyTcTBUS Takux
pe3ncTopoB BO3MOXHO NnocneaoBarernb-
HOE BKIIIOYEHNE PEe3VCTOPOB MEHbLUEN
MOLLHOCTM {TaK 4acTo M NOCTYNaKT MHO-
rve u3roToBuTeENu GNOKOB NMUTaHWsI Ha
onuceiaemori MC).

9. TlockornbKy NnapasuTHbie BbIGPOCHI
Ha nepBUYHON 0BMOTKE NPV NepeKIoye-
HUW TpaH3ucTopa MOryT AOCTUraTb AOC-
TaToOuHO BLICOKMX HanpsbkeHun (oo 700—
800 B), pekomeHAayeTCsi UCMNONb30BaTb
koHgeHcatopbl C9 n C11 Ha HanpsikeHne
1000 B.

10. Cregyet NpYMEHSITb B CXEME MO-
neBble TPaH3UCTOpLI C 3anacoM Nno TOKy
1 HanpsbkeHwio. MNapameTpel ncnone3sye-
MOrO TPaH3uCcTopa U BO3MOXHbIE BapuaH-
Thl €ro 3amMeHbl NpVBedeHbl B Tabn. 3.

11. TNoneBow TpaHaucTop criegyeT yc-
TaHOBUTL Ha NNacTUHYaTHI paguarop ¢

nrowagesic He meHee 6 cv? (Mpu yuerte
MNOCTOSIHHOTO 06AYyBa).

12. TpancdopmaTtop npeobpasoBaTe-
JIS1 HAMOTaH Ha hEPPUTOBOM CEpAE-HN-
ke ¢ kKapkacom ETD39 doupmbl
Siemens+Matsushita. 3tor Habop oTnu-
YaeTcs KPYITbIM LUEeHTParbHbIM KEPHOM
dheppyTa 1 60rMbLIMM NPOCTPaHCTBOM [11S1
TONCTLIX NPOBOAOB. [1nacTMaccoBbIN Kap-
Kac UMeeT BbIBOAbI 151 BOCbMU OOMOTOK.
C6opka TpaHcdopmaTopa OCyLecTBIs-
€TCH C NOMOLLBIO CreLMarnbHbIX Kpenex-
HbIX NPYyxVH [8]. Cneagyet obpatute oco-
6oe BHUMaHWEe Ha TWATENbHOCTb
M30mSUMM Kaxaoro crosi 0GMOTOK € Mo-
MOLLbIO NTAKOTKaHW, a Mexay obMoTkamm
W1, W2 n octanbHbiMM 06MOTKamMu crie-
OyeT NPOrNOXMUTb HECKOSBKO CITOEB JaKoT-
KaHy, obecrneymB HagEeXHYI U30NALUIO
BbIXOAHOW 4acTn cxeMbl OT ceTeBor. O6-
MOTKM cregyeT HamaTbiBaTb crnocobom
“BUTOK K BUTKY”, HE NepeKpyHMBasi MPOBO-
pa. EctecTBeHHO, He crieayeTt nonyckarb
nepexrnecTa NpPoBoOAOB COCEAHNX BUTKOB
v nerenb. HamoTouHble gaHHbIE TpaHc-
dopmatopa npuBeaeHbl B Tabn. 4.

B 3aknioueHne crnegyeT OTMETUTL, YTO
npu oTrajike CETEBOW 1YacTu PEKOMEH Y-
eTcs NOMHUTL O Mepax GesonacHocTy,
MOCKOSbKY 3rEMEHTbI CETEBOM YacTu Npe-
obpasoBarens ranibBaHN4YeCkU CBA3aHbI C

Tabnuua 2. NapameTpbl AMOAOB Y UX BO3MOXHOW 3aMEHbI

Ne Moanums Tvin Tok, A HanpsbreHve, Mpumevanms
B
1 |vVD1-vD4 [FR157 2 600 MmnynbcHele gyoabl
FR207 2 1000
IN5406 3 800 HuskouyacToTHbIE
ovoabl obwero npu-
RL204 2 400 MEHeHUS]
RL205 2 600
2 |VD5,VD6 [1N4937 1 600
3 |vD7,vD8 |FR207 2 1000
RL207 2 1000
4 VD9 2[12999A 20 200 MmnynbcHele gyoabl
5 |vD10, VD11 |SR360 3/150 60 Huopnbl LLoTTkn
Tabnuua 3. NapameTpbl NONEBLIX TPAH3UCTOPOB
Ne Tun  |Mpoeogwu- | MpepernbHoe | Makcumvans- | Mow- | Conpotuenenmne | Tun
MOCTb |HanpsikeHwe,| Hbi TOK, A |HOCTb, OTKPbITOrO KOp-
B Br |TtpanaucTopa, Owm | nyca
1 |2SK1356| n-MOS 200 3 40 4,3 M52C
2 |2SK1357 200 5 125 2,8 M31C
3 |28K1202 200 5 100 4
4 |2SK794 200 5 150 2,5
5 [2SK1341 200 6 100 3
6 [2SK1342 200 8 100 1,6
7 |2SK962 200 8 150 2
8 [2SK1358 200 9 150 14




UCTOYHUKMU NUTAHMNA

ceTblo. He pexomeHayeTcs BKIouaTh OT-
OenbHO CETEBYIO YacTb 63 Harpy3ku: 310
MOXET NMPUBECTU K 3HAYUTENBHOMY BO3-
pacTaHuio HanpPsXKEHUS Ha OTAENbHBIX
anemMeHTax un ux npoGoto.

BbixogHas yacTb 6noka NUTaHuA

BbixogHas yacTb 6roka nuTaHus npea-
cTaeneHa Ha puc. 3. OHa ranbBaHNYeckn
pasBsidzaHa OT BXOAHOW YacTu U BKIIOYa-
€T B cebsl Tpyu OyHKUMOHAMNBHO MOEHTUY-
HbIX 6r10Ka, COCTOSAILLMX M3 BLINPSIMUTETS,
LC-comnbTpa u nuHenHoro ctabmnnuaaro-
pa.
MepBrIli 6nok — ctabunusaTtop 5 B
(5 A) — BoinonxeH Ha MC nvHeriHoro cra-
6unusaropa A2 SD1083/84 (DV, LT). 31a
MUKPOCXEMa UMEET CXEMY BKITHOHEHWS,
KOpPNyC ¥ napameTpbl, aHanormyiHsle MC
KP142EH12, ogHako pabo4mii TOk cocTae-
nsaer 7,5 A ans 1083 n 5 A gna 1084.
OrtevectBeHHbIN aHanor — KP142EH22.

Bropoii 6nok—crabunmaartop +12/15 B
(1 A) — BoinornHeH Ha MC nuHeliHoOro

crabunmaaropa A3 7812 (12B)vnn 7815
(15 B). OTe4yecTBEHHbIE aHanorm 3Tnx
MC — KP142EH8 ¢ cootBeTcTBYIOLMMU
6yksamu (B, B), a Tacke K1157EH12/15.

Tpetuii 6ok — ctabunusartop —12/15 B
(1 A) — BbinonHeH Ha MC nvHeriHoro cTa-
6unuaartopa A4 7912 (12 B) vnn 7915
(15 B). OTeyecTBEHHbIE aHaNorm 3Tnx
MC — K1162EH12/15.

Peanctopel R14, R17, R18 Heobxoau-
Mbl A5 FAWEHNs N3NWULWHEro Hanpsixe-
HUSI Ha XOoMnocToM xogy. KoHgeHcartopel
C12, C20, C25 BIGpaHbl ¢ 3anacom no
HanpsRKeHVIo BBMAY BO3MOXHOIO BO3pa-
CTaHWs1 HanpPsXEHUS1 Ha XONOCTOM XOAy.
PekomeHgyeTcsi ucnonb3oBaTk KOHOEH-
catopbl C17, C18, C23, C28 tuna K53-
1A nnn K53-4A. Bce MC yctaHaenuea-
I0TCH HAa MHAMBUAYaNbHbIE NNacTUHYa-
Thle pagmartopbl € NNOWageplo He MeHee
5 cm2.

KoHCTpyKTMBHO 6MOK NMTaHWs! BbINOM-
HEH B BUAE OAHOWM OQHOCTOPOHHEN nevar-
HOWN Mnarbl, YCTAaHOBMEHHOW B KOPMyC OT

Tabnuua 4. HamoTtouHele faHHele TpaHcdopmaTtopa T1

Ne |KoHTakT| HasHaueHve Mpoeopa Burtku | MpenenbHeili | HanpsbkeHne
TOK, A XOIocToro
xopa, B
1 1-16 |MNepBruHas W1 |4*M3B-2-0,15 a0 2 -
2 2-15 |ObpatHas W2 |3*MOB-2-0,15| 10 0,1 18
3 3-14 |W3nomna+5B 4*M3B-2-0,35| 11 6 16
4 4-13 |W4 ona +15M12 B|2*M3B-2-0,35| 16 1,5 20
5 5-12 |W5 aona-15/12 B |2*M0B-2-0,35| 16 1,5 20
A2
VD9 D1
2D2999 L1 L1083 +5B
11 ~N_e 3 2 B 5A
N
C14-C16 J_
16B R16 +
4700MKD 2"212 150 19
3 ! 6B
c12 c13 R14
50B = = = 820 P I
2200mkd 0,22mkd | 3 —
15B 6B
10mk®d | 100mkd
A3
VD10
7812/7815
SR360 L2 +12/+15B 1A
N o .~ YV o 1 3 _ 02
20 _ls lozn o rcos lscos
21
== o Hrr Pt e
2200MK¢T —|6'22MK¢—|_2200MK¢ 910 T68MK¢ 4700mK®
T— ’ ! . ’ !
A4
VD11
SR360 L3 791217915
€3 4 == 2 3 -12_/-153 1A
s | oo | Lo o2
C26
508 7 on  HYE [ v Ftes
2200MK¢T _|3,22MK¢ Tzzoo.vu@ 910 —|_68MK¢ 47°°Mg‘2
T— ¢ . ¢ ¢
Puc. 3. BeixopHas yactb 6rnoka nuraHus

6noka NMTaHusi NEPCOHarbHOIO KOMIbIO-
Tepa. BeHTunsitop n BxogHble ceTeBble
pasbeMbl UCTIONb3YHOTCS MO HA3HAYEHUIO.
BeHTunsTop nogknoyeH Kk ctabunusaro-
py +12/15 B, xoTs1 BO3MOXHO cgenatb
JONONHUTENBHBIN BLINPAMUTENb WU CTa-
6unuaatop Ha +12 B 6e3 ocoGoli punbt-
paumn. Bce pagmaropbl yCTaHOBMEHbI
BEPTUKAIIbHO, NEPNEHAVKYTSIPHO BbIXOAS-
LeMy Yepes BEHTUIATOP BO3QYLUHOMY
notoky. K Beixogam ctabunusatopos nog-
KITIOYEHBl MO YeTbipe NpoBoaa OrNVHON
30...45 MM, KaXKabIN KOMMNIMEKT BbIXOAHBLIX
npoBoaoB obxar crneunansHbIMY NNacTu-
KOBBIMU 3aXUMaMU-pEMELLKAMU B OT-
OEnbHbIV XIyT M OCHALLEH PAa3beMOM TOTO
Ke TUNa, KOTOPLIN UCMONb3yeTcsl B nep-
COHaInbHOM KOMIbIOTEPE Ansi NOAKIIoYe-
HUS PasnuuHbIX NepuepUriHbIX yCT-
pOViCTB.

B 3aknoueHue criegyer OTMETUTD, YTO
Ha TpaHcdopmaTope NpeaycMoTpeHbl
BbIBOAbI €LLe Ans ABYX OOMOTOK, a npu
aKKypaTHOWN MINOTHOWM HaMOTKE OCTaeT-
cs eue 1/3 ceoGogHoOl NNoLwaan okHa,
TaK YTO Npy HeO6XOAUMOCTN HOMEHKINa-
TYPY HanpsiXeHWi MOXHO NErko pacLum-
pyThb.

Mapamertpbl cTabunusauum onpegens-
1o1cs napamerpamm MC ctabnnmsaropoB.
HanpsixxeHns nynscauuvm onpegensiorcs
napamMeTpamMu camoro rnpeobpasosarensi
v cocTtaensiot npumepHo 0,05% anst kax-
[oro ctabunmuaaropa.

Oner Hukonanuyk,
onic@ch.moldpac.md

Nurepatypa

1. uc3842.pdf. http://www.eu.st.com,
http:/feu.st.com

2. dbl38421.pdf.

http//www.dws.daewoo.co.kr

3.  dbl3842a.pdf.

http//www.dws.daewoo.co.kr

4. sg3842.pdf.

http//www.microsemi.com

5.  slvs038e.pdf. http//www.ti.com

6. kia3842.pdf. hitp://www.kec.co.kr

7. gl3842.pdf. hitp//www.lg.com

8. ferr&aks.pdf hitp://www.platan.ru

Pepakuus xxypHana
“CxeMoTexHuka”

npurnaLlaet asTopoB
K COTPYAHUYECTBY

Bce matepuansl
onrayvearoTcA

Ten.: (095) 737-9279,
768-9456
e-mail: shemotech@mtu-net.ru
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Mcnonb3oBaHMEe MUKPOKOHTPOJIEPOB

c¢oupmbi Microchip

B UMMNYJIbCHbIX UCTOYHUKaX MUTaHNSA

Hacmosiwjasi cmamesi omkpeleaem Uuki nybrnukayud ro ripumeHeHuro PIC-
MUKpOKOHMponnnepos ¢hupmel Microchip 8 umnynbCHbIX UCMOYHUKaX numa-
Husi. B cmampsix 0606LyeH orieim paspabomok, ripoeedeHHbIXx aemopamu 8

me4yeHue pﬂOa em.

Mpo6nemMbl NPOEKTUPOBAHUA UM-
NyNbCHbIX UCTOYHMKOB NUTaHUs

B HacTtosiee BpeMsi Ha POCCUNCKOM
PbIHKE 3MEKTPOHHBLIX KOMIMOHEHTOB Mpea-
naraetcsi 6onbLWON BEIGOP MUKPOCXEM
ONS UMMNYTbCHBIX NCTOYHWMKOB MUTaHUS.
9TV MUKPOCXEMBI MO3BOIISIIOT peanu3o-
BaTb pa3HoO6pasHble NCTOYHUKU MUTaHUS
B LUMPOKOM [uMana3oHe BbIXOAHbIX MOLL-
HOCTEN 1 HanpsxeHwi. [ponseogutenmn
TakMX MUKPOCXEM OPUEHTUPYIOTCSl Ha
MaCCOBOIO NoTpebuTens u He MoryT npe-
OyCMOTPETb B CBOUX M3ENUSIX BCEX Tpe-
60BaHUI1, KOTOPLIE MOTYT BO3HUKHYTb NpU
MPOEKTUPOBaHMUN CrieUManuanpoBaHHbIX
VCTOYHWKOB Arsl KOHKPETHBIX NPUMEHE-
HUIA. K Taknm “HeTvnoBbIM” TpeGoBaHUSAM
MOXHO OTHECTM:

e CTabWMNM3auuio He Mo BLIXOAHOMY Ha-
MPSPKEHMIO, @ NO BLIXOAHOMY TOKY;

e BO3MOXHOCTb MNEPECTPONKN BLIXOOHO-
ro HaNpPsKeHWs1 (TOKa) B LUMPOKUX Mpe-
Jernax oT Hynsi 0 MakCUuMyma;

e yNpaBlieHWe BbIXOAHBIM HAMPSHKEH-
€M (TOKOM) OT BHELUHUX YCTPOWCTE;

e yMpaBreHne OT KOMIMbIOTEPa;

e paboTy Mo NPoU3BONbHOWM 3aaHHOMN
nporpavme;

e V3MEHEHUE BbIXOAHOIO HanpsiKeHusi
(Toka) B 3aBUCMMOCTM OT BblaBae-
MbIX B ICTOYHUK BENWYWH (Hanpumep,
OT TEMMNEpaTypbl UMM OCBELLEHHOCTN);

e pPEerucTpauuvio HeCTaHOAPTHLIX WU
cHOMHBIX CcUTyauun (Hanpumep, Bpe-
MEHV NponagaHvsi HaNPsPKEHUS NMUTa-
oLen cetn).

Kaxgbiii cneumannct MOXeT npogon-
KUTb 3TOT CMNUCOK.

O6bIvHO NS peanu3aumn UCTOYHWKA
nUTaHWs ¢ ocobbiMn TpeBGOBaHUSIMK K Na-
pameTpam BeiGupaeTcst HanGonee Noaxo-
OsLLas roToBasi MMKPOCXEMa M3 MMELo-
WwuxcsA B npojaxe, KoTopas ganee
obpacTaeT NorM4eckrMn CXemMmamm, KOM-
naparopamu, onepauvoHHbIMU yCUIuTe-
NSAMW U T. 4. BIUIOTb OO MUKPOMNPOLECCO-
poB. lNpu 3TOM YacTo OKasbLIBAETCs, YTO
NS BBINONHEHWS TOro Unv uHoro Tpebo-
BaHUs1 B NMOKYMNHON MUKPOCXEME MMEIOTCS
COOTBETCTBYIOLLME YCTPOICTBA, HO UX Xa-
PaKTEPUCTUKN HECKOIBKO OTINNYAIOTCS OT
Tpebyembix. B pesynbrare npuxoantes
DybnvpoBaTb yxe MMEKLNECs YCTPOn-
cTBa. Bce 310 NprBOAUT K YCIIOXKHEHWIO 1
YOOPOXAHWIO NCTOYHUKA 1 3a4acTyio Npe-
BpaLlaeT ero HacTPoViKy B KOLLIMaP.

CamblM pagukanbHbIM BbIXOAOM U3
CO3aBLUErOCs! NONOXEHUS SIBISETCS 3a-
Ka3 cneuuanv3anpoBaHHON MUKPOCXEMBI.
Ho aro oueHb goporo v gonro. Noatomy
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Takoe pelleHne noaxoauT TOMbKo Ans
6onbLUMX CEpUIA.

OpHako cylecTByeT U Apyron cnoco6.
MoxHo 6bICTPO M € MarnbiMu 3aTparamu
co34aTh CreunanuavpoBaHHYK MUKPO-
CXeMy yrnpaBrieHusi Ansi KOHKPETHOIO UC-
TOYHVKA NMUTAHWS, UCMONb3Ysl MUKPOKOH-
Tponnep dmpmbl Microchip. MNpn atom
OKa3bIBAETCS, YTO Y paspaboryvka nosie-
TNSOTCS AOMONHUTESNBHBIE BO3MOXHOCTY,
MbICIb O KOTOPbIX MpY 06bIMHOM Moaxoae
npocTo He Npuina Okl B ronosy.

Mouemy Microchip?

Bo-nepBbix, noveMy HeoGxoaMmo uc-
nonb30BaTh MUKPOKOHTpOrnep?
Mukpocxema yrnpagneHusi UMIMYJSIbCHBIM

VICTOHHVKOM NUTaHUsI NpeACcTaBnsieT cobom

crneumanmavpoBaHHbIA annapaTHbIA KOH-

Tpornep, anroputMm paboTbl KOTOPOro pe-

anusoBaH B BUJE CBA3El Mexy BXOOSALLM-

MU B HETO NOrMYECKUMN YCTPOWCTBaMM.

AHanoroBelM MHTEPMENCOM C APYIMMU

Y3IamMu MCTOHHUKA MUTaHWS CITyXaT BCTPO-

€HHbIE B MMKPOCXEMY YINpaBIieHUsi KOMIa-

patopbl, yeunurtenu u bydepHble kacka-

Obl. OuYeBMAHO, YTO NMPU AOCTaTOYHOM

ObICTpOOENCTBMM annapaTHylo peanuaa-

LUMIO TAKOTO KOHTpOIrepa MOXHO 3amve-

HUTb NPOTPaMMHON, T. €. MPUMEHUTE MUK-

pornpoueccop unv MMKPOKOHTpornep.

Ecnu e Ha kpuctanne BelbpaHHOIo MyK-

POKOHTpOrnepa MMEKTCs YCTPOWCTEA,

MoO3BONSIOLLYE peanv3oBaTb aHaIOroOBbIN

VHTepENC C BHELLHEN CPedon, TO Ha Ta-

KOM MUKPOKOHTPOIIEPE MOXHO NOCTPOUTL

y3€ern yrnpasreHUsi UICTOHYHUKOM MUTaHuSI.

Ha pblHke npegnaraercsi MHOXECTBO

TUMNOB MMKPOKOHTPOIIIEPOB PasHbIX N3ro-

TOBUTENEN, U MHOTWE U3 3TUX MUKPOKOH-

Tpornnepos 06nagalT BeCbMa Brievartnsi-

HOLLMMK XapaKkTepuctkamu. B yactHocT,

BeCcbMa MonyrsipHbl KIOHLI NpoLeccopa

8051, 4TO OGYCNOBNEHO UCTOPUHECKMM

npyunHamun. OgHako 6b1nm BeibpaHsl PIC-

MUKPOKOHTponnepbl ompmel Microchip no

cnenyoLmmMm coobparkeHnsIM:

e RISC apxutektypa, pasgencHble
LUMHBI KOMaHA W faHHbIX 06ecrneqvBa-
0T KOMMaKTHOCTb MPOrpamMMHbIX KO-
OB U BbiCOKOe BbICTpOaAenCTBIE;

e PIC-MMKPOKOHTpONNepsLl HMKOrga He
“3aBUCaloT” — aBTOPbI NCNOMNB30BaNu
1X B Npnbopax, KOTOpbIE YCreLWwHo OT-
pabotanu 6e3 BLIKMIoUeHWsl MMTaHusl
1 6e3 c60eB HECKOIbKO NET;

e HEBOCMPUMMHMBOCTL K MOMEXam — Ha
ofHOW HebonbLLOW ne4YaTtHoW nnarte
MOXHO pasMellaTb KOHTporep, ce-
TEBOW BbINPAMUTENNb, CITyXeOHbIN nc-

TOYHUK NUTAHWS Y MOLLHBIE CUITOBLIE
TPaH3UCTOpBbI;

e pasHoobpasve BeIbopa THna MUKPOKOH-
Tpornnepa, YTo Nno3eonseT nogobpartb
PIC ¢ ontumanbHbIMK ANst KOHKPETHO-
ro NPYMEHEHUS] XapaKTepUCTI-

Kamu;

e pasHoobpasve MHTepdhENCHbIX YCT-
pPOVICTB Ha OQHOM KPUCTarnse;

e HeobXxoaVMOCTb B 3aroMyHaHNKW BCe-
ro 35 komaHg;

e [IOCTYMHOCTb HA PbIHKE;

e  LUMPOKMIN BLIOOP pasnuyHbIX AeLLeBbIX
1 yooBHbIX CPEACTB OTIaaKM Mporpamm,
MporpaMMaTopoB U 3MYJISITOPOE;

e “HapgexHOCTL” NporpaMMHoro obecre-
YeHWs1 CPEACTB OTINaKN — afeKBaT-
HOE MNOBeAEeHNEe PearnbHOro KOHTPOr-
niepa v ero NporpamMmmMHoON Moaenu;

e OrPOMHOE KOJIMYECTBO NErkKoaocTyr-
HbIX MPOrpaMMHbIX HapaboTOK, Ha4u-
Hasi OT (PMPMEHHBIX MPUMEPOB NPYME-
HEHWs O MacChl NPorpamMm, KoTopble
MOXHO HalTu B VIHTepHeT;

e TMpUEMreMbIe LiEHbI.

B kauvectBe GazoBoro Gbino BbiGpaHo
Haubonee paseuToe mid-range cemeii-
ctBo PIC16xxx, cogepxallee Gonee qe-
ThIPEX AECSITKOB TUMNOB MUKPOKOHTPOIe-
poB. B nctouHvkax nutaHusi aBTopbl
Hanboree 4YacTo UCMONb30BanM Crieayo-
Lme KpucTansbl:

e PIC16C62x, koTOpLIE COAEpXaT ABa
aHarnoroBbIX KOMMapaTropa U UCTOHHUK
onopHoro HanpsixeHust (18-BbIBOAHLIV
Kopryc);

e PIC16C711, copepxawmi 8-paspsag-
HbI ALM co cxemammn BEIGOpKW/Xpa-
HEHUS N 4-KaHamnbHbIN aHANOrOBLIN
kommyTaTop (18-BbIBOOHLIN KOPIYC);
PIC16C73, vmerowmii 8-paspsigHbin
ALIMN, 5-kaHanbHbIN aHANOrOBLIN KOM-
MyTaTop, aCUHXPOHHBIN NpuemMonepe-
paryvk, gea Beixoga 10-paspsgHon
LM (mogyne CCP), nocnepoeatens-
HbIA CUHXPOHHBIK NMOPT U CXEMbI NSt
opranmnsaumn 12C wwHbl (28-BeIBOA-
HbI KOpNycC);

e PIC17F873, sensiowmiics ynyuwen-
HbiM BapynaHTom PIC16C73 — 10-pas-
psgHbin AUM, FLASH-namsate npo-
rpamMm 1 gaHHbix (28 BEIBOAOB).

Kpome nepeumncrieHHbIX XapakTepucTuK,
3TW KOHTPONNEPLl UMEKOT BECb CTaHAaPT-
HbIi HAGOP BO3MOXHOCTEW — TaliMephl,
pPasBUTYIO CUCTEMY MPEpbIBAHWIA, PErncT-
pbl onepaTvBHONM NamsiTu U T. 4. Mivierotes
Kak NprbopbI C OAHOKPATHOW 3anmchio Mpo-
rpaMmbl, TaK U C yrnsTpacmoneToBbiM CTU-
panvem. Npu TakToeolk Yactote 20 My
oaHa koMmaHga Boeinonusiercs 3a 200 He
(kpome KomaH[, BETBIIEHUI).

Bce nepeuncrneHHble kpuctansbl uve-
0T BbIXOHbIE TOKM NTOTMHYECKUX CUTHAINoOB
00 25 MA, uTO No3BONSIET HAMPSIMYIO NOA-
KITKOYaTb K HUM ONMTPOHBI U CBETOANOADI.

AnnaparHas peanusaums

DyHKYUU MUKpOCXeMbI ynpasieHusi
UCMOYHUKOM NumaHusi

Ha puc. 1 npvBegeHa CTpykTypHasi cxe-
Ma UMIYIbCHOTO MOTyMOCTOBOIO CETEBO-
ro NCTOYHVKA NMUTaHKs, copepKallas oc-
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YCTPOMCTBO CUHXPOHW3ALMKN W ynpaBneHus (YCY)

Uout
> BbIMU METOAAMUN MOXHO
C MOMOLLBI0, HaNpUMep,

v BHELLUHEro PaspsigHoro
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YCTPOIACTBO
CcBSI3U
(YC)
v

CUrHBMbl 06MeHa

OT opraHoB

cxema aa-
Wbl (Y30)
r Y

AaTunK

Hanpsxe-

TpaHanctopa. OgHako
ans WM moagynsatopa
BCE PaBHO, Kakom hop-

nepe-

HuA

Puc. 1

Mbl HanpsixeHue uc-
nonb3yeTcsi — nuib Gbl
oHo GbIno nepuoguyec-
KUM Y NIMHEVHO N3MEHSI-

HOBHbIE Y3Mbl, XapakTepHele ans G6onb-

LUMHCTBA UCTOYHWMKOB NUTaHUS. JrieMeH-

Thl, 06BEAEHHBIE MYHKTVPOM, OObIYHO pas-

MELLaKOTCS Ha KpycTare crneLvanmanpo-

BaHHON MVKPOCXeMbI ynpaerneHusi. K Hum

OTHOCSITCS:

e YCTPOWCTBO CUMHXPOHU3aUUU U Y-
paeneHus, obecnevnBaloLLee CUrHa-
Nbl yNpaeneHnst U CUHXPOHM3aumMm
OCTamnbHbIX Y3NOB MUKPOCXEMbI
(YCY);

e reHepartop NMNoobpPasHOro HanpshHke-
Hus (TTH);

e VCTOYHUK OMOPHOI0 HamnpsiKeHusl
(UOHY);

e LUMPOTHO-UMMYIbLCHBIM MOAYNATOP
(LWnm);

e YCTPOWCTBa 3alUnThl OT Meperpy3ok
(y3ny,

e YCTPOICTBO, OTCMEXMBAIOLLEE COCTO-
SIHUE BHELLHETO OKPYXXEHUsl — TEMIe-
parypy, BENMWUMHY BXOOHOTO HaNpshKe-
HUSI 1 €ro nyrnscauuu, OTKIIOHEHKE
HanpsieHusi O6LLEeN TOYKM CUIOBBIX
kntoven ot Uex/2 n 1. g. (YBO);

e YCTPOVICTBO CBSI3V C BHELLUHVMU OGbEK-
TaMu, HanpumMep, ¢ Komrnstotepom (YC);

e ycTpoWcTBa nHavkauum (YW);

e yCTpoVicTBa 3agaHus pexvmos (Y3P).

OpaviBepbl cunoBbix kntoven A1, A2

TaKXe 4acTo pasMeLLaloTesl Ha KpucTar-

ne cxembl ynpaenenusi. OgHako Takue

BCTPOEHHbIE ApaliBepbl UMEIOT 3Ha4YEHUST

MakcumansHoro Toka lout B npepenax

100-500 mA, B TO Bpemsi kak Ansi ynpas-

JIEHUS1 COBPEMEHHBIMM KITIOHEBLIMM NOse-

BbIMW TPAH3UCTOpaMK HEOOBXOOUMBI TOKM

Benuumnuon go 2 A. Kpome toro, Bctpan-

BaemMble gpaniBepbl OObIYHO MMEKOT MakK-

CUMaIibHO AONYCTUMbIE HarnpshDKEHUS B

npegenax AecsTKkOB BOIbT, U B CETEBbIX

VCTOYHUKaX NpUXoauTcsl pasBsi3biBaTh

ApariBepbl 1 CUIOBLIE KITOUM TpaHCchop-

Maropamu, 4YTo CHmxaeT GbicTpoaen-

creue. Noatomy npegnoyTUTENBHEN UC-
nonb3oBaTh CreuuanMaupoBaHHbIE MUK-
pocxeMbl ApariBEpPOB.

YCTpONCTBO CMHXPOHU3aLWK U yNpaB-
nexwst YCY (puc. 1) cBsisaHo ¢ ocTarnb-
HbIMW YNPaBMSOWMMK YCTPONCTBaMU CUT-
Hanamm S1-S10. MNMpwu atom npeanonara-
€TCS1, UTO peakLUsi MUKPOCXEMbI Ha KaKue-
NMB0 M3MEHEHWSI OKPYKEHUSI UITN HAarpy3-
KV OCYLLECTBIISIETCS NYTEM BO3AEVCTBUSI
YCY Ha ocTanbHble yeTponcTea. B peanb-
HbIX MUKPOCXEMaX YNpaBneHusi MHOTMX
cBsi3el HeT, Hanpumep, MOH no4Ttun BCe-
raga paboTaeT “cam no cebe”. Kpome Toro,
YCY, kak npaBuno, BbIMOMNHSET OYyHKLMK
CUHXporeHepaTopa, 1 ynpaereHue 6onb-
LUMHCTBOM 3I1€MEHTOB OCYLLECTENSIETCS
Mo NPUHLUMNY “BKITIOYEH/BLIKITIOYEH”.

Peanuzauus orgenbHbIX y3NOB UM-
NyNbCHLIX UICTOYHUKOB NUTaHUA Ha
PIC-MukpokoHTponnepax

Yempoicmeo ynpaenenus

Cpa3y criegyeT OTMETUTb, YTO GOMNbLUMH-
CTBO CUIHaIoB, KOTOPbIE UCMONb3YHOTCA B
annaparHo peanuaoBaHHbLIX CYCTEMaXx Arst
BPEMEHHOW CUHXPOHM3aunMn NpPocTo He
Hy>HO. CYHXpOHU3aLWsi paboTbl BHYTPEH-
HUX YCTPOWCTB KOHTpOrnepa ocyLLecTBIs-
eTcsl NporpaMmMHO {CM. Hxe). B cxeme
(pvic. 1) HeoGxoammbl Beero apa crpoba
OpanBepoB cunoBbiX krtover — K1 n K2.
U HasHaueHre 3Tux cTpoboB — He gonyc-
TUTb OOHOBPEMEHHOE OTKPLIBAHWE BEPX-
HEro ¥ HYXXHEro nreyen nonymocta. B gax-
HOM crnyyae paspaboTunky HeoGxoaumMo
Hap1CoBaTk BPEMEHHYIO Auarpammy, Bblo-
parb BblIBOAbI KOHTPONNEpa, Yepes KOTo-
poie ByayT BbigaBaTbCsi CTPoOLI, 3anpor-
paMMMPOBaTh 3TV BLIBOALI KaK BbIXOAbI U
Hanmcatb NporpaMmHbIN Mogdyrb, obecne-
UMBAIOLLMI NOSIBIIEHNE HYXHBIX IOrMyec-
KVX CUTHarnoB Ha 3Tux BeiBogax. [Npu Tak-
TOBOW YacToTe koHTponnepa 20 Mlu,

nocek. Ha puc. 2 npuee-
[eHa cxema reHeparopa TpeyroribHOro
HanpsiKeHWs, COCTOSILLLAs BCETo U3 OfHO-
ro peancropa R 1 ogHoro koHgeHcaropa
C. MukpokoHTponnep BulgaetT meaHgp ¢
norvdeckumy ypoeHsimu. Ha koHpeHca-
Tope C dhopmupyeTcsi curHan Tpeyrornb-
HOW (hOPMBI C NOCTOSIHHOWM COCTaBNSIo-
wen, paeHon 0,5 Unwut. [Onsa
NpUBEAEHHLIX HA PUC. 2 3NEMEHTOB U Ya-
cToTe TakToBOoro curHana 100 klMy Benw-
UMHA TPEYIoNbHbIX UMIMYIbCOB HANPsSHKE-
HUS1 HA KOHZEHCATOPE COCTARISIET OKOIO
50 mB ot nuka go nvka. Crnegyet no-
MHUTb, YTO MeaHap AormkeH ObiTb Npu-
BSI3aH N0 BPEMEHU K APYIMM CUHXPOCUI-
Hanam.

[ns onncanHoro hopmmupoBaTtens xe-
narernbHO, YTOOBI BEIXOAHON UMIYTTLCHBII
TOK Meangpa He nmpeBbiwan 0,5...1 MA.
Mpw aTom GyaeT MUMHMMWU3VPOBAHO BIUSI-
Hue 6pOCKOB TOKa NMTaHWs Ha paboTy Ta-
KMX YCTPOWCTB KOHTponnepa, kak AL
vnv LWAM. Mogynstop COOTBETCTBYET MU-
HVYMAarnbHON BENUYMHE COMPOTUBMNEHNS
pesuctopa 2,5...5 kOm. Paamax Bbixog-
HOIO HanpsiXeHWs1 TpeyronsHoW (HOpMBl,
UBbIXpp, onpegensieTcs BblpaykeHnem:

Uebixpp=(TUnut)/4RC,

rne T — nepvog meangpa.

PIC
I R URer
Ryt
— T
Puc. 2

13
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Hcmoyruk onopHO20 HanpsixeHusi

Hawnbonee npocto u 6e3 gononHuTenb-
HbIX annaparHblX 3aTpaTr NPOU3BOIbLHOE
HarnpsbKeHWe MOXHO 3ajaBaTtb Nnpu uc-
Nonb30BaHMKM KoHTpornnepos PIC16C62x,
KOTOpblE MMEKT BCTPOEHHYIO PE3UCTOP-
HYI MaTpuuy 1 Habop nporpamMmHO-yr-
paensiemMbIx KNoYer Ansi KoMmyTauum
3TUX pe3ncTopoB. BoamoxkeH BbIGOp of-
HOro 13 16 3Ha4eHNIN ONOPHOIO HaNpPsKe-
HUS1 U3 ABYX HabopoB: nepebiii — ot 0 oo
3,15 B, ¢ warom 0,21 B, v BTOpPON — OT
1,25 po 3,59 B ¢ warom 0,15 B. Buixog-
HOE COMNPOTHEBMNEHUE 3aBUCUT OT BbIXOL-
HOro HanpsbkeHwsi. B nepeom cnyvae oHo
MoxeT nameHsaTecst ot 0 go 10 kOm. Bo
BTOPOM 3Ta 3aBUCUMOCTb MEHbLLE — OT
6,6 0o 11,9 KOm.

Ecnu war ycTaHOBKU HanpspkeHusl Be-
JIVK, €10 MOXHO YMEHbLUWNTb, NPUMEHSIS]
BHELWHWI genutens Ha pe3ncropax
(R1,R2 na puc. 3). MNMpu atom guanasoH
NePecTPOVKM HAMPSKEHNS YMEHbLLIAETCS.

PIC
Unur
| Urur
R1
REF Urer
R2
/\_/

Puc. 3

Ecrv TO4YHOCTL OMOPHOIO MCTOYHUKA
koHTponnepoB PIC16C62x HegocTaToy-
Ha, TO ¢ ucrnone3oBaHnem CCP-mogyns,
nmerowerocs B PIC16C73, moxHo cdop-
MUPOBaTb OMNOPHOE HanpshkeHue ¢ 10-
paspsigHON TOYHOCTBIO B AManasoHe Ha-
npsixeHun ot 0 B go HanpsixkeHus
nuTanus. Ons aroro CCP-mogynb npo-
rpamMmmupyetcst ansi paboTel B pexuvme
PWM (wupoTHO-uMNynsLCcHass mogynsi-
uus). Mpwn atom Ha Bbixoge CCP dopmu-
pyeTcs LWMPOTHO-MOAYNMPOBaHHbLIN CUr-
Han ¢ makcumansHom yactotomn 19,53 kl'y
Y MVHUMaIbHOW ANUTENbHOCTHI0 ANCKPE-
Tmn3aumm 50 He. Ha puc. 4 npueegeHa cxe-
Ma TaKoro ornopHoro ncroyvHvika. MNpv npe-
anbHOM CIMaXxvBaHuu curHana (T. e. npu
6ecKoHeYHO GOonbLLOM EMKOCTU KOHAEH-
caropa C1) u'ameHeHUIo ANMUTENBHOCTU Ha
1 OVCKpPET COOTBETCTBYET M3MEHEHWE Bbl-
XOOHOro HanpsbkeHus Ha 4,88 vB.

CoobpaxeHusi No BbIGOPY BENUUUHBI
conpoTuBNEHUs peanctopa R1 Takue xe,
kak v ansi IMTH. BennunHa eMKOCTU KOH-
neHcartopa C1 moxer ObiTb onpeaeneHa

14

PIC

URer

:En

13 NPUBELEHHOTO BbILLE BBIPAXXEHWS, NMPpU
3TOM He criegyeT Beibuparb HanpsixkeHue
gonyctumon nynecaumm Huxe 1 mB, no-
CKOJbKY B pearbHOM WCTOYHVKE NOMEXN
Mo LWMHaM 3€MITM U MUTaHWS1 NPEBLILLaIoT
1 mB.

Ins npyveegerHHbIX npumepoB OH Boi-
xogHoe HanpsikeHve Uref doopmmpyetcs
13 HanpsbkeHUs NMUTaHUsl KOHTpornepa
Unut nyTem AeneHvst Ha pesancropax unm
¢ nomowso WM. Moatomy ans npeuu-
3MOHHBIX MPUMEHEHUI CrieayeT UCMorb-
30BaTb MPELM3NOHHBIN NCTOYHUK NMUTa-
HUS1 KOHTpornepa. MNockornbKy KOHTpOr-
nep paxe Ha TaKTOBOW 4acToTe
20 MI'y u ¢ 3agelcTBOBaHHOW nepude-
pveli notpebnsier He Gonee 15-20 MA,
3TO He Bbl3biBAeT 0COObLIX 3aTpyaHEHWH,
T. €. HA PbIHKE VMEETCH MHOXECTBO He-
DOPOrMX TOYHBIX MCTOHYHVKOB.

CCP
PWM

L —L__

Puc. 4

pon Bxog komnapartopa. LLnpotHo-mogy-
JIMPOBaHHBIN CUrHAI C JTIOMMYECKUMN YPOB-
HSAIMM CHUMaETCS C BbIX0oAa komnaparopa.

Mpy Mcnonb3oBaHUM BHY TPEHHUX KOMINa-
patopoB PIC-koHTponnepoB crnegyeT no-
MHWTb, YTO 3TW KOMMapaTopbl UMEKOT 32ep-
KKy cpabaTtbiBaHusi, KOTopasi Npy Marnbix
curHanax Mmoxert gocruratb 1...3 Mkc. 910
HE BbI3bIBAET HUKaKMX AOMONHUTENBHBLIX
npoGnem, gaxe HAa0GOPOT — MNOBLILLAETCS
nomexosalmiLeHHocTb. CregyeTt Tornbko
3anyckatb [TIH curHanom, onepexaroym
TEOPETUHECKYIO BPEMEHHYIO AIMarpaMmMy Ha
1...3 MKC, YTO nerko y4ecTs Npu paspaboT-
Ke NnporpamMmei.

Mpwn ncnonbsoBanumn PIC-koHTponne-
POB, HE UMEIOLLMX KOMMNAaPaTOPOR, MPUXO-
OUTCS NPYMEHsITb BHELLHWI KOMIMNapaTtop
(DA1 Ha puc. 6), HO B JOMONHEHWE K 3TO-
My HeyaobcTBy y paspaboruvka nosiens-
etca AUI ¢ aHanoroBelM KOMMYTaTopoM
Ha BXOAE W BCTPOEHHBIMW CXEMaMU Bbi-
6opku-xparHeHusi. Ha puc. 6 uenouka R1C1
hopmrpyeT HanpspkeHne TpeyrornbHOW
dopwmbl, koTOpoe uepes C2 nogaercs Ha
BX0Z komnaparopa. Ha ator e Bxop ye-
pes pesuctop R3 nogaertcs onopHoe Ha-
npsxeHne Uref, cchopmmupoBaHHoe n3
PWM-curbHana koHTponnepa Ha peaucTo-
pe R2 v kongeHcatope C3.

Ecrnun TpebyeTtcsi TOUHOCTb

nopsigka 2—3%, ons ctabunu-
3aLMV NUTaHWs KOHTponnepa
MOXHO ucnonb3oeate MMC
LM78C05 nnv aHanornyHelie.
Cnepyert oTMETUTB, 4TO 60mb-
wuHcTBo MOH cneumannam-
POBaHHBIX MUKPOCXEM YINpaB-
TNEHUS UCTOYHVMKaMW NUTaHWS
VIMEIOT TOYHOCTb, CPABHUMYIO
€ TOYHOCTBI0 LM78xXx.

PIC

Puc. 6

HIMM-modynssmop

Ha puc. 5 npueegeHa cxema LLNM-
MogynsTopa, nporpaMmMHoO-ynpaensie-
MOIO UCTOYHKKA OMOPHOIO HANpPsiKeHWs
n I'TIH, BbINONHEHHas Ha KOHTponnepe
PIC16C62x. Llenouka R1C1 BbinonHsiet
¢yHkuvm TIH. Beixog uctouHvka onop-
HOIO HaNPSXEHWS1 HA BHYTPEHHEN pe3uc-
TOPHOW MaTtpuLe KOHTporrepa Noakto-
UeH K BXOAy KoMnapartopa BHYTpU
koHTpornepa. MNunoobpasHoe Hanpsixe-
HUWE MoJaeTCsl Ha 3TOT XXe BXOA KoMrapa-
Topa vepes koHgeHcaTtop C2. BeixogHoe
HanpsbkeHre nctodHvka Uout genntes Ha
pesuctopax R2, R3 u nogaercs Ha BTO-

Yempoiicmea 3awyumesl om nepezpy-

30K
B oCcHOBHOM NPYIMEHSIKOTCS YCTPOMCTBA,
cpabarTbiBaroLLye OT Neperpy3okK rno ToKy,
npu4yeM KCMNonb3yKTcsl ABa OCHOBHBIX
TVNa 3aWmThl — OrpPaHNYUTENU TOKa U NOo-
POroBbIE YCTPOWCTEA, OTKIIOHaoLLMeE Uc-
TOYHUK Npy neperpy3ake. [NepBele oTcre-
KMBAKT TOK CUMOBLIX KIOYEl W
OrpaHUYMBaLOT €10, HanpYMep, OrpaHNyn-
Bas QUINTENbHOCTL 3aMnyCKalolero nm-
nyneca. Npu 3ToM cxema 3anycka Belga-
€T CreayLLmii UMMNYrbC Tak, kak byaTo B
npeabiayLWwem TaKkTe HUYEro He Npon3oLL-
no. NMoporoekie ycTporicTBa

T
PIC

R1
A~ I URer
lc2 I

:E)1 Uc

UM
—>

npy Neperpyske OTKIMoYaloT
CXeMbl 3arycKa NCTOYHUKA, U
CNyCcTsl HEKOTOPOE BpeMS
NpoV3BOANTCH MONbITKA MO-
BTOpHOro 3anycka. U1 te m
R2 Opyrve cofgepxxart gatumku
TOKa (TOKOBLIN TpaHchopMa-

Uour

r 3

MOH

Puc. 5

R3 TOp UNU pe3ncTop), Noporo-
Bble YCTpOICTBa (koMnapa-
TOpbI) U UCMOMNHUTESbHbIE
cxembl. Ix cxemoTexHuka
OOVHAaKOBa, pasnuyve Nuilb

B peakuuy Ha Neperpyaky.



UCTOYHUKMU NUTAHMNA

Ha puc. 7 npvBegeH BapyaHT pearnu-
3aLuM CXEMbl OFpaHUYEHUs1 TOKa CUITOBO-
ro KoYa € NoMOLLBIO OrpaHUyeHUst Onu-
TENbHOCTY 3arnycKatoLero nvnyrnesca. Ha
pvcyHke nokasaH Takke LUWM-mopyns-
TOp. CxemMa BbINONHEHa Ha KOHTpornepe
PIC16C62x, umetoLlem BCTPOEHHBIE KOM-
naparopsl. Ecrin HanpsikeHne Ha Beixoae
vmMnynbcHoro Beinpsimitens D1,D2 npe-
BbILLAET Nopor cpabaTbiBaHUs KoMnapa-
Topa COM2, nponcxognTt ero nepekso-
YeHVe W KOHTpOnnep NporpaMmmHoO
6GraHKUpyeT MMIMYTbChl 3arycka CUMNOBbLIX
knroden. Boixog komnapatopa COM2 He
vcnone3yetcs. Cxema MHTepecHa TeM,
4TO NoporoM cpabaTeiBaHWsi KOMMapaTo-
pa MOXeT OblTb OMOPHOE HanpsiXeHue
LLUWM-mogynsiTopa, nOCKONbKy B TakOM
BapuwaHTte koHdurypauum y PIC16C62x
BXObl KOMMNapaTopoB 00bEAVHEHDI.

KOMMNapaTophbl, CPaBHUBAKOLLUE KOHTPOINU-
pyeMbIli NapamMeTp € 3TarNoHHLIM YPOBHEM
v, NMpy ero BbIXxoAe 3a JOMNyCcTVMbIe Npe-
Jernbl, obecrneumBaroLLve OTKINIoHEHUE 1C-
TouHvka. U temneparypa okpyxarowemn
cpeabl, U HanpsieHue CeTy Nocne Bxoa-
HOIO BLINPAMUTENST U3MEHSIIOTCS AOCTa-
TOYHO MezrneHHo. Temneparypa — B Te-
UeHWe CekyHA, HanpsiXeHne ceTn — B
TeYEHNE MUNNUCEKYHA. JTO MO3BOMSIET
MONHOCTLIO OTKA3aTbCA OT KOMMNapaTopoB
1 CBECTU BECb KOHTPOIb K HEMNPEPLIBHO-
My M3MEPEHUIO KOHTPONMpYyeEMbIX Mapa-
METPOB ¢ nomoLubio ALIM 1 gansHenwen
nporpamMmmMHon o6paboTke NonyqyeHHbIX
BEIIUYMH.

Yempoiicmea cesiau

na ancTaHuUMOHHOTO BKITKOYEHUSI/BbIK-
TIOYEHUs1 UCTOYHUKA OOCTaTOYHO MpO-
rpammMHo obecrneunTb

nepruognyeckmin on-

Brligava vHbopmMaumm Ha KOMMbIOTEP
MOXET OCYLLECTBMATLCA Yepes Boixog TX
aCVHXPOHHOTO NepeaaTYuKka KOHTponnepa,
HO NPV 3TOM Ha BXOAE KOMMbIOTEPHOTO
COM-nopra HeoGXxoANMO NPUMEHUTL OpP-
MupoBartens ypoeHeli RS-232 (puc. 10).
Ins paboTtbl 310l CXeMbl B KOMMbIOTEPE
nporpaMmMHo formxeH 6biTe 3apaH nor. 0
Ha Bbixoge DTR v nor. 1 Ha Beixoge RTS.

B cxemax, n3obparkeHHbIX Ha puc. 8—
10, NpyMeHeHbl ONTPOHBI. 3TO 0OYCNOB-
NeHo AByMsi npuuuHamu. Bo-nepBbix,
Luenu ynpaeneHnsi CETEBLIX UCTOYHUKOB
NUTaHWs MOTYT ObITb raNbBaHUYECKU CBSI-
3aHbl ¢ ceTbio 220 B. Bo-BTOpLIX, amnnu-
TyAa MMyrNbCHOM NOMeXy Ha o6LLem npo-
BOE CXEMbl YNPaBIEHUs OTHOCUTENBHO
3eMITM MCTOYHMKA CUrHana MOXeT JOCT-
ratb AeCATKOB U COTEH BOMbT. B nyvwem
cnyyae GyayT HenpepbiBHBIE COOM B pa-
6ore. B xyawem — npousoiiger Bbixop,
KOHTpOIrepa u3 CTposi.

Puc. 7

nokasaH Ha puc. 8.
Ecrnv no BHewHemy
KaHary CBsi3u B ICTOY-

Mpw ucrnone3oBaHum Ansi orpaHnyeHns]
TOKa BHYTPEHHMX KOMMNapaTOpPOB KOHTPOr-
nepos PIC16C62x cnegyeT MOMHUTB, YTO
3TV KOMMaPaToOPbl IMEIKT HEBLICOKOE Obl-
CTpOOEnCTBIYE.

Ecrnv npyMeHsITe KOHTpOruiepbl, He Me-
HOLLME KOMIMapaTopoB, TO B KAYECTBE MNopo-
rOBbIX YCTPOWCTB MOXHO UCTONb30BaTb 0-
rM4ecKme BXoabl KOHTpOIrepa ¢ TpUImepomM
LLmutTa. Hanpumep, Bxog RBO Bcex PIC-
KOHTPOINEPOB UMEET BCTPOEHHDIN TPUITEP
LLimuTTa € gocTatoHHo CTabuIisHLIM Mo TEM-
neparype noporom. OTKMKOYEHWE 3arTyCKa-
HOLLMX CUrHAIIOB MPU 3TOM MOXHO BbINOI-
HUTb NPOrPaMMHO Mo NpepbIBaHuAM. [nsi
NnoBbiLLeHNs1 BbICTPOAENCTBUS 3aLLUTHI
NPYXOAVTCS UCTONb30BaTHL BHELLHIOK 10-
TVIKY.

3awyta ot neperpy3ok Mo HanpPsBKEHUED
BLIMNOMNHSAETCH TaKKe C NMOMOLLLIO BCTPO-
€HHbIX B MUKPOKOHTpPOIIep komnaparo-
pos, TpurrepoB LLMntTa, a gns meanex-
HO W3MEHSIIOLMNXCH CUrHanoB — ¢
nomotubsto ALLM.

KoHmporsb éHewHe20 OKpyKeHus1

B 60nbLUMHCTBE CnyYaeB KOHTPONMpPY-
€TCs TeEMMNepaTypa CUIOBbLIX KIHoYel U Bbl-
XogHeIX anogos LLoTTku, a Takke Hanps-
YKEHWE NEPBUYHOIO MUTAHWS, 4TS CETEBLIX
WCTOUHMKOB — HanpsbkeHue cetu. [pu
O6LIYHOM METOAE KOHTPOISI UCTONb3YH0T-
CHl NOPOTOBLIE YCTPOWCTBA, HanpuMmep,

Unmr PIC
DA1 5,1K
o > Ret
YL
1 L
Puc. 8

HUK TpebyeTcsl nepegaBaTb Napamerphbl
paboThl, TO MOXHO UCIMONb30BaTh UMEKD-
wwmrics B PIC16C73 n PIC16F873 nocne-
[oBaTenbHbI aCMHXPOHHLIV NOpT. Cxema
BKIMIOYEHWS MPY 3TOM Takasl e, kak Ha
puc. 9, HO BXOZ KOHTpOrnepa, nogknoya-
€MbIli K ONTPOHY, AoMxeH 6bITb Bxogom RX
NpYEeMHUKa NMOCNeAOBaTENbHOIO acUHX-
POHHOrO NopTa.

Mpuv npreme nHopmaLmm OT KOMIMNbEO-
Tepa npoLLe BCEro UCTONb30BaTb MHTEP-
deric RS-232 ¢ ontuyeckon pas3esi3komn

(pvic. 9).

PIC
R1 Unur
U DTR
AN - :EF SR mwm PIC DAT . |m 58
c2 o ——> —— T3 —] KT3107 gg
U T FZid RO P23
| C1 Phat * - »GND (93
Is | !10K g
MOH I RTS
I Puc. 10
CR2 | (
— | POC BHELLHETO CUrHa- Ecrnv ncnonb3yeTtcst KOHTpornep, He
i na BKIioYeHus. Bapy-  umetowmin annapaTtHoro npuemonepegar-
< I << | aHT peanu3auum Corn-  YuKa, CBSI3b MOXHO OpPraHu3oBaTb Mpo-
T — R2 c3 TUYECKON Pa3BSA3KON  IPaMMHO (CM. HUXE).

EctecTtBEHHO, NOMMMO MHTepdenca
RS-232 moxeT GbITb UCMONBb30BaH U I1i0-
6o gpyrow, Hanpumep RS-485, CAN. [Insi
3TOro0 AOCTaTOMHO NMPUMEHUTL COOTBET-
cTByOLMe HTEeP(ENCHBIE CXEMBI U Ha-
nucaTtb NporpamMmmHele Moayrnuv, obecrie-
uMBalLUe BbINONTHEHUE MPOTOKOIIOB.
Cnepyert TOMNbKo NOMHUTL O rarnbBaHN4eC-
KOW pasesizke (ecnu Heobxoammo) u o
nomexax. Pabota kaHana RS-485, Hanpwu-
Mep, 6e3 ranbBaHNYEeCKOW Pa3Bs3KN Ha-
pyLaetcs npu cuHasHoW noMexe nopsig-
ka 12 B, 4To BronHe BO3MOXHO B MOLLHBIX
VCTOYHMKaX NMUTaHWS.

Mpwn opraHvsauum cBsI3V He cregyet
yBriekarbcsi 6onbLUMMK CKOpoCTAMY OBMe-
Ha. BeICOkMe CKOpOCTU yXKecToHaroT Tpe-
6oBaHWs K NMHKSAM CBSI3U 1 TpebytoT yBe-
JNIMYEHUs1 OTAaBaeMbIX B NIMHUU TOKOB
(4T06LI BLICTPO 3aPAANTL EMKOCTB NTMHUN).
Mpw ckopocTn obmeHa Gonee 50 kboa npu-
XoauTcsl NPUMEHNATEL ObicTpble 1 Gonee
[0pOrve ONMTPOHBI, YTO CHUXAET MOMEXO-
3aLLMLLEHHOCTb, NOCKOSIBKY 3TW ONTPOHbI
pearvipytoT Ha KOPOTKME NOMEXU, KOTOpbIE
He3aMeTHbI sl ONTPOHOB ¢ GuicTpoaen-
crBuem 5-10

U

iy PIC MKC. ABTOpbI
B GonbLwuH-
or COM-riopra 1 DA1 51K CTBe paspa-
TxD »|Rx 6oTOK wmC-
GND—— ——— —— K,qszsz SZ/;"I: nonL30Banm
_I_ CKOpPOCTb 06-
M e H a

Pue. 9 — | 19,2«60a.
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MUCTOYHMU KM NTUTAHMNA

Ynpaenernue undukamopamu

Ins npocteix cnyyaes (nHavkauws Bkn/
BbIKI1, MEeperpysky, neperpeea u T.n.) uc-
Morb3yoTCs CBETOANOAbI, NOAKIIoYaeMble
uepes peanctop 330 Om HenocpeacTBEH-
HO K KOoHTpornepy (puc. 11). Npu Heobxo-
AOMMOCTM Bbldaum Ha Tabno LuMgPOBON UH-
dopMaumMm UnNu TEKCTOBLIX COOBLLEHMI
Hanbonee ynobHbLIMU NMpeacTaensitoTCA

100
— 1 —]

SONITRON
SMA-13

Urur

PIC | Rgg

Rs

Puc. 12

MOXHO 3acCTaBuUTb UCNoIn-

YVYVYY
Q
N

A AA 4

l«———+5B | HsATBL NOGBIE Menoaun.
Yempoilicmea 3adanus
pexuma
CoueTaHne MUKPOKOHT-
ponnepa n gucnres No3eo-

Puc. 11

nsAeT OTKa3aTbCH OT Takux

XKKW-guennen ¢ BCTPOEHHBIMU CXEMaMK
ynpaenenunsa ¢dupm BATRON, DATA
VISION, HANTRONIX nnu aHanorvyHble.
31 uHAMKaTopbl UMEIT GonbLLoK Habop
(HOHTOB, BKIKOHas pycckue, v, Nnocre Bbl-
Ja4uu B HUX nHdopMaumm, He TpebyoT HK-
KaKuX yMpaensiiowmx CUrHanoB ans nog-
nepxkn uHgukauvn. Mpaktuueckn ans
BCEX NMpVMEHEHWI oHu TpebyioT Bcero 6
NHWUIA ynpaenenus (pyc. 11).

Ins 3BykoBOV vHOVKaUUKM MOTYT WC-
Nnonb30BaThCs Kak pasHoobpasHbie reHe-
patophl 3Byka (HanpymMep, NPOU3BoACTBa
dupmel SONITRON), Tak n guHamudec-
KV€ rOrnoBKU, MPUMEHSEMBIE B KOMIBIOTE-
pax (pvic. 12). MNMocnegHne nNporpaMMHO

HEHaJeXHBIX U JOPOrmx
3MNEMEHTOB 3ajaHNs1 PEXMMOB, KaK MHO-
rorno3nUMOHHbIE NEPEKITIoYATENU U Nepe-
MEHHbIE pe3ncTophl (Tem Gonee, YTo, No-
BEPHYB ABUXXOK NEPEMEHHOTO pesncTopa
1 HE VMES Nof PyKOW BONBTMETPA, OCTa-
€TCs1 TONbKO rafiath, HTO Xe Morny4unroch).
Bce ynpaBrneHvne MOXHO CBECTU K He-
CKOIMbKMM TaKTOBbIM KHOMKam 6e3 cdmkca-
uvm. bnarogapsi Tomy, uto PIC-koHTpOn-
nepbl UMEKT B Nopte B BCTpoOeHHble
MPOrpamMMHO NOAKITIOYaeMbIE FeHepaTophbl
TOKa, ANsi paboThl KHOMOK A2XKe He NoTpe-
OyloTCS PE3NCTOPLI CMELLEHVS.

Ha puc.13 nokasaHa cxema 3agaHusi
HanpsbkeHvst IOH na CCP-mogyne. Ecnn
HaxKaTb KHOMKY S1 TO MpoucxoanT UHKpe-

s1 PIC
I RBy R Uger
ccP
|—g2 RBy PWM c
]
Puc. 13

MEHT pernctpa 3Havenuss MOH n, ganee,
B CCP-mogynb BbIJ2eTCs1 N3MEHEHHOE
3HaveHne KoahdrumeHTa 3anonHeHust
LLUWM. Beixogroe HanpspkeHne OH yBe-
nnumeaetcs Ha 1 guckper. [Npu HaxaTm
kHOMKM SW2 nponcxognTt AEKPEMEHT pe-
rMcTpa v COOTBETCTBYIOLLEE YMEHBLLUEHNE
Hanpsixennst Uref. BaxkHo, 4To nHdopma-
LM O BENUYMHE HAMNPSDKEHWS HE SIBISIET-
CS1 MEXAHNYECKONM NO3NLMEN OBUXKA pe-
31CTOpPA UINU NEPEKIIoHATENS, a XPaHUTCA
B BUJE 3MEKTPNUECKUX BEMUYMH B COOT-
BETCTBRYOLLEM perncTpe. KHonku npm xpa-
HEHUW HE 3aMKHYThl, U BEPOSITHOCTb UX 3a-
MbIKaHVS! NPaKTUYeckn Hyrneeas. BeposT-
HOCTb € MNOTEPU KOHTaKTa B 3aMKHYTOM
nepeksoyarene HaMHoro Gonblue, 0co-
6eHHO, ecnu nepeknoyaTerns AeLeBbil.

Brnagumunp 3a6onorckun,

KOpuin BnagumupoB
power@etcetera.ru

lpodomxenrue cnedyem
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UCTOYHUKMU NUTAHMNA

O6wue Npo6s1eMbl CHUXEeHUNA
KOMMYTaLUOHHbIX NOTEepPb
B MHBEpPTOpPaxX HanpshH>XeHus

CHUXeHU€e KOMMYymaUUOHHbBIX TOMepPb 8 CUIOBbLIX mpaH3ucmopax uHeep-
mopoe emMopUYHBIX LCMOYHUKOE MNUMaHUsI C 8bICOKOYACMOMHbLIM MPoOMe-
2KYMOYHBIM ripeobpa3oeaHUeM s168/1s5iemcsi 04eHb 8axkHoU 3adavell, petue-
Hue Komopoli roseorissem He morieko yeernudume Kl npeobpaszoeamerns
U, Kak criedcmeue, roebiCUme 3a2py3Ky CUilo8biX mpaH3ucmopos, HO U 8
yesniomM yriydwiume MaccoeabapumeHsie rnokasamenu U yMeHbWUMms Cmo-

UMOCMb UCMOYHUKa rnumaHusi.

OHVM U3 OCHOBHbLIX TUIMNOB MHBEP-
TOPOB, UCTIONB3YEMBIX B MOLLHBIX
MCTOYHMKaxX nNutaHusi (Gonee

5 kBT), sIBNsieTCA MIHBEPTOP HanpsixeHnst

[4], koTOpEIN OTHOCUTCS K Kaccy VHBEP-

TOPOB C OTKPBITHIM BXOLOM, TO €CTb HEe

VMeeT MHOYKTMBHOCTW Ha Bxope. OTcyT-

CTBWE APOCCENS CYLLECTBEHHO YIyYllaeT

MaccorabapuTHble nokasarenu npeobpa-

3oBarernsl. IHBepTOpEI HANPSHKEHNS! YCIOB-

HO MOXHO pasfenuTb Ha HEPE30HaHCHbIE

[5] v pe3oHaHcHBIE [6]. OTnvure mx gpyr

OT Apyra 3akno4aeTcsi B Harm4um unm or-

CYTCTBUM PE3OHAHCHOW LIENU B HArpy304-

HOM KOHTYpe MHBepTopa. JJoCTOMHCTBO pe-

30HaHCHBIX MHBEPTOPOB COCTOWT B TOM,

YTO OHK 0becneurBaloT PeXXUM paboThl CU-

JIOBLIX TPaH3UCTOPOB C MUHUMArbHEIMU

KOMMYTaLUOHHEIMY NOTEPSIMU B LLUMPOKOM

JvanasoHe perynupoBaHnsi BbIXOLHON

MOLLHOCTU (TOKa, Hanpsixenust). [nsi cHu-

KEHUS KOMMY TALUMOHHBIX NOTEPb A0 MUHW-

Myma Heobxoaumo obecrneqnTb “Msirkyto”

KOMMYTaLMIO TPAH3UCTOPORB, TO €CTh KOM-

MYyTauUUIo NPy HYNEeBOM HanpsiKeHUu

(ZVS — Zero Voltage Switching) vnm npu

HyneBoMm Toke (ZCS — Zero Current

Switching). 310 MoxeT 6BITb JOCTUIHYTO

OBymsi cnocobamu. NMepBbil U3 HUX Npea-

rnonaraeT COBEPLUEHCTBOBAHUE CaMOM

TPaH3VCTOPHOW SHENKM U LieNen ee yrnpas-

TIEHUsI NYTEM MOAKITIOYEHUS] K CUINOBOMY

TPaH3VCTOPY BCNOMOraTeribHbIX Lener A11s

MOBLILLEHUs] CKOPOCTU MEPEKIIOHEHVS U

obecrnieueHns “Msirkoi” kommyTaumm [2, 3].

Bropoli criocob cesizaH ¢ BLIGopom briaro-

MPVSITHOrO MOMEHTa AJ151 NEPEKNIOYEHS

TPaH3UCTOPOB, NMPUYeM NEpPEKITiodeHe

TOKa C OQHOW TPaH3UCTOPHOM SHMENKM Ha

OPYryto OpraHv3yeTcsi Kak €VHbIA OrnTu-

ManbHe npouecc [1]. Ans vHeepTopoB

HanNpsXeHUs1 MOXHO MCMonb3oBaTh 06a

3Tu cnocoba.

CyuiecTByeT [iBa OCHOBHBIX METOA pe-
ryNMpoBaHvsi B TAKUX MHBEPTOPaX: LULMPOT-
HO-VIMMYINbCHBIV 1 YacTOTHLIW. [1epBHhIi,
KaK NMpaBurio, UCMONb3yeTcsi B HEPe3oHaH-
CHBIX MIHBEPTOPaX HanpsiKeHWs!, BTOPON —
B pe3oHaHcHbIX. OT cnocoba perynvposa-
HUS1 32BVCUT BO3MOXHOCTb COXpaHeHus!
pexvmMa “Markon” KOMMyTauum TpaH3nceTo-
POB BO BCEM [Mana3oHe U3MEHEHUS Bbl-
XOAHOW MOLLHOCTMW.

Ins nccnepoBaHusi KOMMYTaLWOHHBIX
NpOLECCOB B Pe30HaHCHBIX W HEPE3O-
HAHCHBIX MHBEPTOpax HanpsiXeHus
npeaHasHaveHbl [OBE pacHeTHBIE CXeMb

(puc. 1). VccnegoBanue npoBogunoch
¢ nomowbo nporpammbl PSpice. Ha
pvc. 1 nokasaHbl NONyMOCTOBOW Hepe-
30HaHCHBIM W PpE30HAHCHBIN MHBEPTOPI
HanpsixeHusi. B kavyecTBe cUnoBBIX
TpaH3aucTopoB ncnonbaytotrest IGBT-mo-
aynu dvpmbl International Rectifier
GA100TS120U (Ic=100 A, Uce=1200 B),
KOTOpbIE SIBNSAIOTCS OAHUMUW M3 CaMbIX
6biCTpLIX B cBOoeM knacce. Oba uHBep-
TOpa CornacoBaHbl Ha MakCUMarbHYIO
BEIXOAHYI0 MOLWHOCTL okorno 10 kBT un
nmetoT pabouyto vactoty 100 kl'y. Ha-
rpy3koii 06omx MHBEPTOPOB SIBISIETCS
3KBMBareHTHas LieNb, He yYUTHIBaoLWwas
napameTpbl TpaHcdopMaropa, BhInpsi-

MmuTenst n hunerpa. [ns pe3oHaHCHOro
VHBEPTOPAa HanpsikeHWsl ¢ YaCTOTHLIM
perynvpoBaHueM MakcrmarbHasi Bbl-
XoAHasi MOLLHOCTb obecrneunBaeTcs Ha
vactote 100 kI'u.

PaccmoTtpum Tenepb nogpobree npo-
Lecchl KOMMYTaLuy B HEPE3OHAHCHOM
1 PE30HAHCHOM UHBEPTOPAaXx Hanpsixe-
HUS.

Hepe3oHaHCHbIN
MHBEepTOp HanpsXXeHns

Kak BuaHO 13 BpeMeHHbIX guarpaMm Ha
pvc. 2, a n 3, a, TOK Yepe3 TPaH3UCTop
HapacTaeT No 3KCNoHeHTe. Bpemsi Hapa-
CTaHusi TOKa 0 MaKCUMyMa 3aBUCUT OT
MHAYKTUBHOCTU Ly, u conpoTtuenenus Ry,
KOHTYpa Harpysku. UpeamepHoe yBernuye-
HUE VHOYKTMBHOCTY MPVBOAWT K HeoBoC-
HOBaHHOMY YBEITUYEHUIO PEaKTMBHOMN
MOLLHOCTMW.

Ecnv anutensHOCTb MNyrnbca ynpas-
TNeHVs TPaH3ucTopom Gorblue BpemeHu
HapacTaHWs TOKa, TO BbIKIIOHYEHUE CUINO-
BblX TpaH3ncTopoB Z1, Z2 npovncxoaut
npy MakcuManbHOM Toke. [pw BeIKIoYe-
HUM TPaH3VCTOpa TOK HAarpy304YHOTO KOH-
Typa 6yger npoTtekarb yepes obpaTHLI
OVo NPOTMBOMONOXKHOIO TpaH3ucTopa.
Takum oGpa3om, ecrnu BLIKINOYaeTcs
TpaHancTop Z1, TOK NoTeYeT Yepes obpar-
HBbI gnog TpaHaucTopa Z2.
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Puc.1. Hepe3oHaHCHBIN (@) M pe30HaHCHBIN (6) MHBEPTOPbI HANPSPKEHUSA
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Puc. 2. BpemeHHble AUarpaMmbl TOKa 1 HANPSHKEHUIA CUITOBOTO Puc. 3. BpeMeHHbIE AUarpaMMbl TOKa W HaNPsKEHUI CUMOBOTO
TPaH3UCTOPa ANs HEPE3OHAHCHOTO (&) M pe3oHaHCHOro (6) MHBEpTOpOR TpaHaucTOpa AN HEPE3OHAHCHOTO (a) U Pe3oHaHCHOTo (6)
HarpsixeHusi, paboTatoLLmX B PeXUME MaKCUMaIIEHON BBIXOAHOV VMHBEPTOPOB HanpshkeHus, paboTaloLMX B PEXUME CHKEHHON
MOLLHOCTU BbIXOAHOW MOLLHOCTH

Bpewmsi npoTekaHus Toka vyepes obpar-
HBI Mo — 3TO TOT MHTEpBan Bpeme-
HW, KOra BKITOYEHUE TPaH3ncTopa npo-
vexognT 6e3 KOMMYTaLUWMOHHBIX MOTEPb.
N3 puc. 3, a BuaHO, Kak NPOUCXoanT KOM-
MyTauWs TPaH3VCTOPOB MNPy perynmpoBa-
HWK, TO €CTb KOTa BKITHOYEHWE TPaH3NC-
TOpa NpoucxoamT BHE 3TON0 MHTepBana
BpEMEHM.

Tak KaK BbIKITHO4YEHWE CUITOBOIO TPaH-
3KcTopa B NornymMOCTOBOM HEPE3OHAHC-
HOM UHBEPTOPE HanpsiXeHWsi NPONCXO0-
OUT NpU MakCUMarnbHOM TOKe, Ans
YMEHbLUEHUS KOMMYTaLMUOHHBIX NOTEPb
MOXHO MCMNONb30BaTh AeMndupyowme
C- vnu RC-uenu, koTopble ycTaHaBnu-
BalOTCH NaparnnenbHO Ka)XaoMy CUITOBO-
My TpaHaucTopy. [pu BHIKTHOYEHUN CU-
NIOBOrO TpaH3ucTopa TOK AenuTtcs
MeXay BHYTPEHHEN €MKOCTbIO TpaH3u-
cTopa U eMKOCTbIO KOHAgHcaTopa Aem-
ndvpyoLwWwen ueny, yMeHbLas Npy 3Tom
CKOPOCTb HapacTaHusi HaNpPsHDKEHUS Ha
npubope (dU/dt) u, Takum obpasowm,
obecneurBasi yMEHbLLIEHNE KOMMYTaLu-
OHHBIX MOTEPL MNPV BLIKITIOYEHUW TPaH-
3ucropa. Belbuparb BenuunHy aemndu-
pyOLWMX KOHOEHCATOPOB Heobxoaumo
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ncxoasi U3 BpeMeEHU BbIKITIOHEHWS CUIO-
BbIX TpaHauctopos. Kak BugHo us epe-
MEHHBIX gnarpamm Ha puc. 2, aun 3, a,
MOMNHbIK CNnag TOKa MNP BLHIKMTIOYEHWN
CUITOBOTO TPaH3ncTopa NpoucxoauT 3a
poctarouHo GonbLioe Bpems t g, pasHoe
npubnnantensHo 1,2 MkcC.

CrepyeTt yunTbiBaTb, YTO YCTAHOBKa
aeMmndupywmx yenen nNpveoamuT K
YMEHBLLEHUIO BPEMEHU NPOTEKAHUS TOKa
yepes obpatHbIl Anod CUNOBOIO TPaH3un-
cTopa, Toraa Kak ansi obecnevyeHust “msir-
KOW” KOMMYTaLUK CUITOBOTO TPaH3ncTopa
HeoOXoaUMO BKIOUATb €0 B TOT MOMEHT,
KOTZja HanpsiKeHe Ha HEM PaBHO HyIo,
T. €. B MOMEHT NPOTEKaHUS TOKa Yepes ero
obpaTHbIl gnoa.

N3 BpeMeHHbIX gnarpamMmM BUOHO, HTO,
Jae He yuuTbIBas BNUSIHWUS AeMNcupy-
IOLLMX KOHZAEHCATOPOB, AVana3oH perynu-
pPOBaHUS BLIXOAHOW MOLLHOCTU MHBEPTO-
pa npy coxpaHeHm “MsIrkon” KoMMyTauum
CUINOBBIX TPaH3UCTOPOB MUHUMANEH.

PewnTb 3Ty NpoGnemy no3eonsioT ak-
TVBHBIE AeMMNAUPYIOLLME Lieny, KoTophie
HaxogsaT Bce Gornee WMpokoe NprUMeHe-
HUE B HEPE3OHAHCHLIX MHBEPTOPax Hanpsi-
KEHWSI.

Pe30HaHCHbIN MIHBEPTOP Hanpsxe-
HUA

Ons MUHVMM3aUMKY KOMMYTaLMOHHBIX
NnoTepb B PE30HAHCHBLIX MHBEPTOPax Ha-
npsbreHns Heobxoanmo, YTOOB KOMMYTa-
LUus Mpoucxoamna B MOMEHT, KOra TOK
BLIKITIOUAEMBIX TPaH3UCTOPOB ONM30K K
HYII0, TO €CTb B MOMEHT, Brinskuii K nepe-
X0y Yepes HOMMb TOKa Harpy3o4Hon ava-
roHanu. Mpy 3ToM BO3MOXHEI ABa Bapw-
aHTa: NGO KOMMYTaLUsl MPOUCXOAUT A0
nepexofia ToKa Harpy3o4HOWM guaroHanm
yepes HOJb (MHAYKTMBHAS peakums Harpy-
304HOV AraroHanu), nmbo nocrie nepexo-
Ja Toka Yepes HoMb (EMKOCTHas peak-
Lus).

Mpy eMKOCTHOM XapakTepe Harpy3sku
(vacToTa ynpaseneHvsi HBEPTOpPa HUXe
COBCTBEHHO YaCTOTHI HArPY304YHOIO KOH-
Typa) BbIKITIO4EHME TPaH3MCTOPOB Npouc-
XoauT Ge3 NnoTepb, Tak Kak UX BCTPeYHbIe
Avogsl B 3TOT MOMEHT YXKe NpoBOAST TOK
W, CregoBaTeribHO, KONMMEKTOPHLIA TOK U
HanpshkKeHUe Ha TPaH3NCTopax pasBHbl
HYMIO.

BknioveHue TpaH3MCTOpPOB, HAMPOTUB,
conpoBoXxaaeTcsi GONbLMMK MOTEPSIMU,
TaK Kak Npy 8TOM MCTOYHUK nnTanmst Ud



UCTOYHUKMU NUTAHMNA

OKa3bIBAETCH HA HEKOTOPOE BPEMS] 3aKO0-
pPOYEHHBIM 13-32 06paTHO NPOBOAVMOC-
TV BCTPEYHBIX AVOLOB CUITOBBIX TPaH3NC-
TopoB. Kpome 6ornbLuMX KOMMYTaLMOHHBIX
rnoTepb, TAKOW PEXUM MOXET NPUBECTU K
BbIXOZY TPaH3UCTOPOB M3 CTPOS W MO3TO-
My SIBIISIETCS HEAOMNYCTVMBIM.

Mpy MHAYKTVBHOM XapaKTepe Harpy3ku
(4actota ynpaeneHvsi THBEPTOpa BhILLE
COBCTBEHHOV YaCTOThI HArpy304HOIO KOH-
Typa) BLIKITIOYEHNE CUTMOBBIX TPaH3UCTO-
poB Z1, Z2 nponcxogut Ha KOPOTKOM WH-
TepBane BpeMeHV Npy MasioM ypoBHe
BbIKITHO42EeMOro ToKa (puc. 2, 6), uto obec-
neumBaet HebornbluMe NnoTepu BLHIKIOYE-
HUsi. YCTaHOBKa napannernbHO CUIOBBIM
TpaH3ncTopam AeMnUpYIoLLUX KOHOEH-
CaTopoB, KOTOPLIE CHIKAIOT CKOPOCTL Ha-
pactaHvs HanpsikeHust Ha npnGope (dU/
dt), ewie Gonee cHKaeT Ty NoTepw.

MNocne BuIKNIOYEHUs TpaHauctopa Z1
TOK MPOTEKAET Yepe3 COOCTBEHHBIE €M-
KOCTW TPaH3ncTopoB Z1 v Z2 v eMKOCTH

Mpv perynnpoBaHyv BEIXOOHOW MOLLIHO-
CTH, T. €. YBENUYEHUN UHOYKTUBHOW pac-
CTPOVIKM PE30HaHCHOIO KOHTYpa (puc. 3, 6),
BLIKIIOYEHVE TPAH3UCTOPOB MPOUCXOaUT
npy GornbLieM TOKE, U KOMMYTaLMOHHbLIE
noTepu Npu BbIKIMoYeHU pacTyT. [Noato-
My O4YE€Hb BaXXHbIM SIBNSIETCH BHIGOP BEnu-
UMHBI AeMNUpYIOLWKMX KOHAEHCATOPOB,
VICXOAS U3 BPEMEHW BHIKITHOUEHUS CUINOBO-
ro TpaHsuctopa. Cnegyet oTMETUTDb, YTO
Upe3mMepHoe yBeNMUeHUe AEMIVPYIOLLUX
KOHZEHCATOPOB NPUBOAWT K HEOBOCHOBaH-
HOMY YBEIIMYEHMIO PEAKTUBHOIO TOKa TpaH-
3uctopoB. Kak BuaHoO 13 BpeMeHHbIX -
arpamm Ha puc. 2, 6 u 3, 6, BpeMsi NonHoro
crnaja Toka npu BbIKIMTIOYEHUM CUINOBOTO
TpaHsucTopa t  cocTaBnsier JocTaTouHO
GonbLUY0 BENUYMHY, PaBHYO NpuGnmuau-
TenbHo 1,2 MKc. icxoast U3 3Toro, eMKOCTb
Jemndupyrowmx KoHaeHcaTopoB Geina
BLIGpaHa paBHol 10 HO.

Takvum 06pa3oMm, pexum KOMMyTaumm
NPV MHOYKTUBHON PacCTPOVIKE Harpy304HO-
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COOTBETCTBYIOLLMX AEMMAUPYIOLLMX KOH-  HAHCHOIO MHBEPTOPOB W i
pexcartopo Cd1 n Cd2, sapsas nepeuie  Npuw peryrnmpoBaHum Bbl- 'ﬁmﬂnm % e
1 paspsikas BTopble. B MomeHT, korga  xogHoi mowHocTu. U3 < . CRYDOM
emkocTn Z2 n Cd2 paspskaloress A0 HyNsl,  HWX BUAHO, yto notepu | | %
BKITIO4aeTcsi 06paTHbI Vo 3TOr0 TpaH- B HEPE30HAHCHOM MH- W oaca voion
auctopa. Ecnv tenepe TpaHancTtop Z2 BepTOpE HanpsikeHWsl
Vg et
6yaeT BKoYeH BO BpEMS MPOBOAVMOCTM  BhILLE BO BCEM Avana- | Ves©im Kingbright

BCTPEYHOIO Auoaa, T NOTEPU NMPpU BKIHO-
YEHUM KCYE3aloT, TaK KakK BKIOUeHue
TPaH3UCTOpa NPOVCXOANT MPU HYNEBOM
TOKE W HYNEBOM HanpsiKeHWU.

30HE perynupoBaHus
BbIXOAHOW MOLLHOCTU.
Mostomy ncnonb3oBa-
HVEe PEe30HAHCHBIX WH-

121351, Mocksa, yn. Usana ©panxo, a. 40, k. 1, cp.2

Ten./dake: (095) 73-75-999

Moura: 121351, Mockma, a/a 100
E-mall: Ir@platan.ru
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OCHOBbI CXeMOTeEXHUKMHN

CeHcopHble naHenu —
B3rIA4 U3HYTPU

B daHHol cmamee nipusedeH kpamkuti 0630p KOHCMpYKUUU U CXeMomeXx-
HUKU gpachudeckux ycmpolicme esoda UHhopMaluu muria “ceHcopHas rna-
Hernb” unu “CeHCopHbIll aKpaH”, a mak:e orucaHue KOHMpoJepoe
TouchScreen pasnuyHbIx ripouseooumerned.

CMNoNb30BaHWE CEHCOPHBIX 3Kpa-
HOB B Ka4eCTBE KOMINbIOTEPHOIO
vHTeperca CTaHOBUTCS B HACTO-

silLee BPeMS] LUMPOKO pPacrpoOCTPOHEHHBIM

sieneHueM. MNMonynspHocTb nocneaHux
obycrioeneHa JoCTUraemor ¢ UxX Nnomo-
b0 NPOCTOTOM MHTEPENCa NONb30Ba-

Tensi. MHTepdenc Ha ocHOBE CEHCOPHO-

ro 3KpaHa Mo3BOoJISIET UCKITIOUUTL MpUMe-

HEHVe KPYNHOOPMAaTHBIX KNaBnartyp, a

Takke obecrneumBaeT yaoOHYH0 KOHTEKCT-

HYI0 CUCTEMY MNOMBb30BATENBCKOrO MEHIO.

B HacTosilee Bpemsi paspaboTunkam
3MNEKTPOHHOV annapTypbl AOCTYNHBI KakK
rOTOBBIE CEHCOPHBIE 3KPaHbl HA OCHOBE
rpadpmyecknx XKK3 1 ceHCOpHLIX NaHe-
neli Co CBOVMM KOHTPOIIepoM, Tak 1 OT-

JenbHble CEHCOpPHble naHenu (puc. 1).

OpHako ueHa roTOBbIX CEHCOPHBIX 3Kpa-

HOB [JOCTaTO4YHO BLICOKa, K TOMY e Or-

paHUYeHHasi HOMEHKNaTypa YCTPOWCTB

JaHHOIo TUNa He Bceraa No3eonsieT Bol6-

paTb NOOXOAsLMIA NO KOHCTPYKLUU TN

CEHCOPHOro 3KpaHa. 3akas Ha npoBeje-

Hue pa3paboTKM CEHCOPHOTO 3KpaHa ¢

3a/laHHBIMY NapaMeTpaMy — OYeHb [0-

poroe yaoBOMnbCTBUE, KOTOPOE BpSig, Ny

OKYNUTCSI MU Marbix o6bemax BbINycKa.

B stoli cutyauumn cnegyetr npaBuMbHO

OLEeHUBaTb BO3MOXHOCTU U CTOVMMOCTb

CEHCOPHOIO 3KpaHa No CPaBHEHUIO C KOH-

KYPVPYHOLLUM CTaHOAPTHBIM W NMPOBEPEH-

HbIM peLlEHNEM — MHTEpPdENCOM Ha OC-

Hoee XKW ¢ durkcupoBaHHbIMU

3HAKOMECTaMK 1 PYHKUMHANBHOW KNaBu-

arypov Ha 4—16 knaevw. Ho ecrnin Bce-

TaKy UCMNONb30BaHWe CEHCOPHOTO 3Kpa-

Puc. 1. CeHcopHble naHenu pvpmbl
Bergquist
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Ha B JaHHOM M3genvn Nno3BonsieT pea-
Nu30BaTh BCE OOCTOMHCTBA MOSb30Ba-
TENbCKOro MHTepderica npy pasymHOmM
LieHe, TO CyLLeCTBYET NyTb €0 peanuaa-
uumn. [ns 3TOro MOXHO WCMNONb30BaTb
crangaptHeii mogyne XKK3 (manodop-
MaTHBIV rpau4ecknii) U roToByH Ha-
KNagHYy0 CEHCOPHYIO NaHerb, KOHCTPYK-
TUBHO U ONTUYECKN COMPSIrAeMylo ¢
pabGoveli nnowaabto XKK3. Nmeetcs psig
Npou3BoaAnTENEN, KOTOPLIE NOCTABMNSAIT
cTaHgapTHeIE HakNagHble pe3VCTUBHEIE
CEeHCOopHble naHenu [2, 3, 5]. MNpownaso-
autensimm Takke obecneuvBaeTcs Npo-
BeeHve pa3paboTky 1 Bbinycka HeGorb-
WKUM TUPAKOM 3aKa3HBIX CEHCOPHBIX
naHenem B COOTBETCTBUM CO cneumndun-
Kauuemn, 3aaaHHol Nonb3oBaTenem.

B atom cryyae ans peanvsauym nHTep-
delica ceHCOpHOro 3KkpaHa HeoGXxoanmMo
paspabotartb CBOIM KOHTPOINEp, KOTOPLIN
6ypet oGecneunBaTtb NopgaepKKy OyHK-
LM oBHapyXeHUs KacaHus v onpeaerne-
HUS1 KOOPAVHAT TOYKW KacaHusl.

TuUnbl CEHCOPHLIX NaHenen
B ceHcopHbIX na-

6e3 NpVKOCHOBEHWS). Takow TWM CeHCop-
HOW NaHenu UCNornb3yeTcs B HEKOTOPBbIX
MOZernsiX NOorM4Yeckux aHanusaTtopoB
Hewwlett-Packard.

EMKOCTHbIE CEHCOPHbIE SKpaHbI LIMPO-
KO UCMONb3YIOTCS B PasfiMyHbIX MIPOBBIX
¥ TOPIroBLIX TEPMUHANax, B TEpMUHAnax
CMNPaBOYHbIX CUCTEM a3PONOPTOB U BOK-
3anoB. OHy Havboree yCTo4YMBLI NPOTYB
BaHAanm3ma, NMocKOITbKY YyBCTBUTENbHAS
NOBEPXHOCTb 1 3kpaH JAJ1T otaeneHsl ot
nonb3oBaTensi NPOYHBIM MPO3paYHbIM 3a-
LWMTHBIM LM TOM.

Haunborbluee pacnpocTpaHeHue B CEH-
COpPHBIX 3KpaHax NopTaTVBHLIX YCTPOWCTB
VIMEeEeT pe3nCTVBHasi TeExHororvsi. flaHHasi
CTaTbsl NOCBSILLEHA ONMUCAHNIO KOHCTPYK-
LMW U CXEMOTEXHVKN CEHCOPHEIX NaHernen,
VICIOrb3Y WX UMEHHO STOT TWIN CEHCOP-
HOWN TEXHONOMMU.

KOHCprKLWIﬂ U TeXHONOIrnA pe3n-
CTUBHbIX CEHCOPHbIX naHenemn

CeHcopHasi pe3ncTVBHas naHernb co-
CTOUT 13 [IBYX CKITEEHHLIX Miockonapan-
TNenbHBIX NPO3paqHLIX NOLIIOXKEK, Ha BHYT-
PEHHEN NOBEPXHOCTU KOTOPEIX HAHECEHO
npo3payHoe NMpoBoAsiLue NOKpbITUE —
nnenka ITO — In, O, (aByoknce nHavs). B
Ka4eCTBE HUXHEW NOANOXKM NCTIONb3yeT-
CSsl CTEKNSIHHAs MnacTuHa TONLWWHOM
0,8...2,5 MM, @ B KaueCcTBE BEPXHEN —
MannapoBasi NNeHKa TOMLWMHON OKOMo
100 MKM unm ToHkoe cTekno (puc. 2). C
Hapy>XHOI CTOPOHLI, 0OpalleHHON K
Nnorb30BaTerio, BEPXHSIS MOANOXKa Mo-
KpbITa aHTWGNUKOBLIM CIIOEM U CIOEM,
obecrneurBalLLYM YCTOWYMBOCTL CEHCOP-

Hensix mMoryt 6biTb

VICMOMNb30BaHbl pas-
NNYHBIE m3mnuec-

e MainapoBoe nokpbiTue
.~ MpoapaqHoe nNpoBoasiLiee NoKpLITUe

kue adpchekThl, 0Gec-
neyvBawuwune

100000000 <«— Cnelicepbl

CEHCOPHYHO YYBCTBY-
TenbHOCTb. [JloMuHK-
pytoT, IMaBHbIM 06-
|pasoM, ABE TEXHOIO-
MK, OCHOBaHHbIE Ha

Puc. 2. KOHCTpyKLMsi CEHCOPHOW NaHenu

"\ MpospauHoe npoBoasiilee NoKpbITue
CTeKnsHHasA NoaoxKa

PE3NCTUBHON N eM-
KOCTHOW 4vyBCTBUTENbHOCTH. ECTb M Opy-
rvie crocobbl, TaKKe NPYMEHsIEMEIE B Npak-
TUYECKUX KOHCTPYKUMUSAX CEHCOPHLIX
naHeriel, OCHOBaHHBIE HAa UCTONb30BaHUU
WK-ckanvpoBanus (matpuua VK-ceetogn-
0f0B 1 HOTONPUEMHUKOR), YIETPa3ByKOBO-
ro CKAHVPOBaHUS! U 3NEKTPOMarHUTHBIX 3¢h-
dhekToB. OgHaKo, NO CPaBHEHWIO CO BCEMM
ocTanbHBIMY TUNamy, PE3UCTUBHEIE U €M-
KOCTHBIE MaHerm oGecrieqmBatcT ropasgo
MEHBLLIYIO CTOMMOCTb U NyHLlee paspeLue-
HVeE.

Mcnonb3oBaHue peancTuBHON TEXHONO-
MM UMEET HEKOTOPLIE NPEVMYLLIECTBA IO
CPaBHEHWIO C EMKOCTHOW, NOCKOIbKY Mo-
3BONSIET MNonb3oBartento paborars B pe-
3VHOBbIX NepYaTKax.

Criepgyet OTMETUTD, YTO U Y APYTUX CEH-
COPHLIX TEXHOMNOIMMIN €CTb CBOU MPEVMYy-
wecrea. Hanpymep, ANCKPETHBIN CEHCOp-
HbIlA 9KpaH, OCHOBaHHLIN Ha K-ckaHmpo-
BaHUW, NO3BONSIET NMONyunTb OUKCaLMI0
KOOPAVHAT KacaHusi 40 MPYKOCHOBEHWS (U

HOW NaHemnm K LapanvHam, a Takke K BO3-
OENCTBUIO pasrnyHbiX XUMUYECKUX Be-
wecTB. PaGouuin 3a3op, M30NUpyOLLKIA
MPOBOASILLME CIOV NOANOXKEK APYT OT ApY-
ra, 3afaercs ¢ NOMOLLbI0 NMPO3payHbIX
CcrericepoB, VMELUX, Kak NpaBuIo,
chepurueckyio popmy. B kauectBe marte-
pvana ansi cnecepoB WCMNONb3yeTcsi
CTEKNOo (KanubpoBaHHLIE CTEKMSHHbIE
LLIAPVKKW) UMW e CrieLnarbHbBIi MNacTyk.
Cnericepbl MOryT ObITb HaHECEHBI MNO-
CpeACTBOM pasnUuyHbiX TEXHONOIWN, B
yacTHOCTK wenkorpacdun. NaegecteH un
Jpyroi cnoco6 co3naHusi U3onmpyoLLero
3a30pa — NOCPeACTBOM CEIEKTUBHOIO
BbITPaBNMBaHUS CTONOUKOB-CNENCcepoB
Ha BHYTPEHHEN NOBEPXHOCTY CTEKNSIHHOM
NOANOXKW MONUPYIOLLUM TPaBUTENEM.
Crericeptl OMKHBI ObITb HAHECEHHBI HA
MNOBEPXHOCTb HUXHEW MOAMOXKKN PaBHO-
MEpPHO, ¢ warom 1...20 mm. Tononormnyec-
KU crnericepbl 06pa3yloT CETHaATHIN pyCy-
HOK. B ngeane oHu He gorxHbl GbITL



OCHOBbI CXEMOTEXHUKMHN

3aMEeTHHI, TOINBKO NPV PacCMOTPEHUN MNo-
BEPXHOCTM CEHCOPHOIO 3KpaHa rnog on-
peneneHHbIM yrnoMm MoXeT ObiTb 3ame-
TEH €4Ba PasNUuUUMBIN CETYaTBLIN Y30p.
BenwunHa 3a3opa Kak v war CeTku cnem-
CEpOB, MOXET BapbUPOBATLCH B LUMPO-
KVX npegenax v BbibupaeTcsi KOHKpPEeT-
HBIM NPUITOXEHWEM CEHCOPHOWM NaHernm.
MexaHnyeckn BepxHsisi NneHka 3KBYBa-
JIEHTHa CUCTEME AUCKPETHBIX MUKpOoba-
NokK, 06pa3oBaHHBIX CENMEHTaMM MIeH-
K1, onuparLwrMmncst Ha cnevicepsl. [pun
HaXKaTWW Ha BEPXHIOK MNIEHKY MPOUCXO-
OWT NoKanbHBI NporMGé MukpoGanku u
3aMbIKaHWe OBYX MPOBOASILLMX CrOEB.
CeHcopHas YyBCTBUTENBHOCTE — MWUHU-
MarbHOE JaBreHUe HaxaTusi, NpU KOTo-
POM NMPOUCXOOUT 3aMblKaHUe CIoeB, —
3aBUCUT OT BENWHYUHEI 3a30pa Mexay
noanoXkamu, TOMNWWHBI BEPXHEN MIeH-
KM U Wara cnemncepoe.

ﬂMCerTHbIe U aHanoroBble TUNbI
CEeHCOPHObIX naHenemn

B camom npocTom BapuaHTe CEHCop-
HYI0 NMaHerb MOXHO OpPraHu30BaThb Kak
MaTpuyHyto knaevartypy (puc. 3). Tonono-
Vsl ANEKTPOAOB BEPXHEN W HKHEW NOA-
JIOXKW B STOM Clly4ae aHarnormyHa Toro-
oMM NNeHOYHOW KnaBuaTtypel. Takue
CEHCOPHLIE NaHeNY MOXHO UCTONb30BaTb
B Ka4ecTBe yCTPOWCTBa BBOAA UHOpMa-
LMK B COYETAHMU KaK C MATPUYHBIMU CUM-
BonbHbIMK 2KKW, Tak u ¢ rpadmueckummn
XKK3. Ha akpane KK nnmn XKKO moxHO
opraHu3oBaTb CUCTEMY MEHIO, rge
Norb30BaTernto JOCTAaTOMHO TONbKO BbIG-
pPaTthb HY>XHYIO U3 MPEANOXEHHBIX ONUUIA B
OKHE.

3MeKTPoAbl BEpXHEei NoANoXKM
Y1Y2Y3Y4

il

3NeKTpoAbl HUXXHEeW NOANTOXKA

x1
x2
x3
X4

Puc. 3. Tononorusa ceHCOpHOW HaknagHou
KNaBuaTyphbl

CKaHvpoBaHVie CEHCOPHON KIaBuaTyphbl
OCYLLECTBIIAETCH TOYHO TaK Xe, KaK U cKa-
HUpOBaHKe OGLIYHON KIlaBuatypbl ¢ Mar-
PWHHBIM pa3MeLLEHNEM KOHTaKTOB. Y Tako-
ro TVNna CEHCOPHbLIX NaHerew, KPoMe OQHOIo
JOCTOVHCTBA —MPOCTOTHI, ECTh M HEJOCTAaT-
K GOIbLLIOE YMCITO BHIBOAOB W OrpaHnyeH-
HbIe BO3MOXHOCTM MPU CO34aHUM MOSb30-
BaTenbckoro nHtepderica. K romy e, ans
MoryYeHUsi PUCyHKa SreKTpoaoB TpebyeT-
cs onepaums wenkorpacmm. OgHako B Npo-
CTHIX YCTPOVCTBaX M Takasi CEHCOpHas na-
Henb MoxeT obecneuntb yaoOGHBIN
NONb30BaTENbCKUA HTEpPMENC.

MokasanHyo Ha puc. 4 TONONOIVIO CEH-
COPHOW NaHen MOXXHO OTHECTU K NpoMe-
KYTOYHOMY TUMNY — AVCKPETHO-aHAaINOroBO-
My.

Mo cyTn, aTo aHanoropasi ceHcopHas
naHernb, NOCKONbKY [N MONyYeHnsi KO-
opavHaThH TOUKM KacaHus Tpebyertcsi uc-
none3oBanve AL, Y gaHHom Tononorum
TOMNBKO OHO AOCTOMHCTBO: €€ NprYMeHe-

Mpu M3roToBrNEHNN COBPEMEHHLIX aHa-
JIOrOBbIX PE3VCTUBHLIX NaHenen He Tpe-
6yeTcs ncrnonb3oBaHue onepaumin oTo-
nvrorpachrm 1 TpaBreHust Mo NPoBoasiLLe-
My CIot0.

TuUnbl TONONOrMYECKNX CXEeM aHa-
NOroBbIX CEHCOPHbIX naHenen
CyLLeCTByIOT ABE TOMONOMMYECKNE CXe-

Mbl, MO KOTOPLIM pe-
anuayloTcs aHarnoro-

X1

Bbl€ CEHCOpPHbIE
naHenn. 4Yetbipex-
npoBogHass U NATU-

X2 Y1

pesucTBHas rpebeHka Ha membpaHe |]

npoBoaHas (pwvic. 5).
— 311 AgBa TMNa nave-

Ten pasnuuaroTcst He

TONbKO 4YUCITOM CO-

€VHUTEIbHbLIX NpPOo-

BOAOB, UCNonb3ye-

MbIX MPY CKAHUPOBa-

HUN, HO U KOHCTPYK-

upen, a Takke anro-
PUTMOM MONyYeHUs]
koopavHar. Ha puc. 6
NoKa3aHbl KOHCTPYK-

LN 3TUX TUNOB CEH-

COPHbIX PEe3NCTUB-

HbIX NaHeNen.

I Yerblpexnpo-

pe3ecTuBHas rpeGeHKa Ha noanoxke

BOAHaA cxemMa

] B ueTbipexnpo-

naHenn

Puc. 4. BapuaHT peanusauum TONONorMm 3neKTpoaoB CEHCOPHON

BOAHOW KOHCTPYKLMY
L 1Y2 VCNONb3yTCA OBE

PaBHO3HAYHBIX MPO-
BOASILLYX MOBEPXHO-

HVEe MO3BONSeT CHU3NTL TpeboBaHue K
OAHOPOAHOCTU COMNMPOTUBIEHNS NPOBOAST-
wen nneHkn. Hegocrartok 3akniovaercs
B TOM, 4TO HeoGxoaumMo NpoBoanTh Ho-
TonuTorpaduvio U TpaeneHne pUCyHKa
3MNEeKTPOoAOB ANSA Kaxaown noanoxku. B
HacTosILee BpeMs TAKOM TUIM MpaKTUyec-
KW HE UCTOSNb3YETCsl, MOCKOIbKY €CTh IMO-
CTaBLUVKN TOTOBbIX CTEKMSAHHBIX MOAno-
XKEK, a TaKKe NMEeHOK C HaHEeCEHHbLIM
cnoem ITO, oGnagaoLlmx BEICOKOW NK-
HENHOCTBIO COMPOTUBIIEHUS!, MO pasyM-
Hom ueHe. K Takum hpmpmam oTHOCKTCS,
Hanpumep, Asahi Glass Co., koTopasi
SIBMNSIETCH KPYNHENLLMM B MUPE NoCTaB-
LLMKOM CTEKSIHHLIX NOAMOXEK C HAHECEH-
HbeiM ITO ans GonbLUMHCTBa U3BECTHBIX
npounseogmntenen XK n XKK3. Asahi
Glass siBnsieTcsa yupeguTenem LWHPOKO
n3BecTHOro npouwseogutens XKK-gnenne-
eB — upmbl Optrex.

CTU: ogHa — onpepe-
TNSIIOLLAS MONOXEHUe KooauHaThl Mo ocn X
(=XX), opyrasi —no ocn Y (=Y\+Y). Cka-
HMPOBaHKE NPOU3BOANTCS 3a aee dasbl. B
nepBow hase K 3NeKTpogam NPOBOASILLENO
CINOs NNacTHbl X NpYKIagbiBaeTcs TECTo-
BOE HanpsixeHue (HanpymMep, K aneKkTpoay
—X nogkniodeH noteHuman Gnd, a kK +X —
noteHuman Vref. Npoeogsiwasi noBepx-
HOCTb MoAnoxku Y B gaHHow dase cny-
XUT Ans cbeMa noteHuywana, obpaso-
BaHHOIO WHTErpanbHblM Pe3VCTUBHBIM
Oenutenem B Touke kacaHus. Takmm 006-
pasom, BeIBOAE —X 1 +X B l@aHHOW (hase
SIBNSAIOTCH BBIXOAAaMM, Y K HUM NOOKITIO-
Y€H MCTOYHUK OMNOPHOIO HaNpsiXXeHWs, a
BbiBOAb —Y 1 +Y SABNSIIOTCH BXOAHBIMU
v nogkrioyatotes ko Bxogy AL, B npo-
Lecce aHanoro-undgpoeoro npeobpaszo-
BaHvs B JaHHOW haze nonyvaem Benu-
UMHY, NPONOPLMOHAIBHYIO KOOpAVHaTe
no ocn X. CoOTBETCTBEHHO, BO BTOPOW

Y(+)
(.
[~ "X()
[ ]

— — BepxHuid neBbiii yron
HuxHuii cnoit P Y

BepxHuii npaBiii yron

BepxHssa naHens (ABMXOK)

HwxHwii npaeblii yron

Bepxicron > ;8)

BepxHuii cnok

Puc. 5. Tononoruueckue cxembl 4- (cneea) u 5-NpoBoAgHbIX (CNpaBa) CEHCOPHBIX NaHenen

» HwxHui nesuif yron
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4-nposogHas

5-npoBoHas

Puc. 6. 3kBMBaneHTHbIE CxeMbl 4- U 5-NMPOBOAHBIX PE3UCTUBHBIX CEHCOPHBIX NaHenewn

(aze npov3BoANTCH CUMMETPUYHAS
npoueaypa, v nony4yaeTcs BTOpasi Koop-
avHarta no ocm Y.

Ins nonyyeHus paBHOMEPHOro pac-
npeaeneHnsi NOTEHLUManoB BAOINb NPOBO-
OSILEen NNeHKW, K Topuam KOTOpon npu-
KNaabBaeTCA OMNOPHOE HanpshXeHve,
VICMONb3YIOTCA WYHTVPYIOLLUE MeTannm-
yeckue TopueBbie nonocku (puc. 7). No-
JIOCKV BHINOMNHEHH 13 cepebpa. Ecnv npu-
cMoTpeTbes Gornee BHUMATENbHO K
1300paXkeHNIO CEHCOPHON PE3UCTUBHOM
naHenu Ha puc. 1, To MOXHO 3aMETUTD,
UTO LWWYHTVPYIOLLME MONOCKM 3MEKTOPOA0B
vmeloT chepudeckyio oopmy. ITo caena-
HO Ars1 TOro, YTo6bl KOMNEHCMPOBATL BIW-
sHMe KpaeBoro adhdekra B NNEHOYHOM
vHTerpansHom peancrope. Cceprueckast
hopma 3neKkTpoaoB NO3BOMSIET YMyULLNTD
TNMHENHOCTb pacnpegeneHns noTeHuma-
na B pe3ucTVBHOM crioe B6nuvam rpanui
nneHkn. B GonblMHCTBE CriyvaeB 3T1o
MO3BOISET OTKa3aThCs OT HEOBXOAMMOC-
TV NPOrpaMMHON KOPPEKLIMM KOOpANHAT-
HOWM KapThl PEe3VCTVBHOIO CrOosi.

OCHOBHBIE XapaKTepUCTVKN CEHCOPHBIX
PE3NCTUBHLIX NaHenem:

e IWHEVHOCTb MPOBOASALLENO NOKPLITUS
nognoXxek naHenu — no 97%;

e MPO3PaqHOCTb NaHenm (koadguumeHt
NPONyCKaHusi Ha ANMUHE BOMHbI
550 Hm) — 82...87%;

e yOernbHOe COMNPOTUBMNEHUE NMPOBOAS-
WMX NOKpEITUNA — 325...500 Om/m gns
BepxHer nneHkn n 400...600 Om/m
ONS CTEKISIHHOM MOZN OXKY;

e BenuuuHa nporuba npu Haxatum
(Actuation Travel) — 25...75 mkwm;

e U3HOCOCTOVKOCTb (rapaHTUpOBaHHOE
uncno Haxatuin) — go 30 mnH (y
Bergquist);

e CEHCOpHasi HyBCTBUTENBHOCTb (MUHU-
MarnbHOE yCunue npu HaxaTtum) —
15...500 rp.;

e rapaHTUMHLIN CPOK SKCNyarauum — Ao
5 net (y naHenen dpvpmbl Bergquist).

Ha puc. 8 nokasaH oguH 13 BapyaHToB

NpakTU4Yeckolr peanusauum CEHCOPHOTO

3KpaHa B KapMaHHOM KOMMblOTEpe

Palmtop Il Ha ocHOBEe pe3nCcTUBHON uYe-

THIPEXNPOBOAHON CEHCOPHON MaHenwu, a

Ha puc. 9 — BUA, CHATON NaHenu.

MaTun poBOAOHaA CXemMa

B aTom cxeme yeThIpe BbIBOA4A BCErga
SIBMSIIOTCS| BXOA4AMM, K KOTOPBIM MPUKIa-
OBIBAIOTCS TECTOBLIE HAMNPSPKEHWS, a Nsi-
THIVi BCErga sIBMNsieTCsl BLIXOAOM, C KOTO-
|pOro NpoOu3BOANTCS! CbeM NOTEHLMAIOB,
COOTBETCTBYLLUX KOOpAMHATaM TOYKU
3aMbBIKaHUS NpY kacaHuun. YeTtbipe Bbl-
BOZa COEVHSIIOTCS C YETHIPbMS YITIOBLI-
MW 3MEKTPo4aMMN NMPOBOASILLEN NIEHKU
Ha HWXKHEWN CTEKNAHHOWM NOANOXKE, a Nsi-

Thii BHIBOA MMeeT

BepxHuii crioit

CobpaHHbii
aKpaH

3awmTHOE NoKpbITHE
Juet nonmactepa
MpoBoxsLyee NokpbiTHe
CepebpAHan OKaHTOBKA

KOHTaKT C NMpoBOAs-
wer nnNeHKon Ha
BEPXHEN NOAMNOXKE
CEHCOPHOI MaHenm.
BepxHsist nneHka npn
3aMblKaHUW SBISIET-
Csl SKBUBANEHTOM
nonayHka (wiper) B

GO0

CrexnsHHan
nopnoxka

\>7 CepebpaAHan okaHToBKa
# —— Cneiicepbl

Puc. 7. TexHonorusi c6opky YETbIpEXNPOBOAHON CEHCOPHON
nanenu TouchTek4 cdupmel Micro Touch Systems

An cnoi
nepemMeHHOM pe3uc-
Tope, o6Gpa3oBaH-
HOM HUWXHEWN pe3unc-
TUBHOW NITEHKOWN.
NamepeHne nmeet
aee dasubl. B nepeo
dase norteHuman
Gnd npunoxeH K
anekTpoaam ABYyX
CMEXHBIX  YITIOB

TNMpoBoAALYes NOKpLITIE

CTeknsHHas noanoxxa
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Wittk rnmen ALt den foly aden
Batdschormnon vigrdan Sia durch
das Sevupgefubre fur das nur
emlge Ahnuten

benotigt werden

1 Heben Sle dendl fr
une dorgestellcon

2.Tippens o
Stifrouf In

2
ufghrs

Puc. 8. BHeLLHWIA BUA CEHCOPHOroO 3KpaHa
vecnonbayemoro B Palmtop Il

Puc. 9. CeHcopHasi naHens gnsa Palmtop 1l
(ueTblpexnpoBoaHas cxema)

NneHkn, a onopHoe HanpsixeHne Uref —
K ocTarnbHLIM ABYM 3anekTpogam. B nae-
ane xenarenbHO MONy4YnTb JNIMHENHOE
pacrnpegeneHve noTeHUManoB BOOMNb
NOBEPXHOCTMN MITEHKU OT 3IEKTPOLOB
Uref pno anektpogoB Gnd. B pgerictBu-
TENbHOCTU 3TO HE COBCEM TakK, NOCKOIb-
Ky B JA@HHOW CXeMe ropasgo curbHee,
UeM B YETHIPEXBLIBOOHOWM, NPOSIBMSIIOT-
csl rpaHnyHble adhdekThl. B ntore npu
VCMNOnNb30BaHWM NS TUNPOBOAHON CXEMbI
TpebyeTcs NporpamMmmMHas KOppeKUMs KO-
opaviHart, KoTopasi OCHOBaHa Ha Tabnny-
HOM MeToge. Tabnvua 3awmTa B oTAeNb-
Hom mukpocxeme EEPROM.

AnexcaHgp CamapuH,
samar@zelax.ru

OkonuaHue crnefyem
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O 6unonsspHOM TpaH3UCTOpe
3aMOJIBUM Mbl CJIOBO...

Hem makoezo paduontobumerisi, komopoMy He ripuxodurnoce pabomame ¢

mpaH3ucmopamu. A 4acmo fiu Mbl 3a0yMbIeaeMcs Ha0 0CObeHHOCMSAMU UX
ucrionb3oeaHus? Mamepuan daHHol cmambU, NOOKPErneHHbI rpoeedeH-
HBIMU @8ImopoM Orikimamu, NMo360IUM HaqyUuHaKWUM 31IEKMPOHWUKaM pac-

wiupumse ceoli Kpy2030p.

VNONSIPHBIN TPaH3MCTOP — OCHOBHOM

YCUINUTENBHBIV 3MEMEHT B 3IEKTPOH-

HbIX YCTPOWCTBax — WMEET OAuH
OuYeHb BaXKHBIN NapameTp, onpeaensitoLLmn
€ro (hyHKUMOHAIbHOE HazHa4eHre, 0cobeH-
HO Npu paboTe Ha MNOCTOAIHHOM TOKe. JTOT
napameTp — KO3 hULMEHT Nepeaayn nnm
K03 DULIMEHT yeuneHust no Toky (B). OH
MOKAa3LIBAET, BO CKONbKO pa3 M3MeHeHue
TOKa 6a3bl MEHbLLE BbI3BAHHOTO MM U3Me-
HeHus1 Toka kornekropa. [Npu pelenun
NpakTMyYeckmx 3aa4 U Bbibope pexuMoB
paboTbl TPaH3UCTOPOB MO NOCTOSIHHOMY
TOKY HacTo TPeBYETCsi NPaBUIbHO W HAJEX-
HO COITIAacoBaTb TPaH3UCTOPHbIE Kackaabl
Mexay cobon.

PaccmoTpum aT10T BONPOC € NpakTnyec-
KOW TOUKM 3permsi. [1ns npyMeHeHust TpaH-
31CTOpPa B KOHKPETHOM 3IEKTPOHHOM Y3rie
Heo6X0oaAVMO NO 3NEKTPUYECKMM NapaMeT-
pam BbiGpatk ero Tun. OH onpeaensiercsi
pexnMoM paboTbl NPOEKTUPYEMOTO Kac-
kaga. B kauecTBe OCHOBHOIO Npeamera
paccMoTPUM TakoW NapameTp, Kak Koad-
ULMEHT Nepeaayqn Toka TpaHaucTopa.

O6bIuHO Noabop TpaH3ncTopa HaunHa-
€TCSl C ero novicka rno TpedyemMomy Koad-
duumenTy younenust hyyo, B vnmn B —
TakK 4acTo Ha3bIBalOT CTAaTUYECKUI KO-
UUMEHT Nepeayn Toka TpaH3ncTopa B
cxeme ¢ o6wmm ammtTepom (0O3), a B
6onee OTBETCTBEHHBIX CIyqasix HeObXo-
Anmo namepute h, 4 nogobpaHHoro Tpakx-
3ucTopa. JTo caenarb HECIIOKHO, HO Crie-
DyeT yyecTb HekoTopble ocobeHHocTu. C
NOMOLWbLID LUDPOBOIro MynsTUMeTpa
(LIMM) ¢ dyHKumner nsmepenms h,yo on-
pesenum KoaMULMEHT nepegayumn Toka
OByX TpaHauctopos Tvna KT3150 -1 n Il
MNamepenus ¢ nomowsio LIMM tTnna M838
nokasblBaloT, uto y Tpanancropa | hyyq =
19, a y Tpanauctopa Il h,,5 = 12. Takne
3HavYeHnsa koaddruneHTa ycuneHums
OueHb Marnbl U B BONbLUMHCTBE CryyaeB
He npyemMnembl. Bkriounm Te xe TpaHau-
cTopbl No cxeme JapnuHriona. U3 nute-
patypbl Mo 3MEKTPOHMKE U3BECTHO, YTO
COCTaBHOWN TPaH3NCTOP MMeET OOLLMIA KO-
acdhrumMeHT yenenusi, paBHbIM NPOU3Be-
OEHNIO KO DULMEHTOB Nepegaymn oT-
OenbHbIX TPaH3UCTOPOB:

hyq5 (IH1) = hy5 (1)-hyy5 (ID).

Takmm 06pa3oM, NpU BKIKOHEHUN TEX XKe
TPaH3UCTOPOR Mo cxeme [apnMHrToHa ko-
achHULMEHT yeuneHvst OormxkeH ObITb pa-
BeH 19-12 = 228. lNpoBepsisi aTo yTBEPXK-
JEeHWe ¢ NoMOLLbIO NpUGopa, Mbl MOINyYnM
3HaueHve 870. Ha Bcsikui crniyyarn nome-

HSIEM TPAH3UCTOPbLI MECTAMU W CHOBA U3-
mepum h,,4. B pesynerare nonyunm apy-
ryio BENUUWHY, paBHyto 734. Kakoe xe uns
3TUX 3HAYEHUIN NpaBUIbHOE?

MaBHbIV NpUHUMN paboTel B 3NEKTPo-
HUKE: €CMNW HErNMOHATHO — Hapo pasob-
patbces. Nonpobyem pasobpartbes ¢ aTu-
MU pesynetaramu. Haunem ¢ yTouHeHus
pexuma namepeHus npnbopa M838
(punc. 1). Kak Beisichunocs, h,,, nameps-
€TCs1 C NOCTOsIHHBIM 6230BEIM TOKOM PaB-
Hbeim 10 mkA. CnegoBarenbHo, Ha MHAWN-
katope npubopa BbICBEYMBAETCS
UMCIEHHOE 3HaYeHWe MpPONopLUOHAarb-
Hoe Toky komnnektopa (hy,; =
I/lg). B cnyyae ¢ nposepsieMbIMK TpaH-
anctopamm 310 190 n 120 MKA cooTBeT-
CTBEHHO. [1aHHble MO NEPBOMY 3KCrepu-
MEHTY cBeAeHbl B Tabn. 1. [1ns cpaBHeHnst

h213 | |
KT315 (b, I, E)
]

120

Uks=10B
100 i

KT315 (A, B, 1)

80

80

40

0 20 40 60 80
Puc. 2

Ia, MA

h213 T
Uks=10B

140

/,\\KT361 (B, T, E)
/ \\_
80 Q(A, B, [)

60

120

100

S~

0 20 40 60 80
Puc. 3

Ia, MA

e y TpaHauctopa IV tuna KT361l" h,,
COOTBETCTBYET CMPaBOYHbIM AAHHBIM;

e npeaplaylime BbIBOABI HENb3S CUU-
M-838 TaTb NPaBUIbHBIMY, T. K. pasnuyaroT-
- CSl pEXXUMBI OMpeaerneHsi napamerpa.
|:|:|:|:| LercTBnTenbHO, NpY N3MEPEHUN MPKU-
6opom M838 Tok KonnekTopa npeBbILLa-
OB eT 1 MA TONMbBKO B Criyyae € NocrneaHum
VT TpanaucTopom (V) Tuna KT361TI.
—O K Hanee paccmoTtpum Goree getanbHyro
i VHOpMaLMIO, CBA3aHHYIO € Koadhdurum-
L I €HTOM Nnepeaayy Toka TPaH3ncTopa B CXe-
l==10MKA 09 me ¢ O3. Ha puc. 2 n 3 nokasaHbl 3aBu-
6= 1UM CYMOCTU CTaTu4eckoro koadpdurumneHTa
Puc. 1 nepeaayn Toka oT Toka aMuTTepa, rnocr-
POEHHbIE MO U3MEPEHHBIM C MOMOLLBIO
Tabnuua 1
Tvn Tok konnex;
Ne npaHau- ho1a Topa, MA [aHHble n3 cnpaBoYHUKA
obpasua cTopa (v3mep.) h
219 Pexum namepeHnin
| 19 0,19 k=1 mA
KT3151 20—90
] 12 0,12 Ug=10B
] 70 0,7 k=1 mA
KT361I
v 156 1,56 50—350 Ue=10B
\Y KT361E 20 0,9
aHanoryyHble navepeHns Ouinv Npoeeae-
HbI € TpanavcTopammy KT3611 gpyroro tvna B5-44
nposogumocTy. Takxe B Tabnuy aobae- PA
JIEHbI CNPaBOYHLIE JAHHBIE M0 3TUM TUMaMm Q L o
TPaH3NCTOPOB. +
Mo pesynbrataMm nNepBbIX U3MEpPEHUn f
MOXHO CAenarb HECKOMNbKO BLIBOAOB OT- "‘
HOCUTENBHO 3HadeHus h,, — \ 2 | _
e y TpanaucTtopos | v Il Tuna KT3154 n Ig K
Tpananctopa lll Tuna KT361I" 3nave-
Hue h, . He coOTBETCTBYET CNPaBoy-  |pc 4

HbIM Al@aHHbIM;
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cneumnansHoro npubopa aHaveHusm [1].
M3 Hux BMAHO, UTO KO3 PMLMEHT yenne-
HWS1 PEe3KO Mnagaer npy ToKax MeHblue
1 mA. JkCcneprmeHTanbHO € MNOMOLLBIO
NPOCTON U3MEPUTENBLHOM CXEMbI, NOKa-
3aHHOW Ha puc. 4, CHIMEM aHaNorN4YHyLo
3aBUCMMOCTb OISl TPaH3UCTOPOB U3
Tabn. 1 (puc. 5, 6). MakcumansHoe 3Ha-
uenne h,,, cooTBeTCTBYET TOKY KOMnek-
TOpa, NPUMepPHO paBHomy 20 MA.
AHanu3anpysi paccCMOTPEHHLIE MaTepu-
ankel, caenaem BbIBOAbI:
Tpanauctopbl KT315 n KT361 Boirog-
HO MCMOMNb30BaTb MNPU TOKE OKONO
20 vA;
npun pabounx Tokax meHowe 1...5 MA
3HaueHue h,,, pesko napaet n adhdek-
TUBHOCTb paboThl TPaH3UCTOpa CHU-
KaeTcsl.
CoeavHeHre napbl TPaH3UCTOPOB MO
cxeme [lapnvHrToHa (pvc. 7) npyeBoguT K
TOMY, 4TO y TpaH3ncTopa VT2 aHaunTenb-
HO MEHbLUMI pabounii TOK, T. K. TOK 6a3bl
I, AIBNSAETCSA TOKOM KOMNEeKTopa TpaHan-
ctopaVT1.oatomy OHB By (MnnBh,,5)
pa3 MeHbLLE TOKa COCTABHOIO TPaH3UCTO-
pa. CnepoeaTtenbHo, paboyas Touka VT2

24

ratb paboTbl
TPpaH3UCTopa NMpy U3MEHSIOLLEMCH B LUKW-
POKUX Npeaenax Toke Konnekropa (3MuT-
Tepa), T. K. N3-3a HENUHEHOW 3aBUCKHMOC-
™ hy5 =(l5) cvnbHO Bo3pacTaeT 6a30BbIN
TOK.

Mpw pabote TpaHaucTopa B

HaxoAUTCs B CaMOM Havarne )
250 xapakrepnctuknh,, o = (1),
rae senvumnHa hyy5 Mana. K
HecoorBetcTBUE pesynb-
E 200 e TaTOB U3MEpPeHwid, NpoBe- 1|K2
g / \ OEHHbIX ¢ nomMoubio M838, |B1
2 0b6bsICHsIeTCA pasHbBIMM
c 3HAYEHUSIMU KOSIEKTOp- —_—
£ 130 o KT3150 () | HbIX TOKOB TPaH3MCTOPOB B B2 T2 9
s — o _KT31501 (I) cxeme HapnuvHrtona. lNpu P, 7
58 o~ mamepeHum lg, coctaemn ue.
& 2100 17 ‘1\1 10 MKA, a ToK Ig,, cooTBET-
8 o, cTBeHHO, B h,,5 pa3 6onb-  NpYBEAeHbl rpagovkn N3MeHeHus craru-
,: h2S - we, T. . 0,19 MA (cm. Tabn. veckoro koadduumneHTa nepegaqn Toka
s 50 S~ 1). Ons BTOporo TpaHaucto-  Ans Tpanauctopoe Tvna KT315, a Ha pwc.
§ Te~—— - pa, cornacHo nokasavusam 9 — ansa Tpansuctopoe Tuna KT361. fdo-
E ~a Ha pucnnee, ToK I, = 8,7 MOMHMTENBbHO MpVBEAEHLI rpadvKn Npw
i MA, a peanbHblit K0O3hn-  BKNIOHEHHOM Mexay 6a3ol 1 aMUTTepoM
© o0 LMeHT nepedaun Toka B TpaHsuctopa VT2 pesncrope ConpoTvene-
0 20 40 60 80 100 120 140 160 180 200 aToi pabovelt Touke — 8,7/ Huem 1 kKOm. Takoe coeaMHEHVE YacTo Uc-
Puc. 5 Tok KonnekTopa, MA 0,19 = 46. MNorib3yeTCA B NPaKTUHECKNX CXEMaX.
160 8000
140 H 7000
s F"'ﬂ\n\n\ % /’\o
5 0 —o—KT361I (Vi) S 6000
g \ — - —KT3617(lll B / [
e T 5000
- 100 —e—KT361E §_ /D/D/I:I,
: \ 58 o] g
§ 0 ﬁ- F /:‘/U IIIA‘
] e o~
g 5 (01\*_&__& 2 3000 e
e o0 1~ \ﬁ\\ g 2000 | £ —e—KT315[(I+KT3150() |
- \ a_ : ’ —o— KT3150()+KT3150(1)
g 40 Sag :‘E 1000 - —Mexgy b n3d R=1«k —
g \\ b\ TSl ©
E 20 O A 0 ‘ ‘ ‘ ‘ ‘ ‘
P \‘\._, 0 20 4 60 8 10 120 140 160
© Tok konnekTtopa, MA
0 Puc. 8
0 10 20 30 40 50 60 70 8 90
Tok KonnekTopa, MA
Puc. 6 Cnepyet n3be- AHanus rpacvkoB NOKa3bIBAET, YTO Y

TpaHauctopoB Tvna KT315 (puc. 8) npo-
mexoamr poct h,, 4 ao 5000-7000 npu yee-
nnyeHnn Toka konnektopa go 100 mA,
Janee KpvBasi MOET NOYTY FOPU3OHTaSTb-
HO, T. €. cTabunManpyertcsi. Ay TpaH3ucTo-
poB Tvna KT361 (pvc. 9) ropusoHTanbHbIN

06nacTn MarbIX TOKOB KOJIEK- 4000
TOpa NyuLLe NPUMEHSTTE CrieLy-
anbHble TUMNbl TPaH3UCTOPOB, 3500
npeaHasHaueHHble Ans pato- E /\
Tbl B MMKPOPEXMME, UK COYe- T 3000 \
Tarb UX C NONEBLIMU TPaH3UC- o / i
TOpamu. MpumeHeHne c 2500
COCTABHOIO TPaH3ucTopa u3 z
OBYX GUNOMSIPHBLIX C OAMHAKO- 5 2000 / )q\
BbIM TUIOM MpoBogMMOCTUHe- | § % / / \\
3thekTrBHO. -§ F

Taknm ato, nBKakux pexxm- | ¢ 150
maxkerarernsHo ugonycmmo | s / / \
ﬂpMMeHﬂ;anOCTaBHbIe Tpax- § 1000 f ~
3uctopbl? MpoBeasi HECNOX- S
Hble 3KCNEPUMEHTHI, MOMNPObY- £ 5004 —o—KTSISKTS6
€M OTBETUTL Ha 3TOT BOMPOC. g —2— KT3150+KT361I
CoeayHM OgHOTUMNHBIE TpaH- 0
31cTophI NO cxeme JaprnvHrto- 0 20 20 60 80 100 120
Ha (leC. 7) U CHUMEM 3aBU- Tok KonnekTopa, MA
oumocTn h,e, =f(ly). Hapue. 8 [P1C- 9



OCHOBbI CXEMOTEXHUKMHN

y4YacTOK HabnaaeTcsi NpY TOKE KOIIEK- o
Topa 10...80 mMA (h,,5 = 10000...11000).
Mpuiem y 601X TUMOB TPaH3UCTOPOR NMoA-
KITKOUEHVe peauctopa mexay 6a3on 1 amm-
TEPOM) MPVBOAUT K NageHuo kKoadhhuun- e
eHTa nepegayun Toka. [lns TpaH3uCTOpOB
KT361 atoT achhekT BuipaxkeH bornee pes- o
Ko (ymeHbLleHne o 4000). Bmecte ¢ Tem
BBEeJEHVe pe3ncTopa B cxemMy [aprvHrmo-
Ha Ha TpaHaucTopax KT361 npyeogut kK ne-
pewvelleHmnio ctabuneHoro yuactka h,, B

coeauHeHue TPaH3WCTOPOB Tuna
KT315 n KT361 no cxeme coctaBHOro
He obecrneuvBaeT ymeHbLLeHUsi 6a3o-
BOIO TOK3;

MpU MarnblX KONMEeKTOPHLIX Tokax 06-
wwii h,,., man;

npu paboTe COCTaBHOIO TpaH3ncTopa
BMECTE C U3MEHSIIOLLIMMCS TOKOM KOI-
nektopa mensietcs mh,,,, n Tok 6a3el,
UTO 3aTpyAHSIET pacyeThl peXxnma co-
rMacoBaHus ¢ npegbiaywmmM Kacka-

AnanasoHe TokoB h,,, crabunen, ogHa-
KO, pe3uncTop mexay 6a3oi u aMMTTepoM
VT2 pe3ko yxyflaeT XxapakTepuCcTUKy.
Cxema [apnuvHrtoHa npegnonaraer
coeavHeHVe AByX TPaH3UCTOPOB oavHa-
KOBOrO Tuna npoeoammoctu. OpgHako, yBe-
nnueHue koahduuneHTa nepegaqm Bo3-
MOXHO NyTEM COEAVHEHWS] TPaH3UCTOPOB
C pasHbIMK TUNamu nposoammocTu. Boc-
nonb3yemMcsi UCCNeoBaHHbLIMU paHee
Tpanauctopamm (KT315 n KT361), coequ-

obnactb TokoB 60...80 MA.
Ananuaupys rpacvkv Ha puc. 8 n 9,
Jenaem criegyowme BelBOAbI:

aom.

B cnyuae ¢ tpananctopom KT361 cu-
Tyaumsi HECKONBKO MyyLue: B HeGOonbLoM

HUM KX MO CXeMe COCTaBHOIO TPaH3NCTo-
pa 1 CHUMEM 3KCTIEPUMEHTATNLHYIO 3aBU-
cumocTb h,,4 =1(15). B kauecTse nepeoro

Tpanavctopa (VT1) npumennm KT315, a
BToporo (VT2) —KT361. Bcneacreue ato-

ro pe3yrnsTUPYHOLLMIA (COCTABHOW) TPaH3u-
ctop 6yget n-p-n Tvna. Mo cpaBHeHUIO ©

A=A NpUMEPOM, PACCMOTPEHHBIM PaHee, OH

MMEET NMPEeNMYLLECTBO: HanpskeHne
Ugs = 0,7 B. Y cxembl [lapnvHrroHa Ha

TpaH3ncTopax OgHOro TuNna NPoBoANMO-
ctn Uy, = 1,4 B. Ma rpacprkos, npyBegeH-
HbIX Ha puc. 10, BUAHO, YTO APYyroro npe-

—e—nMexagy Bu3 R=1«k

12000
A — A\\
S ~
10000 __x_-;X"x"'_""-."'x'~.
x)é'_ ..x .
xX* e
8000 Lo = X
A .\...\
6000 | —-a-—KTIBITQVKTIBIQ e
o coex -« KT3BIT(HKT3BINAV)  veee

VIMYLLIECTBA y TakoW cxembl HeT. CrnbHas
HENUHENHOCTb 3HAUUTENBHO YCIIOXHSAET
NpUMEHEHNE TaKoro COEANHEHNS TPaH3u-

CTOPOB B IMHEMHBIX CXeMaX 1 0COBEHHO
B YCUINUTENbHBIX UIM KITIOHYEBbIX Kackaaax

2000

CraTnyecknin koadhhuLUMeHT nepenaymn
0

Npy M3MEHEHVN KOMMEKTOPHOIO TOKa B
LUMPOKMX Mpeaenax.
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(OxkoHuaHue. Hayano — Ne 6/2001)

Pa3 LLaXoK,

ABa LLUaXOK...

Ouarpammel, guarpamMmbl, a 1 Ma-
NeHbLKUIA TaKoMl...

CyliecTByeT HECKONbKO cnocoboB yri-
paBneHus chazamy LWaroBoro ABurarerisi.

MepBhIit cnocob obecrneumBaeTcs none-
pemMeHHON kKoMMyTaumen ¢has, npy 3Tom
OHU HE NEPEKPLIBAIOTCH, B OAUH MOMEHT
BpPEMEHU BKIIOYEHA TOMNbKO ofHa ¢hasa
(pvic. 8, a). I1oT cnocob HaseiBaloT “one
phase on full step” nnn “wave drive mode”.
Toqkn paBHOBECUS poTOpa A5 K&XKO0ro
Liara coBrnagatoT ¢ “eCTeCTBEHHbIMW TOY-
KaMK1 paBHOBECKS pOTOpa Y HE3anUTaHHO-
ro aeurartens. Hegocratkom aToro crioco-
6a ynpaeneHusi sIBNsieTcsl TO, 4YTO Ans
GUNonsIPHOTO ABUIaTENs B OAVH W TOT Xe
MOMEHT BpeMeHu ncrnonbayercst 50% o6-
MOTOK, @ 11151 YHUMNOMSIPHOTO — TOINbKO 25%.
3710 03HayaeT, YTO B TAKOM PEXVME He
MOXET ObITb MOITy4€eH MONHbIA MOMEHT.

Bropoii cnocob — ynpaeneHve dasa-
MM C nepekpbiTvem: e asbl BKIIOYe-
Hbl B OJHO U TO e Bpewmsi. Ero HasbiBatoT
“two-phase-on full step” nnm npocro “full
step mode”. MNpu atom cnocobe ynpaene-
HUS1 pOTOP HMKCUPYETCSI B NMPOMEXKYTOY-
HbIX NO3ULMAX MeXay NorncaMm craTto-
pa (puc. 8, 6), u obecneunBaercs
npumMepHo Ha 40% GOrbLUMI MOMEHT, YeMm
B Cry4ae OHOW BKITIOHEHHON (hasbl. ITOT
cnocob ynpaeneHysi o6ecneqrBaeT Takom
Ke yron wara, Kak v nepBbiil cnocob, Ho
NornoXeHne TOYEK PaBHOBECUSI poTopa
CMELLEHO Ha NOMOBUHY Luara.

Tpetuin crocob, korga aBurartens ae-
naeT war B rnonoBvHy OCHOBHOIO, SIBIS-
eTcsi koMOVHaUMen NepBbIX ABYX U Ha3bl-
BaeTcsl MONyLaroBLIM pPeXuMom, “one
and two-phase-on half step”, unu npocto
“half step mode”. 3T1oT merog ynpaene-

HWUS1 JOCTaTOMHO pacnpoCcTpaHeH, TakK Kak
JBVrarernb ¢ MEHbLUUM LLAroM CTOWT [0-
poXe, U O4YeHb 3aMaHuYMBO MOINyuYnUTb OT
100-warosoro gpuratens 200 waroB Ha
oboport. Kaxablili BTOpoi war 3anutaHa
nuwb ofgHa ¢asa, a B ocTarnbHbIX ClyYa-
siX 3anuTaHbl aee (puc. 8, B). B pesynbra-
Te YINOBOE NepeMeLleHne poTopa co-
CTaensieT NONoBWHY yrna wara ans
nepBbIX ABYX Crnoco6oB yrnpaeneHus. Kpo-
Me YMEHbLLEHUS pa3vepa Lwara, 3ToT Cro-
co6 ynpaeneHys NO3BOrsIET YAaCTUYHO U3-
6aBnUTbCH OT SIBMEHWS pe3oHaHca.
MonywaroBei pexmnm o6bIYHO HE MO3BO-
TISIET NOMYYNTh NOMHBINA MOMEHT, XOTS Haw-
6onee coBeplLUeHHbIE OpaliBepbl peanu-
3yI0T MOAVULIMPOBAHHEIN MONYLLArOBLIN
pexum, B KOTOpOM ABurarens obecrneum-
BaeT NpakTU4eCKy MOrHbIl MOMEHT, Npu
3TOM pacceuBaemasi MOLHOCTb He npe-
BbILLAET HOMVHANBHON.

Ewe ogmH cnocob yrnpaeneHns HasbiBa-
€TCSl MUKPOLLArOBbIM PEXVMMOM, WK
“micro stepping mode”. Npn arom cnoco-
6e ynpaeneHusi TOK B hasax Hy>KHO MEHSITb
HebonbLlLMMKM LIaramm, obecneunBas Ta-
kMM obpasom gpobrneHrne NornoBMHHOIO
wara Ha elle MeHblume mukpolary. Kor-
[a OOHOBPEMEHHO BKITKOYEHbI ABE (hasbl,
HO UX TOKV HE paBHBl, TO NOMNMOXEHWE paB-
HOBecwsl poTtopa byfeT nexarb He B cepe-
JVHe wara, a B Apyrom MecTe, onpegernsi-
€MOM COOTHOLLEHMEM TOKOB ¢ha3. MeHsisi
3TO COOTHOLLIEHWE, MOXHO obecneunTb
HEKOTOPOE KONMYECTBO MMKPOLLIATOB BHYT-
py oagHoro wara. Kpome yBenuyeHusi pas-
peLuaroLen crnocoGHOCTU, MUKPOLLAroBbLIN
pexvm MMeeT U apyrve npeuvyLLecTea,
KoTOpble ByayT onvcaHebl HUxe. Bmecte ¢
TEM, AN peanu3auuy MUKPOLLAroBOro

A A

B B

C C

D D
B) i1 peXuM, opnHa ¢asa, 6) i pexum, ABs ¢hazbl,
"one phase on" full step (wave drive mode) "two-phase-on"” full step (full step mode)

A

B

C

D

B) NonyLuaroBkIi pexuM, "one and two-phase-on” half step (half step mode)
Puc. 8. PasannuHele cnocobbl ynpaeneHus hazamu LLaroBoro ABUrarensi
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pexvma Tpebytotes 3HaumTensHo Gonee
CIOXHbIE ApaliBepbl, NO3BONSOLLME 3313~
BaTb TOK B 0OMOTKax ¢ HeoGxoamMmom anc-
KPETHOCTHI0. [MonyLwaroBeil pexum siBns-
€TCs1 YaCTHBIM Cry{aeM MMKPOLLAroBoro
pexvma, Ho oH He Tpebyet dhopMupoBa-
HUs1 CTYNEHYATOrO TOKA NMUTaHWS KaTyLUEK,
Mo3TOMY HacTO pearnnayeTcsi.

Depxu ero!

B nonHowaroBom pexume ¢ OBYyMS
BKJTIOUEHHBIMM (hasamm NornoXXeHUst ToHeK
pPaBHOBECUS! pOTOpa CMELLEHbl Ha Moro-
BUHY wWara. HykHo OTMeTUTb, YTO 3T No-
TIOXEHWs1 pOTOP NMPUHUMAaET npu pabote
JBUrartensi, HO OHWM HEe MOTYT COXPaHsITbCS
rocre BbIKMIoYeHWs Toka 06MOoTOoK. [NoaTto-
My MNPV BKITIOYEHUU U BLIKITIOUEHUN NMUTa-
HUS1 ABWratens potop GyaeT cMeLLaTbest Ha
nonoBWHy wara. [ns Toro 4tobbl OH He
cMeLLarncst Npu ocTaHoBKe, HeoGxoaumo
nogasaTte B OOMOTKM TOK yaepaHusl. 310
cnpaeeavBo 1 ANs NoryLaroBoro v MUK-
poLLaroBoro pexxvmMoB. CrieflyeT OTMETUT,
UYTO €CIN B BbIKITKOYEHHOM COCTOSIHAM PO-
TOp ABWratensi NoBopaYvearncs, To npu
BKITHOYEHUM MUTaHUS BO3MOXHO CMELLEHNE
poropa v Ha 6onbLuylo, YeM MoroBUHA
Liara, BeINMUMHy.

Tok yoepaHusi MOXeT OblTb MeHbLUe
HOMWHANbLHOIO, Tak KakK OT ABUratens ¢
HEMNOABWXHBLIM POTOPOM OObLIYHO He Tpe-
6yeTcs 6onbLioro MomeHTa. OgHako ecTb
NPUMEHEHIs, KOraa B OCTaHOBIEHHOM CO-
CTOSIHUM OBUraTtenb AormkeH oGecnevm-
BaTb NONHLIM MOMEHT, YTO [As1 LIAroBoro
ABuUrartensi BO3MOXHO. 3TO CBOWCTBO Lia-
rOBOro ABUraternsi No3BorsieT B Takux cu-
Tyauusix ob6xoanTbest 663 MEXaHUYECKNX
TOPMO3HbIX cuctem. lMockoneky coBpe-
MEHHbIE ApariBepbl MNO3BONSIOT PETYrNnpo-
BaTb TOK NMTaHus OOMOTOK ABUraTens, 3a-
JaHne HeoOXoaMMOoro Toka yaepKaHus
06bIUHO He NpeacTaBnsieT npotnem. 3a-
fava oOblYHO 3aKMi4aeTcsi B COOTBET-
CTBYIOLLIEN NpOrpamMmMHON noaaepXke ans
YNPaEBNsoLLEro MUKPOKOHTpONnepa.

MonywaroBbiil peXxum

OCHOBHbLIM MPVHLUMINOM paboThl waro-
BOIO ABUratensi sIBNsieTcsl co3gaHve Bpa-
LL2IOLLEerocsl MarHUTHORO Monsi, KOTopoe
3acTaBnsieT poTop NnoBopaumeBaTbcsl. Bpa-
LalLieecss MarHMTHOE Nofe co3gaercst
cTatopom, OOMOTKM KOTOPOIO COOTBET-
CTBYHOLLMM OOpa3oM 3anuTLIBaLOTCH.

Ons gBuratens, y KOTOpoOro 3anutaHa
oaHa obMoTKa, 3aBMCUMOCTL MOMEHTa OT
yrna noBopoTta poTopa OTHOCUTENbHO
TOYKM paBHOBeCHs sIBMsieTcs Npnbnnau-
TENbHO CMHyCOMAANbBHOW. JTa 3aBUCKU-
MOCTb Ans AByXOOMOTOUHOIO ABUraTens,
KoTopbI umeeT N waroe Ha 060poT (yron
wara B pagnaHax S = (2r)/N), nokasaHa
Ha puc. 9. PeanbHo xapakrep 3aBUCU-
MOCTU MOXET OblTb HECKOMNBKO APYIUM,
4TO O6BSCHAETCHA HenmaeanbHOCTbIO
reomeTpum potopa u ctaropa. [Nvukoeoe
3HayeHne MOMEHTa Ha3blBaeTcsl MO-
MEeHTOM yaepxaHus. ®opmMyna, onuckl-
BaloLas 3aBMCMMOCTb MOMEHTA OT yrna
noBopoTa poTopa, UMeeT crneaylLwmi
BUA;
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puc. 10). 31oT chakT v no-
JIOXEH B OCHOBY pearnuaa-
LMK MOMyLLAaroBOro Pexu-
ma. lNukoBoe 3HayeHve

[Ns OAHOW 3anUTaHHOW OOMOTKK

Puc. 9. 3aBrcnmocTs MOMEHTa OT yrna noBopoTa poropa

t MOMeHTa (MOMEHT yaep-
KaHus) npy atom Gyaer B
\/5 pas 6orbLue, Yem Npu

OJHOW 3annTaHHON 006-
MOTKE:

T=—Th-sin((r/2)/S) -®),

rae T — momeHT, Th — MOMEHT yaepxa-
Husl, S — yron wara, ¢ — yron noeopora
potopa.

Ecrnv k poTopy npuroXxuTbe BHELLHWIA
MOMEHT, KOTOPLIN MPEBLILAET MOMEHT
yaepxaHusi, potop npoeepHetcsi. Ecnu
BHELLHUI MOMEHT HE NPEBLILLIAET MOMEH-
Ta yaep»xaHusi, To potop byaeT HaxoanTb-
CSl B paBHOBECWM B Npejenax yrna wara.
HyxHO OoTMETUTb, 4TO Y 06E€CTOHUEHHOTO
JBVrarternsi MOMEHT yaepKaHusi He paBeH
HYIIO BCIeACTBUE AENCTBUS MOCTOAHHBIX
MarHWTOB poTopa. ITOT MOMEHT OBBIYHO
coctaensieT okono 10% mMakcumansHOro
MOMEHTa, 06ecrne"umBaeMoro ABUratenem.

VHorga nenonb3yioT TEPMUHEI “MexaHu-
YECKUI yrorn noBopoTa potopa” n “anekr-
puyeckuii yron nosopota potopa”. Mexa-
HUYECKWI YIon BbIMUCIIAIETCS, NCXOOs U3
TOrO, YTO NOSHLIM 06OPOT poTOpa COCTaB-
nsiet 2n pagnaH. Npu BbIMMCNEHNM 3nek-
TPULECKOTO YIMa NPUHMMAETCH, YTO OfUH
060pOT COOTBETCTBYET OAHOMY Nepuoay
YIMOBOW 3aBUCMMOCTU MOMeHTa. [1ns npu-
BE€OEHHbIX Bbilwe dopmyn @ sensietca
MEeXaHU4eCKMM YITIoM MOBOpoTa poTopa,
a aneKTpuYecKWin yron Ansi ABWrartens,
VIMEIOLLLETO YETHIPE Lara Ha Nepuoae Kpu-
BOV MOMeHTa, paBeH ((n/2)/S)-® wnun
(N-4)-®, rae N — uncrno waroe Ha 060poT.
SnekTpuyeckuii yron dakTu4eckn onpe-
OEnsieT yrorn rnoBopota MarHMTHOO Moris
cTaropa v no3BorsieT CTPOUTL TEOPUID
HE3aBMCKMMO OT umcra waroB Ha obopot
151 KOHKPETHOTO ABUraTensi.

Ecnu 3anutartb 0gHOBPEMEHHO OBE
obmMoTkM aBurartens, To MoMmeHT Gyger
paBeH cymme MOMeEHTOB, obecrieumBae-
MbIX OOMOTKaMM NO OTAENBHOCTM
(pvc. 10). MNpwu aTom, ecrnv Tokn B 06MOT-
Kax OIMHAKOBbI, TO TOYKa MaKCHMyMa MO-
MeHTa OygeT cmelleHa Ha MoNnoBUHY
wara. Ha nonoBuHy wara cmecTuTcs u
TOYka paBHOBecusi potopa (T. € Ha

Th, = 205Th,,

rae Th, — MOMEHT yaepxkaHna npy AByX
3anuTaHHblX obmoTkax, Thy — MOMEHT
yOoep»XaHusi Npu ofHOW 3anuTaHHol 06-
MOTKE. MIMEHHO 3TOT MOMEHT OGLIYHO M
YKa3bIBAETCS B XapaKTEPUCTMKAX LLAroBo-
ro ABurarersi.

BenvumnHa u HanpaeBneHne MarHUTHOro
rornsi NokasaHbl Ha BEKTOPHOM AnarpaMmve
(puc. 11). Ocu X 1Y coBrnagaroT ¢ Hanpae-
TNEeHVSIMW MarHMTHOTO Morisl, CO34aBaeMo-
ro 06MOTKaMU NEPBOI 1 BTOPOI ¢hasbl ABU-
ratens. Korga pgeuratens pabotaert ¢
OAHOW BKINKOHYEHHOW (ha3om, poTop MOXET
3aHumarb nonoxewnms 1, 3, 5, 7. Ecrn
BKIIOYeHb! ABe (haskl, TO POTOP MOXET 3a-
HUMaTb MONoXeHus 2, 4, 6,
8. KTomy xe, B 9TOM pexu-

Crnocobom ycTpaHeHusi konebaHuii Mo-
MeHTa MOXeT ObITb NOAHATE MOMEHTA B
MNONOXEHUSIX C OAHONM BKITFOYEHHOWM (hasom
1 obecrnieveHre Takum 06pa3oM oaMHaAKO-
BOIO MOMEHTa BO BCEX MNONMOXEHWSIX POTO-
pa. 31O JOCTUIaeTcs NyTeM yBeNuyYeHUst
TOKa B 3TUX NOMOXEHUSIX 0 YPOBHS MpW-
MepHO 141% oOT HOMMHanNbHOro. HekoTo-
pule gpavieepbl, Takne kak PBL 3717/2 wn
PBL 3770A dmpmel Ericsson, nmetot no-
rMyeckue Bxoabl Ainst UBMEHEHUs BENUYU-
Hbl Toka. Hy>kHO OTMETUTB, YTO BENUYMHA
141% siIBNsieTCA TEOPETUYECKON, MOITOMY
B NPUINOXEHUSTX, TPEOYIOLLIMX BbICOKOW TOY-
HOCTV NMOAAEPKaHys MOMEHTa, OHa [0m-
»kHa 6bITb NogobpaHa aKCNepUMeEHTaNbLHO
[OJ151 KOHKPETHOTO ABUIaTENsi U KOHKPETHOM
ckopocTu. Nockoneky TOK NogHUMAaeTCs
TOMbKO B T€ MOMEHTbI, KOI4a BKIIOYEHA
oaHa ¢hasa, paccemBaemMasi MOLLHOCTb
paBHa MOLLHOCTU B MONHOLLArOBOM PEXU-
me npu Toke 100% ot HommHaneHoro. Oa-
HaKO Takoe yBenuyeHue Toka Tpebyet 60-
J1e€ BbICOKOTO HaNPSDKEHWS MUTAHWS, YTO
He Bcerzia BO3MOXHO.

Ectb v gpyron nogxoq. Ans ycrpaHe-
HUs koneGaHuii MoMeHTa Npu paboTe ABu-
raternsi B noryLaroBoM pexvme MOXHO

Me Gonblle MOMEHT, Tak
KaK OH MpornopuuoHaneH
OIMHE BEKTOpa Ha pUCYH-

ke. O6a atn meToaa yrnpas-

nenuns obecrnevmBaloT Nor-
HbIM LLar, HO MONIOXEeHUs!
paBHOBeCHs1 poTopa cme-
LeHbl HA MOMNOBUHY LUara.
Ecrm ckombrHmpoBars aga il
3TUX MEeToda U noaarb Ha
0OMOTKM COOTBETCTBYIO-
Lpe nocrneaoBarernbHOCTU
VIMMNYIBCOB, TO MOXHO 3aC-
TaBUTb POTOP MOCIeaoBa-
TENbHO 3aHUMATb MOMOKe-
Hmsa1,2,3,4,5,6,7, 8,410
COOTBETCTBYET NOMNOBUHHO-
My Luary.

TY BKINIOYeHbl ABe ¢askbt,
2 Tok 100%

Puc. 11. BenuunHa v HanpaeneHWe MarHUTHOTO Nons Ans
pasHbIX PEXMMOB NUTaHUA Haa

.. BKniloyeHa ogHa ¢hasa,
.., Tok 100%

8§—

BKMio4eHa ogHa ¢a3a,
7 Tok140%

Mo cpaBHEHWIO € NONHO-
LUIAroBbIM PEXMMOM, MNONYLLArOBbIN PEXUM
vveeT 6oree BbICOKYHO paspeLLatoLLyto Cro-
coBHocTb Ge3 NpuMeHeHKst Gonee JoOpornx
aevratenen. Kpome toro, y gsvrarenen,
paboramux B NnonyLaroBoM pexume
MeHbLLME NPobriemMbl C SIBNIEHWEM PE30HaH-
ca. Pe3oHaHC NpuBOanT NWLLL K YaCTUHHOMN
rnotepe MOMEHTa, YTO OObIMHO HE MeLLaeT
HopMarnbHol pabore NpuBoaa.
Hepocrarkom nonyLuaroBoro peskvma sie-
NSIeTCA AOBONBHO 3HAYM-

MOMEHT yaepXaHus
A7 ABYX OBMOTOK

\V

MOMEHT YAepXaHus
ONA ofHoi 06MOoTKU

TenbHoe konebaHue Mo-
MEHTa OT Warak wary. B tex
MONOXEHWSIX poTopa, Koraa
3anmMTaHa ogHa asa, Mo-
MEHT COCTaBINSET NPUMEp-

AN ABYX 3aNUTaHHBIX OGMOTOK

Puc. 10. 3aBrcrmocTs MOMEHTa OT yrna noBopoTa poropa

HO 70% OT nonHoro, Kkorga
3armmTaHbl gee ¢asbl. OTn
kone6GaHms MoOryT crarb
MPUYUHOIN MOBbLILLEHHbIX
BUOpauunin 1 Wwyma, xoTs
OHU BCE pPaBHO OCTaloTCsl
MEHbLLMMK, |YeM B MOIHO-
LLIArOBOM pPEXMME.

+38

CHWXXaTb TOK B T€ MOMEHTHI, KOIa BKIO-
yeHbl ABe dasbl. [ns nonyyeHws nocro-
SIHHOrO MOMEHTA 3TOT TOK JOIMKEH COCTaB-
nate 70,7% OT HOMUMHaNbHOrO. Takum
obpa3om peanuayeT MonyLaroBbIil pe-
XXMM, HaNprUMep, MUKpocxemMa apaneepa
A3955 cupmbl Allegro.

[ns nonywaroBoro pexwma o4YeHb
BaXKHLIM SIBINSIETCSI NEPEX0 B COCTOSIHNE
C OAHOW BbIKItoYeHHon ason. YT1obbl
3acTaBUTb POTOP MPWHSITH COOTBETCTBY-
IOWee MonoXxeHne, TOK B OTKIMIOYEHHONW
daze gorkeH ObITb yMEHbLUEH A0 Hyns
KaK MOXHO GbicTpee. AnuTensHOCTL cna-
[a ToKa 3aBWCUT OT HaNpshKEHWs1 Ha 06-
MOTKE B TO BPEMS, KOTa OHa TePSIET CBOLO
3anaceHHyto aHepruo. Ecnn 3amMkHyTh B
3TO BPEMs OOMOTKY Ha MCTOYHVK MUTaHWSA,
KOTOpLIV NPEeACTaBNsieT MakCumarnbsHoe
HanpsbkeHue, UMEKOLEeecs B CUCTEME,
obecrnevmBaeTcsl MakCUMarnbHO ObICTPLIN
cnag Toka. [ns nonyyeHusi GuicTporo cna-
[a TokKa npu nmTaHnm obMoTOK gBUrate-
s H-moctom Bce TpaH3nCTopbl AOMKHbI
3aKpLIBaTLCS, NMPU ITOM OOMOTKa Yepes
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AMOAbl OKa3bIBAETCs NOAKIIOYEHHON K UC-
TOYHVKY MuTaHusi. CKOpOCTb cnaja Toka
3HAYNTENBbHO YMEHBLLUWTCS, €CNIM OOWH
TPaH3UCTOP MOCTa OCTaBUTL OTKPLITLIM U
3aKOpOTUTb OOMOTKY Ha TPaH3UCTOP U
Avion. [ns yBenuueHnsi CKopocTu cnaaa
TOKa MNpW yrnpaerieHnn YHUMNONSIPHbIMK
aBuratensivm nogaeneHne BulGpoCoB
3C camovHayKumv nNpegnoyTuTensHeEe
OCYLLECTEMSITE HE AuofgamMu, a BapucTo-
paMn unM komGuHaumer auoaoB U cTa-
OuUnNMTpoHa, KOTOpLIE OrpaHnyaT BeIGpoc
Ha bonblem, HO 6e3onacHoM Ans TpaH-
31CTOPOB YPOBHE.

MukpoluaroBblil peXxum

MukpoLuaroBbIi pexmm obecnevmBaeT-
Cs1 NyTeM Nony4eHust Mons cratopa, Bpa-
warwerocst 6ornee nnaeHo, YeM B NOMHO-
WINu NosnyLIaroBoM pexmnmvax. B pesynesra-
Te o6GecnevmBaloTcsl MEHbLLME BMGpaumn
v npaktudecku bGecwymHas paborta,
BIMNOTb A0 HyNeBow yacTtoThl. K Tomy xe,
MeHbLUMIA yron wara cnocobeH obecne-
unTb Bornee TOUHOE MO3ULMOHVMPOBaHKE.
CyLLecTByeT MHOMO pasnnyHbIX MUKPOLLa-
TOBbIX PEXWMOB, C BENUunHo wara ot 1/3
nonHoro wara go 1/32 v gaxxe MeHblue.
LaroBuivi gBuratens SIBASIETCS] CUHXPOH-
HbIM 3reKTpoaBuratenemM. 310 3HauNT, YTO
MoNoXeHne PaBHOBECUST HEMNOABUXHOIO
poTopa CoBnagaeT ¢ HanpagneHneM mar-
HUTHOroO nons cratopa. MNpw noBoporte
rors cTatopa poTop TOXeE NOBOpaqMBaET-
Csl, CTPEMSICb 3aHsITb HOBOE TMOIOXEHNe
paBHoBecusl. UToObl MONy4unTb Hy>XHOE
HanpaeneHne MarHUTHOrO rMors, Heobxo-
OUMO BbIOpaTh HE TONbKO MNPaBUIbHOE
HanpagerneHre TOKOB B KaTyLLKax, HO U Npa-
BUIbHOE COOTHOLLEHUE 3TUX TOKOB.

Ecnn ogHOBpeMeHHO 3anuTaHbl aBe
OOMOTKM ABUratensi, HO TOKU B 3TUX 06-
MOTKax He paBHbl (pyc. 12), pesynbsTmpy-
WU MOMEHT ByAeT paBHbIM

Th = (al + bl )05,

a TouKa paBHOBECUS! POTOpa CMECTUTCS
B TOUKY

X = (S/(n/2))arctg(b/a),

rae a n b — MOMEeHTHI, co3gaBaemMble nep-
BOI W BTOpOW (hasol COOTBETCTBEHHO,
Th — pesynbTypytowmini MOMEHT yaepka-
HUS1, X — MONOXEHNE PaBHOBECUS pOTOpa
B paguaHax, S — yron wara B paguaHax.
CwmeLLeHre TOYKM paBHOBECKS pOTOpa
rOBOPUT O TOM, YTO POTOP MOXHO 3achUK-
CUpOBaTL B N0GOI NPOV3BONbHOW NO3U-
umn. [N 3TOro Hy>HO NULWLB MPaBUIbHO
YCTaHOBUTb OTHOLLEHWE TOKOB B (ha3sax.
MimeHHO aTOT hakT mcnonb3yercs npu
peanusaumy MUKPOLLAroBOrO pexuma.
Ewle pas Hy>xHO OTMETUTDb, YTO NMpUBE-

JeHHble Bbille hOpPMYyIibl BEPHBI TONBKO
B TOM Clly4ae, €CI1 3aBUCHMOCTb MOMEH-
Ta OT yIma NoBopoTa poTopa CUHYCOU-
JanbHasi, 1 eCry HY ofjHa YacTb MarHuT-
HOW Lienu ABuraTens He HachILLAeTCs.

B npegene, waroBbIn gBUratens MOXeT
paboTaTbh Kak CMHXPOHHBLIV 3MEKTPOABU-
raternb B peXvmMe HeNnpepbIBHOIO Bpalle-
HusA. [ns aTtoro Toku ero ¢as OOrKHbI
ObITb CUHYCOMAANBHBIMY, COBUHYTHIMM
Apyr oTHocuTEnbHO apyra Ha 90°.

Pesynkratom nernonb3oBaHust MUKPOLLIa-
rOBOIO pexvmMa sIBnsietcsi HamHoro 6onee
nnaBHOE BpalleHUe poTopa Ha HU3KUX
vactotax. Ha vacrorax, B 2—3 pasa npe-
BbiLLAIOLWUX COOCTBEHHYIO PE30HAHCHYIO
4acToTy poTopa W Harpy3ku, MUKPOLLAro-
BbIll PEXUM A2€T He3HauUMTENbHBIE MNpe-
VMYLLECTBa MO CPaBHEHUIO C MOJy- UIK
MONHOLIAroBbIM pexnmamu. [prymnHomn
3TOrO SAIBNSETCH OUNBTPYIOLLEE AENCTBUE
VHepUMK poTopa u Harpy3sku. Cucrema ¢
LaroBbIM ABUrarenem paboraet nogobHo
hUnNETPY HKHKX YacToT. B MykpoLuaroBom
pexumMe MOXHO OCYLLECTBMSITb TOJBKO
PasroH 1 TOPMOXEHWE, 8 OCHOBHOE BPEMS
pabotate B nonHowaroBom pexmme. K
TOMY e, ONsl JOCTWXEHWS BbICOKUX CKO-
pocTeli B MUKPOLLAroBOM pexume Tpeby-
€TCS1 04EHBb BLICOKas! HacToTa NOBTOPEHUS
MUKPOLLAroB, KOTOPYIO HE BCEIa MOXET
obecneunTs ynpaensio-
WKW MUKPOKOHTpOINep.

HbIX KOHTPONnepoB. 3TO MNO3BONsAET cae-
narb NPaKTUHeCKN OAMHaKOBOW CTOUMOCTb
06opyaoBaHKs 41151 NONHOLLAroBOro U MyK-
pOLLAroBOIro peXXMMOB.

MHorga MykpoLLaroBbIf peXxum NCnomnb-
3yeTcs Ansi yBENUYEHUs TOUHOCTU Benu-
UMHbI LLara CBepX 3asiBlEHHOW NMpOU3BOo-
ontenem paeuratensi. [lpu  atom
VICMNOMNb3YETCs HOMVMHAIIBEHOE YMCTIO LLIAroB.
nsi NOBLILLEHUS1 TOHHOCTU UCTIONb3YETCs
KOPPEKLYS MOMOXEHVS] poTopa B TOYKax
paBHoBecusi. C aTo Lenbio cHavana CHy-
MaIT XapaKTepUCTUKY 151 KOHKPETHOIO
OBUrartensi, a 3atem, N3MeHsisi COOTHOLLEe-
HUe TOKOB B (hasax, KOppPEKTUPYIOT Moro-
KEHUE poTopa UHOVBUAYAIIbHO Ans KaX-
poro wara. Takol metop Tpebyer
npenBapvTeribHON KanvbpoBkU 1 Aonon-
HUTENBHBIX PECYPCOB YNPaBISOLLEro MVK-
pokoHTponnepa. Kpome Toro, HyxxeH aart-
UMK Ha4YarbHOrO MOMNOXEHUsI poTopa Aris
CUHXPOHU3aLWMKM €0 NoNnoXeHusi ¢ Tabnu-
L&l KOPPEKTUPYIOLLUX KOI(DOULIMEHTOB.

Ha npakTvke npy ocyLLeCTBNEHUN KaXK-
[JOro Lara poTop He cpasy ocTaHaBINVBa-
€TCs1 B HOBOM MOMNOXEHUN PaBHOBECHS, 8
OCYLLECTBNAET 3aryxawwme kornebaHus
BOKPYI NOMNOXeHWs1 paBHoBecusl. Bpemsi
YCTaHORBIEHUS1 32BUCUT OT XapaKTepUCTUK
Harpy3kv 1 oT cxembl gparieepa. Bo mHo-
VX NPUNOXeHUsIX Takve kornebaHus sens-

Ins npepoTBpalleHvs ne- Yron
pexogHbIX MPOLEccoB M A
noTepu LIAroB, NepeKrio-

YEHUs1 PEXMMOB paboThl
asuvrarens (M3 MUKpoLLa-

MNonHOLAaroBLIA peXxum

roBOrO PeXuMa B MOIHO-
LIAroBbIN U T. 1.) Heobxo- —— —
OVMO NMPOW3BOOUTE B TE
MOMEHTbI, KOTAa poTop
HaxoauTCs B NONOXEHWM,

1 war
|

COOTBETCTBYIOLLEM OAHOM

BKIKOYEHHOWM (hase. Heko-
TOpbleE  MWKPOCXEMBbI

OpaiBepOB MMKpOLLAaro-

Mukpowarosbiii pexum 1/32

BOIo pexnmMma MeroT cne-

uMarneHbIi curHars, KoTo-
pbiti MHOpMUpYET O
TaKOM MONOXEHUN POTO-
pa. 3710, Hanpumep, Apar-
Bep A3955 cupmbl

Puc. 13. MNepemelleHnn potopa B NOMHOLIAroBOM U
MVKPOLLAroBOM PexXumax

|
Bpemsi

Allegro.

Bo mMHOrvMx npunoxenusix, rae Tpebyrot-
Cs1l Marble OTHOCUTESBHbIE NEPEMELLEHUS
1 BbICOKasi paspeluaioLas crnocobHOCTb,
MUKPOLLIAroBbIW PEXMM cnocobeH 3amve-
HUTb MEXaH4ECKVI pedykTop. HYacto npo-
CTOTa CUCTEMBbI SIBMSETCH peLluarwLwmm
hakTopoMm, Jaxe ecrniv Nnpu 3ToM NpuaeT-
Csl NpUMEeHUTL ABuratens 6onblumx raba-
putoB. HecmoTps Ha To 4TO gparieep,
o6ecrnevBaloLLMin MUKPOLLIArOBLIV PEXUM,
HaMHOIO CroXHee obbIy-

3 AN

cryyae pasHbIX 3Ha4YeHUi Toka a3

s l’ +38
</

Puc. 12. 3aBrcMMOCTE MOMEHTa OT Yrna NoBopoTa potopa B

HOI0, BCE PaBHO cucTema
MOXeT OkasaTbesi bonee
NPOCTOM M OELLEBON, HYEM
LUAroBLIN ABUrarens nroc
peayktop. CoBpeMeHHbIe
MUKPOKOHTPOIIepb! MHOT-
[a VUMEeKT BCTPOEHHbIE
LIAIN, koTopble MOXHO MC-
nonb30Barb As peanvaa-
UMM MMKPOLLAroBoro pe-
KYMa B3aMeH creumars-
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10TCsl HeXenarensHeiMu. M3baenTbcs or
3TOrO SIBIEHUsI MOXXHO MyTeM UCIMONb30Ba-
HVS1 MMKPOLLIAroBOro pexumMa. Ha puc. 13
rnokasaHbl NepeMeLLeHUsi poTopa Mnpu pa-
60Te B MONHOLLArOBOM Y MUKPOLLArOBOM
pexumax. BugHo, |4To B NONHOLWArOBOM
pexvme HabnogaloTest BeIOPOCH! U Kore-
6aHusi, B TO BPEMS! KaK B MUKPOLLArOBOM
pexvme ux Het. OHaKo U B MMKPOLLIAro-
BOM pexvMe rpacvk NonoxeHuss potopa
oTnMyaeTcsa OT NPSIMOKM NUHUK. 3Ta Nno-
rpeLlwHOCTb OGbSICHAETCS HETOYHOCTBIO
reoMeTpumn Jetanein ABWUratens u MOXeT
ObITb yMEHbLLEHA NPOBEAEHUEM Kanub-
POBKM M MocreayoLeli KoMrneHcauum ny-
TEM KOPPEKTMPOBKM TOKOB (has.

Ha npaktvke cylecTBylOT HEKOTOpbIE
dakTopbl, OrpaHUYMBaIOLLME TOYHOCTb
paboTbl NPYBOAA B MUKPOLLArOBOM PEXU-
me. HekoTophkle 13 HMX OTHOCSTCS K Apan-
BEpy, a8 HEKOTOPbIE — HENOCPEACTBEHHO K
OBVraresno.
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OG6bI4HO NPOV3BOAWTENM LLATOBLIX ABU-
rarenel ykasolBaloT TAKOWM NapamMeTp, Kak
TOYHOCTb LWara. TOYHOCTL Lara ykasbiBa-
eTCsl ANsl NONOXeH paBHOBECUS1 POTO-
pa npu OByX BKIOHYEHHBLIX hasax, TOKW
KOTOPbIX paBHbl. 3TO COOTBETCTBYET MNOM-
HOLLAroBOMY PEeXuMy C MepekpbiTueM
das. [Insa MMKpOLLAroBOro pexmnma, Kor-
ha Tokn ha3 He paBHbl, HUKaKMX JaHHbIX
06BIYHO HE NPVBOAWTCA.

KoHcTpykums HEKOTOPEBIX OBUratenemn
ONTUMW3VPOBaHa A1 HaunyuLen TOHHO-
CTU B MNOMHOLLArOBOM PEXMME W MaKCU-
MasibHOro MOMEHTa yaepxanusi. Cneum-
anbHas doopma 3y6LOB poTopa u cratopa
CNPOEKTUPOBaHA TaK, HYTOOLI B MOINOXEHUN
paBHOBECUS [Ns1 MOJTHOLLATOBOIO PEXU-
Ma MarHWTHbIN NOTOK CUIMBHO BO3pacTar.
310 NpUBOAMT K YXYALEHWIO TOYHOCTU B
MUWKPOLLAroBOM pexxume. Jlyviive pesyrb-
TaThl NO3BONSOT NONY4YNTH ABUIATENW, Y
KOTOPbIX MOMEHT yaepxaHusi B 06ecTo-
YEHHOM COCTOSIHMM MEHbLLE.

MpeanbHuii WwaroBell geuratens npu
nuTaHum Has CMHycouaarnbHBIM U KOCUHY-
covparnbHbIM TOKOM [OMKEH BpaLLaTbCsi C
MNOCTOSIHHOWM CKOPOCTLI0. Y pearnsHOro Aeu-
raressi B TakoM pexxume OyayT Habnoaars-
€51 HeKoTOpble kornebanms ckopocTu. Cesi-
3aHO 3TO C HECTaOUITBHOCTHIO BO3YLLHOIO
3a30pa Mexay rnorncaMu potopa u cra-
TOpa, HaNM4YMeM MarHMTHOIO TIMCTEPE3NCa,
YTO NPVBOANT K MOTPELUHOCTAM BENMUHUHbI
¥ HanpaeleHusi MarHUTHOrO MNosst U T. 4.
MoatoMy NonoxeHusi paBHOBECUSI U MO-
MEHT UMELCT HEKOTOPbIE OTKITOHEHVS. 3TU
OTKITOHEHWSI 3aBUCAT OT MOrPELIHOCTU
cdopmbl 3yGLOB poTopa U cratopa v ot
Marepuvarna MarHUTOnpoOBOAOE.

OTKINOHEHWSI MOXKHO pa3fenuTb Ha ABa
BUA: OTKITOHEHWS] BEMWUYUHBI MarHUTHO-
ro rnoss, KoTopble NPUBOASIT K OTKIIOHE-
HUSIM MOMEHTA yAepXaHnsi B MUKPOLLa-
rOBOM PEXUME, U OTKITOHEHUS HarnpaBrne-
HUS1 MarHWTHOIO MNOMsl, KOTOPbIE NPUBOANAT
K OTKITOHEHUSIM MNOMNOXEHWsI PABHOBECHS.
OTKINOHEHWSI MOMEHTa yAEPXKaHWS B MUK~
poLLaroBoM pexmnme 06bIMHO COCTaBNSIOT
10-30% OT MakcuMmManbHOro0 MOMEHTA.
HyxHO ckasaTb, YTO U B MONMHOLLAroBOM
peXvMe MOMEHT yOEp)XaHUsi MOXET KO-
nebarbca B npegenax 10—-20% Bcrnen-
CTBME WCKAXEHUI reOMeTpumn potopa u
cTaropa.

Ecrv uameputbe nonoxeHusi paBHOBE-
CUsi poTopa Npu BpaLleHUn ABUraTterns rno
4aCcOBOW CTPErKe W NPoTUB Hee, TO Mory-
4aTCs HECKONbKO pasHble pe3ynbraTthl.
OTOT rMcTepesuc CBsi3aH, B MEPBYIO O4e-
peab, C MarHUTHBIM TMCTEPE3NCOM MaTe-
puwana cepageqHuKa, XOTsi CBOW BKIaf, BHO-
cuT 1 Tpenne. MarHmnTHbIN MMcTepesnc
NPVYBOOUT K TOMY, YTO MarHWTHBIA MOTOK
32BWCUT HE TOMbKO OT TOKa OGMOTOK, HO U
OT NpeapiayLuero ero s3Havenwst. MorpeLwu-
HOCTb, CO3J1aBagmast ’MCTEPE3VNCOM MOXKET
ObITb paBHa HECKOMNBKUM MUKpOLLAram.
MoaToMy B BbICOKOTOUHBIX MPUITOXKEHUSIX
npy OBXEHUUN B OOHOM W3 HanpagsreHui
HY>KHO NPOXOAUTD 33 XKENaeMyto Mo3uLmio,
a 3aTeM BO3BpaLLarbCsi Hasag, YTobbl nog-
XO[, K HY>XHOW NO3uuMKn BCEera OCyLLEeCTB-
TNSANCcst B OQHOM HanpagerneHuu.

BrionHe ectecTBeHHO, 4TO NoGoE xe-
TNaeMoe yBENnuUYeHne paspeLualoLei cno-
COBHOCTW HaTankuBaeTCcs Ha Kakue-To
huranueckue orpannyenusi. He crout gy-
MaTb, YTO TOYHOCTb MNO3ULIMOHMPOBAHKS
ans 7,2-rpagycHoro ABUrartensi B MUKpO-
LIArOBOM PEXMME HE yCTynaeT TOHHOCTU
1,8-rpagycHoro gevrarens. [NpenaTcTBu-
€M SBNSATCH cneywwme dusndeckue
orpaHuyeHust:

e HapacTaHve MOMEHTa B 3aBMCUMOCTM
OT yImanoeoporta y 7,2-rpaflycHoro Asw-
rarensi B YeTblpe pasa 6onee nonoroe,
yem y 1,8-rpagycHoro geurarens;
BCrieCTBYE AEWCTBUSI MOMEHTa TPEHUSI
WM MOMEHTa WHEPLMW Harpysku TOu-
HOCTb NO3VLIMOHVPOBaHKS Oy[IET Xy3Ke;

e €Cfu B CUCTEME €CTb TPEHWe, TOu-
HOCTb NO3NLMOHMPOBaHKsA Byaer orpa-
HUYEHAa BCIEeACTBUE MNOSIBIEHVS Mep-
TBBIX 30H,;

e OONBLWKMHCTBO KOMMEPHECKMX [ABUIa-
Tener He oGnagalT NPeUN3noHHON
KOHCTPYKLMEIN U 3aBUCUMOCTb MeXay
MOMEHTOM M YITIOM MOBOPOTa poTopa
He SIBNSIETCA B TOYHOCTU CUHYCOU-
JansHOW, BCNEACTBME 3TOMO 3aBUCU-
MOCTb Mexay ha3on CMHyCoUaansHO-
ro Toka NMUTaHusi U YIMoM NOBOPOTa
Bana 6yaer HenvHeHow. B peaynsra-
Te poTop geurarens 6yger To4UHO Npo-
XOOAMTE MONOXEHWST KaX4oro wara u
ronyLiara, a Mexzay aTUMU NorN OXeHU-
simn OynyT HabnogaTbes OOBONbHO
3HaUUTENbHBIE OTKITOHEHWS.

31 npobnembl Hanboree sIPKO Bblpa-
KEHb! Ans ABUratenen ¢ 6onbwLmMM Korm-
4ecTBOM MorniocoB. CyLLEecTBYIOT OAHaKO
JBUratenmu, ewle Ha arare paspaboTku or-
TUMW3VPOBaHHbIE 1151 paboThl B MUKpOLLa-
roeom pexume. Nonkca potopa u crarto-
pa TakvMx gBuratenell MeHee BblpaXKeHbI
6Gnaropaps ckoleHHol hopme 3y6LOB.

Ewe oamH MCTOUHMK NOrpeLLHoCTeN no-
3ULIMOHUPOBaHWS — 3TO OLUMOKA KBaHTOBa-
Hust LIAT, € noMoLLB10 koToporo chopMmpy-
10TCA TOKM has. [leno B TOM, YTO TOK AOSTKEH
HOpPMMPOBATLCS MO CUHYCOMAANBHOMY 3a-
KOHY, MO3TOMY 5151 MUHMMM3aLMK MOorpeLL-
HOCTM NHEVHbIN LIAI pormkeH nmeTtb no-
BblLLEHHYIO pa3psigHOCTb. CyliecTByioT
creynanuanpoBaHHble AgpavBepbl CO
BCTPOEHHBIM HenvHerHbiM LIAMom, koTto-
pbiii NO3BOMNSAET Cpasy Nony4Yars OTCHETH
hyHkuMK sin. [NpYMepoM MOXET Cry>XUTb
apaneep A3955 cdmpwmbl Allegro, KOTOPLIN
MMEET BCTPOEHHbIN 3-paspsigHbin LIAT,
obecneuvBaloLLui crieayLlme 3HaqueHus!
Toka ¢ha3: 100%, 92,4%, 83,1%, 70,7%,
55,5%, 38,2%, 19,5%, 0%. 310 no3sonsiet
paboTatb B MUKPOLLArOBOM PEXVME C Be-
JNMumHOW wara 1/8, npy 3TOM NOrPeLLHOCTb
YCTAHOBKM TOKa ha3 He MpeBbILaeT 2%.
Kpome Toro, atoT Apaneep MMEET BO3MOX-
HOCTb YINpPaEnsiTb CKOPOCTHIO criafia Toka
0OMOTOK ABMraTensi BO Bpemsi paboThl, YUTO
MO3BONSIET NPOV3BECTU “TOHKYIO NOACTPON-
ky” ApaviBepa nog KOHKPETHLIN OBUraTernb
81 NOryYeHUsi HaVMEHbLLIEN MOrpeLIHOC-
TV NO3ULIMOHVPOBaHWS.

Daxe ecnm LIAIN TouHO cdhopmmpoBan
CHHycoMaarnbHOE OMNOPHOE HanpsbkeHue,
€r0 HYKHO YCUInnTb U NMPEBPaTUTL B CUHY-

covganbHelil Tok o6moTok. MHorve apaii-
BEPbI IMEIOT 3HAHYNTENBHYIO HEMMHENHOCTD
BONM3UN HYMNEBOIo 3HAYEHUs] TOKA, YTO Bbl-
3bIBAET MCKaXKEHUs1 hOPMbI U, KaK cried-
cTBYE, OLWMBKM No3nLMoHVpoBaHus. Ecrin
VICMONb3YIOTCH BLICOKOKAYECTBEHHBIE Apali-
Bepbl, Hanpumep PBM3960 n PBL3771
hmpmbl Ericsson, norpeLuHocTs, CesisaHHast
C OpaliBepOM, HUHTOXHO Mara Mo cpaBHe-
HUIO C NOrPELLHOCTLIO ABUIaTerisi.

VHorga KOHTpornnepsbl WaroBblX ABUra-
Tenen NO3BoNsT KOPPEKTUPOBaTL hop-
My BbIXOOQHOIO curHana nytem gobaene-
HUS UNW BbIYUTAHUSI U3 CHMHYCA €ero
TpeTben rapmorHvkn. OgHako Takasi noga-
CTpoVika AOIKHa NPOV3BOANTLCH MHAVBY-
OyarnbHO NoJ KOHKPETHBIN ABUraTerb, Xa-
PakTepUCTUKM KOTOPOFO OOIDKHbI ObITh
nepen, aTMM U3MepPEHbI.

MN3-3a aTmx orpaHnyeHnin, MUKpoLLaro-
Bblll PEXUM UCIMONb3YETCsl, B OCHOBHOM,
ans obecrneyeHrsi NNaBHOTO BpaLLeHWs
(0cOBEHHO Ha O4EeHb HU3KUX CKOPOCTSIX),
ONs1 YCTpaHeHys1 LyMa U sIBNIEHUsT pe3o-
HaHca. B aTom pexvMe BO3MOXHO Takke
YMEHbLLEHNE BPEMEHW YCTAHOBNEHWS Me-
XaHUYECKOI CUCTEMBI, TaK KaK, B OTINn4me
OT NOMHOLLAIOBOIO PEXUMA, OTCYTCTBYIOT
BbIOpockl u ocunnnsumn. OgHako B Gorb-
LUMHCTBE Cry4aeB A1l OObIYHbIX ABUrarTe-
el Henb3si rapaHTMPOBaTb TOHHOO NO3K-
LIMOHMPOBaHVS B MUKPOLLIArOBOM PEXUME.

CvHycovganeHbelli TOK a3, Kak yxe
6bINo ckazaHo BhiLLe, 06ecrneYVBaeTCst Mpy-
MEHEHVEM CrieumarnbsHbiX gpareepos. He-
KOTOpbl€ U3 HMX, Hanpumep A3955, A3957
cupwmel Allegro, yxxe cogepxut LIAMN n Tpe-
GyeT OT MVMKPOKOHTpOIsiepa ToNbko Lmd-
poBbIX KogoB. [ipyrve aparieephl, TaKve Kak
L6506, L2298 cdupmel SGS-Thomson, Tpe-
GyI0T BHELUHKX OMNOPHBIX HAMPSDKEHUIA CU-
HycouaanbHoW hopMbl, KOTOPLIE OOIMKEH
hopMUPOBaTL MUKPOKOHTPOIIEP C NOMO-
weto LIAlMoB. HyxHo cka3atb, uto crvw-
KOM BOmMbLUOE KONUYECTBO AUCKPETOB CU-
HyCa He MPUBOAWT K NOBbLILLEHUIO TOYHOCTK
MO3VLIMOHMPOBaHWS], TaK KaK Ha4MHAET [10-
MUHUpOBAaTb OLWKMOKA, CBsI3aHHas C He-
VaeanbHOCTLIO reOMETPUM MNONIOCOB [BU-
rarens. Tem Gonee, B aTOM Crlydae OTCYeThI
JOMKHBI CrneaoBaTth ¢ GOMNbLLIOKW YaCTOTON,
4yTO ABNSiETCs npobrnemMon Npu ux Npo-
rpammHoM chopmmpoaHm. [Mpu paboTe Ha
6GOrbLUMX CKOPOCTSX Pa3peLLatoLLyio Cro-
cobHocTb LIAMNOB MOXHO yMeHbLWNTL. Bo-
Jiee Toro, NMpu o4eHb GOrbLLMX CKOPOCTSX
BoobLLe pekomeHayeTcs paboraTts B 06bIH-
HOM TMOSHOLLAroBOM pexume, Tak Kak yr-
paeneHue rapMOHNYECKUM CUTHANOM Tepsi-
eT npevimyLecTsa. lNpovncxoguT aTo Mo ToM
npuyrHe, YTo OOMOTKM OBUratensi npeg-
CTaBnsioT cobOM MHOYKTMBHOCTb, COOTBET-
CTBEHHO Mobasi KOHKPETHAs1 Cxema Jpaii-
Bepa C KOHKPETHBIM HANPSBKEHVEM MUTaHUST
obecrnemBaeT BriornHe onpeaeneHHyo Mak-
CUMarbHy CKOPOCTb HAapacTaHus ToKa.
Moatomy Mpy MOBLILLEHUM YacTOThl op-
Ma TOKa HAa4MHAET OTKITOHSATHCS OT CUHYCO-
MaansHOM U Ha oYeHb BonbLUMX YacToTax
CTaHOBWTCS TPEYIrONbHOW.

NeoHup Pnaguko,
wubblick@yahoo.com
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MukpokoHTponnepbi?

JTO Xe NpPocTo!

AcceMbnep:
OCHOBHbI€ NMOHATUA U NPUEeMb!

WTaK, Mbl O3HaKOMUIMCb C HEKOTOPBIMU N3 KOMaHA MUKPOKOHT-
pornnepa, KOTopbl€ 6bv HEO6XOAMMBI AN HANUMCAHUA NPOrpPaMMbl
cBsazm MK v AUMM. KomaHgbl 3Tm Mbl 3anucanu B COOTBETCTBUM C
TpetoBaHMUAMU, NpeabABNAEMbIMU accembnepom ans x51. [laBan-
Te Tenepb Gonee nogapoGHO NO3HaKOMMMCS C accemMonepoM u Npa-
BuUnamu pabdoTtbl C HUM. B pesyrnbraTte 3TOro 3HakOMCTBa Mbl JOMK-
Hbl 6yAEM OCBOMTB HE TONBKO TO, KaK NUCATL TEKCTHI NpOrpamm, HO
M KaK ux TpaHCcnupOBaTh B KOAbl, 3aHOCUMbIE BNOCeACTBUM B Nna-
MATb nporpamm MK.

Boo6Lie nporpamm-accembnepoB ans x51 u3BeCTHO AOBONBHO
MHOro. BCce OHU cnerka OTnuyaroTes apyr OT gpyra, HO OCHOBHLIE
npaeuna, yCcraHoBneHHbIE Intel ans accemonepo x51, y HUX €4uHbI.
Kcratu, 6onblUMHCTBO 13 HMx DOSoBCKME, MGO OHM Gbinu paspato-
TaHbl eLle B Te BpeMeHa, korga DOS 6e3pazaenbHO rocnoaCcrBoBa-
na B KOMMNbTEPHOM Mupe. KoHeYHO, B nocneaHue net gecatb CTa-
JIM AOCTYNMHBIMU M HECKONbKo Windows-Bepcuin accembnepa ans x51,
HO NPOrPaMMUCTLI — HApOA AOBOSNbHO KOHCEPBATUBHbI, U GOMbLUMH-
CTBO 13 HWX C HEOXOTON NEPEXOAAT Ha HOBLIE MPOrpaMMHbIE MPOAYK-
Tbl. A y>xe MHOro ner ucnonbayrw DOS-accembnep TASM. OH, BO3-
MOXHO, HE CTOSb yA06eH, kak ceexue Windows-accembnepbl, HO npo
HEro A TOYHO 3HAKD, YTO OH HE COAEPKUT OLLMGOK, M MOSTOMY HE FOpHo
KEMNaHueM C HUM paccraBarbes. K Tomy xe MMeHHO nog Hero B 1996
I. MOMM CbIHOM Gbir paspaboTaH xOpOLLMA MPOrpaMMHBIN OTNag4unK
EMF-52, kOTOpbiIin Ony6nmkoBaH B OQHOM 13 NEpBbIX HOMEPOB “Cxe-
MOTEXHUKA” 32 3TOT rof, U B COBOKYNHOCTM 3TW NpOrpamMmbl COCTaB-
JIAKOT XOpOLUMA 1 yAOGHbIN NpOrpaMMHbIN KOMMIEKC, patoTarLmi
6e3 CO0EB HA NHOGOM KOMMBIOTEPE, U TpeGYLLUA MUHUMANBHOIO
KONn4yecTBa pecypCoB.

Mocne Takoro BCTyNneHus nepengem COGCTBEHHO K accemMbne-
py. HauHem ¢ Toro, 4To B TEKCTE NpOrpaMMbl HA accembnepe y Hac
BCerga 6yayT NpuCyTCTBOBATL ABE rpynibl kKomang. OaHa ns Hux —
3TO KOMaHAbl MUKPOKOHTpONNepa, KoTopbie accembnep u Gyaer
TpaHCnNUpOBaTh B kodbl. [lpyras — 310 Tak Ha3blBaEMbIE AUPEKTUBbI
accemMonepa, T. €. KOMaHabl, KOTOpbIE yNpasnsaT paGoTol caMoro
accembnepa.

HauHeMm Mbl CO 3HaKOMCTBa C TpEMS OCHOBHBIMU AUPEKTUBAMU —
ORG, EQU v END. O6pawyato Bale BHUMaHWUE Ha TO, YTO B aCCEM-
onepe TASM nepea BCeEMU AUpEKTUBaMM BCErga CToMT TOUKa, T. €.
Mbl gormkHbl nucars .ORG, .EQU n .END (B gpyrux accembnepax
TOuKa Heobs3arTenbHa).

MepBas n3 gupexktue. ORG, NpeanmceiBaeT accembnepy TpaHec-
NMpOBaTL AYLLUIN BCried 38 HEN ¢pparMeHT NporpamMmbl (U BCKO
nporpamMmmMy) € TOro agpeca, KOTophiii ykasaH nocne cnoea .ORG.
Hanpumep, .ORG 0 03Hauaer, uTo Kog kOManabl, MayLlen Bcnes
32 AVPEKTUBON, AOIMKEH pacrnonararbCs B sHerke NaMmsaTy NporpamMm
¢ HyneBbIM aapecoM. Kak Mbl yxxe roBopunu panslue, MK cemen-
c1Ba x51 Npy BKITKOYEHUM MUTEHWUSA HAYUHAKOT BbINOMNHATL NpOrpam-
My MMEHHO C 3TOM KoManabl. [1o3ToMy O4EBUAHO, YTO AUPEKTVBA
.ORG 0 pomxHa CTosATb nepeg camolr NepBor KOMaHAOoM Halen
nporpamMmb.

Otmerum ganee, 4to ana x51 nepeblie 256 6aUT NnamsaTn Npo-
rpamMm fyuLle He 3aHUMaTb No4 OCHOBHYHO NPOrpamMmMy — B HUX HyX-
HO pacnonaraTtb TaKk HasbIBaeMbl€ NognporpamMmmMbl 06paboTku npe-
pbiBaHWI (06 3TOM Noaxe). Mo3ToMy 06bIYHO Ha4Yano NporpaMmel
OOIMKHO BLIMAAETH CNeayLLUM 06pasoM:

.ORG 0
LJMP START
.ORG 100H
START:

MOV P1,#11111111B

3peck aupektuea .ORG 0 ykasblBaeT acceMbrepy pasMecTuTs Koabl
3anvcaHHON nocrne Hee komanabl LIMP START B suelikax namsatv
nporpamm, HaunHas ¢ agpeca 0. Cama sTa KomaHaa npeanucbisaeT
MUKPOKOHTPONSIEPY NEPENTU K BBINMONMHEHMIO KOMaHAbl, CTOALLEN NOC-
nemerkn START, T. €. MOV P1,#11111111B. MeCTo pacnonoxeHus B
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MamsTV NporpamMm KogoB NocreaHen HaumHaeTes ¢ agpeca 100H (nnm
256 pecatnyHOM), T. K. METKa pacrionoxeHa cpasy 3a aupekmveon .ORG
100H. Bce 310 6Gyaer xOpOLLo BUAHO, KOrga Mbl MO3HAKOMUMCS qyTh
HWXE C NUCTUHIOM MPOrpamMmMbl — TEKCTOBLIM ¢hanrnom, B KOTOpOM ac-
cembrnep NpOCTaBUT psAOM C STMMKM KOMaHAaMU UX Koabl U agpeca
SINEEK NAMATU NpOrpamm, rae 3tu kogbl ByayT pacrnonararscs.

Ewye ogHO 3amMedaHne — METKM (B AaHHOM criyyae START:) npu
HanNUCaHWn NporpamMM Ha accembnepe JOrmKHbLI HAUMHATLCH C nep-
BOW NO3VLMN B CTpOKE, 6€3 Kakmx-nmbo npobenoB nepes UMEHEM
MeTku. Camm KOMaHAbl U HAYMHAKLWKNECH C TOYKU AUPEKTUBLI ac-
cembnepa JOrmKHbI ATK NOCNE OAHOMO UM HECKOINBKUX NPOGEoB.
Ecnu npu HanncaHum nporpamMmbl Bbl ByAETE NCMNOSb30BaTh peaakK-
Top Tuna Turbo Pascal pna DOS, 10 nepea HanMcaHMeM KOMaHabl
VN1 QUPEKTUBbLI HEDKMUTE KnaBuLly Tadynsaummn Tab — OHa nocTtaBuT
nepeg HUMKM 8 NpobenoB. A Korga Bbl, paboTas B 3TOM peakTope,
MOCe HanMCaHWs CTPOKM C KOMaHAO0M HapKMETE KnasuLLly Enter, Kyp-
COp pacronoOXMTCH NoA NEPBbLIM CUMBONOM CTPOYKU, paCronOXeH-
HOW BLILLE, T. €. BBOA 8 NPO6enioB OCYLLECTBUTCS aBTOMaTUHECKN.

Cneaywwasa gupektnea — .END. OHa nHgpOpMUpyeT accemonep
O TOM, 4TO KOMaHZa, CTosALan nepea HeM — NOCNeaHASA B 3TOW Npo-
rpaMMe, 1 YTO Ha 3TOM MECTE HY>XHO 3aBEPLUNTE TPAHCIALMIO Ha-
MUCaHHBLIX KOMaHA B NMOHATHLIE MUKPOKOHTpONNepy Koabl. Mepea
.END Tarcke Hy>HO NOCTaBUTbL OAMH UITM HECKOIBKO Npo6enoB (Mnm
Haxatb Tab).

OueHb NONEesHON ABNAETCA TPETbA U3 pacCMaTpUBaEMbIX ANPEK-
B —.EQU . C Heln Mbl yke BCTpeyanuch B NpeablayLuem pasaene.
BCnoMHuM, Hanpumep, CTpOKy

CS EQU P37
wnu
RD EQU P36

OaHa 13 0CO6EHHOCTEN HALLEro Mo3ra CoOCTOUT B TOM, HTO Mbl O4EHb
Mroxo 3anoMMHaeM HenHOpMaTVBHBIE Hagnuen Tuna P3.6 vunum
0B2H, B TO Bpemsi kak 3anoMHUTbL Hagnueek CS unu RD, siBHO acco-
umupyroLyrocs ¢ curHanom CS nnu RD AL, He npeacTaensieT Tpy-
ga. B camom gene, nonpobyinTe coo6pasuTb Cpasy, KakoMy UMMynb-
Cy COOTBETCTBYHOT nayLme apyr 3a gpyrom komangel CLR P1.5u
SETB P1.5. A Bot ecnu BMmecTo P1.5 nocraeutb ums CONVST, 1o
BOMPOCOB HE BO3HWMKHET. A Ans TOro, 4Tobbl U accembnep noHss, K
KaKOol NMMHUM NOpTa Unu Suerike NaMsaTn Mbl O6pallaemcs, 40 NepBo-
ro ynoMmHanus umeHn CONVST Mbl AOMKHBI pa3MeCTUTb CTPOKY

CONVST EQU P35

OTMeETUM, 4TO B 3TON ANPEKTUBE MMS NEPEMEHHON (B 4aHHOM
cnyyae CONVST) sanuceiBaeTcs, nOA06HO METKE, C CaMOro Haqa-
Jla CTpOkm 6e3 NpeawecTBYOLLMX EMY NMpOGenoB.

Mpu HaNUcaHuM NporpaMmm peKoMeEHAYETCH MCMNONB30BaTh NOAOG-
HbIE CUMBOINMYECKME MMEHA Be34e, rae 3TO BO3MOXHO. [NoMumMo ner-
KOCTU MOHUMaHWS, 3TO AaeT Ham psig AONONHUTENbHBIX YAOOCTB. B
caMOM Jerne, ecnu Bel, K NPUMEPY, MO NpUYMHe yrpOLLEHUs pasBoa-
KW Nnatbl BolHYXaeHbl Gyaete coeauHnTb Bxog AL CONVST He ¢
mvnnen P3.5 MK, a ¢ P3.2, Bam Hy>kHO BygeT Be3ae B TEKCTE BalLIen
nporpamMmMbl 3aMeHuTs P3.5 Ha P3.2. KoneyHo, ecrnv nporpamma yme-
LAaEeTcH Ha OAHOV—ABYX CTpaHULIAX, 3TO HECIOXHO. A ecnu B Npo-
rpamme okorno 2000 CTpOK, u OHa 3aHMMaeT 30 cTpanuu? MNoeepeTe,
HanTn BCE 6e3 UCKIIYEHNA MECTa, rae ynoMmmHaerca P3.5, He npo-
MyCTUB HU OOHOTO U3 HUX, KpaliHe 3aTpyaHUTENBHO. A €Crnn Bbl Sn-
HUKO P3.5 Hapeknu umenem CONVST, 1 B Hauane Balleli nporpam-
Mbl noctaBunm ctpoky CONVST  _[EQU P3.5, TO BaM gOCTaTouHO
3aMeHnTb NuHKK P3.5 Ha P3.2 Tonbko B 3TOM CTpOKE — BCE OCTarb-
Hbl€ 3aMEHbI aCCEMONEpP OCYLLUECTBUT CAMOCTOATENBHO, U MPU 3TOM,
YTO KpalHe BaXXHO, HUYETO HE NpOonyCTUT.

Lanee HaMm HEOOX0AMMO O3HAKOMUTBCH C OAHON OCOGEHHOCTBIO,
npucyLLein MMeHHO accembnepy TASM. [leno B TOM, 4TO 3TOT acCemM-
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6nep BeCbMa yHUBEPCASEH — OH MOXET BbITb aganTnpOBaH A1 O4EHb
MHOIMX TUMOB MUKPOKOHTPONNEPOB. [N GOnbLUMHCTBA U3 HAX NPUH-
LiMMbl NOCTPOEHNSA UX accembnepoB MAEHTUYHBI, Pa3NUYNs 3aKITH0-
YHaKTCA B @apecax JIMHUA NOPTOB, pErMCTpOB, AYEEK ONEpPaTMBHON
namsTu, B kogax KOMaHAa 1 B CNoBax, KOTOpbIMU Mbl ONMUCHIBEEM 3TU
KOMaHAbl (YNOMSHYTHIE CNOBa Ha3bIBAKTCH MHEMOHUKamu MOV,
Harnpumep, MHEMOHUKA KOMaHAbl NEPECHINKU AaHHBIX, U T. A4.). Ang
KaxKaoro Cemencrea MMKpPOKOHTponnepoB y TASM’a ecte Tabnuua,
B KOTOPOW 3aNMCaHbl MHEMOHWKM BCEX UX KOMaHA U Koabl, UM COOT-
BETCTBYIOLUWE, 8 AN TEX CEMENCTB, AN KOTOpbIX 3TW Tabnuubl OT-
CyTCTBYIOT, UX MPU HKENaHUN MOXHO CAENaTh CaMOCTOATENBHO.

Takasa rmbkocte TASM’a nmeet CBOK OGOPOTHYHK CTOPOHY. OH
“He 3HaeT” aapecoB perncTpoB 1 nuHuii nopToB MK cemerictBa x51.
Mostomy B cCaMOM Havane nporpaMmMbl €My HEOBXOAUMO yKasarb
YNOMSIHY ThIE aapeca rnpuy NOMOLLM yKe ONMCaHHOM aAnpekTuBbl .EQU.
B npuHUMNE, 3TO HE Takas Y NpobneMa — HanucaTb 3TOT ¢par-
MEHT HY>XHO NULLb OAHEKAbI, U 38TEM NMEPEHOCUTL €ro U3 OgHOM
nporpaMmel B gpyryto. Korga-1o s a1y pa6ory caenan, u Bce 3Tn
CTpOUKM Bbl HAMAETE B Npeanaraemon BallemMy BHUMaHUIO NpOorpam-
me (¢ann par_adc.obj www.platan.ru/shem). Nonb3aynTtecs ummn
Ha 340pOBbE. A TEX, KOro pasapaxaeT HeoGx0aMMOCTb pasMeLLaThb
nepea TEeKCTOM NporpaMmbl CTpOKK € anpekTmeon .EQU, ycnokorw —
B HOBbIX MK, Hanpumep B AduC8xx, NOABUNNCH AOMONHUTENBHbIE
PErUCTPbl, UMEH KOTOPbIX HE 3HaKT He ToNbko TASM, HO 1 HU OAWH
13 OCTarbHbIX acCemMObnepoB, 32 UCKIKYEHWEM CrneLnanbHO pas-
pa6oranHbix nog 3tm MK. Tak 4yto yeM 6bl Bbl HM NONb30Banuch,
6e3 Nogo6HbIX CTPOK Bbl Bpsa fn O6oraeTech.

Mocne BCero ckasaHHOro Mbl YK€ FoTOBbI K TOMy, YTO6bI Nporpam-
My pacortel MK ¢ AL, npuBegeHHyro B npegbliayllen yactu cra-
Tby, 3ANUCATL C y4ETOM BCEX TpeBoBaHWI accemonepa.

;  TIPOTPAMMA YTEHVSA ALTT AD7880,
. PABOTAEM CIIOPTAMM P1 U P3, CS=P3 7,
; RD=P36, CONVST=P35

FekSe 33
'

R7 EQU 7 /AIPECA PETVICTPOB RO—R7

R6 EQU 6

R5 EQU 5

R4 EQU 4

R3 EQU 3

R2 EQU 2

Rl  EQU 1

RO EQU 0

ACC EQU OECH /AIPEC AKKYMVITATOPA

B EQU (FOH /AIIPEC PETVICTPA B

PSW EQU ODCH /AIPEC PETTICTPA (CJIOBA) COCTOSHNA
SP EQU 8IH /AIIPEC VKASATEJIA CTEKA

DPL EQU 82H ;AIIPEC MJIATIIEY [IOJIOBYHEBL DPTR
DPH EQU 83H ;AIIPEC CTAPLLEI [TOJIOBYHEI DPTR

PO EQU 8C(H /AIPEC PETVICTPA TIOPTA PO

Pl  EQU 9CH /AIPEC PETVICTPA TIOPTA P1

P2 EQU O0ACH /AIPEC PETVICTPA TIOPTA P2

P3 EQU O0BCH /AIPEC PETVICTPA TIOPTA P3

B0O EQU (FCH /AIPECA OTHOEJIBHBIX BMITOB PETTICTPA B

Bl EQU (FIH

B2 EQU (F2H

B3 EQU (F3H

B4 EQU (F4H

B5 EQU (F5H

B6 EQU (F6H

B7 EQU (F7H

ACC(O EQU OECH /AIPECA OTOEJIBHBIX EVITOB AKKYMVITATOPA
ACC1 EQU C(EIH

ACCZ2 EQU (EZ2H

ACC3 EQU OESH

ACC4 EQU OE4H

ACCS5 EQU OESH

ACC6 EQU OE6H

ACCT EQU OETH

PSWO0 EQU ODCH

PSW1 EQU ODIH /AIPECA OTHEJIBHBIX BUITOB PETTICTPA PSW
PSW2 EQU (DZ2H

PSW3 EQU 0D3H

PSW4 EQU O0D4H

PSW§6 EQU OD5SH

PSW6 EQU O0D6H

PSW7 EQU ODTH

P00 EQU 080H ;AIPECA OTOEJIBHBIX JIVHWY [TIOPTA PO
P01 EQU 081H

P02 EQU 082H

P03 EQU 083H

P04 EQU 084H

P05 EQU 085H

P06 EQU
P07 EQU
P10 EQU
P11 EQU
P12 EQU
P13 EQU
P14 EQU
P15 EQU
P16 EQU
P17 EQU
P20 EQU
P21 EQU
P22 EQU
P23 EQU
P24 EQU
P25 EQU
P26 EQU
P27 EQU
P30 EQU
P31 EQU
P32 EQU
P33 EQU
P34 EQU
P35 EQU
P36 EQU
P37 EQU

CS EQU
RD EQU

086H

087TH

0S0H ;AIPECA OTLEJIBHEIX JIVHIL TIOPTA Pl
0S1H

092H

093H

094H

085H

086H

087TH

0ACH ;AIPECA OTOEJIBHBIX JIVHII [IOPTA P2
0AlH

0AZH

0A3H

0A4H

0ASH

0AGH

OATH

OBOH ;AIPECA OTOEJIBHBIX JIVHY [TOPTA P3
OBIH

O0BZ2H

OB3H

OB4H

OBSH

OB6H

OB7H

P37
P36

CONVST EQU P35

ORG

LIMP

ORG

START:
MOV
MOV
MOV
MOV

L7880:
CLR
SETB

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP

CLR
CLR

MOV
MOV

MOV
MOV

SETB
SETB

SIMP

END

0 JHIVEXECTIEOVIOIAA KOMAHIA C AIPECA 0
START ;HA KOMAHIY IIOCJIE METKV START
100H

P0,#11111111B ;HAYAJIBHAA VCTAHOBKA

P1,#11111111B
P2, #11111111B
P3,#11111111B
,COBCTBEHHO YTEHVE

CONVST JVIMITVITBC CTAPTA TTPEOBPASCBAHNS
CONVST

CS ,CS=0
RD ;RD=0
APl JHVITAEM UBTIOPTA P1 MIT VI CP TETPAIIBI
R4A ,COXPAHSIEM VX B R4
AP3 JHUVTAEM VB TIOPTA P3 CT TETPALIBI
R5,A ;B R6R4 — PE3VJIBTAT
RD ;KOHEL] RD
CS ;KOHEL] CS
L7880 ;3ALVIKIIVBAHVE

OT1a nporpamma HaxoauTes Ha carite www.platan.ru/shem (dain
par_adc.ab1). Bce, 4TO B HEN HANUCaHO, BaM y>€ 3HAKOMO — KOM-
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MEHTapuKn Nnocre To4Ku € 3ansTon, pparMeHT NMpUCBOEHNSA ANPEK-
Tueon .EQU agpecoB OCHOBHbIM pernctpam MK, nx 6utam v nuHu-
AM MOpTOB, METKW, OKaHuYUMBaKLLMECH ABOETOHMUEAMU, AVPEKTVBBI
.ORG, komaHabl NepechINnokK, yCTaHOBKM U CEpOCca NUHUIA NOPTOB U
T. 4. DTy NporpaMmMy y>xe€ MOXHO OTTpaHCIUPOBATH Mpu NOMOLLU
accembnepa TASM, v nonyuntb kak cann ansa 3arpysku B NamsTb
nporpamMM MK, Tak 1 yxe ynoMUHaBLUMNCS NUCTUHIOBBIN ¢hann ¢
Kogamu KOMaHa v agpecamm pacrnonoXeHUs 3TUX KOAOB.

Oco6eHHoCcTU TPaHCALUN

MNpexae yem NpucCTynuTh K TpaHCH AWM NPUBEAEHHON BhILLIE MPO-
rpamMmMbl B KOAbBI, HAM HEOGXOAMMO KPAaTKO NO3HAKOMUTCH C ABYMS
OCHOBHbIMUK ¢hOpMaTamMn NpeACTaBNEHUS pe3ynsTraTtoB TpaHCNALWA.

MNepBbin hOpMaT, UMEHYEMbBIN BUHAPHBLIM NN OGBLEKTHBLIM, Mo-
MpOCTy COAEPKUT KOAbI NpOrpamMmMbl B TOM CaMOM BUAE, B KOTOPOM
OHW ByayT 3anucaHbl B NamsATh NporpamMm MUKPOKoHTponnepa. bonb-
LLIMHCTBO accembnepoB Npu co3aaHnm ¢paina B 3TOM ¢popmare npu-
CBauBalT EMy paclumpeHue *.obj. A npegnonararo, 4To YuTarenu
3HakoT, 4uTo Takoe DOS, aupektopun, pannbl, X UMEHa 1 pacLun-
peHus, bat-pannbl, yMeIT CMOTPETH COAEPXKUMOE dharna npu no-
Mo BetoBepa o6onouku Norton Commander unu e aHanormy-
HOW, peaakTUpOBAaTb TEKCT TeM Unu uHeiM DOS-pegakTopom. Tem,
KTO CO BCEM 3TUM HE 3HAKOM, NPpUAETCH HANTU KaKyr-HUBYAb KHUXKY
no DOS, nnu paccnpocnte NONb30BATENel Co CTAXKEM.

Mpu TpaHcnsuum darna par_adc.ab1 B O6bEeKTHbIN ¢hOopMar
TASM cpopmupyeTt Ham daiin par_adc.obj. NMpoCMOTpeTb ero MOX-
HO BboBeEpOM Norton Commander’a, ycTaHOBUB Ha HEro KypCop-
HYH MNaLKy U HaxaB NpuBblMHOE nonb3oearensm DOS F3, a aa-
Tem — F4. Mon nporpaMmMarop NOHUMAET 3TOT ¢hopmMar ¢annos,
MoO3TOMy A TPAHCIMPYIO HaNWCaHHBIE NPOrpaMMbl B KOAbI TAKUM
06pazoM, 4To6bI NONy4aTs UMEHHO Obj-cainbl.

Bropow doopmar HoeuT HazBaHue Intel Hex-Format nnu no-npocro-
My hex-¢popmar. [Npu TpaHensumm dana par_adc.ab1 B hex-coopmar
TASM cropmupyeTt Ham ¢pann par_adc.hex. MpocMoTpeTb €ro Mox-
HO Bce TeMxe BbtoeepoMm Norton Commander’a, ycTaHOBMB Ha dhaiin
KypCOpPHYHO MITaLLIKy U HaXaB yxe ynoMuHaBLLytocs F3. Npaeaa, B OT-
nvyue OT Npeabiaywero cnyyas, F4 Haxvmars He Hago, neo Koabl,
MoNy4YeHHbIE B pe3yrbTare TpaHcnaumm, B gaine par_adc.hex npea-
craeneHbl B oopmare ASCHI. Mommumo Hux, dpaiin par_adc.hex co-
OEPXUT AOMNONMHUTESNBHYIO CINY>XEGHYHO MHGHOpMaLVIO, TOBOpUTL O KO-
TOpOW A HE Gyay, HO CoAEPKaHME KOTOpOI CTAHOBUTCH Gonee-MeHee
MOHATHBIM NpU BHUMATENbHOM CpaBHEHUM (hannoB par_adc.obj un
par_adc.hex unm npu YTeHUM AOKyMEHTaLMM Ha accembnep TASM.

3auem HyxeH 3TOT ¢opmar? BONbLUMHCTBO NpOrpaMmMaropoB
noHumaer oba ¢popmara, HO, TEM He MEHEe, BCTpEYaKTCA OTAENb-
HbIE u3genus, KOTOpbIM OAWH U3 HUX HEeAOCTYNEeH. Ecnu Bl CTaHe-
Te cyacTnuBLIM Obnagarenem nporpaMMaropa, KOTopbii MOHMMa-
€T TOnbko hex-cdopmar, BaMm NpuaETCA TpaHCTMpOBaTL NpOrpaMmbl
TakuMm 06pazoM, |YTOGhI Ha BBIXOAE NOMNy4arb UMEHHO Takue can-
Jibl (O TOM, KaK 3TO AenaeTcy — uyTb HUXE). B OCTanbHbIX Criyqasax
pEeKOMEHAYIO TpaHCNUpoBaTh dansbl B Obj-¢opmMar — € HUM npoLe
paséunparbCs, ecrnun YTO-TO HE TaK.

Tenepb nepergem K TpaHcnaumu. CozganTe Ha BUHYECTEpE an-
PEKTOpPUIO, B KOTOPOW AOMXHBI GyayT pacnonaratscs dpansbl, € KO-
¥MKU HaM NpegcTouT pacoTtare. [yCcTe oHa Gyger pasMmelleHa Ha
avncke C u HapeyeHa ASM51 (C:\ASM51). B Hell OOMmKHbI Haxo-
anTecs cannbl accemonepa tasm.exe, tasmb1.tab, tasmb1b.bat,
tasm51h.bat, tasm_rus.doc (¢paiin ¢ gOKyMmeHTaumein), CUMynsaTop
emfb52l.exe n ¢pann ¢ nporpammon par_adc.ab1.

Boiigute B Norton Commander (MOXHO B ceaHce pa6GoThbl B
Windows95/98). [lanee BolignTe B yNOMsHYTYKO AWPEKTOPUIO
CAASM51. MNocne aToro Habepute B KOManaHom cTpoke tasmb1b.bat
1 yepes Npoben Nocne Hero UMsi TpaHcnMpyemoro danna (B Ha-
wem cnyvae par_adc.ab1) v naxmute <Enter>. TpaHcnaums ocy-
LLECTBNAETCA GbICTPO, 3a AONW UNW €AVHULIbI CEKYHA, B 3aBUCUMO-
CTu OT GLICTPOAENCTBUSA BaLLIEro KOMIMbOTEpA. B x0ae ee Ha skpaHe
NOSABATCH COO6LLEHNSA:

tasm: pass 1 complete
tasm: pass 2 complete
tasm: Number of errors = 0

MocneaHas CTpoyka O4eHb BaxHa — accemMonep coobLyms, 4To
OH HE OBHapyxun oWKn6oK n cosgan obj- nnu hex-cgpaiin (B Hawem
cnygae — ¢awin . par_adc.obj). Ho 6eIBaeT (1 K coxaneHuio, ropas-
A0 vauje, 4YeMm xoTernock 6bl), YTO HaNMCaHHasn NporpaMma Coaep-
KUT OLWMGKK. HEKOTopbIE 13 HUX accembnep HaxoamT U MHpOpPMK-
PYET HaC CTpOKOW:

tasm: Number of errors = n,
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rae N — Yncno OOHAPYXEHHBIX OLUMGOK. MNomumo atoro, TASM gaer
HEKOTOPYIO AOMONMHUTENBHYK WHMOPMALIMKO OTHOCUTENBHO 3TMX
OLIMBOK — TMN OWMGKN N B KaKOW CTpOKE OHa Haxogutcsa. bonee
noapoBHO O COOBLLEHUSX, BbIAEBaEMbIX MM NpY OGHAPYKEHUN OLLIU-
60K, Mbl NOrOBOPUM B crieayrowiem pasgene. Cenvac xe BepHeMCH
K NpOLIECCy TpaHCNALMK.

Bat-cpann tasmb1b.bat, kak HEKOTOpbIE U3 BAC Y€ HaBEpHOE
[oraganucb, OCYLLECTBNSET 3anyck accembnepa TASM ¢ knouamm
(yKasaHvusmmn), peKOMEeHAYHOLLMMUN TPAHCIUPOBaTb MCXOAHBIN 8CCEeM-
GnepHbIi hann B O6bEKTHLIN. Kpome Toro, accemonepy npeanucbl-
BaETCA Takxke BbINONHWTL HEKOTOpbIE Apyrue AencTBus — CchopMu-
poBarTh ¢an IMCTUHra, BKIKYUTL B HEMO Tabnuuy METOK, U T. 4.
MogpoGHee 0 TOM, 4TO OH MOXET caenarb, U Kak 3acTaBuTb €ro
BbINOSHUTL T€ UK HYHKLUK, Bbl Y3HAETE, NPOYMTAB COAEPKMMOE
davina gokymeHTaumm (tasm_rus.doc), a Takke npoaHanuampoBaBs
KoMaHaHbIM dpaiin tasmb1b.bat. Ho Ha nepBbix NOpax MOXeTe Npo-
CTO OrpaHM4nTBHCA UCMONb3OBEHWMEM 3TOMO KOMaHAHOIO danna, no-
OOGHO TOMY, KaK 3TO ObIJ10 yKasaHO TpeMA ab3alamu Bbille.

Ecnu BaLL nporpaMmmMarop TpebyeT Arns NporpaMMmnpOBaHns cham-
bl B hex-cpopmare, 1o nocnegoBatensHOCTb AEUCTBUN Cneayro-
was. Kak v B npeaeigyLiem cnyyae songute B Norton Commander,
3areM B yrnomsaHyTyo anpektoputo CA\ASM51 n HabepuTe B KOMaH-
[OHol cTpoke tasm51h.bat, nocne vero yepes Npoben HabepuTe UMs
TpaHcnupyemoro davina (B Hawem cnyyae par_adc.ab1). Kak n
paHee, HaxxmuTe <Enter>. TpaHcnALua OCYLLECTBNAETCH TaKXKe, Kak
1 B NpeablayLiem crnyJyae, C TEMU e COOBLUEHNAMU, TONBKO B pe-
3ynbrate TpaHCNMpOBaHNsA ChOpMUPYETCA alin par_adc.hex, B uem
1 peKOMeHayo y6eauTbCs.

Tenepb NOroBOpUM O haine nuctuHra. 1ot dpann (par_adc.lst)
dOpMUpyETCH acCeMBIEPOM B NpOLIECCE TPaHCNALMU U NpeACTaB-
nSeT u3 ceba MCxoaHbIl accembnepHbi dann (par_adc.ab1), go-
MONHEHHBIN criegyLwen nHoopmauven. lNepea kaxaon KoMaHaom
CTOUT HOMEp €€ CTpOKW B acCcembnepHOM TEKCTEe, agpec Auenkn
namsTy Nporpamm, B KOTOPOW pacrnonoXeH Kog onepauum KoMmaH-
Obl. @ nocne aToro agpeca — 0guH. ABa unu Tpu Garita camon Ko-
MaHabl (OTKyAa y kOMang 6epyTcs BTOpO U TpeTUiA GaiT, Mbl pac-
CMOTpUM B I11aBe, NOCBALLEHHOW crucTeme komana). flanee, B KoHue
nporpaMMbl HAXOAUTCA TAGNULIA MMEH U METOK, a TaKxKe COgepKu-
MOE Mony4YeHHOro B pesynsrare TpaHcnaumm obj- unu hex—ganna.
W, HakoHeL, hann NMCTUHra pasouT Ha CTpanuLbl. B kauecTse npu-
Mepa 0dHa U3 HUX NPUBEAEHa HUXE.

TASM 8051 Assembler PAR ADC A51
Speech Technology Incorporated

page 1

0001 0000 ; TIPOI'PAMMA YTEHVS AL AD7880,

0002 0000 PABCTAEM C ITOPTAMI P1 I P3, CS=P37,

0003 0000 ; RD=P36, CONVST=P35

0004 0000 ; ot

0005 0000 ;

0006 0000 R7 EQU 7 AIIPECA PETVICTPOB RO—R7

0007 0000 R6 EQU 6

0008 0000 R5 EQU 5

0008 0000 R4 EQU 4

0010 0000 R3 EQU 3

0011 0000 R2 EQU 2

0012 0000 Rl EQU 1

0013 0000 RO EQU 0

0014 0000 ACC EQU OECH /AIPEC AKKYMVITATOPA

0015 0000 B EQU (FOH JAIOPEC PETVICTPA B

0016 0000 PSW EQU (DCH {AIIPEC PETVICTPA (CJIOBA)
COCTOSHNA

0017 0000 SP EQU 8IH /AIIPEC VKASATEJIS CTEKA

0018 0000 DPL EQU &H ;AIPEC MJIATIIEY [IOJIOBYHEL
DPTR

0018 0000 DPH EQU 83H ;AIPEC CTAPILEV [TOJIOBVHEL
DPTR

0020 0000 PO EQU 8(H AOPEC PETVICTPA TIOPTA PO

0021 0000 P1 EQU 9CH AIOPEC PETVICTPA TIOPTA P1

0022 0000 P2 EQU O0ACH /AIPEC PETVICTPA TIOPTA P2

0023 0000 P3 EQU (BOH /AIPEC PETVICTPA TIOPTA P3

0024 0000 B0 EQU (FCH /AIPECA OTIEJIBHBIX BIITOB
PETVICTPA B

0025 0000 Bl EQU (FIH

0026 0000 B2 EQU (F2H

0027 0000 B3 EQU (F3H

0028 0000 B4 EQU (F4H

0028 0000 B5 EQU (F5H

0030 0000 B6 EQU (F6H

0031 0000 B7 EQU (F7H

0032 0000 ACCO0 EQU (ECH /AOPECA OTIOEJIBHBIX BUTOB
AKKYMVITATOPA

0033 0000 ACC1 EQU C(EIH
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0034 0000 ECC?Z2 EQU COEZH 0108 0117 00 NOP
0035 0000 ECC3 EQU (E3H 0110 011800 NOP
0036 0000 ECC4 EQU (E4H 0111 011800 NOP
0037 0000 ECC5 EQU (ESH 0112 O11A00 NOP
0038 0000 ECC6 EQU (E6H 0113 011B 00 NOP
0038 0000 ECCT7 EQU (ETH 0114 011C 00 NOP
0040 0000 PSWO0 EQU ODCH 0115 011D 00 NOP
0041 0000 PSW1 EQU (DIH JAIPECA OTOEJIBHBIX EITOB 0116 Ol1EQ0 NOP
PETVICTPA PSW 0117 O11F 00 NOP
0042 0000 PSW2 EQU (D2H 0118 012000 NOP
0043 0000 PSW3 EQU 0D3H TASM 8051 Assembler PAR ADC A51 page 3
0044 0000 PSW4 EQU (D4H Speech Technology Incorporated
0045 0000 PSW5 EQU OD5H
0046 0000 PSW6 EQU ODeH 0118 0121 00 NOP
0047 0000 PSW7 EQU OD7H 0120 012200 NOP
0048 0000 POO EQU (8CH ;AOPECA OTHEJIBHBIX JIVHIY 0121 0123 ;
T[IOPTA PO 0122 0123 C2B7 CLR CS ;CS=0
0048 0000 PO1 EQU 081H 0123 0125 C2B6 CLR RD RD=0
0050 0000 P02 EQU 08H 0124 0127 ;
0051 0000 P03 EQU 083H 0125 0127E5S0 MOV APl JUUTAEM V3 TIOPTA P1 MIT U CP
0052 0000 P04 EQU 084H TETPAIEI
0053 0000 PO5 EQU 085H 0126 0128FC MCV  R4,A ;COXPEHSIEM VX B R4
0054 0000 P06 EQU 086H 0127 012A ;
0055 0000 PO7 EQU 087H 0128 012AE5BO MCV  AP3 UUTAEM U3 TIOPTA P3 CT
0056 0000 P10 EQU (SCH :AIPECA OTOEJIEHBIX JIVHNY ~ TETPALEI
T[IOPTA P1 0128 012CFD MCV  R5A ;BR6R4 — PESVIIBTAT
0057 0000 P11 EQU O0S1H 0130 012D ;
0058 0000 P12 EQU (08H 0131 012D D2 B6 SETB RD ;KOHEL] RD
0058 0000 P13 EQU 093H 0132 O012F D2 BY SETB CS ;KOHEL CS
TASM 8051 Assembler PAR ADC A5l page 2 0133 0131 ;
Speech Technology Incorporated 0134 0131 80 DS SJMP L7880 SALVIKITVBAHIVE
0135 0133 ;
0060 0000 P14 EQU 094H 0136 0133 END
0061 0000 P15 EQU 0S5H
0062 0000 P16 EQU (S6H
0063 0000 P17 EQU 087H
0064 0000 P20 EQU OACH ;AIPECA OTOEJIBHEIX JTMHIIA Label ~ Value Label  Valie Label  Value
T[IOPTA P2
0065 0000 P21 EQU O0AlH ACC 00EC ACCO 00EC ACC1 0CE1
0066 0000 P22 EQU O0AZH ACC2 00EZ2 ACC3 00E3 ACCA4 0CE4
0067 0000 P23 EQU 0A3H ACCS 00E5 ACC®6 0CE6 ACC7T OCE7
0068 0000 P24 EQU O0B4H B OCFC BO O00F0O BI1 OCF1
0068 0000 P25 EQU 0ASH B2 00FZ2 B3 00F3 B4 0CF4
0070 0000 P26 EQU 0ASH B5 O0OF5 B6 00F6 B7Y OCF7
0071 0000 P27 EQU O0ATH CS 00B7 CONVST 00B5 DPL 0082
0072 0000 P30 EQU OBOH :AIPECA OTHEJIBHBIX JIVHIN DPH 0oe3 L7880 0loc PSW 00D0
[IOPTA P32 PO 0080 Pl 0080 P2 00RO
0072 0000 P31 EQU OBIH P3 00BO PSWO 00D0  PSW1 00D1
0074 0000 P32 EQU O0B2H PSW 2 00D2 PSW3 00D3 PSW4 00D4
0075 0000 P33 EQU 0B3H PSW5 00D5 PSW§6 00D6 PSW 7 00D7
0076 0000 P34 EQU (B4H POO 0080 PO1 0081 P02 0082
0077 0000 P35 EQU 0BSH P03 0083 P04 0084 POS 0085
0078 0000 P36 EQU 0B6H P06 0086 PO7Y 0087 P10 0090
0079 0000 P37 EQU (B7TH P11 0081 P12 0092 P13 0093
0080 0000 : P14 0084 P15 0085 P16 0096
0081 0000 CS EQU P37 P17 0097 P20 00AC P21 00A1
0082 0000 RD EQU P36 P22 00A2 P23 00A3 P24 00A4
0082 0000 CONVST EQU P35 P25 00A5 P26 00A6 P27 O0AY
0084 0000 : P30 00BO P31 0CBl P32 00BZ
0085 0000 : P33 00B3 P34 00B4 P35 00B5
0086 0000 ORG 0 :HIDXECTIELVIOIIAS KOMAHIIA C P36 00B6 P37 00B7 R7 0007
AJIPECA 0 R6 0006 R5 0005 R4 0004
0087 0000 ; R3 0003 R2 0002 RI1 0001
0088 000002 01 00 LJMP START :HA KOMAHIY ITOCJIE METK/ RO 0000 RD 00B6  SP 0081
START START 0100
0089 0003 ;
0090 0100 ORC 100H EDDR 00 01 02 03 04 0506 07 08 0S OA (B 0C (D CE OF
0091 0100 ;
0092 0100 START: 0000 0201 COFFFF FFFF FFFF FF FF FF FF FF FF FE
0093 010075 80FF MOV PO,#11111111B ;HAYATIEHAS VCTAHOBKA 0010 FFFFFFFFFFFFFFFFFFFF FFFFFFFF FEFF
0094 0103 75 SO FF MOV  Pl#11111111B 0020 FF FFFF FF FF FF FF FF FF FF FF FF FF FF FF FF
0095 0108 75 A0 FF MOV  P2#11111111B 0030 FFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0096 0109 75 BO FF MOV  P3#11111111B 0040 FFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0097 010C L7880: ;COBCTBEHHO YTEHVE TASM 8051 Assembler PAR_ADC AS51 page 4
0098 010C ; Speech Technology Incorporated
0098 010C C2 B5 CLR  CONVST JVMITVIIBC CTAPTA
[IPEOBPASOBAHIS 0050 FFFFFFFEFFF FFFF FF FF FEF FE FEFF FF FF FF
0100 O1C0E D2 BS SETE CONVST 0060 FFFF FF FFFF FF FF FF FF FF FF FF FF FF FF FF
0101 0110 : 0070 FFFFFFFFFF FFFF FF FF FF FE FEFF FF FF FF
0102 011000 NOP 0080 FFFF FFFFFF FFFF FF FF FF FEF FEFF FF FF FF
0103 0111 00 NOP 00S0 FFFFFFFFFF FFFF FF FF FE FE FEFF FF FF FF
0104 0112 00 NOP OOARO FFFFFFFFFFFFFF FF FFFF FEFF FF FF FF FF
0105 011300 NOP O0BO FEFFFF FF FFFF FF FF FE FE FE FF FE FF FF FE
0106 0114 00 NOP 00CO FFFFFF FF FFFF FF FEFF FF FE FF FF FF FEF FE
0107 011500 NOP 00DO FFFFFFFF FFFF FF FFFF FF FE FE FE FF FF FF
0108 011600 NOP OCEC FFFFFFFFFFFF FFFFFF FF FE FF FEFF FF FF
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OOFO FFFFFFFFFFFFFF FF FF FF FF FFFF FF FEFE
0100 7580 FF 75 90 FF 75 AO FF 75 BO FF C2 B5 D2 B5
0110 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0120 0000 00 C2 B7 C2 B6 E5 90 FC ES BOFD D2 B6 D2
0130 B7 80 DO FF FF FF FF FF FF FF FF FF FF FF FF FF

tasm: Number of errors = 0

Llenvkom nuCTuHroBbll ¢hann Bbl HANAETE B AUPEKTOPUU
C:AASM51 nocne TpaHcnaumm ucxoaHoro gaiina par_adc.as51 npu
nomown tasm51b.bat unn tasm51h.bat.

Owun6Ku TpaHcnALUU

Tenepb, Kak 8 1 o6ewarn, pacCMOTPUM HEKOTOPbIE TUMUYHBLIE
oLwmbKK, goMyCcKaeMble NPOrpamMMUCTamm NPy HaNMCaHUM NPOrPamMm
Ha accembriepe, 1 Ty UHOPMaLUIO, KOTOPYHO BLIBOAUT Ha 3KpaH
TASM nipu nx obHapyxeHun.

Hanbonee pacnpocTpaHeHHble OLMOKN — HeNpaBuIbHOE Hanu-
caHue KOMaHa M UMEH NEPEMEHHBIX, OTCYTCTBUE METKM, HA KOTO-
pyro AormxkeH OblTe OCYLUECTBNEH Nepexod, Asaxdbl (Unv yawe)
MNOBTOPSOLLASACH METKA C OQHUM U TEM XE MMEHEM, HENMPaBUITbHOE
Hanucanne anpektnebl .END. MOXHO yMBbILLNEHHO caenartb 3Tu
OLUMGKM B Hawlel Nporpamme par_adc.ab51, oTTpaHcnMpoeaTths ee ¢
HUMW U MOCMOTPETL Ha peaKkumio accembnepa Ha Hux. Ecnum Bbl He
NnoneHnTeCk N NpogenaeTe pekoMeHayeMble AENCTBUS, TO NPuob-
peTeTe NONE3HbIN HaBLIK peasibHOK TPaHCNALMM NPorpamMmbl U Noc-
neaoBaTensHOCTU ASUCTBUIA NPy 0BHAPYXKEHUM OLLMBOK MpU TpaHCc-
nauun.

1. HenpaBunbHOE HanucaHe KomaHa.

Onsa npumepa npegnonoxum, 4to B ctpoke SETB CONVST
(cpasy nocne metkm L7880:) mbl owwmbouHo noctaesunu SET
CONVST (nponyctunu 6ykey “B” B KoHUe komaHabl). BHecute aty
OLIMOKY B TEKCT NporpamMmbl 1 3anycTute ee Ha accembnmpoBaHue.
B xoae TpaHciauum Ha sKpaHe oToOpasnTCs OTHET O pesynbraTe ee:

tasm: pass 1 complete

tasm: unrecognized nstruction
tasm: pass 2 complete

tasm: Number of errors = 1

Line 0100 in PAR_ADC AS51

TASM coobyun, 4To B cTpoke Ne100 obHapyxeHa Hen3BecTHas
emy komaHaa (MHCTpyKums). Ecnv Bbl nocmoTpuTe dhaiin NcTuHra,
TO yBUAUTE Cpasy Nnod COTON CTPOKOWN, rae obHapyxeHa owmnbka, To
e camoe coobLueHue, YTO U B BhllLenpueeaeHHoM oTyete (tasm:
unrecognized instruction. Line 0100 in PAR_ADC.A51). Takum obpa-
30M, €CN B pesynerate TpaHCnsauum accemonep Hawen owunbky, B
[aHHOM Cly4ae — HEBEPHO 3annCaHHYIO KOMaHay, MPOCMOTpUTE Nin-
CTUHIOBLIN halin, HanauTe B HeM CTPOKY € coobLyeHuem o6 oLumb-
Ke, U BHUMATENBHO MNOCMOTPUTE Ha KOMaHAY B BbILLECTOSALLEN CTPO-
K€ — MMEHHO OHa CoaepXMT oLWMBKy. VicnpassTe ee, cHOBa 3anmycTute
nporpammy Ha accembnmpoBaHve 1 yoeanTech, HTO BCE B NOpSAKe.

2. Ownbka B HaNMcaHUM UMEHN NEePEMEHHON.

Ins npumepa BO3bMEM Crnyyai, korga B G/ioke NpUCBOEHUsA
VMMEeHaM NePEMEHHBIX YXNCNEHHBbIX 3HAYEHWIN UMA NepemeHHor CS
(CS .EQU P3.7), a B TEKCTe Nporpammbl Mbl €€ 0603Ha4UNm
kak CSS, npuyem cpasy B JBYX MeCTax:

(TeKkcT NporpamMmeil)

CLR CS8§ CS=0

(TeKkcT NporpamMmeil)

SETB CSS ;VCTAHOBKACSBI1

(TeKkcT NporpamMmeil)

BHecuTe 3Tu OLUMGKU B TEKCT NPOrpaMmbl U 3anycTuTe ee Ha ac-
cembrnvpoeaHue. B xoge TpaHcnauum Ha skpaHe oTobpasuTes cre-
OyOLLUMIA OTYET O ee pesyrbrare:

tasm: pass 1 complete
tasm: Label not found:
tasm: Label not found:
tasm: pass 2 complete
tasm: Number of errors = 2

(CSS) Line 0122
(CSS) Line0132

TASM coobwun, 4to B cTpokax Ne122 n Ne132 ob6HapyxeHa He-
n3BecTHas emy MeTka. Ecnu Bbl, Kak 1 B MpeabiayLuem cnyyae, no-
cmoTpuTe dhalin NMIMCTUHIA, TO OGHaPYXUTE BhiLLeNpUBEAEeHHbIE CO-
obLeHns o6 owmbkax npsmo nepea 122-in n 132-i1 crpokamu, rge
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3T1 OLMOKM 1 HaxoaAaTcsA. Bam ocTtaeTcs TONbKO MOHATb, NoYemy
TASM He MoHsN 3TUX UMEH, AR YEro HY>XXHO NPONUCTaTb SINCTUHIO-
Bblli halin Hasag K Hayasny, HaTu TO UMS, KOTOPOoe Bamu BbIro on-
peaeneHo, 1 CpaBHUTL C TEM, KOTOpPOE OKasanock B 122-i1 u 132-1
ctpokax. Mocne aT1oro 06bLINHO Cpasy BCe CTAaHOBUTCSH SICHO, OCTa-
€TCA N UCMPaBUTL OLLMOKU 1 3anyCTUTEL UCTIPaBNEHHbIN dalin
Ha accembnupoeaHve. Mpoagenaiite ckazaHHOEe A0 NonyYeHnsi CTPo-
ku tasm: Number of errors = Q.

3. OTcyTCTBME METKU, Ha KOTOPYKO AOIMKEH ObiTh OCYLLECTBNEH
nepexog.

Donyctum, Bel 3abbn noctaenTb MeTky START: unu nponycTu-
Jn B Hel GykBy. B pesynsraTte accembnmpoBaHus Bbl 4OSKHEBI NMOSY-
UMTb OTHET CreayHLLEro coagepaHus:

tasm: pass 1 complete
tasm: Label not found:
tasm: pass 2 complete
tasm: Number of errors = 1

(START) Line 0088

3pech ceoinka Ha 1o, Yto TASM He Hawen meTky, 6onee npa-
BUSbHA — 3TO AENCTBUTENBHO TaK, METKM HET. COOTBETCTBEHHO, 06
3TOM OH COOOLLa€ET 1 B MIMCTMHIOBOM chaiine nepea 88-1 cTpokon, B
KoTOpOW pasmeLryeHa komaHga LIMP  START. Onsate pekomeHnayro
npv MOsiENeHn NoaobHON nHOpMaUMK B OTHETE BHUMATENBHO
NoCMOTPETb BHaYare Ha CTPOKY, e HaxoaMTCH CCbiNKa Ha Hecy-
LLECTBYHOLLYK METKY, @ 3aTEM Ha TO MECTO, I[Ae OHa AoInkHa Obl
NpUCYTCTBOBaTL. BHUMaTENBLHBIN aHaNu3 cCoaePNMOro 3TUX ABYX
CTPOK JOIMKEH NMPOACHUTE, B YEM Bbl MPOMaXHYICh.

4. Opaxabl (Mnu YaLe) NOBTOPSALLAACH METKa ¢ OAHUM U TEM
HKE UMEHEM.

OnaTe skcnepumeHTUpyem ¢ meTko START:, HO B 3TOT pas ga-
BalTe BOTKHEM €€ €Le B OQHOM MECTE, [A€ OHa HEe HY>XHa, Hanpu-
mep, nepea nepeoi komangon NOP. 3anyctum nporpamMmMy Ha ac-
CceMONMPOBaHUE Y NONYHUM:

tasm: pass 1 complete

tasm: label value misaligned
tasm: pass 2 complete

tasm: Number of errors = 1

(START) ILine 01021 PAR_ADC A5l

B channe nuctmHra coobuyeHne ob ston owmnbke OyaeT CToaTb
noa 102-in ctpokon, rge TASM Hawen ynoMsHyTyo METKY BO BTO-
pou pas. B atom crnyyae mwmre BeilLe MO TEKCTY MECTO, rge oHa
BCTPEYaeTcs B NEPBLIN pas, n yaansnte Ty, KOTOpas NULLHAS.

5. HenpaBunsHoe HanucaHve gupektrebl .END.

Mpeanonoxvm, B pesynsrare accemonmMpoBaHus Bbl NOAYyYUnm
OTUET CIeayoLLEro CoAepPKaHNA:

tasm: pass 1 complete

tasm: No END directive before EOF  Line 0135 n PAR ADC A5l
tasm: pass 2 complete

tasm: Number of errors = 1

Ins Tex, kKTo He 3HaeT, EOF — s1o End Of File (koHeu caiina),
CUMBONT, CTOALLMIA B Havare nocnegHen cTpoku B ¢aune. Ecnv B
aTon cTpoke crout gupektuea .END, to TASM cHavana Haxoaut
cumveon EOF, a 3atem — gupektuey .END. Mo npaeunam e Jornx-
HO GbITb HaobopoT — BHavane .END, saatem EOF. OnucaHHas oum6-
Ka 3aKnyaeTca B TOM, 4TO B dhaiine par_adc.ab1 nocne Habopa
cTpoYkn ¢ aupektneoin .END Bbl He Haxanu knaeuwy “Enter”. Ha-
XKMUTe ee, YTOObI NoABMNAch cleayroLas CTpoKa, U Kypcop nepe-
mecTuncs Obl Ha Hee. Ecnn nocne aToro ocyLecTBUTL accembnn-
poBaHue, Bce BCTAHET Ha CBOU MecTa.

KoHeuHo, B HacTosILeM pasaerne nepeyncsieHbl He BCe BO3MOX-
Hble BapuaHTbl OLUMBOK 1 coobLyeHns, Bolgasaemble TASM oM npu
1x obHapyxeHun. Ml paccMOTPENU NULLE OCHOBHLIE U3 HUX. C oCc-
TansHbIMK (TOYHEE, C HEKOTOPBIMU U3 HUX) Mbl €LLE NO3HaKOMUMCSH
B [1aBe, NOCBSALLEHHOW CUCTEME KOMaHA MUKPOKOHTponnepa, ubo
MoKa MHOTME KOMaHZbl BaM HE3HAKOMbI, MOHATE CMbICIT HEKOTOPbIX
coobLyeHnI BygeT Bam KpalHe 3aTpyaHUTENTbHO.

[o6aeum, 4TO Mbl paccmoTpeny coobLieHns o6 oLmnbkax, Bbiaa-
BaeMblx accembnepom TASM. Opyrne accembnepbl MOryT Bblga-
BaTb Mpy OOHAPYXEHUN 3TUX OLUMBOK HECKOSNBKO OTIIMHAIOLLYHOCH
vHpopmaum. B uenowm, korga el nonmete komaHael MK, ans sac
HE COCTaBuUT Tpyda Aorafartbesi, B YEM e COCTOUT oLwunbka. Tem
Gonee, Bce accembriepbl NOMEYaOT B JIMCTUHIE CTPOKU € OLLMOKa-
MU, U BHUMATENBHO MOCMOTPER cofepKaHne 3TUX CTPOK, Bbl ObICT-
po nonmere, B Hem Aeno.

AnekcaHgp ®pyHse
alex.fru@mtu-net.ru



peMoHT

PeMOHT KOMMbIOTEPHbIX MbILLUEN

Ce200Hs1 nroboll KoMIibromep KOMITIEKMYemcsi MaHUuryrsimopoM muna “Meits”. Meiuwib Moxxem 6bimb NoOKITIoYeHa
k K nocpedcmeom nnopmoe RS-232, PS/2 unu K. 3ma cmames riocesiLieHa eornpocam peMoHma mMbitued, rnoo-
Kiodaembix K RS-232 nopmy KoMmrbiomepa, KomopbiM YKOMITIEKMOBaHO 02POMHOE KOITUYeCcmeo KOMITbIomepos,

0CcobeHHOo cmapoeo riapka.

bILLb NpeacTaBnsaer cobor aAByx-

MEPHBI aHaNoroBo-UMPOBON

mManunynsitop. MNpw pabore nuta-
HWe Ha Hee nogaertcs ¢ RS-232 nopra no
CUrHarnbHbIM LEnsiM, YCTaHOBMEHHLIM B
coctosiHme “0”. YpoeHio “0” B RS-232 co-
OTBETCTBYET HANPsHKEHUE HA CUTHATbHBIX
uensix BenmumnHon 3...15 B. MNpu gBuxe-
HUM MBILLKW, HEXaTUU U OTMYCKaHUUN KHO-
MoK, ee MUKPOKOHTpornep o6pabatuiBa-
eT 3Tn cobblTUST KM nocbinaer Ha
KOMIbloTEp cepyio GalToB O Npowvclues-
wem cobbitun. MNMoceinaembie 6anTebl Bbl-
3bIBaloT annaparHoe npepoiBaHve. Ero
06paboTKOI 3aHMMaEeTCs ApanBep MbILLW.
Jobas nporpamma, Ucnonb3ayoLw,as
Mbilb OBpaLLaeTcs HENoCPEACTBEHHO K
ee gpavieepy.

Ha puc. 1-5 naobpaxkeHb! NpuHLMNuans-

Hble CXeMbl MOMyIsAPHbLIX Cpeaun oTeve-
CTBEHHbIX Nonb3oBarenen Mmeiwen. [at-
UMKM BEPTUKAITBHOIO W FOPU3OHTANbHOTO
nepemMelieHUs npeacTaensitoT cobom
napel “VIK nanyuatens — WK cotonpu-
eMHUK’. OHn 0603HaqeHbl kak “H. SHIFT”
(ropnsoHTaneHbid casur) u “V. SHIFT”
(BepTukanbHbIi casvr). MNpu nepemelle-
HUU MBILLKY €€ LapVK Bpawaercsi. 1o
BpalleHue nepefaeTcs Ha [OBa Konecw-
Ka-peLLeTKy, NepekpbiBaoLLme cnvuamm
aron pewetkn VK nyu ot manyuarenst K
npueMHrky. B pesynerate aroro gopmu-
PYIOTCS UMIMYTbCl. ANEMEHTBI Ha CXEMaXx,
n306pakeHHbIE B BUAE NpeaoXpaHnTeren
npeacTaensitoT coboi nepembluky (peau-
cTopbl ¢ conpoTtvenennem 0 Om).

Kak npaBuno, nonb3oBareny ctakmpa-
I0TCSl CO CreayoLLMMK BUOAMW HEVICTIPAB-
HOCTSIMU MbILLEN:

e JpavBep MbllWM HE HaxoauT yCTPOW-
cTBa, nogknioyeHHoro kK COM-nopry;
e MbllWb MIOX0 NepemMeLLaeTcs n aBu-
JKETCS TONBbKO B OJHOM HanpaBlieHnu;
e KHOMKa He paboTtaert.

B nepeom crnyuae Heo6XoaMMO OTKIH0-
unTb oT K, pasobparb Mbilb 1 NPO3BO-
HUTb COEAUHUTErNbHLIV Kabenb OT To4ek
navikv Ha nrare [0 KOHTaKTOB pasbema
DB-9. B cnyyae, ecnu oH okaxeTcs uc-
npaeHbIM, CneayeT NPOBEPUTL WCMpaB-
HOCTb KBapLeBoro pesoHaropa. [insi aro-
ro npuv nogkniwoveHHon K MK mbiwmn
MPOBEPSIIOT OCLUNIorpacg)om Hanuyme Ko-
ne6aHnl Ha BbIBOAaX KBapLEBOIO pe3o-
HaTopa.

MNpuunHoOl BTOPOW HEMCNPaBHOCTU
valle BCEro SIBNsIeTCs 3arpsi3HeHne nog-
BWXHbIX YacTeli MbllLK, W A5 ee ycTpa-
HeHusi TpeByeTcs ux oumncTka ot rpsiau. Ho
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Puc. 4. Cxema mbitum Genius My Mouse
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Puc. 5. Cxema Mbitun Genius Mouse Dear

6LiBaet, 4TO 3Ta Mepa He nomMoraer. B
3TOM Criy4ae NPUYNHON MOXET BbiTb He-
pocTarodHasn MHTeHcuBHoCTb UK nanyue-
HUA. YBENUUNTL €€ MOXHO OBYMSA MyTs-
Mu: nnbo cHMKeHneM CONPOTUBAEHUS
peancTopa, BKRIOYEHHOFO nocnenosa-
TenbHo ¢ UK ceetoguoaoMm, nmbo zame-
HOWM nocnepHero Ha 6onee MoLyHbLIA. [Mpu
pemoHTe criefyer He 3abbiBatb BO Bpe-
Ms NPOBEPKY 3aKPbIBATL KOPMYC MbILLW BO
nabexxaHune 3acBeTku hoToNpUeMHUKa Ma-
PasnUTHBIMY BHELLHUMW U3NYHEHUSIMU.

Ecrn He paboTtaer KHoMKa MbILLK, TO 310
CBA3aHO C €€ BbIXOAOM M3 CTpos. 310
4acTo BCTPEYaLanca HEUCNPABHOCTb.
Ann ee yctpaHeHue Heobxoauma 3ame-
Ha KHOMKW. B 3KCTpeHHOM cryyae Bpe-
MEHHO BbIATU M3 MOMOXKEHUA MOXHO ne-
pectaHOBKOW Apyror, MeHee 3Hadallen
KHOMKM 3TOM e MbI,

MNpn pemonTe MbiM yenecoobpasHo
MCNOMb30BaTb BHELWHWUIA UCTOYHUK NUTa-
HURA HanpsxxeHueM +5 B, kotopoe nopa-
10T Ha BbIB. 7 pasteMa. bonboe konbyo
(Ha NpUHUUNMAnNbLHON CxeMe MbIlLK
“Genius Mouse 3") npeaHa3sHaueHo Ans
CHATUA 3apsaa CTaTUYECKOrO 3NeKTpuye-
cTBa. 3Ta Mepa NOMOraeT yMEeHbLUMUTL Ko~
fMYeCTBO nonagawllen BHyTPb ee Kop-
nyca rpsasu.

Cranucnas Hockos
snoskov@mail.ru

PeMOHT AUHaAMN4YeCKUX roJsIOBOK

lpu pemorime umnopmHoU 6pimoeol ayOuoarnnapamypbl 0080MLHO Yacmo
HeucripasHocmMp ofuckigaemcs mak: “Kaccema kpymumcs, a 3eyka Hem!”,
lpobnemy samerbl uHmezpaneHo2o YM3Y Mel paccmampusame He 6y-
0eM, ¢ ImuM u mak 6ce ACHO. Xo4emcs OCmMaHo8UMb 8HUMaHuUe yumame-
neli Ha QUHaMUYECKUX 20/108Kax, @ UMEHHO Ha obpbiee nposodos, udyuux

om Ougbgbyzopa K Koriooke.

OWCKM cneunduyeckoro npoesoda

AN Ux 3aMeHbl Okasanuct beape-

3ynbTaTHBIMK, @ NOUCK NOJPYHHbIX
MaTepuanos, y4OBNEeTBOPsIOLLNX Heobxo-
OyMbIM TpeboBaHWAM, NPUBEN K HEKOTO-
PbiM BbIBOAAM.

1.  lNpy MOLWHOCTY FPOMKOrOBOPUTE-
s He 6onee 2 BT ans peMoHTa npekpac-
HO NOAXOAWT NPOBOA, COEOUHSIIOLMIA Ka-
TYLWKY TOKOBOW 3alUMTbl C KNEMMaMK B
0b6bIYHOM nNpepoxpaHuTene-aBToMaTe
(npobke), ycTaHaBNMBaeMOM Haf CHeTYU-
KOM 3neKTpoaHeprun. [poBoakoB B ero
XryTe Ans 3TUx Lyenem xeaTuT ¢ 3anacom.
Heobxoaumo nuwb n3rub xrytuka npm
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peMOHTe caenarb Kak MoXHo 6onee nnae-
HbIM U akkypatHbiM. [py 3TOM nyuwe,
ecnu gnvHa Hoeoro npoeoga 6ynert B
1,3...1,5 pasa 6onbLue, YeM ANWHA WTaT-
HOrO.

2. [pn pemoHTe rPOMKOrOBOpPUTENS
MOLLUHOCTBIO 2...3 BT MOXXHO BOCNOfbL30-
BaTbCA OOHUM MPOBOOOM U3 XFYTUKa OT
YrofibHOM LUETKM OBUraTens nbliecoca
WnK anekTpoapent.

3. [lpn MOLLHOCTU FPOMKOrCBOPUTE-
ns cebiwe 3 BT nogobparb noaxoasiuuia
NPOBOL4 MOXHO U3 NPOMBbILWfIEHHbIX aBTO-
MaToB cpefHei U 60MbLWON MOLLHOCTH.

Kak nokasan onbIT, nocne sameHbl Npo-

BOOOB, coepuHsiowmnx anddysop ¢ Ko-
nogKou, HW OJWH Bnapeney ayguoanna-
paTypbl OTAMYUIA B KAUeCTBe 3BYKa OO0 U
nocne peMoHTa He obHapyxun, a cpok
cnyx6bl ynayHo nopgobpaHHoro npoeoaa
npeebicun 1,5 roga.

Octaetcs Tonbko AobaBuTb, YTO NOCne
m3enedenns obopBaHHOrO npoeBoga w3
ovddysopa guHaMKKa (genartb 370 HyX-
HO npegenbHO aKKypaTHO, OTNaneaTh Npo-
BOA KaTyluku OT CTaporo Npoeoga nydtle
TOHKUM, HO NeperpeTbiM NasnbHUKOM),
Heobxo0AMMO NPOYUCTUTDL LITATHOE OTBEP-
ctue B gucdysope. Hoebil npoBog, noc-
e BCTaBKU B OTBEPCTUE U NPUNAINKA K NPO-
BOOY KaTywku guHamuka, pomkeH bbitb
obs3aTenibHO 3ahUKCUPOBAaH 3MaCTUYHBLIM
kneem “Imobyc”, “Pagukan” u T. n.

AHnppe# TuwkyHoB
root@amr.novshah.donpac.ru



ceTeBble TEXHOJIOIMMN

(OkoHuaHue. Hauano — Ne6/2001)

KomaHaHO-MH(OpPMAaLMOHHbIE CETU — YTO 3TO Takoe?

4. ®opmar ppeiMoB 1 O6LLUIA aNropuUTMm paboThl
CILAN

Mudopmaumsa B Cl LAN nepepaetcs B Buge hpenmon
(Frame) — onpeaeneHHomn nocnegoBarenbHOCTY GaliTOB KOMaH-
abl (ot PC) u otBeTa (o1 PS). CylecTByeT cTaHAapTHLIN ¢hop-
MaT pperiMoB, ONMUCaHHBIN BO MHOrMX AOKYMEHTaX ANs NoKanb-
HBIX ceTen [9], no3Bonsiwwmy pabotate ¢ hpenmammn
nponseonbHOM agnmnHbl. OgHako atot ¢doopmart B Cl LAN nenone-
3yeTcsi JOCTATOYHO PEAKO M3-3a rPOMO3AKOCTU ero o6paboTky,
M3OBITOYHOCTU M CHMXeHWsT NponasoguTensHocTn Cl LAN npu

Tabnuua 1. ®opmar pperiva KomaHabl

Ne 6aiiTa |HanmeHoBaHue 3HaueHne
BO lMNpeambyna 10101010
B1 Adpec cTaHuum Address
B2 Kop komaHabl Command
B3 Mnagwuin 6ant gaHHbIX Low Data Byte
B4  |Crapwui 6anT gaHHbIX High Data Byte
B5 |KoHTporibHas cymma ¥ (BO...B4)

ero npumerHeHnn. Mel paccmoTpum Hambonee 4acTo NPUMEHsi-
MBIl BapyaHT hopMaToB (OpEeNMOB 1 ONVLLEM BO3MOXHBIE Ny TH
€ro onTMMU3aLun.

dopmar gpperima komaHabl NpuBeaeH B Tabn. 1.

Mepeuiii 6at (BO) —npeambyna — 6ant cuHxpoHusaummn. Bro-
powi GaiiT (B1) cogepxuT agpec cTaHumm, KOTOPOW nepcoHarb-
HbIN KOMMNBIOTEP Hanpaensier komaHay. Kog komanawl — kog, one-
paunm, KOTOPYH OOIMKEH BHINONHUTL afpecyeMblil KOHTpornep
(ctaHuus). Nanee cneaytor aea Gavita ganHbix. Ecnv Bo dhpeii-
ME KOHKPETHOWM KOMaHAbl JAHHBIE HE HYXHbl, — COOTBETCTBYIO-
e GarThl 3aMEHSIOTCS HYTNSIMU.

Bce koHTponnepel cTaHUWi BCe BPEMSs TOTOBbI NPVHSATE (hperm
KoMaHAbl. Kak Tonbko hperim NpuHST, CTaHUMKM CPaBHUBALOT ad-
pec dperima (B1) co CBOMM yHUKaIBHBIM 84pECOM, KOTOPHI MO-
XeT 6bITh 334aH € NOMOLLBIO MOAVMMKATOPOB (NEpeMbIYEK MU
nepexntoyarenein) unm “3awmt” 8 ROM mykpokoHTponnepa. Ecriv
afpec NpuHSTOro dperiMa He COOTBETCTBYET MHAVBMAYANBHO-
My agpecy CraHuum, pperim UrHopypyeTcsl, HYKakve OeNCTBuS
He NPOU3BOLATCS, U CTaHUMS OXuAAeT Npuema CreayoLlero
cperima. Ecriv e agpec dperiva coBnan ¢ nHavBygyansHbIM
aapecoM CTaHLUMK, CTaHLMS PACCHUTHIBAET KOHTPOIBbHYIO CYyMMY
nepBLIX NSITU GalT 1 cpaBHMBAET C NPUHATEIM GalTomM B5. KOHT-
pornbHasi cymma 06bIYHO CHUTAETCS YNPOLLEHHO, Bee GaiiThl Cym-
MUPYIOTCS, @ NepeHockl B cTapLlumii 6ant o6HynsiioTes. Ecnv kok-
TpOrbHasi CymMMa He CoBnarna, hpeiim UrHOpUpYeTCs M OKUZAETCs
nprieM HOBOTO (hperiMa, B MPOTUBHOM CIyYae aHanmaupyeTcst Koz,
KOMaHZibl, BHINOMHSIOTCS NPeanUcaHHbie enl OencTBUS, Hanpy-
Mep, 3anmck 6ariToB JaHHBIX BO BHELLHUE YMNPaBNsioLye permc-
Tpbl, hopmurpyeTcs hpeiim oTBeTa B COOTBETCTBUM C Tabn. 2, u
NpoOM3BOAUNTCS MONbITKA Nepeaaqym periva oreerta.

dopmar perma oTBETa OHEHb NOXOX Ha hopmaT hpenma
KOMaHAbl, 32 WCKMNIoYeHneM nons B2, B KOTOPOM MOXET CO-

Tabnuua 2. ®opmar perima oTBeTa

Ne Gaiita HavmeHnoBaHve 3HaueHve

BO MpeambGyna 10101010

B1 Anpec ctaHummn Address

B2 Koa oumbkun Error Code

B3 Mnaguwmia 6anT aaHHbIX Low Data Byte
B4 Crapuwih 6anT gaHHbIX High Data Byte
B5 KoHTporbHasi cymma Y. (BO...B4)

JepxaTbesi Kog, OLWMOKM UK cTaTyca COCTOSIHWSI KOHTpOrne-
pa.

Kak mbl y>xe otmeuanu, Toneko B cetn “SISNET” nunus TxD
HaxoguTcsl B MOHOMNONbHOM Bnagerum PC, 1, crnegoBaTensHo,
Ha HEl He BO3MOXHBI KOHGNUKTEL. Ha nuHmmn RxD cetn “SISNET”
1 B ceTsiX Ha Gase nHtepdenca RS-485 KOHNMKTH BO3MOXHbI
B cryyae c6oeB nporpaMmMHOro obecneyeHnsa cCUCTEM Unu Npu
aBapuiHLIX CUTyaumsiX, NPU 3TOM 3TU NMHUK SIBNSIKOTCS NUHUSI-
MU CO CryYalHbIM ZOCTYNOM U NPOrpamMMHBIM aHAINM30M KOHGD-
nvkroB (Carrier Sense Multiple Access with Collision Detection
network).

O6biuHo B Cl LAN B cnyvae HernonyveHus dperiva oTBeTa,
NnepcoHanbHEIV KOMIMBIOTEP MOBTOPSIET KOMaHAY ONpeAeneHHoe
uumcno pas. Ecnn He nonyyeHo Hukakoro oteeTa, PC Hanpaens-
€T B 33[JaHHYI0 CTaHUMIO hpeiim KoMmaHas aBTOTECTUPOBaHWS.
Ecnun nocne HecKonbKMX NMOMbLITOK HKAKOrO OTBETA HE Nornyye-
HO, To PC moxeTt creHepupoBaTth o6WMIA annapaTtHuili copoc
Bcex craHumin. Ecnu n ato He nomoraet, PC BuigaeT coobuie-
HVe onepartopy O hatanbHONM UNu YacTUYHON aBapyv CETU — B
3aBHICYMOCTU OT BaXKHOCTU (DYHKLUIA, BEIMNOMNHAEMBIX KOHKPET-
HOW CTaHUMEN.

BoamoxeH v gpyrori xoa cobuiTuii. Beneactere cboeB npo-
rpamMmMHON UNy annaparHon YacTer cTaHUMA, HACKOIbKO CTaH-
LM MOTYT NONbITATLCH OAHOBPEMEHHO HaqaThb nepeaaqvy. [ns
3Tol CcuTyaummn B Habop KomaHg cTaHumi o6bIYHO BBOASIT ABE
cneumnaneHele komaHael (J-Signal v OK-Signal). Nocne npuema
NepBoN KOMaHAbl B MPOMEXYTOK MEX Y BHINOMHEHWEM KOMaH-
bl Y NOCHITKOM OTBETHOrO (hperima BCTaBNseTCs NporpamMmmMHO-
yrnpaensiemas 3aepxka, paBHasi afpecy CTaHLUUW, YMHOXEH-
HOMY Ha BpeMsi nepegaqum 0gHoro oTBeTHOro penma. [Npy atom
OCYLLECTBINSIETCSH KaK Obl pasHeceHne Mo BpeMEHV OTBETOB CTaH-
umi ¢ pasnuuHbiMm agpecamu. [Janee nogaeTcs KomaHga ae-
TOTECTUPOBaHUS, MPUHVMAIKOTCH OTBETHI OT BCEX CTaHLMK, On-
penensioTcs BO3MOXHbIE MOBPEXAEHUs], W, €ClW VX yOaeTcs
yCTpaHuTh NporpamMmmHo, nogaercs dperiv komaHasl OK-Signal,
KOTOpasi BOCCTaHaBINMBaET HOPMaInbHBIN Pabounii pexxum CET.

Briwe onucar ogvH na eapnaHToB patotel Cl LAN. MNocne-
[OBaTeNbHOCTL onepauvi ke B 3TOM BapuaHTe MOXeT ObiTb
V3MEHEHa C COXPaHEHUEM OCHOBHBIX MPVHUMIOB, HanpumMep,
CTaHUuWsi Cnepea MOXET paccuuTarb U CBEPUTb KOHTPOIBHYHO
CyMMY, a 3aTeM NPOBEPUTb COBMNaieHre aipecoB U T. [.

Tenepb 0OTMETUM BO3MOXHOCTU MO ONTMMM3aLMM hopmMaTa
hpermoB. OueBUAHO, HTO OT ANVHEI Hpenma (T. €. KONMYecTBa
6alToB) 32aBUCUT CITOXHOCTb ero 06paboTku, AnvHa koaa npo-
rpamMmHoro obecrneveHsi, BOSMOXHOE KONUYECTBO LIMKIOB MNe-
pegaum (perm komaHael + pernm oTBeTa) B CEKYHAY U, B KO-
HeuHOM cyeTe, nponseoguTenbHocTb Cl LAN.

PaccmoTpym BO3MOXHOCTU NO MUHUMM3aUMK doopmata opem-
moB. Bo-neperix, B Cl LAN 06b1MHO nenonb3aytoTes 8-paspsigHbie
MUWKPOKOHTPOIIepkl, KOTopble paboTaloT ¢ JaHHBEIMY ANVHON B
onviH Gavit. MNoxanyi, eaMHCTBEHHBIM CryYaeM, Korga nepeaava
OByX GaliT AaHHBIX onpaBaaHa, sIBnsieTcs ynpaeneHve umdpo-
aHanoroBeivmn npeobpasoeatensimm (DAC — Digital-to-Analog
Converter) ¢ paspsigHocTbio Gonee Gavita. Bo-BTopbiX, Konuye-
CTBO KOMaHf, BEINOMHSAEMBIX OHVM KOHTPOININEepoM, peako npe-
Bollaer 16. B-TpeTenx, B ManbiX CETsIX KONMUYECTBO CTaHUMM
MeHbLLe 16, cnegoBarenbHo, aapec 3aHUMaeT nonyobanT.

AHanvavpys npuBeaeHHbIE JOBOABI MOXKHO cAenarb 3aKIiove-
HUE, YTO, B 32BUCMMOCTM OT OPUEHTaLIW, 3arPy>KEHHOCTMN CETU (KO-
JNIMYECTBa KOMaHZ, 1 CTaHUWI) 1 annaparHon peanvsaumm craH-
LA, MOXHO BaPBEMPOBATL ATIMHY (OPEMOB, Hanpuvep, 06beayHsist
azpec v kog KoMaHabl B ogvH 6aiT unn/v yaanve u3s cperima oguH
6anT aanHbIX. Boobuwe, B Cl LAN criegyer, ecrnv 310 BO3MOXHO,
VICMOMNb30BaTh OAVMHaKOBYIO ANMHY (DPeiMOB KOMaHAbl 1 OTBETa,
UTO 3HAYUTENBHO YNPOLLAET NporpamMmMHoe oGecreveHne MUKPO-
KOHTponnepa craHuum. Ho BoO3MOXeH v gpyrovi BApUaHT — B CTO-
poHy yBenuueHvsi AnvHel doperiva. Bee 3aBncHT OT KOHKPETHOM
OpVIEHTaLMM CETU U NPEOLSIBNSIEMBIX K HEl TpeOOBaAHWIA.
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BEGIN
INIT PORTS
4
SEND
GET COMMAND CRC ERROR COMMAND
COMMAND O [
COMMAND 1 |
MONITOR | = ==
COMMAND F [
COMMAND
ERROR | ]
POWER INTERRUPT » POWER ERROR |—
Puc. 7. O6wwui anroputm paboTkl KOHTponnepa cTaHuum
CILAN

OnvceiBatk anroputm pabotel PC B Cl LAN mbl He Gygem
BBUAY MHOroo6pasusi ero peanusauymn. OTMETVM MWL, YTO B
npocTtevilwem cnyyae anroputm paborsl PC cBognTes kK nogave
B 331aHHBbIE MOMEHTHI BPEMEHU ONMpeaeneHHbIX KOMaH, v pe-
aKUUM Ha rory4yaemMble JaHHbIE.

B obwem cnyvae anropntm paboTel CTaHUMM JOCTATOYHO
NpoOCT ¥ NPeaCTaBneH Ha puc. 7.

B mogyne Init Ports nponssogutcsa Heobxogymasi uHuuma-
nu3aumsi NepeMeHHBIX U YCTaHOBKa PErncTPoOB UMW OTAerNb-
HbIX OMTOBR B HaYanevHoe cocTosiHne. BoaMmoxHO npoBeaeHve
aBTOTECTUPOBAHWS W onpeaerneHne NHOMBUAYarbHOro HoMe-
pa. Mogyne Get Commands oTBevaeT 3a nonyyeHue v aHa-
nuv3 komangroro dperma. Mogyne Monitor anannanpyert kog,
KOMaHAbl W BbLI3BIBAET COOTBETCTBYIOLLME MOAYIM KOMaH[,
Command 0...F. Mogynn komaHg cogep»ar co6CTBEHHO 3a-
JaHHble OEeNCTBUS, NpeaBapuTenbHY0 oTpaboTKy OaHHBIX U
¢dopmupoBanue oTBeTHOro hpenma. B cnyuae, ecnv agpec m
KOHTpOIbHasi CyMMa npaBuIibHbIE, HO 3a4aHHON KOMaHabl He
cywectsyeT, B mogyne Command Error ¢popmupyetcsi cooT-
BETCTBYIOLMI perm oTBeTa. B HEKOTOPBIX CeTsIX Npy owmnb-
Kax KOHTpornbHon cymmel B mogyne CRC dopmupyetcs Error
hperim COOTBETCTBYIOLLEro OTBETA U MPOU3BOANTCH NOMBITKA
€ro nepegaymn, ogHako Takom BapuaHT anroputma bonee meg-
TNEHHLIN, YeM UrHOPUPOBaHKWE OLLMBOYHOro hperiva, T. K. Npn
3TOM PE3KO BO3pacTaeT BO3MOXHOCTb KOHMIMKTOB W 3aTpar
BpeMeHW Ha UX ycTpaHeHue. B mogyne Power Error dopmupy-
eTcs hpperim OTBETa aBapUMHBIX CUTYyaLUWi, OOHapyXMBaeMbIX
camon ctaHyven. Mogyne Send Command ocyLiecTBnsieT oT-
npaeky dpernma.

Kak y>xe 6bino ckasaHo Bhiwe, B mogyrnsix Command O...F
npovicxoanT cobCTBEHHO BHINONHEHVe komaHg,. o BpemeHu nc-
MONHEHWs PasnuyaroT TpY TUNa ANMHE KOMaHZ: KOPOTKUe, Ha-
npumep, 3anucb/uTeHre GariTa B/v3 nopt(a); cpegHve; ONvH-
Hble, B KQYeCTBE KOTOPLIX OOBIYHO CUMTAKOT NMPOrpaMmMHyIo
peanusaumio YTeHns unm 3anucu nNo uHtepdericy SPIL.

CyulecTtByeT goCTaToOuHO MpocTasi MeToavka [7], no3sonso-
Lias NpoaHanvavpoBaTh NpegernbHyto npovseoanTensHocTb Cl
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LAN (T. e. MakcumanbHO BO3MOXHOE KONUYECTBO LIMKITOB Nepe-
Jadv/nprema dperimoB B cekyHay 6e3 yueta aBapyiHbIX CUTY-
auuii n c6oes). Huxe npuBegeHa nocneqoBaTenbHOCTb pacye-
Ta.

1. Buibupaercsa Hanbonee meaneHHoAeyCTBYIOLLMI KOHTPO-
nep ctaHumm (xoTs 06bdHO paspaboruvkm Cl LAN ctpemsites
VICrorb30BaTh OQHOTUMNHEIE MVKPOKOHTpornepsl). [ns npuve-
pa Bo3bMeM MUKPOKOHTponnep AT89C51.

2. BuibupaeTtcsa TakToBasi Yactota MUKPOKOHTpornepa, Ha-
npumep, 11,059 MI'y, npn atom nepuog coctaensieT 90,424 Hc.
OnpegensieTcss ANUTENbHOCTbL OAHOIO MalMHHOIO LUKna (B
Hawem npumepe paeHbl 12 nepuogam TakTOBOW YacToThl) —
1,085089 mkc.

3. PaspabatbiBalotcs HanGonee KopoTkasi u Hamboree aAnvH-
Hasl KOMaHabl KOHTpornepa.

4. MNpvMepHO nonaraeTcsi CyMMmapHOe BpeMmsi, 3aTpaquvBae-
moe PC Ha dopmmpoBaHve ¢permva komaHabe 1 obpaboTky
OTBETHOro (hperima. ECTeCTBEHHO, YTO 3TO BPEMSI 3aBUCUT OT
MHOMMX HaKToOpPOoB (TUMa ¥ YacToThHl NpoLEeccopa, onepaunoH-
HOW CMCTEMBI, anroputMa 3aga4m U KonumuecTea (hOHOBLIX 3a-
hau).

5. PaspabaTtbiBaeTcs TecToBas nporpaMma paboTbl CTaHumm,
BKITIOYaIK0LLas1 BCE BLILLENEPEYMCIIEHHBIE NPOorpaMMHEie Groku.

6. C nomowb NporpamMMHOro otnaguvka (Hanpvmep,
HDC8051) onpeaensitoTcsi KONMYECTBO LIYKINOB U BPEMS! BBINOI-
HEHUS KaXaoro 13 GrokoB NporpaMmMbl Npy 3agaHHON TAKTOBOW
vactoTte koHTponnepa. Npu atom nckniovaroTess niobele Npo-
rpaMMHbIE 33EPXKKU, CBSI3aHHbIE, HANPUMEpP, C OXUAaHUEM
nprvema unu nepegaqm Ganta.

7. Onpegensietcs nonHbiv Lmkn obmena LAN
T, ()

rae Tpe — cymmapHoe Bpemsi peakuum PC, Tp=F(S) — Bpems

TC=TPC+TR+TFrameGet+TMonitor+TCommand+TFrameSend+

npuema opHoro perima ot PC Ha ckopocTy S; T, eget— BPE-
Msi BHINONHeHus Brioka npuema dperima komaHabl; Tyonior —
BPEMs1 BLINONHEHNs 6roka MOHUTOPa; Tegmmana=F (N) — Bpems

BLINONHEHWs 6rioka komaHgbl Kak hyHKLMS OT HOMepa KOMaH-
Akl N 1, COOTBETCTBEHHO, €€ ANVHBI; Tk amesend — BPEMS BHINOMN-
HeHusi 6rioka nepefaqn oreeTHoro tpenma; T;=F(S) — Bpems
nepegaum ogHoro hperma Ha CKopocTu S.

8. C yyetom TOro obCcrosiTenscTBa, UTO hperiMel MpyemMa u
rnepegaqy UMeKT OOVHAKOBYIO ANVHY Y NepeaaroTcsi Ha O4HOM
cxopoctu (Tg=T5), bopmyna (1) npnobpertaer Bua:

TC (S’N) = TPC+2TR (S)+TFrameGet+TMonitor+TCommand(N)+TFrameSend' (2)

9. PaccuntbiBaeTcs nponasogutenbHocTb LAN B 3aBMcMMO-
CTW OT CKOPOCTU Nepeaayy AaHHbBIX S U ANUTENBHOCTU KOMaH-
ael N no dopmyne

Py S.N)=1To(S.N). 3)

Mo makcnmanbHom npounasoguTenbHocThio Cl LAN noHma-
€TCsl MaKCVMarbHO BO3MOXHOE KONMYECTBO MONHLIX LUUKITOB
obmeHa Npu BbINONHEHUN Hanbornee KOPOTKOM KOMaHabl KOH-
Tponnepa Ha MakCUMarnbHOW CKOPOCTY (Npy OTCYTCTBUK CHO-
€B, 3afepXeK CUHXPOHU3aLvK, NOBTOPOB nepegay hperimoB,
VICKaXKEHUIA KOHTPOIBHBIX CYMM, MMHUMarbHOM BPEMEHU peak-
uvm PC v T. a.). CooTBETCTBEHHO, NOA CpeaHer MPOU3BoanTENb-
HocTblo Cl LAN noHuMaeTcs KonmyecTBO MONHbIX LMKNOB 06-
MeHa Npy BLINOMHEHUM KOMaHAbl CPeAHEN ANUTENBHOCTM.

OnucaHHasi MeToaguka HOCUT MPUONIKEHHBIV OLLE@HOYHbIN Xa-
pakTep, T. K. NPOBOANTCS C YHETOM psiga gonyiieHun. B pesynb-
Tare pacyera v MoaenMpoBaHusi TECTOBOW MPOrpaMmbl, NpUBe-
OEHHOWM HUXe, NoMnyYeHbl pe3ynbrarhkl, NoKasaHHbIe Ha purc. 8.

MNpu pacueTax Mcnonb30Barcs ONWCaHHLIM Bhile dopmar
dpeiima, Tps NPUHATO paBHBIM 5 MKC. ECTECTBEeHHO, 4TO BO3-
MOXHasi MMHMMM3auus oopmata hperimoB, KoTopast 3akno4a-
€1Cs B yMEHbLLEHUU ANVHBI PperiMoOB Ha 0avH BanT, yBenuumt
MaKCUMMarnbHyI0 NPOV3BOAUTENBHOCTL (NMPUMEPHO Ha 18—21%).
Cneayet OTMETUTB, YTO MPU pacyeTe MakCUMarbHO BO3MOX-
HOW NPOM3BOAUTENBHOCTU UCTIONb30Barach KOPoTKasi KomaHaa
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Puc. 8. MakcumansHO 1 MUHUMANBHO BO3MOXHAsA
npoussogutensHocTs Cl LAN

sarmen Gavita B nopT (Teommana=6-2 MKC). MNpn pacuete MuHK-
MasibHO BO3MOXHOW MPOV3BOANTENBHOCTY NCTIONb30Barach KO-
Manga nporpammHon 3anmcu 16 6uT no uHTepdericy SPI
(Teommana=003 MKc). MNpyvBeaeHHbIe pacyeThl MO3BONSIOT AOC-
TaTOuYHO TOYHO OLEHNTE BO3MOXHOCTU NpoekTrpyemon Cl LAN.

5. TectoBas nporpamMmma koHTponnepa craHuyuu Cl LAN

B HacTosilwem pasgene paccMOTPUM HEKOTOPBIE doparMeHThI
TECTOBOWM MporpammMmbl MUKpOkoHTpornepa cradumm Cl LAN.
Mporpamma HanncaHa Ha sisblke C ansi MUKPOKOHTpornepa
AT89C51 npwn vactoTte kBapuesoro peaoHatopa 11,059 MITu.

B nepBom dparmeHTe cBegeHbl onpegeneHvsi Cnonb3ye-
MBIX NePEeMEHHBIX, MHLManu3aumsi AaHHBIX U BCE OCHOBHbLIE
nognporpaMmel 06LLEro NonbL30BaHus.

dparmeHT 1:
/ /
/* Test Program for CI LAN "MISNET" */
/ /
#include " \includevio51 h"
#define ERROR 0
#define OK 1
#define byte unsigned char
code byte StartSpeed =24;
#pragma memory = data
byte FR[E]; /* Maccus dpeiiva */
byte PTR; /* Cuerunk */
byte MyAddress; /* Anpec ctantmm */
byte Ready; /* ToTOBHOCTE IPVEMHENKAE */
byte FLAG; /* Onar npuema dpetiva */
#pragma memory = default
nterrupt [0x23] void SCON 1t (void) /* [porienypa npepriea—
Hust nopta RS232C */
{
Ready=1;
ES=0;
}

void SpeedInit (byte NewSpeed)
cTporiky 1 Taiimepa At paboTsl RS232C */
{
char ch;
TR1 = (; /* Tattmvep 1 BRIKITIOUNTE */
PCON = PCON | 0x80; /* VoTasoBKa [BOMHOM CROpoCcTr */
THI = TL1 = (NewSpeed ™~ 0xFF)+1;
ch = SBUF; /* OuneTnTs MpreMHbll 6ydep >/
SCON = 0x52;

/* TlopnporpaMMa Ha—

TR1 = 1; /* Tattmep 1 BRTIOYUNTS ¥/

}

void SendB (byte SendByte)
nasm GaiTa >/

/* llognporpaMMa nepe—

{
while (ITT); /* OXupaTe, NOKa 3aBepIInTCs
npensayias nepenatda (TI=0) */
TI=(; /* OsmetnTs drar nepenasm */
SBUF =SendByte; /* locraTh GaitT */
}
byte CetB (void) /* lomnporpamMma npreMa
Gartta */
{
byte InputByte;
while (IRI); /* Oxupath npneM Gafira (RI=0) */
InputByte = SBUF; /* TomysmTte GaiT */
RI =(; /* Oumetnts drar nprema */
return InputByte; /* BepHYTE PUHATHI 6aiT */
}
vold Time (char Delay) /* TlopmporpaMMa 3afIepKKu ~
(10+7*Delay) mkS >/
{
while (Delay)
{

Delay=Delay—1; }}
void It Ports (void)
BAIM MYKDOKOHTPOTITIEpa */

/* Heria mbHast vHUIMam —

{
EA=Q; /* 3ampeTuTE BCe MPpepHBanns */
RI=TI=PTR=(;
FLEC=(;
TMOD=0x22; /* Tarimep B peskuMe 2; apTorneper—
pykaeMelit 8 —6UTHEIN CHeTHnK */
SpeedInit (StartSpeed); /* VCTaHORUTD HEHATTEHYO CKOPOCTD
2400 */
MyAddress =P2 & 0x7F; /* IlpoumTaTs aapec CTaHIN Ye—
pes nopt P2 */
Time (100); /* Zapepsxka ~ 750 mkS */
Ready=0; /¥ Oumetuts diar mprema
*/
TI=(; /* OsmetnTs drar nepenasm */
EA=1; /* PazpenmTs Bce TpeprBanms */
i

MNpyBeaeHHbIN hparMeHT CoaepKMT JOCTATOYHO NONTHBIE KOM-
MEHTapuK, NO3TOMy criegyeT fo6aBUTb TONBLKO, YTO B OMNUCHI-
BaeMoWl nporpamMme BCE KOHTPOImepbl Nocre annapaTrHoro
cbpoca HacTpanBaloTCsl HA MMHUManbHYK0 ckopocTb 2400 6og.
MNocne copmmporaHusa PC annaparHoro ceTeeoro copoca n MHM-
Luranusaunm MUKpOKOHTpornepoB, PC nepegaeT KaxaoMy KOH-
Tpornnepy KOMaHy HacTPOVKU Ha CBOKO CKOPOCTb, a8 3aTeM KO-
MaHgy aBTOTECTUPOBAHUS ANS OnpeferneHusi CoCTOsIHUSA
CTaHUMM U yCTOMUMBOCTM CBSI3N HA 334aHHON CKOPOCTU.

®dparmMeHT 2 NokasblBaeT OCHOBHBIE NOANPOrpaMmel Npuema
¥ nepegayun pperimoB.

dparmeHT 2:
/ /
S**CETCOMMAND **/
/ /
mnt Frame Get (void)
{
byte By;
while (1)
{
PTR=(; /* OYMCTUTD CYETHINK */
FLAC=0; /* Cépocnth drar mprema
dpeiiva */
while (PTR<6) /* OcymecTBuTs IpueM 6 GaiToB
dpeiiva */
{

ES=1; /* PaspenmTs npepeieanmst RI & T1

>/
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while ([RI&Ready); /* Ecrm nocTymmi 6aifT,
TIPUHSTE €70 */

FLAG=1; /* VerauoruTs Grar npn—
emMa dpetiva */

Ready=0; /* CumeTnTs drar roTop—
HOCTY TPUEMHVKE */

Bi=CetB(); /* Tlonmy4eHHEI 6aiT 3amcaTs */

1f (IPTR) /* Ecrm Gatit neperiit (PTR==0) n
HEe pakeH Kony npeaMOyer (Bil=0xAA), XOaTs crienyiommi 6ait */
{
if (Bil=0xAA) /* Cunxponnsanms */
continue;
}

FR[PTR++]=By; /¥ 3ammcaTh TPUHSITHIN

Gaitt B Maccye ¢peiiva FR[PTR] 1 yBemsmTh cHeTymK */

}

FLAG = 0;
cnTh qrar mpuema */

B =(FR[0] +FR[1]+FR[2] +FR[3] +FR[4])&0x00FF; /* Paccuer
KOHTPOITBHOV CYMMEL */

if (FR[5]!=By
cyMMa dpeliva Be pasHa pacyeTHOR ¥/

/* Opeiiv TpUHST, cBpo—

/* Ecmu KOHTpOMBHAS

{
PTR=0; /* COpoCHUTL CHETHHK */
continue; /* Oxuparh Crenyommi
dpeitv */
}
if (FR[1]1&0x7F) = =MyAddress)
break; /* Ecnm agpec dpeiiva pases afg—

DECy CTaHIY — 3aBEPIINTD, MHEYE OKIATE CTEyiommi dpeim */

)

ES=1; /* PazpelmTs mmpephisa—
Hmst RI & TL*/
return CK;
}
/ /
/** SEND FRAME ***/
/ /
vold Frame Send (void)
{
while (FLACY); /7 OxxnpaTh 3aBepIeHns
npuema dperma >/
PTR=0; /* O6HYIUTE CHETHVK */
TI=1; /* Paspenmrs nepenasy */
while (PTR<6)

SendB (FR[PTR++1); /* Ilepenate 6
Gaitt dpettma */

}

®dparmeHT 3 NoKkasblBaeT NognNporpaMmMmbl MOHUTOPa, NpUMe-
pPHl HANMCaHUsi HECKOIBKUX KOMaH, v nogrporpaMmel hopmu-
poBaHus hpenma oTBeTa.

®dparmeHT 3:
/ /
/< OUTPUT FRAME ***/
/ /
void Cutput Frame (byte B2, byte B3, byte Stat) /* Tlopmpor—
pamvma dopmuposarms dpeliva oTeeTa */
{
FR[0]=0xAA,; /* [lpeambyma */
FR[1]=MyAddress; /* Anpec cran—
m ¥/
FR[2]=Stat; /* Craryc mm onméka */
FR[3]=Bz2; /* IaHHEIe MM AeTan—
3aImst COCTOSTHIS */
FR[4]=B3; /* IanbLle N AeTanm—
3aImst COCTOSTHIS */

FR[5] = (FR[C]+FR[1]+FR[2] +FR[3] +FR[4])&0x0CFF; /* KouTpombHas
cymMmma */

}

void Form Comm Error (void) /*  Tlopmpor—
pamma dopMupoBanys dpetivMa OTEeTa TP NONySeHnn ™/

{ /* HeCyIecTeyoIe Ko—

40

masner Kom 0x01 >/
Output Frame (0x02, 0x00, 0x01};

}

/ /
7% Command Subroutines ***/

/ /

int Command 0 (void) /* llopnporpaMmMa Ko—
MaHBI YCTaHOBKY cKopocTy 2400 */
{

SpeedInit (StartSpeed);
2400 */

Output Frame (2400,0.0);
HEIT bpetim */

Frame Send (;

return OK;

/* VeTaHOBUTE CKOPOCTE
/* CdopMupoRaTh OTBET—
/* OtmpaenTs dperiv */

}

/* Psim koMansz Tponylies */
it Command F (void)

KOMAaHIH */

{

/* lommporpamMma IycTor

/* Tero oamporpaMms! */
return OK;

}

/ /

[ MONITOR™Y

/ /

it Monutor (vord) /*
paMMa MOEITOpa */

{

INopnpor—

switch (FR[2])
KOMAHTIET

{

/* HemmbpupoBaTh KoM

case 0x00: return Command 0 (;
case 0x01: return Command 1 (;
/* Pstn KOFOB KOMaH TPOnyIleHo */
case 0x0f: return Commeand. F §;
/* Psil KOoFIOB KOMas] TIPOITyINEHo */
default: return ERROR;
HECYITIECTEYIOITEN KOMaH TR BEPHYTE KO OITHERY */

}

/* Berseath Komanny 0 */
/* Berseath Komaumy 1 */

/* Berspats koMmauny F ¥/

/* Ipu moCTynnesny Kofa

}

B atom hparmeHTe NprBeaeH TEKCT NOAgNPOrpamMmMbl TONbKO
OOHOI KOMaHAbl, OCTarnbHble KOMaHabl He MPUBOASTCS M3-3a
orpaHnyeHHoro obbema crartby. To e KacaeTcsi v nognporpam-
Mbl MOHMTOpa. HanomHnm, 4TO B NprBEAEHHOM hopmaTte pen-
Ma ans koga KomaHabl OTBeaeH oauH 6anT, T. €. BCero MOXeT
6bITb A0 255 komaHng. MNMonyyenne dperima ¢ oWnBOHHON KO-
MaHaoN BLI3OBET hopMMpoBaHue gperima oWwmnbku (B Hawem
npumepe 0x01). AHanornyHo mMoryT GbITb HanucaHsl U gpyrve
nognporpamMmmel opMMpoOBaHUS OLLMGOYHLIX hperMoB. x dop-
MUPOBaHUE MOXET ObiTb BLI3BAHO NPEPLIBAHUSIMK UMK OMNpo-
COM Kakux-nmbo nopros.

B 3akntoueHune npveegem parmeHT 4, cogepXkalimin rnae-
HBIM MOAYIb MNPOrPaMmbl.

dparmeHT 4:

/ /
/7** MAIN BEGINING ***/

/ /

void main (void) /* ImaeHbI MO—
Oy TPOTPaMMEL */
{
Intt Ports ;

3AIYST MAKPOKOHTPOTIEpa */

/* Hasa meHast HUImam —

while (1)
{
Frame Cet(); /* Tonyunte dpeiim Ko—
Mam[Is */
1if (Monitor () == ERROR) /* BRITIOITHNUTE TIOATPOTr —
paMMy MOHUTOpa */
{ /* Ecnmn MOHUTOD BEPHYIT
onmeéry */
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Form Comm Error O; /¥ Chopmuporats dpetim
ommern */
Frame Send (; /= Otnpaeuth ¢peim

(ormmbrn) */

}
}

XoTs B paMkax gaHHoli CTaTby Mbl HE paccMaTpuBaem 0Co-
6GEHHOCTU CXEMOTEXHUKM COBPEMEHHBIX MWKPOKOHTPOIIEpoB
cTaHuui, Heobxoaumo HanoMHUTb, 4To B Cl LAN ctaHumm obsi-
3arenbHO A0MKHBLI ObITh OCHAaLLEHB CYrnepBU30POM MUTaHUS
(SV) 1 yanom koHTpons 3aeucanus (WDT) ¢ BHELLHUM BXOZOM
cbpoca. B atom cniyyae B nporpamme crnegyeT He 3abbiBaTb
nepvoanyecku nepesanyckarb WDT.

MprBegeHHan nporpamMa MOXET MOCNYXUTb OCHOBOW A
HanmncaHus YnTarenem cobCTBEHHON paboyel NporpaMmel.

B 3aknioueHve crniegyet otmetutb, Hto Cl LAN, nonyumBumve
pa3BnTue B MNOCNEAHUE HECKOIbKO IeT, HaxogaT Bce Gonee
LWMPOKOE MPUMEHEHNE HE TOMNBbKO B MPOU3BOACTBEHHBLIX UINU
HayuYHbIX YYPEXAEHWSIX, B UBMEPUTENBHEIX U YNPaBNSOLLUX CU-
cTemMax, HO U B naboparopusix pa3paboTUMKOB pasfnyHBIX CUC-
TEM U, KOHEYHO, B paguonioonTenbCKoM NpakTyKe.

Mpumenerne Cl LAN no3eonser co3gaearb O4eHb MOLLHBIE
CUCTEMBI HA MVKPOKOHTpOInepax, Ho 6e3 CNoXHLIX 1 rpPOMO3/-
KUX BEIMUCTIEHWI B HYX. [paKkTUHYecKy KOHTPOIepbl BLIMNONHSIOT
arnemMeHTapHble onepauyy v, B HEKOTOPOM CMBbICTIE, SIBMNSIKOTCH
nepucepuiiHbBIMK NpMBopaMm NEPCOHanbHOIO KOMMNbLoTEPa. Becb
rpy3 Cepbe3sHbIX BLIHMUCIEHWI NMPY STOM BO3Naraercs Ha MOLL-
HbIE€ U OCHALLEHHBIE Pa3HOOGPa3HBIM NPOrpaMmMHbLIM obecneve-
HUEM NepcoHarbHele KoMMboTepel. Co3gaBaeMble paHHee CUC-
TeMbl Ha 6a3e MVKPOMNPOLIECCOPOB U MUKPOKOHTPONNEPOB.,
KOHEYHO Xe, HE MOYT HU B Kakoe CPaBHEHVE C COBPEMEHHBIM
Hegoporum PC no pasnoobpaanio n BO3MOXHOCTSIM nepucbepuii-
Horo 0bopyoBaHVs, CpeACcTB JOKYMEHTUPOBaHWS 1 BU3yanuaa-
umn. Paspabotumkam Cl LAN ocraetcs Tonbko o6ecnevnTb Bol-

COKOE KauyeCTBO M HaAEXXHOCTb CO3AaBaeMbIX CTaHUmi. [ins aTto-
ro ceiyac 4oCcTynHa NpakTuyecku nobasn aneveHTHasi 6asa.

Oner Hukonanuyk,
onic@ch.moldpac.md
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B ctatbe “OcHOBHbIe aneKTpuyeckue XxapakrepucTUKU ONTOINEKTPOHHbLIX KOMMYyTaTopoB cepuun K249KI1”
(Ne 5 Hawero xypHara) bbuna nponyLueHa Tabnmua 1. Mel NpUHOCUM CBOW 3BMHEHWSA aBTOpaM 1 YiTaTensam 1 nyonm-

Kyem ee.
Tabnuua 1
MNapameTtp 3HaveHve
K294KM1AM3[K294KM1BM3|K294KMN2AM3|K294KMN2BM3
MNpsimoe BxogHOe Hanpshxenne, Usx, B (Mpy BXxogHOM TOKE lex=10 MA) 1,2 1,2 1,2 1,2
Mpsamoi BXOAHOM TOK BKNMIOYEHUS, lox ekn, MA (Torp cp=—40...+85°C) 5 5 5 5
[NpsiMoe MakcManbHOE BXOAHOE HanpshkeHne BuIKMOYEHUS, Usx suin, B 0,8 0,8 0,8 0,8
[NocTosIHHOE BHIXOAHOE HampsikeHne kommyTaumm, U, B 60 400 — —
[NepemeHHoe BbIXOgHOE HanpsbkeHne kommyTaumm, Uiow~, B — — 60 400
MakcyManbHbI NTOCTOSIHHBIN BEIXOAHON KOMMYTUPYEMBIN TOK, lom., A 2,5 0,6 2,0 0,45
MakcumanbHOe BHIXOOHOE COMPOTUBIEHWE BO BKITHOUEHHOM COCTOSIHWN, 0,1 2,0 0,2 4,0
Reeix M, Owm
BeIxogHas eMKOCTb, Caux , P, MNPy KOMMYTUPYEMOM HaMPsPKEHUN 500 500 500 500
UKQM=60 B
Bpems BkmoveHus, tekn, MC (Ukon=60 B) 4 4 4 4
Bpems BbIKNIo4eHUS, toarin, MC (Ukenv=60B) 1 1 1 1
ConpoTmBnieHne n3onsiumm Bxog-Buixog, Rus, FOm 100 100 100 100
HanpsbkeHue naonsiumm Bxog-Buixod, Uws, B (21 MuH.) 3000 3000 3000 3000
[Mpsimon MakcumarnbHBIA BXOAHON TOK, lex v, MA 25 25 25 25
KpaTkoBpeMEHHBIN MpsSiMOV UMMYNBbCHBIV BXOOHON TOK, lex uvn, MA 150 150 150 150
(gnvTensHocTb nmMnynesca t=100 MKke)
MakcrmanbHoe obpaTHoe BxogHoe Hanpshkenne, Usxosp, B 3,5 35 35 3,5
BLIXOQHOV TOK YTEUYKU B COCTOSIHUM BBIKIIOYEHO, lyr, MKA 0,1 0,1 0,1 0,1
MakcumanbHas NOCTOsSHHAS paccenBaeMasi MOLHOCTb, Ppac.max, BT 1,11 1,11 1,43 1,43
TennoBoe CONPOTYIBMEHVE KPUCTaNN - OKpyXawLas cpena, Ry wp-cp, 90 90 70 70
°C/BT
MakcymanbHo gonyctumas Temnepartypa nepexoga, Tnwax, °C 125 125 125 125
Pabovas Temnepatypa okpyxatowen cpegbl, Towp. op, °C —45...+85 —45...+85 —45...+85 —45...+85
Temnepatypa xpaHenus, °C —45...+125 | 45...+#125 | 45...+125 | 45...+125
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NMpumepbl NpoeKTupoBaHUsa LU POBLIX YCTPOUCTB
C Ucnosnb30BaHUEM A3bIKOB onucaHusa annapartypbl

TMpu uzyyeHuu HayK NnpuMepsl Nnone3Hee nNpaeus
Ucaak HoromoH.

Asbiku onucarus annapamypel VHDL u Verilog HDL nipedcmaensitom coboli A3biKU 8bICOKO20 YPOBHS (6 omiuyue
om AHDL u ABEL HDL) u npedCHa3Ha4YeHb! 0M1s1 ornucaHusi yughbpoebiX CXeM U UX 37IEMEHITIOB.

T SA3bIKW NOAAEPXKUBAIOT pa3nuuHble YpOBHW abcTpak-

Lmn npoekTa, BKMoYasi nopaepky ocobeHHocTer ap-

xuTekTypbl [MTTINC, noa kOTOPYO BHINOMHSIETCH MPOEKT.
Vicnonb3oBaHye S13bIKOB ONMCaHs annapaTypbl BbICOKOTO YpOB-
H$1 NMO3BONSIET NPOEKTUPOBATL LMpOoBLIE CUCTEMBI, 0bnagato-
LiMe BLICOKOW MOOWMMBHOCTLIO, T. €. BO3MOXHOCTBIO NepeHoca
Ha Apyryto anemeHTHyto 6a3y. [insi coagaHms 3aKkOHYEHHOTO NPo-
eKTa HeobxoAVMMO NULLL NMPOU3BECTY KOMMUMSILUIO B COOTBET-
CTBYIOLLEW CUCTEME B 3MEMEHTHYH0 6a3y BbIGpaHHOIo Npon3eo-
avtens. OgHako B 3TOM U NPOSIBNSETCS OCHOBHOW HEAOCTaTOK
S13bIKOB BBICOKOIO YPOBHS1 — HEMONHBIN YYET crieumdnyeckux ap-
XUTEKTYPHBIX 0OCOBEHHOCTEN MCTNONB3YEMON 3reMeHTHON 6asbi.
B HacTosiwen cTaTbe Mbl NONbLITaeMCsi pPacCMOTPETE HEKOTOPbIE
nprMepbl NCMONb30BaHKsA S13bIKOB ONUCaHWA annaparypbl ans
C03aHus MPOEKTOB Pa3nyyHOIO YPOBHST COXHOCTM.

Mpy npoBegeHun cuHTe3a normueckon cTpykTypsl MIUC ¢
MCMNonb30BaHWEM SI3bIKOB OMNWCaHWS annapatypbl pasnuyainT
YeTblpe OCHOBHBIX CTaAuU NPOEKTUPOBaHUS:

co3gaHve n pyHKUMOHanbLHasi BEpurkaLmsa NpoeKkTa;

peanusaums npoekta B CAINP MNJNGC;

nporpammupoBanue MNINC;

BepndUKaLVs BCEN CUCTEMBDI.
Mpy dyHKUMOHaNBEHONM BeEpuVKaLUVM BBOL ONMUCAHUS NPOEK-
Ta ocyLLecTBseTcs Ha peructpoeoM ypoere (RTL-level) B nose-
Oenueckor obnactu (behavioral). Nocne BBoga onvcaHusi Npo-
eKkTa yHKuMoHaneHoe mogenupoBaHve (Bepudvkaums)
NoO3BONSIET OLEHUTL CTENEHb NPaBUINBEHOCTY (PYHKLIMOHVPOBaHUS
anropvTMa, a Nno OKOHYaHWKW ero NPoBeAeHNs ONMCaHne CYHTe-
3UpyeTcsl B CMIMCOK Lienei Ha BEHTUITbHOM YPOBHE B CTPYKTYPHOM
obnactu. lMNocne ocylwecTBNEHNs] CUHTE32 MOXHO BbINONMHWUTL
CTPYKTYpHOE (BpeMeHHoe 1 (hyHKLMOHaNbHOE) MOdenpoBaHne
ycTporcTea. B pesynbrare mMbl nonyyaem Cnmcok Lenew, Kak npa-
BuIo, B opmarte EDIF gns BpemeHHON Beprdukaumm NnpoekTa.

PaccmoTpymM NpyMeHeHne S13bIKOB ONUCaHUs annaparypbl Bbl-
cokoro ypoensi VHDL u Verilog HDL gnst onmcannst paanuuHbix
LUMPPOBLIX YCTPOWCTB. [laHHbIE OMMCaHKst He OPUEHTUPOBAHBI HA
KaKylo-Nnbo KOHKPETHYIO CUCTEMY NMPOEKTUPOBaHWS NN cemel-
cteo MNINC (ecrm HeT oco6oro ykazaHus) u MoryT ObITe BOMIOLLE-
Hbl B pa3nnuHblx 6asvcax. Takol TN onucaHmiin NoryyYun Hasgea-
HVe He3aBWCUMOIO OT TEXHONOMMW CTUMS ONMCaHWs YCTPOWCTB
(Technology Independent Coding Style). Haunem paccmotperve
cnocoboB ONMCaHUsl HE3aBVCUMBIX OT TEXHOINOIMVK YCTPONCTB C
nocneaoBaTenbHOCTHBIX YCTPONCTB. B aHmonabivHON nutepary-
pe npuvHsTHI cregyolme TepMuHbl: 3awernka (latch) — ans yer-
poricTR, TakTmpyembix ypoeHew; Tpurrep (flip-flop) — ons yetporicts,
TaKTUpyeMbIX (POHTOM TaKTOBOTO MMIYIbCa.

Tpurrepbl U perucTpbl

Ins onncanns TpurrepHbix cxem B VHDL nenone3aytotcs one-
partopbl wait 1 if BMecTe ¢ npoLeccom, ucnonb3yLwmum aTpuby-
Thbl NEpPeAHEro Unu 3agHero poHTOB CUHXPOVMINYIbCA.

Hwxe npuBegeHbl NpuMepbl co3gaHusl onucaHuii cpabatbl-
BaHWs NO (OPOHTY:

(clk’event and clk="1') — atpubyT cpabaTbiBaHusi Mo nepeaHe-
MY (PPOHTY;

(clk’event and clk="0") — atpnbyT cpabaTtbiBaH1s No 3aHEMY
ppoHTy;

rising_edge(clock) — BbIZ0B (hyHKUMM NO NepeaHeMy PpPOHTY;

falling_edge(clock) — BbI30B hyHKLMM NO 3agHEMY (DPOHTY.

B 3Tnx npumepax unnocTpupyeTcs npyMmeHeHvwe atpubyra
nepegHero dpoHTa (rising edge ‘event attribute). Vicnone3sosa-
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Hue aTprbyTOB crieflyeT peKOMEHAOBaTL B TEX Cly4asix, Korga
crcTEMA NPOEKTUPOBaHUS HE NOAAEPKVBAET BbI30OB (PyHKLMK
no cobeiTnio. Vicnonb3oBanue yHKUMIA NO3BONSET n3bexarb
KOINIM3uii, CBAI3aHHBIX C NEPEXOAOM U3 HEONPEAENEHHOTO Co-
CTOSIHWS, NMOCKONBKY (PyHKUMST onpeaensieT TONbko Nepexogbl
ypoBeHer (13 0 B 1 unm n3 1 B 0), HO He Nepexoa 13 Heornpeae-
neHHoro coctosiHusa B 1 unn 0. 31O CTAaHOBUTCH AOCTATOYHO
BaXKHbIM B CIy4a€ UCTOSIb30BaHMS MHOTO3Ha4HBIX TUMNOB JaH-
Hblx, Hanpumep std_logic, koTopbie umelT 9 BO3MOXHBIX
sHauernin(U, X, 0, 1, Z, W, L, H, ). lanee paccmoTpyM OCHOB-
Hbl€ TUMbl TPUITEPOB.

Tpurrepbl, TakKTUpyeMble NnepeaHUM (ppOHTOM

Hwxe npuBogutcst npumep onucanust D-Tpurrepa 6e3 uenei
acvHXpoHHOro cbpoca unm npegycraHoeku. Ha puc. 1 npree-
OEeHO cxemMHoe 06o3HauveHne
paccmaTpuBaeMoro Tpurrepa.

Onucanve Ha VHDL:

data —— —q
hibrary IEEE,

use[EEE std logic 1164 all;
entity dff1s

port (data, clk : in std_logic;
q:outstd_logic);

end dff;

architecture behav of dff 1s
begin

process (clk) begin

if (clk'event and clk = 1"} then
g <= datg;

end 1f;

end process;

end behav;

Ormmcanne zHa Vernlog:
module dff (data, clk, );
nput data, clk;

output g;

reg q;

always @ (posedge clk)

q = datg;

endmodule

ck —>

Puc. 1

Tpurrepbl, TakTUpyeMbie NepeaHUM bpOHTOM
C aCUHXPOHHBLIM c6pocom (puc. 2)

Mpumep onucanmst Ha VHDL:

hibrary IEEE,

use[EEE std logic 1164 all;

entity dff async rstis

pott (data, clk, reset 1 1n std logic;
q:outstd_logic);

end dff async rst;

architecture behav of dff async rstis
begin

process (clk, reset) begin

if (reset = '0") then

g<="0

elaif (clk'event and clk = '1") then

g <= datg;

end 1f;

end process;

end behav;

ITpuvep ormcanms sa Verllog:
module dff async rst (data, clk, reset, o);
nput data, clk, reset;

output g;

reg q;

always @(posedge clk or negedge reset)

data —

ck —>

reset 4T

Puc. 2




codr

if (~reset)
aq = 1'b0;
else

q = datg;
endmodule

Tpurrepbl, TakTUpyembie nepegHUM poHTOM
C acMHXpPOHHOW NpeAycTaHOBKOW (puc. 3)

Onuncanve Ha VHDL:

hibrary IEEE;

useIEEE std_logic_1164 all;

entity dff async preis

port (data, clk, preset : 1n std_logic;

q out std_logic);

end dff async pre;

architecture behav of dff async preis
begin

process (clk, preset) begin

if (preset = '0") then

g<="14

elsif (clk'event and clk = '1") then
g <= data;

end 1if;

end process;

preset —‘L

data —

ck—>

Puc. 3

end behav;
Ommcanne Ha Verilog:
module dff async_pre (data, clk, preset, o);
input data, clk, preset;

output q;

regq;

always @(posedge clk or negedge preset)
if (~preset)

q = 1'bl;

else

q = data;

endmodule

Tpurrepbl, TakTUpyeMbie NepegHUM pOHTOM
C aCMHXPOHHLIM c6pocom 1 NpegycTaHoBKoM (puc. 4)

Onuncanve Ha VHDL:

hibrary IEEE;

useEEE std logic 1164 all;

entity dff asyncis

port (data, clk, reset, preset : 1n std_logic;

q out std logic);

end dff async;

architecture behav of dff asyncis
begin

process (clk, reset, preset) begin
if (reset = '0") then

q<="0

elsif (preset = '1") then

qg<="14

elsif (clk'event and clk = '1") then
g <= data;

end 1if;

end process;

end behav;

preset
]

data —

ck—>

reset 41)

Puc. 4

Ommcanne Ha Verilog:
module dff async (reset, preset, data, ¢, clk);

nput clk;

input reset, preset, data;

output q;

regq;

always @(posedge clk or negedge reset or posedge preset)
if (~reset)

aq = 1'b0;

elseif (preset)

q = 1'bl;

else g = data;

endmodule

Tpurrepbl, TakTUpyeMbie NepeaHUM OPOHTOM
C CUHXPOHHLIM cObpocom (puc. 5)

Onuncanve Ha VHDL:

hibrary IEEE;

useEEE std logic 1164 all;
entity dff sync rstis

port (data, clk, reset : 1n std_logic;
q out std logic);

end dff sync rst;

architecture behav of dff sync rstis
begin

process (clk) begin

if (clk'event and clk = 1"} then
if (reset = '0") then

q<="0

else g <= datg;

end 1f;

end 1f;

end process;

end behav;

reset
gnd —4q
data

ck—>

Puc. 5

Onucanwve Ha Verilog:

module dff sync rst (data, clk, reset, o;
nput data, clk, reset;

output q;

reg q;

always @ (posedge clk)

if (~reset)

a = 1'b0;

else g = datg;

endmodule

Tpurrepbl, TaKTUpyeMble NepeaHUM PPOHTOM
C CMHXPOHHOW NpeaycTaHoBKoOM (puc. 6)

Onucanve Ha VHDL:

hibrary IEEE;

use[EEE std logic 1164 all;

entity dff sync preis

pott (data, clk, preset : i std_logic;
q:out std_logic);

end dff sync pre;

architecture behav of dff sync preis
begin

process (clk) begin preset
if (clk'event and clk = '1") then vce
if (preset = '0") then data
g<="1;

else g < = data;
end 1f;

end 1f;

end process;
end behav;

dk—>

Puc. 6

Onucanwve Ha Verilog:

module dff sync pre (data, clk, preset, o);
nput data, clk, preset;

output g;

reg q;

always @ (posedge clk)

if (—preset)

q=1bl;

else g = datg;

endmodule

Tpurrepsbl, TakTUpyeMble NepegHUM b pOHTOM €
ACUHXPOHHBIM COPOCOM U pa3pelleHMeM TaKTOBOro
curHana (puc. 7)

Onwvcanve Ha VHDL:

hibrary IEEE;

use[EEE std logic 1164 all;
entity dff ck enis

port (data, clk, reset, en : n std logic;
q:out std_logic);

end dff ck en;

architecture behav of dff ck enis
begin

process (clk, reset) begin

if (reset = '0") then

g<="0

elsif (clk'event and clk = '1") then
if en = '1") then

data —
en—

ck —

q < = data;

end 1f; jJ
eng i reset

end process; Puc. 7

end behav; i
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Onvcanve Ha Verilog:

module dff ck en (data, clk, reset, en, );
input data, clk, reset, en;

output q;

regq;

always @(posedge clk or negedge reset)
if (~reset)

aq = 1'b0;

else 1if (en)

q = data;

endmodule

3awenku Ha ocHoBe D-Tpurrepos (D-Latches)

3awenka c paspelleHneM Bbixoga (puc. 8)
Onwucanve Ha VHDL:

hibrary IEEE;

use[EEE std logic 1164 all;
entity d_latchis

port(enable, data: n std logic;
y :out std_logic);

endd latch;

architecture behave of d_latch1s
begin

process (enable, data)

begin

if (enable = '1") then

y < = data;

end1f; enable —
end process;

data —]

end behave;
Onmcarre Ha Verilog: Puc. 8

module d latch (enable, data, v);
input enable, data;

output y;

regy.

always @(enable or data)

if (enable)

y = data;

endmodule

3aulenka c BXoAoM AaHHbIX ¢ pa3peLueHuem (puc. 9)

Mpumep Ha VHDL:

hibrary IEEE;

use[EEE std logic 1164 all;

entity d_latch els

pott (enable, gate, data :1n std logic;

q:out std logic);

endd latch e; data
architecture behave of d latch e1s te
begin o

process (enable, gate, data) begin
if (enable = '1") then

q <= data and gate; enable
end if;

end process;
end behave; Puc. 9

Mpvmep Ha Verilog:

module d latch e(enable, gate, data, a);
input enable, gate, data;

output q;

regq;

always @ (enable or data or gate)

if (enable)

g = (data & gate);

endmodule

3aujenka c Bxogom paspelueHus (puc. 10)

ITpmvep Ha VHDL:
hibrary IEEE;
use[EEE std logic 1164 all;

entity d_latch enis
port (enable, gate, d: 1n std._ logic; d
q out std logic);

endd latch en;

architecture behave of d_latch enis

begin lenable
process (enable, gate, d) begin gate

if ((enable and gate) = '1") then

q<=d Puc. 10
end if;
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end process;

end behave;

ITpumep Ha Verlog:

module d latch en(enable, gate, d, @);
nput enable, gate, d;

output g;

reg q;

always @ (enable or d or gate)
if (enable & gate)

q=d

endmodule

3awenka ¢ aCMHXpPOHHLIM c6pocom (puc. 11)
Mpumep onucanmst Ha VHDL:

hibrary IEEE;

use[EEE std logic 1164 all;

entity d latch rstis

pott (enable, data, reset: in std logic;
q:outstd_logic);

endd latch rst; data — ——q
architecture behav of d_latch_rstis
begin

process (enable, data, reset) begin
if (reset = '0") then

q<="'0% enable —
elsif (enable = '1') then

g <= datg; ]’
end 1f; reset

end process;
end behav; Puc. 11

Mpumep onncanust Ha Verilog:

module d latch rst (reset, enable, data, o);
input reset, enable, data;

output g;

reg q;

always @ (reset or enable or data)

1if (~reset)

a = 1'b0;

else 1f (enable)

q = datg;

endmodule

MocTpoeHUue ycTpOMCTB NOTOKOBOM
06 palboTKM AaHHBLIX

Kak npaBuno, ycTpoicTBa noTokoBoW o6paboTky gaHHbIX
npeacTaensiiot co6ol CTPYKTYpPUPOBaHHbIE MOBTOPSIIOLLMECS
dyHKUMK. HauHem paccmoTpeHve Takux yCTPOWCTB € Npropu-
TETHOro Wwudpparopa.

MpropnTeTHBIV WndpaTop CTPOUTCS C UCMONb3OBaHNEM
oneparopa if-then-else (pvc. 12).

Mpumep onucanmst wndppartopa Ha VHDL:

hibrary IEEE,

use[EEE std logic 1164 all;

entity my 1f1s

pott (¢, d, e, f: 1n std logic;

san std logic vector(l downto 0);
pout : out std_logic);

endmy 1f;

architecture my arc of my 1f1s
begin

mylf pro: process (s, ¢, d, e, D begmn
if s = "00" then

pout <= ¢; t
elsif s = "01" then
pout <= d; e

elsif s = "10" then d pout|
pout <= g; Tc

else pout < = f; T
end if;

end process mylf pro; s=01
endmy_arc;

MNpumep onucaHna Ha
Verilog:

module [F MUX (c, d, €, 1, 5, pout);
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mnputc, d, e, f;
mnput [1:0]s;

output pout;

reg pout;

always @(c or d or e or f or 8) begin
if (s == 2'000)
pout = ¢;

elseif (s ==2'b01)
pout = d;

elseif (s ==2'b10)
pout = €;

else pout = f;

end

endmodule

IpyrvM 4acTo ncnonb3yemelM YCTPOMCTBOM SIBISIETCS MyTlb-
Tunnekcop. Kak npaeuno, Ans nocTpoeHnsi MynbTUnnekcopa
yao6HO Ucrnonb3oBaTh onepaTop case, KoTophiii obecrneyvBaeTt
napannernsHyo 06paboTky 1 ucnoneayeTcs Ans BelGopa ogHo-
ro BAp1aHTa 13 HECKOINbKUX B 3aBUCHMOCTU OT YCIIOBUIA.

Cpeacrtea cyHTe3a ¢ VHDL no3eonsitoT aeToMarnyecky Bbl-
nonHWTL NapannensHyto obpaboTky 6e3 npuoputeTa, B TO Bpe-
Ms1 Kak cpegcTea cvHTeaa ¢ Verilog noaaepXvBatot NpuopuTeT
B BLINOMHEHUM ornepaTtopa case, U B psifie criy4aeB Heobxoau-
MO BBECTU crneummyeckue MHCTPYKLMK B KOA, AJ151 TOFO YTOGbI
oneparop BblIbopa He umen npuopuTeTa.

Hwxe npuBoasitcsl NpyMepsbl ONUcaHns MyrsTUNnekcopa 4 B
1 (pnc. 13).

Mpumep onncanmst Ha VHDL:

— 4:1 Multiplexor

hibrary IEEE;

useEEE std logic 1164 all;

entity mux 1s

pett (¢, d, e, f:1nstd logic;

s:nstd logic vector(l downto 0);
muxout : out std_logic);

end mux;

architecture my mux of muxis C

begin D

muxl: process (s, ¢, d, €, f) begin Mux Out
cases1s E -
when "00" => muxout <= c; F

when "01" => muxout < = d;

when "10" => muxout < = €;

when others => muxout < = f; .

end case; Puc.13 S(1:0)

end process muxl;

endmy mux;
Mpyvmep onucanms Ha Verilog:

//4:1 Multiplexor

module MUX (C, D, E, F, S, MUX OUT);
mput C, D, E, F;

mnput [1:0] S;

ocutput MUX OUT,;

reg MUX OUT;

always @(CorDorEorFor S)
begin

case (S)

2'b00 : MUX OUT = C;

2'b01 : MUX OUT = D;

2'b10: MUX OUT =E;
default: MUX OUT =F;
endcase

end

endmodule

Ins Gonee cnoXHoro crnyyasi paccMoTpyM NpYMep MyrnsTU-
nnekcopa 12 e 1.
Mpumep onncanmst Ha VHDL:

— 12:1 mux

Library 1eee;

useleee std_logic 1164 all;

— Entity declaration:

entity muxl12 11s

port

(

mux_sel:in std logic vector (3 downto 0);— mux select
A:mstd logic;

B: instd logic;
C:mstd logic;
D:mstd logic;
E:mnstd logic;
F:instd logic;

G:mn std_logic;

H:1n std logic;

L 1n std logic;

' std logic;
K:nstd logic;

M:1n std logic;
mux_out: out std_logic
%

endmuxl2 1;

— Architectural body:
architecture synthof muxl12 11s

begin

procl: process (mux sel, A, B,C,D,E F, G HI]J K M
begin

casemux selis

when "0000" => mux_out<= A,

elsif (enable = '1") then

q <= data;

end 1f;

end process;

end behav;

mux cutput

Mpyvmep onucanns Ha Verilog:

module d latch rst (reset, enable, data, o);
input reset, enable, data;
output q;
reg q;
always @ (reset or enable or data)
if (~reset)
a = 1'b0;
else 1f (enable)
q = datg;
endmodule
Bnagumup CreweHko

steshenk@sm.bmstu.ru

lpodomxeHue cnedyem

- nporpammupoBaHue Gonee 500 tTunoe BPROM, E?PROM,
FLASH, SerialE?PROM, MPU/MCU, PAL, PLD npouzeogcTBa
Poccusn, Altera, AMD, Intel, Microchip, National, Philips,
Siemens, SST, SGS-Thomson, TI, Winbond, Zilog v gp.

- opgHa yHuBepcanbHas DIP40 unw DIP42 ZIF-naHenb

- onpegeneHve NPaBUILHOCTU YCTAHOBKU MUKPOTXEM

- ngeHTU(hUKaLMA NPOUBOAUTENS U TUNA MUKPOCXeMbI
- OLICTPOAENCTBYIOLAA 3ALUTA OT NEePerpy3oK

- BCTPOEHHbIN UCTOYHUK NUTAHUA '

- RS-232 co cxopocTtbio o6meHa go 115 k6og

- npbrpamMmmHoe o6ecneveHre € pyCCKOA3bIMHBLM
UHTEpPheNCOM 1 NOAAEPIKKOUN KMbILLNY

- ‘nporpammHoe o6HOENEeHUe Bepcui yepes Internet

-~ BOTONHUTENLHO: agan epbl ANA MUKPOCXEM B KOprycax
PLCC, SOP v gp.

- YCTPOWCTBO CTUpaHusa Mmukpocxem EPROM:
Tanmep Ao 99 MUH, 3ByKOBas CUrHaNnu3auus,
Ao 16 MMKpocxem OAHOBPEMEHHO.

Bbonee nodpobuyr unhopmayuro 06 usdenusx u nocnedrHue
sepcuu 10 moxHO Halimu Ha Hawem WIWW-cepesepe:
http:/lwww.sterh.com

UzrotoBurens: HMNO «BOHO» r. Bepack
= (38341) 5-15-62, E-mail: pprog @bond.nsk.su

Mockea: «Touka OnopbI» & (095)956-39-42/43
Cankr-letepbypr: «3®0» 2 (812)247-89-00
EkarepuHOGypr: «UHcTUTYTpaguoTexHukn» & (3432)74-58-61
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(NpononmxeHue. Hauano NeNe2—6/2001)

Co3pgaHve aHanoroBbIX
PSPICE-mopeneu paano3nieMeHToB

MoneBoi TpaH3ucTop
C ynpaBnfAwLUM p-n NEpexoaom

Cbopma OrnncaHvs BKITIOHEHUA B CXEMY:

J<ums> <ysen ctoka> <yaen 3arBopa>
<y3en uctoka> [<ums mogenu>]

dopmMa onMcaHus Mogenu:

Model <umsmopern> NJF [<mapaMeTprl Mofe —
J1>] ; TIOTIEBOH N —KaHaTbHBIN

Model <ums monerm> PJF [<napaMeTprr Mofe —
JI>>] ; TIOMEROT p —KaHa TbHbIR

MoneBble TpaH3MCTOPLI C yNpaBnsio-
wmm p-n nepexogom (Junction FET) onw-
cbiBatoTes mogerneto Lnxmana-Xogkeca
B COOTBETCTBMM C 3KBMBANEHTHON CXEMOWM

i~

Z lUgs

a)

)

s

6)

IwRD
I Cgd
G _9 — |d D
e
Ggd RD
GQS[ —= Cgs []Ggs
GmvVgs IwD
IwRS S
V) [[rs

Puc. 12. HenunenHasn (a) u nuHenHan (6) cxembl 3aMELLEHMA NMONEBOro TpaH3ueTopa ¢

YNpaBnsioLLUM P-N NEPEXONoM

Tabnuua 14
Nms MNapametp PaamepHocTs | lNo ymoryanvio
Mokazatene cTeneHy, onNpegensiiowmii  3aBUCUMOCTb  CMNEKTParbHON
AF NroTHOCTU (hrIVKKep-LUyMa OT TOKa Yepes nepexop, . 1
Alpha KoadbdbmumeHT noHmsaumm B 0
Beta KoathdbmumeHT nponopumoHanbHOCTU A/B 1074
TemnepatypHbivi KoaddrumeHT Beta %I°C
BetaTCE patyp ey °
CcGD EmkocTb nepexopa 3aTBOp-CTOK NPU HYNEBOM CMELLEHUM o 0
CGS EmKoCTb nepexoaa 3arBop-MICTOK NMPU HYNEBOM CMELLEHUN o 0
KoatbdbmumeHT HEnMHEMHOCTM  EeMKOCTENM NEpPEXodoB NPy NPSIMOM
FC cMeLleHnn _ 0.5
IS ToK HachILLEHYS p-T Nepexoaa 3aTBop-KaHan A 10"
ISR MapameTp Toka pekombuHaLum p-Nn nepexoaa 3aTBop-kaHar A
KE KoadhdmumeHT, onpegensiiowyi CnekTpansHyto MoTHOCTE OrMKKep-Lyma _ 0
MapameTp MmogynsiLvM ANMVHBI KaHana 1B 0
Lambda P p moayrmsauvn A
KoadhdbmumeHT naBvHHOIO yMHOMEHUs1 06eHEHHOIO P-N nepexona 3aTBop-
M KaHan . 05
N KoathdbumumneHT HemgeansHOCTU p-N nepexoaa 3aTBop-kaHar . 1
NR KoadbdbumumeHT ammuceum anst toka ISR 2
PB KoHTakTHas pasHOCTb NOTEHLMANOB p-N Nepexoaa 3aTeopa B 1
RD O6GbemMHoOEe conpoTHBNEHNe 06nacTu cToka Om 0
RS O6bemMHoe conpoTrBreHe 0bnacTy UCToka Om 0
VK HanpsprkeHne nonmsaumm anst nepexoga 3aTBop-KaHarl B 0
VTO MNoporoeoe HanpsikeHre B -2
VTOTC TemnepatypHbivi kKoaddprumeHt VTO B/°C 0
XTI TemnepatypHbIv KoaddprumeHT Toka IS —
T Abs AGCornoTHasi TeMneparypa °C 27
T_Measured |Temnepatypa namepeHvn °C 27
T_Rel_Global [OTHocHTensHan Temneparypa °C 0
T Rel Local |P@3HOCTb Mexdy TemnepaTypor TpaHaucTopa v MoAev-npoToTuna °c 0
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(pyc. 12, a). MNapameTrpel Mogeny TpaHaucTopa NpBeaeHsl B
Tabnuue 14. D(crok)
3ameTnm, YTO NoneBon TpaH3ncTop o6egHEeHHOro Tuna xa- Cis
pakTepuayeTcsi oTpyLaTenbHBIMY 3HAUEHVSIMY NMOPOroBOrO Ha- RD lld |—
npsbkerust VTO<0 (gns kaHanoB p- U N-tuna), a TpaH3ucTop d l_L
oGoralleHHoro Tmna — nonoxuTensHeivmm VTO>0. TN
N ol . Y
Monesoi MOIN-TpaH3ucTop RDS Cv ds
dopma onmcaHnst BKITIOUEHYISI MONEBOrO TPaH3MCTopa B CXeMy: S
RG RB
1\</[ ;&Mﬁgﬂ:ﬁ;ﬁﬂ CTOKa™> <y3eJI3areopa> <y3eJIUCTOKa™> < y3eJIIOMJIOKKI > G g _" b B
+ [L=<3nauenne>] [W = <snauenme>>] [AD = <snauenme>] [AS = <3HaueHMe>] (saTeop) ? Ibs ‘T (noanoxda)
[PD= <3Hauenme>] —l_Cgs s 1:
+ [PS= <3Havenne>] [NRD = < s3Hauvenne>] [NRS= <3Hnauenue>] ’ <3
[NRC = < snauenme>]
+[NRB = < 3nauenmne>>] [M = < sHaueHme >] RS T's L{ |as
dopma onrncanus Mogenu: S(uctor)
Model <umst mopernm> NMOS [<napamMeTprl Mozien>] ; noneeoit MOIT Puc. 13
N—KaHabHBIN
Tabnuua 15
Nvisi YpoBeHb MoAem [NapameTtp PaamepHocTb Ymonyanve
AF 14 [Nokasarens CTEeneHu, onpeaensowwmn 32aBUCUMOCTb — 1
CMeKTPanbHOM MNOTHOCTU (IVKKep-LUyMa OT TOKa Yepes nepexop
cbd 14 EMKOCTE OOHHOM HacTu nepexofa CTOK-TIOANoNka Npyu HyreBoM (0] 0
CMELLEHU
cbs 14 EMKOCTE OOHHOM YacTU nepexofa UCTOK—OANOKKA MPW HyNeBoM (0] 0
CMELLEHN
CGBO 14 YoensHas eMKOCTb MEPeKpbiTMS 3aTBOp—MOANoNKka (3a cuer &im 0
BbIXOla 3aTBOpa 3a Npeaensl kaHana)
CGDO 14 YoernbHasi eMKOCTb MepekpblTUSt 3aTBOP—CTOK Ha ANVHY kaHana &im 0
(32 cuet H6okoBon guddyann)
CGSO 14 YaensHasi eMKOCTb MepeKkpbiTHS 3aTBOP—UCTOK (32 cHeT GOKoBON &im 0
avdgpysim)
CcJ 14 YoerbHasi eMKOCTb [JOHHOM 4YacTu  p-n nepexoja CTok bz 0
(uCcTOK)-NoANoXKa NpPY  HYNMEeBOM CMELleHMM (Ha mnowanb
nepexoga)
CJsw 14 YoerbHasi emkocTb OOKOBOW, MOBEPXHOCTW Mepexofja CTok dIm 0
{(MCTOK)—NOANOXKa MNP HYNeBOM CMELLEHMM (Ha ANVHY NepuMeTpa)
Delta 2,3 KoadpdmumeHt BrvsiHA  WMPYHBI  KaHarna Ha  MoporoBoe — 0
HanpsbxkeHve
Eta 3 MNapameTp BrvSHMA HaMPsPKEHMST CTOK—MCTOK Ha  MOpOoroBoe — 0
HanpsbkeHve (ctatmieckas obparHasi CBs3b)
FC 14 KoadbdmumeHt HENMMHEMHOCTIN 6apbepHon EMKOCTU — 0,5
MPSIMOCMELLIEHHOTO Mepexoa NOANOKKU
Gamma 1-3 KoadpdmumeHT BrmsiHUST MOTeHUMana MOASMOHKN Ha MOporoBoe — Buiumcnsiercs
HanpsbxkeHve
IS 14 Tok HacblLLeHVs p-h nepexoja CTOK—ToANoXKa (MCTOK—NOATIONKA) A2 107"
JS 14 MNoTHOCTL TOKa HaCHILLEHWS Nepexofa CTOK (MCTOK)-ToANoxKa A2 0
JSSW 14 Y aeneHasi noTHOCTE TOKa HaChILLEHVs (Ha ANVHY NEpUMETPa) AM 0
Kappa 3 MNapameTp MOAYNALMM AMMHBI KaHarna HanpsikeHNEeM CTOK—MCTOK — 0,2
KP 1-3 MapameTp yaensHoM KPyTU3HbI — 2.10°
KF 14 KoadbdwLiyeHT, onpedensiowmil  CNEKTpalbHyl0  MNOTHOCTb — 0
drvkkep-Luyma
L 14 [nvHa kaHana M DEFL
Lambda 1,2 [MNapameTp MmogynsiLum ONvHLl KaHana 1/B 0
LD 1-3 HOnvHa obnactu 6okoBol Anddyavm M 0
Level MHpgekc mogenv — 1
MJ 14 KoadpdomupmeHt, Y4UTBIBAIOLLIMN MNNMaBHOCTb nepexoga — 0,5
MOATNOXKE—CTOK (MCTOK)
MJSW 14 KoatgpdmumeHt HakrnoHa OOKOBOW  MOBEPXHOCTU  Mepexoda — 0,3
NOANIONKa—CTOK {(UCTOK)
N 14 KoadhdmLmeHT HemaeansHOCTY Nepexoaa noasiokka—CcToK — 1
NEFF 2 OMNMprYecknini KO3MUMEHT  KOPPEKUMM  KOHLeHTpaLmm — 1
npyuMecey B kKaHane
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codr

nponomkeHue Tabnuuel 15

Nms YpoBeHb MoZernm MNapameTp PaamepHocTb Ymoryanve
NFS 2,3 MnoTHOCTE OLICTPBIX MOBEPXHOCTHBIX COCTOSIHUIA Ha rpaHuvle 1/em? 0
KPEMHU—NOA3aTBOPHbIN OKCYA
NSS 2,3 [MNOTHOCTL MEASNIEHHBIX MOBEPXHOCTHBIX COCTOSIHMIA HA rpaHuLe 1/em? Het
KPEMHU—043aTBOPHLIV OKCUA
NSUB 1-3 Y pOBEHb NErVpOBaHUs] NOAIOXKN 1/em® Het
PB 1—4 HanpspkeHre MHBEPCUM NPUMOBEPXHOCTHOIO CIIost NMOAIOXKN B 0,8
PBSW 1—4 HanpsbkeHre vHBepcKn GOKOBOI NOBEPXHOCTY p-n Nepexoia B PB
PHI 1-3 [MOBEPXHOCTHBIN MOTEHLMAN CUITbHON MHBEPCUN B 0,6
RB 1-4 O6bEMHOE CONPOTUBIIEHNE MOATIONKU Om 0
RD 1—4 O6bEMHOE CONPOTUBIIEHNE CTOKA Owm 0
RDS 1—4 CONpOTVIBIIEHUE YTEYKM CTOK—MCTOK Om *
RG 1—4 O6bEMHOE CONPOTUBIIEHME 3aTBOpa Owm 0
RS 1—4 O6bEMHOE CONPOTUBIIEHNE MCTOKA Owm 0
RSH 1-4 YoensHoe conpoTtuenenve Avddy3noHHbIX obriacTeli nctoka u Owm/kB 0
CTOKa
Theta 3 KoadbdmumeHT mMOoaynsumMm  MOOBWXHOCTW  HOCWUTENEW 1og 1/B 0
BIMSHYEM BEPTUKAIIBHOIO MOrst
TOX 1-3 TonupHa okevpga M Bbiuucnsietcs
TPG 2,3 JlermpoBaHve 3areBopa (+1 — NPUMECHIO TOrO Xe TWNa, Kak U Ans — 1
NoANox«Y; —1 — NPYMeCHhI0 MPOTVBONONOXHOrO THNa; 0 — meTann)
T Abs 14 AGconoTHas Temneparypa °C 27
T _Measure 1-4 Temnepartypa namepeHusi °C 27
d
T Rel Glo 1-4 OTHoCcWTENBHas TEMMepaTypa °C 0
bal
T Rel Loc 1-4 PazHocTe mexgy Temneparypor TpaH3ucTopa W MOAenu- °C 0
al npoToTuna
UCRIT 2 Kputrieckas HampshkeHHOCTb  BEPTMKAIBHOMO  Mons, npu B/cm 104
KOTO-POi NOABUXHOCTL HOCUTENEN YMEHBLLIAETCS B ABa pasa
UExp 2 OMNupudeckasl KOHCTaHTa,  onpedensaowas  NOABWKHOCTb — 0
HocUTENEN
uo 1-3 MoABMXHOCTE HOCUTESEN TOKa B MHBEPCHOM Crioe KaHara cM2/Blc 600
VMax 2,3 MakcvmarbHasi CKOpocTh fpericda HocuTenemn m/c )
VvTO 1-3 MOPOroBOE HANPSHKEHNE MPY HYTEBOM CMELLIEHN NMOANIONRKN V=0 B 1

Model <umst mopmenu> PMOS [<napaMeTprl Mopenn>>] ; nonesoit MOIL
D —KaHaJbHEI

Ha pyic.13 npegcraBneHa HenvHerHas cxema 3amverenns MOrN-
TpaHancTopa ¢ KaHanom n-tvna. Npw ekntoveHumn MOIMM-TpaHauc-
TOpa B CXEMY MOXHO yKasaTb 3Ha4eHusi HeobsizarernbHbIX napa-
MeTpoB (B Tabn. 17 oHW yKa3aHbl B KBaOPaTHBLIX CKODKax).

CyLiecTByIOT HECKONBKO ypoBHeW mogenv MOIMM-Tpanancro-
poe (Tabn. 15 n 16). Ha npakTvke yalle BCEro UCMonb3yeTcst
Mogene nepBoro ypoBHs Level=1. OHa npumeHsieTcs Npy rpy-
6bIX pacuerax, korga BbICOKOW TOHHOCTU He Tpebyetcs. Mo ymon-
yaHwvio, ecnv napamMeTp Level He ykasaH Npu onucaHmm moge-
I, ncnoneayetcs mogens MOlN-TpaHancTopa nepeoro Tuna. MNa-
pameTpbl TUNM4YHoro MOI-TpaHaucTopa ykasaHbl B Tabn. 18.

OTMETVM OCHOBHbBIE JOCTOMHCTBA M HEJOCTATKM MOAENN Nnep-
BOIO YPOBHS:

e HaVMeHbllee BpeMsi BbIYMCIIEHNS N3 BCeX mogenen bnaro-
Japsi NpoCTOTE YpaBHEHWI;

e HE y4YUTLIBAETCH 3aBUCUMOCTb NMOABWXHOCTW HOCUTENEN OT
3MNEKTPYYECKOTO MNornsi;

e He paccMaTpyBaeTcs NOANOPOIOBbLIV PEXUM;

e HE YUMTBIBAETCS 3aBUCKMMOCTb MOPOFOBOIO HaNpsiKeHUsi OT
napameTpoB L, Wu 'V

e BCE €MKOCTM pacCHUTLIBAIOTCH YNPOLLEHHO;

e HE Yy4UTLIBAETCH HEOAHOPOAHOCThL NErVpoBaHusl.

Mogernb Level=2 ocHoBaHa Ha 6ornee TOUYHBIX TEOPETUHECKNX
MOCTPOEHWSIX, OOHAKO psifl €€ NapameTpoB TPYAHO OLEHUTb MO
3KCrNepUMeHTarnbHeIM AaHHbIM. [Mpy 3TOM MoAernb AoCTaToOuHO
crnoxha, TpebyeTt GornbluMX 3arpat Ha MOAENMpPOoBaHue, U Npu
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pacyeTe pexuma rno NoCTOSHHOMY TOKY MOIYT BO3HUKHYTb MPO-
6rnembl cxogmmocTn metoga HetotoHa-Padbcona.

Monyamnupurueckas mogerns Level=3 TpebyeT MeHbLLNX Bbl-
UMCIUTENBHBIX 3aTPaT, U €€ PEKOMEHYETCS UCMONb30BaTh Arsi
NPaKTU4ECKMX PaCHETOB MOLLHLIX BEpTUKanbHbIX MOIlM-TpaH3au-
CTOPOB C KOPOTKMM kKaHarnom. Ee HegocTaTtok 3aknioyaercsi B
CINOXHOCTY OLIEHKM MapaMeTPoOB MaremMaTuyeckor Mogenv no
3KCrepyMEHTarIbHBIM AaHHBIM, HO BCE PaBHO 3TO cAenarb Nnpo-
we, Yem ans mogenv Level=2.

Mogenk Level=4 (BSIM1) ocHoBaHa Ha chmavke paboTel TpaH-
3UCTOPOB C MarbiMy pa3mMepamMy 1 paccymTaHa Ha noryyYeHve
napameTpoB MOAErel M3rOTOBNEHHLIX 06Pa3sLOB C MOMOLLLIO
crneumnansHONM nporpamMmel, ynpaensitowen paboToii Tectepa
nonyrnpoBOAHWKOBLIX NpnbopoB. MapameTpel, xapakTepHble
Tonbko ans mogenu MOI-TpaHaucTopa YeTBepToro Tmna, Npu-
BeJeHbl B Taon. 14.

Mogenu Level=5 u Level=6 (BS1M3) Gonee TouHO onuceiBa-
10T cyOMMKpOHHbIe MOT-TpaH3ncTophl 1 HeNpepLIBHO MOANU-
umpytotest. I3 Hux mogenes Level=6 npegnoututensHee.

Ceegenvs anst nepeblX Tpex mogener MOI-TpaH3ancTopa
sBnsioTcs o6wmmm. Yacte napamerpoe mogenv MOIMM-TpaHau-
cTopa 3agaeTcsi Ha BXoAHOM si3blke nporpammbl PSPICE — 310
napametpsl L, W, AD, AS, PD, PS, NRD, NRS, NRG, NRBu M
(cM. hopmy BKIIOYEHWS TpaHaucTopa B cxemy). Npu aTom 3Ha-
YeHus No ymoruanuio napametpos L, W, AD u AS yctaHaenu-
BaloTCsl ¢ nomoLLbio aupekTuibl .Options. OueHb yano6eH napa-
MeTp M — pocTaTtouHo ANs KaX ol TEXHONOrMM 3aHecTu B 61b-
nnoTeky mogener napamerpo mogenu MOT-TpanaucTopa ¢
ANVHON KaHana 1 MKM 1 3aTeM y4YuUTbIBaTb U3MEHEHUE AMNVHbI



codr

Tabnuua 16

Nms Mapametp Pa3mepHocTb

napamerpa

DELL |YMeHbLUEHVE LWMPYHBI NEPEXOO0B CTOKA U MCTOKA MO YMOIMHaHUIo M

DL YMeHbLLeHVe 3dXPek TMBHOM ANMHBI kaHana M

DW YMeHbLLEHVE 3(hPEKTVIBHON LIMPUYHEI KaHarna M

ETA KoahdprumeHT, oTpaxkarowmin 3aBUCYMOCTE MOPOrOBOIO HANPsRKEHVST OT CMELLEHUS MOANOXKa—CTOK —

VFB Hanps»keHve nnockmx 3oH B

PHI KoHTaKTHas pa3HOCTb NOTEHUMANIOB MHBEPCHOIO Cr1os Nepexofa B

K1 KoahdprumeHT BrvsiHg noanox«m —
K2 KoadbdmumeHT paszgenenvs 3apsiga 06eaHEHHON 06racTi Mexay CTOKOM W UCTOKOM —
MUS  |MogevHOCTL HOCUTENE MW HYNEBOM CMELLIEHMM Ha NOAIIONKE U Vae=Vyq oM’ /B%c
MUZ  [[MoaewxHOCTE HOCWTENEN NPU HYNEBOM CMELLEHUM cviBc
NB UyBCTBUTENBHOCTD KO3hdMUMEHTa HaKMOHA NMPOXOAHON XapaKTepuCTVKU B CYONOpPOroBoM pexvime —
K CMELLEHUIO Ha NOANONKE
ND UyBCTBUTENBHOCTD KO3hdMUMEHTa HaKMOHA NMPOXOAHON XapaKTepuCTVKU B CYONOpPOroBoM pexvime —
K CMELEHNIO Ha CTOKEe
NO KoadhdwmumeHT HaknoHa NpPOXOOHOWM XapakTepuCTUKU B CYOMOPOrOBOM pedXvMe MpW HYNEBOM —
CMELLEHUM Ha NOAIIONKE
Temp |Temnepatypa, Npy KOTOPOW M3MEPEHbl NapaMeTPbl TPAH3UCTOPA °C
TOX  |TonwyHa okcvpa 3aTBopa M
uo KoahdprumeHT, oTpaxatowmin usmeHeHne NOABYKHOCTU OT HaMPSKEHHOCTY BEPTUKAIBHOTO MOMA g
U1 KoabdprumeHT, onpegensiowmini CTeneHb HaCbILWEHVS] CKOPOCTU HOCUTENEW OT HanpsieHUs! Ha m/B
CTOKE
VDD KoathdmMumneHT BIvsiHUS: HANPsHKEHVS! CMELLEHNS!
WDF  |lvpvHa nepexogoB CTOka U UCTOKE NO YMOIMHaHWUIO M
XPART (®nar, onpepenstowmii pacnpeferneHve 3apsiioB Mexay cTokom u uctokom (npn XPART=0 —
YCTaHaBMMBaETCs COOTHOLLEHME 3apsiaoB CTOK — WCTOK, paBHoe 40/60, npyn XPART=1 —
cootHowenve 0/100)

X2E UyBCTBUTENBHOCTE YPOBHS MHAYLIMPOBaHHOTO CIOsi K CMELLEHMIO Ha NMOATIoNKEe B
X2MS  |UyBCTBUTEMBHOCTL MOABMKHOCTM HOCUTENEN K CMELLEHMIO Ha NOANOXKe Npy V=0 cMAB#*C
X2MZ  |YyBCTBUTENBHOCTD NOABVKHOCTM HOCUTENEN K CMELLEHWIO Ha MOATONKE MK Vae=0 cMiBZC
X2UO  |HyBCTBUTENBHOCTL KPUTUHECKOM NOSBWKHOCTY HOCUTENEN K CMELLEHMIO Ha NOANONKE B2
X2U1  |HyBCTBMTENBEHOCTD MaKCUMArbHOWM CKOPOCTU HOCUTENEN K HaNpsiKeHMIO CMELLIEHUS Ha MOANONKE /B2

X3E  |UyBCTBUTENBLHOCTD YPOBHST MHAOYLIMPOBAHHOTO CIIOS! K CMELLEHWIO HA CTOKE Mpu Vae=Vag B
X3MS  [UyBCTBUTENLHOCTD MOLBYKHOCTV HOCUTENEN K CMELLIEHMIO Ha CTOKe MK Yae=Vad cMiBZC
X3U1  |YyBCTBMTENBEHOCTb MaKCHMArkbHON CKOPOCTW HOCUTENEN K HAMNpPsDKEHUIO CMELLEHKSI Ha CTOKe Mpu /B2

Yo~V

MpumevaHue: V_ , — HanpskeHre, Mpy KOTOPOM NPOBOAATCA M3MEPEHUA (OBLINHO OHO PABHO HAMPSKEHWIO NUTAHUA).

KaHana BeiGopom BenmunHel M. O6beMHble conpotmenennsi RD,
RS, RG n RB 3apalotcst B sBHOM Bufe, NMmbo BbIUUCISIOTCSH
yMHOXeHveM yaensHoro conpotmeriennsi RSH a NRD, NRS,
NRG v NRB: RD=RSH*NRD, RS=RSH*NRS, RG=RSH*NRG,
B=RSH*NRB.

3peck NoporoBoe HanpsPKeHUe PaccHMTEIBAETCA Mo hopmMyrne:

Qp Qss
Vio = Fms+2'Fp+__C—,
ox oX

rae Q, — 3apsig, 06e4HEHHOIO CMOs NOANOXKM.
ApceHM,q-rannMeBblﬁ noneeon TP2H3UCTOP C KaHaINoMm
n-Tuna

Cbopma onncaHvs BKINIOHEHNA B CXeMy:

B<uMs> <y3em CTOKa>> <y3ejl 3aTBopa > <y3esl NCTOKa™> <IIMs MOLE=>
[<KosddurmenTt kpataocTn Area>]

dopma onrncanns Mogenu:

Model <mmst mopen> CASFET [(mapameTprl Mopem)]

Apcenng-rannueesie noneeesie TpaHancTopbl (GaAsFET)
VIMEIOT 3KBUBAINEHTHYIO CXEMY 3aMeLLEHNs!, N306paXKeHHYI0 Ha
puvc. 14. CywecTByIOT NsiTb Pa3HOBMAHOCTEN MaTEeMaTU4eCKoro
onvcanvs aTo mogenu, npeanoxeHHsie Kyptucom (Curtice) n
Paviteonom (Raytheon), ase mogenu TriQuit n mogens Mapke-
pa-CkennepHa. Mogene Kyptuca gaer yaoBneTBopuTENbHbIE
pe3ynbrarhl NULLL NPU pacyeTe CTaTUYecKkoro pexnmva, B To
BpPEMS! KaK ocTarnbHbie MOAENY OTPaXakT U AUHAMUYECKUE Xa-
PaKTEPVCTUKM apCeHn-TannneBoro TpaHaucTopa. MNMapaverpobl
MaremMaTun4ecknx Mogenei npueeaeHsl B Taon. 19.

Ha puc. 14. npyHsATH cnepytowme 06o3HaqeHVs:

lnos — TOK Kanana MOI-cTpyKTypei;

I; — TOK aHoAaa;

l.cs — TOK KOMNNEKTOpa B PEXMME MO NOCTOSHHOMY TOKY;

l...— TOK 6a3bl B pexMMe Nno NocTosiHHOMY TOKY;

| it — TOK NTABUHHOTO YMHOXEHWST;

Q,, — n3bbIToNHBIN 3apsan obnacTy Gasbl.

bss

BunonsApHbLIA CTaTU4eCKU MHAYLMPOBaHHbIN TPaH3UCTOP

dopmMa onucaHnsa BKNIOYEHUs! BUNONSIPHOrO TPaH3ucTopa B
CXEeMy:
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Tabnuua 17
Nms MNapameTp Paamep- | 3HaueHue
napa- HOCTb no
MeTpa YMOITHaHUIO
L [rvHa KaHana M DEFL
M MacLuTabHBIN Ko3dhdMUNEHT — 1
w LLnpuHa kaHana M DEFW
PS |Mepumetp andpdpyanoHHol obnactv uctoka M 0
PD |NepumeTp andpcby3noHHON o6riacT cToka M 0
NRS |YaoenbHoe OTHOCUTESIBHOE COMPOTUBIIEHWE UCTOKA — 1
NRG [YnoenbHoe OTHOCUTESbHOE CONMPOTMBIEHUE 3aTBOPA — 0
NRD |YnoenbHoe OTHOCUTESIbHOE COMPOTUBIIEHME CTOKa — 1
NRB [YgoenbHoe oTHOCUTENBHOE CONPOTMBIIEHUE NOAOXKN — 0
AS  |Mnowaab Anddy3roHHOM 06nacTy ICTOKa M2 DEFAS
AD  |Mnowaab Anddy3noHHON 06nacTy cToka M2 DEFAD
Tabnuua 18
Mapametp O603Ha-| n-kaHan p-kaHan
YyeHve
YpoBeHb NErMPOBaHMS], aTOM/CM® N, 1015 1016
TonwpHa okcraa, MKM TOX 0,04 0,04
Pabota Bbixoga Matepuan—kpeMHui, B Frns 0,6 -0,1
MoaBvxHOCTL B KaHane, cv?/B/c [T 700 300
Torionornueckas AnvKHa KaHana, MKm L 3 3
'myBuHa riepexoqoB CTOKa M MCTOKA, MKM XJ 0,6 0,6
Mogavduby3usi cToka v NCTOKa, MKM LD 0,15 0,15
YhenbHas eMKOCTb repekpbiTus Ha eaunuuy| G, 0,35-10° | 0,35-107°
LUMPWHBI, 1<P/MKM
Tun npymecu doctop | Poccop
OddekTVBHAS IMy6GYHa NEMMPOBaHKS, MKM X 0,3 0,3
3¢hbexTUBHAK MOBEPXHOCTHas KOHLeHTpaumns,| N 2.10'¢ 0,9-10"°
Arom/cm®
Moporoeoe HarpshxkeHne, B Vio 0,7 -0,7
CTerieHb NervpoBaHmst NorvkpemHmsi, Arom/cm® Ng 1020 1020
YgensHoe cornpoTrBneHue ronvkpemHmnss, Om/ke NRG 20 20
Emkoctn cTok-riognoxxa, wvctok-riognoxka npu| CJ 810° 2.107*
HYNEBOM CMELLEHUY, nd/mkm’
MNokasarens cTerieHmn MJ 0,5 0,5
[Nokasarenb cTenexnm MJSW 0,5 0,5
YoensHas €MKOCTb  UCTOK-riepucbepusi, CTok-| CIJSW 5107 1,510°
riepuchepyis rpy HyNEBOM CMELLEHWW, NP/MKM
MMOTHOCTL MOBEPXHOCTHBIX COCTOsIHMI, ATomicm? | Qg 1011 1011
D(ctok) D
RD ll d wrD (¥ RD
d [d
cgﬂ_ IwRG _|£gd
re |, ZST‘Qd vldrain . Cad \/Gngs
(sa'?aop) —p [ iasc\/ G RG i%ds \/> V/)
G ilegs Cgs Ggs IwD
=) T
s s
RS Tls a) IWRS V RS 0)
s

S(nectok)

Puc. 14. HenunHeriHas (a) n nuHelriHas (6) cxembl 3aMeLleHusi apceHna—TranmeBoro
NnoneBoro TpaHancTopa
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Z<UMST> <y3eJI KOTITIEKTOpa > <y3eJT 3aTRopa >
<Y3eT SMUTTEpa>> <UMS MOIETTI >

+ [Area= <3Hauenne>] [WB= <snauenue>]
[ACD = <sHagenne>][KR = <3HaueHme>>]

+ [Tau = < 3HageHne >
dopma onmcaHnsi Mogenu:

Model < mopern> NICBT [< nmapaMeTpr MoO—
nenm>]

B npeanoxeHun onvcaHvs brunonsipHo-
ro CTaTnyeCcKy MHOYLUMPOBaHHOIO TPaH3U-
cTOpa JoMnycKaeTcsi ykazaHue 3HaqeHui
nATK HeobsizarenbHbIX NapameTpoB AGD,
Area, KP, Tau 1 WB. Ecnn 311 napamert-
pbl YKa3aHbl TaKke B ONUCaHUM MOAENW
TPaH3nCcTopa, TO OHW He ByayT NPUHSITHI
BO BHUMaHwWe. [MonHeIl CNMCcoK napameT-
OB €ro MaremMaTn4eckor MoZenv NpuBe-
OeH B 1abn. 20. bunonsipHble cTatuyecku
VHOYUMPOBaHHBIE TPaH3UCTOPbI UMEIT
3KBVBANEHTHYIO CXEMY, NPEACTABIIEHHYIO
Ha puc. 15.

Mprvmepbl Mmogener OTeYECTBEHHbIX
TPaH3UCTOPOB

Model IDEAL NPN ; VpeanbHBI TPaH3UCTOP C
umereM IDEAL CcTpyKTYpEIN—p—n

model KT361A PNP
Xt=3Eg=1 11 Vaf=60 Bf=90 Ne=1 206

+ Ise=23 68f [kf= 1224 Xtb=1 5 Br=4 387C
Ne=1 8Isc=900p Ikr=20mRc=5

+ Cjc=7p Mjc= 333 Vjc= 7 Fc= 5 Cje=10p
Mje= 333 Vje=17

+ Tr=130 5n
Vif=80 Xtf=11 Rb=10)

*

(Is=23 68f

Tf=0 In Itf=40m

model KT316A AKO:KT361A NPN (Bf=108
DEV=20% 1 RE=01 TRE1=15 RB=3 TRBl1=12
TRC1=1 1 RBM=2TRM1=1 3)

model KT3102A NPN (Is=5258f Xt=3 Eg=1 11
Vaf=86Bf=185 Ne=7 428

+Ise=28 2ln Ikf= 4922 Xtb=1 5 Var=25Br=2 713
Ne=2Isc=212p

+ Ikr= 25 Rb=52 Rc=1 65 Cjc=9 921p Vijc= 65
Mjc= 33Fc=5

+ Cje=11 3p Vje= 69 Mje= 33 Tr=57 71n
Tf=611 5p Itf= 52 Vi =80 Xtf="2)

model KT3102B NPN (Is=3 628f Xt =3 Eg=1 11
Vaf=72Bf=303 3Ne=13 47

+ Ise=43 35n Ikf=96 35m Xtb=15 Var=30
Br=2201 Nc=2Isc=55p

+ Ikr=1 Rb=37 Rc=1 12 Cjc=11 02p Vjc= 65
Mjc= 33Fc=5

+ Cje=13 3lp Vje= 69 Mje= 33 Tr=41 6Tn
Tf=493 4p Itf = 12 Vif =50 Xtf=2)

model KT3107A PNP (Is=5 2f Xt1=3 Eg=1 11
Vaf=86Bf=140Ne=7 4
+ Ise=28nIkf= 46 Xtb=15 Var=25 Br=27 Nc=2

Isc=2lp
+ Ikr= 25 Rb=50 Rc=1 65 Cjc=10p Vjc= 65
Mjc= 33Fc=5

+ Cje=11 3p Vije= 7 Mje= 33 Tr=58n Tf=62p
Itf= B2 Vif =80 Xtf=2)

*

model KT3107B AKO:KT3107A (Bf=250)

model KT312A NPN (Is=21f Xti=3 Eg=1 11
Vaf=126 2Bf=86 76 Ne=1 328

+ Ise=189f Ikf= 164 Nk= 5 Xtb=15 Br=1
Nc=1385Isc=66 T4pIkr=1 812

+ Re=0857 Rb=300 Cjc=8p Mjc= 29 Vic= 692
Fc= 5Cje=26 53p Mje= 333

+ Vie= 75 Tr=10nTi=1 743nIti=1)



codr

Tatnuua 19-1

Nms MNapameTp Pasmep- | 3HaueHue rio
rapamveTpa HOCTb YMOIYaHUIO
AF MNokasatens cTereHy, Orpeaersiowmi  3aBUCUMOCTb  CrIEKTParnbHOW FNOTHOCTY - 1
OrMKKep-LLyMa OT TOKa Yepes rnepexo
Alpha KoHcTaHTa, orpeaensiowas Tok ki, (Level = 1-3, 5) 1/B 2
B MapameTp nervpoBanws (Level = 2) 1/B 0,3
Beta KoathdpmumeHT nporiopumoHansHOCTU B BblPaXKeHUM A51K TOKa CTOKa A/B 0,1
BetaTCE |TewmneparypHeiin koacdmumneHT Beta %I°C 0
CDS EMKOCTb CTOK-UCTOK FNpy HYIEBOM CMELLEHUU [ 0
CGD EMKOCTB 3aTBOP-CTOK rpy HYNEBOM CMELLIEHNN (o} 0
CGS EmMKOCTB 3aTBOP-UCTOK MNpY HYNEBOM CMELLEHUU (o} 0
Delta MapameTp BbIXOAHOW 0BpaTHON cBs3n (ans Level = 3, 4) (AB)" 0
EG LLnpuHa 3aripeLLeHHON 30HbI aB 1,11
FC KoadhdmumeHT HermHeHocTU GapbepHO eMKOCTU MpPSIMOCMELLEHHOMO repexoaa - 0,5
3arBopa
Gamma |[MapameTtp ctarnyeckon obpatHom cesam (ans Level = 3, 5) - 0
IS Tok HachkILWeHYA p-N nepexoga 3aTBop-kaHan A 10"
KF KoadhdmLmeHT, oripeaensitowmi CriekT-panbHyo NnoTHOCTb QIMKKep-LUyMa - 0
Lambda |Mapametp mogynsiuvm grvHel kanana (ans Level = 1. 2) 1/B 0
Level Tun mogerm: 1 — mogere Kyptuca, 2 — mogerne Paviteona, 3 — "TOM"-mogens - 1
TriQuit, 4 — mogent Mapkepa-CkennepHa, 5 — "TOM-2"-mogenb TriQuit
M KoadpmumeHT naBuHHOro yMHOXeHUst nepexoga 3arteopa (Level = 1—3) — 0,5
N KoadbdpmumeHT He ngeansHocTn - 1
Q Mokasatens cterienn (Ans Level = 3..5) - 2
RD O6bemMHOE corpoTUBreHne obnacTy cToka Om 0
RG O6bemvHoe corpoTvBreHre obrnacTu 3aTeopa Om 0
RS OGbemMHOe corpoTVBreEHe 0b6nacTn cCToka Om 0
Tau Bpewmsi riepeHoca HocuTenel 3apsipa (Level = 1..3, 5) c 0
TRDA1 JIMHerHbIN TeMrnepaTypHbiv koadduumneHt RD 1rC 0
TRG1 JIMHeVHbIN TeMriepaTypHbiv koaddmumneHt RG 1/°C 0
TRSA1 JIMHeVHbIV TeMrNepaTypHbIl koadduuneHT RS 1/°C 0
VBI KoHTakTHasi pasHOCTb rNOTEHUMANOB p—N-riepexofa saTteopa B 1
VDelta HaripsbkeHue, BXoasiliee B BblpaXkeHUs1 Ansl eMKOcTeln nepexonoB (anst Level = 2, 3, B 0,2
5)
VMax MakcumaneHoe HanpspkeHve, BXofsiee B BbIPaKEHVS ANsi eMKOCTEN rnepexonoB B 0,5
(ans Level=2, 3, 5)
VTO BbapbepHbIn rioteHuman riepexona LLotkn B 2,5
VTOTC TemriepatypHbii koaddprmeHt VTO B/°C 0
XTI TemriepatypHbIvi Ko3drLmeHT Toka IS - 0
T _Abs AGcoroTHasi TemMriepatypa °c 27
T_Measured |Temriepatypa nameperusi °c 27
T_Rel_Global |OTHOCUTENBHAS TEMIepaTypa °c 0
T_Rel Local |PazHocTe Mexay Temriepatypon TpaH3ucTopa 1 MOAEnv-ripoToTuria °c 0
Crieyndwmyeckue napameTpbl Mogenv ypoBhsi Level = 4
ACGAM KoadhdmumeHt mogynsiymm - 0
EMKOCTU
HFETA MapameTp obpatHoi cesan VGS - 0
Ha BbICOKOW YacToTe
HFE1 KoadhdmumeHt mogynsiymm 1/B 0
HF GAM Harpsbxkenmnem VGD
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nponomkeHue Tabnuusl 19

Wmsa napameTpa MNapametp PasmepHocTb 3HaueHve no
YMOMYaHWIIO
HFE2 KoadpdwvumeHt mopynsumm HFGAM Hanpstkervem VGS 1/B 0
HFGAM MNapameTtp obpatHom ceazv VGD Ha BLICOKOW YacToTe — 0
HFG1 Koadpdwmument mogynsumm HFGAM HanpsbkeHvem VSG 1/B 0
HFG2 Koadpdwmument mogynsiuym HFGAM Hanpsokervem VDG 1/B 0
IBD Tok npobosi nepexona 3arsopa A 0
LFGAM MNapameTtp 0bpaTHO CBA3W Ha HU3KOW YacToTe — 0
LFG1 Koadpdwvuwment mogynsumm LFGAM HanpskeHvem VSG 1/B 0
LFG2 KoadpdwvuwmeHt mogynsuym LFGAM HanpspkeHvem VDG 1/B 0
MVST MNapameTp nognoporoBov Moayrnsuum 1/B 0
MXI MNapameTp HanpskeHWs HACKILLEHVS — 0
P Mokazaters crenexn — 2
TAUD Bpems penakcauyv TennoBbIX NPOLLECCOB c 0
TAUG Bpewms penakcauvv napametpa obparHol cessn GAM c 0
VBD MNoreHuman npobos nepexona 3arBopa B 1
VST Moz noporoBLIV NoTeHLvan B 0
XC DaKTOp YMEHBLLEHUS| EMKOCTM paspsaga — 0
X Mapametp, onNpegeralLMA  TOYKy WM3roMa noTeHuvana — 1000
HacbILUEHVS
Y4 MapameTp TOUKM 13MNoMa XapaKTepVCTVKU TpaH3vcTopa — 0,5
Creundpieckvie napamMeTpbl Mogenm yposHs Level=5
AphaTCE  |TemnepatypHblin koadxdmumeHT Alpha %/°C 0
BTRK* BcrnoMoratenbHbii napameTp Ana pacyeTtos no metody Monte!  A/BS 0]
Kapro
CGDTCE  |TemneparypHbii koachdwmumeHt CGD oct 0]
CGSTCE |TemnepatypHbiin koadpdmumeHt CGS oct 0
DvT* BcnomorarensHei napameTp Anst pac4eToB no Mmetody MoHTe; B 0]
Kapro
DVTT* BcrnomoratensHbi napameTp Anst pac4eToB no metody MoHTe; B 0]
Kapro
GammaTCE |TemneparypHei koadbdmumreHt Gamma oct 0
ND UyBCTBUTENMLHOCTL  KO3hdWMUMEHTA  HAKMOHA  MPOXOLHON gt 0]
XapaKTEPUCTVKN B CYGMNOPOroBOM pevIME K CMELLEHMIO Ha
cTOoKE
NG lMapameTp KpYTM3HLI  MPOXOOHOW  Xapak-TEPUCTVKM B — 0]
CYGNOpOroBoM pexvmMe
VBITC MakcvmarnbHoe HanpsikeHve Mpy pacyeTe €MKOCTW 3arBop- B 0,5
CTOK

*INpu NpoBeaeHn cTatucTUieckoro aHanuaa nonaratot VTO = VTO + DVT + DVTT, BETA = BETA + BTRK(DVT + DVTT)

model J2P303E NJF (Vto= —4 125 Beta=782 5u Lambda =9 132m Rs=21 3F|.er <+y3en> n <-y3en> — HoMmepa y3noB, K KOTOpbIM Nofd-

+Rd=21 Cgs=42p Cgd=8 8pFc=05Pb=11s=10D coeaVHeH Knioy; <ynpaBnswowmii yzen>, <ynpaensiowui
3en> — -

model QAT630A NPN(Is—17 03f Xh—3 Eg—1 11 Vaf—123 Bf—4727 Ne—1 368 Y HOMEpa y3IOB, PasHOCTL NOTEHLNATNOB KOTOPLIX yNpas

+ Ise—163 3f Ikf— 4095 Xtb=1 5 Var—=76 Br=4 804 Nc=2Isc=1 35p TAET KIHoHOM.
+ Ikr= 21 Rb=14 2Rc=0 65 Cjc=21 24p Vijc= 69 Mjc= 33Fc=5 MapameTpbl Mogeny ngeanbHOro Knkua npeacraeneHsl B

+ Cje=234 4p Vie= 69 Mje= 33 Tr=50 12n Tf=1 795n Itf= 65 Vif=60 Xtf=1 1) Tabn. 21. Ecnv VON>VOFF, 1o Koy 3aMKHYT Npy yNpaensio-

del KT316D NPN(IS=2 75f XTI=3 EG=1 11 VAF=96 BF=136 5§ NE=2 496 LUeM HANPAXEH VV”p>VON V! PASOMKHYT NpN VV”p<VOFF' Ha
model = = = = = = < <
ISE—12 8pA IKF—97 23m XTB—1 5 VAR—55 BR— 66 NC—2 ISC—156p [KR— 12 HiepBare VOFF<V,,,<VON conpotvenenue Kkioqa niasHo

RB—706 RC—84 CJC—4 1pF VJC— 65 M]C— 33 FC— 5 VJE— 69 CJE—1 16pF  I3MEHSIETCS| OT 3HaueHUs! ROFF noRON. Ecnn VON<VOFF, o

MJE— 33 TR—27 8n TF—T9 Op ITF— 151 VTF—25 TF—2) Krtoy 3amkHYT npun Vynp<VON v pasomkHyT npu V. >VOFF. Ta-

* KO CNOXHBIA XapaKTep M3MEHEHWST COMPOTUBNEHNS BLIOpaH,
4TO6BI MMHUMW3NPOBATL BbIMWNCINTENBHLIE NPOGIEMBI.

UpeanbHbIi KoY, ynpaBnseMblil HanpskeHUeMm ConpoTUENEHNE KIoya ONUCLIBAETCS CrieAyoLwyMA BoIpae-

dopma onNMCaHUs! BKIMKOUYEHUS! B CXEMy: HUAMN.

Mpu VON>VOFF
S<yMT> <+y3em> < —y3em> <yIpaBsToN y3er> <yIpassToli y3emr>

<VMsT MOLIETIV > Ry= |RON ans Vynp >VON
dopma onucaHns Moaernu: ROFF ans Vynp >VOFF
(Vynp - Vin)
Model <mmvst moperm> VSWITCH (VON= <3ua4enne> VOFF = <3saueHue> exp| Ly +3- Ly —V ans VOFF < Vynp < VON
+ RON= < 3navenne > ROFF = < 3uavenne>) Z-Vd
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ro NICTOYHUKa HanpsaXXeHUuA
dopma onncaHys BKIKYEHWS B CXemy:

W<uMsT> < +y3ems> < —y3em> <UMs YIPaBIBIEONe BeTBI > < UMs MOTIeTI >

Ta6numua 20 <dopmMa onmcaHns Moaenw:
Nmst [NapaveTp PasmepHOCTb YMon4aHvie
— > 5 Model <UMSI Mozenu> ISwitch
AGD Mrowaae nepexpuITUA obnacreit M 510 {ION = <snagyernne> [OFF=<zuavenune> +
3arBOpP—CTOK RON = < 3HaueHne> ROFF= < snauenne>)
_5
Area rrowane npvbopa e 10 3peck <vmsA ynpaensowen BeTBU> —
BVF  |lMapaveTp 04HOPOAHOCTY N@BYHHOIO — 1 VMS1 MCTOYHVIKA HaMpshkeHUs, TOK Yepes
YMHOXEHWS KOTOpLIM ynpaenset krnodvom (ero 3AC
BVN OKCNOHeHL MANBHBI MHOXATENb — 4 MOXeT ObiTb paBHa Hynio). MapameTtpbl
KroYa 3agatotcd no aypektmee I1Switch.
CGS  |YpernbHasa eMKoCcTb Nepexona dlem? 1,24-1078 Stun ﬁgpameprlnmr;eloT TAKO AKe
3aTBOp—MCTOK CMbICI, KaK gns Kro4a, ynpaeBnseMoro
COXD  |YaenbHasi emkocTb Nepexoaa dlem? 3,510 HanpskeHVeM, Tornbko napameTp ION no
3aTBOp—CTOK ymonyanuio paeeH 1 mA. MNpuBegem npu-
JSNE  |[NOTHOCTb TOKa HachILLEHMS ACNE 65107 Mep ONMCaHWUS Kkoua, YNpaBrnsiemMoro To-
ammuTTEpa KOM:
KF [MNapameTp TPVOAHOM XapaKTepPUCTUKN — 1 VCONT 4 20
W1 6 3 VCONT SW
KP MapameTp yaenbHol kpyTuaHel MOTT- AB? 0,38 Model SW ISwitch (ION=50m [OFF —45mm)
KaHana
MUN MNooBYXHOCTB 3NIEKTPOHOB CM2/(B'C) 1500 Insi Tex, KTo He3HakoM C nNpobnemamm
CXOOMMOCTU MPU MALLWHHBIX pacdeTtax,
MUP  [MogBuHOCTL ALIPOK cm’/(B-c) 450 Mbl [aAMM HEKOTOpLIE peKOMEHAALMN MO
NB YpoBeHb NervpoBaHns MOLIOXKU 1/em® 2-10™ 1cnonb3oBaHWKo knikovelr. Knoun npep-
Tau Bpens pekoMBVHAL S 7110 CTaBnNAT coboi HENMMHENHLIN pe3ncTop,
: CONPOTUBIEHNE KOTOPOIO U3MEHSIETCS
Theta [[NapameTp, XapakTepnaytoumii 1/B 0,02 NPy M3MEHEeHUW BXOOHOIO CUrHana Mex-
rorepeyHoe rnore ny 3HaveHnssmm RON n ROFF. Mo ymon-
VvT nopor()Boe HanpsbkeHue B 4.7 yaHno RON=1 OM, a ROFF=1 MOwm. Ob6a
VID TIOpOroBOE HaNpsykeHe OBEaHEHHON B 10 COMNPOTUBNEHNST LOMKHEI DbITb NONOXK-
OBIIACTI NEPEKPLITVS 3ATBOP—CTOK TenbHbIMKW, HO MeHbWUMK, YeMm 1/GMIN,
> — roe GMIN — mvHumanbHas npoBoau-
wB UmpiHa metannypriteckoro M 9-10 MOCTb, YCTaHaBnvMBaeMasi oneparopom
nepexopa obriacTy 6astl .Options. Mo ymonuannio GMIN=10-12,
Ta6nma 21 [NpyunHa 3TOTO OrpaHN4EeHA B TOM, 4TO P Spice Beget pacyeTbl
C YABOEHHOWM TOUHOCTLIO, UTO MO3BONSiET onepupoBaThb ¢ oua-
Nus MapameTp Pasvep- | 3HaueHue no NasoHOM BENWYMH OKONMO ABeHaguary gekag. MNoatomy He pe-
HOCTbL YMOMUaHUIO komeHpyetcsa genarb otHoweHe ROFF k RON Gornblue, Yem
VON  [HanpsbreHme B 1 1072,
e Sexve s pera neposciiano obnacr (pEsoCT:
VOFF (Hanpsoerwie B 0 Cneayet NOMHUTBb, YTO B NEPEX0OAHON 06nacTu KnkoY ycunvea-
PasMbIKaHVIS KIo4a eT. Uem yxe nepexofHas obnactk, Tem 6onblue youneHve
RON [ConpotvBreHne Om 1 GOorbLLEe BO3MOXHOCTEN st BO3HVKHOBEHWS BHIYMCTINTENBHBIX
3aMKHYTOrO Kroya npobrnem.
ROFF |Conpotverenve Om 106 XoTa ans pacyeTa camoro knkoya Tpebyercs oveHb manoe
PA3OMKHYTOFO Kitoua Bpemsi, TeM He MeHee, MpK NepexoAHbIX Npoueccax PSpice
JOMmKeH NoaaepXvBaThb B NepexoaHon obnact 4OCTaTouHO Ma-
nbl war gns nonyveHns Tpebyemoin TouHocTw. MoaTomy B cxe-
Mpn VON<VOFF Max ¢ 6OnbLUMM KONMMYECTBOM NepeKkrioveHnii Bpems pacyeTa
MOXET CUIbHO BO3pacTaTb U3-3a GOnbLIOro YMcha Waros U co-
R, = | ROFF ansi Vynp >VOFF OTBETCTBEHHO He-
06X0AMMOCTH MHO-
(Vynp Vi) (Vynp - V) ro pas cuvTaThb Apy-
exp| Ly +3- Ly- — v, by Ve aNeMeHTbI CXe- dQdg/dt dQe |
" vd (Va) Mbl. i T
ans VOFF > Vynp > VON Koy MOXeT
6bITb HOpManbHO
(VON + VOFF ) 3aKPLITHIM U HOpP-
3pecb Vi = —————— Va= VON - VOFF MArTbHO OTKPBITBIM. el
Ona HopmanbHO
Ly=In ( RRSTI\; ) L, — mn(\y/RON ROFF ) 3aKpbITOro KIoua @ dQmuilt/dt
3afjaeTcs nopor Icss
CrieKTpanbHas NMOTHOCTL TOKA TEMINOBOTO LLyMa Krloua paHa  BPIK/0teHNs MeHb-
we, 4em nopor
Si =4kT/RS_ BKNKW4YeHNAHA Imult<l>
- - (VOFF<VON wmnu ‘ @—‘
UpeanbHbIi KoY, yripaBrsieMblil TOKOM He3aBUCUMO- IOFF<ION). Torpa aQeeriet |E)

npwy cvrHare, meHb-
lwem nopora BblK-
NIYEHNs, Koy
3aKpLIT, @ NpU CUr-

Puc. 15. 3kBuBaneHTHas cxema
BUNONSIPHOIo CTaTU4ECcKU
VMHAYLIMPOBAHHOIO TPaH3UCTOpa
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Hane, 6onbweM no-
pora BKAOYEHUS,
KN4 oTKpbIT. Ans
HOpPManbHO OTKpb!-
TOro Kntova 3a4aerca
nopor BKAIOYEHUS

(Konnexrop) C. _qu I——-— s
e

Cox RCL

q g)lca1 - MeHbLLE, YeM Nopor

C\/\/)bezbm BHIKNIOYEHMUSN

Gasa)B = i (VON<VOFF wunn
| vl gt ION<IOFF). Torna

npy cyrHane, MeHb-
LUeM nopora sKknove-
RUA, KoY OTKPBLIT, a
npv curHane, 6one-
LeM nopora BbIKMo-

Tle

E(OmuTTep)
Puc. 10. Henvuelivan cxema 3amveLeHun

Yehus, KNoY 3aKpbIT. Mo yMOnYarnio Nopor BbIKMIoYeRyst KNio-
yel pasHb! Hynto, a Nopor BKMIoYeHus ans S anemeHTa paseH 1
B, a ana W anemenTa paseH 1MA. Takmm obpasom, no ymosnya-
HUIO KIMIOYY HOPManbHO 3aKphbITLIE.

Ha ocHose mopenel kmodvewn, ynpaBnseMbiX HanpshkenneM
MM TOKOM, MOTYT BbiTb NOCTPOEHLI MakpOMOAENK PasnMyHBIX
3NEKTPORHbIX KMIOYEBLIX 31IEMEHTOB, 3NEKTPOMarHUTHLIX pene
MT. N

Kniou, ynpaensemblil BpeMeReM, MOXHO peanusoBarh nyTem
NOAKMIOYERUS K KoYy, YNPaBnseMOMY TOKOM WU HanpshkeHu-
€M, UCTOYHWKA NEPEMEHHOTO BO BPEMEH curHana.

Oner lNerpaxos
petrakov@mtu-net.ru

IMpodomkeHue cnedyem

O6epca-Monfa GUnenapHoro Np-n

TpaHsncTopa nponytyeH puc. 10.

MNpumedarne: B\feugc*re npefbioywei Yacru naHHoi craTtey, onybnukosaHHoW B Ne6 Gbin

Rototron u Stellar -

HOBOCTU HAYKWN Y TEXHUKU

ABa Llara K cCoBepLieHCTBY, ABa nojiwca CUMMMETPUAN

HedasHo KOHCMPYKMOPbLI 6CE20 MUpPa MOfTyYUNU NMPeKpacHbil Mpubop, KOMopbill 3aronHUI nycmoeasuuyro 60 cux
Mop HULLY KOMIITIeMEeHIMAapHbIX 3M1EKMPoeaKyyMHbIX Mpubopos, a UMeHHO: KpoMe u3eecmHol namne: Stellar, pa6o-
matouell Ha y4Kax NpOMOoHO8, NMosieurIcs Hoebll Kiacc rpubopoes — Rototron. Hosocmu npuwinu u3 Hoeoli 3e-
nanbuu, ¢ CunukoHosbix Xonmoe om lNamensi Osepyecm, Ookmopa mexHonoauu.

1191 BbiPABHUBAHINSA BHEPIUIM 3NEKTPOHOB U MPOTOHOB, KOTopast NPy
paBHbIX CKOPOCTAX YacTuL, oTriMyaeTcs Goree yem B 1000 pas,
6b1n MCTIONBL30BaKH NPYHLMN COXpaKeHns aHeprvmn. Kuketuyeckas

HEPMA 3NEKTPOHOB B flaMNE YBENUYMBAETCA YMCTO MEXAHUHECKNM My~

TeM, NpyU 9ToM HeT HeobxoaumocTu npuberatb K FIOAHATAIO aHOAHOIO

Hanpsbxenus. CyTb CaMoil naeu 3aknoHanach B HEOCTIOPUMOM fIpUHUM-

ne 3aKoHa COXPaHEHWs Y NPEeBPaLLIEHs 3HepMK. SHeprus He nponaga-

et 6eccregHo U He MOXET BOSHUKHYTb M3 HUuero. OHa TonbKo BUACU3-

MenseTcA. BaavMonpespalLeHne S3Hepru 1 BbIno peanuaosaHo B HOBOM

Knacce ariekTpoBakyyMHbIX Npubopos. [ia aToro MMHUaTIOPHBLIW KaTon,

UMIVHAPUHECKOi (hOPMBI CUIBHO packpyumBaeTcs. B ncrodtmkax, 6nms-

KUX K Hay4HbIM, yKaabieaeTca sactora 500 Teic. o6/mun. Mpasaa, ans

TIONyYeHWs AOCTATOMHON YIMOBOW W, CRIeAOBAETENbHO, NIMHENHON CKOPOo-

CTH, Y4eHBIM NPULLNOCH NPUBErHyTh K IOMOLUW BBICOKOHACTOTHOMO Bpa-

watotyeroca nonst Rotor Field. OHo He Tonbkc NpUBOAWT B ABKKeHVe

KaTo/l U pasorpeBaeT ero £0 HyXHOW TeMnepaTtypbi, HO U BHINOMHAET

€lLe HECKOMBKO BaXKHEWLWMX yHKUMIA: cTabunvanpyeT OCb BpallieHus,

npenoTepallas NPeXAeBpeMERHbIA U3HOC MPMOVEBOIO NOABECA, Bbi3-

BaHHbI BO3dencTereM cunbl Kopronvca, a Takke ¢hopmMUpyeT nyyHoK

3NeKTPOHoB U3 amopdghHoro obnaka Bokpyr katopa. Takoe TexHu4eckoe

pelLeHve fienaeT Bo3MOXHBIM NnpyuMerenre Rototron’a faaxe B nepexoc-

Hoi annapaType. Bnarogaps eMy, B3aMMogencTere MOMEHTa Bpatye-

HUA KaToAa C BHELHVMM BO3MYLLEHUSIMU yrpyro nepepaetcs s Rotor

Field Generator ¥ TpaHchOpMUPYETCR B NPELIECCUI0 U HYTALIMIO MArHWUT-

HOro nong. Mo3ToMy MPoOCcKoNU4EcKU 3peKT OKa3bIBAETCA CUSBHO NO-

fiaenieH. TexHudeckue noapoGHOCTU KOHCTPYKUMK reHepaTopa, K coxa-

nieHmio, He packpbiBaioTcsi. B npotusoBec aTOMy Mbi NPUBOAWM
dparmeHTHl nceM, oBHapyKeHHbIX HaMWU B apxuBe 3XCKOHMepeHLmum
fido7. .su.hardw.audioc Ha www.deja.com B npouecce NOAroTOBKU ITOro
marepvana. lpuoputer B U306peTeHMM XOPOLLIO U3BECTHBIX Ha 3anane
S-naMn, Kak OKa3anoch, UMEIoT POCCUNCKUE YyeHble:

From: Sergey Egorov (rainy@kzn.ru)
Subject: Re: Stellar
Date: 2000/07/12

Hackonbko s nouuMalo, peub uaet o npubope, paspabotakHom B
Havane BOCbMULECATbIX rofos Bo Bcecoio3HoM MHCTUTYTE siZepHbIX
peaxtopos 8 [iMuTposorpaae. Hasbisanca OH no-pasHoMy, odhuumars-
Ho yro-T¢ Bpoge NMPOTOHOOEMEHHKLIV YCUNTUTENBHLIV 3nNE-
MEHT, npolye — npoToHHan Tpybka, Uru fiaxe COBCeM NpocTo Tpy6-
Ka — HA UHXEeHepPHOM xaproxe. NpegHa3Havarncs OH AN cxXem
ynpaBnexvs saepHbiMY peakTopamu. Stellar'om oH cran, ckopee Bce-
ro, NOCIIe 2aBapUMHOIo NPHU3IeMIeHNs HaLLIero CNYTHYKA € ALepHbIM pe-
akTopoM Ha bopTy B Kanape B 1987-M roay.

Tpy6ka — 9TO NPOCTO KYHCTKamepa YHUKaIbHbIX peleHuin. [ins Toro
4TOGHI HEe NPOK3CLLNC 3anonHeHns cbbema Tpybku BooopoaoM, B Hei
OpraHu3cBaH KpyroBopoT Bogopona. PekoMbrHvpoBaBLLIne aToMbl BO-
popoda ¢ aHofa NocTynatoT obpaTHo Ha Katof vepes cuctemy mem6-
paH. Mannwku Bogopoaa abcopbupytotes. Hakan asoaa Hy»eH TOMbKo
ANs Toro, 4Tobbi NPYAATH NOTOKY HEWTPANbHOro rasa NpaBuIbHOE Ha-
npaefeHne OBVXEHUs1 OT HAarpeToro K XOonogHoMy. XonoaHbli katon
npencraensieT cobol kepamuyeckyio rybky. B nepseix obpa3suax anA
WMOHU3ALMY aTOMOB BOAOPOAA U NONYYEHWS MPOTOHOB, UCMNoNb30Banoch
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vanyyeHne aKTUBHOW 30HbI peaktopa. BnocneacTeuu, aons 6onee wu-
POKOro NpUMEHEHUs! TPYBOK, MCTOMHWK MOHWU3VPYIOLLEro U3Ny4eHKs flo-
MeCTuNM NPsAMO B KatoA. Mcnonb3aytotea anbga-nyyy, KoTopbie Yepes
CTEKIIO He NPOXOAAT, a AnuKa ceobopaHoro npobera vyacTuy He Npesbl-
waet 0,066 Mm. No3ToMy Gbinm NpUMeHEHb! CTEeKNAKKBIe 6arnnoHLl.

S.U.Egorov

U BoT eule umrara:

... AHop NOKpPLIT a6copbeHTOM ANst NOMOLLEHKs BOAoPCAa OT PEKOM-
61HaLMIM NPOTOHOB 1 3NEKTPoHOB. OH Xe RBMSAEeTCA ieMnepom, ormo-
LL@oLLIMM M3BBITOuHY10 aHepvio npoTowos (P/E=1800). Ha auHoaax ecTb
MMKPONMPaMUAAIbHOE HANBINEHME, KaK y aTTeHInaropos NormoLlatoLLe-
ro TMNa, KOPPenvpoBaKHHoe 1o pasMepbl (Maccy) CaMux fPOTOHOE.

BakyyMHble Namnbl 40 CUX NOP HE COAOT CBOMUX MO3ULIMIA B HEKOTOPbIX
06nacTaAX CXemMOTEXHUKK, B YACTHOCTH B 3Byke W pagvonepeardvkax.
Taxvm 06pa3soM, B camoe Brimxarilee BpeMs Menomakbt U ayavoguib
nony4art, HaKoHeL, OTBET Ha NOMTU LUEKCNMPOBCKUIA BONPOC: Namna uiv
TPaHaUCTop — uTo Nyuwwe? MNpsaMoMy cpaBHEHWIO LONToe BpeMA fpensT-
CTBOBArO OTCYTCTBME KOMNIEMEHTAPHbIX NIAaMN U UX BBICOKOS BHYTPEH-
Hee conpoTuenenve. [lo cux nop vrpa Benach NPEUMYLLECTBEHHO Ha
“NamroBOM fone”, T. €. HeKoTopoe NpeacTeBneHre 06 0COGEHHOCTSX 3BY-
YAHWA B CXOOHbIX TONOMOMUAX MOMW [aTk TpaHCopMaTopHble CXeMbt.
OfHako, HECMOTPSA Ha AOCTHXEHUs B 06NacTu TexXHONOMIA MarHUTHBIX
mMatepuancs, cpasHeHre 6bNC CNOCPEOBaHHBIM U YCNOBHEIM. U Tonb-
Ko U3oBbpeTenme PoToTpora (R-Namn) U NosieneHue LWMpOoKON HOMeHKNna-
Typbl S-Namn caernano BosMOXHBIM mMaroToenexne 6ectparcgopmarop-
HbIX YCUnUTENeN 3BYKOBbIX YacToT 6e3 npuMeHeHns OTpULAaTeNbHON
oBpaTHOIN CBA3W ANA CHWKEHWS BBHIXOOHOIO COMpOTURNEHns. Bpemena
BXOXEHUA B paboumii pexkum namn cepum “R” 1 “S” Takoke NOMHoCTLIo
€OBNaJaloT, TAK YTO MO)XXHO FOBOPHTH © NOSMHOA KOMMSIEMEHTAPHOCTU 3TVX
npubopos. Iyywme obpasLipl fiaMn MMEIOT BHYTPeHHee CONPOTHBNeHne
He sbilte 0,3 Om U koadbdumumenT yeunenus Ao 100. Mpu atom axogHan
XapakTepucTuKa o60MxX TMNOB BCE TaK XKe OTMCHIBAETCS 3aKOHOM JleHr-
Miopa, (Tak Ha3biBaeMbili “3aKOH 3/2") M NO3TOMy MMEeT KopOTIMi “XBocT”
NpoayKTos UckaeHuin. Kpome aToro, cneumansHo Ans ayamodunos
BbliyleHbl fiamiibl € MHaekcamu L v R, cooteeTcTBylOWME TIpaBOMY U
nesoMy BpalLeHuio KaToaoB. JTO AaeT BO3MOXHOCTb XUTENAM Cesep-
HOrO MONYLLAPWA NOMHOLIEHHO MENOSb30BaTh aNNAPaTyYPy, BbirlyLLEHHYIo
V OTINaXEHHY0 B HOKHOM NONYLUapWK, NyTeM NpOCcTON 3aMeHbl MHAOEeKCH-
poBaHHbIX Namn. [ins obnerdeHun fpoaBmMKEeHNA Ha PbIHOK HOBOIO BKUAA
NpHBopPOB, NPOUIBOAUTENW CAeNany MHTepecHbI MapKeTMHIOBHIN Xoa.
Mapxvpoeka (M napameTpbl) 3TUX Namn Tenepb yHWdULvposaka. B 3a-
BUCMMOCTM OT MOLLHOCTU 1 pa3mepoB HannoHa, Namnbl NOMyYaloT Ho-
Mep oT 1 40 9 n BykBeHHbIN MOSHTUVKATOP Cepul — NPaBaA UK Nesas.
MeHbLMIH HOMEp COOTBETCTRYET CaMblM M2iIOMOLLIHBIM, & HoMep 9, Npy-
Haanexalimil 3aMeqaTtenbHON UaobpetaTensHyLe, foka He Npes3ohaeH
B CEepUIHOM NPOUV3BOACTBE.

Mo maTepuanam poccuiickor N HOBO3ENAaHACKOH nevyarty,
E. Nanaes

(scobichevsky@mail.ru),

A. CkobuueBckum

(panaeff@chat.ru)
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Jlaku n komnayHpabl

HO)KanyU, OO0HU U3 caMblX 8aXXHbIX U Haubornee yacmo NpuMeHsIeMbIX 8 pa-
OUOQJ'IeKmpOHUKG geuwjecme — 3mo naku u KOMI'IayHabI. B ux yucno exo-
0sIm eemuHaKc, CMeKIomeKcmonum, 3aujumHbie MNMOKpbIMus onsa neyam-
HbIX riram, riporiumeka obmomok rieKmpu4yeckux MmawiuH u mpchqbopma-
mopos, rakomkaHs u Opyeue U30JTAUYUOHHbBIE Mamepuarllbl Ha OCHOB€E mkKa-
HU, 8bICOKOB80OJIbMHbIE Myd)mbl U omeemcmeeHHbIe paduomeXHuquKue
Yy31ibl, 3arumeie KOMI'IayHOOM. Cnoeom, eceao He riepeducriuiib — Ha-
CMOJIBKO WUpoKa cqbepa NMpUMEeHEeHUs 11akoe u KOMI'IayHOOS.

OnpepeneHus

Jaku anekmpousonsyuoHHbIe npea-
cTaensoT cobon konnovgHble pacTeopbl
NakoBOW OCHOBEI, 0Opasylolue nocne
yOoaneHusi pacTBOpUTENS MIeHKy, obnaga-
IOLLYIO 3MNEeKTPON3ONISILMOHHBIMU CBOW-
CTBaMU.

Jlakosasi ocHo8a — NeHkoobpasyo-
Lias YacTb Nnaka, coctosiasi 3 buTymos,
BbICbIXaIOLLMX PACTUTENbHBIX Macer, Npu-
POOHBIX UMW CUHTETUHECKUX CMOT, 3hu-
POB LIENIoNosbl, a TaKke UX KOMNO3WLWIA.

Pacmeopumenu — netyyve XngkocTtu,
NpyMeHsiEMbIE A1151 PACTBOPEHVS IaKOBbIX
OCHOB U yIeTyuMBaloLlMecs B MpoLecce
obpasoBaHus NneHkn. PacTBoputensivm
TNTaKOBOW OCHOBBI MOTYT CNyXuUTb anuda-
TUYECKME U apOMaTHECKUE YITIEBOOOPO-
[bl, NPT, CIOXHBIE W NPOCTLIE 3UpPbI,
KETOHbI, X/IOPUPOBaHHbIE YITIEBOLAOPOAHI,
CKMNYAap U T. M., a TAKKe UX CMECU.

Cukkamueb! — BeLWecTBa, YCKOPSIo-
LUME NPOLECC BbICHIXaHWS PACTUTENBHBIX
mMacen un nakoB. K HUM oTHOCsATCS conu
SKMPHBIX CMOTSIHBIX UITK HA(hTEHOBBIX KWC-
JIOT Takux MEeTannoB, kak kobanst, map-
raHeL, CBUMHeL, U ap.

lnacmucghukamopel — BELLECTBA, NPU-
JaroLme anacTUYHOCTb U yAapHYIO Npoy-
HOCTb NakOBOW MNIeHKe, HanpuMep, Kac-
TopoBOe Mmacno, gubytundgrtanar,
Tpukpesundocodar u gp.

Omeepdumernu — coeguHeHus, ¢ Mno-
MOLLbH0 KOTOPbIX MPOUCXOANT OTBEPAEHNE
NMeHKN Naka 3 HEKOTOPBIX CUHTETHYEC-
KMX CMOIT (ManeuHOBLIN 1 OTaneBbIv aH-
rmapua, nonuaTuneHNnonuaMuH u ap. ).

UrHuyuamopei u yckopumernu — Belue-
CTBa, yckopsitoLLve npoLlecc 06pasoBaHust
nonvmMepa, HanpuMep, nepekcs 6eH3o-
vna, AMMETUINaHWITVH U Op.

UHaubumoper — coeaynHeHus, NpensitT-
CTBYIOLLME NPEXAEBPEMEHHOMY 3arycre-
BaHWIO (kenatnHuaaymm) naka. K Hum or-
HOCAITCS TMOPOXVMHOH, XMHMUAPOH 1 Ap.

3manu anekTpon3onsuMOHHbIE Npen-
CcTaBnsitoT coboli NUrMeHTUPOBaHHbIE
naku. B kauecTBe NMUIMEHTOB NPYMEHSI-
HOTCH BbICOKOAWCINEPCHBIE HEOPraHn4ec-
ke BewecTBa. [MUrMeHTbl NoBbIW AT
TBEPOOCTE Y MEXaHWYECKYIO MPOYHOCTb
JIaKOBOW MIEHKW, TEMIONpoOBOAHOCTL,
OYyroCcTOMKOCTb, & Talkke NpuaaloT en on-
peneneHHbIN LBET U YKPLIBUCTOCTb. K HUM
MOIYT ObITb OTHECEHBI NIUTOMNOH, ABYOKMCH
TUTaHa, XXenesHbll CypuK v ap.

B nocneagHee Bpemsi paspabotaHbl Be-
LLECTBA, He cofeprKalLue NeTy|mx pacTBo-

putenei n cogepxawme 100% nneHkoob-
pasyoLLMX BELLECTR, HAa3bIBAEMbIE KOMIa-
yHOaMU, B HeM COOCTBEHHO W €CTb UX MPUH-
uMnuanbHoe OoTnuMuMe OT IaKoB.
KomniayHOb! anexmpou3onsiyuOHHbIe
npeacTaensitoT coboi Mmatepuarsl, He Co-
Jepxalye pacTBoputenei, Haxoaswme-
Csl B MOMEHT WX MPUMEHEHUs1 (Npy HOp-
MarbHOW UIy MoBLILLEHHO TEMMieparype)
B XMOKOM COCTOSIHUM U TBEpAEIOLLME MOCc-
Jie OXIaXJeHWs LN B pesyrsrare Npounc-
XOOSALMX B HUX XMMUYECKUX NMPOLIECCOB.

BelectBa, KOTOpLIE BXOASIT B COCTaB
KOMMayHAOB, B OCHOBHOM, T€ Xe, U3 KO-
TOPbIX COCTOMUT IaKOBasi OCHOBA 3I1EKTPO-
V30rSILMOHHBIX NakoB. Kpome Toro, B co-
CTaB KOMMayHAOB, TaKKe KaK U IaKoB,
MOIyT BXOOUTb OOMNOMHWUTENBHbLIE BELLe-
CTBa, NepeynCcrieHHbIE HUXE.

AxkmueHsie paszbasumenu — Belle-
CTBa, NMOHXaKLLMe BA3KOCTb KOMNayHaa,
He yaansitoLmMecs Npy CyLLKE U BCTYNako-
LMe B peakLmio B3aMMoaencTBus ¢ apy-
MMM KOMMoHeHTamu, obpasys TBepayro
TNaKoBYI0 NNeHKy (CTUPON, XUOKWIA Nonu-
achvp 1 gop.).

INnacmucguxkamopel, omeepoumernt,
UHUYUamope! U UHaubumopsl — HasHa-
UeH1e MX TO Xe, YTO U B Nnakax.

HanonHumenu — HeopraHudeckue u
opraHuydeckue nopoLkoobpasHbie nunm
BOITOKHUCTbIE Marepuaribl, KOTOpblE BBO-
OSATCS B KOMMNayH C LENbIo yMEHbLUEHUS
ycagku, yrnyleHusi TENNonpoBOaHOCTY,
YMEHbLUEHVS1 TEMMEPaTypHOro koaddu-
LMeHTa paclUMPeHIs, 8 TaKKe CHIDKEHNS
croumocTu. K HUM OTHOCSITCA NblneBva-
HbIV KBapL, TarnbK, CriogsHasi Nbirnb, gpe-
BecHasl Myka, acbecToBO€e U CTEKIsIHHOE
BOJITOKHO U psify OpYTvIX.

CBolicTBa 1 Ha3zHa4YeHUe NakoB U
KOMMnayHOOB

ONeKTPoN3oNALUMOHHBIE Nakn 1 KOMMNa-
YHObBI HAXOOAT LUMPOKOE NPUYMEHEHUE B
NPOV3BOACTBE 3MNEKTPUHECKUX MalLWH,
Typ6O- 1 IMOpOreHepaTopoR, annapartos,
TpaHchopMaTOpPOB, pacrnpeaenuTeNbHbIX
YCTPONCTB, BbICOKOYACTOTHOW TEXHUKM,
npnbopoB, B 3MNEKTPOU3ONSALUOHHOW U
kabenbHol TexHrke. K nakam n komnayH-
am npegbsensiloTcsa pasHoobpasHble
TpeboBaHUS kak KOHCTPYKTVMBHOIO, TaK U
TEXHOMNOINM4YECKOro CBOMCTRA.

ONeKTPoN3oNALUMOHHBIE Nakn 1 KOMMNa-
YHAbI, KK AU3MEKTPUKY, COITaCcHO Cylle-
CTByIOLLEN KnaccnukaLuum NpyuHagnexar
K rpyrnne TBepabIX 3MneKTPOon30NALMOHHBIX

MaTepuaroB, Tak Kak B MPOLEecce BbINor-
HEHUs! UMY PYHKUUIN OV3NEKTPUKOB B
3NEKTPOTEXHUYECKNX KOHCTPYKLMSAX OHU
HaxoAsiTCs B TBEPAOM COCTOSIHUM B BUAE
JAKOBLIX MNITEHOK UITN repMETU3UPYIOLLMX
COCTaBOB.

B HekOTOpbIX Criyyasix, Korfa anekTpu-
yeckasi MalwmHa pabotaet nNpu HeGonb-
LIMX 3MEKTPUYECKUX Harpy3kax, HoO B yC-
JNIOBUSIX BbICOKOW BMaXXHOCTU, K Naky
npeabsensTcst TpeGoBaHUsl BbICOKOW
BNaroCTOMKOCTU. B apyrmx cnyyasix, kor-
Ja mawwmHa paboraer B ycrioBusix 6onb-
WKUX MEeXaHW4YeCKMX YCUIUW, K naky
npeabsensTcst TpeGoBaHUsl BbICOKOW
LeMeHTUpYIoLLEl cnocoOHOCTU M CTOWKO-
CTW K Temneparype. [insi anekTpuyeckmx
MaLLWH, paboTalowmx Npy BbICOKUX Ha-
NPSKEHWsIX, K JaKy uMnv KoMnayHay
npeabsBrsoTCs TPeOOBaHWSA COXpaHeHUs!
CBOVIX AN3MNEKTPUHECKNX CBOWCTB NpW No-
BbILLEHHBIX HAMPSDKEHWSIX.

WHorga k naky npeabsaenstores Tpebo-
BaHWs 0cobOI 3NacTUYHOCTU W CTOMKOC-
TV K UCTVPAHWIO, HaNpuMep Ansi NakoB,
npegHasHa4YeHHbIX Arsi NPOU3BOLCTBa
3MarnbnpoBOAOB.

Jak unn komnayHa He MoxeT obnagarb
BCEM KOMMIEKCOM TpebyemMbIX CBOWCTB,
KOTOPbIE NPEabSIBISIIOTCS K HEMY B PasHbIX
cnydasix. OTcioaa Bo3HvkaeT Heobxoaw-
MOCTb CO31aHUs1 GOMNbLLIOKN HOMEHKNATYpPbI
pa3HoobpasHbiX NakoB M KOMMNayHAoB,
obnaparLmx pasHbiMy OU3NKO-3IEKTPY-
YECKUMM CBOWCTBaMU AAT1s1 PasnuyHbIX 06-
nacten ux npumeHeHusl. Bolbop anekT-
POV3OINSAILIMOHHBIX NTAKOB MIM KOMMayHOB
ONs1 TOW UM MHOM KOHCTPYKLMN HEoBXo-
JVIMO OCHOBBIBaTb HA YETKUX TEXHUHECKUX
TpeboBaHWsIX, BLITEKAOLWUX U3 AaHHOW
KOHCTPYKLMMW U YCIOBWI, B KOTOPBIX OHa
6ypner paborarb. PranHeckue 1 anNeKTpu-
UECKME XapaKTEPVCTVKU NaKoB W KOMIa-
YHOOB, ornpegensiowme nx OCHOBHbIE
CBOWCTBA, N3MNOXEHbI B COOTBETCTBYHOLLUX
FOCTax u TexHuueckux ycriousix (TY).

K nakam n komnayHaam npeabsiensioT-
cAl Takke TpeboBaHWs ONUTENBHOIO COo-
XpaHeHWs1 CBOUX UCXOAHBIX (OU3NYECKUX
1 3NEeKTPUHECKMX XapaKTepuUCTVK B NPO-
uecce akcrnnyaraumm. HarpeBocTonkocTb
130rsiuMY, B TOM YUCIe U NONUMEPHbIX
MaTepuaroB (NakoB 1 KOMMNayHAOB), BXO-
OSLLMX B cocTaB Moboro komnrekca nso-
TNSAUMKW 3MeKTPUHECKO MallvHbl Unu an-
napara, fIBNsieTCA OAHUM U3 OCHOBHBIX
CBOWCTB.

CornacHo NOCT 8865-70 Bce nsonsium-
OHHble Matepuarbl, B TOM YWCIe Nakvu u
KOMMNayHAbl, AENsTCS Ha CEMb KNacCoB
HarpeBocTolkocTy (Tabn. 1).

Knacc HarpeBOCTOMKOCTM onpeaensieT-
csl crnocoBHOCTBIO AaHHOrO Martepuana
COXpPaHsiTb CBOU (DU3NYECKUE U 3MEKT-
puYeCKre CBOWCTBA B NPOLECCe AMUTENb-
HON 3KCrnyartaumv npy gonyctumon ans
Hero paboyel TemMneparype.

Mpw gnuTensHOM BO3OENCTBMM NOBLI-
LIEHHON TeMnepaTypbl NPOUCXOaUT CTa-
pPeHre U30MSILMOHHBIX MaTepuaroB, B OC-
HOBHOM, CBSI3YIOLLMX (ITaKOB 1 KOMMNayH-
[OB), a TaKke Apyrmx OpraHnyeckux Ma-
Tepuanos: Gymary, TKaHW, Lensionossl.
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Tabnuua 1

Ocobyto rpynny nokpos-
HbIX IAKOB COCTaBIISAIOT M0-

Knaccctomkoctm| Y | A | E | B

nNynpoBogsiLLneE Inaku, KOTo-

CrovikocTb 90 [105]120(130

marepuwana, °C

155

pbie npeacTaensioT coboi
NMUIMEHTUPOBAHHLIE CAXXEN
v rpacdmtom naku (unm

180 [>180

M3onsums nocteneHHo TepsieT CBOW Nep-
BOHa4arnbHble (OU3NKO-3MEKTPUYECKIE,
XUMUUECKUE N MEXaHUYECKME CBOMCTBA U
B pes3yrnbTare BbIXOAWUT U3 CTposi. AToT
npoLecc HOCUT HasBaHve AenonuMepu-
3aLuK € BbIAENEHNEM NETYYNX NPOAYKTOB
pacnaga.

CVHTETVYECKME BICOKOMONEKYISIPHBIE
coeavHeHusi (nonvumepsl) uvetot Gornee
BbiCOKME (DU3NYECKUE U 3NEKTPUHECKUE
CBOWCTBa N0 CPaBHEHWIO C NPUPOAHBLIMI
nonvvepamm, No3ToMy obnacrbe nx npu-
MEHEHWsI B 3MEKTPOTEXHUYECKON Npo-
MbILWNEHHOCTY pacwupsietcsi. K Takum
CBOWCTBaM OTHOCSITCS, NPEXAE BCETO, Ha-
PEBOCTOMKOCTL U BMaroCTOMKoCTb. Kom-
MNrNeKkcoM 3TUX CBOWCTB obnapaet 6ornb-
LWMHCTBO CUHTETUYECKUX MOMNMMEpPOR,
noaToMy 3ajaqm, KOTOopble paHee npu
VCrornb30BaHUM NMPUPOAHLIX NONIMMEPOB
N5 KOHCTPYKTOPOB by HepaspeLMbl-
MU, TEMNepb HAXOOAT CBOE pELLEHVE.

PaspabotaHo Gonbloe KonmuecTtBo
CUHTETUYECKUX cmor, obnagarwmx
KOMNNekcomMm TpebyembiX LEHHBIX
cBolcTB. K Takmum cMmonam OTHOCSTCS
nonuadupHble, 3MoKCuaHbIe, nonuype-
TaHOBblE, NONVaMuaHbIE W P OPYIVX.
3HaunUTeNnbHO pacLMpUIocs Npov3Bom-
CTBO BbICOKOHArpeBOCTOVKMX MNonuopra-
HOCMINOKCaHOBbLIX coeguHeHuii, obnapa-
OWUX LeHHbIMU cBoWcTBamu Gonee
ONUTENBbHOTO, MO CPaBHEHWIO C APYIVIMU
nonvMepamm, COXpaHeHusi CBOMX Mexop-
HbIX rMokasarenemn npu akcnnyarauum.

Knaccudukauma n HasHavyeHue
3NeKTPOU3ONSALMUOHHLIX NAKOB
M KOMNayHOoOB

OneKTpou3onsILMOHHbBIE NakW No CBOe-
MY Ha3Ha4Y€HWVIO U BbINOMHAEMbIM DYHK-
LUSIM B 3MEKTPOTEXHUHECKNX KOHCTPYKLM-
X mMoryT OblTb pasgeneHbl Ha Tpu
OCHOBHBI€E IPYNMbl: MPONUTOYHbIE, NOKPOB-
Hble 1 Knesilme.

MponnTouHEbIe Nakn NpegHas3Ha4varoTcst
ONs1 NPOMUTKM M30MsILUMKY OBMOTOK 2MeKT-
pUYECKMX MalIMH U annapaToB, a Takke
ONs1 NPONUTKM Pa3nnyHbIX 3MEKTPOU30NSst-
LIMOHHBIX BOMOKHUCTLIX MatepuarnoB (6y-
mara, TKaHu, CTEKIOTKaHW, NPsiKa, LUHYPHI,
3MeKTPOKapTOH, AepeBo, thrbpa u aop.).

MokpoBHBIE Nakn NpegHasHavaKTcs
ONs1 NOKpLITUS NpegBapuTensHO Nponu-
TaHHbIX OBMOTOK 3MEKTPUYECKMX MaLLVH
M annaparoB, a Takke Ans BHELLHEW 3a-
LLMTHOW OTAENKM Pa3NNYHbIX 31IEKTPON30-
NSAUMOHHBIX AeTanel u MeTannmMuyecknx
y3noB u getanen. K noKpoBHBIM Nakam oT-
HOCSITCA TaKke 3marnbnakv, npegHasHa-
YeHHble Ans NakMPOBKY NTMCTOB 3MeKTPo-
TEXHWYECKON CTanu B PacCrnoeHHbIX
MarHUTONPOBOAaX, @ TaKKke amanbhaku,
npuMeHsieMele B KabensHOM NPOMBILLINEH-
HOCTM Ansl NPOM3BOACTBA 3ManupoBaH-
HbIX NPOBOAOB.
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amanu) n obrnaaaloT NoBbl-
LLEHHOW yAenbHOW MPOBOAUMOCTHIO.

Knesiwwe nakv npegHasHavarotcs ans
CKIIEVBaHWS Pas3nuyHbIX U3ONSILMOHHBIX
mMarepranoB {NMMCTOYKOB Crogbl, Bymarm,
KapToHa U T. I.) 1 geTane.

MpviBeaeHHOe Bhlle pasgeneHre anek-
TPOW3OMSILMOHHBIX NAKOB Ha rpynibl MO UX
Ha3Ha4YeHWIO U BbINONHsIEMbIM (DYHKUMSM
SIBISIETCH B 3HAUMTENBHON CTENEHW YCroB-
HbIM, TaK KaK OAVH W TOT e Nak B HEKOTO-
PbIX Cly4asx MOXET CMyXWTb U B Ka4eCTBe
NPOMUTOYHOIO (HaNPYMEP, Nak NPW N3roToB-
JIEHUM NponUTaHHbIX Gymar unu TkaHen), u
B KauecTBe Kesiero (Npy U3rotoBrieHum
CMOWCTLIX NNacTUKOB U3 3Toi Bymarn nnu
TKaHW), TaK KaK OH CKIeMBaeT Mexgy Co-
6ot orgeneHele criov Gymary v TkaHu.

Mo cnocoby cyLuKy 3neKTpon3onsiLuoH-
Hble Nakv gensiTcsl Ha Naky BO34yLUHON
(xonogHoN) CYLKM 1 Naky NeYHon (ropsi-
Yel) CyLLKN.

Jlaku BO3ayLLIHON CyLLKK CNIOCOBHBI Bbl-
cbixaTb U 06pa3oBbLIBaTE NeHkM Tpebye-
MO0 Ka4yecTBa Npy TeMneparype Bo3ay-
xa okono 20°C. lNpm aTom npouecce
obpasoBaHve NNeHKU B HEKOTOPLIX Cry-
Yasx NpomcxoauT TONbKO MpU yaaneHum
nety4ero pacTBopuTensi.

B Tex cnyyasix, korga B TakoBOV OCHOBE
COAEpPXXUTCH pacTmMTenbHOe Maco B KOM-
no3uLmm co cMonamm unv Grutymamm, npo-
Liecc obpa3oBaHysl NNeHKW 3aKIioHaeTcst
He TOMbLKO B yAaneHuy NeTyymx pacTBopu-
Tenew, HO U B OKWCIIUTENBHBIX W NonvumMe-
pY3aLMOHHBIX NPOLIECCax, MPOUCXOOALLMX
B NaKOBOV OCHOBE Mocne yaaneHvsi pa-
cTBopuTensi. B atom cnyyae npouecc Bbl-
chiXxaHus Nnaka anutca 24 yaca v 6onee.

K nakam BO3OyLWHON CyLLKM OTHOCATCS
TakKe Nakn Ha OCHOBE HEKOTOPbIX CUHTe-
TUYECKUX CMOI, KOTOpble CNoCcobHLI Aa-
BaTb TBEPAYIO NaKOBYIO NINEHKY Npu BBe-
OeHVN COOTBETCTBYIOLMX OTBEpAUTENel
XONOAHOIO OTBEPAEHWSI.

TNakn nevyHon, nnuv ropsuen, CyLK1 ans
obpa3oBaHVsl NakoBOW MMEHKN C ONTU-
MarnbHLIMW XapakTepucTukamy Tpedyiot
BbICOKOV Temnepartypel cywku (100°C n
BbllLe). B aTuX cnyyasix B NakoBOW OCHO-
Be, cofepKalleli pacTuTeribHoe Macno B
KOMMNO3ULMKN CO CMONamu unv butymamm
MINY KOMMNO3WULUK Pa3nnyHbLIX TEpMOpeak-
TUBHBIX CUHTETUHECKMX CMOI, MPONCXoasT
peakumy OKMCNeHusi, nonuMepn3aaymm
nnuv nonvkoHaeHcaumm. K nakam nevyHom
CyLKN MOTYT BbiTb OTHECEHBI HE3aBUCY-
MO OT XMMMW4YECKOIO COCTaBa UX OCHOBBI
naky, cogepxalupe BbICOKOKUMsLME pa-
CTBOPVTENW, MEANEHHO YNeTy4MBaloLLy-
€csl Npy HopMarneHON TeMneparype.

Mo xummnueckomy cocTaBy NakoBoOW OC-
HOBbI (NNEHKOOOPa3yIoLLElt) BCE 3reKT-
POV30MNALUMOHHBIE NakW OENATCA Ha Tpu
OCHOBHBIX FPYNMbl: MacnsiHble (Macnoco-
Aepxawpe), cMonsiHble, adupoLenso-
No3Heble.

MacnsiHble nakv COCTOSIT U3 pacTuTerb-
HbIX BbICBIXaIOLLMX Maces (Unv CMecy Bbl-
ChIXaKLWWMX C MOYBLICHIXaIoWUMKN) U Ha-
TyparbHbIX UMM CUHTETUHECKMX CMOIT UINU
6utymoB. B coctaB aTUX NakoB BBOASITCS
TaKKe CUKKaTUBBI. 3 BeICkIXaloLmX Macern
valle BCero NpUMEHSIOTCS NbHSIHOE, TYH-
roBoe, OMTUCUKOBOE UIN UX cmecu. B He-
KOTOPbIX IAKaX YaCTb BbICHIXaIOLLMX Macer
3aMEeHSIETCS MONyBbICHIXaOLWMMU (MOACOr-
HEYHOE, XIOMNKOBOE).

PactBoputensimy 3Tol rpynnbl NakoB
SIBNSIIOTCS anudarnyeckme yrneerogopo-
bl (KEpOCYIH, yalT-CriupuT), apoMarmnyec-
Kue (Tonyor, KCUIor, CONnbBEHT) UIu ux
cMecH, a Takke ckunuaap.

K rpynne macnsiHbiX OTHOCATCSH criegy-
HoLMe BUAbl NaKoB:

e MacnsAHO-BUTYMHBIE, NPEeACTaBrsIo-
wre coboii KOMNO3ULMK pacTuTerb-
HbIX Macer ¢ NPUPOAHBIMK BUTyMamMMu,
Ha3bIBAEMBIMU TaKke actanstamm 1
achansTMTamm, U NCKYCCTBEHHBIMM
HedTsaHbIMKM GuTymamn. [ins yckope-
HUS CyLLKM noGaBrsSieTCsl CUKKATUB;

e MacrsiHo-kaHuornbHble Naku, nony-
YaeMble NyTeM CrIaeneHusi BbiCbixa-
HOLLMX pacTUTENbHBIX Macer C pasnuy-
HbIMK Mpenaparamy, coaepXalLiymMm
kaHuonb (peavHar Kanbuysi, mvue-
pPUHOBLIN 3¢hmp KaHuonu nnu ag-
oykT). [ns yckopeHus cylwkn ao6ae-
NSIETCs CUKKATVB;

e MacrsiHO-arnkuaHble Naku, NpeacTae-
nsowme coboi NpoaykTel peakuum
NONMKOHAEHCALMN MHOroaTOMHbIX
CNUPTOB € MHOTOOCHOBHBIMW KUCI1O-
Tamu U pacTUTENbHBIMU MacnamMmu
VIV XXMPHBIMK Kucnotavu. B coctaB
HEKOTOPbIX MacnsHO-ankuaHbIX na-
KOB BXOAUT KaHuoonb. K HUM oTHO-
cuTCs rpynna rmudraneMacrnsiHbix
JaKOB Ha OCHOBE MulepyHa u ¢Ta-
NEeBOro aHmagpuaa ¢ pactuTernbHbIM
Macrnom, neHradranesBblie Naky Ha
OCHOBE NeHTaspeTpuTa u hraneso-
ro aHrmgpuga v ap.;

e K Ilakam Ha OCHOBE MacropacTBOpU-
MbiIX heHONOB U Kpesonodopmanbae-
rMOHBIX CMOM B KOMIMO3WULIMKM C pacTu-
TeNbHBIM MacrnoM OTHOCATCS Naku Ha
ocHoBe 100% dcheHonocopmManeae-
rMOHBIX CMOT, KPE30ornbHO-MacrsiHbIE,
okcngndeHnngopmansgerngHole,
J2KW HA NCKYCCTBEHHBIX Konarax v aip.

K rpynne cMOonsiHbIX NakoB OTHOCWUTCS
6onbLUasi HOMEHKNAaTypa rakoB, U3roTaBsv-
BaeMbIX H2 OCHOBE CUHTETUHECKMX CMOTT:
e naku deHonodopmansgerngHole,

npeacraensiowme cobol pacTeopbl
heHono- nnu kpesonodgopmansge-
rMaHbBIX CMOr B pacTBopuTtene (06blu-
HO B 3TUINOBOM CNVpTE); BOAHbIE dhe-
HOMo- 1 Kpesonodopmanbaermamsie
naku, He cofepXaliue cnupTa;

e IaKW HA OCHOBE MonmadupHbIX (ankvg-
HbIX) CMOr, NpeacTaensiowme cobon
pacTBOpbl NPOAYKTOB MOJNIMKOHAEHCA-
UMM MHOFOATOMHBIX CIMPTOB Y MHOIO-
OCHOBHBIX KWCIOT; CHofla OTHOCATCSH
rmvdpTaneBkle Nnaky, pacTeopbl mudra-
NeBor HemoanhLUMPOBaHHOK CMOIbI
B CIMPTOTONYOrNbHOW CMECH, Nakn Ha
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OCHOBE NonuaTUrneHTepedTanarau ap.;

e IaKu 3NOKCUAHbIE, NPEACTaBNALLNE
coGoi pacTBOPbI 3MOKCUAHOW CMOIbl
C OTBEepAMTErNEM W PasnUYHbBIMK [0-
6aBkamu (nnacTtudrkaropamm, yCko-
putensiMu v p.) B OpraHUYeckmx pa-
CTBOpUTENSIX;

e IaKu Ha OCHOBE MNOMNUYpPETaHOBLIX
cMon, npeacTaensiowme coboi Kom-
no3nummn 13 rMapoKcuUncoaepKalmx
nonmadrpoB U U3OLMOHATOB B pa-
CTBOpUTENSIX;

e NaKy KPEMHUOPraHn4eckme, nosnyya-
€Mble Ha OCHOBE BbICOKOMOINMMEPHbIX
OpraHNYecKnx COeaUHEHUI KPEMHUS
(nonvopraHoCUNoKCaHoB) B OpraHu-
UECKMX pacTBOPUTENSIX;

e  IaKW Ha OCHOBE NPON3BOAHBIX BUHUINA,
npeacraensiowme coboli pacTeopbl
CUHTETNYECKMX CMOT (NONMBUHUIIXITO-
pvaa, nonucTMpona, NoNnvBYHUNaLeTa-
1151) B OpraHN4ecknx pacTBOPUTENSIX;

e IaKy Ha OCHOBE HaTyparlbHbIX CMOJ
vnu 6UTYMOB, Kyfia MOryT GbITb OTHE-
CEHbI LLEennaYHble, KonaroBble, KaHu-
dornbHblE 1 BUTYMHBIE NaKu.

OhuMpoLENIIONO3HbIE Nakn NPeacTae-

T coboi pacTBOPLI PasnUyHbIX 3hu-

POB Lennonosbl (HUTPOLENIIONO3hI,

3TUNLENIIONo3sl U T. N.) ¢ fobaBkoi nna-

CTNOMKaATOPOB B CMECU PaCTBOPUTENEN,

TaKMX Kak CrnoXHble 3uphbl, CrMpThl, Ke-

TOHBI 1 apOMaTUYeCKVE YITIEBOAOPOLbI.

OTa rpynna nakos, Nno CPaBHEHUIO C Npe-

OblOyLyMy rpynnamu, HaxoauT orpaHuv-

YEHHOE NPYMEHEHNE B 3IEKTPOTEXHNYEC-

KOI MPOMBILLITEHHOCTH.

Knaccudukaumsa anekrpomsonsaym-
OHHbIX KOMNayHOOB

OneKTpoM3oNSILMOHHBIE KOMMNayHbl Mo
CBOEMY Ha3Ha4EHWIEO W BBINOIHAEMbIM ¢hyH-
KLVSIM B 3IMEKTPOTEXHUYECKUX KOHCTPYKLIM-
sIX OensiTcsl Ha crieqyoLwme rpynnbl: Npo-
MUTOYHBIE, 3aNTMBOYHLIE Y OOMa30YHELIE.

MponuToyHLIE KOMMNAayHABI NPpeaHa3Ha-
YaloTcA AnNs NPONUTKN 3NEKTPOTEXHUYEC-
KMX M30envi unmv rx yanos v getanen. K
MNPOMUTOYHBIM KOMMayHAaM Takke MOryT
ObITb OTHECEHI:

e MPOMUTOYHBIE TEPMOPEAKTUBHLIE CO-
CTaBbl kOMNayHAo0B 6e3 pacTBopUTE-
Iel, KoTopble B nocrnegHee Bpemsi no-
Ty4nnv JOBOIbHO LUMPOKOE pacrpo-
cTpaHeHue ansi NPONUTKY M3onsaumMm
0OMOTOK 3NEKTPUYECKNX MALLVH W an-
naparog;

e MPONMUTOYHLIE KaGernbHbIEe MacChl, KO-
TOpbIE CNYXaT A5 NPONUTKK ByMadk-
HOW M30MNSALMK CUNOBBLIX Kabenen.

3anumBoyHbIE KOMMNayHAb! NpegHa3Havua-
10TCS1 11151 3aITMBKW PasiinyHbIX 3MEKTPOTEX-

HUYECKUX U3OENUIA UK UX Y3MOB U AAeTa-

nen. OHM WMPOKO MPUMEHSIIOTCH B

3MNEKTPOMALLMHOCTPOEHWY, ANs1 3aNVBKU

MECT COeaNHEHUIA BLIBOAHBIX KOHLOB 06-

MOTKM C nogeogsmM kabenewm; B anna-

paTocTpOEeHMU — Ansi 3anvBKKU Ka-

TYLLEK Pa3nUyHbIX annapaToB v Nprbopos;

B NPOU3BOACTBE TPaHCHOPMaTopoB —

AN Nony|4eHus NIMTOM U30NSILMK B TPaHC-

chopmaropax Toka n Hanpsbkenus. K sanm-

BOYHBIM KOMMayHAaM OTHOCATCSl TakkKe

kabenbHble Maccel, NpUMeHsIEMble Ansi
3anveky MydT CUINoBbIX kabener.
O6Ma304HbIe KOMMNayHAb! (MOKPOBHLIE)
COCTaBIAT 0coByIo rpynny nactoobpas-
HbIX MaTepuanor, OTBepAeBaloLWMX Noc-
ne ux HaHeceHusi. ObMa3ouHble KOMNa-
yHALI NpeAHa3HavaloTesl Ans NOKPbITUsI
(06Ma3KK) aNeKTPOTEXHNYECKUX U3 ENni
vnu nx yanoe u getaneii. K o6masouHbIM
KOMMayHAaM OTHOCATCS Takke M3onsium-
OHHbIE 3aMa3Ky, NPUMEHSIEMbIE OMS1 Bbl-
paBHUBaHWs1 HEPOBHOCTEW U 3aMONHEHUs]
NPOMEKYTKOB MPY M3rOTOBNEHUW pa3nny-
HbIX 3MEKTPOTEXHUYECKUX KOHCTPYKLMIA.
OneKTpon3onsILMOHHbIE KOMMNAyHAb! MO
OTHOLLEHWIO UX K HarpeBaHWIO pasfensi-
10T Ha ABe rpynnel: TEPMONNacTUyHbLIE U
TepMOpeaKTVBHLIE.
TepMonnactnyHele kKOMNayHabl —
TBEpAbIe NPy HOpMarnbHOW TeMnepaType
coctaesl. [py HarpeBaHuy koMnayHAabl
pa3msryalTcsl, CTaHOBSITCS NNacTUYHbI-
MU C NEpPexodoM B XUOKOE COCTOSIHVE;
npu OXNaxaeHun CHOBa 3aTBepAeBaloT.
Mepexoabl M3 TBEPAOro COCTOSIHUS B XXUA-
KO€ MOTyT NOBTOPSITLCS] MHOTOKPaTHO, MU
3TOM KOMNayHA He TepsieT CBOel crnocob-
HOCTM K pacnnaeneHuio. 3Ty komMnayHael
COCTOSIT, IMaBHbIM 06pa3oMm, U3 HepTAHBIX
6UTYMOB, MHOTA2 B COYETaHUW C pacTu-
TENbHBIMW UNY MUHEPalbHBIMW Macrnamu
Y HaTyparibHbIMKY CMonamm (KaHnorbio).
K rpynne TepmonnactuyHbIX KOMNayHOoB
OTHOCSITCS1 TaKKe HEKOTOpble TepMorna-
CTUYHbIE NONVMepsl (Nonuamuasl v ap.).
TepMopeakTVBHbIE KOMMNayHabl — 3TO
COCTaBbl XUAKve B
MOMEHT MX NPUMEHe-
HVS1 U 3aTBepAeBalo-
lwre B pesynerarte
NPOVCXOASALLMX B HUX
XUMUHECKUX PEaKLIMIA.
TepmopeakTuBHbIE
KOMMNayHabl npea-
CTaBnsoT coBGON KOM-
MO3VLIO, COCTOSILLYIO
13 CUHTETUYEC-
KVMX Marepuarnos, Ko-
TOpbI€ CrocobHbI 3aT-

www.platan.ru ==

® BUPTYAJIbHbIA MATA3MH
PEAJIbHbIX SJIEKTPOHHbIX KOMMOHEHTOB

Haiu caliT npefocTaBnsier LIMPOKUE BO3MOXHOCTH
odopMneHns 3asiBOK Ha fIOCTaBKY 3/16KTPOHHBIX KOM-

BepauTenem ropsdero oteepaeHust, Tpeby-
eTcsl AnsSoTBEpAEHUs creumanbHas Tep-
Muueckas o6paboTka.

KomnayHaam xonogHoro oTBepaeHus,
COCTOSILMM M3 CMOr1, pasnunyHbIX Joba-
BOK W OTBEpAMTENEIN XONOOHOIO OTBEpAE-
HUSA, ONS nepexoga B TBepAoe, Hennae-
KO€ W HEepacTBOPUMOE COCTOSIHWE He
TpebyeTtcsi Tepmudeckast o6paboTka.

Mo xMMuYeckomMy cocTaBy 3NEKTPON30-
NSILMOHHBbIE KOMMayHAbl Pa3fensitor Ha
OBa Bupa:

e KOMMayHZbl HA OCHOBE KOMIMO3ULIMIA U3
HedTSHBIX GUTYMOB, paCTUTENBHBIX UMK
MUHEparibHbIX Macern 1 kaHndony;

e KOMMayHAbl HA OCHOBE CUHTETUHECKNX
cMorT.

KomnayHapbl Ha ocHoBe BUTYMOB npe-
CTaBnsaoT cobol cnnaebl PasnuyHbIX He-
DOTHHBIX BUTYMOB; B HEKOTOPBIX Cry4asix
Do6aBnsoT pacTuTenbHOEe (NBHSIHOE) NIu
MUHeparbHOe Macro U KaHngorb.

KomnayHapbl Ha OCHOBE CUHTETUYECKNX
CMOr, B 32BUCUMOCTU OT NMPUMEHSIEMOW
CMOIbl, Pa3aensitoT Ha CrieayoLLee BUAbI:
nonuacupHble HA OCHOBE NONU3MUPHBIX
HEHACHILEHHBLIX CMOr; 3MOKCUAHbIE Ha
OCHOBE 3MOKCUAHBIX CMOIT; 3MOKCHAHO-TNO-
NM3UPHLBIE HA OCHOBE WX KOMMO3NLWI;
NonMypeTaHoBLIE; METAKPUIOBLIE; KPEM-
HUOpraHMyecke U Nnpo4vne Ha OCHOBE
pPa3znnyHbIX KOMMO3ULUIA CUHTETUYECKNX
CMOI Y NONUMEPOB.

AnekcaHgp Bopob6beg,
alex@hit.mldnet.com

BepgesaTtb Nviwb B FIOHEHTOB: A
npucyTcTBUK OTBEP- 7 Bbl MoXeTe pasmecTuTh 3asiBKy Ha TpeGyemble =
anTenst unu Karanum- Y KOMMOHEHTHI W OTCNEXUBATh €€ NpPOXoXAeHue
3aTopa, OHW NEPEXo- Ha Bcex aTanax. OueHb yao6HbIi vHTEepdeiic n ’A_
1

[JSIT B BbICOKOMOITEKY- abconiotHas GeaonacHocTs! Y
NsipHble BelecTBa 7 Bocnonwayiiteck Haweii ynoGHoli cuctemoii EPCOs |

- ~ /" npvema 3asiBOK Ha KOMIMOHEHTbI, KOTOPbLIE HAX0-
TPEXMEPHOW CTPYKTY: OATCSA HA CKNaze Win Ha KOTOPbIE€ MOXHO pasMe- Honeywell
pbl U CTaHOBATCAHA CTUTb 3aKa3.

TBEPAbIMUY, HEennas-

7 C Hawero caiita Bbl MOXeTe ckayaTb Hawy 6a3y |

M) moTomoLa

KUMWN N HEepacTBOpU- " B ¢opmare EXCEL, npoctaBute HyxHoe Bam — |
MbIMW B OBbIUHBIX pa- KOMMYECTBC KOMMOHEHTOB U OTNpaBuTL 3TOT intersil
CTBOPUTENSIX. aiin no Hawemy agpecy. —nEiSsh |
BCE 3AIBKM, NONYYEHHBIE B BJIEKTPOHHOM BMAE,
Mo CHOCOGV orT- OBPABATbLIBAIOTCS B NEPBYIO OYEPE[b. cavooM !
BepaeHusi (CyLwwku)
TEpPMOpEaKTUBHbIE ® HOBOCTU, TEXHUHECKASl UHOOPMALIMAA, ————
CTATbM, NPOrPAMMHOE OBECINEYEHUE
KOMMayHabl pasge- " . i, W oaca vision |
loBble NOCTYNNEHMs] Ha CKnan , HoBocTHOT ____
NS0T Ha koMnayHael MUPOBbIX NpomssoavTeneii. NoapobHas TexHnyeckas . . !
rOpsA4Ero 1 XornogHo- AOKYMEHTaUMs Ha NMOCTaBNNIeMble KOMITOHEHTbI, CTa- Kingbright |
ro oTBepAeHus! Thi M KHUIM N0 3/1I6KTPOHHOWA Temaruke. BecrinatHoe —————————— |
) nporp obecne Jamicon

Komnayngam ropsi-
Yero oTBepaeHUsl, Co-
CTOSILLMM W3 CUHTETU-
YECKUNX CMOTT, pasnny-
HbIX J06aBOK U OT-
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NporpammupoBaHue
MUKPOKOHTPOJJIEPOB

cepuu AVR

Crioxurock mak, 4mo MUKPOKOHMposIriepamu 8 HacmosiLee epeMsi 3aHUMa-
HOMCcs 8 OCHOBHOM crieyuanucmel. BonsuwuHcmey rnpocmeix paduonmobume-
netli OHU HeOoCMYriHBI. 3MO Ce513aHO, rpexode ecezo, ¢ omcymemeuem rume-
pamypbi, 8 KOmopoU MPUHYUI pabomei MUKPOKOHMporinepa bbin bbi onucaH
rpOCMO U MOHSIMHO Oaske Orisi YesioeeKa C HErollHbIM CpeOHUM obpasoeaHu-
€M, Haripumep, Ors1 LUKOITbHUKa. Hacmosiwasi cmamebs rocesiujeHa 3HaKoM-
cmey C rpo2pamMmMUpOBaHUEM MUKPOKOHMPOIIIEPOE U, 8 YaCmMHOCMU, C HEOO-
poaum ripoepamMmMamopom OF1s1 MUKPOKOHmMpornepos cepuu AVR.

O-MEPBLIX, YTO O3HA4YaeT “3anpo-
rpamMmMupoBaTbe” MUKPOKOHTPON-
nep? MNpyHATO cumnTaTh, YTO 3TO 03-

Ha4aeT He HanucaHue Arist Hero NPorpam-

Mbl, 8 3aHECEHWE KOZIOB OTTPaHCIMPOBaH-

HOW B cneLpmanbHbli doopMaT nporpamMmmbl

Ansi MMKPOKOHTpOIriepa B €ro namMsitb

nporpamm.

CoBceM HeaBHO MUKPOKOHTPONNepH!
NporpaMMMpoBarvch € NOMOLLBIC CrieLm-
aneHbiX NPYBOPOB — NPOrPamMmMaTopoOB.
Ins nporpaMmMMpoBaHusi MUKPOKOHTPOIT-
Tiep BCTABRMANCS B NpegHa3HaueHHbIN s
HEro pasbeM nporpaMmaropa, cam npo-
rpamMmarop nogko4arncs K KOMMboTepy,
¥ € NOMOLLBIO CrieyrarnbHOM Nporpammbl
OCYLLECTENSANOCH MpOorpaMMypoOBaHne.
OCHOBHas1 CIOXHOCTb COCTOsNa B TOM,
4TO ANs 3anucy NporpaMmMbl UCNONb30Ba-
JICb HECOBEPLLEHHBIE MOCTOSIHHLIE 3a-
nomuHatowme ycrpoiictea (M3Y), Tpeby-
owme ans ceoer paboTel BEICOKOIO
HanpsbkeHrs NporpaMmMmpoBaHuns. Kpove
TOro, NporpaMmMupyemasi MUKpocxema
JormkHa ObITb U3BNEYeHa M3 LeneBoro
YCTPONCTBa M BCTaBMNeHa B nporpaMmMa-
Top. Cam npouecc nporpaMmMupoBaHus
3aHvMan JOCTarO4yHO MHOIO BPEMEHMW.
MHoro BpemMeHV 3aHMmarno v nepenpor-
paMMUPOBaHUE MVKPOCXEMEI HOBBIM CO-
aepxumbiM. Yneno takux onepaumm
O4YeHb orpaHuyeHo — nopsigka 60...100
ONsl MUKPOCXEM C YNnbTpanoneToBLIM
CTUpaHVeM, a AAnsi OQHOKPaTHO Nporpam-
MUPYEMBIX MUKPOCXEM NepenporpamMmmu-
pPOBaHWE U BOBCE HEBO3MOXHO.

CpaBHUTENBHO HEJABHO MOSIBUINUCH
HOBbIE BUbl 3aNOMVHAIOLLMX YCTPONCTB.
OpHo n3 Hux —Flash-namaTte. Mukpocxe-
Ma Takoro 3Y npeacTtaensiet coGoi anek-
Tpyyeckn nepenporpammuvpyemoe M3Y.
OHa uUMEeIoT crieayiolme OCHOBHBIE OCO-
6eHHOCTU:

e [rsi NporpaMMUpoOBaHusi He TpebyeT-
CSl BBICOKOIO HarnpsbkeHWsi nporpam-
MUPOBaHKS, Tak Kak OHO hopMUupyeT-
€51 cneumanbHOM CXeMoWn Henocpea-
CTBEHHO Ha KpuUcTasnse MUKPOCXEMBI;

e KONMUYECTBO LUKITOB CTUpaHusi/3anu-
cK, Kak npaewno, npeebiwaeTt 1000;

e BO3MOXHO MNOCMNeAoBaTernbHOe Mpo-
rpaMMUpoOBaHNE, YTO 3HAYMTENBHO
YMEHbLIAET KONMYECTBO NPOBOAOB,
NoAKIIoHaeMbIX K NPorpammaropy.

58

OT1a nocnegHsin 0co6eHHOCTE NO3BO-
NSEeT cAenarb CXeMy nporpaMmMaropa Ha-
MHOrO MpOoLLEe, 1, KPOME TOro, AernaeT Bo3-
MOXHbIM MPOrpamMMUPOBaHNE MUKPOCXEM
6e3 BbiNanBaHys X U3 KOHCTPYKLUN.

KoHeuHo, apyrve Buabl 3arnoMyHarLWwmx
YCTPOWCTB TakKXe akTUBHO UCIMONb3YyTCH
B COBPEMEHHbLIX MMKPOKOHTPOINepax.
OcobeHHo 310 kacaetrca OTP — ogHo-
KpaTHO NporpaMMupyeMbIX Nornb3oBare-
neM, U Tak HazbiBaeMblX Maco4yHbIX [13Y,
B KOTOPLIX UH(OPMaUUsi B MUKPOCXEMY
3aKknagblBaeTcsl Ha 3aBofe B Mpouecce
V3rOTOBNEHUs MUKpocXeMmbl. [pumeHeHve
Takmx MNM3Y 3KOHOMMYECKM BLIFOQHO MPU
CepuHOM NPOU3BOLACTEE, TaK Kak 3aTpa-
Thl 3HaUUTENbHO MEHbLUE, YEM NPU UC-
MoNbL30BaHWM aHANOMMYHBIX MHOTOKPAaTHO
nporpammupyembix M3Y.

OpHako B cnyyae oTnagku HOBOrO YC-
TPOVCTBa BO3MOXHOCTb MHOTOKPATHO Ne-
penporpaMMupoOBaTh, a Takke MeHbLLast
CTOMMOCTb MNporpamMmMmaropa cTaBuT
Flash-mvkpokoHTponnepel BHE KOHKY-
PEHUMM MO CPaBHEHUIO C APYTMMU BUAA-
MKW NamsTy.

MmenHo Flash-namsite nporpamm m
JaHHbIX UCMONb3YeTCcs B MUKPOKOHTPOIT-
nepax cepum AVR coupmbl Atmel.

PaccmoTprm KOHCTPYKLMIO M Nporpam-
My MNpPOCTOrO, HO BMOMHE AOCTATOYHOIO
Onsi NornHoLeHHoW paboTel MporpamMmmaro-
pa ans AVR MVKPOKOHTPONNepoB.

Cxema nporpammaropa HacTosbKO Npo-
CTa, YTO €€ B COCTOsIHMM cobparb Aaxe Ha-
yrHarowmii paguoniobutens. OHa npea-
cTaensieT coboi nnockmnin 10->KMNbHBIN
kabernb ¢ AByMsl pasbemMaMy Ha KOHLax.
BHyTpu 0aHOIo U3 HUX, TOTO, KOTOPHIN NOA-
KITHO4aETCH K KOMIMbIOTEPY, CMOHTUPOBaHa
HaBECHLIM MOHTa)XOM CXema nporpaMma-
TOpa, COCTOsILLAs BCEIO 13 OOHON MUKPO-
cxembl — KP1533A0M5. Cobupas cxemy,
npoBoAa criedyeT pacrnpeaensite Creayo-
M o6pasom: 3azemnenne, MISO, zazem-
nenve, MOSI, 3azemnenne, SCK, 3azewm-
nexue, Reset, 3azemnenuve, +5 B. 310
Heo6XoaUMO ANs YMEHbLLEHVS HABOLOK U1
rnomex B kabene.

Mporpammy Ansi nporpammaropa MOoX-
HO Hamtu B WHTepHeT no agpecy:
www.platan.ru/shem/. Tam xe MOXHO
HanTV JOMNONHUTENBHYIO MHOPMALWIO O
MUKpOKOHTpornepax AVR, B yacTHocTy,
LIOKONEBKY PasfMyHbIX MUKPOCXEM, YTO
NOMOXET BaM MNpU MOAKITIOYEHN NPOo-
rpamMmaropa K aTum Muvkpocxemam. Ham-
MEeHOBaHUEe BEIBOZOB MNporpaMmMaropa co-
OTBETCTBYET HaVMMEHOBaHWIO BLIBOAOB
MUWKPOKOHTPOIIEPOB, KKOTOPLIM OHU [10M1-
KHBI OBITE NMogcoeavHeHbl. [ns MYKpo-
cxembl AT90S8535 Homepa BLIBOAOB Crie-
aywowwme: MISO - 7, MOSI — 6, SCK -8,
Reset—9, XTAL2—12, XTAL1—-13, Gnd —
11, Vec —10.

Mporpammarop nogkntovaetcst k LPT-
nopTy komnetotepa. [ins ero pabotel Tpe-
6yeTcsi onepauvoHHasi cuctema Windows
95/98.

MporpaMmmaTop MOXHO UCMONb30BaTb
ONs NporpaMMMpoBaHnst MUKPOKOHTPOIT-
nepoe ¢ Flash-namsiTeio nporpamm w gax-
HeIX cepuin AT90S/L8535, AT90S/L2313,
ATO0S/L4434, ATO0S/L2323, AT90S/
L2343, AT90S8515, AT90S1200 chmpmel
“Atmel”.

MpuBegem KpaTkoe onvcaHue WMHTEp-
derica nporpammel. Huxe npueegeHbl
Ha3Ha4YeHWs OKOH MEHIO:

e “PROGRAM MEMORY” cnyxwmTt ans
OTKpHITUSA charina, KoTophi ByaeT 3a-
nucaH B obnactb nporpamMmMel. MoxHo
BBECTU NyTb M MMs harina B okHo “File
name”, NM6o BOCNONb30BaTLCH KHONM-
kon “Browse”;
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i 3 moenmnms

G0 '|

_ “DATA
) ' e MEMOR ” cnyxuT
PAOGRAM MEMORY~ =mmr = e s g i oy A NS oTKpbITUA dhair-
File Name: ) na, KoTopkin 6yner
PI‘-AVBTUDLS\TM1 s . Bmwse. ‘] 3anucaH B obnactb
OaHHbIX, Ecnnu
| DATA MEMOR'Y A cdnaxok “Prog-
File Nome: ramming data me-
I _Etowss ’ mory” He yCTaHOB-
3 . NeH, NamATb AaH-
& 1 Progiamming data iemor ,
o ey i HBIX MPOTPaMMUPO-
¢ Configuation- Migrocontiplier [ P deta o mat BaTbCA He Gyner,
" he - AT058575 # INEM Tarxke 6yner Heno-
r ATSIS4434 N i neH BBOA MEHY
T-;Powa-z.p timer CTy_
anna aona aas-
T" Codepm!aclmn g)bIX' A A
° “Configura-

tion” ona ykasanua
onuwun, KOTopble
nporpammMupyiorTca
B CNOBO KOHchwry-

Puc.2. WHTepdbeiic nporpammbt

pauuy MUKPOKOHT-
pornnepa, B 3aBu-

CYMOCTY OT BbIBpaHHOro TMNa KOH-
Tponnepa;

e “RC” — BO3MOXHOCTb NOAKMOMEHUE
RC reneparopa;

e “Power-up timer” — Taimep 3aaepxku
MO BKSOYEHUIO MUTAHNUS;

¢ “Code protection” — 3awura nporpam-
Mbl OT YTEHUS;

¢ “Microcontrolier” — nosgonsaer BuI6-
parb TUN MUKPOKOHTpONIepa Ans npo-
rpammMmUpoBaHus;

e “Inputformat data” — Bxogron coopmar
daina panHbix. FMporpamma nonaep-
xusaet copmart Intel Intellec 8/MDS.

Komargel “PROGRAMMING, VERIFY,

ERASE” o6ecneunBaloT BLIGOp pexuma

nporpammupoBaHus, NPOBEPKU UMW CTU-

panusa nHcdopmauum B NamMsaTy MUKPOCXe-

Mbl. 3T KOMaHOb! aKTUBU3VUPYIOTCA KHOM-

kon “GO".

Muxaun lNony6uyos
my_mich@hotmail.com

NMonocosou hunbTp
Ha KMOI1 unBepTOpax

B cmamse paccmompeH sonpoc npumerHeHusi KMOIT uHeepmopoe dnst no-
cmpoeHus nonocoekix hunsmpos. lNpusedeHa npocmas memoduka ux

pacyemos.

CA HE TONBbKO B LMPOBLIX yCTpOW-

CTBax, HO U B Ka4yeCTBe NUHENHbIX
yeunutenen. KoadbduumeHT yecunernmsa
Takux yCUnuTernen MoXeT COCTaBNATb
30...50 pb B WwWvpokom guanasone NUTa-
Wux Hanpsbkerwin. K poctonHcTeam ycu-
nviTenen Ha UHBEPTOpax OTHOCATCS:

e BO3MOXHOCTb paboTbl OT ogHONONAP-
HOFO UCTOMHUKA;

e BbLICOKOE BXOOHOE CONpPOTUBIEHUE;

e GOnbLLWWIA NO CPaBHEHWIO C Onepauy-
OHHbIMMY YCUINUTENAMU pa3mMax BbIXOa-
HOFO HaNpsXeHVA Npy Manblx Hanps-
EHUAX NUTAHUS.

OCHOBHBIM MX HeOCTaTKaM CHUTaETCA
KOHEMHOE ycunerve.

BukeappartHble (pe3oHaTopHble) nomno-
coBble (hynbTpbl AOMYCKa10T NPUMEHEHVE
younuTenem ¢ KOHeYHbiM yCUIeHnem B
Ka4eCTBE aKTUBHbIX 3NEeMEHTOB, oGecne-
uuBasl Mpy 3TOM BLICOKYHO CTabUIIBHOCTL
¥ ao6bpoTHOCTL. Cxema NONOCOBOrO
¢unsTpa Ha KMORM uHBepTopax npuee-
Jera Ha puc. 1.

KMOI‘I MHBEPTOPbI MOTYT MPYMEHSATb-

MoxHO npeanoxute cnegytoLlyio npo-
uenypy pacveta cunerpa.

1. 3apaemcs 3Ha4YEHUAMU pPE30HaH-
cHown vacToTel F, po6poTHOCTHIO Q U KO-
3chduruveHTOM Nepegaun Ha pe3oHaHC-
Hom vactote K;

2. MNpuhnmaem C2=C3=CuR2=
R6 =R;

3. 3apaem 3navenve C v R vy u3
dopmynel F= 1/(2 tRC) Haxoaum 3Have-
Hve BenuqvHebl R unv C COOTBETCTBEHHO;

4. Onpenensem 3Haqenve R3 = QR,
R1 =R3/K.

Ha puc. 1 npuBeneHbl HOMUHanNL! sne-
MEHTOB, MNOSlyYyeHHble B pesynkrare pac-
YeTa NoO NpPUBEOEHHOW METOAUKe Ans
F=2,5 'y, Q=5 n K=2 (3HaueHns Homu-
HarioB OKpyrneHbl 0 Brvkaiiuero aHavqe-
HWS, COOTBETCTBYIOLEro pany E24).

Mpu HacTpoiike chuneTpa Npov3BoaAT-
€A cnegyoLme onepauum:

e YCTAHOBKa PE30HAHCHOW YacToThi F
noatopom BenuuunHel R2;

e yCTaHOBKa nobporHocTy Q nontopom
BenuuuHbl R3;

DD1 - K561J1H2
R5 300K
]

K BbiB.14
DD1

UHMT

R73,6K

+
C4
K Boig.7 6,8Mkdx15B
DD1

200
150
@
§ 100
o
50 //
1 Ay
) =11 1
100 1K 10K 100K
ity o
Puc. 2

e ycTaHoBKa kKo3chchuLyeHTa nepegaqn
K nogGopom BenuunHel R1.

A4YX dunetpa, nonyyerHHan npyu make-
TUPOBaHWW, NpUBEOEHa Ha pUC. 2, U3 KO-
TOPOro BUAOHO, YTO 3KCMepUMeHTanbHble
pesyneratbl 6nn3Ky K TeopeTn-eckuMm.

Mukpocxema K561J1H2 copgepxut
LLeCTb UHBEPTOPOB B OOHOM KOpnyce, 4To
No3BONSET Peanu3oBaTh [Ba MonoCOBbIX
dwunrpa. CtpykTypa chunstpa no3pons-
€T Nony4aTh Ha BbiXxoAe NpoTUBOdasHble
HanpskeHws, Ana Yero Heobxoaumo uc-
nosiL30BaTh AononHuTensHo UBblx,. Pe-
aucTop R7 obecneuvBaeT nporpammupo-
BaHvie Toka, notpebnaemoro chunsTpom.
Cxema coxpaHseT paboTtocnocobHocTs B
LUMPOKOM Anana3oHe NuTarowerc Hanps-
wenusa (Unut=3...15B). Npn Unut =9 B
nR7 = 3,6 kOm Tok notpe€nerusa He npe-
BblwaeT 1,5 MA,

AmMutpuit OHbIWKO
oda78@freemail.ru

NurepaTtypa
1. . Xoposuy, Y. Xunn. Wckyccmeo
cxemMomexHuKu. 3-e usd. —M.: Mup, 1986.
2. 11. IN. Xeroneman, @. E. AnneH. Bee-
OeHue 8 MeopuIo U pacyem aKmueHbIX-
¢unbmpos. — M.: Paduo u cesab, 1984.
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NHTennekTyanbHbI Manora6baputHbin ooToAaTHMK,

paboTaroLmn Ha oTpaXkeHue

Mpu cozdarHuu pa3nuyHbIX cUCMeM asmoMaimu3auyuu npou3eoocmea, CKIiadcKoao yyema, yyema 08LXKeHUs U
MapKUupoeKU 2omoeoll NpodyKyuu 0OHOU U3 OCHOBHEIX 3a0ay sierisiemcsi paspabomka chomodamuuka 0eLXeHus
fpodykyuu rno mpaHcriopmepHol neHme (danee @f]). K @f] npedrsensiomcss docmamoyHo xecmkue mpeboesa-
Husi. OH BomkeH pabomame “Ha ompaxeHue”, m. e. usfydams orpederneHHbIl ceemoeoli ToOMoK 8 CIMOPOHY po-
osuzarouUXcs rno mpaHcriopmepy o6bLeKmMoe U 0CrpUHUMaMb OMpPaXxeHHoe 0m 0bLeKkmoe Usfy4YeHue, OOIKeH
6b6Imb MarnodyecmeumereH K 603MOXHBIM HELUHUM 3aceemkaM U ¢hboHoeoMy obnyueHuro. Cxema @[] dormkHa rio-
3e0I15IMb 8KIMIO4amb e20 8 pabomaroyyro cucmemMy bes ee ocmaroeku. OHa dormkHa beime ycmotiyuea K cbosim
1o numMaxur, UMems 3awumy om saeucaHull. Ewye o0HuM u3z mpeboearutl moxem bbimb obecriedeHuUe 803MOX-
Hocmu pabomsi 6 cocmaee noKalibHol cemu. Kpome moeo, @f] domxeH umemes 60CmamoyHO Malibie pasMepsl U
Marioe aHepzornompebrieHue, a makxxe rnumamabcsi om 00HO20 LUCMOYHUKa NMUIMaHUs.

[HaHHasi cmambes 3HakoMum Yumamerniel ¢ eapuaHmom pearusayuu makozo @f], e2o anemeHmHol 6asol u rnpo-

e2pammoli pabomel.

MpuHuunuanbHasn cxema O

MpuHUMNManesHas cxema OCHOBHOIO BapmaHTa P[] npeacrae-
neHa Ha puc. 1. OHa peanu3ayert TONbKo OCHOBHYIO (OYHKLIVIO —
ornpeneneHue Hannuusi obbekTa nepes HOTOAATHMKOM U Bbl-
Jauy cTpobupyoLLEro MMIMyrbea.

Cxema cogepxuT cnegyowme aneMeHThl: N3Ny4atoLwmm uH-
dpakpacHbii (MK) avoag SD1 co cxemoln ynpaeneHust Ha TpaH-
anctope VT1 n peancropax R4-R6; dotognon npuemumka NK
curHanoB FD1; npegeapvtenbHeivi yeunutenes ¢orogroga D1
(TBA2800); cynepBn3op NUTaHWS CO CXEMOW 3aLUUTBI OT 3aBU-
canuin D2 (TL7705); mukpokoHTpornep D3 (AT89C2051).

B kauectBe anopga SD1 moxert ObiTb NpumeHeH nobor MK
avon cpegHen MowHocTh. B HacTtosiwee Bpemsi cyllecTByeT
JocratoyHo 6onbLuoi BbIGOP Takmx yeTponcTe. Onpeaensitowm-
MU chakTopamm Nnpu Beibope CBETOAMOAA ABISIOTCS COOTHOLLIE-
HVE MOLLHOCTL/CTOMMOCTE U rabapuTHele pa3mepobl. B 1abn. 1
NpVBEAEHbl XapaKTEPUCTUKN HEKOTOPLIX U3 JOCTYNHbIX MK an-
oo cpeaHel mowHocTn. OTobparbl Tonbko UK anogkl ¢ anwv-
How BonHbl 900...1000 HM U MoLLHOCTHIO cBbille 1 MBT, obec-
nevrBaioLme Hanbornee HaaexHyIo paborTy.

Havny4ywwmmun xapakrepuctukamy obnagatot guoasl Tymna
ANM145[0. OHn nmelot onTmansHoOe COOTHOLLEHNE MOLLHOCTL/
CTOMMOCTb, @ UX CNEKTParibHble XapakTepucTukm Hanbonee co-
OTBETCTBYIOT XapakTtepuctkam doroguoga FD1 (©256). UK
avoabl AlT145[0 meloT MYHUManbHoe 3HaueHre pabodero Ha-
MPsPKEHWS NMOCTOSIHHOTO TOKA M A0CTATOUHO GOMNbLLOW MMITYTbC-

HbIl TOK (o 1,1 A). meHHO 3TOT TMN AMOAOB NCNONb3YeTCs B
onvucsiBaeMom HoToAaTHUKE.

Ha WK gnog SD1 uepes tpanauctop VT1 n peauctop R4
(1,8 Om) nogatoTest UMNYrbCbl TOKa amnNNUTyaoi okono 400 mA
¥ ANUTENbHOCTBLIO OKOMNO 75 MKC npm ckeaxkHocTu 10. Ceetoau-
og SD1 mw ¢dorognog FD1 pacrnonoxeHel OkHaMu B CTOPOHY
obbekTa B [lopaneBoi KpbllKe LMNMHOPUYECKOrO Kopnyca,
KOTOpasi OQHOBPEMEHHO CIYXXUT TEMNOOTBOAOM.

dotoamnog FD1 coegmHeH co Bxogom MHpakpacHoro npea-
BapuTeneHoro yeunurens D1.

MpeaBaputeneHeili yeunutens VK curnana TBA2800 (dwp-
mbl Micronas Intermetall) npegHasnaveH anst npeggapuTensHo-
ro ycunexusi umnynescHelx VK curbanos (puc. 2). Yeunurenb
COOEPXUT YeTbIPE y3na: ynpaensiemblil yeunuters |, yeunurens
Il, yevnutens Beigenervs umnynscos Il n vieeprop 1V [1].

HasHaueHne BbiBogoB Mukpocxembl TBA2800: 1 — o6wmin
BbIBOJ, BEXOAHOIO CUrHana; 2 — BbIBOA, NOAKITIOYEHUs] KOHOEHCa-
Topa k yeunutenw |; 3 — BbIBOA HanpsikeHus NuTannst; 4 —
Bxog yevinvtens lll; 5 — Beixog yevnutens Il; 6 — BeiBog Ans
PeryrnmpoBK/M COOTHOLLEHUsI curHan/wym; 7 — BbIXog oTpula-
TENbHLIX UMIMYINBCOB; 8 — BLIXO, NONOXUTENBHBIX UMIYIbCOB;
9 — 06w BeIBOA, BbIxoaa; 10 — tecToBhIl BeIBOA; 11 — BXOA,
yevnutens Il; 12 — Boixog yeunutens |; 13 — obwwmii BeiBOA,
yevnutens ll; 14 — Bxon yeunutens |.

Yevnvtens | umeet 6onbLUoOW AMHaMUYeCKUl avanasoH. bna-
rogapsi 3aToMy rapaHTupyetcsi paboTocrnocobHOCTL NpU SIPKOM OK-
PyXaloLLEM CBETE U B YCIOBUSIX 32CBETKU MOAYITMPOBAHHBIM CBE-

ToM vactoTton 50 'y ot

Obwexr hnyopeCcUeHTHBIX NTamn

(namn gHEeBHOro CBETA).

R1 Kpowme Toro, pa6otocro-

— —1 coBHOCTb coxpaHsieTcsl
FD1 FD256

N4 N 100 M NpY 3aCBETKE WHTEH-

14 FA 03 -

sD1 oIV +E (08 PHOTO cvBHbIM UK nanyyenn

WEE,T: ea| alor emMm. Takaa cutyauus

+ 02 2800 BO3MOXHa MNP Henoc-

I— CA1 —— C2 [1,2u® ¥

'ﬁ' 22— OA1 :f " pencTeeHHoOl Bnn3ocTy

t——3|CA3 0'222 05 11c3 100 oTpaxatoLleii noeepx-

01 gﬁf D1 | 1A3[04 | +|c4 HOCTM O6bEKTa OT U3ny-

Toomd vyarensa v doronprem-

- WDT R8-R10: 220 Huka. Yewmnutens |l

R7 VD1 CINYXUT Ansi AanbHeun-

sp 273138 10K ] N 0250 Tcrul pro H2- RB[I]R9[I] LUEro yCuneHusi curHa-

| 03lpa P11 % na, a yourmtens lll —

R2 560K c % P32 | « | P12 5 ona otgeneHusa M-

— 11 Ofpa3 [ o | p13 32 I -

1} R6 _|| 08l pag [ S | p1a NyrbCHOW COCTaBIsio

220 (17 =

08lvec |8V o 22M|K o % P35 [ O | P15 ::g LLen oT WymoB. MHBep-

i) ey = PI7 | o | P16 15 Top IV obecneuveaer

O fsens| S zQ 051 < |2V sp2| [IONOMHUTENbHOE MH-

%4 on | b2 = 81 RST +E fg BEpPTUPOBaHNE OTpULLa-

cs| |+ 12Mrup- X2 | D3 |GND —1_1 TEeNbHBLIX MMMNYNbCOB C

0,22md 1 T T T Buixopa yeunurens |l

1 et 02 T o SO vor,vp2-522 012 Yvoo (BbIB. 7) B NONoXuTeb-

’ ’ 7 Hble (BbiB. 8). BBeaeHve

Puc. 1. MNpyHUmMnuaneHas cxema OCHOBHOTO BapuaHTa dotonariuka AOMNOITHUTENBHOTO pe-

3ucTopa Mexgy BbiB. 6
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Tabnuua 1. NH(ppakpacHele CBETOANOABI CPEOHEN MOLLHOCTU

Mapka |MowHoCTb, OrnuHa Unp/Inp, | Inp/lumn,
MBT BOJTHbI, HM B/mMA MA/A
An1o6er 1 920935 1,7/100 110/1
Anioeq 1,5 920935 1,7/100 110/1
AN108AM 2 940 1,6/100 | 110/10
AN107A 55 940-965 1,8/100 | 100/0,6
AN145A 8 930980 1,6/100 | 30/0,7
AN107b 9 940-965 1,8/100 | 100/0,6
AN107B 9 940-965 1,5/100 | 100/0,6
AN115A 10 900-1000 2,0/50 50/0,6
AN145b 10 930980 1,6/100 | 100/1,1
AN107T 12 940-965 1,8/100 | 100/0,6
AN145B 12 930-980 1,6/100 | 100/1,1
AN145I 16 930980 1,6/100 | 100/1,1
AN1450 20 930980 1,6/100 | 100/1,1
3M153A 60 900-960 2,2/300 | 300/0,3
AN119A 40 930-960 2,0/50 | 100/0,6
AN119b 40 930960 2,0/50 | 100/0,6
AN123A 80 920960 2,0/300 | 400/10
TBA2800
03
100K
14 8
Pulses
1 ——o07
43K
000
2 12 11 1310 5 4 69
Puc. 2. ®yHkuumoHansHaa cxema mukpocxemel TBA2800

1 06LLUM NPOBOAOM YBENMHYUBAET LLYMOBYIO YCTOMUYUBOCTh, HO
CHIDKaeT YyBCTBUTENBHOCTL MO BXOAY.

KoHpgeHcatop, nogknioyaemMelii Mexay BbiB. 2 1 06LWmuM npo-
BOZOM NUTaHWs, BIVSIET HA aBTOMATUYECKOE M3MEHEHWE ANHA-
MU4ecKoro guanasona yeunurens . [Ins ero yctoiumeon pabo-
Tbl €MKOCTb KOHAeHcaTopa porkHa ObiTb 6onee 1 mkd.
Mukpocxema coxpaHsieT paboTocnocoBHOCTb NPY U3MEHEHUU
HanpsbxeHWs1 NuTanus B Npegenax 4,5...6 B. MakcumanbHbIn
notpebnsiemulli Tok — He Gonee 2 MA.

B onuceiBaemori cxeme ®f1 (puc. 1) mukpocxema TBA2800
vcnonb3yercs Ansa yeunenusi npunsitoro oroanogom FD1 mo-
aynvpoeanHoro UK curHana, wanyuyaemoro ceetognogom SD1
1 oTpaxkeHHoro o1 asuratowerocss mrumo ®f1 o6bekra. Boixoa-
Hol curHan Photo ¢ mykpocxembl D1 (BbiB. 8) noctynaer Ha
Bxo P1.5 (BbiB. 17) MukpokoHTponnepa D3.

Ha mukpocxeme D2 (TL7705) cobpaH cynepBr3op NuTaHusi
CO CXEMOW 3aLUMThI OT 3aBUCAHUIA, KOTOPYHO MPUHATO Ha3bIBaTb
WDT (Watchdog Timer). B chyHKUMM cynepBr3opa NuTaHusi BXO-
vt hopMMpoBaHUE MMMNyTbca cOpoca MMKPOKOHTpONNepa npu
BKIMIOYEHUM UINU NPU CHIDKEHNW HANMPSPKEHVS NMTaHUST HUXKE Or-
peaenenHoro ypoBHsi, a B hyHkuumn WDT BxognT nogavda wm-
nynsca cbpoca Ha MMKPOKOHTPOIIEP B CIy4ae ero 3aBrcaHuisl.
3aBrcaHne MMKPOKOHTpOrrepa BO3MOXHO BCIEACTBME psiaa
NMPUYMH KaK NporpamMMHbIX (OwmMbka B NnporpaMmMe, camornpouns-
BOINbHOE HapyLleHue nporpaMmel n3-3a cbos NUTaHusl), Tak 1
annapartHbix. OOLWeNpUHATLIN B HAcTosiLee Bpemsi cnocob 3a-
LWMTBI OT 32BUCAHUIA 3aKITOYAETCH B TOM, YTO MUKPOKOHTPOIT-
nep Yepes onpeerneHHble Nneprogsl BpeMeHu, hopMmpyeT M-
nyrnbC Ha OAHOM M3 CBOMX BLIBOAOB. 3TOT UMMYIbC NpOXoauT
uepes pasgenurenbHbI KOHAeHCATop (4151 NCKITIOYEHKS! MOCTO-
SIHHOW COCTaBINSAOLLEN) W Noa3apsikaeT apyroi BpemMsiaagato-
LM MHTEMPYPYIOLLMI KOHOEHCATOP, COEAVHEHHBIVM CO BXOAOM
aHanoroBol CXeMbl CpaBHEHWS1, Ha OPYrol BXo4 KOTOPOW noga-
eTcs1 onpeaeneHHoe OrnopHoe HanpsixeHre. B cnydae ecriv Myk-
POKOHTpONIEp B CUIy KaKMX-NM6o NPUYMH BOBPEMSI He nop3a-

PAANUT VMHTENPUPYIOLLUMI KOHAEHCATOP, CXeMa CPaBHEHUsI Cpa-
6oraer u chopmupyeT MmMNynsc cbpoca, ycraHaBNMBaIoLLMIA
MUWKPOKOHTPOISIEP B UCXOAHOE COCTOSIHUE.

Cynepsu3op nutanus TL7705 (Texas Instruments) npegHas-
HayeH Ansi hopMMpoBaHKs MMNyrbca cOpoca MUKPOKOHTPON-
nepa npy BKITIOYEHUM MUTAHKUST UIN NPU CHXKEHUW €10 HUXKE
onpeaeneHHoN BenuumHbl. XoTsl Mmykpocxema TL7705 n He ume-
et BcTpoenHoro WDT, ogHako oHa BLIFOQHO OTNMYaeTcsl OT M3-
BECTHBIX KOMOVMHUPOBaHHBIX MUKpocxeM hupmMebl Maxim gocTyr-
HOCTBIO U B 3—5 pa3 mMeHbLuel LeHoN. PyHKUMOHanbHas cxema
Mukpocxembl TL7705 [2] npeacraBnena Ha puc. 3.

HasHaueHne BeiBogoB Mykpocxemel TL7705:; 1 — BeIBOA Noa-
KITHOYEHUs1 KoHAEHcaTopa OunbTpa ONOPHOINO HaNpPsKeHust; 2 —
LuupoBoOl Bxod BHeLHero cbpoca (akTUBHLIN ypOBEHb —
nor. 0); 3 — BxoA nogkyeHUsl BpeMsi3aaJaroLLero KOHAeHca-
TOpa, ONpeaensoLero ANUTernbHOCTb MMNyneca copoca; 4 —
BblBO, 06LLEro NpoBoAa NuTaHust; 5 — BbIXo OTPULIATENBHOTO
(vHBEpCHOIO) MNyNbca copoca; 6 — BbIXO MNONOXUTENBHOTO
vMnyrbca copoca; 7 — Bxog, aHanmaa HanpsixeHust; 8 — BbIBOA,
NOAKIIOHEHUS NUTAHWS.

Mukpocxema copepmT crneaytoLme OCHOBHLIE Y3Ibl: pe3nc-
TvBHbIN genmTens (R1, R2) BxogHoro HanpsixeHust; ctabunur-
poH Ha 2,5 B, nutalowmiicst oT BCTPOEHHOIO reHepartopa TOKa;
komnapartop Comp1; cxema 2V-HE; tupuctop, nutarowmiics
OT BCTPOEHHOIO reHeparopa Toka; koMmnaparop Comp2 ¢ Bbl-
XOAHBIMK TpaHaucTopamu. BeinyckalTcss MUKPOCXEMbI € pas-
JIMYHBIMW HOMWHANaMy AenuTensl, NpegHasHaqYeHHble NS Tec-
TUPOBaHUSA Pa3nnyuHbIX HanpsixeHuin (Tabn. Ha puc. 3). Boie. 7
NoOAKIIOHAETCH K TECTUPYEMOMY MCTOYHUKY HAMPSDKEHWS, NpU
3TOM Ha cpegHen Touke genmtenst R1, R2 HanpsixxeHue okasbl-
Baercsi 6onblue onopHoro (2,5 B). CoOoTBETCTBEHHO, Ha BLIXO-
e komnaparopa Comp1 copmupyeTcs ypoBeHb Nor. 1, nocTy-
naroLwmn Ha BTopow Bxog, anemenTa 2M-HE, a Ha nepBom Bxoge
3TOro arnemeHTa (eCrnv OH He NOAKITIOHYEH) TaKXKe NpUCYTCTBYET
ror. 1. MNpw atom Ha Beixoge anemeHTa 2W-HE nonyyaetcs nor.
0, TMPWCTOP BLIKITIOYEH, HAMPSPKEHME Ha NPSIMOM BXOE BTOPO-
ro komnaparopa Comp2 Briwe onopHoro (2,5 B), noctynaroLle-
ro Ha MHBEPCHbIV BXOL koMnapatopa, 06a BbIXOOHBIX TPaH3KC-
TOpa 3akpbiThl. Mpy yMEHbLIEHUN Ha BbIB. 7 TECTUPYEMOIO
HanpsbkeHWst UMY Npyu Nofade Ha BbiBoA 2 ypoBHS ror. 0, Ha
Bbixoge anemeHTta 2W-HE dopmupyertcs curHan nor. 1, Bknio-
varowuii Tmpuctop. Mpwn atom cpabarteiBaeT komnaparop Comp2,
1 OTKPLIBAKOTCA BbIXOAHbIE TpaH3aucTopel. Ecnn k kornnekropy
COOTBETCTBYHOLLENO TPaH3UCTOPa NOAKIIOHEH PE3NCTOP Harpy3-
kM (¢ BbIB. 6 Ha o6l NpoBog unNu € BelB. 5 Ha NpoBOA NuUTa-
HUS1), HAa HeM (POPMUPYETCH COOTBETCTBYIOLLMIA MMINYTbC COpOo-

TL770x
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7 SENSE
R1
R2| | A\ 258
Cref 1
1c
0,1c
TYPE R1 R2
TL7702 0 - 00t
TL7705 9K 10K me
TL7709 | 204K 10K //
TL7712 | 356K 10K | Otme /
TL7715 | 468K 10K | 1ome //
MK

100n® 1P 10H® 100HD ImkP 10MKD 100mMKD
Puc. 3. ®yHkunoHaneHas cxema Myukpocxemel TL7705
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ca (MonoxuTerbHbIl HA BbIB. 6, OTpULATENbHBIN Ha BbIB. 5).
IOrnvtensHOCTb MMNyrnsca copoca onpeaensercsi EMKOCTLIO KOH-
JeHcaropa, NoAKTIYEHHOTO MeXay BbiB. 3 1 o6Lwum NpoBogom
nutanusi. OH NOAKMIOYEH MapannensHo TUPUCTOPY, U ECIK
BCINEACTBUE CHUXEHUS1 HANPsSPKEHUS Ha BbIB. 2 UK BbIB. 7 TU-
PUCTOP KPaTKOBPEMEHHO OTKPBIBAETCS, TO MOCIE €ro BbIKIIo-
UeHUsl KOHAEHCATOP NUHENHO 3apsiKaeTcsl Yepes reHeparop
TOKa, yOepXvBast Ha BpeMsi 3apsiaa MMnyrnsc copoca Ha BbiB. 5,
6. 3aBucrMOCTb ANUTENBHOCTU UMIYIbCca cOpoca OT EMKOCTH
KOHOEeHcaTopa TaKke npveBedeHa Ha puc. 3. Ko Bxogy 1 mog-
KIHo4YaeTcsl KoHgeHcaTop huneTpa onopHoro crabunmuTpoHa.

B onuceiBaemom BapnaHTe NpyHLUMNuansHow cxemel (puc. 1)
Ko Bxogy 2 mukpocxembl D2 (TL7705) nogkrioveH KoHaeHcaTop
C5, koTopbI nog3apsikaercsl vyepes peanctop R2 Bo Bpewmsi
vMnyneca cbpoca u Yepes uenouky C11, R7, VD1 B paboyem
pexume. MNpu 3TOM, €CNM MHTEPBAIN NoAauqn NoA3apPsKakoLLMX
VMIMyNbCoB ¢ MykpokoHTporinepa D3 (nopt P3.4, Bee. 8) He
NpeBbILAaeT ornpeaerneHHoN BENMYMHbI (B JaHHOM CIy4ae OKO-
1no 20 Mc), HanpsikeHue Ha KoHOEHcaTope NPOoOOKaer ocra-
BaTbCS BbILLE YPOBHS BOCNpusiTus Nnor. 1 (Ha BbIB. 2 MUKpOCXe-
Mbl D2). B cnydae “3saBucannst” MUKPOKOHTpONnepa nogaya
3apsiKaloLmMX MMNYJIbCOB MPEKPALLAETCs, U HanpsbkeHue Ha
koHaeHcatope C5 cHmxaetcsl. Kak cneacreve BoipabatbiBaeT-
csl umnynec cbpoca MUKPOKOHTpornepa. Takum obpasom, B
paccmarprBaemon cxeme peanuv3oBaHa dyHkumnst WDT.

B onuceiBaemom @1 ncnonb3oBaH MUKPOKOHTpONnep
AT89C2051 (cbupmbl Atmel). Ero nogpobHoe onvcaHne MOXHO
HariTu B nuteparype [3]. OTMETMM TONbKO HEKOTOPbIE OCODEH-
HOCTM ero BkoveHusi. MukpokoHTponnep pabotaeTr Ha TakTo-
BoWi yactorte 12 MIu. Jluhum nopra 3 nenonb3yoTes cregyowmm
06pasom: P3.7 — Bbixog oTpyLaTenbHBIX BKITHOHAOLLMX UMITYTb-
coB Ans ynpaenenvs ceetogmnogom SD1; P3.5 — ucnone3ayercs
KaK TECTOBbIN BbIXO, HA KOTOPOM (hOPMMPYETCS 3XO UMIMYTIbCOB
ornosHaeaHvs npegverta (Oyaer onvcaH B crieaytollem pasaerne);
P3.4 — Bbixog nogsapspkaowmx nvnynscoB Ha WDT. JluHun
nopta 1 ncnonb3yloTes Ans cnegywwmx venen: P1.7 — ynpae-
neHve 3eneHelM cBeToanonom; P1.6 — ynpaeneHue kpacHblM
ceBeToamnopom; P1.5 — Bxop Anst aHanusa curHarnos OT NpeaBa-
putenbHoro yeurmtensi D1 dpotoguona FD1.

Hwxe npuBegeH obwmin anropntm pabotol ¢f.

1. MukpokonTponnep D3 nepeeogut nunmio nopta P3.7 B
cocTtosiHme nor. 0. 9To cocTosiHne OTKPbIBaET TpaHancTop VT1
v BkmoyaeT VK ceetoguon SD1 Ha nanyyeHve.

2. ®orogmog FD1 npuHnmaet otpakeHHbilh curHan. Ecnv ne-
pea @1 Ha paccTosAHUM NPUMEPHO 6—7 CM MMEETCH OTparKalo-
L as NOBEPXHOCTL 0ObEKTA, HAa BBIXOAE NPeaBapuTENbHOIO yCU-
nutens D1 (w, cooTBETCTBEHHO, HA BXOAHOW NHum nopta P1.5
MUKpokoHTpornepa D3) anutensHocTe MMNyneca gocturaer
40...70 MKC (B 32BUCUMOCTU OT HANMUUSl NAPa3nTHBIX 3aCBETOK
&1, paccTosiHust Ao o6bekTa, ero opMel, CKOPOCTU U OTpaxa-
HOLLMX CBOMCTB noBepxHocTh). Ecnv nepen @ HeT o6bekTa (Mnu
OH HaxoauTCs CrMwkom aaneko ot ©f1), ANMTENbHOCTE MMNYTb-
ca namensietcs or 0 go 20 MKc.

3. MUKpOKOHTpONep LWecTb pa3 onpawuBaeTr COCTOsIHME
BXOAHOW NHMM nopta P1.5 n cuntaer Konm4ecTBO NPUHATBIX
VMIMMYNbCOB, 3aTeM nepeBoauT NuHuio nopra P3.7 B coctosiHne
nor. 1 (oTknodaet umnynsc Ha UK ceetoguop).

4. lanee MMKPOKOHTPONIEpP BLIAAET HA TECTOBLIN Bbixog P3.5
CEPUI0 KOPOTKUX MOTOXUTENBHBIX MMIYNbCOB,

xogHble NuHum P1.6 1 P1.7 cooTBeTCTRYIOLWMM 06pa3om, BKIKO-
yasi 3eNneHbli CBeTOANO A, CABOEHHOIO nHamMkatopa SD2.

7. MVKpOKOHTpONnep aHanuavpyeTt akTMBHOCTb ¢rara Hanuw-
uust obbekTa: ecnu conar B3BeAeH, MUKPOKOHTPOINEP BKITHOYa-
€T KpacHbIli ceeToanog SD2, a ecrnin conar cOpoLLeH — BIKIHO-
yaert 06a ceeToanoaa.

8. [anee cdopmupyeTcsi BpeMEHHasn 3a0epxKa, v UMK no-
BTOPSIETCS BHOBb C NEPBOro nyHkTa. Neprog crnesoBaHust M-
MyNbCOB MHPaKpacHOro cBeToauoaa coctaensieT okono 750
MKC Npu ckBaxHocTn 10.

Takvm ob6pasom, B otcyTcTBre obbekTa nepen O vHavka-
TOp paboThl, (yCTaHOBINEHHbIV B 3ajHEM TOPLE KOprnyca CBETO-
Avion) BLIKIIOYEH, Npy NosieneHun o6bekTa Ha 400 MKe BKIova-
€TCs1 3eNeHbIl CBETOAMNOM, a 3aTEM — B TEHEHUE BCENO BPEMEHU
HaXOXJEHWs1 3TOrO e 0ObeKTa — ropuT KpacHbIVi CBETOaAVOL.

Mporpamma, COOTBETCTBYIOLLAS ONMUCAHHOMY anropuTmy, Gy-
JeT npuBeeHa aaree.

B 3akrntoueHme 3Toro pasgerna oTMeTMM Ha3Ha4YeHUE HEKOTO-
pbIX 3MNEMEHTOB NpUHLMNMansHoi cxembl (puc. 1). Ouog VD2
HeoOXxoaMM ANs 3amMThl BbIXOAA MVKPOKOHTpONNepa oT noga-
YM Ha HETo OTPULLATENBHOIO Hanpsixenust, peancrop R10 — ans
kOHTpons nogkntoveHns ©f. OH MOXeT ncnonbL3oBaTLCcs NMMbo
KaK Harpyska ans BbixogHoro curHana ®fl, nnbo gns opraHusa-
UM B OCHOBHOM YCTpPOMNCTBE (K kOTOpoMy nopkrtovaercs ©f1)
onpaLlvBaeMoro pe3vcTUBHOIO AENUTENsl, pacCYUTaHHOIO Tak,
uTO, Korga @1 oTkNoYEH, Ha BbIXOAE AEnUTEns NpucyTCTByeT
nor. 0, ecnun xe P[] nogknoyeH, To Ha BbIXOAE AENUTENS Npu-
CcyTCTBYET nor. 1.

MoTtpebnsiembiii Gf Tok He NpeBbILaeT 25 MA.

doTopaTimk pasMelLeH B AI0paneBoM LUNMHAPE ANamMeTpoMm
18 mm n grivioi 110 mm. Liunnngp nveet aee TOPLEBLIE KPbILL-
KW, Kpensilwpecs K kopnycy BuHtamm M2. B ogHol 13 Hux ycta-
HoBrneHbl ceeToaron SD1 v dorognon FD1 (cooTBeTCTBEHHO Ha
paccrosiium 5 MM), B ApYyroyi — CABOEHHBIN MHOVKaTOPHbIN CBe-
Toguog SD2, 1 13 3T0M e KPbILWKN BbIXOAUT COEANHUTENbHLIN
kabernb gnvHom 1,5 M, cCHabXEeHHBIN LUTEIPEBLIM pasbeMom DBOV.
B otgenbHbIX criyuasix npegycMaTpyuBaeTcsi peryrnupoBka YyB-
crBuTensHocTU Ofl, BLINONHEHHasA B BUAE BKPYYMBAIOLLENOCS B
OKHO (hboTOANOAA BUHTA UNK cneumarnsHOM LWTOPKK. B 3aBucnmo-
CTK OT ycnoBui akcnnyaraumm ®f1 MoxeT MMeTb OTKPLITHIE OT-
BEpCTUS, B KOTOpbIE YyCTaHOBNeHbl ceetoarnog SD1 v dorogvon
FD1, nnGo oTBEpCTUSA, rEPMETUYHO 3aKPLITHIE Marepuarom, Npo-
3payHbiM ans VK uanyuenus. ®oropgarumk cobpaH Ha OBYXCTO-
POHHEN NEeYaTHON Nnare ¢ ABYXCTOPOHHVM PacrionoXeHneMm ane-
MEHTOB.

PacwupeHHbIn BapuaHT
npuHUunuanbHom cxembl O[]

Kak y>xe ykasblBanoch Bbille, OnMcaHHasi OCHOBHAS MPUHLU-
nuanbHasi CXxema peanuayert TONbKO MmaeHy (yHkumio ¢ —
ornpenerneHue Hanuyusi o6bekTa K Boigady nmnyrnsca. OgHako
[OCTaTO4HO YacTo HYXXHO 06beanHUTL Heckonbko ®f1, Hanpw-
Mep, A5 NnofcyeTa KonuyecTBa U34ennii cpasy Ha HECKOMNbKUX
TpaHcnopTtepax. B arom cnyuae ®f] gononHsieTcs ewe ogHoW
MuKpocxemor gparieepa cetn RS-485 (puc. 4). N3 Heckonbkux
&[] opraHnayeTcst KOMaHOHO-MHOPMAaLMOHHAs CETh, T. €. CETh,
COCTOSILLAs N3 OHOTO NEPCOHANBHOIO KOMIMBIOTEPA Y HECKOIb-
KX MUKPOKOHTPONNepoB (B faHHoMm crnyyvae — ®f1). MNpuHumnb

KONMUYECTBO KOTOPLIX PABHO KONUYECTBY NpK- R125
HATBIX UMMYNLCOB. JnuTensHocTe uMnyne- | 2308 P31 TXD 1 VS A 08
ca— 1 mke, nepuwop cnegosarms — 10 Mke. D3/06 P32  BUSY 03!

5. MMKPOKOHTPOMNNEp aHan1anpyeT Kormqe- 5 B 1oz
CTBO MPUHATLIX UMMYINbLCOB U CPABHUBAET €10 | pans  pao RxD 01 %
€ onpeaeneHHol NoporoBol BenmuuHon. Ecrin ol ¢
MPEBLILLIEHNE MOPOTOBOIN BEMMUMHBI MPOVCXO- —20 oE w08 +5B
OVT BriepBble, TO YCTAHABMNVBAETCS BHYTPEH- C12 0,1Mx®
HUI conar Hanuumst OGLEKTa; ecrnn e Habno- P o1 A1
A8eTCA CHWKEHNE KONUHECTBA NPUHATLIX g g 03 _‘EE EE ‘.(3?5‘534
VIMMYTNBCOB HYDKE NMOPOrOBON BENWUMHEI, donar o ol D4 05
Hannuusl o6bekTa copacbiBaeTcsl. o ol GND

6. MukpokoHTponnep npoeepsieT yCTaHOB- ~ o ol A1

e

Ky conara Hanuuusi o6bekTa U Ha Beixoge P3.3 =
hopMMpyET HyNEeBOI BbIXOAHON MMYILC Anu- HP151;_3K3
TeNbHOCTLIO NpumepHo 400 mke. OpHospe- Puc. 4. JononHuTeneHble 3neMeHThI MPUHLMNUAaNeHoW cxembl ®f
MEHHO MUKPOKOHTpPONNep yCTaHaBMVBAET Bbl-
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(PYHKLMOHMPOBaHWST KOMaHOHO-UH(POPMALMOHHBIX CeTel, nx
anropuTmbl paboTel M BAapyaHTbl NporpamMmv 6binv onybnvkosa-
Hbl B OHOM U3 MPeabiayLLuX HOMEPOB XypHana.

K ceoboaHeIM BbiBOgamM MuyKpokoHTpornepa D3 nogkniovatot-
¢ nogTsarveatowme pesnctopbl R11 n nepembiqkm JP1. C nomo-
LLLIO 3TVX 3MNEMEHTOB YCTaHaBIMBaETCS MHAVBUAYaIbHBIN HOMEP
&, Mukpocxema D4 npeobpasyet nocnegoearersHbil MHTepdeiic
MUKPOKOHTpoOrnepa B nHtepgenc RS485. Nuogw VD3, VD4 un
pesuctopbl R12, R13 obecnevmBaior 3awmrty mykpocxemsl D4.
MNokaszaHHoe gonornHeHne No3eonser oobeaVHATL B ceTb Ao 32
chorogarumkoB. B kaxxgom us O] opraHnayeTcst GONONHNUTENBbHBIN
MPOrpaMMHBI CHETUUK, KOTOPBIN CHMTAET KONUHECTBO MnpoLles-
wrx Mumo ®f] ob6bexToB. o 3anpocy 6T NEPCOHANBHOO KOMIMBIO-
Tepa CoAepXXMMOE CHETUMKA NepeaaeTcsi B KOMIMBIOTED, M CHETHUK
06HyrisieTes1. Takum 06pa3oM, KOMIMBIOTEP MOXET BECTU YUET U3-
OEnuii, NPOXoAsLLMX KaK Mo Kax0MY 13 TPaHCTIOpTEPOB B OTAENb-
HOCTU, TaK 1 MO BCEM TpaHCropTepamM BMecTe.

KoHctpyktBHOE ochopmnenne ®f] ¢ 4ononHUTENbHbIMU BO3-
MOXHOCTSIMW TaKoe e, Kak U B NpeabiayLLem crydae, 3a uc-
KMNoYeHnem Toro, Uto anvHa Takoro ®©f1 coctaensietr 130 mm.

Pa6ouas nporpamMma ann oCHOBHOro BapuaHta ®f

B atom pasaerne npyveognTcsi paboyasi nporpavMma Ains OCHOB-
Horo BapuaHTa Pf1, 6e3 ceteBoli nogaepxku. MNporpamma Hanw-
caHa Ha fa3blke C ansi MMKPOKOHTPONnepoB cemerncTea x51.

[ RS Rdse s Sd e s R

/* Photo Controller */

/*****************/

#include " \include\io51 h”

#define byte unsigned char

#define VER 12 /* Bepcus paboteit mpo—
rpaMMEL */

/* Onpepenenne JMHNI

TIOPTOR BEROAE/BRIBOOA */

#defineIN PHOTO P15 /* BXOQHOW CUTHAN C

OpefBapuTesbHOro yemmrersi D1 */

#define SD RED P16 /* VIpaBmsrolmit BBIXOL, Ha Kpac—
HBIT cBeTommon SD2 */

#define SD CREEN P17 /* VOpakmsaiommit BEIXOM
Ha 3eJeHkt ceeTonymon SD2 */

#define OUTPUT P33 /* Brixom doTopmaTHmka */

#define WD P34 /* Vimmymec Ha WDT */

#define TEST P35 /* TecToBEI BEIXOR */

#define SD OUT P37

ceetoamonoM SD1 */

/* Vnpaenenne nedpakpacHEM

#pragma memory = data
byte PTR;
TPUHSTEX UMIYITECOR */
byte FLAG;
*/
byte L
#pragma memory = default

/* CHeTYrK KONMYecTBa
/* Omar vanmHus o6BeKTa

/* VHUBEDCATIBHBIN CHETYUNK */

/
void WDT (void)

nporpaMMa nMuaynsca WDT */
void Time (int Delay)

/* TlognporpaMMa 3aaepskKy */
void RED (void)

/* VispnraTtop SD2 KpacHEIt */
void CREEN (void)

/* VispnraTtop SD2 3enewsrit */
void BLACK (void) {SD RED=0; SD CREEN=0;}

muraTop SD2 BEIKTIOUEH */
void Pause (void)

{WD=1; WD=0;} /oIy
{while (Delay—) {WDT 0;}:}
{SD_GREEN=0; SD RED=1;}

{SD RED=0; SD GREEN=1;}

/% Vin—
{Time (32);}

void Delay (int Del)
/* TlognporpaMMa 3aaepskKy */

byte j;

for (=0; j<Del; j++)
{Time (1000); WDT (;}
}

/ /
void StartInit (void) /* Haga ThHas MHUN T —
BaIMST MYKPOKOHTPOTITIEpa */
TEST=0; /* VCTaHOBUTE TECTOBHI BRIXOon =0
*/
OUTPUT=1; /* VeraHoBUTE BhIXOn OL

=0%

FLAG=0; /* VerasosuTs drar Hammmms o6bexkTa =0 */
CREEN (); /* OUMCTUTD 3eTeHbI MHAUKATOD */
Delay (59); /* 3apepxxka — 1 S */
RED (); /* VeTaHOBUTE KpaCHEI MEAMKaToD */
Delay (59); /* 3apepxxka — 1 S */
CREEN (); /* VCTaHOBUTE 3eJIeHEI MEANKAToD */
Delay (59); /* 3apepxxka —1 S */
BLACK (; /* BEIKJIFOUINTS VHAVKATOD

i
IN PHOTO=1; /* ®oto BXOA ¥/

}

void main (void)

StartInit ); /* Havia IbHas MHUIMaI3aIms =/
while (1)
PTR=0; /* CYnCTNTD CUeTHNK */
SD OUT=(; /* BrimounTs nebpaxpacHb ceeTommon */

for (=0;1<61+ +) /* Crnenats 6 K IOR onpoca */
if IN PHOTO!=0) /* Ecyn Ha Bxope "1" */
PTR+ +; /* VBermmTs cueTaInK */

SD OUT=1; /* BEIKITIOUNTE MEGPaKpacHEt ceeTonyon */
for (=0;1<PTR;1++) /* BuIBECTM Ha TECTOBBI
BREIXO] TOTTYHEHHOE

KOJINYECTBO MMITYIIBCOB */
{TEST=1; TEST=0;}

WDT O,
if (PTR>2)&(FLAG==0)) /* Ecin cyeTunk >2 (O6HaApYXEH HOBEI
o6BexT) &
u qrar o6bexrTa 65T cOpoIeH */
{
OUTPUT=(; /* HawaTs BEIXOMHOR MMIOYITEC */
CREEN (); /* BRITFOMUTE 3€TIEHbI CBETOMON */
FLAG=1; /* Verasosus diar o6bexTa */
Time (22); /* 3amepxka */
OUTPUT=1,; /* 3aBepINTh BBIXOIHON
VMIIYIIBC */
b
f (PTR<2) /* Ecrm cuersmk <2 %/
FLAG=0; /* Cépocuts diar o6berTa */
BLACK (); /* BEIKITIOMMUTE CBETOIMOL
i
}
else
RED (); /* Vinade (ecnu o6BexT
nepen GOTCRaTIMKOM)
BRITFOUNTE KpaCHEI cBeTommon */
Pause (); /* Tlayza Mexny uMmmnynscamy VK
nviona ™/
}

OnvcaHHble BapuaHThl peanusaumn dhoTogarTymka yaoBneT-
BOPSIIOT BCEM NMpeabsiensiemMblM TpeboBaHnsam. OHY SKOHOMUWY-
Hbl, NPOCTEI B HACTPOWKE M HaAeXHbl B akcnnyarauuu. Mogo6-
Hble HOTOAATYMKM MO3BONSIOT CUMTaTb A0 CTa OObEKTOB B
cekyHay. [py aTom Bo3MOXHOE “ApOxaHne” MOMEHTa Bblgaum
VIMMNYribca OTHOCUTENIBHO MOMEHTa Havarna OBKeHns1 OObekTa
HUYTOXHO Mano (MeHee 1 Mm).

MpvBeaeHHas nporpamma 3aHumaeT Beero 245 GanTt koga u
3 Gaiita onepatveHol namsitv. Moaromy npu HeobxoaMMocTu
nporpamMmy MOXHO NErko AOMornHUTb A5 NoaaepKku cetu, a
Takxe npoussecty nobule apyrve mogudukauum. MNMoBbICUTL
TOYHOCTL OnpeaerneHusi Havana obbekTa MOXHO, YBEINYMB TakK-
TOBYIO YacTOTy MUKPOKOHTpONIepa 1 3aMeHVB 1o, Hanpumep,
Ha AVR mukpokoHTponnep AT90S2313 [4]. MNepeaenka anna-
paTHol YacTu B 3ToM criyuae ByaeT ceejeHa TOrNbKO K YCTaHOB-
ke pgornonHuTensHoro pesucrtopa ¢ D2/5 Ha +5 B v nepeHocy
cBs13n cbpoca MUKPOKOHTporNnepa ¢ 6 Ha 5 BbIXOO MUKPOCXEMBI
D2. EctectBeHHO, 6ynet Heobxoguma u COOTBETCTBYIOLLAS KOp-
peKUUsi MporpamMmel, He 3MeHsioLLas ook anropmutm. Ho ato
Tema Ans OTAernbHOW CTaTby.
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