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Ycunurternb MoLHOCTU Ha mukpocxeme TDA1514

OO0HoU U3 cambix ydaqyHbIX MUKpocxeM Onsi nocmpoenusi YM3Y cpedreli mowHocmu (50 Bm) ¢ 8bICOKUM Kade-

cmeom 3eykoeocrpou3eederus sensemcs TDA1514. LLupokuli Quana3oH NUMaroLWUX HanpsKeHUU, 8CMpoeHHasn
mennoeas 3awuma, omcymcmeue OuHaMu4ecKoeo 8036yx0eHust U 6POCKOE MoKa Mpu KITIOHEHUU-8bIK/THO4EHUU,
a makxe He8bICOKasi ueHa cmaesim ee 8 psid Haubonee nNpednoYmumernbHLIX MUKPOCXeM 07151 CaMoCmOosimerbHO-

20 u3sezormoeseHus ycunumeneﬁ.

OcHOBHbIe aneKTrpuyeckune
napameTpbl MMKPOCXeMbl

OTHolueHWe cUrHan/wym

npu BbixogHOW MouiHocTh 50 MBT, .......... He meHee 82 ob;
CKOPOCTb HapacTaHUsi CUrHarna, ............... He meHee 10 B/MKc;
MocTosiHHas cocraensiouias

HA BBIXOMIE, .evvevverrersrercrnnennmeansessonaneemenns He Gonee +2 MB;
[nanasoH NUTaloLWmnx HanpsXeHWn, ........ +7,5...130 B;
YacToTHbil amnanasoH, 'y, He Menee ...... 20...20000;

BeixogHas MolHocTb U ko3dduunenT
rapMOHUK NPU HanpsiKeHUN NMUTAHUS
127,5(x24) B n conpotueneHnu

Harpy3knU 8 (4) OM ......ccccvvireviiniicerieinan, 32(40) 0,003
................................................................ 40(50) 0,1
................................................................ 51(65) 10;

Tennosas 3awuTa U 3atyTa oT KOPOTKOro 3amblKaHusi

B Harpyske.

OByxxkaHanbHbIll ycunutenes cobpaH Ha AByX MUKpPO-

HUA. 3TO NO3BONSET YBENUYUTE BbIXOAHYIO MOLHOCTb YCUIW-
Tens Ha 10...20 %. CyuiecTByeT MHeHue, YTo BonbrogobaBka
HECKOMBbKO yXyaLaeT AMHaMUYeckne XapakTepucTuku, NoaTo-
My no6utenn 3kcrepumeHTa MoOryT UCKNIYUTE LeNnoykn
R7(R15), C4(C15), a BmecTo peauctopos R6 u R14 nocra-
BUTb NMEepPeMbIYKN.

KonpeHcaTtopst C3(C6), C5(C13), C9, C10 ucknioyaoT Bnn-
siHUe UHOYKTUBHOW cocTaBnsitoulen Luenen nuTannusa U cnyxar
ONs ycTpaxenns Bo3ByxaeHus ycUnuTens Ha ynesTpassyKo-
BbiX YactoTax. AHanorM4yHylo ponb BbIMONHAIT U LENnoYku
R8(R16), C8(C16). BrixogHble 06moTkM TpaHncdopmaropa
NUTaHUs N BbINPSMUTENbHBIE AUOABI, HE YKasaHHble Ha cxe-
Me, fomKkHbl o6ecneunBatb Tok 3 A npy nepemMeHHoOM Hanps-
Xenun 18...22 B.

UepTex nevyarHol nrarbl AByXkaHabHoro yeunurens (ee pas-
mep 45x95 mMM) npuBedeH Ha pUC. 2, @ paccTaHOBKa 3NeMeHToB
(co cTOpoHbI MevaTHbIX NPOBOAHWKOB) — Ha puc. 3. Mukpocxe-

cxemax rno cxeme Ha puc. 1. BxooHow curHan nogaercs
Ha UNBLTP, OrpaHNHNBAIOLLNIA CMIEKTP BXOAHOIO CUrHa-
na cHuay u ceepxy. ®unetp obpasosaH anemeHTamy
R1(R9), C1(C11), R2(R10), C2(C12). OTkaselBaThCS OT
duneTpa He cneayeT, Tak Kak YacToTel Hke 20 My u
ehiwe 30 kI ABNAKTCH, B OCHOBHOM, MOMEXamu U utep-
MOAYNSLUNOHHBIMWU COCTaBMAIOWIMMUA U MOTYT cyuie-
CTBEHHO YXyALUWTb KauecTBo 3By4YaHus.

KoadpduumeHT ycuneHus sagaercs cTHoleHWeM pe-
aucropoe R5(R13)R3(R11) u B paHHoM cnyvae pa-
BeH 30.

Llenoukn R6(R14), R7(R15), C4(C15) BbinonHsiot
ponb BonsTofo6aBkK U CRYXaT ANnsA nofayy Ha npeao-
KOHEYHBIN Kackag MUKpPOCXeM NOoBbILLEHHOTO Harnpsixe-
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Mbl yCTaHOBNEHb! Ha obLLIMIA TeNNOOTBOA € NroLLaAbio MoBepx-
HocTn 500 cm2.

Ans nutanus yeunutens yao6Ho NpumeHnTs TpaHcgopma-
Top TC-180 oT craporo namnoBsoro Tenesusopa. Cetesyo ob6-
MOTKY OCTaBnsitoT 6€3 U3MeHeHWi, a B3ameH Apyrux oGMOTOK
HamaTbIBaloT HOBYIO MPOBOAOM AMEaMETPOM He MeHee 1 MM.

Mp¥ NpaBUNBEHOM MOHTaXE W UCTIPaBHBIX AETANAX ycunuTers
HaumHaeT paboTaTk Cpasy U B HanaxusaHum He Hyxaaercs. [lo
MoAKNIOYEHUsT HArpy3kn HYXHO MPOKOHTPONMpOBaTh, HTO Ha
BbIXOAax o6oux KaHanoB — HyNeBoN noteHuman. B npotMBHoOM
cnydae npuaeTcsi Uckatb OoWNBKy B MOHTaXe.

Anexkcanap Bopobbes,
alex@hit.mldnet.com
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MHOroTo4e4HbIn

TepMoMeTp-TepmocTar

lpoepecc Heymonum, u Ha cMeHy CMEKNAHHBLIM 2padyCHUKaM, NoKasbiearo-
wum memnepamypy OKOJSIO 8aliezo OKHa, npednazaro mepmMomMemp ¢ He-
CKOJIbKUMU Bamyukamu U cOBpemeHHbIM ucrineem, pacrionazarouiumcs 8
nmobom ydobHom 0nst sac mecme. Tepmomemp Xopow mem, 4mo OHem
MOXHO rocMompems, Kakas bbina memrepamypa Houbto. Y MeHs] 8 Keap-
mupe mepmomemp ¢ 08yms Samyuxkamu — 8ns1 ynudHoOU U KOMHamHouU
memnepamypbi. O4eHb yOob6HO, peKomeHOy1o.

€pMOMETP MOXET MMETb A0 BOCb-

MU [AaTYUKOB U UBMEPATb U UHAOU-

LMpoBaTh TEMNEpPaTYpy C BO3MOX-
HOCTbIO €€ pErynupoBaHuA KaabiM U3
HUX NpK YCNOBUYU AONOMNMHEHUST OATYMKOB
HarpesaTensMu. [JuanasoH U3MEpEHUN
Temneparypbl — OT -55 no +125 °C, Tou-
HOCTb U3MEPEHUNA onpenensaeTca faTyu-
KOM 1 0BLi4HO cocTaenseT +2° C. Cyule-
CTBYET BO3MOXHOCTb NPOrpaMMHO OTKa-
nuepoBaTh KakablM K3 AATYUKOB B OHOM
Touke. TepMOMETP 3anoMUHAET ¥ UHAU-
LUPYET CaMmylo HU3Kyl0 TEeMneparypy, us-
MEepEHHYI0 AAaTYMKOM C 3apaHee onpese-
nexHHblM HoMepoMm. Bce gaTunku coenm-
HeHbl NapannentHO OAHKUM YETbIPEXNPO-
BOAHLIM kKabenem. MakcumanbHas onu-
Ha nuHmuu cenasn — 30...50 meTpos. MNpo-
Tokon o6meHa nHdopMauuen Mexay aar-
yrkamu 1 TepmomeTpoM — 12C [2]. Oco-
6eHHOCTL A4AaHHOrO TEPMOMETPa COCTOUT
B TOM, 4TO (PYyHKLMK TEpMOpErynupoBa-
HUst BLINOSHAKTCA HENOCPEACTBEHHO AaT-
4YKoM Ha o6bekTe. TepMoMETp COAEPXUT
ILLL MEXaHU3M NpOrpaMMUpoBaHuA AaT-
YUKOB ANA BbINOMHEHUS UMK DYHKLUK
TeEpMoOperynsaTopa. YCTponCTBO OTIu4aeT-
CSt OTHOCUTENLHO HU3KKUM 3HepronoTpet-
rieHveM B paboyeM pexume u Npu oTCyT-
CTBUM BO3OEUCTBUIA CO CTOPOHBI NOMNBb30-

BaTens B TeYEHUM ABYX MUHYT aBTOMaTK-
Yyecku “sacbinaer”, ymeHbluas noTpebns-
emblii Tok ¢ 40 oo 4 MA.
MNpuHuMnNuanbHaa cxema TepMOMETpa
npuBeneHa Ha puc. 1. Aagpom ycTpoicTea
ABMAETCA MUKpokoHTponnep AT89C2051
[3] dovpmbl Atmel (DD1). Onst oTo6paxe-
HUA MHGOPMaUKK UCNOMNbL3YITCA TPU
CBETOOAUOAHLIX CEMUCETMEHTHBIX UHOU-
KaTtopa ¢ obuium anHogom. NHaukayua
AnHamuyeckasn. Tpansuctopbl VT1—VT3
cAyxaT AnA KOMMyTauuy UHOMKaTOpOB.
Kongexcatop C5 npepnasHaveH ans
c6poca MUKPOKOHTPONMEepa B UCXOAHOE
COCTOSIHME NPU BKITIOYEHUU NUTAHURA.
Ecrnu ycnoeua npuMmeHerHua TepmoMeTpa
TpebytoT Gonbluek HaaexXHOCTH 3anycka
Npy 4acTbiX aBapUMHBLIX OTKIMYEHUAX
nuTaHus, HEOBX0OMMO NPUMEHNATL Cynep-
BU30p NUTaHuA. Ha npakTvike npu gomatu-
HEM UCMONb30BaHUKM TEPMOMETpPa HEO6-
XOOWMOCTL B NPUMEHEHUM CynepBKU3opa
He oTMevanack. BnoKUpoBOYHbLIE KOHAEH-
catopel C3 u C4 ycTaHaenusaloTcs B He~
nocpeiCcTBEHHOM BIM30CTY OT MUKPOCXEM
DD1 1 DD2 cooteetctBEHHO. Knasunwa S1
CAYXWT ANA ynpasneHus yCTpOWCTBOM.
Uepes pasbem XS2 Ha yCTpOWCTBO Nofa-
eTcA cTabunuanpoBaHHOE HanpsXeHue
nutatua +5 B. Cxema 6noka nutanus
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30eck HE NpUBOOUTCS, OHA MOXET BbITh
nwbor co cTabunuanpoBaHHLIM BbiXO[-
HbIM HanpsxenHuem +5 B u otaaBaeMbIM
B Harpys3ky TOKOM He Mexee 50 MA. Ha
pasbem XS1 BbiBeaeHbl WrHa 12C u Ha-
NpsKeHUe NUTaHKUA 4NA TEPMOAATYNKOB,
NnHvm SDA 1 SCL «nogTaHyThI» K NAOCY
nutanus pesuctopamu R1 n R2. Peanc-
TOop R5 cnyxut ans orpaHnyeHns Toka
Npy 3aMbIKaHuK UNK BbIXOAE U3 CTpos
TepMoaaTunkoB. lMpoLMBKA MUKPOKOHT-
ponnepa B coopmare Intel HEX npusene-
Ha B Tabn. 1.

B kayecTBe TepMOOaTuYMKOB MOXHO
NpUMeHATL MUKpocxembl LM75 umpMel
National Semiconductor unu DS75 domp-
el Dallas Semiconductor. farumku LM75
u DS75 Bhinonuxexsbl B kopnyce SOIC-8.
MpuHumunranebHan cxema y3na Tepmoaar-
yuka 6e3 TepMoCTaTUpOBaHUA Npueeae-
Ha Ha puc. 2. Nepembluku J1-—J6 onpe-
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NensioT afpec MUKPOCXEMbI Ha LUuHe. An-
PEC yKa3bIBAETCA B ABOMYHOM Koae. 3Ha-
YeHue afpeca MOXET yKasblBaTbCa B AU-
ana3sone 0...7. Bcero K luuHe MoXeT 6bITb
NoAKNI4YEHO A0 BOCLMKU aaTymnkos. Oco-
60e BHUMaHWe CTOUT yAENUTL NPaBuIb-
HOW yCTaHOBKE agpeca MUKPOCXEM —
TepMoaaTyMkoB. Agpeca BCEX MUKpPO-
CXEM Ha LUMHE OOIMKHBbI HAYUHATLCA C Hy-
neBoro, agpec Ka)aoro crneaywulero
[aryuka gomkeH 6uiTh Ha eanMHKLYy Gonb-
we npeapligyuiero. Hanuuue Ha wuxe
AByX u 6ornee oanHaKoBLIX anpecoB He
ponyckaetca. Camelidi nyywwuin Bapu-
aHT — W3rOTOBWUTL NeyaTtHylo nnarvy, Ha
KOTOpOIA aapeca KaXaoro U3 BOCbMU Ka-
HanoB pa3BefeHbl yXXe BO BpEMS €€ Npo-
EKTUPOBaHUA.

CxemMa y3na gartumka ¢ BO3MOXHOCTLIO
TEpMOCTaTUPOBaHUA NpuBeAeHa Ha
puc. 3. Kak BUOHO U3 cxXeMbl, K BbIXoay
OUT mukpocxembl DD1 nogknoyeH ycu-
nuTenkt Toka Ha Tpanauctope VT1, ko-
TOpbIA YNPaBNAET 3NEKTPOMarHUTHbBIM
pene K1. K kontaktam pene K1 nogknio-
YEHO UCMNONHUTENLHOE YCTPORCTBO Uk
npoMexyTouyHoe pene. [ns sapuaHTa
[aTynKa C TEpMOpPErynaTopoM TpebyeT-
CA OTAENbHLIN HEeCTabUNU3IMpOoBaHHLIN
UCTOYHUK NUTaHUA. NCTOYHUK NUTaHKA
[ormkeH obecneynBaTbh HaNpsXeHUe U
TOK, [OCTATO4HLIE ANA YBEPEHHOIO cpa-
6atbiBanua pene. Mepemblukn J1—J6
Tak Xe, Kak ¥ B NpebiayuieM BapuaHTe
AaTyuKa, onpeaensaiT agpec MUKpocxe-
mbl DD1 Ha wwuHe 12C. MunmMansHoe co-
npotusnenue pesuctopa R1 — 2 kOm,
Tpax3ucTtop VT 1 BuiGrpaeTcs B COOTBET-
CTBUM C TUNOM pene.



| Cxemotexnvka No 7 wions 2002

M3IMEepPHUTesSIbHOA TeXHMKAa

1 www.dian.ru

Tabnvua 1

:1000000002063AFFFFFFFFFFFFFFFF81C6AF11EFCO
:100010003395E0FE744D2FF582EE3405F583E493BD
:10002000F50C900557E493F50DA3E493F50ED12953
:10003000AF397D0371DC8F14E4F513E513640270RAE
1000400002212F900558E493F50CE51475F00AD1CO
:1000500007FF3395E0FE744D2FF582EE3405F583EE
:10006000E493F50DE51475F00ADI07AFFOEF339581
10007000E0FE744D2FF582EE3405F583E493F50E22
:10008000B1848F13E513B4010A0514E514B46403B5
10009000E4F514E513B402A3AF11EF3395E0FEEFDE
:1000R00025E0FFEE33FE74742FF582EE3405F58300
:1000B000E493740193FFC3E5149FF514AF397D02E7
1000C00014FB71B6AF397D03AB1471B6E4AF514FSCA
:1000D00013D146D150EF640160F9750EFFE513644A
:1000E000026042E514701530055B93F50CA3E49350
:1000F000FS0DAF397D017B1C71998014900559E491
1001000093F50CA3E493FS0DAF397D017B1871993C
:10011000B1848F13E513B401020514E514B402BDD4
:10012000E4F51480B8D146AF39E4AFD71DC013BD170
:1001300050EF640160F922ABO7AR06EB7807CEA264
:10014000E713CE13D8F8FBAAO6C3EA648094804074
:100150000221E6EBF4FFEAFAFEEF2401FBE43EFABL
:10016000A2E713EB13FDEB5401FCED75F00AD10788
:10017000F9C3648094815037900557E493F50CEDF2
:1001800075F00AD107AFFOEF3395E0FE744D2FF50F
:1001900082EE3405F583E49354DFF50DEC7007909F
:1001A000054D93FF8006900552E493FF8FOE229039
1001B0000557E493F50CE9FF3395E0FE744D2FF5F8
:1001CO0082EE3405F583E493F50DED75F00AD10761
: 1001D000AFFOEF3395E0FE744D2FF582EE3405F568
:1001E00083E493F50E22EAA2ET13EB13FDEBS54012F
:1001F000FCED75F00AD107FFT0067EFFAF06801296
:10020000EF3395E0FE744D2FF582EE3405F583E46F
:1002100093FF8FOCED75F00AD1I07AFFOEF3395E047
:10022000FE744D2FF582EE3405F583E49354DFF52B
100230000DEC700790054D93FF8006900552E493F6
:10024000FF8FOE22E4F53CC3E50A6480F8E53C64C8
:10025000809840026128E53C25E02490FF910D8EB6
:100260003A8F3B74017EQ00A83C088005C333CE332F
:10027000CEDSF9FF900572E493FD3395E05EFEEF72
:100280005D4E7005533B808018E53A540FFEES3B08
:1002900054F8C4F8540FC868F53BEEC454F048F560
:1002R0003AAF3CEF3395E0FEEF25E0FFEE33FE740E
:1002B000742FF582EE3405F583E493FE74019325E3
:1002C0003BFS3BEE353AF53AD3E53B9400E53A642D
:1002D00080949E400DE4253BF53B74FF353AF53A9A
:1002E0008018D3E53R9400E53A64809494400BE495
:1002F000253BF53B7401353AF53AE53C25E02429E8
:10030000F8E6FEOSE6B53B10EEBS3RA0CES3C25E014
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Mpu ucnpaeHbIX
KOMMOHEHTax 1 npa-
BUNbHOM MOHTa)KE YC-
TPOWCTEO Hanaziv He
Tpebyer U HaunHaeT
paborats cpa3y. Ecnm
TepMomeTp He 3apa-
Goran, ybenureck B
TOM, HTO Nporpamma
3anucaHa NpasunbHo.
3arem nposeptre,

NPUCYTCTBYET N Ha NEPBOM BbIBOAE MUK-
poxorTponnepa nor. 0. [lanee npokoHTpo-
NUPYtTE HanVune reHepaLy Ha BoiBoge 5
mukpocxembl DD1. Ecrv reHepauyin HeT, To,
BO3MOXHO, HEVCTPaBeH KBapLEBbIi pe3so-
HaTop unm koHpaeHcatopel C1, C2. Ecrmre-
HepaLus ecTb, TO, CKOpee BCero, Heucnpa-
BEH MNW HEBEePHO 3anporpammupoBaH
MMKPOKOHTpORnep.

Tpananctopsl VT1—VT3 moryT Geitb
noBbIMK CTPYKTYpBI p-i-p C hyy 5 HE Me-



Ma3mMmepuTenbHAaR TEXHUKO

nee 50. Mnaukartopbl MOXHO 3aMe- ToyHOCTL Ao 0,5 °C, HO TOMbLKO B
HWUTL Ha apyrve ¢ o6LWmmM aHoooM, : KaKOM-TO OTHOCUTENLHO Hebonb-
€CTECTBEHHO, C YYETOM pasnuums ; 2;(‘;?”16 T:‘ﬁ:":g;‘;‘:ﬂ LLIOM avanasoHe. M3 atoro nowsT-
B UOKoneske. B 3aBucumocTy oT HO, YTO KOppPEeKLusl AOrKHa npo-
TUNa uHavKaropa BulbupaeTcs co- Tocne M3BOOUTLCA HENOCPEACTBEHHO B
npotuBnenve peauctopo R11— Ysenuuerive nocresHero Touke, koTopan TpebyeT makcu-
R18. Ceetoauon VD1 — nio6oro NS s HEXBTHR KISBALY MarbHOW TOYHOCTY U3MEpEHUS.
Tuna. B yctpocTBe mucnonb3osaH Ons ee npoeedenusi yctaHaBnm-
KBapLEBbI¥ pE30HATOP Ha HacToTy Baem TpebyeMyto Temnepatypy
oT 400 po 500 «'y. BoamoxHO mc- Uhnmkaums paruuka ta, cumTbiBaEM C MHOVKS-
nonb3osanue u Gonee BLICOKOYa- “T‘:;nggg:y“;g Wnpuatop Topa TepMOMETPa VM3MepPEHHYIO
CTOTHBIX PE30HATOPOB, HO W3-3a NOo- vy Temnepartypy ti v BeiuMCIIieM KOH-
BbllUEHUS YacToTel o6meHa no AecATMYHAR CTaHTy KoppeKkuuu no dopmyne
wwnHe 12C 310 NpvBedeT K yMeHb- | Oduynenme ;g;‘)';%; const = 16(ta — ti). Mony4enHoe
LUEHMIO AaNBHOCTY NMMHMMN CBSA3M. TemMnepaTyps paspsiae 4YMCNo 3anucbiBaeM B Nporpamm-

Mocne BKNOYeHUS NUTaHWA HYIO0 NaMsATb MUKPOKOHTpornnepa
TepMOMETP NpOU3BOAUT aBTOMa- no agpecy, Bbl4UCNSIEMOMyY NO
TUHECKOE onpenenenne uucna Lnkroe iﬂ‘mgf‘:/ dopmyne
NOAKMOYEHHbLIX K HEMY NaTyu- © Haxarve {HE/CO}
KOB, NOCre 4Yero nepexoamuT B Knas1Lm a=0x574 + 2n,
pexum oTobpaxeHus TeMnepa- KopoTkoe
Typbl. Ha uHamkaTope oTpaxaeT- ® Haxarne rae n — Homep partyuvka. Homep
cs TemnepaTypa BbiGpaHHOro s [aTuvKa, MMHMManbHas Temne-
naTumka. KopoTkuM Haxatmem paTtypa KoToporo 3anomMuHaeT-
KHOMKYU S1 npomseoaunTcs BoiGop CSl, 3an1caH B NaMsTH NporpaMm
Tpebyemoro aaTumka, Ha uHavKa- T;’:;::‘a’“"au MVKPOKOHTpOMNNepa no aapecy
TOpe KpaTKkoBpeMeHHO oTobpa- — 0x573. Haxoasiweecs TaM 3HB-
auTcs Homep BblIGpaHHoro paTyun- yenue 01 MOXKHO 3aMEHUTb Ha
ka [-Ne-], 3aTem BypeT nokasana Krasiwa Hy»xHoe oT 00 po 07.
vamepeHHan TemnepaTypa. HaxaTa? C TepMOMETPOM MOXHO Tak-
Omvnnoe vaxaTtue (Gonee aByx Ke NpPUMEHATb AaTuuKn Tuna
cekyHf) Knaevm S1 BKIOUMT  |o - 4 LM77. 3Ty pat4umky He yKasams!
ceetoauon VD1 w nepeeenet . B Hayane cTaTby, TaK Kak npu ux
TEPMOMETP B PEXMM MHAMKaLUN MCNOMNb30BaHUN He noaaepHu-
MUHUManbHON U3MEPEHHON TEM- BaeTcs pexum TepmocTata. Kpo-
neparypul. B npvBenennon npo- Puc 6 Me Toro, Mukpocxembl LM77
LUIMBKE NSl KOHTPONA MUHVMAaTTb- sg:g y = = <=, | MOXHO yCTaHaBnvBaThb Ha LMKy
HOW TeMNepaTypbl UCNonb3yeTcs A — I2C B kOnu4ecTBe He Gonee ye-
patumk Nel. KopoTkoe HaxaTtue ThIpeX, @ He BoceMb, Kak LM75.
knaevwm S1 BepHeT TEPMOMETP Mpwu npumenenuun LM77 B kaue-
B pEXUM MHOMKaUMW TEMnepary- CTBe pgaTyuvMkoB Heobxoaumo no
pbl ¥ “OBHYIWMT” MUHMManNbHYIO appecy 0x572 “npowmTh” 6anT,
TemnepaTypy. Ecnv TepmomeTp No3anLMoHHblE HOMepa BUTOB KO-
HaXOaUTCA B pEXUME MHONKaUMUM B TOPOro paBHble HOMEpPam naTyn-
TemnepaTypbl, ¥ B TeHeHne OByX orxn [ L | L [ 1= koB LM77 na wwHe paekbl eau-
MUWHYT HEe HaxMManach Knaevia HULe.
S1, OH nepexoguT B pexwum no- | Pve- S
HyKeHHoro noTpebnenus. B aTom Anape# JlioTbko,
pexuMe MHAMKATOP FacHET, 8 B ero nep-  XMWUTe KHOMKy. TepMocTaT HacTpoeH. andrejl@newmail.ru
BOM paspsfe HaunHaeT Muratb gecsitud-  [padvk, npueeneHHLIN Ha pyc. 5, unnio-

cTpupyeT npumep paboTsl TepMocTata Jlumepamypa:

nasi Todka. TepmomeTp GyneT HaxoanTb-
CH B 3TOM PEXMME CKOMMb YTOAHO AOMTo
[0 HaxaTus KHonku. [Mpuyem, yaepxu-
Basl KHONKY Ha)KaToM, MOXHO YBUAETb
MUHMManbHYIO TeMneparypy. [Nocne oT1-
NyCKaHus! KHONKY TEpMOMETp nepexoauT
B pexum orobpaxenus TemnepaTypbl.
Brniok-cxema, unncTpupylowaa Bce
BO3MOXHbIE COCTOSIHMA TEPMOMETpa
peakumio Ha HaXxaTue Knaewuy, npuee-
[eHa Ha puc. 4.

Ons nporpaMMupoOBaHuA TepMocTata
BbiGepuTe HYXXHbIY HOMEp naTtuvka. Bon-
[UTe B PEXUM MHAMKAL MK MUHUMaTbHON
Temnepatypbl. Ewle pa3 onuwtensbHo Ha-
XMUTE Ha KHOMKy. Ha vnaukaTtope no-
ABvTCA naanuck “HE” (harpes) unm “CO”"
(oxnaxaenue). KOpoTKUM HaxaTveMm
KHOTMKW YCTaHOBWTE HYXHbI PeXxum, 3a-
TeM CHOBa ANUTENBHO HAXMUTE Ha Hee.
Danee HyXHO yCTaHOBUTbL perynvpye-
MYI0 TeMnepaTypy KOPOTKMMWM HaxaTw-
sAmu. MNocne yero cHoOBa ANMTENBHO Ha-

H www.dian.ru

Ons pexvma narpesa. [Npy oxnaxaeHnm
BO30eWCTBME Ha ynpaBnsiolwmin ane-
MeHT ByneT MHBepPTUPOBaHHLIM OTHOCH-
TenbHO pexvMa Harpesa.

MporpamMHas HacTpoiika MoxKeT BbiTb
Heobxoamma B crieayoLLmx cryqanx:

e Npy HEOOXOAMMOCTU KOppPEeKLMM Nnoka-
3aHWN TepmMojaTuuka;

» npwu HeoGxoaMMOCTH 3amMeHuTb pat-
UYUK, UCTOMNb3yEMBIN AN NOUCKa Mu-
HMManbHOW TeMNepaTypbl;

® MpyY MCMNOMNb3OBaHWM AaTYMKOB TUNa
LM77 c appecamu 0, 1, 2, 3 (3Tn part-
YUKW MOTYT MCMOMb30BaTbLCA TOMLKO
KaK TeEpMOMETPbI, HO HE KaK Tepmo-
crarthl).

Koppekuvsi nokaszanmi TepmMopaTtumnka
vHorga GbiBaeT HyxHa Aonsl yBenuieHust
TOYHOCTY M3MepeHVn TeMnepaTypbl. CTan-
napTHo patyvk LM75 obecneunBaer Tou-
HOCTb %2 °C. lNpu mncnonb3oBany Npo-
rpamMMHON KOpPEeKLUUM MOXHO MOBLICUTL

1. LM75 Digital Temperature Sensor
and Thermal WATCH-DOG™ with Two-
Wire Interface http://andrejl.newmail.ru/
Im75.pdf

2. THE 12C-BUS SPECIFICATION
VERSION 2.1 JANUARY 2000 htip://
andrejl.newmail.ru/i2c_bus.pdf

3. 8-Bit Microcontroller with 2K
Bytes Flash AT89C2051 http./
andrejl.newmail.ru/89c2051.pdf
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CeTeBble 06paTHOXOAO0BbIE UICTOYHUKK | .,
nUTaHUA Ha MUKpOCXemax cepumn wI T
TOP22x v
Haubonee npocmsie cemeesie obpam+oxodoesie npeobpa3oeamenu Ha- Un
npsKeHUs ¢ mowHocmbio 00 150 Bm moaym 6bimb cobpatbl € UCIOMNb30- 0 .
saHUeM Mpexebi60OHbIX MUKpocxem cepuu TOP22x ¢hupmbl Power I
Integrations. B npednazaemoli cmambe onucaHsl paboma MuKpocxem
amod cepuu, pacdem rpeobpasoeamernel U NpuMep UCrONTHeHUs! npeob- _t“ . N/
pa3oeamersi MOUHOCTBIO 72 Bm Onst 3apsdku aémomOobUIbHBIX aKKyMy- 0 ’ .
nSMOpHbIX 6amapetl co cmabunu3sayuel MmoKa U 02paHu4eHUeM 8bIXOOHO-
20 HanpsPKEeHUs. H
aboTa o6paTHOXOO0BbIX UMNYNbLC- Usw \I \L
HbIX NpeoBpasosateneil Hanpsike- 'L 0 t
HWS Y UX PacyeT YKe OnUchiBanuch Yo Puc. 3
B pasnuuHoW nutepatype. B aToi ctatbe Uor
paccKasaHo O NPOEKTUPOBAHUMN TakUX UC- obMoTku TpaHcdopmaTopa. Cymmy OByX
TOYHWKOB Ha TPEXBLIBOAHLIX MUKPOCXEe- nocnenHux CocTaensiolmux obo3HaqatoT
max cepumn TOP22x [1], copepxawux Un Ug e 3TO HanpsbkeHWe orpannqneaer
npakTuyecku Bce Heobxoaumbie KoMMo- 0 : uenb VD2VD3.
HEeHTbi NS UX NOCTPOEHUs. I CTpyKTypa Mukpocxem cepumn TOP22x
HanomHUM NpUHLMNGLE paboTbl Taknx npenctaBneHa Ha puc. 4 [1]. Mukpocxe-
npeoGpa3soeaTtenein u 3a04HC NpUBeaeM | Ma BKNioHaeT B ceBs MOLLHbIA BLICOKO-
o0603Ha4YeHNst UICNONb3yeMbiX B pacyeTax g yY BONbTHBINA TpaHaucTop VT2 u Bce Heob-
napaMeTpoB. 0 t XxoouMmbie Lenu ero ynpaereHus, K
Cxema, VNnCTpUpyoLLas OCHOBHble Iy KOTOpbIM OTHOCUTCS, Npexae Bcero, 3a-
npoLiecck B o6paTtHoxonosomM npeoBpaso- Latowwii renepatop G1, paborarowmi Ha
Batene, npueegeHa Ha puc. 1. B Tedexve dhukeupoeanHoi yactote 100 KI'L, € Tpex
yacTu nepvwoga paboTkl npeobpasosarens 0 . BbIXOZJOB KOTOPOIO CHUMAIOTCS CUrHasbI
3aMKHYThIM cunoBeo#t knod SW1 nogaet Tpebyemoir hopmbt. Curkan ¢ Bbixoda 1,
BbiNpsIMIeHHoe ceTeBoe Hanpskenue Uy | Puc. 2 nocTynarwlmin Ha exon anemexta U-HE
Ha nepeuyHyto obmoTky | TpaHcdopmaro- DD6, cnpepensieT MakcumanbHO BO3MOX-

pa T1, Tok |, yepes Hee Npy ITOM NUHeNHo
HapacTaet. B Teuenve opyron Yactu nepu-
0pa KoY Pa3oMKHYT, W HaKomneHHas B cep-

Iy

o1k VD1

swi

Puc. 1

[EeHHVKe 3HEeprvisi NnepeaaeTcsiHepes OTKPbi-
Thil BLINpAMUTENbHBIN Avoa VD1 B Harpys-
Ky. Ecnu kK MOMEHTY 04epeHOro OTKpbIBa-
HWSI KIKOYa TOK Yepe3 BTOPUHHY 0BMOTKy
I, NpeKpalLaeTCs, peanuyeTcsl pexum ¢
NPepbIBUCTBEIM MarHUTHLIM MOTOKOM
(pwc. 2), ecnn HeT — pexuM C Henpepbis-
HbIM NOTOKOM (lg < lp, puc. 3). OTHOWEHWe
BpemMeHV 3ambikanus knoya K nepvogy T
o6o3Haqaetca D u HasbiBaeTcs Koaddu-
LUMEHTOM 3anonHeHust.

[ins npeo6pasoeaTtenei Ha MUKpoCXe-
max cepun TOP22x pekomeHOyeTCs pe-
UM C HenpepbiBHbIM MarHUTHbIM MOTO-
koM. Takoi pexxum oTnuyaeTCs MeHbLUVM
3HayeHnem NUKOBOro Toka |p Yepes nep-
BUYHYHO OGMOTKY TpaHcdopmaTopa U cu-
noeow Ko, Ho Tpebyet GonblLuero 3Ha-
yeHus ee nHaykTuBHocTu L1. Kpome Toro,
B MOMEHT 3aMbikaHus Kroua avog VDA
OTKpbIT, U NpY €ro 3aKpbiBaHUK BO3HUKa-
eT KpaTKOBpPEMEHHbIN UMNYNbC TOKa

6

6GonbLUON aMNNUTYAb, YTO NpeabsiBnsAeT
noBLiLLEHHbIE TpeBOBaHWA K CUNOBOMY
KITIOYY, LiensiM ero 3alyuThbi, A0NYCTUMO-
MY MMNYNbCy 0GpaTHOrO TOKa Yepes Bhbin-
psmuTenbHbi guoa VD1 v ero GbicTpo-
[EeNCTBUIO.

K pasomkHyTOMY Krtody SW1 npunoxe-
HO HanpsbkeHne Ugyq U3 TPEX CocTaBns-
owmx: Uy, — BbINpsMIeHHOe Hanpsbie-
Hue ceT, Ugp — CyMMapHOe HanpsbkeHue
Ha Harpyske Ug,r v avoge Uyp,, npuBe-
[eHHoe K nepBU4YHOM 06MOTKe, U BLIGPOC
Ha VHOYKTUBHOCTM PAcCesiHUA NepBUHHOM

Hbi KoatbduumeHT 3anonHennst Dy,
KopoTkre umnynbCbi € BLIXOAa 2 ycTaHas-
nueatoT Tpurrep DDS B eAMHW4HOE COCTO-
siHWe, YTO BKJOYAET (Npy OTCYTCTBUW Ha
OBy BepxHux Bxoaax DD6 3anperyaromnx
curHanos) TpaHauctop VT2

B HopmaribHoM pexume paboTkl cGpoc
TpUrrepa NPoOMCXoaMT NO CUrHany paccor-
NacoBaHus ¢ BbIXOAa komnaparopa A3. Ha
OfMH U3 ero BXOAOB NOCTYNaeT Hanpsbxe-
HWe TpeyrornbHoN hopMbi C BbixOaa 3 re-
HepaTopa G1, Ha Apyron — HanpsbxeHue,
NpONopLMOHANEHOE NPEBLILLIEHVIO Hanpst-
XEHUs Ha ynpasnsiolleM exoge «Ynp.»
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MCTOYHMKM NUTAHNA

MUKpOCXeMbl YpoBHA 5,7 B, uto peanusy-
€T WUPOTHO-UMNYNbCHYIO MOAYNALMIO
(LULMM). OnepauunoHHbifi yeunutens A1,
noneeoii TpaHancTop VT1 u peancTopbl R1
n R2 obecneumBatoT cTabunbHbLIN HOpMU-
pOBaHHbIN KOAULMEHT nepeaaqn cwr-
Hana npesblweHws yposHs 5,7 B Ha Bxo-
oe xomnaparopa, a uenoyka R3C1
COBMECTHO C BHELIHWMW dneMeHTamu
uenu obparHoii CBA3N — YCTOWYUBOCTL
neTnu aeToperynupoeanus. Ha puc. 5 npu-
BeAieHa TUNoBas 3aBUCUMOCTb Koadhduum-
enTa 3anonHenuss D or Toka Iy g Yepes
BX0f, «YMp.» MUKPOCXEMBI.

OcrarnbHble 3neMeHTH MUKPOCXEMbI pe-
LIAKOT BCroMoraTenbHble, HO 04eHb BaXHbIe
AnA HapexHon paborwl ycTpolicTea 3aaa-
un. Tpurrep DD2 cGpacuiBaeTcs anemMex-
Tamu yana A4 npw BKIIOYEHWW, pa3pellas
pabory anemerta DD6. flpn nosbiLLeHUm
TeMnepartypbl kKpucranna MUKpOCXeMbl
CBepx AOMyCTUMON curHan ¢ Bbixofa yana
TENNOBOM 3alnTLl AS yCTaHaBNMBAET TPUr-
rep DD2 B eaMHM4HOE COCTOSIHWE, U CUr-
Han ¢ ero MHBEPCHOIO BLIX0AA 3anpeuiaer
BKNIOYEHWE TpaHaucTopa VT2.

Komnaparop A6 cpaBHWBaeT nageHve
HanpshKeHWs Ha KaHane CTOK-UCTOK BKIIO-
YeHHOro TpaHaucropa VT2 ¢ Makcumarnb-
HO ponycTumon BennunHoi Upg yax- B
pesynsrate, eCin B aBapuiHON cuTyauun
TOK Yepe3a TpaHauctop VT2 npesbicuT 3a-
[aHHbIl YPOBEHb, BLIXOAHON CUrHamn KoM-
naparopa A6 cbpocut Tpurrep DD5 m 3ak-
poet TpaH3ucTop. flpun HOpManbHOW
pabore npeobpasosaTens B pexume He-
NPEPLIBHOTO MarHUTHOTO NOTOKA B MOMEHT
BKSIKO4EHUs1 TpaHaucTopa VT2 BO3HWKaer
YNOMMHaBLUMIACS BhlLLE KpATKOBPEMEHHLIN
UMMNYNC TOKA CTOKA, BbI3BaHHLIK BOCCTa-
HOBreHneM obpaTHOro conpoTuBNEHUs
BLINPSIMUTENBHOTO AMOAa BO BTOPUHHOM
uerm npeoBpasoearens HanpshkeHws. Tpw
3TOM, XOTsl Komnaparop A6 cpabaruiBaert,
370 He NpUBOAUT K cBpocy Tpurrepa DD5
3a CYET KpaTKOBPEMEHHOro curHana 3ar-
peTa, NocTynatulero Ha Bxo4 aneMeHTa
DD8 ¢ Bbixoaa y3na MackvpoBaHUus nepe-
nHero opoHTa umMnynsca A7.

Yaen A8 He gaeT c6pocute Tpurrep DDS
cUrHanom ¢ ebixoaa A3 B TeHeHWe HeKo-
TOpOro BpeMeHu nocne ycraHoeku DD5 B
€AMHU4HOE COCTOsIHWE, FapaHTupys Mu-
HUMaNbHYK ONUTENBLHOCTL BPEeMeHU
BKMIOYEHHOTO COCTOSIHWUS TpaH3ucTopa
VT2 n obecrneunBas MUHMManNbLHOE 3Ha-
YeHue koachdmumenTa sanonHeHus Dy
(puc. 5).

FeHeparop Toka A9 obecneunsaeT Nu-
TaHWe MUKPOCXEMbl B MOMEHT rycKa.

YnpotleHHasn cxema obparHoxo-
[O0BOro NpeobpasoBartens Ha MUK-
pocxeme cepum TOP22x npueege-
Ha Ha puc. 6. IMpu nogade nuTaxmus
HanpshkeHne Ha koHaeHcaTtope C1
paBHO HyNIO, U OH OTHOCUTENBLHO
MEANEHHO 3apshKaeTcs Hepes reHe-
parop Toka A9 1 3aMKHYTBIA KoY
SW1 (puc. 4), Kak aTo NoKasaHo Ha
BepxHei guarpamme puc. 7, a. Kor-
[a HanpshkeHne Ha KoHgeHcartope
JOCTUFaeT BENUUMHEl 5,7 B, koM~
naparop A2 3akpbiBaeT ko4 SW1,
n koHgeHcaTtop C1 HaunHaeT pas-
psrKaTbCA Ha AaNEMEHTHI MUKpOCXe-
Mbl. IMnynecol ¢ reneparopa G1
NnocTynalKT Ha 3arsop TpaH3ucTo-
pa VT2, n npeobpasosarent Hauu-
HaeT paborarb. HkHsis gruarpam-
Ma Ha puc. 7, a AeMOHCTpUpyeT

yrpoLLeHHyto (hopmy Hanpsbkerust |1 7
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Puc. 6

CTOK-UCTOK Upg KNoH4eBoro TpaHaucTopa
MuKpocxembl. HanpsbkeHne Ha KoHgeHca-
Tope C2 noBblwaercs, U korga oHo Npubnu-
3UTCA K HOMUHAIBHOMY, aMnMTyaa UM-
nynscoe Ha obmotke obparHoit cesau il
TpaHccopmMaropa T1 cTaHeT A0CTaToHHOM
ONATUTaHUA MMKPOCXEMbl MO BXOAY «YTp.»,
a npeobpasoearernb BHIXOAWT Ha pabo4nia
pexuM. ANeMeHTE MUKPOCXeMbl, 0bpasy-
loue LIMPOTHO-UMIYNLCHBIA MOAYRSITOP,
noaaepXvBaloT KO3 ULUMEHT 3aronHeHUs
D Ha Takom ypoBHe, 4Tobbl HanpshkeHne Ha
exofe «Ynp.» 6eino 6numsko k 5,7 B.

Ecrnv Bo BTOpWYHOM LieNn eCTb KOpoT-
KOe 3aMblkaHWe MNK neperpyska, amnnu-
Tyoa uMmnynscoe Ha obmorke lll He goc-
TUrHeT HeobxoOUMOW BeNUYUHBLI, U
KoHaeHcaTtop C1, paspAauBLUMCL [0 Ha-
npsokenus 4,7 B (BepxHas gvarpamma Ha
puc7, 6), nepekntount Komnaparop A2.
Komnapatop, B CBOIO ouepefib, 3aMKHET

Kntod SW1 u nepekniouut cHetunk DD1 B
HOBOE COCTOSIHWE, YTO 3anpeTUT NPOXoX-
OeHne UMMNYNbCOB TaKTOBOTO reHeparopa
G1 uepes anemeHTsl DD6 1 DD7 Ha 3ar-
Bop VT2. HanpsieHne Ha KoHaeHcaTope
HauHeT CHOBa nosbllarkes. flocne cemn
UMKNOB 3apsiga-paspsiga koHgeHcaropa
C1 cuetunk DD1 BHOBb paspewnt npo-
xoxaeHue umnynescos Yepes DD6, v npo-
M30MOET HoBasi MonbiTka 3anycka npeob-
pasoeaTtensi. B takom pexume Bpemsn
pa6otel npeocbpasosarens B 20 pa3s MeHb-
We Nepuoaa norbiToK 3anycka, YTo npe-
[oTBpaLjaeT neperpes ero 3NeMeHToB U
nenaeT 6e3onacHbIMU KOPOTKUE 3aMblKa-
HWUSA BO BTOpUUHOW Lienw. Korga neperpys-
Ka Bynet cHsTa, npeobpasoBarent BbIi-
et Ha pabounid pexuMm.

Ha rpadmkax (pwc. 8) nponnnocTpu-
poBaHbl Npouecck B Npeobpasosarene
npy NNaBHOM MOBLILLIEHUW BXOQHOTO Ha-
npsbkeHus Uy, u pa6ote B HOpManbHOM
pexumMe (BpeMeHHbIE YHacTku 1), B pexu-
Me Neperpysku no ToKy (yyacrok 2), npu
CHWKEHUM BXOAHOIO HanpshXeHws 0 He-
[ponyctuMmoro yposhs (yuacTtok 3). Fpacou-
k1 Ugr W o — BBIXOAHOE HanpshkeHne
U BBIXO[IHOM TOK COOTBETCTBEHHO, HMKHWUM
rpadpuk — TOK |y HEPES BHIBOA «YNP.»
MUWKPOCXeMbl. ITOT TOK NPUHAT oTpula-
TENbHBIM, KOrla OH BLITEKAET N3 MUKPO-

UIN
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cxembl U 3apsxaeT koHpeHcatop C1, u
NONOXUTENbHBIM, KOrfia Yepes 3ToT Bbl-
BO/[] MPOUCXOAUT NUTAHUE MUKPOCXEMBI OT
koHpeHcaropa C1 unu ot obmotkm I
TpaHcdopmaropa T1.

Mukpocxemel cepun TOP22x Beinyc-
katorcs B kopnycax DIP ¢ BoceMblo Bol-
BOLAMM, U3 KOTOPLIX WecTb obbenHe-
Hul (cydpdmke P) B BEIBOA UCTOKA, U B
kopnyce TO-220 ¢ TpeMs BeIBOAAMM
(cydbduke Y). LlokoneBka MUKPOCXEM
npueeseHa Ha puc. 9, @ OCHOBHbIE Na-
pameTptl — B Tabn. 1.

I ———— 3 Crok
2 Ynp.
1 WUcrok

O

TOP22xY
TOP22xP

1 > 8
WUcTok 4 2 I+ 7 rUcTOK
3 i 6

Ynp. 4 5 Crok
Puc. 9

Tennoeoe conpoTuBneHWe Kpuctann—
TENNOOTBOL MMKPOCXEM B Kopnycax
TO-220 coctaenseT 2 rpapn/BT, kpuctant—
OKpY>KatoLLi@s cpeaa Ans MUKPOCXeM B kop-
nyce DIP npv ycraHOBke Ha nevarHyto nna-

Puc. 10
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Ty € NIOLLAMLI0 KOHTAKTHOM NNoLLaakM nog
o6beVHEHHbIE BHIBOABI MCTOKa 232 MMZ —
45 rpap/Br.

Pacuert npeobpasosarensa Ha MUKpO-
cxemax cepun TOP22x oTHOCUTENBHO
HecnoxeH. Ero HaunHalot ¢ Beibopa He-
o6xoanMoin Mukpocxemel. Ha puc. 10 1
11 npusenieHsl kpusble, obnerdatowime

Tabnuua 1
NapameTp O6o3HaveHue |Mukpocxema 3navenvie napameTpa | Eaunuubl
Mun. | Tun. | Makc. |“3Mepenus
Pabouas yactoTta f — 90 100 110 Ky
MakcumanbHbIA
KO3GMLIMEHT Dwax (pvic. 5) — 64 67 70 %
3anonHeHvs
MuHMManbHbIN
koadmumneHT D (pvc. 5) — ~ 0,7 1,7 2,7 %
3anonHeHVst
Haknon kpieol | - g pyc. 5) — 21| -6 | -1 SolmA
perynMpoBaHvs
BrewHMATOk | 1 ouc. 5) — o8| 2 | 33 A
cmeLL eHvst
BxopHoe
COnpomBreHue no Z: — 10 15 22 Om
BbIB. "Ynp."
BbivekatoL M TOK
no BbB. "Ynp." lentr - 2 5 0.8 A
TOP221Y
TOP221P 0,23 0,25 0,28
TOP222Y
TOP222P 0,45 0,5 0,55
TOP223Y 0.9 1 11
Tok orpaHnieHus i TOP223P ' ! A
TOP224Y
TOP224P 1,35 1.5 1,65
TOP225Y 1,8 2 2,2
TOP226Y 2,25 2,5 2,75
TOP227Y 2,7 3 3.3
TOP221 — 51,4 60
ConpoTtvBneHe iggggg — fg; :13(5),
CTOK-WCTOK BO — >
BKIHOUEHHOM Rps(ON) TOP224 — 8.6 10 Om
cocToSHAN TOP225 — 6,4 7,5
TOP226 — 5,2 6
TOP227 — 4,3 5
MNpobueHoe
HanpspkeHne — — 700 — — B
CTOK-UCTOK

Takol Bbl6op (Ha puc. 10 ans BeIxOA-
HOro HanpsxeHus npeobpasosartens
12 B, va puc. 11 — ans 5 B [2]). Mo ro-
pW30HTanbHOWM OCK Ha rpadukax oTno-
»eHa TpebyeMas BeIXOAHaA MOLLHOCTb
Poutr = Yourxlour CnnoliHbie nuHuu
rpacpukoB COOTBETCTBYIOT pasnuuHbIM
MMKpPOCXEMaM paccMaTpuBaemoun ce-
pun.

Cpasy OTMETUM, HTO BCE pacyeTel npe-
ofBpasosarens sefyTcs AnA Haubonee T9-
EeNoro cny4as, a oH (C ORHUM UCKIIoYe-
HWEM) UMEeT MeCTo NpU MUHUMAneHOM
BXOLHOM HanpskeHuu. Tpadvkm puc. 10
n 11 nocTpoeHel NpU HanpsXXeHUU cetu
230 B-15 %, 7. €. npu 195 B nepeMeHHOro
ToKa. B oteyecTBeHHoM cetn 220 B ¢ fo-
nyckoM —20 % MUHUManNbLHOE HanpsxeHne
cocTaensier 176 B, 1 pacyet Hago BECTU
vmMeHHo Ans Hero. Mpu TakoM HanpsbkeHnn
Ha KOHKDETHOW MUKpOCXEME MOXHO NocT-
poutk npeobpasosartent C HECKONBKO
MeHbLLEN BEIXOAHOW MOLLIHOCTEH, YEM NPU
195 B. MonpasouHbii koadduumeHT Ky,
onpenensioLLni yMeHbLIEHNe AOMYCTUMON
MOLLIHOCTH, MOXHO HaWTi no rpadmky Ha
puc. 12. Ons HanpsbkeHus ceTn 176 B oH
coctaensAeT okono 0,94, 310 o3HauaeT, |4To
HeoBXoaMMO BeIBpaTL MUKpOCXeMy, 0bec-
NEUUBAIOLLYIO BLIXOLHYIO MOLLHOCTL Bonk-
we Tpebyemoli B 1/0,94 = 1,06 pasa.

Bce fianbHenwmne pacyeTsl Mbl Npose-
[ieM Ha Npumepe UCTOUHUKA C BLIXOAHBIM
HanpsbkeHveM 14,4 B 1 MakcvmansHbeIM
TOKOM 5 A (3apspHOe yCTpOMCTBO ANA
aBTOMOBUNBHOrO akkymynstopa). Ansa
Hero BLIXOfjHas MOLLHOCTb COCTaBnser
72 Bt. To, 4TO BLIXOAHOE HanpsKkeHue
6onblue, yem 12 B, AnA KOTOPOFO paccyn-
Tanel rpadmky puc. 10, obnervaer pexvm
paboTel MUKPOCXEeMbl (CpaBHUTE MeXay
coboii rpadmku puc. 10 u 11) n cozpaer
HEKOTOpbLIW 3anac.

C y4eToM Nonpasku Ha MeHbLLIee Hanpst-
»eHue cetu Tpebyeman MOLLIHOCTE COCTa-
BuT 72x1,06 = 76 BT. BeptukanoHas nps-
Mana Ha puc. 10, NpoBeaeHHasa U3 TOYKU
76 BT Ha ropusoHTaneHOW OCH, Nepeceka-
€T CNNOLWHbIE NWHWUK, COOTBETCTBYIOLLWE
mMukpocxemam TOP225, TOP226 v
TOP227, 370 O3HauaeT, Yto Ha noboi ua
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K, 115 napameTpbl TpaHcgopmaTtopa npeob-

1.1

pasoearens.

1.05

Pekomeragyemoe 3HayeHWe MHOYK-

TUBHOCTU NEPBUYHON OBMOTKM AOIMKHO
ObITE yBENMUYEHO NO TEM X NPUYNHAM

1 l/

U C TEM Xe KOIMMPULIMEHTOM, HTO U

0.95

MOLLHOCTL AN BbIBopa MMUKpOCXeMbl

0.8

]

0.85

L = 1100x1,06 = 1166 mklH.
Hanee moxHO NepeiTv K pacuety

140 180 180 200

Puc. 12

Ucium

TpaHcdopmaropa, HeobxoaMMO TONBKO
BeIOpaTL BapuaHT uenu crabu-

240

T1 v Ha ouope VD1 HMKaK He BMNUSKET Ha
npouecc crabunusauum, v BeIXogHOE Co-
npoTMenexHve npeobpasoearens ans 31o-
ro BapuaHta nonydyaercs HanbonbLumm.

Kpome Toro, BoaHukaetT npobnema
TOYHOMW YCTaHOBKM BLIXOAHOIO Hanpsxe-
Hus. BeixogHoe HanpshkeHue npeobpa-
30BaTens B 3TOM BapuaHTe ctabunuaun-
pyetcs npubnuantenbHo Ha ypoBHE
Uour = (5,7+Uypa)xNy/N3=Uyp,, 1ae
Uy py ¥ Uy py— NaneHue HanpskeHns Ha
coorBeTcTBYIOLMX avopax, N, n Ny —
yucna eutkoe obmoTtok Il u lll. B nepeom
NpuGnmXxeHWM YUCNO BUTKOB Ha BONLT
Oons TpaHcopMaToOpOB MOLLHOCTBID
50...100 BT coctaenser okono 0,6...1,
NoaToMy M3amMeHeHWe Yucna BUTKOB 06-
moTkM || Ha ogMH NPUBOOMUT K U3MEHEHUIO
BbIXOOHOTO Hanpshkenus Ha 1...1,6 B!

3amMeTHO NOBLICUTL CTabUNbHOCTL
BLIXOLHOIO HaNPsHKEeHUS MOXHO, YCTaHOo-
BUB MEXOY BbLIXOAOM BLINPSMUTENS Ha
ovoge VD4 v BxogoMm «Ynp.» MUKpocxe-
Mbl CTaBUNUTPOH, COOTBETCTBEHHO yBE-
nU4YMB 4yucno BUTKOB ob6moTku IlI
(puc. 13, 6). B Takom BapuaHTe yBenu-
YUBAETCH KOIMPUUUEHT yCUNEHUS B
uenu obpaTHOM CBA3U, YTO 3aMETHO No-
BHILLAET CTabUNLHOCTL BHIXOOQHOIO Ha-
NPSXEHUS NPU U3MEHEHUU HaNPSXKEHUS
CETU U HECKOSBKO CHUXaeT BbIXoaHOe
CONpoTUBNEHUE.

NU3aLUUn BEIXOOQHOTO Hanpsixe-

HUX MOXHO cobpaTk Tpebyembiin Npeobpa-
3oBarernb. [py 3ToM OLUEeHOYHBIe 3HaYeHUS
KM MoXHO cHMTaTh C BEpTUKaNBHOM OCH,
OHM COCTaBNSIOT NpumepHo 84, 85,5 1 86%
CcoOTBETCTBEHHO. VMeeT cmbich BeIBpaTh
mukpocxemy TOP225, 1. k. bonee mMoLLHbIE
MUKPOCXEMEI, KaK NpaBuno, Oopoxe W,
Kpome TOro, kak aro byneT nokasaHo na-
nee, AN HUX NPY TOM e BBIXOLHOW MOLLI-
HoCTU noTpebyeTcs Gonee rpomo3nkui
TpaHchopmMaTop, a BLIMIPHILL B BO3MOX-
Hom K[ HenpuHumnuanet.

pachmku puc. 10 1 11 NO3BONSKIOT Tak-
e onpenenuTb paccemBaemylo Ha MUK-
pocxeme MOLLHOCTL — OHa nognucaHa y
KaXKJoM U3 LUTPUXOBLIX NUHWIA. [1ns Halle-
ro cny4yas oHa coctaenser okono 2,5 BT.

Cnepyloimit atan pacyeTta — onpene-
nexHve UHOYKTUBHOCTU NepBUYHON 0BMOT-
KN TpaHcdopmaTopa. 3necb NOMOXET
Tabn. 2 [2]. B Hel npueeaeHs TUNOBLIE

Hus, obecneumBarowmn Heobxo-
OvMble napameTpbl Npeobpazosa-
Tens.

BoamoxHbl, NO KparHen mepe,
YeTLipe BapuaHTa crabunuaauum
BbLIXOAHOIO Hanpshkerus. MepBbin,
cambiit NPOCTOR, COOTBETCTBYET
puc. 13, a, KoTopbIl Haao paccmaT-
pMBaTL Kak fononHeHue K puc. 6.
Kak yxe ykasblBanoch Bhille, Luu-
POTHO-MMNYNbLCHBIN MOAYNATOP

MUKpOCXeMbl obecneqmBaeT cTabu-
nu3auui HanpsXXeHUs Ha Bxoae
«¥Ynp.» Ha ypoeue 5,7 B. Mockonk-
Ky obmoTku Il u Il cesizaHbl Mexgy
coboi, To Npy uaMeHeHUn Hanps-
KEHUS CETU HaNPsXEeHWe Ha Ha-
rpyske Takke crtabunuaupyetcs.
OnHako, NpU U3MEHEHWU Toka Ha-
rpy3Kv UameHeHue NageHus Hanps-

° 3

Harpy3ka

XEeHWUs Ha aKTMBHOM COMNPOTUBME-
Hum obmoTkm |l TpaHcthopmaTopa

Puc. 1
Tabnuua 2 c 13

NapameTp TOP221 | TOP222 | TOP223 | TOP224 | TOP225 | TOP226 | TOP227 MoSBNSETCA TakKe peanbHas BO3MOX-
WHpyxwmeHocTs HOCTb Gonee TOYHO yCTaHaBNUBATL Bbl-
nepeuyHon obmotkm, | 8650 4400 2200 1475 1100 880 740 XOOHOE HaNpsKeHWe U3-3a MEHBLLETO OT-
MKIH HOCUTENLHOIO U3MEHEHUS BLIXOOHOTO
Vnpy keHOCTs HanpsxeHUs NpY U3MEHEHUU YUCna BUT-
pacceanita 175 o0 45 30 22 18 15 ko o6moTku lIl. DT MOXKHO caenaTk Tak-
Nepem-iHOM OGMOTKM. »e noa6opom crabunutpora VD5. Bonee
MKl H TOro, €CfM B KayecTBe CTabunuTpoHa uc-
ConpomeneHue Nonb30BaTh ero perynvpyemblii aHarnor Ha
nepsnyHOM O6MOTKM, | 5000 1800 650 350 250 175 140 ocHoBe MuKpocxembl KP142EH19A (TL431),
MOMm MOXHO OY€Hb TOHHO MOACTPOWTL BLIXOAHOE

Conpowerexme HanpshKeHe Npy 3a0aHHOW Harpyske.
BTOpMIHOM obmoTkK, | 20 12 7 5 4 3.5 3 NyulwMe 3Ha4eHus CTabUNBHOCTM Bbl-
MOm XOQHOTO HaNPSHXEHNS U MUHUMANBHOE

B www.dian.ru
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3HayeHue BbIXOAHOTO CONPOTUBIIEHUS
MOXHO NOJyYUTb, yNPaBnsisl TOKOM Yepes
BX0[ «YTIp.» MUKPOCXEMBI CUTHaIoM, Npo-
NOpPLUUOHaNbHBIM OTKNOHEHWUIO BbIXOOHO-
ro HanpshkeHuss ot 3aaanHoro. BapuaHt
cxembl cTabunusaropa, peanusyoumia
yKasaHHbI NpuHuUMN, npuBeaeH Ha
puc. 13, 8. Obmorka it rpaHcdhopmaropa
T1, avon VD4 u koHpeHcarop C3 obpa-
3Y10T BHINPSAMUTENb C HanpshkeHuem
10...15 B, 310 HanpsXeHue HEKPUTUYHO.
OHo gomkHO 6bITL GonblLUe HanpsHKEeHUs
Ha Bxofe «Ynp.» mukpocxemsbl (5,7 B) Ha
5...10 B, Heobxoaumbix Ans nuTaHKsA go-
TorpaHaucTopa U1.1 ontpona U1.

Mpy NpeBbiLLIeHUK HaNPsHXKEHWs1 Ha Bbl-
xoae npeobpazoBarens cymmbl paboyero
HanpshkeHusi Ha cTabunutpore VD5 u cee-
Toamoae U1.2 ontpoHa U1 (okono 1,3 B),
BKIIOY2ETCS 3TOT cBeToamon u yepes d¢o-
ToTpaHaucTop U1.1 onTpoHa Ha4yuHaeT Tevb
Tok. HanpsbkeHue Ha Bbixoge npeobpaso-
earens ctabunuaupyercs. Pesuctopbl R2
1 R3 obecneunBaloT HEOOXOAWMYIO KPYTU3-
Hy Nepeaaym curHarna paccormacoBaHus Ha
U3My4aloLwMin CBETOAUOL ONTPOHA.

HepocTtatkom BapuaHTa no cxeme
puc. 13, e ABNsieTcs HeoBxoAUMOCTbL NOA-
6opa ctabunurpoHa Ans TOHHOW YCTaHOB-
KU BBbIXOAHOTO HanpPsHKeHus.

HavmMeHbLUMM BbIXOAHBIM CONPOTUBNE-
HueM, Haunyullen cTabunbHOCTBIO U BO3-
MOXHOCTbIO NNaBHOW perynipoBKU Bbl-

XOZHOrO HanpshkeHus obnagaer BapuaHT
crabunusaumm no cxeme puc. 13, e. Cur-
Hanom paccornacoBaHus siBNSETCs aHoA-
Hblit TOK YNTOMUHABLUETOCs BbiLLe perynu-
pyemoro aHarnora crabunutpora DAZ2.
Noka HanpsXeHre Ha ero BXope «Ynp.»
He npeBbllwaeT 2,5 B, Tok aHopa Gyner
MeHee 1,5 MA, a npu goctwkeHum 2,5 B
pesko yBenuvumuBaercs. JTOT TOK TeyeT
yepes ceetoauon U1.2 ontpona U1, B pe-
3yrbTrarTe BbIXogHOE HanpshkeHue npeob-
pasoBarensi crabunuaupyercs Ha ypoBHe
(R4/R5+1)x2,5 B. ConpoTuBneHus pesu-
cTopoB R4 n RS paccunThiBaIOTCS UCXO-
0A U3 Toka yepes genurens (okono 1 MA).
IMoBoir ua peanctopoB R4 1 R5 moxer
6bITb NOACTPOEYHLIM, YTO ObecnedvBaeT
BO3MOXHOCTb TOMHOW YCTaHOBKM BBIXOA-
HOTO HanNpsHKEHUs.

Peauctop R3 nponyckaer HavanbHbIA
TOK aHanora cradbunutporHa DA2, a R2 or-
paHU4MBaET TOK Yepes CBETOAMOA ONTPo-
Ha U, COBMECTHO C KoHaeHcaTtopom C5
obecneumrBaer cTabUnbHOCTb LNy aBTo-
MaTU4YEeCcKOro perynvpoBaHus.

TunoBble NapameTpbl pa3nuYHbIX BapW-
aHTOB cTtabunusayuu npueefeHbl B
Tabn. 3 [2]. B 3roit Tabnrue npuHATLH cne-
Ayoume obosHaueHus: Uy, — Hanpsxe-
HWe Ha BbIXOAle BbINpAMUTENsI ¢ 0BMOoT-
kot {ll, AUqgr — TOYHOCTbL YCT2HOBKM
BbIXOAHOro Hanpskerust, Uqy (U, ) — He-
CTaburnbHOCTL BLIXOQHOTO HanpshKeHus

Tabnvuya 3
U, |AUouts| Your | Uour
B B | % | (U | lound
a 57 10 5 1,5
6 28 2,5 1,5
B 12 5 1 0,5
r 12 1 0,2 0,2

npu konebaHusiXx Hanps>KeHWUsl CeTw,
Uour{lour) — HecTabunbHOCTb BbIXOAHO-
ro HanpshkeHus1 Npy U3MEeHEeHWN TOKa Ha-
TPY3Ku.

[ns nonyyeHusi MakcUMarbHON TOHHOC-
™ 1 HaubBorbluei cTabunbHOCTU BLIGUpa-
€M MoCcNeaHU BapuaHT Cxembl CTabunmsa-
umn. Ins Hero HeoBxoauMmoe HanpsbreHre
Ha Bbixoae BbINpsMMTENsA ¢ obmotkon il
cocTaensier 12 B.

Cepreit Buprokos,
editor@dian.ru

OxkoryvaHue cnedyem

Jlumepamypa:

1. TOP221-227. TOPSwitch-II Family.
Three-terminal Off-line PWM Switch.
<www.powerint.com>.

2. TOPSwitch-1l Flyback. Quick
Selection Curves. Application Note AN-21.

<www.powerint.com>.
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MCTOUHHMKM NTUTAHMSA

JlabopaTopHbIX 650K NUTAHNS

lNpednazaembiti nabopamopHbil 6110k NUMaHUs S61AeIMcs MHO20GhYHKUUO-
HanbeHbeiM rpubopoM. OCHOBHOE Ha3Ha4YeHUe — ebifada cmabunuauposan-
HO20 dsyrionsipHo2o pezaynupyemozo om 0 do 20 B nocmosiHHO20 Hanpsike-
Hust npu moke 0o 1 A, a makxe usmepeHue nompebnsemoz2o omnaxueae-

MbiM yempoUcmeoM Mmoka.

nok o60pyaoBaH ONTPOHHOM cUCTe-

MOW 3aLUuThl OT KOPOTKOrO 3ambl-

KaHWUA C OTKIIOYEHWEM BLIXOL0B
060MX nrney, YTO O4YEHb BaXXHO NPy Make-
TupoBaHu1. Kpome Toro, 6riok moxeT vc-
NONb30BaThCs KakK LpOBOH BONETMETP
(Npv OTKNIOYEHHOM BbIXOAE) C NpeaenomM
vameperus 20 B v TouHocTeo 10 MB. O6a
nneya 6rioka (puc. 1) cobpaHbt No knac-
CHUECKOW CXeMe C NPYMEHeHVeM COCTaB-
HbIX TP2H3UCTOPOB Ha BLIXOAaX U HE Me-
10T ocobeHHocTen. [Ina nutanva QY vc-
nonb3ylTcA ABa OTAENbHbIX cTabunusa-
TOpa, NUTaeMble OT OCHOBHBIX BbINPAMY-
Tenew 6noka. Non6opom peanctopoB R1
v R2 ycTtaHaBnvBaloT BepxXHUM npegen
BbIXOZIHBIX HaMNPSIKEHWIA.

Yanbl 3awuThl cO6paHbl Ha ONTPOHHBIX
napax AO[130A (Bo3amoxHO NpymeHeHVe
onTpoHos cepuv AOT). Uanyuatowyme au-
ogbl oNTONap BKIKOYEHbI NapannensHo
TOKOU3MEPUTENBHBIM pesncTopam R15 u
R18. MNpy Toke cBLIWe 3 A cBeToavOabI

ONTPOHOB BKNIOYaOTCA, a hoToavokl 3a-
MbIKatoT cyeTHeI BXog C Tpurrepa DD 1.1
Ha nrc UCToYHUKa NuTanua 15 B. Tpur-
rep DD1.1 nepekntouaeTtcs B NPOTUBONO-
NOXHOE COCTORHWE. [IMCTaHUMOHHBIM ne-
pexnmoyaTens (nonspvsoeaHHoe pene) K1
Takke NepeKnioyaeTca B COCTOAHWE, Npo-
THMBOMONOXHOE NpeablayLLeMy, ¥ OTKMH-
YaeT Harpy3ky oT Bbixonos 6rioka. MNocrne
YCTPaHEeHUs NPUYMHBI 3aMbIKaHUA Haxa-
TvieM kHoNkn S2 6ok Bo3BpalyaloT B pa-
6oqee cocTosHWe. BTopoii Tpurrep MyKpo-
cxembl DD1 MOXHO vcnonb3oBaTte ANA
nepexioYeHUa NOSAPHOCTY U3MEPUITENb-
Horo npubopa (emecto S4) no nopoGHoM
cxeme. [IMCTaHUMOHHBIN nepekmntoyaTens
K1 PIMC-20 (nacnopt PC4.521.753,
PC4.521.760), nubo PMNC-32 (nacnopt
PC4.520.206, PC4.520.214, PC 4.520.222,
PC 4.520.295) c HanpsikeHvem cpabaTbi-
BaHuA 15 B v Tokom kommyTauwm o 3 A.
BoamoxHO npyMeHeHve AUCTaHLMOHHBLIX
nepexnyarenei v Ha Hanpshkenve 12 B,

T. K. IMMYIbC NEPEKNOYEHVA ANIMTCA OKO-
no 0,5 ¢ v HYUKakoW onacHOCTV ONs perne
He npefcTasnaet. B kayecTse uamepure-
ns PA1 moxeT 6bITb ucnons3oBaH nboii
noaxoasLmMii MMKpOaMNEPMETP C pacciv-
TaHHbIMK ANna Hero pesuctopamv R19—
R22. AeTop npumeHun undpoBoit BORLT-
meTp Ha 6aze AUN KP572MNB2A wu
CBETOAVOAHBIX CEMUCErMEHTHBIX MHaVKa-
TopoB AlNIC32461. HomuHanel pe3ncto-
poB R19—R22 nokazaHbl UMEHHO AnNst
Takoro usmeputensa ¢ npegenom 2 B.

B kauecTBe ONOPHOro UCTOYHWKA Npy-
MEHEH reHepaTop TOKa Ha NONeBOM
TpaHaucTope VT7, paboTtatowem B Tep-
mocTabunbHol Touyke. Pe3auctop R27
nogbupatT crnegyowmm obpasom. K
OBUXKY pe3aucTopa R28 nogknwouaroT
undpoBoii BonsTMETpP € npegenom 2 B.
MNpviknagbiBatoT k TpaHaucTopy VT7 BHa-
Yane xarno pasorpeToro nasnbHuKa, 3a-
TeM Kycouek nbaa v noabopom peavc-
Topa R27 nobwealoTc MUHMMaNbLHOrO
OTKNoHeHuR 06pasLoBOro HanpsKeHWs
1 B. BoamoxHo, 4yTo notpebyetcs noa-
6op pesuctopa R29.

[na nutanma ALN v vHavkaTopoB yc-
Nonb3yeTca OTAenbHbIM ABYNONAPHLINA
ctabunuzaTop. TpaHcchopmaTop Grioka
nuTaHus — yHuduumpoBarHbii TMM269,
HO MOXHO NpyMeHUTbL NGowv Apyro nog-
XOAAWMY MOLLHOCTBI He meHee 60 BT.
bBes smerHeHus npyHLUMNUansHOM CXembl

MOXHQ YBESTMHUTE BLIXOAHOM TOK 10

Yer U+
i

R710x

R11
+158 62k
DA1 W 3 H5B g
—{78L15 |4
]
) 1t
47000| ,
48| |
I
vor.vDe| L2c2 | ca
~220B KO213A 047
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< 7oLi5
by DAZ 4
s\ 4S |f= 0-15
8 -15B0 DA3,DA4
KP140Y/1708
. VDI Yer. U-[3 R10 10k T1% Ki.2
KA213A DAS ~

2..3 A, npyMeHVB COOTBETCTBYHO-
wuin TpaHcdhopmaTop, 0OHako B
3aToM criyyae notpebyercs uame-
HWUTb HOMWHanLI peavcTopoB R15u
R18.

Heckonbko cnoe o geransx. B ka-
YyecTBe peryrnvpyrLmx pe3vicTopoB
R7 n R10 xenaTensHo ucnonb3o-
Batb Cl5-35 vnu CMN5-39, kotopble
NO3BOSAIOT yCTaHaBNVBaTb BbIXOA-
HOE HanpsHkeHue € TOYHOCTbIO
10 mB. Pesuctopbl R20 1 R21 —
MHoroo6opoTHele CI15-2, R15,
R18 — C5-16. B kayecTBe KOHAEH-
catopoB C18 n C19 Heobxogumo
NPUMEHATL MeTannonneHouYHble

~8B8[ -8B

Ui2]3

SZl
)

oall
S

Puc. 1

1 5 ) K73-16, K73-17. [Ins BbIXOOHLIX
+Up IDAT] a1 § —Ja1U3
RIOIM g S1EN | KEIS TpansuctopoB VT3, VT4 ucnonb3y-
= Vs cl :_ '_gcl B (39 4 eTca ofmid paavaTtop nnoLwaabk
o ~ ~
—oe0 20! e a9 758 500 cm2, ycTaHOBINEHHbIN Ha 3aaHei
= i nle ] 2l 2 cTeHke Grioka. TpaH3ucTophl ycTa-
5 |17 7 1
g |z e °; =1 19 HOBMEHbI CO CMIOAAHLIMU NPOKNaa-
" 36 e2lt] Kamu
1B ol <1 b2 U .
— 1 18] <] |2 HanaxveatoT 6riok B cnefytoLLem
s, 2] ol ez Yy
27k 2l ISl e Fafcs 22 nopsinke. K BbIxofy 0OHOro U3 nnev
cBo,, coMagl 1 =1 gg% NOAKMOHaI0T LMPOBOM BONETMETP
" 21 e 2 Kknacca He Huwke 0,1 v NOACTPOMKOM
a3z
Soreon Plar| | Ele] FHe peavctropom R20 nobueatotes co-
—2{az 3 % o BMafieHVs NOKa3aHUi Ha UHOUKATO-
C190.047 40f 504 :; i8] [3] :; pe 6rnoka c obpa3uoesIM Npubopom.
a2 L1 3% osca 13 % '_g b |39 To xe camoe genaloT Ans BTOpOro
o 38} 5scy bgi el [ ggg 6 nneva. B cnyvae camoBo3byxoeHus
] w2 F2lss 2 @ | OAHOro 3 nrey napannensHo peav-
g3 2 ctopaMm R8, R9 nogknto4aloT KOH-
AeHcaropbl emkocTbio 0,01 M.
% b U
1] ;:g 2 Bopuc Kotnskoe,
= ttl@mail.kemtel.ru
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MUCTOUHUKM MTUTAHUNA

B www.dian.rv
MukpoMoLUHbIK cTabunusarop e ‘
HanpsHkeHust o e
B Hacmosuwee epemsi HEKOMOPbIMU chupmamu 8bIfTyCKaroMCa MUKPOCXeMb! 3:; | // 1

NuHeUHbIX cmabunu3amopoe HarnpPsKeHUs, uMmeroujue cobCcmeeHHbIl MoK
rmompebreHus HeCKOMLKO mMukpoamriep, Harpumep, ICL7663, ICL7664,
MAX663, MAX664. K coxaneHuro, makue cmabunusamopel 6ce eule oc-
maromces mpyodHodocmyrHeiMu, 0cobeHHO Ona paduonobumenet. Aemop
npednazaem rpocmodi cmaburnusamop ¢ MallbIM MOKOM rompebreHus,
cobpaHHbI Ha OUCKPEeMHbIX KOMITOHEHMEX.

CNY ANsi KaKoW-NMB0o KOHCTPYKLWK,

0CoB6eHHO C aBTOHOMHEIM fNTaHK-

€M OT ranb3aHN4ecKkuX ANEMEHTOB
UNn akkyMynsTopos, Tpebyercs Hu3ko-
BONBTHLIM CcTabunuasaTop HanpshKeHvs ¢
TOKOM cOBCTBEHHOIO noTpebnenuns He
6onee 10 MKA BO BCEM OyanasoHe name-
HEHWSI HArpy3ku, ero MOXHO BbIfIONHUTD
Ha OUCKPETHBIX KOMIOHEHTaX f10 CXEME Ha
puc. 1.

rpaduke, npyBeneHHOM Ha pyc. 2. Ecnm
Tpebyerca Gonee BblcoKkas cTabunb-
HOCTb, pe3vctop Ri cnegyer 3ameruTb
Ha aBa nocnegosarefibHo BKNIOHYEHHbX
C fIPYMEPHO 0ANHAKOBBLIMY CONPOTVBNE-
HusMM, a Mexay obiliuMm npoBodoM M
TOYKOW COEAMHEHUsi 3TUX PEe3nCTOPOoB
BKNIOYUTE 06parHocMeLLeHHbI aMnTTep-
HbI# fiepexod MasIoMOoLLHOro BunonspHo-
ro TpaHaucTopa, Hanpumep, cepun

KT315, KT3102,

KoTOpbIA Byner
paborark B pexu-

* * * O+ Me crabunurpo-

_L = Ha. Ans BbIxo4-

HL1 HOIO HaNPSYKEHVS

;0,047 MK | AN307EM 3,3 B Heobxopu-

6 HzB())( B CS ‘3’%*"* Mo nofo6parb
’ 0,047 Mk ’

TPaH3NUCTOP C Ha-

100 mk l

fIPSKEHVEM PO~
6os okono 7 B.

Puc. 1

c2 vre R2 i _J'+ c6
0,047 MK T KMS01A 1™ -
o ! .

Crabunusarop noCTpOEH Ha LIMPOKO
pacnpocTpaHeHHBIX oNeBbIX TPaH3NCTo-
pax ¢ M3oNMpOBaHHBEIM 3aTBOPOM ¥ MHAY-
LMPOBaHHBIM KaHanom n-Tuna. BuixoaHoe
HanpshkeHue 3aBUCUT OT IOPOrOBOro Ha-
NpsbKeHunst 3aTBOP-UCTOK NOMEBLIX TPaH-
3ncTopos U, B Bonblien cTenenu, oT na-
OeHvs HanpspkeHus Ha ceetoavone HL1
fpy Toke nopaaka 2 MKA.

Pa6Gotaer aror crabununsarop Tak.
Ecnu HanpshkeHne Ha BbIXoAe MO KakuM-
NGO NpUUNHAM HauKeT yBenuunBaThbCs,
3TO NPUBELET K BO3pACTaHUIo Hanpsixe-
Hus Ha 3areope TpaHauctopa VT2. B pe-
3ynkraTe 3TOr0 CONPOTUBNEHNE KaHana
CTOK-UCTOK VT2 yMeHbLWTCH, YTO NO-
Bneder 3a cobo¥ ymeHbLLieHue Hanpsi-
XeHus Ha 3aTteope TpaHaucropa VT1.
Tak kak aror TpaHavcTop pabortaer B pe-
JXMME UCTOKOBOIO OBTOPUTENS, YMEHb-
LIeHWe HanpsXeHus Ha 3aTsope fnpuse-
[IET K YMEHbLUEHWIO RanpsiKeHUsi Ha ero
vcroke. Takum o6pa3om ocyLlecTBnseT-
csi cTabunusayyvs BLIXOLHOIO Hanpspxe-
HUS.

Mpwn BxogHOM HanpskeHun 8 B cra-
6unusaTtop norpebnser ToK oKono
4 mkA. UameHenve Toka Harpy3ku ot 0
00 40 MA npuBOANT K YMEHBLLEHWIO BbI-
XO[HOTO Hanpskenus He Bonee, Yem Ha
0,3 %. 3aBMCHMMOCTL BLEIXOQHOIO Hanps-
XEeHUsi OT BXOAHOro NpeacTaBsneHa Ha

19

Ecnu Ttpebyercs
Gonbluee BbIXOOHOE

325

31

o
~N
©
3

13 15 Ug, B

Puc. 2

MOMXHC MEHBLLLVM fIOPCTOBLIM HAMPSHKEHN-
€M 3aTBOP-VICTOK.

BriBoab! 6NOKMPOBOYHLIX KOHOEHCATo-
POB ¥ IPOBOAHVIKY, AYLUME K HAM, JOMK-
Hbl BbITb MUHUMANBHOM OfWHbI, WHadve
BO3MOXHO BO3bByxaenve crabununsaropa
Ha YacToTax A0 HeCKOSMBKUX COTEH KWUMo-
repu,. Tak Kak ynpasnsiowme TOKn oHeHb
Marnkb!, B HEKOTOPbIX Ciy4Yasx Ans ycTpa-
HEHWUS BIIMAHVA BHELWHWX HAaBOOOK MOXET
notpe6osaThCa 3KpaHvposka cTabunmnaa-
Topa.

Anpgpen ByToB,
editor@dian.ru

HanpsaXeHue
(5...12 B), BmecTO
opHore ceerogvoaa
HL1 moxHO BKNIO-
UATb HECKONBKO CBE-
Toguonos v (Unu)
MarioMOLLHEIX Kpem-
HUeBbIX guoaos (ce-
pwi K512, KO521,
K0522), BKNOHEHHBIX
nocnegosarenbHo B
fIPAMOM Hanpasne-
HuK, NMMBo ncnonb3o-
Barb nepexon 6asa-
amuTTep nopobpan-
HOro 3K3emnnspa
TPaH3nCTOopa B peXu-
mMe crabunutpona.

C ykasaHHbIM Ha'

CXeMe TUNOM TpaH3au-
cropa VT1 pacceu-
Baemasi Ha HeM MOL-
HOCTb He [ofxHa
npesbiwars 100 mBT.
Ecnu HyxeH 6onee
MOLYHbIV cTabunuaa-
TOp, B Kauectee VT1
cneflyer yCcTaHOBUTh
KN744C wnmn gpyron
TpaH3ncTop ¢ BO3-
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MCTOYHNKM MUTAHUR

BbiCOKOBOJIbTHBIM MCTOHYHUNK
nUTaHns Ha Nbe3oKepamMnyecKom

TpaHcopmaTope

B cmambe npugedeHo onucaHue npakmuyecKUX CXem 8bICOKOBOMbIMHbBIX
LICIMOYHLKOG NnuUmanusi ¢ HecmaHOapmHbim cnocobom nodaqu cugHana Ha

nee3ompaxcghopmamop.

py 0BLMX TEHOEHUUAX CHWKEHUS

NUTaKLLEro HanpsiKeHusl cospe-

MEHHBIX 3NEKTPOHHLIX YCTPOICTB
OCTaloTCA OTAENbHbIE 3aaa4qu, ANs pelle-
HUS KOTOpLIX TPeByIOTCA UCTOUHMKY Bb!-
COKOIO HanpsiXeHusi Nopsigka eauHuy U
DecATKoB Kunoeonst. Knaccuueckui nog-
xof, chopMUpOBaBLUMIACA Ha 3ape pas-
BUTUA papUOTEXHWUKK K B OanbHeEWLIEM
npeTepneBLUniA, B CYLUHOCTH, HE3HAUK-
TeNbHble U3IMEHEHUSA — ATO 3NeKTpomar-
HUTHOE YCTPOMCTBO (KaTylka MHOYKTUB-
HOCTH, TpaHcdopMaTop) C y3NOM yrpas-
NEHUEM Uy, B HACTHOM cny4ae, 6e3 Hero.
Mpu BCEX OMEBUOHBIX BHIOAAX U [OCTOMH-
CTBax 3TOMY NOAXoAY NPUCYLLM n HepgocTaT-
KM, Takue KaK 3HauuTenbHas TPY/JOEMKOCTb
M3rOTOBNEHMA U BbicOKas tieHa. Ha atom
¢oHe NnpUMeHeHne MHOrOCNOVHBIX NbE30-
ANeKTpUYeckux TpaHcdopMaTopoB Cynut
3HauuTenbHble Beiroael. OgHako, Haao 3a-
METUTBL, YTO JONToe BPEMS UX BHeLOpEHVe
caepxuBanoCck OTCYTCTBUEM BbiCOKOKade-
CTBEHHOW Nbe30KepaMuKki ¢ Heobxoaumbl-
MU arekTpoduanueckummu ceorcteamu. B
HacTosiLLiee Bpemsi MHorve npotnemel pe-
LIEHb!, ¥ He cyllecTByeT ocobbix npensiT-
cTBUiA Ans 6onee WKPOKOrO BHEOPEHWs
nbLe3oTpaHcgopmaropos. B kavecTae npu-
Mepa HKe OnucaHbl NpUMepbl YCTPOWCTB,
HECKONBKO OTNIUMYHBIX OT TPaAMLIMOHHBIX,
ONsl ynpaBneHus Nbe3oTpaHcdopmaropa-
mu [1] n noseonstoLLme NOTy4nTL NOCTaTON-
HO XOpoLKe XapaKTEpUCTUKM.

Ha puc. 1 npuBepeHa cxema BbLICOKO-
BONLTHOFO BNOKa NUTaHKUS, OTIMHKUTENBHON
0co6EHHOCTLIO KOTOPOIO AIBMAETCSA OTCYT-
cTBMe Lenu obpartHoi cesAau. [leno B ToM,
410 NOBGPOTHOCTL BLICOKOBOMNBTHBIX Nbe-
3oTpaHcopMaropoB, paboraloumx, Kak
npaeuno, B pexume, 6nmskom K Xornocto-

ynpaensoLMi curHan ansi nbe3oTpaHc-
dopmatopa. Ero BpemMeHHasa guarpamMma
npeacTaBneHa Ha puc. 2. [ins nosbiweHus
Harpy3o4Ho#i cnocobHoCTH norudeckue
anemenTthi DD1.3, DD1.4 1 DD1.5, DD1.6
coeguHeHbl nonapHo napanneneHo. B ka-
yectBe TV1 ucnonbaoBaH MHOFOCMOWHBINA
nee3otpaHcdopmartop TMNIOM-9. YMHoxK-
TEeNb HaNpPsDKEHUS1 BLINOMHEH MO U3BECT-
HoW cxeme. Hucno cTyneHen yMHOXeHUs!

My Xofy, MOXeT focTuratb
1000, v npy BO3KENCTBUM BHE-
LHMX (hakTOpPOB BO3MOXEH He-
YCTOW4MBLIN MYCK, CpLIB BO3-
6yxpeHus unu paborta Ha
rapmoHukax. MNoatoMy ons

Boix. 5DD2.1

= t

nopnepXaHusa ctabunbHbIX
BbIXOOHbLIX NapaMeTPoB BBOAAT
pasnuyHble wenu obpaTtHon
CBfi3K, NPOEKTUPYHOT Nbe3oT-
paHcopMaTopkl CO cheuuarb-
HoW cexument. Becero atoro Ha

Beix. 6 DD2.1

cxeMe, npencraeneHHon Ha

pvic. 1 Het, a npobrnema obec-

neYeHus cTabunbHbIX BLIXOA- Puc. 2

HbIX NapamMeTpoB peluaeTcs
BBEleHMeM KayaHus YacToThl B 3a4at0LLEM
reHepaTope, BLINONHEHHOM Ha NOMYecKUX
anemeHTax DD1, DD2. Mpu nomotuy nog-
cTpoeyHoro peauctopa R5 3anaior vacro-
Ty, paBHyto yOBOEHHOMY 3Ha4YeHuIo pe3o-
HaHCHOM YacToThbl Nbe3oTpaHcdopmaTopa
(82...84 k'y), a peanuctopom R2 ycraHas-
NUBaKT ee KauaHve B npesenax 5 %. Ha
Tpurrepe DD2.1 sbinonHeH penuTens Ha
nea, Ha Bxof R kotoporo nopatorcs yn-
paBnsoLe UMNyrbChl C HA3KOHacTOoT-
HOro reHepaTtopa, BbINONTHEHHOIO Ha

BLIGUPAIOT ucxoas u3 TpebyeMoro BLIXo-
HOFO HanpPsHKeHUs.

Mpyv BLIXOOHOM TOKe NOpsAKa eauHULL
MUKpOAMIEP C KXW CTYNeHU yABOEHUS!
MOXXHO MOJTYHUTb BEIXOOHOE HANpsHKeHUe
He meHee 1 kB.

Ha puc. 3 npeacraeneHa cxema 6noka
NUTaHKsi, B KOTOPOM aHanornyHeIi anro-
pPUTM peanusoBaH Ha MUKDOKOHTpoONIe-
pe KP1878BE1. Pe3aoHaHcHas 4dactoTa
yCTaHaBNUBAETCA Npu nporpamMMuposa-
HUKM MUKDOKOHTpONNepa, a CKBaXHOCTb

Tpurrepe DD2.2.
OHu obecneuunsa-

1T peErynuposaHve
CKBaXXKHOCTU nayek
MMNynLCOB yrnpas-
NALWEro curkana
U, Kak crnencreue,
HanpsXeHus Ha
BbIXOAE YMHOXUTE-
na. Takum o6pa-
30M, Ha BhHIXOge
DD2.1 dopmupyet-
cs npoTreodasHbli
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nayek UMMynbLCOB, ONPERENSIOLLYI0 Bbl-
XoOHOe HanpsKeHwe, 3aal0T Npyu NoMo-
wm nepeknodareneit SA1 u SA2.

Takum 06pasoMm, NpUMeEHeHUe anemMeH-
Ta (PyHKUMOHANBHOM 3NEKTPOHMKK, KakuM
AIBNAETCA Nbe3oKkepamudyeckuit TpaHc-
dopmartop, obecneqnBaeT ynpolieHue
KOHCTPYKUMK, MOBLILLEHWE TEXHONOMYHO-
CTW U3TOTOBNEHWSA, NOBLILEHME HaEeXHO-
CTU Npu OBLLEM CHWKEHWUM 3aTpaT Ha Npo-

M3BOACTBO.
AnexcaHap MeaBsenes,
Anexcangp Kucnskos,
asu@romz.ru

Jlumepamypa:

1. A. A. Epocbees, I A. [laros, B. H. @po-
nios. [Nbe3okepamMudecKue mpaHcghopma-
MOopb! U UX NPUMEHeHUE 8 paduoasieKmpo-
Huke. — M.: Paduo u cses3b, 1988.
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CnyXeb6HbiU BXO BbICOKUX
TexHonornn unun 1-u naBuJiboH

bl paccranuck ¢ Tobown, yBaxae-

MbIM uuTaTens, TpU Mecsya Ha-

3aj nop WopoX NajatoLmnx fnc-
TheB HOBO3ENaHACKOro knewHa. Mnags Ha
mobeaHble Hawemy cepaly CunukoHo-
Bble XONwbl, Mbl 3a4apOBaHHO CTOSMU
nepeqn BXOOOM Ha BbiCTaeky. Jlerkun yr-
peHHUIn 6pu3 Mypnbikan nonysabbiTble
MENOAMU, COHHBIA BO3AYX MATKO OT3bIBart-
cHA Ha OBWXEHUS pyK. 3anax Bepecka U
TOPSIHUKOB. .. ITOT NPUALIMITEHHBIN apo-
MaT HEBO3MOXHO NepenyTaTh C 3anaxom
pycckoid ocenn. I1o xe Scotch Whisky,
HacToALmMK woTnaHackun Bucku! OTkyna
3aeck? Ax oa, B camorneTe pacckasbiBa-
1M © CTPALLHBIX NECHbIX NoXapax B ABCT-
panuu. ATUM He NPEMUHYINU BOCMNONb30-
BaTbCs BNagenbLbl Menkux ¢upM, npo-
W3BOASALLMX KPENKUE CNUPTHBIE HAMUTKW.
OHM NpU NOMOLUM pacnuinuTenen pas-
6pbI3rvBany B BO34yX HU3KOCOPTHLIE Map-
KU BUCKU U TYT e nocre ero céopa c nuc-
TeEB NasrbMbl XOiis pasnueany B Sy ThINku
C U3BECTHOIN BCEMY MUDY STUKETKM Scotch
Whisky. «3nble s3bIKM yTBEPXAKT, —
nogenurica «HenpoBeperHon UHopMa-
Luuen» Kpacaeeu-cTioapn ¢ nenenbHou
KOXEW, — 4TO HEYUCTOINITOTHBIE HA PYKY
dabpukaHTbl, Camu U YCTPOUIU NOXapbi».
YyBCTBO HepeansHOCTM NPOUCXOASLIEro
yeunuean nnakar «Welcome to BDHX».
Mopgnuce BHM3y — Back Door Hitech
eXebition — He nomorna obpecTtu rno4sy
noa Horamu. OBypeBaemeie COXHbLIMU
4yBCTBamy, Mbl BOLLUMKW BO BNaJEHUA CO-
BPEeMEHHbIX KOngyHoB U BoniueGHUKOB.
BeictaBka «CnyxebHble BXoabl BbICOKUX
TEXHOMOrUK», @ UMEHHO Tak NepeBoaUTCA
HasBaHue, NPOBOAUTCS yXe He B NepBLIn
pas. Ha aTux exerogHeix copymax He Ebl-
BaeT MMraHToB MHOYCTPWM, 30€Ch He pas-
0aloT msAHUeBbIx OyKneToB ¢ guarpamma-
MU 13 yuebHuka ®. Kotnepa, He Npou3Ho-
CAT HarbIlEHHbIX peyeln 0 dyHOoameH-
TarnbHbIX UCCIENOBaHUSIX, CUCTEMHOM Me-
HeDKMEHTE U NyTsX pa3sutus. Ciopa ches-
KaKTCH «CUHWE BOPOTHUHKWU» — JIIOOW,
penarwowme Hitech ceoumum pykamu. Ovm B
noBoit MOMEHT roTOBLI pacnaxHyTh «3aa-
HWe fBepw» cBoUX naboparopuin U paccka-
3aTk 06 yauBUTENbHBLIX U30BpETEHUsX OT
nepeoro nuua. bnarogaps um mMup yaHan
MOASIMHHYIO UCTOPUIO MHOTUX OTKPBITUIA —
OT BbICOKOTEMIMEPATYPHOIN CBEPXMPOBOAU-
MOCTU U YIMepoaHblX HAHOTPYBOK [0 Tex-
Hornorum «6erytuero nonHoro nyqa» (RIB).
Raberas Brepeq, OTMETUM, 4TO pacckas 06
u3obpeTeHuu nocnegHen Hac u3psaHo
nozabasun. Monopoir nabopanT, npea-
CTaBnABLUMIA KoMINaHuto Sceptre Electronic
(r. MoHmyT, Yankc), noseaan o cnocobe
yBenuueHusi GbICTPOAENCTBUA TpaH3uc-
TOPHBIX CTPYKTYP NOCPEACTBOM HEpaBHO-
MEPHOTO NErMpoBaHUA NMonynpoBOAHWKO-
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«He sudswjul, 0a ycnsiuwum.
He crbiwawud, da ysudumi»
3 ApeBHBro MaOpUNCKOro anoca

BbIX KaHanos. [ns opraHMsaLMu Npoums-
BoACTBa ObICTPOAENCTBYIOLLUX TPAH3UCTO-
poOB KoMnaHWew paspaboraH MeTo[ neru-
pOBaHWsi KPEMHUSA CIIOEM, BapbUPYIOLLIMM-
cs no TonwwmHe ot 20 go 100 M. Ucnone-
3oBaHue «Berywiero nonHoro nyya» (RIB)
NO3BOSIAET NONYYUTb NOMYNPOBOAHUKK C
BONMHOOOpPAas3HoN CTPYKTYPON, BLICTYNaw-
LIEW B PONMU MUKPOHHOW Macku, Kotopas
obecneyvBaeT MONEKYNsApHYO camoopra-
Huzaymwo. [Npaeaa, nogobHbI MexaHu3am
[Onsi NPOW3BOACTBA NPOBOAHUKOBLIX MaTE-
puvarnog, ucrone3ayetcs «bopmanH 3Ha On-
ccoH Octerenbn flabe» ¢ 1996 r. («Cxe-
mMoTexHukay, Ned, 2001).

«Hukakux hyHoameHTaneHBIX Uccneao-
BaHWil Mbl HE NMPOWU3BOOUNUY, — 3aABUI
Ponanba Tannep. OgHapkAbl BEHEPOM, Kor-
[ia BeCb Hay4HbII NEpCoHan yxe pasowen-
s no fomam, POHHM peLumnn Hanyrars CBOKO
noapyxxy LLepunn y>xacHsim 3penmiiem —
yBenuueHHbIM U3obpaxeHnem TapakaHa.
OH BKJHOUMN BBICOKOE HanpshkeHWue, nura-
I0LLIEE Kamepy MOHHOMO MUKpOCKONa, U C
MHTEPECOM YCTaBUIICHA Ha OWUCTINEN MOHU-
Topa. Ha skparax 6bina kapTa He3HaKoMo-
ro ropogda. lopop Haseiancs Celeron-300A.
Ponuu u LLep B3sAnuce 3a MaHUNyNsATopbl
CKaHUpPYIOLLETO MEXaHU3MA U CTanm nyTe-
LeCTBOBATL MO NabUpUHTY ynuL, urpas B
NPATKU U mopckon Boi... YTpom cnenyto-
LLIero [HSI OH NPOCHYIICS 3HaMeHUTBIM. Emy
yaanock NoBbicUTL ObICTpOAENCTBUE AOpa
npoteccopa MeToAoM NerMpoBaHnuA Kpem-
HUs BeryLym oHHBIM Nyvom BTpoe! Ta-
kum o6pasom, RIB-texHonorum, Hapsgy c
OpYrMM nepcneKkTUBHLIM HanpasneHuem,
TakuM Kak TEXHOMOTMA HanpsHKeHHOro
kpemHus (strained silicon unm unaqe SiGe),
obeLlaloT crarb (haBoOPUTOM «TOHKU rura-
repues».

Bnpouem, Bce 310 BLiNo Bnepeom, a
noka...

Heckonbko yTomneHHele Tectamm Hu-
una [JpaHkensi, Mbl JOMTO HE MOITN BbIG-
paTk HadarnbHyo ToHKy oTcyeTa ocmoTpa
akcnoauuuii. Cammx naBunsoHoB BwINo
NpeBenMkoe MHOXECTBO, NpU4eM MHOTUE
6LINKU BLICTPOEHB B TPAAULIMOHHOM CTU-
ne abopureHoB. TyT 6binu cTpoeHus,
ohopMeHHbIE B BUOE XWKWH, Bbinu U pu-
TyanbHbIe NAOLLAAKMW C THEBLLIWM KOCTPOM
nocpeaune. HenpemeHHbi arpubyT cTo-
SAHO4HOIO KoCTpa — pasorpetasi Kameh-
Has nnWTa, Ha KOTOpoW FOTOBAT nuLly.
Bornblive KamHWU BOKPYF KOCTPULLE, AMbI
CO CBALLEHHON BOAON 4yTb noofdank oc-
BEXUINU HaLLWU BOCMIOMUHAHUA O nereHaax
u3 anoca «Tama Te Kanya». IHCTUHKTUB-
HO B3MAHYB Ha HeBO, mMbl B ouepeaHon
pa3 ybegunuce, 4TO OHO KPUCTarbHO YK~
cT0. BHe3anHo nocnbiancs nerkui Wwu-
MSLLUWIA LLENYOK, B yLIaX 3a3BeHeNo, U 3ak-
pyxunace ronoea. Ml yBuaenu, kak c

Heba crana nagaTth Gonbuwas 6abouka.
OHa yxe He nopxana Kpbinbilikamu, a
TOMBKO MeANEHHO NOKa4UBASICh B CMOKOW-
HOM BO3QyXe, Onyckanacbk Ha 3emrio.
«ChoKyCUpPOBAHHBIN YNbTPa3ByKOBOW
umnyrnscl», — npoHecnock B ronose. Ho
oTkyna? AmepukaHckue cneucnyxoul?
HenaBHO OHW UCMbITaNW 3TOT [OBOSMBLHO
HeoBbI4HbIA BUL, BOOPYXEHUs, HO 4TO UM
nenarb Ha MUPHOM BeicTaeke... Paspewu-
1o 3TOT Kackaj BONpPOCOB CTPaHHOE XW-
BOTHOE, KOTOpPOE Mbl NMoHauarny npuHau
3a MOHYMEHT, KaKMx Ha BbicTaske 6biio
MHOXECTBO. Ero s3eik nogobHo monHuu
METHYICS K napatoLLien 6abouke, u cnycTs
NONU CEKYHAb! OHO ONSATL 3aCThINO KaMeH-
HeiM u3BasiHuem. Triheratops cristatus,
Tpurepatonc rpebeHuarsii, NPo3BaHHbIN
TaK Ty3emLamMu 3a CBOK HafoeAMBOCTD,
HenpeMeHHbIA CNYTHUK U MOCTOSAHHLIN
rocTk BCcex cTosiHok abopureHos. Heyu-
BUTENBHO, Y4TO Mbl NPUHANM €70 38 KaMeH-
HYIO CTaTyI0, €r0 [11a3a NOCTOSAHHO NPUKPbI-
Thi BEKAMU, U GOTNBLLYIO HacTb BpeMeHU OH
npoBoaMT 6e3 ABWKEHUSA. ITO yHUKANBHOE
XMBOTHOE HaXOA4WTCA Ha IpaHu BeimMUpa-
HWUA U3-3a TEXHOTEHHOIO BO3AENCTBUA He-
rnoeeka Ha npupogy. [leno B Tom, 4To Tpu-
repartorc OXOoTUTCS «Ha cnyx». Ero rmaasa,
BCerna 3akpbiTble Henpo3spaqHon mMemt-
paKoii, B npouecce 3BoMoLUmM Nnepeponu-
MNUCb B Camblli COBEPLUEHHDbIN Ha MnrnaHe-
Te KoMnnekc ayauoBuayanusauuu. B
OTMWYME OT NETYUUX MbILLEN, «BULALLINXY
OTPaXeHHbIW YNbLTPa3ByKOBOW curHan,
TpUreparonc «BUAUT» HEMOCPENCTBEHHO
WCTO4YHUK 3BYKA. OpraHom Bu3yanusayum
3BYKOB CIy)aT BekM, cpociiumecs ¢ hace-
TouHbIM rnasom. OHU OercTByOT nofod-
HO MUKPOKaHarnbHbIM NNACTUHAM B 3MEK-
TPOHHO-ONTUYECKUX YCUIUTENAX, obpasys
NPOTSHKEHHBI MHOTOTOYEYHBI NPUEMHUK
3BYKOBOTO faBneHus ¢ chazosom o6paboT-
koi. OrpomHble, € YaiHele 6roaua, ma-
3a o6napatoT nopasuTenbHOW 4yBCTBU-
TENBHOCTBIO, B HEM MBI MOTTIU YEEOUTLCS.
ATakyeT Tpureparonc ynsTpasByKoBbIM
Ny4yoM, OrMyLIan HaceKoMbIX, MporneTao-
LwMx Hag HUM, CoBepLUEHHBI OXOTHUK B
VKo npupoge, B NpUCYTCTBUM HernoBe-
Ka, BOOPYXEHHOTo A0 3y6oB 3neKTpoHu-
KOM, TPUrepaTonc CTAHOBUTCS 3aroxHU-
KOM CBOWX BO3MOXHocTel. CambiMm
CTpawHLIM €F0 BParom CTanu He netyune
MbILLMW, @ TYPUCTBI CO CBOMMU paauonpu-
eMHUKamu U marHutocoHamu. XKueylume
B MUpE pearbHbIX UCTO4YHUKOB 3BYKa, pert-
TUMUU MOMHOCTBIO [e30PUEHTUPYIOTCS,
Korna MOSIBNATCS KaXyLMe UCTOHHUKU
3Byka (K/3). Mpu BocnpouaBegeHun Mo-
Ho(hOHUYECKUX 3anUcei UNU TPaHCTALUKA
KW3 HaxoguTcs B LeHTpe akyCTU4ecKoro
arperarta. 910 coBepilueHHo besobuaHas
cutyayus. [pu BocnpoussefeHun cre-
peodgonuueckux 3anucen KU3 nosuumo-
HUPYIOTCS 3a NpefenamMu arperara, u sTo
BbI3BIBAET Y XXMBOTHBIX CUIbHENLLINIA OWUC-
komdpopT. TpurepaTonc NbITAETCH Mory-
YUTb KApTUHY NyTeM aKTUBHOTO CKaHWPO-
BaHWA MpOCTpaHCTBa YNbLTPA3ByKOM U
nosny4aeT HeCooTBETCTBUE UHGIOPMALIUK,
nony<eHHOM Pa3HbIMK cucTemami. Y ve-
noeeka nogobHoe HecOOTBETCTBUE, Ha-
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npuMep, 3pexHne-BecTMbYNspHLIR anna-
part, Bbl3biB2ET MOpPCKYIo GonesHb. [Mocne
TakoW BCTPEYN XXUBOTHOE LIENYIO HEAEMIO
HE MOXET HOPMaInbHO OXOTUTLCS, a Hesa-
[aunuBbie MenioMaHbl NMony4aloT CUNbHOE
PpaccTpoCTBO Cnyxa OT MOLLUHbIX ynkTpa-
3BYKOBbIX LLEM4YKOB.

lMocne MHOrOUMCNEHHBIX MHLUMOEHTOB
TP MMHUCTEPCTBA — 34pPaBOOXPaHEHNS,
oxpaHbl OKpy>XaloLleit cpeabl U CBA3N —
paspaboTanu COBMECTHYIO NporpaMmy.
Tenepb paavoBelLaHne B TEX paitoHax, e
€CTb TpUrepaTonchl, OCyLlecTBNAeTCA
TONbKO B MoHOpexume. Npn Bbe3ne B Ha-
LMOHAmNbHLIE NapKn perynsitopbl rPOMKO-
cmi, 6anatca u WuprHbl cTepeobasbl Ha
BCEW ayauoannapaType orneYaTbLiBaloTcs
erepamun. Bce Hocutenm aBykosanuen gon-
XHbl UMETb HaKnenky ¢ n3obpaxeHuem
Tpurepatonca B Macwwrtabe 1:43 v nogpob-
HYI0O MHCTPYKLMIO Ha Cny4ait BCTpe4n ¢
HUM, 3aHumatoLlylo He menee 15% nno-
waau ynakosku. Ocobo crtporoit perna-
MeHTaLMmn nognexar 3anvucu, copepxa-
LLME 3BYKM XMBOW Npypodbl B Niobom suae.

3Tk cTporve npaeuna He NO3BOMNUNK
HaM OLEHWTb B MOMHOW MEpE 3Ha4YeHWE
OTKPLITUSA, KaK 3TO MPUHATO MOBOPUTD, «Ma-
TEHTa NpUpoabI» — YCTPOICTBa BU3yanu-
3aLun 3BYKOBLIX BOMNH. PaspaboTtumnku Ha-
3Banu ero «rnasoM Tpurepartonca» —
Trihereye. Mmp-meremxep no nvenn Ae
MaTyy o6bsichnn Ham, uTo ouku Trihereye
copepxat Aea cnos nnexkn. HapyxHas
CBEPXTOHKaA MembpaHa CryXwT npueMHmn-
KoM AaBnexuns. Mexay cnosmm Haxoaures
aHM30TPOMHLIN renb. o fencTenem pae-
neHus BTopas, AUXponyHas, NreHKa, name-
HSIET YTON BpaLLEeHWA MIIOCKOCTK Nonsipu-
3aumm. B pesynsrate cnywarens MoXer
BULETL BOMHOBYIO CTPYKTYPY 3BYKOBOFO
nonA. 3 deKT 3HaUUTENBHO YCUNMUBAETCA
npyt Hanu-MK B BO3[lyXe B3BECW BELLECTB,
CnocobHbIX BpalLaTb MOCKOCTb NoMApu3a-
LMK, TaKMX Kak pacTBop CrvpTa unu caxa-
pa v LOMOMHUTENLHOR MOMAPU30BaHHON
MOLCBETKM, HaNpUMEP, COMNHLLEM UNy nase-
pom. Mg noceToBan, YTo B 3TO BpEMS roda
13-32 @KTMBHOCTU XVBOTHbIX HEMb3s MpPO-
BECTU NofHomacLuTabHyto npesexHTauwo. K
cepefvHe aBrycta OHK pacronsalTca no
HOpaM, U Ha 3TO BPEMA HaMEYEHO FpaH-
Omo3Hoe Loy ¢ yvactmem XXan-Muwens
XXappa, Pink Floyd, JloHpoHckoro cumdio-
HUYECKOro OpKecTpa 1 ApYrux 3HameHUTo-
cteir. KomaHay crneLyanucTos ayquoBU3y-
anusauuu BO3rNaBUT nereHhapHbii
pykosoauTens Kb «pometeit» Bynar lMa-
nees, COIMAaCcUBLUWMIACA HEHaAOMNIO MOKK-
HYTb CBOIO noa3emHylo nabopatopuio B
KasaHckoMm aBvaLMOHHOM yHUBEpCUTETE.
Ha Bpemsn atoro cdectmeansa Ae Maryuy
haxe CMEeHUT ceBoe umA Ha roppoe Ea
Ma6yTy, 4TO B NnepeBoae Ha eBponevickue
A3bIKM O3HaYaeT LiBeTkoB nnu paxe Lise-
TUKOB. 3TO HE NPOCTO NpPUXOTb, @ AaHb
OpeBHe Maopuitckon Tpaguuuu. Ecnu
OMEHBb XOHELLb, YTOG TBOSA 3aBeTHasi Mey-
Ta HEMPEMEHHO OCYLLECTBUNACH, TO HYX-
HO B3AiTb MMS 1 (DaMUNMIO, CBSI3aHHYIO C
3TUM cobbITUEM UMK MPOEKTOM.

B koHOVMLMOHKMPOBaHHOM NonyMpake na-
BUNbOHa MPOMO3AUNUCDH FPYAbl BCEBO3MOX-
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HOW annapaTtypbl. [loxoxe, 4YTO BCE MNN
noYTk BCE, HYTO BLINO NPOU3BEAEHO B MUpE
n3 obnactn GuitoBoro ayawo, 6Lino Tila-
TENLHO OTOGpPaHO W MpMBE3EHO cloaa.
OparxeBbie Ny4m CybTponmyeckoro Bocxo-
Da MNpoHMKanu B 3an Yepes y3kue BepTh-
KarnbHbiE NPOpPEe3n B LUMTAX aKyCTUHECKOIO
ocbopmMneHus, oT4ero Be3fecyilas Abivka
npvobperna apxMTeKTYPHYo TBepaoCTb. flas
HaM HEMHOIO BPEMEHWU OCMOTpeThCs, Ae
repeLuen ot CroB K geny, caenas npurna-
LLI2IOLLIWIA KECT B CTOPOHY noawyma. He cro-
BapuBasiCb, Mbi TKHYNW NanbLeM B Halw
35AC-212, B 3neKTpoHHbIX KoH(bepeHLusX
n3BecTHble kak bl-90. JTnLo maopmn ocee-
nock pagocTblo. «3To NyuLUee, YTo y Hac
€CTb», — C ropaoCTLIo ckazan oH. Becbma
LOBOSbHBI 3ththekToM, Npon3BeaEHHbIM
3TUM cHorclumbaTtenbHbIM 3asiBreHneM, Ae
CKpLINCs B MyBuHE CTOEK C annaparypot.
[NokonpoBaB HEMHOTO C MOAKMIOYEHNEM
KOJNOHOK, OH HaKOHEL|, BbiHYN U3 KOpobku
obbIMHLIM KOMNaKT-auck. JloTok nneitepa
aAHO BTSHYN OUCK BHYTPb, U U3 KOMOHOK
nocnbiwancs ronoc BeptuHckoro. Bexuwm-
BOCTb HE MO3BOMIUIN2 HaM BbiCKa3aTLCA O
Ka4eCTBE 3BYKa, UCXOSLLEND U3 OQUHOKOW
bl-90. Ml npocTo MoMya crywanu n He
MOITIN MOHSATb, 3a4eM HyXHO BbINo NopTUTL
3amMevarenbHylo 3anuce. [lanee pacckasbl-
Baer A. Ckobuuesckuit: «lnytoBarto
ynbIGaoLWMNCs rmg NPOTSAHYN MHE OYKU U
3a4eM-TO B3/ MEHSA NOA NOKOTb (KaK oKa-
3anock, He HanpacHo). OTKpLIB Masa, A
yBuaen daHTacTryeckoe spenuile. lNome-
LLEHWE 3aMOSTHASIM BOMHbI, yparakbl 1 CMep-
un. Bee 3T0 ByWicTBO *WMNo, ABUranock, BU-
OOU3MEHANOCh B

NONHOM COOTBET-

CTBME C MY3bIKOI K ET
ronocom BENWUKOro §|§K| .
nesua. Owenomnex- s 3 B
Hbii1 YCrbiLIAHHBLIM 1
YBULEHHLIM, A Ha
MrHOBEHWE noTepsn

KapTWHa BLIXOOWT 3@ paMKut LLIECTK M3Me-
peHWA.

Ye 3a qallKol YyTPEHHErO Yas, Mbl BCEe
e NnouHTeEpecoBanuch, 1Yem obycnoBnex
CTOMb CTpaHHLIN BLIGOp akyCcTUKK AnAa noe-
mMoncTpaumm 5D-Audio Field? «3to usymm-
TenbHbie kornoHku! bnarogaps notpsacaio-
uen HennHnenHoctn AYX, unsobunuio
NpU3BYKOB 1 NapaMeTpu4ecKmnx konebaHmit
Oundhcy30poB, OHKM MO3BONSIOT C ropasfo
GonblunmM 3hhekToM U AETanbHOCTLIO
NPOAEMOHCTPUPOBATE CTPYKTYPY 3BYKOBbIX
rnoneir. B otnuune, ckaxem, ot Louther
DX-1 wnn Acoustic Research AR-3, rpe
rone NpakTU4ECKU PaBHOMEPHO U MOSHOC-
TLIO OTCYTCTBYIOT Takue BU3yarbHble CXe-
Mbl, K&K CMEp4M, TOpHaAo0 U 3BYKOBOPO-
Tbi», — noeegan Ae Martyuy. — «B Hawlem
NNEMEHW MCMOKOH BEKOB UCMONbL3oBanu
BEKN YOUTLIX TPUTepaToncoB B pUTYabHbIX
Liensix. 3To o4eHb TOHKas [BOWHAN HENPO3-
payHas nnexka. Maopu, ona Toro uTobb
OHa CTana Npo3pajvHolt, BbIMa4uBaIoT €€ B
COKe Hecnenbix srog ¢ movoit. B coke co-
LEePXUTCS OpraH4eCKUE KUCMOThI, KOTOPLIe
pacTBOPSAIOT CONK KanbLus, a B MoYe, Kak
M3BECTHO, — MOYEBMHA UNK KapBamua,
obecne4nBaloLLmit ONONHUTENLHOE OThe-
nueanme. Ero, kapbamma, Tarke pobasnst-
10T B XBauku», — ¢ Gernoayboi ynbiGkoi
nosenan Ae.

EBrenu# MNanaes,
AnekcaHgap Cko6udeBCKUHA
e-mail:alex@hit.mldnet.com

CuvnukKoHoBble Xonmbl, man 2002 r.

TMNpodomxerue cnedyem

OpMEHTaLMIO B NpPO-
cTpaHcTee. Bot ryTm
npuwnacb Kcratu
OpyXeckas noanep-
Ka HaLLIero CryTHUKa.
CnpasvBLLIKCL C Mpy-
CTYNOM FONOBOKpPY-
XKEHUSR, A OKYHYNCS B
OpaHX€EBLIE BOMHLI
NATUMEPHOIO 3BYKO-
Boro nons. CtapuHa
CkpsibuH Gbin Gbl
KpEenko BMeYaTneH,
noayManocb MHE».
OuwyiuexHus Ha-
6nopatena oO4YeHb
cnoxkbl. Tomumo
o6bivHON TpExmep-
HOI KapTUHbI Nonemn
C U3MEHEHUEM APKO-
CTHBIX Fpagauum, a
TakXe CnyxoBoOro
6uHaypanbHOro Boc-
NPpUATKA, CTAHOBAT-
CAl 3aMETHBLIM U TakK-
TUNbHbIE OLLYLLEEHUA
nepenagos Aaene-
HuA. B utore obuian

nporpammupoBaHue Gonee 500 Tunos BPROM, E?2PROM,

Poccml Altera, AMD Intel, Mlcrochlg National, Phllips,
Siemens, SST §§§ homson, Tl, Winbond, leog “ ap.

oAHa yuuaeqpanbm Mgm DRIP42 ZIF-naHenb
onpenenenmnmmmumumm@cxeu
mneumcbmumnpouz VLT TH Exe ML
aau;man‘meperpym £ kR

- 6biCTpOY

- Bcrpmmem PR )

- RSZéZcompocruooﬁmenamusm -

- nporpammtoe-obacriede |, PYCCKOR3bidHLM -
Wﬁcouuﬂome . EMbitin»

- aporpammoeoﬁuo pcuﬁuepaahtemet

- HONOAHUTONLHO: -« . muulq)ocxmamuf}VCax

PLCC;SOPwap  -..°

-

YCTPOICTBO CTpaHua MukpocxeM EPROM: ~
TaviMep no 99 MuH, 3BYKOBas CUrHanusauwms,
no 16 MmukpocxeMm oaHOBpeMeHHO.

Bonee nodpobryto uHghopmayuio o6 usdenusx u nocnedHue
eepcuu N0 mMoxHo Halimu Ha Hauiem WWW-cepeepe:
http./lwww.sterh.com

UsroroButenn: HNO «BOHO» r. BepAack
® (38341) 5-15-62, E-mail: pprog@bond.nsk.su

Mocksa: «Touka Onopbis = {095) 956-39-42/43
Carxr-NeTepbypr: «300» ® (812)247-89-00
Exarepunbypr: wtucruryr pagnotexiuku» ‘B (3432) 74-58-61
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MuKpOKOHTponnepbi? JTo Xe npocTo!

dnaru pesynkrara

Mbl yXxe HauanM 3HakOMCTBO C HUMMW,
Korga paccmatpusanuy peructp PSW. Ow,
KaK 0TMewarnoch, COAepXUT YeTbipe cna-
ra: CY — nepeHoca, AC — BcniomMorartens-
Horo nepeHoca, OV — nepenonHeHus U
P — napurera.

dnar naputeTa HaNPAMYO 3aBUCUT OT
TeKyllero 3HaueHuUs akkymynsitopa. Ecrm
YUCNO eAMHUYHBIX BUT akKymynsTopa He-
yeTHoe, To (hnar P yctaHaBnuBaeTcs,
ecnu YeTHoe — cBbpaceiBaeTcs. Bee no-
NbITKA U3MeHUTL chnar P, npuceavBas emy
HOBOe 3HaueHue, ByayT GesycrielHbimm,
€Cnu COLAEPXUMOE akKymynsTopa npu
3TOM OCTaHeTCs HEU3MEHHbIM.

®nar AC yctaHaBnuBaeTCs, eCnu npu
BbIMNOMHEHWMN ONeEpauumn CNoxeHUs UnNu
BLINUTAHUS MEX Y TeTpadamu 6aiiTa Bo3-
HUK NepeHoc/3aeM.

®nar CY ycraHaBnueaeTtcs, ecny ne-
PEHOC UNM 3aeM BO3HUKaET B CTapuiem
6ute pesynurata. [Npu BeINOMHEHWW OnNe-
paumin ymHoxeHuss U aenexuns cnar CY
cbpacbiBaeTcs.

®nar OV ycraHaBnuBaeTcsi, €Cnu pe-
3ynbTaT onepaunn CroXeHUs Unu Bbluu-
TaHUs He yKNaabiBaeTcs B CEeMU MnaaLlmx
6uTax akkymynstopa v COAepXuUMoe
cTapuwero 6uta npetepnesaeTt UsmeHeHue
B CpaBHEHWU C ucxoaHbiM. OH ycTaHaB-
NUBaETCA TakKe, eCnu peynsraT yMHO-
»enus bonbuwe 255, nubo B cnyyae fe-
nexus Ha 0. Ecnu genutenk He paBeH 0,
TO HE3ABUCUMO OT COCTOSHUS OENUMOro
nocne BbiNONHeHUs Aenerusa dpnar OV
cbpacbiBaeTcs.

B 1a6n. 5 nepeuncneHbl KOMaHAb!, Npy
BbINOSHEHUW KOTOPbIX NPOVMCXOANT MOAN-
hvKaums nepesmcneHHblx donaros. B Tab-

Tabrmua 5. Komangbl, MoampuLupyoLlme
cnary peayrnsrara

Komanawl | Mopuduumpyemiie chnamm
ADD CY, OV, AC
ADDC CY, 0V, AC
SUBB CY, OV, AC
MUL CY=0, OV
DIv CY=0, OV
DA A cYy
RRC cYy
RLC CcYy

SETB C CY=1
CiR C CY=0
CPL C CY=/CY

ANL C,bit cYy

ANL C,/bit cYy

ORL C,bit CcYy

ORL C,/bit CcYy

MOV C,bit cYy
CJINE CcYy
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e OTCyTCTBYeT dhrar napuTeTa, T. K. ero
MOAUUUMPYIOT BCe KOMaHAb!, U3MEHS-
olMe COCTOsIHUE akKymynsTopa. Kpome
KoMaHg, npuBefeHHbIX B Tabnuue, dna-
rv MoanULMPYIOTCH KOMaHaamM onepa-
un Hag Butamm, a TaKKe KoMaHgamu, B
KOTOpbIX MECTOM HasHaYeHUs pesynbra-
Ta senseTcs peructp PSW unu ero or-
nenbHble BUTLI.

B nocnepnHei crpoke Tabnuubl ctout
noka HeussecTHas sam komanaa CJINE.
Bb! noaHakoMMUTECH C HEW NO34HEE, a NoKa
NPOCTO 3aMOMHUTE, YTO 3Ta KOMaHAa Mo-
auuumpyet gnar nepeHoca.

Fpynna komaHa nepefayn
ynpaBrneHus

Komamngpl, BXOASLWME B 3Ty rpynny, cBe-
AeHbl B Tabn. 6.

3710 nocneaHAs rpynna komaHa us pac-
cmatpusaeMbix Hamu. B Hee BxogsT Ko-
MaHObl NepexofoB, KOMaHab! Bbi30Ba
nognporpamm, KoMaHAbl opraHu3auum
UMKNOB, KOMaHAb! CpaBHEHWA C Nocneay-
tOLIMM Nepexc4om B 3aBUCUMOCTU OT
pesyrsTata cpaBHeHWUs!, KOmaHab! BO3Bpa-
Ta u3 nognporpamm u komaHaa NOP. Ioc-
neaHAs BKNOWEHa B 3Ty rpynny no TON
NPOCTON NPULMHE, YTO OHa HE BNUChIBA-
€TCs1 HW B OfJHY U3 rPyn, a NOCKOSNbKY ee
BCE Xe HYXHO Kyla-To onpegenuTb, To ee
BKMIOYMNU UMEHHO B rpynny KOMaHA ne-
penauM ynpaBneHus.

Tenepb 4yTe Gonee noapobHo 06 3THX
KomaHzax. Yxe 3Hakomas BaMm KomaHaa
AnvHHoro nepexoda (LUMP  ad16) 3ac-
TaBnsieT MUKPOKOHTPOMNMep nepenTtu Ha
BbINONHEHUE (bparMeHTa Nporpammbl,
pacnonoxeHHoro B noboi wacTu agpec-
Horo npocTtpanctea MK ot 0000H po
OFFFFH. O6biuHO B TekcTe peanbHOW
nNporpaMmel BMECTO CUMBOJSIUHECKOro
obo3HaueHus oneparaa (ad16) ctout ums
TOW WK nHOM MeTkU (Hanpumep, LJMP
START). Accembrniep e B npouecce
TpaHCAALMMA NPOrpaMMbl BMECTO MMEHN
meTku (B AaHHoM cryqae START) cTasut
ee 16-6utoBbi agpec. Kak 51 yxe ckasan,
B 3TOW KOMaHAe afipec MOXET bbiTb nto-
6bim oT 0000H go OFFFFH. Cneposa-
TenbHO, KOMaH4a ANMWHHOIO nepexofa
no3BonsieT NepenTH K noboin meTke, CKoMb
6bl laneko oHa He Haxoaunack OT KoMaH-
[ibl, BbI3BaBLLUEW Nepexoa.

B otnuumne or paccmotpeHHon LIMP
ad16, komanaa abcontoTHOro nepexofa
BHYTPU ABYXKkMNOBanTHOW CTpaHWUubI
AJMP ad11 gaeT BO3MOXHOCTE NEPEUTU
Ha BbINOMHeHWe bparMeHTa NnporpaMmbl,
PacnonoXeHHOro He Iie YIofHo, a N1llb
8 nmoboll vacmu mekyujeli dsyxkunobad-
mHoli cmpaHuybl. HanomHo, 4To nepeas
Takasl CTpaHULa coaepxumT agpeca nams-
T nporpamm ot 0000H ao O7FFH, eTo-
pasi — ot 0800H go OFFFH, TpeTba — oT
1000H po 17FFH u 1. 4. Takum obpazom,
ecny 4acTb Nporpammbl, cogepxaulas

komangy AJMP  ad11, pacrnonoxeHa B
appecax oT 0000H go 07FFH (touHee ot
0000H fo 07FDH), To nepexon BO3MOXeH
nUubL Ha bparmeHT NporpamMmel B agpe-
cax 0000H-07FFH, ecnv oHa pacnonoxe-
Ha B agpecax ot 07FEH no OFFDH — 10
nwe Ha parmeHT B agpecax 0B00H-
OFFFH u T. 8. MHorue accembniepb! npe-
[I0CTaBNSAOT NOMNb30BaTENO BOZMOXHOCTb
cTaBuTb BMecTo Komang LIMP n AJMP
(a Tarcke n SIMP, KOTOPOW Mbl KOCHEMCS
uyTb Hke) 0606LLeHHY10 KomaHay nepe-
xona JMP, nocne 4ero B Npouecce TpaHc-
NAUMK CamMK ONPEAENSIOT, KAaKyto U3 Tpex
KOMaH MOXHO NOACTaBUTb B KaXaoOM
KOHKpeTHOM cnyyae. TASM, yBbl, K HUM
He OTHOCUTCS, NO3ToMy npuy pabote ¢ HUM
HaMm CaMOCTOSITENBbHO NPUXOLAUTCH OCYy-
uiecTenaTb BbIboOp mMexay KoMaHaamu
nepexona. MHe Bcerna neHb pasbupatb-
Csl, MOXHO NWU CTaBuUTb komaHgy AJMP,
WK HET, NO3TOMY 5 el 06bINHO He Nonb3y-
t0Cb, CTaBA Be3fae, TAe HYXHO ocyule-
CTBWTb AOBOMBHO ANUHHBIA Nepexon, Ko-
maHay LIMP.

KomaHga KOpOTKOro OTHOCWUTEMLHOTO
nepexoda SJMP nossonsieT neperTH Ha
BbINOMNHEHWe hparmMeHTa, OTCTOSLLIEro OT
MecTa Bbl3oBa nepexoga He 6onee yem
Ha 127 6auT Bnepeq v Ha 128 Gant Ha-
3aa. Kak npaeuno, ato nepexoabl Ha MeT-
Ky, OTCTOSILLyt0 OT MECTa BbI30Ba HE Aarnb-
we, Yem Ha 40—50 cTpok. Ecnu metka
HaxoouTcs Aanblie, TO HYXHO CTaBUTb
Komakngy AnuHHoro nepexoaa LIMP.

Kcratu, noueMy ofHU KOMaHAab! Hasbl-
BatoTCA KOMaHAamu abcontoTHOro nepe-
xoJa, a Apyrve — OTHoCcUTENBLHOro? A BOT
nouemy. [Mocne TpaHcnNAUMK B KOMaHAax
abcontotHoro nepexoda TASM ocraBns-
eT nonHbii 16-6uTosblid (LIMP  ad16)
agpec MeTKW, Kyaia HYXHO nepenTy Uunm
mnagwue 11 6ut artoro agpeca (AJMP
ad11). B komanaax e OTHOCUTENBEHOMo
nepexofa nocne TpaHCNSLUWU COOEPXUT-
Csl He afjpec MeTKM B SIBHOM BUAE, a YUC-
1o, Ha KOTOPOE HYXHO YBENWYUTL UMK
YMEHbLUMTL CHETHMK nporpammel PC, 4To-
661 BRuMCUTE TpebyeMbit agpec. UHbI-
MU cnoBamu, abcontoTHBIM nepexon —
aTO Koraa accembnep cam BbluMUCNSET
afipec, KyAa Haao NepewTW, a OTHOCK-
TenbHBIN — KOTAA OH MepeknafbliBaeT
paboTy No BLINUCMIEHUIO 3TOTO adpeca Ha
MUWKpOKOHTponnep. MNonb3oeatento yaile
BCEro HE BaXKHO, KaKoW U3 nepexofos (ab-
COMIOTHBIA UMW OTHOCUTENbHLIA) Bydet
peanu3csaH, rmasHoe, 4To6bl OH OCyLle-
CTBUNCS Ha HYXHYt0 METKY. Tak 4To noka
MPOCTO 3aNOMHUTE Pa3HULy Mexay abco-
FIOTHLIM U OTHOCUTENLHBIM NEPEX0A0M,
nabbl He NyTaTbCs B TEPMUHAX, @ Ha Npak-
Tuke cTaebTe komaHgy SJIMP, ecnu meT-
Ka, Kyaia Hy>XHO NepenTH, HaxoauTcs rae-
TOo Hepganeko, U LIMP B ocTanbHbiX
cnyJasx.

AHanorMyHo KomMaHgam nepexona
LJMP n AJMP, komaHab! Bbi30Ba Nognpor-
pamm LCALL n ACALL ocyulecTensitoT
BbI30B NOANPOTPaMM, pacnonoKeHHbIX
CoOTBETCTBEHHO B nobon Touke aapec-
Horo npoctpaHcTea MK (LCALL ad16)
MNU Ha Tol xe AeyxkunobawTHoN cTpa-
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Tabnuua 6. KomaHae! nepepayiv ynpasneHus

Komanaa MuemMoHUKa Konmn HS»; c;: u‘-::(?o(; Onepauus
LMUHHBIA 26CONIOTHBIM Nepexo B LIMP  adi6 10 3 9 (PC)  ad16
nonHom o6beMe NamsiTi Mporpamm
ABCONKOTHLI Nepexof BHYTPY AMP adit | a10a9a800001 | 2 2 |(PC) « (PC)+2, 3atem (PC 0-10) « adi1
ABYXKMNoGanTHOW CTpaHULb!
KOpoTkui OTHOCUTENBHBIM Nepexos
BHy TPV CTPaHWL 256 GaiT SIMP  rel 10000000 2 2 (PC) « (PC)+2, 3arem (PC) « (PC)trel
:2;:3:;"'” OTHOCHTEMBHEM JMP  @A+DPTR 1110011 1 2 |(PO) « (AY*(DPTR)
E::::%,q, €CNN aKKyMynisiTop Z el 1100000 9 2 Eig; P gg;:félgarew‘ ecnu (A)=0, T
«—
2::::(;)& €CIK aKKyMyIisTop He INZ el 1110000 9 9 (PC(:L(E) fif)ﬂ, 3arem ecnu (A)<>0, 1o (PC)
«—
Mepexopa, ecnv nepeHoc paBeH i©c o re 1000000 9 9 (PC) « (PC)+2, 3arem ecrm (C)=1, 10 (PC)
eavH1Le (PC)trel
Mepexoa, ecny nepeHoc paseH INC el 1010000 9 9 (PC) « (PC)*+2, 3arem ecnm (C)=0, 10 (PC)
HYRI0 (PC)+rel
MNepexod, ecrnu 61T paBeH eguHuLe JB bit,rel 100000 3 2 (P((:L(C_)EIZ?F& aarem ecrm (bit)=1, o (PC)
-
Mepexoa, ecrv 61T paseH Hynio JNB  bitrel 110000 3 2 (Pc(:g,‘g)fef)*& satem ecnm (bit)=0. 7o (PC)
-
:z::%ch:; gg’pg'cc;:"ﬂ”g:f:”' ¢ JBC  bitrel 10000 3 2 (PC(;(E) fef)(*b?t-)w%hﬂ ecnm (bit)=1, 7o (PC)
— . —
Jjj;(ﬁin;e:; rierMCTpa 1 nepexog, DINZ Rnrel 11011rr 2 9 grc]:)t(:o(ig)(;zc )(Rn)( F(v_c ;frr;)l-1 3areM ecnu
3 «—
el e IR I R oy i e S
: ; «—
CpaBHeHue akkymynatopa ¢ (PC) « (PC)*+3, ecrm (A)<> (ad), 10 (PC) «
npsiMoaapecyembiM Gatom u CJINE A,ad,rel 10110101 3 2 (PC)+rel, npu atom ecrm (A)<(ad), 10 (C) « 1,
nepexof, ecnv He paBHO mHaye (C) « 0
CpaBHeH1e akkyMynsTopa © (PC) « (PC)+3, ecrm (A)<>#data8, To (PC) «
KOHCTaHTOW U Nepexoa, ecnu He CJUNE A #data8,rel 10110100 3 2 (PC)trel, npu atom ecnm (A)<#data8, 1o (C)
paBHO 1, uHade (C) « O
. PC) « (PC)+3, ecnu (Rn)<>#data8, To (PC)
C (
. i‘;’;’;‘f 25;:?:‘ Z:::cm”m” CJNE Rn#data8,rel 101110 3 2 | (PCy+rel, npu atom ecrm (Rn)<#data8, T
. p (C) 1, wHade (C) 0
_ (PC) « (PC)+3, ecrm ((Ri))<>#data8, To (PC)
gg?":e””eegzma:°::ym:”:§M oR %’f oo 10110111 3 2 | (PC)trel, npu s1om ecrut ((Ri))<#data8, T0
MIEPEXOA, ECIM HC pas Heatac, (©) 1, miave (C) « 0
_ _ (PC) « (PC)+3: (SP) « (SP)}*1 n ((SP))
ﬂ::::;‘;::fﬂi‘l‘wmb'” Bbi308 LCALL  ad16 10010 3 2 |(PC0-7), 3amem (SP)  (SP)*1 1 ((SP))
(PC 8-15); 3arem (PC) « ad16
AGCOMOTHLIA BLI3OB (PC) « (PC)*3: (SP) « (SP)*1 1 ((SP)) «
noAnporpaMmel BHY TpM ACALL  ad11 a10a9a810001 2 2 (PC 0-7); 3atem (SP) « (SP}*1 1 ((SP)) «
[BYXKMUINOGANTHOM CTPaHWLb! (PC 8-15); 3arem (PC 0-10)  ad11
(PC 8-15) « ((SP)); (SP) « (SP)-1; 3arem
Bosepar 13 noanporpammbl RET 100010 1 2 (PC 07)  ((SP)): (SP) Al (SPM
BoaspaT U3 noanporpaMmel RETI 110010 1 9 (PC 8-15) « ((SP)); (SP) « (SP)-1; zatem
06paboTku npepbiBaHus (PC 0-7) « ((SP)); (SP) « (SP)}1
Xonoctas komaHaa NOP 0 1 1 (PC) « (PC)+1

Huue (ACALL ad11), roe pacnonoxeHa
¥ cama KoMaHZa Bbi3osa. OnATL-Taku Ha
npakTuke B UcxogHoM accembnepHom
Tekcre smecto ad16 n ad11 croat ume-
Ha COOTBETCTBYIOLUMX METOK, afpeca Ko-
Topbix TASM camocToaTensHo onpefe-
nAeTt 8 npouecce TpaHcnaumn. OTmevy
TaKke, YTo Cpeau KOMaH[ Bbl3osa Nof-
nporpamm HeT aHanora komaHabl SIMP.

Ewe pas obparyato salue BHUMaHue Ha
TO, yto ad16 v ad11 — ato Ha camom gene
MMEHa METOK, KOTOPLIE Mb! CTABMM B HaLLK
accembriepHele nporpammel. B 16-6uto-
Bble aapeca ux npeobpa3zyet TASM 8 npo-
Lecce TpaHcnsumwm, iMbo cam MUKPOKOH-
Tponnep fpu NOMOLLKU BXOAALIENO B €ro

B www.dian.ru

COCTaB Tak Ha3bIBaEMOro YCTPOWCTBA Bbi-
6opku komann MK. PaccmotpuM, Kak oH
3710 fenaet Ha npumepe komaHg ACALL
ad11u AJMP ad11. Xota kaxgas U3 atnx
KoMaHg XpaHuT 8 cebe nHcopmaumio ToNb-
Ko 06 11 MnapgLwKnx agpecax CooTBeTCTBY-
IOLLIE METKM, MUKPOKOHTpOINep 8 Npouec-
ce 06paboTku KoMaHabl HaaCTaBNAET 3TH
11 mnaawmx 6ut NATLIO CTapLUKMMK, ABMSA-
IOLLMMUCA NOPALKOBLIM HOMEPOM LBYXKM-
no6anTHO CTpaHULb!, Ha KOTOPOW HaxXo-
outcsa ucnonnsemas ACALL  ad11 wm
AJMP ad11. Tak MK onpegenser non-
HbIA 16-BuToBLIA afpec Nepexoda wn
Bbi3bIBAEMOW NOANPOrpaMMbl AN KOMaH
AJMP u ACALL.

Ho BepHeMCs kK KOManaam nepexogos.
Komarnpa JMP @A+DPTR ocywiectBna-
eT nepexod Mo agpecy, ABNAKLEMYCs
CYMMOW COEPXMMOIo aKKyMyrnsaTopa u
peructpa DPTR. 3auem HyxHa Takas Ko-
MaHga, Bbl NOKMeTe, koraa Mul Byoem
3HaKOMUTLCS C OpraHu3aumeln Knasmuaryp-
HOro uHTepdeirca.

Bce paccMOTpeHHblE BbilLE KOMaHnAb
nepexofos (LIMP, AJMP, SIMP 1 JMP)
OTHOCATCA K TaK Ha3biBaeMbiM Hesycros-
HbIM nepexogaM. VHbIMu crioBamu, BCTpe-
T8 NogoGHYI0 KOMaHAy, MUKPOKOHTpOnnep
BCErda OCYLUECTBMSAET COOTBETCTBYIOLUMIA
nepexog, HE3aBUCUMO OT COCTOSHUA €ro
driaros, ConepXaHus peructpos U T. 4. Ho
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ecTb B cucTeme Komanp, Hawero MK v yc-
NoBHbIE Mepexombl. YCNOBHbIMA UX Hasbl-
BalOT MOTOMY, 4TO B NPOLIECCE BLINONHEHUS
KepKAoW K3 3TKUX KOMaHA, KOHTponnep npo-
BEpPSAET HEKOTOPOE YCIOBUE U OCYLLIECTBIS-
€T nepexos Ha COOTBETCTBYIOLLYIO METKY
NWiLLL TOrAa, KOMma YCNOoBKE BhIMONHAETCA.
Mpu HeBbINonHeHWw xe ycnosus MK nepe-
XOAWUT K KomaHae, CneqyioLlen 3a KomaH-
Lol yCnoBHOro nepexoaa.

Hanpumep, BCcTpeTuB komaHay JZ
LOOP1, MUKpPOKOHTpONMNEp NpoBepsieT Ha
HYIb COAePXMMOE akKyMyrnsTopa, k1 ecrv
akkymynsitop paseH 0, To MK nepexogut
Ha BbINONHeHKe (parmeHTa Nporpammbl
¢ metku LOOP1. Ecnu e B akkymynsTo-
pe He Hynb, TO BMECTO nepexoga Gyaer
BLIMOMNHATLCH KOMaHAa, cnefywuias 3a
JZ LOOP1. Kcratu, JZ — ato ab6pesu-
artypa crnoBocouetaHus Jump if Zero, T. e.
nepemnTu, ecrnvi Hynb.

A ecnu Bbl xoTuTe, 4TOOLI Nepexoa Ha
meTky LOOP1 ocyuiecTsnsncs B ToM cny-
yae, Korfia akKymynsitop He paseH 07 Tor-
na vicnionkayiite komaHpy JNZ LOOP1.
Bykea N BHYTpY MHEMOHWKK KaK pa3s W
rOBOPUT O TOM, YTO Nepexon ACIXKeH
OCYLLIECTBUTLCS, ecrnu [akkyMynsaTop] He
HyneBsoi. JNZ siensietcs abbpesuaTypoi
cnoeocodeTanus Jump if No Zero, T. e.
nepewnT, ecnui He Hynb.

Ml paccMOTpenu AiBe KOMaHAab! YCIoB-
HOro nMepexofa — rnepexos, ecnw coaep-
Xumoe akkymynsatopa pasHo 0 (JZ
LOOP1), n nepexopn, €cnu OHO He PaBHO
0 (JNZ LOOP1). A ckonbko ewe noao6-
HbIX KoMaHg ecTb Y MK cemelictBa x51, u
Kakue OHK?

Wx nsitb. [lBe 13 HUX CBA3aHbl C COCTO-
siHuem 6uta nepeHoca — JC LOOP11 u
JNC LOOP21 (nmeHa METOK, Kak Bbl
[OMKHBI BBINK porapartkesi, MoryT GbITh
nwobbiMK, noYemy s 1 CTaBn rae-tTo
LOOP1, roe-To LOOP21 u . A.). Paccmort-
pvmM nep.yto U3 Hux — JC LOOP11. MMe-
pexon Ha meTky LOOP11 B Hen ocylle-
cTBNSIeTCH Toraa, Korpa 6ut nepeHoca
paeeH 1 (T. e., KaK roBOPAT NpOrpaMMnc-
Thl, pnar nepeHoca yctaHosneH). Kak u
paHee, eCnv YCroBUe He BHINOMHEHO, T. €.
¢nar nepeHoca cHPOLLIEH, HWKaKoro ne-
pexofia He NMpou3oiaeT, 1 BMECTO Hero
6yneT BLINONHATECA KOMaHga, crenyto-
was 3a JC LOOP11. Keraru, JC — 3T0
abbpesuaTtypa cnosocoudetanus Jump if
Carry, T. e. nepenTh, ecnu nepeHoc [yc-
TaHoBNEH].

Bo eropom cnyyae (JNC LOOP21)
nepexog Ha meTky LOOP21 ocywiecTensi-
eTcs Toraa, Koraa 6ut nepeHoca paseH 0
(1. e. dnar nepeHoca c6polueH). Ecte-
CTBEHHO, €CN YCINoBUe He BbIMOMHEHO,
T. e. onar nepeHoca ycTaHOBNEH, HUKa-
KOro nepexofa He NpousonaeT, U BMECTO
Hero OyneT BLIMOMHATLCA KOManaa, cne-
ayrowan 3a JNC  LOOP21 (JNC — 310
abbpesuarypa cnosocoderaHus Jump if
No Carry, T. e. nepeiTu, ecni HeT nepe-
Hoca).

Crieqytolye ABE KOMaHAb! YCIOBHbIX
nepexoaoB aHanorMyHel TONbKO YTO pac-
CMOTpeHHbIM komaHaam JC  LOOP11 u
JNC LOOP21, Ho BMecTo 6uta nepeHoca
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B HUX MPOBEPSIETCA COCTOsIHME BbiBpaHHo-
ro 6uta u3 GUTOBOIO afApPECcHOro NPOCTPaH-
CTBa MUKpOKOHTponnepa (cMm. nodpasnen
«pynna komaHp onepauwii ¢ Gutamny,
«CxemoTexHuka», Ne6/2002). Hanpumep,
BcTpeTus koMaHgy JB ACC.5,LO0P32,
MUKPOKOHTpONNEp MpOBEPSiET, paBeH Nk
eqrHuLE NATLIN BUT akkymynsiTopa, v ecnii
paseH, To MK nepexoauT Ha BbiNornHeHue
(hparmeHTa nporpammbl ¢ metkn LOOP32.
Ecnu e naTein 6UT akkyMyrnsitopa paseH
HYNIo, TO BMeCTO nepexofa 6yaeT BhInon-
HATLCS KOMaHpa, cnepytowas 3a JB
ACC.5,LO0P32. Kctatu, JB — ato abbpe-
Buarypa cnosocodetanus Jump if Bit, T. e.
nepewiti, ecriv 6uT [yctaHoBneH).

Lymato, 4To HET CMbICTA NMOAPOBHO KOM-
MeHTUpoBaTb komarvay JNB ACC.5,
LOOP33 — nepexog 6ygeT ocyLiecTsNeH,
ecnm NATbIN GUT paeeH 0, v He Byaer, ecnu
6uT paseH 1. A BOT NMOCNeAHIo KoMaHay,
JBC ACC.5,L0O0P44, npoKOMMEHTUPOBETH
Haao. OHa NPaKTUHECKU UOEHTUYHa KOMaH-
ne JB ACC.5L00P32, 3a ucknodeHiem
O[IHOMO — €CNW aHanuaupyembli 6UT pa-
seH 1, n MK coeepLuuT nepexon Ha dpar-
MEHT nporpaMmbl, UAYLWIUA C METKW
LOOP44, To B npoLiecce nepexofa oH cbpo-
cut atot 6ut B 0.

Cnepytowas komanaa — DINZ — Ham
yxe 3Hakoma. Moatomy AONMO © Hew roBo-
puTb He Byaem. Kak yxe oTtmedarnoch pa-
Hee, aBbpeBuaTypa 3ToM KOMaHAbLI COCTO-
UT 1“3 nepBbiX ByKB CrioBocoyeTaHus
Decrement and Jump No Zero, yto B ne-
peBofie 03HavaeT AeKpeMeHTUpoBaTh (T. €.
YMEHBLUUTL Ha 1) 1 MeperTn, ecnu To, YTO
Mbl fieKpeMeHTUpoBanu, He pasHo 0. Kak
Tenepb HeTpyOHO porapaTthesl, KoMaHaa
DJNZ Rn,LOOP51 o3Hauaer GykeansHO
cnepyowiee: ymeHbLUTL R Ha 1, n ecnu
cofiepXuMoe 3TOro peructpa nocne
yMeHbLLEeHUs! He pasHo 0, To nepenTv Ha
BbIMOMHEHWE KoMaHgbl, uayLien nocne
MeTku, ums KoTopon (LOOP51) cTouT ye-
pes 3ansiTyko nocne HaumeHoBaHus Halle-
ro peructpa (Rn). CooTBeTCTBEHHO, ANA
komaHasl DJNZ  ad LOOPS52 6yper Bce
TO Xe camoe, 3a UCKITIYeHneM Toro, 4To
nekpemeHTupoBaTLes 6yneT He perucTp
obluero HasHayeHws Rn, a npsimoagpecy-
emas suelika namsaTiA.

Crienywolme YeTbipe KoMaHObl Tawke
1o CyTU Aena ABNsIloTCS KoMaHaamn yc-
noeHoro nepexofda. Ao komaHasl CINE
A,ad,LOOP61; CJNE A #data8,LOOP62;
CJNE Rn,#data8 LOOP63 u CJNE
@R #data8,LOOP64. B xoae ux Bbinorn-
HEeHusi CpaBHUBAIOTCA OBa ofnepaHaa —
aKKyMyrsiTop 1 npsiMoazpecyemas suen-
Ka namsTh, akkymynsitop u 8-6utosoe
yuecno, pernucTp u 8-6utoBoe YMcno, Koc-
BEHHO agpecyemMas siuerka namsTu u 8-
6UTOBOE YKUCNO — W ecnu onepanabl He
paeHul Apyr apyry, To MK cosepluut ne-
pexofi Ha (hparMeHT NporpamMmbl C METKU
LOOP61, LOOP62, LOOPE3 n LOOPG4
COOTBETCTBEeHHO. Hy a npu paseHcTBe
onepaHaoB, Kak HeTpyaHO AorapaThCes,
6yner BhINonHeHa koMaHaa, Uaywas He-
nocpeACTBEHHO 3a pacCMaTpUBaeMON.

U3 Tpex ocTaBLumxcsi komaHga ase, NOP
v RET, Bam xopolLlo 3Hakombl, U 3anep-

XMBaTLCH Ha HUX HeT HeobxopnuMOCTU.
Mocneprss, RETI — mopudukayma ko-
maHabl RET, otnvyatowiancst ot 06bIYHOR
KOMaHObl BO3BpaTa nulib TeM, YTO oHa
CTaBUTCH B KOHLE noanporpamm obpabot-
Kv MpepblBaHuiA 1 paspellaeT npepbiBa-
HUYs1 C MPUOPUTETOM, paBHBIM 0BCHYXeH-
Homy. MMoka Bbl HAYEro He 3HaeTe Hu O
npepbiBaHusX, HXU 06 ux MpyuopuTeTax u
noanporpammax ux o6pabotku, noaToMy
BCE CKa3aHHoe B npeabigyLlemM npeano-
EHW 3BYUNT ONA MHOTUX U3 BaC MOMHOM
TapabapLiuHoi. Ho He paccTpanBanTecs,
YyTb MO3KEe Mbl MO3HAKOMUMCH C CUCTE-
Mol npepbiBaruin MK, 1 Bce ckasaHHoe
CTaHeT Ans Bac oMeBKAHbLIM. Tak YTo BOC-
fpuMKTE KpaTkoe ofiucaHue KomaHnabl
RETI kak sarotoBky Ha 6yayliee, He Nbl-
TasiCb NOHSATL €€ celvac — BCeMy CBOe
BpPeMsl, i CMbICN 3TOW KOMaHabl OT Hac
HUKyQa He yaeT, Korta Mbl BepHeMcs K
Hen no3nHee.

KpaTtkune BbiBOAbI

WTak, Mbl 3aBepLUnnKu KpaTkoe 3HaKoM-
cTBO ¢ cuctemon komaHa MK cemericTea
x51. Bonee 4yeM ¢ NONOBUHON K3 HKX BbI
npenBapuTernbHO O3HaKOMUICL B Xoae
paccMOTpeHusi MaTepuanos npeabiny-
LWKX cTatemn, T. K. HENb3si OBBLACHUTD, Kak
MWUKPOKOHTPONIEpP CHATHIBAET AAHHBIE 13
ALM vnu BLIBOOUT KX B KHAKKATOP, He
npuberas K aHanusy parmMeHTOB Npo-
rpamMm ¢ TeMU Unu UHLIMK KoMaHOamu.
MoaTomy HaM NPULLINOCHL Tak HecTaHAap-
THO 3HAKOMUTLCS C HUMKU — 10 Mepe MNo-
SIBNEHUsI UX B paccmaTpuBaembiX npo-
rpammax. Ho 3aTo 3HakoMcTBO C
HacTosILLuM MaTepuanom Bpsg nu Aon-
»HO BbING BbI3BaTL 3aTPYAHEHWS Y KOTO-
nubo u3 Tex, kTo pasobpancs ¢ npeabl~
ayuym.

Cuctema komaHa x51 copepxut 111
6a30BbIX KOMaHz, KoTopble yAo6Ho pas-
nenuTb No QyHKUMOHANBLHOMY MpU3Haky
Ha NSATbL rpynn: KoMaHabl Nepeaasy faH-
HbIX, apudMETUYECKUX OMepaLwii, Nnoru-
Yeckux onepauui, nepeaady ynpasneHus
u onepauwn ¢ Gutamu.

BonbLuHCTBO koMaHz (94) nmeeT cop-
MaT OvH 1nu aBa GanTta U BLINMOMHAKTCSA
3a 0uH-ABa MaLUHHBIX uvkna. Mpwy Tak-
ToBOM YacTote 1 My AnuTenLHOCTE Ma-
LWIWHHOIO LMKNa, Kak Bbl QOIMKHLI NO-
MHUTb, cocTaBnsieT 1 MKc.

MK cemerictBa x51 ponyckaroT YeTbipe
criocoba appecauum K onepanaam. UHbL-
MM CITOBaMW, cKasaTb MUKPOKOHTPONNEPY,
re uckaTh TOT UINK UHOW onepanl MOXHO
YeThIpbMSI pasnuuHbiMK criocobami. OHu
HOCHT HasBaHusi Npsimas agpecauus, He-
nocpeacTBeHHas afpecauusi, KocBeHHas
appecauusi U HesiBHas afpecauvs.

Mpsimas agpecauns npeanonaraert, YTo
aApec onepaHza MpsiMoO ykasaH B CaMoii
komaHge. Hanpumep, MOV A ADOO —
appec onepanga (ADOO) sanucan NpsmMo B
Tene komaHabl. Ewe npumep — SETB
Px.y. 3neck afpec onepaHaa (Px.y) Takoke
NpsiMO 3anucaH B Terne KomaHab (anpec,
cooteeTcTByloLiA PX.y, ByneT BTopbim Gait-
TOM KoMangb! nocne TpaHensiumm). Kak bl
Mornu yBeauTecs, NpaMasn agpecauvs —
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CaMmblii pacrnpocTpaHeHHbI cnocob agpe-
cayun.

HenocpepcreeHHaa afpecauma npeg-
ronaraert, YTO B Tene KOMaH[bl 3anucaH
cam onepang — 6ait unn geyxbantosoe
uncno. MNpumepbl: MOV R1,#7 unu MOV
DPTR,#FF25H . Ewe pa3 o6pauiato Balie
BHUMaHWe, 4YTO B paHee pacCMOTPEHHOM
cnyyae npu NpsamMolt afipecauyun B Terne
KOMaH[bl B IBHOM BuUIle 3anucaH afjpec
onepaxza, a Npu HeNOCPELCTBEHHOM a-
pecayun B Tene koMaHbl B ABHOM Bulie
3anucaH cam onepaHg.

TpetuiA BULO agpecaumm — KOCBeHHas.
B atom cnyvae sHaueHue appeca 3apa-
Hee HEN3BECTHO U ABMAETCH pe3ynbTraTtom
BbiuncneHus. Hanpumep, agpec onepaH-
Aa BbIMUCNAETCA MO 3a0aHHOMY NOMb30-
BateneM anropurMy u NOMeLLaeTcs B
onpeneneHHbilA perueTp, Hanpumep B RO
wnu B R1, nocne 4yero oH ucnonb3yerca
COOTBETCTBylOLLEN KOMaHOl. Takum 06-
pa3oM, nofobHbI MeTo afpecaunu, Kor-
0a afipec A4eku NamnaTh, corepxallen

onepaxf, HaxoOuTcs B kakoM-nn6o pern-
CTpe, HOCUT Ha3BaHue KOCBEHHOW afpe-
cayum (agpec Mbl HaxoayM KOCBEHHO, Npw
nomown RO, R1 unu DPTR), B otnuuue
OT paccMOTPEHHOW Bbllle NpAMON afipe-
cauuu, roe agpec NpaAMo, T. €. B IBHOM
BUie, yKasaH B caMolt komaHze.

Npu3HakoM KOCBEHHOI afpecauum AB-
NAETCA 3HaK @ neper; COOTBETCTBYIOLINM
peructpoM (RO, R1 unu DPTR). B cucte-
Me KomaHn x51 afipeca aona pexuma Koc-
BEHHOW appecauun MoOryT OblTb B3ATbI
TONbLKO U3 3TUX TPEX perncrpoB. Hanom-
HI0, YWTO UMEHHO UCMOMNbL3OBaHNEM B KO-
MaH[ax ¢ KOCBEeHHOW afjpecauunels permc-
Tpbt RO 1 R1 otnuyatoteca ot octanbHbiX
peructpos obulero HasHaueHus (R2-R7),
B OCTanbHOM BO3MOXHOCTU BCEX 3TUX pe-
MUCTPOB OMHAKOBbI.

MocnegrHui TN agpecayuM — Hese-
Has. Kak Bbl yxe ybeaunuck B Xxoge 3Ha-
KOMCTBA C CUCTEMOWM KOMaHL MUKDOKOH-
Tponnepa x51, cywecTByeT MHOro
KOMaH[, B MHEMOHUKaxX KOTOPbIX ABHO

Tabrmuya 7. CeoaHas Tabnvua koMaH MUKpOKOHTponnepa cemeiictea x51

He nponucaH akkymyrnaTop wnu 6ut ne-
peHoca, HO OHU, TEM HE MeHee, ABMA-
10TCA OonNepaHfamMu B 3TUX KOMaHzax.
Takoit cnocob agpecauuu — 6es aBHO-
ro ykasaHus OQHOro U3 onepaHioB —
HOCUT Ha3BaHue HENIBHOW afjpecaunn.
OTOT TUN afpecailun xapaktepeH ans
GonblnHCcTBa KOMaH, paboTtatowmx ¢
aKKyMynATOpOM 1 peructpamu obuiero
HasHayeHus.

Y MUKPOKOHTPOMNNEpPOB HEKOTOPbIX
OpYrux CEMENCTB BCTpeyaeTcs ropasgio
6onbluee konuyecTBo cnocoboB appe-
caynn. Ho n nepeuucneHHbIX YeTbipex
BIMOSHE [0CTaToO4HO 1NA Toro, 4Tobbl 3a-
ctaButb Haw MK BbinonHate nobble
HY>HblE Ham felicTBun (B Npefenax ero
ObicTpoLencTBUA U LONYCTUMBIX 3MeKT-
puYeckux napameTpoB). A B 3aknioue-
Hue A npuselly CBOAHYI Tabnuuky co
BCEMK KOMaHaMu CTaHOapTHOIO MUK-
pokoHTponnepa cemeincrea x51, ¢ Ko-
TOpPbIMU Mbl NO3HAKOMUIUCD B MMaBe Te-
Kywen (tabn. 7).
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lNpodomxeHue cnedyem

0 1 2 3 4 5 6 7
0 NOP AJMP OX0H LJMP ad16 RR A INC A INC ad INC @RO INC @R1
1 JBC bit,rel ACALL 0XH | LCALL ad16 RRC A DECA DEC ad DEC @RO DEC @R1
2 JB bit,rel AJMP 1>0H RET RL A ADD A, #d8 ADD A,ad ADD A,@RO ADD A,@R1
3 JNB bit,rel ACALL 1XH RETI RLC A ADDC A, #d8 ADDC A,ad ADDC A, @RO ADDC A,@R1
4 JC rel AJMP 2X0H ORL ad,A ORL ad,#d8 ORL A, #d8 ORL A,ad ORL A,@RO ORL A,@R1
5 JNC rel ACALL 2XH ANL ad,A ANL ad,#d8 ANL A #d8 ANL A ad ANL A,@RO ANL A,@R1
6 JZ rel AIMP 3X0H XRL ad,A XRL ad, #d8 XRL A, #d8 XRL A,ad XRL A,@RO XRL A,@R1
7 JNZ rel ACALL 3XH ORL. C,bit JMP @A+DPTR| MOV A #d8 MOV ad,#d8 MOV @RO,#d8 MOV @R1,#d8
8 SJIMP rel AJMP 4XH ANL C,bit Al\él;xg c DIV AB MOV add,ads MOV ad,@R0O MOV ad,@R1
9 | MOV DPTR,#d16 | ACALL 4XH MOV bit.C A @l\;oi \Ich;TR SUBB A #d8 SUBB A,ad SUBB A,@R0O SUBB A,@R1
A ORL C,/bit AIMP 5XH MOV C,bit INC DPTR MUL AB MOV @RO0,ad MOV @R1,ad
B ANL C,/bit ACALL 5XH CPL bit CPLC CJNE A #d8,rel | CINE A,ad,rel |CIJNE @RO,#d8,rel @R(1:J:dE8 rel
C PUSH ad AJMP 6>X0H CLR bit CLRC SWAP A XCH A,ad XCH A,@RO XCH A,@R1
D POP ad ACALL 6X0H SETB bit SETBC DA A DJNZ ad,rel XCHD A,@R0 XCHD A,@R1
E | MOVXA,@DPTR | AMMP 1X0H | MOVXA,@R0 | MOVXA,@R1 CLRA MOV A.ad MOV A, @R0 MOV A.@R1
F | MOVX @DPTR,A | ACALL 70H | MOVX@RO,A | MOVXA @RO CPLA MOV ad A MOV @RO,A MOV @R1,A
8 9 A B C D E F
0 INC RO INC R1 INC R2 INC R3 INC R4 INC R5 INC R6 INC R7
1 DECRO DECR1 DECR2 DECR3 DECR4 DECR5 DEC R6 DECR7
2 ADD A,RO ADD A,R1 ADD AR2 ADD A,R3 ADD AR4 ADD AR5 ADD A,R6 ADD A,R7
3 ADDC A,RO ADDC A.R1 ADDC AR2 ADDC A,R3 ADDC A,R4 ADDC A,R5 ADDC A,R6 ADDC AR7
4 ORL A,RO ORL A,R1 ORL A,R2 ORL A,R3 ORL A,R4 ORL A,R5 ORL A,R6 ORL A,R7
5 ANL A RO ANL A R1 ANL AR2 ANL A,R3 ANL A R4 ANL AR5 ANL A,R6 ANL AR7
6 XRL A,RO XRL A R1 XRL AR2 XRL AR3 XRL A,R4 XRL AR5 XRL A,R6 XRL AR7
7| MOV RO#d8 MOV R1,#d8 MOV R2,#d8 MOV R3,#d8 MOV R4,#d8 MOV R5,#d8 MOV R6,#d8 MOV R7,#d8
8 MOV ad,RO MOV ad,R1 MOV ad,R2 MOV ad,R3 MOV ad,R4 MOV ad,R5 MQV ad,R6 MOV ad,R7
9 SUBB A RO SUBB AR1 SUBB A R2 SUBB A R3 SUBB A R4 SUBB AR5 SUBB A,R6 SUBB A,R7
A MOV RO,ad MOV R1,ad MOV R2,ad MOV R3,ad MOV R4,ad MOV R5,ad MOV R6,ad MOV R7,ad
B | CJNE RO #d8,rel | CINE R1,#d8,rel | CINE R2,#d8,rel | CINE R3,#d8,rel | CINE R4,#d8,rel | CINE R5,#d8,rel | CINE R6,#d8,rel| CINE R7,#d8,rel
C XCH A,RO XCH A R1 XCH A,R2 XCHA,R3 XCH A,R4 XCH AR5 XCH AR6 XCH A,R7
D| DJNZRO,rel DJINZ R1,rel DJNZ R2,rel DJNZ R3,rel DJNZ R4,rel DJNZ R5,rel DJNZ R6,rel DJNZ R7,rel
E MOV A RO MOV AR1 MOV A R2 MOV AR3 MOV A R4 MOV AR5 MOV A,R6 MOV A R7
F MOV RO,A MOV R1,A MOV R2,A MOV R3A MOV R4.A MOV R5,A MOV R6,A MOV R7,A
- AnexkcaHgp ®pyHa3e,

alex.fru@mtu-net.ru
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YnyduieHve napameTpoB
onepauuoHHbIX ycunureneu

Kak npaeuno, onepayuonHHbit ycunumers (OY), obnadaiouud Kakumu-
nubo 8bICOKUMU Xapakmepucmukamu. Harnpumep, bbicmpodelcmeuem,
npouzpbieaem e Opyaux omHoweHusix. B pesynsmame npoeKkmuposuux
31EKMPOHHBIX CXEM OKa3bieaemcsi 8 cumyauuu Azaghbu TuXOHOBHbI U3 20~
2onesckoll «YKeHumbbbi»: «Ecnu 6k1 2y6u1 Hukaropa Wearosuya 0a npu-
cmasums k Hocy Meana Kyabmuya, Oa 838mb CKornbko-HLGYOb pa3esiaHoC-
mu, kakasa y Banmasapa banmasapeiya, 0a, noxanyt, npubaeums K amo-
my ewe dopodHocmu UeaHa Naenosuya...». Ho ece xe nonoxeHue uHxe-
Hepa nyyLwe, NOCKONBbKY OH MOXem CKOMBUHUPO8amMb U3 HECKOITbKUX yCu-
numened 0OuH, HO C OYEHL XOPOWUMU C8oUCIMeamu.

CHwKeHvie CMeLLeHUA Kyns

Younurenu ¢ NepUoSMUECKON KOMMNEH-
cauuein npenda, takve xax ICL7652,
140Y124 v Op., OTNU4AIOTCH HASKMM 3Ha-
YEHUEM HaNPSHKEHUSA CMELUEHUS HYNA Npi
CPaBHUTESIBHO HEBLICOKOU CTOMMOCTMW.
Bmecte ¢ Tem vx BLicTpoOeHCTBUE 1 LUY-
MOBLIE NapameTphLl OCTaBrSOT XKenartb
nyquwiero. CoefiMHmns nsa ycunurensa no
cxeme, NpeacTasneHHor Ha puc. 1, nony-
YItM WHBEPTUPYIOLLMIA younurens, CoBMe-
WanlmniA NOCTOUHCTBA COCTaBMAIOLMX
vacteir. nes oueHb npocra. Yeunutene
asTomatuyeckon Banavcuposku DA1
UMEET HU3KOE CMELLEHUE HyTIS, BLICOKUA
ko3 PUUMNEHT YCUSIEHUA NO NOCTOAHHO-
MY TOKY W NpeHebpeniimMo mankii Bxoa-
HOW TOK (KaK paz 3TMMK AOCTOUHCTBaMU
OTANYAIOTCS YCUNUTENU C NEPUCOMUECKON
komneHcauueit ppeica). B ycradosus-
LIEMCH PEXMUME TOK Uepe3 KoHpeHcaTop
C unTerparopa He teueT (lg = 0). MNycTe
U,, = 0. B Takom cnyuae

UN— UCM.1 = IRR =0,

rne Ugy, — HanpsbkeHne CMELLIEHUS Hyrist
DA1. CnepnoBatensHo, HanpsxeHue Ha
nHBepTUpYIOLLEM BXoae younutena DA2
(OCHOBHOFO) PABHO HaNPSHKEHMIO CMELLIE-
Hus Hyns yeunutens DA1 v npu Hynesom
BXOOHOM HanpsiXeHWUW BeIXOOHOE Hanps-
XeHue yana onpeaenseTcs CMELUEHMEM
Hyns DA1, a He DA2:

Uour = —UemR2/R1.

OunkTp R, Cyp, NpeAHasHaueH onis crna-
xuBaHus lymMa Ha seixone DAT.

Coenutenmne OY oBpasyeT 3amMKHyThil
KoHTYp: MHTerpatop Ha DA1—dquneTp
R¢C¢—ycunm'enb DA2—penuTent R1R2.
3TOT KOHTYP UMEET BBICOKOE YCUneHue u,
KaK MUHIUMYM, TPU NOMIOCa NEPEAATONHON

Puc. 1. CxeMa coctaeroro OY
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dyHrkuymu. Ans obecneueHns YCTOMHUBO-
ctu crnenyet subupate RC u R,C,
Bonbuumm, npudem RC>>R 4 C . MoBs-
LieHHas MHEePUMOHHOCTE KOHTypa Ba-
FIAHCMPOBKM HYAA HE CKa3niBaeTcs Ha
pabote yana, NOCKOnLKY TeMNepaTtyp-
HBI U BpeMeHHoW npeidn OY passu-
BAOTCH OYEHb MENSIEHHO.

Muorme anBKTPOHHBLIE YCTpoOMcTBa (B
YaCTHOCTH, U3MEpPUTENLHLIe) paboTalot B
KPaTKOBPEMEHHGM WrK NOBTOPHO-KpAT-
KOBPEMEHHOM PEXUME, KOrna KopOTHIMiA
nHTepsan npvema u o6paboTrn BXOAHO-
ro curHana cMeHsieT fponomKUTenbHas
nayaa, 8 Te4eHUE KOTOPOI BbIXOQHOW CUI-
Han YCTpOWCTBa UIHOPUPYETCS OKOHEY-
HbiIM noTpeéuTtenem (Hanpymep, MUKpO-
KOHTpONsiepom). B aTom cnyyae OCHOBHOW
YCUrIMTENb MOXET CaM KOMNEHCUPOoBaTh
csoit npeid. Cxema ¢ caMmoyCcTaHOBKOW
Hyfsi NpUBEAEHa Ha pUGC. 2. ABTOMAaTU4EC-
Kas xoppexuus npenda BbiNOSIHASTCS
nyTem 3anoMUHaHUA HaNPSHKEHUA CMe-
weHus Uy, Ha KonpeHcaTope 1 nocnepy-
OLLETO BEIMUTAHMS 3aNOMHEHHOTO Hanps-
WKEHUSS U3 BXCAHOMC HaNPsXeHUs
younutens.

R1 R2

{ Uoyr

Puc. 2. Cxema OY ¢ camoyCTaHoakon HyfAa

Bo Bpewms riayabi knoun S1 1 S2 3amk-
HYTEI, U YCUIUTEND OKa3hLiBAETCH BKMO-
YEHHEIM B PEXUME HEWHBEPTUPYIOLLEND
nosropurens, koadduumeHT Kotoporo
BecbMma 6nuack Kk eaunuue. Ha eoixoge OY
u, chnenosarentHo, Ha koxnedcarope C
YCTaHaBrWBaeTCs HaNPsHXKEHUe, pasHoe
Ugy- AnutenbHOCTL nayakt AorkHa OkiTh
HE MEHbLLE BPEMEHM 3aBepLleHnn nepe-
XOAHbLIX NPOLECccoB ¢ HeoBXoAMMOR TOY-
HOCTBI0. B pexxvme npyuema BXOOHOIO cur-
Hana xnmoun S1 u S2 pasmielkawTtces, 1
3anoMHeHHOe Ha KoHpeHcatope Hanps-
WeHUe KOMMEHCUPYET HanpshkeHue cme-
LWEHUS yCUnuUTens.

MocKonbKy B pexxvme nay3bi YCUUTENE
OXBAuEH OTpULATENBHON oBpaTHoW Ces-

3L10, noBasnsoLLENR NOMNGC Nepenaroy-
HOWM (BYHKUMM KOHTypa obpaTHOoW CBA3M
(emKocTHas Harpyakal), HeoBxoavMo Npu-
HATE Mephl s obecneveHuns YCToRUMBo-
ctn QY. C aToi uenbio nocrienosarenbHo
C Kmouem S2 U KOHAEHCATOPOM MOTyT
6bITh BKIOUEHE PEIUCTOPEL.

MakcumannHas ArmMTenbHOCTL UHTep-
Bana npuemMa curHana orpaHu4eHa cKo-
pOCTbIO 3apAna KOHHAeHcaropa TOKOM
yTeukuy kntoua S2 1 BXOOHbIM TOKOM YCU-
natens.

MNoebiweHve ycroituveoctu OY

YacTo paspaborTuvk 351eKTpOoHHOW an-
napaTypbl Nonanaer B cUTyauuio, Korna
Bpone 6b NpasuibHO CNPOEKTUPOBAHHOE
ycTpoitcteo ¢ OY 1, Gonee Toro, HopMariks-
Ho paboTasiluee B maxkere, Gyayun CMOH-
TUPOBaHO Ha NeuaTHylo Nrary, HauuHaeT
B03byxaatbcs. OcoberHHo 4acTo 3To Ha-
6monaerca npu paborte ¢ Boictponei-
creyowmumu OY. Cxopee scero, aeno
3aeck B HEYOAYHOM PacnonoXeHru npo-
BOOHMKOB NEYaTHOW NNathl, CO3AAIOWIEM
NOBLILIEHHYIO BXOARY10 emKocTh OY. MNpu
eUHUYHOM NPOU3BOACTBE NEPENPOEKTU-
posatk M Nepenenbisath Nevaryyto nna-
Ty cnukoM HaknanHo. Kpome toro,
HENb3s NOPYMUTBECH, YTO NOCNE Nepenen-
KM cuTyauus yriyuiuuTtcs. Astop 8 caoe
BPEMS HEMano NOMy4Uscs ¢ BeICTpOOEN-
CTBYIOWAM AByXKaHankHEIM OY K574Y12.
Kakue ke Mepbl Bpone «noaorHarb no
MECTY HanUNbHUKOM» MOXHO npeanpu-
HATL B 3TOM crydae?

Cameiii NPOCTON, «NOMOBOK», METCA
3aKMIOYAETCS B YMEHbBLUEHUI NETNEBOIO
yeunenus. [ins 31070 napannesnbHo BXo-
nam OY nogknoualT peauctop (puc. 3, a)
[11. Tenept koathbULIMEHT NETNEBOID YCU-
nexus:

C ymenbileHnem R3 yMEHbLURETCH 1t
K., NO3TOMy BCEFOa MOXHO HaCTONBKO
YMEHBLIUTE NETNEBOE YCUIIEHHUE, YTO CXe-
Ma craHeT ycroiuuson. B TO xe Bpems
KoadhpmumeHT nepenayit BXOAHOTO CUrka-
fa He MeHseTcs

Uy R1

Yro e yxyawmrea npu atom? Boapac-
TET NOrPELLHOCTE, 0BYCNoBNeHHas KoHeY-
HbIM 3HaueHnemM xoadpduyueHTa ycune-
HUA yCcUNuUTens, Npuuem Ha BCex
yacTtotax. 3ta rorpellHocTb, NpUBEAeH-
Has KO BXCAY YCUnUTess, CoCTaBuT

R2
1+ ——-
AUy R1JR3
Un Ky

MOXHO YMEHBLUWTE 3TY MOrpeLlHocThb
xots 6bt B8 06MACTU HUIKUX HACTOT, BKIO-
uKMB KOHAEHCATOP NOCHEA0BAaTeNbHO C
peanctopom R3 (puc. 3, 6). Torpa npu
npasuribHOM BbiGOpe EMKOCTU 3TOTO KOH-
JeHcartopa netrieBoe ycunenune Gyner



CCHOBbLI CXeMOTEXHUKMHU

CHWKEHO TOMbKO B 0BnacTy HacToTbl cpe-
3a. Tem He meHeg, BoicTpogeincTeue 3a-
METHO YXYALUNTCSA.

Mockonbry Bxoat: OY, kak npasBuio,
pacronaraloTcst Ha Kopryce MUKPOCXEMb!
pPSOOM, MOXHO, ucnonb3ys SMD-komno-
HeHTbi (6ezBbiBogHble YATT-pesucTopbt 1
KOHAEHCATOPLI, NpeAHa3HaYeHHbie gns
NOBEPXHOCTHOIO MOHTaXa), NOAKOPPEKTU-
poBaTb yCTOMYMBOCTL yCUNUTENS, YTO
Ha3bIBaAETCs «Ha NeTy».

AHanorvyHble pe3ynbratbl gaeT nop-
KMoYeHye NapannensHo Bbixoay younu-
TeNs JONONMHUTENLHOIO pesvcTopa vnu
nocnegosarensHol RC-Lenv, Nockonbky
NOOKIIOYEHNE HarPY3KU NPABOOMNT K CHU-
WeHu Koadduumenta younenvs OY.

Ocobyto ocTpoTy npobriema ycTonuvBo-
CTW UMeeT ANA HEeMHBEPTUPYIOLLUX NOBTO-
puTenelt, Tak Kak B 3TOM Chydae netne-
BOE ycufleHne MakcumanteHo. 3gechb ans
NOBLILLEHWS YCTOMYUBOCTH MOXHO DpUMe-
HUTL BkNuveHne OY no cxeme Ha
puc. 3, 8. [lenuTenb HanpsxeHus Ha
R1R2 cHuxaeT netneBoe ycuneHue B
(R1+R2)/R1 pa3. Utobbl coxpaHuTb net-
nesoe ycunenve B obnactv HU3kuX Yac-
TOT, nocneaoBaTtesbHo ¢ pesvicropoM R1
MOXHO BKNIOUMTb KOHZAEHcaTop Takum
cnocoboM MOXHO obecneqnTs yoTonuu-
sylo paboTy B cxeMe HerHBEpPTUPYIOLLETo
NOBTOPUTENS leKOMNEHCUpOBaHHbIX OY,
KOTOpbIEe XapakTEpWU3YITCH MUHUMANb-
HbIM YCTOMMVBBIM YCUTEHWEM 3HaUUTE b

CTaBnAKT AONY HaHoamne-
pa. a ons HeKoTopbiX —
Jonv nuroamnepa. Ans yc-
NEeLWwHoro NPUMeHeHVs Ta-
kux QY cnegyeT pewutb
npobnembl, cBsi3aHHble C
YTEUKON TOKOB MO NoBepx-

o] o
-IN1 +IN1
(o] (o]

9]

KONbUo
I !
12

HOCTU NevaTHoW nnatbl.

OxpaHHOE KOMbUO  3) 6)
Ecnu He NpyHATbL HUKa-
KX Mep, TO TOKN YTEMKU -
MoryT nerko cratb 6onb- PN Orpanmoe -
wie BXOHbIX, YTO Bbl30BET Exen ‘f: Bron — i+ !
AOononHnrensHoe cMelle- OXpaHHCe KOMbLo
HWE BXOLHOCO Hafpsixe- B) r

Hust OY. [1ns yMeHbLeHns

Puc 4. OxpaHKoe KomnbLo W crocobbl ero NOKMIIoYeHns

BEPOSITHOCTU BO3HUKHOBE-
HWS Takoro cMelwervs Heobxogumo
TwartenbHO OMUCTUTbL NEMATHYIO nnarty
nocne MOHTaXa W NOKPbLITb ee 3NoKcUa-
HEIM UMW UHLIM KOMMayHAOM C Uenblo
npeaoTBpaLleHnst JanbHENLWEro ee 3ar-
pPA3HeHUs.

OgHako gake YMcTas nevarHas nnara
He obnafaeT GeckoHeuwHbIM ConpoTvBNe-
HueM. [pu Temneparype 125 °C conpo-
TVBMNeHWEe MEXAy ABYMS naparn-

€ero noaxnodeHns obbeMHbIA MOHTaX.
MoXxHO Takoke onepeTb BXOQHON BLIBOA Ha
hToponnacToBylo cToliky (puc. 5). Coort-
BETCTBYIOLUME BbIBOAbI KOHOEHCATOPOB Y
pesvcTopoB uenel Bxoga v obpaTHown
CBSI31 NPUNanBaIOT NPSIMO K BLIBORY MUK-
pocxeMbl.

Lpyroit noreHunanbHbIA UCTOHHWUK Y TEY-
KW, KOTOpbI MOXET BbiTb HE 3amedeH —

nenbHbIMKM  NPOBOAHUKAMMU
anvHon 20 MM 1 pacCTOsIHWEM
MeXny HumA 1 MM cocTaBnser
owono 101" Om. Ecnv ogvH U3 H1X
— wuHa nutanus +15 B, a gpy-
rol — VHBEPTUPYIOLLWIA BXOR C
HyNEBLIM NOTEHLUaNoM, TO He-
TPYOHO paccyuTaTtb, MTO npu

3TOM B CYMMUpPYIO-

. —BL
o114 _
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Puc. 3. MoBbiLLEHNE YCTOMHMBOCTY ONepaLUoHHbIX

LIyl0 TOMKY yCWUnu-

»wﬁ%

Puc. 5. MoaknioyeHne BHELWHWX Lienei ko Bxogy OY
LNA CHWKEHWS ero TOKOB YTEYKU

BxonHow BEIBOA
2 - ANR UHBEPTYID. BKA.

Noason
3 - AN HEVHBEPT. BKJ.

BXOOHOTO
curHana

MNeuatHan
NNaTa N,
S

A4 A4

N Oroponnacrosas
cTOoMKa

el M

Tens Byger BTexaTtb
He NPedycMOTPeHHbIN cxe-
Mol Tok 0,15 HA, 4TO HaMHO-
i ro Gonktwe BXOOHbLIX TOKOB
e MHOrMX Tuvnos QY. 310 Mo-
WET NPVBECTU K 3HAYUTESb-
HOMY CMELLIEHVIO HYNs YCU-
Mpobnema
peLiaeTcs nyTeM Co3gaHus
BOKPYr BXOOHbIX BbIBOOOB
QY npoBOASLLEr0 OXpaHHO-
ro Kornbia, NoAKMYaemMoro
1 K HEKOTOPOW TOMKE CXEMbl
HU3KUM CONPOTUBNEHUEM,
KOTOpOE HaxXCaWTCH NPaKTu-
YECKW NOA TEM XKEe NOoTEHLU-

‘UOUT

HO GonblnM €AVHWULIbLI, TAKUX KaK. Harnpu-
mep, OP37, y KOTOpOro oHo paBHO NSTY.

Ecnu yCcTaHOBNEHO, YTO BUHOBHYKOM
HeycTonuureocTr OY aBnseTcst ero Bxod-
Has eMKOCTb, TO BHOCMMOE elt ha3oBoe
3anasgbiBaHve MOXHO NONbITaTLCH CKOM-
NeHCUpOoBaTE, BKIYMB KOHOEHCATOP EM-
*OCTbI0 HECKONBLKO 0UHWL N JeCsTKoB
nvkodgapaz napannensHo pesncropy 0b-
paTHoW cBsizn OY.

CHMmKeHNE TOKOB YTEUKM

Bo mHor1X yCTporcTBax {MkTerpatopax,
YyCUIUTENAX CUHaN0B Nbe300aTHUKOB 1
ap.) Tpebylotcs ycunutenu ¢ ManbiMu
BX0OAHLIMW ToKamMu. [Lns 3TOro BbINycKa-
eTcs aAnuvHHLI psig Mogenen OY co Bxog-
HbIMW Kackagamu Ha cynep-bera 6uno-
NAPHBIX TP&H3UCTOpaxX U Ha ronesbiX
TPaH31CTopax, BXOAhbie TOKU KOTOPbIX CO-

N www. dian.ru

anoM, 4to ¥ Bxoabl OY. Ta-
kas mepa 3(PheKTUBHO NPensaTcTBYET
npoTeKaHuio ToKa Mo nnate Ko BXodam
yevnutensi. OxXpaHHble KoMbL@ OOMKHbI
MOSTHOCTLI0 OKPYXaTb BXoabl OY v BeIBO-
Obi Pe3MCTOpoB KOHAEHCATOPOB, AUCA0B
¥ OpYrvx anemMeHTOB CXeMbl, NOOKTIoNeH-
HbIX Ko Bxogam OY. [Ins gocTyxKeHuUs Mak-
cvManbHOro 3gdekTa NPy MOHTaXe B OT-
BEPCTVS! OXPaHHbIE KOTbL{A AOMKHb BbITh
NoMeLLeHbl Kak C BEpXHE!, Tak n C HK-
HEel CTOpPOHbI NevaTHon nnatwl. Ha puc. 4
rioka3aHbl NevarHas nnata ¢ OXpaHHbIM
KOnMbLOM (3KpaHoM), a Takke crocobbl ee
NOOKMONEHUA B TUMNOBLIX CXxeMax BKITO-
uerusn OY.

VMmeeTcs v Opyroii MeTon, KOTOPbil
Oaer gaxe nydwive pesynbratbl, YeM OX-
paHHble KomnbLa@ Ha MevyaTHoW nnarte: He
BravBaTb BXOAHOW BbIBOL yCUNWUTENS BO-
obilie, a OTOTHYTL €r0 U UCNONBL30BaTL ANA

3TO KOpRYyC MUKPOCXeMbl. [ononH1Tenb-
Hble TOKW YTEYKM MOryT npoTekatb Mo
NNeHKe COMnM WNK Xvpa, OCTaBMNeHHo Ha
NOBEPXHOCTU KOpryca Nocne NpUKOCHO-
BEHUSI K HEMY DyKamu.

leoprum Bonosuwy,
g_volovich@mail ru

OkoHuaHue cnedyem

Jlumepamypa:

1. [Pk Baxkcmon. [NpoekmuposaHue
cxeM Ha Bbicmpodeltcmsyrowux OY. —
3nekmpoHuka, 1991, Ne 7.

Pepnaxnmusi :xKypHaja
«CxemorexHmuka»
NpHUIJIauIaeT ABTOPOB
K COTPYAHUYECTBY

Ilo BceM Bonpocam o0paliaTbLCR:
e-mail: editor@dian.ru
renedon: (095) 777-1215

Tonopapk! BEIIUIAYMBAIOTCS
aBTOpaM, TPMKUBAIOLLIUM
Ha teppuropur CHI'
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CeepxpereHeparop Ha TpaH3ucTope
B 6apbepHOM pexume

CeepxpezeHepamueHbie npueMHuKu obnadarom 8bLICOKOU Yyecmeumerb-
HOCMbIO NPU LUCKIFOYUMesbHOU Mpocmome U Haxo0Aam WupoKoe npuMeHe-
HUE 8 pa3nuyHbIX cucmemax paduoynpaeneHus — uepywkax, 3amkax ag-
momobunell u 2apaxed, NPocmbix paduocMaHyuAX U 80 MHO2UX opyaux
crywasx. B amol cmambe ornucaH 00UH U3 803MOXHbIX 62PUAHIMO8 1Po-
cmozo ceepxpezeHepamopa Ha Ouana3doH 27 MI'y.

BepxpereHepaTMBHLIN Kackag co-

‘6paH Ha TpaHaucTope VT1

(puc. 1). OcobeHHocTLIO Kackana
fBnseTcs paboTta TpaHancTopa B 6apkep-
Hom pexume [1, 2]. Ero 6asa no nocTonH-
HOMY TOKY COEfIVHEHa C KONNEeKTOpoM
yepes KaTyluKy L1. Takon pexvm, kak ns-
BECTHO, O4eHb IKOHOMUYEH. Tok, noTped-
naemblii Kackagom, He npeBbillaeT
70 MKA, W AN ero NMTaHna 0oCcTaroyHo
HanpsbkeHun B 2...3 B (koHTponbHas Tod-
ka Kt1). Ins obecnedexna nonoxvrens-
HOW 06paTHON CBA3K OT HaCcTV BUTKOB Ka-
Tywkm L1 coenaH oTBog, COEVHEHHLIN MO
nepemeHHoMy Toky (depes C4) ¢ amuTTe-
pom TpawaucTopa. Mmy6uHa obparHoi ces-
3y BuiBpara Takoi, 4Tobbl ucxooHan pa-
60oyan ToHKa TPpaH3UCTOpa HaxoAnnach Ha
yyacTKe XapakTepucTukn C KpyTU3HOW
S>SKp. B pesynbrate B Kackage BO3HWKa-
10T KONnebaHWA Ha YacToTe HACTPOWKN KOH-
Typa (puc. 2, a). Mo mepe pocTa nx amn-
FMTYObl TOK, noTpebnaemblin Kackaaom,
yBErNMYMBAETCH, NPy STOM yBENM4MBaeT-
CS NafieHne HanpshkeHwa Ha pesvicTope R1
W, KaK CrefiCTBUE, YMEHBLLLIAETCA HanpsbKe-
Hue, nuTaloLlee TpaHauctop (puc. 2, 6).
Pabouas ToYKa nepemeLLaeTca Ha yuac-
TOK C MEHbLLEN KPYyTU3HOW, 1 Konebanma
CPLIBAIOTCA, HTO PE3KO YMEHbLUAET TOK
yepes TpaH3ucTop. NaaeHne HanpsHKeHns

Ha R1 ymenbliaetcs, a B K12, Hao6opor,
pacTeT MO 3KCNOHEHUMANBHOMY 32KOHY,
T. K. IpovCXoauT 3apaj konpexcartopa C4,
NOAKMIOMEHHOro K 3ToM Touke. Koroa Ha-
npsixxeHne BO3PaCTET [0 BENVYUHDI, MPu
KoTopo# S>S, . npouecc NoBTOPUTCS,
obecneunBasn paboTy kackaga B pexvme
NpepbIBUCTON reHepaLmm.
Mpw NocTynneHun B KOHTYP cUrHa-

KoHcTpykuus v petanu

MeuyaTHan nnarta BbINONHAETCA U3 of-
HOCTOPOHHE (hONLIMPOBAHHOIO CTEKNO-
TEKCTONUTA WNW reTMHakca B COOTBET-
cTBuM ¢ puc. 3. YcTaHoBOYHbIE pasMephl
KaTylkv L1 saBucsT oT guametpa Bbib-
parHoro kapkaca (5...7 MM) 1 MoryT BbiTb
vameHeHsl. Katywika cogepxur 10 BUTKOB
npoeoaa Avametpom 0,5 MM ¢ OTBOAOM
OT BTOPOFO CHU3y 1o cxeme eutka. lNop-
CTpoeuHbIil peanctop R6 MoxeT GuiTh
nioBoit, HO Ha NnaTe nNpeaycMOTPEHO Me-
cro ana CM3-386. Mykpocxema MOXeT
6LiTb 3ameHeHa Ha K176ME5. He crout
nuiTaThes yctaHaenueath K561M1A7, B
aKTUBHOM pexxume oHa pabotatb He By-
pet. KoHpencatopel C1...C4 gomkHbl
6bITb KEpPaMUYECKUMK, OCTanbHbie —
noBoro Tvna. Ha mecte VT1 ycnewwHo
BynyT pabotarb TpaHauctopel KT3127A,
KT3128A. OtnuyHble pesynsTarkl nonyya-

na n3 aHTeHHbBl aMnNuTyna n 4acrto-
Ta 3KCNOHEHLMANbHBLIX UMNYNLCOB B
KT2 okasblBaloTcs npomoaynupoba-
HbIMy ornbalolien BXOAHOTo curHana.
B cnekTtpe vMNynLcoB NOABAAIOTCA
rapmoHmnkn ormGatowen. BolpeneH-
Hble OMNLTPOM HyxHKX YacToT R3CE,
OHV MOCTYNAIOT Ha YCUNUTENb HU3KUX
YaCTOT, BHIMOMNHEHHLIN Ha NepBbIX
Tpex anemeHTax UUGpPoBOIA Cxembl
DD1. Pesncrophl 06patHoi cBasu R4,
R5 o6ecneumnsatot paboTy MUKpOCXe-

Puc. 3

Mbl B fiMHeHoM pexxme. OT mx co-

NPOTMBNEHUA 3aBUCUT KO3t duumneHT
ycunenvst YHU. Ha anemente DD1.4 pe-
anv3oBaH Komnapartop, nopor KoToporo
perynupyetca pesuctopom RE takum
o6pa3som, 4Tobhl Wymbl € Beixoaa YHY
He Bbi3LIBany ero cpabatuiBaHuA.
MpyemMHUK MMeeT AOCTaTOYHO BLICOKME
xapaktepucTku. MNpy HanpskeHun Muta-
Hua 520,3 B Tok notpebneHunn He npesbl-
waet 1,8 MA. YHyBCTBU-

TESbHOCTL MPY OTHOLLE-
HUM C/LU B KOHTPONLHOM

Touke K13, paBHOM 4Ye-
ThipeM, He xyxe 0,7 MKB.
Mpw yctaHoBNeHun no-
pora koMmnaparopa, uc-
KNIOYAIOLLEro NOXHLIE
cpabarbiBaHWA OT Ly-
MOB, YYBCTBUTENbHOCTb

Puc. 1

yxyawaetcs fo 1,5 mkB.
BuixoaHOW cvrHan npu-
eMHuKa npefcrTaBnaeT

coboi oTpyLaTensHLIe

180 o
0.30]

1204 06u jdou T 7 32008 48D
i) a)

MMMAYNbCHl C aMNnnTY-
0O, NpaKTUECKK pas-
HOW HaNPsXXEeHWIo mTa-
Husa. [manasoH nepe-
CTPOWKN MPUEeMHUKE
cepneyHVKOM KaTyLUKu
L1 nexur B npenenax

B400u

600.1

T 4800w

To8dbhuT T

26...32 Mry. MNMpwn wnc-
nonbL30BaHun ycTpoit-
cTBa ANA npvemMa peuw,
anemeHTbI cxembl DD1.4,
R7, R6, C11 Heobxoomumo
VCKMIOYUT, & K HUXKHEMY
no cxeme BhiBoay C9
noacoeanHUTL Y34.

I0TCS NPV UCMONL30BaHNM TPaH3NCTOPOB
Tuna KT368A n KT399A, HO TakK Kak OHU
MMEIOT CTPYKTYpY n-p-1i, CXEMy nepBoro
Kackaga HY>XHO U3MEHWTL Tak, Kak 310
nokasaHo Ha pwc. 4. EctecTBeHHO, 4TO
NpUaEeTCcs NOMEH:ATH U COOTBETCTBYIOLLMA
cparMeHT neyarHon nnatbl. Heobxoow-
MO MMETb BBUAY, YTO NONAPHOCTL CUrHa-
noe B K12, KT3 v Ha BbIXOAE NpUEMHWKa
MOMEHSIETCA Ha NPOTUBOTONOXHYIO.

MuTaeTcn NPUEMHWK OT BHELLKETO CTa-
BUNU3NPOBAHHOTO UCTONHWKA, Nnbo oT
cTabunusaTtopa HanpsKeHUs Ha nnarty,
MECTO ANs KOTOPOro npenycMoTpeHo
(DA1). Mopoipet nioGoii MarnoMOLLHBIN
crabunusatop Ha Hanpskenve 5 B, Ha-
npvmep KP1170EHS5, 78L05.

HacTtpouka

Mocne npoBepky NPaBUALHOCTN MOH-
Taxa HyXHO NOAaTh nMUTaloliee Hanps-
weHue Ha nnaTy. CepaedHnk katywkm L1
crneflyer BBEpHYTL nonHocTbio. [lanee
Heo6XooMMo NPOBEPUTL MOCTOAHHOE

HanpsxeHve

B Kt1. OHo A

JONXHO ne- Y - a2
warb B npeae- |, oL KT368A 39k
nax 2...2,58B, ’ vtk | cq

B NPOTUBHOM
cnyyae Haao
BBECTN €ro B
3TN npepentl
nopnbopom
R2. Ocuyun-
norpad cne-
OyeT NoaKnio-

Puc. 4




OCHOBbI CXEMOTEeXHUKHN

YUTB K KOHTponbHOM Touke KT2. [lomkHbI
HabnoaaThCs 2KCNoHeHUnanbHbIE UM-
nyrbChbl, KOTopbie Mo dopme 1 Napamer-
pam 6rvaku k uzobpaxkeHHbIM Ha puc. 2, 6.
Mop6opoM peavcTtopa R1 ycraHaenvea-
eTcsl 4yacToTa WX CrefoBaHus pasHouW
40...44 xf'u (nepwon — 22,7...25 MKC).
[poxaHve UMnynbLCoB, Ha4vMHas co BTO-
poro, No OCY BpeMeHY SBIISETCR HOPMaTlk-
HbIM Y CBMAETENLCTBYET 06 yeuneHwuu kac-
KaJI0M cOBCTBEHHbIX LyMOoB. MpuunHa oT-
CYTCTBUS VMNYIIbCOB MOXET 3aKIoHaThCs
b0 B CUNBHOM OTKJTOHEHUWN HaCTOThI Ha-
CTPOMKM KOHTYPa OT yKa3aHHOW BbiLLe, nvbo
B HE[IOCTATOYHOW BENUYUHE KoadhhuLeH-
Ta obparHoli cBsi3u B Kackane. B nepeyto
odepenb criefyeT BpalleHveM cepredHu-
ka nonpo6oBaTb LOBUTHCS BO3HUKHOBEHUS
koneBanwi. [Npu 3ToM HYXXHO METL BBULY,
4YTO eMKOCTb KoHpieHcaTopa C2 Ha cxeme
ykasaHa Afs Kapkaca AuameTpom 5 MM,
Ecnu vcnonbayetcs 6onbLunil aMameTp, uH-
OYKTVBHOCTbL KaTYLLKW PacTeT, © eMKOCTb
KOHEHCATOpa HY>HO YMeHbLLUTL. Tak, npu
LvaMeTpe Kapkaca 9 MM eMKOCTb [OImKHa
6biTs paeHa 27 nd. Ecnu reHepauus sce
e He BO3HVIKIA, Heobxoavmo nonpoboBaTth
YBENUUUTL YUCTIO BUTKOB KaTYLLKM [0 OT-
eoga Ha 0,5...1 BuTOK.

MoneaHo NpokoHTponvpoBaTe opMy
BbICOKOMACTOTHBIX BCTBILLEK HA KOHTYpE.
[lns 3TOro HYXXHO NOAKIOYUTL OCLIMNIOf-
pad, napaMeTpbl KOTOPOFO AOMKHBL MO-
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MOHTaNHO~CE0POHHOE NPOKRIBOACTBO
{SMD-MOHTaH OT MAKETOEB A0 KPYIHbIX

r

3BONATH HabnwA4aTb BHICOKOYACTOTHOE
HanpsbkeHvie 27 MITL, kK KOnnekTopy Tpau-
avctopa VT1 uepes KoHOeHCaTop eMKOC-
Tl 2...5 n® u yctaHoBUTHL MakcvMarb-
HYI0 4yBCTBUTENBHOCTL Oocuunnorpada v
anvtenbHocTe passeptku 10 mkc/gen.
dopma BEICOKOHACTOTHLIX BCIbILLEK fOM-
*Ha 6bITb NpUMEpPHO Takas, Kak Ha
pyc. 2, 6. Ymnynbcbl JomkHbl BbITb OCT-
poKoHeyHble v kopoTtkue (4...5 Mkc). Ecrin
VMINyNeCH ANVYHHEE, o yeM Byner cevpe-
TEeNbCTBOBATh Hanu4ve NpakTu4ecku
NNOCKOW BePLUWHBI, YyBCTBUTENBHOCTL
npveMnuvka bynet cHvkena. B atom cny-
Yyae HeobxoavMo NofobpaTtb YMcno BUT-
KOB KaTyLUKW [O OTBOAA, U3MEHRAR UX He-
HonbLuvmu Wwaramv (no 0,25...0,5 Butka).

Yeunurtenb HU3KOW YacToThl, Kak npa-
BUINO, HacTpoiku He Tpebyert. [loctarou-
HO MPOKOHTPONVPOBAaTL NOCTORHHOE Ha-
npsbkeHvie B KT3. OHO [OMKHO nexarb B
npenenax 2...3 B. WHas senvuvHa ceu-
netenscTeyeT 06 olmbke MOHTaxa vnu
HeWcnpaBHOCTY MUKPOCXEMbI.

[nsa HacTpoWKW NpyeMHyKa Ha pabouyto
4acToTy HeobXoaAUMO MOAKITIOYUTL K €ro
BX0OLY reHepaTop CTaHAapTHBIX CUrHanoB
B peXvMe BHYTpEHHEH Moaynsum, mibo
pacnonoxwvTte Ha paccrostuy 2...3 M oT
HEro BKITHEHHBIV NepeaaTyuk 6e3 aHTeH-
Hil. B nepeom crniyuae rny6uHy Mogynsiuum
cnenyer ycraHoeuTb pasHoit 0,9, a amn-
nuTyaly BbixoaHoro curkana — 10 mkB.

AAAA S

WHIE@[IE NRATS OT

Ocuunnorpad Haao nogktouuTs K K4, v
HaCTPOWUTL BXOOHOW KOHTYP B PE30HAHC MO
MakcumyMy Habnitopaemoro curHana.
Komnaparop HacTpansalT no curHa-
nam nepepartuvka. Bpalwas aoewkok no-
TeHunomMeTpa R6 13 HWKHEro No cxeme
nonoXxeHvs, AOOMBAIOTCR MORBEHUR Ha
BLIXOAE NPUEMHVIKE OTPULIATENbHBIX Npsi-
MOYTOmbHLIX UMMyFbCoB. [ins obecneye-
HUS MaKCMMarnbHOW YyBCTBUTENbHOCTY
NpoooMKaloT BpaLleHve [0 TeX Nop, Noka
Ha aKpaHe He HayHyT NPOoCKakuBaTb KO-
pOTKVE UMMNYIIBCHI, BbI3BaHHbIE CpabaThi-
BaHyeM Komnaparopa ot LymoB. 3arem
cneayeTt NOBEpHYTH ABWXOK B 0BpaTHyto
CTOpOHY Ha HeBonbLUOW yrof, Npy KoTo-
pOM LLyMoBLIE cpabaTbiBanusi NponagyT.
B 3aknoyeHue MOXHO OTMETUTb, YTO
HarpyaouHas cnocobHoCTh KoMnaparopa
HEBENWKa, NO3TOMY K NPUEMHUKY MOXHO
NoaKMtoMaTh YCTPOMCTBA, UMetoLLIve BXO-
Hoe conpotuenexve He meHee 10 KOM.

Bnaaynmup [iHUUWEeHKO,
m408@rbcmail.ru

Jiuteparypa:
1. B. lNonsikos. CeepxpezeHepamop. —
Paduo, 2001, Ne 11, 2002, Ne 3, c. 50, 51.
2. B. CmaceHko. bapbepHbill pexum
pabombl mpaH3ucmopa.— Paduonobu-
menb, 1996, Ne 1.
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NpocTon meToa CUHXPOHHOro

AeTeKTupoBaHus

B crmambe onucaH Memod CUHXPOHHO20 OemeKmupo8aHusl 2apMOHUYECKO-
20 cusHana Ha ocHoge OucKpemHoti ebl6opKu-xpaHeHu;1 lNokasaHo, Ymo
110 CpasHeHUIo CO CrOCO60M CUHXPOHHOU KoMMymayuu, npednazaembii
Memod obecneyusaem MeHbLUe Myrbcayuu 8bIxo0H020 cueHana. Memod
NPUMEHUM 8 LUUPOKOM YacmomHom Ouana3soHe. lpueedeHa cxema oemek-
mopa ¢ paboyum duarnazoHom 0,1 I'y...140 kl'y.

€70/} CUHXPOHHOTO AETEKTUpOBa-

Hua (CQ) wnpoko ncnone3yercs

ONS BelAeneHus n AeTeKTupoBa-

HUA cUrHana NnepeMeHHoro Toka Ha ooxe

6onbLUKX LLYMOB, a Takke B TEX cny4asx,

Korga a3oBble KOMMNOHEHTH CUrHana

HecyT nosnesHylo nHdopmauuio. CMeICh

C[] 3akniovaeTcs B AETEKTMPOBaHUK BXOA-

HOFO cUrHana cMHXPOHHO ¢ a3oit
M 4YacToTOol OMNOPHOTO.

Hbl€ MUKPOCXEMBI, NpefHasHaveHHbIe ANA
peanuaauun 3TOro Noaxoaa, Hanpumep,
ADB30 dmpmel Analog Devices.

[anee on1caH ansTepHaTMBHbIA NOAXO0L
Ha OCHOBE 3fIeMeHTa BbIBOPKU-XpaHeHus],
KOTOPbIN YNPEBMSAETCH CUHXPOHHO € OMop-
HbIM curHasnom (puc. 4, a). OnopHblit cur-
Han, Kak 1 B NepeoM MeTofe, cHajana npe-
obpasyeTcs B MeaHAp. 3aMblKaHue Knioda
B 351eMeHTe BbIGOpKU-XpaHeHWs NPpoMCXo-
[T No nepeaHemy dhpoHTy MeaHapa. Jne-
MEHT BblOOPKU-XpaHeHUsi OCYLLECTBISET

naeancHelM rapMoHU4eCckmnm Gea

wyma (puc. 2, @). INEKTPOHHLIN
KOMMYTaTOp mepeknioyaeTcs co-
OTBETCTBEHHO C OMNOPHBIM CUTHa-
nom (puc. 2, 6). B pesynerate B

oblem cnyyae ona HEHyNneBoro
$a30BOro CABWUra BLIXOAHOR CUT-
Han umeet opmy, NnpeacTaenex-

Knaceuueckum cnocobom 3ana-
ya pelwlaerca nyTeM nepemMHoxe-
HWUA OMOPHOTC U BXOAHOIO CUrHa-
OB ¢ nocneaylowLen unsrpaumen
NS BulAENEHUA CUrHana nocTosiH-
Horo Toka [1]. HeTpyaHo nokasars,
YTO MpK NEPEMHOXEHUN ABYX rap-
MOHUHECKUX CUTHaNoB Nony4aeTcs
CUrHaIN ¢ KOMMNOHEHTaMM Ha pa3Ho-
CTHOM KU CyMMapHOi 4acToTax.
Ecnu 4acToThl UCXOAHBIX CUTHENoB
COBNaaaloT, pasHOCTHLIA CUrHan

Puc. 1. CxeMa peTeKktopa Ha ocHoBe
CUHXPOHHOW KOMMYTaUun

Kommyrarop

=
A
~
~
/
7

Mpeobpasosarenn

V-aniSopra

OnopHbIF curnan

Puc. 2. Popma curHanose B NETEKTOPe Ha ocHOBe
CHMHXPOHHOW KOMMYTauUun

BLIPOXXAGETCA B CUrHan MoCTOsH-
HOFO TOK&, NPOMOPLUOHANBHBIN
aMnnuTyae AeTeKTUpyeMoro curHana u
KocuHycy pasHocTi doas. [lns BelaeneHus
3TOM KOMMOHEHTLI OT KOMINOHEHTH! Ha CyM-
MapHoi (OBOWMHOIR) YacToTe NPUMEHSIIOT
PUNBTP HMKHUX YacToT.

Ha stom npuHumMne noctpoexHa 6onb-
LWas 4acTb KOMMEPYECKMX MOAEne CH-
XPOHHBIX yCUnuTenen ¢ npekpacHbiMK
xapakTtepuctukamu. OfHako Hapsay co
CBOMMMW [OCTOMHCTBamu 3Tu npmbopel
XapaKTepu3yloTCsl  BLICOKOM LieHON. Mo-
3TOMY AN peLleHuns NPOCTLIX 3afaqy vac-
TO 06PaLLaITCA K HECNOXHBIM TEXHUYEC-
KUM peLLEHUSM.

MOXHO MOCTPOUTL CUHXPOHHBIR AETEK-
TOP H@ OCHOBE UHTETPanbHON CXeMbl ne-
peMHoxeHus (Hanpumep, cepum K525).
OpHako ycTpoicTBa noaobHoro pofa
MMEIOT OrPaHr4EHHbIN YaCTOTHLIN Anana-
30H U XapakTepu3yloTCsl HEBLICOKOW Nn-
HEMHOCTBLIO, 3HaYUTENbHBIMU APeEROM K
NOrpeLLHOCTLI0 NepeMHOXeHUS. [No3ToMy
6ornee nNonynspHO pelweHne Ha OCHOBE
CMHXPOHHOM KOMMYTaLIUK 3NEKTPUYECKO-
ro curHana [2]. B sTol cTaTbe onucaH eLle
OofMH MpocToit cnocob AeTeKTUpoBaHus,
MMeELWKNIN HEKOTOpLIE NMpenmMyLLecTBa
nepena 3Tum metonom. Huke ByayT uano-
weHbl aetanu obenx METOAO0B U MpoBe-
[I€H WX CPaBHUTENbHLIA aHanus.

Wrnes metona CUHXpPOHHOR KOMMYTa-
UMK NpornnAlcTpupoBaHa Ha puc. 1. Ha
nepBLIt BXOA KOMMYyTaropa curHan no-
CTynaeT B HEM3MEHHOM BuAe, & KO BTO-
poMy — B MHBEPTMPOBaHHOM. [1na npo-
CTOTH BXOAHOW curHan Byfiem cuutatb

24

HyI0 Ha puc. 2, 8. lNocToAHHanA co-
cTaBnsiowan curHana (ToHkas
CTIMOWHanA nNuHKUA), KoTopas noa-
CUUTaHa 3eck METOLOM ycpeaHe- | Zxl
HUS, OTNMYHa oT Hyns. Ee ypoBeHb
3aBUCUT OT hassl 1 amnnUTyabl
BXoAHOro curHana. [ina seifene-

HUS 3TOI cocTaensioLlen Heobxo- | st

[MMO MPOMYCTUTE BLIXOOHOM CUr- | ol

Han yepes UnsTP HUIKHKUX YacToT.

OTMETUM, YTO KOHKPETHas CXeMO- o

TEXHUYECKas peanuaauuna meToia ob—s .wL = i.% DTS T R T Y

MOXET 3HEYUTESIbHO OTMIYATLCA
OT NpeacTaeneHHon Ha puc. 1, Ho
naes noaxoaa coxpaHseTes ans

Puc. 3. Cnektp dypbe BbIXOQHOTO cUrHana
[EeTeKTopa C CUHXPOHHOM KOMMYTaumel npu
BXOAHOM YacToTe 50 'y

wacrora (NnyY

BCex BapuaHToB. MeToau npeot-
pasoBaHusi CUHYCOMAANLHOTO CUr-
Hana B NPAMOYTONbLHLIN, @ TaKkKe CXeMbl
tasoBpalyarenen WNPOKO U3BECTHHI,
Hanpumep [3, 4}.

Mpumep cnekTpa ®ypbe BLIXOAHOTO
curHana B Touke A (KpoMe MOCTOSIHHOW
COCTaBMsAoLEN) NPeCcTaBneH Ha puc. 3
(pacueT BLINONHEH € UCMOMNL30BaHMEM Na-
kera Matl.ab). Mpu MmoaenpoBaHuK Yac-
TOTa BXOAHOIO BO3/\EUCTBUA COCTaBNana
50 IN'y. Kak u cnenoBanc oxuaare, camoi
CMNBHOM rapMOHUKON OKa3anach ABOHaNA
yacrota 100 My. dPvnbTp HU3KKUX HacToT
Hapsy C LyMamu [OSHKEH NOASBUTL 3Ty
rapmMoHKKy [0 NPUEMMEMOro YPOBHS.

OTa cXema OTNUYaETCA HU3KMM fpei-
oM, XOpOLLIEN NMHENHOCTLIO, @ Takke Npo-
CTOTOM U [IELLIEBU3HON 1 HAXOAUT LUMPOKOE
NpMMeHeHne ANl CUIHanNoB C HEBLICOKUM
ypoBHeM LWyMoB. CyLLLeCTBYIOT MHTerparb-

3aMOMMHaHNE MIHOBEHHOIO 3Ha4EHUA CUr-
Hana K ero XpaxeHue 40 cneayloLLlen Bu-
Gopku.

Jlerko noHATbL, YTO ANA MAeansLHoro rap-
MOHUYECKOTO CUrHana NnoCToAHHOR amn-
AUTYALI BLIXOOHOM CUrHanN B ToHKe A (CM.
puc. 2, 2) uMeeT BUL NOCTOAHHOIO YPOB-
HS. B 3TOM COCTOMT NpemMMyLLLECTBO Npea-
fiaraeMoro fieTektopa: ecim MAeancHoii
curkan AeTekTUpOoBaTh, Kak MoKasaHo Ha
puc. 1, To ANS NOAABMEHUS FaPMOHUK Bbl-
XOZHOIo curHana Tpebyercs HU3KO4acToT-
Hbll uneTp. [ins BTOpOro meTtoAa npu
noeancHoM curHane unstp BoobLle He
Tpebyetcs. KoHevHo, Ha NpakTuke unie-
anbHBIX CUrHanoB He ObLIBaeT, NO3TOMY
HM3KOYaCTOTHLIR hnnbTp Heobxoaum. Ho,
ecnu Bo BTopoM chyuae dusnetp Gopercs
TOMBKO C NyNbLCauuaMKU curHana, obyc-
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KoHkpeTHaa cxemorex-
HUYeckaa peanusauus
npennaraemMoro noaxoaa
npencraenexHa Ha puc. 4, 6.
34eck CNOMBL30OBaHa MUK-
pocxema AD781 cdonpmbl

DpaxoBrbparop

I
MNpeobpasoearent

Ka) BXOQHOIO curHana npo-

oo |15 1 UCXOAWT B MOMEHT NoAaqm

s PR ST Ha BeiBOA 7 BbICOKOrO TT/

+5B <] — ypoBHs B TeyeHune 800 He.

Dnoprsiit curHan KP153534T4 Nmnynec dopmupyetcs
a) 6)

npyHUMNmansHas cxema

A
Bxon >—1—7% QI—D— PHY Bhixony
f'\} T_ Mukpocxema
BbIGOPKU-XpaHeHns
M Nn AD781
Bron>—2) ®H4

12 T»g i
It
B

Puc. 4. [letektop Ha ocHoBE CUHXPOHHON AUCKPETHON
BbIbOpKM-xpaHeHust curHana: a — bnok-cxema, 6 —

Analog Devices ¢ speme-
HeM BHIOOpKM MeHee
700 He. Beibopka (3arpys-

MUKpOCXEeMOI MOHOBUGpa-
Topa KP1533Al4 cunx-
POHHO C nepeaHUM (PpoH-
TOM MeaHApa OnOpHOro

MNOBMNEHHLIMU LIYMOM (NpeacTaBneHbl Ha
puc. 2, e B BAA€e NYHKTUPHOW NMUHUKU NpU
MOJENUPOBaHNWKN C UCMNOMbL30BAHUEM Fe-
HepaTopa cry4yanHbIX Yucen), To B nep-
BOM crnyYae HeoOX0AMMO NOAABMATL Tak-
e nynbcaluKn Camoro curHama Ha
[BOWMHOW YacToTe BXOAHOro curHana. Mo-
atomy B obulem criyyae BTOpPOW NOAXOR
ABnaeTcA Gonee aPeKTUBHEIM, Tak Kak
noseonfnet nubo AOCTUYE MEHBLLEND
YPOBHA Nynbcaluui Ha BeIXoge Npy ¢puk-
CUPOBaHHOW NOCTOAHHOW BPEMEHWN Bbi-
XOAHOro ouneTpa, NMMbo yMEeHBLLIUTL NO-
CTOSRHHYI BpEMEHMN NPU (DUKCUPOBAHHOM
YPOBHE BbIXOAHBIX NYMNBCALMNA. OTO NOBO-
nseT GbiICTpee oTCneXueatb U3MEHEHNE
aMNNnTyObl AeTEKTUPYEMOro curHarna.

curnana. PaGouni puana-
30H AETEKTOPa NPOCTUPAETCA OT YaCTOThI
nopsaka 0,1 My npumepHo go 140 Wy, yTO
onpefenseTca M3 CnepylownX YCIoBUIA.
[na koppekTHOW paboTel AeTEKTOpa He-
obxoamMmo, yTobkl BpemMs BLIDOPKK OuiNO
CYLECTBEHHO MEHbLUE Nepuona AeTek-
TUpyeMoro curHana. Ecnu cuutate npm-
€MrnemMblM COOTHOLUEHWE 3TUX BPEMEH
1:10, TO, NPUHMMAn BO BHUMaAHWE TUNWY-
Hoe BpeMA BeIGopku 700 He ana AD781,
Mb! nonyyYnm 10x700 He =7 MKC, {TO COOT-
BeTtcTByeT yactote okono 140 ky. CHuay
paboyas YacTota onpegensieTca BpeMeHeM
yaepaHus 3apsfaa Ha BHYTPEHHEM KOHAEH-
carope. [ina AD781 TunuyHas cKopocTb
pa3psafna KoHOeHcaTopa cocTaBnseT
10 mB/c. Ecnn npyHATE npueMnemelM paz-

pan Ha 10% 3a BpemAa Mexay BuiGopka-
MW, NS HWKHEro Npejena 4YacToThl No-
nyyum 0,1 My,

Mcnone3osanne 6onee BLICTPBIX MUK-
pocxeM BeIDOPKM-XpaHeHUs (Hanpumep,
AD9101) nosBonut oOCTUYL BEPXHE pa-
foyelr 4yacToTel B HECKOMBKO NECATKOB
Merarepl. AHanorM4YHo MOXHO CMECTUTL
pabounii Anana3oH B CTOPOHY YNBTPaHU3-
KMX YacToT nyTem Beibopa MMKpOCXem C
HM3KOW CKOPOCTBIO camopaspsaga.

OnucaHHbIN BhILLIE NPOCTON METOR CUH-
XPOHHOIO AETEKTUPOBAHUA CUMHana Ha oc-
HOBE [UCKPETHOW BBHIOOPKWM NpPUrOOEH B
LUIMPOKOM Arana3oHe YacToT OT Aonew rep-
La no aecsTkos Merarepl. o cpaBHEHMIO
C METOAOM Ha OCHOBE CMHXPOHHOMN KOMMY-
TaLmn oH obecneyrBaeT MEHBLUWIA YPOBEHD
nynbcauuii BeIXOQHOro Hanpsekerus. Merton
XapaKTepuayeTcs BbICOKOW NMMHENHOCTHIO W
ManbIM Apeirtiom 1 MOXKET BbiTb pexoMeH-
[0BaH ANS LUMPOKOro NPUMEHEHUS.

Omurpun JNanwuH
lapshin@isan.troitsk.ru
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3akoHuyeHHan cuctema cbopa na W o o . oc
Ha OQHOM KpUcTanne mu:mwlowmi YCTRHOAKE CATY 3?"'3&‘””' C
TRACO' « HEHTPATLKLX 3aMKD8, vou Rectif~f
POWER CTEKNOTIORLEMHMKOB M APYrvX YCTROACTS o
ANALOG DEVICES ocBoui CepHiHHEIH BEIYyCK BBTOMATAKM 14 JaLATH Bamuuﬁuﬂaxacexmnoe
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ConpsXXeHne pa3HOCKOPOCTHbIX
KOMIMOHEHTOB CUHXPOHHbIX CUCTEM

OB6bI4HO NPU CONPSKEHUL Pa3HOCKOPOCMHbLIX yCmpoticme npuMeHsitom by-
¢hepsi muna FIFO. OdHako 3mo npueodum K 3adepxkKam nepedaqu 0aH-
HbIX Npu ux NpoxoxoeHuu vyepe3 ByghepHyo NaMame U yCIIOXHAem anna-
pamypy. PaccMompeHHbie HuXe npocmbie peweHusi obecneyueaiom repe-
daqy OaHHbIX C He3Ha4umensHoU 3a0epXKOoU.

OpHokananbHan cuctema

B cucteme nepefaun faHHbIX. NOKa3aH-
Hoi Ha puc. 1 [1], BxoaHOR W BbIXOAHON
notoku paxHeix (DATA 1 v DATA 2) ume-
10T cKOpOCThL X BUMT/C, B TO BPEMSA KaK CKO-
pocTe nepepaql AaHHbiX NO NMUHWU CO-
crasnser Y 6ur/c, npuuem Y > X,

BxofHuie nanHuie DATA 1 npeoGpasy-
10TCS CKPEMBNEPOM B NCEBAOCITyHaAHY0
nocnepoearensHOCTs GuTos D1 (puc. 2).
3ra nocneqoBarenbHOCTE CUHXPOHU3N-
poeaHa curHanom CLK1 cuacroron Xy
MonoxutenbHble HPOHTEI CUHXPOCUrHa-
na CLK1 3agasor rparvubl 6UTOBBIX UH-
tepeanos. Keapueswiii reseparop G1
dopmMUpyeT HenpepLiBHyl0 NocrnenoBa-
TensHOCTL uMnynLcoB CLK2 ¢ uacroton
Y y. Curnansi CLK1 1 CLK2 He cuHxpo-
HU3UPOBaHL Mexay coboir, nosTomy Bpe-
MEHHBIE COOTHOLLEHUA MexAY (PpoHTamMK
COOTBETCTBYIOWMNX MMNYNBCOB MOTYT
GbiTh NPOM3BOMBHBIMUA U NOCTOAHHO W3-
MeHaIoTCeA. [0 NnonoxuUTeNbHBLIM (hPOHTAM
mmnynecos CLK2 parHbie D1 3anuceiBa-
1orcq B D-Tpurrep nepepativka. B peaynt-

Tave Ha Bhixofle Tpurrepa dopmipyerca
noTok AaHHeix D2, umerouiunii cKopocTs
Y Gur/c.

CpaBHUBas BpPEMEHHbBIE Anarpammel
curdanos D2 v D1, MOXHO 3ameTuTs,
YTO OHU CXOXMU, HO (PpOHTEI CUTHAMNOB HE
coenagalT. Ha BpeMeHHOM Anarpamme
curHana D1 saremHeHHbiMU NPAMOY-
ronbHYKaM1 OTMeYEeHb Nepuoasl, B Te-
yeHue KOTOpLIX COOTBETCTBYOUINE
¢pOHTHI 3TOro curHana moryT GbiTh BOC-
NPUHATH D-TpUrrepom B 3aBUCUMOCTH
OT BO3MOXHOFO B3aUMHOrO casura 6nua-
nexawmx umnynscos CLK1 n CLK2.
LLvpuHa 3aTeMHEHHBIX NPAMOYTONbLHW-
KOB paBHa nepuopy curdHana CLK2. B
nydiiem criyyae (ppoHTHI MOryT NOUTH
coenaparb, B xyaliem — GpoHT CUrHa-
na D2 moxeT 3anasabiBaTbk OTHOCUTENb-
HO COOTBETCTBYiOLIEro (ppoHTa cUrHana
D1 Ha BpeMs, NpakTUYECKW paBHOE Nne-
puogy curHana CLK2.

371 Xe 3aTeMHEHHbBIE NPAMOYTONBHWUKA
«CNPOELIMPOBAHLIY Ha BPEMeHHylo auar-
pammy curdana D2. 3neck onm otobpaxa-

10T [KUTTED 3TOrO Cur-

DATA 1

6uric)

1 NepeaaTuvk

Hana. MHeimy cnoeami,
! curnan D2 moxHO pac-
; CMaTPUBATL KaK curHan
! D1, xoropeiit noaeep-

D1 (X 6mrlc]
: ( DCLKz c
! (Y Fu}

CLK1 (X Tu)

D2 (Y 6wric) [ B |
12

WeH pxurTepy, obosna-
YEHHOMY 3aTEMHEHHbI-
MU NPAMOYTOSIBHUKaMU.

Curvan D2 uepes Ka-

NpuemHnx

GenbHbi yeurmrens S

ks (xryy | BIOBETCA B NMHUIO, 38~

WCTTQ
J

CLK3 (X Tu) D
D2 (Y 6uric) l

no NUHUA

DATA 2
Aeckpembne
| e 2

D3 (X Buric)

Puic. 1 CuHxpoHHasi cucTema Nepeaaqn AanHbiX. CkopocTy
BXOQHOIO Y BLIXOAHOIO NoTOKoB AanHbIX (DATA 1 v DATA 2)
He coBnafaT co ckopocTeto notoka (D2), nepenapaemMoro

TEM NPOXOAMT Yepes ycu-
nuterns R npueMHuka v
nocrynaer Ha Bxof C
CHHXPOHU3ALUW NEPBOrO
TpUrrepa, a Takxe Ha

_____________ ! Bxon D gaHHbIX BTOPOro

Tpurrepa. O6a Tpuirepa
cpabarbiBaior no nosno-
KUTENBHOMY (DPOHTY
curHana Ha exoge C.

MepBuiil TpHrrep v reqe-

CLK1

CLK2

CLK3

partop G2 obpa3yior Tak
Ha3blBaEMYyi0 «NETNio
(hasoBoil aBTONOACTPOH-
K4 4acToTbi». BeixoaHow
curHan F nepsoro Tpur-
repa BO30eVNCTRYET Ha re-
Hepatop G2. HomuHanb-
HGA yacToTa curHana Ha
BbIXOOE ITOro reHeparo-

OTD

ol1l1l1lo. 1

cYCTEMBI, NOKEe3aHHON Ha puc. 1

Puc. 2. BpemeHHbie oviarpaMmbl Nepeaaqn AaHHbLIX

pa paeHa qacToTe X cur-
nana CLK1 HaBxope nie-
pegatuuka. Mpu F = 0
YacToTa rnnaBHo Y O4YeHb
He3HauuTenbHO NOBbI-

1 1

26

wiaercs, a npy F = 1 crkaetcs. MNpenensi
W3MEHEHUSR YaCTOThI O4EHb HEBEMWKU.
lFenepatop G2 obnapaer pocraroy-
HOWM MHSPLUWOHHOCTBIO, NOITOMY B yCTa-
HOBUBLUEMCA pexume ynpasnsiouive
BO3fEMCTBUA CO CTOPOHbI TpUrrepa B
3HaunTeNsHOM Mepe ycpeaHsiotea. Mpu
3aTom Gnarogapsa oGparHon CBA3N noso-
KUTeNbHBIE (PPOHTHI CUrHANa Ha BLIXO-
ne redeparopa G2 npuBsizaHbl K UEHT-
pam 3aTeMHEHHbIX NPAMOYTOMBHUKOB Ha
BpeMeHHON Anarpamme curkana D2, uro
OTMEUEHO «3BE3[04KAMU» Ha puc. 2.

YroBel ybeauteest B NPaBOMEPHOCTH
NOCTPOEHUSR [AHHOrO BapuaHTa netnu
¢a3oson aBTONOACTPOIKYK YACTOTHI, pac-
CMOTPUYM [IBE CUTYALWNM, KOTOPBIE NOOYE-
pEeHO BO3HMKAKT NpU HOpManbLHOW pa-
Gove cUCTEMSI.

1. Mpeanonoxum, 4TO NONOXUTENbLHBIE
poHTEl curkana D2, pasHomepHo pac-
npeneneHHsie B 0603HaueHHbIX Ha puc. 2
30HaxX AxuUTTEPa, B BONBLUVHCTBE CBOEM
COBNafaloT C HYNeBbIM COCTOAHUEM CUH-
xpocurHana NOT(CLK3). Ureimu ciosa-
MU, NpoEeKUMK «3Be3nouek» (ycpeaHex-
HbIX NONMKEHWI (PDOHTOB) Ha Al*arpammy
cuHxpocurHana GyayT uyTb onepexartb
ero nonoxureneHbie PoHTH. 370, B
CBOIO Ouepeflb, O3HAUAET, YTO crenyer
cnerka yBenuuuTk YacToTy CUHXPOCUTHa-
na, 4yTo NPUBEAET K €ro He3HaUNTENbHO-
My (pa30BOMY CMellleHnio Brieso. Ho kak
pa3 310 1 gocTuraercs Gnarofapa ToMmy.
YTO B JAHHOK CUTyaLUuW ClUrHan ynpasre-
HUA F GyOer npevmyLecTBEHHO HYNEBLIM.

2. B npoTHBONONOXHOW CuTYayum Bpe-
MeHHas Auarpamma CcuHxpocurHana
NOT(CLK3) ucxogHo vy Tk CMEULEHa Bre-
BO OTHOCUTENLHO NOKA3AHHOM Ha puC. 2.
Toraa npoekuyuu «3eesgoueky GynyT no-
nagarb Ha eaUHUUHbIE COCTOAHUSA CUHX-
poCUrHana. 370 03HAYAET, YTO CUHXPOCWT-
Han BbipabaTbiBAETCH C ONEpeXeHuem, U
ero cnefyer 3anepxars. CpencTeoM 3a-
NEPHKIA CIYKUT HE3HAUUTENBHOE CHDKEHVE
ero yacToTbl. QHo pocTuraetcs Gnarogaps
TOMy, YTO B [IAHHON cuTyauu ynpaBnsto-
i curqan F npenmyllecTBEHHO PaBeH
eavHne.

B pesynbrarte NOCTOAHHBIX He3HAYATENb-
Hbix KoneBaHuii OKOMo PaBHOBECHOTO COo-
CTOSAHMA OCYLLIECTBNAETCSA NOKA3aHHAA HA
puc. 2 TouHaR NPUBSA3Ka cuHXpocur-ana
NOT(CLK3) k curnany D2 ¢ yuerom uckyc-
CTBEHHO BHECEHHOrO B HEro mkurrepa.
Takas npuesaka obecneunBaer cTabunb-
Hocth AanHbix Ha D-Bxoge BTOpOro Tpur-
repa B MOMeHT hOPMUPOBAHWUSA NONOXKK-
TenbHoro dpporTa curbana CLKS3.

Ha Buixoge sroporo D-tpurrepa ¢op-
MISPYETCA CUHXPOHHBIHA NOTOK AanHbIX D3,
noeropsiowmii notok D1. Kak cneayer u3
BPEMEHHBIX ONarpaMm, 3a0epxka Mexay
OOHUMMEHHBIMY BUTaMU 3THX NOTOKOB He
npeBwilLAeT OAHOIO nepvoaa curHana
CLK1 (CLK3). lanee panHble D3 peck-
pemBnIpyIOTCA, U Ha BbiXO4 NpUeMHuKa
BLIJAETCA CUHXPOHHBIN NOTOK AAHHBLIX
DATA 2, axBuBaneHTHem notoky DATA 1.

C ymeHsLueHwem cooTHolueHus Y/X cy-
WAETCH «OKHO AETEKTUPOBaHUA» CUrHa-
na BTODL:M Tpurrepom npuemkmka. Mo-

.
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NOXWUTENBHBINA (PPOHT CUrHana Ha exofe
C avoro Tpurrepa nonagaet B cepeaviHy
OKHa, HO NPy 3TOM CoKpaLlarTcs nepu-
oAbl NPefyCTaHOBKU v yaepxaHuvs (Ans
KOHKPETHOrO TuNna TpUrrepa CywecreyoT
MUHUMArNbeHO [OMyCTUMbIE 3HAYeHus
3TUX NapaMeTpoB). YMeHblLUeHVe OKHa
LEeTEKTUPOBAHUS CHWXaeT Takxe AoNnyc-
TUMBIA yPOBEHE «OBBLIMHOTO» MXUTTepa
B cucteMe. [lpy COOTHOLIEHUU HaCTOTY
Z=YIX=1,25 okHO oeTeKTUPOBAHUS CO-
craensiet 10 % makcumManeHoro. Mpuem-
nemMblM Ha NPakTuKe MOXET cHuTaTbhes
3HauyeHve Z, npesuiwawilee 1,5 B [1],
npeanoxexHs MmoancdUkaumm paccMoT-
pPeHHOro pelueHUs, NOBLILIAKOWNE Ha-
LEXHOCTE Nepefayvv faHHbIX.

Cucrema
€ MyNbTUNNEKCUPOBaHUEM
KaHanoB

MyneTynnexcop, nokasaHHbin Ha puc. 3
[2], nosBonsieT 06bEAUHUTE BXCOHBIE MO-
TOKW [jaHHbIX B OO BBIXCAHOW MOTOK.
BxopHbie cuHXpOHHbIe notokn D1—D5
MOryT MMeTb pa3sHble CkopocTu. Yactora
curHana CLK onpenenser ckopoCTb Bbi-
XO[HOrO notoka parHbix DATA. 3Ta Jac-
ToTa posmkHa BblTe LOCTATOMHO BBICOKON.
Kak v B ripepblayLieM npumepe, Kaxgbii
BXOJHOW CUrHan [OMMKeH Onpalmearbcs
cyactorol Y, He MeHbluen 1,5 X, roe X —
CKOPOCTbL COOTBETCTBYIOLLETO BXOLHOFO
novoka AaHHbiX. HanoMH¥M, 4TO 370 He-
obxoauMo 1N yBEPEHHOO BOCCTaHOBNE-
HWUSi NOTOKOEB AEeMYNLTUMNNEKCOPOM.

MynbTunnekcop conepxur «cotcree-
HO MynbTUnnekcop» MUX, deteipexpas-
pSoHbIR ABOWMHBIR cHeTumk CT2 v noru-
yeckve aneMeHTH. [epenaBaembie
[LaHHbie rpynnupyroTes B Kagpb! (puc. 4).

Tpu Mnapwmx paspsaa koaa ¢ Bbixoaa
CHETYMKA YNPaBNSAOT MyNbTUNIIEKCOPOM
MUX. MNpeanonoxwvM, 4To B MOMEHT Ha-
Yana nepefadv kagpa J B c4eTuuke cop-
MUpOBaH Hyneeow koa. B wectu Havane-
HbiX TakTax (C HyNeBoro No NNTLIK) Kagpa
Ha Bbixca Mynbstunnekcopa MUX nocne-
[i0BaTenbHO NepeaarTcs Tekyiline CoCcTo-
sHua curHanoe D1-—D5, a takke Hyne-
o curHan T = 0.

Tak Kak B TedeHve nepebiX BOCLMUN Tak-
TOB Ha BbIXoAe cTapiuero paspsaa H cuer-
Yvika npucyTcTeyeT nor. 0, norueckuii ane-

Ha Bbixoge netnun

D1
D2

PLL1 ¢aszoeon as-
TOMOACTPOMKM Hac-

D37 ] '

TOTbI (hopMUpyeTCN

cunxpocurHan CLK
(cM. oBe HuXHUE

D5

=
]

. ]

i

CLK

BpeMeHHble auar-
paMmbl Ha puc. 4).
C noMoubo MUK-
| ponpoueccopa yc-

TaHaenuBaeTtcH

PRRSARATAS
|D1lDles!m!Dsl T !F‘IIFZ Dl 2. D3 D4 DS T '#1 F2/D1/D2!D3/D4 DSI T cratucTndecku no-
-« — - Kagpd .,L KappJ + 1 __ _KagpJd+2 CToBepHoOe MecCTo-

Puc. 4. BpeMeHHble guarpammbl MymbBTHUMNIEKCMPOBaHWA CUrHarnoB

nonoxexHve ¢na-
roebix 6utoB F1 n

meHT Wcknovawtilee
UNW TpancnvpyeT cur-
rwanei D1—D5, T ¢ Bb-
x0fa MynbsTunnekcopa

MUX 6e3 vHeepTUpOBa- DATA

P

DX1

Mol 225

DY1 (Y 6uric)

DEMUX

Hus. flovdecknn ane-
meHT 2ZU-UINIA nocneao-
BaTeSbHO NEPe/1aeT 3T
CUTHanbl Ha BHIXOAQ
MynTUrnexcopa. B ue-
CTOM U CE1bMOM TaKTax
cpabarbiBaeT 3nemMeHT
N, anement 2U-UNU
TPaHCAVPYET Ha BbIXOA

CLK

4y
Mukpo- >
npomccog;’

DXS

DYS5 (Y 6uric)

Puc. 5. Cxema fieMynstunnekcopa

PLLS

CLS

curdan L ¢ ebixopa

Mnagllero paspsiaa cyetyuka. B wectom
TaKTe 3TOT curHan paeeH Hymo (F1), B ceab-
MoMm — euHuue (F2).

B BocbMOM—nsTHaALATOM TaKTax Npo-
LlecChi NOBTOPSIOTCS, HO NPY 3TOM B CTap-
wem paspsae H cyetduka npucyTcreyer
cvurHan nor. 1. 3To NPUBCAUT K TOMY, YTO
nepefaBaeMbie C BXOA0B MynbTUNIIEKCo-
pa MUX curHane! nHEepTUpYIoTCS Nnoru-
yeckuM aneMeHtToM Mckniovatowee UIMA.
Butbl F1 1 F2 chopMmmpytoTcs tax xe, kak
v paHee.

Takum o6pasom, nocnefoBaTeNbHOCTbL
KaapoB xapakTepu3yeTcs creaylowumMn
npusHakamu.

1. Kaxagbiv kapp Hecet UHOPpMaLU
O COCTOSIHUW TPYNNbl BXGAHBIX CUTHANOoB
Ha MOMEHT OMpoca Kaxaoro M3 Hux. JT1a
vHcopmauus npyu T = 0 npeactasnexHa B
npsamoM kcae, a npu T = 1 — B obpart-
HOM. Taxkol cnocob koanpOBaHWS Bbipas-
HWBaeT cnekTp BbixogHoro curHana DATA
NPW ero BeliAadve B NIMHUIO, @ TaloKke UCKMo-

Yaet u3 CnektTpa NOCTOSHHY CO-

MUX
D1—>10
D2—»>{1
D3—>»{2
D4—>13 » @
ot e I
T=or—s D1
6 &
7
44 | F1+F2
H
CT2
CLK 7l &
—p] >
L
Puc. 3. Cxema myrneTurnexkcopa

DAT,

crasnsowyto. Mpvemrvk npy T =1
WHBEPTUPYET NPUHNTBIE AaHHbIE.

2. Kaxkgbmw xanp conep>Xut npotu-
BocpasHble hnaroeble 6uThl F1 1 F2.
lapaHTUpOBaHHOE U3MEeHeHUe ypoB-
HSI curHana Ha rpanvue Mexay atu-
MU GuTamMu no3sonseT nognepxw-
BaTb HapeXHY CUHXPOHU3aLuo
npueMHuKa ¢ nepenatyvkom. dnaro-
Bble BUTH HEU3MEHHBI BO BCEX Kaa-
pax, No3TOMy OHWU CnyXart MeTkamu,
Nno KOTOPBIM NPUEMHWK PacnosHaeT
B3aVMHOE PacnonoXeHne Kappos.

BoccraroBnerve nexonHow rpyn-
net curHanos DX1—DX5 (a3xBuBa-
nertHow rpynne D1—D5) ocywecte-
nserTcs NPUEMHUKOM C NOMOLLbLIO
nemynbtunnexcopa (puc. 5).

u www.dian.rv

F2. 3Hasn pasmelleHue MeXKanpoBbIX rpa-
HUL, «COGCTBEHHO AEMYNBTUMNEKCOP»
DEMUX pacnpepnenset BxoAHOW NOTOK
[aHHbIX NO NSTY KaHanam. pu aTom yuu-
TbiBaeTCs, YTO AaHHbIe NonepeMeHHO ne-
penatorcs B npsMoM M obpatHoM kopax.
Kak v B npeabiayiLleM peLleHnu, B Kaxaom
kaHane cospaetvcs curHan DY, omnuyaio-
LMIACS OT UCTUHHONO Hanvivem UCKYcCT-
BEHHO MPUBHECEHHOTC XKUTTEpA.

[anee, kak v B npeabiayLlem peLteHun,
NPUEMHVK BOCCTAHABNUBAET UCXCOHLIE
CYHXpOCUrHanb! U aaHHble. [ins nevektu-
POBaHUA NATU HE3ABUCUMBIX CUHXPOCUT-
rwanoB CL1—CLS5 B xaxaom kanane wvc-
nonb3yerca COOTBETCTBYlOWlas nerns
chazoBoir aeTonoacTporku (PLL1—PLLS),
HaCTpOeHHas Ha OXuaaeMyto YacToTy.

Bopwuc Lleskonnsac,
Cepren CyxmaH,
Anaronuin BepHos,
borissh@zelmail.ru

Jlumepamypa:

1. Narent CLUA Ne 4.920.545.
2. Mateny CLWIA Ne 4.860.286.

Pepaxius xypHaia

«CxemorTexHMKa»

NpHIIaIIaeT AaBTOPOB
K COTPYIHHYECTBY

Ilo BceM Bompocam ofpaimarbes:
e-mail; editor@dian.ru
Tesedon: (095) 777-1215

mepapu BRIILIAYMBAIOTCH
aBTOpaM, MPOKHBAIOIIHM
Ha TeppuTopuu CHI'
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YCcTpOWCTBO, peanuayloLlee 3acekpeimBaHue

chopMbl cUrHasnos

[1nsi obecneverus 6e30M1acHOCMU CEA3U, MO eCMb COXpaHeHus 8 maliHe codepxaHusi nepedasaembix U
rpuHUMaeMbix coobujeHul, a makxe om Haesa3bIBaHUS JTIOXHOU UHGbOpMayUU, WUPOKO NpumMeHsiemcs cneyuaris-
Hasi mexHUKa. 3mom Knacc annapamypsl peanusyem yenbil psd Kpunmozpaghuyeckux hyHKyUU, makux KaK
obecneyeHue KOHbUOEHUUaIbHOCMU coOBLeHU, UMUMOo3alyumy, aymeHmugbukayuio, yugposyto noonucs U, €
MOM yucrie, 3aceKkpeyusaHue (hopMbl cuzHarnoe. Heob6xodumo ommMemume, YMo 3acekpedueaHue opMbl cuzHa-
1108 o6nadaem psOOM HECOMHEHHBbIX docmouHcme. pumeHeHue OaHHOU (OyHKUUU no3eorisiem u3bexams uc-
nonb3oearus dopozocmoswell cneyuanbHOl MEexXHUKU, yMeHbLaem Koru4ecmeo annapamypel u obecnequseaerm

6e3onacHocmb Ces3u.

6ecneuenne 6esonacHocTu cesian (BC) moxer bbiTh A0-
CTUTHYTO CREeAyLWUMN NYTAMW: peanusaunen HekoTo
PhIX KpurTorpachnyeckux yHKLKin B COBPEMEHHOM crie-
LMantHON TEXHWKE, a TAKKe NyTeM 3acekpeunBaHuns (hopMbl CHT-
HanoB Ha ypoBHe (DOPMUPOBaHWA CUrHana.
Mopens obecrniedeHus BC ¢ ucnonsb3oBaHeM crieumansHOM
annapaTypbl NpeacTaBneHa Ha puc. 1.

novexu / ]‘ nepexeam

Ha puc. 3 npuBefeHa CTpyKTypHasi cxema nepefarymka
YCTPOICTBA, peanuayrollero 3acekpeunsaHue popmMbl cur-
Harnoe.

1{ 2 n
rKunonpeoﬁpamsaTc:lb I
1 2 m

KommyTaTop

Hcerounuk
uH}popMalmK

Crnien.
|,
anm.

Mp. é
R DopmMup l / | TIpuémumk )
cHruana curuana

K| K|
Puc. 1. Moaenb obecneveruss 6e3onacHoCTK CBA3KN C
WCMONb30BaHWEM CNeLManbHOW annaparyphl

| | Tonyuarenn
uudopMalHH

WHdopMaLus OT UCTOYHMKA NMOCTynaeT B crieynantsHyto anna-
parypy, 1ie OCYLLECTBNATCA KpunTorpaduyeciue npeobpaso-
BaHKA, HAaNpUMEP 3aceKpeunBaHune, ayTeHTUMKaL KA, NMUTO3a-
wmTa n uncposas nognuce. lNpeobpa3oBaHns OCYLLECTBNALOTCA
C MCMonL30BaHMeEM Kntouen (K), MMetoLmnxcs y 3aKOHHBIX NonbL30-
Batenei. [lanee KpunTorpaMmel MOCTYNaT B POpMUpOBATESb
curHana, rge OCyLecTBNASTCA WX MOAYMNALMA.

HepocTtatkamu AaHHOM MOAENKU ABNAOTCSA HEOBX0AUMOCTL
MCNONb30OBAHUA [OPOrOCTOAWEN CneynansHON TEXHUKHK,
CMNOXHOCTH BBLIMONHEHUSA OPraHU3aLMOHHO-TEXHUYECKNX Me-
ponpusATKiA, BoNbLIOE KONUYECTBO annapaTypsl Ha y3nax cBsi-
31 1 ap.

MepcrexkTveHEIM HanpaeneHuem obecnedenmns GesonacHoc-
TU CBSI3U ABMAETCA MOAENb, peanuaytollas 3acekpeunpaHne
chopMBI CUTHANOB, KOTOpas nNpeacTaeneHa Ha puc. 2.

nomexu Z nepexsum

Hetounuk
vudopMaLHK

. Crnen. | Popmup. [l Npuémuex | - Crew. . |

. anm. CHFHana curHana anmnm,
Co. * * c .

K . Cunxp. ) K
——[rancn T AIICT

Puc. 2. Mopenb obecneveHuss 6e30NacHOCTH CBA3MN,
peanuaylolyas 3acekpenmeaHne opMbl CUrHanoB

Ionyyatenk
HHOpMaLuK

B npeacTaBneHHoON Mogeny hopMrpoBaHne CurHana ocyuwe-
CTBINSIETCA Ha OCHOBE anepruoauYecKnX NCEBAOCHYHanHbIX Moc-
nepoearensHocTten (AlMNCI1), To ecTb HEMOBTOPAOWMNXCSA B CE-
aHce CBsi3U ¥ 06nafatoLnX BEICOKON SKBUBANEHTHOW NMHENHOMN
CNOXHOCTBI0. CTPYKTYpa Takux nocnefosarensHoCcTen onpeae-
NSETCA KNIOYEBBIMY AaHHBIMK 1, KPOME TOro, Heobxoanma CuH-
XpOHun3auus reHepatopoe AlNCI1.

3acexpeunBaHie Ha YPOBHE MCTOMHMKA CUrHanoB C peanu-
3aLmei HeKOTOpLIX KpunTorpaduyecknx yHKUNA No3sonuT
n3bexaTtb HEQOCTATKOB, MPUCYLLMX MOLENH, NpeacTaBneHHoM
Ha puc. 1. MpK 3TOM CTOMKOCTE 3acekpe-MBaHus HopMaymm
6yneT onpenenaThCs CTOMKOCTLIO 3acekpeumBaHms popMsl C1r-
HanoB.

[insi rapaHTMpOBaHHOro COXpaHeHUs B TallHe nepenaBaeMon
vHGIOPMaLMKU B JAaHHON MOAENN MOXET [AOMOMNHUTENBHO MCMorb-
30BaTLCA creyuansHasa annaparypa.
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Puc. 3. CTpykTypHasa cxema nepeAaTyunka yCTpoicTBa,
peanuaylowero 3acekpeumeanne bopMel cUrHanoa

PaccMOTpUM npnHLMN chyHKLMOHNpOBaHUs ycTpoicTea. V-
¢hopMaumsi OT UCTOUHKKa COOBLLIEHNA 3anuUCHIBAETCS NOCneao-
BaTensHO B N-paspsigHbLI PerncTp, oTKyfa oHa B BUAe n-pas-
psiHOro OBOMYHOTC KOAa napannensHO CYMThIBAeTCA B
xogonpecbpasosarens. B koponpeobpasosarerne, MMetoLwem m
BLIXOAOB, rAe m = 2", npon3sogutcs npeobpa3osaHne ABOWY-
HOTO KOZA B MO3ULMOHHLIN. B 3aBMCUMOCTH OT KOJOBOW KOMBK-
HauuK, NOCTYNUBLIEN M3 PerncTpa, koponpeobpasosarens ¢op-
MMpYET BHICOKMIA YPOBEHb Ha TOM BbIXOAE, HOMEP KOTOpOro
COOTBETCTBYET KOAOBOW KOMBMHALMK. 3TOT BLIXOA KOAONpeot-
pasoBarerns SBMSETCA ynpasnsowmuM Ansl COOTBETCTBYIOLLErO
3NEMEHTA NOrNYECKOTO YMHOXEHUSA.

NuHeiHpil pexyppeHTHbIi pernctp (NIPP) B cooTBeTCTBMM C
peKyppeHTHbIM npasunom gopmupyet AMNCI, koropas nofa-
€TCA Ha M HeNMHENHBIX Y3nos ycnoxHenus (HYY), uncno koto-
pbIX COOTBETCTBYET UMCITy YNPABMNSIOLLNX BLIXOAOB KOAONpPEeos-
pasoBarerns. Yanbl Cnyxar Ans ycnoxHeHns cTpyktypsl AMNCI1
¢ TeM, 4Tobbl OHa Bbina TpyAHOMPEACKa3yeMO Ha NPUEMHON
CTOpOHe.

YCNOKHEHHBIE NOCNEA0BaTENBHOCTY C BLIXOAA kaxaoro HYY
focTynaeT Ha nepebie BXOAbl COOTBETCTBYIOWMNX 3MEMEHTOB
NOTMYECKOro YMHOXEHUS U MPOXOAST Ha BbIXOA TOTO 3neMeHTa
NOrMYEcKoro YMHOXEHUS, Ha BTOPOW BXOA KOTOPOro nocTynaet
BLICOKMI1 ypoBeHb. Takum 06pa3om, nponcxoamT npeobpasoea-
HWE M-pa3pAHOr0 OBOMMYHOTO KOAa B OTPE30K YCIOKHEHHOM
ANCI. 3atem oTpe3ok ycnoxHeHnHom AMCIT noctynaeT Ha Bxof
MaHUMyNATOpa, TAe OCYLLECTBINSAETCA MaHUMYNALUMS HECYLLE.
Janee chopMMpOBaHHBINA CUTHAMN Yepe3 yCTPONCTBO KOMMYTa-
uum (YK) noctynaet B kaHan CBsi3N.

YcTpoicTeo ynpaenenms (YY) ocywecTenset ynpaenenne YK
M CUCTEMOI CUHXpoHUu3auun. [ins cunxpoHm3aaummn JIPP Ha ne-
penaye v NnpUemMe KpoMe M3BECTHLIX CrocoB0B CMHXPOHU3aLIMM
MOFYT UCMONL30BaTLCA cNocobbl CMHXPOHW3ALIUK, ONMUCAHHLIE
e[1, 2.

MpencraeneHHasn Boille cxema nosponseT ¢hopMUpoBaTh
CUrHanbl, B KOTOPLIX KaXaoMy MH(OpMAaLIMOHHOMY CUMBOIMY
cooTBeTCcTBYET CBOM oTpe3ok AIMCI n Ana Mannunynsummu He-
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CyLL€en UCNONb3YETCH Kaxablii Pas HOBLIM OTPE30K nocneno-
BaTtenbHOCTU.

PaccMoTpuM CTPYKTYpHYI0 CXeMY NpuUeMHMKa YCTPOWCTBa,
npvBedeHHY0 Ha puc. 4.
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Puc. 4. CTpyKTypHas cxema npueMHuKa yCTPOMCTBa, peanuayioLlero
3acekpevvBaHve JOpMbl CUrHanoB

NpuHUMN gercTBusA yana coctouT B crnegyowem. Curian co
BX0fa NpueMHUKa nocTynaer Ha MHMOPMAaLMOHHLINA BXOL, Y-
paensiemoro nepeknioyarens (K1) v Ha Bxoa YC. [lo Tex nop,
noka He BypeT ycTaHoBneHa TakToBas U LIMKNOBas CUHXPOHU-
3aumn, Ha ynpasnsiiolinin Bxog K1 He noctynut komaHnaa ot YC,
M cUrHan He nocTynuT Ha gemoaynsatop (OM).

Ecnu cuHxponunzalusa nepefaowero u npuemHoro JIPP yc-
TaHoBreHa, TO Ha ynpaensitowini Bxoa K1 noctynaer ynpaens-
oulee BosaencTeure, n K1 nponyckaer curian Ha fiM. Mpu atom
TPP Buipabateieaer AMNCI cuHxporHo ¢ NPP Ha nepepatoluein
ctopoHe. CreHepupoBaHHas AMNCI napannensHo nocTynaer B
m HYY To# Xe CTpykTyphl, Y4TO U Ha NepeaalLlen CTopoHe.

B [IM onpefensieTcs, Kakoh ua m curHanos nepefasancs. B
kopgonpeobpa3oBartene BuINOMHAETCS NEPeKcaNPOBKa HoMepa
HYY, yuacTtBytoLero B yCNOXXHEHUM CTPYKTYPbI NepeaBaemoro
otpeaka AlCI, B ABOMYHBIM Kop coobuienus, koTopoe Geino
nepeaaHo.

HeobxoanMo oTMeTUTL, YTO Npu 3acekpednBaHun opMel
curHanos cnepyeT yaoensite ocoboe BHUMaHue Bonpocam CTOW-
KOCTU NpeanoxeHHbix cnocobos u anroputmos. OfHako, uccne-
OoBaHve kpunTorpacdu4ecKoi CTOMKOCTU npeacTaenser cobon -
CNOXHYHO 3apayy. paccMOTPETL KOTOPYIO B HacTosILLen cTaTbe
He NpefCcTaBnsAeTcsl BO3MOXHbIM.

Takvum o6pasom, npeacTaBneHHbIE B CTaThe YCTPOWCTBA 10380~
NS0T peanuaoBarb Kpuntorpauyeckyio PyHKLMIO 3acekpeymBa-
HUS HOPMBI CUTHANOB, rhe MHPOpMaLIA NepeaeTcsl OTpeakamMu
anepuoauYecKuUX NceBaocnyYanHelx nocnegosarensHocTen. Pac-
CMOTPEHHbIN BapuaHT He SIBMSIETCA €OUHCTBEHHLIM, HEKOTOpLIE
3reMeHTbI 3acekpesmBaHnst (hOpPMbl CUTHAIOB YXXe peanvaoBaHbl
B COBPEMEHHOMN TEXHUKE CBA3W.

AnekcaHgp XXypyeHko,
AMuTpun OHbIWKO
oda78@pisem.net

Jlumepamypa:

1. A. XKypuerko, [. Onbiwko. CuHxporusayust nceedocnyyat-

HbIX nocnedosamensHocmel. — CxemomexHuka, 2002, Neb,
c. 16, 17.

2. A. XKypuenko, . Onblwko. Crocob cuHxpoHusayuu Henu-
HelHbIX peKyppeHmHbIx nocnedosamensHocmed. — Cxemo-
mexHuka, 2002, Ne6, c. 30, 31.
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CxeMmoTexHuKa yHuBepcasnbHbIX TeXHONoOrn4ecKnx
KOHTpoOnnepos: 3BONMOLUOHHDLIN KOHTpOINnep

Hacmosiwasi cmambs npodormkaem yuks nybnukayud, nocesueHHbIX CXeMOomexHUKke yHUBEpCalbhhIX INEXHONO2U-
YecKux KOHMPONepos. B cmambe paccMOMmpeH 8apuaHim 360/10YUOHHOZ0 KOHIMPOnnepa, npeoHasHaYeHrbil Onsi
U3ydeHUS] OCHOBHBIX UUGDPOBbLIX Y3108, HalucaHus u omnadku npo2pammHO20 06eCreHeHUs Ha 00-CM Li3 HECKOITb-
KUX 803MOXHBIX MUKPOKOHIMPOIIIEPO8, 8 maioke maxKemuposaHus u uccriedosaHUs PasnuyHbIX aHail0208biX Y3/108.

repeyio ouepeib ANA MakeTMpOBaHWS 1 OTNaaku pas-

MINYHBIX MepUEepUAHBIX aHAMNOroBbIX Y3MoB, AN aTofo
Ha nevyaTHOM NnaTe U3roTOBNEHO crieynansHoe MakeTHoe rone
[ocTaToqHo BonbiuMx pasmepos. Kpome TOro, OH MOXeT 6bITb
Talke NpUMeHeH ans y4ebHBIX Lenen — Ans 06y4eHmns cxemo-
TEXHWUKE M MPUHLUMNaM paBoTbl TaKMX BAXKHBIX ANst SIOBBIX YH-
BepCcarnbHbIX TEXHONOTMUYECKMX KOHTPOMITEPOB Y3N0B, KaK UHTep-
¢eicel RS-232C 1 RS-485, cynepsusop nUTaHWs 1 OXpaHHbIV
Taitmep WDT, Taiimep pearnbHoro spemenn RTC v «uHTennex-
TyanbHbIA» 3HAKOCUHTE3UPYIOLMIA WUOKOKPUCTANTTMHECKUIA UH-
pvkatop LCD. KoHTponnep uMeeT COOTBETCTBYIOLUIA pa3beM
[N BHYTPUCMCTEMHOTO Mporpammuposanus ISP. Bee Mukpo-
CXEMBbI KOHTpOMepa ycTaHoBNEHb HA NaHenbkax, BCe Bxoabl/
BLIXOAbl KOHTPOMEPa U BaXHbIe CUrHaNbLl ApYFUX MUKDOCXEM
BLIBEAEHB] HA COOTBETCTBYIOLLME LThIpEBbIE pasbembl PLS (oa-
HopsiaHble), PLD (AByxpsAHbIE) U KOHTaKTHBIE MNOWAAKH, pac-
MONOXEHHBIE BOKPYF MakeTHOro nonsi. Ewe onHow BaXXHOW OCO-
6EHHOCTBLIO ONMUCHIBAEMOTO 3BOMIOLMOHHOIO KOH-

OnMCbIBaeMblﬁ BapuaHT KOHTpoONnepa npegHasHa|eH B

UCTIONb3YIOTCA [iNs 0BMeHa [aHHBIMM MO MHTEpdency RS3-232C.
Bropble curHanet npvema RxD2 (D1/09) u nepenasi TxD2
(D1/10) moryT MCMOMNb30BaTECA PaspaboTUMKOM ANs obmena
CcRyxeBHBIMM CUrHanamu Unu Apyrvx Lenei. [ins nopcoeamnHe-
HWUS 3TW CUrHanbl BbIBEAEHB HA KOHTAKTHble Nnowankv JP6.
Kpome Toro, curHan RxD2 mMoxeT ucnonb3osarbea Ans cbpoca
MuKpokoHTponinepa D7 oT noacoeAvHeHHOro MepcoHanbHOr
komribtotepa (PC), ecnm BXOAHON KOHTaKT pasbema JP1/10 co-
eavHeH ¢ nurneit DTR nnu RTS nepcoransHOro KoMneTepa.
[Ains 3TOr0 HEOBXOAMMO YCTaHOBWTL NEpeMbItKY JP5 B nonoxe-
Hue 01-02. KoHTaKThl BbIXOaHLIX pasbemos (DBY n DB25) nk-
Tepcperica RS-232C nepcoHarnbHOro Komrbiotepa ¢ MexayHa-
pOAHBIMY HA3BaHVAMK CBA3EM MNPUBE, &bl B Tabn. 2. Cnegyer
HaNOMHWTB, YTO MHOPMALIMOHHLIE KOHTaKTbI kabens CeAsv nep-
COHANBHOFO KOMMbIOTEpa C 3BOMIOLMOHHON MNaToi AOIKHbI
6bITb COEAMHEHBI creayowmm obpasom: BbIXOHOWM KOHTaKT TxD
pasbema NepcoHarnbHOMO KOMMboTepa (DB9/3 unu DB25/2) He-
06X0AMMO COEANHUTL € KOHTakTom JP1/08 3BOMIOLUUOHHOM Nna-

Tponnepa ABNAETCA TO, YTO OH MOXET paGoratbc  Tabmuua 1

LienbiM psSAOM MUKPOKOHTPOSNEPOB (PUpMbI Atmel 3neMeHT HasxayeHue

cemeiicte x51 u AVR: AT89C51/52/55WD/51RC, JP1 LLITbipEBON pasbem Ans NoAKNIoYEHNs K uHTepdency RS-232C

AT89551/52/53/8252, T89C51RB2/RC2/RD2, JP2 LLTbipeBoi pasuem AN NOAKNoHeHs K uHTepdercy RS485

TS87C51RB2/RC2/RD2/U2, TS87C52X2/54X2/ JP3 LLITbIpeBON pastem fAfIf NOAKOUEHUS HaNPSKEHN NMUTaHUA +5 B

58X2, TSC80251G2D, AT89C1051U/2051/4051, JP4 LLITbipeBoH pasbem Ans NepeMbiNKA BKIHOHEHNS COMMacyioLLero

AT90S2313, AT90S8515/8535. peavcTtopa R3 120 Om. YcTanaBnueaeTcs TONbKO Ha NOCNEAHNX

MukpokoHTponnepbi B kopriycax DIP20 yctanae- craHumsx cetn RS-485 §
NMBAIOTCA HA CNeuManbHylo NaHenbky, pacriono- JP5 LLiTbipesoi paskem Ass BuiGopa nepeMbiyKol UCTOHHMKa
KEHHYIO BHYTPM NaHerbkk DIP40 nnsi OCHOBHOFO [OnoNHUTErbHOro cBpoca OT MHTepdencos RS-232C wnn RS-485

B JP6 KoHTaKTHBe nnowaaku Ans NOAKMoYeHus nepudgepuiAHbIX
(60(.:'2: 'g?:);:&;&));?Sg;:gg;ﬁgfgggf:ﬁ:&EE vl:gg_ yCTpoﬁC'n-:t KO BTOPOMY KaHany uHTepdeiica RS-232C (RxD2, TxD2)
Tamu ssoga/ebiBoaa (AT89C1051U/2051 14051 u JP7 UJ'rupeBonf paabem A5 nogkioueHus kabens nporpammaropa ISP
JPg LiThipeBon paabemM Ans BLIGOpa NONApPHOCTU cUrHana cbpoca RST
AT9052313) yanbl RTC 1 LCD Hanpsimyio He noa- ) K B
COeAMHEHBI K MUKPOKOHTpOMnepy. Ho MX MOXHO OHTAKTHbIE NNOWA/KM IOPTE
6o, ’ JP10 KoHnTakTHble nnolaaxu nopra P3

noaKMIoYMTL Ha CBOBOAHBIE BLIBOALI Yepes LThbl- P11 KoHTaKTHLIE Nnotakv nopTa PO
peBble pa3bemMbl UK KOHTaKTHbIE MnoLlaaku. P12 KoNTaKTHbIS NNOWAAKN NopTa P2

MpuyHUuNMansHas cxema 3BOMIOUMOHHOTO KOH- P13 ILITLpeBOi Pa3beM Ans NoaKioueHst LCD

Tponnepa ripeactasnexa Ha puc.1. Kowtponnep P14 | KorTakTHbie NNoLLaAaKA Ans noakmiotenusi npepbisakmns IRQ u

COREPXUT CreayoLine (PyHKUMOHANBHBIE y3/bl: renepatopa SQW Tatmepa pesnbHoro epemetn RTC (DDB) k

e UHTEpdenc RS-232C Ha MUKpOCXeMe MakeTUpyeMbIM y3nam
MAX202/232 “n“aADMZOZ (D1); X485 JP15 | LUTLIpesoi pasbem A5 BbiGopa NepBMbINKON NONAPHOCTH

e uHTepgeiic RS-485 Ha Mukpocxeme MAX485/ HanpshKeHWs KOHTpacTHocTM LCD
487 vnu ADM485 (D2); JP16 KoHTaKTHbIe Nnowiasku Buixoaos peructpa RG1 (DD9)

e y3en ynpaeneHus uHTepcericamu 74HC32 JP17 KoHTaKTHEIE NNOLLAAKKM BLIXofos pervictpa RG2 (DD10)

(D4) v 74HCO3 (D5); JPig KoHTaKTHble Nrowlaakk BXOA0B/BLIXOA0B LMHHOMO (popMupoBaTens

e Cyrepsv3op MUTaHUS C OXPaHHLIM TakMepoM BD (PD11)

WDT Ha mukpocxeme TL7705 (D6),

e coBcTeeHHO MukpokorTponnep D7 (oavkH Tabrmya 2
U3 NepeHnCneHHbIX Bbillie TUIOB);

e TaiMep pearnbHOrO BpeMeHu Ha MUKpO- Curnan Wma Lienu Homep KOHTaKTa Hasnauyenle Hanpasnanve
cxeme DS12(C)887(A) (D8), EIA | CCITT | DB9 | DB25 oTHocuTenbHo PC
pervicTpsl euisofa D9, D10 (74HC573); Connect | CF 109 1 8 Connect Bxoxt
yrpaenseMblid kaHan BBOAa/BbIBOAA Ha RxD BB 104 2 3 Input Data Bxog
mukpocxeme D11 (74HC245). TxD BA 103 3 2 Output Data Bbixof

Ha nnarte Ttakke HaAxXOAATCH LUTbipEBBIE DTR CcD 108/2 4 20 Ready to Work Bbixog
pa3beMbl U KOHTAKTHBIE NNOLLAAKWU Ans NoA- GND AB 102 5 7 GND Obwmi

KMIOYEHUSA K MakeTUpyeMbIM yanam (Cm. DSR CcC 107 6 6 Modem Ready Bxof

Tabn. 1). RTS CA 105 7 4 Transmit Ask BbixoR

Yaen uHtepgeiica RS-232C abirnonHeH Ha CTS cB 106 8 5 Modem Transmit Bxop

Mukpocxeme MAX232 (D1) 8 ctaHAapTHOM Ready

BKt04eHU. Meperie curranb npuema RxD1 RI CE 125 9 22 __ |Ring Bxon

(D1/11) v nepepaun TxD1 (D1/12) AaHHbIX FG AA | 101 | BOX 1 E SKkpaH
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4HC32

Puc.1. MpuHymnuaneHas cxemMa 3BONIOYMOHHOTO KOHTpOonnepa
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Tol, 8 BXOAHOW KOHTAKT RXD pasbema NepcoHansHOro KoMNbIo-
Tepa (DB9/2 DB25/3) — ¢ koHTakToM JP1/02 3BoMouyoHHoR
nnatsl. Kpome Toro, obwwii nposoa Ha pasbeme PC (DB9/05
wnn DB25/07) pormkeH Gutts coeanHeH ¢ koHTakTamu JP1/01(03,
05, 07 unu 09).

Yaen uHrepdeiica RS-485 moxeTt GbiTh BLINONHEH Ha B3aun-
Mo3ameHseMbIX MrkpocxeMax MAX485 (gonyckaetcs napan-
nenbHoe coeaurerne ao 32 craHuui) unu MAX487 (nonycka-
€TCsl NapanneribHoe co&anHenne £0 128 ctaHuuit). Yaen umeet
CTaHAAPTHYIO 3aLLUWUTY 0T NepeHanpsKeHuiA B NuHWK (pe3ncro-
pol R1, R2 vomutanom 5,1 Om u ctabunurporbl VD1, VD2
KC191A). Kpome 7070, UMEETCA COIM3CYIOLMNil peancTop
R3 120 Om v nepeMbiyika JP4. Cneayet NOMHUTE, YTO NpU opra-
HU3auuK cetu Ha 6ase uHTepdeiica RS-485 cornacyrowiue pe-

Ewww.dian.rv

3UCTOPLI OIMKHLI YCTGHABNMBATLCS TOMLKO HA KpawHWX CTaH-
UusAx (Nytem ycraHosku nepemsivku JP4). Ha ocranbHbix cTaH-
uusx nepemMeitdky JP4 HeoGxogumo cHaTs. Beisop 02 MUKpocxe-
Mel D2 coeauHeH ¢ o6wmmM nposoaoM. 3To oaHayaeT, yTo kaHan
sBofa nHrepgeica RS-485 scerna orkpwit. Kanan suisona yn-
paBnseTcst YpoBHEM HanpsikeHus Ha sbisoae D2/03.

Ynpaenenve uHtepdericamu RS-232C v RS-485 ocywecTs-
NAETCH HETLIPbMA curHanamu MukpokoHtponnepa 1232_OFF,
1485_OFF, 0232_OFF un 0485_ON ¢ nomowbto yana ynpaene-
HMA MHTEpelcaMm, peanu3oBaKHOro Ha Mukpocxemax 74HC32
(D4) v 74HCO3 (D5). Ysen noasonseT peanuaoBatb rwbkoe yn-
paBnexHne uHTepdeincamu. Bxoakl v BeIxoab! uHTEpMENCos yn-
paBnAlTCH HezasucuMo. COCTORHWUR Y3ana ynpasrieHWsA UNmocT-
pupytot 12bn. 3 u 4.
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Tabmuua 3
1232_OFF 1485_OFF CocTtosfiHue
0] 0 Bxoapbi 06oux uHTepodencos
OTKPBITE ¥ O6bEAUHEHBI NO OYHKUUM
norudeckoro «U»
1 OTkpbiIT TONBKO BX0A RS-232C
1 0 OTKpbIT Tonbko Bxod RS-485
1 1 Bxogbl 06oux uHTepcdencos
3akpbiThl. CocTosiHue nocne cbpoca
Tabnuya 4
0232 OFF | 0485 ON CocTofiHue
0 0 OTKpbIT TOnbko abixoa RS-232C
0 1 Bbixoibl 060ux UHTEPENCOB OTKPHITbI-
[Mepenaya aaHHbIX B 06e ceTu
1 0 Bbixoasl 060ux uHTepdencos 3aKkphiThl
1 1 OTKpbIT TONBKO BbixoA RS-485.
CocTosiHue nocne cbpoca

Y3en cynepen3aopa NUTaHus C OXpaHHbiM Talimepom WDT pe-
anu3oBaH Ha Mukpocxeme TL7705 (D6). K exony 02 mykpocxe-
mul D6 (TL7705) nopknioueH KoHOEeHCaTop C9, kotopbii nof3a-
psbkaeTcs Hepe3 peanctop RS9 Bo BpeMsl UMnynkca cbpoca n
uepes uenouxy C8, R8, VD3 B paboyeM pexvme, Npu 3TOM, ecriv
VHTEpBan NoAaquM NoA3apsxaloLLX UMMNYNbCOB C MUKPOKOHTPOM-
nepa D7 (nopt P3.5, BbiBog 15) He NpeBLILL2ET OnpedeneHHYI0
BPEMEHHYIO BENWYMHY (B A@HHOM crnyyae

TWNOB MMKpOKOHTpOnnepoB B kopnyce DIP40 pacnonoxeHa na-
HeMbKa AN MAKPOKOHTPOIIIEPOB C YCEYEHHLIMU NUHWAMW BBO-
pa/sbiBopa AT89C1051U/2051/4051 n AT90S2313 B Kopnyce
DIP20. CoeanHeHve BLIBOAOB 3THX NaHENEeK NokasaHo Ha pyC. 2.
K nopty PO cTanpapTHbix koHTponnepos (e kopnyce DIP40)
noaknoyeHbl: Mukpocxema D8 Taimepa peasnbHOro BpeMeH!
RTC (DS12887(A)), nHtepdetic LCD (pasvem JP13), oBa peru-
CTpa BbiBOAA Ha Mukpocxemax 74HCS573 (DY, D10) n ynpasnsie-
Mbill KaHan BBOAA/BbIBOAA HA MMKPOCXEME LLIMHHOTO (hopMMpo-
Baresns 74HC245 (D11). Bee nepeuncneHHbie hyHKUMOHaNbHbIE
yanki ynpasfsioTcs NuHuAMK nopta P2 MUKPOKOHTpONnepa.
BuiBoab Mukpocxembl D8 Talimepa peanbHOrO BpeMEH!
RTC — IRQ (npepbiBanue ot Byaunbhuka) n SQW (nporpam-
MUpYEMbIli FfeHepaTop MeaHapa) BbiBEAEHbI Ha KOHTAKTHbIE NNo-
wanky JP14. Oxy MoryT BbIiTh NOAKMIoHEHBI K uccneayembim
yanam unu ceo6ofHBIM BXOAaM MUKPOKOHTponnepa.
LLTbipeBoi pasvem JP15 n peauctop R14 cnyxar ans seibo-
pa NONSIPHOCTH W YCTaHOBKW KoHTpacTHocTH LCD. Mpu atom or-
pyuarensHoe Hanpsixkenne —10 B nofaeTcs o1 MUKPOCXEeMbi D1
(MAX232). Peanctop R13 cryxuT ans orpaHndenus (perynu-
poBanus) Toka nopceeTkn LCD. PasBoaka WTLIpEeBOro pasbe-
ma JP13 coorBetcTBYeT cTangaptHon ans LCD paseogke, HTO
NO3BOMSAET MCMONL30BaTh ans cesian ¢ LCD ctangapTHbin 40-
NPOBOAHLIA NNOCKMIA KOMMALIOTEPHBIA kabens HDD (pns nop-
KMIOYEHWA XKECTKUX IIUCKOB).
Pervctpui D9, D10 paboraloT ToMnbKo Ha BLIBOA, WX BLIXOAbI
Bcerna oTkpbiIThI. Mocre copoca BbIXoabi yC-

oKkoMno 20 MC), HanpsHkeHne Ha KoHAeHca- P10 1 0 s TAHABMMBAKOTCA B €OVHWMYHOE COCTOSHME.
TOp€e NpoAcnXaeT OCTaBaThCs Bhllle YpOB- Pl 2| :?’fTéE 8? 38 PervcTpbi npeaHa3sHaqeHb Ans ynpaBneHus
Hsl BOCMPUSITUSI NOFUYECKON eQVHNLL (Ha P12 3112 027 neenegyeMbiMm nepudepuitHbiMu y3namu.
BbiBOAE 2 MMKpocxemsi DB). B cnyuae «3a- :i g 13 03 % Ynpaensembiit kaHan BeoAa/BsiBoaa Ha
BUCAHUSA» MUKPOKOHTpONNepa nogaya 3a- Cram 14/58 04 MMKpOCXEME LUMHHOFO (hOpPMMpOBaTENs
pSKAIOLMX UMMYNBbCOB NpeKpallaeTcs, Ha- P16 7] ::ﬂ:gg' gg 33 74HC245 (D11) moxeT paboTaTtb Kak Ha
npsbkeHue Ha konpeHcatope CY cHxaercs P17 8ligsck| o |_07]%2 BBOJ, TaK ¥ HA BbIBOL A2HHLIX, B 32BUCHMO-
W, Kak cneacTeve, BhipabartbiBaeTcs M- ‘z XLATT § ALE g_g CTV OT cocTosIHMSA NvHMm P2.6. Mocne cbpo-
nynbc c6poca MUKpOKOHTponnepa. Takum 31| FESET | @ | PME/oos ca permcTp YCTaHaBNMBaETCs B MONOXeHWe
o6pa3oM, B paccMatp1BaeMoii Cxeme anna- E;ﬁﬁrz g GJ[F;;'T Ha BbIBOA M NEPEBOAWTCA B BLICOKOMMMNEAaH-
paTHO peanuaoBaHa dyHkuns WDT. P30 || 105RD 5121 | cHoe cocTosiHve. Beixoabl pervcTpa noars-
Kpome 3T0oro, Kak yXXe YNOMUHaNoCh Bhille, gg; } 31O 21 % HYTbi K+5 B Yepes marpuLy peavctopos R15.
B ONUCLIBAEMOM 3BOMMIOLIMOHHOM KOHTPONne- F3s 113 ggﬁ% 2 Mpw ycTaHoBke Nk P2.6=0 n P2.7=0 pe-
pe NpegycMOTPEHa BO3MOXHOCTb BHELLIHETO P31_| | 143410 24|25 FUCTP OTKPLIBAETCH W YCTaHABMMBAETCA Ha
cbpoca ot opgHoro us uHTepdeiicos RS-232C [P35 |1 15]a5m¢ 25|28 BBOJ, {TO NO3BOMNSAET MCNONb30BaTh PasbeM
unu RS-485. 310 OOCTUraeTCs YCTaHOBKOM ggj :3 36/WR 26 % JP18 B auecTBe MogndmkaTopa ansa ycrta-
COOTBETCTBYIOLUEl NnepemMbiikn JPS. Ecrim ST/RD Del] 27} HOBKM, Hanpumep, CETEBOro afpeca KOH-
ycTaHoBMeHa nepembitika B nosvummn 01-02, Tporrepa UNu pyrvx NapameTpoB.
TO ynpasfneHve c6pOCOM OCYLLECTBAETCA P30 21 posmxo [cru| Bojamo 1211 _F10 W KOHEYHO e, 3BOMIOLMOBHBIN KOHTPON-
ypoeHeM curiana RxD2. Ha nnate nmeercs % : DITXD. B/ANI :3 E:; nep MMEeT AOCTATOHHO BOMbLLIOE MaKeTHoe
Taloke paspesHoe nore, noseonsioLiee ycTa- R N e IEE rone, Ha KOTOPOE MNPH XenaHWN MOXHO YC-
HaenmBath B nunumio RxD2 koHpeHcaTop em- P34 8 gf%' g leogl 16 [| P14 TaHoBWTL No asa xopnyca DIP40 v DIP16
kocThio ~0,1 Mid (Ha cxeMe He NokasaH), Npy P35 osm | & |esmost 4L P15 (MnNK 3KBUBAaNEHTHOE KOMWUYECTBO 6onee
3TOM BO3MOXHO MMMYMLCHOE (2 HE NOTeH- Pas |1 11]os/ce |§ [Bemso 1S 1212 MenkuUx KopnycoB). KOHTaKTHbIE NnoLLaaKu
ymansHoe) ynpasnenue cbpocom. Ecrim yc- - TPAT B7/SCK 15 CIPYNNMpOBaHbI NO TPW, YTO NO3IBONSET YC-
TaHoBreHa nepemMbiyka B nouunm 03-04, 170 | | [ REETE; G;;::ET TaHaBNMBaTh KOPNyca C Pa3Nu4HON LUMpU-
ynpasneHue cbpocoM ocylectensieTcs uM- | L Yo px2 HOM, 2 TaKKe NPY YCTAHOBKE Y3KWUX KOpny-
NynNLCOM CMFHanNa, NOCTYNaIoLLEro OT pasee- <+ C1,62-20..51 COB YCTaHaBNVBaTL B OCTABLUMECSH KOHTaK-
ma JP2/06 yepes koHgeHcartop C15, a ecrnm Puc. 2. CoeanHerme BLIBOLOB Na- THbi€ OTBEpPCTHSI HEOBXOAMMbIE ANCKPETHLIE
BMECTO KOH[IEHCATOpa YCTAHOBMEHa Nepe- | enek MUKpOKOHTPONMEPOB aneMeHThi. ECTECTBEHHO, YTO BCE YCTaHO-
MbluKa, TO ynpasneHue c6poCoM MOXET OCy- BOYHbIE OTBEPCTHSA METANUaNpoBaHbl. Ma-

LeCTBAATLCA NOTeHuManoMm. Cneayer otme-

TWTb, HTO MPY NOTEHLMANEHOM YnpaeneHny cEpocoM yHKUUK '

WDT He BuinonusioTest. LUTkipeBoi passem JP7 No3Bonser Bbi-
61paTh NOMsIPHOCTL CUrHana cbpoca: NONOXMUTENbHYIO NPy No-
noxeHun nepembitiki 03-04 ana x51 COBMECTUMBIX MAKDOKOHT-
PONNepoB ¥ OTPHLIATENbHYIO NPY MONOXEHNN NEPeMbIHKN 05-06
ans AVR MUKpokoHTponnepoB. Monoxenve nepembibku 01-02
HeoBX0aVMO AN OCYLLECTBNEHMS (hyHKLNI BHY TPUCXEMHOIO NpOo-
rpamMmupoBanus ISP (npu 3Tom nepembiyku 03-04 n 05-06 norn-
*Hb! 6bITh yaaneHsi), a (yHkummn cbpoca BosnaralTca Ha ISP
NporpaMmaTop, KOTOPLIN YNPaBAsieT COCTOAHNEM NMMHWN Yepes
koHTakT 05 pasbema JP7.

CoB6CTBEHHO Y3€N MUKPOKOHTPOMIEpa NMEET KOHCTPYKTHBHYIO
0COBEHHOCTb, 3aKIMIYAIOLLYIOCH B TOM, HTO C LIESTbIO 3KOHOMuUM
MEcCTa Ba NeYaTHON nnare, BHYTPY NaHenbku AN CTaHAapTHLIX
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KETHOE NOre OKPYXEHO MOLHOMN 3eMISHON
LUMHO, @ MO LeHTPY — NPOBEAeHa LLIMHA NUTaHUA +5 B.
OnNMCaHHbI 3BOMIOLIMOHHBLIA KOHTPONNEpP BLINONHEH B BUAE
neuaTHol Nnarki ¢ pasmepamu 100x100 mM. OBnacTb YCTaHOBKM
OCHOBHbIX 3MEMEHTOB NOKPLITA 3eMeHbiM 3aLWTHLIM NaKkoM.
OnMcaHHbI B JaHHON CTaTbe 3BOSIOLMOHHLIA KOHTpONNep
NO3BONSIET MAKETUPOBAThb AHANOFOBbLIE MOACUCTEMBI BBOAA/
BLIBOAA, 3 TAIOKE HEKOTOpLIe creuudnyeckme undpo-aHanoro-
Bbie paaMoHaCTOTHBLIE Y3nbi.
Oner Hukonanuyk
onic@ch.moldpac.md

lNpodomkeHue credyem
JIlutepartypa:
1.  http://www.atmel.com
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OxpaHHOe YyCTPOMUCTBO

B nocnedHee epems onybnukoeaHo HeMano onucaHul OXpaHHbIX ycmpodcme, o0Hako npednazaemsiti npubop
umeem 00HO cyujecmeeHHoe 0OCMOUHCINBO — OH Ccoa2Nacoeabieaemcsi ¢ NobbiMu 3a800CKUMU U3Bewamernsimu,

ornosewjamensimMu u 0amyukamu.

pv pa3paboTke AaHHOFO yCTpOWCTBa CTaBunacb 3ada-
Ya 3aMeHUTb «Ha4YnHKy» 3aBOACKOFO NPUEMHO-KOHT-
ponbHoro npubopa (MKIM), nocTrpoerHoro ¢ ucnonb3o-
BaHreM PIC-«koHTponepa (YOTC 1-1A nocnenHux MoauchukaLmin
¥ BbiLLEALLIErO U3 CTPOS BO BPeMs: rpo3bl. IMEHHO No3ToMy BobIG-
paHbl pa3mepbl NEYaTHOM NNaTbl U PaCcCTORHUE MEXAY Kpenex-
HbIMK oTBEpCTUSMK. KoHeuHo, anroputm pabotel npubopa He-
CKOMBKO BUAOU3MEHMINCS, HO B OOLLIEM OH LIENMKOM 1 NONMHOCTBSO
COOTBETCTBYET NPEAbRBNREMbIM K TAKOIO pOAa YCTpoiCTBaM Tpe-
60BaHMAM, Y OHO MOXET MCNONBL3OBATLCSA Kak OTAEMNbHO, TaK U 4Nns
3aMeHbl BbllLiefLLel n3 CTPos NNathkl ynpaeneruns 3aBoacknx MK
Ha 6ase PIC-xoHTponnepos («HoTa», «CurHan-BK» u 1. g.).
TexHnueckue xapakTepuCTUKK:
e HanpsvkeHue nutanns — 160...240 B;
TaKTvka ciaum nog oXpaHy — C OTKPbITOW ABEpbIO;
KOHTpOMb NuHuM (Wneida) curHanuaaunm:— Ha obpbiB 1
Ha 3aMblkaHue;
konuyecTeo LWnencoB curHanusauum — 1;
conpoTuBnerne BLIHOCHOFO peancropa— 4,3 kOwm;
yucno useellarenen «OkHo» — He Gonee 10;
uyncno naselarenei «UIM-2» — He Gonee 1;
uncno m3sewateneit «UIM-3» — He Gonee 2;
3aflep)Ka BKIHOHEHUs 3BYKOBOTO OMNOBELLATENS perynupye-
mas — 1...20 c;
Mpubop obecneunBaeT NUTaHWe aKTUMBHLIX U3BelLaTernei ¢
napametpamu: U, = 12 B, cymmapHbliii Tok — He Gonee 200 MA
(vsBelLiaTenu Tuna «PoToH», «CTekno», «BekTop» n T. 4.).
Bua naselLienns Ha nynbT UeHTpanu3osaHHo oxparbl (MLH):
paspblB UNK 3aMbIKaHne NIMHUK.
MpuHuMnNuanbHas cxema npubopa NpueeaeHa Ha puc. 1, yep-
Tex nedatHoit nnartsl (ee pasmepbl 85x90 MM) — Ha puc. 2,
pacrnonoxenve geraneii — Ha puc. 3.

Ipu noseneHun ceteroro nutanus VD5 B mo6om cnyvae Gyoer
OTKpbIT, A2ke ecnu SA2 BKNIOYEH, M K KneMmaM noaknoverHa AKB,
NOCKONbKY Hanpshkenne Ha obknagkax konaeHcatopa C1 Gyper
MHoro 6onblue (20...24 B), yem Hanpsixxerne AKB (12 B). Ovop,
VD6 6ygeT 3akpbiT. B T0 e Bpems VD35 oTkpoeTcs, U vyepes TpaH-
3uctop VT1 HauHeT npoTekaTtb Tok. BBeaerve NoaoBHOM LenoYku
no3eonunmo pelntt Npobnemy noasapsinkn AKB. MpunoxexHoe K
AKB HanpsbkeHue GyneT onpenensaTbes TUNoM cTabunurpoxa VD7
¥ yncnom guoaoe (Ha cxeme M3aobpaxeHbl ABa avoga — VD8 n
VD9). NMoaGopom umncna AMoaoB ONpenenssorT HanpshkeHne 3aps-
wenron AKB. OpHako crnefyeT yyecTb, YTo NpY ANUTeNnbHOM OT-
CYTCTBMM CETEBOIO HanpsXeHus Takas uernb He B COCTORHUM 3a-
MEHWUTb NOAHOLIEHHOE 3apsAaHoe YCTPOWUCTBO.

CrnaxeHHoe Hanpsxerne ¢ korgeHcaTtopa C3 nocTynaet Ha
nHTerpanbHble ctabunusaropbl DA1 n DA2. DA1 obecneuvisa-
€T NuTaHne camoro ycTpoicTea, DA2 — BHeLLHMX u3BelLaTe-
neit c HanpskeHnem NuTanns 12 B. B MOMEHT BKMIOYEHUS BCE
KOHOEHCATOpbl CXeMbl PaspsiKeHbl U HaYMHAIOT 3aPsXaTLCS.
Takum o6paszom, Ha BelBoge 8 MukpocxeMbl DD2.1 kpaTkoepe-
MeHHO chopMupyeTcs Mnor. 1, U Tpurrep yCTaHOBUTCS B COCTOR-
Hue, Korga Ha sbiBoge 13 Tawke npucyTcTeyeT nor. 1. Mpy Ha
BbiBoAde 11 DD1.4 6yget nor. 0.

Ha Ttpurrepe DD2.2 no xopoLlo u3BeCTHOW cxeme cobpaH
MynsTMBUbpartop. Beegerve uenodku VD23 n C13 cnocobereyer
6onee yctonumBoMy 3anycky. fluog VD22 Heobxoanm ans pas-
psakm C13 npu OTKNIOUEHNN HANPSXXEHNS NUTAHWS.

Ha tpanauctopax V17, VT8, auopgax VD27, VD28 n koHOeH-
catopax C17, C18 cobpaHr yaBouTENb HaNpsXeHWUs NUTaHuS
M3MepUTENbLHOrO MocTa, a Ha VT4 — ero napaMeTpuyeckuin
crabunuaarop.

B n3MepuTenbHOM MOCTe OAHO NNeYo COCTOUT M3 NocnedoBa-
TenbHO COEAnHEeHHbIX peancTopos R, R4, RS, BTopoe —u3 R3,

5[] ==c4 R3 il
(4

T voito vort
la Nl
T~ L |

[10 C |op4| © 9
11 [~ 3 |7
—1R_ 4f5
5 -g VD30
6 &
E it
o4 Jvour
ot Rr3s
L 10 o} e
Lot |
1 1 vD32
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1217 i VT10
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~2208 [ ¥ c2o R37
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Kakgwy: © 642 Fa VD35 R2 | VT1 VD7 T R8s
PATOPHOM VD8 oAz } o+
Gatapee Lecot K BHeLUHUM
-o— vDs I' °- W3BelLaTeNAM
Puc. 1
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B MOMEHT BKIIOYEHUs1 BXoaHasA ABepb [0MKHa BbiTh OT-
KpbiTa, NMpY 3TOM LUNEend CUrHanuaauum HapyLieH, U Tpak-
aucrop VT3 otkpbit, B KT4 Gyner npucytcreoeats nior. 0.
MyniTueubparop, cobpaHHbIA Ha anemeHTax DD1.1 u
DD1.3, HauHer paboTarb cpasy nocne nofavu Hanpsxe-
HUs NuTaHus. MNpsimoyronbHbIe MMMYTBbChI C FeHeparopa no-
cTynatoT Ha Bxoabl DD1.2 u Ka Bxog C cyetumka DDA4. B
snemeHTe DD1.2 nmnynbChl MIHBEPTUPYIOTCH U NPOXOAST
Ha 6a3y VT6, 3acTaBnssi ero OTKpbIBaTLCA U 3aKpbIBaTLCS.
OTkpbiBasicb, VT6 nofaet HanpshxeHue NUTaHus Ha pene
K1, K2, v oHu1 3ambikalor CBOM KOHTaKThl. K1 — repkoHoBoe
pene, KOHTaKTbl KOTOPOro UCTIONb3YIOTCS NPU KOHTpOne Co-
CTOSIHUA NpuBopa NyNLETOM LeHTpanM3oBaHHoro Habnoge-
Husi (NMUH). KonTtakTel pene K2 (P3C22 ¢ HanpskeHrem
obmoTku 12 B) ncnonb3aykoresi Ansi NUTaHWs Yepes3 HUX KOH-
TPONbHOWM namnbl. Ha cxeme usobpaxeHa oaHa uUenouka
R16VD19, Ha nnare e ux iBe, BKNIOYEHHbIX Napannenb-
Ho apyr Apyry. OnHa npeaHa3sHayeHa ans VD19, kotophiit
6yner UCroNb30BaTLCS Kak BHYTPEHHUI UHOUKaTOp COCTO-
siHUSI, BTOPasi e Lenoyka MOXeT MUCMoNbL30BaThCsl, ecnv
VD19 — 60nbLLON CBETOAUO/] C NMHION B Ka4E€CTBE BLIHOC-
HOro KOHTPOSbHOMO MHAMKarTopa.

BuiBog 10 snementa DD1.2 coefmnHeH Yepea pe3ucrto-
pel R15 u avon VD18 ¢ Bxonom R DD2.1. Mpu pabotato-
wem mynstueubparope Ha DD1.1—DD1.3 koHoeHcaTop
C9 Gyner 3apsxarbes Hepe3 R15, a paspsxarbcs yepes |
VD18. Mockonbky conporueneHue nepexoda VD18 mHoro

MeHble conpoTuBneHuUs

R15 Ha Bxope 10 DD2.1 6y-
et yposeHb nor. 0, u Tpur-
rep 6yner HaxoouTbCs B CO-
CTOSHUU, KOTOpOE BbINo NpU
nofaye HanpsXXeHWs nuta-
Husi (Ha BeiBoge 13 nor. 1).
Ha anemeHtax DD3.2—
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TOopbi U onpefensier pe-
*umbl paboTel npubopa
«HOPMA/TPEBOTA». Mpu
NOsiIBNEeHUN HanpsHKEeHUs M-
TaHusi KoHpeHcarop C16 He
3apsikeH, U OH cchopmupyeT
nor. O Ha BbIBOAAxX 6 1 9 Muk-
pocxemsl DD3. Tpurrep yc-
TaHaBMUBAETCA B UCXOAHOE
COCTOSIHUE, NPU KOTOPOM Ha
ero ebixone 4 nor. 1. K ato-
#- | My cnepyer nobaeutb, uTO
npy HE3aPsPKEHHOM KOHfeH-
carope C16 nor. 0 6yger
NpUCYTCTBOBATHL U Ha BXofaXx

AATYNEM
paiburun
cTexna

Ri9
w2 o1

Puc. 3

12, 13 anemeHTa DD3.1, a

R6. HoMUHanbl pe3nucTopoB BeibpaHbl OAWHAKOBBLIMK, 38 UCKITO-
uyeHvem R4. Mpu Takom BrIbOpE HOMWHAMOB B TOYKaX CoeuHe-
Hua peanctopos R, R4 (KT1) u R3, R6 (KT2) Gyper npucyTcTso-
BaTh HanpsbkeHWe, paBHOE MOMOBUHE HaNPsXKEHUA NUTaHWUS
UaMepUTEnbHOMo MocTa (B fiaHHOM cryyae ~7,5 B). B amaroHans
M3MEepUTENBLHOTO MOCTa BKIKOYEH AWOOHLIA MOCT Ha Avoaax
VD10—VD13 ¢ TpaHaucTopom VT2. Ecnu wiefid curHanuaaumm
B nopsake, u R, umeet Tpebyemblit HomuHan, To B Touke KT1
HanpspkeHue ByfieT HeMHOTO BhilLie, YeM B KT2 3a cyeT fornonHu-
TenbHOro peauctopa R4, Ho 3Toit pasHULbl ByAeT HeaoCTarTouHo,
470 61 OTKPLITL VT2. [lonycTum, Yo cpaboran aaryumk Ha oGpbIe,
1 HanpsbkeHve B KT 1 cTaHeT meHbLue, Yem B KT2. Tenepb no uenw
U, R3. VD13, nepexop 6asa-amutTep V12, VD10, R4, R5 Haun-
HaeT Teub TOK, TpaHaucTop VT2 oTKpbIBaETCs U OTKphIBaeT VT3,
Tenepb, AONYCTUM, 4TO cpabotan aaryuk, paboTalolumni Ha 3amMbl-
kaHue. Hanpspkerue B KT1 cTaHeT paBHBLIM HaNPsXEHUIO MUTaHNSA
uaMepuTenLHOro MocTa, a B KT2 Gyner ocraearbea Ha npexHem
ypoBHe. Co3naBilancs pasHuLa NOTEHLUANOB 3aCTaBuT Tedb TOK
nouerm U, . R4, VD12, nepexon 6a3za-amuttep VT2, VD11, R6,
TpaHaucTop VT2 OTKpoeTCs U oTkpoeT VT3.
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Ha ero Bbixoge byfer nor. 1,
koropasi Yepe3 R11 otkpoeT VT5 v 3anpeTut nuraHue namepu-
TenbHoro mocra. Mo mepe 3apsinku C16 nor. 1 NOSBUTCA Ha BXO-
nax DD3.1 Heckonbko paHbLie, Yem Ha Bxoge DD3.2 3a cuer
nafeHus Hanpsbkehust Ha R28. Jlor. 1 ¢ BbiIxoda DD3.1 ncues-
HeT, VT5 3aKpoeTCcs, U NUTaHWe Ha U3MepUTenbHbIN MOCT Hau-
HeT nocTynark.

Ha mukpocxeme DD4 cobpaH Taimep, BHINONHSAIOWMIA [iBe
¢hyHKUMK: BO-NIEPBLIX, OH ONPeAensieT NPOAOrKUTENBHOCTD 3BY-
KOBOFO CUrHana TpeBory, BO-BTOPLIX, NPY HanNU4um NepembIvKun
M1 nocne HapyweHws wnenda oH nepesoauTt Npubop B fe-
XYPHBIN pexxum. Kak roBopunocsb Bhille, nocne npefyctaHoBKu
Ha Bbixoge 4 anementa DD3.4 Gyner npucyTcTeoBaTth for. 1,
KoTopas nocTynaer Ha Bxof cbpoca cueTunka B Hynesoe Co-
crosHue. MoaTomy fiake NPU HanNUYUKU NPSIMOYTONbHBIX UMMYTb-
coB Ha Bxoge 10, Ha Beixopax cueryuka bynyT nor. 0. Kcrarm,
CcnemyeT OTMETUTb, YTO MMYNbChI Ha Bxoa C Mukpocxembl DD4
nonagatot Yepes avoaHbIn anemeHT N (avoael VD26 u VD30).
Ecru Ha Bruixone 10 DD4 6yner nor. 0, TaktoBas yacroTa ¢ re-
HepaTtopa Ha DD1.1, DD1.3 6yner GecnpenarCTBEHHO NpoXo-
vt Ha Bxon C DD4. Kak Tonbko Ha Beieoge 15 (bixoa 10)



cucrembl 6eszonacHocTH

nosieutcs nor. 1, Ha exope C 6yaeT yaepxuveartbes nor. 1, u DD4
nepectaHeT cuuTaThb.

Ha tpaHauctopax VT11—VT13 cobpaH knoy ynpaeneHus
pene K3, kotopoe nofaeT nutaHne Ha 3ByKOBOW OnoOBeLlaTerb.
Ha auopax VD29, VD31 u VD32 co6paH norMyeckuin aneMeHT
N, v npy Hanuuuu nor. 1 Ha Bbixope 4 DD3.4, euixoge 14
DD4 vnu Buixofe 15 DD4 Hanpskenue nor. 1 nporaer yepes
oTkpbIThit auon VD33, otkpoetr Tpansvctop VT11 v 3apsguT
C19 po sroro ypoeHs. HanpsikeHue ¢ amutTepa VT11 oTiphl-
Baer VT12. Ha ero konnextope 6yaet nor. 0, VT13 He oTkpo-
BrCS, pene K3 He BKNIOYMTCA, M 3BYKOBOTO CMrHana He Gyder.

Korna Bce anemeHTbI BOWAYT B HY»HOE cocTosiHWe, npubop
byner HaxoAMTLCA B pexume oxuaanun. Kak Tonbko BxoaHas
OBepb ByneT 3akpbiTa, BOCCTaHOBUTCS LUNend curHanusavimm,

Hanpsbkenun B Toukax KT1 u KT2 cranyT paBHbIMU, TOK Yepes
VT2 nepecrtaHer Teub, M TpaHaucTop VT3 3akpoercs. [Nockonb-
Ky conpotueneHue R9 mHoro menblue, vem R12, R13, Ha Bxo-
pax 1, 2, 5, 6, 13 mukpocxemsl DD1 noseutca nor. 1. 310 npe-
kpatut paboty reHepatopa Ha DD1.1, DD1.2, nockofbKy Ha
oBoux Bxoaax anemeHTtoB Gyper nor. 1. Ha ebixoge 3 DD1.1
nosieutca nor. 0, a Ha eeixoae 10 DD1.2 — nor. 1, 4TO B CBOK
ovepefb orkpoet VT6, koHTakThl pene K1 v K2 3amkHyTes, Ha
MUH noctynuT curHan «Hopmax, a koHTponbHas namna Gyaer
CBETUTBLCA POBHLIM CBETOM. B 310 e Bpemsa koHgeHcatop C9
HauHeT 3apsxaTbcA Yepes peauctop R15, v korga HanpsieHue
Ha Bxoae 10 DD2.1 pocturHeT nopora nepexnioyeHus, Ha Bbl-
xoae 13 DD2.1 noseutca nor. 0 U CHUMET 3anpeT € 3neMeHTa
DD1.4. Tenepb BCE 3aBUCUT OT JIOTMHECKOIO YPOBHA Ha BXO-

Tabrnmua 1
MNo3numn Tun HommHan | lMpumeuaHns n 3ameHbl Mo3uymna Tun MNpumeuaHUA M 3aMeHbl
R1 MNT-0,25 820 Om 750...910 Om C1, C2 470 mk® x 50 B 470 mk® x 35 B
R2 MNT-2 150 Om | nogGop, or 100 go 200 Om [{ C3, C11, C21 470 Mk®P x 16 B 1000 Mk® x 16 B
R3 MNT-0,25 4,3 xOm C4, C5 0,1 mk® x 63 B 0,15 Mk® x 63 B
R4 MIIT-0,25 | 100 Om || OVUH&NEl STUX PesmcTopon c6 0,22 Mk® x 63 B 0,33 Mk® X 63 B
nyswe He U3MeHsT
R5, R6 MNT-0,25 4,3 kOM C7,C8 10 Mk® x 16...63 B 4,7..22 vk® x 16...63 B
R7 MNT-0,25 6,8 KOm 5,6...7,5 kOm c9 47 Mk® x 16...50 B
R8 MNT-0,25 10 kKOM 9,1...15 kKOM C10 10 Mk® x 16...50 B nyyie HOMWHaN He MeHATL
R9 MNT-0,125 2,2 kOm 2...2,4 xOm C16 100 mk® x 16...25 B
R10 MNT-0,25 1.5 KOM 1,3...1,8 kOM C12, C14 6800nkP 5600...8200nkP
R11, R14 | MNT-0,125 3,9 kKOm 3,6...4,3 kKOMm C13 0,1 vk® x 63 B 0,15 Mk® x 63 B
R12, R13 | MNT-0,125 47 kOMm 33...75 kOM C15 0,1 Mx® x 63 B
R15 MNT-0,125 | 100 kOm 91...130 kOM c17 10 mk® x 16...63 B
R16 MNT-0,125 1...2 kKOM C18 22 Mk® x 25...63 B
R17 MIT-0,25 "gfg‘;z Z;ﬁi‘:::ﬁgﬁ’e” c19 220 MK® x 16...25 B 330 MK® x 16 B
nog6op 10...47 Om, B
R18 MNT-0,5 24 Om 3aBYICMMOCTU OT TWNa 0,1m® x 63 B 0,15...0,22 mk® x 63 B
vcnonbL3yemoro pene
R19 MAT-0,125 | 3,9 kOm 3,6...4,3 kOM VT1 KT815 KT817
R20, R21 | MNT-0,125 47 KOM 43...51 xOM VT2 KT502
R22, R25 MNT-0,125 10 kOm 9,1...11 KOM VT3, VT10 KT3102
R23, R24 | MNT-0,125 | 4,3 kOm 3,9...4,7 kOm VT4 KT972
R26 MNT-0,125 33 kOMm VT5, VT9 KT503
R27 MIT-0,125 33 kOM 36 KOMm VT6 KT815 KT817
R28 MNT-0,125 15 kKOM vT7 KT973
R29 100 KOM 150 kOm VT8 KT972
R30 MAT-0,125 | 3,9 kOm 3,6...4,3 kOM VT11, VT12 KT3102 KT503
R31 MNT-0,125 10 KOM 9,1...11 kKOM VT13 KT503
R2 | MIT0,125 | 43kOM 3.9..4,7 kOM VE\);S;?G' FR207 "”6;(')8';?4 o
R33 MNT-0,125 2,2 kKOM 2...2,4 KOM vD7 KC213 moGoi Ha HanpsbkeHve 13...14 B
R34, R35 | MNT-0,125 10 KOM 9,1...15 kKOM VvD8-VD18 KA103 KA521, KA522, KA503
R36 MNT-0,125 1,5 kKOM 1,3...1,8 kOM vD19 AN307 wwnn moboit apyron
R37, R38 | MNT-0,125 | 3,9kOMm 3,6...4,3 kKOM VD20-VD26 K103 KO521, KA522, KA503
R39 MMT-0,125 47 xOM 33...75 kOm VD27, VD28 1N4007 KO212
DA1 KPEHB8A LM7809 vD29-VD34 K103 KA521, K522, KA503
DA2 KPEH8B LM7812 VD36 KC215 niobGoit Ha 14...15 B
DD K561NE5 Bce TpaH3ucTopbl ¢ miobbiM GyKBEHHBIM UHOEKCOM
bD2 K561TM2 Anarnoru us cepmit [nst C3 npegycMOTPEHHO [iBa YCTAHOBOYHBIX MECTA, BTOPO KOHAeHCaTop
DD3 K5611A7, K561T11 KP1561 unm K176 YCTaHaB/MBAETCA B CyHMae WacTLIX KOPOTKUX NepepbiBax B Noaaye
D04 REGTAETS aneKTpoaHeprum U otcyTcTeua AKB
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ne 13 DD1.4, v noka oH paBeH nor. 1, npubop Gynet HaxoauTb-
Csi B AGXKYPHOM pEXiME.

AnemeHThl R26 1 C15 yBenuumealoT ycTom4mBocTb npubopa
K KOMMYTaLMOHHbIM rnoMexam, B TOM Sucre Npy 3akpbiBaHum
BXOAHOW ABepu.

Mpu Hapywenny Lwinefida curHanUsaLmmn nsMepuTenbHLIN MOCT
BbIMOET U3 PaBHOBECHS], OTKPOIOTCS TPaH3ucTopul VT2, VT3, u
Ha Bxope DD1.4 noseurcs nor. 0. Anement DD1.4 Ha cBoem
BbiXoAe chopMmpyeT nor. 1, koTopasi, B CBOK0 O4epefb, NocTyna-
€T Ha BbiBog 8 DD3.2, a nockonbky Ha BeiBoAE 9 TOXe npucyT-
cTByeT nor. 1, Ha Bbixoge DD3.2 noseutcs nor. 0. Tpurrep DD3.3,
DD3.4 cMeHWUT CBOE COCTOSIHME Ha MPOTUBOTIONOXHOE.

MNosBuBLIasicsi Ha Bbixone DD3.3 nor. 1 yepes avon VD15 u
R7 e pact 3akpeiTbest VT3 npu BoccTaHoBneHwn Lineiida,
yhaepxuBas npubop 8 pexxume « TPEBOTA».

TNor. 0 Ha Bbixone DD3.4 cHUMET NPUHYANUTENBHYIO YCTaHOBKY
Hynsi ¢ cyeTunka DD4, a nockonbKy Npy OTKPLITOM TPaH3UCTOo-
pe VT3 renepatop Ha DD1.1, DD1.3 BbipaGatbisaet nMnynbeb
(koHTponeHasi namna Gyner muratb, a Ha MLUH 6ynet nogaw
CUrHarn TpeBoru), CHETUMUK HAYHET CUUTaTb. TeM BpeMEeHEM KOH-
newxcatop C19 HauHer paspsikatbes yepes pesvcrop R29. Ye-
pes HekoTopoe Bpemna VT 12 sakpoetcs v otkpoet VT13, pene
K3 Brshoumntesi, ¥ pasgactcs 3ByKOBOIM curkan. Bpems or mo-
MeHTa cpabaTbiBaHusi [0 NOABMNEHWS 3BYKOBOIO CUrHana 3asu-
CUT OT eMKoCTM KoHpeHcaTopa C19 n HomuHana R29.

CnycTs ewe HekoTopoe Bpemsi Ha Bbixofe 9 (BbiBoa 14) cuert-
4uka DD4 nosisutes nor. 1 u yepea anon VD33 HauyHet 3apsi-
watb C19, 6bicTpo yBenuynBas HanpskeHue Ha Gaze VT11. Ha
€r0 KONNEKTope HanpsikeHWe TOXE HaYHeT YBENUUMBaTLCS, YTO
B CBOIO o4epenb oTkpoeT VT 12 v sakpoeT VT13. KoHTakTh! pene
K3 pasoMkHyTCsi, 1 3BYKOBOWM CUrHan NpekpaTuTes.

MNponomkan cuntats, cuetumnk DD4 gocTurHer coctoaHus, npu
koropom nor. 1 nosisutcs Ha Bbixoae 10 (BbiBoa 15). Tenepw anro-
puTM paboTtbi NpuGopa 3aBUCUT OT Hanuums nepembidki M1. do-
nycTum, 410 ee HeT. B atom cnyvae nossueLuascs nor. 1 ¢ BuiBO-
na 154epes groa VD30 nonaget Ha Bxoa C, CHeTHMK OCTAaHOBUTCS

- BATYMKI ABJIEHUS
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» {mPR10GP 10 5 35 35 - - 344-15
MPX100D¢ 100 200 80 0.8 - - 344C-01 |5
MPX20100F 10 75 25 25 + + 344C-01
MPX2050D 50 200 40 [:X:] * + 34415
MPXZ100AP 100 400 40 04 hd + 3448-01
MPX2200DP 200 400 40 02 + + S44C-01
MPXAT1SAP 115 400 4590 459 + + B578-04

400 4600 20 + + 8578-04
75 4500 450 + + 867B-04
200 4500 90 + + 867-08
200 4500 90 + + B67C-05 |.
200 4500 90 + + 8578-04
400 4500 45 + + 867-08
2000 4500 9 + + B867C-05
2800 4600 6.4 + + BB7C-05
4000 4500 45 + + 867-08
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u pexxum « TPEBOIA» yxe HE M3MEHMTCA [0 OTKN-OMEHUs NTa-
Hus. Ecnun e nepembivka M1 yctaHoBneHa, nor. 1, nonagas Ha
Gasy VT10, otkpoer ero, a oH otkpoet VT9. Ha konnextope VT9
nosisutcs nor. 0, kovaercatop C16 paspaauTtcst, u Tparrep DD3.3,
DD3.4 6ynet ycraHOBNEH B MCXOAHOE COCTORHAS,

MosiBnenue nor. 0 Ha konnekTope VTY Takye Bbi30BET NOAB-
nexue not. 1 Ha sbixone DD3.1, Hacbiwenue Tpanzuctopa VTS
Y CHRTHE HaNPsHKEHWsT NUTaHWA C N3MepPUTENbHOIo MocTa. Ta-
Kas onepauus Heobxoauma ans obHyneHMa NATHKKOB TUna
«OKHO», NOCKONLKY BO BKITOHEHHOM COCTOSIHUM Oy ByayT Ha-
XOOMTbCA, NOKa eCTb HanpshKeHne nuTanms. Tockorbry nor. 1
Ha Bxonax DD3.1 nosBUTCsi HECKONBKO paHbLLE, YEM 35 KOHYUT-
€A yCTaHOBKa Tpurrepa, nutanue B wneid Gynet nogavo oo
TOro, Korna TpUrrep HauHET pearnposaThb Ha M3MEHEHWE COCTO-
AHnA VT3. Takum o6pazom, ecnu wnend curHanusaLmm Haxo-
AWTCSH B CMPaBHOM COCTOSHMM, NPUSOpP asToOMaTUYeCcKH nepe-
YCTEHOBUTCS M BOMAET B AEXKYPHbIN pexum paboTbl.

PerynnpoBku ycTporcTBO NpakTudeckun He TpeByerT, ecriv e Bac
He YCTpamBaeT NPOOOIMHMTENBHOCTE 38YKOBOM CUrHANA, €r0 MOXHO
n3MeHuTb nogbopom peanctopos R12, R13 1 konaeHcatopos C7,
C8. IMepeyeHb UCNOmNb3yeMbiX 3MIEMEHTOB W BO3MOXHLIX 3aMSH
ceefieH B Tabn. 1. AkkyMynsATOpHasi 6atapesi — MOTOLMIITETHAN
Ha 12 B urn oT ucTodkmnka GecnepeBoiHore nutaHus. Mymkpocxe-
mbi DA1, DA2 1 TpaHavcTop VT1 3akpen;ieHbi Ha obLyem Tenno-
OTBOAE, BLINONHEHHOM M3 aniOMUHWEBOW MNONOCH! TOMLLMHON
1...1,5 Mm, LwmpuHoit 25...30 mm 1 anuHoi 30...85 mm. TpaHauc-
Top VT1 Heobxogmmo 3aKkpenuTb Hepes CroAsHYI0 Npokraky. B
kauecTBe K2 u K3 mowHO ucnonbaosats PAC22, PAC6 Ha 12 B
(npwy nutalumn 9 B npaktuecku Bee pene cpabarbisaloT. B npoTve-
HOM Cny-ae HanpshkeHne NUTAHWUS Ha HUX CreLyeT NoaaTh C BXO-
na DA1). Ecnu npy HapylueHHOM LUNente BO BPemsi BKIKOHEHNR
npubop GyneT nepexoamThL B PEXMM TPEBOM, CRIELYET yMEHBLLNTS
conpotuenenwe peavctopa R19 o 2,4...2,7 kOm,

Angpen TuLLkyHOB,
nzbi@nts.rost.ru
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YnpouleHne pa3paboTKu
nporpamMmm Ha accembébnepe
ana MMKpokoHTponnepos AVR

lpednazaemcs HecnoxHasi, Ho 00CMaImMoYHO rone3Has nNpozpamma, no-
3sonaowas nonyyums ghpagMeHm mexkcma npoepamMmMbi Ha accembnepe
dns Mukpokosmponnepos cemeticmea AVR, ocywecmensowul uHuyua-

nu3ayuro nopma esoda/enieoda.

a camom aene, ata nporpamma —

4acTb Noka eule He 3aBepLUeHHo-

ro NpoexTa, KoTopbiil Npeanonara-
€T peannaavLmio Toro, UTo oBEIMHO Hazbl-
BaeTCA «MacTep». 3a OCHOBY NpMHATA
nporpamma-mMacTep, BCTPOEHHAA B KOM-
nunaATop Asbika C CodeVision AVR, no-
3BONAIOLIAA NONYYUTH HA HaYaNsEHOM aTa-
ne wabnoH € y)e roToBeiMu (hparmeHTa-
MM AN MHMLManu3agum NopToe M BCTPO-
eHHON Nepudepn MUKPOKOHTponnepa.

Otruume npeanaraemoin nporpammel B
TOM, HTO OHA NO3BONAET NONYUNTE TEKCT
nporpamiMbl He Ha sisblike C, a ha accemo-
nepe.

Pa6oraer nporpamma B onepayyioHHon
cucreme DOS vnun B DOS-okHe Windows.
Ona He obpaujaeTca K annapaTHbIM y3-
nam KomnbioTepa, No3TOMy LAENCTBYET B
noboi Bepcum Windows, nossonssowen
3anyckatb Npunoxenna DOS. MaeHbiMK
KpuTepusamun nNpu ee pa3pabotke Guinm
npoctoTa, yaobcTBo B MCNONbLI0BaHUM,
HeTpeboBaTensHOCTL K KOMNBLIOTEPY, Ha
KoTopom Bynet BoinonHATLCA. Paamep
nporpammbl — Beero 15.8 kb.

OkHo nporpamMMbl NokazaHo Ha puc. 1.

Ynpasnenve nporpammoit ocyLiecTe-
INARETCA OMEHb NPOCTO.

Ha axpaHe nokazaHo cogepxumoe AByX
PpervcTpoB: perucTpa HanpaeneHus nax-
HbiX NopTa BBOAa/BbIBOAA WM perucTpa
DaHHBIX TOFO Xe nopTa.

UyTb HWKE HA 2KpaHe NokazaH TEeKCT
(hparmeHTa nporpammel Ha accembne-

pe AnAa MukpokoHTponnepa AVR, ocy-
LIECTBNARLUMA MHMLManu3aymio nopta
BeBofa/eeiBona A. Ha camom pene atot
Xe parMeHT NporpamMmel MOXHO MC-
nonkL3oBath ANA MHULManMaauum v Apy-
rMx NOPTOB MUKPOKOHTpONNepa ceMen-
ctBa AVR. [InAa aToro npocTo HyXHo
3ameHunTb Haanuce PORTA Ha PORTB,
PORTC wnu PORTD u, coorBeTCTBEH-
Ho, DDRA Ha DDRB, DDRC vinn DDRD.
P$parMeHT nporpamMmmel NONHOCTBH COOT-
BETCTBYET COAEPXMMOMY pPErMCTPOB,
nokasaHHomy Ha akpaHe. Takmm obpa-
30M, YCTAHOBMB Heobxoanmble 2Have-
HUWA perncTpos, cpasy MMEEeM roTOBbLI
dparMeHT nporpammel.

Te, kTO xOTb pa3 nMcan nNporpammbl, B
KOTOPBIX HYXHO 23gaTth HanpaeneHusi
LaHHbIX AN KaXA0W NMHWK nopTa B OT-
[EnbHOCTH, OLEHAT BO3MOXHOCTb NONy-
YWTb HEOBXOAWMBIN thparMeHT nporpam-
Mbl (@ camoe rMmagHoe, Ynena ans an1cm
B PEMVCTPbI), HE CNOMNbLIYA NPU ITOM NK-
cTka ¢ Bymarou, NCNMCaHHOMO ABOUYHbI-
MW 3HaYeHuAMK, nepeBeaeHHEIMK B 16-
PUUHBIN BUA.

[nna yctaHoBku kakon-nbo nHmMm nop-
Ta BBoAa/BbiBoAa Ansi paboTel Ha BbIBOA
MHbopMaLumm criepfyeT 3anucatb B 6uT,
COOTBETCTBYIOLUMI 3TOWN NUHWMK NopTa,
2HauyeHne «1». CooTBETCTBEHHO, A7 pa-
6oTbl Ha BBOA MHOpPMaLUMK, LOMMKEH
6biTe 2anucan «0».

flpn 3anycke nporpammbi No ymonua-
HMIO YCTaHOBIMEH TEKYLUMM HyneBon omt

nopta, NoaTOoMy BCE onepaumm GynyT
OCYLUECTBNATLCA C HMM. [Ana paboTut ©
Opyrm BuToM cnefyeT NPoCTe HaxaTb
LmchpoByIO KNaBuLLY C HOMEPOM, COOTBET-
CTBYIOLUMM HOMEPY HyXHoro 6uta. Mpu
3TOM Haa BbIGparHLIM BUTOM Ha akpaHe
NOSIBNAETCA CUMBON «*».

Ansa ycTaHoBKM 3HaYeHUA TexyLiero
6uTta B pervctpe HanpaeneHus nepena-
UM AaHHBIX MCNONLIYETCA KnaBuwia «i».
Mpw ee HaxaTum TekyLiee 3HaueHvie Guta
MEHAETCA Ha npoTuBononoxHoe. MNpn
3TOM B NoKa3aHHOM Ha akpaHe parmeH-
T€ Nporpammbl Cpazy M3IMEHATCA faHHbIe
ONs 3an1cy B pErMcTp HanpaeneHua ne-
penayqv faHHbIX.

Ins ynobetea paboThl MMEKTCA KOMaH-
Dbl 3a72HWA HanpaeneHVs Nepefaym AakH-
HbIX BCEX NMHWIA NopTa Ha BBoA («O») K
BCEX NWHWI NopTa Ha BbIBOA («p»).

[insl yCTaHOBKM 3HAYEHWA TeKyLero
6uta B pervcTpe fanHLIX nopta Beofa/
BbIBOAA, MCTNONbL3YyeTCA Knaeuwwa «j». [pu
€€ HaXXaTuM TeKyllee 3Ha4veHmne CooTBeT-
cTByoLLero B1MTa MEHAETCA Ha NPOTUBO-
nonoxHoe. fpn aTom B nokazaHHoMm dpar-
MEHTe nporpammel Cpaly W3IMEHATCA
DaHHbIe ANA 3annCK B PETVUCTP AaHHbIX.

Ons ynobetea paboTol MMEHTCA KOMaH-
Obt YCTAHOBNEHUA 3HAYEHWA perucTpa
DaHHbIX ANA BCEX MMHKMIA nopTa: «k» — B
perucTp faHHeIX NopTa anuckiBaeTcs
umcno Ox00 (7. e. BCe HyM) U «I» — B
pPErvcTp AaHHbIX 3anucLIBAETCA YUCNO
Oxff (Bce eauHmybl).

fpwn BuIBOAE MHbOpMaLMK 3HaYEHME,
3anMcaHHoe B PErvcTp NaHHbIX, ABNAET-
Cs yKazaHvWem LNA MWKPOKOHTponnepa,
Kakve ypoBHW HanpshKEHWs hopmmpoBaTs
Ha COOTBETCTBYIOLUMX NUHUAX NOpTa BBO-
nal/eeiBona.

fpy BBOAE NAHHBIX ATOT PErUCTP NO3BO-
NAET NOOKNIOYUTDL K COOTBETCTBYIOLLEN
NMHUM NopTa BBOAA/BLIBOLA BCTPOEHHLIE
NOATArMBaIOWME K UCTONHWKY NUTaHWA
pe3ncTopbl. 3anvcek « 1» NpPUBOAUT K Noa-
KIIOUEHVIO NOATAMMBAIOLIEro pe3ncTopa,
«0» — OTKNKYEHWIO,
flpn pabote B DOS-okHE

B T HOR T Bk BOKGH pofir

;
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Wcnonb3oBaHue wabnoHos HDL-pepakTopa
npu co3gaHum onmcaHum uMhpoBbIX YCTPOUCTB
C nomMoLbio A3bika VHDL

Aswiku onucaHus annapamypel HDL (Hardware Description Language) € Hacmosiuyee 6peMsi crmaHOBsImMcsi OCHOG-
HbIM cpedcmeoM rnpedcmasneHus LUpossix ycmpolicme 8 npoyecce UX rnpoekmupoeaHusi. B sHauumerisHoul
cmeneHu 3mo ob6ycrioeneHo MakuMU 83atMOoCesi3aHHBIMU hakmopaMmu, KaK LUUPOKOE NpUMeHeHUe npozpaMmupy-
eMbiX nio2udeckux uHmezpansHoix cxem (MIIIC) e kavecmee anemeHmHoll 6a3bl Onst co30aHust Yugpoesix cuc-
meM, roCMosiHHLIM CO8EPLUEHCMEBOBAHUEM COOMEeMCMEyoWUX UHCMPYMEHMO8 CuHmMe3a U cpedcme modernu-
poeaHusi. Kpome mozo, npu peanusayuu 6onbwux npoekmoes Ha 6ase NITNC nposensiiomces o2paHuyeHusi CXemo-
mexHu4ecko2o memoda (nodxoda), Komopsie CHUMaIOMCS NPU UCTONb3068aHUL A36IKO8 8bICOKO20 ypoeHs VHDL ™
u Verilog™. lNpumeHeHUe 3muX A3bIKO8 MakXe rnoesiuaem mMobUnbLHOCMb NMPOEKMos, MakK Kak 60/bUWUHCME0 cu-
cmem nipoekmuposarusi noddepxueaem VHDL u Verilog. Noamomy npoexkmesi, npedcmasneHHsie e eude HDL-
onucaHul, ¢ MUHUMaIbHbIMU USMEHEeHUSIMU NepeHoCsimcs U3 00HoL cucmems! rpoekmupoearusi 8 dpyayro. Heob-
X00UMOCML MakKo20 rnepeHoca Yacmo 803HUKaem npu cMeHe aneMeHmHol 6a3sl 0nisi peanusayuu npoeKkmupye-

Mozo ycmpoticmea.

pabot [1—3], noceswerHbIX ocHosam VHDL n npume-
paM ero MCnonL3oBaHNs, KOTOpble NPeaoCTaBNSAIOT pas-
paboTunkam BO3MOXHOCTL CAMOCTOATENLHOTO OCBOEHUS 3TOTO
si3elka. Mocne nayverns Teopetnueckux ocHos VHDL npu ne-
pexone k NpakTUke Co3AaHUsi ONUCaHWIA NPoeKTa NCNOMb3oBa-
HWe MHCTPYMEHTA LLabroHOB NO3BOMNSAET YNPOCTUTL M YCKOPUTL
npouecc obyuyernns. B coctae naketoB cospeMeHHbix CAIMP,
Takux kak, Hanpumep, WebPACK™ ISE™ (Integrated Synthesis
Environment) cdwmpmel Xilinx®, MAX+Plusll™ ¢unpMmbl Altera®;
Active-HDL™ cbmupmebl Aldec® exoaut pegaktop HDL-kopa, ko-
TOpbLIA NOMUMO NPOCTENLLNX ONepaLuil peaakTMpoBaHus (Ko-
NMpPOBaHUSI M BCTABKN TeKCTa) NoAAEpHMBAET MEXaHW3M Lwab-
noHos. OTH LWabnoHbl MOryT UCNOMBL30BATLCS KaK B Npouecce
M3y4eHUs A3biKa, Tak U B NOCNeAyoLen NpakTuyeckon pabore.
MpumeHeHue 1abnoHoe No3BonNseT:
e COKpaTUTb BPEMS CO3aHUSI ONUCAHMUS;
e n3bexaTb CMHTAKCMYECKUX OLUMGOK, NOSIBNEHNE KOTOpPbIX
BO3MOXHO MpU Habope € NOMOLLbIO KNaBuaTyphi;
® WCMNOMb30BATHL FOTOBbLIE OTNAXEHHBIE KOHCTPYKLUMM NS Npea-
cTaeneHusi Hanbonee YacTo BCTPEUALMXCS ANEMEHTOB U
hyHKUMOHAMbHBIX BNOKOB;
e CO3faBaTh W B AanbHEWLLIEeM MCNOMb30BaTh COBCTBEHHbIE
oTpaboTaHHbIe KOHCTPYKLWK.

B kauectse CAIP, B8 paMKax KOTopoW paccMaTpuUBaeTCs UC-
nones3osanne HDL-wabnoHos, BeiGpaHbl NporpaMMHbie cpea-
ctea WebPACK ISE, koTopble npegHasHaqeHbl N5l NPOeKTH-
posaHusi Lmgposeix ycTporcTs Ha 6ase MINC dumpmer Xilinx,
HO TaKKe C YCNEXOM MOryT BbiTb UCNONL30BaHLI NPY U3YYEHUN
BbICOKOYPOBHEBbLIX A3LIKOB ONUCAHWUS annaparypbl, TakK Kak
BKMIO4aoOT B cebs Bce Heobxoanmoe ans atoro: HDL-pepakTop,
cpencTea CMHTE3a, YTURUTY reHepaLimm TecToBbiX curHanos HDL
Bencher™, nporpammy mopenuposanusa ModelSim XE
Starter™. 3ToT Naket ABMNAETCA NOMHOMYHKUMOHAMBLHBIM U NPY
aToM cBo6oaHO pacnpocTpaHsieMblM (JOCTYNEH ONsi 3arpysku
nocne perucrpaummn no agpecy http://www.xilinx.com) u eknto-
YaeT O6LLMpHBLIA Habop LWabnoHoB, GONLLUMHCTBO KOTOPLIX NPEA-
CcTaBsneHo B TOM nnv uHom euae B Apyrmx CAlMP. C onucarnvem
BO3MOXHOCTEM U NOMb30BATENbLCKOrO UHTepdelica naketa
WebPACK ISE MmoxHO nosHakomutbes B [4, 5].

Uenb HacTosiLen nybnmkaumm — No3HaKoMUTL paspaboTum-
KOB LinchpoBbIX YCTPONCTB, nayuarowmx Aseik VHDL, ¢ 6ubnvo-
Tekoi wabnoHoe HDL-penakTopa naketa CAINP WebPACK ISE
M Oatk KpaTkue NOSICHEHUS MO UX NPUMEHEHUIO.

I I 0O3TOMY ABNAETCA akTyanbHbIM NOABMEHNE B NevaTn psaa

Co3zgaHue onvucaHuA ¢ Ucnonb3oBaHueM LWabnoHos
HDL-pepakTopa naketa WebPACK ISE
Co3znanune Hosoro dharna nhnummpyetcs komaHaon FILE/New

OCHOBHOTO MeHto Haeuzamopa npoexkma (Project Navigator™),
KOTOpbIN ABMSIETCA ynpaenstoiyen o6onoukon naketa WebPACK
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ISE. MNpun atom aktmemusmnpyercst okvo HDL-penakTopa, B KOTO-
pom 6yneT chopmmpoBaThbCs HOBHIM haiin. [anee HeobxoaMmo
yKasarb ero HassaHne, UCTNoNb3ysl KOMaHAy coxpaHenus FILE/
Save As. MNocne 3toro criegyeTt OTKpbITb aKTMBU3UPOBATL OKHO
wabnoHoe (puc. 1), ¢ nomoublo koManabl Edit/Language
Templates.

M ore &

T : process(CLK,RESET,D_IN} =]
F 3 ABEL begin .
3 £ Venlog )

5.3 VHDL if ( RESET = '1') then

3 Component Instantiation ¢ D_OUT <= "0007; ,
c] Lan e Templates elsif ( CLK'event and CLK ='1') then

: g cease D_IN is

G-£3 Syrthesis Templates n

! “0000000L” = = “000";
L0 Syrihess Torg | vhen "00000001” => D_OUT <= 000

T when “00000010” => D_OUT <= “001";

B i when “00000100” => D _OUT <= "D10";
when "00001000" => D_OUT <= "0l1";

; wvhen “00010000" => D_OUT <= "1007;
. wvhen "00100000" => D_OUT <= "1017;
; when “01000000" => D_OUT <= "1107;
i

when "10000000” => D_OUT <= “111";
when othexrs => NULL:
end case;
end 1if;
‘end process;

. Y.

Puc.1. OkHo wabnonoe HDL-pegaktopa nakera WebPACK ISE

OxHo wabnoHoe coaepxut aee obnact: B NEBOR YacTn OTo-
6paxaeTcsi cnMcok LWabnoHoB, a B NpaBoil — coaepxaHne Bbib-
paHHoro wabnoHa. YTo6bl BKNO4MTL LWABNoH B CoCcTae co3fasa-
€©MOoro Mogynsi, crieflyeT BbiAENUTE €70 Ha3BaHUe LLENYKOM NeBoi
KHOMKU MBILLWM Ha COOTBETCTBYIOLLEH CTPOKE CNucka 8 nesoi o6-
nacTu, nocrne yero socnonb3osaTbLCA KomaHgon Use in... u3
BCM/1bIBAOLLETO KOHTEKCTHO-33BUCUMONO MEHIO, KOTOPOE BbIBO-
OUTCS Ha 3KpaH LenykoM NpaBoi kHonky. Mpu atom wabnoH
6ypet-BCTaBneH B TO MECTO CO34aBaeMoro hanna onvcaHus,
rae pacnonoxeH Kypcop. Ecnmn Tpebyetcsa BctasnuTb Tonbko dpar-
MeHT wabnoHa, To HeoBxoAUMO BLIAENUTL €ro B Npasoi obnac-
TW OKHA W BLINONHUTL KOMAHAbLI KONMPOBaHUS! (COpPY) U BCTaBKU
(paste) U3 BcnnbiBaOLLEro KOHTEKCTHO-32BUCUMOTO MEHIO.

HDL-pegakTop nakera CAlNP WebPACK ISE sknitouaeT 8 cebs
wabnoHbl ans szsikos ABEL, Verilog n VHDL. [1ns siseika VHDL
npeacTaBneHbl YeTbipe rpynnel WwabnoHos, oopMneHHbe B
BMAE NANOK C COOTBETCTBYIOLWMMU HA3BaHNAMW:

e Component Instantiation BkNtouaeT NnpuMepb! (KOMNOHEHTHI)
peanunzaumu;

e Language Templates cogepxm1T o6pa3Libl oCHOBHBIX 6a30-
BbIX KOHCTpPYKUMi VHDL,;

e Synthesis Templates o6bveauHsier 6noku kona, NpeacTas-
nswLmMe NoBeAeHYECcKoe ONMCAHUE OCHOBHbBIX (DYHKLMO-



codr

HanbHbIX 3NEMEHTOB, KOTOpbIE MCNONL3YHTCA MNPY MPOeK-
TUPOBaHWUK LI POBLIX YCTPOCTB 1 BOCTNIPUHUMAKITCA Cpes-
CTBaMK CUHTE33;
e User Templates npenHasHayeHa ona xpaHeHun LwabnoHos,
co3faBaeMbix paspaboTumKom.
WabnoHsl, cocpepoToteHHble B nankax Language Templates
n Synthesis Templates HocaT 0606LWeHHLIN XapakTep, MoryT
MCroNb30BaThLCA B NpoeKTax, peanusyembix Ha 6ase MINC pas-
FNIM4HBIX CeMENCTB U Npou3BoaUTENEeR, U NO3TOMY NPeacTaBns-
10T HanBonNbLINA MHTEpeC Npu U3yyeHum asbika VHDL.

LLabrnoHb! 0CHOBHLIX KOHCTPYKUWH si3kika VHDL

Tak kax wabnoHul B Nankax pacronoxeHb B angaBUTHOM
nopsgke, TO U paccMaTpuBaTbLCA OHW ByayT B ToW xe rocrie-
[0BaTenbHOCTH.

Architecture body npeacraenset coGoit 0OCHOBY apxuTexTyp-
HOro Tena onuckiBaemoro obbekra. lNocne BkNHEHUA 3TOro
wabnoHa B cocTaB coO3AaBaeMoro gana onucaHms Heobxoau-
vo emecto ENTITY_NAME BBecT HasBaHue o6bekTa, a BMec-
To ARCH_NAME — HasBaHve apxutekTypHoro 6noka onmca-
Husa. lanee cneayet 3ameHutb <statements> Ha onucanue
CTPYKTYpbl Unu noeeneHunn obbekTa.

architecture ARCH_NAME of ENTITY_NAME is
begin

<statements >
end ARCH_NAME;

Block statement ncrnoneayerca anst popmumpopanun bnoka
onucarusi. Bmecto BLOCK_LABEL ykasuiBaercs HaspaHue
(meTka) bnoka, a <statements> sameHsieTcs BopaXeHUsMY,
BKNOYaembiMm B coctas bnoka.

BLOCK_LABEL:

block

begin
<statements>

end block;

Case statement conepXuUT KOHCTPYKLMIO BLIPaXKeHUs BLIGO-
pa 13 Tpex BapuaHToOB U NpUMEp ee UCMONb30BaHWus, 0GOpM-
NeHHLIR B BUOE koMMeHTapus. KonnyecTBo BapuaHToB BuiGopa
MOXHO M3MEHUTL C NOMOLLLIO Onepaumit pefakTupoBaHus (Ko-
NUMpOBaHWA, BeTaeku U ypanenus). lNpu ucrnonb3oBaHum 3TOMO
wabnoHa <expression> 3aMeHAeTCA aHaNU3UPYeMbiM BhIpake-
HMeM, <choices> — COOTBETCTBYHOLMM BAPUAHTOM 3HAYEHUN
aHanusnpyemoro BoipaxeHus, <statements> — BbipaxeHuamp,
KOTOpLIE [OMKHBI BLINOMHATLCA NPK BLIGOpE COOTBETCTBYHLLE-
ro BapunaHTa.

case <expression> is
when <choices> =>
<statements>

when <choices> =>
<statements >

when others =>
<statements>

end case;

— example:

—case SEL is
—when0|1[2=>
—Z<=B;
—when3to 10 =>
—Z<=C;

— when others =>
—null;

— end case;

Component declaration npeacrtaesnser cobo wabnoH
06bABMEHNA KOMINOHEHTa, UCMIONB3YEMOTO B CTPYKTYPHOM Ofi-
caHum obbexTa (npoekTa). finA oeknapauwmn CooTBETCTBYOLE-
ro KOMMoHeHTa HeobxoAnMO ykasaTb ero HassaHue (BMecTo
COMPONENT_NAME) 1 BKNIOYNUTL ONMcaHue ero uitepdeiica
BMecTo <port_declaration>.

component COMPONENT NAME

| www.dian.ru

port (<port_declaration>) ;
end component ;

Component instantiation cogepxut o6pasey KOHCTPyKUMN,
UCTOSb3YEMOR [N CO3aHns 3K3EMNAPa KOMMOHEHTa B CTPYK-
TYPHOM ornmcaHum obbekTa (npoekTa). MNpy hopmMmpoBaHuK KOHK-
PETHOIO 3K3eMMNIAPa KOMIMOHEHTA CReayeT ykasaTb NO3ULIMOHHYIO
METKy KOMnoHeHTa (eMecto LABEL 1), koTopas cooTeercTByeT
0603Ha4YEHNIO 3NeMeHTa Ha MPUHLMIMANBHON CXeMe, HasBaHue
KomMnoHeHTa (Bmecto COMPONENT_NAME), kotopoe onpeaensi-
€TCA Npur CO3AaHMM ro ONUCaHKSA 1 COOTBETCTBYET TUMY 3neMeH-
T4, a TaKKe onpeaennuTs kapTy NopToB. B paccmarprBaeMom Liab-
NoHe NPUMEHSIETCA KIMOYEBOE COMNOCTARMEHWE NOPTOB KOMIMOHEeHTa
¥ NOAKNOYaeMbIX CUTHaNoB, NpKU KOTOPOM MOPSIOK WX Nepeqmnc-
NeHuAa He UMmeeT 3HadeHust. [NoaTomy Ans onpeneneHns KapTobl
nopToB focrarodHo 3ameHnts PORT_NAME Ha ums ropra, a
SIG_NAME — HasBaHueM COOTBETCTBYIOLLEIO curHana.

LABELl: COMPONENT NAME

port map (

PORT_NAME => SIG_NAME,

PORT NAME => SIG NAME

)

Conditional signal assignment conepxuT wabnox u npu-
Mep BbipaXeHKs YCITOBHOTO HasHaveHus curHana. MNocne eknio-
HeHUs paccMaTpUBaeMon KOHCTPYKLUMW B (Dann onucaHus Hyx-
HO BCTaBuTb Ha3seaHue curHana (Bmecto SIG_NAME),
BbipaXXeHWe, KOoTopoe ofnpeaensier anroputmMm opMUPOBaHUA
curHana npy HeKoTOpOM YCMOBUM (<expression>), n cooTBeT-
CTByKLLee yCcroBHoe BhipaxeHue (<condition>). BripaxeHue
YCMOBHOIO HasHa4YeHusi CUrHana MoXeT cogepxarb Heobasa-
TenbHy MeTky Bmecto LABEL1.

LABELI: — optional label

SIG_NAME <= <expression> when <condition> else
<expression> when <condition> else

<expression>;

— example:

—Z <= A when (X > 10) else
— B when (X > 5) else

—C;

Constant declaration BkniovaeT B cebsi KOHCTPYKLWIO 06bsIB-
NeHWa KOHCTAHT K NpuMepbl Hanbonee YacTo MCMOSb3yeMbiX
noB.. Ha npakTuke yenecoobpasHo B kauecTse WwabnoHa Bui6-
paTtb oauH u3 npumepoB ¢ TpebyeMbiM TUMOM KOHCTaHTHI, BOC-
roNb30BaBLUKCL KOMaHaaMK peaakTupoBaHua (KONMMpoBaHUA n
BcTaBku). [lanee cnegyet BBECTU Ha3BaHWe KOHCTAHTLI BMECTO
CONST_NAME u ee 3HaueHue <value>.

constant CONST_NAME: <type_spec> := <value>;

— Examples:

constant CONST_NAME: BOOLEAN := TRUE;

constant CONST_NAME: INTEGER := 31,

constant CONST_NAME: BIT_VECTOR (3 downto 0) := «0000»;

constant CONST NAME: STD_LOGIC := “Z”;

constant CONST NAME: STD_LOGIC_VECTOR (3 downto 0) :=
«0—0-—»;

Design library specification npumeHsietcs ana coanaHus
ccbinNku Ha Tpebyemytro Gubnuoteky. Mpu ucrnonbL3oBaHumu 3TOro
Buipaxerun <LIB_NAME> 3ameHsieTcsa HasBaHueM COOTBETCTBY-
wowen 6ubnuorteku.

library <LIB_NAME>;

Entity declaration npeacraenser co6oi ocHoBy onucaHus
uHTepgenca obbekta. lMNocne BkNoveHua ee B coctas canna
cregyeT ykasaTb uMs obbexTta (BMecto ENTITY_NAME) 1 orm-
caHue ero noptoB (BMecTo <port_declarations>).

entity ENTITY_NAME is
port (
<port_declarations>

)

end ENTITY_NAME;
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Exit statement ynotpebnserca ons saBepleHys BbINOMHE-
Hus uwkna. MNpy Heo6XoauMMOCTU MOXKHO yKa3aTb YCNOBUE Bbl-
xof,a w3 umkna (emecto <condition>) u MeTky (BMecTo LABEL1).

—label specification and when clause are optional
exit LABEL] when <condition>;

For-loop statement cogepxwvt wabnoH KOHCTPYKUMKM ONs
opraHmsayuv Lvkna v npumep ero ucnonb3osanuvs. Mapamer-
pamu aTtoro wabnoHa senswTca: LABEL1 — wMeTka,
<lower_limit> — HWXHAA rpanHvua napamMeTpa uukna,
<upper_limit> — BepxHsAA rpaHuua napameTpa uyukna,
<statement> — BbipaxeHus, cocTaBnALMe TeNO UMKNa.

LABELL:

for Iin <lower_limit> to <upper_limit> loop
<statement>

end loop;

— example:
—forlin 1 to 10loop
—ISORM):=1*1;
— end loop;

Function declaration Bkntovaet B ce6s KOHCTpPYKLMIO, Npen-
Ha3Ha4eHHy1o Ans onpeaenerHuns hyHKLMK, U NPUMEP €€ UCNOSTb-
3oBaHus. [nn ¢hopMUpOBaHUA 3aKOHYEHHOTO ONMcaHus hyHK-
uuM HeobxoOMMO ykasaTb HaseaHue onpeaensemMon dyHKLMm
FUNC_NAME, Ttvn BO3BpaLlaeMoro 3HadyeHus <lype_name>,
vMeHa BxofHbiX napametpos PAR_NAME vivx tvn <type_spec>,
o6bABNEeHWs NoKanbHbIX NepemMeHHbIX U Teno dyHkuum function
body.

function FUNC_NAME ({<class> PAR_NAME: <type spec>})
return <type_name> is

—<class>: signal | constant

begin

— function body

end;

— example: incrementer
— function INCREMENT (COUNT: INTEGER) return INTEGER is
— variable TEMP:. INTEGER;

— begin

— if COUNT >= 255 then
—TEMP := (;

—else

— TEMP : COUNT + 1;
— end if;

— return TEMP;

—end;

Generate statement npefocrtaesnser paspabotumky ase ¢op-
Mbl ANs NOCTPOEHNSA BbIpaXKEeHWI reHepaumm, NpouniocTpupo-
BaHHblE NpUMeEpPOM. Mpu ncNonNb3oBaHuK AToro WabnoHa Hyx-
HO onpefenuTb cneaytolme napametpsi: LABEL1 — mertky,
<lower_limit> — HwkHIOW FrpaHuLy NapameTpa reHepauwm,
<upper_limit> — BepxHiolo rpaHvla NapamMeTpa reHepauum,
<statement> — BbipaxeHus, cocTaensloMe Teno oneparopa
reHepauum, <condition> — ycnoBHOE BbIpaXXeHue.

LABELL:
— using for scheme:
forIin <lower_limit> to <upper_limit> generate
<statement>
end generate;
— using if scheme
if <condition> generate
<statement>
end generate;

— example:

— GO: for I in O to 3 generate

— Gl ifI = 0 generate

—HA: HALF_ADDER port map (
— A =>X(D),B=>Y(),

— 8 => Z(I), Co => TMP(1+1));
— end generate;
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—G2:ifI >=1and I <= 3 generate

— FA: FULL_ADDER port map (

— A => X(I), B=>Y(1), C => TMP(]),
— S =>Z(1), Co => TMP(1+1));

— end generate;

— end generate;

If statement npeacraenseT co6ow ocHoBy AnsA dopMUpoBa-
HUSA YCNOBHOTO BbipaxkeHuA. B aToM wabnoHe <condition> onu-
CLIBAET YCNOBWE, NPU KOTOPOM BLINOMNHAETCA NocnenoBarenb-
HOCTL BbipaxeHur <statement>.

if <condition> then
<statement>

elsif <condition> then
<statement>

else

<statement >

end if;

Next statement npegHaszHaveH OnA CO3NaHUA BLIPAXKEHUA
nepexoda K creaywoLen utepauum umkna. [ins aToro Bbipake-
Hus MOXeT BbiTb 3apnaHa MeTka (Bmecto LABEL1) n ycnoswe
nepexoga <condition>.

— label specification and when clause are optional
next LABEL] when <condition>;

Operators no cyliecTsy sABnseTcs He WabnoHom, a noackas-
KOMW, TaK Kak COAEPXWUT CNMUCOK OCHOBHBIX ONEPaTopoB Asbika
VHDL, koTopbie CrpynnMpoBaHbl B COOTBETCTBUMM C Knaccugm-
Kauuen No TUNy BbINONHAEMBIX Onepaumii.

— VHDL operators:

— logical : and, or, nand, nor, xor, xnor, not
—relational : =, /=, <, <=, >, >=

— arithmetic : +, —, *, /, rem, mod, abs, **
— concatenation: &

Port declaration cogepxwvt wabnoH o6bABneHUs nopta u
npuMepbl Jeknapauvm Hambonee 4acto UCMNOMNb3yeMbIX TUMNOB
noptoe. Mocne BrtodeHus WabnoHa B cocTae ONUcaHus cne-
ZyeT ykasaTb Ha3BaHue noprta {emMecto PORT_NAME), pexum
ero pa6otbl (BmecTo <mode>) u Tvn (<type_spec>). Ha npak-
Tuke LenecooBpasHo B kadecTee LWabnoHa ncnonb3osarb npu-
MEp C COOTBETCTBYIOLMM PEXMMOM M TUNOM NnopTa.

PORT_NAME: <mode> <type_spec>;

— example:

PORT_NAME: in BOOLEAN;

PORT_NAME: in INTEGER range O to 31;
PORT_NAME: inout BIT;

PORT_NAME: buffer BIT VECTOR (3 downto 0),
PORT_NAME: out STD_LOGIC;

PORT_NAME: out STD_LOGIC_VECTOR (0 to 3);

Procedure declaration Bkniouaer B ce6a KOHCTPYKLMIO
obbABNEHUs Npoueaypbl M NpUMeEp ee ucnonb3oeamus. [Npu uc-
nonb3oeBaHum aTtoro wabnoHa HeobxoauMo ykasaTb HaseaHve
npouenypbl PROC_NAME, knacchl napameTpos <class>, ux Ha-
aeanve PAR_NAME, pexum <mode> v Tun <type_spec>, TUNbI
nokanbHbIX NepeMeHHbIX U KOHCTaHT, a Talkke coaepxaHue Npo-
ueaypsb procedure body.

procedure PROC_NAME ({<class> PAR_NAME: <mode>
<type_spec>}) is

—<class>: signal | variable | constant

—<mode>:in | inout | out

begin

— procedure body

end;

— example: adder

— procedure ADD (signal A0, Al, B0, Bl: in STD_LOGIC; signal
CO0, Cl: out STD_LOGIC) is

— variable X, Y: STD_LOGIC;
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— begin
—x:= B0 and AQ;
— 7Y := Bl xor Al;

—C0 <= (B0 and not A0) or ( not B0 and A0);
—Cl <= (Y and not X) or (not Y and X);
—end;

Process statement npeacraensier co6oit ocHoBy Ans dyopmu-
poBaHusa npotiecca. Ykasbisatb meTky LABEL1 He oBasarenbHo.
B pasnene pexknapaumin (declarations) pasmelyatotcs obbsARMe-
HUSA KOHCTaHT, noaTunoB. B Tene npouecca MoryT NpUCYTCTBOBaTL
onepaTopbl oXxuaaHua (wait), ABe hopMbl KOTOPOTO NPUBEAEHbI B
BUOE KOMMEHTapUeB.

LABEL]: — optional label

process

— declarations

begin

— wait on CLK, RESET;

— wait until CLK'event and CLK="1"
end process;

Selected signal assignment cogepxur WwabnoH 1 npumep
BbIpaXeHns BbiBopoyHoro HasHauyenus curHana. Mocne Bknio-
HeHUs paccMaTpMBaEeMON KOHCTPYKLIMM B (haiin onucanns Hyx-
HO BCTaBUTL HaseaHue curHana (Bmecto SIG_NAME), Bbipa-
xeHve Buibopa (BMecTo <choice expression>), BbipaxeHue
<expression>, KOTOpoe onpeaenseT anfoputM GopPMUPOBaHWS
cvrHana npy CoOTBETCTBYHLLEM 3HAYEHUM BbIpaXeHWs BbiGo-
pa (<choices>). BelpaxeHue BbIBOPOYHOro HazHaueHUs CUTHa-
na MoXer cofepxarb Heobsa3sarenbHyto MeTky (BmecTo LABEL1).

LABEL1: — optional label
with <choice_expression> select
SIG_NAME <= <expression> when <choices>,
<expression> when <choices>,
<expression> when others;
— example:
— with SEL select
—Z<=Awhen0]1]2,
— Bwhen 3to 10,
— C when others;

Signal assignment Mcnonb3yeTcA AnA NPUCBOEHUA 3Haue-
HWih curHanam. B atom watbnoHe SIG_NAME — Haseanue cur-
Hana, <expression> — BbIpaXXeHue, KOTOpoe onpeaenseT an-
roputM (hOPMUPOBAHUA CUrHana BO BpeMeHM.

SIG_ NAME <= <expression>;

Signal declaration cogepxur o6Lumit WabnoH o6bsABneHus
cUrHana v npumepbl Aeknapaumu curHanoe Haubonee uacTto
ncnofnbayemblx TUNOB. [ins opmupoBaHus o6bABNEHUsA cur-
Hana Tpebyemoro Tuna criegyeT ykasaTb HasBaHWe curHana
(emecTo SIG_NAME) 1 ero Tvn (BMecTO <type_spec>). Ha npak-
TUKe tenecoobpasHo B kavecTBe WabnoHa Mcnonb3oBaTb Npu-
Mep C COOTBETCTBYIOLUMM TUNOM CUrHana.

signal SIG_NAME: <type_spec>;

— example:

signal SIG_NAME: BOOLEAN;

signal SIG_NAME: INTEGER range 0 to 31;

signal SIG_NAME: BIT;

signal SIG_NAME: BIT _VECTOR (3 downto 0);
signal SIG_NAME: STD_LOGIC;

signal SIG_NAME: STD_LOGIC_VECTOR (0 to 3);

Typelsubtype declaration Bkniovaer B cebs B kauyecTee Npu-
MepoB LLabnoHoB oGbARMNEHMA TUNOB M NOATUNOB, AeKnapaumm
nepeumMcnuMoro 1 Uenoro Tvna, a tawke 6uroeoro maccuea. B
3tmx wabnornax TYPE_NAME — Haseanue aeknapupyemoro
™wna, S_TYPE_NAME — HasBaHue neknapupyemMoro noaTuna.

— enumeration type
type TYPE NAME is (ST1, ST2, ST3, ST4, ST5);
subtype S_TYPE_NAME is TYPE_NAME range ST2 to ST4;
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— integer type

type TYPE_MAME is range 0 to 255;

subtype TYPE_MAME is integer range 0 to 7;
— array type

type TYPE NAME is array (0 to 31) of BIT;

Use clause ucnonbayetcs ana co3naHua cobinky Ha naket
6ubnuoTeku, koTopas obbsABneHa Bhiwe. [1na npeobpasoBaHus
WwabnoHa B KOHKPETHYIO ccbinky cneayet emecto LIB_NAME
BCTaBUTL UMA BubnuoTeku, a Bmecto PACKAGE_NAME — Ha-
3BaHWe COOTBETCTBYIOLLErO Nakera.

use LIB_NAME.PACKAGE_NAME.all

Variable asslgnment npeacraenser coboii Wwa6noH, npea-
HasHayeHHbIh AnA (POPMUPOBAHUA BbIPAXEHUS NPUCBOEHUSA
3Ha4eHusa nepemerHon. B atoi koHcTpykumn VAR_NAME —
Ha3BaHWe NepeMeHHoN, <expression> — BbipaXeHue, onpeae-
nAwLLee 3Ha4eHne NepeMeHHo.

VAR_NAME := <expression>;

Variable declaration cogepwur WwabnoH o6bsieneHus nepe-
MEHHOW M NpyYMepbl Aeknapaumm nepemMeHHbIX Hanbonee 1ac-
TO Mcnomnb3yembix TMNOB. [ns dopmypoBaHua o6bABNeHUA
nepemeHHon TpebyeMoro Tuna cneayer ykasarb Ha3BaHUe Ccur-
Hana (Bmecto VAR_NAME) v ee Tun (BMecTo <type_spec>).
Ha npaxtvke yenecoobpasHo B kavecTBe WabnoHa UCNomnb30-
BaTb NpUMep C COOTBETCTBYIOLLUMM TUNOM NepeMeHHOIN.

variable VAR_NAME: <type_spec>;

— example:

variable VAR_NAME: BOOLEAN;

variable VAR_NAME: INTEGER range 0 to 31;
variable VAR_NAME: BIT;

variable VAR_NAME: BIT VECTOR (3 downto 0);
variable VAR_NAME: STD_LOGIC;

variable VAR_NAME: STD_LOGIC_VECTOR (0 to 3);

While-loop statement Bkniouaet B cefs WwabnoH BToporo ea-
praHTa KOHCTPYKLMM, MCNOMb3YyeMON AMNs OpraHu3aumm UMKna,
¥ npymep ero npumeHerus. MapameTrpamm aToro wabnoHa fAe-
natorcs: <condition> — ycnosue, onpeaensiolulee BuINONHEHWE
Y 3aBepLileHne utepauuin uMkna, <statement> — BblpaxeHus,
COCTaBNALME TENO LMKNA.

while <condition> loop
<statement>
end loop;

— while (I < 10) loop
—S<=I
—I:=1+1

—end loop;

Banepuii 3oTos
walerry@euro.ru
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PSpice-mogenu umdpoBbIX YCTPOUCTB

Cwuvna BbIXxoAHbIX CUrHANoB
KOMMOHEHTOB

Kak yxe 6bino ckasaHo Bbllwe, 3afiaBa-
eMbie B MOAENsAX BXoAa/BbiX0Aa 3HaYeHVs
COMPOTUBNEHNI UCTIONBLIYIOTCA TaloKe ANA
onpenenexns cunbl cUrHana, Koropas
BNUAET Ha pa3peLueHre KOHNVKTOB Npy
paboTe HECKOSMbKUX BLIXOLOB 3M1IEMEHTOB
Ha OOVH y3en.

B eepcusx PSpice Bhillie 5-11 cvna
cvrdana onpepensercs ApobHON Lika-
non. Cuntaercs, 4TO cvna curHanos
pasnuyHa, ecny BbiXoHbIe CONpPoTUB-
NEeHUs NX NCTOMHWKOB pasnuyaloTcs Mo
kpanHei mepe B DIGOVRDRYV pas, a
senuunHa DIGOVRDRYV 3apaetcs B
onepatope .OPTIONS. Mo ymonuakvio
DIGOVRDRYV = 3. KoneuHo, peluenvie
cuvTaTh OOVHAKOBOW CUMy CUrHanos C
Mano pas3nuualoiMMICSs BbIXOAHBIMWY CO-
npoTveneHusmu Gonee onpasaaHo, YeM
MCronb3oBaTh Noporoeble YHKUNKY, Kak
B paHHen Bepcyv PSpice-4. Tak B npvise-
neHHoM Hwxe ans PSpice-4 npvmepe
DRVL 1 DRVH pasnuuatotcs sceros 1,08
pas. Cuna cvrHanos «0» u «1» ByfeT cun-
TaTbCsA OLINHAKOBOM, €CNY TONbKO He 3a-
natb DIGOVRDRYV meHbWuMM, Yem 1,08.
Conpotvenexus DRVH v DRVL moryT 3a-

Tabnuua 4. CooTHOLLEHUS,
onpefensiowme R,

YcnoBue ansA Rewix c:rb;::la
Reux < DIGSTRF F
DIGSTRF < Raux < DIGSTRD D
DIGSTRD < Rguix < DIGSTRW w
Rauix > DIGSTRW Z

Tabrmua 5. 3HavyeHus noporos
no yMOn4aHuo

npawery | Conperamenve o
DIGSTRF 10
DIGSTRD 100
DIGSTRW 10 000

naeaTtbes B npedenax ot DIGDRVF oo
DIGDRVZ. 311 napameTpbl 3afaKnTcs
onepatopom .OPTIONS v no ymonyarvio
pasHbl DIGDRVF = 2 Om, DIGDRVZ =
20 kOm. BripoueM, 3To orpaHuyeHve nen-
CTBYET TOMBLKO NPy CMELLaHHOM MOAENu-
poBaHvy aHanoro-UudgpoBbIX YCTPOUCTB.

B 6onee paHHei Bepcum (PSpice-4), ko-
TOPOIi IC CUX MOP MOXHO MOMb30BaTbCs
B cpene MS DOS, npuHATH cneylowve

cUnbl cUrHanoB (OHV NEPEHUCNAINTCS B
nopsake ybbiBaHus curibl ¥ CONPOBOXAa-
KOTCH YCNOBHLIMW TPaKTOBKaMU UX CMbiC-
MOBOTO 3HAYEHUS):

F — cvina BHELUHWUX reHepaTopoB CUr-
HanoB Y UCTOYHVIKOB MUTaHWs;

D — cuna BbIXOA0B BEHTUMEN,

W — cu1na Harpy3oqHbIX COMPOTUBNEHWIA;

Z — BbICOKOVIMINEAaHCHOE COCTORHNE.

Cuvtaetcs, uto F > D > W > Z. 3Have-
HUS BbIXoOHbIX conpoTveneruin DRVH v
DRVL, cootBeTcTBYIOLLMNE PA3NUYHBIM CU-
nam cvrHana, onpenensoTcs NnoporoBbi-
My yHkunsMu ¢ noporamu DIGSTREF,
DIGSTRD, DIGSTRW, 3agaBaembiMv B
onepatope .OPTIONS. CooTHoweHus,
onpegenswowve R, . NnpuBeafeHb B
Tabn. 4, a 3Ha4eHUss NOPOroB NG ymon4a-
HWK — B Tabn. 5.

3anaBas pasHbie 3Hadenuns DRVH vy
DRVL, MmoxHo npynucaTb pasHbie cunbl
pa3snNy4HbIM YPOBHSM BLIXOAHOMO CUrHana.

Mpumep: 3aparbl DRVH = 96,4, DRVL =
104. Toraa nNpy 3HaueHVsX onUwii No yMor-
YaHWIO BbICOKWIA YPOBEHL umeeT cvny D
(DIGSTRF<DRVH<DIGSTRD), a H1akuii —
W (DIGSTRD<DRVL<D1GSTRW).

Ecnw »xe 3apaH onepatop

.OPTIONS DIGSTRD=200,
To Ans oboux ypoeHei cuna GyneT pasHa D.

Oner MeTpakos,
petrakov@mtu-net.ru

lpodomkeHue cnedyem

OnpepeneHue MoJsIoXeHUs ABUXKKa
nepeMeHHoOro pe3ucropa

Urozda e ycmpoticmee Ha MukpokoHmponnepe y8o6+Ho obecriequms 8800
uHehopmauu mpaduyUOHHBIM Onst aHano2oebix ycmpolcme criocobom —
yepes y20i1 oeopoma Kakol-nubo ocu, Harnpumep nepemeHHo20 pe3ucmopa.

yLECTBYET npocTow crocob onpe-

JieneHvs NonoXeHus ABwxka ne-

pemeHHoro peavcropa. MNpuHuw-
nuanbHas CXema Lenu, peanvayrllen
ero, nokasaxa Ha pvc. 1.

OnpeaerneHvie NOSIOKEHVA OBWKKA MPO-
vcxoauT criedytolumm obpasom. Ha BbiBoa
nopTa, KKOTOPOMY NOAKIIIOHEHb Naparnesb-
HO COEAMHEHHBIE PE3VCTOP W KOHAEHCAaTop,
NOA3ETCH BbICOKWA YPOBEHb HanpshKeHus
(T. €. B MOPT BLIBOAA 3aMYCLIBAETCA 1). Bbl-
COKWUA ypoBeHb AomkeH ObiTb BbICTaBNEH
Ha BpeMs, [I0CcTaToMHoe ANA NONHONW 3a-
psOKWM KoHaeHcaTopa. 3atem nopt nepe-
KNIOYAETCH B PEXVMM BBOAE, U N3MEPAET-
cA BpEMs, 3@ KOTOpOe HanpsKeHve Ha
BbLIBO/E NOPTa YMEHLLLIUTCA [0 Nopora ne-
peKnioveHUs), MPYMEPHO PaBHOTO NOMoBY-
He HanpsXXeHUs NUTaHus. 3T0 Bpems 3a-
BUCUT OT COMPOTYBNEHUs pe3ancrTopa,
eMKOCTY KoHOeHcaTopa ¥ napameTpoB
nopTa, Npy4eM BNUsHWE NapaMeTpPoB Nop-
Ta, KaK NpaBuno, HeaHauTernbHo. Mpvbnu-
anTENbHO MOXHO cuuTaTh, uto t = 0,7RC,
rne R — conpoTvBneHve peavucTopos
R1+R2, C — eMkocTb koHaeHcaropa C1.
YenaternbHo BuibUpaTh Bpems t He Gonee

5 Mc, aTo obecrieuvt ynobeTso B paboTe U
YMEHBLUWT 33epP>Kv B NPOrPaMme Ha Bhbi-
NoNHEHVE NPOBEPKU.

Peanctop R2 orpaHuunBaeTr mMakcu-
MarbHbI TOK NOPTa, Koraa ABWKOK peau-
CTOpa HaxoaWTCs B HWKHEM MO CXeme
NOMNOXEHUN.

TouHOCTL TaKoro U3MepeHus fyulue,
yeM pydHas ycTaHoBKa Mo LwKane, u3ob-
paxxeHHON PAAOM C NepemMeHHbIM pe3nc-
Topom. lMpy aHanuse Mony4eHHoro 3Ha-
YeHvst B nporpaMme crneayer NpoBePsTb

[9]]
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HE PaBEHCTBO KOHKPETHOMY 3HaYeHuio, a
[vana3oH aHaveruid. Hanpvmep: ot 0 oo
10 — nepsoe nonoxexve, ot 10 Ao 20 —
BTOpOE Moroxexve 1 T. A.

AnropvTMm npoLeaypbl NPOBEPKU MONO-
WEHVS [BWIKKa NepeMeHHOro pesuctopa
npu nogxniodervn RC-uenoqkn K miamm 0
riopta D MykpokoHTponnepa BbirmaauT Tak.

1. YcranosuTb nvHuio 0 nopta D Ha
BbIBOA MHbopMaLmn.

2. YcraHosuTb Ha nvuevm 0 nopTa D ypo-
BEHb 1.

3. Buigepxartb nayay.

4. YctarHosuTb nuHmio 0 nopta D Ha
BBOA MHGOPMaLU.

5. Ecnv ypoBeHb Ha nvHum 0 nopta D
paseH 0, nepenTn K 1. 8.

6. Time = Time + 1 — yBenu4uTb 3Ha-
YEHWE CHETHUKAE.

7. Nepentvkn. 5.

8. B nepemenHor Time cofepXuTcs
Y1CNo, COOTBETCTBYIOLLEE MOMOXEHWUIO
[IBWKKa NEpEMEHHOro peavcTopa.

MepemenrHas Time AomkHa No3BonATb
COXPaHVTb 4Y1CIIO0, MOMYy4YeHHOE B npoLiec-
ce cyeta. Ecnv aa Bpems namepenvs umc-
o yBenMUUBaeTcs A0 3HaueHys Gonblue-
ro, YEM MOXHO COXPaHUTb B MPUMEHEHHOM
nepeMeHHoit, TO ecTb iBa BapuaHTa pe-
weHus npobnemei: Nnbo ysenuunTb pas-
psAHOCTL NepemeHHol, NMBo BBECTY NOC-
ne n. 6 HeBonbLylo 3aaepxKy. MNpn 3ToM
BenvuvHa B nepemerHon Time GyaeT pac-
TW MeaneHHee.

Mwuxaun Fony6uos
my_mich_7@yahoo.co.uk



undpoBas rexHuka

Cnoco6b1 ynpasneHns fOCTyrnom
K kaHany cetun RS-485

Hacmosiwas cmamesi npu3eaHa 03HakoMume Yumamers ¢ knaccughuka-
yueu cyujecmeyrouux crocoboe yrnpasneHus ronyoOyrnekCHbIM KaHanom
RS-485, memodamu peanu3ayuu amux criocobos, coomeemcmeyowumu
cmpykmypamu, ux docmouHcmeamu u Hedocmamxyamu.

OKamnbHblE BLIMUCIUTENBHLIE CETU

(LAN — Local Area Network) Ha

ocHoBe UHTepdenca RS-485 Haxo-
[ST LULMPOKOE NPUMEHEHKE B TaK Ha3biBa-
eMbIX cUCTeMax Marnow aBToMaTtusauum
(SAS — Small Automation Systems). Nog
3TUM Ha3BaHKeM 06bIvHO 0bbeuHAKTCA
HebonbLIKE aBTOMATU3MPOBaHHLIE CUCTE-
Mbl YNPaBneHus NPOMbILLNEHHBIMY yCTa-
HOBKaMK U Hay4HO-UCCNELoBaTENLCKON
annaparypoW, CUCTEMbI aBTOMaTu3ayum
uaMepeHui u NabopaTopHbIE KOMNNEKCHI,
MUKPOKOHTpOMMepHble pacnpefeneHHble
cuUcTeMbI yrnpaeneHusi, GbITOBLIE CUCTEMBI
aBTOMaTusauum, creyuanusmpoBaHHbie
CUCTEMLI peanbHOrc BPEMEHW.

Boobwue roBopsi, CETU Ha OCHOBE UHTEP-
therica RS-485 moryT paGorartb B aynnek-
CHOM (NONHOM) ¥ NONYAYNNEKCHOM PEXU-
max. [lynnekcHein pexum Tpebyer ans
nepefaqv AaHHbLIX HYETbIpe NWHUK CBSA3W
(nBe NUHWK oNSA Nepefayv v aBe AN Npu-
emMa), a nonyaynnekcHeih — ABe (Mynb-
TUNNEKCUPOBaHHLIE ABYHaNpaBneHHbIe
Ans npyema u nepegaum). Kpome Toro,
ceTb C AYNNEKCHLIM PEeXUMOM ObmeHa
UMEET MpUMEpHO B ABa pa3sa Gonblive
annapaTtHble 3aTpaTtbl MHTEPENCHLIX y3-
noB. [IBa nepeyncneHHbiX HegocTaTka
NpUBENU K TOMY, YTO NONHOAYMNEKCHDIN
peXuM UCNONb3YETCs AOCTAaTOYHO PeaKo.
B cBsi3au € 3TKM B pamMKax HacTosiLen cTa-
TbW Mbl PACCMOTPUM TOSBLKO ocobeHHoC-
TU yNpaBneHUsi KaHanom nonyaynmekc-
HbIX CETEN.

TunoBasi CTpPyKTypa CE€TU Ha OCHOBE
mHtepdeinca RS-485 npeacraeneHa Ha
puc. 1. CtpykTypa cogepxut N craHyui
(Station 1, 2, ..., N). Kaxgas ctaHuus
VMEET y3en ynpaeneHust AOCTYNOM K Ka-
Hany CeTW, Ha3biBAEMbIA CTaHLMOHHBLIM
pucneryepom (DS — Station Dispatcher
unu MGT — Station Management). Ctan-
LIMOHHEIN AUCheTHep COeAUHAETCH CBOM-
My Buixogamu A u B ¢ ogHOMMEHHBIMK
NuHUAMK cBA3K. Ha koHLax NUHUA CBA3K
B 06sizaTenbHOM nopsiake AOMKHLI BbITh
YCTaHOBMEHbI COTNAaCyOLLUE Pe3nucTopbl
R., paBHbie 120 Om.

Takum 0Gpas3om, CTaHLUMOHHBIN AUChEeT-
yep cCOBCTBEHHO U OCYLLECTRASIET yNpaB-
neHve [OCTYNOM K KaHany Cetu u, cne-

BOAOB cTaHUuiA. MIHOTA2 B KavecTBe NMHUKA
G 1cnonb3yeTcs akpaHHas OnneTKa OCHOB-
HbIX cUrHanbHbLIX NpoBoaes. finkus R me-
nonb3yeTcs NWLIL B TE€X Chyqasx, Koraa
Heobxoaumo obecneuntb COpOC YacTu unu
BCEX CTaHUWiA CeTh OT OOHOM 13 HUX. Boo6-
Lie roBopsl, UCMONb30BaHUE 3TOW NUHUKA
MOBLILLAET HAAEXHOCTb (PYHKUMOHUPOBa-
HUS CETK, MOCKOSLKY NO3BONSIET HOpMarb-
HO PYHKLMOHUPYIOLUUM CTaHuusAM cbpo-

CUTb «3aBUCLLME» CTaHLUM,

RxD

A 4

MCU MGT

Control

Puc. 2. O6obLerHas cTpyKTypa gucneryepa ctaHuumu

4TO 0COBEHHO BaXHO B cre-
LManu“3npoBaHHbIX CUCTEMAX
A peanbHOro BpeMeHu, pac-
npepeneHHbIX CUCTEMaXx Y-
paBneHus u B NnaboparopHsix
(vccnepoBaTenbokux) CETSX.
R CyLUecTBYeT HECKOMbKO
G cnoco6oB ynpaBneHus Ao-
CTYNOM K KaHany cetew Ha
Gase nHtepderica RS-485,
paboTtawlux B nonyayn-
TNEKCHOM peXume:

[oBarenbHo, SBNAETCA NpeaMeToM Ha-
croswen cratbn. O606LeHHasn CTPyKTY-
pa gucneryepa CTaHuuu npeacraeneHa
Ha puc. 2.

TepMmuH «0606LLIEHHAsA CTPYKTYypa» 03-
HaqaeT, YTo aTa CTpyKTypa — cobuparenk-
Has, COCTaBMeHHasA Ha OCHOBE aHanu3a
MHOTOYMCNEHHBIX CTPYKTYP pasnuuHbIX
ceTei, ONMcaHHbIX B nuteparype. Cneea
Ha puC. 2 NOKa3aH MUKPOKOKTpOSNep Unu
mukponpoveccop (MCU — MicroController
Unit). Mogpa3symesaetcs, uto B 6onbumk-
CTBE CIy4aeB OHU SBMNSIKOTCA SAPOM COBpE-
MEHHbIX CETEBbLIX CTaHUWiA. Ha aTom 1 noc-
neaywLwmx pUCYHKax HeNpepbIBHLIMK
NWHUAMKU NOKa3aHbl OCHOBHLIE (hYHKLMO-
HanbHblE CBSA3W, @ WTPUXOBLIMKM — HEO-
bsazarensHble. B gucnetyepax curHan.
NOAPa3AensoTca Ha CTaHUMOHHLIE, T. €.
vayuiMe BOBHYTPb CTaHUuu (MoKasaHbl
crneBea, Mexay AUCNeTYEPOM ¥ MUKPOKOH-
TPONNEPOM) U CeTeBLbIE, T. €. UayLiue ot
CTaHUMK K KaHany ceTu (nokasaHbl crnpa-
Ba OT gucrneTyepa).

CTaHUMOHHBIe cUrHanbl nogpasgens-
KOTCA Ha OCHOBHbIE W [AOMOMHUTENBHLIE.
OCHOBHBIMK cCUTHaNamu SBASIOTCS:
RxD — Bx0oaHas NO OTHOLLEHWIO K MUKPO-
KOHTpONNepy ¥ CTaHLWK B LIEMNoM NUHUS
AaHHbLIX nocneaoBaTenbHOro NopTa, u
TxD — BbIXOAHas NMHKA AaHHBIX NOcne-
posarencHoro nopta. OueBKOHO, YTO OC-
HOBHLIE NUHWUK CRyXaT ANs nepefavu
OAHHBIX MeXOy MWUKPOKOHTPOMNepoM u
avcneryepoM. [1ononHUTENbHBIMKU CUTHE-
namu siBrstores: Control — curHan wnu
CcUrHanbl ynpaeneHus OUCNETHEPOM, W
RST({/) — curHan cbpoca MUKPOKOHTpOS-
nepa.

CereBble curHans! Taxe nogpasae-

Rc[ﬁ)é _
1 1 1

Station Station Station
1 2 N

Puc. 1. CtangaptHas cTpykTypa cetu RS-485
B NONyAynnekCHOM pexume

@]nc

NSAOTCH Ha OCHOBHBIE Y AONONHUTENb-
Hble. OCHOBHbIE CUTHANBbHBIE NMMHWA —
uHpopMaLMoHHbIe NuHvn A 1 B. Jo-
NOMNHUTENLHLIE HeOGA3aTeNbHbIE NK-
Hw: G (GND) — obwwmin nposog u R
(RST)— HeobsizaTenbHas nuHus cbpo-
ca BCEX Unu YacTtu ctaHumn. Jiuiusa G
He obsizaTenbHa, HO UCNOIL3YEeTCs f10-
CTaTOYHO YacTo Af1A CBA3M 06LKX Npo-

B www.dian.ru

e aKTWBHbIN cnocob ynpas-
NeHus,
naccuBHbIl cnocob ynpasnexus;
ynpaBnseMbliA NAacCUBHLIA cnNoco6
ynpaBneHus;
e cnocob ynpaenexus ¢ aBToonpepene-
HUEM CKOPOCTH;
e Cnoco6 ynpaeneHus ¢ ynpaensieMbim
KOHTpONNepom;
e Cnocob ynpaeneHusi C UHTENNEKTY-
anbHLIM popMupoBaTeneM periMa.
B cooTtBetcTBUM C aTUMK chiocobamu
peanusyoTcs 1 CTaHLMOHHLIE AuchneTye-
pbl. PaccmMoTpum ux CTpyKTyphbl, Npy 3TOM
B KauecTtBe 6a30BbIX Byaem ucnonbL3oBarb
LWMPOKO pacnpoCTpaHeHHLIE Nonyaynex-
CHblE MUKpPOCXEMBI UHHTepdenca
RS-485 — MAX485 (MAX487, ADM485).
Ha puc. 3 nokasana obsasarenpHas
4YacTb CTAHLUMOHHOIO AucneTyepa ¢ akTue-
HbIM YnpaeneHWem AocTynoM. [1ocTouH-
CTBOM aToro gucnertyepa (v cnocoba yn-
paBneHus) ABNAIOTCA MUHUMAanbHbE
annaparHble 3atpartbl. [NaBHBIMK HeOo-
cratkaMmu ABNAKTCA Heo6xoguMOCTb
POpMUPOBaHUS AONONHUTENBHBIX CUMHA-
nos ynpasnexus (Control) u 3aHaTHs go-
MONHUTENBLHBLIX NTMHKWA BBOAA/BLIBOAA MUK~
POKOHTpoOnnepa, a Taike bonee cnoxHoe
nporpaMmMmHoe obecneyeHure cTaHumum (Ha-
npv¥Mep, N0 CpaBHEHWIO C AUCNETHEPOM
C NaccyBHbIM ynpaenenvem). Boobuie ro-
BOpS, B ONUCLIBAEMBIX CETAX Haubonee
YacTo UCNONbL3YETCH PEXUM, B KOTOPOM
Bxoabl uHTepdeiica RS-485 Bcerga oT-
KpbIThI (CTaHLUM NPUHKUMAIOT BCE nepefa-
4K No nuHum), T. e. curhan Control2 or-
CYTCTBYET, @ BbIBOA 2 MUKPOCXEMbI
coeauHeH ¢ o6Lmm npoeoaoM. Takum 06-

TxD 4 INP RS A 6 A

Control1 3 E 485 B 7 B
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Puc. 3. OcHOBHas 4acTb gucneTyepa
C aKTUBHBIM yNpPaBrieHUeM JOCTYNOM
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pa3cm B 3TOM pexume OCTaeTCsl TONbLKO
oOMH curHan ynpaenexnus — Controlt.
Mpobnema ewe Gonbuie ycrnoxHAETCS,
©CNny B KauecTse aapa CTaHLUMK UCNofib-
3yeTcs HEe MUKPOKOHTpOnnep, a nepco-
HanbHLIR KOMNbtOTED, pabotalowmnin B
onepauucHHoi cpene Windows (Bcnes-
CTBUE MHOro3aJa4yHOCTHU CUCTEMBI, NpU-
OpWUTETHOCTU 337ay W BUpTyanusayum
nepugepun).

Ha puc. 4. cxemaTuuHO nNokasaHa no-
nonHuTensHas HeobsizatenbHas 4acTh,
KoTopasi MOXeT UCMNONL30BaTLCA C OWC-
neryepamu NGeIx TUNoB. OHa cooepXuT
peavcTop R, 04HWM BLIBOJOM NOAKITHOHEH-
HbIMA K UCTOMHUKY M-
+E TaHus, a8 BTOPLIM
yepes KoY S — K
obuiemy nposopy.

RST/ R

DA Touka mexay pesu-

Control3 \'s CTOPOM R M1 KIIHOHOM

GND .6 | S coenuHsietca C
[ONONHUTENBLHON

nuHneh R cBpoca
ceTu, Npu 3ToM 06s-
3arenbHO AOMXKHa
NpUCyTCTBOBATL BTOPas ACNONHUTENLHAS
nuHua G. Kpome TOoro, BHYTPW CTaHLMWIA,
KoTOpLIE AOMKHBI CEpackLIBaTLCH OT CUT-
Hana c6poca, ata Touka AOMKHA BbiTh
noakntodeHa K Bxogy c6poca MUKPOKOHT-
ponnepa HeNnocpeaCTBEHHO, Yepe3 WH-
BEpTOP UnK cynepausop nNutanus. Mpu
nopaue curdana ynpasnexsus Control3 Ha
nto6oi U3 CTaHLWIA OTKPLIB2ETCH KIKOM S,
¥ NUHKUA R OKa3bLIBAETCs B COCTOSAHWMU
NOMMYECKoro Hyns. ATOT curkan nocryna-
€T B KaJoN CTaHLUuu Ha COOTBETCTBYH-
LwiniA y3en (Yalle BCero, Cynepeu3op nNn-
TaHus), KoTopbli BuipabarsiBaeT curHan
c6poca RST MUKpokoHTponnepa Heobxo-
OUMOW ANUTENLHOCTU U MONSIPHOCTU U
BbI3bIBAET €0 MHULMan13aumio.
Hepocratku gucnetyepa ¢ aKTUBHEIM
ynpaeneHueM JOCTYNoM K KaHany npuee-
1 K TOMY, 4TO GONBLUMHCTBO UPM-NPOK3-
BoguTeneir cetescro o6opynoBaHus unu
NPOMBLILLNEHHBIX KOHTPONMNEepoB Havyanu
AKTUBHO UCTONL30BATL NACCUBHLIN CNOCOE
ynpaeneHus U COOTBETCTBYHOLLYH CTPYKTY-
py OvcreTuepa, NpUBEAEHHYIO Ha pUC. 5.
MpuHuMN naccueHoro cnocoba ynpas-
NIEHUA 3aKN4YaETCH B TOM, YTO CTaHLW-
OHHBIV BXO/IHOM CUrHan gucnetyepa ne-
penaum ganHeIx TXD noaaeTcs He TONLKO
Ha MuKpocxemy uHTepderica MAX485, Ho
1 Ha BX0[ hopmMmupoBaTenst oNOXUTENb-
HLIX MMNYNBCOB, CpabaTeiBalowmnii No cna-
ay wmnyneca (nepenagy C BeICOKOTO B
HU3KKi1 NOTMYECKUi YpoBeHs). Ipu Takok
CcxeMe Hauasno nepegayvu — nepsbifi xe

Puc. 4. C1pykTypa
y3ana cbpoca cetv
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Puc. 5. lucnetuep ¢ nNaccvBHeIM
ynpasneHueM AOCTYMOM K KaHany

crapToBbiil uMNynbe curdana TxD — Bul-
3oeeT cpabareiBanue (popmuposarens F,
KOTOpbIi BLIXOOHBIM NOMNOXUTENLHBLIM
MMNYNBCOM 33aHHON ANUTENLHOCTU OT-
KpoeT Beixof NepepaTtynka RS-485. [loc-
TOMHCTBA TAKOFO AUCNeTHepa: OTCyTCTBUE
OONONHUTENLHLIX NUHWIA yNpaBnexsusa U
ynpouwieHue (No OTHOLIEHWKD K 2KTUBHO-
My cnocoby ynpaenerusl) NporpaMmmHoro
obecneuerusi. HepocTaTKoOM CNUCaHHOTO
aucneTtyepa ABNSETCH TO, YTO UCMNONb3y-
eMblit oopMupoBaTene UMeeT onpeae-
NEeHHYK ONUTENBHOCTL BBEIXOAHOM UM-
nynsca v Nepesanyckaer 3T0T UMNYNLC
npu nbom cnage umnyneca Ha Bxoae.
370 03HauaeT, YTO BpEMS, B TEUEHWUE KO-
TOpOTO BeiXoA Nepesarynka Gyaet oTkpbi-
TIM, 3aBUCUT OT COAEPKUMOIo NoCneaHe-
ro Gairta nepegaun. B pesynsrate Anst
nabexaHus KoHIMKTOB Nepeay pasnuy-
HbIX cTaHuui Heobxoomumo obecneunTs
nayay nocre Kaaow nepeaaum Kak Mu-
HWMYM Ha YCTAHOBNEHHYIO ANMUTENBLHCCTL
uMnyneca OpMUpOBATENS, 4YTO ecTe-
CTBEHHO CHWKAET MaKCUMansHYyo Npoua-
BoAMUTENLHOCTL ceTu. K Tomy xe, aty na-
y3y Heobxogumo yctaHasnusaTh C
HEKOTOpPLIM 3aNacoMm, T. K. OBLINHG UC-
nonk3yemeie NpoCTERLINE CXeMbI POPMU-
posateneit, Hanpumep, Ha 74HC123, He
OTNMYAIOTCS BLICOKOK TeMNepaTypHOW
CcTabuUnLHOCTLIO ANUTENLHOCTU BLIXOAHO-
ro umnyneca. MNonoxenune ewne Gonee
YCINOXHSAETCA NPU YCIOBWM, 4TO CETL A0N-
*Ha (OYHKLUMOHMPOBATL Ha pasnuuHbIX
CKOPOCTSIX, NPY 3TOM ANWUTENLHOCTL Nay-
3ul BeIiGUpaeTcs paBHOW ANUTENbLHOCTH
nepefayum 6aifTa Ha HauMeHesLen CKopo-
cThU. Ha BLICOKOI CKOPOCTW NpPU TEKOM
peLueHun noTepu NPOM3BOAUTENBHOCTU
3HauUTensHO BO3pacTaloT. [okasarteneH
npoctol npumep. [loNycTUM, 4TO CETb
pomkHa paborare Ha ckopocTax ot 2400
0o 28800 6oa. Ecnu npu 3TOM AnUTeNb-
HOCTL Nay3sl BeiGpaTs ucxoasn ua Bpeme-
HU nepefaqu opgHoro 6anTa Ha CKopoCTU
2400 6oa, To Ha ckopocTu 28800 6oa (Ko-
Topasi umeeT B 12 pas MeHbluee Bpems
nepefayu Gaita) mel Bynem TepsTe Noc-
ne kaxaon nepenauu 12 Gant.

[ns ycTpaHeHus 3TOro HeflocTartka B
CeTSAX C HECKONBKMMU BO3MOXHLIMK CKO-
pocTsIMM Nepeaayn MHOMAA UCNONL3YIoT-
CA AucneTyeps! C ynpaensemMsiM Naccue-
HLIM PEXMMOM (CM. puc. 6).

3T0T AUCNeTyep OTNUYAETCA OT Npeabl-
[yLiero Tem, 4To Ha (hopmupoBarent no-
[atoTcs AONCNHUTENLHBIE YNpaBnsowive
CUrHanel, ycraHasnueatowne Heobxoau-
MYH ANUTENLHOCTE UMINYNBCA B 3aBUCK-
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Puc. 6. dvicnetyep € yrnpasnsembm
NacCUBHBIM PEXUMOM
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MOCTU OT YCTaHOBNEHHOWM CKOPOCTH Nepe-
paun. [locToMHcTBa 3TOTO AMcneTvepa
NOHATHLI U3 ONUCaHUA HeNoCTaTKoB Npe-
ObIAYWEro, HO HEAOCTaTkKU 7 HEro ToXe
ecTb. Bo-nepsbix, HEO5X00KNO UMETH KaK
MUHUMYM OfIHY, 8 HaLLe HECKOMBKO NUHUIA
ynpasneHus. Bo-BTopbIX, YCNOXHAETCA
nporpammuoe obecrevenue.

Ha puc. 7 noxaszaH uHTennexTyarsHeli
AucneTyep C aBToonpeaeneHnem Ckopo-
ctu. CTpykTypa 3Toro aucneryepa oHeHb
noxoxa Ha CTPYKTypy AucneTyera ¢ nac-
CMBHBLIM yNpaeneHuem AocTynom. PasHu-
Ua COCTOWT NULIL B TOM, 4YTC BMECTO
thopmuposarens F ncnonsayercs gonon-
HUTENBHLIK MUKpoKkoHTponnep (MCU)
urpatoLuii pons chopmupoeatens. BooG-
Lie rosops, NoA 3TUM HasBaHWEM BCTpe-

™D

RxD

Puc. 7. UHTennekTyanbHel ucrnetyep
¢ asToonpeaeneHeM CKopocTu

YaloTCs ABa paarMyHbLIX BapuaHTa peanu-
3auum aucnetyepa U, COOTBETCTBEHHO,
nBa cnocoba ynpaBneHust KaHanom — ae-
ToonpeseneHue CKOPoCTH W NpeaBapu-
TensHas HacTpoKhKa CKOPOCTU.

[lucnetuep ¢ aBroonpeneneHMem cko-
poCTU Nepenaqn ConepIUT BMeCTo dop-
MUpOBATENS AONOSHUTENEHBIA MUKDOKOH-
TpOnnep, KOTopki 3anyckaeTcs No cnagy
nepeoro craptosoro Guta (no npepuisa-
HUIO) U pacCcHMTLIBAET CKOPOCTL Nepena-
un, @ TouHee, ANUTENLHOCTL Nepedayn
Gaitta. Takum obpasom, NPOU3BOAWUTCA
aBTOMaTUYECKasi HACTpOWKa aucrneTyepa
Ha TeKyLWyl CKOPOCTL Nepenaqun. Takoe
pelueHue BCTpeaeTcsl AOCTaToMHO pen-
KO B JOPOrUX U OTBETCTBEHHBIX CETsX,
XOTH B NocrneaHee BpeMsA CTOMMOCTL OT-
[ENbHLIX MUKPOKOHTPONNEPOB U Npubnu-
KAETCH K CTOUMOCTM NPOCTLIX MUKPOCXEM.
[locTouHcTB2MM AUCTIETHEPA C 2BTOMaTU-
4YeckuMm CNpefeneHueM CKopocTu siBIis-
tOTCA NPOCTOTa 3JKCniyarauumu u manbie
notepy BpemeHKn paboTebl CETU Ha Naysbl
mexay nepepavamu. Hepocratku —
CNOXHOCTL pazpaboTku 1 Gornee BbicoKas
CTOUMOCTb.

Jucnetuyep ¢ NpefsapuTentHon Ha-
CTPOIKOM CKOPOCT UMEET TaKYHO e CTPYK-
TYPY, HO NpUHLMN 1o PaBoTel NONHOCTLIO
otnuuaetcsi. O6LIMHO B NOKANLHBIX CETAX
BCE CTaHUWKU UMEKT cBol aapec. UHTep-
chencHbie MUKpocxembl RS-485 no Harpy-
30uHOl cnocoBHocTH 0BbIMHO oBecneym-
pator coeauHenne no 32 (MAX485,
ADM485) unu 128 (MAX487) craHumiA.
MNpu peanuaaynn cnocoGa ynpaenexns ¢
npesBapuTencHOK HAaCTPOMKOIA OAWH 13
3TWUX afpecoB NPUCBAWBAETCA BCEM MUK-
POKOHTpORmnepam Beex craHuuil. B atom
cny4ae nepesaeaemas No ceTu koMaHaa
HACTPOIKN Ha 3aAaHHY10 CKOPOCTL BOCTpH-
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HWMAETCA BCEMU AONONMHUTENBHBIMY KOH-
TponnepaMu BCEX CTaHLMWA CeTU U ycTa-
HaBnMBaeT ANUTENbHOCTL NepenaYn oaHo-
ro 6anTa Ha 3agaHHOM ckopocTu. [anee
JIOMONHUTENbHLIN KOHTPONNEp OTCNEXn-
BaeT Ha4yano nepefayn v noanepxveaet
BLIXOA NepefaT4uka B OTKPbITOM COCTOsR-
HUM B TeYeHue BCeW nepeaaqn. JJocTonH-
cTBaMy aucCreTyepa C NpeasapuTenbHoN
HaCTPOMKOW ABASIIOTCH MPOCTOTa 3KCNAy-
arauum, Manbie nNoTepy Bpemenn paboTbi
CETV Ha May3bl Mexay nepegadamm (T. e.
Bornee BbiCOKan NMpeaenbHasi Npoussoan-
TensHOCTb ceTh), Bonee HanexHoe (PyHK-
LuucHupoBaHue W Gonee npocTtan peanu-
3auun. Hegocrtatku: 6onee BbicoKas
CTOMMOCTb (MO CPaBHEHWI0 C «MaccuB-
HBIM» OUCTMETYEPOM) K HEOBXOAUMOCTb
38HATUSI OQHOFO agpeca CTaHLUuN.
BcTpeuaeTca Takke Tak HasbiBaeMbin
VHTENNEKTYanbHbI OUCMEeTYEp C ynpae-
neHveM (puc. 8), B KOTOPOM Takxe WUC-
nonb3yeTca ACMNONHUTENbHbI MUKPO-
KOHTpONNep, HO CKOPOCTb 3anaeTcs Mo
DOMNONHUTENbHBIM [INHUAM YMPaBneHus.
Ero cTpykTypa OUY€Hb NoXoxa Ha CTPpyK-
Typy aucnertyepa c ynpaBnseMbiM
naccuBHbiM pexXnuMoM. [JoOCTOMHCTBA Ta-
KOFO CTPYKTYPHOFO PELLIEHWUsA 3aKnioyatoT-
€A B NPOCTOTE YNpaBneHun, peanusauun
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Puc. 8. MHTennexTyansHel AncheTyep
C ynpaBneHnem

¥ Manbix NoTepsix BpEeMEHW Ha Nnaysbl.
JononHUTENbHLIA MUKPOKOHTpoONnep
nepeLIR pas sanyckaerca no cnagy (nNo
npepbiBaHuio), a 3aTeM oTChexuBaeT
nepefavy no CTapTOBbIM U CTOMOBbLIM
6uTam u cpasy xe 3akpbiBaeT [OCTYN K
KaHany rnocne 3aBeplieHyn nepegayun.
Hepoctatkamu sBnsioTCcA Heobxonun-
MOCTb BbiZl€NeHUs1 ONONHUTENbHBIX N~
HWI yrnpaenexnnna n 6onee BbICOKas CTO-
MMOCTb.

AHANU3 UCTIONL30BaHUA MHTESIEKTYar b~
HbIX AMCNEeTYepoB No3sonun copMupo-
BaTb CTPYKTYPY WHTENNEKTYanbHOro auc-
netyepa ¢ hopMupoBaHnem penma.
HanomHum, ute aanHbie B LAN nepenatot-
¢s B uge ppermos (frame) nnn kaapos —
rocnenoBaTeNbLHOCTU BalToB, coaepxa-
wen npeambyny (GanT unu GanTel CUHX-
poHu3auun), 6aiT agpeca CTaHuuu-no-
nydyatens gaHHbiX, 6aWT KOMaHAb!,
nepefaBaeMbie AaH{bie. UHOrAa appec
CTaHUUN-NepenaT44Kka, KOHTPOMbHbLIN
6anT (06bINHO KOHTPONLHARA cymMa). Ha
dopmupoBaHue hpenMa TparaTca pas-
fINYHbiE PecypChbl OCHOBHOFO MUKPOKOHT-
ponnepa cTanymm (NaMaTb, Bpems, MMHUA
BEOAa/BbIBOAA LNA MOAKNIOYEHUs 3anar-
uMKa agpeca cTaHuvm u T. n.). Maen sak-
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novaeTcs B TOM, YTO pas yX B UHTENnek-
TyarbHbIX AUCneTHepax UCrofb3yeTcsa Ao-
NONHWUTENBHbIR MUKPOKOHTPONNEP, TO Nno-
yemy 6bi HA HEro He BO3NOXWTb BCE
yHKLMM MO POPMUPOBAHUIO U Nepeaave
penma, a TaiKe Mo Nony4YeHMo BXOAHbIX
pelimoB, aHanm3ay oLIMBOYHbIX CUTYaLIMIA
¥ ux ycTpaHerno. CTpyKTypa NHTENNeKTy-
ansHoro gucrnetyepa ¢ GopMUpoBaHUEM
cbpeima nokazaHa Ha puc. 9.

OCHOBHON MWUKPOKOHTPONNEp MOXeT
o6MeHnBaTbCs C AOMONHUTENBHLIM AaH-
HbIMU Yepes NPUBLIYHBIA NocneaCBaTe b-
HbilA KaHan unu yepes notomn Apyron nme-
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Puc. 9. MHTBNNekTyansHbivi gucneTyep
¢ chopMupoBaH1eM chpaiaMa

oWUncs B 060UX MUKPOKOHTpOInepax
kaHan, Hanpumep SPI (Serial Peripheral
Interface). Nepegaerca mexay HUMN
TONbKO NoNe3Has MHPoPMaLnsa -—— KoMaH-
0a v naHHbie. Anpec CBoein CTaHuun fo-
MONHUTENEHBIN MUKPOKOHTPONNEP MOXET
onpenensTe OT NOOKNIOYEHHOTO K HEMY
MoaucukaTopa. [ONONHUTENBHBLIA MUK-
POKOHTpONIEP B 3TOM CNy4ae MOXeT CaM
chopmMupoBath (hpenm U oCyilecTBNATL
nepenavy, nofly4aTtb BXOAHbIE (DpPenMbi,
pacLmcpoBbiBaTh UX W BbiAaBaTb OCHOB-
HOMY MUKPOKOHTPOM-
nepy npepeiBaHue,
caugeTenbCTBytoLLEe
O MOCTYNNEHUN He-
NOBPEXOEHHOTO
chperima 1 roToBHOC-
TW nepepaun B Oc-
HOBHOW MWKPOKOHT-
ponnep Tonbko no-
nesaHbiX AaHHbIX. Ta-
KOEe pelleHne He
yBenuuueaeT anna-
paTHble 3aTparbi Mo
CpaBHEHWIO C OC-
TanbHBIMKU UHTEN-
NneKTyanbHbIMWN
aucneTyepamu u
npu 3ToM 3Hauu-
TenbHO ocBObOMAAa-
€T BbiYNCNUTEND-
Hble MOLIHOCTU OC-
HOBHOIO MWKDOKOH-
Tponnepa craHuuw.

OnucaHHbie B Ha-
CTOsILLEN CTaTbe Cro-
cobbl ynpasneHus
[OCTYNOM K KaHany
ceTn RS-485 n cTpyk-

TYpbi AWUCTNETHYEPOB, pexmm
peanuayioiume aTtu F16.. 4BO°C -
cnocobbi, noseons- v B xoMnnext axopst
toT paspaboryvkam 'anwmxana
BLibpaTb Haubonee ¥ dumTps

-

npUeMneMeIi U on-
paBaaHHLIA BapUaHT
ana peanusauum
cBOEW NoKanbHON

TIAANBHBIE CTAHLIUM

ceTn. B 3aknioueHne XoueTcst OTMETUTD,
uTO B HacCTOsILLEe BpeMA Hanbonee yacto
B NPOMBbILLIIEHHBLIX KOHTponnepax u cete-
BOM OBOPYA0OBaHWK BCTpeYaloTen aucreT-
yepbi C NACCUBHLIM ynpaeneHnem (~60 %).
BTopoe MeCTO Mo NPUMEHAEMOCTU 3aHW-
MatoT AuCreTYepbl C akKTUBHbIM ynpaene-
HueMm, Haunbonee YacTo UCMOoNb3yeMbie B
€MHWUYHBIX UK MENKOCEPUIMHBIX N3aennu-
ax (~30 %). TpeTbe MecTo 3aHUMALOT UK-
TennekTyanbHbie AucneT4epbi ¢ opmMrpo-
BaHueM perma, npuyeM UxX NpoLeHT
NOCTOAHHO pacTeT. OcTanbHbie Cnocobb!
vCnonb3yloTes NpumepHo B 3...4 % cny4a-
eB. BeposATHee BCero, 4To No Mepe passk-
TUSA pbiHKA AelleBbiX ManorabapuTHBIX U
BbLICOKOCKOPOCTHBIX MUKPOKOHTPONNEPOB., B
Enwkanilee BpeMA UMEHHO WHTENNeKTy-
anbHble gUcreTYepbl ¢ (hopMrMpoBaHNEM
dbpenma 6yayT Bce Gonblle ykpennsaTb
CEBOW NO3uLuK,

Oner Hukonaituyk,
onic@ch.moldpac.md

Monemcsaummumcmmmsnenpmecrﬂa -

Rsi-otc
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Tepmoperynsatop ¢ 3awuToun

OT neperpesa

Mpednazaemsit mepmopezynsimop ucnonb3yemcs 0nsi obozpesa yneee
cnabbix cemedl nues. E20 makxe MOXHO NPUMEHUMb 8 CaMOOeSIbHbIX UHKY-
6amopax u 8 mex cryqasx, kozda repezpes Moxem umems Heobpamumbie
nocnedcmeus. [laxe cambie Ha0eXHbIE CXeMbI mepmopezynamopos, pabo-
matoujuie 6e3 nonomMok 200amu, moz2ym ebitimu U3 cmposi U3-3a Heucrnpas-
Hocmu 3nemeHmHoU 6a3bi UL CKa4koe cemeeoeo HarnpsiXeHus. Xomsi 3a-
wuma om nepezpeea U ycrioXHIem ycmpolicmeo, ebiugpsil om ee esede-
HUST MOXem 60 MHO20 pa3 npeebiames cmoumocms 0emaned u pabomei.

Xema 3aluTel OT neperpesa Uc-

nonb3ayeT BbICOKOTO4HIA (0,05 °C)

TepMOperynsTop, ONMUCaHHLIN B
[1]. CobcTREHHO TEpPMOPErYNATOP MOXET
6bITL JIO6LIM, HO OH JOMKEH paboTaTk Mno
npuHUKUNY hasonmnynbCHOro perynupo-
BaHuA. 3awuTa ocHoBaHa Ha CBOWCTBE
ha3ouMNyNbLCHOIO perynstopa sbiga-
BaTb KOPOTKUE UMMNYMbChI YNpaBreHus
Harpesarenem nocne Bbixoga Ha pabo-
uni pexum. ObpaTtHasi cBA3b OCYLUECTB-
nsieTcs Npy MOMOLUW CamMofenbLHON or-
ToMapbl, COCTOSALLEH U3 Namnbl Hakanm-
BaHuA MowHocTeio 15 BT 1 dototpan-
aucropa ®T-2K.

KoHgeHcatopa C4 ysenuumnsaeTcs. Hanps-
»EeHUe Ha KoHOeHcaTope yMeHbLLaeTcs 0
yposHsa U,. MNpn HanpsokeHUn Ha KoHAEeH-
carope C4, pasHom Uy, Ha Harpesaresns rno-
[aeTca HanpskeHue B TedeHun GonbLiero
BpeMeHH (t,), “em npu HanpsbxeHun U, no-
pasaeMoM npu t,. B ycraHosmeLLeMCs pe-
HuUMe OIUTENBHOCTL BKITIOMEHUA TUPUCTO-
|pOB NPOMOPLIMOHANBHA TENNOBLIM NOTEPsIM
W MO3TOMY HeBenuka. Jlamna HakanmwesaHus
EL1, eknioueHHas napannenbHo Harpesa-
TEnio, B YCTAHOBWBLLEMCS PEXUME MPaKTh-

yeckn He ByOeT ceeTuThCA.
Cxema Onoka sawmThl OT neperpesa no-
KaszaHa Ha puc. 2. Curian ¢ ¢oToTpaH3nuc-
Topa VT1 npoxoguTt vepes

K Harpesarenio

a
VD2 T
1024
K11 KAl

T R2 150

VvD3,vD4
KAT02A 10K

cdopMupoBatenk Ha anemeH-
A6 Te DD1.1, nepekniouaresnb
pexuma pabothl SA1, norn-
veckuin anemeHT DD1.2 u ye-

TaHaBNWBaeT B €OUWHWYHOE
COCTOSIHUE YNPaBnsAoLLWA

-
A1 M7
lf A% % HE T Y]z
1B D c4

EL1 VDI 210 )_T“ Tpwrrep DD2.1. 31oT Tpurrep

1587 2C175A e H' pras BKMIOYAET MynbsTMBMOpaTOp
st o> s AR L e 3BYKOBOM CWIHANM3ALIMK Ha

Cers KY1016 =LC1 [IRs £=g700 anemenTax DD1.3, DD1.4,
2208 4.4 @""4" 258 MyNETUBUGPATOP CBETOBOM
Puc. 1 - CUrHanmaaLuum Ha Tpurrepe

DD2.2, kniovesow TpaH3uc-

Cxema TepMoperynsTopa nsobpaxeHa
Ha puc. 1. CTabunuauposaHHoe cTabunuT-
poHoM VD1 nepemeHHOe HanpsbxeHue ¢
BTOPUUHON 0BMOTKM TpaHcdopmaropa T1
pasHOMNONAPHO BLINPAMITAETCA  AUOOaMU
VD3, VD4 » nonepeMeHHO NoCcTynaeT Ha
koHaeHcaTop C4 vepes peauctopsl R6, R7.
MonoXuTenbHOM NONYBONHON HANPSDKEHUS,
noctynueLien yepes anoa VD3 u peancTop
R6, koHgeHcatop C4 sapspkaeTest. OTpuua-
TENbHOM NONYBOMNHOW, MOCTYNUBLLEN Yepes
awon VD4 un tepmopesuctop R7, koHoeH-
carop paspskaercs. Paspsan koHaeHcaTo-
pa NPOUCXOAUT He A0 HYIA, 8 0 KaKoro-To
yposHsi, Hanpumep U, YnpaeneHue Tvpu-
cTopoM VS1 oCyLLECTBSETCA yCUnuTenem
TOKa, BbIMOMHEHHOM Ha TpaHaucTope VT1.
[ns NpuBaAsKK NOCTOSHHOTO HanNPsDKEHWS,
nocTynaoLero ¢ TpaHancTopa VT2, kase
nepemMeHHOro CyLecTByeT (hasospalyato-
was yens R3C1. MNepemMeHHoe Hanpsixke-
Hue ¢ chasospaLLaTens yepes KOHOEHCaTop
C2 cyMMupyeTcsi C NOCTOAIHHBIM Ha 6aze
TpaHaucTopa VT1. Takum obpa3om, Tpuc-
Top VS2 0TKpLIBAETCS TONMBKO B MOMOXU-
TensHLIe nonynepuoabl HanpsokeHus. MNpu
HarpesaHUWh TepmopesucTopa R7 ero co-
MPOTUBNEHNE YMEHBLLIAETCS, TOK pa3paaa

46

Top VT2 n pene K1.

YnpasneHne mynstueubparopom Ha
DD2.2 ocywecTensieTcs nogavei noso-
HUTEMNBLHOTO UK OTPULATENBHOTO Nepe-
napga Ha obwylo Touky C3 u C4 c us-
BepcHoro seixofda Tpurrepa DD2.1.
MonoxuTenbHLIA Nepenag yctaHasn-
Baer Ha Bxofax R u S Tpurrepa DD2.2
YpOBEHb JOI. 1, TAKKUE e ypOoBHM NosB-
NATCA Ha BLIXOAAX TpUrrepa, u 3To Co-
cTORHKe ycTonuneo. [pu nogade oTpu-
LaTtensHoro nepenaga Ha Bxonax Ru S
nosensietca nor. 0, u MmynsTusubpaTop
3anyckaercs.

Mepen Havanom paboTthl Nepeknoya-
Tenb pexuma pabotsl SA1 yctaHasnmea-
10T B nonoxeHue «Myck». Mpu BKAIOHEHUN
HanpsXeHUsi NMUTAHWA yNpassaoLWni
Tpurrep DD2.1 0BHynAeTcsi MHTErprpyio-
wein uenoukoi C2R2. Pene K1 u mynkti-
BubpaTopbl aBapuiHOW CUrHanuaauuu
BbIKITHOYEHbI.

doToTpaHaucTop VT1 ycraHoBREH paaoM
¢ namnoi Hakanueanus EL1. Mpw ekniove-
HUK MWTAHUS HarpeBaTerb XoNoaHbIA, Mo-
3TOMY Ha Hero MocTynaeT MakcuMarnbHoe
HanpsbkeHue, n namna EL1 saropaetcs. ®o-
TOTPaH3UCTOP OTKPLIBAETCH, Ha BbIXOAE
anemeHTa DD1.1 nosenseTcs nor. 0, cee-
Toawop HL1 ceeTurcs. Ha Bxoaax anemen-
1a DD1.2 nosenseTca nor. 1, a Ha BbIXO-
ne — nor. 0. KoHpeHcatop C1 paspsokeH, W
Ha Bxope S Tpurrepa DD2.1 yctaHosWTCA
yposeHb rior. 0. Ecrin TepmopesucTop R7
(puc. 1) yctaHoeneH B6nman Harpesartens
WK Ha caMOM Harpesarene, nNpoucxoauT
6bICTPLIA BLIXOA Ha PeXumM cTabunmsaumn
Temneparypbl, yCTAHOBNEHHOM Pe3UCTOPOM
R6. Yepes 2...3 ¢ ceeToanon noracHet, u
MOXHO ByfeT ycTaHoBUTL MepekniovaTens
pona paboTbl SA1 B nonoxenme «Pabotay.
JNamna He cBeTuTCS, (hOTOTPEaH3UCTOP 3aK-
pLIT, M Ha BXoAe anemenTa DD1.1 ycTaHos-
neH nor. 0.

Perynupyiowme ycTpoicTea Ha TUpu-
CTOpax YyBCTBUTENbHBEI K UMNYMNbCHBIM
nomexam ro cetu. Bo spemsa nmnynesca
noMexu TUPUCTOP OTKPLIBAETCH, & NaM-
na KpaTKOBPEMEHHO BCMbIXUBaeT. Ha Bbl-
xopae anemeHTa DD 1.2 BO3HUKAIOT KOPOT-
Kne UMMynbCbi, KoTopble ByaoyT 3apsxaTb
koHaeHcaTtop C1. MNocKonbKy MOCTOsiH-
Hasi BpeMeHU UHTErpupYIoLLEn LIenoYKn
C1R3 6onbuias, Ha Bxoge S Tpurrepa
DD2.1 noseutca nor. 1 Tonbko vepes
OAHY CexyHAy nocne BKIYeHUs Namnbi.
31um gocTuraeTtcs bonbluas nomexosa-
wmLeHHocTb Bnoka 3awuTel. Ecnn nam-
na roput 6onee ogHoOM cekyHbl, Tpurrep
DD2.1 ycTaHOBUTCA B 80WHWYHOE COCTO-
sinne. Ha exog 13 anemenTa DD1.2 no-
ctynuT nor. 0, 3anpeLuas npoxoxaeHue
CWUrHanose, BbI3BaHHLIX U3MEHEeHUeM Co-
cTosiHusa boToTpaHaucTopa. Brniovaert-
cs pene K1, 1 pasmbIKalOTCsH KOHTaKThI
perie K1.1, TOH obecTounsaetcs. Asa-
pwiiHasi cuTyauusi HOWLWPYeTCs Mura-
HueMm ceetoguoaa HL1 ¢ nepuogom 1 ¢
1 3BYKOBbIM curHarnoM. MoeTopHoe Bknio-
YeHwe rnocrne aBapuivHOK CUTYaLun BO3-
MOXHO TOMBKO MOCME BLIKIOWEHUA Ha-
NPsyKEHWA NUTaHWA.

VD3 KA102A
P

L |

Puc. 2
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Namna nakanvsaHusa EL1 ¢ natporom
«MWUHBOH» YCTaHOBNeHa BMecTe C ¢o-
ToTpanaucTopoM VT1 B oTRENBHOW CBE-
TOHENpoOHULUaeMon Kopobke. YcTpou-
CTBO CMOHTUPOBAHO Ha ABYX NEYaTHbIX
nnarax u3 O4HOCTOPOHHE (PONbIMpPOBaH-
HOrO CTEKNOTEKCTONUTA, NOKa3aHHbIX Ha
puc. 3n 4. Ha puc. 3 ycTaHOBOUHLI pe-
3uctop R6 pas3duT Ha Tpu peauvctopa
Ans rpy6oi M TOHYHOW perynupoBKy.
Ecnuv ToHkas perynuposka He Tpebyert-
cs, Ha MecTa QONONHUTENbHLIX pe3unc-
TOPOB yCTaHaBNUBAKT NEepeMblyKy.
Pene K1 kpenutcs k nnate yepes yro-
nok. Bce HopManbHO 3aMKHYTHIE KOHTaK-
Th pene coefvHeHbl napannenbHo.
Mnara (puc. 4) paspaboTtaHa nog okeug-
Hble KoHaeHcaTopbl K52-1, xoTq MOXHO
puMeHuUTL Niobble, MMEKLLIMECH B Ha-
nnunn. Tparcdpopmartop T1 — yHugwm-
unpoBaHHbIv TMM214-127/220-50. [ing
BTOPUYHOW OOMOTKU C Hanpsxexnuem 11
B coeguHeHbl BMecTe BbiBOAbl 7-3,
2-20, 22-19, 11-13, 12-14, 13-18, 15-21-
17, 16-18. HanpsxeHue ceT nogaHo Ha
BbiBOALI 2 1 9. BeiBog 14 nogknioueH K
R1, R2, BeiBOR 2 — Kk KaTogy VS1. MNpu
TaKkoMm COegUHEHUN BLIBOZOB TpaHcgdop-
mMaropa bygeT cobniogera ero pazupos-
ka. Mpu npumerHeHun agpyroro TpaHc-
hopmaropa TepMOpEerynsaTop MOXeT He
3apabotatb ¢ NepBOro BkNw4Yewus. B
3TOM cnyyYyae Heo6XOQUMO NOMEHSTb
MECTamMu KOHLbI BTOPUYHOM OOMOTKM.

Hanapka TepMoperynstopa cocTouT
13 yCTaHOBKW HEOOX0AMMOW TeMNepaTy-
pbl M NPOBEPKU BKIMIOYEHUS aBapWUiHON
vHavkauMn. CHavyana BMecTo Harpeea-
Tens NOQKAYAKT HACTONBHYIO NaMny U
BpaLleHueM ocu pesnctopa R6 pobuea-
10TCH U3MEHEeHWUs Hakana namnel. [lanee
napannensHo Namre NoaKNKYalT KMNs-
THUINBbHUK, YCTaHOBNEHHBIA B 6aHKy € BO-
now. TepMopeaucTop 3aBopauunBaloT B
NonuUaTUNEHOBYIO NNEHKY U KNagyT BMe-
CTE C KOHTPOMNbHBLIM TEPMOMETPOM Ha
KMNATUNBLHUK. Tenepb HacToNbHasA NaMm-
na Heobxoguma TOMBKO ANS KOHTPONS
paboTtel Tepmoperynsitopa. Peanctopom
R6 ycTaHaBnuBaT HeoGXoauMyo TeM-
nepatypy. Ecnu TOH 6ynet ycraHaBnu-~
BaTbCA BHYTPWU ynbs, TO TeMnepartypy
HeoOXOAUMO yCTaHaBNUBATL HE BhILE

nocne KaXxaoro BbiKove-

Ksal HWUSA INEKTPO3HEepInuu, 4To

He peakocTb. Jlyywe T3H

NOMeCTUTL B repMeTuy-

HYH eMKOCTb NioBbIx pas-

K-C3

MEepOB, CNasHHYIo U3 Xe-~
ctu. EmkocTb Hapo

K SAl

HanNoNHUTL NapaguHoM,

BOCKOM WUIU, B KpamHem

K+C3

K SAl
KHLI
=3

cnyuae, sogon. Celnyuve
Marepuansl He CTOUT uc-
nonb3oBaTb ANS Hanon-

[

K1P3C-22

HUTENS, Tak Kak NNoxo ne-
penatotr Tenno. Pasmepbl
eMKocTU OynyT onpene-
NATb 32LLMULLEHHOCTL CU-
CTEMBI OT BBIKNKYEHUS
3Hepruu.

BxHumatrue! [pu pabo-

Puc. 4

me ¢ ycmpolcmeoM He-
obxodumo cobnrodames

34...35°C[2]. Ecnu xe T3H ycTtaHas-
NYBaETCA Ha XONCTUK UNW 33 BCTaBHOM
[OCKON, TO TeMnepaTypy MOXHO nog-
HATbL Ao 37...38 °C. B Hykneycax Tep-
MOPErynsaTop He BbIKNKYaeTcs Ao rny-
bokon ocenn. Ecnu temnepatypa Ha
ynuue BbICOKasi, HanpsixeHue Ha Harpe-
Bartenb He NOCTynaeT.

Mposepka y3na 3awmTbl NPOU3BOAUT-
Ccs € nomowblo wTrartHon namnbl EL1:
KpaTKOBpEMEHHO U3BreKaem TepMopeau-
CTOp 13 BOAbl, CO3AaEM aBapuilHyto cu-
Tyayuo v Habnoga-
em cpabaTbiBaHue
UHAUKaLUU.

HeMHOro o koHcT-
pyKuuu HarpeBaTtens.
B npuHyvne noboi
TOH mMoxHO ycTaHo-
BUTb B AEPEBAHHYIO
paMKy v NnoctasuTb,
Hanpumep, B yneun.
Tepmopeancrop npu-
KMENBAIOT 3MNOKCU-
HbIM KNneeMm K cepe- 5
avie T3Ha. Ograko ‘
Takas KOHCTPpyKLuUS
6yner nepexoouTtb B
aBapuiHbIA pexum

senTH (pasmep kopnyca 3.8 x 4.1 x 2.1
MM) SBISIOTCA 87eKBATHOH 3aMeHOil Me-
XARHICOKNM pelle C HOPMANKNO 3AMKHY- ¢ oy
TeiME (H3) # BOpMANEHO PA3OMKHYTHIMHI A

(HP) xomraxtamu, obecnieunBas Gonee

6rcTpoe, Hagexnoe B Gesapebesropoe
nepexiiovense H Taib-

npaeuna mexHuxku bezo-
nacHocmu, makx Kak ece
©20 371eMeHMbl Haxo0smcs nod Hanpsixe-
Huem cemu!

Hukonait 3aeu,
saes@mail.ru

Nureparypa:

1. CripagoYHUK 1Mo cxeMomexHuke Ons
paduomobumens. [od ped. B. I1. bopos-
ckozo. — Kuee: TexHuka, 1987, c. 207.

2. Pym A.U. u dp. BHyuknonedusi nye-
noeodcmea. — M.: Konoc, 1964, c. 306.

9 OnTtopene DBANALOGE s
Benymue MMpOBLIE H OT€YECTBEHHHE IIPOH3-
BOJHTENIH TENEKOMMYHHMKAIHOHHOM annapa-
CLARE TYpH M COBpPEMEHHHX TenehoHHNX CTaHnmi ‘ImEl.
BLICOKO OIEHMIH Ka4eCTBO HOBEHMHX 4-BWBOAHKHX ONTO-
pene, BunyckaeMux $pupnoii CLARE (CIIIA).
3TH HEHOpOrHe, MHEHMATIODHEE KOMIO- %

8 waw. dizn.ou

BaHHYECKYIO Pa3sBE3Ky  + Control (1>._ ,-_-3 Load
(1500 B) nexay ympasms- Hj
hal IOIMHMH H KOMMYTHPYEMEI-
MH [eniMH. P - Controt &1~ =13 Load @sumida
] O
VD3IY V4
1B —=KR7 JE-AN
2 CPC1008N_ 1HP 100 150 8 2
1w CPCI1016N  1HP 100 100 18 2
— CPCIOITN®  1HP &0 100 18 1 HANTRONIX
R . r—~ . CPC1030N  1HP 350 120 30 2
( ; CPC1035N  1HP 350 100 35 2
\R6 CPCI230N  1HP 350 120 50 2 Honeywell
- |{-KR6, CPC1150N  1H3 350 100 50 2
* Rowsil mpoxyET .
I T~ KR6: Xomume nonpoosams? 3axanure GecnnarHbie obpasusiy vae: ST 1 ()
1= KR7 Boto Insrument 2.
] o
K mare 6:10Ka 3aluTsl T
Puc. 3
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CyM MaTop-genutenb TeNIeBUSNOHHLIX

CurHasnos

Ha npakmuke yacmo 6bieaem Heobxo0UMO pacripedenumeb 3Hepaulo cue-
Has108 HECKOSBbKUX aHMEeHH M0y Pa3fiuyHbIMU Meseeu3UOHHLIMU NpueM-
Hukamu. B cmambe paccmampueaemcs peweHue 3mol 3adaqu ¢ rnomo-
WbIo HarnpaeneHHsIx omeemeumernel U npueodumcs 8apuarim KOHCITIPYK-

yuu makoeao ycmpo[/cmea.

CTPOWCTBA pacnpedeneHus aHep-

MU BbICOKOYACTOTHBIX CUrHaNoB

DomkHb obecneunTb UckniHeHne
B3aWMHOTO BITUAHUS UCTOYHUKOB CUrHana
Opyr Ha apyra, onpefeneHHbie (pa3osbie
COOTHOLUEHUS MeXay curHanamm # MUHU-
ManbHbi€ NOTEPU 3HEprM curHana B ca-
MoM ycTpoiicTee. LLinpokoe pacnpocTpa-
HEeHue Ha npakTUKe Nony4unu MOCTOBbIE
CUH(pa3Hbie pacnpenenuTeny, KoTopbie
COCTOAT 06bINHO U3 OAHOrO UMK HECKOMNb-
Kux TpaxccdopmMaTtopob. K gocTtonHcTBam
Takux yCTPOWCTB criegyeT OTHECTH LMpO-
KOMONOCHOCTb, @ Taloke NpOCTOTY KOHCT-
pykumu. Mx HegocTaTkoM SIBMIAETCA pas-
nnu4Me BXOOHbIX CONPOTUBNEHUIA BLIBOLOB
[1], 4TO 3aTpygHAeT cornacoBaHue C UC-
TOYHUKaMK K noTpebuTenamu curHanos,

PazNU4HbIX NIMHUAX Nepeaaqn: AByXMpoBoa-
HbiX, NOTIOCKOBbIX M BOMHOBOAAX.

OpHolt 13 OCHOBHbLIX XapakTepUCTUK
HO saBnfsierca nepexogHoe 3aTyxaHue,
KOTOpOe onpegensieTca Kak oTHoleHue
BXOOHOW MOLWIHOCTU NEpPBUYHON

panbHas paboyas YacTtoTta onpegensercs
anekTpuyeckoit anuHoit HO. Mpuseden-
Hbie pe3ynbTaTbi NOATBEPXXAA0T AOCTATOM-
HO BbICOKYIO LnpokononocHocTs HO.

B TeneBuanoHHOM TexHUKe HaxoaaT
npumerenue 3-0b HO, peanusaums ko-
TopbiX TpebyeT npumMeHeHns CBsA3aHHbIX
NUHKI ¢ cunbHow ceAsbio. Pacyer HO
[JocTaroyHo cnoxeH. Ha puc. 3 npusege-
Ha koHCTpykums 3-06 HO, nonyyexHasn ak-
cnepuMeHTanbHo.

[nga ycuneHus cBsian npu U3roToBNeHuU
HO rcrnonb3ayloT HYeThipe MHOTOKUITbHbIX
MeaHbiX npoBoaHuKa guameTpoM 0,4 Mm
B (hTOpONNAcTOBOM U30NALMK AUaMETPOM
0,8 MM, koTOpbie noMetLarT B (hropon-
nacroByto Tpy6ky aAnuHon 80 MM C BHyT-

MOLUHOCTU

Puc. 1. HanpaeneHHbI OTBETBUTEND B peXUMe AeneHns

MMEILLIUMU OMHAKOBLIE CONpPOTUBNE-
Husa. Kpome Toro, oHut 0iHOBPEMEHHO pa-
GoTaloT UNK TONLKO B pEXMME CROXEHUS,
WK TONBKO B PEXUME feneHnn SHeprun
curHana.

KeBagpaTypHbie MOCTOBbiE YCTPOMCTBA
Ha cBA3aHHbIX MMHUAX (puc. 1) ycTynator
CUHMAa3HBIM NO LIMPOKO-

NUHUK K BLIXO4HOM MOLLIHOCTM pa- 1
Goyero nneya BTOPUHHOW NUHUK.
Hanpumep, ans HO, usobpaxeH- 3
HOro Ha puc. 1, nepexoaHoe 3aTy-
xaHue Oygert: 4 2
Cq4 =10Ig i Puc. 3. KoHctpykuus HO
Pa
B 3aBucumMoCTH OT nepexogHoro 3a- O
TyxaHua SCS HO pnensTca Ha ycTpoi-
cTBa ¢ cunbHoit (SCS = 0...10 gb) u
cnabow (SCS > 10 gb) 1
cBasblo. HO, umeto- 4 HO
Lime paBHbie MOLLIHOC- 1 //
TH B BbIXOOHbIX MNieyax -
(SCS =3,01 gb), Buige- . /H
neHbl B ocobbilt knace 4 n —1 3
coeauHeHuin —rvbpup- P ]
Hbie unu 3-ab Hanpas- 2 3
NEHHbIE OTBETBMTETM. |5  — C
YacToTHbIe Xapak- EJ 1000
TEPUCTUKU nepexop-
Horo a3atyxanua HO [2] O
nokasaHbi Ha puc. 2.
V13 puc. 28uaro, 4to D s U Dlg, — 1 ¢ 4 KoHcTpykuus cymmartopa-aenurens
nonocsi B npoueHTax no yposHsam 0,5

10,2 ob oTKNOHEeHUA OT C?4 ana 3-n6 HO
cocTaensaot 64 % u 38 % cooTBEeTCTBEH-
HO ( C?4 — nepexoaHoe 3aTyxaHne Ha LieH-
TpanbHol pabouqeit yactote HO f;). LieHT-

PEHHUM OWaAMETPOM 2 MM W HapyXHbiM
3 MM. KoHubi npoBoaHWkoB AnuHoi 10 MM
pacnavBaioT.

B kauecTBe kopnyca cymmaropa-genu-
TENA UCNONb3YKT CUH(PasHoe MOCTOBOE
YCTPOWCTBO 3aBOACKONO M3roTOBNEHWA

NOMOCHOCTH, OAHAKO Npe-
BOCXOAAT WX MO ApyrvM 10

(SPLITTER) Ha ueTb-
pe Bxopa. N3 Hero

nokasaTeram Taknm, Kak o, g
paBeHCTBO BXOAHbiX CO-

NPOTUBINEHUI BCEX BLIBO-
[OB, BO3MOXXHOCTb 0OHO- 8

yOAnAT LWKpoKono-
NOCHbie TpaHcgop-
MaTopbi U pacnavea-
10T aneMeHTbi cormnac-

BPEMEHHOTO CNOXEHUA U
OeneHns MOoLLIHOCTENR).
x yacTo HasbiBawT Ha-
npaeneHHLIMU OTBETBU-

Tensamu (HO) B cooTBET-
CTBMM C NPUHLUNROM
nepepayu 3Heprum us
OOHOW NUHUK B OpYryHo.

HO nonyuyunu wwupo-
Koe pacnpocTpaHeHue
BCNEACTBME NMPUHLIUIK-
anbHo NonHoW pas3Bsi3ku,

Ho puc. 4.
Dpoccens fp u
koHgeHcarop C nped-
HasHaueHbi Ans obec-
nedeHus paboTbi Cym-
maTopa-genurensi ¢
aKTMBHbIMK aHTEHHa-
mu. fipoccenb U3ro-

[/ S S

\l\ 1 C%M

TapuBAaIOT U3 U30NK-
pOBaHHOIO MEeAHOro
npoBoaa auamMeTpom
0,35 MM, YACNO BUT-

COrMAacoBaHUs HE3aBUCH- 2

MO OT HacToTki U MPOCTO-
Tbl KOHCTPYKUKK. OHM
MOFYT BLINOMHATLCA Ha

0.6
Puc. 2. YactoTHbie XxapakTepUcTuku nepexoaHoro 3aryxanus HO Ha cBAzaHHbIX
NUYHUAX NPY CormacoBaHHbIX Harpyskax

0.8 1 1.2

ko — 20, onuHa Ha-
MOTKM — 15 MM, BHYT-
peHHUIt guamerp —
3,5 mm.

14 fifo
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AHT2

Cymmarop-
Aenwrenb

C

Puc. 5. MogkniodeHne cymmaropa-aenurens

TEHH, NPUHUMAIOLLIMX 3TU CUTHa-
Nbl € pasnUYHbIX HAaNpaBreHWin U
pacnpeneneHue cyMmmapHoro
curHana mexgy AByms Tenesu-
3WOHHLIMY NPUEMHMKaMK B MET-
POBOM W NELMMETPOBOM Avana-
3oHax. OnucaHHoE YCTPOMCTBO
NpUMEHSAETCS BMECTO pacnpeae-
FIUTENBHOM CXEMBI, COAEPXaLLEN

AHT1

MogknoyeHne aHTEHH U TENesu3noH-
HbIX MPUEMHUKOB K CyMMatopy-AenuTenio
nokasaHo Ha puc. 5.

Cymmartop-penutens cbecneumnsaer
CNOXeHNE MOLLIHOCTEN CUFHAMNOB ABYX aH-

cuHdpasHbie cyMMaTop U aenu-
Tenb MolHocTH. Takasa 3aMeHa npusena
K 3aMETHOMY YNyuLLEHUIO KayecTsa U306-
paxeHus1 B Ternesnaopax, 0CobeHHo Npu
npueme cnabbix cUrHanos.

Omurpuid OHbILWLKO,
Anexcanap XXypueHko,
oda78@pisem.net

Jlumepamypa:

1. 3. P3d. CnpasoyHoe nocobue no 6bl-
cokoyacmomHol cxemomexHuke. — M.:
1990.

2. AHmeHHsI U ycmpoticmea CBY (lpo-
eKmuposaHue ghasuposaHHbIX aHMEHHbIX
pewemok). oo peo. [. K. Bockpecerc-
koz20. — M.: Paduo u cen3b, 1981.

MoaepHusauua aHTeHHbl R1205

coupmbl FUNKE

HTeHHsl hupmbl FUNKE ynoenet-

BOPAIOT COBPEMEHHLIM TEXHUYEC-

KuM TpeboBaHWsAM 1 3apeKoMeEHA0-
Barnw cebs ¢ camown nyuitiei CTOPOHbLL.

AnTenHa R1205 otnuyHo paboTaer Ha
TENEBN3UCHHLIX KaHanax ¢ 1-ro no 5-1 Ha
paccrosHusAx ao 15...20 km ot nepenato-
LEro TENEBU3UOHHOTO LIEHTPA.

OpHako € yBenM4eHMEM PaccTOsAHUA A0
45...50 kM ka4ecTBO cUrHana Ha Yereep-
TOM KaHane 3Ha4yuTenbHO YXyALLaeTcs,
nponasaeT 3syk U UseT sonpeku Tabn. 1
[1], w3 koTOpON cneayeT, |To ko3 duum-
€HT ycuneHus Ha kaHanax 1—5 oauHa-
KOB W paseH 5 nb.

AHTEHHa 6bina yCTaHOBMNEHa Ha Kpbl-
Lle TPEXATaXHOTO AOMa Ha MayTe Bbl-
COTO 6 M Ha pacCTOSTHUN 2 M OT KOHb-
Ka Kpbiltin. [loM pacnonoXxeH Ha BO3BbI-
LLIEHHOCTU U HEe UMEET NPEnsTCTBUIA B
HanpasneHuu Ha TeneBU3MOHHLIR
LEHTP.

B cBsi3n ¢ BbllLieckasaHHbIM 6bin cae-
naH BbIBOA, YTO aMNNMUTYAHO-4acTOTHasA
XapakTepucTuka aHteHHsl R1205 Hepas-
HOMEepHa W UMEET 3HaYUTenbHLIM cnap ¢
yBenuusH1eM HoMepa kaHana. MNoatomy
6bINC NPUHATO pelLeHne MOAEepPHU3UPO-
BaTb aHTEHHY AN BO3MOXHOCTU HOp-
ManbHOro npueMa 4-ro Tenesn3noHHOro
KaHana.

MonepHu3auma 3aknio4aeTcs 8 n3Me-
HEHUN PacNONOXKEHUs! ANEMEHTOB aHTEH-
HBl Ha Tpasepce.

Ha puc. 1 npeactaeneH suMa aHTEHHSI
N0 MOAEPHU3ALIUN.

Paamepbl anemMeHToB (B CM) COOTBET-
CTEYIOT NPUBEAEHHEIM B NpUnaraemoi K
aHTEHHE UHCTPYKLMW.

Mocne MHOTOYUCINEHHBIX AKCNEPUMEH-
TOB NO NEPECTaHOBKE ANEMEHTOB aHTEH-
Hbl yAanocb HaWTU Takoe NOMoOXeHue,
KOTOPOE COOTBETCTBOBANO HAUMYULLEMY
KayecTsy u3cbpaxeHus Ha YEeTBEepPTOM
TEenesU3NOHHOM KaHare.

2 www.dian.rv

ro TeneueHTpa. B oanHOM M3 aTux cnyya-
eB uMmencs HebnaronpuATHLIM penbed
MECTHOCTH, KOrga MecTo yCTaHOBKW aH-
TEHHBLI HAXOAUNOCL B HU3UHE WU NPAMOMY
NPOXOXAEHWUIO CUrHana npensTcTeosana

BO3BbLILIEHHOCTL C

OAHO3TAaXHbLIMU

1 nomamu. B atom
MecTe NpUeM Ha
4-oM KaHane no
N MoaepHU3aLUum
6bin BoOOLLE HE-
N BO3MOXEH.
EH 3 } Bo BCEX 3TUX
N cny4asix ynanocb
nobuteca npuem-
N neMmoro kadecrsa
150 LBETHOIO U306pa-
U 2x167 154 149 KEHUA Ha yeTBEp-
249 TOM TEnesu3uoH-
299 HOM KaHane.
[2x%149,5]
Puc. 1
Ha pwuc. 2 npen- N
CTaBmneH BUA aHTEH-
Hbl NOCNE MOAEpHU-
3aumn.
Kak BuaHO U3 pu- N
CYHKOB, ANPEKTOP, r} ) |
COCTOSILUMIA U3 ABYX P 1 ! 0
3NEeMEHTOB ANWUHOK N
no 167 cM Kaxabli, N\
NEpEHECEH Ha MecC-
TO pednekTopa, nc-
KMKOYEHB! ANeMEHTHI §
ped)neKTopa anu- 2x167 249 150 154 149
Hon 2x149,5 cm, a
3NeMBHT pednekTo-
pa anuHoi 150 cm | FYC: 2
YCTaHOBINEH Ha MeC-
TO NABOMHOrO ANpeEKTOpa. Anekcanpp FoH4apos,
B pesynbraTte Takoit MoaepHu3auun editor@dian.ru
yAanoch NOMy4UTL YCTOMYUBOE LIBETHOE
n3obpaxeHne U 3ByK Ha 4-OM TeneBu-
3MOHHOM Kawane. KauecTeo nsobpaxe- Jlumepamypa:

HUA Ha 1-OM KaHane He W3MEHUNOCh.
AHarnorm4Ho MoaepHU3aUum noasep-

rrnock eLe 12 aHTeHH, YCTAHOBMNEHHLIX HA

pa3nUYHbLIX pacCTOsIHUSAX OT NepeaaloLLe-

1. A. Cobores. TenegusuoHHbIe npuem-
Hble aHmetHbl oupmbl FUNKE. — «Te-
necrnymmuk», 1996, Ne10.

49



I CxemoTexHuka Neo 7 uions 2002

3NEeKTPOHMKA B BbiTy
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WHavkaTop paspsaaa akKyMynsTOPHOW m s o
6aTtapeu ——— .1 J0"

B numepamype yacmo ny6nukytomesi onucaHusi ycmpouicmes, meM unu
UHBbIM 0bpa3omM onosewarouiux enadensya o paspside 88epeHHOU UM aKKy-
mynsamoprol 6amapeu (AKB). Cmposimcsi oHU kak Ha OUCKDEMHBIX ane-
MeHmMax, max U Ha MUKpOCXemax, u Oaxke Ha MUKPOKOHmMposnepax. Asmop
npednazaem UCronL308amsp Onsi IOCMPOEHUS Makux UHOUKamopo8 MUK-

pocxembi cepuu KP1171.

32aBUCUMOCTH OT UCTIONB3OBAHHBIX

3NEeMEHTOB MHAUKATOPLI paspaga

akkyMynsTopHou barapey otnvya-
I0TCA Kak MH(OPMaTMBHOCTBIO NoKa3a-
HUM, TaK ¥ CNOXHOCTLIO, AMana3oHOM pa-
6ouMx Hanpskenut, notTpebnsembiM To-
KOM ¥ NPOLIECCOM PErynypoBKy.

CroxHble ycTpoiicTBa obecneuvBaloT
6onee MHOpMaTUBHLIE NOKa3aHus, HO
BMECTE C TEM UMEKT BosibLuee KoNYecTBO
netaner nvinyu 6onblumii notTpetnsaemblii
TOK ¥ HeGonbLUOH OuanasoH pabounx Ha-
NpsKeHUn. 3TO 3HaumT, UTo paspaboTae
WMHAMKATOP ONSA KOHTPONsA 32 HanpsiKeHu-
em aBTomobunbHoM Harapeu, A5 KOTopon
napa nUILHUX MUNNMamnep Harpysky He
urpaeT HUKakow ponw, paguonioburens
BpPSAO N CMOXET MCNONb30OBaThk ero Anf
6aTapeu U3 OBYX NaNBHUKOBBIX HUKeNb-Kaa-
MUEBbIX aKKyMyNnsiTOpOB.

MpocTeiilme ycTpoNCTBa, B OCHOBHOM,
PEervcTpmpyIoT TOSMBbKO CHWKEHWUE Hanps-
*eHuA Ha knemmax AKB Hwke ycTaHoB-
neHHoro ans gaHHov barapev npegena.

OnuctIBaeMbI B JaHHOW CTaTbe UHau-
Karop OTHOCUTCH UMEHHO K NPOCTENLLUM.
MpuyeM 3Ta NpoCcTOTa YUCTO BHELUHSASA,
TakK KakK MCMnofb3oBaHHas MUKpoCcxema
VMMEET OTHIOAb HEe NPOCTYI CTPYKTYpY.
MpoLue npeanaraemoro ycTpoucTea MOX-
HO CYMTaTb TONBKO YCTPOMCTBO TUNa cra-
6UNUTPOH-CBETOAMOA-PE3UCTOP, HO OHO
obnagaeT MHBEPCHOW MHOVKaLVeN.

OcHoBo# wHaukatopa paspsga AKb
ABNAETCA CNeLuuanyu3ypoBaHHaa MUKpO-
cxema cepum KP1171 [1]. 371 mukpocxe-
Mbl cneumantbHo paspaboraHbl AnA KOHT-
ponA 3a CHWXEHWEM HanpaxXeHun
NUTaHUS B MUKPONPOLIECCOPHON TEXHUKE
¥ ¥aeanbHO NOAXOAAT ANA AaHHON Leny.

B coctaB MuKpocxembl BXOOUT UCTOY-
HMK OMOPHOIO HaNpsXeHUA, KoMmnaparop,
CpaBHMBAKOLLMA OMNOPHOE U NUTaKLlee
HanpsKEHWR, U TPaH3UCTOPHBLIA KMoy,
BbINOIHEHHDBIN MO CXEME C OTKPLITEIM KOJ-
nekTopoM. [ina peanusaumm npoctemiue-
ro MHavKatopa AOCTaToqHO NOAKNIYUTL
K MUKPOCXEME CBETOAMOL ¥ TOKOOTrpaHu-
unTenbHblN peavctop (pyc. 1). MNpy sTom
raGapuTbl YyCTPOMCTBA NPaKTU4EeCKH paB-
Hbl rabapyTam MUKPOCXEMBI ¥ CBETOAMO-
0a (pe3svcTop MOXHO B3AITb CaMbIl MUHU-
aropHbIA). EAMHCTBEHHBIM HEOOCTATKOM
DaHHOro HaMKaTopa MOXHO CUNTATb XKe-
CTKO (hMKCUPOBaHHLIN pAf U3rotTasnvea-
€MbIX MUKPOCXEM B 3TOM cepuym, kaxaas
M3 KOTOPbIX paccyMTaHa Ha KOHKpeTHoe
NOPOroBOE HanpshkeHue.

MoporoBoe HanpsKeHWe ANA Kawaou
MUKPOCXEMBI B CEPUM yKa3blBaETCA He-
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KP1171Cxx

Puc. 1

NocpeacTBEHHO B €€ HauMeHoBaH!Y Noc-
ne 6yke Cl. OCHOBHLIE XapaKTepucTUKM
npvBeaextl B Tabn. 1, a uokoneBka — Ha
puc. 2. Mukpocxema usrotTaenueaeTcs B
TPEXBLIBOAHOM «TPaH3UCTOPHOMY Kopny-
ce KT-26 (TO-92).

dUKCUPOBaHHbIE NOPOTOBLIE HAMNpPSIKE-
HWS XOTA 1 CO3AAKT HEKOTOPLIE TPYOHOCTH,
HO BCe %€ NO3BONSAT CO3AaBaTb UHAUKa-
Topbl AnA pasHbix AKB. Tak Ha MUKpocxe-
me KP1171CIM20 (Upep = 2 B) moxHo co-

Tabnuua

KP1171Cxx
Puc. 2

30aTb O4eHb KOMNaKTHLIM MHAMKaTOp ANA
MCNOMNb30BaHWA B YCTPOMCTBAX, NMUTAEMbIX
OT [BYX HUKENb-KafMUEBLIX aKKyMYnATO-
poB — urpylukax, hoToTeXHUKE, nneepax,
npuemHuKax, hoHapsx v ap. Manle raba-
pUTBI 1 MUHMMANBHLIN TOK NnoTpebnexHya
No3BONAKT BCTPOUTL MHAMKaTop B rioboe
roToBO€ YCTPOMCTBO.

LOanbHerluyM pasBuTveM vHoukaropa
MOXeT cnyxutb gobasneHue 3ByKOBOro
curHanuaatopa. CxeMa ero moxer bbb
nwbo#, Ho noTpebnsemMblli TOK B pexvme
«BblkntoveHo» formkeH BbITb Kak MOXHO
MEHbLLE, ¥ CUrHanusarTop AOMKEeH coxpa-
HATb paboTocnocobHocTb Npy Heobxoau-
MOM NOPOroBOM HaNPsXKEHUM.

[ns CBUHLIOBOM repmMeTU4HON aKKyMy-
naTopHoi 6arapey chypmel Panasonic Ha
HOMUHanbHoe Hanpsenve 6 B 6bin co-
6paH MHauKaTop, cxema KoToporo npuee-
OeHa Ha puc. 3.

CurHanvsarop Npy HanpsykeHuy nuTa-
Husa 6 B (cocTonHue «BuiknioveHo», cee-
T0AMOS NOrallEH, 3BYKOBOFO CUrHana HeT)
notpe6nan Tok 20 MKA, a npu 5,2 B (co-
crosiHne «BknioveHo», cBeToaMOL ropur,
nbe3ouanyyarenb nanyvaeT TOHOBLIE No-
cbinku) — 6 MA.

Ctone Mmanbi norpebnse-
MBI TOK B pexume «Beikniove-

3HavyeHue HO» NO3BONAET BCTpauBaTh JaH-
Napamerp vn. 1 Tun. | makc.| HbIF MHAMKATOP B YCTPOWCTBA C
KP1171CN20 | 19 | 2,0 | 2.1 HenpepbiBHBIM KOHTPONEM Ha-
KP1171Cr28 | 2,65 | 2,8 | 2,95 | npsxenma Ha AKB. MNpu 3atom
KP1171CMN42 | 4,0 4.2 4,4 UHOUKATOP MOXHO NOAKMIOHUTL
KP1171CIN47 | 4,5 4,7 4,9 00 BbIKNK4Yarena NUTaHuA ycT-
Hanpsokenve [KP1171CN53 | 505 | 53 | 555 | po#cTea, HenocpeaCTBEHHO Ha
cpabatbiBanus, |[KP1171CN64 | 6,15 | 64 | 6,65 | knemmbl AKB. 3BykoBO# cvrHan
B KP1171CMn73 | 70 | 73 7.6 obpatut Ha cebsi BHUMaHue,
KP1171C87 | 8,35 | 8,7 | 9,05 | paxe ecnu ycTporcTeo ybpaHo
KP1171CM10 | 96 | 10,0 | 10,4 | B ganbHuii AWK 3TO NO3BONUT
KP1171CM11 | 10,85 | 11,3 [ 11,75 | BoBpems onpenenuts, 4To, Ha-
KP1171CIMN16 | 15,3 | 16,0 | 16,7 npumep, B Cu-Bu pagmocTtan-
KP1171Cr20 umy, 3abpolueHHoi B WwKag Ao
KP1171Cr28 NYYLLIUX BPEMEH, aKKyMynATOpbI
KP1171CMa2 | | _ | 40 | paspsaunmc, v ux Heobxoammo
Tok KP1171CN47 M3BNEYb Y 33PAAUTE.
notpeénenus B | KP1171CMN53 LOns nepepaboTkm [aHHOTO
COCTOSHUM KP1171CrI164 MHOMKATOPa Ha OPYroe Hanpsi-
«BbikmoveHo», |KP1171CMN73
MKA T T 2 — 15 XEHWe [OCTaTroyHO NOCTaBuUTh
KP1171GT110 COOTBETCTBYHLLYK MUKpOCXE-
PTTiemt] — _ 20 my cepum KP1171. Wcknioue-
KP1171C16 Hue coctaensier KP1171CIM20,
T T. K. NPy NOPOroBOM Hanpsxe-
OK NOTPECIIeHUst B COCTOSRHUA | _ 300 2B 5
«BKTIOEHO”, MKA HWUM B reHeparop Ha MUK
PaGouast TeMnepaTypa 0 o pocxeme K561JTH2 otkasbiBa-
oKpyxaloLLed cpeabl, °C erca paborarb. Bnpouyem, ato
TeMnepaTypHbiii nerko o6bACHUMO. [N MUKPO-
KO3hDULIMEHT HaNPSIKEHUS +0,03 cxem cepum K561 guanaso
cpabartbiBaHus, %/°C nuTanuWmx HanpaXeHuu co-
MpenenbHble 3Ha4YeHUA NapaMeTpoB craenser 3...15 B. Ha npaktu-
Hanpshkenue nutaHus, B -0,3 20 Ke reHepaTop No CxXeMe Ha
BuixoaHoe HanpsxeHue, B 20 puc. 3 yctonumeo paboran npu
PaccevBaeMasi MOLIHOCTD, 200 nuTauem HanpsXeHuu Ao
MBT 2.5 B (co CHvXeHWEeM rpoMKo-
BbixoaHO TOK, MA 10 CT! curHana).
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Puc. 3

MeyaTtHas nnata wHouMkaTtopa ulobpa-
weHa Ha puc. 4. OHa paspabarsiBanachk
NoL, LUMPOKO pacrnpoCTpaHeHHbIe 3reMeH-
Tbl ¥ MO3TOMY UMEET yBEeNMYeHHble raba-
puthl. [Npy MCNoNbL30BaHUK MUKPOCXEMBI
LN 3BYKOBOIO reHepartopa U oCTanbHbIX
netanen B kopnyce SMD, MOXHO nomny-unTs
ropasgo 6ornee KOMNakTHOE YCTPOWUCTEO.
Wcnonb3oBaHue Nbe30KepaMmuyeCKoro ua-
nydarens 3M-18 He sABNsieTCs obsi3aTentb-
HeIM. [1nsi AOCTWKEHUST MUHUMaNbHBIX ra-
6apuToB BMECTO HETO KenaTensHO NpuMe-
HUTb Hanbonee MUHWATIOPHLIN U3NyYaTens
CNpUeMIEMOI IPOMKOCTBLI0 3ByYaHus. Pe-
aucTtopsl — Tuna MINT, OMIT, C2-33H un
T. N. MoLHocTe 0,125 Br. Konpewcartop
C3 — nioboit Cc MUHUMaNbHLIM TOKOM yTeu-

Ku, octansHeie K10-7, K10-17 nnu KM. in-
onbl KO522, K521 ¢ niobbiv GykBEHHBLIM
wHoekcoM. Ceetoanon — niobon ¢ HoMn-
HanbHLIM TokoM He Gonee 10 MA. LigeT,
SIPKOCTL ¥ rabapuThl BeIGUpaIOTCSt UCXOAA
U3 KOHKPETHbBIX YCMNOBUIA.

Hacrtpo#ika uHoukatopa ceBoguTcs K
noabopy peauctopa R6 ansi oGecneveHus
MaKcuManbHoOM MPOMKOCTY NPUMEHEHHO
MOLENY Nbe30U3Ny4aTens.

WHpukartop, cobpaHHbIn NO cxeme
puc. 3 ¢ ucnonb3oBaHMEM NeYaTHon nNna-
Tl (puc. 4), 6bIN yCTaHOBMNEH B aKKyMy-
NATOPHbIA OTCEK CaMoAeNbHOTo hoHaps,
MCNONb3YEMOTO B NOAIEMHbBIX SKCNEANLIU-
£IX NPOBOAMMBIX NEHWUHIPAACKON cneneo-
NOrnYeckon NapTyien, U NOKasan BbICOKYIO

30,5

A
\
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Puc. 4

HagexXHoCTb Npu paboTe B 3KCTpeManb-
HbIX YCnoBusix paboTebl.

Cepreit Manaxos,
mazay@lek.ru

Jlumepamypa:

1. MukpocxeMbl ONs NUHEAHBLIX UCTOY-
HUKOB NUTaHUS U UX NpuMeHeHune. — M.:
Honaka, 1998, cTp. 248.

CﬂpaBO‘lelﬁ JINCTOK

Bbi6op anameTpa nposona Ans NnNaBKoro

npepoxpaHUTens

Hepedko Ha npakmuke 8o3HuKaem HeobxodumMocmb uszzomosumse camodernbHbIl rpedoxpaHumerns 8MeCImo c2o-
pesweao. B makom criydae nomoxem mamepuarn rpednazaemot cmamsbu.

NPOBONOKKN Ans caMofeNbHOI0 NNaBkoro npegoxpann-

I_I pv BbluncneHun awametpa D (unu cevenuss S) megHomn

TENsi CNPaBoYHUKK 06LIMHO PEKOMEHAYIOT onpeaensiTb

TOK |, PacnnaensoLwui NPoBoONoKy, No dopmyne:

Iy = (D — 0,005)/0,034.

Orciopa

D = 0,034l + 0,005.

(1)
BefieHbl rpaduky,
paccunTaHHbie No
dopmynam (2) —
kpveass 1 n (4) —
kpveasi 2. CoBnage-

&)

D = 0,093I,,°85 J303/1356 = I108%/22,75.

Ecnv nepentn k gnameTpy, NONy4muM:

(4)

3ameTum, uto B uHTEpBane Toka 2,5 A < |y, < 6 A Boumcnenusi
no doopmynam (2) v (4) parot 6rmskue pesynstatsl. Ha puc. 1 npu-

D, mm
10

B atux cpopMynax  nanee pasMepsl AaHsl B MUNNUMETpax,
aTok— B amnepax. OHy cnpaseAnuBeLl ANs Toka |, Npubnnan-
TensHo ot 0,4 0o 6 A, 4UTO COOTBETCTBYET NPOBONOKE C fUaMeT-
pom B npeaenax 0,02...0,2 mm.

Ons 6onblunx 3HaveHuh Toka cnpaeBouvHuk Kraftfahr
Technisches Taschenbuch (Bosch, naa. 20-e, lepmanus) npea-
naraeT NoNMb30BaTbCsi GoNee CNOXHON 3MNYPYYECKON 3aBUCKH-
MOCTBI — CTENEHHOM:

S = 0,0068x303I,,"7/1356 = I;,"-7/658, (3)
roe 1356 — TemnepaTtypa nnaenexuss mean B rpapycax K
(1083 °C); 303 — BasiTas B Ka4eCTBE NPUMEpPA HaYanbHasi TeM-
nepatypa npoeonoku 303 K (30 °C); 0,0068 — noCTosiHHbIN KO-
adpchuLmeHT.

B www.dian.rv

HWE COOTBETCTBYET
Toky B4,5 A

B 1abn. 1 ykasa- 1
Hbl 3HauYeHKs1 ceve-
HUs S v onametpa
npoeofa D, npy ko-
TOpbIX MEAIHAS NPO-
gonoka pacrinaens- | %7
€TCsi NPV 3aJaHHOM 1
TOKEe, paccunTaH-
Hble no cbopMynam
(2) v (4) pns cooTt-
BETCTBYHOLUNX WH-
Tepeanos. [ins Toro
yTOObl NPY HOMMK-

LN

0.01

04 63 16 40 10

Puc. 1

170 25
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Tabnuya 1
Cevenve S n Ceuenve S n
avamertp D awamerp D
Tox, A nposoga Tok, A npoBofAa
npeaoxpaHuTens npenoxpaHuTens
S, MM° D, MM S, MM’ D, MM
0,4 0,00027 0,0186 8,5 0,058 0,27
0,5 0,00038 0,022 9 0,064 0,28
0,6 0,00051 0,0254 10 0,076 0,31
0,7 0,00065 0,029 15 0,15 0,44
0,8 0,00081 0,032 20 0,25 0,56
0,9 0,001 0,036 25 0,36 0,68
1 0,0012 0,039 30 0,49 0,8
1,5 0,0025 0,056 35 0,64 0,9
2 0,0042 0,073 40 0,8 1
2,5 0,0064 0,09 45 0,98 1,1
3 0,009 0,107 50 1,17 1.2
3,5 0,012 0,124 55 1,38 1,3
4 0,016 0,141 60 1.6 1,4
4,5 0,02 0,158 65 1,83 1,5
5 0,023 0,173 70 2,08 1,6
5,5 0,028 0,187 75 2,34 1,7
6 0,032 0,202 80 2,61 1,8
6,5 0,037 0,216 85 2,9 1,9
7 0,041 0,23 90 3,2 2
7,5 0,047 0,24 95 3,5 2,1
8 0,052 0,26 100 3,8 2,2

HanbHOM TOKE MNPOBONOKa He pacnnaenAnack, HeobxoouMo ee ce-
Yerue (OMameTp) yBENUHMTL B COOTBETCTBUM € Tabn. 2. B Hel npu-
BeeHbl B 3aBUCMMOCTH OT HEOBXOAVMOTO 3anaca no ToKy B Npo-
LieHTax KoaghpMLIMEHT 3anaca no Toky k, a Taioke koaddpmument k
B cTeneny 1,7 (ansa nepecyera cevenun) v 0,85 (ona auamerpa).

UroBbl nonyuute HEOEXOAMMbBIE CEYEHME U AUAMETP NPOBONO-
K1 NpefoxpaHUTens, cneayeT pe3ynsTar, ykasaHHbi 8 Tabn. 1, ym-
HOMUTL HA COOTBETCTBYIOLLEE YUCIO U3 TPETHEN U HETBEPTON KO-
noHok Tabn. 2. Hanpymep, ansa Toka 10 A npu 3anace Mo Toky B
50 % ceueHVe NPOBONOKA [OMKHO BbiTe pasko 0,076 - 1,99 =
0,151 mm2, a gpametp — 0,31 - 1,41 = 0,437 mm.

Maran v wecras KONoHKK Tabn. 2 AeMORCTPUPYIOT, A0 KaKon
Temneparypbl 6yger Harpeearsca MeJHan NpoBorioka npenox-
panuTens (e rpagycax K u Lienscus) npy HOMUHaNLHOM TOKE.
Tak, ecnu 3anac no Toky byoer HyneewbiM, NPOBONOKA Harpeer-
cA go 1083 °C (vnu 1356 K), uto pacnnasuT ee. Ecnv xe ycra-
HOBUTL 3anac no Toky 30 %, Temneparypa chusurcsa o 595 °C
(vnv 868 K), npu 50 % — 1o 408 °C v npu 70 % — po 277 °C.

CranpapTHoro npoeoga ¢ avametpom 0,437 MM He CylecTBy-
et [1]. Boibepem bnivkaiiumii CTaHgapTHbIA NpoBoA C ANaMeT-
pom no meay D = 0,45 mM. Torga KpUTUHECKUIA TOK, NPU KOTO-
pOM MpenoxpaHUTENb NEPEropuT, MOXHO paccuvrTaTte no

dopmyne:

Iy = 39,48 x D1.176=39,48 x 0,451.176 = 15,44 A.  (5)

Tabnuua 2
3 K Temnepartypa
g § oadhPULmMeHTbI Harpesa
£ o LiBeT cBEUYEHMUR
™ o k k1,1 ko,as K °C
=
0 1 1 1 1356 | 1083 CBeTno-xenTbii
10 1,11 1,48 | 1,08 | 1153 | 880 CeeTno-kpacHbin
20 (1,2} 1,36 | 1,17 | 995 722 TeMHO-KpacHbIA
30 |13 156 | 1,25 | 868 595 | Kopu4HeBO-KpacHbii
40 [ 14| 1,77 | 1,33 | 765 | 492 | TeMHO-KOPUYHEBbLINA
50 (1,5 1,99 | 1,41 681 408 CaeuyeHusi HeT
60 |16 223 | 1,49 | 610 | 337 "
70 | 1,7 | 246 | 1,67 | 550 | 277 "
80 | 1.8 272 | 1,656 | 499 | 226 "
g0 | 1.9 298 | 1,73 | 455 182 "
100 | 2 | 3,25 1,8 417 144 "
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HomvHaneHBIM TOK Npegoxpanutens 6yaer 1,5 pasa meHblue:
lhom = 15,44/1,5=10,3 A,

Mpu pacueTe ogMamerTpa npeaoxpaHUTenLHOH MpouBONOKUA ANA
HOMUHANBLHOIO ToKa 1 A U MEHEee MOXHG BOCIIONb30OBaTLCA
thopMynom:

D = k0€5(0,042l,, + 0,024}, (6)

roe 3Haqerve k985 B3sTo m3 Tabn. 2.
Korpa KOHKpETHBIV CTaHAApTHBIN gvameTp BbibpaH akTu-
YECKUH HOMMHaNBHBIM TOK HaxoasAT no copmyne:

lyom = (D/KO85— 0,0024)/0,042. @)

Paccuvrare Temneparypy T,, 4O KOTOpOWM HAarpeBaeTcs Nposo-
noKa npegoxpanuters, MOXHO no topmyne:

T, = 1356/k"7~ 273, (8)

roe T, — Temnepartypa nposoAa B rpaaycax Lenbcus.

Ecnu 3anac no Toky man, NpoBO/. Ha4HeT Harpesarbes [0
nosisneHun ceeveHnsn. LIBeT cBedeHnA NpoBONOKY B e€ cpea-
HEW yacTu npueedeH B ceabMoW konoHke Tabn. 2. Ceerno-
WENTOE CBEHEHNE MEOHOW NPOBONOKU NpeaLEeCcTByeT ee pac-
nnasnenuio. Mpu 3anace no Toky 50 % u Gonee ceeyerHun
HeT.

Buibypare oqeHb GonbliloW 3anac He cnepyer, T. K. 370 npu-
BEIET K CHYDXEHWIO HAAEXHOCTY 3awMTel annapara npegoxpa-
HuTenem. MNpu HOMWHaNBEHOM TOKE NPOBONOKA AOMKHA 3aMeET-
HO HarpesarbcA, YTo6bl NpU neperpyske no Toky 8 1,5 pasa
npoBonoka Harpenace [0 TeMNepaTypbl Nnasnelna v obecne-
YMna paspbiB LENW.

MpenoxparuTensHyo NPOBONOKY HEOBXOAUMO NOMECTHTL B
3aUMTHBIM CTEKNSIHHBIN UNK dapdopoBbIi TpyBuaTkin Kopnyc
OT NEpPeropeBLero NpeaoxpanuTens, NPUNass ee KoHLbI K Ha-
KOHEYHWKAM CBWHLOM WNW TyronnaskuM npunoem (MOC-4-6,
MOC-18 unm NOC-30). AonycTmMo coegUHEHE BUHTOBbLIMY 3a-
KUMamn.

Kannv ot pacnnaBneHHon NpOBONOKWY, ecny OHa NOMeuleHa
B 3aumTHYI0 TPYGKY, HE NPUUMHAT HWKakoro Bpeaa. MpamoTko
BBLINOSHEHKHBIN CaMozienbHLIA NpefoXpaHuTent BroNKe Aomnyc-
TUIMO UCHONB30BATL HE TONBKO B TENEBU3OPE, MarHUTOhoHE UM
panvonpueMHMKe, HO U B aBTOMOBUNBHON annapaTtype unu B
pacnpenenvTenbHOM SMEKTPOLUTE.

ConpoTuBneHne NpoBONoKY npegoxpanuTtens R (8 omax) npu
HOpManbHOM TEMMNEpaType BbIMUCIAIOT, ecnv Heobxoammo, no
o6wenssecTHon chopmyne:

R=p/S,
I0e p — yOerbHOe aNeKTPUYECKOE ConpoTuenenne, OM-MM2/M
(ana megu p = 0,0185 Om-MMZ/M); | — OnmHa NpoBoAa, M;

S = 0,7854D2 — ceuenve nposoga B MMZ2 ¢ guamerpom D,
OAHHBIM B MM.

OTMeTVUM, 4TO B NPEOOXPaHUTENSIX MPOMBILLINEHHOrO U3roTOB-
nenns Ha GonbLuve TokM 0BbINHO BMECTO MEAHOW UCNONb3YHT
nposonoky 13 Bonee nerkonnaekoro metanna unM cnnasa. Mpu
HOMMHAaIBHOM TOKE 3Ta NPOBONOKA HE HAarpEBAETCA TaK e CUMb-
HO, KaK MefHas, NOCKONbKY MNaBUTCA OHa Npy 3HAUUTENbLHO
MeHbLUIEN TEMNEPATYpE.

Marepuan nogrotosun
[Banepwit BAHHUKOB]

Jlumepamypa:
1. A. 3uHskosckutl. [poeod medHbill 06MomMoYHbID. — «Pa-
Ouox», 1994, Ne 5, 6.
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OTteyvyectBeHHble JMOIN-TpaH3uncTopsbl

OAO «AHzcmpem», XOpowo u3eecmHbil nompebumernsM KaK npoussoou-
menk UHMeepanbHbIX cXeM, npucmynun K npoussodcmey Hogol 0ris cebst
npodykyuu — usdenull cunogoll 3NEKMPOHUKU, 8 YacmHOCMU, MOWHLIX

HMOIN-mpax3ucmopos.

a HacToAWMIA MOMEHT pa3paboraH

pAa MowHbiX AMOMN-TpaHauncro-
POB C KaHanoM n-Tvna u auana-
30HOM paboumx Hanpsxenwn ot 20 no
600 B. ®akTuyeckv 3To He TPaH3uCTop, a
CNOXHas UHTErpansHas cxema, coaepxa-
wan oT 5 fo 20 TbicAY TUNOBBLIX AYEEK.
311 AYerKM MMEIOT OAVHAKOBYIO CTPYKTY-
py (OMOM-TpaHancTop C MHTErpUpoBaH-
HbIM B KpUCTanne GUOAOM CTOK-UCTOK) U
coefvHeHb! B kpycTtanne npmubopa napan-
nensHo. dparMeHT BepTUKanbHoOro pas-
pesa TMNOBOW CTPYKTYpPbl KpucTanna npu-
BefieH Ha puc. 1.

B pesynbrare Takoro nocTpoeHus obec-
ne4YvBaeTCA HU3KOE CONPOTUBIIEHNE CTOK-
VICTOK B OTKPBITOM COCTORHMM 1 GONbiLoN
NOCTOSHHBIA TOK CTOKA, a TaK e BbiCo-
Kan NOBTOPAEMOCTb XapaKTepucTUK Npu-
Bopos.

TpaHaucTopbl npeacTaenaloT cobown
MOLUHbBIE 3MEKTPOHHBIE KNIOYM Y NpeaHas-
HaYaloTCA Ans UCNoNb30BaHUS:

e B VCTOYHUKAX BTOPU4HOTIO 3NeKTponu-
TaHwsA;

e B perynstopax, crabunusaropax u
npeobpasoBarensx ¢ HenpepbiBHbIM
MMNYNbCHBIM yrNpaBsieHWeM;

e B 6nokax NUTaHMA paavoaneKTpoOHHOM
annaparypbl;

e B CXEMax ynpaBneHus aneKTpoaBura-
Tenamw;

e B CXEMax KOMMYTauuu NUHEWHOro
ToKa B abOHEHTCKUX TenedoHHbIX yC-
TpoWCTBax M T. N.

TpaH3ucTopbl MOTYT UCNONb30BaTLCA B
napansenbHOM BKITHYEHWM C LEENbIo yBe-
JIN4EHUA1 TOKOBOWM CNOCOBHOCTU 3NeKT-
POHHOIO KIto4a.

Bce TpaH3ncTopbl XapaKTepuayoTCs:
e HW3KWUM COMPOTUBIEHMEM UCTOK-CTOK

B OTKPbITOM COCTORIHWM;

e BO3MOXHOCTBIO Naparnern-Horo BKo~
YEHWA TPaH3UCTOPOB;

e MarblMy TOKaMU YTEYKN CTOK-UCTOK B
3aKpbITOM COCTORHWUM.

BoNbWWHCTBO TPaH3UCTOPOB UMEIOT
O[MHAKOBYIO CTPYKTYPY C UHTErpMpoBaH-
HbIM B KpUCTanne AUOAOM CTOK-UCTOK. OK-
BUBaneHTHasa cxema atux [JMOI-TpaH3u-

CTOpPOB NpuBe-
LeHa Ha puc. 2, c
a OCHOBHbIE Xa-
pakTepucTm- 3
Ku— B 1@6nN. 1.

B tpaH3ucTo-

pax ¢ pabounmm

HanNpsHKEHUAMU Puc. 2. QxBMBaneHTHan

[0 250 B Takas | cxema AMOr-
TPaH3UCTOpOB

CTPYKTypa npw-
bopa He nosBo-
nsert obecneunTb CTOMKOCTb K cTaTtnyec-
KoMy anekTpuuecTBy Bonee 400 B. B To
e BpemMfA MMeeTCs pan NpUMEHeHWH,
Tpebylwunx
CTOMKOCTH A0
1000 B. Ona ee c
obecnevenns B
uenb 3aTteopa 3
AOMON-TpaHan-
cTopa BBEAEHbl

3alMTHbIE CTa-
oMNUTpOHbI. K-
BUBaneHTHas
cxeMma Takux
OMOMN-TpaH3u-

n

Puc. 3. DksuBaneHTHas
cxema [IMOT-
TPaH3UCTOPOB CO
crabunmrpoHamu

cTopoB m3obpa-
}eHa Ha puC. 3, a OCHOBHbIE XapaKTepu-
CTVkM — B Tabn. 2.

Hanwune wHTErpupoBaHHOIO B KpWC-
tanne JMOr-TpaHaucTopa avoaa CTokK-
WCTOK NpenocTaenseT norpeburento fo-
nonHUTEnNbHbIE BO3MOXHOCTU. Hanpumep,
npuMeHeHVe B aDOHEHTCKUX TENEeOHHbIX

yCTpOMCTBaXx knoHa Ha ocHoBe

OMOMN-TpaH3ucTOpa
OnuH TpaHaucTop K1014KT1I" obecneuvBaeT He-
o S N . 3aBUCUMOCTb TenedoHHoro an-
Y 4 i ® % Merann 7 Z Pz z VK | naparta oT NONAPHOCTY Hanps-
| : e - < WKeHus B TenedOoHHON NMHUU
P ‘ P : P 3a180p | (1enedhoHHBIMM CTaHAApTaMM
S ST R oo et NOAAPHOCTL CUTHaNa B NVHWN
b C e TR e HE HOPMUPYETCS).
L’” ST T Crox Cxema BapvaHTa NocTpoe-
: < . oo s - HUA TenedOoHHOIo kniya Npu-
2 2 s SR a7 M A e S it A e e S BeneHa pruc_ 4 P
Puc. 1 BepTukanbhbiii paspes IMOM-TpaxaucTopos TpaH3UCTOpb! BLINYCKAIOTCA B
Kopnycax, ykasaHHbix B Tabn. 1
Tabnuua 1. Xapaktepuctuku JMOf-TpaHauctopos
Envoraii- -Floporosoe -[HanpsakeHwe Cmmiﬂ: ° Notrosinubiit] locroannas | CTOMKOCTB K
T : Hanpsokexue,| CTok-ueToK, | i oo - TOK CTOKA, |paccevBaemas | CTaTUHEcKomy
TpaHaucTop- LA Kopnyci ™ S ‘OTKPLITOM
‘ananor w1 -| ‘cooTosHM, e MOLUHOCTD,  RrIeKTPIHECTDY,
o VB Uonmac Bl poyoncon | fomaxA | PmaxBr B
KN7131A9 | IRF7101 ]|4303.8 1+3 20 0,10 35 2 400
KN7132A [HUF7507P3{ KT-28 2:+4 55 0,09 15,0 45 400
KN7133A IRF640N | KT-28 24 200 0,16 18.0 125 400
KM7134A RF630 | KT-28 2+4 200 0.30 9,3 82 400
KM7135A IRF620 | KT-28 2+4 200 0,80 5.2 50 400
Kn7136A IRF740 | KT-28 2+4 400 0,55 10,0 125 1000
KMn7137A IRF840 | KT-28 2:4 500 0,85 8.0 125 1000
KIM7138A TO251
K7 138A IRFR1NB0 To252 2+4 600 7,00 1.4 35 1000
KM7130A 600 1,20
KN71306 IRFBC40 | KT-28 2+4 600 1,50 6.2 125 1000
KM7130B 550 1,20
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Tabnuua 2. Xapaktepuctuku AMOIMN-TpaH3ucTopoB co cTabunuTpoHamu
Brwkaii- [loporoeoe |HanpsikeHue Cocgg:_?;gi“: | Nocrosmmepin] Moctosmuas | CrobikocTs k
Tpauancrop LI Kopnyc HanpshweHue, { CTOK-UCTOK, OTKDBLITOM TOK CTOKa, |[paccemsaeMan | CTarudeckomy
aHanor ‘COCTOSIHNIA MOLLHOCTb,  BNEKTPUHBCTEY,
Uan, B Ucumax, B | oo ork On'n Ic max, A P max, Br B
KM7131A9| IRF7101 |4303.8 1+2 20 0,10 3,5 2 1000
KM7132A |[HUF7507P3| KT-28 1+2 55 0,09 15,0 45 1000
[K1014KT1B
BSN254 |KT-26 12 230 8,0 0, 5 0
K1014KT1I" 0 2 0 1000
e Tabnuya 3. Kopnyca AMONN-TpaHsucTopos
-~ 'y KT-28 g g KT-26 43038
| (T0-220) TQ-251 TO-252 (To-82) (50-8)
—> K paaroeoprHomy y3ny :
Tenedonnan M Py
AvHVS L BoLO - u - - -
< Kuenwynpasnexva l E ’ ! i ; N H {” u n -
3 ] ’
r

Puc. 4. Bapuant npumerensus IMOIN-

t MocTaBkK yKasaHHbIX TPaH3UCTOPOB
TpaH3UCTOPOB B TeNehoHHOM YCTpOCTBE

noKa NPOW3BOLATCS MO MpefBapUTenb-
HEIM 3aKasam B KoprycHoM unu Geckop-
fYCHOM UCMOMHEHUU (B NnacTuHe Unu

TPaH3UCTOPOB PasHbIX TUMOB, BUNONFPHBLIX
TPaH3UCTOPOB C WU30INUPOBaHHLIM 3aTBO-
pom (IGBT) ¢ pabounmut HanpsKeHUAMI
ot 600 no 1200 B 1 apyrix cunoBbix Npu-

1 2. BHelinwiA BA KOPMyCcoB NPVBEOEH B

l Cxemortexnuka Ne 7 mions 2002

Tabn. 3. Mpu gocratouro BonelLoi NoTpet-  pa3aeneHHLIe KpUCTann.!). 6opos.
HOCTU TPaH3UCTOPLI MOTYT BbIMyCKaTLCA B MpeacTaeBneHHLIe TPaH3UCTOPL! — Nep-
MHOM KOHCTPYKTVMBHOM UcronHeruu. [lva- Bl pAa cvnoselx NpuBopos npousBoa- Bopuc Manawesu,
na3oH pabounx Temneparyp TpaHavcTopoe  cTtBa OAO «Anrctpem». MNpegnpusaTue simonov@angstrem.ru
coctaenaeT oT —40 no +125 °C, npefens- npogorkaeT passuTue 3Toro Hanpaene-
HBIM AuanasoH — ot —65 go +125 °C. nuA. Paciumnpsietcs Homerknatypa AMOr-
|||||n TP EM= OTeyecTBeHHbIE
s ANIEKTPOHHbIE KrlouM (OMOIM-TpaH3ucTopbl)
AHrcTpem npegnaraet notpeburento HOBLIN BUA CBOEW NPOAYKLMM — MOLLHBIE 3NEKTPOHHbIE KIiouKn B BUae
OMON-tpaHaucTopoB. TpaH3ucTopbl NpeaHasHaueHbl ANA NpUMeHeHUs B UICTOYHWKax BTOPUHHOIO
3NEeKTpONUTaHKUA, B perynatopax, B npeobpasoBarensx, B CXxemax ynpasneHus aneKTpoABuraTtenaMm U T. n.
Hanpsxenwe Cz:g:mﬂi“a"e MocTtosHHbilA | MocTosiHHas CTOMKOCTb K
Brivxkanwmin CTOK- MCTOK, 3 TOK CTOKA, | paccemBaemasi | CTaTMHECKOMY
TpaHaucTop | o anor | KOPIYC OTKpLITOM MOILHOCTb, | 3NEKTPUHECTBY,
Ucu max, B COCTORHUK, lc max, A P max, Bt B
Rew o1k, Om
KM7131A9 400
K7131A91 IRF7101 | 4303.8 20 0,10 35 2 2000
KN7132A 400
K7132A1 HUF7507P3| KT-28 55 0,08 15,0 45 1000
KN7133A | IRF640N | KT-28 200 0,16 18,0 125 400
KN7134A RF630 KT-28 200 0,30 9,3 82 400
KN7135A IRF620 | KT-28 200 0,80 5.2 50 400
KN7136A IRF740 | KT-28 400 0,55 10,0 125 1000
KN7137A IRF840 | KT-28 500 0,85 8,0 125 1000
KN7138A TO251
Kri7138A0 | RFRINGO —oep1 600 7,00 14 35 1000
KN7130A 600 1,20
KN71306 | IRFBC40 | KT-28 600 1,50 6,2 125 1000
KN7130B 550 1,20
K1014KT1B
K1014KTAT BSN254 | KT-26 230 8,00 0,2 0,5 1000
103460, Mocksa, 3ene;orpan, OAO AHrcTpeM, T; (095) 531-48-06, ¢b: (095) 532-06-21, E-mail: market@angstrem.ru, httpJ//www.angstrem.ru
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