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Ne 6 (32) moHb 2003

FnaBHbMA pepakTop:

Ceprew bupiokos

PepakuuoHHas Konneruvs:

MNaBen Acrawlkesuy
Anexcangp ®OpyHse
Buxrtop Wosumk

Onusa MepacvmvoBa

n3aiH u BepcTKa:

PomaH MNMokposckuin
WpuHa HYukuna

Otnen pacnpocTtpaHeHUs:

(095) 285-1775
e-mail: sales@dian.ru
Mapuha Tpothrmosa
Opuit Llapes

Cepreti JTlyKvH

Orpen pexnambl:

lOnus CyxaHosa

Apapec pepakyum:

Mockea, yn. ByTteipckas, a. 41/47
«[} CrmmeH»

Ten./tpakc: (095) 285-1775
Agpec ons nucem:

121351, Mockea,

yn. VieaHa ®paHko, a. 40, ctp. 2

www.dian.ru
e-mail: editor@dian.ru

Waparene n yupegurens
000 “UA Cxkumen”

Otnevartaro 8 'Yl «YexoBCkuUi
nonurpadu~eckuin KomouHar»

Tupax 5 250 3K3.
3akas Ne 1459

KypHan 3apervcTpuposaH B8
MuHucTepcTee PO no genam nevarwy,
TenepaavosBeLLaHun 1 CpefcTs
MaccOoBbIX KOMMyHUKaLWIA

Per. Ne MN77-5262

Pepakuus He HeCeT OTBETCTBEHHOCTU
3a WHGopMaLUo, NPUBEAEHHYIO
B peKiamMHbIX MaTtepuanax

3a copepxaHue craTb
Y ee OpUrMHANLHOCTL HEeceT
OTBETCTBEHHOCTL aBTOp

MNonHoe uny YacTuHHoe
BOCMNpOU3BEAEHNe MaTepuanos
[ONyCKaeTcn TONbKO C paspeLleHun
000 “UA Ckumen”

WNHdpopmaumio 0 noprmcke cm. Ha
rocnegHen ctpaHuue XypHana

LieHa cBoGopHas

CopepxaHue

C. Nynpe. BuixogHon unbtp gnst yevnurenst knacca D
C. JNloawvukuia. AKTVBHBIN pasgenutenbHbit ounstp ans AC

A. PemHes, B. CmepRoOB. AKTVBHas KOppekuust koadruymeHTa
MOLLHOCTU B UMMNYJNbCHBIX MCTOYHUKAX MUTaHWS

B. Hocoe. NmMnynbcHbie 6N0KW NUTaHWS ObITOBLIX PaguoyCTpoONCTs

C. BuprokoB. CeeToaMogHbie MHOWKATOPbI YPOBHS HA MUKPOCXEMaXx

cemencrea LM3914

B. OuniieHko. PyneBbie MalLMHKKM NSt annaparypbt
MponopuMoHanbHOro ynpasneHust
&. bykawes, A. baibysos, A. CmupHos. lNprmernerne BCUT ¢

«MNponopuynoHanbHO-HaCbiLLEeHHbIM» ynpaBlieHWeM B HU3KOBOJIbTHbLIX

BbICOKO3(O(hEKTUBHBIX BbINPAMUTENAX

C. WuwkwH, O. Wykos. NHgukaTop Ha matpuyHom BJIA

. PomaneHko. [laTyMky Toka Ha ocHoBe adpekTta Xonna
B. Ouvwenko. ManowymMsLmi LUIMPOKOMONOCHLIA yeunurtenb

0. BuHorpapos. KoHtponb nznyyexnusi CBY nievm

A. BpakuH. Hacbl C «roBopsiliuM» 6yOUNbHUKOM

H. 3aey. VcrpoiicTBa ¢ MHOMKaUWEN To4eYHbIMU CBETOQUOOAMM
A. Byros. Tamep KP1006BA1 B ynpasneHnu ocseLleHnem

0. Banbna. YctporictBa USB

O. Hukonanyyk. Euwje Tpy wara no nNyTM K COBEPLLEHCTRY
B. 3oros. CoolRunner-ll — HoBoe nokoneHve
BbicokonpouasogutenbHbix MIINC CPLD cupmbt Xilinx

C MWKPOMOLLHbLIM MoTpetneHnem

I. MaHM4eB. YHMBepcanbHas uMgpoBas LKana-4actoroMep

0. Hukonaiuyk. MprGopsb! iButton

. Kappawes. KoMnbloTEPHOE CXEMOTEXHUYECKOoe
MOLEeNMpPOBaHME 3MEKTPOHHBLIX YCTPOWCTB

HoBkle kHuru (c. 45). CemuHapbl «Makpo Tum» B 2003 r. (c. 45). Branmanuto

14

17

19
21
25
26

42

46

50

53

yuratenen (c. 54). Anpeca MarasuHOB, B KOTOPLIX MOXHO NPYOBpecTy NpoAyKUMIO

Macrtep KUT (c. 55). Haw aHoHc (c. 55). Moanucka-2003 (c. 56).

NPAMOXOA0BLIV NPeo6pa30BaTent HaNPSXXEHUA MOLLIHOCTBIO

145 Bt Ha mukpocxeme TOP247. Ero onvcaHve 6ydet ony6rvkoBaHO B OAHOM

n3 6nNXanLLMX HOMEPOB XypHana.

Pepakuus NpUMHOCUT CBOU U3BUHEHUS HALLMM YMTaTENs M 3a 3afepXKy B
BbIXOAe NpeablayLiero Homepa u uameHeHvie chopmara. 310 NPOU3OLLIIO
B CBfi3U C TEM, YTO B fleHb CAAa4YM roToBbIX NAEHOK B TUnorpadwuio, B
KOTOPOW 40 3TOro MOMEHTa nevatascs XypHan, TMnorpagus B HECKOSIbKO
NPYUEMOB NOBLICKAA LieHY NOYTU Ha 30 %, 4TO NPUBESIO 6bl K HEN36EXKHOMY

AOBLILLEHUIO PO3HUYHOW CTOMMOCTU XypHana.
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AATMUOITEARNKU INE O MOHD ZUUO

BoixogHOM (thMnbTp ANA yCUnNUTens

xknacca D

P Tens

7] aKoro ycTpouc

cunutenb knacca D — 310 yeunu-

Tenb, B KOTOPOM BXOQHOW curHan

npeobpasyercs B LUMPOTHO-UMIYNb-
CHO mopgynuposaHHbin (LLUWM), yeunveaer-
€ N0 MOLLYHOCTM M 3aTeM BOCCTaHABNMBA-
erca ero mexogHas dopma.

Ins pemofynsuuy BLIXOQHOrO curHana
Ha BbIXoge ycunurens AOCTatoOqHO MocTa-
BUTL (OUILTP HWKHMX HacTOT, NPV 3TOM OH
AomxkeH obnagarb BbICOKUM KO3dduLmeH-
TOM nepefaqv, T. €. He [OMKEH BHOCWTb
CYLL{eCTBEHHbIX MOTEpb.

Pacuet dunetpa HaumHaercs ¢ 3apanvs
cnegywolmx napameTpoB: HanpsXeHusi
nynscauum Ha Harpyske, [O6pOTHOCTU
dunbTpa U NuHeMHocTn ero A4YX.

TvnoBbIM pelleHMeM AIBNAETCA OfHO-
3BEHHbIN UNETP BTOPOro nopsigka, cxema
KOTOpOro npveBegeHa Ha pwuc. 1.

L

CI R

Puc. 1

Yactota cpesa paccmarpuBaemoro
duneTpa onpegenseTrcs No U3BECTHOW
dopmyne:

1
¢ 2rndC

YacToTy cpesa nyule Bcero BeibUpatb
3a npegenammn padodeyn NONOCHI YacToT,
4TO6LI M36exarb M3BbITOYHOrO feMnurpo-

3

IH1(F) |

1.5
|H2{F) |

113 (F) |

YBemruemme R ’r‘

BaHWUs W OONONHWUTENBHBIX NMVKOB AYX B
paboyem pgranasoHe.

Dnsa nonyveHusi MakcumarnbHO MIOCKOM
XapaxkTepucTukyu cnegyer y4ecTb COMpo-
TVBRIEHWE HArpy3kWh, Ans Yero Heobxogw-
MO cobniogartb ycnoseue [1]:

1
_ ' _
2nF.RC V2,

3TO X€ YCNOBUE MOXHO 3anmcatb B Apy-
roM Bupe:

=5

R_\2
p

L 1
cC oC

3 nocnegHero BblpaXeHWss BMOHO, 4TO
ANIA KOHKPETHOM 4acToThi cpe3a W 3adaH-
HOM Harpysku CYLUECTBYET TONMbKO OfHO
3Ha4YeHMe eMKOCTW, YyOOBRETBOpsioLiee
KpuTEpMIo pasHoMepHocTy AYX.

Ha puc. 2 npegcraBneHbl 3aBUCMMOCTH
ko3dhdmLmeHTa nepegaqn mneTpa oT Co-
npoTvBNEHUA Harpyskm R.

3Has 4acToTy cpe3a M COnpoTVBREHME
Harpy3k1n MOXHO HaWUTU BENWMHUHY €EMKOCTMU:

1

C=—rn—
2nJ2FR .
3 BbipaxeHus gns 4acToTbl cpe3a He-

CNOXHO HaNTN HEOOXOAVUMYIO VHOYKTUB-
HOCTb (unbTpa.

roe p=

1
L=— 1
4n°FC -

Hanpumep, gna Harpy3kn R = 8 OM u yac-
TOThl cpe3a dmnetpa F, = 20 Ky nonydaem
3Hadenus: C = 0,703 mk®; L = 90,032 mkIH.

BosmoxHO npumeHeHve dunbtpa bart-
TepBoOpTa TPETLErO MOopsigKa, cxema KoTo-
poro npepcrasneHa Ha puc. 3.

L Lo

C R

I

Puc. 3

[ns pacyeToB MOXHO MCMONL30BaTL cre-
ayrowine bopmynbi:
L= 0,5R ,
2nF,
_15R
2 onF’
_ 133
' 2nRF,

Ona Yactotel cpesa F, = 20 kly npu
R = 4 Owm, nonyyaem: C = 2,65 Mk®D,
L1 = 1592 MkH n L2 = 47,75 mxlH, a npu
R = 16 Om nonyyaem crieaytoLme 3Ha4eHVs::
C=0,66 Mk®D, L1 =63,7 MkTH 1 L2 =191 mxH.

WNHTepecHo npoaHanMampoBaTtb 3aBUCK-
MOCTb (QOPMbl BBIXOHOrO YCUNEHHOIO
curHana ot 4YactoTtbl cpe3a ¢wmneTpa. Ha
puc. 4 BbIXOOHOM curHan cuneTpa npuee-
AeH Ans BXOOHOFO CUHYCOMAANBHOMO CUr-
Hana ¢ 4actoroin 1 kly, Ha puc. 5 — ansa
vacTothl UMM 90 kl'y npu F = 50 Ky, a
Ha puc. 6 — npu F = 20 kly,

OnTtumanbHas Hactorta cpesa gunbtpa
pasHa 20 kl'u. JanbHelllee ee ymeHblue-

120 00m

7200m |-

24 D0m

-24.00m

72 00m

-120 00m

FILTER CIR Temperature= 27

Puc. 2

Puc. 4

200 00u

160 0Dy

2000

1200

400

1200

-20 00

1500

300

160000 200 00u
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50 00|

FILTER CIR Temgerature: 27

1500

4200----

26 00} -

18 00} -

1000

FILYER CIR Temperature= 27

abiv(11
Puc. 7

HWEe NpUBELET K 3HAYUTENBbHBIM YaCTOTHBLIM
WCK@XEHUSIM B 06MacTy CrbiLLUMMbIX 4acToT.
Ha puc. 7 npegctaBneHbl AHX ycunutens
Knacca D, BbixogHOM (hvnsTp KOTOPOro uMe-
€T pasnuyHble YacToThbl Cpes3a.

Ha yactoTtax Bbille 4YacTOThbl Cpe3a CKo-
pOCTb Cnafia YaCTOTHOW XapakTepuUCTUKW
coctaensier 40 pb/gek. [lpumeHeHue
twvneTpa batTepBopTa TpeTbero nopsigka
naeT nyuywwve pe3ynbratbl U NO3BONSET

10K 100200K Ou

XOOHOrO HanpsKeHWst COCTaBnslT Aonu
npoueHTa, 4TO NPOMNNIOCTPUPOBAHO HA
puc. 8 ans F_ = 20 kly.

AYHX ycvnutenst, Ha BbIXOAE KOTOPOro uc-
nonb3yercst unbrp barrepeopra TpeThe-
ro nopsigka, omwuyaercst ot A4X npoctoro
LC-cunbrpa 6onee kpyTelM cnagom B 06-
NacTu BbICOKWMX YacToT.

DOunbTp — 3TO BaXKHeWLLast 4acTb yCu-
nutenst knacca D v npuBefieHHbIE pacqeT-
Hble COOTHOLLIEHWSI MNO3BONSIIOT ONPEAENUTL

40 D0u

H H H H
80 00u 120 00u 160 00u 200 00u

Cepren JlyHge,
Lunde@tpu.ru
Jlureparypa:

1. B. A. l'epacumoB. VHrerpasbHbie ycu-
swmren Huskou sacrorel. — C.-16.: Hayka
u Texnmka, 2002.

2. A. A. bokyhsies, P. I". Bapnamos v gp.
CripaBoYHast KHUra paauoriobuTesIsi-KoHCT-
pykropa. MNox peg. H. . Yucrakosa. — M.:
Paguo v cBsse, 1990.

NOBUTLES MEHBLUMX WCKaXEeHWH, ocobeH-
HO Ha BbICOKUX yactotax. lMynbcauum BbI-

OCHOBHble €ro napamMeTpbl.

{Oxonuanme. Hauano — Ne 5/2003})

AKTHMBHbBIN pa3genurenbHbin punsTp ana AC

AYX koath(hyumeHTa MOLWHOCTH (3aBMCMMOCTL K, OT 4acToThl),
nonyyeHHasi B pe3ynbtate mofenvpoBaHust AP® (puc. 3), n306-
paxeHa Ha puc. 6 (kpwBasi ¢ meTkoin Variant1).

Ipathmk K, HaBeBaeT rpyCTHbIE MbICAIN: B OKPECTHOCTSX 4acToT
280 Ty w 3 kl'y cymmapHast BeixofHast MOLHOCTb TpeEXKaHanbHOro
YM34 MIMAK npnbnuantentHO B [iBa pasa MPeBbiLLAET BbIXOAHYIO
MOLLHOCTE 3TaNoHHOro ofHokaHanbHoro YM3Y. lMonoxeHuwe ycy-
rybnsietcst TeM, 4To nepebii «rop6» AYX K, pacronaraercs B 06-
NacT YacToT, B KOTOPOW COCPEAOTO4EHbI HanborbLLWe CpeaHecTa-
TUCTUYECKWE YPOBHW peanbHblX CUrHanoB. MTak, Mbl nony4vnu
[aneko He O4YEBUAHbIM Ha NEPBbIN B3rMNsifl pe3ynkTart — WUCMonb30-
BaHue APQ ¢ HyneBow HepaBHOMEPHOCTLIO AHX pesynsTupyoLle-
ro curHana CyLeCTBEHHO YXYALUAET 3HEepreTuyeckue rnokasarenm
MMAK, crneicTBuEM Yero sSIBNSieTCa yxXyaALweHne MaccorabapuiHbIX
nokaszarenen u yeenuueHve ctoumoctn MMAK. Bosnukaet ecte-
CTBEHHbI BOMPOC: MOXHO JIM YMEHbLLUWTL BENWYMHY Ko3(hPmumeH-
Ta moLyHocTu K Ha atane npoektuposaHus AP®? [ins Toro, 4to-
6b1 MONy4WTb OTBET Ha 3TOT Bonpoc cpeacteamu nakera OrCAD
9.2, 6bina npou3sefieHa NapamMeTpUYecKas oNTUMM3auust PyHKLn-
OHamNbHOW CXEMbI, N30BPaXXEHHON Ha puC. 7.

B aTtoi cxeme mcnonb3yloTcs cnegyoumne hyHKUNMOHaNbHbIe
6nokun (Pb):

e A1, A2 — momenu cootBetcTBeHHO OHY 1 ©BY BTOpOro nopsaa-

Ka, NapameTpbl KOTOpbIX 3apakoTest arpubytamn: FP, Q — vacto-

2.4
(275Hz,2.12)

(2.88kHz,1.98)

Variantl

Variant2

(362Hz,1.02)

(3.53kHz,1.02)

(1.13kHz,0.82)

Ris9

S
1.0KHz
Frequency

20Hz 100Hz 10KHz

Puc. 6

Ta 1 oBPOTHOCTL Napbi NoncoB; H — koadduumeHT nepefayum
Ha Hynesow (ans OHY) unn 6eckoreuron (gns ®BY) yacTore;

e A3, A4 — mofienu TpeXBXOAOBbLIX CyMMATOPOB Hanps>XeHus, Beca
CYMMUWPOBaHWs1 KOTOpbIX 3aaarTces atpubytamu: K1, K2, K3.
®Ob A1—A3 1 A4 mopgenvpyroT cooTBeTCTBEHHO AP® 1 AC.

YunTbiBasi CpaBHUTENbHO HEBLICOKWE WM36UpaTenbHble CBOMCTBA

paccMaTpvBaemon CTpykTypbi AP®, ontuMM3aumio ero napamer-

POB XenaTenbHO OCYLLECTBSATL C YHETOM NapamMeTpoB KOHKPET-

Hbix TvNoB ', ucrnonb3yembix B AC. [1ns onpefieneHHOCTH BbIGU-

paem cnegytowme Tvnel I [10}:

e HY kanan: 50IAH-19 ¢ grana3oHOM BOCMPOW3BOAMMbIX Yac-
Tor 30...3150 TIy;

e CH kanan: 25IALU-12[] ¢ guana3oHoM BOCNPOU3BOAWMMBIX YacC-
TOT 63...20000 TIu;

e BY kanan: 5raLl-25[ ¢ avana3zoHoOM BOCNPOWM3BOAWMMBIX YaC-
TOT 280...20000 Iu.

MocTaHoBKka 3afayv ONTUMM3ALMK:

e Ha AYX kananos AP® HaknafblBaloTCs Crnegyroume orpaHu-

YeHust:

A(3150 Tw) < Arp. Ac(63 ) < App,
Ac(20000 Tw) < Arp, Agy(280 ) < Arp.

rae App — MakcMManbHO fonycTuMmas senuuuHa mogynst AHX
HY, CH »n BY kananos AP® Ha rpaHuyax 4acToTHbIX Ananaso-
HOB ['[1, ncnonb3yembix B 3TUX KaHanax.
e Uellb ONTUMM3auuM — MUHUMM3aUWs Makeumyma AYX koad-
umeHTa mouHocTn APQ.
Al

LP2 Low

OPTIMIZER PARAMETERS:

Name Initial Current
FPLp 160175 160175 FP={FPLp}
Q 0.287682 0.287682 Q={Qt
H=1 A3 A4
K1 K1
In Mid Sum
5D D
VAC=1V
Ph=0dg K1=-1 K1=1
K2=1 K2=1
A2 K3=-1 _ K3=1
HP2 High
FP={(63*20000)/FPLp}
Q={Q}
H=1
Puc. 7
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Cxemotexnuka Neo 6 wmioHs 2003

e OHY 1 OBY mmeloT oauHaKkoBble AOOPOTHOCTY, @ YacTOoTbl UX
NONKCOB CBA3AHb!I COOTHOLLEHUEM:

FP o <FP ogy= V63% 20000 ,

T. €. PacnonOXeHbl FEOMETPUHECKU CUMMETPUYHO OTHOCUTENbHO
LEHTPpaIbHOM HacToThl Avana3oHa BOCHPOU3BOAMMBIX Y4acToT 0
CY kanana APQ.

e BapbUpyeMble napamerpbl — 4acToTbl U AOGPOTHOCTM MONIO-
cos OHY n ©OBY APO.

Mpy ontummaayum nporpamma Optimizer nakera OrCAD 9.2 B
nepByIo o4epeab NbITAETCA BbINONHUTL OFpaHWyeHUs], a 3atem (Mo
OCTaTOYHOMY MPUHUMNY) MUHYMU3NPOBATL BENUYUHY KO3(hduum-
€HTa MOLHOCTU AP®. Pesynbrarsl ontumuMaauum gns papa 3ha-
ueHun A npyBepeHsbl B Ta6N. 1.

W3 panHbIX Tabn. 1 cnegyer, 41O Npyu YBEAWHEHWN YACTOTHON
136MpaTenbHOCTM KaHarnos (NPpY yMeHbLLeHUN Aqp), K COXanenuio,
YBENMUUBAETCA U BENUYMHA KO3(hMUmMeHTa MoHocTn APO. Pa-
3YMHbIM KOMMNPOMMUCCOM MOXHO CHWTaTh BbIGOP BEANYMHBLI Ap 13
AvanazoHa 3Haqerun munyc 17,0...17,7 nb. [ina Toro, 4tobbt APD
no cxeme Ha puc. 3 COOTBETCTBOBAN MONY4EHHbIM pe3ynbraraM
ontumusauum ana A, = 17,4 pb, Heobxoaumo B OHY 1 OBY
UCNONb30BATb HOMMHAbI PE3UCTOPOB M KOHAEHCATOPOB, YKa3aH-
Hble Ha puc. 3 B ckobkax. A4X kaHanoB 3TOrO (BTOPOr0) BapmaH-
1a AP® n306paxeHsl Ha puc. 8, a AYX koaththmumerTa MoLLHOC-
TV — Ha puc. 6 (kpvean ¢ meTkon Variant2).

M3 paHHbIX, yKa3aHHbIX Ha puC. 8 CHOCKamu, cnegyer, 4To Ha
rpanmyax 4actoTHbIX avanasoHos [l curHansl ocnabnsares co-
OTBETCTBYIOLLMMM KaHanamu AP® He meree qem Ha 17,1 gb. 310
rapaHTupyer manyro HepasHomepHocTs A4X MIMAK no 3sykoBomy
nasnennio. CpasHeHne Kpuebix Kp Ha puc. 6 nossonser caenarb
cneayowmid BbIBOA: MOLYHOCTL noTpebneruna MIMAK, B koTopoM
ucnorb3yeTcs nepsbi BapuaHtT AP, B 1,4...1,9 pasza npesbilaer
MOLLHOCTL NoTpebnerun Toro e MINAK npu cnonb3oBaHuy B HEM
BTOPOro Bapuanta AP®. BaHO OTMETUTL TaKXE, YTO NPU UCNIONbL-
30BaHuM BTOPOro Bapuanta AP® k YM34Y CH kanana MIMNAK
NPeALABNAIOTCA CYLECTBEHHO MEHEe XeCcTkue TpeboBanua B Hac-
TV BEPXHEN rpanulbl AMHAMUHECKOTO AvanasoHa (MakcuMasibhble
BenuuMHbl KosthduumenTos nepepayv CH kaHanos nNepeoro v BTO-
poro BapuanToB APQ oTnuuatotes npubnuaurensHo Ha 4 ob).

BosHvkaeT BOMpoC: MOXHO MU YNyyLLUTL YacTOTHYH u3bupa-
TenbHocTb HY w1 BY kananos AP® nipu HEKOTOpOW (hrKcMpoBaH-
HOW BENWUUHE Makcumyma ko3dulumMeHTa MOLHOCTU U3 avana-

30Ha NPUEMNEMBIX 3Ha-

Ta6nnua 1 yeHwi (1,1...1,5) 3a cuer
An FP, Makcumym ncnonb3oBaHUA B CXEME
ab | Q K Y| Ha puc. 7 OHY v ©BY

—16,0 | 4980,78 | 0,100359 | 0,998 6onee BbICOKMX NOpAA-
=17,0 | 3041,84 | 0,135925 | 0,999 koB? K coxanexuo, pe-
-17,311717.39 | 0,264427 1,010 3yNbTarbl TECTMPOBAHNA
—17,4 | 1601,75 | 0,287682 1,025 LaloT  OTpUuaTeSbHbIN
—17,5 1523,22 | 0,306585 1,052 OTBET Ha 3TOT BOMPOC.
—17,7 [ 1415,21 | 0,338461 1,109 PSpice aHanua nokasan,
—18,0 | 1309,53 | 0,379439 1,192 4TO HE yNny4Luaer cuty-
—18,5 | 1196,77 | 0,440801 1,337 auMio 1 ncnonb3oBaxHne
-19,0 | 1119,95 | 0,499776 1,502 hynsTpa, NPEANOXEHHO-
—20,0 | 1013,57 | 0,621197 1,919 ro B [2]. Cospaercs Bne-

4yatneHue, 4YTo nony4e-
5 T

Sum (1.11kHz, -1.67d4B}

ol . "

{525Hz, -3.09dB) (2.46kHz, -3.08dB)

Mid

-10
(63Hz, -17.6dB)

(20kHz, -17 .5dB}

{3.15kHz, -17.1dB)

-20

(280Hz, -21.44dB)

T
1.0KHz 10KHz

Frequency

20Hz 100H=z

Puc. 8

(59.1Hz,-0.92dB) Sum (88, 7Hz, -2.62dB) (8.11kHz, -0, 25dB)

-10]

(63Hz, -17.7dB)

(20kHz, ~17.7dB)

-20 (3.15kHz, -17.7dB)

(280Bz, -20.94dB)

-25 t
20Hz 1.0KHz

Frequency

100H=z 10KHz

Puc. 10

HUE BbICOKOIN 4acTOTHOM uabuparenshHoctv APOD ¢ Hynesow Hepas-
HOMEPHOCTBI) AYX 1 OYX pesynbTupyrowlero curHana npu koag-
VUMEeHTEe MOLLHOCTH, HEe3HAYUTENbHO MPEBLILANLLEM eauHuLY,
HEBO3MOXHO B npuHUune. Ecnu 310 Tak (B 4eM aBTOp MOYTU yBE-
pEH), TO BO3HWKAET OpYyrov BOMPOC: HEMb3A M YNMPOCTUTL CXEMY
APO® 3a cuyer ucnonbaosarua B He OHY n OBY nepsoro nopsg-
ka? OntumuauposaHHasa cxema APQ® c ¢wnstpamMu nepsoro no-
papka usobpaxena Ha puc. 9, a Ha puc. 10 npusepeHbl ee A4X.
3aBUCMMOCTL KO3(PPULMEHTA MOLLHOCTM OT HacTOTbl 3TOW CXEMBbI
n3obpaxeHa Ha puc. 6 (kpveas ¢ meTkon Ris9).

HomuHan peauctopos R4—R7 mMoxeT BapbupoBareCca B ava-
nasoHe 3HaqeHun ot 4,7 uo 20 kKOM. BaxHO TONbKO, YTO6L! Napbl
peauctopoB R4, R7 u R5, R6 nmenu paz6poc cONpoTUBAEHUI He
npesbiLaowmin 1...2 %. OcTanbHble pe3nucTopbl U KOHAEHCaTo-
pbl C5, C6 AOMKHLI MMETB AOMYCK, HE npesbilLawui +5 %. MNu-
Taknne APQ ocyliecTBnnerca pasHonoNApHLIMU CTabuNUanpoBaH-
HbIMU HaMNPSXXEHUAMY, YPOBHU KOTOPLIX MOTYT HaxoauTbCa B
Avana3oHe 3Haderun +(5...15) B.

Metke Sum (cm. puc. 10) cootseTcTBYET rpadmk A4X pesynb-
TUpYIOLWero curkiana (BbixoaHoro curnana mopernu AC), nonyyen-
HOrO CYyMMMPOBAHUEM BbIXOAHbIX curHanos HY n BY kananos n
Bbl4UTAHUEM BbiIXogHoro curbana CY kanana AP® ([0 CY kaHa-
na aomkHa 6biTb BKIMOYEHa NPOTUBO(A3HO MO OTHOWEHUIO K TO-
noekam H4 1 BY kananos!).

CpaeHetnve AYX (cm. puc. 8 u 10) Broporo Bapuatnta APO o
cxemMe Ha puc. 3 u APO ¢ cunbtpamMu Nepeoro Nopsfka no cxeme
Ha puc. 9 NoKasbIBAET, HTO VX U3BMpaTenbHbIE CBOUCTBA NpakTH-
4eCckM OfiuHakoBbl. OfHAKO COBEPLUEHHO O4EBUAHO, HTO NpeanoY-
TeHve cnepyer otpatb APO ¢ chunbtpamy nepsoro nopsaka no-
CKOJbKY, BO-NEPBbIX, OH UMEET MEHbLLYIO BENM4MHY KO3thMLmeHTa
MOLLHOCTU BO BCEM pabO4eEM AManasoHe 4HacToT M, BO-BTOPLIX, B
HEM MCNONb3YETCA MEHBLLEE YUCNO KOMMOHEHTOB.

Ucnonbayeman Bbiwe mMoaent AC (CymmaTtop-BbluUTATENL CUr-
Ha/I0B C €AMHUYHLIMU Becamu) npeanionaraet, 4to B AC npymeHs-
10TCA UaeansHbie [, KOTOpblE UMEIOT HyNEBbIE HEPaBHOMEPHOCTU
AYX 1 6eckoHeuHble [Mana3oHbl BOCMPOU3BOAMMDBIX HACTOT. 3a
CYET TOro, 4T0 peancHble [[I UMEKT OrpaHMYeHHbIE AMana3oHbl
BOCMPOW3BOUMBIX HACTOT U KOHEYHbIE HepaBHOMepHocTU AYX B
npegenax 3tmx auanasoHoB, a TakXKe 3a CHET TOro, YTO Ha rpaHn-
Lax 4acToTHbIX Auanas3oHoB [l 3aTyxaHusa CUrHanoB B COOTBET-
CTBYIOLMX kaHanax APQ® MMEIOT KOHEYHbIE BENUYMHBL (Ha puc. 10
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Tabnuuya 2
TMapamerp dvmnbTpa 3HaueHue NnapaMeTpa
Kanan AC HY CH BY
HwxHss rpannuHasn
yacrora M, Ny 30 63 280
BepxHsist rpaHnuHasn
uacrota MM, My 3150 20000 20000
HepaBHomepHoCTE AYX B 3
nn, ab
KoadbdvuveHT nepenaumn 1
Ha YeHTpansHon Yacrore
KpytnaHa cnapa AHX BHe 12
Mrl, ob/okTaea
Tun mogenvpyemoi ' s50rOoH-194] 25rOul-120 [ 5row-250

BenWYMHbI 3TUX 3aTyXaHW yKasaHbl CHOCKamMu 1 NpubnuauTesibHo
paBHbl 17,7 OB), Hen36eXHO BO3HWKAIOT YACTOTHbIE WCKaXKEHWs
pesynbTUpyioLLiero cvrHana. MoneiraemMcs OUEeHUTL BENVHUHY 3TUX
vckaxxeHun. Ha puc. 10 kpvsas ¢ meTkon Sound — 370 pe3ynbTv-
pytowan AYX rnocnepoBarentHo BKIOHEHHbIX AP® (puc. 9) u yc-
noxHeHHow mogenv AC (pvc. 11), B KOTOPOW HacTOTHLIE CBOWCTBA
(nepepartoqHbie dyHKumv) TH MogenupyloTca nonocoBbiMY unb-
Tpamu BatTtepBopTa HeTBepToro nopapka (Md4). MapameTpbl 3TMX
hunsTpoB yKkasaHbl B Tabn. 2 (MM — nonoca nponyckaHva).

Kaxgbin d4 obpasoBaH Kackagvposanuem Ob LP2 (OHY
BTOpOro nopsigka) u HP2 (®BY BTOpOro nopsgka), pacyeTHbie
napameTpbl KOTOPLIX 3apatotes atpubytamuv FP, Q, H.

BaxxHo noHumMaTh, HTO napameTpbl peanbHon AC 3aBUCAT OT MHO-
rvx hakTopos: ofbemMa VM KOH(Urypauum Kopnyca akyCTUHecKoro
ochopMneHVs, CTENEHN SNEKTPUHECKOTO W MEXAHUHECKOTO JemMndv-
poBaHuA NogBwXXHOM cuctembl T, anekTpudeckux napametpos I,
aKyCTU4eCKVX CBOWCTB mnomellenus v T. 0. Mopenb AC (puc. 11)
SBNAETCA KpavHe YMpOLLEHHOW, HO MO3BOJSET MOKa3aTb Xapakrep u
rpy60o OUEHWUTb BENMHUHY HACTOTHBIX U (ha30Bbix uckaxeHwn MIMNAK
no 3BYKOBOMY OaBrieHVIO, @ TaKXe MokasaTb XapakTep WCKaXeHWN
pe3ynBTVPYIOLLIEro CUrHaia Bo BpeMeHHoW obnactu. HepasHomep-
HocTk AYX BbixogHoro curHana mogenv AC no puc. 11 B gyanasoHe
yactor 32...19000 Ty paeHa 2,4 gb (cM. Ha puvc. 10 KpUBYIO C MET-
ko Sound). AHanua nokasan, 4To HepaBHOMEpPHOCTL DYX BLIXOO-
Horo curHana mopenv AC B gvanasoHax yactor 300...3000 [u,
200...3500 Iy v 100...6300 [y paBHbLI COOTBETCTBEHHO 1°, 8° U

A1l A4
¢ Bbixoaa HY kanana APQ, - - )

FP=3120.4408 FP=30.284183Hz
Q=0 71407 Q=0.71407
H=1 H=0 9997
A7
A2 A5
—AK1
¢ Bbixoaa CY kaHana APQ, P2 HP2 K2 z Sound
K3
FP=19937 3 FP=63 198125
Q=0709359 Q=0.709359 K=t
H=1 H=1 K 3
A3 A6
¢ Boixoaa BY kanana APQ - -

FP=19726.127 FP=283.88745
Q=0.717506 Q=0717506
H=1 H=0.9994

Puc. 11

38°. Ha puc. 12 uso6paxeHbl BpEMEHHBIE OVarpaMMbl BLIXOOHBLIX
cvrHanos mogeny AC B Buge cyMmatopa—BbluuTaTens (Kpveas C
meTkor Sum) n mogeny AC no cxeme Ha puc. 11 (kpvBas ¢ METKOM
Sound), nony4eHHble Npy noaade Ha exog APO (pwvic. 9) nocnepnosa-
TENBHOCTY MPAMOYIOSIbHBIX MMMNYJILCOB € MapameTpamu:
e pasmax HanpsxeHus — 2 B;
e repuvog cnefoBaHvsa UMNynLCoB — 1 Mc;
e ANVTENBHOCTL HAPACTaHVs U cnaaa VMMynbCcoB — 5 MKC;
e CKB2XXHOCTb VUMMyNbCcoB — 2.

B 3aknioveHuve cnemyeT ckasarb, HTO 3ajaqa paspabotku APO
C Hyneeow HepaBHomepHOCTEIO AYX, nuHenHon OYX, BEICOKOW
4aCTOTHOW V36MPATENBHOCTHIO KAHANoB W BENWHUHOW Koathdu-
UWEeHTa MOLLHOCTY, HE3HAYUTENbHO MPEeBbILIALLEN eouHudy, B
HacTosiLLee Bpems MONHOCTLIO He pelleHa. OgHako, HeCMoTPs Ha
3TO, U3BECTHbIE TEXHWYECKWe pelleHns APQ® C HyneBow Hepas-
HOMepHOCTEIO AYX 1 nuHerHon QUX, sBRAoWMECH pa3yMHbIM
(onTYManbHBIM) KOMNIPOMWCCOM MeXIy TpeboBaHUAMY NONyYeHUn
Heo6X0OUMOWN HacTOTHOW M36MPaTENBHOCTM KaHanos M Manow
BESIMHUHBI KO3(hhrumeHTa MOLLUHOCTH, 06ecrnedvBaloT KayecTBeH-
Hble nokasateny MMNAK, HegoCcTwkvMble Mpy UCNONb30BaHWY Of1-
HokaHanbHoro YM3Y v naccvBHbIX pasgenvrenbHbiX hunsTpos.

Cepren Jloavykwn,
radioavt@online.debryansk.ru

125040, Mockea, a/a 36.
Ten./dakc: (095) 9636625,
E-mail-1: alex@dart.ru
E-mail-2: sales@dart.ru
Homepage: http://www.dart.ru

ONTOBLIE NOCTABKW YMMNOPTHBIX BNEKTPOHHBLIX KOMMNOHEHTOB OT CepTUGULMPOBaHHBIX NPOU3BOAMTENEN CO
cknaaa v nop, 3axka3. Komnnexkrauus npeanpuUatuii KOMNOHEHTaMK ANs BEIBOAHOMC ¥ NOBEPXHOCTHOrO
MOHTaxa. OnToBbiid otaen: E-mail: alex@dart.ru. Ten/daxc: (095) 9636625. Po3HnuHas paccbinka no
Poccun YacTHbIM nvuam. Poznmua: 125040, Mockea, a/a 36 E-mail: sales@dart.ru
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MNCTOYHUKMA NUTAOHUA

B www.dian.ru

AxTuBHaA koppekuma koadduummeHTa MOLWHOCTHU
B MMNYNbCHbIX MCTOYHMKAX NMUTaAHUA

B nocnegHue rogbl yXecTro4aloTcsi TPeGoBaHUsA Mo COBMECTUMOCTN MMIYALCHbIX UCTOYHUKOB NnuTa-
HUS1 C 3/IEKTPNHYECKONM CEThIO M PE3KO OrpaHuyYnBaeTCsl YPOBEHb BbICLUMX rapMOHUK NoTpebrisiemMoro
U3 ceTn ToKa Ans BCEX OAHOGha3HbIXx noTpeburtenes. [10 NPOrHo3am cneymnannucTos B 6nvxaniuee ge-
caTuneTne 6onee NosIOBUHLI BCEX Harpy30K 8 OAHOMAa3HbIX CETAX nepeMeHHOro Toka 6yayT cocras-
AISITb UMEHHO TaKune UCTOYHUKM, NMO3TOMY YXKEe Cenyac COBPpeMeHHble eBporneicKkne cTaHaapTbl Tpeby-
10T ynysLeHns (hopmMbl NOTPEGNSeMOro ToKa npu MOWHOCTAX, HayuHas ¢ 200 BT. lNpo6rneme yMmeHb-
LUeHMST YPOBHS rapMOHUK B NOTPeGAsieMOM uMITYIIbCHbIMU UCTOYHUKaMKU NMTUTaHUs1 TOKe M NOCBAWeHa

3148 CT1arths.

€pBUYHAN 3NEeKTPUYEecKan Cetb NepeMeHoro Toka aocTa-
TOYHO YYBCTBWUTEfbHA K XapakTepy Harpysku, noaknoqa-
emMoi K Hei. ONTUManbHOW Harpyakoi ans ceTu sBnaeTcs
6e3peakTMBHOE NMHEWHOE CONpOTUBAE-
Hue — Ry, (puc. 1). B aTom cnyuae npw li((n)
CHHycovaanbHou (opMe nurtarllero
HanpsxeHuns u(ot) = U -sin(ot) ToK, e I
npoTekalolwui B Takow Lenu, 6yaeTt Tak-
e OMMUCLIBATLCH CMHYCOMAANBHOMN (DYH-
Kuuei Puc. 1

i(ot)= UF’“ -sin(ot)=1,, -sin(wt) .

Mpy 3TOM MrHOBEHHAS MOLLHOCTb, NOTpeBnseMan u3 cetu:

p(ot)=u(wt)-i(wt)=U, I, -sin®(ot).

Yuutsieas, 4to U, = V2 Uil = V2 1, roe | v U — peiictayto-
WMe 3Ha4eHMs TOKa M HanpsieHua B CeTn, a
sin” (wt) = (1-cos20t)/ 2, nonyuum

p(ot)=U-1-U-1-cos(2ct).

TakuM 06pasoM, MOLLHOCTb, MoTpebnaeman U3 CeTu 1 Bbiaens-
eMas B Harpyake, NynbCHUpPYeT € YOBOEHHOW HacToTomn (puc. 2).

7\ 2NV

p(at)

Puc. 2

CpenHan MOWHOCTbL P, koTopas onpepenseT sHepruio, Heobpa-
TUMO NpeoBpasyeMyto B Harpyake B TEMNOBYIO (MNU B Kakyo-nmbo
WHy0 (POpMy) B eAnHULY BpeMeHU:

1 2n . 1 2n
P !u(wt)l(wt)dwt o g[w Ulcos (2ot)Jdot = U-1 .
Ha npakTvke Harpy3ka Haubonee 4acTto HOCUT aKTUBHO-MHAYK-
TUBHBIN xapakTep (puc. 3).
Torpa

i(t)=U—Z'“-sin(wt—(p)=Im -sin(ot—@),

rpe Z= JRZ+ X2, p=arctg );L .
MrHoBeHHasa MOLLHOCTL, NoTpebnaemasn B 3TOM CriyHae U3 ceTu:
p(ot)=u(wt)-i(et)=U,  sin(at)1_ -sin(ot-e)=
(VRN
= " [cos@~cos(2ut-¢)|=

=U-lcosg-U-I-cos(2mt-¢),

TaKke UMEeET NyNbCUPYIOLLMIA BUA, HO oHa 3HakonepemerHa (puc. 4).

6

MonoXuTenbHble YyHacTKWU KPUBOW p
Ule) i(ax)
33BUCMMOCTM MOLUHOCTU OT BPEMEHU
XapakTepuayloT nepeaaydy 3Heprun na R

CeTn B Harpy3Kky, a oTpuuaTensHble —
BO3BPAT 4acTW 3HEPTUKM, HaKOMNEHHON
B MarHWTHOM Mone WMHAYKTMBHOCTW, B L
cetb. [NepBan cocTasnAOLWan B npeny-
Obllleit hopMyne nopopXaaeT akTue-
HyK MOLHOCTb P, BTOpan — peaxktms-
Hyto Q.

CpenHss MOLJHOCTb, Bbifenseman B
Harpyske (aKTMBHas MOLLHOCTb):

Puc. 3

1 2r
P=E;£[U-I-cosm—U-I-cos(th—(p)]dwt=.

=U-l-cos(9)

PeakTrBHas MolHOCTbL Q 6ecnone3Ho nepeka4mBaeTcs m3 CeTu
B HAarpy3Ky v obpartHo, Bbi3blBan MOTEPU B CETEBbIX MPOBOAAX U
He NpousBoAsa MONe3Hon paboTol.

MpouseeneHme Ul = S Ha3bIBAETCA NOAHOU MOLLIHOCTBIO, 8 COS( —
KO3(MULMEHTOM MOLLHOCTY Harpyaku, KOTOpbIA yuMTbIBaeT haso-
BbIi COBUM TOKA OTHOCUTENBHO HanpsxeHus. MonHas MoLLHoCTs S,
C Of1HOW CTOPOHbI, XapaKTEPU3YeT MakCMManbHYH0 MOLLIHOCTb, KOTO-
pylo ceTb Morna 6bl OTRABATE HArpyake npm cose = 1, a ¢ apyron —
FBAAETCA NAaCMoOpPTHOM BEAWHMHON [ANA 3NEKTPUHECKUX MatuuH, an-
napartos 1 T. 4. MowWHOCTK CBA3aHbI APYr C Apyrom:

S=Ul=P*+Q°.

Heo6xoavmo npeaynpenuTs 0 pacnpocTpaHeHHo! oLmnbke, Ko-
TOPYIO HACTO AOMYCKAKT AaXe OMbITHble CXEMOTEXHWKKW. V3BecT-
HO, 4TO TUMNOBbLIE 3NEKTPUHECKUE PORETKU PACCHUTAHBI HA Makcu-
ManbHbI TOK, paBHblii 6 A. Tlpy koadduruneHTe MOLIHOCTH,
paBHOM eauHULE, NepefaBaemasn Hepes Hee MakcvmanbHas ak-
TUBHaA MOLLHOCTb MpW HanpsbxeHun B cetn 220 B 6yner paBHa
1320 BT. MonbiTKa NOOKNKOUMTL HAIPY3KY C TAKOW Xe MOLLIHOC-
TbH, HO C KO3(MMULMEHTOM MOLLHOCTU, OTAUYHBIM OT €AWHULibI,
NpyBOAMT K YBENWHEHUIO MOTPe6NAeMoro Toka cebilue 6 A, HTO
HenonyCcTUMO.

B peanbHoW 3NeKTpMUECKON CeTU BCEeraa UMEeKTen notepu —
Pror Mpy 3TOM MOLLHOCTb NOTEPb B HEil ONPeAensieTcs He ToRb-
KO MONE3HOI aKTMBHOW MOLLUHOCTBIO, NepeaasaeMolt B HarpyaKy,
HO 1 6ecnone3Ho peakTUBHON MOLWHOCTBIO:

P2 02
Pror = PR, =R, W+Rn o
u(os)
it
p(ut)
+ + + o
Puc. 4
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OueBUAHO, YTO YBENUYEHVe MHOYKTUBHOMN YaCcTU HarpysKku npu-
BOAMT K yBenuyeHuo (ha3oBOro COBUra TOKa OTHOCUTENBHO Ha-
NPsKEHUs 1, CNefoBaTenbHO, K YMEHbLUEHWO COS¢, YTO, B CBOO
oyepenb, BeHeT K YBENMHEHWIO PEAKTUBHOW MOLLHOCTW 1 noTepb
B 3NEKTPUHECKUX CETHX.

Cutyauvs eule 6onee yxypLLaeTcs, ecnm NopkmnioyaeMas K cetm
Harpy3ska siBIsSieTCsi He TOrNbkO PEaKTUBHOM, HO U HENIMHEHON, TaK
Kak OHa BHOCUT cepbe3Hble UCKaeHus B thopMy notpebnsemoro
Toka. B 3TOM crnyuae ero MOXHO NMpefcTaBUTb CYMMOW MepBov
rapMOHVKM 1 FapMOHUK BbICLLEro nopsipka:

i(ot)=i, + 22 iy
Torga MrHOBEHHasi MOLLHOCTb, noTpebnsemas 13 cetu
p(mt) =u(wt)-: i(mt) = u(mt)-i(‘) + Zu(mt)-i(n),
n=2

a CpepHss MOLUHOCTb B Harpyake
1 2n
P=— ot)dot =
5y 1 P(XH

1 2n 3 i 2r .
= on £ u(wt)i,dot +r§2—n£ u(wt)i, dot.

WN3BeCcTHO, HTO ANA rapMOHUK C n>2
" Tu
— Ju(wt)i, dot=0,
2, n)
1 NO3TOMY aKTUBHAS MOLLHOCTb, BbIAENsemMas B Harpyske

P=Ul, cos(g,),
roe ¢, — yron casura Nepeoi rapMOHWKKM TOKA OTHOGUTESbHO
HanpsHKeHs.

TakuMm 06pa3oM, akTUBHYIO MOLLHOCTb B Harpy3ky nepepaer
TONLKO MepBas rapMoHUKa ToKa, notpebnsemoro na cetn. OTHO-
LLEHME aKTMBHOW W MONHON MOLLHOCTEW XapakTepuayeT Ko3hgu-
UMEHT MOLLHOCTM Harpy3ku

AP Ul cos(e,) _ Iﬂcos(qn‘).
S ul |

W3 3Toro BblpaXeHusi cnegpyer, H4To KO3(MUUMEHT MOLLHOCTH
3aBUCUT He TOMbKO OT yrna cpBura nepBov rapMOHUKKU TOKa ¢y,
HO U OT OTHOLUEHUSA Imll, KOTOpOEe onpepensieT cTeneHb UCKaxe-
HUSI NOTPE6NSEMOro TOKa BbICLUMMW FapMOHUKaMK, T. €. OT ¢op-
Mbl TOKa.

Ha puc. 5 nokasaHbl NpuMepbl BO3MOXHbIX (hopM TOKa, noTpet-
NAEMOro HeKOTOPbIMU Harpy3kamy {B HacTHOCTU, BTOPUHHBIMU
VUMOYNbCHBIMY MCTOHHUKAMMU 3NEKTPONWUTaHWA) M3 CeTU U COOT-
BETCTBYIOLLME UM KOIDPMDUUMEHTBI MOLLHOCTU.

Hu3knit Ko3hOUUMEHT MOLLHOCTM MOPOXAaeT eile pag cepb-
e3HbIX NpobreM B ceTsx anekTponutaHus. Mpy GonbLIoM Konu-
YeCTBe 3MeKTPOHHOW annaparypel Y HepauuoHaribHOM ee NOQKNK-
YeHUW K TpexdhasHOW NWTAOWEN CeTU BO3MOXEH nepekoc ¢has.
MpW 3TOM HacTb 3NEKTPOHHOW annaparypel 6yner patoraTtb npu

CunycouaanbHas,
k03¢ duuueHT MomHocTy 1.0

TpaneuuyaaneHas,
ko3¢buupent MouiHoctu 0,96

MOBLILLEHHOM HaMpsbkeHun, a gpyras — npu noHmwkeHHoM. U B
TOM, 1 ApyroM criydae annaparypa 6ypert nnoxo patotate 1 faxe
MOXET BbITV U3 cTpos. [ns ycTpaHeHus nepexoca a3 B Tpex-
(hasHyto CeTb BBOOWTCH «HYNEBOW» NPOBOf, KOTOPbIA BbIPaBHU-
BaeT HanpsbkeHve Bo Bcex hasax. [pyu nMmnyrneCHOM xapakrepe
noTpe6nseMoro Toka 1, cnepoBaTenbHO, 60MbLLIOM YKcTe ero rap-
MOHMWHECKMX COCTaBNSItOLLUX BO3MOXHA Meperpyska «HyneBo-
ro» npoBoga. ATO CBSI3aHO C TeM, HTO Ce4eHue 3TOro MpoBoAa
06bIMHO B 2...2,5 pa3a MeHblUe, 4eM y (hasHbix nposofos. [pun
3TOM MO TeXHUKe 6e30MacHOCTU 3anpeLLaeTca 3alniarb «Hyne-
BOI» MPOBOA MNIABKMMU MPefoXpaHuTensmMu vunyu aBToMaramu
3awuTtbl cetv. O4eBUOHO, HTO MNPV HEBNAronpUATHBIX YCNOBUSX
BO3MOXHO MeperopaHve Hynesoro npoBofa W BO3HUKHOBEHWE
nepekoca ¢as.

VIMNynbCHBIE UCTOHHUKN 3NEeKTPONUTaHUss COCTOAT U3 BXOLHO-
ro MOCTOBOMO BbINPAMUTENSI C €MKOCTHbIM (OUNBTPOM U BbICOKO-
yacToTHOrO NpeoBpasoBarens HanpsbkeHus. Obnanas BbICOKUMA
3HaveHuaMu KM, xopolwvMu MaccorabaputHbIMK nokasartens-
MU, TakMe UCTOMHUKY, K COXaNEHWIo, UMEIOT HU3KUA Ko3dg -
eHT mowHoc — 0,5...0,7 [1].

[nsa yBenuueHns ko3apuumeHTa MOLLIHOCTU NMpy MUHUMATBHBIX
notepax KM vcnonb3ytoTcs NaccuBHas U aKTUBHAs KOppeKuys
hopMbI TOKA, NoTpebnsemoro n3 cetu. MNaccvBHbIE Lenn Koppek-
UMW COCTOSIT M3 WHAYKTMBHOCTU U eMkocTW. OfHaKo Mpu KOHCT-
PYKTVMBHOW NpOCTOTE U Haf@XHOCTWN OHW VIMEOT OTHOCUTENbHO
6onbLuve rabapuTbl, a TaKXe OYeHb YyBCTBUTENbHBI K U3MEHEHU-
$IM 4aCTOTbl MNUTAIOLLEr0 HaMpPsKEHUs U BENUHMHBI TOKA Harpys-
k1. KpoMe TOro, peakoe UamMeHeHue pexuMoB paGoTbl UCTONHU-
Ka WMNYNbCHOrO NUTaHWS MOXET MPVBECTU K CMNOXHbIM 1Y
HexenarenbHbiM NepexofHbIM MpoueccaMm B HeMm.

Bonee MmepcnekTUBHBIM SIBNAETCA UCMONb30BAHWE aKTUBHbLIX
KoppekTopoB MotyHocT (KM), KoTopbie hopMupytOT Ha BxOfe
UMMYSbCHOrO UCTOMHMKA MUTAHWA CUHYcOWpanbHbIn notpednsie-
MbIiA TOK, coBrnagatoiluum no pase n 4actorTe ¢ NUTaLWMM Hanps-
»eHvem. Takne KM umeroT HeGonbluve rabapuTel 3a cHeT pabo-
Thl C YACTOTaMM Npeobpa’oBaHUs B HECKOMbKO AECATKOB Kunorep
1 obecneymBaioT Ko3mumeHT MowHocTu 0,95...0,98. Cdropmu-
poBaTb Ha BXOZE MOCTOBOrO BbIMPSMUTENA UMMYNbCHOMO UCTO4-
HUKa NUTaHUS CUMHYCOMOANbHBLIA TOK MOXHO C MOMOLLBIO OfHOM
13 cxeM npeoGpazoBareneit NOCTOSHHOrO HanpskeHWst mpyu uc-
NonNb3oBaHUK MPUHLUMNA CRefsiueil BbICOKOHACTOTHOW LUMPOTHO-
MMMyNbCHOW Mopynsuvu. MNpu 3TOM Haile BCero NpUMEHsItoTCS no-
BblLLaLLMe npeoBpazosartenu (puc. 6).

CuHycoupancHas (popMa Toka, noTpebnsemoro u3 cetu, B Ta-
KOM npeoBpa3oBaTtene MOXeT BOCTUraTbCa [BYMS criocobamu.

$ Cox|_

b

~2208

Puc. 6

Mpy NepeoM B MHOYKTUBHOCTU (hOpMUpYeTCs nut-
noo6pasHblit ToK {pyc. 7, &), a BKNHeHue TpaH-
31CTOpa NPOUCXORMT MpY HYNEBOM TOke (puc. 7, 6).
[IOCTOMHCTBOM TakOro pexuma sBnalTca MUHU-
ManbHble noTepu B Kntode. K HepgocTatkam Mox-
HO OTHEeCTU Heo6XOBMMOCTL NPUMEHEHUS BbICOKO-
4acTOTHOrO (hUNbLTPa, BLICOKOE COOTHOLLEHWE

\_/Lmt
[IpsiMmoyronbHasi, HNMnynbcHas,
k03¢ ¢uureHT MompuocTH 0,9 ko3¢ dunuent Mommoctu 0,6...0,7
i _ i
wt

MaxkCcUManbHbIX U CPeAHUX 3Ha4YeHUIA TOKa KNko4a,
WHOYKTMBHOCTU U puofa. B TexHnyeckon nurepa-
Type Takoh pexvm paboTbl MHOYKTUBHOCTW Ha3bl-
BaeTcs rpaHuyHbIiM. Ero uenecoobpasHo ucnonb-
30BaThb Npu MotyHocTax Ao 300 Br.

Mpw BTOpOM crioco6e UCMONL3YETCH PEXUM He-
NpepbIBHBIX TOKOB MHBYKTUBHOCTY, AS1A KOTOPOro
XapakTepHO (hOPMUPOBAHME MNAAKOW KPUBOW MO-
Tpe6nsaemoro Toka (puc. 7, B), HTO obecrieuvBaeTt

ot HU3KOoe cogepXaHwe B HeM BbICLUNX TFapMOHUK.

Puc. 5

Ecnu B KM npyt rpaHu4HOM pexmme TOKa TpaH3une-
Top BecTynaeT B paboTy Npu HyNeBOM 3Ha4eHUN TOKa
VHAOYKTUBHOCTM, TO B HENPEPLIBHOM peXxume — Npu
JOCTVDKEHUW 334aHHOr0 3Ha4eHUsi ToKa Yepes Hee.
Brnakasi K NPsMOYronbHON hopMa TOKOB 3NeMeH-
ToB (puc. 7, r) o6ecrneymBaeT MeHbLUVe CTaTU4ec-
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Kve MOTEPY B HUX, YEM NpK MUNooGpasHon (opMe, ecnu TOMNbKO
MOLLHOCTV B Harpyake Mpu 3TWX pexumax pasHbt [2]. Ho Tak kak
[VOL B 3TOM Crly4ae MpefcTaBnsier coboi eMKOCTHYI0 Harpysky
LS KMosa, 3T0 NPWBOOUT K NOSBNEHNIO GONBLLIONO 3Ha4eHNUs MIHO-
BEHHOW MOLLHOCTW, BbILENSEMOM Ha TPaH3uCTOpe Mpy ero BKIOo-
UEHUW, 1 CHYKEHVIO HAZIEXHOGTY paboTel nocnearero. bonee nop-
po6Ho patota KM B Takmx pexumax ormcaqa B [3, 4].

B nocnepHee Bpems BeoyMMK (oypMamMu BbiNyLIEHO 6ornbLiioe
UNCNO MHTErparnbHbIX MuKpocxem ang CY KM. 310 ¢BsisaHo ¢ Ha-
NINYMEM [OMONHUTENBHBIX (YHKLUMIM, KOTOPbIE OHW cnoco6Hbl Bbl-
MONHSATb, XOTA NpuHUMN nocTpoerus KM Ha 3aTux MrKpOocxemax
MpaKkTUHECKU OOMHAKOB. K HUM OTHOCSTCS pasnvHble 3allinTsl —
OT NepeHanpsKeHust Npy NepexofHbIX NPoLEeccax; NOBTOPHLIX 3a-

Tv. DHepruv koHpercaTopa C5 pOMXHO XBaTaTb HA HECKONBKO
nepvogos paboTsl KM.

CuvnoBoy KoY OTKPLIBAETCS CMPHANOM, MOCTynarowym ¢ Bbl-
Bopa 7. Yepes vHOyKTMBHOCTE OOMOTKM | TpaHcdopmaropa T1
HauWHaeT MpOTeKaTb TOK, U B HEW HaKannMBaeTCs SHeprus. Pe-
aucTop R9 BLICTYMaeT B pONK Aarymka ToKa Ktova, HanpsixeHne
KoToporo 1epes peavctop R4 noctynaeT Ha BbIBOA 4 MUKpPOCXE-
Mbl. 3TO HanpsKeHve CPaBHUBAETCS C HAMPXXEHUEM YMHOXUTE-
NIl HA KOMMApaTope MaKkCUMMANLHOrO TOKa, KOTOpbIV onpepensier
MOMEHT BbIKNIOHeHust TpaHavcTopa VT1.

MNpu BLIKMIOYEHUM 3TOTO TPAH3MCTOPA 3HEprysi, HaKoMnneHHas B
obmoTke |, NepepaeTtcs B Harpy3ky. [pu 3TOM OT [ONONHUTENb-
Hoit 06MoTKw Il yepes BonpsimnstoLmia avof VD6 HacTe sHepru

MyCKOB; MOBPEXAEHWS NPy 3anyckax Ha KOpOoTKo3am-
KHYTYIO Harpy3Ky; CrysaiHbiX BHIGPOCOB BXOAHOMO Ha-
NPSPKEHUS,, @ TaKxe YnyuileHue FapMOHM4ECKOro
cocTaea Npy nepexode H4epes Hynb CeTeBoro Hanpsi-
XEHUS 1 GNOKMPOBKA OT MOHWXEHHOTO HAMPSKEHNs
nUTaHns.

PaccmoTpum paboTy KM Ha npumepe ycTporcTea
(pvc. 8), B KOTOPOM CUCTEMA YMNpaBreHns peanuso-
BaHa Ha CNEUVanuavpoBaHHON WHTErpanbHOW MUKPO-
cxeme MC34262 [3]. HanpskeHue, Ha OCHOBE KOTO-
poro hopMMpYyeTCs TOK cvHycomaanbHoOn (OPMB,
o6ecneunBaeTCs peancTmBHLIM genvutenem R7R3. Pe-
KOMEH[yeMas BENUuMHa KOHAeHcarTopa (uneTpa cé
He npesbiaeT coteH HO...eaunnl Mx® Npy MOLYHO-
ctax B Harpyske 100...200 Br. [ononuuteneHas
unbTpaumusa BbICOKOHACTOTHBIX NMOMEX Ha BbIBOAE 3
OCYLLECTBNSETCS KoHAeHcaTopom C2.

Mpv BknioueHn KM B ceTb B NEPBLII MOMEHT M-
TaHWe MUKPOCXEMbI OCYLECTBIAETCH Hepe3 pe3uc-
Top R8, 1 HanpsbkeHve Ha BbIXOAE 7 PaBHO HYIIHO.
Kak TONbKo HanpsbxeHve Ha konpexcatope C5 poc-
Turaet ypoehsi 10 B. koMnaparop HW3KOrO Hanps-
xetusi Uy, paspeLuaet paboty MUKpOCXEMbI. Ecnn B
npouecce paboTel HANPS)KEHWE Ha BbIBOAE 8 yna-
pet wwxe 7,5 B, xomnaparop 3anpetjaet pa6oTty
MWKPOCXEMbI, YCTaHaBNWBAs HyNeBoe HanpsxeHne
Ha BbiBOfE 7. Takum 06pa3oM OCYyLLECTBNAETCH 3a-
WWUTa OT NOHWXEHHOTO HANPSKEHMS, NpU OTCYTCTBUN
KOTOpOW pocno 6kl cpeaHee 3Ha4eHne BXOAHOro Toka
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VOeT Ha NoasapsaKy KoHpeHcatTopa C5, obecneuuvBas nu-

a) TaHWE MUKPOCXEMbl. KpOMe TOro, MO BENUHMHE Hanpshke-

Hun o6MoTKM Il komnapaTop Hyneeoro Toka onpepenser
MOMEHT BKMIOYEHMS CUIOBOrO TPaH3UCTopa, Tak Kak Hyne-
BOMY 3HAYEHMIO TOKA COOCTBETCTBYET M3MEHEHNE NOMNSPHO-
CTV HanpsXXeHust Ha OBMOTKe.

ot Ha Boixope KM 06si3atenbHo MpucyTCTBYET (OUNETPYHO-
wui xonpeHcatop C4, Tak Kak 3Heprvs B Harpysky nepe-
paeTcs umnynscamy. [ns HOpManbHOM paboTbl NOBbILLAID-

6) wero npeocbpasoBarens BbIXOAHOE HANPSKeHNe KM pomxkHo

MpeBhILLaTh MakCUMaNbHOE 3HA4eHWEe CEeTeBOrO Hanpske-
HUSI C Y4ETOM HECTabumnbHOCTU MOCNEAHEro. Ons anexTpu-
yeckol cetv 220 B BbixopHoe HanpsbkeHve KM ponxHo
o 6biTb He MeHee 360...400 B. EmxocTb konpeHcatopa C4

ol paccunTbIBAETCS, VCXOAS U3 3aaaHHbIX nynscaumi BbIXOO-

7] yBerIVI‘-MBaJ'IVICb noTepu B Kni4ye un NHOYKTUBHOC- Puc 8
IL
OnopHOE HarpMHKEHHE
Tok kmoya
—i Ty
ty tn

TOKH HAYKTHBHOCTH

Horo HanpspkeHvsi. OpUEHTMPOBOYHO ee BennyimHa BbiOUpa-
eTcs u3 pacyeta 1,5...2 MK®D Ha KaXpabl BaTT MOLLHOCTY B
Harpyske.

CurHan o6paTHOW CBSi3M MO BBIXOQHOMY HAMPSKEHMIO
cHumaeTcst ¢ peancTusHoro aenvtens R1R2 u nopaetcs Ha
goieop 1. [nsi yMEHbLUEHWS BNNSIHWS WMMYNBCHBLIX NOMEX,

OnopHoe HanpskeHue

Tok Kmoya

ol BO3HUKAOLWMX B BbIXOOHOM Lenu, mexay Boiogamn 1 v 2
BKMIOHEH MHTErpupytolmin konpercatop C1, BennumHa em-
KOCTW KOTOpOFO COCTaBnseT coTHn H® (pekomeHayeTcs

r) paspaborunkamu). [Ins yMeHbLUEHWUS BEPOSITHOCTH BO36YX-

[eHust YCTPOMCTBA MEXAy BbIBOOOM 7 1 3aTBOPOM TpaH3u-
cTopa 4acTo cTaBsaT HWU3KOOMHbI PE3UCTOP COMPOTUBNEHN-
em 30...50 Om.

PaccmoTpUM OpPVEHTUPOBOHHYHO METOLWKY pacueTa nh-
pyKTuBHOCTU L 06MOTKM | 1 MakcuMarnbHbIX 3HaYeHun To-

Puc. 7

P> KOB M HanpPsHKeHUiA, HEOGXOIUMBIX ANA BbIGOPa 3MEMEeHTOB
KM, paboTaiollero B rpaHM{HOM PEXVME TOKOB MHAYKTUB-
HocTy. VexopHbiMY faHHBIMW SBASIOTCS MOLLHOCTL Harpy3-
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kv P, Hanpsixenve opHodasHon cet U, Koadh(mumeHT MOLHO-
cm A v kKoadbduumeHT none3Horo pewncTeus 1. [Mpumem:
P, =220Bt, U =220 B, A = 0,95 # n = 0,95. Kpome aToro 3apa-
LOVMCs1 BEMUUMHOW BbIXOOHOTO HanpsbkeHvs KM Uy, = 400 B.

1. SdbbekTUBHOE 3HAYUEHWE BXOOHOIO TOKA | HAXoouTCsl U3 Bbl-
paxeHusl, CBA3LIBAIOLLErO KO3MMUMEHT MOLHOCTH 1. KO3dhdu-
LUMEHT NONE3HOro OEVCTBUS 1), @ Takxe napaMeTpbl aneKTpuyec-
ko# cet U, | v Harpysku P

PP 220 4u7a
Uxr n-UA 095 220-0,95 ’
a ero MakcumanwHoe 3HauveHvel, = \/5 -l =164 A.

2. MakcymanbHble 3HaqeH1s1 ToKa NHOYKTUBHOCTY |y, #1 KNkoYa
Iy PABHBI APYT APYrY u, cnepoBatensHo, by = hyy =2hy =3.28 A
(pvc. 7, a, 6).

3. MowHocTL, Nnepepasaemas B Harpysky, 3aBUCUT HE TOMb-
KO OT BXOOHOIrO TOKa, HO 1 OT MHOYKTUBHOCTU 1 4acCTOThl, HA
koTopon paboraer KM. MameHeHne vacTotel B KM 3aBucut ot
MIFHOBEHHOIO 3HAYEHUSI BXOAHOIO HAMPSXKEHUA Y OT Harpy3ku.
3ajanvMmcst ONMTENbHOCTBID MHTEPBANA OTKPBLITOrO COCTOSIHUSA
Knoua t,, = 20 MKC #3 Tex cOOBpaXkeHut, HTO OHa AOMKHA BbITb
Ha oavH-fBa nopsiaka 6onbLue TUMNOBOrO BPEMEHWU Nepeknioye-
HUSI TPaH3uCcTopa NPV MakCUMaribHOM 3HAYeHUW BXOQHOMO Ha-
npsbxeHus. HacTtota npeobpasosanus KM ons 3apaHHoro 3Ha-
ueHusi t, 6yneT uameHsiTbCsl B Avanasone 28...40 kly 3a cuet
V3MEHEHUS] CKBAXHOCTX NPY HEU3MEHHON OANUTENbLHOCTU VM-
nynscoB t,,.

Torpa 3HaueHue MHOYKTMBHOCTY OB6MOTKM | cocTaBuT

L:%-tvI =38MMH_
M
4. MakcymansHoe HanpskeHue, NpvknagbiBaeMoe K TpaH3wuc-
TOpy, onpefensetca Hanpsxenvem U,,. [Moatomy ¢ yuetom koad-
duumeHTa 3anaca TPaH3UCTOP OOSKEH BblTb paccHuTaH Ha fony-
cTUMOe HanpsbkeHve He meree 500 B. YuuTtbiBasi MakcumanbHoe

3Hadvenve Toxka B KM, TpanaucTop v ovog OomxHbl 6biTh BhiGpa-
Hbl ¥3 YCNOBYSI, 4TOGLI UX [ONYCTUMBIA TOK 6bIN He MeHee 4...5 A.
Yaue Bcero B kaqectee knden B KM nenoneaytotres MAM-Tpan-
aucTopsl [1, 2]. Buibupaem TpanavcTop Tvna KM707A ¢ ponyctu-
MbiMy Hanpsbxenvem Uy, = 500 B v Tokom | = 4,5 A. Conpotve-
neHve 3TOrO TPaH3UCTOpa B OTKPLITOM COCTOsIHMM Ry, = 1,5 Om.
B kauectee VD5 MoxHO BhiGpath avon KO209A. MocToBo# BXOA-
HOY BLINPSAMUTENL AOOMKeH OblTh paccuvTaH Ha MakCumanbHoe
3HaYeHvie Toka He MeHee 5 A y HanpsxeHve He MeHee 400 B.

Mpy 3akpbiBaHUy KMoHa Hanpsxenve Ha o6MoTke | onpepe-
NAeTCs Pa3HOCTLID MEXIY BXOOHBLIM Y BHIXOAHLIM HaMnpsKeHust-
M KM # coctaensieT npymepHo 200 B. MNoaTtomy ansi co3panvsi
CcO6CTBEHHOrO MUTaHus Mukpocxembl (15...20 B) koaddmumeHt
TpaHcopmaymm T1 gomkeH 6uiTe B npepenax 10...13. B kave-
CTBE BhINpsiMuTeENbHOro anopa VD6 MOXHO vCnonL30Bath vM-
NyNbCHLIA OVOA ¢ AONYCTUMBIM HanpsbkeHnem 60 B, paccuvTan-
HbIM Ha TOK npumepHo 20...30 MA (Tok noTpebnenvs
MuKpocxemsl). MNMogpobHble pekoMeHpauvm Mo NpoOBepke U pe-
MoHTy KM paccmoTpentl B [4].

Anatonuwih PemHes,
Bsiuecnae Cmeppos,
smerdov @keytown.com
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MMNynbCHbIE 6510KM NMTaHMA
ObITOBLIX PAaAVOYCTPOMCTB

Paz6op cxem 6MOKOB NUTaHUA Ha TpaH-
3ncTopax HayHeM € cambix npocteix: VBl
Tenesuzopa Sanyo CKM 3022-00 v Bupeo-
nneviepa Funai VIP-5000LR. BapwaHT yn-
paBneHvst KNioHOM, NPUMEHEHHBLIW B 3TUX
YCTpOWICTBaxX, BCTPEHAETCH [OBONMBHO Hac-
TO U f@XEe B MUKPOCXEMHOM WCNONMHEHUN.
HexoTopble HENPUHLMNWANBHBIE 3NEMEHTH,
Takve Kak BbINPAMUTENW CETEBOro Hanps-
XKEHWA U BTOPUYHBIE BBINPAMUTENW, HE MO-
KazaHbl.

Cxema 3TOro UCTO4YHUKa NpuBeaeHa Ha
puc. 6. Hanpshxenve +290 B ¢ ceteBoro
BbINPAMUTENSA NOJAETCA 4Yepe3 06MOTKY
3-7 Ha KONNEKTOp KNKYEBOro TPaH3ncTo-
pa Q513. Ero 6asza u4epe3 pe3ncTopbl
R520, R521, R522, R524 nopknioueHa K
WCTOYHWKY nuTamnsa +290 B — uenb Ha-
YanbHoro cMewjeHun knwoya. K uenwu
6a3bl KNKYa HENOCPEACTBEHHO NOOKNIO-
yeH TpanzucTop Q512, oH ynpasnseTt Ha-
npsokeHnem Ha 6ase knova. Pexum pa-
6ot Tpawauctopa Q512 onpepenset
Tpan3ucTop Q511, Tok 6a3bl KOTOPOro, B
CBOIO o4epepb, ONPenensieTca onTonapon
D515. Ceetogvog ontonapbl BKAKOYaeT-
cA TpanaucTopom Q553.

Konpencarop C507 crnaxweaeTt nynb-
cauuM, npuxopsiue ¢ CeTeBoro BbINpaA-
mutens. MNpuuem yem 60nblLE €MKOCTb
KOHAEeHCaTopa, TEM MeHblle aMmnnutyna
nynbcauu ¥ 4em MeHbLUe TOK, notTpeod-
naembit MBI, TemM MeHblLe nynbcayvw.
EmMKOCTb 3TOro KOHpeHcartopa paspabor-
YUK BbIGMPAKOT, UCXOAA U3 YPOBHA [0-
NycTUMbIX NynbCauuwn, W Npu PemMoHTe
XenaTtenbHO CTaBUTb KOHOEHCATOp C He
MeHbLUEen eMKoCTbI0. W KoHeuHo, paboyee
HanpsXXeHWe KOHAEHcaTopa NOMKHO BbITh
He MeHee 350...400 B.

Hanpsixxenne Ha4yanbHOro CMeLeHust
noctynaer Ha 6a3y Q513 uepe3 pesuc-
Topbl R520, R521, R522, R524. B nep-
BbIl MOMEHT HWKakKuX OpYruxX CUrHanos
Ha 6a3y He nogaetcs, TpaHaucTop Q512
3akpbiT. MNMosiBnseTca HeboNbLLIOW TOK KO-
nekropa Knw4a, v Ha BbiBofge 1 06MOTKM
06paTHOM CBA3W BO3HUKAeT HebonblLoe
HanpsHKEHWe NONOXUTENBHOW NONAPHOCTW,

KoTopoe 4depe3 ouop D517 w peauctop
R524 noctynaer Ha 6a3y Q513, BbI3bIBas
yBENUYEHUE TOKa ero Konnekropa.

3TOT NpoLecC NPoJoMKaeTes oo Tex nop,
noka Q513 He BOWMOET B PEXWUM HaChILLE-
Hus, Npy 3toM Q512 3aKpbIT W BAWAHWA HA
pa6oTy Knoya He OKa3bIBaeT, T. K. CONpo-
TVBNeHve oToTpaHaucTopa onTonaphl
BENWKO 1 TpaHauctop Q511 3akpbIT.

Hanee npowcxopsaT npoueccht, onucaH-
Hble B nepeon YacTtu crarteu. MNpu 3anvpa-
HwM Tpanauctopa Q513 BCA 3HEPIUs, Hakon-
neHHaa TpaHcopMaTopoM, NOMAET Ha
3apsApKY KOHOEHCAToOpoB (hUNBTPOB BTOPUY-
HbIX BbINDAMUTENENW, NPUYEM OOHOTO LiykKna
3apspa 6yper HepocTartoyHo. Mo3tomy na-
y3a Mexgy vMnynbcamu 6yfeT MUHUManb-
Ha, @ BPEMS OTKPLITOrO COCTOSHUA KIo4a,
BO BPEMSi KOTOPOrO 3HEPIUA HakannveaeT-
cA B TpaHcopMaTtope, — MakCUMasIbHO.
MomeHT Brnouennst UBIN — cambii Tsxe-
NbIW ONs KNOYEBOro TpaH3wucTopa, No3To-
MY MOYTW BCE HEWCNPaBHOCTU BO3HWKAIOT
VIMEHHO B 3TOT MOMEHT.

Mocne HeCKONMbKUX LINKIOB 3apAaKy KOH-
[eHCaTOpOB BTOPUYHBLIX BLINPAMUTENEN Ha-
NPSHKEHME Ha WX BbIXOAaX CTaHET 6nU3KUM
K HOMWHanbHOMY. HauHeT pa6oTarh ycTpon-
cTBO cpaBHeHwsi Ha Q553. AmurTep Q553
NOOKMIOYEH K UCTOYHWMKY 06pa3loBOro Ha-
nNpspkeHus Ha ctabunutpoHe D561. Hanps-
XEHVe Ha CTabUNUTPOH NOJAETCH € BbIXO-
na +130 B vepe3a peznctop R554 v pacrer
C YBENTMHEHVEM HANPSHKEHUA HAa 3TOM Bbl-
xope. Korpa HanpsbkeHve Ha BbIXOAE Bbin-
PAMUTENSA CTAHET 6ONbLLE HANPSHKEHUA CTa-
6unuzaumm CTabunnTpoHa, HanpsXkeHue Ha
HEM W3MEHATLCA NepecTaHeT, T. €. Hanps-
»enve Ha amutTepe Q553 3athukevpyeTes.
Baza Q553 nopknoHeHa K perynvpyemomy
Denvrenio Takum o6pa3oM, YTO Korpa Ha-
NPSHKEHNE BLINDAMUTENS CTAHET ONU3KUM K
+130 B, HanpsbkeHue Ha 6aze cTtaHeT 6onb-
e, YEM HanpshkeHWe Ha 3MUTTepe, v TpaH-
3UCTOP HayHeT OTKPLIBATLCA. Tak Kak Ha-
rpy3KOW KONNMEKTOPHOW LIENKW ABNAETCA CBE-
ToAvo[ ONTONaphl, TO Yepe3 CBEToanop, No-
TE4eT TOK, OH Ha4YHeT uany4aTb CBETOBOW
NOTOK Ha (POTOTPaH3UCTOP, CONPOTUBIIEHVE
KOTOPOrO Ha4HeT yMmeHblLaTeCs. puuem
yeMm cunbHee OTKpbIT Q553, Tem GonbLue
CBETOBOW NOTOK U TEM MEHblLIe CONPOTUB-
neHve dototpasauctopa. OoToTpaH3ucTop

D515
+ SD

+290B

T511

.
I
R520 331¢
D551
R525 10 01 ;1308
R521 T
. €516 = 9 RE55
5
£ .Y D514|:] S22 524 ] 12
g = D553
g —Lcs14 Q513 RE56
2
: Bosiil oo
g | csor o
8 T D516 Q512 3
o R517  R526 *—_l T
Lcsis rsis -[5517 2% g D5
Puc. 6
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NoAKMYeH K uenu 6asbl Q511, 1 ymMeHb-
LLEHVE COMpOTWBNEHUA (HOTOTpaH3ncTopa
BbI3biBaeT OTKpbiBaHue Q511, koTOpLIN B
CBOW Ouepepb BnuseT Ha paboty Q512.
Pexwum pa6otel Q512 mensieTcs. Tenepe,
KOrAa NONOXUTENBHEIV UMNYNLC OGpaTHON
CBA3W NpuXoOuT Ha 6a3y Kno4a, 4acTb ero
HanNpPsKEHWs, NOCTYNAOLLEro Yepes pesuc-
Top R526, cknagblBaeTc € HanpsXKEHWEM,
npvxogawwm ¢ Q511, v Tpanauctop Q512
HauVHaeT OrpaHvuMBaTb amnuTygy Wm-
nynsca obpartHov ¢Ba3n. HYem cunbHee oOT-
kpbir Q553 (a Takxe Q511), TeM MeHbLLe
aMnNvTyda uMNysbCoB 06paTHOM CBA3K, TEM
paHbLLIE BBIKIMOYUTCA KMKOY U TEM MEHbLLE
3HEpPrvM HaKONUTCA B TpaHcthopmarope, HTo
BbI3OBET MPEKpaLLEHWe poCcTa HanpsiXXeHus
Ha BbIXOOAXx BTOPWYHBLIX BbINpAMUTENEWN.
Tenepb HacTynaeT pabounn pexum BT, Bo
BPEMS KOTOPOrO NPOVCXOOWT CREXeHWe 3a
BbIXOOHBbIM HanpsxeHvem. Mpy yBenvueHum
HaNPsOKEHUS Ha BLIXOOE BLINDAMWUTENs [0
+130 B Tpanauctop Q553 OTKpLIBAETCA
CunbHee, CBETOBOW NOTOK cBETOAuopja on-
TONapbl YBENW4UMBAETCH, CONPOTUBREHWE
doToTpaHaucTopa ymeHblLaeTed, Q511 or-
KpblBaeTcA Gonblie, cMmelleHve Ha 6ase
Q512 yBenuumnBaeTcs, U OH CUnbHEe LUYH-
TVpyeT uUenb 6a3bl kntova Q513. Knou Ha-
YMHAET 3aKPLIBATLCHA pPaHbLLE, WU Hanpske-
HWE Ha BbIXOAX BTOPUYHBLIX BbINPAMUTENEN
yMeHbwaetcA. O6paTHbIA NpoLiece Npovc-
XOOUT NPY YMEHbLLEHUM BbIXOOHOTO Hanps-
»enus +130 B.

Y10 npov3ongeT, ecnv BelayT U3 CTpos
3NEMEHThI YCTPOWUCTBA CpaBHEHUA, onTona-
pa v ppyrue anementel? Mpo6oit Q553
BbIZOBET PE3KOE YMEHBLLEHWE BLIXOOQHOTO
HanpsHKEHUA N Jaxe CphIB reHepauuw,
T. K. B 3TOM cny4ae (a Takxe npu obpkise
R551, R553, R556, npo6oe D561) ceeTo-
Ovion onTonapbl CTAHET uany4arb Makcu-
ManbHbIM CBETOBOW NOTOK, (HOTOTPaH3UC-
Top u Q511 MakcuMmanbHO OTKPOKTCH,
cMeuleHne Ha 6aze Q512 craHer Makcu-
ManbHbIM WU OH MakCUManbHO OrpaHuyuT
HanpspkeHve obpaTHOW CBA3W Ha 6a3e K-
Yya BNNOTb OO CpbiBa konebanun. K orcyT-
CTBUIO 3anycka Npueepet obphiB pe3ncTo-
poe R520—R521, R524, npo6on Q512. B
cnyyae, korpa o6opeytcs R552, R555,
Q553, ceetogvo wnun HOTOTPaH3uCTop On-
Tonapel, Q511, Q512, R526, npeo6pa3oBa-
Tenb Gyner paboTarb B PEXVUME reHepaLmu
MaKCVUManbHOW MOLLHOCTU U BbLICTPO BbIM-
DeT w3 CTpos.

OcTanbHbIe 3NeMeHTbl yCTpouCTBa, Ta-
kve kak C514, R519, R525, C516, C517,
D514, D516 v R517, yny4waioT ycnosus
BO36Y>OEHUA, NPENATCTBYIOT NOABNEHUIO
BbIGpocoB Ha konnektope Q513 n 1. 4.

3awura B 3T0M MBI MMHMManLHa — Ha
BXOflE CETEBOro MUTaHWA CTOWUT Npepoxpa-
HUTENb W MEXIY CETEBLIM BLINPAMUTENEM
¥ KOHOEeHCcaTopoM (unbTpa YCTaHOBREH 3a-
WUTHbIN peanctop R502 Ha 3,9 Om. Tak
YTO 3aLUTBI MPAKTUHECKWU HUKAKOW, pesun-
CTOp CropwT TOMbKO NOCAE TOro, Kak Mpo-
6bETCH KMIOY.

UrmnynbcHbili 6NoK nu
BUA nemep
Funai VIP-5000LR

B npvBepeHHown Ha puc. 7 cxeme He no-
Ka3aHO YCTPOWCTBO CpaBHEHWS, T. K. €ro
pa6oTta aHanoruyHa pabore 3Toro y3na B
Tenesn3ope Sanyo. W Boo6Luye, BCA cxema
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BO MHOrOM MOBTOPSAET PacCMOTPBHHYIO
BbILLIE.

Pesuctopel R4 u R7 — Lenb Ha4ansHo-
ro cmerleHus knoya Q2. Llens o6partHoit
CBA3N — BbIBOAL 4-3 06MOTKM O6paTHOW
cen3n, auon D3, pesuctop R7. Ynpaensiet
pa6oTon Knoya TpanaucTop Q1, Ha KOTO-
Pbiit NPUXOOWUT CUrHanN paccornacoBaHus C
onTonapubl. [py M3MeHeHWU conpoTuene-
HUA (HOTOTPaH3UCTOPa U3MEHUTCA TOK B
Lenu: nntoc nutanus, R1, dotoTpanamucTop
ontonapel, D1, nepexon 6a3a-amuttep Q1,
MUHYC nuUTaHUs.

Peauctopul R12 1 R13 sBnstoTca paryu-
Kammn Toka kioua. MNpy NpoxoxaeHWn Toka
KONNEKTOpa Ha HVX MOSIBNAIOTCH UMMYNb-
Cbl HanpskeHws, KoTopeie yepes auopn D2
nocTynarT Ha 6a3y Q1. Curnan paccorna-
COBaHWA — 3TO MEANEHHO U3MEHsIoLLeecs
HanpsxeHue, a UMMyNbCbl faTyukKa Toka —
UMAYNbLCbl  HaMNpshkeHWUs, MOBTOPAOLME
hopMy TOKa Koua. 3TU UMNYNbCbi CKNa-
ObIBAIOTCA C HanpsXX€HUeM OWMOKU U yr-
paenstoT TpaH3ucTopoM Q1, KOTOpbINA, OT-
KpbIBAACb NPU AOCTMXEHUWN CyMMapHbIM
HanpsixeHneM onpeaeneHHoro nopora, or-
paHuuuMBaeT amMnMTyay VMIMYbCOB TOKA
knoya. Takum 06pa3oM, OT HanpsXXeHus
cMelleHus Ha 6aze Q1, npuxopswero ¢
OfTPOHA, 3aBUCUT BPeMsi OTKPBITOIO COCTO-
FHUA KNKOYA, T. €. HanpsXXeHUe Ha BbIXOAax
BTOPUYHBIX BBINPSMUTENEIA.

[anee paccMoTpyM Lenb ynpaBneHus
KIMOHOM, BBIMONHEHHYIO N0 APYrOMY NpPuH-
uuny. [aHHas uenb C HE3HAYUTENbHLIMUY
W3MEHEHUSIMU NPUMEHEHA BO MHOTUX Te-
nesusopax, Takux kak Akai CT-1405E,
Elekta CTR-2066DS u gpyrux (puc. 8).

Ha tpaHnauctope Q1 cobpaHo ycTpoit-
CTBO CpaBHEHUs, €ro Cxema NpakTUYeCcKu
HE OTNMHAETCH OT APYrvX, PAaCCMOTPEHHbIX
paHbwe. MuTaeTcs ycTPOUNCTBO CPaBHEHWS
OT OTAENbHON 06MOTKM U BhinpsaMuTens DS
¢ cunsrpom C2. HauanbHoe cMeLleHne Ha
wiou Q4 nopaetcs uepes peauctop R7,
06bIYHO NPeACTaBNSIOLLUA COG0N HECKONb-
KO rocneaoBaTeNbHO BKNKOYEHHBIX pe3nc-
TOPOB, 4HTO O6bACHAETCH 6onee HU3KOW
LIeHOM ABYX ManoOMOLLHbIX Pe3UCTOpOB Mo

R
Ri4 [’]R'

R4n Ru['] —c4

CpaBHEHUIO C OOHUM MOLLHBIM, PaccyuTaH-
HbIM Ha HanpsxeHnue Gonee 300 B.

Liens o6paTHOM CBA3W 30eChb NOAKIIOYE-
Ha He Tak, Kak Mbl pa3bupany paHblue.
OavH BbiBOA O6MOTKU O6paTHOW CBA3U
NoAKIIOHAETCH Kak 06bIYHO K Ga3e KIoua,
a Apyrov — Ha OVOAHbIA pacnpeaenuTens
D3, D4. Y10 nonyyaetca B pe3ynwrare?
Tpanauctopei Q2 u Q3, npeacraenswoLme
CO60l COCTaBHON TPAH3UCTOP, ABNAIOTCA
perynupyemeiM CONpoTUBNEHUEM. 3TO CO-
npoTuBNeHne (Mexay fMoCOM KOHAEHCa-
Topa C3 n smutTepom Q3) 3aBUCUT OT Mpu-
xoaswero ¢ Q1 curHana paccornacoeaHus.
Tak kak TpaHaucTop Q2 UMeeT CTPYKTypy
p-n-p, TO C yBENUHEHNEM NPUXOASALLETO Ha
6a3y HanpsxeHuss ero TOK KOnnekTopa
YMEHbLLAETCA, CONPOTUBNEHUE COCTaBHO-
ro TpaH3ucTopa yeenuuueBaeTcs. 310 CBOW-
CTBO 3[0eCb U UCMNONb3YyETCH.

PaccmoTpyum MOMeEHT 3anycka. KonpeH-
catop C3 pa3spsixeH. Llenb o6partHoli ces-
31 NOJKIIOYEHa NMNOCOM K 6a3€e, MyHYCOM
yepe3s D4 u RI k obuwemy nposopy. Mpo-
MCXOOUT SIMHEWHOE HapacTaHve TOKa KOM-
NEKTopa, KOTOPOE 3aKaH4YMBAETCH 3aKpbiBa-
HYeM TpaHaucTopa. Mpyu 3TOM MONSPHOCTL
HanpsXeHWsi Ha 06MOTKe O6PaTHOW CBA3W
MEHAETCH Ha 06paTHYI0 U 3TUM Hanpse-
HueM udepe3 anon D3 3apsxaetcs koHOeH-
cartop C3. KongeHcatop C3 okaxeTcs nof-
KIMOYEHHbIM K nepexogy 6a3a-3MutTep
KNo4a Yepe3 CONPOTUBNEHUE COCTABHOMO
TpaH3ucTopa MUHYCOM Ha 6a3y n 3akpoeT
KO,

Bpewms pa3pspa C3 u 3akpbiBaioLiee Ha-
npsXXeHne 3aBUCAT OT CONPOTUBNEHUA CO-
CTaBHOrO TpaH3ucTopa. B MomeHT 3anyc-
ka 6noka MnuTaHus 3TO COMNpPOTUBNEHUE
BENUKO U pa3psaka koHpewcatopa C3 He
33/1epXnBaeT OYepeHON LMKN, OOHaKo B
YCTaHOBUBLLEMCA PEXUME 3aepXKa Oue-
penHoro LMkKna nony4aerTcs aocTaTtouqHON
DN perynMpoBkn cpeaHer MOLLHOCTU, OT-
haBaeMou B Harpy3ky. Takum 06pazom, Mbi
BUAWUM, YTO paccMaTpyUBaEMbI BAPUAHT He
ssnsierca LUAM. Echu 8 npeabigyLivx ycT-
porcTBax perynuposaHu0 noasepranoch
BpeMs OTKPbITOrO COCTOSIHUA KNo4a, TO B

3TOM perynvpyeTcs Bpems
3aKPbITOrO0 COCTOSHUS.
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CeseToamopgHbie
MHOAMKATOPbI
YPOBHSA

Ha MMKpoOcCXeMax
ceMmeMcTBa
LM3914

TpyKTYypa 6a30BOM MWKPOCXEMbI

LM3914 cemenicTBa NpeactaeneHa

Ha puc. 1. Ee ocHoBy cocTaBnsiot
DecsATs KOMNapaTopoB, HA MHBEPCHBIE BXO-
Obl KOTOPbIX Yepes 6ycdepHbin OY nopaet-
€l BXOOHOW curHan, a npsiMmble BX0oOb NOf-
KNOUeHbl K 0TBOAAM PEe3UCTUBHOIO Aenu-
Tens HanpshkeHus. Brixoak koMnapaTropos
ABNAIOTCA reHepaTtopamMy BTEKaLLEro
TOKa, 4TO NO3BONAET NOAKIOYATL CBETOOU-
oAbl 6e3 OrpaHU4UTENbHBIX PE3UCTOPOB.
MHankauus MOXeT npou3BOaUTLCA WA
OHWUM CBETOAMOAOM (PEXUM «TOYKa»),
UNU NMHEKOW U3 CBETALLWUXCA CBETOOUO-
00B, BbICOTA KOTOPOW NpOnopLuoHansHa
YPOBHIO BXOAHOTO cUrHana (pexvim «CTost-
61K»).

BxopHolt curnan Ug, nopawT Ha Bbl-
BOA 5, a HanpsXeHwns, onpeaensoLme au-
anasoH UHAULMPYEMBIX YPOBHE, — Ha Bbi-
80yl 4 (HXHWIA ypoBeHb Uy,) 1 6 (BepxHuii
yposeHb Ug). 3T HanpsxeHus AOMKHbI
6biTb B Npeaenax ot 0 ao yposHs, Ha 1,5 B
MEHbLIE HAMPSKEHUS UCTOYHWKA NUTaHUA,
NOAK/IIOYAEMOTO K BbiBOAY 3.

«LleHa penenus» vHaukaropa, T. . yBe-
NUYEHWE BXOOHOrO HAMPSXKEHWS, Bbi3blBa-
OLLlee BKIMOYEHWE OYEPEOHOr0 CBETORUO-
na, coctaenset 0,1 or pasHoctm Ug-U,,.

WMHaukatop Ha mukpocxeme LM3914 pa-
6otaeT cneaytowwM obpasom. MNoka Hanps-
xeHne Ha exoae Ug, MeHbLIe, YeM Ha BXO-
ne U, nnioc «uUeHa peneHvs», HA OOWH
cBeToavon He ceetuTcs. Kak TONbkO atn
HanpsXXeHWs CPaBHAKOTCH, BKIIHOHAETCA CBE-
roavwoa HL1, noaxkntoueHHbIN K Boixoay 1. B
peXvMe «TOYKa» Mpu yBENUHEHUW BXOOHO-
ro Hanps>keHusi TOk no ebixogy 1 npekpa-
LUaeTcs 1 NOSBNAETCA TOK BbixoAa 2, npu
3TOM TralleHue fepBoOro ceerogvoga u
BKMIOHEHWE BTOPOrO NPOUCXOAUT OOHOBpE-
MEHHO, CBeYeHUE Kak 6bl «NepeTekaeT» U3
OQHOro cBETOANOAA B APYIOW, U HE BO3HU-
KaeT cutyauum, Korga oba ceeToauoaa no-
raweHsl. B pexume «cTon6uk» BKOYEHUE
O4EPEAHOr0 CBETOAMOLA, ECTECTBEHHO, HE
Bbi3bIBAET ralleHus npeapiayLlero.

Mukpocxema LM3914 npegHasHaueHa gng
NOCTPOEHWA UHAMKATOPOB C NIMHENHON LLUKa-
NOW. U BCE Pe3nCTOpbl ee AENUTENS UMEOT
OAVHAKOBOE COMPOTUBIIEHNE. Y MUKPOCXEMBI
LM3915 penutens paccuutaH Tak, 4TO BKJIHO-
YeHue Kaxaoro nocneayowero ceetoamMona
NPOUCXOAMT MPY YBENUHEHUM HANPSXXEHUA



M3IMEPMUTEJIbHOA TeEXHMKA

PD—«-D—»—E—"—E—“—&-‘G-“—E—‘ {14

y
[y

Cronbmx
JT0MKaE

Puc. 1
BXOOHOrO curHana B \/5 pa3 (Ha 3 gb), uto

Il — BbITEKaLWMA TOK BLIBOAA 8,
cocTaensoLLmn okono 100 mKA.

MepeknioueHne Mexay pexwvma-
MW «TOYKA» N «CTONBWUK» MpPOM3BO-
OVTCs yrpaeneHveMm ro ewisogy 9.
Flpy noaknioveHnn 3Toro BLIBOAA K
NMIOCY UCTOYHMKA MUTAHWSE MUKPO-
cxembl (BbIBOA, 3) peanusyetcs pe-
XUM «CTONGWK», €CNn Xe BbIBOA
0CTaBUTL CBOGOAHLIM MM MOAKITO-
YUTb K obLleMy NpoBody — «TO4-
ka». [opor nepexnioveHnst Mexay
pexvMammn rpymepHo Ha 100 mB
HWXE HarpsbkeHust Ha BbiBOAE M-
TaHus 3.

RNapameTpbl Mykpocxembl LM3914
nNpvieefeHsl B Tabn. 2.

Twnoeast cxeMa nogaqn BXOOHO-
ro CMrHana Ha MMKpOCXemy roka-
3aHa Ha puc. 2. ConpoTueneHve
peanctopa R1 BeibupaloT B COOT-
BETCTBMM C YPOBHEM BXOJHOIO CHr-
Hana U,,.y, MpY KOTOPOM [OIDKeH
BKMIOYATLCH BEPXHWA CBETOANO/,
wKanbl, ro topmyne:

R1 = R2(Uyn/1,25 - 1).

BxopHoe COMpoTMBNEHNE MMKpPO-
CXeMbl BECbMA BENMKO, MO3TOMY B

Unur
10 MK
|_"*_I_3 DA1
oloq
Ug

(=]

+Uper

LM3914

_UREF

Uy

Uex Ugx
R2[] 12

10k 08

3HAYEHMSIX TOKA Harpy3ky MCTOHHWUKA orop-
HOrO HanpsxeHnst | pep (Tok BoIBOAA 7). Kak
BWOHO M3 pyC. 3, TOK Yepes Kax /bl CBETO-
aviop rpymepHo B 10 pa3 Gornblile Toka Ha-
rPy3KM NCTOYHMKA OMOPHOIo HaMpshKkeHus:.
BoamoxHa nopgava OnopHOro Harpspke-
Hust, Hanpymep, 10 B oT BHelHero nctoq-
Hvka (pvc. 4). B aTom cnyuae gvanasoH
BXOAHOro Hanpsbxenvst coctaenser 0...10 B,
a Mpy yKazaHHOM Ha CXeme COoMpoTUBNEHNN
peavcTopa R3, Tak e, Kak v ans sapyaH-
Ta Mo Cxeme Ha puC. 2, HOMMHATIBHBIN TOK
yepe3 ceBeToavoabl paseH 10 MA.
YcTaHoBka HEOGX0AMMOro HaripsbkeHust
BHYTPEHHEr0 MCTO4HWKA MPOMUNIIKOCTPUPO-
BaHa Ha pvC. 5. Kak yxe yKka3blBanochb

Puc. 2

ynobHO Onst KOHTponst MoLiHocTn YM3Y. Taniua 2
Mukpocxema LM3916 crieumansHo npeHas- Mapametp YcnosuAa namepenna | Muumm. | Tun. | Makc.
HAueHa [1S17 KOHTPONA YpOBHS ayamocwrHa- [Hanpsbkenue casura Gycbeproro Usx< 12 B, lcs = 1 MA _ 3 10
na. lWar vHovkaLwm y Hee cocTasnseT 1 ob cunuTens U NEPBOrc koMnapartopa, MB !
B BEpXHEM YaCTV LIKANbl U yBenmuvpaeTcs  |HIANPsKenue Casura ocTanbHeIx Upx< 12 B, lgg = 1 MA — 3 15
. KoMnaparopos, MB ’
po 3 n 10 pb B HWXHeW vacTn. B Tabn. 1 KpyTiaa nepenatoiHon
MpYBEAEHbI  YPOBHW  BXO[HOTO  CUrHana, XAPAKTEPUCTUKU KOMIAPATOPOB, MA/MB les =10 MA 3 8 —
BKIII04AIOLLIET0 COOTBETCTBYIOLLWM CBETOM- BxogHow ToK no BbIB. 5, HA 0 <Upx< Umr—1,5B — 25 100
R, Nnpy HOPMVPOBAHWN Ha MaKCMANBHOE (o cymanbrein BXOQHOW CUTHan, He
ranpsbkerve 10 B. B NPVBOASIMIA K NOPUE MUKPOCXEMbI L — -35 — | +35
VpoBHM B MOCNEAHen KONoHKe MPUBE-  |gosHMKHOBEHMIO MOXHBIX NoKasaHui, B
AeHbl Onst cny4as ncnonb3osaHust MUKpO- CymmMapHoe conpoTusneHne . 8 12 17
cxembl LM3916 ansi granasoHa wHAWKA-  [pesuctopos genurens, kOM
uymm —20...+3 nb. TouHoCTb peaucTopos genutens, % — — 0,5 2
Mukpocxembl CoaepXaT MCTOHHVK OMopHO-  |HanpsikeHne onopHoro NCToHHuka Urer, Urur =5B, 12 128 | 134
ro HaMpsHKEHVst C HOMMHANBHBIM 3HadeHvem  |B leer = 0,1...4 MA ’ ’ ’
1,25 B. FlyTem MOAKMIO4EHS ABYX BHEWHMX  (Viavererve Urer npy nsmeHenmn Uy, Uy = 3...18 B _ 001 | 003
PE3VICTOPOR HaMPSXEHNE MOXET ObiTh ycTa- | %/B
HOBINEHO NGO GObLLIEN BENMuMHbI, He npe-  |V13MeHeHe Uecr nipu usmeHerim Toka Uwr=5B, _ 0.4 5
BLILLAIOLLEI HA 2 B HDke HarpspkeHus mp-  [HAIDY3KU Iree, % lrgr = 0,1...4 MA
TaHus, HO He Gonee 12 B. Mopkmiouehve |V13VEHEHUE Urer pit uamereHuu T=0.70°C, — 1 —
PE3VICTOPOR W PACHET OMOPHOFO HAMPSKEHMS! _Tre”'"ePaTypt;’ %o — Unyr = 5B, leer = 1 WA 5T 720
OCYLLIECTBIISIETCH TAK XE, KAK NS MUKPOCXe- OK BLIBO/IA S, M — A —
Mol LM317 (KP142EH12): BuixogHoM TOK (TOK cBeTOoauoaa), MA 'lﬂEF—_ 21 MA 7 1 10 13
Pa36poc TOKoB BHXOM0B |"(|:38=_20“:/|A — 01 22 0:’34
Uon = (R2/R1+1)x1,25 B + IgR2, MameHeH1e Toka BbIXOga Npu Usbix = lcg= 2 MA — 01 | 025
M3MEHEeHUM HanpshxeHu Ha Beixoae, MA |2...17 B lcg = 20 MA — 1 3
roe R1 — coripotmenexve peanctopa, nof- y — — 0.1 10
KIOYEHHOro MeXy Beisofamn 7 1 8, R2 — BbIXOOHOM TOK B 3AKPLITOM COCTOSHUM, Torro sbiBona 16
COMPOTVBNEHIE PE3NCTOPA, MOAKMIOUEHHD-  [MKA pexume «TouKan 60 150 | 450
ro Mexay BbIBoAoM 8 ¥ o6WUM NPOBOAOM,  [MoTpebnsiemelit Tok Npu BeikoueHHbX | Unyr = 5 B, lree = 0,2 MA — 24 4,2
Tabrmua 1 ceeToauonax, MA Uryr =20 B, lger = 1 MA — 6,1 9,2
Howmep Moporosoe HanpsKeHNe 1A MUKPOCXEMbI BONbLUMHCTBE cny4aes Npy  Bhille, Harlpﬂ)KewHVIeVrIVITaHVIFI MUKpOCXeMbl
LM3912 LM3915 LM3916 pacueTe HomMHana peauc- LO/DKHO Mo KpaiHei mepe Ha 2 B rpeekl-
cseToanona B B 3 B oB | ab | Topa R1 ero MOXHo He LaTb HAMPSXKEHWE OMOPHOrO MCTOMHVIKA.
1 1 0,447 | 27 | 0,708 | 23 | —20 y4UTLIBATD. Ecnu HanpsbkeHve Ha BbiBoge 4 MUKpO-
2 2 0,631 | 24 | 2,239 | —13 | —-10 WHTepecrHa ponb peanc-  Cxembl (U,)) yCTAHOBUTL OTIIMHHBIM OT Hyrs
3 3 0,891 | —21 | 3,162 | =10 | 7 Topa R3, ero conpoTviene- MOXHO MOMYy4uTb PACTHHYTYIO NMHENHYIO
4 4 1,259 | —18 | 3981 | -8 | -6 HVie onpepensieT Tok yepe3  Lkany — ot Uy no Ug. Takas cxema Brio-
5 5 1,778 [ -15 | 6012 | -6 | -3 cBeTogmombl. Ha puc. 3 4eHus MpovioCTpupoeaHa Ha puc. 6.
6 6 2512 | —12 | 6,310 | -4 —1 NpeAcTaeneHbl HavanbHbIe Hanpsbkehune Ha Bxone UB COCTaBNAET OKO-
7 7 3548 | 9 | 7079 | 8 0 yuacTku BLIXOAHLIX Xapak- J10 1,2 B, a Ha exone U,, noacTpoeyuHbim
8 8 5012 | 6 | 7,943 | 2 +1 TepUCTIIK reHepatopoe  Pe3MCTOPOM R3 310 MOXET 6bITh YCTAHOB-
9 9 7079 | -3 | 8913 | 1 +2 TOKa, BKIIOHAIOLLMX ceeTo-  NeHo B npeaenax 0...Ug. Ecnm ero BuiGpats
10 10 10 | 0 ] 10 | 0 | 3] puopbl, mpu pasnuuHbix  pashbiv 2/3 ot Ug, T. e. 0,8 B, a koathdm-
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umeHT nepenaqm genutena R1R2 noactpo-
euHblM peanctopom R2 yctaHoeute 0,08,
TO AManas3oH MHaMLMPYEeMbIX YPOBHEl Co-
ctaeut 10,5...15 B, TOouHee nepeoMy BKIIHO-
YMBLLIEMYCA CBETOANOAY COOTBETCTBYET Ha-
npsxerHue 10,5 B, nocnegHemy — 15 B.

BapuaHT nonyseHna aHanornyHol LWkan.i
B BOMLTMETPE [NA U3MEPEHUA HaNPsOKEeHNs
6opToBOI ceTn asTomMobunA nNpvBeaeH Ha
puc. 7. B atom cnyuae HanpsokeHws Bepx-
Hero Ug = 3,6 B 1 HuxHero ypoeHa U, =24 B
yCTaHaBMBaIOTCA NOACTPOEYHLIM PEe3nCTo-
pom R4, a koaddomumeHT nepepasumn BXoQHO-
ro curdana Ha exofl Ug, MUKpOCXeMbI, pas-
Hewt 0,24, — pesnctopom R2.

Bo Bcex paccMoTpeHHbIX Bbilue BapuaH-
Tax uWHAMKaTtopoB BXoA 9 ynpaeneHus
«CTONBMK/TOHKa» 6bl1 HUKYAa He NoAKIIo-
4YeH, 4To obecneyqmBano MHONKaLu B pe-
Xume «Touka». Ecnm xenatensHa nHavka-

+5..188
C110mx 3

Hl_I_ +, | DAl
ikl

6

7

R3
1.2kl 8
R4 ~Urer

10k 4

LM3914

5
Ugx=0. 108 €<—Ugy

Puc. 5

C110mk 3
H"__L U DA1
9

1.2k

o
LM3914

R147«
Ugy=10,5...15B
R2
10k

TNU'!&
o
@

Puc. 6

16

LUMA «CTONBUKOM», KaK yXe YKasbiBarnochb
BbiLLE, BXOA 9 creflyeT NoAKIOHNTL K BXO-
Oy OnA nofayy HanpsXXeHus NMUTaHuA Ha
MuKpocxemy (Beisofl 3). OgHako npu BKIKO-
4YeHUn BCEX [ecATM CBETOAMOAOB cylue-
CTBEHHO yBEeNMUMBaEeTCA MOLLHOCTE, pacce-
mBaemMana Ha MUKpOCXeme, NO3TOMy
cneflyeT NPon3BeCcTH €€ KOHTPOMbHLIN pac-
yeT. TennoBoe CcONPOTMBREHME Kopnyca
coctaenaeT 55 °C/BT, makcumanbHan Tem-
neparypa kpucranna — 100 °C, 4to go-
nyckaeT  MakCumanbHyl  MOLUYHOCTb
1365 MBT npu Temneparype okpyxaroLien
cpepbl 25 °C, 1100 mBt — npu 40 °C,
730 MBT — npu 60 °C. Ecnn 3agartbea To-
kom 10 MA uepes Kaxaelir cBeToguod, To
cymmapHeit TOoK depe3 10 BKNOHYEHHbIX
ceetognonos 6ynet 100 MA 1 npu Temne-
patype 40 °C HanpsxeHwe Ha BbIXogax
MUKDPOCXeMbI He IOMKHO npeBbillate 11 B,
a HanpsXXeHwe nNUTaHuA Lenen CBETOaMO-
pos — 12,5 B.

Ecnn HyxeH 6onblumnit TOK Yepes CBETO-
Onofbl, MOXHO YMEHbLUMTE HanpsiXXeHne Mu-
TaHwA CBETOAMOAO0B BNNOTL 10 3 B, npu 3TOM
NUTaH1e MUKPOCXEMbI MOXHO OCYLLLECTBNATE
OT UCTOMHMKA C 6OoMbLUMM HanpsbkeHvem. B
cnyvae, korga NpuMeHeHne ABYX WUCTOMHU-
KOB NO KakmM-nnbo npuymMHam Henpuemne-
MO, MOXHO NOCNEoBaTeNtHO € KaxabiM cee-
TOAMOAOM  BKIIOHYUTE  OFPaHNHUTENbHBINA
pe3ncTop, Kak 3To NokasaHo Ha puc. 8. [Ann
chopMmMpoBaHuA «CToNGKKa» MOXHO BCE CBE-
TOAMOABlI COEAUHUTE NOCNenoBaTenbHO, a
MUKPOCXEMY NEPEBECTN B PEXUM «TOHKa»
(pvc. 9). HanpsxeHne nutaHus B 3TOM cny-
Yae IoMKHO onpedenaTbCA Mexopsa u3 Toro,
YTO NaieHMe HanpPsDKEHUA Ha Kakaom cee-
Toamone okono 2 B, noqtn cTonbko e fon-
XHO 6bITb Ha Bbixoge 10 MUKpPOCXEMbI, Kor-
0a BKIIO4EHbI BCE CBETOAMOAbI.

lMNocnepoearensHoOe BKIOYEHWE CBETO-
OMOIOB B PeXMME «To4Ka» NO3BONAET No-
TNYYUTb MHTEPECHBI BapuaHT NOCTPOEHMA
vHavkatopa. B kavectBe npumepa Ha
puc. 10 npueeneHa BO3MOXHaA cxema yc-
TponcTtea. Ecnn ceetoanonsl HL1—HL4 ye-
TaHOBUThL XENTOro LBETa CBEYeHUA (Mano),
HL5—HL8 — 3eneHoro (Hopma), HLY,
HL10 — kpacHoro (neperpyska), ogHoro
B3rnAfa Ha nHamkatop 6ymeT AoCTaTtovHO
Ona OUeHKM u3MepseMoro napametpa.
Yucno ceeToamMoaoB B Kaxnon LenoYke,
HYUCNO LEeNnoHeK M LBeTa CBeToaAMOoaoB MO-
rytT 6bITb M OPYruMmM, COOTBETCTBYIOLYUMM
nocTaeneHHon 3agave. Takon BapuaHT c
uenonbL3oBaHmvem Mukpocxemsl K1003MMM1
onucaH aeTopom B cTatke [1].

HanpsokeHue nutaHmna MMKpOCXembl O011-
XHO HaxoguTbes B npegenax 3...25 B. Ha-
NPfKEHMEe NUTaHUA CBETOOMOMAOB AOMKHO
6bITb He MeHee 3 B u He 6onee Hanpsxe-
HUA MUTaHWA MUKpocxembl. VcTouHmk nu-
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TaHWA MUKPOCXEMbI B HENOCPEACTBEHHON
6nn30CTM OT Hee OOoMmKeH 6biTb 3allyHTu-
poBaH OKCMAHLIM TaHTanoBbIM KOHAEHCa-
TOPOM €MKOCTBI0 He MeHee 2,2 MKOD unmn
antoMmHueBbiM 10 Mk®. Bo3MoxHo nuta-
HMe Lenn CBETOAMOAOB BbINPAMIEHHBLIM

+Up

3
o o1 L=
® om T

110

HLS
1 (i); HL10 44 |

12

~ o
ol

13 = HL8

1a @zHT

LM3914

HLS
15 = HL8 /‘I‘Jm
) A\

= HL4

= HL3

18 HL1
< HL2 44

1 (gEhe M

LI BN S R« RN B - - B o]

Puc. 10

HeoThUNETPOBAHHBLIM HaNPsXKEHNEM HacTo-
Ton 50 Iy, ogHako HeobXxoAMMO NMOOKIIO-
YeHWe K 3TOW LieNn TaKoro xe 6r1oKupoBoY-
HOrO KOHAEHCAaTopa, Kak 1 K MUKpocxeme.

Okonvanve cnegyer

Cepreii Bupiokos,
editor@dian.ru

1. C. bupwokos. [ea BonbtMeTpa Ha
K1003r1r. — Papguo, 2001, Ne 8, ¢. 32, 33.



OCHOBbBbI CXEMOTEXHMNKN

PyneBble MalLMHKU

ANA annapaTtypbl

NMPONOPLIMOHANBHOIO ynpaBneHus

pPUHLMNMANLHaA Cxema Nepeoro Ba-

praHTa, BLIXOLHOW Kackan KOToporo

pearmsoBaH Ha TpaH3ucTopax, Npu-
BefieHa Ha pyc. 1. KaHanbhbii MMnynsc no-
NOXUTENEHOM MONSPHOCTHM — MHOpMaLms
O BESNUYMHE KOMaHAbI, KOTOpas CORepXMT-
cs B anutensHoctu At [1], — nopaetca Ha
OfWH M3 BXOAOB BPEMEHHOrO AMCKPUMUHA-
Topa, cobpaHHoro Ha 3nementax DD1.3,
DD1.4, n Ha Bxoa wHeeptopa DD1.2. Otpu-
LiaTensHeIA UMMYNEC C BhIXOAa 4 MHBEPTO-
pa Takxe MofaeTcs Ha AUCKPUMUHATOD M
ImchdepeHumpytowyto Lens C3R4. Kopot-
KuiA OTpULIaTeNbHbIA UMIMYNEC, COOTBETCTBY-
IOWUIA DPOHTY KaHaNnbHOro, Yepes pases-
sbiBatowmin guop, VD1 sanyckaeT xayLmin
MynsTMBMOpAaTOp, B COCTAB KOTOPOrO BXO-
oat TpaHsuctop VT1, mueeptop DD1.1 n
Bpemsizagarowmin koHgeHcartop C2.

B ncxogHOM COCTOAHUM TPaH3UCTOp OT-
KpHIT 33 CHeT nofAayum Ha ero 6asy nonoxu-
TENBHOTO CMELLIEHWSI, PABHOTO MpPUMEpPHO
0,6 B, uepes pesuctop R3 (puc. 2, B). Ha kon-
NEeKTOpe, @ 3HaYMT U Ha BXxOAax MHBEpTopa
DD1.1 npucyTtersyet nor. 0, a Ha Bhixoge —
nor. 1. KoHgencarop C2 3apsxeH o Hanps-
xeHun U, OMpefensieMoro nosioxeHem
IBvxKa peauctopa R1, ock KOTOpOro mexa-
HMYECKWN CBA3AHA C PYreBLIM YCTPOMCTBOM.
Takmum 06pa3om, 31O HanpsXxeHue Mpornop-
LIMOHASIBHO TEKYLLIEMY YTTIOBOMY MOJIOXEHUIO
pyneson MawwmHKKA. OTpuLaTentHbim mMm-
NynkC € BbiIx0Aa AMthepeHLMPYIOLLEN LIEnu
(puc. 2, 6), COOTBETCTBYIOWUIA (DPOHTY Ka-
HasIbHOrO MMIMYNECA, 3aKPLIBAET TPAH3UCTOP.
HanpsixeHne KonnekTopa CkaykoM Bo3pac-
TaeT [0 YPOBHA NWUTAIOLLEro (pWC. 2, r), UH-
Beptop DD1.1 nepekniovaercs, Ha ero Bhl-
xof€e ycTanaenmeaeTca nor. 0, 1 BepxHan
obknaaka koHgeHcatopa C2 wepes guog VD1
OKa3bIBAETCHA MNOAKMONEHHOM K 0bLLemy Npo-
Bogy. OTpuuatentHoe HanpsiXeHWe C HUXK-
Hen 0BKnaaxku NpukagbiBaeTea K 6ase Tpan-
3UCTOpa, YOEPXMBAA €ro B  3aKpbiTOM
COCTOsiHUM (pUC. 2, B).

KoHgeHcatop C2 HauuHaeT nepesaps-
XaTkCsi M0 3KCMOHEHLMANEHOMY 38KOHY Mo

!

Lenu: Mic UCTOYHKKE MUTaHWa — NOACTPO-
euHbin pesnctop R3 — koHpeHcatop C2.
Korpa HanpspkeHre Ha HEM [OCTUTHET Harps-
XEHUs OTMMpaHnA TPaH3UCTopa (NPUMEPHO
0,6 B), npousoiget 0bpaTtHoe NepeksitoHeHne
M Ha KonrekTope TpaHsuctopa 6ypet chop-
MUWPOBaH TMONOXWUTENBHLIN UMMYNLC, ANK-
TeNbLHOCTL KOTOPOTo t, ONpefenaeTca Kak uc-
XOLHBIM HAaMPsHKEHMEM Ha koHpeHeaTtope C2,
TaK W MOCTOAHHOWM BPEMEHW 3apsifa Lenu
C2R3. 370T UMNYyNEC 1 €ro MHBEPTUPOBAH-
Has konua ¢ Beixoga 3 DD1.1 nogatotes Ha

OCTaBLLMECH BXOAbl BPEeMEHHOIO ANCKpUMN-
HaTopa. YuTarent MOXET CaMOCTORTENbHO
ybeqmTben, NTO UMMYNLC Pa3HOCTHOM [nu-
TensHocTH At nosemuTCs Ha BeiIBode 10 Anck-
pUMMHATOPA, €CNM ANUTEeNLHOCTL MpuLLes-
LIero KaWankHoro umnyrbca t, Gonbiie
ONUTENBEHOCTH XXAyLLEro Mynsruemubpartopa
t,, v Ha BriIBOAE 11 B NpOTUBHOM cry<ae. MMo-
JIAPHOCTL Pa3HOCTHLIX MMIMYNECOB B 060MX
cnydasx oTpuvLaresbHa.

CornacHo noruke paboThl pyneBon Mma-
wuHkKM [1] ganee pasHOCTHLIE UMMYNLCHI
HeoOXoaMMO MOABEPTHYTE YOJMHEHUIO. 3Ta
npouefypa oanHakoBa ana 06omx ynoMsHy-
ThIX CIy4aeB, NMO3TOMy PACCMOTPUM, ANA
npumepa, BapuanT t, > t,. Vonuiutest pea-
NU30BaH Ha MHTerpupytoLen Lerm R7R8CS
¥ BEPXHEM ONEPALIMOHHOM YCUITUTENE MUK-
pocxembt DA2, paboTtaiollem B pexume
KoMNaparopa. B McxogHoOM COCTOSHUM KOH-
feHcatop C6 3apskeH [0 HEKOTOPOro Ha-
npskenna Ug (puc. 3, 6), KOTopoe npuknia-
ObiBaetca K WMHBepcHoMy Bxofy OV.
OnopHoEe HanpskeHne Ha MpsiMOM Bxofe
(BbiBOA 2) KOMMApaTopa YCTaHOBNEHO C MO-
Moo pesuctopa R15 HECKONbKO Huxe

{(Ugn)- B pesynetate Ha-
npsXkeHne Ha BbiIxoge
OV (BriBOg 10) NpakTn-
paBHO  Hynio,

Tpanauctop VT2 3ak-
PLIT, 3aKpLITHE U yrpaB-
NAEMbLIE UM BHIXOOHbLIE

TPaH3UCTOPEI MOCTOBO-
ro ycunutena VT4 wu
VT7. Mo aHanoru4Hom
NpUuuHE 3akpbita W

Apyrasa napa BbiXOAHbIX
TpaHsucTopoB. Hanps-
XeHwe NUTaHua Ha OBU-
ratesnb He NocTynaer.
Pa3HOCTHLIN M-
NyneC OTpULATENBHOM
NOSIAPHOCTU € BhIXOAA

BPEMEHHOI0  AUCKPU-
MuHartopa (puc. 3, a)
paspsxaeT KOHOEeHca-
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COBMafarLLIero ¢ nepeaHUM YPOHTOM pas-
HOCTHOFO MMMYNbCa, Ha BbIXOAE Komnapa-
Topa ycraHaenueaetcs nor. 1 (puc. 3, B),
4TO MPUBOOUT K OTKPLIBAHUKO TPaH3UCTO-
poe VT4, VT7. No OkOH4aHWUN pa3HOCTHO-
ro UMnNyrbca HAa4YNHAETCS MELJIEHHBIA 3a-
pan KoHpeHcaTopa yepes3 6onbLioe conpo-
TmBneHre peanctopos R7 1 R8. B momeHT
06paTHOro NepeceyeHns NopPoroBOro ypoBs-
Hfl HANPSXXEHUE Ha BbIXOOE KomMaparopa
BO3BPALLAETCA K WCXOOHOMY 3HAYEHWUIO,
dopMUpYs YIUTMHEHHBIA UMNYNbC (puc. 3,
B). KoathchuumeHT yanuHeHus BbibrUpaeTcs
13 coobpaXkeHWi, NpuBedeHHbIX B [1]. Yo-
NUHEHHbIE UMMNYNbChl CREAYIOT C NEPUOAOM
nosTopeHusa 20 mc, obecneynsas Bpale-
HUE WCMONHUTENLHOrO ABUraTens Co CKo-
POCTLIO, NMPONOPUMOHANBHOM NOCTOAHHON
COCTaBNAWEN 3TUX uUMNynbcoB. [eura-
Tenb NOBOPaYMBaEeT PyneBoe YCTPOMUCTBO U
ocb pe3ucTopa obpartHon ceasn R1 go ob-
paleHns B Hylb PasHOCTHOFO WUMMyMbCa.
Mpu atom pyneBoe YCTPOCTBO 3aHUMaeT
HOBOE YCTONHMBOE TONOXKEHWUE, NMPONOPLM-
oHarnbHoe Yrry OTKIOHEHWS pY4YKW yrpas-
NeHUs B nepeaaTHnke KoMaupg.

Craéunuzarop DA1 obecneunBaer He3a-
BUCUMMOCTbL BPEMEHHBIX MPOLIECCOB B OAHO-
BuGpaTope W yanuHUTEne MUMMynbCcoB OT
HanpsHkeHus nuranus. Konpewcaropbl C9,
C10 cHMXalT ypOBEHL MOMEX OT KOMJeK-
TOPHOFO y3na AaBuraTens u npegorspawa-
0T Meperpy3Ky BbIXOAHBIX TPAH3UCTOPOB OT
30C camOMHAYKLUWK, BO3HMKAKOLLEN B 06-
MOTKE ABUraTens BCreacTBue NMUTaHus ero
UMMNYJECHBIM  HAMPAXXEHUEM.

MevarHas nnara ycTponcTea NnokasaHa Ha
puc. 4. Ha Heit npefycMOTpeHbl MecTa fAna
koHaeHcatopoB CO n C26, oTCyTCTBYIOWMX
Ha NPUHLUUNMansHon cxeme. HeobxogumocTb
B HUX MOXET BO3HMKHYTb MpU UCMONb30Ba-
HAW OBUrarenien ¢ CUNbHO MUCKPALLMM KOM-
nektopoM. OBa koHaeHcaropa no 0,1 mkd.
BuixogHble TpaH3WCTOPLl YCTaHABMMBAIOT
nepreHavKynapHo nnare 6e3 paguaropoB
AnA  oxnaxpeHus. TpaH3UCTOpbl  CEpuUiA
KT814 n KT815 MoryT 6biTb 3aMEHEHbI Ha
KT816 n KT817 ¢ ntobbim mHaekcom. One-
paumoHHb yeunutenb K153V/3 samensem
Ha K140Y[]2 6e3 yxyOweHWs kadectsa pa-
6othi. Peancrop obpatHon cesizn R1 pomkeH
6biTh KaKk MOXHO Goree W3HOCOYyCTOW4YUB.
Havnyqwmidi TN M3 OTEYECTBEHHbIX —
PMN1-46[1, nverowmii rapaHTMpOBaHHY0 13-
HococtorkocTe 100000 uuknos. MoxHO
oboiTuck 1 CIN3-4M, nubo Clr4-1, umerom-
MU HagexHocTb 25000 ymknoB. BaxHol xa-
PaKTEpUCTUKOW pe3ncTopa FABNAETCH Takxe
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i
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c? r
Ly D1 -
- = 1

R17

1]

Exca 45 12 ¥

BENMuYUHA ycunng, TpebyeMoro Ansa noeBopo-
Ta OCU. Yem OHO MeHblle, TEM MEHbLLIEN
MOLUHOCTU ABMraTenb MOXHO UCMONb30BaTh
B pyneBor mMalimHke. Beie nonydaercsd n
TOYHOCTb OTPABOTKN KOMaHA.

Bpemszapgatoume konpeHcatopel C2, C5
M C6 ponXHbi BbiTh 06A3ATENBHO NIEHOY4-
HbIMK, Hanpumep, Tuna K73-17, octasib-
Hble — noboro TMna. MocrosHHbIE pe3unc-
Topbl — MJTT unm C2 mowHocteio 0,125 Br
(R21 n R22 — 0,5 Br).

Lna HacTpoMKM ycTpoitcTea NoHafobut-
Cfl reHepaTop UMMYIbCOB MONOXMUTENBHON
nonspHoCcTV amnnutypon 2...3 B, anurens-
HOCTb KOTOPbLIX MOXHO 6birio 6bl MEHSATL B
npepenax 1...2 mc. [ina 3101 LENN MOXHO
BOCMONbL30BATLCA (hOPMUPOBATENEM KO-
MaHg caMoW annapaTypbl yNpaBneHus.

KaHanbHbLIA MMNyNnbC NMOAAT Ha BXoA
YCTPOWCTBA W KOHTPONUPYIOT HAanmMune Ko-
POTKUX UMMYNbCOB € BbixoAa AvdhdhepeH-
uMpyroLein uenn Ha katoge anopa VD1.
Oeuratenb pyneBoro yCTponcTea BpemeH-
HO OTCOEOMHAIOT OT BbIXOOHBLIX TPAH3UCTO-
POB U, NOBOPaYMBan LUECTEPHU PEAYKTOPa,
yCTaHaBNMBaIOT PYNeBoe YCTPOUCTBO (Ha-
npumMep, nepegHue Koreca asToMobuns) B
HenTpanbHoe nonoxenve. OCb pesncTopa
R1, cBA3AHHYIO C pedyKTOpPOM, yCTaHaBnu-
BaKT B CpepHee nonoxenne. KoHTponnpys
C NoMOLLBL ocumnnorpada uMnynbC Xay-
uero MynsTMBMGpaTopa oTpULATENbHOM
MonspHOCTM Ha BbiBofe 3 anemenTta DD1.1,
pesuctopom R3 ycraHaenvBaloT ero anm-
TENbHOCTL paBHon 1.5 Mc. BpyuHyto Bpa-
Wwas LWecTepHn peaykropa yCTaHaBMBatoT
nocriefoBaTenLHO pyneBoe YyCTPOUCTBO B
KpaiHre MornoXeHus (oCb NMOTEHUMOMETpa
[OMKHA BbiTb XECTKO CBA3AaHA C PedyKTo-
pom). [nurenbHOCTE COBCTBEHHBIX UMMYTib-
COB MyrnkTMBMBpaTopa A0IMKHA N3MEHATLCA
B npoegenax + 0,5 mc. Ecnn nameHeHve
ONUTENBHOCTU GonbLUe YKA3aHHOW BENUYMU-
Hbl, ocBoGOAUB oCb pesuctopa R1 B HeitT-
panbHOM MOSOXEHWA PYNEBOFO YCTPOMCTBA
NMoOBOPAYMBAIOT €€ Ha HEBOILLLOM Yron B Ha-
NpaBneHUN, COOTBETCTBYIOLLIEM MepemeLLie-
HAIO OBWXKA B CTOPOHY obLiero nposBoga
(ecrm prManasoH MeHbLle + 0,5 Mc, TO B 06-
patHoMm HanpasneHumn). Pesuctopom R3
BHOBbL YCTAHABIMBAIOT MCXOAHYIO ONMTENb-
Hoctb 1,5 mc. 3akpenve ock R3, 3aHOBO
NPOBEPSIIOT U3MEHEHUE [UTATENBHOCTA B
KpanHUX MONoXeHuAX pepykropa. Metogom
nocriefioBaTenbHLIX NPUBITIKEHNIA HeoBXo-
AnmMo AobuTLCA, YTOBbI U CpepHee 3Ha4eHue
LNATENBbHOCTM MMMYIECA U €ro OTKIIOHEHUA
COOTBETCTBOBANMMA CTAHOAPTHBIM.

Hanee HacTpavBaroT
YOIMHATENB  MMNYTib-
| coB. lNopas Ha Bxop

£ KOMaHAHbI  UMNYNbC,
COOTBETCTBYIOLUMIA Of-

HOMY U3 KpalHWX rono-
XXEHUI pYHKW yrpaene-
HUA (Hanpumep, 2 Mc),
cnepyer  y6egutbes,
yT0 Ha BIBOAE 10 3ne-
£, MeHta DD1.3 npucyT-
Z CTBYeT OTpULATENbHLINA
UMNYIbC  ANATENBHOC-
+ 10 0,5 MC (pynesoe
YCTPOWCTBO [OMKHO Ha-
* XOOWTbCA B HEWTpanb-
HoM nornoxennn). Mop-

|
EUEATE! £

|

y
R21

R19

Puc. 4

KIHOYUTL ocumnnorpad
k BbiBOgy 13 OV 1 y6e-

OUTECH B HAJIMYAN HA 3TOM BLIXOAE YJ/TMHEH-
HOFO UMMYNLCA MONOXUTENBHOW MONAPHOC-
1. Ecnv uMnynbe OTCYTCTBYET, BpaLLEHUEM
ocu R15 pobutbea ero nosBneHUs, a 3aTem
YCTAHOBUTL €r0 AJIMTENBLHOCTL PaBHOW Npuy-
mMepHo 20 Mc. MNoAKMHOUATE UCMONHMTESbHBIN
oBurarernb U ybepuTsCs, HTO pyneBoe YCT-
POMCTBO OTCIEXMBAET U3MEHEHUE MOMOXe-
HUS PYHKU yNpaBneHns (hopMMpoBaTens Ko-
maHg, Ecriv geurarenb yXopuT B KpaviHee no-
NOXeHue, HEOBXOAMMO MOMEHATL MECTaMU
BbiBOAL! Apurartens. MaMeHas B HEGOMbLLNX
npegenax nornoxexne ocu R15 (perynnpys
KO3hULIMEHT YASTMHEHUS), HEOBXOAMMO YC-
TaHOBUTHL MAKCUMASTbHYHO CKOPOCTL OTpaboT-
KU pyrieBoro YCTPOWCTBA, NpW KOTOPOW eLle
OTCYTCTBYET KonebarenbHbid npolecc npu
noaxome K MOnoXeHUo paBHoeecus. Ecnn
pyrneBoe YCTPOUCTBO CpabarkiBaeT B CTOPO-
HY, NMPOTUBOMONOXHYI OTKIIOHEHWUIO PY4KK
yrpagneHus, T0 HeO6XoAUMO MOMEHATL Me-
CTaMU KaK BbIBOfAbI ABUraTens, Tak M Kpaw-
HUe BbiBOALI NoteHuuomeTpa R1. MNpy arom
MOXET MoTpe6GoBaTLCA NnepeycraHoBKa UC-
XOOHOFO MONIOXEHUA OCU MOTEHLMOMETPA Mo
OMMCAHHOM BhiLLle MeTOAMKE.

CnenyeT OTMETUTBL, YTO 3DPEKTUBHOCTb
paboTbl PyneBoro yCTPOMCTBA CYLLECTBEH-
HO 3aBUCUT OT UCTIONb3YyEeMOro Asurarens.
3T0 HU B KOEM Cniy4Hae He [OrmKeH 6biThb
[Buratenb OT AETCKMX urpyliek. Takue
[OBuraTerny UMetoT 6onbLLoK TOK noTpebne-
HUA, 3HAYUTENBHOE TPEHWE B MOALUMMHK-
Kax, 6ONbLUYI0 BENMYMHY HAMPAXEHNUs Tpo-
raHus, CUNbHO UCKPSAT M T. M. lNpremnemsie
pesyrnbTartbi Nony4arTcs ¢ ABUraTensaMmn ot
aypvonneriepoB Ha 1.5...6 B. Haunyywue
Xe OBUratenu fna pyreBbiX MALiMHOK —
OBurartenu ¢ nonesiM poropom cepun AP,
obnafalowme Manon UHEPLMOHHOCTHIO U
HeBONbLUMM HaMNPs>XXEHNEM TPOFaHUA.

Mpn BO3MOXHOCTA NMPUOBPETEHNUA MUK-
pocxembl TA7291S pynesylo MalUUHKY
MOXHO C/IeNaTb 3HAYUTENBHO KOMMAKTHEE.
Mwukpocxema chupmbl Toshiba npepgHasHa-
YeHa Ans yNpaeneHns OBuratensmMmn nocro-
AHHOFO TOKA C HaNpPsXXEHWEM MUTaHUA A0
18 B 1 TokOoM noTpebrneHns, He npesbiLLa-
towem 0,8 A, Hero BMnonHe AOCTATONHO AN
MPUMEHEHWA B PYNEBbIX MaLLUWMHKAX.

MpuHUMNUanbHaa cxema 3Toro BapuaHTa
npvBegeHa Ha puc. 5. Jlorvka paboTsi non-
HOCTHIO MOBTOPSET MepBbI BapyaHT. Ka-
HaSBHBIA UMNYNbC MHBEPTUPYETCA Kacka-
nooM Ha TtpaHsuctope VT1 u 3anyckaer
XAYLMIA MyrETUBMOPATOP, KOTOPLINA Tenepb
cobpaH Ha anemeHTax DD1.1 v DD1.2. [inn-
TENbHOCTL COBCTBEHHBLIX UMMYIbCOB Orpe-
[enfeTcsa ComnpoTuBrieHMeM pesucropa R3
M eMKOCTbIO koHgeHcaTopa C2. OnemeHTbl
DD1.3 1 DD1.4 no-npexHemy o6pasyior
BPEMEHHON AWUCKPYMUHATOP. YANVHUTENN
MMMYNbCOB peanm3oBaHbl HA UHTErpUpyLo-
wwmx yenodkax R5C3 n R6C4. Mukpocxema
MMeeT BXOfbl, COBMECTUMBIE C YPOBHAMMN
KMOIN mukpocxem. Kak M3BECTHO, nornyec-
KMe MMKPOCXEMbI 3TOr0 TUMa NepeKoyaroT-
CSl MPU BXOAHBIX HAMPAXEHWAX, PaBHbIX NMPpy-
MEpHO MOMNOBUHE HAMPSXKEHUA MUTAHUA.
MoatoMy crieupanbHbIX KOMNapaTopoB He
Tpebyercs, a hOpMUPOBAHNUE YANMHEHHBLIX
MMMYNbCOB MPOUCXOAMT MPY MepeceHeHnn
BXOAHbIMW CUFHANAMU 3TUX YPOBHEN. BHyT-
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pPY MUKPOCXEMbI UMEIOTCS U KINIOHEBBIE YCU-
nwTeny MoLHoCcTH, obecneumsatoLime nog-
KNIoYeHWe gBuratens HenoCpeaCTBEHHO K
ee Bbixogy [2].

NeuaTHas Nnata pynesoi MaLLiHKu Npu-
BefeHa Ha pyc. 6 U HUKakux KOMMEHTapu-
eB He Tpebyet. TpaHauctop VT1 — cepun
KT315 nmnu emy aHanoruuHbin. [uogbl —
mwna KO521A nnu KO522A. Crabunusatop
HanpsxeHua Ha 3 B — tuna KP1170EH3
WK €ero UMMNOpTHLIK aHanor. MuKpocxemy
TA7291S MOXHO 3ameHuTb Ha TA7281P ¢

3ucTopy R3 Takue xe,
Kak u B npegplgyLiem
BapuaHTe.

Knauralenmm

I—m1 TA72918
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Puc. 6

MNpw HacTpolike, BO MHOIOM aHAJIOrMHHOM
ONUCaHHOW Bbillle, OHOBpEMEeHHasn ycTa-
HOBKa WUCXOOHOW ONUTENLHOCTU COBCTBEH-

NMpumenenme BCUT

C «NMpPponopLuMoHaZNIbHO-HACbLILL|€HHbLIM»

VNpaBNeHUEM B HU3KOBOJILTHbIX
BbICOKO3(htheKTUBHbIX

BbINPAMMTENAX
Kmo nost
Aaykymen (
pabora K

a OCHOBE

bIX 6biy1a pacc

1a, MOryT HaiTy NMPUMEHEHUEe He TOJIbKO Al
KJIHOYEHUSI HArPY3KU, HO W OJ1S1 BbINPSAMIIEHUS] HU3KOrO e-

YeHuss n

X TPaH3UCTOPOB CO CTaTUHECKOMN UH-
} € «rpPonopynoHanbHO-HACLILEHHbIM» YIPaBIeHUeEM
TpeHa B npeabigywen HoMepe XypHa-

Tarn4iecKoro rnogkmo-

pemMeHHOro Harnpsixenusi. MI3BecTeH Lenbii Knacc yCTPOHCTB, B KOTO-
PbiX 6UronspHbIe v NoneBbie TPaH3UCTOPbI UCMONL3YIOTCS B Kaqe-
CTBE yrnpaBnsemMbiX K/IOYey B nNpeobpa3oBaTensx nepemMeHHoro Ha-

NnpsKeHus1 B NOCTOSAHHOEe.

puunHa paspaboTku npeobpaszosa-
Tenen NepemMeHHoro HarpsxeHua 8
NMOCTOAHHOE, B KOTOPbIX BUNONAPHLIE
WNY NMOMNEBbLIE TPAH3UCTOPbI 3aMEHRAIOT MNOo-
NyNpOBOAHWKOBbLIE OMOLbI, COCTOANA MC-
KINIOYUTENBHO B CTPEMNEHUWU YBENUYUTL
KNO npeobpasosatenei. TeHgoeHUMU K
CHWXEHUIO HanpsxeHui nuTaHws POA 060-
3HauunMchL Gonee Tpuauatu neT Hasan u
6binK, B OCHOBHOM, CBfi3aHbl C PA3BUTUEM
umcpoBbIX MuKpocxeM. CoBpeMeHHbIM
KMON UC 1pebyetca HanpsxeHue oT 3,3
0o 5 B, UIC unTerpanbHO-MHXEeKLMOHHOW
norvku 2L pa6otatot npu 1...1,5 B. OnA
NonynpoBOAHUKOBLIX AUOL0B — AELLEBbIX,
HaOEeXHbIX W 6LICTPOAENCTBYIOLLUX, CMO-
cobHbIX 6e3 pas3pyLleHus BbIOEPXUBATb
BbICOKME 0OpaTHble HANPSXXEHUA U MHOTO-
KpaTHbIE TOKOBbLIE MEPErpy3Ku, — Npu TO-
Kax B eguHWLbI amMnep nageHue Hanpsxe-
HUS B OTKPLITOM COCTOSIHUWM COCTaenseT
okorno 0,6 B, gns pgwopoes LUoTtkm —
0,3...0,4 B, TeM He MeHee, noTepu Mnosnes-
HOWM MOLLIHOCTW HA HAX JOCTUraloT HECKOMb-
KWX OEeCATKOB NMpPOLEHTOB.
B HacTosllee BpeMsi pacnpocTpaHeHue
NoMy4UI NOHVXXKAKOLLME NpeobpasoeaTeny
C CUHXPOHHLIM BbINpsMNeHwem u MOI

TPaH3KUCTOpaMK B KA4ECTBE KNIOHEBLIX 3ne-
MeHTOB. MOXHO pekomMeHposaTh paboTy [1],
B KOTOpPOW OuepueH Kpyr Npobnem, BO3HU-
KaloLLMX NMpy KOHCTPYUPOBAHUK MOHUXAI-
LLIWX CMHXPOHHBIX KOHBEPTOPOB, AaH aHa-
3 ucrnonb3oBaHua  Kmouyesslx  MOI
TpaH3UCTOpoB BMECTO guofnos LLUOTTKY,
YACNEHHO OLEHEeHa 3HepreTvyeckas 3g-
(heKTUBHOCTL 3TOrO peLleHusi, ChopMynu-
poBaHbl OCHOBHblE TpebOBAHUS K CXeme
yNpasBneHus KI4eBbIMU TPaH3UCTOPaMK.
dupmoii International Rectifier paspatora-
Ha cepus FETKY(TM), obbemuHsiollan e
OOHOM KOpMNyCe HU3KOBOMbTHLIA ObLICTPO-
nevicteytoud MOIT Tpan3ucTop U guwog
LWoTTkum [2].

Ecnu nopatb Ha BXOp NOHWXAMOLLEro
CHUHXPOHHOIO KOHBEpTOpa He MOCTOSHHOE
HanpsXXeHue, a, HanpuMmep, pasHononsap-
Hble UMMYNbCHI MPAMOYTONBHOW (HOPMBI, W
3aMeHuTb Knoyeeok AMOI-TpaH3ucTop Ha
npubop, He NPOBOISALUMA B OOpPaATHOM Ha-
npaeneHyu, To Npy COOTBETCTBYIOLLEM arn-
roputme paboThl y3na ynpasneHus Ha Bbl-
xoge MOXHO nonyyuTb NOCTOAHHOE
HanpsxeHwe. B npocTelitiem cryyae anro-
pUTM y3ra ynpaeneHus — KIoY OTKPbIT
Npu BXOOHOM HANpsXeHU OOHOU MONAPHO-

HbIX UMMYINLCOB MyrbTUBUGpaTOpa U Tpeby-
€MOro [panasoHa UX W3MEHEHUs OoCTura-
eTcs BeIBOPOM HaYanbHOIO MONIOXEHWUA OCK
noteHumomeTpa R3 u, npu HeobxoouMocTy,
nog6opom eMKOCTK koHpeHcatopa C2. Yo-
NUHEHHBbIE UMMYIbChI KOHTPONUPYIOTCH He-
NnocpeacTBEHHO HA BbiBOAAaX 3 U 7 MUKPO-
CXeMbl Mpy 3aMEHE [BUraTens Ha Pe3ncTop
conpotueneruem 100...150 Om.

lpogosykenme cnepyet

Bnapumuvp AHMUIEHKO,
m408 @rbcmail.ru

1. B. [JHuiyeHko. OCHOBHbLIE NpUHLIILI
nponopuyMoHansHoOro  paguoynpasneHyis
mopensmy. — CxemotexHuka, Ne 12, 2002,
c. 20—23.

2. Mukpocxembi fnis ynpasfieHys 5/1eKT-
poasuraresiiMy. — SHUMKNONeaws PeMOH-
14, Boinyck 12. Jogska, 1999.

CTW W 3aKpbIT NpW HaNpsXeHWW OpYrou
MONSPHOCTU.

Haubonee paHHss M3BecTHas aBTopam
KOHCTPYKLMSA Takoro npeobpasosartens Ha-
npsxeHwss oTHocuTes K 1958 1. [3]. Bein
npegsioxeH ynpaenseMblid BeINPAMUTEND,
NOCTPOEHHLIN NO O0pHOMa3HOM gByXNonyne-
PUOLHOW CXeMe CO CpefdHe TOHKOU CWUNo-
BOrO TpaHchopmarTopa. B KOTOPOM Harpys-
Ka BKNIOYanacb Mexny CpemnHew TOYKOW
BTOPWYHOY OBMOTKM 1 COEOUHEHHBEIMIWA KO-
NEKTOpamMy KIMOHEBbIX TPAH3UCTOPOB, 3MUT-
Tepbl TPaH3UCTOPOB NOAKNIOHANUCH K BLIBO-
[amM BTOpUYHOM O6MOTKM TpaHcgopmaTopa,
a 6as3a Kaxaoro TpaH3ucTopa Yepes3 TOKO-
OrpaHUuMBAIOLLIMIA PE3UCTOD COEAMHANACH C
3MUTTEPOM [pYyroro TpaHauctopa. KoHgwu-
rypaums cxembl obecneuneana nonepe-
MEHHOE OTKpbiBaHWE TPaH3UCTOPOB W
(hopMUpOBAHWUA Ha Harpyake HanpsXeHus
NOCTOSHHOIO TOKA.

Eule pee 6onee no3gHue KOHCTPYKLUMM
[4, 5] peanusyloT BbINpSMUTENL, 06pa3o-
BaHHbIM OBYMS Napamuy n-p-n u p-n-p TpaH-
3KUCTOPOB U PEIUCTOPaMWK, NMpu 3TOM BTO-
poe YCTPOWCTBO HBNAETCA pasBUTUEM
nepeoro. Cxema ycTpoucTea NpencrTasns-
eT coboi 06pazoBaHHbIM TpaH3UCTOpaMK
MOCTOBOW BbINPAMUTENb, NPU4EM KOMnnek-
TOpbl 1 6a3bl Nap N-p-n U p-n-p TpaH3uc-
TOpOB COOTBETCTBEHHO COEOMHEHLI MEXyY
Co60i4, 3IMUTTEP OOHOrO N-p-n TPaH3UCTO-
pa coeguHeH C 3MUTTEPOM OAHOIO p-n-p
TpaH3ucTopa, a Mexay 6asamu n-p-n u
p-N-p TPaH3WCTOPOB BKIIOYEH PE3UCTOP.
MepemeHHOEe HaNPSHXEHUE MPUKIaabLIBaeT-
CH K 3MUTTEepaM, a Harpyska nopkmnoyaeT-
€A K KONnektopam TpaH3ucTopoB. TOK ye-
pe3s peauctop pomxkeH obecneunsatb
HaCkILWEHWe OTKPbITLIX TPaH3UCTOPOB.

OueBUOHBLIA HEOOCTATOK Takux Npeotpa-
30BaTENEN 3aKNHAETCH B TOM, YTO BbICO-
ki KIMNO nveeT Mecto e y3KoM puanasoHe
BLIXOHOMO TOKAa U BXOOHOrO NEpeMEHHOro
HanpsxeHws. C OOHOWM CTOPOHBI, A1 MAHK-
MU3aLUuKM NOTEPb HEOOXOOUMO NMOAAEPXWU-
BaTb KMIOYEBLIE TPAH3UCTOPbLI B COCTOAHUM
BO3MOXHO 6ornee rnyboKOro HaChILLEHWS,
OTPAHUHEHHOTO NMULLIL BLICTPOLEICTBUEM, C
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OpYyroi CTOpoOHbI, 6a30BbIN TOK KIIOYEBBIX
TPaH3VCTOPOB caM SIBNIAETCA OOHOW U3 Co-
CTaB/sIoLLMX NoTePb, W, KPOME TOro, Benwu-
4vHa 3TOro TOKa 3aBUCUT OT BXOOHOIO Ha-
npsbxenvss npeobpazoBartens. Hawbonee
npocToy €nocob yCTpaHeHvst yKasauHoro
HeJocTaTka — nocTaBuTb TOK 6a3bl Kitove-
BbIX TPAH3WCTOPOB B 3aBUCUMOCTb OT TOKa
KONJIEKTOpa U N0 BO3MOXHOCTU UCKITIOHUTD
3aBUCYMOCTb €0 OT BXOAHOMO HaMNpsKEHWS.

Tako# cnocob peanuaoBaH, HanpuMep, B
[6], roe npeanaranock UcnonbL30BaTtk TpaHc-
hopmaTop Toka, nepBu4Has 0BMoTKa KOTO-
poro BKOHYanachk MocrnefoBaTenbHo C Ha-
rpy3kou, a BTopuqHasi 06MOTKa BKIOYanach
Mex[y KONNEKTOpoM u 6a3ou KMoHEBOro
TpaH3ucTopa U CnyXuna UCTO4HVKOM 6a30-
BOrO TOKa K/OHEBLIX TPaH3WCTOPOB.

HancHenwee paseutue npeobpazoBareny
nonyuvnu B paboTtax asTtopoB u3 MockoBc-
KOr0 VHCTUTYTa PapvoTEXHWKYW, SNEKTPOHU-
kv v aBTomaTvikv [1. B. UrymuoBa, U. C. MNpo-
MoBa, B. A. Macnoeckoro v gpyrux. [pynnow
aBTOpoB 6bino pa3pabotaHo 60MbLIOE YvC-
N0 pasnuyHbIX BapWaHTOB YMpaBnseMbIX
npeo6pazoeareneyl NEPEMEHHONO Harnpske-
HVS B MOCTOSIHHOE Kak Ha OCHOBE 6unonsp-
HbIX, TAK ¥ MOneBbIX TpaHaucTopos [7—10],
C YABOEHWEM VN PErynUpOBKOW Hanpske-
Hua [11—14], ona nuTaHus HECKONbKUX Ha-
rPY30K, C OrpaHVHEHVIEM BbIXOLHOIO Hanps-
XeHvss v T. n. [15—20]. OgHako Bcem
6unonsipHLIM BapuaHTam npeotpazoBaTenen
HaMpsXXeHus NpUCyL OBa HedocTarTka: ya-
KUlA Qyana3oH HanpshkeHwi, B KOTOPOM pea-
nuayetcs Boicokuy KMNM, 6onbuion Tok yn-
paenenvis TpanavctopoB. MO BapwaHThl
npeobpasoBarenen 3a4acTylo Tpebosanu
NpYMEHEHWS! TPaH3UCTOPOB C MOPOroBbIM
HarnpsbkeHvueMm Mexee 1 B.

VnyulleHue xapakTepucTuk npeobpaszo-
Bareney CBA3aHO, B MEPBYIO o4epefb, C
pacuvpeHveM Ovana3oHOB BXOLHOIO Ha-
NPsSOKEHVS1 U BbIXOOHOMO TOKA U C Npume-
HeHVEM 6onee 3KOHOMUWYHBIX KIHOYEBBIX
3nemMeHToB. Pe3ynsTaTtom Haulen paboThl B
3TUX HanpaeneHusx SBUNack HOBAs KOHCT-
pyKUvsi BbICOKO3(P(hEKTUBHOIO HWU3KOBOMb-
THOro ObICTpOOEVCTBYIOLLErNO Npeobpazo-
Batensa Hanpshkexus [21]. Cxema npeobpa-
3oBarens npveegeHa Ha pvc. 1.

MpeobpazoBatens CogepXuT BbLIXOAHON
p-KaHanbHbI 6UNONApPHLIA TPaH3UCTOP CO
cratvyeckon uHgykuven (p-BCUT) VTH,
KMo4eBor n-p-n Tpanavctop VT3, perynu-
pyloumii p-n-p TpaHaucTtop VT2, peauctop
R1, yevnurenb-npeobpasoBartesib pa3HOCTU
Hanpspxenui B ToK Al. Tok ynpaBnenust Bbli-
xogHoro BCUT nportekaeT Yepe3 nepexoq
amuTTep-6aza, Tpanauctopbl VT2 u VT3 u
3aMblkaeTcs Ha obLymin npoeod. Kntouesown
TpaHaucTop VT3 OTKPbLIT, KOrAa BXoOHOE Ha-
NpsKEHUE MONOXUTENBHO, W 3aKpbIT, Koraa
oTpuULaTenbHO. PerynupyoLui TpaHavucTop
VT2 HaxoguTcsi B aKTUBHOM pEXWME, €ro
ponb COCTOUT B perynupoBaHvum Toka 6a3bl
BECUT. Bbaza TpaHaucTopa VT2 nogkntoye-
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HanNpskeHve-TOK fIBNSETCA Ha-
NPAXXEHUE KONNEKTOP-3MUTTED
HaXOMsLLErocs B HACbILEHUU

BeixogHoro 6ECUT (ocratouHoe
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TOK C BXOfa Ha BbIxof, €cnu
BXOHOE HAaMpsKEHWE MONOXU-
TENLHO, W HE MPOMYCKAaeT TOK C
BbIXOf@ HA BXOA Mpy oTpuua- PMC- 2
TENLHOM BXOAHOM Hanpsbxenuy. Ecnu Boixog-
HOW TOK Man, TO HamnpsKeHve KONnekTop-
amutTep BCUT Takxe mano. B 3tom cnyyae
BbIXOOHOW TOK ycunutens-npeotpazoBarens
HanpsXeHWe-TOK MaJl, TOK KONneKTopa pery-
NVIPYIOLLIENO p-N-p TPaH3ucTopa, KOTOPLIYi B
OCHOBHOM oOnpefgensieT ToK noTpebnexus
npeobpazoearens, Toxe man. MNpu yBenuue-
HUV BbLIXOOHOMO TOKA HAMPSKEHWE KONMeK-
Top-3mMuTTEp BbiXogHoro 5CUT Bo3pacTaer,
YTO MPUBOOVT K YBENWHEHVIO TOKA KOMNeK-
Topa perynvpytoLero Tpadavctopa VT2, v,
cnegoBaTtentHo, K yBENUUeHUO Toka 6a3bl
BECUT. VYeenuuenvie Toka 6a3wl 5CUT BBO-
ouT ero B 6onee rny6okoe HacblLLeHue, Npy
3TOM YMEHBLLLAETCA HanpshkeHue Konnek-
TOop-aMuTTEP. MNpY HEKOTOPLIX 3HAYEHUAX
OCTaTO4HOIro Hanpskenus v Toka 6a3bl Bbl-
xopgHoro 5CUT, cooTBeTCTBYIOLLErO onpeae-
NEHHOMY BbIXOOHOMY TOKY, CUCTEMA [0CTU-
raeT COCTOfHUSI YCTOWHUBOIO paBHOBECUS.
Cnegyet oTMETUTB, UYTO B MpeobpazoBartene
HanpsHKeHUs TaKXe peanuayetcsl «npornop-
LWOHANBHO-HACHILLEHHOE» YNpaBfieHve Bbl-
XogHeiM ECUT.

Insa npoeepku paboTocnocobHOCTY npe-
obpazoBartenst U3 AVCKPETHbIX KOMIMOHEH-
TOB 6biN U3rOTOBNEH €0 MakeT, VCMoNb-
3oBanca cepwiHbii p-BCUT KT6127E.
3aBUCYMOCTY OCTaTOYHOIO HAMPSHXEHUS U
TOoKa MoTpebneHus OT BXOOHOIO Hanpshxe-
HUA U3MepANUCL Npy OBYX (hVKCUpOBaH-
HbIX 3HA4YEHUNX BLIXOOHOro ToKa. Pe3ynb-
TaTthbl UAMEpeHV NpvBegexrtl B Tabn. 1, Ha
puc. 2 npegcraBnexa 3asucumoctb KO
npeobpa3oBaTena OT BXOAHOIO Hampshke-
HUA NpY BbIXOOHOM Toke 0.5 u 1 A.

YCTponcTBO paboToCNOCOBHO MY MUHU-
MalnbHOM BXOOHOM Hampsxenuu 2 B, co-
XpaHAET BbICOKYIO 3(hEKTUBHOCTL B LLV-
pOKOM Auana3oHe TOKOB. buicTpogencTBre
npeo6pa3oBaTens HENOCPEACTBEHHO HE W3-
MEPANOCh, €r0 MOXHO KOCBEHHO OLEHWUTb
no rpaHuyHou yactote kntovesoro 6CUT,
kotopas gns KT6127E coctaBnser He Me-
Hee 150 MI'y [22].

Takvum 06pa3oM, NPefnoXeHHAn KOHCT-
pykuvsi npeobpasoBatens NepeMeHHoro

3 4 5

- BxoGHoe ranpsxeHue, B

HanpsiXXeHuss B NMOCTOAHHOE MO CBOWM Xa-
pakTepuctvkam, B MeEpBYI oYepedb Mo
KMNM, MoxeT ycneuwHoO KOHKypyvpoBaTb C
V3BECTHBIMW KOHCTpyKUvamu Ha MOIN
TpaHaucTopax. He TpebyeT BHELLIHUX CXeM
ynpaenexus (JpavBepoB), TEXHONOMMYECKU
npocto peanuayetca B euge UMC.

®depop bykalues,
bukaschew @novline.ru,
AHaronui baitby3oB,
antrima@novline.ru,
Anexce#i CMMpHOB,
www.antrima.narod.ru.
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OCHOBbI CX€MOTEXHUKHM

MHuaukaTop Ha maTpuiHom BJIA

rHepoctarkam BJTA cnepyeT otHecTu:
e HEOOXOAMMOCTb HECKOSNIbKUX UCTOHHUKOB MUTaHUS;
e OOJbLUOW TOK Hakana Karoaa,
e CPaBHUTENBHO CMOXHYIO CXEMY YNpaeNeHUs WHOVKATOPOM.

Acnonb3oBaHue COBPEMEHHON 3neMeHTHOW 6a3bl NO3BONSET
3HauuTenNbHO ynpocTuThk y3en ynpaenenus BJIA. MpuMenenue
MUKPOKOHTPONMEPA U CrieLmanv3vpoBaHHbIX MUKPOCXEM CYLLIECTBEH-
HO paclwmvpsieT (hyHKUMOHASBbHLIE BOSMOXHOCTU y3na yrnpaeneHus
VHAUKETOpa Y MUHUMU3UPYET YCTPOWCTEO B LefoM. Hanuyve B MUK-
POKOHTpONIEpe YHUBEPCANLHOIO aCWHXPOHHOTO MOCNENoBaTeSIbHO-
ro npuvemo-nepenaryuka (YAIM) ynpowlaer 3agaqy COMpsXKeHWs
YCTPOMCTBA UHAVKALMW C KOMMBIOTEPOM MO MocnefoBaresibHoMyY
KaHasy cBf3u (Hanpumep, no unTepdeiicy RS-232 unu RS-485).
MpvmeHeHve kanana cesav RS-232 nossonuT yaanuTb ycTpom-
CTBO MHAVKaLMK Ha 15 M OT KoMnbloTepa (AnvHa Kabens oroeo-
peHa cTaHaapToM, NPU HanW4MK O6LLEro KOHTYpa 3a3eMieHus oHa
MOXET ObITb CYLLECTBEHHO YBEMUYEHA, XOTA U C HEKOTOPLIM CHU-
XEHnEM paboyein CKopocTw).

BakyyMHbI# NIIOMUHECLIEHTHBIN 6YKBEHHO-LVDPOBOWA OAHOCTPON-
HbIA MaTpuyHbIA uHaWKatop WIIB2-16/5x711 copepxut 16 3nako-
MECT C pasMepHOCTbIO Marpuvubl 5x7 W npeaHa3HaqeH gns oTo-
6paxeHns 6YKBEHHO-LU(POBOW, 3HAKOBOW WHhOpMaLWKn B caMbiX
pas3nuyHbIX YCTPOCTBAX LLUMPOKOTO npumMeHenus. Brewwnuin Bug
WHOUKATOpa W PacrofiokeHue 3NeMeHTOB OAHOro 3HakoMecTa
rnoKasaHbl Ha puc. 1, a u 6 COOTBETCTBEHHO.

MpennaraeMoe YCTPOWCTBO MHAWMKALMM MOXET CRyXuTb ANA
peKnaMHO-UHOPMALIMOHHBIX, PA3BNEKATENbHbIX U APYrUX Lenen.
WHTepdelic nravkaTopa NnpyvBeaeH Ha pyuc. 2, a NpuHuunuanbHas
cXeMa ycTpowncTBa urguKaumm — Ha puc. 3.

OCHOBHbIE TEXHUHECKUE XapPaKTepUCTUKU YCTPOWUCTBA:

e 4HYNCNO CTPOK — 1
e 4uCNo 3HakoMecT — 16;
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e pa3MepHOCTb 3HakoMecta — 5x7;

unTepcheric nocnegosarensHoro ooMena — RS-232 wnu RS-485
CKOpPOCTb BbiBOAa (NEPeoBWXKEHUS COOOLLEHUS) — MPUMEPHO
2 3naka/c;

HanpshkeHus nutanus — 5 B, +15 B, ~5.5 B (co cpenren Tou-
KOW).

MpoTokonbl nepepasn:

ANEKTPOHHbIN:

ckopocTb npuema/nepepnaqvu — 9600 60p;

LVHA NOCbINKKU — 8 6UT:

KOHTPOMb 4ETHOCTY;

OOvH CTON-6MT;

NpPOrPaMMHbI:

cuHxpocumBon SAh;

cuHXpocumBon A5h;

HYYUcno nepefaBaeMblX CUMBOJOB;

Kogbl CUMBOJIOB (He 6onee 48 6auT).

Hwxxe nepevmcneHrbl OCHOBHbIE (hyHKLUM YCTPOUCTBA MHAMKaLMU:
npueM HaHHbIX Mo nocnenoBaTeslbHOMY Kanary;
nepekoavpoBKa CUMBOJIOB AS1 OTO6paxeHUs Ha Marpuue To-
4eKk 5x7;

cosur otobpaxeHusi 3HakoMecTa BneBo (pexuM 6eryuien
CTPOKMU);

NnocTosHHas pereHepauus u3obpaxenus (PeXvVM guHaMu4ec-
KOW uHAuKauuu);

pabota B pexuMe “Hacbl’, oTo6paxeHue TeKyLlero BpeMenv
npy OTCYTCTBUMW AaHHbIX NO MocneaosaTeNbHOMY KaHaiy CBs-
3u (norpewHocTb Hacos 0,5 ¢ 3a 24 4);

yCTaHOBKa BPEMEHU BKIOHEHUS 6yOWUNbHUKE.

Ona obecne4veHuss COBMECTUMOCTU UHGOPMaLUu Habop CuM-
BOJOB, UCMONb3YEMbIi KOMMLIOTEPOM, HEO6XOAMMO CTaHgapTU3u-
poeatb. MoxHo npeacraevTb HA60P CMMBOJIOB B BUAE Tabnuubl
W YCTIOBUTBCH, HTO KaXAOMY CUMBOMY BCerpa
6yneT cooTBETCTBOBATL OAHO W TO X€& MecTo
B Tabnuue. Torpa KaxgoMmy cuMBORy (3HaKy,
6ykBe 1 T. g.) 6yneT COOTBETCTBOBATL HEKOTO-
poe uucno, ompepensiowee 370 MecTo, 310
4YUCNO MOXHO HaseaTb kogoM cumMeona. ops-
DOK pacrnonoxeHusi (KOAUPOBaHWs) CUMBOJIOB
ons obecneqeHuss MHOPMaLMOHHOW COBMEC-
TUMOCTU Pa3nu4HOro NPorpamMMHoro obecneqe-
HUSl HE MOXET ObiTb MPOW3BOMbHLIM U perna-
MEHTUPYETCA PAAOM HOPMATUBHBLIX [OKYMEH-
ToB. Haubonbliee pacnpocTpaHeHue Hawen
ctaHpgapt ASCIl (American Standard Code for
Information Interchange). 3ToT cranpapT Heo-
[HOKpaTHO COBEPLLEHCTBOBAJICH, PacLLNpAIICS,
O[HAKO OCHOBHbIE MPUHLWMBI, 3a7IOXEHHbIE B
HEeM, NMPUMEHSIIOTCH BO BCEM Mupe U Mo ceu
neHb. B Tabn. 1 nokasaHbl CUMBOIbI 3HAKOre-
HepaTtopa, ucnonb3yeMoro B pa3paboTraHHOM
YCTPOUCTBE WHAMKALMW.

Ons NpvBneYeHns BHUMaHWS B MOMEHT no-
ABNEeHNs COOBLLEHUS NOAAETCH KOPOTKWUM 3BYKOBOW curHan pnuv-
TenbHocTbio 0,2...0,5 c. MNMocne 6un—curnana uenecoobpasHo npe-
OyCcMOTpeTb nay3y B 1...2 ¢, 4Tobbl oneparop ycnesn noaroToBUTcs
K npueMy coobuienvs. “bBerywas cTpoka” byneTr octaHaeMBaTbCA
nocre NnosiBNEHWs Ha IKpaHe NnocnegHero NPUHATOro CUMBoOIa, €Ciu
HOBbIE CMMBOJIbI HE MOCTYNUAW. YCTPOWCTBO UHAUKaLWKW Mo YMoJl-
YaHuio paboTaeT B pexuMe “dacbl’ (UOeT CHET yCTaHOBIIEHHOIo
BpeMeHu). Ecnu HeT AaHHbIX Mo nocnefoBaresnlbHOMY KaHany Ces-
31 B Te4EHWM 5 MUH C MOMEHTa MpveMa NocneaHero coobLuenus,
TO WHAVKATOp Ha4yHET oTobpaxaTk Tekyluee BpeMs. Mo xapaktepy
oTobpaxaemMoil Ha UHAVKATOPE WHGopMauMK yCOBHO MOXHO Bbl-
DenuTb TpY pexumMa paboTbl yCTPoUCTBa:

e oTOOpaxenve nrthopMauum “6eryLien cTpokon”, nepenasaemMomn
no nocrnegoBaTenbHOMy KaHany cssau. Ecnv cuMBornoe B coob-
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Tabnuua 1 Pa3zpsif 8 — [ECATKM CEKyH} B peximmax “dacki” u
" ZJo0 i ]2[3]4 [5]6 7 8]0 [A[B[C|D][EF]| "Oyaumbhmu, »
k5 5 t T % | & 1) Pazpsig 9 — cumeon “: ) i
'3 1 4 6 8 |9 2 | 2 Pazpag 10 — eguH1Lbl MUHYT B PEXUMAX “Hacbl' U
; 1
4 @A CID [E[F G | HII [JIKI|L [M|[N][O]| “CyRmnbHnd,
s IlPp|lQlRI|S|T UV |WIXIYI[Z]] 3 |] A Paspag 11 — pecsaTku MUHYT B pexvmax “qacki” 1
- .
5 (OlA|B U0 |E|[0|F [ XV [UW[K[R [M|[H/[O]| “OyAnHuK,
7 |n|jaip|{C|T Y [X|B |b{bl |3 ]| [T Paspag 12 — cumeon “7;
Pa3psg 13 — eawmHuybl HacoB B pexumax

LieHnn Meree 16, ctpoka ctouT, ecnv 6onee 16 — dhopmmpyert-
ca 6erylLas CTpoka, Mpy 3TOM B CTPOKe [IOMKHO BbITh He Gornee
48 cumBonos;

o paboTa B pexume “Hackl” (CHET TEKYLLIEro BpEMEHY, YCTaHOBKa

TEKYLLIEr0 BPEMEHM);

e paboTa B pexvime “GyanrbHuK” (yCTaHOBKA BPEMEHU BKIOYe-

HUS ByOunbHYKA).

VYnpaenexve B pexvme “4ackl” OCyLIECTBNAETCA C MOMOLLBIO
KnaeuaTypbl, KNaByLLY KOTOPO# UMEIKT CreAyloLIee HasHadeHne:

S1(P) — BbI6Op pexuma: yCTaHOBKA 4acoB; yCTaHoBKa Gyamrib-
HVKA; MPYeM M MHAMKAUMS COOOLLEHVS; OTKNIOHYEHNE COOBLLIEHMS,

S2(B) — BbibOp pas3psifa Mpu yCTaHOBKE TEKYLLEro 3HadeHus
BpPEMEHU B PEXUME “Yachl” U NPy YCTAHOBKE BPEMEHW BKIIOHEHUA
6yOMNbHYKA B peXyMe “6yOunbHVK’; B3BeaeHue OyanrbHUKa.

S3([1) — yBenvueHvie Ha efuHuLly 3HaYeHWs KaXaoro paspspa
NPy YCTAHOBKE BPEMEHM B PEXMME “Hachl”, U NPy yCTaHOBKE Bpe-
MEHW BKIIOYEHUs BYOunbHUKA B pexxmMe “6yannbHUK”, npuHyaun-
TeNbHOE BbIKMIOHYEHWE 3BYKOBOrO ¥ CBETOBOIO CurHana npw BKIo-
YeHuy GyOunbHYKA.

Paspsibl (3HaKOMECTA) MHAMKATOpa HacoBOro wHTepdenca B
pexumax paboT “Hackl” y “6yannbHVK’ MEIOT CnepyloLlee HasHa-
Yyexve (crnpaea Haneeo no puc. 2):

Pa3zpsag 1 — efuHnusl mecsaua;

Pa3psg 2 — pecatky mecsua;

Paspsag 3 — "

Pas3psan 4 — eovHuLbl Yycna ycTaHOBNIEHHOIO Mecaua;

Paspsp 5 — [ecaTKy Yucna yCTaHOBMEHHOro Mecsua;

Paspsp 6 — nycroe 3HakKOMECTO;

Pazpsf 7 — eauHnLbl CeKyHE, B PexXuMax “dackl” n “6yannbHuK;
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“yacel” ¥ “6yAnNNbHUK’

Pazpsn 14 — OECATKM 4acoB B pexuvMax “qachl” n “6yamnbHiK’,;

Pa3psag 15 — nycroe 3HakoOMeCTo;

Paspsg 16 — “A” npy B3BefeHHOM GyAUNbHUKE.

Mocre BKNIOYEHVs NUTaHWUS YCTPOMCTBO Cpa3y HaduHaeT pabo-
TaTb B PEXMME “Hackl”, €Crin HET Co0bLLeHMs No nocnefoearesib-
HOMy kawany. VineT oTcHeT BpemeHu C HyneBoro 3Hadqequs. Mpu
MEpBOM HaXaTum Ha KHoMky S1 (Ans ycTaHOBKU HEOGXOLUMOro
3HAYeHVs TEKYLLEro BpeMeHy BhiGypaloTcs paspagbl “dackl’), B
VHAVKATOpE MepuogmMHeckn muratoT 3xakomecta 13 n 14. Hyx-
HOE 3HA4eHVe ycTaHaBNMYBaeTCs kHonkow S3. Mpy Haxartuy Ha
S2 phiGypaloTcs pa3pag «MuHyTei». Tlocne Belibopa paspsga “ce-
KyHOb" Npy HaxaTum Ha S3 cekyHpbl 06HynsoTcA. Takum xe 06-
pa3soM yCTaHABMMBAETCS BPEMs BKMIOYEHUS GyAnnbHUKA B PEXU-
Me “6yamnbHuk’ (3apaHHoe Bpems 6youribHMKA 3anMCLIBAETCS B
namsTb MUKPOKOHTponnepa). Mpu coenageHyn TeKyLLIEro epeme-
HY C BpeMEHEM BKMOHeHWs 6yOuIbHUKA BKIIOYAETCS NpepbIByiC-
Tas 3pykoeas curHanusauus (BA1). YcraHoenexHoe epems 6y-
OWNbHYKA MOXHO MepenporpamMMuposarts.

Pexum “6eryuias CTpoka” MEeeT NMpUOPUTET MO OTHOLLEHMIO K
Opyrvm pexwvvam. YCTpOnCTBO uHOuKauuy cpa3y fnepexogut B
pexum “GeryLuei CTPoky™ HE3ABMCMMO OT TOTO, B KAKOM pexuvime
pa6oThl OHO HAXOAMNOCH, KOrga MpuLLno cooblueHve no rnocne-
JoBaTenbHOMY KaHany CBA3W (CHET TEKYyLLero Bpemexy WAEeT Mo
YMOM4aHWIO 1, €CNU TEKYLLEE BPEMS COBMano ¢ BpemeHem Gy-
OVNbHYKA, CBETOBAs M 3BYKOBas CurHanm3alum Takxe BKoHa-
loTcs).

“Beryujas cTpoka” 6Gyner otoGpaxarkcs umknudecku. Mocne-
IHee coobuieHvie Gyner oTobpaxarbcs Ha MHAVKaTope (ecnm Het
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HOBOTO coobLueHus)) B pexume “Gerywan ctpoka”. Flpn Heobxo-
OVMMOCTU MOXHO OHMUCTWUTL MHAMKATOP NyTem nepefaqdn 16-Tm Ko-
0B npobena, nbo NepeBecTy yCTPOMCTBO MHAVKALMKW KNaBWLLIEN
S1 B pexum “yachbl”.

YCTpOMCTBO MHAWKALWMWN MOXET ObITb UCIOMb30BAHO HE TOMBKO ANs
ynpaenenus UIB2-16/5x7J1, Ho v pna nmoboro MarpyyHoro OpHo-
CTPOYHOTO MHAMKATOpa, UMeoLero 16 3HakoMecT U pasmepHOCTb
MaTpyLbl 3HakomecTa 5x7. ins moboro Apyroro wHovkaropa ¢ no-
DOGHBIMK XapaKTepucTuKamm noTpebyetcs fpyro BeixoaHow 6ychep
ANA ynpaeneHus 3MeMeHTamMm B 3HAKOMECTE (3M1EMEHTaMM B 3HAKO-
MecTe MOTyT 6bITb MamnoYKK, CBETOAMOSb!, CBETOBbIE NOOCkI), By-
thep ANs ynpasneHus caMmmK 3HakoMecTamy B guchifiee win Bbl-
xofHoW 6ychep Ans Tabno. TexHuieckue TpeboBaHWA K BbIXOAHOMY
6ychepy onpefiensioTcs KOHKPETHBEIMK 3f1IEMEHTaMM B 3HAKOMECTe.
Bui6op vHavkatopa WNB2-16/5x7J1 pns gaHHoro ycTponcTea uHau-
Kauum onpedensncs NMUillb KOHKpeTHoW 3ajaqent. B panHom crnydae
06 yCTporCTBE MHAMKALMM MOXHO TOBOPWTL KaK O 3HaKOreHeparo-
pe. MNof, 3HaKkoreHepaTopoM NOHMMAETCH COBOKYNHOCTL annapaTHbIX
W NporpaMMHbIX CPefCcTB, KoTopas npeobpasyeT kof cvmeona ASCI
B COOTBETCTBYIOLUMIA curHan Ans BeixopgHoro Gydepa (Mnv B cvm-
BOM Ha aucnnee wHavkaropa). K annaparHoil 4acTyu 3HakoreHepa-
TOpa OTHOCATCA Criefylolme MUKPOCXEMbI: MUKPOKOHTpoSep D4 ¢
cynepeusopoM D5, npeobpasosatens yposHen D6, casuroebin pe-
ructp D7, woun D8, D9. MporpammHan 4acTb 3HakoreHeparopa
NpedcTaBnseT cobon NporpammHoe obecneHeHne MUKPOKOHTponIe-
pa. B FF3Y mukpokoHTponnepa ecTe o6nacTb NamsTy, KoTopas
BLINONHSIET porb “GamHka”. B Hel xpaHnTcs nHhopmaums o KoHGUry-
pauum cumBOna, Heobxoaumas U AOCTaToqHas AN1f ero BOCMpou3-
BeJEHUs Ha avcnee wHavkatopa. Hke NpuBefeHsl OCHOBHbIE TeX-
HUYECKME  XapakTepUCTVKW  BaKyyMHOrO  JIIOMWMHECLEHTHOTO
wHovkatopa WIB2-16/5x711:

APKOCTL — He MeHee 400 kp/mZ;

HEPaABHOMEPHOCTb ApKOCTU — 50 %;

TOK 3JIEMEHTOB OAHOTO 3HakomecTa — 4 MA;

TOK CeTkn — 5 MA;

HanpsbkeHue Hakana — 5,1...6 B;

TOK Hakana — 115 MA;

MakcumasbHOe HanpskeHue anemeHtoB — 40 B;
MakKCMMaIbHOE HanpsXkeHne Ha cetke (Npw ckBaxHocTn 10) —
35 B;

pabouunit TemnepatypHbId guanasoH — —60...+70 °C;
MUHUMasTbHAs HapaboTKa NPy COXPaHeHWW SPKOCTH He MeHee
200 kp/m? — 30000 4.

O6lyre paHHble: KaTof — NPAMOTo Hakana; ohopmieHve —
NMOCKUMA  CTEKNsHHbIKM  6annoH; rabapuTHble pasmepbl —

A

160x31x12 mm; macca — He bonee 70 r; UBET CBeYeHUss — 3ese-
HbIN.

FuTavue LUenwu Hakana NpeanoHTUTENIbHO OCYLLECTBAATL Nepe-
MEHHBIM TOKOM OT 0BMOTKM TpaHcopmaTopa Co CpefHer TOHKOW,
cnyxaten obLueit TOYKoW BbIBOAA karofa. Hactota KOMMyTUpyHo-
LEro HanpsbkeHnst AomkHa ObiTb BblBpaHa Takow, HTOObl UCKIO-
YUTb MepuaHre n3o6paxkeHus. [1na NONHOrO CHATKA CBEYEHUA 3re-
MEHTOB HEOBXOAMMO NOJATE Ha CETKY 3anupaloLLee oTpULATENbHOE
Hanpsbkenne He mMeHee 6 B mo abconoTHon BenundmHe. Mpu mc-
Nomnb30BaHWM [@HHOTO MHAWKATOPA ANS YNy4LLEHUA BHELLHETO BUOa
annapatypbl, YBENMWYEHWU KOHTPACTHOCTM M300paxeHus, a Takxe
YNYHLIEHWS] YCIMOBUIA CHUTBIBAHWS MHOPMaLMK peKOMEHyeTCA
MCNOMb30BaTh CBETOMUILTD CO CNEKTPAnbHOW XapaKTepuCTUKON
vna HC no TOCT 9411 ¢ koathhmumeHToM nNponycKaHuA
0,05...0,15. B 1abn. 2 npueefeHo hyHKUMOHANbHOE HasHa4eHve
BbIBOAOB WMHAMKaTOpa. MHAWKATOp AOCTATOMHO KOMMAKTEH W Mo-
3BOMAET NOMy4aTb O4EHb YETKOE KOHTPACTHOE OTOBpaXeHue WH-
hopmaumm 1 6e3 cunbipa. Bbicokas ApKOCTb CBEYEHUS ITEMEH-
TOB B 3HAKOMECTE, YETKOE KOHTPaCTHOE oTobpaxeHne nHpopmaLmm
Lenaet aTv MHOUKAToOpbl HE3aMEHUMBIMK NpK paboTe B yCNOBWAX
BbICOKOTO YPOBHA BHELLHEW OCBELLEHHOCTW.

YCTPOUCTBO MHIAWKauuK pa3paboTaHo Ha 6a3e MMKPOKOHTPOIST-
nepa AT89C4051 cmpmbl Atmel. MukpokoHTponnep nmeetr O3Y
emKkoctelo 128 6ant u MNMN3Y emkocTblo 4 K. [JaHHBIA MUKPOKOH-
TPOMep CO CBOEN apXUTEKTYPOI XOPOLLO NOAXOAUT LS paboTbl
B YCTPOWNCTBE uHaMKauuu. BcTpoeHHbii 3Hakorenepatop (MMN3Y)
no3eonseT oTobpaxarb CUMBOLI, cooTBeTcTBytoLME kogy ASCIL
Opyrve cumBonbl, oTobpaxaemble MHAMKATOPOM, MOXHO NOMy4MTb
C NOMOLUBIO FEHEpaTopa CUMBOSIOB, 3anMCbiBas koA CMMBOMa B
O3Y mukpokoHTponnepa. B npyHUMne mMoxHo oTobpasuthb nobyto
6ykBy, uncpy, CUMBOM MW CNELMasnbHbIA 3HAK, y4YWTbIBasA, 4TO
3HaKoMecTo umeeT hopmar 5x7.

Ona peanusaumn 3apaHHoro anropurma paboTel aBTopbl CTa-
panucb MakcUMarnbHO MCIoMb30Bath annaparHbie U Nporpamm-
HbIE PECYPCbl MMKPOKOHTPOSMEPA U MUHUMU3WMPOBATL HWCIO KC-
NoMb3yeMBIX PaaNo3NEMEHTOB.

MukpokoHTponnep D4 ynpaenseT nHaukatopom HG1 ¢ nomo-
Wblo cheunanuampoBaHHon Mukpocxembl D7 K1534XJ126. 3ta
MUKpPOCXEMa NpeAHa3Haq“eHa Ons ynpaefeHns aHoaHbIMKW Lens-
MW BaKyyMHbIX JTIOMWMHECLEHTHBIX MHOWKATOPOB W Npefctasns-
et cobon 35/32-pa3paaHblil COABUTOBOW PErMCTP C BbIXOAOM KaX-
[Oro paspafga uyepes napasiesnibHblili 6y(epHblii perncTp Ha
KOMMYTaLUOHHBIN Kio4. MakcumarnbHo AOMNyCTUMBIA KOMMYTH-
pyembi Tok Knova — He 6onee 1 MA. Mukpocxema MOXeT pa-
60Tarb B pexXvmMe C aBTOHOMHBIM W C BHELLHWM yNpPaBfiEHWEM 1
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Tabnuuya 2
Homep DYHKUMOHANLHOE Ha3HayeHne Homep DyHKUMOHaNLHOE Ha3HaYeHue
BbLIBOAA BbLIBOAA BbLIBOAA BbIBOAA
Katon, npoeoaswuy cnou
1,72 BHyTPeHIE)eVI noeepxHOCTW Bannoxa 28,45 | Cerka srakomecta 4
2 3nemenTsl 21 3nakoMecT ¢ 1 No 16 29 3AnemexTsl 18 3nakomect ¢ 1 no 16
3,70 [Cetka 3nakomecta 16 30, 43 |Certka 3HakoMecTa 3
4 3riemeHTsl 23 3HakomMecT ¢ 1 No 16 31 3nemenTel 20 3HakoMecT ¢ 1 no 16
5,68 [Cetka sHakomecta 15 32,41 | Cetka 3HakomecTa 2
6 3nemeHTsl 25 3HakoMecT ¢ 1 no 16 33 AnemexTsl 24 3HakomecT ¢ 1 no 16
7,66 |[Cetka snakomecta 14 34, 49 |Certka 3HakomecTa 1
8 3AnemexTsl 19 3Hakomect ¢ 1 No 16 35 AnemeHTsl 22 3nakomecT ¢ 1 no 16
9,64 [Cetka sHakomecta 13 36,37 |Karog
10 3rnemeHTsl 27 3HakoMecT ¢ 1 nNo 16 38 3AnemeHTbl 10 3HakomecTt ¢ 1 no 16
11,62 |{Certka 3Hakomecta 12 40 3AnemexTsl 14 3nakomecT ¢ 1 no 16
12 SrieMexTsl 29 3HakoMecT ¢ 1 no 16 42 3AnemeHTsl 12 3Hakomect ¢ 1 no 16
13, 60 | Cetka 3nakomecta 11 44 3nemexTsl 16 3HakomecT ¢ 1 No 16
14 3nemeHTsl 35 3HakoMecT ¢ 1 No 16 46 3nemMexTsl 8 3HakomecT ¢ 1 no 16
15, 58 | Cetka 3Hakomecta 10 48 3AnemeHTsl 6 3HakomMecT ¢ 1 no 16
16 3rieMexTsl 33 3HakomecT ¢ 1 no 16 50 3rnemeHTHl 2 3HakoMecT ¢ 1 no 16
17,56 |Cetka 3HakomecTa 9 52 3nemMexTsl 4 3HakomecT ¢ 1 no 16
18 3nemexTol 31 3HakomecT ¢ 1 No 16 54 Ceo6ogHbIv
19 3AnemeHTbl 32 3Hakomect ¢ 1 no 16 55 AnemeHTol 5 3HakomecT ¢ 1 no 16
20,53 |Cetka 3nakomecTa 8 57 3AnemeHTsl 3 3Hakomect ¢ 1 no 16
21 3AnemeHTsl 34 3HakomMecT ¢ 1 no 16 59 3AnemexTbl 1 3HakoMecT ¢ 1 NoO 16
22, 51 | Cetka 3HakomecTa 7 61 3nemeHTol 7 3HakomMect ¢ 1 no 16
23 3AnemenTsl 30 3HakoMecT ¢ 1 no 16 63 3AnemexTsl 9 3nakomect ¢ 1 no 16
24,49 |Cetka 3nHakomecTa 6 65 3AriemeHTsl 17 3nakomect ¢ 1 no 16
25 3neMeHTsl 28 3HakoMecT ¢ 1 no 16 67 3riemexTel 11 3HakoMecT ¢ 1 no 16
26, 47 |Cetka 3Hakomecta 5 69 3AnemexTsl 13 3Hakomect ¢ 1 o 16
27 3AnemeHTbl 26 3Hakomect ¢ 1 no 16 71 3nemMexTl 15 3HakoMecT ¢ 1 no 16

CTYnawT Ha afipecHble BXOAbI MUKPOCXEM
D8, D9, npuyem ¢ BbIBOAA 15 MUKPOKOHT-
ponnepa paspeluaercs pabora kno4a D8,
KOTOPLIM YNPaBNSRET 3HAKOMECTaMu ¢ 1 no
8 nHgukatopa HL1, a ¢ BuiBoga 16 — pa-
6oTa kmo4va DI, KOTOpbIN yNpaenseT 3xa-
komectamm ¢ 9 no 16. MakcumanbHO 0-
NyCTUMBIN  KOMMYTHPYEMBIA TOK KNKOYa
KP590KH6 — He 6onee 10 MA. Kak yka-
3blBaNOCh BLILWE, ANS NONHOMO ralleHus
3MEMEHTOB B 3HAKOMECTE MHAMKATOPa He-
06x0AMMO NoAaTh Ha CETKY 3anuparoLlee
oTpyLaTeNnbHOe HanpsmKEHNE, OHO (POPMIK-
pyeTcs Ha OTpuLaTenbHOM BLIBOAE KOH-
DeHcaropa C12 u vepes peancropbl R38—
R53 nopaetcs Ha CETKU 3HAKOMECT
wHaukatopa. Cynepsusop D5 nopaer
nor. 1 Ha Bxof 1 (RST) MuKpokonTponne-
pa gns ofilero cépoca npu BKNOHEHWUU
nUTaHus U Npy “3aBUCAHUN” MUKPOKOHT-
ponnepa.

3ByKoBoM cuUrHan (Mbe303NeKTPUHECKUIA
vanyyarens BA1) Bknovaetcs ¢ BbiBOAA
11 MMKpPOKOHTpONNepa.

KOHCTPYKTMBHO YCTPOMCTBO MHAMKALMK
BbIMONHEHO B BUAE (PYHKLMOHAIBHO 3aKOH-
YeHHOW NnaTtbl, HA KOTOPOW C OfiHOW CTo-
pOHbI pa3metteHbl nHankatop HL1 1 KHon-
ku S1...83, a ¢ gpyrov — Bce ocTanbHbie
3NeKTPoHHbIE KOMMOHEHTHI. Paamep nna-

ynpaenseT B nipukatope HG1 anemertammn ¢ 1 no 35 B KaXAom
3HaKomecTe.

B ycTporicTBe uHamkaumm mukpocxema K1534X1126 pa6ortaet B
pexuMe C aBTOHOMHBIM ynpasneHuem, ans atoro sbixoa 20 (CR)
coefmHsieTcs ¢ BxopoM 27 (WR), a Bxop 25 (MO) — ¢ +Up. Coem-
roBbli PETMCTP MUKPOCXEMBI MOXET MMETb eMKOCTb 35 nnu 32
paspsga, ans yero exog CC1 coepuHsieTcs ¢ O6LMM MPOBOAOM
unmn ¢ +Un cooTBeTCTBEeHHO. Tak Kak pasmep MaTpuibl 3HAKOMEC-
Ta 5x7, TO B HalleM Cryqae permcTp nmeet eMKOCTb 35 paspaaos.
Mpu nogaye curHana Bbibopa SE (BbiBof 22) B pexvMe € aBTo-
HOMHBIM YNpPaBneHneM NPOMCXOANT COPOC BHYTPEHHNX TPUITEpPOB
BXO[IHOrO CABMIOBOrO PerncTpa M yCraHoBKa TpUrrepa MUKpPOCxe-
Mbl, Pa3peLLatOLLEro NPOXOXAEHNE UMIYNbCOB TAKTOBOW HacTOTbI
B COBWIOBLIA PErUCTP (MaKCMMaNbHO AOMNYCTUMEs 4acToTa TaKTo-
BbIX MMMynNbcoB — 125 My). Mpn nocTynneHmn nepeoro TakToBOro
mMnynbca (BbiBoA 26 MMKPOCXembl — BXOJl TAKTOBOW YacTOTbl)
nocne nopaun curHana SE npouexoaut BBOA MHGOPMaLMM B CABK-
roBuil pernctp. EavHnua, 3anmcanHas B nepBbi paspsp, nepe-
NMCLIBasicb NOCNEAOBATENBHO U3 paspsfa B paspaf, Mo OKOHYaHWU
34-ro umnyneca, noctynaeT Ha Bbixo, CR B Buge nor. 0 u Yepes
Bxol WR NOAroTaBNMBaET 3anuch B BLIXOQHOM 6ydhepHbii peructp
MMKPOCXEMbI. 3anuCb CORAEPXMMOro CABUIOBOrO PErncTpa B Bbl-
xofHOW 6ychepHbIin perncTp NPou3BoanTCs 35-M MMMNYNLCOM Tak-
TOBOW 4aCTOTHI. 10 OKOHYaHuKM 3anucy Ha Beixofe CR onstb ycTa-
HaBnNUBaeTCA ypoBeHb nor. 0. Mpn nopaqe CnefytoLlero curHana
SE umkn nostopsieTcs. Pa6ota mukpocxembl D7 B cocTtaBe yCT-
POWCTBa MHAMKaLMKN ByfleT onmcaHa Huxe.

MukpokoHTponnep D4 ynpaensieT pernctpom D7 Yepes3 npeot-
pasoBartent ypoBHs D6 K56411Y6.

Mukpocxema K564ITY6 — 4veTbipe npeobpasoBarens ypoBHen
TTH B yposHn KMOIT ¢ nHamMBnayanbHOW BO3MOXHOCTbIO Nepe-
BOA BLIBOLOB B BLICOKOMMMEAAHCHOE COCTOsHME. MuKpocxema
MMeeT iBa BbIBOAA AN noflauv nutanus — BbiBof 1 Ana nopaum
HanpsixeHus 5 B (nutaHne mukpocxem TTJ1) v BeiBOA 16 Ans no-
nauu HanpsixeHnsi nutanmna KMOIT, 0HO OMXHO HaxoAMTCs B Npe-
nenax 5...15 B (sbiBOR 8 — 06Lmin nposog). Kaxabi npeobpa-
3oBatenb ypoBHa B K56471Y6 umeeT Bxof E ans ynpaenexus
BbIxofoM. [Npu nosiBnexnun nor. 1 Ha 3TOM BXOAE Bbixof npeobpa-
30BaTenst aKTMBEH W MOBTOPSIET BXOQHOW CUIHaM, YBENUYEHHLIN
no amnnnTyAe [0 HamnpsXeHWsa NTaHus, NofaHHoOro Ha BeiBop 16
(B Hawem cnyyae po +15 B), npu nor. O Ha Bxofie E Bbixop mpe-
06pasoBaTensi NEPEXOANT B BbICOKOMMMNEAAHCHOE COCTOsIHME.

Kmoun (MynsTMNnekcopbi-gemynstunnekcopsl) D8, D9 Ha Muk-
pocxeme KPS90KH6 Bkntoyarot ceTkv 3HakomecT ¢ 1 no 16. Muk-
pokouTponnep D4 ynpaBnsieT knoyvamu (CeTKamm UHAMKaTopa)
4epes BbiBoAbl 12, 13, 14, 15, 16. CurHansl € 3TMX BLIBOAOB MO-
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Tbl — 90x180 mM. KomnakTHas u nerkas
KOHCTPYKUMsi MO3BONSIET NErKO BCTPamBarb yCTPOMCTBO WMHOMKa-
yum B Mobble Npubopbi. [UTaOLME HaMpsiXXeHnsi NMoCTynarT Ha
nnaTty 4Yepes coeauHutens X2. lNoTpebrieHne Toka No Kaxpomy
KaHany:

nns +5 B — He 6onee 80 MA,;

nna +15 B — He 6onee 50 MA;

nna —15 B — He 6onee 50 mA;

ona ~5,5 B — He 6onee 115 mA.

Pa3paboTkg UCTOYHMKA NMUTaHWUA C BblLUEYKa3aHHbIMK NapameT-
pamMK He BbI3OBET HUKaKMX 3aTpyfAHeHui. CurHanbi nHtepceiico
RS-232, RS-485 nocTynawT Ha nnaTty 4epes coepuHmutens X1.
MepeMblykn B X3 ycTaHOBNEHb! Ans pabotbl no kawany RS-232.

B kauyectBe peauctopoB R1—R55 ncnonb3osanbl C2-33H, no-
novpyT mobble gpyrme ¢ fnonyckom +5 %. Konpencaropui C5, C6,
C9, C12 — tuna K50-35 nnm K50-29, ocranbHble FOHAEHCaTo-
pul — K10-17. MNbesoanekTpuyeckuin nanyyarens BA1 HPA-24AX
MOXHO 3ameHuTb Ha HPM-14AX. BMecTo MWKpPOCXEMbl
K1534XJ126 noporpeT K1534XJ12 unn K1534XJi2A. Kronku S1—
S3 MKH125 moxHO 3aMeHUTb Ha MMmnopTHble TS-ABPS-130.

YCTPOWCTBO MHOMKaLMK He HYX[aeTCA B HACTPOWKE, a Npu npa-
BUNBLHOM CEOPKE HaumHaet paboTtaTe cpasy.

Cepreu LLnikuH,
Oner lliykos,
efrc!@yandex.ru

OxoHyaHue criegyer
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3. . N. MNyxaneckin, T 5. Hosocenbyesa. Npoexktuposarme
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BOYHUK. — M.: Pagmno v cBsasb, 1290.

4. B. B. Crawuwmn, A. B. Ypycos, O.Q HMonororyesa. [poextu-
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Tponnepax. — M.: Sneproaromusgar, 1990.
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sukosa. — M.: IKOM, 2000.
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OaTumkm ToKka Ha ocHoBe 3dthchexkTa

Xonna

OXHO cdopMynmposaTte Tpebosa-
HUSl K AATYUKY Hanpskenus (Toka)
ans cunoseix M4 u C:

e BLIXO[HOW CUrHan OaTyvka He [OSHKeH
oTmMyaTees No hase OT M3MEPSEMOrO
curuana;

e [aTYUK [OIHKEH Nepepasarb CUHYCOW-
[anbHbli CUHaN 8 HeoOXoAMMOW NOJO-
ce 4acToT 6e3 UCKaxKeHUN;

e [ATYUK HAOIMKEH UMEThb SnHernyo AYX;

e BLIXO[ AaTHMKA HE JO/MKEH UMETDL rasib-
BaHUYECKOrO KOHTAKTa CO BXOAOM.
PacnpocTtpaseHo Tpy suMpa [aTqyuKos:

e TpaHcopMaTopbl TOKa U HanpshKeHUs
(He yOoOBNETBOPSIOT NEpPBLIM TpEM Tpe-
60BaHUAM);

e LUYHTEI HANPsXXeHUs (He YOOBNeTBOPAIOT
nocnepHemy TpeboBaHUIO);

e [aTuuKy Ha ocHose 3dhdekTa Xosuta.
MpoMbIWNEHHBIE JATYMKM HA OCHOBE

athchekra Xonna cronaT ot 50 §, a ux napa-

MeTpbl He YAOBNETBOPAIOT NEPBLIM TPEM

TpebosanusaM (BUOUMO, OHU pa3pabarbisa-

nMCb NSt U3MepPeHUst HU3KOYACTOTHOro

curHana).
3dbexT Xonna swiduisaeTcst cuson Jlo-
peHUa, KoTopaa [eWCTBYET Ha HocuTeN

3EKTPUYECKUX 3apAfoB, ABWKYLLUMECH B

MarHuTHOM nofe, NepneHOVKYNApHOM Ha-

npagneHuio AswkeHWa 3apsipa. Jartuvk Xos-

a npefcrasnfer M3 cebs NNacTUHKY Npo-

BOQHMKA UM nonynposopHuka (puc. 1), K

O[HOW Nape rpaxer KOTOpOW NpucoeduHeH

UCTOYHUK TOKA Iy, € Apyrux rpakeit cHuma-

eTcs sbixopHoO#W curkan. [pu otcytcteum

gHeLUHero MarHuTHoro nons B Hocuterm 3a-
psioa OsvxXyTcs no Tpaektopumn 1. KoHueHT-
paLms HocuTenel 3apsifos Y NPOTUBONOSIOXK-

HLIX U3MepUTeNbHEIX rpaHeid pasHa. [lpu

NOABMNEHAN NEPREHAVKYIIAPHOrO MarHUTHOTO

nona B 3a cuet cunbl JlopetLa TpaekTopms

IBWXeHus meHsieTca (Tpaektopus 2). M3-3a

3TOTO KOHLEHTpauua HocuTenen 3apsipos

OKOJIO OfIHOW M3MEPUTENBHOW rpaHn yeesm-

YMBAETCA, a Y [pYron YMEHBLUAETCS, U MEX-

Ly U3MepUTENbHBEIMU MpaHAMM NOSIBIAETCA

Hanpsxerve Uy.

O

Ux

Puc. 1

7 1. CxemotexHuka Ne 6

Mo npuHUUNY pevicTeWA Jardukn pessr-
cA Ha Asa TMNa: Aaryuky NpsSIMOro ycuse-
HUA U OATYUKM KOMNEHCALMOHHOMO TMNa.

Mepebie pa6ortalot cneagylowmm obpa-
30M. Yepe3 KOMbLEeBoi cepaeyHMK NPOXo-
OUT NPOBOAHUK, NO KOTOPOMY TEYET U3Me-
psemein TOK. BOKpyr NpOBOAHUKA C TOKOM
obpa3yercs MarHuTHOE noste, NponopLKo-
HanbHOE TOKY. B KosibLie BLINOHAIOT NpO-
nuJ1, B KOTOPLIA BCTABNAIOT Aaryvk Xosuia.
BuixogHOe Hanpsbkenve patyuka Xosuta
NPONOPLUUOHAITILHO  M3MEpPSAEMOMY  TOKY.
Puc. 2 noacuseT npuvHymvn paboTel Aaruu-
Ka NpAMOro ycunenusi. Takol parduk ob-
nagaeT crnepylwMMU HEQOCTaTKaMu:

e 13-33 HESIMHEWHOCTM KPUBOW HaMarHu-
YUBaAHWUA MarHUTONPOBOAA 3aBUCUMOCTL
BLIXOHOTO CUrHasia OaTiuka OT BXOOHO-
ro Hes/IMHemHa;

e 13-33 HEOQHO3HAYHOCTU KPUBOMW Hamar-
HAYMBAHMS MarHUTONpPOBofAa 3asucu-
MOCTb BBLIXOAHOIO CUrHana fAatiuka ot
BXO[HOIO TAKXEe HEOOHO3HAYHA;

e MaKCUMAasbHOE U3MepsiemMoe 3HadyeHue
TOKa OrpaHu4eHo WHAOYKUMEN Hacbiwe-
HUS MarHUTONPOBOAa KosbLa.

BTopoit BapnaHT JaTyvka OT/IMHaeTCA TeM,
4TO Ha KOmNbLie HAMOTaHa KOMNEHCUpYIoLLan
o6MoTKa (puc. 3). HanpsbkeHue ¢ paryvka
Xonna ycurmeaeTces 1 NoJaerca Ha KoMneH-

Puc. 2

Puc. 3

CUpYIOLLLYI0 OBMOTKY, MarHUTHbIA NOTOK OT
KOTOPOW KOMIMEHCUPYET M3MEPREMBIA NOTOK
B KOrbLe [0 Hynsl. BeiXOOHBIM CUFHATOM fB8-
JIAeTCs TOK KOMNEHCUpYIoLwen 06MOTKI. Bil-
XO[HOW TOK NPAMO NPONOPLMOHASIEH 13Me-
pAieMOMY TOKY, YMHOXEHHOMY Ha OTHOLLEHWE
4YUCa BUTKOB KOMNEHCUpyIoWen U namepu-
TenbHoM o6moToK I = I, XW, /W, [anHan
KOHCTPYKUMSl JMLleHa HeJOCTaTkos npepbl-
Oywiei, T. K. paboTaer Npy MarHMTHOM No-
TOKe, 6/IM3KOM K HyITO.

Ha puc. 4 nzobpaxeHa npyHUMNnanbHas
cxema fgatuuka Hanpsbkenusa. Ow paboraer
cnepyowum obpasom. datuvk Xosna nu-
TaeTCA OT UCTOYHUKA TOKA Ha 3eMeHTax
R9 1 DA2. CurHasn ¢ gatimMka nogaeTcs Ha
nepsbiit kKackag ycunutens (DA1.1, R1—
R5) ¢ koathchuumerTom yeunernns R3/R1 =
= 1000 (npu cobnopernm yenosusa R1 = R2
n R3 = R4+R5 obecneunsaercs cambii
BLICOKUMIN KO3h(ULMEHT NOAABIIEHNA CUH-
thasHon cocTasnsioweid). Peauctop R5
CNYXWUT [J11 YCTAHOBKW HYJIA HA BbIXOOe
nepgeoro Kackaga. C euixofia Nepsoro Kac-
Kaja curHan NocTynaeTt Ha BTOPOM Kackan
(DA1.2. R6, R7). KoaththmuueHT ycusenus
Nepeoro Kackagja fAo/mked ObiTb Kak MOX-
HO Bbllle, HO He MeHee qyem 8 10...20 pa3
MeHblUe MakcumasibHoro Ky MUKpoCXembl,
T. K. npn K, 6/mM3KnX K npefesibHoMy, Ha-
6smo0aeTcs uckaxexue curtana. Tpebye-
Melit K, CUCTEMBI 3ABUCUT OT HanpshkeHus
nutanms M HomuHana R10.

Hanee curuan nocTynaer Ha BLIXOOHOW
younuTenbs MOLHOCTU Ha TpaH3ucTopax
VT1, VT2. Ovopgel VD1, VD2 cnyxart pns
€O3AaHUA Uenu TOKa CaMOMHOYKLUU KOM-
NEHCALMOHHOM OBMOTKU NpY pPe3KoM 3ak-
pbIBaHUN TPAH3WCTOPOS..

K BbIXOOHOMY YCUIIUTESMO NOOKMIOYAET-
cA KoMnexwcayuorHas obmMoTka Li.

Konpetxcatopel C1, C2 (kepamuyeckve
WM Opyrue BbICOKOHACTOTHLIE) CRyXaT ans
YCTPaHEeHWs BLICOKOHYACTOTHBLIX NOMEX MO
NUTaHUIO U CaMOBO36YXeHNA onepaLynoH-
HOIo ycurmTens.

Kartylwku wusrotasnmsaior
cnepytommM obpasom. B konk-
ue K32x20x9 wua depputa
M2000HM penaetca nponun
LIVPUHOW 2...3 MM, B KOTOPbIN
nocsie HaMOTKU BKIeUBAETCA
[atymk Xosa. ABTOp MCNOSb-
308an garyvMK OT UMNOPTHOrO
nvckoeopa. CeppeyHuK U3omm-
PYIOT (DTOPONACTORON JIEHTON
M HAMaTLIBAKT KOMNEHcauu-
OHHYKO 06MOTKY — 1200 BUT-
kos nposopgom [3TB 0,18.
OB6MOTKY M30MpYIOT hTopon-
nlacTosov neHTon. [na naryn-
Ka HaNpsXXeHUs M3MepuTests-
Hyl0 OOGMOTKY HamartbisalT
nposogom M3TB 0,31, uucno
T sutkos — 120. [InA 60bLler

HAZEXHOCTU MU3ONALUMU KOM-
NEHCaLUUOHHYIO OBMOTKY MOX-
HO 3aJIUTb 3NOKCUMAHOW CMO-
Jon.

Hartuvk Toka Ha 0,5 A ua-
roTagnMBaeTca aHanoruyqHo,
TO/ILKO U3MeputesibHas 06-
MOTKa UMEET 12 BUTKOB U Ha-
MaTbisaeTcs 6onee TOMCTbIM
NPOBOLOM.

MNeyatHas nnarta ycTpow-
cTBa NOKasaHa Ha puc. 5,
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paccTaHOBKa anemMeHToB — Ha puc. 6. Mpu
Tako KOMIMOHOBKE 3MEMEHTOB, UCTIONLIO-
BaHUM ANEMEHTOB MOBEPXHOCTHOrO MOHTA-
Xa W 3KpaHUpoBKe Mnartbl JOCTUMHYT Hau-
6onee HU3KUM YpoBeHb LLIYMOB.

Ha fgaHHbiA MOMEHT U3rOTOBMEH U MPO-
TecTUpOBaH JaTyMK HanpshXeHus, npoee-
pancs Ha uacTotax 0...100 kl'u, curHan
CYHycovparnbHbii, Ha ocumnnorpade cagy-
ra a3 He BMAHO, HepaBHOMEPHOCTE AYX
BO BCEM AvanaloHe He 6onee 20 %, a Ha
yactotax go 10 kl'y — 2 %.

NocneposatenbHO ¢ OOMOTKOM JaTyvka
Hanpshkenus BkoyaoT peanctop R11 ¢
TAKUM COMPOTUBNEHMEM, HTOOBI MaKCW-
ManbHbIM TOK 4Yepe3 06MOTKY cocTaBnsn
50 MA, Npy 3TOM BLIXOOHOW CUrHasn cocTae-
nsiet 5 B.

AeHnc PomaHeHKO,
den4 @kemtel.ru

ManowymMsLiviA LMPOKONOJSIOCHbLIN

ycunurenb

B TexHuke 3KCrepyuMeHTa LUMPOKO UCTIONb3YITCA 3apsafovyBCTBU-
TesbHbIE YCUIMTENIN, OCHOBHOE TPEOoBaHNE K KOTOPbIM CBOAUTCA K
MUHUMMN33LMM COBCTBEHHbBIX LWYMOB NPy JOCTaTO4YHO LUMPOKOM orio-
ce nponyckauusl. Kpome Toro, Ans N3MEPeHNs HeboNbLUNX 3apPafoB
BXO[JHOE COMPOTUBSICHNE TaKUX YCUIIMTENEeN JO/DKHO 6biTb BOCTATOY-
Ho BbicokumM. lpennaraemasi cxema MMEET YPOBEHb LUYMOB, 1puBeAEeH-
HbIX KO BXoAy, He 6onee 1,3 MkB npwu nonoce npornyckauna 1 MI'y.
BxopgHoe conpotuenexue ycunutens — 30 MOM, KoahghuymeHT ycu-
neHusi — 1000. Cy3us nonocy go 3 k'Y, ycunutesb ¢ ycrnexom MOXHO
UCronb30BaTh B MPUEMHUKaX MPSIMOro rpeobpa3oBaHna U Apyrux ycr-
PONCTBAX, TPEBYIOLMX BbICOKOU 4YBCTBUTEJILHOCTH.

TEYECTBEHHAs  NPOMBILLNEHHOCTb
BbINYCKAET Moneeble TPaH3UCTOPbI
KMN303I, cneyvanbHO NpeaHasHa-
YeHHbIe ANS UCTIONb30BaHWA B 3apafoqyB-
cTBUTENBHLIX yeunuTtensix. Lymoson sapaf
3TUX TPaH3UCTOPOB, NMPUBELEHHBIA KO BXO-
oy, He npeebiwaer 6-10717 Kn, Tok yTeuku
3ateopa — 0,1 HA. XapakTepucTuk1 camm
no cebe AOCTATOHHO XOPOLUW, OfHaKoO OT-
HOLLEHVE C/lU Ha BbIXOfEe ycunurens yaa-
NOCL CYLLECTBEHHO YNy.LIWThL, WUCTIONb3Ys
M3BECTHLIA B TEOPWM, HO MO4EMY-TO PEaKo
NpYMEHsIEMBIN (haKT, HEKOTOpPbIE CBefleHus
0 KOTOPOM crieayeT HANOMHUTL HYUTaTeNaAM.
Bo-niepBbIX, KO3MUUMEHT LuyMa nio6o-
ro MHOrokackafiHoro ycTpovcrea onpefe-
nseTcs BhipaXeHueMm [1]:
N=N1s N2t
K,
roe N1, N2 — koatbcpyumeHTsl Lwyma nep-
BOMO M BTOPOro KackafioB COOTBETCTBEHHO;
Kot — K03(h(PULMEHT Nepeaaqn nepeoro
Kackafia no MOLLHOCTU.
KoathdmumeHTamm Liyma nocnemyromx
KacKafioB MOXHO NnpeHebpesb B cUny TOro.
4TO WX BKMaf, B o6LMe LUyMbl YMEHbLIAET-
Cs1 NPOMNOPLMOHANBHO MPOU3BEAEHNIO KO-
(bYUMEHTOB Mepeaaqy Mo MOLYHOCTU Npe-
Obigywx  kackapos.  OuweBMfiHO, 4TO
Heo6X0AMMO YMEHbLUATh, NPEexAe BCero,
LyMbi MEepBOro Kackapga, OfiHOBPEMEHHO
noseillas ero ko3duumeHT nepepaqun.

1)
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Ecnv B ycunutene COefiMHWTL Napan-
nenbHO [Ba OAMHAKOBLIX TpaH3WCTOpa, TO
TOK MONEe3HOro CMrHana Ha ebixofie Bo3pac-
TET B [IBa pas3a v aMmnnuTyaa HanpshkeHus
nonesHoro curHana (U,) ysenuuntcs BoBoe
Np1 HEM3MEHHOM COMPOTUBNEHUN Harpy3Ku.
Ons wymoB kapTuHa fpyras. Mockonbky
OHU NpeOcTaBnsioT Co60N CnyHaviHbie He-
KOppenupoBaHHble konebaHusi, TO CKnagbl-
BaThCa GyayT TONbKO AWCTIEPCUM LLYMOB,
T. €. KBaapaTbl UX CpeHUX 3Ha4eHun [2]:

~2 2 72
ULIJ.CyM = ULI.I.1+ ULI.L2

PesynsTupyiowiee oTHOWeHWE ¢/ Ha
Bbixofie (KO3HULUMEHT pasnMHMMOCTH a)
ONpefenseTcs BbipaXeHnem

& — KO3 PUUMEHT
U

w

PasnMYUMOCTY A1 OQHOro TPaH3WCTopa,
BMOMM, 4TO B OBLUEM Cnyvae OTHOLLEHWe
¢/Ww Npy NapannensHoM BKKHEHUM N ogn-
HAKOBbIX TPaH3UCTOPOB YBENU4MBAETCH B

Jn pas.

BulenpueefeHHbie  COOOpaxkeHus U
6bINM MONOXeHLI B OCHOBY paspabaTtbiBae-
Moro yeunutens. Ero npyHuvnmanbHas cxe-
Ma npveegeHa Ha puc. 1. MacnopTHele Lwy-
MOBbIE  XapaKTEpPUCTUKM  TPaH3WUCTOpOB
o6ecneqmBaloTCsi NpU HaMps>XeHUn CTOK-
UCTOK, pasHoM 10 B, 1 HyneBoMm Hanpske-
HUM cMeLLeHyst. [ns ynyyLLEeHUs OTHOLLIEHMA
¢/l B oBa pasa NpMMeEHeHO napannensHoe
BKMNIOYEHME 4eThipex TpaHaucTopos. [lo-
CKOMNBbKY HauanbHbi TOK CTOKa TPaH3UCTO-
poB nexwuT B npegenax 3...12 MA, ana obec-
neueHust nNpuemnemoro  KoagppuumeHTa
YCUNEHWs, 3aBUCALLIEro, Kak M3BeCTHO, OT
COMPOTUBIEHMS HArpy3KW, MPULLNOCh BhIG-
paTb MOBLILUEHHOE HAaMpsXXeHWe MuTaHus
nepBebix Kackagos. 3aTBOPbI BCEX TPaH3WC-
TOPOB COEAMHEHbI C OOLUMM NMPOBOAOM e-
pe3 BbICOKOOMHBIA PE3NCTOP, B KOHEYHOM
cyeTe U onpeaensioLmii BXogHOe ConpoTuB-
nenve yeurmrens. C yuetom (1) BTOpo kac-
Kaf Takke peanu3oBaH Ha TpaH3WCTope
KM303I", paGoTaroiLem B peKOMEHA0BAHHOM
pexvme.

Ha anementax C7, L1, C8, L2, C11, R8

YyutbiBasi, 4TO

- - - A U, peanusosad ®HY ¢ vacToToi cpesa 1 MIy.
S e 2 U =VeT " Ero TeopeTuyeckas AYX npueegeHa Ha
ULLI.CyM ULu_1+ U2 2Ul-l-l UI-LI' pwC. 2 (KpVIBaﬂ a).
+24B
= C2 —
Toarm o3[ 2 Bax{ pm B
1000 Mk 1RO R[]
= VT1..VT5 - KM303r0 2.4k 220k l SR:;g oo
Bxoa
o 10K KT 1026 DAt
KP1170EH12
C1
w_Ci4
0.1 220 MK
R1 Ci13 Bbixog,
som RIO £L47 MK R14 [RI15
R12
2k 33°T82x 100 LOOK
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Puc. 2

Kackap Ha [OByx3aTBOPHOM MOJIEBOM
TpaHauctope VT6 obecneqnBaer pacyer-
Hyto Harpyaky ans ®HY (2 kOMm) 1 TouHyio
yCTaHOBKY TpebyeMoro koauuneHTa
ycunenuss (1000) ¢ nomoLLbO NOACTPOeY-
Horo peauctopa R8. BbixopgHOW Kackap ¢
He6oNbLUMM KO3(PULIMEHTOM YCUINEHUS NO
HanpsXXeHWIo CRY>XXWUT ONA CornacoBaHus
YCUNUTENS C HU3KOOMHOW Harpyskoi (Ha-
npumMep, koakcuarnbHbI kabens). [lga noc-
NeHWX Kackada nutarTcs oT cTabunusa-
Topa Hanpsbxkenns DA1 Ha 12 B.

MeyatHas nnata ycunutens u3obpaxe-
Ha Ha puc. 3. NzrotaBnueateL ee cregyer
U3 [BYXCTOpOHHE (hONbrMpOBaHHOIO CTEK-
JIOTEKCTONUTA, OCTaBnssa GoNbry o CTopo-
Hbl feTanelt B kayecTBe 3kpaHa. B He-
CKONbKUX TOYKAxX Mnatbl 3TOT 3KpaH qepes
BbIBOObL! JeTanei HeobxoaumMo COeduHUTb
¢ 06WKMM NpUMBOLOM MNaTthl (paMka no ne-
pumeTpy).

[oToBLIA yeunutens cnepyet NoMecTUTb
B 9KpaHWpOBaHHLIA KOpMyc, Hanpumep,
crnasiHHbIA U3 (QONbrMPOBAHHOIC CTEKIO-
TEKCTONWTa, B NPOTUBHOM Clly4ae HEBO3-
MOXHO 6yaeT U36aBUTLCH OT NapasuTHLIX
HaBopok. Llenu nuTaHus uenecoobpasHo
BBOOWTbL B KOPMyC 4epe3 NpOXOOHbIE KOH-
nexcatopbl 4700...6800 nd. [ina BxoaHoW
W BLIXOOHOW Lenu xenaTenbHO WCMofb30-
BaTb KOAKCWNbHBbIE pasbembl. Haunyuiuve
pesynbTaTtbl AaeT BapuaHT NUTaHus yeunu-
Tens oT akkymynsitopos. flpu nutasum ot
CETEBOro BLINPSMUTENS HE YAABANOCH MOJI-
HOCTbIO U36ABWTLCS OT CETEBbLIX (DOHOBBIX
HABOAOK (MpW BbLICOKOOMHOM WCTOHHUKE
curHana).

OkeupHble KOHOEHCATopbl HeobxoauMo
Bbibypatb C GOMbLUKMM  COMNPOTUBIIEHUEM
yTeuku (HanpuMep, umnopTtHele), C3 JorkeH
6bITh Ha Hanpsbkenne He MeHee 25 B, C6 u
C9 — Ha 16 B, octansHble Ha 6 B. Bee oc-
TanbHble KOHOEHCATOPbl MOMYT ObiTb TOMBbKO
kepamudeckumy. Tpansuctopsl VT1—VTS
3aMeHsTb IpYrMMK He criepyeT, BmecTto VT6
MOXHO ueronbaosaTts KIN306, KMN350, KMN327
C NbbIM 6yKBEHHBIM MHAEKCOM. [lpocceni
L1, L2 npuvMeHeHbl CcTaHfapTHble Tuna
M 0,1. MopcTpoeunnk R8 — CN3-386. Ecnu
He TpebyeTcs 60rbLUOe BXOOHOE COMpPOTUB-
neHve, peauctop R1 MOXHO YMEHLLUMTL [0
noboro 3HaveHus. Ecnn y Bcex axk3eMrns-
pOB TPAH3UCTOPOB HaqalbHbIA TOK CTOKA
OKaXXeTCA MakCcMMarbHbIM, TO OOLMA TOK
cocTaBuT 46 MA, 4TO NOTpebyeT npuMeHe-
HWSI HArpy304HOTO PE3NCTOpa NepBoro Kac-
KajJa MOLLHOCTLIO He meHee 1 BT.

HacTpoiky HauymHaT ¢ non6opa conpo-
TMBreHust peaucTopa R2. Bxof ycunutens
BPEMEHHO KOPOTKWM MPOBOJHUKOM COeu-
HSOT C KOPNyCoM. KOHTponupysi nocTosiH-
HOE HanpshKeHWE Ha CTOKax NepBoOR YeT-
BEePKW TPaH3UCTOPOB, HEOHXOOUMO noabo-
pom R2 ycraHoeuTb ero pasHeim 10 B. [lo-
NyCKAeTCA CHWXEHWE 3TOM0 HANPSXXEHUs
rnocne nporpeea TpaHaucTopoB A0 8 B.
AHanoruyHo ¢ noMoulbto RS yctaHaenvea-
toT 10 B Ha cToke TpaHauctopa VT5. la-
nee MofCTpoeyHbIM peancTopom R8 ycTa-
HaBNUBAKT HanpspkeHue +3,5...4 B Ha BTO-
poM 3aTBOpe TpaHauctopa VT6 (BonkTmeTp
[OMKEH WUMETb BbICOKOOMHbIW Bx0f). 3a-
KaH4YMBAETCs HACTpOMKAa YCTAHOBKOW Ha-
npsbkeHus 5...6 B Ha kornnekTope TpaHswu-

+24 B

Puc. 3

cropa VT7 nyTemM nog6opa ConpoTUBIEHUS
peauctopa R11. [lpu xenaHwu MOXHO
CHATb AYX ycunutens. [ins 310ro Ha Bxof
ot CC HeobxoguMo NopaTtb HanpsxeHue
50 mkB ¢ yacTtotoit 200 kl'u u, perynupys
KOSMMULMEHT yCunenus npu nomowm Re,
nosiy4uTb Ha Bbixope 50 MB. MaMeHsis ya-
CTOTYy BXOOHOMO CWUrHana B npepenax
50 y...2 Mru, chumaror AYX. Y maroros-
NeHHoro obpazua HOPMUPOBAHHASA Xapak-
TEPUCTMKA MMENa BUI, U300paXkeHHbIn Ha
puc. 2 (kpuBas 6).

YpoBeHb LLYMOB, NPUBEAEHHLIA KO BXOLY,
onpenenseTcs criefylowmM obpazoM. Bxof
YCWNUTENST HAOEXHO 3KpaHUpyeTcst (HO He
3aMbIKaeTCA Ha OBLLUMIA NPOBOL) U UaMepsieT-
CA BEIXOLHOE HanpshKeHUE LLYMOB C MOMOLLILIO
TPaH3UCTOPHOrO BOJBTMETPA; U3MEpEHHas Be-
JIMHKHA JeNWTCA Ha KO3 MLIMEHT YCUIeHus,
YCTaHOBJIEHHbIIA paHee. Y U3roTOB/IEHHOMO 06-
pasua HanpsbkeHue LLYMOB, NpUBEOEHHOE KO
Bxony, cocraensno 1,19 mMkB.

Younutens npoBepsncs Npu nopade Ha
BXO/] NPSIMOYIOTbHbIX UMMYSTLCOB aMITUTY-
noit 50 MKB 1 AnuTensHOCTbO 3 MKC. Bbl-
XO[IHOW UMMYSIbC UMEN NpaBUNbHYIO hop-
My, BPEMS YCTaHOBMEHWS (PPOHTOB He
npeBbiwano 0,6 Mkc.

KoathhmeHT yCUnNeHusi MOXHO Jerko
noBbICUTL 10 20000...30000. [ns aToro co-
npoTtuenexnne peaucropoB R13 u R14 cre-
nyet yBenuuutb fo 3.6 n 1 kOm cootseT-
CTBEHHO W 2alUyHTUpOBaTb SMUTTEPHLIV
Pe3ncTop OKCUAHBLIM KOHOEHCATOPOM EMKO-
cThio 47 MK®D. MecTo AN TAKOro KOHOEH-
caTtopa Ha nnare npegycMoTpeHo. Harpys-
Ka ycunutens B 3TOM Cry4ae [OMKHa
WMEeTb BXOHOE COMpOTUBIEHME HE MEHee
30 kOM 1 emKocTb He 6onee 10 nd, B npo-
TUBHOM cryyae chopma AHX B obnacTu Bbl-
COKMX HacTOT MOXET CYLUeCTBEHHO W3Me-
HUTBLCS.

Ecnu ycunutenb UCnonb3yeTca B Kauqe-
ctee YHY npuemHUKa npsiMoro npeobpa-
30BaHMA ¢ nonocovt 3...3,5 kly. To norno-
COBOW hunbTp crepyeT 3amMeHuTb Ha 6onee
Y3KOMOJIOCHbII, Hanprumep, No cxeme, Npu-
BefieHHOM Ha puc. 4. flockoneky cpepHee
3HaAYeHWe LUYMOBOIO HanpshkeHus nporop-
LMOHASIBHO KOPHIO KBAApaTHOMY W3 MOMo-
Cbl, CrieflyeT OXuaaTh YMEHbLLEHWS LLYMOB
[0 NPeHEeBpexxUMo Marnoln BeSIMHUHbI.

B 3aknioyeHne MonesHo OTMETUTL, HTO
COeIMHATL MapannenbHO MOXHO U 60Sb-
Liee 4Yucno TpanaucTopoB. Heobxognmo
TOMNBbKO MOMHWTE, YTO NpU 3TOM YBENUYU-
BAETCA BXOJHAsi €MKOCTb YCUIUTENs W
YMEHbLLUAETCH BXOOHOE COMNPOTUBIEHME.
Kpome Toro, yeBenuuuBaeTca TOK 4epes
CONpPOTUBIIEHWE HArpy3ky NMEpBOro Kacka-
Ja u ans coxpaHeHusi Ha ctokax 10 B tpe-
6yercs NoBbLILATL HaMpsHXKeHUe MUTaHUs.

Bnagvumup [HuLLEHKO,
m408@rbcmail.ru

Jivreparypa:

1. O. B. lonosvH. PapmonpyvemHbie yCT-
povictea. — M.: Bbiciuas wwkona, 1997.

2. b. P. JleBuH. TeopeTnveckie OCHOBbLI
CTaTMCTNHECKON paaMoTexHukn. — M.:
Cosetckoe paguo, 1968.

27



35IEKTPOHMUKA B GbiTy
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KouTponb nanyuyeuna CB4Y

na namepenns CBY nonei HyxHa

cneyvanebHas TexHuka. Ho noctpo-

WTb MHOWKATOPHBIM Nprbop, C NOMO-
Wb KOTOPOro MOXHO “yBUOETb” n3ny4e-
Hwe CBY neun, 3amMeTnTb €ro u3MeHeHue
B MPOCTPAHCTBE 1 BO BPEMEHW, CPABHWTL
no 3TOMY MOKA3ATESO NEYN PA3HbIX hrpMm,
OLEHWTb Ka4ECTBO NPOM3BENEHHOrO PEMOH-
Ta W T. M., HE TaK Y>X CIIOXHO.

K ToMmy e u3mepuTenbHyro “maeonorno”
NOAPLIBAIOT M Camy HopmaTkBbl. [lodemy B
CBM neyax moxHo 10 mkBi/om2, a B coto-
BbiX TenegoHax — 100 mkB1/cm2? Moyemy
npu ponyctumbix 100 mMkBT/cM2 Moar pasro-
BapuBaOLLEro No MoBunbHOMY TenedoHy
okaabiBaerca B none 3000...5000 mkBr/cm??

MpuvHumnuanbHaa cxema CBY nhpukato-
pa npusepeHa Ha puc. 1. Ero npuhmnmaro-
@A 4acTb — NONYBONHOBbIA BUOPATOP, K
KOTOPOMY NOOKIIIOHEH OVUOLHbIA OETEKTOP
VD1C1R1. Ha Bbixoge perektopa copmu-
pyetcs Hanpskenne Ug,, CBA3AHHOE C
MOLLHOCTBIO 06nyyeHun Bubpatopa.

Yeunenune Ug, BHINOMHEHO Ha onepayu-
oHHom yeunutene DA1, koTopeid pabota-
€T B PEXWUME YCUIUTENS NEPEMEHHOMo
TOK@ (M3Ny4EHWE MUKPOBOJTHOBOW NEYN HE
NOCTOSAHHO, & UMEET BUf “BCNbILLEK”, Cne-
nyrowmx ¢ Yactoton 50 Ny). Ero koaddu-
LIMEHT yCunenus

Kpa; = R5/R3 = 3-106/27.10° = 100.

Ol'lepaL{MOHHbIﬁ ycunutenb BblBOOWTCSH B
NHEVHbI pexum penvtenem R2R6. 3tomy
PEXMMY COOTBETCTBYET HaNpPsHKEHWE HA Bbl-
xone yewnurens Ug pag = +1.8 B. Ecnnt Upg <
Us par (Ugg — HanpspkeHve Ha OBUXKE Nof-
CTPOEYHOIO pPe3ncTopa), TO NOYTU TaKUM Xe
oHo 6ypet u Ha C5 — konpieHcaTope unrb-
TPa BbIXOOHOMO aMIUTYOHOrO OETEeKTopa.

Ha puc. 2 nokasaHa newartHas nnara
npubopa. Ee u3rotaenveaot M3 OBYCTO-
pOoHHE hONbIMPOBAHHOIO CTEKNOTEKCTONNW-
Ta TonwmHon 1,5 mm. U3 ponbru Ha MOH-
TaXKHOW CTOPOHE Nnathbi (puc. 2, a) NOMUMO
HY>XHbIX COEOAMHEHMI (DOPMUPYETCH K NO-
JYBONHOBbIA BMOPATOP, LNMHY KOTOPOro
BbIMUCTSAIOT NO QOpMyne:

neum

55

@21 3otB

4

0 pM;’L’

6)
Puc. 2

L,z (M) = 15000V/ig, (Mru),

roe fepy = 2450 My — vactoTa uanyye-
Hus CBY neun (mexpyHapofHbIA CTaH-
napt), a V = 0,95...0,73 — koadhdmumeHt
YKOPOHEHUA, YMEHbLUAIOLLWIACA C YBENUYe-
HYEM LUMPUHBI (OrMGaloLLert NONEpeYHOro
ceqenun) subparopa. Mpunse V = 0,9, nve-
em: L, = 0,9-15000/2450 = 5,5 cm (oTCi0-
0a AnuHa nnarbl).
®donbra nog peranamu (Ha puc. 2, 6 060-
3Ha4YEH TONbKO €€ Kpaw CO CTOpOHbI BUO-
paTopa) ucnosib3yerca Nulib B Ka4ecTBe
obL1ero NpoBoaa v 3KpaHa, COEQUHEHNN C
HEV NOKa3aHbl 3a4EPHEHHBIMK KBaapaTaMu
(kBappaTom CO CBETIION TOYKOW B LEHTpE
noKasaha NpOBOSIOYHASA NEPEMBINKA, CO-
eVHALLaA C “3eMnen” MUHYCOBOW BbIBOL
konpeHcaropa C4 u “zazemnexHne”

R53M
a5 woa 5 peaucTopa R8), B mecTax nponyc-
' - 18Bp3o7k| , 6 168 K& NPOBOAHMKOB B HEW LOJKHbI
vor HF > o 114

KO514A" o |7H7 e i 6biTb BbITPABNEHbI KPY>XKK Ana-

§|J & || [*U[ywasioa meTpom 1,5..2 MM.
= Sl %]2‘2'0 Blec| [-uf4 (@1 BCe NOCTOSHHbIE PE3UCTOPL! B
X Y il DA npubope — Tvna MINT-0,125, nog-
pop) | 0T KPreovnz08 03MA eg CTPOEHHLIA R8 — Cl3-38a. Kou-
2 22"% R6S1K pencaropei: C1 — KIC, C2 —

R851k

c2 C4 Lt
0imc ] 47mk16B

R736x )
—-—ﬁ ]

KM-6, C3 n C5 — K53-30, C4 —
K50-35. fivon VD2 — KAS510A.
Mwukpoamnepmerp PA1 — nio6oit
C TOKOM MOJMHOTMO OTKNOHEHWA

ctpenku 100 MKA, Hanpumep, UHOMKATOP-
Hblh M476 nnu ounchpoBaHHbld M4248.

3ametum, 4to guop Tuna KO514A B
CBY perektope — Bpap nu nyqwee pe-
wieHwe. flaxe npu OTHOCUTENBHO HE6OIb-
won cobcTeeHHoln emkoctn Cy = 0,9 nd®
(npy Uggp = 0) €ro emkocTHOE CONPOTUB-
nexue

Xgo = M2nfgpCo) =

1

= 1/(2n-2450-10°- 0,9-10-12) = 70 Om

6yOerT 3amEeTHO LUYHTUPOBATb AKTWMBHOE
CONPOTUBIIEHUE OMOMa, O BEMUHUHE KOTO-
pOro Ha 3TOK 4acToTe BOOOLLUE MOXHO
NUlb CTPOUTb NPEeanONOXEeHUs.

B skcnepumeHntax ¢ guopamu ppyroro
TMN@, HanpuMep, U3 YMCna NPUBEOEHHbIX B
Tabn. 1 (CBY pvopbl npakTuyecku Hepo-
CTYNHbI), BCE 3TO HEOBGXOOUMO WMETb B
Buay. HeypauHoe cornacoBanne avopa ¢ Ha-
rpy3kori (R1 nogGupaiot), He nydiluas Tou-
Ka NOJKMIoYeHnA ero k Bubpartopy moryTt
6bITb NPUHNHOM HU3KOW 3CUHEKTUBHOCTY fie-
TexkTopa [paega, nonnxenHoe Uq, (He oo
HYNSi, pa3yMeeTCs) MOXHO KOMNEHCUPOBATL
yBenuyennem ycunenus DAL, Jlyqwe 3to
penatb yBennmienuem conpotmBneHmna pesn-
ctopa R5. Mpu ymenblueHun HommHana R3
noTpebyeTCA YBENUUUTL EMKOCTL KOHLEHCA-

Tabnuvua 1
Avon Co, NP Uospmax, B
20926A 0,35 25
A516b 0,35 10
A516A 0,5 10
3A539 0,6 30
KOA13(A, B) 0.7 24
KO514A 0,9 10

Topa C3 Tak, 4robbl noctosHHan R3C3 oc-
Taeanace 6bi B npegenax 0,1...0,2 c.

KOHCTPYKTUBHO npubOp nydLue BbINOM-
HUTb B BMOe AByx 6nokos: CBY ronoeku,
NOJIOXEHWE KOTOPOI MOXET ObiTb JKOOBLIM,
u 610Ka MUKPOAMNEPMETPA C UCTOYHUKOM
nutanus. VX CBASLIBAIOT TOHKUM 4-XXWIlb-
HbiM Kabernem NpPou3BOSbHOW AnvHbl. OT-
Bepctne M2 B nnare cnyxut ana kpenne-
HUA 3TOro  kabena, Tpu OTBEPCTUA
22,1 MM — [NS KPEnneHws camol Nnarbi
B kopnyce CBY ronosku.

Mockonbky noTpebnsiembii NPUGOPOM
TOK He npesbiwaer 0,3 MA, B KayecTse
UCTOYHMKA NUTAHUA MOXHO B3ATb NPaKTW-
4yecku nobyro 6arapero Ha 6 B, nanpumep,
TMna 476 (Z13x25 mm, emkocTe 100 MA-4).

Bkirounm npubop u peanctopom R8 ycta-
HOBVM MWKpOaMMEPMETP NOYTW B HYNEBOE
nonoxenue (gpuop VD2 pormkeH GbiTb YyTb
NPUOTKPLIT). MOCTaBMM B NEYb CTaKaH BOMbI,
BKJHOYMM €€ (HaNOMHUM, BKIKOHATb NEYb My-
croit Henbaal) u obcnegyem CBY ronokoi.
Ecnu akpaHupoBKa neyu He MmeeT 0edeKTos,
TO B HEKOTOPbIX TOYKax GNvKHEW 30HbI —
0...30 cm ot kopnyca — crpenka npubopa
MOXET 3aMETHO OTKIOHWUTLCSH, B TOM YUChne W
00 MakcumyMma (06bIHHO MakCUMyM Habrio-
[aeTca CO CTOPOHbI CTEKAHHOM aBepLpl CBY
neuu). Ho ecnu ronoeka 6yner ypanena or
ucnpaeHon neun Ha 40..50 om u Gonee, 10
MUKPOAMNEPMETP [OIKEH BEPHYTHCA B WC-
XOOHOE MONOXEHWE 1 OCTABATLCA B HEM NPy
mobom nonoxern CBY ronoekw.

HOpuit BuHorpapos,
editor@dian.ru
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Yacbl ¢ «roBopsilLUMM>» 6yAMNbHUKOM

CHOBHbIM HEIOCTATKOM BCEX BbifTyC-
KaeMbIX B HACTOSLLee BPEMS KOHCT-
pyKuMiA siBseTcs cnocob BBoga WH-
chopMaumy € NMOMOLLLD HECKONBKMX KHOMOK.

B nyuweM cnyusae nHTepdelic ¢ Nonb3oBa-

TEneM NO3BONSIET U3MEHATD Kbl paspsif

0 OTAENBLHOCTH, HO Halle BCero — TONbKO

Yachkl wnn MUHYTHL. B pesynerate gns Ha6o-

pa, ckaxeM, 45 MUH, ecn paHblle CTosso

50 MUH, MpuxoamTca npoxoauts Bce 55 3Ha-

HeHUIA Mo Kpyry. Peakue UcknioyeHus BeTpe-

HaTCA, eCn Hachl-6yAUITLHUK COBMELLIEH C

KakuM-nu6o ApyrvM yCTPOWCTBOM, Hafpu-

Mep, TeredgoHoMm. B TakoM cnyqae nosb3o-

BaTeSlb UMEET BO3MOXKHOCTb BBOAUTE BpeMst

WK 3HaqeHre ByaunbHKa nopaspaaHo, HTo

ropasfo yfobHee.

YuuTbIBasi, HTO OfiHUM U TEM e Gyausb-
HWKOM fOfb3yeTCH HECKOSbKO YESoBEK B
pasHoe BpeMs, OBLLENPUHATBIM CTasio Ha-
JnHmMe Heckonbkux BpemeH cpabartbiBaHus
W HECKONbKMX 3BYKOBbIX curHanoB. Kpome
TOro, YHUTHIBAA BLIXOAHBIE fiHW, A06ABNSIOT
BO3MOXHOCTb CTaBUTb GyAWITBHUK TONBKO Ha
BblbopoyHble AHK Hegenu. MHorga GubiBaet
yaOOHbIM - 6yAUNBbHUK, CcpabaTbiBalowuii
TONMBKO OfiUH Pa3 U OTKMIOHAIOLLUACS.

B kasectBe curHana Moryt 6biTb 3BYyKW
b0 HeCKONbKMX TOHasbHOCTER, TMBO My-
3blKanbHas Menoaus.

MocTaBue 3anady paspabotath yAOGHbLIA
B UCMonb3oBaHwWm 6yaAuIbHUK nocne nepebo-
pa BCex BapuaHToB aBTop paspaboTast KoH-
CTPYKUMIO CO ClieflyloLLIMMUN BO3MOXHOCTSMU:
e BBOf AiaHHbIX 1 BbIGOP PEXUMOB OCyLLe-

CTBMSieTCH C NOMOLLUBIO KNnaBuaTypbl U3

12-T¥ KHOMOK, HanpuMep, OT TenedoH-

HOro annapaTa. 3T0 NO3BONAET HaXXaTu-

€M OfiHOI KHOMKK BLIGUpaThL TpebyeMyto

dyHKUMIO, a TakxXe 6bICTpo U yAao6HO

BBOAUTL flAHHbLIE;

e 4aCbl NOKA3LIBAT BPEMSA U TEKYLLWIA
OeHb Heflenu;

e peanv3oBaHa BO3MOXHOCTL 3afaHus
OEecAT He3aBUCUMBIX OyAUNbHUKOB,
KaXXAbIA U3 KOTOPbIX MOXET ObITh akTh-
BeH B noboli AeHb Hepenw. ByannbHUK
MOXET 6biTb Pa3oBLIM, fpK 3TOM flocre
cpabarbiBaHus B 0NepeaHo fieHb Hege-
K 3TOT fileHb Hepenu CTaHOBUTCH s
HEro HeaKTUBHbLIM;

e B KayecTBe 3ByKOBOW curHanusauum uc-
nosib3yHTCH HepeayloLmecs npeneapu-
TeNbHO 3anucaHHoOe roflocoBoe coobue-
Hue 1 N6oW 3BYK, HanpUMep TOHasbHbI
curHan. 3ByK npuMeHsieTcs Kak 6onee
«ByAfLLMIA», HeM roriocoBoe coobLueHue,
a coobLueHne — ans fOiCHEHWSA, Mo Ka-
KOMy foBofly cpabotan 6yaunbHUK;

e peanu3ocBaH TarMep € 06paTHLIM OTCHe-
TOM, BpEMSi KOTOPOro 3afaeTcs B MUHy-
Tax, 4acax-MUHyTax Unu Yacax-MUHyTax-
cekyHaax. Takas nocnefoBaTesibHOCTb
BblbpaHa M3-3a TOro, 4TO 3ajaBaTb WH-
TepBan B CEKyHfax NPUXOAUTCH pexe
BCEro;

e B Ka4ecTBe [OMOSHATENBHOM BO3MOXHO-
CTV WUMeeTcs roflocoBas «3anucHas
KHWXKa» Ha ofHO coobLueHue, HTO Mo-
3BOMIAET OCTaBUTbL TOSIOCOBOE COO6LLE-
HYe fIpyrMM HrieHaM ceMbi BMECTO TOro,
4yTo6bl MUcaTb ero Ha 6ymare;

e MUTAHWE OCYLLECTBIINETCH OT CETU, HO
WMEETCH PEe3epBHbLI UCTOHHUK NUTaHKS
Ha cny4alt nponagaHus CeTeBOro Hanps-
XEHUS.

MpuHuumuansHas cxema OGyaunbHUKA
npvieeaeHa Ha puc. 1. Bce ocHoBHble hyH-
KUMKW peanvsoBaHbl HA MUKPOKOHTpoepe
PIC16F84A, B ero e sHeproHe3aBUCUMO
NamaTh faHHbLIX XPaHATCH HacTpoiku 6y-
IunbHUKOB. B KasectBe uHAmkatopa uc-
nosnb3yetcst XKW mMopyrnb doupMel «Manr»
MT10T7-7, nmetowmii 10 ceMUcerMeHTHbIX
3HaKOMECT € ToYKamMu. JT0 NO3BOJIAET BbI-
BOAUTL HA UHAMKAUMIO HE TONMbKO Tekyluee
BpeMS, HO U fieHb Hepenu. [ns 3anucy u
BOCNpPOU3BEAEHUA 3ByKa fpUMeHeHa cne-
umanuanpoBaHHas MukpocxeMa 1SD1420.
B kauecTBe knaBuaTtypbl NpUMeHeHa Mat-
puua knaeuw 3x4, Kotopas MOXET 6biTb
cobpaHa u3 OTAeSbHbIX KHOMOK UK Uc-
nosib3oBaHa roroeas ot nboro Tenedo-
Ha. MuTtaHue ycTpoWcTBa OCYLLECTBNSAET-
CHi OT CETEBOIr0 UCTOYHMKA HampsHKeHneMm
9 B nnu 6atapen «KpoHa» qepes crabu-
nusatop 78L05. Tako# cnoco6 crabunu-
3auuy  BbIGpaH K3-32  MUKpPOCXEMBI
ISD1420, TaKk Kak Mpu NOHWXeHWW nuta-
Hua Ha 0,5 B 3aMeTHO cHWXaercs rpoM-

KOCTb 3BYKa, a Npu yMeHbLUeHuH Hanps-
»eHus Ha 1 B Mukpocxema nepecTaet Kop-
PEKTHO hYHKUMOHUPOBATD, B TO BPEMSA KaK
OCTalbHbie 3/1eMEHTHl CXeMbl OCTalTCH
paboTocnocobHLIMK NpY HAMPSXXEHURX A0
2B.

To4HocThb Xoaa 4acoB o6ecne4nBaET Tak-
TUpOBaHKE MUKPOKOHTpoONepa 4acoBblM
KBapueBbLIM pe3oHaTOpoOM C YacToTou
32768 Ny. Ecnu To4HOCTL X0fa HeyoBeT-
BOpUTENbHA, MOXHO B HebGonbLUKX npefe-
Jlax KOppeKTUPOBaTh 4acTOTy KOHAEHCaTo-
pamu C1 u C2, ogHako Ha npakThke K3
JecaTka cob6paHHbiX KOHCTPYKUUA HU B ofi-
Hol He noTpe6oBanoch U3MEHATH 3TU KOH-
JeHcaTopbl. YXof] HacoB COCTaB/IAET caMoe
6onbliee ofiHy MUHYTY B Mecsu.

MopTel BBOAA/BLIBOAA MUKPOKOHTPOJIIE-
pa pacnpefeneHbl TakuM o6pa3om:

PORTA — Bxopbl onpoca knaBuatypel,
BbIXOf] 3anycKa 3anucy 1 BbIXO[ CBeTOoau-
ofla HauKauum Hanuqms cooblyenns VD1,

PORTB[0] — Bxof cBeToaMofa 3anucu
MuKpocxemel ISD1420, no3eonseT onpepe-
NSITb OKOHYaHe BOCNpOU3BeieHUs, B AaH-
HOW nporpaMMme He WCToNb3yeTcs;

PORTB[1] — Bbixog 3afycka Bocnpous-
BEfleHns Mo PPOHTY;

PORTB{2, 3] — Bbixoatt ynpasneHus XKK
Mopyrem;

PORTB[4—7] — BbiXofbl LKHBI AaHHBIX,
rnogkno4eHHoM K XKK mogynio, afpecHbIM
BXxofaM Mukpocxemel ISD1420 u guogam
CTPOK KIaBuaTtyphbl.

Mopo6Hoe pacnpepesieHve BhibpaHo He
CTONBKO K3-3a yno6cTBa nporpaMMUpoBa-
HWS, CKONTbKO CBA3AHO C pa3BOAKOM neyar-
HOW nnartbl.

MpoTokon pa6otbt ¢ 2KK MogyrneM MoXHO
HalTh Ha caite npouasoautens melt.aha.ru.
Mpy NpepIOKEHHOM NOAKMIONEHUA UCMOSTb-
3yeTCA BXOf] pa3peLLeHus 3anmcy o eivuH-
HoMy ypoBHi0. U3-3a BbiGpaHHoro cnoco6a
nporpamMmHoe obecneyeHue Npu U3MeHeHUn
COCTOSHUS! LLKHBI fJaHHBIX A0SHKHO COXPaHATh

KO Ki K2
B BT MCLR 6 RO g? ;SI DBO Vo2 1-Record | 2-State 3-Play
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A o el E Al B ! FY LEEER Iy 4 5 6-Timer
vD1(§)z SRA3 £ B3 R 5170 E ‘VD30 - | .|
=1 | 2 fRBap— S1v | g | Je2 N4007 MSpa SB5 SB6
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3/IeKTPOHUKA B BGbiTy

B www.dian.ru

XEMOTEXHUKA INQ O MIOHb ZUUS

Mnagume 6uTel perucTpa HeuM3MeHHbIMU,
vHaue 6ynyT c6ou B paboTte C MHOMKATOPOM
M BO3MOXHbl CaMOCTORTENbHBIE 3aMyCKu
BOCNPOU3BEAEHWUSA COOBLLIEHUIA.

Onpoc KnaBuaTypbl NPOUCXOAUT B OTAENb-
HO ONWCaHHOW Mpoueflype, B MOMEHT ONpo-
ca Ha LLIMHEe AaHHBIX reHepupyeTes «6eryuiasn
eVHMLa» U CHUTBIBAIOTCS 3HAYEHUs C Nop-
Ta PORTA. Tak kak 4acTota reHeparopa
Mana, HeT Heo6XxOoAUMOCTU BblifepXMBaTb
naysy Mexfy Bbila4eil HOBOrO COCTOSHUA U
CHUTBIBAHWEM COCTORHMA nopTa.

Mukpocxema 1SD1420 nossonser 3anu-
CblBaTb M BOCMPOW3BOAUTL COO6LLUEHUR C
mo6oro u3 160 6NOKOB ONUTENBHOCTBLIO MO
125 MC Kaxnabli. [ns 3apgaHus 6noka uc-
nonb3yloTcs appecHole BxoAbl AO0—A7.
Ecnu Ha Bxofbl nogaeTca vmcno 6onee 159,
T. €. A7 = A6 = 1, MMKpOCXema nepexoanT
B CNeuvansbHblil pexuM, MNO3BONAIOLLMNA
BbINONHATL PACLLUMPEHHBIE Onepauuu, no-
3TOMy Heo6xoaMMo hopMUpOBaTL afpeca,
MeHbluine 159. Tak kak Tpebyetcs thopMu-
pOBaTb BCEr0 HECKONbKO afipecoB, a umuc-
10 BbIBOAIOB MUKPOKOHTPONNEPA OrpaHuye-
HO, Mnaflwne Tpu appecHbix BxoAa
noaKioHeHsl K o6Luemy npyveoay, T. e. Bce-
roa paeHel HymMo, a crapwimne nNate — K
LMHe JaHHbIX UM BbiIBOOY Bbl6Opa agpeca
XK uHgukatopa PORTB[2]. Pas6ueHne
nNamMsATh MUKPOCXEMbl Ha GNOKW, NPUMEH:-
emoe B NporpaMme, NpYBefeHo B Tabn. 1.

PazéuneHne Bbl6paHO WMEHHO Takum,
NOCKONbKY OCTaBNAET [OCTATOMHO MeCcTa U1
NS FONocoBOro coo6LieHWs U No3BonseT
3anucartb B kKaxaoe coobLieHne 6yaunbHU-
ka npubnuautensHo 4-5 cnoe. Pazéunenne
MOXHO NErko U3MEHWUTb, KOPPEKTUPYS OOHY
npouenypy B nporpaMme, OTBETCTBEHHYIO
3a Bbifavy appeca COO6LLEHUIA.

Tak KaKk B Ka4ecrTse TOHOBOro curHana
BOCNpOU3BOAATCH nocnepHue 0,875 ¢ na-
MATU MUKPOCXeMbI, NpeaBapuTenHo Heob-
XOAMMO 3anucarb TyAa Kakon-nmbo curHan.
Ons storo nnary cobupator 6e3 KOHTPOn-
nepa, Ha afpecHble BXOAbl MUKPOCXeMbl
nepemMbiNkamMu NMOAAKT COOTBETCTBYIOLLMIA
anpec (10011000b), BkntoHaOT NUTaHKe u
3aMblKaloT Ha 06wt nposop BeiBOL REC
Mukpocxemel 1ISD1420. lMNpu 3TOM € MUKPO-
(boHa 3anucbiBaeTcs Tpebyemblid curHan,
3anncb NpPepLIBaeTCH aBTOMAaTUHECKU Npy
JOCTMXEHUU rpaHvLbl NaMaTU.

B pa6ouem pexvme MUKPOKOHTponnep
ynpaBnseT MUKPOCXeMOI CnepyloLmMmM 06-
pasom.

Mocne BbICTaBNEHWR appeca Ha LUUHY
JaHHbIX AN BOCNpOW3BEAeHUs Ha BbIBOA
PORTBI2}, T. e. nunuto PLE, nopaeTcs Ko-
POTKUIA HYNEBOW MMMYNbC OTPULIATESTbHON
NnonspHOCTW, a Ans 3anucu — YpoBeHb
nor. 0 Ha nuHuio REC. Bpemsa 3anmcu KoH-
TponMpyeTca NO BHYTPEHHWM 4acaMm ans
NPenoTBPALLIEHUA UCKAXEHUA cnepytoLle-
ro coo6bLLeHUs, HO BO3MOXHa OCTAHOBKA U
no Haxaruio Knaeuwu. BocnponssepeHve
NOBTOPRETCH Yepe3 onpefeneHHoe Bpems,

Tabnuua 1. PazbueHve namstn
MuKpocxeMbl 1ISD1420.

ajjpeca Hayana BOCNpOU3BEfeHUs Yepeay-
loTcs — Bbl6paHHOe COO6LLeHKe, 3aTeM
OCHOBHOIA 3BYK 6yAunbHUKA, ONATb BbI6-
paHHOe coobLieHve 1 T. A. A0 Tex nop,
noka He 6yner Haxarta Knasuiia «ESC»
unu «Enter».

Ins BocnpoussBeneHus 3ByKa NO [OOKY-
MeHTauun Ha Mukpocxemy ISD1420 Tpeby-
€TCs NPUMEHATb OUHAMUYECKYIO FONOBKY
conpotveneHveM 16 OMm, OfHako u3-3a
OTCYTCTBUS TaKKX B NPOAAXe MCNONbL30Ba-
NUCb No6ble BOCbMUOMHBIE OJHOBATTHbIE.
MpuUMeHANCcs ANEeKTPETHLIN MUKPOGIOH, UC-
NoNb30BaNUCb Kak MUKPO(OHBI HaLLero
NPOW3BOACTEA, Tak U pasnuyHble 3apy6ex-
Hble. Pacnonarate MUKpOMOH XenaTtensHo
He Ha TOW Xe nnate, YTO U KHOMKK, a eLe
ny4wie — 06epHyTe MUKPOCHOH NOPONICHOM
WU pe3nHOIA, He [OMyCKas ero MexaHn4ec-
KOro CONPUKOCHOBEHUS C AeTanaMu Kopny-
ca. B npotvBHOM Cny4ae B KOHUE coobLue-
HUA, NPEepPBAHHOrO HaXaTuem KHOMKWK,
6yneT 3aMmeTeH LyenvokK.

Ons vHOovKauMn Hanuums coobLueHus
NpUMeHeH ronybor CBeTOanoa, Tak Kak OH
MMeeT HanbonblUyIo APKOCTE U MpUBREKa-
€T BHUMaHWe. 3T0 3aCTaBnseT NPUMEHATb
peaucTtop R1 MeHblLero HoMuHana, 4Yem
pe3uctop R10 kpacHoro cseroguopa WH-
OvKauuM 3anucu.

MpolwmBKa MUKPOKOHTpONnepa B ¢hop-
mare Intel HEX npuBefeHa B Tabn. 2 1 Ha
carite XypHana no appecy http://
www._dian.ru/programs/index.html B apxvse
2003 _06_Bryak.

JIMCTUHIM NpOrpamM, CxXembi, BapuaHT
neyaTHol Nnatsl U MHCTPYKUMIO NO 3KCn-
nyatauuM  MOXHO HaWTM Ha  caute
electronics.crowd.ru.

[anee npusBefeHO KpaTrkoe onucaHwe
pexumoB paboTbl U BO3MOXHOCTEN, pea-
NW30BaHHbIX B AAHHOW BEPCUM NPOrpamMmbl
6yanneHUKa.

OcHoBHOM pexum. OCHOBHON peXuMm
paboTbl HacoB — OTOBPaXKeHWe TeKyLlero
BpeMeHu. B 3TOM pexnmMe Ha MHOUKarope
oTobpaxaeTcs TekyLee Bpema U OeHb He-
nenv. Pexxum xapaktepeH muraHvem yep-
TOueK Mexnay paspsfamu vacos. B atom
pexume Hacbl MOTYT BbINONHATL Cnepyto-
e yHKUMK.

KHOMKa «1» 3anyckaer 3anMcb OCHOBHO-
ro ronocoBoro coobueHuns. Haxarue Ha
3Ty KHONKY MPYBOAMT K 3arycKy 3anucu
ronocoBOr0 COOBLLEHUS W BIJTIOHEHWIO WH-
ovkaropa «COOB», vHaMuMpyoLlero ero
Hanuure. Ecnu cooblueHue yxe 6bino 3a-
NMCcaHO W He 6biNo NPOCNYLLaHo, T. €. ro-
puT nHpukatop «COOB», BMecTo 3anucu
BKIIO4AETCSH NPOCNYLLMBAHWE COOBLLEHUS.

KHoNka «2» no3BonseTr BOCCTAHOBUTH
unu  c6pOCUTL COCTORHWE WMHAMKaTOpa
«COO0B» no xenaHuo nonb3oearens. Ha-
npvmep, 3T0 MOXET noTpe6oBatbCs AnNA
NOBTOPHOI NOMETKW BaXHOr0 COO6LLEHNA
nocne ero NpocnyLMBaHns.

KHonka «3» 3anyckaer npocnylimBaHne
coobLeHns 1 cépacbiBaeT UHOMKATOP
«COOb».

KHonka «6» nepeBOAMUT 4ackl B pe-

Ne HasHaueHue Agpec |OAuT., c| XM BBOAA BPEMeHU TalMepa, CM. «Pe-
1 | «3amucHas kHrkka» | 00000000b | 10,875 XKUM TaMmepa».

2 | Nepawwm 6youneHnk | 01011000b| 1,875 KHONKa «8» nepeBOaMUT 4Yacobl B pe-
3 | Bropown 6ygunbHuk  |01101000b | 1,875 MM HACTPOeK, CM. NyHKT «PexuM Ha-
4 Tpetwn Gygunbuvk  |01111000b | 1,875 CTPOEK>».

5 |YertsepThit Gyaunbyvk | 10001000b | 1,875 KHoNka «9» NepeBOOUT 4acChbl B pe-
6 3ByK BygunbHMKa 10011000b| 0,875 UM NPOCMOTPAa U pefakTUpoBaHnA 6y-
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IUNBHUKOB, CM. NYHKT «Pexum GyannbHu-
KOB».

AkTuBHBI 6yAMnbHUK. B 3TOT pexum
Yacbl NepexoasT B MOMEHT cpabarbiBaHus
OHOro U3 GyAuNBHUKOB. Ha MHanKaumio npu
3TOM BbIBOAMTCS Bpems cpabatbiBaHus W
Homep GyaunbHuka. OpHOBPEMEHHO Nooqe-
penHo BKIIIOYAETCH OCHOBHOW W BblGpaHHbIiA
3ByKI ByaunbHyKa. [ns OTkoueHus 6yaun.-
HUKa HEO6XOOMMO HaXaTb OfHY U3 KHOMOK
«OTMeHa» unu «Beog». ByannbHUK BO3Bpa-
LjaeTcs B NpeabifyLLMiA pexuM paboTbl.

Pexum HacTpoeK. Pexum HacTpoek
no3BonseT NpocnyLiaTe U YCTaHOBUTL CO-
06LL|eH1s rONOCoBbIX 6yANNBHUKOB U TEKY-
wee BpemMs. Ha uHovkaTope Npu BXofe B
pexumM BuiBOOUTCH cnoBo «SEHING».

[na npocnywimBaHus U NOArOTOBKU K
yCTaHOBKE FONOCOBOro 6yaunbHUKa Heo6-
XOAMMO HaXaTb Ha KHOMKY C €ro HOMepoM,
T. €. Ha OfHY U3 KHONOK «1»—«4». Teky-
wee coobeHve GyaunbHuKa 6ypet Boc-
npouseepeHo, a Ha uHavKaTop 6yneT Bol-
BefeHo coobuieHne «SEL.» 1 HOMep
6younbHUKa. ocne 3TOro Haxaruem Ha
KHONKY «BBOA» MOXHO 3aMyCTuUTb 3anuch
coobLyenuns. O 3anMcu cooblyeHus roBo-
puT ropswmii uHpukaTop «REC».

HaxaTtune Ha KHOMKY «7» Bbl3blBaeT Npo-
Leflypy YCTaHOBKW TEKYLLEro BpeMeHu.

B pexuvme yCTaHOBKM TEKyLLero BpeMe-
HA HaXXaTne Ha uuppoBbIE KHOMKU Bbi3bl-
BaeT YCTaHOBKY TEKYLLEro paspsaa 4acos,
YKa3aHHOro Kypcopom «_». BeoguTe Bpe-
Ms cnefyeT B NOpsOKe “4acbl—MWHYTbl—
OeHb Hepenu. Ecnu Heo6xoAMMO BBECTU
3Ha4YeHWe HacoB UMM MUHYT, MeHbLUee fie-
cATn, TpebyeTcs BBOAWTL MONHOCTLIO OBE
uncppsl, T. €. NpaeunsHO 6ypet 09 uacos
00 MuHyT. Mpu OWME04HOM BBOME Haxa-
THMe Ha Knasuwy «OTMeHa» ypanser npe-
IObiayLUyo BBEOEHHYIO Lmpy. Haxartne Ha
Knaeuwy «OTMeHa» Npu KpavHem 5eBoM
NONOXeHWW Kypcopa NpUBOAUT K OTKa3y Ot
yCTaHOBKUW BpemeHw. [Nocne BBOAA Bpeme-
HWU 1 OHS Hefenv Ans NoATBepXAeHus cne-
LOyer HaxaTtb Ha knasuwy «BBop», vackl
cpa3sy nepensyT B OCHOBHOIW pexum pabo-
Tbl. CHeTHUK CEeKyH] COpacbiBaeTCs Npu Ha-
XaTum KHONKK «BBoOA», HTO NO3BONRET YC-
TaHaBNMBaThk Yacbl NO CUrHanam TOYHOTO
BPEMEHMU.

Pexnm 6yannbHNKOB. Pexrim No3Bons-
€T NPOCMOTPETb TEKYLLME YCTAaHOBKK 6y-
IUNbHVKOB K OTpepakTuposaTe MX. Mocne
BXO[a B PEXWM Ha MHOMKATOP BbIBOAUTCS
coobLeHre «SEL.AL.». Haxarne Ha KHON-
KW OT Hyns 0O OEBATU BbI3LIBAET Ha UHOW-
KaTop WH(opMauMio O COOTBETCTBYOLLIEM
6yauneHUKe U BbIBUPAET ero Ans pepak-
TUpoBaHWA. WHpopmMaums 0 6yaunbHUKE
BbIBOOMTCH B CnepyloLlemM Buae:

0500 J4ulw

0E00 3l

Bpemsa Ne [Hu
Heoenm

Bpems 6youMnbHUKa, HOMEp COOBLLEHUs
or 0 po 5, nporpamma Ha Hepesno, Haun-
Has C NoHepenbHuka. Kaxpas nonHas vep-
Ta OTMeqaeT Bbl6paHHbI AeHb Hepenu,
Kapkaas HenonHas — NponyckaemMbli. Hep-
Ta BHU3Y 0603Ha4YaeT LMKIUYEecKuin 6y-
LOWNBHYK, OTCYTCTBUE ee — pa30Bbli, copa-



3NEeKTPOHMKA B 6biTy

ChIBAIOLLMIA TEKYLUMIA AeHb Nocne cpabartsi-
BaHuA 6yauNbHUKA.

B npvBeneHHOM NpyMepe nepBas CTpoy-
Ka COOTBETCTBYET ByAUNbHUKY, cpabartbia-
oleMy B 9 yacoB ytpa C NOHeAEentHUKa
Nno MATHULY KaXAylo Hepesllo, B KadecTBe
coobLyeHun BbIOMPaeTCs NEpBLIA CUrHan.
Bropas cTpouka cooteetcTByeT GyAnibHU-
Ky, cpabaTeiBatolemMy B LLECTL yTpa B cyb-
60Ty 1 BOCKpeceHbe, NpuyeM noclie cpa-
6atbiBaHM  TeKylWMW peHb  Hepesu
ybupaeTcs, T. e. nocse cpabateiBaHnn 6y-
BvNbHUKa B cy660Ty M BOCKpeceHbe 6y-
BvneHVK 6ypeT oTkntoueH. B kauectee co-

oblieHmns 6yner BOCNpOU3BOAUTCA TPETUI
curHan.

Beibpae 6yaunbHUK, ero MOXHO OTpeak-
TMPOBAaTL HaXaTnem Ha KHONKy «Beop».
Mpy 3TOM NpouCXoaUT NEPEXOn B PeXuM
BBOAA BpeMeHu 6yaunbHUKA. 3TOT peXxum
NOXOX Ha PeXwM BBOAA TEKYLLEro Bpeme-
HW, OHAaKO BMECTO OHS Hepenu BBOAWTCA
HoMmep coobiiieHus ot O Ao 5, Homepa ot 1
B[O 4 COOTBETCTBYIOT onpepensemMeim Gy-
BUNbHUKaM, NATEPKa COOTBETCTBYET Npepy-
CTaHOBNEHHOMY 6yAUIbHUKY, @ HOSIb — OC-
HOBHOMY coob6ilieHuno. Kpome Toro, ecnm
cpasy nocrie BXoja B peXUM Haxartb

Tabnuua 2. MNpowmeka MNMN3Y MuKpokoHTponnepa

«BBop», faHHbIe 6yaunbHUKa 6yayT NOSHO-
CTLIO COPOLUEHBI, @ BYOUNBEHUK OTKIIOUEH.
Mocne BBoga BpemeHy ByauNbHUKA U HO-
Mepa cooblleHus U NOATBEPXAeHUs BBOAA
DaHHBIX HaXaTrvem KHonku «Beop» BeibMpa-
€TCA pexuM BbIbopa AHen Hepenu Tekylie-
ro 6yauneHvka. B 3ToM pexuvme Ha uHgyika-
TOp BLIAAETCA TEKyllee COCTOfHUE [Hewn
Hepeny GypuneHuka. MonHasa yepra o3Haua-
€T Bbl6paHHbIA feHb, MareHbkan uepra —
nponyckaemeiil. Hanuuve BHW3y uepThbi ro-
BOPUT O BK/IIOHEHHOM UMKIIMUYECKOM 6yannb-
HUKE, OTCYTCTBUE — O Pa30BOM GyAWSTbHU-
ke. Haxarmne Ha kHonku ot 1 oo 7 no3BonseT
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CxemotexHuka No 6 uions 2003

W3MEHUTb COCTOSIHME COOTBETCTBYIOLLEro
OHA Hepenn. Haxartre KHONKK «8» no3sosis-
€T YCTaHOBWTb BCE AHN HELIeNN U LIMKn4ec-
KUA peXxuvM, a Haxatne KHOMKK «9» No3Bo-
et c6pocUTb BCE AHW HEAENM U YCTaHOBUTb
pa3oeblit pexum. KHofnka «0» nossonsiet
nepeKniyaThea MeXay pasoBbIM U LMKIM-
yeckuMm pexumamu. Haxartve kHonkn «Ot-
MeHa» OTMEeHsieT pefjakTvpoBaHve U nepe-
BOAMT Yacbl B OCHOBHOIM PEXUM, 2 Haxatune
KHOMNKK «BBOQ» ycTaHaBnvsaeT AaHHble Oy-
JUIbHMKA W BO3BPALLIAET Yackl B peXuM Npo-
cmoTpa 6yannbHUKOB.

Pexum raimepa. Cpasy nocne sxopa B
3TOT PEeXUM 4Hackl NEPEXOAAT B COCTOSIHME
BBOZA 3HaueHus 3afepxku. [na seopa
3HayeHns HeobxoaMMO BBECTU Bpemsi B
OAHOM M3 paspeLleHHbIX hopMaToB:

[Ba paspsna wacos, nsa paspsna mu-
HyT, [nBa paspsaa cekyHg — NONHoe Bpe-
MSi, C TOYHOCTBIO 10 ceKyHapl. MNossonaer
3afaBaTtbh MHTEPBasbl MEHee MWUHYTHI, ANA
Yyero Heob6xo[MMO BBECTU Yacbl U MUHYTbi
kak «00». Ecnn Heobxogumo BBECTU 3Ha-
YyeHue HacoB Mnv MUHYT MeHee 10, Tpeby-
eTcsi BBOAWTL YMCIIO C HyNeM B cTapLuem
paspsge.

[Ba paspsina 4acos v fnsa paspsina mu-
HYT — €CN 3HayeHne CeKyHfHbIX pasps-
OB He 3ajaHo, TO CHMTAETCS, YTO OHM pas-
Hbl HyJIAM.

[Ba paspspa MyHYT — TaK Kak Haubo-
Jflee NPYMEHsieMbIMU ABNAIOTCA 3a4EPXKU
B AvanasoHe OT OAHOM MUHYTbI 4O OAHOro
Yyaca, MOXHO BBECTW TONbKO ABE LIPS,
Torna BBEAEHHOE 3HayYeHve byneT cunTaThb-

YcTponucTBa ¢ MHAMKALIMEN
TOYeUYHbIMMU cBEeTOAMOAaAMM

Ecnu BHUMaTensHO NOCMOTPETb Ha an-
roputm paboTbl NporpamMmbl asromara
CYTOYHOrO BKJIOYEHUSI Harpy3ku, MOXHO
3aMeTUTb, YTO MMeeTCs YyCTaHOBKa 4acos
M BpEMEHU BKMIOYEHUs Harpysku. Ecnn
no6aBuTb B NPOrpaMMy yCTaHOBKY MUHYT
BMECTO YCTAHOBKM BPEMEHN BbIKITIOHEHUA
W, COOTBETCTBEHHO, MHAVKALMIO YCTaHOB-
K/ MMHYT, TO AONyYMM Yackbl ¢ UHAUKA-
Luu1en TodeuHbIMK cBeToguogamun. A ecnu
BpeMsi BKIIOYEHWs] Harpy3kn UCRONb30-
BaTb ANA BKIKOYEHMA 3ymMMepa, TO nony-
yatcs Yackl ¢ 6ygunbHMkoM. [ins 3toro
HeobxoaMmo Tonbko pobasuTb Nporpam-
My YCT@HOBKM W WHAMKALUU MURYT Oy-
AunbHUKa. Bee yeTblpe anroputma pabo-
Thi NPOrpamMMbl YCTAHOBKWU U MHAWKALWK
OAMHAKOBbLI M OTNMYAOTCH NULLb Bpeme-
HEM MWraHusi CBETOOMOAOB U 3arpy3koin
CBOMX 3HaYeHWI (4ackl, MUHYTbI) B peru-
CTPbl MHAMKALMK.

Anropytm pabotbl nporpammbl Hacos
yaeHTUYeH anroputMy paboTbl NporpaMmel
apromara CyTOHHOIO BKIIKOHEHUS Harpy3Kku,
TONMbKO B ONPOC COCTOSIHUS KHONOK A06as-
JIFIETCA ONPOC eLle OAHOM KHOMKU — KHORM-
KW MHAMKaunm Yacos. Ecnn Haxartb Ha 3Ty
KHOMKY, TO ceeToauonbl 6yayT nonepemeH-
HO MHOMUMPOBATL 3HAYEHWE YacoB WU MU-
HYT O Tex nop, Noka KHOMKa HaxXara.

Cxema 4acoB nokazaHa Ha puc. 1. Kron-
k1 SA1, SA2 npepgHa3HayeHbl 4nA yCTaHoB-
KW BpEMeHW B ZECATKaX MM eamHuuax 4a-
coB M MuHyT. KpacHein cseropmop HL2
WHOVMLMPYET YCTaHOBMEHHOE 3HadeHwe B
necsarkax, a xentoii ceetogropg HL1 — B
envHulax. Kronka SA3 ucnonbayetcs ans
nonepemMeHHON MHAMKaLMM YacoB U MUHYT.
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K npamomy Bbixogy RAO MOXHO NOAKNKOHUTD
MMAopTHBIR n3nyyatens HCM1206x ¢ Bctpo-
eHHbIM reHepatopoM. K Bbixogy RA2 MOXHO
noaKNoYNTL U3nyyarens 6e3 BCTPOEHHOro
reHeparopa, Hanpymep oTEHECTBEHHDBIN Nbe-
3ouanyyarens 3M11. Mpwn cpabatbiBaHun Oy-
OWIbHYKA Ha 3TOT BbIBOL NOAAIOTCH UMAYTb-
cbl ¢ YactoTtor okorno 1 kMY ¢ NpepbiBaHWEM
yepes YeTBepTb CEeKyHAbI.

[rnvtensHoCcTV CBEYEHUs CBETOQMOMAOB
npy pasnuyHbiX ycTaHoBkax (pexxumax)
cnepyowme:

XKENTbiA U KPacHbIA CBETOAVOABI MUra-
0T BIMHHBIMA MMAYNBCAMU — WMHAWKALMA
4acos;

XeNTblA U KpacHbliA CBETOAWOABI Mura-
HOT KOPOTKMMU MMAYIbCAaMU — MHAMKALA
MUHYT;

KeTbliA KOPOTKUIA, KPAcHbIN ANUHHBIA —
VMHAVKAUWS MUHYT OyaunbHUKa;

XKENTbIA ANWHHBIA, KPACHBIA KOPOTKWUA —
UHaVKaums Hacoe GyannbHUKA.

KopoTkas BChbIlLKa ANIUTCS YeTBepTh Cce-
KYHZbI, @ ONMHHAsA — NOMOBUHY CEKYHAbI.
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CA 3Ha4YeHMeM 3aJepXku B MUHyTax. Bso-
OuUTb 3HadeHusi 6onee 60 MUHYT He peKo-
MeHAYyeTCs, Tak Kak 3HavyeHve B npouecce
orcyeta 6ymeT okpyrneno. Ecnn tpebyert-
Csl BBECTU 3Ha4veHue, meHbluee 10, Heob-
X0AV¥MO BBECTU HOMb B CTapLUeM paspsge,
Hanpumep, 05 — NATUMUHYTHBIA Tamep.

MNocne BeOAa 3HaYeHUA 3a0ePXKU B of-
HOM U3 3TWX (POPMATOB N HAXaTusa Knasu-
wu «BBoOg» Yackl nepexomaT B pexuvm Tan-
Mepa c obpatHbiM oTcyeTom. C6pocutb
TankMep MOXHO Haxartvem KHorok «OTme-
Ha» unn «Beopa».

Anexcen BpsakuH,
alb@crowd.ru

MepepbiBbl MeXAY BCAbILLKAMW CBETOAMO-
[a ogHoro uBeTa pasHbl ANUTESIbHOCTU
BCnbilLeK. Livkn nHavkaumn 3akaH4yvsaeTt-
csl Nay3oi (CBeToAMoAE! BBIKNIOYEHBI) C Ann-
TeNbHOCTLIO, PaBHOM ABYM CeKyHAaMm.

Ona nydiwero 3anoMuvHaHus AnNUTerb-
HOCTb FOpeHUst CBETORMO/IOB JIerko OToXe-
CTBUTb C PEXMMOM YCTaHOBKW, €Crivi CMOT-
peTb Ha XenToli ceeToavon. Ecnm BenbiLLku
KOPOTKME, 3Ha4YMT MAET MHAUKAUWS MUHYT
(MUHYTBI KOpo4e 4acoe). Ecnv BCAbILLKK
XeNToro ceetoaMona AfMHHbIE, 3Ha4YMT UaeT
MHAMKauus Yacos. [Npy pasnmyHbIX BCMbILL-
Kax XeJiToro 1 KpacHoro Auonos — UHOM-
Kaumna yctaHoBKkU OyaunbHUKa.

Nocne noga4yy Hanps>KeHWst NUTaHKs He-
06x0AMMO YCTaHOBUTL Yackl N OYAUIBbHUK.
O6a ceeToavona 3aropatcs Ha ABe CeKyH-
[bl, W 4acbl NeperayT B PeXUM YCTaHOBKU
YacoB. [N CMeHbl pexuma YCTaHOBKU W
MHAMKaAUMM HeoBX0auMO OAHOBPEMEHHO
HaxaTb KPaACHYIO 1 XEeTYI0 KHOMKK Ha Bpe-
Msi HE MeHee OfHOW CEeKyH[bl, P 3TOM
oba ceeropgunopa Bknouarcs. lNocne cme-
Hbl pexXxuma f[ocToBepHas WHgopmauus
6yner cuMThIBaTbCA HE paHee, YeM 4epes
OVH LMK MHAMKaLUmu. XKenatenbHo HaXu-
Martb [Be KHOMKM BO BPEMs [BYXCEKYH[-
Hbix Nay3. [1opsaaoK cMeHbl PeXUMOB YC-
TaHOBKM CrefytoLmiA: ycTaHOBKa 4YacoB —
ycTaHOBKa MUHYT — ycTaHoBKa 4Hacos Oy-
QWUINbHMKA — yCTaHoBKa MUHYT 6yannbHU-
Ka — YCTaHOBKa 4acos...

BhIKNOYeHVE YCTaHOBKM NPOM3oMAET as-
TOMaTH4yecKn Yepes NSATb MUHYT focsie noc-
nepHero Haxatus OByX KHonok. Kaxpoe
HaXartue KPacHOM WUNv XenTON KHOMKW Ha
BpemMsi He MeHee OfHOW CeKyHfbl npubas-
AT eauHuLYy B BbIGPaHHbIA perucTp v yse-
NIM4MBAET YMCIIO BCRbILLEK CBETOAMOAA Ha
enuHuLYy. HekoppekTHas ycTaHoBKa ucnpas-
naerca. [py HaXXaTUM KPacHon unm XernTon
KHOMKW 3aropaeTcsi COOTBETCTBYIOLMIA CBe-
Topmon. KHOMKKM yCTaHOBKM XernatesibHO Ha-
XUMaTb BO BpeMsi ABYXCEKYHOHbIX Nays B
Hayane u B KOHLe Kaxgoro uvkna. Hynesoe
3HayeHne OyaMnbHYKA He OTCNEXUBaETCs,
No3TOMy, €Ccnv BaM BPEMEHHO He HyxeH
6yaunbHUK, TO €ro 3HadeHna HeobxoaMmo
yCTaHOBUTbL pPaBHbIMKU HYMIO (CBETOAMOADI
YCTaHOBKM 4acoB M MUHYT He ropsT). Coot-
BETCTBEHHO, €C/M BaM HeoOX0AuMO 3By4a-
Hue 6yauneHuka B 00 Yacos, 00 MUHYT, TO
Heo6xoAMMO yCTaHOBUTL OyAuUNbHUK Ha
OfHY MUHYTY paHbLLE NI NO3XKEe 3TOro Bpe-
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MeHn. OvH pa3 yCTaHOBNEHHOE 3HadeHne
O6yaunbHyka 6yaeTr ucnonb3oBaTbCA exen-
HeBHO. Bpema 3yvaHna 6yaunbHuKa pas-
HO OAHOW MUHyTE. BbIKNouuTL GyannbHNK
MOXHO, €C/TM NEPEATU B PEXUM YCTAHOBKM
OOHOBPEMEHHEIM HaXXaTueM OBYX KHOMOK.
YctaHoBKM penatb He obaszarencHo. Yepes
NATb MUHYT MHAMKALUMA YCTAHOBOK BbIKMIO-
uurcs. MNpepeath 3ByHaHue GyannbHUKA Tak-
XE MOXHO, €CAN HAXKaTb KHOMKY MHANKaLMA
4aCOB W YAEPXKUBATL €& HEKOTOPOE Bpemsi.
NHpuKauma 3Ha4eHUiA HacoB Haxatuem
KHOMKM SA3 MOXET Npon3BoauTLCA B nioboe
Heobxoavmoe Bpems. Bo Bpemsa yCcTaHOBKM
HYaCoB U MUHYT TaKXe MOXHO BKNIOYUTL MH-
OVKaLMIo YacoB. 310 yaobHO, ecrnv ycTaHae-
NMBasi MAHYTBI HEOOXOMMO «BCTIOMHUTBL»
YCTaHOBMEHHbIE Yachl, He Npuberas K cme-
HE WHOMKaLMM NpU NOMOLLM HaxaTus ABYX
KHOMOK. ECnn Haxartb KHOMKY MHAMKaLum
4acoB BO Bpemsi YCTAHOBKU 3Ha4eHuin 6y-
DUIBHYKA, TO MHOMKALWA HYaCoB HE BKNIOYAT-
csi. Texylee 3HaqeHne HacoB U MUHYT BbIC-
BEYMBAETCA MOMEPEMEHHO U HE BAMAET Ha
ycTaHOBKM. [lay3bl AnMTensHOCTHIO, paBHOM
OBYM CeKyHAaMm, Npu UHOMKALMW BPEMEeHW
HeT. MakcMmanbHoe BpeMA CHUTLIBAHWSA 3HA-
yeHui Yacos Gynet npu 19 yacax 59 MUHYT.
310 Bpems 6ynet paeHsTees 16 ¢. Ecnim BO
BpEMs MHAWMKALMKN 3Ha4EeHWA 4acoB (HO He
yctaHoBkul) 6ynyT cnyqanHo Haxarbl Kpac-
Hasl UMK Xerrasa KHOMKY, YCTAaHOBKa He U3-
MeHuTCA. CnyqaiHoe HaxaTue OOHON KHOM-
KU BO BPEMA TPAHCMOPTMPOBKN TAKXKE HE
M3MEHWT COEMaHHbIX paHee ycTaHoBoK. [o-
CKONbKY TOCNE BKNIOYEHUS HAMPSHKEHWA M-
TaHUs Yackl yXe uayT, NPy yCTaHOBKE Mu-
HYT YWACNO BCMbILEK MOXET CcTatb Ha
enuHnLy 6ofbLLe, YeM yCTaHaBnMBaemoe.
Takve 4qackl xOpoLLO ogopMuThL B BUae
6penoka ¢ MMTaHNEM OT TPEX MUHUATIOPHBIX
DOWCKOBBIX 3NeMEHTOB (4acoBbix). [Motpebns-
eMbiin TOK 6e3 wmHauKapum cocTaenser
0,15 mA. Bo Bpems nHpukauun norpeoénse-
MbIA TOK OMNpENEensieTcA TOKOM MPUMEHEH-
HbIX CBETOAMOAOB. VcnonbaoBath Ux yAo6-
HO TeMm, KTO paboTaer B HOYHOE BpEMA.
®ain npowwmekn chasiki.hex gna vacos, a
TaKke (hannbl AN BCex fasnee onmcbiBaembixX
KOHCTPYKLMIA NPEACTaBNEHbl Ha cauTe Xyp-
Hana no appecy http://www.dian.ru/programs/
index.html B apxviBe 2003_06_Zaes.

JTOT Talumep nopAact 3BYKOBOW CuUrHafn
yepe3 Bpemsi, KOTopoe 6yfeT yCTaHOBNEHO
npy NOMOLLM ABYX KHOMOK M ABYX CBETOON-
0foB.

KpacHbin ceetoauop BoICBEHMBAET yCTa-
HaBfUBAEMOE BPEMA B €OMHULAX YacoB,
XENTbih — B AECATKAX MUHYT. YcTaHOBKa
B Hacax BoamoxHa Ao 15 vacos, a ycra-
HOBKa AECATKOB MUHYT — [0 MATK.

Cxema Tarmepa, nokasaHHas Ha puc. 2,
OTNN4aETCA OT CXEMbl HacoB (puc.1) TOMb-
KO OTCYTCTBMEM KHOMKM MHOMKALMK Bpeme-
Hu. [osTOMY BCE CKa3aHHOE BhiLLE O Cxeme
vacoe GyneT BepHO n ans Hero. O6a cBeTo-
DMOofia MUIraloT KOPOTKUMM BCTbILLKaMW O~
TENbHOCTLIO 1/4 CEKyHAbI C TakoWn Xe Anu-
TENbHOCTLIO Nay3. [nnMTenbHoCcTb Nay3bl
MeXAay UMKNaMmu paBHa [BYM CEKyHOaM.

Pa6orars ¢ TarimepoM oHeHb npocto. MNoc-
ne BKMIOHYEHWA HAMPSHKEHWA NMUTaHUA OH Me-
pexoauT B peXUM OXuaaHus. B 3tom pexu-
Me He paboTaloT «BHYTPEHHNE» Yacbl U HET
CpaBHEHWA YCTaHOBOK. [locne Haxatus of-
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HOBPEMEHHO ABYX KHOMOK W yAepXaHWsl mx
HE MEHee fIByX CEKyH HaYHET MUrath Xef-
Thit cBeTogmog. B 10 Bpems, koraa KHOMKK
Haxxatbl, ropat oba ceeroguopa. Tanmep
NepenneT B peXuM MHAMKALUMM U YCTAHOB-
ku. TNycTb BaM HEOEXOOMMO BKNIOYUTL Tam-
mep 4epez 10 yacoe 30 muHyT. Heobxoou-
MO YCTaHOBUTb AECATb MWUIaHUA KpacHoro
CBETOAMOAA M TPYM MUraHusa xentoro. Kax-
00€ Haxarve KHOMKM NpubaBnaeT 0gHO MKU-
raHve COOTBETCTRYIOLLEro ceetopnopa. Ana
TOro, 4TOObI BKNIOHMTL TANMEP NOCHE BbINOA-
HEHUS YCTAHOBKW, HEOOXOQMMO Haxarb aBe
KHOMNKK oaHOBpemMeHHO. Kaxaoe Haxatune
DBYX KHOMOK U3MEHSIET pexuM paboTbl Tan-
Mepa Ha MpOTUBOMONOXHLIA. Ecnn Bo Bpe-
MA paboTbl Tanmepa NepekniounTLCA Ha pe-
MM YCTAHOBKW, 3HAYEHUA YXKE OTCHUTaHHBIX
4acoB 1 MUHYT cBpocstea. [Npn cnenyowem
nepexofe B pexvm Talmepa cHeT HaqyHeTcs
cHavana.

Mocne Toro, kak NPOMAET yCTaHOBINIEHHOE
B Taimepe Bpems, BKNouuTCH 3ymmep. Bpe-
MA 3BY4aHWA 3ymMMEpa paBHO OOHON MUHY-
T€, Nocne 3T0ro TarMep NEPExXoauT B PexuM
OXMAaHUs, U ANA ero NocneayoLwero BKo-
yeHus Tpebyetcs nepeyctaHoBka. Ecrm Bam
Heo6X0AMMO BKIIIOHYATb CUrHAN EXENHEBHO B
0QHO U TO XE Bpemsi, HeOOXoAMMO YCTaHO-
BUTb 3Ha4eHWe 4dacoB, pasHoe 12. llocne
BKNIOYEHUA 3yMMEpa HeoOXoAMMO ABaX[bl
HaXkaTb ABE KHOMKWU OOHOBPEMEHHO, 3anyc-
TUB, TaknMm 06pazoM TaumMep CHOBA.

®Qaiin pna taimepa — budak.hex.

3roT 6yaunbHUK yaobHO MCNonL30Bath,
€cnn BaM HeobXOAMMO €XEefHEBHOE 3BY-
YaHve 3yMMepa B OOHO U TO Xe Bpems.

Anroputm pabotsl nporpammbl GyannbHA-
Ka NOBTOPSiET anroputM paboTbl MporpaMmbl
aBTOMara CyTOYHOrO BKIIOYEHUSI Harpysku
Onsl BTOPOro BapvaHta. M3 nporpamme! yna-
NEHO CPaABHEHWE Ha BPEMS BbIKIIOHEHNA yC-
TpoitcTBa. Cxema GyaunbHMKa, MoKasaHHas
Ha puc. 3, OTAMYAEeTCa OT CxeMbl aBTomara
TONbKO HANMUMEM OOMONHUTENBHOMO BbIXOAA
RA2. K 3T1OMy BbiX0Qy MOOKNIOHAETCH Mbe-
3omanyyarens Tuna 3M11. 3BykoBble naryya-
Tenm Tuna HCM1206x MOXHO NOaKNouUTL K
NpsAMOMY WA MHBEPCHOMY BbIXOAY.

Donyctim, Bam HEO6X0OMMO eXeaHeBHoe
BKNOYeHne GyaunsHMKa B 6 vyacoB. [Ans 31o-
ro HeoGXoAMMO HaxaTb KHOMKY B 6 4acoe.
KHOMKY HeO6X0AMMO yaepXuBarth HE MeHee
DByx cekyHp. Ecrnn co BpemeHem 6Gyper
6ofbLLON yxon 3By4aHuss 3yMMepa ot ycra-
HOBfIGHHOrO BPEMEHW, CHOBa HaXMuTe
KHOMKY B HEOOXOOMMbIA MOMEHT. ByannbHMK
cAenaet BHYTPEHHIOID nepeycTtaHoeKy. B
DaHHOM Cfly4ae HEe UMEIOT 3Ha4EHUA «TI0Ka-
3aHusA» BHYTPEHHUX YacoB. Bpema 3BydaHms
nanyqarens paeHO OAHON MuHyTe. Yactora
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3By4aHus nanydartensa paeHa 0,8 kl'y ¢ ne-
pPEpLIBOM B OAHY CEKYHAY.

KHQKy yCTaHOBKU XenavefbHo ycTaHo-
BUTb Tak, 4tobbl AOCTYn K Hen Obin 3aT-
pyOHEH W Henb3si ObINO CRy4anHO HaxaTtb
KHOMKY BO BpEMSI 3KCMfyaTayui.

®ann 6ygunernka — budik.hex.

3TOT MUHYTHbIA TaiiMep MOXET HanuTh
pasnuMyHoe MPUMEHEHWE Kak B npouepnyp-
HbIX KabuHeTax NOMUKNUHUK, TaK U B 6bITy
(HanpuMep, Ha KyxHe).

Anroputm pabotbl nporpammel TaMmepa
aHanoruyeH anroputmy paboThl nporpam-
Mbl 6yauNbLHUKA C YCTaHOBKOW BpEMEHW.
OTnnumne 3aknio4aeTcs TOMbKO B yCTAHOB-
Ke eauHWL, MWMHYT. MuHyTbl yCTaHaenuea-
totca ao 15. YctaHoBKa 3HaYEHUA MUHYT
(pvc. 4) npounasoputcA kHomkon SA1. UH-
OVKaLUWA YCTaHOBKW OCYLLECTBAETCA CBe-
Toguonom HL1.

SA1 ycraHoBka

R
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Mocne nopauyn HanpsXeHus nuTaHuA
TakMep NEPEXOAUT B PEXMM MHOMKaLMW.
MocKonbKY HYNEBOro 3HaYeHUA YCTaHOBKW
TamMepa HeT, TO MPU nHULManu3auum yc-
TaHaBNMBaEeTCA Bpema cpabaTbiBaHua Tan-
Mepa, paBHOE OfHOW MuHyTe, 4To Gypet
MHAULMPOBATLCA EOWHUYHON BCrbILLKON
ceetoguopa. [AnuTenbHOCTb BCMBILLKA W
nayabl paBHa 4YeTBepTM cekyHabl. [laysa
MexXgy LUWKNamu paeHa [IBYM CEKyHOaM.
[Mocne ycTaHOBKU HYXHOTO qMCfia MUHYT
HEOBXOOMMO HaxKaTb KHOMKY SA2 «[Tyck».
Tanmep BkntoyeH. Nocne otcvera Bpeme-
HW BKAIOYUTCA 3ymMmep. Boiknountb 3ym-
Mep MOXHO HaxXatnem kHorku «[yck». Ha-
XaTtve 3TOW XEe KHOMKW NepeKkniouut
Tanmep B pexxuM ycTtaHoBKu. Npn HaxaTtun
no6on KHOMKKM BKMKOYAETCA CBEToaWOA.
Moka KHOMKAa Haxara, roput CBeToamoy, a
peakuus Ha KHOMKy GyAeT TOfMbKO nocrne ee
oTnyckaHus. KHOMKvM HeO6X0aMMO yaepxu-
BaTb HE MEHee ABYX CEeKyH.

®dann «lMecoyHbix Hacos» — pesok.hex.

Hwkonan 3aeu,
saes @mail.ru.

33



INEKTPOHUKA B GbITy

H www. .

CxemoTtexHuka Ne 6 uioHbs 20035

Tammep KP1006BM1 B ynpaBneHumn

OoCBéelleHMeEM
ercst o np KOHCTPYKLMAX AN 3aMenJIeH-
roHeHu TUTEJILHBIX JIaMN HakarmsaHus
HOM MHKD ¥ MOLUHBIX NMOJSIeBbIX TPaH3U-
cTopoB ob6orali ro Tvna ¢ N3o5mMpoBa arBopoM MO3BOJIN-
(o} i HapfexHsie B 3KCn Luy YCTPOHCTBa, UMerLLNe XO-
poLuue Harpy. 1 axkTepucTtuku. Pac puBaeMble KOHCTPYK-
yun mMoryT 66ITh Jlerko moandgu OBaHbl AN1A 3aAaHHbIX YCII0BUN
Kcnsiyataymm.

o4TU MnonyBekoBoe nob6efoHOCHOE

nNaHeTapHoOe LLUECTBME WHTErpanb-

HOro Talmepa 555 (oTeyeCcTBEHHBIN
aHanor KP1006BW1) nopgcrtervBaer ymbi
MHOIUX pa3paboTiMKOB SNEKTPOHHBIX YCT-
po¥iCTB. ITa HEGONbLLIAA MUKPOCXEMa faXKe
B «OpEBHEM» GUNONAPHOM, OTHOCUTENBHO
HM3KO4ACTOTHOM BapuaHTe, He nepecraer
YOVBNATE CBOEW yHMBepcanbHOCTLIO. [10-
ToMKM TarMepa 555 — KMOIT Bepcum 3ToM
MMC (LMC555, ICL7555 u gpyrue) Hacto
BCTPEYalOTCA B COBPEMEHHBIX YCTPOMCTBAX
NMPOMBILLNEHHOrO U3rOTOBNEHUA — W3Me-
pyTENBHBIX NpU6opax, Yacax, MOOUNbHBIX
paguocTaHuuax U Opyrov TexHuke. [oka
Ke, K coxaneHuto, ans 6onbluer 4acTu
pagvontobutenel gocTynHa Tonbko 6uno-
NApHas Bepcua 3TOro Tailmepa. Ha Takon
MWKPOCXEME W MpEeQnaraloTca OBE KOHCT-
PYKUMM ONA NMOBTOPEHWA, O KOTOPLIX MOW-
0ET pacckas B 3TOM CTaTbe.

Halwe 3peHue, nossonsawuiee BUAETb
oKpyXawLmii Mup B 6GOratcTBe Kpacok,
JMHWIA 1 chopM, SBONIOLMEN HE MPUCTOCO6-
NeHO GLICTPO NepecTpanBaTbca NoA MrHo-
BEHHbIe M3MEHEHWA YPOBHA OCBELEHHOC-
™ — 00 W306peTeHusi 3neKTpU4ecKoro
OCBELLEHUS B 3TOM He 6b110 0COB0MN HyX-
Obi. [103TOMy peskoe BKNIHEHWE UNK BbIK-
NOHEHWEe CBETA, Kak MUHUMYM, BbI3bIBAET
4yBCTBO AMckomcopta, nMbo ocnennser,
nmbo norpy>xaet Bo TbMy. He ctout 3a6bl-
BaTb W O BLICOKOI BEPOATHOCTW neperopa-
HUA HUTW NaMn HakanusBaHua NpyU BKNKOHE-
HUM MX Ha MNONHYK MOWHOCTL 6€e3
npepBapuTensHOro pasorpesa. Ha puc. 1
npepcTaBneHa npocras cxema and nnae-
HOrO BKIMOHEHUS1 U BBIKMIOYEHNA Namn Ha-
KanveaHus, paboTarowmx B Lieny nocTosH-
HOro Toka Hanpsxenus 12 B. OcHoBHoe
HasHaueHue 3TOro yCTpoOWCTBa — 3aMef-
NEHHOe MNaBHOE BLIKMIOYEHWE U BKNOYE-
HWe OCBELLeHUs B CanoHe aBToMo6uns.
Takxe MOXeT NMPUMEHATbCA U ANS ynpas-
JIEHUA MOLLHBIMW 12-BONLTOBLIMW IanoreH-
HbIMM NTaMMaMKY KOMHATHBIX CBETUIIEHUKOB,
nony4awLmx nNUTaHue OT NMOHWXAaLEero
TpaHchopMaTopa ¢ Beinpamutenem. Mpu
Heo6X0OMMOCTH U XENAHWUKN, CKOPPEKTUPO-
BaB NapameTpbl BpemA3afaowmx uenew,
3TO YCTPOMCTBO MOXHO WMCNOJBE30BATL NO
CBOEMY YCMOTPEHMIO.

Mpyv nopade HanpsXeHUs MUTaHuA
12...15 B npu pasomMkHyTOR kHonke SA1 Ha
Boixone DA1 (BbiBOpg 3) ycraHaBnusaercs
BbICOKMIN ypoBeHb. KoHpeHcatop C3 pas-
PFKEH Yepe3 OTKPbITHIN KONNEKTOPHBIN
nepexof N-p-n TPaH3UCTOPa MUKPOCXEMbI
(BbIBOL, 7, BbIXOA C OTKPBITEIM KONMEKTO-
pom). Tak kak koHgeHcarop C1 B 3TOT MO-
MEHT paspsikeH, TpaHaucTop VT1 3akpbiT,
3apan koHpeHcatopa C3 HEBO3MOXEH.
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B 370 Bpems reHepauma DA1 otcyTCTByeT,
MOLLHBIA NONEBOKM TpaHaucTop VT2 nocro-
AIHHO OTKPbIT, Namna HakanueaHus CBeTUT
C MaKCUManbHON APKOCTbIO.

Mocne 3aMblkaHUS KOHTAKTOB SA1 KOH-
neHcatop C1 HauMHaeT 3apsxarbC Mo
uenn R2R3. Yepes HECKONBLKO CEKyHA MOC-
ne TOro, Kak HanpskeHue Ha 3MUTTePHOM
nepexoge VT 1 JOCTUrHET HanNpsKeHWs OKO-
no 0,45 B, 3TOT TpaH3UCTOp Ha4MHaer oT-
KpbiBaTbCA. Korga Tok B €ero uenu foc-
TUrHET [OCTaTOYHOrO YPOBHA, MOABUTCSH
reHepauns DA1. Ha BbiBOge 3 MUKpoCxe-
Mbl B 3TOT MOMEHT 6yayT cnefoBaTb KO-
POTKME VMMMYNbCHI OTPULIATENBHON NoNap-
Hoctw. MNMepBOHa4anbHO Mocne nosBneHns
reHepauum CKBaXHOCTb CnepgoBaHus WM-
NyNnbCOB [OCTUraetr HECKONbKUX TbICAY,
NO3TOMY HWU CHUXEHWE APKOCTU Namnebl, HW
ee MepuUaHue He3aMeTHbI.

Mo Mepe 3apspaxK koHpeHcatopa C1 TpaH-
anctop VT1 OTKpbIBaETCA cunbHee. Bpemsa
sapapa koHpeHcatopa C3 fo HanpsKeHus
BbILLE MOPOrOBOr0 HaNpsKEHWS NEpeKoYe-
Hus DA1 nocteneHHo yMeHbLuaeTcs. Bpems
paspsna 3T0ro KOHOEeHcaropa He M3MeHseT-
s, TaKk Kak HommHan peauctopa R7 nocros-
HeH. Bce 3TO NpMBOAMT K TOMY, HTO CKBaX-
HOCTb  MONOXWTENbHBIX WMMMYNLCOB  Ha
BbiBOfE 3 NOCTENEHHO yMEHbLLIAETCs, Cpefl-
HAR MOLLHOCTB, nogasaemMas Ha namny EL1,
YMEHBLLUETCH, APKOCTb €€ CBEeYeHWs nnas-
HO CHWKaeTcsa. HactoTta NepeknioHeHns Mak-
cvMarbHa NpY CKBaXHOCTU OnM3KON K 2 1

cocraenset okono 1300 Ny. Ha namny B 310T
MOMEHT NOCTyNaeT MNpUMEPHO MONOBUHA
MOLLHOCTW.

KonpeHcatop C1 npogomkaer 3apsxXatb-
cA, TOK B KONMNEKTOpHOW Lenn VT1 pacter.
CKBa)HOCTb MMNYNbLCOB MONOXUTENEHON
MONAPHOCTU HauMHaEeT yBenuumsatecA. Ho
Tenepb TpaHaucTop VT2 6onblLuee Bpema Ha-
XOOUTCA B 33KPbITOM COCTOSHWW, APKOCTb
CBEYEHVSI Namnbl NPOLOIVKAET yMEHbLLAT-
cs1. MpumepHo Hepes 60...70 ¢ nocrie 3ambl-
KaHuA KHomk SA1 TOK Konnektopa [oCTU-
raer 3HadeHus, npu kotopoM C3 yxe He B
COCTOSHUN PaspagMTLCA [0 HanpskeHus
HWXEe MOpOroBoro 4epes pesuctop R7 un
TPaH31CTOp MUKpOCXeMbl. [eHepaums cpbi-
BaeTcH, Ha Bbixoge 3 DA1 yctaHaBnMBaeTcs
“HU3KWIA YPOBEHDb, TpaH3aucTop VT2 3aKphIT,
NamMna He CBeTUTCA.

Mpv pasmbikaHuM KOHTakToB SA1 nmpo-
LleCCbl Ha4YMHaT NpoTekaTe B 0O6paTHOM
nopsapke. Tak kak OObIMHO XenatesnbHO
nony4uTe 6onee GbICTPOE 3aXKUraHWe nam-
Mbl HAa MONHY MOWHOCTb, YEM €€ ralle-
HWe, TO pa3pAa KoOHOeHcaTopa NPOV3BOAAT
no uenn R3VD1R4R1. Pesuctop R2 orpa-
HWYMBAET HanpsHxeHue, o KOToporo 6yaet
3apsxartbes koHpeHcatop C1, 4TO no3so-
NAET 3axeyb NnaMny Ha MWHWManbHy
MOLLHOCTb He no3pgHee, Yem 4epes 0,5 ¢
nocne pasMblKaHWs KOHTaKToB SA1.

Ha peyusetHom ceetogmope HL1 1 R11,
R12, VT3, VT4 cobpaH y3sen uvHgukaumu
pexuma padotbl. [py OTKNOYEHHOM NKTa-
HWW Harpy3sky CBETOOMO[L CBETUT 3eneHbIM
LIBETOM, NMPY BKIIOHEHHOM — KpaCHbIM. [Npn
ralleHMn namnbl UBeT cBeveHns HL1 meHs-
€TCA B TakoW nocnegoBarenbHOCTU: Kpac-
HbIl, OPaHXEBLIN, XENTHIN, XXENTO-3eNEHbIN,
3eneHbIn. Mpy 3a)kuraHuy namnbi CBETOAU-
o[l MEHAET LIBET B OOPaTHOM MOPAQKE.

Tak KaK HanpsxeHue B GOPTOBON CETH
aBTOMOOUNSA MOXET ObiTb HECTabWnbLHO,
Ons 3alMThi MUKPOCXEMBI M NONEBOrO
TPaH3MCTOpa OT NOBPEXAEHUA NPU BCNNEC-
Kax HanpsKeHUs NUTaHVsA NPUMEHEH napa-
METpUYECKMIA cTabunuaaTtop Ha VT5, VD2,
R12. C6. Kpome TOro, aToT y3en npencras-
nAet co6or MNLTP, CHWKALWMIA YPOBEHb
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80 Mm

125 mm

Puc. 4
NOMEX OT CUCTEMbl 32XUraHus, KOTopble
MOryT OKa3zblBaTb fAectabunusmpyloliee
BO3[EVCTBUE Ha HOPMATNBHYIO paboTy MKK-
pocxembl DA1.

He Bcerga ectb BO3MOXHOCTbL BbiNof-
HUTb LieNb NOAKMIOYEHNA HArPY3KK, Kak No-
ka3aHo Ha puc. 1. Torga KOHCTPYKLMIO

K +C7

VD3
KC515A %

MOXHO MOAMULMPOBATL TaK, Kak Nokasa-
HO Ha puc. 2. 30eCb BMECTO N-KaHanbHOro
NPUMEHEH P-KaHanNbHbIA MOLLHBIA MONEBON
TpanaucTop. CrabunutpoH VD3 3awmua-
€T 3arBop TpaHaucTopa VT6 ot npo6osn npu
BCNNECKAX HaNPSXXEHWS NUTaHUA.
Kongerncatop C2 noBbilaeT yCTOWHU-
BOCTb paboTbl cuctembl. Mnaekui npegox-
panutens FU1 npegoTepaliaer noBpex-
[eHVe MOneBOro TPaH3ucTopa npu
neperpyzake. [pu OTKNIOYEHHOW Harpyake
YCTPOWCTBO, CO6paHHOe NO cxemam Ha
puc. 1, 2, notpebnaet Tok He 6onee 13 MA
npy HanpsbxeHun nutanua 12 B. Ecnu ot-
KMKYUTL Y3en uHgrkauymm Ha HL1, 10 ToK

EL1 noTpebneHns MOXHO yMeHbLLNTb. Mpn nu-
12B TaHUKW 3TOrO YCTPOWCTBA BLINPAMMEHHBIM
k 8u1B. 3 DA1 <3A HanpPs>XEHWEM OT MOHWXAIOLWEro TpaHc-
thopmaTopa, Kak 6bIno CKasaHo BblLWe, Ha-
oGwmi L -9 NpsXeHWe NuTaHuA Ha napamMeTpuHeCcKui
KT3102r crabunmaartop nogaercs Yepes Avof, Ha-
Puc. 2 npuimep, KO209A, a mexzy BbIBOJOM KO-
HL1 /7 L383SRDT
‘ A <
+12B c1 L _L+ R9 vD4 l
+ 30 MK :[64 I100 MK 620 + KO5226
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10K R5 ns14n 22wk 35B
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nekropa VT5 1 o6limm NpoBogoM Heob-
XOAMMO BKIIOYUTb OKCUAHBIN KOHAEHCATop
Ha 470 mk®D.

Ha puc. 3 npeficraBnena cxema yCTpou-
CTBa ynpaBneHus OCBELLEHNEM, NpeaHas-
Ha4eHHoro ans paboThl B LEenu nepemex-
HOro Toka Hanpsbxenusn 220 B. Ero pa6ora
BO MHOIOM aHanornyHa yCTpomncTey, CO-
6panHoMy No cxeMe Ha puc. 1. B 3ToMm Ba-
pvaHTe NpUMeHeH 60nee BbICOKOBOMNBTHBIN
nonesoit MOF—TpaH3ncTOp, WK3MEHeHa
uenb NUTaHUa MUKPOCXEMbl U y3en WHOW-
Kauun. Ceetawmincs ceetoamog HL1 noka-
3bIBAET, 4TO YCTPONCTBO NOAKIIOYEHO K Ha-
npsxeHuto  cetn 220 B, Y106l
nNpefoTBpaTMTL MepuaHue namnel, Korga
APKOCTb €€ CBEYEHUA MUHMManbHa, 6naro-
[aps YMEHbLUEHUID eMKOCTU KOHJEeHCaTo-
pa C3 yBenunyeHa 4acToTa reHepauym Muk-
pocxembl. KoHgeHcatop C6 — dunbtp
nUTaHWsl, HeOGXOAUMBbIA [NA CHIKEHUA
NynbCauuin BuINPAMAEHHOTO HANPHXEHUA
Ha VD2, koropble gectabuUnuampyloT co-
BMECTHYI0 paboTy MMKPOCXEMbI U TPaH3U-
cropa VT1. Bapucrop R10 zawmulaer no-
NeBOl TPaH3UCTOp OT npobos npu
MMMYNbCHBIX BCNNECKAX HaNpPsHXeHUA CEeTU.
Ecnu 6yger ncnonb3oBaH BapucTop MeHb-
el MOLLIHOCTU, TO €ro XenartenbHo Nof-
KMIOYUTL K BbIBOZAM CTOKa U uctoka VT2
YepTex NeyaTHo nnarbl 3TOrO YCTPONCTBA
npusefeH Ha puc. 4.

B 06enx KOHCTPYKUMsIX MOryT GbiTb Npu-
MEHEHbl MNOCTOAHHblE peaucTopbl  MIT,
C2-23, C2-33, C1-4 cooTBETCTBYIOLLIEN MOLLL-
Hoctw. Bapucrop R10 mMOXHO 3aMenuTb Ha
FNR-14K471, FNR-20K431 nnu aHanoruy-
HbIM. OKCupHble KongeHcaTopbl C1 menonb-
30BaHbl C MasblM TOKOM yTeqku Tvna K52-2.
Ha nx Mecrte MOXHO MCnonb3oBaTtb U Apy-
rMe TaHTanoBble UMM HUOGMEBBLIE KOHLEH-
caTopbl C HU3KUM TOKOM YTEYKM BO BCEM
UHTEpBane paboymx TemMnepartyp. Xopowo
paboTalT 1 06bl4HbIE OKCWAHBbIE KOHOEH-
caropbl Ha paboqee HanpspkeHve 35...63 B
dvpm Rubycon, Samsung, Don. MonbiTku
MCMoNb30BaTh kKOHAEHCaTopbl TMNa K50-35
okaxytca 6eaycnewHuiMn. Ecnm Het or-
paHuyeHun B rabapurax KOHCTPYKUUM, He
MCKMIOYEHO U fgaxe NnpeanoyTUTENnbHO
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NpYMEHEHKEe NonuUaTUNeHTepedTanaTHbIX
KOHOEHCaTopoB 60nbWOK eMKoCTU. KoH-
neHcatop C7 Ha puc. 3 — K73-17, K73-24,
K73-50, K73-56. OcTtanbHble HenonsipHble
koHpeHcaTtopbl — K10-17, K10-7, KM-5,
KM-6. Ovopbl K522 MOXHO 3aMEHUTDL Nto-
6biMn 13 cepuin KO510, KO521, KAO103,
1N4148. Crabunutpon [1814[1 3ameHsieTcs
Ha KC213B, KC213XK, KC512A, 1N6002B,
1N6003B. TpexamnepHbii AUCOHLIA MOCT
BR310 npu pa6oTe C Harpyskoi, notpebns-
touen Tok go 1 A, Ha TennooTBoa MOXHO He
ycTaHaBnuBaTtb. Ero MoxHO 3ameHWTb Ha
BR34—BR38, KBPC104—KBPC110 unu ue-
ThipbMsa Avogamy 1N5404—1N5408, 1246—
0248 (A, b), KO202 (K, M, P). Ceetogron
L57EGW MOXHO 3aMEHUTb NPsIMOYTOfNbHbIM
L117EGW, HO ero sipkoCTb CBEYEHUsI Npu-
MepHO BABoe  MeHblle.  Ceetoguon
L383SRDT kpacHOro LBeTa CBE4EHUs C Sip-
KOCTbIO oKono 70 MK, BbINOSTHEHHLINA B NsA-
TUMUNNMUMETPOBOM NPSIMOYIOSIBHOM KOpPycCe,
3aMeHVM no6biM 13 cepun L1503, L1513,
AN307, KMNQ15, Knna21.

TpaHnauctopol KT3107U MoxHO 3ame-
HUTBb NIOGbIMK € KO3hhULMEHTOM nepena-
4n Toka 6a3bl He mMeHee 200 M3 cepuit

KT3107, $SS8015, BC307, 2SA1174.
KT3102"T MOXHO 3aMeHuUTb nbbiM K3
KT3102, SS59014, BC547, 2SC2784,

28C1222. Toneeoit TpaHauctop IRF540
VMMEET COMpPOTMBIIEHME OTKPbLITOrO kKaHana
He 6onee 0,08 OM u cnocobeH paboTtaTb
npy Toke cTtoka Ao 25 A. MNpu Takom Toke
noTeEPY HanNpsXXeHUs U MOLLHOCTU Ha HeMm
cocTtaesT 2 B 1 50 BT, 4TO CnnwkoM MHO-
ro. Mo3aToMy, MakcMManbHbIA TOK Harpys-
KM OrpaHu4eH BenuuuHoM 8 A. 3ToT TpaH-
31CcTop 0653aTenbHO YCTaHABNMBAETCA Ha
TennooTBOA C NNoWaablo oxnaxgawoulen
NnoBepxHOCTH He meHee 40 cM2. Tpu Heo6-
XOAVMMOCTU MCMNONb3YIOTCA M30NUpyloLme
npoknagky. Ero MoxHo 3ameHuUTb Ha aHa-
noruyHble IRF541, BUZ10, BUZ11, BUZ27,
Knz23 (A—B), KI746 (A, B). ins 6onb-
LLIEr0 TOKa Harpysku MOXHO UCMonb3oBaTh
KM789A, BUZ1118S. lNoneBoi p-kaHanbHbIA
IRFS540 npu ToKe Harpyaku o 3 A MOXHO
3ameHuTb Ha MTP12P10, KI785A vnu pBy-
ms IRF9640 B napannenbHOM BKIMKOYEHUM.
BbicokoBonbTHbI KIM707B2 npu Toke Ha-
rpy3ku oo 1 A MOXHO 3aMeHUTb NOGbLIM 13
cepuin KM707, KI777 vnu vMNOpPTHbIMA
IRF440, IRF442, IRF840 BUZ213, BUZB82.
Bo Bcex cnyuasx gns nonyqeHus 6onblien
Harpy3o4HoM cnocOBHOCTU MOXHO UCMONb-
30BaTh NapannenbHoe BKMKOYEHWE OBYX—
TPEX OAHOTUMHBIX NOMNEBbIX TPAH3UCTOPOB.
TokoBbIpaBHUBAIOLLME PE3UCTOPbI HE Tpe-
6yiotca. MoxHO npymeHuTb 6onee pnopo-
rve, Ho ropazpgo 6onee MollHble NoNeBble
TpaH3ucTopbl, Hanpymep, SMW14N50F —
500 B, 56 A, 180 Br; IRG4PC50F — 600 B,
70 A, 200 Br. Npun Heo6xoauMOCTKH yBENK-
4MBAIOT pasmepbl TennooTeoAa. Mukpocxe-
My MOXHO 3aMeHUTb MO6bIM UMMOPTHBLIM
évnonspHbIM aHanorom 555 unu 6onee
3koHomUyHOM XR-L555M.

KoHCTpykuus ycTpoicTea, cobpaHHOro
no cxeme Ha puc. 1, B aBTOMOGUNBHOM
BapuaHTe UCNONHeHWsi nomxHa GbiTb pac-
cyMTaHa Ha XeCTKue yCnoBusi 3kcnnyara-
umu [1, 2]. VBenuuus conpoTvBneHve pe-
anctopa R12 (puc. 1) po 3,6 kOm u
yctaHoBuB VTS5 6onee MOLLUHbIA, HanpuMep,
KT608, KT630, 25C2331, HanpsixeHue nu-
TaHUA MOXHO yBenuyutb Ao 24 B (6onb-
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LerpysHble asTtoMobunu). Mpu Hanapke
yCTpoWCcTBa, cOo6GpaHHOro No cxeme Ha
puc. 3, Heo6XoaMMO NOMHUTb, YTO BCE €ro
3NEeMEHTbl HaxoasTcs NoAa HanpsxeHWem
OCBETUTENbHOWU CETU U cobnoaaTb Heob-
XOAMMbIE Mepbl OCTOPOXHOCTH.

Ins HAaCTPOWKK yCTPOUCTB, COBPaHHbIX
no npuvBeAEeHHbIM cXemaM, ynobHo
nonb30BaTbCA NpUCNocobneHnemM, cocTo-
ALLMM M3 nocneaoBaTenbHO BKNIOYEHHbIX
ManoMOLLHON AWHAMWUYECKOW TONOBKMY,
koHpeHcaTopa Ha 0,68 Mk® 1 pe3uctopa
Ha 1,5 kOM. MonyuuBLlIKiics Npo6HUK op-
HMM NPOBOAOM NOAKMIOYAETCH K BbiBOAY
3 DA1, gpyrum — K MUHYCOBOMY MNpOBO-
Oy nuTaHus. Ecnu npy OTKNIOYEHUU KHON-
kor SA1 nuTaHus Harpy3ku reHepaums
DA1 He 6ynet cpbiBaTbCs, TO HYXHO Npu-
MeHuTb TpaHaucTop VT1 ¢ 6onbumMm Ko-
athdrLneHTOM nepeayy Toka 6asbl unu
3amMeHuTb koHpeHcaTop C1 Ha 3k3emnnsp
C MEHbLUMM TOKOM yTeuku. BpemeHHbie
3HAYEHUA 330EPXKU BKNIOYEHUSA/BbBIKNIO-
YeHus 3aBUCAT OT napametpos R3, R4,
C1. YcraHaBnuBas 3T¥ 3NeMeHTbl C Opy-
rMMyY HOMUHaNaMu, MOXHO NErko Bapbu-
poBaTb AMHAMWKON 3aXuraHus U noraca-
HUsi NaMn HakanueBaHus. Ecnu B kayecTse
Harpysku 6yayT MCNonb3oBaTbCs rano-
reHHble namnbl, XenaTenbHo, YTobbl Bpe-
Ms UX noracaHusi He NpeBbILANO He-
CKONbKKUX CeKyHA.

O6a ycTponcTBa MOXHO NpeBpaTuTb B
perynatopbl MOLLHOCTH, €Cny KONNEKTop
VT1 OTKMIOYUTD OT €ro LiENU, a Mexay HUX-
HUM No cxeme BbiBoaoM R6 u obLien Tou-
ko coepvHeHust R7, C3 BKn4UTL nepe-
MEHHbIA pe3uncTop Ha 220 KOM. TNpu Takom
BapuaHTe MUCNoNnb3oBaHWs Ans NONeBoro
TpaH3ucTopa MOXeT noTpeboBaTben Gonee
MaCCHBHbIA TENNOOTBOA.

AHppen bytos,
butov @friends.Ill.pp.ru

1. 10. 1. Inypkun, A. H. Enraneives,
A. Y. Kopo6os, K. B. Tperybos. Vicnibita-
HUSA Paano3NEKTPOHHON, 371EKTPOHHO-BbI-
SUCTIUTENbHOM annaparyphl v UCrbITaTe Tb-
Hoe obopyrosarHue. — M.: Paamo v cesab,
19867.

2. A. bytos. Perynsitop 4acToTsl BpaLje-
HUSI HU3KOBOJTbTHBIX KO/UTEKTOPHBIX 3I1EKT-
ponsurareneii. — CxemorexHuka, 2003,
Ne 3, c. 17, 18.

3. B. ®. ronmkos, Y. H. I'pene, E. A. Hec-
Huykui, B. V. Kysomun. Tpocrenime ycT-
POVICTBA Ha MHTErPasibHbIX MUKPOCXEMax. —
Murck, “Benapycy”, 1997, ¢. 86—97.

4.6. Manatuesnq. OTe4eCTBEHHbIE
AMOlN—Tpan3ucTopel. — CxemoTexHuka,
2002, Ne 7, ¢. 53, 54.

Ycrponcrea USB

HTepteic USB (Universal Serial
Bus — yHvBepcanbHan nocnepnosa-
TenbHasi LUMHA) NOABWICH HECKOSb-

KO neT Hazaf. Cneundukauma sepcun 1.1

Ha 3TOT UHTepdenc 6bina onyénukoeaHa B

1996 r. [aHHbiM WHTepdeic nolsonser

nopknioyaTh cambie pasHoobpasHble yCT-

poiicTBa: KNaBuaTypy, Mblllb, NPUHTEP,

CKaHep, MKOUCTYK, (POTO Mnu BUOEOKaMe-

py, TenechoHHbI apantep ISDN, undposbie

3BYKOBble KOMOHKM. Ha 3TOM cnucok He

KOH4aeTcs 1 6yneT NONONHATLCS NO Mepe

NosiBNeHWsi HOBBLIX yCTponcTB. EcTtecTBen-

HO, AaHHble YCTPOMCTBa AOMKHbBI UMETb OT-

BeTHbI UHTepdenc USB.

USB wuHTeptbeiic 6bin paspabotaH gns
peweHun Heckonbkux 3afad. lMepevucnio
HEKOTOPbIE Hanbonee BaXHbIE U3 HUX:

e ofecneyeHne NpoOCTOro MNOAKMIOHEHUS
nepudepuiiHbiX yCTpoUcTB 6e3 BbIKMIO-
YeHUs KOMMbIOTepa (NopkNlYeHue “Ha
nety” vnu “ropsyasl CTbIKOBKa”);

e aBTOMAaTUYECKOE ONpepeneHue noaKmno-
Yaemoro yctpoiictea (thyHkuusa Plug and
Play);

e YBENMYEHWE YWCna OfHOBPEMEHHO NOL-
KMIOYaEMbIX NepuchepUitHbIX YCTPOWCTB;

o obecneyeHue 6onbluei CKoOpocTH obMe-
Ha [aHHLIMKU MeXAY KOMMbIOTEPOM U
nepucepyiHbiMK  YCTPOWCTBAMU MO
CpaBHEHUIO CO CTaHaapTHLIM Nocnenosa-
TenbHbiM COM-rnopTom 1 NnapannenbHbIM
LPT-noptom.

DaHHble 3aa4K 66K yCNewHo peLleHbi.
NepudepuiiHbie yCTPOMCTBA MOTYT MOAKIIO-
yatbesi K USB ueTbipexnpoBofiHbIM Kabenem
6e3 BblKNOYeHUs KomnbloTepa. o atomy
Kabeno OcyLLEeCTBNAETCA ABYXCTOPOHHUIA
CKOPOCTHOW 06MeH uHdopmMauven 1 nuta-
HWe nepudepuitHoro YCTpOICTBA € 3aluun-
ToW no Toky. Cpasy xe nocrne Nopknioye-
HUsi ycTpoilcTBa K wuHTepceicy USB
KOMMbIOTEP OGHApYXVBAET €0 U MPOUCXO-
OWT aBTOMaTUyeckas YCTaHOBKa COOTBET-
CTBYIOLLEro NporpaMMHoro obecnedeHus.
Yucno opgHOBpeMeHHO NOACOEAUHEHHBIX K
oaHomy nopty USB yctponcte nyTtem nog-
KNIOYEHUsT Yepe3 paseeTBuTeny (xabbl),
MoxeT pocturate 127. lNMepBbit cTaHpapT
USB1.1 obecneuvBaeT CKOpOCTb [0
12 M6ut/c, B HacTosillee BpeMs NOSBUNCA
HoBbIA cTaHpapT USB2.0 co ckopocThio fo
480 M6wurt/c. [1na nopaepX Ky HU3KOCKOPOC-
THbIX YCTPOWCTB NPENYCMOTPEH PeXuM ne-
penaun co ckopocTblo 1.5 M6ut/c. CeaHc
cBA3n no USB opraHuayeTcss B NakeTHOM
pexuvme 1 MOXET 6biTb UHALMUPOBAH TOSMb-
KO CamiM KOMNBIOTEPOM (YNpaBnsioLmMm yc-
TpovcTBOM). O6bearHeHne BCEX KOMNOHEH-
T0B USB-apXnTeKTypbl OCyLLIECTBNSAETCA NpU
NOMOLLIM HETBIPEXNPOBOAHBLIX kabenew. [ga
npoeopa, nutaHue +5 B 1 GND, npepHas-
HayeHbl 0Nl YCTPOWCTB, HE UMEeIoLLMX Co6-
CTBEHHOIQ UCTOYHMKA NUTaHUs, OCTalbHbie
OBa NpoBoga — ANs opraHu3auuy nocne-
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noBarteneHOW nepefayy aanHbix D+ v D-,
KOTOpble SBNSAIOTCH  AByHanpaBneHHbIMU
ovbcbepeHumaneHeiMK curtHanamy. Pasnu-
4aloT ABa TMna coeavHuTenen: Twn A, Ko-
TOpbIV YCTAHABNUVBAETCH Ha KOMNBIOTEPE, U
Tvn B, yctanaenvBaembin Ha nepudepyin-
HOM YCTpOUCTBE. KOHCTPYKLMS pa3bemMos U
rHe3f paccuyvtasa Ha T0, 4T06bl cfienatb
6bicTpon 1 yao6Hown NpoLeaypy MHOrokpar-
HOIO NOAKMIOYEHUS U OTKIIIOHEHUS, HYTO He-
o6xoanmo, Hanpumep, Ons patote! ¢ Uvg-
poeow hoTokamepon. bonee noapo6Ho 06
uHTepdelice MOXHO NpouvTats B [1].

XoTs B HacToOALLEe Bpems NOABUNCA AO-
CTarto4qHO 60NbLUIOW accopTUMEHT nepude-
PUIHBIX YCTPOWCTB C AaHHbIM UHTEpden-
COM, OH OO CWUX NOp OH He nonyyvn
OOMXHOrQ pacnpoCTpaHeHnss B NpakTuke
MHOMOYMCNEHHON ayauTOpuK paspaboTuu-
KOB. 3TO CBA3aHO, B OCHOBHOM, C T€M, 4YTO
NPOTOKON AaHHOroO uHTepdeica AOBONb-
HO crnoxeH u TpebyeT cneunpuyeckon
NPOrpaMmMHON NOLAEPXKU Kak CO CTOPO-
Hbl KOMNBIOTEPA, Tak U CO CTOPOHBI Nepu-
thepuun. [leno B TOM, 4TO U3Ha4anbHO NPO-
Tokon USB 6ein paspabotaH  Kak
WHTenneKTyaneHbIn. B nepeylo oyepenb B
Hero 6binv 3anoxexbl MyHkumvu Plug and
Play. Kpome T0Oro, npotokon uxtepgenca
BKNIOYaEeT B ce6s MHOXECTBO Apyrow cny-
»ebHOW nHhopMaunK, o6sa3aTensHON A
YCTaHOBNEHUS HOpPManbHOIO ceaHca CBS-
au. Hanpumep, kaxaoe ycTponcTeo, noa-
KNIYaeMoe K LUVHe, Nonyyaer CBOW YHW-
KanbHbl WAEHTU(UKALKOHHBI  HOMEP,
NOCPEACTBOM KOTOPOro OCYLLECTBNAETCA
JanbHelllee KOHUIypupoBaHue, ynpas-
nexve n 06MeH AaHHbIMU.

B HacTosiuee Bpems Ha pblHKE 3NeKT-
POHHBIX KOMNOHEHTOB NOSIBUNOCH HECKOINb-
KO TUNOB MUKPOCXEM, NOAAEPXWBAKOLLUX
untepcperic USB, HO paneko He BCe OHU
HEe WMEeIOT TFOTOBYI0 K NPUMEHEHWUIO Npo-
rpaMmMHyl0 NopAepXKy. BO3MOXHO, UMeH-
HO AaHHbl (hakKT cAepXuBaeT WX Macco-
BOE NPOABWXEHWE Ha PbIHOK.

K cyactblo Hallnack B MUPe KOMNaHWS,
KOTOpas NPOU3BOAUT MUKPOCXEMbI C UHTEP-
¢hevicom USB u, kpome Toro, obecnevvea-
€T NpOorpamMmMHyl0 NOAAEPXKY AaHHbIX YW-
NOB Ha BCEX YPOBHAX. IJTO aHrmuickas
¢vpma FTDIChip (Future Technology
Devices International Ltd.). OduumranbHbii
caiT KomnaHuv Haxoautcs Ha http:/
www.ftdichip.com. OdvumanbHbiM AUCTPYU-
6LI0TOPOM A@aHHOW KOMNanwuu B Poccuu niB-
nserca Wnctutyt papvotexnukn (http://
www.irt.ustu.ru).

Bbinyckaemas nNvHerka NpoayKTOB 3TO-
ro NpOV3BOAWUTENS BKNIOYAET TPWU MHOIO-
hyHKLMOHANbHBIX MWKPOCXEMb:
FT8U232AM, FT8U245AM, FT8B8U100AX.
Hwxe npyBoaMTCA KpaTkoe onucaHue 3Tux
MUKPOCXEM.

FT8U232AM USB UART — 310 MuKpoO-
cxema, NO3BonAwLLas Npeobpa3oBbiBaTh
wntepcenc UART (ynvBepcanbHOTO acuh-
XPOHHOIO Npuemo-nepepatyvka) B USB.
N3BecTHO, 4TO B HacTosLlee Bpema 60onb-
LUMHCTBO BCTPavBaeMbiXx MUKPOCXEM KOH-
TPONNEpoB, Kak NpaBKUNo, UMEIOT BCTPOEH-
v UART. T[ostoMy 6ONbLUMHCTBO
pa3paboTaHHbIX MUKPONPOLIECCOPHbBIX YCT-
POWCTB WMEIOT BHELUHWIA  uHTepdeic
RS-232. OnucbiBaemas MUKpOCxema No-
3BONSET MOAEPHU3WPOBATb YCTPOWCTBA,
wMmerowmne wuntepderic RS-232, B USB.

Mukpocxema pa6oTtaet Ha CKOPOCTAX ne-
pedauyy HdaHHblx BNNOTe A0 920 k6ut/c
(RS-232) n 2000 k6ut/c (RS-422/485).
Ona umeeT BCTpOeHHbI Bydep NpUeMHu-
ka Ha 384 6avT v 6ychep nepedatyvka Ha
128 6anT. Mykpocxema MOXET HaWTK Npu-
MEHEHWE B CaMbIX pa3HOOOpa3Hbix pelue-
Husix: USB-mopeMel, KOHBepTepbI-Nepexofi-
HukKu USB & RS-232/422/485, ckaxepbl
wTpux-kopga U T. a. Mukpocxema BbinonHe-
Ha B 32-BbiBOpHOM LQPF-kopnyce.

FT8U245AM USB FIFO npepctaenser
co6oli npeo6pasoeatent nHTepcheiica USB
B NapannenbHeld 6antoBbid kofd. Mukpo-
cxema opraHusoBana kak 6ycep USB—
FIFQ (First Input First Qutput — nepebIv BO-
wen, NepBbid Bbiwen). Ona nossonser
o6ecneuuTb CKOpOCTe O6MEeHa MeXay yCT-
pOMCTBOM U KOMNbIOTEPOM A0 8 Méut/c.
Mwkpocxema penaet yno6HeIM B3aUMOAen-
CcTBUE C NOO6bLIM NPOLLECCOPOM UNU KOH-
TPONNepoM, WCNONb3ys Kananel NPAMOro
pocTtyna K namaty (DMA) wnu nopTbl BBO-
na/BbiBOAA.

[ns nepepayy AaHHbIX OT YCTPOWCTBA K
MK poctatoyHo 3anucate 6aiT gaHHbIX B
6ychep Npv naccveHOM 6uTe NepenonHe-
Hus. B cnyyae nepenonnenus 6ycdepa yc-
TPOWCTBO aBTOMAaTU4eCKW Nepectaer Nof-
TBEpXAaTek FOTOBHOCTE K 3aMlWUCW.
OTnpaBeka AaHHbIX NPUOCTaHABNUBAETCA [10
Tex Nop, Noka OHW He 6yayT nepecnaxbl U3
FIFO no USB. Korga komneloTep CBA3bIBa-
erca C nepudepuiiHbiM  YCTPOWCTEOM,
FT8U245AM nopgteepxpgaet 3anonHeHve
NpUeMHUKa YCTaHOBKOW B eauHuly 6uta
COCTOsRHUA. HTeHune nHopMauuy KOMNbIo-
Tepom 13 FIFO npoucxoaut fo tex nop,
noka 3ToT 6UT akTvBeH. [laHHaa MUKpoCxe-
Ma MoxeT npumensateca B USB ISDN wu
ADSL mopgemax, B UM(pOBbIX Kamepax U
MP3 npourpeiBatensx, B W3mMepuTenbHON
annapartype, KOTOpOW Heo6X0AWMO BbICO-
Kan  CKOpOCTe  OfmeHa  AaHHbIMW.
FT8U245AM BbINONHEHa, kak v Npeabiay-
was Mukpocxema, B 32-BbiBopHoM LQPF-
Kopnyce.

FT8U100AX USB HUB — TpeTtuit 1 noc-
neaHVA NPOAYKT U3 CepUn MUKPOCXeM anf
USB-wunbl hupmbl FTDI. Ona moxeT uc-
nonHATe ponk USB-koHLEeHTparopa nnm KoH-
Tponnepa AN MHOTOYHKLNMOHANbHbIX YC-
Tpoucte. Mwukpocxema  FT8U100AX
pa3paborana Ans wWCNoNb30BaHus B
cnoxxbix USB-yctponctBax (Compound
device) ¢ NOOAEPXKON cambix pasHOO6-
pasHbiXx BCTPOEHHbIX (hyHKUUWA: uHppa-
kpacHoe (Ir) agucTaHuuoHHOe ynpasnenve,
ungppakpacHele (IrDA) u 6ecnposoaHbie
coefivtenns U T. g. CTpyKTypa MuKpocxe-
Mbl COCTOUT K3 HECKOMNbKWUX 6NOKOB: NO-
sToputens (USB repeater) u konuenTpa-
TOpa, KOTOpbiIMM B CBOK oO4epefb
ynpaensieT BcTpoenHbin EMCU mukpo-
KOHTPONNep, MHOXEeCTBa nepucepuitHbix
6NOKOB, BbINONHAIOLUX BCTPOEHHbIE (hyH-
KuvKn. BeinonneHa noppepxka PS/2 kna-
BUATypbl ¥ MbILLKX, NOCNEAOBATENbHOIO U
napannernsHOro NOPTOB W KOHTpONnepa pa-
60Tkl ¢ moHuTOpamy (I2C). MporpaMma KOH-
dmrypaumn MUKpOCXembl, NO3BONsaoLLan
BLINONHUTL GOnee MMOKYK HACTPOWKY ON1A
KOHKPETHOIO YCTPOWCTBA, MOXET ObITb 3a-
nucaHa B no6on BHewnen MN3Y (OTP
ROM). Mukpocxema COAEPXUT CEMb UCXO-
pAwmx (downstream) BbICOKOCKOPOCTHBIX
NOpTOB W OfvH BxOoAAWmiA (upstream). Ha-

CTPOVKM NO3BONSAIOT BhIGWpaTL cnocod nut-
TaHWs ycTponcTea nubo ot kbl USB (bus
powered), nu60 OT BHELUHEro WUCTONYHWKA
nuTanus (self powered), a TaKxe nepeknio-
4aTb B 3KOHOMWYHBIM PEXUM NUTAHWA Kak
BCE, TaK U KaXfpbli NOPT B OTAENbHOCTW.
Boamoxroct FTBU100AX onpepensioT
[OCTaTO4HO LLIMPOKYIO 06nacTk CNONL30Ba-
HUS, 4TO Aenaet ee uaeanbHbiM BbIGOPOM
B peanv3aium Takux peLleHUr Kak KOHLIeH-
Tparop USB, nuralowuiics OT LLUUHBbI, C BO3-
MOXHOCTbIO Ao6aBneHus cnelngrHeckux
yHKUMA. HU3kuin ypoBeHb LLIYMOB MUKPO-
cxeMbl obnersaer BeiNyCK YCTPOWCTB, COOT-
sercteytomx FCC n CE Ttpe6oBanHunam.
Kpuctann nomewieq B 100-ebieogHon QFP
Kopnyc.

B nomoule paspabtortivkam FTDI npep-
naraet yao6Hble Anf OTNagkKuW MoAynu
USBMOD1 v USBMOD2, ocHOBaHHble Ha
Mukpocxemax FT8U232 u FT8U245 coot-
BETCTBEHHO. YOOOCTBO 3aKNIOYaeTCH B TOM,
YTO KaXXAbIA MOMYNb pacCyMTaH Ha UCMOoNb-
30BaHWe CO CTaHfapTHbIM 32-KOHTaKTHbIM
IC pasbemom.

Ha nanenu uxterpupoeaH USB-pasvem
B-Tvna, 3aparoLuii KBapLEBbI pe3oHaTop
¥ BCe HeO6X0OVMble NACCUBHBbIE 3M1EMEH-
Tbl. Mogynu vcnonb3ytot nuranue ot USB-
LUKHBI, 4TO no3Bonser ob6ouTUCL 6e3 ao-
NONHUTENBHOMO WUCTOYHWKA NATaHUA.

becnnatHbie Apaveepbl BUPTYanbHOro
nopTa OT NPOU3BOAUTENS MUKPOCXEMbI 06-
neryawt paspa6orky MO ana pa6oTel C
NpoeKTHpyemMbiM NeputiepuiHbIM yCTpO-
CcTBOM. HeCcMOTps Ha T0, 4TO patoTta ¢ BUp-
TyanbHbiM NOPTOM BEAETCA Kak C O6bly-
HbIM, KOMaHfAbl YCTaHOBNEHWS CKOPOCTH
obmMeHa WrHOpUpYIOTCH, a WHcopMauua
nepefaeTcs Ha MakCUMarnbHO BO3MOXHOW
CKOpPOCTM.

VeenuuivBatowmiics o6bem ofpabarbieae-
MO MHHOpMaLIMK U pacLlUMpeHre CEPBUCHBIX
BO3MOXHOCTel [K TpebyloT yeenuyenus
NPONYCKHOW CNOCOBHOCTU KaHarios CBA3W C
nepuchepuiiHbIMK ycTpoicTBamK. Hepanek
TOT getb, korga COM u LPT noptel, ctae-
LiKe CTONb MPUBLINHBIMK, UCHE3HYT € 3a1-
Hell naHeny cUcTemHOro 6noka u nepecta-
HYT cywecTBoBatb. 1 K 3TOMy BpeMeHu
6onblUoK OTpsAA pa3paboTyvKOB OOMKEH
6biTb BO BCEOPYXWUW.

lNpogormxenne cnenyer

Oner Banona,
sandh@narod.ru

1. M. l'yk. AnnapatHeie cpencrea IBM
PC. Srynknonenus.— C.-[16.: NMutep Kowm,
1998.
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Ewe TpM wara no nyTm

K COBEpLUeHCTBY

OBPEMEHHBIE CMELMANUCTHI N0 MUK-

POKOHTPONNEPHON TEXHUKE YXE XO-

PPOLLIO 3HAKOMBI € NPOAYKLMEN MONO-
[0V, HO OVHAMWYHO pasBuBaKOLLEVcA tvp-
Mbl Cygnal {1]. 3a nocnepgHwin rof, Gbino
onyGnNYKoBaHO AOCTATO4HO MHOro pabor,
3HAKOMSLLIMX YUTaTeneii ¢ NPoayKUMen 3Toi
dvipmbr [2—7]. Bnarogapa MOLWHON 1 pas-
HOOOpa3HoW aHanorosovi U LMdpoBon ne-
pucdbepuyn, a Takxe BLICOKOW npoussoat-
TENLHOCTU 3TV MUKPOKOHTPONNEPhL! 3aB0E-
BbIBAKOT BCe OOMbLLYID NONYNAPHOCTL Cpe-
v cneuvanvcTos. HanoMHUM, HTO € MOMEH-
Ta CBOEro ocHoBanus B 1999 r. dupma
Cygnal oceouna BbINYCK 46 MOLENENn MyK-
PPOKOHTPOSINEPOB, CrPYNNUPOBAHHLIX B BO-
cemb cemencTB. CerogHa Mbl XOTMM O3Ha-
KOMUTL YWTaTenen ¢ elie Tpema HOBbIMU
cemencTBamy, aHOHCUPOBaHHLIMW chMpMOi
Cygnal.

eMenc
MMKpP B
C8051F06

Hosoe cemenictBo C8051F06x {8] (ness-
TOE CEeMEWCTBO) COOEPXUT 4HETHIpE MOLEe-
n MyKpokoHTponnepos C8051F060 /061/
062/063. OCHOBHbIE TEXHUHECKME NapameT-
pbl cemevicTea NpYBELEHb! B Tabn. 1.

3T0 ceMeincTBO NoKa (OXmpaeTcs pa3su-
TVE) UMEET CPEQHIOK NVKOBYIO NPOV3BOOU-
TensLHoCcTL 25 MIPS (MMNNMOHOB VHCTPYK-
uMin B cekyHgy). [ns  cpaBHeHus
HaNOMHVM, HTO U3 BbINYCKABLLMXCA paHHee
MVKpoKoHTponnepos cupmel Cygnal Lwectb
Mogenei (NonoBvHa NEPBOro CEMencTBa
C8051F0xx) “menu NUKOBYID Npov3soau-
TenbHOCTL 20 MIPS, 4etwipe mogenu
C8051F124—127 (cegbMoe CEMEWCTBO) —
50 MIPS, uetbipe Mopenv C8051F120—123
(cenbmoe cemeiicTeo) — 100 MIPS, octank-
Hble 36 mopernen — 25 MIPS.

MNopcuctema sapa u NaMmaTh

MUKpOKOHTpONNEPs! MEIOT BLICOKONPOU3-
BOOMTENILHOE YCOBEPLLEHCTBOBAHHOE AAPO
CIP-51 ¢ KoHBeiepHoW opraHw3auvein. 3a
cyeT 3Toro 70 % VHCTPYKUWA BbINOMHAOTCA
33 0OViH WY [BA TaKTa CUCTEMHOMW HacTOThI
(1. e. 40 vnn 80 Hc npu vactoTe 25 MIL).
CvicTema npepbiBaHVin JOCTATOMHO pasBuTa,
nMeeTca 22 UCTOYHUKA npepbiBaHuin. Muk-

POKOHTpONNEpbl UMEKOT BCTpoeHHyro Flash-
namMsTe NporpamMmM/BaHHbIx obbemom 64 K ¢
pasmepom cekTopa 512 6aint. OneparveHas
namMsiTe COCTOUT 13 OCHOBHOWN ONEpaTvBHON
namMsATy o6beMOM 256 6anT 1 OONONHUTENbL-
HOW BCTPOEHHOW NaMATV B NPOCTPaAHCTBE af-
pecoe BHeluHen namatu XRAM o6beMom
4 K, Takum obpazom, obLumii 06bem BCTPO-
eHHOM namsiTy cocTaenser 4352 Gaura. B
MuKpokoHTpornnepax C8051F060/062 nimeeT-
CHl BCTPOEHHbIN MHTEpGEVC BHELLHEN nams-
T, HAcTpavBaeMbli NPOrPaMMHO Ha MyIb-
TURNEKCHBIA YNV HEMYNBTUMNEKCHBIN PEXUM
obmeHa.

AHanorosas nogcucrema

CamMoe rnaBHoe, HTO OTNMHAET 3TO Ce-
MEWCTBO OT OCTalNbHbIX, JOCTATO4HO MOLLL-
HbIX CEMEWNCTB, — BKNIOYEHWE B COCTaB
aHanorosoy nepudepuy aByx 16-paspnag-
HbIX OLICTPOLAEVCTBYIOLLIMX aHanoro-umd-
poBIx Npeobpazosarenent ADCO n ADCH.
O6a 3T npeobpasoBaTens MEKT Many
HenuHeiHocTe: 0,5 (1,0) mnaguwero pas-
psoa ona auddepeHUmanbHoro pexuvma
u +0,75 (1,5) mnapgwero paspaga gns on-
HOMNONSAPHOIO PEXMMA AN MUKPOKOHTPON-
nepoe C8051F060/061 (C8051F062/063).
lapaHTypoBanHas puddepeHumanbHan
HEeNMHenHocThL coctasnsaeT +0,5 MnapLue-
ro paspsga, TVNoBas oLvbKa cmellle-
Hus — 0,1 MB, TMnoBas cymmapHas oLLmnoG-
ka BO BCeM puana3oHe — 0,008 %,
COOTHOLleHue curHan/uuym — 86 gb, pas-
penenve kaHanos — 100 ob. Ananoro-
uncpoBbie  npecbpasoBareny  UMEKT
O4YEeHb BLICOKOE ObicTpOOEVCTBUE —
1 Msps. BHyTpeHHss HacToTa npeobpaso-
BaHua — o 25 My, Tynosoe BpeMs npe-
obpasoBaHus — 18 NepropfoB TaKTOBOM
yactoThl. O4eBMAHO, HTO NpU TakoM Bbl-
COKOM ObICTpOOencTBuUn BbIXOAHbIE 16-
pa3psigHbe CroBa He MOryT ObITk HANPAMYIO
obpaboTaHbl faXxe Takum ObICTpofeiCcTBY-
HOLLWIM MUWKPOKOHTPONNIEPHEIM SLPOM, NO-
3TOMy KaXIbI/ kaHan aHanoro-undpoBoro
npecbpazosarens ADCO/1 ocHalleH mexa-
HU3MOM npsiMoro focTyna B namate DMA,
KOTOpbIM No3BonseT opMupoBaTk Mac-
CUBbI [JaHHbIX 3a0aHHON [ONuHbI BO
BCTPOEHHOW onepaTvBHO¥ namaTy 6e3
HEenoCpPEACTBEHHOMO y4HacTus agpa muk-
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poKOHTponnepa. AHanoro-Lndpossie npe-
obpasoBareny MOFyT  WCMONbL30BaTh
BCTPOEHHbIA UCTO4HWK OMNOPHOFO Hanps-
XeHus 2,4 B vnn BHELLHWI UCTOYHWK. 3a-
nyck axanoro-uudposoro npeodpasosa-
HUS MOXET TakKXe OCYLLIEeCTBNATLCA NO
Buibopy paspaboTymka nméo No curHany
C BHELLHero Bxofa, nvbo no nepenonHe-
HUIO OfHOrO W3 Taimepos, nNu6o npo-
rpamMmMHO 3anucbto 1 B cneyuankHelid 6mT
SFR pervcTpa. Bpema npeobpasoBanua
TakXe MOXET 3ajaBaTbCA MNPOrpammHo.
O6a ananoro-umdposrix npecbpasosare-
ns MoryT paboTaTe B OfHONONAPHOM UNn
onddepeHumansHom pexvmax. Oba npe-
obpazoBarenis MOryT KanvbpoBaTbCa B CU-
cTeMe, NPV 3TOM MOXET VHOVMBUAYENLHO
KOPPEKTUPOBATLCA HAMPSXEHNE CMeLle-
HUSA, yCcUNEHWEe W NUHEWHOCTL. Kpome
NepeHUCNEHHbIX BO3MOXHOCTEW aHasoro-
undposele Npeobpazosareny, kak n ADC
OpYyryx CEeMeNcTB MUKPOKOHTPONNEpoB
duvpmbl Cygnal, MeroT (OYHKLUIO «OKHa»,
KoTOpasn 3aknoyaerca B undpoBoM cpas-
HEHUW BLIXOAHBLIX KOOOB CO 3HAYEHUAMY
IBYX NpOrpaMMHO 3a43aBaeMbIX PErMCTPOB
BEPXHEro M HUXHEro noporos. [uana3oH
MeXay 3Ha4YeHVsIMU KOJOoB 3TVX OBYX pe-
rUCTPOB COBCTBEHHO N 0OPA3YET «OKHO».
MNonb3oBarens MOXET 3anporpammupo-
BaTb 3TV PErUCTPbI NOPOroB U pa3peLLnTb
dopmMypoBaHue npepbiBaHWi, €Cnn Bbl-
xopgHo# kopg ADCO/1 nonagaer B guana-
30H «OKHa», NMMBO BLIXOOWUT 3a Npeaens
«OKHa».

Kpome 3Tvx [BYX aHanoro-uudpoBbix
npeobpasosareneil B COCTaBE aHaNoroBom
nepudepvv UMeETCA ewle opvH 10-paspag-
HbI aHanoro-uudpoBoi Npecbpasosaress
cpegHero GeicTpopevicteua ADC2 (200
ksps) €O BXOOHbIM  MYNETUNNIEKCOPOM
AMUX2 na 8 BxopoB. BxogHown mMynbTu-
NNEKCOP MOXET ObITb HACTPOEH B PEXUM
06paboTKu BOCbMW OfHOMNONAPHEIX, MO0
YeTblipex OuddepeHUmanbHbIX  BXOOOB.
Ananoro-uncpoBoi npectpa3osBarenk Tak-
e UMEET YHKLMIO «OKHA», aHaNornyHy
onvcaHHon Bhilue. Kpome TOro, BXoQHON
MYNETUNIIEKCOP UMEET OONONHUTENbHbIN
BHYTPEHHUI BXOA, K KOTOPOMY NOOKNIOHEH
BCTPOEHHLIV TEMNEPATYPHLIN OaTHYK, NO-
3BONAOLWUN U3MEPATL TEMNEPATYPY KpUC-
Tanna ¢ To4HocTeio +3 °C.

Bce MUKPOKOHTpONNEpbl CEMENCTBa
MMEIOT Takxe Mo Aea 12-6uTHbix Ludpo-
aHanorosblx npeobpasosarens DACO/,
KoTopble MOryT paborarb B CYHXPOHHOM
pexumve. Oba yudpo-aHanoroseIx MNpeod-
pasoBaTensi MOryT UCINOMNb30BaTEL BHELLIHUIA
VCTOHHMK ONOPHOro HanprXeHus, nmobo
BHYTPEHHWI NPY BHELLIHEN KOMMYTaLuy ero
BbIXO[a Ha COOTBETCTBYIOLLME BXOObLI LUGD-
po-aHanoroBbIx npeobpasosarenei. Kpome
Toro, Ans undpo-aHanoroBbIx Npeocdpaso-
BaTeneyn noanepxusarTcs hyHKuMM anna-
paTHOrO CABUra BXOOHBIX KOOOB Ha HE0O-
XOOUMOE HMCNO Pa3psaoB U BbipaBHUBAHVE
BXO[OHbIX KOOOB.

B coctase aHanorosou nepudepun BCeX
MUWKPOKOHTPONNEPOB MMEIKOTCH TaKXe Tpu
aHasIoroBLIX KoMnaparopa ¢ nporpamMmMupy-
eMbIM FUCTEpe3ncoM (OTOENbHO MONOXu-
TENbHLIM Y OTpULATENBHBIM) U ynpasnse-
MbIM BPEMEHEM peakLuu.

Kpome 3Toro, aHanorosas noacvcrema
COOEPXUT Pas3BUTLI MOHUTOP NUTAHWA ©
cbpoca.



umdporan TEXHUKA

Mopcucrema yucppoBom
nepucepun

Kak u Bce MUKPOKOHTPONNEPLI (hpMbt
Cygnal, MMKpOKOHTPONNEepLl ONMMCHIBAEMO-
ro CEMeNCcTBa MMEIKOT BCTPOEHHBLIN WHTEp-
thenc nporpammupoBanmng JTAG v otnag-
KU B PEXUME peasibHoro BPEMEHW.

MwvkpokonTponnepsl  C8051F060/062
umeloT 59 nuHuin BBOAa/BLIBOAA, T. €. CEMb
MOMHbLIX BOCbMUOGUTHLIX MOPTOB MIIKOC TPU
nunvn. Mukpokontponnepel C8051F061/
063 umMeloT 24 nuHUKM BBOAA/BLIBOAA, T. €.
TPU NOMHBLIX BOCbMUOUTHLIX nopTta. B co-
cTaB Habopa MHTep(eicoB BXOAAT: anmna-
patHuin  MHTepgeiric CAN, wuHTeptpeic
SMBus, coBmecTUMbIN C |2C, unTepdeic
SPl, OBa yCcOBEpLIEHCTBOBAHHLIX WHTEp-
cbeiica UART. Kpome TOro, uMmeetcs npo-
rpaMMmMpyeMblii MaccuB-cueTumk PCA ¢
WeCTb0 MOoAyNsAMM 3axBaTa/CpaBHEHMS,
naTb 16-6UTHLIX TaMepoB O6LLEro HasHa-
YEHWs] U YCOBEPLLEHCTBOBAHHLIA annapar-
Hblil OXpaHHbin TaMep WDT.

B MUKPOKOHTpPOrIepax BCTPOEH Pa3BUTHINA
y3€n TaKTOBOrO reHeparopa, BKIIKOUAOLLMA
MNPELN3NOHHBINA KalMBPYEMBIA TAKTOBLINA re-
Hepatop Ha 4acToTy no 24,5 My, a takxe
reHeparop, CrocobHbli paboTaTtb C KBapLe-
BbIM MW MbE30KEPAMUYECKM PEICHATOPOM,
RC-Lienoukoit, 0AyHOYHLIM KOHEHCATOpOM
WIM BHELLHUM reneparopom. Mepekntouerne
MEXJy BHYTPEHHVMM W BHELHWM reHeparo-
paMn MOryT OCYLLECTBIATLCS «HA NETY».
Tanmepsi 2, 3, 4 unu PCA moryT paboTtars B
pexume peanbHoro Bpemen RTC.

HanpsxeHrMe nuTanms MUMKPOKOHTpONne-
poB — o1 2,7 fo 3,6 B. MakcumanbHbIi TOK
notpebnenns — He 6onee 18 MA. MmetoTces
0Ba pexuma aneprocoepexenus. Pabouni
Ovanasox Temneparyp — ot —40 fo +85 °C.

OueBufHO, YTO [OCTYN KO BCEM Mepu-
hepuiHBIM y3nam OCyLLIECTBNAETCS Yepes
SFR-perucTpbl (peructpbl crneumManbHbIX
hyHkumin). Mockonbky nepucepun o4eHb
MHOrO, MCMNONb30BaH MEXaHU3M MHOro-
ctpanmnynoro SFR pervcTtpa (ucnonbayer-
cq NATb CTpanuy ¢ agpecamu 0, 1, 2, 3,
F). MNMepekntoyenne CTpaHui, ocyLecTBns-
ercs Yepes SFR perucTpel, [OCTYNHbBIE CO
BCEX cTpaHuLl. Micnonb3yeTcs TpexypoBHe-
BblIA CTEK HOMEPOB CTpaHuL. Bri3biBato-
Liee npepbiBaHME aBTOMATHMYECKU BKIHO-
YaeT HYXHYK CTpaHuLly B COOTBETCTBUM
C BbI3bIBAOLMM PECYPCOM (MCTOUHNKOM
npepbiBaHng), a Takxke nocne 3aeeplue-
HUS 06paboTKN MNpepLiBaHWs aBTOMaTu-
YeCKM BO3BPALLUAET MUCXOAHYIO CTPaHULY.
Ha HyneBo# cTpahuiie pacnonoXeHbl Bce
nepuchepuiiHble yanel ctaHgapTHoro 8052
MukpokoHTponnepa. CtpaHuybl 1, 2, 3
CTPYKTYPMpPOBaHbLI Tak, 4TO, Hanpumep,
OMHAKOBLIE PErnMcCTpbl BCEX TaMMepOB
pacronoXeHbl Mo OQHVM M TEeM Xe af-
pecam, HO Ha pa3Hbix cTpanuuax. Crpa-
Huya F npegHasHaveHa Ans ynpaeneHus
Flash-namaTtelo. Boo6uwe roesopsa, 3ToT
MEXaHn3m No3BONAET OCYLLECTBNATL [10-
cTyn K 256 ctpanumyam SFR pervcTpos,
T. €. NS pacluvpenns cocTaBa BCTPO-
€HHOV nepudepvn eLe [OoCTaTOouHO Me-
cTa. Heo6Xo[MMO OTMETUTL, YTO aHanua
TeHAeHLUN opranunsaymn SFR pernctpos
Yy Pa3nuyHbiX CEMEUCTB MUKPOKOHTPOI-
nepoB (upMbl Cygnal rnokasmeiBaeT, 4To
crneyyancTel YPMbl OTAAKOT NpeanoYTe-
HWE COBEPLUEHCTBOBAHMIO CTPYKTYpPbI MHO-

rocTpaHuyHoro SFR mMexanuama u, BUOM-
MO, CO6MPaKTCs ero akTMBHO MCMONb30-
BaTbh B CBOMX HOBbIX MOLLHbIX MUKDPOKOHT-
ponrnepax.

CewmeitctBo C8051F32x [9] (necsaToe ce-
MEWNCTBO) COLEPXMT [BE MOLAENA MUKpPO-
koHTponnepoB C8051F320/321. OcHoBHbIE
TEXHWYECKUE NAapaMeTpbl CEMENCTBA Npu-
BEJleHbI B Tabn. 2.

3T0 CEMEVCTBO MMEET CPEfHIO MUKO-
By mpousBoauTenebHoctb 25 MIPS.

Mopcuctema sifpa n NaMsITH

MUKPOKOHTPONNEPH MMEKOT BBICOKONPO-
WU3BOOUTENBHOE  YCOBEPLUEHCTBOBAHHOE
aapo CIP-51 ¢ kKoHBEWEepHON opraHv3aLu-
en. 3a cuer 310ro 70 % WHCTPYKLMIA BbI-
nonHaTed 3a 1 unuM 2 Takta CUCTEMHOU
Yyactotbl. CucTeMa NpepbiBaHWin [OCTATOM-
HO pasBuTa, MMeeTCs 22 UCTOYHUKA npe-
poiBaHui.  MWKPOKOHTPONNEPLl  UMEIOT
BCTpoeHHyto Flash-namsaTe nporpamm/gaH-
Hbix o6vemom 16 K C pasmepom cekTopa
512 6ait. OnepaTvBHas NamsTb COCTOMUT
M3 OCHOBHOM OMNepaTuBHOM MNamsaTu obbe-
MOM 256 6anT, OONONHUTENBLHOW BCTPOEH-
HOW nNamaTM B NPOCTPaHCTBE afpecoB
BHewHe namatn XRAM ob6vemom 1 K u
FIFO namstn untepcpeitica USB o6bemom
1 K, Takum o6pazom, o6LMin 06LeM BCTPO-
€HHOM namaTu cocTaenset 2304 6awra.

AHanoroBasi nogcucrema

B 3T¥iX MUKPOKOHTpONNEepax UMeeTcs OouH
10-paspsigHbIi aHanoro-LUmposoi npeobpa-
30BaTenb cpepHero 6uictpopencTena ADC
(200 ksps) c BxoOHbIM  MYJIETUNNEKCOPOM
AMUX na 17 (C8051F320) wm 13
(C8051F321) xonoB. BxoaHOW MynbTUNNEK-
COp MOXET 6bITb HACTPOEH B peXum obpa-

60TKM opHOMONAPHLIX, M0 A depeHLn-
anbHbix curHanoB. OH Takke UMEET (PYHK-
LMIO  «OKHa», aHariorMuHylo OfMcaHHoW
Bhilte. Kpome Toro, BXopgHOW MynbsTUNIEKCOp
VMEET [OMONHWTENBHBLIA BHYTPEHHWIA BXOf,
K KOTOPOMY MOAKJTIO4EH BCTPOEHHbIA Temmne-
patypHbiA [aTHMK, MO3BONSIOLLMIA M3MEPATD
TEeMMeparypy KpucTasna € TOUHOCTLIO £3 °C.

B cocTaee aHanoroeow nepugepuy BCex
MUWKPOKCHTPONNEPOB MMEETCA TaloKe [iBa
aHaroroBbIX KoMMaparopa ¢ nporpammupy-
€MbIM TUCTEPE3NCOM (OTAENbHO MONOXU-
TENbHLIM U OTpULIATENbHBIM) WM yNpaense-
MbIM BPEMEHEM peaKLmm.

Kpome atoro, aHanoroeas nofcucTeMa
COLEPXWT Pa3BUTLIA MOHUTOP NMUTAHWS 1
cbpoca.

Ewe opHon oTnuuutenbHom ocobeHHoC-
TLIO 3TOr0 CEMENCTBA ABMAETCH HaNMuve
BCTPOEHHOrC Mpeotpa3oBaTens Hanpsxe-
HWA NUTaHWs B Hanpshxexue ot 4 1o 5,25B
LNS MUTaHWUS BHELLHWX YCTPOWCTB.

Mopcuctema yucposow
nepudepun

Kak ¥ BCE MMKPOKOHTPOINEPbLl (hPMbI
Cygnal, MMKPOKOHTPONEpbl ONUCHIBAEMO-
ro CEMENCTBa UMEIKT BCTPOEHHBIN UHTEp-
theirc nporpammuposanms JTAG v otnag-
KU B PEXUME pearibHOrc BPEMEHU.

MwvkpokoHTponnepsl C8051F320 wuMetor
25 rvnuin BBOgA/BhiBOAa, a C8051F321 —
21 nuHnto. Bnepebie B COCTaB MHTEPHENCOB
BKJIKO4EH annaparHbIi uHTeperic USB, noa-
[EPXVBAIOLLIMIA NONHOCKOPOCTHLIE (12 Mbps)
1 H13kockopocThble (1,5 Mbps) onepaim ot
BCTPOEHHOMO TAKTOBOIC MEHEPATOPA, HE HYX-
JaKoLLerocs BO BHELUHEM KBapLIEBOM pe3o-
Hatope. [InA ero (hyHKLMOHMPOBaHWA UMe-
erca 6ycepHan FIFO namate. Untepdeiic
MOSHOCTLIO MHTENPUPOBAH M HE TpebyeTt BHe-
LUHWX 3nemMeHToB. Kpome TOro, B COCTaB
Habopa WMHTEPENCOB BXOAAT MHTEPEc
SMBus. coBMECTUMBIY ¢ I2C, uHTepcheiic SPI
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C8051F000 20 22,01 64 256 32 12/8G — 12/2 2
C8051F001 20 21,13 48 256 16 12/8G — 12/2 2
C8051F002 20 20,54 32 256 8 12/4G — 12/2 1
C8051F005 25 25,23 64 256+2K 32 12/8G — 12/2 2
C8051F006 25 24,35 48 256+2K 16 12/8G — 12/2 2
C8051F007 112] 25 24,03 32 30 256+2K 8 12/4G — 12/2 1
C8051F010 20 19,07 64 256 32 PC+SPI+UART+ 10/8G — 12/2 2
C8051F011 20 18,19 48 256 16 +WDT+4T+PCA/5 10/8G — 12/2 2
C8051F012 20 17,31 32 256 8 10/4G — 12/2 1
C8051F015 25 22,30 64 256+2K 32 10/8G — 12/2 2
C8051F016 25 21,42 48 256+2K 16 10/8G — 12/2 2
C8051F017 25 20,54 32 256+2K 8 10/4G — 12/2 1
C8051F018 2[13] 25 15,49 64 16 256+1K 32 10/8 — — 2
C8051F019 25 14,55 48 256+1K 16 10/8 — — 2
C8051F020 25 29,17 100 256+4K 64 12/8G 8/8G 12/2 2
C8051F021 3[14] 25 27,64 64 256+4K 32 PC+SPI4+2UART+ 12/8G 8/8G 12/2 2
C8051F022 25 26,14 100 256+4K 64 +WDT+5T+PCA/5 10/8G 8/8G 12/2 2
C8051F023 25 24,71 64 64 256+4K 32 10/8G 8/8G 12/2 2
C8051F040 25 29,17 100 256+4K 64 12113G 8/8G 12/2 3
C8051F041 4[15] 25 23,65 64 256+4K 32 PC+SPI+2UART+ 12/13G 8/8G 12/2 3
C8051F042 25 26,18 100 256+4K 64 +WDT+5T+PCA/6+CAN 10/13G 8/8G 12/2 2
C8051F043 25 24,72 64 256+4K 32 10/13G 8/8G 12/2 2
C8051F206 25 15,20 48 256+1K 32 12/32 — — 2
C8051F220 25 9,24 48 256 32 8/32 — — 2 4
C8051F221 25 8,77 32 256 22 8/22 — — 2
C8051F226 5[16] 25 11,00 48 256+1K 32 SPI+UART+WDT+3T 8/32 — — 2
C8051F230 25 7,78 48 256 32 — — — 2
C8051F231 25 7.48 32 8 256 22 — — — 2
C8051F236 25 9,54 48 256+1K 32 — — — 2
C8051F300 25 8,48 11 256 8 8/8G — — 1
C8051F300P 25 14,90 11 256 8 8/8G — — 1
C8051F301 25 7,95 11 256 8 — — — 1
C8051F302 6[17] 25 7,01 11 256 8 SPI:;JTA +F:318—X/V£ T+ 8/8G — — 1
C8051F303 25 6,48 1 256 8 — — — 1
C8051F304 25 6,48 11 4 256 8 — — — 1
C8051F305 25 6,48 11 2 256 8 — — — 1
C8051F120 100 | 37,68 100 256+8K 64 12/8G 8/8G 12/2 2
C8051F121 100 | 36,51 64 256+8K 32 12/8G 8/8G 12/2 3
C8051F122 100 | 35,28 100 256+8K 64 10/8G 8/8G 12/2 2
C8051F123 7118] 100 | 32,99 64 128 256+8K 32 I’C+SPI+2UART+ 10/8G 8/8G 12/2 2
C8051F124 50 31,45 100 256+8K 64 +WDT+5T+PCA/6 12/8G 8/8G 12/2 2
C8051F125 50 30,00 64 256+8K 32 12/8G 8/8G 12/2 3
CB8051F126 50 28,88 100 256+8K 64 10/8G 8/8G 12/2 2
C8051F127 50 27,44 64 256+8K 32 10/8G 8/8G 12/2 2
C8051F310 8[19] 25 — 32 16 256+1K 29 I°C+SPI+UART+ 10/21G — — 2
C8051F311 25 — 28 256+1K 25 +WDT+4T+PCA/5 10/17G — — 2
C8051F060 25 — 100 256+4K 59 16/2 10/8 12/2 3
C8051F061 9[8] 25 — 64 64 256+4K 24 IPC+SPI+2UART+ 16/2 10/8 12/2 3
C8051F062 25 — 100 256+4K 59 +WDT+5T+PCA/6+CAN 16/2 10/8 12/2 3
C8051F063 25 — 64 256+4K 24 16/2 10/8 12/2 3
C8051F320 10[9] 25 — 32 16 256+2K 24 PC+SPI+UART+WDT+ 10117 — — 2
C8051F321 25 — 28 256+2K 21 +4T+PCA/5+USB 10/13 — — 2
C8051F330 11[10] 25 — 20 8 256+512 17 I"C+SPI+UART+WDT+ 10/16 — 101" 1
C8051F331 25 — 20 256+512 17 +4T+PCA/3 — — — 1

W yCOBEpPLLEHCTBOBaHHbIM uHTBpgeric UART.
meeTcs nporpammupyeMblii MacCuB-CHET-
unk PCA ¢ nsmbio MOfynsimMu 3axearta/cpas-
HeHuA, YeTbipe 16-6UTHLIX Tarmepa obLyero
Ha3Ha4YeHWA W YCOBEpLLEHCTBOBaHHDIN anna-
paTHbIA OxpaHHeM Tanmep WDT.
MWKpOKOHTpONNEepbl MMEIT pa3BUTbIn
y3en TaKTOBOrO FreHeparopa, BKMIOHaOLLIWIA
BCTPOEHHBIA NMPELM3NOHHBLIA TaKTOBLIA re-
HepaTop, NOLAEPXMBAIOLLMIA BCE PEXUMbI
nHTEP(EeNCcoB, a Takxe reHepaTop, Cnocob-
HbIA paboTatb C KBapLEBbIM MU NMbE30Ke-
pamuyeckum peaoHaTopom, RC-Lenoukon,
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OAMHOYHbIM KOHOEHCATOPOM UMW BHELLHAM
reHepatopom. MNepeknioyeHne MEXAY BHYT-
PEHHMM W BHELLHWUM reHeparopamu MOryT
OCyLLLeCTBNATLCA «HA neTy». Tanmep wnm
PCA moryT pabotatb B pexuMe peasibHO-
ro BpemeHn RTC npy Hanuuuu BHeLLHero
3agaroLlero reHeparopa.

LocTtyn kO BCem nepudepritHbiM yanam
OCyU|eCTBNAETCA Yepe3 TpapuLUOHHYIO
opHocTpaHuyHyto SFR kapTty peructpos.

HanpsbxeHue nuTaHuA MMKPOKOHTpONne-
poB — oT 2,7 po 3,6 B. MakcumarnbHbif TOK
notpebneHns — He 6onee 26 MA. UmetoTca

0Ba pexvma 3Heprocbepexenun. Pabouni
[OmanasoH Temneparyp — ot —40 po +85 °C.
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CewmeitictBo C8051F33x [10] (ogmHHap-
LilaTOe CEeMENCTBO) COQEPXUT ABE MOOEMM
C8051F330/331. OCHOBHbIE TEXHUYECKME
napameTpbl CemMencTsa npuBegeHbl B
Tabn. 3.

3TO CEMENCTBO wWMEEeT CPEQHIO MUKO-
BYIO NMpouasogutenbHocTb — 25 MIPS.
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Mopgcuctema agpa n NamaTu

MuKpoKOHTpONNEPE!I UMEIOT BBICOKOMNPO-
V3BOAUTENLHOE  YCOBEPLUEHCTBOBAHHOE
agpo CIP-51 ¢ koHBeWepHoOW opraHvu3auu-
en. 3a cyet atoro 70 % WHCTPYKUWI Bbl-
MONHSIOTCS 3@ OAWH UNW ABA TaKTa CUCTEM-
HOW uvacToThl. BOo3MOXHO npepbiBaHWE OT
13 vcTouHWKoB. MUKpOKOHTponnepsl ume-
10T BCTpoeHHyto Flash-namsTe nporpamm/
DaHHbIX o6bemom 8 K ¢ paamepom CekTo-
pa 512 6ant. OnepatviBHas NamsTb COCTO-
WT U3 OCHOBOW Mamsit o6bemoM 256 6ain-
TOB W JONONHUTENbHOW B NMPOCTPaHCTBE
aapecoB BHelHen namsty XRAM o6beMoM
512 6anT, Takum obpasom obLmin 06beM
BCTPOEHHOW NaMsATW COCTaBNsET 768 6anT.

AHanorosas noacucrema

B mukpokoHTponnepe C8051F330 umeet-
¢ oguH 10-pa3psaHbIv aHanoro-UngpoBow
npeobpasoBatens cpegHero ObICTpogen-
cteus ADC (200 ksps) €O BXOOHbIM MyJBTU-
nnekcopom AMUX Ha 16 BxopoB. BxogHown
MYNETUNNEKCOP MOXET OkbITe HACTPOEH B pe-
XUM 06paboTky ogHOMoNsipHBEX, TG0 and)-
dhepeHUmanbHeIX curHanoB. OH Takxe ume-
€T hyHKUMIO «OKHa», KoTopas Obina onvcaHa
BhilLe. Kpome Toro, BXogHOW MyNsTUNNEKCop
WMEET [OMONHUTENBHBIM BHYTPEHHWA BXOR,
K KOTOPOMY NMOAK/TKOYEH BCTPOEHHBIN TEMIE-
parypHbl AaTuuvK, NO3BONSIOLLUIA U3MEPSTL
TeMeparypy kpycTanna ¢ TouHocThto +3 °C.
Ananoro-uywndpoBoi npeobpasoBarens Mo-
xeT paborare OT BCTPOEHHOFO WCTOYHWKE
OMNOPHOro HanpsXeHWsi, BHELLHErO UCTOYHU-
Ka WU UCTIONL30BaTL B KAYECTBE OMOPHOrO
HanpskeHWe WCTOYHWKA MUTaHus. 3anyck
aHanoro-uncpoBoro npeobpazoBarens Mo-
XET MPOUCXOAUTL KaK OT BHYTPEHHEIO UCTOY-
HWKA, TaKk W OT BHELUHEro ynpaensioLiero
cvrHana.

Kpome aHanoro-ungposoro npeobpaso-
Batenst B MukpokoHTponnepe C8051F330
vmeetcs oguH 10-pa3psigHe LMdpo-aHa-
noroBeit npeobpazoBatent C TOKOBBLIM
BbixogoM. O6HOBNEHWE BbIXOQHOrO TOKA
MOXET CUHXPOHWU3WPOBATLCA MO MEPENON-
HEHUIO OfHOrO W3 TanumepoB OOLLEro Ha-
3HauyeHWst UnNW No POHTY uMNynbca Ha
crneywansHoM Bxope. 3HaueHwe MonHoro
BbIXOQHOIO TOKa (KO3(hULIMEHT yCUNEHWS)
MOXeT 3ajaBaTbC nporpamMmHo: 0 MA
(IDAQ BbIKnOuEH), 1; 1,5 nnun 2 MA.

B coctaBe aHanorosow nepugepum Bcex
MWKPOKOHTPONNEPOB UMEETCSH TaKXe OfvH
aHanoroBbI KOMMapaTop € nporpammupy-
€MbIM FUCTEPE3VUCOM (OTAENBHO MONOXW-
TeNbHbIM W OTPULATENBHBIM) U YCTaHABNW-
BaemMblM BpeMEHEM peakuuu. BaxHow
0COBEHHOCTBIO  KOMMaparopa sIBNSeTcs
Manasi BENWuuHa BXOJHOro TOKa, He mnpe-
BbiwawLas 0.4 MkA.

Kpome atoro, aHanoroeas nogcuctema
COQOEPXWUT pasBuUTLI MOHWUTOP MUTaHUS U
cbpoca.

Moacucrema uuchposom
nepucepum
Kak v Bce MWKpOKOHTponnepbl vpMbl
Cygnal, MUKpOKOHTpONNEepbl ONMUCHIBAEMO-
ro CEMEUCTBA WUMEIOT BCTPOEHHBIW WHTEP-
thenc nporpammupoBanus JTAG v otnag-
KW B PEXUME PEanbHOrO BPEMEHW.
MukpokoHTponnepel C8051F330/331
umerT 17 nuHuk BBoga/BbiBopa. B co-
cTae Habopa WHTepdencoB BXOAST: UH-
Tepenic SMBus, coemecTtumbii ¢ 12C,

vHTepdenc SPI v ycoBepLLEeHCTBOBAHHLIA
vHtepcenc UART. Kpome Toro, umeetcs
nporpaMMupyemelid MaccvB-cueTqiuk PCA
C Tpemsi MOgynsiMM 3axBata/CpaBHEHUS,
veTblpe 16-6UTHBIX Taumepa oblero Ha-
3HayeHwsi U yCOBEPLUEHCTBOBAHHLIW an-
napaTHbld OxpaHHbI Tanmep WDT.

MuKpokOHTpONNepbl UMEKT pasBUTHIN
y3en TakTOBOro reHeparopa, BKNIOual-
LA BCTPOEHHBbIN NPELU3VNOHHBIA Kanub-
pYyeMbIid TaKTOBBIW reHepartop, paboTaro-
WMA Ha vactote pgo 245 My w
NOAAEPXUBAIOLLUA BCE PEXWUMbI UHTEP-
hencoB, a Takxe cnocobHel pabotatk €
KBapLUEBBIM UMW NMbE30KEPAMWYECKUM pe-
3oHaTtopomM, RC-uenoukon, OAVHOYHBIM
KOHOEHCATOPOM WNW OT BHELLHErO CUrHa-
na. MNepeknoueHve Mexay BHYTPEHHUM v
BHELUHWM reHepaTopamy MOryT OCyLLeCTB-
naTLCS «Ha nety». Kpome Toro, umeertcs
BTOpPOW BCTPOEHHBIV KanubpyeMblid HU3KO-
4YacCTOTHEIN reHepaTtop ¢ Habopom uacToTt
80/40/20/10 kY.

Tanmep wnn PCA moryT pa6oTtaTtek B pe-
Xume peanbHoro BpemeHy RTC npu Hanu-
4YUW BHELLHEro 3afaioLlero reHeparopa.

Doctyn kKo Bcem nepudepuiiHbiM y3-
naMm oCyL|ecTBNSETCH vepe3 Tpaguuu-
OHHyI0 ogHOCTpaHuuHyo SFR kapTy pe-
rMCTpOB.

HanpshxeHue nuTaHws MUKPOKOHTpONNe-
poB — oT 2,7 go 3,6 B. MakcumansHbIn TOK
notTpebneHuss — He 6onee 6,4 MA Npu pa-
6ouen yacrote 25 MMy v Tonbko 9 MKA npu
vactote 32 kly. VmeloTcs gBa pexuma
aHeprocbepexeHusi. Pabouvii guanazoH
TemnepaTtyp — oT —40 go +85 °C.

B Tabn. 4 npuBegeHo COBpEMEHHOE 06-
Lilee COCTOSIHVUE BbINyCKa MWUKPOKOHTpON-
nepoe ¢vpmel Cygnal. B rpade «LieHa»
npepcTaBneHa OpUEHTUPOBOYHAsH CTO-
umocTb B $, nio6e3Ho NpepocTaBneHHas
cupmon «Atoc» [11]. B rpache «lMpegens-
Has yacToTa» ykasaHa MakcumanbHas pa-
6ouas TakToBas wactora B My, npuuem
ykasaHHas uudpa COOTBETCTBYET OfHO-
BPEMEHHO W MWUKOBOW NMPOU3BOAUTENIBHO-
ctu. B rpache «Kopnyc» ykazaHo TONbko
4YUCNO KOHTAKTOB MUKPOCXEMbL. MNpy 3ToM
yuTatens OOMKEH MOMHUTL, YTO (hupma
Cygnal wcnonb3yeT ueTelpe TUNa Kopmy-
coB: TQFP gns 100, 64 v 48 BbIBOAOB;
LQFP pgns 32 BeiBogoB; MLP gna kopny-
COB C MEHBLLIVM YWCNOM BBIBOAOB 3@ UCKITHO-
uyeHWeM MukpokoHTponnepa C8051F300P,
KOTOpbIV BbiNyckaercs B kopnyce PDIP-14.
B rpade «OnepatuBHas BCTpoeHHast na-
M$iTb» yKa3aHa OCHOBHas oneparvBHas na-
msTb IRAM (256 6aiiT) nnoc 3HayYeHvwe [o-
NMONHWUTENLHOW BCTPOEHHOW OMNepaTuBHON
namaty XRAM B kunobantax, pacnono-
XEHHOW B MpOCTpaHCTBe afpecoB BHeL-
HeW namsTy.

B rpage «Lindpposas nepudepun» yka-
3aHo Hanuuue uHTepdheinicoe SPI, UART,
I12C (SMBus), oxpaHHoro Tanmepa WDT,
4YWUCNO TaWMepOB OOLLEro HasHaueHust —
xT, NpOrpamMUpYEMBI MaCCUB-CHETUUK
PCA/x, rge x — uucno mogynew 3axeara/
cpaBHeHus.

B rpade «AHanoroBas nepudepusi» yka-
38HO HanuWuue aHanoro-uudpoBbix Npeod-
pasoeatenerr ADCO n ADC1, uudpo-aHa-

norosoro npeo6pasosarenst DAC, anano-
roeeix komnapatopos CPT. Ons ananoro-
LUMdPOBbIX Y LUnhpo-aHanoroBbix npeobpa-
3o0Batenet nepeas uudpa oO3Havaer
paspsgHocTb. Hepes apobb ykazaHo Mak-
CcUMarbHOE YUCNO BXOJHBIX OQHOMONSPHBIX
(ADC) v BoixogHbIx (DAC) kaHanoB. Cvm-
Bon G pns ADC o3Hauaer Hanuuve npo-
rpammMvpyeMoro NpeaBapuTeNsLHOro YCUnu-
Tensi. CuMBoON «*» Ans LUhpo-aHanoroBoro
npeo6pasoBarens MUWKpOKOHTponnepa
C8051F330 — TOKOBbLIA BbIXOA.

Takum o6pa3om, Ha CerogHAWHWIA aeHb
dvpmort Cygnal Beinyckaercst 54 mogenu,
obbeguHeHHble B 11 ceMelcTB.

Oner Huxonawnuyk,
onic @ ch.moldpac.md
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CoolRunner-Il — HOBO€ nokoneHuwe
BbicokonpoussoauTenbHbix MJINC
CPLD dmpmbi Xilinx

C MMKPOMOLLHbIM NOTpe6neHnem

B coctas NJIUC cemeiictea CoolRunner-ll,
copepxawmx 128 1 6onee MakposiHeek, Kpo-
Me OCHOBHbIX 3/IEMEHTOB, PACCMOTPEHHBIX B
npedbiayweM pasaene, BXOOUT BCTPOEHHbIN
OenuTenb YacTOThl TAKTOBOrO cyrHana. 31oT
MOAyNb, BbINONHAIOWMIA GeneHue 4acToThl
BXOOHOIO curHana Ha 2, 4, 6, 8, 10, 12, 14 u
16, CONpskeH C OAHUM W3 TPEX KOHTaKTOB
MWKPOCXEMbE, KOTOpble MpepHasHaqeHbl Ann
NOOKNIOHEHUR TNOGANbHBIX TAKTOBBLIX CUrHa-
noB, a UMeHHo, ¢ BbiIBogoM GCK2. Betpoen-
HblA OenuTenb NO3BONAET NOMY4UTb BHYTPEH-
HWA TakToOBbIA CUrHan C TpebyembiM
3Ha4YEeHVEM YaCTOTbI, HE UCMOE3YA OCHOBHBIX
NOTVHECKUX PeCcypCcoB MUKPOCXEMbl (Makpo-
siyeek). CTpyKTypHasn Cxema, npuBeaeHHasn Ha
puC. 4, UNNKDCTPUPYET NpoLect chopMUpoBa-
HUA BHYTpPEHHero cvrHana CUHXpOHW3alun.
BHewHWiA TaKToBbIM CUrHa, MOCTYNAKOLLMIA Ha
koHTakT MIIMC GCK2 yepes GythepHbiii ane-
MEHT, CBA3AHHbIA € MoHanbHOM LUENbKO CUHX-
POHM3aLMY, NepejaeTca Ha BXOA BCTPOEHHO-
ro genvtens Yactotel. C Bbixoga genvrens
curHan € BbIGpaHHbIM 3HAYEHWEM HacTOoTbt
Yepes rnobaneHble Leny pacnpenenseTcs no
BCEM (HYHKLMOHANbHLIM 6NOKaM MUKpPOCXe-
Mbt. no6anbHbie uenu MNMUC cemelicTaa
CoolRunner-ll o6ecneumBaroT pacnpocTpaHe-
HWe TaKTOBbIX CMIHaN0OB BHYTPU MUKPOCXEM
6e3 BpeMeHHbIX MepeKoCcoB.

BcTpoeHHbIM penvTent 4acToTbl COaep-
XWUT BXOf, CUHXPOHHOTO COBpoca C aKTuB-
HbIM BbICOKUM NOrM4E€CKUM YPOBHEM CUr-
Hana Cwuruan cé6poca MOXeT nogaBaThCs
Yyepes3 cneuvanbHO BbIAENEHHbIA KOHTaKT
Mukpocxembl CDRST. Mpu nepeknioye-

HWKM curHana Ha exofe cépoca B COCTOSA-
HWEe BbICOKOro NOrM4YeCcKoro ypoBHA Bbl-
X0[, AenuTens 4acToTbl 6NOKMPYeTCs Noc-
ne 3aBepuieHun Tekyuwiero uukna. Mpu
nogade nutanun NNWC BbixOp ycTaHas-
NWBAETCH B COCTOSIHWE HWU3KOrO Normyec-
KOro YPOBHS.

B cocTtaB BCTPOEHHOro Aenutenst Hac-
TOTbl TAKXKE BXOAWT CXEMa reHepauum Ha-
YanbHOW 3adepXKW, KOTopasi No3Bonser
nocne BbINONHEHWA Npoueaypbl cépoca
VNU  BKNIOYEHWUA NUTAHUS MUKPOCXEMbI
BHECTW  AONONHUTENbHbIA  BPEMEHHOW
COBUI Ha BbIXOAEe, ANUTENBHOCTL KOTOPO-
ro paeHa OfiHOMy NONHOMY nepuogy op-
MUpYeMOoro TaKTOBOro curtana. Ha puc. 5
NokasaHbl BpeMeHHble auarpaMmbl, NOAC-
HAOLWME NPOLECC NONYYEHWUA BHYTPEHHUX
TaKTOBbIX CUrHanoB 6e3 3aiepXKu U C
HavyarbHbIM BPEMEHHLIM CABUIOM MyTeM
JeneHns 4acToTbi BXOAHOrO CUrHana CuH-
XpoHu3auum Ha 2 U 16.

Cpepctea pa3paboTky 1 CUHTE3a NPOEK-
T0B cepum ISE (Integrated Synthesis
Environment) cogepxar rpynny KOMNOHeH-
TOB, KOTOPbIE NO3BONSIOT AOCTATOYHO MPO-
CTO peanu3oBaTb pasfUyHbie pPeXMMbl
YHKLMOHMPOBAHUA BCTPOEHHOrO AenuTe-
NA 4acTOThl TAKTOBOrO cUrHana. 3Tu koMm-
NOHEeHTbI MOTYT WCMONb30BATLCA Kak Mpw
CXEMOTEXHUYECKOM MpefcTaBneHnn Npoek-
TUPYEMOro YCTPOWCTBA, Tak U Npu UCNOMb-
30BaHUM S3bIKOB OMMCaHWs annaparypbl
Bbicokoro  ypoBua  HDL  (Hardware
Description Language) VHDL™, Verilog™
v ABEL™ HDL. [na kaxporo pexvma pa-
60Tbl genuTensi NpegyCMOTpeH COOTBET-
CTBYIOLLMA KOMNOHEHT.

KOMNOoHeHTbI, 0603HAYEHWA KOTOPbIX COOT-
getcTByioT WabnoHy CLK Divn (CLK DIV2,
CLK_DIV4, CLK_Dive, CLK_DIV8, CLK_DIV10,

= K OHATTEHO
BcTpoeHHbii (llyﬁl-ll;gg FBL My
nenTEh | | > »
BxosHOH KOHTaKT HacTOThI 2 : i
GCK2 N 6 K yHI HOHATLHOMY
o] Clock =8 —1 Groky FB2
In =10 —
+12 | - e
=14 — -
<16 o K dyHKIHOHABHOMY
Gnoky FBn
BXO/THOM KOHTaKT CDRST
CCRST Brifop
KoaddrpeHTa
JETTeHHA
Puc. 4
1 3 5 7 9 11 13 15 17 19
GCK2_CLK
CDRST 1 t 1 i I ' 1 I 1 1 1
GCK2 CLE2 } bes HavamHoit
GCK2 CLK/16 | I ! T T I I T 1 IAMEPAKA
GCEK2 CLK2_ C pavamsHoit
GeK2CIKA6 | | || |1 1 L T | samepaon
Puc. 5
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CLK _DiVi2, CLK DIVi4, CLK DIV16), npeg-
CTaBNAOT OENUTENb YACTOThl C COOTBETCTBY-
HOLLIMM KO3ULIMEHTOM AENEHWS!, KOTOPbIV He
MCNONbL3yeT BXOA4 aCUMHXPOHHOrO cbpoca u
Lieny HayYanbHOW 3aaepXKku hopMrpyemMoro
curHana. Ha pwvc. 6 npysegexa cxema ¢op-
MUWPOBaHUA BHYTPEHHEro TaKTOBOrQ CUrHa-
na u3 BHELUHEro curHana CUHXpOHU3aLWK,
BbINONHEHHAsA HA OCHOBE 3TUX KOMMOHEHTOB
B CXEMOTEXHWHECKOM pefakTope Engineering
Schematic Capture™ (ECS) CANP cepun
ISE. BygepHbii anemeHT, KOTOPbIA [OMKEH
HaxoOoMTbC MEXAY BXOAHLIM KOHTAKTOM
MNNC GCK2 v cooTBETCTBYIOWMM BXOAOM
BCTPOEHHOTO OENUTENS YaCTOThbl, MOXHO He
ycTaHaBnueatb. Cpefcrea cuHTesa XST™
(Xilinx Synthesis Technology) asTomarnyec-
KW BbINONHSOT BKNKOYEHWE Tpebyembix 6y-
hepHbIX 3NEMEHTOB BO BXOAHbIE W BbIXOM-
Hble LIENW CXeMbl NPOEKTUPYEMOrO YCTPOK-
cTBa.

Huxe nokasaH o6pasel NpyUMeHeHWs
komnoHeHToB CLK_DIVn B coctase VHDL-
onucaHun NPOEKTUPYEMOro YCTPOWCTBA.
BmecTo n cnefiyet ykasatb TpebyemMbi Ko-
athcouuvenT genenuvsi. Mopt CLKIN coot-
BETCTBYET BXOAy BHELIHErO TAKTOBOrO CUr-
Hana, nocTynawouiero ¢ koxtakra MNNC
GCK2, a CLKDV — Bhbixogy genvrens, ¢
KOTOPOro CHUMAETCHi BHYTPEHHUW TakTo-
Bblil curHan.

llexnapauns  komnonenTa CLK_DIVn w
BHYTPEHHEID TakTOBOro CuUrHana
component CLK_DIVn 18

port (
CLKIN in STD_LOGIC;
CLKDV out STD_LOGIC

):

end component;

signal <Ha3Barwe_BHXOOHOIC_CUrHana_fe-
nTena> std_logic;

- (Co3panne 3Kk3eMnnnapa KOMNOHEHTa

<obo3HaqeHve(Ha3BaHne ) _3K3eMNNApa_KoMno-
nenta>: CLK_DIVn

port map(

CLKIN => <pa3paHWe_BXOAHOMO_TAKTOBOIO_-
curyana>

CLKDV => <Ha3Banue_BbXO[HOro CurHana_-
nenutens>

)s

B kavectBe npumepa panee npueedeHo
onucanve Ha n3bike VHDL BCTpoOeHHOro
nenurtens YacToTbl curHana clk_in 6e3 Bxo-
0a CUHXPOHHOrO ¢6poca U HaYanbHOro Bpe-
MEHHOro cABWra, (PyHKUMOHUPYIOLLEro B
pexviMe LeneHvs Ha 2.

component CLK_DIVZ2 is

port {
CLKIN in STD_LOGIC;
CLKDV out STD_LOGIC

):
end component;

CLK_DIVn
(CLK_DIVnSD)

DIVIDED CLK

CLKIN CLKDV

[Co

Puc. 6
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signal clk_div_2 std_logic;
U1: CLK_DIVZ

port map(

CLKIN => clk_in,

CLKDV => clk div_2

):

KomnoHeHTBl € HasBaHusiMK  BMAA
CLK_DIVnR (CLK_DIV2R, CLK_DIV4R,
CLK_DIV6R, CLK_DIV8R, CLK_DIV10R,
CLK_DIV12R, CLK DIV14R, CLK_DIV16R)
NO3BONAIOT CKOHMUIYPUPOBATL LENUTENb
4acCTOTbl C COOTBETCTBYIOLWUM Koathdumuum-
€HTOM [eNleHUsi N U AaCUHXPOHHLIM COpO-
COM, (hOPMUPYIOLLIUIA BBIXOAHOW curHan 6es
HavanbHoOU 3afepxku. [pumeHeHve yka-
38HHbIX KOMNOHEHTOB B CXEMOTEXHU4ECKOW
thopme oTobpaeHo Ha puc. 7.

B npveefieHHOM HUXe (hbparMeHTe Noka-
3aH cnoco® UCNONb3OBAHWUA KOMNOHEHTOB
CLK_DIVnR npu onucaHuwm ycTpoWcTea C
ucnonb3oeaHvem snsvika VHDL. [Moprt
CDRST cooTteeTcTBYET BXOHY CurHana
cbpoca.

- Jfexnapauvs komnoxenta CLK_DIVNR
BHYTPEHHErO TAKTOBOrO CUrHana
component CLK DIVnR is

port (

CLKIN in STD_LOGIC;
CDRST in STD_LOGIC;
CLKDV out STD_LOGIC

)

end component;

signal <Ha3BaHWE_BHIXOAHOMO_CUrHana_fe-
nTens> std_logic.

- Co3panve 3k3eMnnapa  KOMNOHEHTa

<0603HaueHWEe_(HA3BAHWE) 3K3EMNNAPA_KOM-
nokenTa>: CLK_DIVnR

port map (

CLKIN => <Ha3BaHue_BXOOHOIO_TaKTOBOIO_-
CUrHana>,

CDRST => <HasBaHwe_curHana_cbpoca>,

CLKDV => <HazBaHWe_BbIXOAHOTO_CUrHana_-
nenutens>

).

Hanpuwmep, cnegytowmin thparmeHT onu-
caHus npefcTaBnsieT BCTPOEHHLIN fAenu-
TeJlb 4acTOThl TAKTOBOIro curHana clk_in Ha
16 co exofom cbpoca div_reset.

component CLK_DIV16R is

port (

CLKIN in STD_LOGIC;
CDRST in STD_LOGIC;
CLKDV out STD_LOGIC );

end component;

signal clk_div_16 std_logic:
U1: CLK_DIV16R
port map (
CLK_DIVnR
(CLK_DIVnRSD)
— CDRST
cLKoV DIVIDED_CLK
cLn
Puc. 7

CLKIN => clk_in,
CORST => div_reset,
CLKDV => clk_div_16
);

KOMNOHEHTLI,  MAEHTU(DMKATOPLE  KOTOPbIX
uwvetor Bua CLK DIVNSD (CLK_DIV2SD,
CLK_DIV4SD, CLK DIvV6SD, CLK_DIV8SD,
CLK DIV10SD, CLK _DIV12SD, CLK_DIV14SD,
CLK_DIV16SD), npegHasHavueHbl Ons pea-
num3aumm B COCTaBe MpPOeKTa BCTPOEHHO-
ro Aenurens 4acToThi C yKa3aHHbIM KO-
(UUMEHTOM [efieHnst N U HauyanbHOW
33[1epXKOM BBLIXOHOIO CUrHana Ha OfiuH
nepvop. YKkasaHHbie KOMNOHEHTLI NPUMEHS-
10TCA B cocTaee cxem u mopynert HDL-onum-
CaHU B TOW e (POpME, YTO U KOMNOHEHTEI
CLK_DIVn. Hanpumep, ans chopmmpoBaHus
BHYTPEHHEro TakTtosoro curHana clk_div_4
(nyTem 4eTblpexXKpaTHOro LEfeHWs YacToTbi
BXOOHOIro curtana cuHxponmsayum clk_in) c
HavasibHbIM 3anasfbiBaHWEM HA OOWH Nepu-
ofl cneflyet BkMouute B coctag VHDL-onu-
caHus CriefyioLume BbIpaxeHus feknapauywm
M CO3[A@HUs 3K3Eemryspa KOMNOHEHTa
CLK _DW4SD.

component CLK_DIV4SD is
port (
CLKIN
CLKDV
)

end component,

in STD_LOGIC;
out STD_LOGIC

signal clk_div_4 std_logic;
U1: CLK_DIV4SD

port map (

CLKIN => clk_in,

CLKDV => clk_div_ 4

)i

Insa BKNO4YeHWs 8 COCTaB NpoeKTa
BCTPOEHHOrO [ENUTENs 4acToThl C Tpe-
6yemMbiM  KO3(DMUUMEHTOM  fieNneHus,
aCKMHXPOHHBLIM COPOCOM U HavanbHOI 3a-
LEPXKOW BEHIXOQHOro curHana crnepyer
MCNOJNIb30BATb KOMNOHEHTHI C Ha3BaHUSA-
mu supa CLK_DIVNnRSD (CLK_DIV2RSD,
CLK_DIV4RSD, CLK_DIV6RSD,
CLK_DIV8BRSD, CLK_DIV10RSD,
CLK_DIV12RSD, CLK_DIV14RSD). Cnoco6
MX NpuMeHeHust B cxemax 1 moaynsix HDL-
ONUCaHUIA TOT Xe, YTO U [J1I1 KOMNOHEHTOB
CLK_DIVnR. Ucnonb3oeaHne KOMNOHEHTOB
CLK_DIVNRSD B coctase UCXOQHONo MO-
OyNs NPOEKTA, HANWCAHHOTO HAa S3bike
VHDL, wnnoctpupyeT onucaHue BOCbMU-
KpaTHOro AenuUTeNns TAKTOBOW 4acToThi C
ACUHXPOHHbIM COPOCOM K HauyarkHOW 3a-
nepxkon (hopMMpyemMoro curHana.

component CLK_DIVBRSD is

port (

CLKIN in STD_LOGIC;
-CDRST in STD_LOGIC;
CLKDV out STD LOGIC );
end component;

signal clk_ div_8 std_logic;
U1: CLK_DIVBRSD

port map (

CLKIN => clk,

CDRST => clk_ reset,
CLKDV => clk_div 8

).

Metoavka CoolCLOCK, npennaraemas
tompmon Xilinx, HanpaeneHa Ha CHWXeHWe
MOLLHOCTH, NOTPEBIAEMON B IMHAMUYECKOM
pexumMe  MUKPOCXEMbIMKM  CEMEeNCTBa
CoolRunner-ll ¢ u1cnom Makposideek 128 n
6onee. lpeanoceinkamu co3faHus 3ToK
METOOMKW FIBUIUCL Takue apXUTEKTypHble
ocobeHHoCTH ykasaHHbix MJINC, kak Hanu-
4Me BCTPOEHHOIO ENUTENS YACTOThl TAKTO-
BOrO CUrHana v BO3MOXHOCTb KOH(pUIypu-
pOBaHUsA TPUITEPOB, TAKTUPYEMBIX (DPOHTOM
M CNagoM curHasa CUHXpPOHU3ALMU.

3HaueHue Toka, NOTPEGAEMOro MUKPO-
CXEMOM OT UCTOYHMKA NUTaHUS B OUHAMU-
4EeCKOM pEeXMME, HanpsMylo 3aBucUT OT
4acTOThl CUrHAJNOB YCTPOWCTBA, NPOEKTU-
pyemoro Ha ero ocHoee. WcnonbsoeaHue
metoaukn CoolCLOCK noseonser [obuTk-
Csl 3HAYUTENBHOIO YMEHbLLEHUS NOTPeDs-
emon mowHoctn MNUC 3a cuer gBykpar-
HOFO NOHWXEHWUSI YAcCTOThi BHYTPEHHEro
CcUrHana CMHXpPOHU3aUMK, KOTOPOE BbINOJI-
HSIETCH BCTPOEHHBLIM [EeNUTENIeM 4acToThl.
Mpu 31OM Tpebyemasn NPOM3BOAUTENBHOCTL
NPOEKTUPYEMOro yYCTPOWUCTBA [OCTUIaeTCA
3a CuYeT UCNONb30BaHUS B MAKposHerKax
TPUITEPOB, YNPaBNfEMbIX (DPOHTOM U cna-
fom TakToBoro curHana. Cnepyer obpa-
TUTb BHMMA@HWE HA TO, YTO NPUMEHEHUEe
CoolCLOCK BO3MOXHO TONBKO NO OTHOLLE-
HUIO K CUrHasy CUHXpOHW3auuM, nocTyna-
towemy co exopa MIMC GCK2. Kak yxe
YNMOMUHASIOCb, TONIbKO 3TOT KOHTAKT MUKPO-
CXEMbI CONpPsiXeH CO BXO[OM BCTPOEHHOrO
JenvTens 4acToTel TAKTOBOIO CUrHana.

CTpykTypHas cxema, npuBefeHHas Ha
pvc. 8, HarmsgHO WITIIOCTPUPYET peanusa-
umio metopuku CoolCLOCK. BHeluHuin Tak-
TOBbIM CUIHAr, KOTOPLIM NOAAETCH HA BXOA-
HOM KOHTaKT MUKpocxembl GCK2, nocTynaet
Ha BXOf, BCTPOEHHOrO Aenutens yactoTel. C
BbIXOfla [ENUTENs CHUMAETCS BHYTPEHHWIA
CUIHaN CUHXPOHU3ALMK, 4acToTa KOTOPOro
B [1BA pala HWXE, YEeM Yy BHELLHEro TakTo-
BOrO curHana. flanee BHyTpeHHWI TaKTOBbIN
curHan yepes rnodansHeie uenu MNJIUC ne-
penaeTcs Ha COOTBETCTRYIOLLME BXOMbl MakK-
pOsiHEEK, UCNONBb3YEMBIX B NpoekTe. B atux
MaKpOosHenKax TPUIrEPHLIN 3NIEMEHT KOH(U-
rypypyeTcs Kak Tpurrep, TakTUpyeMmblit
(DPOHTOM K CNAJoOM CuUrHana CUHXPOHM3a-
umm.

Ons NpUMeHeHus METOLMKM
CoolCLOCK B paspabaTtbiBaeMbix NPOEK-
Tax [OOCTATOYHO NPUCBOUTL aTpubyT
COOL_CLK BxogHoW Uenu CUHXPOHU3aA-
UuK, NOAKMIOYEHHOM K KOHTakTy [MJINC
GCK2. 3701 atpubyt MoxeT ObiTb yKa3aH
B (panne BpeMeHHbIX 1 TONOSIOMNHYECKUX Or-
paHuueHuit npoekta UCF (User Constraint
File) wnu HenocpepcTeeHHo B mMopyne uc-
XO[HOFO ONUCAHWUS HA UCTIONb3YEeMOM AI3bi-
ke HDL. MpumeneHune canna UCF senis-
ercA B GONMbLUMHCTBE Cryyaes Haubonee
yHUBEPCAsibHBIM CNOCOGOM YCTaHOBKW at-
pubyTOB, TAK KaK COMETaeTcs C pasnuu-
HbIMK (hOpMaMK ONUCAHUS NPOEKTUPYEMO-
ro ycrtpouctea. ®opmar arpubyTa
COOL_CLK, npumeHsiembit B ¢havne UCF,
UMeeT CrepyoLmin Bua:

NET
COOL_CLK; .

<HA3BAHME_LIENN_CHUHXDOHMU3ALIMK>
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Puc. 9
Hanpumep,

NET clk_ext COOL_CLK:.

Yrobei 3aaaTe arpubyt COOL_CLK He-
NnocpefcTBEHHO B MOQyne WCXopHoro
VHDL-onvcarus, Heo6xoouMo BKIIKOHUTL B
Hero BblpaXeHus, UMeroLe CneayoLmii
cthopmar:

attribute COOL_CLK string;
attribute COOL_CLK of <waseawue_uenu_-
cuHxporm3aum>: signal is «TRUE»; .

Hanpvmep,
attribute COOL_CLK string;

attribute COOL_CLK of clk_in
is «TRUE»;.

signal

Mpu 06HapyxeHUU ykazaHHoro aTpuby-
Ta B chavine BpeMeHHIX W Tononoruyec-
KUX OrpaHudeHvi vnu B MOLyne Wcxop-
HOro oNUcaHus NpoeKTa NporpaMma CuH-
Te3a XST aBTOMaTU4eCKu BKN4aeT B
COCTaB CUHTE3UPOBAHHOrO OnwucaHus
NpOEeKTUPYEMOro ycTpOMCTBA BCTPOEH-
HbIA flenUTenb YacToTel TAKTOBOro CUrHa-
na, paéotallum B pexume [eneHvs Ha
npa. Kpome TOro, Bce TpuUrrepbl Makpo-
fiveek, Ha KoTopele NofaeTcs cpopMupo-
BaHHbLI CUrHan CUHXPOHWU33LUU C NOHU-
XEHHOW 4YacTOTOW, aBTOMaTUHECKU CUH-
TE3VPYIOTCS KaK 3NTIEMEHTbI, TaKTUpyemble
¢hpOHTOM ¥ CNapoM 3TOro curHana.
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[ononHutensHbeIM cnocobom Cokpalle-
HUS NOTpebnsieMon MOLLIHOCTU MUKPOCXEM
cemevictea CoolRunner-Il, copepxalymx
128 1 6onee MakposiHeek, fIBNAETCH WC-
NnonL30BaHWe 3anaTeHTOBaHHOW TeXHONo-
rvn DataGATE. B ee ocHoBe nexwuT BO3-
MOXHOCTb  ynpaenexus  GnoKUpOBKOW
BXO[HbIX CUrHanNoB, NOCTYNAOLLUUX Ha KOH-
TakTbl MUKpOCXeMbi. Ecnu 3HaueHust BXOA-
HbIX CUrHaNoB UCNONb3YIOTCS B NMPOEKTUPY-
€MOM YCTPOWCTBE TONLKO B ONpefeneHHbie
MOMEHTbI BPEMEHU, TO B OCTanbHblE, [0C-
TATOYHO MNPOOOIMKUTENBHBIE BpPEMEHHbIEe
VHTEpBans!, 3TV CUrHanL! MoryT 6blTk 3a6-
NOKUPOBaHbLI NpY UCTMONL30BaHWM cnelu-
anbHbIX PecypcoB MUKpOCXeMbl. TeM ca-
MbIM CHUXAaeTcs NoTpebnsemasi MOLLHOCTb
B cooTBeTcTRytoMX uensx MINC. Mpume-
Henve chyHkuvv DataGATE paet 3ameTHbI
BLIUMPLILL B CHWXEHUW noTpednsaemont
MOLLHOCTU MpW peanusauuu Ha OCHOBE
Mukpocxem cemenctea CoolRunner-ll pas-
NUHHBIX LUVHHBIX UHTEPENCoB.

Puc. 9 nmoscHseT NpUHUMN TexHonorum
DataGATE Ha npymMepe ofHOM BXOOHOW Lieny
MUKpoCcxeMbl. B KaxpoV BxopHOW Lienu
MNNC cemeitctea CoolRunner-Il, nornyeckas
€MKOCTb KOTOPbIX COCTaBMNSET HE MeHee 128
MaKposiHeek, Mex[y BxofHbIM Gydepom U
BXOLOM ObICTPOLEVICTBYIOLLEN NEepeKnoYato-
Liew matpusl AIM npenycmoTpeH ynpasns-
eMbil KN4 U pervcTp-3allenka. [na kax-
[10/ BXO[HOW LieMY NpoeKTa B KoH(Urypauu-
OHHOW MOCNEeLOBATENEHOCTY, 3arpyXaemon

B MUKpPOCXEM, UMEETCH COOTBETCTBYIOLLMNA
6UT JaHHBIX, 3HA4EHVIe KOTOpOro onpeaens:-
€T, 6yLeT U Ucronb3oBaHa (PYHKLWA yrpas-
neHus atoro knioda. Ecnu  dhyHKuua
DataGATE akTvBM3vpoBaHa, TO Npy Hanu4mm
aAKTVBHOrO YPOBHS YNpaBnsoLiero curHana
Npov3BoauTCA GNOKVPOBKA 3TOW BXOAHOW
Lieny, a 3HayeHne BXOOHOro UHGhopMaLvoH-
HOro CUrHana B MOMEHT OnOKUPOBKKW 3anu-
CLIBAETCH B PErUCTP-3aLLEnKy.

Ona npuMeHeHust cyHkumm DataGATE B
pa3pabaTsiBaeMoM NPoeKTe NpepHa3HaqeHb!
nea aTpubyTa. Mepeoivi us HUx, DATA_GATE,
onpenensieT Ha3eaHWe BXO[HOW Lienw, ans
KoTopoW vcnonsayertcst oyHkuus DataGATE.
OToT aTpubyT, Kak U COOL CLK, MoxeT
33aBaTbCsi B (havine BpemMeHHbIX U TOMono-
rudeckux orpaHudenuii UCF vinv Henocpen:
cTBeHHO B Mofiyne vcxopHoro HDL-onvcaHvs
npoekta. dopmaT CTPOKY, yCTaHaBNUBALO-
e atpubyT DATA_GATE B chaiine UCF,
VIMEET CrnepyoLumn BUL

NET <HasBarwe BxopHou_uenv> DATA_GATE: .
Hanpwmep,
NET data_input DATA_GATE;

CUHTaKCcUC BbIpaXXeHWH, 3aparliux ar-
pubyT DATA_GATE B mopyne WUCXopHOro
VHDL-onucaHus, BBIMMSOWT Cnepyrowuvm
06pa3om:

attribute DATA_GATE STRING,
attribute DATA_GATE of <nHa3BaHue_BXOf-
How_uenu>: signal 1s «TRUE»;

Hanpumep,

attribute DATA_GATE STRING;
attribute DATA_GATE of data_input
signal is «TRUE»;.

CnepyeT 06paTuTb BHUMaHWe Ha To,
4TO, ecny B (parine UcxoOHOro onvcaHus
aTpubyt DATA_GATE 3apaeTtcs pna He-
CKONbKWUX BXOLHLIX LEener, To CTPOKa
06bABneHUs: 3Toro aTpubyTa ykasw!BaeT-
Csl TONBKO OfVH pas.

Btopoi atpubyt, BUFG=DATA_GATE,
3afaeT HasBaHWe Lieny, curHan KoTopow
ynpaBnsieT Npoleccom GnoKUPOBKU BXOA-
Heix uenen DataGATE Enable (DGE). B
KayecTBe ynpaBnsitoLLero MoOXeT UCTIoNb30-
BaTbCs NOGOW CUrHan, NocTynarLMKU Ha
KOHTaKTh! BBOAA/BBIBOLA MUKPOCXEMBI, UNU
thopmupyembiit BHYTpY MANC. B daiine
BPEMEHHBIX U TOMONOrMHYECKUX orpaHuqe-
HWI NpoeKTa 3TOT arpubyT yKasblBaeTcs C
NMOMOLLbIO CTPOKY, chopMaT KOTOpOW ume-
€T cneaylowmi BUL:

NET <Ha3BaHwe_uenu_ynpasnaouero_curHa-
na > BUFG=DATA_GATE; .

Hanpumep,
NET dg_en BUFG=DATA_GATE;

B mo[iyne WCXOLHOro onucaHusa npoekTa
Ha sisbike VHDL gns onpepeneHus Ha3ea-
HVs uenu ynpaensiowero curdana DGE
npv peanuzauvv cyHkuuv DataGATE vc-
nons3yeTcs cnepyoLias nocnenoBaTent-
HOCTb BbIP&XEHWI:
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attribute BUFG . STRING;

attribute BUFG of <Hazgawwe uenu_yn-
PaBNANWErc_curHana>" signal is
«DATA_GATE~

Hanpumep,

attribute BUFG STRING;
attribute BUFG of dg_en signal
«DATA_GATE»,

Ucnonb30oBaHne BCTPOEHHOTO
Tpurrepa Wmurra
BO EXORHLIX Hernsx
fIPOEKTUPYEMOro yCTpoucTsa

Ins “cnonb30BaHWs BO BXOOHBIX LiEMNsX
NPOEKTUPYEMOrO YCTPOWCTBA BCTPOEHHbBIX
TpUrrepoB LLIMUTTA, pacnonoXeHHbIX B 6110-
Kax BBOO@/BbIBOMA W NpefHa3HaqeHHbIX 0518
CHWXEHUS YPOBHS MOMEX, HEOOXOOMMO MpK-
cBouTb arpubyt SCHMITT _TRIGGER cooTt-

BETCTBYIOLLEWN LEnK, TMOOKMHOYEHHON KO
BXO[JHOMY TMONb30BaTENLCKOMY KOHTaKTY
MUKpOCXeMbl. DOpMAT CTPOKW, YCTaHABMNMU-
BawLLen aToT atpubyT B thavne UCF, Bbir-
NAgUT cneyroLwyM o6pasom:

NET <HA3BaHWE_BXOAHOW_Lenn>
SCHMITT TRIGGER;

Hanpuwmep.

NET data_in SCHMITT_TRIGGER;
NET clock SCHMITT_TRIGGER;.

HOnsa yCTaHOBKM arpubyTta
SCHMITT _TRIGGER B mopyne VHDL-uc-
XO[IHOro OnWcaHus MpoekTa cnegyer uc-
NonNb30BaTh BbIPaXKEHUS

attribute SCHMITT_TRIGGER STRING;
attribute SCHMITT_TRIGGER of -~HazBaHu-

©_BxOofHoW_uenn>  signal is «TRUE»;
Hanpumep.

attribute SCHMITT_TRIGGER . STRING:
attribute SCHMITT_TRIGGFR of data_in:
signal 1s «TRUE»:

Mpu ycranoeke Tpurrepos Lmutta B
HECKOMNbKUX BXOMAHBIX LiENsX AOCTAaTOYHO
O[HOro BbIPAXEHWs feKnapauuy atpuoyTa
SCHMITT _TRIGGER.

Cpenctea cuHTe3a XST npu o6HapyXeHuA
arpubyta SCHMITT TRIGGER aBTOMaTMHEC-
KU BKJIOHAKT B COCTAB YKA3aHHbIX BXOOHBIX
Liernell CMHTE3MPOBAHHOrO OMMCaHWS MPOEKTU-
pyeMoro ycTpoicTsea Tpurrepsbl LmutTa.
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W. A. Netpos
Papuorenechonbl hupmor PANASONIC

WNznatenscteo «[opsyas nuHwa-Tenekom» B cepum «Macco-
Basn paguMobubnuoTteka» (Bbin. 1259) BbiMyCTUIO KHWY, B KOTO-
po¥i NpvBeaeHoO onucaHre paboTbl NOHTU AByX AECATKOB UMe-
HOLUMXCS HA POCCUMCKOM PbiHke 6eCnpoBOAHbIX TenefpoHOB
dupmbr Panasonic: KX-TC1000/1001/1005/1025/1040/1045/
1400/1401/1405/1410/1430/1450/1451/1500/1501/1520, pabo-
TaoLWMX Kak B auanasone 40 My, tak u B gvanazone 900
MIu. OaHbl nogpobHble pekoMeHpaumMn no FOVCKy Hencnpas-
HOCTEM U Mx yCTPaHeHWto, a Takxe MeTofbl HacTporku. MNpuse-
[€Hbl MPUHUMAMAIIbHbIe CXeMbl BECrpoBOpHbIX TenegpoHOB
hvpMbl Panasonic, Ana ynob6crea rnoMeileHHble Ha BKiaKax.

[ns cneuyanncToB N0 PEMOHTY 6ecrpOBOaHBIX TenedoHOB
M OMbITHBIX paguontobuTenen.

B knure 96 ¢. 1 9 Bknagok popmata A3.

Mockea, Fopsiuasi NuHus-Tenekom, 2003
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123007, MockBa, XopolueBcKoe Wocce, A.38, kopn.1, 4 3tax.
Ten.: (095) 787-59-40, chakc: (095) 787-59-35
emall: xilinx@iniinegroup.ru, http://iwww.plis.ru
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YHmBepcanbHaa uudgpoBan
wKana-4acroromep

B crarse onucsiBaeTcs HOBas paspaborka «Macrep KUT» — yHuBep-
cansHasa UnghpoBas LLUKaNa-4acTtoromMep. YcTporcTBo MHOroghyHKLMN-
OHanbHO M MO3BOJIAIET Ha CBOEH OCHOBE CO34arTb He6ONbLLIOH N3Me-
PHUTENbHLIA KoMnnekc. B 6a30B05 KoMnnexraumm npuéop crocobeH
namepsTe vacrory go 1.5 My, c axtusneim wyynom NM8051/2 — go
15/150 MIy, c aktueHbiv wynom NM8051/1 — po 1,3 Ty, namepnats
Hanpsyxkenne c AononHuTensHbim 6noxom NM8051/3, namepsars peso-
HAHCHYIO HacTOTy 3BYKOM3NYHaIOLMX rON0BOK C HAOMOJIHUTEINbHBIM
6noxkom NM8B051/4 u 1. 4. Ha 6a3e ycTponcTBa MOXHO chenars Lug-
POBYIO LWKany [ANA pagmoCTaHUnK UM pagnorpremMHnKa, NoCKONsKy
npréop No3BONAET BBOAUTL MONpaBKy ANA CYMMMPOBaHUA WK Bbl-
YUTaHURA C TEKYLUMMM NOKa3aHWaMM (HanpuMmep, ANA y+era 3Ha4YeHus
MPOMEXYTOHHON YacToTbi M T. I1.).

He6onbme pasmepsl, LUMPOKMH ANAaNa30H NMUTAOLLNX HANPsKeHHH,
manoe norTpebneHne TOKa, BbICOKMNE IKCINyaTraynoHHbIe XapaKTepHc-
THKH, MHOTOQOYHKUMOHANBHOCTb, HafleXHOCTh, NPOCTOTa B N3roTosse-
HUM M HACTPOMKE, HN3Kas CTOMMOCTb AeNaloT 3TO YCTPOHCTBO KpakHe

npusnexarensHbim. Cobpars UMGhpPOBYIO LLUKAIY-4acTOTOMEep MOXHO

n3 Habopa NM8051.

a NpakTVKe NoYTU KaXObI pagnonto-

6uTenbL UM PEMOHTHWMK PaHo Wnu

No3OHO CTaNKMBAETCH ¢ Npobnemon
UCNonb30BaHua LUPOBOA LUKASbI-HaCTO-
Tomepa. Takoe yCTpOWCTBO 3aBOMCKOIO
NPOV3BOLCTBE, Kak NpakTU4ecku Bce pa-
DVOTEXHUYECKWE U3MEpPUTENBHBIE NpU6Oo-
pbl, MMEET AOCTATOYHO BBLICOKYIO LieHy W
yacTto 6biBaeT He NO KapMaHy NpoCTOMy
papuontobutento. Cpasy BO3HWKAET BOM-
poc, a Henb3s NN W3roTOBUTL MOJOGHLIA
npu6op ¢ NOAXOOSILLMMU XapaKTepuCTUKa-
MM camocTostenbHo? Tem 6onee, 4To Cco-
BpeMeHHasi anemeHTHas 6a3a vmeet Ooc-
TATOYHO LLMPOKYIO HOMEHKNIATYPY W HEBbI-
cokyto ctoumocTb. OTBET Ha BONpOC O4e-
BUAEH — KOHEYHO MOXHO!

Moatomy nepep cneunanvcramun «Mactep
KWUT» 6bina noctaeneHa v ycnewHo petle-
Ha 3ajaua no paspaboTke Takoro 4acToTo-
Mepa, o6nafaloLLero OTAIMYHBIMU XapakTe-
PUCTUKAMU U HEBBLICOKOW CTOMMOCTHIO.

Cuctema noctpoeHa Ha 6a3e coBpeMeH-
HOro GbICTPOOENCTBYIOLLIENO MUKDOKOHT-
ponnepa ¢gwpMel Atmel ¢ RISC apxutekTy-
poid. OTNMYUTENBHON OCOBEHHOCTBIO HaCTOo-
TOMEpPa FABMAETCA aBTOMATUHECKU U3MEHS-
eMoe Bpems cueTa.

paguonpuemMHuK 1 T. f.). [ins atoro B Hac-
TOTOMepe npefycMOTpeHa BO3MOXHOCTb
CYMMWUPOBAHUS WIW BHIYUTAHUA U3MEHSIE-
MOW YMCNOBOW KOHCTaHTLl. KoHcTaHTa u ee
3HAK BBOOATCA NpY NOMOLUW KNasulLll yn-
paBreHUst U COXPaHsIloTCs B 3HeproHe3aBu-
CUMOIA NAMSITU MUKPOKOHTpONnepa.

B 6230801 KOHUIypaLum yCTpoMCTBO No-
3BOSINIET U3MEPATL YacToThl go 1,5 My am-
nnuTyfon He meHee 150...200 MB. OpHako
NpY NOMOLLY BBIHOCHBIX LLyNOB-fenutenen
OVanasoH n3mMepsieMbIX HYacToT MOXHO yBe-
nunTL 1o 15/150 My (C akTWBHBIM LLyNOM
NM8051/2, koacbcbuuueHT peneHws 10/100),
0o 1,3 Iy (c aktweHbIM Lynom NM8051/1,
koadhpuLmeHT penedus 1000). B 3tom cny-
Yae NoKasaHWa 4acToTomepa HeobXoaMMOo
YMHOXATb Ha KODMULMEHT OeneHus.

«Mactep KUT>» nnaHupyeTt BbINyCK HO-
BbiX AONONMHUTENbHLIX BHELUHUX 6nokoB
(npy HeoBxopumocT ¢ obHoBneHwem 1O
MUKPOKOHTpONepa), KoTopble NO3BONAT
pacwmpuTe BO3MOXHOCTU cucTeMb). Ha-
npvMep, NOAKIIOYUB K HacToToMepy nNpe-
obpasoBaTesib HanpsHXXeHWe-YacTota (Ha-
6op NM8051/3), MOXHO NpeBpatnThL €ro B
BONLTMETP UMW U3MEPUTE PEe30HAHCHYIO Ya-

Hanw4we 8 cTaTbe LWITaMna npea-
nonaraer Hanu4ue Habopa. Cnpaium-
BafiTe B MarasuHax no NPoaaxe Kom-
NOHEHTOB

CTOTY 3BYKOW3Ny4aloLMX FONOBOK C BHe-
LUHUM pononHWTenbHbIM 6nokom NM8051/4.
OcHoBHOe, pononuuTenbHoe, 06HOBNEH-
HOe 1 fopaboTaHHoe NporpamMmHoe obecne-
YyeHWe  MOXHO  HaWTu Ha  cawTe
www.masterkit.ru. 3ameHuts IO B MUKpo-
KOHTpOSNepe MOXHO NpY NOMOLLM Nporpam-
Maropa, cobpaHHoro ua Haéopa NM9211.
TeXHWYECKNE XapaKTepUCTUKK YCTPOW-
cTBa NpuBefeHsbl B Tabn. 1.
MpuHUUNMansHas cxema LM POBOIA LUIKA-
NbI-4aCTOTOMepa nokasaHa Ha puc. 1, ne-
peyeHb aneMeHTOB NpuBefeH B Tabn. 2.
YCTPOWCTBO BLINOSIHEHO HA OCHOBE MUK-
pokoHTponnepa AT90S2313 dupmbl Atmel
(DD1) ¢ npoLUUTLIM NpOrpamMMHBIM obecne-
YeHveM 06paboTKM CUTHANOB ynpasneHus n
VMHOVKALMM BOCBMUPA3pRAHOro CABUIOBOMO
peructpa 74HC164 (DD2), BbINOMHSIOLEro
ponb pacLLVpUTENS NOPTOB MUKPOKOHTPOIT-
riepa, BXOAHOTO KOMNapaTopa, BbINONHEHHO-

Tabnvua 1

Hanpsikenvie nutavvs Un, B 9..25
Tok notpebrenvsi, MA 100
Bpems cueTta:

TouHocTb 10 Iy 0,1c
TOwHOCTL 1T 1c
MakcumaneHas usmepsiemas

vyacTora (6e3 BHeLuHero 1 500 000
pervrens), Ny

BxogHas 4yBCTBUTESIbHOCTb, B 0,2
MakcumanesHoe 1cno 8
UHOMLMPYEMbIX LMcp

MakcumanbHoe 3HayeHve

KOHCTaHTb! 9 999 999
CYMMUPOBaHUs/BbIMUTaHVA

C NOKa3aHvsMn

Pa3mepbl NnevaTHON mriarbl, MM 84x42

g 1 3 .
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Tabnuua 2 Tabnuua 3
No3nums HawmeHoBaHue Kon. HassaHue Hasnauyenne
C1, C4, IN Bxop 1actoromepa
C12, C13 0.1 mk® 4 +Ucc Hanpsikenve +5 B ot DA2
C2 10 mkd/16...50 B 1 SCL Luna I°C, CLOCK
C3 1000 Mk®/25 B 1 SDA WuHa I°C, DATA
C5 1000 n® 1 GND Obwwi nposog —_
C6 10 n® 1 ~
7 27 Mk®/16. 50 B 1 TPOWCTBO NEPEXOLAUT B PEXMM U3MEPEHUS ‘/
cs 1000 Mk®/16 B 1 HacToTb. r 3
o 0 nd 1 Kak yxe yka3biBanock Bbllle, Mpy BbICT- e
C10 4.8..20 N0 1 pou nepecTponke W3MEpSIEMOU HacToTbl . ‘. .
C11 68 nd 1 nokasaHus npuéopa LNA HarnsgHoOCTWU W o) oo S !5.‘;:
DA1 7805 p YOO6CTBa CHSITWSI OBGHOBISIOTCS C HacTOTOW ol uﬁl o 8y
DA2 LM311 1 oaovH pa3 B 0,1 ¢, obecneumBas nNpyu 3TOM :
DD1 AT90S2313 1 TouHocTe 10 Tu. MNpw dukcaumm usmepsie-
DD2 Z4HC164 1 MO#1 HacTOTbl YCTPOMCTBO aBTOMaTMHECKu b s
HG1 AJIC318A 1 nepexoauT B PEXUM U3MEPEHUA C HacTOTON
R1, R3 100 Om > OBHOBNEHMS NMOKa3aHWMA OfIMH pa3 B CEKYH- Puc. 2
R2, RB—RI10 4,7 kOM 4 Ay € TouHocTbiO 1 T
R4, R5, R7 10 KOM 3 B nporpamme npepnyc-
R6 1 MOm 1 MOTpEHa yCTaHoBKa “MC-
R11—R18 330 OM 8 NOBOW KOHCTaHTbI, KOTO-
SA1 Mepekniouatens . pas 6yder BbiHMTATLCA
[BWKKOBbIM, YrNOBOW mnu cymmmpoBarteca C Te-
SB1, SB2  |MukpokHorika yrnoeasi| 2 KYLLUMK nokasaHusiMm IOO
VD1 DB107 1 npwéopa. NMpy HaxaTvm Ha
VD2 1N4148 1 kHonky SB2 Ha wHavkaro-
XP1 Paavem nuranus 1 pe BbICBEYMBAETCH TEKY-
1,3 MM LLiee 3Ha4eHNe KOHCTaHTHI.
Pazvem MNpy HaxaTtum Ha KHOMKY
Xp2 VHTEPdENCHbIN, 1 SB1 npoucxouT nepexof,
5T KOHTaKTHbIN yCTpoCTBa B pexum yc-  Puc. 3
zQ1 Keapuesbiit 1 TaHOBKM 3HAYEHUSI KOH-
_| pesonatop 4 My CTaHTBL. TP NOBTOPHOM [, =31 I
LTbipeBon 3-x KOHTaKTHbIIA i HaxaTvm Ha SB1 ocylue- i F gl 5w !
PasLeMm 2:X PADHbIM ctensieTcs BHIGOP ycTa- | | oo o
LU;;’;F::;)” 3-X KOHTaKTHBIN 1 HaBnuBaeMoro paspspas | & S—tie éﬁ.\o [ ozare E
LUTpreBOI7I ~ KOHCTaHTe SHOHCBeHMBa: AEEX] c v oo 00O B OOCOCD o s{oR4 ofo
pasLem 4-X KOHTAKTHbI 1 €eTCH TO‘-IKOM), a KHOMKoOW i jlgq b.%zg%z : :g: ‘%’
LWTbipeBom Yrnosowu, SB2 — Bbi6op 3HaveHus xpa © o a o cov|flonoeccnobooo a
pasbem 16-TH KOHTaKTHbIN ! pa3psifia KOHCTaHTbl B Au- gt 39 —o ° °
— Kononra DIP-8 1 anasoHe 0...9. B nocre- [ | @ @ @ @ @?@ @
— Konogka DIP-14 1 fiHem paspsfie ycTaHas- 3,?5 pe PO 133 5
— Konoaka DIP-20 1 nueaetcs pexum ‘mw olefT)
Kopnyc BOX M-32 1 CyMmMpoBaHUs (B pasps- 228
fle HeT uHAMKauum) unu Puc. 4

ro Ha Mukpocxeme LM311 (DA2), v uenu nu-
Tanus (C1, C3, C8, C12, VD1, DA1). [vop-
HblA MocT VD1 3aLmLLaeT cxeMy o1 BO3MOX-
HO  MepenosiocoBKM  NMPOBOAOB  MpU
MOAKSIOHEHUM UCTOHHUKA MATaHUA U B TO Xe
BpemMsi MOXET paboTaTe Kak BbiNpsaMUTENb
Npy NOJKSIIOHYEHWUW YCTPOWCTBA K TpaHcdop-
martopy.

MopcTpoeuHblM  KoHAeHcaTtopom C10
OCYLLIECTBNAETCA TOYHAs HACTpOWKa YacTo-
TOMEpa MO 3TanOHHOMY reHepaTopy.

BHeluHWe Lynbl 1 AONONHUTENbHBIE YC-
TpOWCTBA MOAKIIIOHAIOT K MHTEPMENCHOMY
pa3semy XP2 cornacHo taén. 3, pasbemM
XP3 py6rvpyeTt XP2.

Pazvem XP4 3apesepsupoBaH onsa pa-
60Tbl ¢ MO cnepyoLMX BEPCUIA N MO3BO-
nset nyénuposatb kHonku SB1 1 SB2.

CeetoamoaHblii vHoukatop AJIC-318A
nofKnoyaeTcs Yepes pasvem XP5.

Ha nnate npenycMOTpPEHO MecTO Mof
YCTAHOBKY LUECTMKOHTAKTHOrO pasbema
NporpamMMMpoBaHUs  KOHTpoNnnepa 4epes
wHTepcerc SPL.

Ha6op KOMNNEKTYETCA MUKPOCXEMOW
MUWKPOKOHTpONnepa ¢ MpowwnTbIM MPo-
rpaMMHBIM obecneveHnem Bepcumn
NM8051.3.

Mpy BKNIOYEHMM YCTPOMUCTBA Ha 3Kpa-
He BbicBeumBaeTcsi Homep MO. Oanee yc-

48

BblHUTaHKA (3HaK “—”) KOH-

CTaHThi ¢ NokasanusiMu. Beixog u3 pexvma
YCTaHOBKM MPOUCXOQWUT MpU Haxatum Ha
SB2. 3HaueHWe KOHCTaHThl COXPaHAETCH B
3HEProHe3aBUCMMOM MaMSTU MUKPOKOHT-
ponnepa v OCTaeTC HEM3MEHHBIM MpU OT-
KMIOHEHUM UCTOYHUKA MUTaHWs.

Ins vHoYKauwm peaneHoro 3HaqeHus Ya-
CTOTbl HEO6XOIMMO YCTaHOBUTE 3HAYEHWE
KOHCTaHThl, paBHoe 0.

BHumaHwue! Npy NnepBOM BKNIOHEHUM YC-
TpoMCcTBa HEOBXOOMMO Cpasy BbICTaBUTHL
3Ha4YeHWe KOHCTaHTb!, B NPOTMBHOM Cry4ae
npubop yHKUMOHMPOBATL He ByfeT.

YCTpolcTBO NopnepXmBaeT “ropsyes” nop-
KnoueHne aktveHoro wwyna NM8051/1, obec-
NeYVBaIOLLIEr0 AENEHME BXOAHOM HacToThbl Ha
1000 v paboTaroLlero B aManasoHe 4actor
1 MIy... 1,3 Iy, MNMpy nogksnoHeHw Lwyna ya-
CTOTOMED aBTOMATWHECKM OMO3HAET €ro, Npo-
rpamMmUpyeT MUKPOCXEMY [ENUTENS U KOPPEK-
TUpYET nokasaHusi. TekyLume nokasaHus npu-
60pa Hy>XHO yMHOX@aTb Ha 1000. Mpy oTKno-
YEHWM LUyna YCTPOWCTBO NEPEXOOUT B
O6bI4HBIA pEXUM paboTbl.

BHelwuHWA BMp, yCTpOKCTBA NOKasaH Ha
pvc. 2, nevatHasi nnata — Ha puc. 3, pac-
MNONOXEHNE INEMEHTOB — Ha puc. 4.

YacToToMep BbINONHEH HA NeYaTHOW Mna-
Te 13 (HONLMMPOBaHHOMO CTEKNOTEKCTONUTA.

KOHCTpyKUMs NpeflycMaTpmBaeT YCTaHOBKY
nnatbl B craHgaptHein (BOX M-32) unu
VMHOW KOpMyC, ANs 3TOro Ha nnarte npe-
NYCMOTpPEHBl B2 MOHTaXHbIX OTBEPCTUSA
73 MMm.

Mepen ycTaHOBKOW nnatbl B KOpMyc
BOX M-32 B HEM HeEOBXOAVMMO yAanuTb
IBe nepepHwe cTovku. Takxe B kopnyce
cnefyet BbINOSHWTL  OTBEPCTUA  MNOR
pa3zbem nutanus XP1, nepudepuinHeii
passvem XP2 1 BbINUNUTL OTBEPCTUE NOA
BbikNoYaTens nuranma SA1. Ha nnare
HEOB6XOAMMO pacCBEPNUTL LUTATHbIE OT-
BepcTua I3 MM fio AwameTpa &6 mm. lNe-
pen WHAWKATOpPOM C BHYTPEHHEW CTOPO-
Hbl NEpefHEeN KPbILWKKM peEKOMeHayeTcs
YyCTaHOBUTbL KPACHbLIA NpO3paYHbli CBETO-
unbTp (Oprcrekno, nneHka v 1. [.) ons
YMEHBLLUEHUSI CTENEHU 3aCBETKU UHOMKA-
TOpa Y NoBbILLEHUst YAO6CTBA NPU KX CHU-
TbiBAHUK.

I'puropun NaHunues,
ganichev@masterkit.ru

Appeca marazuwHoOB, B KOTOPbIX MOXHO
npuobpectn Habops! n mogynu MACTEP
KWT un xypHanst “CxemoTexHnka”, npu-
BefleHbl Ha c. 54 KypHana.
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Mpuo6opb! iButton

HacTosiymii UMK cTaresi npu3saH O3HAKOMUTB YMTarTesien ¢ 0CobeH-
HOCTSIMM UCTIONIb30BaHNS N NPOrpamMmmMupoBaHns npnbopos iButton
U1 riepeHoca KOHthuaeHunansHon uHgopmaimn. B pamkax ynkna
6yayT M3N0XeHbI OCHOBHbIE NOHSTUS O iButton, npueeeH rnpoToKos
o6MeHa U [JaHO KpaTKoe TEXHUYECKOE OnnucaHmne OCHOBHbIX TUIOB
iButton: DS1991 u DS1994/1993/1992. B ymnkne craren 6ygyT npusege-
Hbl M ONUCaHbI NOANPOrpPaMMbl ApanBePOB YTEHMs/3anncu nHepopma-
umu Ha sisbike C ans x51-COBMECTUMbIX MUKPOKOHTPONIEPOs.

3unakomcTeo c iButton
n unrepdenncom Micro-LAN

CewmelicTeo Npubopos, V3BECTHOE B HACTO-
siLLiee BpeMa Nof, obLLVIM HassaHvem iButton,
6bi0  aHomcvposaHo Komnanvew Dallas
Semiconductor 8 1991 r. nofl TOBapHLIM 3Ha-
kom «Touch Memory», 4To nepeBoAUTCA Npy-
MEpPHO, KaK «MPUKOCHUCh — NamsATh». 3TO
Ha3BaHve [0CTaTOYHO MOJSIHO COOTBETCTBO-
BASI0 CYTW HOBOTO Kracca npubopos, Coaep-
XaLLWX, KaK MUHVMMYM, NOCTOAHHYIO NaMATb
(& BO MHOTVIX NpuBopax eLLE 1 ONEPaTVIBHYIO
namMsTb W Apyrve yanbl), CHWTbIBEHVE KOTO-
POV BO3MOXHO MPY KPATKOBPEMEHHOM Npu-
KocHoBEHWM Npubopa K cneuvasibHOMY KOH-
TaKTVpyIOLLEMY  ycTpowicTsy. VHTepdienc,
NOOAEPXVIBAEMbIA 3TVMU Npubopamy, nep-
BOHAuanbHO NOMy4Wn Hassanve «1-Wire»,
T. €. OJHONPOBOAHBIN, & NO3AHEeE CTal Ha3bl-
BaTbCs VHTepdeiicom «Micro-LAN». 3a nep-
BLIE MATb JIET HOBbIE NPUOOPbLI NONYYUI
JOCTaToMHO  6ornblioe  pacnpocTpaHeHvie
6narofaps CBOVM YHVIKaSlbHbIM CBOWCTBaM,
0 KOTOPbIX Mbl MOrOBOPUM HEMHOTO MO3XE.
A B 1997 r. komnanvna Dallas Semiconductor
MpMCBOWIA 3TOMY KIaccy mpubopos HOBOE
HassaHve — iButton (Information Button —
vHcbopmaLvorHan TabneTka) [1—3].

Liensivt pAg yHvKabHbIX CBOVICTB NpUGo-
pos iButton ofecneuvsaertcs 6naroaaps
Heobbl4HOMY Kopnycy npwbopa. Kpuctann
npuéopa Y MWRVATIOPHBIVI MUTUEBLIV arie-
MEHT CMOHTVPOBaHb! B r€pMETUHHOM KOp-
nyce MicroCan™ w3 HepxaseroLlen cTanu
ovameTpom 17,26 MM v TOSLLMHOW 5,89 MM
(kopnyc Tvina F5) wnu 3,1 Mm (kopnyc Tvna
F3). JNlutueBbii 3NEMEHT UMEETCA HE BO
Bcex npubopax, 4acTb WX WUCMOMb3YET Mu-
TaHvie, NOCTynarwoLiee No HWY AaHHbIX.
Tonbko Takve Npubopbl BLINYCKAKTCA B
o6oux Tvnax kopnycos (F5 v F3). Octarnb-
Hble NPUBOPBI BbIMYCKAKOTCSA TONMBLKO B KOP-
nyce F5 TonwmHon 5,9 MM. BHelhvi BuA
npv6opa iButton B kopnyce MicroCan™ no-
kasan Ha pvc. 1.

Kopnyc BLINONHAET KaK 4UCTO 3aLUWTHBIE
(hyHKUMM, TaK U POfib SMEKTPUHECKNX KOH-
TakToB. Kopnyc COCTOMT w3 [OHbILIKA C

F5 MICROCAN™

- » 5.89
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060fIKOM Yy OCHOBaHVSA W 3NEKTPUHECKU
V30NVPOBAaHHOW KPbILLKW. [JOHBILLKO fBns-
ercs o6LLMM NPOBOAOM, & KpbILLKa BbINOS-
HAET (DYHKUMIO CWIHANbHOMO KOHTaKTa.
Kopnyc repMeTvyHbii, HepastopHbiv. [o-
CTYn K COAEPXVMOMY namatv npubopa
OCYLUECTBJIAETCA TOSILKO HEpe3 [ABE JIMHWM:
ofLuY NPOBOA W [iByHanpasNEHHYo Cur-
HarbHYH0. 1A CYUTLIBAHVA AaHHBLIX U3 Npy-
6opoe iButton UCNOMb3yETCA KOHTaKTHOE
yctpovicteo Touch Probe pa3nuyrbIX KOH-
CTPYKLWV, KOTOpble CYLLECTBYIOT Kak Ans
BCTpaviBaHus B Npubop, Tak v AN BHELW-
HeW yCTaHOBKW Ha NaHENb.

OfHVM U3 OCHOBHbIX NPEUMYLLECTB
iButton no cpasHerWio ¢ waeHTUUKaTopa-
MV ApYrviX TUMOB ABMIAETCH VX BbICOKas
HaaexHoCTb. Mpubopbl BbiAEPXVBAIOT Me-
xaHvueckut yaap 500 g, nageHvie C BbICO-
Tot 1,5 M Ha GETOHHBIV NOM, Harpysky Ha
kopnyc 11 Kr, He NOABEPXEHbl BO3AEW-
CTBMIO MarHUTHbIX W CTaTM4eCcKuX nosew,
NPOMbILLNIEHHOW aTmocgepsbl, paéoTatT B8
[vanasoHe Temneparyp ot —40 go +70 °C.

Creflyet ckasatb, 4TO TepMMHOM iButton
4acTO Ha3bLIBAT TaKkXe Npuobopbl, BbINON-
HEHHblE B TPaAMLMOHHbIX TMNAX KOpMNycoB
(PSR TPAH3VICTOPOB VNM MMKPOCXEM) W VIME-
joLLMe OfJHONPOBOAHLIM MHTEpdenc Micro-
LAN. oflHaKO 3TO He COBCEM KOPPEKTHO.
TMpasusibHEE OTHOCUTL K 3TOMY CEMEVICTBY
Tonbko npuBopbt B kopnycax MicroCan™.
Havibonee v3BeCTHble NpUBOPLI cEMEVCTBA
iButton npvisefeHbr B TA6N. 1.

BonblumHCTBO Npubopos iButton coaep-
VT NOCTOSIHHOE 3anoMuHaloLee yCTpoW-
CTBO, GIOKHOTHYIO VNM CBEPXONEPaTUBHYIO

namsTb, ONEpaTVBHOE 3anoMvHaloLLee yc-
TPOWCTBO, 3NEMEHT NUTaHUA VI OpWUrvHarkb-
HbIVI KOHTPONNEP NOC/EAOBaTENbHOIO VH-
Tepgeiica. Hekotopbte Npubopbl MEKT
6onee CNoXHy0 vm 6onee NPoCTyio BHYT-
PEeHHIo CTPYKTYpy. HanpvMep, MOXeT OT-
CYTCTBOBATbL 3NEMEHT NUTaHVA WK onepa-
TVBHaA NaMATb WV B CTPYKTypy MOryT
6bITb BBEIEHb! AATHUKY TEMIEPaTypbl, Tan-
Mepbl (Hackl peanbHOro BpemeHy) v T. n.

Bce npwbopsl iButton coaepxar nocro-
aHHOE 3anomvHarLlee yctpovicteo (ROM),
B KOTOPOM Xpanwtcs 64-paspafHbii Ko,
COCTOSILUMM M3 8-paspsgHOro Koga tvna
npuéopa, 48-paspAnHOro YHVIKanbHOro ce-
PUMHOrO HOMepa W 8-paspsAfiHON KOHT-
ponbHOM cyMMb. Paamelyaemble 8 ROM
[aHHblE NPEACTABNAIT COBON YHUKAIbHYIO
(He NOBTOPSIOLLYIOCS) KOLOBYIO KOMGUHA-
UVIo, KOTOpaA 3anvcbiBaeTca B nNpubop ¢
NOMOLLbIO Jid3epa BO BPEMsA €ro U3roToB-
nenvia. Hanpsxenve nvtanva ROM nofa-
€TCA MO CUrHaNbHOW NIVMHWM [@HHLIX, HTO
NO3BOSIAET, BO-NEPBbLIX, CIKOHOMUTL 3HEP-
rMi0 BCTPOEHHOrO NVTUEBOMO 3INIEMEHTA W,
BO-BTOPLIX, CHUTBLIBATL NaMATb, HE Pacxo-
LlyR 3HEPrvio 3MeMeHTa.

JITVEBbIN 3NEMEHT VIMEET CPOK CIyXObi
He menee 10 ner.

Ecnv B cocTaese npvbopa VIMEETca One-
paTvBHOE  3anOMWHAIOLLEE  YCTPOWCTBO
(RAM), TO OHO BbINOIHEHO KaK CTaTHHECKas
NamATb C HEOTPaHVHEHHBIM YUCIOM LIVIKIIOB
3anucu/dTeHus. O6bIMHO onepaTvieHan na-
M$SiTb VMEET CTPAHWYHYIO OpraHvsauvio C
paznvuHbIM PasMepoM cTpanvubl. Kpome
06bNHOW ONepaTuBHOM NAMATV BO MHOTHE
nNpu6opbl BBEAEHA TaKXe AONONHUTENBHANA
6ychepHas (cBepxonepaTusHas, wm Gnok-
HOTHanA) namaTb. OHa NpegHasHaqeHa ass
NpefoTBpALLEHVA NOBpEXaeHua vHdopma-
LMW NPV YCTAHOBKE B KOHTAKTHOE YCTPOW-
CTBO VN1 n3Briesenvv w3 Hero. lNpeanora-
raeTcs, YTO JaHHbIE BHa4asle 3anvChiBaloTCA
B GIOKHOTHYIO NaMATb, 3aTEM NPOBEPFIOT-
€A NyTEM CHVITHIBAHWA W CPaBHEHUS C Opu-
rvHanomMm, a 3aTeM [AaeTcs KOManfa 3anvicu
B OCHOBHYIO NaMmsATb, NPV 3TOM [aHHbIE NB-
penvcLIBAIOTCA 13 CBEPXONEpaTUBHOW Nams-
TV B OnepaTvBHylo.

Tabnmua 1
06bLem O6bLem O6bem
. Tun Kon HazHaveHue NOCTOAHHOM | onepaTUBHOM | GNOKHOTHON
iButton NamATHU NaMATU NamATn
ROM, 6ur RAM, 6ur | SRAM, 6ur
DS1990A | 01h CepuiHbIN HoMep 8+48+48 — —
3NeKTPOHHBIN KNY 1344
DS1991 | 02h 3 cTpaHvLel NaMAaTH 8+48+8 3 6443 384) 512
C W1bpoBaHHLIM AOCTYMNOM ( +
3HeproHezasrcuman 4096
DS1984 104h namste + RTC B+48+8 (16 256) 256
4096
DS1993 |06h | 3HeproHesaBvcMMan NamsaTb 8+48+8 (16 256) 256
DS1992 | 08h | 3HeproHeszasucvMan NamaTb 8+48+8 ( ; 022;6) 256
DS1982 | 09h | MamsiTe € OQHOKPaTHOM 3aNVChio 8+48+8 ( 41 022546) 8
DS1920 [ 10h TepMmomeTp 8+48+8 (1. 64) 64
16384
DS1995 |0Ah| 3HeproHesasucMMan NamsaTb 8+48+8 (64 256) 256
DS1985 {0Bh |MamMsaTs ¢ 0AHOKpaTHOM 3anvcbio 8+48+8 16384 8
(64 256)
DS1996 |OCh| 3HeproHezaBvcMMasn NamATb 8+48+8 65536 256
(256 _256)
DS1986 | OFh [MamsaTb ¢ 0AHOKpaTHOM 3anvckio 8+48+8 65536 8
(256 256)
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OpronpoeoaHbid uHTepdenc Micro-LAN
obecneyvBaeT OTHOCUTENBHO HEBLICOKYIO
cKopoCcTb 06MeHa, npumepHo 16,3 kéut/c,
0fIHaKO MpY 3TOM CYLLECTBEHHO CHMXaeTcA
CTOMMOCTb MHTepchenca M NOABOAALLMX
npoeopos. CurHanbHaa NuHWA MHTepdein-
ca — peyHanpaeneHHan. O6MeH ocyLecTs-
NAETCH B pexuMe nonyaynnekca. Bzawmo-
pencreme nNpubopos NO OQHONPOBOOHOMY
MHTEpdEeNCY OpraHn3oBaHo No NPUHLMNY
BEOYLUMA-BEQOMBIN. [1pn 3TOM CUUTbIBAIO-
Lee YCTPOWCTBO (KOHTpoOnep) Bcerga se-
nyuiee, a npubopsl iButton — Begomele.

Mpubopbl cemenctea iButton nonyunnn
wmpokoe pacnpocrtpareHune B CLUA n cTpa-
Hax EBponbl ons cambix pasHbix Lenen:

e Kak MAEHTU(PUKALMOHHBIE KapTOYKN [J1A
orpaHuyeHna AocTyna B 3gaHna unn oT-
nenbHble noMelueruns [4];

e B PasnMyHbIX cCUCTEMAaxX AOMALLHER Unn

npoMblLneHHon 6esonacHoctu [5,11];

B cuctemax tenemertpum [6];

B CUCTeMax yyeta paboyero BpemeHu,

B PaznMyHbIX 2MEKTPOHHBLIX 3amKax [7—9];

B 6GAHKOBCKMUX CUCTEMAx OrpaHuyeHuns

noctyna K nHgopmatum [10];

e B Ka4ecTBe HOCUTENS NUYHBLIX CBEAEHWI
(ynocroBepeHus NUYHOCTW) B cneumani-
HbIX NOApa3neneHusx;

e B K24YeCTBE KN0Ya ANA HEKOTOpLIX cne-
LuanbHbIX TUNOB aBToMobunen n obopy-
[OBaHNS;

e B Kayecrse HOCUTENS CBEAEHWIN O Xapak-
TepUcTUKax n pecypce 0cobo HaaeXHbIX
nlpenui;

e B Ka4eCTBE HOCUTENSA AAHHBLIX O COCTOS-
HWN (PMHAHCOBOTO CHETAa («3NEeKTPOHHbIN
Kowenek») B cheuuanbHbIX cuctemax
3NEKTPOHHBIX pacyeTos [10];

e B 3NIEKTPOHHLIX CUCTEMAaxX onnarbl Npo-
e3pa B ropogckom tpaHcnopre [10];

e B pasfiMuHbiX CUCTEMAX aBToMaTM3ayum
[Nsi COXPaHEHWs1 HAaCTPOEK M NpoYent NH-
chopmarjym [11—18];

e B KayeCTBE KkNOYa B CUCTEMax 3NeKT-
POHHOIA 3aLMTLI NPOrPaMMHBIX NPOAYK-
ToB [19—21].

Ha Tepputopun ctpad CHI™ yctpoirctea
iButton Han6onee 4JacTto ncnonb3yercs B
Ka4yecTBe KNIoYEN 3aMKOB, YCTaHOBIIEHHbIX
B Noabe3gax, B HeKOTOpbIX CUCTBMax oOr-
paHnyeHmsa poctyna B NOMELLEHMs U B
3NEKTPOHHBIX CUCTEMAxX 3aluTtbl NpPo-
rpaMmHbIX NpoaykToB [22—24].

OpHako B psipe pervoHoB Bce GonbLuei
NoNyNAPHOCTLIO NONL3YTCA NOEN npume-
HeHusi Npubopoe iButton ana cospaHuA
3MEKTPOHHBIX CUCTEM y4eTa MHAMBUAYanb-
HOro pabo4ero BpeMeHW, Co3AaHnA aNeKT-
POHHLIX YAOCTOBEPEHWUA NUYHOCTK, & Tak-
Xe  «3NEeKTPOHHBIX  KOLUeSbKOB»  ANA
onnartkl, Hanpuvep, Npoesfa B ropoACcKoOM
TpaHcnopTe. Ona 3tux yenein no COOTHO-
LLeHUIO KavyecTBO/LieHa Hanboree NoaxoasT
nea npubopa iButton: DS1991 n DS1994.
Mepebii 3 HUX BbIGPaH, NOCKONbKY MMeeT
onepaTuBHyIO NamsTb € LIMPOBaHHEIM A0-
CTYNnoOM, a BTOpOI — TanMmep pearnbHoro
BpPEMEHU M CHETYUK LIMKNOB, YTO NO3BONS-
€T Nerko perncTpupoBars Bpemsi Npuxona
M yxoda, a Takxke Apyrue spemMeHHble na-
pameTpbl B PasnuyHbIX CUCTEMEX Yy4era
pa6oyero spemeHn. B ceasmn ¢ 3tum B pam-
Kax 3TOW CTaTbM OCHOBHOE BHUMaHue 6y-
JeT yaeneHo MMEHHO 3TMM ABYM Npubopam
iButton.

KpaTkoe onucaHnme
untepdenca Micro-LAN

Kak yxe ynomMmHanoch Bhille, UHTepdeic
Micro-LAN siBnsieTcs 0gHONPOBOAHBIM. 3TO
03Hay4aeT, 4TO BCE KOMaHAbl U AaHHbIe ne-
penatoTea No AByHanpasneHHon JnH1M AaH-
HbIX OTHOCUTENILHO OBLLEro NpoBoaa (3em-
nv) B nocrnefosarensHoM kope. lNockonbky
B UHTepdence He NPegyCMOTPEHO HUKaKNX
CUHXPOHU3UPYIOLLNX CUTHANOB, BCE KOMaH-
OBl U faHHble UMEKOT CTPOro pernamMeHT-
POBaHHLIA BpeMeHHON hopMar, Hecobnto-
OeHne KOTOpOoro NPUBOAUT K WUCKEXKEHWIO
nepefaBaeMbIX KoMaHg wnn AadHbix. 06
3TOM HaA0 BCErga NoMHUTL NPY HANUCaHUK
nognporpaMm-gpansepos.

B npotokone wnHtepdenca cywecteyer
TPU OCHOBHBIX BPEMEHHBIX LMKNa: LMK
MHALManM3auum (Mnn 06HapyXeHns), Lnkn
4yTeHust 6uTa n YuKn 3anucn 6ura. Kpome
3TOro B HekoTopblx Npuéopax iButton mo-
ryT BCTPETUTLCA AONONHUTESIbHbIE LIMKIIbI,
HanpuMmep pABa uMkna npepbiBaHUA B
iButton DS1994.

Mpexae 4em paccmarpuBaTh BpemMeHHbIe
XapakTepuCTUKN 3TUX LIUKNOB, OCTaHOBUM-
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Hapéxmbiit cTanbHoi KoHTeiHep

W EKTPOHHBIE KBUTAHLIAM FPAXAAH ANA CYRTUMKOB C MPEIONNaToi
B BeabymaxHnie HAKNAAHHE HA NEePeBO3UMBIX NPEe/IMETAX
8 3NEKTPOHHBIHA COOPOYHBIR AVCT HA KOHBEVIepe

" 3TH u APYTHE NIDHNOXEHHA WALANLHO BOMUIOLIANOTCS

CA KOPOTKO Ha annapaTtHom peanuaaun
uHTepdenca. Hanbonee npocTo annapart-
HbIA uHTepdpertc ¢ npnbopom iButton pea-
JU3YETCH Ha MUKPOKOHTponnepax (1 Apyrnx
MUKpPOCXEMaX), NMHUM BBOAE/BLIBOAA KOTO-
pbiX MOTyT paboTaTb B PEXUME OTKPLITOro
croka (open drain), Hanpumep MMKPOKOHT-
ponnepax ¢upmbl Cygnal [25]. B stom cny-
4yae OOCTaTOYHO BHIGPAHHYIO 1A NOAKNO-
YeHus k nNpubopy iButton nuhuio nopra
BBOAA/BLIBOAA NEpeHacTpouTL B 3TO COCTO-
FHUE WM NOAKNIOYUTE K NONOXUTENBHOMY
BbLIBOQly MCTOYHWUKE MUTEHUA 4Epe3 pesuc-
TOp € PEKOMEHOOBaHHBIM  HOMWUHANOM
5,1 kOm [26]. Bonee cnoxHo peanuayercs
annapartHbiit HTepdenc Ha TTL MUKPOKOH-
Tponnepax uin mukpocxemax. B arom cny-
Yae HeobXoAMMO UCMONb30BaTL ABE NUHUN
nopToB BBOAA/BLIBOAA, ABa pe3ucropa n
TpaHaucTop. EctecTBeHHO, 4TO MOXHO Npu-
Oymatb 1 Apyrvue BapuaHTbl peanm3aumm uH-
Tepgenca.

Livkn uHuymanuaayum (o6HapyXeHus)
ABNAETCA Ha4yanbHbLIM LUKNOM JII060ro nH-
dopmaumoHHoro obmeHa ¢ npubopamu
iButton. B aTtom uukne eepyuiee yctpon-
CTBO ONpawmBaeT NUHWIO, onpeaenss Npu-

e €
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npubopamu iButton
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Puc. 2

CyTCTBUE Ha HeW OQHOrO WM HECKONbKNX
npubopoe iButton. Linkn nhnumanuaaunm
BCerga HauuHaeTca B nojaun Bedyuvm
YCTPOCTBOM (MUKPOKOHTPOSIEPOM) HU3-
KOrO FMOTU4ECKOrO YPOBHSA («OTpULIATESbHO-
ro» UMMyNbca) ANUTENbHOCTBIO HE MeHee
480 mke. CneflyeT OTMETUTb, YTO BHYTPEH-
HAR EeMKOCTb 6GOMbIMHCTBA  NPUGOPOB
iButton npumMepHo cooTeeTcTBYeT 800 N,
a HomuHan peanctopa (5,1 kOm) BeibpaH 13
Tex coOBpaXeHw, 4TO Mpy NOMKIIKHEeHUN
npw6opa iButton 3a Bpems 3apsaa BHYTPeH-
Hero KoHAeHcaTopa Ha HeM (hopmMupyeTcs
HWU3KUIA FIOTUHECKWIA YPOBEHD («OTpULIaTENb-
HbIA» UMMYFbC), COOTBETCTBYIOLLIMIA MO ANn-
TenbHOCTW UMMyFbey MHLmanuaaLm. Cur-
Han WHALManM3auumm wunu  obHapyXeHus
[OCTATO4HO HAaCTO Ha3blBAKT WUMMYNbCOM
cbpoca. [locne noceinkn curHana vHulma-
nu3auun (06HapyxeHus) BepyLLee YCTpon-
CTBO NepeEoauT NUHWIO Ha npuem. Ecnn K
AVHUM NOAKMoseH Npubop iButton, oH 06-
Hapy»UWBaeT OTpULATENbHBIA UMNYFBC AJTA-
TenbLHOCTLIO Bonee 480 MKC (HENOOKIIKO4YEeH-
HbI Npubop iButton cunTaer, 4TO y Hero
Ha FIMHUN NPUCYTCTBYET ANUTENBHBIA OTPW-
LarenbHbIA UMNYABC) U nocne nayabl ou-
TenbHOCTBLIO OT 15 0o 60 MKC Bblpabarbi-
BAET HYNEBOW («OTPULIATENbHBIA») UMMYFILC
OMnoO3HaBaHUA LOJMTENBHOCTBID OT 60 fo
240 Mkc. 3TOT UMNyNbC BOCMPUHUMAETCA
BeayLLMM YCTPOUCTBOM U cooBLiaeT emy O
TOM, 4TO Ha IMHWA MPUCYTCTBYET KaK Mu-
HUMYM ofivH npubop iButton (TouHee roBo-
PA, KaK MUHUMYM OfUH NMPUBOP C MHTEPEN-
com Micro-LAN). CriegyeT cpasy OTMETUTD,
4TO O4EHb 4ACTO OnyckKaeTca TpebosaHne o
TOM, YTO CREOYOLLMA LMK MOXET HavaTb-
€A He paHHee, Yem uYepe3 480 MKc nocne 3a-
BEPLUIEHUA UMMyNbCa CBpOca UKW He paH-
Hee, 4em yepe3 180 MKC nocne 3aseplieHna
UMMyfbCa OMO3HABAHWA N NEpexofa JIMHUA
B BblCOKOE Fnornyeckoe coctoshne. C opy-
rO CTOPOHBI, BAXHO OTMETWTb, YTO WHTEp-
Banbl MexAy UMKnamu (MHvuuannsauiu,
YTEHWA UMW 3armcK 6uta) MoryT BbiTb Kak
yrogHo 6onbwimmn. Tunoeasi BpeMeHHas
AuarpaMma LyKna nHumannsagymmn noxkasa-
Ha Ha puc. 2, a.

f 4]

Livknbl 3anmcn Y 4TeHus 6UTOB 0BbIMHO
VMEIOT OMpefenerHYI0 [NUTEfNBHOCTb, Ha3bl-
BaEeMy0 BPEMEHEM CFlOTa W BPEMEHHBIM
cerMeHTom. [nuTensHOCTb cnota O6blMHO
BbiBUpaeTca pasHon 60 MKC 1 MOXET Haxo-
LOUTLCA B vHTEpBarie ot 60 go 120 Mkc. Kax-
ObliA CAOT 4TEHUA WAW 3aMKUCK HaqumHaeTcs
€ NEPEKSIIHEHNA YPOBHSA CUrHAMBHON NIMHWM
C BbICOKOIO Ha HU3KWIA NIOTMHECKMIA YPOBEHD
(oTpMLaTensHOro hpoHTA), MHULIMMPOBaHHO-
ro BegyLUMM YCTPOWCTBOM.

BaxHo OTMETWUTL, YTO BO BCEX ceaHcax
obmeHa (nepefaqax komang wnu J[aHHbIX)
6anTbl BCcerga nepefarTcs HauvHaa C
Mrafilero paspsga.

3anuck 1 B npubop iButton 3aknioyaert-
cA B (QOPMUPOBaHVW BefyLM YCTPOW-
CTBOM Ha CWUrHarnbHON SIMHWA HU3KOrO 10-
MMHECKOro YPOBHA ANUTENBHOCTBIO OT 1 A0
15 MKC, a 3aTeM BOCCTaHOBNEHWUA NWHUA B
BbICOKOE FIOFMHECKOE COCTOSAHWE Ha Bpems,
ocTaeleecs [0 3aBepLieHus BbiBpaHHON
AnuTenbHOCTU BpeMenn cnota. [pn 3Tom
iButton onpefiensieT COCTORHUE CUMHATbHOM
NVHAM B WHTepBarne oT 8-i1 Ao 15-n mke
cnora. 3anucek 0 B npubop iButton 3aknio-
vaeTcA B (popMMpOBaHUN BeEOyLUUM YCT-
POMCTBOM Ha CUrHaNbHOW MMHUM HU3KOTO
FIOTM4ECKOTO YPOBHA ANUTENBHOCTBIO, Kak
MWHUMYM Ha 1 MKC MeHblle ANUTENbHOC-
™ cnota. BpemeHHble auarpammbl CAOTOB
3anMcn eOuHULILE U HYNA NpyBefeHbl Ha
pvc. 2, 6. OnucaxHble Bbile LWKITbI 3anu-
e 0 unn 1 NOBTOPAKOTCA ANA KaXAoro ne-
penasaemoro 6ura. BaxHo OTMETUTb, HTO
nocrne Kaxmaoro cnora Heob6xoavma naysa
L1 BOCCTAHOBNEHUA ANWUTENbHOCTBIO He
MeHee 1 MKC, HO MakcuMarnbHaa aauTenb-
HOCTb May3bl HE OFOBOPEHa U MOXET GbiTb
HEOrpaHU4EHHO GOMNBLLION.

Yrenne 6uta npubopa iButton HaunHa-
€TCA C CYHXPOHU3VPYIOLLEro curHana Be-
LYLIEro YCTpoWcTBa ANWUTENbHOCTBIO OT 1
o 15 mkc. focne aToro Begyulee ycTpoit-
CTBO OCBOGOXIAET NMHWIO W Mepexogut B
coctosHue npuema. [lanee cocrosiHve nn-
HUW OMPELENSIETCA BEOOMBIM YCTPOVCTBOM,
T. e. npubopoM iButtor. Befyllee ycTpow-
CTBO [OMXHO NMpoaHanu3npoBarb COCTOS-
HWE FIMHWUA B WHTepBane OT 3aBeplLueHus
CTPOBMpYIOLLEro  UMNynbca  (nepemHero
¢porTa) fo 15 mkc. OnTumaneHas anv-
TENbHOCTb CUHXPOHN3VPYIOLLEro UMMyrbca
BefdyLLero ycrpouctea — 5 MKC, onTuMarb-
HOE BpPEMSA YTEHWS COCTOSIHWA JIMHWK, On-
pernensiemoro BEOMBIM nNpu6opoM
iButton — 8 mkc. CpepHee BpeMa yaepxa-
HWA curHana npwéopom iButton coctaens-
eT npumepHo 45 mkc. Bepomoe ycTpon-
¢tBO, T. e. iButton, nepenaer BbICOKUM
FIOTMHECKUM YPOBHEM 6UT JoT. 1, @ HA3KUM
FIOrM4ECKUM YpOBHEM — 6UT fior. 0.

Kak y»Xe ynomMuHanocb Bbllle, Kpome
OCHOBHbIX LUKFIOB WHALMannM3auum, Yre-
HUA M 3anucy, HeKoTopble MPUBOpLI
iButton moryt uMeTb [JOMNOMHUTESfbHbIE
uvksbl. MpyMepom MOryT 6biTb OB2 LVIK-
na npepbiBaHuii, rexepupyemele iButton
DS1994 [27]. Livknbl npepbiBAHUA O4E€Hb
MOXOXW Ha LMKN nHuunanusayun. fNpw pa-
60oTe ¢ npubopamn, KOTOpble CNOCOGHBI
reHepupoBatb LKA MpepbiBaHWs, 1a U B
ocTanbHbIX CRy4asx s obecneveHns co-
BMECTUMOCTWN PEKOMEHYETCA WUMMYNbC
c6poca, reHepypyembIiA BEQYLLIUM YCTPO-
CTBOM, OrpaHuumMBarb No AAUTENbHOCTU
BenMunHON 960 MKC.

Mpogomxexve cnenyet

Oner Hvikonawnuyk,
onic@ch.moldpac.md
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NPOCTO U fOCTYNHO

KomnbroTepHoe cxemoTrexHuuyeckoe
MOAENMPOBAHME INEKTPOHHbIX

YCTPOMCTB

MonHoe okHo nporpammbl MC nokazawo
Ha puc. 7, Npuyem Ha paboyee none ofHo-
KpaThbiM Haxatwem JIKM Ha Hagnucb
Component B BepxHe# CTPOKE CUCTEMHOIO
MEHIO C NOCNEeNyoLLMM NEPEMELLIEHUEM KyP-
copa no Hapnucam Analog Primitives (aHa-
noroebie NpuMMTUBDLE)>Passive Components
(naccuBHbIE KOMNOHEHTBI) BbIZBAHO HUCTA-
JawLiee MeHio OnA Bbibopa pesvcTopos,
KOHIEHCATOPOB U OpYrUX 3eMEHTOB.

MHorve npuembl «MOHTaxa» BUPTyasnb-
HbIX CXEM-MOfENer B paccMaTpuBaeMbix
nporpaMmax COBNajaloT UM UMEIOT Hecy-
LecTBeHHble pa3nuumnna. OfHO Xe 13 OCHOB-
HbIX OTIMYMIA CBA3EHO C BbIBOLOM PEe3yrib-
TaToB MOfEenvpoBaHus; B nporpamme EWB
3TO NOKA3aHUS CXEMHBIX BUPTYaNbHbIX NPU-
6opos, a B nporpamme MC — TpagvumoH-
Hble FpagwKu MMM Yucna, NoKasbiBagMble
HEMnocpencTBeHHO Ha cxeme. (KoHewHo, B
ofemx nporpaMMax MMEKTCH BO3MOXHOCTU
BbIBOfja NMMCTMHIOB Pe3ynkTaToB MOAENUpo-
BaHWA, HO 3TO, KaK rOBOPUTCA, COBCEM MHaA
nechs). Kpome Toro, 8 nporpamme MC or-
cytcTeytoT VIO psfia KOMNOHEHTOB, O6bi-
HO NPUMEHSEMbIX Ha NPUHUMIMANBHBIX CXe-
Max (namnbl, NPEAOXpaHUTENM U T. .), U
npu co3AanuMmM MOAEnen Ons HAX Haao cpa-
3y NepexofuTb K CXeMaMm 3aMetlenus (3K-
BMBANEHTHbIM CXEMaM), COCTaBIIfieMbiM U3
6MBNMMOTEYHbIX MOgynen unu paspabarbl-
BaTb CreumanbHyld MakpoMOLerb.

LOna cospanma HOBOro chamna OTKpbiBa-
eM OCHOBHOE paboyee OKHO NPOrpamMMbi
(puc. 7) v HaxuMaeMm B HeM Ha KHOMKY New
(HoBbI) unu ¢ knasuaTypbl Ctri+N. 3atem
B NOSBMBLUEMCA HMCNAAAOLLEM MEHIO
(puc. 8) BriGupaem onumio Schematic (cxe-
Mbl). Bo BHOBb OTKpLITOM paboyem OkHe
HaBOIMM KypcOp Ha KHOFMKY C m3o6paxe-

HUEM CTPENKM ' k Select Mode (BbiGop

o6bekTa) M Haxumaem JIKM. Mopsoaum
CTpernKy-Kypcop K NUKTorpamMme ¢ n3obpa-

XEHUEM ranbBaHu4eckon GaTapeu l-ﬁ—‘
Battery v Haxumaem JIKM. 3atem, ornyc-

"Ele ES Lomgoned Windows Oplons &nekes Qeogn
DEWEHSR -

Br o pmtmn g B b+ 6 BOBOT R PG

TUB KHOMKY MbILLK, NEPEBOAVUM Kypcop Ha
pa6oyee none, Ha 3KpaHe BO3HUKAET rpa-
dmyeckui cumBon 6Gatapeun. Haxvmaem
JIKM 1 B nosiBuBLLEMCs OkHe (puc. 9) Ha-
6upaem B okowke Value 12 (3navenmne 30C
B BorbTax), a B okowke Part (Mo3vumow-
Hoe 0603HayeHue 3nemMeHTa CXembl) Mpo-
ctaensem E1. Haxumaem OK, nepesofvm
Kypcop k kHonke Select Mode u Haxuma-
em JIKM.

Coser (MC). He sabbiBasite kaxabii pas3
rocne BbiIGopa Y PenaKTUPOBaHUS OYEpen-
HOIO KOMIMOHEHTA NEPEK/IIo4aTbCs B PEXUM
Select Mode (storo He Hano penarb TOMbKO
B OHOM Crly4ae — npu Bbibope O[HOTUITHO-
ro ¢ npeabinyLLMM KOMIoHeHTa). Ecim s10-
ro He caenartb, TO MOXHO BCe paboyee none
MOKPbITb OAUHAKOBBIMY KOMITOHEHTamMu, OT
KOTOPbLIX TPYOHO ocBob60AuTLCA. [pas-
Aa, B otvame ot EWB, B nporpamme
MC ecrts onepayus Undo (oTMmera),
r103BOsIsIOLLas BHOCUTL UCTIPABIIEHUSA
Ha xomy. Kpome TOro, sToT pexum
MOXHO U3MEHUTb, BOMOA B MEHIO
Options (o) obLLmX HACTPOEK Mpo-
rpammbl Preferences (npegnoytexusi),
HO 3TO JIyHLUE BbIMOMHATL YXE Npu-
BbIKHYB K MPOrpamMme.

NPOTVUBEHNEM COEOMHUTENbHBIX NPOBOLOB
noka NpeHe6peXXeM U Torfa OCTaeTcs TOMbKO
yH4eCTb COMPOTUBNEHME Namnbl, KOTOPOe fer-
KO HaxofmTcs (On\ YCTaHOBMBLLIENOCH HOMM-
HAMBHOIO PEXMMA) M0 €8 HOMUHANTBEHOMY Ha-
npsoxkermo 12 B u mowHoctm 5 BT

R2 = 122/5 = 28,8 Om.

AHanorvyHo npepbioyilemMy Bbibupaem
DBa pe3ucTopa, BOCMOMb30BaBLUMCH NUK-
TOrPaMMON C COOTBETCTBYIOLLMM MU306pa-
XEHUEM B CAMOM BEpPXHEM prfy naHenu

VHCTPYMEHTOB l-v-! Resistor.

Coset (MC). O6parure BHUMaHue Ha 10,
410 B nporpamme MC uzobpaxeHuve 3ur-
3aroobpasHosl «3MEUKU» BbINOTHEHO Ha
TPEX pasHbIX KHOMKAX: BbIOOP KOMITOHEH-
18, BLIOOP peaucTopa u Mo3uLMOoHHbIE 060-
3HayeHusi. ITOT XEe CUMBOJT UCTONb30BAH
L7151 YCIIOBHOIO rpaghu+4eckoro 0603Hayqe-
HUS PE3UCTOPOB Ha CXemax npy pabote B
cravpgapre ANSI.

IOns pe3aucTopoB B COOTBETCTBYIOLLMX
OKHax NpoCcTaBnfeM No3vuUMoHHbIE 0603Ha-

foarms - - - oo

o ree . Armon o |
" -
F Pin btaikon T Pinriames T PloNenbgs ¥ Carurt ¥ Poam  Condkon 31

P |

f oo

Puc. 9

Barapeeii E1, kak 1 paHee, Mbl CMO-
[ervpoBanu  akkyMynaTop, He WMEoLLMn
BHYTPEHHErO conpoTtuenenus. Terepb npes-
NONOXUM, HTO aKKYMYTATOP MMEET HEKOTOpoe
BHyTpeHHee conpotvenenue R1 = 0,2 Om. Co-

=

Help... ’

Puc. 8
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yenus R1 v R2, a Takxe wvx napamertpbl
(3HaveHun cCOMPOTMBIEHUMA B OMax), pas-
Hble cooTBercTBenHo 0,2 u 28,8, Tak, Kak
3TO NokaszaHo Ans npumepa Ha puc. 10.

Coser (MC v EWB). He 3a6biBarite, 410
npy Habope RECATUYHBIX Apobeyi B pabo-
4eM nofie Nporpamm 06si3aTesibHO Hafo
MUCNONb30BaTh PAa3fesIUTesIbHYIO TOYKY, a
He 3ansTyro, Hanpumep 0.2 u 28.8.

Mpouenypy BbiGopa nNepeYncrieHHbiX
BbllLle KOMMNOHEHTOB MOXHO TaKXe MpoBe-
CTH, Crneflys CTPOKaMm TEKCTOBBLIX MEHIO.
Tak, ecnu Haxatb JIKM Ha Hagnucb
Resistor 1 nepeesecTu Kypcop Ha pabodvee
none, To Ha Hem BO3HMKHET YIO peaucto-
pa, nanee cnepyet NOBTOPUTL 3a4aHue ero
CBOWCTB, Kak 3TO ONUCaHO BbiLLe.

Ona npuaanvs BbiGpPaHHbIM KOMMOHEH-
Tam HeO6GXOAMMOW NPOCTPAHCTBEHHOWU OpK-
eHTaumm Haxumaem JIKM Ha ero VIO u,
HE OTFyCKas ee, BpaliaeM KOMIMOHEHT,
Lenkas no nNpaBoW KHOMke [0 Tex nop,
fnoKa 3MeMeHT He NPUMET HeoBXOAMMYIo
opueHTaumio. TekcToBble NOMETKU MO3ULIM-
OHHOIO 0603HayeHUss U HOMUHAana nocne
3TOr0 6YKCUPOBKOW CTABAT Ha HY>XHOE Me-
cto. [Janee 6ykcupyem Kaxfbii KOMO-
HEHT, pacnonaras MX Ha HyXHbIX MecTax.

Bbiknioqatens B aHHOW NporpamMme HeT
(oH NpefyCMOTPEH TOMBKO AR LMAPOBbIX
CXeM) M 3af1aHue pexuma paboTbl NPoso-
IuTcs B npouecce Bbibopa pexvMa mope-
NVPOBaHUSA (CM. HWXKE), TaK YTO TEnepb BCe
HY)XXHbIE 37IEMEHTbl Ha MeCTe M OCTaeTCs
TOMbKO COEAMHUTL MX NPOBOAHMKAMU.
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ananvsa nepexofHbix NPOLEeCcoB —
Transient Analysis Limits (puc. 13)
neuataem B okowke Time Range
(vHTepean Bpemeny) 1m (1. e. 1 mc).
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Puc. 10

C6opka cxeM u ux rpadvueckoe pefak-
TUpoBaHve B nporpamme MC Heckonbko
cnoxwdee, Yem B EWB. Haxumaem Ha nvk-

TOrpammy l’LI Orthogonal Wire (optoro-

HanbHbIe NPOBOOHWKM) U COoeavHAEM Mpo-
BOLAHMKAM¥ COOTBETCTBYIOLLME BbLIBOObI
komnoHeHToB (puc. 11). Bosepatlaemcs B
pexum Select Mode.

Ina npoBegerna MogenvpoBaHva B Npo-
rpamme MC Heo6xooumMo coepguHWTL Lenb
¢ obwum nNpoeBogoM. Beibupaem nopknio-
YeHve K HEMy HaXKaTuem Ha NUKTorpammy

+ I Ground v nogeogum YIO K otpyya-

TensHOMy nortocy 6arapen, Kak 3To 1 no-
kasaHo Ha pwc. 11.

HaxvmaeM Ha NUKTOrpammy [5’34!

Displays node numbers (0603Hauerus y3-
OB Ha CXeme). ITUM OCYLLECTBISETCA NPo-
BEpKa LenoCTHOCTY COeanHeHwn B CobpaH-
HOW cxeMe. BbiBofibl, CBA3AHHBIE C OBLLMM
npoBofioMm, He HymepytoTcs. lNMocne aToi
npoledypbt Nerko 06HapyXu1BaKOTCA NULL-
Hue yansl. (30ecb HAafo OTMETUTH, YTO
Y3nbl B MALUMHHBIX CXEMOTEXHUHYECKMX pac-
YyeTax NOHUMAaKOTCA B OGOBLLEHHOM CMbIC-
ne: TOMKa, B KOTOPOW COEOMHAIOTCA faxe
0Ba KOMMOHEHTA, & He TONbKO Tpu Bonee,
KaK OBbIHHO NPYHVIMAIOT B PYHHBIX pacqe-
Tax, TOXe cuvTaeTcn yanom. B To xe Bpe-
Ms NI0B0e HUCIO TOHEK COEQVHEHWUs pas-
NVYHBIX KOMMOHEHTOB C OOHVM U TEM e
voeansHbiM MNPOBOOHWKOM CHUTAETCA B
pacyeTax ogHuM y3nom). B AaHHON cxeme
Npy NpaBuIbHOM COEOVIHEHUW BO3HVIKAIOT
B2 HYMepoBaHHbIX y3na (cm. puc. 12).
Ecnu okaszanocb, 4TO CXema COQEepPXMT
owwmbkn, TO BbIOENAs COOTBETCTBYIOLINE
KOMIMOHEHTbI, YAANAsA MX HaXKaThem Ha Kna-
suly Delete v poctpaneas 3aHOBO, MOX-
HO OoBUTLCA HeoOXoaVMOW (hOpMbl U CO-
nepxanva. OTgenbHble OpPTOroHanbHbIe
4aCT¥ NPOBOOHUKOB Takxe yOansaioTces
uwienykom no HuMm JIKM ¢ nocrnegytomm
Haxartvem Delete.

Mepexoovm Kk mopenvposanuto. [lpu
aHanuse paccmarpvisaeMon Lieny NOCTOsH-
HOIO TOKa OHO BbINONMHAETCH CrELyHOLLUM
o6paszom.

Haxvmaem Ha knasuatype Alt+1. B no-
SBMBLLEMCH OKHE YC-

B OByX HWXHWX CTPOYKax nevaraem
B COOTBETCTBYIOLLYMX KIETKAX HOMEP
kpvBoW (P) — 1, Bpems (Bbipaxexue
aprymeHta X) — T, Hanpaxenwe
y3na (BblpaxeHvie yHkuuyn Y) —
V(1) » aHanorm4yHo [nA BTOpPOro
y3na (cm. puc. 13). Beibupaem Tak-
Xe aBTolkany 3uaveHni X Range n Y
Range, oTMeTUB «MTUYKON» OKOLLKO Auto
Scale Range. OctanbHble ycTaHOBKM Npy-
HUMAeM MO YMOMYAHWIO N HAXVIMaeM Ha
knaevarype F3. Ha akpane cHoBa BO3HW-
KaeT panee HabpaHHas cxema (puc. 12).

Haxvmaem Ha nukTorpammy !'ﬁ [ Node

Voltages (y3nosble Hanpsxerva). Ha cxeme
(puc. 14) B no3vumax ¢ HOMepamu y3rnos
BO3HVIKEET YMCIIEHHOE 3HAYEHUE Hanpshe-
HWUIA y3MOB CXEMbl OTHOCWUTENLHO O6LUEero
NpoBOAa, HANPSXEHNE KOTOPOro MNPUHATO
paBHLIM HyMO, 3anucaHHbie B hopMare:
(Ne yana, pBoeTouve, Hanpsxenve). B nax-
HoM cnydae — (1:12) mn (2:11.917). Takum
06pa3oM Mbl BULOUM, HYTO HanpskeHne Ha
ramMne 34eCb HECKOJNIbKO MEHbLUE 33 CYeT
€ro nNageHus Ha BHYTPEHHEM COMNpOTUBME-
HUN VICTOMHVIKA NUTaHus.

[anee HaXxVMaeM Ha NVKTOrPaMMy l;"._ .

Currents (Toku). Ha cxeme (puc. 15) Bo3Hu-
KaeT CTPErka HanpasneHua TOKa 1 ero 4nc-
neHHoe 3HaYeHVe B NPSIMOYTONBHON paMKe:
413793 m, 1. e. 413,793 MA.

Hakorel, Haxae Ha COCefHIOI crpasa

)

NUKTOrpammy "_},_ Power (MOWHOCTL), y3-

Haem crefytoLive MOLLHOCTH, NOKasaHHble
Ha puc. 16 MOLHOCTb, OTHABaemyto uae-
anbHbIM reHepatopoM (generator) Hanpaxe-
HMA — pg = 4.966 = 4,966 BT, mMOLHOCTb
paccesHus (dissipation) pd BHyTpY UCTOUHW-
Ka (MOyLylo Ha HarpeB akkymynaropa) —
34.245 m = 0,034245 Bt 1 MOLHOCTb, VAY-
LYI0 Ha Hakan HuTu namnel — 4.931, 1. e.
4,931 Br.

ConocTaenss YnCNeHHbIE pesynbTaThl,
nony4eHHsle 30ecb v B NpepblayLLein va-

R1
0.2
R2
() l 28.8
E1
12

Puc. 12
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Puc. 14
R2
288
413.793m
Puc. 15

Puc. 16

CT¥ cTaTby, BUOUM uX HeGONbLUOE pac-
XOX[eHue, CBA3aHHOE C TEM, HYTO B MOC-
negHey MOLENY Mbl YNy BHYTpEHHee CO-
npoTvBnenne akkymynstopa. Ecnv B
Moferb, NOKa3aHHyto Ha puc. 6, BKIOHYUTL
Takoe >Xe BHyTpeHHee CONpOTUBIEHVE
vnuv, HanNpoTuBe, B cxeme Ha puc. 11 npu-
HAaTL R1 = 0, TO pesynbTatbl MOGENUPO-
BaHVA OOMHAKOBBLIX CXeM B o6eux npo-
rpammax, 6e3ycrnosHo, COBNapyT.

lponorxenue crepyer

leHpux Kappawes,
Gkardashev @ Yandex.ru
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