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OMOLWbIO KOHOUTYPUPYEMDIX
TMYECKX AYEEK

MAHY BEHKATEFAYAA (MANU VENKATEGOWDA), nHxeHep no npunoxeHusam, Microchip Technology

B cmameoe onucbieaemcs, Kak ¢ NOMOWblo KOHpU2ypupyembix 102udecKux syeek
ynpocmume peanu3ayuio CJI0XHbIX PyHKYUL 8 MUKPOKOHMpoJsiepe.

WNHorpa npocTble pelweHna oYeHb
BbIFrOAHbI. BONBIWNHCTBY NPUNOXKEHNN,
B KOTOPbIX MPUMEHATCA BCTPanBaemble
cucTemsl, TpebyeTca peannsoBaTb Npo-
XOXAeHe MHOXeCTBa CUrHanoB unm
nornyeckoe ynpasneHue. B Takux cnyya-
AX Ha NNaTbl yCTaHaBNMBAKOTCA CNOXKHble
nornyeckue 6n1oKkn. BosHnKaeT 3aKoHO-
MepHOe XeflaHne ynpocTUTb pelleHne
3Toi 3apaumn. OHa peluaeTca C MOMOLLbIO
MUKPOKOHTPOSNEPOB € PYHKLUMOHANbHO
rmbkon nepudepmein, KOTopas BbINONHA-
eT GyHKLUYM, BOCTPEOOBAHHbBIE B CIOMKHDBIX
NPUNOXKEHMNAX.

Peub npet o KOHGUrypupyembix noru-
yeckmx aveiikax (Configurable Logic Cell,
CLC) B cocTaBe nepudepuniiHbIX yCTPONCTB
MUKPOKOHTponnepos PIC oT KomnaHumn
Microchip. C nomoLubto 3TuX AYeek, No3Bo-
NIALWNX peann3oBaTb NPoCToln nHTepdeinc
C MUKPOKOHTpPOJJIepOM, onpeaenanTca
KOM6UHaLMM CUFHaNoB, NOCTYNaloWmx
Ha BXOJ AuYeeK, N OpraHm3yeTca BbIXofd-
HOW NOrMYecKnin CUrHan ana ynpasneHna
ApyrMmn neprdepuiiHbIMm yCTPOMCTBaMm
1 nopTamu BBOAa-BblBOAA.

KoHourypupyemble nornyeckue ayei-
K1 nopaepxusatotca KOHGUrypatopom
MPLAB Code Configurator (MCC). 3Ta
cpefia No3BoNAeT C nomolblo rpadurye-
CKOro UHTepdelica nonb3oBaTensa Nerko
nepemellatb IOFMYeCcKne 3neMeHThl,
coeauHaoLWMe BXOAbI U BbIXOAbI, U FeHe-
pupoBaTtb C1-KOA OAHMM LLETYKOM MbILLN,
UTO 3HAUMTENIbHO YNPOoLIaeT peanvsauno
CLC-mopynei.

He 3aBucAwpe ot agpa nepudepuitHbie
ycTtpoictaa (Core Independent Peripheral,
CIP) BbInonHAT cBon GYHKLMK, HE CNOJb-
3yA JOMONHNTENbHOIO Kofa 1 He npuberas
k nomowy LiM. KoHdurypupyemble normnye-
CKMe AYENKN OTHOCATCA MMEHHO K Takomn
nepudepuu, YTo ynpoLliaet peannsauuto
CNOXHbIX CUCTEM YNPABNEHNA U B TO Xe
BpeMA HaMHOro nosblwaeT rnbKocTb
NMPOEKTHbIX PelleHnin, a TakxKe pasrpy-
»aet LM, nosbiwan npon3BoanTeNbHOCTb
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MUKPOKOHTponsiepa. Mbl MOKaXeM, Kak 3Tn
AYEKN NPUMEHAIOTCA ANA onpeaeneHuns
¢basbl CMTrHaNoB, reHepauny KoMnaeMeH-
TapHbIX CUTHANOB U MOHUTOPWUHIA MHOTUX
APYrvx napameTpoB B cucteme. MoxHo
CMeno yTBep>KAaTb, YTO BO3MOXKHOCTU
CLC-mopyneir, o6ecneunsatownx paboty
C BXOZHbIMM, MYCKOBLIMMN U BbIXOLHbIMU
cUrHanamu, 6e3rpaHunyHbl.

KPATKOE ONMUCAHME CLC-AMEEK

CLC-avenka — KOHUryprpyemoe nosb-
30BaTenem neprdepuintHoe yCTpONCTBO,
CX0Xee C NnporpammMmpyembim jornye-
CKMM yCTponcTBoM (programmable logic
device, PLD), HO BCTPOEHHOE B MUKPOKOH-
Tponnep. BHyTpeHHMe 1 BHeLIHWE CUrHabI
OT APYrMX NnepnpepunHbIX yCTPONCTB namn
C BXOJ[la MOXHO NPeACTaBUTb Kak BXOAHbIe
JaHHble, nocTynawwue B KoHGUrypupye-
MYI0 OrMYecKylo AYenky. luernka sbinon-
HAET Tpebyemyto IornyecKyto onepaumo
1 BblAaeT BbIXOQHOW CUTHaN, KOTOPbIN
NCNosib3yeTca ANA ynpaBneHna gpyrumm
nepudepunHbLIMK yCTPOCTBAMU UNN APY-
rMMu NopTamu BBOAa-BbIBOAA.

KoHdurypmpyemas normueckas sueiika
MOXeT NPUHMMATb CUrHaNbl OT BHYTPEH-
Hero reHepaTopa TakTOBbIX MMMYNbCOB,
BbIXOZHbIe CUTHasbl C 4pyrux nepudepuin-
HbIX YCTPOWCTB, B T. Y. OT Taimepa. Onpepge-
JIeHHble CUTHanbl aapecyloTcA 3afaHHON
Nlornyeckon GyHKUMM yepes TakTupyemble
BEHTMN.

CLC-avelika nopaepKrBaeT Takme foru-
yeckne ¢yHkumm kak AND, OR, NOT, XOR,
NAND, NOR n XNOR. TakTupyemble BXxoa-
Hble CrHanbl MOCTYNAIOT Ha BXOA AYENKU,
peanusyiouleil Tpebyemyto normyeckyto
byHKUMI0. BbIXOAHOW KacKkaa Aueinkn onpe-
fenAeT NoNAPHOCTb BbIXOQHOrO CUrHana.

CLC-auenkmn ncnonb3ylotca Kak aBTo-
HOMHble nepudepuritHble YyCTPONCTBa ANA
peanu3aunm nooyepeaHbix 1 KOMOUHaLUW-
OHHBbIX JIOFUYecKux GyHKLUNR, 4To ynpo-
waeT cpabaTbiBaHe TPUITEPOB COOLITUA
N yMeHbllaeT BpemA oTKnuka. Kpome

TOrO, 3TU AYENKN NPUMEHAIOTCA C APYrUMMN
nepudepuinHbIMN YCTPONCTBaMM, paclum-
pAA BO3MOXHOCTY peanu3alnm 3akasHbix
CUCTEM CO CIOXKHbIM GYHKLMOHANOM.

KoHourypupyemble nornyeckue ayein-
K1 NO3BONAIOT 3HAUUTESIbHO CMATYUTb Tpe-
60BaHNA NPUSTOXKEHUA K LWNPUHE NOOChI
nponyckaHua LM 3a cueTt ncknoyeHma
Heob6XOANMOCTM B UCNONb30BaHUN pecyp-
COB 3TOrO Mpoueccopa Ansa peanvsaymm
MHOXeCTBa iornyeckux GyHkuuin. Kpome
Toro, CLC-Aueinkn ymeHblualoT noTpeb-
HocTu BO dnaw-namatn n O3Y 6narogaps
TOMY, UTO He TpebyIoT NporpaMmMHo-pea-
NN30BaHHbIX aITOPUTMOB.

AnnapaTHo peanv3oBaHHble nornyeckre
DYHKLMM YCKOPAIOT peaKkLumnio Ha cobbITuA
Mo CpaBHEHMIO C UCMONb30BaHNEM NPO-
rpPaMMHO peann3oBaHHbIX NOrNYeCKnx
dyHKumn. Kpome Toro, CLC-Avelikn nopaep-
XKMBalOT BbICOKOYPOBHEBYIO MHTErpauuio,
LNA OCYLEeCTBNEHWA KOTOPOI He TpebyloT-
CA BHELWIHME KOMMOHEHTbI, YTO YMeHbLUaeT
obLwme pasmepbl NeYaTHOM NnaTbl.

®A30BbI/ AETEKTOP

YHuBepcanbHble GyHKUUN 1 NPOCTO-
Ta ncnonb3zosaHna CLC-Ayeek pacwu-
pAeT BO3MOXHOCTW MPOEKTUPOBaHMUA
C NCMONb30BaHNEM MUKPOKOHTpoOJIe-
pos PIC. B KauecTBe npumepa, KOTOpbIi
HarnAgHO AeMOHCTPUPYeET BO3MOXHOCTA
KOHOUTypupyembIx IOrMyeckunx aveek,
aBnaetca GyHKUmMA Ga3oBoro getekropa.
TO YCTPOWNCTBO NPUMEHAETCA BO MHOTUX
NPUNOXKEHNAX, B T.Y. B CUCTEMAX ANCTaHUN-
OHHOro n3mepeHua. MpuHLMN ero paboTbl
OCHOBaH Ha TOM, YTO PacCTOAHNE, KOTOPOoe
npoxoaut PY-curHan go sagaHHoro o6b-
€KTa, MPAMO NPOMnopLMoHanbHO ¢pasoBomMy
CABUTY MeXJy nepefaHHOn U NPUHATON
sBonHamu. CLC-Aaueika ucnonb3syertca ana
n3MepeHna pasHoCTU ¢pa3 mexay ABYMA
CUrHanamm oguHaKkoBowm YyacToTbl. Mepe-
JaHHbIV Y NPUHATBIN CUTHabl NOCTyNaloT
Ha BXOAbI AYENKW, @ Pa3HOCTb pa3 mexay
HUMW Ha BbiXoAae AYENKUN ncnonb3lyetca



AR pacyeTa paccToAaHusA Jo Tpebyemoro
ob6bekTa.

B ¢azoBom petekTope Ha ocHoBe CLC-
AYelnkn NprmeHsietca ¢yHKUma AND-OR gns
peanuzauum pyHkLmm XOR, KoTopas no3eo-
nAET U3MEPATb Pa3HOCTb a3, v lornyeckas
dyHKuwma D-Flip Flop (D-FF) gna nonyueHns
nHdopMauum 06 onepexeHnmn 1 OTCTaBa-
HWUK curHanoB. MoMumo n3mepeHnsa Gasbl
B NOCJ/IeJOBaTE/IbHOCTI NPAMOYTOSIbHbIX
MMMY/IbCOB UMEEeTCA BO3MOXHOCTb U3Me-
pATb Ga3oByio PasHOCTb MEXAY PasHbIMU
TUMaMV aHaSTIOrOBbIX CUrHAOB, B T. Y. CUHYCO-
nganbHon ¢opmbl. Ha pucyHke 1 npeacTas-
neHa koHoUrypaums ¢basoBoro getektopa
Ha ocHoBe CLC-Avemnkn.

CurHanbl ICTOYHUKA, MEXAY KOTOPbI-
Mu TpebyeTcs n3mMepuTb pasHocTb das,
nocTynatoT B Ba KOMMNapaTopa, KoTopble
CKOHOUryprpoBaHbl KaK ieTeKTopbI nepe-
ceyeHus Hyns (zero-cross detector, ZCD).
OTn feTeKTopbl NpeobpasyloT BXOAHbIE
aHanoroBble CUrHanNbl B MPAMOYTOfb-
Hble CUTHanbl TON e YacToTbl. Ecnum xe
NCXOAHbIe CUTHANbI Y>Ke UMET NPAMO-
yronbHyto ¢opmy, feTeKTopbl He Npu-
MeHsaTCcA. [pAMOyrofbHble CUrHanbl
noctynaioT B Heckonbko CLC-mopynei.

fluenka CLC1 n nepudepunitHbii
610K 3axBaTa BXOAHOrO CUrHana onpe-
LenAlT BeNMUMHY pa3HocTu das.
flueiika CLC1 ckoHburypupoBaHa
B Buge noruveckoin yHkumm AND-OR,
C MOMOLLbIO KOTOPOK peanusyeTca GyHK-
uma XOR. BoixogHown curHan auenkun CLC1,
cbopmMUupoBaHHbIN NOCSEe BbINOAHEHUSA
norunyeckon onepauyun XOR n Hecywwmn
nHdopmauumio o pasHocTn a3 mexay
LABYMA BOJIHAMU, M3MepAETCA C MOMOLLbIO
6n10Ka 3axBaTa BXOAHOIO CUrHana.

YT106bl ONpeaenntb nHpopmaumio
06 onepeKeHnK 1 0TCTaBaHNM OAHOIO CUr-
Hafla OTHOCUTESNIbHO APYroro, AYeika KOH-
burypupyetca kak D-Tpurrep; npm sTom
OAWH NPAMOYFOJibHbIV CUFHan nocTynaet
Ha Bxog D Tpurrepa, a BTOpoi ncnonb3yeT-
€A Kak CHXpOCUrHan. Bbicokoe nnu H1skoe
NOrnyeckoe coCToAHNE BbIXOLHOFO CUT-
Hana averikn CLC2 onpepensaeT onepexe-
HWe Unn oTCTaBaHWe BXOAHOro curHana D
OTHOCUTENIbHO CUHXPOCUTHana. Mamepe-
Hue $pa3oBoro yrina Mexxay AByMA CUrHa-
namu OANHAKOBOW YaCTOTbl UCMONb3yeTCA
BO MHOMUX NPUNOXKeHNAX, B T.4. B Npnbo-
pax yyeTa, cuctemax undposoro ynpas-
NeHnA NUTaHneM, CBA3N U MeANLINHCKNX
N3MepuUTeNbHbIX NpUbopax.

FTEHEPATOP KOMMJIEMEHTAPHbIX

CUrHANOB

KoHdurypupyemble noruyeckue ayen-
KM MCNOJNb3YI0TCA TakKe B reHepaTopax
KomnnemeHTapHbIx curHanos (FKC). Benu-
UYMHa MEPTBOro BPEMEHU MeXAY STUMM
CUrHanamu 3afjaeTcs C MOMOLLbIO BXOAHbIX
TaKTOBbIX NOC/IeAoBaTeNbHOCTEN. [IaHHbIN
VNHTEpBas Mexay CUrHanamu npeaoTepa-
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MpumeyaHue:

1. Mpu paboTe OT ceTn NepeMeHHOro Toka koMnapaTtopy TpebyeTcsi cxema 3alLuThbl,
B KOTOPOM MPUMEHSIOTCS TOKOOTPaHWUUMBAIOLME PE3NCTOPbI 1 Anoab! LLOTTKM, orpaHuumBatoLLme HanpsxxeHue.
2. TYHKTUPHBLIMU NIUHUSIMU NOKa3aHbI BHYTPEHHWE COeAMNHEHNSI.

Puc. 1. Kondpurypaumsa pazosoro perextopa Ha ocHoBe CLC-Aueitkn

LLLaeT NPOXOXKAEHNE CKBO3HOIO TOKa B Npu-
NOMXEHUAX C UCTOYHMKAMW NMUTAHUA.

KoHdurypupyemble nornyeckume aven-
KV NO3BONAIOT OO6HapyXnBaTb GPOHTHI
MMMYNIbCOB M NMPepbIBaHNA NPY reHepaLmm
KOMM/IEMEHTaPHbIX CUTHANIOB C MOMOLLbIO
MoAynA 3axBaTa, cpaBHeHms, UMM (SCCP),
KOTOPbI/ BbICTYMAET B POSN UCTOYHMKA
BXO[HOTO CUrHana.

YacTo B Takux NAPNNOXEeHNAX Kak
ynpasneHre NpuBoaoM TpebyioTca reHe-
paTopbl KOMMNIEMEHTAPHbIX CUTHANOB,
KoTopble ynpaBnAtT paboTol cncre-
Mbl. MoZynb MHOXECTBEHHbIX onepa-
uun 3axsara, cpasHeHua, LWAM (MSCCP)
reHepupyeT KOMMJIeMeHTapHbIe CUFHanbI
C HenepeKpbIBaLWMMUNCA CUTHaNlaMK,
ynpasnas MepTBbIM BPEMEHEM Ha CBOEM
BbIxoge. B Tex cnyyasx, Korga npunoxe-
Huto TpebyeTca 6onblue mopynein MSCCP,
yeMm obecneyrBaeT yCTPONCTBO, MOXHO
3agencTsoBatb moaynu SCCP B KombuHa-
umm ¢ CLC-auenkamu.

CLC-aueinku ¢ mogynamum SCCP npu-
MEHAIOTCA ANA reHepaumy KoOMMnaemeH-
TapHbIX CUTHANOB C 3a4aHHbIM MEPTBbIM
BpeMeHeM, NOCKOJIbKY KakK TakoBOW
mogaynb SCCP He cnocobeH reHepnpoBaTb
HenepeKpbIBaloLWmecsa CUrHanbl.

MepTBOe Bpemsa npubasnaertcs
1 K BbIxoAHbIM curHanam SCCP-mopyns,
KOTOpble BbIPOBHEHbI U MO GpOHTaM,
1 No ueHTpy. Ha pucyHKe 2 npeacraBneHa
KoHdurypauma aueek CLC1, CLC2 n CLC3,
no3BoNAOLWan ynpaBnaTb MEPTBbIM Bpe-
MeHeM BbIXxoAHOro curHana mogyna SCCP
B pe)Kume BblpaBHMBaHMUA Mo GpoHTaM
MMMYNbCOB.

Hanpumep, nonHOMOCTOBOI Cxemon
NpUBOAa MOXKHO YNPaBnATb C MOMOLLbIO
nepudepuitHoro mogyna MCCP, Ha BbIxO-
[le KOTOPOro reHepurpyeTca KOMMIeMeH-
TapHbIii curHan. OpgHako ecnu TpebyeTca
OCyLWecTBAATb YNpaBfeHne HeCKOSb-
KMMUW TaKMMUK CXeMaMu, a KonmyecTsa
mogynenn MCCP HegoCTaTOUYHO, NCMOJb-

CLCc10UT
cLCc1
N Banyck Tanmepos Timer2 n Timer3
Beixoaroit curHan SCCP CLCINB Ha npepbIBaH1e Mo NONOKUTENbHOMY
hpoHTY curana c sueiikn CLC1
CLCINB
D
CLc20uUT
cLCc2
X K BbixogHOMy curHany SCCP-moaynsi
CobbiTve Timer2 c R Ao6aBnsieTcs NonoXuTensHas MepTeas 3o0Ha,
opM1pyemasi o NONOKUTENBHOMY
hpoHTY UMNynbca
D
CLCINB CLC30UT
CLC3
. K BbixogHOMy curHany SCCP-moaynsi
Coberue Timer2 c [n06aBnseTcs oTpULaTenbHas MepTeasi 30Ha,
chopmm1pyemasi No oTpuLiaTenbHOMY (POHTY UMMyNbCa

Mpumeyanme. MokasaHHas Ha PUCYHKe Onepauns MHBEPTUPYIOLLETO drieMeHTa BbIMNOMHSAETCA C NOMOLLbBIO PerucTpoBbix paspaaos CLC-aueek

Puc. 2. pumep ncnonb3osanua (LC-Aueek B reHepaTope KOMNNEMEHTaPHbIX UMNYNbCOB B peXxume

BblpaBHUBAHKUA No (I)pOIITaM umnynbcos
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KomnapaTtopb!

Bbi6op curHana

OnopHbIN curHan

Bbi6op curHana

OnopHbIN curHan

JTornyeckuin anemeHT 1
Ons onepauui ¢ AaHHbIMU

BbixogHon
curHan

Jlornyeckuii anemeHT 2
Ans onepauui
C AaHHbIMK

BbixogHon curian

Pexum OR-XOR

CLC10UT

Jlornka 0

Puc. 3. MOHMTOPHMHT HeCKONbKMX NapameTpoB ¢ nomoubio CLC-Aveiikn

3ytoTca moaynu SCCP B KombuHayum
¢ CLC-auenkamm.

MHOTFOMAPAMETPUYECKUI

MOHUTOPUHT

YacTo npunoxeHnam TpebyeTcs ofHO-
MOMEHTHO OCYLLEeCTBAATb KOHTPONb Hafj
MHOTMMW pa3HbIMY NapameTpamu, K KOTo-
pbIM OTHOCATCA TemnepaTypa, AaBneHne
N BNaXHOCTb. [pun npeBblleHnn 3TUMmn
napaMeTpamum HEKOTOPbIX MOPOroBbIX
3HauYeHNin NPoUCXoauT cpabaTtbiBaHne
CUCTEMBI, NpefoTBpallatoLiee KaTacTpo-
duueckmnn otkas.

B MUKpOKOHTpONnepe Komnapatop
NPVMEHATCA B T. Y. A1 KOHTPONA TONbKO
ofHOro napameTpa. BoixogHble curHansl
MHOX€eCTBa KOMMNapaTopoB MOXHO 06b-
eanHnTb ¢ nomouwbio CLC-aueniku gna
MOHVTOPWHIa HECKOMbKUX MapaMeTpoB.

CneuunanbHble Mepbl NPUHMMalOTCA
B TeX Clly4yasx, Korga Bce KOHTponmpyemble
napameTpbl HaUMHAOT NPeBbILWATh NOPO-
rosble 3HayeHusA. Ha pucyHke 3 npepacras-
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neHa KoHpurypauma CLC-Aveliku, koTopas
KOHTPONMpPYeT fiBa pa3HblX NapameTpa.
MockonbKy paccmatpusaemoe npuso-
»KeHue ncnonb3syeTca ANAa MOHUTOPUHra
TemnepaTtypbl U AaBIeHUA Ha MPOMbILL-
NeHHOM NPOM3BOACTBE, OHO OCTaHaBU-
BaeTCA B C/lyyae NpeBbllleHrA NOPOroBoro
3HayeHnA ofHMM 13 napameTpoBs. Kpome
TOro, 3Ty CXeMy MOXHO NMPUMEHATb ANA
KOHTPONA Haf HanpAXeH1nem aBTOHOMHO-
ro NCTOYHMKa 6ecnepeboiHOro NUTaHMA.

BbiBOAbI

WTaK, nonb3oBaTenn MoryT MHTerpu-
poBaTb B MUKPOKOHTponnepbl cepun PIC
NpOoCTble IOrnYeckne CXembl B BUAE KOH-
durypurpyembix normueckux aueek. Komou-
HYPOBaHMNE BbIXOAHbIX CUTHANOB Pa3HbIX
BHELUHUX YCTPOMNCTB paclunMpAeT BO3MOX-
HOCTW UMeloLLencA neprdepum 1, cnefo-
BaTE/IbHO, TOr0 MHOMECTBa NPUIOXEHNT,
B KOTOPbIX OHa UCMOJb3yeTCcA.

MocKonbKy y annapaTHO peanunso-
BaHHbIX ornyeckux ¢yHkumin bonee

ObICTPbIN OTK/MK Ha COObITME, YUeM Y MPO-
rpammHoO peanm3oBaHHbIX, CLC-auelikm
No3BOJIAIT MOBLICUTb NPON3BOANTESb-
HOCTb BCel cUcTembl B Lenom. Kpome
TOro, 3TV AYeiKkn obecneynsatoT bonee
BbICOKUI YPOBEHb UHTErpaumm, NCKNo-
4yas HeoBXOAMMOCTb BO BHELIHUX NIOrUN-
YeCKMX BEHTUAX U, COOTBETCTBEHHO,
B pAfe KOMMOHEHTOB, YTO, B KOHEYHOM
nTOre, yMeHbllaeT pa3mMepbl NeYaTHbIX
nnat. KoHourypupyemble normyeckume
AYEeNKN NO3BONAIOT KOMOMHUPOBATH
pa3Hble BXOAHbIE CUTHaNbl UCTOYHU-
KOB C MOMOLLbIO NOTNYECKUX BEHTUNEN
1 reHepupoBaTb COBEPLIEHHO pa3Hble
CUrHansl.

Bce ynomsHyTble KOHUrypupyemble
BXO[lHble, BbIXOAHble CMTHabl U IOTK-
yeckme QYHKUUM Nerko peanusylorca
¢ nomolbio KoHdpurypatopa MPLAB Code
Configurator Ha 6a3e rpaduyeckoro nosnb-
30BaTeNbCKOro NHTepdeiica, reHepupy-
owero Cu-kog ana paspabaTbiBaemoro
NPUNOXKEHNA. e



