ABYyXKQHONIbHbIN

CTaGMNN3NPOBAHHBIN AMMMEDP

5. NIPOrPAMMHAS YACTb

Mporpamma cocTtaeneHa 1 oTnaxeHa B 6ecnnaTHon cpene pas-
pa6otku Visual Micro Lab Bepcmm 3.12 (http://www.amctools.com).
Kop nporpammbl HanucaH Ha A3blke accemMbsiep, OH COQEPXUT
6onee 1500 cTpok, 1 3aHMMaeT B namsATn nporpamm MK 6onee
3 KB. 3agericTBoBaHbI Bce 32 permuctpa, 51 6ant onepatneHom
namat (SRAM, O3Y) n 45 6aiT sHeproHe3aBMCMMOM NamsITU
EEPROM.

Ha nepsbIi B3rnag, BoamoxHoctn MK ATmega16, nmetoLLie-
ro 16 Kb nporpammHoii namsitu, 1 K& SRAM, 512 6aiit EEPROM,
a Takxe 6oraTbii Ha6op NEPUEPUINHBIX YCTPONCTB, KaXKYTCH N3-
ObITOYHBIMW. Ha camom gene, Bbibop MK “c 3anacom” coenaH
YMbILLUSIEHHO, YTOObI UMETb BO3MOXHOCTb COBEPLLEHCTBOBATHL
YCTPOMCTBO M HapaLLmBaThb ero hyHKLMOHabHbIE BO3MOXHOCTU
(cm. pasgen JanbHenlumMe yCOBEpLUEHCTBOBAHMS).

Mpy HEOOXOANMOCTU KO, MOXET GbITb NEPEHECEH Ha ApYyrve
MK cemerictBa ATmega. MNopTuposats kog Ha MK ATtiny He pe-
KOMEHIYETCH, T.K. B HAX OTCYTCTBYET annapaTHbIi YMHOXMWTENb.
MporpamMmMHas peanusaums YMHOXEHUS HexxenaresbHa, T.K. Npu
3TOM MOTEPSIETCS CKOPOCTb pPeakumn Ha U3MEHEHWE BXOLOHOMO
HanPsHKEHUS, & 3HAYMUT, YXYOLUMTCA Ka4eCTBO CTabunmaaumn.

5.1. bBnok-cxema anroputma

CTpyKTypa nporpammbl nokasaHa Ha puc. 5. Kaxabin 6110k
Ha4MHaeTcs C Ha3BaHuA dharina, B KOTOPOM COOEPXUTCA Npo-
rpamMMHbIA KO, AaHHOro 6510ka. MognporpaMmMbl 0603HaqeHbI 6510-
KOM MeHbLUero pasvepa. Cpeay HUX ecTb dhyHKUMK, T.€. nop-
nporpamMmbl, Bo3BpaLLlaloLLme 3HaveHus. Ona ynpoLleHns OHX
TOXe HasbiBatoTca nognporpammamun. OTavyme nognporpamMm,
pacrnonoXeHHbIX B doarne ProceduresINT.asm, oT nognporpamm
B dhavine ProceduresEXT.asm 3akno4aeTcs B TOM, YTO Nepeble
npeaHasHa4varoTCA TONMbKO NSt AaHHOrO NPOEKTa, a BTOpble AB-
NAOTCA YHUBEPCASTbHLIMM M MOTYT HANTU NMPYMEHEHUE B OPYTUX
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Dimmer.asm
IpucsauBanye nvMeH peructpam, sueiikam O3Y, nepudepuitHbiM ycTpoiicTBam
ITpucBauBanye 3HaYCHUI KOHCTAHTaM, HE H3MEHACMBIM T0Jb30BaTE/IEM
OnpesiesieHHe MOIB30BaTEILCKUX TIEPEMEHHBIX (NApaMEeTPOB HACTPOIKH AMMMEpa)
Oy CHCTEMHBIX 1X

I

ResetCause.asm
Beuicuenue u 3anuch npuuuHbr copoca MK

I

Reset.asm
Nnmnmanuzatms nepudepuiinbix yerpoiiers MK

l

SRAMInit.asm
Mnnumanu3anms BceX DErueTnoB  staeek O3Y HVIICBBIM 3HAYCHHEM

l

Startup.asm
3ajiepKa Ha BpeMsl CTaOMIIN3ALMH HATPSKEHHS TINTAHUS
CunrpiBanne napamerpos n3 EEPROM, nx npoBepka, KOppeKTHPOBKA, H
KOIHMPOBAHHE B PErHCTPBI WK stueiikn O3Y
'VcTaHOBKa HaYalIbHBIX 3HAYEHHHH perucTpoB, sueek O3V, oT1eNbHEIX GHTOB
DopmMHpOBaHKE CITYHaIfHOrO YHCIa
Onpejienienne Npe/bIIYIIEro COCTOAHHS yCTPOHCTBA

|

v

Main.asm
CBpoc CTOPOKEBOro TaiiMepa
JleTeKTHpOBaHKE Tepexo/a (asbl CeTH Yepes Hyllb, BKITIOUCHHE KAHAIOB
M3MepeHHe HATPHKEHHs CETH, BBIK/TIOYEHHE KAHAJIOB 110 JI0OCTIKEHHH 3a/IaHHOrO
B TPOLE/TYP, OTHC K 000MM KaHanam
Onpoc kHonk# SB1 1 Bbl TpOLE/Typ, OT K IIEPBOMY KaHauTy
Onpoc kHOnKH SB2 1 Bbl TPOLETYp, OT KO BTOPOMY KaHaIy
CoxpaHeHHE H3MCHUBIINXCS CHCTEMHBIX TiepeMeHHbIX B EEPROM

ProceduresINT.asm
ABTOBBIKIIIOUCHHE TIepBOro KaHaia, ABTOBBIKJIIOYCHHE BTOPOro KaHajia
C6poc TaiiMepoB aBTOOTKIIOYCHHS
Hactpoiika Taitvepa bynkimu Vimuranus Ipucyrersus Xosses

ProceduresEXT.asm

H
—

Yrenne EEPROM; 3amncs EEPROM
I

TICEBIIC itHoro uncna: dc 3AIEDKKH

Tables.asm
Tabuia 3uauenmit spkoctn; TaGiuiia 3HaUCHMIH NPOLEHTOB

WrongINT.asm
3anmck uHbOPMAIMH 0 CPAbATHIBAHMH HEHCTIONB3YEMOTO NDEPIBAHUS

Puc. 5. Brnok-cxema anroputma

K TOUKe
BBI30Ba
TIpephIBAHUS
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npoekTax. bnok Startup.asm Toxe ncrnonb3yeT HEKOTOPbIE MOA-
nporpammbI, HO Ans YNPOLLEHNS BOCMPUSATUSA STU CBA3W Ha B10K-
CXeMe He MokasaHsbl.

®darin onpegeneHnii mi6def.inc (Ha cxeme He NokasaH) Mo-
OnrLMpoBaH € y4eTOM UCTOSb3yeMbIX B NpoeKkTe pecypcos MK.
B ¢paiine 3akoMMeHTUpOBaHbLI PeCYpPCbl, KOTOpLIE ONpeaenstoT-
€1 IPOEKTOM W UCMOSb3YIOTCA NoA APYrMMU HasBaHuaMU. Momu-
MO 3TOro, nocTaensemMbi B coctase VMLab dhavin onpegenexnii
ycTtapen (charnn gatvposaH 2001 rogom), OH He COQEPXXMUT onpe-
[OeneHnst HeKOTOPbIX PErMCTPOB, BUTOB U obnacTer namaTu. MNpu-
MEHSITb HOBbIV charin onpepeneHnin U3 coctasa nocnenHen Bep-
cum AVR Studio Henb3s, T.K. B HEM eCTb KOMaHAbI, HE NOANEPXM-
BaeMble accembnepoM VMLab. BapuaHT ncnonb3osaHus HOBO-
ro accembnepa Toxe He npoxoaut — VMLab BbigaeT oLumo6Ky He-
COBMECTMMOCTM.

5.2. OnucaHue nporpamMmbl

[anee KpaTko pacCMOTPEHbI KIOHEBbIE MOMEHTBI NMPOrpaMM-
HOW YacTu npoekTa. [lononHuTensHas MHopMaLma CoOaepXuT-
€Sl B KOMMEHTapUsiX, KOTOPbIMM CHAGXEeHa NPaKTU4ECKU Kadkaas
KOMaHa nporpamMmbl. ANroputM paboTbl BTOPOro KaHasa nos-
HOCTbLIO aHasnornyeH anroputMy paboTsl NepBoro, MO3STOMY KOM-
MEHTapun NPMBOAATCS TOMNBKO ANs MepBOro kaHana. o aton xe
NpUYMHE B Ha3BaHWSAX PEMMCTPOB, NMPOLEenyp 1 T.N. HOMEp KaHa-
na nMbo He yKasbIBaeTCs COBCEM, NGO 0603Ha4aeTcs 6YKBOM
“X” nnmn “X”. KomaHgpbl, HauMHaoLLMECS C CMMBOSIa KOMMEHTapus
(") B camom Hauarne CTpOKM, NpefHa3HaveHbl ans obnerdyeHus
pa3paboTku, OTNagKn 1 TecTnpoBaHus. OHM YCKOPSAIOT XOf Bbl-
NOMHEHUA NporpaMMbl Ha 3Tane oTnagku. 3akOMMEHTUPOBaH-
Hble KOMaHfbl, Nepeq KOTOPbIMU €CTb CUMBOJ Tabymnsaumu, He
MCNOMb3YHOTCA B JAHHOM NPOEKTE, HO OCTaBMEHbI B KA4eCTBe LLad-
JIoHa Ansa Apyrux NpMMEHEHW. 3TO YCKOPSIET X0, BbINOMHEHNSA
OCHOBHOW MporpamMMbl U COKpaLLlaeT obLLmMin 06beM Koaa.

Mporpamma onTMMmM3npoBaHa no 6bICTPOAENCTBIIO, MOCKOSb-
KY, YeM MeHbLLE BpeMeHM NoTpebyeTcs AN BbINONHEHU KOAQ,
TEM 6O0JbLLIEA MaKCUMAaSIbHOM APKOCTUM MOXHO AOCTUIHYTb (3Ta
B3aMMOCBA3b NogpobHO paccMoTpeHa aanee). Ocoboe 3Haue-
HVe UMmeeT Bpems BbINonHeHuns npouepypbl ADCSampling. Ot
3TOro 3aBMCUT KQ4ECTBO CTabUNM3aLIK, T.e. HACKONbKO 6bICTPO
YCTPOMCTBO MOXET pearmposarh Ha KonebaHus ceTeBoro Hanps-
XeHus. B TekyLuel peanusauum npouenypa ADCSampling BbI-
nonHsaeTcs 3a 21 MKe (6e3 y4eTa BpemeHu npeobpasosanms ALIM,
Ha KoTopoe TpebyeTcs 27 MKC).

ALpecHoe npoCcTPaHCTBO 3HEProHe3aBUCUMOWN NamsATy
(EEPROM) pasgeneHo Ha Tpu obnacTtu. B nepBoi xpaHaTcs Ha-
CTpaviBaeMble Monb30BaTesieM napaMeTphbl YyCTPOMCTBA, BO BTO-
POW — CUCTEMHbIE NEPEMEHHbIE, B TPETbEWN — pe3ynsraTbl avar-
HOCTUKW. [NepBas 06nacTb OTAENeHa OT BTOPON HECKONBbKUMMU My-
CTbIMU SiHeKamm, 3Ha4eHMs1 KoTopbIx paBHbl $FF. TpeTbst o6nacTb
HaxoOmMTCs B KOHLIE aApeCcHOro NPOCTPaHCTBa. Tak caenaHo ans
yno6CTBa BOCMPUATUA AaHHbIX B OKHe cumynsitopa VMLab, a Tak-
Xe Ans ynpoLLeHust OpueHTUpoBaHus B dhanne dimmer.eep, Kor-
na TpebyeTcs onpefenuTb napameTpbl HAacTpPonku. MNepebie 16
syeek EEPROM He ncnonbaytotest. NMomumo yao6¢Tea Bocnpus-
A, 3TO NPEROXPaHAET COAEPXXNUMOE NEPBOM AHENKM OT cryyan-
HOro M3MeHeHus, korga pernctp agpeca EEPROM paBeH Hyrto.
HyneBoe 3Ha4eHve NprvcBavBaeTCa STOMY PErucTpy BO Bpems
nHuumanmaaumm (6nok Reset.asm). Mo Tol xe npuynHe He nc-
nonb3yertcs 1 nocnepHss ayvenka EEPROM, 4to6bl CKMHOYUTL
n3MeHeHne ee cogepxmmoro, npyu EEARH=$01 n EEARL=$FF.
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MprHMMas BO BHUMaHWe OrpaHnyYeHHOE KONMYECTBO LIMKITOB
nepezanncy EEPROM (100 000 cornacHo onucaHuto), B namsTu
COXPaHSAIOTCA TONMbKO Camble HEOOXOAUMbIE AaHHbIE, @ UMEHHO
YPOBEHb YCTAHOBMEHHOW MOMb30BaTeNeM SPKOCTU U Tekyllee
COCTOSsIHVE YCTPONCTBA.

MpepbiBaHWs He 3agecTBOBaHbI. [lporpamMMHbIN Kod, pac-
NOMoXeHHbIM B 651oke Main.asm, BbINONHAETCS B 6ECKOHEYHOM
umKre. Tem cambiM yaaeTcs NOBbICUTbL ObICTPOAENCTBME 32 CHET
oTkasa OT KomaHgb! reti u komaHg paboTbl CO CTEKOM. Tem He
MeHee, B LiensxX AnarHoCTVKN HeMCnpaBHOCTeN, cpabaTtbiBaHne
No60ro npepbiBaHNA UKeHpyeTes 1 3anommHaetcs B EEPROM
(nognporpamma WrongINT.asm). Takxe B Lensx guarHocTtu-
KM 3anoMuHaeTcsa npuynHa, Bbi3BasLllasa cépoc MK (6n0k
ResetCause.asm). S4eikn gMarHoCTuKM, Kak yxe roBOpunocCh,
HaxoasTcs B KoHue obnact EEPROM. Ecnm 3HayeHme xoTs 6bl
OOHOWM U3 HUX OTSIMYHO OT HYIS, 3TO FOBOPUT O HANMHMM HenCr-
paBHOCTW.

CTOpOXeBOW TalMep HaCTPOEH Ha MakKCUMaSIbHbIV Nepuof,
cpabaTtbiBaHus (2 CekyHabl). Hem 6onblue nHTepBar, TeM ferde
3amMeTuTL cpabarbiBaHue Tanmepa. OCo6eHHO 3TO NOMOraeT Ha
aTane oTagKu.

CynepB130p NUTaHs 3anporpaMM1poBaH Ha MUHUMaTbHbI
nopor 2,7 B. 3a c4eT 3Toro o6ecne4mBaeTcs HaaeXHbIn 3anyck
MK ¢ y4eToM 60MbLLON EMKOCTU KOHAEHcaTopa, YCTaHOBNEHHO-
ro B domnstpe nutaHus. Cyneper3op rapaHTupyeT CTabWIbHbIN
3anyck He3aBMCYMO OT TOrO, Ha Kakoe Bpemsi MpornafeT Hanps-
>KEHME B CETW.

OHeproc6eperatoLLme pexmmbl He UCTOoNb3YHTCS. JTO CBS-
3aHO C TEM, HYTO B TeYEHME NpUMEPHO 9,5 MC KaxKoro nonynepu-
0Ja BELETCA HEMPEPbLIBHOE N3MEPEHME CETEBOIO HaMpPsHXKEHUs,
a B ocTasLumecs 0,5 MC BbIMONHAETCA OCHOBHasA Nporpamma. MNe-
pesoaute MK B CrisiLLMA peXuM Ha CTOMb KOPOTKOE BPems He
nmeeT cmbicna. K Tomy xe, Bosspar MK n3 niob6oro cnsiiero
pexumMa TpebyeT OOMONMHUTESBHBIX 3aTpaT BPEMEHW, YTO CKadbl-
BaeTCH Ha ObICTPOAENCTBUN.

BobikntoueHne AL Ha Bpems BbINOMHEHWSI OCHOBHOW MPO-
rpamMmbl TOXe He MMeeT cMbicna. B xoae namepenuin 6bino ycra-
HOBJIEHO, YTO NpuY 3TOM noTpednsemMbin MK Tok CHWaeTcs Bce-
ro Ha 10 MKA.

Bo Bpems nhnumanusaumm MK nitepdoeric JTAG 1 komnapa-
TOP B LiENIAX CHYUXXEHUA SHEPronoTpebreHns OTKIIHaoTCS.

Bbixogbl MK nepekntodatoTcs 0gHOBPEMEHHO. DTO HEOBXO-
OVUMO Anis TOro, 4To6bl 06a KaHana UMenu paeHble BpeMeHHbIe
3afepXkn 1 pabotanun oanHakoeo. C 3Ton Lenbio B NporpaMmMy
BBe[EH crneumnanbHbi 6ydepHbi pernctp rOutChannels. Nave-
HEHWe COCTOSIHMA BbIXOAOB OCYLLECTBAETCA TONBbKO KOMaHLoMN
out pMainOut, rOutChannels. Mocne ctapta MK 6ycepHbi pe-
TUCTP COOEPXXMT KOMMIO cocTosHUA nopTta pMainOut, 60nbLUNH-
CTBO BbIBOJOB KOTOPOro, N0 aHanorMm ¢ ApyrmMm Hencnosb3ye-
MbIMW BbIBOLAMW, HACTPOEHbI Kak BXOAb! C BHYTPEHHUMM NOATS-
rmBaroLLMMmM peavctopamu. NosTomy Hukakme 6uTbl permcTpa
rOutChannels (kpome AByx CTapLUMX) He [OMKHbI MogMdmLmpo-
BaTbCA NporpaMmon. Takxke He OOMKHO U3MEHSATCH COCTOsiHUE
nopra Hanpsimyo, T.K. Jllo6oe n3ameHeHve 6yaeTt nepesanncaHo
coepXunMbIM BydbepHoro perucrpa.

AHanoro-uucposon npeobpasosatens (ALI), nmetowmin
paspeLueHne 10 61T, UCNONb3yeTCs B pexume 8-6UTHOro npe-
06pa30BaHus, MOCKOSbKY BbICOKAs TOYHOCTb U3MEPEHUI He Tpe-
6yetcs. 310 no3sonseT AL pabotaTtb Ha MakCMMasbHOM Yac-
ToTe (500 KI'W), 4TO B CBOIO O4epenb 06ecrneymBaeT BbICOKOE
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6bicTpopevicTaue. CornacHo [15, pasgen 2.8], ponyckaertcs pa-
6ota AL Ha yactotax oo 1 MI'y. YMeHbLUeHHoe [0 8-Mu 6uT
pa3peLLeHNE CIYy>XXUT TaKke OOMOMHUTENBHOM 3aLLUTON OT Mo-
mMex. [na cokpalleHna konuyectsa komaHg, ynpasneHus, ALl
paboTaeT B pexvMe aBTo3arnycka, CUrHarnoM K KOTOpoMy SBNs-
€TCsl OKOHYaHWe NpeablayLLero uyka npeobpasosaqus. MNepsoe
npeobpa3oBaHue 3anyckaeTcs npu nHMuymanmaauum MK.

Tavimepbl He UCNONbL3YIOTCA. Kak BbISCHUIOCH, OHM CO30al0T
nomexu pabote AUIM. [Ans nx UCKIIO4EHUs CyLLIECTBYET creum-
anbHbI 3Heproc6eperaromin pexxum “ADC Noise Reduction”. Ho
MOCKOMbKY PEXMMbI SHEPrOCOEPEXEHNS MO NPUYMHAM, yKa3aH-
HbIM paHee, He UCMONb3YHOTCS, BPEMEHHb/E BbIAEPXKW peanunso-
BaHbl HA OCHOBE PErMcTpoB mnm siveek O3Y.

Mo OKOHYaHWM MHMUMaN3aLUMM BCEM PEMUCTPaM U sHenkam
O3Y npucsavieaeTtcsa Hynesoe 3HadeHme (6n1ok SRAMInit.asm).
Takum 06pa3oM, He Hy>KHO MOMHUTBL O TOM, YTOObI BCE NepemMeH-
Hble 6bINM NPOVHNLMANN3NPOBaHBI, T.€. He copepXanu 6bl cny-
YalHbIX Yncen. Takor noaxon CokpaLlaeT KoMYecTBO OLUMOGOK
TMNa “To paboTaert, To He paboTaeT’, “paboTaeT TO Tak, To 34aK’.
Kpowme 3aToro, 3Ha4uTensHO 0651er4aeTcs MoMCK OLLIMOOK.

Mocne nHuuranusauum peructpos 1 O3Y NpoJormKeHne Npo-
rpammbI NPUOCTaAHABNMBAETCA HA HECKOMBKO CeKyHA, (OCyLLecTB-
NAETCA NporpamMMHas 3agepka). 3a 3T0 BpeMs HanpshXeHme nu-
TaHua MK n o6pasuosoe HanpsbkeHve ALIM ycnesatoT ctabunm-
31MpoBaTLCA HA HOMUHANTBHOM YPOBHE.

[nsa noBbILLEHNA BbICTPOAENCTBUA 3a4eMCTBOBAHHbIE AYEN-
kv EEPROM konupytoTcsa nepeg Ha4arioMm paboTbl nbo B peru-
cTpbl, 6o B O3Y (650K Startup.asm). B 60nbLUMHCTBE Cryyaes
ANs 3TOM Uenn ucnonb3yeTcs crneumanbHbii Makpoc
EEPROMtoSRAM, HaxogsLumiics B dhanne Macros.asm (Ha 6:10k-
CXeme anroputma He nokasaH).

Mpy TakoM nopxofde NOABNAETCH BO3MOXHOCTb MPOBEPKU
cunTaHHbIX 3 EEPROM paHHbIx. Ecnv BBeOeHHbIM nonb3oBaTe-
nemM napameTp HaCTPOMKW ABNAETCH HEQOMYCTUMbIM, OH NPeoo-
pagyetcs K 6nvxkarlemy JornyCTUMOMY 3HaYEeHUIO (MEHbLLIEMY
unun 6onbluemMy). 3TO OENCTBME, YCIOBHO HAa3blIBAEMOE HOpMa-
nm3aums, BbIMOMHAETCA HE O BCEX fYeeK, a TOMbKOo Ans Tex,
JOMyCTUMbIE 3HAYEHUA KOTOPbIX OAHO3HAYHbI, & TaKkke Ons Tex,
HELOMYyCTUMbIE 3HAYEHWS KOTOPbIX MOTYT MPUBECTU K SBHBbIM
oLumbKam B paboTe yCTponcTBa.

Jonyctumbie 3HaveHms s4eek EEPROM, a Takxe 3HaqeHust
MO YMOM4YaHWIO YKa3aHbl MpY ONMUCaHNN SHEEK B KOMMEHTapUsX
(6nok Dimmer.asm).3Ha4eHNs HEKOTOPbIX AHEEK YMbILLIEHHO Or -
paHWYeHbl AnanasoHoM, YA06HbBIM A4St BOCMIPUATUA U 3anoMMHa-
HWS. Hanpvmep, NpoaorKUTENbHOCTb BKITKOYEHHOTO COCTOSIHUSA
dyHkummn UMX, 3apaBaemas s4erkorn eOwnersAtHomeOnPeriod,
orpaHnyeHa 3HaveHnem 240 MUHYT, XOT PyHKUMA Morma 6bl
ncnpaeHo paéotatb 1 npyu eOwnersAtHomeOnPeriod=255. Op-
HaKo 3Ha4eHre 240 MVHYT (4 Yaca) 6onee NpPMBbLIYHO AMis 3ano-
MWHAHWUS 1 UCMNOSb30BaHWs, Hexxenn 255 MUHYT (4,25 Yaca).

OpHoli 13 3apay MHULManM3auun SBSETCA OJHOKpaTHoe
N3MepeHne CeTeBOro HanpsHkeHus. MNockonbky 3apaHee HEBO3-
MOXHO NpeackasaTb, B Kako MOMEHT BPEMEHW CBETUSTbHUK By-
JET MOOKIMIOYEH K CETU, pe3yNbTaToM 3TOro U3MEPEHWst ABAET-
Cfl CnyyaviHoe YMcno, ucnosns3yemMoe Jarnee B nogrnporpamme re-
HepaTtopa ncesaocnyyarHbIx Ymucen (6nok Procedures.EXT.asm).

Mepen TeM kak nepeparts yrpasneHMe OCHOBHOMY 6510KY Npo-
rpamma ornpefensieT, B KAKOM COCTOSIHUM HaXOAMIoch YCTPOR-
CTBO Nepef, OTKIYEHNEM nNuTaHns. B 3aBMcMOCTY OT pesyrnb-
Tara yctaHaBnmMBaloTCs Te WK UHble hnaru, coobLuaroLme
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OCHOBHOW NporpaMme 0 TOM, Kakue eNCTBUA Heo6XxoaMMo npes-
NpuHATL. Hanprmep, ecnv B MOMEHT NponagaHns CETEBOro Ha-
NpsPKeHWs ObIn BKITOYEH NEPBbIA KaHau, TO Nocsie BOCCTaHoBe-
HUS ANEKTPOCHAGXXEHNS OH BKITIOHMUTCS aBTOMAaTUHECKM (ECNN 3TO
6bINO PA3PELLEHO MOSIL30BATENEM).

Kak yXe oTMeyvarnocb, kog 0CHOBHOro 651oka Main.asm Bbl-
nosHsAEeTCA B 6€CKOHEYHOM UMKne. Tak Kak AeTEKTUPOBaHME ne-
pexofa CETEBOro HaNPsHKEHWS Yepes3 HyMb OCYLLIECTBISETCA B
Kaxaom nonynepuoge, uvkn Main.asm noBTopsieTcs Kaxple
10 mc.

MepBasi kOMaHOa OCHOBHOrO 6s10Ka — CHPOC CTOPOXKEBOIO
Tarimepa. Crnegyet OTMETUTb, YTO 3TO EQMHCTBEHHOE MECTO BO
BCEWN OCHOBHOW Nporpamme, rae ocyLLEeCTBASETCS COPOC CTOPO-
XKEBOro Tanmepa.

MepBoHa4anbHO Ans AETEKTMPOBAHUS MOMEHTa Nepexona
CETEBOr0 HaNPHXEHUs Hepes Hyrb Oblf BbI6paH crieayoLLmi an-
roput™: ALM LMKNIMYECKN NpomM3BOQWIT CHUTbIBaHWE BXOOHOIO
HanpsHKEHUS 1 CpaBHMBaS pe3ynkTaT Npeobpa3oBaHns C 3afaH-
HOWM KOHCTaHTON. Kak TONbKo mpoucxoauno coBnageHve, noja-
BaJ1laCb KOMaHAa Ha BKITIOHEHME KaHASIOB, U LK 3aBepLuancs.
M3-3a oTCyTCTBUSA KBApLIEBOW CTABUNM3ALIMN TAKTOBOM YacTOTbl
MK, ans To4HOro o6Hapy>xeHus MoOMeHTa nepexofa ¢asbl CeT
Yepeas HyInb TPeboBasICA NOAOGOP KOHCTAHTbI MO, KOHKPETHbIN 3K-
3emnnsap MK. Bbin anstepHaTUBHbIN BApUaHT: BMECTO MUCMOSb-
30BaHWSA KOHCTaHTbI OCYLLIECTBNATL NOAGOP NyTEM KanMbpoBKy
BHyTpeHHero RC reHeparopa. U 10, 1 gpyroe otTpmuaTesisHoO cKa-
3bIBaJ1I0Ch HA NMOBTOPSEMOCTU YCTPOMCTBa. HO OCHOBHAas Npuym-
Ha, No6yaMBLLAsA U3MEHUTb anropuTM, 3aKnoYanach B HEBbICO-
KOM MOMEXOYCTOMYMBOCTU. [eNCTBUTENBHO, €Cn nomMexa
(BCNNECK CETEBOMO HANPSHKEHWSA) BO3HMKANA 61IM3KO K MOMEHTY
nepexopa ¢hasbl ceTn Yepes Hynb, MK npogomkan nuamepsits BXOA-
HOEe HanpshkeHue, OXuaas ero CoBnafeHns ¢ KoHCTaHTon. lMo-
CKOJIbKY MOCIE MPEKPALLIEHNSA MOMEXWN BXOAHOE HarnpshKeHNe OKa-
3blBaNIoch 60MbLUe 3aAaHHOr0 KOHCTaHToW, MK 6bi11 BbIHYXAEH
0CTaBaTLCA B LIWIKI1E U3MEPEHUA OO0 CriefytoLLero nepexoaa ¢asbl.
Tak Kak BO BpEMS M3MEPEHMS HAMNPSHXKEHUS KaHasbl HAXOOATCA B
BbIKIMIOYEHHOM COCTOSIHUM, BU3YyaslbHO Takon “NpocToi” BbIrs-
Jen Kak mopraHue namn(bl), T.K. B TedeHne 10 Mc HanpskeHve
Ha Harpyske OTCyTCTBOBaJSIO.

MI3MEeHeHHbI anropytTM OCHOBaH Ha CpaBHEHWUM HE C KOHCTaH-
TOW, a C NpeblayLLmM pe3ynstatom namepeHus. CpabatbiBaHme
MPOUCXOOMT, KOraa TEKYLLIMA pe3yssTaT CTaHOBUTCA 60rbLLE Mpe-
Oblpywero. B paccmoTpeHHoM paHee npumepe MK 6yaeT fetek-
TUpOBaTb MOMEXY KakK HanpsbkeHve, npeBbillatoLLiee npenbiay-
Lee. OTO NpMBEOET K MOMEHTANIbHOMY BbIXOY M3 LMKNA, Y4TO
BM3yasibHO 6yAeT NpakTU4eCKM He 3aMeTHO. B 06bIMHOM pexxume
(6e3 Bo3percTusa nomex) MK ocyLLIECTBUT BbIXOA U3 LIMKNA, Kak
TONBLKO CETEBOE HaMnps>KeHWEe CMEHUT HanpaeneHve ¢ yobiBato-
LLero Ha Bo3pacratoLLiee, T.e. cpady nocrne nepexoga CeteBoro
HanpsHKeHUs Yepes Hymnb. Takum 06pa3om, oTrnagaeT Heobxoau-
MOCTb B KBapLIEBOM pe30HaTope, KanvbpoBKe BHYTPEHHEO re-
HepaTopa n ALN. Takxe He TpebyeTcs AOMONHUTENbHAsA KOHCTaH-
Ta W HACTPOMKa YCTPONCTBA NoA KOHKPETHbIV ak3emnnsap MK.

MorpeLHOCTbL HOBOMO anropnTMa HeTPYAHO noacuHnTaTh.
[ns onpegeneHns MOMeHTa, Korfa ceTeBoe HanpsKeHue Ha-
Yyano Bo3pactaTb, [OCTAaTOYHO ABYX M3MepeHui. Bpems of-
Horo npeo6pasoBaHusa AL cocTtaBnsieT 27 Mkc (CM. pasgen
Bbi60p_koHcTaHTbl_cADCSamplesCount). Bpems Ha o6pa-
6O0TKY NONy4YeHHOro pesynsraTa (nepeble 5 KoMaHA npoueay-
pbl PhaseDetect) coctaBuT B xygLuem cnyyae 8 MKC. 3HauuT,
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MakcuMarnbHas norpeLlHocTb pasHa 27 + 27 + 8 = 62 mkc. Co-
rnacHo dopmyrne

U=Aesin2epefet),

NPy TaKoM 3aepXXKe MrHOBEHHOE HanpshxeHve B ceTu byaeT Ha-
xoguTbes Ha yposHe U =310 ¢ sin(2 © 3,14 « 100 » 62¢10°) = 12 B
(OTHOCWTENBHO HOMUHASTIBHOrO CETEBOIO HaMPsXXeHUs). 3To co-
BragaeT ¢ AaHHbIMU, NOSYYEHHBIMW KCNIEPUMEHTASTBHO C MOMO-
Lbto ocumnnorpada. MNpuyem pesynsraT ocTaBasics CTabuibHbIM
ans scex ak3emnnsapos MK.

BkntodeHue ¢ nHtepsanom 10 Mc namnbl MOLLHOCTLIO 60 BT
C conpoTmeneHnem Hutn 2302 / 60 = 882 OM Npu HanNpsXXxeHnn
12 B cozpacT Tok Bcero 12 /882 = 14 MA. Takoi MM3epHbIi TOK
He CrocobeH 3aMETHO MOBMUATL HA COKPALLIEHNE CPOKa CIyXObl
namnbl, co3gaHne noMex 1 T.n.

BBvay pa3BeTBNEHHOCTU anropuTMa OCHOBHOW MporpaMmbl
€ro HarmagHoe U3obpaxeHne B rparnyeckom Buae He Npuso-
ouTes, T.K. 6yaeT 3aTpyaHuTensHO ans sBocnpuatus. OTaenbHble
npoLenypbl OCHOBHOM MporpamMMbl onucaHbl ganee. O6nerynts
NOHMMaHWe NOrvKu paboTbl NPU3BaHbl KOMMEHTapun Kogda, a
Takxke pasgen YnpasneHue.

®yHKuma NIMX ncnonbayeT B Ka4ecTBe CHETUMKA BPEMEHN BO
BK/TFOYEHHOM W BbIKITHOYEHHOM COCTOSIHUM OTAESbHYIO NpoLeny-
py. Umetowytoca npouenypy TurnOffTimeoutCh1 ncnonb3osatb
Henb3s. ToMy ecTb TpY NpUdMHbLIL. Bo-nepBbIX, OHa CTPOro UHAu-
BuAyanbHa A1 KaxXaoro KaHana. Bo-BTopbix, ee mogvdukaums
norpe6osana 6bl CIMLLKOM 60JbLLMX YCUIWIA (MOHA806MNoCh Obl
60rbLLIOE KOMMYECTBO YCNOBHbIX Nepexodos). B-Tpetbux, ecnm
NPOAOIHKUTENBHOCTL BKIMFOYEHHOMO I BbIKITFOYEHHOMO COCTOS-
HUS COCTaBIISET HEYETHOE YMCIO, CKaXKEM, 3 MUHYTbI, TO Mpu-
LUnock 6bl AenUTb ero NOpoBHY MexXAy ABYMs NpoLeaypamy 1
MMETL Aeno ¢ ApobHbIMKU Ymcnamu. BapuaHT, korga npouegypa
BbIMOJSHAETCH TOMbKO B OOHOM M3 KaHAmNOB, TOXE HE MOAXOOMT,
T.K. MPUHATO, YTO NPOrPaMMHbIA KOf, 0O60MX KaHasIoB OQMHAKOB
(ans yno6ctea MogudmKaumm 1 nogcyeTa BpeMeHM BbINonHe-
HUS MPOrpaMMbl).

B dyHkumm UIMX npaktuyeckn sespe onpalumsaercs 6uT
WLLL 0JHOTO (MEePBOro) kaHana. 3To fonycTMMo 6narofaps MaeH-
TUYHOCTW KaHasoB, a Takxke 6rarogaps ToMy, 4T0O B AaHHOM pe-
XVMe KaHarbl YrpassioTCcs CUHXPOHHO.

B MomeHT BkntoyeHus dyHkumn UMX yctaHasnueatotces
6uTbl ebPowerState. 310 caenaHo Ha crydan nponagaHus ce-
TEBOr0 HaMNpPsXXeHWsi B MOMEHT BKITO4EHMS. Takum 06pasom, npu
BOCCTaHOBEHWUW HanpsXXeHus paboTa pyHKLUmMM 6yaeT Nnpoaon-
XeHa.

B chyHKUMM aBTOOTKIIOYEHWSI MPOLIEHTHOE 3HA4YeHNe, Ha KO-
TOpPOE YMEHbLLIAETCs APKOCTb, YMbILLMEHHO OrpaHUYeHo MHTep-
BasioM oT 10 0o 90%. Takoin gyanal3oH XOpPOLLUO NoAXoauT Ons
BM3yanbHOro BOCNpusATUA. Kpome Toro, yMeHbLLIEHVEe SPKOCTM
MeHee YeMm Ha 10% HefocTaTo4HO 3aMeTHO.

Ina onpepenenvs 3Hadenus peructpa rSoftOffBrightChX,
XPaHSALLEro BeIMYMHY YMEHbLLIEHHOWN APKOCTU C y4eTOM 3adaH-
HOro Nnonb3oBaTtenemM NPOLIEHTa, B LIENAX YCKOPEHNs NporpamMmb
ncnonb3yeTcsa TabnuuHbIn MeTog (Tabnvua PercentageTable). Ons
Ka)KAOro 3aJaHHOro Monb3oBartesieM 3HadeHus npoueHta Y, B
TabnmLe HaxoamTcs OKPYrieHHoe Ymcno X, 3apaHee BblYMCTIeH-
Hoe no chopmyrne: X = ((100—Y)/100) » 256. Tabnmua cocTouT 13
(90—-10) + 1 = 81 sA4eitkn. Korga uctekaeT Bpemst HeNpepbIBHON
paboTbl KaHana, NpomMcxoauT obpalleHune K Tabnuue, Tekyllee
3Ha4YeHWe APKOCTM YMHOXAETCA Ha MOfy4eHHOe U3 TabnuLbl Ync-
110. [OCKOrbKY 3TO YMCIO NMPeBaPUTENBHO BbINIO0 YMHOXEHO Ha

I ABTOMATUKA |

256, pesynetar genutes Ha 256 nytem oTépackiBaHus cTapLuero
6aviTa, nocne 4Yero pesynsrart okpyrnseTcs. Hanpymvep, npegno-
NOXWUM, 4YTO TeKyliasa fPKOCTb, T.e. YNCNO B perucrpe
rBrightnessChX, pasHo 200, a 3afaHHbI Nonb3oBartesnieM npo-
LIEHT CHWXEHUSA APKOCTU paBeH 25%. o ucteyeHnn BpemeHu
HenpepbIBHOM paboThbl KaHana nporpamMma obpaTuTcs K Tabnu-
Le, B KOTOPOW cMeLLieHno 25 cooTBeTCTBYET umcno 192. MNpo-
rpamma npomsseget yMHoXeHue (200 © 192 = 38400), pasgenut
pesynerat Ha 256 (38400 / 256 = 150), OKpyrnuT ero (B JaHHOM
crnyyae B 3TOM HET Heo6XOAMMOCTH) M 3anuLleT B perucTp
rSoftOffBrightChX. Bocnonb3osasLUmch 06bI4HBIM KabKYIATO-
pOM, HETPYAHO Y6eamTcsl, 4TO UCXOAHas APKoCTb (200), yMeHb-
LLeHHas Ha 25%, pasHa 150.

HecmoTps Ha kaxyLleecs cxoncteo 6utos blsChannelOn n
ebPowerState, 06beanHATL X BOEAMHO Henb3sl. BmecTe oHm
npepoTBpaLLAaloT BKIOYEHWE KaHana, eciin BO BPeMs ero Bblk-
TIFOHEHVIA MO NCTEYEHVN BPEMEHW HEMNPEPbLIBHOM PaboTbl b1 CO0W
B 3M1EKTPOCETU.

Bnaropgaps Hanuumio Ha Bxogax MK BHyTpeHHero Tpurrepa
LLMnTTa M NMHMM 3afepXKKKM, yCTpaHeHe apebesra KOHTAKToB
kHonok SB1 1 SB2 He Tpebyertcs.

O6paboTka COCTOSHMA KHOMOK NMOCTPOEHa TakMm 06pasom,
YTO TaK Ha3bIBAEMOE BTOPUYHOE AENCTBME HE NOOLAEPXKMBAETCS.
Hanpvmep: B BbIK/TIOYEHHOM COCTOSIHUM YOEPXVBAHME KHOMKM
NPUBOOUT K BKITIOYEHUIO KaHarna BO BTOPOM pexume. Ecnv npo-
JomKaTb yaepXvBaTb KHOMKY, TO MOCMe TOro Kak KaHan BKIO-
YUFICA, ero APKOCTb HE HAYHET N3MEHSITBCA, KaK 3TO 06bIYHO MPo-
VCXOAMT MPU BKITKOYEHHOM KaHane. FpkoCcTb MOXXHO 6yaeT name-
HUTb TOMBKO NOCSIE OTNYCKaHWS KHOMKU 1 MOBTOPHOTO ee yaep-
XuBaHus. Takon noaxof 6onee 3proHOMUYEH, K TOMY e OH Mo-
3BOMAET UCKITOYUTL OLLMOKK, CBA3AHHbIE C AETEKTUPOBaHWEM
HaXXaTus 1 YOEPXXMBAHWSA KHOMOK B 3aBUCMMOCTU OT (DYHKLIMK,
pexvma, 1 TEeKyLLIEro COCTOSIHMS YCTPOMCTBA.

Peanusauus 06paboTymka KHOMOK OCHOBaHa Ha aHanmae
3HaveHus pernctpa rButtonXHoldTime, B KOTOpOM XpaHuTCA
ANUTENbHOCTb YAEPXNBAHUA KHOMKM B HAXKATOM MOMOXEHUN,
a TakXe Ha CpaBHEHWUW ero 3Ha4yeHuUss C KOHCTaHTOMn
cButtonOnHoldSense, onpegenstoLLer BpeMeHHOM Nopor, Haun-
Has C KOTOPOro HaXXaTue Ha KHOMKY Pacno3HaeTCs Kak yaepXu-
BaHue. B TekyLLiei Bepcum 3TOT nopor paseH 1 cekyHae. Peructp
rButtonXHoldTime MoxeT UMeTb YeTbIpe 3Ha4eHus:

1) rButtonXHoldTime = 0 (kHonka He HaxaTa)

2) 0 < rButtonXHoldTime < cButtonOnHoldSense (kHorka Ha-
xara)

3) rButtonXHoldTime = cButtonOnHoldSense (kHornka yaoep-
XuBaeTcs)

4) rButtonXHoldTime = 255 (kHOMKa ocTaeTcs B HaXaTom
MONOXEHWN NOCIe YAEPKUBaHUS)

MocnepHee 3Ha4eHVe CUrHaNU3NPYeT O TOM, YTO HaA0 JOX-
JaTbCsA OTMYyCKaHWA KHOMKW. [loKa 3TOT MOMEHT He HacTynwurT,
HWKaKne OencTBus, CBA3aHHbIE C 06PabOoTKOW COCTOSAHMA KHOM-
KW, He BbINOMHSOTCS.

Moanporpamme! YTeHus n 3anucv EEPROM pa6otatoT Tonb-
KO C nepBbIMmM 256 6aviTamm. 3To ynpoLLaeT agpecaumio, T.K. crap-
LM perucTp agpeca Bcerga paseH Hysio U He UCTMob3yeTes.

Ecnn B MomeHT 06paLLieHms k EEPROM naet o6paboTka npe-
AblayLLero 3anpoca, To NoANporpaMma YTeHust [OXMOAETCs ero
OKoH4YaHus. Moagnporpamma 3anvcy B aHasiorMyHon cutyauum
HemefIeHHO npekpaLLaeTcs. 3To BriosiHe JA0MyCTUMO, NMOCKOMb-
Ky 3a[epXKa 3anmcu faxe B HECKOSbKO AeCATKOB MUNITMCEKYHA,
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He HapyLlaeT paboTy OCHOBHOWM NMporpamMMbl, U He 3aMeTHa Ansg
nosiL30BaTens.

B onucannm MK ckasaHo, 4to EEPROM ponyckaeT go
100 000 uvkno. nepesanucu. NMoatomy nognporpamMma ocyLue-
CTBNSIET 3aMNMCb B S4ENKY TOSIbKO B TOM Crly4ae, ecnv 3anuchbl-
BaeMble JaHHble OTNNYAOTCA OT TeX, YTO YXKe 3anuncaHbl B 3TON
f4erike.

B ocHoBe nognporpammbl reHepaLmy ncesaocy4anHoro
yncna RandomNumber8bit nexut anroputm, onncaHHbLIA B
[6, paspen 9.33 “TlocnepoBatensHOCTU, reHepupyeMble PerncT-
pamu cagura ¢ o6paTtHbIMU CBA3sMA). Acnonb3yeTcs nporpamMm-
HO peanu3oBaHHbI 8-M1 pa3psaHbIv perucTp casura ¢ otsofa-
MM OT 7-ro, 5-ro, 4-ro n 3-ro paspsga, Hag KoTopbIMW1 NPOU3BO-
autes normdeckas onepaums ICKIMTKOYAKOLLEE WA (xor, B MK
COOTBETCTBYET KOMAHAE EOR).

BxogHbIMM gaHHbIMK NOANPOrpamMMbl SBASIETCA T.H. seed —
4YMCINO, ONpedensioLLiee Havano NceBnoCyHariHOM Nnocnenosa-
TENBHOCTW. 3TO YMCIIO JOIMKHO BbITb OTAIMYHO OT Hyns. B npoTumB-
HOM crny4ae OHO 3ameHsieTcs umcnom 113. MNodemy nveHHo 1137?
[MoToMmy 4TO 3TO MEPBOE HMCINO OT HAYasa CrNMcKa, yaa4Ho pacro-
nararoLeecsi C TOHKM 3peHVs BO3BPALLAEMOro pesyssrara, yM-
HOXEHHOrO Ha AiBa (CM. 3aMevaHue o HegocTaTke Huxe). MNMepso-
HayanbHO seed reHepupyeTcs NyTeM U3MEPEHUsT CETEBOrO Ha-
NPSPKEHWSI B MOMEHT MOAKITHOHEHUS1 YCTPOMCTBA K CETU, YTO ra-
paHTUPYET Cry4YanHbIi XapakTep 3TOro Y1cna.

Mopnporpamma Bo3BpaLlaeT NcesnocnyvanHoe YMcno B
avanasoHe ot 1 go 255. MNepron NOBTOPEHMS YMCEN paBeH
(28—-1) = 255.

[N noBbILLEHWST CKOPOCTU BbIMOMHEHMS NOANPOrpaMMbl 1
COKpalLLIeH1s1 KonmnyecTBa kofa copepxumoe permctpa SREG He
COXpaHSETCA, XOTA NoanporpaMma U3MeHSIET COCTOsIHUE HEKO-
TOPbIX €ro gonaroe.

MpakTuyeckas npoBepka anroputTma nokasana, 4ro pacnpe-
JeneHue criyyanHbIX YMCen NoslyYaeTcs AOCTaTOMHO paBHOMEP-
HbIM BO BCEM AManasoHe. Tabnuuy BCex 3HaYeHW NceBpocy-
YarHoM NocnenoBaTesibHOCTY MOXHO MOCMOTPETL B npunarae-
MoM channe (dparn RandomNumber8bit xis). B Tabnuue nepeymc-
NEHbI YMCna, Bo3BpaLLaeMble NPy KaXkaoM BbI30BE NoAnporpam-
Mbl, HA4YMHasA ¢ seed=1.

Ecnu BHUMaTensHO npoaHanMaMpoBaTh CrMCOK Yucen, TO
MOXXHO 3aMeTUTb CreayoLLMA HegocTaToK. Bo3epalLiaemoe 3Ha-
YeHWe 3a4acTyro paBHO (MM MPUMEPHO PaBHO) MpeabiayLlemMy
3Ha4YeHNI0, yMHOXEHHOMY Ha ABa. Bcero HacuutbiBaeTca 61 Ta-
kasi Kom6mHauwms. Mpy 3TOM KONMHYECTBO NOCsIe0BaTESIbHbIX MO-
BTOPEHWI (T.€. KOrfa Takon pe3ynbraT Mofy4aeTcs npu Kax-
OOM MnocneaytoLLieM Bbi30Be (yHKLMM) BapbupyeTcs oT 1 4o 7.
CratncTnka NoBTOPOB pPacnpenenseTcs creayowmm o6pa3om
(Tabnuua 2).

5.3. Ta6nuua sipkocTu

BocnpusiTve ypoBHS SPKOCTU HEJIOBEHECKMM [T1a30M UMEET
HEeNMHENHY0 3aBUCUMOCTb. padivk 3TOM 3aBUCUMOCTU NpUBe-
JeH Ha puc. 6. OH B3AT U3 OOoKymeHTa [16] komnaHum Lutron
Electronics —nasectHoro ¢ 1961 roga npovssoauTenst perynsro-
poB ocseLLeHus. Mo ropnsoHTanbHOM ocy rpadivka OTNIOXKEHbI
3HaYeHWs APKOCTU, BOCMIPUHNMAEMbIE YESIOBEHECKWUM rT1a30M, Mo
BEPTMKASILHON — €e peasibHble 3HAYEHWS, U3MEPEHHBIE NPUOO-
pom. Bygem cunTaTth, YTO 3Ha4eHMsi N0 BEPTUKAbHOM OCK COOT-
BETCTBYIOT HaMPSHKEHWIO Ha namne. SKCnepuMeHTanbHas npo-
BEpKa NOATBEPAMNG, YTO 3TO JOMYyCTUMO.

| ABTOMATUMKA |

Ta6nuua 2
KonuuectBo nocnepoBaTesibHbIX nOBTOpeHMﬁ Yucno KOM6VIHaL|,IM7I
1 30
2 15
3 8
4 4
5 2
6 1
7 1

Mcnonb3ys ykasaHHble Ha rpadouke COOTHOLLIEHUS, TpeByeT-
cs cocTaBuTb Tabnuuy sipkocTy BrightnessTable, T.e. nepeiitv ot
YKa3aHHbIX Ha PUCYHKEe 3Ha4eHW B MPOLIEHTaX K Ynucnam u3 aua-
nasoHa 1...255, npyrogHbiM ans gansHenwen o6padboTtkm B MK.

Kak BUOHO 13 pa3meLLIeHHO Ha PUCYHKE (hopMyIibl, a TaKke
13 ee rpadomyeckoro nNpeacTaeneHys, PyHKUmen aenseTca na-
pa6ona, onucbiBaeMas rnoIMHOMOM BTOPOW CTEMNEHU:

y(X) =K, e X + K, o X +K,,
rae K, k,, K, — HenaBecTHble KOSQULIMEHTI.

[ns HaxoXaeHWs KO3 hULMEHTOB BOCTIONb3YEMCH CPELCTBA-
Mu nporpammel Mathcad [17, rmasa 16]. ®avin ¢ onceiBaeMbIM
Janee pacyetoM B copmate Mathcad npunaraetcsa (cpann
Brightness_table.xmcd). B35 3a 0CHOBY 3Ha4e€HWs TPEX TOYEK,
YKa3aHHbIX Ha pUCYHKe, 3alaeM BEKTOPbI IKCMEPUMEHTASbHBIX
JaHHbIX, AOMOSTHUB UX MUHUMASIbHBIMU U MakCUMaslbHbIMU 3Ha-
YeHusmu. B Touke x=0, 3Ha4eHne y paBHo 1, a He 0, T.K. MOHATWS
“HyneBas pKOCTb” He CyLLIeCTBYET:

data_x:=(0 255.22,4% 255.50% 255.77,5% 255)7

data_y:=(1 255-5% 255-25% 255-60% 255)"

Hanee paccuntbiBaeM NOMMHOMUASIBHYHO PEMPECCUIO C MO-
MOLLIbO BCTPOEHHOM chyHKLmM Mathcad, yka3sbisas npu 3ToM cTe-
neHb NOSIMHOMA:

k:=regress(data_x,data_y,2)

DYHKUMA BO3BPALLIAET BEKTOP M3 MATU NIEMEHTOB, nocre-
JOHVE TPU 13 KOTOPbIX SBASIOTCA UCKOMbIMU KO3thdhrLmeHTamm
(k,, k,, 1 K, COOTBETCTBEHHO):

k;=3.961 x 10° k,=-0.013 k,=0.87

MoacTaevB HaeHHbIe KOShULMEHTLI B (OOPMYITy O6LLIEro
BMAA, MonyyYaem ypaBHEHME, OMNMChIBAIOLLIEE UCXOOHbIN rpadvik:

y(x) = 3,961 ¢ 103 x2 - 0,013 * x + 0,87

“Square Law” Curve
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Puc. 6. 3aB1CYMOCTb BOCMPUHMMAEMOW SAPKOCTU OT N3MEPEHHOW
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Tenepb NOCTPOUM rpadpuk faHHOM PyHKLMK, 1 HaHECEM Ha
Hero Ons CpaBHEHMS SKCMEPUMEHTalTbHbIE TOYKM C MOMOLLIbIO
NpepbIBUCTON NHWK (puUC. 7).

30ech N0 ropU30HTaITBHOM OCU OTIIOXKEHbI 3HAYEHWS PETUCT-
pa rBrightnessChX, o603HauatoLLme TEKYLLYIO APKOCTb U 3afato-
Lue cMeLLeHne npu obpalleHun K Tabnuue BrightnessTable, a
Nno BEPTUKaSIbHOW — OTBETHbIE 3Ha4YeHUs TabnuLbl, 3anucbiBae-
Mble B peructp rChXOffTime, koTopble onpepenstoT BENUUMHY
HanpshkeHus Ha namne. Kak BugHo 13 rpadvika, npuoimkeHne K
MCXOAHBbIM OaHHbIM MOSyYUNOCh AOCTATO4HO TOYHbIM. Kpome
TOro, BHELUHWUIA BMA rpacdnka coBMaJaeT C TeM, KOTOPbIA Obin
B3AT 3@ OCHOBY.

OcTanocb nony4ntb TabnmyHble 3HadyeHnss Ta6nuua 3
PyHKUMW. 3aaeM AnanasoH, 41t KOTOPOro HYX-  i:=0...255 y(1)=
HO paccym1TaThb 3Ha4YEHIs, M MONy4aeM OTBET B BUAE 0
Tabnuupbi 3.

Monb3yacb NMHENKON MPOKPYTKWN Tabnubl,
MOXHO MPOCMOTPETL BCe 256 ee 3HaqeHui. [o-
CKOMbKY ApO6HAast HacTb NOSyHEHHbIX AaHHbIX HAC
He nHTepecyer, onumm “Number of decimal places”
npurcBoeHo 3HaudeHwe 0. Mpr 3ToM NporcxoauT aB-
TOMaTU4eCKoe oKpyrneHme. aHHas onumsa oocTyn-
Ha Ha Bknagke “Number Format”, nonacTb Ha Ko-
TOPY MOXHO, iBaXK/b! KIIMKHYB Ha Tabnuue. [Ans 9
0OTOBPaXEeHUs1 HOMEPOB CTPOK, B CBOMCTBax Ta6- i
nvubl Ha Bknagke “Display” ycTaHoBneHa onums
“Show column\row labels”.

3anucbIBaTh MosyyYeHHbIe TabnnyHble AaHHbIE B NaMsiTh MPo-
rpammMm MK Hanpsimyto Henb34, T.K. 4J19 3TOro OHW JOMKHbI 6bITb
npencTaeneHbl B cneuyansHOM dropmare:

.db ymeno 1, uicno 2

.db 4meno 3, uncrno 4

[Ona npeobpasoBaHus K TpebyeMomy chopmMaTy MOXHO
BOCMONb30BaTbCA cpeacTBamu nporpammel Excel. dann, ocy-
LLECTBSAOLLMIA TaKOe KOHBEPTUPOBaHWE, NpunaraeTcs (gann
Mathcad_to_MCU_converter.xlIs). OaHHble n3 Tabnmubl Mathcad
cnegyeT ckonmpoBaTb B CTOfGeL, A 3Toro dhanna, nocrne 4ero
cronbupl B, C v D 6yayT coaep>xaTb Te Xe AaHHble, HO B hopma-
Te, NPUrogHoM Ans 3anucy B namsate MK.

CnepyeT nMeTb B BUAY, YTO NMOCKONbKY MUHUManbHas 1
MaKcumarsbHasa SpPKOCTb SBASIOTCHA BENNYMHAMW NEPEMEHHbI-
MU, 3ajaBaeMbIMU Nonb3oBaTenem B syenkax eBrightnessMin
1 eBrightnessMax cooTBETCTBEHHO, pPe3yNbTUPYIOLLNIA rpadhmk
APKOCTM ByAeT oTNnYaTbCa OT NPUBEAEHHOIO Bbile. YTo-
6bl BbIICHUTb HACKOSIbKO, BOCMOMb3yeMCsl TEM Xe (hansiom
KoHBepTepa opmarta Mathcad B dpopmat MK (cbann
Mathcad_to_MCU_converter.xls). Ckonvupyem cogepxumoe
cton6ua “OaHHble Mathcad” na nepsoro nucta chaina B 0gHO-
MMEHHbIN cTon6eL, BToporo nucta. lNprvem B Ka4ecTse UCXOf-
HbIX AiaHHbIX eBrightnessMin=35 n eBrightnessMax=200. Bbisic-
HVM, KAKOMY 3Ha4Y€HUIO COOTBETCTBYET sHerika 35, 1 3anonHim
3TUM 3Ha4YeHWeM (B aHHOM Criyyae 4Y1cinoM 5) Bce a4elikm ana-
nasoHa 35...0. o aHanorum 3anonH1M Bce S4ekn ananasoHa
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Puc. 7. Npadhvk oyHKLMM C HAHECEHHBIMU TOYKaMmn
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Puc. 8. padmk ApKOCTU C yHETOM MUHUMYMaA 1 Makcumyma

200...255 3Ha4eHveM 156. B pesynesrate, rpadmk SpkocTu 6y-
[eT BbIMAAeTb, Kak NnokasaHo Ha puc. 8.

Taknm o6pa3om, Mpu perynmpoBkKe SPKOCTU UCMONb3YyeTcs
TOMbKO YacTb NepBOHaYanbHOro rpadmka. Heucnonssyemas
YaCTb 3aMeLLAETCA FOPU3OHTASIbHBIMM y4acTKamn. 3TO — NOCTO-
SIHHbIE 3HAYeHUS MUHUMAIIbHOW M MakCUMasTbHOW SPKOCTH, Mpo-
OOMKUTENBHOCTb KOTOPbIX onpeensieTcs 3Ha4eHnaAMU f4eeK
eBrightMinTimeout 1 eBrightMaxTimeout cootseTcTBEHHO. O TOM,
noYemy noTpe6oBaoCh OrPaHNYMBATL SPKOCTb CBEPXY U CHU3Y,
pacckasblBaeTcs B crieflytoLLieM pasgerne.

Tabnuuy 3Ha4eHW NceBaoCNyYarHoON NocneaoBaTenbHOCTU
(dhann RandomNumber8bit.zip); Bbl4MCNEHNE TABNNYHbIX 3HA-
YeHun apkocTu (dpann Brightness_table.zip); koHsepTep Tab-
nmubl sipkocTn U3 copmara Mathcad B chopmat MK (cparin
Mathcad_to_MCU_converter.zip); CXoQHbIE KOAbI NPOrpaMmb 1
NPOLUMBKY MUKPOKOHTponnepa (¢parn Dimmer2.zip) Bbl MOXeTe
3arpyauTb C cavita Hallero xypHana:

http://www.radioliga.com (pasgen “INporpamMmbI”)

a Tarkxe ¢ canta asTtopa: http:/mmiloslavsky.narod.ru
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