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ABYyXKQHQNbHbIN

CTa6GMNN3NPOBAHHBIN AMMMEDP

6. OCOBEHHOCTU CTABMJIN3ALIUM IPKOCTU

VMccnenosaHne BbISBWIO ABE MPUYMHBI HEMOCTOSAHHOM SAPKO-
CTW OCBELLEHNA B HALLMX AOMax: n3MeHeHne hopMbl CETEBO-
ro HaNPSHXEHNS U BKIOYEHNE MOLLIHOM Harpy3ku. Nepsas npu-
YMHa 3aMeTHa Tem 6onblue, YeM MeHbLUe ApKOCTb. BTopas
npuyvHa 3ameTHa npun Nto6on ApKocTU. NPUMEHEHHLIN B yCT-
poincTBe anropuT™m yCTpaHseT NOCNeacTBUA 06enx NPUHnH.
Mpu 3TOM 0b6ecneynBaeTCs OAMHAKOBO XOPOLLUEE KAayeCTBO
cTabunusauum npuy ro60oM ypoBHE PKOCTH.

B xope pa3paboTku BbIACHUIOCH, YTO HanbosbLUee BNUs-
HWe Ha KonebaHme APKOCTM OKa3blBaET BKOHEHNE MOLLHOM
Harpy3ku npy MakcMMasnbHOM HanpshXeHUn Ha namne. 910
No3BONUNO cAenatb BbIBOA, YTO €CNK 06ecneynTb cTabunu-
3aumio APKOCTU AN aHHOro criyyasi, TO BO BCEX ApYruX Chny-
Yyaax ctabunuaauma 6ygeTt obecrneyeHa aBTOMaTUYECKU.

YT106bI MakcMmMarnbHas ApKOCTb ocTaBanacb HEM3MEHHON
NpY BKIKOYEHUN MOLLIHOIM Harpy3ku, MakcumarnbHOe Hanpsbke-
HME Ha Nnamne JOMKHO 6bITb M3HA4aSIbHO OrpaHNYeHo. 3a cHeT
06pa30BaBLUENCS pa3HULIbl HANPSXKEHUIN Kak pa3 1 OCyLLEeCTB-
nsieTca ctabunu3aums Npy YMeHbLUIEHNN CETEBOIO Hanpsie-
HusA. OTcloga cnenyeT, Y4To BbIGUpaTb ypOBEHb MAKCUMASIbHO-
ro HaNPs>KEeHWS Ha flaMne HY)XXHO Kak KOMMAPOMMCC MeXAY Mak-
CUMarbHOW APKOCTLIO 1 CTEMEHBIO ee CTabunuaaumu.

Pelennem nocnyxuna Hanbonee 4acTto BCTpevaroLlasncs
6bITOBas CUTyaUms — BKIIOYEHUE aneKkTpoyarHmka. Nytem ms-
MEPEHWI 6bIS10 YCTAHOBIEHO, YTO NPY BKITKOYEHNM HA KYXHE Yan-
HUKa MOLLIHOCTbIO 2 KBT, HanpsbkeHne B KOMHaTHOW PO3ETKE,
npegHa3Ha4eHHON Ans NOQKIYEHUA CBETUbHUKA, NafaeT ¢
233 po 228 B. 3Ha4uT B XyALIEM Crnyyae, T.e. NPy HanpsXeHun
cetn 198 B, HanpsixeHve ynageT no (198 « 228) / 233 = 193,75
B. CnepoBatensHo, ofia obecrneveHns cTabunmuaaumm makem-
ManbHOE HanpshKeHne Ha namne JOSHKHO ObiTb OrpaHU4eHo
ypoBHeM 194 B. PagymeeTcs, Takoe HanpspkeHue JOMKEH noa-
OepXuBaTb 1 610K NUTaHUS, HTO BbISIO YHTEHO NPU ero pacyeTe.

MpakTnyeckas npoBepka UCNOb30BAHHOIO anropmuTMa,
BbI6PAHHOr0 KOMMNPOMUCCHOIO PELLEHMA N METOAMKN Noa60-
pa MakcMMarnbHOro HanpsXXeHus Nokasana, Y4To Npu U3MeHe-
HUW HanpsHKeHus ceTu B avanas3oHe ot 198 oo 242 B Hanps-
XKEHWe Ha nammne U3MeHseTcs Bcero nuuwb Ha 1 B, 4To coBep-
LLIEHHO He 3aMeTHO AnA rnasa. bonee Toro, npu BKOYEHUN
nbinecoca MoLHOCTLIO 1,5 KBT, noacoeanHeHHOro K Tomy Xxe
YAIIMHUTENIO, YTO U CBETUSIbHUK, NPAKTUYECKN HEe 3aMeTHO
MOpraHue namnbl, paboTaroLLer Ha NONHOM APKOCTU.

Ha ocHoBaHWMM MonyYeHHbIX OaHHbIX HETPYOHO OLEHUTb
KayecTBO cTabunusaumm KonuyecTBeHHo. PasHuua mexay
MakcuMasnbHbIM Y MMHUMAaSIbHBIM BXOAHBIM Hanpsi>XXeHUeM co-
craenseT 242 — 198 = 44 B. Ecnu 66l Npy U3MEHEHWUN BXOA-
HOrO HanpsHXXeHWsi BbIXOAHOE OCTaBasfioCb HEM3MEHHbIM, Ka-
4yecTBO cTabunmnaaummn coctaBuno 6bl 100%, T.e. 6bIIO Obl
maeanbHbiM. OgHAKO BbIXOLHOE HanpsXXeHMe N3MEHSETCA Ha
1 B, oTcioga 44 — 1 = 43 B. [1na nepesoga 3101 pa3HOCTU B
npoLeHTbl, cocTaBum nponopumto: (43  100) / 44 = 97,73%.
OkpyrnuB pesysnesrar, nofy4aem Ka4ecTBo ctabunmsaumm Ha
ypoBHe 98%.
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10 OTHOLWEHMIO K HOMWHANBHOMY HAaMpPs>XXeHUI0 CeTu
(220 B) makcMmanbHoe HanpsXeHne Ha flamrne okKasbiBaeT-
€A yMeHbLUEHHBbIM Ha (220 — 194) 100 / 220 = 12%. 3gecb
NONe3HO BCMOMHUTb, YTO CHUXXEHWE HaNpPsXeHnsa BCEro Ha
10% yBenu4umsaeT Ccpok CnyxX6bl namnbl NPUGIN3NTENLHO
B [Ba pa3a, Ha 25% — B 4eTblpe pa3a [18]. N HaobopoT,
NOBbILLEHME HanNPsXXeHWs BCEro Ha HECKOMNbKO BOMbT CBEPX
TOro, YTO yKa3aHo Ha namne, 3Ha4YNTENbHO COoKpallaeT ee
pecypc [19].

YT06bI BIICHWUTb, HACKOMNbKO OKa3anach yMeHbLUEeHa MakK-
cMmarnbHas MOLLHOCTb flaMribl, HEO6X0AMMO Y3HATb CONPOTUB-
neHune ee HUTU. BTO MOXHO chenatb no dopmyne R = U2/ P.
[MocKonbKY MOLLHOCTb flammbl HOPMUPYETCS NP HANPSXXEHUN
230 B (1 370 NOATBEPXAEHO IKCMEPUMEHTASTBHO), CONPOTUB-
nexve HUTKM R = 2302/ 60 = 882 Om. Torga npu Hanps>xeHnu
194 B mowHoCTbL 6yneT paBHa P = 1942 / 882 = 43 BT, 4T0
OLLyTMMO MeHbLLIE UCXOAHbIX 60 BT. Mo aTon npuynHe ysenu-
yMBaTb [OMYCK CETEBOro HanpskeHus cbiwe +10% Hexe-
naTenbHo, T.K. B 9TOM Cryyae npuaeTcs ewle 6onblue orpa-
HU4YUTL MakcuMmarbHoe HanpsXkKeHne Ha namne, 4To npuse-
JeT K eLLe 60MbLIeMY CHUXEHUIO €€ MOLLHOCTMU.

MuHMManbHas SpKOCTb HE UMEET OrpaHnyMBaloLLmnX dak-
TOpPOB, T.K. NPOMEXYTOK BPEMEHU, B TE4YEHME KOTOPOro flam-
na HaxoauTCcsa BO BKJIIOYEHHOM COCTOSIHUW, HEBENUK. 3a cHeT
nony4yaemoro B 4aHHOM crny4ae 60nbLIOro 3anaca no Hanps-
XKEHWMIO, 05 NM060ro 3Ha4eHNss MUHUMasbHOM APKOCTU obec-
neyvBaeTcsa OTNMYHas cTabunmusaums BO BCEM AnanasoHe Ha-
npsbkeHns cetu. o aTol npuynHe BbIGOP MUHUMASTBHOW Ap-
KOCTN — UCKITIOYMTESNIbHO eno BKyca.

C nopsgkom nepesofa MakCUMarnbsHOro i MMHUMAasbHOro
Hanps>KeHWs Ha namne B COOTBETCTBYOLLME 3HAYEHNA A4HeeK
eBrightnessMax n eBrightnessMin MOXHO 03HakoMUTbLCA B
pasgene HacTtpowka. o ymonyaHuio nepebIid kaHan (s4en-
ka eBrightnessMaxCh1) HacTpoeH Ha MakcnmarnbHOe BbIXoa-
Hoe HanpsxxeHne 194 B B COOTBETCTBUM C BbILLENPUBEOEH-
HbIM pacyeToM. BTopoit kaHan (a4einka eBrightnessMaxCh2)
HaCTpOeH Ha 215 B, B pacyeTe Ha TO, Y4TO HanpsHKeHNe ceTu
He OMyCTUTBLCA HWxXe HommHana 220 B. 3HaveHue a4venku
eBrightnessMinCh1 obecneunBaeT MMHUMaNbHOE Hanpsxe-
Hue Ha namne 33 B, eBrightnessMinCh2 — 35 B. UHTepecHo
OTMEeTUTb, YTO AN eABa 3aMeTHOro B MOSIHON TEMHOTE CBe-
YeHWs HUTU Hakana TpebyeTcs HanpskeHue 27 B, T.e. 12%
OT HOMWHAIBHOrO HaNPSKEHNS CETU.

CnepgyeT MeTb B BUAY, YTO HA YPOBEHb APKOCTM (M MUHK-
MarbHbIA, N1 MaKCUMasbHbIA) OKa3bIBaeT BAUSHUE pa3bpoc
HOMMWHana pe3ncTopoB AenuTens HanpskeHus. MoaTomy noc-
ne cO0PKM YCTPOWCTBA ero BbIXOAHbIE HAMPSKEHNS MOTYT He-
MHOIO OTINYATLCA OT YKa3aHHbIX 3HAYEHUA MO YMON4YaHuIO.
Ecnu Tpebyetcs TO4HOE COOTBETCTBME, cregyeT nogobpatb
3Ha4eHus eBrightnessMax n eBrightnessMin, pykosogcTsy-
AiCb METOOMKON, NpuBeAeHHON B pa3gene HacTtpoiika.

YpOBEHb APKOCTU HE 3aBUCUT OT KOHKPETHOI O 9K3eMnns-
pa MK.
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7. HACTPOMKA

YCTPOWMCTBO He Hy>XaaeTcs B HacTpolike. CobpaHHoe 6e-
30LUMBOYHO U 13 UCNPAaBHbIX AeTanen OHO Ha4YMHaeT paboTaTtb
cpaay. [Npun xenaHmm MOXHO OTperynupoBaTh napameTpsbl, 3a-
JaBaeMmble Mosib3oBarenem, HanpuMep YpoBeHb MakcMmasnbHOM
SIPKOCTW.

CnepnyeT NOMHUTb, YTO (hbl03, paspeLLatoLLmii paboTy BCTPO-
eHHoro B MK cynepBu3opa nutaHus, BOMmKeH ObITb 3anporpam-
MuposaH. Npun 3ToM Nopor cpabaTbiBaHUs Cyneper3opa JOMKEH
cocTtaenaTb 2,7 B.

7.1. MNop6op MaKcumasnbHOM IPKOCTU

Mpennonoxmm, TpebyeTcs 06ecneymTb CTabnnM3aumio Spko-
CTV NPV BO3[ENCTBUM MOLLHOW Harpy3ku, Korga MUHUMaSIbHO
JonycTtumoe HanpsbkeHve cetu (198 B) cHukaetcs o 194 B. MNep-
BbIM [ienom ybexaaemcs, YTo 3anoMuHaHne SpkocTy Ans AaH-
HOro pexvMa [aHHOrO kaHana akTMBMPOBAHO (COOTBETCTBYIO-
wmi 6uT ebSaveBright paseH 1). Mocne 3Toro nporpamMMmupyem
suerky eBrightnessMax 3HadeHvem $FF. 3atem nogkntodaem
ycTponcTBo K JIATPY, Ha KOTOPOM BbICTaBMSIEM HanpshXeHue
198 B. [danee nopgkntodaem napannensHo namne TrueRMS
AC+DC BonbTMeTp. Perynupys pKoCTb namrbl yaepXvBaHUA-
€M KHOMKK, Jo6MBaeMcs nokasaHus BonstMeTpoM 194 B. MNocne
nay3sbl, HEOGXOAMMOW AN 3anOMUHAHWS TEKYLLIEN APKOCTU (He
MeHee 2,5 ceKkyH[), CHUTbIBaEM C NOMOLLIO MporpammMaropa co-
Jepxumoe a4elikun eLastBright. MNonyyeHHoe 3Ha4eHne 3annchbl-
BaeM B a4eiiKy eBrightnessMax. MNpw Heo6xoaMMOCTHN OCyLLECTB-
NSieM KOHBEPTALWMIO MeXay LLeCTHaaUaTEPUNYHBIM 1 AECATUYHBIM
dopmatom. [Ansa yno6cTea MOXHO Ha Bpemsi oabopa yMeHbLUUTb
CKOPOCTb perynnupoBaHua ApPKOCTU, NPUCBOUB sYenKe
eBrightChangeSpeed makcumarnsHoe 3HaqeHue (5).

Heo6xo0aMM0o NMOMHUTb, YTO 610K MUTaHWUA PacCYUTaH Ha Mn-
HUMarbHoe ceTeBoe HanpsbkeHue 194 B. MosTomy Bo3aencTaue
MOLLIHOM Harpy3ku He JOMKHO Bbi3biBaTb YMEHbLLEHWE Hamps-
XKEHUS CETU HWKE STOr0 3Ha4eHus. B npotueBHOM crydae ctabu-
nn3aums ApKOCTU BYAET HapyLUeHa 13-3a CHDKEHWsI OMOPHOro
HanpsbkeHns AL,

7.2. MNop60p MUHMMAaNbLHOW APKOCTU

Mo aHanormnm ¢ NoA60POM MakCMMarbHOM APKOCTU, NEPBbLIM
fenom yoexpgaemcsi, YTO 3arnoMnHaHne SpKOCTV Ans 4aHHOro
pexviMa fiaHHOro KaHasa akTMB1MPOBaHO (COOTBETCTBYOLLIMIN GUT
ebSaveBright paseH 1). Mocne atoro nporpamMmmpyemMm s4emnky
eBrightnessMin aHaueHvem $00. 3aTem, perynmpys SpkocTb flam-
Mbl yOEPXMBAHNEM KHOMKW, BbIGUPAEM Xenaemyto MUHUMaSb-
HYIO APKOCTb. ocne nayabl, HEOBXOAUMONM AN 3anoOMMHAHUS
TEKYLLEN APKOCTU (He MeHee 2,5 CEeKyHA), CHUTbIBaEM Cofep-
Xnmoe syeriku eLastBright. MonyyeHHoe 3HaYeHne 3anncbiBaem
B A4enky eBrightnessMin. MNpn Heo6x0AMMOCTM OCYLLIECTBASEM
KOHBEPTALMIO MEXAY LLECTHaALATEPUYHBLIM 1 AECATUYHbLIM chop-
martoM. [ins yao6¢cTea MOXHO Ha Bpems nogoopa yMeHbLUNTb
CKOpPOCTb PerynupoBaHusa SApKOCTU, NMPUCBOMB A4YeEnKe
eBrightChangeSpeed makcumarnbHoe 3Hadenue (5).

7.3. Bbl6op KoHcTaHTbI cCADCSamplesCount

B cny4yae mogndurkaLmm nporpaMMHOro Koga OCHOBHOMO
UMKa nporpaMmMbl HEO6XOAMMO 3aHOBO paccyMTaTh 3Haye-
Hune koHcTaHTbl CADCSamplesCount. [laHHas KOHCTaHTa on-
penensieT KonM4ecTBo npoxogos npouenypbl ADCSampling,
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T.€. NPOAOMKUTENBHOCTb U3MEPEHNSI CETEBOMO HanpsKeHus, B
T.4. NPV BbIKJTOYEHHbIX KaHanax, korga 3HaqeHuns rChXOffTime
paBHbI Hynto. B Lenom, 4em 60nbLue 3Ha4eHVe KOHCTaHTbI, TEM
nydwe, T.K. namna 6ygeT fonblle HaxoaMTbCA BO BKIHOYEH-
HOM COCTOSIHUW, YTO MO3BOSUT JOCTUYb BONbLLEN MakCMManb-
How sipkocTn. OgHako cyMmapHas OnuTenbHOCTb NpoLeypsbl
ADCSampling, onpenensiemas koHcTtaHTori CADCSamplesCount,
orpaHvyeHa OMTEeNbHOCTBIO BbIMOTHEHNS OCHOBHOWM Nporpam-
Mbl. Hanprmep, ecnm ocHoBHas nporpaMma BbIMOSHAETCS B Te-
YyeHue Ton = 500 MKC, TO CyMMapHas AnmMTensHOCTL NpoLeaypbl
ADCSampling He MoxeT 6bITb 60s1bLLE 9500 MKC, T.K. OQWH MOf-
HbIA LMK BbIMOMHEHWS BCEro koga MporpaMMbl MpU YacToTe
cetn 100 Ny 3aHmmaeT T = 10000 mKkc. Ecnn xe npouenypa
ADCSampling 6yaeT BbINONHATLCA OMbLLE, BO3HWUKHYT COOM, NPO-
SIBNAIOLLMECH B BUAE MOPraHus namr.

YT1O6HhI onpenenuTb 3HayeHue KOHCTaHTbI
cADCSamplesCount, TpebyeTcsa 3HaTb Bpems Tnp, 3aTpayvsae-
MOe Ha OfHOKpaTHoe BbinonHeHve npouenypbl ADCSampling.
Takvm 06pa3om, NnepsoHavarbHO hopMysa Afist BbIMUCTIEHNS KOH-
CTaHTb! BbIMMAAUT CREayoLLMM 06pa3oM:

cADCSamplesCount = (T — Ton) / Tnp.

MoMUMO BpeMeH BbINOSHEHWsi OCHOBHOM Mporpammbl, hop-
Myra [oiKHa TakKe yUMTbIBaTb BPEMs, 3aTpadvBaemoe Ha npo-
uenypy PhaseDetect. MockonbKy 3ata npouegypa ocHoBaHa Ha
CpaBHeHUM [BYX YMcen, nocnefosaresibHo nonyyaemsix ¢ ALIM,
MWHMMarbHOE BPEMS €€ BbINOMHEHNS paBHO YOBOEHHOMY Bpe-
MeHwu npeobpasosaHusa ALIM taun, nntoc Bpems to, Heobxogmmoe
ans o6paboTkM pesynsrata:

cADCSamplesCount = (T — (Ton + 2 ® Taun + To)) / Tnp.

ELLle oguH y4acTok Koaa, KOTOpbIA AOMKEH ObiTb YYTEH B
dopmyre, 3TO KoMaHAbl, HaxodsLmecs Mexay npouegypamu
PhaseDetect 1 ADCSampling. C y4eTOM BpemMeHu 1X BbINosnHe-
Hua To;

cADCSamplesCount = (T — (Ton + 2 Taun + To + Tg)) / Tnp.

KoadbcbmupmeHT K4 yunTbiBAET OTKIMOHEHWE HacTOTbl CETU OT
HOMUHASTLHOW:

cADCSamplesCount = (T e Ku— (Ton + 2 Taun+ To + Tg)) /
Tnp

MonyyeHHas dhopmyna NpurofgHa Ansa pacyera, ecnv Bpems
BbINOSIHEHUA OQHON KOMaHfbl cocTasnseT posHO 1 Mkc. Ho ro-
CKorbKy TakToBas Yactota MK He ctabunmavposaHa KBapLeBsbIM
pesoHaTopoM, Ansi 06ecne4eHns XopoLLier MOBTOPAEMOCTH YCT-
povicTea TpebyeTcsi BBECTW MONPaBoYyHbIN KoapuLmeHT Kre, yumn-
ThIBAOLLIMIA MOrPeLLHOCTL BHYTPEHHero reHepatopa MK:

cADCSamplesCount = (T * Ky — (Ton ¢ Krc + 2 * Taun ® Krc +
To * Krc + Tg * Krc)) / (Tnp © Krc)

Tenepb MOXXHO NEPENTU K MOACTAHOBKE YNCOBbIX 3HAYEHWIA.
PacyeT cnegyet BECTU, NCXOAS U3 MUHMMASTBHOTO 3HA4EHNS! KOH-
ctaHTbl CADCSamplesCount, T.K. MMEHHO B 9TOM CIly4ae MOXHO
6bITb YBEPEHHBIM, YTO HYKAKUE 06CTOATENLCTBA HE NpUBERYT K
MOPraHuio fiamr.

Mop BpeMeHeM BbINOMHEHWA OCHOBHOM Nporpamme tor nog-
pasymMeBaeTCa MakcMMarnbHOe BPEMS €€ BbINOSHEHWS 33 OAWH
npoxop. B cuny passeTBneHHOCTV anroputMa 1 OTCyTCTBUA Npu-
rofHoro npodhavinepa, onpeaeuTs aHaIMTUYECKN, B KaKOM UMEH-
HO Cry4ae Nporpamma BbINOMHAETCA AOMbLLIE BCErO, Ype3BblHaiHO
CNoxHo. MoaTomy 6k NPUMEHEH 3MMUPUHECKMA MeTop. Bbino
YCTaHOBJIEHO, YTO MaKCUMasIbHOE BPEMS BbIMONHEHWSA OCHOBHOM
nporpammbl COOTBETCTBYET PEXMMY, KOrAa APKOCTb 060MX Ka-
HasoB perynmpyeTcs OaHOBPEMEHHO. KOHKPETHOE YMCeHHoe
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3Ha4YeHNe BPEMEHN MOXHO ONpedenuTb Npu CUMyNSLUKM STOro
pexwuma B cpefe VMLab. VIamepeHue criegyeT NOBTOPUTL HE Me-
Hee eBrightChangeSpeedCh1+eBrightChangeSpeedCh2+1 pa3
nogpsg. 3HaqeHus eLastBright n eBrightnessMax npu atom mo-
ryT 6bITb NOOLIMU. VI3 NONyYEeHHbIX PE3YNTAaTOB HY)XXHO BbIOPAaTh
HanbonbLLMiA. B TekyLlem BapuaHTe nporpaMmbl U3MEpPEHHOe
BpeMs npuvHMMano 3HadeHns ot 311 mMke ao 351 mkc. Moatomy
ton = 351 mkc. Hvxe gns cnpaeky NpuBegeHo MakcyMarnbHOe
BpEeMs BbINOSIHEHWS OCHOBHOWM MPOrpamMMbl B Pa3fNyHbIX PEXU-
Max (6e3 ydeta komangb! Idi Temp, 255, pacnonoxeHHol nepeq
npoueaypor PhaseDetect, n BbinonHsemon 3a 1 Mkc):

- NpY BbIKIIOYEHHBIX KaHanax 223 MKC;

- NPV BKITFOYEHUN OOHOro KaHana 254 MKC;

- NPV BKITKO4YEHHOM OHOM KaHase 257 MKC;

- MY BKITIOYEHHbIX 060MX KaHanax 291 MKC;

- NPV OAHOBPEMEHHOW PErynUPOBKE APKOCTM 060MX KaHANOB
[0 Ha4yana ee n3MeHeHus 335 MKC;

- NPV OAHOBPEMEHHOW PerynupoBKe SPKOCTU 060MX KaHANoB
BO Bpemsi ee uaMeHeHus 351 MKc.

Mpw ponycke Ha YacToTy cetn 0,4 'y [4] ee MakcmanbHoe
3Ha4eHune coctaeuT 50,4 + 50,4 = 100,8 'y, 3HauuT, nepuog 6y-
net paeeH T =1/100,8 = 9920 Mkc.

CornacHo onmncanmio MK, gonyck Ha OTKITOHEHME HacTOTbl
BHyTpeHHero RC reHepatopa coctasnseT +3%. [Jo6asmm cioga
eLe 1%, 4Tob6bl yHEeCTb BNSHUE TEMMNEPATYPbI, & TaKxKe OONYCK
Ha HanpsbkeHne nutanus MK. OgHoro npoueHTa BnosHe gocTa-
TOYHO, T.K. HarpeBaH1e KOMMOHEHTOB YCTPOWCTBA U ero kopnyca
HEBESIMKO, PaBHO KaK HEBENMKO U OTKITOHEHME HanPsXXEHWS Nn-
TaHus, 6narogaps MCNonNb30BaHMIO NpeunanoHHoro MIOH. Mpa-
hU1KM 3aBrcMMocTer YacToTbl MK MOKasbIBatoT, YTO BMSIHUE TEM-
nepaTypbl U HaNPSHXEHUSI MUTAHUSA HE CIIULLKOM 3HAYUTESIbHO.
CymMmumpys nanoxeHHoe, npuHnvaem Kre = 1,04, 4tobbl y4ecTb
MakcMMarnbHoe BpeMs! BbIMONHEHUS KOMaH/.

Mpepnenutens ALIM 3anporpamMmupoBaH Ha AeneHne BXxoa-
HOW YacTOThI B ABa pasa. BxogHon YacTtoTon npeanenvrens se-
nsaetcsa TakToBas 4Yactora MK 1 M. 3HauuT, Ha BbIxoge npen-
Jenurens 6yayT UMnynbChl C NEPUOAOM CnefoBaHns 2 MkC. [Anu-
TenbHOCTb 0AHOrO Npeobpa3zosaHus ALIM B pexxume Free Running
Mode coctaensiet 13,5 TaktoB npepoenutens. OTcioga Bpemsi
npeo6bpaszosanua Taun = 13,5 ¢ 2 = 27 mkc.B npouenype
PhaseDetect Bpemsi 06paboTkm pesynsrata npeobpasoBaHust
ALIN to onpepensetca ans xydwero cryyasi, korga pesynsrar
BTOPOro Nnpeobpa3oBaHns CTAaHOBUTCA AOCTYMNEH Ha CrieaytoLLen
komaHge nocne yteHns AL, Moatomy To =7.

Mexny npouenypamu PhaseDetect 1 ADCSampling HaxogsT-
Csl BCEro ABe KoMaHgbl. 3HaunT Tg = 2.

Bpewms Tnp, 3aTpaynBaemoe Ha OfHOKPaTHOE BbIMOMTHEHWE
npoueaypbl ADCSampling, HETPYAHO NOACHMTATb BPYUHYIO U
C NOMOLLBI0 cnMynisiTopa. 3afada obner4aeTcs TeM, YTO, He-
CMOTpPS Ha HaNM4ne KOMaHpg yCroBHOroO nepexoaa, npoueany-
pa Bcerpaa BbIMoSIHAETCA B Te4EHWE OOHOr0 1 TOro Xe Bpeme-
HW. [N 3TOro NpUMEHSIOTCA BbipaBHUBAIOLLIME KOMaHAbI NOp.
Bpems BbinonHenus npoueaypsl ADCSampling coctaenseT
Tnp = 21 MKc.

[MogcTaensas nonyyeHHble AaHHbIE B (OOPMYIy, NOSTyHaeM:

cADCSamplesCount = (9920 — (351 1,04 + 227 1,04 +
71,04 +2+1,04)) /(21 » 1,04) = 434,49

[na HaaeXXHOCTW 3Ha4YeHNE KOHCTaHTbI criedyeT OKpYrnnTh B
MEHbLLIYIO CTOPOHY, AaXKEe €Cnv 3TO MPOTUBOPEYUT MNpasuiam
apnOMETUKN.
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Mocne namereHus koHcTaHTbl CADCSamplesCount nogcTpoii-
ka 3Ha4eHuin eBrightnessMin 1 eBrightnessMax He TpebyeTcs.

MHTepecHO 3amMeTuTb, YTO MPU 3HAYEHUU KOHCTaHTHI
cADCSamplesCount=434, T.e korga AnMTeNibHOCTb BKITHOHEHHO-
ro COCTOSIHUS KaHasa cocTasnaeT npumepHo 434 x 21 =9114 mc,
1 npu eBrightnessMax=255, T.e. Korga aTta gJIMTenNsLHOCTb He or-
paHn4eHHa, MakcMarnbHOe HanpsXXeHne Ha namne MeHbLLUe HO-
MWHAINBHOIO HaNpPsKEHWs CETU BCEro NpuénmanTensHo Ha 1 B.
Takvum 06pa3oMm, 3deKkTMBHOCTb AMMMepa pasHa (219 « 100) /
220 = 99,6%. Ecnu 3aMKHYTb BbIBOAbI CTOK-UCTOK TPaH3UCTOpPA,
MOXHO y6eamnTcs, 4TO pasH1La B APKOCTM NPY YMEHbLLEHHOM Ha
1 B ceTeBOM HanpshkeHUM NpakTUHeCcKn He3ameTHa.

Takxe NHTEPECHO OTMETUTb, YTO MPU TEX XKE YCIOBUSAX YMEHb-
LeHne koHcTaHTbl CADCSamplesCount Ha 7 egyHWL, MOYTU He
YMEHbLLAET HanpshKeHne Ha fnamre.

8. SAKJNTIOUTEJIbHbIE MOJIOXKEHUA

8.1. BoO3MOXHble HeUucrnpaBHOCTU
1 cnoco6bl UX ycTpaHeHUs

CyvMATOM: €CIN NPV BKITFOYEHHOM KaHase CeTeBoe HarnpsKe-
HVe NponagaeT 6oree Yem Ha CEeKyHAY, TO MOCHe ero BO306HOB-
NEHWA namna 3aropaeTcs He cpagy, a Yepes 4 cekyHfpbl.

lMpudmHa: vpet 3apsaka UNBTPYIOLLIEro KoHAeHcaTopa [0
HOMVMHASILHOMO HanpshKeHWsi MUTaHWsA Cxembl. Takoke Tpebyetcs
BpPEMS Ha MHULManM3aumio BHyTpeHHUX y3nos MK.

PeliieHue: 3T0 CXeMOTEXHUYECKas 0COOEHHOCTb, Heucnpae-
HOCTbIO He ABNAEeTC.

CumrniTom: ipy 3anmen gaHHbix B EEPROM (Hanpumvep qe-
pes 2,5 ceKyHfibl NMocne OKOHYaHUs perynmpoBKu ApKOCTU) CUlb-
HO 3aMEeTHO MopraHue namn(bl).

lNpnunHa: ymeHbLLMAACh (BbICOXI1A) EMKOCTb SMEKTPONUTU-
YeCKOro KoHeHcaTopa unstpa nuTaHns.

PelueHve: 3aMeHNTb OUNBTPYIOLLIMIA KOHOEHCaTop.

CumnToM: nocne N3MeHeHUs Koga nporpammb| NPy OOHOBPE-
MEHHOW PerynmpoBke SIPKOCTM 060MX KaHanoe HabnogatoTes
CPbIBbI CUHXPOHU3ALMM B BULE MOPraHus namn.

lNpnynHa: Ha BbINOMHEHWE OCHOBHOW NPOrpaMmbl OTBEAEHO
HEeL0CTaTO4HOE KOTMHECTBO BPEMEHM.

PelueHne:  ymeHbWUTb  3HAYeHue
cADCSamplesCount.

KOHCTaHThbI

8.2. Hepocrtatku

B pexypHoM pexumMe Koprnyc yCTpoMCTBa crierka Harpesa-
€TCs OT Tenna, paccenBaemoro 6annacTHbIM PE3NCTOPOM.

BkrntodeHne namnbl NPOMCXOAUT MPY HANPsKeHUW B CETU Ha
12 B BblLLe HynS.

BonbLuas eMKocTb KoHaeHcaTopa unsTpa v Kak CneacTeme,
3ajepXxka crapra yCTPOMCTBa NMpU NOJKITIOHEHUM K CETU (OKOINO
4 cekyHL).

HeT nonHom yBepeHHOCTM B TOM, YTO TPaH3MCTOP BblAEPXXUT
neperopaHne namnbl Npu BKITKOYEHHOM KaHarne.

Heb6onbLLUon HarpeB AMogHOro MocTta npy BKIKOYEHHOW Ha-
rpy3ke HeQoOCTaTKOM MOXHO He cyuTaTb. HecMoTps Ha To, 4TO
CTerneHb HarpeBa MOCTa 3aBUCUT OT KONMYECTBA BKITHOYEHHBIX
KaHanoB U BEMUYMHbI UX SPKOCTU, KOPMNYC CBETUIBbHMKA B JII060M
cny4ae HarpeBaeTcs 60rblue, Korga paccemBaeT Tenno, co3na-
BaeMoe BKITHOYEHHbIMM Namnamun. OgHaKko HeOCTAaTOK COCTOUT
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B TOM, YTO 9TOT Harpes, NycTb N HEOONBLLLON, HE Y4UTLIBAETCA
npv pacyeTax. TeM He MeHee, BCE KOMMOHEHTbI yCTPOWCTBA UMe-
IOT NacropTHbIe 3Ha4YEHU TemMnepaTypbl, MPeBbILLAoLLME MaK-
cUMasibHYI0 TemnepaTypy Kopryca CBETUbHUKA.

HepocTtaTtok onucaHus npoekTa: NMMUT BPEMEHU He MO3BO-
nvn npueecTy hopMysbl 1 Kog html B 6onee NpurnagHsIn Bua.

8.3. Yr1o cnepoBano 6bl cpgenatb MHa4ve

B cnvcke pekomeHpaumin npoussogmtens MK no pa6ote ¢
ALIM nmeetca Takon NyHKT: BbIBOAbI ALIM, ckoHduryprposaH-
Hble KaK LmdpoBble BbIXOObl, HE JOMMKHbLI MEPEKIoYaTLCa BO
Bpems npoLiecca n3mepeHns. B gaHHoM cxemMe aTa pekoMeHaa-
umsa He cobnogaeTcs. 3TO CBA3AHO C UCTOPUHECKM CITOXMBLLIEN-
CSl HENPaBWIbHOM NO CYTW, HO YOOBHON C TOYKM 3PEHUS Pa3BOL-
KW nnaTtbl, KoHUrypaumen soisogos MK, naHa4asnsHo Bbli6paH-
Hol aBTOpOM. Bripoyem, Ha Ka4ecTse cTabunmaauunm 3To He OT-
paxxaeTcsi.

DYHKLMA aBTOOTKITIOHEHNUSA UCTONB3YET TY XE TabnmLy SpKo-
CTW, KOTOPas UCMONb3YETCA B APYrMX pexxmmax. [Nockonbky Tab-
Mua COOEPXUT YHaCTKM C OQMHAKOBBLIMU 3HAYEHUAMM, HA Ma-
NbIX YPOBHSAX APKOCTN aBTOOTKITIOHEHUE KaK Gbl 3aTOPMaKmBa-
eTtcsl. YTobbl 3TOro He NPOUCXoauns1o, TpebyeTcs NMOOo oTaenbHas
Tabnuua SpKOCTH, NMMGO UCKITIOHYEHME OANHAKOBBIX 3HAYEHWI B
MMetoLLiencs Tabnuue.

®OyHKuma UMX He yunTbiBaeT noBTOpsiOLLMECS NOCneno-
BaTENbHOCTU YMCEN, BO3BpaLlaemMbie NOANPOrpaMmMon
RandomNumber8bit (06 aToMm Luna peyb B KOHLUe pasaena Onu-
caHuve nporpammsl). Kpome 3T0ro, B TEKYLLIEWN peanu3aumm cny-
YalHble 3HA4YEHMS BPEMEHM PadoThl BO BKITKOYEHHOM U BbIKITHO-
YEHHOM COCTOSIHUSX, @ TaKXKe YPOBHS APKOCTY BbIYUCTIAOTCS Ha
OCHOBE OIHOW 1 TOM e rnocfieoBaTenbHOCTU. Jly4imm peLue-
HMeMm 6bI10 Obl UCMONb30BaHWE OTAESbHBLIX NOcneaoBaTernlbHOC-
Ten Ans KaXO0ro 13 3Tux TPeX CryYanHbIX 3HaYeHU.

8.4. [lanbHenwme yCcOBepPLUEHCTBOBaHUS

3amMeHnTb KHOMKW 3HKoaepamun. C TOYKM 3pPEHNS SPrOHOMU-
KW OHU MpeanoYTUTeNbHee.

[o6aBUTb aTHMK OCBELLEHHOCTU, HANPUMEP Ha OCHOBE 00bIY-
Horo ceetoauoga. MomnyTHO CBETOANOL MOXHO MUCMONb30BaTh Kak
WHOWKATOP HanMuus HanpshkeHusa nutaHus. Ecnn npymennts
OBYX- VN TPEXLIBETHbI CBETOAMOA, MOXHO OTOOpaXKaTh pasnmy-
Hble peXrMbl paboTbl YCTPOMCTBA. TakxKe ero MOXXHO UCMOSbL30-
BaTb AN NOACBETKN OPraHoB yrpasneHns. Hanvuve gar4ymnka oc-
BELLIEHHOCTM NOo3BoNUT oyHKUMM UIMNX pabotaTte TONbKO B TEM-
HOE BPEMSI CYTOK, 4TO YCTPaHUT HanpacHbIA pacxon aNeKTPOSHep-
v B fiHeBHoe Bpems. ELle ogHo npyMeHeHue dotoaTymka —
YHKLMA NOAAEPXMBaHUA OCBELLEHHOCTM Ha 3aaHHOM YPOBHE.

PeanvzoBatb NnaBHOE aBTOMATUYECKOE BKITHOYEHME B TEYeE-
Hue 20 MUHYT Yepes 3afaHHbI UHTepBas BPeMeHW nocre BblK-
NIOYEHVs (MMUTaUMs pacceeTta). Hanpyumep, CBETUNBbHUK BbIk-
noyaetes kHornkon B 24:00. B 7:40, koraa 3Mmol 3a OKHOM eLLe
TEeMHO, OH aBTOMaTUYeCKWN BKIOYAETCA Ha MUHUMATbHYIO

JlutepaTtypa, cCbiKM MO Teme
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SIPKOCTb, M K 8:00 gocTuUraeT nonHom ApKocTu. Takasa ycnoeHas
nmmTauma “Bocxoda ConHua” mo3BOMUT rnasam Jierde agantupo-
BaTbCH K MOMEHTY MPOCbINaHNS, CHU3UB U UCKITKOHMB MOHOC-
ThO HENPUATHYIO pe3b B rnasax. Bnpoyem, aTo npegnonoxeHue
eLLe NpeacTouT NPoBEPUTb Ha NPaKTUKe.

BHenpuTb 6ecnpoBogHoOM MHTEPEIC, HanpumMep, Ha OCHOBE
mMoayns ZigBee, onsa onepaTMBHOrO M3MEHEHWS NapamMeTpoB Ha-
CTPOViKV 1 06HOBNEHMS npoLumekm MK,

YMEHbBLUUTL 3HEpPrornoTpedreHne 3a CHET CHDKEHUS Hampst-
XeHuUsa nuTaHua cxembl, Hanpyumvep ao 3,3 B. Mpy aTom Takxe
YMEHBLLINTCS HAarpeB 6annacTHoOro peavcropa. Kpome Toro, Mox-
HO nepentn Ha 6onee 3KkoHoMmu4Hble MK, Hanpumep
ATmega164P(V), nmetoLme K TOMy Xe MeHbLLUME BPeMs U TOK
3anvncyn EEPROM. 310 N03BONUT COKpaTUTL BPEMSA FOTOBHOCTM
YCTpOWCTBa K paboTe Nocre NOAKTHEHNS K CETU 3a CHET MEHb-
LLe eMKOCTU (OUNBTPYIOLLIErO KOHAeHcaTopa.

YCTpaHWTb HarpeB OMOAHOr0 MOCTa, U3MEHNB CXEMOTEXHUKY
BbIXOOHOrO Kackafa. Bmecto ayogHOro Mocta NpUMEHUTL Cxe-
My 13 Napbl TPaH3UCTOPOB C 06bEANHEHHBIMM UCTOKaMM (Ha Kabk-
ObI KaHan).

8.5. [epeueHb M3MepUTENbLHbLIX MPMOGOPOB
1 o6opyaoBaHUs

Mpu pa3paboTke YCTPOMCTBA UCMONbL30BaSIMCH CreaytoLme
npr6opLI U 060PYAOBaHUE:

MynstumeTp — Uni-Trend UT71E TrueRMS AC+DC. Beicokas
TOYHOCTb MO3BOMWIA HE YYUTLIBATL B pacyeTax MorpeLLHoCTb
N3MepUTENIbHOro Npuéopa (B HaCTHOCTU, MPU N3MEPEHUM NOCTO-
SIHHOMO TOKa OTKJI0HEHMe He npeBbliwaeT 0,15%).

Ocupnnorpady — C1-94.

AsTOTpaHcdopmaTop naéopatopHeii (JTATP) — TDGC2-1A.

TepmomeTp umdpposori — Velleman DTP3.

MporpammaTtop — camogesibHbIN, C rarlbBaHU4ECKOM pa3Bas-
KOW cUrHanbHbIX Lener 1 WnHbl MuTaHus. 3a ocHoBy Oblin B3AT
nporpammarop u3 http://algrom.net/pgm.pdf

8.6. Ycnosus pacnpocTpaHeHus

MonHas n o6HoBNsieMas Bepcusi NPOeKTa pasMeLleHa no
agpecy http://mmiloslavsky.narod.ru

MpoeKT pacnpocTpaHseTcst CBO60AHO A1 NPUMEHEHUS B He-
KOMMepYeckux Lensx. MiexogHbi Kof MOXET 6bITb MOANdULIN-
poBaH 6e3 orpaHn4eHui. [Npu Mcnonb3oBaHUK MaTepuasios NPo-
€KTa Cccblyika Ha opurmHar obssaresnibHa. Kommepyeckoe ncnonb-
30BaHWe OOMycKaeTcs TOMbKO NOcne MMCbMEHHOIO CornacoBa-
HWSi C aBTOPOM.
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