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ABYyXKQHQNIbHbIN

CTa6MNN3NPOBAHHBIN AMMMEDP

3. AMMAPATHAA YACTb

YCTPOMCTBO NpefHa3HaveHo Ons yrnpaeneHns cTaHaapTHbI-
MU flaMnamm HakanmesaHus. NogknioyeHve Opyrom HarpysKku, Ha-
npviMep sHeprocoeperaroLLen Tamrb| Unv ANeKTpoaBUraTens, Mo-
XET BbIBECTM YCTPOWCTBO M (UNn) Harpy3Ky 13 CTPosi.

BHUMAHME! YcTponcTBo He UMeeT rasfibBaHN4eCcKom pas-
BA3KM OT CETU. DNEMEHTbI CXeMbl HAXOAATCA MOA, CETEBbLIM Ha-
npsbxeHvem! MNMoatomy A0 3aKpenneHus CBETUMbHUKA Ha CTe-
He crnegyeT cobmiogatb COOTBETCTBYOLLME Mepbl NPefocTo-
POXHOCTMW.

3.1. [OuoaHbi MocT

MpumeHenne guogHoro mocta VD2, paccHmMTaHHOro Ha ToK
6 A, ans paboTbl C HEGOMbLUMM TOKOM Harpy3ku (Makcumym
0,55 A) obbsicHAETCS TeM, YTO Nlamrbl MHOTAA MeperoparoT BO
Bpems pa6oTbl. Bo3HMKaroLLWI Npy 3TOM UMMNYSLC TOKa amnu-
Typov 6onee 10...20 A cnoco6eH NoBpeanTb OQHOAMIMEPHBIE MO-
CTbl, Takme Kak KLI402 nnm KLI405.

ELe ogHa npuymHa 605bLLOrO 3anaca no ToKy — 3TO ropasfo
MeHbLLas CTeneHb HarpeBa MocTa. Brnpoyem, MonHOCTLIO yeTpa-
HSATb HArpeB He MMeeT CMbICNa, T.K. KOPMyC YCTPOWCTBa BCe paB-
HO HEMHOrO HarpeBaeTCs OT flamr, OCO6EeHHO padoTaroLLmX Ha
MaKCcMarnbHOM ApKOCTU.

Mo npuunHe, ykasaHHoOM B pasgene 3awuTta oT npeBblIlle-
HUSI CETEBOro HaNpPsHKEHUs!, NOHBIN MOCT AOIMKEH BbIThb pac-
cuuTaH Ha obpaTHoe HanpskeHne He MmeHee 600 B. cnonb3osa-
Hve mocTa Ha 1000 B BbI3BaHO OTCYTCTBMEM B Npofaxe Ha Mo-
MEHT COOPKM YCTPOCTBA IKIEMMIAPOB C MEHBLLUMMUM Hamnpsxe-
HUAMW.

3.2. Bnok nutaHus

3.2.1. UICTOYHMK OMOPHOro HarnpsKeHvst

OC06EHHOCTLIO CXEMbI ABMAETCA UCMONbL30BaHWE 419 nuTa-
HYA MK He 06bI4HOro CTabUNUTPOHA, a UHTErPasibHOr0 UCTOYHM-
Ka onopHoro HanpsxeHus DA1 napannensHoro Tuna. Kak yxe
0TMEeYarnoch, 3TO MO3BONSET oTKasaTbes OT otaenbHoro MOH un
CHU3UTb NOTPEe6NsSeMbIN TOK. [MOMMMO 3TOro, ecrnn HanpsXXeHve
Ha BbIxofe napannensHoro MIOH noBbICUMTCA NO Kaknm-nnéo npu-
YMHaM, BO3HVKLLMM CO CTOPOHbI LLUWHBI MATaHUSA CXEMbI, 3TO HE
NpVBEdET K HApyLUEHWIO CTabunnsaumu, a fnilb YBENUYUT TOK
yepes VIOH. 31o obLias 0CO6eHHOCTb CTabunM3aTopoB Hamnps-
XXeHusi napannensHoro Tuna [3].

Heperynupyembin aByxesisogHoi NIOH BbiGpaH cneuuars-
HO — HET HEOBXOAUMOCTY NoabdmpaTb N ycTaHaBMBaTbL ABa O0-
MONHUTENbBHBIX BICOKOTO4YHbIX pesucTopa. [ns cTabunsHon pa-
60Tb! aHHoro IOH He TpebyeTcst KoHOEHCATOP C HASKUM 3KBU-
BaJSIEHTHbIM NOCeaoBaTesibHbIM cornpotusneHvem (ESR), yto ss-
NIFIETCA [OMOMHUTENBHBIM MITFOCOM.

MOH cepum LM4040 BbinycKatoTC C pasfiMyHbIM KI1acCom
TOYHOCTM U, COOTBETCTBEHHO, CTOMMOCTW. [ANs AaHHOro npume-
HEeHWs IOCTAaTOYHO Knacca TO4YHOCTU 1%.

B kayecTBe 3aMeHbl MOXHO MOpeKOMeHOoBaThL 6ornee [o-
porov npubop LT1634, xoTA Ha NpakTHke ero paéoTta He NpoBe-
psnaceb.
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3.2.2. bannactHbiVi pe3ncTop

[nsi ravieHns n36bITKa CETEBOMO HaMNpsXXEHWS, MOCTYMaKoLLIEro
Ha Bxog VMIOH, vcnonb3yeTca 6annactHoe ConpoTuBReHue, 06-
pasosaHHoe pesuctopamn R1 n R2. MpuHuun gericteus NOH
napasnnesibHoro Turna CoBMnafaeT ¢ 06bI4HbIM CTAGUIUTPOHOM,
No3TOMy /19 pacyeTa racsiero pes3mcropa MoXHO NPUMEHUTb
Kraccu4eckyto doopmyrny:

R = (Usx—Ucrt)/ (IH + IcT), rae

UBX — BXO[HOE (OrpaHyMBaeMoe) HanpsxxeHue, CHUMaemoe
C BbIx0a AMOAHOIO MOCTa;

UcT — HanpsiXeHue cTabunmnsaumm cTabunuTpoHa;

IH — TOK Harpysku;

lcT — TOK cTabUnUTpPoHa.

3ameHVM chopmyny € yHeTOM NafieHMs HaNPSHKEHUs Ha OBYX
Avogax AnogHoro Mocra:

R=(UBx—2+Up—Uct)/ (IH + IcT).

MapgeHve HanpshXeHN Ha NPeOoXpPaHUTENeE HE YHUTLIBAEM,
T.K. M0 pesynsratam n3mMepeHuin oHo coctaeuno Beero 0,2 B npu
MakcumMarnbHOW Harpyske. [lo6asms KOIMMULMEHT, yHUTbIBAIO-
LM pa3bpoc CONPOTUBIIEHMSI PE3UCTOPA, NMOSYyHaEM KOHEYHYIO
dhopmyny:

R=[(Usx—2¢Up—UcT)/(IH + IcT)] * Kr.

ConpoTtuBneHre pesnctopa AOMMKHO 6biTb, C OOHOW CTOPO-
Hbl, 4OCTATOYHO HU3KWUM, YTOObI 06€CMEeYNTb MUHUMASTbHBIN TOK
CTabUnMTPOHa NPY MakCUMasibHOM TOKE Harpy3ku 1 MUHMMarlb-
HOM HanpsPKeHWUW CEeTU, HO, C APYroi CTOPOHbI, AOCTATO4HO Bbl-
COKWUM, 4TOObI MPY MaKCUMarbHOM HaMPs>KEHUU CETU U MUHU-
MaJIbHOM TOKE Harpy3ku He NPeBbICUTL MakCUMasIbHO OOMYCTU-
MbIA TOK CTABUNUTPOHA.

HayHeM c BbIICHEHNA MaKCUManbHOro COMPOTUBIIEHUS pe-
31cTOopa, 06ECNEeYMBAIOLLErO MUHUMASIbHBIN TOK CTAbUNUTPOHa
Npy HAMXYOLIWX YCIOBMSIX.

MuHMManbHoe cpefiHee 3Ha4eHVe BbINPSMIEHHOO Harnpsixe-
Hus UBx npu 10%-HOM fonycke Ha HanpskeHue cetu [4] cocTa-
BuT 198 B. Ho 3aeck crielyeT TakxKe y4eCTb CHUXEHME Hanpsixe-
HUS Nof, BO3AENCTBMEM MOLLHOW Harpy3ku. B pacyete Makcu-
MasibHOM APKOCTM Namnbl yKa3aHo CHKeHne Ha 4 B. 3Hauut Usx
=198-4=194B.

Hawnbonbluee nageHve Hanps>keHna Ha guogHoM mocty Ug
6yneT npu MakcumarbsHon Harpyske. CornacHo rpacuky 1s onum-
caHusi MOCTa, Npw Toke Harpy3km 0,55 A, koraa obe namnbl BKIo-
YeHbl Ha MakCUMasibHYH SPKOCTb, MPSIMOe HanpshxeHue Ons of-
Horo avioga coctasnsieT okono 0,73 B.

OTKNOHEHNE CTABUM3NPOBAHHOIO HaMpsKEHUS paBHO
1% (no onucanuio LM4040, knacc To4HocTh D). 3Hauut Uct =
5+ 0,05 = 5,05 B.

MuHVMMarbHbIN TOK, TPEByeMbIN ANs paboTbl CTABUIUTPOHA,
B COOTBETCTBUM C €ro onmcaHuem, coctaenseT Ict = 0,1 MA.

MocKornbKy B CXeMe UCMonb3yoTCs ABa Pe3nCcTopa, KaxKabIi
13 KOTOPbIX UMeeT gonyck 5%, npuHnvaem Kr = 0,9. CtapeHve
PE3nCTOPOB (YBENMYEHME CONPOTUBIEHMS CO BPEMEHEM) HE Yuu-
TbIBaEeTCH, T.K. OHW He 6yayT NoABepraTbCa HA MakCUMarnbHO 0-
NyCTVIMOMY HanpspKEHWIO, HY BbICOKOW Temneparype.
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Mi3aMepeHHbI MynTUMETPOM TOK MOTPEONEHUA CXeMbI NpU
HanpsbkeHun 5,0 B coctaeun 2,2 MA. lMNMpakTnyeckas npoeepka
rnokasarna, 4to yCTaHOBKa pasfn4HbIX 3K3emMnnspos Atmegaie,
B T.4. 6e3 nHaekca L, umetoLLmx revision J n gaty npov3soncTea
2006-2007 rT., NpaKTU4eCKM He BNUAET Ha TOK NoTpebneHus. He-
60IbLLUMM BIVSHWUEM (OECATKU MMKpPOaMIEP), KOTOPbIE BbI3BaHbI
pa3bpoCcoM TaKTOBOWM HacTOTbl BHYTPEHHEr0 reHeparopa, MoX-
HO nNpeHebpeyb.

MoTpebnsaemblii TOK TaKKe NoYTU He 3aBUCUT OT TOrO, BKJTHO-
YeHbl NN KaHarbl, B KAKOM KOJNIMHECTBE 1 Ha Kakom SpKOCTU.

B cuny masnbix BennYmMH o6paTHble TOKM 3aLLMTHOro amoaa,
OVNOJHOro MOCTa, TPaH3UCTOPOB, a TakKe TOKW YTEYKWN KOHOEH-
€aTopOB HE YHUTLIBAKOTCS.

B 3HauMTENbHOM CTENEHM Ha TOK NOTPEBNEHNS BAIMSIET HaXKa-
TUe KHOMOK. B 3TOM crydae TOK NpoTeKaeT OT nioca NCTOHHMKA
nuTaHns Yepes BHyTpeHHUI (pull-up) peanctop MK 1 3amkHyTYI0
KHOMKY Ha 3emiio. YkasaHHoe B onmcaHum MK MyHMmarnsHoe co-
NPOTMBIIEHNE BHYTPEHHErO peancTopa cocTasnseT 20 kOM. Ecrin
HaxkaTbl 06e KHOMKW, TOK cocTasmT 2 @ (5 /20000) = 0,5 MA.

Taknm 06pa3om, CyMMapHbI MakCMMarnbHbIA TOK NOTPe6-
nenus no uenu +5 B (npn HanpsixeHun posHo 5,0 B) paseH
2,2 + 0,5 =2,7 MA (HanoMHWM, 4TO 3TO 6€3 y4eTa Toka cTabu-
NTPOHA).

3HaunT, B XyOLeM criydae, T.e. npu HanpsbkeHun 5,05 B,
noTpebnsiemMbI TOK cocTaBuT IH=5,05¢2,7 /5 =2,73 MA.

Ecnw 6b1 B Cxeme 1cnonb3oBarncst 0QHOMNONYynepuoaHbIV Bbir-
PAMUTENb, 3TOT TOK HYXHO 6b1110 6bl YABOUTD.

MoacTasumM NonyyeHHble AaHHbIE B UCXOAHYO hopMyny:

R =[(194 — 2 « 0,73 — 5,05) / (0,00273 + 0,0001)] » 0,9 =
[187,49/0,00283] * 0,9 = 66251 » 0,9 = 59626 Om.

Taknm 06pa3om, 6annact OMmKeH MMETb CONPOTUBNEHNE HE
60nee 60 kKOM. Ero MOXXHO MonyymTb, COEANHMB NOCENOBATENBHO
aBa pesuctopa no 30 KOm. To, 4TO 3TO CONPOTUBIIEHNE HEMHOTO
60rbLLEe pac4eTHOro, onyctumo. Mo Teopmmn BEpOATHOCTY, BPAL
JIM BO3MOXHA CUTyauus, Koraa ConpoTuBeHe 060mMx pe3ncTo-
POB Ha 5% MeHbLLE, 1 BMECTE C 3TUM Hanpsi>keHue cTabunmnaaro-
pa Ha 1% 6onbLue.

Tenepb paccumTaem, He BbIMOET NV U3 CTPOS CTAOUIIUTPOH,
€CIN CETEBOE HANPSHXKEHNE YBENMYUTCS [0 YPOBHS OrPaHNYeHns
3awmtHoro avoga VD1, a Takke npu BO3AENCTBUM OPYruX He-
6naronpusATHbIX hakTopoB. [Npeocbpasyem paHee NCMOMb30BaH-
Hyt0 hopmyny K criefyroLLiemy Buay:

lct =[(UBx—2Up—Uct)/ (R *Kr)] - IH.

[nsa pacyeta npMHMMaeMm CrneaytoLLme YUCNEHHbIE 3HA4YEHUS:

MakcumaribHoe HanpsKEHNE OrpaHUYEHNS 3aLLMTHOMO OMO-
na Uex = 548 B.

Mpy oTCyTCTBUM Harpy3kun NageHue HanpsXKeHUsE Ha OQHOM
auope gnopaHoro mocta coctasut Upg = 0,65 B.

MuH1MansHoe HanpsbkeHve ctabunmusaumm cTabunuTpoHa
Uct=5-0,05=4,95B.

Tak KaK LLHT COCTaBIeH 13 AByX pe3uctopos, R (Om) = 30000
+ 30000.

KoadhcbmupmeHT conpoTmeneHus Kr npuHumaem paeHbim 0,95,
T.K. MIPWY 3TOM TOK CTabUnUTpoHa 6yaeT 6osbLLe.

MuHVMMarbHbIN TOK Harpy3ku 6yaeT npu He HaxXaTbIX KHOM-
kax. Mpyv HOMUHANILHOM HanpPsHKeHUM NuTaHna 5 B 3TOT TOK pa-
BeH 2,2 MA. 3Ha4MT Npu MUHMMarbHOM HarnpsXeHun 4,95 B Tok
6yneT paBeH IH=4,9522/5=2,18 MA.

lcT = [(548 — 2 » 0,65 — 4,95) / ((30000 + 30000) * 0,95)] —
0,00218 = [541,75 / 57000] — 0,00218 = 7,3 MA.

| ABTOMATUMKA |

Mony4yeHHoe 3Ha4eHne MeHbLle 12 MA — BEIMYMHbI Mak-
cvmanbHoro Toka MOH, pekoMeHOoBaHHOIO B €ro ONUcaHnm.
MowHocTb OH, paccenBaemas npu TakoM TOKe, COCTaBUT
5 ¢ 0,007 = 35 MBT. 310 60ree Yem Ha MOPSOOK MeHbLLE ero
MakcumasnbHon mowHocT 500 MBT. CnepoBatensHo, BbibpaH-
HOE COMPOTUBIIEHNE 6ANIAcTHOro PE3NCTOPA HaM MOAXOAUT.

Mepexoanm K pacyeTy MOLLIHOCTM 6annacTHOro pesucropa.
Ha nepBbiv B3rnag, kasanocs 6bl, peavctopa 0,5 BT 6yaet sron-
He [OCTaTo4HO, BEOb OH BblOEpXMBAET HanpsxeHne o 350 B.
Ha camom pene ato He Tak. B [5] cka3aHo, 4TO MOLLHOCTb pe-
3UCTOpa, yKa3bliBaemas B ero onmcaHuu, }J,eI7ICTBVITeJ'IbHa b
B TOM Cryyae, ecfnv ero ConpoTUBIIEHNE BbILLIE TaK Ha3biBae-
Moro Kputunyeckoro. MNocnegHee BblHMcnAeTcH No hopMyne:
Rk = Unacn? / Pnacn, rge Unacn — nacnopTtHoe pabo4ee Hanps-
XeHve pesuctopa, P — ero nacnopTtHas MoLHOCTb. [ns pesuc-
Topa cepum C2-23 moLHocThio 0,5 BT Kputnyeckoe conpoTme-
nexve Rk =3502/0,5 = 245 kOm. Ecnm conpoTrBneHne pesncTo-
pa, KaK B HaLLEM CIy4ae, MeHbLLIE KPUTUHECKOTO, pacyeT MOLL-
HOCTV crnieflyeT NpoussoauTb Mo copmyre: P = U2/ R. YunTbias
MaKkcuManbHoe Hanps>keHne ceT, MMHUMalibHOe NnajeHune Ha-
NPsHKEHUS HA AMOQHOM MOCTY, M MUHUMASTbHOE HanpsbkeHWe cTa-
6unmusaumm, MOLLHOCTb peaucTopa 6yaeT pasHa:

P =(Usx—2+Ug—UcT)?/R.

P = (242 —2 0,65 — 4,95)?/ 60000 = 0,93 BT.

OpHako MoLHocTH pesuctopa 1 BT Toxe okasanock Heflo-
CTaTo4HO. DKCrepVMEHTamNbHas NPOBEPKa rnokasana, YTo gaxe
pesucTop 2 BT (oTevecTBeHHbIA, cepumn MITT) conpoTueneHmem
56 kOM cunbHO HarpesaeTcs. CornacHo TpeboBaHNAM NPOeKTa,
3TO HegonycTumo. Harpes 6annacTtHOro pesucropa siBfseTcs
€0VHCTBEHHOW NMPUYMHOM Harpesa Koprnyca yCTPOMCTBa B Xay-
LeM pexxume. [Mo3ToMy 0HeHb BaXKHO 3TOT HarpeB YCTPaHUTb.

MonbITKa ncnonb3oBaHua 5 BT MMNOPTHOrO peanctopa ce-
pvmn SQP conpoTtuenerrem 50 kOm Npo6emMbl He peLunna — OH
HarpeBaeTCcs MoYTW A0 TOW Xe TeMneparypsl, 4to n 2 Bt MJTT.

B pesynbrare 6b1n10 peLLeHo nenonb3oBaTh Aga 2 BT peauc-
TOpa, COeAVHEHHbIX NOCNenoBaTenbHO. MOMMUMO CHYXXEHUS TEM-
nepartypbl, 3TO NOBbILLAET HAAEXHOCTb YCTPOWCTBA, T.K. B CNy-
Yae Npo6osi OOHOro U3 PE3NCTOPOB, BTOPOW MPENOTBPATUT Bbl-
xon VNOH n3 ctposi. Ytobbl obecrieyunTb paBHOMEPHBIA Harpes,
HOMWHaJTbl PE3VCTOPOB JOMKHbI ObITb OQMHAKOBbI.

Mcnonb3ytoTesa oTedecTBeHHble 2 BT pesuncTopbl cepymn MITT.
WX rabaputbl HECKOSILKO 60sbLLE MMMOPTHBLIX aHaIoroB cepum
C2-23, 3aT0 OHM MEHbLLIE HarpeBatoTCs.

YucneHHble 3Ha4eHus Temnepatypbl 414 pa3fiMyHbIX pe3nc-
TOPOB HE MPUBOAATCA B CBA3W C 60SIbLLION NOrPELLHOCTBLIO N3Me-
peHwuit. MNokasaHua MEHANMCb OT Cry4as K cny4dato, Npu4emM He-
3aBVICUMO OT TUMNa U3MEPUTENBHOro NpMbopa — Tepmonapa, Nof-
KIoYeHHas K LMpoBOMY MySIETUMETPY, Ui LIMCOPOBON TEPMO-
MeTp.

3.2.3. ®unbTpyroLymii KOHGEHcAaTop

KoHpeHcatop C1 crnaxvBaeTt nynbcaumm BbIMPAMIIEHHOMO
HanpspKeHWs. XOTa Ans pacyeTa ero eMKOCTU MOXHO 6bIio BOC-
nosib30BaTbCA METOAMKOM U3 [6, CTp. 52, padnen 1.27 “©Ounkrpa-
UM B UCTOYHMKAX NUTaHKS], KOHAEeHCATOp Noaduparncs amnu-
prHecKMM MyTem. 3TO BbI3BAHO CrELyOLLIMM OOCTOATENBCTBOM.

Yepes HEeCKONMbKO CEKyHA, MOCNe OKOHYaHWS PerysimpoBku
SPKOCTM ee 3Ha4eHe 3anomMmnHaetcs B EEPROM. CornacHo onu-
caHvio MK, Tok nporpaMmmunpoBaHus coctasnset 6 MA (npu 5 B,
25°C). OTctopa cnepyert, 4To MO CpaBHEHUIO C TOKOM MoTpebne-
HWS B 0ObIMHOM pEXMME TOK BO3pacTaeT MoYyTy B YETbIPE pasa:
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(2,2MA +6MA) /2,2 MA = 3,7. LIvkn 3anmciu, cornacHo onmcaHmio
MK, gnutcsa 8,5 mc, T.e. no4Th uenbivi nonynepmog (10 mc). Mpu
TaKWX YCMOBUAX HAKOMMEHHbIV 3apaf KoHaeHcaTopa 6bICTPO UC-
TOLLIAETCS, HYTO NPUBOAUT K YMEHBLLEHUIO HAMNPsXKEHNE NUTaHUS
MK v o6pasuosoro HanpsbkeHust ALIM. BuayanbHo 3TO BbIMAauT
KakK KpaTKOBPEMEHHOE OJHOKpaTHOe MopraHue namnbl Yepes
HECKOJbKO CEKYHL, MOCS1E OKOHYaHWS PEryNIPOBKM APKOCTY (3ch-
heKT 3amMeTEH NpU YPOBHE APKOCTY BbILLE CPEOHErO).

Kog nporpamMmbl NOCTPOEH TakuM 06pas3oM, HTO LMKIbI 3a-
nvcv B EEPROM cnepytoT apyr 3a apyrom Yepes kaxxgble 10 mc.
Ecnwn perynvpoBka ApkoCTv NpeKpaLLaeTcs OgHOBPEMEHHO As
[OBYX KaHasoB, 3an1cb B NamsTb 6yaet onutbes Ha 8,5 Mc 601b-
we. 3a 1,5 mc (10 mc — 8,5 Mc) koHaeHcaTop He yCreeT NosiHoC-
TbIO 3aPAANTLCHA, COOTBETCTBEHHO, HANPSPKEHNE OMYCTUTCS ELLe
HWXXe, U MopraHve namnbl 6yAeT eLle 3aMeTHee, 0COGEHHO Mpu
MOHVKEHHOM HanpsXXeHUN CETU.

MockonbKy 3apaHee HEM3BECTHO, NPY Kakon aMnNuTyae Mop-
raHue CTaHOBUTCA 3aMETHO (& UMEHHO K aMMnnUTyAe NynbcaLyi
npues3aHa gopmyna B [6]), npoLLe nogobparb KOHAEHCATOoP 9K-
CrepUMEHTaITBHO.

KoHgeHcaTop nogbuvpancs npyv MUHUMaNbHOM Hanps>KeHUn
cetn 198 B 1 okoHYaHUM peryniMpoBKM APKOCTU MO JOCTVXXKEHUN
MaKCMMarnbHOro 3HayeHust Ha o6omx kaHanax. HomuHan 1000
MK® Mo3BONMN YCTPaHUTbL MOpPraHue Nnocrne OKOHYaHUs perynu-
POBKM APKOCTU OOHOrO KaHana, v caenatb MOopraHve no4vtu He
3aMeTHbIM MOCNe OQHOBPEMEHHOIO OKOHYaHUA PErynMpOBKM
APKOCTN 060MX KaHanos. [danbHerLlemMy noBbILLEHNIO eMKOCTH
NPensaTCTBYIOT Manble rabapuTbl yCTPONCTBA.

KOHeYHO, MOXHO ObII0 OpraHM3oBaTh 3afepPXKy Mexay
nocnegosartesibHbiMK 3anucamm B EEPROM. OpgHako yeenu-
YeHne BPeMEHM BbIMOSIHEHUA OCHOBHOWM MporpamMmbl 3a cHeT
nobasneHVs Koga B JAHHOM Cry4ae He onpaegaHo. Bo-nepsbix,
mMarna BeposITHOCTb TOro, YTO 06e KHOMKW 6yayT OTNYLLEHbI Of-
HOBPEMEHHO, MPNYEM Ha YPOBHE SPKOCTU BbILLIE CPEAHErO Ans
06emnx namn. Bo-BTOpbIX, HEBENMKA BEPOSTHOCTb TOrO, YTO Ha-
npsbkeHne B cetu ynaget no 198 B. HakoHel, B-TpeTbux, 3d-
PEKT MOpraHmsa CAMLLKOM Mano 3aMeTeH, YToObl yaensTh 3To-
My BHUMaHMeE.

Ha cyHkumonmposarm MOH 6onbluas BennymMHa eMKoCTy
He oTpaxaeTcs, T.K. B ero ornmMcaHum ckasaHo, YTo gonyctuma
€MKOCTHas Harpyska 11o6oro HommHana.

MMocne nogknoYeHns YCTpoMCTBa K CETH, YTOObI K Havany
OCHOBHOrO LiKna nporpammbl HanpsxeHne nutanusa MK ycneno
CTabunmManpoBaTbCs Ha HOMMHANTBHOM YPOBHE, TPebyeTcs opra-
HWM30BaTb 3afepXKy cTapta. Ecnv atoro He coenartb, TO BCRef-
CTBME 3aHMKEHHOr0 OMopHOro Hanpsbkenus AL Hapyluutea
N1IaBHOCTb aBTOMATUHECKOr0 BKJTIOHEHUST KaHASIOB.

Bpems 3apepxxku ctapTa onpenensnoch 3KCnepuMeHTarnbHO
(xoTa NpaBwnbHee 6bI10 6bl HAWTU NOAXOAALLYIO A1 pacyeTa
opmyny). CornacHo nokKasaHusM MyNBTUMETPa, HanpsbkeHne
nutaHna MK gocturano 5 B vepes npumepHo 3 cekyHabl nocne
NOAKIIIOYEHUS YCTPONCTBA K CETU C MUHMMAambHbIM HanpsXXeHu-
em 198 B. YuntbiBas npsiMyto 3aBUCUMOCTb HaCTOTbl BHYTPEHHE-
ro RC-reHepatopa MK oT HanpsbKeHWsi TMTaHWs, a Takke NMorpeLL-
HOCTb U3MepeHuit, Obina BeibpaHa 3afepXKKa ¢ 3anacom, pasHas
4 cek. HacTb aTON 3aepXKM 06ecrnevnBaeTcs BHYTPEHHNMM y3-
namm MK Power-on Reset n Brown-out Detection. OcraBLuascs
YacTb peann3oBaHa NPorpaMMHo.

Mepexoanm K BbI6GOPY HOMMHABHOMO HaMPsXKEHWA KOHOEH-
caropa. OTOT napamMeTp B 3HAYUTENBHOM CTEMEHW ONpepenseT
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CpPOK ero cnyxo6ebl. B [7] pekomeHayeTcs, 4Tobbl paboyee Hanpst-
XeHue Ha koHgeHcatope coctasnsno 80...100% OT HOMUHasTb-
Horo. C pyroi cTopoHbl, B [8] pekomeHayeTcs, 4ToObl paboyee
HanpshXeHvie 66110 B ABa pa3a MeHbLLIE HOMUHAIBLHOTO. [lockonb-
Ky 9K3emnsap, paccumtaHHbii Ha 10 B, Bce paBHO He noaxoaut
no cBovMM raéaputam (ecnm ycTaHaBnMBaThb €ro Kak MofioXeHo
BEPTUKaIIbHO), BbIGMPaeM KOHAEHCATOP C HOMUHAIbHBLIM Harps-
>XeHvewm 6,3 B.

30eck MMeeT cMbicn 06paTUTb BHUMAHUE Ha CreqyoLmi
hakT. B onmMcaHmnax anekTponmnTnYecknx KoHgeHcaTopos up-
Mbl Jamicon yKa3aHo, 4TO, Ha4MHas ¢ paboyero HanpspkeHUs
25 B, nx eMKoCTb M3MeHsieTcs co BpeMeHeM Ha 20%. [Anst MeHb-
LLIMX XK€ HarnpsKEHWIN 9TO 3Ha4YeHne paBHO 25%.

BepxHuin npegen TemnepatypHOro amanasoHa, Ha KOTOpbIN
paccuuTaH BbIGpaHHbIN KoHAeHcaTop, coctasnseT 105°C. 31o
eLe ofvH napameTp, B 3HAYUTENBLHOW CTEMEHW BAMSIOLLMA Ha
CpOK cny>6bl KoHaeHcaTopa. Boi6op 06yCnoBneH Takke TeM, YTO
KOpMyC YCTPOMCTBA HEMHOMO HarpeBaeTcs OT flaMmr, OUOLHOro
MoCTa 1 6annacTHOro peavcropa.

YMeHbLLEHVE EMKOCTN KOHAEHCaTopa, CBA3AHHOE C pa3bpo-
COM HOMMHAara Ui CTapeHnem, He HapyLLIMT paboToCnoCOBHOCTbL
ycTponcTea. Bo3aMOXHO nuLLb YyTb 6onee 3aMeETHOE MOpraHue
famn B MOMEHT 3arOMUHaHWA APKOCTU.

3.3. MukpokoHTponnep

HecmoTpst Ha TO, 4TO HanpsXXeHWe NUTaHUSI CXeMbl COCTaB-
nset 5 B, ucnonbayembin MK U1 umeeT nHagekc L, o3HavaroLmmn
BO3MOXHOCTb paboThbl MPY HANPSHXXEHUM NUTaHWs oT 2,7 0o 5 B.
370 cBA3AHO C 60SILLLON EMKOCTLIO COMNBTPYIOLLIErO KOHOEHCA-
TOpa, T.e. C MNaBHbIM HapacTaHWeM HanpsHKeHWs NUTaHWA Npu
NOAKIIIO4EHUN YCTPOCTBA K CETU.

Mopor BcTpoeHHoro B MK cynepersopa NuTaHus BbiCTaBMeH
B COOTBETCTBMM C OnuncaHmnem Ha 2,7 B. Ecnu xe aToT nopor cae-
natb pasHbIM 4,0 B, nnu ncnonb3osarb 06bI4HLIN MK (6€3 WH-
Oekca L) ¢ noporom 4,0 B, nnm Boo6LLIE OTKa3aTbCA OT BCTPOEH-
HOro cynepBn3opa, HekoTopble ak3emrnnapbl MK moryT He 3arty-
CTUTBLCHA, 0COBEHHO MNPV MUHMMaNbHOM HanpsbxeHun cety 198 B.
Mcnonb3osaTth xe 06bI4HbIN MK ¢ noporom 2,7 B Henb34, T.K. 3TO
MOXET MPUBECTU, B HACTHOCTU, K UCKaXXeHUIO fiaHHbIix EEPROM,
€CN1 BO BPEMS COXpaHeHUst MHpopMaLmMm Npou3oaeT OTKIo-
YeHWe NUTaHus.

MK Taktupyetcs BHyTpeHHuM RC reHepaTtopom Ha YacToTte
1 MI"u. 3TOro gocTaTo4HO, HTo6bI MOMYYMTL CPEOHEE BPEMS Bbl-
NOSIHEHWS OCHOBHOWM NporpaMmbl 0,5 Mc. 3aecb BaXXHO MOMHUTL
0 TOM, YTO MOBbILLEHWE TAKTOBOW 4YaCTOTbl yBENMYMBAET TOK NO-
TpebneHusi. CTabunmampoBaTb YacToTy KBapLEBLIM UMK Kepa-
MUYECKMM PE30HATOPOM HE TpebyeTcs, T.K. B 4AHHOM NpUMeHe-
HVM BbICOKas TOYHOCTb HE HYXHa. Takxe He TpebyeTcs Kanmo-
POBKa BHYTPEHHEro reHeparopa.

Mponzsogutens MK pekomeHayeT NpeanpuHsTL crnegytoLuye
MepbI npun paéote ¢ ALMT:

- yCTaHoBUTL MeX Ay BbiBogom REF 1 3emnen counstpyroLmin
KOHOEHcaTop;

- coeauHuTb BbiBog AGND c aHanorosow 3emneis;

- ncnonb3osatb LC domnetp nutanms B uenu AVCC;

- PV U3MepeHUN He NepekntoHaTh Bbiogbl ALIMN nopTa, ecnu
OHW HACTPOEHbI KaK LMppoBbIe BbIXOAbI.

MockornbKy BbICOKas AOCTOBEPHOCTb pe3yrsraTta UaMepeHus
He TpebyeTcsl, TO C LENbIO YNPOLLIEHUSI CXEMb, BbiLLEyKa3aHHbIe
Mepbl He cobrtopatotes. Kannbéposka AL Toxe He TpebyeTcs,
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B TOM 4u/CIe NOTOMY, YTO UCMONL3YEeTCA 0ObIYHBIN KaHas, a He
andbdepeHumansHbin [9, pasgen 2.3].

HecMmoTpsi Ha MPUHSATBLIE YNPOLLEHUS, TOYHOCTb, T.€. MOBTO-
pSieMOCTb CXeMbl, OT 3TOro He yxypawaeTca. bnarogaps BHeL-
Hemy VIOH, ncnonb3yemomy Takxe B posiv ctabunmaaropa nu-
TaHna MK, pesynetatsl uamepenuin AL Bcerpa octatoTes cTa-
6UNbHBIMW BNIOTH A0 MNaALLero 3Hayallero paspaga, gaxe npu
10-6uTHOM pagapeLueHnm ALIMM.

Mo pekomeHpaumm ATMEL, ans o6ecrievenust HaaexHowm pa-
60Tbl MK, B HENOCPEACTBEHHOM 6IN30CTU OT €ro BbIBOAOB NTa-
HWS1 YCTaHOBIEHbI B1I0KMPOBOYHbIE KOHAEHcaTopbl C2 (kepamu-
Yeckuin) n C3 (TaHTanoBbI SNEKTPONUTUHECKWA). B gaHHoM cxe-
Me 3TO OCOBEHHO aKTyasibHO, T.K. MPY KOMMyTauMmn 3aTBOPOB
TPaH3UCTOPOB, 06124aI0LLINX [OBOSILHO BbICOKON EMKOCTBIO, BO3-
HUKaIOT 3HAYMTESIbHbIE UMMYTbCHBIE TOKW.

Onsa nporpammuposaHus MK npegycmoTpeH pasbeM JS4 “1SP”
(In-System Programming, BHyTp1CXemHoe NporpaMMUpoBaHue).
Takoxe kak v npu nporpammmposaHn EEPROM camoli nporpam-
MOW BO BpeMsi paboTbl, BO BPEMS BHYTPUCXEMHOO MporpaMMu-
poBaHus Tok MK, cornacHo ero onmcanuio, coctaenseT 6 MA (npu
5 B 1 25°C). o pegynsrataMm “3mMepeHuii MakeMasibHbIN Mo-
TpebnsieMbIn TOK Haxoguncs B uHTepsare ot 4,3 MA 1o 5,8 MA.
M3-3a Manon MOLLHOCTM 6510Ka MUTaHWs HanpsbkKeHne BO Bpems
NpOrpaMMMPOBaHMS CHUXXaOCk npumepHo go 3,3 B. OpgHako
MHOrOKpaTHbIN onbIT NpoLumeky MK nokasarn, 4to 310 6e3spen-
Ho. Bonee Toro, B VIHTEpHETE BCTpEHaroTCA COOBLLEHMS O TOM,
410 MK HOpMarbHO MporpaMmmpyeTcst pY HaNPsXKEHUN BMSIOTb
no 3B.

Mpu nporpammmposaHn MK B cocTaee yCcTporicTBa BaXKHO
06paTUTb BHYMaHWe Ha CriedytoLLye MOMEHTbI:

- TpebyeTcs rabBaHNYecKas passsska nporpammaropa, no-
CKOJIbKY CXeMa HaxoguTCst Nof, NOTEHLMANOM CETY;

- MOXET NOTPE60OBAaTLCS BHELLIHWI 610K NMUTaHWST (TOXE C ralb-
BaHMYECKOW pa3Ba3KO), ecrv nporpammaropy 6yoeT HepocTa-
TOYHO TOKA, BbIpabaTbiBAEMOro 65I0KOM MUTAHWSA CXEMBbI;

- XenaresibHa YCTaHOBKa BbICOKOOMHbIX PE3V1CTOPOB (Mops-
ka 100 kOM) Mexay 3aTBOpamMu U UCTOKaMW TPaH3UCTOPOB, HTO-
6bl HE JOMYCTUTL NX BO3MOXHOIO Neperpesa, a Takxe Bbixoga n3
CTPOSI 13-32 CAMOMNPOU3BOSEHOMO OTKPbIBAHWS U YBENTMHEHWS CO-
NPOTUBNEHNA KaHana, BbI3BAHHOIO TEM, YTO BO BPEMSI Nporpam-
MupoBaHus BbiBogbl MK HaxXofAaTCs B BbICOKOMMIMEAaHCHOM CO-
CTOSIHWN.

Mo3ToMy nyHLLIMM BApUaHTOM, BO3MOXHO, OKaXKeTCS 3anpor-
pammumpoBaTte MK [0 yCTaHOBKU B CXEMY.

CoctosiHne dbto3oB MK cOOTBETCTBYET 3HA4EHNAM MO YMOIT-
YaHWIo, 3a MCKIIIDYEHWEM 3anporpaMMMpoBaHHOro biosa
BODEN, pa3speLuatoLLero ncronb3oBaHne BCTPOEHHOMO Cyrnep-
BM30pa nuTaHus (puc. 3).

Configuration and Security bits
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¥ Checked items means programmed [bib = 0] [~ UnChecked iteme means unprogrammed [bit= 1]
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Puc. 3. MNporpammuposaHmne bio3os MK.
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PaHee otmeuanock, 4to MK ¢ He3agencTBOBaHHbIM Cynep-
BM30POM MUTaHWS MOXET He 3anyCTuTbCA. YToObI 060MTU 3TO
orpaHu14eH1e 1 MMEeTb BO3MOXHOCTb 3anporpaMmMmpoBaTh obtos,
cnepyeT nocre NosiBNEeHUs HanpsKeHUs NATaHNA KpaTKOBPeMeH-
HO coeanHuTb BbiBog, Reset MK ¢ 06Lumm npoBogoMm.

HecmoTps Ha TO, YTO CKPMHLLOT (puc. 3) nonyyeH us npo-
rpammaTopa PonyProg2000, nonb3oBaTbCA UM HE pEKOMEHAY-
eTcq. OTa nporpamma fo CuxX Mop HaxoamuTes B cratyce 6eta-
BEPCWU, pedKo OBHOBASETCH, U HECTAbUNbHO paboTaer, Oco-
6EHHO eCnn KOMMbIOTEP NapanfenbHO 3aHAT BbIMONTHEHWEM ApY-
rmx 3apgad. beinm cnydam BeiBoga MK n3 ctposi. Bmecto
PonyProg2000 aBTop pekOMeHAyeT Ucnonb30oBaTh ApYyron cBo-
60[HO pacnpocTpaHsaeMbIvi nporpammarop — avrdude. B yacT-
HOCTW, OH BXOOWT B COCTaB 6ecnnatHOn cpefbl paspaboTku
WinAVR.

3amennts MK moxHo Ha ATmega16 (6e3 nHgekca L). Ho B
3TOM Cryyae NoTpebyeTcsa BHELLHWIA CynepBn3op NUTaHms (BCTPO-
€HHbIV Cynepeu3op criegyeT OTKIO4UUTb). [JoNonHUTENbHbIE CBe-
[eHns 0 3ameHe NpvBedeHb! B onvcaHnn MporpammHon YacTu.

He nokasaHHble Ha cxeme (puc. 2) BbiBogbl MK HuKyna He
MOOKITHOYEHbI.

3.4. [Oenutenb Hanps>XeHUs

Peauvctopbl R3 1 R4 o6pasytoT genurens, Heobxoaymbin MK
NS USMepPEHNs HanNPsHXEHNS CETU U oNpefeneHrs MoOMeHTa re-
pexofa hadbl Yeped Hyfb. OBbIMHO PE3UCTOP MEXAY BbIXOOAOM
avopHoro mocta u BxogoM MK pekomMeHayeTcs cocTaBnsiTb U3
OBYX BKJTIO4EHHbIX MOCNeAoBaTenbHO (Ha cryyan npobos 0gHOro
13 HKX), HO MOCKONbKY Nepen AMOAHLIM MOCTOM YCTaHOBEH 3a-
LLMTHBIV nopg, 3Ta peKOMeHOaumMs He BbIMOHAETCS.

Oenutenb JomkeH 6bITb paccyHUTaH TakumM 06pa3oM, YTOObI
npu MakcMMasibHOM BXOOHOM HanpsbkeHun UBX BbIXOOQHOE Ha-
npspkeHve penutens UBbIX HE NMPEBbILLANO HanpskKeHue nura-
Husa MK. B npoTuBHOM criydae cuHycompanbHblin curHan eynet
OrpaHu4eH No aMnanTyae BHyTpeHHUM avogom MK, 4To nckasut
n3mepenus. B gercTBUTENbHOCTH OrpaHNYeHre HacTynaeT, Kor-
[Ja BXoJHOe HanpsbkeHue npeBbILLaeT HanpskeHve nutaHmsa MK
Ha 0,5 B vnu 6onblue. 3Ta BenuuuHa onpegenseTcs npsmbiv
HanpsbkeHnem BHyTpeHHero auoaa MK. B jaHHoOM cxeme BaXxKHO,
YTOObI BXOOHOM CUrHamM He NpeBbILLa MUHUManbHOEe HarnpsXxe-
Hve nutaHna MK, noToMy 4TO STO HanpsbKeHWEe SBSIETCA OMnop-
HbiM anst AUI. NHave pesynsraTtom AL 6yayT kofbl, COOTBET-
CTBYHOLLIME OMOPHOMY HarpsKEHUIO, @ HE UCTUHHOMY 3HAYEHUIO
BXOOHOro curHasna.

CornacHo onucannio MK, ALIM paccuutaH Ha 06paboTKy
HM3KOOMHbIX curHanoB (10 KOm 1 meHee). [MoaToMy anst HUX-
Hero nieya genurens Hanps>keHus BbIGEpPEM HOMWUHAN paB-
HbIA 9,1 KOM, 4TOObI MPeyCcMOTPETL 5%-HbIA [OMYCK COMpo-
TUBMEHWS.

[ns BbI4YUCIEHUS MUHUMASIBHOrO COMPOTUBIEHNS BEPXHETO
nneya genurens Bocrosb3yemcs CTaHgapTHOM hopMysioin:

Usbix = (Uex * R2)/ (R1 + R2). Otctoga: R1 = ((UBx— UBbIx) ®
R2) / UsbIx.

Beegem koachdmumeHT KBx, onpegensowmin MakcumarnbHoe
OTKJTOHEHME CETEBOI0 HaNpPsXKEHUS:

R1 = ((Uex*KBx — UBbIx) * R2) / UBbIX.

MockonbKy Hac MHTEepPeCyeT MoMHbIN pa3Max CETEBOro Ha-
NpsbXeHns, nepenuiLem oopmysny ¢ y4eToM aMMUTyOHOro 3Ha-
YeHus:

R1 = ((UBx*KBx*1,41 — UBbIx) * R2) / UBbIX.
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YuTeM nageHne HanpskeHus Ha OByX Avofax AVoOHOro
mMocrTa:

R1=((Usx*Ksx* 1,41 —2«Upg— Usbix) * R2) / UBbIX.

MapgeHvie Hanpsp>KeHWs Ha NpefoxXpaHUTene He yUnTbIBaeTCs,
T.K. MO pe3ynsratam M3MepeHuii oHO cocTaruno Beero 0,2 B npu
MakCcMMarnbHOM Harpy3ke.

OcTtanocb f06aBUTb koachchmumeHThbl Kr, onpegenstone
OTKJIOHEHWE PE3VCTOPOB OT HOMUHANA:

R1 = ((Usx * KBx ® 1,41 —2 » Ug — UBbIx) ®* R2 * Kr2) * Kr1 /
UBbIX.

Mepexoamm K NOACTAHOBKE YUCNEHHbIX 3HAYEHWIA.

BxopaHoe HanpsieHne 1 ero oTKNoHeHue pasHbl Usx =220 B
1 Kex = 10% COOTBETCTBEHHO.

B kayecTBe 3Ha4eHus Ug 6epem MMHMMarbHOe nageHue Ha-
NPSKEHWS, T.K. B 3TOM Clly4ae ConpoTuBrieHne pesnctopa R1i
6yneT 6onbLue. MuHUMarsHoe NageHne HanpsXkeHns Ha amopax
MocTa 6yfeT NPy MUHUMANbHOM TOKE, T.e. MPU OTKITKOYEHHON
Harpy3ke. Cyns no rpadmKy M3 onucaHusi AMoOHOro MocTa,
nafieHne HanpsKeHNs Ha OQHOM 3f1eMEHTE NPU TOKe Harpy3ku
10 MA paeHo npumepHo Ug = 0,65 B.

Brnaropaps ucnonb3oBaHnio UssTPYIOLLEro KoHAeHcaTopa
60MbLUION eMKOCTK, nynbcaumamm BN MoxHo npeHebpeb. o-
3TOMy MUHUManbHOe HanpsbkeHve nutaHua MK onpepensercs
MUHUManbHbIM HanpskeHnem ctabunmaaumm OH, 4to, cornac-
HO onucaHuio nocnepHero, pasHo Usbix =5 B — 1% = 4,95 B.

CraHpgapTHbIA AONYCK Ha OTKIIOHEHWE COMPOTUBIIEHNS pe3u-
CTOPOB paBeH Kr = 5%. Hy>HO npefycMoTpeTb CUTyaumio, Korga
conpotueneHne R2 (R3 no cxeme) 6ydet 6onbLue, T.K. Npy 3TOM
UBbIX TOXE YBENMUUUTCA. ITO, KaK 6bISI0 OTMEHEHO paHee, MOXET
NPUBECTM K HEBEPHOMY pe3ynkraty namepexus. [Noatomy npu-
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Humaem Kr2 = 0,95. C conpotvenexnem R1 (R4 no cxeme) cuty-
aums NPOTUBOIMONOXHAA — BaXKHO YHECTb YMEHbLLEHME COMPO-
TuBneHus. Nostomy Kr1 = 1,05.

MoacTaBnss YMCneHHble 3Ha4YeHWs B hopMyry, NOsyHaeM:

R1=(220°1,121,41-20,65—-4,95)¢9,1¢10%¢0,95) «
1,05/4,95 = (334,97 * 8,65 * 10°) » 1,05/ 4,95 = 3042,37 * 10°/
4,95=614,6 * 10° Om.

Bnvxanwmm conpoTMBNEHNEM U3 CTaHOAPTHOrO psaa,
NpPeBbILLAILLNM MOMYyYEeHHOEe 3HaYeHue, ABNSeTC HOMUHAan
620 KOMm.

MockonbKy nageHue HanpsXKeHWs Ha Pe3nCcTope BEPXHEro
nneva genurens MoxeT gocturatb 242 B » 1,41 = 341 B, pesuc-
TOp OOSHKEH UMETb MOLLHOCTL 0,5 BT.
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