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B.H.Tos101060B CUrHaJsibl

MbiTascb NpeacTaBUTL cebe YCTPOMCTBO, B KOTOPOM MCMO/b3YETCA TO/IbKO MOCTOAHHOE HANpPAXKEHUe Uan
TOK, A BCMOMMHA TO/IbKO KapMaHHbI GpOHAPUK M WypynoBepT, 6o/blue HAYEro He BCNOMMUHAETCA. Bcé
OCTa/IbHOE — 3TO LLAapPCTBO CUFHANO0B, NEPEMEHHOIO TOKA U HAMNPAXKEHMA Pa3ANYHOM Npmupoabl n GopMbl.

I'n1aBa 1. CHHycOMa/IbHBIW CUTHAJI

CuMHYC — 3TO anemeHTapHasa QYHKUMA, KOTOPYI Henb3s pasnoXutb Ha 6onee npoctble ¢GyHKUUM.
BO3MOXHO, MOSTOMY B PE30HAHCHOM KOHType, «BbIBEAEHHOM W3 COCTOAHMA MOKOA», BO3HMKAOT
CUHYCcOUAANbHble KonebaHus.
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Puc. 1.1. KonebaHuA B pe30HaHCHOM KOHType

Pe30HaHCHbIN KOHTYp — 3TO Mapa 3/1EKTPOHHbIX KOMMOHEHTOB, COEAMHEHHbIX BMecTe U 061a4atoLwmx
PEeaKTUBHbIM COMPOTUBAEHMEM, TO €CTb, EMKOCTb M MHAYKTUBHOCTb.

O peakuum 3TUX KOMMOHEHTOB Mbl FOBOPWUAM paHee, FOBOPWIM M O TOM, YTO WX COMPOTUB/EHUE
nepemeHHOMY TOKY 3aBMCUT OT 4acCTOTbl. YacToTa, Ha KOTOPOI PeaKTUBHbIE COMPOTUBIEHNA EMKOCTU U
WHOYKTUBHOCTM paBHbl, OyAeT 4acToTol pesoHaHca. [lpyM napannensHoM COeAMHEHUM  3TUX
KOMMOHEHTOB FrOBOPAT O Napas/ie/ibHOM Pe30HaHCHOM KOHType. B 3TOM caydae CONpoTUB/EHUE 3TOM
Lenu Ha 4acToTe Pe30HaHCa MaKCMMaNbHO (OTHOCMTENbHO APYrMX YacToT). ITO YTBEPKAEHWE Mbl
MOXEeM NPOMOAENNPOBATb TakK:
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Mbl uasmepaem nageHue HanpaKeHua Ha R2.

MUHUMYM NageHua HanpaxkeHuAa Ha R2 — 3To
MMUHUMYM TOKa B LENu, 4YTO COOTBETCTBYeT
MaKCMMasibHOMY COMPOTUBEHMUIO LEMW.

MNockonbKy pesnctopbl R1 1 R2 — 3TO akTMBHbIE
COMPOTUBAEHUA,  Be/NYUHA

3aBUCUT OT 4acCTOTbl

KOTOPbIX HeE
B WWNPOKOM JAnana3oHe
4acCToT, U3MEeHeHuUe conpoTunBneHnAa B UeENU

NPUXOANTCA HA KoiebaTeNbHbIN KOHTYP.

Puc. 1.2. AMAOAUTYAHO-4ACTOTHAA XapaKTepPMUCTUKA NapanaenbHOro pe3oHaHCHOro KOHTypa

Pe3oHaHc, Kak 6b1710 CKazaHo Bblille, BO3HMKAET HA YaCTOTeE, rae peakTMBHble CONPOTUBIEHUA EMKOCTM "

WMHAYKTUBHOCTM PaBHbl. HO 3TO 03HayaeT M PaBeHCTBO MO BeNMYMHE TOKOB, MPOTEKAIOLWMX Yepes HUX.
Mo3Tomy napansienbHblil Pe30HaHC Ha3bIBaIOT eLlLE pe30HaHCOM MOKO8.

Mbl MOXem 1 3TO NPOMOLENNPOBATb:
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Puc. 1.3. Pe3oHaHC TOKOB B NapasifieIbHOM Ko/1iebaTe/IlbHOM KOHType

Ho 06paTMTe BHMUMaAHUE, TOKMN B BETBAX KOHTYPA pPaBHbl MO BE/IMYNHE U ﬂpOTMBOd)aBHbI.
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Y10 03HayaeT npoTmBodasHbI?

®a3a — 370 cocToAHUe KonebaHmA B JaHHbIA MOMEHT. B MOMeHT BpemeHn 5*10-5 nageHune HanpaxeHua
Ha pe3uctope R3 MMHMManNbHO, a NageHue HanpsaXeHuAa Ha pesuctope R2 makcumanbHO. 3TO U
03HAYaeT, YTO N3SMEHEHMA TOKOB HAaXx04ATCA B NPOTMBONONOXKHbIX ¢paszax. Cymma TakMX TOKOB B 1060
MOMEHT BPEMEHN MMHUMAJIbHA, @ COMPOTUBJIEHME, CIeA0BaTe/IbHO, MaKCMMaabHO. Ha apyrmnx yactortax
CymMMa TOKoB byaeT 6onbLue.

KonebatenbHblit KOHTYP B npeablayliem caydyae obpa3oBaH napasienibHbiM CoeAUHEHNEM EMKOCTM U
WMHAYKTUBHOCTU. Ho UTO ByaeT, ecnn mbl COEANHUM UX NOCAeA0BaTeIbHO?

A 4yTO NomelLaeT Ham NPOBEPUTL 3TO?
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Puc. 1.4. NMocnepoBaTe nibHbIl KoiebaTeNnbHbIM KOHTYP

B nocnepoBatenbHOM KosiebaTenbHOM KOHType TOXKe BO3HMKaloT KonebaHMA Ha 4acToTe pe3oHaHca,
KOr4a peakTMBHOE COMPOTMBAEHME KoHAaeHcatopa Xc = 1/2nfC u peakTusBHOe conpoTuB/EHUE
MHAYKTUBHOCTU X = 21tfL paBHbl. ECn Bbl NpMpaBHAETE MX, TO MOXKeTe MOJlyYUTb 3aBUCMMOCTb HacTOTbl
pe30oHaHca OT Be/IMYNHbI EMKOCTU U MHAYKTUBHOCTH.

Mpw paBeHcTBE CONPOTUBAEHWNA NafeHMUE HaMNPAXKEHUA Ha EMKOCTU U MHAYKTUBHOCTM pPaBHbl, MO3TOMY
nocnefoBaTeNbHbIA PE30HAHC Ha3bIBAOT ELWE U PE30HAHCOM HanpPAXKEHUN.

Bbl MmoxeTe noBTOpUTb MogenupoBaHne AYX M nocmoTpeTb ¢Gas30Bble COOTHOLIEHMA NALEHWUM
HanpsXeHUa B C/lydae NocaeoBaTeIbHOrO pe3oHaHca. M moxkeTe ybeguTbea, YTO CONPOTUBAEHUE LIENU
B 3TOM C/y4ae 6yaeT MMHUManbHo. Ecam y Bac ectb ocumnnorpad, pabotarowmii Ha yactote 50 KI'y, BbI
MOKeTe MOBTOPUTb 3TM OMbITbl HA MAKETHOM NaaTe, UCMOJb3YA 3HAYEHUA EMKOCTU U UHAYKTUBHOCTMH,
MokasaHHble Bblwe. HO B TOM cAy4vae, Korga Bbl uMchnosb3yete Mmoaynb Arduino B KauecTse
ocumnnorpada, Bam HyXKHO ByaeT paccyMTaTb HOBble 3HaYeHUs a/1s 6onee HU3KOM YacTOTbl pe3oHaHca.

M B napanieibHom KonebateslbHOM KOHTYpEe, U B nocneaoBate/ibHOM KonebaTeslbHOM KOHTYypeE
CMHycounaanbHble Kone6ava, BO3HUKaOWMeE nona Iﬂ,eﬁCTBMeM BHeLWlHero d)aKTopa, 3aTyxawowme. Ha
5



B.H.Tos101060B CUrHaJsibl

BpemaA 3aTyxaHus KonebaHWi CUAbHO BAMUAIOT COMPOTUBAEHUA. ITO, HaNpuUmep, COMPOTUBIEHME
nposoda, KOTOPbIM HamMaTbiBaeTCA KaTylWwKa MHAOYKTUBHOCTU. Yem meHblle 3TO conportuseneHne, Tem
bonee gantenbHbiM byaeT KosnebaTeNbHbIM Npouecc. B aTom cayyae roBopAT 0 TOM, YTO 006poOMHOCMb
KonebaTeNIbHOro KOHTYpa BblLLE.

Enarop,apﬂ cBoOMM CBOVICTBaM, CMHyCOM,D,aﬂbeIﬁ CUrHan 4aCTto UCNOoIb3yeTCA Ha NPakKTuUKe, B YaCTHOCTH,
B Ka4yecCTBe MUCNbITaTE/IbHOIO CUIrHANA.

I'naBa 2. [Ipeo6pa3zoBanue ®ypbe

®paHUy3CKMIA MaTeMATUK U PuU3nK Dypbe AoKa3an, YTo nepuoamyeckne GyHKLMMU MOKHO NPencTaBUTb
B BUAe HECKOHEeYHOro paZa 3/1eMeHTapHbIX OPTOHOPMMUPOBAHHbLIX GYHKLMIM KPATHbIX YacToT. [OCKOAbKY
dYHKLMM CUHYCA U KOCUHYCa OTBEYAlOT YCI0BUIO NpeobpasoBaHms, a GyHKUMA KOCUMHYCa OT/IMYaeTca oT
CUHYCa d)aSOBbIM caBurom, MoXXHO MNOHATb, nNo4vyemy CMHyCOM,D,aﬂbeIVI CUTrHaNn 3anHTepecoBan Hac B
nepsyto odepedb. OUEHKA BCeX COCTaBAAOLWMX, NPeACcTaBNeHHbIX CUMHYCOMAA/NbHbIMU YHKUUAMWU C
pasHbiMK  aMmnanTygamu, KpaTtHbIMM  4aCTOTaMnUn U COOTBETCTBYHOWMMMU d)aBaMM, Ha3blBaeTCA
2apMOHUYEeCKUM CrieKmparibHoIM aHAs1U30M.

Kak npaBmno, Ha $opmy CMrHaia OKasblBAET CU/IbHOE BAUAHME KOHEYHOE YMCIOo cocTaBaaowmx. Koraa-
TO A NPUBOANA OAMH M3 ONbITOB, NOATBEPHKAAIOLWMX TOT GaKT, YTO CUrHANA HECUHYCOMAANbHOW GOpPMbl
MOXHO NpeacTaBUTb CYMMOM CUMHYCOMZANbHbIX CUTHanoB. HegaBHO, nepeBoAs PYKOBOACTBO K
nporpamme QucsStudio, A HATKHY/ICA Ha NOXOXKMI MPUMEP, KOTOPbIN U XOUYy NPUBECTMU.
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Puc. 2.1. CnoxeHune TpEX CMHYCOMAANbHBIX CUTHAN0B

M npexage 4em NpoAOKWUTb PACCKa3, MOCMOTPMM HA TO, KaK BbIFIAAUT CNEKTP MPAMOYrO/bHbIX
MMNYAbCOB ¢ YacToTon 1 Ky n amnaunTyaoit 1B B ananasoHe go 12 klu.
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Puc. 2.2. CnekTporpamma npamoyrosibHbIX UMMyabCOB

Kak MOXHO BuMaeTb, gaxe A0 12 kly cocrtaBnsiowmx (rapMoHMK) MHoOro. Kaskaplh MNUK Ha
ocumnnorpamme — 3T0 amnanTyaa rapmMoHUKWU. [lo3TOMy, MCNOAb3yAa TONBbKO TPU TFaPMOHUKWU, Mbl
NONlYYNAN He CTONb BNevaTAsatolee CXOACTBO C NPAMOYrOAbHbIMU UMMY/IbCaMU NPU MOAENUPOBaHUM.

[AnAa cpaBHEHUA MOXKHO NOCMOTPETL CMEKTP UCNbITAaTe/IbHOITO CMHYCONAANbLHOIO CUTHaNa.
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Puc. 2.3. CI'IeKTp CMHYCOMAaNbHOIo ncnbltTaTteNIbHOro CMrHaaa

CWHYCOMZANbHbIA CUTHAA, UCMO/b3yeMbI B YCTPOMCTBAX, Yalle BCEro MPOXOAUT PAL HeAMHEMHbIX
3/1IEMEHTOB (Yalle BCEro TPAH3WUCTOPOB). ITO MOMKET MPUBOAUTL K UCKAXKEHUAM CUTHANA, YTO MONKET
CKa3blBaTbCA B YCUAUTENAX 3BYKOBbIX YacTOT NOABAEHMEM MPU3BYKOB, a AN PAAMOCUTHANOB O3HAYaeT
3allyM/IeHWe pagmoyacToT, Mellatollee Npuémy paguonepesad. MoaTomy ycTponCcTBa, MCMOAb3YtoWme
CMHYCOMAANbHbIE CUTHAbI, NPOBEPAIOT Ha NOABAEHME HEIMHEMHbIX UCKAXKEHWNN.
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B.H.Tos101060B CUrHaJsibl

3Has, HACKONbKO WCKaXKEH CUHYCcOMZanbHbIA UCNbITaTeNbHbIA CUrHaA, @ OH, KOHEYHO, He uaeaneH,
MOXHO OLEHUTb UCKaXKEeHUA, BHOCMMblE MPOBEPSEMbIM YCTPOMCTBOM. Ha NpaKTUKe 3TO MOKHO cAenatb
C MOMOLLbIO 3arparkgatollero puabTpa, KOTOPbIN MNOAABUT YAaCTOTY OCHOBHOTO CMrHasia, a U3MepPeHHoe
Hanpsa)eHue 6yaeT cBOMM cyllecTBoBaHMeM 06A3aHO rapMOHWMKaM, MOABMBLUMMCA B pesyabTaTte
HENIMHENHbIX UCKaXKEHUA.

'naBa 3. YTo elé npoucxoJUT B 3JIEKTPOHHBIX YCTPOMCTBAX?
B 31eKTPOHHbIX YCTPOMCTBAX MPOMUCXOAUT MHOIO MHTepecHoro. Ho Hac MHTepecyeT MoOKa He BCE, a
TOJIbKO TO HEMHOrIo€, 4YTO Mbl MOXXeM PACCMOTPETb, UCNOJ1b3yA Hall ONbIT.

C TOYKM 3peHUnn No/b30BaTENA HAC MHTEPECYIOT He CUrHabl, @ Ta MHOOPMALMA, KOTOPYIO 3TU CUrHANbI
HecyT. B 04HMX CAyYasx MHPOPMALMA COAEPKUTCA B U3MEHEHUAX CUTHANOB, B APYrMX C/ly4yasx camo
Ha/ZuMe cUrHana — 3To MHTepecylolan Hac MHPopmaums. Tak MU3MEHeHWe ToKa B rPOMKOroBopurtene,
BbI3blBalOLLEE MU3MEHEHME 3BYKOBOrO AaB/NE€HWA, 3TO TO, YTO Mbl AEM OT My3blKaNbHOrO LEeHTpa. A
«BepeLlaHme» NoXapHoro AaTtyMKa npeaynpexaaeT Hac o npobaemax C OrHEM AN AbIMOM.

C MomeHTa 06HapyKeHUA 3NEeKTPOMArHUTHbLIX BOJIH UX Npucnocobuamn ana nepesadn MHGopmaumm Ha
6onblume paccTofaHMA. HO 31EeKTPOMarHUTHble BOAHbI, Hecywue WHPOPMaLMio, MOPOXKAATCA
NepPemMeHHbIMN  3NIEKTPUYECKMMMW TOKaMW. YCTPOMCTBA, reHepupylowme 3TM  MHOOPMALMOHHbIE
3/1EKTPOMarHUTHbIE BOJIHbI, HAa3bIBAKOTCA pagmonepesaTinkamn. BHayane oHW MCNONb30BAAN HanMuMe
WY OTCYTCTBUE CUTHANA A nepegaum nHdopmaumn. BcnomHute asbyky Mopse.

Mo3e NosBMNaCb BO3SMOXHOCTb «Harpy3uTb» pPaamModacToTy 60see CNOXKHbIMU CUrHaNamm, HecyLmumm
UHbopMaumio. Hanpumep, amnauTygHaa MOAYNALMUA MOXKET MepeHOCUTb 3BYKOBble CUTHanbl,
obecneynBasn Hac My3blKON MW HOBOCTAMM B t06OM MecTe Ha naaHeTe.

ddpdeKkTnBHan reHepauma U pacnpocTpaHeHNe 31eKTPOMarHUTHbIX BOH TpebyloT 4ocTaTouHO 60/1bLIoiA
YacToTbl, KOTOPYI HasblBaloT Hecyweli yacmomol. TO OHa NepeHoCUT curHan uHdopmauuun. B
MOAENNPOBaHMM 3TOFO NPOLLECCa HUXE Mbl UCNONb3yeM YA06HYI0 AnA HabAloAeHNA HECYLLYIo YacToTy,
a B KayecTBe MHHOPMALMOHHOIO CUrHANA UCMOb3YEeM CUHYCOUAANbHbIN CUTHAN.
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Puc. 3.1. AMnantyaHaa moaynaumsa

MpM amnAUTYQHOM MOAYNALMM HECyWas 4YacToTa, a OHa 3HaAYMTeNbHO Bbllle, Yem 4acToTa
MHPOPMALMOHHOTO CWUrHana, Kak bObl «MpoLynbiBaeT» WHPOPMALMOHHBIA CUTHAA, MEHAA CBOMO
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aMmnanTyay, Korga BCTpedaeT MHq)OpMaLIMOHHbIﬁ curHan. B wutore amnanTyaa HECYLI.I,Eﬁ 4acCToTbl
MEHAETCA TakK, 4YTO 02U6GI-OLL(GFI 3TOM MeHﬂPOU.LEﬁCFI AMNANTYAbl COOTBETCTBYET NEPEHOCUMOMY CUTHANY.

Ha pucyHke MOXHO pa3rnagetb «ormbarowmnin» CUHYCOMAANbHBIA CUTHAJ, 4acToTa KOTOPOrO HUKe
YacToTbl HecyLen.

Mpouecc popMmnpoBaHMA aMNANTYAHON MOAYNALMU, COTNACUTECH, MOXOXK Ha TO, Kak paboTaeT aHanoro-
umMdposoe npeobpaszoBaHME, O KOTOPOM Mbl KOTAa-TO FOBOPUAN.

Xopowo, Mbl NepeHocMM MHGOPMALMOHHBLIM CUrHan Ha 6onblioe pacctoaHue. Ho amnauTygHas
MOAYNALMA — 3TO TOJIbKO MeToZ nepenayn uHbopmauum, a Hac MHTepecyeT cama MHdopmauma. YTo
JAanblue NPOUCXOAMT C CUTHANOM B PagNoNpPUEMHUKeE?

BHayane Mbl AETEKTUPYEM CUTHAA (BbINPAMAAEM C MOMOLLbIO AM0A4a), NOYYasa TaKoM CUrHaN:

-+ L
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time

Puc. 3.2. BoinpAmaeHHbIn B NpuémHuke AM curHan

3aTem Mbl NocTapaemcs yAaauTb CUTHAN HECYLLEN YacToTbl, KOTOPbIA HaM 60/iee He HYXKEH, OH MPUHEC
Ham MHbOPMaLMIO, ero 3a4aya BbiNoAHEHa.
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Puc. 3.3. OTdmabTpoBaHHbI MHOOPMALMNOHHbIM CUTHAN
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OTPUNLTPOBANM Mbl, MONOKUM, He Ny4WKMM 06pa3om (Ha HUKHEN AuMarpamme MOKasaH MCXOAHbIN
CUrHanN), HO y3HaTb MHPOPMALLMIO YIKe, COracuTeChb, MOXKHO. W, cornacutech, UCMo/b30BaTb B KayecTse
MHGOPMALMOHHOIO CUHYCOMAA/NbHbINM CUTHaN BblJI0 HE TaKoM NI0XoN naeen.

MouTM BCE CMIHANMbl B 3NEKTPUYECKUX UenAx noasepraiotcs npeobpasoBaHuam. Camoe 4vacToe
npeobpasoBaHMe — 3TO MacwTabHoe nNpeobpasoBaHWe, TO €CTb, YCUIEHWE, KOrAa MEHSETCA TOJ/IbKO
BE/IMYMHA CWUrHaNa, HO He yYactoTa uMauM ¢opma curHana. M3-3a HeAMHEWHOW npupoabl aKTUBHbIX
KOMMOHEHTOB B YCU/IUTENAX NOABAAOTCA UCKaXKeHUs. TapMOHMKKN BAMAIOT Ha GOpPMYy CUHYCOWUAANbHOTO
curHana. O4HaKo BO MHOTUX YCTPOMCTBAX UCMO/b3YIOTCA MMMY/bCHbIE CUTHANbI. M dopma 3TMX CUrHanoB
TOXe BaKHa A/1a NpaBUAbHOM paboTbl YCTPOMUCTBA.

MckaxeHna (I)OprI MMNYZIbCHOTO CUTHa/1a MOryT BO3HUKATb, YTO HAa3biBaeTCA, KHa POBHOM MECTE».

1
—J
pages)
[S)
i~}
=

output
/ﬂ "

L V2
BD243B_1 T U=5V
i V
I ¥
R1
+ V3 N
Mooy RE10K
- uU2=1v
T1=0
T2=50us

1
>
30_5--
=
O_h | | | 1 | | | | |
0 1e5 2e5 3e5 4eh 5e-5h Geh T7eb 8ebhH %5 led
time
5d
>
5
(a8
3
O__

0 1e5 2e5 3e5 4e5 5e5 6e5 Te5 8e5 9e5 led
time

Puc. 3.4. icKaxKeHne MMNynbCHOrO CUrHana

CUrHan Ha BepxHel guarpamme MMeeT KpyTble GPOHTbI, 3aTATMBAIOLLMECA NPU YCUAEHUU CUTHANA, YTO
NMoKasaHO Ha HUXKHel auarpamme. [puuMHa B HeygadyHOM Bblbope TpaH3ucTopa. Bor AYX
npuBeAEHHOrO Bblle KacKkafa yCUIeHUA.
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1e3 1ed 1e5 1e6 1e7 1ed

Puc. 3.5. AMNAUTYAHO-4ACTOTHAA XapaKTEPUCTUKA YCUAUTENS UMNYbCOB

Ecanm y Bac HeT BO3MOXHOCTM cHATb AYX, a npobnembl B nogobHOM ciydae OOHapy*KMBAlOTCH,
BblOMpPaTe TPAH3UCTOPbI C OCTAaTOYHO BbICOKOM rPaHUYHOM YacTOTOMN.

Ha amMnauTygHO-4acTOTHYIO XapaKTePUCTUKY N6Oro Kackaga YCUNEHUS BAMAIOT pPeaKkTUBHbIe
COMPOTUBAEHNA KOMMNOHEHTOB. ECAN HanuumMe KoHAeHcaTopa AW MHAYKTUBHOCTM ABHO YKa3blBaeT Ha
3TO, TO 0BbIYHbIN PE3NCTOP, KOTOPbIN CUMTAETCA aKTUBHbLIM CONPOTUBNEHUEM, KOTOPbIN ABHO HE 3aBUCUT
OT Y4acToTbl, OObIYHbIN PE3UCTOP HA BbLICOKMX YACTOTax MOMKET MNPOAB/AATb CBOWCTBA pPeaKTUBHbIX
COMPOTUBAEHUN, O YEM He ciedyeT 3abbiBaTh.

Bbllwe Mbl roBopuan 06 aMnNANTYZHON MOAYNALUMM CUFHANAE, HO KpOMe Heé CyLLecTBylo Apyrue Buapl
MOAYNALUMM, B 4YaCTOTHOCTM 3TO M 4YacTOTHas Moaynaumsa, M ¢asoBas, M LWMPOTHO-UMMNY/bCHaA
MOAyNAUMA. AMNAMTYAHaA M YacTOTHasA MoAynsauMA paHee 6blaM BeaylMMW B nepegade aHaNoOroBbix
CUrHaNOB, HO B Noc/egHee Bpems Ha nepegHUin GPOHT BblABUraloTcA UMPPOBble MeToabl nepeaaun
nHpopmaumn. Mbl B npedplaylimx pacckasax rosopuauM o npeobpasoBaHMM aHANOroOBOro CUrHana B
undposyto popmy ¢ nomoubto ALMN. ObpaTHoe nNpeobpasoBaHMe OCYLLECTBAAIOT LMdPO-aHaNOroBble
npeobpasoBatenn. Takum o6pa3om, aHAAOroOBbIN CUrHaA, NPeobpasoBaHHbIA Ha O4HOM KOHLE NUHUK
CBA3K B LMpOoBY0 GOpPMY, HA APYTOM KOHL,E BOCCTaHAaB/AMBAETCA B CBOEM NepBOHaYaIbHOM BUAE.

C nosBAeHMEM YaCTOTHOM MOAYAAUMM Hayvanca pPocT paboymx 4acToT, OOYCNOB/EHHbIN Tem, 4TO
YyacToTHaa moaynsauusa TpebyeT 6osiee LWMPOKOW MNOMOCHI YacTOT ANA Kakaoro KaHana. CerogHs
undposan nepesadya AaHHbIX, KaK NPaBMAO, MPOMCXOAMT Ha CBEPXBbLICOKMX 4acToTax. [osTomy ans
pagnontobutena BecbmMa 3aTpPyAHUTENbHO OCHACTUTb CBOKO nabopaTopuio npubopamu, cnocobHbIMM
NepeKpbiTb BCE MbICIMMbIE HYXKAbl B M3MepeHuax. [a M camu M3MepeHus, BO3bMEM, Hanpumep,
Habnlo4eHWe 3a CUrHafamu Ha 3KpaHe ocumanorpada, camm M3MEpPEeHMs MOryT NpeacTaBAATb
onpenenéHHble TPYAHOCTU. YMEHbLUEHWE Pa3MEepPOB 3/IEKTPOHHbIX KOMMOHEHTOB Ha MaaTax C
NMOBEPXHOCTHbIM MOHTa)KOM — 3TO TOJIbKO OA4HA M3 CTOPOH 3ToM npobnembl. Kargoe msmepeHue
TpebyeT KOHTAKTa Liyna CO CXeMOM, a Lyn BHOCUT CBOM M3MEHEHUA, KOTOPbIE HY)KHO YYUTbIBATb, ECAN
3TO MOXHO caenartb.

N MMEHHO B 3TOM CMbIC/Ie A BUXKY OOMbLUYIO MOAb3Y A/F HAUMHAOWMX B MPUMEHEHMM MPOrpamm
MoZennpoBaHMA. M3yyaa C NOMOLLbIO HeAOopPOrnx NPUOOPOB 3NEKTPUYECKME LUEenu W CUrHanbl B
3BYKOBOM AMana3oHe, Kak C MOMOLLbO MPOrpamm MOAENMPOBAHMA, TaK U Ha MaKETHOW naaTe, MOXHO
Jlyylie MNOHATb MpoMcXojsliee, 4YTOObl MPUMEHWUTb 3TW 3HaHWA Tam, rae Tpebyerca M goporoe
obopyaoBaHuMe, U Hemasnblit onbIT B paborTe.
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'naBa 4. Cur1asisl B mnporpamMmme Mo/JeJIUpOBaHUA
BONbLWKWHCTBO [OCTYMNHbIX AOBUTENAM Nporpamm MOAENANPOBAHMA npeasaraeT 60/blIOA CRAEKTP
UCTOYHMKOB NepemeHHOro HanpaxeHmAa n Toka. PaCCMOTpVIM HeKoTopble U3 HUX.

Camblit TpMBMaﬂbelﬁ, HO CaMbIVI, HaBEpPHOE, NMONE3HbIN UCTOYHUK — 3TO UCTOYHUK CMHYyCcoOnaganbHOro
HanpAXeHuA. Ero MOXXHO MCNOb30BaTb B KAYeCTBE MCMNbITAaTe/IbHOTO CUTHAAA, @ MOXKHO MCMOb30BaTb U

ana moaennposaHuma, Hanpumep, 610Ka NUTaHWA.

MpocTenwmnin 610K NMUTAHUA Mbl MOXKEM

paccmaTpuBaTh M Kak npeobpasosaTtenb
CUrHaNa, XOTA 3TO U HE COBCEM TaK.

Ho ncxogHoe nepemeHHoe HanpsaMKeHue

nctoyHmMka V1 no yactm ¢opmbl 3TOrO

500 HanpsKeHUs He 6onee Yem CUHYCoMAaa.
=
] O_/\/\/\N\/ A Ha BbIXOAE Mbl HABMIOAAEM CUTHAN He
= NOXOMMI Ha cuHycouay. Bonee Toro,
-500 } | | | | } | } |
0 001 002 003 004 005 006 007 008 008 04 TpaHchopmaTop npeobpasyer UCXOAHOE

HanpaxeHue 220 B (Ha pUCYyHKe BUAHO
NMUKOBOE 3HAYeHWE) B HanpsKeHue

nopsagka 10 B.

Puc. 4.1. Cambiii npocToi 610K NUTaHMA C NOCTOAHHBbIM HAaNPAXEHNEM Ha Bbixoae

[Job6asmm unbTp Ha Bbixoae BbinpaMmuTens. Moayumm:

10

Pr1.dvt
ik

D B | | 1 | | | | |

0 001 002 003 004 D_bﬁ 006 007 008 009 01
time

Puc. 4.2. Bug, BbIXO4HOIO «CUrHANa» ¢ o6aBAeHHbIM GUNBTPOM

(Dolea CUrHaNa U3MeHMNacb, YTO O4EBMAHO. VI B 3TOM CMbICNE MOXKHO roeopuTb O I'Ip606pa3OBaHVIVI

MCXOAHOIo CUrHana.

HoO Kakue ncnbiTaTenbHble CUrHaNAbl eCTb B Nporpamme MOAEJ’IVIpOBaHMﬂ?
12
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CMHyCOMAaﬂbeIﬁ CUTHAN Mbl HAaWAN. BOT NCTOYHUK NPAMOYTFO/IbHbIX NEPUOANYECKUX NMMY/IbCOB:

/%Dut
I'Ipmv\oyroanble MMNYZIbCbl UCNONb3YHOTCA He

TO/IbKO B UMPPOBOIMA TEXHUKE, XOTA TaM OHU

R=50 Ohm

Sy
Ol
c<
I_\
l
<

1

:IR1 LapcTeytoT 6e3pasaenbHo, HO U B paae Apyrux
YCTPOWCTB.

Ecau Bbl 06paTMTECb K HaCTpOVIKaM NUCTOYHUKA

NPAMOYFO/IbHbIX MMMYAbCOB, TO OBHapyKuTe,

]
— YTO BO3MOKHOCTU 3TOI0 UCTOYHUKa CUTHANA B
KavyecTtBe UCnbITaTte/IbHOrNro an6opa BeCbmMma u

1 BeCbMa NpuBaEKaATE/IbHbI.

0 1e-3  0.002 0003 0004 0005
time

Puc. 4.3. MpamoyronbHble UMNyAbCbl B Nporpamme QucsStudio

YTO MOXKHO CKa3aTb O TaKoM Amarpamme?

Puc. 4.4. NMpamoyroabHble MMNYAbCbI UCTOYHMKA B QucsStudio

Kasanocb 6bl... U 4TO? TaKue e NPAMOYro/bHble MMMYAbCbl. Ho... 06paTMTe BHUMaHME Ha YacToTy 3TUX
MMMNYNbCOB M UX Xopowyt d¢opmy. Yactota 3tux wmmnynbcoB 1 ITu, a dopma coxpaHsaeTca
NPAMOYro/ibHON. [laneKko He TaK MPOCTO NOJIyYUTb B IIOBUTENBCKUX YCA0BUAX NPUOOP, reHepupyoLwui
TaKne MMNyabCbl, A3 U ANA Habao4eHMA 33 HUMK He NoAoMAET Ntobutenbckmin ocumanorpad.

KoHeuyHo, HauMHaloWMMm paguontobutenam U He cnegyet npobosaTb CBOM cuabl B paboTe c
yctpoiicteamm CBY. [na atoro 6yaet Bpemsa, Korga noABATCA HaBblkM paboTbl ¢ 60s1iee NpocTbimu
yCTpoicTBamMun, HO U u3ydyeHne CBY ycTpoMCTB TONbKO «Ha Bymare» 6e3 nposefeHUA KaKuX-Anbo
OMbITOB MOKET OKa3aTbCA He CTO/Ib NN0AOTBOPHbIM. YNTas y4eBbHUK, Mbl AafeKo He Bcerga NoHMMaem
HanncaHHOe, NOCKOJIbKY MOHMMaeM HanuCcaHHble ¢/10Ba. HO C/10Ba C/I0BamMM, @ MbIC/Ib UMW BbipaXKeHHas
MOKET 6bITb M HEBEPHO HaMM UCTONIKOBAHA.

Ho BOT, uTO ewé moxer npeanoxuntb 3TOT UCTOYHUK NPAMOYTOJIbHbIX UMNYNbCOB:
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/ﬁtput

@
c
I

1

R1
:I R=50 Ohm

1e-3

0.002

fime

0.003

Puc. 4.5. NMnnoobpasHble MMNYbChbI

0.004

0.005

Monyuntb CUrHan Takoh GOPMbI  MOMKHO

HaCTpoMKom napameTpos MMMNYbCOB.
JOoCTaTOMHO  M3MEHUTb  BpemeHa, uYTobbl
NnpeBpaTUTb MNPAMOYro/ibHbIE  MMMYAbCbl B

nunoobpasHsble.

Kak HacTpouTb MapameTpbl, MOKa3aHO Ha
PUCYHKe.

B KaKMx ciyyaax Hac MOryT 3aMHTEPECcOBaTb MMMNYAbCbl TaKon popmbl? BOT npocTeiwnii npumep:

Udiod Vt

Idiod Wt

0‘//"

0 1ed 2e4  3ed4  ded  5Sed
time

2

1__

0 ] { { {

0 le-4 2e-4 3e4 de-4 S5e-4

Ha BerHeﬁ Auvarpamme nokKasaHO HapacTtawulee
HanpAaxXeHne Ha aHoAe Auoda, a Ha HUKHEN
Anarpamme nokKasaH ToK, I'IpOTEKaPOLLI,Mﬁ yepes3 auoa.

MOMHO BUAETb, YTO L0 HEKOTOPOrO HaMpPAXKEeHUA TOK
yepes AMof NPaKTUYECKN PaBeH HYAIO.

MpoBoaA NOAO6HbLIA 3SKCMEPUMEHT Ha MaKeTHOW
nnate, Bbl byseTe BbIHYKAEHbI UMETb PEryAnNpyeMblit
WCTOUYHMK MOCTOSIHHOMO HaMpsAMKeHUa C A0MYCTUMbIM
TOKOM B HECKOJIbKO amnep.

Mano Toro, AuoA Bam Jydwe MOMECTUTb Ha
pagunaTop, MOCKOJIbKY Ha AN0o4e MOXKET paccenBaThbea
3HauuTenbHoe Tenno. A 6e3 paguaTopa Bbl pUCKyeTe
«CXeyb» guoga.

Puc. 4.6. [elictBMe NMN006PA3HBIX UMMY/ILCOB HA NOAYNPOBOLHUKOBbIN AMOZ,

boniee CNOXHbIA NpUMep reHepaTopPoB MMMYAbCOB NUA006pPa3HOM GOpPMbl Bbl BCTPETUTE B CXemax

ocumnnorpadoB M TeNeBM30POB C 3/IEKTPOHHO-/y4YeBOM TPybOKoM. ITO reHepaTopbl pa3BépTKU. Ho ux
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HanpsKeHUs C y4ETOM YacTOTbl C/le0BaHUSA UMIMY/IbCOB MOTYT BbIBECTU U3 CTPOSA, CKaXKEM, CTPE/IOYHbIN
Tecrep.

Bbllwe mbl roeopuan o6 amnAUTYAHOM MOAYAALUMU, YNOMMUHA/IM YACTOTHYIO MOAYAALMIO, HO Kak
BbIMISANT YaCTOTHO-MOAY/IMPOBAHHbIN CUrHanN?

output

S V1
R1
~u=1v !
= freq=10 kHz I:I =Dl
£ V2 type=FM
U=t v
—l— flBHOE M3MEeHeHWe YacToTbl
| |
o
o]
-1 T il I il I il
564 163 0.0015 0.002 0.0025 0.003

time

Puc. 4.7. YacTOTHO-MOAYIMPOBaHHbIM CUTHAN

I'naBa 5. UMny/IbCHbIE CUTHAJIBI M UHQOpMaL s

Ob6nactb 6e3pasgenbHOro rocnoaCcTBa MMNY/bCHbLIX CUFHAI0B — 3TO UMdpPOBbIe YCTPONCTBA. B umdposbIx
N MUKPOMPOL,ECCOPHbIX YCTPOMCTBAX MMMY/IbCbl BbIMOHAIOT ONepauum no nepegaye gaHHbIX, onepauum
no ynpasieHuo npoueccamu. [aHHble MOryT nepefaBaTbCA M B BUAE YPOBHEW HANPAXKEHUA, U C
NOMOLLbIO UMMYNbCOB.

BcnomHuUM, KaK paboTaeT Tpurrep-3allénka. [laHHble B BUAE YPOBHA HanpsXeHus, BbICOKOro (eamMHuLa)
WA HU3KOTO (HOJb), MOABOAATCA K BXO4Y AaHHbIX TpUrrepa, a poHTOM MMMy/IbCca Ha BXOZE 3anncK 3Tu
OaHHble «3aLWENKMBAIOTCA» TPUITEPOM.

diime 0 in 2n 3n 4n
data X
write X
output X

3anucbiBaeTCA HOJb

[aHHble =0

Puc. 5.1. «3awénkmBaHme» gaHHbIX TpUrrepom

15
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M Mbl TFOBOpPWAW, YTO MNOXOXMM 06pasom paboTaloT perncTpbl; NOXoxum obpasom paboTaer
onepaTMBHaA NamATb, rAe AaHHblE NEPENUCHIBAOTCA CUTHAIOM 3aMNucy.

Ecnun 6b1 Mbl MO 3arIIHYTb BHYTPb MUKPOKOHTPOJ1/IEPa C MOMOLLbIO ocumanorpada, Mol yBuaenu obl,
YyTO W ynpasBaAloWMe CUrHaAbl, U OaHHble MPeACcTaBNeHbl B BUAE MMMNYAbCOB. HO 3TM MMNynbCbl He
MMELOT ABHO BbIPAY*KEHHOTO NePUOSMYECKOro xapakTepa. Mostomy Ana HabaAeHMA 33 HAMM Ha 3KpaHe
ocupunnorpada cnesyeT «NPMUBA3ATLCA» K KAKOMY-TO CUTHAJY ynpasBaeHusn. To ecTb, CUHXPOHU3MPOBATb
HabntoaeHWe 3a JaHHbIM CUTHAZIOM, HanpUMep, CUTHaA0M 3anucKu UK afPECHOro CeNEKTOPa.

ki ki 20me

Wiz 239
Puc. 5.2. laHHble nopTa Arduino Ha akpaHe ocuuanorpada

BblBOA, A@aHHbIX B MOPT MUKPOKOHTPO/I/1Iepa — 3TO 04HA U3 OCHOBHbIX ONepaLmii, CBA3aHHbIX C «BHELUHUM
Mupom». C MOMOLWLbIO 3TOMO MMUKPOKOHTPON/IEP OCYWECTBAAET YMNpaB/feHUE TEMWU BHEWHUMMU
YCTPOMACTBAMM, KOTOPbIMW OH MPW3BaH YMNpPaBAATb; W, KPOME TOro, OH BbIBOAMUT MHPOPMALMIO HA
ancnnen nam obwaerca ¢ 4pyrMmMm MUKPOKOHTPOJIIEPHBIMM YCTPOMCTBaMMU.

MapannenbHoe npeactasfieHUe AaHHbIX NPU NOA06HOM OBLLIEHUM MUKPOKOHTPO//IEPA C BHELIHUMM
YCTPOMCTBAMM XapaKTEPHO A/1A BbIBOAA AaHHbIX Ha MHAMKATOpPbI (gucnnen).

Ona obmeHa AaHHBIMW C APYIMMM YCTPOMCTBAMM YacTo MCNOb3YIOT U MOC/Nef0BaTeNbHYIO Nepeaady
OaHHbIX. TO, Kak 3TOT OB6MeH npoucxoamT, onpepenserca uMHTepdercom U NPOTOKOOM ObBMeHa,
KOTOpble 334al0T BMA W KOAMYECTBO CUTHANOB, MOPSAAOK MX GOPMMPOBAHUSA, Cnocob coeguHeHun
yctponctB. OgHMM M3 cambix NONyAspHbIX MHTepdencos A0 nocnenHero BpemeHu 6bin RS232. Ero
mogudurauma, COM-nopT, NPUCYTCTBOBaN Y Nt0OOro KoMnbioTepa. BCTPOEHHbIM B MUKPOKOHTpOAIEp
moaynb nocnegoBaTenbHoro obmeHa UART (uan USART), KOHeYHO, He noAaaep’KMBaeT MOoJHbIN
npoTokon RS232, HO NPMHMMAET MHOroe M3 Hero. Tak MoAy/ib UMeeT BblBoAbl Npuéma (Rx) n nepesaun
(Tx) paHHbIX. Mepepaya nobaliToBas M HauMHAETCA CO CTapToBoro 6uTa, 3aTeM cnegyeT H6alT AaHHbIX,
HauyMHaACb MaagWMm BUTOM, a 3aBepLUaeT BCE cTonosbin 6uT. Kak 1 gnsa RS232 Bo3moKHO aAobasneHne
61Ta YETHOCTM M yBE/NIMYEHNE KOIMYECTBA CTOMOBbLIX 6UTOB. CKOpOoCTb 0OMeHa onpeaenseTcs 3apaHee
ONA nepepatolleit U NPUHUMAIOLLEN CTOPOHbI, U BbIBUPAeTCAs OHa, KaK NpaBwWio, U3 pAaa NPUHATbIX
ckopocTeit. CTapToBbI BUT MHULMMPYET Hayano 06MeHa, 3aCTaBNAA MPUEMHUK CKaHMPOBATb MMMY/bChbI
nepegayn, 4tobbl onpenennTto 6alNT MHGOpPMauuun.

Ha aKkpaHe ocumnnnorpada 6aiiT Ha BbiBoAe Tx moayns Arduino BbIrnaanT Tak:
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i 0. 2ms

| R AR RNA

Vg 1,39

Puc. 5.3. NMepepgaya cumsona «1» yepes UART (gBonyHOoe 3HayeHme 0011 0001)

CTapToBbI BUT, UMEIOLLNIA HNU3KUIA YPOBEHDb, HAYMHAET Nepeaayy, 3aTeM cneayeT MAAAWNN eANHNUYHbIN
61T, cnegom TpU Hynesblx 6UTa, ABa e4MHMYHBIX M ABA HY/NEeBbiXx OUTa; 3aBepLUaeT nepesayvy CTOMNOBbIN

6UT BbICOKOrO YPOBHSA.

Ho npoTokos RS232 He eAMHCTBEHHbIA NONYAPHbIA NPOTOKOJ Noc/iea0BaTe/IbHOr0o obMeHa AaHHbIMU.
TaK MUKPOKOHTPO/I/IEP CUMTbIBAET MHPOPMaLMIO C KapTbl SD, ncnonwsys npotokon SPI. MocneanHui
nosBonsieT obpalaTbCA K HECKONbKMM YCTPOMCTBaM, MPUHUMAET M nepenaéT AaHHble NO pPasHbIM
NMHMAM, @ NO OTAENbHON INHUN NepeaaET TAaKTOBbIE MMMYbCbI.

kil ) 2uz

(%)

W 2. 23

Puc. 5.4. NMepepaya fAaHHbIX OT BEAYLLETO YCTPOMCTBA K BELAOMOMY

BepxHWU CUrHaN — 3TO BOCEMb TaKTOBbIX MMMNY/IbCOB ANA 6aiTa AaHHbIX HUXHero curHana. C kaptbl SD
MOXHO CYMTbIBATb PUCYHKM MM TEKCT. [T03TOMY Mbl M FOBOPUM 06 06MeHe nHdopmaumei.

CoBpemeHHble AaTyuMKuM (Hanpumep, TemnepaTypbl WAW  BAAXKHOCTM), YacTble rOCTM B Mupe
KOHTPOA/IEpOB, TOXe nepedaloT AaHHble. M 3TM AaHHble yaobHee OTNPaBAATb MUKPOKOHTPOAIEPY
nocnenosaTte/ibHbiIM 06pa3omM, MCMO/b3yA, CKaxem, npotokon l-wire. Ana ¢usmyeckol peannsaumm
cBA3M TpebyeTcA oAMH MpoBoA, M ANa Npuéma, U AnA nepegayun, NOTOMy NPOTOKON U HasblBaeTcs
0AHONPOBOAHbLIM. MOCKONbLKY, B OTAuMuMe oT SPI, BbIBOp AaTyMKa, a UX MOXeT 6biTb HECKO/bKO,
NPOMCXOAWUT He MO OTAeNbHOMY MpoBOAY, B MpOTOKose 1-wire mcnonb3yeTcAa agpecauma. To ecTb,
KaKabll aTYMK MMeeT cBoW agpec. NepBbiM B Nepedadye nepenaérca agpec, AaTYMKU «CAYLIAIOT CeTbY,

N OTKZIMKAETCA TOT AATHUK, yen agpec eCtb B COOﬁLLI,EHVII/I.
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BypHOe pasBuTNE MUKPOKOHTPO/JIEPOB MO3BOAET UM CErO4HS UCMO/b30BaTb BCE CNocobbl nepenayn
MHpopMaumn ans obMeHa AaHHbIMU U MeXKAY COBOM, U C BHELHMMM YCTPOMUCTBaMM.

'naBa 6. [IoagBOAHBIE KAMHM B IIyTelleCTBUUA CUTHAJIOB

[o HepsaBHero BpemeHu NpoBoAa ANA INEKTPUYECKUX CUTHaNoB M aTtmocdepa And pPagnmoBoaH Obian
OCHOBHbIMWM CpeaaMM nepeaayun. C noaBneHmnem OonToBOJIOKHA CUTyaumna HeCKOJIbKO nameHunnacob. Ho B
Ntobom cnyyae cpena pPacnpoCcTpaHeHMa CUrHaA0B 0CnabnseT ux.

ONnAa aHanorosbIX CUTHANOB BaXHbIMMU npenATcTBMAMN OKa3blBAalOTCA HaBOAKU U LIYMbI. MMI'IYJ'IbCHbIe
CUTrHaNbl Ma1I04yBCTBUTE/IbHbI K LUYMaM. YT0 e mewaeT um?

Bo3bMEM cambll MPOCTOM C/y4all — C MOMOLLbIO MPOBOAOB Bbl MOAK/AOYAETE WUCTOYHWUK MUTAHUA
ycTpolicTBa. He cneayeT Aymatb, UTO UCTOUYHUK MUTAHUA HE MOKET BbiTb CUrHaNOM. MOMKET e nageHue
Hanpsa)XeHWa Ha pesncTope AaTumka 6biTb TakoBbiM! Bnpoyem, mMbl MCNOAb3yEM NPUMEpP TONbKO ANA
NPOCTOTbI PACCYKAEHUNA.

NTaK, YyCTPOMCTBO Ha APYrom KOHLE AMHUK noTpebnser Tok. TOK, NMpoTeKkas Mo NpoBOAaM JIMHWUM,
NPUBOAMT K NafeHUIO HanpAXKeHMA Ha ABYyX Nposodax. Takum obpasom, YCTPOMCTBO «Heaonoay4Yaer»
Hanpsa)XeHna nuTaHuA. KOHEeYHO, Mbl MOMKEM HECKO/IbKO YBeNWYUTb HanpakeHue Ha nepeaatollei
CTOpPOHE, TaK NOCTynakT C CUNOBbIMU CEeTAMU, HO Mbl HE MOXeM OTpuuatTb TOro, 4Yto JIMHUUN CBA3U
0C/1abNA0T CUTHA.

Ona 6bicTpoii nepepaun 6onblioro o6béma MHGOPMaUUKM YBENMUYMBAIOT YAcTOTy curHanos. OgHaKo
Nobble NPoBoOAa, Nexawme paaom, obpasyoT EMKOCTb, BAMAHME KOTOPOM C POCTOM YacToTbl PacTéT.
bonee Toro, MpoBOAa WMMEIOT U HEKOTOPYH WHAYKTUBHOCTb. TaKyld EMKOCTb WM WHAYKTUBHOCTb
COEeAMHUTENbHBIX IMHUI Ha3bIBAIOT pacnpeaeéHHbIMM NapameTpamn. na YMEHbLIEHUA BANAHUA 3TUX
napamMeTpoB, CTapaloTCA YMEHbLUUTb CONPOTUB/IEHUE Harpy3KHu.

BmecTe ¢ Tem, Koraa AMHUA CBA3KU MMEET CTO/Ib C/I0XKHbIE CBOMCTBA, €€ XapaKTepu3ytoT onpeaenEéHHbIM
COMPOTUBAEHMEM, Ha3bIBAEMbIM XapaKTePUCTUUYECKMM UK BOJTHOBbIM. ECIM NPUEMHMK MMeeT BXoAHOe
COMPOTUBAEHME PAaBHOE 3TOMY BOJIHOBOMY COMPOTUB/EHUIO, OT NepeaaTinka K NPUEMHUKY nepeaaérca
MaKCMMyM MOLLHOCTM curHana. bonee Toro, nNpu OT/AMYMM 3TOFO BXOOHOFO CONPOTUBAEHUA OT
XapaKTEPUCTUUYECKOrO COMPOTUB/IEHUA NUHUW CBA3M HabAOAAOTCA OTpaxeHusa. CUrHan 4acTMyHO
oTpaxkaeTcA OT MPUEMHMKA W BO3BpaALLAETCA K NepenaTyuvKy, Bbi3blBas WCKaxkeHuA. bonee Toro,
OTpaXkasacCb OT MepefaTyMKa, 3TO «3XO» BO3BPALLAETCA K MPUEMHMKY. TaKOM OTPaXKEHHbIN curHan,
Hanpumep, Ha SKpaHe TeNeBU30pa BUAEH KaK INWHUIA KOHTYP.

PasHble coefuHUTENbHbIE NNHUW WMMEKOT pPa3HOE BOJIHOBOE COMpOTMBAEHMe. Butasa napa umeer
conpotnBneHne 120 Om, aHTEHHbIN TeNeBU3MOHHbIA Kabenb 75 OMm, a Apyrue KoaKkcuanbHble Kabenu
MMmeloT BOJIHOBOE conpoTusaeHme 50 Om.

YT106bl COEaAMHWTE/IbHbIE MPOBOAA HE HABOAW/IM NMOMEXM Ha cocefHue, YTobbl OHW ObIIM He CTo/b
YYBCTBUTE/IbHbI CAMW K HAaBOAKaM, NMPUMEHAIOT KOAKCMa/bHbIM Kabesb, COCTOAWMM U3 LEeHTPasIbHOM
XWAbl N 3KpaHa. Ponb 3KpaHa MOXKeT urpaTb M NpoBoa, 06EpPHYTLIN BOKpYr gpyroro. Ho yauie BuTyio
napy MCMosb3yloT C NepeaaTynMkom PasHOCTHOTO curHana. CurHana npenaértca B BUAE PasHOCTU ABYX
HanNpPsAKeHW, YTo JAET KOMMEHCALMIO 31eKTPOMArHUTHOTO NoJIA BOKPYT NPOBOAHMKOB. HaBOAKM Ha 3Tn
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[Ba NPoBOAA TOXE KOMMEHCUPOBaHbI BXOAOM MPUEMHMKA, BbIYUTAIOLLMM HAaBOAKY Ha OAMH NPOBOA, U3
HaBOAKM Ha ApYroM.

PagnocurHanam B MOMELLEHMWN TaKKe MeLLaloT apMUPOBAHHbIE MEeTa/lZlIoM CTEHbl U MeTaN/IndecKkune
Tpybbl. A nepepadye wuHOOpPMaAUMM MO pPaAMOKaHaNy MeLWalT MHOMOYUCAEHHbIE  UCTOYHMKM
paguocurHanos: mobunbHble TenedoHbl, wi-fi ycTpoiicTBa 1 npovne, UCNONb3YIoLWMe pagnoKaHan.

Takum 06pa3om, ¥U3Hb MHOOPMaAUMKM B 3SNeKTpuveckon dopme ganeko He bHesobnayHa. MNMommmo
€CTEeCTBEHHbIX Nperpas, O KOTOpbIX FOBOPWMAOCH BbIWE, NPU nepegade MHPoOpMaLMM BO3HMKAKOT U
apyrve npobaembl. Hanpumep, ecnm B «becepe» ydactsyet 6onee AByX YCTPOMCTB, €CAM ABa YCTPOMCTBA
obMeHMBalOTCA MHOOPMaUMen NO OAHOMY KaHasly, BO3HMKaeT npobnema: Kak chenatb Tak, 4TobObl
6eceaylowme He nepedbuBanu apyr gpyra?

PewatoT npobnemy no-pasHOMY, Hamnpumep, HasHayaa OAHO YCTPOWCTBO BeadylMM, KoTopoe
obpallaetca K OCTasbHbIM NO oyepeau, 3a4aBas BOMPOCbl M nepefasas MHOPMALMIO OT OAHOrO
YCTPOICTBA K APYromy, ecam B 3TOM BO3HMKAeT HeobxoAumocTb. Mpu 3TOM MCMO/b3YIOT MEeXaHWM3m
ajipecaumn, Koraa Kaxaomy u3 ycTpoWCTB NpUcBamBaeTca YHUKaAbHbIN agpec. Bbl, HaBepHoe, 3HaeTe,
YTO Ball KOMMbIOTEP MMEET YHWMKa/bHbIA aApec, Mo KOTOpoMy K Hemy obpauwaiotca apyrue
KOMMblOTEPbI.

Yem Bblle CKOPOCTb Mnepenayn, yem 6osblume 06BEMbI MHPOPMALMM NpPenatoTca, TEM CAOXKHee
CTAaHOBATCA npaBuia obmeHa. TaK ANA UCKAIOYEHUA MCKaXKeHUs WMHOOPMALMM YacTo KarKablh 610K
MHOOPMALMN  COMPOBONKAAT KOHTPONbHOMW CyMMOW. [pUHMMAalOWan CTOPOHA, CpaBHMBas 3Ty
KOHTPONIbHYIO CYMMY C MOJIyYEHHOW MPWU NOoACYETE NPUHATOro 6/10Ka, NOATBEPKAAET MPaBUIbHOCTb
nepeaaum uam coobuiaet o6 ownbKe, Tpebya NOBTOpHOM Nepenaun 610Kka MHGopmauum.

OT wuHdbOpMauMKM cerogHA 3aBUCUT MHOFoe, MNO3TOMY CUrHajsaMm, MnepeHocAWmMM KHPopMaLmLo,
yOensetca Tak MHOIo BHUMaHMS.

'naBa 7. [Ipeo6pa3oBaHue CUTHAJIOB

Bobiwe mbl rosopunaun 06 INNEKTPUYECKUX CUTHaNaX. Ho mMbl XXMBEM He B INNEKTPUNYECKUX LenAXx, NO3TOMY
BCE, 4YTO Hac MHTEepecyeT, Nponcxoaut B Hallem peasbHOM MUpe, rge HaC MOXXET UHTepecoBaTb
TemnepaTtypa, AaBaeHne nnan BNaxXHOCTb, rae eCtb ABUNXKeHNe U 3BYKU, rge mbl ieTaem Ha CaMONETax n
niaBaem Ha Kopabnsx.

BOo MHOTMX cnay4yasx Hawel 06bIYHOM XHM3HM NpoUcxoguT npeobpasoBaHue GU3MYECKMX CObbITUI B
aNeKTpuyeckne curHanbl. Cnylias HOBOCTM NO TENEBM30PY, Mbl HEe 3a4yMblBaeMc O TOM, YTO 3BYK
rofoca [AuKTOpa npeobpasyetca B 3J/EKTPUYECKOe HanpsXeHue, 4To u30bpakeHue CTyauu
npeobpasyeTcs B 3/1EKTPUYECKNE CUTHANbI, KOTOPbIE NEPEHOCATCA PaAMOBOHAMM K HALLEMY LOMY.

MHorne npeobpasoBatenn ¢GU3MYECKMX MAPAMETPOB B 3/1EKTPUUYECKME CUrHa/bl NOpaXKakloT CBOeW
npocToi n n3obpeTtaTenbHOCTbIO. MUKPOGOH NpeobpasyeT 3ByK B NepemeHHOe HanpsKeHue, 3aKoH
M3MEHEHWs KOTOPOro MOBTOPSAET 3aKOH W3MeHEeHWs 3BYKOBOro AasieHus. M 3ato npeobpasoBaHue
BbINO/IHAET, HANPUMeEp, KaTyLlKa, NepemeLlaowancsa B noae MmarHuta. Npocro, Ho HagéxHo. [la, nosxe
3/1eKTPUYECKUI cUrHan npeobpasyeTca B 60/1ee MOLHbINA C MOMOLLbIO yeuAuTensa. A Ha paauMoCTaHL UK
emy NpeacTouT «0Cea1aTb» HEeCyLLyH YacToTy, YTobbl A06paTbCcA A0 HAlero NPUEMHUKA, r4e OH BHOBb
npeobpasyeTcA B HU3KOYACTOTHbIMA CUrHaA, MOCTyMNaloWMii Ha rPOMKoOrosoputenb. lMocneaHnin Toxe
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MMEET KaTywkKy U MarHut, HO npounssoauT 06paTHOE npeo6pasoBaHme: I/1IEKTPUYECKoe nepemeHHoe
HanpAXxXeHune npeBpallaeTca B nepemeHHOE 3ByKOBOE AaB/1eHUE.

3afyMbiBaACb O MPOCTbIX MpPUMepax, A BCMOMHWA — KOr4a-to Bce TenedoHHble anmapaTtbl UMenu
OVNCKOBbIN HOMepPOHabupaTenb. ITO O4YeHb NPOCTOM, KaK MHE KaKeTcs, NpMmep TOro, Kak MHpopmaLuma,
HY)KHasA Ham, NpeobpasyeTcs B 3eKTPUYECKME CUrHAAbL. Mbl, NepemeLas gUCK 40 ynopa, onpeaensem
HYXXHble HaM 4yncia agpeca aboHeHTa. Korga mbl OTNYCKaeM AWCK, MeXaHW3M 0B6paTHOro ABUMKEHUA
OWCKa HOMepoHabupaTens NpepbiBaeT JIMHUIO COeaUHEHUA C TenedpOHHOM CTaHLUMEN POBHO CTO/bKO
pa3, CKOMIbKO HYXKHO A/1A COOTBETCTBMA HabpaHHOW uudpe. ITMM MHPopmauma ob agpece aboHeHTa
nepenaérca B BUAE /IEKTPUUECKMX CUTHANOB TenepOoHHOM CTaHLUN.

CerogHa mHorue TesnedpoHHble annapaTbl MMEIOT TOHa/AbHbIA HAabop. 3To Bosiee coBpeMeHHbIM crnocob
nepegaun (tenedoHHOro) agpeca aboHeHTa. Kaxkaoe HaxaTue KHOMKM HoMepoHabupaTena reHepupyet
OBYXYaCTOTHbIMA CUrHan MNPUCYLMI TONbKO 3TOM KHoMKe (M Habupaemon umdpe). Ha craHumm c
nomolbio GpUNbLTPOB onpeaenserca unudpa HabpaHHOro HoMepa (HaxKaToi KHONKK), cobupanck B aapec
(Homep TenedoHa). Mpu 3ToM HET HeObX0AMMOCTM 06pPbIBaTh NIMHUIO CBA3K C TenedOoHHOMN CTaHUMeN, a
CTaHUMA MOXET MPUHMMaTb HOMep aboHeHTa «Ha /iIeTy», YTO MO3BO/AET, Hanpumep, NPOAO0NMNKaTb
oblLeHMe co CTaHUMel M nocse coeamHeHns ¢ aboHEeHTOM. Bbl CbIWKUTE 3TO KaXKAbl pas3, Koraa Bam
roBOPAT, YTO Ball 3BOHOK OY€Hb BaKeH, HO NpeanaraloT elé noHabupaTb HOMb, eAUHULY U T.4.

YcTpoiicTBa, KOTopble MPeBpalialoT CUrHaibl BHELWHEro Mupa B 3/MEKTPUYECKMe CUTHafbl, 4acTo
Ha3blBalOT JaTtynMkamu. MX MHoro, a 6o0ablioe WX KOAMYECTBO M pasHoobpasme ob6bAcHAEeTCA
pasHoobpa3smMem Tex GU3MYECKMX MPOLECCOB M OOBLEKTOB, 32 KOTOPbIMW Mbl XOTMUM HabswogaTb C
NMOMOLLLbIO 3/IEKTPOHUKM.

PaccmoTpum nocnegHee yTBepXAeHWe Ha Npumepe HabawoaeHUs 3a TemnepaTypon. Temnepatypa, 3a
KOTOPOI MPOM3BOANUTCA HabAOAEHWNE, MOXKET U3IMEHATLCA OT TEMMEPATYPbl B OTKPLITOM KOCMOCe A0
TemnepaTypbl BHyTpWM 3BE34. B ObITy Ham AocCTaTouHO HabnawoaeHuA 3a Avana3soHOM TemnepaTtyp,
ckaxem, ot -50°C go +50°C. C aTum CNpPaBAAETCA YIMYHbIN CNMPTOBOM TepMmomMeTp. Ho, ecnn Ham HyXKHO
OTMeYaTb U3MEHEHUE TemnepaTypbl B TedeHne AHA? C 3TUM y4lle CNpaBUTCA 31IEKTPOHHbIN TEPMOMETP
C KOMMbIOTEPHOM nopaepKon. Ytobbl npeobpasoBaTb TeMMepaTypy B 3/EKTPUYECKUI CUTHan,
MeAJ/IEHHO MEHSAIOLLEeCcA HanpaXKeHne WA UMMNYAbCHBbIN LMDPOBOMN CUMHAN, Mbl MOXEM MCMO/Ib30BaTb
PS4 KOMMNOHEHTOB: TEPMOPE3NCTOP, TEPMONAPY, AM0L4, MHOPAKPACHDLIA NPUEMHMUK.

Yto BbIBpaThb? [lepBbiM Aenom onpegesmmca € AuManasoHom Temnepatyp. [Ana ObIToBbIX uenen
npeKkpacHo NOAOUAET U TepmopesncTop, U amog,. Tenepb cieayeT onpeaenunTbcs ¢ TeM, Kak Mbl byaem
CYMTbIBATb AaHHble C JaTunka. B ogHom cnyyae 6ypeT yaobHee mMcnosib3oBaTb TEPMOPE3UCTOP, B
Apyrom guon,. U TonbKo Toraa, Korga CTaHOBUTCA AICHA BCS KapTUHA B LE/IOM, Mbl MOYKEM CKasaTb, YTO
ONA HALWMX Lenei nydlle MMeHHO 3To peleHue. AHaNorMyHo o6CcToAT Aena 1 ¢ APYrMMn aTiMKamu.

KoHeuyHo, HauuMHalowemy paauvontobutento He cneayer npeHebperatb onbiTom npodeccnoHanos. Ho
cneayeT B3BeLIMBATb BO3MOXKHOCTM CBOM M NpodeccnoHana, paboTatowero Ha npegnpuatumn. OHM moryT
C/IMWKOM CW/IbHO PasHuTbesA. M nycTb npodeccMoHan oTBepraeT Ball Camblid MPOCTOW BblbOp, Ayywe
OCYLLECTBUTb €ro, YeM OCTAaHOBUTLCA Ha NOAMNYTU B peann3aumm CIOXKHOIo NPoeKTa.

[aBaiiTe, BO3BPALLAACb K U3MEPEHUI0 TemmnepaTypbl, CPaBHUM HECKOJIbKO pelleHuid. Ho 3To yke B
cienyroLen UCTOPUM /18 HAUMHAIOLWMX.
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