EJIeKTPpOHHH yCTPOIiCTBA 32 MpeaynpexIeHne U CHTHATA3ANA.

Te3u eNeKTpOHHHM YCTPONCTBA UMAT MHOTO HNIMPOKO MPHIIOKEHHE — OT aTAPMEHHU CHCTEMH U CUCTEMH 3a
JIOCTBIT 10 HAW-TIPOCTH pelieTa, MUTAIKU, CBeTopapHu ypeaou u T.H. Ta3u Tema Ou Moriia aa 0b1e 00eKT
Ha 15171 yuebeH kype. Tyk 1me 6baat pasriiejaHd BIIPOCH CBbP3aHU C HAKOM BUJOBE peEJeTa.

EnexTpoHHu pesieTa, 0CHOBHM U3HUCKBAHHUS.
[Tox enekTpoHHO penie 0OMKHOBEHO Ce pa3dupa YCTPONCTBO KOETO CIEIU €HA WA HIKOJIKO BETUYHHU U
ce 3azelicTBa (MM0OAaBa M3XOJIEH CUTHAN) MPU H3MBJIHEHUE Ha OINpEAeTCHH YCIOBUS — MpPEMUHABaHE Ha
MpEABAPUTCIIHO 3aJaJICHU T'paHUIIU WA U3TUYAaHC Ha OIPCACIICHO BPEMC. B makou ClIydau peiicTtara CC
U3IOJI3BAaT M KaTO peryjatopu — €AHO pelieé HarjlaceHO Ha OMpeJesieHa TeMIeparypa, ¢ U3X0J KOHTO
yIpaBisiBa HarpeBaTell, MOoAabpiKa TeMIeparypara B HOMEILEHHE, e, pe3epBoap u Jp.

PaznooOpa3ueTo Ha €JIeKTPOHHU pejieTa € rojisiMO, KaKTO MO OTHOIICHHWE Ha MPUJIOKEHUETO UM,
TakKa U MO OTHOUICHHUC Ha KOHTPOJUPAHUTC BCIMYMHU U HU3XOJHUA CHUTHAJL. B muoro CJIydan U3XOAbT
MpEACTaBIsIBA “KJIacCHUecKo” (eIEeKTPOMArHuTHO) pene. YacT oT mapamMeTpuTe Ha €JIEKTPOMAarHUTHHUTE
pernera ce OTHAcAT M 3a eleKTpoHHHTE. [IpuHIMIBT HAa paboTa HA KIACHUECKUTE pelieTa € MOoKa3aH Ha
durypara mo-moiy. EnekTpoMarHuT mNpuBiIMYa ‘“KOTBA KOSTO MPEBKIOYBA KOHTAKTH. BKItOuBaHETO
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craBa mipu HanpexeHnue Uon, a uzkimouBaneto npu Uoff. JIBeTe HampexeHus ca ¢ pa3inyHa CTOWHOCT U
pas3iuKaTa onpejens MHpUHaTa Ha XucTepesuca. Ts 3aBUCH TIPeIu BCUYKO OT KOHCTPYKIIUATA Ha PENETO,
cuJlaTa Ha IpyXUHaTa, OT MarHUTHaTa Bepura. B 3aBUCHMOCT OT NPUJIOKEHUETO pesieTaTa ce MpaBsT ¢
MO-ITUPOK WITU MO-TeceH xuctepesnc. OOMKHOBEHO HAMPEKEHUETO Ha BKIIOYBAHE € 2-3 MBbTHU MO-TOISIMO
OT HaIlpeKEHUETO Ha M3KIrouBaHe. [Ipu cnennanHa KOHCTPYKIUS HA MarHWTHaTa Bepura IIMpUHATa Ha
XHUCTepe3nca MOXKE 3HAUUTEIHO Jla ce HamMand. [[ak OT KOHCTPYKIMSTA 3aBUCH Al €HO pelie MOXe Ja
paboTu ¢ MPOMEHJIMBO HAIIPEKEHUE. AKO PEJIETO HE € MPEeJIHAa3HAUEHO 3a IMPOMEHJIMB TOK e “mipaka’ C
YecToTaTa Ha HalpeKEHHUETO.

[Ipn enexktpoHHHMTE penera TpsOBa JAa MMa BB3MOKHOCT CTOMHOCTUTE Ha HAIPEKEHHUATA Ha
BKIIIOUBAaHE U M3KIIIOYBAHE Jla ce 3a/1aBaTr. ToBa € eIHO OT IVIABHUTE M3MCKBAHUS KbM TAX. 3aJaBAaHETO
ctaBa win nootaenHo 3a Uon u Uoff min ce 3agaBa Uset u mmmprHaTa Ha Xxuctepesuca. B Hakou ciydan
BTOPUAT HAUYMH € Mo-yAoOeH. Hampumep 3a perynmpaHe Ha TeMmIeparypa ce 3ajaBa CTOMHOCTTa, a
XHUCTEPE3UCHT C€ OMNpeAess OT pekuMma Ha padoTa W MHEpTHOCTTa Ha oOekra. EcTecTBEHO ce M3UCKBa
CTaOUITHOCT Ha Te3M MapaMeTpH BbB BPEMETO M OT BIUSHUETO Ha OKOJHUTE ycioBus. [lpu mpunosxeHus
KOIaTo M3XOABT Ha €JIEKTPOHHO peJie YNpaBisiBa €JEKTPOMAarHUTHO € €CTECTBEH BBIPOCHT: “3alllo He ce
non3Ba camo BTopoto?“. [Ipuynnara e B MHOTO no-cTabunnute napametrpu (Uon, Uoff) Ha enekTporHuTe
penera u BbB Bb3MOKHOCTTA TE J1a C€ HACTpOUBAT (IIPOMEHSIT).

B 3aBucuMMOCT OT BXOJHATa BENWYHMHA pelieTaTa MOXE Ja ca 3a HampekeHHue, TOK WU
napaMeTpuuHd. TepMUHBT MapaMeTPUYHU CE€ OTHACS 3a CHIPOTUBUTEIHM, UHIYKTUBHU, KalallUTHBHH,
YeCTOTHH, MHE30 W Jp. CeH3opH. VM3xoqHata BennuMHA Ha ENEKTPOHHUTE pelieTa IMOYTH BHHATH €
mdpoBa — BrimodeHo/n3kmodeHo (On/Off). [Tonsikora ¢ Tpy MO3UIUH: BKIIFOYEHO B IIIIOC, U3KIIOYCHO,
BKIIIOUEHO B MHHYC. ECTECTBEHO CBHCTOSIHMSTa Ha BKJIIOUEHO W M3KJIIOYEHO HE BUHATU CE 3aJaBaT C
HaIpe)XeHUe WIM TOK — T€ MOrarT Jia ce 3aJaBaT C Pa3IMYHU YECTOTH, CTOMHOCTU Ha PE3UCTOPU U T.H.
OcBeH TOBa He BHHArW “U3KJIIOYEHO’” Ce 3a/laBa ¢ HyJieBa cToitHOCT. [maBHOTO e croitHocTuTe On/Off na
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ca crabmmau. Korato m3xoasT € OOMKHOBEHO peiie He OWBa Jla ce pa3unTa Ha HETOBUS XHCTEPE3HC, a
BUHATH C€ MPENoOpbhYBa B €NIEKTPOHHOTO pelie Ja UMa XHCTEePE3UC, I0pHU Ja He € He0OXOoAuMa MPEIU3HOCT.
Taka ce mpenamasBa H3XOJHOTO CTBHIIANIO Ha EJIEKTPOHHOTO pese (TpaH3ucTop) OT mperpsiaHe. Ha
durypara ca moka3zaHu MPOCTU cXeMU Ha enekTpoHHu pernera. C pesuctopute R2, R1 ce 3amama
mupuHaTa Ha xuctepesuca (AU). MHoro e BaxHO HacTpoiikara Ha Uset u AU na e He3aBucuMma, T.€
KOIaTo ce MPOMEHs e/lHaTa BeJIMUYMHA J]a He ce MPOMEHs JpyraTa. B ToBa oTHomIeHHe € mo-a00pa nsBara
CXEMa, HO TS U3HUCKBA HUCKO U3XOJHO CBIIPOTUBJICHHUC HA U3TOYHHKA HAa HAIIPCIKCHUC Ux. I[SICHaTa cXema
€ C MHOIO IO-BUCOKO BXOJHO ChIIPOTHBJIEHHE, HO Ipu npomsina Ha Uset ce mpomens u AU 3amoTo KbM
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CBHIIPOTHBIICHUETO HA pe3ucTtopa R1 ce mo6aBsi TOBa Ha MOTEHIIMOMETHPA, a TO CE TIPOMEHSI IPU BHPTECHE
Ha TUTh3rava. 3a J1a e 1mo-cyiado ToBa BiusiHUE, R1 TpsiOBa 1a 0b1€ MHOTO MO-TOJISIMO OT CHITPOTUBJICHHETO
Ha TOTEHIIMOMETHPA.

3aKbCHUTEJIHU peJieTa, 00J1aCT HA PUJI0KeHHe, HeA0CTAThIN.

ToBa ca eJeKTPOHHH pereTa ¢ KOMTO MOraT Ja ce 3aJaBaT BPEMEHHHU MHTEpBainu. Te ce M3Mons3Bar npu
Hall-pa3NTuYHN TEXHOJOTHYHHU MPOLIECH, IPU yIpaBleHue Ha cBeTodapHu ypeadu u apyru. B 3aBucumoct
OT MPHUJIOKEHUETO 3a 33JaBAHE HA BPEMEHHHUTE MHTEPBAIM MOXKE J1a CE U3I0JI3BaT KBAPLOBU T€HEPATOPH,
CUHXPOHHU [BUTATENH, TaiiMepu (MHTETpamHU cXeMH) win oOMKHOBeHHM RC 3aKbCHUTENHU BEPUTH.
[IpaBunHOTO pelieHUE € TOBa, C HaW-HHUCKATa I€HA, KOETO M3IbJHABA 3aJaJcHUTE H3ucKkBaHus. Haii-
HUCKAaTa II€Ha ce ONpeesisi HE caMo OT Pa3XOAUTe MO MPOEKTHUPaHE U MPOU3BOACTBO HA YCTPONCTBOTO HO
Y OT CPOKa HA EKCIUIOATALMsl, KAKTO U OT pa3sXOquTe IO MOAAPBKKA U peMOHT. [lopann Ta3u npudnHa,
MIPH OIPEIEIICHH YCIOBUS, O-CKBIIUTE U3AEIINS U3IU3aT 0-€BTHUHO.

Haii-npocTute 3axbcHUTETHM penera ce npasdar ¢ enHa RC rpymna, OyTOH U HanmpeXUTEIHO pelie.
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[Ipu HaTHckaHe Ha OyTOHa KOHJIECH3AaTOPBT C€ Pa3pexka, a Ciel OTIYCKaHEe 3amoyBa Jia ce 3apexra.
Koraro HampekeHUETO BBpPXYy HEro JOCTUIHE Ipara Ha HANpPEeXKUTEIHOTO pele H3XOAbT CMEHS
ChCTOSIHMETO cu. Taka ce opMHpa MUMITYJIC C ONpeeseHa MPOAbKUTENHOCT. [IpoabKUTeIHOCTTAa Ha
UMIIyJICA 3aBUCU OT BPEMEKOHCTAHTaTa M OT IIpara Ha HampeXUTeaHoTo pene. OCBEH TOBa KbM TOBa
BpeMe ce J00aBsi M MPOABDKUTETHOCTTa Ha HaTHcKaHe Ha OyToHa. Korato He ce M3HMCKBa rojisma
TOYHOCT HE C€ B3€MaT MEPKH 3a HEHHOTO enuMuHupane. [Ipu HeoOX0MMOCT HaTUCKAHETO ce “mo3upa’ ¢
TpUTep WU yakail MyaTuBruOpaTop. OGMKHOBEHO TOBaA c€ Hajlara Ipu MOo-KpaTKU UMITYJICH.



OcHOBeH Tpo0JeM Ha 3aKbCHUTEIHHUTE pejeTa OT TO3M TUM € CTA0WIHOCTTAa Ha MMITyJica IO
OPOABIKUTETHOCT, OCOOCHO MpH mMo-TojemMu uHTepBanu. ChoOpakeHHMSTa TMO-I0Jy CE OTHACAT 3a
BpEMEHA MO-TOJIEMU OT HSKOJKO JECETKH CEKYHIH. 3a Ja C€ IMOJIy4H rojsiMO 3aKbCHEHHE CE M3IO0JI3BaT
MO-TOJIEMU PE3UCTOpU W KOoHAeH3aTtopu. [lo-romeMute pe3ucTopu OMpenensT W U3UCKBAaHETO 3a TO-
TOJIIMO BXOJHO CBIIPOTHUBJICHHEC HA HANPESKHUTEITHOTO peie. [Ipu roleMuTe KOHACH3ATOPH HMa H
npo0iieMu CBBbp3aHU ¢ OBP30TO paszpek/iaHe Ha KamanuTeTa 3a Gpopmupane Ha HOB umiyic. OcBeH ToBa
MO-roJIeMHUTe (M0 CTOMHOCT) KOHJEH3AaTOPH Ca ENEKTPOJIMTHH, a T€ UMAT HIKOM ocoOeHocTu. Haii-Beue
TOBa ca MO-TOJIEMUTE YTeUKH. Te ce MpOosBSIBAT KaTO PE3UCTOPHU CBHP3aHU MapaleTHO Ha KamaluTeTa
KOUTO HaMallsIBaT o0IIaTa BPEMEKOHCTAaHTAa. YTEYKHTE 3aBHCAT OT TeMIlepaTypaTa W OT KOHKPETHHS
eK3eMIUIsIp KoHaeH3arop. 1o Ta3u npuunHa e 6€3CMHUCIICHO Jia ce M3MO3BaT BpeMe-3aJaBallli pe3ucTopu
MO-TOJIEMH OT HAKOJIKO MC). Penerara B KOUTO ce M3MOI3BAT SICKTPOIUTHU KOHJCH3aTOPH OOMKHOBEHO
HSMAT A00pa MOBTOPSEMOCT Ha MPOIBILKUTENHOCTTAa Ha uMityscute (5-10%). OcBeH ToBa CTOHHOCTTA Ha
€JIEKTPOJIMTHUTE KOHACH3aTOpH Bapupa B mKpoku rpanunu (+50/-30%) mo oTHoOLIeHHEe Ha MapKUpaHaTa,
a TOBa M3UCKBA JOMBIHUTEIHA HACTpOika. B MHOro ciydau, 3a mo-rojisiMa Mperu3HocT, ce MpearnounTa
U3I0JI3BAHETO HA TE€HEPATOPU C HE-CJICKTPOJMTHU KOHACH3ATOPH U JACNUTENl Ha YeCToTa Ciel TOBa.
EctecTBeHO Taka ce yclioKHsIBa cXxemaTa U ce IOBHILABa IIeHaTa.

[Ipu mageHa BpeMEKOHCTaHTa MPOABHKUTEITHOCTTA HA MMITYJICA 3aBUCH U OT HAMPEKHUTEITHOTO
pene. Konkoro mparbsT Ha 3aeliCTBaHe € MO-HUCHK TOJIKOBA UMITYJICHT € MO-KpaThK. KOIKOTO mparsT e
M0-BUCOK UMIMYJICHT € MO-IBJIBI, HO U3MEHEHHETO Ha HAMPEKCHUETO CTaBa IMO-IUIABHO M BIUSHUETO HA
nryMoBeTe € nmo-rojsimo. [1o Ta3u npuunHa He ce mpenopbyuBa NparbT Ha 3a/1eliCTBaHE J1a ChOTBETCTBA Ha
MoBeYe OT JBE BPEMEKOHCTAHTH. AKO BpeMe-ONpEeACISIIUIT Pe3UCTOp U JACTUTENAT ¢ KOWTO ce 3a]aBa
Ipara Ha HalpeXUTETHOTO PeJie ca CBbP3aHU KbM €IHO U ChII0 HANpekKeHHE MPOABHKUTEIHOCTTa Ha
UMIYJICUTE HE 3aBHCH OT TOBa HalpeKeHHWe. B TakbB ciydyall He € HEoOXOauMO CTaOWIU3UpaHO
3axpaHBaHe.

3a ;ma ce moilydd JMHEWHA BpPB3KAa MEXKAY Mpara Ha 3aJeicTBaHe M MPOIBIDKUTEIHOCTTA Ha
UMITYJICUTE KOHJIEH3aTOPBT TPSOBA Ja ce 3apek]ia OT reHepaTop Ha TOK. B To3u cirydaii obaye ce n3nckBa
cTabunm3aius Ha 3aXpaHBaIIOTO HAMIPEKEHNUE.
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Koraro ca HeoOxoaumu cTabUIHU 1O MPOABIKUTETHOCT BpEMEHHN MHTEpPBajIl O€ ClIOMEHATo, Ye
ce MpernopbhuBa IMO-CIOXKHO pelleHrue BMecTo na ce u3non3Bar roisemMu RC rpymu. Ilpu mo-romsima
CEpUIHOCT MOTaT Ja Ce M3MOJ3BaT M Mallki MUKPOKOHTpoJiepu. EcTecTBeHO 1ieHaTa B TO3M Cilydail e
3HAQUMTENIHO TO-BHCOKA. 3a TakuBa Leau Moxe na ce m3noi3Ba 1 CMOS unterpannara cxema 4060
(74hc4060.pdf). Ts uma BrpameH reHepaTop KouTo Moxke na paborm ¢ RC rpymm wim ¢ KBapioB
pe3onarop. CxemaTta uma 14 Tpurepa KoeTo Mo3BOJIsIBa JI€JICHE Ha 2'*. Cxemara ce 3axpaHBa ¢ 2-6V. B
3aBHCHMOCT OT MCKAHATa TOYHOCT Ce M30HMpa KBapIOB Pe30HATOp (CTabWiHOCT mo-modpa ot 107°-107°)
w RC reneparop (102-107). [lopanu orpanndeHus Opoil U3BOIM Ha KOpIyca HE BCHUKHU TPHUIEpHU ca
u3BeaeHu (mrncat Q0-Q2 u Q10). Ha ¢gurypara mo-mominy € mokazaHo Kak Ta3u MHTETPaJIHA CXeMa MOXKe
Jla ce M3MOJI3Ba 3a 3aJaBaHe Ha BPEMEHHU MHTEPBAJH. 3a Ja Ce MOJIyYd eIUHHYEH UMITYJIC C€ M3MOJI3Ba
nombJHUTENEH R-S Tpurep ¢ koito ce craptupa 6poeHeTo upe3 Bxoja 3a Hyiupane MR na 74HC4060.
NMmyiesT cBBpIIBa KOTATO B M3XOIUTE CE MOMyYd KOMOWHAIUS KOATO CHOTBETCTBA HA 3aJaJICHOTO
BpeMme. Uzxoaute ce cienar ¢ norndecka cxema MU-HE (NAND), kato ocem Bxoaa (7430) oOMKHOBEHO ca
JocTaTh4yHU. ECTeCTBEHO B €JHA MpakTHUYECKa cXeMa TpsOBa /1a ce MPEABUIAT U IEMEHTH ¢ KOUTO Ja ce



(dopMupa cTapTOBUS UMITYJIC, KAKTO U Ja CE rapaHTUpa ChbCTOSIHUETO Ha R-S Tpurepa cien BkItOUBaHE Ha
3aXpaHBaIllOTO HAaNpeXeHUEe — MHAye MpH BKIIOYBAHE Ile ce U3paboTu eAuH “(aniuB” UMITYJC, a TOH
MO’KE Ja € C IPOABIKUTETHOCT HAKOJIKO MUHYTH.
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Hpyr HauuH 3a 3ajlaBaHE HAa BPEMEHHU MHTEPBAJIM € KaTO CE€ M3MO0JI3Ba MpexoBara yectota SOHz.
Ts e mocTarp4HO cTabuiiHA — OTKJIOHEHHETO MHOro psako € Han 0,5%. EcrecTBeHO TakbB MOAXOX €
Bb3MOXEH CaMO MpPH YCTPOMCTBA CBBbpP3aHU KbM Mpexkara. DOpMUpPAHETO HA HMMITYJICH C MpPEKOBA
4YecToTa € MoKa3aHo Ha ciensamiara ¢urypa. [lpu eqHodasHo 3axpaHBaHe MOXE J1a C€ TOTYYH YEeCTOTa
50Hz wmm 100Hz. Ako € HEoOXOAMMO MOXKE Ja Ce TMPWIOXKH YMHOXKEHHE Ha 4YecToTaTa, KOETo €
CPaBHHUTEIHO JIECHO, 3aIll0TO CTaBa BBIIPOC 3a ¢ukcupana ocHoBHa ctoiiHOoCcT S0Hz. C moTeHmmomMeTspa
RP ce HacTtpoiiBa koepuIIMEHTHT Ha 3ambiiBaHe Ha curHaia ¢ yecrota 100Hz ma e okomo 2 - Taka ce
nojiyd4asar “no-goopu’” ummnyicu ¢ decrora 200Hz. Kato ce u3bepe monxoasma RC rpyna u curHanbT
200Hz me e ¢ koe(UIIUEeHT Ha 3aITbJIBaHE 2 U OT HETO M0 aHAJIOTHYCH HAYMH MOoke jJa ce moydu 400Hz
u T.H. EcTecTBeHO MoraT /1a ce U3MoJi3BaT U CHEUATN3UPAaHU CXEMHU HA YMHOXKUTEIHU, HO YCIOXKHSBAHETO
e/lBa JIM € OIpaBJaHO, 3all0TO € MO-MPOCTO (M IMO-E€BTHHO) Ja CE€ H3MOJ3Ba CIEHHAIM3UPaHa CXeMa
taiimep (LMS555) xosTo e ¢ mo-mo6pa crabunaocT (0,05%) oT MpexkoBaTa yecToTa.
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B IMPOMHUIIJICHOCTTA Ca HAMCPUJIU MACTO U PECJICTA 3a BpEMEC HaA 0aszara Ha CUHXPOHHHW ABHUIATCIIN.
Te cpo1o0 M3MOI3BAT MpE)KOBATa 4Y€CTOTA KATO OIIOpPHA. EctectBeno ToBa ca IIO-Ir'OJICMH, IIO-CKBIIM U
TCXKKH yCTpOf/'ICTBa KOUTO UMat npeaAuMCcTBOTO, Y€ UMAT MHOT'O MOILICH U3XOd — ABUI'ATCII.

Bwvnpocu:
1. KakBu ca OCHOBHUTE U3UCKBAaHUS KbM HAIIPEKUTEIHUTE pereTa?
Kb1e (3a kakBO) ce M3IM0I3BAT HAMIPEKUTEIHHA perieTa?
JlaiiTe cxema Ha HaPEXKUTEIHO pene?
3anio 3akbcHUTENHUTE peniera ¢ RC rpyna He ca MHOrO ipenu3Hu?
Jlaiite npumep 3a 3aKbCHUTETHO peiie?
KakBu HaunHu (C KaKBU €JIEMEHTH) 3a HAIlpaBa Ha 3aKbCHUTENIHH pelieTa o3HaBare?
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