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1. EnexTpoMarHutHa CHBMECTHMOCT — CbBMECTHa paboOTa Ha EJIEKTPOHHUTE
YCTPOMCTBA U HA OTACITHUTE BB3JIM B €HO YCTPOMNCTBO.

- OCHOBHM TIOJIO)KEHUSI B €BPONEHCKUTE CTaHIAapTH 3a EJIIEKTPOMarHuTHa
ceBMectumocT IES 1000-4.

- CXEMOTEXHMYECKH M KOHCTPYKTHMBHU TOJXOAM, U3MOJ3BaHE Ha 3alllUTHU
(moxTucKaly) eJIeMEHTH, TMpaBWiia MPU KOHCTPYHPAHETO HA TEUATHUTE TIUIATKH W Jp.
CbBMecTHaA paboTa Ha aHAJIOTOBU M IUGPOBU OJIOKOBE MJIU BB3JIM B €JHO YCTPOHCTBO.

- KOHCTpPYHMpaHE Ha 3axXpaHBalld OJOKOBE C OrjeJ Ha eJeKTpOMarHuTHaTa
ChbBMECTHUMOCT, aHAJIOTOBH (KJIACHUYECKH) U KIIFOYOBHU 3aXpaHBaHUS.

-  WHJUKallMHM, CPAaBHEHHE HA OT/CIHUTE TUIIOBE, MPETIOPHKHU.

2. [IpunoxkeHne HA eJIeKTPOHHHU CPe/ICTBA B eJIEKTPOEHEepPreTUKATa.
- OCHOBHHU TOJIXOJIH U TIPUHITUTIH.

- KOHTPOJI ¥ PETYJIMpPaHe B €JICKTPOCHEPreTHKATA.

- H3MEPBaAHUSA B JICKTPO-NPEHOCHUTE CHCTEMH (ITOACTAHITUH ).

- CHMYJIMpaHE Ha IapaMEeTPHUTE Ha JICKTPUICCKaTa MPEKa.

- HW3MEpBaHE Ha eJICKTPONOTPEOICHHETO (€ISKTPOMEPH ).

3. Haxou npu/iokeHusi B MPOMMIJICHOCTTA.

- H3MEpBaHe Ha TBbPJOCT HA METAJIH.

- €JEKTPOHHM YCTPOMCTBA 3a MPOIMOPLIMOHATIHATA XUIPABIUKA.

- YATPa3BYKOBO M3MEPBaHE HA CKOPOCT U ACOUT HA TEYHOCTH.

- H3MEpBaHUS B XMMUYECKATa U XpaHUTEIHO-BKycoBaTa npomunuieHocT-pH-metpu.

4. U30panu npujIoKeHnst

- eTIEKTPOHEH KOMIIAC, MPUHIIUI Ha padoTa.

- YATPa3BYKOB CUTHAJIU3ATOP 3a pa3CTOsIHUE (IOMOIIHUK MPU MapKUPAHE)
- eNIEKTPOHHHU METAIOThpPCAYH, IPUHIIUI HA padoTa.

- IUTUTal3epHu — KalalluTUBHU, UHIYKTUBHU U JIp.

- MMOJIXO/IM TPU U3TPAXK]IAHE HA AJIAPMEHU U MIPOIYCKHU CUCTEMH.

5. JlabopaTopHH ynpasKHeHUs

M3nuthT e nucMeH. BkiIlouBa HAKOJIKO BBIPOCA 1O T€3W TEMU, 10 TEMHUTE OT
JadopaTopHuTe YIPasKHEeHHUs U KPAThK TeCT BbPXY LeJUsi MaTepuaJl.

OueHkaTa mo IMCHHUIIMHATA ce JopMHUpa OT pPe3yJITATa OT U3NHNTA U OL[EHKATA OT
KypcoBaTa padora.

Ycenex!!!



M 02 Hme

ama Ip. ,D.No:

M3nuThT BKJIKYBA HAKOJIKO TEOPETUIHU BBIIPOCA M TECT. Ilo Temure ot BBIIPOCUTE C€
U3J1araT NMO3HAHUATA Ha CTyAeHTa 0e3 /a e 3aAbJUKUTEJHO TOYHOTO OTPa3sBaHe HAa JIEKIMOHHHS
Matepuajg. O0eMbT Ha M3J10KeHHETO TPsAOBa na e 3-4 cTpaHWIM 0010 32 BCMYKH BBLIPOCH, KATO
BKJIIOYBA METOIH, NMOAXO0AH, CbOOpaxeHus, 0JJOKOBH M NPUHIMIIHH CXeMH H JAP., 0 NpeleHKa Ha
CTYIeHTA 32 /1a MOKa)Ke 3HAHUATA CH N0 CbOTBETHHUS BbIIPOC.

TecTbT M3MCKBa U300pP HA BePHUTE OTTOBOPH, KATO Te MO:Ke /Ja ca mosBe4ye oT 1, a Moxke u Ja
HfAMA BepeH OTroBop. I'pemiHnTe 0TrOBOpM HaMaNABAT TOYKHTe (OmeHkaTa). BepHurte oTrrosopm ce
0T0eJIA3BAT B MOJYEPTAHOTO IOJI€e NPed THAX C *.

Bcexn TeopeTHYeH BBHIPOC M TECTHT Ce OLEHSIBAT MOOTAEIHO. U3NUTHT € MpeMUHAJ yCIelIHO
CAMO, ako BCHYKH OLIEHKH ca mo-Bucoku ot Cjiad 2!

B o0mata ouenka mo AMCOMIIMHATA TO3U TecT AaBa 40%, a TeopeTHyHUTEe BBIpOCcH - 60%.
OuneHsiBaHETO CTaBa ¢ TOYKH — MakcuMaaHo nmo 100 3a Bcsika OleHKa KOUTO y4yacTBaT B KpailiHaTa
CyMa cbC CbOTBETHHA NMpoueHT. QUeHKHUTe ce onpeaesiT 0 cJIeJHUs HAYNH:

OT1ianyen 6 - 80T. MHu. Jo0bp 5 -70T.
Hoosp 4 - 60T. Cpenen 3 - 50T.

Teopernuen Bbnpoc 1:

Eﬂekmpomepu C epeme-umn)iCHU YMHOHCUMEIHU ycmpoﬁcmea.

TeopeTnyeH BLIpPoOC 2:

Enexmpomepu ¢ 6peme-umnyicHu yMHOICUMENHU YCMPOIICMEA.

TeopeTnueH BLIPOC . . .:

Pesyararmu:

T.Bsnopoc 1: ........... T.

KomenTap:

T. Benpoc 2: ........... T.
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B nonemama 60sacno moodice 0a ce 0006asu KomeHmap npu 3ampyoHeHue npu u3oopa Ha éepHu omzoeopu!

3a Oe3npob.iemHa padoTa macute (0V) Ha uudpoBaTa 1 aHAIOroBaTa YaCTH HA €JHO YCTPOHCTBO ce CBLP3BAT:

HE Ce CBbP3BaT
Hali-0JI130 710 3aXpaHBaHETO

Haii-0JIM30 [0 AHAJIOTOBHUTE BXOI0BE
Hai-0mm30 no AL

Ha BCHYKH BB3MOXHH MECTa-KaTo Mpeka

B enHa nmeyaTHa NJaTKa U3TOYHUK HA CMYLIICHUA ca:

PE3UCTOPH M KOHJCH3aTOPU
KOHTaKTODH H pejera

CXEMH MPEBKIIIOYBAIIN HAIPSIKECHUS
BCHYKH aKTHBHH CJIEMEHTH

CXEMH MPEBKIIOYBAIIN TOKOBE

CTaTu4HATA MHANKAIHUSA ce npeanoYuTa 3amorTo:

€ 10-eBTHHA
HaMaJIsiBa KOHCYMaLusTa

HaMaJIsiBa CMyILCHUSTA

OIIPOCTSIBA YIPABICHUETO

HaMaJIsiBa CBbP3BALIUTE IPOBOAHULIH

WHAyKTHBHATE TUTHTali3epu PaGoTAT HA IPUMHLMIA Ha:

HU3MEpBaHe Ha YeCTOTa
u3MepBaHe Ha (aza

CpaBHEHHE Ha YECTOTH

MPOMSIHA Ha JHENICKTPHYHATA IPOHUIAEMOCT
nU3MepBaHe Ha aMIUTHTYa

I1pu eeKTPOHHHUTE YCTPOHCTBA B XHAPABJIHKATA MOXKe Ja:

ce NPOMEHsI 3aXPaHBalLIOTO HAIPEXKEHNUE
ce NPOMEHsI BXOJHOTO ChIIPOTHBIICHUE

ce HaCTpoiiBa KOe(HUIMEHTHT Ha yCHIIBaHE

ce IPOMEHSIT U3XOJHOTO CHIIPOTHBIICHHUE

ce 3a/1aBa BPEMETO Ha HAPACTBAHE HAa U3XOAHHS CUTHA

IIpu u3mMepBaHe Ha TBLPAOCT HA METAJIH €€ H3M0JI3BAT:

aHAJIOTOBH YMHOXHUTEIHU
BpEME-HMITYJICHH YMHOKHTEIH
opp3u ALIIL
BBPXOBHU ACTEKTOPH
6bp3u Flash mamern

Yarpa3BykoBuTe 1e0UTOMEPH PadoTsT Ype3 H3MepBaHe Ha:

Kararurer
IIPOMSIHA Ha KAIalUTeT
4ecToTa

npoMsiHa Ha ¢asaTa
pasivKa Ha YECTOTH

IIpu eIEKTPOHHUTE KOMIACH Ce:

CclIeiy IPOMSIHATA Ha TUEIEKTPUYHATA IPOHUIIAEMOCT
n3MepBa mpomsiHa Ha (azata

H3I0JI3Ba TOPOUIAJICH TpaHcdhopMaTop

M3I10J13Ba HACUII[AHETO HAa MarHUTOIMPOBO.

n3MepBa MPOMSHATA Ha €TAJIOHHA YeCTOTa

II'spBUYHNTE IPeoOpa3yBaTe/n B MOJACTAHIMHUTE:

umat usxozeH curaan ot 0 go 100V

uMar u3xonaeH curaai ot 0 1o 5 mA

uMar BxojeH ooxsat 100V

ce 3axpaHBaT OT M3MEPBaTEIHATa TOKOBA BEpHTa
“MaT aBTOHOMHO 3aXpaHBaHe




EnexrpoMariuTHa CbBMECTUMOCT.

[IpenmMer Ha TO3M BBIOpPOC € paboTaTa Ha EIEKTPOHHHUTE YCTPOWCTBA B cpeda Ha JPYTU
EJICKTPUYECKH U EJIEKTPOHHU ChOpBKEHHUsA. Ta3u chBMeCTHa paboTa TpsiOBa Ja ce pasriexia OT JBe
CTpaHU — JIOKOJIKO €IHO yCTPOMCTBO MOXe Ja paboTH moja “BIMsSHHME” Ha OKOIHUTE W JajH Mpeyd Ha
TAXHATa pabora. 3a Ja ce YeAHAKBAT M3MCKBAHUATA Ca CH3/IAJCHU CTAaHIAPTH HAa KOUTO CICKTPOHHHTE
yCTpoiicTBa TpsibBa na OTroBapsAT. B 3aBUCHMOCT OT MNPHIOKEHHETO (OTTOBOPHOCTTA) HA BCAKO
YCTPOWCTBO, CE€ OMpenessi Ha KaKBU BB3JICUCTBHUS TO TpsAOBa aa u3mbpka. OmpenesieHH ca TUIIOBETE
W3MUTBAaHUS KOWUTO CE€ M3BBLPIIBAT, KATO 3a BCSAKO M3NUTBAHE CE€ 3a1aBaT KJIIACOBE M HHUBA CIIOPEN
CTPOTOCTTa Ha M3UCKBaHUATA. [10-1mo1poOHO TOBa € JajieHo B AN9734. pdf KBIIETO ca JaJcHH OCHOBHHTE
W3UCKBAHUS Ha CTAHJAPTUTE KAKTO U IIOCTAHOBKUTE C KOUTO CE€ U3BBPIIBAT U3IIUTBAHUATA.

CMmyleHusaTa BRHITHYU 32 €JIEKTPOHHATA arnaparypa Bb3HUKBAT 0 Pa3JIMUYHU MPUYMHU, KaTO HaMi-
BE€Ye TE€ ca B pe3yaTar Ha KOMYyTallid B MpeXarTa Ha IIO-MOIIHM KOHCYMaTOpu M IapasuTHUTE
WHIYKTUBHOCTH Ha Mpekara. OCBEH TOBa 0ObpKBaHE B paboTaTa Ha €EKTPOHHUTE YCTPOUCTBA MOTaT Jia
MPEIM3BUKAT MOIIHHU PaJUONpeaBaTeNd WM TaKWBa B HEMOCPEACTBEHA OMM30CT (MOOUIHU TenedOHH).
B AN9768. pdf, AN9769.pdf, AN9308.pdf, AN88f.pdf ca mnoka3aHu HAKOM OT HAYMHUTE 3a
BB3HUKBAaHE HA CMYILEHMS U KaK T€ MOrar Ja c€ OrpaHuyaT WIHA MOATUCHAT. B OCHOBHM JTMHUM MEPKUTE
3a MOATHCKAaHE Ha CMYIICHUSTA C€ CBEXIAT JI0 M3MOJI3BAaHE HA OTPAHUYUTEIHH €JIEMEHTH (BapuUCTOPH,
CYMpecopH, [IEHEPOBH TUOAU U Ap.) U puntpu BirouBamy X U Y KOHJEH3aTOpu —epcos. pdf , qpocenu u
tparcopmaropu —AN15. pdf, AN20. pdf. Yact oT ycwimsara mpu KOHCTpyHpaHE Ha amaparypara ca
HACOYEH! U KbM HaMmallsIBaHE Ha CMYILIEHHATa KOWUTO TS H3IbYBa M MPEYM HA OocTaHamuTe —AN24. pdf .
[Ipumepun Ha 3axpaHBaIy OJIOKOBE KOMUTO Ca M3IBJIHEHH CHITIACHO M3MCKBAHHATA 3a €JICKTPOMAarHUTHA
CBbBMECTUMOCT ca AaneHu B di 9. pdf , epr 16. pdf, | nk501. pdf.

Mepxkute Morar f1a ce 0000IIIT U ce CBEXKIAT A0 CIASAHOTO:

- HM3nomnsBane Ha GuUATPHU B 3aXpaHBAHETO.

- IlpeanmounTane Ha KIOYOBU (MMITYJICHH ) 3aXpaHBAHMUS.

- ExpaHupane Ha MexXay I'bpBUYHA U BTOPUYHA CTPAHA.

- H36op Ha mogxosiym uHTEpQEHCH 32 Bph3Ka.

- T'apBanMuHO pa3Bbp3BaHE MpH MIpeaaBaHe HAa HHYOpMAIHSL.

OT ronsiMa BaXXHOCT MpPHU MPOEKTHpPAHE Ha EJIEKTPOHHA amaparypa € W eJIeKTpOMarHuTHaTa
CHBMECTHUMOCT MEXK/y OTJCITHUTE BB3JU B €THO YCTPOMCTBO. MmMa chlllecTBeHa pa3irKa Py aHAJIOTOBU U
npu IUQPPOBU yCTPOMCTBA, KAKTO M IIPU ChBMECTSIBaHE Ha paboTaTa Ha IUdpoBaTa U aHAJIOrOBaTa 4acT B
€THO YCTPOWCTBO.

[IpuunHa 3a Bb3HMKBaHE HAa CMYyIIIEHUE B [M(pOBa amaparypa ca MHOTOOPOMHHUTE KOMYTAIlUU Ha
W3XOAWTE HAa HMHTETPAITHUTE CXEMH IPH KOETO C€ Mpe3apekIarT KamaluTeTH, T.€ MPOTHYAT TOJEMHU
UMITYJICHU TOKOBE (0COOEHO TpU CHBPEMEHHHTE CXEMHU C ToiisiMo Obp3oxelicTBue). BenenctBue Ha
WHJIYKTABHOCTTA Ha 3aXpaHBAIIUTe W CUTHAJTHW IMWMHU (TTUCTH, IIBTEYKH) C€ TOJydaBaT OTCKOIM B
3axpaHBaHeTo. Te3n OTCKOIM (IMKOBE) MOTaT Ja MPeau3BUKAT 00bPKBAaHE B pa0oTaTa Ha CXEMUTE KOETO
Jla ce MPOsIBSBA C paszinyHa MEPUOJAMYHOCT, KaTO HaW-TPYJIHU 3a JUATHOCTHKA Ca TE3HW MPOSBSBAIIU CE
CPaBHUTEITHO PSKO — BEAHBXK Ha 1-2 gaca U mo-psiaKo.

OcHOBHUTE ITpaBUIa IPU KOHCTPYHpPaHE HAa LU(PPOBU YCTPOMCTBA CE€ CBEXKIAT J0:

- 3axpaHBalIUTE IIMHU C€ U3IBJHABAT KaTO OTAEIHH CJIOEBE IIPU MHOTOCIONHUTE IIATKH WU
KaTo Mpeka Npu IBycioiHUTE. Taka 3axpaHBaHETO IOCTBIIBA KbM CXEMHTE IOHE IO 2-3
nucTy. Te TpsOBa Aa ca ¢ MAaKCUMaJIHO Bb3MOJKHA IIMPUHA.

- B HenmocpencTBeHa 6JU30CT 10 U3BOJIUTE 3a 3aXpaHBaHE Ha BCSAKA OT MHTEIPATHUTE CXEMU CE
MOCTaBAT (PUITPUPALIN KOHICH3aTOPU C Majlka MHIYKTHBHOCT (KEpaMH4YHH), KaTO IIMHUTE
MEXJly KOHJEH3aTOpa U 3aXPaHBALLUTE U3BOJU CAa Bb3MOXXHO HAW-KbCHU M HIMPOKU — CBHLIO 3a
MaJika MHAYKTUBHOCT. [IpH ycTpoicTBa ¢ MO-MaJIki UMITYJICHU TOKOBE U IIUPOKU 3aXpaHBaIlU
IIMCTH C€ JOITyCKa Ja € U3I0JI3Ba €IMH KOHIECH3aTOp Ha 2-3 CXEMHU.



- Ha Bcska miatka ce npenopbpiBa aa MMa U MOHC CIMH KOHACH3AaTOp C MO-rOJIsIM KalmaluTCeT —
€JIEKTPOJIUTEH 32 IO-HUCKOYECTOTHH CMYIIICHUS.

- CurHamHuTE TIUCTHU Ja ca ¢ MUHUMaJIHa Ab/hKUHA. ToBa cTaBa C MOIXOJAIIO pa3mpeneeHue
Ha JIOTMYECKUTE E€JIEMEHTH MO KOpHycU. B HSKOW cilydaw HAKOU OT €NEMEHTHTE B KOPIYC
MOXXE JIa OCTaHAT HEW3IIOJI3BaHM, J1a C€ MOJyYd M3JUIIBK, aKo Ce Hajlara ‘pa3xokaaHe” Ha
CUTHaJa OT €AMHUA J0 ApYrHs Kpail Ha miuaTkaTta. ToBa Hail-uecTo ce Hallara KOoraro CXeMHTe
paboTsT 0aU30 A0 MakCUMaIHaTa paboTHA YeCToTa.

- Bsemar ce cmeuuanHu MEpKH MPH MPOCKTHpPAaHE HAa KBapIOBHUTE (WM APYTH) T€HEPATOPHH
cXxeMH — OOMKHOBEHO C€ €KpaHMpaT yYacTHIMTE OT IUIATKAaTa OKOJIO TeHepaTopa KaTo KBaplia
Cce pasmosara B HemocpeICTBeHa OJIM30CT 10 TeHepupalara cxema.

[Tpu aHamoroBuTe CXeMu HelaTa ca 3HAYUTETHO MO-CI0KHU. OOMKHOBEHO NPU TSAX CUTHAIMTE ca
MHOTO IMO-MaJKd M OTJAEIHHUTE CThIIajla ca MO-NMOJATIMBH Ha Bb3AeicTBue. JlokaTto mpu nudpoBuUTe
CXEMH, aKO CMYILIEHHETO € IO0-MajJKO OT Ipara Ha IPEeBKIIOYBAaHE, HIMa IMPOMSHA B HU3X0Ja, MpH
AQHAJIOTOBUTE W HaW-MalKOTO CMYIIEHHE ce J00aBsg KbM TOJe3HHs curHai. KoHcTpyumpaHero Ha
aHaJIOTOBM YCTPOWCTBA M3UCKBA ONUT M aHAJIM3 Ha BCSKAa KOHKPETHA CXeMa — PeLIeHMs Jalu JA00bp
pe3yaTaT B €AMH CIy4ail He rmoMaraT (a Jopu U TMpedar) B Apyr ciy4ail. Bce mak ca BaluHU CIEIHHUTE
Haii- 001K NpenopbKU:

- 3axpaHBaHETO C€ IOJaBa CTHIAIO CIEa CThIANO mpe3 GuITpu. 3a pasnuka oT mudpoBuTe
CXeMH TYK € HEJONYCTMMO Ja ce€ I[oJlaBa 3axpaHBaHe (0COOEHO Maca) MO HIKOJIKO
IIPOBO/IHUKA.

- Ilpu Bpb3ka Mexy OTACITHHUTE CThIIANa € HEJOMYCTUMO JIa Ce IOJIy4aBaT 3aTBOPEHH KOHTYPH
T.€ CUTHQJIBT /1a MOKE Jla MUHE I10 JIBa IIBTSL.

- Enementute cBbp3aHM KbM OOLIMS MPOBOJHUK (HyJa, Maca, 3eMs) € Jo0pe Ja ca CBbp3aHU B
€lHa TOYKa — B HSIKOM yCTpPOICTBa B paAMOTEXHUKATA, KbJAETO CUTHAIUTE Ca B MUKPOBOJITOB
00XBaT, I0pU C€ MOHTUPAT B €UH OTBOP HAa IIaTKAaTa.

- Koraro curnansT TpsiOBa 1a mpeMUHE OT aHAJIOTOBa KbM HU(POBA YaCT, OOMIHUTE (HYJIECBUTE)
NPOBOJHMIIM Ha JIBETE YacTH TpsiOBa Jia ca CBBbP3aHU caMo B €/1Ha To4ka. ToBa e Hail-mobpe na
CTaHe MPH aHAIOTOBO-IIU(POBUS peodpa3yBaTell, a ako He € Bb3MOXXKHO — B 3aXpaHBaHeTo. B
TO3M cClyyail OT M3KJIIOYUTETHA BAXXHOCT € TOMNOJOIMATAa HAa [edaTHaTa IUiaTka Mo
GunTpupanmTe EIEMEHTH.

- Ilucture KpAETO MPOTUYAT UMIYJICHU TOKOBE HE TPAOBa JAa UMAaT PAa3KJIOHEHUs, a TOKBT J1a ce
3aTBapsi caMoO BbB paboTHAaTa Bepura. TakuBa ca M3MPABUTEINTE B 3aXpaHBAIIUTE OJIOKOBE,
CBETO-IMOJHUTE HUHAMKaTopu M Jp. Ilo mbTs oT TpaHcdopmaTopa mnpe3 AUOAUTE [0
€JIEKTPOJIUTHUSL KOHACH3AaTOp HE OWBa J1a MMa OTKIOHEHHs. 3aXpaHBAIIOTO HAIMPEKEHHE Ce
B3€Ma JIUPEKTHO OT U3BOJMTE Ha KOHAEH3aTOpa ¢ OTJEIIHU MUCTH.

[Ipy mpoekTupaHEeTO Ha YCTpOMCTBa MOraT Ja C€ M3IOJ3BaT Pa3IMYHU MPENOPBKA M TEXHUKHU
JaJICHU B clIeIHUTE Martepuain: AN89001. pdf, AN1263. pdf, AN1050, DOC1619. pdf. Te ce oTHacAaT
Hali-Beue 3a MPOEKTUpPAHETO Ha IUGPOBU TEYATHH IUIATKU. PasnuuHu (uiaTpupamy eJeMeHTH ca
IIOKa3aH! B noise suppression principle.pdf. 3a IPOCKTUPAHE HA AaHAJIOTOBH CXEMH MOXE Oa ce
M3MO3BaT ChOOpakeHusTa B AN- 202. PDF.

Bwnpocu:
1. KakBo o3HauaBa TepMHHBT EnleKTpoMarHuTHa CbBMECTUMOCT?
2. Kak ce cnvpa NpOHUKBAHETO HA CMYILEHUS B E€JIEKTPOHHM yCTpoOiicTBa?
3. Kaxkso npencrasnsgBar X U KakBo Y KOHJAEH3aTOpUTE?
4. Kak ce mpoektupat uudpoBu cxemu?
5. Kak ce mpoekTupat aHaJIOrOBU CXeMH?
6. Kax ce cBbp3Bar ananorosara c mugponara 4yact?



Nuaukanuu, npenopbKu.
[IpuunHUTE Aa ce pa3riiekaaT MHAUKALMKUTE KaTo OTAENIEH BhIpoc ca ABe. [IpeagHaznauennero Ha
TE€3U MOJAYJIM € TaKOBa, Y€ U3MCKBA IMOCTABIHETO UM Ha OMPEACIICHO MSCTO, B HAKOM CIIy4yau Ha OTHEJIHA
koH301a. Te TpyAaHO ce ekpaHHUpaT (TpsAOBa Ja ce BUXKAAT) U Mpe3 MPO30pPUETO Ha MHAMKATOpAa MOTaT Jia
HpOHI/IKBaT U aga C€ Wu3JIrpuBar CMYHICHI/H[. OT z[pyra CTpaHa HC BHHAarm B HCTaﬁHH CC IIO3HaBarT
MpeAUMCTBATa U HEAOCTAThIUTE HA OCHOBHUTE TUIIOBE MHIUKATOPH, KAKTO U MPaBUJIaTa 3a U3UUCIISIBAHE.
Pa3bupa ce Tema Ha Te3u OENEKKU HE Ca BCUUKU BUJIOBE WHIUKATOPH.

Teuno-kpucraianu (LCD) u cBero-qnnoanu (LED) unaukaropu.
CpaBHEHHMETO Ha JBaTa BUJ1a NHAUKATOPH MOKa3Ba CIECIHOTO:

- suauMocTTa Ha LED mHnukaropure e mo-m1o0pa, ¢ U3KII0YCHNE Ha CITy4yauTe Ha AUPEKTHO SPKO
OKOJIHO OCBeTJieHHe. 3a mojoOpsiBaHe Ha Buammoctta Ha LCD MOXe ga ce W3Mmoia3Ba AOMBIHUTEITHO
OCBETJIEHUE, HO TOraBa KOHCyMalusTa C€ yBEIMYaBa 3HAUUTEIHO.

- 00xBaTbT Ha paboTHU TeMmeparypu Ha LED unaukaTopuTe € 3HauuTeIHO MO-IIUPOK OT TO3H Ha
LCD u Ha mpakTHKa CbOTBETCTBA Ha 00XxBarta Ha uHTerpanHute cxemu. [Ipu LCD 6e3 yroBopku posiHaTa
TeMneparypHa rpanuna e camo 0°C, a mo crnenuanuu 3assku gocrura -20°C. IIpo6ieMsT €, 4e pu Tasu
TEeMIIepaTypa HHIUKATOPBT HE caMo He padoTu (KakTo OOMKHOBEHO ce pa3dupa paboTHaTa TemIeparypa
Ha €JIEMEHT), HO U ce MOBpPEeKa TpallHO — OLIBETsBA CE€ Ha MeTHa. ['opHaTa rpaHMYHa TEMIEpaTypa ChIIO0
¢ no-urcka ot ta3u Ha LED unaukaropute u e 45-50°C.

- LED wnaukatopuTe uWMaTr MO-TOJsSMa MEXaHWYHA YCTOMYMBOCT (Ha yJaapu W BHUOpaiuu) B
cpaBHeHue ¢ LCD, moBeyeTo OT KOUTO ca Ha CThKJIEHA OCHOBA.

- ympasiienreTo Ha LED uHAMKaTopuTe € Mmo-mpocTo — MPOMyCKa Ce TOK Mpe3 AWOJ, JAOKATo 3a
LCD e HeoOxoauMo MpoTUBO-(a3HO 3aXpaHBaHE Ha BCEKU BHJIUM €JIEMEHT CIPSIMO OOILIHS €JEeKTPO.
Kato npasuno npu LCD uHaukaToOpuTe MOYTH BUHATH CE€ M3MOJ3BAT creruaiuzupanu cxemu — PCF2111,
HD44780, noxatro LED uHIMKaTOpUTE Cc€ YNpaBIsBaT MO-JIECHO— C PETUCTPU WU MOAXOIAIHN Oydepu.
EcTtecTBeHO MMa U cienuanu3vpaHy HHTETPATHU CXeMH 3a TakuBa e — MAX7219/21.

- texHonoruara Ha LCD wunaukaroputre MO3BOJISIBA M3MUCBAHETO HAa CUMBOJIM (KApTHUHKH) C
npou3BoTHA hopMa, KaKTo U MaTpudHO oopmiierue — 5x7, 8x9 u np. [lpu cBeToOmMOHUTE TOBA € MHOTO
HO-TPYIHO, 3aTOBA Hal-pa3NpOCTPaHEHH ca 7 CETMEHTHUTE MHIUKATOPH C KOUTO ce ToKa3Bar mudpute 0-
9 ¥ HAKOM 3HAIM (B HAKOU CIy4yal CETMEHTHUTE ca MaJIKO IMOBEYE 3a Ja MOXE Ja Ce U3MUCBAT U OYKBUTE).
Marpuunute (5x7) CBETOAMOIHA UHIUKATOPH Ca C MO-BUCOKA 1IeHa (M 3HAUUTETHA KOHCYMAaIlus).

- pa3nuKaTta B KOHCyMHpaHUs TOK (€Heprus) € apacTuyHa. JJokaTo cpeHO caMmo 3a €IMH CETMEHT
npu LED unaukaTopure (B 3aBHCHUMOCT OT pa3Mepa U sIpKocTTa) ca Heooxoaumu 3—10mA, 3a nenust LCD
WHJIUKATOP 3a€JHO C YIPAaBIISIBALLUTE CXEMH ca J0ocTaThuHU 3-SmA. B TO3M ciyyail ce pa3umra Ha
ectectBeHOTO ocBeTsiBaHe Ha LCD. Koraro ce Hamara MOMBIHUTENTHO OCBETSABaHE (IIOJCBETKA) TOTaBa
KOHCyMHUpaHaTa €Heprus Mpu ABaTa BUJa UHAUKATOPH € ChU3MEPHUMA.

OT mno-ropHUTE CHOOpPKEHHS MOXKE Ja C€ HalpaBU CIETHUAT W3BOJ: 3a MPOMHIILJICHU
NPUIIOKEHUsT ca To-moaxonsamy cBero-guonuute LED wHamkaTtopu mopaau mo-modpata BHIMMOCT,
nokaro uHaukanuure ¢ LCD ca mo-nmoaxonsiy 3a OMTOBO MPUIIOKEHHE — UMAT TOJISIMO pazHooOpasue
ot 3Hanu u cumBonu. LCD ca yao0HM 3a MHIUIIUPAaHE U TIPU IPEHOCUMU Ypeau ¢ OaTepuilHO 3aXpaHBaHe.
EcrtecTBeHo korato mznckBanusTa ro Hanarat LCD ce u3non3BaT v npu MPOMUIIUICHH TTPUIIOKEHUS HaM-
YEeCTO C JOMBIHUTEIHO OCBETABAaHE. 3a PEKIaMHH IIeNd, OOCIy>KBaHE Ha CIIOPTHU CHCTE3aHUS U JIp.
nogo0Hu ce npennountar LED nHaukatopute mopaay mo-roysiMaTa UM SIPKOCT.

JApyru mHauKaTopu.

EcrecTBeHo rpymara “mpyru”’ BKIIOUBA TOJISIMO MHOTOOOpa3ue OT WHIAUKATOPH PabOTEeIy Ha pa3nyeH
npuHIMn. Bce mak peanrHo NpUIOKEHHE Ca HaMEpWIM BaKyyMHO-(QIIyOpPECLUEHTHHUTE WHAWKATOPH,
MOHUTOPUTE OT TEJEBU3MOHEH THII, KAKTO W PA3JIUYHHUTE THUIOBE “IJIOCKH~  MHCIUIEM — LBETHU U
‘-IepH06CJII/I, C aKTMBHA WJIF IMaCMBHA MaTpulia U T.H. I[I/ICHJIGI/ITG, rnopaay BUCOKara CHU 1I€Ha, O6I/IKHOBCHO
C€ M3MOJ3BaT MPU MAIMHU C MPOrPaMHO yHpaBlI€HUE U JAPYTU MO CIOKHU ChOPBKEHHUS KaKTO U MpHU



KacoBH amapaTH (4eCcTO €KpaHW ChbBMECTEHH C KiaBHaTypa - tuch screen). BakyymHo-(myopecteHTHUTE
WHIUKATOPY MMaT MHOTO TOJIIMO MIPUJIOKEHHE B OMTOBATa ayIM0-BH/CO arapaTrypa Mmopajiy Mo-roisiMara
UM aTpaKTUBHOCT. Te moutH He ce npujaarat B IpOMUIIJICHOCTTA IMOPaaAn KPpEXKOCTTa UM (HpeHCTaBHﬂBaT
paauosiamIia ¢ KaTof, pelieTka U aHoI-TyMHUHO(pOpP KOHTO CBETH C pa3IW4eH Ha LBAT ), OCBEH NPH HAKOH
KacOBH aIlapaTH.

Yunpasiaenue Ha LED nunaukaropu.

Ille ce pasriaegaT OCHOBHUTE MPUHUMIKM Ha ynpaieHue Ha LED wHAamkatopure Kato €JHUW OT Haii-
pasnpocTpaHeHHUTe. YTIPABIECHUETO HA TAKUBA UHAUKATOPH CE OCHINECTBSBA I10 JIBA HAYNHA — TUHAMHYHO
u ctatuyHo. [Ipy cTaTUYHOTO yIIpaBiIeHUE 3a BCEKH CBETOAMO] MMa OTAeNIeH Oydep (mamer), 10KaTo mpu
JUHAMUYHOTO yTpaBJICHUE CBETOAMOANUTE C€ BKIIOUBAT MOCIEA0BATEIHO BbB BPEMETO, HO Taka Obp30 ce
CMEHST, Y€ OKOTO He 3abensi3Ba TpenkaHeTto. B To3u ciayuail eqHu u cbiiy Oydepu ynpaBisBaT HIKOJIKO
cBeronuona. M nBara HauMHa UMAT MPEANMCTBA U HEAOCTATHIIN:

- KOHCyMaIusiTa Ha eHeprus Ha MpaKTHKa € eJHaKBa. 3a Jla ce MOoIy4Yl HeoOXoaumMara pKoCT Mpe3
Iuoja TpssOBa Jja MpoTede ChOTBETEH TOK (cpeaHa croitHocT). Taka, ako 3a eIMH CErMEHT TpsiOBaT SmA u
ce ynpaBJisiBaT 4 MHIWKATOpa UMITYJICHHUAT TOK TpsiOBa 1a € 20mA. TpsbBa na ce 3nae, ye He Bcuuku LED
WHAUKATOPH MOraT Ja paboTAT B AMHAMHYEH PEKUM. B HSAKOW ciydauw mpu yBelIW4YaBaHE Ha TOKA IpeE3
UHAMKATOpa (B UMITyJica) IPKOCTTA HE C€ yBeJIH4YaBa, a ce nmpoMeHs 1sera. [Ipu nqpyru unaukaTopu nMa
OTpaHHYEHUS KbM HMITYJICHHS TOK, T.€¢ TOBAa OTpaHM4YaBa Oposi Ha WHIUKATOPUTE CBBP3aHU KbM €IUH
O0ydep. OOMKHOBEHO TOBEYETO MHAMKATOpH O3 MpoOJeMU MoraT Ja ce CBBpP3BaT Mo 5-8 AMHAMUYHO.
CraHgapTHO MHAWKATOPHUTE CE BKJIFOYBAT €UH CJIEN JPYT ChC CHOTBETHATa KOMOWHAIMS OT BKJIFOUEHU
(cBeremm) cermeHTu. Korato OposT Ha HWHAMKATOPUTE € TMO-ToisM OT 7 (8, ako ce H3moii3Ba M
3areTaikara) MOXKe Jla c€ M3I0JI3Ba MMOCETMEHTHO YIIPABICHHUE - M3PEXKAAT CE CETMEHTUTE U 33 BCEKH
CEerMEHT C€ BKJIIOYBAT MHAMWKATOPUTE B KOUTO TO3UM CErMEHT CBeTH. Taka He3aBUCUMO OT Opos Ha
UH/IMKAaTOpUTE KOeQHUIUEHTHT Ha 3ambiBane e 1/7 (1/8).

- YIIpaBJICHUETO Ha JUHAMHYHATA WHAMKAIUS € M0-CJI0KHO B CpaBHEHUE ChC cTaTuyHaTa. Koraro
MOKA3aHMUETO NP CTaTUYHATa WHAMKALUs TpsOBa na ce mpomeHu Oydepure ce “mipesapexnar’ U He €
HEOOXO0IMMO OTJIEISIHETO Ha moBede Bpeme. [Ipu quHamMuyHaTa MHIMKALKA WHAMKATOPUTE TpsiOBa 1a ce
NPEBKIIOYBAT HENPEKbCHATO M TO MHOTO PAaBHOMEPHO (OKOTO € MHOro 4yyBCcTBUTENHO). Ilopamu Taszm
IpUYMHA aJITOPUTHMBT Ha paboTa HA MHOTO yCTPOMCTBA € MOJYMHEH Ha yNpaBJICHUETO Ha TWHAMUYHATA
uHauKanus. Koraro ce M3moi3BaT crieliMaau3upali CXeMH HsAMa TaKbB MPOOJIEM HO LieHaTa € M0-BHCOKa.

- CBBp3BaIIUTe MPOBOAHUIM (Oydepu, KpailHu cThIaNa) MpHU CTAaTHYHATA MHAWKAIIMS ca TTOBEYE U
ca paBHHM Ha Opos Ha cBeroauoauTe (cermeHtute). llpu MUMHAMUYHATA MHIUKALUS T€ CE OMPENEsT OT
Oposi Ha CBETOAUOIUTE B €IMH UHIUKATOP IUTIOC OpOosi HA UHAUKATOpUTE. AKO UMaMe 8 celeM-CerMEeHTHU
MH/IMKaTOpa MpH CTaTMYHA WHAMKALKS ca Heo0XoauMu 64 n3xona, a mpu J1uHaMu4Ha 16.

- CMYILIEHUsITa KOUTO MPEeIn3BUKBA AMHAMUYHATA MHAMKAIUSA ca MHOTO mo-rojiemMu. ToBa e Taka,
3alll0TO C€ MPEBKIIOUBAT CpaBHUTEIHO rojieMu Tokose (0,5-1 A). Ako uMa orpaHuyYeHus MO OTHOIICHUE
Ha M3J'bUYBAHETO HA YCTPOICTBOTO Ce MpHJiara orpaHMYeHne Ha CTpbMHOCTTa Ha ¢poHTOoBeTe. Hanmpumep
cxemure MAX7219 u MAX7221 ce paznuuaBar IJ1iaBHO 10 ToBa. ECTECTBEHO TOBa cTaBa 3a CMETKa Ha
yBeJIMUYEHU 3aryou (3arpsBane) B cxemaTa. [Ipu HSKOM yCTpONCTBA C BUCOKA YyBCTBUTEIHOCT C€ Hajlara
Jla ce M3KJII0YBA MHAMKAIMATA 110 BpEME Ha H3MEpBaHe.

[Tpu uzbupanero Ha cxemu 3a ympasinenue Ha LED nnaukatopute Biuaar MHoro dakrtopu. Mma
WHIUKATOPU C OOII aHOA M OOI KaToJ M KakKbB J1a C€ MPEANOoYeTe 3aBUCH OT M300pa Ha OCTAHAIIUTE
CXEMH — HalpUMEpP U3XOAUTE HAa KOHTpojeputTe oT cepust 8x51 Morat ga aaaat uszxoieH Tok 10-20 mA
KbM Maca, ¥ caMo HSKOJKO UA kKbM Vcc. Hskon oT ceieM cerMeHTHUTE AemudpaTopy ca ¢ U3XOIU THUII
OTBOPEH KOJEKTOp C N-p-n TPaH3UCTOpHU. B Te3u ciydau ca 3aAbDKUTEIHH MHIUKATOPU ¢ 001 aHona. B
JpyTH CITydaW CaMHTE YIIPaBIISBAIIM CXEMHU Ca MPUTOACHU 33 MHIUKATOpH ¢ o0mr katox -MAX7219/21.
OrpaHlyYeHHUETO Ha TOKA MPE3 CErMEHTUTE MOXKE /1a € BIPAJCHO B YIPABISBALIUTE CXEMH, @ MOXKE /1a Ce
3a/1aBa Mpy H3YHCIeHUE Ha cToiHOCTHTe. OOMKHOBEHO 3a 3aXpaHBaHE ce TM0J3Ba cTabuim3aTopa 3a Vcc.
B Te3u cmydam obaue TOW ce mpeToBapBa M3IUIIHO, KAaTO pa3ceiiBaHaTa TOILTMHA CE CHhCPEJOTOYaBA B
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Hero. Knmacuueckoro ymnpaBieHue € mokazaHo Ha ¢uryparta mo-rope. I[Ipu 10mA Ha cermMeHT u oceMm
WHIUKAaTOpa TOKBT mpe3 Oydepa TpsoBa ma ¢ 8OmA. ToBa € TpaH3UCTOp KONUTO MpH HACHUIIAHE, TTPH TO3HU
TOK, TpsOBa na uma Hanpexenue Ucg mo-manko ot 0,5V. KntousT B aHonuTe TpsiOBa Ja € M3YMCIEH 3a
0OCEM TTBTH TO-TOJISIM TOK (KOTaTO BCHYKH CETMEHTH CBETT), T.¢ 3a 640mA u cbmo Ucg<0,5V. TpsaoBa
Jla ce UMa IMpeIBu, Y€ KOe(UIIMEHTHT Ha yCUIIBAHE MO TOK HAa TPAH3UCTOPUTE B PEKHUM Ha HACHILIAHE €
MO-MaJTBK OT yKa3aHUs B KaTaJl03UTe, KOMTO ce 1aBa 0OMKHOBEeHO 3a Hanpexenne Ucg 2-6V. [Ipu tunosu
TPAH3UCTOPH TPU U3YHCICHHUATA C€ MpHUeMa KoeQHIMEHT Ha ycwiBaHe Mo Tok 15-20, a ToBa o3HauaBa
0a30B TOK 33 TPAH3UCTOPHUTE KbM cerMeHTUTe 4-5SmA u kbM aHogute 20-30mA. ToBa e “HenocuiHO” 3a
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MHOTO0 OT KOHTPOJIEPUTE U CE€ Hajlara M3MOJ3BaHETO Ha JOMBIHUTENHH Oydepu WM Ha ‘“‘CrienuaHu’
TPAH3UCTOPH C TO-TOJSIMO YCHJIBaHE B PeKUM Ha Hacuiane. OCBeH ToBa 0a30BUS TOK HA TPAH3UCTOPHUTE
OCTaBa HEW3IMOJI3BaH, a MOIIHOCTTA KOSITO TPsIOBa J1a ce pas3ceiiBa mpu Kiacuuecku usnpasuren u 7805
kato crabunuzatop e 3-5W. ToBa Hasara U3noi3BaHeTo Ha paguatop. AKo obaye cxemaTa ce MPOMEHH U
TPaH3UCTOPUTE CE W3IMOJI3BAT KaTO €MUTEPHH MOBTOPUTEIH, YacT OT OMMCAHHUTE IO-TOpe MpodiieMu ca
pellleHr — pa3ceiiBaHaTa MOIIHOCT c€ pasNpeaesss MeXAy OCeMTe TPaH3UCTOpa, HE € HYXKEH paauatop,
TpaH3UCTOPHUTE pabOTAT ¢ ToisiMo ycmiBaHe 1o TOK (Ucg=3-5V) u Moke 1a ce U3MoJI3BaT MaJIOMOIIHU
TpaH3UCTOpH. B TO3u ciydyail 3a crabunmzaTop mMoxe na ce u3non3Ba U 78L05 KOHTO mpu MOCTOSTHHA
KOHCYMallisi MOX€E Ja CJIyKH, akO € HeoOXOAuMO M Karo npenmsed onopeH u3todnuk (0,002%/°C).
CroitHocTTa Ha pesucropute ce ompeaens no ciaennus HauuH: {Ve-(UrstUr,+Upgp)} / Is koeto 3a
ONMCBaHMs ToO-Tope ciydail masa {5-0,7+1+1,8)}/80 = 18Q.

EctecTBeHO mpu Ta3u cxema Ha yIpaBlieHHE HAa AMHAMHMYHA CBETOAMOJHA WHIUKAIUS HMa €
HSKOW crienu(UUHN U3UCKBaHMs. ToBa Haif-Beue ce oTHacs 10 Oydepure KOUTO yHpaBisBaT aHOIUTE —
TSAXHOTO M3XOJIHO BHCOKO HUBO TpsOBa na € 6im3ko 10 Vec (kimacuueckara jorudecka 1 3a TTL e 2,4V).
W3xomuusaT Tok TpsioBa aa e 5-8 mA. Te3u u3uckBanus ce yaosiersopsiBat oT Bcuukun HC/HCT Oydepu.

Crnenunanu3upaHu ynpabJjieHHUs] HA HHIAUKATOPH.
MHoro ot ¢pupMHUTE NPOU3BEKAAT MUKPOKOHTPOJIEPH CIEUAIN3UPAHU 3a YNpaBICHUE HAa WHAMKAIUH.
[Tpumep 3a ToBa ca PIC16C923 na Microchip 1 MSP430xxx Ha Texas Instruments. OcBeH ToBa U Ipyru
CXEMHU ca IPEIBUJICHU 32 TUPEKTHO yNpaBICHHE HA MHIUKATOPU — CXEMHU HA YaCOBHUIM, BOJTMETPU U
np. Takusa ca Bontmetpute ICL71x6 (3a LCD) u ICL7107 (3a LED).

lNomsamo pasmpocTpaHeHHWe UMAT W “UHTEIUTCHTHUTE HWHIMKATOPU. TOBa ca CaMOCTOSITEIIHU
Moayau kouto ce ynpasisaBaT ¢ ASCII cuMBoIM wiM 1o Ipyr NPOTOKOA OT BUCOKO HHMBO. Te3n Momyiu
MOJTy9aBaT KOMaHAM OT KOHTPOJIEPUTE U C€ “TPHKaT’ 3a M300pa3sBaHETO HA TOBA KOETO UM € 3aJ1aJICHO.
OOMKHOBEHO B TSIX MOXKE J]a C€ 3apexk/1aT MOTPEOUTEIICKA 3HAKOBU T€HEPATOPH.

MarepuaJu 1o remara.

B nmpunoxxennero AN563 (563.pdf) ce pasrnexna BpnpocsT 3a ynpasieHue Ha LCD. Ha To3u npuHumn
paboTAT MOYTH BCUYKH MATPUYHM HWHIUKATOpu. llpu TAX yImpaBieHHETO € MOoJA0OHO Ha JAMHAMUYHATa
uHANKaus. V3non3Ba ce ToBa, 4ye MOJSpHU3AIMATa HA TEYHUTE KPUCTAIHM CTaBa MPH TOYHO OIMPEACIECHO
HalpeXXKeHUe U MPeXoabT € JocTa pA3bK. Korato cymarta oT HampeKeHusl He € JOCTaTbhbuHa, ChOTBETHUTE
CEerMEHTH Ca HEBHJIMMH, a KOTaTo ce MmpeMuHe mpara ctaBaT BuauMu. C dopMupane Ha crenupuuHd
CTBIIAJIOBU/IHM HANpPEXEHUs ce yNnpaBisBaT 4-5 rpynu CETMEHTH, KOETO € €KBUBAJCHTHO Ha JUHAMHYHA
WHJUKALMs ¢ 4-5 UHIUKATOpA.

B karanoxxnute marepuasiu MAX7219.PDF e onucana crnenpain3upaHa UHTETpajiHa CXeMa 3a
ynpapiieHue Ha cefeMm-cermeHTHr LED mHmukaropu ¢ obmr karog. CxeMarta He M3MCKBA JOMBIHUTEITHHA
€JIEMEHTH, YIpPaBIsBa J0 OCEM HMHIUKATOpa KOUTO C€ CBBP3BAT KbM H3BOJUTE 3a KATOAM M CEIrMEHTH.
SpkocTTa Ha CBETEHE c€ 3aJaBa C BBHIIEH PE3UCTOp. YTPaBICHHETO HAa CXEMara CTaBa II0 CEpUEH
uHTepderic. FiMa Bb3MOXXHOCTH 3a 3aJjaBaHe Ha Oposi Ha YNPaBISBAaHUTE WHAMKATOpU (HAW-MHOTO 8),
MpOMsIHA Ha SPKOCTTa (MPOTpamMHO, OCBEH C BHHIIHHS PE3UCTOp), M300p Ha 3HAKOB reHepaTop. Cxemara
MAX 7221 e cneuudajHO MPOEKTUpaHA 3a MAJKUA €JIEKTPOMAarHUTHH HW3JIbUYBaHUSA MOCPEACTBOM IO-
MaJiKkaTa CTPbMHOCT Ha (DPOHTOBETE MPU MPEBKIIOUYBAHETO HA UHANKATOPUTE.

Bwnpocu:
1. Cpauere LCD u LED unnukatopure?
2. B xowm cinyuau ce npeanouurat LED unnukaropu?
3. B kou cayuau ce npeanoyutat LCD?
4. Crarnunara win guHamugHata LED uHaukanus e ¢ mo-roysiMa KOHCyMarius 1 3amo?
5. KakBu ca HemoCTaTbIMTE HA CTaTHYHATA WHAWKAIIS ?
6. CrarryHaTa WM IMHAMHYHATA UHIUKAIMSA UMa TO-TOJIIMO HUBO Ha CMYIICHUS ?



IIpuiiokenne Ha eJTeKTPOHHUTE CPEACTBA B eJIeKTPOeHEPreTHKATA.
Ta3u Tema TpsiOBa Aa ce MOATOTBH BB3 OCHOBA HA TE3W OCNEKKH, JICKIMHUTE IO TUCHUIUIMHATA H
JOIBIHNTENIHATA JIUTEPATypa.

1. CtpykTypa 1 npeaHa3HadeHue Ha enekrpoeHepruiinata cuctema (EEC).

EEC BxitouBa €lEKTPOILICHTpAIM, MOBHUIIABAIIM W TOHIKABAIld TpaHCc(hopmMaTopu, MPEeHOCHA
MpeKa U KOHCYMaTOpH.

Otnennure yactu Ha EEC ce cBbp3BaT upe3 nojacraniuu. Ypes TaX ce KOHTpOIMpa KaueCTBOTO Ha
enektpoeneprusita u ce npeanazsa EEC ot “pasnagane”. KauecTBeHuTE MmokasaTeinu Ha €Jl. €HEprusita
BKJIIOYBAT: HAIpPEKEHUE, YECTOTa, HEJIIMHEHHU H3KPUBSABAHUS, CUMETpU4YHOCT (TpudasHa Mpexa) u
HaJeXKAHOCT. M3MCKBaHUATa KbM PA3IMYHUTE YACTU OT cCHCTeMara ca pasiuyHu. Hali-ctporu ca te npu
KpaitHus notpebuten — koHcymarop. KoraTo msiara cuctema € cBbp3aHa B mapaseln (ToBa 03HauaBa, ue
BCHUYKH '€HEPATOPH, MaKap U Mpe3 TpaHc(hopMaToOpu ca CBbP3aHM €AMH C JIPyT) 4eCTOTaTa € elHa U ChIIa,
HO HaIlpeKEHUETO, CUMETPUYHOCTTA, HEJTMHEMHNUTE U3KPUBSIBAHUS Ca Pa3IMYHU B OTJCIHUTE YYacCTbLIH.
OcHOBHMTE 3a/1a4M KOUTO C€ U3IIBJIHABAT Npu ynpasieHue Ha EEC ca:

- peryiupaHe Ha HalpeXeHHeTo U yectoTaTa. HampexkeHunero ce peryiupa B OTACTHUTE YacTU OT
Mpexara ¢ IPeBKII0YBaHEe Ha U3BOAM OT TpaHchopmaTopure. [logbpxKaHeTo Ha YeCTOTaTa € MO CI0XKHO.
Koraro cucremara e B mapajses BCHYKU T€HEPaTOPH CE€ BbPTAT CHHXPOHHO. TeXHUTE yrnpaBieHHs padoTAT
3a OTJaBaHE HAa MAaKCMMaJIHAa MOIIIHOCT, a €/IHA OT €JIEKTPOLIEHTPAIUTE NOJAbprKa YeCcTOoTaTa Karo “Boan”
ocrananure. [Ipu cBbp3BaHe Ha €NEKTPOCUCTEMHUTE HA JIBE CTPaHH OOMKHOBEHO IMO-ToJiIMaTa ONpeiaess
qyecToTara.

- OCUTYpsIBaHE Ha 3alllUTH Ha CUCTEMaTa OT KbCO ChEeIMHEHUE, OT CllaJjaHe Ha HAIPEKEHUETO WU
IIPEHAIIPEXKEHNE, CIIaJJaHe WM MTOBUIIABAHE HA YECTOTaTa. 3alllUTUTE HE CE€ M3IMOJ3BaT 3a PEryJHpaHe, a
O0OMKHOBEHO M3KIIIOYBAT (MJIM MTPEBKIIIOYBAT) MPOOJIEMHUTE YIACThIIN.

- KOMIICHCHpaHe Ha PEaKTHBHUTE 3aryOM B NMpPEHOCHAaTa Mpexka M KoHcymaroputTe. OOMKHOBEHO
TOBapUTE HE KOHCYMHpAT caMO akTHBHa eHeprus. [loBeueTo enekTpuuecku MalliHU UMaT U UHAYKTHBHA
ChCTaBKa B TOBapa (0COOEHO Ha Mpa3eH X0/1), U3MPABUTEINTE UMAT KanaluTHBHA chcTaBka. Koraro TOKbsT
U HampeXKeHUETO He ChBMAgaT No ¢a3a ce MpeHacsi peakKTHUBHA €HEprusi, a TOBa BOJU A0 3aryou.
Komnencupaneto craBa Kato B Henocpeocmeéena OIM30CT OO PEaKTUBHHS KOHCYMaTop €€ BKIIIOYBAT
€JIEMEHTH C “00paTHa” pEaKTUBHOCT — IPU TOBAPH C MHIYKTUBEH XapaKTep C€ BKIIOYBAT KOMIICHCHPAITH
KOH/ICH3aTOPHH OaTepuu.

- yIpaBlieHUE (Iucreyepu3alins) Ha eleKTpoeHepruiiHaTa cucreMa. ToBa 03HayaBa HEMPEKbCHATO
ClIeJlcHE Ha IapaMeTpUTE Ha CHCTEMara, I[PEHAaCOYBAHE HA EHEPrUIHUTE IOTOLM, BKJIIOYBAHE U
M3KIIIOUBAHE Ha EJIEKTPOCTAHLMU U M3KIIOYBaHE Ha KOHCYMAaTOpH NpU aBapHilHa cUTyalus, KOETO ce
HaJlara Koraro KOHCyMaTOpHUTE ca MoBeue OT MaKCHMajHaTa reHepupaHa MourHocT. CiyuBa ce (OCBeH
IIpU aBapuM) MpU 0COOEHU MOBOAM — €THOBPEMEHHO BKJIIOYBaHE Ha OMTOBHM KOHCYMAaTOpW B Mpa3HUYHU
JTHU WM OTOIUINTENHU YPEIU MPU PS3KO 3aCTyIsIBaHE KOraTo LIEHTPAJIHOTO OTOIUIEHHUE HE € BKJIFOYEHO.

- U3MepBaHe Ha KOJIMYECTBOTO Ha OT/aJieHa, MpeHeceHa U KOHCYMHpaHa €. eHeprus — aKTUBHA U
peaktuBHa. ToBa cTaBa mMpu MPOU3BOJUTEIIMTE HA €HEPrus (EJIEKTPOCTAHLMU), BB BH3JIOBHU MECTa Ha
EEC u mnaii-Bedye mnpu KpalHUTE KOHCyMartopu. OT H3KIIOYUTEIHA BAXXHOCT Ca HAAECKIHOCTTa U
TOYHOCTTA, ThI-KAaTO TOBAa U3MEPBAHE € CBbP3aHO ChC 3aIUIAllaHE.

2. W3mepBaHusi B €JIEKTPO-NPEHOCHUTE CUCTeMHU (mojacTaHuuu). ToBa cTaBa C €JIEKTPOHHHU
CpeZCTBa 3a M3MepBaHe — MPeoOpazyBaTEIH:

- Ha HampekeHue U ToK. ToBa ca M3MepBaTelu Ha cpenHa WM edekTuBHa crtoitHocT. Koraro
(dopMaTa Ha HaANPEKEHUETO M TOKAa € ONM3Ka /0 CUHYCOMJAJHATa, CE€ W3IMOJI3BAaT MPOCTU CXEMU Ha
npeoOpasyBaTesin (M3MPaBUTENM) 3a CpeJHa CTOMHOCT KOMUTO Ca HACTPOEHH Jia MoKa3BaT e(peKTHUBHA
croitHocT. ToBa € mpuiokuMo B OIM30CT 10 TeHeparopute. Korato ce m3mepBa mpu KOHCYyMaTOpPHTE,
0CcO0EHO MpH M3MEpBaHE HAa TOK, € MHOI'O HO-IPAaBMJIHO J1a C€ W3IMOJ3BaT U3MPABUTENN 32 MCTHUHCKA
edexTuBHa cToitHOCT (true RMS) — LB- 25. pdf , AN- 268. pdf , AN- 269. pdf .



- IpeoOpa3yBaTe 3a IIbJIHA, AKTHBHA M peakTHBHA MOIIHOCT. C TAXHA TOMOI ce HaOIo1aBaT U
YOpaBIsiBaT EHEPTUHHU MOTOIU, HHPOPMAIUATA OT TAX CE MU3IMOJ3BA MIPH KOMIICHCHpaHEe Ha PeaKTHBHATA
eHeprus. Te3u nuamepBarenn paboTAT ¢ e)eKTUBHATA CTOWHOCT Ha TOKOBETE U HANIPEIKEHUSTA.

- MHOTO33Jla4yHH TpeoOpasyBarenu. Te3u ycTpoiicTBa M3MEpPBAT HAMPEKEHHUSITa U TOKOBETE B
Tpute a3y U cIe TOBA Ype3 U3UUCICHHS TaBaT HH(OpMAIHs 32 BCHUKH apaMeTpH: MOIIHOCT, YeCTOTa,
EHEeprus, MOoCoKa Ha EHeprusATa, HeIMHEHHU U3KPUBSBaHUs, (ha30BU pa3uku U T.H. Korato cBbp3BaHeTO €
TPU-TIPOBOJTHO MOJKE J]a Ce M3MOoi3Ba cxema Ha ApoH. [Ipu Ta3m cxema ce m3mMepBaT camo JBeTe (a3u
(Hampe)keHHe U TOK), a TpeTaTa ce mojyyaBa KaTo BEeKTOpHA CyMa.

- cnen(pUIHN U3MEpPBATENIM HAa OTACTHH BEJIWYMHHU - HA YECTOTA, HA BHPXOBH CTOHHOCTH Ha TOK
WK HanpexeHue u Ap. OOMKHOBEHO T C€ U3MOJI3BAT B €IEKTPOCTAHIIMUTE NPU MTyCKaHe (pa3BbpTaHe) Ha
TeHEepaToOpHUTE.

OCHOBHM M3HCKBaHUsl KbM IbPBUYHUTE NMPeoOpa3yBaTenu (CTaHaapTHH).3a 1a UMa CbBMECTUMOCT
M J1a MOTaT Jla C€ U3MOJ3BaT ChC ChIIECTBYBAIlaTa CUCTEMa TE3U YCTPOICTBa TPsIOBa 1a MMAT CTaHJApTHH
BXOJTHO-U3XO/IHU MTApaMeTpH:

- BxoaHoTO Hampexenue ¢ 100V (muuerino wiu ¢aszno 57,7V. JIMHEMHOTO HampeXeHue € TOBa
MeXy oTAenHuTe a3y, a pazHOTO € HampekeHueTo (asza-Hyna).

- BXOJHHAT TOK € SA. J[ocTaTh4HO pa3npoCTpaHeHU ca U IpeoOpasyBarenn 3a 1A.

ToBa ca HOMHHAITHU CTOHHOCTH, KaTO MPeo0pa3yBaTeIuTe TPSOBa 1a pabOTIT TOYHO U MPH MPETOBAPBAHE
20-30%, 1.6 no 130V u 6A. EcTeCTBEHO TOKOBETE M HANPEKECHUATA B €IEKTPO-CUCTEMATA Ca MHOIO
Pa3IUYHH, HO C TOIXOJAIIN TPAaHCHOPMATOPH CTOMHOCTUTE CE CBEXKIAT IO CTaHAapTHUTE. EcrecTBEeHO
ype3 KoehUIIUEHTHTEe Ha TpaHchopMalus ce ModydaBaT peallHUTe CTOMHOCTH. MMma orpaHuueHus Ha
KOHCyMHpaHaTa MOIIIHOCT Ha TIpeo0pa3yBaressi OT u3MepBaHuTE Bepuru. OT HAMPEKUTEITHUTE BEPUTH CE
nomnycka koHcyManusi ¢ MoutHocT A010VA, a ot tokoBute 4VA. OrpaHMu€HUETO € B IIbJIHA MOIIHOCT
VA, a He B akTHBHaA — W.

- U3XOAMTE HA TIPeoOpa3zyBaTENINUTE ca HIKOJIKO BUAa — aHAJIOTOBU (TOK U HaNpPEXEHHE), UMITYJICHU
u nudpoBu. OT aHAIOTOBUTE MO-PA3MPOCTPAHCHH Ca TE€3H C TOK MOPAJM MO-TOJIIMATa IIIyMOYCTOWYHUBOCT
Ha TOKoBaTa Bpb3Ka. M3mon3Bar ce cranaapTu uzxoau 0-5SmA, -5 - +5SmA, 4-20mA. Ilpu HanpexuTeneH
M3XO0J CE€ M3M0I3BaT cToHOCTH OT —10 1o +10V.

NMmyncHuTe M3X0AM OOMKHOBEHO C€ M3MON3BAT MpH MpeoOpasyBarenu 3a eHeprus. Bceku
MMITYJIC CbOTBETCTBA HA ONPEEIIEHO KOJNYECTBO eHeprusl. Peanusupa ce Hali-uecTto ¢ pele.

[Ipu nudpoBuTe U3X0aM HAMA HANOXKWI ce cTaHAapT. OOMKHOBEHO ce€ M3IMOJI3BAT KaTo J100aBKa
KbM aHAJIOTOBUTE M YECTO ca 3a MPOBEPKA U HACTPOWKa Ha mpeolOpa3yBaTeNuTe, MO-psAIKO 3a MpelaBaHe
Ha HHQPOpMAIUATA TOPaTu 0OCOOCHOCTHTE HA CUCTEMATa 3a yIpaBleHUE B MOACTAHIIUUTE.

- 3aXpaHBaHETO HA IIBPBUYHUTE MpeoOpazyBaTe i OOMKHOBEHO € OT OT/eJNieH M3TouHuK. Koraro
npeoOpaszyBaTessIT MOXKE Ja C€ BMECTH B OTPaHMUYEHUATA 32 KOHCYMHUpPaHa MOIIHOCT 3a 3aXpaHBaHE ce
MoJI3Ba BXOJHAaTa Bepura. EcTecTBeHO 3a mpeoOpasyBareiad Ha TOK TOBa HE € BB3MOXKHO 3al[OTO MPHU
MHOT'0 MaJIKM TOKOBE HsMa Ja uma 3axpanBase. [Ipu uzxoau 4-20mA, KOUTO MO CTaHAAPT CE 3aXpaHBaT
OT amapaTypaTa KbM KOSATO Ca CBbp3aHU IpeoOpasyBarenure, 4-Te mA MoOXe Ja ce M3MOJ3BaT, ako ca
noctaTbuHu. [Ipu cpBpeMeHHHTE cpecTBa TOBa € Bb3MOXKHO, 0COOEHO 3a MO-MPOCTH MpeodpasyBaTesu
Ha TOK, HamNpeKeHue, yecTtoTa. M3TOYHUKBT Ha 3aXpaHBaHE Ce€ MPEANnovYuTa Ja € aBTOHOMEH 3all0TO
YCTPOWCTBOTO I1I€ padOTH U KOTaTo OTIaHE U3MepBaHaTa BenrmunHa. OOUKHOBEHO ce n3noysBat 220V ot
ABTOHOMHU T€HEPAaTOPH UM UHBEPTOPH, KAaKTO U akyMyJsatopu 200V.

ToyHOCTTa KOSITO C€ M3MUCKBA OT TE3U MPeoOpa3yBaTeaN Ce OMpeneNsi OT MICTOTO KBJAETO IIe ce
u3noisBar. TpsdBa ma ce MMa TpEIBUI, Y€ MCKaHaTa OT MpeoOpa3yBaTeIUTe TOYHOCT CE€ OTHACA KbM
o0xBaTa, a He KbM M3MEpBaHaTa BeIUUYMHA. TUNHUHUTE cTOWHOCTH ca 1-2%, a B onpenenenu ciayyau 0,5-
0,2%, psanko 0,1%. ToBa ce ompenesnss OT Bb3MOXHOCTUTE 3a PETyJIUpaHE, OT MapaMETPUTE KOUTO Ce
U3HUCKBAT OT CTAaHJApTUTE, KaKTO M OT ChIIeCTByBamlata cucrema. Ha moBeueTo mecTta HM3XOAHHUTE
aHAJOTOBU BEJIMYMHU ce u3MmepBaT ¢ 8-paspsannu ALl xoeto o3HauaBa MakcHMallHAa pa3pellaBaiia
cnocobHocT 0,4%. [lo-rossiMa TOYHOCT € OompaBaHa caMo MPU U3MEPBAHETO Ha EIEKTPOCHEPIH s, aKo IO
M3MEPEHUTE CTOMHOCTH CE€ U3BBPIIBAT pa3IUIalllaHuUs.



MHoro e BaxHO Ja ce 00bpHE BHUMAHUE Ha raJlBAHMYHOTO pa3Bbp3BaHE MEXIY BXOJa, U3X0Ja U
3axpaHBaHETO Ha mpeoOpasyBaTens. ToBa JaBa BB3MOXKHOCT BXOJOBETE M M3XOJIUTE HA OTAEITHUTE
npeoOpasyBareny Ja Cc€ CBbp3BaT MapajielHO M IOCIEAOBATEIHO B 3aBUCUMOCT OT HEOOXOAMMMTE
u3MepBaHus, 0e3 ToBa Ja Biuse BbpXY pabotocnocoOHocTTa M. Ilopanu rojemure cMyLIeHHS KOUTO
Bb3HUKBAaT B EEC, oco0eHo mpu aBapuu, npeodpazyBarenure TpsaOBa Aa U3AbpKAT FOJEMHU HAIPEKEHUS
MEXJYy BXOJOBETE, M3XOJUTE M 3aXpaHBAHETO B 3aBUCHUMOCT OT cTa”jmaptute - 2, 4, 8§ kV. Tosa
YCIIOKHSIBA MHA4Y€ CPaBHUTEIHO MPOCTUTE CXEMU Ha mpeoOpa3yBatenute. Hanara ce na ce u3nonassar no
IBa TpaHcpopMmaropa WJIM TaKMBa C BHCOKOBOJITOBA M30JalUs MEXIy BTOPUYHHTE HAMOTKH —
OOMKHOBEHO MEXIy IBbpPBHYHATA W BTOPUYHHTE HAMOTKHM H30JAIlMATA € MHOTO 100pa, HO MEXIy
BTOPUYHUTE HE u3abpxka noseue ot 200-300V.

TunuuHuTEe CcThIANa KOUTO CE€ M3IOJ3BAT 32 U3MEpBaHE HAa TOK M HANpPEKEHHE ca HIKOJKO. 3a
U3MEpBaHE Ha TOK TOBA Ca LIYHTOBU PE3MCTOPH WU TpaHC(HOPMATOpH, a 3a HANPEKEHUE - PE3UCTUBHU
nenuTenu Wi TpaHchopmaropu. Ilpm wm3monm3BaHeTo Ha TpaHCHOPMATOPU CE€ pelIaBa BBIPOCA C
raJIBAHMYHOTO Pa3Bbp3BaHE Ha U3MEpBATEIHATA BEPUTa, HO U3MEPBATEIHUTE TPAHCPOPMATOPH Ca CKBIH
YCTpOHCTBa, 0COOCHO 3a ToYHOCTH mO-TojeMu oT 0,5%. [Ipu mo-roseMu TOYHOCTH c€ MPEATOYUTAT TO-
€BTHHU TpaHc(OpMaTOpH C €JIEKTPOHHA KOMIIEHCAlUs — CXEMUTE MOJABbpKAT “HyjeBa” MHIYKLUUS B
MarHuronpoBoja. M3mepuren Ha Ta3w MHAYKLUMS € WM JONBJIHUTEIHA HAMOTKAa WM BrpaJieH B
MarHuTONpoBoJa ceH3op Ha Xous. B To3u ciydail ce yBenn4aBa 3HaUMTEIHO KOHCYMalUsATa Ha ypela u
OTJIEIIHOTO 3aXpaHBaHE € 3aIbJKUTENHO (4-Te mA npu crangapra 4-20mA ca HEJOCTaTh4HHU).

[Tpu M3n0a3BaHETO HAa PE3UCTOPHU HiIMA MPOOJIEM ¢ TOUHOCTTA HO OCTaBa Jia Ce pelliaBa BbIIpoca 3a
Pa3BbP3BAHETO OT U3XOJa.

W3xoaHuTe cThMana ca TUIIOBH CXEMHU Ha F€HEpPATOpU Ha TOK C OMEpalMOHHM ycuiBaTesnu. B Tsax
HsIMa 0COOEHOCTH OCBEH 3aJb/DKUTEIHUTE 3alIUTHU €JIEMEHTH — OTPAaHUUUTEIHU PE3UCTOPU U LIEHEPOBU
Ivoau. B HsAKoOM mpuiioKeHus ce Hajara JONBbJIHUTEIHA YeCTOTHA KOPEKLUS IMOpaau IbJDKMHATa Ha
CBBP3BALIMUTE IPOBOAHUIIM B U3X0/1a — 10 HAKOJIKO CTOTHIIM METpa.

Ha cxemaTa no-zmoisy e mokasaHa TMIIMYHA cXeMa Ha IpeoOpa3yBaTesl Ha TOK. BxoaHara Bepura e
3a 1A, a uzxonHara no cranaapra 4-20mA. M3nons3ea ce enna cxema Ha yerBopeH OY tun LM324. JIra
0T ycuiBareiauTe (B ropHara 4acT Ha CXeMaTa) C€ M3MOJI3BaT KaTo JBYMOIYHNEpUOJACH H3MPaBUTEN.
EnuHUAT OT ocTaHanuTe - KaTo ONMOPEH U3TOYHMK, a APYTUAT - B U3X0Ja (3a€qHO C TPaH3UCTOpa) KaTo
reieparop Ha Tok. C JBaTa NOTEHIMOMEThpPAa C€ HACTpoBaT HakiIoHa M HyjJara (4mA) Ha
XapakTepucTHKaTa Ha ypeaa. Tounocrra € 1%. WU3npaButendar e 3a cpenna (e e true RMS) cToiiHoCT.
3axpaHBaHETO € 10 TOKOBaTa Bpb3Kka 4-20mA, a rallBaHUYHOTO pa3Bbp3BaHe € ¢ Tpanchopmartopa 1:200.
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3. CumynupaHe Ha TapaMEeTPUTE Ha eJIEKTpUIEeCcKaTa Mpexa.

O6uacTi Ha MPUIIOKEHNUE HA CUMYJIUPAHETO

- Hay4YHH W3CIJIC/IBAaHUS U pa3BOWHA JICWHOCT B 00JIaCTTa HA €JICKTPOCHEPreTHKATA.

- U3IKUTAaHWA B PA3JIMUYHHUTC CTAIllM Ha IMPOU3BOACTBOTO M OKAUCCTBABAHC Ha IMMPOAYyKOUATA OT
U3MepBaTeiHa, yIpaBisBalla 1 3alllUTHA arapaTypa 3a Hy KIAUTE Ha eJIeKTPOCHEePrUifHaTa CHCTEMA.

- BTOPHYHM M3MUTAHHS HA Ta3W amapaTypa Mo BpeMe Ha eKCIIJI0ATaIHATA.

- oOyueHHE Ha OIEpPaTOpUTE IMpPH IbJIHA OE30MaCHOCT B MAaKCUMAalHO OJHM3KH /0 pealHUTe
pabOTHU YCIOBHUS.

ETanu B pa3BUTHETO HA CUMYJIUPAHETO B €IIEKTPOCHEPTeTHKATA.
- W3M0JI3BaHE Ha MalaOHO HaMaJICHU PEalTHU €JICMEHTH OT €JICKTPOCHEPTUifHATA CHCTEMA.
- pa3paboTBaHE Ha aHAJIOTOBH MOJICIH Ha €JIEMEHTH OT €JIEKTPOCHEPTUitHATa CHCTEMA.
- CBhCTaBsTHE Ha aHAJIOTOBU MOJICITH, YIIPABISIBAHU OT KOMITIOTBP.
- BBBEXIAaHE HA ITUPPOBUA MOJICITH.

VYcerpolicTBa 3a CUMyJIalluy B €JIEKTPOCHEPTETUKATA.
- aHAJIOTOBU CUMYJATOPH Ha €JIEeKTPOEHEpTuitHaTa cucTema.
- aHaIM3aTOPH Ha MPEXOJHU MPOLECH B €JIEKTPOECHEPruifHaTa CUCTEMA.
- CHUCTEMHH CHMYJIATOPU 32 U3MUTAHUS Ha PEeHHU 3alUTH.

CumynupaHe Ha peXUMHU 0T paboTaTa Ha eJeKTPOeHEepruitHaTa cucTeMa.

Pexxumure B paboTara Ha €JIEKTPOCHEPrHifHaTa CHCTEMa ca CTallMOHApHW W aBapuitHu. llpum
CUMYJIMpaHe Ha CTallMOHAPHHM PEXHMMU KbM H3IUTBAHUTE YCTPOMCTBA (Hal-yecTO peJeiHu 3aluTu) ce
MOJaBaT CUTHAJIM C MapaMeTpH (aMIUTUTYAa, (a3oB BI'b, YECTOTA), OTTOBAPSIINA Ha HOpMaiHaTa padboTa
Ha ChOPBHKEHUATA (FeHepaTopH, AAJeKONpoBOIU, TypOuHH, TpaHchopmaTtopu). Korato ce cumynupar
aBapUIHU PEKMMHU NapaMeTpUTE Ha M3MMUTBATEIHUTE CUTHAIIM TpsOBa /a ca B 00JacTTa Ha 3aJeiicTBaHe
Ha peJieiiHaTa 3aluTa.

W3nuranusTa MoraT fa ObJaT CTaTUYHU U AMHAMUYHU. [Ipu cTaTMyHUTE M3NMTAaHUA c€ MOJaBaT
CUTHAJIM C apaMeTpH OT 00J1acTTa Ha 3ajJieiicTBaHe U ce U3MepBa BPEMETO 10 3ajieiicTBaHe Ha peneiHaTa
3amuTa. [Ipy quHaAMUYHUTE U3NUTAHUS C€ MOJABaT CUTHAIMU C JIMHEWHO WM CTHIKOBO M3MEHEHUE Ha
napaMmerpure. [IpoMsaHaTa Ha mapaMeTpuTe c€ U3BBPILBA CIEJ] W3THYAHE HA BPEMEHEH WHTEpBal WIN
3a/Ie¥iCTBaHE Ha pelieHara 3ammra. Moxe aa ce M3BBpIIBAT NPEXOAW OT CTAMOHAPEH KbM aBAPUEH
PEXKUM U 00paTHO.

CumynupaHe Ha IpeXOoAHU IpoLecu OT paboTaTa Ha eJIeKTpPOCHEpruiiHaTa cucremMa

[IpexonHuTe mpolecu NpOTHYAT B pa3iMYHU CUTyallMd OT paboTaTa Ha eJeKTpOECHEepruiHaTta
CHUCTEMA — BKJIIOUBAHE WM M3KJIIOYBAHE HA T€HEPATOP WIN TOBAp, U3KIIIOUBAHE IPU KBCO ChbEAUHEHUE U
np. ToraBa ce mosBsABaT TOKOBE M HANPEKEHUs C aMIUIMTYM, KOUTO HAJBUIIABAT JOPHU TE3U IIPU KbCH
cbenuHeHus. llenra Ha cuMynanuuUTe € Ja ce HAcTPOAT PEJEHHUTE 3aIUUTU Ja pa3indaBaT NPEXOIHUTE
peXKUMHU OT aBapUMHUTE U Ja HE CE 3aJCUCTBAT IIpU INpexojeH pexxuM. lIpu mpexomnu mponecu ce
NOSIBSIBAT CUTHAIIN C YECTOTA, pa3jIM4Ha OT OCHOBHATA. XapaKTEPHU NIPEXOAHU SIBJICHHS Ca CHHXPOHHOTO
JIIOJICEHE U ACUHXPOHHUS XOI.

CuHTe3MpaHe Ha CUTHAIIM 33 CUMYJIAIUs

Curnanure morar ja ObJaT OMMCAHU C AHAIMTUYHU MATEMaTHUYECKH W3pa3d, CUHTE3UPAHU ChC
CIELMAIU3UPAaHU IIPOTrPaMHU MNPOAYKTH 34 AaHAJINW3 HAa IPEXOJHU MPOLECH WIM 3alMCaHu 4pe3
PETUCTPATOPH HA TIOBPEIU B PEAJIHU EIEKTPUUYCCKU MPEKHU.

VYcrpolicTBa 3a cumynanus

3a menrta ce W3MON3BAT CHEUUANM3UPaHU TpU(A3HU U eJHO(DA3HU HANPEKUTEIHU U TOKOBHU
reHepaTopH, U3BECTHU 0]l HAMMEHOBAHUETO TOBAPHU YCTpoHcTBa. Te ce ChCTOST OT MOIHU yCUIIBATENN
n peHGﬁHH BXOOOBC U U3XOOU 34 BPpb3Ka C U3NIMTBAHATA 3alllUTaA, HAH 3a CUHTC3HUPAHC HAa U3IMUTBATCIIHU
CUTHAJIM, MUKPOTIPOIIECOPEH yMpaBJisBal 0JIOK, OJI0K 3a uHTepdeic ¢ oneparopa. YnpasiasBauusiT 0J0K
TpSIGBa Aa CbAbpPIKA JOCTATbYHA 110 06€M MaMCT 3a CbXpPaHABAHC HA 3allMCH HAa U3NIUTBATCIIHHU CUTHAJIN.

ITo Te3u BbIpoOCH € JaieHa U J0CTATHYHO AONBJIHUTEIHA JUTepaTypa.



HN3mepBaHe HA e1eKTPONOTPeOIeHNETO (eJIEKTPOMEPH).
Ha to3u BBHOpOC ce 0TAeNs NO-TOIsIMO BHUMAaHUE 10 ABe NpUYuHU. OT e1Ha CTpaHa, Ype3 eIeKTPOMEPUTE
CTaBa IJIAIIAHETO Ha €J1.eHEepTrHs, a OT APYyra - Te3U YCTPOMCTBA MHOTO Y€CTO ca 0OCKT Ha “BB3JACHCTBUS .

TouHOCTTa ¢ KOATO TPsiOBA /1a paboTAT eIeKTPOMEPHUTE, Ha MPBB MOTJel, He € Bucoka — 1-2 % 3a
OouToBM 11eM U MHOTO TO-psinko 0,1-0,2 % BBB BB3JIOBU MOACTAHIIMU. BCHITHOCT, ChriacHO CTaHAAapTa
Ta3u TOYHOCT TPsIOBA Jla ce 3arasBa U Mpu npeToBapBaHe 4, 6 wiu § MbTH, a TOBAa O3HAYABA 3HAYUTEITHO
yBeIuYaBaHe Ha MCKaHaTa TOYHOCT. Taka enuH enektpomep 3a 10A TpsOBa ga oTunrta BapHO U nipu 40A
(3a cpBpeMeHHOTO moTpebieHne ToBa He € MHOro — 8-10kW) u mpu 100 mA. Te3u usuckBaHus ca ce
dbopmupanu ¢ BpemeTo. B Hauwanoro, 3a OMTOBO TOTpeOICHHE EJIEKTPUUECTBOTO CE€ € H3MOJ3BAJIO
NPEeIMMHO 32 OCBETJICHHE W MaKCHMallHaTa KOHCyMallus He € HajaBuimaBana 1-2 kW, mokaTo mo-KbCHO
poJisiTa Ha eIeKTPUYECKUTE ypeau HapacTBa, HO M3MCKBAHUATA 32 TOYHOCT CE 3ama3BaT — €IEKTPOMEPHT
TpsiOBa J1a pabOTH TOYHO KOTATO CBETH €HA JIaMIla U KOTaTO € BKJIIFOUYEHO EJIEKTPUIECKOTO OTOILICHUE.
Cnopen crannapra 3a enexkrpomep kiac 1 (1%) ocHOBHHMTE U3MCKBaHUS 3a IOIyCTHMA T'pellika ca:

3a akTuBeH TOBap (cosp=1): 3a peaktuBeH ToBap (cose=0,5):
or 0,05.IocH g0 0,10.IocH < 1,5% or 0,1.TocE a0 0,2.IocE < 1,5%
or 0,10.IocH a0 Imax < 1,0% or 0,2.TIocH 10 Imax < 1,0%

Karo oO0ukHOBeHO Imax = (4-6).locH. /lombIHUTENTHO MMa M3UCKBAHE 3a UYBCTBUTEIHOCT - YPEABT Ja
3anoyHe Aa otuuta npu 0,4% ot ocHoBHus TOK. IIpu Imax = 6.locH u npu 6-7 pa3psaa 3a NOCTUTaHE HA
touHOCT 1,5% npu tok 0,05.I0ocH, KaTo ce MMa NpeaBU, Y€ CUTHAIBT € JIBYIIOJISIPEH, CE MOIy4YaBaT OKOJIO
16000 nuBa 3a AIIIl. Axo mpeoOpasyBaHeTo € 0e3 MpeBKIIOYBaHe Ha 0O0xBaTuTe TpsiOBat 14-15 paspsima
WK 3a ypea ¢ TouHocT 1% e HeoOxoaum none 14-paspsaen ALIL. OcBeH ToBa MMa M3HMCKBaHUS TE3U
napaMeTpH Jla ce 3ara3BaT B IIUPOK TEMIIEPAaTypeH 00XBarT.

JloTbIHUTETHUTE U3UCKBAHUS CE OTHACAT KbM ChXpaHEHHE Ha MHQPOpMAIUATa IBJIT0 BpeMe Oe3
3aXpaHBaHe, YCTOMYMBOCT Ha LIOKOBU CMYILEHHUS, HA KPAaTKOTpAlHM MPOMaJaHHs B MpexaTa U APYTH.
ToBa e egHa OT MpUYMHUTE, 32 OMUTOBHU IIEJIM OILl€ MAcOBO Ja ca Pa3NpOCTPAHEHU EIEKTPOMEXaHUUHUTE
€JIGKTPOMEPH, TJIABHO MOPAJM IMO-HUCKaTa UM IeHa. [Ipu TpudasHUTe eneKTpoMepu M TaKkuBa OT IO-
BHCOK KJIAC €JIEKTPOHHUTE €JIEKTPOMEPU NU3MECTBAT MEXaHUYHUTE.

EnextpoHHHTE eneKTpoMepH pabOTAT ChITIACHO Ne(UHHLMATA 3a AKTUBHA EHEprus — cyMara
(uHTErpas) OT MOMEHTHUTE CTOMHOCTH Ha MPOM3BEICHHETO HAa TOKa W HampexeHuero. Komkoro e mo-
BHCOKA YECTOTaTa (Ha AUCKPETU3alus) C KOSATO C€ OTYMTAT MOMEHTHUTE CTOMHOCTH TOJIKOBA IIO-BHUCOKU
XapMOHHUYHHU ChCTaBKU 1€ ObJAaT BKIOYEHH B KpaliHUS pe3yniTar. 3a 1eiTa UMa ClieldaiHo pa3paboTeHu
MHTETPAIHU CXEMU BKJIIOUBAIM 0bp3u U MHOropaspsianu ALIT (3a Toka U HaNpe:KEHUETO), YMHOKHUTEIH,
buntpu u npeodpazyBaTenu B KoJ uiu yectora. [1o Te3u BbIpOcH MOXKe Ja ce MoJ3Ba JTOMbIHUTEIHATA
JUTEPATYypa solid state.pdf,reactive_ energy metering international edition.pdf,mi_ editorial2.pdf,
solidstate energymeter.pdf, ad7750.pdf KAKTO U ETE 1.pdf U elmer distancionno otcitane.pdf.

YMHOKEHNETO Ha MOMEHTHUTE cToiiHOocTH Ha U u | Moke 1a ce U3BBPIIN U upe3 “KIaCHYEeCKu’
BpEMeE-UMITYJICEH YMHOXHUTEN. CXeMa Ha €JeKTpOMEpP Ha TO3W NPUHLUI € JaJeHa MOo-10iay. TOKBT OT
U3MEpBaHaTa BEpUra CE€ YCWUJIBA, MHBEPTHpAa M IMOJaBa Ha aHAJIOroBM KitouoBe. HampexeHuero ce
npeoOpa3zyBa B UMITYJICH C paziaudHa npoabpkurenHoct (IIIMM). Korato mmmysiicute ca BBB BHCOKO
HUBO KbM HHTErpaTropa c€ IOAaBa CUTHANBT OT TOKOBAaTa BEpUra, a KOraTo ca B HUCKO HHUBO —
WHBEPCHATa MYy CTOMHOCT.

WNndopmanusra 3a TOKa ce MoIydaBa OT HIYHTOBO ChIIPOTHBIICHHE. Y CHIBAHETO € 0K0JI0 30 MbTH.
AmnanoroBure kiatouoBe ca oT Tun CD4066. ['eHepatopbT Ha TPUBI'BIHO HANPEKEHHE 32 OCHOBHATA
yecrota Ha IIIIM e peanusupan c ABa ONEpallMOHHM YCHUJIBATENs — UHTETpaTop W KoMIaparop. 3a
NojlyyaBaHe Ha HeoO0XoAMMaTa TOYHOCT M3XOJHUTE HHBA HAa KOMIIapatopa TpsiOBa Ja ca CTaOWIIHU.
Ammuintynata Ha reHeparopa (3V) TpsbBa na e mo-roisiMa OT MakCHMMajHaTa aMIUIMTyJa Ha BXOJIHOTO
HarnpexxeHue cnen nenutens (2,7V). Uecrorara Ha reHepanuu TpsioBa na € 5-10kHz, kato B cioydas e
okoio 6 kHz (ma cxemara ocumnorpamute 3a S0Hz u 6kHz ca npu pasnuuen mamad Ha Bpemero!).
Monynanusita ce nojydyaBa KaTO Ha KOMIIApaTopa ce MojaBa BXOJHOTO HANPEKEHUE HA €JIEKTPOMEpPA U
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TPUBI'BIHOTO (Ha MHBEPTHPAIIUS BXOMA). TpHBIBIHOTO HANpPEKEHUE Ce TMOAaBa Mpe3 KOHACH3aTop 3a Ja
Ce OTCTPaHH €BEHTYaHOTO TIOCTOSSHHOTOKOBO OTMECTBaHE MPEAM3BUKAHO OT HE-HJICATHHUTE
OTIEpALIMOHHU yCHiBaTeNu. MIHTEerpaTophT, 3a€JHO C KOMIapaTopa B U3X0Ja Mpeodpa3yBar eHeprusira B
umnyncu. Korato HampeXeHHeTO B HW3XO0Ja Ha HMHTErparopa OCTUTHE Mpara Ha 3aJeiicTBaHe Ha
KOMIIapaTtopa, TOW c€ MPEeBKIIIOYBA U Ipe3 Bepurata 12k u nmoreHiuoMerbpa 20K  HMHTErpaTopbT ce
paspexxaa A0 JOCTUraHe Ha JAPYyroTo HHUBO Ha KommapaTtopa. ToBa e “kiacuyecka” cxema Ha
npeoOpa3yBaresl Ha HamNpeKeHHWe B dYecToTa (B Ciyyas JOoCTa HHUCKa). Mmmyncure OT M3Xoja Ha
KOMIIapaTopa ce MojaBaT Ha Oposiu (IenuTen) OT M3XOoJa Ha KOWTO C€ YIpaBlisiBa €JIEKTPO-MEXaHHUYEH
Oposiu (He ca MOKa3aHW HAa CXE€MaTa) B KOMTO ce HAaTpyIBa €HEprusita U KOWTO CIIyX M 3a oTuuTaHe. Haii-
MIIQIIUAT pa3psa Ha To3u Oposiu cwhoTBercTBa Ha 0,1 kWh. 3a na ce momyun nobpa TOYHOCT H
CTAaOWIIHOCT, 3aXpaHBaIIOTO HAMPEKEHUE CE TOJIy4yaBa OT Mpenu3eH u3TouHuK — LM723. UsnpaBurenst e
peann3upaH 1o cxema Ha 6e3-TpaHcopmaTopHO 3axpaHBaHe ¢ KoHaenzatop 330 nF.

Ta3u cxema He € TIOAXOIAIIA 32 CEPUITHA €JICKTPOMEPH 3aI0TO HE OTrOBapsi Ha M3MCKBAHMATA HA
eNeKTpU(UKAIIMOHHUTE JIPY>KECTBA HE3aBUCHUMO, Y€ M0 MapaMeTpu OTroBaps Ha craHaapta. [IpobGiembT
€, Y€ TOKOBaTa M HANpeKUTEITHAaTa BEpUra Ha elieKTpoMepa HE MOorar Ja ce pasiensiT. B pexum Ha
HOpMaiHa pabora ToBa He € HeoOxoaumo. [Ipu mpoBepka W HacTpoilka B naboparopuurte Ha
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eJ'IeKTpOCHa6I[I/ITeJ'IHI/ITC ApPYyKECTBa CC HaJlara Ja C€ TECTBAT CAHOBPEMCHHO MHOI'O CJIICKTPOMCPU
obuxnoseno 40-60. Tosa ce IIpaBU 3al10TO U3MHUTBAHETO HA €IUH CJIICKTPOMED MPOABIIZKABA I10 HAKOJIKO

el Lo - =9 i

o-] e o, \ lh:‘, ~ e li‘ :

u _‘ovl 4_—?4 — y ! X,

I 1e Wi - 1, 21

'T L X Zi W | <,

s A —+ . —9 1, r—2 «,

.'II :.:’; v el :é: l.t.l:

1 p-_i q.E‘J . - p—u:l, l......"
— 1 s

yaca. [Ipu TecTBaHETO TOKOBHTE BEPUTHM Ha EJIEKTPOMEPUTE C€ OTHAENSAT OT HAMPEKUTETHUTE U Ce
BKJIIOUBAT IIOCJENOBAaTENIHO, a HANPEeXUTEIHUTE — B mapanen. KbM TIX ce BKIOYBA M €TaJOHEH
enekTpomep. [lokazaHuaTa Ha TECTBAHUTE EJIEKTPOMEPU CE€ CPABHSABAT C €TAJOHHUSA TMPU Pa3IUYHU
pexuMu Ha pabora. AKO BEpPUTHTE HE MOXKE Ja CE€ pa3lessiT, HalpeXEHHETO Ha BCEKM CIIEJBall]
eJIeKTpOMep L€ HamalisiBa C Iaja B TOKOBAaTa BepUIa M M3MHUTBAHETO HsAMA Aa € kopekTHo. [lo Ta3m
NpUYHMHA eNEKTPOMEPHUTE TPSAOBa Ja UMAT MOCT MEX]y HalpeKUTelIHaTa U TOKOBaTa BEpHUra, KOMTo mpu
TECTBAHE /1a C€ OTCTPAHSBA.

Ha cxemara mo-mony e mokaszan mpeoOpa3yBaTell moI00€H Ha Bede OMUCAHUS, HO 33 pa3jifKa OT
HEro TOKOBAaTa M HaNpeXUTETHAaTa BEpUra ca pas3jieJieH! Mopaiu U3IM0JI3BaHeTo Ha TpaHchopmaTopu. [Ipu
TOBa pEIICHHWE TOKBT, a HE HaMpeKeHHueTo ce mpeoOpasyea upe3 LIIMM. [Ipyra ocobGeHocT e, ue
HaIpeXEHUETO Ce M3MEepBa C TOKOB TpaHc(opmarop, KaTo TO ce€ IMojaBa Ipe3 JBa MOCIeA0BATEIHO
CBBP3aHU €TAJIOHHU PE3UCTOpA.
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Ha ta3u Tema e u cratusara B IOIIBJIHUTEIIHATA JTUTEPATYPA str2.pdE.

N3mepBaneTo Ha peakTHUBHA EHEPrHsl € IMO-TPYIHO. 3aTOBAa M W3MCKBAHMSTA 1O CTaHIApT ca
3aHIKeHU. B CbIIOTO BPEME€ KOHCYMHUpaHaTa p€aKTUBHA CHEPIHUA € MHOI'O I1I0-MaJIKO OT aKTHBHATa U TOBA
HE BOJM J0 3HAYUTEIHU T'PEHIKH. JJOKOJIKOTO peakTMBHATAa CHEPrusl HATOBapBa EJIEKTPOCHAOIMTENHATa
cHCTeMaTa TO 3a KOHCYMHUPAHETO U MO-CKOPO Ce TUIaIaT IJIo0u.

PeaxktuBHaTa eHeprus MOXe Ja CE€ OTUMTA [0 PA3JIMYHM HAYMHU — YpPEe3 U3MEPBAHE HA ITbJIHATA,
aKTHBHATAa W U3YHCIICHHS, Ype3 U3MEPBAHE HA TOKA U HAMPEIKEHUETO W M3YMCIICHHUS, Ype3 nedasupaHe Ha
OTYETUTE MPEIH YMHOKEHUETO, UPE3 JIUPEKTHO HU3MEpBAaHE U T.H. Te3u BBIPOCH CE€ AUCKYTHpPAT B
reactive energy metering international edition.pdf OT naJeHara JuTeparypa.



BepimHoCT M3MeEpBaHETO Ha PeaKTHBHATA MOIIHOCT CTaBa Taka KaKTO Ce M3MEpBa aKTUBHATA, HO
€IMHUAT OT CUTHAIIMTE MPeay ToBa ce aedasupa Ha 90° (MHOrO TOYHO). AKO TOBA € CPABHUTENHO IPOCTA
3a/1aya 3a CHHyCOMJIAJIEH CUTHAJI C IOCTOSIHHA YECTOTa, 3a TOKA U HAIPEKEHUETO B pealiHaTa Mpeska He €.
Ot enHa cTpaHa MpoMsHaTa Ha 4decTorarta npu (uxcupanu ¢(azo-U3MECTBAIIM BEPUTH 1€ BOAU IO
TPEeIIKH ChU3MEPUMH ChC CTOMHOCTTA HAa KOHCyMHpaHaTa peakTuBHa eHeprus. Ot apyra ctpaHa gopmara
Ha HAMpPEKEHUETO M 0COOCHO Ha TOKA B MOBEUETO Clyyau € Jajed OT CMHycouzaa. ToBa He MO3BOJISBA
M3I0JI3BaHETO HA €JIEMEHTApHH pelleHus 3a aedazupane. Ha cxemara mo-10iry € IOKa3aHO YCTPOWCTBO
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KOETO MOXKE J]a C€ M3IOJI3BA MPHU M3MEPBAHE HA PeaKTUBHA MOIIHOCT ¢ TOYHOCT mo-1o6pa ot 0,5 %. C
HEro TOKBT WIIM HampekeHueTo ce nedasupar Ha 90°, a cien ToBa ce M3MOJI3Ba M3MEPUTEN Ha aKTHBHA
MotHOCT. [ledasupaHeTo Ha cHTHANA CTaBa ChC CXEMa Ha MOBTOPUTEN, Ha HE-WHBEPTHPAIIHs BXOJ Ha
KOWTO MMa 4YECTOTHO 3aBUCUMMa Bepura. BpeMmekoHCTaHTaTa Ha Ta3W Bepura ce MpPOMEHS C yIpaBisieM
doro-pesucrop. CurHanurTe npeau u cies aedasupaHeTo ce CpaBHIBAT ChC CXeMa Ha U3KITFOYBAIIO “HIH
KaTo CHUTHAIBT B M3Xo4a Ha cxemara npu 90° me e ¢ koepuuuent Ha 3annisade 0,5. Tosu curhan ce
npeoOpazyBa B HalPEKEHUE KOETO Ce cpaBHsBA ¢ eTaloHHO (-2,5V). Ilpensuaena e HacCTpoiika Ha TOBa
HaIlPEeKEHUE 32 Ja C€ KOMIIEHCUPAT IPEIIKUTE OT TOJICPAHCUTE HA €JIEMEHTUTE.

3a ma ce nedazupa OCHOBHHMAT XapMOHUK CHUTHAIUTE MPEMUHABAT Mpe3 aKTHUBHH U MACHUBHU
¢untpu. [Ipeau noruueckara cxema, ¢ KoMIapaTopu ce GopMupaT NPaBObI'bIHU UMITYJICH.

Bwvnpocu:

1. KakBu ca OCHOBHUTE 3a7jaul KOMTO CE€ U3IBbJIHABAT IIPU ypasieHueTo Ha EEC?

2. KakBu u3MepBaHus c€ U3BbPILIBAT B MMOJCTAHIIMUTE?

3. KakBu ca TUMMYHUTE CTOMHOCTU Ha BXOAHWUTE U U3XOJHUTE BEJIMYMHU HA TbPBUYHUTE
npeoOpa3yBaTesy B NOACTaHIIMUTE?

4. Kaxsu ca o0nacTuTe Ha MPUIIOKEHHE HA CUMYJIMPAHETO Ha MapaMeTpuTe Ha ell.mpexa?

5. KakBu ca OCHOBHHUTE MPOOJIEMH TP EICKTPOHHHUTE €IIEKTPOMEPH?

6. OT KaKbB IOPAIBK € TOYHOCTTA KOSITO CE U3UCKBA OT €JIEKTpOMEpUTE?

7. KakbB € NpUHIUIBT Ha pab0Ta BpeMe-UMITYJICHUST YMHOKUATEI?

8. 3amio TOKoBaTa M HaNpeKUTETHATa BEpUra Ha eJleKTpomepa TpsioBa Ja MoraT Jia ce
pazaensT?



H3mepBaHe HA TBHPIOCT HA METAJIH.
H3mepBaHeTo Ha TBBPIOCT MO KIACHYECKHTE METOAM CE€ CBexaa Jo nedopmaiys Ha H3CIleJBaHaTa
NMOBBPXHOCT. ToBa cTaBa C TSUIO OT MHOTO TBBPJ MaTepuai. M3mepBa ce WiM cliefjata KoSTo Ce OCTaBs
WY TIPOHUKBAHETO B TECTBAHUs 00CKT. VI3BeCTHU ca METOAUTE M ChOTBETHHUTE cKanu Ha bpunen, Pokyern,
Bukepc u 1p. KOUTO ce oTIMYaBaT Hai-Bede o opmara Ha TSUIOTO ¢ KOETO ce MepH (cdepa, mpu3ma ...)
U Ce TpWiIarat B 3aBUCHMOCT OT MaTepHaja YusTo TBBPJIOCT ce MepH. [10 Te3u BhIpOCH UMa JOCTATHYHO
JUTEepaTypa B CBETOBHATA MpPEKa:

http://www.microphotonics.com/sonohard.html

http:// www.ndt.net/article/v06n09/frank/frank.htm

http://www.tf.uni-kiel.de/matwis/amat/mw]_ge/kap 8/advanced/t8 4 2.html

Tema Ha Te3u OCJEKKH € JAPYr METOJ Ha W3MEpBaHE (EJICKTPOHEH) C KOWTO pe3yiTaTuTe ce
NOJy4aBaT MHOTO OBpP30 JOKATO “KIIACHYECKUTE METOAU ca OaBHU. METOABT ce ChbCTOM B M3MEpPBaHE Ha
OMHOWEeHUemo MEXIy CKOPOCTTa Ha IMajJaHe M CKOPOCTTAa Ha OTCKayaHE OT TEeCTBaHATa MOBBPXHOCT.
Hapwuua ce meton Ha pukomiera (orckoka) - Rebound. OTHomeHneTo ce yMHOXaBa 1Mo KOS(HUITUSHTH 3a
Jla ce TIOJIYYH TBBPAOCT IO HAKOS OT M3BECTHUTE MepHHU cKanu (1o Pokyen, bpunen ...).

Tyk me ce pasrienar 0COOCHOCTHTE HA METOAA M M3MCKBAHUATA KbM €JIEKTPOHHATA YacT Ha ype
NpeJHa3HAYCH 3a W3MEPBaHE Ha TBBPIOCT MO TO3M HAuMH. V3MepBarenHaTta TjiaBa € IWIMHABD C
pa3MmepuTe Ha mucaika. TBBPJOCTTa Ce TECTBAa ChC ChUMa OT BOJI(ppamMoB KapOH (M3KIIIOUYUTETHO TBHPI
matepuali). Ts e 3aKpereHa oT eHaTa CTpaHa Ha Tsulo cbe cnenuduyna gopma. “Tlucankara” ce mocTasst
NEPIEHUKYJISIPHO HA MU3MEpPBAHATa MOBBPXHOCT U TAJIOTO (ChUMaTa) C€ M3CTPENIBA KbM MOBBPXHOCTTA,
yaps ce u oTckada. OTHOIIEHUETO HA CKOPOCTTA MPHU OTCKayaHe KbM Ta3M MpH MaJaHe HOCH UH(opManus
3a TBBPAOCTTa — KOJKOTO € Mo-01m30 j0 | TonkoBa MaTepuanbT € MO-TBBPA. MIMa M3WCKBaHUS KbM
MOBBPXHOCTTA 110 OTHOIIIEHUE Ha IPanaBoCcTTa, yucToTaTa u p. CKOPOCTUTE Ha MajaHe M OTCKayaHe ce
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U3MEpBaT upe3 eIEKTPOMAarHUTHA MUHIYKIHS — TSUIOTO ChC ChUMAaTa € MOCTOSIHEH MarHUT KOHWTO MUHaBa
pe3 HaMOTKa HaMHpallla ce B Kpas Ha W3MepBaTeIHATa riaBa. MsSCTOTO Ha HAMOTKATa Ce HACTpoOiBa 3a
Jla ce Moy4yu MakcuMmaseH curnai. [lpu usMmepBaneTo (yaapa) ce moiydaBaT JBa UMITyJIca C aMIUIUTY AU
KOUTO Ca MPOIMOPIMOHAIIHA Ha CKOPOCTUTE Ha majgaHe (A) u orckadane (B) 3amoro MHAYUHUPAHOTO
HarnpexeHue € PyHKIMI Ha CKOPOCTTa Ha MpoMsiHaTa Ha MarHuTHHS TTOTOK (dd/dt). [Tomydenust curnan
€ C JocTaThuHA aMIUTUTyJaTa ¥ He € Hy)KHa TojsMa 4yBCTBUTETHOCT. [IpobieM e BpeMeTo B KOETO ce
pa3BHBa Inpolieca — HAKOJIKO ms. MiMa aBa moaxoa 3a usrpakJjaHe Ha ypeauTe paboTely Mo TO31 METO/I.

Enunust npeanonara u3non3BaHeTo Ha Obp3u BUcOKO-pa3psaau AL (12 paspsina u Bpeme 3a
npeobpazyBane < 10us) W KOHTpOJep KOMTO ThPCH MAaKCUMyMHTE B JBaTa HMIIyJica U H3YMCISABA
OTHOIICHUETO.

Bropusar noaxon € 3HaYMTETHO MO-TPOCT. 3a IeNTa ca HEOOXOAUMHU JIBa BbPXOBU HU3MPABUTENS
(meTexkTopa) 3a 3allOMHSIHE HAa aMIUTHTYAWTE HAa UMIYJICHUTE M CXeMa 3a H3MepBaHe. AKO YpeabT €
MPEHOCHM € JIOCTaThYHO Jia C€ W3MOJI3Ba MHTETpaJiHA CXema Ha BoJTMEThp, Hampumep ICL7106. 3a
BXOJITHO HANpEKEHHE C€ MoJaBa UMIYJCHT MPU OTCKauaHe, a 32 OMOPHO — UMITYJICHT MPU MaJaHETO Ha
U3MepBaTeHOTO Tsu10. C MpoMsiHA Ha KOS(DUIIMEHTHUTE HAa BXOIHUTE JICIIUTENN TOKA3aHUETO Ce MOTy4yaBa
CBIJIACHO HSAKOS OT CTaHIAPTHHUTE CKalu 3a TBBpAOCT (mo Pokyen, bpunen u 1.H.). Ako € HeobxoanMa
CTaTUCTHKA, JOKYMEHTHUPAHE U Ip. BMECTO BOJITMETHP C€ M3MOJ3Ba MPOCT MUKpOKOHTposep ¢ ALIIL.
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http://www.microphotonics.com/sonohard.html
http://www.ndt.net/article/v06n09/frank/frank.htm
http://www.tf.uni-kiel.de/matwis/amat/mw1_ge/kap_8/advanced/t8_4_2.html

BTOpI/ISIT moaxoJ € MHOTI'O IMOo-€BTHH, HO M3MCKBAa CXEMU HA BBPXOBU JACTCKTOPH. Nma JOCTAaTBhYHO
I[O6pI/I TOTOBHU HHTCIpaJIHU CXEMH HAaJICHU B NOIIBJIHHUTCIHATA JIATCPATYpaA. Koraro 3aJgadyata € MHOI'O
HHUCKa I€Ha, MOXKE J1a CC M3II0JI3Ba CXEMaTa IMOKa3aHa I1o-A0Jy. B CpaBHCHHE C TUIIMYHA CXEMa Ha BbPXOB

JeTeKTOp (BJISIBO) B Ta3d MMa JIONMBJIHUTENIHU €JIEMEHTH KOUTO MOJ0OpsIBAT OCHOBHUTE MapameTpu —
Obp30/€eiicTBHE U BpEME Ha 3ala3BaHe Ha pe3yJiTaTa.

ITpu knacuyeckaTa cxema, KOraro BXOJHUST CUTHAJl CTaHE MO-MaIbK OT TO3U JI0 KOMTO € 3apesieH
KOH/IEH3aTOpa, JUOIBT CE€ 3aIlyllBa U HAIIPEKEHUETO BbPXY KOHJIEH3aTOpa € paBHO HA MAKCUMAJIHOTO (TI0
abCoJIIOTHA CTOMHOCT) BBB BXOJHMs cUrHajl. ToraBa omepallMOHHMAT yCHJIBaTeNl ocTaBa 0e3 oOpaTHa
Bpb3Ka U C€ HACHIIA — U3XOJHOTO MY HallpeXeHue € 0130 10 3axpaHBaioTo. M3nu3zanero ot HacuIlaHe
Ha OIEPalMOHHUTE YCWJIBATENIM € OTHOCUTENHO 0aBHO. ToBa O3HayaBa, 4ye MpH ClEABAL UMITYJIC LIE €
HEOOXOIMMO BpeME Ha cXeMmara Jia BJIe3€ B PEKUM, T.€ KpPAaTKW MMITYJICH Ie ObAar mpomycHatu. Jpyr
npoOJeM e pa3pexIaHeTO Ha 3aloMHSIIUS KOHASH3aTOp — CJEABALIOTO CTHIAJI0 TpsAOBa /a € C BHCOKO
BXOJIHO ChIIpOTHBIIEHUE. M31uCKBaHMITa KbM CTOMHOCTTA Ha KOHAEH3aTOpa ca MPOTUBOPEUYUBH — OT €]1HA
cTpaHa Tpsi0Ba /1a € MaJbK 3a Jia 3aloMHsI 0bp30, OT Apyra Jia € rojsM 3a Jja IOMHHU JBJITO.

Cxemara BISICHO JI0 TOJIIMA CTEIEH M3ITBJIHIBA U3UCKBaHUATA. [IbpBUAT OoNepaliMoHEH yCUIIBATEN
€ C roJsiMo Obp30/IeHCTBHE, MATBK Apei( U MaJIKO U3XOIHO ChIPOTUBICHHUE — OBP30 JOCTUrA BbPXOBATa
CTOMHOCT M 3apexja KOHJeH3aTopa. 3a Obp3oAercTBIETO momara quoaeT D1 koiito 3aTtBapst oOpaTtHaTa
Bpb3Ka KOTraTO BXOJHHUAT CUTHAN 3allOYHE Jla Claja M ONEpalMOHHUAT ycuiBaren He ce Hacuma. [Ipu
HapacTBaHE Ha CUTHaJla oOpatHarta Bph3ka € mnpe3 D2, D3, wusxoma ma OY2 u R2. Koraro curHaist
3anouHe faa cnazaa nquoaute D2 u D3 ce 3amymBat ¥ Ha M3X0Jla Ha CXeMara ce IoJlydaBa MakCHMajHaTa
CTOWHOCT Ha CUTHaJjIa 3alIOMHEHA B KOHJIEH3aTOpa.

Pa3pexnaHeTo Ha KOHAEH3aTopa OIpenens KOJIKO JBJIrO Ie ce MOMHHM BbpXOBaTa CTOMHOCT.
Konnensatopute KOUTO ce MOJI3BAT Ha MpakTHKa HAMAT caMopas3ps]l — OCTaBa BXOJHMUAT TOK Ha
OTIEpALIMOHHUS yCUIIBaTeN U 00paTHUAT ToK Ha nuona D3. 3axbmxurenno OVY?2 e ¢ nosieBu TpaH3UCTOPH
Ha Bxoaa (MOS wumu FET) u e ¢ MHOro Maiabk BXOA€H TOK. OOpaTHUAT TOK Ha Obp3UTE (MMITYJICHH)
IMoaM € 3HauuTeleH. B cxemaTa TOM ce HamansBa KaTo MEXAy aHoJa M katoaa Ha D3 ce moambpixka
HanpexeHue NpuoIn3uTeaHo Hya. To3u moaxo M3MCKBa U3MOI3BaHe Ha JiBa quoja — D2 u D3.

[Tpenu Bcsiko M3MepBaHe KOHJIEH3ATOPBT TpAOBa Ja ce paszpexaa. KioubT e nin MexaHuyeH WiIu
MOS Tpansucrop (ananoroa UC — 4016, 4066, 405x ...) c Mmanka yTeuka.

B nombnnuTenHata nurepaTypa ca JaJeHHM M Jpyrd METOAM 3a u3MepBaHe. MHTepeceH e
yaTpa3ByKoBus - har dnessf aq. pdf , fag2.

Bwvnpocu:
1. KakbB e npuHIMITBT HA paboTa Ha U3MEPBATEINI Ha TBHPJIOCT 10 METO/1a Ha pUKoIIeTa?
2. Kak oT u3MepeHHUTe CKOPOCTH C€ OMpeAesl TBbpAOCTTa?
3. ®opmynupaiiTe U3UCKBAHUATA KbM €JIEKTPOHHUS U3MEPUTEI HA TBBPAOCT?
4. Kaxksu ca npobieMute npej BbpXOBUs JETEKTOP?
5. Kak ce HamansBa pa3peKIaHETO Ha 3alIOMHSALIUS KOHIEH3aTop?



EJleKTpOHHH yCTpolicTBA 32 MPONOPHHOHATHATA XH/PABJIUKA.

N3nbIHUTETHUTE YCTPOWCTBA B XUAPABIMKATA, KaTO LMIMHIPH, JBUTATENIN U JIPYTH, CE€ YIPABISIBAT C
TaKa HApeUeHUTE XUAPaBINUYHU pasnpenenurenu. C TIX ce MpeHacoyBa MAciIOTO IOJ HAsAraHe ¢ KOETO
ce M3IIBJIHABA ChOTBETHA KOMaH[a. M3xoaHaTa xapakTepucTHKa Ha pasnpeAeauTess MoXe a € pelieiiHa
(0TBOpEHO-3aTBOPEHO) MM IMpornopuuoHanHa. [lpu npomnopruoOHaIHUTE XUAPABIMYHU YCTPONCTBA
U3XOJHATa BEeJIMYMHA (HaJsAraHe, 1eOWUT, MpeMecTBaHe W T.H.) € MPOIMOPIHOHAIHA HAa BXOJAHATa — TOK,
HalpeKeHUe, KoA U 1p. EcTecTBEHO eIeKTpOHHUTE YCTPOICTBA CTaBAT 3HAYUTEIIHO M0-CI0KHU. [To-10my
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€ MOKa3aH JBYIIOCOYEH MPOINopLUHoHalieH pa3npenenuren. C 1Bara elekTpoMaraura a u b ce ynpasnsBar
nBe MaciaeHH maructpanud A u B. CreneHra Ha OTBapsiHE 3aBHCH OT TOKa Ipe3 eyeKTpoMarHuture. Ot
MEXaHUYHUTE XapaKTEPUCTUKHM HA PaA3NpPENCIUTEIINTE C€ ONPEIEIAT U3UCKBAHUATA KbM EIIEKTPOHHOTO
ynpasieHue. OCBEeH JBYNOCOYHU MMa U €JHOIIOCOYHM Pa3NpEAEIUTENN — MTOJIOBUHATA HA MTOKA3HUS I10-
rope. B To3u cimydail ynpaBieHHETO € €IHONOJSIPHO M C€ YIIpPaBisABa CaMO €JHAaTa Marucrpajga KaTo
NeOUTHT Ipe3 Hesl 3aBUCH OT TOKA Ipe3 eleKTpoMarHuta. CXxeMaTUYHO Pa3NpeieuTeNiT € IpeaAcTaBeH
Ha cienBamara ¢urypa. J[Bara eaexkTpoMarHura NpuBIMYaAT fIpaTa KaTo CBUBAT NPYXMHUTE U MECTAT
muobpa. B nagen MoMeHT paboTu camo euH enekTpoMarHut. IHuOGbpbT € TsU10 ¢ MHOTO IVIAJKU CTEHU U
TOYHM pa3Mepu. Tol oTBaps M 3aTBaps MAacCICHUTE MarucTpaid. B ICHO Ha cxemarta ce Hamupa
UHIYKTHBEH AAaTYMK 3a [IPEMECTBaHE ¢ KOWTO ce M3MepBa IMOJIOKEHUETO Ha mMObpa. MHIYKTUBHOCTUTE
L1 u L2 ce npoMeHST B 3aBUCUMOCT OT MSICTOTO Ha ChPLIEBUHATA U OTHOLIEHUETO UM € IPONOPIUOHATIHO
Ha IpeMecTBaHeTo. He BCHMYKM XMApaBIMYHU paslpeleuTeNd MMaT TakWBa aartduiy. Torasa mpu
YIOPaBIEHUETO CE Pa3uuTa Ha MOCTOSHCTBO HAa XapaKTEPUCTUKUTE Ha MPYKUHUTE U Ha €. Maruuture. B
MHOT'O ClIy4au 3a oOpaTHa Bpb3Ka ce M3I0J3Ba HE MPEMECTBAHETO Ha INOBpa, a pe3yaTaThT OT paboTaTa
Ha M3IBJIHATEIHOTO YCTPOUCTBO — XUAPABIMYEH HWIMHIABD WIA MOTOP, KOETO € MO-IPABUIIEH MOAXOM.
Ot ¢durypara ce BIKJa, 4e B JBETE MOCOKU YYacTBAT Pa3IMUHU NPY>KUHU U €JI. MarHUTU. ToBa U3UCKBA U
pa3IUYHU XapaKTEPUCTUKU (KOCPHUIIMEHTH HA yCWIIBAHE) HAa €NIEKTPOHHATA YacT 3a JBeTe mocoku. Mma u
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CHCIU(PUIHA W3WCKBAHUS CBBP3aHU C HAJOXKWIHMS CE HAYMH IO KOWTO C€ TOJaBaT YMpaBJISBAIIUTE
curHanu. ToBa OOMKHOBEHO CTaBa C HANPEKEHUS, MPEABAPUTEITHO HATTIACEHH C MOTCHIIMOMETPU, KOUTO
Ce TPEBKIIIOYBAT C pelieTa — T.€ YIPABJISBAIIUAT CUTHAI C€ TPOMEHSI CKOKOOOpa3HO. AKO U MIMOBPBT ce
MPEMECTH PSI3KO MOXKE Ja ce MONydd XujapaBiauueH yaap. OCBEeH TOBa ¢ XHApaBIMKa OOMKHOBEHO ce
YIpaBIsBaT TEKKU MAIIMHU C TOJIsSIMa UHEPTHOCT. [lo-mpaBuiIHO € MBMKEHUETO HAa MHOBbpa U ChOTBETHO
MOJIaBaHETO Ha MAacllOTO Ja CTaBa IUIaBHO C OTpaHMYEHA CKOPOCT HA HApacTBaHE HAa M3XOIHMS CHTHAI,
KOSATO B 3aBUCUMOCT OT KOHKPETHATa MaIllMHA J]a MOKE JIa C€ HACTPOMBA.
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XuApaBIUYHUAT pa3npeaeauTen uMa u Apyru ocodeHoct. Ha ¢urypara no-rope e mokasaHo kak
muOBPBT 3aTBaps Marucrpainara. M3BeCcTHO €, 4e B MAIIMHOCTPOEHETO HE MOXE Ja ce paboTu ¢
abcooTHA TOYHOCT. B maeanmHus cioyvail 1bJkMHaTa Ha IUOBpa TpsiOBa Ja € paBHA Ha Pa3CTOSHHETO
MEXJly JIBET€ BBHIIIHM CTEHU Ha MarucTtpaiure. B cpenHo mosoxeHue U JBeTe 1€ ca 3aTBOPEHU U MpHU
Hall-MaJlbK CHUTHaJ B €JHa WIM Jpyra IOCOKa MaclioTo Ili¢ MPOHMKBAa B ChOTBETHAaTa Marucrpaia. B
peanHu yclioBUs HUOBPHT ce U3pabOTBa C HAKAKBA IpEIIKa B pa3MEpUTE U 1e ObAe MO-ToJIIM WM IO0-
masbK. Korato e mo-mambk MacioTo Ie ce MoJaBa M IO JABETE€ MarucTpalyd €AHOBPEMEHHO KOETO €
HEJOMyCTUMO. 3a Jla HE CTaBa TOBAa IIMOBPBHT BUHATH CE MPAaBH MO-TOJIIM OT HEOOXOJUMOTO Taka, 4e U
IpY JI0JIHAaTa IPaHuUIla Ha JAOIMYCKUTE MpU M3paboTKa JBETe MarucTpaiy Jia ca 3aTBOpeHU. ToBa Hajara B
XapaKTepUCTHKATa Ha YCUJIBATElNs Ja c€ BbBEAE CTHIAJIO0 B HauajaoTo. [Ipu Hali-mMabk CUTHAN MUOBPBT
TpsiOBa Ja ce mpemecTu ckokooOpasHo ¢ 4 . Toa npemecTBaHe TpAOBa Jja ce HACTPOIiBa MHAUBUAYAIHO
3a BCEKM DPA3NpPElENIUTEN M 3a BCsAKA MOCOKA. JIOKOJIKOTO /Bara €J.MarHuTa M JIBETE NPY’KUHU HE ca
€/IHAaKBH € MPEIBUJCHA U HACTPOIiKa Ha HaK/IOHA (YCHUJIBAHETO) MOOTJEIIHO 3a ABETE IOCOKH.

bnokoBata cxemMa Ha EIEKTPOHHO YCTPOWCTBO 3a YIpAaBICHHWE Ha INPONOPLUUOHAIHU XHUAPO-
pasnpenenuTeny (B XuapaBiukara - “EnekTpoHeH ycuiBaren”) BKIIOUBA HAKOJIKO 3abJDKUTETHH OJ0Ka.
ToBa e mpenu BCUYKO 3axpaHBaHe KoeTo oT 24(12) V u3paboTBa BcHYkM HEOOXOOMMH 3a paboTaTa Ha
YIPaABJICHUETO HANpPEKEHHUS. TeXHHUAT Opoi, MONAPHOCT U CTOMHOCT 3aBUCAT OT M30paHaTa cxema, HO
3aILJDKUTEIIHO OT YCTPOMCTBOTO TpsOBa Ja “M3nM3aT’ JIBE CTAOMIM3WPaHU HAMPEKEHUS C pa3inyHa
nossipHocT +/- 10(5)V. Te3n HanpexeHus: 3axpaHBaT MOTCHIIMOMETPUTE C KOMTO Ype3 pejieTa ce mojaBaT
KOMaHauTe KbM ycuiBarens. CTaOMIHOCTTAa Ha TE3M HANpPEKEHUs ONpeNeliss U TOYHOCTTa C KOSTO Ce
MO3UIIMOHUPA MUOBpa.

Jlpyr 3abIDKUATEINIEH €JIEMEHT € CyMHUpAll] YCUIIBATeN ¢ TPU U IoBede BXoja - Oydepupa u cymupa
yIpaBiIsSBaLIUTE CUTHAIU. B n3Xxona Ha ycunBaTesns uma (GOopMHPOBATEN HA YIPABIABALINS CUTHAT KOUTO
HE T03BOJIsIBA CKOKOOOpa3HO u3MeHeHue. Hapwua ce pamna (nnmardopma) M 3agaBa MakCHMaiHaTa
CKOpPOCT Ha M3MEHEHHE, KaTo MOOTAEITHO Ce HACTPOWBAT CKOPOCTHTE Ha HapacTBaHe U crajaHe. TpsoBa
Jla IMa Bb3MOXHOCT 32 M3KJIIOYBAHE HAa pamIiaTa — Hajlara ce pu oOcCiIy>KBaHe M HaCTpOMKa.

3aIBJDKUTENIHN Ca HACTPOMKHU Ha XapaKTEPUCTUKUTE — HA CTHIAJIOTO U HA HaKJIOHA (YCHUIIBAHETO)
U TO MOOTAEIHO 3a JIBeTe MOCOKU. ToBa ce Hajlara no NpUYMHU NOAPOOHO KOMEHTUPAHU TO-TOpeE.

OcBeH Te3u “3abIDKUTETHN OJIOKOBE MOBEYETO MPOU3BOAUTENN 100aBAT U JOMBIHUTEIHH . Te
OT €JJHa CTpaHa MoA0OpsABaT NapaMeTPUTE Ha yCHJIBATENIUTE, a OT Apyra JAaBaT JOINBIHUTEIIHU y100CTBa.



Hsxon YCHUJIBATCIIW UMAT BXO/[] 3@ MHAYKTHBCH AAaTYHK 3a U3MCPBAHC HA I[GI\/JICTBI/ITCJ'[HOTO MPEMCCTBAHEC Ha
muObpa — MOKa3aH B cXxeMaTa Ha MPONOpLUOHATHUSA pasnpeaenuren. O6paTHaTa Bpbh3Ka OCBIIECTBEHA 10
TO3HM HAYMH MOXeE JIa C€ U3KITI0YBA KOTaTO M3IOJI3BAHUSAT pa3peesuTell HsMa BrpaJeH JaTYHK.

Jlpyro Ba)xHO AONbJIHEHHE € OJIOK 3a MOAYJIMpaHe Ha M3XOJIHHUS CUrHajd. ToBa cTaBa ¢ MaJka
amrutyna u decrtora ot 50 mo 200 Hz. B Hskoum pemieHusi amMIuIUTyJaTa MOXKE Ja C€ HACTpoiiBa, a
yecToTara Ja ce M30upa MeXAy HSAKOJIKO CTOMHOCTH B 3aBUCHMMOCT OT KOHCTPYKLHATa U KOHKPETHOTO
npuiIokeHue Ha pasnpenenurens. M To3u 6ok Moxe na ce uskitouBa. Hapuua ce dither. 3anauara Ha
TOBa MOJYJIUpaHE € Jla Hakapa MHObpa Ja TPENTH HENPEKbCHATO ¢ MajKa aMIUTUTYAa. Taka TpUEHETO ce
HaMajsiBa, MOJA00psBa CE€ CMa3BAaHETO M KaTO KPaeH pe3yJITaT YIpPaBICHUETO CTaBa MO-TUIaBHO. AKO HsMa
TaKbB OJOK MMOBPHT MOHAKOI'A JIEKO “‘3aKIMHBA’ M KOraTo TpsiOBa Ja ce MPeMecTH ce MOody4aBar yaapu U
paskosiebaBane. [lpu HIKOHM MpHITOKEHUS 00aue, TO3U OJIOK TPsAOBaA /1a ce M3KIF0YBA 3aI[0TO Pa3TPENTIBa
IsU1aTa XUApaBIMYHA CHCTEMA.

Karo mombiHeHMe ce M3MONM3BAT M pa3NUYHU OJIOKOBE 3a MHAMKALMWS W 3amuTH. Upe3 Tax ce
IIOKa3Ba MOCOKaTa Ha JBWKEHHE KaKTO U Pa3IMYHU aBapUilHM CUTYyallMM — IIPETOBapBaHe MO TOK, KbCO,
NpeKbCBaHe Ha Kalenu, MperpsiBaHe, yIpaBisBalld CUTHAIN W3BBH HOpMaTa u 1p. Korato mma obpaTHa
Bpb3Ka (C MHIYKTHUBEH JIaTUMK) Ce CIeIAT HeHHUTE apaMeTpu U U3MPABHOCT.

[Ipu enHOMOCOYHN pa3npeeNuTeNd U yIPaBIEHUETO € €HOIOCOUYHO — 3a/1aBallluTe HAIpPEeKEeHUs
ca €HOIOJISIPHY, YIPABJIsiBa CE €UH €J1. MarHUT, HACTPOMBAT CE€ XapaKTEPUCTUKUTE U PaMIIUTE camo 3a
eiHa nocoka. Mima cnenuanu3upaHy yrpaBieHHs 3a €JHOIOCOYHH PA3NpPeeIUTEeNN, a €CTECTBEHO MOorar
Jla ce U3M0I3BaT U ABYIIOCOYHUTE .

MHOro MOIIIHM ¥ TE€KKH MAIIUHU CE€ YIIPABJSBAT C PA3NPEICIUTENIN C IBYCTHIIATHO yIPABJICHHE.
[IspBOTO CcTHMIANO € pa3mpeeNuTeN ¢ eNeKTPUIECKO YIpaBIeHHe OMUCaHo Mmo-rope. Broporo crhmano e
C XMJIpaBIMYHO yIpaBieHue. Tyk MUObpHT ce MPEMECTBA ¢ MAcyo 3alll0TO CUjlaTa Ha €JIEKTPOMarHUTUTE
HEe € JocTarhbuHa. [IbpBOTO cThMamo mpemecTBa mUObpa Ha BTOPOTO. KOHTpONephT mpeaHa3HaueH 3a
NBYCTBIIATHHU pa3NpeieuTeNId BUHACM HMMa BXOJ 3a oOpaTHa Bpb3Ka (MHAYKTHUBEH [aT4WK) 3a
MOJIO’)KEHUETO Ha MHUOBpa BBB BTOPOTO CThMHano. [lo MmiaBHO M yCTOWYHMBO yHpaBleHHE CE€ MOJydyaBa
KOTaTo UMa oOpaTHa Bpb3Ka U OT JIBaTa PaspeIeIIUTEIs.

Ha cxemara e nanen npumep 3a enekrponeH ycwisaten Tun EV22K1 na pupmata HAWE. Toii e
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JIBYTIOCOUYEH, 0e3 oOpaTHa Bph3Ka 3a IMOJOKEHHETO Ha MHObpa (pa3urTa HA CTAOWIIHU TapamMeTpu Ha
pasnpeaenurenst). KbM oTaenHuTe CThIana ca IOKa3aHW CHOTBETHUTE HAcTpoiku. M3mon3BaH e
MUKPOKOHTPOJIEP, HO HETOBUTE (PYHKIIMM Ca HACOUEHHU MPEAUMHO KbM MHAMKAIMATA U 3alIUTUTE. MHOTO
MHTEPECHO € pa3BUTHETO Ha CXEMHUTE pelleHus npe3 ronunure. [lokasanara cxema e ot M. Mapt 1994r.
B nonmenHuTenHaTa nuTepaTypa D78171-01D . pdf € MoKa3aHa cxemara oT M. HoemBpu 1999r. 3a cbuioro
ynpasieHue. Buxna ce, ye BMECTO JiBe, € HallpaBeHO €IHO KPalHOTO CThIANIO 3a yNpaBJIEHUE Ha JiBaTa
es1. MmarauTa. OcBeH ToBa (YHKIMUTE Ha MUKPOKOHTpOJIEpa ca CTECHEHH. B cTapust BapuaHT (1mokasaH 1o-
rope) KOHTPOJIEPBT 3ajaBa IIOCOKaTa Ha JBUKEHHWE M CIEAM TOKAa B KpaillHUTE cTbhlaja, KakTo M
“oTroBaps” 3a 3alUUTUTE I10 NPETOBAapBaHE. B HOBOTO pelIeHNne KOHTPOJIEPHT yIIpaBiisBa CBETOAUOANTE,
CJIEZIN 3a KbCO U MPEKBbCBAHE, BKIIOYBA U M3KIII0YBA KpaltHOTO cThhano. [logobpeH e 3axpaHBaiusaT 010K
KaTo € pa3lMpeH o0XBaThT Ha 3aXpaHBAIIUTE HanpexxeHus — 9-32V.

B EViM2.pdf (D7831. pdf Ha HEMCKHU €3HMK) € MOKa3aH EJEKTPOHEH YCHJIBATEN 3a €IHOMOCOYHU
pasnpenenutenu. Buwkna ce, ye HAMa CBIIECTBEHA pa3iiKka B OJIOKOBETE U HACTPOMKUTE B CPABHEHHE C
nBynocouHute. Ha BTopa crpanuia oT MaTrepuana ca NOKa3aHW M BApUAHTUTE Ha OCHOBHUTE CXEMH Ha
CBBbpP3BAHE Ha YCUJBATENsI KbM YIPABICHUETO W €JI. MarHurta. To MOXKe Ja cTaBa pPBYHO C
MOTEHLMOMETHP, C MPEBKIIOYBAHE Ha pesieTa, ¢ OyTOH 3a 3aJiaBaHe Ha J[BE MOJIOKEHHSI, JUCTAHIIUOHHO C
ToK OT 0 10 20 MmA u T.H.

AKO 00001TMM H3TI0KEHOTO JOTYK 32 M3MCKBAaHHMATA KbM €JIEKTPOHHHUTE OJIOKOBE 3a YIpPaBJICHUE
Ha XUJPaBINYHU Pa3NpeleNuTeNn (eIeKTPOHHN YCUIIBATENIN) CE MOIyYaBa CIeJHOTO:

- Ja paboTAT OT HeCTaOMIM3UPAHO, IPABO MIIM MPOMEHIMBO 3axpaHBamlo Hampexenue 24(12)V.
ToBa u3UCKBaHE HE € KOMEHTUPAHO HO C€ ONpENelis OT HAJOKHWINTE Ce MpaBUiia MPU U3TPAXKAAHETO Ha
es. Tabsa 3a ynpaBieHue. Taka HapeyeHOTO “‘omepaTHBHO HampexeHue € 24V. Yecto e mpeaBuaeHO
(GUITpUPALIUAT KOHAEH3aTOP HAa U3IIPABUTEINA Ja € BHHILIEH 32 yCTPOHUCTBOTO.

- O710KBT U3paboTBa 1B cTaOMIM3UpaHu HampexxeHus +/- 10V ¢ KouTo /1a ce 3aXpaHBaT CXEMUTE
3a 3aJlaBaHe Ha yrnpaBiIeHUueTo. ToBa OOMKHOBEHO ca MOTEHIIMOMETPHU W/UIIH pelleTa.

- YNpaBIIEHUETO Ha €J.MarHUTHTE TPsSOBa J]a € IUIaBHO, KaTo “IiaBHOCTTA” ce perynupa. Ilpu
HEO0XOIMMOCT TO3U PEXHUM MOKE /1a C€ U3KJII0OUBA M KbM €JI. MAarHUTHUTE CE [10/1aBa TOBA KOETO c€ MoJjaBa
Ha Bx0J1a. OOMKHOBEHO M3KIIOYBAHETO CE€ M3MOJI3Ba PH TECTOBE M HACTPOUKH.

- B IIpe/laBaTeIHUTE XapaKTEPUCTUKH TPsIOBA 1a MMa CTHIAJ0 (CKOK) B Ha4ajaoTo. ToBa cThIANo U
YCWJIBAHETO CE€ HACTPONBAT MHANBUYaIHO KbM BCEKH pa3NpEACIUTEIL.

- KOraTto yCTPOWCTBOTO € JBYNOCOYHO M MMa U3XOJHM CThIIANA 3a [[Ba €J1.MarHUTa € HeJIOMyCTUMO
TE Ja ce 3aJelcTBaT eqHOBpeMeHHO. OOMKHOBEHO HMMa 3aIlUTH 10 MaKCHUMaJeH TOK, MPEKbCBaHE Ha
CBBP3BALIUTE IPOBOJHHIIN U NPETPSIBAHE.

- KpaliHuTe crhiana ce Mmoxynaupar ¢ yecrora 50-200 Hz 3a no miaBHO yIipaBiieHuUE.

- B HAKOM yCTpOMCTBa MMa OJIOK 3a paboTa ¢ MHAYKTUBHM JaTYUIM C KOMUTO TOYHO CE€ OMpeAess
NOJIOXKEeHHEeTOo Ha mHObpa. ToBa € 3abIDKUTEIHO MTPH ABYCTHIIATHU PA3IPEACTUTEINH.

Bwvnpocu:

1. KakBo npencrasisBar NpornopLUUOHAIHATE XUAPABINYHY pa3IpeeaUuTenn?

2. KakBu ca OCHOBHUTE M3HCKBAHUS KbM EJIIEKTPOHHUTE YCTPOWCTBA 3a yNpaBJCHUE Ha
MPOMOPIMOHAIHUA XUAPABIUYHU pa3lpeaeIuTenn?

3. 3amo ¢ Heo0X0IMMO CTHIAIO B HAYAJIOTO HA XapaKTEPUCTUKATA HA YCUIIBATENS?

4. 3amo W3XOAHUST CHTHAT KbM €JI. MArHUTHTE TPSOBa Ja C€ MPOMEHs TUIABHO U 3aIl[0
TpsiOBa Jla ce HacTpOiBa CKOPOCTTa Ha HapacTBaHe/cragaHe?

5. Kora ce Hanara miaBHOTO U3MEHEHHE HAa U3X0/Ia Ja C€ U3KII0UBa?
3amo TpsOBa a ce HaCTPOWBa YCHIIBAHETO HA yCHIIBATEIS ?
3a10 yCUIBaHETO MOXKE J1a C€ HACTPOWBA MOOT/CIIHO B IBETE TOCOKH +/-?
3ano ynpasisiBalllys €J1. MAarHUTUTE TOK ce MoayJupa’?
C kakBa 4ecToTa ce MOJIyJIMpa U3XOAHUS CUTHAJI MTOAaBaH KbM €J1.MarHUTUTE?
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YaTpa3BykoBO H3MepBaHe HA CKOPOCT M 1e0MT HA TEYHOCTH.

To3u MeTo ce M3Mo3Ba 3a U3MEPBaHE B CPEAN KBJIETO € TPYIHO J1a CE M3MOJI3BA KIACHUECKUST MOAXO]] C
TypOuHa (mepka). OOMKHOBEHO TOBa € Ha MECTa KbJETO ACOUTHT € oM (LIEHTPAIHU BOJOTIPOBO/IN) FITH
TEYHOCTHTE Ca CHJIHO 3aMBPCEHH, MM MMAaT MEXaHMYHH BKIIOYBaHUs (OMxa moBpeawnu TypOWHATa), a
CBIIO TaKa KOTaTo JAMPEKTHHUAT KOHTAKT C TEYHOCTTa € HEJOIyCTUM — MHOT'O BHCOKH TEMIIEpaTypH,
arpecUBHHU Cpeu (KUCEIMHH, OCHOBH U JIp.).

MeToabT ce OCHOBaBa Ha MPOMSIHATA HA CKOPOCTTa Ha Pa3NpOCTpaHEHUE Ha 3ByKa B TEYHOCTTA B
3aBHCHUMOCT OT TIOCOKaTa M Ha JBIKeHne. KoraTo mocokara Ha M3bUBaHE Ha 3ByKa CHBIIAJA C Ta3H Ha
TEYHOCTTa CKOPOCTTa € MO-BUCOKA U O00paTHO. /IMpEeKTHOTO M3MepBaHE Ha Ta3d CKOPOCT € TPYIAHO IO
HSKOJIKO MpUYUHHM. [Ipean BCHUKO CKOpOCTTa Ha 3ByKa € MHOTO MO-BUCOKA OT MaKCHMaJIHAaTa CKOPOCT C
KOSITO CE€ IBMKM TEYHOCTTa — paziukata e noseue oT 1000 mbTH, a P MUHUMAIHATa CKOPOCT U MHOTO
noBeye. OOMKHOBEHO TP U3MEPBAHETO Ha AeOUT Ha TeuHocTH ckopoctTa € 0,1 - 10 m/s, a ckopocTTa Ha
3ByKa e HsKosko km/s (3a Bogara 1,45 km/s). 3a na ce monyuu npueminBa TOYHOCT Ha U3MEpPBAHETO 2-
5%, TpsiOBa ;ma ce paboTH C paspelmraBama crocoOHOCT mpu u3MmepBane Ha Bpeme 1/1000000. Tosa e
MOCTHKUMO ChC ChBPEMEHHHTE CPEACTBA 3a U3MEpPBaHEe, MaKap U HE MHOTO JIECHO — TAKTOBAaTa YeCTOTa C
KOSITO C€ 3aIThJIBA BpEMEHHUST HHTEPBAI IIie TPsOBa jaa e mo-roisma ot S00 MHz.

[TpobGiiem e, 4e CKOpOCTTa Ha Pa3lpPOCTPAHEHUE Ha 3BYKa HE € TIOCTOsIHHA, IPH TOBA U3MEHEHHETO
OT OKOJIHUTE (PaKTOpH (TeMIepaTypa, ChCTaB | JIp.) € MHOTO HO-TOJIIMO OTKOJIKOTO H3MEHEHHETO, KOETO
ce ToTyyaBa OT JIBI)KEHUETO Ha TeYHOCTTa . [1o Ta3u mpuumHa, 1opu 1a ce u3MepBa AUPEKTHO CKOPOCTTa
Ha Pa3npocTpaHeHue, e TPSOBa Ja MMa KOHTPOJIEH KaHAJ ¢ KOWTO /1a ce M3MepBa MOMEHTHATa CKOPOCT
Ha pa3NpoCTpaHEHHUE Ha 3ByKa. ToBa MOXeE Jla CTaHe KaTO C€ M3MEpBa CKOPOCTTA Ha Pa3MpOCTpPaHEHUE
NEePIEHINKYJIIPHO Ha MOTOKA. TakbB MOIXOJ MOXE Ja CE€ pealn3upa, HO Ie U3UCKBA M3MEPHUTEIH Ha
BpeMe ¢ pa3pelnaBaiia cnocooHoct 1-2 ns.

Nma pemenne ¢ mo-nmpoct cpeacta. To ce 0CHOBaBa Ha BPEMETO 3a pa3MpOCTPAaHEHHE HA 3ByKa
B eHaTa MOocoKa U o0paTHO. AKO UMaMe U3TbuUBaTeNl M MPUEMHUK Ha pa3CTOsiHHUE [, BpeMeTo 3a KOETO
3BYKOBAaTa BBJIHA TO U3MHUHABA B TTOCOKA KOSITO ChBMAJa C MOCOKaTa Ha TeuHOCTTa € t; = l/(V36+Vm), a B
oOpatHara - t;=l/(V36-Vm) . Axko B3eMeM CTOWHOCTUTE Ha I/f ¥ TH W3BaAUM Ie monyuuM I/t,-1/t
=(V36+Vm-V3e+Vm)/l unu =2.Vm/l. Buxna ce, ue B TO3M pe3yJTaT CKOPOCTTa Ha pa3NpOCTpaHEHHE Ha
3ByKa V36 He yuyacTBa. AKO ce HalpaBH Taka, ue f»( ¢; ) la e mepuojia Ha CUrHail, To I/f 1ie e yecroTaTta
My. Pa3nmkara Mexay JBETE YECTOTH IIe € TMPOIIOPIMOHATHA Ha CKOPOCTTa Ha JBM)KEHUE HA TEYHOCTTA.

3a na ce peanusupa TO3M NPUHIUI TpsaOBa Ja ce HaMpaBU reHepaTop padboTell ¢ mepruo KOUTo na
ce 3a/1aBa OT BPEMETO 3a PEeMUHaBaHe. BCBITHOCT TPsOBAT [Ba TeHEpATOpa C MIEPHOAHN #; U f; . Y T0OHO €
Ja ce M3MO0JNI3Ba €Ha JBOWKa MpeaaBaTeN-NMPUEMHUK Thi KaTo Mue30-eeKThT, Ha 0azara Ha KOHTO
paboTAT Te3u mpeobOpaszyBaTes € oOpaTHM. 3a IMO-TOJIIMa pa3peliaBania CIIOCOOHOCT €€ HW3IOJI3BAT
TeHepaToOpu KOUTO pabOoTAT Ha 3HAYUTETHO MO-BHCOKA (HO KpaTHA) 4eCTOTa OT Ta3H KOATO C€ IMOJydaBa
ot 1/t. Te ce cMHXPOHU3UPAT C U3MOJI3BAaHETO Ha (a3o-3aTBopeHa Bepura (PLL). Ts BkiIrouBa reneparop
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ynpaensiBan ¢ Hamnpexenue (VCO), nenuten Ha uyectora (N) u dazor gerextop (®JI). Curnanure ot
JEJIATENS] Ha YeCTOTa M TO3HM OT IMHE30-TIPHEMHHKA CE€ CPaBHSIBAT BBB (ha30BUS JNETCKTOP. M3XOTHUST
CHUTHAJI OT JETEKTOpa YIpaBisiBa I'eHEpaTropa, Karo yCTOMYMBOTO CHCTOSIHME € KOTaTO YecToTara Ha
reHeparopa € To4Ho paBHa Ha N.(1/t), kpaeTo N ¢ KoeUIIUSHTHT HA JIeJieHe. 3a Jla ce MOJIYYH TOYHO
OTYWTaHE Ha BPEMETO 7, (POHTOBETE HA CHTHAJIa TMOJAaBaH KbM MHE30-U3TbUBATENsS TPSOBA Ja ca MHOTO
CTPBMHH. 3a IeNTa Ce M3MO0I3Ba CXeMaTa M0Ka3aHa BISICHO Ha ropHara ¢urypa. B Hest Hs imMa ocoOeHOCTH




OCBEH CPAaBHUTEIHO BHCOKOTO 3axXpaHBAIl0 HAMPEKEHHWE W TUMA Ha M3MOJI3BaHUS TpaH3UCTOp. ToBa e
JaBUHEH TPAaH3UCTOP, KOMTO Mpu MojaBaHe HA CUTHAN Ha 0a3aTa ce mpoOuBa M Taka ¢popMUpa UMIYIC C
HapactBany GpoHT 1-2 ns. 1o KoakcuaieH kabes UMITYJICHT Ce MoJaBa KbM H3TbUBaTesd. KoakCcHaTHUAT
Ka0el e 3aIbJDKUTENCH 32 a ce peaaae KpaTKUiT (PpoHT.
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B meiHaTa cxema mMa JOMBIHUTETHHU CThIIANA ¢ KOUTO JIa CE€ OCUTYPH €IHOBpEMEHHaTa pabora
Ha JBara reHepaTtopa. [Ine3o-eJeMeHTHTEe TOCIIE0BATEIHO Ce PEBKIIOYBAT OT MPHEMHUK B TIpeIaBaTel
u oOpatHo. CUTHAIIBT 3a MpenaBareisl € XUIsAu IbTH MO-TOJISIM OT CHTHAJIa OT PUEMHUKA. 3a /1a He ce
MOBPEIM WJIM TPETOBApU MPEIyCHIBATEITHOTO CTHIAIO, TO CE W3KIIOYBA KOTATO CHOTBETHHUS ITHE30-
€JIeMEHT u3IbuBa (00K On/Of£).

JBata mmnyncHu renepatopa (MI') paGoTsaT Ha emHa M ChIA YE€CTOTA, KAaTO TOCIEIOBATEITHO
U3II0JI3BAT 3aKbCHUTETHHS KaHaM Mpe3 TeYHocTTa. MiMmyicuTe ca Taka pa3MecTeHH, 4e Jia He CU mpeyar.
Toii kaTo JBEeTE 3aKHCHEHUS HE Ca €THAKBU (OCBEH B HEIOJBIIKHA TEYHOCT) TOCTEIIEHHO WMITYJICHUTE
(koHUTO ce mpHueMar) ce MpHuOIKaBaT 1 HEMHUHYEMO OMXa Ce 3aCTBHIIWIM C U3ThYBAHUTE. 3a J]a HE CTaBa
TOBa YNIPAaBJICHUETO T'M CIEAW W KOTAaTO Te ce MOOIIKAT Ha MO-MAJKO OT YETBBPT MEPHOM, CAHHUSAT
UMITYJIC Ce MpeMecTBa (IIPOITyCKa) C MOJIOBUH MEPUO/I.
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nponyceka ce

W3mepBanero Ha 1eOUT ce cBexJaa 0 ONpeNesiHe Ha pa3iiuKaTa MEXIy YeCTOTHUTE Ha JBara
reHeparopa. B usmepurens uma u AOMbJIHUTENHA 00paboTka Ha pe3yaTara. [Ipu ABMKeHHE Ha TEYHOCT B
TpBOa CKOPOCTTa HE € €AHAKBa IO IUIOTO CeYeHHE — Ha (Urypara € MoKa3aHo pasnpeieseHUeTo i Mpu
pas3nu4HU cKopocTd. Bukaa ce, ye TS € MakCUMallHa B LEHTbpa W ONM3Ka 10 HyJia MPU CTEHUTE KaTo
U3MepeHaTa CKOpocT Vm e ycpeaHeHaTa cTodHOCT. [leOuThT e HenuHeitHa (QyHKIMS Ha Ta3d CKOPOCT H
3aBUCH OT JWaMeThpa Ha TphOaTa W BUCKO3WTETa HA TEYHOCTTA. 3a Ja paboTH TOYHO TpsiOBa ma ce
U3I0J13BaT KOPUTUPALTH KOS(UIIMEHTH 32 BCEKH KOHKPETEH CITyJaid.

Ckopoctra TpsiOBa Jja ce KOpUTUpa B 3aBUCUMOCT OT bI'bJIa @ MEXKAY OCTa Ha TpbOaTa U JIMHUATA
Ha KOSITO Ca Pa3MoJIOKEHH MUE30-EJIEMEHTUTE (COS Q).

B nombnnutenHara nutepaTypa - Ultrasonic.zip, OCBEH TO3M METOJl € ONUCAaH U TaKbB C
u3Mnom3BaHe Ha epekra Ha Jlomep.

Bwnpocu:

1. KaxbB e npuHIUIBT HA paboTa HAa yATPa3ByKOBUTE AeOUTOMEpH?
2. Kakga e 6;0koBaTa cxema Ha yJITpa3ByKOB U3MEPUTEI Ha CKOPOCT HA TEYHOCTH?
3. KaxkBo ce uamepBa 3a a ce onpenesid CKOpocTTa Ha TEHHOCTTa?



Enexrponnu pH - merpu.
Tpii-kaTo TeMa Ha Te3u OENekKHU € “elIeKTpOHHaTa” CTpaHa Ha MU3MEpPBaHETO, “(PuU3MKaTa U XUMUATA ce
pasriexjaT caMo 3a olpeessHe U3UCKBaHuATa KbM pH-MeTpuTe.

Konuenrpanusra (akTUBHOCTTa) HAa BOJOPOJHUTE HOHM € TOKa3zaTel 3a KUCEIMHHOCTTa Ha
pastBopute. Ts ce aeduHHpa KaTO OTPHUIATENCH JIOTApUTBM OT akTuBHOCTTa pH= -lgAy: wmm
koHuentparusata pH= -1gCy. . B nutepatypara ce cpemar u nsere nepununuu 3a pH.
3a U3MEpBaHE Ce M3MOJI3BAT CHELUATHU €JIEKTPOIM KOWTO T'€HEepUpaT HAIpPEKEHHE, KaTO MEXKIY HEro u
KOHLIEHTpalusATa uMa Bpb3ka. HanmpexxeHneTo mo-ckopo € mpornopiroHaTHO Ha aKTUBHOCTTA HA MOHUTE.
3a ga ce u3Mepu JEHMCTBUTEIHATa CTOMHOCT Ha pH ce W3MoJy3BaT NOMBIHUTENIHHU EJIEKTPOAM Taka, 4e
M3MEPBAHETO BUHATU CE€ OCBHIIECTBSABA C JIBa €JIEKTPO/IAa — U3MEPBATEJICH U CpaBHUTENEH (Kajomenos). B
MHOTO CJIy4ad JBaTa eJIeKTpoJia ca MOMECTeHH B €IUH KOPIyC — KOMOMHHUpaH enekTpol. OOMKHOBEHO
eJIeKTpoanuTe ca 0pOpMEHH KaToO EMPYyBETKHA C MHOTO THHKHU (4€CTO CTHKIIEHU) MeMOpanu. HampexxeHueTo
OT JIBaTa €JIEKTPOA €:

E-E¢ =-(2,3RT/Zy+F).(pH-pHy)

R — ynuBepcaina razoBa KOHCTaHTa F — xoncranra Ha ®apanen
T — abcomoTHa TemMneparypa Zy+ Opoii 3apsiam (3a BOIOPOIHUS aToM = 1)

Ta3u Qopmyna e yHHBepcalHa M MpPH MOAXOISANIM E€IEKTPOAM C€ M3MOJ3Ba 3a M3MEpBaHE Ha
KOHLIEHTpaUusATa U Ha APYrd WOHU — HAIIPUMEDP HUTpATH. BbB BCUUKU Cilydau CPAaBHUTEIIHUAT €IEKTPOL
TpsiOBa Ja MMa CTAOWJICH U TTOBTOPSIEM TOTCHITHAI.

Ot popmynaTa ce BUKIa, Y€ U3XOJHOTO HAIMPEKEHUE, OCBEH OT KOHIEeHTpanusTa (pH) 3aBucu u
OT OKOJIHAaTa TeMIiieparypa. UucieHara cTOMHOCT Ha Koe(UIIMeHTa, KaTO CE€ 3aMECTIT KOHCTAaHTUTE BBHB
dopmyara, e 54,197+0,1984T, 1.¢ oxoio 59,16mV/pH 3a Temmneparypa 25 °C.

CroitHocTuTe Ha pH ce MpOMEHST B IpaHUIIUTE OT —2 3a KOHIEHTPUPAHU KUCEINHU 10 16 3a Hali-
CUJITHUTE OCHOBH, KaToO 3a HEyTpaJieH pa3TBop pH=7.

Enextponute ca CloXHM U3ENHUS U TPYIHO c€ U3paboTBaT ¢ eqHakBU mapamerpu. OCBEH TOBa B
mpolleca Ha EKCIUIoaTalusl T€ MPOMEHST MapaMeTpPUTe CH — Haii-Beue Claja YyBCTBUTEIHOCTTA. ToBa
Hajara Ja ce MpeABUAAT BB3MOXKHOCTU 3a HAcTpoMkHu. EnexTpuueckara Bepura ce 3aTBaps Ipe3
€JIeKTPO/Ia, TIpe3 ThHKATa CThKIECHA MeMOpaHa, KOSTO € TMO-CKOpO m3oJjiaTop. ToBa mpearoiara MHOTO
BHCOKO M3XOJHO CHIIPOTUBJICHHE Ha €JIEKTPOJIa, KOETO B 3aBUCUMOCT OT KOHKPETHOTO M3MBIHEHHUE € OT
10-1000MQ. ExBuBaJIeHTHAaTa CXeMa Ha EJIEKTPOJa BKJIIOYBA W JIB€ BPEMEKOHCTAHTH — e€JHaTa 3a
JMOCTUTaHEe Ha JUHAMWYHO PaBHOBECHME HA HOHHWTE, a JpyraTa 3a W3paBHJIBAHE Ha TEeMIIEpaTypuTe Ha
€JIEKTpOJIa U pa3TBOpa — 001110 0KoJI0 1-2 min.

Karo ce 060011 BcHuKo TOBa, M3UCKBAHUATA KbM €IEKTpOHHHS pH-MEeThp ca cienHure:
- 1a ©3MEpPBa NMOCTOSIHHO HampexeHue B ooxsara oT —1000mV mo 1000mV.
- J1a *Ma MHOT'O BUCOKO BXOJIHO CBIIPOTUBIICHUE >102 Q.
- Koe(pHIIMEeHTHT My Ha MpeAaBaHe J1a 3aBUCH OT TEMIIEpaTypara.
- Jla ce HacTpoOMBa JECHO U OBP30 KbM H3IMOI3BAHUS EIEKTPO/I.

Hsxown ot Te3u u3nckBanus He ca TpyaHo u3mbianuMu - 0.001 pH (ToBa € MakcuManmHaTa pazyMHa
paspemiaBaiia ciocoOHOCT mpu u3MepBane Ha pH) o3HauaBa okono SOUV pazpemaBaiia crmocoOHOCT 3a
M3MEPBAHE HA HAINPEKEHUE. B CHIIOTO BpeMe M3MCKBAHETO 3a BUCOKO BXOJIHO CHIIPOTHUBIICHUE (>1012§2
mo craHaapt) ¢ mnpooOsieM. ChbBpEMEHHUTE OIEPAIMOHHU YCWIBATENIH M crenuaaHuTe asoiiku MOS
TPAH3UCTOPU UMAT JOCTATBYHO BUCOKO BXOJHO CBHIIPOTUBIICHHE (>1014 (), HO TPYAHOCTTA CE OMpEAeIs
OT MHIYKTUPAHETO Ha CMYIICHUS BbPXY TOBA BUCOKO CBHIIPOTHUBIICHHE U OT BIMSHHETO HA 3aXpaHBalaTa
Mpeska. Mi3MepBaTeTHUAT eJeKTPO/ 3a€HO C pa3TBOpa ca eHa royisiMa “‘aHTeHa” KOSTO ChOMpa BCAKAKBU



€JIEKTPOMArHUTHH M3TbYBAHUSA. 3aTOBA NPH HAKOM TPWIIOKEHHUS CE€ Hajara aBTOHOMHO 3aXpaHBaHE OT
Oarepus U OCBEH TOBa CUHXPOHU3AIM Ha U3MEPBAHETO C MPEKOBATa YECTOTA.

[IpomsiHaTa Ha KoeHIMEHTa HA MpenaBaHe OT TeMIlepaTrypaTa Ce pealin3upa aBTOMATUYHO WU
pbuHO. ToBa cTaBa KaTo ce MpoMeHs KOoe(UIIMEHTHT Ha yCUJIBaHE Ype3 MpoMsiHa Ha pe3ucropute B OB —
XapAyepeH MOAXO0J WU MPOrpaMHO KaTO Ce MPOMEHST KOeQHUIMEHTHTE BBB (Qopmynarta. 3a Ta3zu mem
TpsOBa Ja ce U3MepBa WMJM 3ajiaBa TeMIlepaTypaTa, KaTo M3BECTeH MpoOsieM NpH TOBa HU3MEpBaHE €
YCTOMUYMBOCTTA Ha KOPO3Us HAa CEH30pa 3a TEMIIeparypa.

Hactpoiikata Ha ypesna KbM eJIeKTpoJa BKIIOUBA JBETE “KJIACMUECKH HACTPOMKU — HAa HAKJIOHA U
Ha Hysata. OOMKHOBEHO 3a HACTPOWKa ce M3IOJI3BAT Taka HapedeHuTe OydepHu pasrBopu. Toma ca
CTaHJApTHU Pa3TBOPH ChC CTAOMJIHM MapaMeTpu KOMTO 3ama3BaT cToWHOcTTa Ha pH mpu 3HaUMTENHO
paspexaane u 3ambpcsiBane. [Ipy ToBa ce M3MOI3BAT IMOHE /1BA €TAJIOHHU Pa3TBOPa, KATO CTOMHOCTHTE Ha
texHute pH ce mpenopbuBa a ca B KpaMiara Ha o0XBara B KOHTO mie ce m3nonsBa ypena. IIpu mo-
CHBPEMEHHUTE ypeINd HACTpOWKaTa € IOYTH aBTOMAaTH3UpaHa — EJIEKTPOABT C€ TOCTaBs B CIUHHA
Oy(epeH pa3TBOp U ce BbBEX/Ja CTOMHOCTTA Ha HeroBus pH, cien ToBa onepanusTa ce IpaBu U C APyTHs
pastBop. CodTyepbT 1O 1BE TOYKHM HM3YMCIISABA TIpaBaTa JIMHUS Ha XapaktepucTtukara. [Ipm ppuHa
HACTpOMKa € MO-TPYyJHO M C€ HajJarar HAKOJIKO wuTepauuu. IIbpBO ce HacTpoiiBa HakjoHa Ha
XapaKTepUCTHKATa, KaTo CEe HariacsiBa CTOWHOCTTa Ha pasnukaTta Mexay pH Ha aBara pastBopa. Cren
TOBA XapaKTEpUCTHUKATA ce “HyJupa’ uype3 HaCTpOoika Ha TOYHATa CTOMHOCT. ToBa MOXke Jja cTaHe ¢ TPeTH
pa3tBop ¢ pH B cpemara Ha oOxBara. JKemaTemHO € KaueCTBOTO Ha HACTPOWKa J1a ce MPOBEPU C OPYTH
pa3tBopH. 3a noayuaBaHe Ha ToyHocT 0,001pH ypeaute ce kamuOpupaT mpeau camoTO U3MEpBaHe, 3a
0,01 — exxeqneBHO U T.H. ToBa ce Hajara mopagyd 0COOEHOCTHTE Ha €JIEKTPOJa, a HE Ha €JIEKTPOHHATa
yacT. [Ipu nHTEeH3UBHA paboTa “KUBOTHT HA €IIMH EJICKTPO] € 1-2 ToauHu.

Jlpyra ocoOCHOCT Ha €JIEKTPOANTE € BPEMETO 32 €IHO M3MEpBaHe— OOMKHOBEHO MPOAbKaBa 1-5
min. Kpurepuii 3a kpail € ckopocTTa Ha MpoMsHaTa Ha pe3yjiTara M 3aBHCH OT MCKaHaTa ToyHOCT. Ilo-
TOYHHTE W MOJIEPHU ypEeIW WMAT BrpaJieHH aJrOpUTMH 3a TPOTHO3HMpaHe Ha pesynrara. [lo xoma Ha
MIOKA3aHUETO, KaTo Ce 3Hae MOBEJCHUETO Ha €JIEKTPOAa, ce “TIpelBUKIa” KpalHOTO moka3aHue. Pa3oupa
ce rpelkara e no-rojisma, Ho paborata ce yckopsasa 5-10 mbTu.

[To-nony ca nagenu npumepu 3a pH-merpu. IIbpBaTta cxema e Ha mpocT, MPEHOCUM, OaTepueH
ypea. 3a rojsiMO BXOJIHO CBHIIPOTHBIIEHHE c€ W3IMoN3BaT chcTaBHU FET+Oumomspuu Tpansuctopu. C
HNOTEHIIMOMETPUTE B TOpHATa 4acT Ha cXeMmaTa Cce HM3BbpIIBA IOCTOSHHOTOKOB OanaHc. Jlpyrure aBa
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noteHimomerspa P1 u P2 cmyxkar 3a Hactpoiika Ha pH enextpona. He e mpeasuaena temmepaTypHa
KOMIIEHCAIIHsI 3aTOBa 3a MO-TOJsMa TOYHOCT KaluOpupaHeTo TpsOBa Ja CTaBa HEMOCPEICTBEHO Mpeau
u3MmepBaneTo. C To3u ypen ce nmoctura Tounoct 0,05-0,1 pH. Ha cxemaTa He € moka3zaH MpeBKIIOYBATENS
C KOMTO ce mpoBepsiBa ChCTOSHUETO HA OaTepusiTa.
CnenBamiata cxemMa € Ha IMO-CIOXKEH ypen ¢ mnudpoBa uuaukanus. llpenHazHaden e 3a
NPUJIOKEHHE B MPOMHUIIUICHOCTTA. 3aTOBa € MPEABHUICH U TOKOB HHTep(deiic. 3a momyuaBaHe Ha rOJIIMO
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BXOJTHO CHIIPOTHBIICHHE BXOJHOTO HampexeHHe (0T eNeKTpojia) ce MojaBa MEXAY BXOJa W M3XOoa Ha
ycwiBareis. Taka BXOQHOTO chhpoTuBieHne Ha OY ce yMHOXkaBa Mo KOSHUIIMCHTA HA YCHIIBAHE.
Hacrpoiikara Ha Hynara ce U3BbPIIBA BbB BXOJHATa BEPUId, KATO KbM HANPEKEHUETO HA EIEKTPOJAA Ce
MOoJaBa MOAXOIAII0 KOMIIEHCUPAIO HanpexxeHue ¢ noreHuuomersbpa P1. To3u moaxon m3ucksa otneneH
U3TOYHUK Ha HampexeHnue El. TemneparypHaTa KOMIIEHcAlMsl ¢€ OCBIIECTBSIBA C MPOMsSHA HA €IUH OT
pe3ucTopuTe Ha OOpaTHaTa BpbB3KAa C KOWTO C€ 3a7aBa KOC(PHUIIMEHTHT HA YCWJIBaHE Ha CTHIAIOTO.
CroitHocTTa Ha moreHiMoMeThpa P3 e mombpana Taka, ye 3aeHO C TEMIIEpPATypHUS KOC(PHUIIMEHT Ha
Pt100 na ce momyum uckanus koepuuueHt 0,1984T. Ilpeasunenu ca qBa pexuma Ha TeMIlepaTypHa
KOMIIEHCALMsI — aBTOMaTH4eH ¢ TepMo-ceH3op Pt100 u pbueH mpu KOETO Ha MSICTOTO Ha CEH30pa ce
BKJIFOYBA NOTEHIIMOMETHP. CTOMHOCTTAa HAa MOTEHIIMOMEThPa C€ HarjacsiBa (IO MOIXOJAIA CKalla) Taka,
ye Jla ChbOTBETCTBAa Ha crorHocTTa Ha Pt100 3a TemmeparypaTa mpu KOSITO C€ U3BBPILBA W3MEPBAHETO.
Hacrtpoiikara Ha HaKJIOHa Ha XapaKTEPUCTUKATa CTaBa ¢ MOTeHIMoMeTbpa P3, karo ¢ Hero ce mpoMeHs
Koe(UIIMEHTHT Ha mpenaBaHe. [loTeHIMOMETHPBT KbM M3TOYHHMKA E3 € 32 MOCTOSHHOTOKOBO HyIHpaHe
Ha MpeoOpa3yBaTessi Ha HAIPEKCHUE B TOK M Ha BOJITMETHpa. OT TONsIMO 3HAYEHUE € M3pa0OTBAHETO HA
3axXpaHBallysg MOIYJ U MpEXOBUS TpaHchopmarop. BepXy BXOAHOTO CHIPOTUBICHUE U €IEKTPOAA, PU
1-2 pF mpoxoneH kamanmuTeT MeEXAYy I'bpBHYHATA W BTOpUYHATA HAMOTKa Ha TpaHcdopmaropa, ce
UHIAYIUpAT 0Koso 20V OT MpEKOBOTO HAPEKEHHUE.

Bwnpocu:

1. Kakso e pH, konko e pH Ha HeyTpasien pazrBop?
KakBu ca ocoGeHOCTHTE Ha U3MEPBATEIHUS EIEKTPO?
KaxBu ca ocHOBHHUTE H3UCKBaHUS KbM €JIeKTpOHHUS pH-MeThp?
Kak moe na ce yckopu nu3MepBanero?
KaxBo Tpsi6Ba na € BXoJHOTO chlipoTuBiIeHHE Ha pH-MeTbpa?
KakBu HacTpoliku ca He0OXOAMMHU Ha el1eKTpoHHUs pH-mMeTbp?
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N30panu npuiioxeHus.

Ta3u Tema ce IMOATO0TBA B3 OCHOBA HA 3HAHUAmMA Ha CTYJACHTUTC, camocmoAamesiHu IpOy4YBaHus,
AOMIBJIHUTCIIHATA JIMTCpATypa U JICKIIUUTC, KaTO CC UMa MPCABUJ CIICAHOTO!:

EjekTpoHeH KoMIac—TIpUHIMITHT Ha paboTa ce OCHOBaBa Ha B3aUMOJICHCTBHETO MEXKILy 36MHOTO
MAariuTHO II0JIC U CBh3AaACHOTO B ypcaa, KaTo C€ MPOMCHA HACUIIAHCTO HAa TOPOUJAJICH MArHUTOIIPOBO.
Tpsi6Ba ma ce 3Hae kak ce onpeaens nmocokara Cerep-tOr (N-S).

Jlururaiizepu — T0OBa ca yCTPOMCTBA C KOUTO CE€ ONPEACIAT PABHUHU KoopAuHaTH. M3nonssar ce
B MEIUIIMHATA, JIeKaTa MPOMUIICHOCT, B NMPOEKTAaHTCKU Oropa M Ap. M3BecTHM ca aururaiizepu Ha
CBIIPOTUBUTENICH, KallAlIUTUBEH, HHAYKTHBEH, YATPa3ByKOB, ONTHYECKH NpUHUIUT. TpsOBa 1a ce 3Hae Kak
paboTAT, KAKBU ca MPEIUMCTBATa U HEAOCTAThLIUTE HA KaAl[UTUBHUTE, UHAYKTUBHUTE U PE3UCTUBHHUTE.

AJNlapMeHH ¥ MPOMYCKHH CHCTEMH — TOBa Ca CUCTEMH 3a KOHTPOJHMpAHE Ha JOCTHIA 10 OOCKTH.
[MpuHIMNIATE Ha M3TpaKAaHe TPAOBA /1a HAMEPSAT KOMIIPOMHUCA MEXAY CUTYPHOCT M yaoOcTBo. TpsiOBa na
ce (GopMynHpaT OCHOBHHTE MOAXOJM KOWUTO TapaHTHpAT HAAEKIHOCT (0e3aBapHiiHOCT) M CUTYPHOCT.
XenarenHo e 1a ce 3Hae NPUHIUITBT HAa pab0Ta HAa HAKOU CEH30PH 32 KOHTPOJI Ha OCTHIIA.

Bwnpocu:

1. KakbB e NpuUHIMITBT HA pabOTa Ha KOMITAC Ha EJICKTPOHEH MPHHIIUT?
2. Kak ce onpenens nocokara Cesep-tOr ?

3. KaxbB e mpuHIMIBT Ha paboTa HAa PE3MCTHBEH /UHIYKTUBEH/ KallallUTHUBEH/ yITPa3BYKOB/
qururanzep?

4. KakBn ca mnpeauMmMcTBaTa Ha pPE3UCTHUBEH /MHAYKTUBEH/ KalalUTHBEH/ YITPa3ByKOB/
qururanzep?

5. KakBu ca HemocTaThIMTE Ha PE3UCTUBEH /MHAYKTHBEH/ KamalWTHBEH/ YITPa3BYKOB/
qururanzep?

6. KakBu ca M3MCKBaHUATA KbM AJTApMCHHUTC CUCTCMHU 110 OTHOLICHHUC HA .................... ?

7. Kaksa e pa3nukara MeXIy MPONyCKHA U alapMeHa cuctema?



YIOPAXHEHME N°1

IIpoexTupane nmo mogesa (Reverse engineering)

HeJITa Ha TOBa YIIPAKHCHHC, € 1a CC OCBBPECMCHU CPABHUTCIIHO IIPOCTO YCTpOﬁCTBO,
KaTO CC¢ M3IMOJI3Ba MO-HOBA eJleMeHTHA 0a3a. XKemarenaHo e neHara Ja HC € 3HAYUTCIIHO I10-
BHCOKA OT Ta3W Ha OPHUI'MHAJIa, a OCBCH TOBa id CC ,II068,B5{T JOITBJIHUTCITHHN (I)YHKHI/II/I

VYCTpOoHCTBOTO € pene 3a BpeMe — CThIOMINEH aBToMar. To ce wu3Mmosi3Ba 3a
OCBETJICHHE HA CTBHJIOMINATA, OOMKHOBEHO 3a MHOIOETaXHH Crpajad, KaTo BPEMETO 3a
BKJIFOYBAHE CE€ 3a7aBa U € 10 HAKOJIKO MUHYTH.

3agaumn:

1. [la ce moAroTBM TEXHUYECKO 3aJaHUE 3a PEIETO B KOETO Ja Ca ONMCAHU
BCUYKH BB3MOXHU U KeJnaHu PpyHKIuu. Jla ce mpeayioxkar u HAKOU “IyKCO3HH (YyHKILIHH,
HaIpyuMep OTKPUMBAHE HA U3TOPEIIH JIAMITU, HEIMHEHA (YHKIHUS IPU TOBTOPHO HATHCKAHE
Ha OyTOHA U JIp.

2. Jla ce mpejIoKu pelIeHHe (CXemMa) Ha TaKoBa pejie 3a BpeMe, B HAKOJKO
BapHaHTa C pa3jnyHa IeHa. Bapuanture Moxe J1a ca 3a pa3iuyHa MOIIHOCT Ha JIAMITUTE,
3a HSIKOJIKO TPYIHU JaMIH U T.H. by MOrIo 3a 3axpaHBaHe Ha peleTo Ja ce M3MoJ3Ba Oe3-
TpaHc(hopMaTOpHaTa cXema OT yIpakHEeHHeE 3.

Brnumanue!

Ilpeonoscenomo pene mpaodea oa ce 6K0YU HA MACHOMO HA CIMAPOMO — m.e. 0a
He U3UCKEa NPOMAHA HA Chujecmeysauiama eiekmpuiecka uHcmanayus.!

3. Jla ce cBaiu cxeMara Ha pelieTO U OOSCHU MPUHIMITBT Ha pabota. 3a
I[eJITa MOXKE J1a C€ MIPOBENaT U HEOOXOAUMHUTE U3MEPBAHUS.

4, I[a CC CbCTAaBU OKOHYATCIIHA CXCMaA Ha IPCIAJIOKCHUCTO OT T.2.

5. Jla ce mpoBenar €KCIEPUMEHTH U MNpU HEOOXOJUMOCT Jla C€ BbBEIAT
KOpPEKIIUM B CXeMara.

6. Jla ce HampaBAT U3BOJIN.

Touxku Iu 2 ce noocomeam npedsapumenno — 0omauina paboma!

Cmyoenmume modce 0a npeonoxcam peuieHue u Ha Opy20 ycmpoucmeo ¢ noooOHa
CONHCHOCL:

- UTHIMKATOP 32 HANPEXEHUETO B MpeXkaTa C TpU HUBA (HUCKO, HOPMAJIHO U BHCOKO)
- KJIIOY 32 IUIABHO PETYJIMPAHE HA OCBETICHUETO
- YCTPOMCTBO 3a OnpeesHe Ha peaa Ha (a3ute Ha Tpuda3HaTa Mpexa

....................................................................................



YIOPAXHEHME N°2

Ynpasienue Ha 7-cermeHTHM LED unaukaropu

Henra Ha TOBa yNpa)XHEHUE € CTYJEHTUTE Ja C€ 3aMO3HASAT C YIPABICHHETO Ha
cratuuHa LED mnaukanus no MuHUMaseH Opoi mpoBOAHUIM (OOMKHOBEHO 3a HEIOCTAThK
Ha CTaTUYHATa MHIUKALIHS CE I0COYBA FOJIEMUAT OpOi MPOBOJIHUILIM KbM KOHTPOJIEPA).

Nuaukaropute ce ynpasisiBaT [0 CXEMa Ha CTATUYHA MHJMKAIUS — BCEKU CETMEHT Ce
yIPAaBJISIBA UHAUBUAYAIHO C OTAEJIECH U3X0[. M3Moi3BaHn ca IpeMeCTBAIlM PErUCTPU THUIL
74HC4094. KoHCTpYKTUBHO T€, 3a€JIHO C PE3UCTOPUTE Ca Pa3MOJIOKEHU B HEIIOCPEJCTBEHA
OMU30CT A0 MHIWKATOPUTE. YTPABIEHUETO CTaBa CaMO C €IWH CHUTHAJ, T.€¢ HEOOXOIuM e
camMoO €IMH M3XOJl Ha KOHTpOJIepa KOWTO WIe ynpasisiBa MHAMKauuATa. [lo To3u HauuH ce
Chu€TaBaT IPEJUMCTBAaTAa Ha CTaTU4YHATa (HE3HAYMTEIHM CMYLUEHUs) W JUHAMUYHATa
(MaJIKO M3BOJIM HAa KOHTPOJIEPUTE) UHIUKALIIH.

BposT Ha ynpapisiBallMTe CUTHAIM € MHOTO Ba)XKEH KOraTO C€ Hajara Jia ce M3I0JI3Ba
raJIBAHUYHO Pa3Bbp3BaHE MEKIY OJIOKOBETE.

+5V +5Y +8YvY
| | |
et et e e et e e
My O A
L] L] L]
Dabcdefgh Dabcdefgh Dabcdefgh
BE &5TH DS1J—CF‘ S5TR QS1J—CF‘ STR Qst
Pl
FB29
3agaum:

1. [Ha ce pa3dyuu cxemara Ha 3-paspsaHara LED unnukanus. [a ce pazoepe
HAYMHBT Ha ymnpasieHHe Ha npemectBamusa peructbp 74HC4094, xato ce HaueprasT
HEO0OXOIMMHTE BpeMeIMarpaMu 3a npeaaBane Ha jgorudecku 0 u 1.

2. Jla ce mpenyiokud pelleHue (cxema) Ha BXOJHMS (OpMUpPOBATEN MEXIY
KOHTpPOJIEPA U MPEMECTBALIUTE PETUCTPH.

3. Jla ce cbCcTaBM BpeMenuarpamMa Ha CUTHAJIUTE KOUTO TpsOBa 1a u3paboTBa
KOHTPOJEPHT U aNTOPUTHM 32 (HOPMHUPAHETO UM — B J1aOOPATOPHUS MAKET € HU3MO0JI3BaH
MukpokonTposaep PIC12F629.

Touxku 1 u 2 ce noozomeam npeogapumento — oomawina paooma!l
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Philips Semiconductors

Product specification

8-stage shift-and-store bus register

74HC/HCT4094

FEATURES

« Output capability: standard
* |cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4094 are high-speed Si-gate CMOS
devices and are pin compatible with the “4094” of the
“4000B” series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4094 are 8-stage serial shift registers
having a storage latch associated with each stage for
strobing data from the serial input (D) to the parallel
buffered 3-state outputs (QPg to QP5). The parallel outputs
may be connected directly to common bus lines.

Data is shifted on the positive-going clock (CP) transitions.

QUICK REFERENCE DATA
GND =0V, Tamp=25°C;t,=t;=6ns

The data in each shift register stage is transferred to the
storage register when the strobe input (STR) is HIGH.
Data in the storage register appears at the outputs
whenever the output enable input (OE) signal is HIGH.

Two serial outputs (QS; and QS,) are available for
cascading a number of “4094” devices. Data is available at
QS; on the positive-going clock edges to allow high-speed
operation in cascaded systems in which the clock rise time
is fast. The same serial information is available at QS, on
the next negative-going clock edge and is for cascading
“4094” devices when the clock rise time is slow.

APPLICATIONS

 Serial-to-parallel data conversion
« Remote control holding register

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tprL/ trLH propagation delay CL=15pF;Vec=5V
CP to QS 15 19 ns
CPto QS, 13 18 ns
CP to QP 20 21 ns
STR to QP, 18 19 ns
fmax maximum clock frequency 95 86 MHz
C input capacitance 3.5 35 pF
Cep power dissipation capacitance per package | notes 1 and 2 83 92 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):

Pp=Cpp X Vec? x fi + 3 (CL x Vec? x fo) where:
f, = input frequency in MHz
fo = output frequency in MHz
Y (CL x V2 x fp) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V

For HC the condition is V|, = GND to V¢
For HCT the condition is V= GND to Vcc - 1.5V

n

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information’.

December 1990
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8-stage shift-and-store bus register 74HC/HCT4094

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 STR strobe input
2 D serial input
3 CP clock input
4,5, 6,7,14, 13,12, 11 QPg to QP parallel outputs
8 GND ground (0 V)
9,10 QS4, QS, serial outputs
15 OE output enable input
16 Vee positive supply voltage
P L
cpP STR -—reem— EN3
ste (1] v 6] Vec sy [—o 3 SRGS
o[z 15] OE 0S; —10 c1/—
- arg f—4 2 1 C .
crla [14] 0P apy s I py 20 3vl—
o0 (& 4094 alors 2—p 2:2 :6 [
ar[5] [12] apg 37 7
QP4 |—14 14
ary (&) mE g1 =
ar; [7] 0] as, QPg [~ 12 | 12
QP; |—11 1"
ano [8] 9] 0s of —
7203885 15 7293907 | 10
7293856.1
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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8-stage shift-and-store bus register 74HC/HCT4094

2jo
8-STAGE SHIFT QSai10
3jce REGISTER
[TTTTTTEp
1 fsTR 8.8IT STORAGE
REGISTER

HEEEEE

3-STATE QUTPUTS

15 | OE

aPq [aP, jaP, jaPjaP, [aPgjaPgaP,
7293867 14 15 & |7 |14 {13 |12 |11

Fig.4 Functional diagram.

||
D Q + D Q|

3
v
—p

—ce
latch

1 ]
o> —H N
H T
X b l ' ) Q—D—-os2
CP—-D ! ,lc—" ----------- " l ofce
| | N
; o a4 . , | |

1

!

!

'

I Iatch
D a4 ¢

‘

]

Fig.5 Logic diagram.
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Product specification

8-stage shift-and-store bus register 74HC/HCT4094
FUNCTION TABLE
SERIAL
INPUTS PARALLEL OUTPUTS OUTPUTS
CP OE STR D QPo QP, QS; QS
1 L X X Z Z Q% NC
! L X X Z Z NC QP;
1 H L X NC NC Q% NC
1 H H L L QPh.1 Qs NC
1 H H H H QPn.1 Q's NC
1 H H H NC NC NC QP7
Notes

1. H =HIGH voltage level
L =LOW voltage level

X =don't care

Z = high impedance OFF-state

NC= no change

1 = LOW-to-HIGH CP transition
I = HIGH-to-LOW CP transition
Q’s = the information in the seventh register stage is transferred to the 8th register stage and QS output at the
positive clock edge

CLOCK INPUT

DATA INPUT

STROBE INPUT

QUTPUT ENABLE
INPUT

INTERNAL Qg (FFO)
OUTPUT

INTERNAL Qg (FF6)
ouTPUT

SERIAL OUTPUT

SERIAL QUTPUT

cp

STR

QOE

apg

Qsy

as,

Fig.6 Timing diagram.

7283859.1
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8-stage shift-and-store bus register

74HC/HCT4094

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t=t=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT |y/.. | WAVEFORMS
+25 -40to +85 | -40 to +125 cc
V)
min. |typ. [max. |min. max. min. max.
tpu/ tpLy | propagation delay 50 [150 190 225 |ns 2.0 | Fig.7
CP to QS 18 |30 38 45 4.5
14 |26 33 38 6.0
tpul/ trLH | propagation delay 44 | 135 170 205 |ns 2.0 |Fig.7
CP to QS; 16 |27 34 41 4.5
13 |23 29 35 6.0
tpHL/ tpLH | propagation delay 63 |195 245 295 |ns 2.0 |Fig.7
CP to QP 23 |39 49 59 45
18 |33 42 50 6.0
tpHL/ tpLH | propagation delay 58 |180 225 270 |ns 2.0 |Fig.8
STR to QP 21 |36 45 54 4.5
17 |31 38 46 6.0
tpzu/ tpzL | 3-state output enable time 55 |175 220 265 |ns 2.0 |Fig.9
OE to QP, 20 |35 44 53 4.5
16 |30 37 45 6.0
tpuz/ tpLz | 3-state output disable 41 125 155 190 |ns 2.0 |Fig.9
time OE to QP, 15 |25 31 38 4.5
12 (21 26 32 6.0
trhl/ ttun | output transition time 19 |75 95 110 |ns 2.0 |Fig.7
7 15 19 22 45
6 13 16 19
tw clock pulse width 80 |14 100 120 ns 2.0 | Fig.7
HIGH or LOW 16 |5 20 24 4.5
14 |4 17 20 6.0
tw strobe pulse width 80 |14 100 120 ns 2.0 |Fig.8
HIGH 16 |5 20 24 4.5
14 |4 17 20 6.0
tsu set-up time 50 |14 65 75 ns 2.0 |Fig.10
D to CP 10 |5 13 15 4.5
9 4 11 13 6.0
tsu set-up time 100 |28 125 150 ns 2.0 |Fig.8
CPto STR 20 |10 25 30 4.5
17 |8 21 26 6.0
December 1990 6
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8-stage shift-and-store bus register 74HC/HCT4094
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT |y WAVEFORMS
+25 -40 to +85 | -40 to +125 (\C/)C
min. |[typ. [max. min. max. min. max.
th hold time 3 -6 3 3 ns 2.0 |Fig.10
Dto CP 3 -2 3 3 45
3 -2 3 3 6.0
th hold time 0 -14 0 0 ns 2.0 |Fig.8
CPto STR 0 -5 0 0 4.5
0 -4 0 0 6.0
frnax maximum clock pulse 6.0 |28 4.8 4.0 MHz |2.0 |Fig.7
frequency 30 |87 24 20 4.5
35 (103 28 24 6.0

December 1990 7
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8-stage shift-and-store bus register 74HC/HCT4094

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability: standard

Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
OE, CP 1.50
D 0.40
STR 1.00

December 1990 8
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8-stage shift-and-store bus register 74HC/HCT4094

AC CHARACTERISTICS FOR 74HCT
GND=0V;t=tt=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL |PARAMETER UNIT |y/... | WAVEFORMS
+25 -40to +85 | -40to +125 (\C/)C
min. [typ. [max. |min. max. min. max.

tenL/ tpLH | propagation delay 23 |39 49 59 ns 4.5 |Fig.7
CP to QS

tpyL/ tpLy | Propagation delay 21 |36 45 54 ns 4.5 |Fig.7
CP to QS»

tenl/ teLH | propagation delay 25 |43 54 65 ns 4.5 |Fig.7
CP to QP

teHL/ tpLH | Propagation delay 22 |39 49 59 ns 4.5 |Fig.8
STR to QP

tpzn/ tpzL | 3-state output enable time 20 |35 44 53 ns 4.5 | Fig.9
OE to QP

tpnz/ tpLz | 3-state output disable time 21 |35 44 53 ns 4.5 [Fig.9
OE to QP

trul/ ttun | output transition time 7 15 19 22 ns 4.5 | Fig.7

tw clock pulse width 16 |7 20 24 ns 4.5 |Fig.7
HIGH or LOW

tw strobe pulse width 16 |5 20 24 ns 4.5 |Fig.8
HIGH

tsu set-up time 10 |4 13 15 ns 4.5 |Fig.10
Dto CP

tsu set-up time 20 |9 25 30 ns 4.5 |Fig.8
CPto STR

th hold time 4 0 4 4 ns 4.5 |Fig.10
Dto CP

th hold time 0 -4 0 0 ns 4.5 | Fig.8
CPto STR

frnax maximum clock pulse 30 |80 24 20 MHz |4.5 |Fig.7
frequency

December 1990 9
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8-stage shift-and-store bus register

74HC/HCT4094

AC WAVEFORMS

I 14 '
CP INPUT *VM”' S s

e T

- tph
- tpLH t

Qfy O34 vyt
OUTPUT

-l ety LTHL==

-l - tpLH - tPHL

QS OUTPUT 't
7293880 =l le-trin THL > -

(1) HC :Vy =50%; V, = GND to Vcc.
HCT:Vy =1.3V:V,=GNDto 3 V.

CP INPUT vV

STR INPUT

QP,, OUTPUT

72938611

(1) HC :Vy =50%,; V,=GND to Vcc.
HCT:Vy =1.3V;V,=GNDto3V.

(1) HC :Vy =50%; V, = GND to Vcc.
HCT:Vy =1.3V;V,=GND to 3 V.

Fig.9 Waveforms showing the 3-state enable and
disable times for input OE.

December 1990
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Fig.7 Waveforms showing the clock (CP) to Fig.8 Waveforms showing the strobe (STR) to
output (QP,, QS;, QS») propagation output (QP,) propagation delays and the
delays, the clock pulse width and the strobe pulse width and the clock set-up and
maximum clock frequency. hold times for the strobe input.

CP INPUT
OE INPUT
D INPUT VM‘”
ar,
QUTPUT
LOW-to-OFF
OFF-to- LOW QP,, S¢,QSy W
OUTPUT M
QP,
ouUTPUT 7293883
gﬁ”;ﬁ;: The §haded areas indicate V\{hen the input is
permitted to change for predictable output
outputs outputs outputs performance.
7293862 enabled disabled enabled

(1) HC :Vy =50%;V,=GND to Vcc.
HCT:Vy =1.3V;V,=GNDto 3 V.

Fig.10 Waveforms showing the data set-up and
hold times for the data input (D).

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.



YIOPAXHEHME N°3
N3cienBaHe Ha MaJIOMOILIHH 3aXpaHBaIIH 0JI0KOBe

B ToBa ynpakHeHue, OT e/lHa CTpaHa, C€ pa3ydaBaT CXEeMH 3a JTUPEKTHO 3aXpaHBAaHE OT
Mpekara Ha KOHCYMaTOpU C MajKa MOIIHOCT, a TO Jpyra — 3a MoJydaBaHe B €IWH OJOK
(myaTka) Ha JOMBIHUTENHHM 3aXpaHBAIIM HAMPEKEHUs HEOOXOAMMH 3a MpPOrpaMHpaHe,
TQJIBAaHUYHO Pa3BbP3BAHE WJIM KOraTO HE € M3TOJHO MOPHYBAHETO HA CIECHUATU3UPaH
MpPEXOB TpaHCHOPMATOP C MHOKECTBO BTOPUYHU HAMOTKH, KAKTO W KOTATO M3UCKBAHUSTA
3a MPOOMBHO HAMPEKEHUE MEKTY BTOPUUHUTE HAMOTKHU Ca TTO-BUCOKH.

3axpaHBaHETO AMPEKTHO OT Mpekara CTaBa, KaTo C€ U3MO0J3Ba PEAKTUBHOTO
CBHIPOTUBIIEHWE HAa KOHJAeH3aTop. [lopamu romsimarta pasinka MEXIy HAMpPEKEHUETO Ha
Mpekara 1 ToBa Koeto TpsioBa na ce nonyun (220V/AC — 5-10V/DC) ToxksT BBB Bepurara
ce ompejens OT ChIPOTUBIECHUETO Ha KoHHeH3atopa (Xc). Cmen m30op Ha KOHKpETHA
CXeMa M3YMCIICHUSTA CE CBEXJAT JI0 M3UMCICHUE Ha KamaluTeTa Ha KoHJeH3aTtopa. Karo
OMOIIIeH MaTepuai aa ce nonzsa 91008b.pdf

Yact ot paborara mo ToBa J1a0OpaTOPHO YHpPaKHEHHE BKIIOYBA pa3ydyaBaHETO Ha
rOTOB ajanTep 3a 3apexaane Ha Oarepuu (3a GSM anapatu). [Tlo3HaHusiTa HA CTyACHTUTE
ca JOCTaThUHHU 3a Ja ‘“‘pa3rajasT’ cXeMara U MpHUHIKNA Ha paboTa Ha ajanrtepa.

OcBeH TOBa, ce pazydaBar cxemute MC34063 u LM2574 kouto 4yecTo ce u3non3Bar
3a 3axXpaHBaHUs C MaJika MOITHOCT. [Ipu 3asiBeHO »KenaHue MOKE J1a ce pa3ydar ¥ HaIlpaBsT
eKCIIEpUMEHTH U ¢ ApyrH cxemu - ST662, UC3842 wmm na ce uzcneasat DC/DC moxynu
AM1/2L..., DCHOI. [lanHute 3a TAX ca JaJ€HU CHOTBETHO B $t662.pdf, mc34063.pdf,
Im2574.pdf , uc3842.pdf v am_Lpdf, dch01.pdf.

3agaum:

1. Jla ce pa3yuu NpUHUUIBT Ha padoTa HA 3aXpaHBAIO YCTPOWCTBO KOETO
paboTu JaHMpeKTHO OT Mpexkarta crnopen 91008b.pdf. Jla ce wusBene dopmyna 3a
3aBUCUMOCTTa MEXJy KamaluTeTa Ha KOHJEH3aTopa M KOHCYMHUpPAHHs TOK 3a HAIIUTE
ycnoBus — 220V/50Hz.

2. Jla ce mpemioxku peuieHue (Cxema) 3a 3aXpaHBaHE HAa MUKPOKOHTPOJEP
KOSITO J1a C€ Opa3MepH ¢ MmomoInra Ha ¢popmysaTa OT T.1 ChC CIETHUTE TapaMETPHU:

- HaIpeKeHue 4-5,5V
- TOK (KOHCyMalus) 15mA
- IyJICaluH <200mV
3. Ja ce ekcriepuMeHTHpa cxemaTa OT T.2 Karo C€ CHeMaT OCHOBHUTE H

XapaKTEePUCTUKHU.

4. Jla ce “cBanin” (pasrajae) cxemaTa Ha MaJOMOILEH aJlalTep 3a 3apeKIaHe
Ha GSM anapatu KOMTO pabOTH HA UMITYJICEH TPUHITHII.

5. Jla ce cbhCTaBAT M Opa3MePAT CXEMU HA UMITYJICHO 3aXPaHBAHE ChC CXEMHUTE
MC34063 u LM2574.

6. Jla ce mpoBenaT eKCIIEPUMEHTH ChC CXEMUTE OT T.5 (WJIM ¢ Ipyry U30paHu
OT CTYAEHTUTE CXEMH), KaTO CE CHEMAT BpeMeararpaMu U MpOBEPST XapaKTEPUCTUKUTE HA
crabuiau3aropa.

Touxku 1, 2 u 5 ce noozomesam npeoeapumeino — oomautna pavoma!



MICROCHIP

TB008

Transformerless Power Supply

Author:  Stan D’Souza
Microchip Technology Inc.

INTRODUCTION

In most non-battery applications, the power to the
microcontroller is normally supplied using a wall
mounted transformer, which is then rectified, filtered
and regulated. In most applications, this method of
generating the regulated voltage is cost effective and
can be justified. However, there are applications where
the PIC12/16/17 is the main controller and low voltage
is not required by other components except the PIC12/
16/17. In these instances, the cost of the transformer
becomes the sizable cost factor in the system. Transfor-
merless power supplies, thus, have a distinct advan-
tage in cost as well as in size. The disadvantages of
using a transformerless power supply are: (1) low cur-
rent supply and (2) no isolation from the AC line volt-
age. The PIC12/16/17 microcontrollers draw a
maximum of 10 mA, even at the highest frequency and
voltage of operation, therefore low current availability is
not an issue. AC line voltage isolation can be
addressed by using MOVs or transient suppressors on
the PIC12/16/17.

IMPLEMENTATION

When a capacitor and resistor are connected in series
to an AC source, as in Figure 1, a constant current can
be maintained through the resistor, so long as the reac-
tance of the capacitors is much greater than the resis-
tance. The current flow is dependent upon the value of
the capacito,r and assuming that V1 is much greater
than V2, the value of the current can be assumed to be:

IRMS = Vi1/Xc where Xc is the reactance of the
capacitor.

FIGURE 1:

\\H

Assuming a line voltage of Vi=115V and line
frequency = 60 Hz,

IRMS = 115(2160C) = 4300C or IRMS = 40 mMA/pF.

In order to get a DC voltage using this system, a pair of
rectifiers and filter caps can be added as shown in
Figure 2. This would give us a capability of driving one
half of the current through the positive part and the
other half through the negative part. The max current
on each side would be = 20 mA/uF.

FIGURE 2:
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In most applications, the output voltage should be reg-
ulated. Figure 3 shows a diagram for a practical circuit
where a +/- 5V regulated output is generated. Note that
the neutral is connected to ground through a fuse. This
would guard against improper AC wiring.

FIGURE 3:
+5V
IN4005
1 puF/250V 330m 5.1V
25V I Zener
IN4005 B
T L
5.1V
25V :|: Zener

In most PIC12/16/17 applications, the negative voltage
is not required. Figure 3 has been thus modified for a
single ended supply as in Figure 4. Note that R1 and
R2 are required for UL approval.

FIGURE 4:

+5V
@]

Precautions:

1. As mentioned earlier, the neutral should be con-
nected to earth ground through a fuse. This
would insure protection in case of improper wir-
ing.

2. The AC coupling capacitors and rectifier diodes
should be able to withstand the peak voltage in
the system. Remember VRMS = VPG/2, where
VPG = VPEAK to earth ground voltage. Hence for
a 120V system, the max voltage = 170V. For a
240V system, the max voltage = 340V.

TABLE 1: COST ANALYSIS OF A +5V POWER SUPPLY WITH/WITHOUT A TRANSFORMER:

Components PrLiJg;t(l) Qty Transformer P.S. Qty. Transformerless P.S.
1.1 VA transformer 5.65 1 5.65 0 -
1N4005 diode 0.05 2 0.10 2 0.10
1 UF/250V cap 0.57 0 - 1 0.57
5.1V Zener 0.11 1 0.11 1 0.11
330 UF/25V filter cap 0.17 1 0.17 1 0.17
Total 6.03 0.95

(@ All prices based on 100 qty. price from Digikey Catalog.

As can be seen, the cost of the transformer power supply is 6 times that of the transformerless power supply. In quan-
tities of 100, the cost of a transformerless power supply is less than a dollar.

CONCLUSION

A transformerless power supply is a low cost, small footprint alternative by which a PIC12/16/17 can be powered.

DS91008B-page 2
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MC33340, MC33342

Battery Fast Charge

Controllers
The MC33340 and MC33342 are monolithic control IC’s that are
specifically designed as fast charge controllers for Nickel Cadmium ON Semiconductor™

(NiCd) and Nickel Metal Hydride (NiMH) batteries. These devices
feature negative slope voltage detection as the primary means for fast
charge termination. Accurate detection is ensured by an output that
momentarily interrupts the charge current for precise voltage

http://onsemi.com

sampling. An additional secondary backup termination method can be MARKING
selected that consists of either a programmable time or temperature DIAGRAMS
limit. Protective features include battery over and undervoltage sp N
detection, latched over temperature detection, and power supply input PDIP-8 T VC3334xP
undervoltage lockout with hysteresis. Fast charge holdoff time is the P SUFFIX ) AWL
only difference between the MC33340 and the MC33342. The g CASE 626 O Yvww
MC33340 has a typical holdoff time of 177 seconds and the MC33342 1 kll" TR Ll|‘
has a typical holdoff time of 708 seconds. 1
* Negative Slope Voltage Detection with 4.0 mV Sensitivity SR A AR
¢ Accurate Zero Current Battery Voltage Sensing SO-8 3334x
* High Noise Immunity with Synchronous VFC/Logic D SUFFIX ALYW
) S CASE 751
* Programmable 1 to 4 Hour Fast Charge Time Limit 1 1ﬁ T oo
¢ Programmable Over/Under Temperature Detection
¢ Battery Over and Undervoltage Fast Charge Protection X =0or2 .
 Power Supply Input Undervoltage Lockout with Hysteresis CVL . ZC\/S;(;T&I% Location
* Operating Voltage Range of 3.25 V to 18 V YY.Y = Year
* 177 seconds Fast Change Hold—off Time (MC33340) WW, W= Work Week
* 708 seconds Fast Change Hold—off Time (MC33342)
PIN CONNECTIONS
o]
"?p?n 5 Voo B—"i Vsen Input [ 1] | © 8] Voo
2| E Undorotage -i Vien Gate Output [ 2| H/T,ef High
pockout Vccl Fast/Trickle Output 3 [ 6 | t2/Tgen
Voltage t
Fr?aqi%?lc?l | Gnd Iz t3/Tyef Low
Converter | ..
> Ck FN R Ao Latch l = = (Top View)
1|_—>_ High Over E { I Bg;tcelzy
=  Battery Temp
_._—ﬁi Detectti . l ORDERING INFORMATION
= Low Under
g " @l Uit High Device Package Shipping
-A\V Detect + |7 f?_ % . .
Counter ®| o MC33340D SO-8 98 Units/Rail
Timer Lo sen T e
@ + 1 g MC33340DR2 S0O-8 2500 Tape & Reel

P ol
ate [ 18T Low < MC33340P PDIP-8 50 Units/Rail

Ifo o4

|5
| ,; l% — _ Veel < MC33342D SO-8 98 Units/Rail
FIT ] ime) = =

= Temp | MC33342DR2 SO-8 2500 Tape & Reel
L - Select 1
————— edos T T ——— MC33342P PDIP-8 50 Units/Rail
This device contains 2,512 active transistors.
Figure 1. Simplified Block Diagram
0 Semiconductor Components Industries, LLC, 2001 1 Publication Order Number:

April, 2001 — Rev. 4 MC33340/D



MC33340, MC33342

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit

Power Supply Voltage (Pin 8) Vee 18 \%
Input Voltage Range \

Time/Temperature Select (Pins 5, 6, 7) VIRwT) -1.0to Ve

Battery Sense, (Note 2.) (Pin 1) VIR(sen) -1.0to Vcc +0.6 or —-1.0to 10
Vsen Gate Output (Pin 2)

Voltage Vo(gate) 20 v

Current logate) 50 mA
Fast/Trickle Output (Pin 3)

Voltage VoFEm 20 \%

Current loFm) 50 mA
Thermal Resistance, Junction—to—Air Reja °C/IW

P Suffix, DIP Plastic Package, Case 626 100

D Suffix, SO-8 Plastic Package, Case 751 178
Operating Junction Temperature T; +150 °C
Operating Ambient Temperature (Note 3.) Ta —25to +85 °C
Storage Temperature Tstg —-55 to +150 °C

1. This device series contains ESD protection and exceeds the following tests:
Human Body Model 2000 V per MIL-STD-883, Method 3015 Machine Model Method 400 V

ELECTRICAL CHARACTERISTICS (Vcc =6.0V, for typical values Ta = 25°C, for min/max values Tp is the operating
ambient temperature range that applies (Note 3.), unless otherwise noted.)

| Characteristic |  Symbol Min Typ Max Unit
BATTERY SENSE INPUT (Pin 1)
Input Sensitivity for —AV Detection —AVy, - —4.0 — mv
Overvoltage Threshold Vinov) 1.9 2.0 21 Y
Undervoltage Threshold Vihuv) 0.95 1.0 1.05 mV
Input Bias Current Iis - 10 - nA
Input Resistance Rin - 6.0 - MQ
TIME/TEMPERATURE INPUTS (Pins 5, 6, 7)
Programing Inputs (Vi, = 1.5 V)
Input Current lin 24 -30 -36 HA
Input Current Matching Al — 1.0 2.0 %
Input Offset Voltage, Over and Under Temperature Comparators Vio - 5.0 - mV
Under Temperature Comparator Hysteresis (Pin 5) V(1) - 44 - mV
Temperature Select Threshold Vine) - Ve —0.7 - \Y
INTERNAL TIMING
Internal Clock Oscillator Frequency fosc - 760 - kHz
Vsen Gate Output (Pin 2) tgate
Gate Time - 33 - ms
Gate Repetition Rate — 1.38 -
Fast Charge Holdoff from —AV Detection thold S
MC33340 - 177 -
MC33342 - 708 -
Vgen GATE OUTPUT (Pin 2)
Off-State Leakage Current (Vo =20 V) loff - 10 - nA
Low State Saturation Voltage (Isjnk = 10 mA) VoL - 1.2 - \%
FAST/TRICKLE OUTPUT (Pin 3)
Off-State Leakage Current (Vg =20 V) loff - 10 - nA
Low State Saturation Voltage (lsink = 10 mA) VoL - 1.0 - \%
UNDERVOLTAGE LOCKOUT (Pin 8)
Start—-Up Threshold (V¢ Increasing, Ta = 25°C) Vin(on) - 3.0 3.25 \%
Turn—Off Threshold (Vcc Decreasing, Ta = 25°C) Vih(off) 2.75 2.85 - \%
TOTAL DEVICE (Pin 8)
Power Supply Current (Pins 5, 6, 7 Open) lcc mA
Start-Up (Vcc=2.9V) - 0.65 2.0
Operating (Vcc = 6.0 V) - 0.61 2.0

2. Whichever voltage is lower.
3. Tested junction temperature range for the MC33340/342: Tiow =—25°C  Thjgh = +85°C

http://onsemi.com
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2.10 I
VCC =6.0V
2.00
\\
1.90 S~

Vih, OVER/UNDERVOLTAGE THRESHOLDS (V)

1.02
1.00
0.98
-50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C)
Figure 2. Battery Sense Input Thresholds
versus Temperature
s 0 I
o /
- Ve =6.0V —
g Voo cc |
a 02
> Threshold voltage is measured with respect to V.
(=]
L
&0 Time mode is selected if any of
T the three inputs are above the L
= -08 threshold.
Q T
E — I
» 08 /4/ Temperature mode is selected ——|
e when all three inputs are below
2 the threshold.
é 1.0 | | |
u -50 -25 0 25 50 75 100 125
=
w Ta, AMBIENT TEMPERATURE (°C)
g Figure 4. Temperature Select Threshold Voltage
£ versus Temperature
3 ]
Startup Threshold
s (Vg Increasing)
o 30
2] —
5
S Lo\
> 29
RS
=2 ——
wn [ —
- [ —
3 28 . . ——
L Minimum Operating Threshold
(Ve Decreasing)
| |
-50 -25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

Figure 6. Undervoltage Lockout Thresholds
versus Temperature

Afoge, OSCILLATOR FREQUENCY CHANGE (%)

VoL SINK SATURATION VOLTAGE (V)

Icc, SUPPLY CURRENT (mA)

16 T
Vgc=6.0V
8.0 P>~
\
\
N
0
\\
\
-8.0 -
\
N
-16
-50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Oscillator Frequency
versus Temperature
3.2 T T
| Vec=6.0V pd
Tp=25°C /'
2.4 /
Vsen Gate r/ 1
Pin 2
// //
1.6 =
1 _4—T  FastTiickle
4’// Pin3
08 ?,/
0
0 8.0 16 24 32 40
lsink, SINK SATURATION (mA)
Figure 5. Saturation Voltage versus Sink Current
Vgen Gate and Fast/Trickle Outputs
1.0 T
L Tp=25°C -
L
_—
0.8
_
/
06 A——
/1A
0.4
0.2
0
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MC33340, MC33342

INTRODUCTION

Nickel Cadmium and Nickel Metal Hydride batteries counter for detection of a negative slope in battery voltage. A
require precise charge termination control to maximize cell timer with three programming inputs is available to provide
capacity and operating time while preventing overcharging. backup charge termination. Alternatively, these inputs can be
Overcharging can result in a reduction of battery life as well used to monitor the battery pack temperature and to set the
as physical harm to the end user. Since most portableover and under temperature limits also for backup charge
applications require the batteries to be charged rapidly, atermination.
primary and usually a secondary or redundant charge sensing Two active low open collector outputs are provided to
technique is employed into the charging system. It is alsointerface this controller with the external charging circuit.
desirable to disable rapid charging if the battery voltage orThe first output furnishes a gating pulse that momentarily
temperature is either too high or too low. In order to addressinterrupts the charge current. This allows an accurate method
these issues, an economical and flexible fast charge controlleof sampling the battery voltage by eliminating voltage drops
was developed. that are associated with high charge currents and wiring

The MC33340/342 contains many of the building blocks resistances. Also, any noise voltages generated by the
and protection features that are employed in modern highcharging circuitry are eliminated. The second output is
performance battery charger controllers that are specificallydesigned to switch the charging source between fast and
designed for Nickel Cadmium and Nickel Metal Hydride trickle modes based upon the results of voltage, time, or
batteries. The device is designed to interface with eithertemperature. These outputs normally connect directly to a
primary or secondary side regulators for easy implementationlinear or switching regulator control circuit in non—isolated
of a complete charging system. A representative block diagranprimary or secondary side applications. Both outputs can be
in a typical charging application is shown in Figure 8. used to drive optoisolators in primary side applications that

The battery voltage is monitored by thggyinput that require galvanic isolation. Figure 9 shows the typical charge
internally connects to a voltage to frequency converter andcharacteristics for NiCd and NiMh batteries.

Regulator
O
DC T
Input
"E‘ MC33340 or MC33342 Voe o8 T
r—-——-—-""""""""""""""" — — — — "
L Reg Control |
- 69 ontro | Undervoltage |
| — 1 l Lockout 7 =l |
Internal Bias [« Q
R23 = I
Vsen ! Voltage to |
| Frequency |
11 | Converter |
NN A1 I | |
Charge | ok | = =
Status = | > High | Battery
I [20vi=t I Pack
| = Battery |
| LoV | +Detect Detect . |
[ 1ovE > low  Under |
| @) B0 A | t1/T o High
t -
I ~AV Detect N I7 5
| Counter | \iSW1 R3
Veen | Timer @ 0pA |, T 1
Gate | B t2 f O = ——
+
5T :\/'7 \ézetré | SW2
: = 13 @ SOMA ligmgrlow =
= i o
3 i | ESW3 %34
_ +
el M M e | T
| L ime/ - _||+_'r |
| Temp |

Figure 8. Typical Battery Charging Application
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Figure 9. Typical Charge Characteristics for NiCd and NiMh Batteries

OPERATING DESCRIPTION

The MC33340/342 starts up in the fast charge mode wherresistive voltage divider. The input has an impedance of
power is applied to ¥c. A change to the trickle mode can approximately 6.0 M@ and a maximum voltage range of
occur as a result of three possible conditions. The firstis if—1.0 V to \gc + 0.6 V or 0 V to 10 V, whichever is lower.
the Vseninput voltage is above 2.0 V or below 1.0 V. Above The 10 V upper limit is set by an internal zener clamp that
2.0 Vindicates that the battery pack is open or disconnectedprovides protection ithe event of an electrostatic discharge.
while below 1.0 V indicates the possibility of a shorted or The VFC is a charge—balanced synchronous type which
defective cell. The second condition is when the generates output pulses at a rate\pEFV/sen (24 kHz).
MC33340/342 detects a fully charged battery by measuring The Sample Timer circuit provides a 95 kHz system clock
a negative slope in battery voltage. The MC33340/342 signal (SCK) to the VFC. This signal synchronizes the F
recognize a negative voltage slope after the preset holdoffoutput to the other Sample Timer outputs used within the
time (toid has elapsed during a fast charge cycle. This detector. At 1.38 second intervals thg\Gate outpugoes
indicates that the battery pack is fully charged. The third low for a 33 ms period. This output is used to momentarily
condition is either due to the battery pack being out of ainterrupt the externaharging power source so that a precise
programmed temperature range, or that the preset timewroltage measurement can be taken. As thg 8ate goes
period has been exceeded. low, the internal Preset control line is driven high for 11 ms.

Thereare three conditions that will cause the controller to During this time, the battery voltage at thggyinput is
returnfrom trickle to fast charge mode. The first is if they allowed to stabilize and the previoug €ount is preloaded.
input voltage moved to within the 1.0 to 2.0 V range from At the Preset high—to—low transition, the Convert line goes
initially being either too high or too low. The second is if the high for 22 ms. This gates the/ Pulses into the ratchet
battery pack temperature moved to within the programmedcounter for a comparison to the preloaded count. Since the
temperature range, but only from initially being too cold. Converttime is derived from the same clock that controls the
Third is by cycling \&c off and then back on causing the VFC, the number of - pulses is independent of the clock
internal logic to reset. A concise description of the major frequency. If the new sample has more counts than were

circuit blocks is given below. preloaded, it becomes the new peak count and the cycle is
. , repeated..38 seconds later. If the new sample has two fewer
Negative Slope Voltage Detection counts, a less than peak voltage event has occurred, and a

A representative block diagram of the negative slope register is initialized. If two successive less than peak

voltage detector is shown in Figure 10. It includes a \oltage events occuhe -AV ‘AND’ gate output goes high
Synchronous Voltage to Frequency Converter, a Samplé;ng the Fast/Trickle output is latched in a low state,

Timer, and a Ratchet Counter. Thega\bin is the input for  gjgnifying that the battery pack has reached full charge
the Voltage to Frequency Converter (VFC), and it connects ;o5

to the rechargeable battery pack terminals through a

http://onsemi.com
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Negative slope voltage detection starts after 60 ms haven voltage during the holdoff time and the input voltage
elapsed in the fast charge mode. This does not affect thenever rises above that last detected level, the Fast/Trickle
Fast/Trickle output until the holdoff time,{ig) has elapsed  outputwill latch into a low state. The negative slope voltage
during the fast charge mode. Two scenarios then exist.detector has a maximum resolution of 2.0 V divided by
Trickle mode holdoff is implemented to ignore any initial 1023, or 1.955 mV per count with an uncertaintybfo
drop in voltage that may occur when charging batteries thatcount. This yields a detection range of 1.955 mV to 5.865
havebeen stored for an extended time period. If the negativemV. In order to obtain maximum sensing accuracy, the
slope voltage detector senses that initial drop during theR2/R1voltage divider must be adjusted so that thg,Wput
holdoff time, and the input voltage rises as the battery voltage is slightly less than 2.0 V when the battery pack is
chargesthe Fast/Trickle output will remain open. However, fully chaged. \ltage variations due to temperature and cell
if the negative slope voltage detector senses a negative dromanufacturing must be considered.

Battery Detect
Synchronous Fv = Vsen (24 kHz) L(iw Hifh UVJ'O FIT
Vsen Voltage to v
Input ‘ Frequency Ck Rachet _AV _
Converter Counter Logic
5 _ Trickle Mode Qer under Gharge
g 2 Holdoft emperature  Timer
5 o
o & Vgen Gate
SCK Sample
95 kHz Timer
Vgen Gate | oy ‘
‘= 1.38s :\ |
Preset I 7, ‘
| 1ims | | \ \
\ \
Convert —?—‘ ‘ U ; |
a 22'ms ‘
Rachet Counter Convert
0to 1023 Fy Pulses
Figure 10. Negative Slope Voltage Detector
Fast Charge Timer Temperature sensing is accomplished by placing a

A programmable backup charge timer is available for fast negative temperature coefficient (NTC) thermistor in
chargetermination. The timer is activated by then€/Temp thermal contact with the battery pack. The thermistor
Select comparator, and is programmed from thedd/T connects to the t24&, input which has a 3QA current
High, t2/Tsen and t3/Fer Low inputs. If one or more of these  source pull-up for developing a temperature dependent
inputs isallowed to go above yc—0.7 V or is left open, the  voltage. The temperature limits are set by a resistor that
comparatooutput will switch high, indicating that the timer  connects from the t1{d; High and the t3/{Es Low inputs to
feature is desired. The three inputs allow one of sevenground.Since all three inputs contain matchedi@0current
possible fast charge time limits to be selected. The source pull-ups, the required programming resistor values
programmable time limits, rounded to the nearest whole are identical to that of the thermistor at the desired over and
minute, are shown in Figure 11. under trip temperature. The temperature window detector is
composed of two comparators with a common input that
connects to the t2{E,input.

The lower comparator senses the presence of an under

Over/Under Temperature Detection
A backup over/under temperature detector is available

?nd _ca? beTlrJ]setz_j n _plz_ce tﬁf d”;)e ttrl1m?l'r' for/Tfast CShETrg?temperature condition. When the lower temperature limit is
ermination. The imer 1s disabled by the Time/Temp Selec exceeded, the charger is switched to the trickle mode. The

comparator when each of the three programming inputs are ; -
comparator has 44 mV of hysteresis to prevent erratic
held below \ec— 0.7 V. P y P

http://onsemi.com
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switching between the fast and trickle modes as the lowerby removing and reconnecting the battery pack or by cycling
temperaturdimit is crossed. The amount of temperature rise the power supply voltage.
to overcome the hysteresis is determined by the thermistor’s If the charger does not require either the time or
rate of resistance change or sensitivity at the undertemperature backup features, they can both be easily
temperature trip point. The required resistance change is: disabled. This is accomplished by biasing the t3MTow
VH(T) 44 v input to qultage greater than t4¥ anq by grounding the
Low THigh) = T 30uA 1.46 k t1/Tret High input. Under these conditions, the Time/Temp
n Select comparator output is low, indicating that the

The resistance change approximates a thermal hysteresigemperature mode is selected, and that thedgifiput is
of 2°C with a 10 K thermistor operating afG. The under  biased within the limits of an artificial temperature window.
temperature fast charge inhibit feature can be disabled by Charging of battery packs that are used in portable power
biasingthe t3/Tef Low input to a voltage that is greater than tool applications typically use temperature as the only
that present at t2{f, and less than & — 0.7 V. Under means for fast charge termination. The MC33340/342 can
extremely cold conditions, it is possible that the thermistor be configured in this manner by constantly resetting e —
resistance can become too high, allowing thegtfMput detection logic. This is accomplished by biasing the,V
to go above ¥c — 0.7 V, and activate the timer. This inputto=1.5V from a two resistor divider that is connected
condition can be prevented by placing a resistor in parallelbetween the positive battery pack terminal and ground. The
with the thermistor. Note that the time/temperature VsenGate output is also connected to thgniput. Now,
threshold of \b.c — 0.7 V is a typical value at room eachtime that the Sample Timer cau#fés Vsenoutput to go
temperature. Refer to the Electrical Characteristics tablelow, the Vseninput will be pulled below the undervoltage
and to Figure 4 for additional information. threshold ofL.0 V. This causes eeset of the AV logic every

The upper comparator senses the presence of an ovekt.38 seconds, thus disabling detection.
temperature condition. When the upper temperature limit is _ _
exceeded, the comparator output sets the Over Temperaturgperatllng Logic . . .
Latch and the charger is switched to trickle mode. Once the The ord_er (.)f events in the cha_rgmg Process 1s contrplled

by the logic circuitry. Each event is dependent upon the input

latch is set, the charger cannot be returned to fast charge o L
even after the temperature falls below the limit. This featureéondltlons and the chosen method of charge termination. A

prevents the battery pack from being continuously tab:f sgmrrr:ary g:or;t_alnlnglzall of the possible operating
temperature cycled and overcharged. The latch can be resel 0U€S IS Shown In Figure Le.

AR(T

Programming Inputs . .
Backup Time ILinvitt
Termination t3/Tret Low 2/Tgen t1/Tyet High Fast Charge
Mode (Pin 5) (Pin 6) (Pin7) (Minutes)
Time Open Open Open 283
Time Open Open Gnd 247
Time Open Gnd Open 212
Time Open Gnd Gnd 177
Time Gnd Open Open 141
Time Gnd Open Gnd 106
Time Gnd Gnd Open 71
Temperature 0VtoVecc—07V [0VtoVee—-07V | OVtoVec-07V Timer Disabled

Figure 11. Fast Charge Backup Termination Time/Temperature Limit
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Input Condition Controller Operation

Vsen Input Voltage:
>1.0Vand<2.0V The divided down battery pack voltage is within the fast charge voltage range. The charger switches
from trickle to fast charge mode as Vge, enters this voltage range, and a reset pulse is then applied to

the timer and the over temperature latch.

>1.0 V and <2.0 V with The battery pack has reached full charge and the charger switches from fast to a latched trickle
two consecutive —AV mode. A reset pulse must be applied for the charger to switch back to the fast mode. The reset
events detected after 160 s pulse occurs when entering the 1.0 V to 2.0 V window for Vgep Or when Ve rises above 3.0 V.

<1.0Vor>2.0V The divided down battery pack voltage is outside of the fast charge voltage range. The charger
switches from fast to trickle mode.

Timer Backup:
Within time limit The timer has not exceeded the programmed limit. The charger will be in fast charge mode if Vg, and
V¢ are within their respective operating limits.

Beyond time limit The timer has exceeded the programmed limit. The charger switches from fast to a latched trickle
mode.

Temperature Backup:
Within limits The battery pack temperature is within the programmed limits. The charger will be in fast charge mode
if Vsen @and V¢ are within their respective operating limits.

Below lower limit The battery pack temperature is below the programmed lower limit. The charger will stay in trickle
mode until the lower temperature limit is exceeded. When exceeded, the charger will switch from
trickle to fast charge mode.

Above upper limit The battery pack temperature has exceeded the programmed upper limit. The charger switches from
fast to a latched trickle mode. A reset signal must be applied and then released for the charger to
switch back to the fast charge mode. The reset pulse occurs when entering the 1.0 V to 2.0 V window
for Vgen or when Ve rises above 3.0 V.

Power Supply Voltage:
Vce >3.0Vand <18V This is the nominal power supply operating voltage range. The charger will be in fast charge mode if
Vsen, and temperature backup or timer backup are within their respective operating limits.
Vce >0.6 Vand <2.8V The undervoltage lockout comparator will be activated and the charger will be in trickle mode. A reset
signal is applied to the timer and over temperature latch.
Figure 12. Controller Operating Mode Table
Testing conditions, and the relatively short variable time delay

Under normal operating conditions, it would take 283 would be transparent to the user.
minutes toverify the operation of the 34 stage ripple counter ~ Switch 2 bypasses 11 divider stages to provide a 2048
used in the timer. In order to significantly reduce the test times speedup of the clock. This switch is necessary for
time, three digital switches were added to the circuitry and testing the 19 stages that were bypassed when switch 1 was
are used to bypass selected divider stages. Entering each @habledSwitch 2 is enabled when thgadinput falls below
the test modes without requiring additional package pins or1.0 V and the t1/E High input is biased at =100 mV.
affecting normal device operation proved to be challenging. Verification of the 19 stages is accomplished by measuring
Refer to the timer functional block diagram in Figure 13.  a nominal propagation delay of 338.8 ms from when thag V

Switch 1 bypasses 19 divider stages to provide a 524,288nputfalls below1.0 V, towhen the F/T output changes from
times speedup of the clock. This switch is enabled when thea high—to—low state.
Vseninput falls below 1.0 V. Verification of the programmed Switch 3 is a dual switch consisting of sections “A” and
fast charge time limit is accomplished by measuring the “B”. Section “A” bypasses 5 divider stages to provide a 32
propagation delay from when thesdy input falls below  timesspeedup of the Mngate signal that is used in sampling
1.0V, to when the F/T output changes from a high—to—low the battery voltage. This speedup allows faster test
state. The 71, 106, 141, 177, 212, 247 and 283 will nowverification of two successive/AV events. Section “B”
correspond to 8.1, 12.1, 16.2, 20.2, 24.3, 28.3 and 32.3 m$ypasses 11 divider stages to provide a 2048 speedup of the
delays. It igpossible to enter this test mode during operation trickle mode holdoff timer. Switches 3A and 3B are both
if the equivalent battery pack voltage was to fall below 1.0 V. activated when the t1/d High input is biased at =100 mV
This will not present a problem since the device would with respect to Pin 4.
normally switch from fast to trickle mode under these

http://onsemi.com
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l—> 11 ms Preset
Q D Q 22 ms Convert

Switch 2 Switch 3A
o;o Test Normal
25
Oscillator . . . . ) . . . . . . .
760 kHz =23 +26 02 28 Wy 25 2 [ 2 2| 2| w2 | 2
Switch 3B '
o? [ :
95 kHz 2 Switch 1 ,
SCKto ‘gl/o .
Voltage to 219 ! )
Frequency g '
Converter MC33340 < - - -
Holdoff Time Signal  MC33342
t1/TeHigh —>
t2/Tgen —> Time and Test Decoder
t3/Tretlow  —>
Each test mode bypass switch is shown l
in the proper position for normal charger operation. Fast/Trickle Output
Figure 13. Timer Functional Block Diagram
R5 IC1 MC33340 or MC33342 V¢
1.0k D3 r——— "
A —P | Undervoltage |
| Lockout |
AC 1N4002 < | |
Line R2
Input D2A& Vsen | Voltage to |
T Frequency
LM317 T 1] Converter |
[ fet M5 4] |
+ +C — A7 TN Ck FNV_R - Lateh I Battery
1 D Indj 24 =001 —:‘__|>— High ~ Over | y
o —AM— I = patery Temp |
R8 | +_Detect Detect |
= 1.0V olec +
220 | = Low  Under @ %0 A |
R6 MA | t1/Tpet High
15k ¥ D4 | t bt —
: | -A\V Detect + |7 SW1 S3R3
D1 Ve | Counter @ 30 A | T \_?_
Charge |\ G Timer 1o sen = = _
Status > Vsen + : 6 gSWZ
| E Gate ; @) 30 pA | tBTglow =
VBatt - | o
R2=R1(E—1) 3 |5 \isws %m
Fast/ T T Voo | = =
Vref + (IAgjR8)  Trickle | L ] e |
lchg(fast) = — R | Time/Temp 06V |
L = Select '
Y R AU i 4
Vin - V{(D3) - VBatt Gnd %4
lehg(trickle) = —pg5 L

This application combines the MC33340/342 with an adjustable three terminal regulator to form an isolated secondary side battery charger. Regulator IC2 operates
as a constant current source with R7 setting the fast charge level. The trickle charge level is set by R5. The R2/R1 divider should be adjusted so that the Vgep
input is less than 2.0 V when the batteries are fully charged. The printed circuit board shown below will accept the several TO-220 style heatsinks for IC2 and
are all manufactured by AAVID Engineering Inc.

Figure 14. Line Isolated Linear Regulator Charger

http://onsemi.com
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MC33340, MC33342

Figure 15. Printed Circuit Board

AAVID # Bsp °CIW
592502B03400 24.0
593002B03400 14.0
590302B03600 9.2
L " >l
o e 2.25 >
- Charge Mode Battery
o < ?
Input T RN]H— Negative
P e [ N
D1 o =

o " o{ B3 Jo J < Rwrc [

? 9 N\g g <«— Battery

o By Output Positive 1.70"

A 9%
| = = f
N
L
72222777777 ® © R7 o o
(Top View) (Bottom View)

and Component Layout

(Circuit of Figure 14)

| N UC3842 Series
Voo VoltageI 6 10 mA
Feedback v °R
R2 Input] —*
" é l 2= Error R 1.0V
Amplifi
= T 1| mper = Current Sense

Output/ L = Comparator
Compensaton ______ @Gndos
Primary Circuitry -
r— - Isolation Boundary = — — — — — ———
Secondary Circuitry
0C2 | VBattery
r 2l T |
I ¥ : vo || mc33sa0 or MC33342
Gate |
JEpu—|
- r ! vsen
R ; I 2| 97 Gate
L | 3
I | Fast/ i T
- Trickle

The MC33340/342 can be combined with any of the devices in the UC3842 family of current mode controllers to form a switch mode battery charger. In this
example, optocouplers OC1 and OC2 are used to provide isolated control signals to the UC3842. During battery voltage sensing, OC2 momentarily grounds the
Output/Compensation pin, effectively turning off the charger. When fast charge termination is reached, OC1 turns on, and grounds the lower side of R3. This
reduces the peak switch current threshold of the Current Sense Comparator to a programmed trickle current level. For additional converter design information,

refer to the UC3842 and UC3844 device family data sheets.

Figure 16. Line Isolated Switch Mode Charger

http://onsemi.com
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MC34166 or MC34167

. H AC

Line

0 Input
:_E .

R23

I Voltage
@ EA * | Feedback 5
'’ | Input 1
ul | | 1 Battery
L— F——————— e ——— ] Pack
Gnd 2 3 CompensationQ 5 Y ANA
C1 R3 im
V. MC33340/342
sen

vsen
Gate

The MC33340/342 can be used to control the MC34166 or MC34167 power switching regulators to produce an economical and efficient fast charger. These
devices are capable of operating continuously in current limit with an input voltage range of 7.5 to 40 V. The typical charging current for the MC34166 and MC34167
is 4.3 A and 6.5 A respectively. Resistors R2 and R1 are used to set the battery pack fast charge float voltage. If precise float voltage control is not required,
components R1, R2, R3 and C1 can be deleted, and Pin 1 must be grounded. The trickle current level is set by resistor R4. It is recommended that a redundant
charge termination method be employed for end user protection. This is especially true for fast charger systems. For additional converter design information,
refer to the MC34166 and MC34167 data sheets.

Figure 17. Switch Mode Fast Charger

http://onsemi.com
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YIOPAXHEHME N°4

N3caenane na NiIMH akymysaropuu 0arepun

B ToBa ympaxknenue ce m3mepBa kamauutera Ha NiMH Oarepum, mposepsiBaT ce
KPUTEPUHTE 32 3apsAx U pas3psAl U C€ EKCIHEPUMEHTHpA ChC CIEHHAIN3UPaHa MHTErpaHa
cxema M(C33340.

Pa3nuuHuTe THUNOBE akymyJlaTOpHM OaTepud MMaT MNapaMeTpud KOUTO T'M IpPaBsT
NPEINOYNTAHH 32 PA3IMYHU IPUIOKEHUs. B To3u cMucha HAMa “Haii-noObp” THn OaTepun
— KOraTo ca MpeAHa3HaueHHu 3a MPEHOCUMH anapatu OaTtepuute TpsSOBa Ja ca JEeKH, KOraTo
ca mpeAHa3HauYeHHU 3a MPOABIDKUTENHA eKCIuloaTanus 0e3 HaA30p — Ja MO3BOJSBAT MHOTO
LIMKJIM, KOTaTO ca KaTo Pe3epBHO 3aXpaHBaHE — Jla ce caMmopaspexaar 6aBHo u T.H. 1o Te3n
BBIIPOCH MMA TOCTAThYHO MaTEPUAIIN:

http://www.cewindows.net/battery.htm
http://www.thermoanalytics.com/support/publications/batterytypesdoc.html
http://www.batterysavers.com/Compare-Batteries.html

[IspBaTa yact Ha TOBa JaOOPATOPHO YyNpaKHEHUE BKIKOYBA pazyuasane Ha NiMH
Oarepuu, Ha KPUTEPHUMTE 3a 3apeXJaHE U pa3pekaHe, KAKTO U Ha JOKyMEHTalUsATa Ha
cxemata MC33340 (mameHa e cieq ykazaHUATA 3a yIpaKHEHHETO). ToBa TpsiOBa ma cTtaHe
npeodsapumenno Npy MOArOTOBKATA 3a JAOOPATOPHOTO YIPaKHEHHE.

B mnpunoxkeHuTe Marepualii OCHOBHO CE€ paslyIexJaT BBIPOCUTE 3a IMpaBUIIHATA
eKCIIOATalMs Ha OaTepunuTe, KPUTEPUUTE 3a pa3psii, NPOIABIHKUTEIHOCT Ha eKCILIoaTalus
(xkuBoT)M Ap. ageHu ca Mmarepuanu u 3a cxema Ha ¢pupmara MAXIM.

3agaum:
1. [a ce pasyuar ocHoBHuTe napamerpu Ha NiMH Oatepuun.

2. Jla ce 3apeau u paspeau enHa OaTrepusi KaTo c€ CHEME XapaKTEePUCTHKATa
HaAIPEeXKECHHUE/BpeMe TIPH 3apekIane U pa3pexaane. Jla ce u3uncian peasHuaT KanauTeT Ha
Oarepusra.

H3zmepeanemo na nanpesxcenuama Ha damepuama 0a ce U3ELPUIEA KO2AMO MA e
U3KIl0YeHa om eepuzume 3a pa3pao uiu 3apao!

3. Jla ce cbcTaBu cxeMa C M3MOJI3BAaHETO Ha MHTEerpainHara cxema MC33340 u
Jla ce MOJTrOTBU OMUTHA OCTAHOBKA, KATO CE M3MOJ3Ba MPEJOCTABEHUSIT MOIYI.

4. Jla ce mpoBeAaT €KCINEPUMEHTH C KOUTO Ja C€ YCTaHOBM Jalld CXeMmara
IIPABUIIHO OMNPEJIEIs MOMEHTA B KOMTO J]a MPEeyCTaHOBU 3apEKIAHETO.

Ilpu noozomoeéxkama Ha excnepumeHmume 0a ce NPeosUOU 3apercoane u
paspesicoane ¢ KOHCMAHMEH MOK. 3a ueama npu pazpexdcoanemo ce CbCmaegs cxema Ha
2enepamop na mok (200-300mA) koitmo oa pabomu npu 3axpaHeauio HanpexyceHue om
paspesxcoanama d6amepus (3a oea eremenma e om 1,8 oo 3,5V). Xapaxmepucmuka na
2eHepamop Ha MOK mpadea 0a uma u pezyiamopvm KOumo uje ce Yynpaeiiea om
Mooyna 3a 3apesxcoane ¢ MC33340.
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CXEMA HA MOAVYIA

3axpaHBaHETO V' oce ompenensi 0T MaKCMMaJTHOTO HarpexeHue Ha Oatepusta Ubat
(Opoit Ha kieTKuTE) U OT paboTHUsA 00xBaT Ha MC33340 — 3,25 no 18V.

BbHIIHO ce BKIIIOUBAT €JIEMEHTUTE Ha peryJjiaropa Ha TOK 3a 3apeaaHe.

Touka 1 u nvanama cxema om mouxka 3 0a ce NOO20MEAmM NPEOBAPUMETHO —
oomawina paooma!



MC33340, MC33342

Battery Fast Charge

Controllers
The MC33340 and MC33342 are monolithic control IC’s that are
specifically designed as fast charge controllers for Nickel Cadmium ON Semiconductor™

(NiCd) and Nickel Metal Hydride (NiMH) batteries. These devices
feature negative slope voltage detection as the primary means for fast
charge termination. Accurate detection is ensured by an output that
momentarily interrupts the charge current for precise voltage

http://onsemi.com

sampling. An additional secondary backup termination method can be MARKING
selected that consists of either a programmable time or temperature DIAGRAMS
limit. Protective features include battery over and undervoltage sp N
detection, latched over temperature detection, and power supply input PDIP-8 T VC3334xP
undervoltage lockout with hysteresis. Fast charge holdoff time is the P SUFFIX ) AWL
only difference between the MC33340 and the MC33342. The g CASE 626 O Yvww
MC33340 has a typical holdoff time of 177 seconds and the MC33342 1 kll" TR Ll|‘
has a typical holdoff time of 708 seconds. 1
* Negative Slope Voltage Detection with 4.0 mV Sensitivity SR A AR
¢ Accurate Zero Current Battery Voltage Sensing SO-8 3334x
* High Noise Immunity with Synchronous VFC/Logic D SUFFIX ALYW
) S CASE 751
* Programmable 1 to 4 Hour Fast Charge Time Limit 1 1ﬁ T oo
¢ Programmable Over/Under Temperature Detection
¢ Battery Over and Undervoltage Fast Charge Protection X =0or2 .
 Power Supply Input Undervoltage Lockout with Hysteresis CVL . ZC\/S;(;T&I% Location
* Operating Voltage Range of 3.25 V to 18 V YY.Y = Year
* 177 seconds Fast Change Hold—off Time (MC33340) WW, W= Work Week
* 708 seconds Fast Change Hold—off Time (MC33342)
PIN CONNECTIONS
o]
"?p?n 5 Voo B—"i Vsen Input [ 1] | © 8] Voo
2| E Undorotage -i Vien Gate Output [ 2| H/T,ef High
pockout Vccl Fast/Trickle Output 3 [ 6 | t2/Tgen
Voltage t
Fr?aqi%?lc?l | Gnd Iz t3/Tyef Low
Converter | ..
> Ck FN R Ao Latch l = = (Top View)
1|_—>_ High Over E { I Bg;tcelzy
=  Battery Temp
_._—ﬁi Detectti . l ORDERING INFORMATION
= Low Under
g " @l Uit High Device Package Shipping
-A\V Detect + |7 f?_ % . .
Counter ®| o MC33340D SO-8 98 Units/Rail
Timer Lo sen T e
@ + 1 g MC33340DR2 S0O-8 2500 Tape & Reel

P ol
ate [ 18T Low < MC33340P PDIP-8 50 Units/Rail

Ifo o4

|5
| ,; l% — _ Veel < MC33342D SO-8 98 Units/Rail
FIT ] ime) = =

= Temp | MC33342DR2 SO-8 2500 Tape & Reel
L - Select 1
————— edos T T ——— MC33342P PDIP-8 50 Units/Rail
This device contains 2,512 active transistors.
Figure 1. Simplified Block Diagram
0 Semiconductor Components Industries, LLC, 2001 1 Publication Order Number:

April, 2001 — Rev. 4 MC33340/D
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MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit

Power Supply Voltage (Pin 8) Vee 18 \%
Input Voltage Range \

Time/Temperature Select (Pins 5, 6, 7) VIRwT) -1.0to Ve

Battery Sense, (Note 2.) (Pin 1) VIR(sen) -1.0to Vcc +0.6 or —-1.0to 10
Vsen Gate Output (Pin 2)

Voltage Vo(gate) 20 v

Current logate) 50 mA
Fast/Trickle Output (Pin 3)

Voltage VoFEm 20 \%

Current loFm) 50 mA
Thermal Resistance, Junction—to—Air Reja °C/IW

P Suffix, DIP Plastic Package, Case 626 100

D Suffix, SO-8 Plastic Package, Case 751 178
Operating Junction Temperature T; +150 °C
Operating Ambient Temperature (Note 3.) Ta —25to +85 °C
Storage Temperature Tstg —-55 to +150 °C

1. This device series contains ESD protection and exceeds the following tests:
Human Body Model 2000 V per MIL-STD-883, Method 3015 Machine Model Method 400 V

ELECTRICAL CHARACTERISTICS (Vcc =6.0V, for typical values Ta = 25°C, for min/max values Tp is the operating
ambient temperature range that applies (Note 3.), unless otherwise noted.)

| Characteristic |  Symbol Min Typ Max Unit
BATTERY SENSE INPUT (Pin 1)
Input Sensitivity for —AV Detection —AVy, - —4.0 — mv
Overvoltage Threshold Vinov) 1.9 2.0 21 Y
Undervoltage Threshold Vihuv) 0.95 1.0 1.05 mV
Input Bias Current Iis - 10 - nA
Input Resistance Rin - 6.0 - MQ
TIME/TEMPERATURE INPUTS (Pins 5, 6, 7)
Programing Inputs (Vi, = 1.5 V)
Input Current lin 24 -30 -36 HA
Input Current Matching Al — 1.0 2.0 %
Input Offset Voltage, Over and Under Temperature Comparators Vio - 5.0 - mV
Under Temperature Comparator Hysteresis (Pin 5) V(1) - 44 - mV
Temperature Select Threshold Vine) - Ve —0.7 - \Y
INTERNAL TIMING
Internal Clock Oscillator Frequency fosc - 760 - kHz
Vsen Gate Output (Pin 2) tgate
Gate Time - 33 - ms
Gate Repetition Rate — 1.38 -
Fast Charge Holdoff from —AV Detection thold S
MC33340 - 177 -
MC33342 - 708 -
Vgen GATE OUTPUT (Pin 2)
Off-State Leakage Current (Vo =20 V) loff - 10 - nA
Low State Saturation Voltage (Isjnk = 10 mA) VoL - 1.2 - \%
FAST/TRICKLE OUTPUT (Pin 3)
Off-State Leakage Current (Vg =20 V) loff - 10 - nA
Low State Saturation Voltage (lsink = 10 mA) VoL - 1.0 - \%
UNDERVOLTAGE LOCKOUT (Pin 8)
Start—-Up Threshold (V¢ Increasing, Ta = 25°C) Vin(on) - 3.0 3.25 \%
Turn—Off Threshold (Vcc Decreasing, Ta = 25°C) Vih(off) 2.75 2.85 - \%
TOTAL DEVICE (Pin 8)
Power Supply Current (Pins 5, 6, 7 Open) lcc mA
Start-Up (Vcc=2.9V) - 0.65 2.0
Operating (Vcc = 6.0 V) - 0.61 2.0

2. Whichever voltage is lower.
3. Tested junction temperature range for the MC33340/342: Tiow =—25°C  Thjgh = +85°C

http://onsemi.com
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2.10 I
VCC =6.0V
2.00
\\
1.90 S~

Vih, OVER/UNDERVOLTAGE THRESHOLDS (V)

1.02
1.00
0.98
-50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C)
Figure 2. Battery Sense Input Thresholds
versus Temperature
s 0 I
o /
- Ve =6.0V —
g Voo cc |
a 02
> Threshold voltage is measured with respect to V.
(=]
L
&0 Time mode is selected if any of
T the three inputs are above the L
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Q T
E — I
» 08 /4/ Temperature mode is selected ——|
e when all three inputs are below
2 the threshold.
é 1.0 | | |
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g Figure 4. Temperature Select Threshold Voltage
£ versus Temperature
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Figure 6. Undervoltage Lockout Thresholds
versus Temperature
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Figure 3. Oscillator Frequency
versus Temperature
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MC33340, MC33342

INTRODUCTION

Nickel Cadmium and Nickel Metal Hydride batteries counter for detection of a negative slope in battery voltage. A
require precise charge termination control to maximize cell timer with three programming inputs is available to provide
capacity and operating time while preventing overcharging. backup charge termination. Alternatively, these inputs can be
Overcharging can result in a reduction of battery life as well used to monitor the battery pack temperature and to set the
as physical harm to the end user. Since most portableover and under temperature limits also for backup charge
applications require the batteries to be charged rapidly, atermination.
primary and usually a secondary or redundant charge sensing Two active low open collector outputs are provided to
technique is employed into the charging system. It is alsointerface this controller with the external charging circuit.
desirable to disable rapid charging if the battery voltage orThe first output furnishes a gating pulse that momentarily
temperature is either too high or too low. In order to addressinterrupts the charge current. This allows an accurate method
these issues, an economical and flexible fast charge controlleof sampling the battery voltage by eliminating voltage drops
was developed. that are associated with high charge currents and wiring

The MC33340/342 contains many of the building blocks resistances. Also, any noise voltages generated by the
and protection features that are employed in modern highcharging circuitry are eliminated. The second output is
performance battery charger controllers that are specificallydesigned to switch the charging source between fast and
designed for Nickel Cadmium and Nickel Metal Hydride trickle modes based upon the results of voltage, time, or
batteries. The device is designed to interface with eithertemperature. These outputs normally connect directly to a
primary or secondary side regulators for easy implementationlinear or switching regulator control circuit in non—isolated
of a complete charging system. A representative block diagranprimary or secondary side applications. Both outputs can be
in a typical charging application is shown in Figure 8. used to drive optoisolators in primary side applications that

The battery voltage is monitored by thggyinput that require galvanic isolation. Figure 9 shows the typical charge
internally connects to a voltage to frequency converter andcharacteristics for NiCd and NiMh batteries.

Regulator
O
DC T
Input
"E‘ MC33340 or MC33342 Voe o8 T
r—-——-—-""""""""""""""" — — — — "
L Reg Control |
- 69 ontro | Undervoltage |
| — 1 l Lockout 7 =l |
Internal Bias [« Q
R23 = I
Vsen ! Voltage to |
| Frequency |
11 | Converter |
NN A1 I | |
Charge | ok | = =
Status = | > High | Battery
I [20vi=t I Pack
| = Battery |
| LoV | +Detect Detect . |
[ 1ovE > low  Under |
| @) B0 A | t1/T o High
t -
I ~AV Detect N I7 5
| Counter | \iSW1 R3
Veen | Timer @ 0pA |, T 1
Gate | B t2 f O = ——
+
5T :\/'7 \ézetré | SW2
: = 13 @ SOMA ligmgrlow =
= i o
3 i | ESW3 %34
_ +
el M M e | T
| L ime/ - _||+_'r |
| Temp |

Figure 8. Typical Battery Charging Application
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Figure 9. Typical Charge Characteristics for NiCd and NiMh Batteries

OPERATING DESCRIPTION

The MC33340/342 starts up in the fast charge mode wherresistive voltage divider. The input has an impedance of
power is applied to ¥c. A change to the trickle mode can approximately 6.0 M@ and a maximum voltage range of
occur as a result of three possible conditions. The firstis if—1.0 V to \gc + 0.6 V or 0 V to 10 V, whichever is lower.
the Vseninput voltage is above 2.0 V or below 1.0 V. Above The 10 V upper limit is set by an internal zener clamp that
2.0 Vindicates that the battery pack is open or disconnectedprovides protection ithe event of an electrostatic discharge.
while below 1.0 V indicates the possibility of a shorted or The VFC is a charge—balanced synchronous type which
defective cell. The second condition is when the generates output pulses at a rate\pEFV/sen (24 kHz).
MC33340/342 detects a fully charged battery by measuring The Sample Timer circuit provides a 95 kHz system clock
a negative slope in battery voltage. The MC33340/342 signal (SCK) to the VFC. This signal synchronizes the F
recognize a negative voltage slope after the preset holdoffoutput to the other Sample Timer outputs used within the
time (toid has elapsed during a fast charge cycle. This detector. At 1.38 second intervals thg\Gate outpugoes
indicates that the battery pack is fully charged. The third low for a 33 ms period. This output is used to momentarily
condition is either due to the battery pack being out of ainterrupt the externaharging power source so that a precise
programmed temperature range, or that the preset timewroltage measurement can be taken. As thg 8ate goes
period has been exceeded. low, the internal Preset control line is driven high for 11 ms.

Thereare three conditions that will cause the controller to During this time, the battery voltage at thggyinput is
returnfrom trickle to fast charge mode. The first is if they allowed to stabilize and the previoug €ount is preloaded.
input voltage moved to within the 1.0 to 2.0 V range from At the Preset high—to—low transition, the Convert line goes
initially being either too high or too low. The second is if the high for 22 ms. This gates the/ Pulses into the ratchet
battery pack temperature moved to within the programmedcounter for a comparison to the preloaded count. Since the
temperature range, but only from initially being too cold. Converttime is derived from the same clock that controls the
Third is by cycling \&c off and then back on causing the VFC, the number of - pulses is independent of the clock
internal logic to reset. A concise description of the major frequency. If the new sample has more counts than were

circuit blocks is given below. preloaded, it becomes the new peak count and the cycle is
. , repeated..38 seconds later. If the new sample has two fewer
Negative Slope Voltage Detection counts, a less than peak voltage event has occurred, and a

A representative block diagram of the negative slope register is initialized. If two successive less than peak

voltage detector is shown in Figure 10. It includes a \oltage events occuhe -AV ‘AND’ gate output goes high
Synchronous Voltage to Frequency Converter, a Samplé;ng the Fast/Trickle output is latched in a low state,

Timer, and a Ratchet Counter. Thega\bin is the input for  gjgnifying that the battery pack has reached full charge
the Voltage to Frequency Converter (VFC), and it connects ;o5

to the rechargeable battery pack terminals through a

http://onsemi.com
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Negative slope voltage detection starts after 60 ms haven voltage during the holdoff time and the input voltage
elapsed in the fast charge mode. This does not affect thenever rises above that last detected level, the Fast/Trickle
Fast/Trickle output until the holdoff time,{ig) has elapsed  outputwill latch into a low state. The negative slope voltage
during the fast charge mode. Two scenarios then exist.detector has a maximum resolution of 2.0 V divided by
Trickle mode holdoff is implemented to ignore any initial 1023, or 1.955 mV per count with an uncertaintybfo
drop in voltage that may occur when charging batteries thatcount. This yields a detection range of 1.955 mV to 5.865
havebeen stored for an extended time period. If the negativemV. In order to obtain maximum sensing accuracy, the
slope voltage detector senses that initial drop during theR2/R1voltage divider must be adjusted so that thg,Wput
holdoff time, and the input voltage rises as the battery voltage is slightly less than 2.0 V when the battery pack is
chargesthe Fast/Trickle output will remain open. However, fully chaged. \ltage variations due to temperature and cell
if the negative slope voltage detector senses a negative dromanufacturing must be considered.

Battery Detect
Synchronous Fv = Vsen (24 kHz) L(iw Hifh UVJ'O FIT
Vsen Voltage to v
Input ‘ Frequency Ck Rachet _AV _
Converter Counter Logic
5 _ Trickle Mode Qer under Gharge
g 2 Holdoft emperature  Timer
5 o
o & Vgen Gate
SCK Sample
95 kHz Timer
Vgen Gate | oy ‘
‘= 1.38s :\ |
Preset I 7, ‘
| 1ims | | \ \
\ \
Convert —?—‘ ‘ U ; |
a 22'ms ‘
Rachet Counter Convert
0to 1023 Fy Pulses
Figure 10. Negative Slope Voltage Detector
Fast Charge Timer Temperature sensing is accomplished by placing a

A programmable backup charge timer is available for fast negative temperature coefficient (NTC) thermistor in
chargetermination. The timer is activated by then€/Temp thermal contact with the battery pack. The thermistor
Select comparator, and is programmed from thedd/T connects to the t24&, input which has a 3QA current
High, t2/Tsen and t3/Fer Low inputs. If one or more of these  source pull-up for developing a temperature dependent
inputs isallowed to go above yc—0.7 V or is left open, the  voltage. The temperature limits are set by a resistor that
comparatooutput will switch high, indicating that the timer  connects from the t1{d; High and the t3/{Es Low inputs to
feature is desired. The three inputs allow one of sevenground.Since all three inputs contain matchedi@0current
possible fast charge time limits to be selected. The source pull-ups, the required programming resistor values
programmable time limits, rounded to the nearest whole are identical to that of the thermistor at the desired over and
minute, are shown in Figure 11. under trip temperature. The temperature window detector is
composed of two comparators with a common input that
connects to the t2{E,input.

The lower comparator senses the presence of an under

Over/Under Temperature Detection
A backup over/under temperature detector is available

?nd _ca? beTlrJ]setz_j n _plz_ce tﬁf d”;)e ttrl1m?l'r' for/Tfast CShETrg?temperature condition. When the lower temperature limit is
ermination. The imer 1s disabled by the Time/Temp Selec exceeded, the charger is switched to the trickle mode. The

comparator when each of the three programming inputs are ; -
comparator has 44 mV of hysteresis to prevent erratic
held below \ec— 0.7 V. P y P

http://onsemi.com
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switching between the fast and trickle modes as the lowerby removing and reconnecting the battery pack or by cycling
temperaturdimit is crossed. The amount of temperature rise the power supply voltage.
to overcome the hysteresis is determined by the thermistor’s If the charger does not require either the time or
rate of resistance change or sensitivity at the undertemperature backup features, they can both be easily
temperature trip point. The required resistance change is: disabled. This is accomplished by biasing the t3MTow
VH(T) 44 v input to qultage greater than t4¥ anq by grounding the
Low THigh) = T 30uA 1.46 k t1/Tret High input. Under these conditions, the Time/Temp
n Select comparator output is low, indicating that the

The resistance change approximates a thermal hysteresigemperature mode is selected, and that thedgifiput is
of 2°C with a 10 K thermistor operating afG. The under  biased within the limits of an artificial temperature window.
temperature fast charge inhibit feature can be disabled by Charging of battery packs that are used in portable power
biasingthe t3/Tef Low input to a voltage that is greater than tool applications typically use temperature as the only
that present at t2{f, and less than & — 0.7 V. Under means for fast charge termination. The MC33340/342 can
extremely cold conditions, it is possible that the thermistor be configured in this manner by constantly resetting e —
resistance can become too high, allowing thegtfMput detection logic. This is accomplished by biasing the,V
to go above ¥c — 0.7 V, and activate the timer. This inputto=1.5V from a two resistor divider that is connected
condition can be prevented by placing a resistor in parallelbetween the positive battery pack terminal and ground. The
with the thermistor. Note that the time/temperature VsenGate output is also connected to thgniput. Now,
threshold of \b.c — 0.7 V is a typical value at room eachtime that the Sample Timer cau#fés Vsenoutput to go
temperature. Refer to the Electrical Characteristics tablelow, the Vseninput will be pulled below the undervoltage
and to Figure 4 for additional information. threshold ofL.0 V. This causes eeset of the AV logic every

The upper comparator senses the presence of an ovekt.38 seconds, thus disabling detection.
temperature condition. When the upper temperature limit is _ _
exceeded, the comparator output sets the Over Temperaturgperatllng Logic . . .
Latch and the charger is switched to trickle mode. Once the The ord_er (.)f events in the cha_rgmg Process 1s contrplled

by the logic circuitry. Each event is dependent upon the input

latch is set, the charger cannot be returned to fast charge o L
even after the temperature falls below the limit. This featureéondltlons and the chosen method of charge termination. A

prevents the battery pack from being continuously tab:f sgmrrr:ary g:or;t_alnlnglzall of the possible operating
temperature cycled and overcharged. The latch can be resel 0U€S IS Shown In Figure Le.

AR(T

Programming Inputs . .
Backup Time ILinvitt
Termination t3/Tret Low 2/Tgen t1/Tyet High Fast Charge
Mode (Pin 5) (Pin 6) (Pin7) (Minutes)
Time Open Open Open 283
Time Open Open Gnd 247
Time Open Gnd Open 212
Time Open Gnd Gnd 177
Time Gnd Open Open 141
Time Gnd Open Gnd 106
Time Gnd Gnd Open 71
Temperature 0VtoVecc—07V [0VtoVee—-07V | OVtoVec-07V Timer Disabled

Figure 11. Fast Charge Backup Termination Time/Temperature Limit

http://onsemi.com
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Input Condition Controller Operation

Vsen Input Voltage:
>1.0Vand<2.0V The divided down battery pack voltage is within the fast charge voltage range. The charger switches
from trickle to fast charge mode as Vge, enters this voltage range, and a reset pulse is then applied to

the timer and the over temperature latch.

>1.0 V and <2.0 V with The battery pack has reached full charge and the charger switches from fast to a latched trickle
two consecutive —AV mode. A reset pulse must be applied for the charger to switch back to the fast mode. The reset
events detected after 160 s pulse occurs when entering the 1.0 V to 2.0 V window for Vgep Or when Ve rises above 3.0 V.

<1.0Vor>2.0V The divided down battery pack voltage is outside of the fast charge voltage range. The charger
switches from fast to trickle mode.

Timer Backup:
Within time limit The timer has not exceeded the programmed limit. The charger will be in fast charge mode if Vg, and
V¢ are within their respective operating limits.

Beyond time limit The timer has exceeded the programmed limit. The charger switches from fast to a latched trickle
mode.

Temperature Backup:
Within limits The battery pack temperature is within the programmed limits. The charger will be in fast charge mode
if Vsen @and V¢ are within their respective operating limits.

Below lower limit The battery pack temperature is below the programmed lower limit. The charger will stay in trickle
mode until the lower temperature limit is exceeded. When exceeded, the charger will switch from
trickle to fast charge mode.

Above upper limit The battery pack temperature has exceeded the programmed upper limit. The charger switches from
fast to a latched trickle mode. A reset signal must be applied and then released for the charger to
switch back to the fast charge mode. The reset pulse occurs when entering the 1.0 V to 2.0 V window
for Vgen or when Ve rises above 3.0 V.

Power Supply Voltage:
Vce >3.0Vand <18V This is the nominal power supply operating voltage range. The charger will be in fast charge mode if
Vsen, and temperature backup or timer backup are within their respective operating limits.
Vce >0.6 Vand <2.8V The undervoltage lockout comparator will be activated and the charger will be in trickle mode. A reset
signal is applied to the timer and over temperature latch.
Figure 12. Controller Operating Mode Table
Testing conditions, and the relatively short variable time delay

Under normal operating conditions, it would take 283 would be transparent to the user.
minutes toverify the operation of the 34 stage ripple counter ~ Switch 2 bypasses 11 divider stages to provide a 2048
used in the timer. In order to significantly reduce the test times speedup of the clock. This switch is necessary for
time, three digital switches were added to the circuitry and testing the 19 stages that were bypassed when switch 1 was
are used to bypass selected divider stages. Entering each @habledSwitch 2 is enabled when thgadinput falls below
the test modes without requiring additional package pins or1.0 V and the t1/E High input is biased at =100 mV.
affecting normal device operation proved to be challenging. Verification of the 19 stages is accomplished by measuring
Refer to the timer functional block diagram in Figure 13.  a nominal propagation delay of 338.8 ms from when thag V

Switch 1 bypasses 19 divider stages to provide a 524,288nputfalls below1.0 V, towhen the F/T output changes from
times speedup of the clock. This switch is enabled when thea high—to—low state.
Vseninput falls below 1.0 V. Verification of the programmed Switch 3 is a dual switch consisting of sections “A” and
fast charge time limit is accomplished by measuring the “B”. Section “A” bypasses 5 divider stages to provide a 32
propagation delay from when thesdy input falls below  timesspeedup of the Mngate signal that is used in sampling
1.0V, to when the F/T output changes from a high—to—low the battery voltage. This speedup allows faster test
state. The 71, 106, 141, 177, 212, 247 and 283 will nowverification of two successive/AV events. Section “B”
correspond to 8.1, 12.1, 16.2, 20.2, 24.3, 28.3 and 32.3 m$ypasses 11 divider stages to provide a 2048 speedup of the
delays. It igpossible to enter this test mode during operation trickle mode holdoff timer. Switches 3A and 3B are both
if the equivalent battery pack voltage was to fall below 1.0 V. activated when the t1/d High input is biased at =100 mV
This will not present a problem since the device would with respect to Pin 4.
normally switch from fast to trickle mode under these

http://onsemi.com
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l—> 11 ms Preset
Q D Q 22 ms Convert

Switch 2 Switch 3A
o;o Test Normal
25
Oscillator . . . . ) . . . . . . .
760 kHz =23 +26 02 28 Wy 25 2 [ 2 2| 2| w2 | 2
Switch 3B '
o? [ :
95 kHz 2 Switch 1 ,
SCKto ‘gl/o .
Voltage to 219 ! )
Frequency g '
Converter MC33340 < - - -
Holdoff Time Signal  MC33342
t1/TeHigh —>
t2/Tgen —> Time and Test Decoder
t3/Tretlow  —>
Each test mode bypass switch is shown l
in the proper position for normal charger operation. Fast/Trickle Output
Figure 13. Timer Functional Block Diagram
R5 IC1 MC33340 or MC33342 V¢
1.0k D3 r——— "
A —P | Undervoltage |
| Lockout |
AC 1N4002 < | |
Line R2
Input D2A& Vsen | Voltage to |
T Frequency
LM317 T 1] Converter |
[ fet M5 4] |
+ +C — A7 TN Ck FNV_R - Lateh I Battery
1 D Indj 24 =001 —:‘__|>— High ~ Over | y
o —AM— I = patery Temp |
R8 | +_Detect Detect |
= 1.0V olec +
220 | = Low  Under @ %0 A |
R6 MA | t1/Tpet High
15k ¥ D4 | t bt —
: | -A\V Detect + |7 SW1 S3R3
D1 Ve | Counter @ 30 A | T \_?_
Charge |\ G Timer 1o sen = = _
Status > Vsen + : 6 gSWZ
| E Gate ; @) 30 pA | tBTglow =
VBatt - | o
R2=R1(E—1) 3 |5 \isws %m
Fast/ T T Voo | = =
Vref + (IAgjR8)  Trickle | L ] e |
lchg(fast) = — R | Time/Temp 06V |
L = Select '
Y R AU i 4
Vin - V{(D3) - VBatt Gnd %4
lehg(trickle) = —pg5 L

This application combines the MC33340/342 with an adjustable three terminal regulator to form an isolated secondary side battery charger. Regulator IC2 operates
as a constant current source with R7 setting the fast charge level. The trickle charge level is set by R5. The R2/R1 divider should be adjusted so that the Vgep
input is less than 2.0 V when the batteries are fully charged. The printed circuit board shown below will accept the several TO-220 style heatsinks for IC2 and
are all manufactured by AAVID Engineering Inc.

Figure 14. Line Isolated Linear Regulator Charger
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Figure 15. Printed Circuit Board

AAVID # Bsp °CIW
592502B03400 24.0
593002B03400 14.0
590302B03600 9.2
L " >l
o e 2.25 >
- Charge Mode Battery
o < ?
Input T RN]H— Negative
P e [ N
D1 o =

o " o{ B3 Jo J < Rwrc [

? 9 N\g g <«— Battery

o By Output Positive 1.70"

A 9%
| = = f
N
L
72222777777 ® © R7 o o
(Top View) (Bottom View)

and Component Layout

(Circuit of Figure 14)

| N UC3842 Series
Voo VoltageI 6 10 mA
Feedback v °R
R2 Input] —*
" é l 2= Error R 1.0V
Amplifi
= T 1| mper = Current Sense

Output/ L = Comparator
Compensaton ______ @Gndos
Primary Circuitry -
r— - Isolation Boundary = — — — — — ———
Secondary Circuitry
0C2 | VBattery
r 2l T |
I ¥ : vo || mc33sa0 or MC33342
Gate |
JEpu—|
- r ! vsen
R ; I 2| 97 Gate
L | 3
I | Fast/ i T
- Trickle

The MC33340/342 can be combined with any of the devices in the UC3842 family of current mode controllers to form a switch mode battery charger. In this
example, optocouplers OC1 and OC2 are used to provide isolated control signals to the UC3842. During battery voltage sensing, OC2 momentarily grounds the
Output/Compensation pin, effectively turning off the charger. When fast charge termination is reached, OC1 turns on, and grounds the lower side of R3. This
reduces the peak switch current threshold of the Current Sense Comparator to a programmed trickle current level. For additional converter design information,

refer to the UC3842 and UC3844 device family data sheets.

Figure 16. Line Isolated Switch Mode Charger
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MC34166 or MC34167

. H AC

Line

0 Input
:_E .

R23

I Voltage
@ EA * | Feedback 5
'’ | Input 1
ul | | 1 Battery
L— F——————— e ——— ] Pack
Gnd 2 3 CompensationQ 5 Y ANA
C1 R3 im
V. MC33340/342
sen

vsen
Gate

The MC33340/342 can be used to control the MC34166 or MC34167 power switching regulators to produce an economical and efficient fast charger. These
devices are capable of operating continuously in current limit with an input voltage range of 7.5 to 40 V. The typical charging current for the MC34166 and MC34167
is 4.3 A and 6.5 A respectively. Resistors R2 and R1 are used to set the battery pack fast charge float voltage. If precise float voltage control is not required,
components R1, R2, R3 and C1 can be deleted, and Pin 1 must be grounded. The trickle current level is set by resistor R4. It is recommended that a redundant
charge termination method be employed for end user protection. This is especially true for fast charger systems. For additional converter design information,
refer to the MC34166 and MC34167 data sheets.

Figure 17. Switch Mode Fast Charger
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NICKEL METAL HYDRIDE BATTERIES

High-energy Batteries to Launch a New Era of Products

Overview

As electronic products have come to feature more
sophisticated functions, more compact sizes and
lighter weights, the sources of power that operate
these products have been required to deliver in-
creasingly higher levels of energy. To meet this
requirement, nickel-metal hydride batteries have
been developed and manufactured with nickel
hydroxide for the positive electrode and hydrogen-
absorbing alloys, capable of absorbing and releas-
ing hydrogen at high-density levels, for the negative
electrode. Because Ni-MH batteries have about
twice the energy density of Ni-Cd batteries and a
similar operating voltage as that of Ni-Cd batteries,
they have become a mainstay in rechargeable
batteries.

Construction

Nickel-metal hydride batteries consist of a positive
plate containing nickel hydroxide as its principal active
material, a negative plate mainly composed of hydro-
gen-absorbing alloys, a separator made of fine fibers,
an alkaline electrolyte, a metal case and a sealing
plate provided with a self-resealing safety vent. Their
basic structure is identical to that of Ni-Cd batteries.
With cylindrical nickel-metal hydride batteries, the
positive and negative plates are seperated by the
separator, wound into a coil, inserted into the case,
and sealed by the sealing plate through an electrically
insulated gasket.
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NICKEL METAL HYDRIDE BATTERIES - CONTINUED

Structure of Nickel-Metal Hydride Batteries

Safety Vent

Cap (+) Sealing Plate

Positive
Electrode —
Collector

Negative Electrode
L

| -~ Separator
Case — |
\

(=)

Positive Electrode

i.§~
i
33
NN

Insulator

Cylindrical Type

Hydrogen-absorbing Alloys

Hydrogen-absorbing alloys have a comparatively
short history which dates back about 20 years to the
discovery of NiFe, MgNi and LaNisalloys. They are
capable of absorbing hydrogen equivalent to about a
thousand times of their own volume, generating metal
hydrides and also of releasing the hydrogen that they
absorbed. These hydrogen-absorbing alloys combine
metal (A) whose hydrides generate heat exothermi-
cally with metal (B) whose hydrides generate heat
endothermically to produce the suitable binding
energy so that hydrogen can be absorbed and re-
leased at or around normal temperature and pressure
levels. Depending on how metals A and B are com-
bined, the alloys are classified into the following
types: AB (TiFe, etc.), AB2(ZnMn., etc.), ABs (LaNis,
etc.) and A2B (Mg:Ni, etc.). From the perspective of
charge and discharge efficiency and durability, the
field of candidate metals suited for use as electrodes
in storage batteries is now being narrowed down to
ABstype alloys in which rare-earth metals, especially
metals in the lanthanum group, and nickel serve as
the host metals; and to AB:type alloys in which the
titanium and nickel serve as the host metals.

Panasonic is now focusing its attention on ABstype
alloys which feature high capacity, excellent charge
and discharge efficiency, and excellent cycle life. It
has developed, and is now employing its own MmNis
alloy which uses Mm (misch metal = an alloy consist-
ing of a mixture of rare-earth elements) for metal A.

Principle of Electrochemical Reaction
Involved in Batteries

Nickel-metal hydride batteries employ nickel hydrox-
ide for the positive electrode similar to Ni-Cd batter-
ies. The hydrogen is stored in a hydrogen-absorbing
alloy for the negative electrode, and an aqueous
solution consisting mainly of potassium hydroxide for
the electrolyte. Their charge and discharge reactions
are shown below.

Positive C_,harge
- Ni(OH): +* OH" <= NIiOOH *+ H,0 t e-
electrode Discharge
. Charge
Negative -
M * HO+ e & MH, T OH
electrode - z Discharge ®
Overall Charge
"+ Ni(OH), * M ¥ NIOOH t MH,
reaction Discharge

(M: hydrogen-absorbing alloy; H.,: absorbed hydrogen)

As can be seen by the overall reaction given above,
the chief characteristics of the principle behind a
nickel-metal hydride battery is that hydrogen moves
from the positive to negative electrode during charge
and reverse during discharge, with the electrolyte
taking no part in the reaction; which means that there
is ho accompanying increase or decrease in the
electrolyte. A model of this battery’s charge and
discharge mechanism is shown in the figure below.
These are the useful reactions taking place at the
respective boundary faces of the positive and nega-
tive electrodes, and to assist one in understanding
the principle, the figure shows how the reactions
proceed by the transfer of protons (H*).

The hydrogen-absorbing alloy negative electrode
successfully reduces the gaseous oxygen given off
from the positive electrode during overcharge by
sufficiently increasing the capacity of the negative
electrode which is the same method employed by Ni-
Cd batteries. By keeping the battery’s internal
pressure constant in this manner, it is possible to
seal the battery.

(Negative Electrode =
Hydrogen-absorbing Alloy)

(Positive Electrode =
Nickel Hydroxide)

Schematic Discharge of Ni-MH Battery
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NICKEL METAL HYDRIDE BATTERIES - CONTINUED

Features

e Similarity with Ni-Cd batteries

These batteries have similar discharge characteris-

tics to those of Ni-Cd batteries.

e Double the energy density of conventional
batteries

Nickel-metal hydride batteries have approximately

double the capacity compared with Panasonic’s

standard Ni-Cd batteries.

1.8
Size: KR17/43
Charge: 1CmA x 1.2h
1.6 Discharge: 0.2CmA
Temperature: 20°C
2 1.4
S
g 12 i — —
£ 1
> \ \
1.0 \
P-120AS HHR200A
Ni-Cd Ni-MH
0.8

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Discharge Capacity (mAh)

* Cycle life equivalent to 500 charge and
discharge cycles

Like Ni-Cd batteries, nickel-metal hydride batteries

can be repeatedly charged and discharged for about

500 cycles. (example: IEC charge and discharge

conditions)

e Rapid charge in approx. 1 hour

Nickel-metal hydride batteries can be rapidly

charged in about an hour using a specially designed

charger.

* Excellent discharge characteristics

Since the internal resistance of nickel-metal hydride

batteries is low, continuous high-rate discharge up to

3CmA is possible, similar to Ni-Cd batteries.

Five Main Characteristics

As with Ni-Cd batteries, nickel-metal hydride batteries
have five main characteristics: charge, discharge,
storage life, cycle life and safety.

1) Charge characteristics

Like Ni-Cd batteries, the charge characteristics of nickel-
metal hydride batteries are affected by current, time and
temperature. The battery voltage rises when the charge
current is increased or when the temperature is low.
The charge efficiency differs depending on the current,
time, temperature and other factors.

Nickel-metal hydride batteries should be charged at a
temperature ranging from 0°C to 40°C using a constant
current of 1It or less. The charge efficiency is particularly
good at a temperature of 10°C to 30°C. Repeated
charge at high or low temperatures causes the battery
performance to deteriorate. Furthermore, repeated
overcharge should be avoided since it will downgrade
the battery performance.

Refer to the section on recommended charge methods
for details on how to charge the batteries.

e Charge characteristics

2.0

Charge :120%
Temperature: 20°C
18 Model - HHR200A
16 — 11t
L ___+—— T ——0.331t
— - 0.1It

1.4

12

Voltage (V)

1.0

0.8

0.6
0 20 40 60 80 100 120 140 160

Charge Capacity (%) (Nominal Capacity Ratio)

2200 » Charge temperature characteristics at 1It charge
Size: HR17/43
2000| HHR200A Charge: 1CmA x 1.2h 20
1800 |_NFMH Temp.: 20°C i Charge : 1CmA x 120%
_ — Model : HHR200A
c 1.8
é 1600
= 0°C
> 1400 _ 1.6 0
2 1200} 2 —— o
<% P-120AS o L4
S 1000 NeCd =2
= 1.2
800 S
600 1.0
400 0.8
0 1 2 3 4 5
Discharge Current (A) 0.6
0 20 40 60 80 100 120 140 160
Charge Capacity (%) (Nominal Capacity Ratio)
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NICKEL METAL HYDRIDE BATTERIES - CONTINUED

» Charge temperature characteristics at various » Discharge temperature characteristics at 11t
charge rates discharge
110 2.0
It Charge :1CmA x 1.2h
100 1.8 Temperature :20°C
- Model : HHR200A
g 90 > { 16
S so|-Charge o1t 1 \ ot S 20°C
& —O— 01itx12h \\ o 14 /
[«
2 "°"—0 - 033ixan % S N
—_ —_ o
§ 60— »EI 1tx 1.2h = ﬁﬁ\x
(@) Discharge :0.2ltto 1.0V 1.0 & ’ ~ \ \
50 |~ Temperature: 20°C e o°C
Model : HHR200A 0.8
40— : :
] ] ] 0.6
-10 0 10 20 30 40 50 60 70 o 20 40 60 80 100 120 140 160
Charge Temperature (°C) Charge Capacity (%) (Nominal Capacity Ratio)

2) Discharge characteristics » Discharge temperature characteristics
The discharge characteristics of nickel-metal hydride
batteries are affected by current, temperature, etc., 120
and the discharge voltage characteristics are flat at 100
1.2V, which is almost the same as for Ni-Cd g /9/"‘ N\ y
batteries. The discharge voltage and discharge 2 ¥
.. . . . ©
efficiency decrease in proportion as the current rises 60 @// s
or the temperature drops. Compared with Ni-Cd S 4
batteries, nickel-metal hydride batteries have inferior g o e 20"
high-rate discharge characteristics, making them 20 Discharge ;ﬁ;‘;zfgg’:“agell-ov ]
less suitable for use in applications requiring high- 0
. . . . -20 -10 0 10 20 30 40 50
current discharge. As with Ni-Cd batteries, repeated Discharge Temperature (*C)
charge and discharge of these batteries under high
discharge cut-off voltage conditions (more than 1.1V
per cell) causes a drop in the discharge voltage 3) Storage characteristics
(which is sometimes accompanied by a These characteristics include self-discharge
simultaneous drop in capacity). The discharge characteristics and restoration characteristics after
characteristics can be restored by charge and long-term storage. When batteries are left standing,
discharge to a discharge end voltage of down to 1.0V their capacity generally drops due to self-discharge,
per cell. but this is restored by charge.
» Discharge characteristics
100 I
20 Charge  :1CmAx L.2h 90 :Temp':20°C
18 Sc:?igleraturei a(l)-ISZOOA g 80 —
o ™ Ni-MH (HHR200A)
1.6 s 70 S }
< 0.21t | 11t 3It 14 o Temp.: 45°C
o L4 / / / >
8 \¥ / / I/ '2 %0 -
s 1.2 7 S s0 Ni-Cd (P-120AS)
O
10 \\ 40| Charge :1CmA x 1.2h
08 Discharge: 1CmA to 1.0V/cell
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0 1 2 3 4
0'60 20 40 60 80 100 120 Storage Period (weeks)
Discharge Capacity (%) (Nominal Capacity Ratio)
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NICKEL METAL HYDRIDE BATTERIES - CONTINUED

» Self discharge characteristics

Self-discharge is affected by the temperature at
which the batteries are left standing and the length of
time during which they are left standing. It increases
in proportion as the temperature or the shelf-standing
time increases. Panasonic’s nickel-metal hydride
batteries have excellent self-discharge
characteristics that are comparable to those of Ni-Cd
batteries.

4) Cycle Life Characteristics

The cycle life of these batteries is governed by the
conditions under which they are charged and dis-
charged, temperature and other conditions of use.
Under proper conditions of use (example: IEC charge
and discharge conditions), these batteries can be
charged and discharged for more than 500 cycles.

» Cycle life characteristics

120 T
Temperature : 20°C
Model : HHR200A
100 e ¢
e —
S
- 80
B
T
o
> 60
S
[}
g
S 40
20
0 100 200 300 400 500
Number of Cycles (cycle)
5) Safety

When the internal pressure of these batteries rises
due to overcharge, short-circuiting, reverse charge or
other abuse or misuse, the self-resealing safety vent
is activated to prevent battery damage. Panasonic’s
nickel-metal hydride batteries have similar safety
characteristics as Panasonic Ni-Cd batteries.
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YOPAXHEHME N°5

IleuaTHu IJIaTKH

B ToBa YIPA)XKHCHUC CTYACHTUTC pa3pa60TBaT MCYaTHHU IUIATKW Ha PA3JIMYHU CXCMU —
AHaJIOT'OBH, HI/I(prBI/I N CMCCCHH. HCJITa € da YCBOAT IIpaBUjlaTa 3a IIPOCKTUPAHE C OIJICH
CIICKTpOMAarouTHa CbBMCCTUMOCT U MUHUMAJIHO B3dMUMHO BJIMSAHUC.

B paboTara e BKJIIOYEHO M pa3yyaBaHe Ha FOTOBU IUIATKH — MPUMEPHU, KaKTO 3a 100po
IPOEKTUPAHE, TAKa U 32 TPEILKH.

[IpenBapurenHo TpsOBa Ja ce MOArOTBH I€4YaTHA IUIaTKa MO M300p - HSIKOS OT
CXEMUTE JAJICHU MO-HATaThK, Clel 33Ja4nuTe U B JIUTEpaTypara KbM ynpaxHeHusra. [Ipu
IPOEKTUPAHETO CE€ CIla3BaT IpaBHaTa 3a NPOEKTHPAaHE MO OTHOIICHHE Ha B3aUMHHU
BIMSIHUS ¥ cMyIieHus. [Ipu Bcuuku BapuaHTH BXOJOBETE U U3XOJUTE TPSOBA /1a ca camMo OT
e/lHaTa CTpaHa Ha uiaTtkara (1o u300p) mpe3 euH U ChIIl KYTUTYHT.

[IpoekTHpaHeTo MOXKE Ja C€ U3BBPIIM HA pbKa (Ha XapTUs C MOJIXOJISI PACTEP) WU C
MOIXO/sIIa MpoeKTupaiia nporpama. [lnaTtkara Moxe na ce pa3paboTu Kato €IHOCIIONHA
WIN JIBy-CJIOMHA. BBB BCHUKM cllydau TjiaTKata TpsiOBa Jla ce MpeACTaBM HA YEPTEX IO
KOWTO Ja ce KOMEHTHpa (/la ce BWXKIAT MUCTUTE U eJeMeHTuTe). B mabopatopusra Hsima
WHCTaJIMPAaHU BCUYKU W3BECTHH MPOrPAMHU MPOTYKTH.

3agaumn:

1. Jla ce u3zbepe cxema W MnpoekTupa Iatka. JlaHHM 3a paszmeputTe Ha
€JIEMEHTUTE UMa JIOCTaThbYHO B CBETOBHAaTa Mpexa. ToBa € m00pa BB3MOXKHOCT 3a
noOuBaHe Ha ONMUT B ThpceHeTo. Ha cxemure He ca mokazaHu (GUATPUPAIIH EIEMEHTH.
Nudopmarust 3a mpaBuiiaTa MpU MPOSKTUPAHE MMa B MaTepUaIuTe KbM JIEKIMHUTE IO
[IECY.

2. KoMeHTapu 1o roroBarta IiaTka — ¢ KOJIETHTe U MpernoiaBaTesl.
3. [la ce BbBeAaT KOpEKIUH (MMpy HEOOXOAMMOCT) B TIJIATKATA.

4. Pazrnexxnane Ha rotoBu miatku. Komentapu no uzbpanute peuieHus (He
caMo 10 OTHOIIEHHUE Ha TUIaTKaTa, a ¥ 0 CXEMOTEXHHUKATA).

5. EXCIIepuMEeHTH ¢ MaKeTH Ha YCTPOMCTBA 3a YCTAHOBSIBAHE HA M3TOYHUIUATE
Ha cMylIeHus. Jla ce HaMepu HauYKH 3a HAMaJIIBAHETO UM.

Touku 1 u 3 ce noozomesam npedsapumenno — oomauwina pabomal



HO-,Z[OJ'Iy € IIOKa3aHa CXC€Ma Ha CTa6I/IJ'II/IBaT0p 3d pAa3JIMYHU IIPCA-YCHUIIBATCIIN — KAKTO
3a IPOMHUIIJICHO IMPUJIOKCHUC, TdKa U 3a oura — ayauo amaparypa.

Crnenpamara cxema € Ha IpeJyCHUIIBATeNl 3a MUKPO(OH € AaJieHa KaTo MPUIOKEHHUE
KbM KartanoxHuTe nanuu 3a OPA337. JlanHu 3a KOPIyCUTE U U3BOJMTE UMaA B CbOTBETHUTE
pdf daiinose. Cxemara e npumep 3a ananorona ruiatka ¢ AL B uzxona.
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FIGURE 6. Low Power, Single-Supply, Speech Bandpass Filtered Data Acquisition System.



Hex Binary |74HC165 Code |Frequency
Four| D(dec) | Value Value ABCD EFGH Error
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Figure 1. Programming the ML2035 for 60Hz. output using NTSC color burst crystal.

CxemaTa € Ha reHepaTop Ha CUHYCOMJAIHO HampexeHue. M3moii3BaHu ca CXeMH Ha
reHeparop u genuren (4060), npemectBany peructbp (165) u cnenuanu3upana cxema 3a
nu(ppoBO CHHTE3MpaHe Ha cuHycounpanHo Hampexxenne ML2035. Kopnycure Ha cxemute
Moxe aa ca 3a “nopmaien’” (DIP, DIL) wiu 3a moBspxHocTeH (SMD) MoHTax 110 u360p.

OcBeH mNpeasIoKeHUTE CTYIACHTHTE MoraT naa u3bepat u apyra cxema. OCHOBHO
M3UCKBaHE € IUiaTkara ga uma okono 20-30 u3Bonxa 3a 3amosiBaHe, ako € C JUCKPETHHU
2
eneMmenTH u oHe 40 — ¢ uaTerpanHu cxemu. ['oroBara miarka aa e ¢ wiong 0,3 — 1 dm”.



YIOPAXHEHMWME N°6

JAMCTAHIMOHHHU YNIPABJIEHUSA

B ToBa ympakHeHHE CTYyACHTHTE C€ 3al03HaBaT C JUCTAHIIMOHHUTE YIMPaBICHUS
KOUTO CE€ M3IOJI3BAT B aBTO-AIAPMUTE, 32 OTBAPSHE HA Tapa)kul, JOCTBHII JI0 MAPKUHTU H JP.
OT eqHa cTpaHa Te Ce 3alo3HaBaT ¢ MpeJaBaHe Ha MH(OpMAIUS MO pagruo-KaHaT W Ype3
ONTPOHHA JBOIKA, a OT JApPyra ¢ KOJWUpAIIM M JCKOAMpAIIN CXeMH. V3BecTHa TPYyIHOCT
npecTaBisaBa paboTara Mo KaHall upe3 pajuo-Bpb3Ka MOPaIn MO-MaJKO MO3HATUTE CXEMHU
Ha Tpe/laBaTeny u 0coOeHo Ha nmpueMHuiy B ooxsarure 300-400MHz.

3a caMOTO ympaKHEHUE CTYJEHTUTE TpsAOBa MpeaBapUTENHO Aa M30epaT ¢ KakBa
NpeHocHa cpena mie padorar (paauo wid onTtuuyHa). TpsOBa ga M3rpajsT cXeMu Ha
PUEMHUK U TIpe/iaBaTell u Ja IeMOHCTpHUpaT paboTaTa um.

3agaum:
1. [a ce pa3yuat matepuanute. J{a ce uzdepe paano wiv ONTHYCH KaHAJI.

2. Jla ce mOArOTBAT NPUHLIMIIHU CXEMHU KOUTO LIE CE Peau3upar Mo BpemMe Ha
YIIPAXKHEHUETO.

3. Jla ce monTupat koaupaimiara PT2262 u nexoaupaia PT2272 cxemu. [a ce
eKCIIepUMEHTHpa paboTaTta UM MPU TUPEKTHA BPB3Ka MEKIY THX.

4. Jla ce mpoBemaT EKCHEPUMEHTH C IPUEMHUK W IIpeAaBares, Karo ce
peanusupar IoHe JBE Pa3IM4YHU KOMAH/IH.

5. [la ce mpoBepu Ha KaKBO pa3CTOSTHUE MOXKE Jla pabOTH Taka HapaBeHOTO
JTUCTAHIIMOHHO YIIPaBJICHHE.

6. Jla ce cbcTaBu aropuThM Ha JEKOJUPAIIO YCTPOMUCTBO C MUKPOKOHTPOJIED.

Touku 1, 2 u 6 ce noozomeam npeosapumeino — oomauina pavoma!



YOPAXHEHMWME N°7

I/I3MepBaHe Ha OTHOCHUTCJIHA BJIAKHOCT

B ToBa ymnpaxkHeHuE CTYIAEHTUTE C€ 3al03HABaT C JBa OT HaW-pa3NpOCTPAHECHUTE
METOAY 32 M3MEPBAHE HAa BIIAXKHOCTTA HA OKOJHHUS BB3IYX — IMCUXPOMETPUYHHUSA U C
ONpeieIIHE Ha TOUKaTa Ha OpOCsIBaHE.

HpeI[BapI/ITeJIHO c H€06XO,III/IMO da CC Ipcericaar MAaTCpHUaIUTC KOUTO Ca HJAACHH II0
TO3H BBIIPOC HA aJIpCC:

http://lark.tu-sofia.bg/ntt/eusku/readings.html - eusku6a.pdf (353 kB),

KaToO IMOBCYC BHUMAHHUE a4 CC O6’pre Ha ABaTra ME€TOoAa.

CamoTO  ymnpa)kHEHME BKJIIOYBA M3MEpPBAaHE HAa OKOJHATa TeMIepaTypa,
TeMIiepaTypara Ha ‘“MOKpHs” TEPMOMETHP M CbOTBETHO Ha TeMIIEpaTrypaTa Ha TOYKaTa Ha
opocsisane. C momormira Ha TaOJIUIM U C HW3YUCICHUS C€ OMpenens OTHOCHTENHATa
BJIQYKHOCT Ha Bb3/yXa I10 BaTa METOJa U CE CPaBHABAT Pe3yJITaTUTE.

3anauu:
1. [a ce pazyuaTt marepuanute. KakBo € OTHOCUTENHA BIAXXHOCT Ha Bb3ayxa?

2. Jla ce wu3Mepu OKOJIHATaA TeMIleparypa, Ja ce€ ‘“HampaBu  MOKBD
TEPMOMETHP U Jia CE U3MEPU HEroBaTa TeMreparypa.

3. Ot momyyeHUTE JBE TEMMEpPaTypH, OT TAOIUIUTE, Ja CE OTYETAT JIBETE
HAW-OM3KM CTOMHOCTM HAa BIAKHOCTTA M C AaNpOKCUMHUpaHE Ja Cce€ Ompeaein
OTHOCHUTEJIHATA BJIAXKHOCT HA OKOJIHUS Bb3AYX.

4. Tlo HO,ZLO6CH Ha4YMH Ja CC OIpPCACIIN TOYKATa Ha OPOCABAHC, KATO 3a
IMOHM>KABAHC HA TCMIICPpATYypaTa CC U3II0JI3Ba JIC. CJICI[I/I CC OTpaxaTciiHaTta CIIOCOOHOCT Ha
orjicgalIo U C€ OTYUTA TCMIICpATypaTa. 3a mo-rojisiMa IMPCHHU3HOCT CC CICIAT ILI/I(by3HOTO 151
AUPCKTHO OTPAXKCHUC.

5. Or teMmeparypara Ha TOYKaTa Ha OPOCSIBAHE M OT OKOJIHATA TEMIEpaTypa,
NojilyuyeHa TpU TPEIUIIHOTO HW3MepBaHe, MOJO0OHO Ha T.3 ce ompenaeis OTHOCHTETHATa
BJIaXKHOCT. OT TaOJIUIMTE Ce M3MOJ3Ba ChOTBETHATA KOJIOHA.

6. AHanuzupaTr ce pe3yaTaTUTe, NpaBsAT C€ HM3BOAM 3a TIPELIKUTE IIpH
U3MEPBAHE U IPUUMHUTE 3a HECAHAKBUTE PE3YNITATH (AKO CE MOJydaT rOJIEMHU PA3IUKH).

Touka 1 ce noozcomes npeosapumenno — oomauwina paoomal
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