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AHHOTaAMSA

IIpakTu4eckuil Kypc MO PEMOHTY 3JEKTPOHHBIX YCTPOICTB,
HalMCaHHBINA IMPOCTBIM A3bIKOM CIIEHNAJIbHO J1A HAUMHAIOIIUX. Knwura
Imiar 3a IaroM OOBSCHSET OCHOBBI 3JEKTPUYECTBA, YCTPOWCTBO
TUIUYHBIX JIeTasneid, paboTy ¢ MYJIbTUMETPOM U TasIbHUKOM,
JUArHOCTHKY HEWCNpaBHOCTe W Oe3omacHble MPHEMBI PEMOHTA.
OtmenbHO pa3oOpaHbl ONOKM TMHUTaHWs, CMapTdOHBI, HOYTOYKHU,
TEJICBU30PbI, AyTUOTEXHUKA U 6bITOBaH 9JICKTPOHUKA. Ectb mousiTHBIE
paznens no SMD-komnioneHTaM 1 Metosiam padoTsl ¢ BGA. Kaxnas
riaBa COACPKUT O6"bHCHeHI/Iﬂ «Ha mnajpnax», TUIIMYHBIE CUMIITOMbI
MOJIOMOK, YacThle OIMMOKM HOBUYKOB W DPEKOMEHJAIMU, C 4Yero
HauMHaTh MPaKkTUKy. KHUra momoraer mepedTH OT TMOJHOTO HYJS
K YBEPEHHOMY CaMOCTOSITEJIBHOMY PEMOHTY Oe3 JIMIIHEH Teopuu u
COXKHBIX (popmyit. [TogXOmUT TeM, KTO XOUeT YNHUTH CBOIO TEXHUKY,
OCBOUTD TOJIE3HBIN HABBIK WU CEJIaTh MepBbIe Iaru B MpoecCHi.



Yauteas HauaabHon
Kypc pemMoHT
3JIEKTPOHHBIX YCTPOICTB

KYPC 110 PEMOHTY 3JIEKTPOHHLIX YCTPOVICTB
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[JIABA 1. BBEJEHUE B PEMOHT SJIEKTPOHHBIX
YCTPOVICTB

1.1. CyTh peMOHTa JIEKTPOHUKH

PeMOHT 37IeKTPOHHBIX YCTPONCTB — CHUCTEMHBIN MPOIECC:
coop uHpopmanuy,

JIMATHOCTUKA, YCTPaHEHHE HEMCIPABHOCTH, MPOBEPKa. B oT-
JIMYME OT 3aMEHBI

OJIOKOB «B cOOpe», OH OMUPAETCsl Ha TIOHMMaHHUe CXeM, U3Me-



PEHUA 1 TEXHOJIOI'UIO
MOHTAaXa.

YPpoBHU CHOXHOCTH:

* 0—1 — kabenu, Oatapen, pa3bEMBI, MPEJOXPAHUTEITH

e 2-3 — MaccUBHbIE U MMPOCThIE AKTUBHbIE KOMIIOHEHTHI, IIeTIN
MUTAHUS

* 4 — nwvnyaschbie BIT, UM, oOpaTtHble cBsI3U

* 5-6 — BGA, MHOrocioiHble 1iaThl, MPOrpaMMHBINA pe-
MOHT, 3aKPBIThIE CUCTEMBI

1.2. 3aueM y4uTbCSI PEMOHTY

DKOHOMHUSI, BOCTPEOOBAHHOCTD Mpoeccuy, MOHNMaHHE TeX-
HUKH, Pa3BUTHUE
JIOTUYECKOTO MBIIUIEHUS, CHUKEHUE JIEKTPOHHBIX OTXOZOB.

1.3. Kak nmosip30BareCs KypcoM

I'naBb1 1-4 — dyHaameHT. 5—8 — KJII0YEeBbIE HABBIKYU (qUa-
IHOCTHKa, narika, SMD, BGA).

9-15 — cnenmanu3anus MO TUNAM YCTPOUCTB M UX CXEMO-
TEXHUKE.

16-20 — mporpaMMHBII PEMOHT, KOMIIOHEHThI, KauecTBO,
KEWChI, OpraHu3aist paboTHI.



1.4. KauectBa mactepa

AKKypaTHOCTI), CHUCTEMHOCTD, J'IIO603HaTeJ'H)HOCTb, BHHUMAaHUEC
K J€TaJIAM,
YCCTHOCTDb, IIPUBbIYKA JOKYMCHTHUPOBATL.

1.5. C 4ero Hayarn

HeucnipaBHble OJI0KM MUTAHUS, MYJIBTUMETP, MAsIbHAS CTaH-
11, U3MEPEHHUS

HaNpsiKEHU S U COMPOTUBJICHUS], 3aMEHA KOHJIEHCATOPOB, pa3-
O60pKa HEHYKHOI TEXHUKHU.

['JTIABA 2. OCHOBBI 2JIEKTPOTEXHMKU U SJIEKTPO-
HUKN (PACHHIMPEHHAS)

2.1. OCHOBHBIE NIEKTPUYECKHE BETMUMHBI

Hanpsixenue (U) — pa3HocTh noTeHIIMANOB. EqrHUIA: BOIBT

(B).
Bcerna n3mMepsieTcst OTHOCUTENILHO BHIOPAHHOM TOYKH (0ObIY-
Ho GND).

Turmyarie 3HaYEHNU A



¢ 1,2—-1,5 B— NiMH / meno4nbie 351eMEHThI

* 3,3 Bu 5B — noruka, USB

* 3,7-4,2 B — Li-ion / Li-pol

¢ 12-14,5 B — aBTOMOOWJIbHASA CETH

* 19 B (u Gnu3kue) — OIOKU HOYTOYKOB

* 24 B, 48 B — nipombliuieHHOCTh, POE, Tenekom

¢ 220-230 B RMS — 0OnITOBasI CEThH

* ~300-320 B — BbINpsAMJIEHHOE CETEBOE HA HAKOIMUTETbHOM
KoHeHcaTtope BIT

* enuHULBI-AecATKH KB — anon DJIT, HeKoTopele cUCTEMBI
3a)KMraHus U TOJICBETKU

Tok (I) — notok 3apsiga. Enunnia: amnep (A).

e Ceetomnon nHaukamuu: 2—20 MA

* USB 2.0: 1o 0,5 A; coBpeMeHHble TIOpThI 3apsiaku: 1-3 A
Y BbIIIIE

* JIuHUM UTAHUS TTPOIIECCOPOB: IECATKU aMIiep Py HU3KOM
HaIpsKEHUU

* Craprep aBromoowmist: 100-300 A kpaTKOBpeMeHHO

Conporusnenne (R) — npensarcrBue Toky. EnuHuna: om
(Om).
3akoH Oma: U=1-R;I=U/R;R=U/1

Mormunocts (P) = U-I = I>R = U¥R . Equnuua: Barr (Br).
VIMeHHO MOILIHOCTB OIPEAEIIAET HATPEB PE3UCTOPOB, TPAH3U-



CTOPOB, CTAOMJIM3aTOPOB.
2.2. 3akoH OMa 1 eauTeNny — IMpaKTUKa JJ1 pEMOHTHHUKA

[Tpumep 1. acsammii pe3ucTop cBeToaroAA.

INutanme 12 B, Uf =2,1 B, I = 15 MA.
R=(12-2,1)/0,015 = 660 Om — Oommxaimmii 680 Om.
P ~ 0,15 Bt — craBar 0,25 wum 0,5 Br.

ITpumep 2. Tok yepes HIyHT.

ynt 0,05 Owm, nagenue 25 MB — 1=0,5 A.

Tak u3mMepsIoT TOK Oe3 pa3pblBa CHJIOBBIX Lienel (Ha TOTOBbIX
LIYHTax IUJ1ar).

[Tpumep 3. Pe3ucTuBHBIN JETUTEND.

R1 =4,7 xOm (cBepxy), R2 = 10 kOwm (cHugy), Uin = 15 B.

Uout = 15 - 10/(4,7+10) = 10,2 B.

Ecim n3mepeHne CWIBHO OTIMYAETCS — yXOI HOMMHAJIA,
yTeuKa WK BIUSIHAE

Harpy3KH BOJIETMETPA B BBICOKOOMHOM LIETIH.

ITpumep 4. OuieHKa MOITHOCTHU pacCesTHUS.

Pesucrop 10 Om B nienu 0,5 A: P = I°R = 2,5 Bt — HyxeH
KOpITYC C 3al1acoM

¥, BO3MOXXHO, pagraTop.



2.3. [NaccuBHBIE KOMITOHEHTHI TOAPOOHO

Pesucropsl

* [Io KOHCTpPYKIIMU: yIJIEPOAUCTHIE, METAUIOTIEHOYHBIE, Me-
TaJIJIOOKCUIHBIE,

MIPOBOJIOYHBIE, TOJICTOIIEHOYHbIE SMD, TOHKOIUIEHOYHBIE.

* [TapameTpsl: HoMuHa, gonyck (5 %...0,1 %), MOIIHOCTb,
TKC.

* MapkupoBKa BbIBOAHBIX — 1[BETOBOH Koi; SMD — 1ud-
poou (103 = 10 kOwm,

4R7 = 4,7 Om, ORO — nepemMbluka).

* OTKa3bl: OOPHIB (MOIIHbBIE U IIPOBOJIOYHBIE), YXOJ HOMUHAIA
OT Teperpena,

MeXaHUYEeCKOE pa3pylleHe.

KonpaeHncaropbl

» Kepamunueckne MLCC (COG/NPO — crabunbhbie; X7R/
X5R — 0ornee émKue,

HO 3aBUCST OT HAIIPsIKEHUs U TeMIieparypbl). bositcs Tpemumx
OT M3ruoda 1iaThl

¥ TepMoy/apa.

* AJTIOMUHUEBBIEC JIEKTPOIIUTHYECKUE — OOJIbINast EMKOCTD,
MOJISIPHBIE, OTPAaHUYEHHBIN

CpOK citykObl, KputnieH ESR.

* TanTanoBbIe M MTOTUMEPHBIE — KOMITAaKTHBI, HU3KU ESR,
HO TaHTaJI YyBCTBUTEJICH



K MIEPEeroToCOBKE U OPOCKaM TOKA.

* [In€Hounsie — crabuibHbIE, 11 (PUIBTPOB, CHU(DGEPOB,
ayauo.

* [lapamerpsl IIpu 3aMeHE: EMKOCTb, HAIpPsKEHUE (C 3ama-
coMm), ESR, Tok mynbcarumid,

TEMIIEpaTypPHBIN IAATIA30H.

Karyuiku u TpancopmaTtopbl

* IHIyKTUBHOCTD, TOK HaCHIIIIeHUsI, R 0OMOTKH, THIT cepyied-
HUKA.

* MeXBHUTKOBOE 3aMbIKaHHE KOBApHO: OOMOTKA «3BOHUTCS»,
HO cXema He padoTaer.

2.4. AKTUBHBIE KOMITOHEHTHI

Hmonsl: BeIMpsMuTenbHble, ObicTpble, [lloTTku (Manoe Uf),
crabmmuTpoHsl, TVS,

ceeroguonpl. [IpoBepka: npsimoe nagenue 0,2—0,7 B, oOpbIB
B 00paTHOM.

bunonspusie Tpansucropsl (NPN/PNP): h213, Uce max, Ic
max, MOUTHOCTb.
B kioue — HachllleHne; B yCuimTelie — padbodast TOuKa.

MOSFET: Rds(on), Vgs(th), Qg, MakcrumasbHble Hampsike-
HUS U TOKH.



3arsop uyscrButelsieH K ESD. B umnynscabix BII v nosmro-
HaxX NIUTaHUs1 — OCHOBA.

MukpocxeMbl: JIuHelHble ctabumm3aropsl, [HIMM-koHTpOII-
nepsl, joruka, MK, namsTs,

uHTep(encel, nparBepsl, koneku. HaBbik urenus datasheet
oOs13aTesieH.

2.5. ICTOYHMKY IUTaHUS, 3EMJIS, [IOMEXU

3emuist (GND) — Touka orcu€ra. B cMelaHHbIX cxeMax pas-
nensior AGND/DGND/PGND

Y COEIMHSIOT B OHOM TouKe. [11oxas pa3Boaka qa€t HaBoOA-
KU, «IUIBIBYIIIAE» YPOBHHU,

camMoOBO30YKIEeHHE.

[Tynbcanyu u tryM nutaHus u3mMepsioT ocuusuiorpagom (AC
coupling) nox Harpy3Koil.

JList umdpbl AOMYCTUMBL IECATKU MB; 1151 4yBCTBUTEIBHOTO
ayauo — eaAnHuULbl MB.

2.6. IlepeMeHHBII1 ¥ TOCTOSTHHBII TOK, IEPEXOAHBIE MTPOLIECCHI
DC / AC. Tlocne BbIIpsIMJIEHU I — MYJIbCUPYIOIIIEE HATPsTKe-

HUE + CIJIA)KUBaHUE.
[Mapasurabie L u C npoBogHukoB BiusiioT Ha BY 1 ObicTphie



(ppOHTBI: BaKHBI

pa3BA3bIBAIOIIME KOHJIEHCATOPBI Y BBIBOAOB MTUTAaHUSI MUKPO-
CXEM, KOPOTKHE CUIJIOBBIE

MyTH, IPAaBUJIbHASL TEPMUHALINS JIMHUM.

2.7. ba30oBbIE CXEMOTEXHUYECKHE Y3JIbI (TO, YTO BCTPEUYAECTCSA
ITOCTOSIHHO)

1) Pe3uctuBHbIN AenuTesib — (OpMUPOBAHUE OMIOPHBIX U U3~
MEPUTEJILHBIX HAMPSIKEHUT.

2) RC-dunbtp / BpeMsizaamonias memb — 3aJiepkKu, copoc,
punbrpanms.

3) MapannenbHbIll cTAOWIN3AaTOP HA CTAOMIUTPOHE + pe3u-
CcTOp.

4) TlocnenoBatenbHbIl JMHEHHbIA cTaduim3atop (78xX,
LDO).

5) DMUTTEPHBIN / UCTOKOBBIA TOBTOPUTE]Ib.

6) Kmou na BJT umu MOSFET.

7) JduoaHblii BeIIPSIMUTENb (OHO- U JBYXIIOMYTIEPUOTHBIM,
MOCT).

8) Cuuddep (RC wmm RCD) — ramenue BHIOPOCOB Ha 00-
MOTKaX U KJII0Yax.

9) OnTonapa B 1ienu oOpaTHOM cBsizu BII.

10) Henutens + kommnaparop / TL431 B KoHType cTaduimm3a-
117078



[ToHMMaHKe TUX y3JI0B MO3BOJSIET «IUTATh» HE3HAKOMYIO
riaty 6e3 MOJHON CXEMBI.

2.8. CXeMOTeXHUKA TUTIOBBIX YCTPOUCTB (0030p)

Wmmynschbiil 6ok nutanus (flyback):

Cerb — EMI-dunbTp — MOCT — HAKOMUTEIBbHBIN KOHAEHCA-
TOp — KJIIOY + [EpPBUYHAS

oomotka — MMM — TpaHchopmaTtop — BTOPHUUYHBIE BBITPSI-
mutesu u LC-punbsrps —

Harpy3ka. OC uepe3 onrronapy + TL431. Ecte nenu 3amycka,
3aLUUTBHI 10 TOKY

Y HalIPSKEHUIO, YaCTO — AEKYPHbIA UCTOYHMUK.

JIvHeHbI cTabumM3arop:

Bxon — crinaxkuBaHue — peryJupyonmi JeMeHT (TpaH3u-
crop BHyTpu 1C) —

oOpasnoBoe Hanpsbkenue 1 OC — Boixon. [Ipocto, mano mry-
MoB, Hu3kui KIT/I.

Lenp nutanus npoueccopa / SoC (Vcore):
Mmuorodaznsiii buck-npeodpaszosarens: [IIMM-koHTpOLIED,
cuinoBble MOSFET



Konen 03HaKOMUTEJLHOI'O
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Tekct npegocraBieH OO0 «Jlurpec».
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