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CeTonmos He 3aropaercsi, MakeTHasl 1iaTa myTaeT, a [IUMPbl Ha MYJIbTUMETPe
HUYero He oObsACHAT? HauaTh MOXHO 6e3 crieliaIbHON MOATOTOBKY U JIOPOTroi
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Coaep:xanue

OT uaeu K NepBoi cxeme: Kak YCTPOEeHA JIEKTPOHUKA U KaK YUUThCS
pykamu

BesomacHoCTh Mpeskjie BCero: HU3Koe HaNpsiKeHUe, MUTAHNE W TUTTMYHbBIC
OILINOKHU

HanpsikeHvie, TOK ¥ COMPOTUBJIEHHUE: 3aKOHBI, KOTOPBIE TOMOTAIOT
paCC‘H/ITbIBaT]) enu

JleTanu Ha cToje: pe3UCTOPBI, KOHAEHCATOPSI, IUOMIbI, CBETOAUOBI U
KaTyIlIKU

Uurtaem CXeMbl: YCIIOBHbIE 00O3HAYEHUSI, COSTUHEHUS U IMyTh CUTHAJIA
Kower; o3HaKOMUTETLHOTO (DparMeHTa.
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OT uaen K nepBoM cxeMe: KaK yCTPO€eHA
9JIeKTPOHHUKA U KaK YYUTbCS PyKaMH

B komHare TeMHoO. Thl Ha)KMMaelllb KHOTKY (DOHapUKa — CHa4YajIa HU4Yero, IOTOM BCIIBIXMBAET
c1alblil cBeT, MuraeT u racHet. [lepBasi MBICTIb: TOpa MeHATH OaTapeiiku. Bropast MoxeTr okazaTbcs
MHTEpEeCHee: YTO UMEHHO IPOMCXOAUT BHYTPH, KOIJla KHOMKA BCE-TAKM 3aKUTraeT Jaminy?

IMon kpbiKo# (poHApHUKa HET MaJIEHBKOTO BOJILIEOHHMKA, KOTOPBIA 3HAET, KOrja HYXXHO CBe-
TUTb. TaM ecTh UICTOUHHK MTUTaHHUS], BBIKJIIOYATE b, CBETOAMO/ UJIH JIAMITA, COEJUHEHUS MEK/ly HUMU
1, BO3MOXHO, HeOOIbIIIast 7IeKTpoHHas 11aTa. Kakmas gactsb nenaer cBoto padory. barapeiika naér
SHEPIrUI0, BBIKJII0YATE/Ib OTKPbIBAET MJIM 3aKPbIBAET MyTh, & CBETOAMO]] MPEBPAIAET YaCTh IEKTPU-
YeCKOI SHepruu B cBeT. Ecii Mex 1y neTansmMu HapylmiIoch COeqUHEHUE WM OaTapeiika pa3psiau-
J1ach, LETIOYKa COOBITHI IpephIBaeTCsl — M (POHAPH T'acHET.

B 310l mpocToii crieHe yxke CIpsTaH IVIaBHBIA KJIIOY K 3JEKTPOHUKE: YCTPOWCTBO MOXKHO
MIOHSITh, €CJTU TIePECTaTh CMOTPETh HA HEro KaK Ha 3araJlouHbIi YEPHBIN AIMK U HAYaTh pa30rpaTh Ha
noHATHbIe yacTu. He oOs3aTenibHO cpa3y 3HaTh Bce Ha3BaHUsA U popMyiibl. 1 HaYasa JOCTaTOYHO
CIIPOCUTH: OTKY/a OepéTcs IHePrusi, 10 KAKOMY IIyTH OHA HJIET H YTO KaXK/1asl 1eTaJb ¢ Hel
nejgaer?

He 3y0puth BCE, a yBHAETh YCTPOHCTBO

DNIEeKTPOHUKA HEPEJKO IMyraer eme A0 TOro, Kak yesloBeK OepET B PYKM MEPBBII KOMIIOHEHT.
Ha cxeme mosIBIISIIOTCS 3Ur3aru, TPEYrOIbHUKY U KPY)KKH; B OOBSICHEHUN — «HAIPSUKEHHE», «TOK»,
«COTIPOTUBIIEHNE» U «TOJISIPHOCTB» . Kaskercst, OyATO 115 epBOTO I1ara HyXKHO BBIYYUTb LEJIbIA CJI0-
Bapb U PELIUTh AECATOK 3a/au.

Ho He3HakoMmble c10Ba camu 110 ce0e He JIeJ1aloT MpeJMeT CI0KHBIM. TpyaHee, Kora ux IbiTa-
I0TCSl 3aIIOMHUTB O€3 OMOpBl Ha peasibHbIi OMbIT. [109TOMY HauHEM C TPEX pa3HbIX BelIed, KOTOpbIe
JIETKO NepemyTaTh.

AueKTpHUYecKas Henb — 3TO COEJUHEHHBIE JIEMEHTHI, 110 KOTOPHIM MOXET MITU TOK. B
HalleM IepBOM OIbITe 9TO OaTapeiika, pe3ucTop, CBETOANO/ U MPoBoAa. YTOOk! TOK IIEN, MyTh A0J-
’KeH OBITh 3aMKHYT: OT OJJHOTO BBIBOJA UICTOYHMKA Yepe3 NIEMEHTHI K APYroMy.

YerpoicTBo — 310 (pU3UYECKUi TPeAMET, KOTOPBIi BHIIOMHSAET 3a1auy. POHApUK, 1BEPHON
3BOHOK, HACTOJIbHAS JIaMITa, UTPYILKA C MOTOPOM — BCE 3TO yCTpoiicTBa. BHYTpH 0OHOTO yCcTpoiicTBa
MOTI'YT HAXOAUThCS HECKOJIBKO LIETIEN U TONIOJIHUTEIbHbIE MEXaHUYECKUE JETAJIH.

Cxema — yciioBHOe n300pakeHue 1enu. 1o He ¢oTorpacdusi TOro, KAk KOMIIOHEHTHI pa3Jio-
JKEHbl Ha CTOJIE, a KapTa MX JIeKTPUYeCcKuX coequHeHnil. Kapra MeTpo He rokasblBaer, Ij1e MMEHHO
IIPOXOIAT TPYOBI M CTEHBI CTAHLIMN; OHA ITOKa3bIBAET, KAKME CTAaHLIMK CBA3aHBI. Tak 1 cxema oMoraer
YBUJIETb, UTO C YEM COEJJMHEHO, AaXe €CJIU JeTaJli Ha IJIaTe PacoJIOKEeHbl COBCEM MHAYE.

V aHanorum ¢ KapToi ecTh Ipejiell: CXeMa MOKa3bIBaeT He Bce OCOOEHHOCTH PeajIbHOTO YCTPOM-
crBa. OHa MOeT He cooOLIaTh (hopMy JeTalled, IBET POBOAOB WJIM TOYHOE PACHONIOKEHUE JIEMEH-
TOB. 3aTO ICHO MIOKA3bIBAET [VIABHOE /111 HAYMHAIOILIETO — CBSA3M MKy KOMIOHEHTaMH U Iy Thb CHT-
HaJla WK TOKa.

DNEeKTPOHUKA 3aHUMAETCS He TOJIbKO TEM, YTOObI «3aCTaBUTh UYTO-TO CBETUThHCS». OHa yrnpas-
JIsieT Hepruei u curanamu. Hanpumep, KHoOMKa MOeT 1MoiaTh CUIHAJI KOHTPOJUIEPY, a TOT BKJIIO-
YUT MOTOP; JaTYMK OCBELIEHHOCTH MOXET COOOIIUTh CXeMe, YTO B KOMHare creMHeno. Curnan —
3TO MH(pOpPMaLIs, a SHEPrUsl HyKHa, YTOObI BBIOJHUTD JeHCTBUE. B ycTpoiicTBe 3TH /IBE pOJIM 4acTo
NieperyieTeHbl.

Tpu ci0Ba, KOTOPHIE IOMOTalT YATATH LENb
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[Ipexacrasb Bomy B TpyOax: JaBjieHHE IMOMOTAET € JBUTAThCS, MOTOK TOKAa3bIBAET, CKOJBKO
BOJIbI IIPOXOMNT, & Y3KMH yYacTOK OrpaHUYMBAET MMOTOK. DTa aHAJIOTUs TI0JIE3Ha, €CIIU IOMHUTh, YTO
NIEKTPUUYECTBO — HE BOJA.

HanpsizkeHne MOXHO MPEACTaBUTh KaK Pa3HOCTb AMEKTPUUECKUX IMOTEHINATIOB MEXTY AByMSI
TOYKaMH, CBOETO POJa «Pa3HUILy YCIOBUI», KOTOpasi MO3BOJISIET 3apsiaM Iepemerarbes. M3mepsi-
€TCsl OHO B BOJIbTax. baTtapeiika AA MMeeT HOMUHAJILHOE HarnpsikeHue okoio 1,5 B.

Tok — 3T0 IBMIKEHME TEKTPUIECKOro 3apsiia yepes 1enb. Yem Oomblie 3apsiaa MPOXOAUT 3a
eIHUIYYy BpeMeHH, TeM Oosibiiie ToK. Ero m3mepsior B amriepax Wi, ajsl HeOONbIIUX Lenei, Mui-
mamrniepax: 1000 MuuamMmiep coctapisior 1 ammep.

ConpoTuBiieHHEe TTOKA3bIBAET, HACKOIBKO KOMITOHEHT IPEMATCTBYET MPOXOKASHUIO TOKa. Ero
M3MepSIIOT B oMax. Pesnucrop — neraiib, KOTOpasi IOMOraeT OrpaHMYMBATh TOK M 33/1aBaTh PEKUM
PabOTHI APYTUX KOMIIOHEHTOB.

B meranmyeckoM mpoBoge 3apsabl HE «PacXoayloTcsi», Kak Boga U3 Oaka. DHeprus mepe-
JAETCsl KOMIIOHEHTaM, a EKTPUYECKUIA TOK B MPOCTEUIIIEN LENU MPOXOAUT 10 3aMKHYTOMY ITyTH.
VYcioBHOE HarpapiieHHe TOKa Ha CXeMax MPUHSTO MOKa3bIBaTh OT TUTI0CA UCTOYHUKA K MUHYCY; IBU-
JKEHUE JIEKTPOHOB B METAITTMYECKOM ITPOBOIHUKE HATIPABJICHO MPOTUBOIIOJIOKHO. [J1s TepBBIX cOO0-
POK BaKHEE Apyroe: JOJKEH CyIIeCTBOBATH MOJHBINA IMyTh, M YyBCTBUTEINIbHBIE AETATM HYKHO TOM-
KJII0YaTh TIPABIJIBHO.

IlepBas nenb: 0aTapeiika, pe3ucTOp U CBETOHO/1

Tenepb cobepéM coOCTBEHHbII MasieHbKuil (poHapuk. Ham noHamobsTes:

e0arapeiHbIii AepKarellb ¢ TpeMs jeMeHTaMu AA — okoJio 4,5 B HOMHHABHO;

®KpACHBIN CBETOIMO/I;

epesuctop 470 Owm;

eMaKeTHasl IU1aTa ¥ COeIMHUTENIbHBIE TPOBO/A JIMOO MPOBOJA C 3AKIMMaMHM;

110 KEJIAHUIO — MYJIbTUMETD.

Hcnonk3yit ucnipaBHble OaTapeiky OTHOTO THTA U MPUMEPHO OJMHAKOBOTO cocTosiHUs. [lepen
COOpKOH BbIHb OaTapeliku M3 JAepXkaresis WA Pa30MKHH BBIKJIIOYATENb, €CJM OH eCThb. s 3Toro
OIBITA HE HYKHBI PO3ETKA, CETeBOW OJIOK MUTaHMs WM Maiika. He coemHsi BHIBOIBI OaTapeitHOro
AeprKaTeisi HapsAMYIO: 3TO KOPOTKOE 3aMbIKaHUe, IPU KOTOPOM TOK MOXET CTaTh OOJIBIINM, a MPo-
BOJIA U OaTapeiiky — HarpeThcsl.

Cobepy KOMITOHEHTHI B TAKOH MTOCTIeJOBATEIbHOCTH:

text

IUII0C OaTapeiiHOro JeprkareJs

| pesuctop470Q | mivHHAg HOXKA CBETOOMOAA | KOPOTKas HOKKA | MUHYC GaTapeiiHOro

Jepxaress
YcnoBHas cxeMa BHINISIIUT TaK:
text
(+ Garapess) — [470 Q] > (- 6arapesr) LED

B 371011 cXeme pe3ucTop CTOUT nepeji CBETOIUOI0M, HO B IPOCTOM MOC/Ie0BATEIbHOM LIEMH ero
MOXHO TOCTaBUTh U TIOCJIE HEro: IaBHOe, YTOOB 00a 1eMEeHTa HAXOIWIUCh Ha OTHOM 3aMKHYTOM
nyTd. Y pe3ucTopa HeT MOMSIPHOCTH, MOSTOMY €ro BBIBOBI MOXHO MEHSITh MecTaMu. Y CBETOIU-
0712 TIOJIIPHOCTH €cTh. OOBIYHO JUTMHHAS HOKKA — AHOJI, €€ COeJMHSIOT CO CTOPOHOM TLTIOCA Yepes
PE3HCTOpP; KOPOTKAsl HOKKA U IJIOCKAasi TPaHb KOPITyca YKa3bIBAIOT HA KAaTO[, KOTOPHIN COSAUHSIOT CO
CTOpPOHOU MUHYca. Ecii HOXXKM yske 0Ope3aHbl, OpUEHTHPYHICS 1O TJIOCKOM I'paHu U 0003HAYECHUSIM
KOHKPETHOTO CBETOAMO/A.

[Nouemy pesucrop 3aech obs3ateneH? CBeTONUON — He MaJIeHbKasl JJaMIOUKa, KOTOpyIo 0e3-
OMACHO TMOAKIIOUMTh K Oarapeiike Hampsmylo. [Ipy orpenenéHHOM HampsKeHWH ero TOK MOXKET
OBICTPO CTaTh CJMIIKOM OOJIBIIMM. Pe3rcTOp OrpaHMYMBaeT TOK M 3alMIIAET CBETOAMUO OT MOBpe-
®1eHusi. IHorma cBeTonuo, MoAKTIOUEHHbIN O6e3 pe3rcTopa, ycreBaeT BCIBIXHYTh — HO 9TO He 3Ha-
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YHT, YTO TAaKOW CIIOCOO OE30MaceH: OH MOXKET BBITH U3 CTPOsI TOYTH MIHOBEHHO. [1oaTomMy rpaBumiio
MPOCTOE: He MOAKJIYAN CBETOJANO0/] HANPSAMYI0 K HCTOYHHKY NUTAHUSI 0e3 orpaHu4YeHust
TOKA.

Yucna MOKHO MPOBEPUTH MPUKUIKON. Y KPaCHOTO CBETOIMO/A MaJeHUE HAIpsKEHUs 4acTo
cocrapser nmpumepHo 2 B. 13 4,5 B Garapeiiku okoio 2 B mpuxoauTcst Ha CBETOIHO], a OCTABIIASICS
pasHuia — Ha pesuctop. [lo 3akony Oma:

text

TOK ~ (HanpspKeHue OaTapeiiky — HampsiKeHUe CBETOAMO/A) / CONTPOTUBIICHUE

4,5B-2B)/470 Om = 0,0053 A = 5,3 MA

JI71s1 HaIero ompita 3T0 HeOOMBIION TOK, MTPU KOTOPOM CBETOIHOL OOBIYHO XOPOIIIO 3aMETEH.
TouHble 3HAUSHMS 3aBUCAT OT OaTtapeek W KOHKPETHOTO CBETOINO/IA, HO HaM He HYKHO JI0OMBATHCS
W/IeaTbHOTO pacuéra: BaKHO YBUJIETh, UYTO PE3UCTOP HE BHIOPAH HAYTaJ U YTO OH BBITIOHSIET MOHST-
HYIO 33/1a4y.

[TpoBeps coenuuenusi. 3akpoi 1erb. Ecau Bc€ crenano BepHO, CBETOJMO/ 3arOPUTCS — HE
KaK TIPOKEKTOp, a KaK MajieHbKasl pKas TOYKa. ITO MOXKET 3aHSTh BCEro HECKOJBKO CEKYH/I, HO B
9TU CEKYH/Ibl TIPOUCXOIUT BaKHOE: 3HAK HA CXEME CTAHOBUTCSI CBETOM Ha CTOJIE.

VYuThCs pyKaMu: NpeanoJao:KuTh, cO0paTh, H3MEPUTH, 00BSICHUTH

[NepBas ynauHas cbopka — He (poKyc 1 He IK3aMeH. DTO Hayasio MeToa, KOTOphIid OyaeT pado-
TaTh U ¢ 60Jee CIOKHBIMU YCTPOUCTBAMM:

IIpeanoaoxkuTh — coOpPaTh — N3MEPUTH — 00bSICHUTH — YCIOKHUTb.

[epen TeM Kak 3aMKHYTH LIeTlb, 3aIMIIM MPOrHO3: 3arOPUTCs JM cBeToauon? YUto ciyuurcs,
ecJi pa3BepHyTh ero? Uro uzmenurcs, eciu BMecto pesuctopa 470 Om nocraButh 1 kOM? He HykHO
60s1ThCs OmMOUTHCs. [IporHo3 — He oOelanue yraaaTh, a BOIPOC, KOTOPBIA MOXHO TTPOBEPUTH.

[TotoMm cobepu 1ens 1 Habmonai. Ecim cBetoamo He 3aropesicsi, He 0OBSBIAN ceOsl HecIo-
COOHBIM K 37eKTpoHuKe. [IpoBeph Mo MOpsIIKY: ecTh JM 3apsi B Oarapeiikax, MPaBUILHO JIM OHU
CTOSAT B JiepKatelie, He epeBEPHYT JIM CBETOAMO, ISMCTBUTEIIBHO JIM IIPOBOJ KACAETCS HYKHOTO psifa
MAaKeTHOM TUIaThl, He pa30pBaH JiM MyTh. B MakeTHO! miiate OTBEPCTUsI COSMHEHbI He BCE CO BCEMMU:
Mpex/e YeM BCTaBJISATh AETAJH, TIOJIE3HO MOCMOTPETh CXEMY COSJMHEHUI UMEHHO TOW MOJIEIIH.

3aremM MOXHO CPaBHMTS JIBa OMbITa: cHavyasia pe3uctop 1 kOm, notom 470 Om. I1pu menbiiem
COMPOTHUBJIEHUH TOK OOBIYHO Oy/IeT OOJIbIIe, U CBETOIMO/ MOXKET CBETUTH sipye. Ho sipkocThb He 00s1-
3aHa YBEJIMIUTHCS «B JIBA Pa3ax»: I71a3 BOCIPUHUMAET CBET HEJIMHEHHO, a CaM CBETOIMO]] TOXe pado-
TaeT He KaK UeaTbHO JIMHEHHBIN 1eMeHT. [103TOMy He mbITalics BBIBOAWTH TOYHbBIC 3HAYCHUS SIPKO-
CTH Ha IJIa3 — CHayvasa HaOMoai HarpaBjieHue U3MEHEHHUSI.

Ecmm y 1e6s1 ecTb MyabTUMETP, MOXKHO CHesaTh emié ofuH mmar. Beioepu pexum n3MepeHus
MOCTOSTHHOTO HAIPSIKEHUS M U3Meph HANpsKEHUE MEsK/1y TUTIOCOM M MUHYCOM OaTapeiHOro JiepKa-
Tesiss. YToObI U3MEPUTH HAMpsDKEHNE Ha KOMIIOHEHTE, TIPUJIOXKH IITYTIBI K IBYM €ro BBIBOJAM, He pa3-
pbIBast 1ienb. Ecm 3axodenib onpenesuTh TOK, He CTaBb MYJIBTUMETP B peXHUMe U3MEpEeHHUs TOKa
NpsMO TIOMEpEK OaTapelKu: Tak MOXHO YCTPOUTh KOPOTKOE 3aMblKaHHe. TOK M3MepsIioT HHaue —
BKJIIOUAIOT TIPUOOP TIOC/IEIOBATENIbHO B 1emb. [Ioka J0CTaTOYHO yOeauThes, 4TO Oarapeiika Jaét
HanpshkeHWe U 9TO COOpaHHas LeTb 3aMKHYTA.

[Moce HabGmoneHust 0OBSICHU pe3ysbTaT cBoMMHK cioBamu. Hampumep: «Barapeiika co3maér
Pa3sHOCTh MOTEHUMAIOB. B 3aMKHYTOH 1eny MAET TOK. Pe3anucTtop orpaHUYMBAaET €ro, a CBETOIUOL
U3Jy4daeT cBeT». Takoe 0ObsicCHeHne IIeHHee, YeM Oe3yMHO BblydeHHasi (popmyina. Ecii oHO Heron-
HOE€ — OTJIMYHO: Terepb MOHATHO, KAKOW BOMPOC 33/1aTh JIAJIbIIIE.

3nech paboTaeT BakHOE MPABUIO OOYUYEHHUs: MEHsI 3a OJIMH pa3 TOJNBKO OfnHY Bellb. CHa-
Yajia 3aMeHU Pe3UCTOP, He TIEPeCcTaBisisi OaTapeiKu U CBETOIMO; 3aTeM cpaBHU. Eciii oqHOBpeMeHHO
MOMEHSITh HECKOJILKO KOMITOHEHTOB, OyJIeT TPYIHO MOHATH, YTO UMEHHO BBI3BAJIO Pe3yJbTaT. ITO He
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0COOEHHOCTh JIEKTPOHUKHA — TaK YCTPOEHO JTI0O0E MCCIIeIOBaHUE, OT KYJIMHAPHOTO KCIIEPUMEHTA
70 HACTPOWKM CIOPTUBHOW TPEHUPOBKHU.
OT 0oHOI1 JJAMIIOUKHU — K I[€JIOMY YCTPOICTBY
Bcnomun hoHapuk U3 Havana miaBsl. Ternepb ero MOKHO MBICJIGHHO Pa3JIoKUTh Ha OJIOKU:
text
HCTOYHHK SHEPIrul — BBIKJIIOUYATEb — CXeMa YIpaBJeHusl
— CBETOHO0]] — CBET

B npoctrom oHapuke cxema ynpaBiieHUsT MOXKET ObITh COBCEM HE3aMETHOHM MIJIM OTCYTCTBO-
BaThb. B Gosiee CIOKHOM OHa peryaupyeT sIpKOCTb, CIEIUT 32 3apsSA0M aKKyMYJISITopa WM T03-
BOJISIET BHIOpaTh pexkuM Muranus. Koprmyc yaepkuBaer netaiu, oTpakaresb HApaBisieT CBET, a
KHOITIKA 32Ja€T KOMaH/y. YCTPOWCTBO OKa3bIBAETCS HE BOJIIIEOHBIM MpeMeToM, a HabopoM (pyHK-
L1, COEAMHEHHBIX B MOCJIEA0BATEIbHOCTb.

[NonpoOyit mprMeHNUTH TOT COCOO K APYroMy 3HaKoMoMy Ipudopy. Hampumep, B a1ekTpu-
YECKOM YaillHUKE MOXHO BBIJJEJIUTh UCTOYHUK [TUTAHUS OT PO3ETKH, BBIKJIIOUATEb, HAT pEBATEIbHBIN
3JIEMEHT, TEPMOCTAT U KOPITyC C py4Koi. B HacTONbHOM Jlamnie — NUTaHKe, BHIKJII0YATE b, ApaiBep
WJIM TIaTPOH M UCTOYHHUK CBeTa. [Toka He HyKHO pa3OupaTbesi BO BCEX JICTANISAX M TeM Oosiee BCKPHI-
BaThb Mpudop. JlocTaTOuHO HApHCOBATh OJIOKU U CTPESIKAMHU ITOKA3aTh, KyAa MMOCTYIAET SHEPrus U UTO
3aITyCKaeT JICUCTBUE.

Takoi1 B3m1s1] moMoraeT yiTaTh cxeMbl. CHauasa He cripaimBai: «YTo 03HauaeT Kax/blil 3HaK
Ha crpanuue ?» Crpocu: «I'ne uctounuk ? Kakoi nmyts npoxonut Tok? Uro ynpasiser nensio? Kakoi
3JIEMEHT BBIMOJHSIET MOJIE3HYI0 padboTy?» 3ateM paz0dupaii He3HAKOMbIE CUMBOJIBI 0 OJJHOMY U CBe-
P UX C peabHBIMU JETaTsAMHU.

TBos1 IM4YHAA HeJb U KapTa MyTH

Ilepen Tem Kak UATH Jaiiblile, YA HECKOJIbKO MUHYT KOPOTKOM 3aITMCU. 3aKOHYM TPU (ppasbi:

1. «/lo nmepBoro skcnepuMeHTa JEKTPOHMKA Ka3ajlaCh MHE. ..»

2. «Tenepp 51 NOHUMAIO, YTO...»

3. «K KOHILy 3TO KHUTH 51 XOUy YMETb. ..»

Lenp MoxeT ObITH HEOOJBIIOW: cOOpaTh AATUYMK HOYHMKA, TIOUMHHUTH MPOCTYI0 UTPYUIKY,
MOHSATh, TIOUYEMY MUTaeT WHAWKATOp, WIM YBEPEHHO YMTaTh CXeMy HEOOMbIIOro ycrpoucrsa. He
HY)XHO o0emarh cebe cTaTh WHXeHepoM 3a Hezenmo. [lone3Hast menb — Ta, K KOTOPO MOXKHO [IBH-
raTbCsl MaJI€HbKMMU IPOBEPSAEMbIMHU I1araMu.

Ha crepyromux sTanmax Mbl HayduMmcsl padoOTaTh Oe30MacHo, pa3depéM MUTaHNe U OCHOBHBIC
KOMITOHEHTBI, OCBOMM YTEHHE CXeM U COOPKY Ha MAKEeTHOH IuiaTe, a 3aTeM MepereéM K MOJIe3HbIM
YCTPOWCTBaM U MOUCKY HEUCIIpaBHOCTEW. BakHast yacTh 3TOro 1yt — He TOJIbKO y3HaBaThb HOBbIE
JeTaJlv, HO U 3a/1aBaTh K HUM TOYHBIE BOIIPOCHL: YTO TPOMCXOIUT, €CJIM U3MEHUTD 3HaYeHue? Kak ato
npoBeputh? [louemy pesyibTar oTIM4aeTcs OT OXKHUJaHus?

CeronHs ThI ke cenai OoJbliie, YeM MPOCTO 3aKET CBETOANO/. Thl yBUJIEN, UTO JIEKTPOHUKA
HAYMHACTCS He C TAMHOTO sI3bIKa (popMYJI, a C JIIOOOIBITCTBA, TIOHSATHON MOJIENN U OIBITa, KOTOPBIN
MO’HO MOBTOPUTD. [lepBas 11e11b He HayYuT BceMy — U He JokHa. OHa MOKa3bIBAET, YTO CJI0KHOE
MOHO pa3OMpaTh Ha YaCTH, a Kak/IyI0 IOraJKy peBpaars B mpoBepseMblil Borpoc. Creayromnmii
Pa3yMHBIH IIar — HAY4YHUThCS SKCIIEPUMEHTHPOBATH TaK, YTOOBI HCCIEOBAHME OCTaBAIOCh Oe30mac-
HBIM.
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be3omacHoCTDb IpexKaAeC BCECro: HU3K0€
HAIMIPAKCHUC, INTAaHNEC U TUIINYHDLIC OMMNOKH

Beuepom Aptém coOpasl Ha MaKeTHOM IJ1aTe CBOIO MEPBYIO cxeMy: OaTapeiika, HECKOJIBKO Mpo-
BOJIOB, cBeroanon. Ceeronmon He 3aropesca. Ha crone jexan ceteBoit aganTep — TakoM ke, KaKuM
OH 3apsikai TesiepoH. «Bckpoio, ocMoTpio, re Moc, — pemut ApTéM. — A eciii He Oy YUTCs,
TMOJIKJII0YY MaKeT HalpsAIMYIO K PO3ETKe: BCEro J1Ba MPOBOAA».

OH ocraHOBMIICA HE TMOTOMY, YTO yXk€ 3HaJl, KaK YCTPOEH aJanTep, a NOTOMY, YTO HE 3HaJl.
370 XOpolas IPUYMHA OCTAHOBUTHLCS. B 271€KTpOHMKE JII0OOMBITCTBO IOMOTaeT YUUThCS, HO OHO He
3aMeHsieT OHMMaHus rpaHul. MIHora caMblil rpaMOTHBIN HEPBBIH IIar — He BKJIIOYUTh YCTPOWCTBO,
a yopath pyKy OT BBIKJTIOUATesIsl U pa3o0parhesi, OTKyAa OepETcsl SHEprusi U Kya OHa MOXKET TIOUTH.

B npenpiaymeit riaBe Mbl YYMIIMCh BUIETh B YCTPOKCTBE OJIOKM M TIPOCIIEKUBATh yTh SHEP-
ruu. Tenepb 100aBUM K 3TOMY IIPaBHILY €IIE OJHO: KaKAbIH MyTh YHEPIruM HY?>KHO OLleHUBATh C
TOYKH 3peHusi 6e30MacHOCTH. DT0 He (POPMATBHOCTD U HE IMTPU3HAK POOOCTH. DTO TaKasl ke 4acTh
COOpKHM, KaK BBIOOpP KOMITOHEHTA MJIM TPOBEPKa COSJMHEHH.

Hanpsixenne — He Best ucropust

HoBuuKy J1erko npeacTaBuTh HampsiKeHHE Kak YMCiIo Ha STUKETKE: MaJleHbKOe — 3HAUMT Oe3-
OmnacHoe, OOJIbIIOe — 3HAYMT onacHoe. Ha mpakTuke ofHOTO urciia HelocTaTouHO. BaskHbl 1 Hampsi-
JKEHUE, U BO3MOXHBI TOK, U TO, YE€Pe3 UTO OH MPOXOIUT, U CKOJBKO SHEPrHMU CHOCOOHA OTAATh
CHUCTEMA.

TOK MOXET IPOUTH Yepes TeJlo, €CJIM TeJIO CTAHOBUTCS YacThlo 3aMKHYTOM enu. Ha puck Biu-
SI0T YCJIOBUSI KOHTAKTa, BJIaXKHOCTb KOXM, ITyTh TOKA U JUIMTEIbHOCTh BO31eicTBUsA. [ToaTOMY Henb3s
Ha3BaTh OJHO YHMBEPCAIbHOE 3HaUE€HHE HaNPsKEHHs], KOTOpOe TapaHTUpyeT Oe30MacHOCTb BO BCEX
00CTOSITEIbCTBAX.

C 0OBIYHBIMH YUEOHBIMH CXeMaMU Ha M30JMPOBAHHOM HU3KOBOJILTHOM ITUTAHUH PHCK MOpa-
JKEHUsI TOKOM OOBIYHO HeBeJIMK. Ho «HeBeMK» He 3HAYNT «HEBO3MOXKEH IPH JIIOOBIX YCIOBUSX», a
TeM OoJiee He 3HAYUT «HHYero OOoJblle He CIIy4uTCs». barapesi crioco6Ha CHIIBHO HarpeTh TOHKUA
IIPOBOJL ITPY KOPOTKOM 3aMblkaHMHU. [lepenyTtaHHOe MUTaHKWE MOXET UCTIOPTUTh KOMIOHEHT. Henc-
MIPaBHbIA aKKYMYJISITOP MOXKET MeperpeTbcsl WM 3aropeThCsl.

Ectb emé sHeprus, yxe HaKOIUIEHHast BHYTpU YCTpoiicTBa. KoHIeHcaTtop MOXeT COXpaHsATh
3apsj NOCJIE OTKJIIOUEHHS TUTaHUA. DTO HE NOBOJ, IIBITATHCS ITPOBEPUTH €TI0 OTBEPTKOM MJIM Kaca-
HueM. Eciu BBl He 3HaeTe, 4TO Iepe] BaMU U Kak 0e30macHO padoTaTh ¢ 3TUM YCTPOWCTBOM, He
BCKpbIBaliTe €r0 U HE NbITATECh pa3psikaTh HAKOIUTENIN CAMOCTOSITEBHO.

CeTb nepeMeHHOTr0 TOKa — COBCEM Jpyras o0nacts. HanpsikeHre B ObITOBOI pO3ETKE OMacHO
s ku3Hu. He moakJiroyaiiTe MakeTHYIO ILUIATy K Po3eTKe, He BCKPbIBaiiTe ceTeBble ajai-
Tepbl U He NPOBOJANTE H3MEPEHUSA HAa OTKPBITHIX CeTEBbIX LENsIX. 3aKPbIThIA aJanTep Ipe-
oOpasyeT 1 OTIesseT BHIXOJHOE HU3KOE HalpsDKeHHe OT OMAcHOW YacTh He CIy4aiHO: ero KOpIyc,
M30JIALMSA U KOHCTPYKLIMSI — YaCTh CUCTEMBI 3alLUThl. BCKpbIBast yCTPOWCTBO, BB ITY 3alIUTY HApY-
maerte. [laxke OTKTIOUEHHBIN OT PO3ETKU MPUOOP MOXKET COAEPKATh 3apsKEHHbIE KOHJICHCATOPBL.

J17151 IepBBIX MTPOEKTOB BHIOWPATE TOJBKO MOHATHBIE HU3KOBOJIBTHBIE HICTOYHUKH TOCTOSTHHOTO
TOKA: Hanpumep, OaTtapeHbIi JiepKaTelib, TOTOBBI YYeOHbI MO WJIM UCTIPABHBIN CepTU(UITI-
POBaHHBII OJIOK MUTAHUS C 3aKPBHITBIM KOPITYCOM M SICHO 0OOO3HaueHHbIM BbIXOOM. Haumnaiite c
HanpsDKeHU s, Ha KOTOpOe paccurTaHa Baia cxema. Cam 1o cede HeOObIIOi MoKa3aTesb Ha STUKETKE
He MPEeBpPAIllaeT HEN3BECTHBIN UCTOYHUK B HAJEKHBI.

HcTOYHMK NUTAHUA: YTO IPOYUTATH X0 MOAKJIIOYECHHUSA

ITHKeTKa Ol0Ka MUTaHUS — HEe MEJIKUI MIpU(T 1S CIELMATICTOB, a KpaTKasi UHCTPYKLIMS.
Ha Heil uiyT BBIXOIHOE HAINpsKEHUE, BUJ TOKA U AOMYCTUMBIN TOK. Ecii yKa3zaHbl MOCTOSTHHBIN TOK
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Y TIOJISIPHOCTD, 9TU 0003HAUYEHHMSI IOJKHBI COBIIAJATh C TeM, UTo Tpedyercsi cxeme. He monaraiitech
TOJIBKO Ha IIBET MPOBO/IA: B CAMOJEIbHBIX U MOBPEXKIEHHBIX Ka0essIX OH MOXET OKa3aThCsl OOMaH-
YHBBIM.

VKa3zaHHbII Ha aJjanTepe MAKCUMAIbHbBIA TOK — OOBIYHO HE TOK, KOTOPBIH OH «IIPOTAIKUBAET»
B JIIOOYIO CXeMY, a MpeJiest TOr0, YTO UCTOUYHHK CIIOCOOSH OTAATh MPHU MoAXoAsIei Harpy3ke. Ho eciu
COE/IMHUTD €r0 BBIBOJbI HANPSIMYIO, TOK MOXET CTaTb YPE3MEPHBIM, a IPOBOAA U KOMITOHEHThl —
HarpeTbcsl. 3allMTHbIEe (PYHKLIMU aJlanTepa MoJIe3Hbl, HO PAaCCUMTHIBATh HA HUX KaK Ha pa3pelleHue
OIIMOAThCSI HE CTOUT.

Ecnm mapkupoBKa CTEpTa, HICTOUHUK HEM3BECTEH, KOPITYC TPECHY.I WM KaOeslb MOBPEeXKIEH —
HE UCTIONB3YITE ero «Ha nmpooy». Bo3pMuTe 3aBeJOMO MOIXOISAIMNA UCTOUHHUK WJIH MOMTPOCUTE Clie-
[IMAJIMCTA TIOMOYb ¢ BhIOOpoM. He BCKpbIBaiiTe ajantep pagd TOTO, YTOOBI BBISICHUTD, YTO Y HErO
BHYTpH.

Barapeiiku Toxe TpeOyIOT BHUMaHHUs. YCTAaHOBUTE UX B AEpXkKaTelb C COOMIONEHUEM MOSIp-
HOCTH, a He 3aKHMMaiiTe mpoBomamu Kak mpuaercs. He OpocaiiTe X poCCHINbIO PAIOM C MOHe-
TaMU, CKPENIKaMH U IPyTUMHU METAJUIMYECKUMU MPeIMETaMU: CITy4YailHblii KOHTAKT MOXET 3aMKHYTh
BbIBOJIbl. OJJTHOPA30BBIE JIEMEHTHl HEJb3$1 3apsKaTh, €CJIM MPOU3BOAUTENb MPSIMO HE yKa3blBaeT
oOpaTHoe.

C MTUHA-MOHHBIMA W JIMTUI-TIOJIMMEPHBIMU aKKyMYJISITOpAaMH HOBHUKY JIyullle padoTaTh
TOJIBKO B TOTOBBIX YCTPOWCTBAX WJIM YY€OHBIX MOLYJISIX, PACCUMTAHHBIX HA KOHKPETHBIN aKKYMYJISTOD
Y [IpaBUJIbHYIO 3apsiiky. He npokanbiBaiite, He CAABIMBANTE U HE MBITANTECD 3apsIKaTh HEU3BECTHYIO
SIYEHKY caMOJeIbHBIM CrIocOOOM. B3AyThIil, MPOTEKAIONINIA WM HEOOBIYHO TOPSUYHMIA aKKYMYJISTOD
— He Martepual sl SKCIIEPUMEHTA.

IIaTh 000K, KOTOPHIE NMPoIIle NPeI0TBPATUTH

IlepenyTanHasi HOJSIPHOCTB. Y CBETOAMUO/A, NEKTPOIUTUUECKOTO KOHJEHCATOpa U HEKOTO-
PBIX IPYTUX KOMIIOHEHTOB €CTh HarpaBJieHue MoAKIoYeHus1. Ecim moctaBuTh aetais Ha000poT, OHa
MOXeT He paboTaTh WM MOBpeauThes. [1o mogaun nutanus cBepsiTe 0003HAYEHHUS HA CXeMe U KOp-
nyce nerainu. Ecim MapkupoBKa HesicCHa, CHauaJsia BbISICHUTE Ha3HAU€HKE BbIBOJIOB — HE Yra/iblBaiTe.

Koporkoe 3ambikanme. OHO BO3HMKAaeT, KOIJAa BBIBOJbl NUTAHUS COEAMHSIOTCS IMOYTU
HAIpsSIMyI0, MUHYs TIPETyCMOTPEHHYIO CXeMOW Harpy3ky. IIpuunHoOil ObIBaeT rnepemMbIuka He B TOM
Psly MAaKeTHOM TUIAThl, OrOJIEHHAS KUJIKA MPOBOJA WM CONIPUKOCHYBILIMECS BBIBOJBI KOMIIOHEHTOB.
CaepsiiTe psibl U ILIMHBI [1J1ATHI C €€ CXEMOI1: BHEILIHE MTOXOKKE JIOPOKKHU HE BCETra COEJUHEHBI TakK,
Kak oxugaercs. OcmarpuBaiiTe cOOPKY MpH OTKJIIOYEHHOM MUTaHUU. Ecim ymeere Moib30BaThCs
MYJIBTUMETPOM, TIPOBEPKY Ha KOPOTKOE 3aMBbIKaHKME MPOBOAAT TOJBKO HAa OOECTOYEHHOM IIeNH U B
MOXOMIAIIEM peKUMe Mproopa.

Henoaxoasimee HanpsiKeHNe WIM TOK. Y KaXJOro KOMIIOHEHTA €CTh JIOIyCTUMBIE YCIIO-
BUs1 paboTHl. Ecii mogath HanpsikeHue BhIIlIe TPelyCMOTPEHHOTO WIIM HE OTPaHUYUTh TOK TaM, I7e
3TO TpelyeTcsl, IeTalb MOXET MeperpeTbcsi U BBINTU U3 CTposi. B cxemax co cBETOOMOIOM, HalpH-
Mep, OOBIYHO HYKEH OIPaHUYMBAIOIIMI PE3UCTOP: MOAKIIOUaTh CBETOAUO MPSIMO K MCTOUHHKY «Ha
CEKyH]ly MpPOBEpUTb» — ILIoXask NpuBbIYKa. Eciu mapamerpbl cXeMbl BaM NOKAa HEU3BECTHBI, HE
BKJIIOUATE €€, IIOKa He ITPOBEPUTE KX M0 MHCTPYKLIUU WU PACUETY.

OroJénnble NpoBoJa U HeOpe:xxkHOe padouee mMecTo. OTKpBITHIE KOHIIBI MOTYT CIy-
YallHO KOCHYThCSI COCETHETO KOHTAKTA WJIM METAJJIMUECKOT0 ITpeAMeTa. 3aUnIaiTe TOJIBKO HYKHYIO
IJTMHY TPOBOJIA, 3aKPEIUISIATEe COeAMHEHUs], yOupaiiTe JIMIIHIE MeTaUTMYecKue npeaMmeTsl. Pado-
TalTe CYXMMHU PyKaMH Ha CyXOW MOBEPXHOCTH. DTO MPOCThIE MEPBI, HO UMEHHO OHM HE JAIOT CIy-
YalHOCTH MPEBPATUTHCS] B HEUCIIPABHOCTD.

INaiika nox nuranuem. [lepen TeM Kak nasiTh WM NEPECTaBIATh KOMIIOHEHTHI, OTKJIIOUUTE
UCTOYHMK OT MakeTa. MIHaue MHCTPYMEHT WJIM pacIlIaBJIeHHBIN MTPUIION MOTYT 3aMKHYTbh COCEJHHE
KOHTaKThl. [lasIbHUK JepkuTe Ha TOICTaBKe, HEe KacaiTech kaja, oOecrevbTe MpOBETPUBAHUE U
HE OCTaBJISITE TOPSYUN UHCTPYMEHT Oe3 mprcMoTpa. OTAENbHO 3alIOMHHTE JIOBYILIKY C MYJIbTUMET-
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POM: B peKMMe U3MEPEHUS TOKa €ro HeJIb3sl IPOCTO MOIKJII0YATh MONEPEK BBIBOJOB UCTOUYHMKA. Tak
MOXHO CO3JaTh KOPOTKOE 3aMbIKaHue uepe3 caM npuoop. Eciu Bbl He yBepeHbl, KakoW pexuM M
TOYKY MOJKJIIOYEHHU I HYKHbI, HE U3MEPSITE Hayraj.

Kak Bkiouath cxemy 0e3 cremku

[IpencraBbTe, 4TO NEPBOE BKIIIOUEHUE — 3TO HE IK3aMEH Ha CMEJIOCTb, a IPOBEPKa MMITOTEBI.
He pabotaer — 310 mHpopmarws. [laxHeT ropensiM WM 4To-TO OBICTPO HArpeBaeTcsi — CHUTHAT
HEMEJIEHHO OCTAaHOBUTHCS, a HE TIOBOJ, «/1aTh €IIE CEKYHILY».

CHavana cobepurte nienb 6e3 nutanus. [Ipociequre myTh OT IUTIOCA UCTOYHUKA Y€pe3 KOMIIO-
HEHTBI K MUHYCY: COBIIQ/IaeT JI OH co cxeMou? [IpoBepbTe, CTOAT JIU I€TaIN B HY)KHBIX PSAAax, HET JIn
CITyYalHbIX TIEPEMBIYEK 1 HE3aKPETIEHHBIX )KUJIOK. YOeInTeCh, YTO HaNPsKEHNE NCTOYHUKA MOJIX0-
JUT BCeM KOMITIOHEHTaM. TOJIbKO 1OCIe 3TOro MOAKJII0YAlTe UICTOYHUK — U IEPKUTE PYKU NOJIATIbIIIE
OT COEIMHEHUI BO BpeMs IIEPBOI0 3aIlyCcKa.

Ecnu BBl vicnonb3yeTe 1ab0paTOpHBI UCTOYHUK C OIpaHUYEHHEM TOKa, OHO MOKET ITOMOYb
YMEHBIIUTD TTOCIIEICTBUS OIIMOKH, HO HE OTMEHsIET HeOOXOIUMOCTH MOHUMATh HACTPOUKH U TpeOo-
BaHMs cxeMbl. He BbIcTaBIstiiTe 3HaUeHN Hayraj. [1jis mepBbIX 3aHATHI HAIEKHEe TOTOBBIN yUeOHBIH
Ha0Op C MHCTPYKIMEH 1 MOAXOISAIIMM UCTOUHUKOM MTUTAHMUSI.

Ecnmu cxema He 3apa0oTajiia, CHayasla OTKJIIOUMTE NUTaHue. 3aTeM MPOBEphTe COCANHEHUS U
opueHTaIuio jeTanei. He mepecrapisiitTe mpoBoAa Ha BKIIOUEHHOM MaKeTe — 3TO OBICTPHIN CIIOCO0
MIPEBPATUTh OIHY OIMOKY B HECKOJIbKO. M He KacaiTech MajblieM KOMIIOHEHTa, YTOOBI BBISICHUTD,
HarpeJscs JI1 OH: IIPY MOI03PEHUH Ha MEPErpeB OTKJIIOYUTE MUTAHUE U JAUTE YCTPOWUCTBY OCTBITb.

> **()cTaHOBUTECH U 00PATUTECH K CHENHATUCTY**

He nponomxkaiite paboty, ecim peub UAET O CETEBOM HANPSKEHWH, BCKPHITOM CETEBOM aJarl-
Tepe WM U3MEPEHUSIX Ha OTKPBITON ceTeBol Lienu. He ncnonb3yiiTe noBpekIEHHBIN WINA B3AYThIN
akkymyJsitop. HemenieHHO OTKJII0oYMTE HU3KOBOJIBTHBIA MCTOUHUK, €C/IM MOSBMIIMCH [IbIM, 3arax
rapy, HeOOBIYHBII HATPEB WJIM TPECK; HE TPOraiTe ropsiure v MoBpeskAEHHbIE netanu. Eciy ncrounuk
MTUTAHUS1 HEU3BECTEH WJIM Bbl HE MOKETE YBEPEHHO OMPE/IEIUTh €T0 BBIXOJHbIE [TApaMETpPbl, OTIOKHUTE
9KCTIEPUMEHT U Mornpocute nomorny. He meitaiiTech «IpoBepuTh enié pas», MoKa MpUYrMHa He sCHA.

KapTouka 6e30nacHoro 3amycka

[Nepen mepBbIM BKJTIOUEHHEM TTOJIOKHUTE PSIOM 3TY KOPOTKYIO KapToukKy. Eciiit XoTs Obl Ha OtuH
MYHKT OTBET «HET» WUJIM «HEe 3HAI0», MUTAHUE MOKA He TIOIKJII0YaiTe.

ellcTOYHUK OTKJIIOUEH OT MaKeTa, TIOKa Bbl COOMpaeTe 1 MPOBEPSIETE CXEMY.

eIcTOYHNK OHSTEH: U3BECTHBI €0 BBIXOJHOE HANIPSIKEHUE, TUIT TOKA U MIOJISIPHOCTD; KOPITYC
Y IIPOBOJIA UCITPABHBI.

eHanpsizkeHne moaX0AUT BCEM KOMIIOHEHTaM COIVIACHO CXEME WJIM UHCTPYKLIMU.

ellonsipHOCTH NpOBEpPeEHA: ILUTIOC, MUHYC U HAaIpaBJeHue KOMIIOHEHTOB COBMAAAIOT ¢ 000-
3HAUYEHUSIMHU.

eKopoTKoro 3amMbIKaHisl HeT: MakeT OCMOTPEH, NEPEMBIYKM U MPOBOJA CTOAT Ha CBOMX
MecCTax.

e(Cxema ocMOTpeHA 1eJUKOM: (pusnyeckast cOOpKa COOTBETCTBYET UYEPTEKY.

ePyku u padouee MecTO cyxme; psIoM HET JIMIITHAX METAUUIMIECKUX TPEIMETOB.

ebarapes niu akKKyMyJsITOp He OBPeKAEHbI , €CJIM OHU UCTIOJIb3YIOTCS.

elluTanue MoAK/JII0YAETCA OCO3HAHHO: BBl 3HAETE, YTO JIOJKHO IPOU30MTHU MPU BKJIIOYE-
HUHM ¥ 4TO OyJeTe Jenarh, eClii cXema MoBeJET cedst He Tak.

JI71s1 3aKperyieHus: BO3bMUTE MPOCTYI0 YUEOHYI0 CXeMy, HallpuMep CBETOIHUOL C OrpaHNYMBa-
IOLUM PE3UCTOPOM, Y MPOUJUTE KAPTOUKY, HE MOAKII0Yast UCTOYHUK. OTMEThTe, KaKue IMyHKThI Bbl
MO’eETe IPOBEPUTH IO CaMOH CXeMe, KaKhe — [0 MapKUPOBKE KOMIIOHEHTOB, a KaKKe MIOKa BbI3bI-
BalOT BOIIPOCHL. DTO YNPaKHEHUE YUUT BAKHOMY: YBEPEHHOCTb MOSIBISAETCS HE OT CKOPOCTH, a OT
MOHSATHOM IOCJIEOBATENILHOCTH AENCTBUM.
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BesonacHocTh He TpeOyeT 00osAThCs Kaxgoro mposona. OHa TpeOyeT He MyTaTh 3HAKOMBIN BUJL
YCTPOWCTBA C MIOHMMAaHKUEM TOT'0, Kak OHO ycTpoeHO. HaumHaiiTe ¢ MOHATHOrO HU3KOBOJIBTHOTO IUTA-
HUS, TIPOBEPSIiTE UCTOYHUK U COOPKY J0 BKJIIOYEHUSI, OTKJIIOYATe MUTAHUE Tiepe]] U3MEHEHUSIMU
Y He TIepexoauTe K CeTeBbIM YCTpoWCTBaM Oe3 KBaimpukauu. Tak OCTOPOKHOCTh CTAHOBUTCS HE
MPENSATCTBHEM, a YACThI0 MHKEHEPHOTO MBIIUIEHHS: BbI HE TIPOCTO COOMpaeTe Lielb — Bbl 3apaHee
[IOHUMAETe, YTO B HEN MOXKET IIPOU3OUTH.

Crnenyoommii mar — Hay4uuTbCsl NIPEACKa3bIBaTh MOBEJCHUE 1IENU HE Ha IJ1a3, a C MOMOIIBIO
pacuérta. 1151 3TOro NoHagoOsTCs TPU MOHSITHS, KOTOPBIE CBSA3BIBAIOT UCTOYHUK, KOMIIOHEHTHI ¥ TOK
B €/IMHYIO KapTUHY.
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HanmeeHne, TOK H COIIPOTHUBJICHUE: 3aKOHbI,
KOTOPbIC MIOMOTAKOT PACCINTLIBATD II€IIN

Ha maxetnou miare roput ceeroguof. C pesucropoM Ha 1 kKOM OH e/1Ba 3aMETeEH, a C pE3UCTO-
poM Ha 47 OM CBETUT APKO — HO TAKOU SKCIIEPUMEHT MOXKET 3aKOHUMTHCS TEM, UYTO CBETOAMO], IIEpe-
CTaHeT CBETUTh coBceM. Kakoil pe3nucTop MoCcTaBUTh, YTOOBI MOTYYUTh MPEICKa3yeMBblil pe3yibTar?

D70 He 3a/jaya Ha yrajpblBaHie U He TIOBOJL 3alIOMHMHATh «IIPaBUJIbHOE» YUCJIO [ BCEX CBETO-
aronoB. OTBET 3aBUCUT OT UCTOYHMKA ITUTAHUS, XaPaKTEPUCTUK KOHKPETHOTO CBETOOMO/A U KeJlae-
MOTO TOKa. 3[€Ch IPUTOAATCS TP BEJIMUMHBI — HAIIPSKEHNUE, TOK U COITPOTUBJIEHUE — U OJIHA CBSI3b
MeXJy HUMH, 3akoH OMa. Ecim HayunThCs IPUMEHATD €€ T10 1araM, CXeMa IepecTaHeT BBINIAIETD
Ha0OpOM 3araJiouHbIX JIeTajeil: e€ MoBeIeHne MOKHO OyJeT OLIEHUTh elI€ 10 TOro, KaK Bbl MOJKJIIO-
YUTE NMUTAHKE.

Tpu noHATHSA, KOTOPBIE BA’KHO HE CMEIIUBATh

HanpskeHne — 3T0 pa3HOCTb MEKTPUUYECKUX MMOTEHIIAAIOB MEX Iy IByMs Toukamu. OHO
MIOKa3bIBAET, CKOJIbKO SHEPIUHU MPUXOJUTCS Ha €AMHMILY JIEKTPUUYECKOrO 3aps/ia: OOUH BOJIBT PaBeH
OIHOMY JIKOYJIIO Ha KyJIoH. [I03TOMy HanpsikeHue Beerna U3MEPSIOT MedtcOy IByMs TOUKaMU: Hallpy-
Mep, MEXy IUTIOCOM U MMHYCOM MCTOYHMKA WJIM MKy BBIBOAAMH PE3UCTOPA.

Tok — KOIMYECTBO NEKTPUUYECKOTO 3apsAda, IMTPOXOASILETO YEPE3 CeYeHUE NMPOBOJHMKA 3a
enquHULly BpemeHu. OUH amIiep — 3T0 OJUMH KYJIOH B CEKyHIy. B MeTajuimueckoMm IpoBoA€E ABU-
XKYTCS NIEKTPOHBI, HO HAIIPaBJIEHHE YCJIOBHOIO JIEKTPUYECKOTr0 TOKA UICTOPUUYECKH 0003HAYAIOT ITPO-
THBOIIOJIO)KHO HAINPABJICHUIO UX JABWXEHHs. B OONMBIIMHCTBE MPOCTHIX Pacy€ToB JIOCTATOYHO TTOM-
HUTh: TOK TEUYET M0 3aMKHYTOMY IYTH, a €r0 BEJIMYMHA TOBOPUT, CKOJIBKO 3apsijia MPOXOIUT Yepes3
YUaCTOK IIETH 3a CEKyH[Y.

ConpoTuBiieHHe IMOKa3bIBAaET, HACKOJIBKO YYACTOK LIEMM IMPENsATCTBYET MPOTEKAHUIO TOKA.
Ero n3mepsior B omax. Pe3uctop — KOMITOHEHT, ClieLIMalIbHO CO3/1aHHBIN /17151 MOy YeHu 1 3aJaHHOTO
CONPOTHBJIEHUS1, HO COTIPOTUBJIEHHE €CTh U Y ITPOBOJIOB, HArPEBATEJIbHBIX JIEMEHTOB U MHOTUX JIpY-
rux geraner. OHO MOKET 3aBUCETh OT MaTe€pUalla, pa3MEPOB U TEMIIEPATYPBI.

T NOHATUS CBSI3aHbI, HO HE O3HAYAIOT OJHO U TO ke. HanpsikeHue Hesb3s «M3pacxooBaTh»
TaK ke, Kak TOK. TOK He rcye3aeT BHYTPHM CBETOAMO/A: 3apsi]l MPOAOIKAET ABUIaThCsA MO LIENH, a
MEKTpUYECKast SHepPrusi mpeoOpasyercs, B YaCTHOCTH, B CBET M TEIUIO. B mocnenoBarebHOM Lenu
yepe3 BCE IEMEHThI IPOXOAUT OfIMH U TOT K€ TOK, a HApsKeHUe UCTOYHUKA paclpeiesisieTcs: MeK/1y
HUMHU.

3aKoH, KOTOPHIil IPeBpaIIAET CJI0Ba B pacuéT

Jlnst pe3ucropa, moBeieHue KOTOPOrO MOXKHO CUMTATh OOBIYHBIM M CTAOMJIBHBIM, JICHCTBYET
3akoH Oma:

HarpsixkeHne Ha pe3ucTope paBHO TOKY Yepe3 Hero, yMHOKEHHOMY Ha COIPOTHBIICHHE.

dopmyna BEIISIUT TaK:

V=IxR

3necy V — HanpskeHue B BonbTax, I — Tok B amniepax, R — conporusnenue B omax. 13 Heé
MOHO TIOJIyYUTh JJBE MOJIE3HbIE (POPMBI:

I = V/ R — Haiitu TOK, eciu U3BeCTHbI HarpsikeHue U conpotusienue. R = V /1 — waittu
CONPOTHBJIEHUE, €CITM U3BECTHBI HAIIPSIKEHHE U KeJIaeMBbI TOK.

Hanpumep, ecnu Ha pesucrope conporusieHremM 1 kOM ects HanpskeHue 3 B, uepes Hero
teu€T ToK 3 / 1000 = 0,003 A, 10 ectb 3 MA. OOparute BHUMaHKE: B (POPMYIy TOICTABIISETCS
HallpsKEHUE Ha pe3ucmope, a He aBTOMAaTUYECKU HAIPsKEHUE BCEro MCTOYHUKA.

3akoH OMa onuChIBaeT CBA3b BEJIMYMH, HO He sIBJISIETCS] YHUBEPCAIbHOM (hOpMYyJI0it 1151 JII0O0i
netanu. [11s1 0OBIYHOTO pe3rcTopa OHAa XOpOIIO paboTaeT B MpefesiaXx ero HOPMAJIBHOTO PeXuMa.
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Caetoauos ke He sIBJISIETCS] pE3UCTOPOM C TIOCTOSIHHBIM COTPOTHBIIEHUEM: €r0 3aBUCUMOCTh TOKA OT
HarpspKkeHs HelHerHa. [109ToMy pacCuMThIBAIOT LIeMb CO CBETOAMOIOM TaK: YUUTHIBAIOT €r0 Mpsi-
Moe TaJIeHre HaIPsKEHMsI, a OCTABIIYIOCS YacTh HANPSDKEHUS MPUKJIAIBIBAIOT K MOC/IEN0BATEIBHO
BKJIIOUEHHOMY PE3UCTOPY.

Bui6upaem pe3ucrop AJs CBeTOAHOA

Bo3bMEM HU3KOBOJIBTHBI UCTOYHUMK MHUTaHUsI C HanpspkeHreM 5,0 B U KpacHbIil cBETOAMO/.
JlormycTim, 1Mo JOKYMEHTAIlUK BBIOPAaHHOTO CBETOAMO/A ITPH MOAXOAIIEM paboueM pexume ero mpsi-
MOe HampsikeHue cocrtapisier pumepHo 2,0 B. s npumepa 3amaaum xkenaembiii Tok 10 MA, To
ectb 0,010 A. DT0 WLTIOCTPAaTUBHBII Pacy€T: Y APYroro CBETOAMOAA U JIPYroro UCTOYHMKA YHCIIA
OyIyT APYTUMHU.

B menu «MCTOYHMK — PE3UCTOp — CBETONUON» HaNpsiKEHHE WCTOYHMKA PaCIIpeAesieTcs
ME>X/1y Pe3UCTOPOM M CBETOAMOAOM. 3HAYMT, HA PE3UCTOPE OCTAHETCSI IPUMEPHO:

V_R=50B-20B=308B

Teneppb HallAEM CONIPOTUBJICHUE:

R=V_R/1=3,0/0,010 =300 Om

Pacuér nan 300 Om, HO peasibHbIe Pe3UCTOPHI MTPOAAIOTCS HE CO BCEMHU BO3MOKHBIMU 3HAUEHU-
ssmu. [ToaTOMy BBIOMpPAIOT ONMMKAIIME CTAaHIAPTHBI HOMUHAT — OOBIYHO HEMHOTO OOJIBIINI, €CITH
HYKHO He MPEeBBICUTH 3alaHHbli TOK. Harpumep, BozpméM 330 Om.

Bor Bech myTh B TabnmIIE:

IMlar
Yro 3anucarhb

HN3BecTHO
Ucrtounuk: 5,0 B; ceeTonuoxn: okoio 2,0 B; xenaemsbiii Tox: 10 MA

Hayitu
ConpoTuBIieHUE MOCIIEI0BATEILHOTO PE3UCTOPA

Popmyaa
R = (V ucrounuka — V cBeronuona) / I

Pacuér
(5,0-2,0)/0,010 =300 Om

Bui6op
Bivokaiimail 6ombimii cranaapTHeI HoMmuHaT: 330 OM

IIpoBepka
[Tpu ykazaHHBIX HOMMHAJIBHBIX 3HAUEHUSIX TOK Oynet okodo (5,0 — 2,0) / 330 = 0,0091 A, To
ectb 9,1 MA

Pesucrop Ha 330 Om He «co31aéT» TOK caMm 1o cede. OH OrpaHMYMBAET TOK B IS /IO BEJHU-
YHMHBI, KOTOPAs MOTy4aeTCsl IPU IAHHBIX HANPSUKEHUsIX W CONpoTUBiIeHnU. Mctounnk Ha 5 B Toxe
HE «BTAJIKMBAET» B CBETOJMOJ HEM3MEHHOE KOJIIMYECTBO TOKA: €ro HANpsDKeHUe 3a/1a€T yCIoBUs, a
TOK 3aBUCHUT OT BCEW IEMH.

BaxHO cBepsAThCS ¢ JOKyMEHTaleld KOHKPEeTHOI'0 CBETOIHOIA. Y pa3HbIX IIBETOB M MOJETIeH
OTJIMYAIOTCS TIPSIMOE HaIpsiKEHKe, TOMYCTUMBIA pabouuil TOK U APyTue rnapameTpsl. MakcuMaibHO
JOMYCTUMBIN TOK — He 00s13aTeIbHO XOPOIIHI 11eJIeBOM TOK. YacTo CBETOAMOMY JOCTATOYHO MEHb-
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IIIEr0 TOKa, YTOObI OBITh 3AMETHBIM, HO SIPKOCTh 3aBUCUT OT MOJIENI, YCIIOBUM OCBEICHUS U Ha3Ha-
YEHUsl YCTPOUCTBA.

3anac u npoBepKa KpaHNX 3HAYeHN

Pacu€r Bblme ucnonb3dyer MpHOTU3UTENIbHBIE 3HAUCHUs. B peanbHOR cxeme HampsiKeHue
MCTOYHMKA MOXET HEMHOro omimyarbcs oT 5,0 B, npsmoe HanpsikeHue CBETOIMO/Aa MEHSIETCsl OT
9K3EMIUIsApa K K3EMIUISIPY M 3aBUCUT OT pexrMa paOoThl, a CONMPOTUBJIEHHE PE3UCTOpPa MUMeeT
JOIYCK.

Ecmu 10 MA — He nipocTo kenaemasi BeJIMYMHA, & BEPXHUI MTpees1, KOTOPbIA HeJb3sl ITPEBbI-
I1aTh, HY’)KHO OLIEHMBaTh HanbOosee HeOMaronpusATHBIN CIyYail: MAKCUMaJIbHOE HAINpPsIKEHUE UCTOY-
HUKa 1 MUHUMAJIbHOE MpSMOE HampsikeHue cBeroguona. Ilpeamnonokum, UCTOYHUK MOXKET IMOJ-
HATHCA 10 5,25 B, a MUHUMaITBHOE TIPSIMOE HAITPSIKEHNE BRIOPAHHOTO CBETOIMO/IA 0 JIOKYMEHTAIUN
— 1,8 B. Torga nyist Toka He Bbie 10 MA morpe0yeTcs Kak MUHHUMYM:

R = (5,25 -1,8)/0,010 = 345 Om

B 3TOM ciyvae pazyMHO BHIOpATh ClIEYIOMIMI MOAXOSAIINI CTaHAAPTHBIA HOMUHAJT, HATIPUMEP
360 Owm. [Ipu yka3aHHBIX KpalHUX 3HAUYEHUSIX TOK OymeT okono 3,45 / 360 = 0,00958 A, 1o ecTb 9,6
MA. A npu HOMUHaJIBHBIX 5 B 1 nmagenuu 2 B oH okaxercst okono 8,3 MA. DTo He MPOTUBOPEUHE:
pacy€r ¢ KpallHUMM 3HAYE€HUSIMU OTBEYAET Ha BOIIPOC «HE IIPEBBICUM JIY TpeJies1?», a HOMUHAJIbHBIN
— «YTO OXKHUIAETCA OOBIYHO?>».

VIMeHHO Tak BBINISAIUT MHKEHEPHBIH 3ar1ac: He Marm4eckoe Ynciio, a y4ET BO3MOKHBIX OTKJIO-
HEHU C TIOHSITHOM 11eJIbIO.

Pe3uncrop TOKe paccenBaeT MOIHOCTH

Uepes pe3uctop TEUYET TOK, Ha HEM 1a/1aeT HAIIPSKEHUE, U YaCTh JIEKTPUYECKON SHEPIUu Ipe-
BpallaeTcs B TEIUIO. DTy MOLIHOCTb MOXHO HATH TaK:

P=VxI

s pesucropa Ha 330 OM B HallleM HOMUHAJIBHOM IPUMEpPEe HaNpsiKEHUE COCTaBJISIET OKOJIO
3 B, Tok — okoso 0,0091 A:

P = 3 x0,0091 = 0,027 Bt

JI151 TIPOBEPKM MOKHO HCIIONB30BaTh paBHO3HauHyo (popmyny P = I?R. B stom ciyyae nony-
yaeTcsl MpuMepHo To xe 3Hauenue — 0,027 Br.

VYV pe3ucTopoB yKasblBalOT JAOMYCTUMYIO MOIIHOCTh, Haripumep 0,125 Bt wim 0,25 Br. Ona
JOJKHA OBITH BBIIIE PACYETHON, IPUUEM HE CTOUT MOCTOSTHHO SKCILTYaTHPOBATh KOMIIOHEHT Ha CaMOit
IPaHULIE €r0 BO3MOXKHOCTEN: IOMYCTUMAasi MOLTHOCTb 3aBUCUT U OT YCJIOBUI OXJIaXKJIEHUS, U OT TEM-
nepatypsl BOKpyr. [l npuBeaeHHoro npuMepa pesucrop Ha 0,25 Bt umeer 3amerHsiii 3anac. Eciu
pacy€THasi MOIIHOCTD OJTM3Ka K HOMUHAITY IETaJIU, HY’KHO BHIOpaTh KOMIIOHEHT IMOMOIITHEE UJTH Tiepe-
CMOTPETb CXEMY.

CobOupaem u cpaBHIBaeM pacyéT ¢ U3MepeHHeM

Iepen coopkoit oTkmounte nutanue. CoelMHUTE TIOCTAEAOBATEBHO IUTIOC UCTOUYHHUKA, PE3u-
CTOp, CBETOIMO/], U MUHYC MCTOUHHKA. Y CBETOIMO/A €CTh MOISIPHOCTh: TOK B padodyeM pexume J1071-
KeH TIPOXOJMTH OT aHO/A K Katoay. JUTMHHBIN BBIBOJ YacTO 0003HAYAET aHO/, a TUIOCKas TpaHb KOp-
Iyca — Karojl, HO HaJi€Hee MPOBEPUTh MAPKUPOBKY UJIM JOKYMEHTALMIO KOHKPETHOM JETaNH.

[Nocne npoBepky coenquHEeHNH BKIOUMTe uTanue. Ecim Bc€ coOpaHo mpaBUIbHO, CBETOAMO
JOJIKEH 3aropeThesi. YToOB! IPOBEPUTH PACUET, U3MEphTE HAMPSIKEHUE Ha PE3UCTOPE MYJIBTUMETPOM
B PeXMMe MOCTOSTHHOTO HanpsikeHus. [yl mogk/ovaoT napauiesbHO pe3ucTopy — M0 OJHOMY K
KakaoMy ero BbiBoay. Eciiu MynbTUMETp NOKa3biBaeT, Hanpumep, 3,1 B, a pe3ucrop aeicTBUTEIbHO
“MeeT conpoTuBiieHre 0Kkojio 330 OM, TOK MOKHO OLIEHUTD TaK:

1=3,1/330 =0,0094 A =9,4 MA

Takoe 3HaueHwe OMU3KO K pacu€THbM 9,1 MA. HebGornbias pa3HuIla OXujaeMa: peasibHbie
HAaIpsKEHUs!, COMTPOTUBIICHUE U XapaKTEPUCTUKU CBETOAMOAA He OOsI3aHbl COBMAAATh C OKPYIJIEH-
HBIMH 3HAYEHUSMU U3 ITPUMEPA.
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TOK MOXHO M3MEPUTh HEMOCPEJCTBEHHO MYJIBTUMETPOM, HO ISl STOrO MPUOOP BKJIOYAIOT
N0CJIe/I0BAaTeJbHO B Pa3phiB IIEMTM M BHIOMPAIOT MPaBHIIbHOE THE30 M auanas3oH. [lepen nepecra-
HOBKOW HIYIOB ¥ I3MEHEHUEM COCAMHEHUI OTKJIIOUUTE MUTaHue. AMIIEpMETpP HEJb3s MOAKIII0YATh
MapajuIeIbHO UCTOUHHKY: B PEKMME M3MEPEHHs TOKA OH CO3/aET MyTh C OYEHb MAJIBIM COMPOTHB-
JIEHHEM, YTO MOXKET BBI3BaTh KOPOTKOE 3aMbIKaHUE M MOBPEAUTh pubop wim 1enb. ConpoTuse-
HUE TOXE U3MEPSIOT TOILKO Ha 00ECTOYCHHOM 111N, MHaJe TIOKa3aHus1 Oy/IyT HeBEPHBIMU, a IIPUOOP
MOXHO TIOBPE/IUTb.

Ecnu uaMepenust CHIIbHO OTJIMYAIOTCS OT OKUJIAHUH, He crienmTe oObsIBIATh 3akoH Oma Oec-
nione3HbIM. [IpoBepbTe, Ha KaKOoM 3JIeMeHTe U3MepsIeTCsl HanpsiKeHe, TPaBUIIBHO JIM BHIOPaH PesKUM
MYJIBTUMETPA, He TIeperyTaHa JIv MOJISIPHOCTh CBETOAMO/IA U IEUCTBUTEIIBHO JIM YCTAaHOBJICH HYKHBIH
HOMHHAJI. BIMSIOT Takke JOMyCK pe3nucTopa, XapaKTepPUCTUKU CBETOAMOA U TOYHOCTh UCTOYHHUKA.

Yrto MeHsieTCsI, KOTa JeTajieii CTAaHOBUTCS 00JbIIIe

B nocnenoBatenbHON Lieny TOK 4epe3 KaK[Ibli JIeMEHT OAMHAKOB, a TaJeHUs HalpsHKeHUS
CKJIQ/IBIBAIOTCS. [IJ1s1 POCTBIX pE3UCTOPOB MX COMPOTHBIICHUS TOXKE CKJIAbIBAIOTCS: IBA PE3UCTOPA
o 100 Om nocnenosarensHo AaloT 200 Owm. [pu napasuiesbHOM coeIMHEHUH HATIPSKEHUE HAa BETBSIX
O/IMHAKOBO, a OOIIMIA TOK PaBeH CyMMe TOKOB TI0 BeTBsIM. [IJ1s1 IBYX MapasuleSIbHbIX PE3UCTOPOB:

1/R_oom=1/R;+1/R,

Hampumep, aBa pesucropa no 1 kOm mapamiensHo gaiot oomee cornpotusieHre 500 Owm.
[MockosnpKy o011iee COnpoTUBIIEHHE MEHbIIIE, OT UCTOYHUKA B TAKOM KOMOWHAITH TTPH TOM K€ HArpsi-
kKeHUU OyaeT noTpedsaThCsl OOJBIININ TOK.

370 paznrure 0COOEHHO BaXKHO CO CBETOAMONAMHU. EciM HECKOBbKO CBETOIMOIOB BKIIOUEHBI
napauIesIbHO, OJMH OOIINIA pE3UCTOP He Beeria 00ecneunBaeT Kaxk oMy U3 HUX OIMHAKOBBIN U ITpeI-
CKa3yeMbIil TOK: XapaKTePUCTUKHU TUOIOB HEMHOTO Pa3JIMYaloTCsl, U OIMH MOXKET CBETUTD sIpue JIpy-
roro. Iyt Hag€KHOTO MPOCTOro pelieHus Kak a0l MapajulesIbHOW BETBU OOBIYHO MPeyCMaTpUBaIOT
COOCTBEHHBII OIPAHUYUTEIbHBIA PE3UCTOP.

He6oJib11as TpeHNpPOBKaA

[NonpoOyiite pemuTh 33124y, Mpexkae YeM CMOTpeTh Ha oTBeT. McTtounuk Beigaer 9 B, npsimoe
HarpshkeHre CBETOAMO/A 10 JOKyMEHTAIu — OKoJio 2,1 B, a BBIOpaHHBI TOK — 8 MA.

CHavajia HailiMTe HanpsbkeHue Ha pesuctope: 9 — 2,1 = 6,9 B. 3arem nepeBeaute TOK B
amnepbl: 8 MA = 0,008 A. TTonyuyaem:

R =6,9/0,008 = 862,5 Om

MosxHo BbIOpaTh cTangapTHBIN HoMuHAT 910 OMm. [Tpu 3a1aHHBIX HOMHUHATBHBIX HATPSKEHUSIX
TOK COCTaBUT OKoJIO 6,9 / 910 = 7,6 MA. Ilocie 3TOro cTout MPOBEPUTh MOIIHOCTh PEe3UCTOpa U
JOITYCTUMBII TOK CBETOIMO/A, & YKe 3aTeM COOMpaTh CXEMY M COMIOCTABIISATh PACUET C U3MEPEHHEM.

Tt caMOCTOSITeNTbHOM MPOBEPKH MOMPOOyITe U OOpaTHBINA XOMI: eclii Ha pe3uctope 680 Om
u3MepeHo 3 B, kakoil yepe3 Hero uaeT Tok? HyXHO pa3nenuTh HanpsKeHUE Ha CONPOTHUBJIEHUE U
HE 3a0bITh MIEPEBECTH aMIlepbl B MUJLTMAMITEPhI. Takasi MPUBBIYKA — CHAYalla OLEHUTb Pe3ysbTaT
Ha Oymare, 3aTeM MPOBEPHUTh €ro MPUOOPOM — TIOCTENEHHO AeIaeT Pacu€T yacThlo COOPKHU, a He
OTIEJIbHBIM HIKOJIBHBIM YIIPaKHEHHEM.

Hampsixenue 3a1a€t pa3HOCTb MOTEHIMAIOB, TOK OIUCHIBAET JIBUKEHHUE 3apsi/ia, COIPOTUBIIE-
HHE OIpaHUYMBAET 3TO JBIKeHHe. 3akoH OMa CBS3BIBAET MX M [TOMOTaeT 3apaHee BhIOpaTh JeTal,
HO pacu€r Bcerja Hy)KHO COOTHOCUTD C peajbHIMH XapaKTePUCTUKaMHU KOMIIOHEHTOB, JIOITyCTUMOM
MOIITHOCTBIO ¥ M3MepeHusIMU. Toraa cBeToanoy epecTaéT ObITh MaJIeHbKOH JIOTEpeeii: Bbl TIOHUMA-
ere, MoYeMy OH CBETUT UMEHHO TaK U YTO U3MEHUTD, €CIIU Pe3yJIbTaT OTJMYAETCS OT OKUIAHUK.
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JeTaam Ha CTOJIe: Pe3UCTOPbI, KOH/IEHCATOPHI,
IMO/Ibl, CBETOAMO/Ibl U KATYIIKH

Ha crone nexwur poccwinpb aeraneidi. OnHM MOX0XU HAa KPOIIEYHbIe OOUOHKH, JPYrue — Ha
YEpHbIe OYCHHBI, TPEThU — Ha 0OPE3KU MPOBOJIOKH. Bbl OepéTte nepBylo MOMaBIyocs, TOQHOCUTE K
MAaKeTHOM IJIaTe U 3aMupaete: Kyaa e€ ctaBuTh? OHa BoOOIIe MOAXOAUT IJIsl ITOU cxeMbl? A eciu
MOCTaBUTh HA0OOPOT?

Tak HauMHaeTCs 3HAKOMCTBO C JIEKTPOHUKOW: HE C He3HaHU s 3akoHa OMa, a C He3HAHU S CAMUX
«IefcTByOIMX JnI». Kopryc setanu He Bceraa pacckasbiBaeT, Ha 4To OoHa criocoOHa. [Toxoxkwu ¢
BUJIy — HO Pa3JIMYHBI 110 HA3HAUSHHUIO, TTapaMeTpaM 1 orpaHudeHusM. [1oaToMy OyjieM 3HAKOMUThCSI
C KQXKIOH JIETAJIBIO TT0 OTHOMY U TOMY K€ MacropTy: KaK BBITJISINT, 4TO /IeJIaeT, Kak 0003Hava-
€TCsIl HA CXeMe, eCTh JIN Yy He€ NMOJSIPHOCTh, KAaKOW nNapaMeTp BaskHee BCero, Kak 6e30macHo
NPOBEPHUTH €€ MYJbLTHUMETPOM H KAKYI0 OIINOKY JIETKO COBEPIIUTD .

VYcnoBUMEs O IJIaBHOM: JII0ObIe POBEPKU COMTPOTHUBIICHHUS, TMOI0B U EMKOCTH BBITIOJIHSIIOTCS
Ha oOecToueHHOW cxeme. Eciii heTanb CTOMT Ha IUiaTe, COCeHHE KOMIIOHEHThl MOTYT WUCKA3WTh
pe3yibTar. [[jisi TOYHON MPOBEPKU YacTO MPUXOAUTCS OTKITIOUUTh OT CXEMBI XOTSI Obl OIUH BBIBOJL.
A ¢ ceTeBbIMHU YCTPOWCTBAMU U BHICOKOBOJIbTHBIMH KOHJIEHCATOPAMU HAYUHAIOIIEMY SKCIIEpUMEHTH-
pOBaTh HE HYKHO.

IlepBbIil HE3HAKOMEIL: PE3UCTOP

[IpencraBbTe, YTO CBETOAMO MOAKJIIOYUIN MpsiMO K Oatapee. CHavama OH SIPKO BCIBIXHYIL,
MOTOM TOrac — U HA 3TOM 3HAKOMCTBO 3aKOHUYMJIOCH. Pe3ucTop B 3TOM MUCTOpUM — HE MoMexa,
a OrpaHUYMTENb MOTOKA: OH MOMOTAeT 33aJaTh TAKOW TOK, C KOTOPbIM APYrveé KOMIIOHEHTHl MOTYT
6e30macHo paboTaTh.

Buemnuii Bua. Pe3rctop 4acto BHINISIAUT KaK MaJIeHbKUH VUIMH/IP C [IBETHBIMU MOJIOCAMU U
OBYMs BeIBOJamMH. Ha MakeTHOH 11aTe MOryT BCTPETUTBCA YU MUHHUATIOPHBIE NPAMOYTroibHble SMD-
pesucTopsl ¢ iudpamu Ha Kopyce. [1o pazmMepy MOXHO TPUMEPHO CYAUTH O AOMYCTUMOMN MOIIIHOCTH,
HO HOMHUHAJI TaK HE Y3Haellb.

Cumsou. B eBponelickux cxeMax 0ObIYHO PUCYIOT IPSMOYTOJIbHUK: —| |—, B APYyrux — 3Ur-
3ar: —/\/\/—. B 00oux ciyyasix psaoM MOTYT yKa3aTh HOMUHaJ, Harpumep 1 kOm.

POyHKIUA 1 NOJSAPHOCTD. Pe3ucTop OrpaHnYMBaeT TOK, IEIUT HAPSKEHUE U 3aJa€T HY KHbIE
ypoBHU cUrHaJIOB. [ToJIipHOCTH Y OOBIYHOTO PE3UCTOpa HET: ero MOXKHO CTaBUTh B JIIOOOM Harpas-
JIEHUU.

I'maBHble mapametpsbl. ConporusieHue u3Mmepserca B omax: Q, kQ u MQ. Kpowme Toro,
Ba)KHO, KaKyl0 MOIIIHOCTb PE3UCTOP CIIOCOOEH paccenBaTh Oe3 reperpeBa. Yem OOJbIIHIA TOK TPOXO-
OWUT Yepe3 Hero u ueM OoJiblile Ha HEM MaJaeT HarpsikeHue, TeM OoJbllle Teruia Bbiaensercs. s
OIIEHKH UCToNb3yIoT popmyitel P = U x I mm P =12 x R.

[IBeTOBBIE MOIOCKH YUTAIOT 10 TaOMIIe. B 4eThIpEXTIONOCHON MapKUPOBKE MEPBBIE BE MOIOCHI
— 1 pbl, TPEThsI — MHOXKHUTENb, YeTBEPTas — JonycK. Hanpumep, KopuuHeBbIi — Y€PHbINA —
KpacHblil — 30J10T0i1 o3HavaeT: 10 x 100 = 1000 Om, 10 ectb 1 kOmMm, ¢ gonmyckom +5%. Eciu
HE YBEPEHbI, C KAKOTO Kpasi YUTaTh, IOCMOTPUTE, KaKasi Moioca AOMYCKOB — YacTO OHA OTCTOUT OT
OCTaJIbHBIX, — a 3aTeM MpoBepbTe HOMUHAI MynbTUMEeTpoM. Ha SMD-pe3ucropax mapkuposka 103
06brar0 o3Havaet 10 x 10° Om, 1o ecth 10 KOM. V OYeHb MENKHUX JeTaleil 0003HAYECHHE MOKET
ObITh HEPa30OPUYMBHIM, U U3MEPUTENh OKA3bIBACTCS HAAEKHEE TOTAIKH.

Bo3bMéM yixe 3HaKOMBIN HaMm 3akKOoH OMa M MOAKJIIOYMM CBETOAMO[ K UCTOYHUKY 5 B. Ilycth
TNa/ICHUE HaNPsKEHUs Ha CBETOAMOJE NMpUMepHO 2 B, a xkenaeMblid TOk — okojio 8 MA. Toraa ans
pesucropa ocraérest 3 B: R =3/0,008 ~ 375 Owm. [NoponaéT Onmvskaimii cranaapTHbI HomuHa 390
Owm. Ipu TakoMm pexume pesuctop pacceusaeT npumepHo 0,023 Bt; oObruHOrO pesucropa Ha 0,125
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Bt nocrarouHo ¢ 3anacoMm. 3HaueHMs 3/1€Chb IPUMEPHbBIE: PeabHOE MaJeHUE HANIPSIKEHUS 3aBUCUT
OT CBETO/IMO/A, TIOITOMY /17151 OTBETCTBEHHOW KOHCTPYKIIMU POBEPSIOT €r0 JOKYMEHTALMIO.

be3onacHas nepBas npoBepka. OTKJIIOUUTE IUTAHUE U U3MEPbTE COITPOTUBJIEHUE MYJIbTH-
MeTpoM. Eciu pe3uctop cTouT B 1ienu, napajiesbHble TyTH MOTYT 1aTh [IOKA3aHUE HUKE PeasIbHOTO.
ITpoBepka BHE cxeMbl HaJIEKHEE.

Tunnunas ommoka. BeroupaTh pe3ucTop TOJIbKO MO0 HOMHHATY U 3a0BIBaTh O MOIIHOCTH —
WM CUMTATh, YTO CBETOAMOJ «CaM BO3BMET CKOJIBKO HYKHO». Pe3ucTop He mpocTo J00aBIsieT Ykicio
B CXEMY: OH 3a/1a€T I'paHHULly TOKA.

Bropoii He3HaKOMeN: KOHEHCATOP

Ha nnate nutanus KOHIEHCATOp MOXOX Ha MasleHbKUH pesepByap. OH CrocoOeH HaKOMUTh
UEKTPUYECKUI 3apsijl U OTIATh €ro, KOrjua HarpsbkeHue B 1enu MeHsietcsl. [103ToMy KoHieHcaTopbl
MOMOTAIOT CIVIAKMBATh TUTAHUE U OCTIA0MATh KpaTKOBpeMeHHbIe oMexu. OJ1H HeOOIbIION KOHAEH-
caTop psIOM C MUKPOCXEMOW MHOTJa OKA3bIBAETCS] HE MEHEe BaXKHbIM, YEM KpyITHasl I€TaIb HAa BULLY:
OH TOJJICPKMBAET MUTaHNE HENIOCPEICTBEHHO BO3JIE CBOETO «IIOTPEOUTENSI».

Buemnuin Bua. Kepamuueckuil KOHIEHCATOp MOXKET BBINIAAETh KaK MajeHbKas IUIOCKAs
Karuis Wik JUCK. DNEKTPOIUTUUECKUNA YacTO MOX0X Ha META/UIMYECKUN IWIMH/AP C IJIACTUKOBOM
000JIOYKOH.

CumBoJ. Ha cxeme HEeNoJsIpHBIN KOH/IGHCATOP 0O03HAYAIOT ABYMsI MapaljieIbHbIMU TUIACTH-
HaMH: —| |—. ¥V 1os1sipHBIX BapuaHTOB CUMBOJI MOXKET UMETh OfIHY U30THYTYIO IUIACTHHY, 3HaK + WK
apyroe npuHsToe 0003HaUeHue. CBepsTeCh C JITEHI0U CXeMBI: JeTai U CTaHAAPTH 0(OPMIICHUS
pa3nuyarTCs.

®yHKIMS U NOJSIPHOCTb. KepaMuueckue KOHIEHCATOPhl B TMPOCTHIX yUYeOHBIX CXemax
OOBIYHO HEMOJISIPHBIE. DNEKTPOIUTHUECKHE — TOJSIPHbIE: UX BBIBOJBI HYKHO TOIKJIIOYATh B Mpa-
BWJIHOM HaripaBjieHnd. Ha Kopryce yacTto oTMe4eH MUHYC; Ha I1JIaTe WM CXeMe MOXKET ObITh OTMe-
yeH 1unoc. He nomaraiitech Ha OIHO JIMIIb MOJIOKEHUE JIETAIN B PUCYHKE.

I'naBHble MapameTpbl. EMKocTs m3Mmepserca B dapagax, o0buHO B Mukpodapanax (uF),
HaHo(apagax (nF) nnm nukodapagax (pF). Bropoii BaxHblli TapamMeTp — J0IyCTUMOE HaTpsKEHHE.
OHO JOIKHO OBITH BBIIIIE HAMPSKEHUS, KOTOPOE PeaTbHO MIPUIJIOKEHO K JETAITH; IPEBBIIIATH MTPees
Henb3s1. Pa3zmep koprmyca cam no cebe He TapaHTUPYeT HA HY)XKHYI0 EMKOCTb, HU TOAXO/SIINN 3arac
IO HAIPSIKEHUIO.

KonpneHcarop criocobeH yaepKuBaTh 3apsiji TIOC/Ie OTKJIIOUCHUs MUTaHUsA. B HU3KOBOJILTHOM
yueOHOI cXeme CHauasia BHIKJTIOUMTE HICTOUYHHK U ITPOBEPhTE MYIbTUMETPOM HaNPsIKEHNUE Ha KOHIEH-
catope B pe:KMMe NIOCTOSTHHOIO HanpsikeHus1. Eciu 3aps ocTtascs, ero CHUMAloT Yyepes3 HOAXOA AN
PE3UCTOP, PACCUMTAHHBIN Ha YCJIOBUS 11T, & 3aTeM CHOBA ITPOBEPSIOT HanpsikeHue. He 3ambikaiite
BBIBOJIbl CJTyYallHBIM METAUIMYECKUM IPEIMETOM: PE3KUN pa3psii MOXKET MOBPEAUTh KOMIIOHEHT,
JOPOXKU WA UHCTPYMEHT. BBICOKOBOJIBTHBIE KOHJEHCATOPbI — HE MaTepuaJl sl IEPBBIX OIBITOB.

be3onacHas nepBas nposepka. Eciu y MyabTUMeETpa €CTh pekUM HM3MEpPEeHUsi EMKOCTH,
MIPOBEPSIATE OTKJTIOYEHHBIN M pa3psiKeHHBIA KOHJEHCATOP, CIeAys MHCTPYKIMHU rpudopa. s nocro-
BEPHOTO pe3yJbTaTa MOXET NOTpeOOBaThCsl OTCOSAMHUTH OT CXeMbl OIMH BbIBOJ. OOBIYHOE M3Me-
pEHUE CONMPOTUBIIEHUS HE JAET HAAEKHOIO OTBETA O HOMUHAJIE U UCIIPABHOCTU: MOKA3aHUSI MOTYT
MEHSATHCS] BO BpeMsI 3apsIKM U 3aBUCETh OT MOAKJIIOUEHHBIX LIETIEH.

Tunuunas ommoka. [lepenyTaTh TUIIOC ¥ MUHYC JIEKTPOJIMTHYECKOTO KOHAEHCATOpa WJIH
MIPEBBICUTD €r0 JOMYCTUMOE HampsikeHue. [Ipy HeBepHOM BKJIIOYEHMM Takasl JeTajlb MOXET Iepe-
rperbest ¥ noBpeauTbes. TlonspHOCTh M HanpsiKEHUE MPOBEPSIOT A0 MOJAYM MUTAHUS, a HE I0cie
TOSIBJICHU S 3araxa.

TpeTuit He3HaAKOMeEIl: U0/

Jlnoz TIOX0X Ha OIHOCTOPOHHIOIO JIBEPh: B OJHOM HAIlpaBJIeHUU OH MPOIYCKaeT TOK, B oOpar-
HOM — B OOBIYHOM PEXHME TOUTH He MporycKaeT. FIMEeHHO 3TO CBOMCTBO MOMOTAeT BHITPSIMIISTD
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nepeMeHHOe HamnpshKeHHe, 3allMIIaTh CXeMbl OT OIIMOOYHON MOJISIPHOCTU M HANIPABJIATh TOK HYX-
HBIM ITYTEM.

Buemnuii Bua. OOBIYHBINA OCEBOUM JMOA — MaJIeHBKUH IIWJIMHIAP C JIByMs BbiBomamu. Ha
OJTHOM KOHIIE YacTO eCTh KoJIblleBas rmojiocka. B SMD-ucrnonaeHny 1uon MoxeT ObITh KPOIIEYHBIM
MPSIMOYTOJIBHUKOM C OTMETKOI Ha KOpITyce.

CumBoJ. YcinoBHOE 00O3HaUeHHME MOXKHO TMPEACTABUTh Kak —I>l—: uepra ykaspiBaeT Ha
KaTo/I, BTOPOi BhIBOI — aHoJ. Ha Kopryce oceBoro auona Karoj oObIYHO OTMEUeH Mojocoi. B
CXeMe U Ha AeTaJli UIIUTE UMEHHO CTOPOHY KaTo/1a, a He MbITAUTECh 3alIOMHUTD, «KyAa CMOTPHUT BCS
(urypka».

PyHKIHA U NOJSIPHOCTD. Y 1M0/1a €CTb ONPeIeIEHHOE HAllPaBJIeHUE POBOAMMOCTH. B nips-
MOM BKJIIOUEHMU TOK MPOXOAUT OT aHOAA K KaTody, €C/Y JOCTUTHYTOrO HANpsKEHUsl JOCTAaTOYHO
IJ1s1 BBIOPaHHOTO TUMA AMoAa. B 0OpaTHOM BKJTIOUEHUM OH OJIOKMPYETCS JIMIIb B MPefiesiaX CBOUX
JOIYCTUMBIX YCIIOBUI: TIOOOM AUO UMEET OrPaHUUYEHUSI TI0 TOKY U 0OpaTHOMY HANpsKEHUIO.

be3onacHasi nepBas npoBepka. Ha mynsTiMeTpe BoIOEpUTE peKUM MPOBEPKH TUONOB. B
OOJBIIIMHCTBE TPUOOPOB KPACHBIN HIYTI MOJAIOT HA aHOM, YEPHBI — Ha KaTo/l; yTOYHUTE 3TO B PYKO-
BOJICTBE K BallleMy MyJbTUMETpy. VIcpaBHBIN 101 OOBIYHO MOKAXET MaJjeHNe HAIIPSKEHHS B MPsi-
MOM HaripaBJieHHH, a TIPH MepecTaHoBKe 1ynoB — OL win anasiornynoe odo3naueHrne. KoHkpetHoe
3HAUEHHWE 3aBHUCHT OT Tuma Jaetanu. [Ipoepsiite auon 6e3 MUTaHKS; €CIM OH YCTAaHOBJIEH Ha TUIate,
COCEHHUE JIEMEHThI MOTYT CO3/1aTh OOXOAHOM MYyTh U CHEATh PE3Y/IbTaT HEOIHO3HAYHBIM.

Tunnunas ommoka. [lepenyTaTb KaToq ¥ aHOI WIM CYMTATH JIIOOON MaJIeHbKHIA AUOJ B3au-
MO3aMeHSIEMBIM C JIIOOBIM JPYTruM. [leTtaii MoryT BHIIEPKUBATh pa3HbIe TOKM M OOpaTHbIE HATIpsTKe-
Husl. OnlHa 1oJI0CcKa Ha KOpITyce SKOHOMHUT MHOT'O BPEMEHU — €CJIM CHayasla HaiTH €€, a He CTaBUTh
JeTaslb Hayraj,.

YeTBEpPTHIN HE3HAKOMEIL: CBETOAUO]]

Ceeronnon — TOXe IMOJI, HO Y HErO €CTh JOMOJHUTEbHBIN TaJaHT: MPU MPOX0KAEHUM TOKa
OH M3JTy4aeT cBeT. Ha MakeTHOM miate 3T0 camblii OarofapHblid COOECeJHUK — Ccpa3y MOKa3bIBaeT,
YTO B 1IeTTH MporcxoauT. Ho ero sipkocTh He 03HaYaeT, uTo emy IMose3eH 000 TOK.

Buemnui BuA. Y NpuBBIYHOTO CBETOAMOJA — ITPO3PavyHasi UM MaToOBasl JIMH3A U [Ba BHIBOAA.
YV HeyKOpOUEHHbIX HOKEK JJIMHHAS Yallle BCEro COOTBETCTBYET aHOy, KOpoTKasi — Karoay. Ha kop-
ITyCe MHOTMX KPYIJIBIX CBETOIMO/IOB €CTh IJIOCKasi IPaHb CO CTOPOHBI KaTo/a, 8 BHYTPY MHOI/1A BUJIHO,
YTO 3JIEKTPOJ CO CTOPOHBI KAaTola KpyINHee. JTO MOACKA3KU, HE YHUBEPCAIbHBII 3aKOH: BBIBOJIBI
MOIJTH 00pe3arh, a KopIyca ¥ MapKHpoBKa pa3imuyaiotcsa. Y SMD-cBeTOIMOIOB OpUEHTUPYHTECh Ha
JOKYMEHTAlMI0 KOHKPETHO! JeTallu.

CuMBOJI. DTO CUMBOJI IMOA C ABYMsI CTPEJIKaMU, HAITPAaBJIEHHBIMU HAPYKy: OHM 0003HAYAIOT
ceT. CTOpOHA KaTofa OCTa&TCs1 CTOPOHOM KaToga OOBIYHOTO JHOAA.

PyHKIHA U NOJAPHOCTb. CBETOAMO] TPOIYCKAeT TOK B OCHOBHOM B OJJHOM HallpaBJIEHUH, a
ero SIPKOCTh 3aBUCHT OT MTPOTEKAIOIIETo ToKa. [[j1si cBeueHust emy TpedyeTcst OrpeaeéHHOe psMoe
HAalpsik€HHe — OHO 3aBHCHUT OT L[BETAa U MOJEJIU. Y KPAcHOro CBETOJMOA OHO YacTO HUKE, YEM Y
CHHEro Wn OeJIoro, HO BRIOMPaTh HOMHHAJI «I10 IIBETY BOOOIIIE» PUCKOBAHHO.

be3onacHas nepBas npoBepka. Ha HEKOTOpBIX MyJIbTUMETPAX PEKUM MPOBEPKHU JUOIOB
MO3BOJISIET €1ab0 3acBETUTH cBeToaMo. Ecii oH He 3aropercs, 9To emé He I0Ka3bIBaeT HEHCIPaB-
HOCTb: TPUOOP MOXKET He 0OECIeunTh HYKHOE HalpshKeHUe, OCOOEHHO JTs1 OEJIbIX U CHHHUX CBETOIH-
0710B. MOXHO MPOBEPUTH MOJISIPHOCTD U Ma/IEHUE HATIPSKEHUS B peXKUMe AU0Ja, HO OKOHYATEIbHO
PaboOTOCTIOCOOHOCTD JTyullle MPOBEPSATh B HU3KOBOJIBTHOM IIETTH C PACCYUTAHHBIM PE3UCTOPOM.

Tunununas ommoka. [ToaKTI0UNTh CBETOAMO/ HANPSMYIO K OaTapee WM HCTOUHHUKY TATAHUS.
CaeToauoz He OrpaHUYMBAET TOK caM 1o ceOe, OITOMY 0e3 Pe3rCcTopa TOK MOXKET CTaTh CIUIIKOM
OO0MBIIMM. 371eCh Mbl IPUMEHUIIA PacyET U3 I71aBbl 00 3akoHe OMa: cHavYasIa OIleHMBAaEM HarlpsiKeHHe
U JKeJlaeMblid TOK, 3aTeM MOIOMpPaeM pe3rCTOP M TOJIBKO MOCTIe STOrO BKIIOYAEM MMUTAHUE.

IIsaThIil He3HAKOMeEIl: KATYIIKA
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Kartyiika BeIIISAUT CKPOMHO: ITPOBOJ, HAMOTaHHBI BUTKAMU BOKPYT CEPACYHMKA WM Kap-
kaca. Ho crouT ToKy uepe3 He€ M3MEHMThCS, U KaTylIKa HAauMHAET 3aMETHO BJIMATH HA MOBEIECHNE
uerny. OHa co31a€T MarHMTHOE TOJIE U MOXKET 3amacaTh B HEM Hepruio. [10aToMy KaTyliku BCTpe-
YaloTcsi B (pUIBTpaxX U Mpeodpa3oBartesisix MUTaHUsI — HallpuMep, B CXeMax, KOTOpble MEHSIIOT OHO
MOCTOSIHHOE HaIPSIKEHUE Ha JIPYroe.

BaemHuii BU. DT0 MOXeT ObITh OTKpPHITAsi HAMOTKA MPOBOJA, MUJIMHIP C CEPACUHUKOM,
Cepblid WM YEPHBIN «OOUOHOK» MO0 MajleHbKHiA KBaapatHbiii SMD-kopryc. 1o Bugy HEBO3ZMOXKHO
HaJIEKHO y3HATh €€ MHAYKTUBHOCTb WJIU JIOMYCTUMBIN TOK.

Cumsou. Ha cxeme kaTyika oObI9HO 0003HAYaeTcsl psAAOM AyT wiu BUTKOB: —((((—. Psagom
C CUMBOJIOM MHOT/Ia PUCYIOT [BE MapaJule/bHble JIMHUY, IOKa3bIBasl CEPIEYHUK.

DyHKIMS U NOJSIPHOCTB. Y TIPOCTON OMMHOYHOM KAaTYIIKK HET MONSIPHOCTH: B y4eOHOW HU3-
KOBOJILTHOH 1IeTIM €€ BBIBOJbI OOBIYHO MOKHO MOMEHATh MecTaMu. Ho y KaTyIek ¢ HeCKOIbKUMHU
0OMOTKaMH M MAarHUTHO CBSI3aHHBIX KOMIIOHEHTOB PACIIONOKEHHE BHIBOJOB MOXKET UMETh 3HAUCHHE.
Korpa uepe3 karymky Te4€T TOK, B MArHUTHOM I10JI€ 3ar1acaeTcsl SHEPIusl; IPU U3MEHEHUH TOKA 3Ta
SHeprusl BIUsIET Ha HanpsikeHue B 1ienu. [loatomy kaTyIika — He MpocTo KyCOK TPOBOAA, Jake eClu
MYJIBTUMETP MOKa3bIBAET OYEHb MAJIOE CONIPOTUBJIEHUE.

I'naBHble mapametpsl. MIHaykTUBHOCTD M3MepsieTcs B reHpu (H), yaine — B muudreHpu
(mH) v mukporenpu (UH). JI1st mpakTHYECKON CXeMbl BaKHBI TAaKKe COMTPOTHUBJICHUE OOMOTKHU U
JOIYCTUMBIN TOK. ECM cepeuHrK HACKIIIAeTCsl MPU CIIUIIKOM OOJIBIIIOM TOKE, MOBEAECHHE KaTYIIKH
MeHsieTcs. B mpeoOpazoBaressax muTaHus mogdop AETaIM 10 OJHOU JIUIIb UHIYKTUBHOCTH HEJOCTa-
TOYEH.

be3onacHas nepBasi npoBepka. Ha OTK/IIOUEHHON OT NUTaHUS KaTyIIKE U3MEPbTE COMPO-
THBJICHUE WU MPOBEPHTE 1EJIOCTHOCTh OOMOTKH. Eciu MyJbTUMETp MOKa3biBaeT 0OphIB, OOMOTKA
MOXeT ObITh TIOBpeXkaeHa. Ho ManeHbkoe COMpOTHBIIEHHE WM 3ByKOBOW CUTHAJI HE O3HAYAIOT, YTO
KaTyIlIKa HeMCIpaBHa: Il IPOBOJA C BUTKAMU 3TO MOXKET ObITh HOpMOU. OOBIYHBIN MYJILTUMETP HE
u3MepsieT MHIYKTUBHOCTD U He BCeraa OOHapyXKUBaeT MOBPEXIEHUE OTIEIbHBIX BUTKOB. [I71s1 3TOTO
HYKEH CIellMaIbHbI u3Meputesib, Hanpumep LCR-MeTp, uim npoBepka B MOAXOASILEN CXEMeE.

Tunuuynas ommoOka. CuuTaTh KaTymky OOBIYHBIM MPOBOIOM U TOAKIIOUATH €€ MPSAMO K
WCTOYHUKY NMUTaHUs 0e3 orpaHndeHus Toka. Kpome Toro, mpu pe3KoM mpephiBaHUM TOKA KaTyIIKa
MOXET CO3[aTh BHIOPOC HAMPsKEHUS. B MOAXOQAIIMX LeTsiX, Tie KaTyIKy BBIKIIOYAOT TPAH3UCTO-
POM, AJIs1 3AILUTHI YaCTO MCIIONb3YIOT MO/, TOJKTIOYEHHBIN B HY’)KHOM HanpaieHUH. Kakoil iMeHHO
— 3aBUCHUT OT CXEMBI.

VYnpakHeHue: paccopTupyiiTe He3HAKOMIIEB

Iepen Bamu maTh Aeranieit Oe3 nomnucedi. He HauMHaiiTe ¢ yragpiBaHUs IO 1BETY KOpIyca.
[IpoiinuTe 1o macnopry: ocMOTpuTe (POpMYy M MAPKHMPOBKY, HalJUTE BBIBOJbI, IPOBEPHTE MOJISAP-
HOCTb TaM, IJIe OHA €CTh, ¥ TOJIbKO 3aTeM BO3bMUTE MYJIbTUMETP. JIloOble IpoBepKH — Oe3 MUTaHMS;
KOHJIEHCATOp Mepesi U3MEpeHreM EMKOCTH JIOTKEH ObITh pa3psikeH.

1. Masienbkas Jetajb ¢ YeThIpbMSI TOJIOCAaMU: KOPUYHEBasi, Y€pPHasi, KpacHasl, 30J10Tasl.

2. Metamnaeckuil WIMHAPUK ¢ Haamuchio 470 uF 16 V; B1oib 0007I09KY MPOXOAMT TOJI0Ca
CO 3HaKaMH MUHYC.

3. OceBoii KOMIIOHEHT ¢ Hagmuchlo 1N4007 1 KOIbLEBOM MOJIOCOW Ha OJHOM KOHIIE.

4. [Ipo3pauHas eTab ¢ JIMH30M U AByMS BBIBOAAMU; OJIMH BBIBOJL JJIMHHEE JIPYIOro.

S. Cepblii KBaJIpaTHbII KOPITYC C MAPKUPOBKOM KaTyIIKM B [IEpeUHe JeTaslell; Ha IJ1aTe psaomM
C HUM 00O3HaUYEHHE 13 BUTKOB.

IIpoBepbTe ceds. [leppas nera, — pesrctop HoMUHAIOM 1 KOM ¢ orryckoM +5%:; onsip-
HOCTH y Hero HeT. Bropast — MoJisipHbIi 3MEeKTPOIUTHUECKUI KOHAEHCATOP: TOJI0cCa OOBIYHO OTMe-
yaeT MUHYC, a 16 V — mpezenn pabouero HanpspkeHUsl, He €MKOCTb. TpeTbs — JIHOI; KOJBIIO
OOBIYHO YKa3bIBaeT Ha KaTtofl. YeTBEpTast — CBETOAMOA: JUTMHHBIN BBIBOJL YaCTO SIBJISIETCS] aHOIOM, HO
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nepe]; NOAKJII0YSHUEM JIydllle CBEPUTHCS C MAPKHMPOBKOM MJTM ITPOBEPUTSD JieTallb. [1aTass — Karyiika
I/IHIIyKTI/IBHOCTI/I; Gé HOMUHAJI 1 IIOHyCTI/IMHﬁ TOK HmyT B ILOKYMeHTaI_II/II/I nin Hepequ KOMIIOHECHTOB.

Ecnmu mynbeTUMeTp MoKa3biBacT HEOXKUJAHHOE 3HAYCHUE, HE CIeINTe OOBSIBIISTh AeTallb CJIO-
MaHHOW. BO3MOXHO, OHa BCE eIll¢ COeMHEeHa C COCEHUMU SJIEMEHTaMH, IIyIbl CTOSAT HE B TOM
pekuMe WM y ripuOopa cBou 0codeHHOCTH. OCTaHOBHUTECH, OTKJIIOUHTE MMUTAHUE, TTEPEIPOBEPhTE
0003HAYEeHUsT M UHCTPYKINIO. B 37IeKTpoHUKe OCTOpOXKHAsI TIPOBEpKa — He MPOsIBJIeHUEe poOOCTH,
a HOPMaJIbHBIA PaObOUMil HABBIK.

Tenepb pOCCLIHL HeTaﬂeﬁ y>1<e HE BBITJIAIUT MIATHIO OAMHAKOBBIMU 3araikaMu. PeBI/ICTOp praB-
JISIET TOKOM, KOH/IGHCATOp HaKaruTMBaeT 3apsijl, AUOJ 33/1aET HApaBJeHue, CBETOAMOL peBpallaeT
YacThb NEKTPUUECKON SHEPTUU B CBET, a KAaTYIIIKA CBA3BIBAET U3MEHEHUE TOKA C MATHUTHBIM TOJIEM.
VY KaxJo# eTany ecTb BOZMOKHOCTH, TPAHUIIBl U CIOCOO MPOBEpKH. BpIOMpasi KOMIOHEHT, CMOT-
puTe HEe Ha CXOJICTBO KOPITYCOB, a Ha €ro (PyHKIIUIO, TapaMeTPhl U YCIOBHS Pa0OTHL. A CIIeAyIOIIHIA
mar — Hay‘lHTI)CH y3HaBaTI) ITUX HepCOHa)I(eﬁ Ha CXEME U l'[pOCJIe)KI/IBaTb, KakK MG)KIIy HUMU [IBU-
KETCA 3H€pFI/IH 1 CUTHAJI.
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YurTaem cxeMbl: YCJIOBHbIE 0003HAYEHUS,
COeIMHEHHS U IMYTh CUTHAJIA

[IpencraBbTe Beuep 3a KyXOHHBIM CTOJIOM. BbI coOpaiv MajieHbKHiA MHIUKATOP: CBETOTUO],
KHOIKA, HECKOJIbKO JeTaliell U OartapeiHblii 00K Ha 5 BoibT. HaxuMmaere KHOMKY — CBETOMUON
3aropaetcs. Bcé padoraer. Ho Ha sucte psiioM Ta ke 1ielb BBIVISIIUT KaK pa3Bsi3ka METPO: JTUHUU
riepeceKarTcsi, 0003HAUCHHUSI TIOXOKK HA TalHbIe 3HAKU, a KHOIKA HAPUCOBAHA COBCEM HE TaM, I7e
OHA CTOMT Ha MAaKETHOMH IuIare.

C yero Havath yreHre? BoT cxema HeOonbioN 11enu. VIcTOYHUK Ja€T 5 BOJIbT, KHOMKA YIpaB-
JISIET TPAH3UCTOPOM, a TPAH3KUCTOP BKJIIOUAET CBETOAMO/.

NN

text
ITYTDH IIMTAHUAL:
+5V——R1 560 Q —— D1 (cBetoguon) — Q1: C-E——0V
ITYTD YIIPABJIEHU:

+5 V—— SW1 (xHonka, HopMmaJjibHO pazoMkHyTasi) —— R2 10 kQ —— Q1: B
| R3100kQ | OV
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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