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N3yuenue unrepdeiica cucrtemsl Electronics Workbench

Onopnoe meHto cucteMbl Electronics Workbench

TexHONOTHUS TOATOTOBKHM CXEM B BHUPTYyaJdbHOH DJIEKTPOHHOU
1abopaTopuu. KommnoHeHThI CHUCTEMBI. MoaenupoBaHue
AIEKTPOTEXHUUECKOU CXEMBI.

KonTponbHo-usmeputenbubie  npubopsl  cucteMbl  Electronics
Workbench

DnemenTtHas 0a3a cuctembl Electronics Workbench: uctounnku Toka,
PE3UCTOPHI, KOHACHCATOPHI, KOMMYTAIIMOHHBIEC AIapaTsl U T.1I.
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N3YYEHUE CUCTEMbI MOJAEJIMPOBAHUA U AHAJIN3A
QJIEKTPUYECKHUX CXEM ELECTRONICS WORKBENCH
(QJEKTPOHHBIE UHCTPYMEHTAJIBHBIE CPEJICTBA)

W3YYEHUE UHTEP®ENCA CUCTEMBI ELECTRONICS
WORKBENCH (EWB)

Nurepdeiic EWB nogoben peasibHOMYy paboueMy MecTy pa3paboTyurka
JMIEKTPOHHBIX CcXeM. Bce uro Bam HeoOXoauMo s pa3pabOTKu U
TECTUPOBAHUS DJIEKTPOHHBIX CXEM COOpaHO BMECTE M HAXOJUTCS Iepe]l BaMH.
[Ipu 3amycke nporpammbl (Ilyck | Ilpoepammur |\ Electronics Workbench |
Electronics Workbench) Bbl cMoxeTe YBUETh CIAEIYIONIYIO KAPTHUHY:

Elz

Sdit Cicut Window Help % Mehro

| mE g JExEm [Taneas UHCTPYMCHTOR e

s 2 4— [lancab KOMIOHCHTOB Boikarouarens

SO MIBITONTHE Vel

(D_I‘____—“- Sascarienue ITone npubopos

— Herornmk nocrosimion DJC 0J1C ATICMCHTOB
b
= — HMe1oMiHK Hoe TOsSITHoTo ToKad
Qf\-—- HMerormmx nepevcrioii ") [C
47— Mook Lepemeniorn 1oka

——1— Pesuciop

< Komjienearop

T — Karyimka My K IMBHOCTH
35 | paicdopyarop

U - 1 lepemerniniii pesHerop
& (—/‘I [epeMeHILIi KojicHearop
(._--"l{u'l}'llllc&l € HCPeMCHIOH MILIVKTHBHOCTLIO

Puc. 1. Okno nporpammer EWB 5.1
Camast Oosbliasi meHTpaibHas o00gacTh 3KpaHa (puc. 1) - pabouee
HPOCMPAHCMEO - MECTO, TJI€ MOKHO COOMPATh U TECTUPOBATH CXEMBI.
Cepxy paboyero mpocTpaHCTBAa HAXOMISTCS: CUCHEMA MEHI0, UKOHKU
KOHMPOIAbHO-U3MEPUMENbHBIX npuoopos, JIUHelKa ouodauomex

KOMNOHEHMO6 U nepeKIiouamens RUMAHUs IUISl  aKTUBH3AIUU
COOpaHHOM CXEMBI.

B BepTukanbHOM OKHE ciieBa OT pabOdYero MmoJjsi pachojiaraeTcsi KaTajior
BHIOpaHHON OWOIMOTEKH W3 JIMHEUKU Komnonenmoe (OyHKepa wYacTteil).
O6acTh 0OMEHa COCPKUT HEOTPAHUUYEHHBIN 3aac KakI0To U3 2JIEMEHTOB.



Bce neiictBus, HeoOXxomumbie sl paOoThl B makere EWB, Takue kak
MEPEMEIIICHUE DJIEMEHTOB CXEMBbI, COCAUHECHHE DJJIEMEHTOB MEXIy COOOM,
MEPEMEILICHUE T[I0 JIMHEMKE DSJIEMEHTOB OCYLIECTBISIIOTCS C IMOMOIIBEO
MaHUMYJISITOpA TUIA MblULb, YTO CYIIIECCTBEHHO 00JIerdaeT paboTy ¢ MaKeTOM.

BONBIIMHCTBO HEOOXOAMMBIX JICHCTBHM COBEPIIAIOTCA MPH ITOMOIIU
JIEBOM KHOIKHU MbIU. [IpaBasi KHOMKa MCIOJB3YETCS TOJBKO MPU BBIACICHUU
JOTIONHUTEIBHBIX AJIeMEHTOB win mpudopoB. dopma ykazarens MBIIIH
MEHSETCS Ui MOACKAa3KM BO3MOXHBIX JeucTBuil. Hampumep, korma Bbl
YCTaHABJIIMBAETE YKa3aTellb Ha AJIEMEHT, TO YKa3aTelb NMPUHUMAET BUJl PYKH,
MOKAa3bIBasi 3TUM, YTO Bbl MOXKETE MepeMeniaTh 3TOT ieMeHT. [Ipu 00paboTke
uH(pOpMaIMY yKa3aTelb MPUHUMAET BUJ] TIECOUYHBIX YaCOB.

Ucnonb3oBath KiaBUaTypy HEOOXOAMMO JUIsi BBOJA TEKCTa WU JUIS
HaxaTtusa “ropsaunx’ kiaBuil. KnaBuma Del ynanser BblACIEHHBIE JIEMEHTHI
cXxeMbl WM Tekcra; Esc 3akpblBaeT JIUAlOroBO€ OKHO 0€3 HW3MEHEHUSs
napameTpoB; Alt OiOKuUpyeT 3JIE€MEHTBHl CXEeMbl U BBIBOABI HMKOHOK, YTO
MO3BOJISIET OOJIETYUTH BBIJICIICHUE ATUX KOMIIOHEHTOB; KJIABUIIM YIPABJICHUS
KYypCOPOM TEPEMENIAIOT BBIJCICHHBIE JJIEMEHTBl CXEMbl WU HWKOHKHU
KOHTPOJIbHO-U3MEPUTEIBHBIX TPUOOPOB.

PaGouee mnpocTpaHCTBO, JHMHEHKa OWOIMOTEK KOMIIOHEHTOB, IIOJIKA
npudopoB, 001acTb OOMEHa, OKHO OINHCAHUS M, HAKOHEL, CIpPaBOYHAs
uHdopMalMg pa3MelieHbl B OKHAaX, KOTOpbIe MOTYT OBITh TEpPEIBUHYTHI,
U3MEHEHbl B pa3Mepax u npoauctanbl. Ecnau, ©Hampumep, pabouee
MIPOCTPAHCTBO MEPEKPHIBACTCS APYTUM OKHOM, TO Bbl MOXKETE MEPEMECTUTD €0
Ha MEePEeIHUI TIJIaH Ha)KaTHUEM JIEBOW KHOIKU MBIIIU HA 3arojioBKe OKHA. YTOObI
3aKpBITh OKHO - JBaXIbl HAXMUTE HA HMKOHKY YIIPABICHHUS B €ro BEPXHEM
JeBOM yriy. UToObl M3MEHUTHh pa3Mepbl OKHa IMEpPETacKMBANTE €ro CTOPOHBI
Wik yriabl. YToOBl MpOdMCTaTh OKHO NEPETAaCKHUBAMTE yKaszaTellb CKPOJUIMHTA
(JiuHeliKa MPOKPYTKU) HA €ro npaBoil cropoHe. UToObI aKTUBU3UPOBATh OKHO
MIOMECTHUTE YKA3aTEIb MBIIIN Ha MTOJIE€ OKHA U HAXKMUTE JIEBYIO KHOIIKY.

OIMOPHOE MEHIO CUCTEMbI ELECTRONICS WORKBENCH
[Ipaktuueckn Bce KomaHabl maketa EWB MoxHO BbIOpaTh U3

CJIEIYIOLUX TYHKTOB OROPHO20 MEHIO:
File Edit Circuit Window Help
daiin PenaxktupoBanue Cxema OxkHo CnpaBka




Cy1ecTByeT aBa criocoda BEIOOpa KOMaHIbl U3 MEHIO:

1. «lllenkHyTh» MBIIIBIO HA 3arOJOBOK MEHIO (OHO OCTAHETCS OTKPBITHIM).
3aTtem BbIOpATh MBIIIBIO HYKHYIO KOMaH]Ty WJIM ITYHKT.

2. Haxatp kinaBuiry Alt BMecTe ¢ MOMUYEPKHYTHIM CHUMBOJIOM B Ha3BaHUU
HYy)XHOTO myHKTa MeHto. (Hampumep, mns otkpeituss MeHio File HaxmuTe
onHOBpeMeHHO KiaBuiu Alt u F).

Komanaa ceporo npera wiM “roranieHHas”’ HE MOXKET OBITh BhIOpaHa B
JAaHHBIA MOMEHT. Hanpumep, eciu He BbIJICJICH HU OJIUH U3 DJIEMEHTOB CXEMBbI,
takue kKoMaHawl kak Label (Metka) miau Rotate (Bpamrats), paboTarommue ¢
AJIEMEHTaMU OYyJIyT MOralieHbl U, COOTBETCTBEHHO, HE MOTYT OBITh BEIOPAHBI.

Hekotopeie KOMaHAbl HMEIOT “TOpsSYME KJIABUIIN , PAaCIOJO0KECHHBIC
pAIOM C KOMaHAou B MeHw. Hampumep, “ropsuas kimaBuima” Il KOMaHJbI
Save - Ctrl + S.

Mentwo File npennasnaueno muist 3arpy3ku U 3anucy (GaiioB, moiaydeHUs
TBEPJIOM KOMHUHU BBIOPAHHBIX JIJIs ME€YAaTH COCTABHBIX YAaCTEH CXEMBI, a TaKkKe
JUTSI UMIIOpTa/3KCcopTa (paityioB B popMarax APYrHUX CUCTEM MOJEITUPOBAHHUS.

- Electronics Workbench
N Edit  Circuit  Analysis  Window  Help

E g
Cpen... ChrlH+O J S
Save Chrl+5 J
Sawve As...
Expart...
Print. .. Chrl+P

Prinkt Setup...
Exit Alt+F4

Install. ..

Export to PCE
Import From SPICE
Export to SPICE

Puc.2. Menro File nporpamver EWB
[TepBeie yeThipe KoMaHaBl 3Toro MeHio: New (Co3math daiin), Open...
(OtkpbiTh (paitn...), Save (Coxpanuth), Save As...(CoxpaHuTh Kak...) —
tunnuHblie a1 Windows komaHsl paOboTHI ¢ daiiiamu.
*Revert to Saved... (BocctaHOBUTB...) — CTUpaHUE BCEX H3MEHEHWI,
BHECCHHBIX B TEKYIIIEM CEaHCE PEJaKTHUPOBAHUsS, U BOCCTAHOBIICHHE CXEMBI B
NIepBOHAYAILHOM BH/IC.



e Print... (ITeyaTs...) — BBIOOp JaHHBIX JJI BBIBOAA HA IPUHTED:
Schematic — cxeMbl (OnIKs BKIIOYEHA IO YMOJTYaHUIO);
Description — onucaHus K CXeMe;
Part list — mepedHst BHIBOAUMBIX Ha MPUHTEP JTOKYMEHTOB;
Label list — criicka 0003HAYEHUM YJIEMEHTOB CXEMBI,
Model list — cucka UMEIOIIUXCS B CXEME KOMIIOHCHTOB;
Subcircuits — moacxeM (Y4acTeil CXeMbl, SBISIONIMXCS 3aKOHUYCHHBIMH (DYHKITMOHATBHBIMHU
y371aMi 1 0003HAYCHHBIX MPAMOYTOJIbHUKAMH C HA3BAHUEM BHYTPH);
Analysis options — nepeyHsi pe>KUMOB MOICTUPOBAHUS;
Instruments — criucka mpuOOpPoOB.

* Print Setup... (Hactpoiika [ledartu...) - mo3BoJjsieT BbIOpaTh MPUHTED,
yKa3aThb OpPHUEHTAINI0 U300pakeHus, pasMep OyMaru u apyrue oniuu. YtoOsl
yBuJeTh 00k auainora Print Setup, BeiOepute Print Setup u3 File mento, nnu
"menxkauTe" Setup B 6;10Ke quaora Print.

* Exit - BbIXOJ U3 IPOrpaMMBbI.

Menw PenakrupoBanusi Edit mno3Bomsier BBINONHATE KOMaHJIBI
PEAAKTUPOBAHUS CXEM U KOIIMPOBAHUS DKpaHa.

-~ Electronics Workbench

File B8 Circuit  Analysis  Window  Help

DIzIT

a7 alafex - 2|

E“ Paste Chrl4Y H‘if M:§D ‘ IE' ‘ ‘

<]
O ||

Select all

Copy as Bitmap
Shiove Clipboard

Puc.3 Mento Edit nporpammsel EWB

e Cut (Bepe3arb) — cTuUpaHUE  BBIJICICHHOW YacTH CXEMbl C
coxpanenueM ee B Oydepe oOmena (Clipboard). Breigenenne omHOro
KOMITOHEHTa TPOW3BOAMUTCS IIETIKOM MBI HA W300paKCHUH KOMIIOHCHTA.
JInst BBIAENECHUST YacTU CXEMbl WJIM HECKOJIBKUX KOMIIOHEHTOB HEO0OXOIUMO
MOCTaBUTh KypCOp MBIIIM B JIEBBIA yTOJ BOOOPaKkaeMoOro MPsSMOYTOJIbHUKA,
OXBAaTHIBAIOIIETO BBIJEISIEMYIO0 YacTh, Ha)KaTh JIEBYIO KHOIIKY MBIIIK U, HE
OTIyCKasi €€, MPOTSAHYTh Kypcop TO HWaroHaJIM 3TOTO MPSMOYTOJIhHUKA,
KOHTYpPbl KOTOPOTO TMOSIBJISIOTCS YK€ B Hauaje ABWIKEHUS MBIIIU, U 3aTeM
OTITYCTUTH KHOTIKY. BbIIeIeHHbIE KOMITOHEHTHI OKPACSITCS B KPACHBIH IIBET.

* Copy (KomupoBaTh) — KOMMpOBAaHHE BBIIECIECHHONW 4YacTH B Oydep
oOMeHa.



» Paste (BcraBuTh) — BcTaBka coaepxumoro 0ydepa oomena Ha pabouee
nosie mporpammsbl. [lociie BcTaBku n3o0pakeHue (BBIIEIEHO KPACHBIM) MOXKET
OKa3aThCsl HAJIO)KCHHBIM Ha CO3/aBaeMylo cxemy. Ero MOXHO mepeMecTuTh B
HY>)KHO€ MECTO KJIaBHIIIAMH KypCOpa WJIA MBITIIBIO.

* Delete (Y 1anuTh) — CTUpaHUE BBIICIICHHON YaCTH CXEMBI.

* Select All (Boiaenuts BCE) — BBIACICHHUE BCEH CXEMBI.

» Copybits — koMaH1a MIpeBpaIiacT Kypcop MBIIIN B KPECTUK, KOTOPHIM
10 TIPaBUITY MPSMOYTOJIBHUKA MOYKHO BBIJICIIUTHh HY)KHYIO YacTh DKpaHa, MOCIe
OTIyCKaHUs JIEBOM KHOIKHU MBIIIK BBIJENIEHHAs 4YacTh KOmUpyercs B Oydep
oOMeHa, TOCJE YEero €€ COJCPKUMOE MOXKET ObITh UMIOPTUPOBAHO B JH000E
npwioxenne Windows (oueHb yAOOHO TMpPU TOJATOTOBKE OTYETOB TIO
MOJICIUPOBAHUIO, HampuMmep, Mpu O(OpPMIECHUM JIAOOPATOPHBIX PadoT).
KomnupoBanue Bcero skpaHa MpoU3BOJIUTCA HaxaTueM kiaBuinu Print Screen;
KOIMPOBAaHWE AaKTHMBHOW B JIaHHBIH MOMEHT 4YacTH OJKpaHa, HaIpuMmep,
JTUAJIOTOBOT0 OKHA — KoMOuHarmei Alt+ Print Screen.

* Show Clipboard - nokazats cogepxxumoe 0ydepa oomeHa.

Menio Cxem Circuit cogepXuT KOMaH[bI, MCIOJIb3yEMbIC IS
MOCTPOEHUS W TECTHUPOBAHHMS CXEM, a TakkKe I 3aJaHus TapaMeTpoB
MOJICTHPOBAHUS.

« Electronics Workbench

File Edit Ba{eN® Analysis  Window Help

[ < [oliA] 7] alalex < 2|

B ¢| 2| Bl v e

Zoom In Chrl++
Zoom Cut Chrl4+-

Srchematic Opkions, .

Puc. 4 Mento Circuit nporpamvs EWB

 Activate (AKTUBH3UPOBaTh, BKJIIOUHWTh MUTAHUE) — 3aIyCK
MOJICTTUPOBAHUSI.
« Stop (Crom) — caMocTOsATEIbHAs OCTAaHOBKA MOJICIMPOBAHUS.

CxeMOTeXHHUYECKOE MOJCIUPOBAHUC OCTAHABJIIMBACTCA ABTOMATHYCCKH, CCJIHU



TOJIKO JOCTUTHYTO YyCTaHOBHBIIeecsi cocTtosiHue (Steady state). Orta u
MpeabIayIasi KoMaHAa MOTYT OBITh BBITIOJTHEHBI TAK)KE€ HAKAaTHUEM KHOTIKH.

* Pause/Resume (F9) (Ilay3a / IIpogomxuTh) — BpeMEHHOE TIPEPhIBAHKE
mozenupoBanus (Pause), mponomkeHrue MoJienupoBanus — Resume.

* Label... (Merka...) — BBOA B JUAJOTOBOM OKHE ITO3UIIMOHHOIO
0003HAYEHHUsI BBIJIEJIEHHOTO KOMIIOHEHTa (Hampumep, R1- nus pesucropos, C5
— 11 KOHIeHcaTopa | T.4.). [Ipu HeoOxoauMocTu ciBura 0603HaueHUsI BIPABO
MOXHO CJIeBa BBECTHM HEOOXOJAMMOE 4YHUCIO mpolenoB (HO He Oosee 14
CUMBOJIOB B CTpoOKe). KOMIOHEHTHI Takke MOTYT OBITh IIOMEUYEHBI, €ClId Ha
HUX JIBAXbl "IIECIKHYTh'" MBIIIKOM.

* Value.. (Ilapamerp...) — U3MEHEHHE HOMMHAJIBHOTO 3HAYEHUS
napaMeTpa KOMIIOHEHTa; KOMaH/a BBIMOJIHIETCA TAK)XE JIBOMHBIM IIETYKOM I10
KoMIoHeHTy. HoMuHanbHOe 3HaueHue mapameTpa BBOJIUTCA C KJIaBUATYpPHI, a
HaXaTHEM Kypcopa MBIIIH Ha KHOIKH BBEPX-BHU3 BHIOMPAETCS MHOXKHUTEINb,
kpatHeii 1000. Hanmpumep, mais KoHIEHcaTopa 3aJaeTcsi €ro €MKOCTh B
nukodapanax (nd), naHodapamax (HD), wmukpodapamax (Mx®D) wunu
musttadapamgax (MD).

IIpumeuyanue: Ecimu Bbl XOTUTE HCIOIB30BaTH KOMIIOHEHT C TOW K€
caMOil BETMYMHON MHOTOKPATHO B CXEME, YCTAaHOBUTE BEIUYMHY B OyHKepe
qacTeu.

* Model... (Mogenb...) — BbIOOp MOJenu KommnoHeHTa. Komanpma
BBITIOJTHSICTCS TAK)KE JBOMHBIM IIETIKOM IO KOMITOHEHTY.

» Zoom (Pa3smep) - packpwiTe (pa3BepThIBaHNE) BBIJICTICHHOM MOICXEMBI
WM KOHTPOJIBHO-U3MEPUTEIbHOTO mnpubopa. KomaHaa BBINONHSETCS TaKkKe
JBOMHBIM IIETYKOM MBI MO0 UKOHKE KOMIIOHEHTa WU mpudopa.

 Rotate (Portanusa) - BpalieHuE BBIJECJICHHOIO KOMIIOHEHTA,
OOJIBLIMHCTBO KOMIIOHEHTOB IIOBOPAYMBAIOTCS 110 YacoBOi crpenke Ha 90° mpu
KQKJIOM BBITTOJTHEHUN KOMAaHBI, JI U3MEPUTEIBHBIX MPHOOPOB (aMIiepMmeTp,
BOJIBTMETP U JP.) MEHAIOTCS MECTaMU KJIeMMbI noakItoueHuss. Komanaa vaiie
BCET0 HCIOJB3YETCs MPU MOJTOTOBKE CXeM. B roTroBoi cxeme moJib30BaThCs
KOMaHJIOM HelenecooO0pa3Ho — B TaKOM Ciydae KOMIIOHEHT HYXHO CHadJalia
OTKJIFOUUTH OT MOJICOSIMHEHHBIX 1IETIEH, a 3aTeM BpalaTh.

 Fault... (Jedexr..) — wuMuTaIUsd HEUCIIPABHOCTH BBIJICIICHHOTO
KOMIIOHEHTa IyTeM BBeqieHus: Leakage — compoTtuBneHust yrteuku; Short —
KopoTkoro 3ambikanus; Open — oOpbiBa; None — HEMCIIPABHOCTh OTCYTCTBYET

9



(BKJIFOUEHO TI0 YMOJTYaHHUIO).

* Subcircuit... (ITogcxema...) — mnpeoOpa3oBaHHe MPEABAPUTEIHHO
BBIJICJIEHHOM YaCTU CXEMbI B MOJACXEMY. Bblaensiemass 4acTh CXEMbl JIOJKHA
OBITh PACIOJIOKEHA TAKUM 00pa3oM, YTOOBI B BBIJICJICHHYIO 00J1aCTh HE TTOTAIN
HE OTHOCSIIMECS K HEW TMPOBOJHUKM M KOMIIOHEHTHI. B pesynbrare
BBIIIOJIHEHUsT KOMAHJIbl OTKPBIBAETCS JUAJIOTOBOE OKHO, B CTpoke Name
KOTOPOr0 BBOJAHUTCI HMS IIOJICXEMBI, IIOCJIE YE€ro BO3MOJKHEBI CJIEAYIOIINE
BapUaHTHI:

Copy from Circuit — mogcxema KONMUpyeTCs C yKa3aHHBIM Ha3BaHHEM B OHMOIHMOTEKY
Custom 6e3 BHeCEHUSI N3MEHEHHIA B UCXOIHYIO CXEMY;

Move from Circuit — BbIIe/IeHHas 9acTh BbIpe3aeTcs U3 00IIel CXeMbI U B BUJIE TIOJICXEMBI
C IPUCBOEHHBIM €i1 UMeHeM Komnupyercs B Oubnuorexy Custom,;

Replace in Circuit — Bbljie/ICHHAs YacTh 3aMEHSIETCA B MCXOJHOM CXeMe MOJACXEMOH ¢
MIPUCBOCHHBIM €if HMEHEM C OJJTHOBPEMEHHBIM KOITMPOBaHUEM ee B Onbnmmoreky Custom.

Jlns  mpocMoTpa WM PEAKTUPOBAHUS TOACXEMBI  HYXKHO  JIBAXK]IbI
IIEJKHYTh MBIIIBIO IO €€ 3HauKy. PemakTupoBaHHe MOACXEMBbl IPOU3BOIUTCS
1o OOIIMM MpaBuiIaM peaakTupoBanus cxeM. [Ipu co3naHnuu JOMOJIHUTEIHHOTO
BBIBOJA MOJCXEMBl HEOOXOAMMO U3 COOTBETCTBYIOIIEH TOYKH IOJICXEMBI
KYpCOPOM MBI TPOTSHYTh MPOBOJAHUK K Kpal OKHA IOJCXEMBI JI0
MOSIBJICHUSI HE 3aKPALICHHOW NPSAMOYTOJIbHOW KOHTAKTHOM IUIOLIAJKH, MOCIE
4Yero OTIYCTUTh JIEBYIO KHOMKY MbIIIU. J[Jig ynaneHus BbIBOJIa HEOOXOIUMO
KYPCOPOM MBIIIN YXBAaTUTHCS 3a €r0 MPSIMOYTOJIbHYIO TUIOMIAAKY Y Kpas OKHa
MOJICXEMBbI M BEIHECTHU €€ 3a MPeIeiibl OKHA.

* Wire Color... (IIpeT mpoBoja...) — I3MEHEHHUE LIBETA MPEABAPUTEIHHO
BBIJICJICHHOTO TPOBOJIHUKA (BBIJCICHHBIA TPOBOJAHUK yTOdIIaeTcs). bosee
MPOCTOM CIOCOO BBIMOJHEHUS KOMAaHABI — JBOWHOM IEIYOK MBIIMIBIO Ha
MIPOBOJHUKE, TIOCJIC YETO B MEHIO BBHIOMPAETCS OJMH U3 IIECTU MPEiaraeMbIX
1BeToB. HeoO0XoauMoCTh pacuBETKHM OCOOCHHO BaKHa I IPOBOJHHUKOB,
COCIMHSIONINX KOHTPOJIbHBIE TOYKH (Y3JIbI) CXEMBI C OCIWIIIIOTpaoM - B ATOM
ClIy4ae IIBET IIPOBOJIHMKA OMPEALsAeT [BET OCIUIIOTPAMMBI.

* Preferences... (Cchuiki) — BbIOOp 37€MEHTOB O(OPMIICHUS CXEMBI B

cooTBeTcTBUU ¢ MeHI0: Use grid - ucmonb30BaTh CETKY;

Show grid - moka3eIBaTh CETKY 71 yI00CTBAa PUCOBAHUS CXEMBI;
Show labels - mpocmoTp MeTOK;

Show values - npocMoTp napamMeTpoB KOMIIOHEHTOB;

Show models - mokaseiBaTh UMEHA MOJIEJIENH KOMIIOHEHTOB.

* Analysis Options... (Onuuum Amnanuza...) — YCTaHOBKAa PEXHUMOB
10



MOACINPOBAHUA B COOTBCTCTBUU C IUAJIOTOBBIM OKHOM:

Analysis Type Transient - pacyeT nepexoJaHbIX MPOLECCOB MOCIE BKIOYECHHUS UCTOYHUKA
nuTaHus (pe3yabTaThl IPEJICTABISIOTCA Ha DKpaHe ocuuiuiorpada B rpaguueckoM BUJIE);
Steady-state - pacyeT cTallMOHAPHOI'O PEKUMA CXEMBI (PEKMMA IO MIOCTOSIHHOMY TOKY);
Assume linear operation — 1§pu pacueTe MEPEXOAHBIX IMPOLECCOB MPUHATH
JMHEapU30BaHHYIO MOJIENIb aKTUBHBIX KOMIIOHEHTOB (Active Component);

Pause after each screen — may3a nocne 3anojHeHUsI SKpaHa IPU BBIBOJIEC Ha ocIiuuiorpad
(Oscilloscope Display);

Tolerance — 3amanue AOMYCTUMOW MOTPEHIHOCTH MOJEIUpOBaHus (1o ymosyaHuio 1%);
YeM MEHbIIIEe IOTPELIHOCTh, TEM OOJIbIIE 3aTPaThl BpEMEHU Ha MOJCITUPOBAHUE;
Temporary file size for simulation (Mb) - pasmep BpemeHHoro Qaiina s XpaHeHUs
pe3yibTaToB MojenupoBanus (1mo ymondanuto 10 MOaiT), mpu HEOOXOIAUMOCTH MOXKET
OBITh U3MEHEH.

Komanast B Window MeHIO mNpeaHa3HayeHbl Uil Pa3MEIICHUS WIH
MEPEMENICHUS OKOH:

+ Elpctronics Workbench

File Edit Circuit  Analysis BUGEEEN Help

NS|@|& /e ™ Eldla] 7] alakx - 2]

574— $|-ﬁ.ﬁﬁa—| B 3 Descripkion Chrl+D » | | |‘£‘|| |

vv']""]""]"ﬁ']v|v v | ™

Puc. 5 Mento Window nporpammsr EWB

*Arrange (CTRL+ W) (Pa3menienue) — ynopsigounBaHue WHPOPMAIIUH
B paboueM okHe EWB mytem mepesanucu 3KpaHa, MpU 3TOM HCHPaBISIOTCS
UCKaXE€HUS N300paXKECHNI KOMIIOHEHTOB M COEAMHUTENbHBIX TPOBOJHUKOB.

*Circuit (Cxema) - BbIBOJI CXEMbI Ha MEPEIHUI TUTaH.

eDescription (CTRL+ D) (Onucanue) — BbIBOJA HAa MNEPEAHUN IUIaH
uH(}OpMaLMY UM KOMMEHTAPUEB MO CXeME (TOJIBKO Ha aHIJIMICKOM SI3BIKE).

CrnpaBounoe meHio Help mo3BossieT moiayduTh OBICTPYIO KOHTEKCTHO-
3aBUCHMYIO cripaBKy. COJIEpPKUT KpaTKHe CBEACHHS MO0 BCEM PACCMOTPEHHBIM
BBIIIIE KOMaH 1aM, OMOIMOTEYHBIM KOMIIOHEHTAM U U3MEPHUTEIbHBIM MpUOopam,
a TaKXe CBEJICHUS O CaMoOil MporpaMme.

- Elpctronics Workbench
File Edit Circuit  Analysis  Window gl

Dl @@ ]w ... "l alalEx s e|
i

—_— Al Releass Motes
B =¥ "
- w w -
= About Electronics Workbench
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Puc. 6 Mento Help nporpammer EWB

*Help (F1) IToMorp
*Help Index... ITomoms (MHAEKC)
*About Electronics Workbench O nmporpamme

KOHTpOJII)HbIe BOIIPOCHI U 3a]aHUA

1. Uro conepxurcs B okHe nporpammebl Eletctronics Workbench (EWB)?

2. I'me pacmonaraercs MoJelupyeMasi cXxema C TOJIKIIOYCHHBIMH K HEl
MKOHKaMH KOHTPOJIbHO-U3MEPUTENBHBIX PUOOPOB?

3. JIis 9ero uCnoab3yTCs JTUHEHKU MPOKPYTKHU?

4. KakoBO Ha3HAYCHHUE «TOPSUUX» KIIABHIII?

5. Jlnsa yero npeaHazHayeHo MeHto File?

6. Kakoii kKOMaH0W MOXHO BOCCTAaHOBHTH CXEMY B €¢ IEepPBOHAYAIHLHOM
BH/JIE 110CJI€ BHECEHUS] U3BMEHEHUI?

/. KakuM 00pa3oM MOXXKHO IOJYYUTh TBEPAYI0 KONUIO (HA IPHHTEPE)
CXEMBI U CIIUCOK COCTABIISAIOIMINX €€ KOMIIOHEHTOB?

8. B kakom myHKTe MeHIO0 mnporpamMmmMbl EWB  HaxomsTcst KoMaHIbI
pPEIaKTUPOBAHUS CXEM U KOMHUPOBAHUS dKpaHa?

9. Kakoli KOMaH/I0if MOKHO CKOITUPOBATh H300PAKEHUE CXEMBI B OTYET IO
nabopaTopHoOi paboTe, TOATOTaBINBAaEMbIi B TEKCTOBOM penaktope Word?

10. Kak mpocMoTpeTh Kak cojiepkumoe Oydepa oomeHa?

11. B xakoM yHKTE MEHIO KOMaH/Ibl UCTIOJB3YIOTCS MIPH MOJATOTOBKE CXeM?

12. Urto cobor0 mpeacTaBiseT MoACXeMa U Kak €€ co3aaTh?

13. Kakoii KOMaHIOM MOXKHO IIPUCBOUTH KOMIIOHCHTY ITO3MI[MOHHOE

oooznauenue (C1,C2,R1 u T.n1.) W Kakoe MNPaBWIO HCIOIb3YETCA MpHU
HEOOXOAUMOCTH CJIBUTA MO3UIIMOHHBIX 0003HAYEHUN 3JIEMEHTOB?

14. Kakumu KOMaHAaMH MOKHO M3MEHHTH I[BET MPOBOJHUKA M IS YEro
ATO HYXKHO?

15. Kakoii koMaHIOW MOXHO yJIadUTh U3 CXEMbl 0003HAYCHUS
HOMUHAJTBHBIX 3HAYCHUI KOMIIOHEHTOB WUJIM UX THII?

16. Kak M0OXxHO MacmTabupoBaTh pa3Mepbl H300paKEHUS CXEMBbI?

17. Kak Ha cxeme 0003HA4arOTCs dJIEMEHTH O(POPMIICHHS U KaKOBO
Ha3HAYE€HUE OIIUU DTON KOMaHIbI?

18. Kakoli koMaHI0i MOXHO YIOPSI0YUTh HH(POpPMAIIHIO B pabodyeM KOHE
EWB?
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19. Kak BbIBeCTH CXeMy Ha IEPESAHHM IIIaH?
20. I'me comeprkarcs CBEeJCHUS 110 BCeM KOMaH1am?

21. IIpoBeppTe pPabOTy OCHOBHBIX IIYHKTOB MEHIO B BHPTYaJbHOM
AIIEKTPOHHOM J1a0OpaTOPHUH.

TEXHOJIOT'USI IOJATOTOBKU CXEM B BUPTYAJIBHOM
SJEKTPOHHOM JIABOPATOPUHU. KOMIIOHEHTHI CUCTEMBI

[Ipexne 4yem co3gaBaTh YEpPTEK MPUHLHMIUAIBHOM CXEMBI CPEICTBAMHU
nporpammbl EWB, HeoOxoaumo Ha nucte Oymaru MOATOTOBUTH €€ 3CKHU3 C
MPUMEPHBIM PACMOJIOKEHUEM KOMIIOHEHTOB M C YYE€TOM BO3MOXHOCTHU
oopmIIeHUS OTAEIBHBIX ()PAarMEHTOB B BU/JIC MOJCXEM.

[Iporiecc co3manusi cXxemMbl HAYMHACTCS C pa3MeENIeHUsT Ha pabodyem moiie
KOMIIOHEHTOB M3 OUOJMOTEK MPOTPaMMbl B COOTBETCTBUM C IMOJTOTOBJICHHBIM
scku3oM. OIMHHAANATH pa3aenoB oubnuoreku nporpammbl EWB mooudepento
MOT'YT OBITh BBI3BaHbI C MOMOIIbIO MeHI0O Window WM ¢ MOMOIIBI0 UKOHOK,
PACIIOJIOKEHHBIX IOl JIMHEUKON KOHTPOJbHO-U3MEPUTEIBHBIX MPUOOPOB. [is
OTKPBITUSA KaTajlora HY>XHOW Oubnuorexku (cieBa OT pabodero Imosis)
HEOOXOAMMO TIOJIBECTH KypCOpP MBIIIN K COOTBETCTBYIOIICH MKOHKE M Ha)KaTh
OJIMH pa3 Ha JIEBYIO KHOIIKY, MOCJ€ 4Yero cepblii ()OH MKOHKH MEHSETCS Ha
xenTeiil. HeoOXoauMblid 711 CO3[IaHMsI CXEMbl 3HAYOK (CHMBOJI) KOMIIOHEHTA
MEPEHOCUTCS] M3 KaTajora Ha pabodee MoJje MporpamMMbl JIBUKEHUEM MBIIITU
IpU HAKATOM JIEBOM KHONKE, IOCIE€ YEero KHONKa OThmyckaercs (st
(UKCUpPOBAaHUSI CHUMBOJIA) W TMPOUZBOAUTCS JBOMHON IIETYOK MO 3HAYKY
KOMIOHEHTa. B packpblBaromieMcsi JIHaJOrOBOM OKHE YCTaHABJIMBAKOTCS
TpeOyeMble mapaMeTphl (CONPOTUBIICHHE PE3UCTOpa, THUI TPAH3UCTOPA U T.1I.)
¥ BBIOOP MOATBEPIKIAETCS HaXKaTheM KHOMKU Accept uiu kiasuin Enter.

[locne pa3MelnieHUs KOMIIOHEHTOB IIPOU3BOAMUTCS COEIUHEHUE UX
BBIBOJIOB TNMPOBOJHUKAMH. [[JI1 3TOro Kypcop MbIIIU MOABOJUTCS K BBIBOIY
KOMIIOHEHTA, U TOCJIE MOSBICHUS YEPHOU TOUKM HAXKUMAETCS JIEBasi KHOIKA U
MOSIBIISIFOLIUANCS MPH 3TOM MNPOBOJHUK MPOTITUBAETCS K BBIBOAY JPYroro
KOMIIOHEHTA JI0 TTOSIBJICHUSI Ha HEM TaKOM )K€ TOUKH, MTOCJIE YEro KHOIMKa MBIIITH
OTILYyCKa€eTCsl, U COEIMHEHHUE F'OTOBO.

[Ipy HEOOXOAMMOCTH TOAKIIOUYEHUS HECKOJIbKUX IPOBOJIHUKOB B
oubnuoteke Passive BpIOMpaeTcsi TOUKa (CUMBOJ COCIMHEHUS) U TEPEHOCUTCS
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HAa paHee YCTAaHOBJCHHBIM TMPOBOAHUK. YTOOBI TOYKa MOUYEpHesa
(mepBOHAYaILHO OHA UMEET KPACHBIM I[BET), HEOOXOJUMO HIEIKHYTh MBbIIIbIO
no cBOOOAHOMY MecTy pabouero nojisi. Eciu 3Ta Touka 1elCTBUTENIHHO UMEET
AIEKTPUUECKOE COCIMHEHUE C MPOBOJHUKOM, TO OHA TOJHOCTHIO
OKpalIMBAETCS YEPHBIM LBETOM. ECiIM Ha HEW BUAEH CJEJ OT MNEPECEKAIOIIETO
MPOBOJHUKA, TO DJEKTPUYECKOTO COCIAMHEHUS HET M TOUYKYy HE0OXOIUMO
YCTaHOBUTH 3aHOBO. Ilocne ynadyHOW yCTAaHOBKHM K TOYKE COCIMHEHUS MOKHO
NOAKIIOUUTh €Ille JBa MPOBOJHUKA. Eciu coelMHEHUE HYXKHO pa3opBaTh,
Kypcop  MOJBOJMTCS K OJHOMY H3 BBIBOJOB KOMIIOHEHTOB WJIA TOYKE
COCJIMHEHUSI W HAXKUMAETCS JieBasg KHOIKA, IPOBOJHUK OTBOJUTCA Ha
CBOOOTHOE MECTO paboyero MmoJsi, Mociie Yero KHOMKa OTITYyCKaeTCsl.

Ecnu HeoOXoauMoO mnepeMecTUTh OTHAEJbHBIM CErMEHT MNPOBOJIHHMKA, K
HEMY MOJBOJMUTCS KypCcOp, HAKUMAETCS JIeBasi KHOIIKA, U TOCJIE TMOSBICHUS B
BEPTUKAJIBHOW U TOPU3OHTAIBHOU MJIOCKOCTH ABOWHOIO Kypcopa IIPOU3BOIATCS
HY>KHBIE IEPEMEILICHHUS.

[logkimtoyeHue K CXeM€  KOHTPOJIbHO-U3MEPUTEIBHBIX  MPUOOPOB
MPOU3BOAUTCS aHATIOTUYHO. L[BEeTHBIE MPOBOAHUKHU 11€71€CO00pPa3HBI HE TOJIBKO
JU1si 0003HAYEHUSI POBOJIHUKOB OJIMHAKOBOIO (PYHKIIMOHAIIBHOTO HAa3HAYEHUSI,
HO U JJIsI IPOBOJIHUKOB, HAXOISAIIUXCS B PA3HBIX YaCTAX CXEMBI.

[lepeiinem Kk kpaTkoMy 0030py OMOJIUOTEUHBIX KOMIIOHEHTOB MTPOTPAMMBI
EWB. Ilpu onucanuu OMOIMOTEK MOCIEe Ha3BaHUSI KOMIIOHEHTA B CKOOKaX yKa-
3bIBAIOTCSI HA3HA4YaeMbIE€ TOJIb30BATEIEM MapamMeTphl (Hampumep, s
KOHJIEHCATOpa 3TO €MKOCTh, 3HAUEHUE KOTOPOH MOKET OBITh YCTAaHOBJIEHO C
MIOMOIIIBIO JIMAJIOTOBOT'O OKHA).

I'pynna Custom — ecnomozamenvHbvle KOMNOHEHM bl |E :
B 6ubmmorexe Custom nporpammsel EWB pasmerniatorcs mojacxemsbl, eciu
OHM UMEIOTCS B TAHHOU cXeMe (B UCXOJTHOM COCTOSIHUHU Pa3Jienl IMyCT), a TaKxkKe
OMOIMOTEYHbIE KOMIIOHEHTHI IPEABIAYIIUX BEPCUH.

. oy~
prnna Passive — naccuenvie KOMNOHEHMbI J

_'| Touka coeguHeHUsT MPOBOTHUKOB. Takke UCIOJIB3yeTCs JIJIsl BBEICHUS Ha
CXeMy HaJNuCceH IIUHON He Oosiee 14 CHMMBOJIOB (IPYyTHX CIIOCOOOB BBEICHUS
tekcta B EWB He cymiectByert). Hanmpumep, eciau Ha cxeMme TpeOyeTcst ykazaTh
3HaUYCHHE TOKa B KaKOW-JTMOO BETBH, TO Ha IPOBOJHHUKE 3TOW BETBH CTaBUTCS
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TOYKa, 3aTCM HBOﬁHbIM MICITYKOM IIO TOYKEC BBI3BIBACTCA AHWAJIOTOBOC OKHO, B
KOTOPOM U BBIIIOJHACTCA COOTBCTCTBYIOINAA HAAIINCD.

=l 3asemmenme (MEeTKa) — KOHTpOJIbHAsl TOYKA JJIsi CBSI3M AJIEKTPUUECKUX
YpOBHEN HaNpsDKEHUs BE3JE, TJ€ UCIOJb3YyeTCsl ANeKTpuuecTBo. Jlrobas uerms,
KOTOpasi UCMOJIb3YET ociuiorpad, Tpancpopmarop, yrnpapiseMblii HCTOUHUK
WJIM OTIePAllMOHHBIN YCUIIUTENh JOJIKHA OBITh 3a3eMJICHA.

= barapes (HanpspkeHue). Cily>KUT KaK UCTOYHUK MTOCTOSIHHOTO HAIPSKEHUSI.
MoxeT uMeTh Jiro0yto BenuuuHy oT mV 1o kV.

D Ucrounnx mocrosmHoro Toka (TOK).
& N cTouyHHK MepeMEeHHOT0 CHHYCOMAANbHOTO HampshkeHus (3ddexTruBHOE
3Ha4YCHUE HaMPSHKEHUs, 4acToTa, (asza).

@l M cTOYHUK MEPEMEHHOTO CHHYCOMIAIBHOTO TOKa (3 (HEKTUBHOE 3HAUCHHE
TOKa, 4acToTa, (paza).

A=
— Pesucrop (conporusinenue). U3mepser B omax (o Om 10 kuinoOm).

k] Konnencatop (€MKOCTh) XpaHUT 3IEKTPOIHEPTHI0O B (OpMe 3IEKTpO-
CTATHYECKOTO TTOIs. MOKET OBITh JIF000i BeauunHoi oT 107 pF no 10 8F.

Fala'es

— 1 Karymka (MHIYKTUBHOCTb) XPAaHUT SHEPIUIO B AIEKTPOMArHUTHOM IIOJIE,

CO3JJaHHOM W3MEHEHUSMHM TOKa, TekymeM uepe3 Hee. CrnocoOHOCTh
MPOTUBOIIOCTABIIAT  U3MEHEHUST B  JJIEKTPUYECKOM TOKE  HA3bIBACTCSA
MHAYKTUBHOCTBIO. MoOxkeT nsmeHnaTocs oT mH mo H.

Xl Tpanchopmarop — oHO U3 Hanbojee OOMMX U TMOJE3HBIX MPUMEHEHUH
WHJIYKTUBHOCTU. MOKET TOBBIIIATh WJIM TOHWXKATh BXOJHOE NEPBUYHOE
Hanpsokenue (V1) Bo BropuuHoe Hampspkenue (V2): n=V1/V2, tne n —
OTHOIIICHUE TEePBUYHOM U BTOPUYHOM OOMOTOK. UYTOOBI MOAECIHPOBATH
TpanchopmaTop, o0e OOMOTKM MJOKHBI WMETh IO KOHTPOJHHOM TOUKE,
KOTOpPBIC TTOKA3bIBAIOT HAIMIPABIICHUE HAMOTKH.

o [Ipenoxpanutens (TOK cpadaThIBaHUSI) — PE3UCTHUBHBIM KOMIIOHEHT,
KOTOPBIN 3allMIIAeT OT MOIIHBIX (SHEPTreTUUECKUX) KOJIeOaHUM U Meperpy30kK B
cxeme. Eciii TOK TipeBbIIIaeT onpeaeieHHblii MaKCUMYM (TOK cpaOaThIBaHUS) —
MPEOXPAHUTENh  OTKPOETCS («CTOPUT») M OTKJIFOYUT AJIEKTPUUECKUN TOK (Ha
€ro 3HA4YKe MPOIAJIET 3Ur3aroo0pa3Hasi IEPEMbIUKA MEXKITY 3aKUMaMM ).

@ Hcrounnk pukcupoBaHHOTO HampsikeHus + 5SB.
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i M cTouHUK MOCTOSIHHOTO HAIpPSDKEHHS ¢ MOCJIEA0BAaTEIbHO BKIFOYEHHBIM
PE3UCTOPOM (HAIPSIKEHUE, COTPOTUBIICHHE).

ﬂ [Torenunometp. IlapameTpsl 3a1a10TCS C TOMOIIBIO IUATOTOBOTO OKHA, B
KoTopoM mapamerp Key ompeaenser CHMBOJI KIABHINHA KiIaBUATyphl (110
ymoimdannio R), HaxkaTmeM Ha KOTOPYIO CONPOTHBIICHHE YMEHBINATCS Ha
3aJIaHHYI0 Beln4uuHy B % (mapamerp Increment) mim yBeIMYMBAETCS Ha TaKyrO
K€ BEIMUMHY HakaTheM KomOumHaiuu kiaBuin Shift+R; Bropoit mapametp —
HOMHUHAJIbHOEC 3HAYCHHUE COIMPOTHBJICHUS; TPETHH — HadajgbHas yCTaHOBKA
conpotuBieHus B % (1o ymomuanuto — 50%).

#| KonneHcaTop nepeMeHHON eMKOCTH (aHAJIOTUYHO MOTEHIIMOMETPY ).

= Karymika nepeMeHHON WHIYKTUBHOCTH (@HAJIOTUYHO TTOTCHIIHOMETPY).

I DNEKTPONIUTUUECKUN KOHJEHCATOP (EMKOCTb).

&) ['enepatop OAHOMOJSPHBIX MPAMOYTOJIBHBIX HUMITYJIHCOB (aMILIUTY/A,
4acToTa, KOA(DPUIIMEHT 3aMOJTHECHUS ).

['eHepaTop aMIUIMTYIHO-MOAYJIMPOBAHHBIX KOJICOAHWH (HAMpsOHKEHUE U
yacToTa Hecylenh, kodh(PUIMEHT | YacToTa MOJIYJISIIMU; Ha 3HAYKe
rpaduyeckoro M300paKeHWs KOMIIOHEHTa KOA(DPUIMEHT MOAYJIAIUU He
yKa3aH).

&) ['enepaTop ¢azomMoayIupOBaHHBIX KOJIEOaHMI (HAMpPSHKEHHE W 4acToTa
HECYLIEH, MHJIEKC U YaCTOTa MOAYJISIIIMU; HA 3HAYKE KOMIIOHEHTAa UHJEKCa HET).

)

COI[ep)KI/IT INOJYIIPOBOAHHUKOBBIC JHOBI, 6I/IHOJIHpHBIe TPaH3HUCTOPBHI,

I'pynna Active — akmugHnbvle KOMNOHEHM bl

OMNEPALMOHHBIE YCUJIUTEIU, AaHAJOTOBBIE [IEIUTEIBHOE M MHOXHUTEIbHOE
YCTPOMCTBA, a TAKKE JTUHUU CBSI3U.

¥ [TonynpoBoauukoBsid auona (tum). [IpomyckaeT TOK O4eHb XOpOIIO B
OJIHOM HaIpaBJICHUH U OUYEHb TJIOXO B JPYTOM.

~x CtrabunuTpoH (TUI) — CIHEHUaJbHBIN WO, pa3pabOTaHHBIM, YTOOBI
pabotath B mpeaenax o0jacTd oOpartHoro mpoOosi. OOpaTHOe HampsHKEHHE
po0ost MOKET pacnojiaratbest Mexay 2,4 V u 200 V.

¥# Ceeroauon (Tun) — CHEUaIbHO CKOHCTPYUPOBAHHBINA THOJ, B KOTOPOM
NpeyCMOTPEHAa BO3MOXKHOCTh BBIBOJIA CBETOBOTO U3JIyYEHHUsS] U3 00JacTu
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nepexojia CKBO3b MPO3pavHoe OKHO B Kopmyce. MciyckaeT BUIMMBIN CBET MpHU
MPOXOXKJIECHUH TOKA B «IIPSIMOM) HaINPABJICHUMU.

ﬂ CUMMETpUYHBINA AMHUCTOP WJIU AUAK (THUII).

% CHUMMETpHUYHBINA TPUHUCTOP WM TPUAK (THII).

ﬁl BrinpsiMmuTenbHbIA MOCT (THII).
I'pynna Control — kommymayuonnsie ycmpoiicmea u ynpasgjisemole
UCMOYHUKU
CoaepKUT KOMMYTAllMOHHBIE YCTPOMCTBA U YIIPABIISIEMbIE UCTOYHUKH:

=
-—

[Tepexirouarens, yrpaBiaseMbli Ha)KaTHEM 3a/1aBacMOM  KJIABHIIIH
KJIaBUATYPHI (110 YMOJYAHUIO — KJIaBUIIIA TPOOEIa).

=

T [lepexntouarenb, aBTOMATUYECKH CpabaThIBAIONIMNA 4epe3 3aJaHHOE

BpEM: Ha BKIIFOYCHHUC U BBIKJIFOUCHHUC (BpeM}I BKIIOYCHMUS U BBIKJIFOUYCHMUA, C).

i --«’| y
L. s Brikitouarens, cpabaThIBAIONIMNA B 3aIaHHOM JTUAMa30HE BXOIHBIX
HaIpPsHKEHUN WM TOKOB (HANPSKEHUE WM TOK BKIFOYEHUS).

@ @ HcTounuk HaIIPAKCHUA, ynpaBHHeMBIﬁ TOKOM WJIN HAIIPSIKCHUCM.

‘@ ‘@l HcTounuk TOKa, ynpaBnﬂeMmﬁ TOKOM HJIN HAIIPSAKCHHUCM.

I'I."

I'pynna Indic — unouxamopmuwie npuoopot Al
COI[Gp)KI/IT aMIICPMCETP U BOJIBTMCTP C I_II/I(l)pOBBIM OTCUCTOM, OAMHOYHBIC

Y MHOTOCETMEHTHBIE CBETOMHIUKATOPHI.
BonsTmeTrp

Amnepmerp

Jlamna HakanuBaHusl (HaPsiAKEHUE, MOIIIHOCTb )

CBeTouHIUKATOP (LIBET CBEUCHMUS)

Bolp |

CeMuCerMeHTHBIN MHAUKATOP ¢ JAenrdparopoM (THIT)

KoHTpoJibHBIE BONPOCHI U 3aIaHUA
1. Kakum o0pa3oM MOXHO TOAKIIOYUTH BBIBOJ, KOMIIOHEHTa K
MIPOBOJIHUKY ?
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2.  Kakme KOMIOHEHTHI  pacrojaraloTcsi B Karajore OHOJIHOTEeKU
Custom?

3. HazoBute nBa cmoco0a BbI30Ba JIFOOOTO W3 OJWHHAANATH Pa3JeioB
OnOIMOTEKH 371eMEHTOB ITporpamMmmel EWB?

4.  I'me pacmoisaraercst Karajor BEHIOpaHHON OMOIMOTEKN?

5.  Kak mepenectu 3Ha4OK Jr000TO KOMIIOHEHTA M3 KaTajora Ha pabodee

0JI€ IPOrpaMMBbI?

6. Kak BbI3BaTh [OHATIOTOBOE OKHO JUISI YCTaHOBKM TpeOyeMbIX
MapaMeTpOB KOMITIOHEHTA (HapUMEp, CONPOTUBIIEHUE PEUCTOPA U JIP.)

7.  Ecim B cXeMe€ HCIIOJB3YKOTCS KOMIIOHEHTBHI OJMHAKOBOIO HOMMHAJIA
(Hampumep, Pe3UCTOPHI C OJJUHAKOBBIM COMPOTUBJICHUEM), TO HOMHHAII TAKOTO
KOMIIOHEHTa pPEKOMEHJyeTCS  3aJlaTh  HEMOCPEJCTBEHHO B  KaTajore
OMOMMOTEKHU, U 3aTEM MEPEHOCUTh KOMIIOHEHTHI B HYXXHOM KOJMYECTBE Ha
pabouee noJie. [Togymaiite, Kak 3TO MOKHO CJI€TaTh?

8. Jlyist 9ero ucroap3yeTcs Touka (CHMBOJI coeIMHEeHUs ) u3 Passive?

9. Kak onpeaenutb uUMeeT JHU TOUka (CUMBOJ  COEIIUHCHUS)
ANEKTPUYECKOE COETUHEHUE C MIPOBOTHUKOM ?

10. CxoabKO MPOBOJHUKOB MOKHO MOJKIIOYUTEH K TOUYKE COCAMHEHUS?

11. Kak ¢ moMoIpio TOYKH yKa3aTh 3HAUCHUE TOKA B KAKOW-JIMOO BETBU?

12. Kakue mnapameTrpbl NOTEHIIMOMETPA MOKHO 3aJaBaTh C MOMOUIBIO
JTAAJIOTOBOTO OKHA?

13. Kakue KOMIOHEHTHI coJiepKaTcs B pazjaeine Active?

14.  Yto conepxkurcs B rpynme Control?

15. TlosicHuTe Ha3HAueHHE nepekitouarenen rpymnmsl Control?

16. Yro conepxutcs B rpymiie Indic?

17. HazoBure smeMeHT Ajisi 0Opa3oBaHUsSI B CXEME€ y3Jia COCIUHCHUM?
Kakue nonomHuTenbHble PYHKIIUA MOKET OH BBITOIHATE?

18. Cobepure cxemMy, COCTOSIIYIO U3 HUCTOYHUKA IMOCTOSHHOTO TOKa U
MPEOXPAHUTENS], YCTAaHOBMB TOK cpabarbiBanuss 10 MA. HM3menss Tok
HMCTOYHUKA, YCTAHOBUTE (DaKT cpabaThIBaHUS MPEIOXPAHUTENS IPU YKA3aHHOM
3HAYEHUU TOKA.

19. CocraBpTe CcxeMy 1eOu, COCTOAIIEH W3  MOCIEAOBATEIBHO
BKJIIOUCHHBIX Oarapen HampsbkeHneM SB M mepeMeHHOro pe3ucropa
conporuBieHreM 10 kOwm, BKIIOYEHHOTO ITOTEHOHMOMETPOM. Mexnay
MOJBMXHBIM KOHTAaKTOM IOTEHIMOMETpa U OJHHM U3 3aXKUMOB OaTapeu
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BKJIFOUNTE BOJBTMETP. MI3MEHSSI MON0KEHUE MOJABUKHOIO KOHTAKTa HAXKATUEM
Ha3HAauYeHHOM Bamu KnaBUIEH KiIaBUATyphbl, II0 IIOKa3aHUSAM BOJBTMETpPA
ONPEIEIIUTE HAITPABIICHHUE €TO MEPEMEIICHUS.

20. IIpy m0OArOTOBKE CXEMbl HWHOIZIA BO3HUKAET HEOOXOIUMOCTh
MepEeMEICHUsT €€ OTIeNbHBIX ¢parmMeHToB. Kakum o00pa3oM 3TO MOXKHO
caenarb? B kadecTBe TPEHUPOBKM NEPEMECTUTE COOpaHHYKO B IyHKTE 19
CXEMY B JIEBBIM BEPXHUHU YIrOJI 3KPaHa, HE UCIIOJb3Ys JIMHEUKY MPOKPYTKU WIIH
NepeTacKUBaHUE OTJIEIbHBIX CHMBOJIOB KOMIIOHEHTOB KYPCOPOM.

21. Cobepure cxemy, COCTOSIIYIO M3 OaTaped W JaMIlbl HaKaJWBaHUS.
Onpenenure HaNpsKEHU, IPU KOTOPBIX JIAMITA 3a)KUTAETCS U IIEPETOPAET.

KOHTPOJIIBHO-USMEPUTEJIBHBIE ITPUBOPHbI
CUCTEMbI ELECTRONICS WORKBENCH

[Ipexxne uvemM nOpUCTYnUTh K paboTe ¢ MporpaMMor, HEOOXOJAUMO
O3HAKOMHUTBHCS C METOJJAMU U CPEACTBAMUA U3MEPECHUS W OIPEACICHUS
[IapaMEeTPOB CXEMBI [Tl PUHATHUS T€X WIM UHBIX pemenui. B kommiekt EWB
BXOJIUT IOCTATOYHO OOTaThiii HAOOP U3MEPUTEIBHBIX HHCTPYMEHTOB.

uu(ppoBOi MYJbTHMETP HCIOJb3YETCS JUIsl W3MEpPEHUs HaIpsHKCHUS,

Iil TOKa, CONPOTUBJICHHA WIM IOTEPU CHUTHAIA MEXAY JBYMS TOYKaMU
CXEMBI;
(YHKIMOHAJILHBIN TeHepaTop - 3TO HMCTOYHUK HANPSIKEHUS, KOTOPBIH
= “ = BBIJJACT AHAJIOTOBbIE CUTHAJIBI B CHUHYCOUJAIBHOW, MPSIMOYIOJBHON U
TpeyroJibHOU (opMme;
IE : JBYXKaHAJIBHBIH ocuuJliIorpad oroOpakaeT M3MEHEHUE aMIUINTYIbl U
Ay

YaCTOThI 3JICKTPOHHBIX CUTHAJIOB;

rpagonocTpouTeSIb UCIOJIB3YETCS Ul aHAIN3a AMIUIMTYJHO-4aCTOTHOU

1 ($a30-4aCTOTHOM XapaKTEPUCTUK CXEMBI;
resepartop cJjoB (KOJIOBBIN reHepaTop) MpeaHa3HadYeH sl GopMUpOBaHUS
MOCJIeIOBAaTEIbHOCTEH IIU(PPOBBIX CUTHAIOB

—— I 8-KaHAJIbHBIA JIOTHYECKHI AHAJM3ATOP HUCIIONB3YETCS JUIsl HATJISIHOTO

A

MNpEaACTaBJICHUA U USMCPCHHUA IIapaMCTPOB CUT'HAJIA
JIOTHYECKHUIl mpeodpa3oBaTesib - MOIIHOE YCTPOWCTBO, MPOU3BOISAIICE
HEKOTOpbIE MPEe0Opa30BaHuUs IPEICTABICHUS CXEM.

Taxke UMEIOTCS JBa TUIA U3MEPUTENCH B OyHKEpe YacTeil: aMmepMeTp

U BOJBTMETP, KOTOpPHIE OOCCIEYMBAIOT OTCUET HM3MEPSEMOW BEIMYHUHBI C
TOYHOCTBIO JI0 TPEThETO 3HAKA.
Mynomumemp
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L]
C+

Ha onumueBoi mnaHenu MyJIbTUMETpA PAcCIONIOKEH JUCIUICH IS
OTOOpaKEHUS PE3yJIbTaTOB M3MEPEHUS, KJIEMMBI JJIsl TTOAKIIOYEHUS K CXEME U
KHOMKU YTMpaBjieHUsA. Bbl MoOXeTe yCTaHaBIMBATh CIEAYIOIIUE MapaMeTpbl
MYJIbTUMETPA:

Oovexm uzmepenus: 1ok (A); nanpspkenue (V); momnHocts (W); norepu
curtaia (dB loss).

Tun cuznana: nepemennbii (AC); nocrosinubiii (DC).

Settings (Hacmpoiiku) — pexxuM yCTaHOBKH MAapaMETPOB MYJIbTUMETPA.
[locne HaxkaThsi Ha ATy KHOIKY OTKPBIBA€TCS AMAJIOTOBOE OKHO, KOTOpPOE
UCIIONB3YETCS I 3aJaHUs: BHYTPEHHErO CONPOTHUBIIEHUSA aMIIEpPMETPA,
BXOJHOTO COINPOTHUBIICHUSI BOJBTMETPA, TOKA YEPE3 KOHTPOIUPYEMBbII OOBEKT
U ATaJOHHOTO HampspkeHus V1 mpu u3MepeHuu ociabiieHUus WM YCUJICHHS B

nenuodenax (mo ymonuanuwoV1=1B).

Multimeter 2%
Shest 1 |
Ammetes 1esistance (R} fTI_ il f
Wolmete! resistance [B): h GQ E
Okimemates curen (1): lEI.I]] H:A Ff
Detibel standaid V) i ] F:
0K | Onwera |

Jns wm3MmepeHMss CuiIbl TOKa B BETBH MYJIBTUMETP BKIIOYACTCSA
MOCJIEIOBATEIbHO, B OCTAIBHBIX ClIy4dasX MapauiesibHO. MynabTUMETP
MMOJIK/IIOYAETCSI K CXEME C IIOMOILIBI0 KiIeMM “+° u «—» . O0e KIEMMBI
MMOAKII0YATh 0053aTeIIBHO. MynbeTuUMeTp U3MepsIET a(peKkTUBHOE
(nercTByIOIIIEE) 3HAUCHHUE TIEPEMEHHOIO TOKA.

DyHKUUOHAIbHBLIL 2eHEPAmop
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ﬁ o

Frequency [1 B (H
Duty oyole (50 P4
Amplitude. |10 H v B
Dffset =

— Common il

L ] L] a

VYrpaBiieHUE TE€HEPATOPOM OCYLIECTBISIETCA CIEAYIOIMMH OpraHamu
yIpaBJICHHUS:

Buvioop opmol 6b1x00H020 cuznana HaXXaTHEM MBIIIBIO KHOMNKHA Ha
(YyHKIMOHAJIBHOM T'€HEpaTope: CHUHYCOMAAIBbHOW (BbIOpaHa MO YMOJIYAHUIO),
TPEYTOJIbHOU WU MPSIMOYTOJIbHOM.

Ycemanosexka uacmomur evixoonozo cuenana (FREQUENCY). Yactora
ONPENEIISIET YHUCIO LUKIOB, KOTOPOE OH TE€HEPUPYET KAKIYIO CEKYHIy. BbI
MOKETE U3MEHATh 4yacToTy oT 1 't 1o 999 MI 1.

Yemanoeka onumenvnocmu (DUTY CYCLE) wusmenser ¢opmy
NPSIMOYTOJIBHOTO U TPEYrOJIbHOTO CHUTHAJIOB. Bbl MoXXeTe yCTaHOBUTh
JIUTEIBHOCTD OT 1 710 99 npo1ieHTOoB.

Yemanoeka amnaumyovr (AMPLITUDE) ynpaBiuseT HanpsKEHUEM
CUTHaJa, U3MEPSIEMOIO0 Ha YCTAHOBHUBIIEMCS MAaKCUMallbHOM YypoBHE. Eciu
curHai cHumaetcsi ¢ BeiBoga COM u ¢ BbIBOJA + WIM -, U3MEPSIEMBbII CUTHAI
(MakcUMaJbHBIM pa3Max) paBeH JBOMHON yCTaHOBJIEHHOW aMmrumutyne. Eciaum
BBIXOJI CHUMAETCS C BBIBOJOB + U - , MAKCUMAJIbHBINA pa3Max CUTrHajia OyJeT B
YeThIpe pa3a OoJbIIe YCTAHOBICHHOTO 3HAYCHUST aMILTUTY IbI.

3amMeTuM, 4TO aMIUIUTYyda ONpeesieT MaKCUMalbHOE 3HAUYEHUE CUTHAJA,
B TO BpEMsl Kak JAPYrM€ HCTOYHHUKM YCTAHABIMBAIOT CPEIHEKBAIPATHUYHOE
3HaueHue (RMS) BbIX0AHOTO cUTHANA.

Ycemanoeka cmewenuna (OFFSET) ynpaBnseT ypOBHEM IOCTOSSHHOW
COCTaBIIAIONIEH CHUTHAlda, OTHOCUTEIBHO KOTOPOTO W3MEHSIETCA 3HAUYCHUE
curHaiga. MoxxHo u3MeHATH cmenieHne ot -999 kB no 999 xB. (Eaunuib
U3MEPEHUS aMIUTUTY/bl BEIXOIHOTO CUTHAJA OMPEACISIOT €UHUIIBI U3MEPECHUS
CMEIIEHHUSI. )

Buoixoonwie 3axcumor:
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BeiBon reneparopa “COM” (oOmmil) mnpegHasHadyeH I CO3JaHUS
OTHOCUTENIBHOTO ypoBHs curHana. Coeauaute BbiBOJ “COM” ¢ 3a3emiieHUEM
TSl TIOJTYYCHHS HYJIEBOT'O YPOBHS.

BriBog “+”: ¢ TOJOXKUTEIBHOTO BBIBOJA T'€HEPATOPA CHUMAETCS CUTHAN C
MOJIOKUTEJIBHON OTHOCUTEIBLHO HENTpaibHOro BhiBoAa “COM™ aMIIUTyd0M.

w99,

BriBog C OTPHWIATEIIPHOTO BBIBOJA T'e€HEpaTOpa CHUMAETCS CHTHAI C
OTPULIATEILHOM OTHOCUTEIBHO HEUTPaIbHOTO BhIBOAA “COM” aMIIUTY 0.
Ocuunnozpacgp
Ocuworpad umeer nBa kaHaina (CHANNEL) A u B ¢ pasnenbHoi
PEryIupoOBKOM YyBCTBUTENIBHOCTU B quamnaszone ot 10 mxB/aen (mV/Div.) go 5
kB/nen (kV/Div.) u perynupoBkoii cmemenus no seprukanu (Y POS).
Ocuumiorpad MOXHO HCMOJIB30BaTh JUIsl TONY4YEHHUs TpaduuecKkoro

M300pakeHUs] CUJIbl CUTHAja BO BPEMEHHM, WM JUIsl CpaBHEHHUS (POPMBI ABYX

CHUTHAJIOB.

Z x|
S Expand Ground &
~Time base ;-—Tﬁgger =

\/\/\/\/\/\/\/\/ﬁ [1.00 s/ div 2]  Edge HE % v
T \/|| Hpositien [0.00 [ | lewel [coo [

Bl Bis AE | At | AR Ba
~Channel A - Channel B -
: | %F [10 wiDiw 2l [ 5 wiDw =
¥ position |-2_20 = | ¥ position |-0.20 &
-t Ac| ol N w AC| o »

Bb16op pexuma 1o BXoay OCyIIeCTBIgeTcsl HaxaTueM KHomok AC, 0
wim DC (3akpbIThIi BXOJ, BBIKJIIOYEH, OTKpPBITHIA Bxoxd). Pexum AC
npeaHa3HayeH JUisl HaOMI0AeHUs TOJIbKO CUTHAJIOB IIEPEMEHHOT0 TOKa (€ro elie
Ha3bIBAIOT PEXKUMOM «3aKPBITOTO BXO/a», TIOCKOJIBKY B 3TOM PEKHMME Ha BXOJIE
YCWJIMTEINS BKJIIOYAETCS pa3AeNUTEIbHbII KOHJIEHCATOP, HE MPOIYCKAIOIIHA
IIOCTOSIHHYIO COCTaBJIIIOINYI0). B pexxrme (0 BXOAHOM 3aKMM 3aMBIKAeTCsl Ha
3eMJII0 U TPUBOJUT K OTOOPAXKEHUIO MPSIMOW JIMHUM HAa YPOBHE Ha4YaJbHOU
touku kaHaina Y (Y POS). [ns npocMoTpa nojHOro curHaia (M nepeMeHHON U
MOCTOSIHHOM COCTaBJISOIIEH) NepekiatounTe BXoJ B OTKpbITHIM (DC) pexum
(BxiroueH no ymosdanuto). C mpaBoi ctopoHbl oT kHONKM DC pacnonioxeH
BXOJIHOHU 32)KHM.

Ocu ocuumiorpaga MOTyT ObITh MEPEKITIOYEHBI U3 PEKUMA OTOOPaKEHUS

22



ammmutyael ot BpeMeHH (Y/T) (BKIIOYEH 10 YMOJYAHUIO) B PEXKHUM
OTOOpaXXEHUsI aMIUTUTYJIbl OJIHOTO W3 KaHAJIOB OT aMIUIUTyAbl aApyroro (A/B
win B/A).

B pexume pazBeptku Y/T ocb X orToOpaxaeT Bpems, a ocb Y -
KOJIMYECTBO BOJIBT Ha JIEJICHHE, T.€. HANpsDKEHUE curHaina. B pexumax A/B u
B/A 00e ocu NOKa3bIBAIOT HaNpsDKEHUE CurHaioB. Hampumep, eciu Bl
CpaBHUBaeTe BXoJ kaHaia A c kaHajioMm B (A/B), mkana ocu X omnpeaensercs
KOJIMYECTBOM BOJILT Ha jeneHue (V/Div.), ycTaHOBIECHHBIM JJIsl KaHana B, u
Ha00OPOT.

YcraHOBKa pa3BepPTKU 10 BPEMEHU YNPABIAET LIKAJI0M FOPU30HTAIBHOU
ocu (ocu X) ocmmwmiorpada korjga oToOpa)kaeTcss aMIUIUTyAa CUTHAJIOB BO
BpemeHu (Y/T). 3HaueHue KakJI0ro ACJNCHUs TOPU3OHTAIBHOMN IIKAThl MOXKET
n3MeHAThbes B nuamnas3one ot 0.1 ue. (HaHocekyHbl) 710 1 ¢. (TIME BASE).

B pexume Y/T mnpenycMOTpeH TakKe >KAYLIIMH pexuM (3alleika)
(trigger) c 3amyckoMm pazBeptku (EDGE) o nepennemy unu 3agHemMy GpoHTY
3alyCKalolero curHaia (BblOuMpaeTcss HaxatueM KHonok f  z) 1mipu
perynupyemom ypoBHe (LEVEL) 3anycka. YpoBeHb cpaOaTbiBaHMs 3allENKH -
3TO TOYKa Ha ocu Y ocuwuiorpada, KOTOPYIO [OJDKEH Iepeceyb CUTHal
KAYILIEro pekuMa JJIs Hadajaa OTOOpakeHUs] OCHOBHBIX CUTHAJIOB.

Kuonku Auto, A, B u EXT (aBroMaTuyeckMii pe:xuM, KaHaJd A,
kaHaa B, BHeIIHUMIl CMTHAJ) ONPEESIOT CUTHANI, KOTOPBIA OYyJIeT SBIATHCS
CUTHAJIOM 3amenku. Mcnonp3yiiTe aBTOMaTUUECKU pexxuM (Auto) eciiv Bbl
XOTUTE MOJYYUTh M300pAKEHHE CUTHAJIa KaK MOXKHO OBICTPEE HJIM €CIIH BBI
OXKHMJAeTe MNPSIMOJMHENHbIA curHain. Haxvure kHonmkm A wm B s
UCIIOJBb30BAaHUSl CUTHAJAa HAa 3TOM KaHajle B KAayeCTBE CHUTHAJIA 3alleNIKU.
Knonka EXT wucnone3yeT BHEIIHUM CUTHA.

3azemienue ocuwuiorpada OCYIIECTBISIETCS C TMOMOIIBI KJIEMMBbI
GROUND B npaBoMm BepxHEM yIIIy npudopa.

Knonka Zoom pacmmpser rpaduyeckuii sKkpaH ocmwuiorpada u
MEpEMENIACT OpraHbl YIPABJICHHUS B HU3 OKHA. Bbl MOXETE MNOIYYHUTh
KOHKPETHBIE 3HAYEHHUSI IMHUM CUTHAJIA IEPEMELICHUEM MApKEPOB B JKEJIAEMYIO
no3uinio. OKHA MOJT PKPAaHOM ITOKa3bIBAIOT BpPEMS M MU3MEHEHUE CHUTHala B
MO3UIUAX TMEPBOTO M BTOPOTO MApKEpPOB, a TAKXKE Pa3HULy MEXAY 3TUMU
TOYKaMH.
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VYcranoBka no3unuu ocu X (X POS) onpenensier Ha4albHYIO0 TOYKY Ha
ocu X. Korna no3uiust ocu X = 0, cUrHaji HAQUUHAET OTOOpaKaThCsl OT JICBOU
rpanuiibl - 3KpaHa ocuwiiorpada. IlonoxuTenbHoe 3HAYEHUE CABUTAET
HAYaJIbHYIO TOUKY BIIPABO, OTPULIATENBHOE - BIIEBO.

VYcranoBka no3unuu ocu Y (Y POS) onpenensier HayalnbHYI0 TOYKY Ha
ocu Y. Kornma mo3unmg ocu 'Y = 0, HauajgpHas TOYKA HAXOAMTCI Ha ocu X.
3Hauenue mo3uiuu ocu Y MoxkeT nu3mMeHaThes ot -3.00 1o 3.00. 3nauenue 1.50,
HanpuMmep, MEepeMENIacT HadalbHYK) TOYKY Ha CEpEAUHY MEXIy OChlo X U
BEpXHEU rpaHullel 3kpaHa ociiuiorpada. Eciy Bel XOTUTE OTAEIUTH APYT OT
npyra (gopmbl cUrHajla KaHalioB A u B mis cpaBHEHHS WM JETaIbHOIO
paccMoTpeHusi uX, ycraHoBute 3Hauenne Y POS anga omHoro miam oboux
KaHaJIOB.

I'pagponocmpoumens

[Ipeana3zHaueH sl aHANIKM3a aMIUTUTYAHO-4YaCTOTHBIX M ()a30-4aCTOTHBIX
XapaKTePUCTHUK MPHU JOTApUPMUUECKON MU JIMHENHOMN 1IKaye o ocsaM Y U X.

[Toagkmrouenne mnpubopa K UCCICAYEMONW TOYKE OCYIIECTBISETCS C
noMompio 3axumMoB IN(Bxox) m OUT(Beixom). JleBble KiIeMMBI 3a)KHMOB
MOJKJIFOYAKOTCSI COOTBETCTBEHHO KO BXOJIYy UM BBIXOAY HCCIELYEMOTrO
YCTPOWCTBA, a MpaBble - K OOLIEH IIUHE.

I'enepamop cnos

IIpennaznaueHn qga reHepauuu 16 8-pa3psAOHBIX JBOWYHBIX CJIOB,
KOTOpbhIE HAOMpArOTCsl IMOJb30BaTelieM Ha 3KpaHe. UToObl BBECTH OUTOBBIE
Ha0Opbl WJIM CJIOBAa B I€HEPATOP CJIOB, IICIKHUTE MBIIIKOH HAa HYXHOU Bam
no3uriuu 1 BBeautTe 1 miau 0. ChopmupoBaHHBIE ClIOBAa BBIJAIOTCS HAa BOCEMb
pPacCION0KEHHBIX B HUYKHEW 4acTH MPUOOpa BHIXOJHBIX KJIEMM-HHANKATOPOB.
['enepupyembie MOCIEAOBATEILHOCTH UMITYJILCOB HAOMPAIOTCS B JIMHEHWKAX C
HOMEpPaMH, COOTBETCTBYIOIIMMU HOMEPaM BBIXOJOB I€HEepaTopa. Y Ka3aHHbIC
1M(PpPOBBIE MOCIETOBATEIILHOCTH BBIAAIOTCS HA BCE BBIXOJbI OJHOBPEMEHHO,
TakKuM 00pa3oM, TEeHEepaTop TMO3BOJSIET HW3MEHSITh CHHXPOHHO TMapaMeTphbl
BOCbMH YCTPOMCTB.

Jlocuueckuu ananuzamop

BocpMUKaHanbHBIN JIOTUYECKHANM aHAIU3aTOpP IMOKA3bIBAET HM3MEHCHUE
MPSIMOYTOJIBHBIX CUTHAJIOB BO BPEMEHM.

Briiaet nndgopmanuio B BUi€ BpEMEHHBIX UarpaMM, aHAJIOTMYHBIX TEM,

KOTOPBIC ObLIH  OBI MOJYYCHBI IIPpU IIOACOCAMHCHHHN K peaHBHOﬁ CXEMC
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ocumorpada. CrneBa BHU3Y Ha MaHENIN JOTUYECKOr0 aHalM3aTopa HaXoIsATCs
KJIEMMBbI JJIS TIOJKIIFOUEHHSI K MCClelyeMbIM Toukam cxembl. CripaBa OT HUX
OTOOpakaeTcsl MIEeCTHAAIIATEPUYHbIA KOJ TOJIaHHOTO Ha BXOJbl aHAJIM3aTOpa
yucia, npudeM BxoA “1” cuuTaercs cTapmiuM paspsIoM 4dMcia, a Bxox “8” -
MiaAmuM. OTa uHGOpMAIUs MOXKET OKa3aTbCs TIOJE3HOW TMPU CHUHTE3E
cueTunkoB. Mudopmaius, noctynaromias Ha Bxoael “1” .. “8”, pacnonaraercs
Ha DKpaHe aHaju3aTopa CBEpXy BHU3, T.€. BXoa “1” - camasi BEpXHsIsl CTpOKa Ha
JKpaHe, BxoA ‘8’ - camas HmwkHsAA. Takke BBIIACT HUX JBOUYHOE U
HIECTHAILATEPUYHOE MPE/ICTABICHUE.
Jlozuueckuii npeoopazosameis

Jlorndeckuii mpeoOpa3oBaTelb - MOIIHBIM KOMIIBIOTEPHBIH TPUOOP,
KOTOPBIN BBITIOJNIHIET OTJEIbHBIE MPEOOpPa30OBaHUs MPEACTABICHUS CXEMBI.
Hcnons3yercs Ay npeoOpa3oBaHusi: CXEMbl B TaOIUIy UCTUHHOCTH; TAOJIHIIbI
HUCTUHHOCTHU B JIOTHYECKOE BBIpAKEHUE; TAOIUIbI UCTUHHOCTH B YMPOIIECHHOE
JIOTUYECKOE BBIPAKEHUE; JIOTUYECKOrO0 BBIPAKEHUSI B TAONMIy HCTUHHOCTH;
JIOTUYECKOTO BBIPAXKEHHUS B CXEMY; JIOTUUECKOTO BBIPAKEHUS B CXEMy Ha 0ase
anemeHnToB M-HE. KnaBuim npeoOpa3zoBaHusl Haxo4sTCsl Ha IPaBOil CTOPOHE
HaHEJH JJOTUYECKOro MpeoOpa3oBaTesl.

Amnepmemp

AMIiepMeTp BKJIIOUAETCS MOCIE0BATENBHO B PA3pPhIB JIMHUM COCTUHEHUS
B TOYKE, B KOTOPOM BBl XOTUTE U3MEPUTh BEIMUYMHY TOKa. OTpULIATENbHBIN
BBIBOJ Yy amiepMmerpa o0o03HayaeTcs TEMHBIM OopatopoM. MoxHO
UCITOJIB30BATh CTOJIBKO aMIIEPMETPOB, CKOJIBKO HEOOXOIUMO.

JInst ykazaHusi TMIa U3MEPSAEMOro TOKa (MepeMEHHbIN WM MOCTOSHHBIN)
HQOXXMUTE JIBOXKIbI JIEBYI0O KHOINKY Ha HWKOHKE aMIepMeTpa M BbIOepUTE
HeoOXxoauMbIi pexxuM. Korna Bel ycTaHABIMBAETE PEKUM MEPEMEHHOIO TOKa,
aMIIepMETp MOKa3bIBaeT cpeaHekBaapaTuyHoe (RMS) 3Hauenue Toka.

BuyTtpennee comnpoTuBieHue ammepmerpa oyeHb Maio (1 MOwm) wu
OKa3bIBA€T HE3HAYMTEIbHOE BIUSHUE Ha MapamMeTphl CXeMbl. Bbl MoxkeTe
YMEHBIIUTB 3TO COMPOTUBIICHUE; OJTHAKO, UCTIOJIB30BaHUE aMIlIEpMETpa C OUYEHb
HU3KUM BHYTPEHHUM COMPOTHBJIEHUEM B CXEMax C OOJIBIIIMM COMPOTUBICHUEM
MO>KET MPUBECTH K MATEMATUYECKOW OIIMOKE MTPU MOJIETUPOBAHUU.

Bonvmmemp
BonbTmeTp  ucnonb3yeTrcss I8 U3MEPEHUST  MOCTOSIHHOTO — WIIM

NCPCMCHHOT'O HAIIPAKCHUA MCKAY ABYMA TOYKAMHU CXCMBI. Ero BbIBOJIBI
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MPUCOCIUHSIIOTCA TMapayiebHO K TOYKaM, B KOTOPBIX Bbl XOTHUTE H3MEPHUTH
HanpspkeHue. OTpuUllaTeNbHBI  BBIBOJI BOJIBTMETPAa OO0O3HAUYEH TEMHBIM
ooparopom. B cxeme MOKHO UCIIOJIB30BATH JTI000E KOJIMYECTBO BOJLTMETPOB.

[Tapamerpsl mpubopa 3a1ar0TCs B JAMAJIOIOBOM OKHE: B I0OJI€ MEPBOIO
napameTpa 3aJ1aeTcs BXOJIHOE COMPOTUBIICHHE BOJBTMETPA, B MOJE BTOPOTO —
pexuM uzMepenus noctositHaoro (DC) unu nepemennoro (AC) Toxa.

BoasT™MeTp MMeeT oueHb BBICOKOE BxojHOE compotuBieHue (I MOm),
KOTOPOE MPAKTUYECKH HE OKAa3bIBACT BJIMSHUS Ha paboTy cxeMbl. Bel MoxkeTe
YBEJIUYUTh OSTO CONPOTUBIICHHE, OJHAKO, HCIIOJb30BAHHE BOJBTMETPA CO
CJIMIIIKOM BBICOKUM BHYTPEHHUM COINPOTUBICHUEM B CXEMaX C HUZKHUM
CONPOTUBIICHUEM MOXET TPUBECTH K MAaTEeMaTH4YEeCKON OmuOKe Mpu
MOJICJIUPOBAHUMU.

KoHTpoJibHBIC BONPOCHI U 33 IaHUA
1. T'me pacmosaraercs maHedb KOHTPOJIbHO-U3MEPHUTENBHBIX MPUOOPOB U

YTO OHA COJCPKUT?
OObsicHUTE 00U TOPSIIOK pabOTHI ¢ TprudOpamMu?
Kaxk npuBectu 10001 ripubop B padbouee (pa3BepHYTOE) COCTOSTHUE?
KakuMm 006pa3om BKItOUaeTCS B IEMh aMIIEPMETP U BOJLTMETP?
JI71s1 4ero ucnoib3yercs: MyJbTUMETP?
Yrto n300pakeHo Ha JUIEBON MTaHETU MYyJIbTUMETpA?

NS e

Jl1s1 uero npeaHa3HavYeH IUCIUICH HA TAHETIU MYJIbTUMETpa?

8. Kakme pexumbl MOXKHO YCTaHaBIMBaTh C TMOMOIIbIO  KHOMOK
yIpaBJICHUS?

9. Ilocne naxatuss Ha kHOmKy SETTINGS MynbTUMETpa OTKpBIBaeTCS
JMaoroBoe okHO. UTo Ha HeM 0003HAYEHO?

10. B kxakom pexume (MEPEMEHHOrO0 WA MOCTOSSHHOIO TOKAa) MOKHO
U3MEPUTH €ro 3P(HEKTUBHOE, T.€. JEHCTBYIOIIEE 3HAUCHUE?

11. s uero npenHasHavyeH PyHKIIMOHAIBHBIN renepaTop?

12. HazoBuTe (hopMbI BEIXOJIHOTO CUTHaIa (DYHKIIMOHAJILHOTO TeHepaTopa?

13.Ilepeunicniute  opraHbl  yHOpaBJICHUS  HA  JIMIEBOM  MAHEIHU
(yHKIMOHAJIBLHOTO TeHepaTopa?

14. Yro Takoe kod(pPpuimeHT 3anoaHeHus pyHKIMOHAIBHOTO TreHepaTopa?

15. KakoBo HazHaueHue kiemm +, -, COM (yHKIIMOHAIBHOTO TeHepaTopa?
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16.Yemy Oyner paBHO HampsDKEHHUE MEXKIY KIEMMaMH «+» U «-»
(yHKIMOHAJIBHOTO TE€HEpaTopa NpU YCTAHOBKE HA €ro JHUIEBOM IaHENIn
Hanpsokenus: 10 B? [TpoBepbTe SKCIIEpUMEHTAIBHO.

17. Ipunuun padoTts! ocupuiorpagda?

18. Kak ocymiecTBisieTcss BBIOOp pekuMa 1o BXoy ocruuiorpada?

19. B kakoM pexuMe MOKHO MPOBOJUTH OCHHIIIOrpadUuuecKue M3MEepeHus
KaK MMOCTOSIHHOTO, TaK U MIEPEMEHHOIO TOKa?

20. Kak BbIOMpaeTcst pexxuM pa3BepTKH?

21. Kakue pexuMbl pa3BepTKU peain3yrorcs B pexxume Y/T?

22. Kakue pexuMbl pa3BepTKH peanusyrorcs B pexxume A/B u B/A?

23. Haznauenue pexuma TRIGGER?

24. Kak ocyIecTBisieTcs 3a3eMieHre ocuuiorpada?

25. Haznauenue kHonku ZOOM Ha nuiieBo# naHenu ocuuiiorpada?

24.YcraHOBUTE Mpeaeibl PEryJMpOBKH YyBCTBUTEIBHOCTH ocuuiuiorpada
110 BEPTUKAIH, a TAK)KE TUANa30H Pa3BEPTOK.

26. Kakum 00pa3oM MOXXHO THOJYYUTh PA3HOLBETHBIE OCLMILIOTPAMMBbI
CUTHAJIOB Ha 2KpaHe ocuuuiorpada M Kak UX Pa3HECTH MO BEPTUKAIU A

ya00cTBa HAaOIIOICHUS ?
SJIEMEHTHAS BA3A CUCTEMBI ELECTRONICS WORKBENCH

Hcemounuku moka

McTOUHMKH TOKa JIEIATCS Ha HCTOYHHUKH TIOCTOSIHHOTO TOKa,
MEPEMEHHOTO TOKa W ympaBisieMmble ((PpyHKIIMOHAIbHBIE) UCTOYHUKH. Kpome
TOr'0, OHU TIOJPA3ACIAIOTCS Ha U3MEPUTEIbHbIC UCTOUHUKH U UCTOUYHMKH IS
AIIEKTPONUTAHMUS.

[IpruMepoM HU3MEPUTEILHOTO HCTOYHHKA SBISCTCS (DYHKIIMOHAIBHBIN
reHepaTop. M3 MCTOYHMKOB IMOCTOSHHOTO TOKa B Kaue€CTBE H3MEPUTEIHLHOTO
IIMPOKO  HUCIOJIb3yeTCS  TaK  Ha3blBAEMbIH  HOPMAJbHBIM  3JIEMEHT
(2JIEKTPOXUMHUYECKUN MCTOYHMK), OOJaJarolUuii BBHICOKOM CTaOMILHOCTHIO
BBIXOJHOTO HANPSKEHUSI W HCIIOJIB3yeMbIii B BBICOKOTOYHBIX  OOpPa3IIOBBIX
YCTAHOBKax JUIsi TIOBEPKH  BOJBTMETPOB, aMIEPMETPOB U  JPYruUx
U3MEPUTETBHBIX TPUOOPOB.

UctouHuky Uit DJIEKTPONUTAHUS  SIBJIAIOTCS  CAaMBIMH  MacCOBBIMH
ycTporcTBamMu. X TIpUHATO JAeNUTh HA NOEpBHUYHBIE W BTOpUuYHble. K
MEePBUYHBIM HCTOYHUKAM OTHOCSITCS 3JIEKTPOTEHEPATOPhI, MpeoOpasyroIue

27



MEXaHHYECKYI0 DSHEPTHI0 B DJJIEKTPUUYECKYHO, TEPMOAJIEKTPOrE€HEPATOPHI,
COJIHCUHBbIE W AaTOMHBIE OaTtapeu, »JJIEKTPOXMMHUYECKUE HWCTOYHUKU. Bo
BTOPUYHBIX HCTOYHHMKAX MPOU3BOIAUTCS MPeoOpa3oBaHUE TOKa IMEPBUYHOTO
UCTOYHHMKA (BBIIPSAMUTENM, CIVIaXKUBarOUMe (QUIbTPhI, CTAOUINU3aTOPHI
HaMpsHKEHUS UK TOKA).

M cTOYHNKH MOCTOSTHHOTO TOKA:

@ = F| @
a) 6) B) F) Puc. 7

a) WJeabHBIM UCTOYHUK ¢ (UKCHPOBAHHBIM HampspkeHueM +5B (BHyTpeHHee
conpotuyiieHre Ri=0), KOTOphIM1 B OCHOBHOM MpeAHA3HAYEH JJIs JOTMYECKUX
CXEM;
0) uaeanbHbIA MCTOYHUK C 33JIaHHBIM HANpPSKEHUEM, YCTAaHOBKAa KOTOPOTO
OCYILIECTBIISIETCS C TOMOIIBIO JTHAJIOTOBOTO OKHA, BBI3BIBAEMOTO JIBOMHBIM
IIIETIKOM MBIIIH 110 3HaKy ucrtounuka (1e-08 mV; 1e+09 kV);
B) UCTOYHUK C 3aJIaHHBIM HANPSHKEHUEM W BHYTPEHHUM COINPOTUBIICHUEM. ITU
napameTphl 3aal0TCs ¢ TOMOIbI0 amanoroBoro okHa (le-08 €Q/1V; 1e+09
MQ/1V);
T') HICAUTHHBIN UCTOYHHUK C 3aJaHHBIM TOKOM (1e-08 mA; 1e+09 kA).

NcTOYHUKH TIEpeMEHHOI0 TOKa TOAPA3JCIsIOTCd Ha WCTOYHUKU
HEMO/TyJIUPOBAHHBIX (PUC.8) U MOTYJIHPOBAHHBIX (pUC. 9) CUTHAIIOB.

@ @ & & @
a) 06) B) a) 0)

Puc. & Puc. 9
HNcTOYHMKM MEPEMEHHOTO TOKA: WACAIBHBIA TE€HEPATOP IEPEMEHHOTO

HanpspkeHust (puc. 8, a) ¢ ycTaHOBKOW 3(D(EKTUBHOTO 3HAYEHUS HAMPSHKCHUS
(Voltage), yacrots! (Frequency) u HauansHO# (a3bl (Phase) cunycouganbHOro
CUTHAJIa; YCTAaHOBKA TOKA, YaCTOTHI M HAYAJIbHOU (pa3bl MAeaIbHOTO TeHepaTopa
MepEeMEHHOTO ToKa (puc. 8,0) OCYIIECTBISAETCS C MOMOIIBIO IMAJIOTOBOTO OKHA;
UCANbHBIA TEHEPATOpP WMIYJbCHOTO HampshkeHus (puc. 8, B) sBIsSETCA
HMCTOYHMKOM OJIHOMOJISIPHBIX HMMIYJIbCOB C 3a/1aBa€MbIMU  aMIUTUTY/IOM,
JacTOTOM  CJleoBaHUA W KOA(PUIMEeHTOM  3amojiHeHUsS  (OTHOIICHHUE
JUTUTEIIbHOCTU UMITYJIbCA K MIEPUOAY CICAOBaAHU).

Uctounuk Ha puc. 9, a — wuAcanpbHBIM TEHEPATOpP AMIUIUTYIHO-
MOJYJIMPOBaHHBIX KoJjieOanuii (AM), mapaMeTpbl KOTOPOTO 3aar0TCsi C
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MOMOIIbIO AHAIOroBOoro okHa. [lapameTpsl reHeparopa ¢ha3oMo 1y IMPOBAHHBIX
kosedanuit (OM) 3agaroTcs aHaIOrMYHO O HA0OPY MapaMeTPOB OKHaA.

Kpome Ttoro, B mporpamme EWB umerorcs ynpabiisieMble UCTOYHUKHU
TOKa, pacnojioxkeHHble B Ondnuorexe Control.

Tok: cnpasounas ungopmayusn

IIepeMeHHBIN WM TTOCTOSAHHBINA TOK IMOCTYNAET U3 UCTOYHUKA MMUTAHUS B
Harpy3Ky, Jjisi KOTOPOU BBIXOJIHOE HAMPSHKEHUE MUTAHUS HE BAXXHO (U MOXKET,
KaK MpaBujIo, ObITh OYEHb HU3KUM). BOJTBITMHCTBO COBPEMEHHBIX UCTOYHUKOB
MOCTOSIHHOTO TOKAa, MCHOJIB3YIOMMX 3JICKTPOHHOE YMPABICHUE BBIXOIHBIM
YPOBHEM, MOTYT HCIIOJb30BaThCsl KAK B KAa4y€CTBE MCTOYHUKOB TOKA, TAK U
UCTOYHUKOB HamnpspbkeHus. Korjga Harpyska, MOAKIIOUYEHHAss K HCTOYHUKY
MATAHUS, OKAa3bIBAETCS CIMIIIKOM MOIIHOM (HU3KOE COMPOTUBIICHUE HATPY3KH) -
ATU UCTOYHUKH MEPEKIIOUAIOTCS U3 PEKHMMa UCTOUYHHUKA HAIPSHKEHUS B PEXKUM
UCTOYHUKA TOKAa. VICTOUHMKHM TOKAa 4YacTO HMCHOJIb3YIOTCS, KaK HMCTOYHHKHU
CUTHajJa BO BpEeMs aHalIu3a JJICKTPUUECKUX CETEH, €ClIM HMEET OoJbliee
3HAYEHUE MPOTEKAHWE TOKA Yepe3 HUX, YEM HANPSKEHHUE HA KOMIIOHEHTax. B
OCHOBHOM, HCTOYHUKH TOKa AacCCOIUUPYIOTCS CO CXEMaMH C HU3KUM
BHYTPEHHUM CONPOTHBJIEHHUEM, B TO BpEMSI KAK HCTOYHUKHU HAIpPSIKECHUS
ACCOIMUPYIOTCSI CO CXEMaMHU C BRICOKUM BHYTPEHHUM COMPOTHUBIICHUEM.

Hnouxkamopnuvie npuoopui

K uHOukaTtopHbM mpuOOpaM OTHOCSTCS BOJIBTMETPHI U aMIIEPMETPHI,
MppoBbIE HHAMKATOPHI, JIaMIla HaKaJIUBaHWS, NPEAOXPAaHUTENIb, 3BYKOBas
CUTHAJIU3AIUS U CBETOIHO/I.

Jlamna naxanueanus XapakTepU3yeTCs MOIIHOCTbIO WU HOMHUHAJIbHBIM
HanpspkeHueM. HampsibkeHue, mpu KOTOPOM JIAMIIOYKa 3aXKUTAETCsl, TPUMEPHO
paBHO TMIOJIOBUHE HOMHUHAJIbHOrO. IlpyW  HanpspkeHWH, MPEBBINIAOIIEM
HOMUHAJIbHOE Ha HEOOJBIIYI0 BEIHMYMHY, JAMIIOYKa NEpPEeropaer, U IeMb
OOphIBaETCS, T.€. 3TOT KOMIIOHEHT MOKET ObITh MUCIIOJIb30BaH TAKKE B KaUe€CTBE
MpPEJOXPAHUTEINS], CPAOATHIBAIOIIETO MPU 3aJJaHHBIX 3HAYEHUSIX HANPSAKEHUS U
TOKa, PAaBHOTO OTHOIIICHUIO MOIITHOCTH K HANPSIKEHUIO.

7-cecmeHmHublil  Uu@ppoeoii - uHoukamop —  MOJENIb  IIUPOKO
UCIIOJB3YEMbIX B IM(PpOBOM TeXHHKE al(PaBUTHO-LIM(PPOBLIX HHIUKATOPOB.
[TapameTpbl HHAUKATOPHI 3aJal0TCSl B JUAJIOTOBOM OKHE: MEPBbIA MapaMeTp —
MaKCUMaJIbHO€ 3HAY€HUE BXOJHOIO HAINpPSKEHUs, BTOPOM — MHUHHMMAaIbHOE

BXOJIHO€ HANPSKECHUE, TPETUW W YETBEPTHIM MAPAMETPBI — BpEMsS 3aIECPKKHU
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NEPEKITIOUEHUS MPU MEPEX0/ie OT HU3KOTO (MUHUMAJIBHOTO) YPOBHSI BXOJHOTO
HaIpsDKEHUST K BEpXHEMY (MaKCHUMalbHOMY) U HA00OpOT, MATHIA mapamerp -
MIOPOTrOBOE BXOJHOE HAMPSIKEHHE, TP KOTOPOM HAaYMHAETCS CBEUCHHE.

4-6x0006011 unoukamop [L - onmwaercss or PacCMOTPEHHOTO BBIIIE
HaJM4YMEeM BCTPOEHHOIO Jemudparopa, UYTO MO3BOJISIET MOJKIIOYATH €ro
HEMOCPECTBEHHO K BBIXOJAM JIBOMYHO-JECATUYHBIX CYUETYUKOB C KOJIOM 8-4-2-
1. ITpaBbIii BBIXOJ TAaKOTO MHIMKATOpa — MJIAAIIMK WU HYJEBOWU pa3psl, NpU
€ro akTUBU3AIlM1 HA NHAUKATOpPE BbICBeUnBaeTCs 1. JIeBbI BBIXOJ MHAMKATOPA
— CTapUIMi UM TPETUH paspsill, MPU €ro aKTUBU3ALMU oToOpaxkaercs 1udpa 8.
Ecnu curHan norudeckodl €IWHUIIBI MOCIAaTh HAa BCE BXOJbl MHJIUKATOPBI, TO
Oynet oroOpaxarbcs OykBa F, o0o3Hauaromias B meCTHAAIIATEPUIHON cUCTEME
CUMCIIEHUA JecsaTuyHoe uuciao 15 (cymma uucne 8, 4, 2 u 1). Ilpu Bcex
BO3MOXXHBIX KOMOHWHAIIMSIX BXOJHBIX CHUTHQJIOB HA WHAUKATOPE MOXKHO
otoopaxath uncina 0...9 u 6ykset A,B,C.D.Eu F.

3eykoeasn cuznanuzayus & zoona_ nmapaMeTpsl 3a/1al0TCsl B JTMAJIOTOBOM
OKHE: TIepBbI TapaMeTp — dYacToTa CHUTHajJa, I[O0JaBaeMoro Ha
I'POMKOTOBOPHUTENIb KOMIIBIOTEpA, JiBa JAPYIHX — HaOpsDKEHUE W TOK
cpabaTbIBaHMUSI.

KoMMyTanunoHHblie yCcTpoiicTBa

ITon kommyTarnmonubpiMu yceTporicTBaMu (KY) moHumarorcst yCTpoucTBa,
CKauYKO0Opa3HO U3MEHSIONINE 3HAUYCHNS CBOUX NTapaMEeTPOB MPHU ONPEACIICHHOM
(moporoBoM) 3HAUYEHHMHM  YIPABISIONIETO CUTHala. B ycrpoiicTBax,
IIPEAHA3HAYEHHBIX U1 KOMMYTAUNA JJEKTPUUECKUX LEINEH, 3TO PEeATU3yETCs
MPAKTUYECKH MTHOBEHHBIM M3MEHEHUEM BJIEKTPHUYECKOTIO CONMPOTUBIICHUS WU
MIPOBOJIUMOCTH 150.4 VCTIOJIHUTEIIbHBIX CUCTEM (HEemoCpeaCTBEHHO
KOMMYTHUPYIOIIUX 3JIEMEHTOB).

Jns xapakrepuctuku KY ucnosib3yroTcs Cleayromue napaMmeTphl:
-YyBCTBUTEIBHOCTh — MHHUMAJIbHAS BEIMYMHA BXOJHOTO IapaMmeTpa, MpHU
KOTOPOM MPOHUCXOAUT CKAYKOOOpa3HOE€ H3MEHEHUE BBIXOJHOTO MapameTpa
(3aMbIKaHHE WU Pa3MbIKAHHE KOHTAKTOB, Y OECKOHTAKTHBIX — H3MEHEHHE
MPOBOJAUMOCTH);

- Bpemsi cpabaThIBaHUS — XapaKTepU3yeT ObICTPOICHCTBUE YCTPOMCTBA;
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- MAKCUMAJIPHOE 3HAYEHUE KOMMYTHPYEMOW MOIIHOCTH — MPOU3BEICHUE
MaKCUMaJbHO JOIMYCTUMBIX 3HAYEHUW HANpPSHKEHWsT W TOKA NPH JAHHOM
HaIpsKCHUU;

- 4acToTa cpabarbiBaHUN (KOMMYTalU) — yucio cpadbarsiBanuii KY B equnuily
BPEMEHU;

- KOO (OULMEHT YCUIICHUS — ONIPEAEIISIETCS] OTHOLIEHUEM MOILHOCTH Ha BBIXOJIE
K MOILIHOCTH YTIPaBJICHUS.

KommyTanmonssle ycrpoiicta nporpammel EWB npencrasnens! Ha puc. 10.

a) 0) B) r)
Puc. 10.

YcerporictBo Ha puc. 10,a — nepeknwuamens muna 00HOROIIOCHO20
mymo.epa, yupapiasieMoro HaKaTUEM Ha3HAYEHHOM KJIaBUINM KiaBHaTyphl. KY
Ha puc. 10,0 — pene epemenu (nepexioyaTeab C NTPOrPaMMHUPYEMBIM
BpEMEHEM IepekiitfoueHus1). Ero mapamerpsl 3amarTcsi C  [IOMOUIBIO
nuanorooro oxkHa. Ilapamerp Ton — Bpemsi BKJIIOYEHUST Pa30MKHYTOI'O B
UCXOJHOM COCTOSIHMM KOHTaKTa Mociie Hayana MojenupoBanus; napamerp Toff
— BpeMsl BBIKJIIOUEHHUS (MIEPEBOJI KOHTAKTOB B UCXOJJHOE COCTOSIHUE), 3TO BpEMsI
TaK)K€ OTCYUTBIBAETCS OT MOMEHTA Hadaja MOJEINPOBAHUS.

B kauectBe mpumepa paccMOTpuM cxemy Ha puc. 6. OHa COAEPKUT
VCTOYHUK

TD TOD

Puc. 6. [lepekntouaTens ¢ IporpaMMHUPyEMbIM BPEMEHEM NEPEKITIOUECHHUS.
nutanust  U=5 B, nBa nepexmtouarens S1 u S2 u andaBuTHO-1IUDpOBOH
uHaukaTop. [lapameTpsl mepekitovaTesneil BRIOpaHbl CICIYIOMIMM 00pa3oM: s
nepBoro Ton=3c, Toff=10 c; mns Broporo Ton= 6 c, Toff=15 c. Ilocue
BKJIIOUCHHS MUTaHUA (HA4ajao MOJEIUPOBAHUS) CUTHAJ JIOTUYCCKOU €IUHUIIBI
(+5B) Oyzner noxan Ha BbiBOAbI 0 U 2 wHaukaTopa. IlocKoNIbKY MHAMKATOpa
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paboTtaet B kojie 8-4-2-1, TOo mpu 3TOM BBICBeUMBaeTCs nudpa S5 (Cymma dncen
4 u 1). Yepes 3c kintou S1 nepeBoAUTCS B BEpXHEE MOJOKEHUE U CUTHAI +5B
nojaercst Ha BXoJ 3 — 3aroputcs mudpa 9 (cymma uucen 8 u 1). ITockonbky
HayaJlo OTCYeTa JJI1 BCEX NMPOMEKYTKOB BPEMEHU OJMHAKOBO, TO uepe3 3 ¢
cpaboTaeT nepekiouarens S2, B pe3yibTaTe 4ero curuai +5B Oyner nmojgan Ha
Bxoa | — 3aroputcs OykBa A (mIecTHaALATEPUYHBINA 3KBUBAJICHT AECATUYHOU
uudper 10=8+2). 3atem uepes 4c cpaboTaeT nepekitodarenb S1, B pe3ynbTare
4yero Hamnpsbkenue +5B Oyner nojgaHo Ha BXxoJ 2 U 3aroputcs uudpa 6 (cymma
4+2). U, nakoHer, yepe3 Sc cpaboTaeT nepexiovaTesb S2, U CXeMa BEepHETCS B
UCXOJIHOE COCTOSIHHE.

KY na puc. 10 B,r — o0nononwocHvle @viKknwuamenu, ynpaensaemole
Hanpaxcenue uau mokom. llapameTpbl LENM YHOpaBICHUA 33JAI0TCS C
MOMOIIIbIO  TUAJIOTOBOTO OKHA: TEPBBIM TapamMeTp — HamnpskeHue (TOK)
BKJIFOUEHUS, BTOPOU — HAIPSHKEHUE (TOK) BHIKIIFOUCHHUS.

Konoencamopoi

KongeHcatopsl OTHOCSTCS K OJHOMY U3 HauOoyiee pacrnpoCTpaHEHHBIX
koMIoHEHTOB POA. B mporpamme EWB 5.1. KoHIeHCaTOpsl IPEACTABICHBI
TpeMsl TUIIAMH, IMOKa3aHHbIMU Ha puc. 11.

A i ]

Puc. 11
[lepBbIlii THI OXBATHIBAECT IPAKTHUYECKHA BCE KOHJIEHCATOPbI, BTOPOU —
ANEKTPOIUTUYECKUE, TPETUNU — MOJCTPOCUHBIC; 3HAYCHUE EMKOCTU KaxXJ0TO
KOHJIEHCATOPa MOKET OBITH YCTAHOBIEHO B mpezenax or 10® nd mo 10° @.
EMKOCTh OACTPOEUHOTO (aHAJIOTUYHO MOTEHIIMOMETPY) KOHJEHCATOPa MOXKET
U3MEHATHCS HAXXaTUEM HA3HAYEHHOW II0JIb30BATENIEM KIABUILIN KIIABUATYPbI
(mo ymomyanuto — knaBumu C), HaYMHAS OT MAKCUMaJIbHOTO 3HAYEHUS J10
MUHUMAJIBHOTO ¢ 3a7aHHbIM 1maroM (ot 1 mo 100 %). Bce atu yctaHoBKH

IPOU3BOIATCS C TOMOILBIO JUAJIOTOBOr0 OKHA.

Pe3ucmoput
Pe3uctopel SABISIOTCS CAaMBIMU MacCOBBIMH U3JCIHSIMU JJIEKTPOHHOMN
texHuku. B mporpamme EWB 5.1. pe3ucrops! npeacTaBieHbl TpeMsl TUIIAMA —
MOCTOSIHHBIM, TIOJICTPOCYHBIM, HA0OPOM M3 BOCHBMHU PE3UCTOPOM, TTOKA3aHHBIMU

Ha puc.12
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=

Puc. 12

N3MeHeHue CONMpPOTUBIICHUS MOACTPOCUHOTO PE3UCTOPA OCYIIECTBIISIETCS
0 TOMY >K€ TPHUHIUIY, YTO W JJis MOJCTPOEHYHOro KOHJeHcaTtopa. B Habope
PE3UCTOPOB COIMPOTUBIICHUE YCTAHABIMBACTCS OJIMHAKOBBIM JIsl BCEX BOCHMU
PE3UCTOPOB.

K OCHOBHBIM XapaKTepUCTHUKAM PE3UCTOPOB OTHOCSITCS CJICIYIOIIHE:
- HOMUHAJIbHAs MOIIHOCTh — HaWOOJIbIIAsi MOIIHOCTh, KOTOPYIO PE3UCTOP
MOXET PacCEeUBaTh B 3aJJAHHBIX YCIOBUSIX B TEUCHHE rapaHTUPOBAHHOTO CPOKa
CJIyKOBI TIPH COXPAHEHUHU MMapaMeTPOB B yCTAHOBJICHHBIX IIPeIeiax;
- pabouee HampsiKEHUE, TPU KOTOPOM PE3UCTOP MOXKET paboTaTh, HE JTOHKHO
MPEBBIIATH 3HAYCHUS, PACCUUTAHHOTO MCXOJ U3 HOMUHAIBbHOW MOIIHOCTH U
HOMUHAJIBHOTO CONTPOTHUBJICHUSI;
- HOMUHAJIBHOE CONPOTUBIIEHUE — DJIEKTPUUYECKOE COMPOTUBIICHHUE, 3HAUEHUE
KOTOPOTrOo 0003HAaUEHO Ha PpE3UCTOpPE WM YyKa3aHO B HOPMATHUBHOMU
JOKYMEHTAIUU.

KoHTpoJibHbIE BOPOCHI U 33 IaHNUSA

Uto oTHOCUTCS K dIeMeHTHOM 6aze EWB?
Ha kakue rpynmnbl nogpa3aenstoTcd UICTOYHUKA TOKa?
[IpuBeauTe MpuMep U3MEPUTEIbHBIX HCTOYHUKOB TOKA?
Ha3nauenwne u knaccuukaius HCTOYHUKOB TSI JIEKTPONMUTAHUS?
[IpuBeauTe MpUMEpbl UCTOYHUKOB JJISI DJIEKTPOTTUTAHUS ?
Oxapaktepu3yiTe UCTOYHUKHU MTOCTOSTHHOT'O TOKa?
JI71s1 94ero UuCnosb3yTCsl ICTOYHUKH TOKa?

XN R

YTO OTHOCUTCS K UHIUKATOPHBIM TpUOOpam?

9. OxapakTepu3yiuTe JaMIly HaKaTuBaHUS ?

10. OxapakrepusyiTe 7-CerMEHTHBIN TU(PPOBON HHIUKATODP?

11. Oxapakrepusyiite 4-BXOJ0OBbIA UHIUKATOP?

12. Tlepeuncnute napameTpbl 3ByKOBOM CUTHAIM3AIUN?

13. Kakue ycTpoiicTBa Ha3bIBaAlOT KOMMYTAllMUOHHBIMU?

14. Ilepeuncnure OATh MapaMeETPOB, XAPAKTEPUIYIOIIMX KOMMYTAVOHHBIC
ycTporcTBa?

15. ITpuBeguTe npuMepbl KOMMYTAILMOHHBIX YCTPOWCTB.

16. OOBsicHuTe IPUHLIUIT PAOOTHI peie BpeMeHu?
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17. Kakue Tumbsl KOHAEHCATOPOB Bbl 3HAETE?

18. JlaiiTe XapaKTEPUCTUKY BCEM THIIaM KOHJIEHCATOPOB?

19. Tlepeuricnute TUIBI PE3UCTOPOB?

20. Ha3zoBuTe OCHOBHBIE XapaKTEPUCTUKHA PE3UCTOPOB?

21. Omnpenenute, Kakue saeMeHTbl B mporpamme EWB oTHocarcs k
WHYKTUBHBIM?

22.Ucnonb3ys cxeMmy Ha puc. 13, ompenenutre TOK I, mpu KOTOpoMm
Jammoudka L meperopaert npu pazauyHbIX 3HAUCHUSIX JOIMYCTUMOW MOITHOCTH

:I_'__Ijl

Puc. 13. [IpumeHeHue 1amMITbl HAKATMBAHUS B KAUE€CTBE MPEIOXPAHUTEIA.

23. CocraBbTe CXEeMy, COCTOAIMIYHO K3 3BYKOBOI'O CHT'HAJIM34TOpa
(TPOMKOTOBOPHUTEIISI), HCTOYHHMKA IIOCTOSHHOTO HAIpsDKEHUS, PE3UCTOpa,
aMIICpMETpa W BOJBTMCETPA. V6CI[I/ITCCB B IMPaBUIBHOCTH Cpa6aTBIBaHI/I${

3BYKOBOW CUTHAJIM3AIMU MPU YCTAHOBJIEHHBIX B JIMAJIOTOBOM OKHE 3HAYEHUSX
TOKa Y HaIpsHKEHUS cpadaThIBaHUS.

24. Vcnionp3ysl MPUHIMUIIBI IOCTPOCHUSI CXEMBI Ha pUC. 6, COCTABBTE CXEMY,
KoTopasi Obl o0OecreurBalia Mmocjie10BaTeNIbHbI BO BpEMEHHU (Hampumep, yepes
5¢) BeIBOa Ha uHAUKATOp cuMmBOjioB 0...9, A...F. Iloackaxem, 4To AJIs1 3TOTO

MPUJETCS I00aBUThH €IIle ABa KIIF0Ya.
OBPABOTKA PE3YJIBTATOB 5KCIIEPUMEHTAJIBHBIX JIAHHBIX

PEIIEHUE 3AJAY 1O MEPBUYHOM OBPABOTKE PE3YJIbTATOB
IKCIIEPUMEHTA U ITIOABOPY SMIIMPUYECKUX ®OPMY.JI

Annpoxcumauusn ynkuyuu. Iloooop smnupuueckux gpopmyi.

[Tpubnuxennas (yHKIIMOHATBbHAS 3aBUCUMOCTh ) = f(X), MOJIy4YeHHas Ha
OCHOBAaHMHM  JKCIIEPUMEHTANbHBIX  JIAHHBIX, HA3bIBACTCA  IMHUPUYECKOLUL
gopmynot

[TocTpoenue smnupuydeckoil GopMyiibl COCTOUT U3 JIBYX ATANoB: moadopa
oOiiero BUJa 3TOM (QOpMYJIbI M ONpENENICHUS] HAWIYUYIlUX 3HAYCHUH
coJiepKaliuxcs B HEMl mapaMeTpoB.
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O6mmit Bux GOpMyabl HWHOTIA M3BECTEH U3 (PU3MYECKUX WIH
reoMeTpruecKkux cooOpaxkenuil. Ecnu xapakTep 3aBUCUMOCTH HEU3BECTEH, TO
BHJI SMIIUPUICCKOU (POPMYJITBI MOKET OBITh BEIOPAH CIICTYIOIIUM 00pa3oM.

Buvioop smnupuueckux popmyn 014 HeTUHEHUHBIX 3A6UCUMOCHEU

Ilycth y ecTb QPyHKIMSA OAHOW MEPEMEHHOM C JABYMs MapaMmeTpaMHu da U
b. B xauectBe Habopa (PyHKIUH, U3 KOTOPHIX OyJeM BHIOMPATH IMIUPUIECKYIO
3aBHCHUMOCTb, PACCMOTPHM:

1 JUHEHHYI0 (PYHKIHIO y =ax+b,

2 MOKa3aTeNbHYI0 (QYHKIIUIO y=ab*

3 IpOoOHO-palioHaIbHYI0 QYHKIMIO |y = 1/(ax+b);
4 JorapuPpMUUECKyI0 (PYHKIIUIO v =a*ln(x)+b;
5 CTEMEHHYIO (DYHKIUIO y= ax?

6 TUTIEPOOIMUECKYIO (PYHKITHIO v =atb/x;

7 IpOOHO-palMOHANIBHYIO QYHKIIMIO | Y = Xx/(ax+b).

JIs Hawtydiiero BeIOOpa BUJIa SMIUPUUYECKON 3aBUCUMOCTH V=f(X,a,b),
COOTBETCTBYIOIIEH  IMOCTPOCHHOMY  rpaduKy, BBIIOJHHUM  CJEAYIOIINE
IPOMEKYTOYHBIC BRIYUCIICHHS. Ha 3a1aHHOM OTpe3ke U3MEHEHUS HE3aBUCHMOM
NepeMEeHHON BBIOEPEM TOUYKH, JOCTATOYHO HAJEKHBIE M IO BO3MOXHOCTH,
JAJIeKO OTCTOsIIMe APYr oT Apyra. s mpocToTel OyaeM cuuTarh, 94TO 3TO
TOYKM X/ U Xxn.

Beruucinm:
cpeoneapugpmemuueckoe xap = (x1+xn)/2;

—\VX, X
cpeonezeomempuieckoe X2eom 1™n

cpeodnee capmonudeckoe xeapm = 2(x1*xn)/(xI1+xn).
[To BBIYHCIEHHBIM 3HAYEHUSIM HE3ABUCUMOW NEPEMEHHOM HAUJIEM U3

MOCTPOEHHOTO rpaduka COOTBETCTBYIOIINE 3HAYCHUS 3aBUCUMOMN
IIEPEMEHHOU
xap — yl* xeeom — Y2 * xeapm — y3*

JUIs1 TIOKA €111€ HEM3BECTHOM SMIIUPUYECKON 3aBUCUMOCTH V = f(X,a,b).
BbIMONHUM ~ aHaNOrMYHbIE  BCIIOMOTATENbHBIE  BBIYMCIEHUSA IS

3aBUCUMOM NEpeMEHHOU. Brraucianm:

cpeoneapughmemuueckoe KpauHux 3nadenul yap = (y1+yn)/2

UX CpeOHe2eoMempuU1ecKoe 3HAYeHUe yeeom Y1
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U cpedHee eapmonuyeckoe yeapm = 2*(yIl*yn)/(yl+yn)

CpaBHHM BBIUYHCIICHHBIE 3HAUYCHUS Yap, yeeom, yeapm ¢ HaWJECHHBIMU U3
rpaduka yI*y2*y3* u olleHUM MOTPEITHOCTH Pe3yIbTaTa CPAaBHEHUS:
vI*-yap|=¢el; |yl*-yeeom|=¢e2; |yl*-yeapm|= &3,
y2*-yap|= €4, |y2*-yeeom|=¢e5; |y2*-yeapm|= &b,

\y3*-yeapm|= &7

Haiinem u3 3Tux ommOOK MUHUMANIbHYIO emin {€l, €2,... €7}.

- €CJIM HaMEHBIIIEH Cpeau BCceX aOCOIIOTHBIX OIMIMOOK OKaxeTcs £/, TO B
KaueCcTBE OSMIHUPUYECKOM 3aBUCUMOCTH JUIsl JAaHHOro rpaduka XOpOIIUM
MPUOIMKEHUEM CITY>KUT JIMHEHas pyHKuus y = ax+b

- €ClId HaWMEHBIIEH Cpeau BceX aOCOIOTHBIX OIIMOOK OKaXKeTCs &2,

TO CJIEAyET BHIOUPATH HOKA3aTeNlbHy0 QyHKIUI0 V= ab”

- €CJTM HauMEHBIIEH cpeu BceX aOCOMIOTHBIX OMIMOOK OKaxeTcs &3, TO
HCKOMasi SMIMPHYECKas 3aBUCHMOCTH OINPEACISACTCS APOOHO-PaOHATBLHOMN
bynkument y = 1/(ax+b)

- €CITH HauMEHBIIEH Cper BceX aOCOMIOTHBIX OMIMOOK OKaXeTcs &4, TO
XOpPOIIMM  TPUOIMKCHUEM  CIIY)KUT  jiorapupmudeckas QYHKIHS Y =
a*ln(x)+b

- €CJTM HauMEHBIIEH CpeIu BceX aOCOMIOTHBIX OMIMOOK OKAXETCs &3, TO

BBIOMpacTCs cTernenHas GyHkms V= aX
- €CJIM HaWMEHBIIICH Cpear BCeX aOCOJIOTHBIX OIIMOOK OKaXeTcs €6, TO
clieyeT BhIOUpATh TUnepOoInyecKkyto GyHkIuw y = a+b/x
- €CJIM HaMMEHBINIEH Ccpeid BceX aOCOTIOTHBIX OIIMOOK OKaXETCs £7, TO
BBIOMpaETCs IpOOHO-paliMoHaNbHas PyHKIMS BUaa y = x/(ax+b)
IIpumep. TlomoOGpaTh SMOUPUYECKYIO 3aBUCHUMOCTH I (DYHKIIHH,
3aIaHHOM TaOJINYHO:
X 1 2 3 4 5 6 7 8 9
y 521 308 2405 (204 | 183 171 159 152 147
Pemenuve: mpeAmnonoXum, 4TO B JaHHOM TNPHUMEpPE KpalHHE TaOIUJYHBIC

3HAQYCHUS JTOCTATOYHO HaASKHBL: X1 =1; x9=9
1) xap=x1+x9)/2=5

XI'€OM = =V XX =3

xrapm = 2*¥(x1*x9)/(x1+x9) = 1.8
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2) Iloctpoum rpaduk PyHKIIMM B COOTBETCTBUH C TAOJIUYHBIMU JAHHBIMU

X

500

400

300 T

200 ~—

100 |

o 1 2 3 4 5 6 7T 8 9
W3 rpaduka Haiinem 3HadeHUs (YHKIMH, COOTBETCTBYIOIINE BBIYUCICHHBIM

3HAYCHUSIM apTyMEHTa
xap —  yI*=180 xeeom — y2* =240 xeapm — y3*=341
3) yap = (I+ yn)/2 = (521+147)/2 = 334

yeeom =y, y,=V521-147=274

veapm = 2(y1*yn)/(vI+yn) = 2(521*147)/(521+147)=228
4) CpaBHUM HaijicHHBIE U3 Tpaduka 3HAUCHUS 3aBUCUMOM MMEPEMEHHOM C yap,

yeeom, yeapm

el = |yl*-yap| = [180-334] = 154

e2 = |yl*-yreom| = |180-274| = 106
3 = |ylx-yrapm| = [180-228| = 48
g4 = |y2*-yapl = [240-334] = 94

e5 = |y2*-yreom| = |240-274| = 34
e6 = |y3*-yap| = [341-334] = 7

e7 = |y3*-yrapm| = |341-228] = 113

T.x. HauMeHbIIas U3 a0COTIOTHBIX OIMHUOOK - €6, TO B KAU€CTBE IMITUPHICCKOM
dbopMyIibl crieyeT BRIOpaTh TUIEPOOTHMUECKYIO 3aBUCUMOCTh y=a+b/Xx.
Ilpeobpa3zosanue 3kcnepumeHmanbHvlX OAHHHIX MEMOOOM
6bIPAGHUBAHUSA
Ecnmm B kadectBe smmupuyeckoid (OpMyINIBI TpHUHSITA HEIWHEHHAs

3aBUCUMOCTh (mokazarenbHas, CTCIICHHAS, JTpOOHO-pallMOHAIbHAS,
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runepoosnuecKas, JjgorapupMuuecKas), TO, HPH OMNPEICICHHUH IapaMeTpOB
IMIUPUUYECKON 3aBHCHUMOCTH, CJIEIYET, B COOTBETCTBUHU C HIDKECIEAYIOIEen
TaOJIUIIeH, TPOM3BECTH MpeoOdpa3oBaHWE €€ B JIMHEHHYIO 3aBHCHUMOCTD,
UCIIONB3YSI Memoo evipagHusanus (norapumupyst dysakuuo y=f(x)). 310
MO3BOJISIET CYIIECTBEHHO YIIPOCTUTH PacueT, KOTOPHIN B pe3yIbTaTe CBOAUTCS K
PELLIEHUIO CUCTEMBI JIMHEWHBIX YPABHEHUM.

Bua smnupuyeckoi popMy.ibl Cnoco0 BbIpaBHUBAHNS
Jluneiinas GyHKIUS y = ax + b S
Y*=A4*+ B*x, roe
Y* =lgy,A* =lga,B*=Ig
b
JpoOHo-panioHnanbHass  ¢GyHkus y = |Y*=ax+b, tne Y*=1/y
1/(ax+b)
Jlorapudpmuueckas pyukuust y = a*ln(x)+b |y =aX*+ b, rne X* =Igx

—_ X
[TokazarenpHas pyHKIUSA YV~ ab

Y* =A%+ bX* rne

Crenennas Qpynkuus V= dX
Y*¥=lgyAd*=IgaX*=lgx

[I'unepOonuueckas GyHkIus y = a+b/x Y*=ax + b, tne Y*=x*y
JlpoOHO-panuoHanbHass  ¢yHkus Y = |Y*=ax+b,rne Y*=x/y
x/(ax+b)

Hrak, OymeM cuuTaTh, YTO THII SMIUPHYECKON (YOPMYJIIBI BEIOPAH, U €€ MOYKHO
npejcTaBuTh BBUNE Y = ¢ (x, ao, al,.., an) (1)
roe ¢ - u3BecTHas GyHKUMS,

ao, al,.., an - Hem3BeCTHble NOCTOAHHbIE NnapaMeTpbl.

3mech HE CTaBUTCA YcloBHE (KaK B Ciydae WHTEPIOJISAIMH) COBITAJICHUS
OTBITHBIX JAHHBIX Vi CO 3HAYCHUSIMU 3MOupuuecko QyHkiuu (1) B Toukax xi.
Pa3HocTh MeXy 2TUMU 3HAUCHUSIMU (OTKJIOHEHHUs) 0003HAYUM ¢i. Torna

&1 = ¢(xi,ao,al,..,am) - yi, i=20,1,..,n.
3amaya HAXOXKACHHS HAWIYYIIAX 3HAYCHUN MapaMeTpoB ao,al,...,am CBOIUTCS K
HEKOTOPOW MHHUMH3AIMA OTKJIOHEeHHH ¢1. CylecTByeT HECKOIbKO CIOCOO0B
pEIIEeHUS STOW 3a1a4H.
YTounenrne kod(pOUIMEHTOB aHATUTUYECKOW 3aBHCUMOCTH y=f(X,a,b)

MPOU3BOAUTCS  TPEeMsl METOJaMHU: METOJOM BBIOPAHHBIX TOYEK; METOJIOM
CPEIHUX; METOJIOM HAUMEHBIIIUX KBAIPATOB.
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Onpeoenenue napamempos IMRUPUYECKOU 3A8UCUMOCIU NO MEMOOY
6bIOPAHHBIX MOYECK

[Io skcmepuMEHTaIbHBIM 3HAYEHUSM, MPEOOPa30BAaHHBIM IO METOIY
BBIPAaBHUBAHMSA, HA KOOPAWMHATHOW INTIOCKOCTH HAHOCHUTCS CHCTEMa TOYEK.
3aTeM MPOBOAMTCS TMPOCTEHINasi TJIaBHAs JMHUS, KOoTopas Hambosee OIM3KO
IPUMBIKAET K JaHHBIM To4ukaMm. Ha 3Toi JTUHWUN BBIOMPAIOTCS TOYKH, KOTOPBIC
HE TMPUHAJIEKAT UCXOAHOU cucTteMe ToueK. OHU JOKHBI OBITH PAaBHOMEPHO
pacmpeieNieHbl, a WX YHCIO JIOJDKHO OBITh pPaBHO KOJHWYECTBY HCKOMBIX
napamMeTpoB dMIOUpPHUUECKO 3aBucuMocTu. KoopamHaTtel 3TUX ToYeK (X],V])
TIATEIFHO MU3MEPSIOTCS W MCIOJIB3YIOTCS IS 3aMCH yCIOBHS TTPOXOKICHHS
rpaduka smnupudeckort Gpyukmuu (1) gepes3 BEIOpaHHBIE TOUKH

¢ (xj,ao,al,...,am) =Yyj , 3 =20,1,...,m 2)

N3 stonn CUCTEMbl YPaBHEHUM HAXOAUM 3HAYEHUS NapamMeTpoB
ao,al,...,am.

B dactHOCTHM, ecnu B KayecTBE SMIHUPUUECKOW (POPMYJIbI MPUHSITA
JUHENHas 3aBUCUMOCTb ) = ax + b, TO Ha 3TOW MPAMOU BBHIOMPAIOTCS JIBE
TOYKH (TI0  KOJHMYECTBY  HEHW3BECTHBIX  MApPaMETPOB  OMITUPHYECKOU
3aBUCUMOCTH) ¢ KoopauHaTamu (x1,v1) u (x2,y2).

VYpaBHeHus (2) npuMyT BUJT CUCTEMBI:

axl + b=yl
ax2 +b=y2
pelias KOTopyro, HaxouM Ko3hPUIMeHTs! a u b.

C uenplo onpeneneHuss OTKIOHEHHM HYXKHO COCTaBUTh CIEIYIOIIYIO
TaOJIUIY:
X

Y
Y*=aX+b
e = |Y-Y*

Onpeodenenue napamempos IMRUPULECKOU 3A6UCUMOCIU 1O MEMOOY
CpeOHUX
Metoa COCTOMT B TOM, YTO MapameTpsl ao, al,..., am 3aBucumoctu (1)
ONPENEIAIOTCS € UCIOJIb30BAaHUEM YCJIOBUS PABEHCTBA HYJIK CyMMBI
OTKJIOHEHUH BO BCEX TOYKAX XI.
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81.22 [q)(xi,ao,al, ...,am)—yl.]ZO
i=0 i=0 3)

[lonmyuyeHHOE ypaBHEHHE CIYXKUT JUIsl OINPEIAEICHUS IapaMeTpoB
a0,al,...,am. SIcHO, 4TO U3 OJHOTO YPABHEHHUS HEIB3S1 OJJHO3HAYHO OIMPEJICIUTh
Bce m+/] mapamerpoB. OJIHaKO, IOCKOJIBKY IPYTMX YCJIOBHM HET, pPaBEHCTBO
(3), myTem rpynnupoBKU OTKJIIOHEHUHN £1 pa30MBAETCS HA CUCTEMY, COCTOSIILYIO
u3 m+/ ypaBHenuil. Harpumep,

Pemas o1y cucteMy ypaBHEHUI, MOYKHO HANTHU HEU3BECTHBIE ITAPAMETPHI.

B npouecce rpynnupoBku HEOOXOAMMO BCE OTKJIOHEHHUS pacroiarath 1o

BO3pAaCTaHUIO HOMEPOB. B KaxJI0M ypaBHEHUM JOJKHO OBITh MNPUMEPHO

OJINMHAKOBOC KOJINYCCTBO OTKJIOHECHUH.
£ + &4 + £ = 0
£3 + 4 + £s + Egq =

Ep-1 Tt &, =0

C uenplo onpeneneHuss OTKIOHEHHH HYXKHO COCTaBUTh CIEIYIOINIYIO
Ta0IuIYy:
X
Y
Y*=aX+b
e=|Y-T¥
PaccMoTpeHHbIE METOJIbI OMNpEACICHUS MapaMeTPOB SMIIUPUUYECKOU
3aBUCUMOCTH (METOJ BBIODAHHBIX TOYEK M METOJl CPEIHUX) SIBISIOTCS

CPaBHUTEJBHO IMPOCTHIMU, OJTHAKO B PSJIC CIYyUaeB MOJYYaEMbI€ C X MOMOIIBIO
anmpoKCUMAIIUK HE 00JaJJal0T 10CTATOUYHON TOYHOCTHIO.

Onpeodenenue napamempos IMRUPUUECKOU 3A8UCUMOCHU NO MEMOOY
HAUMEeHbUUX K8AOPAmoes
3anuiinemM CyMMy KBaJpaTOB OTKJIOHCHUH JJIs1 BCEX TOYEK X0,X1,...,Xn

i=0
[Tapametpsl ao,al,...,am s3mnupuydeckod popmyssl (1) OyaeM HaxoauTh
U3 yciaoBusi MuHUMyma Qysukuuu S = S( ao,al,...,.am )
B sTOM cocTouT MeTo1 HAMMEHBIIINX KBaIPATOB.

40



C uenp0 yOpOILIEHUS PACUETOB  COINIACHO JAHHOMY  METOIY

PEKOMEHIyeTCsl COCTaBUTh TaOJMIy, TA€ N - KOJHWYECTBO 3HAYCHUH
MIEPEMEHHOM X:
X’ x! x* y X'y
1 X1 . Y1
X2 . Y2
1 X n : Y n :
2 X 2. x PR 2.y 2. X"y

[To uToram TaGIUIBI COCTABIIAETCS CUCTEMa YPaBHEHUM
Yx»a+ Yx"b=Yy
le.a+ ZXZ.b:ZX.y
pEIUB KOTOPYIO, MOKHO OINPEETUTh HAMITYUIINE 3HAUEHUS TapaMeTpoB a U b.
EcrectBeHHO OXuaaTh, 4TO 3HAuYeHUsl HaljeHHOW (QyHKUMHM y=f(X,a,b)B
Toukax x1, x2,...,xn OyAyT OTIMWYATHCS OT TaOJWYHBIX 3Ha4YeHu# yl, y2,...yn.
Jlnst onpenienieHus: UMEIOLIUXCSl OTKJIOHEHUN HEOOXOIUMO COCTaBUThH TAOIUILY
(cM. Tabnuua MeToda BBIOPAaHHBIX TO4YEK). B COOTBETCTBMH C METOJIOM
HAaMMEHBIIINX KBaJIpaTOB CyMMa KBaJIpaTOB IMOJIYYEHHBIX OTKJIOHEHHH IS
3aJIaHHOTO BUJa mnpuOnavkamonied QyHkuuu (M HaWJACHHBIX 3HAYCHUU
napaMeTpoB a U b) 1opkHa OBITH HAUMEHBIIICH

5=i 8?
5)

W3 nByX pa3HbIX MPUOIMKEHUM OJTHOW M TOH K€ TabmuyHOM (PyHKIUH, cleays
MPUHITMITY HAUMEHBIITNX KBaAPATOB, JIYUIITUM HYKHO CUYUTATh TO, JIJIT KOTOPOTO
cymMa (5) UMeeT HauMEHbIIIEe 3HaUYCHHE.

Hnousuoyanwvusie 3a0anusn K pacuemno-zpaguueckoii pabome
[TogoOpath HSMMIUPUYECKYI0 3aBUCUMOCTh U  OMNPENEIUTh €€ MapaMeTpbl
Pa3IUYHBIMU METOJIaMH: 1) METOJIOM BBHIOPAHHBIX TOYEK; 2) METOJAOM CPEJIHUX;
3) METOJIOM HAaUMEHBIITUX KBaJAPATOB.
CpaBHUTH TOYHOCTbH AIMPOKCUMAIIUUA AKCIEPUMEHTATBHBIX JaHHBIX, UCIOJb3Ys
BBIIIIEHA3BAHHBIC METO/IbI C TIOMOIIBIO CIACAYIOIIEH TaOIHUIIbI:

N X Y Y1l Y2 Y3 el €2 €3
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3Kcnepwweumaﬂbﬂbze OaHHble O PA3TUYHBLX 6APUARINOE.

B:;. JaHHBEE DBSKCIEPUMMEHTAa
1 X 500 750 1000 1250 1500
Y | 3,23 4,52 5,71 |10,17|18,49
2 X 1 2 3 4 5 6 7 8 9
Y 0,33 0,49 0,59 0,65 0,71 |0,755}0,77]0,81| 0,82
X 1 2 3 4
3 Y 623 676 746 829
4 X 10 20 30 40 50
Y |271,7|287,6|296,9|303,5]|308,6
5 X 55 60 65 70
Y 6 11,3 22,6 36
X 7 12 17 21 28
6 Y 0,24 0,2 0,19 0,18 | 0,178
X 11 12 13 14 15
7 Y | 76,16 (89,85 |104,6|120,4|137,3
8 X 65 66 67 68 69 70 71
Y 10,1 15,1 19,7 25,3 31,5 37,6 | 42,7
X 1 2 3 4 5 6
2 Y 104 113 119 122 130 137
X 1 2 3 4 5 6
10 Y 18 19 21 22 23 25
11 X 1 2 3 4 5 6
Y 61 66 71,2 79,6 82 87,7
12 X 65 66 677 69 69 70
Y |124,1(127,8|127,7|142,3|143,6| 146,8
13 X 2,5 7 11,8 14 16
Y 1,9 5,1 8,66 9,83 | 10,73
X 10 12 14 16 18 20
14 Y 23 24,2 27,6 30 28,7 37
15 X 65 66 67 68 69 70
Y | 38,1 45,1 53,5 62,1 71,5 78,2
16 X 65 66 67 68 69
Y 335 350 350 383 400
17 X 40 50 60 70
Y 13,2 19,2 29,3 45,8
18 X 50 60 65 70
Y 101 106 126 142
19 X 1 3 7 8 11
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Y 21 87 370 492 1344
20 X 19 26 29 51
Yy |10,88|12,18 (12,67 | 15,5
1 X 11 15 19 24
Y 2,7 3,1 3,34 | 3,56
X 2 7
22 > ?
Yy | 1,23 2,1 2,4 2,67
X 2 3 5 6 8
23
Y 9 23 157 408 2756
X 3 4 5
24
Y -41 -87 -205 | -315
X 4 5 6 7
25
Yy | 0,29 | 0,38 | 0,46 | 0,54 | 0,62
X 2 4 5 7
26
Y 14 268 699 2970
07 X 11 14 17 21 24
Y 6,6 5,3 4,3 3,2 2,6
X 2 6 8 10
28
Y | 1,65 5,5 6 6,4
29 X 8 12 14 17
Yy | 32,3 | 26,1 | 19,9 | 22,2

MOIEJIUPOBAHUE U PACUYET 2JIEKTPHYECKHUX I.[EHEI71 B
BUPTYAJBHOM DJIEKTPOHHOM JABOPATOPUU
PeasibHbIE MCTOYHUKH JJICKTPUUYECKON HHEPTHMM MOMKHO TMPEIACTABUTH

JIBOSIKO:

1) B Buage reHeparopa HampsbkeHus, KoTopbld xapakrtepusyercs OJC E,
YUCJIICHHO pPAaBHOM HAIPSHKEHUIO  XOJOCTONO XOJa M BKIKOYECHHOU
MOCJIE0BATEILHO C BHYTPEHHUM COIMPOTHUBIICHHEM Ri;

2) B BHUJIE€ Te€HepaTopa TOKAa, KOTOPBIA XapaKTEpPU3yEeTCSd TOKOM I, YHCIIEHHO
PaBHBIM TOKY KOPOTKOT'O 3aMbIKaHUSI pEAJIbHOTO UCTOUYHHKA, U MapaJIJIEILHO
MOAKIIOYEHHON TPOBOAUMOCTHIO GI.

ITepexon oT reHepaTOpa HAMPSKEHUS K SKBUBAJICHTHOMY T€HEPATOpPy TOKa

OCYIIECTBIISCTCS TI0 (hOpMyJIaMm:

I=E/Ri, Gi= 1/Ri, (1)
a oOpaTHBIM TEpeXoJ OT TeHepaTopa TOKa K 3KBHBAJEHTHOMY TE€HEpaTopy
HaMpspKeHUs 1o GopMyiam:

E=I/Gi, Ri=l/Gi (2)
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VY wuaeanpbHOTO reHepaTtopa HampsKEHUs BHYTPEHHEE compoTuBiieHHe Ri
pPaBHO HYJIO, & y HJCAIHHOTO T€HEpaTopa TOKAa paBHA HYJIIO BHYTPECHHSS
npoBoAUMOCTh Gi.

3akon Oma

3-1 OMa I y4yacTKa HemM: TOK B NMPOBOJHUKE | paBeH OTHOIIEHUIO

najgeHuss HampsbkeHuss U  Ha ydacTKe 1M K €€ DJICKTPHUYECKOMY

COIPOTUBIIEHUIO R:
I1=U/R 3)

K]

AAA
Wy
X

1008

-

Puc. 1. IIpocreitmas nemnp noCTOSHHOTO TOKA

3akoH OMa WTIOCTPUPYETCA CXEMOM Ha pUC. 1, U3 KOTOPOW BUIIHO, YTO
Ha YydyacTke uenu ¢ comnpotuBieHneM R=100 Owm co3gaercsi TajacHue
Hanpstkenuss U=9,09B, uamepsiemoe BosbTMeTpoM. CornacHo (3) TOK B Lienu
1=9,09/100=90,9 mA, 9T0 ¥ U3MEPSET MOCICAOBATEILHO BKIIOUYCHHBIN B IICTIH
amriepMerp. OTMETUM, YTO B PACCMATPUBAEMOM CXEME BHYTPEHHEE COMPOTUBJICHUE
ammepMerpa BbIOpaHO paBHeIM 10" OM, T.e. OYeHb MajbIM, a BXOIHOE
conpoTuBieHue BoabT™MeTpa -10"2 OM, T.e. OueHb GONBIIUM, YTOOBI TOAKIFOUYECHUE
W3MEPUTETBHBIX TPUOOPOB K IEMH HE OKAa3bIBAIO CKOJBKO-HHOYIh 3aMETHOTO
BIIMSIHUS HA PE3YJIbTAThl U3MEPECHUM.

Otmerum HaszHauenue kmoued K m X Ha puc. |, ympaBisieMbIX HaXaTUEM
OJIHOMMEHHBIX KJaBuIll KJIaBuaTypbl. Ilpu pa3mbikanun kimoya X B cXeMme
peanu3yercsl peXKUM XOJOCTOro Xoja, npu 3ToM BoJbTMeTp U usmepser DJ1C
ucroynuka E=10 B, a BonbT™MeTp Ui umeeT HyJieBble Noka3aHus. [Ipu 3aMmblkaHun
Kio4a K B cxeme peaausyercsl pekuM KOPOTKOTO 3aMblKaHUs U, coriacHo (1), Tok
KopoTkoro 3ambikanusi lo=FE/Ri=10/10=] A. Tlpu stom BombTMeTp Ui usmepser
najgenue Hanpsokenus Ui=lo-Ri=10 B.

3-0 OMa 17151 MOJIHOM HeNu: TOK B 3aMKHYTOM 3JICKTPUYECKOW LENMU PaBEH
OJC ucrounuka E, AeneHHONl HAa CONPOTHUBIEHUE Bced uenu. [[puMeHHUTeNnbHO K
Lenu Ha puc. | ee MojJHOE CONMPOTUBIEHUE paBHO Ri + R, U HA OCHOBaHUHU 3aKOHA
Owma nonryqaem [=E/(Ri+R)=90,9 mA, 910 1 n3MepseT aMIepMET.
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OTtMmeTuM, 9TO Ha JUCIUIEE aMIlepMEeTpa OTOOPaKaIOTCsI TOJIBKO TPU CTapIINE
pa3psiia U3MepseMON BEJIMUMHBI, TAK YTO PE3YJIbTAT U3MEPEHUS OKPYIJISIETCS.

O0600mennbIii 3-H OMa: TOK B 3aMKHYTOM OJHOKOHTYPHOH LIENH paBeH
OTHOIlIeHHIO anreOpanyeckoil cymmbl Bcex JJIC k apudmernyeckoil cymme Bcex
conpoTtuBieHuil. Ilepex pacuerom BbIOMpAIOT HampaBiieHWEe 00X0Ja KOHTypa U
CUMTAIOT 3TO HalpaBJIEHUE 3a TMOJOXKUTEIbHOE HampaBieHue Toka. llpu
onpenenenun anredpanyeckon cymmbl JDJIC co 3Hakom tuiroc Oepyt Te DC,
HaIpaBJIeHUs] KOTOPBHIX COBNAAAIOT C BHIOPAHHBIM IMOJOXKUTEIBHBIM HAINpPaBICHUEM
TOKa, U €O 3HaKOM MHHYC — D/[C ¢ IpOTHUBOMNOJIOAKHBIMU HAIIPABICHUSIMHU.

B xagecTBe nmpumepa pacCMOTPUM OJTHOKOHTYPHYIO IeTh (pUc. 2), COCTOSIIYIO
13 UCTOYHHUKOB HanpspkeHust £1=120 B, E2=40 B n pe3ucTopoB ¢ CONPOTUBJICHUSIMH
RI=12 Om u R2=8 Om. Onpenenum HanpsoKEHUE MEXKIy ToukaMu A u B.

A
£1 E2
120v 4oV

[z 3 v
R R2
129 eR
5 |

Puc. 2. OgHoKOHTYpHas Lenb C ABYMSI HICTOYHHKAMU HANPSIKEHUS

Bri6epem HanpaBiieHne 00xoaa KOHTypa 1o 4acoBO#l cTpenke. B Takom ciiyvae
O/IC E1 Bouzer co 3HakoM "+", mockonapKy TOK oT El coBmagaeT ¢ HanpaBlIEeHUEM
0o0xona (IOJIOKUTENbHBIM HANpaBICHUEM TOKa BO BHEIIHEH ILENH CUYHUTAETCS
HaIIpaBJICHUE OT ITOJIOKUTENBHOIO K OTPULATEIBHOMY 3aXMMY HCTOYHMKA). [Ipn
obxone ke BeTBM C HCcTOYHMKOM E2 HampaBieHue o0XxoAa HE COBHAJaeT C
HaIlpaBJIECHUEM TOKa, KOTOPBIA CO3A€TCS ITUM UCTOYHUKOM.

[ToaTomy mJist cxembl Ha puc. 2 Tok B uenu /=(E1-E2)/(R1+R2)=80/20=4A.
Tak Kak BeJWYMHA TOKA IOJY4YWJIACh IIOJOKUTEIBHOM, TO, CIIEIOBATEIbHO,
HalpaBJI€HUE TOKAa COBNAJAET C BbIOpaHHbIM. Ecinum Obl pe3yapTaT MOy YHIICS
OTpULATENBHBIM, TO 3TO O3HAYAET, YTO JEHCTBUTEIBLHOE HAIpPaBJICHUE TOKA B LIENHU
MPOTHUBOIIOJIOXKHO BEIOPAaHHOMY.

Hanpsoxkenne U, Mmexny ToukamMu 4 U B onpenensercs: ¢ MOMOIIBI0 3aKOHA
Owma miig yyactka uenu. Beibepem yuactok A-E2-B. Jlns sTtoro yyactka 3akoH Oma
3aMUILIETCS B CIAEAYIOIIEM BUJIE:

I=(Uab-E2)/R2, otxkyna Uab=E2+I-R2=40+4-8=72 B.
3axkonvt Kupxzogha

45



IlepsBolii 3akon Kupxroga: anredOpanueckas cyMMa BCEX TOKOB, BTEKAIOIINX
B 1000 y3en, paBHa HyJ0. TOKH, BTEKAIOIIUME B y3€J, YCJIOBHO NPUHUMAIOTCS
MOJIOXKUTENIBHBIMY, @ BBITEKAIOIME U3 HEr0 — OTPUILATENbHBIMU (MJIM Hao00O0pOT).
Ecnu, nanpumep, B y3en BTeKaeT TOK //, a BBITEKAIOT TOKH /2 1 13, TO IEpPBBI 3aKOH
Kupxroda MoxeT ObITh 3anvcan B BU€ Bblpaxkenusi: 17-12-13=0.

Bropoii 3akon Kupxroda: anredbpanueckas cymma IJ[C m0060ro 3aMKHYTOTO
KOHTypa paBHa ajre0pandyeckoil cyMMe MaJeHUM HANpsHKeHUH Ha BCEX ydacTKax
KOHTYpa.

[Ipu mpumenenun BToporo 3akoHa Kupxroda HeoOX0IUMO YUUTHIBATH 3HAKH
O/1C u BpIOpaHHOE HalpaBl€HHWE TOKOB Ha BCEX ydacTKax KoHTypa. HampaBnenue
00x0J1a KOHTYpa BBIOMpAETCs MPOU3BOJILHBIM; MPHU 3alMCH JICBOM YaCTH PAaBEHCTBA
OJIC, HampaBieHHMs KOTOPBIX COBMAJAIOT C BBIOPAHHBIM HallpaBlIeHHEM 00Xo0Ja
HE3aBUCUMO OT HAIpaBJICHUS IPOTEKAIOIEro Yepe3 HUX TOKa, NPUHUMAOTCA
nojoxkutenbHbiMu, a  OJIC  oOpaTHOro  HampaBleHHS  NPUHUMAIOTCS
oTpunarenbHbiMU. [IpH 3amucu mpaBol YacTH paBEHCTBA CO 3HAKOM ILTIOC OepyTcs
NaJeHUs] HAIpsDKEHHUS Ha TE€X Y4YacTKaX, B KOTOPBIX IMOJIOKUTEIBHOE HAIpaBIECHUE
TOKa COBIIaJAeT C HalpaBieHUeM 00xo/1a He3aBUCUMO OT Hanpasienus J/]C Ha 3Tux
y4acTKax, M CO 3HAKOM MHHYC — Ha Yy4YacTKaX, B KOTOPBIX MOJIOXHUTEIbHOE
HaIpaBJIeHUE TOKA MPOTUBOMOI0KHO HAIIPaBICHUIO 00X0/1a.

OO6mast meronuMka npuMeHeHUs 3akoHOB Kupxroda s pacuera CIOXKHBIX
MHOTOKOHTYPHBIX LIENIEH TAaKOBA. Y CTAaHABIMBAETCA YHCJIO HEU3BECTHBIX TOKOB,
KOTOPOE€ PaBHO 4YMCIHy BeTBed p. 1 Kakaoil BETBH 3aJa€TCs IMOJIOKUTEIBHOE
HalpaBJeHUE TOKa. UMCIIO HE3aBUCHMBIX YPaBHEHHUH, COCTABJISIEMBIX IO MEPBOMY
3akoHy Kupxroga, paBHO unciy y3/10B ¢ (TOUYEK COEIMHEHUS HE MEHEe 4YeM Tpex
IIPOBOJHUKOB) MHHYC €AUMHMLIA, T.€. ¢-I/. YHCIO0 HE3aBUCHUMBIX YpPaBHEHHI,
COCTaBJISIEMBIX MO BTOpOoMYy 3akoHy Kupxroda, paBHO yucity KOHTYpoB n=p-q+I1.
OO1ee 4YMCIO YpaBHEHMI, COCTaBISEMBIX IO IMEPBOMY M BTOPOMY 3aKOHaMm
Kupxroga, paBHO 4yncily HEU3BECTHBIX TOKOB p. PelieHne 3Toi cucteMbl ypaBHEHUN
U J1a€T 3HAYEHHS] HICKOMBIX TOKOB.

JIns WUTIOCTpaluy U3J0KEHHOM METOJMKHA PAaCCMOTPUM MHOTOKOHTYPHYIO
I[EeTb TTOCTOSTHHOTO TokKa Ha puc. 3. B »aToil nenu Bcero tpu y3na: 4, B u C (q=3),
CJIEIOBATENBHO, YHUCIO HE3aBUCUMBIX YPAaBHEHHUH, COCTABISEMBIX [0 IEPBOMY
3akoHy Kupxroda, Oyaer Ha equHUIly MeHblle, T.e. ABa. [Ipu ducne BeTBed 1enu
p=35 uucno KOHTypoB n=35-3+1=3, cienoBarenbHoO, MO BTOpoMy 3akoHy Kupxroda
MO’KHO COCTaBUTb TPHU B3aMMHO HE3aBHCHUMBIX ypaBHeHMs. Takum oOpa3om, obiee
YUCJIO HE3aBUCUMBIX YPaBHEHM, COCTABIISIEMBIX 10 NEPBOMY M BTOPOMY 3aKOHaM
Kupxroda, 6yeT paBHO UnCITy HEU3BECTHBIX TOKOB B IISITH BETBSAX CXEMBI.
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Puc. 3. MHOrOKOHTYpHas LIEMb MOCTOSSHHOT'O TOKa

Bribepem MONOKWTEIBHBIE HAINpaBICHUS TOKOB, KOTOpPbIE Ha CXEMe
0003HaYeHbl COOTBETCTBYIOIIMM BKJIIOYEHUEM amriiepmeTpoB. Hampumep, Tox 71
TEUET CIpaBa HAJEBO U BTEKaeT B y3el A (IMOJOKUTEIIbHOE HAMpPABICHUE TOKA),
MMOCKOJIbKY OTpHUUATENIbHASA JIEMMa, OTMEUEHHAas YTOJIIECHHOW YEPHOM JIMHUEH,
HaxXOJUTCS ClIeBa W TOK dYepe3 amrepMerp Oyner Teub copaBa HaleBo. Tok /2
BBITEKAET U3 y371a A, MOCKOJbKY TOK Yepe3 OJHOMMEHHBI ammepMmeTp OyAeT Teub
CBEpXy BHM3 (K OTPULIATEIBHOMY 3aKMMYy, DPACIOJOKEHHOMY Ha HIKHEW TpaHu
WKOHKH) U T.1.

CocraBuMm cucreMmy ypaBHenuit Kupxroda:

s y3a A 11-12+13-15=0

1 y3na B -[1-13-114=0

1 KoHTypa ABFA EI+E2=I]-RI-13-R3

st koutypa ABCA E3=-13-R3+I14-R4+15-R5
ns koutypa ADCA E2=12-R2+I5-R5

[locne mnoACTaHOBKM B TOJYYEHHbIE YPABHEHUS YHUCJIOBBIX 3HAYEHHH OHH
MPUOOPETAIOT CIEAYIOIIUN BU/L:
[1-12+13-15=0
[1-13-14=0
6-11-10-13=20
-10-13+2,5-14+15-15=5
5:-12+15-15=70
PewuB nosiy4eHHy1o cUCTEMY ypaBHEHUM, umeeM: [1=5A4; I12=8A; I3=1A; I4= -
6A4; 15=24, 9T0 COOTBETCTBYET MOKa3aHUSIM MPUOOpoB. OTpUIIATENbHBIN 3HAK IS
Toka [4 o3Hayaer, 4YTO MCTUHHOE HANPABIECHHWE ATOr0 TOKA MPOTHUBOIOJIOKHO
[MPUHATOMY.
MeTox KOHTYPHBIX TOKOB
MeTo KOHTYpHBIX TOKOB (MeToJ MakcBeiia) HaOMUHAET METOJI pacyera ¢
UCIOJIb30BaHUEM 3aKOHOB Kupxroga, oIHAKO OH HECKOJBKO MPOIIE U IMOITOMY
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noJiyuns OoJbliiee paclpoCcTpaHeHHE Ha MPAKTUKE MPU pacueTaX MHOTOKOHTYPHBIX
Lenen, COCTOSUIMX W3 N HE3aBUCUMBIX KOHTYpoB. OmnpeneineHue TOKOB B BETBAX
CBOJUTCS K PELICHUIO CUCTEMBI n=p-g+] ypaBHEHUU IJI1 KOHTYPHBIX TOKOB [, [,
L ...; NEWCTBUTENBHBIN XK€ TOK B KaXKJIOW BETBM HAXOJUTCSA Kak ajiredpamdeckas
CyMMa KOHTYPHBIX TOKOB, IPOTEKAIOUIUX YEPE3 COOTBETCTBYIOIIYIO BETBb. BbIOOp
HaIlpaBJICHU KOHTYPHBIX TOKOB TIpou3BoJieH. Kaxnas W3 BETBEH CIOXKHOU
AIEKTPUUECKON LIENHU JOJIKHA BOUTH XOTS Obl B O/IMH U3 aHAIIM3UPYEMBIX KOHTYPOB.
JIist WIUTIOCTpalMi pacCMaTpUBAEMOro0 METOJa pacyeTa o0paTUMCs K CXeMe Ha
puc.4, Ha KOTOpOl BbIOpaHHBIC HAIIPABJIIEHUS KOHTYPHBIX TOKOB OO0O3HAUYEHBI
CTpEJIKaMH, TOKH B BETBSX KOHTYPOB — PpACIIOJIOKEHHEM BXOAHBIX 3aKUMOB
aMIIEPMETPOB.
CocraBuM cHCTEMY YPaBHEHMI 1711 KOHTYPOB:

El-E2-E3= 11k (RI+R2)- I2k R2
E2-E4= 2k (R2+R5+R4)- I3k R4- 11k R2
-E3-E4= I3k (R6+R4)+ 2k R4

[locne noaCTaHOBKY YHCIIOBBIX 3HAYEHHUM MOJYYUM:
60=2011k—-10 12k
24=-1011k +22 2k +7 I3k
-16=7 2k +22 I3k

Pemus o1y cucteMy ypaBHEHUN, HAaJIEM KOHTYPHBIE TOKHU:
Ilk=35A4, I2k=4A4, I3k=-2A.

Tenepsb HaiiieM UCTUHHBIE TOKH BO BCeX BeTBsAX. B BeTBH, rie aeiicteyet I/1C
El, uctuHHbBINA TOK /] uMeeT HampaBieHUE KOHTYpHOTO Toka //k w paBeH emy: /1=
Ilk= 54. B BetBu c compoTuBieHHeM R5 UCTUHHBIM TOK /5 MMeEeT HalpaBieHUE
KOHTypHOTO TOKa /2k u paBeH emy: I5 = [2k = 44. B BeTBuU c conpoTuBieHuemM R6
VUCTUHHBIA TOK /6 MMEET HaIpaBJICHUE, TPOTUBOIIOJIIOKHOE KOHTYPHOMY TOKY I3k, U
paBeH 16= - I3k = 2 A. B BeTBU C cCONpOTUBIECHUEM R2 WCTUHHBIN TOK /2 TIOIy4YHUTCS
HaJIOKEHUEM KOHTYPHBIX TOKOB //k u I2k u Oyaer umeTh HanpaBieHue OOJIbILIErO U3
Hux, T.e. [2= Ilk - 12k =14. B BeTBU C CcONpOTUBIEHUEM R4 HCTHUHHBIA TOK [4
MOJIYYUTCS] HAJOKEHUEM KOHTYPHBIX TOKOB [2k u I3k v OyneT uMeTb HamnpaBlIeHHUE
OoJbIIIero U3 HUX, T.€. [4= 12k + I3k =4+(-2)=2 A. B BetBu, rae aeiicteyer DJC E3,
WCTUHHBIN TOK /3 MOJIyYUTCSl HAJOKEHUEM KOHTYpHbIX TokoB //k w I3k m Oyner
UMeTh HampaBiieHue Toka [lk, t.e. I3= Ilk + I3k =5+(-2)=34. U3 cpaBHeHus
MOJyYEHHBIX PAaCUYETHBIX JAHHBIX C MOKa3aHUSMU NPUOOPOB Ha puc. 4 BUAHO, YTO
OHM IIOJIHOCTBIO COBIIAJIAOT.
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Puc. 4. CxeMa clioKHOM TPEXKOHTYPHOM LIETIH
Memoo nanoscenusn

IIpu Merone HanoKEHUST TOK B JIOOOW BETBU CXEMBI PACCUUTHIBAETCA Kak
anreOpanyeckasi CyMMa TOKOB, BbI3bIBa€MbIX B Hel kaxjaoil DJIC B OTAEIbHOCTH.
[Ipu 3TOM mpeanosiaraeTcs, YTo Mpu aHaiause BozaeicTBus oaHor DJIC ocTabHbIE
O/JIC npuHMMArOTCS paBHBIMU HYJIO W IIPH pacyeTax YUYWUTHIBAKOTCA TOJIBKO MX
BHYTPEHHUE COMPOTUBIICHUSI.

[Ipu ucnosb30BaHUM METO/AA HAJOXKEHUS MOTPEOYIOTCS HEKOTOpPhIC HABBIKU B
npeoOpa3oBaHUK JJIEKTpUUECKUX ILened. Bo Bcex ciyyasx 3amMeHa OJHUX CXEM
IPYTMMH, UM DKBUBAJICHTHBIMHM, HE JOJDKHA NPUBOAUTH K U3MEHEHHUIO TOKOB H
HaMpsHDKEHUM Ha y4yacTKax IeNu, He MoJBeprmmxcs npeodpazoBanuto. Haumbomee
pacmpocTpaHeHHbIE M YacTO yHoTpedssiemble MpeoOpa3oBaHUs LIETIeH CBOISATCSA K
CJIE Ty FOLIUM.

1. 3amena mnocneqOBaTEIbHBIX CONPOTHBICHUNW OJHHUM 3KBUBAJCHTHBIM.
OKBHUBAJIEHTHOE CONPOTUBIECHHE R 1enu, COCTOSENH U3 TOCIEI0BATEIIHHO
COEOUHEHHBIX CONPOTUBIICHUH R;, R;,...,.R,, paBHO CyMM€ 3THUX COPOTUBIICHUM:

R=RI+ R2+...+Rn (4)

2. 3aMeHa TApaUICNIBHBIX  CONPOTUBICHHM  OOHUM  DKBUBAJCHTHBIM.
ConpoTuBiieHUs NapajulelibHbl, €CIM BCE OHU MPUCOEAMHEHBI K OJHOW IMape y3JO0B.
OKBUBAJICHTHOE CONpOTUBIEHUWE R 1enm, cocrosimed w3 psjaa napauiebHO
COCIMHEHHBIX COMPOTUBIICHUH, ompenensercs u3 (GOpMyJbl CyYMMHPOBaHUS
MIPOBOIMMOCTEH: I/R=l/RI+Il/R2+...+I/ Rn (5)

B cnydae aByX mapainieinbHO COeIMHEHHBIX conpoTuBiienniit R=RI1-R2/(R1+R2).

3. IlpeoOpa3oBaHue TpeyrojbHHUKA CONPOTHBICHHN (puc. 5, a) B
HKBUBAJICHTHYIO 3BE3/ly COMpOTUBJIEHUN (puc. 5, 6) u HaobopoT. DopmyIibl
npeo0pa3oBaHU UMEIOT CIEAYIOIINA BUI:

RI=RI2 R31/A; R2=R23 R12/A; R3=R31 R23/A;
RI2=RI+R2+RI1 R2/R3;
R23=R2+ R3+R2 R3/RI;
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R31=R3+RI+R3 RI/R2,
rae A=RI12+R23+R13.
1 1

R1

= R12

Add
h—

R13

R3 R2
3 R23 2 3 2

a) 0)
Puc. 5. BkitoueHue conpoTUBICHUN TPEYTOJIbHUKOM (@) U 3Be37101 (0)

BepHeMcs Kk METOy HaJIOKEHHUSI U PACCMOTPUM €r0 MPUMEHEHUE JUIsl CXEMbl
Ha puc. 3.6. B 910l cxeme BCe MCTOUYHHMKHU HAINPSDHKEHUS HACATbHBI, MOITOMY HX
BHYTPEHHHE CONPOTHUBIICHUS paBHbl HYIIO. [Ipennonoxkum, 4ro OEWCTBYET TOJBKO
O/1C El, a Bmecto E2 Gyner mpocTto mpoBOAHUK (KOPOTKOE 3aMmblkaHHue). B sTom
ciyuyae DJIC E1 HarpyxeHa Ha S5KBUBAJICHTHOE COIPOTUBIICHHE

Ris=R2-R6/(R3+R6)+R4-R5/(R4+R5)=8 Om.

[Ipu 5TOM TOKU B BETBSIX COCTaBSIT:
1I'=E1/R 5 =96/8=12 A;
13'=11""R6/(R3+R6)=12-6/9=8 A;
14'=11""R5/(R4+R5)=12-10/25=4,84;
12'=[3"-14'=8-4,8=3,2 A;
16'=11"-13'=12-8=4 A,
15'=11"-14'=12-4.8=7,2 A.

[lepelimeMm Ko BTOpOMy 3TaIly, koraa aktuBHoi siBisiercst O[IC E2, a E1 —
3akopoueHa. B atom ciiywae 3/IC E2 HarpyeHa Ha SKBUBAJIICHTHOE CONPOTUBIICHUE
R25k6=R3*R4/(R3+R4)+R5*R6/(R5+R6)=6,25 Om. Ilpu 5TOM TOKH B BETBSIX
UMEIOT CIEAYIONIUE 3HAUCHUS;
12"=E2/R22x6 =75/2,5=12 A;
13"=12"-R4/(R3+R4)=12-15/18==104;
16"=12"-R5/(R5+R6)=12-10/16=7,54;
11"=13"-16"=10- 7,5=2,5 A;
14"=12"-13"=12-10==2 A;

I5"=12"-16"=12-7,5=4,5 A.
CknanpiBasg anreOpandeckd TOKH, MOJIy4eHHbIe OT aeuctBus kaxiaou OJC B

OTJEIbHOCTH, HaliJIEM UCTUHHBIE TOKH B KaXK/10M BETBH:
[1=11"-11"=12+2,5=14,5 A;
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D2=12"+]2"=3,2+12=15,2 A;
[3=13"+13"=8+10=18 A,
14=14"-14"=4,8-2=2,84;
I5=15'+15"=72+4,5=11,7 A;
16=16"-16'=7,5-4=2,54,

qTO COBIIAAACT C pE3yJibTaTaMU MOJCINPOBAHMA.
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Puc. 6. CxemMa MHOTOKOHTYPHOM LIENHU
Memoo 3Keueanenmnozo cenepamopa

Meton 3KBHBAJIEHTHOIO T€HEPATOPA HAIPSIKEHHS HA3bIBAIOT MHOTIA METOAOM
KOPOTKOT'O 3aMbIKaHUS M XOJOCTOr0 X0/1a WJIM METOAOM aKTHBHOTO JIBYXITOJIIOCHHKA.
C ero nomomibIo ONpeaenseTcs TOK B ONpeaesIieHHON BeTBH cxeMbl. HazoBem ee AB u
MPEANOJIOAKUM, UTO OHA COJIEPKHUT OJHO conpoTuBieHUEe R. {15 HaX0XKAEHUS TOKa B
TOM BETBU pa3MbIKAIOT BETBb M JIOOBIM M3 PACCMOTPEHHBIX BBIIIE METOJOB
OMPENENAI0T Pa3HOCTh MOTEeHIUaNoB Uxx Ha 3axumax A, B pa3oMKHyTOil BETBH
(peXuM  XOJIOCTOTO XOJia). 3aTeéM BBIYUCIACTCS CONPOTUBICHHE KOPOTKOTO
3aMBIKaHHsI Rx3 paBHOE DKBUBAJECHTHOMY CONPOTHBIICHUIO OCTaNbHOM nenu. [Ipm
TOM UMEIOLIUECS B CXEME MCTOYHHMKHU JIOJKHBI OBITh BBIKIIOYEHBI M 3aMEHEHBI MX
BHYTPEHHHMH COINPOTUBIICHUSIMHU, a IIMTAHUE CXEMBl OCYLIECTBIIAETCS  OT
ITIOCTOPOHHETO MCTOYHMKA, MOIKIIOUYEHHOIO K 3aXuMaM A4, B uccieyeMoil BETBH.
CrenyromumM 3TanoM  SBISETCA PEXKUM KOPOTKOrO 3aMBIKAHHUSA, IPU KOTOPOM
ONpeneNsAeTCs TOK /K3 B BETBU AB Npu 3aKOPOUYEHHBIX 3aXuMax A, B. 3ameTrum, 4To
ATOT 3Tal HE 00s3aTeNieH, €CIU CONMPOTUBIIEHUE RK3 yAAIOCh ONPEACIUTh APYTUM,
Oosee mpocThiM crocoOoM. Ecnu ke pexum KOpOTKOTO 3aMbIKaHMSI BCE-TaKU
MPUILIOCH NPUMEHUTD, TO B 3TOM ClIy4ae

Rxz = Uxx/Ix3 (6)

Y UCKOMBII TOK B BETBU ONPEIEISAETCS U3 BBIPAXKCHMUS:

I= Uxx /(R+ Rxk3) (7)
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IlepeitneM Kk KOHKpeTHOMY IpuMmepy. st 3TOro BOCIONIB3yeMCs CXEMOW Ha puc. 7/,
KOTOpasi IpPEJCTaBIsIeT COOOM MOCTOBYIO CXEMy M3 JBYX IIied, 0Opa30BaHHBIX
pesuctopamu Rl, R2, R3, R4. B oaHy AuaroHalib MOCTa BKJIIOUYEH HJICATbHBIN
WUCTOYHUK HalpspKeHWs £ W NepexiIodarenb, YIPaBISIEMbIM KiIaBumen F
KJIaBUATYPBI.
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Puc. 7. MocToBas cxema B peKUME XOJIO0CTOTO X0Aa

B npyryroo numarosHanp mMoCTa BKIIOYEH Pe3UCTOp RS ¢ kimodoM X, KOTOpBIU
YIIPABIIAETCS OAHOUMEHHOM KilaBuller. Hamen 3anauent ABiIs€TCA ONpeaesIeHUe ToOKa
yepe3 pe3uctop RS B pabodeM COCTOSHUM, KOorda Kirod X 3aMKHYT. B mosioxeHuu
Kioya X, MOKa3aHHOM Ha cxeme (KJIH0Y Pa3OMKHYT), peaiu3yeTcsl MepBbIA 3Tan
MOJENUPOBAHUSI — PEKUM XOJIocTOro xoja BetBu CD. B 3ToM pexume uepes
conportuBiieHust Rl, R2 nporekaeT Tok [', a yepe3 conpoTusBienust R3, R4 — toxk 1",
KOTOpbIE paBHBI COOTBETCTBEHHO [ '=E/(RI+R2)=120/75=1,6A4,

I"=E/(R3+R4)=120/150=0,84.

I[Ipu »TomM mnoteHuuansl B Toukax C W D ONpenensiioTcs NaJeHUSIMU

HanpspkeHui Ha pesuctopax Rl u R3: Uac=I'RI=1,6*60=96B;
Uad=I"R3=0,8 *90=72 B.

Pacnomaras norennmanamu touek C W D, HETpyAHO HAWTH W HAIPSKEHHE
MEXAY HUMHU, KOTOPOE PABHO HAIPSKEHUIO XOJIOCTOTO X0/a:

Ucd = Uxx = Uac - Uad =96-72=24 B,
YTO COOTBETCTBYET MMOKAa3aHUSIM MYJIbTUMETPA Ha pUC. 7.

Tenepp HaiiieM CONPOTHBIEHHE KOPOTKOro 3amMbikaHus. Kak oTMeuanoch
BBIIIIE, CJICIATh 3TO MOKHO JIByMsI CIIOCOOaMH.

1. IlyTeM HEMOCPEACTBEHHOTO pacyeTa C MCIOJIb30BAHHEM JAHHBIX CXEMbI. B
ATOM CJIy4ya€ HCTOYHUK FE HYXHO BBIKIIOYHTh, OCTABUB €r0 BHYTPEHHEE
CONPOTUBIICHUE, PaBHOE B JaHHOM ciydae HyJ0. CONpOTUBIEHHE KOPOTKOTO
3aMbIKaHUS OyJIET paBHO CONIPOTUBIICHUIO 1eTH Mex Ty Toukamu C u D:

Rx3=RI*R2/(RI+R2)+R3*R4/(R3+R4).
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[Ipu monmenmpoBaHuM Ha cXemMe puc. 7 HEOOXoAMMO K4 E mepeBecTd B
JIPYyTro€ TIOJOXKEHUE, & MYJbTUMETP — B PEXKHUM OMMETpa. Pe3ynbTaTbl Takux
JCUCTBUM TMOKa3aHbl HA pHUC. §, OTKyJa BUAHO, YTO PE3YJbTaTbl MPOBEICHHOTO
pacyeTa MOJHOCTBIO MMOATBEPKAAIOTCS PE3YyIbTaTaMHA MOJIECITUPOBAHHS.
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Puc. 8. MocToBas cxema B PEXKHUME OIMPCACIICHUA COIIPOTHUBIICHHUA KOPOTKOT'O

3aMbIKaHUS

2. ckoMoe COnpOTUBJIEHNE MOKHO HAWTH U IPYTUM ITyTeM. JJist 3TOro Hy>KHO
3aMKHYTb TOYKHU C W D HaKOpPOTKO, BBIUHUCIUTH TOK [k3, MPOTEKAIOIIMI uepes
KOPOTKO3aMKHYTBI Y4acCTOK, U COIMPOTUBJIEHWE KOPOTKOTO 3aMBIKAHUS ONPEIECTUTh
o ¢opmyte (6). Jlist MOIeIMPOBAaHKS TaKOTO PeKMMa HEOOX0IUMO KoY £ BEpHYTh
B UCXOJHOE COCTOSIHUE, & MYJIbTUMETP NIEPEBECTH B PEKUM amiiepMeTpa. Pe3ynbTaTel
MOJICIUPOBAHUsl TOKa3aHbl HAa PHUC. 9, U3 KOTOPOrO BHUJIHO, YTO TOK KOPOTKOIO
3ambikanus paBeH 0,5 A. Torna Ha ocHoBaHuU Ghopmyiibl (6) Rk3=24/0,5=48 Om.
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Puc. 9. MocToBas cxeMa B pe:KUME KOPOTKOTO 3aMbIKAHUS UCCIENYEMON BETBU
3. Tenepb MOKHO OMPEACIUTh U UICKOMBIN TOK, UCTIONB3YsI opmyay (7):
15=U./(R5+Rk)=24/(12+48)=0,4 A.
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JIns MoJieTMpOBaHUs CXEMBI B TAKOM PeXuMe Kirod X He0OX0AMMO 3aMKHYTh, a
MYJIbTUMETP TMEPEBECTH B PEXUM BOJbTMETpa. Pe3ynbrarbl MOJETUPOBAHUS
MoKa3aHbl Ha puc. 10 U3 KOTOPOro BUIHO, YTO MAJCHUE HAMPSIKEHUS HA PE3UCTOPE
R5 paBno 4,8 B, T.e. Tok B uienu paBeH 4,8/12==(0,4 A, 4TO COBIaJaeT C paCuYE€THHIM
3HAYCHUCM.
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Puc. 10. MocrtoBas cxema B paboyeM COCTOSIHUU

KpoMe meTona SKBUBAJIGHTHOTO T€HEPATOPA HAMPSIKEHHUSI, CYIIECTBYET TaKXKE U
METOJ] SKBUBAJIEHTHOI'O reHepaTopa Toka. Ero mpuMeHeHre OCHOBAaHO Ha B3aMMHBIX
npeoOpa3oBaHUAX MCTOYHMKA TOKAa W MCTOYHUKA HAIPSIKEHUS C HCIOJIb30BAaHUEM
dbopmyin (1) u (2). MeTon >KBHBAJEHTHOIO FeHEpaTopa TOKA Ha MPAKTHKE HAIlel
OrpaHUYECHHOE IPUMEHEHUE, [IO3TOMY PACCMATPUBATh €r0 HE OYJIEM.

Hnousuoyanvrvle 3a0anus
1. Yro mpexacraBisieT coOOMl PEXUM XOJOCTOTO XOJa U PEXUM KOPOTKOIrO
3amblkaHusa? [{ns cxemsbl Ha puc. 1 mpoBeAUTE MOAETUPOBAHUE PEKUMOB XOJIOCTOTO
X0/1a ¥ KOPOTKOT'O 3aMbIKaHUSI U CPABHUTE MOJTYUYEHHBIE PE3YJIbTATHI C PACUETHBIMH.
2. Chopmynupyiite 3akon OMa Juist yyacTka 1enu. YeM oH OTauvaeTcsi OT 3aKOHa
Owma ns monHou nenu? IlpoBenuTe MOJENMpPOBAHUE CXEMbl HA PHUC. 2, YMEHbIIINB
OJC ucrounnkoB El u E2 B 4 pa3a.
3. Chopmynupyiite nepBbiii u BTopor 3akonbl Kupxroda. [IpoBeaute pacyeTs
M0 OTPEJICIICHUIO TOKOB B BETBSAX C MCIIOJIb30BaHMEM 3aKOHOB Kupxroda mis nenu
(puc.11 a). [Tocne moAKIIOYEHUS K CXeME HEOOXOAMMBIX H3MEPHUTEIBHBIX MPUOOPOB
nposenute e€ monaenupoBaHue. CpaBHUTE IOJIYYEHHBIE AaHHBIE C pe3yJbTaTaMu
pacyeToB.
4. Chopmynupyiite 3akonsl Kupxroda. HWcmonb3ys 3akoHsl Kupxroda,
IIPOBEINUTE PACUETHI 110 ONPENEIEHUIO TOKOB B BETBSX i 1enu Ha puc. 11 6. [Tocne
MOJKJIIOYEHUSI K CXEME€ HEOOXOIUMBIX H3MEPUTENbHBIX MPUOOPOB MPOBEAUTE €€
MojenupoBaHue. CpaBHUTE NOJyUYCHHbIE JaHHBIE C PE3YJIbTATAMH PACUETOB.
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Puc 11. JIByxkoHTypHas (a) 1 TpeXKOHTYypHas (0) enu NOCTOSIHHOTO TOKa
5. B yem 3akitouaercsa OTIIMYME METOJIa KOHTYPHBIX TOKOB OT METO/Ia pacuera ¢

UCIOJIb30BaHUEM 3aKOHOB Kupxroda 1j1s aHanoruyHeix meneid? BolmonHure pacuer
TOKOB B BETBSIX CXE€MbI Ha pUC. 4 METOI0OM KOHTYpHBIX TOKOB Tipu E1=50 B, E2==15
B, E3=5 B u E4==3 B. CpaBHuTe mNOJy4YECHHbIE [aHHBIE C PE3yIbTATAMHU
MOJEIUPOBAHUSI.

6. Kakue 3aKOHBI UCHIOIB3YIOTCSI IIPU pAcU€Te€ TOKOB BETBEM METOJIOM HAJIOKEHUS?
BbinonHuTe pacdyer TOKOB B BETBSIX CXEMbl Ha pUC. 5. METOJOM HAJOXKEHUS MpPU
EI=48 B wu E2=45 B. CpaBHuUTEe MOJy4YE€HHbICE JaHHbIE C pe3yJbTaTaMu
MOJIETUPOBAHUSI.

9. IlosicHuTe, B 4eM 3aKIIOYAETCS METOJ HAJIOKEHHs. BBINOIHUTE pacdyeT TOKOB B
BETBSIX CXEM Ha puC. (a) METOJOM HAJOXKEHHUS U MPOBEPHTE pPEe3yJbTaThl pacuera
MyTEM MOJICITUPOBAHUS.

10. Kakue 3akoHBI TEOpUU ILIENEH MCIOIB3YIOTCS B METOJI€ IKBUBAJICHTHOIO
re"eparopa? IIpoBenure pacyeTsl 1 MOAETUPOBAHUE MOCTOBOM cxeMbl (puc.7-10) Bo
BCEX PEXKUMAX IIPU CONPOTUBIIEHUU pe3ncTopa R5=6 Om.

11. [Jate TeopeTHyecKkoe ONUCAHUE TEPEXOJHBIX MPOLIECCOB B JIMHEHHBIX
AIEKTPUYECKUX LersaX. g 3aJaHHOM CXEMBI AIEKTPUYECKOW LENU OINPEICIIUTh
3aKOH U3MEHEHHSI BO BPEMEHH TOKa M0CJI€ KOMMYTAllMM B OJTHOW U3 BETBEU CXEMBI U

HaIIpsDKEHMS HA OJTHOM M3 DJIIEMEHTOB.
E=100B; R;=250m; R;=R;=500m; L=50mIH; C=10Mxd
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