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1. BBEOEHUE

B npouecce BbiNnonHeHMsa AaHHoW nabopaTopHoW paboTbl CTYAEHTHI
AOMMKHbl  HAYYUTbCA COCTaBNATb U3MEPUTENbHbIE CXEMbl Af11  CHATUSA
XapaKTepPUCTUK OMTOINEKTPOHHLIX NMPMBOpPOoB, coaepxalimx p-n nepexoqbl,
cobupaTb Cxemy n3MepeHna ¢ NoMoLLbo peaakTopa Electronics Wokbench,
perncTpmpoBaTb B pPasfnyHbIX TOYKaxX CXeMbl POPMbl HANpPs>KeHUn N TOKoB. B
yacTHOCTM, B paboTe TpebyeTcs BbIMUCIUTL 3HAYEHUA NapameTpoB are-
MEHTOB M3MEPUTENBHOW Lenu, NoslydnTb BOSIbT-aMMNEPHYHD XapaKTepUCTUKY
(BAX) p-n nepexoga, onpenenntb OCHOBHbIE NapaMeTpbl Nepexoda, a Takke
ModenupoBaTtb paboTy 3TOM CxeMbl. BaXHOM COCTaBnsoWeEn 3agaHusa K
nabopaTopHon paboTe dABNSETCA TakkKe MNOHMMaHWEe BIIUSHUA pPasfinyHbIX
napamMeTpoB Npnbopa Ha BUA U3MepsSeMbiX XapaKTEPUCTUK.

[na yoobcTtBa BbINONHEHUA nabopaTtopHaa paboTta pasbuTta Ha YeTblpe
4yacTu, B KaXOOW M3 KOTOPbIX CHadana wusnaraetca pusmnyeckoe 3HadeHue
npeasiaraeMoro K M3MEepeHuto napamMmeTpa WM XapakTepucTuku, a 3aTem
nanaraetcs unaoeonormst UX U3MepeHust cpeacreamu pepaktopa Electronics
Wokbench sepcun 4.1 unn 5.0.

2. OMNCAHUE PEOAKTOPA «Electronics Workbench»
2.1. Obwume cBegeHunn

[Mporpamma Electronics Wokbench (Bepcns Wewb 4.1) paccuuTaHa
ans pabotel B cpeae Windows 3.1 unu 95/98 n 3aHumaeTt okono 5 Mb6awnt
anckoson namatn. Bepcua Wewb 5.0 pabotaetr B cpege Windows 95/98 un
TpebyeT 16 MbGant guckoBor namaTu. [ns pasmelleHns BpeEMEHHbIX (hannoB
peaakTopy Heobxoammo okoro 20 M6anT cBoBo4HOrO NPOCTPaHCTBA NAMATH.

[Mporpamma mogenupyeT fabopaTopHbIM CTOST C UCTOYHUKAMU NUTaHUS,
HeobxoaMMbIM  HABOPOM  PAONOINEKTPOHHBLIX 3fIEMEHTOB W KOHTPOSIbHO-
nameputenbHon annapatypbl. [Npy 9TOM peanuayeTca MonHas uMUTaums
OpraHoB YrpaBneHnsl U 3KPaHOB M3MepUTESNbHBLIX NpubopoB. Kcnonb3oBaHue
KOMMNbIOTEPHBIX Mogernen rpadonoctpoutena (Bode Plotter) u gByxnydeBoro
ocumnnorpada (Oscilloscope) aenaeTt npouecc UCNbITaHUS 3NEKTPOHHBIX Lienemn
bonee HarnsgHbIM, Yem B pearnbHOM nabopatopuun. JocnosHo «Workbench»
nepesoautcst Kak «Paboumn crton». Paboyee okHO nporpammbl Electronics
Wokbench cogepXvut none MeH, naHenb KOHTPOSIbHO-U3MEPUTENbHbIX
npubopoB M naHenb  OMBNNOTEKN  BNEKTPUYECKMX  ONIEMEHTOB WU
pPagVoaNeKTPOHHbBIX KOMMOHEHTOB peadakTopa. Ha paboyem none nporpammsl,
nogobHom nonto pegaktopa Winword, pacnonaraetca mopenupyemas
pPagVoaneKkTpoHHast cxema C NOAKNIYEHHbIMK K Her npubopamu.

B kayecTBe KOMMOHEHTOB, U3 KOTOPbIX cobupaeTcsa uccrnegyemasi Lenb,
NCNONb3YTCA PE3NUCTOPbI, KOHOEHCATOPbI, KaTyWKM WHOYKTUBHOCTW, OMOabl,
TPaH3UCTOpPbI, OMNepauuoHHbIE YCUINMUTENWU, a TaKKe UCTOYHUKU MOCTOAHHOIO
HaNPsHKEHUs!, KIEeMMbl MOOKIOYEHNa K npubopamMm U KnemMmbl 3a3eMITeHUS.



Bce 3TM KOMMOHEHTbl Bbl HangeTe B BbiNagawWMx MNOOMEHK MaHENu
anemeHToB Passive n Active. Npu HaxaTun knasuwmn «[llyck» nporpamma
pewaeT MaTpu4yHble YpaBHEHUSI LENW, HaxoauT BPEMEHHbIE 3aBUCUMOCTU
HanNpPsH>KeHUM M TOKOB BO MHOMMX TOYKax uccrnegyemon cxembl. PesynbTatbl
9TUX  BbIMUCMIEHUA MOXHO HabnwgaTtb C  MNOMOLWbLI  KOHTPOJSIbHO-
N3MepUTENbHbIX NPUOOPOB.

OnuncaHne paboTtbl C pepaktopom B o0bbeme, HeobxogMmom Ans
BbINOSIHEHNST NabopaTopHon paboTbl, NpuBoANTCA HUXe. NogpobHoe onncaHune
Electronics Wokbench mMoxHo nonyyunTb npu Haxatum knasuwn F1 (Help) nnn
B kHure B.H. Kapnallyka «3nektpoHHasa nabopatopust Ha IBM PC. lNporpamma
Electronics Wokbench n ee npumeHeHune». M, 2001. — 726 c.

2.2. O6wume npaBuna paboTbl C peaakTopom

[Mpouecc MakeTUpoBaHUA U  UCMbITAHUA UCCedyeMOW CXeMbl
BKIoYaeT B ceba crneayrouime atansbl:

1) cocTaBneHne cxembl N onpeaesieHne napamMeTpoB €€ 3N1IEMEHTOB;

2) BbI6OP KOMMOHEHTOB M3 NaHeNn 35IEMEHTOB;

3) pasmeLLeHne nx Ha paboyem crone;

4) coegnHEeHne KOMMNOHEHTOB NPOBOAHNKAMU;

5) NoAKNKYEeHNEe n3mepuTenbHbIX NPUOOPOB.;

6) 3anyck cxeMbl HaxxaTuem knasuwmn «I-0» (F1yck).

[MepBbin aTan paboTbl BbINOMHSAETCA Ha Oymare 6e3 MCnosib3oBaHUS
penaktopa Electronics Wokbench (EWB). Bbibop anemeHToB 1 WUX
pasmvelwleHne Ha pabodyem cTone EWB ocywecTBnaetrcs cnegyowmm
obpa3oM. YCTaHOBUTE KypCOp MbIWKN Ha HeobXOoAUMbIA KOMMOHEHT
(pesuctop, anod v T.4.) B NaHENU 35IEMEHTOB Tak, YTOObl Kypcop MNPUHAN
dopMy NagoHn. HaxxaB neByto KHOMKY MbILLKK U yAepXKuBasa ee, nepemMectuTe
BblOpaHHyl0 geTanb Ha Tpebyemoe mecTo paboyero crtona, nocre 4ero
OTNYCTUTE KHOMKY. Tak Ha paboyem cTone cobupaetcsa BcA Heobxoaumas
KOMMNMNeKTauma cxembl: AeTanu, WUCTOYHMKM MUTaHMS WU KOHTPOJSbHO-
namepuTenbHole Npubopbl. Bce OHM UMEKT KNeMmbl (MOCTOSIHHbIE WK
aKTUBUPYEMbIE PESAKTOPOM MPU NPUBAMKEHUN K SNIEMEHTY Kypcopa MbILLKK)
ANS NOAKMIOYEHUS K BHELLUHUM LieNsaMm.

[ns cocTaBneHuss cxembl — CO€AUHEHNA NPOBOAHMKAMU COBpaHHbIX
Ha paboyemM CTONEe 3NEeMEHTOB YCTAHOBUTE KYpCOp Ha KNemMmy OOHOro
3rieMeHTa CXeMbl N TAHUTE COeaMHUTENbHbLIN MPOBOL MbILLKOW MPU HaXXaTown
NEeBOW KHOMKE A0 KNeMMbl ApYroro afieMeHTa, Nocne 4Yero OTnyCTUTE KHOMKY.
[MpOBOAHUK COEOMHUT YyKasaHHble KremMMbl, u3rmbasice nog nNpsiMbiMU
yrnamu. Ecnn K Kakonm-nnmbo TO4YKe CXeMbl HeobXoaMmO NOAOKIYNUTb
HECKONbKO 3fieMeHTOB wunuM nNpubopoB, M3 dAwWMKa peTanen naHenu
anemMeHToB 6epyT coeAnHUTENbHbIE KIIEMMbI C YETbIPbMsSI KOHTaKTaMu A
NPOBOAOB.

He 3abbiBanTe 3a3eMnATb UCTOYHUKU MUTAHUA U U3MepUTeribHbIe



npunoopbl. B npoTMBHOM cny4yae cxema 6yaeT paboTtaTtb HenpaBUNbHO.

Hag sanemeHTaMn cxembl, OTMEYEHHbLIMU KPACHbIM LBETOM, LLENTYKOM
NeBOM KHOMKM MbIWKNW MOXHO NPOU3BOAUTL creayluwme onepauuun:
yoanutb anemeHT (Ctrl+X nnun Del), noBepHyTb Ha 90 rpagycos (Ctrl+R) n 1.4.
OTa OENCTBUS MOTYT BbINOMHATLCA U HAZ rPYNMNON BblAENEHHbIX OObEKTOB.

Ons 3agaHus TpebyembiXx 3HA4YEeHUN napamMeTpoB YCTAHOBMEHHOIO B
CXeMy arieMeHTa (Hanpumep, CONPOTUBMEHUA pe3ucTopa unu obpaTHOro
TOKa p-n nepexoga, ero eMKOCTU) Ha4oO OTMETUTb 3TOT 3fIEMEHT U, ABaXAbl
LLIeNIKHYB N1€BOM KHOMKOW MbILKM, Bbl3BaTb COOTBETCTBYHOLLEe MeHi. B
NOSIBUBLLEMCSI OKHE BBECTU C KNaBuaTypbl YMCHO C TOYKOM B KadecTBe
pasgenutens uenoM u  gpobHom 4yactu. B none pasmepHOCTU
McnpasnsiemMoro napameTpa NeBon KHOMKOW MbILWKM Ha NPOKPYTKe BblbpaTb
Tpebyemyto pasMepHOCTb PUNYECKUX BESTUYMH.

[Mepen nogknitoyeHmem npubopa K cxeme ero HeobxoaMmo YBESNUMYUTL
UM, Kak roBOPAT, «pasBepHyTb». [Ans pasBepTbiBaHMS NULEBOWN MaHENMU
npubopa ycTaHOBUTE Kypcop Ha BblIGpaHHOM npubope, 1 ABaXabl LWENKHUTE
Nno HeMy fieBOM KHOMKOW MbIWKK. [locre 3Toro ¢ e€ ke MoMOLLbI0 MOXHO
aKTUBM3NpPOBaTb TpebyeMble 3fieMeHTbl yrnpasneHus npudopa, yCTaHOBUTb
3Ha4YeHMa M pasMEepHOCTU TEeHEepUPYEMbIX UMM  KOHTPONUPYE MbIX
napameTpoB. 3TK onepawmm NogpodHO onucaHbl HUXe.

[Mocne cbopkn uenu, 3agaHus BCeX MapamMeTpoB 3fIEMEHTOB CXEMbl U
COCTOSIHUSI M3MepUTESNbHbIX NPUOOPOB, MOMbITAUTECH MNPOTECTUPOBATL €€
paboTy HaxaTuem knasuwmn «[Tyck», HaxoOsaLWeENCs B BEPXHEM MpPaBoM yriy
paboyero ctona. Ecnu cxema cobpaHa HeBepHO, MOSIBNSIETCA COOTBETCT-
BYIOLLMIA KOMMEHTAPWUIN, KOTOPLIN MOMOXET HAaUTN N YCTPaAHUTb OLLNOKY.

3. KOHTPOIJIbHO - UBMEPUTEJIbHBIE MNMPUBOPbLI

[MaHenb KOHTPOSMbHO-U3MepUTENbHbLIX MNpubopoB pedaktopa EWB
HaxoOUTCA B BepXHeW 4acTu paboyero CTona HWKe CTPOKM WMKOHOK MEHHO
pefakTopa. Ota NaHenb COO4EPXUT crieayrowmnin Habop npmbopos: LumMdpoBon
MyNbTUMETP, (PYHKUMOHAIbHbBIN reHepaTop, ABYXKaHanbHbIA ocuunnorpad,
n3mMepuTeNlb  amniIMTygHO-4aCcTOTHOM U (Pa3o-4aCTOTHOM XapaKTEPUCTUK,
reHepaTop [OBOWYHOrO CrioBa, 8-Mu KaHanbHbIA FOMMYEeCcKUn aHanusaTop wu
NOrM4YeCKmin npeobpasoBaTerns. HemanoBaXXHbIM npeuMyLLeCTBOM
MHTEPAKTMBHLIX MporpaMmmMm, KoTopbiMu obragaet Electronics Workbench,
SABNAETCA BO3MOXHOCTb MNEpPEMELLEHNS U U3MEHEHUA pa3MepoB MNepeHnx
naHenen npubopos, 4YTO AeflaeT BO3MOXHbIM BHECEHME WU3MEHEHUN BO
Bpemsi paboTbl cxembl 6e3 AOMOMNHUTESNbHbLIX onepauun C OKHamMKu. Takum
obpa3oM, C BO3MOXHOCTbIO ynNpaBnATb npubopamu cosgaeTcs nonHasa
aHanorus ¢ paboTou ¢ pearnbHbIMK FreHepaTopamu, ocuunnorpadgamm n 1.4., a
TaKke WMeeTcss BO3MOXHOCTb HabnogeHuss HecKonbkux npubopos,
OLHOBPEMEHHO pa3BepHYTbIMU U YOOOHO pa3melleHHbIMU Ha pabovem none
nporpaMmmsl.

Paccmotpum TOnbko Te wn3  npubopoB, KOTOpble MOryT 6biTb



MCNONb30BaHbl AN BbINOMHEHUS 3a4aHNs JaHHOW nabopaTopHOoM paboTbl.
3.1. MynbtumeTp (Multimeter)

[Onsa n3amMepeHns Toka, HanpsikeHuUd, COMPOTUBIIEHUS U OTHOLUEHUS
amnnuTtyg curdanos (B 4b) B JaHHOM pefaktope Ucnonb3yeTcs MynbTUMETP
— [OCMOBHO «M3MepUTeNnb MHOrMX napameTpoBy». 3amepaemble UM TOKU U
Hanps>keHUst MoryT OblTb KakK MNOCTOAHHbIMM, Tak M NepemMeHHbIMU. Ha
NMUEBOMN NaHeNn MyrnbTUMETPa pacnosiokeH aucnnen ans otobpakeHus
pe3ynbTatoB U3MEpPEeHUN, KIeMmbl ONA NOOKIHYEHUA N KHOMKM YrnpaBreHWs:
BolOOp M3MepsieMOn BenuuuHbl, BbIOOP M3MEPEHUA  MOCTOAHHOW  UNK
NepeMEHHON BENWYUHbI  (HanpsPKeHWs, TOKa), YCTaHOBKa MapamMeTpoB
MynbTUMeTpa. B pexume (~) wusmepsieTca OeucTBylollee 3HavyeHue
NepeMeHHON COCTaBNALLEN HANPsSHKEeHUs UK ToKa, a B pexume (-) — ero
cpegHee 3HayeHue (MOCTOsIHHas cocTaeBnsowas). OTMeTuMm, 4YTO npubop
namepsiet apcpekTMBHOE 3Ha4YEeHNEe NepeMeHHON BeSIMYMHbI.

3.2. DyHKuMoHanbHbIN reHepaTtop (Function Generator)

OT0T npubop ABNSETCA MWCTOYHMKOM MEPEMEHHOr0  HanpsKeHus
pasnuyHon oopMbl: CUHYCcOMLanbHON, TPEYrofibHON UITN NMPSMOYrOSIbHOMW.
Ha nuueBoun naHenun reHepaTopa pacrnonoXeHbl KHOMKN U NPOKPYTKU AN
Bblbopa hopMmbl reHepupyemoro curHana, ero 4actotel (FREQUENCY),
amnnutyasl (AMPLITUDE), pnutenbHOCTM uuknia wnu  ckBaxHoctn (DUTY
CYCLE) 1 3Ha4yeHus1 NOCTOAHHOW COCTaBMSAOWEN B reHEPUPYEMOM NepeEMEHHOM
curHane (OFFSET). 3HayeHue 4acToTbl MOXET ObiTb BblbpaHo nobbiM B
npegenax ot 1 'y go 999 Mlu. OTHocuTenbHaa ONUTENbHOCTb UMMYNbCOB
TpeyrosibHon n npamoyronsHon dopmbl (DUTY CYCLE) moxeT cocTasnsTb
ot 1 0o 99 npoueHToB nepuoaa. VMimerotcs Takke KrnemMmmbl 45151 NOAKNH0YEHUS
npnbopa K nsmepsemon Lenu n knemma gns ero 3asemnenunsd (COM).

3.3. Ocuunnorpac (Oscilloscope)

[aHHbin npubop no3BonseT Bu3yanbHO Habnogatb OAHOBPEMEHHO
ABa uccnegyemblx curdHana (Channal A n Channal B). lNpu 3TOM MOXHO
aHanuanpoBaTb BpeMEHHble 3aBMCUMMOCTW MOAaBaEeMbIX CUrHasoB (PeXum
«Y/T»), a Takke 3aBMCUMOCTb CWUrHasra, nogKIo4YeHHOro K kaHany A, ot
curHana kaHana B (pexum «A/B»; npu aTOM pasBepTka curHana A no ocu
abcumcc ocyulecTBnsieTCA MO 3aKOHy curHana kaHana B) n 3aBucumocTtb
CUrHana, noAksto4eHHoro K kaHany B, oT curHana kaHana A (pexum «B/Ay;
Npyn 3TOM pa3BepTka curHana B no ocu abcumcc ocywecTBnAeTcs No 3aKoHy
curHana kaHana A). [pn ncnonb3oBaHMM BPEMEHHOW pPa3BepPTKM BO3IMOXHA
pasBepTKa Kak OT BHYTPEHHEro reHepartopa ocuunnorpada (pexum «AUTO»
Ha 6noke «TRIGGER»), Tak U OT BHeELIHEero, NoAKn4YaemMoro K npaBow
knemme 6noka « TRIGGER» - pexum «EXT». Hag aTton knemmon Haxoantcs
Kremma 3asemneHus ocumnnorpadga - «GROUND».



Ecnn npu nogknioyYeHnn BXo40B K Lenn BblbpaTb LBETHbIE NPOBOAHMKM
(BBaXAbl LWESIKHYB MbILIKOW, YCTAHOBNEHHOW Ha NPOBOAHMK, MOXHO Bbl3BaTb
MEHI ONA M3MEeHeHusl ero uBeTta), ToO U ocuunnorpaMmmel kaHanos A n B
OyayT okpalleHbl B BbibpaHHble LBeTa.

LLikana BpemeHHOM pa3sepTku no ocu X perynupyetcsa ot 0.1 Hc/gen oo
1 c/pen. Hanpumep, ana Toro, 4toObl NPOCMOTPETb Ha 3KpaHe
ocuunnorpaga oguH nepuog YactoTbl 1 kW, HYXHO YCTaHOBWUTH
nepekntovatens «TIME BASE» B nonoxeHue «0.1 mc/gen». Macwtab no
ocu Y 3aaeTcsd He3aBUCMMO ANA KaX4oro kaHana.

NmeeTtca Tpu pexuma pabotbl Y-ycunutenen kaHanoB. Bo3moxHO
HabngeHne TONMbKO MepemMeHHOW cocTanstowen curHanos (pexunm AC)
WM COBMECTHO C TMOCTOsIHHbIM ypoBHeM (pexum DC). WmeeTcs
BO3MOXHOCTb CMELLEHUS KaXOoro W3 CurHanoB MO BepTukanu, 4YToObl
NCKITIOYUTE UX HarnoXeHue Ha akpaHe. Pexum ycunutenen no septukanu «0»
HeobxoOuM [Ond  3a3eMfnieHMsi WX BXOOOB Npu  BblOOpe HavarbHOro
NONOXEHUS Nyvyen kaHanos B pexnme «Y POS».

Lenyok no knaeuwe «ZOOM» (nyna) npuMBoauUT K MOABMEHUIO Ha
9KpaHe YyBEeNUYEeHHbIX ocuuinsiorpamm n aByX BU3MPOB (1 - KpacHbIn u 2 -
XenTbin), C TMOMOLUbD KOTOpPbIX MNPOM3BOAUTCA LMAPOBON  OTCYET
aMMNNUTYOHbIX U BPEMEHHbIX NMapaMeTpoB CUrHasnoB B [ABYX TOYKaX, a Takke
nx pasHocTn. Bbixog un3 pexmma «ZOOM» ocylecTBnseTca HaxaTuem
knaenwm «REDUCE». W3obpaxeHne MOXHO WHBEPTUPOBATb HaaTuem
kHonkn « REVERSE» 1 3anncatb B hann HaxxaTuem KHornku « SAVE».

3.4. Nnotrep (Bode Plotter)

[MnoTTep ucnonb3yetca ANs CHATUA aMMinTyAHO-YaCTOTHbIX (Npu
HaxxaTton kHonke «MAGNITUDE» - BKNYeHa MO yMOSYaHui) v daso-
YaCTOTHBIX XapaKTepUCTUK (Npu HaxaTton kHomnke « PHASE») anekTpmnyeckunx
uenen. MNnoTTtep nogknoyaeTca KO BXody W BbIxody uccrnegyemon uenu. B
AOMNOSIHEHNE K MNOTTepy B CXeMe AOSMKEH OblTb MCTOYHUK NepemMeHHOoro
curHana. BoamoxHO oToOpaxeHue NOMyYEeHHOW XapaKTePUCTUKN B
norapugmmyeckoMm (Npu  Haxaton kHornke «LOG» - BKOMEHa Mo
YMOSYaHM0) uUnum nNuHenHomMm macwtabax (npyu Haxaton kHonke «LIN») no
BepTukanu (kHonka « VERTICAL») u ropmsoHTanu (kHonka « HORIZONTAL»).
[BonHble knemmbl Bxoga «IN» u Bbixoga npubopa «OUT» cnyxaTt ansd
nogkrtoyeHns npubopa K cxeme, NpMYeM npasas KfemMmma B nape siBnsieTcd
3a3eMrieHMeM, a fieBas - curHanbHon. Bce ykasaHHble KHOMKM HaxogsaTcs Ha
nuuesown naHenun npubopa.

Ha nuueson naHenu npubopa npeaycMoTpeHa BO3MOXHOCTb
PErynupoBKA HWXKXHEN W BEpxXHEeW YacToT CKaHMpOBaHWUS, [OumanasoHa
N3MEHEeHNa amMnnnTyg U a3 Kak B NIMHEMHOM, Tak 1 B fnorapngpmMmyeckom
mMacwTabax. BoaMOXHO cyMTbiBaHME YaCcTOTbl U aMnnNUTyabl B M0OOK Touke
XapaKkTepUCTUKN, €Cn C MOMOLLBIO MbIWKN YCTAHOBUTbL B HYXHYK TOYKY
3KpaHa nroTTepa crneunarbHbIN BU3MpP, COBNagaLlWmnin ¢ OCbIo OpAnHaT.
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4. TEOPETUYECKAA YACTb PABOTbDI

4.1. BonbT-aMnepHas xapaKkTepucTuka p-n nepexoaa

OCHOBHOW XapaKTepUCTUKOW p-n nepexoaa, onpeaensiolen kKayecTBo
ero W3roTOBMEHUS W BO3MOXHOCTb MWCMOMb30BaHUS B  3NEKTPOHHbIX
npubopax, sIBNsSieTcsi BofbT-aMnepHas xapaktepuctuka. OHa npeacrtasnseT
cobol 3aBMCMMOCTb OMUYECKOrO TOKa j, MpOTEeKaloLero Yepes p-n nepexoa,
OT BENUYUHbI MOCTOSIHHOIO HAaMnpPsKeHUs Ha Hem V. YuuTbiBas Hanuuue
noTeHuuansHoro 6apbepa Ha rpaHuue pasgena p- U n-obnacten nepexoaa,
[aHHas XapaKTepuUCTUKa oOKa3blBaeTCsl HECUMMETPUYHOM OTHOCUTENbHO
3HaKa npuknagbiBaeMoro HanpsbkeHusi. Tak, ecnv K n-obnactv NpunoXuTb
NONOXUTENbHbIA NOTEHUMan OTHOCUTENbHO NoTeHuuana p-obnactu (cny4yan
oGpaTHbIX UMW 3aMopPHbIX HaNPsKEeHWIN), TO BbiCOTa bapbepa, pasaensitoLwero
3TK obnacTu, yBenuuuTcs u, cnegosaTenbHO, NPOTEKAHNE TOKA OCHOBHbIX
HocuTenen 4yepes nepexon OyaeT ucknw4veHo. B atom cnydae 4yepes p-n
nepexos nNpoTekaeT TOK HacblweHus |lp, 0Bbpa3oBaHHbIi HEOCHOBHbLIMY

HocuTenamMu 3apsga n- n p-obnacten. [ HAX KOHTAKTHOE 3fekTpuveckoe
nosie cnocobCcTByeT NEepeHOoCy: 3a CYET KYFIOHOBCKOW CUSMbl OHO MEPEHOCUT
9MEKTPOHbI U3 p-obnactn B n-06nacTe 1 Oblpkn U3 n-obnactn B p-obnacTb.
OTOT TOK HE 3aBMCUT OT BESTMYUHBLI BHELLHErO Monsi U onpeaensieTcs TonbKo
KOHLIEHTpaUnsaMn HEOCHOBHbIX HOCUTENEN 3apsaaa B obnacrsx.

Ecnn xe Kk n-obnactm npunoXuTb OTpULATENbHbLIA MOTEHUMan
OTHOCUTESNbHO MOTEHUMana p-obnactn (crnydam NpsMbIX UNKM OTNMPAKOLLMX
HanpshkeHun), TO BbICOTa Oapbepa, pasgensowero 3tM obnacTy,
YMEHbLUMUTCA W, crnegoBaTernibHO, Yepes3 nepexon nosBuTca HagbapbepHbIn
TOK YXe OCHOBHbIX HOcUTENen. YuuTbiBass OOMbLMaHOBCKAA 3aKOH
pacnpeneneHns 4actul no SHEeprusiM: KONMMYECTBO YacTul, WUMERLLNX
SHEepruo Bbllle BbICOTbI NOTEHUManNbHOro 6apbepa, pacteT Nno 3KCMOHEHTE C
YMEHbLUEHNEM BbICOTbI 3TOr0 Oapbepa, MOXHO MOSMYyYNTb BblpaXkeHue ans
BAX p-n nepexoaa B criegyowem Buae:

iv)= Io(@@(%j—lj . (1)

4.2. QncpdepeHumnanbHoOe conpoTuBrieHUe p-n nepexoaa

Kpome onucaHmsa nepexoga Kak MioOCKOro KOHAeHcaTopa €MKOCTbHo
C ogHMM 13 BaXHbIX NapaMeTpoB, XapaKTepuayrwmx Ka4yecTBO
M3roTOBMNEHHOro  nepexopa, saBnsercsa ero  anddepeHumnanbHoe
conpoTmeBneHne, obosHavyaemoe kak Ry. Pusnyeckn oHo npepacraBnsaet
cobon conpoTUBIIEHME ANEMEHTA, OKa3biBaeMoe UM NpoTekaHuo crnaboro
nepeMeHHoro Toka. YuntbiBas TO, YTO cnaboe nepeMeHHOoe HanpsiKeHue
4acTO UCNOMb3YyeTCHA B PAAMOSNEKTPOHHbIX LEeNaX Tak TECTOBOE, BBEAEHME
AnddepeHymanbHOro ConpoTUBIIEHMSA OKa3blBAETCS BO MHOMMX Criyyasax
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AOMUHUPYIOWNMM Ons1 OUEHKM BO3MOXHOCTEWM WCMNOMNb30BaHUA [OaHHOro
anemMeHTa B TOWM WM UMHOW anekTpuyeckon uenn. MaTemartudeckoe
onpegerneHue andpdepeHymanbHOro COMNPOTUBIIEHUS anemMeHTa,
HaxoasLerocsa rnpu nOCTOAHHOM HanpsxeHun V =Vg, TakoBo

®du3nyeckn ero MOXHO WU3MEepPUTb, €CNU Hapsay C  MNOCTOSAHHBIM
HanpsKeHMEeM K uccnegyemMomMy 3reMeHTy NPUnoXnTtbe Manoe nepemMmeHHoe
HanpspkeHne amnnuTygon AU wacToTon f u peructpmposaTb BENUYMHY

npoTeKkawLwero 4yepe3 anemMeHT Toka Al Ha aTonm e 4actoTe. Torga
CorflacHo onpegeneHunto conpoTmerneHns n3 3akoHa Oma Hangem:

Rd(f, VO):£. (2)
Al
AcHo, 4To BenuunHa anddepeHumansHOro ConpoTUBMAEHUS 3aBUCUT Kak
OT 4acToTbl, Ha KOTOPOW OHO WU3MEPSIETCA, TaKk WU OT BEJINYUHDI
NOCTOAHHOIO HaMpsXXeHUs, NPUNOXEHHOro K anemeHTy. U3 BblipaxeHusa (2)
crnenyet n pasnuuve mexay aounddepeHumnanbHbIM COMPOTUBIIEHNEM U
COMPOTUBIIEHNEM, N3MEPSEMbIM Ha MOCTOSIHHOM TOKE: OHW pas3HATCHA Tak
Xe, Kak npoussogHas oT OYHKLUUU, BblYUCNEHHAA B TOYKe, OTnn4yaeTcs OT
cpefHero 3HayeHuda aTon PyHKUMM NpU OAHOM 3HAYEHUM aprymeHTa - B
HalleM criyyae npu 3agaHHOM MOCTOSAHHOM HamnpsiXeHUWU Ha nepexoje.
Monb3ydacb BblpaxeHuem ans BAX nepexoga (1), noaBeprHyToro
OOHOBPEMEHHOMY [EeNCTBUIO MNPOU3BOSIBHOrO MNOCTOSAHHOIO U Masnoro
nepemMeHHoro HanNpPsXXeHns, HeTpyaHo onpenennTb ero
andpdepeHumansHoe ConpoTUBIIEHME:

rr )
oAl (o) -

kT qu
~—.@ 1Y
dlo Xp( kT j

MOCKONbKY  OObIYHO [\/0\>>U, T.e. NpuUKnagbiBaeMoe MNOCTOSAHHOEe

HanpshkeHMe no CBOEW BeNUYMHEe OObIMHO BO MHOro pa3 Oonblue
aMnnnTyabl NEPEMEHHOro TeCToBOro curHana. OKoH4YaTeNbHO MEEM:



KT qVo
R ~——- -9, 3
aMo)= - exp[ ij (3)

N3 paHHOro BbIpaxeHusa criegyeT, 4YTo BenvymHa gudpdepeHumanbHoro
COMNPOTUBIIEHUST pPEe3KO YMeHbluaeTcss B obnactu npamMbiX CMeELLeHUn
(MOSTOXKMTENBHBIX  HaMpPsXXeHUH, OTKpbIBaOLWNX  nepexon). OHo
MakcumanbHO B Toyke V =0 B. B obnactn ke obpaTHbIX CMeLleHUn
AaHHOEe BblpaXeHue HeOencTBUTEeNIbHO BBUAY TOro, 4YTO MWCXOAHOEe
BblpaxxeHne pgna BAX p-n nepexoga He [aeT 3KCMOHEeHUManbHOW
3aBUCMMOCTM TOKa B 3TOW obnactm HanpsxeHun. [loatomy Ons
3anuparoLumnx Hanps»XxXeHnn anddepeHumnansHoe COMpOTUBIEHMNE
BblYMCNAeTCcs no BbipaxeHuto (3), koraa Vg =0:

kT

Ry =— .
alp

(4)

4.3. YacToTHble CBOMCTBA pP-N nepexoaa

Kak 1 BCSAKMM 3MEKTPOHHbIN Npubop, B KOTOPOM WMEETCH MNEPEHOC
HocuTenen 3sapsiga 4vepes obnactb UX perucrTpaumu, p-n nepexon AOrmKeH
obrnagate HEKOTOPOW WMHEPUMOHHOCTBIO MNPOTEeKaHUA npouecca nepeHoca.
OBHapyX1Tb MHEPLIMOHHbIE CBOMCTBA Mepexoda MOXHO Mpu nogade Ha Hero
NEPEMEHHOIO HanpsPKeHUs pasnnUYHOM 4acToThl: p-n nepexon 6yaeTr He
ycneBaTb pearypoBaTb Ha HeEro, ecnv 4acroTa HarnpsKeHus MNpPeBbICUT
HEKOTOPbIN XapaKTepUCTUYECKUA NapameTp, onpeaensemMbln napaMmeTpamu p-n
nepexoga. JTUM XapaKTEPUCTUYECKMM MapamMeTpoM SBISieTCs BpeMmsi
nepesapsaku ero emkoctv C. EmMkocTb mepexoja obpasoBaHa p- M n —
obrnactamn, pasgeneHHbIMM obracTbio  obegHeHHOro 3apsiga W - umeer
COOCTBEHHYIO MPOBOAUMMOCTbL. [Nsa uccnegoBaHUsi 4YacTOTHBbIX CBOWCTB pP-n
nepexoga HeoOXOAMMO BKIHOYUTL €ro B 3arMOpHOM HarnpasneHun U
MPUMNOXUTb  CUMHYcoMAanbHbIN  curHan c  amriumtyaon  Upeem, HE

NPEBbILLAIOWEN  HaNpPsa->KeHWe MOCTOSIHHOTO
cMeLleHns Ha nepexoge. Kak 1 B npegbiayLuem

yactT nabopatopHon paboTbl, amnnuTyay Ymecm
TeCTOBOro HanpsPKeHWs Umecm
pekomeHayeTca 6paTb MeHblle BennYuHbI R, :|_C

kT/q. Torga nonyyum (puc. 1)

. U
H

roe Z- vMmnefaHc p-n nepexoda, KOTOpbIN
CKknagbiBaeTCca W3 aKTUBHOIO AnddepeHum-
arbHOro conpoTMBneHna R4 W €eMKOCTHOro
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conpoTueneHus 1/oC . CnegoeaTtenbHO Puc. 1

R
UH:Umecm H 1
R, +Rg)+—
(Ry +Rq) iwC

rae i - MHMMas eauvHuua. Ecnm conpoTMBneHue Harpysku 3HaumMTernbHO
MeHbLue anddepeHLmanbHOro conpoTuenerns Ry >>R,,, To cHUMaemoe ¢

Harpy3ku nepemMeHHoe HanpsaxeHune 6y,1:|,eT KOMIMIEKCHOW BENTNYMHOM

Mcnonb3oBaHne B KadecTBe namMeputena amrntyabl KBagpaTU4HOIo
OeTeKTopa AaeT Ha ero Bbixoge noctodHHOEe HanpsaxXeHmne BENUYNHON

R, /Ry

U_H:\/Rez(UH)“LImZ(UH)zUmecmﬁ- )
+ 0T

3poecb 7=C-Ry- Bpemsa nepes3apsaku eMKOCTU nepexoda 4vepes ero

anddepeHumnansHoe conpoTtmeneHe. CornacHo AaHHOMY BbipaxeHuto (5),
N3MEHSIsi YacTOTy TECTOBOrO CUrHana OT MEHbLUEro 3HayeHusi K bonbLiemy,

NnosTly4nmMm n3MeHeHne BennYnHbl MOCTOAHHOIO HarnpsXXeHns U_H CHMMAaEeMOro C
COMNPOTMBIIEHUA Harpy3kM R,, OT TMOCTOAHHOrO Ha HW3KOW YacToTe K
yMeHbLUaKLLEMYCsl MO 3akoHYy 1/w Ha BbICOKMX 4acTtoTax. M3 nonyvyeHHou
4acCTOTHOM 3aBUCUMOCTU MOXeT OblTb HanmgeHa 4actoTa @g, Ha KOTOpoW
w7 =1 1 NnageHne HanpsKeHUa Ha COMPOTMBIIEHUM Harpy3ku yMeHblLaeTca
B +2=1.41- pa3a no CpaBHEHWIO C ero 3Ha4YeHWeM Ha HU3KUX YacToTax,
Hanpumep, Ha 4YacTtoTe 10 'u. YactoTa, Ha KOTOpoW BENMMYMHA NOCTOSIHHOIO
HanNpPsKeHUs U_H YMEHbLLUAETCA B YyKasaHHOEe 4UCNO pas, Ha3blBaeTCs
vactoton cpesa - f, =wp /27 . I3 3Ha4yeHns 4acToTbl cpesa onpenensoT

BpeMsi penakcauum 3apsiga B p-n nepexoge:

NP (6)
27[-pr

C apyron CTOpOHLI, BpeM4a nepesapagkm emkoctn C p-n nepexona yepes
ero anddepeHumansHoe conpoTusrieHne Ry MoOXeT ObiTb HangeHo u3

BblpaXKeHUs:
7=CxRy. (6.1)

CnepnoBaTenbHO, ECIM U3BECTHbI 3HAYEHNSs EMKOCTU U AnddepeHLnansHoro
COMPOTMBMEHUSA P-N nepexoda, TO WUMEEeTCH BO3MOXHOCTb BbIYMCIEHUS
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BpeMeHM nepesapsaku " CpaBHEHWS TEOPETUYECKOTrO "
3KCMepUMEeHTanbHOro 3Ha4YeHW 3TOro NapameTpa p-n nepexoaa.

Ha dunsnyeckom ypoBHe BpeMsi penakcaumm nepexofa paBHO BPEMEHM
)KM3HW HepaBHOBECHbIX HocuTenen 3apsga B p-n nepexoge. [lo ero
BENMYMHE MOXHO OMpeaenuTb, Hanpumep, NHEPLUOHHOCTb (POTONPUEMHOO
YyCTPOWCTBA Ha ocHoBe B6apbepHo hOTO3AC p-n Nepexoaa.

5. Yactb 1: UCCIIEQOBAHUE BOJIbT - AMIMEPHOW
XAPAKTEPUCTUKU p-n NMEPEXOAOA

Lenbio pgaHHOM Yactu nabopatopHou paboTbl sBRsieTCA
npuobpeteHne HaBblkoB paboTbl ¢ pepaktopom Electronics Wokbench no
COCTaBIIEHNIO CXEM U3MEPEHNS XapaKTEPUCTMK ONTOINEKTPOHHbIX NPUOOpPOB.,
cogepxalumx p-n nepexoapl, a Takke uccrnegosanne BAX p-n nepexoga npu
Pa3fiMYHbIX 3HAYEHNSAX €ero OCHOBHbIX NapamMeTpoB.

5.1. CoctaBneHme nameputesnibHOu cxembl

30ecb Ha npumepe usMmepeHuss BAX nokasaHa nocnefoBaTenbHOCTb
AENCTBMI NO COCTaBIIEHMIO CXeEM U nX cbopke B pegaktope EWB.

Mo onpegeneHnio BONbT-aMnepHasi XapakTepucTuka Kakoro-rbo
npubopa npencraBnseT 3aBUCUMOCTb BESIMYUHBLI TOKa 4Yepe3 npubop oOT
3Ha4YeHUsA MNPUITOXKEHHOTO K HEMY MOCTOSHHOIO HanpsXXeHus: | = j(V). Ans

nonyyYyeHnss BudyanoHoro nsobpaxeHuna BAX uenecoobpasHo ncnonb3oBaTtb
ocuunnorpad, B KOTOPOM MO OCU OpAWHAT OTKNagbliBaeTcA TOK 4epes
nepexoa, a No ocn abcumncc — NPUOXKEHHoEe K HeMy MeASIEHHO MEHSIIOLLIEECS
HanpshkeHue. BxogHble ycunutenu ocuunnorpada MMeroT BbICOKOE BXOOHOE
conpotueneHme (0bbiMHO o 10 MOM) 1M noTomy SBNSAKOTCA U3MEPUTENAMU
HanpskeHusl. 3HauunT, Ha Y-BXO4 ocumnnorpadga Hago nogaTtb HanpsXKeHue,
nponopunoHanbLHoe BeNuyYMHe ToKa 4epes p-n nepexod. CneposaTenbHO,
cxema ansa usmepeHns BAX pomkHa Kpome nepexoda coaepaTtb
Harpy3o4yHOe COMPOTUBMEHME, NAagEHMNE HANPSHKEHUA HA KOTOPOM COAEPXKUT
MHOPMaUUIO O TOKe nepexoda U B NPUMUTUBHOM BUAE OOIHKHA BbIrNsgeTb
TaK, Kak nokasaHo Ha puc. 2. [ns onpegeneHvss napameTpoB CXEMbl U

YyCNnoBuin N3amepeHust ¢ ee nomoLlbio BAX Hangem

nageHve HanpsbkeHna V,, Ha COnpoTUBIEHUU

4 Harpy3kn R, . Ecnn Kk nocnepoBatensHo coeau-
HEHHbIM p-n nepexoay W conpoTuBneHuio R,
Rﬂep NPUNOXXeHoO MeaneHHO MeHsaLeeca BO BpeMeEHN
y (Hanpumep, no nMnoobpasHomMy 3aKOHY)
H HanpsxeHue V , To (puc.2)
Ry V, =R, =V _ H__ (7)
R,-,ep +Ry
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Puc. 2 rae Rpep =Rpep(V) - conpotuenenne

nepexoga no rMOCTOSAHHOMY TOKY, KoTopoe onpegensietr ero BAX. U3
BolpaxeHns (7) cnegyet, 4TtOo B o00OWeM criydae HanpsKeHue Ha
COMPOTMBIEHUN HArpy3ku CroXHbiM oOpa3omMm 3aBUCUT OT napamMeTpoB pP-n
nepexoga. [lpoaHanuanpyem BblpaxeHne (7) AN BbISICHEHUSA YCNOBUK
nosiydeHus rno paccmatpmBaemon cxeme BAX nepexoga.

1. PaccmoTtpum cnysan, koraa Ry >>R,-,ep. Torga cornacHo

BblpaxkeHuto (1) nonyunm V, =V . CnegosaTensbHo, npy Bbibope 60MbLLOro

CONPOTUBIIEHNA Harpys3ku nageHue HanpsXKeHnss Ha HeM He HeceT
nHpopmauunio o BAX p-n nepexoaa.

2. [ycTb Tenepb CONPOTUBIIEHME HArpy3kM MMeEET Marnyr BESIUYMHY MO
CpaBHEHMIO C COMPOTUBIIEHMEM nepexoga BO BCEM  AuanasoHe
npuknagbiBaeMoro Kk LUenu HanpspkeHust: Ry, <<Rpgp. B aTom cnyyae

BblpaxxeHune (1) gaet
\Y

Rnep
Crosuee B Kpyrnbix CKOBKax BblpaXXeHne eCcTb OTbiCckMBaemMasi BAX.

Taknm obpasom, ecnu BbIOpaTh Harpy3o4HOE CONpoOTUBIIEHME MasbIM MO
CPaBHEHUIO C COMPOTUBMIEHMEM pP-N nepexoda Ha MOCTOAHHOM TOKe, TO
CHAMaemMoe C COMPOTUBMEHMUS Harpy3ku MOCTOSIHHOE HanpsbkeHue Oypet
nponopumoHansHo BAX wnccnegyemoro nepexoga. IMEHHO 3TOT BapuaHT
CXeMbl U3MEPEHMUS peanuayeTcs B AaHHOW nabopaTopHon paborTe.

Ncxooa n3 onMCaHHOro Bbille, ANt COCTaBMEHUSI CXEMbl U3MEPEHUS
noTpebyeTcss  MCTOYHUK  PErynMpyemMoro  MOCTOSIHHOrO  HanpshKeHus,
Harpy3o4HO€e COMpPOTMBIIEHNE U UBMEPUTEND NASEHUS HANPSHKEHUS HA HEM —
B BMae ocumnnorpada. NMockonbky B 06nactn oTpuuatenbHOro HanpsKeHus
COMpPOTUBNEHME nepexoda BenuKO M pes3Ko YyMmeHblaeTca B obnactu
MOMNOXUTENbHbIX HAaMNPsKeHUN, TO AManasoHbl W3MEHEHUsS] MOCTOSTHHOrO
HaNpPsHKEHNS1 B MOSNTOXUTENBbHYIO U OTpULATESNbHYK CTOPOHbI AOSMKHbI ObITh
pasnuyHbiMn: B 00MacTU  MONOXUTENbHbIX HaNPsHKEHUA  OOCTaTO4HO,
Hanpumep, +(0.0+0.2) B, a B obnactu oTpuuatensHbix -(0.0+0.8) B. B

KayecTBe MWCTOYHMKA perynmpyemMoro roCTOSIHHOIO  HanpsbkeHus V,
npuKknagbiBaemMoro K nccnegyemMmomy nepexoay, LuenecoobpasHo
MCNonb30BaTb reHepaTop ABYXMOMAPHOro MMIoobpasHOro HanpskeHuss C
HM3KOW 4aCTOTOW MOBTOPEHUS WU aMNIUTYOOW, OCTATOMHOW ONA OXBaTa Kak
npsamon, Tak u obpatHon BetBn BAX. OgHako anmccummeTpusi avanasoHOoB
NONOXUTENBHOIO U OTPMUATESNIBHOINO HarnpsXKeHUst Mpu  UCNosib30BaHUMU
ABYXMONSAPHOro nunnoobpasHoro HanpshkeHus amnnutygon U moxeT ObiTb
peanu3oBaHa gobasneHMeM K nnrioobpasHoMy HanpSKEHWIO MOCTOSIHHOIO
HanpsbkeHns Vg. Ero BenuumHa moxeT 6biTb paccyuTaHa, ucxogs w3

M3BECTHbIX 3HAYEeHUN MaKCUMAaIIbHOrO  MOJSIOKUTENBHOrO  HanpsHKeHUs
Vyax =0.2 B n MuHumansHoro HanpsbkeHus V,,,, =—0.8 B (cm. puc. 3)

V, =

R, . 8)
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Vax *Vaun =2U, Vo =Vyax —U. 9)

Pernctpuposate BAX MOXHO Ha aKkpaHe ocuunnorpada no ogHomy u3
ero KaHanos: kaHany A wnu kaHany B. [danee, BenuMynMHa conpoTMBNEHUS
Harpyskn R, pormkHa ObITb BblOpaHa mMcxoaos wn3 ABYX MPOTUBOMOSOXHBIX

TpeboBaHMN: C OOHOMN CTOPOHLI €€ BeNnYnHa AomKHa OblTb MHOIO MEHbLUEN
COMPOTUBNEHUS p-1 Nepexoga BO BCEM
AnanasoHe UCNosb3yeMbIX HanpsXXeHUK
cMmeweHns V, a c gpyron - nageHue
HanpsbkeHMst Ha HEM OOSMKHO  ObITb
AoCTaTouHbIM +— ONd ero  HagéxHoro
namepeHna ocuunnorpadgom. Makcumarb- Vv V Y,
Has 4yBCTBUTEMbHOCTb  BEPTUKANbHbIX ek 0
ycunutenen ocuunsorpadga cocraenseTr 5

!
|

MB/cMm. 3HauuT, npu nsamepeHun B obnactu N
|
|
|
N

oTpuuaTesibHbIX HaI'IpFI)KeHVIﬂ MUUHUMarb-

r

I

\!

HOrO TOKa:. TOKa  HacbllWeHnd lo, !

UMEIOLLEro Marsioe 3HadyeHune (TUnn4Hoe \j
sHavenme 10°° +1O_8A), HeobxoaMmo L-L-’

conpoTtuerie-Hne Harpy3ku, nageHune

HanpspKeHus Ha KOTOPOM cocTasuT viUH =5 MB:
Puc. 3

VHIVIUH
0

(10)

5.2. Coopka cxemMbl Ha paboyem ctone EWB

Cbopka cxembl npou3BoguTcs criegylowmm obpasom. Hag pabounm
OKHOM pacnofioXXeHbl MOSfib30BaTENIbCKOE MEHI, coaepXxawee rpynnbl
aNeMeHTOB Ans COOpPKM CXemM IKCMepUMEHTa, a Takke Habop npubopos,
Hanbonee 4acTo ncnonb3yemblx B nabopatopHblx paboTax. OTKponTe OKHO,
o603Ha4eHHoe Kak «Pe3nctop» n Bbibepute conpoTUBIEHNE, YCTAHOBUB €ro
HoMuHan. [na nabopatopHon paboTbl B JaHHOM OKHe HeobxoaMmo BbIOpaTh
NOCTOSIHHOE COMpPOTMBIiEHWE, cumBon "3emns”, a TakKe WCTOYHMK
NOCTOSIHHOrO HanpskeHud. [ns Belbopa anemeHTa noaseanTe Kypcop Mbllmn
K COOTBETCTBYHOLLEMY 3IEMEHTY W, yAEpXuBasi NEBYK KMasBuwy MbilK B
Ha)aTOM COCTOSHUWN, NepeHecnTe 3HaA4YOK BbIBpaHHOro anemeHTa B yaobHoe
ANs pacnonoXeHust mecto paboyero okHa. Crnegyrowmii 3feMEHT CXeMbl
pacrnonoXxuTe Tak, Kak OH JOrKeH ObiTb pacnorniokeH Ha pabodem ctone B
COOTBETCTBMM C Balwlen cxemon. B rpynne, obosHayeHHoOM kak «[uoay,
HeobxoaMmo BbIOpaTb BbINPAMAAOWNA  ANOL, KOTOPbIA  aHaNoOrMyHbIM
cnocobom nepeHocutca Ha paboymin cton. Takum obpasom, cHavana Ha
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paboyemM cTone pacnonaratTCsl 3NIEMEHTbI CXEeMbl, @ 3aTeM MPOU3BOAUTCS
X coegmMHeHNe NPoOBOAHMKAMN.

[Mpnbopbl nepeHocAaTcss Ha paboynini CTON aHanorMyHo OnMcaHHOMY
BbilLE, NPUYEM, ECIN NEPEHOCHMbIE 3NIEMEHTBI HA CaMOM [Aere KONnMpylTcs
N3 GUONMOTEKN INIEMEHTOB (MO3TOMY UX MOXHO OpaTb CKOMbKO YrogHo), TO
Npnbopbl M3 NaHENU MHCTPYMEHTOB nporpamMmMbl Ha paboynii CTon Monb30-
BaTensli NepeHocATCA TOMbKO OOAWH pa3. Takmm obpas3om, B pPaCropsPKeHUK
NONb30BaTENst HAXOAMTCS TONLKO OANH KOMMSEKT NepEeYnCrieHHbIX NPMbopPOoB.

Pacnonoxue aneMeHTbl U Npubopbl Ha Bawem paboyem ctone yaobHbiM
obpasom, HeobxoAMMO NPUCTYNUTb K COEOMHEHUO  3fIEMEHTOB U
noaknoyeHnto npmbopos. [na aToro nogseauTe Kypcop K BblbpaHHOMY aAns
coeauHeHns anemeHTy. Ecnn 3To pesncTop, TO OH MMeET ABa KOHTaKTa Ans
noacoeauMHEHNa K CXeme, ecnu TpaH3ucTop, To Tpu un T1.4. Korga Kypcop
MbILUN HaxoguTCA B HENOCPeaCTBEHHOW ONM3OCTM OT KOHTaKTa 3NeMEHTa,
9TO CcOeAuHEeHWe pefakTOpoOM  aBTOMATUYECKM  aKTUBU3MPyeTCa U
nonb3oBaTteflb MMeeT BO3MOXHOCTb BWOETb 3TO B MOSIBIEHUN YEPHOro
Kpy>Kka. B 3TOT MOMEHT HeobxoOuMMO HaxaTb JieBYH KnaBuLlly MbILK W,
yOepXuBass ee B HakaTOM COCTOSIHUKM, MOABECTU KYPCOP MbIIN K KOHTaKTy

apyroro AreMeHTa, KOTOprI7I Bbl TaKxe OOJTKHbI yBnaeTb
aAKTUBU3NPOBAHHbIM. B 3TOT MOMEHT Bbl [OOMMKHbI OTNYCTUTb HaXaTyio
Krnasuywly Mblilln — coegunHeHne npoBOAHUMKOM [OBYX 3JIEMEHTOB CXEMbl

3aBepweHo. B TedeHne aTom npouedypbl OT OAHOrO KOHTaKTa K Apyromy
npoTArMBaeTcs CoeauMHEHne, KoTopoe npuobpeTaeT NPSMOSIMHENHYIO
dopmy. B npouecce coeauHeEHWA 3M1EMEHTOB CXeMbl OTAerbHble JIMHUK
MOryT nepecekaTtbCsi, HO 3TO He MPUBOAMT K MOSBMIEHUIO MeXOy HUMU
9NIeKTpUYEeCcKoro KoHTakTa. Ecnmn xe BamM Heobxoammo anekTpuyeckoe
coeMHEHNE NPOBOAHNKOB, TO Bbl AOJTKHbI, BOMAS B OKHO "Y3en", nepeHecTu
3HaYyoK y3na B HeobxoaMmoe MeCTO CXeMbl. Y3en CXeMbl MOXHO MONyyYnTb U
npucoeanHeHMEM KOHTaKTa afieMeHTa K NPOBOOHMKY.

[MogkntovyeHne npmMbopoB NPOM3BOAUTCSH aHaNoOrMyHbIM 06pasom C TeMm
NUWb OTANYMEM, YTO MPU NPUBNMKEHUM Kypcopa MbILKU aKTUBU3MPYETCS
bnvkanwas knemma npubopa. [eHepaTop aNeKTpuYecKUx CUrHanos umeet
Tpu BbiBOAA: «3emnsay», "+" n "-"; ocumnnorpad - agBa Y - BXoda, CUHXPO-BXOA4
n "3emnio".

[Mocne cbopku cxembl namepenns BAX HeobxoamMmo BKIOUUTH Mpouecc
nmutauumn ee paboTbl. PesynbtaT eé yHKUMOHUpoBaHUa ByaeT otobpakeH
Ha BblIOpaHHbIX MHAUKaTopax u nNpubopax. CrnegyeT obpaTtuTb BHUMAHME Ha TO,
yTo Tpebyembin Bua BAX pomkeH ObITb MOMy4YeH NpPU OTCYTCTBUMU
NOCTOSIHHOrO CMeLLeHUA KaHanoB no Y - ocu!

5.3. BbiGop napameTpoB M3MepuUTeribHOM Lenu

Bce KoMMoOHeHTbl nabopaTtopHoM paboTbl: 3MNeMeHTbl, npudopbl
MMEIT HayamnbHble YCTaHOBKW, KOTOpble HeobxoaMMO U3MEHUTbL B
COOTBETCTBME CO cxeMoWn. MosACHMM 3Ty Npoueaypy Ha npumepe U3MeHeHus
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BENMUYMHbI pesucTtopa. NoaBeauTte Kypcop MbIlM K 3fIEMEHTY TaK, 4YTOObI
nosiIBUNCA 3Ha4yoK-ykasaTenb B Buae nafdoHW, 3aTeM ABaxabl HaXxmute
NeBylo KnaBuwy MbllK. B pesynbraTe 3TOro OEUCTBUA MOABUTCH OKHO
YCTaHOBKW, B KOTOPOM MOXHO BblOpaTb U YCTAaHOBUTb HOMWHAN N eOuHULbI
namepeHua anemeHTa. Kaxxgoe tTakoe okHO CHabXXeHO NPOKPYTKOW, TUNUYHOM
ans TexHonormn Visual Basic, a Takke W NpucTtaBkn nepen eavHuLamm
namepeHud, onpegenstowme nx macwtad: Om, KOm. Mom n 1.4. TNpokpyTKa
peanusoBaHa C NOMOLLbI0 ABYX Knasuwl: "Beepx" n "BHU3", KOTOPbIMX MOXHO
yBENUUMBATb UNN YMEHbLLATb 3HAa4YEHNEe JaHHOW BESNTMYMHBI, COOTBETCTBEHHO.

Takne anemMeHTbl Kak anog MoryT UMeTb pasfindHble napamMmeTpbl, KOTOpble
MOXHO nogobpatb nytem Bblbopa TuNa pguvoga SiMbo YCTAaHOBKOW  ero
napameTpoB. [Ons Bblbopa Tuna HeOBXOOMMO pacKpbiTb OKHO YCTaHOBKW,
KypCcOpoM BblbpaTb HaMMeHOBaHWe rpynnbl AMoaoB M cam avog. lapameTpsbl
BblOpaHHOro Auoga MoryT OblTb M3MeHeHbl B onuum «EDIT». Obpatute
BHMMaHMe Ha Benn4ymMHy obpaTHOro Toka BbibMpaemMoro gnoaa: ero BenimymHa
AOMKHa BbITb HE MeHbLUe TOW, YMHOXEHWEe KOTOPOW Ha BenuuuHy R, Agact

nageHne HanpsHkeHUss BENIMYUHOM Bbllle MUHUMAaNbHO pPerucTpmpyemomn
ocuunnorpadgom. Hanpumep, npu I0:10_6A n RH:lO2 Om napaHue

HanpsbkeHust Ha obpaTHonm BeTBM BAX coctasut 107% B, yto 6orblue
MUHUMArbHOrO YPOBHA CWUrHanoB Ha OOHO [deneHne 9KpaHa (oauH
caHTumeTp) ana A - n B — kaHanoB ocuunnorpada. Ecnm xe BblbpaTtb

lo —10712 A, TO MMHUManbLHoe HanpshkeHne B BAX coctaBut 10710 B, uTO

He MOXeT ObITb 0BHapy>XeHO C NoMoLLb nmetowierocss B EWB — pefakrope
ocuunnorpada.

[eHepaTop curHanoB Takke TpebyeT W3MEHeHUs1 YCTaHOBOK. [Ing
yBefM4YeHUs1 ero InuueBOW MaHenn HeoOXOAMMO MoABECTU KYpPCOp MbIWN K
o6o3HayeHn0 Npubopa Ha cxemMe 1 ABaXabl HaXaTb NEBYHO KIaBuULLY MbILKKU. B
pesyrnbTate 3TOro0 OEWCTBUA Ha 3KpaHe MOHUTOpa pas3BepHEeTCA nepenHss
naHenb npnbopa, B KOTOPOM MOXHO BbibpaTb (hopMy reHepmpyeMbIX CUrHarOB:
CUMHycouanbHble, nunoobpasHble WM NPsSMOYrofibHble. 3[4eCb e MOXHO
YCTaHOBUTb aMniuTydy, 4YacToTy, MOCTOSAHHYH) COCTaBMSAOLLYD U HadarbHYHO
dasy curHana. JlvueBas naHenb ocuunnorpaga pasBopadnBaeTcs
aHanorn4yHo, aTtTeHaTop MOAENMPYETCS NPOKPYyTKaMM Ha NULEBOW NaHenu
ocumnnorpadga. [lpu BbibOpe napameTpoB reHepaTopa nUIoodpasHoro
HanpskeHnst cnegyeT MNOMHUTb BbIBOAbI, MNOSlyYEHHbIE TMpU  BbIBOAE
BblpaxeHus (9). lobaBneHne NOCTOAHHOrO HanpsXeHuss Vo MOXHO AOCTUYbL
BKMOYEHMEM NOCNeaoBaTENbHO C reHepaTopPOM Msbl MOCTOAHHOIO NCTOYHMKA
UM BKINOYEHVEM Ha HeM krnasuwm «OFFSET» ¢ nocnefyowen yctaHOBKOW
BblOpaHHOro 3Ha4veHus V.

NTak, uameputenbHas cxema Aansa cHatma BAX guopga cooepxut
cnefyowne KOMMNOHEHTbI (Mpeanaraemble napameTpbl):

1 Amon - noeanbHbIN.
2. Pe3ncTtop NocTtosiHHbIN BenuyuHon 0.1 kOMm.
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3. AICTOYHMK NOCTOAHHOrO HanpsxeHus - 0.2 B.

4. 3emns.

5. Y3nbl cxembl.

6. MeHepaTop nunoobpasHoro HanpskeHus - 0.1 Iy, (0.5+0.7) B.
7. Ocuunnorpadp.

BAX Ounopga pernctpuypyetcd Ha 3SKkpaHe ocuunnorpade, Ha X-Bxon
KOTOPOro NogaHo HenpepbiBHO U3MeHSALWeecs NnnoobpasHoe HanpsikeHne
(B AnanasoHe HanpskeHus V, Hanpumep, ot -0.5 go +0.5, kaHan B), a Ha
Y-BXO4 - HanpsbkeHne C COonpoTMBIEHUS Harpyskn (kaHan A). Takum
obpasom, Ha a3kpaHe ocuwunnorpadga nosiydaeTcss 3aBUCUMOCTb TOKa OT
HanpskeHusi, To ecTtb BAX pguoga. [Ons Bbibopa YyCTaHOBMEHHOW
KOHdurypaumm ocuunnorpaga HeobxoauMO Ha HEM HaxaTb KHOTMKY,
nepeBoasLLyo Nnpmbop B pexunm otobpaxeHuss obomx kaHanoB No pasHbIM
ocam — «A/B». TlonoxeHne aTTeHioaTtopa Anga kaHana A pekomeHayeTcd
BbliOpaTb nopsagka 10 mB/gen, a anga kaHana B — nopsagka 0.1 B/gen.

Mocne ToOro, kak OyameT cobpaHa cxema, a npubopbl HACTPOEHbI,
HeobxoAMMO 3anyCcTUTb Mpouecc MmuTauum paboTbl cxembl. [Ons 3Toro
HaxXmuTe Knasuwy «I-O» B BepxHeM NpaBoM Yyriy 3kpaHa. Ecnn cxema
cobpaHa HenpaBuNbHO UK MporpaMmma He MOXET BbIMONMHUTb HEKOTOPbLIE
ornepauunu B CUMy Kakux-nmbo nNpuvYMH, TO Ha 9KpaHe psagom C
nepekntovatenem nosasutcsa cnoeo "ERROR" 1 nogpobHoe coobuieHne 06
owmnbke B okHe. Ecnm xe cxema paboTtocrnocobHa, TO pesynbTart eé
pabotbl nMbo cpasy xe, nMbo nocTeneHHo oTobpasnTcs Ha 9dKpaHax
COOTBETCTBYHOLLNX NPNBOPOB.

5.4. 3apgaHue K yactn 1 nabopaTtopHou paboTbl

1. MonyunTb Ha 3aKpaHe ocuunnorpada nsobpaxeHne BAX BbibpaHHOro
n3 6nbnunotekn pegakropa EWB anoaa.

2. Nccnepynte BNUsiHME napameTpoB anoga: obpaTHOro Toka, EMKOCTH,
BpeMeHU nepeknoyeHnsa Ha sug BAX.

5.5. NMopaaok BbinonHeHUA YacTb 1 nabopaTtopHoun paboThbl

1. O3HakoMbTECH C onMcaHnem peaaktopa Electronic Workbench.

2. Hayuntecb paboTaTb C KOHTPOSbHO-U3MEPUTESNBHOW annapaTypow,
npeacraBneHHon B pegakTope. [nsa atoro cobepute npocTenine CXembl C
NOOKMIOYEHMEM  UCTOYHMKA  MOCTOSHHOrO  HanpsbkeHusl, reHeparopa
NepeMeHHOro  HanpsbkeHud, ocuunnorpaga (Cxembl «reHepatop —
ocumnnorpad», «MUCTOYHUK MOCTOSIHHOIO HarnpshkeHUs — MynbTUMETP») U
HayyuTecb ynpaensaTb npubopamn, U3IMEHAA napamMeTpbl NoL4aBaeMoro
curHana, pgobuBasicb nNpM  3TOM  KAYeCTBEHHOro  M3obpakeHus
perucTpMpyemMoro curHana Ha 3kpaHe ocuunnorpada vunm mMakcumarnbHOW
TOYHOCTU €ro N3aMepeHnst MyfrbTUMETPOM.
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3. CoctaBbTe cxemy nsmepeHna BAX p-n nepexoga.

4. Cobepute €€ M nonyynute Ha akpaHe ocuunnorpada msobpaxkeHune
BAX. Obpatnte BHUMaHWE Ha BUA XapakKTEPUCTUKU: OHA OOSHKHA rnagkon u
MOHOTOHHOW, MMETb 3KCMOHEeHUManbHbln nogbeM B obnactm npsiMbIX
HanNPs>KeEHU U BUL NPSMOWN NIMHMK, HecoBnagaloLwen ¢ OCblo X, B obnacTu
obpaTHbIX HanpsxeHnn. B obssaTenbHOM MNOpPSAKE OOMKHbl  Takke
OTCYTCTBOBaTb OrpaHM4YeHUss cCUrHana no BenuynHe B 06nacTM NpsMbIX
HanpsbkeHMn, a B obrnactm obpaTHblX He [OOMMKHO ObiTb  MN3FIOMOB
3aBMICMMOCTW.

5. lNocnegoBaTtensHO yBenuuneamnTe (YMeHbLlanTe) 3Ha4eHns obpaTHOro
TOKa, conpoTmBreHus 6asbl, eMKoCTM nepexoga C B AecATb pas U OTMETbTE
no ocuunsiorpamme Bbl3BaHHble 3TUMW OEUCTBUSAMU n3MeHeHus B BAX.
PesynbTaTtbl HabnogeHWn 3aHecuTe B pabouyto TeTpagb Ang oTyeTa.

6. Yactb 2: IBMEPEHUE OUPDEPEHLUUAJIBHOIO
COMPOTUBJIEHUA p-n MEPEXOAOA

Kak crnegyetr u3 TeopeTuMyeckoW 4acTu [aHHoW nabopaTopHOW
paboTbl, AOnNa u3aMepeHna aunddepeHunanbHOro ConpoTUBMEHUA p-n
nepexoda npu BbIBPAHHOM 3HAYE€HUN MOCTOAHHOIO HanpsXXeHus Ha HeM V

HEeoOXoAMM WCTOYHMK MOCTOSIHHOrO HanpsiKeHUs U nocreaoBaTerbHO
COEOWHEHHbIN C HUM TEeHepaTop CMHYycOMOanbHOrO CcurHamna marnowm
amnnuTyabl (pekomeHayeTcs amnnutyay 6patbe MeHblle BenuunHbl kT/q =25

MB npu komHaTHOM TemnepaTtype). OcuunnorpadomMm unmn MySibTUMETPOM
perucTpupyeTcs amnnuMtyga nepeMeHHOro Toka B W3MepuTenbHOM Lenuv
nocne yero no BbIpa)XeHWIo (2) BblYMCnsAeTCH BenM4YMHa
AnddepeHUmnanbHOro ConpoTUBIIEHNA Nepexoaa nNpu 3agaHHOM MOCTOSAHHOM
HaNPs>KEHWW.

Lenbto pgaHHOM 4yactu nabopaTtopHoM paboTbl  SABMSETCS
onpeneneHve auddepeHUnanbHOro CconpoTuMBEHUA pP-N nepexoga C
nomoulbto pegaktopa Electronics Wokbench, pacueta gndpdepeHumnansHro
COMpPOTUBNEHUS AN HeCKoNbknx Todek BAX, a Takxke CpaBHeHue
pacCyYeTHbIX N U3MEPEHHbIX 3HAYEeHUN anddepeHLManbHOro CoONpPoOTUBIIEHMS
p-n Nepexoga Npu pasnnyHbIX 3HAYEHUAX ero OCHOBHbIX MapamMeTpOB.

6.2. 3agaHue K Yactu 2 nabopaTtopHou paboTbl

1. CocTaBbTe U cobepute cxemy Anst U3SMepeHnsa 4YacTOTHbIX CBOMCTB pP-n
nepexopa.

2. JKcnepuMeHTanbHbIM NyTEM onpeaenuTte BennunHy anddepeHumans-

Horo conpoTtuereHus nepexoga Ry B Touke Vg=+0.2 B, V=0 B n Vp=- 0.5

B: Ré, Rg, R3, COOTBETCTBEHHO. [lonyyeHHble 3HaA4YeHWs1 CpaBHUTE C
pacyeTHbIMW.
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3. PesynbTatbl HabniogeHun 3aHecuTe B pabouyyo TeTpagb And
cocTaBneHunsa otyeTa no nabopartopHou pabore.

6.3. Nopsaaok BbINOSIHEHUA YacTu 2 nabopaTopHOM paboTbl

1. B nsmeputencHyto cxemy 4actm 1 gaHHon nabopaTtopHon paboTbl
nocrnegoBaTenlbHO C COMPOTUBIIEHMEM Harpys3km BKIOYUTE MYSbTUMETP,
nepeseas ero B peXXnM N3amMepeHusi nepeMeHHoro Toka.

2. Ha doyHKUMOHanLHOM reHepatope cMeHuTe (opmMmy reHepupyemoro
HanpspkeHUst ¢ NUoobpasHoOM Ha CUHYycoManbHYK, HaXaB COOTBETCTBYIO-
LLIYHO KHOMKY Ha ero nepeaHen naHenu reHepaTopa.

3. YMeHblwuTe amnnuTygy reHepupyemoro HanpsKeHna C  goneu
BonbTa 4o 4eCATKOB MUMNUBOSbT.

4. Ha WCTOYHMKE MNOCTOAHHOrO HanpsXXeHUA YCTAHOBUTE BESTUYMHY
MOCTOSIHHOIO HanpskeHns Vg, paBHYlO OOHOMY W3 YyKa3aHHbIX B 3agaHuu

3HAYEeHUMN.
5. Haxmute knasuwy «[llyck» N naMmepbTe BENUYMHY TOKa B LENMW.
[anee, wucnonb3ya BblpaxeHue (2), BbluucIUTE AnddepeHumnansHoe

COMpPOTMBNEHME Nnepexoaa Ansa Kaxaoro aHadeHus Vo Ré, Rg, Rg’.

6. Vcnonb3ys BbipaxeHus (3) unu (4) Nno n3aBectHoMmy obpaTtHOMY TOKY
p-n nepexoga W WCMNOMb30BaHHOM B M. 4 BenMYMHE MPUNOXEHHOTO
HanNps>KeHUs Vo, paccynTanTe TeopeTudeckue 3HayeHus

anddepeHUnanbHOro ConpoTUB-NIEHUSI U CPABHUTE UX C AKCMEPUMEHTASTbHO
HangEeHHbIMU 3HAYEHUAMM Ré, Rg, Rg.

7. Yactb 3: UIBMEPEHUE BPEMEHU PEJIAKCALUUU
p-n NMEPEXOOA

Lenbto pgaHHOM 4yactu nabopaTtopHoM paboTbl  SABMSETCS
onpegeneHne BpEMEHU penakcauum p-n nepexoga C NoMoLbio pedaktopa
Electronics Wokbench, pacuyeta aTtoro BpemMeHun Ansa HECKOSbKMX Todek BAX,
a TaKKe CpaBHEHWE pacYETHbIX W W3MEPEHHbIX 3HAYEHUA BPEMEHMU
penakcauum p-n nepexoda npu pasfiMyHbiX 3HAYEHUSIX €ro OCHOBHbIX
napameTpoB.

7.1. 3apaHue K yactu 3 nabopatopHomn padoThl

1. CoctaBbTe, a 3aTteM cobepute cxemy Ansa UccrnegoBaHUst YaCTOTHbLIX
CBOMCTB P-n nepexopa.

2. Onpegenute Mo 4YacTOTHOW XapaKTEpPUCTUKE BPEMSA MNepeKNYeHuns
nepexoaa.

3. [llonyyeHHOe 3HayeHWe BpPEMEHU MNEepPeEKNIYEeHNa CcpaBHUTE C
pacyeTHbIM 3Ha4YeHWeM, MNOoJSIy4eHHbIM MO M3BECTHbIM 3HAYEeHUAM EMKOCTU
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nepexona C u ero amddepeHumanLHoro conpotmeneHmsa Ry .

4. Pe3ynbTaTbl 3aHecuTe B pabo4yto TeTpadb AN COCTaBMeHUsa oTyeTa
no paborte.

7.2. TMopsapok BbINOMHEHUA YacTtn 3 nabopaTopHoOn paboThbl

1. B cxeme yactn 2 K BbiIxogQy (YHKUMOHASNILHOrO reHepartopa, He
OTKMOYasi ero OT CXeMbl, MOAKMNIYUTE BXOA4 aMMANTYAHO-4aCTOTHOro
aHanusartopa, a ero BbIXo[ - K COMPOTUBIIEHWNIO Harpy3Ku.

2. YcTaHOoBUTE aMnnuTydy nepemMeHHOro HanpsXeHus Ha yHKUMOHanb-
HOM reHepaTope paBHYI HECKOSNbKUM AeCATKaM MUMIMBOSbT.

3. lNocnenoBaTtenbHO YCTAaHOBUTE BENUYMHY MOCTOAHHOIO Hanps»KeHud
Vp Ha p-n nepexopge, COOTBETCTBYIOLIYO obpaTHon BeTBn BAX, a 3atem

Touke Vg =0 B.

4. 3anyctute cxemy M Mo aHanu3atopy amrinTyaHOW XapaKTepUCTUKK
BblYMCNNTE BPEMs pernakcauun Ansa BblbpaHHbIX 3HaYeHnn V.

5. NlameHnTe BENNYMHY EMKOCTM pP-N Nepexona U NOBTOPUTE N3MEPEHUSI.

8. YacTb 4: U3NYYAIOLUIME CBOUCTBA p-n NMEPEXOOA

Llenb paHHOM 4Yactu nabopaTtopHouM paboTbl COCTOMT B
npuobpeteHnn onbiTa pabotbl ¢ pegaktopom EWB no mogenupoBaHuio
paboTbl  ONTO3MEKTPOHHbIX  3fIEMEHTOB, CoAepXawux cBeToauoabl
(onTpoHbl M T.4.), NpoHabniogatb paboTy ceetoanoga B UMMYSbCHOM
pexunmMe rnpu pasnnyHbiX COCTOSAHMUAX pP-N Nepexoaa.

TeopeTnyecknin matepman no 3Ton Yactn padoTtbl NogpobHO nanaraetcs
B y4yebHOM nocobum no gaHHomy kypcy (cm. [asbigoB B.H. dusmyeckue
OCHOBbI ONTO3NEKTPOHMKN. YuyebHoe nocobume. Tomck, TML O, 2004. — 135
C).

8.1. 3apaHue K yactu 4 nabopaTtopHou padoThl

1. CocTtaBbTe KN cobepute cxemy Ans uccrnegoBaHust paboTbl p-n
nepexoga B pexume nsny4eHusi CBeTa.

2. MNony4yunTe cBe4YeHne ceeToaMoaa B MMMYIIbCHOM peXume.

3. MIameHsas amnnutygy nogaBaeMbiX MMMNYNbCOB, ONpeaennte 3HavyeHme
MOPOroBOro Toka CBEYEeHNsa cBeToanoaa.

4. \'ameHnTe 3HaveHne obpaTHOro Toka, COnpoTMBEHNS 6a3bl, EMKOCTH
p-n nepexoda u npoeepbTe paboTOCNOCOOHOCTL cBeToaModa Npwu ApPYrnx
3HaA4YEeHNsAX ero NapameTpoB.

5. PesynbTaTbl HabniogeHwn 3aHecute B pabodyio TeTpadb Ans
cocTaBneHusa otyeTa no nabopatopHon paboTe.
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8.2. Nopsaok BbINONMHEHUA YacTn 4 nabopaTopHoOM paboThbl

[(MaBHOE CBOWCTBO CBETOAMOAA 3aKISlo4aeTcsl B TOM, NMpU AOCTUMXKEHUN
NOpOroBOM pasHOCTM NOTEHUMANoB Ha p-n nepexoae NpoucXoauT reHepaums
OMNTUYECKOro U3NyyYeHus, OAfiMHa BOSMHbl KOTOPOro onpegendeTrcs LWUPUHON
3anpeLweHHON 30HbI  MOSTYNPOBOAHUKOBOrO MaTepuana, 3HavyeHusiMn ero
napamMeTpoB, NPMMECHbIM COCTaBOM. VIMEHHO 3TO CBOWCTBO M €ro CBsi3b C
obpaTHbLIM TOKOM, €MKOCTbl0, conpoTmBrieHnem 6a3bl  Heobxoammo
nccrnegoBaTtb B JaHHOW YacTu nabopaTopHon paboThi.

[ns BbINOSIHEHUA AaHHOM YacTu nabopaTopHon paboTbl NOTpebyroTcs
cnegylowime anemMeHTbl U npubopbl: 3eneHbll M KpacHbI CBETOAMOAbI,
KOTOpble MOXHO HaMTXU B onuun, obo3Ha4YeHHOM Kak «[uoa», No ctaHaapT-
HOMy o6o3HayeHuno cBeTtoauoda. [loTpebyeTcss Takke  UCTOYHMK
NOCTOSIHHOIrO HanpPsHKEHWUS1, orpaHnYnTENbHbIM pe3nctop HomnHanom 100 Om
N reHepaTop MPSMOYroSibHbIX UMMYSIbCOB, MapamMeTpbl KOTOPbIX NPUBELEHbI
BbiLLE.

[Ona  Bum3dyanbHOro  OTOGpaxkeHUss  NO4aBaeMoOro  HanpsbkeHus
noHagobutcsa ocuunnorpad, Ha Bxog A - KaHana KoToporo OyayT
nogaBaTbCs MMMNYNbCbl C reHepaTtopa. [ns BpeMeHHOW pa3sBepTKM 3TOro
curHana Heobxogmmo Haxatb knasuwy "Y / T " Ha ocuunnorpade.
PekomeHgyem nocTtaBuTb aTTeHaTopbl B MonoxeHus «2 B/oen» n «1
c/gen» ans Y- n X- BXo4oB, COOTBETCTBEHHO. [Mpn npaBusnibHO cobpaHHOM
CXeme Mnpu OOCTMXKEHUU HanpshkeHUst CBOEN BEpXHEW rpaHuubl (Moporosoe
3Ha4YeHNe HanpsbkeHusl) U OTCYTCTBUE MU3NYYEHUS MPU HMKHEM 3HaYeHuu
HanpsKeHust  OOMMKHO  HabnwgaTbCAd  CBeYEeHMe  cBeToamoda,  uYTo
oTobpaxkaeTca B BuAE 3anofiHEHUA durypbl gMoaa BbliOpaHHbIM LIBETOM U
(vnn) nogaABneHMe UBETHbLIX CTPESIOK OKoMo cBeToamoda. BusyanbHas
KapTMHa npouecca CBeYeHUs1 M nokasaHume ocuunnorpada AOMmKHbl ObiTb
065a3aTenbHO CUHXPOHHbLIMM.

1. YcTaHoBUTE Ha (QYHKLUMOHANbHOM FeHepaTope pexuMm reHepauuu
NPSIMOYrOSbHbIX UMMNYSTbCOB aMmnnuTyaon 1 B, C NOCTOSHHOW COCTaBMAOLLEN,
HeoOxoaumMon Onsa npsiIMOro CMeLleHust p-n nepexoga, 4Yactotonm 0.1 Iy,
CKBaXXHOCTbIO, paBHOW ABYM.

2. MNonyunte reHepauunio ceeToauModa B MOMEHT OEWCTBUS UMMySibca
HanpspkKeHUst U npocrneauTte, 4Tobbl CBeYeHMe coBnagano C AeWCTBUEM
nmnyneca. CpaBHEHME BPEMEHHOIO COOTHOLLEHMS UMMNYIbCa HaMpPsHKeHUs U
cBevYeHna cBeToamoaa MOXHO caenaTb, CONOCTaBsIsAs UMNYSbCbl CBEYEHUS C
ocumnnorpammamMmm npuKnagbiBaemMoro K nepexogy  WMMySIbCHOro
HanpsHKeHus.

3. Onpepenute NoporoBble TOKM CBETOAMOLOB 3E€N1EHOr0 N KPacHoro
LIBETOB.

4. WN3meHaa BenuumHy o6paTHOro TOKa, €EMKOCTb nepexoga u
conpoTmBneHne 6asbl, NPOBEPbTE BIIMSHWE 3TUX MAPaAMETPOB Ha PEXUM
reHepaumm onNnTUYECKOro U3ny4yeHns (BesiM4mHy noporoBoro Toka).
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9. OTYET MO JIABOPATOPHOW PABOTE

Otyer no nabopatopHon paboTe «WccnegoBaHMe CBOWMCTB P-n
nepexodoB B npubopax OMNTO3MNEKTPOHUKU» [OMKeH ObiTb OoopmieH B
cooTBeTCTBMM C nNpuHATBIMM B TYCYPe npaBunamm odopMeHus
nabopatopHblx paboT. OH BbINONHAeTcA B pepaktope WinWord 6.0
wpudtom Arial pasmepom 12 nukcnenm ¢ nonssMm 2 CM CO BCEX CTOPOH.
N3noxeHne pe3ynbTaToB BbINOSIHEHUS pabOTbl 4OMKHO ObITb MO KaXXaon 13
e€ yacremn:

1. Mo 4yactn 1 gomkHa BbITb NpeacTaBrieHa U3MepuTenbHasi cxema u
pe3ynbTatbl €€ paboTbl: pacnedaTaH Ha nNpuHTEpe BUA ocuunnorpada c
nsobpaxeHnem BAX Ha ero akpaHe. B otyete AomkHbl BbiTb Takke onncaHbl
pesynbTaTtbl HabnoageHnss BAX nocrne nameHeHnsa napameTpoB p-n nepexoaa
N OaHO MX OObSCHEHMeE.

2. Mo vactn 2 gomkHa ObITb nNpeacraBrieHa U3MepUTenbHas CXema,
pesynbTtatbl €€ paboTbl, a Takke MNpMBEAEHbl W3MEPEHHbIE 3HaYeHUs
AnddepeHUnanbHOro ConpoTUBEHNA NPU  3adaHHbIX HanpsKeHUaX Ha
nepexoge, a Takke pacyeTHble 3HayeHus C¢ obcyxaeHvem pesynbTaToB
CpaBHEHNA paCYETHbIX N SKCNEPUMEHTANbHbIX 3HAYEHUN.

3. [TIlo yactm 3 pgomkHa O6bITb NpeacTaBfieHa Cxema W3MepeHUus
4YaCTOTHbIX CBOWCTB P-N MNepexon, 9KCnepuMeHTarnbHble pes3ynbTaTbl €€
paboTbl, a Takke npmBeaeHbl U3MepeHHbIe 3HAYEHUS1 BPEMEHWN pernakcaunm
eMKOCTWU nepexofa MNpu 3adaHHbIX HamnpsKeHWsX Ha nepexoge, a Takke
pacyeTHble 3Ha4YeHns ¢ 0bCyXaeHMeM pe3ynbTaTOB CPABHEHMUS paCyYETHbIX U
aKcnepuMeHTanbHbIX 3HAYEHUN.

4. Mo vactn 4 pomkHa ObITb NpeacTaBrieHa U3MepuTernbHasi cxema,
pesynbTatbl €€ paboTbl, NpuBeaeHbl U3MEPEHHbIE 3HAYEHUSA MOPOroBOro
TOKa ABYX TUNOB CBETOAMOLA, a Takke pesynbTaTbl HAGMAeHUS BIUSHUS
pasfnun4YHbIX NapaMeTpoB Nepexoaa Ha BEfIMYMHY 3TOro Toka.
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