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1. HIOACHUTEJIBHAA 3AIIMCKA

Yyebnas mucummuiiHa «OCHOBBI JJIGKTPOHUKH W MH(PPOBONH CXEMOTEXHUKH
BXOAUT B IWKI obmenpodeccuonanbubix auciumuind s npodeccun 09.01.03
«Mactep mo o00pabotke 1mdpoBoil uHpopmammm». JlaHHBIE METOAMYECKHE
pPEKOMEHIAINY TIPETHA3HAYCHBI JIJIsT 00YJAIONUXCsl, U3YJArOIIie JaHHYIO JUCIUTUINHY,
W BKJIIOYAET B ce0sl MATh 1a00paTOPHBIX PadoT.

JlaHHBIE METOMMYECKHE YKa3aHUS BXOIAT B COCTaB Y4€OHO-METOIUYECKOTO
KOMILJIEKCA M0 JAUCIHUIUIMHE U TMPEANnojararoT GopMHUpOBaHUE y yYalllMXCSd 3HAHUN U

YMGHI/Iﬁ B 00JIaCTH OCHOB QJICKTPOHHUKH U HH(i)pOBOﬁ CXCMOTCXHHKH.

MEPEYEHBb U COJIEP)KAHUE JIABOPATOPHBIX 3AHATHIA

Coaep:xanue 3aHATHH O0Bem yacoB

JlaGopaTopHoe 3ansitue Nel: OmpeneneHre mapaMeTPOB aHAIOTOBBIX, UMITYJIBCHBIX U IH(POBBIX
CHTHAJIOB.

JladopaTopHoe 3ansaTue Ne2: MccnenoBanue npocreiimux RC - neneit.

JlaGopaTopHoe 3ansiTHeNe 3: ViccrienoBaHue BOJBT - aMIIEPHBIX XapaKTEPUCTHUK MOITYIPOBOIHUKOBOTO
JHOJA.

JlabopatopHoe 3ansitue Ne 4: Pacuér nmapameTpoB MOJIyIPOBOJHUKOBBIX MPUOOPOB

NN NN N

JlaGopaTopHoe 3ansitue Ne 5: lccnenoBanne KackaIoB ¢ OOIIMM 3MUTTEPOM, ¢ o0rieit 6a3oii u
OOIIMM KOJUIEKTOPOM.
HccnenoBanne mapaMeTpoB TPaH3UCTOPHOTO KITFOYA.
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2.0BLIUE YKA3AHMUS 1O BBIITOJIHEHUIO
JIABOPATOPHBIX PABOT

1. JIaGopaTopHbie paOOThI BHITIOIHSIIOTCS B COOTBETCTBUU C TpaukoM yuyeOHOTo
nporecca, KOTOPBIM JOBOJUTCS /10 CTY/ICHTOB B HavaJie KaXJI0T0 CeMecTpa.

2. K BbINIOJHEHUIO JTA0OpPaTOPHBIX pabOT AOIMYCKAIOTCS CTYACHTHI, MPOIIEIIINE
MHCTPYKTaX 0 PABUJIAM TEXHUKHU 0€30MMaCHOCTH.

3. ®opMbl OpraHU3alUKA OOYYAIONMIUXCS TPHU MPOBEACHUHN J1ab0paTOpHBIX PaboT:
(dbpoHTanbHas, TPyNNoOBas U UHIUBUyaJIbHAS.

[Ipu ¢poHTanbHON (opMe OpraHu3aluu 3aHATHI Bce 00y4aroUIUecs! BBHIIOJIHSIOT
OJIHOBPEMEHHO OJIHY M Ty k€ paboty. Ilpu rpynmnoBoii ¢popme opraHuszanuu 3aHATHI
OJIHAa U Ta k€ paboTa BHITIONHsIETCS Opuranamu 1o 2 - 5 yenosek. [Ipu nHAMBUAYaTbHON
dbopMe opraHmMzanMy 3aHATHH KaKIblii OOYYarOIIUKCA BBIOTHSIET HWHIWBUIYaTbHOE
3aJJaHue.

JIabopatopHble pabOTHI BBHINOJHIIOTCS € HCHOJB30BAHUEM IPEIOCTaBIECHHBIX
IpernoaaBaTesieM TEXHUIECKUX CPEJICTB U MPOTPaMMHOTO 00€CTICUCHHS.

4. Kaxnapli oO0yyaromuics JOJDKEH 3apaHee MOJATOTOBUTHCS K OudepeaHOn
nabopaTopHOl  paboTe: W3YYUTh WJIM TOBTOPUTH TEOPETUYECKUA MaTrepual,
paccMOTpeTh TpeOyeMble CXEMbl, MOBTOPUTh HEOOXOAMMBIE (DOPMYJIbI, TAOIULBI U
MOSICHEHUSI TIO BBIMOJIHEHUIO JTa0OpaTOpHO pabOThl HEOOXOAMMO 3aHECTH B TETPAJh
w 0pOpMHUTH WX B dNIeKTpoHHOM Bapuante Ha [IK. HemoaroroBieHHble CTYIEHTHI K
BBITIOJIHEHUIO JITA0OPATOPHBIX pabOT MOTYT OBITh HE JIOMYIIICHBI.

5. [Tlepen BoimonHeHHEM pabOThl cTapmuii B Opurage (WM KaKIblid
oOyyJaromuiicsi) ToJiydaeT y TMpernojaBaTess KOMIUIGKT HAOOPHBIX JJIEMEHTOB U
HEOOXOJUMYIO 3JIEKTPOU3MEPUTENBHYIO allaparypy, 3a KOTOPYIO HECET MOJIHYIO
OTBETCTBEHHOCTb, U TIOCIIE OKOHYAHUS PabOThI CAAET UX MPETOJaBATENIO.

[IpenonaBatenb BBIJAET WHCTPYKIIMOHHBIC KapThl OOYYAIOMIMMCS W TPOBOJIUT
BBOJHBIH MHCTPYKT@X C TOSCHEHHEM BCET0 Mpolecca BBIMOJIHEHHs JTab0paTopHOi

pabotel. OOywarommecss MOTYT 3aJaBaThb BOIPOCHI IO MPOLECCY BBIIOJHEHUS



n1abopatopHbiX paboT. ToNbKO MOCie OTCYTCTBHS BOMPOCOB OOydYarolIuecs MOTYT
MPUCTYNATh K BBIIIOJHEHUIO J1JA0OPaTOPHOU PadOTHI.

6. Bo Bpems 3aniaTuii B yuyeOHOM KaOuHeTe (JabopaTopuu) JOJDKHBI
MOJIICPKUBATHCSL HAAJEKAIUN TOPSIOK W jAenoBas oOcTaHoBka. He paspermaercs
NepeMeIleHre O0ydJaroluxcsl Mo y4eOHOMY Kiaccy (Ja0opaTopuy) M MOJKIIOYEHHE
UCTIONIE3YEMOM ammaparypbl WIH KOMITBIOTEPOB 0O€3 pa3pelicHHsl TMperno1aBaTesl.
OTBETCTBEHHOCTH 32 MOJJIEPKaHNE MOPSIKA HECET MpenoaaBaTelb, CTapoCTa TPYIIIBI U
NeKYPHBIN CTY/ICHT.

7. llpum BBINOJHEHHWH JA0OPATOPHBIX padbOT TpeOyeTcs HEyKOCHUTEIbHOE
BBITIOJTHEHHE MTPaBUJI TEXHUKHU 0€30MacHOCTH.

8. Ilo oxoH4YaHWM pabOTHl B YEPHOBOM TETPaaud KaXKIOro OO0Yy4aromerocs
IpernoAaBaTeNb JeJaeT OTMETKY O MPaBWJIBHOM M TIOJHOM BBIMIOJTHEHHU paboThl. B
clly4ae HeMPaBHJIBHOCTHU MOJIYYEHHBIX Pe3yJIbTaTOB pab0oTa MOBTOPSETCS.

9. Tlo BbIMOTHEHHBIM Ja0OpPATOPHBIM paboTaM KaXIbld  0O0ydaromuics
opopmiiier um 3ampImaeT oOT4eT. OTa paboTa TUIAHUPYETCS B KOHIE TEKYIIETo
mpakTudeckoro 3aHsaTus. OJHAKO €clid MOATOTOBKAa O0O0ydYaromerocs K 3aHATHIO
HEJOCTaTOYHAa M TpaKTHueckas paboTa moTpedoBanga CIMUIIKOM MHOTO BPEMEHH, TO
3al[UTa OTYETa O BBIMOJHEHHOW paboTe MEpPEeHOCUTCS Ha CIEAYIOIIee MPaKTUYECKOe
3aHITHE WIM Ha KOHCYJbTanuio. OTYET Mo BBHIMOJIHEHHOM JTa00paTOpHO paboTe MOKET
OBITH BBITIOJIHEH KaK B AJICKTPOHHOM, TaK U B PYKOTIICHOM BapHaHTE.

10. IIpomymiennsie ipabopaTopHbie pabOTHI OTPAOATHIBAIOTCS BO BHEYPOUYHOE
BpEMSI COTJIACHO YCTAHOBIEHHOMY TpaduKy.

11. IIpaBuna TeXHUKHN O€30MACHOCTH.

[IpakTUuecku Bce HAMPSHKEHUS, C KOTOPHIMU MIPUXOTUTCS UMETH JICJIO B Y4eOHOM
kabuHeTe (J1abopaTopuM) OIESKTPOHUKH U IU(PPOBONM CXEMOTEXHUKH, SIBIISIFOTCS
OMMACHBIMU JUTSI JKU3HU YEJIOBEKa, MOATOMY TPH BBIMOJTHEHUH J1abOpaTOpPHBIX padboT
HEOOXOJMMO CTPOTO BBIMOJIHATH CIEAYIOUINE MpaBuia 0€300acHOCTH.

1. DnexkTpuyeckue UEMu TOKHBI COOMPATHCS TOJNBKO TIPU OTKIIOYCHHOM

HNCTOYHHKC ITUTaHUA.



2. CobOpannas cxema J0JDKHa OBITh TpPOBEpEeHa mpenoaaBareneM. Bxmrodarsb
CXEMY MO>KHO TOJIBKO C pa3pelieHus IpernoJaBaTels.

3. Ilepen BKIIOYEHHMEM DJIEKTPUUECKOM LENM BCe €€ AJIEMEHTHl (PEOCTaThl,
peryivpyeMble HICTOYHHUKH, PEaKTUBHBIC KaTyIIKU U T.J.) JOJHKHBI HAXOAUTHCS B TAKOM
II0JIO’KEHUH, YTOOBI TOK IIPU BKJIFOUEHUU CXEMBbI OblJT HAUMEHBILINM.

4. Bce oOyuwarouiyecst JOJKHBI ObITh O3HAKOMJIEHBI C CHUCTEMOW aBapUHHOTO
OTKJIFOUEHUS] ICTOYHUKOB MMUTAHUSI.

5. B yueGHOM kabuHeTe (;1abopaTopuu) 3ampeniaeTcs:

5.1. Bxmroyate CcXeMy WM NEPCOHAIBHBIE KOMIBIOTEPHI C IPOrPAMMHBIM
oOecrieueHueM 0e3 mnpenynpexiaeHus. llepen BkiIOYeHHMEM HEOOXOJUMO T'POMKO
ckazatb: «llogato HanpskeHue!».

5.2. IlpukacaTbcsi K HEU3O0JUPOBAHHBIM YaCTSIM YCTAHOBKH, HAaXOMSIIECUCS IOJ
HaNpPsHKEHUEM.

5.3. IIpou3BOOUTE NMEPECOCAVHEHUS B 3JIEKTPUUECKOM LIETIH, HAXOIALIEHCS MOJ
HanpspkeHueM. Besikue nepecoeiMHEHMs BBIMOIHSAIOTCS NMPU OTKJIFOYEHHOM MUTAaHUU U
nociie  KaXJ0ro IEepecoeMHEHUsI CXeMa BHOBb JOJDKHA OBITh  IIpOBEpeHa
MPErnoIaBaTeeM.

5.4. 3arpoMoxiaTh JlaDOpaTOpHbIE CTOJbl OCTOPOHHUMH IPEAMETAMHU:
npuopaMu U amnmnapaTamu, He MpeIHa3HaYeHHBIMU JJI BBIIIOJHEHUS TaHHON paboThl,
JMIITHAMU COCTUHUTENFHBIMH MTPOBOJAMH, CyMKaMH, KHUTAMHU U T.I.

5.5. OcraBnsaTh 6€3 HaOIOICHNUS YCTAaHOBKY, HAXOSIIYIOCS O] HAMTPSHKEHUEM.

5.6. Pa3buparb caMocTosITeNIbHO O€3 MpenoaaBaTeNs ANEKTPUUECKYIO LIeNb WU
[IEPCOHAJILHBIN KOMIIBIOTED.

5.7. BxmroyaTh OJJIEKTPUYECKYIO LeNb B CiIy4dae, KOrjga OAWH M3 KOHIIOB
MOHTXHBIX TIPOBOJOB OCTAETCS CBOOOIHBIM.

5.8. CamoMmy  peMOHTHpOBaTH  MpUOOpPHI,  ammaparel ©W  JPYroe
IIEKTPOOOOPYI0BAHNE.

5.9. PaGoTaTh ogHOMY 0€3 mpenoiaBaTeis C JJIEKTPOYCTAaHOBKAMM.



6. B cnyuae aBapuu Ha pabodyem mecte (MOBPEXKIACHHE MPUOOPOB, MEperopaHue
MpeJOXPaHUTENICH U T.1M.) 00ydarouuics 00g3aH HEMEJICHHO OTKJIIOUUTh MUTAHUE HA
pabodem MecTe U COOOUTUTH MPENOIABATENIO O CITYIUBIIIEMCHI.

7. O Bcex HEUCTPABHOCTSAX CPOYHO COOOIIATH MPETOIABATEIIO.



3. HOPSIJIOK COCTABJIEHUSI OTYETA
O JIABOPATOPHOM PABOTE

CocraBnenue oTdera o JabopaTopHOil paboTe MMEeT CBOEH 1EeNbl0 BHIPA0OTATh Y
00y4aroierocsi HaBbIKM Y€TKOTO U TPAMOTHOT'O M3JI0KEHHSI PE3yJIbTaTOB JIH000r0
TEXHUYECKOr0 UCCIIEJOBAHUSI.

OTuer O BBINOJHEHHON J1abOpaTOpHOM paboTe coCTaBisIeTCS OOyYarOIIMMCS Ha
OCHOBE 3alMCeil, CACNAHHBIX B JIMYHOW YEPHOBOM TETpaau B MPOLECCE MOATOTOBKH U

BBITNIOJTHCHUA pa6OTBI. Ortuer O(I)OpMH?[CTC}I Ha CKPCIUVICHHBIX JIUCTAX CTAHAAPTHOI'O

dopmata A4. Jlonyckaetrcs ohopMiIeHHE OTYETa HA Pa3BEPHYTHIX JIMCTaX YUYEHUUYECKHX
TETpajJeil B KIETKY.

OT4eT I0JIKEH coepkKaTh:
- TUTYJIbHBIN JIMCT, HA KOTOPOM OyIeT 3alMCaHO HAaMMEHOBaHUE JIA00OPaTOPHOH paboTHI,
dbamuusa 1 MHULMAJIBL 00YYalOIIEerocs, 1aTa MpoBeIeHus 1a00paTOpHOi paboThI;
- U3JI0’KEHUE 11eNTU paboThl U e€ peanu3aliy B JaHHOU J1abopaTopHOii paboTe, BKIItoYas
UCCIIeTyeMbIe CXEMbI, TAOIHIIBI PE3YJIbTATOB IKCIIEPUMEHTOB, TpeOyeMble pacyeThl,
rpaduKy U IUarpaMMel;
- 3aKJTFOUYEHUE WM KPaTKUE BHIBOBI TI0 UTOTaM PabOTHI.

[enb paGoThI U €€ peanu3aius JOKHBI ObITh M3JI0KEHBI KPATKO, TIOCIIeI0BATENBHO,
C pa30MBKOW Ha 3aBEpIICHHbIE B CMBICJIOBOM OTHOIIEHUH YAaCTH, COOTBETCTBYIOIIHE
BBITIOJTHEHHBIM B paboTe SKCIIEpPUMEHTaM WM pelieHHBbIM 3anadaM. [losicHenus k padore,
UMEIOIINECS B METOJJMUECKHUX YKa3aHUSAX, B OTYETE MPUBOIUTH HE cienyeT. OT4eT MOMKeH
OBITh COCTaBJICH UMEHHO (0 BBITTOJIHEHUIO paboTHI.

PaGoune cxembl, TaONHIBI pe3ynbTaToOB, Tpa@UKH W JUATPAMMBI JODKHBI HUMETh
HAaMMCHOBAHUS U KPATKKE MOSICHCHHS TUTIA: “TIO JAHHBIM Ta0JI. 2 MOCTPOCHA
3aBUCHUMOCTD U (I1) - cM. prc. 27 u T.1.

Oco0oe BHUMaHUE CIeAyeT YAeNUTh rpaduueckoil yactu oruera. Cxemsl, rpaduky,
qUarpaMMbl  PEKOMCHIYETCS  BBITIOJHATH — KapaHIAIIOM, TPUMEHSS  YePTEKHbBIC
npuHaanexHoctu u cobmoaas tpedbosanus ['OCT u ECK/I. N3006pakeHne 31eMeHTOB Ha

CXEMax, KaK IIpaBuJIO, JOJIKHO OBITH BCPTUKAJIbHBIM WJIN TOPHU30HTAJIbHBIM. PaBMCpI)I CXEM
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U rpauKOB HE CIEIYyET YPE3MEPHO PACTATUBATH WM, HAIPOTHUB, BBIMIOJIHATD UX CIIMIIKOM
MeJNKUMH. BriosiHe ya00HbI U IOCTaTOYHBI JJIsl HATJISIIHOCTH PHUCYHKH pazmepoM 8+10 cwm,
T.€. B YETBEPTh TETPAIHOTO JHCTa. B HEKOTOPBIX Cilydasx rpaduKu MOKHO BBIMOJIHITH Ha
OTJIENIbHBIX JIUCTAX MUJLTUMETPOBOM Oymaru cTaHIapTHBIX GopmatoB. Pekomenayembie mo
['OCT macmra6sr: 1:1, 1:2, 1:5, 1:10. Tak ke cxembl, TpaduKu U IpyrUe 4epTEHKU MOTYT
OBbITh BBIJIAHBI MPENOJaBaTesIeM WM BBITOJHEHBI C MOMOILIbI0 KOMIBIOTEPHBIX MPOTPAMM
TUISE oOyuaromuxcs c OrpaHUYCHHBIMU BO3MOKHOCTSMHU 3JI0POBBSI.

Htorn mpoxaenaHHod paboOThl MOTYT OBITH W3JIOKEHBI B (hopMe 3aKIIIOYEHUS I10
paboTe win B BUJE KPAaTKUX BBIBOJOB, KOTOPbIE Obl KOHKPETHO, CO CChLIIKaMU Ha TAOJIUIIBI
170031 rpaduku, OTBEYAJIN IyHKTaM (015 padoThI.

Ortuer JOJIZKCH OBITh noamnuca”n O6y‘-IaIOHII/IMC$I.
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4, 3AJAHUA JISA JTIABOPATOPHBIX PABOT

JlabopaTopHoe 3ansitTue Nel: OnpenesieHne nmapamMeTpoB aHAJIOTOBbIX, HMIYJIbCHBIX H
HU(POBHIX CUTHAJIOB.

1 Ieab paéoTsl.

1.1 U3yunth GyHKIIMOHATBHYIO CXEMY.

1.2 3HaTh TEXHUYECKHE XAPAKTEPUCTUKH.

1.3 3naTh Ha3HAUEHUE OPTraHOB YIIPABIICHUS.

1.4 HayuuTbcsl TOIB30BATHCS M TPUOOPECTH HABBIKU B pabOTE C BOJIBTMETPOM.

2 TlosicHeHus K padore.
2.1 KpaTkue TeOpeTHYeCKHEe CBEICHU.

s npubopoB, H3MEPAIOLIMX HAINpsSHDKEHHE IIEPEMEHHOIO TOKa, XapaKTepHbl TpPU BapHUaHTa
CTPYKTYPHOH CXEMBbI, YTO 3aBHCHT OT THIa mpeoOpa3osareis (puc.2.1, a — B). [IpuHumn aeicTBus
BOJIbTMETpPA, MOCTPOEHHOIO MO cXeMe Ha puc.l,a, 3akiroyaercs B IPeoOpa3OBaHUU HAINPSIKEHUS
MEPEeMEHHOTO TOKAa B HAMNpsKEHUE IMOCTOSHHOTO TOKa, KOTOPOE H3MEpsieTcs CTPEIOYHBIM
ANEKTPOU3IMEPUTENbHBIM MpUOOpoM. Takue mpuOOpsl MPUTOAHBI JIMIIb I U3MEPEHUS HAIPSHKCHHS
3HAYUTENIbHON aMIUIUTYIbl (MX HCHOJB3YIOT IJS KOHTPOJS HAmpsOKEHHs] B HU3KOYACTOTHBIX |
BBICOKOYACTOTHBIX M3MEPUTEIBHBIX I'€HepaTopax, MOJIYJATOPax MOIIHBIX I'€HEpaTOpOB M T.II.), TaK
KaK JUIsi M3MEpEeHHs] MaJblX HaIMpPsHDKEHUH OHU HEIOCTaTOYHO YYBCTBUTENBHBIL. [103TOMY B MOJ00HBIX
Cllydasix TPUMEHSIOT BOJBTMETPHI, Y KOTOPBIX Iocie mpeodpasoBarens (puc.2.1,0) nmubo 10 HEro
(puc.2.1,B) JOMOJHUTEIHHO BKIIIOUEH YCUIUTEb.

Bx9 BxonHot 6ok .| IIpeobpaszosarens | OmexrpomsmepuTeNbHbIH
} 4 " oudon
a)
o Ycunurens o MarHuTosNIeKTpUdeCcKui
Bxoz BXoHO# » [IpeoGpasosateis IOCTOSIHHOTO M3MEPUTENbHBIN
GIIOK TOKa npudop
BxoJi Bxonnoit Ycunurens ITpeobpazoBaTennb MarsuTo3neKTpHYECKUI
N 610K »|  TEPEMEHHOro > > N3MEpUTEIBHBIN
HaNpsHKEHUS mpubop
B)
Bxoji Yceunurens MarauTosyeKTpu4ecKuil
BxoHoii 6710k o TTpeoGpasosarers MIOCTOSTHHOTO > U3MEPUTETHHBIN
> TOKa pubop

11



Bxomgnoit 6110k

r)

Puc.2.1

CpaBHUBasi CTPYKTYpHBIE CXeMbl Ha puc2.1,0 ¥ B, MOXKHO €€ /10 M3y4eHHUs KOHKPETHBIX CXEMHBIX
pelleHui YCTaHOBUTD PsiJ] CBOICTB MPUOOPOB, OLIEHUTh UX JOCTOMHCTBA U HEOCTATKHU. BOIbTMETpHI,
MOCTPOEHHBIE TI0 MEPBOM CXEME, OTINYAIOTCS OYeHb MIMPOKUM JIUAMA30HOM YaCTOT: OHH MO3BOJIAIOT
U3MEPATh HANPSDKEHUSI BHICOKMX 4acTOT BIUIOTH 10 1 I'T'u. IIpuGopsl e, BBINOIHEHHbIE IO BTOPOH
cxeme, UMEIOT 0oJiee Y3KYIO MOJIOCY, OTPAHHYEHHYIO MOJIOCON MPOITYCKAHUS YCHIIUTENSI HAMPSHKCHUS
MEePEeMEHHOT0 Toka (kak mpasuio, A0 10...50 MI'n). 3aTo cxema, moka3zanHasi Ha puc.2.1,B, MO3BOJISET
MOJIYYUTh 00Jiee BBICOKYIO UYBCTBUTEIBHOCTb, YEM MPEABIAYIAs, MOCKOJIbKY YCHUIUTENb BKIIOYCH
nepen npeobpazoBaTeneM. Takue cxembl HCHOIB3YIOT B MUJUIM- U MHKPOBOJbTMETpax. [lpuuem
OCHOBHBIM (DaKTOpPOM, OTPAHUYMBAIOIINM HIDKHUN Mpeaes HU3MEpPSEMOro HANpPSDKEHUS, SBIISIOTCS
coOcTBeHHBIE 1IyMbl ycunuTens. Cleayer OTMETHTh, YTO B CXEME C MPEABAPUTEIbHBIM YCUIUTEIEM
BO3MOXXHBI HMCKOKEHUS (OPMbI HANpPSDKCHUS (HEIMHEWHBIC MCKAKEHUsS), KOTOPbIC MPAKTHYCCKU
OTCYTCTBYIOT B CX€Me, HauMHaroIIelcs ¢ Ipeodpa3oBaTes.

Bx Bxonanoin Yceunurenb MarHuTosnekTpuuecKuit
610K MIOCTOSTHHOTO npubop
—> > >
TOKa
Puc.2.2

ITpu conocTaBneHNH cxeM, U300pakeHHBIX Ha puc.2.1, 6 u puc.2.2, BUAHO, YTO UX MOXKHO COYETaTh
B ofHoM mnpubope. Takoil yHuBepcaibHbIi BonbTMETp (puc.2.1,r) CIyXUT A8 HU3MEPEHUs
HaNpsDKEHUH KaK IepEeMEHHOTr0, TaK M MOCTOSIHHOT'O TOKa.

CremyeT OTMETUTB, YTO CTPEIOYHBIE IJIEKTPOHHBIC BOJBTMETPHI XapaKTEPHU3YIOTCS CPAaBHUTEIBHO
HEBBICOKOH TOYHOCTHIO (IIO OTHOIIEHUIO K IU(PPOBBIM BOJIBTMETPAM): Y JIYULIMX THIIOB IMPUOOPOB
npuBeneHHass norpemHocts 1...2,5 %. OnHako nmpH pemieHud MHOTUX NMPAaKTUYECKUX 3a/ad TaKou
TOYHOCTH BIIOJIHE JIOCTaTOYHO.

2.2 IlepeyeHpb ucnoab3yeMoro 000py10BaHuUsI.

2.2.1 Boasrmerp GDM8145.

2.2.2 T'eneparop usmeputensusiiit GAG - 810.

2.2.3 TlepcoHaybHBIN KOMIBIOTED U aHATIOTO — IH(POBOIi peodpazoBatens Handyprobe HP2.

3 3anpanue.

3.1 U3yuuts GpyHKIMOHATIBHYIO cXeMy BoiabTMeTpa B3-38A.

3.2 V3yunTh ¥ 3HaTh Ha3HAYCHUE OPTAHOB YIIPABJICHHS BOJIBTMETpA.

3.3 OnpenenuTs 3aBUCUMOCTH ITOKa3aHUI BOJIBTMETPA OT YACTOTHI U3MEPSEMOT0 HAPSKESHHUS.

3.4 TIpoBepuTh NPaBUIIBHOCTH TPAJYHPOBKH KA BObTMETpa B3-38A.

3.5 [o pe3ynbTatam U3MepeHH U BRIYMCICHUN C/I€7aTh BBIBOJBI O KAUECTBE MApPaMETPOB BOJILTMETPA.

4 Cxema npoBe/ieHHsl ONbITA.
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MK ¢ AL

W3mepurenbHbIit
reHepaTop

IIpoBepsemsrit
3JIEKTPOHHBIN
BOJIETMETP

Puc. 4.1 Cxema npoBepKu IpaBUILHOCTU I'PAaAyHPOBKHU BOJBTMETPA.

H3mepurenbHbli

reHenaTon

Puc. 4.2 Cxema onpezaeneHust 3aBUCHMOCTH BOJIBTMETPA OT YaCTOTHI U3MEPSIEMOI'0 HAIIPSIKEHUSL.

5 Pabora B 1abopaTopun.

ONeKTPOHHBIN
BOJITMETD

5.1 IMoaroroBka nmpubdopa K padore.
5.1.1 TIpoBeputh 3a3eMIICHHE TPUOOPA.
[TpoBepuTh MEXaHWYCCKHI ITYJIBT IPHOOPA U TIPU HEOOXOTUMOCTH CKOPPEKTUPOBATH HYJICBOEC
MOKa3aHHUEe CTPEIIKH.

512

5.13
5.1.4
5.15

[TepexitouaTens MpeaeaoB U3MEPEHNUN yCTaHOBUTH B nosoxeHue 300B.

Bxurounts ipubop B CETh.
[Tocne 3Toro npubop roToB Jyisi IPOBEAECHUS U3MEPEHUI.

5.20mnpenenuTh 3aBUCUMOCTb IOKAa3aHUM BOJIBTMETPA OT YACTOTHI U3MEPSIEMOT0 HAIIPSKEHHUS.

B HOpMaJIBHOﬁ 00JIacTH  YacToT MNpUBCACHHAA MOI'PCIIHOCTD an6opa HC TIPCBLIIIACT

MaKCHMaJIbHOW JOIMYCTUMON OCHOBHOM MPUBEIEHHON MOTpeIIHOCTH. B pacmmpenHoi 061acTi 4acToT

AOIMMOJIHUTCJIbHAA  IMOIrPpCHIIHOCTD

TIOTPEITHOCTH.

BOJIBTMETpA.

5.2.1 Cobepute cxemy 4.2.
522

5.2.3

524

B cootBercTBUM C YKa3aHHbIM BapUaHTOM HPOU3BCAUTE U3MCPCHUS.

B Tabmune 5.2.1 mnpuBeneHbl W3MEpPUTENbHBIE YAaCTOTHI IMPEAEbl ILIKAIbl BOJBTMETpa U
MCXOJHOE HampsKeHue npu vactore 451’

npubopa He JIO0JDKHA IPEBbIIaTh OCHOBHOH INpHBEIECHHOMN
[[luprHa nuama3oHa 4acTOT M3MEPEHHBIX HANPSKEHUHM OIpEeAeNsseTcsl CUCTEMOU

Hactpoiite reneparop Ha uvactory 451’1 M u3MeHss HampsDKEHHWE Ha BBIXOJIE TE€Heparopa,

YCTAHOBUTE CTpENKY BosibT™MeTpa B3-38A Ha ykazanHyto B Tabnune 5.2.1 Benuuuny U45.

Tabnuua 5.2.1.

Ne Ba- | Tlpeng f, xI'1 0,02 | 0,045| 0,2 5 10 20 100 | 200
pHUaHTa| IIKAaJIH
B
1 1 0,5B
2 3 1,5B
3 3 2,5B
4 10 4B
5 10 5B
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5.2.5 H3menute yactoTy reHeparopa (cMm. Ta6:1.5.2.1) u 3anumure mokasaHus BOJIbTMETPA.
5.2.6 3ananHble, U3MEPEHHBIC U PACCUNTAHHBIC BETMYMHBI 3aHOCUTE B Ta01.5.2.2

Tabauua 5.2.2

Ne Ba- f, kI'u| 0,02 | 0,045 0,2 1 2 5 10 20 100 | 200

pHAHT;

U,B
AU,B
8,%

5.2.7 Paccuuraiite aOCOMIOTHBIE W OTHOCHUTEIbHBIE MOTPEUIHOCTH B CPAaBHEHHU C HAIPSDKEHUEM,
YCTaHOBJICHHBIM IIpH yacToTe 45111 o opmynam:

AU
AU= Uf-U45 o= ——100%
u45

5.2.8  Tlocrpoiite rpadux U(F)=f(f)

5.3 IIpoBepka mpaBHIIBHOCTH IPalyMPOBKHU IIKaJ BOJIbTMETPA.

5.3.1 IlpaBWJIBHOCTH T'paJyHMpPOBKHU IIKaJIbl 3JIEKTPOHHOI'O BOJIETMETpA OLEHHUBAETCS IOCPEICTBOM

CpPaBHEHHUs IIPUBEJCHHON OTHOCUTEIIBHON NOTPEIIHOCTH, MOJICYUTAHHOM 10 pe3yibTaTaM U3MEPEHUH,

C MOTPEIIHOCTHIO JIEKTPOHHOTO BOJIBTMETPA 110 €0 TEXHUYECKOM XapaKTepUCTHKE.

5.3.2 Cobepute cxemy (puc.4.1)

5.3.3 B nannoii nabopaTtopHoii pabore kak 00pa3ioBbiii BoibTMeTp ucnonb3yite [IK ¢ AL
Handyprobe HP2. Tlogxmrounts k Beixoay renepatopa ALl 3amyck pabGoueii mporpamMMsi
Handyprobe HP2 ocymectBisiercss u3 mento «IIporpammery, kHonku «Ilycky». Iloayduts Ha
AKpaHe MOHUTOPA CTAPTOBOE MEeHIO (puc. 5.1)

'*"HP2 demo ($000) Bepck 2.42/32 =10 =]
LIOLT TRAMN= SFECTRLUM SZETUF HELF
-------- I_.-I ?
........ o
Puc 5.1
3amyck TJIaBHOTO OKHa U(POBOTO BOIBTMETPA OCYIIECTBIsIETCS MyTEM HaxkaTus KHonku “VOLT”(puc.5.2)

[+]x Yoltmeter =1ol=|
dafn  Msmepenue HakonneHwe HacTpodikk  [omowe
[aere [ i = |

@ YUyECTEMTENEHOCTE KaHana M21: 5.008

CpelHEKES
A1

I_al_l I:lB

MNpaea KHONKA MEIWK 1N HEHID PI/IC 5 2
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534 B tabmuue 5.2.1 mnpuBeneHbl HM3MEPUTEIbHBIC YaCTOTHI, MPEIENbl IIKaJdbl BOJIBTMETpPA H
MCXOJIHOE HaIPsHKEHUE.

5.3.5 HactpoliTe reHepaTop Ha 4YacTOTy, yKa3aHHyH B TabOiuie 5.2.1, W3MeHssl HamnpsDKeHHE Ha
BBIXOJIE TEHEparopa COTJacHO BapUaHTy, YCTAHOBUTb HANPSIKEHHE HA MPOBEPSEMOM
BonbTMETpe B3-38A u 3anucars nokazanue oopasiosoro BoasTMmerpa U(0).

5.3.6 Paccumraiite abCONIOTHBIE TOTPEUTHOCTH IO (hopmMyIie:

AU=Un-U0
rne  U(n)-moka3aHus mpoBepsIeMOro BOJIbTMETpPa, B,
U(0)-moka3anust 00pa3ioBoro BOJbTMETpPa, B.
5.3.7 PaccuuTaiiTe NpUBEACHHYIO MOTPEIIHOCTH O, MPOBEPsEMOTo IIprdopa mo Gopmyiie:

AUmax
o= ¢ 100%
Unpen

rac Umax — HanbombIas abcomoTHAs MOTrpCIIHOCTD, MOJYYCHHAsA IIPpHU IIPOBCPKE, B
UHpG[[ - KOHCYHOC 3HAUYCHUC YCTAHOBJICHHOI'O IMPCACiia UBMCPCHUA, B.

Tab6muna 5.3.1.

No F, [Tpenen [Ipenen 1B 3B 10B
Ba- | kI'n | U3mepenns | U3mepenus
pHaH] 10mB 100mMB

1 1 1559 |10 |50 |9 (0206|081 |2 |3 |2 |6 |9

2 10 |2 |6 |8 |24 |54 /94 (01/05(/09|12|25|28|14|54|94

3 15 12,4/5494|20 60 80 [{0,240,5409408|16|26|18|52|8,8

4 50 |1,4/5694|30 |60 9 [03[06(09|09|18(28|24|58]8,6

5 1003 |6 |9 |14 |56 |84 [0,3q0640850852 |29|2 |5 |8

Tabauua 5.3.2

Ne Bapwmanrt| f, kI'it [Ipenen 100mB 1B 2B 3B
HU3MEPEHHUS
10mB

1. U(m), B

2. U(0), B

3. AU, B

4. dmo %

5. 0% mo Ty
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5.3.8 3ananHble, U3MEPEHHbIE U PACCUNTAHHbIC BEJTMYUHBI 3aHECTU B TAOJIHUILY.

6 Coaep:kaHue oT4yeTa.

OTuéT OIKEH COePIKaTh

6.1 Ha3zBanue paboTbl

6.2 Llenb paGoTHI.

6.3 3amanue.

6.4 CxeMa u3mMepeHus.

6.5 [lepeuenb 00opyOBaHUSI.

6.6 Tabmuibl U3MEepEeHU U PacuEToB.
6.7 I'paduxmu.

6.8 Beioa o pabore.

6.9 OTBeTHI Ha KOHTPOJIBHBIE BOIIPOCHI.

7 KoHTpoJbHBbIE BONIPOCHI.

7.1 KakoBbI JOCTOMHCTBA 3JIEKTPOHHBIX BOJIBTMETPOB?

7.2 O6macTb MPUMEHEHHS MIEKTPOHHBIX BOJIBTMETPOB?

7.3 I1o KakMM OCHOBHBIM CXEMaM CTPOSITCS JICKTPOHHbBIE BOJIBTMETPHI?

7.4 Kakue TpeOOBaHHUS MPEIBSIBISIOTCS K YCHIMTEIO IIEPEMEHHOT0 TOKA DIIEKTPOHHOTO BOJIBTMETPA?
7.5 Jlath kpatkyto xapaktepuctuky AIIT Handyprobe HP2.

JlabopaTopnoe 3ansTue Ne2: UccienoBanue npocreiimux RC - neneii

He.]'lb pa6OTI)I — Ha HpOCTCﬁMHX npuMepax OCBOUTb OCHOBHBIC ITOHATUA U METOJAbI aHAJIN3a
JIMHEHHOM LCIH ITPU TapMOHHUYCCKUX KOJICOAHMSX.

N3y4aroTcs cneayomue 0CHOBHbIC BOIIPOCHI:
1) NOHATHE KOMIIEKCHON aMILJIUTY/Ibl FTApMOHUYECKOT0 KoJIeOaHus;
2) KOMIUIEKCHBIA METO]I aHAJIN3a JMHEHHOMN 1IeH IPU rapMOHUYECKUX KOJIeOaHUsIX;

3) noBesieHNE MPOCTEiIEH Hepe30HAHCHOM 11emu (rmocienoBareabHoi RC-1enu) mpu Bo3aeHCTBUM
rapMOHHYECKHX KOoJeOaHuil;

4) BeKTOpHAs [UarpaMMa M3y4aeMoro rpouecca;

5) npaBusia BEIYUCIICHUS SKBUBAJIEHTHOW EMKOCTH MPH MapauIeIbHOM U MOCIIE10BaTEIbHOM
COCIMHEHUH 3JIEMEHTOB.

JlomaiiHee 3aianue
W3yuuTte BbllIENepEUNCICHHBIE OCHOBHBIE BOIPOCH! M KOHCIIEKT JIEKIIUH.
1. M306pa3urte cxembl U3y4aeMbIX IIeTIei:

e IICIH M3 IMOCJIICA0OBATCIIBHO COCAMHCHHBIX PE3UCTOpPA U KOHJACHCATOPAa (BBIXO)IHO@ HAITPs>KCHUEC
CHHUMACTCA C KOHI[CHCE[TOpa);
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e IIENU U3 MOCJIEI0BATEIHLHO COEIMHEHHBIX KOHICHCATOPa U Pe3UCTOpa (BBIXOAHOE HANPSKEHUE
CHUMAETCSI C PE3UCTOPA).

Ha kaxxno#t cxeme yKakKuTe cTpeskaMH BXOJIHOE HalpsKEHUE Upx M BBIXOAHOE HaNpskeHue Uc Wi UR.
2. Beinumyre oCHOBHbIE (DOPMYJIbI, COCTABIAIOLINE MATEMAaTHUYECKYIO MOJIEIb U3y4aeMBbIX
IPOIIECCOB, T.€. opMyJbl s pacueta aMuinTy Uc u Ur 1 HadanmbHBIX (ha3 (c U QR HANPsDKEHUH Ha
3JIEMEHTaX LMY IIPU [10/1a4€ Ha €€ BXOJ FrapMOHUYECKOT0 HaIlPSLKEHUS

Usx (t) = Usx cos (ot+@ny).

B dbopmynax ucnonb3yiite o003HaueHue kosdduipenra 3aryxanus menu o=1/(RC).

3. 3amaBmmck 3HaueHUAMHA Ugx=1 B 1 zx=0°, paccumuraiite 3nauenus Uc, Ur, Oc, Qr 171 TpeX
snaueHuii emxkoctu: C=1/(2wR), C=1/(®R), C=2/(®R). Pe3ynpTaThl pacyera BHECHTE B TaOJIHILY.

Obpasey mabauywvl
C Uc, B Ur, B oc, Tp. OR, rp. [[Ipumevanus
1(20R) I/I3l;1a;::§m
(@R) I/I3l;1a;::§m
2/(0R) Hi?;l;l:;ﬂe

4. J1nst Ka)KI0T0 U3 TpeX BBINICYKa3aHHbBIX CIy4YaeB MOCTPOMTE B MaclITabe BEKTOPHYIO JUarpammy
HaIPSHKEHUH B LIEIIH.

5. Iyt KaxA0ro U3 TPEX BBINMICYKa3aHHBIX CIIy4aeB MOCTPONTE B MacIITabe ceMeUCTBO U3 TpexX
OCIIMJIIOIPAMM — BXOJ/IHOTO HANpPsDKEHUs Upx(t) ¥ BBIXOMHBIX HanpsbkeHuit Uc(t) u Ur(t).
JlabopaTopHoe 3ansitueNe 3: McciienoBanme BOJIbT - aMIIEPHBIX XapPaKTEPUCTUK

MOJIyIIPOBOIHUKOBOI0 IN0/1a

HeJ’ILZ Amnanus pa6OTH " OIIPEACIICHUC MMapaMETPOB MTOJYIIPOBOAHUKOBOT'O an/I60pa Ha OCHOBC

UCCIIEIOBaHMS BOJIBT - aMIIEPHBIX XapaKTEPUCTHK BBIIPSIMUTEIBHOTO AMO/1a M CTAOUIUTPOHA.
2. OCHOBBI TEOpHH.

Pabota monynpoBoIHUKOBBIX MPUOOPOB OCHOBAHA HA HUCIOJIb30BAHUU DJIEKTPUUECKUX CBOWCTB
pP-n mepexoAa, BO3HUKAIOLIETO Ha TIpaHULEe pasjena ABYX IOJYIPOBOJAHUKOB pPa3HOIO THIIA
npoBoauMocTH. (CBOICTBa MONYNPOBOAHMKOB CYIIECTBEHHO 3aBHCAT OT BBEACHHMS B HHX
ONpENIETIEHHBIX NpuMecell. BBenenne NJOHOPHONW NPUMECH B MOJYNPOBOJHUK CO3HAET 3JIEKTPOHHYIO

AIIEKTPONPOBOJIHOCTh, B pe3yibTare 4ero oOpa3yercs IMOJYNpPOBOJHUK N-TUMA, a  BBEACHHE
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aKLENTOPHOM MPHUMECH - CO3JAacT ABIPOYHYIO IEKTPOIPOBOJHOCTh, B PE3ylbTaTe 4ero oOpasyercs
IIOJIYIIPOBOJIHUK P-THIIA.

[TomynpOBOTHUKOBBIM JIMOJIOM  HA3bIBAIOT ABYXJJICKTPOIHBIA MPUOOp, COAEpKAIIMNA OJTUH
JJIEKTPOHHO-ABIPOUHBIA  P-N  mepexox. Haubonee pacmpocTpaHeHbl JABE TIPyHNbl  JAMOMAOB:
BBIIPAMUTEIbHBIE M HMITYJIbCHBIE. BBINIpAMHUTENbHBIE AMOABI IPUMEHSAIOTCS Ul BBIIPSIMIICHUS
IIEPEMEHHOI0 TOKA, UMIIYJIbCHBIE — B CXEMAaX 3JIEKTPOHHBIX YCTPOWCTB, padOTAIOIMX B UMITYJIbCHBIX
pexxumax. Ocoboe MecTo B MOJYMPOBOJHUKOBOW AIIEKTPOHHKE 3aHUMAIOT CTAOMIMTPOHBI, KOTOPBIC
IpeJHa3HAYCHbI U1 CTAOUIM3alMK HalPSKESHUS.

PaboTa BBIIPSIMHUTENBHOIO MOJIYHIPOBOJHUKOBOTO AMOAA U CTAaOMIMTPOHA ONpENENsieTcs uX
BOJIbT-aMIIEPHBIMU XapakTepucTukamu. Ha puc. 1 mpencraBieHbl XapaKTEpUCTHKHU Ul IBYX BHJIOB
BBIIIPSIMUTEIBHBIX JHMOA0B: repmanueBoro (Ge) u kpemHeBoro (Si), KOTOpbIE OTIMYAKOTCS

BCIIMYHMHAMH ITOPOIOBOIo U O6paTHOFO HaIIpsAXKCHUA.

t I [A]
G S
Unop.Ge:O,2‘0,4 B
Unop.Si:O,5'0,7 B
Uoﬁp[B] Uoﬁp. U"p [?]
0,4 07 g
G
Ioﬁp [mkA]

. 1. BonbT-amMniepHas xapax: MIPSIMUTEIIBHBIX TUOMO0B.

IToporosoe HampsKEHHE BO3HMKAET B IOTPAHUYHOM CJIOE JBYX IOJYIPOBOJHUKOB Pa3HOTO
TUIIA B pe3yJbTaTe PeKOMOMHALIMU 3JIEKTPOHOB U JbIpOK. TakuM oOpa3zoM oO0pasyeTcs 3anupaiowiuil
cnout ¢ Ezqr(Umnop.), TMIICHHBIN TOABUKHBIX HOCUTENCH 3apsiia U MOATOMY O0JIaIa0IIUi BHICOKUM

AIIEKTPUUYECKUM COTIPOTUBIICHUEM (pHC.2).

Esan

|
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Puc.2. O6pazoBanue p-n nepexoa.

Ecnu k p-n mepexoay NpPUIIOKWTH BHEIIHEE HampspkeHHe B npsiMoM Hampasienuu (Ump.),
npudeM Unp. menbpme  Upnop, To mpsmMoi Tok Ipp. Oyamer man. Ilpu mpeBbIIeHWH BHEIIHETO
HaNpsDKCHUs, TPUIIOKEHHOTO B MPSIMOM HAlpaBJICHUH HaJl MOPOTOBBIM HANPSIKEHHEM JHONA  TOK
Irp. pe3ko Bo3pacTaeT M BEUYMHA €ro OYIeT ONpeAesiThCs TOJIBKO COMPOTUBICHUEM p-N Mepexoa,
KOTOpOE He MpPEeBbIIIaeT eANHHUII- AecaTkoB OM. Takoil Tok Ha3bIBaeTcs MU (y3nOHHBIM.

[Ipu mpunoXeHWH BHEIIHErO HANpsDKeHUsT B OOpaTHOM HANpaBICHHWU P-N MEPEXOJ 3aKpHIT.
losp ompenensieTcsi ABM)KEHHEM HEOCHOBHBIX HOCHTENCH 3apsa, Ha3bIBaeTCS APEH(POBBIM TOKOM,
SBIISICTCS. OYEHb MaJlOW BEJIMYMHON, KOTOPOH B HMHXKEHEPHBIX pacueTax HHOTJA INPEHEOperaror.
ComnpoTuBieHre aAuoAa B 0oOpaTHOM BKIIOYeHHH u3MepsieTcss B KOMm. KpemMHHEBbIe NUOABI UMEIOT
CYIIIECTBEHHO MEHbIIIEe 3HAYCHHE 00PAaTHOTO TOKA MO CPABHEHHUIO C TePMAHHUBBIMH.

3aKpBITHIA P-N MEPEeXosl, TOMUMO BBHICOKOTO CONPOTHUBIICHUS OOJIQACT €Iie U IIEKTPUICCKOU
€MKOCTBIO, KOTOpasi 3aBUCUT OT €ro IUIOMAJAM W IIUPHUHBL, a TaKkKe OT JAUIICKTPHUCCKON
IPOHMIIAEMOCTH 3aIMPAIOIIEro CIIOsI.

[Tpu 3nayenun BHeurHero HampsbkeHUst Uosp Oomblie mpenenbHO aonmyctuMoro Uospmax, P-N
nepexoz npodusaercs, losp. pe3Ko Bo3pacTaer.

[Tpo6oii p-n mepexona cBsi3aH C Te€M, YTO NPHU ABMKEHUM depe3 P-N mepexon moj JeiicTBueM
AIEKTPUYECKOTO TOJII HEOCHOBHBIE HOCHUTENM 3apsjga NpUOOpETaroT SHEPIuio, JOCTATOUHYIO IS
yIapHOW MOHM3AIMU aTOMOB TIOJTYIIPOBOJHMKA. B mepexone HauMHaeTCs TaBHHOOOpa3HOe HapacTaHue
HOCHTEJIEH 3apsia, 4yTO MPHUBOIUT K PE3KOMY YBEITHMUYEHHIO 0OpaTHOrO TOKa depe3 P-N mepexoi mpu

IIOYTH HEU3MCHHOM O6paTHOM HaIps>KCHHU. 9ToT BUJI DJICKTPHUICCKOTO Hp060$l Ha3bIBAXOT JIABUHHbBIM.

Jliis m000r0 BUJIA 21eKmPU1ecKo2o npodosa xapakrepHa 00OpaTUMOCTh, KOTOpasi 3aKJII0YaeTCs B
TOM, YTO TEpPBOHAYAJILHBIE CBOMICTBA P-N mepexoja MOJHOCTHIO BOCCTAaHABIMBAIOTCS, €CIIM CHU3UTh
HampsoKeHHe Ha P-N mepexone. brmaromapst 3ToMy 3NeKTpUYeCcKUid MPoOOi HCIONB3YIOT B KauyecTBe

pabovero pexumMa B MOTYITPOBOJHUKOBBIX THUOJAX.

Hapsny ¢ anekrpuueckuM, B JHOAAX BO3MOXHO BOSHUKHOBEHHE MIEN/108020 npoodos. Taxoi
npoOoi BO3HUKAET IMpPU BO3pacTaHMM TEMIEpaTypbl  p-n Iepexoja B pe3ylbTaTe €ro Harpesa

06paTHBIM TOKOM U HEAOCTATOYHOI'O TCIJIOOTBOAA, YTO YCUIIMBACT MPOLECCC 'CHEPpAINU ITap HOCHUTEJIeH
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3apsaa. DTO MPUBOAUT K JabHEHUIIEMY YBEJIIMYEHHIO OOpaTHOTO TOKa M HarpeBy p-n mepexoja, yTo
MOYKET BBI3BAaTh paspylieHUe IMepexoaa.  lemIoBoid TpoOOoW pa3pylIaeT p-n MEpexomx U He
BOCCTaHAaBIIUBACTCS.

N3 BAX caenyer, uTo p-n nepexoja o0aagacT HEOJMHAKOBOHM AJIEKTPUIECKON MTPOBOIUMOCTHIO
Ha TIPSAMOM M 0OpaTHOM BETBSIX.

Pabounm ywacTkom nuona sBusiercs npsMas BetBb Ha BAX (1-1 ueTrBepTh), KOTOpas
COOTBETCTBYET OTKPBITOMY COCTOSHHUIO P-n Tepexoja M XapaKTepu3yeTcss MajblM 3HAYCHUEM
COTPOTUBIICHUS AUOAA.

OCHOBHBIE IapaMETPhl BBIIPAMUTEIBHBIX JTHUOJIOB IIPUBOJAATCA HPUMECHUTCIILHO K pa60Te B

OJTHOTIONYTIEPHOTHBIX BBIPAMUTEIISAX C AKTHBHOW HArpy3KOM:
e Cpennee 3a nepuop npssmoe Hanpstkeaue Upp, (Oonu B)
e MakcHMaJIbHO JOMYCTUMBIH BBINPSUICHHBINA TOK 1U0Aa | 17p.max. (comnu MA- decsimku A)
e MakcuManbHO AOMyCTUMOE 0OpaTHOe HampsbkeHue auoaa Uosp. max. (Oecaimku — moicayu B)
e Cpennuii 3a nepuoj oOpaTHbIl TOK nuona lesp. IpU MaKCUMAaJIbHO JTOIYCTUMOM OOpaTHOM
HanpsokeHud (0oau MKA- edunuysr MA)
o JlubdepenmmansHoe conpotusieHue Ryne (edunuyvt — oecamku - comnu Om)
PabGouum ydacTkoM CTaOUIUTpOHA ABISAETCS YYacTOK oOpaTHOW BeTBU (3-8 4YETBEPTBH),
COOTBETCTBYIOIIMI OOJIACTH SJEKTPUIECKOTO MPo0O0sI M XapaKTePH3YIOUIMICS BBHICOKHM 3HAYCHHUEM
conpotussieHus. Ilpu pabote B 3T0i1 oGnactu oOpaTtHOoe HampsbkeHue Ha cradbunutpoHe Ucr mano

HU3MCHSACTCA IPU OTHOCUTCIIEHO OOJIBIIMX M3MEHEHUSIX TOKA CT8.6I/IJ'II/ITpOHa lcr.

OCHOBHBIMH IApaMETPAMHU CTAOMINTPOHA SIBIISTFOTCS:

e Hampsokenue Ha ydyactke cradmmmzanuu Ucr. (eounuysl — decsaimxu B)

o JlupdepeHuuansHoe compoTuBieHne Ha ydactke crabunusauun Rgme=dUcr/dlcr (meicsuu
Om)

e MuHUMaIBHBIA TOK CTAOWINU3ANUH | CT.min, (00U — Oecsimku MA)

e MakcuMabHbBIN TOK cTa0MIN3aMU | cT.max. (eOunuysr MA — edunuyor A)

Cy1iecTByeT HECKOJIBKO CUCTEM MapKHUPOBKH JHOJOB U CTAOMIUTPOHOB, B YACTHOCTH CHCTEMA
MapKUPOBKH JUOJOB MOXKET COCTOSATh U3 LIECTH DJIEMEHTOB:
1-1i snemenm (OykBa MM 1UQpa) YKa3bIBAeT UCXOAHBIN MOTYIPOBOJHUKOBBIM MaTepual, u3 KOTOPOro

n3rotosiieH quoA: I mimm 1 —repmannid, K wim 2 -kpemuwmit.
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2-11 onemenm - OyKBa, MOKa3bIBAIOIIAsl MOJKIACCHl WJIM TPYIIBI MOJYIPOBOJHUKOBBIX MPHOOPOB,
Hanpumep: /| - yauBepcanbubiii, C- CTAOMINTPOH.

3-1i_ snemenm - YUCIO, OMPEACTSIONIee Ha3HAUCHUE WIIM DJIEKTpHYeckue cBoictBa auona (101-399-
BeIIpsAMuTeIbHbIC, 401-499- yHuBepcanpHbie, 501-599- ummnynbcHbIe). Y cTaOUIMTPOHOB 3Ta IHdpa
OTIpeziesiieT MOITHOCTb PACCESIHHUSL.

A-1i, 5-11 u 6-u 21emenmbl - YKa3bIBAIOT MOPSAKOBBIA HOMEpP TEXHOJOTHYECKOW pa3paboTKu auona u

napaMeTpUuecKue Tpymmbl. Y CTaOMIUTPOHOB 4-1 U 5-1 1HMQPBI MOKA3BIBAIOT HOMHUHAIBHOE

HaIIpsAKCHUC.

3. [Ipumeps! penienusi 3a1a4 10 TeMe J1a60paTOPHOIi padoThI.

3aoaua Nel.
I,mA4
? Un=2B
IK3-§
I R=1xOm \\
+
1,5 \
\
VD 1,0 N
HERN
4 LN
Puc.3 CxeMa BKITIOUCHHS 05 : \\
oA, L —— >
UB

p 05 10 15 Uxx X CTHKA AWOJA.

Uszeecmno: BAX ouooa (puc.4), Unp=2B, R=IkOm. Onpederumv mox, mexywjuti 8 cxeme,

npedcmasieHnol Ha puc.3.

Pewenue:
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Jlst pemenus 3anumieM 2-oi 3akon Kupxroda ams nenu (puc.3):
Un=I-R+Up,
rae Uy - majieHue HanpspKeHus Ha JUOJIE.
Omnpenenenue [ u Uy B pabouem pexxume y100HO IPOU3BECTH IpaduyecKy.
[TocTpouM Harpy304HyIO IPSIMYIO IO JBYM TOYKaM:
e B pexume xx:
HaIpsHKEHUE X0JIOCTOro xoxa Uxx - 3TO TOYKA MEPECEUCHUST HArpy304HOU MPSAMON C OCBIO
aociuce (Uxx=Up=2 B).
e B pexume K3:
TOK KOPOTKOTO 3aMbIKaHUsI [k3- Touka nepeceueHus npsmoii ¢ oceto opauHat (liiz=Un/R=2mA).
Touka nepecedeHrs Harpy304HON MPAMOM C XapaKTEPUCTUKON IMO/a TaeT UCKOMOE pellleHne

3amaun: I=1mA, Up=1 B.

3aoaua Ne2.
Un 4 I,mMA
R1 3
oUppLIx 7
2 -
I y R2 |2 1-

Puc.5 CWIIUAUD. Puc.6 B_O'

Uzsecmno: BAX ouooos (puc.6),Up=6B, R1=2x0m, R2=1xOm.
Onpedenums moxu uepe3 Ouoovl, Hanpsx*ceHust Ha ouooax u Hanpsaxicerue Uppix,
Rano u Rer.
Pewenue:
[To Bropomy 3akony Kupxroda HanpspkeHHe Ha ABYX THOAAX:
2Un = Upbix = Un-l1'R1= Un - Ry -(Ig+12)
2Un=Un- I2'R1— xRy
[TocTporM Harpy309HYIO IPSIMYIO TIO JBYM TOYKAM ITOJTYYCHHOTO BBIPAKCHHS:
e B pexnme xx: 1,=0

2Un=Un- I’ R1=Un—Un ‘R1/(R1+R2)=6-6-2/3=2 B
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CrnenoBaTenbHO, HaNpspDKeHUe Ha ogHoM auone Un=1 B
e B pexume k3: Up=0;
In=Un/ Ri=3 mA

Touka nepecedeHuss Harpy304HOM IPSIMOM € XapaKTEPUCTUKOW AMO0Ja JAeT UCKOMOE pelIeHue
3aIayu: Up=0.7 B, [1=0.8 mA

Jnsa paboueld TOUKM «a» U3 rpaduKa ONpeAeTuM CTaTHYECKOE COIMPOTUBIICHUE:
Rc1=0.7/0.8=0.87xOm

Omnpenennm muddepeHaIbHoe CONPOTHBICHHE Ry M3 3alITPUXOBAHHOTO Ha Tpaduke
TPEYroJIbHUKA, KaK TAHT€HC yIJla HAaKJIOHA KacaTeJbHOM:

R = 0.08/0.8 =0.01xOm
4. JlomainHee 3a1aHue.

4.1. IlpopaboTtath nuTepaTypy MO JAHHOMY pa3zeny.

4.2. IlogrotoBuTh OJaHK OTYETA, C IIEpEUYEHEM IYHKTOB JIabopaTopHOro 3aaanus. K kaxaomy nmyHKTY
HAUEepPTUTh DJEKTPUUECKYID CXEMY JJIsi [pPOBEACHUS HCCIEAOBAHUM, TaOMUIBl JUid 3amnucen
HKCIIEPUMEHTAJIbHBIX U PACUETHBIX JAHHBIX.

4.3.3anucate GOpMyIbI JUIsl IPOBEACHUS pacyeToB Ruug M Rer IO XapakTepucTUKaM.

4.4.0TBETUTHh HA KOHTPOJIbHBIE BOIIPOCHI.

4. JlaGopaTopHoe 3a1aHue.
4.1.BoinpsiMUTe/IbHBIH U0/,

4.1.1.Cobpatb cxeMy s uccaeaoBanus npsimoit BetBu BAX BeimpsimutenbHOro nuoza (puc. 7).

R2=680 Om a : |
1p.

Un=0...30B — C\D Unp.

v

B v
{ @ . 2 L g

Puc. 7. Cxema s uccnenoBanfisi BAX BINPAMUTEIBLHOTO THOIA.

4.1.2. Cusrp 3aBucumoctsb Inp. =f(Unp) ¢ momoripio cxemsl (puc.7).
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12.

B kadectBe R:1 HCHoOnBb30BaTh pEryMpyeMoe COMPOTHBICHHE HOMUHAioM 1 kOm. Jlms
IMOJIYYCHHA BXOAHOI'O HAITPAKCHHA 30B HGO6XOI[I/IMO BKIIIOUHUTH ITIOCIICAOBATCIBHO JBAa MCTOYHHKA
HAIIPsS>KCHUA. CTyHGH‘-IaTO NU3MCHAA Rl, HCCIICAO0BATh NPAMYIKO BETBb AWOoAA, HJIA 4Y€TO HU3MCECPUTH C
MOMOIIBIO aMIIepMeTpa NpsAMOi TOK Irp ¥ ¢ MOMOIIBIO BOJIBTMETpa IpsiMoe HanpsbkeHue Upp auona.
Pe3ynbratel sKkcriepuMeHTa 3aHECTH B Tabnuiy 1.

Tabmuna 1.
Unp, [B] 0 0,1 0,2 0,3 0,4 0,5 0,6 0,65 |0,7 0,75

Itp, [mA]

5. TpeGoBanusi k 0pOpMJIEHHIO OTHYETA.
1. IlocTpouTh MO SKCIEPUMEHTATBHBIM JAHHBIM MpsAMYI0 U 00paTHyt0 BeTBU BAX mucciemyembix
MOJTYIIPOBOTHUKOBBIX MTPUOOPOB.

2. Onpenenuth Ret 1 Raue utst mpsiMoit 1 0OpaTHOM BETBEH MOTYITPOBOIHUKOBBIX TIPHUOOPOB.

6.KoHTpoO/IbHBIE BONIPOCHI.

Kakumu 3apsmamu co3gaeTcst 3aluparolldid CJI0M p-n Mepexoja U BHYTPEHHEE JIEKTPUUYECKOE IOJIE
nepexona?

Kaxkue snemenTts! nepuoanueckoi cucremsl .M. MeHneneeBa OTHOCAT K NOJTYIPOBOJHUKAM?

Kaxk BnusitoT mpuMecu Ha CBOMCTBA MOTYIIPOBOHUKOB?

Kax Brmster t° Ha MpOBOIMMOCTH TONTYIIPOBOIHUKOB?

Kakwue Turbl moxynpoBOAHUKOBBIX MPUOOPOB BHI 3HAETE?

OObsicHUTE HA TPUMEPE OCOOEHHOCTH MapKUPOBKU JHOJIOB.

HazoBute ocHOBHBIE TTapaMeTPhI TOJIYITPOBOIHUKOBBIX JHUO10B?

Kax Ha3pIiBaeTcst HaMpsHKEHUE MPU KOTOPOM JHO]T CTAHOBUTCS TTPOBOISIIIAM?

OHpeI[eJ'II/ITe " CPABHUTC Rcru R[[[/[(p 10 XapaKTCPpHUCTHUKaM.

. Haznauenue CTa6I/IJ'II/ITpOHa, €ro NpuHIOUIL JIENCTBUS.

. Kak Ha3bIBaeTcsi MOIyNpOBOJHUKOBBIM MpHOOp, MpeJHaA3HAYEHHBIN ISl UCIIOJIb30BaHMSI B KauecTBE

€MKOCTH, yrpaBisieMoit oOpaTHbIM HanpshkeHneM Uopp?

Kakwue cymecTByroT BUaBI IpoOos p-n mepexoaa?

JlaGopaTopHoe 3ansitue Ne 4: Pacuér mapamMeTpoB MOJIyNPOBOJIHMKOBBIX NPUOOPOB

[{enb paboTHI:

W3ydeHre OCHOBHBIX MapaMeTPOB U XapaKTePUCTHUK MOIYIMPOBOAHUKOBBIX MPUOOPOB, 3HAHUE UX
YCJIOBHBIX 0003HAUYEHU U Ha3HAYCHHE.
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3HaTh: BUJIbI, HA3HAYEHHE, YCTPOUCTBO MOTYIIPOBOJHUKOBBIX IPUOOPOB

YMeTh: pacCUNTHIBATh OCHOBHBIE MTAPAMETPHI M XapAKTEPUCTUKH MOIYIIPOBOTHUKOBBIX TPUOOPOB
1. TeopeTnueckoe BBEACHUE

ConpoTuBieHHE 1012 IOCTOSHHOMY TOKY:

RO: Ua/ Ia,

rae U, — HanpspKeHne Ha AMO/e B IPSMOM HarpasieHuu, B; .- Tok yepe3 nuon B npsimomM
HanpasJjieHus, A.

ComnpoTtuBieHue a1oia NepeMeHHoMY TOKY (auddepeHnnanbHoe CONMPOTUBICHHUE):
Ri= AU,/ Al,,

riae AU, — n3MeHenue npssMoro Hamnpsixenusi, B; Al.— u3ameHenrne npsMoro Toka moJi JeCTBUEM
W3MEHEHUS MPSAMOTrO HaIpsKEHUS, A.

KpyTtu3sHa BOabpT-aMIIEpHON XapaKTEPUCTUKH JUOMA:

S = AL/ AU..

Mo1HOCTb IOTEPh HA AHOAE JUOJA!

Pe= 1« U

BxoaHoe conpoTHUBIIEHHE TPAaH3UCTOPA IIEPEMEHHOMY TOKY:
Rex = AUsx / Algx,

rae AUgx — U3MEHEHUE BXOJJHOTO HanpsikeHus, B; Alzx — M3MEHEHHE BXOJHOTO TOKA MOJI IEHCTBUEM
M3MEHEHUSI BXOIHOTO HaIlpsKEHUs, A.

KoaddutmenTsr:
e YCWJICHHUS TOKA 0a3bl B CXEME C OOIINM IMHUTTEPOM:

ha1,= Al /Al 5;
e Iepelayr TOKa IMUTTEPA B CXEMeE ¢ 00mIei 6a3oii:

ha16= Alc/ Al 5,
rae Alx, Als ,Al, — U3MEHEHHUsT TOKOB KOJUIEKTOPA, 0a3bl M SMHUTTEPA.

CBs13b MeX1y KO3 UIIMEHTOM yCuiIeHus Toka 6a3bl h 21, u k03 puimenTom nepegaum Toka SMUTTEPA
h216:

h215= h216/ (1 h21s).

MoImHOCTh MOTEPH HA KOJJIEKTOPE:
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Pe= 1 U,
rae | «— Tok komiekTopa, A; Ux— HanpspkeHue Ha KoJulekTope, B.

1.
[Ipumep penienus.

Jano: mromans A = 65%65 MKMZ, ToNmuHA 00sacTu n-tuna Wn = 45 Mkm, p-tuna — W, = 325 MkMm.

[Tpu temnieparype T = 300 K yxensHOE conpoTuBiieHHEe pP-001acTu pp = 3,25 Om-cM, yneiapHoe
comnpotusiieHue n-oodaactu pn = 0,06 Om:cM, BpeMst )KU3HU HEOCHOBHBIX HOCUTENeH Tn=Tp=0,02 MKc.

BennunHa KOHTaKTHOM pa3HOCTH MOTEHIIMAIOB ONpeaeseTcs GopMynou:

NS
@oom (1.])
o _ 1] 1]
CobCTBEeHHAs KOHIEHTpALHs cBO60AHBIX HocuTeneit st T = 300 K ® =3#*10" k") TTpopogumocts
TOJIYIIPOBOIHMKA OOPATHO MPOTIOPIIMOHAIBHO €r0 YAEIbHOMY COMPOTHUBIIEHHIO (KOTOPOE HAM JIAHO):

[E——

”(L12)

B ob6nacTi mpuMecHo MPOBOAMMOCTH, I'I¢ KOHIIEHTPAIMS OCHOBHBIX HOCHTEJICH Ha MHOTO BBIIIIC
KOHIIEHTPAIlUU HEOCHOBHBIX, UMEHHO KOHILIEHTPALIUS U TOJIBUKHOCTH OCHOBHBIX HOCUTENEH 3apsaa u
OIpeesseT JIEKTPUUECKYIO IPOBOJUMOCTD MOJYIIPOBOIHUKA.

C y4eToMm 3TOro MOXKHO 3aMucaTh CIECAYINY0 GopMyIy:
o =% =AMt (1.3)

rae q = 1,6 - 10°2° ]I — smeMeHTapHEIif 3aps, Nno — paBHOBECHAs KOHIIEHTPAIIUS YJIEKTPOHOB B N-
obmactu, a pin — ApeiidoBast MOABMKHOCTH IIEKTPOHOB.

B pabouem nuanazoHe TemmnepaTyp NpakTHYECKH BCE aTOMbl IPUMECH HOHU3UPOBAHBI, U ITpeHeoperas
COOCTBEHHOM KOHIIEHTPAIIMEH Nj AIEKTPOHOB (IIOCKOJIBKY B pab0o4eM Juana3oHe OHA CYIIECTBEHHO
MEHbIIIE KOHLIEHTPAIMK IPUMECH) MOXKHO CUUTATh, YTO KOHIIEHTPALUS 3JEKTPOHOB N-001aCTH paBHA
KOHIEHTPAIlUU JIOHOPOB B 3TOM 00J1acTH:

mo =l (1.4)

[TpupaBauBaem npassie yactu Gopmyn (1.2) u (1.3) u noxncrasnsiem B Hux (1.4). Beipaxkaem popmyiy
st Nap

n, =—2

" Qi 8y (153)

AmnamoruyuHoe BBIPAXKCHUC MTOJIYHACTCA JJIA N, .

1

WA (1.56)

N, =
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B kadecTBe HyJI€BOTO MPUOIMKSHHS /U1 KOHIICHTPAIIMK JJOHOPOB B N — 00JIaCTH M KOHILICHTPAIUU
aKIIETITOPOB B P — 00JIACTH BOCIIOJIb3yeMCs TpaduKOM.

IIpu pn = 0,06 = 6*10°2 (Om*em), M = 1,5%10%7 (emd).
IIpw pp = 3,25 (Om*em), ™ = 4*10%° (emr).

[TocuuTaem pn 1 pp 1o Gopmyaam
74+10%T7232

W, =88+T %57 + 4 o
1+ 1.26 = 10111?*'11?12.4] *0.88*1‘“—0.145
5 1.36 108*'1‘—2.33
My =543+ T7057 + | o

Nﬂ
1+ [2.35* 10?? . TTE-“] (.88 = 70146

rae T abcomorHas Temmeparypa, a Tn = T/300.

Tak xkak T =300, To Th = 1.

7.4+ 108 = 3007233 cm?
, =88 + = 698,64 -

1,5* 107 * C
1+ [71.26* 101?] = (0.88

1.36 * 10% + 3007233

cm?
Hp =543+ = o = 2807 (m)

1+ [72_35* 101?]* 0.88

[ToncraBum 311 3HaueHus B popmyisl (1.5a) u (1.56) u Beruucaum Nap 1 Nan:

1

N el
dn 1,6+ 10-19+ 6+ 102 » 698,64

=1,5=10% (cm3)

1 )
N — — 6,8+ 105 (cM—2
ap = 7 6+10-1°~3,25+280.7  °° (em™)

ITomy4yennslit 115 Nap pe3ynnbTaT HE COBIIAIAET CO 3HAYEHUEM, NIOJIY4eHHBIM n3. [IprunHa sTomy
MOJKET 3aKJtoyarbes B omnoke popmynsl (1,60). st mpoBepku BOCHOIB3yeMCsl SMIUPUYECKOM
bopMyIIOi 1S tn U Lp B KPEMHUHU C TIPUMECAMU:

Hmax = Hmin
R e (1.7)
1+ (N )
ref

3HaueHus AJs pacyera 1o 3Toil popmyse Bo3bMeM U3 Tadaubl 1.1:

Tabnuna 1.1. 3HaueHne mapamMeTpoB Umax, Kmin, N, Nref.
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JlernposaHHasa npumecs P JlernposaHHaa npumecs B
i, €/ (B ©) 68,5 44.9
Ui M/ (B % €) 1414 470.5
Nyof cp 3 9.20*10% 2.23*10Y
o 0.711 0.719
1414 — 685 cM?
H,= 685+ 557 | = 625,64
1 1,5 10%7 \™ B=c
* (9.20* 1016)
— 449 4705—44.9 148312 cm?
Hp = I+ 4 %1015 0719 | T ’ B+c
1+ (2.23* 101?)

[ToncraBum >1r 3HaveHus B popmyisl (1.5a) u (1.50) u Beraucium Ngn 11 Nap:
Non = 1,7%1017 (€M )(eM™3) N, = 4,3%10%5 (M) (em ™),

ITony4eHHbI€ 3HAYEHUS TIOABMKHOCTEH XOPOILIO COIIACyOTCS ¢ OLICHKAMH, ITOJIy4YE€HHBIMHU 10
rpaduKy U IPUHUMAIOTCS B KAUECTBE HYJIEBOTO MPUOINKEHHUSL.

CpaBuuBas 3HaueHUS Nan U Nap, IPUXOAUM K BBIBOAY, UTO Ndn > Nap, TO ecTh p-00s1acTh IeTHpOBaHA
ciabee, yeM n-00J1aCTh U MOATOMY SIBIII€TCS 0a30i MoAa, a N-00JaCTh — SMUTTEPOM.

Teneps MOKHO HAaWTH KOHTAaKTHYIO Pa3HOCTh MOTEHIIUAOB 110 Gopmynie (1.1):

_ 1.38-107%2+300, 1,7*101?'*4,3*1015_08(3)
= T16-10 " (145+10)2

PaBHoBecHyto mupuny OI13 miockoro p-n mepexojia B OTCYyTCTBUU BHEUTHETO MOJs B MPUOIHUKEHUH
MOJTHOTO OOCTHEHHSI MOXKHO PacCUUTaTh 10 hopmyIie:

[T

' (1.7)

N, -N.

W, +N,

I[J'IH YIlO6CTBa 3HA4YCHHUC MOKHO pacCUUTaTh Cpasy:

N_-N
=42-10" foar )

T (18)

Cocrapistomye paBHOBECHOM HIMPUHBI pP-N IEPeXo/1a B N-00JIaCTH U P-00I1aCTH ONPEAEISIOTCS
COOTBETCTBEHHO (hOPMYIIaMHU:
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45N,

CITET (19)

_ Al
S

L = if, =i

" (1.10)

[TpoBenéM BBIUMCIICHUS:

. _ [BES10 " 117 [17+0043 107 08
Ty LE-107 17107 -43-10°

= 35107 |ear

3510717107

o=t 7 a3 dl4 10 en)
' 1,743 -10

_ 35107 -43.10"

=2 L aRRE- 10 e
PEBTEFS LN T e

Bin

PesynbTarsl nokaseiBatoT, yTo Oombiias yactb OII3 HaxoauTes B 6a30Boi 00JaCTH 1101, UTO
MOATBEPKIAET YPAaBHEHUE DJIEKTPOHEUTPAIBHOCTH ©

W&, =N.d, (111)

se =~ el + m

IIpu Ugsp = 5B: W (1.12)
 FR& D17 M55
=8 ; ~133 107 o)
BT T R BT B30 o
17107 A
5 213810 LTI g0 5710 o)
' 1743 10

13310743 10"

T BT L el

F=182107F fea)

5 4483107 (o)
5 =17,75-107>(au)

Brrunciaenus IMMOKAa3bIBAKOT, UTO HIMPHUHA OI13 p-n nepexona yBCJININUBACTCA C pOCTOM O6paTHOFO

§~ |lu

HAIMpsKCHUA B COOTBETCTBHUU C COOTHOMICHUEM

obp
MakcumanbHasi BeTU4MHa HANPsHKEHHOCTH AnekTpudeckoro nois B OII3 p-n nmepexona B
pUOJIMKEHUH TTOJIHOTO 00€HEHUS OIPEEIeTCs BEIPAXKEHUEM:

_all, b, a5,
ToosE af (113)




MOo3KHO BOCIIONIB30BAThCS JTH000M U3 3TUX (HOPMYIT, TaK KaK OHU, BCIICJCTBUE YPABHCHHUS
anexTpoHeiTpanbHocTH (1.11) garoT onuHAKOBBIE pe3yabTaThl. Bo3sMéM nepByto hopmyiny u
paccuutaem 3HaueHne Emax npu U=0:

iy 1a A0t . = 3
g SBEAD VAN BANA0C e f B
117 8p5-10 " ou

Tok HachIILEHHs JHOJa BBIPAKAETCS Yepe3 MIOTHOCTh TOKA HACKIIEHHs CleyomuM oopasom: =+ = 4

(1.14)

BBIpa)KeHI/Ie JJI INIOTHOCTH TOKAa HACBIIICHUA JUOJa C UACATIBHBIM P-N IIEPEXOJ0M B O6H.I€M ci1ydae
UMCECT BU:

(p.D n W
_f_ =q P'_'cthE+n'_'cth

L, L L, L_.| (1.15)

L = |D
Paccuuraem 3nauenust Lp u Ln: ? P{rf“) (1.16)

= uEem
P e (eM”/c)

_ 138102 =m0, .
D = B35 64 =162 2
TR (cm”/c)

LP =.JILE*2*10" =48*10"

(cm)
I'r: =-flEZ*2°10" =56*10"
(cm)
crhll—; c:hﬁ
Otmerum, uto Wn» Ly 1 Wp» Ln, clieoBaTenbHO y HaC U0 C MIUPOKO# 6a30it u mostomy =~ L

~1. Buaum, uto mbl umeeM pe3kuii n*-p (Ndn>Nap) epexo, mosToMy paBHOBECHAS KOHIIEHTPAIHS
HEOCHOBHBIX HOCHUTENEH B 0a3e npoMHOTO OOJIbIIE KOHIIEHTPAIIMA HEOCHOBHBIX HOCHTEJIEH B OMUTTEPE
Pno (TaKk Kak ¢ OCHOBHBIMH HOCHUTEJISIMU BCE 0OCTOUT HA0OOPOT), M TO3TOMY IEPBBIM CIIaraeMbIM B
domyne (15) moxxHO TpeHeOpeyh, BCIASACTBUE €TI0 MAJIOCTH 110 CPABHEHHUIO CO BTOPHIM. YUTEM, UYTO
Dn = Dp u L = L, npeobpazyem dpopmyny (1.15) k Buny:

1]
Rp po

v (1.17)

s naxoxaeHus: kodddumuenta nuddysnun 31eKTpoHoB Dn BOCTIONB3yeMCsi COOTHOIIIEHUEM

D, i,
DOiHIITEHHA: T ,(1.18)

i€ Unp — ApeiiQoBasi MOABMKHOCTE SJIEKTPOHOB B p-obsact. OHa onpeaensiercs no ¢popmyse (1.6a) c
TOH JIMILIb PA3HUIIEH, YTO BMECTO KOHIIEHTPAaMH Ngn TaM UCIIONIB3YETCs Nap.

PaBHOBECHYIO KOHIICHTPAIIMIO HEOCHOBHBIX HOCUTENEH HAlIEM U3 COOTHOIIEHUS: "~ =" T, (1.19)
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a ¢ y3noHHas UIMHA 3JICKTPOHOB OIPEEIIsAeTCsS Kak
L L= D .{r} (120)

[ToncraBuB hopmynsl (17) — (20) B (14), momyuyuM OKOHYATEILHOE BRIPAKEHUE JIJISl TOKA HACKHIIIICHUS
Iuoja:

e, -Tq.u" .

I,=AN,e
nl(1.21)

HpI/I 9TOM 3aMCTUM, YTO KOHTAKTHAs PA3HOCTb MOTCHIUAJIOB Pk TAKIKC 3aBUCHUT OT
kT, NN
=—h—

TEMIIEPATYPHL: T (1.22)

3aBHCHMOCTb COOCTBEHHOM KOHOCHTpaluu HOcHUTeJIeH B Si OoT TEMIICPATYPhI OIPCACIIACTCA

BBIpaKeHHeM: *!1/=3#7 1071 T (1 93)

[ToacraBum (1.23) B (1.22)

k NN,

w '—Th—.
T osnme T (1.24)

Paccunraem 3nauenus ok npu temneparypax T = 250K u T = 400K. Otu 3nauenus 6ynem
UCIIOJIb30BaTh MPH pacyéTe TOKOB HACHIILEHUS:

Ipu T = 250K
13810 250, 17 10" 43 10°
- : = 18I Bl
1610 1510250 e
[Ipu T = 400K
L3807 40, 4707 430" e g

T T

[TpoBeném pacu€Tsl 11l BEIMYMHBI TOKA HACBIIEHUS THO/1A:

Tpu T = 250K

T |5..35 107" X0 1024 16 10

B5 10 47 10
! * ki EET]

12510 " Al

ITpu T = 300K
I.=3%59107" 4
ITpu T = 400K

I =4,98810 (4
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Kak BUHO U3 BBIUMCIICHUHN, TOK TM0/Ia OYEHb PE3KO 3aBUCHUT OT TEMIIEPATyphl, 3HAUUTEIHHO
YBEJIMYUBASCH IPU OTHOCUTEIBHO HEOOIBIIOM U3MEHEHUH TEMIIEPATYPhl. DTO MOKHO OOBICHUTH
YBEJIMUEHUEM TEIIJIOBOW TeHEpaIli HEOCHOBHBIX HOCHTENEH BOJIM3H P-n TIEpeXo/ia C MOBBIIICHUEM
TEMIEPATypbl, KOHLIEHTPALUS KOTOPBIX BO3pAcTaeT Mo 3aKOHY AppeHHyca.

B nmone ectb TOK uepe3 p — n mepexo/l U ecTh reHepalusi HEOCHOBHBIX HOCUTENIEH U3 SMUTTEpa B 0azy

1 13 6a3el B oMUTTEp. KoappuimeHT nHKEeKIuM 11o/1a onpeaesseTcss Kak OTHOIIEHUE MOJIe3HOU, B

JAHHOM CITy4ae 3JIeKTPOHHOU, COCTaBIAIONICH TOKa (TIIOTHOCTH TOKA) K 00IIeMy TOKY (TJIOTHOCTH
o i

Iom In+lp 'J,-gwp +J,-gw’ (125)

o

£

TOKa) 4epe3 p-h Mepexo:

.ﬂu.ﬁ:qﬂpﬁ'm
Tme ¥ B 7 (1,26a)

N aHAJIOTUYHO

o 5" po
8 L (1.266)

st Haxoxaerust kodddummenta quddy3un 31eKTpoHOB Dy BOCTIONB3yeMCSl COOTHOIIICHHEM
Oiinmreitna (17). Boipaskenue ans koapdunmenta quddysuu apipok Dp uMeeT aHaaoru4HbIN BUA:

kT
D =—
P77 (1.07)

3
p -LBOEE0_ o
P60 (cm”/c)

p 1B, oo o 2
n g0 (em™/c)

Juddy3nonHas AnuHa IEKTPOHOB onpeaensercs BelpakeHueM (19). A nud¢y3noHHas JyMHa TBIPOK
Oyznert onpenensTbes BoipakeHueM (16):

L = JILE2°10" =48°10"
? (cm)

Lra =-fl6272°10" =56*10 I(CM)

Torz[a, MMPOU3BCAA HYKHBIC BBIYHUCIICHUS, ITIOJTYIUM:

R LA LBy g 1D g, Dy
P cgn- 7

jOud L840 162043800 _oog geyn-12 {4 iou?)

T
m 5E*10-

-2
pe 28R i
[(Z58+4 4] 107

bapeepnas EMKOCTH p-n mepexoia onpenensiercs ¢ yaérom ¢hopmys (12) BeIpaKeHHEM:
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c =E:A q.N_I.:' .::
T NEe ) (1.28)

[TpoBenéM BBIUMCIICHUS:

ITpu U = 0B
T 11!'1,5 T 4.331&_%35 R
IIpu U =-5B

C,=425-10",J61413*10°" -0 3re)
Ipu U =-10B
C.=425-10 45.531‘10 " a0 ne)

U3 pacuéToB BUIHO, YTO C yBEIWYEHHEM O0OpAaTHOTO HAMpPsDKEHUs OapbepHas EMKOCTh p-n Iepexo/ia
YMEHBIIAETCHI.

Hanpspkenue 1aBUHHOTO TPo00s OMPEAEIISIOT MO MONTydIMIHpUYecKoi popmye: U.=Bp; (1.29),

riae KoappuIiueHTsl B 1 a 3aBUCAT OT THIIA P-n MIEPEX0a U MaTepHaa MoIynpoBoIHUKA. B
4aCTHOCTH JUIS HAIIEro n*-p KpeMHmeBoro auoaa Gopmymna (1.29) umeer Bug: “==** 7 (1.30)

TIpoBeaéM BbrunceHus: o- =48 323" =113 5(8)

Pe3ynbTathl Bcex BBIUMCICHHM MpeacTaBuM B Bujie Tabmuiy 1.2 — 1.4:

TaGmuupl 1.2. PesynbraTsl BelurciaeHut ¢k, Emax, y, Unm.

¢k, B Emax, B/cm v Unn, B

0,8 22684,16 0,979 113,5

Ta6muma 1.3. 3navyenus Cb, 6, 0p, On mpu 3HAYECHUAX |U“5P| 0B, 5Bu 10B

Vel g 0 5 10

CB, n® 0,89 0,33 0,24

8, cm 3,5% 107 13,3*10° 18,2*10°
8p, cm 3,414*107 12,97*10° 17,75*10°

33



&n, cm 8,635*10" 32,81*10° 44,89*10°

Ta6mmma 1.4. 3nayeHus Toka HacklmeHus [s mpu Temneparypax, paBabix 250K, 300K u 400K

T,K 250 300 400

=21 —-17 —15
Is, A 2 125%10 3.959%10 4.969*10

JlaGopaTopHoe 3ansitue Ne 5: McciienoBanue KacKagoB ¢ 00IMM IMHUTTEPOM, ¢ o01eii 6a30i u oduumM
KoJIekTopoM. McciienoBaHne napaMeTpoB TPaH3HCTOPHOIO KJIIOYa

esn padoThl

1. UccnenoBath paboTy OTIENbHBIX YCHIIUTEIbHBIX KACKaJIOB.

2. O1eHUThH BIMSHUE TApaMETPOB AJIEMEHTOB Ha MapaMeTphl U XapaKTePUCTUKH KaCKaOB.
3. CpaBHHTH M OIICHUTH MMAPAMETPHI U XapaKTEePUCTUKH KaCKaJOB Pa3HOTO THIIA.

3aganue

3amaHne COCTOUT U3 3-X YacTel.

1. MccnenoBanue yCHIUTEIBHOTO KACKaaa ¢ OOIIUM SMUTTEPOM.

2. HccrienoBanue yCHIIMTEIBHOTO KacKa/ia ¢ OOIIUM KOJUIEKTOPOM.

3. UccnenoBanue yCHIIMTENBHOTO Kackaja ¢ o0ried 6a3oi.

KaK HpaBI/IJII)HO CHHUMATh XapaKTepI/ICTI/IKI/I n OHpCI[GJI?ITI) napaMeTpLI YCI/IJII/ITGJ'II)HBIX KaCcKaaoB (I/I
yCUJIMTENeH) paccka3aHo B [IpuiioskeHun.

HccnenoBanue yCHIUTEILHOTO KacKaga ¢ OOIIMM SMUTTEPOM

HccnenoBarh BIMsSHUE TApaMeTPOB AIEMEHTOB Kackaja ¢ oomuM smurrepoM (03), cxema KoToporo
IIPUBE/ICHA Ha pUC. 1, HA MapamMeTphl U XapaKTEPUCTUKU CAMOI0 KacKaa.

1. 3anyctuts nporpammy WEWB.

2. CoOpatb cxemy HccaenyeMoro kackaaa O3, nokasaHHyto Ha puc. 1.

3. YcranoBuTh mapaMeTpsl teMeHToB kKackana: Rr=100 Om, R1=50 kOm, R2=10 kOm, R3=5 kOwm,
R4=1 kOm, Ry=20 kOm, Cy=100 nd, C1=2,2MxkD,C2=2,2MkD, C3=10 Mx®D, Er=5 mB, En=15 B (Tun
TPaH3MCTOpA U €r0 MapaMeTphl YKKET MpenoaBaTeb).

4. C nomousto xapakreprorpagda cHate AUX n @YX kackana v 3aHECTH UX B OTUYET C YKa3aHUEM
MaciTaboB 10 BEPTUKAIbHOW U TOPU30HTATBHOM OCSIM.

5. Mo AYX onpenenuth HUXKHIOO fi U BepXHIOO fB rpaHUYHBIE YaCTOTHI, CPETHIOI YacTOTy fou
nojocy nponyckanus Df u ykazare ux Ha rpagpuke AUX B oTyere.

6. YcTaHOBUTH Y HCTOYHUKA CHTHAJIA CPETHIOKO YacToTy fo.

7. IloaxmouuTh BMECTO XapakTepuorpada ocruuiorpad u yoeauTsCcsi B TOM, YTO BXOJIHOU U
BBIXOJTHOM CHUTHAJIBI HAXOAATCS B TpoTuBOdaze. OciuiorpaMmmy MPUBECTH B OTUETE. YKa3aTh HA HEH
BXOJIHOHM M BBIXOJIHOW CHTHAJIBI, @ TAKXKE MACIITAOBI 10 BEPTUKAIBHON U TOPU3OHTAIBHOM OCSIM.

34



R
[ 1
LI

Puc. 1. VicxonHasi cxema UCCIIelyeMOro YCHIIMTeNbHOro Kackaga O

8. Ilo ocmorpamme onpenenuTb Ko3(pPpHUInueHT yeuaeHus o HapsKeHUIO.

9. Onpenenuth BXOAHOE U BBIXOHOE CONPOTUBIICHUS KacKaja Ul CpeqHel 4acToThl fo.

10. Onpexnenuth, UCTIONB3YS POPMYIIBI, KOXPPHUIMEHTH YCHICHUS KacKa/la 1o TOKY, HAPSHKECHHUIO U
MOIITHOCTH Ha cpeiHel yactote fo.

11. Custp aMIIIUTYAHYIO XapakTepucTuKy (AX) Ui cpeaHel 4acToTsl fo.

12. ITo monyyennoit AX ornpenenuTs TMHAMUYeckuil tuana3zon D, nb.

13. Otkimrounth KOHIEHCaTOp C3.

14. BemmoauuTk MyHKTH 4, 5, 9, 10.

15. CpaBHUTH pe3yabTaThl, OIYYEHHbIE IPU UCCIIEOBAaHUU Kackaaa OO MpH BKIIOYEHHOM
KoHzieHcaTtope C3 U IpU OTKIIFOYEHHOM.

16. CnenaTp 1 3amucaTh B OTYET BBIBOJBI IO IMMyHKTY 13.

17. BoccTaHOBUTB UCXOJHYIO CXEMY M YCTaHOBUTh eMKOCTh KoHeHcaTopa C1=100 HD.

18. BeIoHUTG TyHKTHI 4, 5.

19. CpaBuurts vactotsl fi, fg 1 monocy npomyckanus xkackaga Df, momyueHHbIe y HCXOIHOH CXEMBI, C
TEMHU K€ MapaMeTpamHu, MOJTYYEHHBIMH JIJISl CXEMBI ¢ YMEHbIIIEHHOW eMKocThIo C1(B myHkTe 17).

20. CaenaTh ¥ 3amKcaTh B OTYET BBIBOJBI MO MyHKTY 19.

21. BoccTaHOBHUTH UCXOAHYIO CXeMY M YCTaHOBUTH eMKOCTh Ch =200 nd.

22. BBIMONMHUTE MyHKTHI 4, 5.

23. CpaBHuTb 4acToThl fiy, fs ¥ monocy nmponyckanus kackana Df, moxydeHHbIe y HCXOHOI CXEMBI, C
TEMHU K€ NTapaMeTpamHu, MOJIYyYEHHBIMH JUIsl CXEMBI ¢ yBETMYEHHON eMKOCThio CH (B ImyHKTE 21).

24. CaenaTh ¥ 3alMcaTh B OTUET BBIBOJBI MO MyHKTY 21.

25. Bce momy4eHHBIe B OIBITAaX JAHHBIE CBECTH B Ta0. 1.

Tab6muna 1

ITapameTpsl h21o fu fs Df Ko
Hcxomgnas
cxema

C3 — oTKIIIOYEH
C1=100 ud
Cy=200 n®
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5. KPUTEPUU OHEHKH JIABOPATOPHBIX PABOT

JlaGopatopHble pabOThI OIICHUBAIOTCS MO CIEIYIOIIUM KPUTEPUSIM:

«OTJIMYHO» — PabOTa BHITIOJHEHA IMOJTHOCTHIO B COOTBETCTBUH C 3a/IaHUEM;
«X0POII0» — paboTa BRIMOTHEHA TIOJHOCTHIO, HO ¢ HEJIOUeTaMH: KOHCUHBIN pe3ybTaT
BBITIOJTHEHUS pa0O0THI HE TIOJTHOCTHIO COBMAAACT C 00Pa3I[OM; OITMOKY B pacyeTax,
HEI0YeTHl B 0(hopMIIeHUH;

«YAOBJIETBOPHUTEIbHO» — paboTa BeimoaHeHa Ha 60 — 70 %;
«HEeYJI0BJIETBOPUTEJIBHO0)» — pa00Ta HE BBITTOJIHEHA WM 00YYarOITUICS OTKA3bIBACTCS

BBITIOJIHATH MPAKTUYECKYIO padoTy.
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OcHoBHBIE mapamMeTpbl 1M010B

IIpunoxenne Ne 1

[IpenenbHble 3HAUCHUS MapaMeTpoB pexkuma ripu T =25° C 3navenus napametpoB pu T = 25° C
<
M
TUII < @ . 5 = éﬁ . i
5 2 Zlg o | ]2 g |2 ¢
SR - - A R R A -
2 i 2 g g : | = g g g = g = | % &
—_ [ [y ) ) —_ o y— = - —_ | —_ ) =
J19B 20 35 30 40 85 1 100 5
K/103A |100 50 20 50 100 1 50 4 50 20 0,4
K/1209A | 700 85 1 400 400 15 0,02 85 1 700 100
KJI221A | 700 1 100 85 1,5 1000 |30
OcHOBHBIC MapaMeTPbI OUIOJSAPHBIX TPAH3UCTOPOB
B1-B2/Ix |Fr Cx/Uk |[Ca/Ua0 |RO*Ck, |1p, |Uxa/(Ix/16) Uxk6 |Uxy/R |U20 |Ixkm/Ika |PK,
TUIT Ixo,MKA IIep
/MA MI'u (np/B |ndp/B IICEK e |B/(MA/MA) B B/xOm |B MA/MA |MBT
KT315A |20-90/1 250 |(7/10 300 0.4/(20/2) |1 25 |20/10 |6 100/ 150 |N-P-N
KT3156 |50-350/1 (250 |7/10 300 0.4/(20/2) |1 20 |15/10 |6 100/ 150 |N-P-N
KT315B |20-90/1 250 |7/10 500 0.4/(20/12) |1 40 |30/10 |6 100/ 150 |N-P-N
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