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BBEJAEHHUE

Panunorexnuueckue U nHGOPMALIMOHHBIE CUCTEMBI UTPAIOT BCE BO3PACTAIOLIYIO POJIb
B *KU3HU 001ecTBa. OCHOBHBIE KAUECTBEHHBIE [10KA3aTEIU CUCTEM U BXOJAIIEH B HUX pa-
JIMO3JIEKTPOHHOM annapatypsl (POA) B 3HaUMTENIbHON CTENEHN ONPENEISIOTCS MapameT-
paMu AJIEMEHTHOM 0a3bl, T.€. XapaKTEepUCTUKAMU MHTETPAJIBHBIX CXEM, IOJIYyIPOBOIHUKO-
BBIX MTPUOOPOB, PE3UCTOPOB M KOHJIEHCATOPOB, KOHTAKTHBIX YCTPONCTB, GUIBTPOB U T. .
Pa6ouas nporpamma nucuuniaussl Kb POA noctpoena takum o06pa3oM, 4TO OCHOB-
HOE€ BHUMAaHUE B JIEKIIMOHHOM Kypce OTBOAMTCA MPUHLHUIAM pabOThl MOJYPOBOJIHUKO-
BBIX IPUOOPOB, @ YaCTh TEM BBIHECEHA HA CAMOCTOSITENIbHYIO IPOPAOOTKY.
CaMOCTOATENBHO JOJIKHBI OBITH U3Y4YE€HBI OCOOCHHOCTH CIIEAYIONINX 3JIEMEHTOB:
® 3JIEKTPOHHBIX JIAMII;
® [1aCCHBHBIX JIEMEHTOB 3JIEKTPUYECKHUX LIETIEH IMUPOKOTO NPUMEHEHNS;
® 13JIEMEHTOB (PYHKIIMOHAJIHLHOU MUKPOAJIEKTPOHHKH.
B Tedyenue cemMecTpa JOJIKHBI OBITH BBIIIOJHEHBI [IATh OT/IEIbHBIX 3aJaHUI.
Huxe npuBoasTcst Tpe6OBaHUS K UX BBIIOIHEHUIO U 0()OPMIICHUIO.

1. MIOPAJIOK BBIIMOJIHEHUS 3AJAHUNA 1 O®OPMJIEHUA
PE3YJIBTATOB

Heab 3aganmii: OONEryuTh CTYACHTaM CaMOCTOSITENIBHOE H3YyUYEHUE OTIENIbHBIX
pa3aenoB TUCIHMILIMHBI ITyTEM LIEeJICHAIIPABICHHOTO N3YUEHUS JINTePaTyPHBIX HCTOYHUKOB
U PEIIEHUS psijia TEOPETUUECKUX 3a/1a4.

PacuetHo-rpaduyeckoe 3ajaHle COCTOUT U3 OTBETa HAa TEOPETHUYECKUH BOMPOC U
pelIeHus 4eTbipex 3agad. Pe3ynbrarhl JOKHBI OBITH OQOPMIICHBI aKKypaTHO Ha CTaH-
OapTHBIX JUCTax ¢opmata A4 ¢ TUTYJIBHBIM JIUCTOM CTaHAapTHoro oOpasua. Iloms
JIOJKHBI COCTaBIIATH 20 MM CO BCEX CTOPOH.

Pe3ynbTaThl BBIYHCIEHHUM CelyeT NMPEJCTaBISATh B YUCIEHHOM BHUJE C yKa3aHHUEM
pa3MepHocTU. UncClieHHbIe 3HAUEHUs MPECTaBISIIOTCS B HOPMAaJIM30BaHHON (opme ¢
TpeMs 3HaYaluMH HudpamMu 1mocie 3amsTou.

B xoH1e paboThl npuBoguTCs OUOIHOrpadUUecKHil CIIMCOK, KOTOPBIN 0popMIIsieTCs
B cootBeTcTBUU ¢ ['OCT 7.1 — 84.

B cooTBetcTBUU € TpauKoM caMOCTOSITENIbHOM paboThI pacueTHO-rpaduvecKoe 3a-
JaHWUe BBITIONMHSAETCS ¢ 3 10 7-yio yueOHble Henenu. OpueHTHPOBOYHAS TPYAOEMKOCTh —
7...10 gacos.



2. KOHTPOJIBHBIE BOITPOCBHI
IMACCHUBHBIE 3JJEMEHTBI DJIEKTPHUECKHUX IENENA

I[aTB IMUCBbMCHHBIC OTBCTBI Ha KOHTPOJIBHBIC BOIIPOCHI B COOTBCTCTBHUHU C HOMCPOM
BapHuaHTa:

1) Kongencaropsl. [Ipunuun neiictBusi. OCHOBHBIE MapaMeTPbl: EMKOCTh, KJIACC TOYHO-
CTH, HaIlpsDKEHHE, MTOCTOSIHHAs BPEMEHU, YAaCTOTHBIE CBOMCTBA, CTAOMJIBHOCTH IMapa-
METPOB, JOIYCTUMOE HANPSHKEHUE, TAHTEHC YIUIA TUDJIEKTPUYECKUX ITOTEPh.

2) Knaccudukanus KOHIEHCATOPOB U X MapkupoBka. (O003Haue€HHE JOMYCTUMBIX OT-
KJIOHEHUH EMKOCTH OT HOMHUHAJIA.

3) KongeHcaTtopsl MOCTOSIHHON eMKOcTU. CIIosiHbIe, KEpaMUYECKHE, CTEKIISTHHBIE, CTEK-
JOKEpaMUYECKHE, CTEKIO3MANIEBbIE KOHIEHCATOPhl. OnrcaHnne KOHCTPYKIIMH, MapKH-
POBKA, YaCTOTHBINA IMAIIa30H.

4) KonneHncaropbl MOCTOSHHONM €MKOCTH METaUIOOyMa)KHbIE, IJICHOYHbIE UM METaJllo-
IUICHOYHBIE, MIEKTPOJIUTUYECKAE U OKCUIHO-TIOJIYIIPOBOJHUKOBBIE. OIIMCaHNE KOHCT-
PYKLIMH, MAaPKUPOBKA, YACTOTHBIN JUAIIA30H.

5) KonneHcaropbl MOACTPOEYHbIE M MEPEMEHHOW eMKOocTH. OnMcaHue KOHCTPYKLHH,
MAapKUPOBKA, YaCTOTHBIN THAANA30H.

6) OcHOBHBIE CBEICHUS O pe3rcTopax. HomMuHanbHOE CONPOTUBIEHUE PE3UCTOPA, HOMHU-
HaJbHAsi MOLTHOCTb, TEMIEPATYPHBIN KOAI(PHUIIUEHT COMPOTUBIICHHUS, INEKTpUUYECKas
IPOYHOCTh, YPOBEHb COOCTBEHHBIX IIyMOB, YACTOTHBIE CBOMCTBA, MAPKUPOBKA.

7) Pe3nuctopsl MOCTOSHHOI'O CONPOTUBIEHUSA. YTJIEPOIUCTHIE, KOMIIO3UIIMOHHBIE, Me-
TaJJIOIJIEHOYHbIE, METAIJIOOKCHU/IHbIE U MPOBOJIOYHBIE pe3ucTopbl. O003HAUEHME, pe-
KOMEHJALNH 10 IPUMEHEHHUIO.

8) Pe3ucTopsl mepeMeHHOro conpoTuBiaeHus. THUIIBI U TapaMeTpBI.

9) Tepmope3uCTOpPbI, TEPMHUCTOPBI U MO3UCTOPbl. OCHOBHBIE XapaKTEPUCTHUKHU, HA3HaYe-
HUE.

10) DnexTpoHHO-Ty4YeBble TPYyOKH. OOIIKE CBECHUS.

11) DnexTpoHHO-TyuYeBblE TPYOKH € INEKTPOCTATUUECKUM OTKJIOHEHHMEM Jyya. Y CTpOM-
CTBO, MpUHIMN paboThl. MapkupoBka. [Ipumenenue.

12) DnexTpOHHO-TyuyeBble TPYOKM C MAarHUTHBIM OTKJIOHEHHEM Jiy4ya. Y CTpPOMICTBO,
npuHIUN padotel. MapkupoBka. [Ipumenenue.

13) Knaccugukanust KOHAEHCATOPOB U UX MapKupoBka. OO003HaYeHHE AOMYCTUMBIX OT-
KJIOHEHUH EMKOCTH OT HOMUHAJIA.

14) KonaeHcaTopbl OCTOSIHHOM €MKOCTH METAJUI00yYMaXKHbI€, TUIEHOYHBIE U METaJJIO-
IJIEHOYHBIE, AIEKTPOJUTUYECKHE U OKCHIHO-TIOJIYIIPOBOJHUKOBBIE. ONIMCaHUE KOHCT-
PYKLMH, MAPKUPOBKA, YACTOTHBIA TUAITa30H.

15) OcHoBHbIE CBelleHHsI O pe3ucTopax. HoMHUHaAIbHOE CONMPOTUBIEHHUE PE3UCTOPA, HO-
MUHaJIbHAsl MOIIHOCTb, TEMIIEPaTyPHbI KOA(P(ULIUEHT CONPOTUBIICHUS, DJIEKTpUYE-
CKasl IPOYHOCTbh, yPOBEHb COOCTBEHHBIX IIIyMOB, YaCTOTHBIE CBOWCTBA, MApPKUPOBKA.

16) Pe3ucropbl mepeMeHHOro CONpOTUBIEHUS. THUIIBI U TapaMeTpBbI.



17) Pe3uctopsl MOCTOSHHOTO COMPOTUBJIEHUS. YTJIEPOIUCThIEC, KOMIO3UIIMOHHBIE, ME-
TaJUIONJIEHOYHbIE, METAJZIOOKCUIHBIE U MPOBOJIOYHBIE pe3ucTopbl. OO03HaUeHue, pe-
KOMEH/IALIMK 1O TPUMEHEHHIO.

18) Karymku uHAyKTUBHOCTH, Apoccenu. Ha3znauenue, mapamerpsl. KOHCTpyKTHBHBIE
0COOCHHOCTH MHAYKTUBHOCTEH Pa3IMYHBIX JUAMA30HOB YacTOT.

19) Tpanchopmaropsl. Hasnauenuwe, mnapamerpbl. KOHCTpyKTHBHBIE OCOOEHHOCTH
TpaHCPOPMATOPOB PA3TUUHBIX TUANA30HOB YACTOT.

20) DnexTpoMexaHU4eCKUe PUIbTPHI.

21) Mzpenus GpyHKIMOHAIBHOMN 3JEKTPOHUKH. DUIBTPHI MbE303JIEKTPUUECKHUE.

22) Wznenus GyHKIMOHAIBHON ANEKTPOHUKU. DUIBTPHI HA MOBEPXHOCTHBIX aKyCTHYE-
CKHX BOJHAaX.

23) DneKkTpoHHO-TyuYeBble TpyOKu. OOIIMe CBEICHMUS.

24) KOHTaKTHbIE YCTPOWCTBA PEJIE U TEPKOHBI.

25) KuIKoKpUCTAIIINYECKUE U CBETOIUOIHbIE UHIUKATOPBI.

TeopeTnyeckuii MaTepuall coaepkurcs B [6,7].
OpHeHTHPOBOYHBIN 00beM OTBETOB — 3...5 JHUCTOB.

3. 3AJTAYA Ne 1

AOBWXEHUE 3APAXEHHbBIX YACTUL B SJNIEKTPUYECKOM MNOIJIE

Yactuna (3 — snexktpoH, II — nmpoToH ) Maccoil m ycKopsieTcsl pa3HOCThIO MMOTEH-
nuanoB U. Ilpu sTom oHa npuobpertaet sHepruto W u ckopocts V. HavyanbHast cCKOpocTh
YaCTHUIbl paBHA HYIIIO.

Onpenenuts HeTOCTAIONIME TTapaMeTphI B TabuIe 3.1.

Ta6muma 3.1 — JlanHbIe K 3amade Ne 1

Ne | Tun | U, w, vV, Ne | Tunm | U, w, vV,

B-Ta | U-1ibI | B JIx Mm/c |B-Ta |4-mipl | B Jx M/cC

1 9| 1 * * 16 * | * [48x10" |2,39x10*
2 I 1 * * 17| 21| 6 * *

3 € * 592x10°| 18| II| 6 * *

4 I * 1,38x10°| 19| D | * * 1,45x10°
5 * 1 * 592x10°| 20| II | * * 3,38x10*
6 * 1 * 1,38x10% | 21| * 6 * 1,45x10°
7 0 % | % |1,6x10"|5,92x10° | 22| * 6 * 3,38x10*
8 * x| 1,6x10"7 | 1,38x10*| 23| * | * |9,6x10" | 1,45x10°




[Tponomxenue Tabnuibl 3.1

Ne | Tun | U, w, vV, Ne | Tunm | U, w, vV,
B-Ta | U-1i6I | B Jlx Mm/c | B-Ta |4-mipl | B Jx M/cC
9 3| 3 * * 24| * | * |9,6x10™" |3,38x10*
10| II| 3 * * 251 B 9 * *

11 D | ¥ * 1,02x10°| 26| P | 9 * *

12| 0| * * 2,39x10*| 27| DO | * * 1,78x10°
13 | * 3 * 1,02x10°| 28| P | * * 4,14x10*
14 | * 3 * 2,39x10*| 29| * 9 * 1,78x10°
15| * | * |48x107"7]1,02x10°| 30| * 9 * 4,14x10*

HpI/I PCUHICHHUN HCpBOI\/'I 3alavuu CJIICAYCT UCII0Jb30BAaTh BLIPAXKCHUA JIA PaBCHCTBA
KHUHETUYECKOM OHCPI'MH U SHCPIrur MUKPOUYACTHIIBI B SJICKTPUICCKOM I10JIC. Tun qaCTHUIbI
OIPEACIIACTCS 110 MACCE BJICKTPOHA UJIH IIPOTOHA.

4. 3AJTAYA Ne 2

ABWXEHUE 3APAXEHHbIX YACTUL B NOJIE KOHOAEHCATOPA

3apsoxeHHas yactuia (3 — 31ekTpoH, I — mpoToH ) moja AelcTBUEM HalpsiKe-
Hust U ABMKETCSI MEXTY TUIACTUHAMM IOCKOMapaJIeIbHOr0 KoHAeHcaTopa. PaccTos-
HUE MEXY IJIaCTUHAMU d, BpeMs IpoJjieTa 4acTulbl {. CuuTaTh, YTO HavYaJIbHAsI CKO-
POCTb YacCTHUIIbl paBHA HYJIIO.

OrnpenenuTh HEIOCTAIOIIME TTapaMeTphl B Tabmuiie 4.1.

Ta6muma 4.1 — Jlanasie k 3agade No 2

Ne | Tuno d, U, t, Ne | Tun d U, 3
B-Ta | Y-IIBI M B C B-Ta | Y-IIBI M B C

1 5 | 01| 5 * 16 0,01 | 10 | 4,59x107

2 o | o1]| 5 * 17 D 1005| 5 *

3 * 0,1 | 5 | 1,51x107 | 18 I | 0,05 5 *

4 * 01| 5| 65x10°| 19 5 1005 * | 7,55x10°

5 €] * 5 | 1,51x107 | 20 | 005| * |32510°

6 II * 5 1 6,5x10° | 21 c) * 5] 7,55x10°

7 5 | 01| * |151x107 | 22 I * 5 | 3,25x10°°




[Tponomxkenne Tadmuis 4.1

Ne | Tuno d, U, t, Ne | Tun d, U, t,
B-Ta | Y-IIBI M B C B-Ta | Y-IIBI M B C
8 o | 01| * 6,5x10° | 23 * 10,05 | 5|755%10°
9 5 0,01 10 * 24 * 10,05 | 5|32510°
10 I | 001 | 10 * 25 5 [005]| 10 *
11 5 1001 | * | 1,07x10% | 26 I | 0,05 | 10 *
12 I | 001 | * | 4,59%107 | 27 3 [005]| * | 535x10°
13 c) * 10 | 1,07x10® | 28 | 005| * | 229x10°
14 I * 10 | 4,59x107 | 29 c) * 10 | 5,35x10°®
15 * 10,00 | 10| 1,07x10° | 30 II * 10 | 2,29x10°

IIpn pemeHnu BTOpPOM 3aJa4yu CIEAYET MCIIOJIb30BaTh BBIPAKEHUS I PABEHCTBA
KMHETUYECKON YHEPIUU U SHEPIUU MUKPOYACTULIBI B JJICKTPUUECKOM I0JIe. THUIl YacTULbI
OIIPEIEIAETCS IO MACCe JIIEKTPOHA UM IIPOTOHA.

KoHueHTpanust 21eKTpOHOB B HEKOTOPOM MeTajuie cocTaBisieT N. MakcumanbHoe
3Ha4YeHHe d3Hepruu 3iekTpona npu 7=0 (K) — yposens @epmu W.

5. 3AJTAYA Ne 3

JHEPT'UA DJIEKTPOHA B METAJIVIAX

OrnpenenuTh HEIOCTAIOIME TTapaMeTphl B Tabmuiie 5.1.

Tabmuma 5.1 — Jlanable k 3agade Ne 3

Ne N, w, Ne N, w, Ne w,
B-Ta M 7B B-Ta M 5B B-Ta -3 5B
1 10°° * 10 * 558 19 5x10%° *
2 * 34,6 11 6x10°° * 20 22.9
3 2x10°° * 12 * 120 21 9x10% *
4 5x10°° * 13 9x10°° * 22 33,9
5 * 57,9 14 * 158 23 3x10% *
6 * 106 15 10%° * 24 16,3
7 5x10°" * 16 * 7,81 25 6x10%° *
8 * 496 17 | 2x10% * 26 25,9
9 6x10°"! * 18 * 12,4 27 8x10% *

Teopernueckuii MaTepua coaepxurcs B [8].




6. 3ATAYA Ne 4

KATO/IbI 9JIEKTPOBAKY YMHBIX ITPUBOPOB

Oxcuanelil kaTon padotaeT npu temieparype 1 (K). Marepuan karona umeer padbo-
Ty BBIXOJa 371eKTpoHa W (JI) 1 sMuccHoHHyto moctosauyio A (A/M**K?). TInoTHOCTH

. 2
TOKa 3Muccuu j (A/mM”).
Onpenenuts HEOCTAIONIME TTapaMeTphI B Ta0uIE 6.1.

Tabmuma 6.1 — JlaHabIe K 3a7a4de Ne 4

No| 4 T W J Ne| 4 T W J
113,5x10°[1200| 3x107" * 16 * 11200 (2,38x107"°| 1,65x10°
2 13,5x10° | 1200 * 6850 | 17 |2x10° | 1600 [4,21x10™" *

3 13,5x10°| * 3x10" | 6850 | 18 |2x10°| 1600 * 1,96 x10°
4 * [1200] 3x10™| 6850 |19 |2x10°| * |421x10"| 1,96 x10°
513,5x10°[1400| 3x107™" * 20 * 11600 |4,21x10™"] 1,96 x10°
6 [3,5x10°( 1400 * 1,23x10° | 21 |3 x10° | 1800 |{4,21x107™" *

7 13,5x10°| * 3x107" | 1,23x10°| 22 | 3 x10° | 1800 * 423 x10*
8 *11400| 3x10™"7| 1,23x10°| 23 |3x10° | * |4.21x10™"| 4,23 x10"
9 | 2x10° [12002,63x10™"° * 24 * 11800 |4,21x107"| 4,23 x10*
10| 2 x10° {1200 * 3,66x10*| 25 | 3x10° | 1800 | 3,5x10™" *

11| 2x10° | * [2,63x10™"| 3,66x10%| 26 | 3 x10° | 1800 * 7,39 x10°
12 *  [1200]2,63x10™"°| 3,66x10*| 27 |3x10°| * |3,5x10"° | 7,39 x10°
13| 2 x10° [ 1200(2,38x107™" * 28 * 11800 | 3,5x10™" | 7,39 x10°
14| 2 x10° {1200 * 1,65x10° | 29 | 3x10° | 1600 | 3,5x107" *

150 2x10° | * [2,38x10™"| 1,65x10°| 30 | 3 x10° | 1600 * 1,01 x10°

TeopeTnueckuii marepuai coaepxkurcs B [1,2].
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