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AKceHOB, Asnexkcanap UBanoBu4

BakyymHas u 1uiasMeHHas OJJEKTpOHMKa = BakyyMHas U IUIla3MeHHas
VIEKTPOHHUKA: METOJUYECKHE YyKa3aHUs 10 CaMOCTOSATENBbHOM paboTte s
ctyneHtoB HampaieHus 210100.62 — DnekTpoHMKa W HaHOXJIEKTPOHHUKA

(mpomiis MUKpPOIIEKTPOHUKA U TBEpJIOTEIbHAs d1eKTpoHuKa) / A.Vl. AKCEHOB;
MunuctepcTBo 0oOpa3oBanust U Hayku Poccuiickoit ®@enepaunn, DenepasibHoe
rOCYJapCTBEHHOE  Oro/pKeTHOe  00pa3oBaTEIbHOE  YUPEXKIEHHUE  BBICIIETO
npodeccuoHanbHOTO 00pa3oBaHus TOMCKHMI TOCYAapCTBEHHBIM YHUBEPCUTET
CUCTEM YMpaBICHUS M paguodnekTpoHuku, Kadempa s1exTpoHHBIX MPUOOPOB. -
Tomck: TYCVYP, 2013. - 15 c.

[enbr0 AUCHUIUIMHBI sIBIsETCS (OPMHUPOBAHUE HAYYHOM OCHOBBI ISt
OCO3HAHHOT'O M IIEJICHANPABICHHOTO HCIOIb30BaHUS TMOJYYCHHBIX 3HAHUN TPU
AKCIUTyaTalluu AJIEMEHTOB, MPUOOPOB U YCTPOMCTB BAaKyyMHOW U IJIa3MEHHOMU
ANIEKTPOHUKH, a TAKKE MTPOCKTUPOBAHUSI HIICKTPOHHBIX CXEM Ha UX OCHOBE.

3ajadeil TUCHUIUIMHBI SBISIETCS (OPMUPOBAHUE y CTYACHTOB CHCTEMBI
3HaHUW B 00JlacTH (PU3UKU PaOOThl BAKYyMHBIX M IUIa3MEHHBIX MNPUOOPOB U
YCTPOUCTB, CIIOCOOHOCTH CTPOUTH MPOCTEeHINe (PU3MUECKHEe W MaTEeMaTHYECKUE
MOJCIM BaKyyMHBIX U  IUIa3MEHHBIX NpUOOPOB, MNPUMEHATH  (HU3UKO-
MaTeMaTHYEeCKU ammapaT IS pacuera ©W  MOJCIUPOBaHHS  (DU3NUECKUX
IPOLIECCOB, NPOTEKAOIINX B HUX.

[Iponiecc u3yyeHus NUCUUILTAHBI HAIpaBieH Ha (GOPMHUPOBAHHE CIEAYIOIIMX
KOMIIETCHIIN M

— CIIOCOOHOCTBIO OCYIIECTBISATH COOp M aHAIM3 HMCXOAHBIX JAHHBIX JIJIS
pacuera u TPOEKTUPOBAHMS DJIEKTPOHHBIX MPHOOPOB, CXEM U YCTPOUCTB
paznmuuHoro gyHkiuoHnanbHoro HazHauenus (I1K-9);

— CIIOCOOHOCTBIO apryMEHTHPOBAHO BBIOMpATh W peEaIn30BbIBATh Ha
npakTuke d(PPEeKTUBHYI0O METOAMKY  OKCIEPUMEHTAJIBLHOTO  HCCIEIOBaHMS
napaMeTpoB M XapaKTePUCTUK MPUOOPOB, CXEM, YCTPOHMCTB U YCTAHOBOK
ANIEKTPOHUKH W HAHOAJIEKTPOHUKHU PA3TUYHOTO (DYHKIIMOHAIBHOTO Ha3HAYCHUS
(ITK-20).

[Tocobue mpemaHazHAYEHO I CTYAEHTOB OYHOU (HOPMBI, 00YJAIOIINXCS TTO
Hampaieruss 210100.62 — «DnekTpoHWKa HW HAHOPJIEKTPOHHKA» (TpoduIb
MUKpPO3JIEKTPOHUKA W TBEPAOTENbHAsE 3JIEKTPOHUKA) Mo JAUCHUILIMHE
«BakyyMmHas U ma3MeHHas 3JIEKTPOHUKA.

© AxkcenoB Anekcanap NBanosuu, 2013
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BBepneHue

Lenpto AMCHUIUIMHBL SBIsAETCS (OPMUPOBAHME HAYYHOW OCHOBBI IS
OCO3HAHHOI'O M LEJIEHAIIPABICHHOIO MCIIOJb30BaHUs MOJYYEHHBIX 3HAHUM NpU
AKCIUTyaTallui 3J€MEHTOB, MPUOOPOB U YCTPOWCTB BAKYYMHOM M IJIA3MEHHOM
AIEKTPOHUKH, a TAKKE MMPOCKTUPOBAHMS JIEKTPOHHBIX CXEM HA UX OCHOBE.

3amauedl JUCHUIUIMHBI SBISE€TCA (OPMHUPOBAHUE Y CTYJIEHTOB CHUCTEMBI
3HaHMM B oOjacTy (U3MKU pabOThl BaKyyMHBIX M IUIa3MEHHBIX NMPUOOPOB U
YCTPOMCTB, CIOCOOHOCTH CTPOUTH MpoCTeillie Gu3nuecKre 1 MaTeMaTUYECKHe
MOJIENIM BakKyyMHBIX U IUIA3MEHHBIX MPUOOPOB, MPUMEHATH (UUKO-
MaTEeMaTUYECKUM amnmapaT JJs pacdyera M MOJICIUPOBaHUSA (PU3NYECKUX
IPOLIECCOB, NPOTEKAOIINX B HUX.

Kypc «BakyymMHas u mja3MeHHasl SJIEKTpOHHMKa» — 0a3oBas  4acTh
npodeccruonanpHoro nukia b3.b.5.2. o6pazoBaTenbHOM MporpaMMBI.

JIns ocBoeHUs NHUCUMIUIMHBI «BakyyMHas W IUIa3MEHHas JJIEKTPOHHUKA»
HEOOXOMMBI 3HAHMS MO MareMmaruke, (usuke, GU3UKE KOHIEHCUPOBAHHOTO
COCTOSIHUS, MaTepUaibl AJEKTPOHHON TEXHUKHU, (PU3NYECKHEe OCHOBBI MHUKPO- U
HAHORJIEKTPOHUKH.

3HaHMs, TOJYYEHHBIE IO OCBOCHUIO JUCHUILIUHBI HEOOXOAMMBI TMPH
U3YYEHUU  JUCUUIUIMH  «BakyymMHO-ma3MeHHbIE  METOJbl  MOJy4YEHUS
HAHOCTPYKTYp», «OCHOBBI TPOEKTUPOBAHUS DJIEKTPOHHOW KOMIIOHEHTHOMU
6a3b1», «TexHonoruss KPEMHUEBOW HAHOAJIEKTPOHUKHY, «DU3NKO-XUMUUYECKUE
OCHOBBI IPOLIECCOB MUKPO- U HAHOTEXHOJOTUID».

W3yyeHue IUCUUIUIMHBI HampaBlieHO Ha (OPMHUPOBAHHUE Yy CTYIACHTOB
cinenytorux npodeccuonanbubix (I1K) u  0OmIEKyIBTYpHBIX KOMIETEHIIUN
(OK):

[Iporiecc  m3ydeHusT OUCHUIUIMHBI HampaBieH Ha  (opMupoBaHue
CHEAYIOIMX KOMIIETEHIINN

—  CIIOCOOHOCTBIO OCYIIECTBIISATH COOp M aHAJIM3 UCXOIHBIX JTaHHBIX IS
pacuera M TPOEKTHPOBAHUSA DIIEKTPOHHBIX MPUOOPOB, CXEM U YCTPOWCTB
pasnmuuHoro gyHkiuonanbHoro HazHauenus (I1K-9);

—  CIIOCOOHOCTBIO apPTYMEHTHPOBAaHO BBHIOMpATh W PEATU30BBIBATH Ha
npakTuke A(Q(EKTUBHYI0O METOAMKY OSKCIEPUMEHTAIBHOTO HCCIIEJOBAHUS
napaMeTpoB M XapaKTEpUCTHUK MNPHOOPOB, CXEM, YCTPOICTB M YCTaHOBOK
AJIEKTPOHUKH M HAHOAJIEKTPOHUKHU Pa3IUYHOTO (PYHKIHOHAIHHOIO HAa3HAYCHUS
(ITK-20).

B pe3synbrare u3ydeHuss JUCLUILUIAHBI CTYAEHT JOJIKEH:

3HaTh:

— OCHOBBI (PM3HKH BaKyyMa, IJIa3Mbl U TBEPAOTO TENa;

— TIPUHIMIBI UCTONB30BaHUA (u3nueckux 3(PQexkToB B BakyymMe U B
IJ1a3Me B MpuOopax U yCTPOUCTBAX BAKYyMHOM, MJIa3MEHHOMN 3JIEKTPOHUKY;

— KOHCTPYKLIMM,  TIapaMeTpbl W  XapaKTEPUCTHKM U METOJbI
MO/IEJINPOBaHUs NPUOOPOB BAKYYMHOM U NJIa3MEHHOW 3JIEKTPOHUKH;

YMETh:
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— NPUMEHSTh METOJIbl pacyeTa MapaMeTpoB U XapaKTEPUCTUK MPUOOpPOB
BAKYYMHOMW U IJIa3MEHHOMU DJIEKTPOHHUKHY;

— NPUMEHSTh METOJbl MOJIECIUPOBAHUSA U NMPOEKTHUPOBAHUS MPUOOPOB U
YCTPOWCTB BAKYYMHOM U IJIIa3MEHHOU JJIEKTPOHUKHU;

— aHaJIM3UPOBaTh MH(GOPMAIMIO O HOBBIX THUIAX BaKyyMHBIX U
IJIa3MEHHBIX PUOOpax;

BIIAJIETh:

— METOJAMHU  DJKCIIEPUMEHTAJIBHBIX  HMCCIENOBAaHUW DapaMETpOB U
XapaKTepUCTUK MaTE€pHaJIOB, MPUOOPOB U YCTPOMCTB BaKyyMHOH U IJIA3MEHHOM
JJIEKTPOHUKH;

— COBPEMEHHBIMM I[POTPAMMHBIMHU  CPEICTBAMH MOJECIUPOBAHUA U
NPOEKTUPOBAHUS MPUOOPOB BAKYYMHOM U TUIa3MEHHOM 3JIEKTPOHUKH;

- METOJIMKOM pacueTra OCHOBHBIX Y3JIOB MNPUOOPOB BaKyyMHOM H
IIJJA3MEHHOM JIEKTPOHUKH.

Pazgen 1 9MunccuoHHasa aneKkTpoHuKa
1.1 CopepxxaHue pasgena

OCHOBBI 2JIEKTPOHHOM Teopuu TBepaoro tena. Cpenbl, YHEPreTUYECKOe
COCTOSIHME DJJIGKTpOHAa B  KpUCTa/uie. 30HHAs CTPYKTypa MeTasia,
HOJYNPOBOJAHUKA,  AWdNeKTpuka.  PabGora  Beixoma.  Tepmosmmuccus.
PacnpenenieHne SMUTHUPOBAaHHBIX 3JIEKTPOHOB 1O DJHEprusM. Bnushue
BHEIIHEIO  JJIGKTPUYECKOrO0  TOJs  HAa  NOTEHUUAIbHBI  Oapbep.
ABTO3JIEKTpOHHAsl SMUCCHs, B3pbIBHasg >SMuccUs. BropuyHas siaeKkTpoHHas
IMHCCHSI, €€ 3aKOHOMEpPHOCTU. PacmpeneneHne BTOPUYHBIX 3JEKTPOHOB IIO
sHeprusiM. DOTOIJIEKTPOHHAS SMUCCHUS, €€ 3aKOHOMEPHOCTH. OCOOEHHOCTH
CHEKTPaJIbHON XapaKTEPUCTUKH MOTYIPOBOAHUKOB. TUIIBI (DOTOKATOOB.

1.2 MeToauyeckue yKkasaHuA No U3yyeHuro pasaena

[Tpu uzyyenuu pazaena « IMUCCUOHHAS DJIEKTPOHUKA» CIEAYeT OOPaTUTh
BHUMaHHE Ha OOIMEe TMOHATHS M Ha POJb U MECTO JUCIUIUIMHEI «BakyymHas u
MJ1a3MEHHAs SJIEKTPOHUKA» B (POPMHUPOBAHUU CIICIIAATUCTA.

Paspen 2 ®oT03NeKTPOHHbIE NPUOOPLI
2.1 CopepxaHue pasgena

BakyymHblie (hOTO37IEMEHTHI, napameTphl, XapaKTEPUCTUKH,
TOKOIIPOXOXkJAEHUE B BaKYyMHOM JUOJHOM NPOMEXYTKE . DOTOYMHOKUTEIH,
YCUJIEHHWE TOKa, XapaKTEPUCTUKH, MapaMeTpbl. JIEKTPOHHO-ONTUYECKHUE
npeoOpazoBaTenn (O0I1b1), yCTpOWCTBO, XapaKTEPUCTUKU, MapaMETpPHI.
Cnoco6sr ycunenusi B 90Ilax. [Ipubopsl HOYHOTO BUIEHUS. PeHTreHOBCKHE
D015



2.2 MeTtognyeckue yKkasaHusi o U3y4eHuro pasgena

I[Ipu wusyuenun paszgena «DOTOINIEKTPOHHBIE MPUOOPHI»  CIETYET
o0OpaTUTh BHHMAaHHE Ha CIOCOOBI MOJy4YeHUs (OPMUPOBAHUS 3BIEKTPOHHOIO
MOTOKa B  (POTORJIEKTPOHHBIX MpUOOpax, MapameTpbl U KOHCTPYKLHH
(OTORNEKTPOHHBIX IPUOOPOB, IPUMEPHI UX MCIOIb30BAHHUS.

2.3 Bonpocbl ons camonpoBepKu

1. Knaccudukanus Gporokatonos;

2. HazoBuTe THI ra30BOT0 pa3psija B MOHHOM (POTORJIEMEHTE;
3. UTo Takoe€ TeMHOBOM TOK;

4. HazoBute ciocoOs! ycuiienust curnaia B D0TIax.

Paspen 3 OneKTPOHHbLINA NOTOK
3.1 CopepxaHue pasgena

ONEeKTpOHHBIA TMOTOK, €ro (OpMHUpPOBAHME H  TPAHCIOPTHPOBKA,
WHTCHCUBHBIE M HEWHTCHCUBHBIC, PEISTUBUCTCKAEC U HEPEISITUBUCTCKUE
AJIEKTPOHHBIE TIOTOKH, CIOCOOBI (POPMHUPOBAHUS DJIEKTPOHHBIX TTOTOKOB
pa3IMYHOM  WHTEHCUBHOCTU  (BJIEKTPOHHBIE TYWIKH UM IPOKEKTOPHI),
TPAHCIIOPTUPOBKA 3JEKTPOHHOIO TOTOKAa H CHOCOOBI OTPaHUYEHHsS €ro
norepeyHbix pazmepoB. [IpeoOpazoBaHue >HEPrUM DJIEKTPOHHOTO MOTOKAa B
npyrue Buabl dSHeprur. CnocoObl, OCHOBaHHBIE Ha B3aUMOJCHCTBUMU C
BHEITHUMHU  DJIEKTPOMAarHUTHBIMH ~ TOJSIMH.  DHepreTudeckuit  sddekr
B3anmojiericTBus. CriocoObl, OCHOBaHHbIE Ha B3aMMOJEHCTBUU C TBEPABIMU
TEIaMH U CTPYKTypamu. Id(eKTsl B3auMOACHCTBUS (KATOIOTIOMUHECHICHITHS,
KaTOJ0yCHIICHHE, PEHTTEHOBCKOE U3JIy4YeHUe, Harpes). [Tpumepsl
UCIIOJIb30BaHMs B IPUOOPAX BAKYYMHOM AIIEKTPOHUKH.

3.2 MeTtoanyeckue ykaszaHusi No U3y4eHuto pasgena

[Ipu wusyuenum pazgena «DJIEKTPOHHBIN IOTOK» CIeAyeT OOpaTHTh
BHUMAaHHE Ha CTIOCOOBI (POPMUPOBAHUS AIEKTPOHHOTO MOTOKA, €r0 MapaMeTphl
U TPUMEPHl HCIOIB30BaHMS B JJICKTPOHHBIX MNPUOOpaX, KOHCTPYKIIUH
AJIEKTPOHHBIX MYLIEK, B3aUMOAECHCTBUE JIEKTPOHHOTO MOTOKA C TBEPBIM TEJIOM

3.3 Bonpocbl gns camonpoBepKu

1. Ha3zoBute OCHOBHBIE MapaMeTPhI IJIEKTPOHHOTO MOTOKA.

2. Kak BiMsieT DJJIEKTPUYECKOE II0JE€ Ha MapaMeTpbl AJIEKTPOHHOIO
noToka?

3. Kak BiMsieT MarHuTHOE IOJI€ Ha TapaMeTPhbl JIEKTPOHHOTO NOTOKA?

4. TlpuBenure OCHOBHBIE KOHCTPYKIIMHU 3JIEKTPOHHBIX TPOKEKTOPOB.



Paszgen 4 3nekTpoHHO-Ny4YeBble TPYOKH
4.1 CopepxaHue pasgena

DONEeKTpOHHBIA TMOTOK, €ro (QOpMUpPOBAaHUE U  TPAHCIOPTHUPOBKA:
WHTEHCUBHBIE W HEUHTEHCUBHBIC, PEJISTUBUCTCKAE M HEPEISITUBUCTCKUE
AIIEKTPOHHBIE OTOKHU. YTIPABICHUE AJIEKTPOHHBIMU IMOTOKAMU: DJIEKTPUUECKHE
U MarHuTHbIE CHOCOOBI YNPaBJIEHUS IUIOTHOCTBIO U CKOPOCTBIO 3JIEKTPOHOB.
KBasucrarnueckue # JAMHAMHYECKHE CIOCOObl  ympaBieHus. [Ipumepsl
UCIIOJIb30BaHUSI B MpHUOOpax BAKYYMHOM 3JIEKTPOHUKH. TOKONPOXOXKIEHUE B
AIEKTPOHHO-JTYYEBOM TpyOKe, VU3MEHEHHE SHEPIruun ANEKTPOHA.
Ocuumnorpaduueckue TpyOku. CrnenuanbHble 3JIEKTPOHHO-IYYEBbIE TPYOKH.
3anomuHanue curHaina. KuHeckombl, IBeTHoe wu3obOpaxkenue. llepenaroriue
AJNEKTPOHHO-JIy4eBble TPYOKH, YCTPOHCTBO, XapaKTEPUCTUKH, IapaMeTphl,
TpeOoBanus. CynepopTUKOH, BUTUKOH.

4.2 MeToaunyeckue yKkazaHusi No M3y4yeHuto pasgena

[Ipu wu3yuenun pasznpena «INEKTPOHHO-IYUYEBBIE TPYOKH» CIIEIyeT
0o0paTuTh BHUMaHHUE HA KOHCTPYKIIUHU AJIEKTPOHHBIX JINH3, CUCTEM YCKOPECHUS U
TOPMOKEHHUSI AJICKTPOHHOTO MOTOKA, MPUMEHEHUE dJIEKTPOHHBIX JIMH3 U CUCTEM
YCKOPEHHUS B DJIEKTPOHHO-TTYUYEBBIX U (POTOITEKTPOHHBIX MPUOOpaX.

4.3 Bonpochbl Ana camonpoBepKu

1. HazoBuTE OCHOBHBIE TUIIBI U TAPAMETPHI AIEKTPOHHBIX JTUH3.

2. Ha3zoBuTe OCHOBHBIE THIIBI U TAPAMETPbl MATHUTHBIX JIMH3.

3. Ha3zoBuTe OCHOBHBIE TUIIBI U MAPAMETPHI OTKIOHSIIOIINX CUCTEM.
4. TlpuBenurte KOHCTPYKIIUHU AJIEKTPOHHO-IYUYEBBIX TPYOOK.

Pazgen 5 WoHM3npoBaHHbIN ras 1 nnasma
5.1 ConepxaHue pasgena

DJIeMeHTapHbIC MPOLECCHl B IUIa3ME€ M Ha MOTPaHUYHBIX MOBEPXHOCTSX,
OCHOBHBIE METOJIbl TEHEPAIMH IUIa3Mbl, HW3JIyYEHUE IUIa3Mbl, MOJEIH JUIS
OMHUCAaHUSl CBOMCTB TIIa3Mbl. THIBI Ta30BBIX pa3pssioB, OOIIME CBOWCTBA
MJa3Mbl, SIBJICHUS TME€peHoca, Ila3Ma B MAarHUTHOM TMoJie, KoJyieOaHus,
HEYCTOMYHUBOCTH, HSMHCCHOHHBIC CBOWCTBA IJIa3Mbl, H3JYYCHUE ILIA3MBbI,
METOJbl YCKOPEHHMS IIa3MEHHBIX MOTOKOB. /[MarHoCTHKa mapamMeTpoB IUIA3MBI.
[Ipumenenne mma3Mbl B 2JIeKTpoHHKe. [Ipubopsl Tieromiero paspsja,
WHJIMKATOPHBIC TAHENIH, YCTPOMCTBO, XapaKTEPUCTHKH, IMapamMeTphl, 00JacTH
NPUMEHEHHUS U CXEMBbI U TAHUS.
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5.2 MeTtoaunyeckue yKkazaHus No U3y4eHUIo pasgena

IIpn wusydenun pasngena «VOHU3UPOBAHHBIM ra3 U IIa3Ma» CIEAYET
oOpaTUTh BHHMAHHME Ha B3aUMOJIECHCTBUE IOTOKOB 3apsSKEHHBIX YacTHUIL C
MOJIEKYJIAMU I'a3a, TUIIBI CTOJIKHOBEHUM, B3aUMOACHCTBUE 3apPSKECHHBIX YaCTHULL
Mexay coOOM, 3aKOHBI JBWKEHHS 4acTull B masme. I[lpu u3yuenun pasznena
«OCHOBHbIE CBOMCTBA IJIa3MbD» CJIe1yeT 0OpaTUTh BHUMAHHUE HA TUIIbI Fa30BbIX
pa3psoB, UX NApaMETpbl M BOJIBT-AMIIEPHBIE XapPaKTEPUCTUKHU, DMHUCCHUIO
3apsDKEHHBIX 4YacTULl W3 IUIa3Mbl  B3aUMOJEUCTBHUE DJIEKTPUYECKOTO U
MAarHUTHOTO IOJIEH C I1a3MOMN

5.3 Bonpocbl agnsa camonpoBepKu

Yto TaKkoe MOTECHIMAI HOHU3AINH ?
UTto Takoe cpenHsis JyIMHa CBOOOHOTO Mpobera 3apssKeHHOM YacTUIlbI?
HazoBuTe OCHOBHBIEC TUIIBI COYAAPEHUM.
Yro Takoe miazma?
[TapameTpsl 11a3MBI.
Urto takoe panuyc ebas?
Kakas mna3zma cunraercsi KBa3MHEUTPaIbHOM?
HazoBuTe OCHOBHBIEC THIIBI TA30BBIX PA3PSI0B.
9. Urto Takoe mia3MeHHas rpaHuna?
10. Kak Baumsier dopma mjia3MeHHOW rpaHUIlbl Ha (POPMHUpPOBAHHE IMYYKOB
3apsKEHHBIX YACTHIL?
11. Kakue BuIBl Ta30BBIX pa3psAIOB HCHOJB3YIOTCA B HCTOYHHUKAX
3apsKEHHBIX YACTHIL?
12. Ha3zoBuTE OCHOBHBIC ITApAMETPHI PA3PAIOB.
13. Hazosute criocoObl cTabMIM3alMU MOJ0KEHHS KATOAHBIX MATEH.
14. IlpuBenuTe KOHCTPYKLIHIO U MMapaMeTpbl XOJIOBCKOIO YCKOPUTEIIS

NN kWD =

8 JlabopaTtopHble paboTbl

B mporiecce BhIMONHEHUS J1a0OPAaTOPHBIX 3aHATUN CTYIEHT HE TOJBKO
3aKperigeT TEOPETUUYECKUE 3HAHUS, HO WU TMOMNoJHsAeT uX. Bces paborta mpwu
BBITIOJTHEHUU J1a0OpaTOpHOW paboThl pa3OuBaeTCsl Ha CIEAYIOIIME JTAaIlbl:
BCTYIUTEIIbHBIN, IPOBEJCHUE SKCIIEPUMEHTA U 00pabOTKa Pe3yIbTaTOB.

BerynutenbHbli 3Tan BKIIOYAET aHAIN3 MOJYYEHHOTO UHIUBUAYAIBHOTO
3a/1aHusl, W3YyYEHUE PEKOMEHIYEMBbIX JIMTEPATyPHBIX HCTOYHUKOB IO TEME
3a/1aHusl, 3HAKOMCTBO € MPUOOpaMu, METOJAAMHU U CXeMaMH U3MEPEHHUI.

B npouecce pomamiHeil MOATOTOBKM CTYACHT MIPOBEPSIET KadyeCTBO
YCBOCHHUSI MPOpabOTaHHOTO Marepuaga IO BOTpPOCaM IS CaMOKOHTPOJIS,
OTHOCSIIIUMCSL K HM3y4aeMoW Teme. be3 mpoBeleHuss TaKOM NpeABapUTEbHOU
MOATOTOBKHU K JIaA0OpaTOpHOU paboTe CTYAEHT HE JOMYCKAaeTCsl K BBIMOJHEHHIO
AKCIEPUMEHTA.
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[Tomumo momammHe#t paOOTBI CTYAEHTBI TOTOBSITCS K BBIMOJTHEHUIO
DKCIIEPUMEHTA TAKKEe Ha pab0odeM MECTE: OHM YTOUYHSIOT TMOPSIOK BHITIOTHEHUS
paboThl pacupenesnsitoT padoune QyHKUUU MEXAYy wieHaMu Opuraasl. B xoxe
ayJIMTOPHON TIOJITOTOBKHU TIpENojaBaTelb MyTeM COOCCEIOBAHUS BBISBISACT U
OLICHWBAET CTEMEeHb TOTOBHOCTH KaXJIOTO CTyJEGHTa K IMPOBEICHUIO
OKCIIEPUMEHTAa W 3HAHUE WM TeopeThdeckoro wmatepuana. CTyneHThl, HE
MTOJITOTOBJICHHBIE K BBIMMOJTHCHUIO PaOOTHI WM HE IMPEACTABHBIINE OTYETHI IO
npeapIayIei paboTe, K BEIOJIHEHUIO HOBOM paOOThI MOTYT OBITh HE JOIYIICHBI
U BCE OTBEJIEHHOE BpeMs JUId JaOOpaTopHON palOTHI JOKHBI HAXOIUTHCS B
nabopartopuu, HU3y4yaTh MO PEKOMEHJOBAHHOW JHTEpaType TOT MaTepual, C
KOTOPHIM OHHM HE TO3HAKOMUJIMCH Joma. K BEITTOJIHEHHIO pabOThI OHU MOTYT
OBITH JAOMYIIEHBI TOJBKO MOCIIEe cOOECceIOBaHMS U B YaChl CBEPX PACHUCAHUS TIO
JOTOBOPEHHOCTH C TpernojaBareieM. Bce mnpomymieHHble 1ab0paTOpHBIC
paboOThl TO YBaXUTEIBHBIM WM HEYBAKUTEIBHBIM IMPUYUHAM MOTYT OBITH
BBITIOJTHEHBI B KOHIIC CEMECTPa Ha JOTOTHUTEIBHBIX 3aHATHSX.

Bropoii sTan paboTel — mpoBeAeHHE dKCIIEpUMEHTa B 1abopatopuu. Ha
TOM JTale OYeHb BAXXHO, YTOOBI CTYJCHT BBIMOJHWI CaMOCTOATEIHHO W
IPaMOTHO HEOOXOJUMBbIC HM3MEPCHHS W HAOJIOJCHHS, YKIAIbIBasCh B
OTBEJICHHOE I 3Toro Bpems. llpu opraHmzammu CBOeH padOTHI IS
NPOBEACHUS OJKCIIEPUMEHTa IIEJIeCO00pa3HO WCXOIUTh W3 PEKOMEHIAIIHH,
M3JI0KEHHBIX B PYKOBOJICTBAX IS BBITIOTHSAEMOM TaO0OpaToOpHOil paOOTHI.

Ha nocnemnem sTtame pabGoThl CTYJIEHT MPOU3BOAUT 0OpaOOTKY JTaHHBIX
U3MEpPEHU U aHAIU3 MOJYYeHHBIX Pe3yJIbTaTOB.

Otuer cryaeHta 10 paboTe JODKEH OBbITh WHIUBHUIYATbHBIM,
COCTaBJICHHBIM TI0 YCTaHOBJICHHOU (hopMe, U COAepKaTh CIEAYIONIUE Pa3eibl:
HauMEHOBaHUE padOThI; 11e7b PaOOThl; HHAUBUIYATbHOE 3aJaHKE; IPUMEHIeMas
anmaparypa; ee omucaHue (cucrema, Kiacc, IieHa JaBieHHs W T.1.); KpaTKoe
U3JI0’)KEHUE METOJMKH, CXEMbI ONBITOB; TaOJUIIBI JAHHBIX W3MEPEHMIA; UTOT
00paboTKH pe3yJbTaTOB U pacyeTHbie HOPMYIbI; TpaduKu; aHATIU3 PE3yIHTATOB
U TIOTPEIIHOCTEH; (hparMeHT KOHCTPYKIUM COCAMHEHUS. AHAIN3 Pe3yJIbTaTOB
SBJISETCS BAXKHOW YacThIO OTUETA.

B pesynbraTe mpoBeneHus 1abOpaTOPHBIX pabOT CTYACHT NMpHOOpeTacT
CIIOCOOHOCTh OCYIIECTBIISITH COOpP M aHaIW3 MCXOAHBIX JAHHBIX ISl pacuera u
MPOCKTUPOBAHUS JJIEKTPOHHBIX MPUOOPOB, CXEM H YCTPONCTB PA3IMYHOTO
dynkimonanpHoro HaszHaueHus (I1K-9); cmocoOHOCTRIO apryMEeHTHPOBAHO
BHIOWpAaTh W pPEaTM30BBIBATH HA TMpakTuke dS(PPEKTUBHYIO METOIUKY
AKCIIEPUMEHTATBFHOTO UCCIIEIOBAHUS TTAPAMETPOB U XapaKTEPUCTUK MPHUOOPOB,
CXEM, YCTPOMCTB M YCTAHOBOK DJIEKTPOHUKH W HAHODJEKTPOHUKU PA3ITMUIHOTO
dynkimonanpHoro HazHayeHus (11K-20).

Hwxe npuBenens! Ha3BaHUs 1a00PATOPHBIX padoT.

1. MHUccnenoBanuie GOTOINEKTPOHHBIX TPUOOPOB.

2. HccrnemoBanue SJIEKTPOHHO-TYyYEBOW TpPyOKH C  MarHUTHBIM
YIIPaBIICHUEM.

3. HccnepoBanue TUPATPOHOB TIICKOLIETO pa3psiaa.
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9 T[lpakTnyeckue 3aHATUA

Ha mnpakTuyeckux 3aHSATUSIX CTYJIEHTHI MPUOOPETAIOT HABBIK pacyeTa
napaMeTpoB  BaKyyMHBbIX U  IUIa3MEHHBIX MPUOOPOB, MOJEIUPOBAHUS
KOHCTPYKIIMI 3JIEKTPOHHBIX MPOXKEKTOpoB. CTyJaeHTaM IMpejjiaraeTcsl OlCHKa
ITPAaHUYHBIX YCJIOBUH TPUMEHEHUS COOTHOIICHUI, YyMEHHE COCTaBJICHUS
mporpaMMm JyIsi pacueToB, YMEHHE CpaBHUBATH IIOJYUYECHHbBIC PE3YJIbTaThl C
aHaJoramMu M JOCTIKECHHUSIMU B IAHHOM 00JIacTH.

[lepen mnpakTUYECKUMHU 3aHATUSIMU  CTYJIEHT JOJDKEH TOBTOPUTH
JEKIIMOHHBIM MaTepuayl, OTBETHMB Ha BOMPOCHl JUII CAaMOKOHTPOJISI TIO
HEOOXOAUMON TeMe, a TaKkKe MPOCMOTPETh PEKOMEHAAIMU 10 PEIICHUIO
TUTIAYHBIX 3a]1a4 3TOU TEMBI.

Ha mnpakTuyeckux 3aHSATUSX CTYJIEHT MPUOOPETaeT CHOCOOHOCTH
OCYHIECTBJIAITH CcOOp W aHalIM3 MCXOJHBIX JAaHHBIX JUIS pacyera U
MIPOCKTUPOBAHUS DJEKTPOHHBIX MNPUOOPOB, CXEM M YCTPOMCTB PA3ITUYHOTO
dbynkuronanpHoro HaszHaueHus (I1K-9); cmocoOHOCT apryMeHTHpPOBaHO
BLIOMpATh W pEAIM30BBIBATH Ha TpakTHKe JS(OPEKTUBHYID METOIUKY
AKCTIEPUMEHTAIBLHOTO MCCIICI0OBAaHUS MapaMETPOB U XapaKTEPUCTUK MPUOOPOB,
CXEM, YCTPOMCTB W yCTAaHOBOK JJICKTPOHUKH M HAHODJEKTPOHHMKH PA3TUYHOTO
¢ynkumonanbHoro HazHauenus (11K-20).

TeMbl TpakTUYECKUX 3aHITHI PUBEICHBI HUKE:

1. TepmonnekTpoHHass  sMuccus,  (HOTOIIEKTPOHHAS  IMUCCHUA,
BTOpPUYHAS SMUCCHS

2.  JluomHBIM TPOMEXKYTOK, BAKYyMHBIH WU HOHHBIA (POTOIIEMEHT,
MHOTroOKackagHeie POVY.

3. JIBWKEHHE 3apsKEHHBIX YacTUIl B JJIEKTPUYECKOM M MArHUTHOM
HOJISIX

4.  OTtkjnoHsOmMUEe U POKYCUPYIONTUE CHCTEMBbI, TOKOIIPOXOXKICHUE B
OJIT

5. Tneromuii pa3psin

Ha mpaktuueckux 3aHATUAX MNPOBOASTCA TECTOBBIE OMNPOCHl U
KOHTPOJIbHBIE paOOTHI.

MeToauvecKkue yKa3aHus 10 PelIEHUIO 3a1a4

Marepuan TocoOusi MODKEH MOMOTraTh 3aKpEIUICHUI0 TEOPETUUYECKHUX
3HAHWM, a TAaK)Ke BHIPAOATHIBATh HABBIK B PEIICHUU MPAKTUYECKUX BOIPOCOB H
3a/ad.

[Ipexnae yem pemuTh 3aJady WU OTBETUTh HA MOCTaBICHHBIM BOMPOC,
HAJI0 MOHATH UX CYITHOCTD, (PU3NIECKUN CMBICH 3aJaHHBIX BEJIMYNUH, BCTIOMHUTD
¢uznueckre MPOIecChl, 3aKOHBI M COOTHOIICHUS, OTHOCAIIHUECS K JTaHHOMY
BOIIPOCY.

Bce ananuTmyeckue pemieHds cleayeT IPOBOAWTH, HCHOJB3YS
oO1ien3BecTHbIC (PU3HUECKUE 3aKOHBI, (DU3NYECKHE MOCTOSHHBIE U (PU3UUECKUE
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cuctemsbl eanaull. CHayana HaJ0 HanmucaTh UCXOJHbIE (POPMYJIbL, CAENATh, €CIU
3TO HEO0OXOJHMMO, COOTBETCTBYIOLIME MpeoOpa3oBaHUs, MOJYYUTh KOHEUYHBIE
(GopMyIbl, a 3aT€M MOJCTAaBUTH B 3TU (POPMYJIbI YHUCIOBBIE 3HAYEHUS M HAWUTH
pesynbrat. [loMHUTE, YTO BCe PU3NUECKHE BEIUUMHBI B (DOPMYJI€ AOHKHBI ObITH
B OJHOW cucteMe eauHull. He 3a0biBaiiTe B OTBETE JaBaTh Pa3MEPHOCTH
MOJIYYEHHOUW BEJIMYMHBI.

Xoa Bcex mpeoOpa30BaHUid U BHIYMCICHUN JTOJKEH OBITh YETKO MOKA3aH B
pelIeHuH 3a1aud. Beruncnenus, Kak NpaBuiio, JOCTaTOYHO JI€JaTh 10 TPEThEro
3HAKa, a B psJie CIAy4YaeB U J0 BTOPOTO.

[lony4yeHHslil B BUJE YKCIIa OTBET HAJ0 MOCTAPATHCS MPOBEPUTH KAKUM-
m6o cnocobom. ITone3Ho oOpaTUThCS K CHpPaBOYHOM JHUTEpaType U CPABHUTH
NOJIYUYEHHYI0 BEJIMYMHY C H3BECTHBIMHU MOJAOOHBIMM  BEJIMYMHAMHU B
cupaBoyHuKke. Eciu oTinunMe B HECKOJBKO MOPSAJIKOB, TO HIMUTE OLIMOKY bl
CBOEM pEILIEHUHU.

[Ipumepsl pelieHuss TUNUYHBIX 3a]a4 U 3a/add ISl cCaMOCTOSITEIbHOTO
peuieHus npuseneHsl B [11].

10 MoAaroTroBKa K KOHTPONILHOU paboTe

CTyneHThI BBITIONHSIOT ABE KOHTPOJILHBIX paboThl. KoHTponbHBIE pabOThI
POBOJIATCS TIO CJICTYIOIIUM TeMaM:

1.2nexkTpoHHas 3Muccusl.

2. JIBuKeHUE 3apsSKEHHBIX YACTHI] B JIEKTPUUECKOM U MArHUTHOM TOJISIX

[Ipu BBIOJIHEHUHM KOHTPOJIBHOM pabOThl KaXIAOMY CTYACHTY BBIJAETCS
UHANBUAYaTbHOE 3aJ]aHue, BKIIOUaolee B ce0id TEOPEeTUYECKYI0 4YacTh
(TecToBBII OMpoOC) M TP 3aJaud, BhIOpaHHBbIE M3 TPEIJIOKEHHBIX 3ajay s
CaMOCTOSTEIILHOTO PeIIeHU (3a/1a4u MPEICTABICHbI B METOIMYECKOM YKa3aHUU
K TPaKTUYECKUM 3aHATHUAM IO JucHUIIMHe «BakyymHas u 1uta3meHHas
AIEKTPOHUKA.

11 Tembl ANA caMOCTOATESNILHOIO U3y4YeHUs

TeMbl IS CaMOCTOSTEIFHOTO H3yYCHHS 0000IIAl0T MPUOOPETECHHBIS
3HaHUS W TO3BOJISIOT CTYJICHTY CaMOCTOSTEIBHO pemaTh 3agadd. TemaThuka
CaMOCTOSITEIIbHBIX paboT npearnoaraet YTIIyOJICHHOE H3yYCHHE
HIDKETIPEIOKCHHBIX TEM.

1. HMcnonp30oBaHME JICKTPOHHBIX TOTOKOB B MPHOOpax BaKyyMHOM

AICKTPOHUKH

2. YmupaBiaeHHE dJEKTPOHHBIMH ITOTOKAMHU

3. MoHu3oBaHHBIN ra3 v mia3Ma

4. OCHOBHBIE METO/Ibl TCHEPAIIMH TIa3MbI

5. Twumbl Ta30BBIX Pa3psAI0B, SBICHHUS IIEpEeHOCA

Cryaent numet pedepar 1mo BEIOpaHHOUM TeMe.
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3aknuyeHue

B utore usyueHus TeM CTYIEHT JOJKEH TBEPAO, KaK MUHUMYM 3HATh
CJIEAYIOIINE BOIIPOCHI.

1. DnektpoHHas 3MuccHs

2. OCHOBBI 2JIEKTPOHHOW TEOPUHU TBEPAOTO TEA

3. TepmodneKTpOHHAas, aBTODJEKTPOHHAs, B3pPbIBHAs, BTOPUYHO-
-3JIEKTPOHHAs, (DOTOICKTPOHHAS YMUCCHS

4. DneKTPOHHBIN MOTOK

5. ®opMHUpOBaHUE U TPAHCIIOPTUPOBKA JIEKTPOHHBIX IIOTOKOB

6. DIEKTpOHHBIE MMYIIKH U MPOKEKTOPHI

7. Ilpumepsl UCHOIB30BaHUSI JEKTPOHHBIX IMYIIEK U MPOXEKTOPOB B
npubopax BaKyyMHOM 3JIEKTPOHUKHU

8. DnexkTpuuecKkue W MarHUTHBIE CIIOCOOBI YIPaBIEHHUS TUIOTHOCTHIO U
CKOPOCTBIO 3JIEKTPOHOB

9. [IlpeobpazoBaHue IHEPTHHU HICKTPOHHOTO TMOTOKA B JPYTrU€ BHUJIBI
SHEPIruu

10. DddexTs B3aMMOICHCTBUS (KaTOIOMFOMUHHUCIICHITHSA,
KaTOJI0yCHJICHHE, PEHTTEHOBCKOE U3JTyYeHUE, HarpeB)

11. MoHu3oBaHHBIN ra3 u mjia3ma

12. OcHOBHBIE METOABI T€HEPALIUU TITA3MBI

13. Tunsl ra30BBIX pa3psaoB

14. DmuccroHHBIE CBOWCTBA IIa3Mbl

15. JImarHocTuka rnmapaMmeTpoB IJIa3Mbl

16. IIpumeHeHuE MIa3Mbl B JIEKTPOHUKE.
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YuebHoe nmocooue

Axcenos A.1.

BaKYYMHa}I U IJTa3MCHHAsA 3JICKTPOHUKA

MGTOIII/IIIGCKI/IG YKa3aHu:Ag 110 CaMOCTOSITEJIbHOM pa60Te

Ve neu. 1. [IpenpuHT
ToMCKul rOCyAapCTBEHHBI YHUBEPCUTET
CHUCTEM YIPaBICHHUS U PAIUOITIEKTPOHUKHU
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