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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

12.03.05 J/Ia3epHas TexHHKA M j1a3epHbIe TEXHOJI0TUH
rog, Habopa rpynrbl: 2024

IIporpamMmmy cocTaBuIu:

Kadenpa 11 JTASBEPHASA TEXHUKA
CepreeB AHjipeli AjleKCaHAPOBWY, CTapIIXi TIpernoiaBareib

Kadenpa N1 JIABEPHAS TEXHUKA
®aiiga SAnrHa BurtanbeBHa, acCUCTEHT

ITporpamma paccMoTpeHa
Ha 3aceZlaHny Kadepel-pa3paboTumnka
paboueii nporpammel U1 JTABEPHASI TEXHUKA

3apenyromuii kadeapoit bopeiiiio A.C., A.T.H., ipod.

[Tporpamma paccMOTpeHa
Ha 3ace/laH11 BhIIyCKarollel Kadepbl

N1 JIABEPHASA TEXHUKA

3aBepytomuii kKadeapoii Bopeiiio A.C., A.T.H., ipod.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
IIOJIYITPOBOJHUKOBBIE JIA3EPBI

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

IICK-1.1 — crocobHOCTh K aHanu3y 3aZiaudl 10 TIPOEKTHPOBAHUIO THUIIOBLIX CUCTEM, TIPUOOPOB, Y3/I0B U
neTasiel 1Ja3epHOUM TeXHUKH, JIa3€PHBIX ONTHKO-3/IEKTPOHHBIX MPUOOPOB U CUCTEM

[ICK-1.3 — criocoGHOCTB K pacueTy, MPOeKTUPOBAHUIO M KOHCTPYMPOBAHUIO B COOTBETCTBHUHU C TeXHUYECKUM
3aZlaHueM THUIIOBBIX CUCTeM, TPUOOPOB, AeTased U y3/10B Ha CXeMOTeXHHUUECKOM U 37IeMEHTHOM yPOBHSIX

DOopMHUPOBaHUIO KOMITETEHLIUI CITY)KUT AOCTKEHHUE CJIeyIOLINX pe3y/IbTaToB 06pa3oBaHus:
IICK-1.1

3HAHUA:

(hr3yeCKUX OCHOB JIeHCTBUS TTOTYTIPOBOTHUKOBBIX J1a3€POB;

YCTPOWCTBA U OCHOBHBIX XapaKTEPUCTHK I0JTyTIPOBOJHUKOBBIX U3/yuaTesei;

YMeHus:

aHa/M3WpOBaTh  3afiaud 110  TIPOEKTUPOBAHWI0  THUMOBBIX  TMPUOOPOB, Y37I0B W JeTajei

TTO/TyTIPOBOJTHUKOBOM /1a3€pHOM TeXHUKU;

HABbIKU:
pacueTa U peryJIMpoBKH MOIIHOCTH U3/yUYeHHs TI0/IyTIPOBOAHMKOBOTO J1a3epa.

IICK-1.3

3HAHUA:

CrIoCco00B IOCTHKEHUSI BLICOKUX CIIEKTPAIbHBIX XapaKTePUCTHK TOYIIPOBOAHUKOBBIX JIa3epOB;
METO/IOB CTaOUIM3aL[UM MOIITHOCTH U JJTUHBI BOJTHBI M3/TyYeHHS TIOTYTIPOBOJHUKOBBIX JIa3epOB;
METOJIMK pacyeTa XapaKTePUCTHK U3TyUYeHUs TI0TyTIPOBOJIHUKOBBIX JIa3€POB;

YMEHUsL:

PacCUMTHIBATh Y IPOBOJUTHL U3MEPEHHUs MOILIHOCTH U3/Ty4YeHUs! MOyIIPOBOIHUKOBBIX J1a3epOB;
TPOBOAUTDL W3MepeHUsi AJTUHBI BOIHBI U3/TyUeHMUs;

HaBbIKU:

paboTel C W3MepHUTeNbHBIM 000PYZOBaHWEM [/l OL[eHKU CIeKTpa W IIYMOB TIOMYTIPOBOAHUKOBBIX

na3epoB.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Oucuunnaa ITOJTYITIPOBOJHUKOBBIE JIA3EPBI siBisieTcs: JUCLUIIMHON YacTH,
(opmupyemoii yuacTHUKaMH 00pa30BaTe/IbHBIX OTHOIIEHH# 6/10Ka 1, TporpamMMbI MOATOTOBKU 110
HarpasJieHut0 12.03.05 JlazepHas mexHUKa U /ia3epHble MexHOA02UU.

CopepxaHue [UCLMIUIMHBL — SB/SETCA JIOTUUeCKMM rnpopopkeHrem aucuuivH:  BBICHIASA
MATEMATHUKA, ®U3UKA, OCHOBBI JIABEPHOM TEXHUKMU.

CopepykaHue AUCIUIUIMHBI SIBISIETCST 0CHOBOM Ayist ocBoenus auctuiuinH: JIASEPHBIE CUCTEMBI
CIIEITMA/IBHOT'O HASHAYEHUSI.

Hpe,aBapHTeanble KOMIIeTeHLIH, C(I)OPMI/IPOBEIHHI:IE y 06yqa}01ueroc51 A0 HadaJ/la u3yueHud JUCLHUTIIIMHBI:

¢ OIIK-1 — CriocobeH MpUMeHsITh eCTeCTBeHHOHAYYHbIe U O0IIenHKeHepHbIe 3HaHUs1, METObI
MaTeMaTH4yeCcKOro aHaiv3a U MOZlelIMpOBaHus B UH)KeHEePHOU [iesiTe/TbHOCTH, CBA3aHHOU C
TIPOeKTHPOBaHKEeM, KOHCTPYHMPOBaHWEM U TeXHOJIOTUSIMU TIPOM3BO/CTBA J1a3epHON TeXHUKU

¢ OIIK-3 — CrniocobeH MpoBOAUTE SKCIIepUMeHTabHble UCCIe[0BaHKs U U3MepeHusi, 06pabaTbiBaTh U
TIpe/ICTaB/ISATh NIO/yUeHHbIe laHHbIe C YUeTOM CreLu(UKU MeTOZ0B U CPe/iCTB Jla3epHbIX UCC/Iel0BaHUM
Y U3MepeHU

e TICK-1.1 — CnocobeH K aHa/u3y 3a/iauu 10 TIPOEKTUPOBAHUIO TUTIOBBIX CUCTEM, TPUOOPOB, y3/10B U
JleTaseld jla3epHON TeXHUKH, JTa3ePHBIX ONTUKO-/IeKTPOHHBIX TIPUOOPOB U CHUCTEM

e TICK-1.3 — CniocobeH K pacueTy, MPOeKTHPOBAHUIO Y KOHCTPYUPOBAaHHUIO B COOTBETCTBUU C
TeXHUUEeCKUM 3aJJaHHeM TUIIOBBIX CUCTEM, TPUOOPOB, JeTasell 1 y3/10B Ha CXeMOTeXHUYECKOM U
5JIEMEHTHOM YPOBHSIX

¢ TICK-1.5 — Crioco6eH MpOBOAUTh YUCTEHHBIE OLIEHKU MapaMeTPOB J1a3epPHOT0 U3TyUeHHs U TPOIIeCCOB
B3aMMO/IeMCTBHUS J1a3epHOT0 U3/TyUeHUs CO CpeJjlaMH



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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Pa3pen 1. OCHOBBI ONITHKH NOTYNIP H 3. Thbl KBAHTOBOM
CTaTUCTHKH. 1.1. 30HHas Mojie/b TBEP/IOro Tesla, 30Hbl BpuiosHa. YpasHeHue
IlIpesuHrepa, BOHOBast (pYHKLMS 371KTPOHOB B KpHcTasuie. 1.2. DneKTpOHHO-
4 7 ZIBIPOYHBIE TIaphl, IPOL|eCCHI M3/Ty4YeHNsI U MOIVIOIIeHHUsT CBeTa B TBepZoM Teste. 1.3. 18 8 8 0 10 25 0
Pacripesienenne ®epmu-/lpaka. II10THOCTb COCTOSIHUIA 371€KTPOHOB U JbIPOK. 1.4.
YpoBHu ®epmu. KBasuyposHu ®epMu. YcioBUe ycuieHNs CBeTa B
T10/TyIIPOBOJJHUKAX.
Paspen 2. YcusieHne cBeTa B pP-Nl epexo/ie U B reTepocTpykTypax. 2.1.
CrpykTypa p-n nepexoza. I'paHuIIbI SHepreTHUeCKUX 30H B 3/IEKTPUUECKOM I10JTe.
4 7 2.2. U3znyyarenbHasi, 6e3bi3yuaresibHasi H Oke- peKOMOUHALIHS 3/IEKTPOHHO- 20 10 10 0 10 25 0
JIbIPOUHBIX map. 2.3. ITo/mynpoBOHUKOBbIE TeTePOCTPYKTYPhl. YCH/IeHHe CBeTa B
reTepocTpyKTypax. [IIMprHa 3arpelieHHOH 30HbI U YC/I0BUE U30MePUOJUUHOCTH.
2.4. BonHOBOZHbBIE CBOMCTBA p-N Mepexoza.
Paspen 3. OnTHuecKHe pe30HaTOPbI H BOJTHOBO/HBIe pemeTkd bparra. 3.1.
BonHosogHeIi nHTepdepomerp Dabpu-Ilepo. 3.2. ITocTosiHHAsE pacpoCTpaHeH:s!
4 7 W3J/Iy4eHHs B BOJTHOBO/E C ONTHUECKUM ycueHreM. Mo/ioBeli Ko3dduripeHT 18 8 8 0 10 25 25
orpanuyenysi. 3.3. KBaHTOBOpa3MepHBbIe CTPYKTYPBI, MX CBOHCTBA 1 0COOEHHOCTH.
3.4. BonoBoguble pewetkyl bparra. POC, PBO u PB3-n1a3epsl.
Paspen 4. XapakTepHCTHKH H3/Ty4eHHs MOTyNPOBOAHUKOBBIX /la3epoB. 4.1.
4 7 Barr-amrnepHsle XxapakTepHCTUKH MOIYNIPOBOJHUKOBBIX /1a3epoB. 4.2. BpemeHHble 1 52 o5 8 17 27 o5 75
crieKTpasbHble xapakrepuctuky I1J1. 4.3. Crioco6bl CO3/jaHus OHOUACTOTHOTO
pexxrma rerepauuu I1J1. 4.4. YryioBble U M0/IIpU3aLMOHHbIe XapakKTepUCTHKU TTJ1.
Bcero 3a 7 cemecTp 108 51 34 17 57 100 100
Bcero no gucuuninHe 108 51 34 17 57 100 100
3.2. JIaGopaTopHbIii NPaKTUKYM
Ne Homep 1 HaumeHOBaHue pa3je/a Oo0neM,
Tema HﬂﬁOpﬂTOpHOI‘O MPpaKTHKyYMad
n/n AUCIHHUIIIMHBI dy/i. 4aCcoB
1 WccnenoBanue TeMriepaTypHOU [epeCcTpPOMKU 4
[AJIMHBI JIa3€PHOIro AU0Jd
7 Paszpen 4. XapakTepucTuKy U31y4yeHus WccnemoBaduie TOKOBO# MepeCTPOUKY JI/TUHBI 4
T10/TyTIDOBOAHUKOBBIX J1d3€POB. Jla3epHoro guoaa
3 N3mepenne BatT-AMriepHoii XapaKTepUCTUKU 9
TO/IyTIPOBOAHUKOBOI'O AKXOJa
Bcero 3a 7 cemecTp 17
3.3. CamocrosnTenbHas padora crygenta (CPC)
No Homep 1 HaumeHOBaHHe O6nem,
CopepikaHue yueOHOro 3aJaHus
n/n Pa3ae/ia JUCIUII/IMHbI JacoB
Pa3gen 1. OcHOBBI ONITHKU W3yuyenne npesyCMOTpeHHBIX IPOrpaMMOM
1 TTIO/TYTIDOBOAHUKOB U 3JIEMEHTHI AUOaKTUYECKUX €AVHULL T10 MdT€pHUa/idM JIEKLITMOHHBIX 10
KBAHTOBOU CTaTHUCTHUKH. 3aHATUI U pEKOMEH/:[yeMOﬁ JiuTeparype
M3yueHne npeaycMOTPEHHBIX ITPOTPaMMOi
Paszpen 2. Ycunenuve cBeta B p-n Y Peny p porp
2 AUOaKTUYECKUX €AVHULL T10 MdT€pHUa/idM JIEKLITMOHHBIX 10
repexoje U B reTepoCTPyKTypax. o o
3dHATHH XU PEKOMEHJYEeMOU JINTePAType
Pasgen 3. Ontuueckue W3yuyenne npesyCMOTpeHHBIX IPOrpaMMOM
3 P€30HaTOPbI 1 BO/THOBOJAHLIE AUOaKTUYECKUX €AVHUL I10 MdTe€pUa/idM JIEKLITMOHHBIX 10
pelieTKu BPSFF d. 3aHATUI U pEKOMeHAYEMOﬁ JiuTeparype
Paspen 4. XapakrepucTuku [TozroTOBKA K BBITIOJTHEHUIO U 3allTe 1abopaTopHOi
4 H3/TyueHNs I10J/JIyIIPOBOAHHUKOBBIX pa6OT]:I «I/IBMQPEHI/IE BaTT—AMHepHOﬁ XdPAKTEPUCTUKU 5
Jia3epoB. TMOJIyTIDOBOAHUKOBOI'O AXO4a»
HO/:[FOTOBK& K BBITIO/IHEHHWIO U 3allluTe na6opaT0pH0171
5 pabotsl «VccrenoBaHye TemMepaTypHO# 1epecTpONKU 6
[AJIMHBI JIA3€pHOIro AroAa»
6 25498




Vi3yueHue rpeflyCMOTPEHHbIX IIPOrPaMMOi
[IUAKTUYeCKUX eMHUL] TI0 MaTepHasiaM JIeKLMOHHBIX
3aHATUN U PEKOMEeH/1yeMO TuTepaType

10

[TozroToOBKa K BBIMTOJHEHUIO U 3alljUTe 1abopaTopHOit
paboThl «VccenoBaHre TOKOBOU TepeCTPORKH JITUHBI
JIa3epHOTO AUO0Ja»

Bcero 3a 7 cemecTp

57

4. ®OPMbI KOHTPOJISI OCBOEHUMA JNCLHUII/INHbI

CEMECTP

HEJAE/IN CEMECTPA

1/2|3/4|5| 6 |7

8

9|10 1 12|13 14 15|16

17

7 OP| | Otu. o JIP |JIP| 1P| Otu. no JIP |JIP Otu. no JIP |JIP|AP| Komnn, jud. 3au.

‘YcioBHbIe 0003HAUCHUSA:

Komnn — konnoksuywm;

P — nuarHocTuueckasi paboTa;
Ortu. no JIP — otuet mo JIP;
JIP — naboparopHas paboTa;

. 3a4. — auddepeHIMPOBaHHBIN 3aueT.

TEKyH.[I/lﬁ KOHTPOJIb YCII€EBAE€MOCTHU CTYAEHTOB IIPOBOAUTCA B IUCKPETHBIE BDEMEHHBIE MHTEPBAJ/IBI B

cnenyromux dhopmax:

e UArHOCTUYECKas pabora;
otuet 110 JIP;
nabopaTopHasi paboTa;
KOJIJIOKBUYM.

IIpomMesKyTouHasi arTecTanus IPOBOAXTCS B popMax:

e muddepeHITMPOBAHHBIN 3aUeT.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. A. E. )KykoB. . JIa3epbl Ha OCHOBe TO/TyTIPOBOJHUKOBBIX HaHOCTPYKTYp. CII6.: Dnmop, 2007, 3. pec.

2. B. I1. I'pubkoBckwuii. . ITomynpoBoAHUKOBLIE fa3epbl. MUHCK: YHUBepcuTeTCKoe, 1988, a11. pec.

3. I". JI. Kucenég. . KBaHTOBas U ontrHueckas 31eKTpoHuKa. CaHkT-ITetepOypr: Jlausb, 2022, 31. pec.

4. W. C. Tapacos. . [TonynpoBogHukoBsie nazepbl. CITI6.BI'TY "BOEHMEX" um. [I. ®@. YctuHoBa, 2011,
3J1. pec.

5.2. [lorionHUTeNbHAs IUTepaTypa Mo JUCLUIIIUHE:
He TpebyeTcsl.

5.3. [lepuognueckue U3faHus:
He TpeOyroTCSl.

5.4. TlepeueHb pecypcoB UH(OPMAI[UOHHO-TEIEKOMMYHHKAITMOHHOW ceTH "VIHTepHeT", HeoOXOAUMBIX /IS
OCBOEHWsI TUCLIUTI/TVHBI, 3/IeKTPOHHbIE OMOIMOTEeUHbIe CUCTEMBI:

1. https://www.urait.ru/ — O6pa3oBarenbHas miatdopma «FHOpaiT». [y By30B U CCY30B.;

2. http://e.Janbook.com/ — 3BC Jlanb;

3. http://library.voenmeh.ru/jirbis2/ — ®yHnamenTansHas 6udbaroreka BI'TY «BOEHMEX» um. [].®.
YctuHOBa.

CoBpeMeHHbIe TPOQecCHOHaNBHBIE 0a3bl JAHHBIX:

1. https://rusneb.ru — HaujnoHansHas 3sekTpoHHast oubmioreka (HOB);

2. https://cyberleninka.ru/ - HayuHast 3nekTpoHHast 6ubnmioreka «KubepneHuHKa»;
http://www.rfbr.ru/rffi/ru/library - TTonmHoTekcTOBast 31eKTpoHHast bubMoTeka Poccutickoro doHia
(byH/IaMeHTalbHBIX UCC/Ie/IOBAHUH.

WHdopmaliioHHbIe cripaBOYHbIE CHCTEMBI:
1. Texakcnept — MH$OpPMaLMOHHBIN TIOPTa/ TEXHUYECKOTO pery/iupoBaHust: HopMel, paBuia, CTaHAApTHI
P®;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - b1 TOCTog
cobcteenHoM redepaui BI'TY "BOEHMEX" um. /1. ®. YCTHHOBa;
3. http://www.consultant.ru/- KoncynsranTtIIntoc- nH(OpMaIioHHBIH ITOpTas ITPaBOBOM MH(OPMAL[UH.
5.5. IIporpaMMHOe 0becrieueHue:
He TpedyeTcsl.

5.6. ndopmalioHHbIe TeEXHOIOTHUH:

B3anMogelicTBre ¢ obyuaroumucs nocpegcrsom SMOC Moodle BITY «k BOEHMEX» um. [.®. YcTuHOBa.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. J/TabopaTopHbIe 3aHATHA:
1. YcraHoBKa A/1s1 UCC/1e,0BaHus [10/1yTIPOBOJHUKOBBIX JIa3€POB.

6.3. IIpouee:

1. pabouee MeCTO Tperno/aBare/isi, OCHAILIEHHOe KOMITBIOTEPOM C JOCTYIoM B VIHTepHeT;
2. paboure MecTa CTy/IeHTOB, OCHAIL[eHHbIe KOMITbIOTEpaMH C JOCTYTIOM B VIHTepHeT, rpeiHa3HaueHHbIe
[71s1 pabOThI B 3/IEKTPOHHOI 00pa30BaTe/IbHOM Cpefie.



ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
IOTYTIPOBOJHNKOBBIE JIASEPBI

AnHoTanusa paboueii nporpaMMsl

Ouctumyinaa  IIOJIYIIPOBOJAHUKOBBIE  JIA3BEPBI  siBaseTcs  JUCLUIUVIMHOM — 4YacTH,
¢opmupyemoli yuacTHHKaMH 00pa3oBaTe/IbHBIX OTHOWIeHWI 00ka 1, MporpaMmbl TOATOTOBKH 10
HaripaBjieHuto 12.03.05 JlasepHass mexHUKA U Jd3epHble mexHoaA02uU. JIMCLUIIIMHA peau3yeTcs Ha
tdakynerete M WubopmauyonHeix u ympaenstoimmx cucteM BI'TY "BOEHMEX" um. .®. YcruHOBa
kadenpoit 1 TASEPHAA TEXHUKA.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
TICK-1.1 criocobHOCTh K aHa/MM3y 33/[au¥l 10 TIPOEKTUPOBAHUIO TUTIOBBIX CHCTEM, MPUOOPOB, Y37I0B U AieTanei
7a3epHOU TEXHUKH, JIa3ePHBIX OMTUKO-3/IEKTPOHHBIX MPUOOPOB U CHCTEM;
ITICK-1.3 criocoGHOCTh K pacyeTy, MPOEKTUPOBAHUIO M KOHCTPYHUPOBAaHUWIO B COOTBETCTBUM C TEXHUUECKUM
3aJJaHUeM TUIIOBBIX CUCTEM, TIPUOOPOB, /leTaiell U y3/10B Ha CXEMOTEXHUUECKOM U 37IEMEHTHOM YPOBHSIX.

CozepkaHve JWCUWIUIMHBI OXBaTbiBaeT KpYr BOMPOCOB, CBS3aHHBIX C TPUHLUIIAMH paboTel U
XapaKTepuCTUKaMH MOTyIPOBOAHMKOBBIX J1a3epOB.

[TporpamMmMoii JUCIUITIMHEI TTPe[yCMOTPEHBI CJIe/IyIOIIie BHABI KOHTPOJIA:

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[€HTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e UWArHOCTUYECKas paboTa;
e oruet 1o JIP;
¢ naboparopHas pabora;
*  KOJJIOKBUYM.

ITpoMexxyTouHasi aTTecTalys MPOBOAUTCS B (hopmax:
e uddepeHMPOBAHHBIN 3a4erT.

OO01jast  TPYyI0EMKOCTb OCBOEHHUSI [AUCLUIUIMHBI cocTaBiaseT 3 3.e., 108 u. TIporpamMMoM AWCIUITHHBI
MIpelyCMOTPEHbI JIEKIIMOHHBIe 3aHaTHS (34 4.), mabopatopHelii mpakTkyMm (17 4.), camocTosTe/ibHas paboTa
ctyzeHrta (57 4).
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TEXHOJ/IOI'A

IIpunoxenue 2

K paoueii mporpaMme AMCLUILIHHbI
IIO/TYTIPOBOJHHNKOBBIE JIASEPBI

N ®OPMbI OBYUYEHUSA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBageT 108 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 57 4.,
OTBe/|eHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeHzIalIK  TI0  pacripe/ie/ieHHI0  yueOHOTO BpeMeHU M0 BHJ]AM CAMOCTOSITE/TbHOM paboThl M

pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI IIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTPOJIe YCIIeBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcsl.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

11

HaumeHnoBaHue padoThl PexoMmeH/lyeMas 1uTeparypa prm:{?éKOCTb’
Pa3pen 1. OCHOBBI ONITUKH IO/TyIIPOBOAHUKOB U 3/1eMeHThbI KBAHTOBOM CTaTHUCTUKH.
N. C. Tapacos. . ITonynpoBoAHUKOBEIE
nazepei: CI16.BT'TY "BOEHMEX" um. /.
N3yueHue ripelyCMOTPEHHBIX TPOTrPaMMOi ®. YeruHoga, 2011 (nexum 1, 3, 8)
I'. JI. Kucenés. . KBanToBas u onruyeckas
AMAAKTIEECKIX GIHTHUL, TO MaTepUanant snekTpoHuKa: CaHkT-IleTepOypr: JlaHb, 10
JIEKL[MOHHBIX 3aHATHI U peKOMeHayeMon 2022 (1, 8)
/MTEpaType A. E. )XXykoB. . JIa3epsl Ha OCHOBe
TMOJTyTIPOBOJHUKOBBIX HAHOCTPYKTYP:
CII6.: Dnmop, 2007 (vacts 1)
Wroro no pasgeny 1 10
Pa3pen 2. YcuiieHue cBeTa B p-N 11epexojie M B rerepocTpyKTypax.
B. I1. ['pubKOBCKUHA. .
N3yueHue npeyCMOTpPEHHBIX TPOrpaMMOK ITonynpoBosHMKOBBIE na3epbl: MUHCK:
JUJaKTUUeCKHUX eJUHUL] 110 MaTeprasiam YHuBepcuretckoe, 1988 (nekuuu 2, 3, 7) 10
JIEKLIMOHHBIX 3aHSATUI U peKOMeHAyeMOit A. E. )XXykoB. . JIa3epsl Ha OCHOBe
JIUTeparype TMO/TyTIPOBOJHUKOBBIX HAHOCTPYKTYP:
CII6.: Dnmop, 2007 (vactu 3 1 4)
Wroro o pasgeny 2 10
Paspen 3. OnTuueckye pe3oHaTOpbI U BOJTHOBOJHBIE pemieTk bparra.
A. E. )XXykos. . JIazepbl Ha OCHOBe
T0JIy[IPOBOJHUKOBBIX HAHOCTPYKTYP:
. CII6.: Onmop, 2007 (uactu 3, 5)
W3yuenue rpefyCMOTpeHHBIX TIPOrPaMMOi
N. C. Tapacos. . ITonynpoBoAHUKOBEIE
ﬂ?ﬁjﬁﬂﬁﬁfﬁ?ﬁﬁﬂﬁ“ﬁ ;:KZ;ZZZI/}I/&E]]];(I)VI{& nasepbr: CI16.BI'TY "BOEHMEX" nm. [I. 10
TepaType ®. YcruHosa, 2011 (6, 8, 13)
I'. JI. Kucenég. . KBanToBas U onTuyeckas
9/1eKTpoHuKa: CaHkT-ITeTepOypr: JIaHb,
2022 (3)
Wrtoro no pa3zeny 3 10
Pa3fen 4. XapaKkTepUCTHKHU U3/IyYeHHs M0/ IyIIPOBOJHUKOBBIX JIa3epoB.
IToaroroBka K BBITIOJIHEHUIO U 3allIATe N. C. Tapacos. . [TonynpoBoAHUKOBbIE
naboparopHoi paboTtel «/3mepeHue Bart- nazepsr: CI16.BI'TY "BOEHMEX" um. 1. 5
AMIIepHOU XapaKTepUCTUKH @. YcruHoBa, 2011 (nekuum 10,13)
T1OJIyTIPOBOJHUKOBOTO A10a» A. E. )XXykoB. . JIa3epsl Ha 0CHOBe
[ToaroroBka K BBITIOJIHEHUIO Y 3alLIATE NOIyTTPOBOHUKOBBIX HAHOCTPYKTYP:
naboparopHoii paboTsl «liccesoBaHye CI16.: Samop, 2007 (uacts 8) 6
TemriepaTypHOH NepeCcTPOMKM JJIUHBI J1a3epHOTO
[0z a»
W3yueHnne npesycMOTpeHHBIX IPOrpaMMOi 10
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[UAaKTUYeCKUX eZIMHUL] TI0 MaTepraaam
JIEKLIMOHHBIX 3aHSATUI U peKOMEeHyeMOit
JTeparype

IToAroTOBKa K BBHIMOJHEHHIO U 3aIIUTe
nabopatopHoii paboTsl «Vicc/ienoBaHe TOKOBOM 6
TiepeCTPOVKY [JTUHBI J1a3epPHOTO JU0/[a»

Wrtoro no paspeny 4 27
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
IIOJIYIIPOBOJHUKOBBIE JIASEPBI

®OH/J] OODEHOYHBIX CPECTB

®oH/[| O1[eHOYHBIX CPe/CTB, MO3BOJISIOIIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUIT/IMHE, BKIFOYAIOT
B ce0s:

e UarHocTUYecKas paborta

*  KOJJIOKBUYM;

¢ jylabopaTopHasi paboTa;

e otuet 1o JIP;

e muddepeHITMPOBAHHBIN 3aUeT.

KpuTtepuu onjeHuBaHus

JuarHocruyeckasi pabora
HOuarnoctryeckasi pabora rpoBoauTcs B popme tecta B SOC Moodle:

* IIpW IIPaBU/IBHOM OTBeTe MeHee ueM Ha 60% BOIIPOCOB - He arTecTaLys;
 TIpM NPaBUILHOM OTBeTe Ha 60% BOTIPOCOB U Oostee - aTTecTaLysl.

KonnokBuym
KonnokBryM MPOBOAXTCS MO paz/iesiaM AUCHUITIMHBI B YCTHOW (popMe U BK/TIOUAeT B cebs OTBET Ha 2
TeopeTUYeCKUX BOIpOcCa.

TemaTuKu KOJJIOKBUYMa TNpeAcTa/ieHbl B Y MK IUCLUANIAHELL

JTa6oparopHas pa6ora
3aumra JIP npegycMaTpuBaeT 00CysKieHe pe3y/IbTaToOB BBITIOJHEHUS 3a/laHusl, BK/TFOUast IPOBEPKY
YCBOEHMSI CTYZIEHTOM COOTBETCTBYIOLIUX CBeAEHHUI U3 TEOPHH.

Ortuer o JIP

OTueTsI 1o 1abopaTOpHBEIM paboTaM TPe/ICTAB/SIOTCS B IeUaTHOW WM PYKOTUCHOH (hopMme.
HonyckaeTcst BEIOJIHEHUE PACUETOB «BPYYHYHO» WK UCIIOb30BaHHE CUCTEM aBTOMaTU3aLiU
MaTeMaTHueCKuX pacueToB. Kaxkoe 3aziaHue Ha 1abopaTopHyto paboTy cofiep>XUT Habop mapamMeTpoB B
COOTBETCTBUH C UHJWBUIya/lbHbIM BapUAHTOM.

Kpurepuu onjeHUBaHUS:

JIaboparopHast paboTa CUMTaeTCs BBINOHEHHOH YCIelTHO (TIPUHUMAeTCs) TIPY CIeAYIOLIUX YCIOBUSIX:

- IPaBWILHOE BBITTOJIHEHNE BCeX MYHKTOB (3a7ia4), MpelyCMOTPEHHBIX 3aJjaHreM;

- TIPaBUJIbHOE TIOCTPOeHUe U 0OPMIIeHHEe B COOTBETCTBUM C TPeOOBaHUSMU IOCYJapCTBEHHBIX CTaHAapPTOB
ECK/], rpacukoB, [/151 BCex M0/y4aeMbIX B XO/ie BbIIIOJHEeHUs 3a[JaHus XapaKTepPHUCTUK, U 0TUYETA B L|e/IOM;
- [IpefloCTaB/ieHue OTUYETa B CPOK, yKa3aHHbIH MIperiofiaBaresieM.

JuddepennypoBanHblii 3aueT

WToroBbiii KOHTPOJ/IE M0 AUCLIATIIMHE TIPOXOAUT B hopMe auddepeHIIMPOBAaHHOTO 3aueTa. K 3auety
JIOTTYCKAIOTCS CTY/I€HTHI KOTOPbIE YCIEIHO BBITIOJIHUIN BCe 1TabopaTopHble pPabOThI U CJIA/TH OTYETHI.
3aueT MPOBOAUTCS B YCTHOU (hopMe M BKJTFOUAeT B ce0si OTBET Ha 2 TeOpeTUYeCKUX BOMPOCa.

OLIeHKa «3aYTeHO-0T/IMYHO» CTAaBUTCS, €C/TM OTBET Ha 00a BOMPOCa SIB/SIETCSI MOJTHBIM U TIPABU/IBHBIM.
Marepuas U3/0)KeH B OTpe/ie/IeHHOH JIOTHueCcKol 1Moc/ieAoBaTebHOCTU. [Ipy 0TBeTe Ha JOMO/THUTE/TbHBIE
BOIIPOCHI CTY/IEHT 10Ka3asi 3HaHKe OCHOBHOTO COZIeP)KaHMsI Kypca.

OrleHKa «3auTeHO - XOPOIII0» CTaBUThCS, €C/IU OTBET Ha 00a BOMPOCA SIB/ISIETCS MOTHBIM 1 MPABU/IBHBIM, TTPH
3TOM JIONYIIeHbI HeCYIIle CTBEHHbBIE OIUOKU, UCTIPaB/IeHHbIe TI0C/Ie HaBOSIUX BOMPOCOR MpernoziaBaress. I1pu
OTBETe Ha /IOTIO/THUTE/IbHBIE BOTIPOCKI CTYAEHT JeMOHCTPHUPYEeT MOHMMaHHe OCHOBHOTO COZIePKaHUs yueOHOro
Marepuana. CTyaeHT CBOOOZHO OPHEHTHPYETCs B MaTepuaJie, U3/I0)KeHHOM B KOHCIIEKTe.

OrleHKa «3aUTeHO - y/I0B/IETBOPUTEILHO» BBICTABJISETCS, €C/TH CTYJeHT 00HApY)KUBaeT 3HAaHWE W TIOHUMaHHe
Marepuasa Kypca, HO U3/1araeT MaTtepyas HeroJjHO U JIOMyCKAeT CyIleCTBEeHHbIE OIMOKY B (hOPMY/THPOBKE
OCHOBHBIX ITOHATUM U 3aKOHOB. OTBET Ha JIOTIO/THUTEe TbHbIe BOTIPOCHI BRI3BIBAET Y YUAIIeroCs 3aTPyAHEHUs!
WA COZIEPXKUT OIMOKU, KOTOPhIe OH MOKEeT UCTIPAaBUTh MOCJIe HABOASAIINX BOITPOCOB.
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OL[EHKa «He 3a4TeHO» BBICTAaBJ/IAETCS, €C/IN IIPU OTBETE 06Hapy>KeHo HeITOHMMaHKe OCHOBHOI'O COZep>KaHus
yq66HOF0 MaTepHraJ/ia Win AOMYyIIeHbI CylleCTBEHHbIE OHJI/I6KI/I, KOTOpbIE yanHﬁCH He MOXET HUCIIPABUTL IIpU
HaBOJAIIMX BOIPOCax IperojaBaTesis.

I[Tpu BBICTABIEHUU OLIEHKH YUUTHIBAETCS KaUueCTBO BBIMOTHEHUS 1ab0paToOpHBIX paboT, ypOBeHb U

CBOEBPEMEHHOCTb 3all{UThI JJaDOPAaTOPHBIX paboT, a TakKe MOCeNaeMOCTb JIEKIIMOHHBIX 3aHATHI U IMYHOEe
yuacTtue B 00CYX/JeHUH MaTepurara.
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[MacriopT doHa OLIEHOUHBIX CPeJICTB

AynuTopHBIe <
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Pa3pen 1. OcHOBBI ONITHKHU
4 7 |MOoIynpoOBOJHHUKOB H 3/IeMEeHTHI 18 8 8 0 10 25 0 | Kosmnoksuym
KBaHTOBOI CTaTHUCTUKM.
4 | 7 Paspen2. Ycumemwe cBeTaBP-N | o4 | 46 | 10 | g | 10 | 25 | 0 | Komioksuym
nepexojie M B reTepoCcTpPyKTypax.
Pazgen 3. OnTuueckue
4 7 |pe3oHaTopbI U BO/IHOBOJHBIE 18 8 8 0 10 25 | 25 | KomnokBuym
pewietrku bparra.
Paspen 4. XapakTepucTHKU Ha6[;)§)6a;;)§maﬂ
4 7 |M3MydeHMs MOJIyNPOBOAHUKOBBIX | 52 | 25 8 17 27 25 | 75 Oruer 110 JIP,
Jia3epoB.
KosnokBuym
Bcero 3a 7 cemecTp 108 | 51 | 34 17 57 | 100 | 100
Bcero nmo gucCIuIInHe 108 | 51 | 34 17 57 | 100 | 100
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Kputepuu oneHuBaHus

IICK-1.1

Ne 1
Ne 2
Ne 3
Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 1

Ne 2

Ne 3

No 4

Bonpocbl omKkpbimoz2o muna:

[1s1 uero Hy>keH ONTOBOJIOKOHHBIM aTTeHHAaTop?

Kak noBbicuTh 3(hpeKTUBHOCTD reHepaliyii (ONTHYeCKYH0 MOIITHOCTD) JIa3epHOTO 110/a?
UYTO NpPOMCXOANT IPH NOBBILLIEHUN TeMIIepaTyphl JIa3ePHOIo Auoza’?

"IIbIpKa" B /1eKTpUUeCKH HeHTpaTbHOM MOTYPOBOJHUKOBOM KPHCTAJIIE — 3TO 00/1acTh
B KPUCTa/Ule, cofieprKalljasi HeCKOMIIEHCUPOBAHHBIN 3aps.

Bcmasbme nponyujeHHoe C/1080

[Monoxxenwve ypoBHst @epMu B p-N MEPeEX0/ie B OTCYTCTBUY BHEIITHETO 3JIEKTPUUeCKOT0o
oISt IS p U N obnacTei.

Bcmasbme nponyujeHHoe ¢1080

Kak cuna Toka B p-n nepexojie BAUSIET HA pacXoAuMOCTb u3nydenus CJI?

UTO NPOUCXOAUT B ITOJIYTIPOBOJHUKOBBIX CTPYKTYpax IIPU Ilepexofe 3JIEKTPOHOB U3
30HBI [IPOBOAVMOCTH B BaJIEHTHYIO 30HY?

Bpemst BocCTaHOBI/IEHUS TeIJIOBOIO PABHOBECHs BHYTPU 30H IOTyIIPOBOAHUKA
BpeMeHH YCTaHOBJ/IEHUS] PaBHOBECHsI MeXX/y 30HaMHU IO/IyIIPOBOJHHUKA.
Bcmasbme nponyujeHHoe €/1080

ITpunoxkeHue K p-n niepexoy KOHTaKTHOM pasHHUL{bl [IOTEHIIMAI0B OT BHELHEero
HCTOYHHKA TIOTeHLIMa/IbHbIN Oapbep

Bcmasbme nponyujeHHoe €/1080

Kak moHW3UTh MOTeHIMaNbHBIH 6aphep B p-n mepexoze?

Bonpocbl 3akpbimozo muna:

BribepuTe oTnrunTeNbHBIE 0COOEHHOCTH ITOTYTIPOBOHUKOBLIX J1a3€POB

BaPHaHTbI 0TBETa

. Beicokas kBaHTOBast 3)(heKTHBHOCTh

. BO3MO)KHOCTB 0/Ty4eHHsI y3KOro CIIeKTpa U3/Iy4YeHust

. BO3MO)KHOCTE 10/Ty4eHHsI IMPOKOTO CIeKTPa U3/MyueHust

. Masiele pasmepsl

. BO3MO)KHOCTE BLICOKOUACTOTHOM MOZAY/ISILIY U3/TydeHus Oe3 NCTI0/Ib30BaHus
BHeIIIHUX MOJY/ISITOPOB

. PasHooGpa3sue criocoboB co37jaHysi THBEPCHOM HaCceeHHOCTH

7. BO3MOXXHOCTb peryaMpoBaTh MOLHOCTb W3/Ty4eHUsI B OUeHb [IIMPOKUX Tpejesiax

U WNRE

D

UTo NMpOMCXOAWT B aKTHBHOW CpeZie MOTyTIPOBOJHUKOBOTO Jla3epa IpY TOKe HaKaukKU
MeHbl1Ie [I0POroBOro?

BapHaHTbI 0TBETa

1. Kpucrasnt He usjiy4aet, BCsl 3HEPrys [1epexoiuT B Terio

2. Kpucrasut u3nydaet KOrepeHTHO, HO O4eHb C/1abo

3. Kpucrasut u3ilydyaeT HeKOrepeHTHOe JIFOMUHECLeHTHOe U3J/lydyeHue
4. AKTHMBHO reHepUpYyOTCsl (POHOHBI

KakoBa BesiiuMHa CIHA 3/1eKTPOHOB U BIPOK B [TOJIYIIPOBOJHUKOBOM KpPUCTasLIe?
BapuaHTbI OTBeTa

1. [Tony-uenoe uucnio h

2. lemoe uncno h

3. CnuH He 3aBUCHUT OT h

4. CrivH He UMeeT OIpe/ie/IeHHOrO 3HaueHNs

[TocTaBbTe B COOTBETCTBUE
1. Tomonepexog —

2.  Tereponepexop —
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BapuaHTbI OTBeTa

A. 3T0 KOHTaKT ABYX 0bsacreil ogHopoaHoro I1TT ¢ pa3HbIMU THUTIAMK TIPOBOAVUMOCTH
WM KOHLIEHTpaLUsIMU JIeTUpYIoLLel IpuMecu

b. 3T0 KOHTAKT /IByX pa3/MUHBIX 110 XUM.cocTaBy 111, Ipy KOTOPOM KpHCTa/LTMUeCKast
peléTKa 0HOrO MaTepraia 0e3 HapyIIeHUs TEPUOAUYHOCTH MTEPEXOUT B PELIETKY
JIpyroro marepuvarna

B. 310 mepexof, TIpy KOTOPOM 3/IEKTPOHBI TIPUOOPETAI0T MPOTOHBI

I". 3T0 Mepexo/, MeXXy TOTyTIPOBOJAHUKOM U U30JIITOPOM
Ne 5 B uem npuurHa 06pa30BaHKsI SHEPreTHUECKOH "'3arpeleHHoH 30HbI" B
TIOJTYTIDOBOTHUKOBOM KPUCTaJLie?

BapuaHTbI 0TBeTa

1. BonHOBBIe CBOCTBA 371€KTPOHA

2. KoHeyHasi Be/TMYMHA MOHW3AL[MIOHHOTO TIOTEHIIMAa/Ia aTOMOB
3. TemmiepaTypHasi 3aBUCMMOCTb SHEPIMU MUKPOUACTHL]

4. Pazmuunie 3¢ heKTUBHBIX MacC 3/IEKTPOHOB U IBIPOK

Ne 6 UTo Takoe IIMPHHA 3ampelleHHON 30HbI TO/TyTIPOBOJHUKA?
BapuaHTbI 0TBeTa

1. PaccTosiHve MeXxly BaJIeHTHOU 30HOM U 30HOM MPOBOAUMOCTHU

2. PaccrosiHiie MexXy 30HOM TTPOBOAMMOCTH U YpoBHeM Pepmu

3. Paccrostauie Mexxay ypoBHeM depmu 1 BaJIeHTHOM 30HOM

4. PaccrostHre MeXy ABYMsI SHEPreTHYeCKUMU YPOBHSIMU BHYTPH 30HbI
TPOBOJJUMOCTH

Ne 7 Pabota BbIX0ZIa B TIONTYTIPOBOAHUKOBOMN CTPYKTYPE - 3TO KOJTMUECTBO SHEPTUH, KOTOPOE
HY>KHO COBEDLIUTh 3/IEKTPOHY, UTOOBI IEPEMECTUTHLCS

BapHaHTbI 0TBETa

1. C ypoBHsi ¢pepmMU Ha YPOBeHb BaKyyMa

2. C [Ha BaJIeHTHOM 30HBI HA YPOBEHb BaKyyMa

3. C noTo/Ka 30HbI MPOBOJUMOCTH Ha yPOBEHb BaKyyMa

4. C noToJ/IKa BaJIleHTHOM 30HBI Ha [THO 30HbLI IPOBOAUMOCTHU
5. C ypoBHs BaKyyMa Ha JHO 30HbI IPOBOJVUMOCTH

6. C ypoBHS BaKyyMa Ha ITOTOJIOK BaJleHTHOMN 30HbI

Ne 8 OJIeKTPOHHOE CPOACTBO B MOJIYIIPOBOJHUKOBOM CTPYKTYpe - 3TO KOJMYeCTBO SHEPIUY,
KOTOPO€e HY>KHO COBEpLIHTH 37IeKTPOHY, YTOObI [IepeMeCTUTHCS

BapuaHTbI 0TBeTa

1. C ypoBH# (pepMU Ha YPOBeHb BaKyyMa

2. C nHa BalleHTHOM 30HBI Ha YPOBeHb BaKyyMa

3. C noTo/Ka 30HbI NPOBOAUMOCTH Ha YPOBEHb BaKyyMa

4. C moToJiKa BaJIeHTHOM 30HBI Ha THO 30HbI IIPOBOJMMOCTHU
5. C ypoBHs BaKyyMa Ha /IHO 30HbI IIPOBOJVUMOCTHU

6. C ypoBH4 BaKyyMa Ha MIOTO/IOK BaJIeHTHOM 30HBI

Ne 9 YTo MpOMCXOAUT C 3MeKTPOHAMU B TIOMYTIPOBOAHUKE NP 100aB/ieHUH pUMecei?
BapuaHnTsbl oTBeTa

1. OcraroTcs Ha CBOUX 3HEpreTUYeCKUX YPOBHSX
2. IlepexofsaT Ha YPOBHU IPYMECHBIX aTOMOB

3. IlepemelniatoTcs B 30HY [IPOBOSUMOCTHU

4. IlepemMe1atOTCs B BA/JICHTHYHO 30HY
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Ne 10 Kak Ha3biBaeTcs rpaHulLia paszesna 30H B roMmonepexoge?
BapuaHTbI 0TBeTa

1. MeTannypruyeckas rpaHuLa
2. Metaiueckasi rpaHuLia

3. 30HHas rpaHuLa

4. TurioBasi rpaHuLia

IICK-1.3
Bonpocbl omkpbimoz2o muna:
Ne 1 OmwminuTe Tipefe/ibHBINA C/Tydail yCU/IeH!s], B KOTOPOM BOJTHOBOJZ, MOYKHO PacCMaTpUBaTh, Kak
O/THOTIPOXO/THBIN YCHU/TUTENTb OeryIreil BOJTHbBI
Ne 2 Yemy paBHa TipeZiesibHasi 4aCTOTa MOAY/ISILIAN TTOTYTIPOBOJHUKOBOTO M3/TydaTesisi, eC/IM BpeMsi KU3HU
HEOCHOBHBIX HOCHTe/Iel B 06/1acTH u3nyuarenbHol pekombuHaru /I coctassier 30 HC?

Omeem Oatime 8 MI'y, okpy2nug 00 0ecsimbix.

Ne 3 BeposiTHOCTh 00HapY>KUTh (hepMUOH Ha ypoBHe @epmu ripu Temmneparype 350K cocrassier %
Bcmasbme nponyujeHHoe uucno

Ne 4 15151 mOTynIpOBOAHUKOBOTO J1a3epa C AJIMHOW BOMHBI 3nyueHus: 800 HM U LIMPHUHOM 3arperrjeHHOW 30HbI
1.5 3B, onpegenute yacToTy M3/1y4eHus ja3epa B repLax.

Omeem Oatime 6 I'y, okpy21ue omeem 00 COMblIX.
Ne 5 [ln11 moynpoBOAHMKOBOTO J1a3epa C yacToTol u3nydeHus 3.75 x 10A14 I'y v IIMPUHOI 3aripelljeHHOM
30Hb! 1.5 3B, onpejienuTe AMVHY BO/HBI U3/Ty4eHUs ja3epa.

Omeem Oalime 8 HaHOMempax

Ne 6 [ly11 HO/TynIpOBOZHUKOBOTO J1a3epa C IIMPUHOM 3anpeleHHOM 30HbI 1.8 5B HalinTe [1HY BOTHEI
W3/Ty4eHHs B BUAUMOM 00/1acTH CIieKTpa.
Omeem Oalime 8 HaHOMempax

Ne 7 OnpezienuTe MYPUHY 3anpeléHHON 30HbI MOJIYTIPOBOSHUKOBOTIO Jla3epa € AJTMHOM BoHbI 690 HM.
Omeem Oalime 8 31ekmpoH Bosibmax, okpyaaug 0o 0ecsimbiXx.

Ne 8 VimeeTcs jla3epHbIN AUOZ, U3/IyueHHe KOTOPOTO UMeeT AJMHY BO/HBI 633 HM. PaccTosiHue Mexay
MUHUMYMaMU UHTep¢epeHIIMOHHON KapTUHBI IIPU MPOXOXK/IEeHUM U3/TyUeHUsl yepe3 y3Koe MpensTCTBre
cocrassnsiet 0,5 MM. Heo6XoMMO BEIYMCINTE YTO/T PACXOJUMOCTH U3/TyUeHUst JIa3ePHOTO JUOJa.

Omeem Oalime & 2padycax, OKpyaaug 00 COmMbIX
Ne 9 UeM oTniMuaeTcs MOMYTIPOBOSHUKOBBIN J1a3ep OT JPYTUX THIIOB J1a3epOB, U KaKve OCHOBHbIE TIPHUHIMITBI
paboTHI JieXKaT B ero OCHOBe?

Ne 10 Kakoit rpotjecc UCIosb3yeTcs A8 (OpMUPOBaHKS ONITHYECKOTO Pe30HATopa B MOTYTIPOBOHUKOBOM
na3epe, ¥ Kakve rapameTpbl He0OX0AUMO YUUTHIBATh [IPY pacyeTe v MPOeKTUPOBaHNU TaKOTO
pe3oHaropa?

Bonpocbl 3akpbimo2o muna:
Ne 1 KakuM crioco60M MOKHO JOOUTHCSI MH)KEKLUM 37IeKTPOHOB M3 BaJIEHTHOM 30HBI B 30HY TIPOBOIUMOCTH

BapuaHTbI 0TBeTa

1. TIpy IpoeKTUPOBaHUY U3[e/usl, TIpelyCMOTPeTh MOAK/IIoUeHHe jla3epa TakiM 00pa3oM, uToObI TOK
MIpOTeKasl uepe3 p-n repexof B NPsSIMOM HarpaB/ieHUU

2. TIpu MpOEeKTHPOBAHUY W3Ze/Hs, PeJyCMOTPETh TIOK/TF0UeHHe /la3epa TaKuM 00pa3oM, yToObI TOK
MpOTeKas uepe3 p-N Tiepexo/; B 00paTHOM HarpaBieHUN

3. B monynipoBOAHUKOBOM Jia3epe He BO3HUKAeT WHXXEKLIUY 3/IEKTPOHOB

Ne 2 KakuM 06pa3oM MOKHO U3MEHUTH I[eHTPa/IbHYIO [IIMHY BOJIHBI, M3/TyUYaeMYy0 MOJTYITPOBOJHUKOBBIM
Jlazepom?

BapuaHnTbl oTBeTa
1. I3MeHUTh TOK HaKaukKu (MHKEKI[IH)
2. VI3MeHWTH THII BBIXOZHOTO BOJIOKHA

3. YcTaHOBUTE ONTHYECKUH (PUIBTP Ha BBIXOZE
4. I3MeHUTH TemIlepaTypy KpyucTauiia
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Ne 3 Ha pucyHKe npe/icTaB/ieHa CTPYKTYpHast CXeMa ToJTyIIPOBOZHUKOBOTO Jla3epa. BoibepuTe XxapakTepHoe

3HaueHue JIuHbI L.

BapuaHTtb! oTBeTa

1. 10 - 200 MKM
2.0,5-1mMm
3.0,5 -1 MKM
4.10-200 cm

Ne 4 Ha pucyHKe 1peficTaB/ieHa CTPYKTypHasl CXeMa MHXXeKLJMOHHOIO Jla3epa.

IMudpoti (1) ob6o3HaUEHO -
Lindpoii (2) obo3HayeHo -
udpoti (3) ob6o3HaUEHO -
udpoii (4) obo3HaUEHO —

BapuanTsl oTBeTa
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A. Tlognoxxka
b. Dnekrprueckue KOHTaKThl UH)KEKL[MM HOCUTe el
B. p-n nepexofp,

I. TlonvpoBaHHast rpaHb
Ne 5 Kako#i BUi MOAY/ISALIMU B TTOTYTIPOBOJHUKOBBIX NCTOUHHKAX CBETA OCYIIECTB/ISIETCS TT0OCPeICTBOM
W3MeHEeHHUsI TOKa HaKayKu?

BapuaHTbI 0TBeTa

1. Moaynsiiusi MOLHOCTH (aMILIUTY/bI)
2. Mopynauusi ”HTEHCUBHOCTH

3. Mopynauus noJisipyusanuu

4. Monynsuus TeMIiepaTypbl

Ne 6 Korzma npoucxofuTt reHepanysi CBeTa B ITOIYIIPOBOLHUKOBBIX CTPYKTypax?
BapuaHTbI 0TBeTa
1. mpu nepexofie 37eKTPOHOB U3 3allpelljeHHOM 30Hbl B 30HY IPOBOJUMOCTH
2. TIpY Tiepexofie 3JIeEKTPOHOB M3 BaJIeHTHOM 30HBI B 30HY POBOJMMOCTH

3. TIpU 1epexo/ie 371eKTPOHOB U3 30HbBI TIPOBOJUMOCTH B BaJIEHTHYIO 30HY
4. Tipu TIepexo/ie 1eKTPOHOB 13 3alpeljeHHON 30HbI B Ba/IEHTHYIO 30HY

Ne 7 BcTaBbTe NpOITyLLeHHbIE CJ1I0Ba
Yeemuuenue kKonmuuectsa [[1]] coorBeTcTByeT [[2]] 2Heprum, a miporjecc [[3]] BeaéT k [[4]] sHepruum
BapuaHTbI oTBeTa
A. 2011
b. syekTpoHoB
B. gp1pok
I'. nornoenuto
1. BbIIe/IeHuto
E. pekombOuHarmu

JK. pacriaga
Ne 8 BribepuTe Ha3BaHMe MOMYTIPOBOJHUKOBOTO U3J/TyUaresisi 0 CIIeKTPY reHepaLuu
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P (A), MBT
] AA=0,THm

6 - i

~N N\~

T : = A, HM
1250 1300 1350

BapuaHTb! oTBeTa
1. Cynep/itoMUHeCLIEHTHBIH U0,
2. JlazepHbiii U0z,
3. CeToU3/Tyvarouuii 1oy

Ne 9 BriGepuTe Ha3BaHUe MOMYTIPOBOJHUKOBOTO U3/TyUaresisi [0 CIIeKTPY reHepaljuu
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P (A), MBT

. . —= A, HM
1250 1300 1350

BapuanTbl oTBeTa
1. CynepnroMUHeCLIeHTHBIN U0,
2. JlazepHblit 1U0f,
3. CBeTOHM3/TyYarOIUi O,

Ne 10 BribepuTe Ha3BaHUe MOTYIPOBOJHUKOBOTO M3/TyUaresisi 10 CIIeKTPY reHepaLuu
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P (A}, MBT

0.50 -

0,25 -

- h. HM

1250

BapuaHTbl oTBeTa

1. Cynep/irOMUHEeCLIEHTHBIN U0/,
2. JlazepHblii AUO7,
3. CBeTouU3/TyvaroLuii AUof,
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