MHUHHUCTEPCTBO OBPA3BOBAHUS 1 HAYKHM POCCUHMCKOM ®EJEPAIIMA
DenepajbHOE TOCYIAPCTBEHHOE OI0KEeTHOE 00pa3oBaTe/ibHOE YUpek/JIeHHe BbICIIero 00pa3oBaHus

«TOMCKH TOCYJIAPCTBEHHBI YVHUBEPCUTET CUCTEM
VIIPABJIEHUS U PAJTMODJIEKTPOHUK
(TYCYP)

HTYOCYR| e sumprncera
‘1" UNIVERSITY JlupexTop nenapraMmeHTa 00pa3oBaHuUs

Moy saauT NOQMTHCES 3ASKTIOHMEOR NOINWCRH
Ceprugamar: 1obcfala-5laf-448-aef0-5584d2fd4820
Bragesey: Tpoawm Magen Edmpmosms

LeacTaatengs: ¢ 1001, 2016 no 16092010

PABOYA A [TPOI'PAMMA JJTUCTIUTIJIMHBI
OnTo3/1eKTpOHHBIEC NPUOOPHI M YCTPOHCTBA

VYpoBeHb 00pa3oBaHus: BbIcIee 00pa3oBaHue - fakajgaBpuaT

Hampasnenue noaroroBku / cneruaibHOCTh: 11.03.04 J1eKTPOHMKA U HAHOYJIEKTPOHHKA
HanpasnenHocts (npo¢uis) / ciennanuzanus: KBanToBast m onTuyeckasi 3J1eKTPOHHKA
®dopma 0O0ydeHHS: OUHASA

@axynpreT: PIT, PakyabTeT JIEKTPOHHON TEXHUKH

Kadenpa: I, Kadenpa r1eKTpOHHBIX NIPUOGOPOB

Kypc: 4

Cemectp: 8

Y4eOus1ii man Habopa 2016 rona

PaCHpe,Z[CJ'IeHI/IC paGoqero BpEMCHU

Ne Bunpl yueOHO# nesTebHOCTH 8 cemectp Bcero Ennaunner
1 Jlexnn 26 26 JacoB
2 IIpaxTryeckue 3aHATUA 18 18 4acoB
3 JlaGopaTopHbIie pabOThI 16 16 JacoB
4 Bcero aynuTopHbIX 3aHATUI 60 60 4acoB
5 CamocTosiTenbHas paboTa 48 48 4acoB
6 Bcero (0e3 sx3amena) 108 108 4acoB
7 [ToaroroBka u ciaya sK3amMeHa 36 36 4acoB
8 OO0m1as Tpy10eMKOCTh 144 144 4acoB
4.0 4.0 3.E.

DK3aMeH: 8 cemecTp

Tomck 2018
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
nporokot Ne 66 ot « 20 » 4 2018 1

JINCT COI'TTACOBAHU A
Pabouas mporpamma AUCIUIUIMHBI COCTaBJICHA C y4eTOM TpeOoBaHUHU (enepaabHOTO Trocynap-
CTBEHHOTO 00pa3oBaTeNbHOTO cTaHaapTa Bhiciiero oopazoBanus (CPI'OC BO) no HampaBiieHHIO MOATO-
ToBKH (crermanbHocTH) 11.03.04 DnekTpoHMKa M HAHOZJIEKTPOHUKA, yTBepkaeHHoro 12.03.2015 rona,

paccMoTpeHa u omobpeHa Ha 3acemanuu Kadempsl DI «  » 20 roma, MPOTOKOMT
Ne

PazpaboTuuk:

npodeccop kad. D11 B. H. JlaBb110B

3aBenyronmii o0ecnieunBaromeii kad.
OI1 C. M. llannapos

Pabouast mporpamMmMa IUCIMITIIMHBI COIIACOBaHa ¢ (DaKyIbTETOM U BBINTycKaroueil kadeapoii:

Hexan ®OT A. . Bopouun
3aBeAyIOIHi BRITYCKAIOIICH Kad.

oIl C. M. llangapos
OKCIIepTHI:

npodeccop Tycyp, kadeapa I11 JI. H. Opnukos

JlotieHT Kadeapsl MEKTPOHHBIX MPU-
6opos (3I1) A. U. Akcenos
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1. lean u 3aga4n AUCHUTLIHMHBI

1.1. lleau TUCUMIIAHBI
[lenpr0 M3yYEeHHS] TUCHUIUIMHBI SBISETCS MPUOOPETECHUE CTYICHTAMU 3HAHUUA MO (U3UYECKUM
OCHOBaM (pyHKIIMOHHPOBAHHSI MPUOOPOB M YCTPOUCTB KIACCUUECKOIN ONMTOIEKTPOHUKH, ONTHUYECKOM MHU-
KpO- ¥ HAHOAPJICKTPOHHUKH, 00 WX OCHOBHBIX MapaMeTpax M XapaKTePUCTUKAX, YCIOBUAX MPUMEHEHUs, a
Takke MpUoOpETeHNE HABBIKOB PELICHUS TUIIOBBIX 3aay [0 pacueTy MapaMeTpoB MEPEUUCICHHBIX MPHU-
OOpOB M YCTPOMCTB B MPUMEHEHUHN K HAYYHBIX W MPUKIATHBIM UCCICIOBAHUSAM U pa3padOTKaM.

1.2. 3amaum AMCHMIIIMHBI

—  HW3y4YCHHE CTYJCHTAaMH 3HAHUH O (PU3MUYECKHUX IMpoleccax, MPOUCXOAAIINX B TBEPAOTEIBHBIX
KBAaHTOBBIX CHUCTEMax B yCIIOBHUSX HApYIICHHS TEPMOJMHAMHUYECKOTO PAaBHOBECHS, TOIYIPOBOJTHUKOBOM
MaTepHualie U CTPYKTypax Ha ero OCHOBE, B TOM YHCJIE HAHOPAa3MEPHBIX;

—  UW3y4YCHHE TPHUHIUIIOB PabOTHI COBPEMEHHBIX MPHUOOPOB M YCTPOUCTB KIIACCUYECKON OITO-
AJIEKTPOHUKH, OTITO- U HAHOZJICKTPOHUKH I10 TCHEPAIMH, IPUEMY H MPEOOPA30BAHUIO ONITUICCKOTO HU3ITY-
YEHUS;

— W3yYCHHE W OCBOCHUE CTYACHTAMH COBPEMCHHBIX METOJOB ONHCAHWS W aHAIHM3a JJICKTPOH-
HBIX U ONITUYECKHX MPOILIECCOB B MOJIYIMPOBOJHUKOBBIX T€TEPOCTPYKTYpaX;

—  OCBOCHHE CTYIACHTaMH IOJIXOJIOB K PEIICHUIO THUIIOBBIX 33/1a4 [0 pacyeTy mapaMeTpoB Mpubo-
POB H yCTPOMCTB ONTOAICKTPOHUKH.

2. Mecto mucuuniuebl B ctpykrype OIIOII

Juctunnuna «OnrosnekTpoHHblie npudopsl u ycrporictsay (b1.B.J1B.13.2) otHocuTcs k 610Ky 1
(BapuaTHBHAs YaCTh).

[TpenmecTByOUMMHI AUCUUILIMHAME, (POPMHUPYIOIIMMH HayaJlbHbIE 3HAaHUSA, sBIsA0TCA: KBaHTO-
Bas MexaHuka, Maremaruka, Marepuaiibl 3J€KTpPOHHONW TEXHUKH, TBEpAOTENbHAs AIEKTPOHUKA, DU3nka
KOHJIEHCUPOBAHHOTO COCTOSTHUSI.

[Tocnenyomumy AUCHUIUIMHAMU SIBISIOTCS: 3allMTa BBIITYCKHOW KBAIM(UKAMOHHONW paloThI,
BKJItOYasl MOATOTOBKY K MPOLIEAYPE 3aIIUThI U IPOLEAYpPY 3aluThl, [Ipeauniomuas npakTuka.

3. TpeGoBanus K pe3yJibTaTaM 0CBOEHM S JUCUMILIIMHbI

[Tponecc n3yueHus JUCUMIUIMHBI HapaBieH Ha (JOPMUPOBAHUE CIEYIOIUX KOMIIETSHIUI:

— IIK-2 cnocoOGHOCThIO apryMEeHTUPOBAHHO BBIOMpPATh M pPEean30BbIBAaTh Ha MpakTuke dpdek-
TUBHYIO METOJUKY IKCIIEPUMEHTAIILHOTO MCCIIeIOBAHUS MMapaMeTPOB M XapaKTEPUCTUK MPUOOPOB, CXEM,
YCTPOWCTB M yCTaHOBOK DJIEKTPOHHUKH W HAHODJIEKTPOHHUKH PA3IMYHOTO (DYHKIIMOHAIFHOTO Ha3HAYCHHUS;

— TIK-5 roToBHOCTBIO BBINIOJHATH PAacyeT U MPOEKTUPOBAHUE JIEKTPOHHBIX MPUOOPOB, CXEM H
YCTPOUCTB pa3iIMYHOTO (PYHKIIMOHATBFHOTO Ha3HAYEHHUS] B COOTBETCTBUH C TEXHUYECKUM 33JJaHUEM C UC-
MOJIb30BaHUEM CPEACTB aBTOMATH3AI[UHU MPOCKTUPOBAHUS;

B pesynprare u3ydeHus IUCIHUIIMHBI 00YJaIOIUNACS TOJIKEH:

— 3HaTh - (PU3HUECKOE COJIepP’KaHNE SHEPTeTUUECKOr0 CIEKTpa KBAHTOBBIX CUCTEM U CTPYKTYD,
OCHOBHBIC TTApAaMETPHI, OMUCHIBAIOIINE COCTOSIHUE 3TUX CUCTEM U CTPYKTYp, a Takke (U3NUECKHUe Mpo-
L[ECCHI, IPUBOJAIINE KaK K HEPAaBHOBECHOMY MX COCTOSIHUIO, TaK U MPOILECCHI, HAIIPaBJIEHHbIE HA JJOCTH-
YKCHUEM PABHOBECHOTO COCTOSIHUS; - THIIbI, apPXUTEKTYpy U (pU3HUECKUE MPUHIMUIBI PaOOTHl OMTO3JIEK-
TPOHHBIX IMOJIYIIPOBOJHUKOBBIX MPUOOPOB U YCTPOICTB AJISl PETUCTPALUU ONTHUECKOTrO M3JIY4YEHHUS, €ro
TeHepaluy ¥ IpeoOpa3oBaHysi HA OCHOBE MOHOKPHUCTAIIIMUYECKUX MATEPUANIOB U CIIOMCTBIX T€TEPOCTPYK -
Typ;

—  YMeTb - IPEJBUIETh BO3MOXKHOCTH N3MEHEHHUS NEKTPHUUECKUX U ONTHYECKUX CBOIMCTB ONTO-
AIIEKTPOHHBIX CTPYKTYP 3@ CUET BBEACHUS B UX apXUTEKTYPY JOMOJHUTEIBHBIX MUKPO-MIN HAHOAJIEMEH -
TOB, U3MEHEHUSI TOTIOJIOTUH, TEOMETPUU WM PEXKUMOB pabOThI; - paCCUUTHIBATh OCHOBHBIE MTApaMETPhI U
XapaKTePUCTUKN MCTOYHUKOB HEKOTEPEHTHOTO M KOTEPEHTHOTO M3JIy4eHUs, M3TOTOBICHHBIX U3 TBEPHO-
TEJbHBIX MaTepUasoB, a Takke (OTONETEKTOPOB, U JeJaTh BHIBOJ O MPUMEHUMOCTH UX JUIsl PEIICHUs
MH)KEHEPHO-TEXHIUUYECKON 3a]1aui; OLIEHUBATh MPUTOJHOCTh MaTepuaia JJsl U3TOTOBICHUS 3(P(PEKTHBHBIX
CBETOJMO/IOB, JIA3epOB U IPYTUX NPUOOPOB U YCTPONCTB ONTOIIEKTPOHUKH;

—  BJAJETh - CIIOCOOHOCTHIO K 000OIICHHIO, aHAIM3Y U BOCIIPUATHIO HHPOPMAIIMH, TOCTAHOBKE
LEJIU ¥ BBIOOPY MyTeH ee JOCTHKEHUS MPH PELICHUH 3a/1a4 cO3JaHus MPHUOOPOB U YCTPOUCTB ONTO3JICK -
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TPOHUKH; - GU3NIECKHM U MATEMAaTHYECKHUM aIIapaToM COBPEMEHHON ONTHYECKOW HAHOAIIEKTPOHUKH, €€
OCHOBHBIMHU TE€XHOJIOIMUECKUMHU METOIaMH U3TOTOBJIEHHUS IPUOOPOB U YCTPOMCTB; - HABBIKAMM 110 Opra-
HU3AIMH 1 TIPOBEJCHUIO SKCIICPUMEHTAIIBHBIX HCCIEI0BaHUI MPUOOPOB U YCTPOUCTB ONTOIIEKTPOHUKH;
- HaBBIKAMHM M METOJaMH IPOEKTHPOBAHUS U KOMIIBIOTEPHOIO MOJEIMPOBaHUS NMPUOOPOB U yCTPOUCTB
ONTORJIEKTPOHUKH B MUKPO- UM HAHOAJIEKTPOHHOM HMCIIOJIHEHUU.

4. O6beM IMCUMIVIMHBI M BUABI Y4e0HOIl padoThI
OO01ast TpyI0EMKOCTb JUCHUILUINHBI cocTaBisieT 4.0 3aueTHBIX eIMHMILIbI U IIPECTaBIeHa B Ta0Iu -

%Zgﬁl{lﬁa 4.1 — TpyaoeMKOCTb JUCLUILINHBI

Bunb! yueOHOI nesTeNbHOCTH Bcero yacos Cemectpsl

8 cemectp

AynuTopHble 3aHATUSA (BCETO) 60 60
Jlexknuu 26 26
[IpakTrueckue 3aHATHS 18 18
JlaboparopHbie pabOTHI 16 16
CamocrosTenpHas pabota (Bcero) 48 48
Odopmiierre 0T4€TOB 110 JTabOPaTOPHBIM paboTam 12 12
[IpopaboTka TeKIMOHHOTO MaTepHraa 7 7
[ToaroroBka Kk MpakTUYECKUM 3aHATUAM, CEMUHApAM 29 29
Bcero (6e3 sx3amena) 108 108
[ToaroroBka u cnaya 3K3aMeHa 36 36
OO61as Tpy1I0eMKOCTb, 4 144 144
3aueTHnie Equnuiie 4.0 4.0

5. Conepxxanue IMCUMILIHHBI

5.1. Pa3nenanl IMCHUILIAHBI M BHALI 3AaHATHHA
Pazniensl TUCUUIUTMHEI ¥ BUABI 3aHATUH PUBEACHBI B Ta0muiie 5.1,
Tabimua 5.1 — Pasgens! fUCHUILIMHEBL U BUABI 3aHSATHI

_ ]
2 o = o 2 Z =
r - - S s =
: : Q =
% 3 S e | 82 =
HazBanus pa3aenoB TUCHUIUIMHBI i ® Q. o, o 2 & %
= 5 S s s 0 ==
SI-NE-RET I
= © 6 %
8 cemecTp
1 ®yHnaMeHTaNbHbIE IEKTPUUECKHE U 4 2 4 9 19 | 1IK-2, ITK-5
ONTUYECKHE CBOMCTBA MaTepHaoB ONTO-
NIEKTPOHUKH.
2 I'eHepaTOpbl KOT€PEHTHOTO ONITHYECKO- 4 5 0 6 15 |IIK-2, [1K-5
IO U3J1y4YEHHsI HA OCHOBE HEPaBHOBECHBIX
KBaHTOBBIX CUCTEM.
3 VICTOYHHMKHN HEKOT€PEHTHOTO ONTHYe- 6 5 4 11 26 |TIK-2, [IK-5
CKOT'O M3JTy4eHHs Ha OCHOBE MOJIYIPOBO/I-
HUKOBBIX TPUOOPOB U TETEPOCTPYKTYP.
4 ®OTONPHUEMHUKHN ONTUYECKOTO U3JIyYe- 6 4 4 10 24 | TIK-2, TIK-5
HUS Ha OCHOBE MOJIYIIPOBOJIHUKOBBIX
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npubOPOB U FETEPOCTPYKTYP.
5 MonynsaTopsl U AeIEKTOPHI ONITHYC- 6 2 4 12 24 |TIK-2, [IK-5
CKOI'0 M3JIy4Y€HHs Ha OCHOBE TBEPABIX U
KUJKUX KpPUCTAJJIOB.
Hroro 3a cemectp 26 18 16 48 108
Uroro 26 18 16 48 108
5.2. Conep:xanue pa3aejioB IUCHUILIUHBI (110 JTEKIIUSIM)
ConepxaHue pa3aenoB JUCHUIUIMH (110 JIEKIUSAM) IPUBEACHO B Tabmuie 5.2.
Ta6mura 5.2 — ConeprkaHue pa3faesoB JUCIUIUIAH (IO JICKIIHSIM)
3 =
s 2
Ha3zBanus paznenos Copeprkanue pa3aesioB TUCHUTITUHBI (110 JICKIUSM) zF § E
= | is
a o 2
= S
8 cemecTp
| ®yHpameHTaNbHbBIE OHepreTu4ecKuil U JOJUHHBIN CIIEKTP TBEPIOTO TEa. 4 [IK-2, TIK-
ANIEKTPUYECKUE U MexaHu3Mbl 31EKTPOIPOBOTHOCTH B KpUCTAIJIAX U 5
ONTUYECKHE CBOMCTBA CrocoOBbl yrpaBieHus €10. TeH30pHbIN U CKaTSApHBINA
MaTepuaioB crioco0Ob! onucanus. [lagenue cBera Ha rpaHuLly pas-
OTITORJIEKTPOHHUKH. nena: kKo3ppuureHt orpaxkenus, ko3huireHT nomus-
pU3aIyH, TIOJTHOE BHYTPEHHEE OTpakeHne. DPPeKT
JBYITy4EIIPEIOMIICHUS B aHU30TPIIOHBIX CPENaxX U €ro
cnenctus. Judpaxus Bynsda — bparra. Paccesiane
ceeta 1o Komnrony, no Pamany, CTOKCOBCKOE M aHTH-
CTOKCOBCKOE paccessHue. OTpakeHue, peIoMIICHUE U
pedpakuus cBeTa. YnpaBiieHHe ONTHYECKUMH CBOM-
CTBaMH CpeJibl.
Uroro
2 I'enepatopsl [TapameTpsl u3nydaromux cpel. YpaBieHUe Bpeme- I1K-2, I1K-
KOT€pPEHTHOTO HEM M3Ty4aTeIbHON peKOMOWHAIIMY B TIPOBOASA-IIIUX 5
ONTUYECKOTrO U3MydeHus |cpenax. [IpuHIuUN MocTpoeHNsT ONTHYEHCKOTO TeHepa-
Ha OCHOBE Topa. CHOHTaHHOE U BBIHYKJCHHOE U3J1yYEHHE aTO-
HEPaBHOBECHBIX Ma, ko3 urmenTsl JiHImTeHA. J(UmonpHas MOIeTh
KBaHTOBBIX CUCTEM. U3ydeHus aToMa. MexaHu3Mbl yIIUPEHUsI CIIEKTpa
n3nydeHus. Bo3OyxaeHne KBaHTOBOW CUCTEMBI Ha-
Ka4Koi, cxeMbl Hakauku. ONTHYECKUE PE3OHATOPHI:
MPUHLUI paboThl, MapaMETPBl, CIIEKTP YacTOT U €r0
ymrpenue. CBOKHCTBa INIOCKOTO pe3oHaTopa. Moisl
pe3onaropa ®abpu — [lepo u ux coiictra. [Lnanap-
HBIN IUDJIEKTPUYECKUM BOJIHOBOJ. JIa3epsl HAa KBaHTO-
BBIX SIMaX M KBAHTOBBIX TOYKax. O030p KBaHTOBBIX
puOOPOB ONTUYECKOrO AMANa3oHa
Hroro 4
3 Ucrounuku KoncTpykius u napameTpsl OJIyIpOBOAHUKOBOIO [K-2, TIK-
HEKOT'€pEHTHOIO cBeToanoza. IIpuHINIIBI TOBBIILIEHUS TAPAaMETPOB 5
ONTUYECKOTO U3TYUYEHHUS] |CBETOIMOJIOB 3a CUET KBAHTOBBIX SIM U CBEPXPELIETOK.
Ha OCHOBE CriekTp u3Iy4eHMs U JuarpaMmma HalpaBJIEHHOCTH
MIOJTyTIPOBOJHUKOBBIX CBETOAMOMA HA TeTepOCTpYKTypax. bparrosckue orpa-
npubopoB U JKaTeJu, CJIOU PACTEKAHUs, OTPAHUYUBAIOLIUE CIIOU.
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TeTePOCTPYKTYD.

Muxkpope3oHaTop B cBeTOHOaX. THIIbI, TapaMeTpsl
Y KOHCTPYKIIMH CBETOJMO/IOB C KBAHTOBBIMU SIMAMU U
CBEpXpeIleTKaMu.

Hroro
4 ®oTonpUEMHUKH ®oTOpe3uCcTUBHBIN U (POTOBOIBTAMUECKUN TPUHIIMITBI IK-2, TIK-
ONTUYECKOTO U3YUYEHUS] |perucTpalnuy onTuueckoro uannydenus. [lonsarue 5
Ha OCHOBE (OTOIIPOBOIMMOCTH, €€ MEXaHU3MBI U ITApaMeTpHI.
MOJTYTIPOBOJHUKOBBIX ®doroBonbTandeckue 3PQPeKThl B MOTYTPOBOJHUKAX.
npubOpoB U Tunsr poTosac, MEXaHNU3MBI UX (HOPMUPOBAHUS U
TEeTEPOCTPYKTYP. OCHOBHBIE mapameTphl. baprepnast porosnc. Dotose-

TEKTOPBI HAa KBAHTOBBIX SIMAaX U cBepxpeunieTkax. Jla-

BHHHBIC (DOTOIETEKTOPHI Ha cBepxpemieTkax. [Tapa-

METPBI U KOHCTPYKIIUU (POTOJETEKTOPOB PA3IUUHBIX

TUIMOB W Ha3HaueHuil. [IlyMOBbBIE CBOMCTBA MOITYIIPO-

BOJITHUKOBBIX (DOTO/IETEKTOPOB.

Hroro 6
5 MonynsaTopsl U OnTHyeckasi aKTUBHOCTh KPUCTAJIJIOB U yIIPaBICHHUE 6 [K-2, TIK-
nedIeKTopbl €10 C MTOMOILBIO JIEKTPUYECKOr0 MOJIsl. DIEKTPOONTH - 5
ONTUYECKOTO U3MyUeHUs |4deckuid 3(eKT u GoToyrnpyrocts B kpucramiax. Or-
Ha OCHOBE TBEPJIbIX U Tudeckue 3PPeKThl B KBAHTOBBIX TOUKax. KBaHTOBO-
KHUJKUX KpPUCTAIJIOB. pasmepHbiit apdexr HlTapka. MogynsaTopsl Ha OCHOBE

aneKTpoonTuieckux 3¢ dekToB. Momyms-Topsl Ha

KBaHTOBBIX sIMaX. JKHIKHE KPUCTAJIbI, UX CBOWMCTBA.

[IpuMeHeHne KUAKUX KPUCTAIUIIOB JIJISl MOYJISIIUN

CBETa U €T0 OTKJIOHEHMUS.

Hroro 6
Hroro 3a cemectp 26

5.3. Paznenbl JMCHMILNIMHBI M MEKIMCUMIUIMHAPHBIE CBSA3H ¢ 00ecedyuBAKIIMMH (NPeAbl Ty IIUMHU)

U obecneynBaeMbIMH (I1OCJIEAYIOIMUMH) TUCHUIIMHAMHA

Pazgensl qUCIUIUIMHB U MCKIUCHUIITIMHAPHBIC CBA3HU C O6CCHC‘-II/IB8.IOH_II/IMI/I (HpC,Z[LI,Z[yIJ_[I/IMI/I) u

obecrieunBaeMbIMHU (TTOCIIETYIONTUMHI ) AUCITUTUTMHAME TIPEICTAaBICHBI B TabmuIe 5.3.

Ta6Jmua 53— Pazgenbl AUCUMITIMHEL U MCKIAUCHUIUIMHAPHBIC CBA3U

HauMeHoBaHUE TUCIUILINH

Ne pa3nenoB jaHHOM TUCLMIUINHBL, I KOTOPBIX
HE00X0IMMO U3y4eHHe 00eCTIeUMBAIOLIUX U
o0ecreYnBaeMbIX TUCIUILIHH

1 2 3 4 5
[IpeamecTByromue TUCIUATITUHBI
1 KBaHToBasi MexaHHKa +
2 Maremaruka + +
3 Marepuansl IEeKTPOHHON TEXHUKHU
4 TeepnorenbHast JIEKTPOHUKA + +
5 ®Pu3uKa KOH/IEHCUPOBAHHOTO COCTOSHUSA
[Tocnenyromue TUCHUIIITUHBL

1 3ammTa BEIMYCKHON KBaMU(UKAIMOHHON
paboThI, BKITIOYAs TIOJTOTOBKY K MPOIEAYPe + + + + +
3aIUTHI U TPOLEAYPY 3aIIUThI
2 [IpepauniomMHasi mpakTUKA + + + + +
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5.4. CooTBeTCcTBHE KOMIIETEeHUM I, opMHUPyeMbIX TP M3YyYEeHUH TUCHUILIUHBI, 1 BU0B 3aHATHI
CootBercTBHE KOMIETEHUUH, (HOPMUPYEMBIX MpPHU H3YyYECHUM AUCLUUIUIMHBI, W BHJIOB 3aHATUN
npezcTaBiIeHo B Tabmuie 5.4.
Tabmuma 5.4 — CoOTBETCTBHE KOMITETCHIINHA, (POPMUPYEMBIX MTPU W3YYCHUHU NTHUCHIUILIAHBI, U BUJOB 3aHs -

TN
§ Bunnl zansatuit
8 ; 8 g S ®opMBI KOHTPOJIS
2 g ¥ = =
3 = 5 S 2
M = = @)
I1K-2 + + + + Jomamaee 3aganue, DK3a-
MeH, OtueT no nadopaTop-
HOM pabote, Onpoc Ha 3aHs-
tusix, Tect, Pedepar
[1K-5 + + + + Jomamaee 3aganue, JK3a-
MeH, OtueT mo 1adopatop-
HOI pabote, Onpoc Ha 3aHsI-
tusix, Tect, Pedepar
6. UnTepakTBHBbIE MeTOABLI M (GOPMBI OPraHU3aALMU 00yYeHH s
He npenycmorpeno PVYII.

7. JlabopaTtopHble paGoThl

HaumenoBanue nabopaTtopHbIX padoT npuBeneHo B Tabnuue 7.1.
Tabmuua 7.1 — HaumeHnoBaHue 1a00paTopHbIX padboT

4 ¥ =
= 2 E
3 = =
Z = 5
HasBanus pasnenos HaunmenoBanue mabopatopHbIX padoT zF &5
- 2 s
> Q =
a o g
= o
8 cemecTp
1 ®yHpameHTaNbHbBIE - OnpeneneHue MUPHUHBI 3aIPELICHHON 30HbI IIOJTY- 4 I1K-2, TIK-
JNIEKTPUYECKUE U IIPOBO/IHMKA METOJIOM TEMIIEpaTypPHOI0 CKaHUPOBa- 5
ONTUYECKNE CBOMCTBA Hus (J1abopaTopHasi yCTaHOBKA).
MaTepuaioB Htoro 4
OIITORJIEKTPOHUKH.
3 Ucrounuku HccnenoBanne CBOWCTB p-n Tiepexoaa B Mpudopax 4 [K-2, TIK-
HEKOrepEeHTHOT 0 OIITO3JIEKTPOHUKH (KOMITBIOTEPHOE MOJICTUPOBAHNE) 5
MITHYECKOTO U HUS
0 €CKOro U3Iyye Vroro 4
Ha OCHOBE
MIOJTyTIPOBOJHUKOBBIX
npuOOpoB U
TeTEPOCTPYKTYD.
4 ®oTonpUEMHUKH - CBoiicTBa U mapaMeTpsl POTOMPOBOJUMOCTH MOIY- 4 [K-2, TIK-
ONITUYECKOrO U3JIYy4YEHUs] | [IPOBOJHHUKOBBIX (DOTOPE3UCTOPOB (J1abopaTopHas 5
Ha OCHOBE YCTaHOBKA).
HOJIYIPOBOAHUKOBBIX Wroro 4
puOOpoB U
TeTepPOCTPYKTYP.
5 MogynsaTopsl 1 - UccnenoBanre aHM30TPONIMU ONITUYECKUX CBOKCTB 4 [K-2, TIK-
nedICKTOPhI KPUCTAJIJIOB HUOOATA JTUTHS (KOMIIBIOTEPHOE MOJICITH- 5

CornacoeaHa Ha noptane N2 41801




OIITUYCCKOI'O U3JIYUCHHA

poBaHue).

Ha OCHOBE TBEPbIX U Hroro 4
KHUJKUX KPUCTAJIOB.
Hroro 3a cemectp 16
8. IIpakTHYeckue 3aHATHA (CEMUHAPDI)
HanmMeHoBaHne NpakTUYECKUX 3aHATUH (CEMMHApOB) NpuBeaeHO B Tabuuie 8.1.
Tabmuua 8.1 — HaumeHOBaHME MPAKTUUYECKHUX 3aHATUH (CEMHUHAPOB)
o L=
= 2 =
s | i
= > O
HasBanus pasnenos HaumeHoBaHMEe IPAKTUUECKUX 3aHATUHN (CEMHHAPOB) 7 2 5
= i:
a o 2
= S
8 cemecTp
| dyHnameHTadbHbIE OO6cyxaeHue TpupoIbl B3aUMOJICHCTBUS CBETa U 2 TIK-2, TIK-
NIEKTPUYECKUE U TBEPJZIOTO TeJa: MMaJJlEHUE CBETA HA TPaHUIly pa3zaeia 5
OTNITHYECKHE CBONCTBA (ko3 ppurmenT orpaxeHus, KOdPPUIUEHT TOIIPU3a-
MaTepuaioB LIUH, TIOJTHOE BHYTPEHHEe oTpakeHue). I PeKT IBy-
OINITORJIEKTPOHUKH. Jy4enpesOMIICHUS B aHU30TPOITHBIX CpeJax U €ro
cneactBus. Judppakuus Bynasda — Bparra. Pemenue
3aJay Ha MOJIHOE BHYTPEHHEE OTpaKeHUE U TU(paK-
o Byneda — bparra. Mexanusmsl paccesHus cBeTa
(mo Komnrony, mo Pamany, CTOKCOBCKOE M aHTHUCTOK-
COBCKOE paccesiHue). Pemenue 3aia4 Ha ABydenpe-
JIOMJICHHE B OTHOOCHBIX KpUCTaJLIAX.
Hroro 2
2 I'enepatopsl OO6cyxkneHne MEXaHU3MOB U3ITyYSHHS CBETa TBEP/IbI- 5 [IK-2, TIK-
KOI'€pEHTHOTO MH Tenamu. [ [puHIUIB ynpaBieHus N31y4aTeIbHON 5
ONITUYECKOTO M3JIy4YEHHUs] |peKoMOMHanuel B MpOBOJAIINX cpeax. Pemenue 3a-
Ha OCHOBE Jlad Ha BBIYMCIICHUE M1apa-METPOB KBAHTOBOM 3P dek-
HEPaBHOBECHBIX TUBHOCTH 3MHUCCHHU U3Ty4eHus, KodpduuueHToB DitH-
KBaHTOBBIX CHUCTEM. mreiiHa. O0CyX1eHue CBOMCTB ONTUYECKUX PE30Ha-
TOPOB: NPUHIMI PabOThl, HapaMeTpPhl, CIIEKTP Yac-TOT
u ero ymupenue. Mogsl pezonaropa ®adpu — Ilepo u
ux cBoiicTBa. Perienue 3a1a4 Ha BEIUMCIIEHUE COO-
CTBEHHBIX YaCTOT U IIUPUHBI IMHUU U3ITYYECHUS
OTKPBITBIX pe30HAaTOpoB. [IpocMOTp puCyHKOB, 1na-
rpaMm, TaOJHI] IO TTapaMeTpam JIa3epoB.
Hroro 5
3 cTounuku OO6cyxaeHne TPUHIMIOB YITY4IICHHS TapaMeTPOB 5 I1K-2, I1K-
HEKOIe€pEHTHOTO CBETOAMOOB 32 CUET BBEJCHUS KBAHTOBBIX M U 5
ONTUYECKOrO U3Iy4eHUs |cBepxpenieToK. CIEeKTp U3Iy4eHHs U JuarpaMmma
Ha OCHOBE HaIpaBJIEHHOCTH CBETOMOA HAa TETEPOCTPYKTYpax.
MOJIyTIPOBOJHUKOBBIX Pemienue 3a1a4 Ha BBIYUCIICHUE IAPAMETPOB CBETO-
npubOpoB U JMOJIOB ¢ KBAHTOBBIMHU SIMAMH. OIPaHUYMBAIOILNE
TeTEPOCTPYKTYP. ciou. [IpeumyimecTsa OT IPUMEHEHUS B KOHCTPYKIIHA
CBETOAMOAOB ONTUYECKOr0 MUKpope3oHaTopa. I1po-
CMOTp PUCYHKOB, arpamMM, TabJIMIl [0 apaMeTpam
CBETOAMOAOB PA3JIMYHOTO THUIIA.
Hroro S
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4 ®OTONPUEMHUKHI OO6cyxaeHue napameTpoB (POTOIETEKTOPOB HA OCHOBE 2 I1K-2, I1K-
ONITUYECKOTO M3Iy4eHHUs | (HOTOMPOBOIMMOCTH U OaphepHOii hoTodzc. Pemenne 5
Ha OCHOBE 3a/1a4 Ha BhIYUCIIEHHE ()OTOUYBCTBUTEILHOCTH JIETEK-
MOy TIPOBOHUKOBBIX TOPOB Ha OCHOBE (POTOMPOBOIMMOCTH U OaphepHOU
npuOOpoB U botornc.O0cykaeHHe MPUPOIBI IITYMOB PA3IUYHBIX
TeTEPOCTPYKTYP. TUTOB. PerieHre 3a/1a4 Ha BEIYMCIICHUE YPOBHS IITY-

MOBOTO HAaNPSHKEHUS MPU ACHCTBUM HANPSXKEHUS.

OO6cyxaenue mapameTpoB (HOTOAETEKTOPOB HA OCHOBE 2

(dhoTorpoBouMOCTH U OapbepHOt hoTodac. Permenue

3aJa4y Ha BBIYUCICHHE ()OTOUYBCTBUTEIHLHOCTH JIETEK-

TOPOB HAa OCHOBE (POTOMPOBOAUMOCTH U OapbEepPHOIA

botoaac.O0Ccy)aeHHE TPUPOJIBI ITYMOB PA3TUIHBIX

TunoB. Pemienne 3a1a4 Ha BRIYUCIICHUE YPOBHS IIIY-

MOBOTO HANPSDKEHUS TPU ACUCTBUH HATIPSHKEHUSI.

Hroro 4
5 Mogynstopsl 1 OO6cyxaeHne MEXaHn3MOB U3MEHEHHSI ONITUYECKUX [1K-2, I1K-
nedIeKTopbl CBOMCTB KPUCTAJJIOB TOJ] HAMIPSDKEHUEM, a TaK)Ke Me- 5
ONITUYECKOTO M3IIYYCHUS | XaHW3MOB JIEKTPOOTPAKEHHS U HIICKTPOTIOTIIOICHHSI
Ha OCHOBE TBEPJIBIX U B KBaHTOBBIBX sIMax, nepexoaa Openeprcka B KUAKUX
KUJIKUX KPUCTAJIIOB. KpHucTauiax.Penienue 3a1a4 Ha BEIYHCIICHUE JICHCTBY-

IOIUX HAMpPSDKEHUH B TBEPBIX TeNaX U )KHUIKUX KpPH-

cTaJljIax.

Hroro 2
Hroro 3a cemectp 18

9. CamocrosiTesibHAs1 padoTa

Bunasl camocTosiTenbHOM paboThl, TPYAOEMKOCTh U (hOpMUpPYEMbIe KOMIIETCHIIUU MTPEICTABICHHI B

tabmune 9.1.
Tabmuma 9.1 — Busiel caMOCTOSTENBHON padOThI, TPYIOEMKOCTh M JOPMHUPYEMbIE KOMIIETCHIIUU
3 @]
2 z E
2 5 =
Bunnr camocTosTeILHON & > 0O
HasBanus pasnenos z 7 &5 @OpMBI KOHTPOJIA
paboThI B s 2
=3 ez
a e g
~ S}
8 cemectp
| dyHnameHTagbHbIC [ToaroroBka k mpakTuue- 4 | IIK-2, Ompoc Ha 3aHsATUAX, Pede-
AIEKTPUYECKUE U CKHMM 3aHSITHSIM, CEMHUHA- IIK-5 pat, Tect, Dx3amen
ONTUYECKHE CBOMCTBA pam
MatepHajlon [TpopaboTka TeKIHOHHOTO 5
ONTOAIEKTPOHUKH. MaTepHaa
Hroro
2 I'enepatopsl [ToaroroBka k mpakTuue- I1K-2, Onpoc Ha 3aHaTusx, Ot-
KOT'€pEHTHOTO CKHUM 3aHATHSIM, CEMHHA- [IK-5 4eT 1o JabopaTopHoOi pa-
ONTHUYECKOTO U3JTYUYECHUSI |paM oore, Pedepar, Tect, Dx3a-
Ha OCHOB MEH
a OCHOBC Hroro 6 ¢
HEPaBHOBECHBIX
KBaHTOBBIX CHCTEM.
3 U cTOYHHKH [TogroroBka k mpakTuue- 7 IIK-2, JomamHee 3aganue, Ot-
HEKOT€pPEHTHOTO CKHUM 3aHSATUSIM, CEMHHA- IIK-5 4eT 1o JabopaTopHOi pa-
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ONTHUYECKOTO U3JTYUYCHUSI |paM oore, Pedepar, Tect, Dx3a-
Ha OCHOBC OdopmieHre 0TYETOB TI0 4 MCH
TOTYIPOBOIHUKOBLIX J1abopaToOpHBIM paboTam
npuOopoB U
TeTEPOCTPYKTYP. Hroro 11
4 ®oTonpUEMHUKH IToaroroBka K npaxkTuye- 6 |IIK-2, Omnpoc Ha 3aHsaTHAX, OT-
ONTUYECKOTO U3TYYEHUSI | CKUM 3aHSATHUSIM, CEMHHA- [1K-5 4eT 110 J1JabopaTopHoil pa-
Ha OCHOBE pam 6ote, Pedepar, Tect, Dx3a-
HOH%'HPOBOI[HHKOBHX OdopmiieHre 0TYETOB 110 4 MeH
npu B U
PHOOPO nabopaTOpHBIM paboTam

TeTePOCTPYKTYD.

Hroro 10
5 Mopaynstopsl 1 [ToaroroBka kK mpakTuue- 6 |IIK-2, Onpoc Ha 3aHaTusx, Ot-
NeQIeKTOPbI ONTHYECKOTO | CKMM 3aHSATHIM, CEMHHA- IK-5 4eT 110 JJabopaTopHOil pa-
W3JIyYEHHUs] HA OCHOBE pam oore, Pedepar, Tect, Dx3a-
TBEPJIBIX U JKUKUX MeH

A a [IpopaboTka JIEKIIMOHHOTO 2 ¢

KPHUCTAJIJIOB. MaTepuaa

OdopmiteHre 0TIETOB TIO 4

nabopaTopHbIM paboTam

Hroro 12
Hroro 3a cemectp 48

IloaroroBka u caaya dK3a- 36 OK3aMeH

MeHa
Hroro 84

10. KypcoBoii nmpoekT / KypcoBasi padota
He npenycmorpeno PVYII.

11. PeiiTuHroBasi cucreMa JJisi OLlEHKHU YCIIeBA€eMOCTH 00y4aroumuxcsi

11.1. baajbHbIe OLEHKH JJIS 3JIeMEHTOB KOHTPOJISI
Tabmuua 11.1 — banipHbIe OLIEHKH TSI JIEMEHTOB KOHTPOJISI

. . MaxkcuMabHbIN
. MaxkcumanbHbIN MaxkcumanbHbIN
DneMeHThl yueOHOit 0as 3a mepuo Bcero 3a
6amn Ha 1-yto KT ¢ | 0ami 3a nepuoa
JESITENbHOCTH mexny 2KT u Ha cemMecTp
Hayana ceMectpa | mexnay 1KT u 2KT
KOHEI| cemecTpa
8 cemectp
Omnpoc Ha 3aHATHAX 8 8 8 24
Otuet no nabopaTopHOii 7 7 7 21
pabore
Pedepar 8 9 8 25
Hrtoro makcumyM 3a nepu- 23 24 23 70
on
OK3aMeH 30
Hapacraromum utorom 23 47 70 100
11.2. IlepecyeT 0a/1710B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH
[TepecueT O0aTOB B OIIEHKH 32 KOHTPOJIGHBIC TOUKH MIPEICTaBICH B Tadmuie 11.2.
Tabmuua 11.2 — [TepecueT 6aI0B B OLIEHKH 32 KOHTPOJIBHBIE TOUKH
banbl Ha 1aTy KOHTPOJIBHON TOYKH Onenka
10
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> 90% ot MakcuManbHON cyMMBbI OamioB Ha gaty KT

Ot 70% no 89% ot makcumasibHON cymMmbl OaiioB Ha aaty KT

Ot 60% 10 69% OoT MakcMMaIbHOM cyMMbl OaisioB Ha naty KT

N | W | &~ W

< 60% oT MakcuMaabHOU cyMMbI OauioB Ha naty KT

11.3. Ilepecyet cyMMbI 02/1710B B TPAAULMOHHYIO M MEKTYHAPOIHYIO OLEHKY
[lepecuer cymMMBl 0aJIOB B TPaIUIMOHHYIO M MEXIYHAPOAHYIO OLIEHKY TPEACTaBICH B TaOmuIle
11.3.

Tabmuua 11.3 — [lepecueT cymmbl OalIOB B TPAAUIIMOHHYIO M MEXKAYHAPOAHYIO OLIEHKY

HtoroBas cymma Oaos,

Onenka (I'OC) YUHTBHIBAET YCHEIIHO CAAHHBIN Onenka (ECTS)

9K3aMEH

5 (OTIMYHO) (3a4TEHO) 90 -100 A (oTIInYHO)
85 -89 B (ouens xoporiio)

4 (xopo11o) (3a4TeHO) 75 - 84 C (xoporo)
0-74 D (ynoBnerBoputeabHO)
65 - 69

3 (yZIOBJIETBOPUTEIHHO) (3aYTEHO) 60 - 64 E (nocpercraenio)
2 (HeyROBICTBOPHTENSHO) (HE Hwxe 60 6ayioB F (HeynoBneTBOPUTENIBHO)

3a4TEHO)

12. YueOHO-MeTOAMYecKOe U MHGOPMAIMOHHOE 00ecTieyeHue TUCIHIIIMHBI

12.1. OcHoBHas JUTEpaTypa
1. Tluxtun, Anexcanap Hukonaesud. KBanToBas u ontudeckas ekTpoHuka [Tekct] : yaeOHUK
11 By3oB / A. H. ITuxtun. - M. : AGpuc, 2012. - 656 ¢ : un. - bubmumorp.: - ISBN 978-5-4372-0004-9 :
YK 621.373.8(075.8) 621.383(075.8) PYbB 621.373 (nanuuue B Oubmorexke TYCYP - 42 3k3.)
2. @®usznyuecKue OCHOBBI ONTOAIEKTPOHUKH [DIIEKTPOHHBIN pecypc]: YuebHoe mocodue / JlaBbi-
moB B. H. - 2016. 139 c. - Pexxum nocrtyna: https://edu.tusur.ru/publications/5963 (mata oGpamieHus:
02.08.2018).

12.2. lonotHUTEILHAS JTATEPATYpPa

1. Bopucenko, Bukrop EBrenneBuu. Hanoanekrponuka [Tekct] : yueGHoe mocobue /i By30B /
B. E. bopucenko, A. . Bopo6sesa, E. A. Y1kuna. - M. : BUHOM. JlaGoparopus 3nanuii, 2012. - 224
c. : uin. - (Hanorexnonorun). - bubnuorp. B xonue vacreit. - ISBN 978-5-94774-914-4 : V]JIK 621.382-
022.532(075.8) (nanuuue B 6udmotexke TYCYP - 81 5k3.)

2. WrnaroB, Anekcannp HukonaeBuu. OnToanektpoHuka u HaHodoroHuka [Tekcr] : yuebHOe
nocobue n7s By30B / A. H. Urnaros. - CII6. : Jlanb, 2011. - 539, [5] c. : un. - (Yuebuuku ams By30B. Crie-
nuanbHas aureparypa). - bubmuorp.: c. 526-530. - ISBN 978-5-8114-1136-8 : YJIK 621.383(075.8)
621.383-022.532(075.8) (manuuue B 6ubnmorexke TYCVYP - 15 3k3.)

12.3. YueOHO-MeTOAHYECKHE ITOCOOUS

12.3.1. O0s3aTe/ibHbIE Y4eOHO-METOAMYEeCKHE MOCOOUs

1. JaBeimoB B.H. ®usnueckre OCHOBBI ONTORJIEKTPOHUKH [DJIEKTPOHHBIA pecypc|: YueOHo-
METOJMYECKOe TIOCOOHE ISl CAMOCTOSITENILHOM pabOThl CTYJCHTOB HampaBieHH moaArotoBku «MHpokoM-
MYHHKAIIHOHHBIC TEXHOJIOTUH WM CHUCTEMBI CBSI3W» W «KBaHTOBBIE W ONTOIJICKTPOHHBIC MPUOOPHI U
ycrpoiictBay / laBeimoB B. H. - 2016. 92 c. - Pexxum nmoctyma: https://edu.tusur.ru/publications/5964
(mara obpamenus: 02.08.2018).

2. JlaBbinoB B.H. M3Mmepenue mupuHbl 3ampeiieHHON 30HbI MOTYIPOBOJIHUKA METOJAOM TEeMIIE-
paTypHOTO CKaHMPOBaHUA. Y 4eOHO-METOIUYECKOE MOcoOue K JlabopaTtopHoit padore. ToMck [DneKTpoH-
Helii pecypc]: TYCVYP, 2013. — 10 c. [DOnexTpoHHbIi pecypc] PykoBoncTBo k maboparopHoii pabore. —
Tomck ToM. roc. yH-T cucteM ynpasieHus u panunosnekrponuku (TYCYP), Kadenpa snexTpoHHBIX TpHU-
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O0opoB. — DnekTpoH. TekctoBbie naH. — Tomck TYCYP, 2013. — 10 ¢ - Pexum pmocryna:
https://edu.tusur.ru/publications/3559 (nara o6pamenus: 02.08.2018).

3. MHccnenoBaHue aHU30TPOIUHM ONTHYECKUX CBOWCTB KPUCTAJUIOB HUOOATa JUTHUA [DJIEKTPOH-
HBIN pecypc]|: MeToaundeckoe mocodue K 1abopatopHoi paboTe Jis CTYACHTOB OakajiaBpuara 1o Harpas-
aenuto 11.03.04 — «Onexkrponuka u HaHOIEKTpoHUKay [Ipodunb «KBaHTOBast 1 onTHYECKast SIEKTPOHU -
ka» / JaBeimoB B. H. - 2016. 13 c. - Pexxum goctyna: https://edu.tusur.ru/publications/5970 (nata 06-
pamenus: 02.08.2018).

4. CaoiicTBa 1 mapameTpsl (HOTOMPOBOJUMOCTH IOTYITPOBOTHUKOBBIX (OTOPE3UCTOPOB [IJIEK-
TPOHHBIN pecypc]: Meroauueckoe mocodue K JabopaTopHON paboTe UIs CTYACHTOB OakalaBpHara Io
HarnpasieHuio 11.03.04210100.62 — DnekTponrka u HaHO3JIeKTpoHUKA. [Ipoduns «KBaHTOBas M onTHYE-
ckas  onektpoHuka» /  JasemoB B, H. - 2016. 16 c. - Pexum poctyna:
https://edu.tusur.ru/publications/5967 (nara oopamenus: 02.08.2018).

5. HccnenoBaHue CBOWCTB p-h MEPEXOIOB B MPHOOpAX OMTORIEKTPOHUKH [DINEKTPOHHBIN pe-
cypc]: Metoauaeckoe mocodue K 1abopaTtopHOi paboTe JUIsl CTYIEHTOB OakaiaBpuara Mo HarpaBJICHUIO
11.03.04 — «DnekTpoHMKA U HAHOZJEKTPOHUKa» NMpodmitb «KBaHTOBast U onTHYecKas eKTpoHuKay / Jla-
BeiZIoB B. H. - 2016. 17 c. - Pexxum noctyma: https://edu.tusur.ru/publications/5969 (mata oOpamienus:
02.08.2018).

6. KBaHTOBBIE U ONITOANEKTPOHHBIE TPUOOPHI U YCTPOUCTBA [ DNEKTPOHHBIN pecypc]: MeTtoauue-
CKHE yKa3aHMi K MpakThyeckuMm 3aHsaTuaM / MsrkoB A. C. - 2012. 53 c. - Pexum nocryna:
https://edu.tusur.ru/publications/2495 (nara obpamenus: 02.08.2018).

7. KBaHTOBBIE U ONTOAIEKTPOHHBIE MPUOOPHI U YCTPOUCTBA [ DNEKTPOHHBIN pecypc]: Mertonuue-
CKHE YKa3aHUs IO caMocTosTeNbHOW padore / MsarkoB A. C. - 2012. 15 c. - Pexxum nocryma:
https://edu.tusur.ru/publications/2496 (nata obpamenus: 02.08.2018).

12.3.2. YueOHO-MeTOAMYECKHE TOCOOHS /ISl JIML C OTPAHMYEHHBIMH BO3MOKHOCTSIMHU 3/10POBbS U
HHBAJINI0B

Y4eOHO-METOIMUECKUE MaTepHallbl AJIsi CAMOCTOSTENILHON M ayAUTOPHOM paboOThl 00ydaroIuXcs
W3 YHUCla JUIl C OTPAHMYCHHBIMUA BO3MOXKHOCTSIMH 3/I0POBBSI M1 HHBAIHMJIOB MIPEIOCTABIAIOTCS B hopMax,
aJaNTHPOBAHHBIX K OTPAHUYCHUSM UX 3/I0POBbS U BOCTIPUATHUS HHPOPMAIIHIH.

JJist I ¢ HAPYIIeHUSIMU 3PeHusI:

- B (hopMe AIIEKTPOHHOTO IOKYMEHTA;

- B [le4aTHOU (hopMe yBETUYEHHBIM HIPUPTOM.

JIJ1s1 1L ¢ HAPYIIEHUSIMHU CJIyXa:

— B (hopMe AIIEKTPOHHOTO IOKYMEHTA;

- B IeyaTHoOU (popme.

JLJ1st I ¢ HAPYIIeHUSIMU OTIOPHO-ABUIaTeJILHOTO anmapara:

— B (hopMe AIIEKTPOHHOTO IOKYMEHTA;

- B reyaTHou (opme.

12.4. IIpodeccuonaibHbie 6a3bl JAHHBIX U HH(GOPMAIIMOHHBIE CTIPABOYHbIE CHCTEMbI

1. Ilpu u3ydeHHMH IUCHMIUIMHBI pPEKOMEHAyeTcs oOpamiarbcst K 0a3aM JaHHBIX, HMH(OpMaIu-
OHHO-CIIPaBOYHBIM ¥  IOMCKOBBIM cUCTeMaM, K KotopbiM y TYCVYPa oTkpbIT Joctym:
https://lib.tusur.ru/ru/resursy/bazy-dannyh

13. MaTtepuaibHO-TEXHMYECKOe 00ecneyeHre JUCHUILJIMHBI U TpedyeMoe MPorpaMMHoOe
obecneuenue

13.1. O6mue TpedGoOBaHMA K MATEPHAJIBHO-TEXHUYECKOMY H NIPOIPAMMHOMY 00eCIie4YeHHI0
AUCHUIIIIMHBI

13.1.1. MaTepuaibHO-TEXHHYECKOE W MPOTrPaMMHOe olecriedeHue 1JIs JTeKIIMOHHBIX 3aHATHI
Jlnst mpoBeieHus 3aHATUH JIEKIIMOHHOTO TUTIA, TPYIIIOBBIX M MHIAWBUYaTbHBIX KOHCYJAbTALIUH, TE-
KYIIIETO KOHTPOJISI ¥ MPOMEXKYTOYHOW aTTECTAI[UU HUCIIONIB3YEeTCs yueOHas ayTUTOPHUsS ¢ KOJTMYECTBOM TIO-
CaZIoYHBIX MecT He MeHee 22-24, 00opynoBaHHAs JOCKOM M CTaHAApTHOH yueOHOIl mebenbio. MMeroTces
JIEMOHCTPAIMOHHOE 000pyI0BaHNE U YIeOHO-HATIISAHBIE TTOCOOUS, 00ECIIeYNBAOIINE TEMATHUSCKHIE I~
JIOCTPALIMHU TI0 JIEKIMOHHBIM pa3JielaM TUCIUTUINHEI.
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13.1.2. MaTepuaJbHO-TEXHUYECKOE H NPOrPaMMHoOe o0ecnedyeHne VI NPAKTHYeCKUX 3aHATHI

VYuebOHas maboparopus

yueOHasi ayIuTOpus ISl IPOBEICHHS 3aHIATUI PAKTUYECKOrO THIA, yueOHast ayIuTOpus IS TIPO-
BEJICHUSI 3aHATUHN Ja00paTOPHOTrO TUIIA, TOMEIIEHHE AJIi KypCOBOIO MPOEKTUPOBAHUS (BBIIOJHEHUS Kyp-
COBBIX PabOT), MOMEIEHHUE ISl IPOBEICHHS IPYIIIOBBIX U MHIUBUAYAIBHBIX KOHCYAbTAIHN

634034, Tomckast obmactb, . Tomck, Bepmmauna ynuna, a. 74, 110 ayz.

Onwucanue uMeronierocs 000pyI0BaHuUs:

- JJabopartopusbie cTeHab! (6 mIT.);

- 3mepurenbHbie TpUOOPHI;

- Jlocka MarHuTHO-MapKepHasi;

- Onruueckas ckambsd OCK-4;

- [Tomemienune a1 XxpaHeHUs1 yueOHOTO 000pYIOBaHUS;

- Kommuiekt cienmanuzupoBanHoi yueOHoOW Mebenu;

- PaGouee mecto npenogaBarens.

[TporpamMHoOe obecnieueHre He TpeOyeTcsl.

13.1.3. MaTepua/ibHO-TeXHUYECKOE M IPOrPaMMHoOe obecrieyeHne JIs J1adopaToOpHbIX padoT
[IpenonaBarensckas
MIOMEIIEHHUE [T IPOBEICHUS TPYIIIIOBBIX U MHIANBUAYAIBHBIX KOHCYIbTAIHHA
634034, Tomckas o6macts, T. Tomck, Bepmnnuna ynuua, a. 74, 215 ayn.
Ornucanue UMeroIerocs 000py10BaHUs:
- Kommbrotep (2 mit.);
- Kommnekr cneunanuzupoBanHol yueOHoI mebenu;
- PaGouee mecTo mpernoiaBares.
[IporpamMmMHoOe obecrnieueHue:
- 7-Zip
— Google Chrome
— Kaspersky Endpoint Security 10 qyigs Windows
— Microsoft Windows
— OpenOftice

13.1.4. MaTrepuajibHO-TEXHMYECKOE U IPOrPaMMHOe odecredeHne I CAMOCTOATEIbHOI padoThI
Jiist caMoCTOSTeNbHOM paboThl HCMONB3YIOTCA y4eOHbIE ayAUTOPUU (KOMITBIOTEPHBIC KJIacchl),
PacCIOJIOKEHHBIE TIO aJIpecaM:
- 634050, Tomckast o6nacTb, T. Tomck, Jlennna mpocmnexr, 1. 40, 233 ayx.;
- 634045, Tomckas obmacts, r. Tomck, yin. Kpacnoapmeiickas, 1. 146, 201 ayn.;
- 634034, Tomckast obnacTb, . Tomck, Bepummnauna ynuna, 1. 47, 126 ayz.;
- 634034, Tomckast obmacTs, r. Tomck, Bepmmanna ymuma, 1. 74, 207 aya.

CoctaB 000pyIOBaHUSA:

- yueOHasi meOelb;

- komneroTepsl kinacca He Hwke [I9BM INTEL Celeron D336 2.8['Tw. - 5 miT,;

- KOMOBIOTEPHI MOJKIIOUYEHBI K ceTu «/HTepHeT» U 00ecreynBaroT JAOCTYI B AIEKTPOHHYIO HH-
(hopManOHHO-00pa30BaTENIbHYIO CPEly YHUBEPCUTETA.

[lepeyeHb MPOrpaMMHOTO 0OCCIICYCHUS:

- Microsoft Windows;

- OpenOftice;

- Kaspersky Endpoint Security 10 s Windows;
- 7-Zip;

- Google Chrome.
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13.2. MaTepuajJibHO-TeXHUYECKOe o0ecnedeHne TUCHUIITHHBI VISl JIMI ¢ OTPAHHYEeHHBIMU
BO3MOKHOCTSIMHU 3/10POBbSI U HHBAJIN/I0B

OcBoeHUE MUCLUUIUIMHBI JIMIIAMU C OTPAaHUYEHHBIMH BO3MOXKHOCTSMHU 3/10POBbSI U WHBAIUJIAMU
OCYIIECTBIISIETCA C UCTIOJIB30BAaHUEM CPEICTB 00yUEHHs OOILIEro U CIelnaIbHOTO Ha3HAYEHUS.

[Tpu 3aHATHAX ¢ OOYUAIONMIUMUCS ¢ HAPYIIEHUSIMH CJIyXa MPEIyCMOTPEHO UCIIOIb30BaHHE 3BYKO-
YCUJIMBAIOILEH anmapaTypbl, MyJIbTUMEAUUHBIX CPEJICTB U APYTUX TEXHUUYECKUX CPEACTB Mpuema/mepesa-
4yi y4yeOHOM nHpOPMALIUU B TOCTYIHBIX (hopMax, MOOMIIBHOM CUCTEMBI MTPETIoiaBaHus il 00YJatOLTHXCsI
C MHBAJIMTHOCTBIO, TOPTATUBHON MHIYKIIMOHHOW CHCTEMBI. Y4eOHas aymuTOpUs, B KOTOPOUH 3aHUMAIOTCS
oOyyarolyecs: ¢ HapylIEeHHEM CllyXa, 00OpYy/lI0BaHA KOMITBIOTEPHOM TEXHMKOM, ayAMOTEXHUKOH, BUICO-
TEXHUKOMU, AJIEKTPOHHOM JOCKOH, MYJIbTUMEIUIHON CUCTEMOM.

[Tpu 3aHATUAX C OOYUAIOUTUMUCS ¢ HAPYIIEHUSIMU 3PEHUSIMH TIPETYCMOTPEHO UCIIOJIb30BaHUE B
JICKIMOHHBIX U YU€OHBIX ayJUTOPUAX BO3MOXKHOCTH MPOCMOTPa yAaJIEHHBIX 00BEKTOB (Hampumep, TeKCTa
Ha JIOCKE WM CJaif/la Ha 9KpaHe) MPU TOMOIIY BUACOYBETUIHUTENCH 151 KOM(GOPTHOTO IPOCMOTPA.

[Tpu 3aHATHAX C 0OYy4YaIOIIUMUCS ¢ HAPYLIEHUSIMH ONOPHO-ABUIaTeIbHOIO aNnapara HCIOJb-
3YIOTCSl aIbTEPHATUBHBIC YCTPOICTBA BBOJA MH(OPMAIIUY U IPYTHe TEXHHUECKHE CPEICTBA IIpUeMa/Tiepe-
Jnaud yaeOHOM MHGOpMaIUKA B JOCTYIHBIX (popmMax, MOOMIIBHONW CUCTEMbI OOYYCHUS JJIs JIFO/ICH C MHBA-
JUAHOCTBIO.

14. OIIeHO‘lHLIe MaTepuajJabl  METOAUYECCKUE PEKOMEHIAUHU MO OPraHu3alluv U3y4CHUA
AUCHHUITINHBbI

14.1. Couepmalme OLICHOYHBIX MATCPHAJIOB U METOANIECCKUEC PEKOMECHAAIIUH
I[J'ISI OLCHKHU CTCIICHU C(bOpMI/IpOBaHHOCTI/I N YpPOBHsA OCBOCHHA 3aKPCIIJICHHBIX 3a HHCHHHHHHOﬁ
KOMITCTCHITUM HCIIOJIB3YIOTCA OLCHOYHBIC MaTCpHUaJibl B COCTABE!

14.1.1. TecToBble 3aganus
1. Ins kakux 1eneil npu pacCMOTPEHUHU ONTHUYECKUX CBOMCTB TBEPJBIX TEN UCIOJIb3YIOT SHEpre-
TUYECKUH U TOJIUHHBINA CIIEKTP TBEPAOTO Tena?

a) DHEePreTHYECKUI CIIEKTpP U JOJIHUHHBIN CIIEKTP MOKA3bIBAIOT CIIOCOOBI BHIBOIA KBAHTOBOM CHUCTE-
MBI TBEPJIOTO TeJIa B BO30YKICHHOE COCTOSIHUE U MYTH PeaKcalui BO30Y)KIEHHOTO COCTOSIHUS B OCHOB-
HOE;

6) BHCpFCTI/I‘-IeCKI/Iﬁ CIICKTP MOKAa3bIBACT BCC SHCPICTUICCKUEC COCTOSAHUA TBECPAOTO TCJIa B 3aBUCH -
MOCTH OT UMITYJIbCA HAaCTHUIIbI, a }IOJ'II/IHHI)II\/'I CIICKTP IMOKAa3bIBACT AWAIIA30H M3MCHCHUS DHCPIrUn 4aCTUIIbL
IIpu UBMCHCHHUU € 6p01>'IHCBCK01>'I JJIMHBI BOJIHBI YaCTHUIIbI,

B) 3HepTeTquCKHﬁ CIICKTP IMOKAa3bIBACT BCC Pa3pCHICHHBIC SHCPICTUICCKUC COCTOAHUA TBEPAOTO
TEJIa B 3aBUCUMOCTH OT KOOPJAUHATEI, OTCUHMTHIBAEMOI BHYTpH TECJja, a HOHHHHI)IfI CIICKTPp ITOKAa3bIBACT OO~
MYCTUMBIC 3HAYCHUS SHCPIrUA KBAHTOBOM CHCTEMBI B 3aBUCUMOCTH OT HUMITYJIbCa YaCTHUILIbI;

F) 3HCpTCTH‘lCCKHﬁ CIICKTp TBCPAOIO TCJIa MOKA3bIBACT SHCPICTUUCCKUC BO3MOXKHOCTU CO3/1aBac-
MBIX Ha OCHOBE 3TOI'0 T€JIa KBAHTOBBIX I'CHEPATOPOB, a )IOHHHHBIﬁ CIICKTp ONpCACIACT JUuala3oH U3MCHEC-
HHS ONTUYECKHUX CBOMCTB 3TOr0 TeJIa B 3aBUCHUMOCTH OT 3aKJIaJbIBAEMbIX napamMeTpoOB I'CHCPATOPOB.

2. JIns xakux uenel Nnpu ONHMCAaHWU B3aUMOJECMCTBMSI ONTUYECKOTO M3IYyYEHUS U TBEPIOTO Teja
HCIOJIB3YIOT apaMeTp BHYTPEHHEN KBAaHTOBOM 3((EeKTUBHOCTH AYMUCCHH M3TYUYEHHs U MapaMeTp BHEI-
Hell KBaHTOBOH 3(h(heKTUBHOCTH SMUCCUU U3ITYUEHUS?

a) [TapameTp BHyTpeHHEH KBaHTOBON 3(PPEKTUBHOCTH ONUCHIBACT JIOJIO SHEPTUH BHEIIHEH HaKad-
KU, KOTOpasi IepeBOIUTCSI BO BHYTPEHHIOIO SHEPTHI0 BO30YK/IEHHOTO COCTOSIHUSI KBAHTOBOM CHCTEMBI, a
napamMeTp BHEIIHEH KBaHTOBOH 3((PEKTUBHOCTH ONpPEAENsIeT 00 ONTHUECKOW SHEPTUH, MOTJIOIIEHHOM
TBEP/BIX TEJIOM, KOTOpast U3Ty4yaeTCsi UM B BU/I€ KOTEPEHTHOTO U3ITyUEHUS;

0) [lapameTp BHyTpeHHEH KBaHTOBOU 3(P(EKTUBHOCTH OMKCHIBAECT OTHOIIICHUE YHEPTHUU KOTEPEHT-
HOTO ONTHYECKOTO M3IIy4eHHUs, TEHEPUPYEMOTO TBEPIBIM TEIOM, K IMOJIHOW DHEPrUH U3TydeHHUs BO30y-
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JKJIEHHOW KBaHTOBOM CHCTEMOH, a mapaMeTp BHEUIHEW KBaHTOBOH 3(p(ekTuBHOCTH ompenenser 00 Om-
TUYECKOU YHEPIHH, MTOMIOIIEHHOM TBEPABIX TEJIOM, KOTOpasi M3J1y4aeTCs UM B BUJI€ KOTEPEHTHOTO U HEKO-
TEPEHTHOIO U3IIy4EHUS;

B) [lapameTp BHYTpeHHEH KBaHTOBOW 3((EKTUBHOCTH OMUCHIBAECT OTHOILICHHE SHEPTHH KOTEPEHT -
HOTO ONTHUYECKOTO M3JIy4EHUs, TEHEPUPYEMOTO TBEPAbIM TEJIOM, K IOJIHOW 3HEPruM U3Iy4eHUs BO30Y-
JKJIGHHOW KBaHTOBOM CHCTEMOH, a mapaMeTp BHEUIHEW KBaHTOBOH 3(p(eKTuBHOCTH ompenenser 00 Om-
TUYECKON YHEPIHH, MTOMIOIIEHHOM TBEPABIX TEJIOM, KOTOPasi M3J1y4aeTCs UM B BUJI€ KOTEPEHTHOTO U HEKO-
TEPEHTHOIO U3JIy4EHUS;

r) [TapameTp BHyTpeHHEN KBaHTOBOM 3()()eKTUBHOCTH OMUCHIBAET OTHOILICHHE SHEPTHU UCITYCKae-
MOTO TBEPABIM TEJIOM ONTHYECKOrO M3IY4YCHMs BHYTPH 3TOTO Teja K IOJHOW DHEPIUHU, UCITyCKAEMOH
TBEPJBIM TEJIOM: ONTHYECKOM (B BUAE ()OTOHOB) M TEIUIOBOM B BUAE (OHOHOB, a MapaMeTp BHELIHEH
KBAaHTOBOM 3((EKTUBHOCTH ONpPEAEISIET A0 ONTUYECKON SHEPTUH, BBIXOAIEH C TOBEPXHOCTH TBEPO-
r'0 Tejla BO BHEIIHEE IPOCTPAHCTBO, K SHEPIUU ONTUYECKOIO U3JIYyYEHUs, TCHEPUPYEMOIO BHYTPU TBEPAO-
IO Tela.

3.Kakue sHepreTrueckue nepexobl KBAaHTOBOW CHUCTEMBI CYIIECTBYIOT IPU €€ OCBEIEHUU H3IIY-
YEHHEM C HEpPIUel KBAaHTOB, paBHOW 3HEPIUHU Nepexo]a, KaKUMHU NapaMeTpaMu OIMCBIBAIOTCS 3T Iepe-
XOJIbl M Ha YTO YKa3bIBaeT B3aWMHAasl 3aBUCUMOCTh 3THX MapaMeTpoB?

a) [Ipu majgeHnn Ha KBAaHTOBYIO. CHCTEMY KBAHTOB CBETa C DHEPTHEH, PaBHON SHEPTETUYECKOMY
3a30py MCXKAY YPOBHSIMHU 3HCPTHU BO3MOKHBI CICAYIOIIUC TPU HNPOLECCA: BBIHYKACHHOC MOTTIOMICHUC
¢dboToHa, BBIHYXIIEHHOE U3TydyeHHE (POTOHA U CIOHTAHHOE H3Ty4YeHHE, KOTOPHIE OMUCHIBAIOTCS CBOMMU
BEPOSTHOCTSIMU MEPEXOIOB - Kodpduumenramu DifHiTelHa. VX 1eTepMUHUPOBaHHAS 3aBUCUMOCTD YKa-
3BIBACT HAa SIMHBIM MEXaHNU3M B3aNMOJICHCTBHUS CBETa KBAHTOBOM CHCTEMOM;

0) I[Ipu majmeHnn Ha KBAaHTOBYIO. CUCTEMY KBAHTOB CBETa C DHEPTUEH, PaBHON IHEPTETUYCCKOMY
3a30py MCKAY YPOBHSAMHU SHCPTHU BO3MOKHBI CICAYHOIIUC OBA IMPOLCCCHI: BBIHYXKIACHHOC H3JTYUYCHUC
($hOoTOHA M CITIOHTAHHOE W3JTYYCHHE, KOTOPBIE OMUCHIBAIOTCS Kod(duimentamu DitHmTeHa. Ecnu BhIHY -
JKIACHHOC U3JTY4YCHHC q)OTOHa ABJIACTCA ACTCPMUHUPOBAHHBIM IMPOLICCCOM, TO CIIOHTAHHOC U3JIYUCHHUC -
MpoNECC CIy4alHbId. DTO yKa3bIBaeT Ha JBONCTBEHHBINM MEXaHU3M B3aMMOJICUCTBUSA CBETA U KBAaHTOBOM
CUCTEMBI,

B) [Ipu najeHnn Ha KBaHTOBYIO. CHCTEMY (DOTOHOB C DHEPTUEH, KpaTHON SHEPTHM 3a30pa MEXKIY
YPOBHSIMU PHEPTHM BO3MOXKHBI CIIEAYIOIIME TPHU MPOILECCHI: BBIHYXJIEHHOE H3JlyueHue (OTOHA, BHIHY-
KJIEHHOE TIOTJIoIeHHe (POTOHA M CIIOHTAHHOE M3JIY4YEHHE, KOTOPBIE OMHMCHIBAIOTCA KOI(UIMEHTAMH
OitHmreiiHa. Eciau BeIHYKIEHHOE U3NTydeHre (OTOHA U €ro U3JTYYCHHE SBJISIOTCS IeTEPMUHUPOBAHHBIMH
IIPOLIECCAMU, TO CIIOHTAHHOE U3JIyYEHUE - MPOLIECC CIIydaliHbIM. DTO yKa3blBaeT HAa JBOMCTBEHHBIN MeXa-
HU3M B3aUMOJCHCTBUS CBETA U KBAHTOBOW CHCTEMBI;

r) [Ipu mageHun Ha KBaHTOBYIO. cUCTeMY (DOTOHOB C DHEpPTHEH, KPAaTHOW DHEPTUHU 3a30pa MEKIY
YPOBHAMU SHCPTHU BO3MOKHBI CJICAYIOIIUC ABa IPOHLCCCHI: BBIHYXICHHOC IIOTJIOHNICHUC (1)OTOHa u
CIIOHTAaHHOE M3JIYYCHHUE, KOTOPhIC OMUCHIBAIOTCS KO3 dUuimeHTaMu DiHIITeHa. BeIHYXIeHHOe H3ITyde-
HUC (I)OTOHa " €TO0 CIOHTAHHOC U3JTYYCHHUC ABJIAIOTCA JCTCPMUHHUPOBAHHBIMU MPOUCCCAMMU. 910 YKa3blBa-
€T Ha eJMHBINA MeXaHU3M MOMJIOLIECHUS U3TYyYeHHS CBETa aTOMaMH.

4. B yeM CyIIHOCTh JAMIMOJIBHON MOJEIN aToMa M KaK OHa OOBSICHSAECT MEXaHW3M B3aUMOJCHCTBUS
CBeTa U aTOMHOM CUCTEMBI?

a) I[I/IHOJII:Ha}I MOZCJIb aTOMa pacCMaTpuBacT B33PIMOI[CI>1CTBPI€ KBaHTa CBC€Ta U aTOMa KakK IIOIJIO-

IIECHHUE KBaHTa CBETA 3JICKTPOHHBIM 00J1aKoM aToMa, OIIMCBIBACMbBIM KakK Sapﬂ)KCHHBIﬁ AUIIOJb C OIIpEac-
JICHHBIM MOMCHTOM,
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0) JlunonpHas MOIENb aTOMa pacCMAaTPUBACT B3aWMOJCHCTBHE KBAHTA CBETa M aTOMa KaK KYIIO-
HOBCKOE B3aWMOJICHCTBHUE JICKTPUUYCCKOrO TOJIS KBaHTA C JIMITOJIbHBIM MOMEHTOM atoma. JIMmosib atoma
06pa3OBLIBaCTCSI TIOJIOKUTCIIBHO SapH)KeHHLIM HZ[pOM aToMa 1 OTpI/II_[aTCJH:HBIM SapﬂI[OM BHCKTpOHHOI‘O
obmaka aToMa;

B) /lumonsHas Mozienb aToMa paccMaTpUBaeT B3aUMOJICHCTBIE KBaHTAa CBETa M aTOMa KakK HEYTpY-
roe coylapeHue KBaHTa C aTOMOM, OIMCBIBAEMBIM JUIOJIBHBIM MOMEHTOM OMNPEIEICHHOTO MOpPsIKa.aTo-
Ma. B pesynpraTe mornomeHus SHEpruy KBaHTa OH MCYE3aeT, a MOPSIOK AUIONS MOBBIIIACTCS, YTO OTpa-
KaeTcs B MU3MEHEHMM KOH(UTypally 3JEKTPOHHOro oOnaka. lumons aroma oOpa30BBIBAETCS MOJIOKH -
TENBHO 3apsHKEHHBIM SAPOM aTOMa M OTPULIATEIIEHBIM 3apsiIOM 3JIEKTPOHHOTO 00JlaKa aToMa,

r) JlunonpHas MoJieNlb aTOMa pacCMaTpUBAaEeT B3aUMOJICHCTBUE KBaHTa CBETAa M aTOMa KakK yIpyroe
COyJJapE€HUE KBAaHTAa C AaTOMOM, OIMCHIBAEMBIM aTOMHBIM JUIOJIbHBIM MOMEHTOM ONPEAEIEHHOTO NOPSAIKA.
B pesynbrare CTONKHOBEHUS KBAHT WM MCYE3a€T, MJIM MEHSIET CBOM mapameTphl. [lopsaok numons Takxke
U3MEHSIETCS, UTO OTPAXKACTCA B UBMEHEHUU KOHPUTypaIly JIEKTPOHHOTO 001aKa.

5. YTo Takoe CreKTpajibHasl JTUHUS U3TYyYEHUS U KAaKOBbl MEXaHU3Mbl U3MEHEHHS €€ MapaMeTpPOB:
BBICOTHI, IIIUPUHBI?

a) CniexTpalsibHas TUHUS U3TYYEHHs €CTh 3aBUCUMOCTh MHTEHCUBHOCTH MCITYCKaeMOI'0 KBaHTOBOM
CHUCTEMOHU CBETa OT JJIMHBI BOJIHBI U3JIYUCHUSA, UCIIOJIB3YyCMOI'0 B KAUCCTBC ONTUYECKOU HAaKaYKU I[aHHOFI
cucteMbl. CrieKTpaibHas JIMHUS XapaKTePU3YETCs IBYMs MapaMeTpaMu: BBICOTON M mmpuHoi.O0a mapa-
METpa 3aBHCAT OT MOITHOCTH ONTHYECKON HAaKayKu U Kod((UIMeHTa OTpaKEHUS CBETa OT MOBEPXHOCTH
TBEP/IOTO TeJa, BHICTYMAIOLIETO B KAUYeCTBE HCTOUHUKA CBETA |

0) CrexTpasnbHas JIMHUS U3ITy4EHUS €CTh 3aBUCUMOCTh MHTEHCUBHOCTH UCITYCKa€MOT'0 KBaHTOBOM
CUCTEMOH CBETa OT JUIMHBI BOJIHBI ATOTr0 U3inydeHus. CeKTpajabHas JIMHUS XapaKTepu3yeTcs AByMs napa-
MeTpaMHu: BbICOTON M mupuHoil.O0a mapaMeTpa 3aBHCIT OT MOILIHOCTH HaKauyku U kodd¢uiueHTa oTpa-
JKEHMSI UCITyCKAaEMOTO CBETa OT IIOBEPXHOCTHU TBEPJOTO TEIIA;

B) CriekTpasbHasl IMHUS U31y4EHHs €CTh 3aBUCUMOCTh MHTEHCHBHOCTH UCITyCKa€MOI'0 KBAaHTOBOM
CHUCTEMOM CBeTa OT JUIMHBI BOJIHBI HUCIycKaeMoro uiinyudeHus. CreKTpanbHasi JUMHUS XapaKTepU3yeTcs
JBYMSI MTapaMeTpaMu: ee KpyTU3HOW u mmpuHoi. O6a mapamerpa 3aBUCAT TOJIBKO OT MEXaHHW3Ma MOTEPh
ONTUYECKOTO U3TyYEHUS B TBEPJIOM Telle U ¥ BETMUMHBI TIOTEPD;

r) CnekTpanbHas JUHHS U3ITYYeHHs €CTh 3aBUCUMOCTh HMHTEHCUBHOCTH UCITYCKA€MOT'0 KBaHTOBOM
CUCTEMOH CB€Ta OT JUIMHBI BOJIHBI UCIyCKaeMoro usiyudeHus. CreKTpasbHasl JIMHUS XapaKTEpU3YETCs
JIByMsl ITapaMeTpaMu: €€ KpyTU3HOM ¥ mupHuHOu. [IluprHa nuHuM u3nydeHus, n3MepeHHas o MOJOBUHE
€€ BBICOTBI, 3aBUCUT TOJIBKO OT MEXaHHU3Ma MOTEPh ONTHYECKOIO U3IyYEHHs B TBEPAOM TEJIE€ U BETUYHHBI
MOTEPb.

6. Kakne MexaHW3Mbl YIIUPEHUS CIEKTPAIbHBIX JIMHUN M3JIy4alOIUX KBAaHTOBBIX CHCTEM CYIIE-
CTBYIOT U K KaKoi (popMe CIEKTPAIIbHOM JTMHUYU KaXKIbIH U3 MEXaHU3MOB ITPUBOIUT?

a) Bcero HacuuTaeTcs Tpu MeXaHM3Ma YHIMPEHUS CIEKTPaJIbHOM JIMHUU WU3JIy4EHUsS: €CTECTBEH-
HOE YIIUpEHHuE, YIupeHue 3a cueT 3¢ dekra JJomiepa u ymupeHue 3a cuetr BHeMHUX nojei. [lepBoiii u
BTOPOIl MEXaHU3MBI JAaI0T OJJHOPOIHOE YIIUPEHNE U PUBOIUT K JOPEHLIEBOW (hopMe TMHUU U3Ty4EHUs, a
TPETHI MEXaHU3M JJaeT HEOJHOPOJHOE YIIMPEHHUE U MIPUBOIUT K raycCoBOU (hopMe JIMHUM;

06) Bcero Hacumrtaercs uyeTbipe MeXaHU3Ma YUIUPEHHUS CIEKTPAIbHOW JMHUU HU3JIyYEHUsS: ecTe-
CTBEHHOE yUIMpEeHHe, yIupeHue 3a cuet 3ddexra [Jommepa, ymmpeHue xa cueT CTOIKHOBEHHS YaCTHIL U
YIIMPEHUE 3a CYET BHEIIHUX MoJied. [IepBbiid, TpeTHil U YETBEPTHIA MEXAHU3MBbI JAIOT OJJHOPOIHOE YIIHU-
peHHE U TPUBOAT K JIOPEHIIEBOI (hopMe JMHUU H3ITYy4YCHHS, a BTOPOM MEXaHM3M JaeT HEOJHOPOIHOE
VIIUPEHUE U MPUBOJUT K rayCCOBOM (popMe TMHUY;
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B) Bcero Hacumraercs yeTbipe MeXaHM3Ma YUIMPEHHUS CIEKTPAJIbHON JIMHUM W3JTyYEHHUs: ecTe-
CTBEHHOE yUIMpEeHHe, yIupeHue 3a cuet 3ddexra [Jommepa, ymmpeHue xa cueT CTOIKHOBEHHS YaCTHIL U
YIIMPEHUE 3a CYET BHEIIHUX MoJied. [IepBblii, BTOPON M 4ETBEPTHIA MEXaHU3MbI AAIOT OJTHOPOJIHOE YIIIH-
peHHE U TPUBOAT K JIOPEHIIEBOI (hopMe JMHUU H3ITYy4YCHHS, a TPETHH MEXaHWU3M JaeT HEOIHOPOIHOE
VIIUPEHUE U MPUBOJUT K rayCCOBOM (popMe TMHUY;

r) Bcero HacuuTaeTcs Tpu MexaHH3Ma YUIUPEHHUS CIEKTPAIbHOW JTMHUM H3ITYYCHHS: €CTECTBEH-
HOE YIIMpEHHUe, yupeHue 3a cuet agdexra Jlomnepa, ymmupeHue xa cueT CTOJIKHOBEHHUS YaCTHUIl U YU -
pEHHE 3a CUET BHEIIHUX Tosiei. [IepBblil 1 BTOPOU JalOT OJHOPOJHOE YUIMPEHUE U MPUBOIAT K JIOPEHIIE-
BOI (hopMe TMHUM U3ITyYSHHS, @ TPETHI MEXaHU3M J1aeT HEOJHOPOAHOE YIIMPEHUE U MPUBOAUT K raycco-
BOH (hopMe JTUHUMU.

7. Kakue crnocoObl BO30YyX/I€HHsI KBAHTOBOM CHUCTEMBI CYIIECTBYIOT, KAKUE CXEMbI MPUMEHEHHUS
3THUX CIIOCOOOB M 3a CYET YEerO OHU MPUBOJIAT K JIYUIIMM MapaMeTpaM ONTHYECKUX YCHUIIUTENIEH U reHepa-
TOpOB?

a) CymecTByeT MATh CIIOCOOOB HAKAUKH: ONTUYECKUH, HAKauKa ra30BbIM pa3psAoM, METOJ] COPTH-
POBKHM YaCTHUI], XUMUYECKasl HaKayka, ra30JMHAMHUYECKas Hakayka. B 3aBUCUMOCTH OT YHClia YPOBHEM
SHEpPruM, 3a/IeCTBOBAHHBIX B CO3/IJaHUU MHBEPCHUU HACEJICHHOCTH, Pa3IM4alOT BYX-, TPEX- U YEThIpex-
YPOBHEBBIE CXE€Mbl Hakauku. Haumydinue pe3ynbTaThl JAaeT JBYXYpOBHEBAs CXe€Ma M3-3a MUHUMAJIbHOTO
YHCJIa yPOBHEH, MOBEPraloUIUXCsl CO3/IaHUI0 HHBEPCUH HACEICHHOCTH;

0) CymiecTByeT ceMb CIOCOOOB HAKaYKW: ONTHYECKWW, HaKadKa Ta30BBIM pPa3psaoM, METO]
MHXCEKIINU HCOCHOBHBIX HOCHUTeNen 3apsaaa, MCTOA COPTUPOBKH YaCTHII, B036Y)K,Z[CHI/I€ qacTUulaMu BBICO-
KAX DHEPruil, XMMHUYECKash HakKauka, ra3oJMHaMUYecKas Hakayka. B 3aBHCHMOCTH OT 4YWClia ypOBHEU
9HCPIruu, 3aﬂeﬁCTBOBaHHBIX B CO3JaHUHU MHBCPCHUU HACCIICHHOCTH, pa3JINvdaroT ABYX-, TPCX- U YCTBIPCX-
YPOBHEBBIE CXeMbI HaKayku. Hawrydrnme pe3ynpTaThl JaeT JBYXYPOBHEBas CXeMa M3-32 MUHHUMAaJIbHOTO
quciia ypOBHCfI, MOBCPraromuxcs Co3JaHN0 HHBEPCUN HACCIICHHOCTHU,

B) CyIecTByeT ceMb CIIOCOOOB HAKAUKW: ONTUYCCKUN, HAKAuKa Ta30BBIM pa3psaoM, METOI
WHXEKIIMA HEOCHOBHBIX HOCUTEJICH 3apsiia, METO COPTUPOBKH YACTHII, BO30YK/ICHHE YaCTHIIAMHU BBICO-
KUX DHEpPrui, XUMHUYECKas HAKayKa, ra3oJMHaMUYecKas Hakayka. B 3aBUCMMOCTH OT 4ucClia YPOBHEU
SHEPruH, 3aJCCTBOBAHHBIX B CO3/IaHMM WHBEPCUM HACEIICHHOCTH, PA3JIMYAIOT JBYX-, TPEX- U YEThIPEX-
YPOBHEBBIE CXE€Mbl Hakauku. Hamnyumine pe3ynbTraThl 1a€T YEThIPEXYpPOBHEBAsI CXeMa M3-3a paslieieHus
KaHaJI0B HAKAYKU U TEHEPALIMU U3JTYUEHUS;

r) CymecTByeT 1ecTh cnocoOOB HAaKauKHM: HaKayka ra30BbIM Pa3psiioM, METOJ WHKEKIUH He-
OCHOBHBIX HOCHUTEJICH 3apsijia, METOJ COPTUPOBKM YaCTHII, BO30OYXKIEHUE YaCTULIAMH BBICOKUX SHEPTHIA,
XUMUYECKasl HaKadyka, ra30JMHaMUYEeCcKas Hakauka. B 3aBUCMMOCTH OT 4Mciia ypOBHEW 3HEpruu, 3aJei-
CTBOBAHHBIX B CO3JJaHUM UHBEPCUU HACEJIIEHHOCTH, PA3IN4alOT IBYX-, TPEX- U YETHIPEXYPOBHEBBIE CXEMBbI
Hakauky. Hanmydmme pe3ynbratel 1aeT TPEXyPOBHEBASI CXEMa M3-32 YACTUYHOTO Pa3JCIeHUs KaHAJIOB Ha-
KAuK{ U TeHEepalUU U3IIy4CHHUS.

8. KakoB MMPUHIMUIT CO3AaHUA KBAHTOBOI'O OIITUYCCKOI'0 IrCHCPATOPA U KaK B OIITUYCCKOM JUaIra3o-
HE CO31acTCsA H€O6XOI[I/IMa$I IJI TCHEPAUMK U3JIYUCHUA MMOJIOXKUTCIIbHAA O6paTHa$I CBS3b?

a) Co3aHre ONTHYECKOTrO TeHepaTopa OCHOBAHO HA PaIMOTEXHHUYECKOM MPHUHITUIIE PEBPAICHUS
YCUJIUTENSI B TEHEPATOP 3@ CUET BKIIIOUCHHS B €r0 OOPATHYIO CBSI3b YaCTOTHO-CEJIEKTUBHOMN LIEMH C TOJIO-
KUTEITHHOU 00paTHOM CBs3bI0. [lo0KHUTEIFHO OOpaTHAsI CBSA3b CO3AACTCS YCTAHOBKOW pab0Uero 3IeMeH -
Ta na3epa B pesoHatop Padbpu - Ilepo, 06pa30BaHHOTO PACTIONOKEHHBIX MEPHIEHAUKYISIPHO IPYT IPYTY
3epKai;

6) Co3gaHue ONTUYECKOro reHepaTopa OCHOBAHO HA MPUHLMUIIE MPEBpAIllEHUs] YCUIIUTENS B TeHe-
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parop 3a cYeT BKJIIOYECHHUS B €r0 0OpaTHYIO CBsI3b YaCTOTHO-HE3aBUCHMOI IIETH C OTPULIATEIbHON 00paT-
HOM cBsI3b10. [TonmoxuTensHO 00paTHast CBA3b CO3JAETCsl YCTAHOBKOM paboyero sjeMeHTa Jla3epa B pe3o-
Harop ®abpu - [1epo, 00pa30BaHHOTO PACIIOIIOKEHHBIX NEPIEHIUKYIAPHO APYT APYTY 3€pKa;

B) Co3aHue ONTUYECKOrO FEHEpAaTOpa OCHOBAHO HA PAaJMOTEXHUYECKOM IIPUHILIMIIE NPEBPAILECHUS
YCHUJIMTENS B TEHEPATOP 3a CUET BKJIIOUCHMS B €r0 OOPaTHYIO CBSI3b YACTOTHO-CEJIEKTUBHOMN LIEMH C T0JIO-
KHUTEIBHOI 00paTHOI cBs3bI0. [lo0XKUTEIHPHO 00paTHAs CBA3b CO3AAETCsl YCTAaHOBKOW paboyero sneMeH -
Ta J1azepa B pe3oHatop ®adpu - [lepo, 00pa30BaHHOIO pacONOKEHHBIX apaJJIEIbHO APYT IPYTy 3€pKal;

r) Co3gaHue ONTHYECKOro TeHepaTopa OCHOBAHO HA PaJMOTEXHUYECKOM MPUHIIUIE MpeBpaIleHUs
YCUJIMTENSI B TEHEPATOP 3@ CUET BKIIOUEHHS B €r0 OOPaTHYIO CBS3b YAaCTOTHO-CEJIEKTUBHOM IIETIH C OTPH -
HaTenbHOM CBA3bI0. [lonoxkuTenbHO 0OpaTHas CBA3b CO3/1aeTCsl YCTAaHOBKOM pabodero sjieMeHTa ja3epa B
pe3onatop @adpu - [Iepo, 06pa30BaHHOTO PACHIOIOKEHHBIX MEPIIEHAUKYISIPHO APYT APYTY 3€pKall.

9. [loueMy B ONTUYECKOM JUAMNa30HE JJIMH BOJH JJIsl CO3JaHUsl MCTOYHUKOB KOT€PEHTHOIO U3Jy4e-
HUS UCTIONB3YIOT OTKPBITHIE PE30HATOPHI?

a) Ha BbICOKMX "acTOoTax KojeOaTeapbHbIe KOHTYPhI 001a1af0T HU3KOH JOOPOTHOCTHIO, a 3aKPHIThIC
PE30HATOPHI CIIMIIKOM JOPOTU U CIOXKHLBI B YIIPABJICHUN WX YaCTOTHBIMU CBOMCTBaMH H3-3a UX MHOIroda-
CTOTHOCTH;

6) Ha ontuyeckux yactorax kKojaebaTesbHbIe KOHTYPhl UMEIOT TapaMeTphl, ONpeeiseMble pa3me-
pamMu KOHTYpa, Ka4eCTBOM UCTOIh3yeMOTO MaTeprana u ObITh HUYTOXXHO MAJIbIMH, a 3aKPBIThIE PE30HATO-
PBI TEPSIOT CBOM CEJIEKTUBHBIE CBOMCTBA M3-3a OOJBIIOrO YHcia COOCTBEHHBIX Konebanuil. Mx uucio
YMEHBIIAETCS MPH YCTPAHEHUN OOKOBBIX CTEHOK 3aKPBITBIX PE30HATOPOB;

B) Ha BpICOKMX YacTOTax KoneOaresbHbIe KOHTYPbI HMEIOT MapaMeTphl, ONpeesieMble pa3Mepa-
MU KOHTYpa, KaueCTBOM HCIOJIb3yEMOT0 MaTepuasa, 3aKphITble pe30HATOPbI UMEIOT HECKOJIBKO COOCTBEH-
HBIX 4YacTOT, YTO 3aTPYyAHSAET UX MHCIIOJIb30BAHUE IO TEXHUUYECKUM NpUYMHAM. UMCIO YyBEIMYMBAIOT
yCTpaHeHHueM OOKOBBIX CTEHOK 3aKPBIThIX PE30HATOPOB;

r) Ha ontuyeckux yactorax kojiedaTebHbIE KOHTYPhl UMEIOT apaMeTphl, ONpeeiieMble TOIbKO
KaueCTBOM HCIIOJIb3YEMOT0 MaTepHuasia, 3aKpbIThle PE30HATOpPhl IPOMO3AKHE M CIOXKHBIE B HACTpPOMKE.
YerpaneHneM O0KOBBIX CTEHOK 3aKPBITOTO PE30HATOPA TOCTUTAETCsl €0 TeXHUYeCcKasi MPOCTOTa U3roTOB-
JIeHus1, yIoOCTBO pa3MeIIeHus] pabodero BEIecTBa j1a3epa, ero HacTpoika.

10. KakoBbl HEJOCTATKN MCTOYHUKOB HEKOICPEHTHOTO M3JIy4eHHsI Ha OCHOBE AU((PYy3HOHHBIN p-n
IIEPEXOI0B U KaK UX YCTPAHAIOT UCIIOJIb30BaHUEM KBAaHTOBBIX SIM?

a) Y muddy3noHHBIX MUCTOYHHUKOB CBETa HU3KUH KOI(PQPHUIIMEHT IMOJE3HOTO JACHCTBUS U OTCYT-
CTBHUC BO3MOKHOCTHU U3MCHCHUS NJIMHBI BOJIHBI TCHCPUPYCMOI'O CBCTA. Pa3MeH_[€HI/Ie B O6HaCTI/I nepexoga
KBAaHTOBBIX SIM yBEIMYMBACT BPEMsI B3aMMOJICHCTBUS HEPAaBHOBECHBIX HOCHTEJCH 3apsia, MOSBISETCS
BO3MOXHOCTb CIIEKTPAJIbHOU IIEPECTPOUKHU U3IIy4CHUS] U3MEHEHHUEM LINPUHBI KBAHTOBOU SIMBI;

0) YV nuddy3rOHHBIX UCTOUYHHKOB CBETa HU3KUN KOA(PHUIIMEHT IOJIE3HOTO JEHCTBUS U OTCYT-
CTBHE BO3MOXKHOCTH M3MEHEHUS JUTMHBI BOJHBI TeHEPUPYEeMOro cBeTa. Pa3memnienne B obnactu mepexoza
KBAaHTOBBIX SIM YMEHBIIAET BpeMsI B3aUMOJICHCTBUS HEPAaBHOBECHBIX HOCHTENEH 3apsa, MOSIBISETCS BO3-
MOKHOCTB CIIEKTPAJIEHOHN MEPECTPONKH U3ITyUCHHUS N3MEHEHNEM ITyOUHBI KBAHTOBOM SIMBI;

B) Y muddy3uoHHBIX UCTOYHUKOB CBETa BHICOKHI KOI(PHHUIIMECHT MOJE3HOTO ACHCTBUS, HO OTCYT-
CTBYCT BO3MOKHOCTb U3MCHCHUS IJIMHBI BOJIHbBI TCHCPUPYCMOI'O CBCTA. PaBMCH_ICHI/Ie 3a 06J'IaCTI:IO nepe-
XO0J1a KBAaHTOBBIX SIM YBEIIMYMBACT BPEMsI B3aUMOJICHCTBHUSI HEPAaBHOBECHBIX HOCUTEIICH 3apsi/a, MOSIBIISET -
Cs BO3MOXKHOCTB CIIEKTPAJIbHOM MEPECTPOMKM H3IIY4CHUS U3MEHEHUEM HAIPsDKCHMS CMEILECHHs Ha p-n
nepexoze;
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r) YV muddy3noHHBIX HCTOYHUKOB CBETa HU3KHKM KOI(DPHUITUEHT MOJIE3HOTO NEUCTBHUS U OTCYTCTBY -
€T BO3MOXHOCTb U3MCHCHUS IJIMHBI BOJIHBI TCHCPUPYCMOT'O CBCTA. Pa3MeH_IeHI/IC 3a O6HaCTBIO nepexoaa
KBAaHTOBBIX SIM YBEIMYMBACT BPEMsI B3aWMOJICHCTBUS HEPAaBHOBECHBIX HOCHTEJCH 3apsia, MOSBISETCS
BO3MOXKHOCTb CIIEKTPAJIbHOU NEPECTPOMKU U3IIy4CHUSI U3MEHEHUEM HAlpPsKEHUs CMEILLEHUs Ha p-n Iepe-
XoJie.

11. Yro takoe muHa BOJHBI ¢ bpoilyis M Kak ee BeJIMYMHA BIUSECT HA SHEPTreTUUECKUM CIEKTP
CBOOO/IHBIX HOCHTENEH 3apsina?

a) /Inuna BonHbI ne bpoiins - 370 mapameTp, UMEIOIIMI pa3MEpPHOCTh UIMHBI U MTOKA3bIBAIOLINM
1ape Kakoro AMaMeTpa COCPeAO0TOYeHa BCS SHEPIrHs CBOOOAHOIO 3JEKTPOHA U MPH KOTOPOM AJIEKTPOH
IIPOSABIIIET CBOM KOPIIYCKYJISIDHBIE CBOMCTBA. B mpocTpaHCTBE pasmMepaMy MEHBIIUMH, Y€M JUIMHA 1€
Bpoiins, 3nekTpoH, NOTepsiB BO3MOKHOCTb CBOOOAHOTO IEPEMEILEHMsI, IPEBPALAETCA B CTOSYYIO BOJIHY
OHEPIUU U Macc;

6) AnunHa BonHbI 1e Bpoiiis - 310 mapaMeTp, UMEIOIU Pa3sMEpPHOCTH JJIMHBI ¥ TTOKA3bIBAIOIIUI B
1ape Kakoro AMaMeTpa COCPEAOTOYeHa BCS SHEPIrHs CBOOOAHOIO 3JEKTPOHA U NPH KOTOPOM AJIEKTPOH
IIPOSBIIIET CBOM BOJIHOBBIE CBOWMCTBA. B IpocCTpaHCTBE pasMepaMM MEHBLIMMU, 4eM JUIMHa 1e bpoiins,
3JIEKTPOH, MOTEPSIB BO3MOXKHOCTh CBOOOJHOTO MEPEMEIIEHUS, NTPEBPAILACTCS B SHEPreTUYECKUH 1map ¢
MaccoH, ONpeAesIeMON BEIMYUHOM SHEPIUU 3TOrO 11apa;

B) JliinHa BosHbI Ae bpoiiis - 3To napaMerp, UMEIIIMN pa3MEpHOCTh JJIMHBI U IOKa3bIBAIOLIUI B
11ape Kakoro paguyca cocpeloToueHa IOJIOBUHA YHEPIUH IEKTPOHA U IIPH KOTOPOM JJIEKTPOH MPOSIBIIAET
CBOM KOPIIyCKYJISIpHBIE CBOMCTBA. B IpocTpaHCcTBE pa3MepaMy MEHBIIUMU, YeM JJIMHA Ae bpoius, snek-
TPOH, MOTEPSB BO3MOXHOCTb CBOOOJHOIO MEPEMELICHNUs, NPEBPAIIAETCS B CTOSYYI0 BOJHY SHEPIMH U
MaccChl;

r) JInuna Bonubl ne bpoilns - 3T0 mapameTp, UMEIOLUN Pa3MEPHOCTb JJIMHBI U NOKa3bIBAIOILNN
1ape Kakoro AuaMeTpa COCPeAOTOYEHa BCS SHEPIrHs CBOOOAHOIO 3JEKTPOHA U NPH KOTOPOM AJIEKTPOH
IIPOSABIIIET CBOM KOPIIYCKYJISIDHBIE CBOMCTBA. B mpocTpaHCTBE pasmepaMy MEHBIIUMH, YeM JUIMHA 1€
Bpoiins, 3neKTpoH, NOTepsiB BO3MOKHOCTb CBOOOAHOTO IEPEMEILEHMs, IPEBPALIAETCA B CTOSIYYIO BOJIHY
JHEPIUH.

12. KakoBBI OCHOBHBIE MCXaHHU3Mbl, YMCHBIIAIOIINUEC BbIXOA OINTUYCCKOIO U3JIYUCHUSA U3 TBEPAOTO
TeJIa B OKPYXKAIOIIee MPOCTPAHCTBO?

a) DTH MeXaHU3MBbI CIICAYIONIUE: MOJIHOC BHYTPEHHEE OTPAKEHUE CBETA OT IMOBEPXHOCTH, Yepe3
KOTOPYIO BBIXOUT HApYXKy, Mepenoniomnenre (oToHOB aToMaMy TOTYIPOBOAHUKOBOW MATPHUIIBI HA TYTH
K M3JTy4Yarolei MOBEPXHOCTH, MIEPEOTPAKEHUE CBETA OT OOKOBBIX MMOBEPXHOCTEH KPUCTAILIA MPH TaJICHUN
CBETa 1oa yFJIOM K HOBerHOCTI/I, IIOIJIONICHUEC CBCTA peHleTKOﬁ HOHynpOBOI[HI/IKa nu CB060,[[HBIMI/I HOCHU-
TEJISIMU 3apsi/ia B €T0 00beMe;

0) DTH MEXaHU3MBI CIICAYIONINE: PAMAHOBCKOE OTPAKCHHE CBETA OT MOBEPXHOCTH, Yepe3 KOTOPYIO
BBIXO/IUT HAPYXKY, IlepernorionieHne (POTOHOB aTOMaMU MOJTYIPOBOJHUKOBOM MaTPHUIIBI HA IyTH K U3JTyda-
IOIIEH TTOBEPXHOCTH, TIEPEOTPAKCHUE CBETa OT OOKOBBIX IMOBEPXHOCTEH KpHCTAUIa NMPH MaJICHUU CBETa
1oq yFJIOM K HOBerHOCTI/I, IIOIJIONICHUEC CBETA pemeTKoﬁ HOJIprOBOI[HI/IKa nu CB060I[HBIMI/I HOCUTCIISIMU
3apsja B €ero oobeMe;

B) DT MEXaHU3MBI CIICIYIOIINE: MOJIHOC BHYTPEHHEE OTPAKECHUE CBETA OT MOBEPXHOCTH, 4Yepes
KOTOPYIO BBIXOJIUT Hapy>1<y, IIOTJIOIICHUC (I)OTOHOB HpI/IMCCHBIMI/I aToOMaMU B HOJIyr[pOBO,HHI/IKe Ha nyTu K
W3JTyYalonei MOBEPXHOCTH, MEPEOTPAKEHUE CBETA OT OOKOBBIX IMOBEPXHOCTECH KpUCTAJIA MPH TaJCHUN
CBETa 11oa yFJIOM K HOBerHOCTI/I, IIOIJIOICHUEC CBECTA peHleTKOﬁ HOHynpOBOI[HI/IKa nu CB060,[[HBIMI/I HOCHU-
TEJISIMU 3apsi/ia B €T0 00beMe;
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r) DT MEXaHU3MBbI CIEAYIOLINE: KOMIITOHOBCKOE OTPAKEHHUE CBETa OT MOBEPXHOCTH, Yepe3 KOTO-
PYIO BBIXOIUT HapYXKy, HOIJIOMIEHNE (POTOHOB aTOMaMU MOJIYIIPOBOJAHUKOBOM MaTPHIIbI HA MYTH K M3JTy4a-
IOIIEH TTOBEPXHOCTH, MEPEeOTpaKeHUEe CBeTa OT OOKOBBIX MOBEPXHOCTEH KpHCTasuia MpH MaJleHuU CBETa
[IOJT YIJIOM K ITOBEPXHOCTH.

13. Kakum crocob6oM B CBETOHO/IAX HA OCHOBE T'€TEPOCTPYKTYP C MHOKECTBEHHBIMH KBAaHTOBBI-
MH SIMaMH{ YCTPAHSIOT OTPHUIATENIbHOE BIUSAHUE Y PEKTa IMOJTHOrO BHYTPEHHETO OTPAKEHHS Ha BBIBOJI U3~
JTy4deHus: U3 o0beMa B OKpY’Kaloliee IpOCTPAHCTBO?

a) OTo AOCTUraeTcs MPOCBETICHUE KPUCTAJIa HAHECEHUEM Ha NIOBEPXHOCTh YETBEPTHBOIHOBOTO
CJIOS BEIIECTBA C TUAJICKTPUIECKOW MPOHUIIAEMOCTBIO, PABHOM CPEHE-TeOMETPHYECKOMY 3HAYCHUIO [T -
AIIEKTPUYECKOM MPOHUIIAEMOCTH BEIIECTBA KPUCTAILIA;

0) D10 mocTHUraeTcs HaHECEHHE Ha M3JIYYaIOUIyI0 TOBEPXHOCTh KPUCTAIJIA HNEKTPUYECKOrO KOH-
TaKTa U3 BBICOKOJIETUPOBAHHOTO NIMPOKO30HHOTO MOJIYIIPOBOIHUKA;

B) DTO JOCTUraeTcsi HAHECEHUEM Ha M3ITy4Yalollyl0 TTOBEPXHOCTHIO KPUCTAIIA JIMH3bI CHEIHAlIb-
HOH (hopMmbl (B Buze momycheps! win JUH3bI Beliepiurpacca), koTopast o0ecrieyrBaeT NeprneHIuKyIIpHOe
najieHue Ha ee BHYTPEHHIOIO TOBEPXHOCTh BCeX Jyuyel, U3 o0beMa MOoIyIPOBOAHUKA;

r) OTO JOCTUTaeTcs HCIOJIb30BAaHWEM BHYTPH KpHCTajlla ABYX MHOTOCIOWHBIX OpA3TTOBCKHX
3epKaJl ¢ 000MX CTOPOH p-n Mepexoaa.

14. Kakue KOHCTPYKTUBHBIE PELIECHUS B TETEPOCTPYKTYPAX C MHOKECTBEHHBIMH KBAaHTOBBIMU sIMa-
MU IPUMEHSIOT AJIs yBEIU4eHUs K03((UIMEHTa MTOJI€3HOTO EHCTBUS JaHHOTO THIA MCTOYHHUKA HEKOTe-
PEHTHOT'O U3JIy4eHUS?

a) Kpome yBenuueHus yucia KBaHTOBBIX SIM B P-N MEPEXOE T€TEPOCTPYKTYPHI IPYTUX KOHCTPYK-
TUBHBIX PEIICHUH HET.

0) [ns yBenuuenus ko3 uUIMeHTa mojae3Horo ASHCTBUS TAKOrO THIA HICTOYHUKA HEKOTEPEHTHOTO
H3JIYUYCHUSA KPOMC YBCIHMYCHUSA YHUCIIa KBAHTOBBIX AM MNPUMCHAIKOT CJIOW PACTCKAHUA, YBCIMYUBAIOIIUC
pa3Mepbl BEPXHETO JIEKTPUIECKOTO KOHTAKTa P-N Mepexo/a;

B) Jlns yBenuueHus: Ko3pPUuneHTa Mojae3Horo AeUCTBUs TAKOro THIIA UICTOYHHKA HEKOT€PEHTHOTO
H3JIYUYCHUSA KPOMC YBCIHMYCHUSA YUCIIa KBAHTOBBIX AM MNPUMCHAIOT CJIOW PACTCKAHUA, YBCIMYUBAIOIIUC
pa3Mepbl BEPXHETO IEKTPUYECKOr0 KOHTAKTA P-N MEPexo/ia, TAKKE JIETMPOBAHUE KBAHTOBBIX SIM JJOHOD-
HOH IIPUMECBIO;

r) Ans yBennueHus kod3dduiimenTa nojae3Horo AeHCTBHsI TAKOrO THIIA UCTOYHHKA HEKOT'€PEHTHOTO
M3JIy4CHHUS] KPOME YBEJIMYEHUS YUCJIa KBAHTOBBIX SIM IPHUMEHSIOT CJIOM PACTEKaHMS, YBEJIWYMBAIOIINE
pa3Mepbl BEPXHETO AIIEKTPUYECKOr0 KOHTAKTa p-n Mepexoa, Takke OpIrroBCKHUE 3epKalia JJis BO3BpaTa
00paTHOTO MOTOKA CBETA K U3TyYarollei MOBEpXHOCTH U OPraHU3aIlKi Op3TrTOBCKOTO MUKPOPE30HATOPA.

15. doTonprueMHHUKN KaKUX THUIIOB U Ha KakuX d((eKTax MCIONb3yIOT B KBAHTOBON JIEKTPOHUKE
U ONITO3JIEKTPOHUKE?

a) B KBaHTOBOI AJIEKTPOHUKE M ONTO3JIEKTPOHUKE HCIIOJIB3YIOT BaKyyMHBbIE U TBEPIOTEIbHBIC
¢dboTonprueMHUKH, OCHOBAHHBIE Ha PETUCTPALIMU CBETA MO Te€HEepalii UM CBOOOIHBIX HOCHUTENIEH 3apsaa

WM U3MEHEHUS TeMIIepaTypbl pabouero tena (GoTONpHEeMHHUKA,;

0) B KBaHTOBOH AJIEKTPOHHMKE U OMNTORJIEKTPOHUKE HCIOJIB3YIOT BaKyyMHBIE U TBEPIAOTEIIbHBIC
¢dboTonprueMHUKH, OCHOBAHHBIE HAa PETUCTPALIMU CBETA MO TeHEpalii UM CBOOOIHBIX HOCHUTENIEH 3apsaa
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WM U3MEHEHUS TeMIIepaTypbl pabouero tena (GoTONpHUEeMHHUKA,;

B) B KBaHTOBO# 3NIEKTPOHHMKE U ONTOAIEKTPOHHUKE HCIIONIB3YIOT TEIUIOBBIE U (DOTOHHBIE (POTONPH -
€MHUKH, OCHOBAaHHBIE HA PErHCTPAIMU CBOOOAHBIX HOCHTENCH 3apsaa, CO3AHHBIX BHEIIHUM WJIHM BHY-
TPEHHUM (POTOIPPEKTOM, WIM U3MEHEHUS TEMIIEpaTyphbl pabouero Tesa GoTONPUEMHHKA,;

r) B KBaHTOBOI 3NIEKTPOHUKE U ONTORIEKTPOHHUKE HCIIONB3YIOT TEIUIOBBIE U (POTOHHBIE (DOTOTPH-
€MHUKH, OCHOBAHHBIC HA PETHCTPALMH TEMIIEPATyphl CO3IaHHBIX CBETOM CBOOOIHBIX HOCHTENEH 3apsjia
3a c4yeT BHEIIHero ¢porodddexram, UM perucTpaluyd U3MEHEHUS TeMIIepaTypsl pabodero Tena (GoTomnpu-
EMHUKA.

16. Yto Takoe (poTOMpOBOAUMOCTD MOTYITPOBOTHUKA U KAKOBBI MEXaHU3MBI €€ (hopMUpOBaHHsI?

a) ®oTonpoBOAMMOCTH - 3TO MPOBOAMMOCTH MOJYNPOBOJAHHUKA MPHU ero ocsenieHuu. OHa BO3HH-
KaeT 3a CYET POCTa KOHIICHTPAIMU CBOOOMIHBIX HOCUTENEH 3apsiia ¢ mapamMeTpaMu, OJJMHAKOBEIMHU C mapa-
METpaMU TEMHOBBIX HOCUTEJEH;

6) POTONPOBOIUMOCTh - 3TO MU3MEHEHHE MPOBOJUMOCTH MOIYIPOBOJHHUKA MIPHU €0 OCBELICHHH.
OnHa BO3HHUKAaeT 3a CUET pOCTa KOHIIEHTpAIMK CBOOOIHBIX HOCHUTENEH 3apsaa ¢ mapameTpaMmu, OIuHa-
KOBBIMM C TIapaMeTpaMH TEMHOBBIX HOCUTEIICH;

B) @OTONPOBOJUMOCTD - 3TO U3MEHEHHE MPOBOJUMOCTH MOIYINPOBOJHUKA MPU €r0 OCBEHICHUH.
OnHa BO3HHUKAeT 3a CUET pOCTa KOHIIGHTpAIMU CBOOOIHBIX HOCUTENEH 3apsaa ¢ mapameTpaMmu, OIuHa-
KOBBIMU C MTapaMeTpaMH TEMHOBBIX HOCUTENEH, a TaKXKe 3a CYeT U3MEHEHHUS MOIBUKHOCTH HOCUTeIeH 3a-
paaa;

r) ®OTONPOBOIUMOCTD - 3TO U3MEHEHUE MPOBOJUMOCTH TOJYIPOBOJHUKA MIPU €0 OCBEIICHHH.
OHa BO3HHKAET 3a CYET POCTa KOHIIEHTPAIIMM CBOOOIHBIX HOCHTENEH 3apsiia C MmapamMeTpaMu, a TakkKe
neiictBus HanpspkeHust poTo3/IC B 06beMe MoaynpoBOJHHUKA U HA TO TOPILIAXx.

17. Yro Takoe ¢oto3/IC B momynpoBogHUKaxX, Kakue TUIbl poToI/IC CyImecTByIOT U KakoB MeXa-
HU3M BO3HUKHOBEHHS (0oT0D]IC pa3HBIX TUIIOB?

a) ®oronzc - 3TO HanpsHKEHHE B 00bEeME TONTYITPOBOAHMKA, BO3HUKAIOIIEE MPU €r0 OCBELICHUH W3
cOOCTBEHHOM nosiock! norsomienus. CymecTByeT Tpu Tuna Gotodzc: O6apbepHas, horosac dembepa u Ba-
puzoHHas Qotodzac. [IpuunHON mMOsIBIEHNS BCeX THIIOB (DOTOSC SBIAETCS PA3IHUUE B TOIBMKHOCTSIX
AIIEKTPOHOB U JIBIPOK;

0) ®oT03/1C - 3TO HANPSHKEHUE Ha TOPIIAX MOJYIPOBOIHUKA, BOSHUKAIOIIEE ITPH €T0 OCBEIICHUHN U3
cobcTBeHHOM ToJiockl noronieHus. CymecTByeT Tpu Tuma Gortodsc: 6apbepHas, ¢porodac embepa u Ba-
pU30HHAasA (pOTOBI[C. HpI/I‘-II/IHOI\/JI IIOSABJICHHUA BCEX THUIIOB (I)OTOB,Z[C ABJIACTCA pa3jIndnuC B MOABUKHOCTAX
AIIEKTPOHOB U JIBIPOK;

B) ©OTOR/IC - 3TO HANPSDKEHNE HA TOPIAaX MOJYIPOBOAHIKA, BOSHUKAOIIEE TIPH €T0 OCBELICHNUH U3
coOCTBeHHO mojockl mornomienus. CymecTByeT Tpu Tuna (otosac: OGapeepHas, portosac Hembepa u
HeonHopoaHas GoTodzc. [IpuunHOl MosBIeHUS BCeX THIIOB (YOTORJIC SBISETCA MMOJIE U0 00pa3oBaH-
HOTO HEPAaBHOBECHBIMH HOCHTEIISIMU 3apsiia, KOTOpPbIE NMPOCTPAHCTBEHHO Pa3/eisIOTCA 32 CUET pasHbIX
HOABMYKHOCTEH JIEKTPOHOB U IBIPOK WIIH 3a CUET ACHCTBHS BCTPOSHHOTO HIIEKTPHUYECKOTO TIOJIS;

r) DOTO3IC - 3TO HANPSHKEHUE Ha TOPIAX MOJTYIIPOBOIHHIKA, BOSHUKAIOIIEE ITPU €T0 OCBEIICHUH U3
coOCTBEeHHOM nojockl nmornonieHus. CymiecTByeT yeTsipe THna (orodzac: 6apsepHast, horosac embepa,
BapH30HHAs U HEOJHOPOaHAs (oTodzc. [IpUunHO NOSBICHUS BCeX TUIIOB (POTOIJIC SBISETCS TOJIE JTUITO-
751 00pa30BaHHOTO HEPAaBHOBECHBIMH HOCHTEIISIMH 3apsifa, KOTOPbIC MPOCTPAHCTBEHHO Pa3JICISIOTCS 32
CUYET Pa3HBIX MOJBIKHOCTEH AJIEKTPOHOB M ABIPOK HJIM 32 CYET JEWCTBUS BCTPOSCHHOTO AJICKTPUYECKOrO
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OJISL.
18. Yro Takoe >3pdext ABymydenpenoMiIeHus B Kpucramiax?

a) D ekt nBymyuenperoMiIeHUs B KpUCTaIaX - 3TO U3MEHEHHUE TOJIIPU3alii CBETOBOI BOJIHBI
IIPU €€ PaclpOCTPAHEHUU B aHU3OTPOIHBIX KPUCTAUIAX B JJIOOOM KpHCTAIOrpapuueckoM HaIrpaBlICHUH.
Haber (a3bl mponcxXoauT 3a cYeT paclieryIeHns: BOJIHBI Ha JBE C pa3HbIMU (Pa30BBIMU CKOPOCTSMU;

0) D dexT AByayUenpenoMIeHUs B KPUCTAUIaX - 3TO U3MEHEHHUE TMOJISIPU3ALUU CBETOBOM BOJHBI
IpU €€ PacIpOCTPAaHEHNH B AaHM30TPOITHBIX KPHCTAJUIAX MEPHEHIUKYISIPHO ONTHYECKOW OCH KpUCTauIa
WM OJIM3KOM K HEMY KpucTayiorpaduieckoMy HanpasieHuto. Haber ¢a3bl mpoucxoauT 3a cueT paciien-
JICHUS BOJIHBI Ha JIBE C Pa3HBIMU (Pa30BBIMH CKOPOCTSMH;

B) DddekT nBynydyenpesoMiIeHus B KpUCTalJIaxX - 3TO U3MEHEHHUE MOJSIpU3allMi CBETOBOM BOJIHBI
IpU €e PaclpOCTPaHEHUH B aHU30TPOIHBIX KPUCTAIUIAX BAOJb ONTUYECKOM OCH KpHCTaIa WK OJIM3KOM
K HeMy KpucTauiorpaduyeckoM HanpasiaeHuH. Haber a3bl mpouCcXoquT 3a cYeT paclleryieHus! BOJHBI Ha
JIBE C Pa3HBIMH (Da30BBIMU CKOPOCTIIMU;

r) D¢ dexT aBynyuenpenomMIeHus B KpUCTalIax - 3T0O U3MEHEHUE MOJIIPU3allii CBETOBOM BOJIHBI
IIPU €€ PacTPOCTPAHEHUU B U30TPOMHBIX KPUCTAIIJIAX BAOJIb ONTUYECKON OCH KpUCTAJUIa WK OJHU3KOM K
HEMY KpucTautorpadudeckoM HampasieHuu. Haber (ha3pl mpoMCXOAUT 3a CUET pacIIeTUICHUs] BOJTHBI Ha
JIBE C Pa3HbIMU I'PYNIOBBIMH CKOPOCTSAMH;

1) DddexT nBynydenpesoMmiIeHuss B KpUCTaaiax - 3T0 U3MEHEHHE MOJSPU3ai CBETOBON BOJHBI
IpU €€ paclpOCTPAHEHUH B M30TPOMHBIX KPUCTAIIAX BJOJIb ONTHUYECKONW OCH KpHCTaJIa WK OJIHU3KOM K
HeMy KpucramiorpaduieckoM HampanieHud. Haber ¢a3pl mpoucxXoauT 3a cUeT TeHepaluy B KpUcTaie
BTOPOI1 BOJIHBI, KOTOPAast PacIpOCTPaHAETCS MOJI YIJIOM K MaJaloNIeii 1 UMeeT APYryio (pa3oByI0 CKOPOCTh

19. Uto Takoe onTuyeckas OChb U KaKOBa €€ OPUEHTALUs B KpUCTAJLIE?

a) OnTudeckas och - 3TO 0c000€ HaNpPaBJICHUE B KPUCTAILIE, IPH PACHPOCTPAHECHUH 3JIEKTpOMar -
HUTHOW BOJIHBI BJIOJIb KOTOPOTO BOJIHA HE UCIIBITHIBACT ABYIIYYEIPEIOMIICHHUS, @ JINIIb YBEIUYUBAET CBOIO
¢a3oByro ckopocTh. OnTHYECKask OCh BCETa OPUEHTHPOBAHA BIOJb IMIABHOM OCH CUMMETPUHU B KPUCTAII -
ze;

0) OnTuyeckast OCh - 3T0 0c000€ HamNpaBlIeHWE B KPUCTAIIIE, IPU PACIIPOCTPAHCHHUH AIICKTpOMAr-
HUTHOM BOJIHBI BOJIb KOTOPOI'O BOJIHA HC HUCIIBITBIBACT ABYIYUCIIPCIIOMJICHUS, a JIUIb YMCHBIIACT CBOIO
¢a3oByro ckopocTb. OnTHYECcKast OCh BCET/Ia OPHEHTHUPOBAHA IEPIICHIUKY/ISIPHO TJIABHOM OCH CUMMETPUH
B KPUCTAILTIE;

B) OnTuyeckasi och - 3T0 0co00e HanpaBieHHE B KPUCTAJIE, IPU PaclpOCTPAHEHUH HIIEKTpOMAr-
HUTHOM BOJIHBI BJIOJIb KOTOPOT'O BOJIHA HE UCHBITHIBACT ABYIYYENPETOMIICHHUS, a JIUIIb YMEHBIIAET CBOIO
¢a3oByro ckopocTb. OnTHUecKas OCh BCErla OpUEHTHPOBAHA I10 INIABHOW OCH CUMMETPHUU KPHCTAIIA;

r) Onrudeckas ock - 3T0 0c000€ HAIPaBICHUE B KPUCTAJIE, IPU PACIIPOCTPAHEHUH HIIEKTpOMATr -
HUTHO BOJIHBI B/I0JIb KOTOPOT'O BOJIHA HE UCIBITHIBAET MAKCUMAJILHOE JBYITyYEIPEIOMICHHS YMEHbIIAET
cBOIO (pa3oByr0 ckopocTh. OnTHUeckas OCh BCEr/a OPHEHTUPOBAHA IO IMIABHON OCH CUMMETPHUU B KpH-
CTaJlIe.

20 YkaxuTe npenMymecTBo 3G QeKra ABYTydeHpeIOMICHIS] B HEMAaTHUECKOM YKHJIKOM KpUCTalIe
B CpaBHEHHH C 3(p(peKToM B TBEpAOTEIHHOM KpUCTaILIE?

a) Bo-nepBbIx, npu nepexoae Ppenepruxkca B HEMaTUKE U3MEHEHUE TUAIEKTPUUYECKON MPOHMIIAE-
MOCTH 3HAUUTEIIBHO IPEBOCXOAUT U3MEHEHHUE NMPOHUIIAEMOCTH B TPaJAMLMOHHBIX KPUCTAIUIAX, YTO JAET
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OopIIMiA TOBOPOT (a3bl B KUAKHX KpHcTauia. Bo-BropsIx, s nepexon @penepukca tpedyercs npuiio-
’KEHHE HECKOJIBKMX BOJIBT, TOTJa KaK B TPAAWIMOHHBIX KPHCTAIaX HANpPSDKEHUS COCTABIISIOT COTHHU
BOJIBT U BBIIIIE;

0) Bo-nepBbIx, npu nepexone @penepukca B HEMaTUKE U3MEHEHHE AMAIEKTPUUECKON MPOHUIIae-
MOCTHU HE3HAUUTEIBHO NMPEBOCXOAUT U3MEHEHNE IPOHUIIAEMOCTH B TPAIULUOHHBIX KPUCTAIIIAX, YTO JAET
HECKOITbKO OOJIBIITHNIT TOBOPOT (ha3bl B )KHUIKUX KpucTamia. Bo-BTopeix, mis nepexox Openepukca tpedy-
€TCs NPWIOKEHUE HECKOJIBKUX BOJIBT, TOIJA KaK B TPAJULIMOHHBIX KPUCTAJUIAX HAMPSKEHUS COCTABIISIIOT
COTHU BOJIBT U BBIIIIE;

B) B xkuakux kpucramuiax mais monydeHus spgexTa AByaydenpenomiaeHus npu nepexone dpene-
pHKCa U3MEHEHHE ITUICKTPUYECKON NMPOHULIIAEMOCTH 3HAYUTEIBHO MEHBIIE U3MEHEHHS IPOHULIAEMOCTH
B TPaJUIMOHHBIX KPUCTAJIaX, YTO JACT MaJblii MOBOPOT (ha3bl B KUAKUX KpUCTauia. BO-BTOPBIX, I
nepexoq Ppenepukca TpedyeTcsi NPUIIOKEHUE HECKOIBKUX KUJIOBOJIBT, TOT/Ia KaK B TPAJAULIMOHHBIX KpHU-
CTaJUIaX HaIpPSKEHUS COCTABIISIOT COTHU BOJIBT;

r) Bo-nepBhIX, B )KUIKUX KpHCTaIax il noidydeHus 3¢dekra nBymydenperoMiIeHus pu mepe-
xone Ppenepukca U3MEHEHHUE TUAJIEKTPUUYECKON IPOHNUIIAEMOCTH 3HAYUTENIbHO MEHbIIIE U3MEHEHHUSI ITPO-
HHUIIAEMOCTH B TPATUIIMOHHBIX KPUCTAIUIAX, YTO AaeT OOJBIION MOBOPOT (a3bl B XKUAKUX KpHcTamia. Bo-
BTOPBIX, i niepexona dpenepuxca TpeOyeTcs: MPUIIOKEHUE HECKOIBKUX KHIIOBOJBT, TOra Kak B Tpaau-
LIMOHHBIX KpPUCTAJJIaX HAIIPSDKEHUS COCTABIISAIOT AECSATKU BOJIBT U HIKE.

14.1.2. Dx3aMeHALIHOHHBbIE BONPOCHI
1. CnoHTaHHOE U BBIHYX/IEHHOE M3JTy4yeHUE aTOMOB: K03 uuneHTsl DNHIITEHHA, KHHETUYECKUE
YPaBHEHHUS JUIs 3aII0JIHEHUS U Pa3rPy3KH 3JIEKTPOHHBIX COCTOSIHUM aTOMOB IIPH IEHCTBUN BBIHYKIEHHOTO
MOMJIOIIEHUS, CIOHTAHHOTO M3JIyYE€HUS U BBIHYXKIACHHOI'O U3IY4YEHHs, CBsI3b Mexay KoddduuueHtamu
OiHIITeHA U ee QU3HUecKass UHTEPIPETaLus, OHATHE HHBEPCUN HACEIEHHOCTU HHEPTeTHYECKOro CO-
CTOSIHUS, IPUHIUI CO3JJaHUs TeHEPATOpa 3JIEKTPOMArHUTHOTO U3TyYEHUSI.

2. IlpueMHUKH ONTHYECKOrO U3TYyYEHUS: JaTh UX KJIAcCU(UKALMIO U MEPEUUCIIUTD (C MOSICHEHUS -
MU (PU3UYECKOTO COJEPIKaHUs) TEXHUUECKUE XapaKTePUCTUKH (POTOJETEKTOPOB (POTOHHOTO U TEMJIOBOTO
THUIIA, IPOBECTH CPAaBHEHUE 3HAUEHUI MapaMeTpoB (HOTONPUEMHUKOB Pa3HbIX TUIIOB

3. JlunonbHas MO/EIb MEXaHU3Ma M3TY4YeHHsI aToMa: MOHSITHE TUIOJS U €r0 MOMEHTA, MOHITHE
IIOpsIIKa MOMEHTA JTUIIOJIS, BBIBOJ BEPOSITHOCTH CIIOHTAHHOI'O IIEPEX0/1a aTOMa MEXy COCTOSIHUSIMH, JIo-
peHiieBa ¢popMma CIEKTpa U3JIYYECHUS U €€ HCIIOJIb30BAHKE JUIsl BBIYUCIICHUS TapaMeTPOB U3ITy4eHus, Ipa-
BUJIa 0TOOpa AJIsi KBAHTOBOTO Iepexoa (s II1aBHOro, OpOUTaIbHOIO M MArHUTHOTO KBAHTOBBIX YHCEI),
MOHSITHE METAaCTaOUIILHOTO YPOBHS YHEPIHUH.

4. ®OTONPOBOAUMOCTH MOJIYIPOBOIHUKOB: MOHATHE (POTOMPOBOAUMOCTH, PA3INYUSI MEXKIY TUIIA-
MU (POTONPOBOAUMOCTH, (U3MUECKass KapTHHA SBJICHUS, BBIBOJ U (U3NUECKOEe OOBSICHEHHE KUHETHYe-
CKHX CBOWCTB (DOTOIPOBOIMMOCTH IPU UMITYJIbCHOM OCBELICHUH, KO3(DPUIMEHT yCUIEHUS, BpeMs pellak-
caiuu (hOTONPOBOUMOCTH.

5. MexaHu3Mmbl yIIUPEHUs CIEKTPaIbHBIX JIMHUN: IPUYUHA €CTECTBEHHOIO yIIUpeHus, JlopeHue-
Ba (hopMa JIMHUM U3JIydeHUs, pu3ndeckas NpuyrHa JOIJIEPOBCKOro ymupenus, ['ayccosa ¢popma JTMHUU
U3JIy4CHMS, YIIUPEHUE OT CTOJIKHOBEHHUM M HaIW4Ms BHYTPEHHMX U BHEIIHUX II0JIEH, YIUUPECHUE JIMHUU
IIpU JeHCTBUM HECKOJIBKUX (DaKTOPOB.

6. BeiHy)XIeHHOE M3JTy4eHHE TBEP/bIX TEJ: KPUTEPUHU BbIOOpPA aKTUBHOTO BEIIECTBA ONTUYECKOIO
reHepaTopa, BBIBOJ YCJOBUS HMHBEPCHUU HACEIEHHOCTH, BBIBOJ MOPOTOBOro Kod(duiMeHTa yCuiieHus,

00bsicHeHnE (PU3NUYECKUX YCIOBHI Ha HAKAYKY U mapameTpsl pezoHatopa ®adpu — Ilepo.

7. PaccesiHue cBeTa: 0COOEHHOCTH PAJIEEBCKOIO paccesHus cBeTa, paccessHue KommrToHa, pama-
HOBCKOE PacCesHUE CBETAa, CTOKCOBOE M aHTUCTOKCOBOE CMELICHHUE CIEKTpa paccesHus. Hakauka akTus-
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HOI'0 BCHICCTBA: MCPCUNUCINUTC BUABI HAKAYCK W IMOACHUTC NPUHIHUII UX IIGIZCTBPISI, OCHOBHBIC KMHCTHUYC-
CKHEC YpaBHCHU HAKaUKH U IIpaBUJia HeﬁCTBHﬂ C HUMH.

8. ®oroBonbranyeckue 3(PQPeKTsl B MOTYNPOBOJHHUKAX: OOIIME TMOJOKEHHUS M COOTHOLICHWUS,
OCHOBHBIE MeXaHW3Mbl BO3HUKHOBeHUs1 $oT1oI/IC, BEIBOI ocHOBHOTO BhIpaskeHUs: st Gotod/IC u ero
aHaNM3 NIl OAHOPOAHBIX M HEOAHOPOAHBIX MOJYNPOBOJHUKOB, POJI HEOCHOBHBIX HOCHTEJEH 3apsna B
dopmupoBanuu (Hoto3/IC B MOTYNPOBOAHUKAX, MEPEUHCIUTE U OXAPAKTEPU3YHTE PA3THUYHBIC THITBI
dboToBONMBTaNUECKUX IPPEKTOB.

9. Bo30ykaeHne akTHMBHOIO BEILECTBA: OCHOBHbBIE KMHETHYECKHE YPaBHEHHS HAKayKH, aHAJIN3
JIBYXYpPOBHEBOW CXEMBbI HAKAuKW, aHAJIU3 TPEXYPOBHEBOM CXEMbl HAKauKH, aHAJIU3 YETHIPEX YPOBHEBOU
CXeMbI HAKa4YKH, CPABHEHUE PA3IMYHBIX CXEM HAaKa4yKH 10 3((EKTUBHOCTH U IPUMEPHI X pealn3alnii Ha
IIPaKTHUKE.

10. ®otoBonbsrandeckue 3hGHeKTsl B MOIYNPOBOJHHUKAX: (DPU3UYECKUE TpOIecCchl pu oOpa3oBa-
HHUH 3JIEKTPOHHO-ABIPOYHBIX MEPEXO/I0B, OCHOBHBIC MapaMeTphl M XapaKTEPUCTHKH pP-N MEPEXoioB, Be-
JMYUHA MOTEHIIMAIFHOTO Oaphepa Nepexofia U ero BOJIbT-aMIIEPHAs XapaKTepPUCTHKA, IIOHATHE 00paTHOTO
Toka, 6aprepHas GoToD/IC (dbusmveckue mporecchl ee 00pa3oBaHUs, BRIPAKCHHUE IS BEIYUCICHUS BE-
mauHbl GoToDC).

11. OnTHueckue pe30HATOpPhl: OCHOBHBIEC MOHATHS TEOPHH OOBEMHBIX (3aKPBITHIX) PE30HATOPOB;
JTOOPOTHOCTh, COOCTBEHHBIE YaCTOTHI M THUIIBI KOJIEOAHU B 00BEMHOM PE30HATOPE; TIEPEXO]] K ONITHIECKO-
My PE30HaTOpy, TUIIBI KOIeOaHUH B ONTUYECKOM PE30HATOPE; TUIIBI MOTEPh B ONTHYECKUX PE30HATOpax;
CIIEKTPp COOCTBEHHBIX KOJICOAHUH B ONTHYECKOM PE30HATOPE.

12. [IpyeMHHUKHN ONTUYECKOTO U3JIYUYEHHUS: 1aTh UX KIACCHU(PHUKAIMIO U MEPEUUCIUTD (C MOSICHEHH -
MU (PU3NYIECKOTO COZIEPKAHMS) TEXHUUECKUE MapaMeTphl U XapaKTePUCTHKH (POTOACTEKTOPOB (DOTOHHO-
T'O ¥ TEIJIOBOTO THIA, TPOBECTH CPABHEHHUE 3HAYCHUN apaMeTPOB (POTONPUEMHHUKOB Pa3HbIX TUIIOB.

13. CBoiicTBa MJIOCKOrO pe30HATOpA: MPOAOJIbHBIE U TIONIEPEUYHbIE MOBI PE30HATOpPA, uncia Dpe-
HEJlSl ¥ PacCTOSHUSL MEXKAY MONEePEeYHbIMU MOAAMH, CIIEKTP COOCTBEHHBIX YAcCTOT IUIOCKOIO PE30HATOpa,
YaCTOTHO-BBIPOXK/ICHHBIE MOJIbI, PAaCIpPEACIICHHE 3JIEKTPOMArHUTHOTO MOJS B IJIOCKOCTH 3€pKaj, BUIbI
pactpenenenus uisi TEM-Moz 1 UX 3aTyxaHue B IIJIOCKOM PE30HATOPE.

14. ®oTONpPOBOIUMOCT HOIYHPOBOAHUKOB: MOHATHE (OTONPOBOIAUMOCTH, PA3IUUUS MEKAY TH-
namMu (poronmpoBoAUMOCTH, (pr3uUecKast mporecchl GopMUpOBaHUs (HOTOMPOBOAUMOCTH, BHIBOA U (pu3u-
yecKoe O0OBSICHEHHE KHHETHYECKUX CBOMCTB (DOTOMPOBOANMOCTH MIPU UMIYIECHOM OCBELICHUH, KO DU -
IIUCHT YCUJICHUS, BpEMsl pellakcariu (hOTOIPOBOAUMOCTH.

15. PactipocTpanenue u npeoOpa3zoBaHHe Ja3epHBIX MyYKOB: OTpaKeHUE, MpeoMIIeHne U pedpak-
IIUsl CBETa, MPOXOXKICHUE CBETa Yepe3 TPaHUIly paslena ABYX cpel, yron bprocrepa, addekt moirHoro
BHYTPEHHETO OTPaXKEHU S, IIJIAHAPHBINA JTUAJIEKTPUUECKHU BOJIHOBO/I M €TI0 CBOMCTBA.

16. ®otoBonpTanueckre 3G (GeKThl B MOIYNPOBOJHUKAX: OOIIUE TMOJIOXKEHUS M COOTHOILIEHUS,
OCHOBHBIE MeXaHM3Mbl BO3HUKHOBeHUs $oT1oI/IC, BEIBOI ocHOBHOTO BhIpaskeHUs st Gotod/IC u ero
aHaNM3 U1 OAHOPOAHBIX M HEOAHOPOAHBIX MOIYIPOBOJHUKOB, POJIb HEOCHOBHBIX HOCHUTENEH 3apsaa B
dopmupoBanuu (Hoto3/IC B MOTYNPOBOAHHUKAX, MEPEUHCIUTE U OXAPAKTEPU3YHUTE PA3THUHBIC THITBI
dboToBONBTaNUECKUX d(PPEKTOB

17. PactipocTpaHeHHe CBETa B AHM30TPOIHBIX CPEiax: BHIBOJ YPABHEHUS pACPOCTPAHEHUS TIOC -
KOM 3JIEKTPOMATrHUTHOM BOJIHBI B @aHU30TPOIHOM CPEZEe, MOHATUE TEH30pa JUAJICKTPUIECKON HEPOHULIAe-
MOCTH, 3G(DEKT ABYyITyde-peIoMIIeHUs, onpeneiaeHue (Ha3oBbIX CKOPOCTEH MU MOISApHU3ANd OOBIKHOBEH -
HOW 1 HEOOBIKHOBEHHOH BOJIH, MMOHATHE ONTHYECKON MHIUKATPUCH U €€ BUJ, TOHITHE ONTHYECKOU OCH.
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18. KBanTOBBIE IPHOOPHI ONTHYECKOTO JHANa30Ha: TBEPIOTEIbHbIC JIa3ephl (Ha OCHOBE pyOMHA U
AIIOMOMTTPHUEBOIO IPAHATA), UX CTPYKTYpa, JHEPreTHUecKas AuarpaMma, cxema HaKkadkH, apaMeTpbl re-
HEpUPYEMOTO U3JIYUEHUS; ra30BbIe JIa3ephbl Pa3IMUHbIX TUIIOB, UX pabodne cpelibl, SIHEPreTUYECKUE CXe-
MBI, TAPaMETPbl TEHEPUPYEMOTO U3IYUECHHUS; ) KUIKOCTHBIE JIa3ephl.

19. CioHTaHHOE W BBIHYKJIEHHOE M3JTy4eHHE aTOMOB: KOd(PHUIMEHTh DHHINTEHHA, KUHETHYE-
CKHME ypaBHEHUS IS 3aIIOJIHEHUs U Pa3TPy3KHM NIEKTPOHHBIX COCTOSHHUM aTOMOB IIPU JECWCTBUU BBIHY-
’KJIEHHOTO TOTJIOUICHUSI, CTIOHTAHHOTO M3TyYeHUS! U BBIHYKJIECHHOTO H3JIY4YEeHHUs, CBSI3b MEXIy Kodhdu-
[UeHTaMU DHHINTeHHA U ee PU3nUecKas HHTEePIpeTalns, TOHATHE HHBEPCUN HACEIEHHOCTH YHEpreTHye -
CKOTO COCTOSTHUSI, IPUHIIUIT CO3[JaHMsI TeHepaTopa AIEKTPOMArHUTHOTO U3TYUESHHSL.

29. TloaynmpOBOAHUKOBBIE CBETOAMOABI: MPUHLIUI PaOOThl, KOHCTPYKTUBHbBIE PELICHUS, OTIUYNE
TpeOOBaHUI OT JIa3€pPHBIX CHUCTEM, CIIEKTP HM3IIyYEHHsS M XapaKTEPUCTUKU T'€HEPUPYEMOTO H3IIyueHUs,
HEJOCTAaTKU U UX YCTPAHEHUE HA MPUHIMIAX HAHOAIEKTPOHUKH.

21. ®OoTONMPOBOAMMOCTH B TOJYIIPOBOAHUKAX: JIaTh OIpeAeieHue (HOTOmpoOBOANMOCTH, AaTh (u-
3u4yecKoe 00BbsICHEHHE TPOTEKAIOIINX MPOIIECCOB, YKA3aTh PA3HOBUAHOCTH (POTOMPOBOAMMOCTH M OCHOB-
HBIE TTapaMeTPhl, XapaKTepHu3yomnire (oTOMPOBOAN-MOCTh, IIPUBECTH ITPUMEPHI MOJIEBOW U YaCTOTHOH Xa-
PaKTEepUCTUK (OTONPO-BOJUMOCTH U TOSICHUTH X (PU3UUECKH.

22. OCcHOBHBIE TapaMeTphl, KOTOPHIMU XapAKTEPU3YIOT TEXHHYECKUE BO3MOXKHOCTH (poTOmpuem-
HBIX YCTPOMCTB KBAHTOBOW JIEKTPOHUKH U ONTO3IEKTPOHUKHU: NEPEUUCIINTh X U JaTh KaXIOMY (pu3Hnue-
CKYIO MHTEPHPETAIHIO, IPUBECTH MPUMEPHI (DOTONMPUEMHBIX YCTPOMCTB, pa3IMyaromuecs M0 JTUana3oHy
PETUCTPUPYEMBIX JUTUH BOJIH, OBICTPOACHCTBUIO, 0OHAPYKUTEITLHON CIIOCOOHOCTH.

23. OMuccus U3ITy4eHHsI U3 TBEPAbIX Tel: GU3NYECKOE PACCMOTPEHHE U3TyYEHUS TBEPIbIMU Tella-
MU, Pa3HOBUIHOCTH SMHCCHOHHBIX IPOIECCOB, MapaMeTpbl Ui OLEHKU 3(PPEeKTUBHOCTH 3MUCCHH;
CIIEKTp u3nydeHus, caBur Opanka — KopaoHa, BIMsSHUE JUraTypbl HA SMUCCUIO U3JIYYEHHS U3 MOIYIPO-
BOJIHUKOB

24. TTonynpoBOAHUKOBBIE (POTONMOBI: TIPUHIIHIT pabOThI, OCHOBHBIE MTApaMETPhl U XapaKTePUCTH -
KU, KOHCTPYKTUBHBIE PELICHUs, pA3HOBUIHOCTU (POTOAMOJOB U CPAaBHEHHE UX NApaMEeTPOB, HEAOCTATKU
TOMOT€HHBIX (DOTOMO/IOB M UX YCTPAaHEHHE Ha MPUHIUIIAX HAHODJICKTPOHUKH.

25. Onruyeckre pe30HaTOpbl: OCHOBHBIC MOHATHS TEOPUH OOBEMHBIX (3aKPBITHIX) PE30HATOPOB;
JTOOPOTHOCTH, COOCTBEHHBIE YaCTOTHI M THUIIBI KOJIEOAHU B 00BEMHOM PE30HATOPE; TIEPEXO]] K ONTHIECKO-
My PE30HaTOpy, TUIIBI KOIeOaHUH B ONTUYECKOM PE30HATOPE; TUIIBI MOTEPh B ONTHYECKUX PE30HATOpax;
CIIEKTp COOCTBEHHBIX KOJICOAHUH B ONTHYECKOM PE30HATOPE.

26. KaHToBble MPUOOPHI OMTUYECKOTO JUAMa30Ha: ra3oBbIe Jla3epbl Pa3IMUHBIX THUIOB, KJIACCH-
¢dukamnms, ux pabouue cpesbl, X FHEPreTUUECKUE AUATPAMMBbI, IPUMEHIEMbIE CXEMbl HAKauK{, TapaMeT-
PBI TEHEPUPYEMOTO U3TydeHUU. JKUIKOCTHBIE Ja3€ephl.

27. CIOHTaHHOE W BBIHYXKJIEHHOE H3JIy4eHHE aTOMOB: KOA(DPHUIIMEHTh DUHINTEHHA, KHHETHYEC-
CKHME YpaBHEHUS IS 3aIIOJIHEHUs U Pa3TPy3KHM NIEKTPOHHBIX COCTOSHHUM aTOMOB IIPU JECUCTBUU BBIHY-
’KJICHHOTO TOTJIOUICHUSI, CTIOHTAHHOTO M3TyYeHUS! U BBIHYKICHHOTO H3JIY4YE€HHUs, CBSI3b MEXIy Kod(hdu-
[UeHTaMU DHHINTeHA 1 ee PU3nUecKas HHTEPIpEeTalns, TOHATHE HHBEPCUN HACEIEHHOCTH YHEpreTHye -
CKOTO COCTOSTHUSI, IPUHIIUIT CO3[JaHMsI TeHepaTOpa AIEKTPOMArHUTHOTO U3TYUESHHSL.

28. CxeMbl HaKaukKd aKTHBHOTO BEIIECTBA Jla3epa: pacCMOTPETh ABYX-, TPEX- U YEThIPEXypOBHE-
BBIC CXCMbI HAKAYKH, YKA3aTb U3MCHCHUSA MAPaMCTPOB JIA3CPOB, UMCIOIINX PA3JIUYHBIC CXCMbl HAKAYKH.
['enuit — HEOHOBBIN Ja3ep.

14.1.3. Tembl 0NIPOCOB HA 3aHATUSX
DyHIaMEHTAlIbHBIE JICKTPUYECKHUE U ONTUYECKUE CBOMCTBA MaTepUAIOB KBAHTOBOM AJIEKTPOHH-
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KU U ONTO3JIEKTPOHUKH.
1. Kakumu nmapamerpamMu M XapakT€pUCTUKAMU OIMCBHIBAETCS B3aUMOJICHCTBUE M3IYyYEHUS C Be-
niectBoM? JlaTh ornpeneieHune U U3JI0KUTh PU3NUECKOE COJepKaHUe KaXKI0ro mapaMerpa, KaKIonl Xxapak-

TEPUCTUKH.

2. [lepeuncnuTh yCIoBuUs, KOTOPhIE HEOOXOAUMO BBIIOJIHUTH, YTOOBI MOYYUTh U3 MOTYITPOBOTHH -
Ka UCTOYHUK KOTEPEHTHOTO n3nydeHus. KakoBo pu3nyeckoe coqep:kaHue STUX YCIOBUIN?

3. KakoBbI OCHOBHBIE MEXaHU3MbI OTPAaHUYCHHS MTapaMeTpa BHEIIHEH KBAaHTOBOH Y(h(PEeKTUBHOCTH
H3JIYUYCHUS B TBECPAOTCILHOM UCTOUYHHUKE U3TTYUYCHUS.

4. Ilosicuure (HU3UYECKUI CMBICII TEPMUHOB "BBIHYXKJIECHHOE TMOTJIONIeHNE", "BBIHYKICHHOE H3ITY-
yeHue", "CIIOHTaHHOE U3nydeHue" .

5. Kak cBsi3anbl Mex/1y cO00W BEPOATHOCTH BBIHYKICHHOTO TMOIJIOLIEHHS, BHIHYKICHHOTO U3ITY-
YEHUS! U CIOTHTAHHOTO U3JIy4EeHUS?

FeHepaTopLI KOICPCHTHOTO OINTUYCCKOro M3JIYy4YCHUS HAa OCHOBC HCPABHOBCCHBLIX KBAHTOBBIX CH-
CTEM.

6. UTto Takoe MHBEPCHS HACEIEHHOCTH B KBAHTOBOM CHCTEME M KaK €€ MOKHO JTOCTHYh Ha MPAKTH -
Ke?

7. Kakum nomkeH ObITh KOO()(UIIMEHT yCUIICHUSI aKTHBHOM Cpenibl jla3zepa JJIsl MOIydYeHHUs Kore-
PEHTHOTO U3Ty4YeHUs1?

8. Kak cooTHOCATCS Mexay co0oi JIOpeHIieBa U raycoBa (POPMBI JIMHUA M3Ty4eHUS] KBAaHTOBOTO
reseparopa’?

9. [ToyeMy YeTHIpEeXypOBHEBasl CXeMa HaKaykKh 00eCTeYrBAaeT MUHUMAJIbHBIN TOPOTOBBIM YPOBEHb
HaKayKu B Jazepax?

10. [ToscauTe TepMuH "OTKPBITBHIA PE30HATOP" M YKAKHUTE €ro OTIMYUTEIbHBIE CBOMCTBA B CPaB-
HEHUU C 3aKPBITHIM PE30HATOPOM.

M cToYHNKY HEKOTEPEHTHOTO ONTUYECKOrO M3ITyYeHUs] Ha OCHOBE MOTYIIPOBOJHUKOBBIX MPUOOPOB
U TETEPOCTPYKTYP.

11. HpI/IHHI/IHBI IMOBBIIICHHUA IMTapaMETPOB HM3IYUCHUS HCIIOJIB30BAHUEM KBAHTOBLIX M W KBAaHTO-
BBIX TOYCK..

12.IIpuHuun paboTsl OPATTOBCKUX 3€pKall B MPUOOpPaX KBAHTOBOM 3JIEKTPOHUKU M ONMTORJIEKTPO-
HUKH.

13. KakoBbI yHKITUHM MUKPOPE30HATOPOB B CBETOIMO/IAX C KBAHTOBBIMH sIMaMU?

14. Kak ¢ mOMOIIbIO KBAHTOBBIX SIM U3MEHSTh CIEKTPAIBHBIN COCTaB FT€HEPUPYEMOTO JIa3epaMu U
CBCTOAMOJaMU I/I3J1y‘-ICHI/I}I?

15. Kak ycTpanuTh oTpunaTeabHoe AeiHCTBHE AP PeKTa MOTHOTO BHYTPEHHETO OTPaXKEHHS MTPU BbI-
BOJIC U3JIYy4YCHHS U3 KpUCTaLIa?.

@DOTONPUEMHHUKN ONTUYECKOTO U3TYyYEHHUsS] Ha OCHOBE MOJYIPOBOJHUKOBBIX MPUOOPOB U T€TEPO-
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CTPYKTYP.

16. Kaknmu napameTpamu U XapaKTepUCTUKAMH OTHMCHIBAIOTCS CBOWCTBA (POTOMPUEMHBIX AJIEMEH-
TOB B KBAaHTOBOM 3JICKTPOHUKE U OMTOAIEKTPOHUKE?

17. Kakue cymecTByIOT TUIBI ()OTONPUEMHUKOB HA OCHOBE TBEPJBIX TEJ, pa3iuyaroliyuecs MpHuH-
IIUTIOM OOHApYKEHHsI CBETOBOTO CUTHaa?

18. Uto Takoe (OoTONPOBOIUMOCTH MOIYNPOBOIHUKA U YTO Takoe (oTtoD/C B momyrnpoBOIHUKAX
U TOJIyTIPOBOTHUKOBBIX CTPYKTYypax?

19. B uem 3akiiovacTcss OCHOBHAS MPUYMHA BOSHUKHOBEHHS (POTOMPOBOIUMOCTH U B YE€M TIPUUH -
Ha BO3HUKHOBEeHUS (oToD/IC?

20. Yro Takoe 6aprepHast poto3/IC 1 KakOBBI IPUUUHBI €€ MOSIBICHUA?
Monynstopsl U 1e(IEKTOPHI ONTUYECKOTO N3TYYECHHUSI HA OCHOBE TBEPABIX M KUIKHUX KPUCTAIIJIOB.

21. Yro Takoe OBYIy4eNperloMIEHUE B KPUCTAUIAX, B KAKMX YCIOBHMSX OHO BO3HHKAET U KaK €ro
MCIIOJIb30BaTh B KBAHTOBOM JIEKTPOHHMKE U ONTONIEKTPOHUKE?

22. Yro Takoe oNTUYECKas MHAMKATPUCA U KaK €€ UCIOJIb30BaTh AJs pacueTa rpQexTa AByIyde-
IIPETOMIICHUS?

23. Kakue TUIbI )KMJIKUX KPUCTAJIIOB CYILIECTBYIOT U KaKOBa UX MOJIEKYIApHas CTPyKTypa?
24. Yto takoe nepexon Ppenepruxca B HEMATUUECKUX JKUJIKHUX KPUCTAIIAX U KaK €r0 MCIIOJIb3YIOT
JUIS YIPABICHHUS KOI€PEHTHBIMU HEKOTCPEHTHBIMM CBETOBBIMU IOTOKAMHM B KBAaHTOBOW JJIEKTPOHUKE M

ONTORJIEKTPOHUKE?

25 Yro takoe 3G PeKT "TocThb - X031uH" U KaK €ro UCIOJIB3YIOT B IPUOOPaxX ONTOAIEKTPOHUKH?

14.1.4. Tembl JOMAIIHUX 3aJaHAN
1. Omnpenenenyie KOHIEHTPALUHN JETUPYIOLUIUX PUMECEH Ui MOITY4YEeHUS OTYIPOBOIHUKA C COO-
CTBEHHBIM TUIIOM IIPOBOAUMOCTH.

2. @OTONPOBOAUMOCTh MOJTYNPOBOJIHUKA: €€ TUIIBI U MEXaHU3Mbl BOSHUKHOBEHMUSI, OCHOBHBIE I1a-
pametpsl. Pacuet ko durmenta ycunenust oTonpoBOAMMOCTH M METOBI YIIPABICHUS UM.

3. q)OTOBHC B IIOJYIIPOBOAHUKAX: MCXaHHU3MbI €€ BOSHUKHOBCHHA, OCHOBHBIC THIIbI, MCTObI pacC-
qcTa, 0a3oBbIe napamMeTpshl.

4, CpaBHeHI/Ie CIHICKTPAJIbHBIX XapPaKTCPUCTHUK PC30HATOPOB 3dKPBITOI'O U OTKPBITOT'O TUIIOB.

5. HpOXO)KI(CHI/Ie ONTUYCCKOTO U3JTYYCHHA YCPC3 I'paHUIly pa3aciia ABYX CpC: OCHOBHBIC SIBJICHUA,
XapPaKTCPUCTUKU U ITapaMCTPhI.

6.CrIOHTaHHOE U BBIHY)KJEHHOE M3JydyeHUE aroMa, KodpGUIUeHTsl DUHIITEHHA, UX PU3NYECKU
CMBICII U TIPUPOJIA CBSI3M MEXy cO00i, BO3MOKHOCTb yIpaBJICHUS YUCICHHBIMU 3HAYCHUSMH MapaMeT-

paMu BBIHYXICHHOI'O U3JIYUYCHUS U BBIHYXXJICHHOT'O ITOTJIOMICHHA.

7. Uneonorus co3gaHus reHeparopa ONTUYCCKOro M3JIYUCHUA Ha OCHOBC YCHIIMTCIIA JJICKTPpOMAr-
HUTHOT'O U3JITyYCHU.

8. Bunsl HaKayKu, CBOIMCTBA HaKa4yKU B TpEeX- U IIGTpreX}’pOBHeBOI\/’I CXEMax. CpaBHeHI/Ie Hux BO3-
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MOKHOCTEM.

9. IIpunun paboTHl U U TUNHWYHBIC 3HAUCHUS MAapaMETPOB I'C€HEPUPYEMOTO M3IYYEHHUS MOJIEKY-
JSAPHBIX J1a3€pOB.

10. Ilpunnun paGoThl ¥ TUIIMYHBIE 3HAYEHUS [TaPaMETPOB T€HEPUPYEMOTO U3ITYUECHHUS HOHHBIX Jia-
3€pOB.

11. Ipuniun paboThl ¥ TUNHWYHbIE 3HAYCHUS MApaMETPOB T'€HEPUPYEMOTO M3ITyYEHHS IOJIYTIPO-
BOJIHMKOBBIX JIa3€pOB

14.1.5. Tems1 pedepaToB

1. Onpenenenre KOHUEHTPALMH JIETUPYIOIIUX PUMECEH [T MOTy4eHHs TOJIyIIPOBOIHUKA C COO-
CTBEHHBIM THUIIOM IIPOBOJIMMOCTH.

2. ®OTONPOBOAUMOCTD MOIYIPOBOIHUKA: €€ TUIIBI U MEXaHU3Mbl BOSHUKHOBEHMSI, OCHOBHBIE I1a-
pametpsl. Pacuer koadduurienta ycuneHuss GoTonpoBOJUMOCTH U METO/IbI YIIPABICHUS UM.

3. ®oTO3/AC B MOIYNIPOBOJHUKAX: MEXaHU3Mbl €€ BOSHUKHOBEHNUS, OCHOBHBIE TUIIBI, METO/BI pac-
yeTa, 6a30BbIC MAPAMETPHI.

4. CpaBHEHHE CIEKTPAIBHBIX XapaKTEPUCTUK PE3OHATOPOB 3aKPBHITOTO U OTKPHITOTO THUIIOB.

5. IlpoxoxaeHre oNTUYECKOTo U3TyUEHHs Yepe3 IpaHully pas3ziesia IByX Cpe/ll: OCHOBHBIE SBJICHUS,
XapaKTePUCTUKHU U MTApaMEeTPBI.

6.CrIOHTaHHOE U BBIHY)KJEHHOE M3JydyeHUE aroMa, KoOdPGUIUeHTbl DUHIITEHHA, UX GU3NYECKU
CMBICII U TIPUPOJIA CBSI3M MEXy cO00i, BO3MOKHOCTb YIpaBJICHUS YUCICHHBIMU 3HAYCHUSMH MapaMeT-
pamMH BBIHYKJIEHHOTO U3yYEHHS U BbIHYKICHHOTO TOTJIOLIEHUSI.

7. Mneonorust co3aHusl reHeparopa ONTHUYECKOro U31yYeHHs] HA OCHOBE YCHWJIMTENS JIEKTpOMAr-
HUTHOTO U3Ty4YEHHUSI.

8. Buapl HaKauky, CBOMCTBA HAKa4KU B TPEX- U YETBIPEXypOBHEBOU cxeMax. CpaBHEHUE UX BO3-
MO>KHOCTEH.

9. IlpuHun paboThl U U TUIHWYHBIC 3HAUCHUS MAapaMETPOB I'E€HEPUPYEMOIO M3JIy4EHHUS MOJEKY-
JISIPHBIX J1a3€pOB.

10. [IpuHUMO paObOTHl M TUITUYHBIE 3HAYEHUs TapaMETPOB T'€HEPUPYEMOT0 U3JTyUeHHsI HOHHBIX JIa-
3€pOB.

11. IIpunuun paboThl U TUNHWYHbBIE 3HAYECHUS MApaMETPOB I'€HEPUPYEMOTO U3IIyYeHHsI MOJIyIpO-
BOJIHMKOBBIX JIa3€POB

14.1.6. Tembl 1a00paTOpHBIX padoT

1. Omnpenenenye MUPHUHBI 3alIPELIEHHONW 30HbI MOJIYIPOBOJHMUKA METOJOM TEMIIEPATypHOTO CKa-
HUpOBaHUs (JTabopaTopHas yCTaHOBKA).

2. UccnenoBanue CBOMCTB p-n mepexosa B MpHOOpax ONTOAIEKTPOHUKH (KOMITBIOTEPHOE MOCIH -
poBaHue).

3. CpoiicTtBa U mapameTpsl (HOTOMPOBOAUMOCTH HOTYIPOBOAHUKOBBIX (HOTOPE3UCTOPOB (J1abopa-
TOpHAsi yCTaHOBKA).

4. VlccnenoBanue aHU30TPONHMH ONTHYECKUX CBOMCTB KPHCTANIOB HHOOATa JUTUS (KOMIIBIOTEP-
HOE MOJICTTUPOBAHUE).

14.1.7. MeToau4ecKkue peKoMeHaluu

OCHOBHBIG METOIUYCCKHUC peKOMeHI[aIII/II/I KacCarTCs 0pFaHI/I3aIII/II/I 158 KOHTpOJISI BBIITOJIHCHHUA CaMO-
CTOATENBHBIX 3aJaHNMH.

CrpykTypa 1nojaayu JEKIMOHHOTo MaTepuana. [locie Bbiauu caMOCTOSTENbHBIX 33a/IaHUM (HA JIEK-
1MW) CO CTYJCHTaMU IJIAHUPYETCs Tema cienytomiei aeknuu. Cpean pazHooOpa3us METOJIOB MOIaYH Ma-
TCpI/IaJIa HaI/I6OJII)IHa$I AKTUBHOCTH CT}’ZIGHTOB Ha6JIIOIIaeTC$I HpI/I HpI/IMeHeHI/II/I TECXHOJIOTUHN ((HHTGHCHBHOﬁ
MEeJJAaTOTHKW» B BUJE «IPOJIBUHYTOM KOH(EPEHTHON 0030pHOM JIEKIIMH», COBMEIIEHHON C CEMHHApOM.
Baxxno Ha oHe 00mux yueOHBIX 3aJaHNH HANTH «H3IOMUHKY» B KaXKIOM 33JaHUU CTYIEHTA M IOKa3aTh
aKTyaJIbHOCTh W TIEPCIEKTHBBI TPUMEHEHHS perieHus. BakHO MokKa3aTh JOCTHXKCHHSI KOHKPETHBIX
BI)IHyCKHI/IKOB 110 HpeIIJIO)I(eHHOI;'I TEMATUKE.

[Tpaktrueckue 3ansaTus. HTEpeC y CTyeHTa MPOSBISIETCS TOTJA, KOrJa Y HEro MOJydarTcs pe-
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[ICHUS TIPEUIOKEHHBIX 3aaHUi. VIX BBIMOIIHEHUE YYUTHIBACT BO3MOKHOCTH M HAKIIOHHOCTH CTYJCHTA U
MO3BOJISIET MPEJIOKUTH TBOPUECKOE PAa3BUTHE OTIECIBHBIX (PPAarMEeHTOB 3a/1aHUS.

3ammrTa caMoCTOATeNbHOU paboThl. Hambonpmmii UMIyIbC K Pa3sBUTHIO JaeT HAyYHO-TEXHHUYE-
cKast KoH(epeHIHsl, TIe KaK/IbIi CTYACHT 00513aH BBICTYIUTH C COOOIIEHUEM O cBoeit padoTe. [Ipu moaro-
TOBKE K HEMY Y CTY/ACHTA IMPOUCXOIUT MEPEOLCHKA JESATEIBHOCTH, MPUPOCT KOMAHbI SHTY3HACTOB IS
y4acTHs B Pa3BUTHH PabOT. DTO CIOCOOCTBYET Pa3BUTHIO OOIICKYIBTYPHBIX MPOPECCHOHATBLHBIX KOMIIE-
TEHIUH, BBIPAOATHIBACT HABBIKM TPAMOTHOTO H3IIOKEHUS PE3yIbTaTOB PabOThI M HMX 3aIIUTHI MEPe]
KOMMCCHEM.

14.2. TpeOoBaHus K OLIEHOYHBIM MaTepPHAJIAM VISl JIUI] ¢ OTPAHUYEHHBIMH BO3MOKHOCTAMMU
310POBbS1 1 HHBAJIH/I0B
s aui ¢ orpaHMYEHHBIMUA BO3MOKHOCTSIMU 3/I0POBBSI M MHBAJUIOB MPEITyCMOTPEHBI TOTOIHH -
TEJIbHBIC OLICHOYHbIE MaTepUalIbl, IEPEYCHb KOTOPBIX yKa3aH B Tabmuie 14.
Tabmuua 14 — JlononHUTENbHBIE MaTepHallbl OLIEHUBAHUS ISl JIMI C OTPAaHMYEHHBIMH BO3MOXHOCTSIMU
310POBbsI 1 HHBAIUIOB

Kareropun Bubl 1ONOMHUTETBHBIX OLIEHOYHBIX @DopMBbI KOHTPOJISI U OLIEHKU
00y4aroLXCst MaTepHasoB pe3ynbTaToB 00y4eHUs

TecTbl, MUCEMEHHBIE CAMOCTOSITEIIEHBIC
paboThI, BOTIPOCHI K 3a4eTy,
KOHTPOJIbHBIE pabOTHI

[IpenMy111eCTBEHHO MMCHMEHHAs
IIPOBEpKa

C napyueHusmMu
ciyxa

C napymenussimu | CobecezioBaHme 10 BOIpocaM K 3a4eTy, | [IpenMyIecTBeHHO YCTHas MPOBEpKa

3peHus OTIPOC IO TEPMUHAM (MHIMBUAYATBHO)
C HapyuieHus MU Pemienne AuCTaHIIMOHHBIX TECTOB,
OTIOPHO- KOHTPOIbHBIC Pa0OTHI, MUCbMEHHbIE | [IpenMylnecTBeHHO AUCTaHIIMOHHBIMU
ABUTATCIIBHOT'O CaMOCTOATCIIBHBIC pa60TI)I, BOIIPOCHI K METOaaMU
ammapata 3a4ery
C orpanunuenusiMu 1o | TecTbl, MUCbMEHHBIE CAMOCTOSATEIbHBIE [IpenmyiiecTBEHHO MPOBEPKA
OO0IIEeMeTUITTHCKIM paboThI, BOTIPOCHI K 3a4eTy, METO/IaMH UCXOJISl U3 COCTOSHHUS
IIOKa3aHUusIM KOHTPOJIbHBIC pa6OTI)I, YCTHBIC OTBEThI o6yan0merocsl Ha MOMCHT IIPOBCPKU

14.3. MeTroauyeckue peKOMEHIAUMHU 110 OLEHOYHBIM MATEepPHaIaM JIsl JIUL C OTPAHUYEHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

Jnis nui ¢ orpaHUYEeHHBIMH BO3MOXKHOCTSIMHU 37I0POBBSI M MHBAJTUIOB TPEAYCMAaTPHUBACTCS JI0-
cTynHas (hopMma MpeoCTaBICHUS 3aJaHUI OLIEHOUHBIX CPEJICTB, @ UMEHHO:

- B IeyaTHou (opme;

- B IeYaTHOU (popMe C YBETUUEHHBIM MPUDTOM;

- B (hopMe INIEKTPOHHOTO TOKYMEHTA;

- METO/IOM YTEHUS ACCUCTEHTOM 33/1aHUs BCIYX;

- IIPEJOCTABIICHUE 3a/laHUs C UCTIOJIb30BAaHUEM CYPJIOTIEPEBO/IA.

JIluam ¢ OrpaHWYeHHBIMH BO3MOXHOCTSIMU 3/I0pOBbsI M MHBAJIMJAM YBEIMUYUBAETCS BpeMs Ha
MOJI'OTOBKY OTBETOB Ha KOHTPOJIbHBIE BONPOCHL. i1 TakuxX 00y4aromuxcsi MpeIycMaTpiuBaeTCsl TOCTYII -
Hast (popMa MpeoCTaBICHHs OTBETOB Ha 3a/1aHUs, & UMEHHO:

- MUCbMEHHO Ha OyMmare;

- Ha0Op OTBETOB Ha KOMIIBIOTEPE;

- Ha0Op OTBETOB C MCIIOJIb30BAHUEM YCIIYT ACCUCTEHTA;

- MIPEJICTABICHUE OTBETOB YCTHO.

[Tpouenypa oueHUBaHUS Pe3yJIbTATOB OOYUYEHHUS JIUI] C OIPAaHUYEHHBIMU BO3MOXHOCTSIMU 3710PO-
Bbsl M1 MHBAJIMJOB M0 JUCLUIUIMHE MpelycMaTpUBaeT MpeocTaBieHue nHpopmanuu B popmax, aJanTH-
POBaHHBIX K OTPAHUYCHUSM X 370POBBS i BOCTIPUATHS HHPOPMALINH:

JI1s1 1ML ¢ HApYIIEHUSIMM 3PeHust:

- B (hopMe FJIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHO! (hopMe yBEIMUEHHBIM HIPUPTOM.

JI1s1 JIMI ¢ HApyIIeHUsIMM CJIyXa:
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- B (hOpMeE IIIEKTPOHHOTO TIOKYMCHTA;

- B IIe4aTHOU hopme.

J1J1s1 JIMI ¢ HAPYIIEHUSIMH OTIOPHO-IBHIaTeJILHOTO anmapara:

- B ()OpME IJIEKTPOHHOTO JIOKYMEHTA;

- B Ie4aTHoOU hopme.

[Tpu HEOOXOMUMOCTH ISl JIUIL C OTPAaHUICHHBIMH BO3MOXKHOCTSIMU 37I0POBbS 1 HHBAIUIOB TPOIIE-
Jypa OLIEHUBAHUS PE3yIETATOB O0YICHHSI MOXKET TIPOBOIUTHCS B HECKOIBKO 3TAIIOB.
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