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AHHOTANMA

Lenpio xypca "OCHOBBI ONTHKKA HAHOPA3MEPHBIX CUCTEM  SBISCTCS W3IIOKEHUE OCHOB (DM3WKH U ONTHKU
HAaHOpPa3MEpPHBIX CHCTEM W O3HAKOMJIEHHWE CTYIEHTOB C TMIOCIEJIHUMH JOCTIDKEHUSMH B  JTOM
OBICTPOpa3BHBAIOIICHCS OOJIACTH HAyKH W TICPCIICKTUBHBIMU TPUMEHEHHUSIMH ee¢ pe3ynbratoB. Kypce
HauMHAETCA C KPaTKOrO PacCMOTPEHHUS OCHOBHBIX MOJOXEHHM KIACCHYECKOW 3JIEKTPOAMHAMHKHA M OCHOB
KBaHTOBOU TeopuH, 6€3 KOTOPHIX HEBO3MOXKHO MOHUMAHUE M3JIATaeMOro Marepuaia. B JeKnusx u3maratorcs
(dyHIaMeHTaNbHbIC JUII HAHOONTHUKW TIOHSTHSI W SBICHUS, Takhe Kak ONKHEe ONTHYEeCcKOoe IoJie H
ABaHECIEHTHBIC BONHEI, 3(dexT [lapcemna, MOBEpXHOCTHBIN M JIOKATM30BAHHBINA ITUIa3MOHHBIM PE30HAHC,
pa3MepHOe KBaHTOBaHUE, U .

B kypce wuznmaraercs marepuand O pa3IMYHBIX HHTEHCHBHO HM3Y4YaeMbIX HAHOOOBEKTAX, BAXKHBIX JUIS
HAaHO(QM3MKM M HAHOTEXHOJIOTUH, TAaKMX KakK TIOJYIPOBOJAHUKOBBIC KBAaHTOBBIC TOYKH, METAJUINYECKUE
IUTa3MOHHBIE HaHO4YacTHLbl, NV-IEHTpbHl B anMase, anKoHBepTHpYIue HaHOPpocOpsl M MHOTHE Ap.
Bosnpuioe BHUMaHuME B Kypce YAENSETCS PACCMOTPEHHMIO 3KCIEPUMEHTANBHBIX METOAOB, ILIHMPOKO
WCIIOJIB3YEMBIX IIPH M3YYEHUM HAHOYACTHII M HAHOCTPYKTYp. B YacTHOCTH, paccMaTpHBArOTCS Pa3IH4YHBIC
METOJbl MHUKPOCKOINU: 3JIEKTPOHHAs, TyHHENIbHAas, aTOMHO-CHJIOBasi, MOHHAas U np. [logpoOGHO m3ydaroTcs
MNPUHIUIB  METOJOB COBPEMEHHOM ONTHYECKOM MHKPOCKONHMH CBEPXBBICOKOTO IPOCTPAHCTBEHHOTO
paspemieHus. OTHOEIBHO H3JIArarOTCsl OCHOBBI CIIEKTPOCKONMM OAMHOUYHBIX MOJIEKY]1 IIPU HU3KUX
Temmeparypax u e€ npuMeHeHus. B Kypce ynensercs cneunaibHOE BHUIMaHUE PACCMOTPEHUIO HAHOOOBEKTOB
OMOJIOrMYEeCKON MPUPOJBI: BUPYCHI, BHYTPUMOJIEKYJISIPHBIC BE3UKYIIbI, IK30MOMBI M 3HAKOMCTBY C METOJIaMH
WX BU3yaJIM3aLlUH.

1. leau u 3apauu

eap AUCUMNIMHBI

Ienbto Kkypca sBiseTCs  M3JI0OKEHHE OCHOB OINTHKM HAHOPAa3MEPHBIX CHUCTEM M O3HAKOMJICHHE
CTYICHTOB C TOCICAHUMHU JOCTHXCHHUSMHU B ITOM OOJIACTH HAyKH, a TaKXKe C MNEPCHEKTUBHBIMHU
IIPUMEHEHUSIMHU €€ pe3ysIbTaToB.

3agaum AU COMIIHHBI
VYcBoeHne CTyIeHTaMHl OCHOB ONITUKU HAHOYACTHIl M HAHOCTPYKTYPHUPOBAHHBIX OOBEKTOB.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI

OIIK-3 CniocoGeH BbIOMpaTh U (MIIN) penieHus

pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METOJbl NPHU PEIICHUH HOBBIX 3a]a4, MPUMEHSsS 3HAHWUS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, TIPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax HCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH




U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYYHbIE PE3ysIbTaThl

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (pruOOpaMH U yCTaHOBKaMH,
CTIELUATN3UPOBAHHBIMU TTAKETaMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
SKCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAThb:

YMETb:

(bHSH“ICCKHG OCHOBEI 1 OCOOCHHOCTH ONTUYECKHUX CBOICTB HaHO4YaCTHII,

¢du3nuecKue OCHOBBI, NPEUMYIIECTBA U

HEAOCTAaTKH COBPEMEHHBLIX MCETOAOB SKCIICPUMCHTAJIBHOT'O

HUCCIICA0OBAHUA HaHOOOBHEKTOB pa3J'II/I‘-IHOI\/’I IpUpoOAbI;
OCHOBHBIC ITOAXOABI U MOACIIU TCOPETUICCKOI'O OTTUCAHNA ONITHICCKUX CBOMCTB HAHOOOBEKTOB.

[IPUMEHATH IIOJYYCHHbIE 3HAHUS Ul IIOCTAHOBKM U IPOBEIEHHS 3KCIIEPUMEHTOB MJIsl W3yYEHUs
ONITUYECKHUX U CIIEKTPAJIBHBIX CBOMCTB HAHOYACTHI] U HAHOCTPYKTYP Pa3IMyHON NPUPOJIBL;
UHTEPIPETUPOBATh U aHATIU3UPOBATh PE3yJIbTaThl IPOBEJCHHBIX IKCIIEPUMEHTOB;

MOJIb30BATHCSI COBPEMEHHBIMU KOMITBIOTEPHBIMU MPOrpaMMaMH AJisi 00pabOTKH SKCIEPUMEHTAIbHBIX

pE3yNbTaToB.

BJIAJIETD:

SKCIICPUMEHTAJIbHBIMU ME€TOAaMH HCCJICAOBAHUA OINTUYCCKUX CBOHCTB HaHOOOBEKTOB paanquﬁ

MPHUPOIBI;

HaBBIKAaMM pabOThI C COBPEMEHHOI Hay4YHOI JUTepaTypoi M0 aKTyaJbHBIM BOIIPOCAM HAHOONTUKU UU

HaHO()OTOHUKH;

METO/IaMU TEOPETHUYECKOI0 MOJIEIMPOBAHUS ONTUYECKUX CBOWCTB HAaHOYACTHUIl U MX aHaJM3a C LIEJIbI0
OTIpeJIeIICHUS] OCHOBHBIX ONTUYECKUX KOHCTAHT U IIApaMETPOB U3y4aeMbIX HAHOOOBEKTOB;
OCHOBHBIMU HAaBBIKAMH IIPEACTABICHHUS CBOMX pE3ylbTaTOB HAa CEeMUHapaX, KOH(EpeHIMAX U

HalmMCaHus HAYyYHbIX cTaTel.

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 BBeneHnne B HAHOONITUKY 3 3
) OcHOBHBIE ~ MOHATUS  KJIACCHYECKOH 4 4
JIEKTPOANHAMUKHI
3 IInazmonsl B Metaymax. llmasmoHHBII 4 4
pe3onanc. [ToBepxXHOCTHBIE TUIa3MOHBI.
[1na3monbI B HaHOYACTUIaX.
4 JloxanusoBaHHbIE IJ1a3MOHHbIE 4 4
BO30Y>KICHUS
5 CronTanHoe H3ITy4eHue B 4 4
Mukpopesonarope Jpdekr [apcenna
6 TouedHbIe KBAHTOBBIC U3Ty4YaTeNN 4 4
7 @DOTOHHBIE KPHUCTAJUIBI M ONTHYECKUE 4 4
MUKPOPE30HATOPbI




] Onrtuyeckas MUKPOCKOIIMS B OJIMKHEM U 3 3
JaJIbHEM T10JIe

9 Cutbl, BBI3BIBaCMEBIC JCHCTBHEM CBETA 4 4

10 OnyKTyalMOHHO-AUCCUTIATUBHAS 4 4
Teopema
30H10Bast MUKPOCKOIIHS.

11 ATOMHO-cHII0OBast u TyHHEJIbHas 5 5
MHUKPOCKOIIHS.

12 DNEeKTPOHHAs! U HOHHAS MUKPOCKOIIUS 4 4
Muxkpockomnust BBICOKOTO u

13 |cBepXBBICOKOTO MPOCTPAHCTBEHHOTO 5 5
pa3peuieHusI.

14 IIpocrpancrBeHHast Jycrepcus U 4 4
OTpHLIATENIFHOE PEJIOMIICHUE CBETA

15 Hanoonrtuka u HAaHOCTPYKTYPBI 4 4
OHMOJIOTUYECKOU MTPUPOBI

Nroro yacos 60 60

[TonroToBka k 3K3aMeHy 60 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennuii)

1. BBenenve B HAaHOONITHKY

Yro Takoe HaHO(PHU3HMKA U HAHOOIITHKA, KaKHe OOBEKTHI U SIBICHHUS OHA U3y4aeT.
Yrto noHMMaeTcs Mo TePMUHAMU HaHO- U ME3000bEKThI, HAHO- U ME30CTPYKTYPHI.

OcHoBHblE OTIMYMSA (U3NYECKUX U  ONTHYECKUX CBOWCTB HAHOOOBEKTOB OT CBOWCTB
MaKPOCKOIUYECKUX TEJI U OCHOBHBIE (PU3HUECKHE IPUUUHBI 3TOTO OTINYMSI.

2. OCHOBHEIE TTOHSTHUS KJIaCCHUECKOM QJICKTPOANHAMUKHA

Makpockonudeckasl 3JeKTPOAMHAMUKA. YCPEAHEHHE JIOKAJIBHBIX IOJIEH B cpene. YpaBHEHHSA
MakcBenna. MarepuanbHble YpaBHEHHS M T'paHWYHbIe YCioBHA. KoMIUIeKCHas AMAIEKTpHUecKas
MpoHUIaeMOCTh. KOMIUIEKCHBI MOKa3zaTenb mnpeiomieHusa. lIpocTpaHCTBEHHass W BpEeMEHHas
THUCHIEPCHH.

N3nydenue koiaeOIOMIErocst AUMONbHOTO u3inydaress. [loHaTHe ONMKHEro M JalbHETo MOJI,
OCHOBHBIE CBOWCTBA U OTIIMYHSL.

MoHoxpoMaTuueckue 1mofsl. PasnokeHue SIEKTPOMAarHUTHOTO TIONS B YIJIOBOM  CIEKTD,
MPOCTPAHCTBEHHBIE YacTOThl. Dyphe onTHKa.

[TonHoe BHyTpeHHee oTpakeHue. HapymieHHOe mojiHOe BHYTPEHHEE OTpa)KCHHE. DBaHECLECHTHbIC
nona. Casur ['yca-XeHxeHa. 3ampelieHHBIM CBET. ODJEKTPOJMHAMHKA C YYETOM BEKTOPHOTO
xapakTtepa nosiei. [lapakcuansroe npubmmwkenue. @opmanuzm pynkauu [ puHa.

l"ayccoBbl na3epHbIE MMyYKH, SPMUTOBO-TAyCCOBCKUE W JIareppoBO-rayccoBbie Monbl IIponosibHble
moJist B POKaJIbHOU MIIOCKOCTH.

3. [Inazmonsl B MeTamax. [InmazmMoHHbIN pe3oHanc. [IoBepXHOCTHBIE TIa3MOHBI.

BsaumoneicTBie 37IEKTPOHHBIX BO30YXKIEHHMH B MeTalaX € 3JIEKTPOMArHUTHBIM H3ITyYCHHEM.
[Monsatne oObemHoro mmiasmoHa. Teopus [pymd-3ommepdenbaa. 3akoH AMCIEPCHU TUTAa3MOHHBIX
BO30Y>KICHUI Ha MOBEPXHOCTH MeTaiia. Bkiiag MexX30HHBIX IEpeXo0B.

[ToBepXHOCTHBIN IJIa3MOHHBIA pe3oHaHc. Bo30yxkaeHue MOBEpXHOCTHBIX IUIA3MOHOB METOJIOM
[IOJIHOTO BHYTPEHHEro OTpaXkeHHs. [IpMMEHEeHus MOBEPXHOCTHOIO IIIa3MOHHOTO pPE30HAHCA s
aHAJIMTUYECKUX LieJed. MUKpPOCKOI MOBEPXHOCTHOIO IJIA3MOHHOIO PE30HAHCA.



4. Ina3mMoHb! B HaHOUacTHIAX. JIOKAIM30BaHHEIE I1a3MOHHBIE BO30YKICHUS

Jlokanu3oBaHHBIN T1a3MOHHBIN pe3oHaHC. Bo30yxieHue m1a3MOHOB B METaNIMYECKUX HaHOC(epax
Y HAHOYACTHIAX.

[IpumeHeHHsT JIOKaJM30BAaHHOTO IUIA3MOHHOTO pe3oHaHca. lICnonb30BaHWME HAHOYACTHUIl U3
ONaropofHBIX METAJUIOB B KadyecTBe HaHO30HAOB. HanoantenHsl. Cnazep. besnuH30Bas
MHKPOCKOTIHSI.

IToBepXHOCTHBIE MJIa3MOHBI M TUTAHTCKOE KOMOMHAIIMOHHOE paccesHHEe Ha IIepOXOBaTOCTAX
MOBEPXHOCTH U BOIM3M HaHo4YacTul OnaroponHsix meramioB (SERS- u TERS-cnekrpockonus).

5. CnioHTaHHOE M3Iy4YeHue B MukpopesoHarope Dddext [lapcemna

CKOpOCTb CIIOHTAaHHOW pejlakCalid M BpeMs XKM3HM B paMKax KJIaCCUUYECKOM 3JIEKTPOAMHAMUKU.
Peaknus m3mydeHus, paauallMOHHOE 3aTyXaHHE HW3IYYEHUS SJIEKTPUUYECKOrO 3apsiia WIN JTUIONIS.
[[IvuprHa TMHAN CIIOHTAHHOTO U3JIyYEHUS.

CKOpOCTb CHOHTAaHHOM pelaKcalud M BpeMsl KU3HH B paMKaX KBaHTOBOH 3JIEKTPOAMHAMHUKH.
B3aumozneiicTBuEe ¢ KOHTHHYYMOM D3JEKTPOMAarHUTHBIX MOZI. JIOKasbHas IUIOTHOCTh COCTOSIHHM.
3onotoe npasuino depmu.

Cny4aili OIHOPOJHOTO M HEOXHOPOAHOTO OKpyxkeHus. Cuina OCHMIUIITOpa W KBAaHTOBBIM BBIXOI.
CrioHTaHHOE U3TYYCHHE dJIEMEHTaPHBIX u3inydareneil. Mukpopesonatopsl Dddext [1épcemna.

[Tonsitne nokampHoro mons. Mogens Jlopenma. VYpaBuenmne Kiaysuca-Moccortu. YpaBHeHue
Jlopenu-Jlopenrua.

6. ToueyHbIC KBAHTOBBIC H3J1y4aTeiin

HOJ'IyrIpOBOI[HI/IKOBLIe KBAaHTOBBIE TOYKH. 3aBHCUMOCTH CIICKTPOB HM3JIYUCHUA U MOITIOMICHUSA OT
pasMEepoOB HAHOKPUCTAJIJIOB. HpI/IMeHeHI/I}I KBAaHTOBBIX TOYCK B KAUCCTBC OIITHYCCKOI'O HAHO30H/1a.

@nyopecrieHTHbIE MOJEKyabl. CHEKTp MONIOMEHHS M HU3Iy4eHHs (DIyOpeceHTHBIX MOJIEKYI.
Penakcanus, mUpHUHBI JMHHHA, B3aUMOJCHCTBME C MaTpuueid. lcrnonb3oBaHME OAMHOYHBIX
XpOMO(DOPHBIX MOJEKYT B KauecTBE CIEKTPaJIbHOTO HaHO30HAA. CIEKTPOCKOMMS OAMHOYHBIX
MOJIEKYIL.

OI[HO(i)OTOHHLIe H3JTy4aTCJii Ha (bnyopecueHTHbe MOJICKYJIaX U KBAHTOBLIX TOYKAX.
7. ®OTOHHbBIC KpUCTAJUIbI U OIITUYCCKUC MUKPOPC30HATOPBL

Knaccuduranus poronHHbx kpuctayios. [110THOCTE (OTOHHBIX COCTOSIHMHA M 30HHAsl CTPYKTypa
OJTHOMEPHOTO M MHOTOMEPHBIX (POTOHHBIX KpucTaioB. Judpaxuus bparra u Jlays.

Mertonsl  u3roToBieHUs  (OTOHHBIX  KpUCTawioB. [IpuMeHeHume (OTOHHBIX  KPHCTAJIIOB.
[IpocBeTnstomue NOKPHITUS, TUITEKTPUUIECKUE 3epKaa.

OnTuyeckue MHKpPOpPE30HATOPBl. Mofbl CEepuyecKoro MHUKPOPE30HATOpa, MOABI “‘HIenyyuiei”
ranapeu. Teopus Mu.

8. OnTudeckasi MUKPOCKOTHSI B OJIM)KHEM U JTATBHEM TI0JIe

OyHkius  paccesHUS ToueuHoro wmamydvarens. Juck  Oiipu.  JudpaknuoHHBIH Tpemen
MPOCTPAaHCTBEHHOTO pa3pewmenus. Kpurepuii A6Ge.

Bo3HuKHOBEHHE BBICOKOYACTOTHBIX MPOCTPAHCTBEHHBIX T'aPMOHHUK IMPH OCBEIIEHHMH 00pas3la co
CJIOKHOW TIPOCTPAaHCTBEHHON HaHOCTPYKTypoH. Jludpakunonnoe pazpemenue u @ypbe onruka.

Cemecrtp: 2 (Becennuit)
9. Cuibl, BeI3bIBacMbI€ JESHCTBUEM CBETA

JlaBneHune cBeTa B paMKax SJIEKTPOMArHMTHOM Teopuu cBera. OmbiThl JleOeneBa mo uU3MeEpeHUIO
CBETOBOTO JaBiicHUS. [IIOTHOCTP IOTOKA 3JIEKTPOMArHUTHOW SHEpPruv. TeH30p HanpsKeHU
Makcgemna. [ pagueHTHas CHila U CHJIA PACCESTHHUSL.

MexaHnndeckoe HeﬁCTBHe CBC€Ta HAa HAHOYACTHIIEI. .Ha?:epHLIﬁ IIMHICT. Onruyeckas JIOBYIIIKA.



MOMEHT KOJIMYEeCTBa JIBYDKEHUS TEPEHOCHUMBINA TUIOCKOW CBETOBOW BONHOW. CITUH M OpOUTAIBHBIN
MOMEHT KoJln4uecTBa ABIKeHUsI (poToHa. Kpyromas monspusanusi cBeta M “3aKpydeHHBIH’ CBET.
[Torydenne 1 UCHOIB30BaHUE “3aKPYUSHHOTO™ CBETA.

10. ®nykTyallMOHHO-IUCCUIIATUBHAS TEOpEMA

MexaHu3Mbl BO3HMKHOBEHHSI JUCCHUIIALMHM BbI3bIBaeMOM (urykryanusimMu. DyHKUIUS OTKIHKa
cucteMsbl. benbrit mym. ®opmyna HaiikBucra. M3nyduenne abCOIIOTHO YEPHOTO TeJa.
@OnyKTyallMOHHO-UHAYLIMpOBaHHble cuibl. JlucnepcuoHHoe B3aumogneiicreue. Cuna Kaszumupa.
DNEeKTpPOMarHuTHOE TPEHHE.

11. 30H,E[0Baf[ MUKPOCKOIIHA. ATtomMmHO-cHIIOBas U TYHHCJIbHASI MUKPOCKOIIU.

OCHOBHBIE XapaKTEPUCTHUKH M THUIBl HAHO30HIOB. TEXHOJOrHWs M3TOTOBIEHUS M KOHTPOJS
[apaMeTpoB HAHO30H[IOB.

dusnueckrue OCHOBBI M NPUHLMII JEHCTBHS aTOMHO-CHJIOBOIO MHUKpockoma. IlpumeHeHuss wu
apaMeTpbl  aTOMHO-CWJIOBOM  MMKpockonuu. OCHOBHBIE IPEUMYILIECTBA W  HEJOCTaTKU
aTOMHO-CHUJIOBOM MUKPOCKOIIHH.

[lpuHUMD neicTBUS TYHHEIBHOIO MHKPOCKONAa M €ro OCHOBHBIE XapakTepucTuku. OOmacTh
[IPUMEHEHMsI TYHHEIBHOIO MUKPOCKOIIA.

12. DnexTpoHHas M1 HOHHAS MUKPOCKOIHUS

OneKkTpoMarHuTHasl 3J1€KTpoHHas ontuka. du3nueckrue OCHOBBI U IPUHLIUI AEUCTBUS 3JIEKTPOHHOIO
Mukpockorna. [IpenmMymiectBa W HEAOCTAaTKH  BJEKTPOHHOTO  MHKpockomna.  OCHOBHBIE
XApaKTEPUCTUKU  3JIEKTPOHHBIX  MHUKPOCKOIIOB. OCHOBHbIE  NPUMEHEHUS  BJIEKTPOHHOMH
MUKpOcKOoUU. OCHOBBI KPHOMHUKPOCKOITHH.

IIpyHIMO NEHCTBUS M OCHOBHBIE XapaKTEPUCTUKA HOHHOTO MHUKpOCKomna. [IprMeHeHus HOHHOTO
MHUKpPOCKOIIA.

13. MHKpOCKOIIUS BHICOKOTO U CBEPXBBICOKOT'O IPOCTPAHCTBEHHOTO Pa3pelIeHusI.

Kpurepun npesiena mpocTpaHCTBEHHOTO Pa3peIieHus] ONTHIECKOTO MUKPOCKOIIa Ha OCHOBE 3 dekra
nudpakunu. @opMyIHpPOBKA TPOCTPAHCTBEHHOTO pa3pelieHus ONTHYECKOTO MUKPOCKOTIA HA OCHOBE
MH()OPMAIIMOHHOTO TOAX0Ma. BO3MOXKHOCTh TONy4YeHUS HWHGPOPMAIUU O TMOJIOKEHUH TOUYCYHBIX
HMCTOYHUKOB CBETa, HAOIOMaeMbIX C TIOMOIIBIO (PIYOPECIEHTHOTO OINTHYECKOTO MHKPOCKOIA B
METOJIe  JIOKAJM3allMOHHOW  MHUKpOCKonu. lIpocTpaHCTBEHHOE  paspelieHne B METOJIe
JoKanu3auoHHoi Mukpockonuu. Meroast STORM u PALM.

[ToBrIlIeHWE MPOCTPAHCTBEHHOTO pa3pelICHUs] JETEKTUPOBAHMs H300paXkeHUH (IyopecIieHTHBIX
uctouHukoB B meroge STED.

14. HpOCTpaHCTBeHHaSI AUCTICPCHUA U OTPULATCIIBHOC IMMPCJIIOMJICHUC CBCTA

[IpocTpaHcTBeHHass [uciepcusi, TpPYIIoOBas CKOpocTb. Ilpupoma oTpuuaTenbHOM TIPyNIIOBOM
CKOPOCTH M oTpuuarenbHoro npenomiieHus. Jpdexr Jomnepa n n3nyuenne BaBunoBa-UepeHkosa B
cpelax ¢ OTpUIATENIbHOM IPyIoBoOi ckopocThio. Meramarepuainsl. Cynepnun3za [lenapu.

15. HanoonTrKa W HAHOCTPYKTYPBI OMOJIOTHYECKON TPUPOJIBI

OcCHOBHbIE MOHATHSI MOJEKYIsipHOW Ouonoruu. CTpykTypa OMOIOTMYECKHX Cpel] Ha HaHOypOBHE.
[lepBuuHasi, BropuuHasi, TpETUYHASI U YETBEPTUYHAS CTPYKTypa OCIKOBBIX MOJIEKYJ, MOJEKYIspHAs
CTPYKTYpa yIJIeBOIOB U KUPOB. CII0KHBIE MOJIEKYJISIPHBIE CTPYKTYPbI HA OCHOBE OEIIKOB, YIJIEBOJIOB,
JIUIHJIOB U AP. MOJIEKYJI U aTOMOB.

Crpyxrypa JHK u PHK. I'enernueckuii koa. Buasl PHK. Perukanus IHK. Cunre3 6exa.

CoctaB kieTkd. MUKpOBE3UKYJbl 1 BHEKJIETOUHBIE 3K30COMBI M MX POJb B IpOIeccax BHYTPU- U
MEXKKJIETOYHOH nepenayu nHpopMauyu U OnoMarepranos.

Bupycer. Ctpoenrie n GyHKIIMU. MeTObI JMaTHOCTHKH.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueGHast ayTuTOpHs C TOCKOH M SKpaHOM Ui AeMoHcTpanuid. [IpoexTop.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JIATEparypa
1. Ocuoret Hanoontuku [Texcr] / JI. HoBotHsiid, b. Xext ; nep. ¢ aart. A. A. Konosko, O. A. IllytoBoii
; mox pen. B. B. Camapresa - M.®@usmarnut,2009, 2011

2. Kparkwuii kypc Teoperndeckoii ¢pusuku [Texct]. Ku. 2 : KBanToBas MexaHuKa : yueb. mocodue st
By3oB / JI. /1. Jlanmay, E. M. JIu¢pmmn .— M. : Hayka, 1972 .— 368 c.
3. Hanomma3monuka [Tekct]/B. B. Kitmmog, -M., ®usmariut, 2010

JlomonmHUTebHAS IUTEpaTypa
1. Kypc Teopernueckoii pusuku [Tekcr] : B2 T. T. 2 : yue0. mocodue s By3os / B. I, JleBuy, 0. A.
Bnosun, B. A. MsimnuH ; iof pen. B. I. Jleeuua .— 2-e uzn., nepepad. — M. : Hayka, 1971 .— 936 c.

2. Teopernueckas ¢pusuka [Texcr] : B 10 T. T. 8 / JI. [I. Jlannay, E. M. JludpmmnildnekrpoauHaMuka
CIUIOIIHBIX cpeneyyed. mocodue amns By3oB - M.Hayka,1982

3. Onruka u ¢oronuka. [Ipuauune: u npumenenus. B 2 1. T. 2 /b. Canex, M. Teiix ; nep. ¢ anri. B. JI.
Hepbosa%dFundamentals of Photonics. Jloaronpynusiit, UaTemnext, 2012

4. Ontuka u ¢poronuka. [Ipunnmmnet u npumenenus. B 2 T. T. 1 /b. Canex, M. Teiix ; nep. ¢ ann. B. JI.
Hep6osa%dFundamentals of Photonics. Jonronpyaustii, Untemnext, 2012

5. ®usnueckre 0CHOBBI MOJIeKyIsipHOi Ouonoruu [Texct] / T. Yaii grep. ¢ anr. mox pexn. JI. B.
SAxosenxo - JonronpyausiitaTennext,2010

6. DNeKTpOMarHUTHBIE TMPOIIECCHI B Cpejie, HAHOIUIA3MOHKKA U MeTaMaTepHuaisl [ Tekct] : [yueO.
nocobue s By30B] / B. A. Actanenko .— Jlonronpynusiii : Uarennext, 2012 .— 584 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

OtkpeiToe oopazoBanne. URL: https://openedu.ru/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

[Tnardopmsl Zoom u Skipe npu npoBeIeHUH 3aHATUH TUCTAHLIMOHHO.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM IMOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUsA AUCHUIUIMHBI CTYACHT NOJIKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.



[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JIMCITATUIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHEHUW W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiathCs 3a KOHCYJIbTAIHSIMHU
MIpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMaTHKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa HAHOONTHKHU U CIIEKTPOCKOITUH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH

Pa3zpaGoTunk: IO.T". Baitnep, a-p ¢us.-mar. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CniocoGeH BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 337124 B 00nactu npodeccrnoHansHoN
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajiady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWUS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYyYaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocoOeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJOBATEIbCKUM U HUCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU ITPEIMETHOM 00IacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIBTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «OCHOBBI OITHKHU HaHOPAa3MCPHBIX CUCTCM» 06y‘laIOH.IHI>iCH JOJIKCH:

3HAThb:

(bHSH“ICCKI/IC OCHOBEI 1 0COOCHHOCTH ONTUYECKHUX CBOMCTB HaHO4YaCTHII,

(1)I/I3I/I‘-ICCKI/IC OCHOBBI, NPCUMYIICCTBA W HEAOCTATKM COBPEMCHHBLIX MCETOAOB SKCIICPUMCHTAJIBHOTO
HCCIICAOBAHUA HaHOOOBHEKTOB pa3J'II/I‘-IHOI\/’I IpupoOabI;

OCHOBHBIC ITOAXOABI U MOACIIU TCOPETHUICCKOI'O OITUCAHUA OITHICCKUX CBOMCTB HAHOOOBEKTOB.

yMeThb:

[IPUMEHATH IIOJYyUYCHHbIE 3HAHUS JUId IIOCTAHOBKM U IPOBEIEHMS 3KCIIEPUMEHTOB MJIsI WU3YyYEHUs
ONTUYECKHUX U CIIEKTPAJIBHBIX CBOMCTB HAHOYACTHUI] U HAHOCTPYKTYP Pa3IMyHON NPUPOJIBL;
UHTEPIPETUPOBATh U aHATIU3UPOBATh PE3yJIbTaThl IPOBEJCHHBIX IKCIIEPUMEHTOB;

MOJIb30BATHCSI COBPEMEHHBIMU KOMITBIOTEPHBIMU MPOrpaMMaMH AJisi 00pabOTKH SKCIEPUMEHTAIbHBIX

pE3YyNbTaTOoB.
BJIaJeTh:

OKCIICPUMECHTAJIbHBIMU ME€TOAAMH HCCJICAOBAHUA OITUYCCKUX CBOHCTB HaHOOOBEKTOB paanquﬁ

MPUPOBI;

HaBBIKAaMM pabOThI C COBPEMEHHOI Hay4YHOH JUTepaTypoi M0 aKTyaJbHBIM BOIIPOCAM HAHOONTUKU WU

HaHO()OTOHUKH;

METO/IaMU TEOPETHUECKOI0 MOJIEIMPOBAHUS ONTUYECKUX CBOWCTB HAaHOYACTHUIl U MX aHaJM3a C LIEJIbI0
OTIpeJIeIICHUS] OCHOBHBIX ONTUYECKUX KOHCTAHT U IIapaMETPOB U3y4aeMbIX HAHOOOBEKTOB;
OCHOBHBIMU HAaBBIKAMH IIPEACTABICHHUS CBOMX PpE3ylbTaTOB HAa CEeMHHapaX, KOH(EpeHIMAX U

HalmrCaHus HAYYHbIX cTaTel.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

IIpumMeps! TUIIOBBIX BOIIPOCOB:

1. Tlepeuncnure u 000CHYHTE OCHOBHbIE HNPUYMHBI OTIMYHMS (PU3NUECKUX CBOMCTB HAHOYACTHIl OT
CBOMCTB MaKpOTEl.

2. [lepeunicnure OCHOBHBIC OTIMYHMS XAPAKTEPUCTHK ONIMDKHETO 3JIEKTPOMArHUTHOTO MOJI
MEPEMEHHOT0 3JIEKTPUYECKOTO TUMONA OT JaibHero? B KakuxX SKCIEpUMEHTax MO HAHOOITHKE 3TH
OTJINYMS IIPOSIBJIAIOTCS U [I€ OHU UCIIOJIb3YIOTCA?

3. KakoBa npuunHa 1 MexaHu3M caBura ['yca-XsHxeHa Ipy MOJTHOM BHYTPEHHEM OTPaKEHUH?

[Mpumep 3aaHnit KOHTPOIBHOM PabOTHI.

1. TlokasaTrh, 4TO DBaHECIEHTHAas BOJHA, BO3HUKAIOIIAS IPU IOJHOM BHYTPEHHEM OTPaKCHHUH OT
MOBEPXHOCTH TIPO3PAYHON JMAIEKTPUUYECKOW Cpeabl, HE IEePEeHOCHT SHEPIrui0 B HAIPaBICHUH
NEePICHINKY/ISIPHOM ITOBEPXHOCTH pasJena.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[IpuMep KOHTPOJIBHBIX BOIIPOCOB Ha dK3aMEHE:!
1. OnuchIBatOT JIM BOTHOBEIE YpaBHEHUS HepaclpocTpaHstomeecs OnmxHee mojie?
[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Omnenure OOpOBCKHIA paguyc 3KCUTOHA BaHbe B TOTYNIPOBOAHUKOBON KBAHTOBOW TOYKE M3BECTHOTO
pasMepa U ¢ 3aJJaHHOW JURIIEKTPUYCCKON MPOHHUIIAEMOCTBI0. D(PQPEKTUBHBIE MacChl JIIEKTPOHA U
JBIPKU TOJIOKUTE paBHBIMU 1.2 1 0.5 MacChl MOKOS 3JIEKTPOHA.

2. Ilpu xakoM yrjie MaJeHUs Ha IOBEPXHOCTh paszena HaOIroZaeTcsi HauOoJbIIee YyCHIICHHE
MHTEHCUBHOCTH 3BAaHECIICHTHON BOJHBI, BO3HUKAIOLIEH NPU INOJHOM BHYTPEHHEM OTPAXECHUM IS
P-NOJIIPU30BaHHON BOJIHBI CBETa?

3. OueHdrh JAJWHY BOJIHBI Hawbolee J0OpOTHOM MOABI c(epruecKkoro JIUIIEKTPUIECCKOTO
MHUKpPOPE30HATOpa C U3BECTHOW JAMAIICKTPHUUECKOM MTPOHUIIAEMOCTHIO.

[Ipumepsl 5K3aMEHALMOHHBIX OUIIETOB

burer 1.

1 YpaBHenus Makcsema. ' pannunsle ycnoBus. BonmHOBBIE ypaBHEHHA
2. brimxkHee none JUnoss U ABMKYIIETOCS OIUHOYHOTO 3aps/a.

3. Pa3noxeHne OIEKTPOMAarHUTHOTO IO B YIIOBOM CHEKTP, HPOCTPAHCTBEHHBIE YAaCTOTHI.
@ypbe-OITHKA.

buner 2.
1. YcpenHenue noKanbHBIX MTONIEH B cpefie. MarepuanbHble ypaBHEHHUS.

2. CHnoHTaHHOE W3JIyYeHHE, KIACCHYECKOE pPACCMOTPEHHE M  pPacCMOTPEHHE  KBaHTOBOM
ANEKTPOAMHAMHKH, CKOPOCTh CIIOHTAHHOW peJlakcalliy B BaKyyMme U cpeze, Teopema Ilapceria.

3. Onruyeckuii MHUKpOCKonm jajbHero mossA. JIudpakunoHHBI mpeden MNpPOCTPaAaHCTBEHHOTO
paspelieHus. MeTobl OBBILIEHHS IPOCTPAHCTBEHHOI'O pa3pelleHH s,

2-oit cemecTp

IIpumMeps! TUIIOBBIX BOIIPOCOB:

1. B Kkakux ciaydasx MposiBIseTCs HAJMYUE MPOJOTbHON KOMIIOHEHTHI BEKTOpA IEKTPUUECKOTO MO B
U3Iy4YeHUn?

2. Tlpu kakux pasmepax HAYMHAIOT MPOSABISATHCS KBAHTOBbIC 3(P(EKThI B ONTHYESCKHX CBOMCTBAX
HAaHOOOBEKTOB?

3. KakoBa opueHTanms MOJIEKyJ] JMIHIOB B KieTouHoW MemOpaHe? [louemy MemOpaHa KIEeTKH
COCTOMT U3 IByX MOHOCJIOEB?

HpI/IMep KOHTPOJIbHBIX BOIIPOCOB HA 3K3aMCHC

4.  llpenckaszpiBaer nu (UIyKTYallHOHHO-AWCCUIIATUBHAs TeopeMa (IyKTyalud TNpU HYJIEBOH
Temiieparype?



[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Kakwue ycinoBust Haio BBIIOIHUTE AJIsl TOTO, YTOOBI BO30OYIUTH HOBEPXHOCTHBIN IJIA3MOH B MeTasuie?
Onenure IJIMHY BOJHBI IOBEPXHOCTHOTO IJIA3MOHHOTO pe30HaHca I cepedpa 1 30510Ta.

2. Yem ompexaensercd BpeMs CIOHTAHHOTO H3JIYYEHHS IJIEMEHTApHOTO M3ITydaTensd, Kak OHO
U3MEHSIETCs [IPU IOMEIIEHUU

HCTOYHHKA B MUKPOPE30HATOP?

3. Paccumraiite TeH30p HanpspKkeHHd MakcBema it c)epruiecKkoil TOBEPXHOCTH BOKPYT PAJICEBCKOM
YaCTHIIBI B CIIy4ae €€ OCBEIICHHMS MIIIOCKOH MOHOXPOMATHYECKON BOJTHOM.

[Ipumepsl K3aMEeHALMOHHBIX OUIIETOB

burer 1.

1. MaBnenne wmznydenus. Cuna Jlopenna. JunonsHoe npubmmkeHue. Cuibl B MOHOXPOMAaTHYECKOM
nose. KeruiepoBckas U rpaJiieHTHasi COCTaBIIAIOLIME CUIIBI CBETOBOIO JaBiieHusl. ONTHYECKUN NTUHLIET.
2. ®oTOHHBIE KpHCTaJUIbl. BOTHOBOIBI HA OCHOBE (POTOHHBIX KPUCTAILIOB. MUKPOPE30HATOPEI.

3. OObeMHbBIE M MTOBEPXHOCTHBIE IIA3MOHBI B METAJUIAX, 3aKOH JAWUCIEPCHU IUIA3MOHHBIX KOJIEOaHUi.
Mertozsl BO30Yy>KACHUSI TOBEPXHOCTHBIX IJIA3MOHOB.

buer 2.

1. b xHETONBHBIA OMITUYECKUI MUKPOCKOTI. ATOMHO-CHIIOBON MHUKPOCKOTI.

2. Jlokanu3oBaHHBIN TUIA3MOHHBIA pe30HaHC. Vcnonp30BaHNe HAHOYACTHI] U3 OJIATOPOIHBIX METAJIOB
B KadecTBe HaHO30H0B. Criazep. Hanoantennsl. SERS.

3. KBanrtoBbie Touku. CIeKTp U3TyUEHUsI OMUHOYHON KBAHTOBOUM TOYKU U €r0 BPEeMEHHAs HCTOPHSL.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OmIMYHO § Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBWIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopormio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISACTCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT NPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U 10 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELLICHUH 33]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jiesibl yueOHOW MpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIC 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymOBIETBOPUTENHHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH II0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, cialo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOANMBIMHE JUTS TaJIbHEHIEro o0ydeHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.



OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISICTCSl CTYACHTY, KOTOPBI HE 3HAeT OOJbIICH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MpOBOJATCS B YCTHOM ¢opme mo Owneram. B kaxkiaoMm Owiere NpeACTaBICHO TpPH
TeopeTuuecKkux Bompoca. [Ipu nmpoBeneHnn sk3amMeHa odydaromemycs npenocrasisercss 30 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



