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AHHOTANMA

Lenpio xypca "OCHOBBI ONTHKKA HAHOPA3MEPHBIX CUCTEM’ SBISETCS W3IIOKEHUE OCHOB (PU3UKH M ONTHKH
HaHOpPa3MEpHBIX CHCTEM W O3HAKOMJIEHHE CTYIEHTOB C [IOCIEIHUMH JOCTIDKEHUSMH B  JTOM
OBICTpOpa3BHUBAIONICHCS OOJNIACTH HAyKH W TIEPCIEKTUBHBIMU TPUMEHEHHSIMH €€ pe3ysibTaroB. Kypc
HauMHAETCA C KPaTKOTO PAaCCMOTPEHHUS OCHOBHBIX IMOJOKEHUU KJIACCHUYECKOH JJIEKTPOJWHAMUKH M OCHOB
KBaHTOBOU TeopuHu, 6€3 KOTOPHIX HEBO3MOXKHO IMOHUMAHUE M3JIaraeMOTro Marepuana. B JeKiusax u3iararorcs
(dyHIaMeHTaNbHbIC i HAHOONTHKU TOHITHS M SIBJICHHS, TaKHe Kak OJMKHEe ONTHYECKOE IIoNie H
ABaHECIEHTHBIC BONHEI, d(dexr [lapcernia, TOBEpXHOCTHBIN M JIOKAIM30BAaHHBIN IUIA3MOHHBIA PE30HAHC,
pa3MepHOe KBaHTOBaHUE, U .

B kypce wusmaraercss marepuan O pa3IUYHBIX HHTEHCHUBHO H3yYaeMbIX HAaHOOOBEKTaX, BaKHBIX IS
HAaHO(QM3MKM M HAHOTEXHOJIOTUH, TAaKMX KakK TIOJYIPOBOIHUKOBBIC KBAaHTOBBIC TOYKH, METAJUINYECKUE
IUTa3MOHHBIE HaHOYacTHULbl, NV-LEHTpBl B ajiMmase, alKOHBepTUpylomme HaHo(ochopsl W MHOTHE Ap.
Bosnpuioe BHUMaHue B Kypce YHEISIETCSs PacCMOTPEHUIO 3KCIIEPUMEHTANbHBIX METOJOB, IIMPOKO
WCIIOJIB3YEMBIX IIPH M3YYEHUM HAHOYACTHII U HAHOCTPYKTYp. B 4acTHOCTH, paccMaTpHBAIOTCs pa3lInyHbIC
METOJbl MHUKPOCKOINHUU: 3JIEKTPOHHAs, TyHHENIbHAs, aTOMHO-CHJIOBasi, HoHHas u 1p. IlompoOHO M3yuarorcs
NPUHIUIB  METOJOB COBPEMEHHOW ONTHYECKOM MHUKPOCKOIIMM CBEPXBBICOKOTO IPOCTPAaHCTBEHHOIO
paspewmieHuss. OTHOEIBHO HW3JArarOTCsl OCHOBBI CIIEKTPOCKONMU OAMHOYHBIX MOJIEKYJI IIpU HMU3KHUX
Temneparypax u e€ npumeHeHus. B Kypce ynensiercs criequaibHO€ BHUMaHUE PACCMOTPEHUIO HAHOOOBEKTOB
OMOJIOrNYeCcKON MPUPOIBI: BUPYCHI, BHYTPUMOJIEKYJISIPHbIE BE3HUKYJIbI, SK30MOMBI U 3HAKOMCTBY C METO/aMH
WX BU3yaJIM3aLlUH.

1. leau u 3apauu

eap AUCUMNIMHBI

Henbto Kkypca sBISE€TCS  W3J0KEHUE OCHOB ONTUKM HAHOPa3MEPHBIX CHCTEM U O3HAKOMIJICHHE
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 aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH pEIeHHs, Mpelaratb U KOMOWHUPOBATH CHOCOOBI

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 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl TNPH PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o00JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH




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

[MK-1.3 CrocobeH NpUMEHATh TeopeThdeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

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

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
SKCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

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

3HAThb:

(bHSH“ICCKHG OCHOBEI 1 OCOOCHHOCTH ONTUYECKHUX CBOICTB HaHO4YaCTHII,

¢u3nuecKue OCHOBBI, NPEUMYIIECTBA U

HEOOCTAaTKNU COBPEMCEHHBLIX MCTOHAOB I3KCICPHUMEHTAJIILHOTO

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

YMETb:

[IPUMEHATh IOJyYEHHbIE 3HAHUS Uil [IOCTAHOBKM M IIPOBEIEHUS SKCIEPUMEHTOB Uil WU3Y4EHUS
ONITUYECKHUX U CIIEKTPAJIBHBIX CBOMCTB HAHOYACTHI] U HAHOCTPYKTYP Pa3IMyHON NPUPOJIBL;
UHTEPIPETUPOBATh U aHATIU3UPOBATh PE3yJIbTaThl IPOBEJCHHBIX IKCIIEPUMEHTOB;

MOJIb30BATHCSI COBPEMEHHBIMU KOMIBIOTEPHBIMHU IIpOrpaMMaMu ajisi 00pabOTKH 3KCIIEPUMEHTAIbHBIX

pE3yNbTaToB.

BJIAJIETD:

SKCIICPUMCHTAJIbHBIMU ME€TOAAMU HCCJICAOBAHUA OITUYCCKUX CBOWCTB HaHOOOBEKTOB pa3quH0171

MPHUPOIBI;

HaBBIKaMM pabOThl C COBPEMEHHOM HAy4YHOW JIMTEPATYpOi MO aKTyaJbHBIM BOIIPOCAM HAHOONTHKU MU

HaHO()OTOHUKH;

METO/IaMU TEOPETUUECKOI0 MOJIEJIMPOBAHUS ONTUYECKUX CBOMCTB HAHOYACTUI] U UX aHAJIN3A C LEJIBIO
OTIpeJIeIICHUS] OCHOBHBIX ONTUYECKUX KOHCTAHT U IIApaMETPOB U3y4aeMbIX HAHOOOBEKTOB;
OCHOBHBIMU HAaBBIKAMH IIPEACTABICHHUS CBOMX pE3YyJIbTaTOB HA CEMHHApax, KOHPEpPEHLUSIX WU

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 Merainax. IlmasmMoHHBIN 4 4
pe3onanc. [ToBepxXHOCTHBIE TUIa3MOHBI.
[1na3monbI B HaHOYACTUIaX.
4 JloxanusoBaHHbIE IJ1a3MOHHbIE 4 4
BO30Y>KICHUS
5 CronTanHoe W3ITydeHue B 4 4
Mukpopesonarope Jpdekr [apcenna
6 TouedHbIe KBAHTOBBIC U3Ty4YaTeNN 4 4
7 @DOTOHHBIE KPHUCTAJUIBI M ONTHYECKUE 4 4
MUKPOPE30HATOPbI




] Onrtuyueckas MUKPOCKONIHS B ONIMDKHEM U 3 3
JaJIbHEM T10JIe

9 Cutbl, BBI3BIBaCMEBIC JCHCTBHEM CBETA 4 4

10 OnyKTyalMOHHO-AUCCUTIATUBHAS 4 4
Teopema
30H10Bast MUKPOCKOIIHS.

11 ATOMHO-cHII0OBast U TyHHEIIbHAs 5 5
MHUKPOCKOIIHS.

12 DNEeKTPOHHAs! U HOHHAS MUKPOCKOIIUS 4 4
Muxkpockomnust BBICOKOTO u

13 |cBepXBBICOKOTO MPOCTPAHCTBEHHOTO 5 5
pa3peuieHusI.

14 IIpocrpancrBeHHast JUcrepcust 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 (U3MUECKUX U ONTHYECKHX CBOMCTB HAHOOOBEKTOB OT CBOWCTB
MaKPOCKOIUYECKUX TEJI U OCHOBHBIE (PU3HUECKHE IPUUUHBI 3TOTO OTINYMSI.

2. OCHOBHEIE TTOHSTHUS KJIaCCHUECKOM QJICKTPOANHAMUKHA

Makpockonudeckasl 3JIEKTPOAMHAMHUKA. YCpeIHEHHE JIOKaJbHBIX IMOJiel B cpene. YpaBHEHUS
MakcBenna. MarepuanbHble YpaBHEHHS M T'paHUYHbIE YCiIoBHA. KoMIulekcHas AudIeKTpHuecKast
MpoHUIaeMOCTh. KOMIUIEKCHBI MOKa3zaTenb mnpeiomieHusa. lIpocTpaHCTBEHHass W BpEeMEHHas
THUCHIEPCHH.

W3nydenue KoiaeOMIOIIErocst IUMONbHOrO u3iyvarens. [loHsTue OaMKHEro M JajbHEero Iojs,
OCHOBHBIE CBOWCTBA U OTIIMYHSL.

MoHoxpoMaTtnueckue 1mois. PasjgokeHue 3IEKTPOMAarHUTHOTO TIOJIE B YIJIOBOM CHEKTP,
MPOCTPAHCTBEHHBIE YacTOThl. Dyphe onTHKa.

[lomHOe BHyTpeHHee oTpakeHue. HapyieHHoe mojHOoe BHYTpEHHEE OTpakeHUE. DBaHECIICHTHBIC
nonsa. Casur I'yca-XenxeHa. 3ampelieHHBIH CBET. OJNEKTPOAWHAMUKA C YYE€TOM BEKTOPHOTO
xapakTtepa nosiei. [lapakcuansroe npubmmwkenue. @opmanuzm pynkauu [ puHa.

l"ayccoBbl na3epHbIE MTyYKH, SPMUTOBO-TAyCCOBCKME U JIareppoBO-rayccoBble MOAbl [IpogonbHble
moJist B POKaJIbHOU MIIOCKOCTH.

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

BsaumoneicTBre 3JIEKTPOHHBIX BO30OYXKICHHH B MeETalIaX C 3JICKTPOMATHUTHBIM H3JIyYCHUEM.
[Monstne oObeMHoro twasmona. Teopust Jpymd-3ommepdenbaa. 3akoH TUCTIEPCHH TIA3MOHHBIX
BO30Y>KICHUI Ha MOBEPXHOCTH MeTaiia. Bkiiag MexX30HHBIX IEpeXo0B.

[ToBepXHOCTHBIN TI1a3MOHHBIA pe3oHaHC. Bo30ykIeHHe MOBEPXHOCTHBIX IUIA3MOHOB METOZOM
[IOJIHOTO BHYTPEHHET0 OTpakeHHdA. [IpuMEHEHHs MOBEPXHOCTHOIO IUIa3MOHHOIO PpE30HAHCa I
aHAJIMTUYECKUX LieJed. MUKpPOCKOI MOBEPXHOCTHOIO IJIA3MOHHOIO PE30HAHCA.




4. Ina3mMoHb! B HaHOUacTHIAX. JIOKAIM30BaHHEIE I1a3MOHHBIE BO30YKICHUS

Jlokanu3oBaHHBIN TTa3MOHHBIN pe3oHaHc. Bo30ykeHre MI1a3MOHOB B METATMUECKAX HaHOC(hepax
Y HAHOYACTHIAX.

[IpumeHeHHsT JIOKaJM30BAaHHOTO IUIA3MOHHOTO pe3oHaHca. VICHoib30BaHME HAHOYACTHUIl U3
ONaropofHBIX METAUIOB B KadecTBe HaHO30HIOB. Hanoantenuel. Cnaszep. besnuH3oBas
MHKPOCKOTIHSI.

IToBepXHOCTHBIE IIa3MOHBI M THTaHTCKO€ KOMOWHALIMOHHOE pAcCesiHWE 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, paiHallHOHHOE 3aTyXaHHWE W3IY4YEHUs JJIEKTPUYECKOrO 3apsAaa WM AMIIOINS.
[[IvuprHa TMHAN CIIOHTAHHOTO U3JIyYEHUS.

CKOpOCTb CHOHTAaHHOM pelaKcalud M BpeMsl XKU3HH B paMKaxX KBAaHTOBOM 3JIEKTPOAWHAMHKH.
B3aumozneiicTBue ¢ KOHTHHYYMOM 3JIEKTPOMArHUTHBIX MOJI. JIOKaJbHAs IUIOTHOCTH COCTOSIHUM.
3onotoe npasuino depmu.

Crny4ail OIHOPOZHOTO M HEOTHOPOAHOTO OKpyKeHus. Cuia OCHHIUIATOpAa M KBAHTOBBIM BBIXOJ.
CrioHTaHHOE U3TYYCHHE dJIEMEHTaPHBIX u3inydareneil. Mukpopesonatopsl Dddext [1épcemna.

[Tonsitue nokanmpHoro mons. Mopens Jlopenma. YpaBuenue Kiaysuca-Moccortu. VYpaBHeHHE
Jlopenu-Jlopenrua.

6. ToueyHbIC KBAHTOBBIC H3J1y4aTeiin

HOJ'IyrIpOBOI[HI/IKOBLIe KBAaHTOBBIE TOUYKH. 3aBHCHUMOCTh CIICKTPOB HU3JIYUCHUA U TOIJIOMICHUA OT
pasMEepoOB HAHOKPUCTAJIJIOB. HpI/IMeHeHI/I}I KBAaHTOBBIX TOYCK B KAUCCTBC OIITHYCCKOI'O HAHO30H/1a.

@nyopecrieHTHbIE MOJEKyiIbl. CHEKTp IOIIOLICHUS W M3JIy4eHHs (IyOpPECLEHTHBIX MOJEKYII.
Penakcanus, mMpWHBI JIMHUN, B3aMMOAEWCTBHE C Marpuued. lcnonp3oBaHHE OJUHOYHBIX
XpOMO(DOPHBIX MOJIEKYT B KadecTBE CIIEKTPaJIbHOTO HaHO30HAA. CIIEKTPOCKONMHS OAMHOYHBIX
MOJIEKYIL.

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

Knaccuduranus horoHHbIX KpucTayioB. [IMOTHOCTH (OTOHHBIX COCTOSIHUH WM 30HHAs CTPYKTypa
OJTHOMEPHOTO M MHOTOMEPHBIX (POTOHHBIX KpucTaioB. Judpaxuus bparra u Jlays.

Meronsl  u3rotoBieHUs  (GOTOHHBIX KpHcTawioB. IIpumeHeHne (QOTOHHBIX  KPHCTAJLIOB.
[IpocBeTnstomue NOKPHITUS, TUITEKTPUUIECKUE 3epKaa.

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

8. OnTudeckasi MUKPOCKOTHSI B OJIM)KHEM U JTATBHEM TI0JIe

Oynkius  paccesHUS ToueyHoro wumadydarens. Juck Diipu.  JudpakuuoHHBIH mpenen
MPOCTPAaHCTBEHHOTO pa3pewmenus. Kpurepuii A6Ge.

Bo3HuKHOBEHHE BBICOKOYACTOTHBIX MPOCTPAHCTBEHHBIX T'apPMOHHUK IPH OCBELICHHH O0pas3la co
CJIOKHOW TIPOCTPAaHCTBEHHON HaHOCTPYKTypoH. Jludpakunonnoe pazpemenue u @ypbe onruka.

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

JlaBneHune cBeTa B paMKax JJIEKTPOMAarHUTHON Teopum csera. OmbiThl JlebeneBa Mo M3MEPEHHIO
CBETOBOIO JaBiicHUs. [DIOTHOCTP IOTOKA AIEKTPOMATHUTHOW HHEPrHM. TEH30p HANPSIKEHUU
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 KollndecTBa aBrokeHUst (poToHa. Kpyromas monspuszanmsi cBeta W “3aKpydeHHBIH CBET.
[Torydenne 1 UCHOIB30BaHUE “3aKPYUSHHOTO™ CBETA.

10. ®nykTyallMOHHO-IUCCUIIATUBHAS TEOpEMA

MexaHu3Mbl BO3HUKHOBEHHMS OUCCUNAIMM BbI3biBaeMoW Guykryauusamu. DOyHKIOHS OTKIMKA
cucteMsbl. benbrit mym. ®opmyna HaiikBucra. M3nyduenne abCOIIOTHO YEPHOTO TeJa.
@OiyKTyallMOHHO-UHAYyLIMpOBaHHble cuibl. JlucnepcuonHoe B3aumozeiicreue. Cuna Kasummupa.
DNEeKTpPOMarHuTHOE TPEHHE.

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

OCHOBHBIE XapaKTEpPUCTHKHM M THIIBI HAHO30HJOB. TEXHOJIOTHS W3TOTOBJICHHS U KOHTPOJIA
[apaMeTpoB HAHO30H[IOB.

dusnueckue OCHOBbI M MPHUHLIMII JEHCTBUS AaTOMHO-CHJIOBOTO MHKpockoma. I[lpumeneHust u
apaMeTpbl  aTOMHO-CWJIOBOM  MMKpockonuu. OCHOBHBIE IpPEUMYILIECTBA U  HEJOCTaTKU
aTOMHO-CHUJIOBOM MUKPOCKOIIHH.

[lpyHUMD J1ecTBUS TYHHEIBHOTO MHKPOCKONA M €ro OCHOBHBIE XapakTepucTuku. Oomacts
[IPUMEHEHMsI TYHHEIBHOIO MUKPOCKOIIA.

12. DnexTpoHHas M1 HOHHAS MUKPOCKOIHUS

OneKTpoMarHuTHasl 1eKTpoHHas onruka. duznyeckue OCHOBBI U NPUHIUI IEHCTBUSI IEKTPOHHOIO
Mukpockorna. [IpenmMymiectBa W HENOCTaTKH  3JIEKTPOHHOrO  MUKpockoma.  OcHOBHbIE
XApaKTEPUCTUKU  JJIEKTPOHHBIX  MHKPOCKOIIOB. OCHOBHBIE  IIPUMEHEHHUsS  3JIEKTPOHHOM
MUKpOcKOoUU. OCHOBBI KPHOMHUKPOCKOITHH.

[IpuHIMO NEHCTBUS M OCHOBHBIE XapaKTEPUCTHUKH HOHHOINO MHUKpockomna. [IpuMeHeHus HOHHOTO
MHUKpPOCKOIIA.

13. MHKpOCKOIIUS BHICOKOTO U CBEPXBBICOKOT'O IPOCTPAHCTBEHHOTO Pa3pelIeHusI.

Kpurepun npesienna mpoCcTpaHCTBEHHOTO Pa3pelieHUs] ONTHIECKOTO MUKPOCKOIA Ha OCHOBE 3¢ deKTa
mudpaknnu. @opMyIHpPOBKa MPOCTPAHCTBEHHOTO pa3pelieHus ONTHYECKOTO MUKPOCKOTIA HA OCHOBE
MH()OPMAIIMOHHOTO TOAX0Ma. BO3MOXKHOCTh TONy4YeHUS HWHGPOPMAIUU O TMOJIOKEHUH TOUYCYHBIX
HCTOYHUKOB CBETA, HAOIONAEMBIX C TMOMONIBIO (DIYOPECIIEHTHOTO ONTHYECKOTO MHKPOCKONa B
METOJIe  JIOKAJIM3aI[MOHHOW  MUKpocKomuu. lIpocTpaHCTBeHHOE  paspemieHue B METOHE
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 W OTpHILarenbHoro npenomieHus. D¢ dext Homepa u nznydenue Basunosa-Uepenkosa B
cpelax ¢ OTpUIATENIbHOM IPyIoBoOi ckopocThio. Meramarepuainsl. Cynepnun3za [lenapu.

15. HanoonTrKa W HAHOCTPYKTYPBI OMOJIOTHYECKON TPUPOJIBI

OcHOBHBIE MOHATHS MOJEKYIsIpHOUH Ouonorun. CTpyKTypa OMONOTHYECKHX Cpell Ha HaHOYPOBHE.
[lepBuuHasi, BTOpruHasi, TPETUYHAS U YETBEPTUUHASL CTPYKTypa OCIKOBBIX MOJIEKYJ, MOJICKYJISIpHAs
CTPYKTYpa yIJIeBOIOB M KUPOB. CIIOKHBIE MOJIEKYJISIPHBIC CTPYKTYPbI Ha OCHOBE OEJIKOB, yIJIEBOJIOB,
JIUIHJIOB U AP. MOJIEKYJI U aTOMOB.

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

CoctaB kieTkd. MUKPOBE3UKYJIbl U BHEKJICTOYHBIE SK30COMBI M MX POJb B IpoLeccax 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, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
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 Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.



[Mokazarenem BiajeHUs MaTEpUaAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JIMCITATUIAHEL.

BaxxHo 10OWTHCS MMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3armomuHaHus. [lpu
3aTPYMHEHUN W3Y4YEHHUS OTIENBbHBIX TEM, BOMIPOCOB, CIEAyeT OO0pamarbcs 3a KOHCYIhTAllUSIMU
MIpenoAaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad 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 aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NPH PEIICHUH HOBBIX 3ajad, NIPUMEHSs 3HAHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMU U BBIYUCIUTEIBLHBIMUA
METOJIaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOJIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
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

IIK-1.1 CriocobeH HaxomuTh, aHATM3UPOBATH W 0000IIATH
nHpOpMaIKIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHUeCKOW 00yacTH cBoell mpodeccroHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

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

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
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, IPEUMYIICCTBA W HEAOCTATKU COBPEMEHHBLIX MCETOAOB JSKCIICPUMCEHTAJIBHOIO
HCCIICAOBAHUA HaHOOOBHEKTOB pa3J'II/I‘-IHOI\/’I IpupoOabI;

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

yMeThb:

[IPUMEHATh IOJyYEHHbIE 3HAHUS Ul [IOCTAHOBKM M IIPOBEIEHUS SKCIEPUMEHTOB Ul WU3Y4EHUS
ONTUYECKHUX U CIIEKTPAJIBHBIX CBOMCTB HAHOYACTHUI] U HAHOCTPYKTYP Pa3IMyHON NPUPOJIBL;
UHTEPIPETUPOBATh U aHATIU3UPOBATh PE3yJIbTaThl IPOBEJCHHBIX IKCIIEPUMEHTOB;

MOJIb30BATHCSI COBPEMEHHBIMU KOMIIBIOTEPHBIMHU IIpOrpaMMaMu ajisi 00pabOTKH 3KCIIEPUMEHTAIbHBIX

pE3YyNbTaTOoB.
BJIaJeTh:

SKCIICPUMCHTAJIbHBIMU ME€TOAaMU HCCJICAOBAHUA OITUYCCKUX CBOMCTB HaHOOOBEKTOB paSHHqHOfI

MPUPOBI;

HaBBIKaMH pabOThI C COBPEMEHHOM HAy4YHOW JIUTEPATypOH MO aKTyaJbHBIM BOIIPOCAM HAHOONTHKH MU

HaHO()OTOHUKH;

METO/IaMU TEOPETUUECKOI0 MOJIEJIMPOBAHUS ONTUYECKUX CBOMCTB HAHOYACTUI] U UX aHAJIN3A C LEJIbIO
OTIpeJIeIICHUS] OCHOBHBIX ONTUYECKUX KOHCTAHT U IIapaMETPOB U3y4aeMbIX HAHOOOBEKTOB;
OCHOBHBIMU HAaBBIKAMH IIPEACTABICHHUS CBOMX pE3YyJIbTaTOB HA CEMHHApax, KOHPEpPeHLUSIX WU

HalmrCaHus HAYYHbIX cTaTel.




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

IIpumMeps! TUIIOBBIX BOIIPOCOB:

1. Ilepeuncnure u 0OOCHYHTE OCHOBHBIE NMPUYMHBI OTINYUSA (PU3NYECKUX CBOWCTB HAHOYACTHI[ OT
CBOMCTB MaKpOTEl.

2. Ilepeuncnure OCHOBHBIE OTIMYMS XapPAKTEPUCTUK OIMIKHETO dJIEKTPOMArHUTHOTO  TIOJIS
MEPEMEHHOT0 3JIEKTPUYECKOTO JUIONA OT AalibHero? B KakuX 3KCIEPHUMEHTaxX [0 HaHOONTHKE 3TH
OTJINYMS IIPOSIBJIAIOTCS U [I€ OHU UCIIOJIb3YIOTCA?

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

[Mpumep 3aaHnit KOHTPOIBHOM PabOTHI.

1. Tlokasarh, 4TO DBaHECIEHTHAs BOJHA, BO3HUKAIOIIAS IPHU IOJHOM BHYTPEHHEM OTPaKCHHUH OT
MOBEPXHOCTH TIPO3PAYHON JIUAIEKTPUUYECKOM Cpelbl, HE NEePEeHOCHT DSHEPrui0 B HAIlPaBICHUH
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 ¥ ¢ 3aJlaHHOW JUDJIEKTPUYECKON MPOHHMIIAEMOCThI0. DPQPEKTHBHBIE MacChl JJIEKTPOHA |
JBIPKU TOJIOKUTE paBHBIMU 1.2 1 0.5 MacChl MOKOS 3JIEKTPOHA.

2. Ilpu kakom yme majeHHs Ha IOBEPXHOCTh pasjesa Halnomaercs HauOoNblIee yCHUIEHHE
WHTEHCUBHOCTH 3BAaHECIIEHTHON BOJHBI, BO3HHUKAIOUIEH NPU MOITHOM BHYTPEHHEM OTPAKEHUHU IS
P-NOJIIPU30BaHHON BOJIHBI CBETa?

3. OneHduTh JUIMHY BOJIHBI HamOojee JOOpOTHOW MOABI C(HEPHUYECKOTO JUIIEKTPUIECKOTO
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 »SIEKTPOMAarHUTHOIO TOJS B YIIOBOW CIHEKTpP, HPOCTPAHCTBEHHBIE YACTOTEHI.
@ypbe-OITHKA.

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

2. CrnoHTaHHOE W3JIy4eHHE, KIACCHYECKOE pAcCMOTPEHHE M pPAacCMOTPEHHE  KBaHTOBOM
ANEKTPOAMHAMHKH, CKOPOCTh CIIOHTAHHOW peJlakcalliy B BaKyyMme U cpeze, Teopema Ilapceria.

3. Onruveckuii MHUKPOCKOIl JanbHero mois. JudpakuuoHHBIA mpenen MNpOCTPaHCTBEHHOTO
paspelieHus. MeTobl OBBILIEHHS IPOCTPAHCTBEHHOI'O pa3pelleHH s,

2-oit cemecTp

IIpumMeps! TUIIOBBIX BOIIPOCOB:

1. B Kakux ciaydasx MposiBIseTCs HAJIMYUE MPOJOIbHON KOMIIOHEHTHI BEKTOpa AIEKTPUUECKOTo MOJIs B
U3Iy4YeHUn?

2. Tlpu xakux pa3mepax HAYMHAIOT MPOSBIATHCA KBAHTOBBIC ((EKThI B ONTHYCCKUX CBOWCTBAX
HAaHOOOBEKTOB?

3. KakoBa opueHTalusi MOJEKYN JIMIIWAOB B KieTouHoi MemOpaHe? [louemy memOpaHa KIETKH
COCTOMT U3 IByX MOHOCJIOEB?

HpI/IMep KOHTPOJIbHBIX BOIIPOCOB HA 3K3aMCHC

4.  IlpenckaszpiBaer 1M (IyKTyalHMOHHO-IMCCUIIATUBHAS Teopema QIyKTyaluud MpH HYJIEBOH
Temiieparype?



[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Kakue ycrnoBus HaJj0 BBIIOJIHUTH ISl TOTO, YTOOBI BO3OYAUTH OBEPXHOCTHBIN IJIa3MOH B MeTauie?
Onenure IJIMHY BOJHBI IOBEPXHOCTHOTO IJIA3MOHHOTO pe30HaHca I cepedpa 1 30510Ta.

2. YeMm ompepensercd BpeMs CIOHTAHHOIO H3JIyYEHHs OJJIEMEHTApHOTO U3IydaTens, Kak OHO
U3MEHSIETCs [IPU IOMEIIEHUU

HCTOYHUKA B MUKpOpEe30HaTop?

3. Paccuwuraiite TeH30p HampspkeHUH MakcBelia st chepruueckoi MOBEPXHOCTH BOKPYT PAJIEEBCKON
YaCTHIIBI B CIIy4ae €€ OCBEIICHHMS MIIIOCKOH MOHOXPOMATHYECKON BOJTHOM.

[Tpumeps! 3K3aMeHAIMOHHBIX OUIICTOB
burer 1.

1. HaBHeHI/IG HU3JTy4YCHHUA. Cuna J'IopeHL[a. I[I/IHOJ'ILHOG HpI/I6J'II/I)KeHI/Ie. Cunnl B MOHOXPOMAaTH4YCCKOM
TI0JIC. KeHHepOBCKa}I U rpaJuC€HTHasA COCTABIAOIINE CHUJIbI CBETOBOI'O JaBJICHUS. Onrudeckuid IMUHICT.

2. ®oTOHHBIE KpHCTaJUIbl. BOTHOBOIBI HA OCHOBE (POTOHHBIX KPUCTAILIOB. MUKPOPE30HATOPEI.

3. O0bemMHbIE ¥ TOBEPXHOCTHBIE IUIA3MOHBI B METalJIax, 3aKOH AUCIEPCHU IIa3MOHHBIX KOJICOAHHIH.
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 ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOH MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh UX Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHeHKa XOopouro 7 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCPpUAJI, TPAMOTHO H I10
CylIeCTBY H3JIara€t €ro, yMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAaHNS Ha MPAKTHKE, HO JOIYCKAeT B OTBETE
WM B PELIEHUH 3aJjad HEKOTOPblE HETOYHOCTH.

OHeHKa XOopouro 5 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MAarcpuraji, rpaMOTHO
1 M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMCEHATDL MOJYUYCHHBIC 3HAHUS Ha IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MMOCIIENOBATEIbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl Y4eOHOH HPOrpaMMbl, HEOOXOAUMBIC JUIsl JajbHEHIIero o0y4eHus, 1
MOKET MPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEIOBAaTeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJIaJICET OCHOBHBIMH pa3zieaMu yueOHO mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.



OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OoiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

OreHKa HEYNOBIETBOPUTENBHO | 0aim - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MpOBOMATCS B YCTHOW Qopme mo Owuneram. B kaxjgom OuiieTe NpEACTaBICHO TPHU
TeopeTuueckux Bompoca. [Ipu npoBeaeHun sx3ameHa olydaroniemycs npegocrasisiercs 30 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



