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AHHOTANMA

[Ipaktukym, pa3paboTaHHbIN MpenoaaBaTensMu Kadeapsl KBaHTOBoU paanoduszukn MOTU u corpynHukamu
O®UAH, mnpencraBnser coboli UK JTaOOpaTOpHBIX palOT, MOKPHIBAIOIIMKA LIMPOKUH Kpyr mnpoliem
COBPEMEHHOM KBAaHTOBOM (M3MKM, ONTHKM U  CIEKTPOCKONIMM  aTOMHO-MOJIEKYJSIPHBIX — CHCTEM,
KOHJICHCUPOBAaHHBIX Cp€ll, KBAaHTOBOPa3MEpHBIX W IIIa3MOHHBIX CTPYKTYp, HOBBIX MarepuanioB. Kypc
BKJIIOYAeT KaK pabOThI-«KOHCTPYKTOPHD) Pa3HOM CTENEHU CIOKHOCTH, B KOTOPBIX CTYIEHTY IPEIOCTaBIACTCS
BO3MOXHOCTbh CAMOCTOSITEIIbHO COOpaTh U3MEPHUTEIBHYIO CXEMY M3 UMEIOIIUXCS TPUOOPOB U KOMIIOHEHT, TaK
U TIOJly4YeHHE TPAKTMYECKMX HAaBBIKOB palOOThl ¢ MPEIM3MOHHBIM J1a0OPaTOPHBIM 000pPYyIOBaHUEM
(aTOMHO-CHIIOBOH MHUKPOCKOII, paMaH-JIFOMUHECIICHTHBI MUKPOCKOT, (ypre-criekTpomerp). IIpenonasarenu
Kypca — MOJIO/ible KaHIUAaThl (PU3NKO-MaTeMaTHUeCKUX HayK U aCIIUPAHThI, aKTUBHO BOBJICUEHHBIC B HAyYHbIC
HCCIJICAOBAaHMS B YKa3aHHBIX 00IaCTsIX.

ITpakTHKyM CTaBUT LIENbIO MPUBHUTH HCCIIEAOBATEILCKHE HABBIKH, KOTOpPBIE OyIyT IOJE3HBI B JaibHEHIIeH
Hay4HOU paboTe CTYICHTOB; YCTAHOBUTH CBA3b MEXKIY TEOPETHUECKUMHU 3HAHUSMHU IO KBAHTOBOM MEXaHUKE U
¢$u3MKe KOHICHCUPOBAHHOTO COCTOSHUS, MOTYYEHHBIMH Ha Kypcax OOIIeil M TeopeTHdecKod (HU3MKH, U UX
MIPUMEHEHNEM Ha IpPaKTHKE; NaTh NOHMMAaHHE TOTO, C KaKUMH TPYIHOCTSIMH CTaJIKHUBAIOTCA Y4YEHBIE NpHU
MIOCTAHOBKE JKcIepuMeHTOB. [lpakTukym Oyner mone3eH Aisl CTYIEHTOB KaK IKCIIEPUMEHTAIbHOW, Tak U
TEOPETUYECKON HaIlPaBICHHOCTEN.

1. leau u 3apauu

eap AUCUMNIMHBI

. 3HAKOMCTBO CTYACHTOB C AaKTyaJbHBIMH IpOoOJeMaMH W MeTodaMH (QyHAaMEHTAJIbHOW U
MPHUKIAAHON POTOHUKH, Ta3epHON (PU3UKH U KBAHTOBBIX TEXHOJIOTHH.

* [lomydyeHue UMM HaBBIKOB 3KCIIEPUMEHTAILHON pabOThI B yKa3aHHBIX 00IaCTsIX.

* IloBbllIeHNE MHTEpeca CTYIEHTOB K AKCIIEPUMEHTAIBHON IEATEIHOCTH M NPHOOpETeHHE HUMHU
KBaJTU(UKALMIA, HEOOXOOUMBIX U1 Pa0OThI B IEPEAOBBIX HAYUHBIX Ja00paTopusiX.

33]13‘[1/[ JAUCHUIIINHBI

- TIOJyYeHHE TMPAKTUYECKUX HABBIKOB pPAa0OTBHI C COBPEMEHHBIM ONTHYECKUM M CHEKTPAIBHBIM
000pyIOBaHNEM;

- IMpuoOpeTeHne HABBIKOB IUIAHMPOBAHMS HKCIIEPUMEHTA, COOPKH H3MEPUTEIBbHBIX CXEM, a TaKkKe
KyJBTYpBI pabOTHI B OITUYECKOH JTaboparopuu;

- ¢dopMHUpOBaHHE CBSI3M MEXAYy TEOPETHYECKMMM 3HAHUSIMHM 10 KBAaHTOBOH MEXaHUKE,
aTOMHO-MOJIEKYJISIpHO (u3uke U (U3MKE KOHICHCHPOBAHHOTO COCTOSHUS M MX NPUMEHEHHEM Ha
IIPAKTHUKE.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kon 1 HauMeHOBaHME KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B YK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBSI3aHHBIX
paMKax OCTaBJICHHOM LeNH U BEIOMPATh 3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHIKEHHE. Omnpenensier

JNEHCTBYIOIMX MPABOBBIX HOPM, HMEIOIIUXCSL  |0KHUAAEMBIE PE3yJIbTaThl PEHIEHUS TOCTABIECHHBIX 3aa4
PECYPCOB U OTpaHUYEHUI

OIIK-1 CnocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3aj1ady,
(dyHIaMeHTalbHbIC 3HAHUS, IOJIyYCHHBIC B HaMeyarb MyTH €€ PELCHUS

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAYK, U HCIIOJIb30BATh UX B
npodeCcCHOHAIBHOMN JIeATeTBHOCTH

OIIK-1.2 CpnocobeH CTpOUTb MareMaTH4ecKHue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
00pabOTKy HayYHO-TEXHUYECKOHN U (M) WHTEJUIEKTyaJIbHOTO aHalin3a WHGOpPMalKU NPHU PEICHUH
TEXHOJIOTUYECKON MH(POPMAIMK AJIs pelieHnsl  |3a1ad MpoQeCcCuoHaNbHON e TeIbHOCTH

($yHIaMEHTAIBHBIX U MPUKIATHBIX 33124

OIIK-5.1 Cnocoben pewmarb TMOCTaBICHHbIE 3aJaydl B

OIIK-5 Cioco0eu Y4acTBOBAaTh B IPOBEACHHUH obmactu TCOPECTUYCCKUX )54 3KCIIEPUMEHTAJIBHBIX
(hyHIaMEHTAIBHBIX U IPUKIIATHBIX VCCIIEIOBAHUI 1 pa3paboToK




HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIC TEOPETUUECKHUE, B TOM YHUCIIE,
MaTeMaTHYeCKHE METO/Ibl HCCIIEN0BAHU, U
paboTarh Ha COBPEMEHHOM IKCTIEPUMEHTATBHON

OIIK-5.2 OOnagaerT CIOCOOHOCTBIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpodeccCHOHATHHOW SKCILTyaTarluu

HayYHO-HCCIICI0BATEIICKON, COBPEMEHHOMN JKCIEPUMEHTAIBHON
HU3MEPUTENBHO-aHATUTUYECKOH 1 HAYYHO-HMCCIIEI0BATEIBCKON
TEXHOJIOTMYECKOH ammaparype (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)
anmaparypsl
[IK-1.1  Bnageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE
(aHaTMTHYECKHUE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

3aKOHaMHM M TEOPUSMH COBPEMEHHOM (pHU3nKH

[1IK-1.3 Bnazgeer KyiabsTypoil IOCTAaHOBKM Hay4HOM 3a/a4d U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHHA B
COOTBETCTBYIOIUX HAYYHBIX 001aCTAX

[IK-1.5 Bnageer HaBbikaMu Oe30macHON paboOTBl  C
COBPEMEHHBIMH  HAay4YHbIMH TNPHOOPaMH H©  JIPYTUM
IKCHEPUMEHTAILHBIM 000pYJOBaHUEM

[IK-1.6 3HaeT OCHOBHBIC MpaBWia TOBEACHUS M PaOOTHI B
COBpPEMEHHOI Hay4YHO# abopaTopun

[IK-1.7 Coocoben omeHuBath TpedyeMbie  pecypchl
(MarepuanbHble ¥ BPEMEHHBIC) [UId IUIAHUPOBAHUS H
HPOBE/ICHUS] HAyYHOTO SKCIIEPUMEHTA

[1K-2 CnocoGen aHanu3upoBaTh MOTyUYCHHBIC B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAaHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

IIK-2.2 VYMmeer HaxoIWTh
OTIpEICIIAIONINE H3y4yaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BETUYUHBI

KJIIOYCBBIC mapamMeTphbl,
n T[POU3BOAUTDH

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM [T peIlieHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.1 3naer mpuHNUILI pabOThl W AMANA30HBI PabOUYMX
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000py/I0BaHUS

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[1IK-4.1 3Haer yncieHHbIC TOPSIKA BEJINYHH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[IK-4.2 3HaeT WCTOYHHMKH TPOUCXOXKACHHUA U yMeEeT
MPOU3BOAUTH  OLICHKY  MOTPELIHOCTH  H3MEpPEHUH W
JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHEIE
OTHOILLUEHHUSI UCTOJIb3YEMBIX IIOHATHI U MOJENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

- OCHOBHBIE NIPUHIUIIBI TEHEPALIUU KOT€PEHTHOTO U3ITyUEHUS;
- SIBJICHUs1, BO3HUKAIOILME [IPY B3aUMOAEHCTBUM U3JIyUEHUS C BEILIECTBOM;

- 3¢ (eKThI pa3MEPHOTrO KBAHTOBAHMSA B OJHOMEPHBIX U JBYMEPHBIX CUCTEMAX;

- YCTpOWCTBO W HPUHIMIBI pabOTBl AaTOMHO-CHJIOBOTO MHKpPOCKONA, PaMaH-TIOMHHECLEHTHOTO

MHUKpPOCKOI1a, (’pypbe—cneKTpOMeTpa;

- IIPUHIUIIBI JIA3CPHOI'0 OXJIAKACHUA U 3aXBaTa aTOMOB 1 HOHOB.

YMETb:

- IPOEKTUPOBATH U COOUPATH N3MEPUTEIBHBIE CXEMBI JJIS IPOBEICHUS CIIEKTPAIbHBIX HCCIICI0BAHUIH;
- NPOBOOUTH MOJEIIMPOBAHHE KBAaHTOBOPA3MEPHBIX CTPYKTYpP, CPABHUTEIBHBIN aHAIN3 pacuéToB C

SKCIICPUMCEHTAJIbHBIMU PE3YJIbTaTaAMU;

- paboTaTrh Ha COBPEMEHHOM (H3MYECKOM OOOPYIOBAaHHU U C COBPEMEHHBIMH JKCIEPHUMEHTAIbHBIMU
o0pa3iamu, cobroas mpaBuiia padoThl B IA0OPATOPUH U TPeOOBaHMsI TEXHUKH O€30MaCHOCTH.

BJIAJIETD:




- METOAaMH HCCIEIOBAaHHS CIEKTPOB TOMIOIICHHUS W JIIOMHHECICHIMH IIOJyIIPOBOAHUKOBBIX
KBaHTOBBIX CTPYKTYpP U OMOJIOTHYECKHX OOBEKTOB;

- METOJIOM CIIEKTPOCKOITMH HACHIILICHHOTO TOTJIONICHUS B STYEHKE ¢ TapaMy aTOMHOTO T'a3a;

- IPUHIUIIAMHU (Qypbe-CIIEKTPOCKOIHNH U CIIEKTPOCKONNY KOMOMHAIIMOHHOTO PACCEsTHUS CBETa;

- IPUHIIMIIAMH JIA3EPHOTO OXJIAXKICHHS U 3aXBaTa aTOMOB B MAarHUTOONTHYECKYIO JIOBYIIKY;

- HaBBIKaMH pabOThl HA COBPEMEHHBIX YKCIIEPUMEHTAIIBHBIX YCTAaHOBKAX.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Pa3zmepnoe KBaHTOBAHHE Ha MpHMepe 12 15
MOJTYTIPOBOJHUKOBOW KBAHTOBOM SIMBI
JleMOHCTpanusi OCHOBHBIX NPUHIIMIIOB
2 TreHepalii KOTEPEHTHOTO W3IyYeHHUs Ha 12 15
MpUMepe MOTYIPOBOIHUKOBOTO JIa3epa
3 CriexkTpockomnus KOJUIOUAHBIX KBaHTOBBIX 12 15
TOYEK ¥ METAIUTNYECKUX HAHOYACTHI
4 KomOunanmonnoe paccesHue  cBera. 12 15
@Dypbe CIEKTPOCKOMUS
CrexTpockonus HACBIIIEHHOTO
5 MIOMVIOIIEHHS B SYEMKE C MapaMH aTOMOB 12 15
Rb. Dddexr 3eemana
AHanu3  BIMAHUS ~ HM30TONHMYECKOTO
6 COCTaBa aJaMa3HOW MaTpULbl HA CBOMCTBA ] 15
LEHTPOB OKPAacKH B CHHTETHYECKHX
anmMasax
JlazepHoe oxJaxIeHue U 3axBaT B
7 MAarHUTOONTUYECKYIO JIOBYILIKY aTOMOB 14 30
pyouus
8 ATOMHO-CHIIOBast MUKPOCKOTIHS 8 15
Hroro yacos 90 135
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 225 ygac., 5 3ad.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 5 (Ocennuii)

1. PaSMCpHOG KBAHTOBAHUC HaA IIPUMCPE HOJ'IyrIpOBO):[HPIKOBOﬁ KBAHTOBOM SIMBbI




B xoz1e paboThI CTyI€HT 03HAKOMHUTCSI C ONITUYECKUMH CBOWCTBAMH TTOJTYTTPOBOAHUKOBBIX KBAHTOBBIX
sSM Ha TmpuMepe xopomro u3BectHoW cuctembl GaAs/AlGaAs. [lpemmaraemast pabora BKIIO4aeT
HEeCKoNbKo dYacteil: (1) camocrositenbHass cOOpKa ©  IOCTUPOBKA NPOCTEHIIETro CTeH[a,
NpeIHAa3HAYeHHOTO JUIsi M3MEPEHUH CIEeKTpoB (oromomMuHecueHIun; (2) MOJTyYeHHe CIIEKTPOB
JIOMUHECIICHIIMN ISl CEPHHM TETEPOCTPYKTYP C KBAaHTOBBIMU SIMAMHU PA3IMYHON TOJIIMHBI U C
Pa3IMYHBIM COCTaBOM OapbepHBIX CII0eB; (3) pacyeT OAHOAIEKTPOHHOTO CIEKTPa KBAaHTOBBIX SIM B
paMKax mpuOImKeHus d(QQGEKTHBHOW MacChl M MOJCIHPOBAaHHUE CIIEKTPOB HM3inydeHus. Ha ocHoBe
COIIOCTABJICHUSI PACCUUTAHHBIX M DKCIIEPUMEHTAJIBHO W3MEPEHHBIX CIICKTPOB H3JIYy4YEHHS CTYICHT
olpeAessieT KBAaHTOBOPA3MEpHBIC IOMPABKH IS JJIEKTPOHOB M JABIPOK, a TaKKe OIICHHBACT
3} dexTHBHYIO TeMIieparypy HEpaBHOBECHOM 3JIEKTPOHHO-IBIPOYHON CUCTEMBI.

2. JleMOHCTpaLusi OCHOBHBIX IIPUHIMIIOB TI€HEPALUU KOIEPEHTHOIO H3JIyueHHs] Ha IpUMepe
MOJTyIIPOBOTHUKOBOTO JIa3epa

Lenp manHO# pabOThI COCTOUT B AEMOHCTPALMM OCHOBHBIX MPHHLMUIIOB T'€HEPALUN KOTEPEHTHOTO
W3TydeHHs Ha IpHUMepe IOMYyNPOBOAHUKOBOrO jasepa. CTyOeHTY mpeiaraercst MpoHaOIogaTh
Iepexo] OT PEKUMa CIIOHTAHHOTO M3JIY4YEeHHsI K JJa3€pHOW I€HEPALNH U MPOBECTH aHAIN3 OCHOBHBIX
(baxTOpOB, ONPEACIAIONINX CIIEKTP U3ITyUYSHHUS Ja3epPHON CHCTEMBI.

Ha nepBom arane cTyoeHT U3MepsieT CIEKTPhl N3ITyUYEHHUs JIA3EpPHOTO JUOJa B 3aBUCUMOCTH OT TOKa
yepe3 Hero M HaOIIoAaeT Mepexol OT CIIOHTAHHOTO M3IYYEHHUS K BBIHY)KICHHOMY, aHAIU3UPYyET
W3MEHEHHE JHarpaMMbl HAMPaBICHHOCTH M3JIyYEHHMs W TOJSIPU3ALMHM TPH TakoM IEpEXOfeE.
Hccnenyercst 3aBUCMMOCTD 4acTOThI U3JIy4YE€HUSI U MOJOBOIO COCTaBa OT TEMIEPATypbl AUOJA U TOKA
Hakaukd. [lo pesyapraTam mepBOro »sTama CTYACHT pPAacCUMTHIBAET HEOOXOAHWMBIE CBOMCTBa
TUPPaKIIMOHHON pemeTKN Ui (OPMUPOBAHUS BHEIIHETO pe3oHaTopa. Ha BTOpoMm dTame cTyJeHT
UCIOJB3YET PACCUMTAHHYIO PEMIETKY AJIsl CO3JaHMs BHEIIHETO PEe30HAaTopa, HaOMIONAeT MOHIKEHHE
MOPOTrOBOTO TOKA reHepanuu anoaa. C MoMoIIbl0 CKaHUPYIOIETro HHTephepoMeTpa aHATU3UPYIOTCS
XapaKTEePUCTHKH CIEKTPa M3JIydeHUs] 0e3 pe3oHaropa U B €ro MPUCYTCTBHH, HAOIIONACTCS CyKEHHE
JIMHUY, BO3MOXKHOCTb MEPECTPOUKHN JTTMHBI BOJIHBI C TIOMOIIBIO IIOBOPOTA AU(PAKINOHHON PEIIETKH.

3. CHGKTpOCKOHI/IH KOJIJIOMJHBIX KBAHTOBBIX TOUYCK N MCTAJIJNIMYCCKUX HAHOYACTHI]

Beimonasiercst ofHa U3 AByX padoT:
1) HccnenoBanue CrIEeKTPOB MOIVIOMIEHHUS U IFOMUHECIICHIINN KOJUIOMIHBIX KBAHTOBBIX TOYEK

Lenb paboThl — 03HAKOMJIGHHE CTYACHTA C BJIECKTPOHHON CTPYKTYpOH M ONTHYECKUMHU CBOWCTBAMH
KBAaHTOBBIX TOYEK THIA «AApo-00onouka». Pabora BKIO4aeT TpU OCHOBHbIE yacTu: (i) M3MepeHHe
CIIEKTPOB JIFOMUHECLECHIIMY KOJUIOWIHBIX KBAaHTOBBIX TOYEK C Pa3HBIM Pa3MEpOM sipa, U3MEpEHUE
CIIEKTPOB MPOIMYCKaHUS KOJUIOMJIHBIX PACTBOPOB KBAHTOBBIX TOUEK C Pa3HBIM pa3zMepoM siipa; (ii)
pacyeT DIEKTPOHHOTO CIEKTpa KBAaHTOBHIX Todek B cpeae Wolfram Mathematica; (iii)
OTOXKIECTBIIEHNE OCHOBHBIX OJJIEKTPOHHBIX IE€PEXOAOB B sIpaX KBAaHTOBBIX TOYEK HA OCHOBE
pacyeTos.

2) HaGnromeHue JTOKaJIM30BaHHOTO TUIA3MOHHOTO PE30HAHCA B METAJUIMYECKUX HAHOYACTUIAX

Llenp paboThl — O3HAKOMJICHHE C TOHSATHEM W ONTHYECKUMH CBOMCTBAMH JIOKAaJIM30BaHHBIX
MOBEPXHOCTHBIX TUIa3MOH-TIOJISIPUTOHOB B METAJUIMYECKAX HaHOYacTuax. B xome paboThl CTyIeHT
CaMOCTOSITEJIFHO ~IOJATOTABIMBACT KOJUIOWJIHBIE DPACTBOPHI HAHOYACTUI[ 30J10Ta W COOHMpaeT
MPOCTEHIIYI0 ONITUYECKYI0 CXeMY JIUIsl U3MEPEHHS UX CIIEKTPOB Mporyckanus. Ha ciemyromem stare
C WCIIONBb30BAHHUEM COOpPAaHHOTO CTEHJIA CTYIACHT OINpPEACISeT CHEKTPaIbHOE IIOJIOKCHUE
JIOKAJIM30BAHHBIX TUIA3MOHHBIX PE30HAHCOB U HAHOYACTHI[ PA3IMYHOTO pasmepa U (HOpMbI
(nanocdepa, HaHOMAI0uYKa). Ha rHAIBLHOM dTare ¢ UCHOJIb30BAaHUEM KOJIMYECTBEHHBIX OIICHOK IS
MOJIOKCHUH TUIA3MOHHBIX PE30HAHCOB IS OAHOPOJHBIX METAJUTMYECKUX YacTHUIl CPEPHUSCKON H
cheponnanbHOit GopM (MOTYyUYEHHBIX B paMKaxX KBa3HCTATHYECKOTO MPHONIMKEHUSI B O0Jiee CTPOTHX
Mojesell), CTylIeHT ompeaenser (GopMy M pa3Mepbl YacTHUIl, MCXOAS M3 CTPYKTYpBl Xapakrepa H
0COOEHHOCTEH UX CIIEKTPOB MOIVIOIICHUSI.

4. KomOuHaimonHoe paccesiaue cseta. Oypbe CIeKTpOCKOHS

1. KomOuHaimoHHOe paccessHie CBETa

Crynenty OyzmeT NpeUIoKEHO O3HAKOMHUTHCSA C TNPHHIUIAMH CIEKTPOCKONNU KOMOMHAIIMOHHOTO
paccesiHusl CBETa, OCBOUTh COBPEMEHHBIN paMaH-TIOMUHECHEHTHBI MUKPOCKONI M CaMOCTOSITEILHO
NPOBECTH  CEPHI0O  OIKCIIEPUMEHTOB,  JEMOHCTPUPYIOIIMX  NPUMEHEHHE  CIIEKTPOCKOIHU
KOMOHMHALIMOHHOTO PACCESHUS CBETA B PA3IMUHBIX 00JaCTAX:



- Unentndukanus marepuanoB. B crmekTpax KOMOWHAIIMOHHOTO pacCesHHUS CBETa B aimMasze |
(¢uaHuTe CTYACHT JOJKEH OTOXIECTBUTh akTuBHbie B KPC kojeOaHUs W ONpeneNnnTh, KaKou
KPUCTAJLI SBIIAECTCS MOJJCIKON aiMasa.

- CtpykrypHBIe cBoiicTBa MarepuaiioB. [IpousBonutcs uamepenue crnekrpoB KPC mis kpuctaiios
JIMOKCHIA TUTAHA M OTOXKJECTBICHUE HAOIIOAAEMBIX ITUKOB MCXOIS U3 (DOHOHHBIX TUCTIEPCHOHHBIX
KPHUBBIX U TPaBWJI 0TOOpaA AJISl MPOLIECCOB HEYIIPYTOro paccesiHusl MEPBOTO MOpsAKa. 3aTeM CTYICHT
MPOBOIUT M3MEPEHUs AJsl HAHOIOPOLIKOB TOTO K€ MaTepHaja M HHTEPIPETHPYET W3MEHEHUs B
cnekrpax KPC, cBa3annbie ¢ pasMepHbIME 3hdeKTamH.

- buonornsa. CryneHty mnpeanaraercsi HM3MEpUTh CHEKTp KOMOMHAIIMOHHOTO pacCesHHs CBeTa
anpOymuaa u  oroxzaectBute mmku KPC, coorercrByromme BaineHtHeIM V(COO-) wu
nepopmannonabiM O(N+H3(2)) konebaHusM aMHUHOKHUCIIOT.

2. ®ypbe CHEKTPOCKOMUS

CTyneHT 3HAaKOMHUTCSI C YCTPOWCTBOM M NPUHLIMIIOM PaboOThl coBpeMeHHoro dypwe crekrporpada.
3areM eMy NpearaeTcs IpOBECTH CEPHI0 IKCIIEPUMEHTOB, IEMOHCTpUpPYIOLINX puMeHeHue Oypoe
CHEKTPOCKOIHNH B PA3JINYHBIX O0JIACTSIX:

- IlomynpoBoxHukoBbie TexHonorud. Ha ocHoBe m3amepenuii cnekrpos MK mpomyckaHusi CTyqeHTy
IpeAsIaraeTcsl OonpenenuTh Kpail pyHIaMeHTaIbHOTO MONIOMICHUS Pa3JInYHBIX MOTYHIPOBOJHUKOBBIX
MaTepHalioB, a TAaKXXE OLEHUTb, KaKHEe M3 HUX HEJICTUPOBAHHBIC, a KAaKHE COIEP>KaT BBICOKYIO
KOHLEHTPALUIO HOCUTENIEH.

- MonexynspHast CHeKTpoCKonHs. V3MepsIoTCsl CHEKTPbl MPOMYCKAaHUS MOJEKYISIpPHBIX Ta30B,
COOTBETCTBYIOLIME KoyieOaTeNbHO-BpaIlaTeIbHBIM — [IEpexoJaM. 3aTeM  CTYACHT MPOU3BOIUT
COIIOCTAaBIICHHE TMIOMYYCHHBIX JaHHBIX C TEOPETHYECKHMMH pacdeTaMM M  OTOXKIECTBISET
Ha0Ir0qaeMble TMHUN MOTTIOLICHHUS.

- buonorus. CryneHty npeayaraetcs NU3MEpUTh CHEKTP HPOIMYCKaHUsS albOyMHHA U OTOXKIECTBUTH
MOJIOCHI TOIVIOUICHHUsI, CoOoTBeTcTBYomMe BasieHTHBIM V(COO-) n nedopmannonnsiM d(N+H3(2))
KOJIEOaHUSIM AMHUHOKHCIIOT.

5. CrekTpoCKOIUs HACHIIIIEHHOTO MOMIOIIEHUS B siuciike ¢ mapamu atomoB Rb. Dddexr 3eemana

Brimonnsiercst onHa u3 AByX palor:
1) CrnexTpocKonus HACBIIICHHOTO MOTIONICHHS B STYEHKe C mapaMu aToMoB Rb

B pamkax paboThl mpeiaraercs CamMOCTOSTEIBHO COOparh M OTIAJUTh ONTHYECKYIO CXeMy U
MPOHAOIOAaTh PE30HAHCHI HACBHIIICHHOTO TMOTIIONIEHUSI B sUeiike co cMechio mapoB 87Rb u 85Rb;
UACHTH(OUIIMPOBATH TOJYYCHHBIE KOHTYPHI C KOHKPETHBIMH IE€PEXOAaMU B aTOMax; HCCIIECAOBATh
3aBUCUMOCTH XapaKTEPUCTHK PE30HAHCOB OT IIapaMETPOB DKCIEPHMEHTA; OLEHUTH CBEPXTOHKOE
pacuieruieHie ¥ N30TONMMYECKUI CIBUT; CTa0MIM3UPOBATh YacTOTy Jia3epa 10 KOHTYpPYy Pe30HaHca C
UCIIOJIb30BaHHEM (ha30BOW MOIYJSILIMK U CHHXPOHHOTO JICTEKTUPOBAHHS.

2) HaOmronenne sddexra 3eemana ansi aroMOB Rb MeTOIOM CIEKTPOCKONMHUM HACHIIIEHHOTO
MOTJIOIICHHS

B pamkax paGoTel mpemaraercsi MpoHAOIIONATh paclelieHne 3eeMaHa BO BHEIIHEM MarHUTHOM
moJie, TOMECTHUB siueiiky co cMechio apoB 87Rb u 85Rb B conenounn, hopmupyromuii moctossHHOE
OZIHOPOJHOEC MarHUTHOE TIOJIe; ONpeneNuTh g-(hakTophl JlaHae pa3IMYHBIX YPOBHEU IO BEITHYHHE
pacIlenyIeHNs; TIOMECTUTh SUeHKy B MAarHUTHBIA KpaH M 10 YMEHBIICHUIO IIMPUHBI KOHTYPOB
OLICHHUTH JTAOOPATOPHOE MATHUTHOE TOJIE.

Cemecrtp: 6 (Becennuit)

6. AHanu3 BIMSHHSA W30TOIHMYECKOrO COCTaBa ajaMa3HOM MaTpuIlbl Ha CBOICTBa HCHTPOB OKpACKU B
CUHTCTUYCCKHUX aJiIMa3ax

CTyneHTy mpemaraercsi cCaMOCTOSATENIbHO cOOpaTh COMPSDKEHHBIM C BOJIOKOHHBIM CHEKTporpagom
KOH()OKaNbHBI MUKPOCKOII U TIPOBECTH U3MEPEHUS CIIEKTPOB (DOTOIIOMUHECIICHLIMU CUHTETHYECKUX
aJ7Ma30B C pa3HBIM HM30TOMHYECKHM COCTaBOM MaTpuiubl npu Ttemieparype 77K. Ha ocHose
HU3MEPEHHBIX CIIEKTPOB CTYACHTY HEOOXOAWMO OINPENEINTh XapaKTepHblE 4YacTOThl (DOHOHOB
aJIMa3HOM MaTPHUIBI U JIOKAJIN30BaHHBIX (GOHOHOB ist GeV- u SiV- IEHTPOB OKPACKHU.

7. JlazepHOe OXJaX<IeHHE ¥ 3aXBaT B MarHUTOONTHYECKYIO JIOBYIIKY aTOMOB PyOU M



Lenpto Hacrosmieil maboparopHoi pabOTBl SABISETCS 3HAKOMCTBO CTYAEHTa C JIA3€PHBIM
OXJIXKJICHUEM M pa0OTOH MarHUTOONTHYECKOHN JIOBYIIKM Ha MpHUMEpe aroMoB pyouaus. B pamkax
BBIMIONIHEHUSI  pabOTbl  HEOOXOAMMO  CTaOWIM3HPOBATH YAaCTOTHl JBYX JIa3epOB  METOIOM
CIIEKTPOCKOIIMM HACBILIEHHOIO INOIVIOUICHHUS, 3aXBaTUTh aTOMbl B MarHUTO-ONTUYECKYIO JIOBYLIKY,
U3MEPUTh  TEeMIIeparypy aToMOB METOIOM  OaJJIMCTUYECKOTO  pas3jiera U HCCIeloBaTh
CyOmOIIIEpPOBCKOE OXJIaXKICHHE.

8. ATOMHO-CHIJIOBasi MUKPOCKOIIHS

Ha mnepBom »5Tame mnpoBOAWTCS 3HAKOMCTBO C (PU3MYECKMMHU MPUHIMIIAMH aTOMHO-CHJIOBOM
MHUKPOCKOIIMH ¥ 3JIEMEHTaMH aTOMHO-CHJIOBOTO MHKPOCKOIA, BKJIIOYAsl CHCTEMY OOpaTHOM CBSI3H,
CUHXPOHHBIN JIE€TEKTOp, CKAHUPYIOILIUE IbE30-IOABMKKM U JAp. 3aTeM CTYIEHT CaMOCTOSTEIbHO
MPOBOJUT IOCTUPOBKY MHUKpockoma. Ha ¢uHaipHOM »3Tame CTyAeHT NOoJdydaeT H300pakeHus
TECTOBBIX OOBEKTOB B IOJYKOHTAKTHOM DPEXHME: PETHCTPUPYET MOP(OJIOTHUI0 IOBEPXHOCTH
SMUTAKCHATIBHOW TETEPOCTPYKTYPHl C KBAHTOBBIMHM TOYKaMH, OMNPEAENAECT TONIIUHY MOHOCIOS
rpadeHa WM CIOMCTOr0 MaTepHaja W3 TPYHIbl TUXaJIbKOT€HHIOB NEPEXOAHBIX METAJUIOB, a TaKKe
OLICHMBAET JUCIEPCUIO Pa3MEPOB ISl MOPOLIKOBBIX HAHOMATEPHAIIOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)



MecTo npoBenenus npakTukyma — kao. 220, 222, 227 JIK.
ObopynoBaHue U MPUHAAIICKHOCTH, UCIIONIL3yeMbIE B 1a00paTOpHBIX paboTax:

Tema 1. PazmepHoe kBaHTOBaHHE Ha MIPUMeEPE MOTYPOBOJHUKOBON KBAHTOBOW MBI
Ontuueckas muta A4, HabOp ONTHYECKUX KOMIIOHEHT, 00pa3iibl MOIYIPOBOAHUKOBEIX HAHOCTPYKTYP
GaAs/AlGaAs, nazepnsiii auon 405 HM, TOPTATUBHBIA CIEKTPOMETD, EPCOHATBHBIA KOMITBIOTEP

Tema 2. JleMoHcTpanys OCHOBHBIX PUHLIMIIOB I€HEPALIMM KOTEPEHTHOTO U3JIyUYEHUs Ha IpUMepe
MOJTyIIPOBOJHUKOBOTO JIa3epa

HaOop na3epHbIX AMOJ0B C OJIOKOM NMUTAHUS, ONTUYECKUE U ONITOMEXaHMYECKIE KOMITOHEHTHI,
(hoToaro, BOJOKOHHBIH CHEKTPOMETP, CKaHUPYHOIui naTepdepomerp, Busyanuzarop MK uzmyuenus,
[IEPCOHAJIBHBII KOMIIBIOTED

Tema 3. CnekTpoCKONuUS KOJUIOMIHBIX KBAHTOBBIX TOYEK U METAITHYECKUX HAHOYACTHUIL
OnTuueckas mra A4, HaOOp ONTUYECKUX KOMITOHEHT, PACTBOPHI KOJUIOUTHBIX KBAHTOBBIX TOUEK
Pa3TUYHBIX TUAMETPOB, KOJUIOMAHBIE PACTBOPHI HAHOYACTHII 30J10TA, JIa3epHbIit quoa 405 HM,
MOPTaTUBHBIN CIEKTPOMETP, MEPCOHATBHBIN KOMIIBIOTEP

Tema 4. KomOunarmonHoe paccesinue cBeta. @ypbe CreKTpOCKOIHs

PamaH-TTIOMHHECIICHTHBII MUKPOCKOTI, TIEPCOHAIBHBIA KOMITBIOTEP C YCTAHOBJICHHBIM MTPOTPAMMHBIM
obecrieueHneM, uccieryemMble 00pasibl Ha CTEKISHHBIX HOIOKKaX. Dyphe-CIIeKTPOMETp, KOMITBIOTEP
¢ [1O, kroBeTHI C UCCIeyeMbIMH T'a3aMH, OITYIPOBOTHHKOBEIC 00Pa3IIbL.

Tema 5. CneKTpOCKOIUS HACHIILICHHOTO MOTJIOMIEHHs B siueiike ¢ mapamu atomoB Rb. Dddexr 3eemana
JIMOHBIH J1a3ep ¢ BHELIHUM PE30HATOPOM, OJIOK yIIpaBiIeHus, OJ0K CTaOMIM3alluy YacTOTHI, SYeiKa C
napaMu pyOuans, ONTHYECKUNA U30IATOP, (OTOAETEKTOPHI, ONTHUECKHUE IIEMEHTHI, 4-KaHaIbHBIH
ocuyuorpad, KOMIbIOTEP, COICHOU]T, OJIOK MATAHUS COJICHOUA.

Tema 6. AHanu3 BIUSHUS U30TOMTUYECKOTO COCTAaBa alIMa3HOM MaTPHUIIBI HA CBOMCTBA LIEHTPOB OKPACKU
B CHHTETUYECKHX aJIMa3ax

Ontrueckas muTa A3 ¢ 0TBEPCTUEM JUTSI KpeIeKa XJIaI0poBo/ia, HA00p ONTHYECKUX KOMITOHEHT,
CHUHTETHUYECKHE aIMa3bl, Ja3epHblid auoxa 405 HM, TEPMOC C KHUIKUM a30TOM, IOPTaTUBHBIN
CIIEKTPOMETP, IEPCOHAIILHBIN KOMIIBIOTED.

Tema 7. JlazepHOe OXJaXJeHHE U 3aXBaT B MATHUTOONITUYIECKYIO JIOBYIIIKY aTOMOB pyOUaHs
2 TUOAHBIX JIa3epa ¢ BHEIIHUM PE30HaTOpOM, ONOKHU YIIpaBIeHHS U CTAOMIIN3aLUU YaCTOThI, sTueiika ¢
napamu pyOuIus, MAarHUTOONITHYECKAs JIOBYIIKA, ()OTONETEKTOPHI, ONTHUECKUE HTEMEHTHI, KOMIIBIOTED.

Tema 8. ATOMHO-CHUIOBast MEKPOCKOTIHS
ATOMHO-CHJIOBOW MHKPOCKOII C OJIOKOM YTIpaBIIeHHUs, HA0OP JOTIOTHUTEIBHBIX UTJT (KaHTHIICBEPOB) U
TECTOBBIX OOBEKTOB.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Beeaenue B pypbe-cniekrpockonuio [ Teker], monorpadust/P. Jlx. bemn , -M., Mup, 1975

2. HenuneiltHast na3epHasi CIIEKTPOCKOMHS CBEepxBhIcoKoro paspemenus [Texct]/B. C. Jletoxos, B. I1.
UYebotaes, -M., Hayxka, 1990

3. lpunnunet nazepos [Tekcr] : [yue6. mocodue aist By3oB] / O. 3Bento ; niep. ¢ annn. J[. H. Koznosa [u
ap.] ; mox Hayd. pen. T. A. llImaoHoBa ; pyc. niep. nepepad. 1 JOIM. PU YIACTHH aBTOPa KHUTH .— 4-¢
n3g. — CII06. : Jlans, 2008 .— 720 c.



4. CrieKTpbl KOMOMHAIIMOHHOTO paccestHusE MOJIeKyn 1 Kpuctawios [Tekct]/M. M. Cyumnckuid, -M.,
Hayka, 1969

5. B. JI. MuponoB OCHOBBI CKaHUPYIOIIEH 30HI0BON MUKPOCKOTTH. — Poccuiickas akajieMus Hayk,
WucturyTt huszuku MUKpCcTpyKTyp, I. Huokuanit Hosropon (2004)
https://www.ntmdt-si.ru/data/media/files/brochures/osnovy skaniruyushcej zondovoj mikroskopii.pdf
6. John R. Ferraro, Kazuo Nakamoto, and Chris W. Brown. Introductory Raman Spectroscopy.
Elsevier, 2003.
https://fulviofrisone.com/attachments/article/406/introductory%20raman%20spectroscopy.pdf

7. Cyumnckuit M.M. CriekTpbl KOMOMHAIIMOHHOTO PaccestHUsl MOJIEKYI U KpucTaysioB. Mocksa: Hayka
(1969).

8. Pune @. Crangapts! yactoTsl. [lpuHnumne! u npuioxenus. — Litres, 2018.

9. Raab E. L. et al. Trapping of neutral sodium atoms with radiation pressure //Physical review letters.
—1987. —T. 59. — Ne. 23. — C. 2631.

Zachorowski J., Palasz T., Gawlik W. Magneto-optical trap for rubidium atoms //Optica Applicata. —
1998. - T. 28. — C. 239-248.
https://www.researchgate.net/profile/Pavel-Chapovsky/publication/225722476 Compact_magneto-opti
cal_trap for rubidium_atoms/links/54cbb58f0cf24601c0890021/Compact-magneto-optical-trap-for-ru
bidium-atoms.pdf

JlononHuTenbHAS TUTEpaTypa
1. Beenenue B pusuky tBepaoro tena [Tekcr] : yuebHuk /it By3oB / U. Kurrens ; mep. mop pen. A. A.
I'yceBa .— 2-e u3z., crepeorun. / nepened. ¢ u3a. 1978 r. — M. : Meaua Crap, 2006 .— 792 c.
2. KBanToBas Mukpo- u makpodusuka [Tekcr] : yued. mocobue st By3oB / 0. M. Iunentok .— M. :
®dusmarknura, 2006 .— 640 c.
3. BBesieHne B TeOpHI0 aTOMHBIX criekTpoB [Tekct] : [y4e6. mocobue s By3os] / M. . Cobenbman .—
M. : Hayxka, 1977 .— 320 c.
4. CoBpeMeHHas a3epHas criekrpockornus [ Tekcr] : [yue0. mocobue s By3oB] / B. Jlemtpénep ; mep.
c aar1. M. B. PaObununoii [u ap.] ; moxg pen. JI. A. MenbHuKoBa .— [4-€ u3., iepepad.] .—
Honronpynnstit : UaTennexr, 2014
5. Bastard G., Brum J. A., Ferreira R. Electronic states in semiconductor heterostructures/ Physics and
Applications of Quantum Wells and Superlattices, ed. by E.E. Mendez, K. von Klitzing. Plenum Press,
New York (1987)
https://www.researchgate.net/publication/2971143 Electronic_States in Semiconductor Heterostruct

ures
6. Yamada M. Theory of semiconductor lasers. —2014. — T. 185.

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

https://steck.us/alkalidata/ - D. A. Steck, Rubidium 85 D Line Data, Rubidium 87 D Line Data - pecypc
MOCTOSIHHO OOHOBIIAETCS, TeKyas Bepcust 2021.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

B naGopaTopHOM NMpakTHKyMe KOMIBIOTEPHI HCTIONIB3YIOTCS KaK M3MEpPHUTENbHbIE TIPHOOPHI U
oOopynoBanue aisi 00paboTku naHHbIX. Ha maHHBIX KoMIbIoTepax ucnonb3ytoress OC Windows,
Microsoft Office, a Taxxe nporpaMMHOe obecIiedeHue, MOCTABISIEMOE B KOMILIEKTE C
MU3MEPHUTEIBHBIMU CIICKTPAILHBIMH IPUOOPAMH.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA I PCIICHUS PA3JIMYHBIX MMTPAKTUYCCKUX 3a/a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEUICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM INIAHOM MO JAUCIHILIAHE,



— BEJICHUsI KOHCIIEKTA 3aHATHI 1 1TaDOpaTOPHOTO KypHAa;

— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEHI0OBAaHHO JIUTEPaTypHI;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— pelIeHHe 3a/1ay, MpeUlaraeMbIX CTYIAEHTaM Ha 3aHATHUAX; IPOBEAECHHE UYHUCICHHBIX OLEHOK II0
TIOPSIIKY BEJTMYMHBL, HAICAHUE TPOTPaMM ISl TEOPETHYECKUX PACUETOB MapaMeTpoOB, H3MEPSIEMBIX B
nabopaTopuu.

— MOJITOTOBKY K BBIITOJHEHUIO 3aJaHUH IPOMEKYTOUYHON aTTeCTaIHH.

ITokazaTeneM BiaJeHUs MaTEPHAIOM CIIy)KHT yMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TEMaM
JMCIUTLTHHBL

BaxHo 100UTHCA NMOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPYIHCHUU W3Y4YCHUS OTICIBHBIX TEM, BOIPOCOB, CIEAYeT OOpaIarbcsi 3a KOHCYJIBTAlUSAMH K
MPENo/IaBaTeio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: ®duszuKa 1 nefaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa KBaHTOBOU pagro(U3NKu

Kypc: 3

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
5 (ocennwuii) - luddepeHpoBaHHbIH 3a4eT

6 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
PaspaGorunkm:

B.C. KpuBo0Ook, kau. (pu3.-MaT. HayK
E.C. Muponuyk, kasj. Gu3.-Mar. HayK
I'A. BumnsikoBa, kaHj. Gu3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax OCTaBJICHHOM LENH U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB ¥ OTpaHUYEHUI

YK-2.1 ®opmynupyeT COBOKYNMHOCTh B3aHMMOCBI3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHIKEHUE. Omnpenensier
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

OIIK-1 CniocobeH mpuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHABHOMN JIEeTeTBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3aj1ady,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CpnocobeH CTpOUTb MareMaTH4ecKHue MOAEIH,
MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (M)
TEXHOJIOTHYECKOH MH(OPMAIIUY ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3319

OIIK-4.1 Brnageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTyaJIbHOTO aHalin3a WHGOpPMalKU NPHU PEICHUH
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,

OIIK-5.1 CmocobeH pemath IOCTaBICHHBIC 3a7a4dl B
obnactu TEOPETUUECKUX u IKCIIEPUMEHTAIbHBIX
HCCIICIOBAHMI U pa3paboToK

OIIK-5.2 OoOnagaerT CIOCOOHOCTBIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpodeccCHOHATHHOW SKCILTyaTarluu

COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
HU3MEPHUTENBHO-aHATUTUYECKOHN 1 HAYYHO-HMCCIIEI0BATEIBCKON
TEXHOJIOTMYECKOH anmaparype (M3MEpUTENBHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)
anmaparypsl
[IK-1.1  Buageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MJIM) TEOPETUICCKHUE
(aHaTMTHYECKIE M IMUTAIMOHHEIC)
HCCIICAOBAHHUS

3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

[1IK-1.3 Bnazgeer KyiasTypoil IOCTAaHOBKM HAy4HOM 3a/a4d U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHA B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

[IK-1.5 Bnageer HaBbikamMu Oe30macHON paboOTBl C
COBPEMEHHBIMH  HAay4YHbIMH  TNPHOOPaMH U JIPYTUM
IKCHEPUMEHTAILHBIM 000pYJ0BaHUEM

[IK-1.6 3HaeT OCHOBHBIC MpaBWia TOBEACHUS M PaOOTHI B
COBpPEMEHHOH Hay4YHO# abopaTopun

[IK-1.7 Coocoben omeHuBarh TpeOyeMbie pecypchl
(MarepuanbHble ¥ BPEMEHHBIC) [UIA IUIAHUPOBAHUS H
HPOBE/ICHUS] HAyYHOTO SKCIIEPUMEHTA

[1K-2 CnocoGen aHanu3upoOBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  IapaMeTpBhl,
OIIpEeNeNIAIOIME U3yyaeMoe SIBJIEHHE, U IPOU3BOIUTH
YHCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, HHCTPYMEHTHI U
METO/Ibl HCCIJICIOBAHUM JUIs peIlleHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

[MK-3.1 3naer mpuHNUILI pabOThl W AMANa30HBI PabOYMX
napamMeTpoB HCIOIB3YEMOr0 HaAyYHOTO 000py/IOBaHUS

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[1IK-4.1 3Haer yncieHHbIC TOPSIKA BEJINYHMH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00IacTu

[IK-4.2 3HaeT WCTOYHHMKH TPOUCXOXKACHHUA U yMeEeT
MPOU3BOAUTH  OLIEHKY  MOTPELIHOCTH  H3MEPEHHH W
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHEIE
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare uzydeHus: qUCHUTUIMHBI « OCHOBBI COBPEMEHHOW (U3UKU: J1aboparopHbili MpakTUKyM (KPD)y
00yJarouiCs JTOIKEH:

3HATD:
- OCHOBHBIC ITPUHIIMIIBI TEHEPAIIUU KOTEPEHTHOTO M3ITY4YCHUS;
- SIBJICHUS, BO3HUKAOIINE IIPU B3aUMOJICHCTBUY H3ITYUCHUS C BEIECTBOM;
- 3¢ eKThI pa3MEpPHOTO KBAHTOBAHHS B OJJHOMEPHBIX M JByMEPHBIX CHCTEMAX;
- YCTPOHCTBO W TPHUHIUIBLI PabOTHl aTOMHO-CHIIOBOTO MHUKPOCKOIIA, paMaH-JIFOMHHECIICHTHOTO
MHUKPOCKOTIa, Gyphe-CIIEKTPOMETPA;
- IPUHITUTIBI JJA3€PHOTO OXJIAXKIACHIMS M 3aXBaTa aTOMOB U MOHOB.
yMeTh:
- POEKTUPOBATh B COOMPATh H3MEPUTEITHHBIC CXEMBI JIJIS TIPOBEICHUS CIIEKTPATBHBIX HCCIICIOBAHUH;
- MPOBOJUTH MOJICIMPOBAHUE KBAHTOBOPA3MEPHBIX CTPYKTYP, CPABHHUTENBHBIM aHANU3 pPacuéToB C
AKCIIEPUMEHTAIILHBIMH PE3yJIbTaTaMHu;
- paboTarh Ha COBPEMEHHOM (pH3MUECKOM OOOPYIOBAHUM W C COBPEMEHHBIMH DKCIIEPUMEHTAILHBIMU
oOpasiamu, coOIoas mpaBuia padoTh B Ta0OpaTopuu U TpeOOBaHMS TEXHUKH O€301TaCHOCTH.
BJIA/IETh:
- METOJIaMH HCCJIEJJOBaHUSl CIIEKTPOB TIOMVIONICHWUS H JIFOMHHECHEHIIMH TOJTYIPOBOAHUKOBBIX
KBaHTOBBIX CTPYKTYP U OMOJIOTHYECKUX OOBEKTOB;
- METO/IOM CITEKTPOCKOIIMHU HACKHIIIEHHOTO MOTIIONIEHSI B STYEHKE C TTapaMK aTOMHOTO Tra3a;
- MPUHIUTIAMU (YPhE-CIIEKTPOCKOIHH U CIIEKTPOCKOITUN KOMOMHAIIMIOHHOTO PACCESHUS CBETA;
- IPUHIIMTIAMH JIA3€PHOTO OXJIAXKICHUS M 3aXBaTa aTOMOB B MArHUTOONTHUYECKYIO JIOBYIIIKY;
- HaBBIKAMH PabOTHI HA COBPEMEHHBIX IKCIIEPUMEHTAIBHBIX YCTAHOBKAX.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0
He npexycmorpeHo.

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

IIpuMepsl KOHTPOJIBHBIX BOIIPOCOB:

5 cemectp:

1. KsaHTOBaHME HSHEPreTHYECKHX YPOBHEH B NPSAMOYIOJIbHOM MOTEHIMAJIbHOW sIME, I'PaHUYHBIC
YCIJIOBHSI B pEJIbHBIX CHUCTEMAX.

2. DHepreTM4ecKre cxemMbl 0ObEMHOIO IMOJYNPOBOAHMUKA M KBAHTOBOM SIMbI. DJEKTPOHBI U JIBIPKH.
[Monsrtue 3¢ dexTnBHOI MacCh.

3. IIpouecc (¢oTomOMUHECHIEHINHM B MOJIyHNpoBOAHMKAX. (PopMa JHMHUM W3IY4YEHUS I
3NIEKTPOHHO-ABIPOYHOH INIa3MbI B 00BEMHOM U IByMEPHOM IIOJIYTIPOBOIHUKAX.

4. 3aBUCHUMOCTb IMOJIOXKCHHUS JIMHUH (HOTOMIOMHUHECHECHIMN KBAHTOBOH MBI OT TOJIIMHBI SIMBIL,
TOJIIMHBI Oapbepa U KOJMYECTBA IPUMECH.

5. TlpuHnmIb! paboThl ONTHYECKOTO KBAHTOBOTO TEHEPATOPA.

6. YcTpoiicTBO M MPHUHIUIIBI Pa0OTHI MOMYIIPOBOAHUKOBOTO Ja3epa.

7. OCHOBHBIE XapaKTEPUCTUKH AMOIHOTO Jia3epa: MOPOTOBBIH TOK, KOAPQPHUIMEHT YCUICHHSI, IIHPHHA
JIMHUY, CHEKTPaIbHBIN cOCTaB m3iMydeHHs. DyHIaMEHTAJIbHBIN Npeaen IIUPUHBI JIMHUKA TeHepalun
naszepa.

8. CxeMbl 00paTHOM CBSI3U JIMOHBIX Ja3€POB.

6 cemectp:

1. ®usnyeckue ocHoBbl ACM: morenuman Jlenapaa-Jl>xoHca, BBIHYKIEHHBIE KoJieOaHus, (a30Bblii
KOHTpACT.

2. OcHoBHBIE pexUMbI padoTel ACM.



Cucrema peructpanuu n3rubda KaHTUIEeBepa.

[MpuHIIMT paboTHI CHCTEMBI 0OPATHOH CBSI3H.

[IpuHLMIIBI 1a3€pHOTO OXJIAXKICHUSI AaTOMOB.

YcTpolcTBO M MPUHIMI PA0OTHI MATHUTO-ONITHYECKOM JIOBYIITKH.
W3mepenune Temneparypbl aTOMOB METO/IOM OaJITHCTHYECKOTO pas3néTa.

e A S

Cy6101u1epoBCcKO€e OXJIaKICHUE aTOMOB.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOHW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHe 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHBIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Zieibl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEro oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH MporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BaTh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oanm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCHUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpPeIeJsONINe MPoNeIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBanuplii 3a4€T MPOBOIATCS B YCTHOW ¢opme mo Owieram. B kaxaom Owuiere
NpPE/ICTaBICHO JBa TEOpPETHYeCKHMX Bompoca. I[lpm mpoBerneHum 3auéra  oOydaromiemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromerocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



