degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: OCHOBBI COBPEMEHHON (PU3HUKH: JTaOOPATOPHBII PAKTUKYM
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa KBAaHTOBOW pajrio(U3NKH

Kypc: 3
KBaJIMpUKALS: GakanaBp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
5 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

6 (Becennwii) - AuddepeHunpoBaHHbIN 3a4eT

AynuropHbIX 4acoB: 90 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 0 yac.
nabopatopusbie 3anaTus: 90 yac.

Camocrostensnas padora: 135 gac.
Bcero gacos: 225, Bcero 3a4. ef.: 5

[Iporpammy coctaBuiIu:

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

[Iporpamma obcyxieHa Ha 3acefiannu Kadenpsl KBaHToBoH paguodusuku 13.04.2022



AHHOTANMA

[Ipaktukym, pa3paboTaHHbIN MpenoaaBaTensMu Kadeapsl KBaHTOBoU paanoduszukn MOTU u corpynHukamu
O®UAH, mnpencraBnser coboli UK JTaOOpaTOpHBIX palOT, MOKPHIBAIOIIMKA LIMPOKUH Kpyr mnpoliem
COBPEMEHHOM KBAaHTOBOW (M3MKH, ONTHKH W  CIEKTPOCKOIMH aTOMHO-MOJIEKYJISIPHBIX — CHCTEM,
KOHJICHCHPOBAHHBIX Cpe€Jl, KBAHTOBOPAa3MEPHBIX M IUIA3MOHHBIX CTPYKTYp, HOBBIX MarepuaioB. Kypc
BKJIIOYAET KaK pabOThI-«KOHCTPYKTOPBI) Pa3HOM CTENEHH CIOKHOCTHU, B KOTOPBIX CTYJICHTY IPEIOCTaBIsACTCS
BO3MOXHOCTh CAMOCTOATENIBHO COOPaTh U3MEPUTENBHYIO CXEMY U3 UMEIOLIUXCSI TPUOOPOB U KOMIIOHEHT, TaK
U TIOJly4YeHHE TPAKTMYECKMX HAaBBIKOB palOOThl ¢ MPEIM3MOHHBIM J1a0OPaTOPHBIM 000pPYyIOBaHUEM
(aTOMHO-CHIJIOBOH MHUKPOCKOII, paMaH-JIIOMUHECILICHTHBI MUKPOCKOII, (pypbe-criekrpomeTtp). [Ipenonasarenu
Kypca — MOJIOfible KaHIUIAThl (PU3MKO-MAaTeMaTHUeCKUX HayK U aCIIUPAHThI, aKTHBHO BOBJICUEHHBIC B HAyYHbIC
HCCIJICAOBAaHMS B YKa3aHHBIX 00IaCTsIX.

[TpakTHKyM CTaBHUT LENbIO IPUBUTH HCCIIEAOBATEILCKIE HABBIKM, KOTOpbIe OyIyT IMOJIE3HBI B JalbHEHIIEH
Hay4HOU paboTe CTYAEHTOB; YCTAHOBUTH CBSI3b MEXIY TEOPETUUECKUMH 3HAHUAMU IO KBAHTOBOH MEXaHUKE U
¢bu3MKe KOHICHCUPOBAHHOTO COCTOSIHUS, MOMYYEHHBIMH Ha Kypcax oOmIel W TeoOpeTHYeCKOr (pU3MKH, U MX
NIPUMEHEHNEM Ha IPAKTUKE; aTh MMOHUMAaHHE TOrO, ¢ KaKUMH TPYAHOCTSMH CTAJIKMBAKOTCS Y4YEHBIE NPHU
MIOCTAHOBKE JKCIepuMeHTOB. I[IpakTukym OyneT moses3eH Ui CTY[JEHTOB KaK 3KCHEpUMEHTAIbHOH, TaK M
TEOPETUYECKON HaIlPaBICHHOCTEN.

1. leau u 3apauu

eap AUCUMNIMHBI

. 3HAKOMCTBO CTYACHTOB C aKTyaJbHBIMH IHpoOiieMaMH M MeToaamu (yHIaAMEHTaJbHOH U
MPHUKIAAHON POTOHUKH, Ta3epHON (PU3UKH U KBAHTOBBIX TEXHOJIOTHH.

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

* lloBbllIeHHE MHTEpeca CTYAEHTOB K JKCIIEPUMEHTAJIbHOHW NESTENbHOCTH U NPUOOpPETEeHHE MMHU
KBaJTU(UKALMIA, HEOOXOOUMBIX U1 Pa0OThI B IEPEAOBBIX HAYUHBIX Ja00paTopusiX.

33]13‘[1/[ JAUCHUIIINHBI

- TOJyYeHHE TPAKTUYECKUX HABBIKOB pabOTBl C COBPEMEHHBIM ONTHYECKHM M CIIEKTPaJbHBIM
000pyIOBaHNEM;

- ImpuoOpeTeHne HABBIKOB IUIAHUPOBAHMS IKCIIEPUMEHTA, COOPKH HM3MEPUTEIBHBIX CXEM, a TaKkKe
KyJBTYpBI pabOTHI B OITUYECKOH JTaboparopuu;

- ¢dOopMHUpOBaHHE CBSI3M MEXAY TEOPETHUCCKMMM 3HAHUSIMHM 10 KBAaHTOBOM  MEXaHUKE,
aTOMHO-MOJIEKYJISIpHOH (u3uke U (U3MKE KOHIECHCHPOBAHHOIO COCTOSHUSI 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 VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
paMKax OCTaBJICHHOM LeNH U BEIOMPATh 3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
OINITHMAJIbHBIE CIIOCOOBI UX PELICHUs, UCXO U3 |00eCTIeUNBAIOLINX ee JOCTHKCHHUE. Omnpenenser

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

OIIK-1 CnocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTYYCHHBIC B HaMe4JaTh MyTH €€ PeIICHHUs

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
00pabOTKy HayYHO-TEXHUYECKOHN U (M) WHTEJUIEKTYyaJlbHOTO aHalin3a MHGOpMalH{ MpH PELICHUN
TEXHOJIOTUYECKON MH(POPMAIMK AJIs pelieHnsl  |3a1ad MpoQeCcCuoHaNbHON e TeIbHOCTH

($yHIaMEHTAIBHBIX U MPUKIATHBIX 33124

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B

OIIK-5 Cioco0eu Y4acTBOBAaTh B IPOBEACHHUH obmactu TCOPETUUCCKUX )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 OO6OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpoecCHOHANBHOM 3KCILTyaTaIlluu

HayYHO-HCCIICI0BATEIICKON, COBPEMEHHOMN JKCIEPUMEHTAIBHON
HU3MEPUTENBHO-aHATUTUYECKOH 1 HAYYHO-HMCCIIEI0BATEIBCKON
TEXHOJIOTMYECKOH ammaparype (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOW)
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

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOM 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIECHUN B
COOTBETCTBYIOIUX HAYYHBIX 001aCTAX

[K-1.5 Bnmageer HaBbikamMu 0Oe30MacHONM pabOTBI  C
COBPEMEHHBIMH  HAay4YHbIMH TNPHOOPaMH H©  JIPYTUM
IKCHEPUMEHTAILHBIM 000pYJOBaHUEM

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI 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)

[IK-2.2  VYmeer HaxoguTh  KIIOYEBBIE  IapaMeTpHl,
OIIpEeNeNIAIOIME HU3yyaeMoe SBJIEHHE, W IPOU3BOIUTH
YHCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

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

IMK-3.1 3naer mpuHIOMIILI PabOTHI M JHANa3oHbl pabounx
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000py/I0BaHUS

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

[1K-4.1 3Haer ynciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeEeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
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 MpPUHIMIBI PabOThl aTOMHO-CHJIOBOIO MMKPOCKOIIA, pPaMaH-JIIOMHHECIIEHTHOTO

MHUKpPOCKOI1a, (’pypbe—cneKTpOMeTpa;

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

YMETb:

- IPOEKTUPOBATH U COOUPATH N3MEPUTEIBHBIE CXEMBI JJIS IPOBEICHUS CIIEKTPAIbHBIX HCCIICI0BAHUIH;
- TPOBOJUTH MOJEIHMPOBAHHE KBAHTOBOPA3MEPHBIX CTPYKTYP, CPABHHUTEIBHBIM aHAJIN3 PAcuéToB C

SKCIICPUMCEHTAJIbHBIMU PE3YJIbTaTaAMU;

- paboTarh Ha COBPEMEHHOM (U3NUECKOM OOOPYIOBAaHMH U C COBPEMEHHBIMHU IKCICPUMEHTAILHBIMH
o0pa3iamu, cobroas mpaBuiia padoThl B IA0OPATOPUH U TPeOOBaHMsI TEXHUKH O€30MaCHOCTH.

BJIAJIETD:



- METOAAaMHU HCCIICNOBAaHMS CIIEKTPOB IOIVIOMICHUS ¥ JIFOMUHECHEHIIMU IOIYHNPOBOIHHKOBBIX
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 KBZHTOBAHWE Ha TIpHMEpe 12 15
MOJTYTIPOBOJHUKOBOW KBAHTOBOM SIMBI
JleMOHCTpanusi OCHOBHBIX NPUHIIMIIOB
2 TreHepalui KOTEPeHTHOTO H3IIy4eHHsd Ha 12 15
MpUMepe MOTYIPOBOIHUKOBOTO JIa3epa
3 CriekTpocKkomnus KOJIJIOUAHBIX KBAHTOBBIX 12 15
TOYEK ¥ METAIUTNYECKUX HAHOYACTHI
4 KomOunanmonnoe  paccesHue  CBeTa. 12 15
@Dypbe CIEKTPOCKOMUS
CrexTpockonus HACBIIIEHHOTO
5 MOMIOIIEHHS] B AYEHKE C IMapaMu aTOMOB 12 15
Rb. Dddexr 3eemana
AHanu3  BIMAHUS ~ HM30TONHMYECKOTO
6 COCTaBa aJaMa3HOW MaTpULbl HA CBOMCTBA ] 15
LEHTPOB OKPackh B CHHTETUYECKHX
anmMasax
JlazepHoe oxJaxIeHue U 3axBaT B
7 MAarHUTOONTUYECKYIO JIOBYIIKY AaTOMOB 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
SM Ha IpuMepe Xopomo u3BecTHoW cuctembl GaAs/AlGaAs. [lpeanaraemas paboTa BKIIOUAET
HecKonmbKo dyacreit: (1) camocrositenbHas cOOpka ¥ IOCTHPOBKA IPOCTEHIIEro CTEH/a,
MpeIHa3HAYCHHOTO JIsi W3MEPEHUil CIEeKTpPOB (HOTOMOMHHECIICHIINH; (2) TOJy4YeHHE CIEKTPOB
JFOMHUHECICHIIMN IS CEPUH T€TEPOCTPYKTYP C KBAaHTOBBIMH SIMAMH Pa3JIMYHOW TOJIIMHBI U C
pas3IMYHBIM COCTAaBOM OapbepHBIX CIIOEB; (3) pacueT OAHOIEKTPOHHOIO CHEKTpa KBAHTOBBIX 5IM B
paMkax mpuOmmKeHus: 3()(HEeKTHBHOW MacChl U MOJIEIMPOBAHUE CIEKTPOB M3aydeHus. Ha ocHoBe
COIOCTABIICHHUS PACCUUTAHHBIX M SKCIEPHUMEHTAJIbHO M3MEPEHHBIX CIIEKTPOB H3JIyYCHHS CTYICHT
OlpeAessieT KBAaHTOBOPA3MEpHBIC IIONPABKH ISl JJIEKTPOHOB M JBIPOK, a TAaKKe OICHHUBACT
3 PEeKTUBHYIO TeMIepaTypy HEpaBHOBECHOH 3JIEKTPOHHO-ABIPOYHON CHCTEMBI.

2. JleMOHCTpaLusi OCHOBHBIX IIPUHIMIIOB I'€HEpALMU KOIEPEHTHOIO M3JIyuyeHHUs Ha IpUMepe
MOJTyIIPOBOTHUKOBOTO JIa3epa

Lenp maHHOM PabOTBI COCTOUT B JEMOHCTPALMM OCHOBHBIX NPHHILMIIOB I'€HEPALUU KOTEPEHTHOIO
U3JIydeHHs Ha IpHUMepe IONyNpPOBOAHUKOBOrO Jasepa. CTyaeHTy mpeanaraercss NpoHaOIonaTh
Iepexo] OT peXuMa CIIOHTAaHHOTO M3TyYEHUs K Ja3epHON reHepalyy U MPOBECTH aHAJIN3 OCHOBHBIX
(baxTOpOB, ONPEACIAIONINX CIIEKTP U3ITyUYSHHUS Ja3epPHON CHCTEMBI.

Ha nepBom 3Tame cTyaeHT HU3MepsAeT CHEKTPHI U3ITy4eHUs JJa3€pHOTO AMOAA B 3aBUCHMOCTH OT TOKa
yepe3 Hero M HaOIIoAaeT Mepexoil OT CIIOHTAHHOTO M3IY4YEeHUS K BBIHY)KICHHOMY, aHAJIU3UPYET
W3MEHEHHE JHarpaMMbl HAMPaBICHHOCTH M3JIyYEHHMs W TOJSIPU3ALMHM TPH TakoM IEpEXOfeE.
Hccnenyercst 3aBUCMMOCTD 4acTOThI U3JIy4E€HUS U MOJOBOI'O COCTaBa OT TEMIIEPATyphl AUO/A U TOKa
Hakaukd. [lo pesynapraTaM mepBOro 3Tama CTYAEHT pPAaCCUMTHIBAET HEOOXOAWMBIE CBOMCTBa
TUPPaKIMOHHON peméTKu uisi GopMUpOBaHMS BHENIHETo pe3oHaropa. Ha Bropom artame cTymeHT
UCIOJB3YET PACCUMTAHHYIO PEMIETKY AJIsl CO3JaHMs BHEIIHETO PEe30HAaTopa, HaOMIONAeT MOHIKEHHE
MIOPOTOBOTO TOKA reHepauuy Anona. C MOMOIIBI0 CKaHUPYIOLIETo HHTEp(epoMeTpa aHaIN3uPyOTCs
XapaKTEepUCTHKH CHEKTpa M3Iy4eHus: 0e3 pe3oHaTopa U B €ro MpHUCyTCTBUHU, HAOMIONACTCS 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

Llens paboOTHI — O3HAKOMIICHHE CTYJCHTA C JIEKTPOHHOH CTPYKTYpOW M ONTHYSCKUMH CBOWCTBAMH
KBaHTOBBIX TOUEK THUIIA <«SIIPO-0007104Ka». Pabora BKIIOUaeT TpU OCHOBHBIC YacTH: (1) M3MepeHHe
CIIEKTPOB JIFOMUHECLECHIIMY KOJUIOWIHBIX KBAaHTOBBIX TOYEK C Pa3HBIM Pa3MEpOM sipa, U3MEpEHUE
CIIEKTPOB MPOIMYCKaHUSI KOJUIOMJHBIX PAaCTBOPOB KBAHTOBBIX TOYEK C pa3HBIM pazMepoMm sipa; (ii)
pacyeT DIEKTPOHHOTO CIIEKTpa KBaHTOBBIX Touek B cpexe Wolfram Mathematica; (iii)
OTOXKIECTBIIEHHE OCHOBHBIX OJJIEKTPOHHBIX IIE€PEXOJOB B S/Apax KBAaHTOBBIX TOYEK Ha OCHOBE
pacyeToB.

2) HaGnromeHue JTOKaJIM30BaHHOTO TUIA3MOHHOTO PE30HAHCA B METAJUIMYECKUX HAHOYACTUIAX

Llenp paboThl — O3HAKOMIICHHE C TOHSATHEM U ONTHYECKMMH CBOMCTBAMH JIOKaJM30BaHHBIX
MOBEPXHOCTHBIX TJIa3MOH-TIOJSIPUTOHOB B METAIUTMYECKUX HAHOYACTHLAX. B Xome paboThI cTyneHT
CaMOCTOSITEJIFHO  IOATOTABIMBACT KOJUIOWIHBIC PACTBOPHl HAHOYACTHI[ 30JI0TA W CcOOMpaer
MPOCTEHIIYI0 ONTHYECKYIO CXeMY ISl H3MEPEHUsI X CIIEKTPOB Mpormyckanus. Ha ciemyromem starne
C WCIOJIB30BAaHUEM COOpPAHHOTO CTEHJA CTYJISHT OHIpENeNseT CIEKTPAIbHOE IOJIOXKECHHE
JIOKAJIM30BAHHBIX ITUIA3MOHHBIX PE30HAHCOB JUISI HAHOYACTHUI[ PA3IMYHOrO pa3Mepa u (OPMEI
(nanocdepa, HaHONAIOUKa). Ha (rHAIBHOM 3Tane ¢ UCTIOIb30BaHMEM KOJHYECTBEHHBIX OLCHOK JUIs
MOJIOKCHUH TUIA3MOHHBIX PE30HAHCOB ISl OAHOPOAHBIX METAJUTMYECKUX YacTHUI] CPHEPUUSCKON |
cheponnanbHoit GopM (MONyUEHHBIX B paMKax KBa3HUCTATHUECKOTO MPUONMKEHHS U 0oJiee CTPOTUX
Mozesell), CTyIeHT ompeaesieT GpopMy M pa3Mepbl YacTHI, UCXOIS M3 CTPYKTYPbl Xapakrepa H
0COOEHHOCTEH UX CIIEKTPOB MOIVIOIICHUSI.

4. KomOuHaimonHoe paccesiaue cseta. Oypbe CIeKTpOCKOHS

1. KomOuHaimoHHOe paccessHie CBETa

Crynenty OyzmeT NpeIOKEHO O3HAKOMUTHCSA C MPUHLUIAMU CIIEKTPOCKOIMHMH KOMOMHAIMOHHOTO
paccesiHusI CBETa, OCBOUTH COBPEMEHHBIN paMaH-TIOMHUHECLHEHTHBI MHUKPOCKOII U CaMOCTOSTEIBHO
NPOBECTH  CEPHI0O  OKCIEPHMEHTOB,  JEMOHCTPUPYIOIIMX  HPUMEHEHHE  CHEKTPOCKOIHNH
KOMOHMHALIMOHHOTO PACCESHUS CBETA B PA3IMUHBIX 00JaCTAX:



- Wnentudukanuss marepuanoB. B crekrpax KOMOMHALIMOHHOTO pAacCesHUs CBETa B alMase H
¢uaHuTEe CTYAEHT AOJKEH OTOXAeCTBUTh akTuBHble B KPC komeGaHus M omnpenenuTs, Kakon
KpPHUCTAJUI SIBJISIETCS MOAICIKOM anmasa.

- CtpykTypHBIe cBOlicTBa MaTepuasioB. [IpousBoaurcs nsmepenue cunextpoB KPC ans kpucramios
JIMOKCHIA TUTAHA M OTOXKJECTBICHUE HAOIIOAAEMBIX ITUKOB MCXOIS U3 (DOHOHHBIX TUCTIEPCHOHHBIX
KPHUBBIX U IPaBUI 0TOOpa Uil IPOLIECCOB HEYIIPYTOro PaccesHUs MEPBOro MopsaKa. 3aTeM CTYIEHT
MPOBOIUT M3MEPEHUS Uil HAHOIMOPOIIKOB TOTO K€ MaTepuana M HMHTEPIPETHPYET M3MEHEHHUsS B
cnekrpax KPC, cBa3annbie ¢ pasMepHbIME 3hdeKTamH.

- buonornsa. CryneHty mnpeanaraercsi HM3MEpUTh CHEKTp KOMOMHAIIMOHHOTO pacCesHHs CBeTa
anpOymua U oroxkaectButh nuku KPC, coorBerctByromme BaneHTHBIM V(COO-) w
nepopmannonabiM O(N+H3(2)) konebaHusM aMHUHOKHUCIIOT.

2. ®ypbe CHEKTPOCKOMUS

CTyneHT 3HAaKOMHUTCSI C YCTPOWCTBOM M NPUHLIMIIOM PaboOThl coBpeMeHHoro dypwe crekrporpada.
3areM eMy IpelaraeTcs IpoOBECTH CEPUI0 IKCIIEPUMEHTOB, IEMOHCTPHUPYIOIINX npuMeHeHne Oypre
CHEKTPOCKOIHNH B PA3JINYHBIX O0JIACTSIX:

- IonynpoBoguukoBbie TexHodoruu. Ha ocHoBe m3mepenuit criektpoB UK mpomyckanus cryneHTy
IpeAsIaraeTcsl OonpenenuTh Kpail pyHIaMeHTaIbHOTO MONIOMICHUS Pa3JInYHBIX MOTYHIPOBOJHUKOBBIX
MaTepualoB, a TaKKe OICHUTh, KAKWE W3 HHUX HEJIETMPOBAaHHBIC, & KaKHE COIEP>KaT BBICOKYIO
KOHLEHTPALUIO HOCUTENIEH.

- MonexynsapHast CHeKTpocKomusl. V3MepstoTcsi CHEeKTphl NPOIMYCKaHMs MOJCKYISPHBIX TIa30B,
COOTBETCTBYIOILIME KoyeOarenbHO-BpallaTeIbHBIM — [epexoaM. 3aTeM CTYACHT IPOU3BOAUT
COIIOCTAaBJICHHE TMOMYYCHHBIX JAaHHBIX C TEOPETHYECKHMMH pacdeTaMH M  OTOXKIECTBISET
Ha0Ir0qaeMble TMHUN MOTTIOLICHHUS.

- buonorus. CryneHty mpeuaraeTcst U3MEpUTh CIIEKTP MPOIYCKaHHUs adbOyMHHA U OTOXKIECTBUTh
MOJIOCHI MOIIOUIEHHsA, COOTBeTCcTByromue BaieHTHbIM V(COO-) u nedopmanmonusim 6(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 HACBIIICHHOTO TOMIONICHUS B siueiike co cMechio mapoB 87Rb u 85Rb;
UICHTH(UIIMPOBATH TOMYYCHHBIE KOHTYPHI C KOHKPETHBIMH ITIEPEXOJaMH B aroMax; HCCIIeIOBaTh
3aBUCHMOCTH XapaKTEPHCTHUK PE30HAHCOB OT MapaMeTPOB SKCIEPHMEHTA; OLIEHUTh CBEPXTOHKOE
pacuieruieHle U N30TONMMYECKUH CABHT; CTAaOMIIN3MPOBATh YaCTOTY Jia3epa 1Mo KOHTYpPY Pe30HaHca ¢
UCTIONB30BaHNEM (ha30BOM MOMYISLUN U CHHXPOHHOTO JETEKTHPOBAHMS.

2) HaOmronenne sddexra 3eemana ais aroMoB Rb MeTOJOM CIEKTPOCKONHMH HACHIIIEHHOTO
MOTJIOIICHHS

B pamkax pa®othel mpejaiaraercsi MpoHAOIIONAaTh paclielyieHne 3eeMaHa BO BHELIHEM MarHUTHOM
moJie, MOMECTUB sUelKy co cMechio mapoB 87Rb u 85Rb B conenoun, popmupytonmii mocrosHHOE
OIHOPOJIHO€ MAarHUTHOE TIOJIE; ONpeAeiInuTh g-pakTopsl JlaHIe pa3mUYHBIX YPOBHEH IO BEINYMHE
pacuIeIUIeH s, TOMECTUTh A4YeWKy B MarHUTHBIH SKpaH M MO YMEHBLICHUIO IIMPHHBI KOHTYpPOB
OLICHHUTH JTAOOPATOPHOE MATHUTHOE TOJIE.

Cemecrtp: 6 (Becennuit)

6. AHaIW3 BIMSHUS M30TOIMMYSCKOIO COCTAaBa aJMa3HOM MaTpuIbl Ha CBOICTBA HCHTPOB OKpACKHU B
CUHTCTUYCCKHUX aJiIMa3ax

CTyneHTy mpemiaraercsi CaMOCTOATENIBHO cOOparh CONPSKEHHBIM ¢ BOJOKOHHBIM CIIEKTporpadom
KOH()OKaNbHBII MUKPOCKOII U IPOBECTH M3MEPEHUS CIIEKTPOB (DOTOIFOMUHECIICHLIMU CUHTETHYECKUX
aJ7Ma30B C pa3HBIM HM30TOMMYECKHM COCTaBOM Marpuibl npu Ttemmeparype 77K. Ha ocHoBe
HU3MEPEHHBIX CIIEKTPOB CTYACHTY HEOOXOAMMO ONpPEACIUTh XapaKTepHblE YacTOThl (POHOHOB
aJIMa3HOM MaTPHUIBI U JIOKAJIN30BaHHBIX (GOHOHOB ist GeV- u SiV- IEHTPOB OKPACKHU.

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



Henpto Hacrosimieil gaboparopHoil pabOTHl  SIBISIETCS 3HAKOMCTBO CTYAEHTa C JIa3epHBIM
OXJIXKJIEHUEM M PabOTOW MarHUTOONTHYECKOW JIOBYIIKA Ha TpUMepe aToMOB pyomaus. B pamkax
BBIMIOJIHEHUS] paboThl  HEOOXOAMMO  CTAOMIM3UPOBATh YaCTOTHl JIByX JIa3€pOB  METOIOM
CIIEKTPOCKOIIMM HACBILIEHHOTO IOMIOLIEHMS, 3aXBaTUTh aTOMbl B MarHUTO-ONTHYECKYIO JIOBYIIKY,
U3MEPUTh  TEeMIIeparypy aToMOB METOAOM  OaJJIMCTUYECKOr0 pasjera W HCCIeloBarh
CyOmOIIIEpPOBCKOE OXJIaXKICHHE.

8. ATOMHO-CHIJIOBasi MUKPOCKOIIHS

Ha mnepBomM »3Tame npoBOIUTCS 3HAKOMCTBO C (DU3UYECKUMH TNPUHLUIIAMU ATOMHO-CHIIOBOH
MHUKPOCKOIIMH U 3JEMEHTaMH aTOMHO-CHJIOBOI'O MHKPOCKOIA, BKIIIOYas CHUCTEMY OOpaTHOU CBS3H,
CUHXPOHHBIN JE€TEKTOp, CKaHUPYIOIIHME IbE30-NIOABMXKKM M Ip. 3aTeM CTYIAEHT CaMOCTOSATEIbHO
MPOBOJUT IOCTHPOBKY MHUKpockoma. Ha ¢QuHanbHOM »3Tame CTyOeHT mosydaeT HW300paKeHHs
TECTOBBIX OOBEKTOB B IOJYKOHTAaKTHOM pPEXKHME: PETUCTPHPYET MOP(OJIOTHIO TOBEPXHOCTU
SMUTAKCHUATIBHOW TETEPOCTPYKTYPBl C KBAHTOBBIMH TOYKAaMH, OIpPENEISAET TOJIIMHY 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, M3y4arollUi IOUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOILMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
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 PEKOMEH0BAaHHOM JINTEPaTyphl;

— npopaboTKy Y4eOHOro Marepuaia, IOArOTOBKY OTBETOB Ha BOIPOCHI, INPEAHA3HAYCHHBIX IS
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— pelIeHue 3ajady, NpeularacMbIX CTYJICHTaM Ha 3aHATHSAX; MPOBEACHHE YHCICHHBIX OLIEHOK IO
TIOPSIIKY BEJTMYMHBI, HATMCAHUE TIPOTPAMM JUIS TEOPETUYECKUX PacyETOB ITapaMeTPOB, H3MEPSEMbBIX B
nabopaTopuu.

— MO/ITOTOBKY K BBITMIOJITHEHHIO 3a/IaHUI IPOMEKYTOUHOH aTTeCTalNH.

ITokazarenem BnageHus MarepuaioM CIIY>XXUT YMCHUC 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaM
JAUCIUITIIMHBI.

Baxno I[O6I/ITLC}I IOHHMMaHUs MU3y4acMOIro Marepuajia, a HE MEXaHHNYCCKOTO €ro 3alilOMHHAHUA. HpI/I
3aTPYAHCHUN HU3YUYCHUSA OTACIBbHBIX TEM, BOIIPOCOB, CJICAYCT OGpaH_IaTBCSI 3a KOHCYJIbTALlUSAMU K
IpernoaaBareiito.



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 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

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
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 aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
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 |
WHTEJUIEKTYyaJlbHOTO aHalin3a MHGOpMalH{ MpH PELICHUN
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 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

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

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILUTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
HU3MEPHUTENBHO-aHATUTUYECKOHN 1 HAYYHO-HMCCIIEI0BATEIBCKON
TEXHOJIOTMYECKOH anmaparype (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOW)
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

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHUA TIPOLIECCOB M SABIECHUN B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

[K-1.5 Bmageer HaBbikamMu 0Oe30MacHONM pabOTBI €
COBPEMEHHBIMH  HAay4YHbIMH  TNPHOOPaMH U JIPYTUM
IKCHEPUMEHTAILHBIM 000pYJ0BaHUEM

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI 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  MapaMeTpHl,
OIIpEeNeNIAIOIIME HU3yyaeMoe SBJIEHHE, U IIPOU3BOIUTH
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 npuHIHMIILEI PabOTHI M JHANa3oHbl pabounx
napamMeTpoB HCIOIB3YEMOr0 HaAyYHOTO 000py/IOBaHUS

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

[1K-4.1 3Haer ynciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00IacTu

[IK-4.2 3HaeT HCTOYHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare uzydenus nquctmininHbl «OCHOBBI COBpeMEHHOH (u3uku: J1abopartopHblil pakTukym (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 TPWUHIUIIEI PabOTBI aTOMHO-CHJIOBOTO MHKPOCKOTNA, PaMaH-TIOMHUHECIIEHTHOTO
MHUKPOCKOTIa, Gyphe-CIIEKTPOMETPA;
- IPUHITUTIBI JJA3€PHOTO OXJIAXKIACHIMS M 3aXBaTa aTOMOB U MOHOB.
yMeTh:
- POEKTUPOBATh B COOMPATh H3MEPUTEITHHBIC CXEMBI JIJIS TIPOBEICHUS CIIEKTPATBHBIX HCCIICIOBAHUH;
- MPOBOJIUTH MOJCIMPOBAHHWE KBAHTOBOPA3MEPHBIX CTPYKTYp, CPAaBHUTEIBHBIH aHAN3 PacdéToOB C
AKCIIEPUMEHTAIILHBIMH PE3yJIbTaTaMHu;
- paboTarh Ha COBPEMEHHOM (H3MYECKOM O00OpYIOBAaHMH U C COBPEMEHHBIMH 3KCIIEPHUMEHTAIbHBIMU
oOpasiamu, coOIoas mpaBuia padoTh B Ta0OpaTopuu U TpeOOBaHMS TEXHUKH O€301TaCHOCTH.
BJIA/IETh:
- METOJIaMH WCCJICIOBaHUSI CIIEKTPOB TOIIONICHUS U JIOMHHECICHIIUM MOTYIPOBOJHUKOBBIX
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. KBaHTOBaHHME SHEpPreTHMYECKHX YpPOBHEHl B NPSIMOYTOJIBHOW IOTCHIUAJIBHON sMe, TPaHUYHBIC
YCIJIOBHSI B pEJIbHBIX CHUCTEMAX.

2. DHepreTMvecKkre cxeMbl 0ObEMHOTO MONYHNPOBOAHHWKA M KBAHTOBOHM SIMBI. DJEKTPOHBI M JBIPKH.
[Monsrtue 3¢ dexTnBHOI MacCh.

3. IIpouecc (¢oromoMuHECHEHIMHM B MOIyHNpoBOAHMKAX. PdopMa JMHUM W3Iy4YeHUS I
3NIEKTPOHHO-ABIPOYHOH INIa3MbI B 00BEMHOM U IByMEPHOM IIOJIYTIPOBOIHUKAX.

4. 3aBUCHUMOCTbH MOJIOXKCHUS JIMHUM (DOTONIOMUHECICHIMH KBAHTOBOM SIMBI OT TOJILIMHBI SMBI,
TOJIIMHBI Oapbepa U KOJMYECTBA IPUMECH.

5. TlpuHnmIb! paboThl ONTHYECKOTO KBAHTOBOTO TEHEPATOPA.

6. YcTpoiicTBO M MPHUHIUIIBI Pa0OTHI MOMYIIPOBOAHUKOBOTO Ja3epa.

7. OCHOBHBIE XapaKTEPUCTUKH JTUOAHOTO Ja3epa: MOPOroBBIA TOK, KOAPPHUIHUEHT yCUIICHHs, IIUPHHA
JIMHUY, CHEKTPAJIbHBIN cOCTaB M3mydeHus. PyHAaMEHTaIbHBIA HpeieN HIMPHHBI JHUHUM TeHEPALUH
naszepa.

8. CxeMbl 00paTHOM CBSI3U JIMOHBIX Ja3€POB.

6 cemectp:

1. ®usnyeckue ocHoBbl ACM: norenuuan Jlenapna-JoHca, BbIHYXKICHHbIE KoJieOaHus, (pa3oBbIi
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 ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YeOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HNPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, IPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YECHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISIETCS CTYAEHTY, IMOKa3aBIIeMy (parMEeHTapHBI,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymoOBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapylIEHUs] JIOTUYECKOH II0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jeslaMH y4eOHOW MporpaMmbl, HEOOXOANMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COACp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT TrpyOble OIMOKH B
(hopMyIIMpPOBKax OCHOBHBIX NPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPU PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATHH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckune MaTepuasbl, onpeneasonie NPpoueaypsl OeHUBAHUA 3HAHUI, YMeHHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepennmpoBannpiii 3a4€T TPOBOAATCS B ycTHOW (opmMe mo Owmieram. B kaxmom Ouiere
NPE/ICTaBICHO JBa TEOPETHYECKWX Bompoca. [lpum mpoBemeHmm 3au€ra  oOydaromeMmycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromerocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



