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AHHOTANMA
3a monBeka, MPOUIEOIIMX C MOMEHTa H300pETeHHs NEepPBOro Jjas3epa, MPOU3OIIET OTPOMHBIA CKa4dOK B
COKpAIllEHUU MAJUTEIbHOCTU JIa3€pHOI0 UMIYJbca. J(OCTUTHYTBHIM Iporpecc IO3BOJIMI OTKPBHITH HOBYIO
CTpaHUIly B Hayke M TexHuke. OZHUM U3 0OCTOATENLCTB, MOTHBHPYIOIIUM pa3BUTHE (HEMTOCEKYyHIHOM
JIa3€pPHOM TEXHUKH, SBISIETCA CTPEMIIEHUE JOCTU4Yb IPEAEIbHON NHUKOBOM MOILIHOCTU INPU CPABHUTEIIBHO
HeOobLION Hepruu. [ uranTckas MHTEHCUBHOCTH B C(POKYCHPOBAHHBIX JIA3EPHBIX MyYKaX U CBSI3aHHBIE C HEH
HaIpsSOKCHHOCTH MAarHUTHBIX W 3JEKTPUYECKMX II0Jed OTKPBIBAET BO3MOXHOCTb M3Yydarb IIPOLIECCHI
B3aUMOJICIICTBUS CBETa C BEHIECTBOM B pEeXHUMaX, paHEE HEAOCTYNHBIX JKCHEpHMeEHTaropaM. Jlpyrum
00CTOSATENLCTBOM SBJISIETCS HEOOXOAMMOCTh M3MEPEHHUS MPEAETbHO KOPOTKUX BPEMEHHBIX MHTEPBAJIOB IPH
UCCIICAOBAaHUH OBICTPONPOTEKAIOLINX IPOLIECCOB.
Lenpto Hacrosimero Kypca siBusgercs (opmMupoBaHHe 0a30BBIX 3HAHMH N0 (HEMTOCEKYHIHOW Ja3epHOM
TEXHHUKE, a TaKke o0JacTedl MX MPaKTHYECKOTO MPUMEHEHMs AJIS JAJIbHEHIIEero MCHONb30BaHUSA B JIPYyTHX
o0yacTsiX (U3UYECKOro 3HAHWS W JAUCUUILNIMHAX ECTECTBEHHOHAYYHOTO COAep:KaHus; (OPMHUPOBAHUE
(bU3MUECKOi KyIbTYpbI, HCCIIEI0BATEIbCKUX HABBIKOB U CIIOCOOHOCTH MPUMEHATH 3HAHHS Ha MIPAKTHKE.
B pamkax Kypca paccMaTpuBaloTCsi BOIPOCH TeHepannu (HEeMTOCEKYHIHBIX J1a3epHbIX UMIyabcoB (DJIN) u
MPUHLMUIBI TOCTPOCHUSI MOLIHBIX (DEMTOCEKYHAHBIX J1a3epHbIX cucteM, napamerpbl OJIM u mMetommku nx
n3Mepenus. CylecTBeHHass dYacTh Kypca IMOCBSILEHA JOCTYIHBIM HKCIEPUMEHTATOpaM MeETOAMKaM
H3MEPEHUs OBICTPONPOTEKAIOIINX BPEMEHHBIX MpoLeccoB ¢ ucnosnb3oBanrueM DJIM B kauecTBe HHCTpyMEHTA
JUarHocTuku. Paccmarpusarorcs Bonpocsl Baumozerncteus OJIN ¢ konaeHcupoBaHHbIMU cpenamu. [lomumo
(yHIaMEHTaNbHBIX aCIEKTOB, B paMKaX Kypca MPOHCXOIUT 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJIOTHSIMHU,
BKJIIOYasi MMKpPOOOpaOOTKy MarepuajioB ¥ HAHOCTPYKTYPHUpOBaHHE MOBEPXHOCTH. PaccmarpuBaercs
npuMeHeHHe (PeMTOCEKYHIHBIX JIA3€POB B KJIETOUHOW OMOJIOTUHU U PETIPOAYKTUBHON METUIIMHE.
ITpocnymmBaHue Kypca JaeT MpeicTaBieHHe O (PeMTOCEKYHIHBIX JIA3ePHBIX CHCTEMax HE TOJBbKO Kak 00
HMCTOYHHUKE CO3/IaHUS BEIIECTBA B 3KCTPEMAIBHBIX COCTOSHHUSAX, HO M KaK O NPEIU3NOHHOM HHCTPYMEHTE
JMAarHOCTUKHU IIPOLIECCOB IIPU 3TOM IIPOTEKAIOLIHX.

1. lean u 3apa4n

Henp AucoMnInHBI
Ilenpto mucunruinHbl «DEeMTOCEKYHAHBIE Jla3epbl B HayKe, TEXHHUKE W OHMOMETUIMHE» SBISETCS
¢dopmupoBaHrue 0a30BBIX 3HAHMKA MO (DEMTOCEKYHIHOH Ja3epHOM TEXHUKE, a Takxke oOmactedl ux
MPAaKTHYECKOTO MPUMEHEHHs Ui JalbHEHIIero MCrojb30BaHUA B APYIHX 00nacTax (usndeckoro
3HaHUSl U JUCLMIUIMHAX ECTECTBEHHOHAYYHOTO cofepikaHus; GpopMupoBaHue (U3NUECKOU KYIBTYPBHI,
HCCIIEIOBATEIbCKUX HABBIKOB M CIIOCOOHOCTH MPUMEHSATh 3HAHUS Ha NIPAKTHUKE.

3axauu QUCHUNIHHBI
— QopmupoBanue y oOyyaromuxcs 0a30BbIX 3HaHMKA 1O (EMTOCEKYHTHOW Ia3epHON TEXHUKE H
o0nacTsM ee MPUMEHEHUS;

— ¢opMupoBaHue 001IEPUZNIECKOIN KYIBTYPHI;

— (opMHpOBaHHE yMEHUI M HABBIKOB NMPHUMEHATH MOJYYCHHbIE 3HAHMA U pelIeHUs] (PU3NICCKUX
3aj71a4 ¥ pa3paboTKHU HOBBIX TEXHOJIOTH, CAMOCTOSITEIBHOTO aHAIN3A TTOJIyYSHHBIX PE3yJIbTaTOB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATbLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKNUX HayK

HAaYyYHbIX 3HAHHH B 00J1aCTH

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

OIBIT M PEe3ylbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH

po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTD




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHuns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NPH PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIYUCIUTEIBLHBIMA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEAOBATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYECHHBIE
pe3yabpTarhl

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[IK-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)

B pe3ynbrare ocBoOeHUS JUCIIUILTHHBI 00y4YaroNInecs JOKHBI

— NPEACTAaBIATH IaHOpPaMy IPUMEHEHHS H3Iy4deHus (DEMTOCEKYHIHBIX JIa3epOB B HayKe, TEXHHKE,

3HATE:

— MPUHIIMITEI pa0OTHI PEMTOCEKYHIHBIX JTa3¢PHBIX CUCTEM;

— 0COOCHHOCTH B3aUMOJICHCTBHS (PeMTOCEKYH THBIX JIA3EPHBIX UMITYJIbCOB C BEIIECTBOM;

— OCHOBBI IPUMEHECHUS U3TYYCHUS (EMTOCEKYH/IHBIX JIa3¢POB B HAYKE, TEXHHUKE, OMOMEIUIINHE.
YMETh:

— OOBACHATH MPUHIIUIIBI TOCTPOCHUS (PEMTOCEKYH THBIX JIA3EPHBIX CHCTEM;

OMOMeIULINHE;

— IUTAHUPOBATH ONTUMAJIBHOE MIPOBECHNE IKCIIEPUMEHTA.
BIIAJIETh:

— pa3jInYHbIMU MCTOAUKAMHU TUArHOCTUKU 6LICTpOHpOTeKaIOH_II/IX IIPpOLECCOB.

4. Conep:xanue TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 deMTOCeKYHAHBIE  Jla3ephbl,  MOIIHbIC 5 )
(heMTOoCeKyH/IHbIE JIa3ePHBIEC CUCTEMBI
[Ipubopel u MeTOmBl  HCCIENOBAHUS
) OBICTPONPOTEKAIONINX  HPOLIECCOB € 5 3
(heMTOCeKyHIHBIM BPEMEHHBIM
paspereHreM




®u3uKka IPOLECCOB  B3aUMOACUCTBUS

3 MOIIHOTO (H)EMTOCEKYHIHOTO JIa3€PHOTO 5 2
U3Iy4YyeHUss C  KOHJCHCHPOBAaHHBIMU
cpenamu

4 Junamuka oOpa3oBaHust u  pas3néra 5 3
HEWUJICAIBHOM JIa3€pHOM II1a3Mbl

5 DeMTOCEKYH/IHBIE J1a3€PHbIE TEXHOJIOTUU 5 2

6 demTOCEKYHAHBIE J1a3epbl B OMOJIOTHUU U 5 3
MEIUIIHE

Hroro yacos 30 15

Iloaroroska k sk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 45 ygac., 1 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. deMToCeKyHAHBIE JIa3ePbl, MOIIHbIE ()EMTOCEKYHIHBIC JIA3EPHBIE CUCTEMBI

lenepanuss  QeMTOCEKYHIHBIX  JiazepHbIX uMmynabcoB  (DJIM), uMIynbCcHO-TIEpUOIUYECKHE
(heMTOCeKyH/IHbIC JIa3ephl C BHICOKOM 4aCTOTOW MOBTOPEHHS, MOILIHBIEC ()eMTOCEKYHIHBIE JIa3epHbIC
CHUCTEMBI, NPHUHIMI JAEUCTBUS U YCTPOWCTBO. PacrnpocTpaHEHHE Ja3epHOI0 M3JIYyYECHHs uepe3
ONTUYECKYI0 cucteMy. [eHepauusa ontudyeckux rapmMoHuk. lIpeoOpasoBanme momnbeix OJIM B
KOT€pPEHTHbIE MMITYJIbChI Te€parepoBoro u3nydeHus. OunameHTanus GeMTOCEKyHIHOIO JIa3ePHOTO
M3ITydeHus B aTMocdepe.

2. Ilpubopbl M METOmBl HCCIEAOBAaHUS OBICTPONPOTEKAIOUINX IPOLECCOB C (PEeMTOCEKYHIHBIM
BPEMEHHBIM pa3peLIeHuEM

Usmepenne mnapamerpoB @OJIM. Mertox «pump-probe» usmepeHuit. OnTuueckas MHUKPOCKOIHSA,
JJUINIICOMETPUS,  MHTEP(EPEHIIMOHHAS  MHKPOCKONUS ¢ (EeMTOCEKyHIHBIM  BPEMEHHBIM
paspelieHneM

3. ®dusuka mponeccoB B3aPIMOILeI>iCTBPIH MOIIIHOTO ®€MTOCGKYHHHOFO JIA3CpHOro0 M3JIYUYCHUSA C
KOHACHCUPOBAHHBIMU CPpEIaMU

HepaBHOBECHBIN HarpeB 1 penakcalys MEKTPOHOB U PEIIETKH B MeTaulax MpH Bosaeiicteun OJIN.
SIBneHuns, mpoucxopdmue npu 0O0pa3oBaHUM JIBYXTEMIIEPATYPHOTO COCTOSHHS DJIEKTPOHOB U
peiéTku  (TEmIoBOE M3IYYEHHE TOPAYMX OJIIEKTPOHOB MeTauia). CBepxOwicTpble (ha3oBbIe
IpeBpalleHus] B MeTaliax, HONyNpoBOAHMKAX M rpadure. OOpa3oBaHMe W peslakcanus
3NIEKTPOH-IBIPOYHON IUIa3Mbl B MOMynpoBoaHuKax. CyONMKOCEeKyHAHas Ja3epHas aOisuus.
I'enepauus ynbTpakopOTKHMX yAapHbIX BosIH. CABHUIoBas M OTKOJbHAs MPOYHOCTb METAJJIOB IIPU
SKCTPEMAIBHO BBICOKHX CKOPOCTAX Jie(hopMalnu.

4. lunamuka o0pa3oBaHMA U pazieéTa HeUAeaIbHOH JIA3epHOH MIa3Mbl

OOpazoBanne miasmMbel npu BozmedcTBum @OJIM Ha TBepmorenbHble MulieHd. [lapamerp
HEUJCANbHOCTH. [ eHepalus XapakTEepUCTUYECKOTO M TOPMO3HOTO PEHTIEHOBCKOTO W3Iy4YEHUS.
JlazepHoe yCKOpeHUE HOHOB.

5. ®eMTOCEKYHIHBIE JIA3€PHBIE TEXHOJIOTUH

demrocekyHIHAs J1a3epHAsk TEXHOJIOTHYECKasi CHCTeMa JUIs PELM3UOHHOI 00pabOTKM MaTepHaioB.
TexHOJI0rUM MOBEPXHOCTHOM MHUKPOOOPAOOTKH: pe3ka U MPOPHIMPOBAHHS PA3IMYHBIX MAaTEpUAIIOB,
HAHOCTPYKTYPHUPOBAHUE MTOBEPXHOCTH. TEXHOIOTUN 00BEMHOM MUKPOOOPAOOTKH: CO3IaHHE MOTHBIX
KaHaJIOB ¥ BOJIHOBOJIOB B TUDJICKTPHKAX.



6. deMTOCEKYHIHBIE JTa3epbl B OMOJIOTHH U METUIIMHE

JlazepHble MUHIETH W (HEMTOCEKYH/IHbBIC CKaJbIIeNH, MPUHIMI JCHCTBUS W YCTPOWCTBO. MeTob
KaJMOpPOBKH CHIIBI 3aXBaTa U )KECTKOCTHU ONTHYECKOM JIOBYLIKH. JlazepHas MUKPO- U HAHOXUPUYTHUS B
sMmbpuonoruu. JlazepHoe crnusiHue (THOpUIU3aIus) KIeTOK. JIazepHas MUKpOHHBEKITUS, ONITHYECKast
Tpancdexnus. [I[pumeHeHne onTHYECKUX MUHLETOB ISl UCCIIEIOBaHNS TPAHCIIOPTHBIX IPOIIECCOB B
KJIETKaX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).
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npouecca 1o AMCUMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nekunoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
npe3eHTanuii B mpouecce camocTosTenbHOM paboThl 00yYarONMXCs BO3MOXKHO HCIONIb30BAaHNE TaKUX
MpOrpaMMHBIX CpeAcTB, kak Mathcad, MatLab u np.

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

Crynent, uzyyaromuii kypc " @eMToCeKyHAHbIE J1a3ephl B HayKe, TEXHUKE U OMOMenuIuHe ", TOJKEeH
KaK OBJaJIeTh OOIIMMHU 3HAHUSIMH O (DYHKIIMOHHPOBAHWU (PEMTOCEKYHIIHBIX JIa3€PHBIX CHCTEM H O
SKCIEPUMEHTANIBHBIX CX€MaX C MX MCIONb30BAHMEM, TaK M HAYYUTHCS NPUMEHATH TEOPETHUECKUE
3HAHMS B MPAKTUKE PEIIEHUs] KOHKPETHBIX 3aJ1ad JUHAMHUKN B3aUMOAECUCTBUS U3JIYYCHUS C BEIIECTBOM.



B pesynbprare n3ydueHus TUCHUIUIMHBI CTYIEHT JOJDKEH 3HaTh OCHOBHBIE MPOLECCHI, IPOTEKAIOIINE MTPH
B3aUMOJICHCTBUM MOIIHOTO (PEMTOCEKYHAHOTO JIa3€PHOTO M3JIyUYCHHS C KOHJACHCHPOBAHHBIMH
cpeAaMy: HEpaBHOBECHBIM HarpeB M peiaxcalus 3JIeKTPOHOB M pelETKH B MeTauiax, CBepXObIcTphie
(azoBbIe TpeBpallcHUsT B MeETaiaX, IMOJNYNPOBOIHUKAX M TpaduTe, oOpa3oBaHWE M pellaKcalus
3NIEKTPOH-IBIPOYHOH IJIa3Mbl B MTOJYNIPOBOJHUKAX, CyONMMKOCEKYHAHAS Jla3epHas aOisiuus, reHepaust
YABTPAKOPOTKHUX YIAPHBIX BOJIH.

JIoJoKHBI OBITH OCBOCHBI MeTONbI u3MepeHusi mapamerpoB @DJIM m sKcrepUMEHTalNbHBIX CXEM ISt
HCCIICAOBAaHMUs OBICTPONPOTEKAIOIIMX BPEMEHHBIX MpoleccoB mnpu Bi3aumopneiictBun DI ¢
BEIECTBOM; M3yYCHbl OCHOBHBIE CXEMBl, HCIOJIb3yeMble JUIi IOBEPXHOCTHOM M 0OBEMHOI
MHUKpOOOpabOTKax pa3IMYHBIX MaTepHUajoB, a TAKXKe I 3aXBaTa MaHUIYJIUPOBAHUS M JTMCCEKIUH B
YCTPOMCTBAxX TUIA ONITHYECKUNA MUHLIET U JIA3EPHBINA CKAJIBIICIIb.

JloyKHBI OBITH M3y4€HBl OCHOBHBIEC HAIpaBJICHUS NPUMEHEHHS (PEMTOCEKYHIHBIX JIa3epOB B OMOJIOTUN
U MEIUILIMHE: JJa3epHas MUKPO- U HAHOXUPHUYTHSA B SMOPHOJIOIHUH; JIa3epHOE CIUsHUE (THOpHAN3aLus)
KJIETOK; JIa3epHasi MUKPOMHBEKIMSA, ONTHYECKass TPAHCQHEKIHSA; a TakKe MPUMEHEHHE ONTHYECKHX
MAHLETOB JUIsl NCCIIEA0BAaHUS TPAHCIIOPTHBIX MIPOLIECCOB B KIIETKAaX.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMOCTOsATENbHOM paboThl cTyJeHTa. B nporpamme
Kypca TpPUBEACHO MHUHUMAJIbHO HeEoOXomuMoe Bpemsl Ui paldoThl CTyleHTa HaJ TEMOHU.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dHOW JuTeparype),
[IOJTOTOBKY OTBETOB HA BOIPOCH], IPEIHA3HAYEHHBIX JUISI CaMOCTOATEJILHOTO  M3Y4EHHS,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPHKACHHI, CBOICTB;

— peleHue 3aaad, MPeAIaraéMbpIX CTyIeHTaM Ha JIEKIHUX.

PykoBOACTBO W KOHTPONb 32 CaMOCTOSATENBHOM paboOTON CTygeHTa ocyuiecTBisieTcss B (opme
KOHCYJIbTalUH.
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npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
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kadeapa QU3NKU BHICOKHX IJIOTHOCTEH SHEPTUU
Kypc: 1
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Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTH
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIeIOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsI OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUH HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMU U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHreM (MpruOOpamMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETAaMH PUKIIATHBIX
porpamMm) B U30paHHON TpeMETHON 00JIaCTH

Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYECHHBIE
pe3yapTarhl

[IK-3.1 Ilonumaer mnpuHOHUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare u3ydeHus QUCHUILIMHBL «DPeMTOCEKyHIHbBIE J1a3epbl B HayKe, TEXHMKE WU OHMOMETUIIHE»

00yJarouics JTOIDKEH:

— HOpCACTAaBIIATL IMaHOpaMy IMPUMCHCHUSA H3IYUYCHUS (I)GMTOCGKYH,E[HBIX JIa3€pOB B HAYKC, TCXHUKC,

3HATD:
— MPHUHIKITBI PA0OTHI PEMTOCEKYHIHBIX JIA3EPHBIX CHCTEM;
— 0COOCHHOCTH B3aUMOJICUCTBUS (PEMTOCCKYHTHBIX J1a3¢PHBIX HMITYJICOB C BEIICCTBOM;
— OCHOBBI TIPUMEHEHHUS U3ITyUeHHsT (PeMTOCEKYH THBIX JIA3€POB B HAyKe, TEXHUKE, OMOMETUIINHE.
yMeThb:
— 0OBSICHATH MIPUHIIMITBI TOCTPOCHHUS PEMTOCEKYHIHBIX JIA3EPHBIX CHCTEM;
OHMOMEIUIINHE;
— IJIAHUPOBATH ONITUMATILHOE TPOBEICHUE IKCTICPUMEHTA.
BJIA/ETh:

— pa3jIn4YHbIMU MCTOAUKAMU JUATHOCTUKH 6I>ICTpOHpOTeKaIOH.II/IX Opo1EeCCOB.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO

C menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIH B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBeAEeHHUA NIPOMEKYTOYHOM aTTecTalluu
o0y4yarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:
1. Hcrtounuku (HeMTOCEKYHIHOTO Ja3epHOr0 H3Iy4eHHs, MOIIHbIE (EeMTOCEKyHIHbIC Ja3epHbIC
cUCTEeMBI (IPUHLIMII JCHCTBUS U YCTPOMCTBO).

. I'eHepanus TeparepioBOro N3JIy4e€HUs METOJOM ONTHYECKOTO BBITPSIMIICHHUS.

. ®GunamenTanus peMTOCEKYHIHOTO JAa3€PHOr0 U3IyUeHUs B aTMOcdepe.

. IIpubops! 11t n3mepenus napamerpos DJIN.

. MHTepdepeHIMOHHASE MUKPOCKONHSA C (JeMTOCEKYHIHBIM BPEMEHHBIM pa3peICHUEM.
. HepaBHOBeCHBII HarpeB M penakcanus MJEKTPOHOB U PEIIETKN B MeTajuiax npu Bosaeiicrsuu OJIN.

2
3
4
5. Meroa «pump-probe» nu3MepeHni, ONTHYECKAsi MUKPOCKOIHS, SIITUIICOMETPHSL.
6
7
8. T'eHepamus yIbTpakOpPOTKHX YIapHBIX BOJH.

9

ChoBuroBass W OTKOJIBHAS MPOYHOCTh METAUIOB IPH OKCTPEMANIbHO BBICOKUX CKOPOCTSIX
nedopmanuu.
10. I'eneparust OBICTPBIX MEKTPOHOB U PEHTTEHOBCKOE M3Iy4€HHE, BOSHUKAIOIIUE NTPU 00pa30BaHUH
JIa3epHOM IIa3Mbl Ha METAJUINYECKUX MUIICHSIX.
11. I[Tpunnun YcrpoiicTBo 1t heMTOCEKyHIHOM Ja3epHoil 00padoTKH.
12. TIpuHUHMI AEHCTBUS U yCTPOUCTBO J1a3epHbIe MUHLIETA H (PEeMTOCEKYHAHbIE CKaJIbIIEIs.
13. MeTonbl KanmuOPOBKH CHIIBI 3aXBaTa U )KECTKOCTH ONTHYECKOM JIOBYIIKH.

[Ipumepsl OmieToB (MCIONIB3YEeMbIX AJIsl IPOBEACHUS JU(PEepeHIIIPOBAHHOTO 3aUeTa):
1. I'enepanus TeparepuoBOro U3IIYYEHUSI METOJOM ONITHYECKOTO BHIMPSMIICHUS.
2. YerpoicTBo i PEMTOCEKYHIHOM J1a3epHON 00paOOTKH.

Kputepun onennBanus

Onenka «ommyHO (10)» BeIcTaBiusieTcss OOydYamOLIEMycCs, €CIM OH I[OKa3aJl BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPUHATHIX PEIIEHUN;

omleHka «oTmmu4HO (9)» BBICTaBNIAETCS OOy4aromieMycsi, €clid OH TIOKa3all BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MNPUHATHIX PELICHUH, HO TPU 3TOM OBUIM JOIYIIEHbl HEOONbIINE HETOYHOCTH, KOTOpble ObUIN
CaMOCTOSATEJILHO OOHAPYKEHbI U HCIIPABIICHBI;

olleHKa «OoTIM4YHO (8)» BBICTaBNIAETCS OOydaromieMycsi, €clid OH TIOKa3all BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MNPUHATHIX PEHICHWH, HO NPU 3TOM ObUIM JOMYIIEHBI HEeOONbIIME HETOYHOCTH, KOTOpBIE IOCIIe
yKa3aHus 3K3aMeHaTopa ObUTH CaMOCTOSTEIbHO UCIIPABIICHBI;

OLIeHKa «xopomIo (7)» BBICTABISIETCS] 00yYaroImEeMyCsi, €CIIM OH TBEPJIO0 3HACT MaTepHuall, FPaMOTHO H IO
CYLIECTBY H3JIaraeT €ro, yMeeT IpPUMEHSTh IOJy4YCHHbIC 3HAHWS Ha MPAKTHKE, HO JIONYCKaeT
HETOYHOCTH B OTBETE HJIH JEIaeT HeCYIIeCTBEHHbIC OUIMOKY IPH PEIICHUH 3a/1a4;

OLICHKA «XOpowIOo (6)» BBICTABIISIETCS 00yYaIOIEMYCsl, €CIIM OH TBEPJIO 3HAET MaTepHaj, TPaMOTHO U 110
CYIIECTBY M3JIaraeT ero, yMeeT IpPHUMEHATh IOJY4YCHHbIC 3HAHHWS Ha IPAKTUKE, HO JOIMYCKaeT
HeOOoJIbIINE OIMOKK B OTBETE U (WJIN) TIPH PEIICHUY 3a]1a4;

OLIEHKA «XOpomIO (5)» BBICTABISIETCS 00yUarOIEeMYyCsi, €CIIM OH TBEP/IO0 3HAECT MaTepHrall, FPaMOTHO H IO
CYyLIECTBY H3JlaraeT €ro, yMeeT NPHMEHATh IIOJy4YEHHbIC 3HAHUS Ha IPAKTHKE, HO OTBEYaeT
HEYBEPEHHO U (WJIN) JOMYCKAeT OUIMOKY MPH PEIICHUH 3a/1a4;



OLICHKA «YJIOBJETBOPHUTENBHO (4)» BhICTaBIseTCS OOydaromeMycs, MOKa3aBIleMy (parMeHTapHBbIH,
pPa3po3HEHHBIA XapakTep 3HaHWM, HETOuHble (OPMYIUPOBKH O0a30BbIX MOHATHH, HapyLICHHS
JIOTUYECKON IIOCIIEI0BATEIbHOCTH B U3JI0KEHUH IIPOIPaMMHOI0 MaTepuaa, €Clid IIpy 3TOM OH BIIaJeeT
OCHOBHBIMH pa3esiaMu y4eOHOW NMporpamMMbl, HEOOXOAMMBIMH Ul AalbHEHIIEro o0yueH!s] U MOXKET
MPUMEHSATH NOJIYYEeHHBIC 3HaHU 110 00pasily B CTAHAAPTHON CUTYallNy;

OLICHKA «YJOBJIETBOPUTENIBHO (3)» BBICTAaBIACTCS OOydaroLIeMycs, NMOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWI, HETOYHbIE (OPMYIMPOBKH 0a30BBIX MOHSATHH, HapyLIICHUS
JIOTUYECKOM TIOCIIEIOBATEIbHOCTH B H3JIOKEHHM IIPOrPAMMHOIO Marepuala, He BIaJICIOLIeMy
HEKOTOPBIMH pa3lieliaMi y4eOHOW MpOorpamMMbl, HO YMEIOIIEMY NPHMEHSTH NONyYeHHbIC 3HAHHS 1O
o0pa3ily B CTaHIapTHOM CUTYallHu;

OIICHKA «HEYJIOBJICTBOPUTEIHHO (2)» BBICTABISAETCS OOy4aromeMycs, KOTOPBI HE 3HAeT OOJbIIeH
YacTH OCHOBHOTO COJIEpPKaHUSI Y4eOHOW MpOrpamMMbl JHCUUILIMHBL, JOIyCKAaeT IpyOble OMHMOKU B
(bOpMyIHPOBKaX OCHOBHBIX MOHSTHI AUCIUIUIMHBI M HE YMEET UCIIOIb30BATh MOIYyYCHHBIC 3HAHUS [IPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 337134,

OLIEHKAa «HEYIOBIETBOPUTEIHHO (1)» BbICTaBIsieTcs 00yyaromeMycs, oKa3aBIIeMy MOJIHOE HE3HaHUE
y4eOHO porpaMMbl JUCLUTUTHHEI.

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

[Ipu npoBeaennn yctHoro auddepeHIupoBaHHOrO 3auera oOyyaromemycs npenocrasisercs 60 MuH
Ha oAroToBKy. Onpoc o0yyaronierocs Mo OMIeTy He MPEBbIMAET ABYX aCTPOHOMUYECKUX YaCOB.

Bo Bpemss mpoBeaeHus auddepeHIMpPOBAHHOTO 3a4eTa OOydaroluecss MOTYT IOJIb30BarThCs
IpOrpaMMOl TUCHUIUTMHEI, 8 TAKXKE CIIPABOYHON JINTEPATY PO, BBIYUCIUTEILHON TEXHUKOM.



