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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: deMTOCeKyHIHBIC JIa3ephl B HayKe, TEXHUKE U OMOMETUIINHE
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa QU3NKU BBICOKHX MJIOTHOCTEH SHEPTUU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: J.C. CutHukoB, KaH. pU3.-MaT. HAYK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl GU3UKU BBICOKUX IUIOTHOCTEH sHeprun 04.06.2020



AHHOTANMA
3a monBeka, MPOLIEAIIMX C MOMEHTa H300pETEHHs IEPBOrO Jia3epa, MPOHM30LIENT OrPOMHBIM CKadOK B
COKpAIllEHUU MAJUTEIbHOCTU JAa3€pHOr0 uUMIyibca. JlOCTUTHYTBHIM Hporpecc IMO3BOJIMII OTKPBITH HOBYIO
CTpaHUIly B Hayke W TexHUKe. OJHUM M3 OOCTOSTEILCTB, MOTHBHPYIOLUIMM pa3BUTHE (EMTOCEKYHIHOU
JIa3€pPHOM TEXHUKH, SBISIETCA CTPEMIIEHUE JOCTU4Yb IPEAEIbHOM INHMKOBOH MOIIHOCTU IIPU CPABHUTEIIBHO
HeOobIION 3Hepruu. [ uranTcKass ”HTEHCUBHOCTD B C(HOKYCHPOBAHHBIX Ja3ePHBIX Iy4KaxX U CBA3aHHBIC C HEH
HaIpsSOKEHHOCTH MAarHUTHBIX U JJIEKTPUYECKUX II0J€M OTKpPhIBAET BO3MOXKHOCTh H3ydaTbh IIPOLECCHI
B3aUMOJICIICTBUS CBETa C BEHIECTBOM B pEeXHUMaX, paHEe HEAOCTYIHBIX JKCIepuMeHTaropaM. [Ipyrum
00CTOSATENLCTBOM SIBIISIETCS HEOOXOAMMOCTh M3MEPEHHS NMPEebHO KOPOTKMX BPEMEHHBIX MHTEPBAJIOB IpU
UCCIICAOBAaHUH OBICTPONPOTEKAIOLINX IPOLIECCOB.
Lenpto Hacrosimero Kypca siBiusercs (opmMupoBaHue 0a30BbIX 3HAHMH 1O (PEeMTOCEKYHAHOH Ja3epHOM
TEXHHKE, a TaKke o0JacTedl WX MPaKTHYECKOTO MPUMEHEHHs Ui JalbHEHIIero HCIOIb30BaHHUSA B JAPYTHX
o0nacTsX (U3UYECKOro 3HAHUS W AWCUUIUIMHAX ECTECTBEHHOHAYYHOIO coAepxaHusi; (HOpMHUpOBaHUE
(bU3MUECKOi KyIbTYpbI, HCCIIEI0BATEIbCKUX HABBIKOB U CIIOCOOHOCTH MPUMEHATH 3HAHHS Ha MIPAKTHKE.
B pamkax Kypca paccMmarpuBarOTCs BOIPOCHI F'eHepanun (eMTOCEKYHIHBIX Ja3epHbIXx ummylbcos (DJIN) u
MPUHLUIBI TOCTPOCHUSI MOIIHBIX (PEMTOCEKYHIHBIX Ja3epHBIX cucTeM, mapamerpsl OJIM u meTonuku ux
n3Meperus. CylecTBeHHass dYacTb Kypca IIOCBSIIEHA JOCTYIIHBIM SKCIEPUMEHTAaTOpaM METONUKaM
HU3MEPEHUs OBICTPONPOTEKAIOIINX BPEMEHHBIX MPOLECCOB ¢ ucnoib3oBanuem OJIN B kauecTBe HHCTpYMEHTa
Juarsoctuku. PaccMarpusarorcst Borpockl B3aumonencteust OJIN ¢ konneHcupoBaHHbBIMU 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.
[TpocnymmBanue Kypca AaeT NMpeicTaBleHHEe O (eMTOCEKYHIHBIX JIa3€pPHBIX CHCTEMax HE TOJIBKO Kak 00
HMCTOYHHUKE CO3/IaHHA BEIECTBA B DKCTPEMAJIBHBIX COCTOSHHAX, HO M KaK O NPEIU3NOHHOM HHCTPYMEHTE
JMAarHOCTUKHU IIPOLIECCOB IIPU 3TOM IIPOTEKAIOLIHX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Llenpto pucuuiuinHbl «PEMTOCEKYHIHbIE Ja3epbl B HayKe, TEXHHKE M OHOMEIULUHE» SBISETCS
¢opmupoBanrue 0a30BbIX 3HAHUM MO (EMTOCEKYHIHOW JIa3epHOM TEXHHKE, a Tarkke oOmacteidl ux
MPAaKTHYECKOTO MPUMEHEHHs Ul JajbHEHIIEro HCIONb30BaHUS B JPYTHX 00JacTsIX (U3NUECKOTO
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;

— (opMHUpOBaHHE YMEHUH W HABBIKOB NPUMEHSTH MOJyYECHHBIC 3HAHUS Ui pelieHus] (pU3NIEeCKUX
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 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC

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

HAaYyYHbIX 3HAHHH B 00J1aCTH

OIIK-1.2 Cmocoben 0000maTe ¥ KPUTHYECKH OILCHUBATh
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

OIBIT M pE3yJIbTaThl HAYYHBIX MCCIIEOBaHUII B oOIacTu
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.1 NmeeT 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 CrniocoGen OLICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHU B obnmactu cBoel mpodeccrnoHambHON
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 aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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  BbABHrarb  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAEIM Ul OIHUCAaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBAaHNN K KOHKPETHON

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

Hay4YHOM 3ajade U  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

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

[IK-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHUEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

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

B pe3ynbrare ocBoOeHUS JUCIIUILTHHBI 00y4YaroNInecs JOKHBI

— MPEACTAaBIATh MAHOpaMy HPUMEHEHHs H3JIydeHHs (PEMTOCEKYHIHBIX Ja3epoB 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  KOHJIEHCUPOBAaHHBIMU
cpenamu

4 Junamuka oOpa3oBaHusi M pas3néra 5 3
HEWUJICAIBHOM JIa3€pHOM II1a3Mbl

5 DeMTOCEKYH/IHBIE J1a3€PHbIE TEXHOJIOTUU 5 2

6 demTOCEKYHAHBIE Ja3epbl B OMOJIOTHU 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  GeMTOCEKYHIHBIX  JiazepHbIX  UMIynabcoB  (DJIM), uMMynbCHO-TIEPUOTUYECKHE
(heMTOoCeKyHIHBIC Ja3ephl C BHICOKOW YacTOTOW MOBTOPEHMsI, MOIIHBIE (DEMTOCEKYHIHBIEC JIa3epHbIC
CHUCTEMBI, MPHUHIMI JACUCTBUS U YCTPOWCTBO. PacnpocTpaHeHHE Ja3epHOr0 HU3JIy4YEHHUS 4epe3
ONTUYECKYI0 cucTteMmy. [enepanus ontuyeckux rapmoHuk. I[IpeoOpazoBanue momHbix DI B
KOT€pPEHTHbIE MMITYJIbChI T€ParepoBoro u3nydeHus. OunaaMeHTanus GeMTOCEKyHIHOTO JIa3ePHOTO
M3ITydeHus B aTMocdepe.

2. Ilpubopbl W MeTombl HCCIENOBaHHUSA OBICTPOIPOTEKAOIIUX MPOLECCOB € (HEMTOCEKYHIHBIM
BPEMEHHBIM pa3peLIeHuEM

Usmepenne mnapamerpoB @DJIM. Merton «pump-probe» usMepenuil. Onruueckass MHKPOCKOIUS,
JJUINIICOMETPUS,  MHTEP(EPEHIIMOHHAS  MHUKPOCKONMHS €  (DEMTOCEKYHAHBIM  BPEMEHHbBIM
paspelieHneM

3. ®dusuka OponecCCoB BSaHMOﬂeﬁCTBHﬁ MOIIHOIO (I)CMTOCCKYHI[HOFO JIA3CPHOI0 MU3JIYUCHUSA C
KOHACHCUPOBAHHBIMU CPpEIaMU

HepaBHOBECHBII HarpeB U penakcanys NEKTPOHOB U PEMIETKH B MeTaiax npu Bodaerictsnn OJIN.
SIBneHns, HpOUCXOAAIIME IIpU OOpa30BaHMU IBYXTEMIEPATYpHOTO COCTOSIHUSI JICKTPOHOB H
peiéTku  (TEIIoBOE M3IYYCHHE TOPSYUX OJIEKTPOHOB MeTainia). CBepxObicTpeie  (a3oBbie
NpEeBpallleHus] B MeTajllaX, MOJIyHnpoBOogHMKAaXx u rpapure. OOpazoBaHHME U  peJaKcarys
ANIEKTPOH-IBIPOYHON IUIa3MBl B HOMynpoBoaHuKax. CyONnMKOceKyHAHas Ja3epHas aOJsIus.
I'enepauus ynbTpakOpOTKHMX yOapHbIX BOJMIH. CaBUroBas M OTKOJbHAs MPOYHOCTb METAJLIOB IIPU
SKCTPEMAIBHO BBICOKHX CKOPOCTAX Jie(hopMalnu.

4. lunamuka o0pa3oBaHMA U pazieéTa HeUAeaIbHOH JIA3epHOH MIa3Mbl

OOpazoBanne masMbel mpu  BozzaelictBun DJIM nHa TBepnorenbHbie MulieHu. [lapamerp
HEUJCANbHOCTH. [ eHepalus XapakTEpPUCTUYECKOTO M TOPMO3HOTO PEHTIEHOBCKOTO W3ITyYEHUS.
JlazepHoe yCKOpeHUE HOHOB.

5. ®eMTOCEKYHIHBIE JIA3€PHBIE TEXHOJIOTUH

demToceKyH/1HAs Jla3epHAsk TEXHOJIOTHUECKasi CUCTEMA ISl TIPELU3HOHHON 00pabOTKH MaTepualioB.
TexHOJIO0rUM MOBEPXHOCTHOM MHKPOOOPAaOOTKH: pe3Ka U MpOpHINPOBAHNS Pa3IMYHBIX MaTEPUAJIOB,
HAHOCTPYKTYPHUPOBAHHE MMOBEPXHOCTH. TEXHOJIOTHH 00BEMHON MUKPOOOPAOOTKH: CO3IaHNE TTOTHBIX
KaHaJIOB ¥ BOJIHOBOJIOB B TUDJICKTPHKAX.




6. deMTOCEKYHIHBIE JTa3epbl B OMOJIOTHH U METUIIMHE

JlazepHble MUHIETH W (HEMTOCEKYH/IHbBIC CKaJbIIeNH, MPUHIMI JCHCTBUS W YCTPOWCTBO. MeTob
KaJMOPOBKH CHIIBI 3aXBaTa U )KECTKOCTH ONTHYECKON JIOBYLIKH. JlazepHas MUKPO- 1 HAHOXUPUYTHUS B
sMmbpuonoruu. JlazepHoe crnusiHue (ruOpuan3aius) KieTok. JlazepHas MUKPOUHBEKIINS, ONTHYECKAs
Tpancdexnus. [[pumMeHeHne ONTHYECKUX MUHLIETOB JJIsl UCCIIEAOBAHMS TPAHCIIOPTHBIX MPOLIECCOB 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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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, uzyyatomuii kypc " deMToceKyHAHbIE Ja3ephl B HAyKe, TEXHUKE U OHoMeauurHe ", JOIKeH
KaK OBJaJIeTh OOIIMMHU 3HAHUSMH O (PYHKIMOHUPOBAHMU (PEMTOCEKYHJHBIX JIA3€PHBIX CHUCTEM H O
SKCIEPUMEHTANIBHBIX CXE€MaX C MX HMCHOJIb30BAaHUEM, TaK W HAYUYNUTHCS HPHUMEHATH TEOPETHYECKUE
3HAHMS B MPAKTUKE PEIIEHUs] KOHKPETHBIX 3aJ1ad JUHAMHUKN B3aUMOAECUCTBUS U3JIYYCHUS C BEIIECTBOM.



B pesynbrare n3ydeHus: AUCUUIIIMHBI CTYACHT JTOJKEH 3HATh OCHOBHBIE IPOLECCHI, TPOTEKAOIINE TPH
B3aUMOJICHCTBUM MOIIHOTO (PEMTOCEKYHAHOTO JIa3€PHOTO M3JIyUYCHHS C KOHJACHCHPOBAHHBIMH
cpeaaMy: HEpaBHOBECHBIM HarpeB M pejlaKcauys 3JeKTPOHOB M PEIIETKH B MeTaiiax, CBepXObICTphIe
(dazoBble TpeBpalicHUs B MeTajulaX, MOIYNPOBOAHMKAX W Tpadure, 0Opa3oBaHHE M pellaKCallus
3NIEKTPOH-IBIPOYHOH IJIa3MBbl B ITOJYTIPOBOIHUKAX, CyONMMKOCEKYHIHAS Jla3epHas aOisiuus, reHeparust
YABTPAKOPOTKHUX YIAPHBIX BOJIH.

JloIoKHBI OBITH OCBOGHBI METONbI M3MepeHus: mapameTpoB @JIM U SKCHepUMEHTANbHBIX CXEM JUIS
UCCIICAOBAaHMs OBICTPONPOTEKAIOIINX BPEMEHHBIX IMpoueccoB npu B3aumoneiicteun DI ¢
BEIECTBOM; M3yYCHbl OCHOBHBIE CXEMBl, HCIOJIb3yeMble JUIi IOBEPXHOCTHOM M 0OBEMHOI
MHUKpOOOpabOTKax pa3NUYHBIX MAaTEepHajoB, & TAKXKe JUIs 3aXBaTa MAHUIYIMPOBAHUS U JAUCCEKLUUHU B
YCTPOMCTBAxX TUIA ONITHYECKUNA MUHLIET U JIA3EPHBINA CKAJIBIICIIb.

JloyKHBI OBITH U3y4€HBl OCHOBHbBIE HAIPABJICHHUS NPUMEHEHUS (eMTOCEKYyHIHBIX Ja3epoB B OMOIOTUH
U MEIUILMHE: JIJa3epHas MUKPO- M HAHOXUPHUYTHSA B SMOPHOJIOTHHM; JIa3epHOE CIUsHUE (THOpUAN3aLus)
KJIETOK; JIa3epHasi MUKPOMHBEKIMSA, ONTHYECKass TPAHCQHEKIHSA; a TakKe MPUMEHEHHE ONTHYECKHX
MAHLETOB JUIsl NCCIIEA0BAaHUS TPAHCIIOPTHBIX MIPOLIECCOB B KIIETKAaX.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa HajJ TEMOHU.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJISI CaMOCTOSTEIbHOIO H3y4YeHMs,
J0Ka3aTeNIbCTBO OTAEIBHBIX YTBEPHKACHHI, CBOICTB;

— peleHue 3aaad, MPeAIaraéMbpIX CTyIeHTaM Ha JIEKIHUX.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylIeHTa ocylecTBisercs B Qopme
KOHCYJIbTalUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)
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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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

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 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
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 aHamu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTUYECKUMUA U BBIYUCIATEILHBIMUA
METOJJaMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM JUIsl OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHMN K KOHKPETHON

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

Hay4yHOM 3ajade U  HHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yapTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare u3ydeHus OUCHUIUIMHBI «DPeMTOCEKyHIHBIE J1a3epbl B HayKe, TEXHMKE M OHMOMETUIIMHE»

00yJarouics JTOIDKEH:

— MPCACTABJISITH MMAaHOpaMy HNPHUMCHCHUA HU3JTYYCHHUA (I)CMTOCGKYHILHLIX 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 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoOC 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 JIa3epHOrO M3JIY4YEHHUs, MOUIHbIE (EMTOCEKyHIHBIC 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.

. Meroxn «pump-probe» u3MepeHnid, ONTHYECKAsT MUKPOCKOITHS, SIITUIICOMETPHSL.

. HepaBHOBeCHBII HarpeB M penakcanus MJEKTPOHOB U PEIIETKN B MeTajuiax npu Bosaeiicrsuu OJIN.

2
3
4
5
6. MuTtepdepeHIMOHHAS MUKPOCKONHUSA C (PeMTOCEKYHHBIM BPEMEHHBIM pa3peICHUEM.
7
8. T'eHepamus yIbTpakOpPOTKHX YIapHBIX BOJH.

9 ChoBuroBas W OTKOJNbHAs MPOYHOCTh METAJUIOB IIPUM 3KCTPEMAaJbHO BBICOKHMX CKOPOCTSIX
nedopmanuu.

10. I'eneparyst OBICTPBIX JIEKTPOHOB M PEHTIEHOBCKOE M3JIyYCHHE, BO3HHUKAIOLIME MPU 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. MGTOI[LI KaJ'II/I6pOBKI/I CHIIBI 3aXBaTa U KESCTKOCTU ONTHUYCCKOM 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 «ommmyHo (10)» BhIcTaBIAeTCs O0OyyalomeMycsl, €cClidi OH IIOKa3all BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
MPUHATHIX PEIIEHUN;

olleHka «omM4HO (9)» BBICTaBUsSETCS OOYydYalONIEeMyCs, €CJId OH IO0Ka3aJl BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PEILICHUU KOHKPETHBIX 3a71a4, CBOOOIHOE M NIPaBHIbHOE 00OCHOBaHHE
NPUHATBIX PEHICHUH, HO TMPH 3TOM OBUIM JOMYIICHBI HEOOJBIINE HETOYHOCTH, KOTOPBIC OBLIH
CaMOCTOSITEIIbHO OOHAPYKEHBI ¥ UCTIPABIICHBI;

OllcHKa «OTIMYHO (8)» BBICTABNsETCS OOydYaIONIEMyCs, €CJIM OH [0Ka3aJl BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, NIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PEILICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE M NPaBHIbHOE 000CHOBaHHE
NPUHATBIX pEIICHWH, HO TNPH STOM OBUIM JIOMYIIEHBI HEOOJIBIINE HETOYHOCTH, KOTOPBIE MOCIe
yKa3aHHs 9K3aMeHaTopa ObLIIM CAMOCTOSITEIIHO UCTIPABIICHBI;

OLIEHKa «X0po1o (7)» BhICTABIAETCS 00Y4aIOMEMYCsl, €CJIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U O
CYLIECTBY W3JIaraeT €ro, yMmeeT IPUMEHATh IIOJIyYE€HHbIE 3HAHMsS Ha IIPakTHKE, HO JIOIyCKaeT
HETOYHOCTH B OTBETE MJIH JIEJIaeT HECYIIECTBEHHBIE OIIMOKHY NPH PELICHUH 3a/1a4;

OLICHKA «XOpoLIO (6)» BBICTABIISIETCS 00YYaIOIIEMYCsl, €CIIM OH TBEP/IO 3HAET MaTepuall, IPaMOTHO U TI0
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHSATh IOJy4YCHHbIC 3HAHHS Ha IPAKTUKE, HO JOIMYCKaeT
HeOOoJIbIINE OIMOKK B OTBETE U (WJIN) TIPH PEIICHUY 3a]1a4;

OLICHKA «XOpomIO (5)» BBICTABISIETCS 00yYarOMEeMyCsl, €CJIM OH TBEPJO 3HAET MaTepHrall, IPaMOTHO H 1O
CYyLIECTBY H3JlaraeT €ro, yMeeT NPHMEHATh IIOJy4YEHHbIC 3HAHUS Ha IPAKTHKE, HO OTBEYaeT
HEYBEPEHHO U (WJIN) JOMYCKAeT OUIMOKY MPH PEIICHUH 3a/1a4;



OLICHKA «YJIOBJIETBOPHUTENbHO (4)» BbICTABIsAETCS OOy4aroleMmycs, MOKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBI XapakTep 3HAHWH, HETOUHble (POPMYIMPOBKM Oa30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKON NOCIIE10BAaTEIbHOCTH B N3JI0KEHUH [IPOrPaMMHOI0 MaTepuasa, €CiI IIPU 3TOM OH BJIalieeT
OCHOBHBIMH pa3fiesiaMu y4eOHOW MpOorpamMmbl, HEOOXOAMMBIMH IS JaJIbHEHIIEro O0ydYeHUs] 1 MOXKET
MPUMEHSATH NOJIYYEeHHBIC 3HaHU 110 00pasily B CTAHAAPTHON CUTYallNy;

OLICHKA «YJIOBJIETBOPHUTENBHO (3)» BbICTABIsAETCS OOyd4aromeMmycs, MOKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBI XapakTep 3HAHWH, HETOUHble (OPMYIMPOBKM O0a30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKOW I10CJIEZ0BAaTEIbHOCTY B H3JIOKEHUU IIPOIPaMMHOIO Marepuaia, He BIaJCIOIIEMy
HEKOTOPBIMH pazfieflaMi y4eOHOH MpOrpamMMbl, HO YMEIOIIEMY NPUMEHSTH MOJyYCHHbIE 3HAHUA II0
o0pasity B CTaHAapTHOM CUTyalny;

OLICHKA «HEYIOBJIETBOPUTEIHLHO (2)» BBICTABIAETCS O0ydaroleMycCsl, KOTOPbIM He 3HaeT Oonbliel
4acTH OCHOBHOIO COJIEp)KaHHUS y4eOHOW NpOrpaMMbl TUCHMIUIMHBI, JOMYyCKAaeT TpyOble OMMOKK B
(bopMyIHPOBKaX OCHOBHBIX MOHATHI JUCHUIUIMHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHUS [IPU
PEILIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

OLICHKA «HEYIOBIETBOPUTENHHO (1)» BBICTaBIsSETCS 00ydarOLUIeMycsl, TOKa3aBIIeMy IOJHOE HE3HaHUE
y4eOHO porpaMMbl JUCLUTUTHHEI.

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

[Tpu npoBenenun ycrHoro auepeHIUpOBaHHOTO 3adeTa olOydaroneMycs: npegocrasisercss 60 MuH
Ha noArotoBKy. Onpoc 00y4aromerocs o OWIETy He MPEBBIIIACT JIBYX aCTPOHOMHYECKUX YaCcOB.

Bo Bpemss mpoBenenus auddepeHIMpPOBaHHOTO 3adera OOydYarolmIuecs: MOTYT TOJb30BaThCs
IpOrpaMMOl TUCHUIUTMHEI, 8 TAKXKE CIIPABOYHON JINTEPATY PO, BBIYUCIUTEILHON TEXHUKOM.



