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

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: [IpumeHenue na3epHbIX TEXHOJIOTHUH IS aHATIM3a U MOTU(HUKAIINE MaTEPUAIIOB
00BEKTOB H300pa3UTEIBHOTO HCKYCCTBA

10 HANPABJIEHHIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

Npo(uJIb MOATOTOBKH: @du3KKa MepcreKTUBHBIX TEXHOIOTHIl: albTepHATHBHAS SHEPreTHKA, HAYYHOE

porpaMMHpoBaHue U (YHKIHOHAIBHBIE MaTEPUaIbI
duzrex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa XuMHIeckor GU3NKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTTecTanuu: 2 (BECEHHUN) - DK3aMeH

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

CamocrositensHas pabora: 30 gac.
[ToaroroBka k sx3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: B.A. Hagrouenko, n-p XxuMm. Hayk, ripodeccop

[Iporpamma obcyxneHa Ha 3acefjanu Kadenpsl xumudeckon ¢pusuku 27.05.2021



Kypc

AHHOTANMA
"[IpumeHeHNe Ja3epHBIX TEXHOJOTHH IS aHalnu3a W MOAW(HUKAIUU MaTepHalioB OOBEKTOB

n300pa3nuTEILHOTO UCKYCCTBA" MpeaycMaTpuBaeT —IpenojaBaHue (pyHIaMEHTAIbHBIX 3HAHUH O CTPOSHHHU

BEIIECTBA,
HEOPTraHMYECKUX BEIIECTB M MaTepuasoB.
ONTUYECKON U 3JIEKTPOHHON MUKPOCKOITUU.

1. leau u 3apauu

Meap AUCUMNIMHBI

BSaHMO,Z[efICTBHH CB€Ta C BCIICCTBOM,

¢doropuzuke u (HOTOXMMHUU OPTaHUYECKHX H

O3HakoMJIEHHE C COBPEMEHHBIMH METOJIaMU 30HIO0BOM,

Lenpto Kypca sBisieTcss npenogaBaHue (yHIAMEHTANIbHBIX 3HAaHUH O CTPOGHUM BEIIECTBa,
B3aMMOJICHCTBUH CBETA C BEIIECTBOM, (oTohu3uKe U (POTOXMMHUHM OPraHNYECKUX M HEOPraHMYECKHX
BeUIECTB M MaTeprayioB. O3HAKOMJICHHE C COBPEMEHHBIMH METOAAMM 30HAOBOW, ONTHYECKOH H

3IEKTPOHHOW MUKPOCKOIIMH.

3agauu AU CHUIIHHBI

@®opMUpOBaHUE HAay4HbIX 3HAHUIl O CTPOEHMU BEIIECTBA U O B3aUMOJEMCTBUU CBETA C BEIIECTBOM
3HAaKOMCTBO C COBPEMEHHBIMH METOIAMH 30HI0BOM, ONITUYECKOH U AEKTPOHHON MUKPOCKOIIHH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

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

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

U DJIEKTPOHHOMN

3HATh:
- TEOPETHYECKNE OCHOBBI TEOPUU CTPOCHHS BEIIECTBA;
- TEOPETHUYECKHE OCHOBBI TEOPHH B3aUMOJICHCTBUS CBETA C BELLIECTBOM;
- COBpPEMCHHBIE BO3MOXXHOCTH METOAOB CKAHHPYIOLICH 30HIOBOH, ONTHYECKOM
MHKPOCKOIIHH.
YMETh!

- IUIAHMUPOBATh CTPATETUIO MCCIICIOBAHUS COCTAaBa BENIECTBA M UICHTU(UKAIINY €TO KOMIIOHEHT;

- o0pabarbiBaTh JKCHEPUMEHTAJIbHbIC JaHHbIC, IIOJYYEHHbIE C IIOMOIIBIO (H3HKO-XHMHUYECKHX
METOJIOB MCCIIEIOBaHMUS BEIIECTBA C UCTIOIB30BAaHINEM OCHOBHBIX METOOJIOTUYECKUX MTPUHIIHIIOB;

- ACTIOJIH30BaTh COBPEMEHHBIE METOJIUKH cOOpa, OUNCTKU 1 00pabOTKH JaHHBIX;

- TOTOBHUTH HaIVISJHBIC IPE3EHTALUH MTOJTYYCHHBIX PE3yJIbTaTOB.

BJIAJIETh:




- TEOPETHYECKUMHU 3HAHUSAMU CTPOCHHH BEILECTBA O B3aUMOACHCTBUH CBETA C BELIECTBOM;

- IIPAKTMYECKUMH HaBbIKAMM WUHTEPIPETALM SKCIEPUMEHTAJIbHBIX JaHHBIX O CIEKTpax, COCTaBe U
MOp(OJIOTHH BEIIECTBA, IPAKTUYECKUMH 3HAHUSIMHU O METO/AaX CKaHUPYIOLIEH 30HI0BOH, ONTUYECKOM
U 3JIEKTPOHHON MUKPOCKOIINY;

- HaBbIKAMH MTOHMCKA B XUMUYECKHX 0a3ax TaHHbBIX;

- TUIIOBBIMU TIpHeMaMH 00paOOTKU M aHAIN3a PE3yIbTaToB (PU3NKO-XUMHUYECKOTO U BBIYMCIUTEILHOTO
IKCIIEPUMEHTA;

- METOJOJIOIMEN CONOCTABIEHUS U KPUTHUECKOW MHTEpIIpETalluyd MacCuBa JaHHbIX, [IOJyYEHHBIX BCEH
COBOKYITHOCTBIO HCIIOJIb30BAHHBIX (DU3UKO-XMMHUYECKUX W MATeMarH4eCcKUX METOAOB HCCIIEIOBAHMSA
CTPOEHHMS U COCTaBa BEILLECTBA.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3nein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| @u3N4eCcKUue  OPUHUMUIIBL  JIA3€pHOM 4 4
reHepanun
2 JlazepHoe n3nydenune 4 4
3 BsaumopneiicTBre 1a3epHOro U3TyUYeHHS C 4 4

BEILECTBOM

CoBpemMeHHbIE METOBI JIA3EPHON YHUCTKH
4 HWCTOPUYECKA IIEHHBIX OOBEKTOB U 4 4
MIPOU3BENCHUI UCKYCCTBA

Korepentuble  cBoiicTBa  J1a3€pHOTrO
5 n3nydeHud. Onruyeckas KOTepeHTHas 4 4
ToMorpadusi, roorpadus

JlazepHsbie CHEKTpaIbHbIE METOIbI
6 aHaJIn3a, JIMarHOCTUKHU 00BEKTOB 10 10
KyJIBTYpHOTO HaCJIeTUs

Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. ®uznueckue NPUHIMIBI JTA3€PHON TeHEpauy

Tema JeKIMM CUCTEMATH3HPYET dIEMEHTApPHbIC (U3NUECKUE 3HAHHS Y CTYISHTOB O HOIVIOIICHHHU,
BBIHYK/ICHHOM M CIIOHTAaHHOM H3JIyYeHHE, 3aCEeJICHHOCTH, HHBEPCHOW 3aCelIeHHOCTH YPOBHEH
SHEPTUH, O KOTEPEHTHOCTH M3IYYCHHUS H O KOTEPEHTHOCTH BBIHY)KJICHHOTO M3JIy4eHHUs], B YaCTHOCTH,
NOJApU3ALUN M3JIyYCHHs, HOpOre TIeHepaluu, pe30HaTopax, MOAax pe3oHaropa (MPOXOJIbHBIE,
MOTIEpPEYHbIE), CEJeKUUH MOA, JOOPOTHOCTH pPe30Haropa, YCTOWYMBBIX M  HEYCTOMYMBBIX
pe3oHaropax. PaccMmaTpuBaroTCS: THUIBI PE30HATOPOB  (IUTOCKONApPAJIICNbHBIN, KOH(OKAIbHBIH,
MOTYKOH(OKAIbHBIN, KOHICHTPUYECKHH, ITOTYKOHIICHTPUYECKHI, KOJIBIIEBO); ONTHKO-BOJIOKOHHBIN
Ja3ep; aKTUBHBIE CPEbl; ONTUYECKNE KOMIIOHEHTHI J1a3ePHOM CUCTEMBI.



2. JlazepHO€ n3mydeHue

DHeprusi, MOUTHOCTh U IJIOTHOCTh MOIIHOCTH JIA3€PHOTO M3IYUYEHHS; KOHTPOJb JIA3€PHOTO IyYKa;
aJlaniTUBHAs ONTHKA; ONTOMEXaHMYECKUE ICMEHTHI; HeIPEphIBHAS TeHEPALs; KBa3HU-HEIPepbIBHAS
reHepalys; UMIyJIbCHas reHepaims. Monymsust 1o0porHocTr; CHHXpOHH3aUUs MOA (MPUHIKAN U
TEeXHUUYECKOe BoIUIomeHue); Ynpnuposanue; Yeuienue; M3mMepenne napaMeTpoB Ja3epHOTO IIydKa;
Pacnpoctpanenue nazepHoro mnyuka; JlocraBka mnaszepHoro mydka; M3mepeHue mnapaMeTpoB
YABTPAKOPOTKUX UMITYJIBCOB JIA3€PHOTO U3ITY4YEHHUS.

3. BzaumopeiicTBuUE 1a3epHOTO U3JIYYEHUS C BEUIECTBOM

[ornomenne nazepHoro wusnydeHus. HenuwnelHo-ontudeckue d3¢dexrer. I[lommomenue cpera
TO4eYHBIM abcopOepoM. OmnroakycTHUECKU S(PQPEKT. AKYyCTHUSCKUE BOJHBI. YIApHBIC BOJHBI.
Nonnzanus. Jlazepusiii mpoOoii. JlazepHas mina3zma. Kasurannonnsie my3blpbku. JlazepHas a0msiust.
dotomexannyeckue dddextsl mnpu  abmauumu. Tepmosnactudeckuil  3PQexr. MexaHu3MBbI
paspymienust u abnsuus. [lepexomabie mpormecchl B poTomMexanndeckod admsiuu. OcoOeHHOCTH
(doromexanuueckoir abmauuu (mopor adisiuuy, BOJIHBI HANpsDKEHHs, nuierdd almauuu). AGmsums
KHUJIKOCTU. AOJSIMS MSATKOTO Marepuaina. AOnsnus TBepabix Tenl. DoroMexaHudeckuii dPQPexT mpu
Ja3epHON YMCTKE MarepuanoB. AONAIUS C UCIOIb30BAaHHEM HAHOCEKYHIHBIX HMITYIbCOB H
(eMTOCEeKyHTHBIX UMITYJIbCOB.

4. CoBpeMEHHBIE METOIbl Ja3€PHOM UYMUCTKM HCTOPUYECKH IEHHBIX OOBEKTOB M NPOU3BEACHUM
HCKYCCTBa

OnTtuMu3anusi TPOTOKOJIOB M BO3MOXKHBIE 10OO4HBIE 3(hdexTel. Monupukanuss XUMHUYECKOTO
COCTaBa M CTPYKTYpHl BELIECTBA INPH JIA3€PHOM BO3JAEHCTBHU. DOTOAKYCTHUYECKAsT CHEKTPOCKOHS
Ul IMarHOCTHKM HMCTOPUYECKH IICHHBIX OOBEKTOB M IMPOM3BEACHHUN MCKYCCTBa M MOHHMTOPHHIA
mporecca  J1a3epHOM  O4YMCTKH. AOmAIMs W Jla3epHas  MOHU3AIMA  COBMELICHHas C
Macc-CIIEKTPOMETPHUEH ISl aHAIN3a HICTOPUUECKH LIEHHBIX O0BEKTOB U IPOM3BEACHUN UCKYCCTBA.

5. KorepeHtHsle cBoiicTBa JasepHOro wusiaydeHus. OnrTudeckass KOTEpEeHTHas TOMOTrpaduwus,
rosiorpadust

Onrtudeckas KorepeHTHasi ToMorpadus Ui HEMBa3WBHOTO CTPYKTYPHOTO aHalM3a M COXPAaHECHUS
00BEKTOB KyJbTypHOTOo Hacneaus. lonorpadus. Mcmonb3oBaHue roiorpaduveckoro aHamu3a IMpH
COXpaHEHHHM U pECcTaBpald OOBEKTOB KyIbTypHOro Hacieaus. LludpoBbie TexHOJIOrMH B
JTOKYMEHTAILMK KyJabTypHOro Hacieaus. O030p j1a3epHbIX CKaHepoB. MeTonoNorHs ¥ MPaKTHYeCKoe
NPUMEHEHHE OLIEHKH KYJIBTYPHOTO HACIeIUs ¢ MOMOUIBIO JIa3epHBIX CKaHEPHBIX JaHHBIX. [ eHepanus
BUPTYaJIbHBIX MOJIENICH KyJIbTYPHOTO HACIIEHSL.

6. JlazepHble clIeKTpaJIbHbIE METO/IbI AHAJIM34a, AUATHOCTUKU 00BEKTOB KYJIBTYPHOTO HAClIeIus

Crexrpockomnus nazepHoro npo6os Laser Induced Breakdown Spectroscopy LIBS. Ilpumenenne ais
MaJIONMBAa3UBHOTO CTPYKTYPHOTO aHajM3a M COXpPaHEHUs OOBEKTOB KYJIBTYpHOIO Hacequsl.
[MopratuBHas anmaparypa LIBS. Bo3moxHOCTH U1 AMCTaHOIMOHHOTO aHanmu3a. CHEKTPOCKOIUS
KOMOWHALIMOHHOTO ~ PACCEsiHUs. PamanoBckass ~ cmekrtpockomus-mMukpockormms  u UK
CHEKTPOCKONHSI-MUKPOCKOTIHSL. Henuneiino-ontuueckas CIEKTPOCKOMUSI-MUKPOCKOIIHSL.
MuKpocKonuSl ~ YeTHIPEX-BOJIHOBOTO  CMEIICHMSA, MHKPOCKONHUS  BO30Y)KIECHHE-30HIUPOBAHHUE
(pump-probe), MHKPOCKONHUSI TEHEpPAaLWHd TapMOHUK, MHOTO()OTOHHAs (OTONIOMUHECHEHTHAS
mukpockorusa. Pemrocexkynanas KAPC cnekrpockonusi-mukpockonus (Femtosecond Coherent Anti
Stokes Raman Spectroscopy- f-CARS), demTocekyHnHas CTUMyIMpOBaHHAs paMaHOBCKas
cnekrpockonus-mukpockonus (Femtosecond Stimulated Raman Spectroscopy-FSRS).

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

Yuebnas ayanuTopusd, cHaOKEeHHAs ,Z[OCKOfI, 9KpaHOM, IPOCKTOPOM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa
1. brombepren, H. "Onekrpudeckuii mpoOoii B TBEPABIX TENaX MOJ ACUCTBUEM JIa3€PHOTO U3TyYeHHS."
KsanTtoBas snekrponnka 1,Ne. 4 (1974): 786-805
2. Artiol G., and Ivana A. Scientific methods and cultural heritage: an introduction to the application of
materials science to archaeometry and conservation science. Oxford University Press, 2010.

JlononHuTenbHAs TUTEpaTypa
1. Wyplosz N. Laser desorption mass spectrometric studies of artists' organic pigments. Universiteit van
Amsterdam, 2003.

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

https://mipt.ru/science/labs/radiophotonics/obuchenie/lazery.php

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmotpeHo.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate m3yueHus TUCHUIUIMHBI CTYAEHT OJKEH 3HAaTh OCHOBHBIEC OMpPEIETICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJIS PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amomuHaHus. [lpu
3aTPYINHEHWN W3yYCHUS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaIiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadeapa XuMuueckor GU3NKU

Kypc: 1

KBau(pukanus: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: B.A. Hanrouenko, a-p XuM. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbprare usyuenus nucuuiuinHbl «lIpuMeHeHne na3epHbIX TEXHOJIOTHH JUIS aHalIu3a U MOAM(UKAIK
MaTepHanoB 0OBEKTOB N300PA3UTEIBHOTO UCKYCCTBAY 00YUAIOMIUNCS TOMIKEH:

3HAThb:

- TCOPCTUUCCKUC OCHOBBI TCOPUU CTPOCHUS BCIICCTBA,
- TCOPECTUICCKNEC OCHOBBI TCOPHU B3aHMMO/ICHCTBUS CBETA C BCUICCTBOM,
- COBPCMCHHBIC BO3MOXHOCTH MCTOAOB CKaHI/Ip}IIOH_IeI‘/’I 3OHI[OBOI‘/’I, OIITHYCCKON H BHCKTpOHHOﬁ

MHKPOCKOIIHH.

yMeTh:

- IUIAHUPOBATh CTPATETUIO MCCIICAOBAHUS COCTAaBa BENIECTBA M UICHTU(UKAIINY €TO KOMIIOHEHT;

- o0pabarbiBaTh JKCHEPUMEHTAJIbHbIC JaHHbIC, IIOJYYEHHbIE C ITOMOIIBIO (H3HKO-XHMHUYECKHX
METOJIOB MCCIIEIOBaHMUS BEIIECTBA C UCTIOIB30BAaHINEM OCHOBHBIX METOOJIOTUYECKUX MTPUHIIHIIOB;

- ACTOJIH30BaTh COBPEMEHHBIE METOJTUKH cOOpa, OUNCTKU 1 00pabOTKH JaHHBIX;

- TOTOBHUTH HaIVISJHbIC IPE3CHTALUH MTOJTYYCHHBIX PE3yJIbTaTOB.

BJIaJeTh:

- TEOPETUUYECKUMU 3HAHUAMU CTPOEHUU BEILECTBA O B3aUMOAECHCTBUY CBETA C BELLIECTBOM;
- MPAaKTUYECKHUMH HABBIKAMU WHTEPIPETALUN S3KCIIEPUMEHTAIbHBIX JaHHBIX O CIIEKTPax, COCTaBe U
MOp(hOJIOTHH BelIeCcTBa, MPAKTUISCKUMH 3HAHUSIMH O METOJIaX CKaHMPYIOMIEH 30HI0BOH, ONMTHYECKON

n 3HeKTpOHHOI>i MUKPOCKOIINH,

- HaBBIKAMHM TIOMCKA B XUMHYECKHUX 0a3ax JAaHHBIX,
- TUIIOBBIMU IIpUCMaMU O6pa6OTKI/I " aHaJIN3a pe3yJjibTaTOB (1)I/I3I/IKO—XI/IMI/I‘IGCKOFO W BBIYUCJIUTCIBHOI'O

IKCIICPUMCHTA,

- METOHOJIOTHCH COIIOCTABJICHHS U KpHTH‘leCKOﬁ HUHTCPpHIPCTAIIMU MAaCCUBA NAHHBIX, IMOJYUYCHHBIX BCeH
COBOKYITHOCTBIO HCIIOJIb30BAHHBIX (1)1/13I/IKO-XI/IMI/I‘IeCKI/IX U MAarCMaTH4YCCKUX METOJO0B HCCIICIOBAaHUA

CTPOCHHA U COCTaBa BCUICCTBA.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBIM OMpPOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JIEKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst




Bomnpocs! k 3k3aMeHy:

1. OnTtuyeckue MEepexoabl B BCHICCTBC - IOITIOMICHUEC, BBIHYXJICHHOC U CIIOHTAHHOC HU3JIYUYCHUC,
3aCCJIICHHOCTb, MHBCPCHAA 3aCCIICHHOCTDb ypOBHef/'I 3HepFI/II/I?

2. B dyem 3akimodaercs KOTEPEHTHOCTh M3IYUYEHHUS W KOTEPEHTHOCTh BHIHYXJICHHOTO H3JIy4YCHUS, B
YacTHOCTH?

3. Yto Takoe mopor reHepanuu jgazepa’?

4. JlazepHsblil pe30HATOP; MOl pe30HaTOPa (IPOOIIbHBIE, IONEPEYHbIE); CENEKIM MOA; JTOOPOTHOCTD
pEe30HATOpa; YCTOMUMBOCTH pe3oHaTopa’

. Urto Takoe aKTHBHbBIC CpCAbl; ONITUYCCKNUEC KOMIIOHCHTBI HaBCpHOfI CHCTEMBI?

. BHCPFI/IH, MOIIHOCTD U INIOTHOCTHh MOIIHOCTH JIAa3CPHOT'0 I/I3J'Iy‘leHI/I$I?

. KOHTpOHB JIA3CPHOTIO IMy4YKa; afallTUBHAA ONITHKA, OITOMCXaHNYCCKHUC DJICMEHTHI?

. HereprBHaS[ reHepalnua; KBa3u-HCIPCPbIBHAA 'CHCPpAWA, UMITYJIbCHA reHepauI/m.?

O 0 N W

Monynsuust nooporHoctr; CHHXpOHM3aUUs MOA (MPUHLOMII M TEXHUYECKOE BOILUIOLICHHE).
UuprnrpoBaHue nMITyasca’?

10. Ycunenue nazepHoro uznydeHus. OcoOEHHOCTH YCHUIICHHUSI CBEPXKOPOTKHX JIa3ePHBIX UMITYIIECOB?

11. M3mepenue mnapaMeTpoB Ja3epHOro Iyuka; PacmpocTtpanenue naszepHoro myuka; JlocraBka
Ja3epHoro nmydka; Miamepenne mapaMeTpoB yIbTPAKOPOTKAX UMITYIbCOB JIA3€PHOTO U3ITY4YCHHSL.

12. Tlormomenne nazepHoro usnyudeHus. HenwneitHo-ontnyeckue 3¢ddextrr. [lormomenue crera
TOYeuHBIM abcopoepoM.

13. . Onroakyctuaeckuii 3P QeKT.

14. AxycTrueckue BOJIHbI. YIapHbIE BOJIHBI IIPU UMITYJIECHOM JIa3epHOM BO3JICHCTBUH.
15. Nonmzaums. JlazepHsiit mpoOoii. JlazepHas mia3ma.

16. KaBuTanimoHHbI€ My3bIPHKU.

17. Jlazepnas abmsnus. @oromexanndeckue 3GGEKTh IpU a0IAINH.

18. Tepmoanactuaeckuii 3 pexT. MexaHu3Mbl pa3pylIeHUs] MaTepuaia u aOmsiusl.

19. Tlepexomnble mpouecchl B QoTomMexanudeckod abmsmuu. OcoOeHHOCTH (POTOMEXaHUYECKON
abusiuuu (mopor abJsiMK, BOJTHBI HATPSDKEHUSL, IIICH( aOmsmun).

20. AGmsmmst )KuaKocT. AQNSAIHS MATKOTO MaTeprana. AGISIUS TBEP/bIX Tell.

21. ®oromexannueckuil 3pdekT mpu JazepHO YKUCTKE MarepuaiioB. AONSALUS C HCHOJIb30BAHUEM
HAHOCEKYH/IHBIX UMITYJIbCOB M ()EMTOCEKYH/IHBIX UMITYJIbCOB.

22. CoBpeMEHHBIE METONbl JIA3ePHOW UYHUCTKM HCTOPHYECKH LIEHHBIX OOBEKTOB M IPOM3BEACHUI
HCKYCCTBa.

23. MOILI/I(l)I/IKaLII/ISI XUMHUYCCKOI'O COCTaBa U CTPYKTYPBI BECHICCTBA IIPH JIAa3CPHOM BO3H€ﬁCTBHH.

24. doroakycTHdeckasi CHEKTPOCKONUS Uil TUArHOCTHKH HMCTOPHYECKH IICHHBIX OOBEKTOB U
MPOU3BEICHUI HCKYCCTBA 1 MOHUTOPUHTA MPOIECCA JIA3€PHON OUHUCTKH.

25. AOmsnuss W Ja3epHasl WOHHW3AIUSl COBMEICHHAs C MAacc-CIEKTPOMETpHeW JJjis aHain3a
HMCTOPUYECKHU IIEHHBIX 00BEKTOB U MPOU3BEICHUI HCKYCCTBA.

26. OnTryeckas KOrepeHTHasi ToMorpadus 1j1sl HEMBa3MBHOTO CTPYKTYPHOTO aHAJIM3a M COXPAaHEHUS
OOBEKTOB KyJIBTYPHOTO HACIIEANS.

27. Tonmorpadus. Ucnonp3zoBaHue ronorpaduvyecKoro aHajdn3a TpPU COXPAHEHHH W PECTaBpaIlUH
00BEKTOB KYJIBTYPHOTO Hacleausl.

28. LludpoBbie MeTOABI B TOKYMEHTALUN OOBEKTOB KYJBTYPHOTO HACIEIUSI.
29. I'enepanus BUPTyaJIbHBIX MOJIEJIEN KYJIBTYpHOTO HACIIEIUS.

30. Cnekrpockomus jiazepHoro mpobost Laser Induced Breakdown Spectroscopy LIBS. [Ipumenenue
ISl MAJIOUBAa3MBHOTO CTPYKTYPHOTO aHAIM3a M COXPAHEHUsSI 0OBEKTOB KYJIBTYPHOTO HACIICAHSI.

31. IlopraruBuas anmnaparypa LIBS. Bo3M0XHOCTH 17151 AUCTaHIIMOHHOTO aHAIN3a.

32. CrekTpocKoIus KOMOMHAIIMOHHOTO paccestHusl. PaMaHOBCKas criekTpockonusi-Mukpockonus u UK
CHEKTPOCKONHSI-MUKPOCKOTIHSL.

33. HenuHelHO-ONTHYECKAs] CHEKTPOCKOMUSA-MUKPOCKONHUS. MUKPOCKONUSI YETHIPEX-BOJIHOBOIO
CMEIICHUS,

34. Henunelino-onTuyeckas CIEKTPOCKOMHSI-MHUKPOCKOTIHSI. MHUKPOCKOTIHUS
BO30YXICHHE-30HANpPOBaHUE (pump-probe).

35. HenmuueitHo-onTuyeckas CIICKTPOCKOIIUA-MUKPOCKOITU . MI/IKpOCKOHI/ISI TeHCpalu rapMOHUK

36. HenuHeitHO-onTHYECKas! CIEKTPOCKOMHSI-MUKPOCKONHUS. MHOTO(OTOHHAS ()OTOITFOMUHECIIEHTHAS
MHKPOCKOTIHSI.



37. Henuneitno-ontuueckas CIIEKTPOCKOIHUSA-MUKPOCKOIIHS. (hemTOCEeKyHIHAS KAPC
cnekrpockonus-mukpockomnus (Femtosecond Coherent Anti Stokes Raman Spectroscopy- f-CARS)

38. HenuHeiHO-onTHYECKasl CIEKTPOCKONHA-MHKPOCKOIUS. (PEMTOCEKYHHAs CTHUMYJIHPOBaHHAS
pamaHoBcKas criekrpockonus-mMukpockonus (Femtosecond Stimulated Raman Spectroscopy-FSRS)

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. JlazepHblit pe3oHaTOP; MOIBI Pe30HATOPA (IIPOOIbHBIE, TONIEPEUHBIE); CETEKINs MO; J0OPOTHOCTh
pEe30HATOpa; YCTOMUYMBOCTH pe3oHaTopa’?

2. YT0 Takoe aKTUBHBIEC CPEbl; ONITUYECKHE KOMIIOHEHTHI JIa3€pHON CHCTEMBbI?

3. DHeprus, MOUIHOCTh U IUIOTHOCTh MOIIHOCTH JIA3€PHOTO U3Ty4YCHHUs?

[Ipumep 2.

1. OnTryeckas KorepeHTHas ToMorpadus [Uis HEMBa3UBHOIO CTPYKTYPHOTO aHAN3a M COXPAHCHHS
OOBEKTOB KyJIbTYPHOTO HACIIEANS.

2. Tonorpadus. Mcnonb3oBaHue rojorpaduyeckoro aHaiaM3a HpPU COXPAHEHWH M PECTaBpaLlUH
00BEKTOB KYJIBTYPHOTO Hacleausl.

3. Lludpossbie MeTOABI B TOKYMEHTALUN OOBEKTOB KYJIBTYPHOTO HAaCEeIusI.

Kpurepun oneHuBaHus
Onenka ommmuHo 10 OamioB - BBICTABJISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MNpOrpamMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ 06amios - BBICTaBJIETCS CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOYETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISETCSA CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyYCHHBIE 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.
Ouenka XopoIo 5 6aIoB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ymOBIETBOPUTENbHO 4 Oaiia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieNbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ymOBIETBOPUTENbHO 3 Oajia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWU, AOMycKaroulemy omHOku B (popMynupoBKax 0a30BbIX HOHSATH,
HapyUIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOTPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM MporpaMMbl, HEOOXOAUMBIMHU LTSI ajbHENUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OreHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAepXaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(OpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh ITOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

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

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

HpI/I OpOBCACHUHN YCTHOI'O 2K3aMCHA 06yan01ueMyc;1 OpeaoCTaBIIACTCA 1 gac Ha NOATrOTOBKY. OHpOC
06yqa}0meroc>1 Ha 3K3aMCHE HC JOJDKCH MPEBLIIIATh OJHOI'0O aCTPOHOMUYCCKOTO HJaca.



