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: MarepuanoBeseHie U TEXHOJIOTUH MaTepHUaIoB

Npo(uJIb MOATOTOBKH: [TepciekTiBHBIE (DYHKIIMOHAIBHBIE MaTEPUAIIBI

®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa XumMudeckor GU3NKU

Kypc: 1
KBaJIMpUKALS: MarucTp

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

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

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

[Iporpammy cocrasuin: B.A. Hangrouenko, 1-p XxuM. Hayk, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl xumuueckon dusuxu 27.05.2021



AHHOTANMA

Kypc '"llpumeHneHue ma3epHBIX TEXHOJOTHM M aHanu3a W MOOU(HUKALMK MaTepuaioB OOBEKTOB
n300pa3nuTEILHOTO UCKYCCTBA" MpeaycMaTpuBaeT —IpenojaBaHue (pyHIaMEHTAIbHBIX 3HAHUH O CTPOSHHHU
BEIIECTBA, B3aMMOACWCTBUU CBETa C BELIECTBOM, (oTopusnke u (HOTOXUMHHM OpPraHUYECKUX U
HEOpPraHWYeCKUX BEIEeCTB M MarepuanoB. (O3HAKOMJIEHHE C COBPEMEHHbIMM METOJaMHU 30HIOBOM,
ONTHYECKOMN U AEKTPOHHONH MUKPOCKOIIHH.

1. leau u 3apauu

Meap AUCUMNIMHBI

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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BbABUrarb  THIIOTE3bI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThiBaTh |MaTeMaTUuecKue MOJCTH Ul  ONHCAaHUS — H3y4aeMbIX
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN SIBJICHUH ¥ ITPOLIECCOB, OLIEHUBATh Ka4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HayYHbIC MPOOIEMbI, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYecKHe H (WIIH)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTAJIBHBIE METOABI UCCIEIOBAHUNM K KOHKPETHON
HaydyHOW 3a7adye W HHTEPHPETUPOBATh  IIOJYYCHHBIE
pe3yaBTaThI
[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO

T1K-3 Cnocoben HpO(l)eCCI/IOHaIH:HO pa60TaTB c 060py,Z[OBaHI/I$I (CHGL[I/IaJ'II/ISI/IpOBaHHBIX IIaKETOB

HCCIIEIOBATEIbCKUM U UCTIBITATSILHBIM TPHKIIA/IHBIX IPOrPamMM)

obopynosannem (mpubopamu 1 ycranoBkamu, |[1K-3.2 Crocoben MPOBOJIUTH SKCHEPUMEHT

CHeUaIN3UPOBAHHBIMH MTAKETAMU IPUKIIAIHBIX | (MOAETMPOBAHNE) C HCIIOIB30BAHUEM HCCIIEIOBATENLCKOTO

MporpaMm) B 001aCTH MaTepHUATIOBEICHUS U 00opynoBaHus (TTAKETOB MPUKIIATHBIX IPOTPAMM)

TEXHOJIOrMH MaTepHaIoB IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX

OKCIICPUMCHTAJIbHBIX (‘H/ICJ'IGHHBIX) PE3YJIIbTATOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
- TEOPETHYECKNE OCHOBBI TEOPUU CTPOCHHS BEIIECTBA;
- TEOPETHYECKUE OCHOBBI TEOPHH B3aUMOJICHCTBUS CBETA C BEILIECTBOM;
- COBpPEMEHHBIE BO3MOXHOCTH METOAOB CKAHUPYIOIICH 30HIOBOH, ONTUYECKOH W 3JIEKTPOHHOU
MHKPOCKOIIHH.
YMETh!

- IUIAHUPOBATh CTPATETUIO MCCIICAOBAHUS COCTAaBa BENIECTBA M UICHTU(UKAIINY €TO KOMIIOHEHT;
- o0pabarbiBaTh DKCHEPUMEHTAJIbHbIC JaHHbIC, ITOJYYEHHbIE C ITOMOIIBIO (H3HKO-XHMHUYECKHX
METOJIOB MCCIICIOBaHMUS BEIIECTBA C UCTIOIB30BAaHMEM OCHOBHBIX METOOJIOTUYECKUX MTPUHIIHIIOB;
- ACTIOJIH30BaTh COBPEMEHHBIE METOJIUKH cOOpa, OUNCTKU 1 00pabOTKH JaHHBIX;
- TOTOBHUTH HaIVISJHbIC IPE3CHTALUH MTOJTYYCHHBIX PE3yJIbTaTOB.
BIIAJICTh!



- 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)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa XuMHUIeCcKor GU3NKU

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: B.A. Hagrouenko, n-p XxuMm. Hayk, ripodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYEHHBIE
PE3yIbTaThI
[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO
T1K-3 CriocoGeH npoeccnoHanbHo paboTars ¢ |000pyI0BaHHsI (crienmanu3upOBaHHBIX 11aKEeTOB
HUCCIIEIOBATENBCKUM U UCTIBITATEIbHBIM TPHKIIA/IHBIX [IPOrpamMM)
obopynoBanueM (npubopamu u ycranopkamu, |[1K-3.2 Criocoben MIPOBOJTUTH IKCTICPUMEHT
CHelHaIu3UPOBAHHBIMH NAKETAMU NPUKIAAHBIX | (MOAETMPOBAHKE) C HCIIOIB30BAHUEM HCCIEI0BATEIHCKOIO
IporpaMM) B 00JaCTH MaTepUaIOBECHUS U 00opynoBaHus (ITAKeTOB MPUKJIATHBIX IPOTPAMM)
TCXHOJIOTMH MaTCepHUajoB [IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX

AKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbprare usyuenus aucuuiuinHbl «lIpuMeHeHne na3epHbIX TEXHOJIOTHH JUIS aHalIu3a U MOAU(UKAIH
MaTepHanoB 0OBEKTOB N300PA3UTEIBHOTO UCKYCCTBAY 00YYAIOMIUNACS TOMIKEH:

3HATh:
- TEOPETHYECKUE OCHOBBI TEOPHH CTPOCHUSI BEIICCTBA;
- TEOPETHUYECKHE OCHOBBI TEOPHH B3aUMOJICHCTBUS CBETA C BELLIECTBOM;
- COBpPEMEHHBIC BO3MO)XHOCTH METOJIOB CKAHUPYIOUICH 30HIOBOM, ONTHYECKOM M DIEKTPOHHOMN
MHKPOCKOIIHH.

yMeThb:
- IJTAHUPOBATh CTPATETUIO UCCIICIOBAHNS COCTAaBa BEIIECTBA M UACHTU(UKALIMH €r0 KOMIIOHEHT;
- o0pa0arbpIBaTh OSKCIEPHMEHTAJbHbIC [aHHBIEC, IIOJyYCHHbIE C MOMOLIBIO (PU3MKO-XUMHUYECKUX
METO/IOB MCCIIEIOBAHMUS BEIIECTBA C UCIOJIH30BAHUEM OCHOBHBIX METOIOJIOTHUECKHUX MPUHIIMUIIOB;
- ACTIOJIH30BaTh COBPEMEHHBIE METOJTUKH cOOpa, OUNCTKU 1 00pabOTKH JaHHBIX;
- TOTOBUTH HaIVISIAHBIC IPE3CHTALIUH MTOTyUYECHHBIX PE3YJIBTATOB.

BJa/IeTh:
- TEOPETUUECKUMU 3HAHUAMU CTPOEHUU BEILECTBA O B3aUMOIECHCTBUY CBETA C BELLIECTBOM;
- MPAKTHYECKUMHU HaBBIKAMH HWHTEPIPETALUH SKCIHEPUMEHTAIBHBIX JaHHBIX O CIEKTPax, COCTaBe U
MOp(hOJIOTHH BElIeCcTBa, MPAKTUISCKUMH 3HAHUSIMH O METOJIaX CKaHMPYIOIIEH 30HI0BON, ONTUYECKON
U 3JIEKTPOHHOIN MHUKPOCKOIIHH;
- HaBbIKaMHM IIOMCKA B XUMUYECKHUX 0a3ax JaHHbIX;
- TUIIOBBIMU IIpHEMaMH 00pabOTKH U aHallu3a Pe3yJIbTaToOB (PU3UKO-XUMHUECKOTO U BBIUMCIUTEIBHOTO
JKCIIEPUMEHTA;
- METOJOJIOTHEN COMOCTABICHUS U KPUTHUECKOW MHTEPIIPETallMi MacCcuBa JaHHBIX, TOJYYEHHBIX BCEH
COBOKYIHOCTBIO HCIIOJIb30BaHHBIX (DU3UKO-XMMUYECKUX U MAaTeMaTHYECKHX METOOB MCCIICOBAHUS
CTPOEHHUS U COCTaBa BEIECTBA.

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

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




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

BOHpOCLI K 3K3aMCHY:

1. Onrudeckue Tmepexoipl B BEIIECTBE - IMOMIOMICHHE, BBIHYXICHHOE M CIOHTAHHOE H3JIydYcHHE,
3aCeJICHHOCTb, HHBEPCHAsI 3aCEIEHHOCTh YPOBHEH sHepruun?

2. B dem 3akiouaeTcss KOTEPEHTHOCTh M3JIYYCHHUS U KOTCPEHTHOCTh BBIHY)KICHHOTO H3JIy4CHUs, B
yacTHOCTH?

3. Uro Takoe mopor reHepanuu gazepa’?

4. JlazepHBIi pe30HATOP; MOJBI Pe30HATOPa (IPOIOIBHBIE, IONEPEYHBIE); CENEKIH MO; JOOPOTHOCTD
pe3oHaTopa; yCTOHYNBOCTh pe30HaTopa?

. UTo Takoe aKTUBHBIE CPE/bl; ONTUYECKHE KOMIIOHEHTHI JIa3epHON CUCTEMBbI?
. DHeprusi, MOLHOCTb U IJIOTHOCTh MOIIHOCTH JIa3€PHOI0 U3JIydeHUs?

5

6

7. KoHTposb 1a3epHOro IyyKa; aJlalTUBHAsI ONTHUKA; OITOMEXaHUYECKHUE AIIEMEHTHI?

8. HempepsiBHas reHepanysi; KBa3u-HellpepblBHAs T'eHEpaLusl; UMITYJIbCHAsl FeHepanus.?
9

Monynsimust noopotHocTr; CHHXpOHM3aNMss MOA (MPUHIMII M TEXHUYECKOE BOILIOUICHHE).
UuprimpoBaHue UMITyIbCa?

10. Ycunenue nazepHoro uzinyudeHus. OcCoOOEHHOCTH YCUIICHHUS CBEPXKOPOTKHX JIa3€PHBIX UMITYJIHCOB?

11. HM3mepeHue mnapaMeTpoB Ja3epHOro Imyuka; PacnpocTpaneHue nasepHoro myuka; JlocraBka
JIa3epHOro IIyuka; M3mepenue napaMeTpoB yJIbTPaKOPOTKUX UMITYJIBCOB JIA3EPHOIO U3ITYyUCHHUS.

12. Tlornomnienue nazepHoro u3inydeHus. HemuueitHo-onTuueckue s¢dexTsl. Ilomionienne creTa
TOUYEYHEBIM abcopOepom.

13. . Onroakyctuueckuii 3 QexT.

14. AkycTruecKre BOJIHBI. YIapHbIC BOJHBI IPYU UMITYJIECHOM JIA3EPHOM BO3ICHCTBUU.
15. Nonuzauus. JlazepHslit npoOoii. JlazepHas mia3ma.

16. KaBuTanmoHHbIE My3BIPHKH.

17. Jlazepnas abmsauus. @oromexannueckue 3¢ GeKTsl Ipu adIALnu.

18. Tepmoanactuueckuii a3 ext. MexaHu3Mbl pa3pylIeHus: MaTepraia u absuus.

19. Ilepexomnble mpomecchl B ¢oroMexaHudeckol aomsaimu. OcobeHHOCTH (HOTOMEXaHUYEeCKOU
abysiiuu (Topor abJsIIMK, BOJTHBI HAMTPSDKEHMS, TUICH( aOmsium).

20. AGaSIHS KUIKOCTU. AOTSIHS MATKOTO Marepuaia. AOISINs TBEPABIX TEl.

21. ®oromexannueckuil 3QdekT mpu nazepHON YNUCTKE MarepuaiioB. AONSIHS C HCMOJIb30BaHHUEM
HAHOCEKYH/IHBIX UMITYJIbCOB H (D€MTOCEKYHIHBIX UMITYJIbCOB.

22. CoBpeMEHHBIE METOIBI JIA3EPHOW YHUCTKH HCTOPHYECKH LEHHBIX OOBEKTOB M IPOM3BEICHUI
HCKYCCTBA.

23. Monudukaiuss XMMH4E€CKOTO COCTaBa U CTPYKTYPbI BEIIECTBA IIPH JIA3EPHOM BO3ACHCTBUU.

24. ®DoToaKyCTHUYECKasi CIIEKTPOCKOMHS JJIsi JUATHOCTHKH HCTOPHYECKH IICHHBIX OOBEKTOB U
MNPOU3BEICHUN UCKYCCTBA U MOHUTOPHUHTIA IIPOLIECCa JTa3€PHOM OUUCTKH.

25. AOmauuss ¥ Ja3epHasl MOHHU3aLUsl COBMEILICHHAas C MAacC-CHEKTPOMETpHEW HJisl aHain3a
HCTOPHYECKH LIEHHBIX OOBEKTOB U MPOU3BEACHUH HCKYCCTBA.

26. OnThueckast KOrepeHTHasi ToMorpadusi 11si HEMBa3UBHOTO CTPYKTYPHOTO aHAJIN3a M COXPAaHEHHUS
00BEKTOB KyJIBTYPHOTO Hacleausl.

27. Tonorpadusa. Hcnonbp3oBaHue rojorpaMueckoro aHajiu3a IPU COXPAaHEHHH W pPecTaBpalyu
OOBEKTOB KyJIBTYPHOTO HACIIEANS.

28. Lludgposbie METOABI B JOKyMEHTALUH 00bEKTOB KYJIBTYPHOI'O HaCIeIus.
29. I'enepanys BUPTyaJIbHBIX MOZEIEH KyJabTypHOIO Haceusl.

30. Cnekrpockomus iazepHoro mpobost Laser Induced Breakdown Spectroscopy LIBS. [Ipumenenue
TSl MJIOMBAa3MBHOTO CTPYKTYPHOTO aHAJIN3a M COXPaHEHHS 00BEKTOB KYJIBTYPHOTO HACIICIHSL.

31. llopraruBHas anmnaparypa LIBS. Bo3MoxkHOCTH A7151 AMCTAaHIMOHHOTO aHAIM3A.

32. CHCKTpOCKOHI/ISI KOM6I/IHaL[I/IOHHOFO paccesaHus. PamanoBckas CIICKTPOCKOIIUA-MUKPOCKOIINA 1 UK
CIICKTPOCKOIIUA-MUKPOCKOIIHA.

33. HenuHeWHO-ONTHYECKAs CHEKTPOCKOMHUSA-MHUKPOCKONUSA. MHKPOCKOMHS UYEThIPEX-BOJIHOBOTO
CMEIICHHS,

34. HenuneitHo-onTrueckas CIIEKTPOCKOIHUS-MUKPOCKOIHS. MHUKPOCKOTIHS
BO30YKJICHHE-30HIUpOBaHNe (pump-probe).

35. HennHelHO-ONTHYECKAs! CIIEKTPOCKOMUA-MUKPOCKOTHS. MUKPOCKOMHS TeHEPALUY TApMOHHUK



36. HenuueitHo-onTHYecKasi CHEKTPOCKOMHMS-MHUKPOCKONHUSA. MHOTO(OTOHHAs (hOTOINIOMUHECLIEHTHAs
MHUKPOCKOIIHS.

37. Henuneitno-ontnueckas CIIEKTPOCKOIHA-MUKPOCKOIIUS. (dhemTOCEKyHIHAS KAPC
cnekrpockonus-mukpockonus (Femtosecond Coherent Anti Stokes Raman Spectroscopy- f-CARS)

38. HenuneiHo-onTHYECKast CIEKTPOCKOMUA-MUKPOCKOIUS. (EMTOCEKYHIHAs CTHUMYJIMPOBaHHAS
pamanoBckas criekrpockonusa-mMukpockonust (Femtosecond Stimulated Raman Spectroscopy-FSRS)

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB.

IIpumep 1.

1. JlazepHblil pe3oHaTOP; MOABI pe3oHaTopa (IIPOLOJIbHBIC, IIONEPEUHbIE); CEJIEKLIUs MOA; TOOPOTHOCTh
pe30oHaTopa; yCTOHYNBOCTh pe30HaTopa?

2. UYro Takoe aKTHUBHbIE CPE/Ibl; ONTHYECKUE KOMIIOHEHTHI JIA3EPHON CHCTEMBbI?

3. DHeprus, MOIIHOCTH ¥ INIOTHOCTh MOIIIHOCTH JIa3€pHOTO U3ITy4eHUs?

[Ipumep 2.

1. OnTnueckast KorepeHTHass ToMorpadus Ul HEMBAa3UBHOTO CTPYKTYPHOTO aHAJIHM3a U COXPAHEHUS
00BEKTOB KYJIBTYPHOTO Hacleausl.

2. Tonorpadpus. Hcnonbs3zoBanue ronorpaduyeckoro aHajgu3a IpPU COXPAaHEHHHM W pecTaBpauuu
OOBEKTOB KyJIBTYPHOTO HACIIEANS.

3. Hudposbie METOABI B JOKyMEHTALUN OOBEKTOB KYJIBTYPHOTO HACIEIHsL.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELLICHUAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
Onenka ynoBieTBOpuTeNnbHO 4 Oaiia - BBICTABISIETCS CTYIACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yaoOBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH MporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.



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.



