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

n300pa3uTEeILHOTO MCKYCCTBA" MpelycMaTpuBaeT —IpenojgaBaHue (yHIAMEHTAIBHBIX 3HAHUH O CTPOCHUH

BCIICCTBA, B3aHMO,I[eI71CTBPIH cB€Ta C
HCOPraHM4C€CKUX BCHICCTB W MAaTCpUaAJIOB.
OIITHYCCKOHN U 3J'IeKTpOHHOI71 MHKPOCKOIINH.

1. leau u 3apauu

Meap AUCUMNIMHBI

BEIIECTBOM,

doropusuke © (OTOXMMHU OPTaHUYECKHX H

O3HakOMJIGHHE C COBPEMEHHBIMH METOJaMH 30HJOBOH,

Lenpto Kypca sBisieTcss npenogaBaHue (yHIAMEHTANIbHBIX 3HAaHUH O CTPOGHUM BEIIECTBa,
B3aMMOJICHCTBUU CBETA C BEIIECTBOM, (oTom3nke u (POTOXMMUU OPraHUYECKHX M HEOPTaHHMYECKUX
BeUIECTB M MaTeprayioB. O3HAKOMJICHHE C COBPEMEHHBIMH METOAAMM 30HAOBOW, ONTHYECKOH H

3IEKTPOHHOW MUKPOCKOIIMH.

3agauu AU CHUIIHHBI

@dopMUpOBaHUE Hay4HbIX 3HAHUI O CTPOCHMM BELIECTBa U O B3aUMOJEHCTBUM CBETa C BELIECTBOM
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 npoOJIEeMHYIO 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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

U DJIEKTPOHHOHN

3HATh:
- TEOPETHYECKNE OCHOBBI TEOPUU CTPOCHHS BEIIECTBA;
- TEOPETHUYECKHE OCHOBBI TEOPHH B3aUMOJICHCTBUS CBETA C BELLIECTBOM;
- COBpPEMECHHBIE BO3MOXXHOCTHM METOJOB CKaHHPYIOLIEH 30HAOBOW, ONTHYECKOU
MHKPOCKOIIHH.
YMETh!

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

- o0pabarbiBaTh DKCHEPUMEHTAJIbHbIC IaHHbIC, IIOJYYEHHbIE C IIOMOUIBIO (DH3HKO-XUMUYECKUX
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;

- NPaKTUYECKUMHU HABBIKAMHM HMHTEPIIPETALUU 3KCIEPUMEHTAIBHBIX JAaHHBIX O CIIEKTpaX, COCTaBe U
MOp(OJIOTHH BEIIECTBA, IPAKTHYECKUMHU 3HAHUSIMHU O METOAAX CKaHUPYIOIIEH 30HAOBOM, ONTHYECKON
U 3JIEKTPOHHON MUKPOCKOIINY;

- HaBbIKAMH MTOHMCKA B XUMUYECKHX 0a3ax TaHHbBIX;

- THIOBBIMU IIpueMaMy 00pabOTKH U aHaH3a Pe3ylbTaToB (PU3UKO-XMMUYECKOTO M BBIYUCIUTEIBHOTO
IKCIIEPUMEHTA;

- METOJIOJIOTHEN COIIOCTaBIEHUS U KPUTUUECKOM MHTEpIpeTallui MacCuBa JaHHBIX, IIOTY4YEHHBIX BCel
COBOKYIHOCTBIO HCIIOJIb30BAaHHBIX (DU3UKO-XMMHUYECKUX W MaTeMaTHYeCKUX METOAOB HCCIICAOBAHHS
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
| @u3n4eCcKrue  IPUHUUIIBL  JIA3€pHOMU 4 4
reHepanun
2 JlazepHoe n3nydenune 4 4
3 BsaumopneiicTBrie 1a3epHOro U3MyUYeHHS C 4 4

BEILECTBOM

CoBpemMeHHbIE METOBI JTa3E€PHON YUCTKH
4 HWCTOPUYECKA IIEHHBIX OOBEKTOB W 4 4
MIPOU3BENCHUI UCKYCCTBA

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

JlazepHsbie CTICKTpaJIbHbIC METObI
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 JIeKIMM CHCTEMAaTU3UPYET dIIEMEHTAapHbIE (U3NUECKHE 3HAHUS Y CTYACHTOB O IOTIOLICHHH,
BBIHYK/ICHHOM M CIIOHTaHHOM H3JIyuYCHHE, 3aCEelICHHOCTH, WHBEPCHOM 3aCEJICHHOCTH YPOBHEH
SHEPTUH, O KOTEPEHTHOCTH M3IIyYCHHSI U O KOTEPEHTHOCTH BBIHY)KICHHOTO M3IIy4eHHUs], B YaCTHOCTH,
HOJSAPU3ALMN U3JIyYeHHs, IOpOre TeHEepaliM, pe30HAaTopax, MoJax pe3oHaropa (IIPOIOJbHBEIE,
MOTIEpPEYHbIE), CENeKUUH MOA, JOOPOTHOCTH PE30HATOpa, YCTOWYMBBIX M HEYCTOHYMBBIX
pe3oHaropax. PaccMmaTpuBaloTCS: THUIBI PE30HATOPOB  (IUIOCKOMAPAJUICNIBHBIN, KOH(OKAIBHBIM,
MOTYKOH(OKAIbHBIN, KOHICHTPUYECKHH, ITOTYKOHIICHTPUYECKHI, KOJIBIIEBO); ONTHKO-BOJIOKOHHBIN
Ja3ep; aKTUBHBIE CPEbl; ONTUYECKNE KOMIIOHEHTHI J1a3ePHOM CUCTEMBI.



2. JlazepHO€ n3mydeHue

DHeprusi, MOLUTHOCTh U IUIOTHOCTH MOIIHOCTH JIa3€pHOTO M3JIyY€HHs; KOHTPOJb JIa3epHOTO Iy4Ka;
aJlaniTUBHAsl ONTHKA; ONTOMEXaHUYECKUE IEMEHTHI; HEIIPEphIBHAS TeHepanus; KBa3H-HelpepbIBHAS
reHepalys; UMIyJIbCHas reHepaimsa. Monymsaus go0poTHocTr; CHHXpOHH3anUs MOA (IIPUHIMIT U
TEeXHHYECKOe BoIUIomeHue); Ynpnuposanue; Yeunenue; HM3mepenne napameTpoB Ja3epHOTo My4Ka;
Pacnpoctpanenue isazepHoro myuka; JlocraBka iazepHoro mnyuka; lM3MmepeHue mapaMeTpoB
YABTPAKOPOTKUX UMITYJIBCOB JIA3€PHOTO U3ITY4YEHHUS.

3. BzaumopeiicTBuUE 1a3epHOTO U3JIYYEHUS C BEUIECTBOM

[ornomenne nazepHoro wu3nydeHus. Henunelino-ontndyeckue 3¢dexrer. [lommomenue cpera
TOo4eYHBIM abcopOepoM. OmnroakycTHUeCKU S(PQPEKT. AKYyCTHUSCKUE BOJHBI. YIApHBIC BOJHEI.
Nonnzanus. Jlazepusiii npo6oii. JIazepras mnazma. KaBurannonnsle my3sipbki. JlazepHas a0Omsmusi.
dotomexannyeckue dpdexTsl npu  abmauuu. Tepmosnactuyeckuidl  dpdexT. MexaHU3MBI
paspyuieHust u admsiusi. [lepexonHbie mporiecchl B ¢GoroMexaHndeckoi aomsiuu. OCoOCHHOCTH
(doromexaHuueckoil abmsauuu (mopor abisLUM, BOJHBI HANpsDKEHUWs, nuiedd abmsauuu). AOmauus
KHUJIKOCTU. AOTSIMS MATKOTO Marepuana. AOisiius TBepAbix Ten. @oromexanndeckuit ¢ dext npu
Ja3epHON YMCTKE MarepHaioB. AOJSIUS C UCIOIb30BaHHEM HAHOCEKYHIHBIX HUMITYJIbCOB U
(eMTOCEeKyHTHBIX UMITYJIbCOB.

4. CoBpeMEHHBIE METOIbl JIa3epHOM YHUCTKH HCTOPUYECKH LIEHHBIX OOBEKTOB M IPOM3BEICHHUN
HCKYCCTBa

OnTtuMu3anusi TPOTOKOJIOB M BO3MOXKHBIE MN0OO04HBIE 3(dekrel. Moandukanuss XUMHUYECKOTO
COCTaBa M CTPYKTYpHl BELIECTBA NpPH Ja3epHOM Bo3aeicTBUH. DoToakycTHuecKast CHEKTPOCKOIIUS
JUI AMAarHOCTHUKM HMCTOPHYECKH LEHHBIX OOBEKTOB W MPOU3BEACHHH HCKYCCTBA W MOHUTOPHHIA
mpouecca  J1a3epHOM  OYMCTKM. AOmAmMsS W Ja3epHas  MOHM3AIMs  COBMEILICHHAas C
Macc-CIIEKTPOMETPHUEH ISl aHAIN3a HICTOPUUECKH LIEHHBIX O0BEKTOB U IPOM3BEACHUN UCKYCCTBA.

5. KorepeHtHsle cBoiicTBa JasepHOro wusiaydeHus. OmnrTudeckass KOTEpeHTHas TOMOrpadus,
rosiorpadust

Onrtudeckas KOrepeHTHass ToMorpadus Uisi HEMBAa3WBHOTO CTPYKTYPHOTO aHaiu3a M COXPaHCHHUS
00BEKTOB KyJbTypHOTO Hacieaus. lonorpadus. Mcmonb3oBanue ronorpaduyeckoro aHamu3a IMpH
COXpaHEHHHM W pECTaBpallMi OOBEKTOB KYIBTypHOTO Hacieaus. LludpoBbie TexHOIOrHH B
JTOKYMEHTAILMK KyJIbTypHOro Hacieausi. O030p Ja3epHbIX CKaHepoB. MeTONOIOTUs U MPaKTHYECKOe
NPUMEHEHHE OIIEHKHU KYJIBTYPHOTO HACIIEIUs C IIOMOIIBIO JIA3EPHBIX CKAaHEPHBIX JaHHBIX. [ eHeparus
BUPTYaJIbHBIX MOJIENICH KyJIbTYPHOTO HACIIEHSL.

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

Crexrpockomnus nazepHoro npobost Laser Induced Breakdown Spectroscopy LIBS. [Ipumenenue st
MaJIOMBAa3UBHOTO CTPYKTYpHOTO aHalM3a W COXPAaHEHHUS OOBEKTOB KyJIBTYPHOTO HACIEAMS.
[TopratuBHas anmaparypa LIBS. Bo3MOXHOCTH Al ITUCTaHIIMOHHOTO aHaiu3a. CHEeKTPOCKOHS
KOMOWHALIMOHHOTO ~ PACCEsIHUS. PamanoBckass ~ cmekrtpockonus-mMukpockonus < u UK
CHEKTPOCKONHSI-MUKPOCKOTIHSL. HenuneiiHo-ontuueckas CHEKTPOCKOIHSI-MUKPOCKOTIHSL.
MuKpocKonuSl ~ YeTHIPEX-BOJIHOBOTO  CMEIICHMSA, MHKPOCKONHUS  BO30Y)KIECHHE-30HIUPOBAHHUE
(pump-probe), MHKpPOCKOIIMSI TE€HEpalud TapMOHHK, MHOTO(QOTOHHas (OTOIOMHUHECLIEHTHAS
mukpockorusa. Pemrocexynanas KAPC cnekrpockonusi-mukpockonus (Femtosecond Coherent Anti
Stokes Raman Spectroscopy- f-CARS), ¢demMTocekyHaHas CTUMYIMpPOBaHHAs 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)

CryaeHT, W3ydalIui AWCIHILINHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OIpeNeieHHs AUCIUILIMHBI,
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 Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIbTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MareMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynberare usydenust aucuuiuinHel «lIpuMeneHne na3epHbIX TEXHOJOTMH Ul aHAINM3a U MOAM(UKAIMH
MaTepHanoB 0OBEKTOB N300PA3UTEIBHOTO UCKYCCTBAY 00YUAIOMIUNCS TOMIKEH:

3HAThb:

- TCOPCTUUCCKUC OCHOBBI TCOPUU CTPOCHUS BCIICCTBA,
- TCOPECTUICCKNEC OCHOBBI TCOPHU B3aHMMO/ICHCTBUS CBETA C BCUICCTBOM,
- COBPCMCHHBIC BO3MOXHOCTU MCTOHOB CKaHI/Ipy}OH_Ieﬁ 30H,I[OBOI>1, OITHYCCKOH M 3J'IeKTpOHHOI\/’I

MHKPOCKOIIHH.

yMeTh:

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

- o0pabarbiBaTh DKCHEPHMEHTAJIbHbIC IaHHbIC, IIOJYYEHHbIE C IIOMOUIBIO (DH3HKO-XUMUYECKUX
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;
- NPaKTUYECKHMMH HaBBIKAMH WHTEPIPETALMN IKCIEPHMEHTAIbHBIX AAHHBIX O CIEKTpax, COCTaBe M
MOp(hOJIOTHH BEIIECTBa, MPAKTHYECKUMU 3HAHUSMU O METO/IaX CKaHUPYIOIIEH 30HI0BOM, ONTHYECKON

n 3HeKTpOHHOI>i MUKPOCKOIINH,

- HaBBIKAMHM TIOMCKA B XUMHYECKHUX 0a3ax JAaHHBIX,
- TUIIOBBIMU IIPUCMAMHU O6pa6OTKI/I " aHaJIn3a pe3yJIbTaTOB (1)I/I3I/IKO—XI/IMI/I‘ICCKOFO 1 BBIYUCIHUTCIBHOI'O

IKCIICPUMCHTA,

- MeTO,Z[OJIOFI/Iefl COIIOCTABJICHUA U KpHTH‘leCKOﬁ HUHTCpIpCTAlM MAaCCUBA JAHHBIX, ITOJTYYCHHBIX BCeH
COBOKYITHOCTBIO HCIIOJIb30BAHHBIX (1)143I/IK0-XI/IMI/ILIECKI/IX N MarCMaTH4YCCKHUX METOJ0B HCCJICIOBaHUA

CTPOCHHA U COCTaBa BCUICCTBA.

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

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC 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. Onrtuyeckue IEPexobl B BCHICCTBC - TOINIOMICHHE, BBIHYKACHHOC M CIIOHTAHHOC H3JIy4YCHUC,
3aCCJIICHHOCTb, MHBCPCHAA 3aCCIICHHOCTDb ypOBHef/'I 3HepFI/II/I?

2. B uem 3akimo4aeTcs KOT€PEHTHOCTh HM3JIYYCHHS W KOTEPEHTHOCTh BHIHYXJICHHOTO H3JIy4YCHUS, B
YacTHOCTH?

3. Yto Takoe mopor reHepanuu jgazepa’?

4. JlazepHbIil pe30HATOP; MOABI pe30HaTopa (IPOJOJIbHBIE, TONIEPEUHBIE); CEIEKIUI MOI; JOOPOTHOCTD
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

Monynsiuust  1oopotHocTr; CHHXpOHM3auuss MoA (TPUHOMII M TEXHUYECKOE BOIUIOIICHUE).
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 mazepHOro u3nmydeHus. HenuHeitHo-omrmueckue 3¢dektsl. [lormomenue cBera
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. ®oromexaHuueckuii 3PQPEeKT NpU JIA3epHOH YUCTKE MarepuajioB. AOISILMA C HCIOJIb30BAHUEM
HAHOCEKYH/IHBIX UMITYJIbCOB M ()EMTOCEKYH/IHBIX UMITYJIbCOB.

22. CoBpeMEHHBIE METONbl JIa3ePHOW UYHUCTKH HCTOPHUYECKH LEHHBIX OOBEKTOB M IPOU3BEICHUI
HCKYCCTBa.

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

24. doroakycTHdeckasi CHEKTPOCKONHUS Ui TUArHOCTHKH HMCTOPHYECKH IICHHBIX OOBEKTOB H
MPOU3BEICHUI HCKYCCTBA 1 MOHUTOPUHTA MPOIECCA JIA3€PHON OUHUCTKH.

25. AOmsmuss ¥ J1a3epHas WOHM3AILMS COBMEIEHHAass C MAacC-CIIEKTPOMETpUEH i aHajiu3a
HMCTOPUYECKHU IIEHHBIX 00BEKTOB U MPOU3BEICHUI HCKYCCTBA.

26. OnTrueckasi KOrepeHTHasi ToMOrpadus sl HEMBa3MBHOI'O CTPYKTYPHOTO aHAIHM3a M COXPAaHEHUS
OOBEKTOB KyJIBTYPHOTO HACIIEANS.

27. Tonorpadus. Hcronb3oBaHue ronorpauyeckoro aHaiusa IPH COXPAHEHWH U PecTaBpalfu
00BEKTOB KYJIBTYPHOTO Hacleausl.

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

30. Cnekrpockomus jazepHoro mpobosi Laser Induced Breakdown Spectroscopy LIBS. Ilpumenenue
ISl MAJIOUBAa3MBHOTO CTPYKTYPHOTO aHAIM3a M COXPAHEHUsSI 0OBEKTOB KYJIBTYPHOTO HACIICAHSI.

31. IlopraruBuas anmnaparypa LIBS. Bo3M0XHOCTH 17151 AUCTaHIIMOHHOTO aHAIN3a.

32. CriekTpocKoIinsi KOMOMHAIIMOHHOTO paccesiHusl. PamaHoBcKas crieKTpockonusi-Mukpockornus 1 MK
CHEKTPOCKONHSI-MUKPOCKOTIHSL.

33. HenuHeilHO-ONTHYECKAS CHEKTPOCKOMUA-MUKPOCKOMHS. MUKpPOCKONUSA YEThIPEX-BOJIHOBOIO
CMEIICHUS,

34. HenuneiiHo-onTuyeckas CIEKTPOCKOIHSI-MHUKPOCKOTIHSI. MHUKPOCKOTIHUS
BO30YXICHHE-30HANpPOBaHUE (pump-probe).

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

36. HenuHeitHO-onTHYECKasi CHEKTPOCKOMHUSI-MUKPOCKOIHS. MHOTO(OTOHHAS (HOTOTFOMUHECIICHTHAS
MHKPOCKOTIHSI.



37. Henuneitno-ontuueckas CHEKTPOCKOMUA-MUKPOCKOTHSI. (demMTOoCeKyHIHAs KAPC
cnekrpockonus-mukpockomnus (Femtosecond Coherent Anti Stokes Raman Spectroscopy- f-CARS)

38. HenwuHeiHO-onTHYECKas] CIEKTPOCKOIHA-MHUKPOCKONHUS. (PEeMTOCEKyHIHAs CTUMYJIHPOBAHHAS
pamaHoBcKas criekrpockonus-mMukpockonus (Femtosecond Stimulated Raman Spectroscopy-FSRS)

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. JlazepHslil pe30HATOP; MOABI pe30HaTOpa (IPOAOIBHBIE, ONIEPEUHBIE); CEIEKIU MOJ; 100pPOTHOCTh
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. OnTHueckas KorepeHTHas ToMorpadus Uisi HEUBa3UBHOTO CTPYKTYPHOTO aHalu3a M COXPaHEHUs
OOBEKTOB KyJIbTYPHOTO HACIIEANS.

2. Tonorpadusa. Hcmonb3oBaHue rojorpaduyeckoro aHaiaM3a HpPU COXPAHEHWHM M PECTaBPaLlUH
00BEKTOB KYJIBTYPHOTO Hacleausl.

3. Lludpossbie MeTOABI B TOKYMEHTALUN OOBEKTOB KYJIBTYPHOTO HAaCEeIusI.

Kpurepun oneHuBaHus
Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpamMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
HNPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.
Onenka omMYHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOYETAMH.
Ouenka Xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomio 6 0aoB - BEICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U TI0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAET B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka yHIOBIETBOPUTENBHO 4 Oamga - BBICTAaBISAETCSA CTYAEHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapylLIeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B M3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yHIOBIETBOPUTENBHO 3 0Oajula - BBICTAaBISAETCSA CTYAEHTY, IOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, AOMycKaloulemMy OmHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISICTCSl CTYACHTY, KOTOPBI HE 3HAeT OOJbIICH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | 0ayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

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

HpI/I MMPOBCACHNHN YCTHOI'O 5K3aMCHA O6y‘-IaIOH_ICMYC$I npeaoCTaBIIACTCA 1 gac Ha OOATrOTOBKY. OHpOC
06yqa}0meroc>1 Ha 3K3aMCHE HC JOJDKCH MPEBLIIIATh OJHOI'0O aCTPOHOMUYCCKOTO HJaca.



