OT3bIB
O(pHIHMAIBLHOr0 ONMOHEHTA HA AUCCEPTALMIO HA COUCKAHHE
Y4Y€HOH CTeNneHN KaHIHAaTa PH3NKo-MaTeMATHYECKHX HAVK
I'yasknna [Imutpus Huxos1aeBuya
Ha TeMy: «MHKpPOCKONHSA Pe30HAHCHBIX ONTHYECKHX COCTOSIHHI B (POTOHHBIX
KPHCTA/JIaX M NOJIYNPOBOJHUKOBBLIX METANOBEPXHOCTX)

no cnenuaabHocTu 1.3.19 — «1azepHas puuka»

AKTV&JIB_HOC'[Q TEMbI JHCCEPTALIMH

B mucceprammonnoit pabore I'ynskuna J[.H. wuccrnenyercs pacmpoctpanenue
3JCKTPOMArHUTHBIX BOJH BHIMMOTIO JMana3zoHa B (OTOHHBIX CTPYKTypax ¢
XapakTepHbIM pa3MepoM Ha Macmrabe [UIMHBL BOJHBI H3JIyYeHHS W B
METamoBEpXHOCTAX  Ha  cybBomHoBoM  macmrabe.  IIpocTpancTBennas
MEPUOIMYHOCTh MPUBOIUT K OPArroBCKOM MU(PAKIMK U3TydeHHs HA YacTOTax B
bOTOHHOM 3ampenIeHHOM 30He. DTO MO3BOJIAIONIEH JTOKAIM30BaTh MOBEPXHOCTHBIE
BOJIHBI B COYCTAHHM C TOJIHBIM BHYTPEHHHM OTPAKCHHECM B IUIAHAPHBIX U
NPSMOYTOJIBHBIX BOJHOBOJaX. Bo30ykaeHne MOBEPXHOCTHBIX BOJIH HCIOJIB3YET
)IH(bpﬁKllHlO Ha PCUHICTKEC W MArHUTO-JAHUIIOJIBHBIC PC30HAHCH!I HAHOYACTHIIBIL. I[HH
YBEIIHYEHHUS JOOPOTHOCTH PE30HAHCOB M JUIMHBI Mpolera MmoBepXHOCTHBIX BOJH
paccMaTpUBAaOTCA TMOJHOCTBK) JAUDJICKTPHUYECKHE CTPYKTypbl. B  kaudecTse
MAaTEpHAIOB HCIIOJIb30BAHbI BHICOKONPEIOMIISIONINE TOHKHE IUICHKH ICHTA0KCH 1A
TAHTaJa, MMOJMMEPHBIC CTPYKTYPbl, HEMPAMO30HHBIC (KPEMHHUH) U MPAMO30HHBIC
(apceHua rauMA) MONYNMPOBOAHMKA. B mocrmemHeM ciydae ONTHYCCKOC
MHIYLUUPOBAHHE M pejakcalys CBOOOJHBIX HOCHTEIICH JOMyCKAaeT YIPaBICHHUE
CBETOBBIMH IIOTOKAaMH C XapaKTEPHbIM BpeMeHeM Moayisuuud oxoio 200 de.
[Tonyyenue CTpyKTYyp, XapakTepusauus oOOpas3loB M H3MCPCHHC OINTHYCCKHUX
SIBIICHUH MCIIONB3YIOT PSJI TMEPeOBHIX TEXHOJOTMH M METOJOB: MHKPOCKOIHS
yTC‘H(H H BH,IHCI:'I (I)OKaJIBHOﬁ IIJIOCKOCTH, METO/1 30H/I-HaKavKa, ATOMHO-CHIIOBad H
pacTpoBas  DJIEKTPOHHAs  MHMKPOCKONHs, JABYX(pOTOHHAs  IOJUMEpU3allus,

MHUTAKCHAIbHBIN pocTt H AaTOMHO-CJIOCBOC OCANK/CIHHC, JJIEKTPOHHO-JTYICBas



nuTorpagus,  pPEaKTHBHOE  HOHHOE  TpaBjieHHe, OOpaTHBIA  Ja3epHo-
MUHIYLHPOBAHHBINA NIEPEHOC KPEMHUEBOH HAHOYACTHIIBI.

Jlns HayyHoro cooOmliecTBa 3HAUMTENBbHBIH MHTCPEC K (DYHIAMCHTAIBHBIM
BOIIPOCaM pPAcHpoOCTpaHCHHs OJIOXOBCKUX IOBEPXHOCTHBIX BOJH B (POTOHHBIX
HHTCTPalbHBIX CXCMaxX CBfA3aH TAKKC C BO3MOXKHOCTBIO HX MPAKTUYCCKOIO
NPUIIOKEHUA JUIsA peanu3auuy (peMTOCEKYHIHBIX CHCTEM 00pabOTKM ONTHYECKON
uHQOpMaNMK, a TAaKKe IIMPOKOrO KJIAcca ONTHYECKMX YCTPOMCTB: (DMIBTPOB,
CCHCOPOB, MHKpOJa3epoB. B CBfA3M ¢ 3TUM Tema IUCCEPTALMOHHOH pPabOTHI
JA.H. I'ynpkuna, 6€3ycnoBHO, aKTyaJbHA M NIEPCHEKTHBHA.

CTpyKTypa M coaep:KaHHe IHCCePTALHH

Huccepramms J.H. I'ynbkuna cocTOUT U3 BBEJICHUS U YETHIPEX IJIAB, 3aKJIIOUYEHHS U
npuioxenuil. bubnuorpaduyeckuii cnucoxk BkaovaeT 202 HaWMMEHOBaHHUS, OH
BOOpaJ1 B cebsl OCHOBONOJIAralolHe KJIACCHYECKUE i COBPEMCHHBIE pa0OTBI 110 TEME
nuccepranuu. TeKCT quccepTanyu U30xeH Ha 178 crpaHMnax, mocTraHoBKa 3a1a4
U pesynbTaThl  COMPOBOXKIAKTCH  NPOQEecCHOHATBHO BBITIOJTHCHHBIMH

WUTIOCTPAIMSIMU U rpaduKaMu.

Bo BBeieHHH 000CHOBaHA aKTYaJIbHOCTh TEMBI AUCCEPTAMOHHOTO HCCIIE0OBAHHUS,
chopmymupoBansl menM M 3a7aud  pabOTHl, ONMCAHA HaydHas HOBH3HA
JUCCePTAlMOHHON paboThl, NPHBEACHBI 3AIMINAEMBIC TOJIOXKCHHS M CIIHCOK
nyOnuKaLMii aBTopa 1o TeMe padboThl.

B riase 1 nposejieH HCTOPUYECKHI DKCKYPC U aHAJIW3 COBPEMEHHBIX paboT 1o
TCMC AUCCCPTALIHOHHOTO HCCJICI0OBaHHUA. Beeaen HﬂGOp MOHATHIA, HEOOXOAMMBIiH
AN TIOHHMaHHSA OCHOBHOTO cojiepxkanus. Caenan 0030p OOBEKTOB M METOJIOB
UCCIE0BAHUS, IKCIICPUMEHTAIBHBIX U TeopeTHuecKuX. OObeIUHAIONUM HAYaIOM

BCEX IPUBEIACHHBIX B JUCCCPTALMM HCCIICAOBAHMI OKa3bIBACTCS MOCTABJICHHAS U
0Tpa0OTaHHAs aBTOPOM METOAMKA OOHApY)KEHMS M H3YYEHHUS PE30HAHCHBIX
ONTUYECKUX COCTOSHHUI B (DOTOHHBIX KPUCTA/LIAX U BOJHOBO/IHBIX CTPYKTypax. B
IIEPBYIO OUEpeIb ITO MUKPOCKONUA 3a/1Hel (POKaIbHOM MIOCKOCTU ¢ GuibTpanuei

B IIPOCTPAHCTBC BOJIHOBBIX BCKTOPOB PACCCAHHOTO H3JIYUCHHA, IMOJAKIIKOYCHUC K



YCTaHOBKE BTOpOM Kkamepsl uepen 4f-cucteMy MO3BOJSET MOCTABUTH TAKKE
MHUKPOCKOIIMIO YTEYKH M3JIyYEHHUs IOBEPXHOCTHBIX cocTosiHMit. Jlns wu3yuenus
OBICTPBIX ~ ONTHYCCKMX TPOIECCCOB B  MPSAMO3OHHBIX  IOJIYIPOBOAHUKOBBIX
MCTamoOBCPXHOCTAX IIOCTABICHA CICKTPOCKOMMS «HAKauyKa-30HI» C BPEMEHEM
paspenienus 6.6 ¢c, 4To COOTBETCTBYET 3a/1epiKKe UMITYIIbCa HA IIYTH B 2 MKM.

I'naBa 2 noapobuo onuceiBaeT 3(@dekr Bo30YyXKIAeHHS OJOXOBCKHX
ITOBEPXHOCTHBIX BOJIH Ha TOBEPXHOCTH  paclpcacCICHHOI'O GPBFFOBCKOFO
OTpakaTelss ¢ IOMOIIBIO OJMHOYHOM KPCMHHCBOM HAHOYACTHIBI 3a CYCT
MarHMTOIUIIONBHOrO pesoHanca Tuna Mu. BozOyxkjaenue BOIHBI B NpPSAMOM H
oOpaTHOM HampaBICHHUAX INPH HAKIOHHOM @aJCHUM H3TYYCHHS OKa3bIBACTCS
CIIEKTPaJIbHO-CEJICKTUBHBIM B NpeJieiiax creKTpaibHoro auanasona 30 um. ITo mepe
YBEJIMYCHHUS 4acTOThI CBETAa BOIM3H MarHUTHOTO JUIIOJILHOTO PE30HAHCA YACTHIBI
MNpEeUMYyLICCTBCHHO IIPsAMOC BO36Y)K.HCHPI€ Ha JIMHC BOJIHbI 750 BM 1UIABHO
npeodpa3yercs B IPCUMYLICCTBEHHO 00paTHOE Ha JIMHE BOJIHBI 720 HM.

B rnaBe 3 mMeToa onTHYECKOM MHUKPOCKOIMH YTCUKH H3IYyYCHHs NPHUMCHEH
JJI1  XapakTepu3allMd MOJOBOTO  COcTaBa  OJOXOBCKHX  IOBEPXHOCTHBIX
3JICKTPOMArHUTHBIX BOJIH B BOJIHOBOAHBIX CTpyKTYypax. IIpoduiu nnepBeix Tpex Mo
¥ MX KOMOMHAIMK B IPSIMOYTOJIBHBIX BOJIHOBOJAX ¢ BICOTOH OT 170 HM 10 215 1M
M LTUPHHOM OT 1.4 MKM /10 2 MKM HaXO/IMTCA B COOTBETCTBHHU C MPSMBIMHU pacucTaMu
M HU3MEPCHMSIMH METOJAOM CKaHHUpYHOLICH OJIMKHEMOIBHOM  ONTHYCCKOM
MHKPOCKOITHH. MHOFOMO,-'J,OBEI}I HHTCp(iJCpCHI]HH IHO3BOJIACT OCYLICCTBHUTD
TUIAHApHBIX Pa3BETBUTENAX C BbICOTOM 215 HM M mmpuHOH 10 4.4 MKM,
3(1}(1}CKTHBHOCTB npeoSpaaoBa}ma cornocraBJiCHa C pPcaiIn30BaHHbIMH
Pa3BETBUTCIAMH X- U Y-THIIA.

B raase 4 1poACMOHCTPHUPOBAHO CYONHMKOCCKYHAHOC  ONTHYCCKOC
IICPCpaclpeac/ICHUE  PHCPrHM  CBCTa B JU(PPAKUMOHHBIX  HOpAIKax
METaINOBEPXHOCTEH, COCTOALIUX U3 TPUMEPOB MH-PE30HAHCHBIX YaCTHL] apCCHUA
raJUIMs ¥ ONTHUMMU3HPOBAHHBIX I10J] MEPEPACIPEACIICHUE DHECPIUU B HAIPaBICHHU
OJHOr0 M3 ABYX OOKOBBIX MOPAAKOB AU(pakuuH. ONTHYECKA HHAYLHMPOBAHHAS

MOJYJIALMA HHTCHCHBHOCTH JAM(PaKIHOHHBIX MAaKCUMYMOB jaocturaet 15% npu



IUIOTHOCTH 5Hepruu Hakauku 4.5 mxJDx/cM’. DPexT MOAYIALUMH MPOUCKOJUT
BCJICICTBHE ONTHYECKON reHepauuu CBOOOIHBIX HOCHTENCH B apceHuje rauius,
pPa3sHOro HM3MEHEHMs IIOKa3aTeNs MPENOMIICHHUS pa3HbIX YacTUIl TpUMEpa |
COOTBETCTBYIOILETO M3MCHEHHA JuarpaMMbl pacCesiHUs METallOBEPXHOCTH.
XapakrepHoe BpeMs MOAysuuu coctaBaierT npuOamsurensHo 200 de, a npu
XapaKTEpHOM BPEMCHH pellakcalu cBOOOAHBIX HOCHTEICH 1.5 11c.

B 3akia4deHMHm 4eTkOo  C(OPMYIMPOBAHbI  OCHOBHBIC  PE3YJbTATHI
AACCCPTALIMOHHOI'O UCCIICAOBAHNA.

AHanu3 JauccepTalMOHHOM paboThl M nyOJMKaUuMM aBTOpa [0 TEME
MCCIICA0BAaHUA CBUIACTEILCTBYIOT 00 000CHOBAHHOCTH 3aLHMILAEMBbIX HAYYHbIX
NOJIOKEHHI, BBIHOCUMBIX aBTOPOM Ha 3amuTy. Pe3ynbTaTsl TMOJIy4eHBI
SKCIICPUMCHTAIBHO. HpOBelIEHbl NOATBCPKIAOIIKUE pPACYCThl M IMPCIAI0KCHO
IpUMeHeHHe NMOoJ0OHBIX (OTOHHBIX CTPYKTYp. PesynabraThl 00s1aaroT HAy4HOM
HOBHM3HOM.

[IpakTHYyecKas 3HAYHMOCTH PadoThl

Ha ocHoBe COBpeMEHHBIX METOJOB HAHO(MOTOHMKH, BKIKOYAS MHUKPOCKOIHMIO B
3a/1HeH boxanbHO# IJIOCKOCTH, IPOBEICHO TIOCIIEI0BATENILHOE
KCIIEPUMEHTAIEHOE HCCIIeI0BaHNE pacnpoCTpaHEHUS 0JI0XOBCKHX
[IOBEPXHOCTHBIX BOJH B JMAJICKTPUYECKUX (DOTOHHBIX CTpykTypax. Hayumnas u
NpakTHYECKas  3HAYHMOCTh  TIOJNYYEHHBIX  pe3y/IbTaToB  00ycrioBieHa
BO3MOKHOCTBK)  CO3JaHHMs  HOBBIX  BOJIHOBCAYLIMX, PC30HATOPHBIX MU
(hOKYCUPYIOIIUX YCTPOUCTB HA OCHOBE (DOTOHHBIX HHTETPAIBHBIX CXEM.

JaMeyaHus MO JHCCEPTALMOHHOM padoTe:

1) B o630pHO# riaBe npu BBEACHHH TOHSATHS YHCIOBOH anepTypsl Ha crp. 18

ormeuaeTca: «Eciu ¢okyc nmuH3bI paBeH f, TO paguyc OCHOBaHMA KOHyca I Ha
nun3ze pasel f * sin O». C yueToM UCIoNBE30BaHHBIX B UCCIEAOBAHUN OOBEKTUBOR
GO0JIBILIOM YHCIIOBOM anepTyphl Cle1yeT YKa3aTh IPaHUIbl IPUMEHUMOCTH JaHHOTO
COOTHOILLICHHA.

2) B I'maBe 2 BOaHOBOM BeKTOp ©0JI0XOBCKOHM MOBepXHOCTHON BouHbl (bIIB)

M3MEPACTCA METOAOM MHKPOCKONHMH 3aancH (QoxanpHoH miockoctn (3PII).
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Onucanue m3MmepeHuil mpuseaeHo Ha ctp. 97: “bIIB, mMmeromas mnocrosHHoe
3HaueHHE BOJIHOBOTO BEKTOpAa HE3aBHCUMO OT HANPaBJIEHUS paclpocTpaHeHus, Ha

n3o0paxkenun 3PI1 BRIMIAIUT KaK KOJBIO C HEHYJICBOM TolNmMHON ¢ Amddd ~

0.03. K takomy xombuy Ha uzobpaxenud 3OII, cocTaBieHHOM M3 MUKCEIei

KaMepbl, MOKHO NMPUMEHUTh TEOPHI0 00 OKpy:KHOCTSAX Ha pemétkax’. Crout
OOBACHUTDH, KAKUMH (PU3UIECKIMU NPUUMHAMH 00y CIIOB/ICHA HEHYJIeBasl TOJIIINHA

KOJIbla, MIOMMMO pa3Mepa MUKCellsi KaMephl.

3) Uzyuennsiii B rmaee 3 3¢dext MHOroMo10BoM unTepdepeHunn 6I0XOBCKUX
MOBEPXHOCTHBIX BOJIH MPEACTABISETCS TeCHO CBA3aHHbIM ¢ 3(dexTom Tansbora
Juis iudpaknmonnsix penietok. C yueToM 3epKanbHBIX MPAHUYHBIX YCIOBUH Ha
Kpasix BOJIHOBOJA ObUIO ObI MOJE3HO COMOCTABUTH IOJYYCHHbIC 3aKOHOMEPHOCTH
¢ ananuTHueckoi ¢opmysoii s nepuoaa Taas6oTa.

4) ITpu 0O6BsACHEHNH BBOJUMBIX TEPMUHOB B TCKCTE AUCCEPTALMU YaCTO IPUBOIATCS
aHITIOA3BIYHBIE AHAJIOTH. JTO MOJIE3HO, MOCKOJIBKY YacTh TCPMHHOB HE ycrena
YCTOSTBCS B PYCCKOSA3BIYHOM JIUTEpaAType:

e METOABI NpeA-co3Aanus (aHIII. preprocessing) U IOCT-co3aHus (aHTiI. post-
processing),

® «ABYXLBETHBII» METOA (aHrJI. two-color pump-probe interferometry),

e ympaBJieHHE HANPABJICHHOCTHIO PACCESTHUS CBETa Ha CTPYKTYype (anri. «beam
steering»),

¢ «BBITEKAIOIINE» MOBEPXHOCTHBIC MOAbI (aHr. «leaky»),

e (CB00OHOpA/MKAIIbHAS NOJUMEpH3aIus (anru. free-radical
photopolymerization mechanism),

e Ookckap (anri. boxcar averager),

® IUIOTHOCTb 3Hepruu Hakauku (daroenc, anri. fluence),

e cynepsuciika (auru. Supercell) u T.1.

Hannuue Takux TEpMUHOB OOYCIOBJIEHO OYpHBIM pa3BUTHCM HalpaBJICHHS,

MOTOMY B COOTBETCTBUHM C TMPHUBCJACHHBIMM B JUCCEPTAllUM  LCHHBIMH

METOJMYECKUMH 3aMeYaHUsIMH, B MPOJOJDKCHUE CIIMCKA COKpaLleHHH Ha cTp. 158

ObLIO OBI BIOJIHE YMECTHO COCTABIEHHE KPATKOTO Iioccapus. ABTOPCKMH CTHIIb
5



W3JI0KCHHA OCTaBIAET CHJIBHOE TOJOXKHUTEIbHOE BIEUATICHHE HE TOJIBKO C
HAYYHOMH, HO TaKXKC M C METOAMYECKON TOYKH 3penus. HecMoTps Ha HTO B TEKCTE
3aMEYCH pPSAJ ONCYAaTOK M HETOYHOCTEH. B HEKOTOpBIX MecTax Ha PUCYHKax He
yKa3aHbl ocd, Macumrabel Mukpodororpaduii. B ccblike Ha NpOCTpaHCTBEHHOE
npeoOpaszoBanue Oypoe ([9] CuByxun /1. B.. Kypc o6meit pusuku. IV Tom. Onruka,

M.: Hayka, 2002) cronno yka3aTh B KaKOM UMEHHO Iaparpade yueOHUKa clie1yer

HCKaTh NpeoOpasoBanmne. He AcHO, 4TO MOHMMAaETCs MO/ KHANITYHIINM YACP/KaAHHCM
SHEPTUM» U «HAWIY4LIeH BEJIMYMHON paccesHus» Ha ctp. 119 u 123.

CaenaHHbIe 3aMeYaHUs HE 3aTParuBalOT BHIHOCUMBIE Ha 3aIUTY [I0JIOKECHUS U
HE CHIIKAIOT 00IIeH BHICOKOH OLIEHKH JUCCEPTALMOHHOM paboThI.

Crenesnb 000CHOBAHHOCTH HAVYHBLIX NOJIOKEHHH

PesyneraThl HccneaoBaHus, BOUICAIINE B JHCCEPTALHUIO, MOTYT CYHTATHCS HAYYHO
JOCTOBEPHBIMM Ha OCHOBAaHHUM MCIOJIB30BaHMUS CTPOro0 HAyYHBIX MECTOJIOB
UCCIIeIOBaHUS M, B YaCTHOCTH, MATEMaTHUYECKH KOPPEKTHOW KOJIHYCCTBCHHOM
NPOBEPKHU COBMAJACHUS TCOPETHUYECKUX BBIBOJOB U HDKCIIEPUMEHTANBHBIX JaHHBIX.
OcHOBHBIC pe3yNbTaThl OMYyOJWKOBAHBI B BEAYIIMX JKypHaJaX MO ONTHKE M
anpoOHpPOBaHbI HA NEPE/IOBLIX HAYUHBIX KOH(PEPCHIIMIX.

Jakawyenue

CuuTaro, 4To B 1eloM auccepranuonnas padora JI.H. I'ynekuna «Mukpockonus
PC30HAHCHBIX OIITHYCCKHX COCTOSIHUH B LI)()TOHH]:-IX KpHCTalll1ax H
I10JIyIIPOBOAHUKOBBIX METAllOBEPXHOCTAX» BBINOJHCHA HAa aKTyaJbHYIO TEMY, Ha
BBICOKOM HayY4YHOM YPOBHE. Texker AUCCEpTallMN BBIJICPIKaH B CTPOTOM Hay4YHOM
CTUIC M I SCHOCTH COIPOBOXKAACTCS Ka4ECTBCHHBIMU HIUIIOCTPALUAMM.
ABTopedepar cOOTBETCTBYET TEKCTY JAMCCEPTALIMH, TIPABUIIBHO U ITOJIHO NepeaacTt
e€ coaepxKaHue.

Huccepranus IIPECTABIISIET coboit 3aBEPLICHHYIO Hay4HO-
KBaMM(UKAIIMOHHYIO HCCIIE/I0BATENLCKYI0 paboTy, oOTBRewaeT TpebOBaHMSAM,
YCTAHOBJIEHHBIM MOCKOBCKMM TOCY/IapCTBEHHBIM YHHBEPCUTETOM HMMeHHM M.B.
JlomonocoBa Kk paboram mnopodHoro pozpa. Coxepxanue auMccepTalyy

COOTBETCTBYET MAcNopTy cnenuanbHocTu 1.3.19 — wiazepuas ¢pusukay (1o ¢pusuxo-



MaTEeMaTHYECKUM HayKaM), a TakkKe KpUTEpusAM, ompeiaesneHHbiM mm. 2.1-2.5
ITonoxeHns o NPUCYXKICHUN YUEHBIX cTeneHeil B MOCKOBCKOM IOCYIapCTBCHHOM
yHuBepcutere umeHn M.B.JlomonocoBa, a Takke ogopmiacHa, COTracHo
npunokeHusaM Ne 5, 6 IlomoxeHus o auccepTalMOHHOM COBeTe MOCKOBCKOTO
roCy1apCTBEHHOIO yHUBepcuTeTa uMend M.B. JlomoHOCOBA.

Taxkum obpasom, couckarens ['ynbkun JImutpuii HukomaeBuu 6esyciosno
3aCJIyKMBACT NPUCYK/ICHHS YUEHOH CTENEHH KaHauaaTa (PU3HKO-MaTeMaTHYECKHX
HayK 110 cnenuansHoctu 1.3.19 — «iasepHas dusukay.

OdunmansHbli ONNOHEHT:

JOKTOpP (pU3UKO-MATEeMaTUYECKUX HAYK,

BE/1yIIMH HAYYHBIH COTPY/IHHK,

3aBeyIOIHi 1abopaTopuel POTOHUKN MOJICKYISIPHBIX CUCTEM
Uncturyra ¢pusuku uMm. JI. B. Kupenckoro ®I'BHY «®enepanbhbiii
ucciaenopareabckui HeHTp «Kpacnospekuil nayunsii nentp Cubupckoro
ot/ieicHuA POCCHICKOM akaJleMUH HAYK»

Tumogees Mpan Biaaumuposuy
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