OT3bIB

ounuanpHOro omnoHeHTta o aumcceprammu CokosnoBa Bukropa MBanoBuya Ha
teMy «lMHTerpanpHas ONTHKa Ha OCHOBE (TOPCONMEPXKAIINX ITOJTHMEPHBIX
MaTepUajoBy», IPEICTAaBICHHON Ha COUCKAHUE YUEHOW CTENeHH NOKTOpa (U3UKO-
MaTreMaTH4YeCKUX HayK M0 crienraibHocTH 1.3.6. — OnrTHKa.

AKTYaJIbHOCTb UCCJICIOBAHUSA

HuccepranyonHast paboTa MOCBSIIEHa aKTyalbHOW Mpo0IeMe COBpeMEHHOM HayKH
U TEXHOJIOTHM — CO3/IaHMIO HOBBIX MaTepHaloB U Ha WX 0a3e HOBBIX 3JIEMEHTOB
UHTETpabHOM ONTUKK Ui (GOTOHUKHA. B KadecTBe KIIFOYEBOro OOBEKTA
UCCJIEIOBAaHUI  BBIOpAaHbl TTOBEPXHOCTHBIE MHKPOCTPYKTYPbl Ha  OCHOBE
dTOpcomepKaIMX TMOJUMEPOB, OOJANAOIINX YHHKATBbHBIMA CBOWCTBAMH, U3
KOTOPBIX CJEAyeT BBIACIUTH COYCTAHWE 3HAYUTEIBHOH XUMHYECKOH W
TEPMHUYECKON CTAOMIBHOCTUA C BBICOKOM ONTHYECKOW MPO3PAYHOCTHIO B OJHKHEM
UK (TeneKkoMMyHHUKAIMOHHOM ) JUana3oHe CIeKTpa.

Hay4yHasi 1 npakTu4eckasi BAXKHOCTb

Jlucceprandio  OTJIMYAE€T MHOIOCTOPOHHUM UM IIOCJIENOBATENbHBIA MOIXOJ K
peleHuto npoOeMbl, KaKk ¢ Hay4yHOH, TaKk U C IpakTHYeCKoW Todek 3peHus. Ilo
CYTH, MBI UMeeM JeJI0 C paboTol, B KOTOPOIl MPOBEIEHBI U YETKO IPeICTABICHEI
Bce Haubosiee BaXKHbIE CTAAUU pa3pabOTKH, Tpedyrolue Kak TiIy0oKoro
NOHUMAaHMS Pa3IUUHbIX (U3UKO-XUMUUYECKHX ACIMEKTOB peIIaeMbIX 3a/ad, Tak U
UH)XCHEPHOH MNpOpabOTKU METOJO0B M TOJXOJ0B JUISI CO3JAHHS 3asBJIEHHBIX
3JIEMEHTOB M YCTPOWCTB BILJIOTh A0 U3TOTOBJIEHUS U UCIBITAHUS TaKUX yCTPOMCTB.
B CcOBOKynmHOCTH BCE€ 3TO AeNaeT AUCCEPTALXI0 OJHHM U3 HEMHOIMX NPHUMEPOB
KOMIUIEKCHOTO MOAXOJa K HayyHoW paboTe, korga Ha 0aze MIMPOKUX
(dyHIaMEeHTaJIbHBIX HCCIEJOBAaHUN CO3JAIOTCS peajibHble MPONYKTHl (B JaHHOM
cllydae 3J€MEHTbl M YCTPOWCTBAa WHTErpalibHOM ONTHKM). HeTpyaHO BBIAENHUTH
CleIyIolue TTIaBHbIe B3aMOCBSI3aHHbIE CTaJUU paObOThI 110 TEMe TUCCePTaIUH.
Bo-nepBbix, 3TO pa3paboTKka OpPUTMHAJIBHOM TEXHOJOTMM CHUHTE3a IIpH
cBepxBbICOKUX (10-15 ThIC. aTt™m.) AaBieHUsX (TOpcoaepKaIIUX IOIUMEPOB C
TpeOyeMbIMU CBOWCTBAMH.

CuHTe3UpOBaH PsiJi HOBBIX (HE OMUCAHHBIX paHee) aMOpPPHBIX NepPTOPHUPOBAHHBIX
COTOJIMMEPOB JHOKCOJIAHOB U BHHHWJIOBBIX 3(HUPOB, 00JaNarOIUA BBICOKOM
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1.33) u wmanoii MarepuanpHOM mucmepcuet (dn/dh = -1.2 x 10-5 HM-1).
CormnonuMeps! CIIOCOOHBI K TNIEHKOOOPA30BaHHUIO W MOTYT OBITh MCIOJb30BaHbI IS
(dbopMupOBaHUs BOJTHOBOJHBIX 3JIEMEHTOB HHTETPATBHO-ONITUYECKUX YCTPOUCTB.
Bo-BTOpBIX, HCCIenOBaHME MW ONTUMM3ALMsl CBOMCTB HOBBIX IOJMMEPHBIX
MaTepuajgoB, UX CpaBHEHUME M COYETaHHWE C MOJIUMEpPaMH, MOIyYaeMbIMU II0
TPaAULIMOHHBIM TEXHOJIOTHSIM.

B-TpeThux, HaHeceHue QTOpCOaEpKAIIMX ITOJMMEPHBIX IUIEHOK Ha IIOIJI0XKKH,
pa3BUTHE ONTHYECKUX MeTOAOB (koHTakTHass Y@ dotomurorpabus
«PUCOBAHUE» MHUKPOCTPYKTYP CKaHUPYIOIIMM YJIbTPA(pHUOIETOBBIM JIa3ePHBIM
Jy4OM) CO3JIaHUSI MHUKPOCTPYKTYP B TOJMMEPHBIX IUIEHKaX, B TOM YHCIIE
MHOTOCJIOMHBIX.

B-4deTBepTHIX, U3TOTOBICEHUE U TECTUPOBAHUE IJIEMEHTOB HHTErPAJIbHOW ONTUKH
Ha OCHOBE CIIeIIMAJIbHO M3TOTOBJICHHBIX (TOpIioauMepoB. B Tom gucie ObLI
BIIEpBbIe M3TOTOBJIEH MaKeTHBIM oOpa3el] OMTOZJIeKTPOHHOM IMeYaTHOW IUIATHI C
BBICOKOCKOPOCTHOM ONTHUYECKOM IIIHHOM nepenadu JTAaHHBIX JUTS
MHUKPOIPOIIECCOPHBIX BBIYUCIUTENBHBIX CXEM, a TakKe pa3jIudHble 3JIeMEHTHI
COBPEMEHHOU BOJIOKOHHOM OIITHUKHU.

B-nsThIX, U3rOTOBJIEHUE, UCIIBITAHUS U IE€MOHCTPALIUS CO31aBa€MbIX UHTETPAJIbHO
ONTUYECKUX JIEMEHTOB U YCTPOMCTB.

B-mectpix, oOecnedeHHe MPOBOIUMBIX HCCIEIOBAaHUNM U pa3pabOTOK Kak
M3BECTHBIMU COBPEMEHHBIMH, TaK U CIIEIMAIbHO pa3padaThiBa€MbIMUA METOANKAMHU
U 000pyIOBaHUEM ONTHUYECKON JUATHOCTUKHA U KOHTPOJIS.

Haquaﬂ HOBU3HA UCCJIeJ0OBAHUM

[TyTeM NpOBEIEHHOTO YHCICHHOTO MOIETHPOBAHUS aBTOPOM OIIPeeIICHEI
THITBI OPATTOBCKUX PEIIETOK C MPOCTPAHCTBEHHO — MOJIYJTUPOBAHHOW aMILTHTY 10U
1 (ha30BBIMH CIBUTAMH, UMEIOIIUE OJIM3KYI0 K MPSMOYTOJIBHON (OpMy MOJOCHI
OTPaXEHUS/TIPOITYCKAHUSI U JIMHEHHYI0 (Da30ByIO0 XapaKTEpPUCTHUKY B IIOJOCE
IPOITY CKaHHSI. [Ipennoxen METOJ MYJIbTHILIEKCUPOBaHUS-
NeMyJIbTUIUIEKCUPOBAHMUS ~ ONTHYECKHX  CHTCHAJOB B BBICOKOCKOPOCTHBIX
BOJIOKOHHO — OIITUYECKUX JIMHHUSAX CBS3M C MHOTOBOJHOBBIM YIIJIOTHEHHEM
KaHaJOB Ha OCHOBE OMTrapMOHUYECKUX PEIIETOK.

Ha ocHOBe mpoBeeHHOr0 MaTeMaTHYeCKOro aHaIu3a BIIEPBEIE IIPEICKa3aHo,
4TO CIEKTpPaJIbHO — OFpaHquHHLIﬁ CBETOBOM HMITYJIbC, I/IMCIOHII/Iﬁ CIIEKTPAJIbHYIO
IUPUHY MEHbIIe, 4YeM UIMPHHA IIOJIOCHI MPOIMYCKaHUsl OUTrapMOHHUYECKON
OpAITOBCKOW peIIeTKH, MPOXOJIUT Yepe3 pemieTky O0e3 HCKaKeHUs (OpMbl, HO



UCIIBITBIBAET 3aJI€PKKY BO BpeMeHHU. DTOT 3(hPeKT MOXKeT OBITh MCIOIB30BaH IS
CO3/1aHUsI BOJIHOBOIHBIX JIMHUH 3aJ€P>KKU ONTHYECKUX CUTHAIOB.

AHaAJIMTUYECKOE M YUCIEHHOE MCCIIEeOBAHUE OTPAXKCHHSI Ja3ePHBIX MMyYKOB
OT MHOTIOCJIOMHBIX CBETOBEAYIIMX TOHKOIUIEHOYHBIX CTPYKTYpP B YCJIOBHSX
HapyIlIEHHOrO IIOJIHOI'O BHYTPEHHErO OTPa)X€HWs, IPOBEICHHOE Ha OCHOBE
pelleHuss ypaBHEeHUM MakcBesia ¢ HCIOJIb30BaHUEM CIIEKTPAIbHOIO IIOAXO0Ma,
BIIEPBbIE II03BOJIMJIIO YCTAaHOBUTH KOJIMYECTBEHHBIM KpUTEepUd «ciaboi» u
«CHJIIBHOM» CBS3M IIPU PE30HAHCHOM BO30YXKJIEHUM BOJHOBOJIHBIX MOJ B
CBETOBEAYIIEH IIJICHKE.

C UCIIOJIb30BaHUEM IIPOBEIEHHOTO aBTOPOM MaTeMaTU4eCKOro
MOZEIUPOBAHUA U  AQHAJUTUYECKOIO  pPACCMOTPEHHs pa3palOoTaH  METO
OJTHOBPEMEHHOI'O  M3MEpEeHMsl  IoKasarejas  HIpesioMieHus, KoabhduumeHra
OKCTUHKLIMM M TOJIILIMHBI CBETOBEAYIIMX IUICHOK, MPUHUMAIOIINK BO BHHUMAHHE
YIJIOBYKO PacXOAMMOCTh 30HAUPYIOLIEro Jia3epHOro Imydka. IIpoBeneHHBIH
aBTOPOM aHaJIU3 pelIeHUs] ypaBHEeHM MakcBeilsla B CBETOBEAYIIMX IUICHKAaX C
U3MEHSIOIIUMCS IIOKa3aTejJeM MPEeJOMIIEHUs] MO3BOJIMJI Pa3BUTh HOBBIA METO
U3MEpEeHHUsl paclpelesieHus] MoKa3zaTesss MpeloMyIeHUusT #ngz) IO TOJIIHHE
CBETOBEAyLIEH IUIEHKH, KOTOpBIM CIpaBeiauB [JIsi IPOU3BOJIBHOW (HOPMBI
MOLYJISILUU ngz) B Ipefese ciadoro rpaguenta Andz)/ny << 1, rae ng — cpenHee
3HAYEHME [0Ka3aTes IPeIOMIIEHUS IIEHKH, Andz) — aMIUTUTyAa €ro MOYJISIIHS.

Ha ocHoBe pa3paOoTaHHBIX MaTeMaTHYECKUX MOJeNIed U aJrOpUTMOB,
pealin30BaHHBIX Ha  sA3blke  nporpamMmupoBanus  DPOPTPAH  Bmepseie
IIPOJIEMOHCTPUPOBAHO, YTO METOJ MPU3MEHHOI0 BO30YKIESHUS BOJHOBOIHBIX MO
II03BOJISIET OIpPENEIATh ONTHYECKHE IapamMeTpbl MHOIOCIOMHBIX CBETOBEIYIIUX
CTPYKTYP, KOTJIa YUCIIO CJIOEB B CTPYKTYpe OOJIbIIIE AECATH.

Ouenka coaep:KaHusi [UCCePTALIUH, €€ 3aBePUHIEHHOCTb H
odopmiieHHue

Bce ocHOBHBIE pe3ynbTarhl padoThl noxydensl JIndHO B.M. COKOIOBEIM, YacTh MOA
€ro HENOCPEeJCTBEHHBIM PYKOBOJACTBOM WJIM COBMECTHO C JAPYTMMH HAayYHBIMH
rpynIaMy Py ero pelarolleM BKIIae.

be3ycioBHO BHoeyaTsisieT [peJCTaBI€HHBIM CHUCOK MyOJMKaUMid 1o Teme
aucceprauuu, Bcero S50 crared, M3 KOTOPBIX IMOAABIISIONIEEe OOJBIIUHCTBO
0I1y0JIMKOBAHO B BHICOKOPEHTHHIOBBIX HAYYHBIX M3MaHMsIX. Henp3s He oTMeTUTSH 3
NaTeHTa, KOTOphIe MOJYEPKUBAIOT MPAKTHUECKYIO 3HAYUMOCTD PabOTHI.
Juccepranysi COCTOMT U3 BBEICHUS, 3aKITIOUEHUSI U TISITH IJ1aB, U3 KOTOPBIX IepBast
rjaBa JaeT YeTKUH U HCYEepPNbIBAIOIIMK 0030p COBPEMEHHOIO COCTOSIHUS



UCCIeIOBaHUM 1O TeMe paboThl, a B UEThIPEX OPUTHMHAIBHBIX TJaBax
MIPeICTaBICHbI Pe3yJIbTaThl COOTBETCTBEHHO 10 CUHTE3Y MOJMMEPHOTO MaTepHaa;
ONTUYECKUM MeTofaM OOpabOTKH U MUKPOCTPYKTYPHUPOBAHUS IOJTHMEPHBIX
IUIGHOK; pa3paboTKe ¥ CO3JaHUI0 WMHTETPATHHO-ONTHYECKUX DJJIEMEHTOB U
YCTPOMCTB M, HAKOHEL], METOJaM M MpuOopaM [Jisi ONTUYECKOW XapaKTepu3aluu
CTPYKTYp U YCTPOUCTB Ha 6a3e (TOPHOIUMEPHBIX JIEHOK.

Jlucceprandsi 4YeTKO M SICHO CTPYKTypUpOBaHa, €€ OTJIMYaeT TIPaMOTHOE
U3JI0’)KEHUE MaTepuara.

3ameuanus k padore

XoTenochk ObI OTMETHTH PSIJT HEJOCTATKOB PA0OTHI.

1. OcHOBHOE 3amedaHue OOYCIIOBIEHO IPOTHUBOPEUYMEM, KOTOPOE BBITEKAET W3,
0e3yCIIOBHO, IOJOXUTEIbHON 4YepThl paboThl — €€ KOMIUIEKCHOMY IOAXOAYy K
pelieHuto mocTaBlieHHOH mpobiembl. HecMoTpst Ha G0JbIIIOE YHMCIIO MOTYyYEHHBIX
UHTEPECHBIX (DYHIaMEHTAIbHBIX pEe3yJbTaTOB MPAaKTHYECKd B KaXIOM U3
HampaBieHU paboThl B JUCCEpPTALMU SBHOE IMPEAINOYTeHHE OTHAETCS acleKTam
paboThI, CBSI3aHHBIM KaK C MEPCIIeKTUBAMU, TaK U YK€ UMEIOLIUMUCS TaHHBIMU B
YacTH MPAKTUYECKOT0 HCITOIB30BaHUS Pa3pabOTaHHBIX MHTErPaIbHO-ONTHYECKUX
2JIEMEHTOB Ha OCHOBE (TopcoaepKalluX TMOJUMEpPHBIX IUIeHOK. [Ipu stom B
NpeACTaBIeHUN OOIIel XapaKTepUCTUKU pabOThl IUCCEPTAHT JeNaeT 3aMeTHBIM
NepPeKOoC C HAYYHOU CTOPOHBI B MPAaKTUUECKYl0. B 4acTHOCTH, SIBHO HEAOCTATOYHO
IIMPOKO U SICHO IpeCTaBlieHa HayuHasi 3HAYUMOCTh pa0OThI.

2. Xotenochk Obl YBHAETh B JHMCCEpTAllMHM Oojiee pa3BepHYTOe OOOCHOBAaHUE H
OPUTHHAIBHOCTH pa3pab0TaHHON TEXHOJIOTHH CHHTE3a MOJIMMEPOB.

3. B nmuccepranmyM He MNPUBOAATCS CBEICHUS OTHOCUTEIBHO CTAaOMIBHOCTH
ONTUYECKUX CBOWCTB BOJHOBOJOB, W3TOTOBICHHBIX W3 (TOPIOIMMEPHBIX
MaTepuasgoB, MPU UX HarpeBe M IMOCJIEAYIOIeM OCThIBAHUU. OTU CBOWCTBA, B
YaCTHOCTH, IIOKa3aTesib IMPEJOMJIeHHs, MOTYT HW3MEHSThCS B IIpoliecce
U3rOTOBJIEHUSI MHOTOCJIOMHBIX ONTO3JEKTPOHHBIX MEYaTHBIX IJIAT C ONTUYECKOU
IIMHOM TMepeJayd JaHHbIX Ha OCHOBE MAcCCHBOB IIOJIMMEPHBIX BOJHOBOOB,
TIOCKOJIBKY MPOIIECC UX CO3/aHHUs BKIIIOUaeT nmpeccoBanue npu Harpese 10 180 0C.
4, Ha mo#l B3IiIsa, HEIOCTATOYHO OOOCHOBaHBI OCOOCHHOCTH M IPEUMYIIECTBa
UCIIONB30BAaHHBIX U pa3paboTaHHBIX MeToJoB Y@ onTudeckoid o0paboTKH
nonuMepoB. Hampumep, mnpu omucaHud pabdoT IO JIa3€pHOMY PHCOBAHUIO
MOJIMMEPHBIX MUKPOCTPYKTYP B TEKCTE JUCCEPTALUM Ja)ke He yKa3bIBaeTCs Jia3ep,
KOTOPBIM OBLT MCIIOJIB30BaH, He OOCYXKIAIOTCSl ero rmapaMeTpbl U BaXKHOCTh HX
ajeKkBaTHOTO BbIOOpa. B wyacTHOCTH, 5TO KacaeTcss BbIOOpa JIMHBI BOJIHBI
JTa3epHOro UCTOYHWKA. [Ipw 3TOM MHOTJa BO3HUKAIOT U HEJOYMEHHBIE BOIIPOCHI.



Tak Ha cTp.98 ykazaHo, uTo (pOopMUpOBAHHE OPIITOBCKUX PELIETOK IIPOBOIUIOCEH
U3 TydeHHeM Telnii-KaJIMUEeBOro Jlaepa ¢ JAJIMHON BOJIHBEI 325 HM, @ B NOANMCH K
Puc. 3.3 Ha cTpanwuie 102 nauHa BOJHBI COCTaBIsAET 365 HM.

5. CormacHo mauHHbIM Puc. 2.9 (ctp. 69) mokazarenab MperoMIICHUS CONOIUMEpa
JNOCTUTAET PEKOpAHO HM3KOoro 3HayveHus 1,295. OnpHako 3TH H3MEpEHHUs
NPOBOJWJINCH Ha [JIMHE BOJHBI Teluii-HeOHOBOro jasepa 632,8 HM, KoTopas
NlajieKka OT MHTEPECYIOIINX aBTOpa TeJeKOMMYHUKAIIMOHHBIX TUAIa30HOB BOIM3H
850, 1300 u 1550 um. [ToaTOMYy BO3HUKAET BOIIPOC O IPUMEHUMOCTH IIOJYYEHHBIX
JAHHBIX.

3akJIl04YeHue 0 COOTBETCTBUU AUCCEePTALHHU KPUTEPUSIM,
YCTAHOBJICHHBIM IHon0okeHHEeM 0 MOpsiIKe MPUCYKICHUS YYEHBIX
cTeneHen

OTMedeHHBIE HETOCTATKH HE CHIDKAIOT OOIIEl BBICOKON ITOJIOKUTEIBHOU OLEHKU
paboTHL.

Jlucceprarysi  sBJSIETCSl 3aKOHUEHHOH HAy4YHO-HCCIIe0BaTeNbCKOM paboToi.
[TonmydyeHHBbIE pPeE3yJbTAThl TO3BOJISIIOT KBaJU(QUIUPOBATH JUCCEPTALHUIO Kak
(byHIIaMEeHTaIbHOE UCCIIEJOBAHUE BBICOKOM HAYYHOU U NPAKTUYECKON 3HAYMMOCTH
JUISE ONTHUKKA Kak aKTyallbHOI'O HaIlpaBJ€HUs MCCIIENOBAHUM M JUIS IIOBBIIICHHMS
Hay4YHO-TEXHOJIOIHYecKoro moTeHimana Poccuiickori @enepanuu. Pabora He
UMeeT aHaJIoroB B Poccuu M BBHITIOTHEHA HA [1€PEel0BOM MUPOBOM yPOBHE, O YEM
CBHUIETEILCTBYIOT MHOT'OYHUCIIEHHBIE MyOJIMKAIM B BEOyIIUX (QU3UUECKUX H
XUMUYECKUX oKypHataX. CTemeHb [TOCTOBEPHOCTU pE3yJIbTaTOB paboTHl U
CHEeJaHHBIX BBIBOJOB MCKIIOUHUTEIBHO BBICOKA, IIOCKOJIBKY HCCIIEIOBaHM
IIPOBEACHBI HA COBPEMEHHOM OOOpYIOBAaHWH, C IPUMEHEHHUEM OPUTMHAIBHBIX H
YCOBEPILIEHCTBOBAHHBIX IMEPEJOBbIX METOAUK, HMX Ppe3yJbTaThl HEOIHOKPATHO
00CYXIaIMCh Ha HALIMOHABHBIX U MEXKIYHAPOAHBIX KOH(PEPEHIHIX.
Juccepranust ohpopmiieHa B COOTBETCTBUU € TPEOOBAaHUAMMU.

ABropedepar u oOmyOIMKOBaHHE PAOOTBI IOJHOCTBIO M TOYHO OTPaXKaroT
co/iep)KaHUe TUCCEPTALUH.

Cumraro, 4TO cojep)kaHwe muccepranmoHHOM paboTel Cokonosa Bukropa
MBanoBuua «MHTerpajgpHasi ONTHKAa Ha OCHOBE (DTOPCOAEpIKAIIMX ITOJUMEPHBIX
MaTepuasoB» ©u (GopMa ee MpeACTaBIeHUS IIOJHOCTBIO COOTBETCTBYIOT
TpeboBanusM TYHKTOB 9-14 «llonoxeHuss o mNopsiake IPUCYKIECHUS YUYEHBIX
creneneii BAK MunoOpuayku Poccum» B pepmakumu IlocTanoBieHus
[lpaButensctBa P® oT 24 cenrsabps 2013 roma Ne 842, npeabsBiseMbIM K
JIOKTOPCKUM  auccepTanusM, a ee aBTop, CokonoB Bukrop VBaHnoswd,



3aCITy)KMBAET MPUCYKIAECHUS CTENEHH JOKTOpa (U3UKO-MaTeMaTUYeCKUX HayK I10
crienmanbHocTH 1.3.6. — Onruka.

OdunmanbHbIi OMITOHEHT:

JIOKTOp (pU3MKO-MaTeMaTUYeCKUX HayK, mpodeccop,

akagemuk PAH

PyxoBonurens LlenTpa ecTrecTBeHHO-HAYYHBIX MCCIIEOBAHUN

DenepanbHOro rocyAapCTBEHHOTO OIOKETHOTO YUPEIKAEHUS

Hayku DeiepaabHOro UCCIIEOBATENBCKOTO IEHTPA

«Mucruryra obmel Gpusnku um. A.M. ITpoxoposa Poccuiickoii akageMun HayK»
r. Mocksa, 119991, yn. BaBunosa, 1. 38

On.noyta: vik@nsc.gpi.ru

Ten.:+79852119456
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