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[IporpaMmMHbBI KOMUTET

[Ipencenarens nporpammuoro komureta Benenukros Baanumup FOpbeBuy, 10KT0Op (hH3MKO-MaTeMaTHUECKHUX
Hayk, npodeccop CaHkr-IleTepOyprckoro rocylapcTBEHHOTO 3J1€KTPOTEXHHUECKOro yHHBepcuTeTa «JIDTH »
umenu B. V. ¥nbsanosa (Jlenuna), Caukr-Iletep6ypr, Poccus.

3amMecTuTeNb TNpecenatessi nporpaMmmHoro Komureta [peiicyx Ipuropuii UcaeBuu, JOKTOp TeXHHUECKHX
Hayk, rnpodeccop, 3aBeaytolini Kadeapoil puanku U xuMuu [leH3eHCKOTO TOCYIapCTBEHHOTO YHUBEPCHTETA
ApXUTEKTYPbl U CTPOUTENBCTRA, [ leH3a, Poccus.

Tanun Jleonun Bukroposuu, [loueTHblill useH nporpaMMHOTO KOMHTETA, TOKTOP (PU3HKO-MaTeMaTHUECKHUX
HayK, akaaeMuk MexayHapoaHo# nHxkeHepHoil akanemuu (MHUA), unen Cosera npesuaentoB MUA, maBHbI#
coBeTHUK 3AO «[OJIOTPAOUYECKAS MHIYCTPUS», Munck, Benapychb

[NaBabiueBa Hanexna KoncrantunoBHa, [loueTHbI! uleH MpoOrpaMMHOrO KOMHUTETa, JOKTOP TeXHHYECKHX
Hayk, npodeccop Kasanckoro HalHoHaIbHOTO HCC/IE0BATENBCKOTO TEXHHIECKOT0 yHHBepcuTeTa Menn A. H.
Tynonesa — KAW, Kasanb, Poccus.

BapbiunukoB Hukonait BacuabeBuu, 10KTOp TexHuuyecKux Hayk, mnpodeccop, aupekrop HHWMKN PJI
MITY um. H. 3. baymana, Mocksa, Poccus.

BuwnsikoB lennaguit HukosnaeBuu, 0KTOp TeXHMYECKHX HayK, Mpodeccop, 3aBenylouuil gabopaTopuei
®I'VIT «Beepoceniickoil HayqHO-UCCJEIOBATENbCKHH HHCTUTYT OTITHKO-(DU3HIECKUX M3MepeHHii», Mockaa,
Poccus.

lony6esa Tatbsina FOpbeBHa, 10KTOp (DH3HKO-MaTeMaTHYECKHX HayK, Npodeccop Kadeapbl OOl PU3NKK-
1 Cankr-IlerepOyprekoro rocynapersentoro ynusepeurera, Cankr-Ilerep6ypr, Poccusi.

Jdemun Bukrop BaneHTHHOBMY, KaHIuaaT (DU3HMKO-MaTeMaTHYECKMX HaykK, JOLEHT, MepBblid MPOpeKTop
HauuoHnasbHoro ueenenoBatesibekoro Tomekoro rocyaaperseHHoro ynusepeurteta, Tomek, Poccusi.

HpaueB Baagumup lpokonbeBuy, 10KTOp (hU3MKO-MaTeMaTHIECKHX HAayK, CKOJIKOBCKUH HHCTUTYT HAyKH
TexHoJioruil, Mocksa, Poccust.

3axapo HOpuit HukomaeBuu, xanmuaat (uU3MKO-MaTeMaTHUECKMX HAyK, T[pernojaBare/ib MeIUIHHbI
[apBapnackoit  menuuuHckoil wikosbl, Crapuiniét  Hayudblii  cotpynHuk BIDMC llentpa mnepenoBoi
GUOMENMIIMHCKON BU3yaJn3allni U poToHUKH, [apBapackuil ynusepeutet, bocron, CIITA

3nokazoe Esrenuii HOpbeBuu, 10KTOp (¢U3HKO-MaTeMaTHUeCKHUX Hayk, Mpodeccop HauuonanbHoro
UcCaen0BaTe/beKoro saepHoro yuusepentera « MU ®U», Mocksa, Poccust.

KaiitykoB Yepmen Bopucosuu, Hayunbiii koncyasrantT AO «HTLL «ATJTAC», Mocksa, Poccusi.

KoBanes Muxaua CepreeBuu, KaHauaat texHuueckux Hayk, goueHt MI'TY um. H. 3. Baymana, crapuimii
Hayunblil corpynHuk OKP® ®usuueckoro unceruryra umenn [1. H. Jle6enera PAH, Mocksa, Poccusi.

KopoabkoB Buktop IlaBiaoBuu, JOKTOp TeXHHUECKMX HAyK, 3aMECTUTEJIb JUPEKTOpa M0 HaydHo# pabore,
3aBeytolini naboparopuer g paxunontoi ontukd MAnd CO PAH, Hosocubupcek, Poccusi.

Koporaes Banepuii BukropoBuu, 10KTOp TexHuueckux Hayk, rnpodgeccop Yuuepcutera UTMO, mnaBHbli
penaktop OnTuueckoro xxypHada, Cankr-Ilerep6ypr, Poccusi.

Kotasip Bukrop BukropoBuu, 10kTop (PU3HKO-MaTeMaTHYECKHX HayK, Mpodeccopy Kadenpbl TEXHHUECKOH
kub6epretuku CIAY, 3aBenytoiemy saGopatopueit sazepHbix uamepenunii MCOUW PAH, Camapa, Poccust

Kynpsimio Cepreit UBaHOBMY, 10KTOp (DU3UKO-MaTeMaTHUECKMX HayK, BeIyLUMH HaydHbI COTPYIHHK,
3aBeJlylolli JlabopaTopuel JiazepHOH HaHOPU3UKKM M OGUOMeNUUMHBI, [leHTp Ja3epHbIX W HeJHHEHHO-
OINTHYECKHX TexHoJornH, OTneseHne KBaHToBOH pajrnodusnku uMm. H.I. bacosa, ®u3uueckuii MHCTUTYT UM.
[1.H. Jle6enera (PHAH), Mocksa, Poccusi.

Kytnysipoe Pycnan BaagumupoBuY, KaHIuaaT TeXHHUeCKHX HayK, aupektop IlIkosibl mepcrnekTUBHbBIX
UCCEN0BAHUN U TEXHOJIOTHH (POTOHHKH YPUMCKOTO YHUBEPCHTETA HAYKH W TeEXHOJIOTHH, ¥Yda, Poccus
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Jlykun Baagumup IetpoBuu, 1oxTop PudnKo-MaTeMaTHIECKUX HaYK, 3aBetytoluil jaboparopuein MOA CO
PAH, Tomck, Poccus.

Hukonopos Hukonait BaneHTHHOBMY, J0KTOp (DHU3HKO-MaTeMaTHUECKHX HaykK, mpodeccop YHHBepcHTETa
UTMO, Canxkr-Ilerep6ypr, Poccusi.

[lerpoB Buktop MuxainoBuu, 10KTop PU3UKO-MaTeMaTHIECKUX HAYK, IVIaBHbIH HAayuHbIH cOTpyaHUK CaHKT-
[Terep6yprekoro rocynapersentoro ynusepcutera, Cankr-Ilerep6ypr, Poccust.

[lerpoB Hukonaii BaaaumupoBHY, JNOKTOD (PU3MKO-MaTEMAaTHUECKUX HAyK, PYKOBOJWTENbL J1abopaTopuu
1M poBOi U H306pasuTesbHOM rosiorpaduu, npodeccop Yuupepcurera M TMO, Cankr-Ilerep6ypr, Poccust.

Myruaun Auapeit HukonaeBuu, kanauaar hbu3uko-MaTeMatHueckux Hayk, Ouanueckuit MHCTUTYT umenu I1.
H. Jle6enesa PAH, Mocksa, Poccust.

CkupanoB Poman BacuabeBuu, 10KTOp (pHU3HKO-MaTeMaTHUECKHX HayK, npodeccop, MHCTHTYT cucTem
o6paborkn uzobpaxkenust PAH — duanan PHULL «Kpucrannorpadpus u doronnka» PAH, Camapckuii
aspokocmuuecknr yuuepcuter umenu C. I1. Koponesa, Camapa, Poccus.

Conomawenko Aprém bBopucoBuu, HayuHblil COTPYyIHMK, pyKoBoauTesb JlaGopatopuu «losorpadus u
BoJiHOBOAHAs ontika» MI'TY um. H.3. baymana, Mocksa, Poccus.

Crpayne CranucaaB CepreeBuu, KaHauaaT (pU3MKO-MaTeMaTHUECKUX HayK, JOUEHT Kadenpbl KBaHToBOH
3J71eKTpoHuKH, OTesenue paxrodpusukn, Pusndeckuii paxyasrer, MI'Y umenu M. B. JlomoHocoBa.

Tyuun Banepwmii BukropoBuu, unen-koppecrionnentr PAH, npodeccop, nokrop (usanko-MaTeMaTHueCKHX
HayK, 3aBelyIoli Kadeapoil onTHKH U OModoToHMKH, CapaToBCKH HAlMOHAJbHBIH MCCJIEI0BATEIbCKUH
rocyapctBeHHblil yuuBepcuter umenu H. I Hepnbiiesckoro, Caparos, Poccus.

Llampaii Anekcanap BanepbeBuu, 10KTOp (DU3HKO-MaTeMaTHUECKHX HayK, 3aBeLylolluH JabopaTopue
KBAaHTOBOH 3J1eKTPOHUKH DUsnKo-TexHuueckuil HHCTUTYT UMeHu A. @. Modde PAH, Cankr-Ilerepbypr
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[lnenapHoe 3acenanue «TeHaeHLMU PAa3BUTUS ONTHUECKHX TEXHOJIOTUIA »

[1.1 ®opmupoBaHue, nepenaya U 06padOTKa ONTUYECKUX BUXPEH Ha (DOTOHHBIX MHTErPAJbHBIX CXeMax

Jlio6onbiToB Baagumup CepreeBuy, K.T.H., CTAPLIMHA HAyYHbIH COTPYAHUK

Ypumckuil yrusepcumem nayxku u mexroroeuil, ¥ga, Poccus

TeopeTnueckn W 3KCrepUMEHTANLHO MOKA3bIBAIOTCS pas/MuHble MOAXOAbl K peanu3aluund (popMHUpOBaHHUS,
pacnpocTpaHeHusi U (7€ )MyJIbTHTJIEKCUPOBAHHS BHUXPEBBIX CBETOBBIX MOJ CPEICTBAMHU HMHTErpajibHOM
doTonuky. M3HauaibHO HAa OCHOBE H3BECTHONO MOJAXOAA K H3JY4eHHIO/JeTeKTHPOBAHHMIO ONTHUECKHX
BUXpEH MePreHNKYNAIPHO  TMJIOCKOCTH  YHIa MPOJEMOHCTPUPOBAHA  BO3MOXKHOCTb  OTHOBPEMEHHOTO
(J1e )MyJIbTUILIEKCUPOBAHUS T10 OpOUTA/ILHOMY YIJ10BOMY MOMeHTY (OYM) u i/iiHe BOJIHBI C HCTIOJIb30BAHHEM
MHTerpaJjbHbIX YCTPOHACTB, H3Jy4YalOLUX BUXpEBble My4KH C MEepecTPOHKOH Mo JYIMHE BOJIHBbI (Ha OCHOBE
MOMC-duabTpoB, a Takxke 00eIHEHHOro pn-nepexoja). B KauecTBe ajibTepHAaTHBHOTO MOAXOAA, OB
BIIEPBble TEOPETUYECKH JI0KA3aH U SKCIIePUMEHTANbHO MOATBEP2K/IEH HOBBIH MOJXO/L K [epeiaue BUXPEBbIX MO/
B MJOCKOCTH (DOTOHHOM MHTErpaJsibHOH CXeMbl, YTO MPOKJaabIBaeT MyTh K 06paboTKe cBeTa, MepeHoCsero
OYM, noJIHOCTbIO Ha UMIle ISt PA3JUUHBIX TPUIOKEHUH.

KmtoueBbie ciioBa:  OnTHueckuil BHXpb, OpOUTA/bHBIA YIJIOBOH MOMEHT, ONTHYECKHE BOJIHOBO/bI,
BOJIHOBOJIHbIE PELIETKH, MyJIbTHIIJIEKCHPOBAHHE C MOJIOBBIM pasesieHHeM, UHTerpajbHas (GoToHHKa

1.2 ®oToHuka u ONTO3JEKTPOHHKA HA OCHOBE raJloreHUuAHbIX N€POBCKUTOB

MakapoB Cepreii BaanumupoBud, 1. ¢.-M. H., npodeccop, 3aBelyolmid JabopaTopued ruOPUAHON
HaHO(OTOHHUKH U OTITO3JIEKTPOHUKH

Yruusepcumem HTMO, Cankm-Ilemepbype, Poccus

I1.3 UnTerpanbHble yeTpoiicTBa Ha naaTdhopme KHU

HpaueB Baamumup [lpokonbeBuu, . ¢.-M. H., npodeccop u aupekrop Llentpa Mnkeneproit ®usuku,
Croakosckuii Hnemumym Hayku u Texnoaoeuu, Mocksa, Poccus

1.4 HaHo- 1 MUKpPOCTPYKTYPbI i1l CBEPXObICTPOr0 YIpaBJeHHUs CIIMHAMU C MOMOLIbIO Ja3ePHbIX
MMIYJIbCOB

B.U. Besioreson ', 10kTop hU3HKO-MAaTEMATHYECKHUX HAYK
" Mockosckuil eocydapcmeennoitl yrusepcumem um. M.B. Jlomonocosa, Mocksa, Poccus
? Poccutickuil keanmosoul uermp, Mockea, Poccust

O6parnble maruutoonTuyeckue 3pdektsl Takue, kKak o6pathblil spdekt Papazest, NO3BOJSIOT HETEPMUIECKH
BO3/IEHICTBOBATL HA CITMHBI MATHUTHBIX MaTePHAJIOB, BbI3bIBATb UX [IPELECCHIO, BO30YKIATh CIIHHOBLIC BOJIHDI.
OnHako 3(P@eKTHBHOCTb TAaKOro B3aUMOAeHCTBHs Masa. E€ MOXKHO 3HAUUTEe/IbHO YBEJMYHTH C TTOMOLLBIO
CleLHabHbIX HAHO- H MUKPOCTPYKTYP, B KOTOPBIX JIa3€PHbI€ HMITYJ/IbChbl BO30YKAAIOT PA3JIMUHbIE ONTHYECKHE
MOJbl, OGJiarogapst KOTOPbIM ONTHYECKOE M3JyuyeHHe JIOKAJH3yeTcst B 00JIaCTH MAarHUTHONO MaTepuala, M
3 heKTHBHOCTb BO3JCHCTBUS 3aMeTHO Bo3pacTaeT. Hapsily ¢ 3THM, BO3HMKAIOT HOBble ONTOMArHOHHbIE
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3 eKThl, KOTOPble OTCYTCTBYIOT JJIsi OJHOPOJHBIX 00Pa3loB. AHAJIOTHYHBIM 0OPA30M MOXKHO YBEJHUUHUTH H
BO3/IeHCTBHE TEparepuoOBbIX UMIYJIbCOB Ha CITUHBI.

KutoueBbie cioBa: HAHOPOTOHKMKA, CBEPXOBICTPHIN MarHeTH3M, ONTOMAarHOHHKa

I1.5 Llucpoas rogorpacdus 4yacTuiL M MeTObl MOBbIlIEHHS €€ 9 (PEKTHBHOCTH B Pa3JUUHBIX KJaccax
3ajmay

Jémun Bukrop BaJieHTUHOBHY, K.¢h.-M.H., nepsoulli npopexmop, 3as. Aab

Hayuonanonoiii uccaedosamenvckui Tomckuti cocydapemeennoitl yrnugepcumem, Tomck, Poccus

PaccmarpuBaioTess  BO3MOXKHOCTH — LMPOBOH  rojorpaduu  yacTuil, 0OOYCJOBJEHHbIE CBOHCTBAMH
pErucTpupyeMbIX 4YacTHI[ M TapamMeTpaMH HCMOJb3yeMOH CXeMbl M arnmnapaTypbl, METO/bl H3BJIEUEHUS
MHpOpMalMKd M3 LMAPOBBIX TojiorpaMM O pa3Mepax, ¢opmax, KOoOpAHHATaX, JMHAMHKE YaCTHIl, HX
pacnosHaBanus. [lpenyoxkeHa maTemaTHuecKasi MOJeJb ONTHYECKOH CXeMbl JIByX3TAMHOrO Tpolecca
TOJIy4eHHs1 H300paKeHHsl YaCTHLL B 0CeBOl LIMPOBOI roJorpamme, cylecTBenHo (10 1-2% ) nosbiwaoias
TOUHOCTb OIpe/ieIeHUsT Pa3MepoB U KOOpAMHAT dacTull. PaspaGoTaHbl HECKOJbKO BapuaHTOB 1M(POBOH
roJiorpauueckKoil Kamepbl JIJIsi HAaTYPHBIX MCCJEI0BAHMH TMJIAHKTOHA MPH MOHHUTOPHUHIE 3SKOJOTHYECKOTO
COCTOSIHHSI aKBAaTOPHH, a TaKXKe JIJIst rosiorpauieckKoro HCCeI0BaHUs ONTHUECKUX MaTepHasioB. [1puBeneHbl
pe3yJibTaThl IKCNEAUIMOHHBIX HCCIeloBaHui MaaHkToHa B Kapckom, bapeniieBom, HepHom Mopsix, o3epe
Bafikan, a TakxKe rojorpadueckoro HCCaeoBaHtst 00bEMHBIX 1e(DEKTOB H ONTHYECKOTO TPo60osi B KPUCTAJLJIE
ZnGeP2

KomoueBbie cioBa: uudposasi rosorpacusi 4acTull, MOABOAHAS rosiorpadus MiaHKTOHA, roJorpaduueckie
MCCJIeI0BAHUS ONTHUECKUX MAaTEPHA/IOB, METO/Ibl U3BJI€UEHHST MH(OPMALUH

I1.6 TeHpeHuMu B pa3BUTUU CEHCUOUIN3ATOPOB (DOTOMOJIUMEPHbBIX MaTEPUAIOB

[enxosuukoB Baaaumup Baanumuposuy, 0. x. H., pykosodumenro rabopamopuu

Hosocubupckuil uncmumym opeanudeckotl xumuu um. akad. H. H. Bopoacyosa CO PAH, Hosocubupck,
Poccus

[1.7 Ha3zBaHue ooHOBJAsIETCSH

Ponuonos Miabs AnatoabeBud, K. m.H., oupekmop HOLl DMH

MITY um. H. 3. baymana, Mocksa, Poccus

1.8 OnTHueckre KBAHTOBbIE BbIUUCJIEHUS B JUCKPETHbIX MEPEMEHHDbIX

Bauiykesuy Esrenuit Anekcanaposu, K..-M.H., jouent, B.A. Jleonos, P. Cypmaii, E.H. Bauimaxkosa, T.1O.
[ony6GeBa

Cankm-Ilemepbypeckuii eocyoapcmesennolli ynusepcumem, Cankm-Ilemepoype, Poccus

Jloksan MnocBsilleH COBPEMEHHOMY COCTOSIHMIO HCCJIe/IOBAaHUH B 00JIAaCTH KBAHTOBBIX BbIYHCJIEHHH B
JIUCKPETHBIX NepeMeHHbIX. OCHOBHOH aKUEeHT Oy/leT c/ie/laH Ha ONTHYECKMX KBAHTOBBIX BBIYMCJIUTENSX W
cumyaisitopax. [lpu 3ToM OyayT TeopeTHYeCKH pacCMOTPEeHbl MPEUMYLLeCTBA M HELOCTAaTKH MCMOJb30BAHUS
(OTOHOB B KauecTBe HOCcHTeJ el HHOPMALMH, a TAKKe MPOJEMOHCTPHPOBAHbI MOJIEJIH BBIUMC/IEHHH HE TOJIBKO
C UCIOJIb30BaHHeM OMHAPHON JIOTHKH (KyOMTOB), HO M Ha cHcTeMax 0oJiee BbICOKOH pasMepHOCTH (KyaUTax).
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Byner npoBesieH noapoGHbIi aHaMM3 CYLIECTBYIOLIMX IKCIEPUMEHTAbHbBIX peasn3alliii, a TakKe 3aTPOHYT
BOIPOC 00J1aCTH UX NPUMEHUMOCTH JIJIs1 PeLIEHHUS CJI0KHBIX BbIUMCJIUTE/bHbIX 3a71a4.

KitoueBbie cJioBa: KBaHTOBbIE BbIYHCJIEHHS1, KBAHTOBAs I/IHqI)OpMaTHKa, ONITHYECKHE KYGHTbI, OIITHYECKHE
KYyIAHUThI, JIOTHYECKUE BEHTHJIHU

1.9 MysnbTUMOOBbBIE C2KaTble COCTOSIHUS CBeTa

[lapanosa [TosnHa PonnonoBHa, K.gb.-M.H., pyKo80OUmMesb HAY4UHOU epynibl

Poccuiickuii keanmosuliil yeump, Mocksa, Poccus

[1.10 Tonorpacduueckoe TV u 3D nonosHeHHas peajbHOCTb

oitmn Cepreit AnekcanpoBuy, . §.-M. H., JIOLUEHT

Cubupckuii eocydapcmsentblil yHusepcumem ceocucmem u mexuoaoeuil, Hosocubupck, Poccus

[TokazaHbl MyTH M OCHOBHblE pe3yJbTaThl co3jaHusl cuctem roJorpaduueckoro TV u 3D nonosneHHok
peasibHocTH. BuaHO, uTO Bce 3Tambl Mcciaen0BaHMH ObLIM BHEpPBble MpeCTaBjaeHbl Ha KOH(epeHLHsX
[OJIOIKCIIO 3a nocnennee necarunerre. Mx ananus nokaswiBaet, uto npodJaema rosorpaduueckoro TV u
3D nonosiHeHHOM peasbHOCTH ILIMPOKO BOCTIPUHATA HAYYHOH 0O111€CTBEHHOCTBIO, YTO BBI3BAHO BO3MOMKHOCTbIO
MCIOJIb30BAHMS NPEIOKEHHBIX HAYUHO — TE€XHUYECKHX pellieHHil KaK B Pa3BUTHH psiia HaydHbIX, TaK U psijia
MPUKJIAAHbIX TEXHHUECKHX 3a/1a4, B TOM UHMCJ/Ie B 3a/1aUaX CTHIKOBKH O€CMUJIOTHBIX almnapaToB B KOCMOCE U MOJL
BOJIOM MJIM yrpaBjieHdsi paboTaMH B OMacHbIX NMPOU3BOACTBAX. Hapsity ¢ yke peasn3oBaHHBIMH 3Tanamu
MpoeKTa MoKa3aHbl 3Tarbl, KOTOPble MPEACTOUT TMPOUTH A8 peannusalyl NpoeKTa U OTKPbIBAIOLIMXCS MM
HOBBIX HaNpaBJeHHH HCC/IeI0BAHUH.

Kitouebie cioa: [Nosiorpadusi, [1epenaua undopmannu, JlornosHennas peasbHocTb, [onorpaduueckoe TV,
CTpyKTypHpOBaHHBIH CBET
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Cekuus 1
JudpakuvoHHbIe U TPaJIMEHTHbIE ONTHYECKUE 3JIEMEHTbI U CUCTEMBbI

YcerHble nokaaapl

1.1 KomnakTHoe ycTpOHCTBO /151 KOJJIMMALMHU Ja3ePHOro MyyKa JJjisl MEXKCIMyTHUKOBOW CBSI3U HA OCHOBE
JU(PAKIMOHHBIX ONTUYECKUX 3J1EMEHTOB
IO. B. Xauenko, P. B. Cxunanos, U. C. [Tponun

Camapckuii HayuorasoHbll uccaedosamenvckud yrnusepcumem um. C. [1. Kopoaésa, Camnapa

[IpesicraB/ieHbl pe3y/bTaThl SKCIEPUMEHTANBLHOTO HCC/IEIOBAHUS KOJUIMMALIUK JIa3€PHOTO H3JyuyeHHsT Ha
OCHOBE JIBYX JU(PPAKIMOHHBIX ONTHIECKAX 3JE€MEHTOB: OMHAPHOTO MU(PAKIIHOHHOTO aKCUKOHA W KOJIbIIEBOH
JUQpaKIMOHHON JIMH3bl. PaccmaTpuBaeTtcsi iBa SKCIepUMeHTa: Ha OCHOBE MOJHO(POPMATHON CHCTEMbI H Ha
OCHOBE CHCTEMbI C OOJIBLINM KOJHUECTBOM BHYTPEHHUX OTPAKEHHUH /151 yMEHbILEHUS TPOAOJbHbIX rabapuTOB
KoJutumMaropa. JlaHuas cucteMa Mo3BOJISIET PEIUTh JIBe 3a/laun: CHHKEHHE PACXOJAMMOCTH Ja3epHOro TMyyKa
Ha 25-30% u ymeHblleHHe rabapuTOB KOJJIHMATOpa 10 PasMepoB JOCTATOYHBIX JUIsl MCIOJb30BaHHs Ha
cryTHHKax hopmata Kyocar. [IpuBeieHbl pe3yibTaThl MOIEIMHPOBAHHUS H HATYPHOTO SKCIIEPUMEHTA.

KatoueBbie  cioBa:  Kosnmmauus, Jlazepuwiéi  nydok, JudbpaKuuoHHble — ONTHYECKHE — 3JIEMEHTHI,
MexxcnyTHUKOBASI CBSI3b

1.2 MeTtoa onopHbIX KBaJIPUK B 3aJaue CUHTe3a IU(PPaKUMOHHBIX ONTUYECKHUX 3J1EMEHTOB B
NpUOJIHKEHUH CKANIPHOH Te€OpUU AU pakumu

I B. Cownukos"?, JI. JI. ockosoud"? A. A. Munrasos"?, E. A. Besyc"?, ]I. A. Buikos"?

"Hnemumym cucmen obpabomru usobpascenuti, HHL] « Kypuamosckutl uncmumyms», Camapa,
Poccus

? Camapckutl HayuoHaroHbLL cciedosamenvekull yrusepcumem umenu akadenurxa C.I11. Kopoaésa,
Camapa, Poccus

Paspa6otan BapuanT mMetoja onopHbix kBajgpuk (MOK) nyis penienusi o6paTHoil 3ajauu pacdyera (pa3oBou
(yHKUMH audpakiMoHHoro ontuueckoro sjnementa (J1O3J), dopmupyioliero 3aganHoe pacrpeneneHue
MHTEHCUBHOCTH, B paMKax ckajsipHod Teopuu mudpakuuu. B pamkax meroma dazosasi ¢ynkuus 10D
NpejiCTaB/eHa B MNapaMeTPUUECKOM BHJIE, COOTBETCTBYIOLIEM CYNepro3ulnk (Ha3oBbIX (QYHKUHHA JHH3
(kBazpuk). Pacuer napamerpoB KBaJpHUK OCHOBAH Ha rPAJMEHTHOM METOe MUHUMU3ALUK (DYHKIIUHU OLIHOKH,
NpeCTaBAsANIME  oT/Mune (popMHUpyeMoro H TpeOyeMoro pacrpeiesieHuid HHTEHCHBHOCTH B paMKax
ckassspHol Teopuu audpaxuuu. [Ipu sTOM mnpousdBomHble (QYHKUMH OIMOKK 1O MapamerpaM KBajpHK
noJiyueHbl B aHajauTHueckom Bujie. [IpencraBaennbie npuMepnl pacuera JIOD nyis popmupoBaHus 3aJaHHbIX
pacrpejiesieHHil HHTEHCHBHOCTH IEMOHCTPHUPYIOT XOpollne paboure XapaKTepUCTHKHY METO/1a.

KaioueBble ciioBa: JIudpakuuoHHbiil ontuieckuit ajgement, O6patHas 3agada, MeTos onopHbIX KBAJIPHK,
[Ipu6ankenue reomerpudeckoi ontuku, CkasnsipHast reopusi iudpaxiiuu, [pardeHTHbIR METO
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1.3 bubnuoreka ans MoaeNMpPOBaHUS U ONTUMHM3aUMH cucTeM AUGPAKIMOHHON ONTHKH, ONTHYECKHUX
BbIUMCAUTENENH U IM(DPAKIMOHHBIX HEMPOCETEN C OTKPBITBIM HCXOIHBIM KOJIOM

A. A. lllep6akos, C. C. YUyrynos, B. JI. Mrouun, 1. K. Caxto , A. 1O. KoxanoBckuii
Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

B noknane o6cyxnaeTcsi CoBpeMeHHOe COCTOsSIHME HEHPOMOPMHBIX ONTHUECKHX BBIUMCIUTENEH C aKIIeHTOM Ha
MOJIHOCTBIO OMNTHYECKHE aHAJOrW HeHpOHHbIX ceTel. Dyner mnpencraBnena paspabGoTaHHasi OTKpbITast
MOJIHOCTBIO HacTpauBaemasi U paciuupsiemasi 6ubanoreka SVETIANNa, nospoJisiionias MoaeaupoBath |
ONTHUMHM3HPOBATh, B TOM YHCJIE HA rpadUueCcKUX NMpoleccopax, Kak KaaccHueckue cxeMbl ¢ M PaKIHOHHBIMH
3J1eMeHTaMH, TaK U IM(paKIHoHHHbIe HelipoceTH. Ha pagnoo6Gpasnbix mpuMepax GyayT NpoaeMOHCTPUPOBAHbI
BO3MOXKHOCTH TaKHMX HeHpoceTel, ¥ MoKa3aHbl pas/nyHble BAPUAHTBI IPUMEHEHUsT OMOUIOTEKH.

KatoueBbie  csoBa:  JludpakuroHHble  ONTHUYECKHE — 3JIeMEHTbl, JAUM(paKUMOHHbIE HEHPOHHbIE CeTH,
HelpoMopHbIe BLIUUCAUTENH, ONTHUECKHE BbIUMCICHHUS

1.4 MeTop, (popmMupoBaHUs rUNEepPCNEeKTPaIbHBIX CJ10€B HA OCHOBE HAbopa H300paXKeHu,
c(hopMHUPOBAHHBIX MATPUIIEN FAPMOHUYECKHUX JIMH3

. C. Ilponun', P. B. Ckunanos', I'. B. ¥Ycruienbes !, C. C. [Toaruxosa

A C.TII 'P.B.C L'T.B.Y LC.CTII !

"'Camapckuti nayuorarvroill uccaedosamensvckutl yrusepcumem um. akademura C. [1. Kopoaésa,
Camapa, Poccus

Paccmotpen meton (hopMHUpoOBaHUS THIIECTIEKTPAJIBHBIX CJI0EB ¢ HCTMOJb30BAHUEM MATPULbl FAPMOHHUYECKHUX
auH3 1 ¢unbtpa baefipa oO6bluHOH 1BeTHOH Kamepbl. PaspaGoTan onbITHBIH 0oOpasell, MPOBEIEHbI
skcnepumenTol. [IporecTupoBaHbl HEKOTOPblE apXUTEKTYPbl HEHPOHHBIX CeTell W aJrOPUTMbl MALUMHHOTO
oOyueHHs JI/1s1 METO/Ia BOCCTAHOBJIEHHUS CTIEKTPa MO AaHHBIM MAaTPHUYHOTO THMepcrekTpoMerpa. PesysbTaThl
CTYKTYpPUPOBaHbl, MPOAHAJHU3UPOBAHbI U MPEJICTaBAEHbl B paboTe.

Kmouebie  ciioa: Ontuka, JIudpakuyoHHble — ONTHYECKHE — JeMeHTbl, [apMOHHUYeCKHe — JIMH3HI,
['nnepcrnekTpomMeTp MOMEHTaJIbLHON ChbeMKH

1.5 OnTHueckue 3jeMeHTbI /15 peaju3aluu JOrH4eCcK1X onepaiuii B CBOO0AHOM MPOCTPAHCTBE

J1. M. Copokun', P. B. Ckuganos', I'. B. Ycnienbes!
"'Camapcrutl nayuonarvroil uccaredosamenvckuil yrusepcumem um C.I11. Kopoaesa, Camapa, Poccus

[TpoBenena Meromuka pacueTa AMPPAKUMOHHBIX ONTHUECKHX 3JEMEHTOB, peaiM3yIolHX OCHOBHbIE
goruyeckue onepaund AND, ORu NOT B BHjie nocTynarolero Ha BXoJl CBETOBOTO CHTHaJIa B MPSIMOYTOJIbHOM
006J1aCTH U BBIXOIHON 06/1aCTH B (hOpPMe JIMHUK HA OCHOBE MOJIEJIMPOBAHHUS U SKCTIEPUMEHTA.

KatoueBbie cioa: Onruka, Jlornueckue onepatinu, JludpakioHtble onTHUeCKHe 3jeMeHThl, JloruuecKue
3JIEMEHTHI

1.6 OnTHueckue JUHUK 3aJ€epP2KKH Ha OCHOBE )ll/lepaKl.ll/lOHHle ONTHYECKHUX JIEMEHTOB

C. C.IToaruxosa', P.B. Ckunanos!, I'.B. Yeniennes
"'Camapckutl nayuorarvroill uccaredosamervckuil ynusepcumem um. akademurxa C.I1. Kopoaesa,
Camapa, Poccus
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[IpencraBiena cucrema us JIOD st ocyllecTBJAEHUSI YNpPaBJAsieMOl BpPeMeHHOH 3alepKKH CBETOBOrO
curHajia. PaccMoTpenbl pas/jiMuHble BAPUAHTBI C Pa3HbIM KOJHUECTBOM IyYKOB M Pa3HbIM TPOCTPAHCTBEHHbIM
pacriosio;kenueM. [IpencraBienbl pedybTaThl 3KCIIEPUMEHTOB.

Kamiouessbie cioBa: Onruka, [onorpadus, udpakumontbie ontTuueckie 31eMeHTbl

1.7 OnpeneyieHune yrioBbIX KOOPAUHAT TOYEUHOTO CBETSLIErOCS 00bEKTA C UCM0JIb30BaHUEM
JU(paKUUOHHBIX ONTHYECKHX 2JTEMEHTOB

A. E. Moposog!, P. B. Ckunanos!, A. C. ITponun!, /1. M. Copokut!, 1O. B. Xanenko!, C. A. domuenkos',
K. B. OBuuHHHKOB!
'Camapckutl nayuonarvroll uccredosamenvckuti ynusepcumem um. C. [1. Kopoaésa, Camapa, Poccus

PaccmMoTpeH  MeTon  OBbICTPOro  OMpesie/ieHHs] yIIOBBIX KOOPAMHAT, OCHOBAHHBIH Ha HCMOJIb30BAHUH
AM(PAKLUHUOHHBIX ONTHYECKUX 3/J€MEHTOB, (DOPMUPYIOLLMX paanasbHOe pacrpeeseHne HHTEHCHBHOCTH BHA
larctg(p)|. TlpencraBienbl pe3ysnbraThl MOJENIHPOBAHHMS W 3KcrepuMeHTa. [lokazaHa BO3MOXKHOCTb
onpesiesieHns YIJIOBBIX KOOPAMHAT € MorperHocTsio okodio 0,017,

KotoueBeie cioa: Onruueckast cucrema, PaananbHoe pacripesiesiene HHTeHCMBHOCTH, JlHpakiMoOHHble
ONTHYECKHE JIEMEHTbI

1.8 CoBpemeHHbIe aIIMTUBHbIE TEXHOJIOTMH B ONITHKE
[peticyx puropuii Micaesuu', dokmop mexuuueckux nayx, Jlesun M. A%, Kasun C. B.!

| — llensencKkuil eocydapcmsen oLl YHUBEPCUMEM ApXUMEKMYpPolL U CIPOUmesscmasa, 2. [lenaa
2 — [T1AO «Kpacroeopckuii 3a800 un. C. A. 3sepesa s, e. Kpacroeopck

B noknane npexacrtaBieH KpaTKMd 0630p COBPEMEHHBIX aJJIMTHBHBIX TEXHOJIOTHH HCIOJb3YyeMbIX sl
MPOU3BOACTBA  pepPaKUMOHHBIX ~ONTHYECKHX  3JEMEHTOB €O  CepuyecKMMH U achepuuecKUMH
NOBEPXHOCTSIMH, a TAKKE C TPAAMEHTOM [0Ka3aTeJisl pesomiieHust. HanboJsiee NpoABHHYTHIMH U3 HUX CETO/HS
SIBJSIOTCS  XUMHYECKoe ocaxkleHue M3 rasoBoi ¢asbl W 3D-cTpyfiHasi meyaTb ¢ MCHOJb30BAHHEM
HaHOKOMIIO3UTHBIX MaTepHaJ/oB, MOJYYUBIUMX HAa3BaHHUE «ONTHYECKHUX 4YepHHJI». [IpHMHUMIAM MOCTpOeHUs
METOJHK MPOEKTHPOBAHUSI OOBEKTHBOB, BKJ/IOUAOLINX MPAJMEHTHBIE 3JIEMEHThI, HEOJHOPOIHbIE MaTepHaJIbI
KOTOPOH  H3rOTaBJIMBAIOTCS  BbILICNIEPEUUCJCHHBIMH  TEXHOJIOTHSIMHM, YIAEJEHO OCHOBHOE BHHMaHHe
HACTOSILLIEro A0KJIaaa.

1.9 Pazpa6oTka v npumMeHeHHe LUJIMHAPUUECKUX IPAAUEHTHDIX JIMH3 B ONTHYECKUX CUCTEMAX U HOCUMOI
2JIEKTPOHUKE

B.C. Bpynos, I''A. Epmonaes, JI.IT. Yeprtuu, M.M. Uyryrosa, A.B. Apcenun, B.C. Bosikos

Emerging Technology Research Center, XPANCEO, Dubai, UAE

B pabote naH peTpoCHEeKTUBHbIA B3NS HAa pPa3BUTHE TEXHOJOIHM H3TOTOBJIEHHSI BbICOKOAMNEPTYPHbBIX
TPaMeHTHBIX JIMH3, BKJIOYAIOUIMH KJACCHUECKUH MeTOl HOHOOOMeHHOH nuddysun B cTekse (06beKTUBHO
OrpaHUYEHHbIH MO BeJHYMHE MAKCUMAJbHOrO HABEIEHHOTO TMepernaja rnokasareJist MpeJoMIeHHs ), a TaKkKe
COBpPEMEHHBIH  BBICOKOPA3pelIaoni  MeTOJ MOJHMEpPHOH MeyaTH ¢ HcnoJb3oBaHueM  sddexra
JBYX(POTOHHOTO TOIJIOUIEHHS], MO3BOJSIONIMI MNPEOoioaeTh OOBEKTHBHbIE OrpAaHHUEHHs HOHOOOMEHHbIX
meToN0B. [lpoBeneHa cpaBHHTEsIbHASI OLIEHKA KayecTBa I'PAJAMEHTHBIX JIMH3, HW3TOTOBJEHHBIX JAHHBIMH
MeTolaMH. PaccMoTpeHbl MeTO/lbl U3MEPEHHUsT U KOHTPOJIsi ONTHYECKHUX TapaMeTPOB TPaAMEHTHbBIX JIMH3, laHa
UX CpaBHMTeJIbHasi oueHka. [IpospeMoHCTpUpOBaH COBPEMEHHBIH 3JIJIUIICOMETPUYECKUHA METO[ M3MepeHHUs
TPAIMEHTHBIX JIMH3, SIBJSIOUIMICS BbICOKOTOUHBIM, 3((EKTUBHBIM, Hepa3pyllalolidM U HU3KO3aTPATHBIM.
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PaccmoTpeno 3anaTeHTOBaHHOE HOCHMOE YCTPOHCTBO JIOMOJHEHHOH peasibHOCTHM Ha OCHOBE KOHTAKTHOH
JIMH3BI, [J1e TPAJIMEHTHbIE JIMH3bI HCIOJb3YIOTCS B KAUeCTBE KOJIMMATOPOB MHTEMPUPOBAHHOIO MUKPOUCTIJIES].

KatoueBble ciioBa: rpajaMeHTHast onTuka, rpaauenTHas aun3a, GRIN nvH3a, HoHHBIA 06MeH, HOHOOGMeHHas]
nncddyausi, HaBel€HHOE H3MeHEHWe T0Ka3aTessi MpeJOMJeHHs, JIONOJHEHHAs peasibHOCTb, HOCHMOE
YCTPOKUCTBO

1.10 ®oKycupoBKa cynep-rayccoBbiX My4KOB B OJIMXKHEH 30He CYOBOJHOBBIX KOJbLIEBbIX PEILIETOK

/1. A. CaBeJibeB
Camapckuil Hayuonaroroul uccaedosamervckuil ynusepcumem um. C. [1. Kopoaésa, Camapa

B nannoii paGote omnpejesieHbl BBICOTHI OTJEJbHBIX 30H pesibeda KOJbIEBbIX PELIeTOK, TPH KOTOPbIX
HabJofiaeTcst popMHUpoBaHue y3Koro QokanbHoro natHa (o 0,23 1JIMH BOJIH) U YAJMHEHHBIX CBETOBBIX
(hoKaJbHBIX OTPE3KOB Ha ONTHYECKOH ocH (CBbille 6 JyIMH BOJiH). B KadecTBe BXOJAHOTO W3JyueHUs
paccMaTpHBaJIMCh rayCCOBble M CyMep rayccoBble My4yKH ¢ KPYroBOH M pajua/bHOH nosisipusaimeit. Takxke
OblJla TPOU3BeJIeHa OlleHKa 0co6eHHOCTeN (POPMUPOBAHHUS YJIHHEHHBIX CBETOBBIX (DOKAIbHBIX OTPE3KOB MPH
BHECEHHH B paccMaTpuUBaeMble Ja3epHble MydKH acTUrMaTHueckod abGeppauuu. s 4uc/IeHHOro
MOJIe/IMPOBAHHUS HCIOJBb30BAJICS METOJL KOHEUHBIX pa3HOCTel BO BpeMeHHOH 06,/1aCTH.

Kmiouesbie cioBa: Cy6BoJiHOBBIE KosblieBble penieTkd, Octpast okycuposka, Cymnep rayccoBble MydKH,
FDTD, Acrurmatuueckast abeppatiusi

1.11 Juanekrpuueckoe 3epKajio, COXpaHsiollee LUPKYJIAPHYIO MOJSIPU3aALMIO CBETA B IIUPOKOM
CMEeKTPaJbHOM U YIJIOBOM iMana3oHe

H. C. Canaxosa', C. A. Ibsikos', H. A. Tunnuyc'
"'Croakosckutl unemumym Hayku u mexnoaoeutl, Teppumopus Hrrosayuonnoe2o Llenmpa
«Ckoak0805, boavwoli 6yavsap 0. 30, cmp. 1, Mocksa 121205, Poccus

B nannoii paGore mnpeacraBieH JM3afiH TOJHOCTBIO JIM3JEKTPHUECKOTO 3epKaja, obecrneynBaloulero
coXpaHeHHe LIUPKYJSIPHOH MoJISpU3aliyi CBeTa B LIMPOKOM crieKTpasibHoM jiuanadoHe ot 1400 no 1800 1M u npu
yrnax najenust or —40° 1o +40°. °. 3epkaJjio cOCTOUT U3 POTOHHO-KPUCTAJTHUECKOTO CJI0SI HA MHOTOCJIOHHOM
JU3JIEKTpUUEeCKOl cTpykType. [IpoBeneHo unciieHHOe MOJeJMpOBaHKe, HCC/ENylolllee BJUsHUE BapHalUil
reOMeTPUUECKUX MapaMeTPoB — TaKUX KaK TOJIMHA CJI0OEB, MEPUOAUYHOCTL M (hopMa TMpoduls,
BO3HHKAIOL[Asi TpPH TpPaBJIeHMM — Ha OINTHUECKHE XapaKTePUCTHUKHU 3epkasa. PaspaGorka 3epkad,
COXPaHSIIOLIUX HUPKYJISPHYIO MOJISIPU3ALMIO TIPH OTPAXKEHUH, UMEET BayKHOE 3HAUEHHE ISt CO3/IaHUsI CHCTEM
JIETEKTUPOBAHUS W CeJIEKLIMH SHAHTMOMEPOB XHPAJbHBIX MOJIEKYJ B XHMHUUYECKMX M OMOMEIMIMHCKUX
MPUJIOIKEHHUSIX.

KJHO‘-IGBI)IG caosa: oToHHbIE KpUuCTaJlJibl, UUPKYJISAPHO-TIOJAPU3OBAHHOE U3JIyUEHUE, INDJIEKTPUIECKHUE
3€pKaJia, LIMPOKOIOJIOCHbIE 3€pKaJia

1.12 MeTon co3nanusi (ha30BbIX roJIOrpamMm yepes3 npeaBapuTesbLHO UTEPATUBHO BbluUcsieMble (PYHKIUU
mMoayasuuu 1 3(hGeKTUBHOTO CTPYKTYPUPOBAHUSA CBETa

A.A. Pepakuu'?, M. J1. Tepsasues'?, /1. C. Xapenko '
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| — Hosocubupckuii eocydapcmsennolii ynusepcumem, Hosocubupck, Poccus
2 — HUnemumym asmomamuru u arexmpomempuu Cubupckoeo omoenenus PAH, Hosocubupck,
Poccus

[IpencraBsieH HOBbIH MeTO 3 heKTHBHON reHepalut CTPYKTYPHPOBAHHOTO HU3JyYeHHUsl C UCIOJb30BaHHEM
MPOCTPAHCTBEHHBIX (Pa30BbIX MOJYJSITOPOB CBeTa B TIEOMETPUM C OJHMM OTpaxeHueM. YucieHHast
ONTHUMM3ALMSA (YHKIHM MOJIYJSILMH TO3BOJSIET HAMpPSMYyl0 PacCUUTHIBATH TOJIOTPAMMbI YISl CO3/IaHHS
MPOM3BOJIBHBIX pacrpesiesieHdi moJisi B onthueckod 4f-cxeme. IDKcnepuMeHTasbHble pe3yJbTaThl MO
reHepauuu Mox Jlareppa-I'aycca nokasbiBaroT, 4To NpeiozKeHHbIH MeTOo/L 00ecreyruBaeT TOUHOCTb OJU3KYIO
K KJaCCHUECKOMY METO/y Ha OCHOBe passoxkeHus $IkoOGu-AHrepa, mpu 3TOM AE€MOHCTPUPYST GOJIbLIYIO
3theKkTHBHOCTb, JocTHralouylo 15% st mepBbiX wecTH Moja. Kpome Toro, oM 103BOJIIET TOYHO
KOHTPOJIMPOBATh (ha3y CTPYKTYPHPOBAHHOTO M3JIyUeHHs C OTKJIOHEHHeM 0KoJlo 1%, a TakKe NpelocTaBaseT
JIOTTOJIHUTEJIbHbIE BO3MOXKHOCTH JI/IS1 T€Hepalldd ToJIorpaMM B 3aBUCHUMOCTH OT KOHKPETHBIX YCJOBHH
IKCIEepUMEHTA.

KitoueBble  csoBa:  KomnblotepHast — rosiorpadusi,  JudpakiumoHHble — ONTHUECKHE  3J€MEHTbI,
CrpykTypupoBaHHe cBeTa

CreHpoBbIe TOKJaabl

C.1.1 Cnoco6 co3nanus 1MppakMOHHBIX ONTHUECKHX 2JIEMEHTOB Ha BbIMYKJbIX MOBEPXHOCTAX ISl
runepcnekTpaibHoM annapaTypbl

C. A. ®omuenkos"?, P. B. Ckuganos"?

"HHI] "Kypuamosckuii uncmumym", Mocksa, Poccus

? Camapckutl HayuoraroHblll ucciedosamenvekull yrusepcumem umenu akademurxa C.I1. Kopoaésa,
Camapa, Poccus

B pabGote npenjiokeH W uccaenoBaH crnoco® H3rOTOBJEHHS] JUPPAKIMOHHOH PpeLIeTKH Ha BHIMYKJIOH
MOBEPXHOCTH J/Is1 THIlEpCreKTpasbHON annapatypbl. [IpoBeneHbl sKcriepuMeHTa/bHble HCC/IENOBAHHUS 110
M3TOTOBJIEHUIO TH(PAKIMOHHONW pellleTkd. OTpaGoTaH M ONTHMH3UPOBAH TEXHOJOTHUYECKHH Mpollece
uarotosJsienus. [IpencraByenbl pe3yasraThl paboThl FOTOBOTO 3J1€MEHTA B CXEME TMITEPCIIEKTPOMETPA.

KitoueBble ciioBa: JlndpakimoHHas peleTka, HarblJieHHe TOHKHX TJIEHOK, JIUTOTpadusi, THIIEPCIEKTPOMETP
C.1.2 NudpakuvoHHas 3¢r(eKTHBHOCTb ABYXCAOHHBIX ABYXpedbedHbIX MUKPOCTPYKTYP NpH Nepenaje
Temneparyp

[peficyx [puropuii Mcaesnu', dokmop mexuuueckux nayk 1 — [lensenckuil cocyoapcmaetolil

YHUBepcumem apxumexmypol u cmpoumesvcmsa, e. [lensa
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Cekuus 2
OnTHKa J1a3epHbIX MYyYKOB U CTPYKTYPUPOBAHHOTO CBETa

YcerHble nokaaapl

2.1 Bonpocsl (hopMHpOBaHHSI ONTHUECKUX MYYKOB U U300 PaXKEeHUIi B TypOYJIEHTHBIX cpeaax:
0CO0EHHOCTH NapaMeTpu3alud HEKOJIMOTOPOBCKUX MOJIEJIEN CrIeKTPa TypOYJIeHTHOCTH
(IIpuerawernouti)

JIykun Baagumup [leTpoBud, T0KTOp (PM3UKO-MaTeMaTHUECKUX HAyK

Huemumym onmuku ammocghepol um. B.E. Syesa CO PAH, Tomck, Poccus

PasButue Teopuu pacnpocTpaHeHust ONTHYECKUX BOJIH B CJIy4alHO- HEOAHOPOJHBIX CPe/laX, TaKUX KaK
aTMocepHast TypOyJJJIeHTHOCTb, OblJIM Pa3BUThI JOCTATOYHO Xopoluo. [Ipu 3TOM Teopust pacrnpocTpaHeHUst
BoJiH, pazsurast C.M. PeitoBbiM, B./. Tatapckum u ux yueHUKaMu, UCM0JIb30BaJIa LIUPOKO MPUMEHSIEMYIO
mojiesib Kosimoroposa-O6yxoBa /st criektpa TypOyJeHTHOCTH. B 3TOM jloK/1ajie NpUBOASATCS CBEJIEHHUS],
CBSI3aHHbIE C pellieHHeM 3a/lauM MOJyYeHNs] aHATUTHUECKUX BbIpaXKeHUH U151 pacueToB (JyKTyalui
napameTpoB ONTHYECKUX BOJIH NPH MX pacrpocTpaHeHuH B TYpOyJ€HTHOH cpejie ¢ HEKOJIMOTOPOBCKUM
CMeKTpPOM TypOYJIEHTHOCTH.

KitoueBble cjioBa: pacrnpocTpaHeHe onTHIeCKHX BOJIH, TYpOYJeHTHOCTh, MOJIEJIH CIIEKTpa

2.2 HazBaHue o6HoBasieTcs ([Ipuenauwiermolii)

B. IO. BenenukTos, 10KTOp (hM3MKO-MaTeMaTHUECKHUX HAYK
Canxkm-Ilemepbypeckuii eocydapcmsenntolli arekmpomexnuyeckutl ynusepcumem «JI9TH», Cankm-
[lemepbype, Poccus

2.3 'eomeTpusi TpaeKTOPUI CTPYKTYpUPOBaHHbIX Ny4KoB Jlareppa—Ilaycca Ha op6uTanbHoii chepe
[lyankape: akcnepyuMeHTaNbHbIN MOAXOM (OHAALH )

M. B. Bpeubko !, 41. E. Akumosa !, A. B. BoJisip !
" Qusuro-mexuuueckuil uncmumym Kpowmckutl gpedepavrolii ynusepcumem um. B. H. Beprnadckoeo»,
Cungpeponoas, Poccus

B pa6ote ncesenytortest XxapakTepUCTUKH CTPYKTYPHPOBAHHOIO cBeTa ¢ OpOMTaJIbHBIM YIJIOBBIM MOMEHTOM
MOCPEJICTBOM OTOOPaXKEHUsT €ro COCTOSIHUH Ha opOuTaibHylo cdepy [lyankape — reomeTpuueckuil aHajor
noJsisipu3allMoHHON cepbl. Takoe npejcraB/ieHre MO3BOJSET HHTEPIPETHPOBATH MOBEJIEHHE CBETOBOIO MyyKa
B BHJIe MPOCTPAHCTBEHHON TPaeKTOPHH Ha cdepe W BbISBJATb €r0 CKPbITble CHMMETPUM M MHBApHAHThl K
pa3/MYHbIM ONTHYECKMM H (DU3HYeCKHM TpeoOpazoBaHusiM. B pamkax wucciaeoBaHusi paspabotaH u
peasiu30BaH METOJL SKCIIePUMEHTAJIbHOTO onpe/eaeHust opObuTabHbiX NapameTpoB Crtokca. MeToj1 0CHOBAH Ha
perucTpauuu pacrpeneseH’ii HHTEHCUBHOCTH CTPYKTYPUPOBAHHOTO MydyKa B ABYX IMJIOCKOCTSIX ONTHYECKOH
CHCTEMBbI U M03BOJISIET OJIHO3HAUHO BOCCTAHOBUTD BCE UeThipe opOUTaibHbIX mapamerpa CTokca.

Kaouebie ciioBa: CTpyKTypHpoBaHHbIi CBeT, opOuTanbHble Napamerpbl CTokca, opOuTanbHas cepa
[lyankape, op6uTaNbHbIN YIIIOBOH MOMEHT.2.
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2.4 BavsiHue Hy/ieBOro nopsaka aupakiuu Ha 6ecceneBbl Nyuku, chopMUpPOBaHHbIE CNUPAJIbHBIMU
OMHapHbIMU (Pa30BbIMH AKCHKOHAMHU

H. 1. Ocunuesa', H. A. Hukonaes?
"HUnemumym sdeproii pusuku un. I. H. byokepa CO PAH, Hosocubupck, Poccus
2 Unemumym asmomamuxu u srexmpomempuu CO PAH, Hosocubupck, Poccus

B pa6ote ugyuaercsi npupoaa o6pa3zoBaHusi HyJeBOro Mmopsiika audpakiuiu npu GopMUpoBaHUH GeccesieBbIX
MYYKOB TeparepiioBOTro Jana3oHa ¢ NOMOLIbIO MPOTMYCKAIOIIMX KPEMHUEBbIX CIIUPAJIbHBIX OHHAPHBIX (PA30BbIX
aKCUKOHOB. [lokazaHo, UTO LEHTP aKCHKOHA, IJe HapPyLIAeTCs MEPUOAMYHOCTb CTPYKTYPbI, He BHOCHT
CYLIIeCTBEHHOTO BKJIaJa B (hOPMUPOBAHHE HYJIEBOTO MOPsiAKa U(PPAKIMK B IPOTUBOBEC BBIIBUHYTHIM paHee
NPENOoJOKEHUSIM, OCHOBAHHBIM Ha aHAJIOTMUHBIX MCCJIEIOBAHUSIX, MPEACTABJAEHHBIX B JuTeparype. Panee
ObLIO TOKAa3aHO, 4TO C(OPMUPOBAHHbIE TYUYKH COJAEpXKAT TEPUOIMUECKHe as3uMyTaJbHble BapHaliK
MHTEHCUBHOCTH BHYTPH KoJlell. MoJie/inpoBaHue IEMOHCTPUPYET, UTO KOJIMYECTBO MAKCHMYMOB B HUX paBHO 2/
(/ — Tonosoruueckuil 3apsil Mmydyka), B To BpeMsi Kak B 3kcnepuMente Habuonaetrcsi — [ [Tokazano, uto
OT/HYHe OOYC/IOBJAEHO TMPHUCYTCTBMEM B 3SKCIIEPUMEHTE HYJEBOro Mopsiika AU(paKiyH, BbI3BAHHOTO
repeoTpazkeHUsIMU BOJIH B KDEMHHEBOH MJ1aCTHHE, HE YUTEHHBIMH paHee B pacueTax.

KutoueBbie ciioBa: bBeccesieBbl nyuku, M pakHOHHbIE ONITHYECKHE 3JIEMEHTBI, aKCUKOH, TepareplioBoe
u3JlydeHue

2.5 Ucnosib3oBaHne OTPaXKaLIMX aKCHKOHOB /151 CO3laHUS TeparepleBbiX GecceeBbiX My4KOB
H.A. Basapipes'?, B.B. I'epacumos '?, B.C. ITasesibes?, A.H. Aradonos’, K.H. Tykmaxos*

"Unemumym sdeproii pusuku um. I'.H. byokepa CO PAH, Hosocubupck, Poccus
? Unemumym asmomamuru u srekmpomempuu CO PAH, Hosocubupck, Poccus
3 Hosocubupckuii eocydapemeennuitl ynusepcumem, Hosocubupck, Poccus

! Camapckuii ynusepcumem, Camapa, Poccus

B paGore mnpencraBienbl pesysnbTaTthl No ¢opmupoBanuio TeparepilieBbix (TIi1) GecceneBbiX MyuyKoB C
TorosiornueckumMu 3apsinamu |l = 3 u || = 9 Ha piunax BosH 141 MM, 203 MKM K 218 MKM. AKCHKOHbBI C
nepuofaMu p = 2 u 3 MM OblJIM H3TOTOBJIEHBI METOIAMH PEAKTHBHO-HOHHOTO TPaBJEHHUS U JJa3epHOH abJsiiuert
Ha KPEMHHH C TOC/eIyIOLUIMM HaMnblIeHHeM HerpoapadyHoro ciosi Meau. OrnpenesieHbl 30Hbl (GOPMUPOBAHHUS
OeccesieBbIX IMy4KOB, KOTOpble COIVIACYIOTCSI C YMC/JAEHHbIMM pacyeTaMH B paMKax CKaJssipHOH TeopHH
U PaKLUK U OJTyYeHbl OLEHKH SHepreTHueckoi 3(ppeKTHBHOCTH OTparKaIoILMX aKCHKOHOB. Torosornyeckue
3apsiibl MOJIydeHHbIX OecceieBbIX My4YKOB OblLIM OMpeeseHbl ¢ UCroJb3oBaHueM HHTepdepomerpa Maxa-
Llennepa.

Kamouebie cioBa: beccenebl myuku, TeparepiieBoe uannyuenne, OTpazkaioline akcukoHsl, becripoBonnas
nepenaya J1aHHbx, Jlazep Ha CBOOOMHBIX 3J1E€KTPOHAX

2.6 Tonosoruyeckue cBOMCTBA MOJ, METIEBbIX 1€PEKTOB B IBYMEPHbIX (DOTOHHBIX

E. O. CmoJinna’
"Unemumym npukaadrnotl pusuku umn. A.B. F'anonosa-I'pexosa PAH, Hucruii Hoseopod, Poccust

B paGote uccienyiotest cBsi3aHHble MOJIbl TOTIOJIOTHYECKHX JIePEKTOB B HAHOCTPYKTYPUPOBAHHBIX (POTOHHBIX
MeTtanoBepxHocTsX. C MOMOLIbIO TEOPETHUECKOTro aHaJjM3a, OCHOBAHHOrO Ha 3ddexkTuBHON JMpakoBCcKo#
MOJIeJIM, TO0Ka3aHa TOIOJIOTHYeCKasi YCTOHYMBOCTb TaKHUX COCTOSIHHM K JIOKAQJbHBIM JeopMalusMm |
6ecriopsinky. PaccMoTpeHbl mpsiMoJIMHEHHbIE W KpPYTJible 3aMKHYTble TpaHHIlbl JOMEHOB, (DOpMHUpYIOIIHe
TonoJiornueckuil edekt. [lpensokeHbl peasucTHUHbIE TapamMeTpbl METATNOBEPXHOCTEH, TMPU KOTOPBIX
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HaOJI0IeHHe TaKUX MOJL CTAHOBUTCS JIOCTYMHBIM SKCIepUMeHTasbHO. [losyueHHble pe3dyJibTaTbl OTKPBIBAIOT
NepCreKTUBbI IS CO3aHUs YCTOHUUBBIX K O€CMOPSIIKY U HECOBEPILEHCTBAM U3TOTOBJIEHHUS (DYHKIMOHAIbHBIX
(bOTOHHBIX 3JIEMEHTOB.

KatoueBbie ciioBa: @oroHHble KpUcTasiibl, Tonosoruueckue nedektbl, Tornosornueckas yCTOHUHBOCTD,
WurerpanbHas horonnka, JlnpakoBckas Mojiesb.

2.7 CamoBoccTaHOBJEHHE MOJSIPU3ALMOHHON CTPYKTYPbl BEKTOPHbBIX MYy4YKOB CBETA NPU CEKTOPHOM
BO3MYLUEHUU (OHAQLH)

C. 1. dxy6os', M. B. bpeurko !, C. M. Xasumos !, 9. E. Akumosa !, A. B. BoJisip !
"'Pusuko-mexnuueckutl uncmumym Kpoinckutl pedeparorolii ynusepcumem um. B. H. Bepnadckoeo»,
Cumgbeponoao, Poccus

Llenbio paGoThl OBIIO HCCAENOBAHHE BJMSIHUS CEKTOPHBIX BO3MYLLEHMH HA TOJSIPU3ALIMOHHYIO CTPYKTYPY
BekTOpHbIX TE 1 TM Mmoa. Jljisi KoJIMYeCTBEHHOro aHasiM3a MpeIozKeHa MHTerpaJjbHasi XapakTepUCTHKa
CTeleHH BOCCTAHOBJIEHUS MOJIsIPU3aLIMK, OCHOBAHHAsl HA HOPMHUPOBaHHbIX NapaMmerpax Crokca. B pesynbrate
NPOBEIEHHOT0 YUCJACHHOrO MOJEIHPOBAHHUS U SKCIIEPUMEHTAJIbHOH TPOBEPKH, TI0KA3aHO, YTO MPH MaJIbIX yIvlax
CEKTOPHOTO BO3MYLIEHHUS], MyYKH COXPAHSIIOT BBICOKYIO CTeNeHb BOCCTAHOBJIEHHs MOJSPU3aALMH U 3(DPeKT
CaMOBOCCTAHOBJIEHHUs MPOSIBJISIETCS] y2Ke HA PACCTOSIHMSIX nopsiaka MinHbl Pasesi. C yBenuueHuem cekropa
BO3MYLLEHHS NTPOUCXOIUT YaCTUYHOE BOCCTAHOBJIEHUE MOJISIPU3ALUOHHON CTPYKTYPbl HCXOJHBIX BEKTOPHBIX
Mozl. BeisiBsieHo, uto TM-Moaa nposiB/sieT 60JIbLIYI0 JIOKAJIbHYIO YCTOHYHBOCTb, XOTSl HHTErpaJibHasi CTeNeHb
BOCCTaHOBJIeHUsI OTJIHUaeTesi T TE-Mojibl He3HAYUTEIBHO.

Kamiouesble ciioBa: Ontuueckuii BUxphb, [lonspusauuontsle cunryasipuoctu, CeKTopHoe BO3MylLIEHHE,
[Tapametpnbl Crokca

2.8 lpeo6pa3oBaHue NOJSIPU3ALMOHHON CTPYKTYPbl BEKTOPHOrO CTPYKTYPUPOBAHHOTO MyuKa CBETa NpU
acTUrMaTH4eckom npeobdpa3oBaHuM (OHAAQLH)

C. 1. Xaqugios', M. B. Bpeupko', C. 1. Sky6os!, 1. E. Akumona'

" Kpvimekuii gpedepanvroitl yrusepcumem um. B. H. Bepradckoeo, Cumgheponoas, Poccust

PaboTta mocBsillleHa HCC/IEIOBAHUIO  BJMSIHHSL  ACTUIMATHUYECKOro MNpeoOpa3oBaHMsl Ha  BEKTOPHbIE
CTPYKTypHpOBaHHble My4dKH Jlareppa-Iaycca npu npoxoxkaeHuu yepes LHJAHHAPHYecKyto JIMH3Y. [ lokazaHo, uTo
TakHe MydKH JAEMOHCTPUPYIOT CJOXKHbIe H3MEHEHHs B CBOeH (ha30BOH M MOJISIPU3ALLMOHHON CTPYKType MoJ
JeACTBHEM LMJIMHAPHYECKOH JIMH3bI, YTO TPUBOJUT K POKICHHIO, CIUSTHUIO U aHHUTHJISILIMK T10JIsIPU3aLLHOHHBIX
cuHryJsipHocTel, Bkouas C-Toukd 1 V-TOUKH, a TaK:Ke K H3MEHEHUIO TOTIOJNOTHH SJJIUIICOB MOJSIPU3ALHH.
PesysibTaThl 103BOJISIIOT J1yUllle [MOHSTh YCTOHUMBOCTb U [1PeoOpasdyeMoCTb BEKTOPHbBIX MOJL IIPH MTPOX0XKIEHUH
yepes ONTHYECKHEe 3JIeMEHThl ¢ aCHMMETPHEN U MOTYT ObITh 110J1€3HbI 151 YIIPaBJAEHHsT COCTOSIHUSIMU CBETa B
COBPEMEHHbIX (DOTOHHBIX YCTPOHCTBAX.

KmoueBbie cioBa: CrpykrypupoBanubiii cBet, ABCD-marpuiia, Bekropubie mompbi, [lossipusaipmonnbie
CUHTYJISIPHOCTH

CreHpoBbIe 10KJaabl

C.2.1 ®ypbe-mMoaaibHbI METOJ1, C AHAJTMTUYECKUMU KYCOUHO-HENPepPbIBHbIMU (YHKUUSAMH /151
a(eKTMBHOTO aHaIM3a TU(PPAKLUK HA OIHOMEPHbBIX PellleTKAaX ¢ MPOU3BOJbHBIMH MPO(HIAMHU

C. H. Cnupudonos', A. A. lllep6arxos’
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""Vuusepcurer U TMO, Cankr-Ilerep6ypr, Poccusi

B paGore npencraBiena ymyuuienHasi gopmysnupoBka ®Pypbe-monasnbHoro meropa (PMM) nast cayuas
pelleToK TMPOU3BOJLHOIO MpOodu/s, MEePUOAMUYHBIX B OJHOM HalpaBJeHHH, sIBJsIOLLAsCS 00001IeHHeM
npeapiayuleid pabotbl aBTopoB. [1pennaraembiii Moaxo/ IBHO YUMTbIBAET HAKJIOHHbBIE MPAHUYHbIE YCJIOBUS 151
pa3pbIBHOH M HENpepbIBHOH KOMIIOHEHT 3JEKTPHYECKOrO TOoJIsl B KaKIOM CJI0€ PpasJioxKeHUsi Npodusst
pelIeTKH, YTo NPUBOJIUT K HOBbIM MaTPUUHbIM YPABHEHHUSIM U MO3BOJISIET CHU3UTL BJUsiHKe 3¢dekra [MbGO6ca.
PesyaibTaThl 4MCIE€HHBIX PAcyeToB B CpaBHEHHH ¢ KjaaccuueckiM PMM neMOHCTPUPYIOT 3HAUMTENbHOE
yayullieHue pacueta OJIHAKHErO MoJis CTPYKTYphl. PagpaGoTanHblil MOIXO0 MOXKET HAUTH MPUMEHEHHE B 3a1auax
MOBEPXHOCTHO-YCHUJICHHOH PaMaHOBCKOH CMEKTPOCKOINHH, HEJMHEHHOH ONTHKM W pa3pabOoTKe CEHCOPHBIX
YCTPOMUCTB.

Kutoueseie cioBa: Onruka, Pypbe-monanbubiii Mmetos, MM, peleTky ¢ HAKJIOHHBIMHM CTEHKAMH, PELIETKH
MPOU3BOJILHOTO NPohuIst, GiHKHEe roJe, IppakuHoHHas 3(PHEeKTHBHOCTD

C.2.2 Bausinve a6eppauuii BonHoBoro ¢rporta Ha ®PT npu ocTpoii (hoKycHpPOBKe AJ11 pa3JHUUHbIX THIOB
noJisipu3aluu

[1. A. Xopud', H. A. Vissmes', C. H. Xonunna"?

"Camapckuti nayuonarvroil uccredosamenvckuil yrusepcumem um. akademura C.I1. Koporesa,
Camapa, Poccus

? «Hnemumym cucmem o6pabomru usodpascenuti — Camapa» KKKu® HHL « Kypuamosckuil
uncmumymy, Camapa, Poccust

Kak npasuJio, abeppatinn BOJHOBOTO (hpOHTA pACCMATPUBAIOTCS KAK HEraTUBHBIH (aKTOpP, KOTOPBIH TPUBOJUT
K HCKayKeHUsIM (POPMHUPOBaHHUSI MTyUKOB WJIH H300paxkeHUH. B nanHo# paGoTe YnC/IeHHO HCCIeLyeTCsl BAUsTHHE
abeppalliil BOJHOBOTO (DPOHTA KaK Ha OT/e/IbHble KOMIOHEHTbI 3JE€KTPUYECKOTO MOJsl, TaK M Ha MOJHYIO
MHTEHCHUBHOCTb BEKTOPHOTO MOJISI MPH OCTPOH (POKYCHPOBKE JUIs PA3JMUHBIX THMOB noJssipudauuu. [lpu
MOJIQ/IMPOBAHHM MCII0JIb30BaH (hopMasiu3dM pacdera nosst B GokasbHOH o6sacth B npuOaKeHun JleOas.
[TosyueHo, 4TO B HEKOTOPBIX CJ/ydasx CIeLHaJbHO BHeCeHHass abeppauus MOXKET CrnocoOCTBOBATD
YMEHbLIECHHIO pa3Mepa CBETOBOIO MATHA, 0COOCHHO MPH OCTPOH POKYCHPOBKeE.

KutoueBble ciioBa: BoJIHOBbIE abeppallik, ocTpast GOKyCHPOBKa, MOJIsipU3aLus

C.2.3 llepecTpanBaemblii reHepaTOP ONTHUUECKUX BUXPE HA OCHOBE KYOUYECKUX YTOJKOBbIX OTpaXkarejei

IL 1. Peuternukos', A. A. Poixas®, M. E. [asesuna', A. A. Cesprorun?, A. JI. Cokosios?, B. M. ITerpos!, B.
IO. BenenukTon?

"'"Cankm-Ilemepbypeckuii ecocydapcmeennsiil yrusepcumem, Cankm-Ilemepoype, Poccus

2 Canxkm-ITlemepbypeckutl cocyoapcmesennuiii arekmpomexnudeckull ynusepcumem «JI3TH», Cankm-
[lemepbype, Poccus

3 Hayuornaavrelii uccaedosamenvckutl yrusepcumem « MIH», Mocksa, Poccus

Llenbio pabGoTbl siBasieTcsi pa3paboTKa M IKCMEPUMEHTANbHOE HCCJENOBaHME TeHepaTopa CKaJsipHbIX
OTNITMYECKUX BHUXpel l-ro mopsiika Ha oOcHOBe moJisipudalMoHHoro uHtepdepomerpa Maxa-lLlennepa c
KyOMYeCKHMH YrOJIKOBBIMH —OTpakatesisiMd. [lpenjioxkeHa opurdHasbHasi ONTHYECKAsi CXeMa TaKoro
reHepaTopa, a TakxKe pe3yJibTaThl HCCIIEI0BAHNS 3aBUCUMOCTH CTPYKTYPbI (POPMUPYEMbBIX ONTHUECKHX MYYKOB
OT OTHOCHTEJIbHOH (hasbl B MJievax nHrephepomeTpa.

18



{ XOMOSKCIMO

HayKa 1 MpakTka

KmoueBbie csioBa: Ontuka, CrpykrypupoBanHblii cBeT, OnTuueckue BuXpH, KyOuueckue yroskoBble
otpaxkaresu, [lTosnsipusalmonnbiii HHTEphEpOMeTp

C.2.4 U3nyualouiue cBOHCTBA TOMOJOTHUECKUX Ae(heKTOB B (POTOHHBIX KPUCTaMIaX, CDOPMUPOBAHHBIX
Ha KpeMHHEBbIX CTPYKTYpax ¢ HaHoocTpoBkamu Ge(Si)

E. O. Cnoauna', A. B. I[lepemorxun?, H. A. Yynpur®, M. B. Cmenuxosa®, M. B. lllarees’, E. E.
Poosakuna?, 1. B. llleneypos®, A. B. Hosukos?

" Mucrutyt npukiaaHoit ¢pusnkd um. A.B. [anonosa-I'pexosa PAH, Humxkuuit Horopon, Poccust

2 Uncrutyt dusuku mukpoctpykryp PAH, Huxunit Hosropon, Poccust

3 Beiciuas wikosia o6iiei u npukiannoi dpusuku HHIY um. H.W. Jlo6auesckoro, Huxknuii Hosropo,
Poccus

* VncruryT dusuku nostynposoasnkos um. A.B. Pxanosa CO PAH, HoBocnGupck, Poccust

B paGore paccmoTpeHbl H3/ydaiolllde CBOHCTBA TOMOJOTHUECKHX Ne(PEKTOB B JBYMEPHBIX (POTOHHBIX
KpHcTasiax, chopMUPOBAHHBIX HA KpEMHHEBBIX CTPYKTypax ¢ HaHoocTpoBkamu Ge(Si). Manyuasi B iuanazone
npospadHocT Kpemuusi (1.2 — 1.6 MkM) 1 Oyjlydd COBMECTHMbIMU C KPEMHHEBLIMU TEXHOJIOTHSIMH, TaKHe
CTPYKTYPbI MPEJCTABISIOT 3HAYUTEIbHBIH MHTEPEC C TOYKH 3PEHHS] BOZMOXKHOCTEH CO3[aHHS HA MX OCHOBE
3J1EMEHTOB HHTerpasbHoil QotoHuku. Kak Oyner nokazano B pabore, GopMHpOBaHHE TOMOJOTHUECKHX
neheKToB B (DOTOHHBIX KPUCTAJJIAX MO3BOJISET YNPABJATL AHATPAMMON HANPaBJEHHOCTH W MOJsipU3aluent
M3JlydeHHs aKTHBHOW Cpe/bl, OTKpPbIBas Te€M CaMbIM HOBble BO3MOXKHOCTH JUIsl CO3J@HUsl MCTOYHMKOB
M3JlydeHHUsl C 3a/]aHHbIMM CBOHCTBAMH, He UyBCTBUTEJbHBIX K OLIMOKAM MPOLIECCHPOBAHHSI.

Kaouesbie ciioBa: @otoHHbIe KpUcTaibl, Tonosornueckue nedektsl, JltoMmunectenius, MurerpanbHas
oToHHKa.
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Cekuus 3
Cucrembl BU3yaau3auuu u otoopaxenus nadpopmauuu ais AR/VR

YcerHble nokaaapl

3.1 Heiipohusuosoruueckue u ontuueckue acnektbl Bocnpustusi AR: ot koHdaukra kK kompopry

JIJ1. lapos", C.K. Cradees"?

"'Canxkm-Ilemepbypeckuii eocydapcmeennoitl ynusepcumem, Cankm-Ilemepbype, Poccus
2 Ynusepcumem HTMO, Cankm-Ilemep6ype, Poccus

B jokname mnpencraBieH 3SKCIEpUMEHTAbHbBIH TMOAXOA K HCC/IE0BAHMIO BePreHTHO-aKKOMOJIALIMOHHOTO
koHuinkTa (BAK), Bo3HHKaIOLIErO TIPH HCIOJb30BAHHK YCTPONCTB IONOJHEHHOH peasibHOCTH (AR). ABTOpbBI
AHAJIM3UPYIOT ~ BJIMSIHHE KOHCTPYKTMBHBIX —ocoGeHHOcTel AR-rapHHTYp Ha  3pUTesbHBIE  KOMGOPT
noJib30BaTe/el, BKJOUasi OUHOKYJSIPHOE COMEPHHYECTBO M BJHsIHHE akkomoiauuu. OnucaHbl METOAMKH
IKCTIEPUMEHTOB C MpUMeHeHHeM alTpekunra, DI u amantuBHOW onTuku. [lpennaraembie TexHuuecKue
pellleHHs1 TO3BOJISIIOT MOJIEJIMPOBATh  Pa3jiMuHble YCJOBHSI BU3yaJbHOTO BOCHPHATHS W YYHUTHIBATD
MHIMBUYya/bHble 0COOEHHOCTH ToJsb3oBaTenell. [IpencraBiaentbie pe3dyabTaThl MOTYT ObITh MOJIE3HBI TPH
pa3paboTke 3proHoMHuYHbIX AR-cucTeM, MUHUMH3HPYIOIIMX 3pUTEJNbHOE HArNpsKeHHe W TOBbIIIAIONINX
KOM(OPT B3aUMOJIEHCTBHS C IUPPOBBIM KOHTEHTOM.

KioueBble cioBa: 10mo/iHeHHAS peasibHOCTb, BEPreHTHO -aKKOMOIALMOHHbIH KOH(JIUKT, HOCHMbIE YCTPOHCTBA
JIOTIOJIHEHHON peasibHOCTH, BU3YasIbHbIH KOM(OPT, BOCIPUSITHE [TyOUHbI.

3.2 BoicokonpejioMsiioliie HAHOKOMIMO3UTHbIE MATEPUAJIbI 11 CUCTEM JIONOJHEHHOI PeaJbHOCTH
(IIpuerawernoiti)

[lesmko [.H., Kasanues U.C., Epmosnaes I'.A., Apcennn A.B., Bosikos B.C.
Emerging Technologies Research Center, XPANCEQ, Dubai Investment Park First, Dubai, United Arab
Emirates

CoBpeMeHHble YCTPOHCTBA JIOMOJHEHHOH peasibHOCTH TpeOyloT pa3paboTKH KOMIAKTHBIX ONTHYECKHX
3JIEMEHTOB C OIpe/ie/IeHHbIMU XapakTepucTHKaMu. PasButue texHosoruii 3D neuatu cenao BO3MOKHbBIM
CO3JIaHHe TAKHMX ONTHYECKHX 3/J€MEHTOB KaK MHKDPO- W IPAJMEHTHbIC JIMH3bl U3 MOJUMEPHbBIX KOMITIO3HTHBIX
cpell. MuHHaTIOpU3aLIUA ONTHYECKUX KOMIIOHEHTOB CBfI3aHAa C CHUHTE30M I10JIMMEPHBbIX HAHOKOMITO3HTHBIX
COCIIMHEHUH, PeaJIM3YIOLLUX BO3MOXKHOCTD YIIPABJICHHsI NTOKa3aTeJ/eM MPeJOMJICHHS B ILIHPOKOM JHaNasoHe,
YTO B CBOIO O4Yepe/lb HEOTJAECJUMO OT CO3/aHMS /IS HUX HOBOW MaTepuasbHOH 0asbl. B naHHo# paboTe Mbl
JEMOHCTPUPYEM BO3MOXKHOCTbL JIA3€PHOTO CHHTE3a HAHOUYACTHUL, U3 BbICOKOIPEJOMJSIOUIUX BaH-AeP-
BAaJIbCOBBIX MAaTEPHAJIOB - OCHOBbl HAHOKOMIO3UTHBIX COeIMHEHHH il 3D nevyar onTHuecKux 3/71€MeHTOB
YCTPOHCTB JIOMOJHEHHOH peasbHOCTH. Kpome Toro, Ha mpuMepe KOMMO3uTHO# cucteMbl PMMA/MoS, ¢
pasniuHoi 06'bEMHON KOHLIEHTpaLHel HaHoyacTHL MoS, nokasaHa BO3MOXKHOCTb yIpaBJ/IeHUS [10Ka3aTeJs1eM
TpeJIoMJIeHUsT KOMIIO3HUTa B ianasone ot 1.5 10 2.

KitoueBble ¢/10Ba: HAHOYACTHLbI, HAHOKOMITO3UTbI, 'PAJMEHTHbIE JIHH3bI, Ja3epHas abJisalus, J0MOJHEHHAs
peanbHOCTb

3.3 AcuMMeTpHUHbIE CXeMbl MYJIbTHIIMKALMK BbIxoaAHOTro 3pauka HMD cucrem
Aunpeit Hukonaesuy Iytuaun' %, C. C. Konenkunl-2, H. A. Iyruaun’ 2, C. E. y6binun', 10. IT1. Bopoaun':?

'Qusuueckuii uncmumym um. [1.H. Jlebedesa PAH, Mocksa, Poccus
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? Mockosckutl ecocydapemesernolil yrugepcumem ceodesuu u kapmoepaguu, Mocksa, Poccus

B paGore nmpencraBiaeHo HWccaeqoBaHHE 0 aHAAM3y CXeM  TOCTPOEHHS, MOJEJUPOBAHUIO U
IKCTEePUMEHTAJbHON 3aMUCH TO0TpaPUUeCKUX BOJTHOBOAHBIX YCTPOHCTB MyJIbTHIIJIMKALIMH BBIXOJHOTO 3paukKa
misi HMD  (Head-Mounted-Display) aucniees. [lokazanbl BapuaHTbl HCTOJHEHHS] BOJHOBOIHOTO
roJiorpaMuecKoro Mepuckona B 3aBUCHMOCTH OT MapaMeTpoB (hOPMUPYEMOTO BUPTYalbHOTO H300parKeHHUS.
Oco6eHHOCTBIO ONTHUECKUX CXEM TAKOTO THIA IUCIIJIEEB SBJSIETCS UCIOAb30BAHME BOJHOBOIHON AU PAKLIIN
M KOMIEHCAlUsi XpoMaTudMa JU(PPAKIMOHHBIX 3JE€MEHTOB. JKCMEPUMEHTANbHO 3aMUChIBAJUCh CXEMbI
JTU(PPAKIHOHHBIX TEPUCKONOB C BbBIXOAHBIM 3PauKOM, ACCHMETPUYHO MYJbTHILIHIHUPYEMbIM 10 OIHOH
KOOpJIMHATE.

KnoueBbie csoBa: BoJsiHOBOAHBIE ToJIOTpaMMbl, TroJorpaduueckre ONTHUECKHE 3JEMEHThI, JHUCIJIEH
JIoToJIHeHHOH peasibHOCTH, HMD.

3.4 UccanenoBanue abeppaiyili B ONTHYECKHX CXEMaX C BOJHOBOAHBIM PacCNpOCTPaHEHUEM U3JyUeHUS:
OrpaHUYEHHs U BO3MOXKHbIE MPEMMYILECTBA BOJHOBOIHOI rojorpaduu
Hukouait Annpeesuy [Tytnann' 2, C. E. My6emun', H. A. TTytuaun' 2, C. C. Konenkun1-2, 10. I1. Bopouun'-?

'Qusuueckuii uncmumym um. I1.H. Jle6edesa PAH, Mockesa, Poccust
? Mockosckutl eocydapemeennslil yrusepcumem ceodesuu u kapmoepaguu, Mocksa, Poccus

B pa60Te paccMaTpuBarOTCsA 0COOEHHOCTH BO3HUKHOBEHMUSI a6eppauﬂﬁ B CHCTeMax JIOMOJHEHHOH peaJibHOCTH
Ha OCHOB€ BOJIHOBOJHBIX LH/IqL)paKLI,I/IOHHbIX 3JIeMeHTOB. Takxke aHaJIM3UpPyeTCsd BO3MO2KHOCTL I[PUMEHEHHSs
JJAHHbIX 3JIEMEHTOB JJIs1 HCCJIE10BAHUSA aéeppaunﬁ 00bEKTUBOB U OKYJISIPOB. I_I,eJIb}O pa6OTbI ABJIACTCSA
orpeneJsieHue OI‘paHI/II{eHHIjI W NpeuMylleCTB, CBsA3aHHbIX ¢ BOJIHOBOJAHBLIM pACIIPOCTPAHEHUEM H3JIyYEHHUS. B
Xo/e pa6OTbI HUCMOJIL30BaJIMCh CllelHa/JIu3MpoOBaHHble IporpaMmbl JJisi KOMIIbIOTE€PHOI'O MOJEJ/IMPOBAHHUsA
paccMaTprUBaeMbIX CXEM. HpOBOﬂI/IJII/ICb SKCIIepUMEHTaJIbHbIE UCCAEJ0BaHKsT U3TOTOBJEHHBIX ,I[I/I(bpaKU,I/IOHHbIX
9JIEMEHTOB. HOJIy‘ieHHble pesyJibTaTbl MOTYT ObITb HCI0JIb30BAHbI pu paspaéoTKe METOJ0B KOHTPOJIsA
KadyecCcTBa OINITHYECKHUX KOMITOHEHTOB HWJIK OTACJbHBIX HOBerHOCTeIU/I.

KioueBble csioBa: BosHoBomHast rosiorpadusi, JudpakuyoHHble ONTHYECKHE 3JeMeHTbl, Abeppalinu
onTHyeckux cucreM, CHCTEMbI I0MOJHEHHON peasibHOCTH.

3.5 MyapoBbie y30pbl /11 CCHCOPOB B KOHTaKTHbIX JUH3aX (/Ipuerauierroiil)

U.M. ®pankun, P.B. Kupraes, M.C. Mupounos, I.B. I'pynmunun, A.A. Mapuenko, M.M. Uyrynosa, B.P.
Couoseit, A.B. Cioit, A.A. Bumnessiit, M.I1. Panpko, A.B. Apcenun, B.C. Bosikos

Emerging Technologies Research Center, XPANCEO, Dubai Investment Park First, Dubai, United Arab
Emirates

KoHTtakTHble JIMH3bI, GJarogapsi CBOeMy MOJIOKEHHIO HA MOBEPXHOCTH IJ1a3a, MpPeACTaBJSIIOT YHHKAJbHYIO
niatopMy /sl HHTErpaldd  3JEKTPOHHBIX M ONTHYECKUX YCTPOHCTB, TPUMEHHMMbIX B TEXHOJOTHSIX
BUPTYaJIbHOMN U JI0MTOJIHEHHOH peasbHOCTH, MEIMLIMHCKON IMarHOCTHKeE U ApYruX obsacTsx. B ciyyae ceHcopos
KJI0UeBOH MpoOJsIeMofi ocTaeTcst I0CTHKeHHE BbICOKOH TOYHOCTH U3MEPEHHH MPU COXPAHEHHH MUHHATIOPHBIX
pasMepoB JaTUMKOB, COOJIIOAECHUH KECTKHX OrpaHHuYeHHH 10 sHepronotpeb/eHtio U oOecreyeHnl NpoCToi
NpoLeypbl CYUUTLIBAHHST PE3YJIbTATOB.

B nanHo#i pa6oTe npeaioxKeHO HCMOJb30BaHHE MyapoBbIX Y30pOB, BO3HHMKAMOLIMX TPH HAJIOKEHHH JBYX
peureTok, s T1peoGpa3oBaHds MHUKPOCKONHYECKHX JeopMalldii W CIBMIOB B MaKpPOCKOMHUYECKHE
BU3yasibHble naTTepHbl. Ha ocHoBe H3MeHeHMH (OpMBbI W pa3MepoB 3THX Y30pPOB MOXKHO MPOBOJIUTH
u3mMepenusi. PaspaGoTaHHBINl CEHCOpP BHYTPHUIVIA3HOTO JABJIEHWs, OCHOBAHHBIH Ha JIAHHOM TPUHIIUIIE,
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JIEMOHCTPUPYET MOTPELIHOCTb H3MEPEHHUSI B 2 MM PT. CT., @ MOJyJ/lb OTCJIEKMBAHUS B3rJsia oOecreynBaeT
onpejieieHle OPUEHTALMH JIMH3bI ¢ TouHOoCThIo o 0.3° Gaaromapst addekty napasnakca. O6a pelieHus
SIBJSIIOTCS TACCHUBHBIMH, YTO TO3BOJISIET CUMTHIBATH JaHHbIE ONTHUECKH C MOMOLIbIO BHEIIHEH Kamepbl H
MOJIHOCTBIO HCKJTIOUAET HEOOXOAMMOCTb HHTErPALIUK MCTOYHUKOB TIHTAHHUSI.

PesysibTaThl MCCEI0BaHUS TTOATBEPKAAIOT, UTO MyapoBble y30pbl MOTYT CTaTh OCHOBOH Il KOMIAKTHbIX
CEHCOPOB B KOHTAKTHbIX JIMH3aX, MPUMEHHMbIX KaK B MeJIUIMHCKON JMarHoCTHKe (Hanpumep, s
MOHHMTOPHHTA [VIAyKOMbI ), TAK U B TEXHOJIOTUSIX BUPTYaAJIbHON U JIOTIOJIHEHHOH PeasibHOCTH.

KutoueBble cjioBa: oTC/e:KHBaHUE TJ1a3, BHYTPHUIVIA3HOE JlaBJeHHe, KOHTAKTHasi JIMH3a, MyapoBble Y30pbl,
napaJiiakc

3.6 BosiHOBOHbBIE 3KPaHbI M JIMH3bI, Mcnoab3yemblie B AR/VR-ycTpoiicTBax — cOBpeMeHHOCTD,
TeH/IEHLIUU Pa3BUTHUS U Oy/iylllee TEXHOJIOTUU

Kpatowkua Hukosai AjlekcannpoBuy', K. T. H.

'Bupmyansnoie Ouku

CreHpoBbIe TOKJaabl
C.3.1 CpaBHeHHe cxeM 3aMUCH roJIOrPaMMHBIX 3€pKaJl 1Jisl TPAaHCMOPTHBIX CUCTEM OTOOpaXKEeHU S

Y. dub, M. B. llluwosa, I1. B. Cemuenkos, A. b. Cosnomatienko
"MI'TY um. H. 3. baymarna, Mocksa, Poccus

B noknane npencraBieHo cpaBHeHHE JBYX BapHaHTOB CXeM 3alUCH TOJIOTPAMMHBIX 3epKaJjl, KOTOpble
NPUMEHSIIOTCS B COCTaBe MPOEKIMOHHBIX CUCTEM OTOOpPaXkeHUs1 HHPOPMaLMK JiJisi TPAHCITOPTHBIX cpelcTB. B
paboTe pe3yJibTaTbl IKCIEPUMEHTAJBbHBIX HCCAENOBAHUE COOTHOCSTCS C pe3ysbTaTaMid MOJEIUPOBAHHUS B
Zemax.

KitoueBble  CJIOBA: JOINOJIHEHHas1 peaJibHOCTb, HUD, rojiorpaMmMHoe 3epkaJio, TroJiorpamMHasli JiMH3a,
HWHAXKaTOp Ha JIOOOBOM CTeKJIe
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Cekuusa 4
OnTuueckKue 3alUTHbie TEXHOJOTUH

YcerHble nokaaapl

4.1 ®opmupoBaHue KOMOMHMPOBAHHOTO (DYHKLMOHAJBHOTO roJjorpaduyeckoro u JIOMHHECLEHTHOrO
M300pakeHHs1, BOCCTAHOBJIEHHOT0 TOYEYHbIM HCTOYHMKOM OOBIYHOTO ONTHYECKOTO0 U yibTpaduoneToBoro
usayuenus ([lpuerauwiernoutl)

Tanun Jleonun BukropoBuu, d. ¢.-m. H., akademur Mexcdyrapooroti unicereprotl akademuu (MHA),
uren Cosema npeaudenmos MHA, erasnoiii cosemuux 3A0 «OJIOTPAPHHYECKAS HH/IYCTPHS »

[TocesiliieHo namsTH nepBoro npesuaeHta akaaemuu Hayk CCCP, Bbiatolierocst ydeHoro B 006JacTH
JIOMHHecleHIMH, akajiemuka Ceprest MiBanoBuua BaBuJsioa.

4.2 0630p cnoco60B co3naHus BU3yaabHoro aphekra HaHoOGapebed B 3aLIMTHLIX ONTUUECKUX 3HAKAX
(llpuerawennoutl)

Y. b. KaiitykoB
"AO HTL] Amaac, Mocksa, Poccus

4.3 Ha3Banue o6HoBasiercs (/Ipuerauierroitl)

A. B. Cmuphos
"AO HIIO Kpunmen, dybua, Poccus

4.4 Bpi6op napaMeTpoB 3aLMTHOM roJ0rpamMmbl iJist HEGJAronpPHUSITHbIX YCJAOBHI OCBEIIEHHS

A. ®. Cwmbik, A. B. lllypbirun
000 «/acetimc Pusep bpanu», Mocksa, Poccus

3auTHbIe THCHEHBIE TOJIOTPAMMBI pacrpocTpaHeHbl GoJibllle JPYTUX B Hallle BpPeMsi M3-3a BbICOKOH
TEXHOJIOTMYHOCTH W JIELIEBU3HbI B MACCOBOM Mpou3BojcTBe. OnHAKO, yCJI0BHS OCBEIEHHS B COBPEMEHHON
cpelle He CJHUIIKOM OJIaronpHUaTHBI Ui TTOJHOLEHHOTO TPOSIBJEHUST BCEX JIOCTOMHCTB TOJIOTPAMMbBI Kak
3alIUTHOTO cpeficTBa. B pabote npoBesieHa olleHKa METOJIOB CO3AaHHs PeibeOB rosorpauuecknx peneTox
JUIS PA3JIMYHBIX YCJOBMH OCBELLEHHS M HX ONTHYECKMX CBOHCTB. B nok/aane mnpenioxkeHbl ABe MOJeIH
OCBELLEHHS, U OHH NPHUMEHEHBI U1 OLEHKH BJIHSHUS PasMEpOB OCBEILALIEro HCTOYHUKA U ero CIIeKTpa Ha
paspelleHre M LIBETHOCTb B BOCCTAHABJUBAEMOM rosiorpauyeckoM naobpazkeHuu. [Ipemsioxken noaxon ass
BbIOOpa TUMA W MapaMeTpOB TOJIOFPAMM, KOTOPBIH MOXKHO MPUMEHATb MPHU HEOJArONPHUATHBIX YCJIOBHAX
OCBELLEeHHSI.

Kutoueble cioBa: OnTuka, rojorpadusi, 3aliUTHbIE TOJOTPAMMBI.

4.5 YBejueHne CKOPOCTU 3aMUCH YCTPOUCTB JOT-MaTPUKC

A. @. Cwmbik, A. B. Ulypsirun
000 «/ucetinc Pusep bpanus, Mocksea, Poccus
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CoBpeMeHHble YCTPOHCTBA AOT-MATPUKC JUIsl 3aMUCH PATY KHBIX FOJIOTPAMM MOCJAEA0BATEbHON MPOeKInei
dbparmenToB Ha HoCHTe/b oOecreurBaloT ckopocTh 1—3 cm?/uac, YTO HENOCTATOUHO /ISt YNAKOBKH W
JUCIJICHHBIX PUMeHeHUH. B paboTe paccMoTpeHbl OCHOBHbBIE (DAKTOPBI, OrPAaHUUUBAIOLLME CKOPOCTb 3aMHCH
U TIPE/JI0KEHBI CXEMHO-TEXHHUECKHE pelleHts], T03BOJISIIOLINE YBEJHYHTb B HECKOJILKO pa3 CKOPOCTh 3allHCH
BCEX THIOB Paly?>KHbIX rosiorpamm. Jlist rojiorpaMm HEKOTOPbIX THIIOB JOCTHKHMMO ellle Godibliee yBearueHne
ckopocTH. [IpuBenenbl pesysbTaTbl SKCIEPUMEHTOB.

KstoueBebie ciioBa: Onruka, rosorpacgus, 10T -MaTPUKC

4.6 HaHogoToHHbIe (h13MUECKH HEKIOHUPYEMbIE 3aILUTHbIE METKU: CO3/laHUe, ONTHYECKHUE CBOMCTBA U
NPOTOKOJIbI CHUTbIBAHHUS

[1. H. Kycros' , M. T1. Canomupekuii' | E. A. TTerposa', /1. A. 3yes!

Dusuueckuii hakyromem, ¥Yuusepcumem HTMO, Cankm-Ilemepbype, Poccus

B noknane npescraBiens paGoThl Mo pazpaGoTKe HAHOMOTOHHBIX (PU3HUECKH HEKJOHMPYEMBIX 3alUTHBIX
METOK JI/151 IPUMEHEHHUS] B CUCTEMaX 3alMThI OT nojyiesiok. [ Ipeicrtap/ienbl JazepHble MeTO/IbI CO31aHHST MHUKPO-
M HAHOCTPYKTYp Ha OCHOBE KPEMHHEBBIX H 30J10TO-KPEMHHEBBIX MMOPHIHBIX MaTepuaJsoB, o6JalalolIuX
VHHKA/JbHBIMH M HeMOBTOPUMBIMH ONTHYECKHMH CBOHCTBAMM H/WJIH CTOXaCTHUECKMM PaCIOOKEHHEM.
McenenoBanbl  crieKTpasibHble  XapaKTePUCTHKH — paccesiHusl,  KOMOMHALMOHHOIO  paccesiHust U
(hOTOJIIOMHHECLIEHLIMH, IEMOHCTPUPYIOLLME BLICOKMH YPOBEHb BAPUATUBHOCTH MexKy MeTKaMu. [ IpeyioxKeHsbl
¥ [IPOTECTHPOBAHbI MPOTOKOJIbI ONTHYECKOTO CYMTBIBAHHS C HCIOJIb30BAHHEM AJMOPUTMOB KOMIbIOTEPHOTO
3peHHsl W JAp. s ayTeHTU(PHUKALMHM TMPEeUIOKEHHBbIX 3aUUTHBIX MeToK. [losydeHHble pe3yJibTaThbl
MOATBEPKAAIOT MEPCIEKTUBHOCTh (DU3MUECKH HEKJIOHUPYEMbIX METOK J/Is IPAKTHYECKOTO MCMO/b30BaHUS B
KauyecTBe HAeHTU(DUKAIIMOHHBIX 3HAKOB M B CUCTEMAX 3aLLUThI OT MOJUIE/KH.

KutoueBbie cioBa: HaHO(OTOHKKA, (PU3UUECKH HEKIOHUPYeMble (PYHKIIHH, 3aLUTHbIE METKH, HAHOCTPYKTYPHI,
JlazepHble METO/Ibl CO3/IaHUsT HAHOCTPYKTYP, aJITOPUTMbI ayTeHTH(DUKALHH.

4.7 OnTuuecku-nepemeHHble 3(peKTbl HA MyapoBbIX U300paXKEHUSIX, CO3/IaHHbIE C TOMOILbIO
MHUKPOJIMH3 B TOHKUX JIAKOBBIX CJI0SIX

P_H. Konsiikun', k.¢p-m.1. A. A. [llep6akos?, k.1.1. E. C. Kazapues', k.x.n. E. M. ®énoposa’
"Hayuno-uccredosamenvckuil uncmumym — guauanr akyuoneproeo obuecmasa «loznak», Mocksa,
Poccus

? Hayuornanvrolil uccredosamenvckutl yrusepcumem HTMO, Caukm-Ilemepbype, Poccus

B pa6ote onpesneseHa BO3MOKHOCTb MOJYyYeHHsT ONTHYECKUX 3(D(EKTOB € UCMOJIb30BAHUEM J1aKa B YCJIOBHAX
nosurpaduyeckoro npousBoAcTBa. [IpoBeneHa oLeHKa BO3MOXKHOCTEH I1€UaTHOrO Ipollecca, HMEHLLEero
OrpaHHYEHHY0 paspellaollyto CrocoOHOCTb, MO BOCIPOM3BEACHHIO rpaduueckux sJjemeHToB. Co3aaHo
nporpammHoe obecrieueHue Jyisi MOJEIUPOBAHUST ONTHYECKUX 3(h(eKTOB Ha 3Tare A0MeyaTHON MOArOTOBKH.
Haneuaranbl TecToBble 3jeMeHTbl ¢ 3anaHHbIMH 3pdexramu. [losyyeHHble pesysabraTbl MOIYT ObITb
MCIOJ1b30BaHbI IPH pa3paboTKe HOBBIX JIEMEHTOB 3aLLUThI MOJUTpadUUecKOl POLYKLHH.

Kaouesbie ciioBa: OnTuuecKu-nepeMeHHbId 31eMeHT, Pesbedonpuémubiii cioit, [leuathbiii mpotecce,
3aumuiennas neuatb, Myap, Jlak, MukposuH3abl
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Cekuusd 5
UnrerpanbHas poToHUKa

YcerHble nokaaapl

5.1 nO.Hﬂpl’lSYlOllJMC HWHTErpadbHO-0NTUHYECKHE BOJHOBO/bl HA OCHOBE TOHKOIIJIECHOYHOI'O HUOOATa JUTUS

A. B. Byaarosa'?, JI. H. Mockanes'? A. A. Kosnos'?, B. A. )Kypasnes'?, M. A. Berouwkun'?, E. JI.
Bo6umkos!?, Y. O. Canraesa*®, B. B. Kpuurron'#?

"lepmckas nayuro-npoussodcmeaennas npubopocmpoumenrvras komnanus, [lepmov, Poccus

? [lepmcKutl HAUUOHAAbHbLLL UCCACOOBAMENbCKULL NOAUMeXHUuYecKull yrusepcumem, [Tepmo, Poccust
¥ [lepmckutl eocydapemsenHolll HAYUOHAAbHbLL Uccaedosamenvekull yrusepcumem, [epmo, Poccus
* Croakosckutl uncmumym nayku u mexuosoeutl, Mockea, Poccus

7000 «[ugppa Jla6 s, [Tepmo, Poccust

Jns 3amay  onTHueckoro MpUOOPOCTPOEHHSI  MPUMEHSIIOTCS  MHTErpasibHO-ONTHYECKHe  BOJIHOBO/IbI,
NoJIepzKUBALOLIME pacrpocTpaHeHue (hyHIaMeHTalbHOM MOJIbI C 3alaHHO NoJisipusauueil. B pabote onucanbl
0COOEHHOCTH MPOEKTHPOBAHUSI MOJISIPU3YIOLLMX BOJHOBOJOB HA OCHOBE TOHKOIJIEHOUHOTO HHoOaTa JIUTHS X-
cpe3a (c ToJIMHON MJeHKH Huobara Jutus 0,6 MKM), noagep:kuBatolyx pacrnpoctpaHenne TE-moapl
ONTHYECKOT0 W3JlydeHHsl ¢ JVIMHHOK BosiHbl 1,55 MKM. [IpoBeneHo uncieHHoe Mojie/IMpoBaHHE ONTHYECKHUX
BOJIHOBOJIOB C LEJIbIO  OMpejiesieHusi Habopa reoMeTpUYecKUX MapaMeTpoB IOMEPeYyHOro CeueHwusl,
obecrieunBatolMX — pacrnpoctpaHenve  dyHaamenrasbHoi  TE-mombl M MakcuMaJjbHOe — 3aTyxaHue
dynnamentanbHod TM-Mopbl. [l MpOBEpPKH MOJIydEHHBIX DPe3yJbTaTOB OblIM H3rOTOBJEHbI 00pa3iibl
UHTErpajibHO-OMTHUECKUX BOJIHOBOAOB JJIsl 3KCIepuMeHTanbHOH oleHKU 3atyxanuss TM- u TE-mognbl.
M3mepenust onTHyeCcKUX NoTepb MOLIHOCTH yHIaMEHTaIbHbIX MOJI B BOJIHOBOJIAX KAU€CTBEHHO MOATBEPANIIH
3HAUEeHHUSs, MOJIydeHHbIE B pe3yJibTaTe YHCJEHHOTO MOICTIHPOBAHUS.

KitoueBblie cnoBa: [lonsipuzauusi, MurerpasbHO-0oNTHUECKUH BOJHOBOM, TOHKOMJIEHOUHBIH HHOOAT JIUTHS,
Oynnamenrtanbhble TE- 1 TM-Mojibl

5.2 [IpeumyiliecTBa MHOrOMOJOBbIX KPEMHHUEBBIX BOJHOBO/IOB U CMIOCOObI ypaBJeHUs] UX MOJOBbIM
COCTaBOM B MHTErpajibHOM (hOTOHMKE

J1. C. 3emiios, A. K. 3emuosa, A.C. Cmupros, C. C. Kocoso6os, B. I1. /Ipaues
CkoakoBcKuLl uHcmumym Hayku u mexvoaoeuit, Mocksa, Poccus

B uHTerpasibHOI (OTOHMKE MHOTOMOJIOBbIE BOJIHOBOJbI HMIPAlOT BaKHylO poJib. B paGoTe 4yuc/IeHHO
000CHOBBIBAETCSl  MCIOJIb30BAHHE MHOIOMOJIOBBIX BOJIHOBOJIOB [l JIOCTHXKEHMsI HM3KMX T0Tepb Ha
pacnpocTpaHeHue, a TakkKe HHU3KOH (a3oBOH YYBCTBHUTEJNbHOCTH K KOHEUHOH TOUHOCTH JIMTOrpaduu.
DKCIepUMEeHTAILHO MOKa3aHbl MOTEPH Ha pacnpocTpaHeHHe B KPeMHMEBOM BOJHOBole Menee 1.5 aB/cwm.
Taxxke B pabore mokazaHbl crnocoObl yrpaBJaeHHsI MOAOBBIM COCTABOM [JIsi MOMAYJSIUMH M KOMMYyTalUH B
(hOTOHHBIX MHTErPAJIbHBIX CXEMAX.

Kamouebie ciioBa: Muterpanbhas gpotonnka, Kpemunii Ha ugossitope, BoJHOBOAHAS MOJIA,

TepmoonTtuueckuit adpdekr, Monynsius
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5.3 DyieKTpoONTUUYECKUI MJIA3MOHHbBIH MOILYJIATOP MEXMONOBOI HHTEP(EPEHLIUU HA KPEMHUEBOM
BOJIHOBOJIE

A. K. 3emmora!, /1. C. 3emios!, M. A. TTuwiennuniok!, A. C. Cmupros!, K. H. Tap6ysos!, C. C. Kocoso6os!, B.
[1. Ipaues'
"'Croakosckutl uncmumym nayku u mexrosoeutl, Mocksa, Poccust

DJIEKTPOONTHYECKUH  MOAYJATOP  SIBJSIETCS  Ba)KHBIM ~ 3IJIEMEHTOM  HMHTerpajbHOH  (DOTOHHKH.
DJIEKTPOONTHYECKAsS MOIYJSLHS CBETA MPOUCXOAUT B MHOTOMOJIOBOM KpPEeMHHMEBOM BOJIHOBOJE Osaromapsi
sJeKTpopedpauoHHoMy 3(deKkTy B TpPo3pauHOM MPOBOJSAILEM OKCHIE HHAMsI-oJioBa. [UOpuaMsanus
BOJIHOBOJIHOM U MOBEPXHOCTHOW MJIa3MOHHOW MO/ MTO3BOJIWJIA PEAJNU30BATb MOAYJSALMIO HA JJIMHE AKTHBHON
obnactn MmeHee 4 MkM. MaroroBneHHble HHTerpasjbHble CTPYKTYpbl ObIIH MPOTECTHPOBAHbI B COCTaBe
AHaJIOTOBOTO ONTHYECKOTo TpakTa. Bbll naMepeH KO3 (HUIMEHT SKCTUHKIMH B HECKOJbKUX pPEeKUMAX: TPH
MOCTOSIHHOM HarpsizKeHUH 1 Ha 4acrore.
KatoueBble csoBa: WMuterpanbHasi dotonuka, MukpoBosHoBasi ¢oTtoHnka, Kpemuuit Ha wu3oJsitope,
DJIEKTPOONTHYECKU I MOJLYJIATOP

5.4 dBaHecueHTHbIEe BOJHBI €-skid BoJIHOBOLOB

A. A. Buuinessiit, /1. B. I'pyaunun, A. B. Apcenun, B. Bosikos
Emerging Technologies Research Center, \PANCEO, Dubai, UAE

Onrtuyeckast aHU30TPOMHUS SIBJISIETCS LIeHHBIM PECYPCOM, MO3BOJISIIOLLIAM TPOEKTHPOBATh (DOTOHHbIE CXEMBbI C
BbICOKOH MJIOTHOCTbIO HHTErpauMH, orpene/sieMoil TJIyOHHOH NPOHUKHOBEHUsS] BAHECLEHTHBbIX XBOCTOB
BOJIHOBOJHBIX MOJ. B m/iaHapHbIX BOJIHOBOJAX 3BaHECLEHTHbIE XBOCTbI UMECKT YUCTO MHHMMbIH BOJIHOBOH
BEKTOp B HaMpaBJeHUH Craja noJs. ITO BEPHO Kak Juls 0ObIKHOBEHHBIX, TaK U HEOOBIKHOBEHHbIX (BOJIH C
IKCTPEMAJILHO MaJIok rIyOUHON CKUH-cJ1051 WK e-skid) sBanecueHTHbIX BosiH. [1pn 0600611eHnH KOHLIENINHH
nsianapHoro e-skid BoJiHOBoja Ha BOJIHOBOABI C JOKAJW3aUWed TMoJs B JBYX HM3MEPEHHsIX, BO3HMKAIOT
3BAaHECUEHTHbIE BOJIHbI C HEHYJIEBOH IEHCTBUTEJ/IbHON UaCThI0 BOJIHOBOIO BeKTOpa. B noknaje 6yayT pasobpau
(hU3HUECKHH MeXaHU3M WX POPMHUPOBaAHMUS

Katouebie ciioBa: E-skid BosiHoBoapbl, OnTHueckas anuzotponusi, BannepBaanbcoBbl MaTepHasibl

5.5 UccaenoBanue ontTuueckoro adekra caMoBO3A€CTBUSI B THOPUAHBIX HAHOCTPYKTYPaXxX THIA MeTaJll-
MnoJynpoBOJHHK

A. O. Jlapun, 3. U. Arees
Yrusepcumem HTMO, Canxkm-ITlemepoype, Poccus

B noksane npeacrap/ieHbl pe3ysbTaThl UCCAENI0OBAHUS S eKTa CaMOBO3IEHCTBUS U €r0 POJIM NPU FeHepaliu
HeJIMHEHHO - ONITHYECKOTO OTKJIWKA B THOPUIHBIX HAHOCTPYKTypax THIA MeTaJll-MoJynpoBOIHUK. PacecMoTpen
MOAXOJ K HX H3rOTOBJIEHHIO C OMUCAHHEM MOPQOJIOrHH, HCCIEI0BAHO B3aUMOJIEHCTBHE THOPUIHBIX
HAHOCTPYKTYP C Jla3epHbIM H3JydeHHeM (HeMTOCEKYHIHOH JIJIMTEIbHOCTH Ha JyiMHaxX BosiH GumxHero UK, a
TaK:Ke MOCTPOEHbBI UMCIEHHbIE MOJIEH JI/IsT HHTEPTIPETAlH MOJYUeHHBIX Pe3yJIbTaTOB ONTHYECKUX U3MEPEHHI.
Pesyibrathl HcC/leNOBaHUHS MMEIOT MEPCHNEKTHBBl NI pa3pabOTKH HAHOPA3MEPHBIX ar-KOHBEPCHOHHBIX
MCTOYHUKOB HU3JIydeHHs /151 (DOTOHHBIX HHTErPAJIbHBIX CXeM B KAU€CTBE aKTHBHbBIX KOMITOHEHT.

KatoueBble ciioBa: Hanoctpyktypsl, Hennnetinasi ontuka, [u6punnasi HanooTtoHuka
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5.6 MHoroypoBHeBoe nepekJioueHre (ha30u3MeHIeMOil SUeiKi B UHTErpaibHOI (POTOHHON cxeme
A.A. Hessopos', A.U. TTpoxoauos?, B.B. Kosasok!, I1.1. Jlaszapenko?, A J1. Tosmkos"?, C.A. Kosztoxun®,
[.H. Tonbuman*

I Jlabopamopus pomonnvix easosuix cencopos, MUCHC, Mocksa, Poccus

? Hayuonanvolil uccaredosamenvckudl yrusepcumem « MHIT», 3eaenoepad, Poccus

SUnemumym obwetl u Heopearuueckotl xumuu umeru um. H.C. Kypnarxosa PAH, Mockesa, Poccus
"Hayuornarorelil uccaedosamenvckuil ynusepcumem «Boicuias wkoara skonomurku», Mocksa, Poccust

Pa6ota nocssiiieHa ucese10BaHtio (hOTOHHBIX MHTETPa/IbHBIX CXEM C [IepecTpanBaeMbIMU TUEHKAMH Ha OCHOBE
XalbKOreHWAHbIX (asonsmensieMblx MatepuanoB (PHM). Toukue nsenkn DPHUM, nanecenHble Ha
MIOBEPXHOCTb OJHOMOJIOBOIO HHTErPasIbHOrO BOJIHOBOJA M3 HUTPHIA KPEMHHs, MO3BOJIMJIM HAM HM3MEHSITh
MpoIycKaHue HHTerpajbHOH cxeMbl Ha 6 dB ¢ momollblo sa3epHbIX MMITY/IbCOB, PACIPOCTPAHSIIOLLUXCS B
CaMoOM BOJIHOBOJe. B paGoTbl Mbl OMNHCHIBAEM 3KCIEPHUMEHTAJIbHYIO CXeMy M MPOTOKOJ YIpaBJeHHs
CO3JIaHHBIMH CTPYKTypaMH, KOTOPbIH M03BOJISET M0JTy4aTh He MeHee 4X 6e301IMO0UHO PAa3JIMYUMbIX COCTOSTHHI
MHTErpaJibHOrO 3J1eMEeHTa, XapaKTepU3YIOLLMXCsl pa3/IMUHbIMH YPOBHSAMH MporyckaHus. [loyyeHHble Hamu
pe3ysibTaThl [103BOJIAT CO3/aTh 3SHEPrOHe3aBHCHMYI0 MHOIOYPOBHEBYIO SIUEHKY [MOJHOCTBIO ONTHYECKOH
NaMsTH, a TaKxKe MOTYT HalTH [IPUMEHEHHEe B HHTErPasIbHbIX ONTHYECKHX HEHPOMOPHBIX CHCTEMAX.

KitoueBnble ciioBa: I/IHTGFpaJIbeIQ (bOTOHHbIG CXE€MblI, q;)aSOHSMeHHeMbIe martepualibl, OIITUHYECKHUE 3JIEMEHTDI
NnamsiTu, HGIU/IPOMOpqL)HbIe TEXHOJIO'MH, SHEeproHedaBucuMasi nnamsThb

5.7 ®oToHHbIE HHTErPaJbHbIE CXEMbI € KOJIbLEBbIMH MUKPOpe30HaTOpaMu Ha ocHoBe SisN4

A.U. Abanun’?>3, PM. Pasanos?, A.J1. loaukos?

"HITK «Texnosorkueckuii uentp», Mocksa, Poccust

? Haupona ibHbii MeeienoBate bekui ynupepeurer « MMIT», Mocksa, Poccust
3 VibsIHOBCKHE TOCYIapCTBEHHBIE YHUBEPCUTET, YJIbsIHOBCK, Poccust

* YuuBepcuter Hayku 1 TexHosoruii « MUCuC», Mocksa, Poccus

Llesibto paGoThl siBJIsIACH OTPABOTKA TEXHONOTMH H3FOTOBJIEHUS (DOTOHHBIX HHTETrPaJIbHBIX CXeM Ha MOJI0KKaAX
Si/Si0y/SisN,. OnpenenieHbl OCHOBHBIE PeXKHUMbI, oGecniednBatoniye GopmupoBanne cioeB SiOsu SizN, ¢
tonumHon 2,7 u 0,45 MM coorBercTBeHHO. Ha moaiokkax MeTOHOM 3JeKTPOHHO-JIy4eBOH JHUTOrpaduu
M3TOTOBJIEHBI KoJblieBble MHUKpopedoHatopbl (MKP) pasmuunoit reomerpuu. B pesynbraTe uccienoBanus
cnektpoB mnponyckanus MKP onpenesnenbl napamerpbl COOCTBEHHOH W HArpy:KeHHOU J0OPOTHOCTH,
cBoOoaHOro  cnektpasibHoro aumanasoHa (FSR), ontuueckux norepb. OmnpenesieHbl  onTHMasbHble
reoMeTpHYECKHE NapaMeTpbl 3eMEHTOB, 00eCTeunBalolIMe MoMydeHHe PE3OHATOPOB C 106POTHOCTbI0 Q>10°
NpH pajuyce KoJblla pe3oHaTopa 64 MKM.

Kutoueble cioBa: PoTOHHBIE HHTErpasibHble CXeMbl, HUTPUIL KPEMHHS, KOJIbLIEBOH MUKPOPE30HaTOP

5.8 BosiokoHHbIe J1a3epHble KOH(pUrypauuu Ha adekTe 3axBara 4acToOThI

W. C. [Nanstes', I1. A. Utpun', B. A. Pubenex', JI.A. Kopooko', A.A. ®oruaau’ >
"Yavanosckuii eocydapcmeetinolil ynusepcumem, Yavarnosck, Poccust
? Pusuko-Texruueckutl uncmumym un. A.@. Hogpge PAH, Carnkm-ITlemepbype, Poccus

Mertojn 3axBara 4acToThbl siBJsieTcsl 9(h(HEKTUBHBIM MEXaHH3MOM CTaGW/IM3AlMKM TeHepauud B (DOTOHHBIX
MHTerpaJsibHbIX CXeMax, MpeIHa3HaYeHHbIX sl MPHJIOKEHUH, IJle KPUTHUECKH BaKHbl y3Kasi CleKTpaJibHast
JIMHHSI U HU3KUE a3oBblil LIyM. B oTvinyMe oT TpaaMLIMOHHBIX MeTOJ0B (ha30BOi cTabUIU3aLMH, TPeOYIOLLHX
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CJIOXKHOH M JIOPOTOCTOSILLIEH ONTOJEKTPOHHON TeXHUKH, Jla3epbl Ha 3pdeKTe 3axBaTa 4acTOThl 00ECreurBaloT
MacCUBHYI0 CTabUIM3aLMIO MyTEéM 3axBaTa MOJbl pe3oHatopa ¢ BbiICOKUM Q-daxropom. [Toka Texnosornu
M3rOTOBJIEHHS] HHTETrPaJIbHbIX BBICOKOJOOPOTHBIX PE30HATOPOB €lIE HAXOMSATCS HA paHHEH CTajuu Pa3BUTHS,
BOJIOKOHHbIE J1a3epHble KOH(Urypauuu Osarofapsi 3HAYHUTEJbHOH JIIMHE pe30HaTopa yxke ceduac
obecreunBaloT pekopaHble 3HaueHus Q-daxropa. B noknane GynyT mpeactaBieHbl KCTepUMEHTasbHbIE
peasi3aluuy BOJIOKOHHBIX J1a3epoB, COOpaHHbIE U3 CTAHAAPTHBIX TEJEKOMMYHHKALIUOHHBIX KOMIIOHEHTOB, a
TaKKe PaCCMOTPEHbl 0COOEHHOCTH MEXaHH3MOB 3aXBaTa YaCTOThI, TTOJIE3HbIE JI/I51 TOCHENYIOLIEH HHTErPalliH B
(hopMaTax OTOHHBIX MHTETPAJTILHBIX CXEM.

KutoueBble ciioBa: Y3kornosiocHble J1azepbl, BbicoKonoOpoTHbIE pe30HaTOpbl, 3aXBaT YaCTOThI

5.9 Cy}KEHl/le JIa3epH0ﬁ JIMHUU C UCITOJb30BAHUEM KPEMHHUEBLIX MUKPOKOJbLEBbIX PE30HATOPOB

Bepryanec A.1.", 3emuos JI.C.", 3emuona A.K.!, Cmupnos A.C.', JKurynos JI.M.!, lap6ysos K.H.",
Kocoso6os C.C!, Ipaues B.I1.', ®otnamu A.A.%, sanos A.B.?, Jlagyrun M.A.?, Kuiiok E.IT. 4, CeeTyxun
B.B.*

"'Croakosckutl uncmuym nayku u mexroroeutl, Mockea, Poccust

2 Vavanosckuil eocydapemeaentolil ynusepcumem, ¥ioanosck, Poccus

* HHH «[loatocy umenu M. @. Cmeavmaxa, Mocksa, Poccus

*HIIK « Texnonoeuueckuii yenmps, Mocksa, Poccus

[lesibto paboThl sIBJISIETCS CO3/IaHME KOMITAKTHOTO Y3KOIOJIOCHOTO J1a3epa JI/1si KOrepeHTHOH ONTHYEeCKOH CBSI3H,
reHepalyy MaJolyMSILIMX MHKPOBOJIHOBBIX CHTHAJIOB, ONTHYECKOH CEHCOPUKHM M crnekTpockonuu. Ha
niatopMe <«KpeMHHH-Ha-U30J19TOpe» ¢ aKTUBHBIM cjioeM 220 HM Obll CIPOEKTHPOBAH M M3rOTOBJIEH
MUKPOKOJIbLIEBOM pe3oHatop ¢ jao6potHoctbio ~150 000 nast snazepa ¢ pacripeneneHHOd oOpaTHOH
csa3bio (POC). Manyuenne POC-sazepa BBOAWJIOCH B MHTETpasibHYl0 (POTOHHYIO CXeMYy C [MOMOIIbIO
MOJIMPOBAHHOTO OMNTHYECKOTO BOJIOKHA, MPUCTBIKOBAHHOTO B TOPHU30HTAJNbLHOH TEOMETPUM K pelleTKam
BBOJA/BbLIBOJA M3JlyueHHs] HA uYMIe C CyMMapHbIMH TOTepsIMH Ha CTbIKOBKY 3 ab. Mcnosnsys meton
CaMOreTepoIMHHON HHTEP(EPOMETPHH C INTHHHON BOJIOKOHHON 3a/1eP2KKOH, MOKA3aHO CyKEeHHe CMIeKTPabHOH
MpHuHb azepHoit iunuu ¢ 210 kIt 1o 200 [ir.

KanioueBble cioBa: (hoTOHHBIE HHTErpasibHbIE CXEMbI, KDEMHHI - HA - U30JIITOPE, Y3KOMOJIOCHbIH J1a3ep, SPppeKT
caMo3axBaTa 4acToThl, KOJIbLIEBOH pe30HaTop
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Cekuus 6
Untepdepomerpus v onTuueckas METPOJOTUsE

YcerHble nokaaapl

6.1 CnekrpajibHas MHTEP(EPOMETPHUS: OT KJIaCCUUECKOH K KBAHTOBOMN U Jajiee K KBAHTOBO-
BAOXHOBNEHHOW ([Ipuerauierrolll)

T. A. Makoseuxast', }O. Xynions', A. A. Mapksapt', H. A. Yiakos'
"Cankm-Tlemepbypeckuii [Noaumexnuueckud yrusepcumem [lempa Beaukoeo, Cankm-Ilemepbype,
Poccus

l3mepeHure pacCTOsiHUM M MHUKpOINepeMellleHH sBJsieTcsl BayKHOU 3ajayell BO MHOTHX  00JacTsX
MPOMBILIJIEHHOCTH M Hay4HO-TEXHHUECKOH JesiTeJIbHOCTH vesoBeka. Pasinunble HHTepdepoMeTpHuecKue
MeTo/bl  00ecreynBaloT BO3MOXKHOCTb peasii3alMy  Takux u3MepeHui. Tem He MeHee, yJydlleHHe
paspeliialiei CnocoOHOCTH H3MEPEHHH U TOJaBAeHUsT HeTaTUBHBIX 3(h(eKTOB 0CTaéTes BaxKHOH 3ajadell. B
JIOKJIajie TpoBelieHa napaJjesb MexKiy PasiuiHbIMH HHTep(epOMeTPUUeCKUMH METOJAaMU: PacCMOTPEHbI
aHaJIMTHYeCKHe BblpaxKeHHsl, OMUChIBalollde HHTepdepeHUMOHHbIE CUIHAJbI U paspellatolye crnocoOHOCTH
K/JaCcCUUYeCKUX HHTepdepoMeTpuuecKUXx u3MepeHHid. Dyner mnokasaHo mnoTeHUMasbHOE —YJydllleHHe
M3MEPUTE/IbHBIX XapaKTEPUCTHK CHEKTPaNbHOH HMHTeP(PEPOMETPUM MPH  HCMOJMb30BAHUM  OUMOTOHHBIX
COCTOSIHMH B KauecTBe 30HAMPYIOIIEro HU3JyuyeHHsl, a TaKke OOCYyKIEHbl CJIO0XKHOCTH peasu3aliu
criekTpajbHOl GudoToHHON HHTepdepomeTpun. [lpenyoxken mnomxon cnekTpasbHOH HHTEPPEPOMETPUH,
OCHOBAHHBIH Ha COCTOSIHMSIX C cynep-IlyaccoHOBCKOH CTaTHCTHKOM, JIETKO peasin3yeMblii SKCIepUMEHTAIbHO
U TT03BOJISTIOLLMH YJIy4IIHTh pa3pellaoliyio cnocoOHOCTb KIaCCHYECKUX METO/IOB.

KutoueBeie cioBa: CriekrpaJsibHast uHTepepomerpHsi, GHOTOHbBI, ONTHYECKas! KorepeHTHast ToMorpadus,
ONTHYeCKasi YaCTOTHasl peIeKTOMEeTpHUS], Hepa3pyLIatoLLUi KOHTPOJIb, pa3pellatolasi cnocoOHOCTb

6.2 OnbIT NpUMEHEHHUS TAJOHHBIX 3€PKaJ 151 KOPPEKIMU adeppalil ONTHYECKOH CUCTEMBbI
MHTep(hepeHUIMOHHOrO MUKpPOCKONa
N.10. ®anmuenko’ ?, I.H. Buwmnsikos?, B.J1. Munaes?, E.B.I1lymckuii >

000 "drexkmpocmerao”, Mocksa, Poccus
’BeepoccuticKutl HAy4HO - UCCACO0BAMENbCKULL UHCMUMYM ONMUKo-gusudeckux usmeperutl, Mocksa,
Poccus

B pa6oTte paccmarpuBatoTcsi METO/bI MOBLILIEHHST TOYHOCTH U3MEPEHHH pesibeda MOBEPXHOCTH C MOMOIIbIO
MHTep(epeHIMOHHOr0 MHUKpocKona. Jljisi Koppekiuu abeppauuil ONTHUYECKOH CHCTEMbl MHKPOCKOTA
MCIOJIb30BAJIMCh CTEKJSIHHbIE U KUIKHE 3TajloHHble 3epkaJsa. [lpumeHenue mertosna azoBoro casura u
MPOCTPAHCTBEHHON (DUJIbTPALMK [1O3BOJMJIO MHHUMHU3UPOBATh apTedakTbl, BbI3BaHHblE BUOPALMSMH.
[TosryyeHnHble pe3yabTaTbl JA€MOHCTPUPYIOT 3((EKTUBHOCTL abCOJIOTHON KaJMOPOBKM MHKpOCKOMa ¢
MOMOLIBIO 2KHMAKOTO 3epKaJsa Il TOYHBIX METPOJIOTHYECKUX MCCJIEN0BAHUM, TaKXkKe HCCJ/eA0BAHO BJIHMSHHUE
TOYHOCTH IOCTHPOBKH OTOPHOTO KaHasia MHTepdepeHIHOHHOr0 MUKPOCKONA Ha TMOrPelIHOCTb H3MEPEHHH.
KantoueBbie ciioBa: nHTEpdepeHIIMOHHBIE MUKPOCKOT, (Da30BbIi CIABHT, XKHAKOE 3€pKaJo, 1IepOXOBATOCTb
MOBEPXHOCTH, IOCTHPOBKA

6.3 UccnenoBanue npouecca perucTpailyu cnekia-unrepdeporpaMmm BUGpupyloulero oo6bekra npu
MCMoJb30BaHUU LM POBOIM KaMepbl € KOJIbLEBOK anepTypHoii tnadparmoii
A. B. Muenko, A. V. )Kyxykun, P. H. Cepreen
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Camapckutl HayuoHarvroll uccaedosamenrvckutl yrusepcumem umenu akademurxa C.I1. Kopoaésa,
Camapa, Poccus

C 11e/bl0 MOBBILIEHUST YyBCTBUTEJbHOCTH CMEKJI-HHTEPhepoMeTpa ¢ HeMpepPbIBHBIM Ja3epoM U AU y3HO-
pacceuBaloLLIUM 3J1€MEHTOM, YCTAHOBJIEHHBIM Tepe]l TeCT-00beKTOM, POU3BE/IeHa PEerucTpaliis HOpMaibHOH
COCTaBJISIIOLLEH CMEILEeHHsT HCCelyeMOH TMOBEPXHOCTH TPH HCIOJb30BAHWM KOJbLEBOH auadparmbl Bo
BXOJHOM 3pauke oObeKTHBA LUPPOBOH Kamephbl. [Tosyuen psi criek/-uHTepheporpaMmM COOTBETCTBYIOIIMX
CTaTHYECKOH lepopMaliii, HCMOJIb3yeMOT0 TeCT-00beKTa, a TaK:Ke ero hopM KoJsiebann# npu BUGpalMOHHOM
B036yXK1eHnu. [TokazaHa BO3MOXKHOCTb MOJIydeHHsT KOJHUECTBEHHOH MH(OPMALMHU O MOJIIX BUOPOCMEIIEHH S
1 epopmariyu.

Kniouesbie cioBa: Crnek/a-untepdepomMeTp, BUIeoKamepa, KoJblieBast auadparma, peructpaiusi, 0ObekrT,
BUOpOCMeELIeHHE

6.4 A drekT 0o1HOBpPEMEHHOI perucTpaly TeHEeBOM, LIMPeH U HHTepdepOMEeTPUUECKOH IMarHOCTUKH
NpH NPUMEHEHUH KJaccHUecKUX (hoToMaTepualoB A rojorpaduueckoit uHTepdepoMeTpuu njaasmbl

A.B. [TaBsos'
"Mockosckuii eocydapemeetinoiil mexnuueckuil ynusepcumem um. H. 3. baymana, Mockesa, Poccus

JInst nnarHocThkY (ha30BbIX HEOJHOPOJHOCTEH, BOZHUKAIOUINX HAJl TTOBEPXHOCTbIO 00pa3iloB, HCMapPSIOINXCs
MoJ JIEHCTBUEM BbICOKOSIDKOCTHOTO H3JIydeHHs] peajid30BaHa CXeMa JIByX3KCIO3UIMOHHOH Jla3epHOH
rosiorpagpuueckoil uuTepepomerpur. [osorpamma coKyCHpOBaHHOTO H300paxKeHHsl PerucTpUpyeTcsl Ha
rosiorpacuueckoil nienke BPIT-M. TlokasaHo, uTo npu cKaHUPOBaHWH MJIEHKH B pexKMMe CKaHWPOBaHHUS
CJIAl/IOB MOJTy4aeTcst TOJIbKO KapTHHA pacrpeiesieHHst aMIIMTY/Ibl MHTEHCUBHOCTH, UTO, B CYLIIHOCTH, SIBJISIETCS]
TeHeBOM doTorpacduei. OTBepCcTHE OKOJIO DMM B 3KpaHe 3aTeMHEHHUs BLICTYIaeT B KauecTBe Juadparmbl, 4To
cosnaet «uupen» spdext. Takum 06pazom, U3 UHTEPhepOrpaMmbl yIAAETCsl MOJTYYUTh U TEHEBYIO, U LIJIMPEH
doTorpaduu, 1Mo KOTOPbIM yTOUHSIOTCS IPAHHULLBI CJIOEB HCCJIEyeMbIX [a30-J1a3MeHHbIX TOTOKOB, B TOM YHCJIE
YJIapHbIX BOJIH, HA KOTOPbIX MHTeP(MePEHIIHOHHbIE TTOJIOCHI UMEIOT CKAUYKH.

KuioueBble cioBa: J{ByxsKcrno3uiMoHHas Ja3epHast rojorpaduueckas unrepdepomerpusi, TeHepas
dororpadusi, mMpeH-dororpadus

6.5 IkcnepuMeHTaIbLHbIE UCCEN0BAHUS IBYXBOJIHOBOIO Jla3epHOTro HHTep(hepomeTpa

E. A. Jlapos
DIYIl « BHHHDPTPH », p.n. Mendeaeeso, Poccus

B paGore npuBeneHbl pe3y/ibTaThl KCIEPUMEHTANILHBIX HMCCJIEI0BAHUE pPa3dpaGOTaHHOTO JIBYXBOJHOBOIO
JIa3epHOTro HHTepdepoMeTpa, NpeHa3HAYEHHOTO /Il H3MePEHHH JIMHEHHBIX MTepeMellleHHil TPH HEU3BECTHOM
npocdusie Temreparypbl Ha Tpacce uaMepenus. [1pu naMepeHUsix nepemelleHuil MpeyIoKeHHbIM Ja3epHbIM
MHTEP(HEPOMETPOM CHIKAIOTCS TPeOOBaHHUs K MOIEPKAHUIO MeTeoapaMeTpoB Ha Tpacce M0 CPAaBHEHHIO C
OJIHOBOJIHOBBIM HMHTepcepomerpoM. B pabGore ommcana ontudeckasi cxema npubopa. [Ipusenena meroanka
MCC/IeIOBAHHST METPOJIOTHUECKHX XapaKTepPUCTHK HHTepdepomeTpa Ha Gasuce [ocynapcTBeHHOTO EPBUYHOTO
crielasbHOro 3tajona enuHuibl bl [IT 199. Paspaboranbiii nHTEepdepomMeTp Mo3BOJISIET MPOBOIUTD
u3MepeHus nepemelnieHui Ha Tpacce 10 60 M ¢ norpeuiHocTbio MeHee 10 MKM MpH amIlnuTyae npoguis
Temnepatypsi jio 1 °C.

KitoueBble ciioBa: JIByXBOJIHOBBIH J1azepHblil nHTepepomeTp, [Ipelinsrontble H3MepeHust VIHHbI,
MertpoJiorus

6.6 OcoGeHHOCTH U NpenMyILeCTBA HHTEP(PEPOMETPUUECKOTO KOHTPOJS achepuyecKUX NOBEPXHOCTEN ¢
npUMeHeHUeM CHHTE3UPOBAHHbBIX TOJIOrPaMM
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Ky Poman Mropesuu
HAu> CO PAH

6.7 UnTepdepomeTpust NpUNOBEPXHOCTHBIX CJI0EB, BO3HUKAIOIWIMX MPU CBETOIPO3UH MATEPHAJIOB

A.B. Iassog!, 10.1O. ITporacos', B.JI. Tesex!
"Mockosckuii eocydapemeetinoiil mexnuueckuil ynusepcumem um. H. 3. baymana, Mockesa, Poccus

MeTonoM IByX9KCMO3ULIMOHHOK J1a3epHOH rosiorpacuyeckoil MHTep(epOMeTpUH TOJydeHbl JTaHHbIE O
pacrpeziesieHUH TapaMeTpoB B ra3o-IJIasMeHHOM ciloe, 06pasylolleMcsl Hajl MOBEPXHOCTbIO MaTepHaJioB MpH
UX 0OJydeHUH HHTEHCHBHBIM KOPOTKOBOJIHOBBIM H3jydeHueM. OCHOBHble XapaKTEPUCTHKH BO3AEHCTBHUSI:
nanyuenne YO-BYD nuanazona cnexrpa, sHeprust usaydenus | — 2 xJIxk, niuna o6pasios okoso 50 M,
pasmep obOsactu Busyanudauud d = 150 mMM. OcOOGEHHOCTH JMarHOCTUYECKOH CXeMbl, B YacTHOCTH
MCIMOJb30BaHUE TWIOCKUX TPOTSKEHHBIX 00pasloB, TMO3BOJMWIO 0OpabaThiBaTh HHTep(eporpaMmbl B
OTHOMEPHOM TMPUOJIIKEHHH, a TaK:Ke HAHTH He TOJILKO MPOCTPAHCTBEHHOE pacripe/ieieHne TeMrepaTypbl U
KOHLEHTpPALMKM MJa3Mbl, 06pasyiollielicsl Haj TMOBEPXHOCTbIO, HO W MX 3aBUCHMOCTb OT HHTEHCHBHOCTH
00JiyueHus.

KutoueBeble cioBa: [IByxsKcno3nimonHast iazepHas rosiorpaduueckas unrepgepomerpust, Mamydenne YOP-
BY® nnanasona cnexrpa, [IpunoBepxHocTHble ra3o-naa3mMeHHble MOTOKH

6.8 MeTposiornyeckoe odecreueHne cpeJcTB U3MepeHuil KoadduiMeHTa nepeaaund MoayasLUU
00beKTUBOB ([Ipuenauiertolll)
Cennannit Hukonaesny Buminskos'?, dokmop mexnuueckux Hayx

'PpIrBY « BHHHO®DH s, Mocksa, Poccus
Mockosckuil eocydapemeenoitl mexuuyeckutl ynusepcumem um. H. 3. baymana, Mocksa, Poccus

KauectBo usoGpaxkeHusi, GopmMupyeMoro oOBEKTHBOM, ONpeNesseTcss €ero 4acTOTHO-KOHTPACTHOH
XapaKkTepUCTHKON WK Kos(pduumentamu nepenaun moayasiipu (KITM) na pasinuHbIX npocTpaHCTBEHHBIX
yacrotax. s o6ecneuenus enuHcta udmepennit KITM u co3nanusi stasoHHON 6a3bl 10 BOCMPOU3BENEHUIO,
XpaHeHHio U nepenauve equHulbl KITM ycoBepiiiencTBoBaH ['ocynapcTBeHHbIH MEPBUUHBIN 3TaJOH €IUHHILL
onTHueckol cuibl oukoBoil ontuku ['AT 205-2013 B yactu Bocnpoussenenust equnuiibl KITM B qpanazone
e BosiH 450—1550 um. IlpencraBsenbl cocTtaB, NMPUHLKMI PaGOThl U OCHOBHbIE METPOJIOTHUECKHE
XapakTepucTuku stajona. B cocraB I'DT 205-2025 Bxomut ycraHoBKa st uamepenus KITM onthnueckux
CHCTEM U HabOp 3TaJIOHHBIX 0O'bEKTHBOB.

Kmouesbie cinoBa: Kosadduument nepenaun mopynsiuun, OnTtuueckas nepenatoyHas (yHkuus, PyHKius
paccesiiusi Toukd, OObEKTUB, DTaJIOH

6.9 Bo3M0OXXHOCTH NPUMeEHEHUS CNEK-UHTEP(EPOMETPUM NMPHU TOBOIKE KOHCTPYKLIUI TypOOMallIUH
(oHaatin)

JKykvKuH AnaTtonuii MiBaHoBHY
[TAO "O/IK-KysHeyos"

31



{ XOMOSKCIMO

HayKa 1 MpakTka

CreHoBbIe TOKJaabl

C.6.1 ”CC.HeIlOBaHl/le noJist NOBEPXHOCTHBLIX BOJIH HA METAJNIMYECKUX U YIJIepoacoaepKallUX NJICHKAaX B
TeparepueBom Juana3oHe

B.J1. Kykorenko', B.B. Iepacumos"?, B.C. Banga"?, A.I. Jlemssikos"?, A.1. Msanos*, J1.1. Kpacuukos®, H.1.
Parunos®, A.K. Hukutun®

"Hruemumym soeprod ¢pusuku um. [H. byokepa Cubupckoeo omoearenus Poccutickoti akademuu Hayx,
, Hosocubupck, Poccus

? Hosocubupckuti eocydapemsennoitl yrusepcumem, Hosocubupck, Poccust

? [lenmp KoAreKMUBHOCO N0Ab308aHU “CUbUpCKILLL KOAbUeBOU UCMOYHUK homonos” Huecmumyma
kamaausa um. I K. bopeckosa Cubupckoeo omoenenus Poccuiickotl akademuu nayk, Hosocubupckas
00a., p.n. Koavyoso, Poccus

* Hnemumym ¢usuku noaynposodrnuxos um. A.B. Pacarosa CO PAH, Hosocubupck, Poccus

> CKOAKOBCKULL uncmumym Hayku u mexnosoeuti, Mocksa, Poccust

5 Hayuro-mextonroeuueckuil yeHmp yrukaibro2o npubopocmpoerus Poccuiickoll akademuu Hayx,
Mocksa, Poccus

B paGore wuccaenyoTess MOBEPXHOCTHbIE  BOJIHBI, PACMPOCTPAHSIIONIMECST 10  METaJJMYeCKUM U
yrieponoconep:kaimm miaéukam B TeparepuoBoM (Tli1) nuanasone, ¢ 1enbio0 pa3paGoTKH MJIa3MOHHbIX
kommnoHeHToB cucteMm Tlii-cesizu. [Toepxunocthble nuagmon-nogsiputonsl (ITTIIT) nosBossiior ycuauts u
JIOKAJIM30BaTh 3JIEKTPOMarHuTHOE ToJe BOsW3W mnoBepxHocTH. [lisi mopenuposanusi TIi-niasMoHHbIX
yCTpoHCTB TpebyeTcsi 3HaHHe 3(PPEeKTHBHON IHIJIEKTPUUECKOH TPOHHIAEMOCTH TPUITOBEPXHOCTHOTO CJIOS,
ommuatoteiics ot moaeau Ilpyne. B paGote Gyner mpencraBieH MeToJ KpaHWPOBAHUS Jjisi U3MepeHHUs
ry6uHbl npoHvkHoBeHust moJsi [T B Bo3nyx. 3HaHHe ryOUHBI TPOHUKHOBEHHUS HAPSILY C KOS PHUIIHEHTOM
gatyxanus [1[1I1 Bnosib HanpaBjeHuss WX pacnpocTpaHeHHsl MO3BOJISIET OTNPENENUTh TpebyeMble KOHCTAHThI.
DKcrepuMeHTalbHble pe3ysbTaThl NoJydeHbl ¢ uenogb3oBanueM Tlii-usnydenus HoBocuGupckoro Jjiazepa Ha
CBOGOJIHBIX 2JIEKTPOHAX JJIs1 30J10TbIX, IpateHOBbIX U YIJIEPOJHbBIX HAHOTPYOOUHbBIX MJIEHOK.

KitoueBble cioBa: TepareplioBblil MOBEPXHOCTHbBIH MJ1a3MOH - OJISPUTOH, 30JI0Thie MJIEHKH, rpadeHOBbIE
HaHOYACTHLIbI, YIJIEPOJIHbIE HAHOTPYOKH, Jla3ep Ha CBOOOHBIX 3J1eKTPOHAX, [MyOGHHa MPOHUKHOBEHHS

C.6.2 3aBucUMOCTH HArpy304HOH JOOPOTHOCTH OT ILIMPUHBI BOJHOBO/IA MUKPOKOJILLIEBOTO Pe30HaTOpa U
gap

1.0. Kysbmunbix', A.1O. Kysun?

"Hayuornaroroiil uccaedosamenvckutl yrusepcumern «Bolculast tkoia IKOHOMUKLILY,
denapmamenm Komnoromeprotl uracerepuu MHIM HHY BIIIS, Mocksa, Poccus

? CkoaKkoscKkutl unemumym nayku u mexnosoeuti, Mocksa, Poccust

B paGote Obliia Mccsel0BaHa MaTpHLLd YyBCTBUTE/bHBIX 3JIEMEHTOB CeHCOpa rasa Ha niatdopme HUTpHaA
KPEMHHSI C UCIOJb30BAHMEM MHKPOKOJIBLEBOro pe3oHatopa pasmepoM 9 Ha 9 ycTpoicTB, a Takke OblIH
NOCTPOEHbI 3aBUCHMOCTH Harpy»KeHHOH 106POTHOCTH OT LUMPUHBI BOJIHOBOA MHKPOKOJIbLIEBOTO pe30HaTopa 1
paccTosiHMeM MKy TPaHCIOPTHBIM W pe30HaTOpHbIM BoJiHOBOAOM (gap). [loctpoenHble 3aBHCHMOCTH
M03BOJISIT ONPENIeJIUTh ONTUMAJIbHbIE TapaMeTpbl YyBCTBUTENbHON YACTH CEHCOPa, MPH KOTOPbIX YCTPOHCTBO
CMOKET JIEMOHCTPUPOBATh BBICOKHH YPOBEHb UyBCTBUTEJLHOCTH K TOSIBJIEHHIO PUMECH ra3a B aTMocgepe.
Bricokast 1o6poTHOCTb ceHcopa Mo3BOJUT (PUKCHPOBATD yJbTpacaadble KOHUEHTPALUH YTeUeK ra3oB.

KatoueBble cioBa: Ontuka, MUKpoKoJiblieBOH pe3oHatop, JudpakiuoHHble ONTHUECKHE 3J1eMeHTbl, Bomopos
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Cekuus 7
KBaHTOBbBIE ONTUYECKUE TEXHOJOTUU

YcerHble nokaaapl

3acedanue 1
7.1 KBaHToBasi KoppeKuus ouinb0K B HenpepbIBHbIX nepemMeHHbIX ([Ipuesauiernolil)

[ony6eBa Tarbana IOpbheBHa, doxkmop guauko-mamemamuieckux Hayk, OOYeHM
Cankm-Ilemepbypeckuii eocydapcmaennolli ynusepcumem, Cankm-Illemepbype, Poccus

7.2 llpumeHeHune cxkaThiX cOCTOAHUI POKa B KBAHTOBBIX KOJaX KOPPEKLUU OLIMGOK

bammakosa Enuzaseta, T. 1O. T'ony6esa, C. b. Kopones

Cankm-Ilemepbypeckuii eocydapcmesennolli ynusepcumem, Cankm-Ilemepoype, Poccus

B noknamge ™Mbl MpOAEMOHCTPUPYEM KBAHTOBBIH TPOTOKOJ KOPPEKUHMH OHIMGOK TMoTepu (HOTOHOB |
nedasupoBKH, TIe B KauecTBe KOJIOBBIX CJIOB HCIMOJB3YIOTCS cxKaTble cocTosiHusg Poka. Mbl cpaBHUM
npeJyiaraeMblii MPOTOKOJ C TIPOTOKOJIOM KOPPEKIHMHU OLIMOOK, MOCTPOEHHBIM C MTOMOLIBIO C2KATBIX COCTOSHUH
kotoB IlIpenunrepa. Mbl okaxkeM KOHKYpPEHTOCIOCOOHOCTh CXKaThiX cocTostHUi PoKa B 3allUTe KBAHTOBOK
UHMOpPMaLMK B KaHaJle ¢ MOTepe YacTUI U OLIMOKOH (Da3kbl.

Katouenie ciioBa: KBanToBblie Boiuncaenusi, Koppekius ook, Cxatbie coctosinnsg @oka, Petz BepHocTb
KaHaJa

7.3 FeHepauuﬂ HErayccoBbIX COCTOSIHUH cBeTa JJI1 KBAHTOBbIX KOJ10OB KOPPEKLUHHU OLIMO0K

Kopousie Cepreii bopucosuu, K. ¢.-M. H, E. H. Bauimakosa, T. 1O. Tony6era
Cankm-Ilemepobypeckuii eocydapcmsennoiti ynusepcumem, Cankm-Ilemepbype, Poccus

B p86OT€ HCCJIeJOBaHa OlTH4YeCKasa cxeMa, B KOTOpOﬁ FeHEPUPYETCs HErayCCoBbl COCTOsIHMSA CBETA C [IOMOLLbIO
U3MEPEHUs HHCJ/ia 4aCTULL B MOJ€ ABYXMOJAOBOIO IMepenyTaHHOro rayccoBa COCTOsIHUSA. B p86OT€, IMOKa3aHo,
4qTo, HOIL6I/Ipa$I napaMeTpbl CX€Mbl, MO2KHO T€HEPUPOBATb pa3JIMiHbIC COCTOSIHUSA, IPUMEHHUMbIE /151 KBAHTOBbIX
KOIOB KOppEKUHUHU OIIMOO0K [MOTEePU 4YacCTUll H He(baSI/IpOBKI/I. I/ICCJIeLlOBaHa 9(p(peKTHBHOCTb KOppPEKIUH
PasJanyHbIX 0lIMOOK C [TOMOLILbIO F'€HEPHUPYEMbBIX COCTOSTHUH.

KJIIO‘{eBbIG CcJloBa: KBaHTOBaH OIITHKA, HeFayCCOBbI COCTOsIHUS1, KBAHTOBbLIE KOJ1bl KOPPEKLUHUH OLIMOOK.

7.4 CnyTHUKOBasi KBaHTOBasi KpUnTorpadus Touka - ToYKa
B.JI. Kypoukun' 234 A. B. Xmesnes" %34 A. H. Yepnos">** E. V. UBuenko! 31

" Mockosckuti pusuko-mexuuueckudl uncmumym, [loreonpyoneiii, 141700, Poccus
? Poccutickuil ksanmosouil yetmp, Mockea, 115191, Poccust

3 KyCnatic mexnoaoeuu, Mocksa, 115419, Poccus

! Yuusepcumem nayxku u mexrosoeutt MHCuC, Mockesa, 119049, Poccus
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OnHodoToHHasi KBaHTOBast KpUnTorpagusi Y4yBCTBUTE/IbHA K MOTEPsIM B KBAHTOBOM KaHasle cBsi3u. [lotepu B
cBOOOJHOM MPOCTPAHCTBE JUIsl OPraHU3alliK JIa3epHOH CBSI3M Ha JaJibHHE PACCTOSIHUS MeHblle, 4eM MpH
NPUMEHEHUH ONTOBOJIOKOHHBIX JIMHUHA. [103TOMy Ha JaHHBIH MOMEHT CITyTHMKOBbIE CHCTEMbl KBaHTOBOH
Kpunrorpacuu paccMaTpUBAIOTCSl KaK MepCreKTUBHbIE /151 r100albHOrO pacrpe/eseHnsl KBAaHTOBOTo KJtoua
MeKJly MpOM3BOJIbHBIMU TOUKaMH. B fok/ane npejacrapieHbl MaTepualbl 10 PAa3BUTHIO HHPPACTPYKTYpbI
NPUEMHBIX KBAHTOBBIX CTaHLMH [0 TeppPUTOPUM Poccuu sl opraHu3aluy ClyTHHKOBBIX KBAHTOBBIX ceTeH.
PaccmoTrpeHbl nepBble 3KCNepUMeHTaJ bHble Pe3yJ/ibTaThl 110 PerUCTPalMi CITyTHHKOBOTO KBAHTOBOI'O KJIHOUa.

Kuouessie cioBa: CnyTHHKOBast KBaHToBast Kpuntorpadus, KBanrtoBoe pacnpenenenue kimoueit, Ksantoas
KOMMYHHKALIMOHHASI CETh

7.5 Uccnenosanue Kpuntorpaduueckoi CTOHKOCTH MPOTOKOJA KBAHTOBOI KpUNTorpaduu Ha OCHOBe
NMYyYKOB C aKCUAJIbHO-CUMMETPUUHOM MOJISIPU3ALIUOHHON CTPYKTYPO#
I J1. PemiernukoB!, E. A. Baurykesuy'

"Canxkm-Ilemepbypeckuii eocydapcmeaennoitl ynusepcumem, Canxkm-Ilemepbype, Poccus

Hcenenyercss kpunrorpaduueckasi CTOHKOCTb MPOTOKOJIA KBAHTOBOTO pacripe/ie/ieHusl KJoueld Ha OCHOBe
BUXPEBBIX OMNTHUECKHX MyYKOB C aKCHAJbHO-CHMMETPHYHON MOJISIPU3ALMOHHON CTPYKTYpOH MPOTHB aTak
3JI0YMBIIIIJIEHHHKA C TOCJEIOBATE/bHBIMU M KOJIJIEKTUBHBIMM H3MepeHUsIMU. Bbluncisercs B3auMmHas
MH(pOpPMalMs  KBAHTOBBIX ~ CHCTEM  OTMPABUTENIb-3JIOYMBIIIJIEHHUK M TI0JydaTesb-3/10yMbIIIJIEHHUK,
hccselyeTcsl 3aBMCUMOCTb B3aWMHOH  MH(OpPMALUMH OT YpOBHA oOWHMOOK mnodydartens. [lpeanaraercs
ONTHMAaJIbHAsI CTpaTerdsi aTakWh 3JI0yMbILIJIEHHMKA, a TakK:Ke MPUBOAATCS OLEHKM KPUTHUECKOIo YpPOBHSI
olIMOO0K B KaHaJsle pacrpe/le/e st KJaoua B ¢/lydyae pa3jiMyHbIX aTak.

Kimouesble coBa: KBantoBoe pacripenenenue kitoueit, AKCHa/IbHO-CUMMETPUUYHBIE MOJISIPU3aLIMOHHbIE
nydku, Onruyeckue BUXpU

7.6 PeanuctuuHas ataka ¢ 6e30u1u60uHbIMU U3MepeHusiMu Ha cucteMmbl KPK

H. C. Cyuies"?, K. E. Byraii'®, JI. C. Bynaskun!, A. C. Cunensuukosal, K. JI. Bongaps'?, B. M. Baxpyuiepa®
2 1. M. Menkonsin!, 1. A. JBopeuxuit®®

"000 «CPb Jlabs, Mocksa, Poccus

? Mockosckuii eocydapcmaenoiil ynusepcumem um. M. B. Jlonorocosa, Mockesa, Poccust

3 Mockosckuii eocydapcmeentoitl mexuuveckutl ynusepcumem um. H. 3. baymarna, Mocksa, Poccus

B paGote paccmoTpena HoBasi ataka ¢ 6e3omin6ouHbiMM U3MepeHusiMu (USD) Ha cucTeMbl KBAHTOBOTO
pacnpenenenus kiodeil (KPK). B komOGunaunu ¢ sasepHbIM MOBpeXKIeHHEM ONTHUECKUX ATTEHI0ATOPOB B
nepenaruuke cucrembl KPK| uncrosbsylouieli MeToi COCTOSAHMH-JIOBYLIEK, JaHHAs aTaka I103BOJISET
HapYLUMTE/IO BbISIBUTb BECb CEKPETHbIH KJII0Y, OCTaBasicb He3aMeueHHbIM. OnTHYecKast cxemMa, HeoOX0AUMast
/151 TOCTPOEHHST aTaKH TPeCTaBJIsieT coO0H JHIb MoArdHUKaLUIO TpHeMHyto YacTb cucteMbl KPK| uto nenaer
aTaky peaJIMCTUYHON C YUeTOM CerofIHALLHNUX TEXHONOIHYECKHX BO3SMOXKHOCTEH.

Kioueble cioBa: KBantoBasi kpuntorpadusi, KsantoBoe pacrnpenenetnne kiatoueid, Atraku Ha cucreMbl KPK,
Ksanrobie npoTokouibl, JIazepHoe noBpexaeHue
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7.7 lapameTpuueckasi reHepalUst MHOFOMOJOBOIO CXKATOT0 MU3Jy4eHHUS NPU HAJTUYUH JUCTIEPCUU BHYTPU
pe3oHatopa (/lpuerauierroiil)

TuxonoB KupuJjii CepreeBud, Kanauaat hpU3HKo-MaTeMaTiueckux Hayk, JI. M. Masbiies!,
B. A. Asepuenko'

"'Canxkm-Tlemepbypeckuii cocyoapcmeaennolii ynusepcumem, Cankm-Ilemepoype, Poccus

B nameii paGote Mbl paccMOTpeJiM MPOLLeCC TeHepallii MHOTOMOJIOBOTO KBAJIpaTypHO-CKATOTO U3JTyUeHHs B
npoliecce NapamMeTpHuEcKoro paccesiHusl BHYTPH KpHCTaJl1a, MOMEILIEHHOrO B ONTHYECKHH pPEe30HaTop C
HECKOMIEHCHPOBAHHOM jucriepcueit rpynnoBbix ckopoctedt (JII'C). Cuurasi iucrepcuio MaJsiol, HaM yaanoch
pelIuThb KBAaHTOBble ypaBHeHusi [eiizeHOepra Juisi BHYTPUPE3OHATOPHOTO T0JIsI C TIOMOLIBIO TEOPHH
BO3MyLIeHHH. Mbl Tokasanu, Kakde KauecTBeHHble 3(PdeKTbl, KpoMe pacriibiBaHusi (OPMbI CBETOBOTO
uMmIysbca, okasbisaet JII'C Ha cBoiiCTBA creHepHpPOBAHHOTO KBAHTOBOTO MHOTOMOJIOBOTO M3JIydeHHs], a TaKxkKe
OLEHUJIH KOJIMUECTBEHHbIE XapaKTEPUCTHUKHM 3TOro BJUsiHUS. Kpome TOro, Mbl MpeyioKHIN TOAXOMA, Kak
Bausinue JII'C BHYTpH pe3oHaTopa MOKeT ObITh CKOMITEHCHPOBAHO B SKCTIEPUMEHTE C TIOMOIIbIO CMelHaIbHOH
NpoLeIypbl H3MEPEHHsI CUrHaJsIa 6e3 BKJIIOUEHHs B CXeMY JIOMOJHUTEIbHBIX OMTHUECKHX SJIEMEHTOB.

KitoueBble csioBa: KBaHTOBasi ONTHKA, KBAApaTypHO-CKATbIA CBET, AMCIEPCHsl TPYNIOBbIX CKOPOCTEH,
ONTHYECKUH NapaMeTpUYeCKUi reHepaTop

7.8 HeauHeiiHble cerHeToaeKTpUUecKre KpucTanibl TuTaHuI-ocdara kanusa (/lpuerawerroutl)

[Hanpapos Cranuciaas MuxaiioBud, 0. ¢.-m. H.

Tomckuti eocydapcmeeHHblll YHUBEPCUNIEN CUCMeM YNPABAeHUS U pAOUOIACKMPOHUKU

7.9 KBaHTOBOE MOJ€IMPOBaHNE XMMUUECKUX CBSI3€H C MOMOLIbIO aTOMOB-0030HOB B ONTHYECKUX
pewéTkax

H. A. Mopos!, K. C. Tuxonos?®, JI. B. Tepacumos"* A. J1. Manyxosa*®, 1. b. Bo6pos'?, C. C. Crpayne"? u

J1. B. Kynpusinos" %

"leump keanmosoix mexroroeuil, MI'Y um. M.B. Jlomonocosa, Mocksa, Poccus

2 Canxkm-ITlemepbypeckuti cocyoapcmesennuiii ynusepcumem, Cankm-Ilemepbype, Poccus

3 Poccutickutl keanmosuoltl yermp, Moscow, Russia

" lernmp mencoucyuniunaprolx pyroamernmansvrolx uccredosanuil, BIIS, Cankm-ITemepbype, Poccus
> Department of Optics, Palacky’ University, Olomouc, Czech Republic

5 Department of Physics, Old Dominion University, Virginia, USA

KBaHToBast XWMHsI MpeNOCTABJSIET OCHOBHOW WMHCTPYMEHT JJIi HCCJENOBAHUS JTMHAMHKHM MOJIEKYJISI PHBIX
CHCTEM, OJIHAKO MOJIEJIMPOBAHHE OPraHUIeCKHUX MaKPOMOJIEKYJI M0-TIPEXKHEMY MPEJCTaBIIsIeT COO0M CJ0MKHYIO
BBIUMCUTENBbHO 3a1auy. B joksae rnpeactaBjieH HOBbIH TMOXO0/ K MOJAEIHPOBAHHWIO XHMHUYECKHX MTPOLIECCOB C
MOMOIIbI0 aTOMOB-6030HOB, MOMEIIEHHBIX B ONTHYECKYIO pellIéTKy. Hamu nokasbiBaeTcst, uTo JI/1si KBAHTOBBIX
COCTOSIHMH C MHHUMAJIbHBIM MOJIHBIM CITMHOBBIM MOMEHTOM BHYTPEHHEE COTIpsizKeHHe CITMHOBBIX MepeMeHHbBIX
C TMPOCTPAHCTBEHHBIMU CTENeHsIMM CBOOOJbI HepasJMUMMbIX YaCTHUL| [O3BOJIIET HMHTHPOBATh aTOMAaMM-
6030HAMH XHMHUECKYIO CB$I13b, ChOPMHUPOBAHHYIO (DEPMHOHAMHU - 3JIEKTPOHAMH.

Kitoueble cioBa: KBaHToBasi XuMUsi, KBAHTOBOE MOJIEIMPOBAHHUE, XOJIOHbIE aTOMbI, ONITHYECKHE PELIETKH
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7.10 OnTuMHU3aUMs UMIYJbCOB YIIPABJSIOLIEr0 U3JAYUeHHs /151 BbINOJHEHHUS MePenyThIBaloUUX
KBAHTOBBIX JIOTHUECKUX ONepalivii B CHCTeMaX HEMTPaJbHbIX aTOMOB

A. C. Yconbues'?, JI. B. Fepacumos?, 1. B. Kynpusnos'?, K. C. Tuxonos" >34 C. C. Crpayne’*

"lenump Ksanmosoix mexnonroeutit MY um. M.B. Jlomorocosa, Mockea, Poccust

? [lenmp mexncoucyuniuraprolx pyroamenmarvtox uccaedosanuil HHY BIIS CI16, Cankm-
[lemepbype, Poccus

3 Cankm-ITlemepbypeckuil cocydapcmeennoil yrusepcumem, Cankm-Illemepoype, Poccus
* Poccutickuil kearnmosoul yermp, Mockea, Poccust

[IpoBenénnbie wuccienoBanus OblIM HaMpaBJeHbl Ha TMOBbIlIeHHE S(PPEKTUBHOCTH TEPENnyThIBAIOLIINX
JIOTUYECKHUX BEHTHJEeH B CHCTEMax HEUTPaJIbHbIX aTOMOB, YAEPXKMBAEMbIX ONTHYECKUMH JUIOJBHBIMH
JIOBYLLIKaMU. KiytoueBoil HHTepec /g HAc MpeACcTaBJsa pa3padoTKa MOAXOA0B ONTHMH3ALMH BPEMEHHOrO
npoduis ynpap/siiollero U3aydeHnsi, OCHOBAaHHBIX Ha TEOPHUH ONTUMAJILHOTO YIpaBJeHHs, U, B YaCTHOCTH,
pa3IMIHBIX MOAU(UKALIMH METO/A MOCAeA0BaTebHBIX yaydatonmx utepauuil B.®. Kporosa. Hamu nosyden
psL MHTEPECHBIX pe3yJbTaTOB, JEMOHCTPUPYIOLIMX, 4YTO CYIIECTBEHHOE YJyulleHhe 3((heKTUBHOCTH
MepenyThIBAHUSA MOXKHO IOCTHYb MYyTEM COUETAHUS PA3JIMYHBIX ONITHMH3ALMOHHBIX CTPATETHH.

K.H}O'-IeBbIe cjoBa: OnTumalsibHoe yhpaBJieHhue, yiipapJstoliee naJjay4eHue, KBAHTOBLIH BbIYHCJIUTEJIb,
HeﬁTpaﬂbeIX dTOMOB.

7.1 UccnenoBaHue CBOICTB MyJIbTUMOIOBbIX MHTEP(EPOMETPOB U3 HUTPUA KPEMHUS MPH KPUOTEHHbIX
Temneparypax

E.C. Jle6edesa'?, H.0. Beneduxkmos'?, B.A. Koposun'?, /.M. Kobues'?, A.Jl. loaukos®?, I1.11. An*?, B.B.
Kosaaiok"?, I'H. Toavumarn'?

"HauonaJ ibHbIi HCCIeI0BaTe/IbCKUE YHIUBEpCHTET « Bhiciias mikosia 5KoHoMuKH», Mocksa, Poccust

2 Vuusepcuter Hayku 1 Texnosiornit MMCHC, Mocksa, Poccust

3 MOCKOBCKHH T1e/Iaroruueckui rocyiapeTBeHHbIH yHiBepeuTet, Mocksa, Poccust

4 Poccurckud KBaHTOBBIH LieHTp, Mocksa, Poccust

Hapsiny ¢ hazoBpataresisiMiu MHTErpasibHO - ONTHUECKHE JIeJIUTEH H3JTydeHH s IBJSIIOTCS OTHUMH U3 OCHOBHbBIX
MaCCUBHBIX JIEMEHTOB J/Is1 TOCTPOEHUST KBAHTOBO-ONTHUECKUX HHTerpasbHbIX cxeM (QPICs), paGoratommx
npu rejueBblx Temnepatypax. OfHako, H3-32 TEPMOONTHYECKOTO 3(deKTa, napameTpbl JeauTeNeH,
paccuMTaHHble TpPU KOMHATHOH Temrepartype, JO/KHbI ObiTh MoauduuupoBanbl. B nanHoit paGore
recsenytoTest KoapUIUMEHT Ie/IeHNsT ONTHUECKOH MOIIIHOCTH MYJIbTUMOJIOBBIX MHTEP(EPOMETPOB U3 HUTPHIA
KPEMHHSI C Pa3JIMUHBIMM T€OMETPUUECKUMH TMapamMeTpaMu MPH OXJIaKIAEHUH 10 KPHOTEHHBLIX TeMIeparyp.
Pesysbrathl HccenoBaHus MOTYT ObITh MCMOJb30BaHbl Mpu KoHcTpyupoBanun QPICs nsisi noBbilieHus
TOYHOCTH OJIHO- U JIByXKYOHUTHBIX OTlepalliil Ha JuIIe.

Kutoueble ciioBa: ONTHKA, MHTErpasibHO-ONTHUECKHE JIeJIUTE/H, MYJIbTUMOJIOBblE MHTeP(epOMeTpbI,

KO3 PULHEHT eNeHus]
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7.12 XapaKTepuCTUKHU CBEPXNPOBOJAHUKOBOTO OJJHO(POTOHHOTO AETEKTOPA NOJL BO3eHCTBUEM
PaZMoyacTOTHOTO MOJisl TOBEPXHOCTHOW MOHHOM JIOBYILKH

K.O. Cenwix'?, E. Cyseiimen*, C.C. Casironyx™®, IL.IT. Au*?®, A J1. Tonukos*?, B.B. Kosasmok!?, I H.
Toabiman™?

"Hayuonanrorolil uccredosamenvckuil yrusepcumem «Boicuias wkoaa skonomuku», Mocksa, Poccus

2 Ynusepcumem nayku u mexroroeuti MMCHC, Mocksa, Poccus

3 Mockosckuii nedaeoeuueckutl cocyoapemesennslii ynusepcumem, Mocksa, Poccus

* Poccutickuti keanmosoiil yenmp, Mocksa, Poccust

B pa6ore nccnenoBano n3amMeHeHHe XapaKTEPUCTHK CBEPXITPOBOIHUKOBOTO 0IHOPOTOHHOTO jleTekTopa (SSPD)
13 HUTPHIa HUOOHS MO BO3/IEHCTBHEM PAIMOYACTOTHOTO M0J151 3aXBaTa MOHA B MAKETEe MOBEPXHOCTHON HOHHOH
JoBylikd npu temrneparype 2K. IpencraBienbl pe3y/bsTaTbl 3aBUCHMOCTH TEMHOBBIX U CBETOBBIX OTCUETOB,
3 PEeKTUBHOCTH IE€TEKTHPOBAHHS OT TOKA CMELLEeHHs], a TaKKe H3MeHeHHe KPUTHUECKOro TOKa B JManasoHe
nosieit 5-40 MIi u amnuutyn (0,1-4) B. PeaysibraThl nokasbiBatoT, 4to 6s1aroiapsi BbIcokoi 3hdekTHBHOCTH (>
90% ), nuskum TeMHoBbLIM oTcueram (< 10 ¢!) u masomy meprBomMy Bpemenu (< 10 nc) SSPD B noBepxHOCTHO
MOHHOH JIOBYILIKE MOXKET [03BOJIMTh TPOBOAUTL HM3MEpPEeHHe KBAHTOBOIO COCTOSIHHUSI MOHA C BbICOKOH
JIOCTOBEPHOCTBIO M HEJIOCTYMHBIM U151 IPYTHX JI€TEKTOPOB ObICTPOACHCTBHEM, Yydlllasi TeM caMbiM TOYHOCTb
MOJIrOTOBKH U H3MepeHHst coctosiiust (SPAM).

KanioueBbie cioBa: [ToBepxHocTHas nonHasi JioByiika, CBepXrpoBOAHHKOBBINH 0OAHOMOTOHHBIH IETEKTOP,
SNSPD, SMSPD, Hutpun nuo6usi, Macirabupyemblii KBAHTOBbIH KOMITbIOTEP HA HOHAX

7.13 KomnakrHble BOJIOKOHHbIE J1a3epbl 111 HAKAYKU OJHO(POTOHHBIX HCTOUHUKOB

10.I Dnapywr!', M. Mutesckuit', A.A. Mkprusin', V1. Ilpsikonos?, A.I. HacuGyJiun'
"'Croakosckuii uncmumym nayku u mexwoaoeuil, Mocksa, Poccus
? Mockosckuii Tocydapemeennsiii ¥Yuusepcumem, Mocksa, Poccus

Pa6ora nocssiliena paspab0TKe HMIYJIbCHbIX BOJIOKOHHBIX JIa3epOB JJISi HAKAUKH HCTOYHHKOB OJMHOUYHbBIX
¢otoHoB. Byner npencraBien KOMNAKTHBIN U iellI€BbIH MUKOCEKYHIHbIH BOJOKOHHbIH J1agep, U3Jydalolului Ha
nsiHe BosiHbl 920 HM. Takoil s1azep Mo3BOJISIET 3aMEHUTb IOPOTOH U IPOMO3IKHH THTaH-CcandupoBbIH Ja3ep
JJIS HAKQUKH MCTOYHMKOB OJIMHOYHBIX (POTOHOB Ha OCHOBE 3MUTAKCHAJbHBIX KBAHTOBBIX TOUYEK, CPABHEHHE
OTHO(OTOHHOCTH U SIPKOCTH MPH UCTIOJBb30BAHUH JIBYX THUIIOB Jla3epoB Oy/leT MPeCTaBieHo B AoKaae. Takke
OyayT paccCMOTpPeHbl MOAXOAbl K peasu3aludd UMIIYJbCHBIX JIa3€POB C BBICOKOH YacTOTOH MOBTOPEHHH,
uasydalolmx Ha JuidHe 1550 HM 15 HaKauKM MCTOUYHHMKOB MeperyTaHHbIX (DOTOHOB Ha OCHOBE
napameTpuyeckoil reHepauuu. Bynyt pacemoTpeHbl aBa noaxosaa JJisi MCTOYHHUKOB € YacTOTOH MOBTOPEHHH
UMITyJibca B HeckoJibKo ['Ti1 1 ¢ yacrotoii noBropenu# cotuu 'L

Kutoueble cioBa: OnHO(MOTOHHbIE HCTOUHHKH, UMITYJIbCHbBIE JIa3epbl, MapaMeTpuyecKasi reHepaLus,
NMKOCEKYH/IHasl TeHepaLusl

37



{ XOMOSKCIMO

HayKa 1 MpakTka

CreHaoBbI€e JOKJA/bl

C.7.1 Co3pnanue ontuueckux Kotos LLpenntrepa ¢ ynpaBiasieMbiM C2KaTHeM C MOMOLLBIO CBETOAETUTE NS U
HerayccoBbIX PeCYPCHBIX COCTOSIHMI: COCTOSIHUS KyOuueckoi asbl u cocrosinus Poka

A. B. Baesa!, A. C. Jloces"?, U. B. CokoJioB!

"'Canxkm-Tlemepbypeckuii cocyoapcmeaennolii ynusepcumem, Cankm-Ilemepoype, Poccus

2 Cankm-[lemepbypeckuii eocydapcmeettolll MOPCKol mexnudeckull yrusepcumem, Cankm-
[lemepbype, Poccus

Mbl uccnenyem 3aTBop, CHocOOHBIH TeHEpUPOBaATh cCxkaTble cocTosinusl kKota [llpeauHrepa ¢ BbICOKOH
BEPHOCTbIO B ONTHYECKOM JManaszoHe. 3aTBOP OCHOBAH Ha MEpPEenyThiBAHMH HA HECUMMETPUUHOM
CBETO/le/INTEJIe MPOM3BOJILHOIO CHIHAJBHOIO M HErayccoBa pPecypCHOrO CBETOBbLIX MOJICH M MOC/eyIoleM
FOMOJIMHHOM M3MepeHHH. YTpaBJeHHe [apamMeTpaMHu CBETOJCJHUTE/sT T103BOJIsSIeT Haubosee MPOCTbIM
ob6pasom noJiydaTh coctosinust kota [lpenunrepa ¢ HeoOX0oAMMON cTeneHbio cxKaTus. Hapsity ¢ TOuHbIM
OMUCAHHEM 3aTBOpa TNPUMEHSIETCS TMOJYKJACCHUECKUH aHasiu3, HarJISIHO JE€MOHCTPUPYIOIIMH MPUHLIMN
paGoTbl 3aTBOpa M MO3BOJISIIOLIMA BbISIBUTb CyLIECTBEHHblE CTAaTUCTHUECKHE CBOHCTBA  BBIXOIHOIO
COCTOSIHHSI, TaKHe KaK CTeleHb CKATHS W XapakrepHble nedopMmallii KOMIOHEHT B COCTOSIHMH KOTa
[peauurepa. Mbl npeacrap/isieM CpaBHUTEJbHBIN aHain3 3(P(PEKTHBHOCTH 3aTBOPOB, HMCMOJb3YIOLIHX
HECUMMETPHUUHbIH CBETOEUTENb W pas/iMuHble pecypcHble COCTOSIHUSI: COCTOsIHME KyOWuHOH asbl U
coctosinue Poka.

KioueBbie cioBa: HerayccoBbl cocrositust cBeta, Cocrosinue Kota Illpenunrepa, CocrosiHue KyGHuecKoi
¢asbl, Cocrosinne Poka

C.7.2 MeToa BpeMEHHOI CUHXPOHU3ALMU [IJIsl CEAHCOB KBAHTOBOW CBSI3U CO CITyTHUKOM
A H.Yepnos" >+ A. B. Xmeses">** B.JI. Kypoukun' 23

" Mockosckuil pusuxo-mexnuueckutl uncmumym, [losconpyoneu, 141700, Poccust
? Poccutickutl ksanmosoudl yenmp, Mocksa, 115191, Poccus

3 KyCnaiic mexnoaoeuu, Mocksa, 115419, Poccus

! Yuusepcumem nayxku u mexrosoeutt MHCuC, Mocksa, 119049, Poccus

Bpemennasi cuHXpoHHM3alMsl 4acoB CHyTHHKA M HA3eMHOH CTaHLUMHM KPUTHMYECKH BaKHa JUlsl KBAHTOBOTO
pacnpenesienust kiatodeid. [lpeayiaraembiii METOl B CBOEH OCHOBE COJIEPKUT MPOLLELYPbl BOCCTAHOBJIEHHUS
YacTOThbl CJIE0BaHUSI U BPEeMEHHOH (DUJIbTPALMM KBAHTOBBIX CHrHasoB. Takum o0pa3oM Hall MOJAXO/,
MCIOJIb3Ysl /151 ONpe/ieJIeHHs] BPEMEHHOT0 CIBUTa TOJbKO 3aPErUCTPUPOBAHHbBIE CHTHAJBI H KOPPEJISILIMOHHBIH
aHaJsiu3 GUTOBBIX M0C/EA0BATENbHOCTEH, YCTpaHsieT HeOOXOMMMOCTb B IOMOJHUTE/bHBIX CHHXPOHU3UPYIOLLIHX
umnyJbcax. Takoil meTon ynpoiiaer 6opToBoe 00OpyLOBaHUE CIYTHHKA, CHUKAeT CTOMMOCTb MHMCCHH W
MUHUMH3UPYeT 0ObeM MNOoCTOOpabOTKH AaHHBLIX. PellleHue 0cCOO€HHO MepPCNeKTHBHO /sl KOMMAKTHBIX
KBAHTOBBIX CITyTHUKOB, TJIe KPUTHUECKH BaxKHbI MaccorabapuTHble XapaKTePUCTUKU U SHEPro3p(heKTUBHOCTD
CHCTEMBI.

Kaouesbie ciioBa: Cunxponusaiiusi Bpemetu, KsantoBoe pacnpenesnenue Kiouer, CyTHUKOBbIE KBAHTOBbIE
KOMMYyHHKaluu, KoppessiliMoHHbIH aHains

C.7.3 Ucnosib3oBaHWe MAIIMHHOTO O0yYeHUs /151 yNpaBJeHUsl TUHEHHBIM ONTHUECKUM
uHTepdhepomeTpom

C. C. Kysbmun®?, M. B. Ibsikonos"?, C. C. Crpayne'?
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"Ilenmp Keanmosoix Texnonoeutl, Pusuueckuil pakyromem, Mockosckutl [ocydapcmeenolil
Yuusepcumem umenu M. B. Jlomorocosa, Mocksa, Poccus
2000 «MedynapooHoLil yeHmp K8AHMOBOL ONMUKU U KBAHMOBLLX mexHo02uil», Mockea, Poccust

Mel pagpaboTaJju aaropuT™, KOTOPbIH CO3IaET MOJIe/Ib PEKOH(UTYPHPYEMOTO ONITHYECKOTO HHTEP(hEpOMETpa,
He 3aBUCSLLYD OT apXMTEKTYpHbIX orpaHuueHuid. [IporpamMMmupoBaHHe YHHMTapHbIX MpeoOpa3zoBaHUil
ONTHYECKHUX MOJL OCHOBAHO JIMOO HAa aHAJUTHUECKOM METOJIEe MOJIydeHHsT yHUTapHOH MaTpHLbl yepes (ha3oBble
CIABUTM, JHOO HA ONTUMH3ALMM, €CJH TMpsSMOe pal3jioXKeHHe HEBO3MOXKHO. AJITOPUTM MpUMEHSIeT
KOHTpOJIUpyeMoe oOydeHHe JijIsi COMIacOBaHMSl MoOJead HMHTepdepoMerpa ¢ 0OydaloUMMU JaHHBIMH
ycrpoiictBa.  OnNTUMHU3aLMs HCMOJb3yeT OOyuYeHHYI0 MOJeb Jis HaxoxKaeHus (asoBbIX CABHTOB B
uHTepdepomerpe, aocTHras HeoOXOMMMOro YHUTApHOro MpeoOpasoBaHusl. IDTOT MOIXOA TO3BOJSET
HacTpauBaTh HHTEPHEPOMETPbI 6€3 TOUHBIX AHATUTHIECKUX PellIeHUH, OTKPbIBAsi BO3MOXKHOCTH U151 U3yUEHHUSI
HOBBIX aPXUTEKTYP.

KitoueBble cioBa: JIuHeriHas ontuka, JInHelHHO-oNTHUECKHE KBAHTOBbIE BhIUMCAeHUs, MalllnHHoe oOyueHHe
B JINHEMHON OIITHKE

C.7.4 TlocrpoeHune coOCTBEHHBIX MOJL ONMTUYECKOTO MapaMeTPUUECKOro reHepaTopa Npu HaJMuuu
JMCIepCcUU rPyNMoOBbIX CKOPOCTEN

. M. Magibiie', B. A. Asepuenko', K. C. Tuxonos'

""Cankm-Tlemepbypeckuii cocyoapcmeaennolii ynusepcumem, Cankm-Ilemepoype, Poccus

B pabote paccmoTpeHa maTeMaTtuyecKasi Mpouelypa BbleJeHHsl MoJHOro Habopa cynepMmojl KBaHTOBOIO
U3J1y4eHHs], IOJIy4eHHOTO [IPH NTapaMeTPHUYECKON reHepallii Ha HeJIHHEeHOM KpUcTaJliie, OMELLeHHOM BHYTPb
pe3oHartopa, npu HaJM4IuK aucnepcud. [1pn 3Tom a1t mocTpoeHns: 4acTOTHOTO MPOMUIIS TAKUX CYTePMOJL Mbl
onupaJiuch Ha 060611eHHOe pasnoxkenue bioxa-Meccuu. HalneHHble peleHnst Mbl CPaBHUJM C PELUEHUSIMH,
MOJIyYEHHBIMH C TTOMOLLBIO TEOPUH BO3MYLIEHHH TMPH MaJIOH IMCIIEPCHH TPYIIOBBIX CKOPOCTEH B HEJIMHEHHON
cpene. Takoit KOMIJIEKCHBIH MOIXO/1, TO3BOJIM/ HAM MOJYUUTh HanOO0J1e€e MOJIHOE MpeACTaBIeHre O (PU3NIeCKUX
npotieccax, NPOUCXOSILIMX B ONITHYECKOM MapaMeTPUUeCKOM IreHepaTope ¢ CHHXPOHHON HaKayKoH.

KmioueBbie cnosa: KsantoBasi ontuka, Coxkatbiii cset, Jlucrnepcusi rpynmnoBbix ckopocrteii, Cyrnepmobl
U3JydeHHs!

C.7.5 Onucanne BpeMeHHOM 3BOJNIOLIMH HETrayCCOBBIX KBAHTOBBIX COCTOSIHUI CBETA C MOMOLIIbIO
KYMYJISIHTOB

X.K.B. Jlyna Beponuko, K.C. Tuxonos

Cankm-Ilemepbypeckuii eocydapcmesennolli ynusepcumem, Cankm-Ilemepoype, Poccus

B nanHoii paGoTe wucchenyercsi MCMOJb30BAHHE PA3JIOXKEHHSI 110 KyMyJsSIHTAM JUisl aHajd3a 3BOJIIOLMH
HErayccoBbIX KBAHTOBBIX COCTOSIHMH CBETOBbIX TMoJiel. M3ydaeTcss 3BOJIOLMST KyMYJSIHTOB Pa3/iHuHbIX
MOPSIKOB U MX CBA3b C MOKA3aTeJsIMU HErayCcCOBOCTH, B YAaCTHOCTH, C BHUTHEPOBCKOHW HETraTHBHOCTHIO.
Paccmotpenbl HauboJiee BaKHble THIIBI MOJIEJIbHBIX TaMUJIBTOHMAHOB, BKJIOuasi B3aumosercteue Keppa,
TPEXMOJIOBOE CXKaTHe U NpeoOpasoBaHue KyOUUecKoH (asbl. AHa/IM3 MPOBEEH /s HECKONBbKUX HauaJbHbIX
COCTOSIHHH, TakMX KakK BaKyyMHOe, (hOKOBCKOE, KBaJpaTypHO-CxKAaTOe M KOrepeHTHoe cocTosiHus. JlaHHoe
MCCJ/IeI0BaHIE MO3BOJIMT MOBBICUTh 3((hEeKTUBHOCTb FeHepallii HErayCCOBBIX COCTOSIHUI B 9KCIIEPUMEHTE, a
TaKxKe Moo paTh MPOLELYPbl KOPPEKILIHUHU OLIMOOK /151 X TPUMEHEHHS B PA3JIMUHBIX TPUJIO0KEHUSX.
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KutoueBbie ciioBa: KBaHToBble M0JIs1, pa3J/iozKeHHe 10 KyMyJsIHTaM, 3BOJIOLMS KyMYyJSIHTOB, HErayCccoBOCTb,
TPEXMOJI0BOE CxkaTHe, Kybnueckas asa, B3aumoieiicTBre Keppa, KBaHTOBasi KOPPEKIUs OLIMOOK

C.7.6 CpaBHeHHE NOJNYKJACCHYECKON U KBAHTOBOM CX€M reHepalyu CaydalHbIX unces s
MCMOJb30BaHUSA B (PyHIAMEHTaJbHbIX TECTAX U MPUI0KEHUSIX

A. A. Kperoga', /1. /1. Peternukos!, A. A. ®omunosa', K. C. Tuxonos'
"'"Cankm-Tlemepbypeckuii eocydapcmeennuitl ynusepcumem, Cankm-Ilemepoype, Poccus

B paGore npeacrapieH cpaBHUTENbHBIN aHAIN3 KBA3HKIACCHUECKOTO U KBAHTOBOIO ONTHUECKUX MeHEPAaTOPOB
nocsaegoBatesibHoctell  caydaiubix  uuces (ITCYH) npu Hanmuuu W B OTCYTCTBHH JIOMOJIHHUTEJNBHOH
noctoOpaboTKH (39KCTpakuuu). bBblio nokasaHo, 4To MCMO/b30BAHME CHJBHO OCJNA0JEHHOTO CBeTa OT
KOTEPEHTHOTO JIa3ePHOrO HMCTOYHMKA TM03BoJisieT OblicTpo renepupoBath [ICH, HO ¢ HU3KOH crerneHb
caydailHocTd. HanpoTuB, KBAaHTOBBIH HMCTOUHHK HA OCHOBE CIOHTAHHOTO MapamMeTPUUECKOro paccesiHus
nospoJisieT noydutb [1CYH ¢ HU3KOH CKOpPOCTBIO TeHepali, HO C BBICOKOH CTeMeHbIo caydyaiHocTH. Takke
ObLIO HMCC/EI0BAHO CMeElleHHe CBeTa OT YKa3aHHBIX BbllIEe HCTOYHUKOB [Isi yBeJHUeHHs 0Olleh
s(pekTUBHOCTH reHepalyu. Kpome Toro, a/st Kaxaoro MCTOUHHKA ObIIO paCCMOTPEHO BJUSIHHE SKCTPAKIUH
CJIy4alHOCTH ¢ oMol1bio MeTon0B o Hefimana u babkuna Ha kauectBo renepupyembix [1CYH.

KitoueBbie cJioBa: KBAHTOBBIE KOMMYHHKaAllMH, KBAHTOBbIE€ T€HEPATOPbI CJIy‘iElfIHbIX yuceJl, KBAHTOBAs1
3allyTaHHOCTb, 9KCTPAaKILHs Cﬂy‘{aﬁHOCTH

C.7.7 BiusiHve napamMeTpoB J1a3epHOT0 M3JyueHHUs Ha BEPOSITHOCTb NepeunsnaydeHus: ofHO(OTOHHOro
JlaBHHHOTO (hoToaMOAA

A. C. Cunenbnukosa', Bongaps K /1.2, Byrait K.E.'3, Bynaskun JI.C.!, Baxpywesa B.M.!, JToxmatos P10,
Mesikonsin JI.M.!, Cyties U.C."2, 3bisbikun AT, IBopenkuii JI.A.'3

"000 «CPb Jlabs, Mocksa, Poccus

? [lenmp ksanmosoLx mexroroeutl u Pusuueckutl pakyrvmem Mockosckoeo eocydapcmeennoeo
yHnusepcumema um. M.B.Jlomornocosa, Mocksa, Poccus

3 Mockosckuii eocydapcmeentoitl mexuuveckutl yrnusepcumem um. H. 3. baymarna, Mocksa, Poccus

PaGora mnocBsillieHa HMCCJIEI0BAHUIO BJIHSIHUSI MAPAMETPOB CTHMYJIUPYIOLIEr0 Ja3epHOTO HM3JydeHHst Ha
BEPOSITHOCTb TepensydeHust oqHo(oToHHbIX JaBUHHBIX (oromuonos (OJIDJ]) B cucremax KBaHTOBOro
pacrnipenenenus Kiaoueld (KPK) u cBsizanHoit ¢ atum addexTom ataku «backflash» Ha cucremy KPK. Boio
IKCMEPUMEHTAJILHO TOATBEPKIEHO, YTO BEPOSITHOCTD MEPEU3JyUeHHs B MIPe/ie/iax MOrpelHoCTel He 3aBUCHT
OT JIJIMHBI BOJIHBI CTUMYJIHPYIOLIETO JIa3€PHOTO U3JydeHHus1 B criekTpasibHoM jauanasone 1100-1800 um. Takxke
Oblyla MoJTyueHa HUXKHSIS OLleHKA JJTMHBI CEKPETHOTO KJTI0Ua B CJTyuae MPOBeIeHN s HAapyILIUTeeM KOJIJIEKTHBHOH
aTaky Ha HHQOPMAIIMOHHbIE COCTOSTHUSI U COCTOSIHUS B TOGOYHOM KaHaJjie Mepen3yueHunsl.

KutoueBble cjioBa: KBaHTOBOE pacrnpe/esienne Kiouei, ataka «backflash», onHodoToHHbI# J1aBUHHBIH
cdoroaron

C.7.8 llepenyTbiBalolline IBYXKYJMTHbIE ONepPALMU B MPOTOKOJ€ KBAHTOBOTO Hepa3pyllatoliero
B3aMMOJEHCTBUSI MHOTOMOJOBOTO CBETa M ATOMHOT0 aHcamoJs

P. Cypmaii!, B.A. Uynpos!, E. A. Bamykesuu'

""Cankm-Tlemepbypeckuii l'ocydapcmesernoiti Yuusepcumem, Cankm-ITlemepbype, Poccus
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B jnanHolt paGore uccremyeTcsi peasi3alisi KBAHTOBBIX JIOTMUECKHX TrelToB B mnpotokoje QND-
B3aUMOJICHCTBHUS U UX IEHCTBHE HA JABYXKYAUTHYIO cucTeMy. il onucaHusi 3BOJIOLMH ABYXKYAUTHON CHCTEMBbI
UCIO0JIb30BaH f13bIK NpeobpaszoBanuil boronobosa. Hamu nopobpanbl moxojsiue 3HaU€HHS YIPABJISIOUIUX
napamMetTpoB — BpeMmeHH Kaxjaoro QND-B3auMojelcTBUSI W yIJIOB MOBOpPOTa Takue, 4TOObI OblIH
peasii30BaHbl JeTepPMUHHPOBaHHasi HesoKasbHas onepaiyss SWAP u sanyteiBatoias onepauust VSWAP.
HccnenoBanbl BEpOSITHOCTH peasiMdyeMblX B MPOTOKOJE JIOTHYECKHX Ofepalyil ¢ pasjiMuHbIMH CHJIaMH
nepenyThiBaHUs1 U151 TPOU3BOJILHONH PA3MEPHOCTH CUCTEMBI.

Katouenble ciopa: KBanTtopast OITHKA, KBAHTOBbI€ BbIYHUCJ/ICHHUS, KYIUThbI, Op6l/lTaJ]belﬁ yFJlOBOljl MOMEHT.
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Cekuusg 8
TexHon0ruu MUKpoO- 1 HAHOCTPYKTYPUPOBAHMS

YcerHble nokaaapl

8.1 Anmasnas nudpakuuonHas ontuka Tl 'u nnanasouna (/lpuesrawernolii)

Makcum CepreeBuy KomsieHok, K. ¢.-m. H.
Jlabopamopus aaseproti onmuku nogepxrocmu Huemumyma obwetl gpusuxu um. A. M. [Ipoxoposa
PAH

8.2 lpouecchbl CTPYKTYpHPOBaHHS BbICOKOPa3pellaloLMX MaTepranoB, CBOMCTBA U TPUMeHeHHe
CTPYKTYPUPOBAHHbIX 3jeMeHToB ([Ipuciauierroiii)

Bopso6oea Hanexxna JIMUTpHEBHA, K. M. H.
Ynusepcumem HTMO, Canxkm-Ilemepbype

OO6001eHbl  pe3y/bTaTbl MCCJEIOBAHMH TPOLECCOB MHKPO- M HAHOCTPYKTYPUPOBAaHUS B oObeme H
MOBEPXHOCTH BbICOKOpa3pelaoumx (QoTONoJMMEPHbIX W rajoreHcepeOpsiHbIX MaTepuasioB MeTodaMH
roJjiorpacun M JUTOrpacuu, J0CTUIHYThIe CBOHCTBA MEPUONUECKUX CTPYKTYP Pa3/IMUHbBIX THIIOB, 3J€MEHTOB
C MPOU3BOJILHON (POPMOF MOBEPXHOCTH M BO3MOXKHOCTH MPUMEHEHWH JJIsl pellieHns 3a1a4 JUPpaKiuOHHOH
ONTHKH, 3aLLMILIEHHOM 1e4aTH, COJHEYHON sHepreTHKH, 3D nevartu.

8.3 q)OpMI/IPOBaHl/le CnyupajJbHbIX MUKPOAKCUKOHOB B TOHKHX IJIEHKaX MOoJspHU3allMOHHO -
YYBCTBUTECJ/bHbLIX MaT€pHUaJioB

H. A. Vaues"? A. I1. ITopdupbes?, C. H. Xonuna"?, JI.IT. ITopdupbes”

"Hrnemumym cucmem obpabomiu usobpascenutl, Hayuonarorlll uccie0o8amenveKilil yermp
«Kypuamosckuii uncrmumyms, Camapa, Poccus

? Camapckuil HayUoHarbHbLI Lccredosamenvekull yrusepcumem umenu akadenura C. I1. Kopoaésa,
Camapa, Poccus

} Pusuueckuti unemumym un. [LH. Jlebedesa, Camapa, Poccus

[TokazaHa BO3MOXKHOCTb M3rOTOBJIEHHST CMIMPAJIbHBIX MUKPOAKCUKOHOB B MHOTOCJIOHHBIX HAHOCTPYKTYpPax M3
XaJIbKOTEHUJIHBIX CTEKOJI, a TakK:Ke B TOHKMX IJIeHKax a3ornoJumepa Ha ocHoBe KapOasoJsa. B Hacrosiieit
pabote opmupoBaHue TpebyeMoro azoBoro M MOJSIPU3ALMOHHOTO paclpeleseHusi OCYLIeCTBJISAN0Ch C
MOMOLLbIO [TPOCTPAHCTBEHHOrO MojyJsTopa ceta. [Ipn sTom pesynbrHpytollee (ha3zoBo-M0JspU3aLHOHHOE
B3aUMOJIeHCTBHE  (POPMHUPYET [POJOJBHYIO ~KOMIIOHEHTY — 3JIEKTPHMUECKOro MOoJsl, COOTBETCTBYIOLLLYIO
CMUpa/bHOMY aMIUIMTYAHOMY pacnpeienendio. Takxke MpoAeMOHCTPUPOBAHA BO3MOXKHOCTb YIpaBJ/eHHs
HarpasJeHHeM BpallleHUs U ePUOJIOM CIHPaJbHOTO MUKPOAKCHKOHA.

KotoueBble  cjioBa:  cnupasibHbli ~ MHKPOAKCHKOH, — TOJISIPU3AaLLMOHHO-YYBCTBUTE/IbHbIE — MaTepHasbl,
NPOCTPAHCTBEHHbIH MOJLYJISITOP CBeTa
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8.4 PazBuTue MeTona KOHTPOJIS hOpMbl KpYNHOraGapuUTHLIX achepruueckux 3epKasj Ha OCHOBe
NpUMeHEeHUs IUIHHAPUYECKUX pesibe()HO-aMIIMTYAHbIX CHHT€3MPOBAHHBIX FOJOrPAMMHbBIX ONTHYECKUX
3J1EMEHTOB

A. B. Jlykun, Aunpeit HukosnaeBny MeJIbHUKOB, K. T. H.

Axyuoneproe  obuecmso  «Hayuno-npoussodcmsennoe  obvedumenue  «locydapcmeerHolil
uncmumym npukiadnot onmukus, Kazane, Poccus

B jokname oOcykKnaioTcsi MepCrneKTHBHbIE — HAMpaB/eHWsl Pa3BUTHS  METOAA  KOHTPOJS  (OpMBbI
KpynHoraGapuTHeIX —acepuyecKHX 3epKaj ONTHYECKMX TeJECKONMOB Ha OCHOBE  HCIOJb30BaHHS
LMJIMHAPHUECKUX CHHTE3HPOBAHHDBIX I0OJIOTPAMMHBIX ONTHYECKUX 3JIEMEHTOB, M B 9THX LIEJIAX NpeIaraloTcs
yTH COBEPLUEHCTBOBAHHUS U CIIELHUANU3ALIUH JeJIMTeIbHON MAlIMHBI MAATHUKOBOTO THIA.

KotoueBbie cnoBa: Metop kontposist popmbl, Kpynnorabaputhoe acepuueckoe 3epkado, Linannapuieckuii
CHHTE3UPOBAHHBIH TOJOTPAMMHBIN ONTHYECKUH 3jeMeHT, [lenauTesbHasi MallMHa MasiTHUKOBOTO THMA,
[TosmumepHas nienka, PesnbedHo-amnanTyaHasi CHHTe3UpoBaHHast roorpamma, ClinBKa HHTepdeporpamm.

8.5 T'mbkue JudpakuUMOHHbIE ONTUYECKUE 3JEMEHTbl Ha OCHOBE Jla3epPHO-UHIAYLIMPOBAHHBIX
NepuoJruecKHX MOBEPXHOCTHBIX CTPYKTYP A/ ONTUUYECKUX TaTYMKOB Nedopmaiimii

M. J1. Bacusbes, 1. A. Cunen
Ynusepcumem HTMO, Canxkm-Ilemepbype, Poccus

B paGore nokaszana Bo3MOXHOCTb TIPUMEHEHHUST TIEPHOJMYECKUX peJibehOB Ha MOBEPXHOCTH CHJIHKOHOBBIX
TNJIEHOK JI/IST ONpe/ie/ieHns] BeJIMUMHbI U XapakTepa ux aedopmainu. Mcenenyemble 06pasiibl GblJIM CO3/1aHbI
nyTeM TiepeHoca pesbeda  JIa3epHO-HHIYUMPOBAHHBIX  TEPHOAMYECKMX TOBEPXHOCTHBIX  CTPYKTYP,
cOPMHPOBAHHBIX Ha CTaJbHbIX TJIACTHHAX, HA CHJMKOHOBbIE TJIEHKH METOJOM HMITPUHT-JUTOrpadUH.
[lepuon Takux CTPYKTyp cocTaJisieT ~ 1 MKM, UTO 1103BOJIsIET POPMHUPOBATH IMPPAKIMOHHbBIE KAPTHHBI BO BCEM
JiManasoHe JYIMH BOJIH BUIMMOTO H3JyueHUsl. [JIaBHOH 0COOEHHOCTBIO MOJyUeHHbIX 00Pa3LOB SIBJSIETCS UX
THOKOCTb U PACTSPKUMOCTb, YTO MO3BOJISIET MPEJIOKUTD TaKHE ONTHUECKHE JIEMEHThI B KaUeCTBE JaTUHKOB
nedopmatnii. B paGore nokazaHbl 3aBUCHMOCTH H3MEHEHHS YT/1a OTKJIOHEHHUs + | MopsiikoB AU paKyi 115t
Pas/IMYHBIX JJIMH BOJH BUMMOTO IMana3oHa npu JiehopMalyi A pakiiMOHHBIX PEIIETOK Ha CHIIMKOHE.,
KatoueBbie ciioBa: Judpakiimontblie ontuueckue snemenTbl, JIMIITIC, Tenzomerpuueckue natauku, JlaTunku
nedopmatnit, Umnpunt-nurorpacdus

8.6 3anucb BoIHOBO10B B 00bEMeE MJIaBJEHOr0 KBapLia ¢ MOMOLIbIO YIbTPAKOPOTKHUX Jla3ePHbIX
MMNYJbCOB

A. E. Pynacos, C. 1. Kynpsiios, A. B. Boratikast
Qusuueckuil uncmumym un. I1. H. Jlebedesa PAH, Mocksa, Poccus

B paGote wuccnenyercss TexHosoTHs (OPMHPOBAHHSI ONTHYECKHX BOJIHOBOJOB B TJIABJAEHOM KBapie C
MCIOJIb30BaHHEM (HEMTOCEKYHIHbBIX JIa3€PHbIX MMIYJabcoB. OnucaHbl METOIMKH Ja3epHOH MOIuHKaLMHU
marepuasa, Mo3BoJisitole co3laBaTh BOJHOBO/IbI. [lokazaHo B/MsIHME MapaMeTpoB JIa3epHOrO U3JydyeHHsI
(3Heprus, yacToTa MOBTOPEHHUSI, CKOPOCTb CKAHMPOBAHHS ) HA FTEOMETPHIO U ONITHYECKHE CBOHCTBA BOJIHOBO/IOB.
[TostydeHHbIe pe3yJsibTaThl IeMOHCTPUPYIOT MePCIeKTHBHOCTb METO/IA /151 CO3AaHUS HHTET PaJIbHbIX ONTHYECKHUX
YCTPOHCTB, BKJIIOUAsl CEHCOPbI U CUCTEMbI Mepefaul HH(OpMaLHH.

KittoueBhble cioBa: BOJIHOBOILbI, .Ha3epHaﬂ 3allucChb, OnTHyeckKue 3J1eMeHTHI.

43



{ XOMOSKCIMO

HayKa 1 MpakTka

8.7 UHHOBalIMOHHbIE MOIXO/bI K Ja3€PHOM 3allUTe METANIOB OT XHMUYECKOT0 U OMOJIOTHUECKOT0
BO3JeHCTBUSA

E.A. lasbioa, M.A. Muxasesuu, P.P. Cycios, M.K. MocksuH, I'.B. Pomanosa
Hucmumym aazeproix mexuoaoeuti, ¥nusepcumem HTMO, Cankm-Ilemepbype, Poccus

Pa6ora mnoceslleHa pa3paboTKe MeTOJOB TMOBbILIEHHSI YCTOHUMBOCTH MeTaJJIoB K 6GHooOpacTaHHIo,
MHHEpaJIbHbIM OTJIOKEHHSIM M KOPPO3HWM TOCPEJICTBOM JIa3epPHOro co3aaHus MUKpopesbeda. B pamkax
MCCJ/IeI0BAHUS H3YYEHO BJIMSIHME JIa3€PHOTO BO3JAECHCTBHSI MPH CO3JAHUM 3aaHHOH MHUKPOreOMeTpHH Ha
CMauMBaeMOCThb MaTepHasa, a Takxke JajbHelllee BAUSHAE CMAYUBAEMOCTH U PA3JIMUHbIX GOpPM pesbeda Ha
YCTOHYHBOCTh K pa3pyliaoiiiM 3arpsisiennsim. PopMupoBaHre MUKpopesibeda Ha MOBEPXHOCTH METaJJIOB
o0ecreynBaeTcsl ¢ MOMOLLBIO JIA3€PHOTO H3JyYeHUs] HAHOCEKYHJIHOW JJIHTEJNBHOCTH MMMyJbca. [lepexon
MOBEPXHOCTH MeTajia M3 THAPOPUILHOIO COCTOSIHUSA B THAPO(OOHOE OCYILIECTBJSETCS BbIMAYMBAHUEM B
rUaApohoOU3UPYIOLIEM PACTBOPE WJH JJIMUTENBHOH BbIAEP:KKOH Ha BO3AyXe TMPH HOPMAJbHBIX YCJIOBHSIX.
[lepcriekTHBHOCTb pa3pabaTbiBa€MbIX METOJOB MOATBEPIKAACTCS CHUXKEHHEM YPOBHSI 3arpsisHEHH He MeHee
yeM B 1,5 pasa B cpaBHEHHH ¢ He0OpaGOTaHHBIM MATEPHATIOM.

KatoueBbie csoBa:  MukpoctpykrypupoBanue, Jlazep, CwmauuBanue, buoobpacranue, Kopposus,
MuHepaJibHble OTJI0KeHHUSI

CreHpoBble 10Kaa/bl

C.8.1 UnpyuupoBaHHbie Ja3epHbIM U3JyueHUeM (ha30Bbie NpeBpalleHus B TOHKUX nieHkax Ge.Sb.Te;
ISl yCTPOICTB (POTOHUKH

[1.A. Cmupuos'?, M.A. Bynarosckuii®, T.C. Kyukesn*, A.B. Pomaukun', F0.B. Bopo6bes*, M.I1. Cmaes'?,
[1.1. Jlazapenko

'Hayuonanrvrouil uccredosamenvckudl yrusepcumem “MHIT” , 3eaenoepad, Mocksa, Poccus

2000 HIL] «Jlasepor u annapamypa TM», 3eaenoepad, Mocksa, Poccus.

SPusuueckutl uncmumym un. I1. H. Jlebedesa Poccutickotl akademuu nHayk, Mocksa, Poccus

‘PIrbOY BO «Pssanckutl eocyoapcmeentolii paduomexnudeckutl yrugepcumem um. B.®@. Ymrunas,
Psszans, Poccus

HMcenenoBatbl  J1a3epHo-HHAYLIMPOBaHHble  (Da3oBble  Tepexoibl B TOHKUX MjeHkax  (GesSbyTes,
cOpMHPOBAHHBIX METOJIOM MAarHETPOHHOTO pacIblieHHs] MOJUKPUCTAJIMUeCKO MuLieHH. KpucTasiuzatius
aMOpQHBIX MJIEHOK MPOBOAUJIACH HEMPEPLIBHBIM J1a3€PHBIM H3JIydeHHEM, TPHYEM HCITOJb30BAUCH Jla3epHbIe
MyyKh C Pa3JUYHOH IPOCTPAHCTBEHHOH CTPYKTYpoH. Amopdusaius KpUCTAJIHUECKHX — MJIEHOK
OCYLILECTBJISIACh UMITYJIbCHBIM JIa3€PHBIM H3JydeHHeM (eMTOCEeKYHIHON JUITeNbHOCTH. MHtylinpoBaHHbie
(hazoBble MpeBpallleHHsl TOATBEPKIANUCH — CIIEKTPOCKONHEH KOMOHHALMOHHOTO —pacCesiHUsl  CBeTa.
Mopdosorust  MopudUIMPOBaHHBIX o6GJacTell M3ydeHa C MOMOIBI0 ATOMHO-CHJIOBOH MHKPOCKOIHH.
3akpucTanan3oBaHHble JazepoM 00JaCTH HMMeJH paBHOMEpHOEe pacrpefeseHne KPUCTAJIUTOB, st
nepexoaoB B amopdHyio (agy orpesaeseHbl nMoporoBbie sHepruu. [losyueHHbie pe3ynbTaTbhl BaxKHbI s
OTPabOTKH PEXUMOB PabOThl YCTPOHCTB (POTOHMKH HA OCHOBE TOHKHMX XaJbKOT€HWJIHBIX MJIEHOK.
HcenenoBatue BoinosiHeHO npu nojyiepKke npoekra FSMR-2025-0002.

KitoueBbie cqoBa: Tonkue muienku, @Pazonepemennblie matepuasbl, Ge,ShoTes;, DoTounmympoBaHHble
(asoBble nepexospl, JlazepHas Kpucrasnusauus, Jlazepnast amopduaariys
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C.8.2 ®dusnyeckue 0CHOBbI U TEXHOJIOTHUECKHUE aCMEeKTbl (POPMUPOBAHUS JIa3€PHO-UHIYLIUPOBAHHbIX
nepuoIMUYECKUX CTPYKTYP Ha HUKeJle

M. K. Mocksun, I A. Maptupocss, I1. J1. Yuanoa, A. J1. Jlonronosos
Yrusepcumem HTMO, Canxkm-Ilemepoype, Poccus

HcenenoBan meton hopMHPOBaHHUS Jla3epHO-HHAYLIMPOBAHHbBIX TE€PUOAMYECKUX TMOBEPXHOCTHBIX CTPYKTYP
(JIUIITIC) na maccuBHOM HUKeJse il CO3AaHus MudpaKUUOHHbIX peléToK. ONTUMU3UPOBAHBI apaMeTphl
JIA3€pPHOTO BO3AEHCTBUSA: JJIMHA BOJHBI, CKOPOCTb CKAHHUPOBAHMS, JIMTENLHOCTb HMITyJbCca, 4YacToTa
MOBTOPEHUS] M SHEPTUsi MMIYJbCOB, JAJs1 oOecriedeHuss pOPMUPOBAHHS BbICOKOPETY/ISPHBIX pebedoB ¢
MepuosIoM B MUKPOHHOM W CyOMHMKPOHHOM juanazonax. IIpomemoHcTprpoBaHa BO3MOXKHOCTH YIpaBJeHHS
cUMMeTpHel pesbeda MyTEM MOAYJSLUMH HANpaBJEHHS MOJSPU3ALMK J1a3€PHOrO H3JyYeHHsl B Tpoliecce
CKaHMPOBAHHUsI. YCTAHOBJIEHA 3aBUCHMOCTb T€pHOJa M BBICOTHI CTPYKTYp OT YMpaBJ/sieMbIX MapamMeTpoB
Jla3epHOU 00pabOTKH.

KanioueBbie cioBa: JlazepHo-uHaylMpoBaHHble TOBepXHOCTHbIe mnepuomuueckre crpyktypbl (JIMIITIC),
U paKIHOHHAS pellleTKa, HUKeb

C.8.3 LLla610HHbBIN cMHTE3 AJis MoJydyeHUs ynopsao4€HHbIX MaCCUBOB MArHUToNnNJia3MOHHbIX
HaHONpPOBOJOB

E. I1. Koxkuna!, C.A. Benun?, 1.M. Tonynenko?, C.C. Kocosio6os!, B.I1. Ipayes!
"'Croakosckutl unemumym Hayku u mexnoaoeutl, Mocksa, Poccust

? Huemumym gpucmannroepagpuu um. A.B. Hlybrukosa Kypuamosckoeo komniexkca
kpucmaanroepaguu u pomonuru HHL| « Kypuamosckuti uncmumyms, Mocksa, Poccus

B 3T0il paboTe MarHuTONJIa3MOHHbIe HAHOCTPYKTYPbl H3 KOMOMHALMK HUKeJI U cepebpa Obl/IM CHHTE3UPOBAHbI
MeTO/I0M LIa0bJOHHOTO CHHTe3a M MCC/e/l0BaHbl B KayecTBe Momioxkek st SERS-cnekTpockonuu ¢ nesnbto
0OHapyKeHHsI OPraHUYECKHX MOJIEKYJ B HU3KHX KOHUEHTPALMsIX MPH MaJod MOLIHOCTH BO30YKAAOLLEro
U3JIyueHHsl — B JManasoHe HEeCKOJbKUX MHKpoBart. Jlisi M3yuyeHHsi B3aUMOCBSI3M MeXKJIy MarHUTHbIMH M
ONTHYECKUMH CBOHCTBAMHU MPOBEIEHO CpaBHEeHHE KaK OJHOKOMIOHEHTHBIX HAHOMPOBOJOK M3 MAarHUTHBIX
M1a3MOHHBIX MeTa/LI0B (HUKe/b/cepe6po, KobanbT/cepe6po), Tak U CJI0EBbIX HAHOMPOBOJIOK, COCTOSAIIUX H3
HECKOJIbKHX CJI0EB. Dbl u3MepeHbl et/ rucrepesnca Ji/is MoJyueHHbIX CTPYKTYp, a Takeke SERS-crnexrpsl
R6G 6e3 1 B mpUCYTCTBUH BHEIIHETO MATHUTHOTO MOJIS.

Kamiouebie ciioBa: Hanomatepuasbl, 111a6/10HHbBIH CHHTE3, MATHUTOTJIA3MOHHbIE HAHOCTPYKTYphl, SERS
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Cexkumga 9
Lucdpoas ronorpadusi 1 MeToabl BU3yaJu3aluu

YcerHble nokaaapl

9.1 Peructpauus v BU3yajusalysi MHOrOMOI0BOT0 KoJiebaTeqbHOro npouecca MeToaoM npsiMoro ha3oBoro
BOCCTAHOBJIEHHSI BO BpeMeHH B Liu¢poBoii rosorpaduueckoit uHTepdepomeTpuu

Anekceenko Mropb BsiuecsiaBoBuy
bPY um. H. Kauma, Kaaunurnepao, Poccus

AuHoTauus: 06HOBJSIETCS

KitoueBbie cioBa: 06GHOBJsIETCST

9.2 UccrenoBanue amMmiuTyaHo-(ha30Boi Mojasipu3allMOHHON aHM30Tponuu miaeHok ZnQ:Ag metomom
uudpoBoii rosorpaduu

Yepubix A.B., Ipecwbko B.P., Ezepckuii A.C., Pesuios T.B., Llunnakosa E.I., Ceprees M.M., ITetpos H.B.
Ynusepcumem HTMO, e. Cankm-Ilemepbype, Poccus

[IpoBenenbl Hcce0BaHUsT aMIIUTYIHO-(A30BOH MOJISIPU3ALMOHHON CHEeKTPaJbHON aHU30TPOIHUHU TMJIEHOK
ZnO:Ag npu nomolu pazpaboTaHHOTO LKUGPPOBOTO MOJSPU3ALMOHHOTO FoJ0rpadUIeCKOro MHKPOCKOTIA.

Kmouesbie cnosa: Lludposas rosorpaduueckasi MUKpOCKOMUs, MOJspU3allusi, KoJauyecTBeHHas (a3oBast
BU3yasn3alus, JasepHas 06paboTKa, 30/1b-Trefb MJIEHKH

9.3 Mertop cuHTe3a 6l/lHaprlX Ill/ld)paKLll/lOHHle ONTUYECKHUX JEMEHTOB C aJalITUBHBIM IPUMEHEHHUEM
MpsiIMOro nOoucCkKa

A. C. Opunnnukos', IT. A. Yepémxun', A. B. HIudpuna'
"Hayuornaronoitl uccaedosamenvckudl sdeproid yrusepcumem MHPH, Mocksa, Poccus

PazpaboTaH rubpuHbIA aJropuT™M GHHApPU3ALMK aMIIJIMTY/AHBIX FOJIOMPAMM, COYETaloOLMi Npe/iBapUTEIbHOE
KBAaHTOBaHWe W OHHAPHU3ALHUIO ¢ BLIOOPOYHBIM MPUMEHEHHEM MPSMOro MOUCKa CO CIyyallHOH TpaeKTopHel.
Takoi momxox Mo3BoJISIET CYLIECTBEHHO COKPAaTHTh OOBEM HTepalMOHHOH 06pabOTKH MpPU COXpaHEHHH
BbICOKOTO Ka4eCTBa PeKOHCTPYKLMH. [1o cpaBHEHHIO CO CTaHAAPTHBLIM MPSIMbIM MOMCKOM BpeMsi GUHapHU3aluu
yMmenblleHo B 5 <+ 10 pa3 npu cooTBeTcTByloLIeH oTepe KauecTBa Ha yposHe 10 + 5 % B 3aBMCHMOCTH OT
TpebyeMoro HanaHca MexKJy TOUHOCTbIO U CKOPOCTbIo 06paboTKu. [IpenyoKeHHbIH aaropuT™ OpueHTHPOBaH
Ha 3aj1aul BbICOKOCKOPOCTHOTO CHHTe3a OMHAPHBIX roJiorpamm Juist ontudecknx DMD-cucrem.

Kaiouesble ciioBa: bunapusaiiusi, KBaHTOBaHHE, aMIIUTYIHbBIE TOJOTPAMMbI, MPSMOK MOUCK CO CIy4yalHOH
TpaeKTopHel, MUKPO3epKaJibHble MOJY/ISITOPbI CBETa

9.4 Oco6enHocty npumenenus MU nas ananusa u3o6pakeHUi yacTuil, BOCCTAHOBJEHHbBIX U3 LU(PPOBBIX
roJlorpamMmm

B.B. 1émun, M. M. Kypkos, B.T. Kanaiina
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Hayuornanonoili uccredosamenockutl Tomekutl eocyoapcmesennolii ynusepcumem, np. Jlenurna 36,
634050 Tomuck, Poccus

Hefipocetn 0ObIYHO TNpPUMEHSIIOT K HM300paKeHUsIM C Pe3KMMM rpaHuuaMu. Fl3o6paxkeHus wyacTwi,
BOCCTaHOBJIEHHBIE U3 LIM(POBbBIX FOJIOTPAMM, OTJIMYAIOTCS OT 06BIYHBIX H300paXKEHHH HAJTHUHEM KOTEPEHTHBIX
¥ UHBIX LIYMOB, KOTOPbIE YXYILLIAIOT Ka4eCcTBO aJropuTMoB 06paboTku. B paGote ncesienoBanbl BO3MOKHOCTH
Heripocetn YOLOV8 no paboTte ¢ KorepeHTHbIMU U300paKeHUSIMU MJIAHKTOHHbBIX YACTHLL, BOCCTAHOBJIEHHBIMH
13 LHpoBLIX rosorpamM. [lokazaHo, 4yTo ycToiiunBoe pacro3HaBaHHe BO3MOXKHO MPH YCJIOBUH ajanTaluu
MOAXOM0B K KaacCH(UKAUMK C  Y4éToM Creuu(UKd KOorepeHTHOH Bu3yasauzauuu. OO6ocHoBaHa
11e/1eCO06PA3HOCTh  UCMOJIb30BaHUSI  YKPYMHEHHOH MOpPGhOJOrHYecKOd TAKCOHOMHM, COOTBETCTBYIOLIEH
BHELIHUM TPU3HAKAM, PETHCTPUPYEMBbIM Ha TroJiorpauuecKUx PEeKOHCTPYKLHMSX, YTO MO3BOJISET TMOBBICUTh
00600111aI011Ly10 CTOCOOHOCTb MOJIE/H MTPU MEPEHOCE MEXK/Y Pa3IHUHBIMH aKBATOPHUSIMH.

Kaouebie ciioBa: Ontuka, Llndposas ronorpacusi, CBEéprouHble HEHPOHHbIE CETH, TOTpyKaemasi
undposas rosorpaguieckast Kamepa

9.5 ®ypbe cneKTpPOCKONHUs NMJAaHKTOHHbIX KOHLIEHTPALIMI 10 JaHHBIM in situ uudposoro
rojiorpa)uueckoro MOHUTOPUHIa

B.B. Iémun, [1. B. Kypkoga, V.I" TTosioBues, A.1O. llaBbinoBa
Hayuonanonoili uccredosamenockutl Tomekutl eocyoapcmeserrolii ynusepcumem, np. Jlenuna 36,
634050 Tonck, Poccus

[Ipennaraercsi MeTon u3BJeUeHHs HHGOPMALMKM M3 BPEMEHHBIX PSIOB rosiorpaUyecKuX H3MepeHuH
KOHLIEHTPALMK TIJIaHKTOHA, MOJy4eHHbIX MorpyKaeMoil L poBoH rosorpaduueckoil KaMepo# B pexKuMe in
situ MoHuTOpHHra. PaccmaTpuBalTCsi 0COOGEHHOCTH CHEKTpPaJsIbHbIX XapaKTepHCTHK BPEMEHHBIX PsiJIoB
MJIAHKTOHHBIX KOHLIEHTpALMi, 3aperdcTPUPOBAHHbIX Ha JIMTEJIbHOH CTOSIHKE B HATYPHBIX YCJIOBHSIX.
[TonyueHHble pe3yJsibTaThl TMOATBEPKAAIOT IPPEKTUBHOCTL TEXHOJOTHH LUPPOBOro roJiorpaduueckoro
MOHUTOPHUHIA, KaK HHCTPyMEHTa JIsl BbISIBJIE€HHSI aHOMAJMH [OBEIEHUS, CBS3AaHHBIX C 3arpsisHeHHEM
AKBATOPHUH.

KatoueBnle cnosa: Ludposas ronorpaduueckast kamepa, Lludposas rosorpadus, @ypbe crieKTpocKonus,
[TnankTo

9.6 MeTpuKHM /151 OLIEHKH KauecTBa U300paXkeHU i, BOCCTAHOBJEHHbBIX U3 LIM(POBBIX roJorpamm

E.K. banannus, 1. A. Yepémxun, A.B. Kossos, H.H. Eptuxuen
Hayuornanronoeili uccredosamenockutl sdeproiii ynusepcumem « MHPH »

J1n1s1 3a1a4 noBbILIeHUsT KayecTBa U300paKeHUH, B TOM YHMCJ/Ie BOCCTAHOBJIEHHBIX U3 LM(POBBIX rOJIOrpamMm,
U3MepeHust cTeneHn pUIbTPaLUK M YPOBHS CxKaTHs1 TpeOyIOTCsl KOPPEKTHO OLLEHUBATH UX KauecTBo. B cBsizu ¢
TUM B HacTosillee BpeMsi UCIoJib3yeTcsl OoJiblioe KOJMYeCTBO METPHK JJIsl OLEHKH KauecTBa. B pabore
NPOBeIeHO YHCJIEHHOE MOJIRIMPOBAHHE CHHTE3a [0JI0TPpaMM C Pa3J/IMYHbIM YPOBHEM LUYMOB H BOCCTAHOBJIEHBI
1300paxKeHus U3 HUX. PeannzoBaHbl pas/jivuHble METPUKH OLLEHKH KauecTBa JByX OCHOBHBIX THIIOB: TPeGYIOLLIHX
MCXOJIHOE H306paxKeHue [yisi cBoel paboThl U HepedepeHcHble. [ IprBeieHbl KauecTBEeHHbIE U KOJIMUECTBEHHbIE
pe3yJibTaThl CPABHEHHST METPHUK.
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KatoueBnle cioBa: Lindposast rosorpadus, Metpuku olienku kadectsa, Lllym, Pekonerpykius uaobpaxkeHui,
OtHotenye curuaf/mym, MHaeKe CTpyKTypHOTO CXOCTBA

9.7 TexHonOrus H3MEPEHUI M BU3yaU3allMi MUKPOMETPOBBIX 1e(heKTOB METOOM ABYXIJIMHHOBOJHOBOMH
uudposoi rosorpaduu (onaaiin)

Cementun B.B.!, T'appuin M.B.!, Posanos I1.K.!, ITpoxoposa ¥.B.!, IToroga A.I1.!, Bopeiiuo A.C." ‘
baarmuiickuil eocydapcmeenroili mexrnudeckutl ynusepcumem «Boenmex» /I . Yemurnosa, Cankm-
[lemepbype, Poccus

B nanHo#i pabore MpOAEMOHCTPUPOBAHA TEXHOJIOTHS 1O TPEXOCEBOH PEKOHCTPYKLMH TOBEPXHOCTH C
pacriosHaBaHueM JedekToB pazmepamu ot 25 10 100 MKM, ¢ BO3MOKHOCTbIO H3MEPEHHUS AJTUHDI, IIUPHHBI U
BBICOTBI. Te€XHOJIOTHS 3aK/0uaeTcss B U3MEPEHWH TEePernajioB BHICOT C MOMOIIbIO OGHEHHH, (POPMUPYEMbIX
BOJIHAMH C OTJIMYAIOUIMMHUCS JJIMHAMH BOJIH B nipesienax 1 Hm. Mamepenusi no ropusontassu npousBojsiTes
MeToilaMi 1IMpoBOH roJorpaduu vepes ornpeseasieMoe B 3aBUCHMOCTH OT JIMCTAHUMH PEKOHCTPYKIIMH
3HAUeHHWEe BEJMYHHBI OJHOTO THKCeJs 1HM(PPOBOr0 PEKOHCTPYMPOBAHHOTO H300paKeHHs1 KOMIIJIEKCHOH
aAMITUTY/Ibl 0O'beKTHOH BOJIHBI.

Pa6ora BbinosiHena npu puHaHCcoBO Mojyiep:kke MUHHCTepPCTBA HAYKH U BhICIIero o6pasoBanusi Poccuiickoit
®enepaunu (norosop Ne 075-03-2025-415).

KatoueBnie cioBa:  [ludpoBasi rosorpadusi, JByXBoJHOBasi —rojorpadudyeckas UHTepQepoMeTpus,
MHKPOCKOHSI

CreHpoBbIe TOKJaabl

C.9.1 UccnenoBaHure TONOJOrMUECKHX CTPYKTYP B XUPAJIbHbIX HEMATHUECKUX XKHUIKHX KPUCTAJIAX B
peajbHOM BpeMeHU METO10M NoJsipU3alMOHHOI LM poBoii ronorpaduu

T. B. Pesuos!, A. B. Uepnnix!, H. B. [Terpos"*?, T. OpJiosa’

"Hayuornaronoiil uccaedosamenvckudl yrusepcumem HTMO, Cankm-Ilemepbype, Poccus

? Poccust [lenmp unrosayutl u pazsumus 8 L{undao, XapOuHcKuil uHiceHepHoll yHusepcumenn,
[{unoao, nposuryus lllanedyn, Kumaii

 lllkona gpusuku, Xapburckuil nosumexuuuweckutl ynusepcumem, Xapour, Kumai

* Epesanckutl eocydapcmesentolil ynusepcumem, Epesar, Apmernus

Mbl nipejicTaBjisieM cUCTeMy MOJISIPU3aLMOHHON rosiorpaduueckoi mukpockonun (PHM), o6ecnieunBatolityto
OJIHOKCIMO3ULIMOHHOE MOJTydeHHEe YeThIPEX HHTeP(eporpaMm ¢ pa3dpelleHrueM Mo MoJsipu3aliit, 4To Mo3BOJsSET
B peasibHOM BpeMEeHH BOCCTAHABJIMBATbH 3JeMeHTbl MaTpullbl JDKoHca aisi cBeTa, TPOLIEAIIEro yepes
XupaJsibHble HemaTHieckue kuakue Kpucramibl (JKK). DTor momxom mAaéT BO3MOKHOCTb JMHAMHUECKOTO
HaOJIIOJIeHUsT 32 3apPOXK/IEHUEM U 3BOJIIOLUEN TOMOJOTHUECKUX CTPYKTYP CO CJO0XKHbBIM TPEXMEPHBIM T10JIEM
nupekropa. QPopmanuam JKoHca T03BOJSIET MMOJyyaTh aMIUIUTYyAHble W (Da3oBble pacrpeeseHus,
OTpaxkalollne Mepexoyl OT TOMEOTPOITHOH OpPHUEHTALMH K JIOKAJM30BAHHBIM aHH30TPOITHBIM KOH(PUTYPALIUSIM.
[TpensioxkeHHas METOIMKA MOXKET MCIOJIb30BATHCS /151 CO3[AHUSI CUCTEM OMEPATHBHOTO KOHTPOJISI TPOLIECCOB
(hoTONONMMEPH3ALIMHU U JIa3€PHOMN 3alUCH TOMOJIOTMYeCKUX (POTOHHBIX 3/1eMeHTOB Ha ocHoBe JKK.

KotoueBble  csioBa:  »KHWjKHe KpHUCTa/JIbl, MOJsipU3alMOHHasi rosorpadusi, wudposast roJjorpagwus,
TOIOJIOTHUECKHE COJIUTOHBI, (ha30Bast MOLYJSILMS, BU3yaIH3aLUs B PealbHOM BpeMeHH
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Cexkuusa 10
CoBpemMeHHble (hyHKIIMOHAJIbHbIE ONTHUECKUE MATEPHUAIbI

YcerHble nokaaapl

10.1 CeHcubuauszauus rosorpaduueckux poronoJumMepHbIX MaTEPUATOB KOMIJIEKCAMH C IEPEHOCOM
3apsana (/lpuerawernotil)

B.B. Illeskopnukos"?, JI.M. lepessinko', H.A. Opasiosa', B.B. Bapuun!

'Hosocubupckuii uncmumym opearuyeckodil xumuu um. H.H. Boposcyosa CO PAH, Poccust, 630090,
Hosocubupck, npocn. akad. Jlaspenmeoesa, 9

’Hosocubupckuti eocydapemesetnolii mexnudeckuil ynusepcumem, Poccus, 630073, Hosocubupck,
npocn. K. Mapkca, 20

Paccmorpena ceHcuGuamM3alusi 3amucu rojiorpaMM B (pOTOMOJIMMEPHBIX MaTepuasax KOMILJIeKCaMHu ¢
neperHocoMm 3apsina (KII3) wmexmy nOHOPHBIMH M aKIENTOPHBIMH KOMIIOHEHTaMH (DOTOMOJIUMEPHOH
Komrnoauiuu. OcobeHHoCTbIO ceHcHOuan3aTopoB Ha ocHoBe KII3 sBasieTcst Mmasioe sHayeHue kosdduinenTa
9KCTUHKIIMM, 4YTO TO3BOJISIET MPOBOAWUTH 3alHCh B TOJICTBIX CJIOSIX. BblUuMc/eHbl TepMOJAHHAMHUYECKHE
napametpbl o6pazoBanusi KI13 (suranbnus, sutponusi, sHeprusi [u66ca ). [IpoBeieHbl KBaHTOBO-XUMHUECKHE
pacuétbl nosiockl nepexoca 3apsa KII3 u ux corniacoBanue ¢ skcnepumenToM. [IpoBeneHo conocrasienue
uyBcTBUTeNbHOCTH KII3 1o cpaBHeHuio ¢ kpacuressimu ceHcubusnusatopamu. [lpemjioxkeH mexaHU3M
doropacnana KI13 na ocHoBe katvoHa THOKCAaHTEHOHHUS U TPUDEHUIANKUIO0PATHOTO aHHOHA.

KitoueBble  cJioBa: Fomorpa(bnqecme q;)OTOHOJII/IMeprIe MaTepHaJibl, C€HCI/I6I/IJIH33U,I/IH, KOMIIJIEKCBI C
[epeHocoM 3apsaa

10.2 lNMoaspuzaunoHHas rojorpacguueckas 3anucb B TOHKMX MJ€HKaX a300€H30J1CcoAepKaLLUX
KUAKOKPHUCTANIMYECKUX NOJUMEPOB Pa3JUUYHOIO CTPOEHHS

M. A. byrakos, H. 1. Boiiko

Mockosckuii eocydapcmaennoill ynusepcumem umenu M.B. Jlomonocosa, xumuveckuii gpaxyromem,
Mocksa, Poccus

M3yueHbl rnpotiecchl noJisipu3allioHHOH roJiorpacuueckoil 3anucu M pakHOHHBIX ONTHIECKHUX 2JIEMEHTOB B
TOHKHX [JIeHKax a300eH30JICo/epKallX KuIKoKpucTainyeckux (2KK) rpe6GHeoOpasHbIX [M0JMMEPOB
pazsnyHoro crpoenusi. Ilpu rosorpacuyeckoil 3amucu B MJEHKAaX AAHHBIX TOJMMEPOB OIAHOBPEMEHHO
(hopMHUpYyIOTCS KaK MOJISIPU3aLMOHHbIE, TaK W [MOBEPXHOCTHO-peJibepHble PelIeTKH BCJEJICTBHE MPOLLECCOB
(hoToMHAYLLIMPOBAHHOTO MaccornepeHoca. [lokazano, uTo ymeHblueHHe JUIMHBI ajqudaTHieckoro crercepa,
COENIMHSIONIEr0 OCHOBHYIO TOJMMEPHYIO 1iefb W (DOTOXPOMHBINH (parMeHT, W yBeJUYeHHE MOJSIPHOCTH
3aMecTuTessi B (POTOXPOMHOM (pparMeHTe MOBBIIAIOT AU(PAKIHOHHYI0 3¢ dekTHBHOCTD ([1D) 3anmucanHbix
pewerok. [losyueHbl KHHETHUECKHE 3aBUCHMOCTHM OMMUCHIBAIOLIME 3aMHMCh KaxKAOTO THMA pPELIETOK |
MPOAHANU3UPOBAHO BJMSHUE CTPOEHHUsT TOJMMepa Ha 3TH 3aBUCMMOCTH. [lpomemoHcTpHpoBaHO, 4TO
TEPMUUECKHUI OTKUT TJIEHOK TOJIMMEPOB C 3aMHCaHHBIMK pellleTKaMu NoBbiiaeT J1D nocjieaHux 10 3HaueHUi
6JIM3KKX K TeOpETHIeCKUM BeiencTBre oOpazoBanus YKK dasbl.

Katouebie cioBa: Tonorpadus, ludpakipontble onTHueckne 3jeMeHTbl, JKuiKiue KpUcTasibl,
AzobensoJicosepzkaline noJuMepbl
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10.3 ®a3oBas moaynsiusi CBeTa B IPOCTPAHCTBEHHBIX MOJIYJIITOPAX HA OCHOBE CETHETONEKTPUUECKUX U
(heppuaieKTPUUECKUX XKUIKUX KPUCTAJIOB

C.I1. Korosa!, E. I1. [Toxkunaes?, C. A. Camarun'

""Camapckuti puruar Pusuueckoeo uncmumyma um. [1.H. Jlebedesa Poccutickotl akademuu HaykK,
Camapa, Poccus

? Qusuueckuil uncmumym um. [1.H. Jlebedesa Poccutickotl akademuu nHayx, Mocksa, Poccust

[IpencraBieHbl pe3ysnbTaTbl UCCAEIOBAHMH BO3MOXKHOCTH HCIMOJIb30BAHUSI  CETHETOINEKTPUUECKUX U
(heppHuaIEKTPUIECKUX KMIKHUX KPUCTA/JIOB B KaueCTBE 3JEKTPOONTHYECKOH cpelbl i  (ha3oBbIX
MPOCTPAHCTBEHHBIX MOJIYJIATOPOB cBeTa. FamMepeHbl 3/1€KTPOONTHYECKHE XapaKTEPUCTHKH KPUCTAJIOB H
BBITIOJIHEHO UYMCJIEHHOE MOJEJIHPOBAHHE MHOTO3JEeMEHTHBIX MOAyJsiTopoB. Co3aaH 3KCrepUMeHTasbHbINI
ob6pasely 12-cekropHoii CrUpasbHON MJ1aCTHHBI Ha OCHOBe YKHIKOKPUCTAJIIHUECKOTO
CerHeTo3JeKTpuKa. JleTasbHO  HCC/eloBaHbl €€  XapaKTepUCTHKH, BKJIOYAsl TOMOJOTHYECKHH — 3apsil
copMHUPOBAHHBIX KOJIbIleOOPa3HbIX CBETOBLIX MoJel. HacroTa pekoHhUrypaluu hopMUpYeMbIX CBETOBBIX
nosieir jpocruraet 3 klu. [lokasaHo, uTo BiMsIHME AaMIUVIMTYIHOH MOMIYJSILMH, BO3HHUKAIOLEH H3-3a
COTYTCTBYIOLLIETO U3MEHEHHUS] COCTOSIHUS TIOJIIPU3aLK CBeTa, Ha (hOPMUPOBAHHE BUXPEBbBIX CBETOBBIX M0JIEN
C TIOMOLIBIO CMUPANbHOH MJACTHHBI He siBasieTcs 3Haunmor. [loTepu, o6yc/ioBieHHbIE HCMONB30BAHHEM
NoJIipU3aTopa, He npesbiaioT 12 %, 4To npueMIeMo Mist psiia MPUKIAAHBIX 3a1a4.

KmioueBble  cioBa: @agzoBasi  momyssiuusi  cBeta, CerHeTod/IeKTPUUECKHE — JKUAKHE — KPUCTaJUIb,
deppusnekrpuueckue Kuakue Kpuctasnibl, Kpampatuunblii ssnekrpoontudeckuit sddext, CekropHas
CriupaJ/ibHast TJIaCTHHA

10.4 O0benuHeHUe TEXHOJNOrUN GOTO-TEPMO-UHAYLIMPOBAHHON KPUCTANIU3AIMM U MOHHOrO 0OMeHa sl
co371aHusl (HOTOHHBIX MHTErpaJibHbIX ycTpoiicTB Ha ocHoBe TP crekna (/lpuerauierroili)

H. B. Hukonopos, B. A. I'lonosa, E. M. Cru6ues, B. B. [1ecusikos, A. M. Anekcees, E. M. Ajtekceen
Ynusepcumem HTMO, Canxkm-Ilemepbype, Poccus

@oto-Tepmo-pedpaxtuBhble (PTP) cTekna — nepcrnekTrBHbIE POTOUYBCTBUTELHBIE MATEPHAJIbI JJIS 3ATTHCH
00bEMHBIX TrosiorpaMyecKuX ONTHUYECKUX 3JEeMEHTOB, B KOTOPbIX MOJ JeHCTBHEM H3JyuyeHHs U
TepM0o0OPabOTKH ((POTO-TEPMO-HHAYLIMPOBAHHOH KPUCTAJIM3ALMH ) UBMEHSIETCsl TIoKa3aTe b MpesoMJIeHHs.
B pa6ote paccMoTpenbl Bonpochl 06'beMHEHHsT TEXHOJIOTHE (POTO-TePMO - HHAYLIMPOBAHHON KPUCTAJIIU3AlMH
1 HOHHOTO 0OMeHa /7151 Co3/1anus POTOHHBIX HHTETpasibHbIX yeTpoiceTB Ha ocHoBe P TP crekna. [Tokasano, uro
Ha ocHoBe @TP creksia MOXKHO CO3/1aBaTh 3/J€MEHThl BBOJA-BbIBOJA M3JyUeHHUs U MJIaHAPHbIE TPaHEHTHbIE
ONTHYECKHE BOJHOBO/bI, T.e. MOXKHO peasM30BbIBATb MOHOJIMTHYIO HMHTErpalyio rosorpauyeckux H
BOJIHOBOJIHBIX CTPYKTYp Ha €IMHOH mnojyioxKke. Moaudukauus MmoBepXHOCTH CTeK/1a HOHHBIM OOMEHOM
MO3BOJISIET TaKXKe YBEJMUYHBATH MEXaHHYECKYI0, TEPMHUECKYI0 W ONTHYECKYIO TPOYHOCTb OP3rTOBCKHX
peuretok Ha ocHoBe PTP crekna.

Kioueseie ciioBa: @oto-Tepmo-pedpakriBHOe cTek10, bpsrrosekas petterka, MonHblii o6MeH,
[lnanapHbIi BOJIHOBOJL

10.5 Fosorpaduueckuii cneki-akpaH B poro-repMo-pedpakKTHBHOM CTEKJ€e

Tappuin M.B.?, Poszanos IT.K. "2, TToroga A.I1.2, Hukonopos H.B'!
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'Yuusepcumem HTMO, Cankm-ITlemepbype, Poccus

’Baamutickutl eocydapcmeernuill mexnuueckull ynusepcumem «Boenmex» /I @. ¥Yemurnosa, Cankm-
[lemepbype, Poccus

[onorpaduueckue creka-skpanbl — auddy30pbl ¢ yrpaB/asieMOd HHAMKATPUCOH pacCesiHusi — IIHPOKO
HCTOMb3YIOTCS /IS TTPOEKIMOHHBIX CHUCTEM C JIa3ePHbIMM HCTOUHHUKAMM H3JIyueHHsi, TPUMEHSIEMbIX B
KOMILJIEKCAX KOCMHUECKOro OasupoBaHusi. KiloueBOH 0COOEHHOCTBbIO CIEKJ-9KpaHa SIBJASETCS TO, UTO
HECMOTPsI Ha OMpeJeJeHHyI0 JJIHHY BOJIHBI 3allMCH TOJIOrPAMMbI, Ha 3Tare HCHOJb30BaHUsT 3(hdeKT
nudysHoro paccesinusi oGecriednBaeTcst Jisi H3JIydeHHUsi ¢ POU3BOJILHOMN JUTMHON BOJIHBI, B TOM YHCJIE U JIs]
Gesioro cBeta. [IpojeMOHCTpUpPOBAHA TEXHOJIOTHST PErHCTPALIUH CIIEKJI-9KPaHa 110 0CeBOH cxeme B (oTo-
TepMo-pepakTHBHOM cTekiie. [IponsBesieH aHaIU3 MapaMeTpPoB 3aIMCHIBAIOLIEr0 U3JyUYeHHsl, OTpeIeseHo
ONTHMAJILHOE BPEMsI SKCITO3ULIHH.

PaGota BbinoJsiHeHa npu (hUHAHCOBO Mojyieprkke MUHKUCTEPCTBA HAyKH U Bbiciero o6pasoBatusi Poccuiickoit
Denepaunu (norosop Ne 075-03-2025-415).

KumoueBbie cjioBa: rosiorpaduueckuil creks-sKpaH, HHAMKATpUca paccesiHusi, PoTo-TepMo-pedpakTHBHOE
CTEKJIO, yIIpaBJeHHe H3JydeHHeM

10.6 Ocob6eHHOCTH CIEKTPOB (hOTONIOMUHECLIEHLIMH JETMPOBAHHBIX KPUCTaNIO0B hocduaa raaius

A. A. Cxsopuosa, C. I Kanenkos

Mockosckuu noaumexnuueckuil ynusepcumem, Mocksa, Poccus

OG6Hapy»KeHo, 4To MpH JIOMHHECIIEHIMH KpucTaios docduaa raamus p-GaP(Zn,0O,N), BozHuKkaoleh noj
BO3JIeHiCTBHEM Jla3epa ¢ AIUHON BoJIHbI 405 HM U MOLIHOCTBIO He GoJiee 30 MBT, BO30Yy»K1al0TCs1 /IBE TOJIOCHI
U3JydeHus - 3ejieHast (A = 565 HM), cBsi3aHHas ¢ pekomOuHalMel Ha atomax N u kpacHasi (A = 700 Hm),
cBsizanHasi ¢ npumecsimu Zn u O. PaccmaTpuBaemble pUuMecHbie LeHTPbI ¢ rIyOOKHMH YPOBHSIMH SHEPTHHU B
3anpeniéHHoll 3oHe 006sanaloT GOJbLUIMMH  BpeMeHaMM KHM3HM H BO3MOXKHOCTBIO CYLIECTBOBAHHUS B
HECKOJIbKUX 3apsIOBbIX COCTOSIHUSAX. B paGoTe ycTaHOBJEeHA 3aBUCUMOCTb MEXKIy BEJHUMHOH OMNTHYECKOH
MOIIIHOCTH BHEIIIHETO M3JIyUeHHsI U crieKTpamMu (POTOJMIOMUHECIIEHIIMK KPUCTAJIIOB JIerHpOBaHHOTO (hochua
rajis. B 4acTHOCTM mMokasaHo, 4YTO TPU H3MEHEHMH ONTHYECKOH MOIIHOCTH Jjadepa (A = 405 HM),
MPOUCXOMUT MepepacrpeieseHie HWHTEHCHBHOCTH MeXKIy KpPAaCHOW M 3€JIeHOH JIMHUSIMH — CIeKTpa
(hOTOIIOMUHECLIEHIIMY  UCCIelyeMbIX 00pasiioB: Tpu HU3KUX MouHocTsax (P < 5 mBt) Toka 3senenas
JIIOMHHECIIEHIIUsT IOMUHUPYET HaJl KPaCHOM, B TO BpeMsi KaK NpH GOJbLIKX IMJIOTHOCTSX TOKA JIOMHHHPYET
KpacHasi JitoMuHecleHlnsi. Takum oGpasom, yBesiMueHHe MOLIHOCTH BHELIHEro M3JydeHHsl MPUBOAUT K
pOCTY MPOLLECCOB H3JydaTe IbHOH peKOMOUHALIUK B T10Jb3y ZNn-O KOMIJIEKCOB.

Kitoueble ciioBa: Pocun ranus, [Ipumechble kommniekcesl, PoTosmoMubecteHys, OnTuyeckast MOLLHOCTb
JIA3€PHOTO H3Jy4eHHs!.

10.7 ®doTomeTeKTOpPbl Ha 0OCHOBE TOHKUX MJIEHOK YIIEPOAHbIX HAHOTPYOOK

10 Tnagyur!, C.1. Cepe6pennukosa, A.A. Mkprusie!, I1. Au?, B. Kosasok?, C.C. Kykos®, J1.C. Konbiiosa,
J1. Kpacuukos', A.I. Hacu6ynn'

"'Croakosckutl unemumym Hayku u mexnoaoeutl, Mocksa, Poccus

? ¥Ynusepcumem nayku u mexroroeuti MHCHC, Mocksa, Poccus

3 Mockosckuii pusuro-mexuuveckutl uncmumym, Mockea, Poccust

B paGore paccmorpeHbl (DOTONMPHEMHMKH Ha OCHOBE TOHKHX TUIEHOK YmiepoaHbix HaHoTpyGok (OYHT),
CHHTE3MPOBAHHBIX METOIOM a3pO30JIbHOTO CHHTe3a. JaHHBbIH MeTOI MO3BOJSIET MOJyYaTh TOHKHE MJIEHKH
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OVYHT HenocpeicTBEHHO M3 peakTopa W MEPEeHOCHTh MX Ha J0OYI0 MOJJI0XKKY METOIOM CyXOro nepeHoca
MHHYIO HeOOXOJUMOCTb HCTOJb30BAHHUS KUIKOH XUMHUHK. BynyT pacemoTpenbl aBa tuna npueMHukos ¢ OYHT
— Ha ocHOBe GosioMeTpuuecKoro sdexra u nuposnekrpudeckue gportonpuemunku ¢ OYHT na nuobare nutus.
OTKJHK TaKHX CTPyKTypa Moxket gocturath 100 MA/Br, a 6uictposeiictsue B cayuae unterpauun OYHT ua
BOJIHOBOJI U3 HUTPHU/A KpeMHUs NTpU GosioMmeTpruieckoM 3hdekTe Ha JIIHHE BOJHBI 1.DD MKM MOXKeT 0CTHUTaTh
1.5 I'T.

KutoueBbie cioBa: PoToieTeKTOPHI, yIIepoiHble HAHOTPYOKH, HHTETrpasbHast (QOTOHUKH, HUTPHIL KPEMHHS,
HHOOAT JINTUA

10.8 'eHepalys TeparepiOBOro U3JayuyeHus 3a cueT nopbilieHUs1 3p(heKTUBHOCTH Npeodpa3oBaHus
4acToT Jla3€pHbIX HCTOYHHUKOB B OKPECTHOCTH (bOHOHHOFO MOrJoleHus

H. A. Hukonaes!, . B. Jlanckuii®
"Hrnemumym asmomamuru u arekmpomempuu CO PAH, Hosocubupck, Poccus
? Hnemumym moHumopurea Kaumamudeckux u akoroeudeckux cucmem CO PAH, Tomcx, Poccus

Teparepuosble (TI') yacToTbl MepCrneKTUBHBI /151 CKOPOCTHBIX BbICOKOOIO/UKETHBIX CHCTEM Mepe/layk IaHHbIX,
B CBfI3H C Y€M AaKTyasbHbIM $IBJSETCS MOMCK (PYHKIIMOHAJBHBIX MAaTE€pPHAJOB M METOJOB /s paboOThl B
HEOCBOEHHOM B HacTosilee BpeMs auana3oHe. CoBpeMeHHble TeJJeKOMMYHHKALlMOHHbIE CHCTEMbI [TOCTPOEHBI
Ha ONTHYECKUX TEXHOJIOTHSIX, OITOMY BaxKHbIM SIBJISIETCS Pa3BUTHE METOJ0B MOBbILLIEHHST 3(h(HEKTUBHOCTH
B3aUMOJEHCTBHSI  ONTHUECKOTO W TeparpeloBOoro  Majydenus  (reHepauysi/eTeKTHpOBaHHe,
MojysiLust/ iemMotyisiust ). Takoe B3anMOJEHCTBHE BO3MOMKHO 32 CUeT HeJHHEeHHO-0NTHUeCKUX I(D(eKToB B
KPUCTAJTMUECKHX CPeJaX, OHAKO ero 3(hpeKTUBHOCTL cocTassier nopsiaka 1074, 3HaunTeibHO €€ MOBbICUTh
BO3MOXKHO TpH paboTe Ha 4YacTOTax B OKPECTHOCTH (DOHOHHOTO TMOTJIOIIEHHSI Cpel, TIe HeJUHEHHbIH
Ko3(puuMeHT  pamMkasbHO — Bo3dpactaet. B paGore  paccmorpen  momxon — reHepaumu  Tli-
M3JTyueHHs, OCHOBAHHbIH Ha MOBbILIEHUH 3PPEKTUBHOCTH NMPeoOpa3oBaHust YaCTOT JIa3ePHbIX HCTOUHUKOB B
obnactb (oHOHHOTO ToOTJIONIeHNsA. [IpuBoaATCS OUEHKH I Cpel OT MOJEJbHBIX OJHO(POHOHHBIX
(TOTYNPOBOJIHUKH ) 10 CJIOKHBIX MOJIEKYJISIPHBIX KPHCTAJIJIOB M CETHETOIJIEKTPUKOB.

Kotoueseie cioBa: [1apamerpuyeckoe npeoGpasoBanue yacrot, Hesnmnerinast ontuka, Teparepiiosblit
nuanasoH, ®oHoHHoe norvollenre, HesrHelHble KpUCTaNIIbI.

10.9 l'azorupoxpommu3m OKCHAUPOBAHHBIX HAHOMJIEHOK NEePMaJLIOs

JI.IT. Kyaukosa!, K.H. Adanacbes™?, A.B. Bapbites'

"'®edeparvroe eocydapemesennoe ynumaproe npeonpusmue «Bcepoccutickutl Hay4HOo-
uccaedosamenrvckutl uncmumym asmomamurxu um. H.J1. [yxosas, Mocksa, Poccus

2 Hnemumym meopemuueckoil u npukiadnoii arekmpoounamuxu PAH, Mocksa, Poccus

B pa6ote uccnenytorest onTHYecKHe U MAarHUTOONTHYECKHE CBOMCTBA TEPMHYECKH OTOXKKEHHBIX HAHOMJIEHOK
nepMaJuiiosi. YCTaHOBJIEHO, YTO MarHUTOONTHUECKast J0OPOTHOCTb 06pa3LioB BozpacraeT GoJiee ueM Ha Mopsilok
B OJIM>KHEM MH(PaKpaCHOM CHEKTpPasJbHOM JHana3oHe st ONTHMaJbHOH TeMrepaTypbl oT:Kura. Brepbie
IKCMEPUMEHTANLHO TPOJEMOHCTPUPOBAHO M3MeHEeHHe BeJHUMH (hapaaeeBCKOro BpallleHHsl U MarHUTHOTO
KPYroBOTO JIMXPOM3Ma MAarHUTHOIO OKCHJA — OKHCJEHHOro MepMasijiosi ¢ MJIaTHHOBbIM KaTaJn3aTopoM — B
BOJIOpOJlOCOepKalliel aTMocdepe. MaruuToonTuyeckie CBOCTBAa MaTepHasa rocse BosieHcTBust Hy He
BO3BPALIAIOTCS B UCXOJIHOE COCTOSIHUE B BO3JlyXe BBULY 00pa30BaHusl THAPOKCHIOB. J10MmoMHUTEbHBIN HATPEB
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npu 300 °C 1NpUBOAUT K BOCCTAHOBJIEHWIO UyBCTBMTEJNLHOCTH HAHOIMJIEHOK K Bojpopoay. Ilokazano, uto
HabJ110/1aeMblil ra30THPOXPOMHU3M $SIBJISIETCS HEB3AaUMHbBIM MArHUTOONTHYECKUM SIBJIEHHEM.

Kamiouebie cioBa: [1epmasnoit, Hanonnénku, dddekr Papanesi, MaruuTHbIl KpyroBo# TUXPOU3M,
Bojlopofiocoepzkaliast armocepa, Cencop Boroposa.

10.10 F'm6puaHbIil hOoTOPE3UCTUBHBIN MaTepHas Ha OCHOBE MMAPOJUTHYECKH YCTOMUYHUBBIX THOJ -
CUJIOKCAHOBbBIX OJILTOMEPOB
Hepessiiko Imutpuit MUropeBud, K.X.H.

JIOCM HHOX CO PAH, Hosocubupck

10.11 Opranuueckue poTOTPaH3UCTOPbI HA OCHOBE MOJUUHI0JA U MUPPOIUIUHOPYIIEPEHA: CTPYKTYpa
Y BOJIbTaMIepPHble XapAKTEPUCTUKU (OHAALIH)

P. B. Canuxos', A. J1. Ocranbuosa', N.H. Mysiaranues!, T. P. Canuxos!
"'Youmekuii yrnusepcumem Hayku 1 mexnHoroeull, Kageopa INeKmporuKky u pusuKu HaHOCMpPYKmyp,
Ydha, Poccus

HccnenoBanbl  ONTO3/MEKTPOHHBIE  CBOMCTBA HOBOTO  MOJMMEPHOrO  MaTepuasa — MOoJH|[2-3THi-3-
METHJIMH/I0/IA | — B COUETAHUU C TTHPPOJUIUHODYNIEPEHOM IS CO3IaHUST OPraHUUeCKUX POTOTPAH3UCTOPOB.
Metonom 1eHTpucyrupoBanus noJiydeHbl ToHKHe MIEHKH TosinHod 400—500 HM, Ha OCHOBe KOTOPBIX
M3rOTOBJIEHbl  [OJIEBble TPAaH3UCTOPbl C  aAJIOMUHHEBBIMH  3JeKTpogamu. [lpoBeneHbl u3MepeHwUs
BOJIbTAMIIEPHBIX XapAaKTEPUCTHK B TEMHOBOM peXUMe W Toj BoszercTBHeM YD-uznydenus (350 Hm),
noKasaBllle yBeJuueHHe (OTOTOKA HA TPHU TMOpsiIKA. YCTAHOBJIEHO, YTO pa3paGoTaHHble CTPYKTYpbI
cTabu/IbHO pPaboTaloT B BO3MYLLIHOH cpejle, YTO YNPOLLAeT UX MPUMEHEHHEe B OpPraHUYecKOH 3JeKTPOHHKe.
PegysibTaThl JIeMOHCTPUPYIOT TMEPCIEKTUBHOCTb HCIMOJb30BAHHS JAHHBIX MaTepuajoB B ONTPOHAX M
cdhoToceHcopax

KatoueBnie cioBa: [Tonnunnod, [Mupponuaunodyniepen, Opranudeckue dhotorpaHauctopsl, [ToaBrKHOCTh
HocuTesel 3apsaa, Y @-dotootkauk, [leuatHas sjekTpoHnka

CreHpoBble 10Kaa/bl

C.10.1 Marepuan "duddeH” 3a rpaHuIaMHU CTAaHJAPTHBIX YCJAOBUU MOJYUEHUS TOJOTPamMm
(IIpuerawernouti)

Annpeera O.B., [Tapamonos A.A., Aunpeesa H.B., Cuzosa C.A.
Yrnusepcumem UTMO, Cankm-Ilemepbype, Poccus

[IpencTaBsieHo sKcnepuMeHTaNbHOE UCC/Ie0BaH1e NapaMeTPOB MYJIbTHIIIEKCHBIX I0JIOrPaMM, MOJy4eHHbIX
Ha o6pasiiax nosumepHoro marepuaJga "udden" (MoguduKalms perucTpUpyoliei cpebl Ha OCHOBE
MoJMMeTHAMEeTaKpHJIaTa ¢ GeHaHTPEHXHHOHOM B KauecTBe CBETOUyBCTBUTE/LHOrO sjeMenTa, ®X/TIMMA),
TosIMHON Gosiee 2 MM. 3anuck Ha 488 um (cranpapt) 1 530 um. [TocTakenosuuronnsiit nporpes npu 50
rpaz. B Tedenue 50 yac (crannapt) u no 300 yac.

Kamiouesie cnoBa: Onruka, [onorpadus, Peructpupyiotine cpenbl, TpexmepHble MyIbTHIIEKCHBIE
roJIorpaMmbl
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C.10.2 ®ropdocdarHble cTeKa ¢ KBAHTOBBIMU TOYKAMH CYJb(HI0B U CEJIEHUIOB CBUHILA ISl
JUMUTEPOB (heMTOCEKYHIHOTO Jla3epHoro usayuenus 6amkHero UK nuanasona

B. A. Acees!, H. B. Hukonopos!, A. H. Lpinkun!, E. B. Kono6kosa'?, A. O. Ucemarunos!, E. H. Onapun!
"'Yuusepcumem HTMO, Cankm-Ilemepbype, Poccus

? Cankm-ITlemepbypeckuil eocydapcmaentioitl mexroroeudeckudl uncmumym (Texuuueckutl
yHusepcumem), Cankm-Ilemepbype, Poccus

O6Hapy:KeHO M HCCae/IoBaHO HeJIMHeHHoe norJolenre Bo propdochaTHOM CTekIe ¢ KBAHTOBBIMH TOUKAMH
(KT) PbS u PbSe npu BosneiictBun ummnysbcHoro gemrocekynanoro (100 ¢c) nazepa 6mknero MK
nnanazona (1050 uwm). Tlopor ymeHbllieHHsi (OrpaHHYeHHsi) MOUIHOCTH MPOXOAslIero yepe3 obpasell
JazepHoro ussydenus coctasui 1265 MmBt nyist KT PbS n 600 MBt 11 KT PbSe. O6pastibt crekos ¢ KT PbS
1 PbSe npakrtuueckn He mponyckaju JazepHoe uajydeHde mnpu MoiiHoctH 1530 MBt u 750 wmBT,
cootBeTcTBeHHO. CliesiaH BbIBOJ, 0 TOM, uTo hropdocdatHbie cTékia ¢ KT PbS u PbSe moxkHo nenosib3oBaTh
B KauecTBe (DUJIBTPOB-JUMHUTEPOB Uil 3alLUThl (DOTONPUEMHBIX YCTPOHCTB OT HMITYJIbCHOTO Ja3€pPHOro
U3JydeHus1 PeMTOCeKYHIHOH IuTebHOCTH B OsizkHeM MK nuanasone.

KatoueBbie ciioBa: @TopdocthaTHHOE CTEK0, KBAHTOBbIE TOUKH CYJb(HIa CBUHIA, KBAHTOBbIE TOUKH
CeJIeHH/Ia CBUHIIA, HEJIMHEHHO-ONTHUECKOE TTOTJIOLIeHHE, HEJTMHEHHO ONTHYECKUH JIUMUTED

C.10.3 OnTuueckoe ycrpoiictBo Ha ocHoBe MAX-a3bl u cnoco6 onpeaenenus ocratouHoil MAX-dasbi
B MaKceHax

A. B. Cioii!, A. B. Apcennn?, B. C. BoJsikos!
"O00 «KCITAHCEO», Mocksa, Poccus

OnTHueckoe YCTPOHCTBO COJAEPXKUT MPO3payHOe OCHOBaHHE W (DOTOAKTHBHbIE HACTHIIbI, 06pA30BaHHbIE W3
MAX-daszbl, nmetoliieit xumuueckyto dopmyay M, AX,, tie M - nepexoiHblil MeTasl; A — amoMunuil; X -
yraepoa uin azot; n = 1, 2 uiu 3. [1pu 3ToM oTOaKTHBHBIE YaCTULIBI BLIMOJIHEHBI pazMepoM oT 5 HM 710 200 HM,
a cojiepXKaHHe OCTATOUHOTO aJIOMHMHMSI B HHMX MO OTHOILEHHIO K HCXOJHOMY cojiepxKanutio B MAX-dasze
cocrasJsieT He MeHee 1%.

Cnoco6 ompenesienust ocratouHod MAX-a3bl B MakceHax 3akjovaercss B H3MEPEHHH HWHTEHCHBHOCTH
hoTosIOMHHECIMPYIOLLEH MOJIOCH Ha 694 HM TPy BO3OY:KIE€HUH U3JIydeHHEM C JUIMHON BOHbBI B IUaNasoHe OT
350 1M 710 650 HM M HHTEHCHBHOCTbIO B Auanasone ot 0.5 MBt/mMkm? 10 100 MBT/MKM2.

KotoueBebie ciioBa: MAX-dasa, makceH, ocTaTOuHbIN alIOMHHHI, CTIEKTPAJIbHbIE XaPAKTEPHCTHKH.

C.10.4 TepeHoC 2HEPTrUM JEKTPOHHOTO BO30YXKIEHHUS MEXIY MOJIEKYIaMH OPraHUYeCKUX KpacuTenei u
0aKTepUopoOIONICUHOM

[O. J1. JlanTyx

Opernbypeckuii eocydapcmsennoitl yrusepcumem, Opendype, Poccus

Denok  6GakTepuOPOIONCHH  CMOCOOCTBYET TMpolieccy OecXJOpOPHIIILHOMO  (POTOCHHTE3a B  KJETKax
rajopuIbHbIX apxeGaKTepuil M SABJASETCS MPUPOAHBIM OpraHudeckuM doroxpomom. [lieHouHble opmbl
6axtepuopononcuia (bP) Bo MHorom coxpaHsitoT pekopiHble mapamerpbl (hOTOXPOMHOro IHK/Ia Oenka. B
Halel paboTe NpejcTaB/ieHbl Pe3dyJ/bTaThl SKCIIEPUMEHTOB 110 pa3paboTKe MOJEIH ONTHYECKH YIIPaBJIsSeMOro
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TpaHCrapaHTa Ha OCHOBe (DOTOXpoMH3Ma MJIeHOUHbIX 00pa3loB BP. MoJjekysbl opraHudeckux Kpacuresei
AKPUAMHOBOrO psiia OblIM UMMOOWJIM30BaHbl B MJieHKH BP u cayxuin noHopom sHepruu. Ilpu JsiazepHom
BO30YK/IEHHH JJIOHOPA, HO BHE 10JIOCHI MTOVIoLLeHUs akiienTopa — BbP, nabJtonanock o6paTimMoe HcHe3HOBEHHE
MoJIockl MoryolleHnsi Genka B BUAMMON oOjactu. Jlanublii 3(hheKT MOXKHO OTHECTH K YMpaBjsieMOMy
doroxpomuamy BP 3a cuer mpouecca FRET. Bosspalienue cucrembl B HCXOAHOE COCTOSTHHE MPOUCXOIUT
CaMOITPOU3BOJIbHO MJIH TMPUHYAUTENBHO MyTEM MOJICBETKH Ha JIJIHHE BOJIHBI 405 HM.

Katouebie cioBa: bakrepropoyoncut, (poTOXpOMHBIN LUK, IEPEHOC SHEPTHH, YTIpaBJsieMbli TpaHCAPaHT

C.10.5 OnTnueckue 0cOGEHHOCTH roJIOrPpaMM KMTaHCKHX MarMueckmx 3epKaij

JIJL. [lapos?, C.K. Cracees'?, H.I. Auncumona?®, 1O.A. Basusosa®
"Canxkm-Ilemepbypeckuii eocydapcmeennoitl ynusepcumem, Cankm-Ilemepbype, Poccus
2 Ynusepcumem HTMO, Cankm-Ilemep6ype, Poccus

B pa6ore paccmaTpuBatoTcsi onTHueckue 0CoOEHHOCTH roJlIorpaMM KHUTAHCKUX Maruyeckux 3epkaJj. bbuia
OCyLLeCTBJIEHA 3alUCh aHAJ0rOBOH MOHOXPOMHOMH roJlorpaMMbl OJHOIO M3 Takux 3epkas no cxeme [O. H.
enuctoka. B npotiecce BocripousseeHusi rosiorpaMmmbl Obl1 06HapyKeH UHTepeCHbIH 3(h(eKT: CKPbIThIH y30p,
HEeBUIIMMbIF UYeJIOBEUeCKOMYy [Jlady Ha OTpaxKatolleid TOBEepXHOCTH 3epKaJsa, YeTKO MpOsIBUJCS B
rojorpaduueckoMm HM300paKeHHH. IDTO CBUIAETEJNLCTBYET O TOM, UTO MHKpoaedopmaluu 3epkaJa,
OTBeTCTBeHHble 3a 3(dekr "maruu", ObliM 3apUKCUPOBaHBI roJorpaduueckum MmetonoM. [losydennble
pe3yJ/ibTaThl MOATBEPAKIAIOT BbICOKYIO UYBCTBHUTEJIbHOCTb rojiorpaduu K MHUKPOCTPYKTYpPaM H OTKPbIBAIOT
MepCreKTUBbI €€ UCTO/b30BAHUS /IS UCCJEIOBAHUS HCTOPHUECKUX apTe(haKTOB C aHAJOTHUHBIMHU CKPBITHIMH
XapaKTepPUCTHUKAMH.

KuioueBble cioBa: XynoxkecTBeHHas rosorpadus, MUKpoaedopmaliisi, MOHOXpPOMHAs ToJI0rpaMma

C.10.6 Ag u Mn-conepxaiue hoToKaTasuTHueCKHe HaHOMaTepuabl cuctembl Zn0-ZnAl204 pas
9KOJIOTUUECKUX MPUI0KEHHI

C. K. Escrponbes'?3, A. A. lllenemanos?, I'. C. [Toanuyk' , JI. A. Taspusosa'?, H. B. Hukonopos? , K. B.
Jlykesibekuii!

1 AO «HIIO IT'OH um. C.H. Basuarosas, Cankm-Ilemepbype, Poccus

2 ¥Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

3 Canxm-Illemepbypeckuti eocydapcmeentolii mexroroeuweckui uncmumym (Texuuueckutl
yHusepcumem), Canxm-Ilemepbype, Poccus

B pa6oTe nosiMMepHO-COJIEBBIM METOJOM CHHTE3MPOBaHbI (HOTOKATAJIUTHUECKHE HAHOKOMITIO3UThHI CHCTEMbI
ZnOZnAl204, wmomuduumpoBaHHble HoHaMu cepebpa uaM  MapraHua. [lpoBeneHo wuccienoBaHue
KPUCTAJIJIMYECKOH CTPYKTYPbl M MOP(OJIOrHH MaTepHaoB W H3ydeHbl MX CMOCOOHOCTb K (hOTOreHepaluu
XUMHYECKH aKTHBHBIX (OPM  KHCJOPOJA, CHEKTPaJbHO-JIOMHHECIIEHTHBIE, (OTOKATAJUTHUECKHE U
GaKTepUIIHbIE CBOHCTBA. ¥ CTAHOBJIEHO, YTO BHEAPEHHE MOAUMHUIIMPYIOLIMX HOHOB cepebpa W Maprasiia B
CTPYKTYPy OKCHIHBIX HAHOKPHUCTAJJIOB TMPHUBOAMT K JeopMallid HMX KPUCTAJJIMUECKOH pelIeTKH |
(hOpMHPOBAHHIO CTPYKTYPHBIX J1€(DEKTOB, OKA3bIBAIOIIUX CYIIECTBEHHOE BJUSIHAE HA CBOHCTBA MaTEpHAJIOB.
[TokazaHa nepcrneKTHBHOCTb MAaTEPHAJIOB U1l OUMCTKH M 00e33apaxKMBaHHsl BO3/yXa U BOJHBIX CPEL.

KatoueBnie cioBa: @ortokaranus, Hanomarepuadnl, [TosuMepHo-cosieBoii cuHTe3

C.10.7 Bnusinue poto-TepMO-MHAYLHPOBAHHON KPUCTANIU3aLMM HA HOHHBIH 0OMeH B hoTO-TepMO-
pedpaKTUBHOM CTeKJle

B. A. Tlonosa, H. B. Hukonopos, E. M. Cru6ues, B. B. [1ecusikos
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Ynusepcumem HTMO, Canxkm-Ilemepbype, Poccus

[Ipn ob6bemunenun aByx TexHoJsioruil (oro-Tepmo-unayuuposantoil kpucramiuzaunn - OPTHK n
HU3KOoTeMnepaTypHoro nonHoro oomena - HMO) B dporo-tepmo-pedpaxkrusiom (PTP) crekne BosHUKaeT
Borpoc 0 BoamoxkHOM Bansinun @TUK (3akpucrannuzoBannoit o6aacti) Ha nocnenytouni npouece HHUO.
T.e. MoXeT JiM BbICTYNaTh 3aKpucTasin3oBanHas obsactb @TP creksa B kKayecTBe Macku, GJOKUPYIOLLEH
HHO, nan nao6opot, KoTopasi MOXKET yBEJMYHBATH CKOPOCTb AU(DY3HH, WM He BJHSATH Ha Mpolecc
auddysuu. st otBeta Ha 3tot Bonpoc Obl npoBegeH HMO Na-Ag u Na-K. HMccnenoBanust MmeTogom
BOJIHOBOJIHOM CIMIEKTPOCKOIHH M aHAJIU3 YTJIOBOH CEIEKTUBHOCTH OP3ITOBCKUX PELLIETOK M0Ka3alu Cleyrolme
pesyJsibTathl. 3akpucTanaudoBantas obaactb PTP creksa cnabo BanseT Ha MOHHBIH 0OMEH, T.€. BOJHOBOJIHbIE
CTPYKTYPbI PAKTHYECKH C OJIMHAKOBBIMM TapaMeTpaMu 00pasyloTcst Kak B 3aKPUCTAJIJIM30BAHHOMN, TaK U B
HE3aKPUCTAJJIM30BAHHON 00J1aCTH.

Kmiouesbie cioBa: ®@oto-tepmo-pedpakTuBHoe cTeka10, POTO-TEepMO-HHAYLIHPOBAHHAS KpPUCTAJIM3ALHUS,
Bparrosekas peuierka, Monubiii o6men, [ lnanapHbliil BOJTHOBOJ,
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Cexkuus 11
buodoronuka

YcerHble nokaaapl

11.1 OnTHYeckue KorepeHTHbIe METO/Ibl B IMarHOCTHKE CaXapHOro quadeTa v ero 0CJa0XKHEHUH
(Ilpuerawernouti)

B.B. Tyuun,"?? 10.M. Cypkos,' A.A. Xapuenko,' U.A. Cepebpsikosa,' IT.A. Tumoruna, 2 J1.K. Tyuuna,?
3.A. Tennna

"Hruemumym ¢usuku u Hayurnoid meouyunckuil yenmp, Capamosckutl 20cyoapcmsenmuolil
yHusepcumem, 410012 Capamos, Poccus

Meacoucyunaunapras rabopamopus ouopomonuru, Tomckuil eocydapcmeaentolil ynusepcumema,
634050 Tomck, Poccus

SUncmumym npobaem mounou mexarnuku u ynpasaenus, PHIL « Capamosckuil Hayurolil yermp
Poccutickoli akademuu nHayk», 410028 Capamos, Poccus

B paGore mpennaraercsi MCroJib3oBaTh METOJ ONTHYECKOTO TMPOCBETJEHHs! YISl ONpPELeeHUsT COCTOSTHHUS
pa3JyIMuHbIX TKAHEH W OPraHoB MpH AradeTe 1o U3MEPEHUSIM CKOPOCTH TH((Yy3UH ONTHYECKHX MTPOCBETSIOLIUX
arentoB (OITA). I[TockosbKy npoHuniaemoctb Tkauu yisi OITA W MOTOKOB BOJIbI BO MHOTOM OITpeJiesisieTcst
CTPYKTYPOH TKaHH, KOTOpPasi 3HAYHTENbHO H3MEHSIETCs B MpoLecce ee IMIMKMPOBAHHsl, H3MeHEHHe CKOPOCTH
U dy3ur MoJIeKysl B TKAHH MOXKET ObITh HCIIOJBb30BAHO B KayecTBe GMOMapKepa CTerneHH IIUKHPOBaHHS
TKaHU. B KauecTBe onTHuecKUX MeToi0B MoHuTOpHHTra auddysun u BosnerictBust OITA na TkaHu B padore
UCIOJIb3YETCST CIEKTPOPOTOMETPHSI, onTHuecKas KorepeHTHast Tomorpadust (OKT), cratucrika crek/os c
MPOCTPAHCTBEHHO-BPEMEHHBIM KOPPEJISILIHOHHBIM aHAJIM30M U CIIEKJI-KOHTPACTHAsi BU3yaJsli3allisi KPOBOTOKA
J1abopaTopHbIX XKUBOTHBIX. HazexkHo ycraHoB/eHO, uTo cKopocTb auddysun OITA, namepenHas pazjiuuHbIMU
MeTOJaMH, CYLIECTBEHHO OTJHYaeTcsl /s 310POBbIX M TWIMKHPOBaHHbIX TKaHeHl. Takoe paszinuue MOKeT
CJIY?KHTb MapKepoM CTeleHH WIMKHPOBAHHOCTH OeNKoB TKaHeld. OOGHapyKeHbl TaKxKe CylleCTBEeHHble
passiuHasi peakiuu KpoBoToka Ha BoszzericTBie OITA B CJI M KOHTPOJIbHOH rpymnmax JjiabopaTOpPHbIX
JKUBOTHBIX, 4TO OOYCJIOBJEHO HapyllleHHeM MeXaHH3MOB SHIOTEeJNMH 3aBUCMMOH Basoausatauuu npu ClI.
Takum o6pazom, OITA moryT GbITh Tak:Ke HCMOJb30BAHbl B KauecTBE MAapKePOB COCTOSIHHS COCYIHCTOM
cuctembl ipu pasButur C/I. [TosrydeHHble naHHble HEOOXOAUMBI MTPU pa3paboTKe 3(PPEKTUBHBIX MPOTOKOJOB
JieueHns1 1MabeTHKOB C yueToM 3aMmeleHHol auddysnn dapmaneBTHIECKHX MTPenapaToB B MIMKMPOBAHHbIX
TKaHSIX.

KaioueBbie csoBa: OKT, cratuctuka crneksoB, CHeKJ/-KOHTPACTHAsI BU3yasd3allusi, caxapHblil auabert,
IMKHpOBaHHe GEJKOB, ONTHUECKOE MTPOCBETIEHHE, ONTHIECKHE TPOCBETIISIONINE areHThI

11.2 KoHdokanbHblii ronorpaduyeckuii CKaHMpyoUuid MUKpocKon Ha 6a3e Olympus v ero npumeHeHue B
OvomenuuuHcKol ontuke ([lpuerauwierroiil)

IO.H. 3axapos
lapsapdckuii ynusepcumem, bocmon, CIIA

KoHdokasbHblit rosorpaduueckuii ckaHupyolMi MUKPOCKOI peaindoBaH Ha 6a3e Mukpockorna Olympus FV-
1000 nytém 3ameHbl Gs10Ka PUILTPOB BO3OYKJIEHHS U peructpauuu JyopecueHllMd Ha roJorpaduieckui
mMonynb. LlucdpoBoe BoccTaHoB/IEHHE BOJHOBOTO (PpPOHTA TO3BOJISIET MPOBOJUTH KOJHUECTBEHHYIO (ha30BYIO
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BU3yasiM3alMI0 W KaprorpaupoBaHue Iokasatessi MpeaomaeHds OUMOJOMMUECKMX KJETOK C UMCJIeHHOH
nepedoKycHpoBKOH 1o BceMy o0bEMY oOpasua. [lpenyaraemblii MOAXOA HMCKIIIOYAET HEOOXOAUMOCTD
MeXaHU4YeCKOro CKaHMPOBAHUSl BJOJb ONTHYECKOH oOcH W obecreydBaeT pacllMpeHHble BO3MOXKHOCTH
TpéxMepHOH MuKpockonuu. [IpoBenena kanuGpoBKa CHCTEMbl HAa TECTOBBIX OOBEKTaX (MOJUCTHPOJBHbBIE
MHKpocdepbl), a TakxkKe MPOJEMOHCTPUPOBAHO MPUMEHEHHE METOo/a Uil aHa/Iu3a KJIETOK aleHOKaPLUHOMBI
MULIEBAPUTENBHOTO TPAKTA.

Kaouebie ciioBa: bruomenunnnckas ontuka, [onorpaduueckast mukpockonus, Kiannnueckasi inarHocTnka

11.3 TeparepuoBasi ontoajekTpoH1Ka U 6uodoronuka (/lpuerawernolil)

K.H. 3aiilen

Hremumym obuweti pusuxu um. A.M. [Ipoxoposa Poccutickoii akademuu nayk, Mocksa, Poccus

B noknane OyneT paccMOTPEHO COBpPEMEHHOE COCTOSIHME HCC/Ie0BaHUH W pa3paboToOK B 00/1aCTH
OUOMEIMUMHCKUX NpUMeHeHui TepareplioBbix (TI') TexHosoruid. BHUMaHue OyzieT yaeeHo OpUTHMHAJBbHBIM
aJieMeHTHOH 6aze u cuctemam Il UMIYJbCHOH CHEKTPOCKOIMMUM, CBepXpa3pellaiolled MUKPOCKOMUH U
IHI0CKONUU. DynyT paccmoTpenbl pesysbraTbl HccaenoBaHust >¢dekToB B3aumonerctBuss Tl BosH ¢
OMOJIOTMYECKMMH TKAHSIMM B HOPMaJIbHOM COCTOSIHMM W TPU HAJHYMM NATOJOTHH. DBylnyT HaHbl OLEHKH
NepCreKTUBHOCTH TMpHMeHeHHs1 Tl TeXHUKH B JHMarHOCTHKE J10OpPOKAYeCTBEHHBbIX M 3JI0KaYeCTBEHHbIX
HOBOOOPA30BaHUI Pas/IMuHON HO30JIOTHH U JIOKAJIH3ALIHH.

Kutouebie caoBa: TI'u usnydenune, TI'y texnosioruu, TI ' uMnysibcHasi CrieKTPOCKOIHS1, CBepXpa3pellatoliast
TT'1 MuUKpockonusi, onTUKa 6GUOJOTHUECKUX TKAHEH

11.4 MysabTu(dyHKLHOHANbHBIE U MYJbTUMOJAJbHbIE KOHTPACTHbIE areHTbl (/Ipuesawertolil)

Copud AMuTtpuil AJleKcaHapoBUY, 1. X. H.

Croakosckull uncmumym Hayku u mexnoaoeui, Mocksa, Poccust

11.5 Pe3oHaHCHbIE HAHOCTPYKTYPbI 1711 HAHO(OTOHHBIX OMoceHcopoB (/lpuerauierrolii)

JI. A. 3yeB
Yuusepcumem HTMO, Canxm-Ilemepbype, Poccus

Pesonanchble HaHO(OTOHHBIE CTPYKTYPbI SIBJISIIOTCS MEPCIEKTUBHBIMU CHCTEMAMH ISl CO3AAHUS MTPOCTHIX H
3((eKTUBHBIX ONTHUECKUX OGHOCEHCOPOB. B KauecTBe npuMepa Takux CUCTeM, B IOKJaae OYyIyT pacCMOTPEHbI
rUOpUJIHbIE HAHOCTPYKTYPbI ISl TEPMUUECKH - HHYLIHPOBAHHBIX 1Pe0Opa3oBaHUil OpraHHueCcKUX CoeluHEHUH
M UX OTCJICKHBAHHSl B peasibHOM BpPEMEHH IPH MOMOLUM PEe30HAHCHO-YCHJEHHOIO CHTHaJja pamMaHOBCKOIo
paccesiHusi,  XUpaJibHble ~ HAHOCHCTEMbl  JJII  BbICOKOYYBCTBHUTEJIbHOTO  ONpENEeJEHUs  MapKepoB
HeHposiereHepaTUBHBIX 3a00J/1eBaHUi, a TaKXkKe KOJOPUMETPHYECKHe CHCTeMbl Ha OCHOBE PEe30HAHCHBIX
LernovyeK HaHOYaCTHLL /IS 9KCIpecc-AeTeKTUPOoBaHUs BHUpPycoB.  Ome/bHOe BHUMaHWe OyIeT YIeJeHO
6UYHKIHOHAIBHBIM HAHO(OTOHHBIM MJIaTPOPMaM, COYETAIOLIMX BOSMOXKHOCTH KaK JA€TEKTHPOBAHHS MaJbIX
KOHLIEHTPALM{ OPraHHUECKUX COCIMHEHUH B BOJIE, TAK U X HEHTPAJIM3aLUH MO/ IeHCTBUEM COJIHEUHOTO CBETA.
Pa6ora BbinosHeHa B pamkax PejiepasibHOl porpaMMbl MOJIEPKKH akaieMuyeckoro Jujaepersa “IIpuopurer
20307

KimoueBbie cioBa: Pesonanchblie Hanoetpyktypbl, Hanodoronnka, bruocencopbi
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11.6 MyabTumMoaanbHblii noaxon kK ororepanuu paka (/lpuerawernnolii)

1

D.A.Tenuna' , A. B. Byuapckas® , B. JI. l'enun' | H. A. Hasosiokun 2, H. A. llymynosa® , O. Mnosemiesa
,J1.B. Cadponos? , b .H. Xne6uos? , B. B. Tyuun"*3

| — CapamoscKkuii HayuoHabHbLl Uuccae008amenbCKULl cocydapcmeer oLl ynusepcumem um. H.I.
Yeproiuesckoeo, Capamos, Poccus

2 — Capamosckuti eocyoapcmeerrolil meduyurckutl ynusepcumem um. B.H. Pasymosckozo
Munsdpasa Poccuu, Capamos, Poccus

3 — Hucmumym 6uoxumuu u gpusuosoeuu pacmenuil u mukpoopearnusmos PAH, PHI] " Capamosckuii
Hayuroi yenmp PAH®, Capamos, Poccus

4 — Hayuonanvroui uccredosamenvckutl Tomekutl eocyoapcmesennolil ynusepcumem, Tomck, Poccus
b5 —Hucmumym npobaem mounou mexanuxu u ynpasienus PAH, @HI] “Capamosckuii HayuHoLi
uenmp PAH*, Capamos, Poccus

B noknane npencraBienbl pazpaboTaHHble HAMH TEXHOJIOMMH KOMOUHMPOBAHHON Tepanuy MOJIEIbLHOTO paka y
IPbI3yHOB, BKJIOUAIOIIME Jla3epHYIO MaasMoHHyto dototepmuueckyio tepanuio (I1OTT), horoaunamuueckyto
tepanuto (OJT) n conopunamuueckyto tepanuio (C/IT). B kauecTBe ceHCHOMIM3ATOPOB HCMOJB30BAJHCH
30J10Tble HAHOCTEPKHH, PACTBOPBI (POTOCEHCA, PAlAXJIOPHHA U MHIOLMAHUHOBOTO 3eéHoro. Jlis obayueHus
UCI0JIb30BAJUCh HO/IHbIE Jlazepbl (660 1 808 HM ) 1 HU3KOUACTOTHBIN TepaneBTHUECKHH ybTpadsyK (1 MI'w).
PesysibTaThl ’HCTOIOMHUECKOT0 UCCIeI0BAHUSI OMYXO0JIH uepe3 72 yaca v 21 1eHb nocsie Bo3AeHCTBHS NoKasaJu
MaKCHMaJIbHYI0O HEKPOTH3ALIMIO OMyX0JIH MPH MyJbTHMOIAMLHOM Bo3aeicTBUH. PaboTa nomiep:kana rpaHTom
PH® Ne 23-14-00287.

KnoueBbie cioBa: Jlazepnass musiaamoHHass d¢ortotepmuueckasi Ttepanusi, PorTonuHamMuueckas Tepanus,
CoHomHamuueckas Tepanusi, MojesbHast OmyxoJib.

11.7 UccnenoBaHre oNTHUECKOTO NPOCBETIEHHS iN-Vivo B YCJIOBHSIX Pa3BUTHS 9KCNIEPUMEHTAJIBLHOrO
nuatbera 1 Tuna meronamu OKT u cneki-Busyanusanuu

[1.A. Tumowmna'*?, 10. M. Cypkos'?, B. B. Tyuun"3

" Huemumym gusuku, Capamosckuil eocyoapcmesetnsiil yuusepcumem, yi. Acmpaxanckas, 83,
Capamos, 410012, Poccus.

2Jlabopamopust  AA3EpHOL  MOACKYAAPHOL BUSYAAUZAYUL U  MAWUHHO20 00yuenus, Tomckuil
eocydapecmsennoltl ynusepcumem, np. Jlenuna, 36, Touck, 634050, Poccus.

S/la6opamopus 6uomeduyurckotl pomoakycmuru, Capamosckutl 20cyoapcmeeHtbLil YyHusepcumemn,
ya. Acmpaxarnckas, 83, Capamos, 410012, Poccus

HcnoJib3yst KOMOHHALIMIO IMarHOCTHUECKHMX METOJIOB, BKJIIOYast JJa3€PHYIO CIIEKJ1-KOHTPACTHYIO BU3yaIu3alinio
M OINTHYECKYI0 KOFe€PEeHTHYI0 ToMorpaduio, B HCC/IEI0BAHWK H3ydaeTcsi BO3MOXKHOCTb AH(depeHiHalnm
TKaHell ¥ OpPraHoB 37I0POBBIX KPbIC H KPbIC C KCTePUMEHTa/NbHbIM qUabeToM | THMa Ha OCHOBe XapakTepa
JMHAMMYECKUX W CTPYKTYPHBIX M3MEHEHHH, KOTOpble MPOMCXOIAT MPH MECTHOM TMPUMEHEHHH ONTHYECKHX
MPOCBET/IAIONIMX areHToB. Kpome Toro, Mbl otieHUIH 3(PPEKTHBHOCTH MATHUTHO - PE30HAHCHBIX KOHTPACTHBIX U
PEHTTeHOKOHTPACTHBIX areHTOB B 11€JIIX CHUKEHHS PACCesTHHUS.

KutoueBnie cioBa: OHTI/IKa, CIleKJ1-BU3yaJin3aliysi, ONITUYECKOE MPOCBET/ICHHE

11.8 OnTHuecku 4yBCTBUTENbHbIE HAHOYACTULLbI J1JISl ONTHUECKOTO HarpeBa U TEPMOMETPHUU B KJIETKaX Ha
HaHomaclutabe

M.B. 3iozun', E.H. Iepacumona’
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"Qusuueckut paxyrvmem, Yuusepcumem HTMO, 191002 Cankm-Tlemepbype, Poccus

B uccnenoBanusix npeacraB/ieHbl Ba MHHOBALMOHHBIX METO/la TOYHOIO MOHHTOPHUHIA TeMIepaTypbl BHE M
BHYTpH OHoJiorHyecKuX 00bekToB. Mbl (oKycHpyemcsi HAa TakKMX MeTOAaX TePMOMETPHH KaK ONTHUECKH
JIeTEKTUpPYyeMbli  MarHuTHbll  pe3oHanc (ODMR) wu  TepmouyBcTBUTENBbHBIE  CTOKCOBCKHEH  CBHT
KOMOMHALIMOHHOTO paccesiHusi CBeTa. DTH METOJIbl MCIOJIb3YIOTCS HAMH /ISl MOHMTOPHHTA TeMIepaTypbl B
peasibHOM BpeMeHH BO BpPeMsl JIOCTABKH OHOJIOTMUECKM aKTHBHBIX CO€IMHEHMH B KJETKH, U TakKxKe IpH
NpoBeeHHH (POTOTEPMUUECKOH TeparuH.

Kumiouesble ciioBa: HanorepmomeTpusi, u3mepeHue TeMnepaTypbl B KJAeTKaX, ONTHUECKH-06HAPYKMBAeMbli
MAarHUTHbBIH PE30HAHC, PAMAHOBCKAs CIIEKTPOCKOIHS

11.9 UccnenoBaHue npoiecca NMIMKMPOBAHUS KoJJlareHa METOJIOM MHOTOBOJIHOBO# peppakromMeTpuu

E. H. Jlazapesa'?, B. B. Tyuun"*?

'Capamosckuii HayuonarvHol uccredosamenrvckutl eocydapemsentoill ynusepcumem umenu H.I
Yeproiwesckoeo, Capamos, Poccus

’Hayuonanoroitl uccaedosamenvckuil Tomexkutl eocydapemesernoitl yrusepcumem, Tomck, Poccust
SUnemumym npobaem mournotl mexanuru u ynpasaerus PAH, Capamos, Poccus

Jlannasi paboTa MocBsillleHAa HW3y4yeHWI0 Tpollecca TJIMKHPOBAHUS PAacTBOPOB KoJljareHa MeTOJOM
MHOTOBOJIHOBOH pedpakromeTpun. Mamepsinach AeldCTBUTE/bHAST YaCTh NOKA3aTe sl PeJIoMJIeHHsT pacTBopa
KOJlJIareHa MpH pasMuHbIX KOHLEHTpaLHsxX mokosbl (ot 0 10 1000 mr/an ¢ warom 100 Mr/nj1) oT HeCKOIbKUX
4acoB JI0 MATH Helle/iu HHKyOatmu. [TokazaTesb npejsomieHnst HaMepsijicss Ha MHOTOBOJTHOBOM pepaKToMeTpe
A66e Ha nauHax BosiH 486, 589, 800 u 1300 um. TeopeTnueckue 3HaUeHHs TOKaszaTesel npejaoMaeHnst OblIn
paccuuTaHbl TMPH MPEANOJNOKEHUH, YTO B3aUMOJEHCTBUSI MEXJYy MOJIEKYJAMU KoJulareHa W IJIIOKO3bl He
NPOUCXOUT. Pe3ysibTaThl MOKa3aJsu, 4To NpH JJIUTEIbHON MHKYOALMK TI0Ka3aTelb MPeJoMJIeHHs] PacTBOPOB
KOJIJIaTeHa B TIPUCYTCTBHM TIIOKO3bl YBEJMUHBAETCS, YTO MOXKET CBHJIETE]bCTBOBATH O (POPMHUPOBAHUH
JIMKUPOBAHHOTO KOMIJIEKCA U TIPOTEKAHUH MTpoliecca MIMKUPOBAHHSI.

KittoueBble cioBa: [nukupoBanue 6e1KOB, KoJIIareH, nokasartesib npejomMaeHus

11.10 J1azepHasi cnekj-KOHTpAacTHasl BU3yau3allysl C aHaJIM30M IVIaBHbIX KOMIIOHEHT: HOBBIH MOAXO0[, K
OlleHKE KPOBOTOKA, HEe 3aBUCSIIEH OT ITyOUHbI

10. Y. Cypkos!, T1. A. Tumowmna', M. A. Cepe6psikosa', M. C. ¥Yeakun', /1. Crasues?, M. Kosnos?,

I" [TbsiBuenko?, M. Mernunckuii®, A. Konosasos?, J1. Tesbies?, C. Kysueuos?, 3. A.Tenuna', B. B. Tyuun!
"Capamosckuii eocyoapcmeennoiii ynusepcumem um. H. I Yeprouwesckoeo, Capamos, Poccus

? [lepsoui Mockosckutl eocydapemeaenolil meduyunckutl ynusepcumem umenu H.M. Ceuerosa,
Mocksa, Poccus

Tekyluee wccnenoBaHue TNpeACTaBJsSeT YCOBEPLUEHCTBOBAHHBIA METOJL J1a3epHOH  CIeKJ/-KOHTPACTHOM
suayasuzaiuu (JICKB) ¢ dunbrpanuein maBubix KomrnoneHT (I'K) a/si yJydiieHust olleHKH KPOBOTOKA B
MOJNOBEPXHOCTHBIX cocynax. Mcnosb3oBanne ['K nosposisier 3(pdeKTHBHO pasiensitTb cTaTHyecKue U
JMHAMMUECKHe KOMIOHEHTbl CHIHaJa, 3HAUUTENbHO MOBbILIAS TOYHOCTb M3MEPEHMH Aake MpH HaJUuUH
pacceuBalollMX cJ10eB BOKpYr cocyyoB. Tectbl Ha danTomax (riy6uHa 0,6—2 mMM) u in vivo (yXO MbIliH)
noKasajsy 3aMeTHOe YJydllleHHe KOHTPACTHOCTH M pa3pelieHus uzoOpaxkenusi. [lpennaraembiil momxon
JIEMOHCTPUPYET BbICOKYIO UyBCTBUTEJIBHOCTb K CKOPOCTH KPOBOTOKA B (husnoJsiornueckom auanasone (0,98 —
19,66 MM/C) 1 HH3KYIO 3aBUCHMOCTb OT LIyGHHBI 3ajleraHusl COCY0B, MPeO0eBasi OCHOBHO® OrpaHHueHHe
TpaauLMoHHbIX MeTo10B JICKB.
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KutoueBbie ciioBa: Jlazepuasi crieks-Busyasusatiusi, Crieksi-KOHTpacT, AHa/IU3 [JIaBHbIX KOMITOHEHT,
CkopocTb KpoBOTOKa, Brgyanusauus cocynon

11.11 OnToTrepMHUUeCcKHe MMHLETDI 1J15 OUOMEIULIMHCKUX TPUMEHEHU ]

A.M. Maiioposa!, C.I1. Korosa', H.H. JTocesckuit', C.A. Camarun', B.K. ¥pionuna?, H.A. Top6yHos'?
"'Camapckuti puruar PHAH, Canapa, Poccus

? Camapcekuil ynusepcumem, Camapa, Poccus

3 Meouyunckuii ynusepcumem «Peasus», Camapa, Poccus

B 1nok/aane BHUMaHMe aKUEHTHPYeTcsl Ha OCOOEHHOCTSIX ONTOTEPMHYECKMX [MHHIETOB, aKTyaJslbHbIX JI/s1
OMOMEIMLIMHCKUX TIPUMeHeHHH. B 4acTHOCTH, NIEMOHCTPUPYIOTCSI BOSMOXKHOCTH TTIOHHKEHHUST TeMIepaTypbl B
00J1aCTH ONTOTEPMHUYECKOrO MAHUIYJMPOBAHHUS 32 cyeT paboThl B OXJaK1aeMoH KioBeTe. PaccmarpuBatorcest
pas3/inuHble KOH(UTypalluK J1a3epHbIX JIOBYIIEK JIJIsi PABHOMEPHOIO TO3HIIMOHUPOBAHHS MHKPOOOBEKTOB C
nocsenytonieil pukcainedn. JIoBylIKi B BHjle MACCUBOB TOUEK, KOJIELl U 3aMKHYThIX KOHTYPOB (POPMUPYIOTCS C
MCI0JIb30BAHUEM KHIKOKPHCTAJJIMYECKOTO [MPOCTPAHCTBEHHOrO MoyJssitopa cBeTa. COOTBETCTBYIOLLIHE
(ha3oBble MacKH PacCUMTHIBAJMCh HAa OCHOBE OINTHKH CHHpaJbHBIX MydkoB. MaccuBbl JIOBYIIIEK
(hopMHPOBaJIHCh C MOMOLLBIO MO3AUUHBIX (PA30BBIX 3JIEMEHTOB. DKCIIEPUMEHTBI TPOBOUIUCH C PA3JIUUHBIMH
MHKPOOObeKTaMH, BKJIOYasi MOAH(ULMPOBAHHBIE TOJMMEPHbIE MUKPOCHepbl ¢ HAHECEHHBIMH aHTHI€HAMH.
KutoueBble ciioBa: onToTepMUUECKOE MaHUIYJIMPOBaHHe, TeMIIepaTypa OXJaKAeHHs1, NOJUMepHble
MHKpOocdepbl, aHTHTeHbI

11.12 deTekTHpOBaHKE CTEPOUIHBIX TOPMOHOB KOPTH30J1a U KOPTU30HA TeparepLoBbIMU
mMeTamMarepuasamu

I1. C. Yerbsinuesa'?, M. P. Konnukosa®*, O. IT. Yepkacosa ', H. A. Hukonaes'?

" Huemumym asmomamuru u anexmpomempuu CO PAH, Hosocubupck, Poccus

? Hosocubupckuil eocydapemeennuitl ynusepcumem, Hosocubupck, Poccus

3 HHUI] « Kypuamosckui uncmumyms, Mocksa, Poccus

* Mockosckutl eocydapemesennoitl ynusepcumem um. M. B. Jlomornocosa, Mocksa, Poccus

HcenenoBatbl 0co6eHHOCTH MpuMeHeHust psaa TeparepiioBbix (TI'11) MetamaTepuanos 1jisi IeTeKTHPOBAHUS
CTEPOUJHBIX TOPMOHOB KOPTH30Jla M KOPTH30HA B OMOXKHAKOCTAX. /[M3aliH MeTamarepuasa OTHOCUTCS K
CTPYKType paciiienienHoro Kosbla (SRR) 13 30/0Ta uiu anioMuHUs Ha TMOJJIOXKKE U3 KBapla U KpeMHHUs
COOTBETCTBEHHO. VI3MepeHbl 3aBUCUMOCTD MPOTYCKAHUS U CIBUTA PE30HAHCHBIX YaCTOT MeTaMaTepUasoB OT
KOJIHUeCTBa TOPMOHOB B inanasone ot 14 10 40 umob. [Tokazana sapucumoctsb otkanka T MmeTamaTepraa
OT JIMMIOJILHOTO MOMEHTa MoJieKyJl. Paccuntanbl 0CHOBHbIE MOKa3aTes M 3(h(heKTUBHOCTH ¥ UyBCTBUTEJIbHOCTH
MeTaMaTepUaJsioB U orlpeesieHbl HauboJee epereKTUBHbIE 151 JabHENILIEr0 MPUMeHEHHUSI.

11.13 KonnuecTBeHHasi CieKJ-AMarHOCTHKA BHYTPHKJIETOUHBIX MPOLIECCOB
A.T1. Baagumupos. 2, 10. A. Muxaitnenko?

" Huemumym mawunosedenus Yparockoeo omoeaenuss PAH, Examepun6ype, Poccus

2 Pedeparviolil HayuHO-UCCACO0BAMeENbCKUL UHCmumym «Bupom» Pocnompebradsopa,
Examepunbype, Poccus

ueJIb}O JIOKJIaJ1a FBJIAIOTCA OGCY)KILGHHG HOBOI'O ONTHYECKOI'0 MeTO/a, MO3BOJISIIOUIETr0 B pE2KHUME peaJibHOT'O
BpEMEHHU M3y4yaTb BHYTPUKJIETOYHbIEC TPOUECCHI C TPOCTPAHCTBEHHLIM pa3pelleHUeM Mopsiika 1 MKM.
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AxTyasbHOCTb MOAOOHBIX HCCIEI0BAHUE CBSI3aHa C T€M, UTO MaJlo H3ydeHbl POLECCHI, TPOTEKAOLINE B
KJIeTKax BO BpeMeHH. [laeTcst KpaTkuil 0630p, MOJy4yeHHbIH paHee H HOBbIX pe3yJibTaToB 110 U3YUeHHIO
peakuMu KyJbTUBHPOBAHHbBIX KJIETOK Ha HEKOTOPbIe BHellIHUe Bo3ieHcTBUs. HenoctaTkoM npoBeaeHHbIX
UCCJIeIOBAHUH SIBJISIJIOCH H3YYeHHE OTHOCHTENbHO MEJICHHBIX PoLeccoB. PaccMOTpeHbl NepCrneKTHBb
U3y4yeHHus1 ObICTPONPOTEKAIOLIUX POLECCOB HA HOBOU TeXHUYECKOH Ha3e.

KitoueBsie ciioBa: Cniexs-auarnoctuka, JKusble KiaeTku, BHyTprk/eTouHble MpoLecchl

11.14 lprmMeHeHE ONTHUECKOTO NMPOCBETJIEHHUS /151 NOBbIIIEHUS HH(POPMATUBHOCTH MYJIbTUMOAANBHOTO
MeToJa CKPUHUHTAa HOBOOOPA30BaHHii KOXKH

1. A. Cepebpsikosal, 1O. . Cypkos!, 3. A. Tenuna'?, 1. K. Kysunosa?,

O. M. Kononauxkosa®, B. B. Tyuun">*

"'Capamosckutl cocydapemsennoitl ynusepcumem, Capamos, Poccus

2 Tomekuti eocyoapemsennslii ynusepcumem, Tomck, Poccus

3 Capamosckutl eocydapemesennoil meduyurckuil ynusepcumem, Capamos, Poccus
*Hnemumym npobaen mounotl mexanuxu u ynpasienus PAH, Capamos, Poccus

B nannofi paGote npencraB/ieHbl pe3ysbTaTbl CPABHUTENBHOTO MCCAEI0BAHNS ONTHYECKOTO HMMEPCHOHHOTO
NpocBeTIeHUs1 [06POKaUeCTBEHHBIX HOBOOOPA30BaHUH KOKH uesioBeka. MynbTHMOAbHBIN METO/L CKPUHHHTA,
MO3BOJISIIOIINH 10JIy4aTh PE3yJabTaThl UCCAEIOBAHNS B PEKUME PeasibHOr0 BPeMEHH, OCHOBAH HAa COUETAaHHH
CMEKTPOCKONUH UG PY3HOr0 OTpayKeHHsl, ONTHYECKOH KOTEPEHTHOH TOMOrpacMu W BbICOKOYACTOTHOH
yJBTPA3BYKOBOH BH3yasu3alu. [losyueHHble pe3ysbTaThl CBHUAETENbCTBYIOT O TOM, 4TO TpPUMEHEHHe
OMNTHYECKHX TPOCBETISIONINX areHTOB CHHXKAET paccesiHie cBeTa B OHOTKAHAX 3a CU€T BblpaBHHBAHMS
nokasareJsiell TpeJIoMJIeHHsT BHYTPUKJIETOUHBIX U BHEKJIETOUHBIX KOMIIOHEHTOB, UTO YJIydlllaeT pa3pelleHne 1
MH(OPMATUBHOCTb MOJIydaeMbIX IAHHbIX (71 VIVO0.

Kamiouessie ciioBa: HoBooGpasosanus koxku, Ontudeckoe npocsetenue, CreKTpocKonus AudgysHoro
otpaxenusi, Ontuyeckasi KorepeHTHasi Tomorpacgusi, BbicokouacToTHbIN yJbTpa3BYK

11.15 Cucrema noaiepKK1 NPUHATUS BpaueOHbIX pellieHui B iu¢poBoii AuadaHoCKoNuu
BEPXHEYEJIOCTHBIX Na3yX ¢ IPUMeHEHUEM CBEPTOYHbIX HEHPOHHBIX ceTel (OHAaliM )

E.O. Bpsnckas', J1.B. Tepacun!, A.B. Bakoruna®, A.1O. Osunnnnkos?, F0.0. Hukonaesa®, A.B.
Macnennukosa®, B.B. [pémun!, A.B. [lynaes'

'Hayuno-mexnoroeuneckuti  yenmp  6uomeduyurnckotl gomonuku, PrbOY BO  «Oparosckuil
eocydapcmsennolil yrnusepcumem umenu M.C. Typeenesa», e. Opén, Poccus
2 PrbOY BO «Poccutickuii ynusepcumem meduyuror» Munsopasa Poccuu, . Mocksa, Poccus

Pa6ora nocBsitiieHa pazpaboTKe CUCTEMbI MOAAEPKKH MPUHATHS BpaueOHBIX pellleHuH /s KaacCuprKaluu
3apEruCTPUPOBAHHBIX C TOMOIIBIO MPOrpaMMHO-aNMapaTHOro KomrJjekca 1HGppoBol auachaHOCKONUH
JuadaHorpaMM BepXHEUesIOCTHBIX 1a3yX Ha OCHOBeE CcBepTouHoi HelipoHHo ceTn ResNet 50. Paspa6orannas
MOJle/Ib KJlacCH(HKALIMKM T03BOJISIeT KJIACCH(UIIMPOBATh COCTOSIHME TKaHeH BEepXHEUYEJNIOCTHBIX MMa3yx Ha
KJIACChl « CHHYCHT/OTCYTCTBHE MATOJNOMHH» CO 3HAUCHUAMH UyBCTBUTEILHOCTH U crietidnunoctn — 0,84 1 0,96
COOTBETCTBEHHO; Ha KJIAacChl «KKMCTO3HbIe H3MeHeH s/ oTeyTeTBre natooruk» — 0,85 u 0,91 cooTBeTCTBeHHO.
Takum oGpasom, paspaboTaHHasi KJaccH(UKALMOHHAS MOJE]b MOXeT ObiTh NMpUMeHeHa aJisi UMQPOBOH
JrMaaHoOCKONUK C 11e/1bl0 PAHHEro BbISIBJIEHHS NATOJIOTHH BEPXHEURIOCTHBIX Ma3yX B TeJeMeulHe U MpU
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nposesiennu JIOP-koHcynbTaluuii B aBTOMaTH3HPOBAHHOM PEXKUME C UCIOJIb30BAHHEM CHCTEMbI MOIEPAKKH
NPUHATHS KIMHUYECKUX pellieHHH.

KutoueBbie csioBa: Lludposast nuadanockonusi, Cucrema MOJIEPKKH TMPUHSATHS BpaueGHbIX pelleHUH,
Cunycur, [Inacdanorpammbl, CBepTOUHbIE HEHPOHHBIE CETH

11.16 Oco6eHHOCTH OTKJIMKA KJIETOK Ha hoToIMHAMHUYECKOe BO3ieicTBUE ¢ npoTonopdupunom IX
(IIpuerawennolil)

A. B. Benawos!, A.A. )Kuxopesa!, 1.A. TopGynosa', JI.M. Beabriokosa', JI.A. Top6enko?,
N.B. Cemenosa', O.C. BacioTuHckuit!

"Pusurko-mexnuueckuti uncmumym umn. A.P. Hopgpe, Cankm-Ilemepbype, Poccust
? Yuusepcumem MTMO, Cankm-Ilemep6bype, Poccus

B noknane npencraBiieHbl pe3ysbTaThl UCCACIOBAHUS MEXaHU3MOB THOEMH KJIETOK MPH (POTOAMHAMUYECKOM
Boaneicteun (PIB) ¢ sumorenHo renepupyembiM orocencubumuzatopom mnpotonopdupun 1X (PplX).
DKCNepuMeHThbl MPOBOJUJNCH METOAOM TroJorpaduueckort Tomorpaduu. [lokazano zamerHoe pasmuune B
peakiuu Kaetok Ha OJIB npu ux KyJbTHBUPOBAHWH B CpeJie PH HAJIMUMH U OTCYTCTBHH CbIBOPOTKH. [ IpoBeneHo
nccnenoBanue apgpunHoct PplX k anbOymuny u 3ppeKTHBHOCTL reHepallii CUHIVIETHOTO KHUCJIO0POoa MpH
cBsizbiBaHuK PplX ¢ anbOymMuHOM.

Kimouesbie cioa: [Tpotonopdupun IX, anb6yMuH, CHHIVIETHBIN KUCI0POJL, (hOTOAMHAMUYECKOE BO3JIEHCTBHE,
MeXaHM3Mbl KJI€TOUHOH rHOesH

CreHpoBbie NOKaaAbI

C.11.1 OueHka oCTpO¥ U XpPOHUUYECKOW TOKCUMUHOCTH HAHOCEHCMOMIM3aTopa B 3aBUCMMOCTH OT /103
BB€J1€HHUS PA3JUYHbIM 2KUBOTHbIM

E. H. Jlazapesa?, A.M. Mbuibnukos?®, H. A. Hasosiokun®, 1. 0. SIuuna®?
"Capamosckuti eocydapcmesennoiil ynusepcumem, Capamos, Poccust

? Tomekutl eocydapemesennoiil ynusepcumem, Tomck, Poccus

# Capamosckuil eocydapemesentolil meduyunckull ynusepcumem, Capamos, Poccus

[esbio paboThl 6bII0 MPOBECTH OLEHKH OCTPOH U XPOHHUECKOH TOKCUUHOCTH HAHOCEHCHOUIM3ATOPa Ha OCHOBE
ankoHBepcHoHHbIX HanovyacTull (AKHY ) B 3aBucHMOCTH OT 103 BBeIeHUS JTaGOPATOPHBIM ) KUBOTHBIM ( KPbICHI,
mbiiin ). AKHY [NaYF:Yb**, Er**] (propuanast matpuiia, JerupoBattast HoHaMu UTTepGusi 1 3pOHst) Oblik
CHHTE3MPOBaHbl ruaporepmasbHbiM  MetooM. McenosmbzoBamu AKHY, nokpbithie o6osoukamn 13
YeJIOBEUeCKOro ChIBOPOTOUHOTO asbOymuHa W 1ManuHa 3B NHS-sdupa (Cy3) (OO0 «Jliomunpo6 Pyc»,
Mockpa, Poccusi). Konuentpauus AKHUY cocrapassia 2 mr/mi. B cpenHeM o6beM  OIHOKPAaTHOTO
BHYTPUBEHHOTO BBeJleHUs1 Kpbice cocta/sii 0,95 mu, mbimn — 0,12 ma. Bce J103MpoBKM TPUBOAMIN K
0OpaTUMbIM MOP(OJIOTHUECKUM H3MEHEHHUsIM, TPYObIX H3MeHEHHH B BUje rHOeH KJIETOK MHOKap/a, Moyek,
TMeueHH WM PA3BUTHS BbIPaXKEHHBIX a/JIeprUUecKuX peaklui B JIerkux He 0OHAPYKEHO.

KuttoueBblie ¢j10Ba: TOKCMUHOCTb, HAHOCEHCHOMIIM3ATOP, alIKOHBEPCHOHHbIE HAHOUACTHLIbI
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C.11.2 ®oTocoHoaAMHAMUYECKasi Tepanusi MOJEeJbHbIX ONyX0Jeil y FPbI3yHOB

B. JI. Tenun!, A. B. Byuapckas®, H. A. Hasosiokun?, H. A. llyuynosa?, B. B. Tyuun"?, 9. A. Tenuna'
"'Capamosckuii HayuorarbHoLLL UccAe008AMeNbCKULl 20CYOAPCMBEHHbLIL YHUBEPCUMEN UMEH

H. I Yeproiwesckoeo, Capamos, Poccust

? Capamosckutl eocydapemeaentoiil meduyurnckuil ynusepcumem um. B. H. Pasymosckoeo, Capamos,
Poccus

# Huemumym npobaem mourotl mexanuku u ynpasienus PAH, @HI[ « Capamosckuil HayuHblLl yermp
PAH>», Capamos, Poccust

B pa6ote uccnenyercs KoMOGMHUPOBaHHOE MPUMeHeHHe (POTO- U COHOMMHAMHUYECKON Teparuu MpH JIeUeHuH
MOJIe/IbHBIX OMyXoJiell paka y rpbldyHOB. B KauecTBe horoceHcHOMIM3aTOpPa HCMOJB30BAJCS Tpenapar
«Panaxnopun» («Pana-®apma», Poccust) ¢ nukom nornoutenust Ha 660 HM. [Ipenapat BBojusicst BHYTPUBEHHO
B 1103e 40 Mr/Kr Beca xUBOTHOTO. JI151 (hOTOAMHAMHUECKOF Teparuu MCToJIb30BAICs MeHIMHCKHUI JIazepHbIi
annapar «Jlaryc-T» ("Arkyc", Poccusi) ¢ iinHo# BosiHbI H3/TyueHust 662 HM. J1J1si cOHOMHaMUYeCKOH Tepannu
MCIO0JIb30BaJIC anmnapat s yabTpadBykoBoi Tepanuu "Dynatron 125 Ultrasound" (Dynatronics, CILA) ¢
yacrotoil uanyuenus 1 M.

KutoueBble cjioBa: Tepanusi onyxodiei, potoceHcHOUIN3aLuUs, GOTOAMHAMUUECKAS Tepanus,
COHOIMHAMMYECKast Teparust

C.11.3 OueHka TKaHeBbIX 3(h(heKTOB NPU UMIIAHTALIMU YIVIEPO-YIIEPOAHbIX KoMNo3uToB Metogom MPT

1. E. 3aiiues !, A. C. Ckpsioun 2, A. B. lllakypos %, B. B. )Kepnesa !

"Hruemumym 6uoxumuu um. A.H. baxa, Pedeparorolil ucciedo8amenrvckutl 4ermp
«Pyndamenmanrvrole ocHosbl buomexnoroauus Poccutickoti akademuu nayx. 119071 Mocksa,
Jlenunckui np-m, 33, 2

2Paryrvmem snepeomatiurocmpoenus, Mockosckutl 20cyoapcmseen bl mexHu4ecKkutl
yHusepcumem umernu baymana, Mocksa 105005, Poccus

PaspaboTka TNpHKU3HEHHBIX METOAOB OLEHKH OWOMHTErpaulud HMMIVIAHTHPYEMbIX —MaTepHasnoB U
MPOrHOCTHYECKUX KPUTEPHUEB YCIMEIIHOH MUMIVIAHTALUMH aKTyaJbHO /ISl [€PCOHAJIH3UPOBAHHON MEIULIUHBI.
[lesibto paGotel sBasiercs: paspabotka MPT-kputepueB it onpejeseHuss OHOMHTErpalMd yrjepos-
yraepoaHbix Komnosuros. Mcenenosanus nposoausn Ha Mblax BDF1, koTopbiM OblJiM MMIIAHTHPOBAHbI
komnosutbl. Metorom MPT ouenuBanu cTpykTypy hopMupyroLLelicss BOKPYT UMIIAHTA COEAMHUTEJIbHO-
TKaHHOH KaricyJ/bl B IMHaMUKe in vivo U B ayonTarax. Kpurepuem sppeKTHBHOCTH GHOMHTErPALMH CITYKHJI0
KOJIMYECTBEHHOE COOTHOLLIEHHE PBIXJION U MJIOTHOH COCIMHUTENbHOM TKaHH B CTPYKTYpe hHOPO3HOH Karcy.Jbl.
Paspaboran anroput™, ocHoBaHHbli Ha MPT-Bu3yanuzauny W MeTole TMPOEKUMH MaKCHMaJbHON
MHTEHCHBHOCTH, MO3BOJISIIOLLIMI MPOBOAMTL KOJMYECTBEHHYIO OLLeHKY JaHHoro napametpa. [IpemioxeHHas
MeTO/IMKA JIEMOHCTPHUPYET MOTEHIHAN /151 AU PepeHIIalii THITOB COIMHUTENbHON TKAHH He TOJIBKO €X Vivo,
HO W in vivo.

KuttoueBble cioBa: yryiepog—yraepoaHble KOMIO3UTbl; uMmiantauusi; MPT; 6uoHTerpauus; CoeMHUTENbHO -
TKaHHAas KarcyJa; MJIoTHasi COeIMHUTE bHASI TKaHb; PbIxJasi COeAMHUTE IbHAS TKaHb
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C.11.4 UccnenoBaHue aUNUAHBIX padTOB ¢ NOMOLILIO GUOCEHCOPA HA OCHOBE (DOTOHHBIX MHTErPAJNbHbIX
cxem

1. H. ®aopst!, M. A. Auppuesckas?, E. M. Yerunor?, A. FO. Kysuu?, A. J1. Tosmkos?, B. C. Tananosa' 3,

JI. M. Ko6ues', B. B. Kosantok"?, I H. Tosbuman® 8

"Yuusepcumem nayku u mexrnoaoeutit MUCHC, Mocksa, Poccus

2 Pedeparvroe eocydapemesernoe 6r00xcemnoe Hayuroe yupexcoerue «aroHesocmodrbitl Hay4HbLL
yenmp guauoroeuu u namoao2uu deixanusy, baaeoseuierck, Poccus

3 Croakosckuil unemumym nayku u mexroaoeuil, Mocksa, Poccus

* Mockosckuil nedacoeuueckuil eocydapcmeennolil yrusepcumerm, Mocksa, Poccus

5 Hayuornanvrelil ucciedosamenvekutl yrusepcumem «Bolcuias wikoaa akonomuku», Mocksa, Poccus
% Poccutickuil keanmosuolil yermp, Mockea, Poccust

Cencopbl Ha ocHOBe poToHHBIX HHTerpasbHbIX cxeM (PHC) n MUKPOQIIIOUTHBIX KAHAJIOB BIICASIOTCS CPeIn
MHOYKECTBA JIaTUMKOB OJarofapsi BbicOKoH uyBcTBuTesbHoctH (> 100 nm/RIU), Huskomy npeesy
o6napyxenusi (< 10 mu™) u masomy o6bemy TpeGyemoro ananuta (< 20 M1). OHU MOTYT HepazpyLIaloIuM
o0pa3om 06HAPYKHUBATh aHAJIUT B peajibHOM BpeMeHH 0e3 UCro/b30BaHusi MeTok. KisrotoBiennbie Hamu PHC
BIEpBble TPUMEHSJIUCh I M3MEPEHHUs TMOoKazaTesst MpeJOMJIEHHsT JIMIMUAHBIX padToB B TI'PaJMeHTHBIX
¢dpakuusix ontunpena. CpaBHeHHe KCMEPUMEHTANbHBIX JAHHBIX C JaHHBIMH pepPakTOMETPHH MOKA3bIBAET
Xopolliee corjiacue JByX METOIO0B, OTKPbIBasl MyTb K OMNPEIeJeHHIO YIbTPAHU3KUX KOHLLEHTPALMH JIHITHIHBIX
paToOB M U3y4eHHIO WX BJMSHHS HA CBOMCTBA MMMYHHBIX KJETOK, CBSI3aHHBIX C PA3BUTHEM MH(EKLMOHHO-
BOCHA/IUTE/bHBIX 3200/ BaHUH 1 MOCTHH(PEKIIHOHHBIX OCJI0KHEHUH.

Katouesble cioBa: @oToHHble MHTErpaJsibHble cxeMbl, MuKpodJtonaHble KaHaJbl, KommnaeKkcHbll noKasareib
npesiomsienust, Jlunuanbie pagrol
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Cekuus 12
Ontuko-uudposbie HHPOPMaALIMOHHBIE CUCTEMbI M ONITUYECKHME KOMMYHHUKALIMH

YcerHble nokaaapl

12.1 ®a3oBbiii BBoA MHpopmauuu B 4F cucreme (/Ipuerawerneoiil)

Ckupanos Poman BacusbeBuy
Camapckuli ynusepcumem

12.2 BoluncaurenbHblii IM(paKIMOHHbBII METO, perucTpaliuy U KomrneHcauuu (pazoBbiX MCKaXKeHHi B
KOTepeHTHbIX ONTUYECKUX CUCTEMAaX

3. C. Mapkos, T. 3. Munuxatos, E. 0. 310kazos
Hayuornanroneili uccaedosamensvckuii adeproiii ynusepcumem , MHPH“, Mocksa, Poccus

B noknage npeicraBsieHbl  pe3yJibTaThl  IKCHEPUMEHTAJbHOIMO  HUCCJENOBAHHSI  BbIUUCJHUTEJLHOTO
JIU(PPaKIMOHHOTO METOJIa PErucTpallii BOJHOBOTO (ppoHTa Ha ocHoBe anroputMa [epubepra-CskcroHa ¢
MCIOJIb30BAHUEM CJIydailHbIX (Pa30BbIX MACOK /151 3ala4i KOMIeHcalluk (ha3oBbIX HCKAXKEHUH B KOT€PEHTHBIX
onTuyeckux cucremax. [lpoBenena ampobaiuusi MeTona ha3oBOi BH3yanM3alldM Ha TIPUMEpe BOJHOBOTO
(poHTa, MPOCTPAHCTBEHHO MOIYJIHPOBAHHOIO CKPLITBIM HM300paKeHHEM; OIMUCaH 3SKCMEPUMEHT 110
YJyullIeHHIO KauecTBa roJiorpauueckoil peKOHCTPYKIMH MyTeM U3MEPEHHUs U PErUCTPALIK KOHTPOJUPYEMOTO
cepuyeckoro BosiHOBoro  ¢ponra. IlosyueHHble  pe3ysbTaThl  JAE€MOHCTPUPYIOT — MEPCINEKTUBHOCTD
NPeyIOKEHHOTO MOJX0/A /s MOBbILIEHUS pa3peliaolileil CnocCoOHOCTH U CTaOUIBLHOCTH roJiorparuiecKux
cucrem

Kiouesble cioBa: OnTuka, rosorpacust, UamepeHue BOJHOBOIO (PpoOHTa, KOMIIeHcalust abeppaLui

12.3 OnTo2/1EKTPOHHBIH OCLUJIATOP KaK KJII0UEBOH KOMIIOHEHT MePeNoBbIX CEHCOPHBIX U
l/lH(l)OKOMMyHMKaU,I/IOHHle CUCcTemM

[ C. Boponkos', M. B. Crenanos!,B. B. Msanos'

"Vehumeruil ynusepcumem nayxku u mexnoaoautl, ¥ga, Poccus

PaccmartpuBaiotcsi 0cOG€HHOCTH TPUMEHEHHST ONTOMEKTPOHHBIX OCUMMISATOPOB (ODO), BBINOJIHEHHBIX C
MCMOJIb30BAHMEM — TeXHOJIOTHMH  MHTerpajibHOM  (DOTOHHKH, KaK Ba)KHOrO  KOMIOHEHTa  MepeloBbIX
MH(DOKOMMYHHKALMOHHBIX U CEHCOPHBIX cucTeM. B o6aactu 6GecrnipoBojiHoi cBsizn OO no3BossoT 106UThCs
CYLLECTBEHHOTO JiMarna3oHa mnepectpoiiku dactothl CBY-kosebanuii, npeBocxois Mo 3TOMY TMapamerpy
TpaJULIMOHHbIE cXeMbl Ha ocHoBe GaAs-TpaHaucTopoB. [1pu 3TOM BaXKHON ocTaeTcst 3a/1aua CHUXKEHHsI 1l1ara
NepecTPorKHU YacToThl BhIXOAHBIX KoseGanuit ODO. [TokazaHo, 4To Jjist 3TOH LEJH MOXXHO MCMOJb30BATh
JIOTIOJIHUTE IbHBIE YIIPABJIsieMble JIUHUKM 3a€PXKKU B KoJiblle oOpaTHoil cBsisn OD0. B cencopHbix cucremax
npumenenre OO0, ocoGeHHO MPH BO3MOXKHOCTH peasiM3allii MaJjioro 1ara MepecTPOHKH €ro BbIXOAHOH
YaCTOThI, MO3BOJISIET CHU3UTh YPOBEHb COOCTBEHHBIX LIIyMOB CHCTEMbI H MOBBICHTh €€ YyBCTBUTENbHOCTD.

KamioueBbie ciioBa: Pagnodoronnka, Murerpanbhas goronnka, OnrosnekTpoHHbli ocluaisatop, CencopHas
cucrema
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CreHoBbIe TOKJaabl

C.12.1YucneHHoe MoaeaMpoBaHue MeTola NoaaBieHUs] HHTeP(epeHIMOHHbIX 3aMUPaHUil B KOT€PEeHTHBIX
ONTHUYECKUX pedeKTOMEeTPax o CNeKTPadbHbIM MYJIbTUIJIEKCHPOBAHUEM 30HIMPYIOLIET0 CUrHaNa

T. 3. Munuxanos'?, P. . Xan'?, I B. Cunenbnukos', T. B. [puuenko®, A. b. [Thes?

"Akyuoneproe obuecmeso Hayurno-npouszsodcmesennoitd yenmp «3JIBHC», Mockesa, Poccust

? Hayuoranvrelil uccredosamenvckutl soeprolil yrusepcumem « MUPH», Mockesa, Poccust

$ Mockosckuii eocyoapcmeetinolii mexuudeckutl yrusepcumem um. H. 3. baymana, Mocksa, Poccus

B pa6ote npexcraB/iena yucaeHHast MOJie/lb BOJJOKOHHO-0NTHYECKOTO KOrepeHTHOro peduiekromerpa Ha 6ase
P3JIEeBCKOTO paccestiHus ¢ MoaaBaeHneM HHTephepeHIMOHHbBIX 3aMUPAHUH Ha OCHOBE MeTOJIa CIIEKTPAIbHOIO
MYJIBTHTIJIEKCHPOBAHUS  30HAMPYIOLEro curHaia. MojenupoBaHue MO3BOJSIET aHAJU3UPOBATL BJMSIHHE
3aMUpaHuil (30H ca00i YyBCTBUTENbHOCTH K BHELIHEMY BO3JEHCTBHIO) M (DAa30BBIX IIyMOB Jiasepa Ha
BO3HUKHOBEHHE OIIMOOK MPH PEKOHCTPYKIMH (Da3bl BO3AEHCTBHS, MPOSIBISIONIMXCA B BHIE IIYMOBBIX
BEIOPOCOB Ha peduiektorpamme. [TpoBepka 3 QeKTHBHOCTH MPENTOKEHHOTO MOAXOAA BKJIOYAET B ceOs
pa3paboTKy MOJE]H CeHcopa, ee SKCIepUMEeHTa/bHyl0 Bepu(HKalMio M CpaBHeHHe ¢ 0a30BOH CXeMOH
(ha30uyBCTBUTEJBHOTO  PACIPELENEHHOTO  CeHCopa. Pe3ysbTaTbl  IeMOHCTPUPYIOT, 4YTO  CHEKTpajbHOe
MYJILTHIJIEKCHPOBAHHE CHHXKAeT ypPOBEHb LIYMOBOTO (hOHA M YJydlllaeT MOPOrOBYIO UyBCTBHUTENBHOCTb K
BHELUHUM Bo3nieicTBUsIM. [TosyueHHble 1aHHbIe HMEIOT MPaKTHYeCKOoe 3HAaueHHe JUIsl MOBbILIEeHUsS] TOUHOCTH
BOJIOKOHHO-ONTHYECKUX CHUCTEM MOHMTOPHHIA, MPUMEHSIeMbIX, Halpumep, B 3ajayax pacrpeneqeéHHOro
u3MepeHus jeopMalMil U IMarHOCTHKU KPUTHUECKOH UH(PACTPYKTYPbI.

Kutouesble cnoBa: BosiokonHast ontuka, @azouyBeTBuTe IbHAS peduiekTomeTpusi, HrucaeHHoe MojieMpoBaHme

C.12.2 ®opmupoBaHue rojorpaduueckux U300paKeHHii B CHCTEMaX JI0NOJHEHHOI peajlbHOCTH Ha
OCHOBE r0JIOrPaMMHOT0 NepuckKona

T A. [amamounoé', E. IO. 3r0ka306'
"Hayuonanrorolil uccredosamenvckuil soeprolii ynusepcumem « MUPH», Mockesa, Poccust

B paGore wuccnenoBascsi mpoiiecc (GopMUpoBaHHs H300paxKEHHH KOMITbIOTEPHO-CHHTE3UPOBAHHBIMH
roJjorpaMMaMi B KOTE€PEHTHOH ONTHYECKOH CHCTeMe Ha OCHOBe (Da30BOr0O MPOCTPAHCTBEHHO-BPEMEHHOTO
MOJIy/ISITOpa CBeTa M roJiorpagMyeckoro BOJHOBOJHOTO MepUcKona. Dbiiv mpoBeneHbl KCEPUMEHTHI 10
ONTHYECKOMY BOCCTAHOBJIEHHIO KOHTYPHBIX M CIUIOLIHBIX H306paxKeHWH ¢ (a3oBbIX rosorpamm Ppenesns,
TakxKe OblJM MPOBEIEHbl KCIIEPUMEHTHI 10 BOCcCTaHOBJeHUIO 3D-cueH. PaccMoTpenbl pas/iuuHbie METO/bI
BBIBOJIA TOJIOTPAMM Ha MPOCTPAHCTBEHHO-BpeMeHHOH MofyssaTop cBeta ([ IBMC) u paznuunbie KoHpUrypaluu
ONTHYECKOH CXEMbI: MYJILTUIVIEKCHBIH BBIBOA TOJIOTPAMM, HCIOJb30BaHHE JeCleKsepa, pacroJoKeHue
TMJIOCKOCTH roJiorpauyeckoro nepuckona noj yriaom K niockoctu [IBMC, a takke nx koMOGHHALHUS.
KuttoueBble ciioBa: BOJIHOBOIHAS roJiorpadisi, hazoBble roJlorpaMMbl, KOMIBIOTEPHBIH CHHTE3, FOJI0rpaMMbl
DpeHenst
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Cexkuusa 13
HoBble npukaagHbie onTHYECKHE TEXHOJIOTUU

YcerHble nokaaapl

13.1 SKCl'lepl/lMeHTaJll)Hble UCCJIeJ0BaHUS MOrPeLIHOCTHU cmﬁu.nusauuu JIMHUHU BU3UPOBAHHUS ONTHKO-
3JIEeKTPOHHBIX cucTeM Habmonenus ([lpuerauiermolii)

I'. H. Mapkywun', B. B. Koporaes®, M. A. Uexos!, A. H. Uusanos!, M. M. Cumanosckuii', B. A. Poixkosa®

"AOTIO "YOM3 " r. Ekarepunbypr
2 Yuusepcurer UTMO, r. Caukr-ITerep6ypr

13.2 PedhpakromMeTphbl ¢ TEMMEpaTypPHOIt KOMIEHCALlMENd HA OCHOBE MEXXMOIOBbIX BOJIOKOHHO-ONTHYECKUX
uHrepdepomerpoB (/lpuerauierrolii)

A. A. Mapkgapr, J1. 1. 3aBanuuna, A. 9. Sapunos, JI. B. JInokymosuu, H. A. Yinakos
Cankm-Ilemepbypeckuii nosumexnuueckuil ynusepcumem lempa Beaukoeo, Cankm-Ilemepbype,
Poccus

B pa6ote paccMoTpeHbl MeKMOJIOBbIE HHTEP(HEPOMETPBI HA OCHOBE COCTABHBIX BOJIOKOHHO-ONTHUeCKUX SMS-
CTPYKTyp, OT aumi. singlemode-multimode-singlemode, u ux npuMeHeHHe B KauecTBe H3MepHTeNeH
nokasareJisi TipeJioMJieHHs] BHelHeH cpenibl. [IpuBeneHa meronyrka pacueTa CreKTpasbHBIX XapaKTePUCTHK
MHTEP(PEPOMETPOB U UX OTKJIHKA HA U3MEHEHHEe ToKa3aTesst MpeJoMJIeHUs] U TeMIepaTypbl BHEIIHEH CpPe/bl.
[Ipensioxken mopxon ydéra BJAMSHUS TeMIepaTypbl Ha pe3ysbTaTbhl U3MepeHHsl MOKa3aTess TMPeJoMJIeHHs
BHELIHEH Cpe/bl, 3aK/I0YalolMics B aHa/IH3€ OTKJMUKOB Pa3jMUHbIX HHTepP(EpeHLHOHHbIX KOMIOHEHT,
COOTBETCTBYIOLIMX PA3JIHYHBIM MapaM BOJOKOHHBIX MOJ, MpH nomollu npeobpazosannsi Oypoe. [Iposenensl
IKCIepUMeHTaIbHbIE HCC/IeI0BaHHUs MHTEP(HEPOMETPOB, TOrPYKEHHBIX B BOJHbIE PACTBOPbI IHLEPHHA
pasHbIX KoHlleHTpauui. [IpogeMoHcTpUpoBaHa BO3MOXKHOCTb OJHOBPEMEHHOTO H3MepeHHUsl KOHLEHTpaLKH
MIMLEpPHHa B PacTBOpe W TeMrepaTtypbl pactBopa. PaccMoTpeHbl 0COGEHHOCTH MPUMEHEHHSI UCKPETHOTO
npeo6pazoBanusi Pypbe 1 MpoaHaIU3MPOBAHBI TOIPELIHOCTH U3MEPEHUH.

KatoueBble ciioBa: MexXMOIOBbIH BOJIOKOHHBIH HHTepdepoMeTp, SMS, nokaszaresb npesomiieHus,
crnekTpaJjbHas HHTepdepomeTpusi, peoOpasoBatne Dyphe

13.3 PesonaHcHas cxema MUHUATIOPHOIO ONTHYECKOro MaroHuToMerpa ¢ UHCrnoJb30BaHUEM SPUN-BoJ0OKHa

A. A. Yyswizragos™?, B. A. Makcumenko!, A.V1. Jlupawsuiw®, B. B. Kpuiron'?

"Tepmckutl nayuorarbHoll uccae008aMeNbCKUL NOAUMeXHUYecKull ynusepcumem, e. [lepmo, Poccus
2[TAO [lepmckas Hayuro npoussodcmeennas npubopocmpoumenrsvruas komnanus, . [lepmo, Poccus
3 [laavresocmounslii 2ocyoapcmeennslii yHusepcumem nymeti coobujerus, e. Xabaposck, Poccus

B cratbe onucbiBaercsi pe3oHaHCHasi cXeMa MHHHATIOPHOTO OMTHYECKOTO MarHUTOMETPA C UCMOJb30BAHUEM
SPUN-Bo/iIOKHA ¥ HHTETPUPOBAHHBIX YETBEPTbBOJHOBBIX TJIACTHHOK. Takoe penieHue obecreunBaer
M3MEHEHHe COCTOSIHUSI TOJIIpU3alMK ¢ JIHHEHHOM Ha UMPKYJISPHYIO, UYTO 3HAYHUTEJbHO TOBBILIAET
UYBCTBUTEJILHOCTb NPUOOPA K c1aObiM MArHUTHBIM 0JisIM. HcnbiTaHusi MakeTa MarHMTOMeTpa 1oKasasu, 4yTo
MCI0JIb30BAHHE KPYrOBOH TOJISIpU3alliy M03BOJISIET JOCTHUbL 4yBcTBUTENbHOCTH jio 100 HTa. Koncrpykuus
OTJIMYAETCS] KOMIMAKTHOCTbIO M YCTOMUHBOCTBIO K BHELIHUM 1LIyMaM, YTO JIeJIaeT €€ MPUToAHON JIJIsi TPUMEeHEeHHUs]
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B MeJMIMHE, TEOMArHUTHBLIX HCCAEIOBAHUSX, JIJIS TOHCKA TI0JIE3HBIX HMCKOMAaeMbIX, B BbICOKOTOUHLIX
HABUTAlLMOHHBIX CHCTEMAX.
KatoueBble cioBa: Ontuueckuit maruutomerp, Pesonancnast cxema, SPUN-BosiokHo, [Tossipusanius

13.4 Oco6eHHOCTH NPUMEHEHHUS CMIEKTPAJIbHbIX CUCTEM KOHTPOJISi PU U3TOTOBJIEHUU
uHTepdepeHoHHbIX GuabTpoB ana UK nuanasona (/lpuesrauwiermolii)

A. H. Tponun
AO «HHUH «Tupuxkornds, Cankm-Ilemepbype, Poccus

st ucenenoBaHust 0COOEHHOCTEH HCIOJIb30BAHUSI CIIEKTPAJIbHBIX CHCTEM KOHTPOJsSi TP M3rOTOBJIEHHH
MH(ppaKpacHbIX HHTepepeHLMOHHbIX (DUIBTPOB peau30BaH MOAXO[, OCHOBAHHBIH Ha MOJEIHPOBAHUU
npouecca BaKyyMHOro —ocaxkaeHuss ToKpbiTHid. C  npuMeHeHHeM TpoUeaypbl TaK Ha3blBA€MOro
NpeANnpoU3BOACTBEHHOIO aHaJIM3a PACCMaTPUBAIOTCS PAa3J/IMUHbIE CTPATErHH KOHTPOJIS ocaxKaaeMblx cjoeB. Ha
npuMepe HEKOTOPbIX MHOTOCJOWHBIX TOHKOIJIEHOUHBIX CTPYKTYp MPOJEMOHCTPUPOBAHbI BO3MOXKHOCTH
yKazaHHOro noaxoia. Passutast B pabore npolenypa st onpejeseHuss HauOoJee MOAXOAALLEH CTpaTeruu
KOHTPOJIS TT03BOJISIET MOJy4YaTh BOCIPOU3BOJMMbBIE Pe3yJIbTaThl B TEXHOJOTHYECKHX MPOLECccax BAKyyMHOTO
OCaXKIEHHUS ONTHUYECKUX HMHTEeP(PEpPEHIIMOHHBIX MOKPBITHH. PaccMoTpeHbl HMeloliHecs OrpaHHueHHs |
NpUBEJIeHbl Pe3yJ/bTaThl MPAKTHUECKOTO MPUMEHEHHSsI CMEKTPAJbHBIX CUCTEM KOHTPOJISI MPHU M3rOTOBJEHHUH
NPeLU3UOHHBIX HH(PAKPACHBIX HHTEPPEPEHIHOHHBIX (PUIBTPOB.

KutoueBbie cioBa: uHTepepeHIHOHHbIH (DUIILTP, BaKyyMHOE OCAXKIAEHHE, MHOTOCJIOHHOE TOHKOMJIEHOUYHOE
NIOKPBITHE, CIIEKTPaJ/ibHasi CHCTEMa KOHTPOJIS

13.5 [IpuMeHeHUE CIEKTPOCKONMH KOMOMHALIMOHHOTO paccesiHUs 1151 aHaJiM3a coCcTaBa ra3oBoOM cMecu

A. B. lllenaes!, A. B. Bapbiues'
" Beepoccutickuil Hayuro-uccaedosamenvckutl uncmumym asmomamuru um. H.J1. [lyxosa, Mocksa,
Poccus

CrnekTpocKornusi KOMOUHALIHOHHOTO pACCesiHUsl HAXOAWT TPUMeHeHHe B aHaJMu3e COCTaBa ra3oBbIX CMeceH.
OjiHUM U3 KJIIOYEBBIX TPEUMYILECTB METO/IA SIBJISIETCS BO3MOXKHOCTh JIETEKTHPOBAHUS JIByXaTOMHbIX MOJIEKY.J
(Hz, O2 1 N2), uTo BaXKHO Jijist MOHUTOpPUHTA U 00ecriedeHusi 6€30MacHOCTH B SHEPTETHKE U ATOMHOM OTPAC/IH.
Bos6yxnennsi KOMGHHALIMOHHOTO pacCesiHUsT OCYIIECTBISAIOCH JIA3€POM C JVTMHON BOJIHBI 445 HM M BBIXOJHOH
MouiHocTbio 6 Br. Takune napameTpbl 1mo3BoJsiM/id 0GECTEUUTh BbICOKYIO UYBCTBUTEJBHOCTb M TOUHOCTH
uamepenuit, sroth 10 0,01 % 06., B noanom muanasone 0—100% 06. MccnenoBanuch aBe onTuyeckue
KOH(UTypalliK JeTEeKTHPOBAHHUs: C 0OpaTHBIM COOPOM PACCESTHHOTO M3JIyUeHHs] U B TEOMETPHH CKPElLEHHBIX
nyuxoB. [locyenHsisi mpojieMoHCTpUpPOBAJa CyLIECTBEHHO Jydlllee COOTHOLLEHHE CUTHAJ-1IYM, UTO JiejlaeT eé
60J1ee MPEANOUTUTENBHOH /ISl TPAKTUYECKOTO TPUMEHEHMUS.

KatoueBble cnosa: Ontuka, Cnekrpockonusi, Kom6uHauuonHoe paccesinus, [a3

13.6 OnTHuecKHe U He ONTHUECKHE METOAbl ITUATHOCTUKHU U KOHTPOJIS1 HOBOI'O MOKOJICHUS

A. T1. Bnagumupos'?

"Hnemumym mawurnosedenus ¥pO PAH umn. 3.C. lopkyrosa, Examepunbype, Poccus
2 Ypanrvckuil pedepanvroul ynusepcumem um. b.H. Exoyuna, Examepunbype, Poccus

Llenblo nokgana sijseTcst coobuleHne 00 UCIoJb30BaHHM HOBOIO ONTHYECKOr0 METOAA JJIsl OlpeleseHHs
neopMalMil ra3oBbIX, KUIAKHX U TBEPIbIX Cpel, U O Hayaje pa3pabOTKM Ha OCHOBE TMOJYYEHHbIX JaHHbBIX
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JIATYMKOB, METO/IOB M PUOOPOB KOHTPOJISI U IMAarHOCTHKH HOBOTO MoKoJienus. [lokaszaHo, 4To He perucTpalius
B pexKMMe peasibHOTO BpeMeHH MHOTOLMKJIOBOH YCTAJOCTH COBPEMEHHBIMH METOIAMH KOHTPOJIST 0ObSICHSETCS
6osblIol 6a30i uamepenus nopsika 1-100 MM, B To BpeMsi Kak rUranTckie 3pgeKTbl BOSHUKAIOT Ha ydacTKax
pasmepom nopsiaka 10 Mkm. Ha ocHoBe BbIsIBJIEHHBIX MeXaHH3MOB YCTaJIOCTH Psijia MaTE€PUHAJIOB MPEJIOKEHO
paspabaTbiBaTh ONTHYECKUE U HEOTITUUECKHE IATYHKK OCTATOUHOTO pecypca ieTaeil HOBOTO MOKOJEHHUSI.
3asiBKa J10/pKHA coflepaKaTh aHHOTaLUIo U3 oaHoro a63aua Ha 50—100 cioB. AHHOTALMS 10/KHA COlepKaTh He
BBEJICHHE, a ONHCAHHe COJlePXKaHUsl CTaTbW (KPAaTKO OIMHUCHIBATH 1M, HCIOJIb3YeMYI0 METO/0JIOTHIO,
MOJIyueHHbIE pe3yJbTaThl U UX 3HAYeHHE), NOJKHA ObITh CAMOJOCTATOUHOH M HE COMAEp:KaThb CChIIOK Ha
aurepatypy. KitoueBble cjioBa 10/KHbI BK/IOYaTh 3—8 [MyHKTOB.

KatoueBble caoBa: JlunaMuka cnekJ/oB, Yeranoctb, Paspylenne, OcraTounbii pecype

13.7 OnbIT Noly4eHUs1 U IPUMEHEHHUS B CEPUIHOM ONTHYECKOM MPOU3BOACTBE KOMOMHUPOBAHHbBIX
ONTHYECKUX 31€MEHTOB Ha OCHOBE MPELM3MOHHOrO PEMJIUIIMPOBAHUS C HCMOJb30BAHUEM MaJIOYCaIOUHbIX
NOJMMEPHBIX KOMMNO3ULIUI XOJOAHOTO OTBEPXKIAEHUS

M. M. Axmeros!, J1. B. Bopmioxka®, H. A. Typun?®, C. B. Kockosckuit', E. I. JTncosa', Auarosuii Bacusibesuy
Jykud!, A. H. Menbnukos!, H. I Mupxanos!, 1. A. Morumox!, 1. P. Hypmyxameros?, 1. B. Camoiiios?,
A. ®. Ckounnos!, O. B. dkosnes?

| — Akyuorneproe obuecmso «Hayurno-npoussodcmsernroe ob6vedurenue «locydapcmeerrolil
uHcmumym npuxkiadrnoi onmuxu s, Kasano, Poccus;

2 — Akyuoneproe obujecmso «Kasanckuili onmuko-mexanuieckuti 3a800», Kazaro, Poccus;

3 — Akyuoneproe obuecmso «Hosocubupckutl npubopocmpoumenrovrolii 3a600», Hosocubupck,
Poccus;

4 — Akyuoneproe obujecmso «lIpoussodcmeerroe o6vedunerue «Yparockui OnmuKo-
mexanudeckutl 3aso0» um. 3.C. flaamosa», Ekamepunbype, Poccus

B noknane npejcraBieHbl OCHOBHbIE TEXHOJOTMUECKHE ONepallMi U HOMEHKJIATypa PACXOIHBIX MaTepHaJoB
U151 TIOJTydeHUsT KOMOMHUPOBAHHBIX onTHUeCKHX 37eMeHTOB (KOJ). [TpuBenenbl pesynbraTbl KOMIIEKCHbIX
YCKOPEHHBIX UCTIBITAHUI HA COXPAHSIEMOCTb U KJIUMATHKY HECKOJIbKHUX passindHbix 00pasios KOI.
[TokasaHo, 4TO MO IOJTOBEUHOCTH, MEXaHUUECKOH TIPOUHOCTH, YCTOMUHBOCTH K BO3IEUCTBUIO Psiia
arpecCHUBHbBIX CPeJl M JIPYruX HeraTUBHbLIX hakTopoB KO 6/1M3KH K CBOMM UHCTO CTEKJITHHBIM aHaJjioram, a ux
ce6eCcTOMMOCTL MHOTOKpPATHO HiKe. O6cy:kaatoTest nepBble pedysibraThl puMeHenuss KO B pealibHbIX
OITHKO-3JIEKTPOHHbBIX YCTPOHUCTBAX.

KitoueBble ciioBa: KoMOGHHUPOBAHHBIN onTHUecKUil ajieMeHT, KoMnonenT, Acheprueckasi moBepXHOCTb,
[Ipeuusuontoe pensiiMpoBanue, MaJjoycanounas nosumepHasi komnosuuus, Poronoanmep, Macrep-
matpuua, OkyJsip.

13.8 Anmasnas TI'y aHTeHHa

Makcum CepreeBuy KomsieHoK, K. ¢h.-m. H.
Jlabopamopus aaseprotl onmuku nogepxrocmu Huemumyma obwetl gpusuxu um. A. M. [Ipoxoposa
PAH

70



{ XOMOSKCIMO

HayKa 1 npakTmka
Cexkuus 14
HeiipoceTeBble TeXHOJOIMU B POTOHUKE

YcerHble nokaaapl

14.1 [IpymMeHeHre apXUTEKTYpbl THMA TpaHchopMep AJia pelleHns 3a1aUM AeTEKIMY 00EKTOB B
MYJIbTUMOJAJIbHbBIX IAHHBIX CEHCOPOB 0€CMUJIOTHBIX aBTO

A. B. Tanamanosa', E. 0. 3m0ka3os/,
"Hayuornaroroiil uccredosamenvckutl sdeproitd yrusepcumem « MUDH», Mockea, Poccust

Jannasi pa6ora nocpsiilieHa pelieHuio 3aaun AeTeKUMH 0ObeKTOB B JIAHHBIX JIMAAPa U KaMepbl C MOMOLbIO
MoJed ry6okoro oOydenusi Tuna tpanchopmep. [IpuBenen noapo6Hblil 0630p U CHCTEMAaTHUECKUH aHAJIN3
CYILLLECTBYIOLIUX APXUTEKTYP, BBIABJSIOIMHA KJOUEBbIE OrpaHHYeHHsT B 00pabOTKE MPOCTPAHCTBEHHO-
BpEMEHHbIX KOppessiliui Mexy ceHcopaMmu. Ha ocHoBe npoaHa/u3upoBaHHBIX pellleHHH NPeNIoKeH psi
yJydllleHHd, pa3paboTaHbl apXUTEKTypbl-KaHauaaThl. [lpeactaBjieHbl W MpoaHalU3UPOBaHbl Pe3yJibTaThl
TECTUPOBAaHHUSA NPEIJIOKEHHBIX aPXHTEKTYP.

KioueBble cioBa: becrinsoTHble TexHosoruu, letekuus o6bekToB, Apxutektypa tpanchopmep, Jlunap,
Kamepa

14.2 OnepaTUBHBIN CUHTE3 KOMIbIOTEPHBIX rojiorpamm 3D-cLieH ¢ MCnoJb30BaHUEM HEHPOHHBIX ceTel

JI.A. PoimoB, T.A. Tatatiunos, A.B. [ludpuna, E.1O. 3nokazos, I1. A. Uepémxun, P. C. Crapukos
Hayuonanonuoiii uccredosamenvcxutl sdeproiti ynusepcumem «MHDPH », Mocksa, Poccus

[IpesncraBien pa3paGoTaHHbI HeUTepaTHBHBIH HeHpoceTeBOH MeTo CHHTe3a (PA30BbIX KOMITBIOTEPHbIX
rosiorpamm 3D-cuien. Jlns o6yueHusi HEHPOHHOK CETH HCMOJIb30BaJICsl HAOOp Cay4ailHO CreHepupPOBaHHBIX
npocTbiXx 06beKToB (KpyroB). OOyueHHAsi HEHpPOCETb B HECKOJNBKO Pa3 MPEBOCXOAUT TPaAMLMOHHbBIH
UTEPAaTHBHbBIA aJArOPUTM 0 ObICTPOAEHCTBHIO, 6e3 MoTepH KauecTBa. PesysbraThl MOATBEPKAAIOTCS B XO/1€
OLIeHKH KayecTBa U300pazKeHH YUCAEHHO U ONITHYECKH BOCCTAHOBJIEHHBIX H3 CHHTE3HPOBAHHbIX TOJIOFPAMM.
KanioueBbie ciioBa: Tonorpadus, udpakiupontble ontuieckue sjaemMenTsl, Heliponnsle cetn, MauinnHoe
obyueHue

14.3 Ha6op npouenypHo reHepupyeMbIX OUOJOTMUECKUX KJIETOK Jijisl 0OyueHUs HEHPOHHbIX ceTeil B
urdpoBoii rosorpaduu

A. C. Cpucrynos, /1. A. Puivos, P. C. Crapukos., I1. A. Hepémxun, H. H. EBtuxues
Hayuonanonoii uccaedosamenvckuti sdeprolii ynusepcumem « MHPH »

Mbl npejiaraeM HCroJib3oBaTh HAOOP AAHHBIX, COCTOSILLMI U3 MPOLLEyPHO CreHEPUPOBAHHBIX OMOJOTHYECKHUX
KJIETOK JIByX THIIOB, OCHOBAHHbBI Ha pealibHbIX H300pazKeHUsIX KIeTOK A/1s1 o6yueHns: HelipoHHblx ceTeil (HC).
Bblnn npoBeneHbl SKCMEPUMEHTHI MO KAACCH(UKALIMY KJIETOK U PEKOHCTPYKUMH H306paKeHUH ¢ LIH(POBBIX
rosorpamm. TouHocTh Kaaccudukauuu 6bina Boie 99 % Kak npu UCMoJb30BaHHH H300paXKEeHUi KIETOK, TaK
M MX rojiorpaMM. 3ajgada peKOHCTPYKLMH M300paKeHuH TakKe Oblia ycreliHo pelieHa. Takum o6paszom,
NpeyIoXKeHHbI Habop AaHHbIX MOXKET MPUMeHsSITbCs it oOydennss HC B Taknx o6/acTsx Kak MeIUIIMHA 1
OHOJIOTHS.
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KatoueBnle cnoBa: Ludposas ronorpadus, Hab6opsl nanubix, [iy6okoe o6yuenue, HelipoHHble ceTH,
bBuosiornueckue kiaetku, PekoHerpykius n3oopaxkenuil, KomnbiorepHas rosiorpadgus

14.4 Peuienue oO6paTHoii 3anaun qudpakuuu s IPOCTPAHCTBEHHBIX MOJIYJIITOPOB CBETA C YYETOM
CTPYKTYPbI IY€HKH C MOMOILbIO MAIIMHHOTO 00yUeHus

C. C. Yyrynos, C. U. Cniupunonos, A. A. [llep6akoB
Qusuueckuil paxysomem, Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

PaspaGotana HeilpoHHasi ceTb, MpeJcKasdbiBaiollasi (yHKIMIO MpOrycKaHust (asoBbIX MPOCTPAHCTBEHHBIX
MOJIYJIITOPOB CBETa, YUYHUTHIBAIOLLYIO B3aUMOJEHCTBHE MexIy MHUKcegasiMU. Pypbe-MoaanibHbIM METOIOM
paccuuTbiBaeTcsi pas3oBblil HAGEr LEHTPATBLHOTO MHKCEJIS ¢ YUETOM BJMSHUSA BOCbMH coceHnX. C MOMOllbIo
TOTO MeTojla CreHepupoBaH HaGop NaHHBIX, CoAepxKalllMid (asoBble HAOErw Ui Pa3/HUHBIX 3aJaHHBIX
COCTOSIHHH JIByMepHOH CTPyKTypbl. CTPYKTypa COCTOUT U3 JIEBSTH MUKCEJIEH MOIYJISITOPa, PacroioxKeHHbIX B
opme kBanpata. OGyueHHasi MOJIEJIb TTIO3BOJISIET 32 KOPOTKOE BPEMsI MPEACKA3bIBATh (DYHKIIMIO MTPOMYCKAHUS
AJ151 MOJLyJISITOPOB, COCTOSILIMX W3 GOJIbLIOrO Yhc/aa nukceaeil. Mojesnb npuMeHeHa /st MoMcKa YMCJI€HHOTO
pelLIeHus MpsIMOH 3a1a4n AMdpakLUy U 3aaul GOPMHUPOBAHHUS MydKa 3alaHHOH (POPMBbI.

Kimouesebie cioa: Onruka, [TpoctpancTBeHHble Moy asaTopbl cBeTa, Matnnnoe o6yuenne, Hefiponnble
ceTu, DPdeKT oKalMIIAIoLIEro N0

14.5 OnTHueckas knaccuukauus U300paKeHuil Ha pa3JnYHbIX AJIMHAX BOJH C UCMOJb30BaHUEM
CMEKTPaNbHbIX IM(PPAKUMOHHBIX HEHPOHHBIX ceTel

[ A. Mors"?, 1. B. Cownnkos"?, JI. JI. Jockonosuu"?, E. B. Buizos"? E. A. Besyc"?, JI. A. Boikos"?,

H. B. TosioBacTikos"?

"Hnemumym cucmem obpabomru usobpasceruti, HHL| « Kypuamosckuii uncmumyms», Camapa

? Camapckutl HayuoraroHblLl ucciedosamenvekull yrusepcumem umenu akademurxa C.I1. Kopoaésa,
Camapa, Poccus

[Ipensioxken meron pacuera aucpaximonHHoil Heilponno# cetu (JIHC) nna peuienusi pasiauunbix 3anad
Kaaccuukauun M300paKeHHH Ha pas/iMuHbIX JJMHAX BOJH. B pamkax merona 3amaya pacuera JIHC
(hopmyspyeTcsl Kak 3ajadya MUHUMH3alUKd (PYHKIMOHAMA, 3aBUCALIEro OT (DYHKIMH BBICOT MHKpopesbeda
JTUPPAKIMOHHBIX ONTHUECKHX 3JeMeHToB, obpasytoumx JIHC, u npencraBssioniero omuOKy pelieHust
3alaHHbIX 3313y KJIaCCH(HUKALMK HA PACYETHBIX JJAHHAX BOJH. JlJ1s1 TPOM3BOAHBIX (DYHKLMOHA/A TTOJMy4Y€eHbl
SIBHble BBbIPaXKEHHUs, WU Ha 3TOH OCHOBe C(OPMYJMPOBAH TPAJMEHTHBIH METO] pacueTa JU(PaKIHOHHON
HeHpoHHOH ceTH. C MCNO/IB30BAHUEM MPEIOKEHHOTO rpajieHTHOro Meroaa paccunranbl JJHC s petrenus
TpexX pas/HuHbIX 3ajlau KjaaccudUKaluu H300paXKeHUil Ha Tpex AJAMHAaX BoJiH. [IpencraBientblie pesysbrathbl
MoJe/upoBaHusl  paboThl paccunTaHHblx JIHC nemoHctpupytor Xopowwe pabouve XapaKTepHCTHKH
NpeVIoKEHHOro MeTo/1a.

KitoueBble cioBa: 3anaua knaccudukaunu uzobpaxenuit, Jlndpakuuonnas Heiipontas cetb, Kackanubii
JHpaKUMOHHBINH ONTHUECKUH dJ1eMeHT, JIndpaxkiponHbiii Mukpopenbed, CkassipHas Teopusi AMdpaKiyiH,
Onrumusauys, [pajreHTHbIN MeTO,
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ApxutekTypa XOJTOIKCIMO 2025

aTa,
n 3an “ypan 1+2+3" 3an " Accenb“ _
Bpems

S R
10:00-300 | Pewnan nporynka o pexe Beno (kcgpom Y
18:00-2000 e (nemneyanransnaopaal

9 cenTapn, STopHK I R
08301800 | Pervcrpawmysacmcs |
09000830 Ongwmeronpepeu

9:30-11:00 MneHapHoe 3acepaxue (YacTb 1)

001130 Koge-peie I S

11:30-13:00 MneHapHoe 3acepaHue (YacTb 1)

13:00-14:00

14:00-15:30 Cekumsa 1 (yacTb 1)

Cekuusa 7 (yactb 1)

15:30-16:00 Koge-6penk
16:00-17:45 Cekums 1 (yacTb 2) Cekuusa 7 (yactb 2)

8001830 Oouiee doro yemEmmos |
18:30-22:00 TMPMBETCTBEHHBIN KOKTEb B pecTopaHe oTena REKA _

(Ocenmopropesa |
0900-18:00  Pervetpaumyuseramos ||
9:00-11:00 MneHapHoe 3acegaHune (YacTb 2)
Moo Kegespew
11:30-13:15 Cekups 4 Cekums 9 _
e O

W16 Conwns Corn e
1630700 Koge-gpem e
17:00-18:30 Cekums 10 (yacTb 1) Cekuusi 14 _

18:30-19:30 Crenoase gouraa s Mociea)|

1 centsopa, sersepr I
0800300 | Perucrpamysectmos |

09:00-11:00 Cekuua 2 Cekuusa 8

I
11:15-12:45 Cekumsa 3 Cekumsa 11 (yacTb 1)
zasms osea
13:45-15:00 Cekups 10 (yacTb 2) Cekums 11 (yacTb 2) _
Mepepue I
15:15-16:30 Cekums 12 + Cekuus 13 (yactb 1) Cekums 11 (yactb 3)
Kogespei I
15:30-17:00 Cekumsa 13 (yacTb 2) Cekumsa 11 (yacTb 4)

7:00-17:30  Sapumerowpepes | ]
18:30-22:30 Top>xxecTBeHHbIM YxxnH B 'K3 BawkopoTocTaH (BcTpeya y otens)

OKcKypcusa B HauMoHanbHbIn My3ei Pecny6nuku bawkoptoctaH [ BIXM
09:00-18:00 o= . . . -
MMeHu M.B. HecTepoBa
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