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[IporpaMmMHbBI KOMUTET

[Ipencenatesns mporpammuoro kKomuteta BenemukroB Baagumup HOpbeBuu, noxktop usnko-
maremaTHyeckux Hayk, rnpocgeccop Cankr-IleTepOyprckoro rocyaapcTBeHHOr0 3J€KTPOTEXHHYECKOro
yHuuBepcutera «JIDTH» umenn B. W. Yabauora (Jlenuna), Caukr-Iletep6ypr, Poccusi.

3amectureb npeaceaatessi nporpammuoro komurera Fpeiicyx [puropuii UcaeBuu, 10KTOp TEXHHUECKHUX
Hayk, npodeccop, 3aBeytolini Kadeapoi GU3ukn U xuMuu [leH3eHCKOro rocylapcTBEHHOTO YHHBEPCUTETA
ApXUTEKTYPhl U CTpouTeNbeTBa, [lensa, Poccus.

Tauun Jleonun BukropoBuu, [loueTHbiil ueH nporpaMMHOrO KOMUTETA, TOKTOP (PU3UKO-MaTeMaTHUECKHUX
HayK, akajeMuK MexXyHapoaHoi nHxkeHepHo# akagemud (MHA), unen Coseta npesunentoB MUA, riaBHbI#
coBeTHUK 3A0 «['OJIOTPAOMYECKAS MHIYCTPUS», Munck, benapych

[aBabiueBa Hanexna KoncrantunoBHa, [ToueTHblil uneH nporpaMMHOro0 KOMHTeTa, JAOKTOP TeXHHUECKHUX
Hayk, nmpoceccop Kaszanckoro HallHoHaIbHOTO HCC/IEI0BATENbCKOTO TEXHHUECKOT0 YHIBepcHTeTa nMeHH A. H.
Tynonesa — KAM, Kazanb, Poccusi.

BapbiunukoB Hukonait BacuabeBuu, 10KTOp TexHuuyeckKnx Hayk, mnpodeccop, aupekrop HHMHN PJI
MITY um. H. 3. baymana, Mocksa, Poccusi.

BuwnsikoB NenHanuii HukonaeBuu, TOKTOp TeXHHUECKHX HaykK, rpodeccop, 3aBeiyloluil JabopaToprei
®I'VIT «Beepoccuiickol HaydHO-HCCAEIOBATENBCKUH HHCTUTYT ONTHKO-(PU3NUECKUX H3MepeHnH», Mockaa,
Poccust.

lNony6eBa Tatbsina OpbeBHa, 10KTOp (hH3HKO-MaTeMaTHYECKHX HAYK, Tpodeccop Kadeapsl Ob1ielt pUanku-
| Cankr-Ilerep6yprckoro rocynapersentoro ynusepeurera, Cankr-Ilerepbypr, Poccusi.

Hdevmun Bukrop BaneHTuHoBuMu, KanmumaT (puU3HKO-MaTeMaTHUeCKMX HayK, JOLIEHT, MEpBbIH MPOPEKTOp
HauuoHnasnbHoro necsenoBaresibeckoro Tomekoro rocyaaperseHHoro yuusepeutera, Tomek, Poccus.

HpaueB Baagumup [NpokonbeBud, 10KTOp (HDH3UKO-MaTeMaTHUECKUX HayK, CKOJKOBCKHE HHCTUTYT HayKH
TexHoJiorui, Mockna, Poccust.

3axapoe HOpuit HukonaeBuu, kanmuaat (H3HKO-MaTeMaTHYeCKUX HayK, MpenojaBaTesb MeJIUIHHbI
[apBapyckoin  MenuuuHckod 1kosbl, Crapuinit Hayunbifi  cotpyiHuk BIDMC Ilentpa mnepenoBoi
GUOMEMIIMHCKOH BU3yasi3aluu 1 hotoHuKH, ['apBapackuit ynusepeutet, bocron, CIIA

3nokazoB Esrenuii HOpbeBuu, n0KTOp (PU3MKO-MaTeMaTHUECKUX Hayk, mnpodeccop Hauponanbuoro
Uceie/IoBaTebekoro siaepHoro yauepcutera « MU ®M», Mockga, Poccusi.

KaiitykoB Uepmen Bopucosuu, nayunbiii koncyabrant AO «HTLL «ATJIAC», Mocksa, Poccusi.

KoBaneB Muxaun CepreeBuu, KaHauaaT TexHuueckux Hayk, noueHt MI'TY um. H. 9. Baymana, crapumii
HayuHblil coTpynHuk OKP® ®dusnueckoro uncruryra umenu [1. H. JleGenesa PAH, Mocksa, Poccust.

KopoabkoB Bukrop [laBioBuu, j0KTOp TeXHUUYECKHUX HAYK, 3aMECTHUTEJb JUPEKTOpa Mo HayuHoOH paboTe,
3aBeylolil jaboparopueit mudpakimontoi ontuku MAud CO PAH, Hosocu6upck, Poccust.

Koporaes Banepuit BukropoBuu, 10KTOp TexHHYeCKHX HayK, rnpodeccop Yuusepcuretra UTMO, raasnubiii
penaxktop OnTtuueckoro xypuasna, Cankt-Iletep6ypr, Poccust.

Kotasip Bukrop BukropoBuu, 10KTOp pU3HKO-MaTeMaTHUeCKUX HayK, podeccopy Kadeapbl TeXHUUECKOH
kub6epretkn CI'AY, 3aBenytoliemy Jabopatopueii sazepHbix uamepenunii MCOW PAH, Camapa, Poccust

Kynpsiwos Cepreit UBaHOBHMY, NOKTOp (PU3MKO-MaTeMaTHYECKUX HAYK, BeAyLIMH Hay4YHbIH COTPYIHHK,
3aBejlylollil JabopaTopuer JiazepHOH HAHOPU3UKKM U OHOMeNUUMHBI, [leHTp Jia3epHbIX W HeJIMHEHHO-
onTHYeCKUX TexHoJorui, OTnenenne kBanToBo# pagrodusnku um. H.I'. Bacosa, ®uanuecknii HHCTUTYT UM.
[1.H. Jle6enera (PHMAH), Mockga, Poccus.

Kyraysipos Pycnan BaapumupoBuu, KaoauaaT TexXHMUeCKHX HayK, jupektop llIkosibl mepcrnekTUBHbBIX
UCCJIEJIOBAHUH U TEXHOJIOTHH (DOTOHHKH ¥ PUMCKOT0 YHUBEPCHTETA HAYKH U TeXHOJIoTHH, Yda, Poccus
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Jlykun Baapumup IerpoBuu, 10kTop hrsnko-mMaTeMaTHIeCKUX HayK, 3aBeytoliuil Jabopatopuein TOA CO
PAH, Tomck, Poccust.

HukonopoB Hukonaii BaneHTuHOBHY, 10KTOp (PHU3HKO-MaTeMaTHUECKHX Hayk, Tpodeccop YHUBepCHTETa
NTMO, Caukr-Iletep6ypr, Poccusi.

[lerpoB Bukrop MuxainoBuy, 10KTop pU3MKO-MaTeMaTHYECKUX HAYK, TJIaBHbIH HayuHbIH cOTpyaIHHK CaHKT-
[TetepOyprckoro rocynaperBentoro yuusepeurera, Caukr-Ilerep6ypr, Poccusi.

[lerpos Hukonait BaagumupoBuY, J0KTOp (DU3HKO-MATEMAaTHUECKHX HAyK, PYKOBOJAUTEJbL JlabopaTOpHH
1M poBOH U M300pazuTesibHOl rosorpaduu, npodeccop Yuusepceutera MTMO, Cankr-Iletep6ypr, Poccus.

Myruaun Auppeit Hukonaesuu, KauuuiaT GU3UKO-MaTeMaTHUECKUX HayK, Pu3nuecKknil HHCTUTYT UMeHH 1.
H. Jle6enesa PAH, Mocksa, Poccus.

CkupanoB Poman BacuabeBuu, 10KTOp (DH3MKO-MaTeMaTHUECKHX HaykK, npodeccop, MHCTHTYT cucTem
o6pabotkn uzobpaxkenust PAH — dunnan OHUL «Kpucrannorpagpus u doronnka» PAH, Camapckuii
aspokocmuueckuil ynusepeutet umenu C. I'1. Koposnesa, Camapa, Poccusi.

Conomaiienko Aprém BopucoBuu, HaydHbIll COTPYIHHK, pyKoBoauTesb JlaGopatopuu «lonorpadus u
BoJiIHOBOAHAs ontika» MI'TY um. H.3. baymana, Mocksa, Poccusi.

Crpayne Cranucaas CepreeBuy, KaHauaaT (pU3UKO-MaTeMaTHYeCKUX HayK, JIOLEHT Kadenpbl Kantopoii
3J1eKTpoHuKH, OTienenne paquodusnku, Guanueckuii paxynbret, MIY umenn M. B. Jlomonocosa.

Tyuun Banepuit BukropoBuu, uien-koppecrnonneHt PAH, npodeccop, 10KTOp (hH3MKO-MaTeMaTHUECKHX
HayK, 3aBejlyrollMi Kadenpoil onTHKA W 6MooToHHKH, CapaTOBCKHUI HallMOHAJbHBIH MCCJe10BaTeIbCKUH
rocyiapctBeHHbiil ynuepeutet umenn H. I'. UepnbiiieBckoro, Caparos, Poccusi.

Llampaii Anekcanap BanepbeBuu, 10KTOp (hU3MKO-MaTeMaTHUYeCKUX HayK, 3aBelylollui JabopaTopue
KBAaHTOBOH 3/1eKTPOHHKH Pusnko-TexHuueckuii HHCTUTYT nMenn A. @. Modde PAH, Cankr-Iletepbypr



{ XOMOSKCIMO

HayKa 1 MpakTka

[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 H3JY4YeHHIO/JeTeKTHPOBAHHMIO ONTHUECKHX
BUXpEH MePreHNKYNAIPHO  TMJIOCKOCTH — UHIa 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 JUIMHE BOJIHbI (Ha OCHOBE
MOMC-duabTpoB, a Takxke 00eIHEHHOro pn-nepexona). B KauecTBe ajibTepHATHBHOTO 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 MOJOBbIM pasesieHHeM, MHTerpaJjbHasi poToHHKa

1.2 ®oToHuka u ONTO3JEKTPOHHKA HA OCHOBE raJloreHUuAHbIX N€POBCKUTOB

Makapos Cepreii BaanumupoBud, a. ¢.-M. H., npodeccop, 3aBelyolmid JabopaTopued rUuOPUAHON
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 MUKPOCTPYKTYPbI i1l CBEPXObICTPOr0 YIpaBJeHHUs CIIMHAMU C MOMOLIbIO Ja3ePHbIX
MMIYJIbCOB

B.U. Besioreson ', 10kTop HU3HKO-MATEMATHYECKHMX 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/IEHICTBOBATD HA CITMHBI MATHUTHBIX MaTePHAJIOB, BbISbIBATb UX IIPELECCHIO, BO3OYKIATh CIIHHOBLIE BOJIHBI.
OnHako 3(Pp@eKTHBHOCTb TAaKOro B3aUMOJeHCTBHs Masa. E€ MOXKHO 3HAUMTEe/IbHO YBEJMYHTb C [TOMOLLBIO
CleLHabHbIX HAHO- H MUKPOCTPYKTYP, B KOTOPBIX JIa3€PHbI€ HMITYJ/IbChbl BO30YKAAIOT PA3JIMUHbIE ONTHYECKHE
MOJbl, OGJiarogapst KOTOPbIM ONTHYECKOE M3JyuyeHHe JIOKAJIU3yeTcst B 00JIaCTH MAarHUTHONO MaTepualia, H
3(hheKTHBHOCTb BO3JCHCTBUS 3aMeTHO Bo3pacTaeT. Hapsily ¢ 3THM, BO3HMKAIOT HOBble ONTOMArHOHHblE
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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

[1.5 Ludpoas rosorpacdus yacTuii 1 MeTO/bl MOBbILLIEHUS €€ 3(h(PEeKTUBHOCTH B pa3IMUHbIX KJaccax
3ajgay

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

Hayuonanonuoiii uccaedosamenvckui Tomckuti cocydapemeennoitl ynugepcumem, Tomck, Poccus

PaccmarpuBaioTess  BO3MOXKHOCTH — LMPOBOH  rojiorpaduu  yacTuil, OOYCJOBJEHHblE CBOHCTBAMH
pErucTpupyeMbIX 4YacTHI[ M TapamMeTpaMH HCMOJb3yeMOH CXeMbl M arnmnapaTypbl, METO/bl H3BJIEUEHUS
MHpOpMalMd K3 LMAPOBBIX ToJiOTpaMM O pa3Mepax, ¢opmax, KOOpAHHATAX, IMHAMHKE YacCTHIl, HX
pacnosHaBanus. [lpeniorkeHa maTemMaTuueckass MOJeJb ONTHUECKOH CXEMbl JIByX3TAMHOrO Tpolecca
TOJIy4eHHs1 H300paKeHHsl YaCTHLL B 0CeBOl LIMPOBOI roJorpamme, cylecTBenHo (10 1-2% ) nosbiwaoias
TOUHOCTb OIpe/ieIeHUsT Pa3MepoB U KOOpAMHAT yacTull. PaspaGoTaHbl HECKOJbKO BapUaHTOB 1M(POBOH
roJiorpapuuecKoil Kamepbl JIJIsi HAaTYPHBIX MCCJEI0BAHUH TMJIAHKTOHA MPH MOHHUTOPHHIE 3SKOJOTHYECKOTO
COCTOSIHHSI aKBAaTOPHH, a TaKxXKe JIJIst rosiorpauieckKoro HCCeI0BaHUs ONTHUECKUX MaTepHrasioB. [1puBeneHb
pe3yJibTaThl IKCNEAUIMOHHBIX HCCIeloBaHui naaHkToHa B Kapckom, bapeniieBom, HepHom Mmopsix, o3epe
Bafikan, a TakxKe rojorpadueckoro HCCaeoBaHtst 00bEMHBIX 1e(DEKTOB H ONTHYECKOTO TPo60osi B KPUCTAJLJIE
ZnGeP2

KumoueBbie cioBa: uudposasi rosorpacusi 4acTull, MOABOAHAS rosiorpadus MiaHKTOHA, roJorpaduueckie
MCCJ/Ie0BAHUS ONTHUECKUX MATEPHAJIOB, METO/Ibl U3BJI€UEHHST MH(OPMALIMH

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 TexHonoruu uaTerpanbHoi (POTOHUKH OT BUAUMOTo 10 cpeaHero UK-nuanazona

Ponnonos Uibsi AnarosbeBud, K. m.H., dupekmop cosmecmuoeo HOLl PMH MI'TY um. H.9. baymana u
DIyl "BHHHA"

'MITY um. H. 3. baymana, Mocksa, Poccust

“Pedeparvhoe  eocydapcmeennoe  ynumapHoe — npeonpusmue  «Bcepocculickuil  HAy4HO-
uccaedosamenvckui uncmumym asmomamuxu um. H.J1. /lyxosas, Mockea, Poccus

1.8 OnTHueckre KBAHTOBbIE BbIUUCJIEHUS B JUCKPETHbIX MEPEMEHHDbIX

Bauiykesuy Esrenuit Anekcanaposuy, K..-M.H., ouent, B.A. Jleonos, P. Cypmaii, E.H. Bauimaxkosa, T.1O.
[onyGeBa

Cankm-Ilemepbypeckuii eocydapcmaennolli ynusepcumem, Cankm-Illemepbype, Poccus

ﬂOK.}]aﬂ. [MOCBsILLEH COBPEMEHHOMY COCTOSIHHIO HccJe0BaHUN B 00J1aCTH KBAHTOBbLIX BbIYMCJEHUU B
JUCKPETHBLIX TEePEMEHHbIX. OcHoBHOH AKLEHT 6y11€T cJesiaH Ha OINTUYECKHX KBAHTOBbLIX BbIYHCJUTEJ/AX H
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cumyasitopax. [1pu 3ToM OGyayT TeopeTHUeCKH pacCMOTpEHbl MPEUMYIIECTBA U HEAOCTATKH MCMOJb30BAHUS
(hOoTOHOB B KauecTBe HOCcUTeJIeH HH(OPMALIUH, 8 TAKXKE TTPOIEMOHCTPUPOBAHBI MOJIE/IH BBIUUCIEHUH HE TONBKO
C UCTIOJIb30BaHWEM OUHAPHOH JIOTHKH (KyOUTOB), HO M Ha CHCTeMax 0GoJiee BBICOKOH pa3MepHOCTH (KylUTax).
Bynet npoBenen noapoGHbIi aHa/IM3 CYLIECTBYIOLIMX IKCIEPUMEHTANbHBIX peau3allii, a TakKe 3aTPOHYT
BOIPOC 00/1aCTH X MPUMEHUMOCTH JI/ISl PELLIEHUST CJIOXKHBIX BBIYUCTUTEbHBIX 3a1a4.

KitoueBbie cJioBa: KBaHTOBbIE BbIYHCJIEHHS1, KBAHTOBAs1 I/IHqI)OpMaTHKa, OIITHYECKHE KYGHTbI, OIITHYECKHE
KYyIAHUThI, JIOTHYECKUE BEHTHJIHU

1.9 MynbTUMOIOBbBIE C2KaTble COCTOSIHUS CBeTa

[lapanosa [TosnHa PonnonoBHa, K.gb.-M.H., pyKo80OOUMeAb HAYUHOU epynibl

Poccuiickuii ksanmosuiil yeump, Mocksa, Poccus

[1.10 Tonorpaduueckoe TV u 3D nonosHeHHas peajbHOCTb

[oitmn Cepreit AnekcanpoBuy, . §.-M. H., JOUEHT

Cubupckuil eocydapcmsentblil yHusepcumem ceocucmem u mexuoaoeuil, Hosocubupck, Poccus

[Tokaszanbl MyTH ¥ OCHOBHbIE pe3yJsbTaThl co3naHust cucteM rosorpaguyeckoro TV u 3D nonosHeHHOH
peasibHocTH. BuHaHO, uTO Bce 3Tambl Mcc/en0BaHMH ObLIM BHEpPBble MpecTaBjaeHbl Ha KOH(epeHLHsX
[OJIOIKCIIO 3a nocnennee necarunerre. Mx ananus nokaswsiBaet, uto npodJema rosorpaduueckoro TV u
3D nonosiHeHHOM peabHOCTH ILIMPOKO BOCTIPUHATA HAYYHOH 06111€CTBEHHOCTBIO, YTO BBI3BAHO BO3MOMKHOCTbIO
MCIOJIb30BAHMS NPEIOKEHHBIX HAYYHO — TE€XHMUECKHX pellieHHi KaK B Pa3BUTHH psiia HayuHbIX, TaK U psijia
MPUKJIAAHbIX TEXHHUECKHX 3a/1a4, B TOM UHMCJ/Ie B 3a/1aUaX CTHIKOBKH O€CMUJIOTHBIX aNnapaTtoB B KOCMOCE U O]
BOJIOM MJIM yrpaBiieHdsi paboTaMH B OMacHbIX NMPOU3BOACTBAX. Hapsity ¢ y:Ke peann3oBaHHBIMH STarnamu
MpoeKTa MoKa3aHbl 3Tarbl, KOTOPble MPEACTOUT TMPOUTH A8 peasnusalyl NpoeKTa U OTKPbIBAIOLIMXCS MM
HOBBIX HaNpaBJeHHH HCC/IeI0BAHUH.

Kitouebie cioa: [Nosiorpadus, [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 Jjisl MEXKCMYTHUKOBOW 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

[IpescraB/ieHbl pe3y/bTaThl SKCIEPUMEHTANBLHOTO HCC/IEIOBAHUS KOJUIMMALIMK JIa3€PHOTO H3JyueHHsT 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 KOJUUECTBOM BHYTPEHHUX OTPAKEHHUH /151 yMEHbILIEHUS 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
cryTHHKaxX hopmata Kyocar. [IpuBesieHbl pe3yibTaThl MOIIEJIMPOBAHHUS H HATYPHOTO 9KCIIEPUMEHTA.

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

1.2 MeTtoa onopHbIX KBaJIPUK B 3aJaue CUHTe3a IU(PPaKUMOHHBIX ONTUYECKHUX 3J1EMEHTOB B
NpUOJIHKEHUH CKANIPHOI TeOpuu AU pakumu

I B. Cowmnukos' 2, JI. JI. Jockonouu' 2, A. A. Munrasos' 2, E. A. Besyc! 2, JI. A. Boikos!?

" Huemumym cucmem o6pabomru uzobpancenuti, HUL| « Kypuamosckuii uncmumyms, Camapa,
Poccus

? Camapcekuil HayuorarvHoLil ucciedosamervekull ynusepcumem umenu akademuxa C.I1. Kopoaésa,
Canmapa, Poccus

PaspaGoran Bapuant metoja onopubix KBaapuk (MOK) nns peuienusi o6paTHoil 3a1aun pacuera (pa3oBok
(yHKUMH audpakurmoHHoro ontudeckoro ssnementa (J1O3J), dopmupyioliero 3agaHHoe pacnpeseseHue
MHTEHCUBHOCTH, B paMKax CKassipHOH Teopuu audpakuud. B pamkax metona cazoBas ¢ynkuus 1O
NpeacTaBjeHa B MapaMeTPUUECcKOM BHJE, COOTBETCTBYIOLEM CyNeprno3uldi (asoBbIX (QYHKIMHA JHH3
(kBazpuK). Pacuer mapameTpoB KBajipuK OCHOBAH HA FPAJMEHTHOM METOJe MUHUMHU3ALUMK (DYHKIIMH OLIHOKH,
NpeCTaB/SIONMA  OTInuMe (PopMUpPyeMoro H TpeOyeMoro pacripenesieHdd MHTEHCHBHOCTH B paMKax
cKassipHoH Teopuu audpaximu. [Ipu 3TOM npousBojiHble (YHKUMH OLIMOKK 1O TapameTpaM KBaJpHK
noJiyueHbl B aHaJauTHUecKoM Bujle. [IpencraBnennbie npuMepsbl pacueta JIOD mist popMUpoBaHUs 3a1aHHBIX
pacrpeseieHHi MHHTEHCUBHOCTH IEMOHCTPHPYIOT X0Opollie paboyne XapaKTepuCTHKH METOA.

KaioueBbie cioBa: JIndpakunoHHblil ontuuecku saeMent, O6patHast 3anaua, MeTos onopHbIX KBAJIPUK,
[Ipubankenue reomerpuueckor onthku, CkansipHasi Teopust M pakuuu, ['pareHTHbIl MeTo]L
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1.3 MeToj, hopmMHUpoBaHUs TUNEPCNIEKTPAJIbHBIX CJ10€B HA OCHOBE HA0Opa H300paXKeHHUH,
c(hopMHUPOBAHHBIX MATPUIIEN FAPMOHUUECKHUX JINH3

A. C. [ponun', P. B. Ckunanos!, I'. B. Yenienbes !, C. C. TToxrnxosa'
"'Camapckutl nayuorarvroill uccaedosamenvckutl yrusepcumem um. akademura C. [1. Kopoaésa,
Camapa, Poccus

Paccmorpen mMeTon popmMHpoBaHHs rHIECHEKTPaNbHBIX CJI0EB C HCIOJIb30BAHHEM MATPHILbl FAPMOHHUECKHX
a3 u unbtpa baeiipa oO6buHO 1BeTHOH Kamepbl. PaspaGoran onbITHBIA 06pasel], MPOBEIEHBI
sKcrepuMeHThl. [IpoTecTHpoBaHbl HEKOTOpblE APXUTEKTYPbl HEHPOHHBIX CeTel W aJrOPUTMbl MALIUHHOIO
00yueHHs /i1l METOJa BOCCTAHOBJIEHHUs CIIEKTPA 10 JaHHBIM MAaTPHYHOTO runepcrnekrpomerpa. Pesysbrathl
CTYKTYpPHPOBaHbI, IPOAHAJM3UPOBAHbI U NIPEJICTaBJIeHbl B paboTe.

KioueBble  csoBa: OnTuka, JludpakKuyoHHble — ONTHYECKHE — 3JieMeHTbl, [‘apMOHMYeCKHe  JIMH3BI,
['unepcrnekTpoMeTp MOMEHTANIbHONW CheMKH

1.4 OnTHuecKue aJ1eMeHTbI AJis peajiudalMy JOort4ecKux onepaum"d B CBOﬁOILHOM NpoCTPaHCTBE

JI. M. Copokun', P. B. Ckunanos!, I'. B. Ycmienbes!
"'Camapcrutl nayuonaroroil uccaedosamenvckutl yrusepcumem um C.I1. Kopoaesa, Camapa, Poccus

[IpoBenena MetonMka pacyeTa AM(PAKLMOHHBIX ONTHYECKUX 3JIEMEHTOB, peasM3ylolluX OCHOBHbIE
soruyeckue onepaunn AND, OR u NOT B BHjie mocTynarolero Ha BXoJ CBETOBOTO CHTHaJIa B IPSIMOYTOJIbHOM
00/1aCTH U BBIXOAHOH 00J1aCcTH B (popMe JIMHUK HA OCHOBE MOJIEJIHPOBAHUS U SKCIIEPUMEHTA.

KotoueBnbie cioBa: Ontuka, Jlornueckue onepauyu, ludpakiporntble ontuueckre sjaeMeHThl, Jloruyeckue
3JIEMEHThI

1.5 OnTHueckue JMHUU 3aJ1€P2KKH Ha OCHOBE Ill/l(bpaKl.ll/IOHHle OINTHYECKHUX JIEMEHTOB

C. C.Iloaruxosa', P.B. Ckunanos', I'.B. Ycniennes
"' Camapckutl nayuonaroroll uccaredosamenvckutl yrusepcumem um. akademuxa C.I1. Kopoaesa,
Camapa, Poccus

[IpencraBsnena cucrema uz J1OD mis ocyllecTB/eHUs yrpaB/sieMOd BpeMeHHOH 3alep:KKH CBETOBOIO
cUrHaJsia. PaccMoTpeHbl pas/iMuHble BAPUAHTBI C Pa3HbIM KOJHUECTBOM IyYKOB M Pa3HbIM TPOCTPAHCTBEHHBIM
pacriosio;keHueM. [ IpencraBieHbl pe3ysbTaThl 3KCIIEPUMEHTOB.

Katouebie ciioBa: Onrtuka, [Nonorpadust, ludpakimortble onTHUECKUE 3JIEMEHTbI

1.6 3aBUCMMOCTH Harpy30uHON 10OPOTHOCTH OT LIMPUHBI BOJHOBOJA MUKPOKOJbIIEBOTO Pe30HATOPA U
gap

N.0. Kysbmunbix!, A 1O. Kysun?

" Hayuonanroroitl uccaedosamenvckutl yrusepcumem « Bolcuias ulkoia IKOHOMUKI >, Oenapmanerm
Komnoromeproi uracerepuu MHIM HHY Bll139, Mocksa, Poccus
? Croakosckutl uncmumym Hayku u mexuosoeuti, Mocksa, Poccus
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B pa6ote 6bly1a nceseioBaHa MaTpULa UYyBCTBUTE/bHbBIX 9JIEMEHTOB CEHCOpa rada Ha niatdopMe HUTpUA
KPEMHHSI C UCIOJb30BAHMEM MUKPOKOJBLEBOTO pe3oHaTopa paamepom 9 Ha 9 yeTpoicTB, a Takke OblI
NOCTPOEHbl 3aBUCHMOCTH HArpyKEHHOH JOOPOTHOCTH OT LUMPHHBI BOJIHOBOJA MHUKPOKOJIbLIEBOTO pe30HaTOPa
¥ PACCTOSTHHEM MEXKJly TPAHCIIOPTHBIM M Pe30HaTOPHBIM BOJIHOBOIOM (gap). [locTpoeHHble 3aBUCHMOCTH
M03BOJISIT ONPEJIE/IUTh ONTUMaJIbHbIE TapaMeTpbl YyBCTBUTEJIbHON YaCTH CeHCopa, MPU KOTOPbIX YCTPOHCTBO
CMOKET IEMOHCTPHUPOBAThL BHICOKHI YPOBEHb UyBCTBUTEIbHOCTH K MOSIBJICHUIO TIPUMECH Tasa B aTMocdepe.
Bricokast 1o6pOTHOCTb ceHcopa MO3BOJUT (PUKCHPOBATH yJbTpaciadble KOHLEHTPALMH yTeUeK ra3oB.

KatoueBbie ciioBa: Onrtuka, MUKpOKoJIbIEBOI pe3oHaTop, JIndpakiuoHHbIe ONTHYECKHUE 3JIEMEHTHI,
Bonopon

1.7 OnpenenieHune yrioBbIX KOOPAMHAT TOYEUHOTO CBETSLIETOCS 00bEKTA C UCN0JIb30BaHUEM
JU(paKUMOHHBIX ONTHYECKHX 2J1EMEHTOB

A. E. Moposos!, P. B. Ckupanos!, A. C. T1ponun', JI. M. Copokun', 1O. B. Xanenko!, C. A. domuenkos',
K. B. OBurHHHKOB!
'Camapckutl nayuonaroroll uccaedosamenvckutl yrusepcumem un. C. I[1. Kopoaésa, Camapa, Poccus

Paccmotpen  MeTox ObICTPOrO  ornpejiesieHHsl YIJIOBBIX KOOPAMHAT, OCHOBAHHbBIH Ha MCMOJIBb30BAHHH
AU(PAKLUHUOHHBIX ONTHUECKUX 3/1€MEHTOB, (POPMUPYIOLLHMX paalabHOe pacnpeeseHne HHTEHCHBHOCTH BHA
larctg(p)|. TlpencraBiensl pesysnbTaThl MOAENMPOBaHHS M 3KcrepumeHTta. [lokazaHa BO3MOXKHOCTb
onpese/ieHust yIyIoBbIX KOOPAHHAT € MOrpetHocThio okoso 0,017

KimoueBnbie cyioBa: OnTHueckas CHUCTEMA, pa,ZLI/IaJ'IbHOQ pacnpeaesieHie HHTEHCHUBHOCTH, ﬂH(i)paKLH/IOHHbIe
ONTHYECKHUE 3JIEMEHTbI

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

| — llensencKkuil eocydapcmsen oLl YHUBEPCUMEM APXUMEKMYpPolL U CIPOoUmesscmasa, 2. [lensa
2 — [T1AO «Kpacroeopckuii 3a800 un. C. A. 3sepesa s, e. Kpacroeopck

B noknane npexacrtaBieH KpaTKMd 00630p COBPEMEHHBIX aJJIMTHBHBIX TEXHOJOTHH HCHOJb3yeMbIX s
MPOU3BOACTBA  pepPAaKUMOHHBIX ~ONTHYECKHX  3JEMEHTOB €O  CepuyecKMMH U achepuyecKUMH
MOBEPXHOCTSIMH, a TAKKE C TPAAMEHTOM [0Ka3aTeJisl pesomieHust. HanboJsiee NpoABHHYTBIMH U3 HUX CETO/HS
SIBJSIOTCS  XUMHYECKOoe ocaxkleHue M3 rasoBoil ¢asbl W 3D-cTpyfiHasi neyaTb ¢ MCHOJb30BAHHEM
HaHOKOMIIO3UTHBIX MaTepHaJ/oB, MOJYYUBIUMX HAa3BaHHUE «ONTHYECKHX 4YepHHJI». [IpHHUMIAM MOCTpOeHUs
METOJUK MPOEKTHPOBAHUSI OOBEKTUBOB, BKJ/IOUAIOLUIMX IPAJIMEHTHbIE 3JI€MEHTbI, HEOJHOPOIHbIE MaTepHaJlbl
KOTOPOH  H3rOTaBJMBAIOTCSl  BbILICNEPEUUCACHHBIMH  TEXHOJIOTHSIMHM, YIAEJE€HO OCHOBHOE BHHUMaHHe
HACTOSILLLEr0 A0KJ/Iaaa.

1.9 Pazpa6oTka v npumMeHeHHe LUJIMHAPUUECKUX IPAAUEHTHBIX JIMH3 B ONTHUECKUX CUCTEMAX U HOCUMOI
2JIEKTPOHUKE

B.C. Bpynos, I''A. Epmonaes, JI.IT. Yeptuu, M.M. Uyrynosa, 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
OrpaHUUYEHHbIH MO BeJHYMHE MAKCUMAJbHOrO HABEIEHHOTO TMepernaja rnokasaresis MpejoMIeHHs ), a TaKkKe
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COBPEMEHHBIH  BbICOKOPA3pellaloliiil  MeToJl MMOJHUMEpPHOH [eyaTd ¢  HchoJb3oBaHueM 3dhdekTa
JBYX(OTOHHOTO TOIJIOULEHHSs], MO3BOJSIOUIMI MNPeoosieTh 0O0bEKTHBHbIE OrpaHHYEHHs] HOHOOOMEHHbIX
MeTol0B. [IpoBeleHa cpaBHHTE/IbHAS OLIEHKA KayecTBa TPAJAMEHTHBIX JIMH3, HW3TOTOBJIEHHBIX JAHHBIMH
MeToJaMH. PaccMOTpeHbl MeTO/lbl U3MEPEHHUsT U KOHTPOJIsi ONTHYECKHUX TapaMeTPOB TPaAMEHTHbBIX JIMH3, laHa
UX CpaBHMTeJIbHAsi oueHka. [IpojpeMoHCTpUpOBaH COBpPEMEHHBIH 3JIJIUIICOMETPUYECKUHA METO[ M3MepeHHUs
TPaZIMEHTHBIX JIHH3, SIBJSIOUIMICS BbICOKOTOUHBIM, 3((EKTUBHBIM, Hepa3pyllaloldM U HU3KO3aTPATHBIM.
PaccmorpeHo 3anaTeHTOBaHHOE HOCHMOE YCTPOHCTBO JIONOJHEHHOH peajsjilbHOCTH Ha OCHOBE KOHTaKTHOH
JIMH3bI, T[JIe FPaJIMeHTHbIE JIMH3bl UCTI0/b3YIOTCS B KAUECTBE KOJIJIMMATOPOB HHTEIPUPOBAHHOIO MUKPOAUCIIJIES].

KatoueBble ciioBa: rpajaMeHTHast onTuka, rpaauentHas aun3a, GRIN nmH3a, HoHHBIA 06MeH, HOHOOGMeHHas!
nncddyausi, HaBel€HHOE H3MeHEHWe TOoKa3aTessi MpeJOMJeHHs, JIONOJHEeHHAas peaibHOCTb, HOCHMOE
YCTPOKUCTBO

1.10 ®oKycupoBKa cynep-rayccoBbiX My4KkoB B OJIMKHEH 30He CYOBOJHOBBIX KOJbLIEBbIX PEILIETOK

I A. Casesibes

Camapckuti HayuorasoHoll uccaedosamenvckutl ynusepcumem um. C. [1. Kopoaésa, Camapa

B nannoii pa6ore omnpeneneHbl BbICOTbl OTAEJbHBIX 30H pejibeda KOJIbLEBBIX PELIETOK, MPH KOTOPBIX
HabJofiaeTcst popMHUpoBaHue y3Koro QokanbHoro natHa (g0 0,23 JJIMH BOJIH) U yAJMHEHHBIX CBETOBBIX
(hoKaJIbHBIX OTPE3KOB HAa ONTHYECKOH OCH (CBbllle 6 JIMH BOJH). B KauecTBe BXOAHOrO H3JyueHHs
paccMaTpHBaJIHCh rayCcCOBble M Cylep rayccoBble My4yKH C KPYroBOH M pajua/bHOH nossipusauuei. Takxke
Oblsla TPOU3BEJIeHa OlleHKa 0co6eHHOCTeN (POPMUPOBAHHUS YAJHHEHHBIX CBETOBBIX (DOKAIbHBIX OTPE3KOB MPH
BHECEHHH B paccMaTpuUBaeMble Ja3epHble MydKH acTUrMaTHueckod abGeppauuu. s 4uC/aeHHOro
MOJIe/IMPOBAHHUS HCIOJBb30BAJICS METOJL KOHEUHBIX Pa3HOCTel BO BpeMeHHOH 06/1aCTH.

Kmiouesbie cioBa: Cy6BoJiHOBbIE KoJsblieBble pelieTkd, Octpas dokycuposka, Cymnep rayccoBble MydKH,
FDTD, Acrurmatuueckast abeppaliiysi

1.11 Juanekrpuueckoe 3epKajio, COXpaHsiolliee LUPKYJIAPHYIO MOJSIPU3aLMIO CBETA B IIUPOKOM
CMEeKTPaJbHOM U YIJIOBOM iMana3oHe

H. C. Canaxosa', C. A. IIpsixos', H. A. Tunnnyc!
"' Croakosckuil uncmumym nayku u mexronroeud, Teppumopus Hurnosayuornnoeo Llenmpa
«CKkoak080>, boavwot 6yaveap 0. 30, cmp. 1, Mockea 121205, Poccus

B naunoii paGore mnpejacTaB/ieH aM3ailH TIOJMHOCTBIO JM3JEKTPUUECKOrO 3epKaja, o6ecrnevynBaloliero
coXpaHeHHe LIUPKYJISPHOH MOJISIpU3aly CBeTa B LIKPOKOM crieKTpasibHoM auanaszone ot 1400 o 1800 HM u
npu yrsaax nagenusi ot —40° go +40°. °. 3epkaso COCTOMUT W3 (POTOHHO-KPHCTAJJIMUECKOTO CJIOsi Ha
MHOTOCJIONHOM IU3JIeKTpUUIecKoil cTpyKType. [IpoBeeHo uncieHHOe MojIeIMPOBaHKE, UCCIIEIYIOLIEe BJAUSHHE
BapHalllii reOMeTPUUECKHUX MTapaMeTPOB — TAKUX KaK TOJILMHA CJOEB, MEPUOAMUHOCTb U popMa Mpoduis,
BO3HMKAIOL[Asi TPU TPaBJIE€HHM — Ha ONTHUECKHE XapaKTePUCTHKH 3epkaja. PaspabGorTka 3epkad,
COXPAHSIIOLIMX LUPKYJISIPHYIO MOJISIPU3ALIMIO TIPH OTPAXKEHHH, UMEET BaXKHOE 3HAYEHHe JJIsi CO3/[aHUsl CUCTEM
JIETEKTUPOBAHUSI U CeJIEKIIMM 3YHAHTHOMEPOB XMPAJbHBIX MOJIEKYJ B XUMHUUYECKHX M OHOMEIMIMHCKUX
MPUJIOIKEHHUSIX.

KJHO'—IeBbIe caosa: PoroHHBIE KpHUCTaJlJibl, HHPKYJISAPHO-TIOJAPU30BAHHOE U3JTyUEHUE, TUIJIEKTPUYECKHUE
3€pKaJia, IMPOKOIT0JIOCHbIE 3€pKaJia
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1.12 MeTon co3nanusi (ha30BbIX roJIOrpamMm Yepe3 npeaBapuTe]bLHO UTEPATUBHO BbIUUCsieMble (DYHKIUU
MOyASIMHU 17151 3(p(eKTUBHOTO CTPYKTYPUPOBAHUSI CBETA

A A. Pepakun'?, M. J1. Tepsasues'?, /1. C. Xapenko '

| — Hosocubupckuii eocydapcmasennoitl ynusepcumem, Hosocubupck, Poccus
2 — HUnecmumym asmomamuru u arexmpomempuu Cubupckoeo omoenenus PAH, Hosocubupck,
Poccus

[IpencraBsien HOBbIH MeTOL 3(h(HEeKTUBHON reHepaldi CTPYKTYPHUPOBAHHOIO M3JYYEHHS! C MCTOJb30BAHUEM
MPOCTPAHCTBEHHBIX (Pa30BbIX MOJYJSTOPOB CBeTa B TIEOMETPUM C OIHMM OTpaxeHueM. YucieHHast
ONTUMHU3aLMSA  (DYHKLHHM MOJYJSILMK TO3BOJSIET HANPSIMyl0 PACCUMUTHIBATH TOJIOFPAMMBbl /ISl CO3[aHUs
MPOU3BOJILHBIX pacnpesesieHHi MoJsi B oNnTHUecKol 4f-cxeme. IKcrnepuMeHTasbHble pe3yJbTaThl 10
reHepauuu moj Jlareppa-I'aycca nokasbiBaioT, 4T0 NpeyioKEHHbIH MeToJ 06ecrneynBaeT TOUHOCTb OJU3KYIO
K KJaCCHUECKOMY MeTOJly Ha OCHOBe pasJjioxkeHusi sIkoOu-AHrepa, NmpH 3TOM JIEMOHCTPHPYsT GOJIbILYIO
5(heKTHBHOCTb, J0CcTHTraolyo 15% a1t nepBbiX wecTd Moia. Kpome Toro, oH Mo3BoJIsieT TOYHO
KOHTPOJIMPOBATh (hasy CTPYKTYPHPOBAHHOTO M3JIy4eHHst C OTKAOHeHHEeM 0KoJlo 1 %, a Takxke npeaocTaBsier
JIONOJIHUTEJIbHbIE BO3MOXKHOCTH JI/IS1 T€Hepalldd ToJIorpaMM B 3aBUCHMMOCTH OT KOHKPETHBIX YCJOBHH
IKCIEepUMEHTA.

KmioueBble  csoBa:  Kowmmblotepnasi  rosorpacusi,  JndpakimoHHble — ONTHUECKHE  JIEMEHTHI,
CrpyKTypHpoBaHue cBeTa

CreHpoBbIe TOKJabl

C.1.1 Cnoco6 co3nanusi (upakIMOHHBIX ONTHYECKUX 2JIEMEHTOB Ha BbIMYKJIbIX MOBEPXHOCTSX /151
runepcnekTpaibHON annaparypbl

C. A. ®omuenkos'?, P. B. Ckunanos'?

"HHL] "Kypuamosckuii uncmumym'”, Mockea, Poccus

? Camapckuil HayuorarvHoll ucciedosamenvckull yrusepcumem umenu akademurxa C.I1. Kopoaésa,
Camapa, Poccus

B paGore mnpemioxken M uccaeoBaH Crnoco® M3TOTOBJEHHST AM(PPAKIMOHHOM pELIETKH Ha BbIMYKJOH
MOBEPXHOCTH JUIsl THIEpCreKTpasbHOl annapartypbl. [IpoBeaeHbl 9KCNepuUMeHTalbHbIE HCCHE0BAHUSA 110
M3TOTOBJICHHIO IH(PPAKUHOHHON peweTkH. OTpabGoTaH W ONTHMH3UPOBAH TEXHOJOTHYECKHH I1poLiecce
u3rotosJieHus. [Ipeacrap/ieHbl pedysbTaTbl Pa6OThl FOTOBOIO 3JIeMEHTa B CXeMe FHIepcreKTpoMeTpa.

Kutouesbie cioBa: udpakuronnas pelierka, HarnblieHHe TOHKUX MJIEHOK, JUTOrpadusi, THIIEPCIIEKTPOMETP

C.1.2 NudpakuvoHHas 3¢r(GeKTHBHOCTb ABYXCAOHHBIX ABYXpedbedHbIX MUKPOCTPYKTYP NpH Nepenaje
Temneparyp

[peficyx [puropuii Mcaesunu', dokmop mexuuueckux nayk 1 — [lensenckuil cocyoapcmaerolil
YyHusepcumem apxumexKmypol u cmpoumeavcmsa, e. [lensa
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"4 XOJIOSKCIO

Cekuus 2
OnTHKa J1a3epHbIX MYyYKOB U CTPYKTYPUPOBAHHOTO CBETa

YcerHble nokaaapl

2.1 Bonipocbl hopMupoBaHUS ONTHUYECKUX MYYKOB U U300parkeHUi B TYpOYJE€HTHbIX cpeaax:
0COGEHHOCTH NapaMeTPHU3aLu1 HEKOJIMOTrOpOBCKMX MOJieJiei crieKTpa
TypOyaeHTHOCTH ([Ipuerauernoltl)

JIykun Baagumup [TeTpoBud, 10KTOp (hU3UKO-MaTeMaTHYECKHX HAyK

Huemumym onmuxu ammocgepol um. B.E. 3yesa CO PAH, Tomck, Poccus

I/ICCﬂeﬂOBaHHH 10 OMMUCAHUIO paclpoCTpaHEeHHUs ONTUYECKUX BOJH B CJIy‘-IaﬁHO-HeO[LHOpOIIHbIX cpelax, Takux
Kak aTMochepHas{ Typ6y.}I€HTHOCTb, [MOCTOSAHHO pa3BUBaJIUCh BCerjga 10CTaTo4HO HHTEHCUBHO.

B uacrHocTH, Teopusi pacnipoctpaHenust BoJsiH, pazsutas C.M. Pruitobim, B./. Tatapckum 1 nx ydeHUKaMH,
MCroJib30Bajia HPOKo npuMensiemyio Moziesib Kosmoroposa-O0yxoBa /s crieKTpa TypOyJIeHTHOCTH.

B stom jnoknane npuBOASITCS CBeJEHMsI, CBSI3aHHbIE C PelleHHeM 3aaud TOJy4YeHHUs] aHaJUTHUECKHX
BbIpayKEHUH I pacyeToB (hJIyKTyalluil TMapamMeTpoB ONTHUECKHX BOJH TIPH HMX pPaclnpoCTpaHEHHH B
TypOyJIeHTHOH cpejle C HeKOJIMOTOPOBCKUM CIEKTPOM TypOYJ/JIeHTHOCTH.

KitoueBble cioBa: pacrnpocTpaHeHue ONTHYECKHX BOJIH, Typ6y.}'I€HTHOCTb, MOJEJIH CIIEKTPa

2.2 HazBanue o6HoBasiercsi (/lpuerauernnolii)

B. IO. Beneaukros, 10KTop (hU3MKO-MaTeMaTHYECKUX HAyK
Canxkm-[llemepbypeckutl eocydapcmeenHolii drekmpomexnuieckuil yrnusepcumem «JI3TH», Cankm-
[lemepbype, Poccus

2.3 Peuietku Bparra nis onTHuecKoi cBSI3U pe30HATOPOB MYJIbTUIJIMHHOBOJIHOBBIX J1a3€POB

[orona A.I1.!, Taspuur M.B."?, Pozanos I'1.K. ', TTpoxoposa ¥.B. !, Hukonopos H.B.2, Bopeiiuio A.C.!

" Baamuiickuii eocydapcmeennoil mexuuueckutl yrusepcumem «Boewmex» /1. @. Yemunosa, Cankm-
[lemepbype, Poccus

? Ynusepcumem HTMO, Cankm-ITlemepbype, Poccus

Peuierkn DBpsrra siBJSIIOTCSI IIMPOKO PACIpPOCTPAHEHHBIMH ONTHYECKUMH 3JIEMEHTAMH JUIsi yIpPaBJIEHHST
CrIeKTpaMH H3JyueHusi JiazepoB. PaGota TmocBsillieHa BOMPOCAM TOCTPOEHHsI CXeM pe3oHaTopa Jasepa,
COllePKALIUX  CMEKTPAbHO-CEJIEKTHPYIOLIMH  CBETOJEJIUTEb, UYTO J@eT BO3MOXKHOCTb peasi3aliu
MYJIbTHJTAHHOBOJIHOBBIX PEXKMMOB reHepalidu. KioueBoil 0cOGEHHOCTbIO MeTo/la SIBJSIETCST BO3MOXKHOCTD
KOHTPOJIS COOTHOLIEHHUsT Io6poTHOCTel pe3oHatopa. [lpencraBieHbl 0COOEHHOCTH YNpaBJIEHUs CIIEKTPOM
reHepaluu uMIyJbcHoro TBepaoresbHoro CrLISAF-nazepa B ToM 4nc/ie B ABYXIVIMHHOBOJIHOBOM PEKUME C
BO3MOYKHOCTBIO yIIPABJIEHUsT PA3HOCTH YACTOTHI.

Pa6ora Bbinosinena npu puHaHCcOBOH Moiep:kke MUHHCTepPCTBA HAYKH U BbICLIEro o6pasoBanusi Poccuiickoit
®enepaunu (norosop Ne 075-03-2025-415).

KatoueBbie caoBa: Peiietka Bparra, criektp uasyuenusi, ynpapjieHue U3jiydeHHeM, ONTHIECKH CBSI3aHHbIe
pe3oHaTophI
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2.4 T'eomeTpUs TPAEKTOPHIA CTPYKTYPUPOBaHHBIX NMyuyKoB Jlareppa—Taycca Ha opOGuTanbHoi cepe
[lyaHkape: akcnepyuMeHTaNbHbIN MOAXOM (OHAQLH )

M. B. Bpenbko !, §1. E. Akumosa !, A. B. Bosisip !
"' Qusuko-mexnuueckuii uncmumym Kpomckuil gpedepanvroit yrusepcumem um. B. H. Beprnadckoeo»,
Cumgbeponoans, Poccus

B paGore ucenenytoresi xapakTepUCTHKH CTPYKTYPUPOBAHHOTO CBeTa C OpOUTAJbHBIM yIJIOBBIM MOMEHTOM
MOCPeCTBOM 0TOOpaKeHHsl €ro COCTOSIHUE Ha opOuTasbHyio cdepy [lyaHkape — reomerpuueckuil aHasor
nosisipu3allioHHo cepbl. Takoe npeacTaBieHe MO3BOJSIET HHTEPIPETHPOBATh MOBEICHHE CBETOBOTO MyYKa
B BHJIE TIPOCTPAHCTBEHHON TPAEKTOPUH Ha cepe U BBISBJSATH €r0 CKPbITble CHMMETPHH W HHBAPUAHTHI K
pa3JIMUHBIM ONTHYECKMM H (hU3MUeCKUM TpeoOpazoBaHusiM. B pamkax uccienoBaHusi paspaboTaH H
peasiM30BaH MeTOJ 9KCIEePUMEHTANLHOrO orpee/ieHust opOUTanbHbIX napaMmeTpos Ctokca. MeToj ocHOBaH
Ha perucTpauyu pacnpeiesieHiii HHTEHCUBHOCTH CTPYKTYPHPOBAHHOTO MydKa B JIBYX MJIOCKOCTSIX ONTHYECKOH
CHCTEMbI U [103BOJISIeT OIHO3HAYHO BOCCTAHOBUTD BCeE YeThbipe opOUTa/bHbIX Napamerpa CTokca.

KutoueBble cioBa: CTpyKTYypUPOBaHHBIH cBeT, opOUTa/bHble napaMmeTpbl CToKca, opOuTasbHas chepa
[lyankape, opOuTa/NbHbBIH YTJI0BOH MOMEHT.2.

2.5 BausaHue HyJeBoro nopsiika A pakuuu Ha 6eccesieBbl My4Kd, cpOpMUPOBaHHbIE CIUPATbHBIMU
OMHapHbIMU (Da30BLIMM AKCUKOHAMHU

H. JI. Ocunuesa', H. A. Hukonaep?
"Huemumym sadeproii pusuru um. I'. H. byokepa CO PAH, Hosocubupck, Poccus
? Hnemumym asmomamuku u sreskmpomempuu CO PAH, Hosocubupcek, Poccust

B pa6ote ugyuaercsi npupoaa o6pazoBaHusi HyJIeBOro Nopsiika Andpakiyu npu GopmMupoBaHuu GecceseBbiX
MyYKOB TeparepLoBOro AManasoHa ¢ MoMolibio MPOMyCKaIOLUIUX KPEMHHEBBIX CITUPa/IbHbIX OMHAPHBIX (Pa30BbIX
akcHKoHOB. [lokaszaHo, 4TO LEHTP aKCMKOHA, TJe HapyllaeTcsi MepUOJUYHOCTb CTPYKTYpPbl, He BHOCHT
CYLIECTBEHHOTO BKJaja B (QOPMHUPOBAHHE HYJIEBOIO MOPsKA TM(PAKLUHMK B MPOTHBOBEC BBIIBMHYTHIM paHee
NPENoJIOKEHUsIM, OCHOBAHHBIM Ha AHAJOTMUHbIX HCCJIENOBAHUSX, MPEACTABAeHHbIX B JuTepatype. Panee
ObIO TI0KAa3aHO, 4YTO CQOPMHUPOBAHHbIE MyYKH COLEpXkKAT MepPHOJAMUYeCKHe a3uMyTaJsbHble BapHallku
MHTEHCUBHOCTH BHYTPH KoJiell. MoenpoBaHue IeMOHCTPUPYET, UTO KOJIMUECTBO MAKCHMYMOB B HUX PABHO
2[ (I — TonoJsioruuecKuil 3apsij Myyka), B TO BpeMsl Kak B skcrepumente HabJgonaercss — [. [Tokasano, uro
oTsIMuMe 0O0YCJOBJIEHO MPHUCYTCTBHEM B 3SKCIEPUMEHTE HYJEBOrO MOpsiAKa AH(PPaKLMH, BbI3BAHHOTO
nepeoTpaKeHUsIMH BOJIH B KDEMHHEBOH MJIACTHHE, HE YUTEHHBIMH paHee B pacueTrax.

KutoueBbie cioBa: beccesieBbl nyuku, IMppakHOHHbIE ONITHYECKHE 3JIEMEHThI, aKCHKOH, TeparepiioBoe
u3JlydeHue

2.6 MUcnosib3oBaHKe OTPaXKAOLIMX aKCHKOHOB /151 CO3/IaHUS TeparepleBbiX GecceneBbiX My4KOB
H.A. Basapipes'?, B.B. I'epacumos '?, B.C. ITasesibes?, A.H. Aradonos*, K.H. Tykmaxos*

"Unemumym sdeproii pusuku umn. 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 npencraBienbl pesysabraTthl 1o QopmupoBanuio TeparepiieBblXx (TI11) GecceseBbix MyYyKOB C
TonoJiornueckuMu 3apsiiamu |I| = 3 u || = 9 na paunax BosH 141 MM, 203 MKM U 218 MKM. AKCHKOHBI C
nepuoiaMu p = 2 1 3 MM OblJIM U3TOTOBJIEHBI METOJIAMH PEAKTUBHO-HOHHOTO TPABJIEHHS U Jla3epHOH abJsien
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Ha KPEMHUH C MOCJeIyIOUIUM HallblIeHHEM HEMPO3pauHoro cjiost Meau. OnpejiesieHbl 30HbI POPMHUPOBAHHUS
feccesieBbIX My4KOB, KOTOPbIE CONIACYIOTCS C YHUCJIEHHBIMH pacueTaMM B paMKaX CKaJiipHOH TeopuH
JrpaKUUK H MOJTyU€eHbl OLIEHKH SHepreTHueckol 3(h(eKTHBHOCTH OTpaXKalolllux akcMkoHoB. Torosioruyeckue
3apsiibl MOJIydeHHbIX GeccesieBbIX MyuKOB ObLIW ONpe/ieseHbl ¢ UCMoJb30BaHHEM HHTepdepomeTpa Maxa-
Llennepa.

KaioueBbie ciioBa: BeccenieBbl nyuku, TeparepiieBoe usiyuenue, OTparkaioliye akCMKoHbl, becrnipoBonnast
nepenaya JIaHHbIX, Jlazep Ha CBOGOIHBIX 3/1€KTPOHAX

2.7 Tonojoruueckue CBOMCTBA MO/, NMETIEBbIX 1e()EKTOB B IByMEPHbIX (POTOHHBIX

E. O. CmoJinna'
" Huemumym npukaadrnot gpusuxu umn. A.B. Fanonosa-I'pexosa PAH, Hucnuti Hoseopod, Poccust

B pa6ote uccnenyiorest cBsi3aHHble MOJbI TOTOJIOTHYECKHX JIe(PEKTOB B HAHOCTPYKTYPHPOBAHHBIX (POTOHHBIX
MeTarnoBepxHocTsiX. C MOMOILBIO TEOPETHYECKOTO aHa/u3a, OCHOBAHHOTO Ha 3(dekTuBHON JHpakoBCKOH
MOJieJIH, TI0Ka3aHa TOMoJorHueckKasi yCTOHYMBOCTb TaKMX COCTOSIHMI K JIOKAJbHbIM JedopMalusiM H
Gecriopsiiky. PaccMoTpeHbl MpsiMOJIMHElHbIE M KpYIJible 3aMKHYTble I'paHMLbl JOMEHOB, (hOopMHpYyOLLiMe
ToroJsiornyeckuil gedekr. IlpemioxeHbl peasMCTHYHblE MapaMeTpbl METANoOBEpPXHOCTEH, MPH KOTOPBIX
HaOJII0leHHe TaKMX MOJ, CTAHOBUTCS JOCTYMHBIM 3KCIepUMeHTa/bHO. [loJyueHHble pe3dyJibTaTbl OTKPbIBAIOT
NepCreKTHUBbI VISl CO3aHUs YCTONUYUBBIX K 6€CMOPSIKY H HECOBEPLUEHCTBAM M3TrOTOBJEHHS (DyHKLMOHAIbHBIX
(hOTOHHDBIX 2JIEMEHTOB.

KitoueBsle ciioBa: PotoHHbIe KpUcTabl, Tonosornueckue redexrtsl, Tornojoruueckast ycCToHUHBOCTb,
WurerpanbHas poTonuka, JlupakoBckas Moeb.

2.8 CamoBocCcTaHOBJEHHUE MOJNSIPU3ALIMOHHON CTPYKTYPbl BEKTOPHBIX MyYKOB CBE€TA NPU CEKTOPHOM
BO3MYLUEHUU (OHAQLH)

C. W. dxy6os ', M. B. Bpeupko !, C. V. Xamunos !, §1. E. Akumosa ', A. B. Bosisip !
""Pusuko-mexnuueckuil uncmumym Kpoimekutl gpedeparvroitl ynusepcumem um. B. H. Bepradckoeo,
Cumgbeponoans, Poccus

Llenbio paGoThbl OBbLIO HCCAENOBAHUE BJHSHHS CEKTOPHBIX BO3MYLIEHHH Ha MOJSPU3ALMOHHYIO CTPYKTYPY
BekTopHbIX TE 1 TM mox. s KoJiMueCcTBEHHOTO aHa/u3a MpeoKeHa MHTerpasbHasi XapakTepUCTHKA
CTereHH BOCCTAHOBJIEHHS MOJIsIPU3allii, OCHOBAHHASI HA HOPMUPOBaHHBIX napamerpax Crokca. B pedysnbrate
NPOBEJIEHHOTO YMCJAEHHOTO MOJEJUPOBAHHSI U IKCIIEPUMEHTAJLHON MPOBEPKH, MMOKA3aHO, YTO MPH MaJibiX
yrJlax CeKTOPHOTO BO3MYILEHMSI, MYYKH COXPAHSIIOT BBICOKYIO CTeleHb BOCCTAHOBJIEHWS TMOJISIPU3ALMH U
3(eKT caMOBOCCTAHOBJIEHHSI MPOSIBJSETCS] Y2Ke Ha pacCTOsIHUAX nopsiika AIHHbL Pajies. C yBesinueHnem
CeKTopa BO3MYLIEHHs MPOMCXOAUT YAaCTHUYHOE BOCCTAHOBJIEHHE MOJSIPU3ALMOHHON CTPYKTYpPbl HCXOJHBIX
BEKTOPHbIX MOJ. BoisiBjieno, uyto TM-moma mnposiBisieT OGOJbLIYIO JIOKAJbHYIO YCTOHUMBOCTb, XOTSI
MHTerpaJ/ibHasi cTelleHb BOCCTaHOBJIeHUs OT/InYaeTcst oT TE-Mobl He3HauuTe bHO.

KutoueBbie ciioBa: Ontuyeckuii BUXpb, [lossipusationtble cunrysspHoct, CeKTopHOe BO3MYyIIEHHE,
[Tapametpbl CTokca

2.9 lNpeo6pazoBaHue NOJSIPU3ALIUOHHON CTPYKTYPbl BEKTOPHOTO CTPYKTYPUPOBAHHOTO My4Ka CBETa Mpu
acTUrMaTHyecKoMm npeobpaszoBaHuu (OHAAQLH)

C. 1. Xamugos', M. B. Bpeupko!, C. U. dky6os', 5. E. Akumona'

" Kpouncekuii gpedepanrvroitt yrusepcumem um. B. H. Bepradckoeo, Cumgpeponoas, Poccus
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PaGora nocpsillleHa HMCC/AIOBAHHMIO BJIMSIHUS ~aCTUTMAaTHYECKOro IMpeoOpa3oBaHUsi Ha BEKTOPHbIE
CTPYKTypUpOBaHHble nyukHu Jlareppa-I'aycca npu npoxoxieHnu yepe3 UMJIMHAPHUECKYtO JnH3y. [TokasaHo,
UTO TAaKHe MyYKH IEMOHCTPUPYIOT CJIOXKHbIE U3MEHEHHUS B CBOEH (Da30BOMH U MOJIIPU3ALIMOHHON CTPYKTYpe MOJT
JIeACTBUEM LIUJIHHAPUIECKON JIMH3bI, YTO IPUBOJUT K POXK/EHHIO, CAUSHUIO M aHHUTHJISILIAU TTOJISIPU3ALLHOHHBIX
CUHTYJISIpHOCTEH, BKoyasi C-TOUKM U V-TOUKH, a TaKXKe K H3MEHEHHIO TOTIOJNIOTHH SJJUICOB MOJSIPU3ALHH.
PesysibTaThl N03BOJISIIOT J1yUllle MOHSITh YCTOHUMBOCTD U TPe0HPa3yeMOCTb BEKTOPHBIX MOJL [TPU MPOXOKIEHUH
yepes ONTHYECKHE JIEMEHThI C ACHMMETPHEN M MOTYT ObITh TOJIE3HbI 151 yIIPABJIEHHUS COCTOSTHUSIMU CBETA B
COBpeMEHHBIX (DOTOHHBIX YCTPONUCTBAX.

KmoueBble caoBa: CrpykrypupoBanHbiii cser, ABCD-marpuua, BekrtopHbie Mombl, [losisipuzatinoHHbie
CHHTYJISIPHOCTH

2.10 IlpoctpaHcTBeHHble MoayasTopbl ceeta DMD u LCOS. O630p peleHuii Ha pbiHKe Kutas M ux
npUMeHeHHU I

000 "Cneyuanroroie Cucmemol. Pomonura”

CreHpoBbIe TOKJaabl

C.2.1 ®ypbe-MonanbHblii METO C aHAJTUTHYECKUMH KYCOUHO-HENPePbIBHBIMU (DYHKLUSMHU 1151
atdekTHBHOrO aHaAM3a NM(PPAKLMU HA OTHOMEPHBIX PeLIETKAX C MPOU3BOJILHLIMH NPODUIAMHU

C. d. Cnupudonos’, A. A. lllep6aros’
"'"Vuusepceurer U TMO, Cankr-Ilerep6ypr, Poccust

B paGore mnpencraBnena yayuuieHHas dopmyanpoBka Pypbe-monanbHoro Metona (PMM) nna ciyuas
pEeLIeTOK MPOU3BOJBHOTO TMPOQUJs, TMEePUOAMUHBIX B OJHOM HaMpaBJeHHH, siBJsoascs 0600leHHeM
npeablayuleil paboTsl aBTopoB. [IpeaaraemMblil Moaxo/ IBHO YUMTBIBAET HAKJIOHHbIE PAHUUHbIE YCIOBUS JIs1
pa3pbIBHOH M HeNpepbIBHOH KOMIIOHEHT 3JEKTPHYECKOro MOJs B KaxKIOM CJ0€ pasjioxKeHHs Npoduis
pELIeTKH, YTO TIPUBOJIMT K HOBbIM MAaTPHUHBIM YPaBHEHHUSIM U T103BOJISIET CHU3UTD BiUsiHUe s¢dekTa [n66ca.
PesysnbraThl yMc/Ie€HHBIX pacyeToB B CpaBHEeHMH ¢ kKjaaccHuecKuM PMM 1eMOHCTPUPYIOT 3HAUUTEJbHOE
yJydlleHHe pacyeta OJIMKHErO MoJis CTPYKTypbl. PaspaboTaHHBIA MOAXOA MOXKET HaWTH TNPUMEHEHHe B
3ajlauax TMOBEPXHOCTHO-YCHJIEHHOH paMaHOBCKOH CIEKTPOCKOMMH, HEJHHEHHOH ONTHKU W pa3paboTke
CEHCOPHBIX YCTPOUCTB.

Kamouesie cnoBa: Onruka, @ypbe-monanbhbliil MeTon, MM, pellieTky ¢ HAKJIOHHBIMU CTEHKAMH, PEllIeTKH
NPOU3BOJILHOTO Mpodhuist, OJHxKHee moJie, HdpakuoHHaAsT 3DPEKTUBHOCTD

C.2.2 Bausinue abeppauuii BonHoBoro hponta Ha ®PT npu octpoit hoKycHpoBKe 1Sl pa3jJuuHbIX THIOB
noJsipu3auuu

[1. A. Xopun!, H. A. Usaues', C. H. Xonuna'?

"' Camapckutl nayuonareroll uccaredosamenvckutl yrusepcumem um. akademuxa C.I1. Kopoaesa,
Camapa, Poccus

? «Huemumym cucmen obpabomru usobpascenutl — Canapas KKKu® HHI] « Kypuamosckuil
urncmumymy, Camapa, Poccus
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Kaxk npaBusio, abeppauyu BoJIHOBOTO (hpoHTa paccMaTpPUBAOTCS KaK HeraTUBHbIN (haKTop, KOTOPbIH IPUBOUT
K HCKaxKeHUsIM (POPMUPOBAHUS MyYKOB UK H306pazkeHuil. B nannoi paGote unceHHO HCCIeIyeTCsl BJAUsHIE
abeppalilil BOJHOBOTO (DPOHTA KaK HA OTIe/bHble KOMIOHEHThI 3JEKTPUYECKOTO TMOoJis, TaK U Ha MOJHYIO
MHTEHCUBHOCTb BEKTOPHOTO TOJIS TPH OCTPOH (DOKYCHUPOBKE I PA3MUHBIX THUMOB moJsipusauud. [Ipu
MOJIEJIMPOBAHUH HCIOJIb30BaH (popMasin3M pacuera moJst B QokanabHoi obaacti B npubamxenun Ilebas.
[TosiyueHo, 4TO B HEKOTOPBIX CJyudasix CHeluasbHO BHeceHHast abeppalysi MOKeT CrnocoOCTBOBATH
YMEHBIIIEHHIO pa3Mepa CBETOBOTO MsATHA, 0CO6EHHO MPH 0CTPOH (POKYCHPOBKE.

KstoueBhbie c/ioBa: BosiHOBbIE abeppaliyiu, ocTpast (hOKyCHpOBKa, MOJIsSpU3aLys

C.2.3 lepecTpanBaemblii reHepaToOp ONTHUECKUX BUXPEH HA OCHOBE KyOMYECKUX YTOJKOBBIX
oTpaxkaTeJseun

IL. 1. Peuiernnkos', A. A. Poikas®, M. E. [Tasesuna', A. A. Cesprorun®, A. JI. Cokosos?®, B. M. Tletpos!, B.
0. Benenukros®

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

? Cankm-ITlemepbypeckutl eocydapcmaentolil aaexmpomexnudeckuil ynusepcumem «JISTH»,
Cankm-Ilemepbype, Poccus

¥ Hayuonanronolil uccaedosamenvckutl ynusepcumem «MIH», Mocksa, Poccus

[lesibto paGoThl siBsisieTcst pa3paboTKa M 3IKCIEPUMEHTaJ]bHOE HCC/e/lOBaHHE TeHepaTopa CKaJjsipHbIX
ONTHYECKUX BHUXped 1-ro mopsiaka Ha OCHOBe TMoJisspu3allMoHHOr0 HHTepdepoMerpa Maxa-Ilennepa c
KyOHUECKMMH YToJIKOBBIMM oTpaxkatesisiMu. [lpeayioxkeHa opuruHasbHasi ONTHYECKAsl CXeMa TaKoro
reHepaTopa, a Takxke peayJibTaThbl HCCJAEI0BAHUST 3aBUCUMOCTH CTPYKTYPbl (POPMUPYEMBbIX ONTHUECKHUX MTYYKOB
OT OTHOCHTeJIbHOH (Dasbl B Tyieuax nHTephepomeTpa.

KmioueBbie csoBa: Ontuka, CrpykrypupoBaHHblii cBeT, OnTuueckue BuxpHu, KyOuueckue yrojkopble
otpaxatesu, [lossipusalinoHHblil MHTEphepoMeTp
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Cekuus 3
Cucrembl BU3yaau3auuu u otoopaxenus nadpopmauuu ais AR/VR

YcerHble nokaaapl

3.1 Heiipodusuonornueckue u ontuueckue acnekrbl Bocnpusitusi AR: ot koH(MKTa K KOoMpopTy

JIJ1. [lapos", C.K. Cracees'?

"'"Cankm-Ilemepbypeckuil eocydapcmeennoitl ynusepcumem, Cankm-Ilemepbype, Poccus
? Ynusepcumem HTMO, Canxkm-ITlemepbype, Poccus

B noknane npencraBieH 3KCHEpUMEHTaNbHBIA TMOAXOA K MCCJE0BAHHIO BEPreHTHO-aKKOMOJALMOHHOTO
koHJmkTa (BAK), Bo3HUKaOLIEro Mpu UCMOJIb30BAHMH YCTPOUCTB JIONOJIHEHHOH peasibHOCTH (AR). ABTOpHI
AHAJIM3UPYIOT  BJHSIHHE KOHCTPYKTHBHBIX ~ocoGeHHOCTel AR-rapHUTYp Ha 3pHUTeJbHBIE  KOMQOPT
noJib3oBaTesiel, BKJOUas OUHOKYJISIPHOE COMEpPHUYECTBO W BJMsHME akKomonauuu. OnucaHbl METOAUKH
IKCTMEPUMEHTOB ¢ NpuMeHeHHeM aiTpekunra, DI u amantuBHoi ontuku. [lpennaraembie TexHHuecKue
pellieHHs1 TO3BOJISIIOT MOJIEJIMPOBATh Pa3jiiuHble YCJOBHUSI BH3YyaJlbHOTO BOCIPHUSTHS M YUHUTHIBATD
MHIMBUIyabHble OCOOEHHOCTH MoJib3oBaTesel. [1pencraBneHnble pedysnbTaThl MOTYT ObITh TOJE3HbI TPH
pa3paboTke 3proHoMHuHbIX AR-cHcTeM, MUHUMHU3MPYIOLIMX 3pPHUTEJbHOE HAMpsPKEHHWE W TMOBbIIAIOLINX
KOM(OPT B3aUMOJEHCTBHUS C IIU(POBLIM KOHTEHTOM.

KnioueBble  cjioBa: jomoJiHEHHAsE pPeasibHOCTb, BEPreHTHO-AaKKOMOAALMOHHBIH  KOH(JIUKT, HOCHMble
YCTPOHCTBA IOTOJHEHHOH PeasbHOCTH, BU3yaibHbI KOMMOPT, BOCTIPUSATHE TTyOUHBDI.

3.2 BoicokonpejomJsiiollie HAHOKOMIMO3UTHbIE MaTEPUAJbI 11 CHCTEM JIONOJHEHHOH PeasbHOCTH
(Ilpuerawennouti)

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

CoBpeMeHHble YCTPOHCTBA JIOMOJIHEHHOH peasibHOCTH TpeOyloT pa3paboTKH KOMIAKTHBIX ONTHYECKHX
3JIEMEHTOB C OIpe/ie/IeHHbIMU XapakTepucTHKaMu. PasButue texHosoruii 3D neuatu cenao BO3MOKHbBIM
CO3JIaHHe TAKHX ONTHYECKHX 3/J€MEHTOB KaK MHKDPO- W PAJMEHTHbIC JIMH3bl U3 MOJUMEPHbBIX KOMITIO3UTHBIX
cpell. MuHHaTIOpU3aLIUA ONTHYECKUX KOMIIOHEHTOB CBfI3aHa C CHHTE30M I0JMMEPHbIX HAHOKOMITO3MTHBIX
COCIIMHEHUH, PeaJIM3YIOLLIUX BO3MOXKHOCTD YIIPABJICHHSI NIOKa3aTeJseM MPeJOMJICHHS B LIHPOKOM AHalNasoHe,
YTO B CBOIO O4Yepe/lb HEOTAECJUMO OT CO3/aHMS /IS HUX HOBOU MaTepuasbHOH 0asbl. B naHHO# paboTe Mbl
JEMOHCTPUPYEM BO3MOXKHOCTbL JIA3€PHOTO CHHTE3a HAHOUYACTHUL[ H3 BbICOKOIPEJOMJSAIOIMUX BaH-AeP-
BAAJIbCOBBIX MAaTEPHAJIOB - OCHOBbl HAHOKOMIO3UTHBIX COeIMHEHHH il 3D nevyar onTHueckux 3/71€MeHTOB
YCTPONCTB JIOMOJHEHHOH peanbHOCTH. Kpome Toro, Ha mpuMepe KOMMO3uTHOi 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 AcuMMeTpuUHbIe cXeMbl MyJIbTUNJIMKALIMK BbIXxoaHoro 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 ecocydapemesetinolil yrugepcumerm ceodesuu u kapmoepaguu, Mocksa, Poccus

B paGore nmpencraBiaeHo HWccaeqoBaHHE 0 aHAAM3y CXeM  TOCTPOEHHS, MOJEJUPOBAHUIO U
IKCTEePUMEHTAJbHON 3aMUCH TO0Tpa(PUUeCKUX BOJTHOBOAHBIX YCTPOHCTB MyJIbTHIIJIMKALIMH BBIXOJHOTO 3pavka
st HMD  (Head-Mounted-Display) aucniee. [lokazanbl BapuaHTbl HCTOJHEHHS] BOJHOBOIHOTO
roJiorpaMuecKoro Mepuckona B 3aBUCHMOCTH OT MapaMeTpoB (hOPMUPYEMOTO BUPTYalbHOTO H300parKeHHUS.
Oco6eHHOCTBIO ONTHUECKUX CXEM TAKOTO THIA IUCIIJIEEB SBJSIETCS UCIOAb30BAHNE BOJHOBOIHON AU PAKLIIN
M KOMIEHCAllUsi XpoMaTudMa JU(PPAKIHOHHBIX 3JE€MEHTOB. JKCIEPUMEHTANbHO 3aMUChIBAJUCh CXEMbI
JTU(PPAKIHOHHBIX TEPUCKONOB C BbBIXOAHBIM 3PauKOM, ACCHMETPUYHO MYJbTHILIHIHUPYEMbIM 10 OIHOH
KOOpJIMHATE.

KntoueBbie csoBa: BoJsiHOBOIHBIE ToJIOTpaMMbl, ToJOTpaduueckre ONTHUECKHE 3JEMEHThI, JHUCIIEH
JIoToJIHeHHOH peasibHOCTH, HMD.

3.4 UccanenoBanue abeppaiuili B ONTHYECKHX CX€MaX C BOJHOBOAHBIM PaCnpOCTPaHEHUEM U3JyUeHUS:
OrpaHUYEHHs U BO3MOXKHbIE MPEMMYILECTBA BOJHOBOIHOI rojorpaduu
Hukousait Annpeesuy [ytuann' 2, C. E. dy6emun', H. A. TTytuaun' 2, C. C. Konenkun1-2, 1O. I1. Bopoaun'-?

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

B pa60Te paccMaTpUBaroTCs 0COOEHHOCTH BO3HUKHOBEHMUSI aGeppauHﬁ B CHCTEeMaXx 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
orpenesieHue OI‘paHI/IquI/Iﬁ W NpeuMylleCTB, CBsA3aHHbIX ¢ BOJIHOBOJAHBIM PACIIpOCTPAHEHHUEM H3JIyYECHHUS. B
Xo/e pa6OTbI HUCMOJIL30BaJIMCh CllelHa/JIu3MpoOBaHHble IporpaMmbl JJisi KOMIIbIOTE€PHOI'O MOJEJ/IMPOBAHHUsA
paccMaTprUBaeMbIX CXEM. HpOBOﬂI/IJII/ICb SKCIIepUMEHTaJIbHbIE UCCAEJ0BaHKsT U3TOTOBJEHHBIX L[I/I(bpaKU,I/IOHHbIX
9JIEMEHTOB. HOJIyquHbIe pesyJibTaTbl MOTYT ObITb HCI0JIb30BAHbI npu pa3pa60TKe METOJA0B 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 111 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. Panbko, 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 JI0MTOJIHEHHON peasibHOCTH, MEIMLIMHCKON IMarHOCTHKeE U ApyruX obsacTax. B ciyyae ceHcopos
KJI0UeBOH MpoOJsIeMofi ocTaeTcst I0CTHKeHHE BbICOKOH TOYHOCTH U3MEPEHHH MPU COXPAHEHHH MUHHATIOPHBIX
pasMepoB JIaTUMKOB, COOJIIOAECHUH KECTKUX OrpaHHUYeHHUH 10 sHepronotpeb/eHtio U oOecrneyeHnt NpoCToi
NpoLeypbl CYUUTLIBAHHST PE3YJIbTATOB.

B nanHo#i pa6oTe npeaioxKeHO HCMOJb30BaHHE MyapoBbIX Y30pOB, BO3HHMKAMOLIMX TPH HAJIOKEHHH JBYX
peuieTok, s T1peoGpa3oBaHUs MHUKPOCKONHYECKHX JeopMalldii MW CIBMIOB B MaKpPOCKOMHUYECKHE
BU3yasibHble naTTepHbl. Ha ocHoBe H3MeHeHMH (OpMBI 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 B3rJsiIa oOecreynBaeT
onpejieieHle OpPHEHTalMH JIMH3bI ¢ TouHocThio o 0.3° Gaaromapst addekty napasnakca. Oba pelieHust
SIBJSIIOTCS TACCHUBHBIMH, YTO TO3BOJISIET CUMTHIBATH JaHHbIE ONTHUECKH C MOMOLIbIO BHEIIHEH Kamepbl H
MOJIHOCTBIO HCKJTIOUAET HEOOXOAMMOCTb HHTErPALIUK HCTOYHUKOB TIHTAHHUSI.

PesysibTaThl MCCEI0BaHUS TTOATBEPKAAIOT, UTO MyapoBble y30pbl MOTYT CTaTh OCHOBOH Il KOMIMAKTHbIX
CEHCOPOB B KOHTAKTHbIX JIMH3aX, MPUMEHHMbIX KaK B MeJIUIMHCKON JMarHoCTHKe (Hanpumep, s
MOHMTOPHHTA [JIAyKOMbI ), TAK U B TEXHOJIOTUSIX BUPTYaJIbHOMN U JIOTIOJIHEHHOH PeasibHOCTH.

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

3.6 BosiHOBOHbIE 3KPaHbI M JIMH3bI, Mcnoab3yemble B AR/VR-ycTpoiicTBax — cOBpeMeHHOCTD,
TeH/IEHLIUU Pa3BUTHUS U Oy/iylllee TEXHOJIOTUU

Kpatowkua Hukosai AjlekcannpoBuy', K. T. H.

'Bupmyansnoie Ouku

CreHoBbIe TOKJaabl
C.3.1 CpaBHeHMe cXeM 3aMKMCH rOJOrPAMMHBIX 3€pKaJl [jisl TPAHCMOPTHBIX CUCTEM OTOOpaXKeHHUs

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

B noknane npejicrtaBieHo cpaBHeHHE JBYX BAapHAHTOB CXeM 3alUCH TOJOrpaMMHbBIX 3epKaJj, KOTOpble
NPUMEHSIIOTCS] B COCTaBe MPOEKIMOHHBIX CUCTEM 0TOOpaXKEeHHsI HHOPMALIMK IS TPAHCIIOPTHBIX cpeacTB. B
paboTe pe3yJibTaTbl IKCIEPUMEHTANbHBIX HCCJEI0BAHUN COOTHOCSITCSI C pe3yJsibTaTaMH MOJEJMPOBAHUS B
Zemax.

KitoueBble  cJioBa: JOIOJIHEHHas1 peaJibHOCTb, HUD, rojiorpammHoe 3epkaJio, roJiorpaMmHasi JiMH3a,
WHAXKaTOp Ha JI060BOM CTeKJle
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Cekuusa 4
OnTuueckKue 3alUTHbie TEXHOJOTUH

YcerHble nokaaapl

4.1 HazBanue obHoBasercs (/lpuerauwiernoiil)

Tanun Jleonun BukropoBud, 0. ¢.-m. H., akademurx Meacdyrapodroii unoceneprou akademuu (MHA),
uren Cosema npesudermos MHA, eaasnoiti cosemnux 3A0 «OJIOTPADHYECKAS HH/IY CTPHA »

[TocBsaueno namsatu nepsoro npesuaeHta akagemun Hayk CCCP, Bbliatouierocsi yuyeHoro B 00J1acTH
JIIoMHHeclleHlnH, akafemMuka Ceprest MiBanoBuua Basuiosa.

4.2 0630p cnoco6oB co3naHusi BU3yaabHOro adekra HaHOGapeabed B 3aLIMTHBIX ONMTHUYECKUX 3HAKAX
(IIpuerawernouti)

Y. b. Kaiitykos
"AO HTL Amaac, Mocksa, Poccus

4.3 LUgeT no-npexHemy yCTOMUYMBBIN 3alLMTHbIA Npu3HaK? ([lpucrauiernroiil)

A. B. Cmupnos', Y. b. Kafitykos?
"AO «HIIO Kpunmen, [ly6na, Poccus
2AO «HTL «Amaac», Mocksa, Poccus

B noknane paccmoTpeHbl camble BOCTpeGOBaHHbIE, YCTOHUMBbIE K MMHMTALUMHU W TOJJIEJKE ONTHUECKHE
3alllUTHbIE 3JIEMEHTbl HA OCHOBE MOJIydeHHs LBeTa MyTeM HHTepQepeHInH, CreKTpalbHON (QUIbTPALMH
JTUpPaKIUKY U HaHOTIa3MOHUKH. OObsICHEHBI TPEUMYIIIECTBA UCTOJb30BAHUS 1IBETA B KAUECTBE 3aLUTHOTO
3J1eMeHTa, TOJydYeHHOro He MeyaTHbIMM MNOJUrpauuecKuMd MEeTOAAMH, a ONTHYECKHMH C TOMOLIbIO
MaKpOCTPYKTYPHPOBAHHSI OBEPXHOCTH, HAHECEHHS] TOHKOIMJIEHOYHBIX CJIoeB W Jp. B yacTtHocTH, noapoOHO
pasoOpaH crnocoO MoJydyeHHs] ONTHYECKOro 3allMTHOrO 3JeMeHTa, u3BecTHoro kak DID, noJsyuuBluero
ILIMPOKO ~ pacrnpocTpaHeHHe B 3alldTe HMAEHTU(HUKALMOHHBIX JOKYMEHTOB 3a CYeT YHUKaJbHOTO,
HEBOCIPOU3BOAMMOTrO IPYTHMH METOJIaMH, BU3yasIbHOTO 3 heKTa.

KatoueBble caoBa: 3auumienHass nosurpacdusi, OnTuueckas 3aumuta, [osorpadus, Ilnasmonsbl,
CnexTpaJsibHble (GUABTPHI, U pakIOHHbIE ONITHUECKHE I€MEHTBI

4.4 lNepcnekTuBHbIE pa3paboTKK B 00/1aCTH MAPKUPOBKHU U roJiorpaduu: 6eJopyccKUil onbIT

B.A. Tanun, A. I". bobopexo, 1. B. Mouceerko
3akpoimoe akyuoneproe obwecmso «[ OJIOIPAPHYECKAS HHIAYCTPHS », Munck, Pecnybauka
beaapyco

Hcrnonb3oBanue u epeHoc oIlbiTa, HAaKOIJIEHHOI'O0 IpH HW3rOTOBJICHUHU ronorpaanquKoﬁ NpoAyKLHH Ha
npoueccehl, CBsA3aHHbIE C MapKI/IpOBKOﬁ TOBapoB.
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4.5 Bbi6op napaMeTpoB 3alIUTHON IOJOrPaMMbl 1Sl HE6J1aroNPUATHBIX YCJIOBUI OCBELLEHUS

A. ©. Cwvbik, A. B. Ulypbirun
000 «/lwcetimc Pusep bpanus, Mocksa, Poccus

3auTHble THCHEHbIE TOJIOTPAMMBI pacrpocTpaHeHbl OoJblie JAPYrHX B Halle BpeMsi H3-3a BbICOKOH
TEXHOJIOTMYHOCTH M JIELIEBU3HbI B MacCOBOM Mpou3BojacTBe. OHAKO, YCJIOBHS OCBElLLEHNSI B COBPEMEHHOH
cpejle He CJIMIIKOM OJIaronpUsiTHbL /sl [TOJHOLUEHHOTO MPOSIBJAEHHS] BCEX JNOCTOMHCTB TOJIOTPAMMbl Kak
3alUTHOrO cpeacTBa. B pabore npoBesieHa olieHKa METOJI0B CO3AAHUS pesibepOB rosiorpauueckux peneTok
JUIsl PasJIMUHBbIX YCJOBMH OCBElIEHHSI W MX ONTHUECKHUX CBOHCTB. B Jokisane mpensoxkeHbl JBe MOJAEIH
OCBELLEHHS, U OHH NTPUMEHEHbI /11 OLLeHKH BJIMSIHHS pa3MepPOB OCBELIAIOLLEr0 UCTOYHUKA U ero CIIeKTpa Ha
paspelleHre U LBETHOCTb B BOCCTaHABJAMBAEMOM roJiorpaduueckom uzoopaxkenuu. [Ipemioxken noaxon ais
BbIOOpA THMA M MapaMeTpoB TOJIOFPAMM, KOTOPBIA MOXKHO NPHMEHATb NPH HeOJIaroNnpUATHBIX YCJIOBHAX
OCBELLEHHS.

KatoueBble caoBa: Ontuka, rosorpadus, 3alTHbIE TOJOTPAMMBI.

4.6 YBeqnueHHe CKOPOCTH 3aMUCH YCTPOUCTB IOT-MaTPUKC

A. ®. Cwmpik, A. B. lllypbirun
000 «/ocetimc Pusep bpanus, Mocksa, Poccus

CoBpeMeHHbIe YCTPOUCTBA JIOT-MATPUKC IS 3aMUCH PAy?KHBIX TOJIOTPAMM TOC/AEI0BATENLHOH MPOEKIIHeH
(parMeHTOB Ha HOCHTEJb 00eCNeuMBaloT CKOpocTh 1—3 cm?/yac, uTo HeIOCTaTOuHO /sl YAKOBKH M
JUCTIJIEHHBIX TPUMeHeHHH. B pab6oTe paccMoTpeHbl 0CHOBHbBIE (DAKTOPBI, OrpaHUYHMBAIOIIHE CKOPOCTH 3aMUCH
Y MPEJIOKEHBI CXEMHO-TeXHHUECKHE PeLleHHs], NO3BOJIALINE YBEJIHUUTh B HECKOJIBKO Pa3 CKOPOCTb 3alHCH
BCEX TUIOB PA/ly?KHbIX rosiorpamMM. Jlyist roJlorpaMM HEKOTOPbIX THITOB JI0OCTHKUMO ellle GoJibliiee yBeJruyeHre
ckopocTH. [ IprBesieHbl pesysibTaThl 9KCIIepHMEHTOB.

KutoueBble cioBa: OntHka, rojorpadus, 10T -MaTPUKC

4.7 HaHodoToHHbIe (h13HUECKH HEKTOHMPYEMble 3alLUTHbIE METKH: CO3JlaHUe, ONTHYECKHE CBOMCTBA U
NPOTOKOJIbI CYUNTHIBAHUS

I1. H. Kycros! , M. I1. Cannomupckuii! | E. A. TTerposa' , II. A. 3yes!

Qusuueckuii paxyromem, Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

B noknane npencraBienbl paboThl Mo pazpaboTke HAHOMOTOHHBIX (PU3HUECKH HEKJIOHHPYEMbIX 3aLIMTHBIX
METOK Jisl [PUMEHEHHS B CHCTEMaX 3alluThl OT nojyieioK. [IpeicTaB/eHbl jiazepHble METO/bl CO3aHHSI MHKPO-
U HAHOCTPYKTYp Ha OCHOBE KPEMHHEBBIX M 30JI0TO-KPEMHHEBbIX TMOPHAHBIX MaTepHaJsoB, OOJaAAILINX
YHHKAJILHBIMM M HEMOBTOPMMBIMH ONTHUECKHMH CBOHACTBAMH HM/WJIM CTOXaCTHUECKHM pACHOJIOKEHHEM.
HMcenenoBanbl  criekTpaJjibHble  XapaKTEPUCTUKM — paccesiHusl,  KOMOMHAUMOHHOIO — paccesiHus W
(hOTOTIOMUHECLIEHLIUH, IEMOHCTPUPYIOLLME BLICOKMH YPOBEHb BAPUATUBHOCTH MeXKy MeTKaMu. [ IpeaoxKensbl
U MPOTECTHPOBAHbI MIPOTOKOJIbI ONTHYECKOTO CYUTHIBAHUS C MCIOJb30BAHHEM AJFOPUTMOB KOMITbIOTEPHOTO
3peHust W JAp. s ayTeHTU(HUKALMM MPEeVIOKEHHBIX 3allMTHLIX MeToK. [losiydeHHble pe3yJbTaTbl
MOATBEPIKAAIOT MEPCINEKTUBHOCTb (PU3UUECKH HEKJIOHUPYEMbIX METOK JI/Isl TPAKTHUECKOTO UCIOJb30BAHHUS B
KauecTBe MAECHTH(HUKALIMOHHBIX 3HAKOB U B CUCTEMAX 3aLLUThI OT MOIEJKH.

KatoueBbie cioBa: HaHO(OTOHKKA, (PH3UIECKH HEKTIOHUPYeMble (PYHKIMH, 3alIUTHbIE METKH, HAHOCTPYKTYPbI,
JlazepHble METOJIbl CO3IAHUST HAHOCTPYKTYP, aJITOPUTMbI ayTeHTH(HUKALINH.
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4.8 OnTnuecku-nepemeHHble apeKkTbl HA MyapOBbIX H300paXKEHHUSAX, CO3JaHHbIE C TOMOILbIO
MHMKPOJIHH3 B TOHKHMX JIAKOBBIX CJ10SIX

P. H. Konsiikun', k.dp-m.H. A. A. [llep6akos?, k.1.1. E. C. Kasapues', k.x.n. E. M. ®&roposa’

" Hayuno-uccaedosamenrvckuii uncmumym — ¢uiuar akyuoneprozo obuecmsa «loznak», Mocksa,
Poccus

? Hayuonanvolil uccaedosamenvckudl ynusepcumem MTMO, Cankm-Ilemepbype, Poccust

B pa6ote onpenesiena BO3MOKHOCTb MOJy4eHHsT ONTHUECKHX 3(P(EKTOB C HCITOIb30BAHHEM JIaKa B yCJOBHSIX
noJsirpaguueckoro npousBoacTsa. [IpoBeneHa oleHKa BO3MOXKHOCTEH MeYaTHOrO MpoLecca, HMEOLLero
OrpaHMuEHHYI0 paspellaiollylo CrocoOHOCTb, MO BOCMPOM3BEIEHHIO rpaduueckux 3sjeMeHToB. Co3nano
nporpamMHoe o6ecriedeHue Jijisi MOIEJIMPOBAHUST ONTHYECKUX 3(P(eKTOB Ha ITare J0nevyaTHOl MOArOTOBKH.
HaneuaTanbl TecrtoBble 3/eMeHTbl ¢ 3anaHHbiMM 3ddekramu. [losyueHHble pe3y/bTaThl MOryT OBITh
MCIOJIb30BaHbI PH Pa3paboTKe HOBBIX 3J1€MEHTOB 3aLIUThI MOJUTPaUIECKON MPOILYKLIHH.

KatoueBbie ciioBa: Ontudecku-nepeMeHHbIN seMeHT, Penibeponpuémunlii ciioi, [leuatHsifi npotiece,
SaumieHHas neuath, Myap, Jlak, MUKpoJIHH3bI
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Cekuusd 5
UnrerpanbHas poToHUKa

YcerHble nokaaapl

5.1 nO.Hﬂpl’lSYlOllJMC HWHTErpadbHO-0NTUHYECKHE BOJHOBOAbl HA OCHOBE TOHKOIIJIEHOYHOI'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 eocydapcmsenHolll HAYUOHAAbHbLL Uccaedosamenvekull yrusepcumem, [epmo, Poccus
* Croakosckutl uncmumym nayku u mexuosoeutl, Mockea, Poccus

7000 «[ugppa Jla6 s, [Tepmo, Poccust

st 3ajay  onrtuyeckoro MpHOOPOCTPOEHHSI TIPUMEHSIIOTCS  MHTErpaJjibHO-ONTHYECKHE — BOJIHOBOJBI,
NoJIEPXKUBAIOLIIME pacripocTpaHeHne PyHaaMeHTa bLHON MOJIbI € 3aJaHHON NoJisipusatidel. B pabote onucanbl
0COOEHHOCTH NPOEKTHPOBAHUS OJISIPU3YIOLLMX BOJHOBOAOB Ha OCHOBE TOHKOIJIEHOYHOrO HHoOATa JIUTHS X-
cpe3a (c ToJIMHON MJeHKH Huobara Jutus 0,6 MKM), noagep:kuBatolyx pacrnpoctpaHenne TE-moapl
ONTHYECKOTO U3JlydeHHsl ¢ JVIMHHOH BosiHbl 1,55 MKM. [IpoBeneHo yucieHHOEe MOIeIMPOBAHHE ONTHYECKHX
BOJIHOBOJIOB C LleJIbl0  OMpe/esieHUs Habopa TIeoOMeTpPUYECKHX MapaMeTpoB [OMEPEeYyHOro CeyeHwsl,
obecrieunBatolMX — pacrnpoctpaHenve  dyHaamenrasbHoi  TE-mombl M MakcuMaJjbHOe — 3aTyxaHue
dynnamentanbHod TM-mopbl. [y MpOBEPKH MOJIydEHHBIX Pe3yJbTaTOB OblIM H3rOTOBJEHb 00pa3iibl
UHTErpajibHO-OMTHUECKUX BOJIHOBOAOB JJIsl 3KCIepuMeHTanbHOH oleHKU 3atyxanuss TM- u TE-mognbl.
M3mepenust onTHyeCcKUX NoTepb MOLIHOCTH yHIaMEHTaIbHbIX MOJI B BOJIHOBOJIAX KAU€CTBEHHO MOATBEPANIIH
3Ha4YeHus, N0JyYeHHbIE B pe3yJ/ibTaTe YUCJACHHOIO MOJCTHUPOBAHHSI.

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

5.2 ﬂpel/lmymecma MHOIoMOJ40BbIX KPpEMHHEBbLIX BOJIHOBOAOB U Crocoobl ynpaBJi€HUs1 UX MOJLOBbIM
COCTaBOM B l/lHTeraJIbHOﬁ d)OTOHl/IKe

J1. C. 3emuios, A. K. 3emiiosa, A.C. Cmupnos, C. C. Kocoso6os, B. I1. /Ipaues
Croako8cKull uHcmumym sayku u mexvoaoeuti, Mocksa, Poccus

B uHTerpasibHON (POTOHHKE MHOrOMOJIOBbl€ BOJIHOBOJbBI HIPAlOT BaxkHylo poJb. B pabore uuciaeHHO
000CHOBBIBAETCS  UCI0JIb30OBAHHE MHOIOMOJOBBIX BOJIHOBOJIOB JUISl JIOCTHXKEHHsI HHM3KHMX [0Tepb Ha
pacnpocTpaHeHde, a TakKe HH3KOH (Da30BOH UyBCTBUTEJIbHOCTH K KOHEYHOH TOYHOCTH JIMTOrpaduu.
DKcnepuMeHTalbHO MOKasaHbl IOTePH Ha pacrpocTpaHeHHe B KpeMHHeBOM BosHoBoje Menee 1.5 nb/cwm.
Taxke B paGore mokasaHbl crocoOGbl ynpaB/aeHUs] MOJOBBIM COCTaBOM J/Isl MOJAYJSILIMM U KOMMYyTalUH B
(hOTOHHBIX HHTETPAJIbHBIX CXEMaX.

Kaniouesnie cioBa: Murerpanbhas doronnka, Kpemunii Ha ugossitope, BOJTHOBOAHAS MOJIA,
TepmoonTuyeckuit addekr, Mopysius
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5.3 AneKTPoONTHUECKHIi NIa3MOHHbIN MOJYJISITOP MEXMO/I0BOH UHTep(epEeHLIMU HA KPEMHUEBOM
BOJIHOBOJIE

A. K. 3emmosal, /1. C. 3emuos!, M. A. TTiennuniok!, A. C. Cmupnos', K. H. F'ap6ysos!, C. C. Kocoso6os',
B. I1. Ipaues'
"' Croakosckuii uncmumym nayku u mexroaoauil, Mocksa, Poccus

DJEKTPOONTHUECKUH  MOJIYJATOP  SIBJSIETCS  BAXKHBIM ~ 3JIEMEHTOM  MHTErpajibHOH  (POTOHHKH.
DJEeKTPOONTHUECKAs] MOIYJSILIUS CBEeTa MPOUCXOIUT B MHOTOMOJOBOM KpPEMHHMEBOM BOJIHOBOJE Osaroapsi
snekTpopedpamoHHomy 3hdexkTy B Mpo3payHOM MPOBOISAIIEM OKCHIE HHAMs-0J0Ba. [nbpuansauus
BOJIHOBOJIHOM U MOBEPXHOCTHOM MMJIA3MOHHOKM MOJ| [T03BOJIMJIA PEANU30BATh MOJYJISILMIO HA JJIMHE AKTHBHON
obnactu meHee 4 MkM. M3rotopsieHHble HMHTErpasbHble CTPYKTYPbl ObIM MPOTECTHPOBAHBI B COCTaBe
AHaJIOTOBOTO ONTHYECKOTO TpaKTa. Dbl1 namepeH Ko3hUIMEHT SKCTUHKIIMM B HECKOJIBKHX PEKHUMaX: TMPH
MOCTOSTHHOM HamnpsiKeHUH " Ha 4acToTe.
KatoueBble csioBa: WMuTerpanbHasi dotonnka, MukpoBosHoBasi doToHnka, KpemHuil Ha u3ossiTOpe,
DJEKTPOONTHYECKHH MO ISITOP

5.4 IBaHecueHTHbIE BOJHDI €-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, onpenessieMoll TJIyOHHOH NMPOHUKHOBEHUsS] BAHECLEHTHbIX XBOCTOB
BOJIHOBOJHbIX MOJ. B m/iaHapHbIX BOJIHOBOJAX 3BaHECLEHTHbIE XBOCTbl UMECKT YHUCTO MHHMMbIH BOJIHOBOH
BEKTOp B HaMpapJeHUH Craja noJs. ITO BEPHO Kak Julsi OObIKHOBEHHBIX, TAK U HEOOBIKHOBEHHBIX (BOJIH C
IKCTPEMAJIbHO MaJIoH IyIyOUHON CKUH-cJ1051 WiH e-skid) sBaHecueHTHbIX BosiH. [1pn 0600611eHn KOHLIENINHH
nyianapHoro e-skid BoJiHOBoja Ha BOJIHOBOABI C JOKAJM3aUWed TMoJs B JIBYX HM3MEPEHHsIX, BO3HMKAIOT
3BAaHECUEHTHbIE BOJIHbI C HEHYJIEBOH IEHCTBUTEJ/IbHON UaCThI0 BOJIHOBOIO BeKTOpa. B noknaje 6yayT pasobpau
(hU3HUECKHH MeXaHU3M WX POPMHUPOBaAHMUS

Katouebie cioBa: E-skid BosiHoBoabl, OnTHueckas anuzotponusi, BannepBaanbcoBbl MaTepHasibl

5.5 UccaenoBanune ontuueckoro adekra caMmoBO31€iCTBUSI B TMHOPUIHBIX HAHOCTPYKTYpax TMna
METaNI-0JYIIPOBOJHUK

A. O. Jlapun, 3. V. Arees
Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

B noknane npencraBsieHbl pe3yabTaThl HCCAENOBAHUS P deKTa CaMOBO3IEHCTBUS U €r0 POJIH MPU reHepaliu
HeJIMHEeHHO-0NTHYECKOr0 OTKJIMKA B FTMOPUIHBIX HAHOCTPYKTYpax THIA MeTaJll-[10JyNnpoBojHUK. PaccMoTpeH
MOAXOA K HMX HW3rOTOBJEHHIO C ONMUCaHUeM MOPGOJIOTHH, HCCAEI0BAHO B3aUMOJAEHCTBHE T'HOPHIHBIX
HAHOCTPYKTYp C Jla3epHbIM H3JydeHHeM (heMTOCEKYHIHOH JUIMTENbHOCTH Ha JyIMHaX BosiH OJmkHero MK, a
TAK)Ke MOCTPOEHbI YUCEHHbIE MOJIEJIH JIJISI UHTEPIIPETALIUH [TOJYUEHHbIX PE3YJIbTaTOB ONTHUYECKUX U3MEPEHHH.
PesysbTatel ucc/eoBaHus UMEIOT [epPCeKTHBbl st pa3pab0TKH HAHOPa3MEpPHbIX arl-KOHBEPCHOHHbBIX
MCTOUHHKOB M3JTyueHHst J1s1 POTOHHBIX MHTErPAJIbHBIX CXEM B KAU€CTBE aKTHMBHBIX KOMIIOHEHT.

Kimouesebie cioBa: Hanoctpykrypsl, Henuneiinasi ontuka, ['n6puanast HanootoHnka
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5.6 MHOTrOypOBHEBOE NepekaioueHre ha30M3MeHSIEMON SUeiKU B UHTerpajibHON (DOTOHHOU cxeme
A.A. Hessopos', A.U. TTpoxoauos?, B.B. Kosasok!, I1.1. Jlaszapenko?, A J1. Tosmkos"?, C.A. Kostoxun?®,
[.H. Tonbuman*

I Jlabopamopus pomonnvix easosuix cencopos, MUCHC, Mocksa, Poccus

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

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

Pa6ora nocesilena uccienoBaHuio (OTOHHBIX WHTErpasibHbIX CXeM C MepecTpauBaeMbIMM silUeHKaMHU Ha
OCHOBE XaJIbKOTeHUIHbIX (pazousmeHsieMblx MaTtepuasoB (PHIM). Toukue nuenku @M, HaHeceHHble Ha
MOBEPXHOCTb OJIHOMOJIOBOTO MHTErpajibHOr0 BOJHOBOJAA W3 HUTPUIA KPEMHHMs, MO3BOJM/IM HAM M3MEHSITh
NporycKaHue MHTerpaJjbHON cxeMbl Ha 6 dB ¢ nomoliblo sazepHbIX UMITYJIbCOB, PACHPOCTPAHSIOLIMXCS B
caMOM BOJIHOBOJie. B paboTbl Mbl ONHUCbIBAEM 3KCINEPUMEHTANbHYIO CXeMy H TMPOTOKOJ YIpaBJeHHs
CO3/IaHHBIMH CTPYKTYypaMH, KOTOPbIH M03BOJISET M0Jy4aTh He MeHee 4X 6€30IHO0YHO pa3IMdUMBbIX COCTOSTHUH
MHTErpaJjbHOroO 3JeMeHTa, XapaKTepU3YIOLMXCs Pa3iMYHbIMU YPOBHSIMU nponycKanusi. [losyuenHble Hamu
pesyJsibTaThl TO3BOJISIT CO3/aTh 3SHEPrOHE3aBUCHMYI0 MHOTOYPOBHEBYIO SIYE€HKY [OJHOCTbIO ONTHYECKOH
NaMsITH, @ TaKXKe MOTYT HAHTH MPUMEHEHHE B HHTETPaJIbHbIX ONTHYECKUX HEUHPOMOP(HBIX CHCTEMAX.

KitoueBrbie cioBa: I/IHTeraJIbele (bOTOHHbIQ CXeMblI, q)aSOI/ISMeHHeMbIe MaTepHaJibl, OIITHYECCKHE DJIEMEHTbI
NnamsiTu, HGIU/IPOMOpq)HbIe TEXHOJIOT'WH, SHEeproHe3aBucruMasl namMsaThb

5.7 ®oToHHbIE UHTETPaAJIbHbIE CXEMbI C KOJIbLIEBBIMU MUKPOpPe30HaTOpaMu Ha ocHoBe SisN,

AH. Abanun'?3, P.M. Pazanos?®, A.Jl. loauxos*

"'HITK «Texnosorkueckuii uentp», Mocksa, Poccust

? HaumonaJibHbii uccsieoBatesibekuil ynuepeuter « MUIT», Mocksa, Poccust
® VJ/IbSIHOBCKHI TOCYIapPCTBEHHBIH YHUBEPCHTET, YJIbsHOBCK, Poccust

* Yuupepceurer Hayku 1 TexHosoruit « MMCuC», Mocksa, Poccust

Lleabto paboTbl siBAsiach OTpabOTKA TEXHOJOIMH HM3TOTOBJEHHS] (DOTOHHBIX MHTErpasibHbIX CXeM Ha
nopoxkkax Si/SiO,/SisN,. Onpesesenbl OCHOBHbIE pexkHMbI, o6ecreunBalolite Gopmupoanue cioes SiO,
u SisN, ¢ rosmmnoit 2,7 u 0,45 MKM cooTBeTcTBeHHO. Ha mojjiolkkax METOIOM 3JIeKTPOHHO-Jy4eBOH
JuTorpaun H3roTOBJIEHBI KOJbleBble MHUKpopedoHaTopbl (MKP) pasmuunoii reomerpun. B pesysbrare
uccsenoBanus crnektpoB mnponyckanus MKP onpenesnenbl mapameTpbl COOCTBEHHOH W HarpyKeHHOH
n06pPOTHOCTH, CcBOGOAHOTO crekTpasbHoro auanaszoHa (FSR), onrtuueckux motepb. OmnpenesieHb
ONTHMaJIbHble TeOMeTpHUUECKHe MapaMeTpbl 3JEeMEHTOB, 0OeCreurBalollde MOoJyYeHHe Pe30HATOPOB C
106poTHOCTBIO Q>10° npu paauyce KoJblia pesoHaTopa 64 MKM.

KutoueBble cioBa: POTOHHBIE HHTETrpaJsibHble CXeMbl, HUTPUJL KDEMHHS1, KOJIbLIEBOH MUKPOPE30HATOP

5.8 BosiokoHHbIe Jla3epHble KOH(Urypauuu Ha aeKkre 3aXxBaTa 4acTOTbl

W. C. Iaustes', I1. A. Utpun', B. A. Pu6enex', JI.A. Kopo6ko!, A.A. ®ornamu’ >
"' Yavanosckuii eocyoapemeaennolii ynusepcumem, ¥1oaHosck, Poccust
? Pusuko-Texruuneckudl uncmumym umn. A.®P. Hoggpe PAH, Cankm-ITlemepbype, Poccus

MerToz 3axBata 4acTOThl sIBJsieTCs PQPEKTUBHbIM MEXaHM3MOM CTaOMJIM3aLUMH TeHepalud B (OTOHHBIX
MHTerpaJjbHbIX CXeMax, MpeiHa3HaYeHHbIX sl PUJI0KEHUH, IJle KPUTHUECKH BaxKHbl y3Kasi CIIEKTpaJibHast
JIMHHSI M HU3KHUH (ha30BbIi WyM. B oT/iMuKe OT TpaiLUMOHHBIX METOL0B (pa3oBo cTabUIM3aLHH, TPeOYIOLLHX

28



{ XOMOSKCIMO

HayKa 1 MpakTka

CJIOXKHOH U JIOPOTOCTOSILILEH ONTO3JIEKTPOHHOH TeXHHKH, Jla3epbl Ha 3(h(heKTe 3axXxBaTa 4acToThl 06eCrneyuBaoT
MacCUBHYIO CTaOM/IM3ALIMIO MyTEM 3axBaTa MoJbl pe3oHaropa ¢ BbicOKUM Q-akropom. [loka texnosornu
M3rOTOBJIEHHS] HHTEIPAJIbHBIX BbICOKOJOOPOTHBIX PE30HATOPOB €lllé HAXOASTCSl HAa paHHEH CTaluu Pa3BUTHSI,
BOJIOKOHHbIE Jla3epHble KOH(Urypauuu OJsarofapsi 3HAUMTEJbHOH JUIMHE pe30oHaTopa yxKe celvac
obecrieunBaloT pekopjHble 3HaueHus Q-daxropa. B noknane GynyT npeacrapiieHbl SKCIepUMeEHTasbHbIE
peanusaluuy BOJIOKOHHBIX J1a3€pOB, COOpaHHble M3 CTAHAAPTHBIX TeJE€KOMMYHHMKALMOHHBIX KOMIIOHEHTOB, a
TaKXKe PaCCMOTPEHbI 0COOEHHOCTH MEXaHM3MOB 3axXBaTa 4acTOThl, [TOJIe3HbIe 4JI MOC/IeIyIOLled HHTerpauyu
B popMaTax GOTOHHBIX MHTErPAJIbHBIX CXEM.

KutoueBble c/10Ba: Y3KonoJocHble Jlazepbl, BbIcOKo10OpoTHbIE pe30HaTopbl, 3aXBaT YaCTOThbI

5.9 Cy)KeHne .nasepﬂoﬁ JIMHUHU C UCNMOJb30BaHUEM KPEMHUEBbIX MUKPOKOJbLEBLIX P€30HATOPOB

Beprynec A.1.!, 3emuos J1.C.", 3emuoba A.K.', Cmupros A.C.", )Kurynos JI.M.", I'ap6y3os K.H.!,
Kocosno6os C.C!, Ipaues B.I1.!, ®otnamu A.A.?, sanos A.B.?, Jlagyrun M.A.?, Kuwiok E.IT. 4, Cetyxun
B.B.#4

"'Croakosckuil uncmuym nayxku u mexwoaoeuti, Mocksa, Poccust

2 Yavsarnosckutl ecocydapemesennolil yrusepcumem, YavsaHosck, Poccus

3 HHH «Ilonrtocy umernu M. @. Cmeavmaxa, Mocksa, Poccus

*HIIK « Texnoaoeuueckuil yeump», Mocksa, Poccus

[lesibto paGoThl sIBJSIeTCS CO3/laHHE KOMMAKTHOTO Y3KOIMOJIOCHOTO Ja3epa /sl KOMePEeHTHOH ONTHYeCKOH
CB$I3H, MeHepali MaJIoOLLyMsILLIMX MUKPOBOJIHOBBIX CUTHAJIOB, ONITUYE€CKOH CEHCOPUKH U criekTpockonuu. Ha
niathopMe «KpeMHHH-HA-U30/19TOpe» C aKTUBHBIM csoeM 220 HM Obll CHPOEKTHPOBAH W H3TOTOBJIEH
MUKPOKOJIbIIEBOH pe3oHaTop ¢ jo6potHocThio ~ 150 000 nns snasepa ¢ pacnpeiesieHHOH 0OpaTHOH
cesa3bio (POC). Manyuenne POC-nazepa BBOAMJIOCH B HMHTErpasibHyl0 (DOTOHHYIO CXeMy C [OMOIIbIO
MOJIMPOBAHHOTO OMNTHYECKOTO BOJIOKHA, MPUCTHIKOBAHHOTO B TOPU30HTAJNbHOH TEOMETPUM K pelleTKam
BBOJIA/BbIBONA M3JyueHMsl HA YMIle C CyMMAapHBIMH TOTepsMM Ha CTHIKOBKY 3 AB. Mcroabsys meTon
camoreTepoMHHON MHTEPPEPOMETPHH C IVIMHHON BOJIOKOHHOH 3a/1e P2KKOH, MOKA3aHO Cy?KEeHHE CMeKTPaNbHOH
IMprHbI JiazepHol Jiuauu ¢ 210 k' go 200 I,

KuoueBbie csioBa: poTOHHBIE HHTErPaJIbHbIE CXEMbI, KDEMHHI - HA -U30JISITOPE, Y3KOIOJIOCHBIH Jazep, 3hdeKT
camo3axBaTa 4acCTOThl, KOJIbLIEBOH PE30HATOP

CreHpoBbie NOKaaAbI

C.5.1 Uzayuaroume cBoicTBa TOMOJOTHYECKHUX 1e(peKTOB B (POTOHHBIX KpHCTaIaX, ChOPMUPOBAHHBIX
Ha KpeMHHUEeBbIX CTPYKTypax ¢ HaHoocTpoBKamu Ge(Si)

E. O. Cuoauna', A. B. [lepemokun?, H. A. Yynpur?®, M. B. Cmenuxosa®, M. B. lllarees?, E. E.
Poosakuna’, /1. B. llleneypos?, A. B. Hosukos?

' Uucruryt npukiannoi ¢pusnku M. A.B. Tanonosa-I'pexosa PAH, Huxnuit Hosropon, Poccusi

2 Wneruryt ¢usukn mukpocetpykryp PAH, Hukuuit Hosropon, Poccust

® Beiciuas tikosia o6iiei u npukiannoi dpusuku HHIY um. H.U. Jlo6auesckoro, Huxknuii Hosropoy,
Poccus

* neruryr usuku noaynposoauukos um. A.B. Pxkanosa CO PAH, Hosocu6upcek, Poccust
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B paGore paccmoTpeHbl H3Jydarolllde CBOHCTBA TOMOJOTHYECKHX Je(PeKTOB B JBYMEPHBIX (OTOHHBIX
KpUcTasiax, copMHPOBAHHBIX HA KPEMHUEBBIX CTPYKTypax ¢ HaHoocTpoBKamu Ge(Si). Manyuas B inanazone
npoadpauHocTd kpemuus (1.2 — 1.6 MkM) 1 Oyayud COBMECTHMBIMH C KPEMHHEBLIMHU TEXHOJIOTHSIMH, TaKhe
CTPYKTYPbI MPEICTABJSAIOT 3HAUMTEIbHBI HHTEPEC C TOUKH 3PEeHHsT BO3MOXKHOCTEH CO3AaHHUs HA MX OCHOBE
3JIeMEHTOB HHTerpasbHoil ¢ortoHuku. Kak Oyner mokasano B paborte, (OpMHPOBAHHE TOMOJOTHYECKHX
nedekToB B (DOTOHHBIX KPHUCTAJIaX MO3BOJSIET YNPABJSATh AHArPAMMOK HAMpPaBJAEHHOCTH W TMOJIsipU3aline
U3JlydeHHs] AKTUBHOH CpeJibl, OTKpPbIBAsi T€M CaMbIM HOBble BO3MOXKHOCTH [isi CO3J@HHSI HUCTOYHHUKOB
U3JydeHHsl ¢ 3aJJaHHbIMU CBOUCTBAMH, HE UYBCTBUTEJbHBIX K OLLIMOKAM MPOLLECCHPOBAHMUSI.

KatoueBbie ciioBa: @oToHHble KpUcTasLbl, Tononoruueckue nedexTol, JllomuHectienuusi, MurterpaabHas
dhoToHHKa.
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Cekuus 6
Untepdepomerpus v onTuueckas METPOJOTUsE

YcerHble nokaaapl

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

T. A. Makoseukast', 1O. Xynionn!', A. A. Mapksapt!, H. A. Yiakos'
"'Canxkm-Tlemepbypeckuii [Nloaumexuuueckutl ynusepcumem lempa Beaukoeo, Cankm-Ilemepbype,
Poccus

M3mepenne paccTosiHMd M MHKporepeMelleHHH sBJsieTCsl BaxKHOHM 3ajayeldl BO MHOIMX 00JacTsx
MPOMBILIJIEHHOCTH W HAay4yHO-TEXHMUECKOH JesTeNbHOCTH uYesioBeka. PassuuHble HHTephepoMeTpuuecKue
MeTo/lbl  06eCneyuBalT BO3MOXKHOCTb peajiM3alldk  Takux u3MepeHui. Tem He MeHee, yJyduleHue
paspeliawlilei CnocoOHOCTH H3MePEHUH U TOJIaBIeHHs] HEraTHBHBIX 3 (eKTOB 0CTAETCs BaXKHOH 3aj1aueil. B
JIOKJIajle MpoBeJieHa napaJsuiesib MeX1y PasjiuyHbIMH HHTephepOMeTPUUECKMMH MEeTOJaMH: PAaCcCMOTPEHbI
aHaJIMTHYECKUE BblpaxKeHHsl, OMUChIBalollde HHTep(epeHIMOHHbIE CUIHAJbI U pa3pellaolide cnocoOHOCTH
K/JaCCHUECKHX HHTepdepoMeTpUuecKnX H3MepeHuil. DByner mokasaHo mnoTeHUMa bHOe —YJydlleHHe
M3MEPUTEJIbHBIX XapaKTePUCTHK CIEKTPaJbHOH HHTePHEpPOMETPUU TPHU HCMOJNb30BAHUM OGUPOTOHHBIX
COCTOSIHMH B KauecTBe 30HAMPYIOLIEr0 H3JydeHHsl, a TakkKe OOCYKIEHbl CJOXKHOCTH peasu3alyu
crieKkTpasibHOl OudoToHHON HHTepdepomeTpun. [lpemnokeH mnoaxom crekTpaibHOH HHTEPhEpPOMETPHH,
OCHOBAHHBIH Ha COCTOSIHUSIX ¢ cynep-IlyaccOHOBCKOH CTaTHCTHKOM, JIETKO peasindyeMblil 9KCIepUMEHTAIbHO
Y TI03BOJISTIOLLMH YJIyULIHTb Pa3pellaiolilyto coco6HOCTb KJacCHIE€CKUX METOJIOB.

KutoueBebie ciioBa: CniekrpasibHasi HHTepdepomeTpusi, 6MOTOHBI, ONTHUECKAst KOTepeHTHAsl ToMOTrpagus,
OnTHYEeCKasi YaCTOTHasl peIeKTOMETpPHsl, Hepa3pyLIaloLi KOHTPOJIb, pagpellatoliast cnocoOHOCTh

6.2 OnbIT NpUMEHEHHUS TAJOHHBIX 3€PKaJ /151 KOPPEKIMU adeppalyil ONTHYECKOH CUCTEMbI
MHTep(hepeHIMOHHOrO 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 TOUHOCTH U3MEPEHH pesibeda MOBEPXHOCTH C MOMOIIbIO
MHTep(epeHIMOHHOr0 MHUKpocKona. Jljisi Koppekiuu abeppauuil ONTHUYECKOH CHCTEMbl MHKPOCKOTA
MCIOJIb30BAJMMCh CTEKJSIHHbIE U KUIKHE 3TajloHHble 3epkasa. [lpumeHenue mertosna asoBoro casura u
MPOCTPAHCTBEHHON (DUJbTPALMK [O3BOJMIO MHHUMH3UPOBAaTh apTedakThbl, BbI3BAHHbIE BHOPALMSIMHU.
[TosryyeHnHble pe3yabTaTbl JA€MOHCTPUPYIOT 3((EKTUBHOCTL abCOJIOTHON KaJMOPOBKM MHKpOCKOMa ¢
MIOMOLIBIO 2KHMAKOTO 3epKaJsa JJIsi TOYHBIX METPOJIOTHYECKUX MCCJIEN0BAHUM, TaKXkKe HCCJ/eA0BAHO BJIHMSHHE
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 perucTpaiyu cnekia-uHrepdeporpamm Bubpupylouiero oobekra npu
MCMoJb30BaHUU LU POBOM KaMepbl C KOJIbLEBOI anepTypHoii tnadparmoii
A. B. UBuenko, A. U. )Kyxykun, P. H. Cepreen
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Camapckutl HayuoHarvroll uccaedosamenrvckutl yrusepcumem umenu akademurxa C.I1. Kopoaésa,
Camapa, Poccus

C 11e/bI0 MOBBILIEHUST YyBCTBUTEJbHOCTH CMEKJ-UHTEPhEepOMeTpa ¢ HEeMpepPbIBHBIM Ja3epoM U AU y3HO-
pacceuBaloLLIUM 3J1€MEHTOM, YCTAHOBJIEHHBIM Tepe]l TeCT-00beKTOM, POU3BE/IeHa PEerucTpaliis HOpMaibHOH
COCTaBJISIIOLLEH CMEILEeHHsI HCCelyeMOH MOBEPXHOCTH TPH HCIOJb30BAHWKM KOJbLEBOH auadparmbl BoO
BXOJIHOM 3pauke oObeKTHBa LUM(ppoBOH Kamepbl. [TosyyeH psin crieksn-uHTepdeporpaMmM COOTBETCTBYIOLLIMX
CTaTHYECKOH lepopMaliii, HCMOJIb3yeMOT0 TeCT-00beKTa, a TaK:Ke ero hopM KoJsiebann# npu BUGpalMOHHOM
B036yXKeHnu. [TokazaHa BO3MOXKHOCTb MOJIydeHHs KOJHUECTBEHHOH MH(OPMALMHU O MOJIIX BUOPOCMEILIeHHS
1 epopmariyu.

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

6.4 A drekT 01HOBPEMEHHOI perucTpalMi TeHEBO, LIJMPeH U HHTEp(depOMETPUUECKOI IMarHOCTUKH
NpH NPUMEHEHUH KJIacCHUeCKUX (poToMaTepUanoB s rojorpaduiyeckoil HHTepdepomMeTpun Naasmbi

A.B. INaJios'
" Mockosckuil eocydapcmeenoil mexuuveckutl ynusepcumem um. H. 3. baymana, Mocksa, Poccust

JInst anarHocTHKY (ha30BbIX HEOJHOPOAHOCTEH, BOSHUKAIOIIMX HAJl TOBEPXHOCTHIO 06Pa3I0B, HCHAPSIOIIUXCS
MoJ JeHCTBUEM BBICOKOSIDKOCTHOTO M3JIyUeHHs] peajii30BaHa CXeMa JIBYXIKCIO3UIMOHHOH Jla3epHOH
rojiorpacuueckoil uHtepdepometpuu. ['onorpaMmma cokycHpoBaHHOTO H300paXKeHUsI PerHCTpPUPYeTCsl Ha
rosiorpaduueckoit niienke BPIT-M. [lokazaHo, uTo npu cKaHUPOBAHHM TMJIEHKU B pEXKUME CKAHHPOBAHMUS
CJIAWJIOB TOJIy4aeTcsl TOJbKO KapTHHA pacrpeleseHuss aMIUIMTyAbl WHTEHCHBHOCTH, 4TO, B CYLIHOCTH,
siBJsieTcsl TeHeBOH hororpadueil. OTBepcTHe OKOJIO DMM B KpaHe 3aTeMHeHHMsl BBICTYNaeT B KauecTBe
apadparmbl, uTo cosnaet «uMpen» s¢dekr. Takum ob6pazom, U3 HHTepheporpaMmmbl yIaeTcst MOJYUUTh U
TEHEBYIO, U LIUIMPeH GoTorpaduu, Mo KOTOPbIM YTOUHSIOTCS TPAHULLBI CI0EB UCCJIEyeMbIX Ia30-M1a3MeHHbIX
MOTOKOB, B TOM UMCJI€ YIAPHbIX BOJIH, HA KOTOPbIX HHTEP(hePeHIIHOHHbIE TT0JIOCHI UMEIOT CKAUYKH.

KanioueBbie ciioBa: JIByxaKcno3uponHas JazepHas rojorpaduueckas uHTeppepoMeTpus, TeHeBast
dororpadus, waupeH-dororpacdus

6.5 OcoOGEHHOCTH U MperuMyLIeCTBa MHTEP(EPOMETPHUECKOT0 KOHTPO.ISI achepuecKnuX NOBEPXHOCTEN ¢
npUMeHeHUeM CHHTE3UPOBAHHbBIX TOJIOrPaMM

Ky Poman Mropeeuy
HAudD CO PAH

6.6 UuTepdhepomeTpus npUNOBEPXHOCTHBIX CJ10€B, BO3HUKAIOUIUX MPH CBETO3PO3UU MATEPHAJIOB

A.B. ITasnos', FO.1O. ITporacos!, B.JI. Tesex!
" Mockosckuil eocydapemeenoitl mexuuyeckutl ynusepcumem um. H. 3. baymana, Mockesa, Poccust

MeToIoM JIByX9KCIO3ULMOHHOK JIa3epHOH rosiorpaduueckoil HHTephEepOMETPUH MOJyUeHbl JIaHHblE O
pacrpejie/ieHHH NapaMeTPOB B ra3o-I/a3MeHHOM cJloe, 06pasylolleMcst Hajl TTOBEPXHOCTbIO MaTepHaJsIoB MpH
MX 00JlydeHHH MHTEHCHBHBIM KOPOTKOBOJIHOBBIM H3jydeHHeM. OCHOBHble XapaKTePUCTHKH BO3JIEHCTBHUS:
uanyuenne YO-BYD nuanaszona crekrpa, sueprus uanyuenusi 1 — 2 kJDk, aiHa o6pasuoB okoso 50 MM,
paamep obusactd Bugdyasuzaimun d = 150 mMm. OcCOOGEHHOCTH JMArHOCTHMYECKOHW CXEMbl, B YaCTHOCTH
MCMO/Ib30BAHME TJIOCKMX MPOTSKEHHBIX 00pasloB, MO3BOJMMIO 00padaThiBaTh HHTEpdeporpaMmbl B
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O/IHOMEPHOM MPUOJIMKEHHH, @ TAKXKe HAUTH He TOJIbKO MPOCTPAHCTBEHHOE pacrpeiesieHue TeMrepatypbl 1
KOHIIEHTPALMU MJ1a3Mbl, 0Opasyiollleiicss HaJ MOBEPXHOCTbIO, HO M HX 3aBUCUMOCTb OT HHTEHCHUBHOCTH
00J1y4eHHsl.

KanioueBsbie ciioBa: JIByxskcnosulponHas JasepHas rojorpaduueckas uarepgepometpus, Mamnyuenne YP-
BY® nuanasona cnekrpa, [IpunoBepxHocTHble ra3o-naa3MeHHble MOTOKH

6.7 MeTpoJsioruueckoe obecrieueHue CpeJacTB U3MepeHuil KoaduiMeHTa nepeaaun MoayJIsLUU
00beKTUBOB (/Ipueaauierroill)
Cennammit Hukonaesuy Buiinsikos'?, dokmop mexuuueckux Hayx

'PpIrBY « BHHHO®DH s, Mocksa, Poccusd
Mockosckuii eocyoapemaentolii mexnueckuil ynusepcumem um. H. 3. baymana, Mocksa, Poccus

KauectBo usoGpaxkenusi, GopmupyeMoro oOBEKTUBOM, OMNpeNesseTcs €ro 4acTOTHO-KOHTPACTHOH
XapaKTepPUCTUKOH UK Kosdduuuenramu nepepaur moaysiuun (KITM) Ha pasinuHbIX TpoCcTpaHCTBEHHbIX
yacrorax. [lsist obecnieuenus equnctsa uamepenuit KITM u coznanus stanonHo# 6a3bl N0 BOCIPOU3BENECHHUIO,
XpaHeHuto U nepenave el KITM ycoepuuenerBoBan ['ocynapcTBeHHbIH MEPBUYHBIA 3TANOH €IMHULL
onTHYecKo# cujibl oukoBoi ontuku ['DT 205-2013 B uactu Bocnpouspenenus equnuibl KITM B tnanazone
e BosiH 450—1550 um. [lpencraBsienbl cocTtaB, NMPUHLKMI PaGOThl U OCHOBHbIE METPOJIOTHUECKHE
XapakTepucTuku stajona. B cocraB I'DT 205-2025 Bxomut ycraHoBKa s uamepenus KITM onTtruueckux
CHCTEM U HabGOP ITAJOHHBIX 0G'BEKTHBOB.

Kmiouesbie cnosa: Kosdduuuent nepenaun mopynsuun, OnTtuueckas nepenatoynasi (yHkuus, PyHkuus
paccesiiusi Toukd, OO6bEKTUB, DTaNoH

6.8 Bo3amMoXXHOCTH NpUMeHeHHs crneka-uHTepdhepomMeTprn Npy 10BOKE KOHCTPYKLMI TypOOMaLIUH
(oHaatin)

JKvexkykud Anaronuil iBanosuy
[1AO "O/IK-Kysneyos"

CreHaoBbIe 1OKJaabl

C.6.1 UccnenoBaHue noJisi NOBEPXHOCTHBIX BOJIH HA METANIMUECKUX U YIJIEPOACOEPKAIIMX NJIEHKaX B
TeparepueBoM Jvana3oHe

B.JI. Kykorenko!, B.B. T'epacumos'?, B.C. Banna'?, A.T. Jlemssikos'?®, A.V1. Usanos*, JI.1. Kpacuukos®,
H.U. Parunos®, A.K. Hukutun®

" Huemumym adeproii pusuru um. I'H. bByoxkepa Cubupckoeo omoesenus Poccuiickoil akademuu
Hayk, , Hosocubupck, Poccus

? Hosocubupckuil eocydapemeennuitl ynusepcumem, Hosocubupck, Poccus

3 [lenmp Koarekmusro2o noavszosanus “Cubupckutl KoAbyesotl ucmounux pomonos” Hucmumyma
kamaauza um. I'. K. bopeckosa Cubupckoeo omodeaenus Poccutickou akademuu Hayk, Hosocubupckas
00a., p.n. Koavyoso, Poccus

* Unemumym ¢usuxu noaynposoonuxos um. A.B. Pucarnosa CO PAH, Hosocubupck, Poccus

5 CkoakoBcKuLl uncmumym Hayku u mexroaoeutl, Mocksa, Poccus
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b Hayuro- mexnoaoeuteckutl yermp yHuKaibHo20 npubopocmpoenus Poccutickotl akademuu HayK,
Mocksa, Poccus

B paGore wuccremyloTcsi MOBEPXHOCTHbIE  BOJIHBI, PACIPOCTPAHSIIOUIMECS [0 MeTaJHUYeCKUM U
yraepojocofep:kauum niénkam B teparepuosom (TI11) nnamasone, ¢ 11esblo pazpaboTKU MJIa3MOHHBIX
KomrnoHeHTOB cucteM TI1-cBsasu. [ToBepxHoctHble miadmon-nogsiputonsl ([1I1IT) nozBoasitor ycunuts u
JIOKAJIM30BaTh 3JEKTPOMAarHuTHoe moJie BOJM3U mnoBepxHocTh. [isi momennposanusi TIi-niazmoHHbIX
yCTpOHCTB TpebyeTcs 3HaHHE SPPEKTUBHON IUINEKTPUUECKOH TMPOHUIIAEMOCTH MPUTTIOBEPXHOCTHOTO CJIOS,
otyMyatouleiics ot monesnu pyne. B pabGore OyneT npeacrabjieH MeTOL KPAHUPOBAHMS /IS H3MEPEHHs
ray6unbl nponukHoBenust noJs [T B Bozayx. 3nanue royGUHbI TPOHUMKHOBEHHUS HAPSITY ¢ KO (DHULIEHTOM
3aryxatus [II1I1 Brosb HanpaBJ/ieHUs UX pacrpocTpaHeHHsl T03BOJISIET ONpPEAEIUTh TpeOyeMble KOHCTAHTHI.
JKcnepuMeHTallbHble pe3yJ/ibTaThl oJydeHbl ¢ uenodb3oBanueM TT'i-usnydyenust HoBocn6upekoro siazepa Ha
CBOGOJIHBIX 3JIEKTPOHAX JUIS 30J10ThIX, TPaeHOBBIX U YTJIEPOIHBIX HAHOTPYOOUHBIX MIEHOK.

KitoueBblie cjioBa: TepareploBblii MOBEPXHOCTHbIH MJ1a3MOH - MIOJISIPUTOH, 30J10Tble MJIEHKH, rpadeHoBble
HaHOYACTHLbI, YIJIepOIHble HAHOTPYOKH, J1a3ep Ha CBOOOHBIX 3JIEKTPOHAX, ITyOUHA TPOHUKHOBEHHUS

C.6.2 dkcnepuMeHTaIbHbIE HCCIE10BaHUS IBYXBOJHOBOTO Jla3epHOro MHTep(depomeTpa

E. A. JlaBpoB
PIr¥Il « BHHHDPTPH», p.n. Mendeaeeso, Poccus

B paGoTe npuBeleHbl pe3dysbTaThl IKCIEPUMEHTAJbHBIX HCC/E0BaHUI pa3pabOTaHHOTO JIBYXBOJHOBOIO
JlazepHoro uHTepdepomerpa, npejHazHauYeHHOro /151 U3MePeHHH JTMHEHHBIX epeMelleHHH TPY HEU3BECTHOM
npocuse TemnepaTypbl Ha Tpacce uamepenus. [1pu uamMepeHusx nepemMelleH|i NpeaioKEHHbIM J1a3ePHbIM
MHTEepP(hEpPOMETPOM CHHKAIOTCSI TPeOOBAHUS K TMOJIEP:KAHUIO METeoNapaMeTPoB Ha Tpacce Mo CPaBHEHHUIO C
OJIHOBOJIHOBBIM HHTepdepomeTpoM. B paGore onucana ontudeckas cxema npubopa. [IpuBenena metonuka
MCCJ/Ie0BAHUS METPOJIOTHUECKHUX XapaKTEPUCTHK HHTepdepoMeTpa Ha 6asuce ['ocynapcTBEeHHOTO nepBUYHOTO
crenuanbHoro srajona eauuuipl iuHel [T 199. PagpaGorannbiii uHTephepoMeTp Mo3BoJseT NPOBOIUTD
M3MepeHus nepemellieHnit Ha tpacce a0 60 M ¢ norpemHocTbio MeHee 10 MKM mpu ammnuutyae npoduss
temneparypsi 10 1 °C.

KatoueBbie ciioBa: JIByXBOJHOBBIH J1a3epHbIi HHTephepomeTp, [Iperinanontbie H3MmepeHus IUHbI,
MertpoJiorus

Cekuus 7
KBaHTOBbBIE ONTUYECKUE TEXHOJOTUU

YcerHble nokaaapl

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

[ony6eBa Tarbsana IOpbheBHa, dokmop ¢usuko-mamemamuieckux Hayk, OOYeHM
Cankm-Ilemepbypeckuii eocydapcmaennolli ynusepcumem, Cankm-Illemepbype, Poccus

7.2 llpumeHeHune cxkaThiX cOCTOSAHUI POKa B KBAHTOBBIX KOJaX KOPPEKLUU OLIMGOK
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Dammakosa Enuzaseta, T. FO. TonyGesa, C. b. Kopones

Cankm-Ilemepbypeckuii eocydapcmaennolli ynusepcumem, Cankm-Illemepbype, Poccus

B nokname Mbl MpoOAEeMOHCTPUPYEM KBAHTOBbBIH TMPOTOKOJ KOPPEKUHMH OHIMGOK TMoTepu (HOTOHOB H
nedasvpoBKH, TJIe B KauecTBe KOJOBBIX CJIOB HCIMOJBb3YIOTCS CxKaTble cocTosiHusg Poka. Mbl cpaBHUM
npejiaraeMblil MPOTOKOJ ¢ MPOTOKOJIOM KOPPEeKIMH OLIHOOK, MOCTPOEHHbBIM C MOMOLIBIO CXKATHIX COCTOSTHUH
kotoB [lIpenunrepa. Mbl moKaxKeM KOHKYPEHTOCMOCOOHOCTh CXKAThIX cocTosiHUui PoKa B 3alllUTe KBAHTOBOH
MH(pOPMAaLMHK B KaHaJse ¢ ToTepel YacTHIL M OlIMOKOH (asbl.

Kaniouesnie ciioBa: Ksantosbie Bbiuncsenus, Koppekuus ommn6ok, Cxatble coctosinus Poka, Petz BepHocthb
KaHaJsa

7.3 F'eHepauus HerayccoBbIX COCTOSIHUI CBETA JIIS1 KBAHTOBBIX KOJIOB KOPPEKLUU OLIMOOK

Kopones Cepre#i bopucosuy, k. ¢.-m. H, E. H. Bammvakosa, T. 1O. T'ony6eBa
Cankm-Ilemepbypeckuii eocydapcmesennolli ynusepcumem, Cankm-Ilemepoype, Poccus

B pa6ote wuccienoBaHa onTtuueckasi cxema, B KOTOPOH TIeHepUpyeTCsl HerayccoBbl COCTOSIHHSI CBeTa C
MOMOIIIbI0 U3MEPEHHST UHC/Ia YACTULL B MOJIE JIByXMOJIOBOTO MepenyTaHHOro rayccoBa coctosius. B pa6ore,
MOKa3aHo, 4To, NojbHupasi napameTpbl CXeMbl, MOXKHO FreHEPHPOBATh Pa3JIMUHble COCTOSIHUS, TPUMEHHUMBbIE JI7Is]
KBAHTOBBIX KOJIOB KOPPEKIMH OIIMOOK TOTepu uacTull U jeda3upoBkd. KccienoBaHa 3¢ ¢heKTHBHOCTD
KOPPEKLMH Pa3JIHUHbIX OLIMOOK € MOMOILIBIO TeHeEPUPYEMbBIX COCTOSTHHH.

KitoueBble cioBa: KBanTtoBas ontuka, HerayccoBbl cocTosiHUs, KBAHTOBbIE KOJIbl KOPPEKIIMH OLIHOOK.

7.4 JKcnoHeHUMANbHOE CyXKeHHe JIMHUI PIMCU-Pe30HaHca B ONTHYECKH MJIOTHOM PE30HAHCHOM cpene
(llpuerawernouti)

Moucees Cepreit Aunpeesnu’, Tepacumon K.N.!, Munnerasues M.M.!, Bpekotkun M.B.!, Moucees E.C.2

'Kasanckwuii ksantosbiil ientp, KHUTY-KAU, r. Kazanb,
*Department of Physics, McGill University, Montreal, Canada

Teopetuuecku 06HAPYKEHO IKCIOHEHIIHAJIBHOE CYyKEHHE JIMHUE pe30HaHCOB PaMcn B ONTHYECKH MJIOTHOH
JIBYXypOBHEBOI aToMHO#l cpefie. [TokazaHo, uTo cy:kKeHue JUHUE 06YCJIOBJIEHO CIIEKTPaJbHbIM MPOsIBJIEHUEM
s¢hekTa cCaMOMHyLLUPOBAHHOMH MPO3PAUHOCTH MPH BO3OYKIECHHH aTOMHOH CpeJibl IByMsl CBETOBLIMU
MMITYJILCAMH, HMEIOLIMMH KazK/Iblil HMITY IbCHYIO MI0MIah 6H3KyIo [/2. MexaHusMoM Bo3Gy»K1eHHs!
CBEPXY3KHX JIMHUI BbICTYNaeT (popMUPOBAHUE CUTHAJIOB MHOMOKPATHOTO (DOTOHHOTO 9Xa B IIyOMHE Cpe/ibl,
UTO MOATBEPXKIAETCS B 9KCrepuMeHTe ¢ KpuctanioM 167Er3+:Y2SiOb no Ha6JioeHHI0 STHX CUTHAJIOB Ha
BBIXOJIe KpHCTaJL1a. DKCIIEPUMEHT, POBEACHHBIN HAMH TaKxKe M0 TeCTHPOBAHHIO TPEICKa3bIBAEMOro
9KCTMOHEHIIHAJBHOTO CyXKeHUs TMHUH Pamcu pesonanca B 3Tom kpucrasiie 167Er3+:Y25105 na pazanunoit
ONTHYECKOH NIyOMHEe PE30HAHCHOTO Nepexoa, NOATBEePA/ PEACKA3aHUA TEOPUH B CYKEHHH JIMHUU
npUMepHO B 2.4 pasa, B COOTBETCTBHHU C BEJIMUMHOK ONTHUECKOH MJIOTHOCTH aTOMHOTO Nepexofia. AHaJIn3
MOJTyYeHHbBIX Pe3yJIbTaTOB MOKA3bIBAET, UTO HCIOJb30BaHHE 0OHAPYKEHHOTO 3 eKTa OTKpPbIBALT
BO3MOKHOCTb CO3/1aBaTh MPEJIE/IbHO Y3KHe JTHHUM PaMcH-pe3oHaHca, UCnoJib3yst CyLeCTBYIOIIME ONTHYECKH
TOJICTbIE PE30HAHCHBIE CPe/lbl, 4 TAKXKE CTABUT HOBbIE BOMPOCHI O CMIEKTPaJIbHBIX CBOACTBAX KOT€PEHTHOI0
HeJIMHEHHOTO B3aUMOJIEHCTBHSI CBETOBBIX HMITYJILCOB C TAKUMHU CPEIAMU M €70 TEOPETHUECKOM OTTUCAHHU
MeTO10M 0OpaTHOH 3324l paccesiHUs
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7.5 CnyTHUKOBasi KBAaHTOBasi Kpunrtorpadgus ToYKa - Touka
B.JI. Kypoukun' 22+ A. B. Xmeses" >34 A H. Yepuos"?3** E. M. Upuenko"*>*

" Mockosckuil pusuko-mexnuueckutl uncmumym, Jloreonpyoneid, 141700, Poccus
? Poccuiickutl kgarmossiii yenmp, Mocksa, 115191, Poccus

3 KyCnatic mexroroeuu, Mockea, 115419, Poccust

* Yuusepcumem nayxu u mexroroeut MHCuC, Mocksa, 119049, Poccus

OnnodoToHHasi KBaHTOBasi KpUnrorpagusi 4yBCTBUTE/IbHA K TIOTEPSIM B KBAHTOBOM KaHasie cBsidu. [lotepu B
cBOOOJIHOM TPOCTPAHCTBE JUIsl OPraHU3alliK JIa3epHOH CBSI3W Ha JlaJibHUE PACCTOSIHUSI MeHblle, YeM MpH
NPUMEHEHUH ONTOBOJIOKOHHBIX JMHUHA. [103TOMy Ha JaHHBIH MOMEHT CIyTHUKOBble CHCTEMbl KBAHTOBOH
Kpunrorpacuu paccMaTpUBaIOTCS KaK MepCrneKTUBHbIE /151 r100aAbHOTO pacrpeesaeHnsi KBaHTOBOTO KJltoua
MEeXJly MPOM3BOJBbHBIMU TOUKaMH. B noksane mpencraBieHbl MaTepuasbl M0 PA3BUTHIO HUHPPACTPYKTYPbI
NPUEMHBIX KBAHTOBBIX CTAHLMI [0 TepPUTOPUH Poccuu a1l opraHu3auuy ClyTHUKOBBIX KBAHTOBBIX ceTel.
PaccmoTtpeHtbl nepBble 3KCNepUMeHTaJ bHble Pe3yJ/ibTaThl 110 PErUCTPALMK CITYTHHKOBOIO KBAHTOBOIO KJIOUA.

KimtoueBhbie cyioBa: CHyTHHKOBaH KBAaHTOBas KpI/IHTOI‘pan)I/IH, KBanToBoe pacnpejeJsiedne KJI}OI{efl, KBanToBas
KOMMYHHUKalLlMOHHAS CETb

7.6 UccaenoBanue kpunTorpa)Mueckoi CTOMKOCTH MPOTOKOJIa KBAHTOBOM KpUnTorpaduu Ha ocHOBe
MYyYKOB C aKCHAJIbHO-CUMMETPUYHOM MOJSIPU3ALMOHHON CTPYKTYPOH

I. 1. Peternnkos', E. A. Bauykennu'

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

Hcenenyercst Kpunrorpaguyeckast CTOMKOCTb MPOTOKOJA KBAHTOBOIO paclpe/lesieHusl KJouel Ha OCHOBE
BUXPEBBbIX ONTHYECKHUX MYyYKOB C AKCHAJbHO-CHMMETPUUYHOH MOJISPU3ALMOHHON CTPYKTYpPOH NMPOTHB aTak
3JI0yMbILUJIEHHHKA C T10CJEL0BATe/NbHbIMH M KOJJIEKTUBHBIMH H3MepeHHsIMU. DBbluucssercss BsanMHas
MH(pOPMALMsT  KBAHTOBBIX ~ CHCTEM  OTIPABHUTEJ/b-3JIOYMbILIJIEHHUK W MOJyYyaTesib-3J10yMbllJIEHHHK,
MCC/IelyeTcsl 3aBUCHMOCTb B3aMMHOM  MH(OpPMAalMM OT YpPOBHs1 olIMOOK rosydartess. [lpeniaraercs
ONTHMAaJIbHasi CTpaTerusl aTaku 3JIOYMbILJIEHHHKA, a TakKxKe MPUBOAATCS OLEHKH KPUTHYECKOro YpPOBHS
olMOOK B KaHaJjle pacrpejie/ieHust KJtoua B ciyyae pa3/inuHbIX aTak.

KutoueBbie ciioBa: KBaHToBOE pacrnpeesienune Kioueil, AKCHaIbHO-CHMMETPUUHBIE MOJISIPU3aLIHOHHbIE
nydkd, OnTHIeCKHe BUXPH

7.7 PeanuctuyHas araka ¢ 6e3011M60UHBIMU H3MepeHUsIMU Ha cucTembl KPK

H. C. Cymies"?, K. E. bByraii' 3, 1. C. Bynaskun', A. C. Cunesnbhukona', K. JI. Bongaps' 2,

B. M. Baxpymesa'?, JI. M. Mesikonsin', 1. A. JIBopenkuii'?

000 «CPE Jlab», Mocksa, Poccus

? Mockosckutl eocyoapemesernslii ynusepcumem um. M. B. Jlomonocosa, Mocksa, Poccus

¥ Mockosckutl eocyoapemesetnslii mexnudeckudl yrusepcumem um. H. 3. baymana, Mocksa, Poccus

B pabote paccmorpena HoBasi ataka ¢ 6e3owMGo4HbIMU H3MepeHussMH (USD) Ha cucTeMbl KBAaHTOBOTO
pacnpenenenus kiatodeid (KPK). B komGunaiuu ¢ jazepHbiM MOBpeXKIEHHEM ONTHYECKHX aTTEHI0aTOPOB B
nepenarurke cucrembl KPK, wucrosbayioliei MeToi COCTOSIHUE-JIOBYILEK, JaHHAsi araka [03BOJsIeT
HapYLUMTEJIIO BbISIBUTb BEChb CEKPETHBIN KJIt0Y, OCTaBasich He3aMeueHHbIM. OnThyeckas cxema, He0OX0AUMast
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JUIs1 TOCTPOEHUS aTaKU MPeJICTaBAseT cOO0H JIMIbL MOAU(UKALMIO MPHEMHYIO yacTh cucteMbl KPK, uto nenaer
aTaKy peajMCTUYHON C yHETOM CeroJHsILIHUX TEXHONOTMYeCKHX BO3MOXKHOCTEH.

KutoueBsbie ciioBa: KBantoBasi kpunrorpadusi, KeantoBoe pacrnpesesienue kimoueit, Araku Ha cucteMmbl KPK,
KBanToBble npoToKoJibl, JIazepHoe noBpexieHue

3acedanue 2

7.8 [lapameTpuueckas reHepaLusi MHOFOMOJOBOIO CXKATOr0 U3J1y4eHHs MPU HAJUYMU JUCTIEPCUHU BHYTPU
pe3onaropa (/Ipuerawennuolii)

Tuxonos Kupugn Cepreeud, Kanauaat pu3nko-MaTeMaruueckux Hayk, JI. M. Masbiiies!,
B. A. Asepuenko'

"'"Cankm-Ilemepbypeckuii cocydapcmesernoitl ynusepcumem, Cankm-Ilemepbype, Poccus

B Haluefi paboTe Mbl paccMOTpeJiM polece reHepali MHOTOMOI0BOTO KBaJpaTyPHO-C2KATOTO M3JyYeHH s B
npolecce MapamMeTpHuecKoro paccessHusi BHYTPH KpPHCTaJlIa, MMOMELEHHOr0 B ONTHYECKHE PEe30HAaTop C
HEeCKOMIIEHCUPOBAHHOM aucnepeueit rpynnosbix ckopoctedt (JI'C). Cunras qucnepcuio Majiol, HaM yiaJioch
peLIUTb KBAHTOBble ypaBHeHWs [eld3enOepra s BHYTPUPE30OHATOPHOTO MO/ € MOMOLLbIO TEOPHH
BO3MyLLeHUH. Mbl Mokasanu, Kakue KauecTBeHHble 3(PdeKTbl, KpoMme pacribiBaHus (OPMbl CBETOBOTO
uMIysbca, okasbisaeT JII'C Ha cBoicTBA creHepHPOBAHHOTO KBAHTOBOTO MHOTOMOJIOBOTO M3JIydeHHs], a TaKxkKe
OLCHWJIM KOJIMUECTBEHHbIE XapaKTEPUCTHKH 3TOro BJaMsiHMs. Kpome TOro, Mbl MpeuloxKH/IN TOAXOJ, Kak
Bausinue JII'C BHyTpH pe3oHaTopa MoxKeT ObITb CKOMIEHCHPOBAHO B 9KCIIEPUMEHTE € MOMOLLLBIO CelHaIbHOM
NpOLLe/lypbl H3MePEHHsl CUrHaJla 6e3 BKJIIOUYEHHS B CXEMY J0MOJHUTENbHBIX ONTHYECKHUX 2JIeMEHTOB.

KiioueBble cjioBa: KBaHTOBasi OMNTHKA, KBAIPaTypPHO-CXKATbIH CBET, AUCIEPCHsT TPYMIOBBIX CKOpOCTeH,
OTITHYECKHH MapaMeTpHYeCKHH reHepaTop

7.9 HeauHeliHble cerHeTOeKTPUUECKHE KPUCTANIbI TUTaHUI-(pochaTa kanusa ([Ipuerauwierroill)

[lannapos CranucaaB MuxaijoBuu, 0. ¢.-m. H.

Tomckuil eocydapcmseH oLl YHUBEPCUMEm CUCMeM YNnPasAeHus u paduoINeKMpPOHUKU

7.10 KBaHToBO€E MOeIMPOBaHHEe XUMHUECKHX CBSI3€l C MOMOIIbI0O ATOMOB-6030HOB B ONTHYECKUX
peléTkax

H. A. Mopos!, K. C. Tuxonos®?, JI. B. Tepacumos’ * A. JI. Manyxosa®®, 1. B. Bo6pos!?, C. C. Crpayne' u
J1. B. Kynpusinos! * 6"

"enmp keanmosoix mexroroeutl, MY um. M.B. Jlomorocosa, Mockesa, Poccus

? Cankm-ITlemepbypeckuil cocydapcmeennoil yrusepcumem, Cankm-Ilemepoype, Poccus

# Poccutickuil keanmosoul yermp, Moscow, Russia

" [lenmp mexcoucyuniuraprolx pyroamernmarvrolx ucciedosaruti, B, Cankm-ITlemepbype,
Poccus

> Department of Optics, Palacky’ University, Olomouc, Czech Republic

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

KBantoBasi XxuMusi MperocTaB/sieT OCHOBHOH MHCTPYMEHT JUIl MCCJEN0BAHUSI JHHAMUKH MOJIEKYJISIPHBIX
CHCTEM, OJIHAKO MOJIeJIMPOBAHHE OPraHMYeCKUX MaKPOMOJIEKYJI M0-PeKHEMY MpeaCTaBJsieT COO0H C0KHYIO
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BbIUMCJUTENBbHO 3a71a4y. B 1ok/aje npeacTaBiet HOBbIN MOAXOM K MOAEJUPOBAHUIO XUMUYECKHX MPOLLECCOB C
MOMOILIBIO aTOMOB-0030HOB, OMEIIEHHbBIX B ONITHYECKYIO pelléTKy. HaMu noka3siBaeTcsi, 4To A/ KBAHTOBBIX
COCTOSIHMH C MUHUMAJIbHBIM TTOJIHBIM CTIMHOBBIM MOMEHTOM BHYTPEHHEE COTPSKEHHEe CTMHOBBIX TTEPEMEHHBIX
C TIPOCTPAHCTBEHHBIMH CTEMEHAMH CBOOOJbI HEPA3JUUHUMbBIX YACTHIL MO3BOJSIET UMHTHUPOBATh ATOMAaMH-
6030HaAMH XHMHUECKYIO CBSI3b, ChOPMUPOBaHHYIO (hepMHOHAMM - 3JIEKTPOHAMH.

Kaiouebie ciioBa: KBanToBasi XdMusi, KBAHTOBOE MOJIEJIMPOBAHUE, XOJIOHbIE ATOMbI, ONTHUECKHE PELIeTKH

7.11 Ol'lTl/lMl/ISal_ll/lﬂ UMNYJIbCOB yNnpaBJagiolero u3JydeHus aJjs BbIIMOJHEHHUS MepenyTbiBalOLUX
KBAHTOBbIX JIOTUYECKHX onepaum‘/’l B CUCTEMAX HeﬁTpaﬂbelX aTOMOB

A. C. Yconbues'?, JI. B. ['epacumos'?, 1. B. Kynpusinos' 2, K. C. Tuxonos"*** C. C. Crpayne'*

"'llenmp Keanmosoix mexrnoroeuit MY um. M.B. Jlomornocosa, Mocksa, Poccus

? [lenmp mexncoucyuniuraprolx pyroamenmarvtolx uccredosanui HHY BIIS CI16, Cankm-
[lemepbype, Poccus

3 Cankm-ITlemepbypeckuil cocydapcmeennoil yrusepcumem, Cankm-Ilemepoype, Poccus
* Poccutickuil keanmosoutl uermp, Mockea, Poccus

HpOBeﬂéHHbIe HucceJse10BaHus ObLITH HalpaBJieHbl Ha TMOBbILIEHUE 9Cbe€KTI/IBHOCTI/I [epenyTbiBatoLMX
JIOTHYECKHUX BEHTHJIEH B CHCTEMax HeﬁTpaJIbeIX ATOMOB, VYIACP2KUBAEMbIX OINTHUYCCKUMU JUITOJIbHBIMUH
JIOBYLIKaMH. KJI}O‘-IGBOIU/I hUHTEpeC Jid Hac NnpeacTaBJdsijia paspaéoTKa [oAXo10B ONTUMHU3aUWU BPEMEHHOTO
HpOCbI/IJIH yhpapJigiouero usJaydyeHusd, OCHOBaHHbIX Ha TCOPUU ONTUMaJIbHOI'O yIipaBJeHusd, U, B 4aCTHOCTH,
pasJanyHbIX MOIU/IqDI/IKaU,HfI METO/1a 1oCJIe/1I0BATEJIbHBIX YJydatoInuX I/ITepaLU/II/UI B.®. KpOTOBa. Hamu IoJiydeH
psil HUHTEPECHbIX pPeE3YyJbTaTOB, AEMOHCTPUPYIOLIHMX, YTO CYLLECTBEHHOE YJy4dlICHUE B(b@eKTHBHOCTH
nepenyTbiBaHusg MO2KHO JOCTHYb HyTéM coyeTaHus pasniyHbIX ONTUMHU3aUUOHHbBIX CTpaTeFHﬁ.

KJHO'—IQBble cyoBa: OnTumalsibHoe yhpaBJieHue, ylipapJstoluiee n3Jjay4ceHue, KBaHTOBLIN BbIYHUCJINTEJIb,
HeﬁlTpa.ﬂbeIX dTOMOB.

7.12 UccaenoBaHue CBOHCTB MYJbTUMOJOBbIX HHTEP(EPOMETPOB U3 HUTPUA KPEMHUS PH KPHUOTEHHBIX
Temneparypax

E.C. Jle6edesa'?, H.0O. Bernedukmos'?, B.A. Koposun'?, I.M. Kobyes'?, AJl. loauxos®?, ILII. An*?,
B.B. Kosaawk"?, I'.H. l'oavyman'?

'HaupoHa/ibHbIH HCC/Ie10BaTeNbCKHI YHUBEPCUTET « Bhicias 1Kko/1a KoHOMUKH », Mocksa, Poccust

2 YuuBepeurer Hayku H TexHosornit MHMCHIC, Mocksa, Poccusi

3 MOCKOBCKHH NeIaroruye CKUKM rocylapeTBeHHbIH yHiuBepeuTeT, Mocksa, Poccust

4 PoccHHUCKUK KBaHTOBBIW LeHTp, Mocksa, Poccust

Hapsiny ¢ hasoBpaliiatesisiMd UHTETpabHO-ONITHUECKHUE JISJIUTEJIH U3JTyUeHHUST SIBJISIFOTCS OTHUMU W3 OCHOBHbBIX
MACCUBHBIX 2JIEMEHTOB JI/Is1 MOCTPOEHUsT KBAHTOBO-ONTHUECKUX UHTerpasibHbiXx cxeM (QPICs), paGoratoiimx
npud rejueBbiXx Temnepatypax. OjiHaKo, H3-3a TepPMOOMNTHUECKOTO 3(deKTa, mnapameTpbl JAejUTeseH,
paccuMTaHHble TP KOMHATHOH Temrepartype, AOJ/LKHBI ObIThb MoauduiMpoBaHbl. B nmanHOW paboTte
MCC/IeIyI0TCsl KO (MHUIHUEHT IeIeHUsT OMTHUECKOH MOIIIHOCTH MYJIbTHMOJIOBBIX MHTEP(EPOMETPOB M3 HUTPH/IA
KPEMHHSI C PA3JMUHBIMH TEOMETPUUECKHUMH MapaMeTpamMu TMpU OXJaxKIeHHHU JI0 KPUOTEHHBIX TeMrepaTyp.
PesysibTaThl HccseoBaHus MOTYT ObITh HCIOJIb30BaHbl TpH KoHcTpynpoBanuu QPICs mjisi noBbliieHust
TOUHOCTH OJIHO- W JIBYXKYOHTHBIX OMepalfii Ha YHTIe.
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Kitouesble ciioBa: OnTHKa, HHTETPaJbHO-ONTHUECKHE JIEJTUTENH, MyJIbTHMOJ0BbIE HHTEP(EPOMETPHI,
KO3 DHUIMEHT JleSIeHUsT

7.13 XapaKTepuCTUKHU CBEPXITPOBOJHUKOBOT0 OJHO(GOTOHHOTO AETEKTOPA MOJ1 BO3E€HCTBUEM
PazMo4YacTOTHOrO MOJisi TOBEPXHOCTHON HOHHOM JIOBYLIKH

0. Cempix'?, E. Cyseiimen®*, C.C. Caaronyx'?, IL.IT. Au*?, A JI. Tomukos*?, B.B. Kosasok'?, T'.H.
Tonbuman'
" Hayuonanroroitl uccaedosamenvckutl yrusepcumem «Boicwas wkoara akonomuku s, Mocksa, Poccus
? Ynusepcumem nayku u mexrnoaoeutt MUCHC, Mocksa, Poccus
3 Mockosckutl nedaecoeuueckuti 2ocydapcmeennuitl ynusepcumem, Mocksa, Poccus
* Poccutickuil keanmosouil yermp, Mocksa, Poccus
B paGore wuccienoBaHo H3MeHeHHe XapaKTEPUCTHK CBEPXMPOBOJHHUKOBOIO OMHO(POTOHHOTO JETEKTOpPa
(SSPD) u3 uutpupa HUOOUSI 1OJ BO3AEHCTBMEM PpAJMOYACTOTHOrO T[10JISI 3aXBaTa HOHA B MakeTe
MOBEPXHOCTHOH MOHHOH JoBYIIKK TTpH Temnepatype 2K. [IpencraBienbl pedyibTaThl 3aBUCHMOCTH TEMHOBBIX
M CBETOBBIX OTCU€TOB, 3((EKTUBHOCTH JETEKTHPOBAHHMS OT TOKA CMeEIlIeHHs, a TaKxkKe H3MeHeHHe
KPUTHUECKOTO TOoKa B quanasone nojeid 5-40 MI'u u ammuuryn (0,1-4) B. Pesyabrathl nokasbiBatoT, 4To
Gaarozaps Buicokok ahdexrusnoctu (> 90%), Hu3KuM TeMHOBbLIM oTcyetam (< 10 ¢ ') u MasoMy MepTBOMY
BpemeHH (< 10 Hc) SSPD B noBepxHOCTHOH HOHHOH JIOBYIIKE MOXKET MO3BOJIUThL MPOBOANTH U3MepeHHe
KBAHTOBOTO COCTOSIHHSI MOHA C BBLICOKOH J0CTOBEPHOCTbIO M HENOCTYMHBIM WISl APYrHX JIEeTeKTOPOB
ObICTPOJIEHCTBHEM, YJIydlllasi TEM CAMbIM TOUHOCTD MOArOTOBKH M U3MepeHusi cocTostHust (SPAM).
Katouesbie cnioa: [ToBepxHocTHasi HoHHAs1 JoBylIKa, CBEpXNPOBOHUKOBBIN 0HO(OTOHHBIH IETEKTOP,
SNSPD, SMSPD, Hutpun nuo6usi, Macuirabupyemblii KBAHTOBBIH KOMITbLIOTED HA HOHAX

7.14 KoMnakTHble BOJIOKOHHbIE Jia3epbl AJis1 HaKa4YKH OIIHO(l)OTOHHle HCTOYHUKOB

10.I". Tinapyur', M. Mumiesckuit', A.A. Mkprusn!, U. Ibsikonos?, A.I'. HacuGysun'
"' Croakosckuti uncmumym nayku u mexroaoeuil, Mocksa, Poccus
? Mockosckuti F'ocydapcmeennoitl Ynusepcumem, Mocksa, Poccus

Pa6ora nocesitiena pazpaboTKe UMIYJIbCHBIX BOJIOKOHHbBIX J1a3€pOB YISl HAKAYKH HCTOYHMKOB OJAMHOYHBIX
(oroHoB. Byner npeacraBieH KOMNAKTHBIH U JeLIE€BbIH MUKOCEKYHIHbBIH BOJOKOHHbBIH J1a3ep, U3JIydalonlni Ha
niHe BoJiHbl 920 um. Takoit nazep Mo3BoJsieT 3aMeHUThb IOPOTOH M FTPOMO3IKHUE TUTAH-CangupoBbIi Ja3ep
JJ1s1 HAKAUKK UCTOYHMKOB OJMHOYHBIX (POTOHOB Ha OCHOBE SMUTAKCHAJBHBIX KBAHTOBBIX TOUEK, CPaBHEHHE
OTHO(OTOHHOCTH U SIPKOCTH MPU UCTIONb30BAHUH JIBYX THIOB J1a3epOB OyIET MPEeACTaBACHO B IoKaaje. Takke
OyllyT paccMOTPEeHbI TOAXO/Abl K peasid3alid MMIYJbCHBIX J1a3ePOB C BBICOKOH YacTOTOH MOBTOpPEHHUH,
uasyvaroumx Ha JHe 1550 HM i HaKauku HMCTOYHHMKOB MEpenyTaHHbIX (OTOHOB Ha OCHOBe
napameTpUueCcKod TeHepaluu. bymyT paccMoTpeHbl [Ba Mojixona i HCTOUHMKOB C 4acTOTOH TMOBTOPEHUH
UMITyJibca B HecKoJibko [T u ¢ uacrotoit nosropenuit cotiu [T,

Kimouesble cioBa: OaHoOTOHHBIE MCTOYHUKH, UMITYJIbCHBIE JIa3€Pbl, TApaMeTpUUecKast reHepaLys,
MUKOCEKYH/IHAs FeHepalusl

CreHoBbIe TOKIAdbl

C.7.1 Co3nanue ontTuueckux kotos LLIpeaunrepa c ynpaBjisieMbIM CXKaTHEM € NOMOLbIO CBETOJEIUTENS U
HErayccoBbIX PEeCYPCHbBIX COCTOSIHUI: COCTOSIHUSI KyOuueckoii ha3bl U cocTosiHus Poka
A. B. Baepa!, A. C. Jloces"?, U. B. CokoJioB!

39



{ XOMOSKCIMO

HayKa 1 MpakTka

"'Canxkm-Tlemepbypeckuii cocyoapcmeaennolii ynusepcumem, Cankm-Ilemepoype, Poccus
2 Cankm-[lemepbypeckuii eocydapcmeettolll MOPCKol mexnuueckull yrusepcumem, Cankm-
[lemepbype, Poccus

Mbl ucenenyem 3aTBop, CHoOCOOHBIH TeHEpUpPOBaATh cxkaTble cocTosinusl Kota [llpeauHrepa ¢ BbICOKOH
BEPHOCTbIO B ONTHYECKOM JManaszoHe. 3aTBOP OCHOBAH Ha MEpPEeNyThiBAHMH HA HECUMMETPUUHOM
CBETO/IeJINTEJIe MPOM3BOJILHOIO CHIHAJBHOIO M HErayccoBa PecypCHOro CBETOBLIX MOJICH M MOC/eyIoleM
FOMOJIMHHOM M3MepeHHH. YTpaBJeHHe [apamMeTpaMHu CBETOJCJHUTE/sT [103BOJIsSIeT Haubosee MPOCTbIM
o6pazom mnoJiydatb coctosiius Kota Lllpenunnrepa ¢ HeoGxomuMmoll creneHblo cxkaTusi. Hapsiay ¢ TouHbIM
OMUCAHUEM 3aTBOpA TNPUMEHSIETCS TMOJYKJACCHUECKUH aHasiu3, HarJISIHO JE€MOHCTPUPYIOIIMH MPUHLIMN
paGoTbl 3aTBOpa W MO3BOJISIIOIIMH BBISIBUTh  CYlIECTBEHHbIE CTATUCTHUECKHE CBOKHCTBA  BBIXOJHOTO
COCTOSIHUSI, TaKhe KaK CTeleHb CXKAaTHUS M XapakTepHble nAedopMallii KOMIMOHEHT B COCTOSIHUM KOTa
[penunrepa. Mbl mpencrap/isieM CpaBHUTE/bHBIN aHaIn3 3(PPEKTHBHOCTH 3aTBOPOB, HCMOJb3YIOLINX
HECUMMETPHUUHbIH CBETO/eUTENb W pas/iMuHble pecypcHble COCTOSIHUSL: COCTOsIHME KyOWuHOH asbl U
coctosinue Poka.

KitoueBbie ciioBa: HerayccoBbl cocrosiiust cBeta, Cocrosinue Kota Illpenunrepa, CocrosiHue KyGHdecKoi
¢asbl, Cocrosiine Poka

C.7.2 MeToa BpeMeHHOW CHHXPOHU3ALUHU /ISl CEAHCOB KBAHTOBOW CBSA3U CO CMYTHUKOM
A H. Yepnos" >3+ A. B. Xmeses">** B.JI. Kypoukun' 23

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

3 KyCnaiic mexnoaoeuu, Mocksa, 115419, Poccus

* Yuusepcumem nayxu u mexrosoeutt MHCuC, Mocksa, 119049, Poccus

BpemeHHasi CHHXpOHM3aLMsl 4acOB CIYTHHKA M HAa3eMHOH CTaHUMH KPUTHUECKH BaxKHA JUIsl KBAHTOBOIO
pacripeniesienust kiodei. Ilpeayiaraemblil MeTo B CBOell OCHOBE COAEPXKHT MPOLELYPbl BOCCTAHOBJIEHHUS
YaCTOThl CJIEIOBAHUS W BpPeMEHHOH (DUJIbTPAUMH KBAHTOBBIX CHrHasioB. Takum o6pasoM Hall MOJAXO,
UCII0J1b3Ysl /151 OTpeieJieHHsI BDEMEHHOIO CABUIA TOJILKO 3aperHCTPUPOBAHHbBIE CUTHAJIBI M KOPPEJISILMOHHbIH
aHasin3 OUTOBBIX MOCJEA0BATENBHOCTEH, YCTPaHsIeT He0OXOMUMOCTh B JIOMOJHHUTE/bHBIX CHHXPOHH3UPYIOLIHX
umnysbcax. Takoll meton ynpouiaer 6opToBoe 0060pylOBaHHWE CIYTHUKA, CHHXKAET CTOMMOCTb MHUCCHH H
MUHUMH3UPYeT 0ObeM MNOCTOOpabOTKH JaHHbIX. PellleHue 0COOEHHO MepPCNeKTHBHO /sl KOMMAKTHBIX
KBAHTOBbBIX CITyTHUKOB, TJIe KpUTHUECKH BayKHbI MaccorabapuTHble XapaKTEePUCTUKH U SHEProseKTUBHOCTh
CHCTEMBI.

Kaiouesbie cioBa: CunxpoHusaiiusi Bpemenu, KsanroBoe pacrpenesnenue kiaoder, ClyTHUKOBbI€ KBAHTOBbIE
KOMMyHHKaluu, KoppessitiHoHHbIH aHains

C.7.3 Ucnoab3oBaHWe MAlIMHHOTO OOYyU€eHUs ISl yNpaBJaeHUsl JUHEHHBIM ONTHUECKUM
uHTephepomMeTpom

C. C. Kysbmun' 2, W. B. Ibsikonos"?, C. C. Crpayne'?

"llenmp Ksanmosoix Texnoroeuil, Pusuueckuil pakysomem, Mockosckuil ['ocydapcmeserrolil
Yrusepcumem umernu M. B. Jlomornocosa, Mocksa, Poccus

2000 «MencdyHapoOrslil yeHmp KBAHMOBOL ONMUKU U KBARMOBbLLX mexHoro2uil», Mocksa, Poccus

Mbi pazpaboTtasiu aaropuT™, KOTOPbIH CO3MAET MOJie b PEKOH(PUTYPUPYEMOT0 ONTHIECKOTO HHTepepomeTpa,
He 3aBUCSLLYI0 OT apXMTEKTypHbIX orpaHuueHuil. I[lporpammupoBaHue yHHUTApHbIX [peoOpa3oBaHUil
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ONTHYECKHX MOJL OCHOBAHO JIMOO Ha aHAJIMTHYECKOM MeTOJIe MOJIydeHHUs] yHUTAPHOH MaTpULbl Yyepe3 (ha3oBble
CIABUIM, JHOO HA ONTHUMM3ALMH, €CJIM MPsIMOe pasjioyKeHHe HEBO3MOXKHO. AJITOPUTM MPUMEHSIET
KOHTpoJipyeMoe oOydeHHe [isi COrJIaCOBaHWsl MofeH HHTepdepomeTpa ¢ 0OyYaloLMMH JIaHHBIMH
yctpoiictBa. OnrTuUMHU3alysi HCMOJb3yeT OOydeHHYI0 MOJjesib JJIsl HaXOxKAeHHs (pa3oBbIX CABHUTOB B
MHTephepoMeTpe, JOCTUrass HeoOXOAUMOTO YHHTapHOro npeoGpa3oBaHus. ITOT MOAXOH [O3BOJSET
HacTpauBaTb HHTEP(EPOMETPBI G€3 TOUHBIX AHATUTHUECKHUX PELLIEHHH, OTKPbIBast BO3MOXKHOCTH 15l H3yUEHHUS
HOBBIX apXUTEKTYP.

KitoueBbie coBa: JInHelHas ontuka, JInHelHO-oNTHUECKME KBAHTOBbIE BbluMceHHs, MatinHHoe oOyueHHe
B JIHHEMHOW OITUKE

C.7.4 TlocrpoeHne cOOCTBEHHBIX MOJL ONTUUECKOTO MapaMeTPUUECKOro reHepaTopa Npu HaJMuuu
JMCIepCUU TPyNMOBbIX CKOPOCTEH

1. M. Magibiies', B. A. Asepuenko', K. C. Tuxonos'

"'"Cankm-Ilemepbypeckuii eocydapcmeennoitl ynusepcumem, Cankm-Ilemepbype, Poccus

B paGore paccmoTpeHa maremartuyeckasi Mpoleaypa BblAeJeHUs T0JHOro Habopa CyrnepMojl KBAHTOBOIO
U3JIyYEHUS, TOJYYeHHOTO MPH MapaMeTpUYeCcKON reHepalii Ha HeIMHEHHOM KpHCTaJlie, TOMELIEHHOM BHYTPb
pe3oHartopa, Npu HaJU4IWK aucnepcud. [1pu 3ToM 11t MoCTpoeHHs: 4HaCTOTHOTO MPOMUIIS TAKUX CyTePMOJL Mbl
onupaJiuch Ha 0606111eHHOe pasnoxkenue bioxa-Meccuu. HaiineHHble pellieHnst Mbl CPaBHUJN C PELEHUSIMH,
MOJIyYE€HHBIMH C TTOMOLLBIO TEOPUH BO3MYLIEHHH TMPH MaJIOH IMCIIEPCHH TPYIITOBLIX CKOPOCTEH B HEJIMHEHHON
cpene. Takoit KOMIJIEKCHBIH MOIXO/1, TO3BOJIM/ HAM MOJYUUTh HanOoJ1ee MoJIHOE MpeCTaBIeHHe O (PU3UIeCKUX
npoueccax, NPOMCXOALIMX B ONTHYECKOM NapaMeTPHUECKOM IreHepaTope ¢ CUHXPOHHOH HAKauKOoH.

KmioueBbie cnosa: KsantoBasi ontuka, Coxkatbiii cset, Jlucrnepcusi rpynmnoBbix ckopocrteit, Cynepmosbl
U3JydeHHs!

C.7.5 Onucanne BpeMeHHOM 3BOJIOLIMH HETayCCOBBIX KBAHTOBBIX COCTOSIHUI CBETA C MOMOLIIbIO
KYMYJISIHTOB

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

Cankm-Ilemepbypeckuii eocyoapcmesennolli ynusepcumem, Cankm-Ilemepoype, Poccus

B JIAHHOU pa60Te UCCJIENYETCsl HCIIOJIb30OBAHHUE PAa3JI0KEHHST 110 KYMYJISIHTAM /ISl aHaJii3a 2BOJIIOLMH
HErayCCoBblX KBAHTOBbIX COCTOSIHUH CBETOBBIX [OJIEH. I/ISy‘{aeTCH 9BOJIIOLHA  KYMYJISIHTOB  pa3J/IMYHbIX
NOpsIKOB W HUX CBsI3b C TlOKa3aTeJssiIMU HErayCcCoBoCTH, B 4HAaCTHOCTH, C BI/II‘HGPOBCKOI?I HEraTHUBHOCTbLIO.
PaCCMOTpeHbI HauboJiee BaKHble THIIbI MOJEJbHBIX raMuJibTOHHAHOB, BKJIIOYAasi B3aUMOJIEUCTBUE Keppa,
TPEXMOAOBOE CKaTHe U HpeO6PZlSOBaHH€ Ky6I/I‘{eCKOfI qaasu. Ananus MpoBeJIeH /i1 HECKOJIbKUX HaydaJibHbIX
COCTOHHHIU/I, TAKHUX KadK BaKyyMHOE€, CbOKOBCKOG, KBaJIpaTypHO-C2KaTo€ U KOrepeHTHOE COCTOsSIHMS. ﬂaHHOG
Hccsie10BaHue IMO3BOJIMT MOBbLICHTDL Sq)q)eKTI/IBHOCTb reHepaii HErayCCoBbIX COCTOSIHUH B 9KCIIEPUMEHTE, a
TaKxKe HOIIOGpaTb npoueaypbl KOppeKUuuu OIIMOOK JJ151 UX [NPpUMEHEHHST B PA3JIMYHbBIX [TPUJTO2KEHHUSIX.

KitoueBble cjioBa: KBaHTOBBIE 1104151, pa3J/iozKeHUE M0 KyMYJIsIHTaM, 3BOJIIOLIMS KyMYJISTHTOB, HErayccoBOCTb,
TPEXMOJIOBOE CxKaTHe, KyOudeckast hada, B3aumosierictre Keppa, KBaHTOBast KOppeKLus olHO0K

C.7.6 CpaBHeHHe NOJNYKJACCHYECKON U KBAHTOBOM CXeM reHepalyu CaydyalHbIX yuces s
MCMOJb30BaHUs B ()yHIAMEHTANbHBIX TECTAX U MPUI0KEHUSAX
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A. A Kperosa', /1. /1. Pewernukos!, A. A. ®omunosa', K. C. Tuxonos'
"'"Cankm-Ilemepbypeckuii cocydapcmesernoil ynusepcumem, Cankm-Ilemepbype, Poccus

B pa6ote npejcraB/ieH cpaBHUTE/IbHbIH aHAJIM3 KBA3UKJIACCHYECKOTO U KBAHTOBOIO ONTHYECKUX FeHePaTopoB
nocjenoBaresbHocTell  ciydaiinbix  uuces (I1CH) npu Hamuumn W B OTCYTCTBHUM  JIOMOJIHHMTEJbLHOM
nocto6paboTKK (KcTpakuuu). DBblio nokasaHo, 4TO MCMO/b30BAHME CHIJILHO OCJIA0JIEHHOTO CBeTa OT
KOP€PEHTHOIO J1a3ePHOr0 HCTOYHMKA M03BOJIsieT OblcTpo reHepuposath [ICH, HO ¢ HM3KOH cTerneHb
ciydafiHoCTH. HanpoTuB, KBAHTOBLIF MCTOUHHK HAa OCHOBE CIOHTAHHOIO IapaMeTPHUUYECKOro paccestHHst
nospoJisteT noJydutb [1CH ¢ HU3KOI CKOPOCTBIO MeHepallH, HO ¢ BBICOKOH CTeNeHblo clydyaiHoCTH. Takke
ObIO MCCJIEI0BAHO CMeLIeHHe CBeTa OT YKA3aHHbIX Bblle HCTOYHUKOB JUIsl yBeJHYeHUs oOllel
s dexTuBHOCTH renepauuu. Kpome toro, st Kaxaoro HCTOUHHKA ObII0 paCCMOTPEHO BJIMSIHUE SKCTPAKLIMH
CJIy4allHOCTH C MOMOLIbI0 MeTo/10B poH Heitmana u ba6kuna na kauectso renepupyembix [TCYH.

KitoueBble csioBa: KBAaHTOBble KOMMYHMKAllMH, KBAHTOBble TeHEpaTOpPbl CJydakHbIX 4MCeJ, KBAaHTOBas
3aMyTaHHOCTb, IKCTPAKLHMSI CJyYalHOCTH

C.7.7 Bausinne napamMeTpoB JIa3€PHOr0 M3JyYeHHsI HA BEPOATHOCTD Mepeu3aydeHusi oiHOOTOHHOro
JaBuHHOro (poToauoaa

A. C. Cupesibnunkosa', Bongaps K J1.'%, Byrait K.E."*, Bynaskun JI.C.", Baxpyiesa B.M.!,

Jloxmatos P.1O.!, Menkonsn JI.M.!, Cyumes M.C."%, 3bisbikun AT, [Isopeukuii 1.A."2

"000 «CPFB Jlab», Mocksa, Poccus

? [lenmp ksanmosoix mexnonoeull u Pusuueckutl paxysomem Mockosckoeo eocydapcmeeno2o
yHnusepcumema um. M.B.Jlomornocosa, Mocksa, Poccus

¥ Mockosckutl eocydapemesernnoltl mexnuueckutl yrusepcumem um. H. 3. baymana, Mocksa, Poccus

Pa6ora mocesillleHa MCC/IEIOBAHUIO BJIMSIHUSI MAapaMeTPOB CTHMYJIMPYIOLLETO JIa3epPHOTO M3Jy4eHHsl Ha
BEPOSITHOCTb TepenssydeHusi oqHO(OTOHHBIX JaBUHHBIX (oTtomuonoB (OJIDJ]) B cucremax KBaHTOBOTO
pacnpenenenus kaouer (KPK) u cBsizannoii ¢ atum apdpexrom araku «backilash» Ha cucremy KPK. Bouio
9KCTEPUMEHTAJBHO TIOATBEPIKIEHO, UTO BEPOSITHOCTh MEPEU/yUeH s B TIpe/iesiaX MOrPeliHOCTeN He 3aBUCHT
OT JI/IMHBI BOJIHBI CTUMYJIMPYIOLLIETO JIA3€PHOTO U3JyueHusi B cniekTpasbHom quanadode 1100-1800 um. Takxke
Obla [OoJyuyeHa HMXKHSIS OlleHKa JJIMHbl CEKPEeTHOro KJjiouya B Clydyae MPOBEIEHHsl HapylIUTesNeM
KOJJIEKTHBHON aTaku Ha MH(OPMALIHOHHbIE COCTOSIHUSI U COCTOSIHUS B TOGOYHOM KaHaJle e pens/ydeHusl.
KatoueBble cjioBa: KBaHTOBOE pacrnpejiesieHne Katouei, ataka «backilash», onHooToHHBIN JIaBUHHBIH
doroauon

C.7.8 lepenyTbiBalolline IBYXKYJMTHbIE ONEPALMU B MPOTOKOJ€ KBAHTOBOTO HEpa3pylllaloliero
B3aUMOJIEICTBUSI MHOTOMOJIOBOTO CBETa U ATOMHOT'0 aHCaMOJIsi

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

"'"Cankm-Ilemepbypeckuii l'ocydapcmeennoiii ¥Yuusepcumem, Cankm-Ilemepbype, Poccus

B nanHOll paGore wuccsenyeTcss peasM3alUs  KBAHTOBBIX JIOTMYECKHX TedToB B MpoTokode QND-
B3aUMOJICHCTBHS U UX IEHCTBHE HA IBYXKYIUTHYIO cucTeMy. lJIsl ONMCaHUs 9BOJIIOLUH ABYXKYUTHON CHCTEMbI
UCII0JIb30BaH 513bIK NpeobpazoBanuil borosto6osa. Hamu nono6panbl noxoasiuye 3Ha4eHUs YIIPaBJISIOLLIAX
napameTpoB — BpeMeHH Kaxkaoro QND-B3aumozeiicTBUsI M YIJIOB TOBOpOTA TakKue, 4TOObI ObLIH
peaJi30BaHbl JIeTepMHUHUPOBAaHHAst HesokabHasi onepatust SWAP u sanyteiBatoiiast onepaiusi VSWAP.
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HMcenenoBanbl BEpOSITHOCTH peasii3yeMblX B MPOTOKOJIE JIOTMYECKHUX ONepauuil ¢ pasjMuHbIMH CHJIaMH
nepenyThiBaHUs JI/1s1 TPOU3BOJIBHONH Pa3MEPHOCTH CHCTEMBI.

Katouenble ciopa: KBanTtopast OITHKA, KBAHTOBbI€ BbIYHUCJ/ICHHS, KYIUThbI, Op6l/lTaJ]belﬁ yI“J]OBOle MOMEHT.
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Cekuusg 8
TexHon0ruu MUKpoO- 1 HAHOCTPYKTYPUPOBAHMS

YcerHble nokaaapl

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

Makcum CepreeBuy KomsieHoK, K. ¢h.-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

OO60011eHbl  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 JUPpakiiuOHHOH
ONTHKH, 3aLLMILIEHHOM 1e4aTH, COJHEYHON sHepreTHKH, 3D nevartu.

8.3 q)OpMI/IPOBaHl/le cnvpaJJibHbIX MUKPOAKCUKOHOB B TOHKHUX IJIEHKaX NnoJiapu3allMOHHO -
YYBCTBUTEJbHbIX MaT€pPHUaJIOB

H. A. Vaues'?, A. T1. TTopdupbes?, C. H. Xonuna"?, JI.IT. [Topdupnen': 2

"Hruemumym cucmem o6pabomku uzodpascenuil, HayuoraroHolil uccaedos8amenveKilil yermp
«Kypuamosckuii uncmumyms, Camapa, Poccus

? Camapckuil HayuorarvHoll uccaedosamenvckutl yrusepcumem umenu axadenuxa C. I1. Kopoaésa,
Camapa, Poccus

3 Qusuueckuil uncmumym um. I[L.H. Jlebedesa, Camapa, Poccus

[TokazaHa BO3MOXKHOCTb M3rOTOBJIEHHS CITUPAJbHBIX MUKPOAKCHKOHOB B MHOTOCJIONHBIX HAHOCTPYKTYpax U3
XaJIbKOTEHHIHBIX CTEKOJ, a TakKe B TOHKHX IJIEHKax asornoJiMMepa Ha ocHoBe KapOasosia. B Hacrosiuiei
pabote opmupoBaHue TpeOyeMoro hazoBOro M MoJispU3ALLUOHHOIO PACHPEe/]IeHHs] OCYLLECTBJISAI0CH C
MIOMOLILBIO POCTPAHCTBEHHOTO MojyJsitopa cBeta. [Ipu 3ToM pedysnbTupyioliee Ga3zoBo-MnoJsipu3allioHHOe
B3aUMoOJeHCTBHE  (DOPMUPYET MPOMOJBLHYIO KOMIOHEHTY 3JIEKTPUUECKOTO [10Jisl, COOTBETCTBYIOLLLYIO
CMUpaJbHOMY aMILIUTYIHOMY pacrnpesiesenuto. TakKe MNpoiaeMOHCTPUPOBAHA BO3MOXKHOCTb YIpaBJEHHS
HarpasJeHHeM BpalleHUs U ePUOIOM CIIHPabHOTO MUKPOAKCHKOHA.

KitoyeBble  cjioBa:  cniMpasibHbIl ~ MMKPOAKCHUKOH, — MOJSIPU3AaLMOHHO-UYBCTBUTE/bHbIE — MaTepHasbl,
MPOCTPAHCTBEHHBII MOJIYJISITOP CBETa
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8.4 Pa3Butue MeToa KOHTPOJIs1 (hOpMbI KPYNHOTrabapuTHbIX achepryecKUX 3epKaJjl Ha OCHOBE
NpUMeHEeHUs UIHHAPUYECKUX Pesibe)HO-aMIIUTYAHbIX CHHT€3UPOBAHHbBIX FOJIOrPAMMHBIX ONTHUECKUX
3J1EMEHTOB

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

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

B jokname oGcykKnaioTcsi MepCrneKTHBHbIE — HAMpaB/deHWsl Pa3BUTHS  METOAA  KOHTPOJs  (OpMbI
KpynHoraGapuTHeIX —acepuyecKHX 3epKaj ONTHYECKMX TeJECKONMOB Ha OCHOBE  HCIOJb30BaHHS
LMJIMHAPHUECKUX CHHTE3HPOBAHHDBIX I0OJIOTPAMMHBIX ONTHYECKUX 3JIEMEHTOB, M B 9THX LIEJIAX NpeIaraloTcs
MyTH COBEPLUEHCTBOBAHUS U CIIELHMANU3ALNH JeJIUTeIbHON MalMHbl MAATHUKOBOIO THIA.

KotoueBbie cnoBa: Metop kontposist popmbl, Kpynnorabaputhoe acepuueckoe 3epkado, Linannapudeckuii
CHHTE3UPOBAHHBIH TOJOTPAMMHBIN ONTHYECKUH 3jeMeHT, [lenauTesbHasi MallMHa MasiTHUKOBOTO THMA,
[TosmumepHas nienka, PesbedHo-amMnanTyaHasi CHHTe3UpoBaHHasi rosorpamma, 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 aedopmaiinu. Mcenenyemble 06pasiibl GblIM CO3/IaHbI
nyTeM TiepeHoca peJsbeda  JIa3epHO-HHAYUMPOBAHHBLIX  MEPHOAMYECKMX TOBEPXHOCTHBIX  CTPYKTYP,
cOPMHPOBAHHBIX Ha CTaJbHbIX TJIACTHHAX, HA CHJMKOHOBbIE TJIEHKH METOJOM HMITPUHT-JUTOrpadUH.
[lepuon Takux CTPYKTYp cocTaJisieT ~ 1 MKM, UTO 103BOJIsIET POPMHUPOBATH IMPPAKIMOHHbBIE KAPTHHBI BO BCEM
JiManasoHe JYIMH BOJIH BUAMMOTO H3JyueHUsl. [JIaBHOH 0COOEHHOCTBIO MOJyUeHHbIX 00Pa3LOB SIBJSIETCS UX
THOKOCTb U PACTSKUMOCTb, YTO MO3BOJISIET MPEJIOKUTD TaKHE ONTHUECKHE 3JIEMEHThI B KAUeCTBE JaTUHKOB
nedopmatnii. B paGore nokazaHbl 3aBUCHMOCTH H3MEHEHHS YT/1a OTKJIOHEHHUs + | MopsiikoB AU paKyi 115t
pas/IMUHBIX JJIMH BOJH BUMMOTO IMana3oHa npu jiehopmaiyi A pakiiMOHHBIX PEIIETOK Ha CHIIHKOHE.,
KatoueBbie ciioBa: Jludpakimontslie ontnueckue snementbl, JIMIITIC, Tenzomerpuueckue natauku, Jlatunku
nedopmatnit, Umnpunt-nurorpacdus

8.6 3anucb BOIHOBOOB B 00bEMeE MJIAaBJIEHOr0 KBaplLa ¢ NoOMOLLbIO YIbTPAKOPOTKUX Ja3epPHbIX
MMNYJbCOB

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

B pa6ote wucciemyercs TexHosoruss (OPMHPOBAHHS ONTHUYECKHX BOJHOBOJIOB B IJIaBJE€HOM KBapile C
MCIOJIb30BAHHEM (DEMTOCEKYHIHbBIX JIa3ePHbIX UMITYJbcOB. OnucaHbl METOAMKH Ja3epHOH MoauHUKallHu
marepuaJa, Mo3BoJisifollie co3aBaTh BOJHOBOIbI. [lokazaHo BiMsiHHE MapaMeTpoB JIa3epHOrO M3JydyeHHsI
(sHeprusi, yacrtoTa MOBTOPEHHs, CKOPOCTb CKAaHMPOBAHMSI) Ha TEOMETPUIO M OINTHYECKHE CBOMCTBA
BOJIHOBOJOB. [losiydeHHble pesy/ibTaThl JeMOHCTPUPYIOT MEPCIEeKTHBHOCTb MeTola JJIsl  CO3/aHUs
MHTErpaJjbHbIX ONTHYECKUX YCTPOUCTB, BKJ/IOUAs CEHCOPbI U CUCTEMbI Nepeaayn HHPOopMaLUH.

KimtoueBnbie cyioBa: BOJIHOBOILbI, .Haaepﬂaﬂ 3alluChb, OnrtuyecKre 3JIeMeHTHI.

45



{ XOMOSKCIMO

HayKa 1 MpakTka

8.7 UHHOBalIMOHHbIE MOAXO/bI K Ja3€PHOM 3allUTe METANIOB OT XHMUYECKOT0 U OMOJIOTHUECKOT0
BO3/IeiiCTBUS

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

Pa6ora mnoceslleHa pa3paboTKe MeTOJAOB TMOBbILIEHHSI YCTOHUMBOCTH MeTa/JIOB K OHooOpacTaHMIo,
MHHEpaJIbHbIM OTJIOKEHHSIM M KOPPO3HWM TOCPEJICTBOM JIa3epPHOro co3aaHus MUKpopesbeda. B pamkax
MCCJ/IeI0BAHUS H3YYEHO BJIMSIHME JIa3€PHOTO BO3JAECHCTBHSI MPH CO3JAHUM 3aaHHOH MHUKPOreOMeTpHUH Ha
CMauMBaeMOCTb MaTepHasa, a Takxke JajbHelllee BAUSHAE CMAYHBAEMOCTH M Pa3JIMUHbIX POPM pesbeda Ha
YCTOHYHBOCTh K pa3pyliaoiiiM 3arpsisiennsim. PopMupoBaHre MUKpopesibeda Ha MOBEPXHOCTH METaJJIOB
o0ecreynBaeTcsl ¢ MOMOLLBIO JIA3€PHOTO H3JIyYeHUs] HAHOCEKYHIHOW JJIHTEJNbHOCTH MMMyJbca. [lepexon
MOBEPXHOCTH MeTajlia M3 TMAPOPUIBHOIO COCTOSIHUS B THAPOGOOHOE OCYIIECTBJSETCS BbIMAYMBAHUEM B
rUaApohoOU3UPYIOLIEM PACTBOPE WJH JJIMUTENBHOH BbIAEP:KKOH Ha BO3AyXe TMPH HOPMAJbHBIX YCJIOBHSIX.
[lepcriekTHBHOCTb paspabaTbiBa€MbIX METOJOB MOATBEPIKAACTCS CHUKEHHEM YPOBHS 3arpsisHeHU He MeHee
ueM B 1,5 pasa B cpaBHEHHH ¢ He0OPaBOTaHHBIM MaTepPHAJIOM.

KatoueBble csoBa:  MukpoctpykrypupoBanue, Jlazep, CwmauuBanue, buoobpacranue, Kopposus,
MuHepaJibHble OTJI0KEHHUSI

CreHpoBble 10Kaa/bl

C.8.1 UnpyuupoBaHHbie JJa3epHbIM 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

'Hayuonanvnolil uccredosamenvckudl ynusepcumem “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,
Psaszans, Poccus

HMcenenoBanbl  J1a3epHo-UHAYLIMPOBaHHble  (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. Amopdusaiys KpUCTAIJIHUECKHX —MJIEHOK
OCYLILECTBJISIACh UMITYJIbCHBIM JIa3€PHBIM H3JydeHHeM (eMTOCEeKYHIHON JUITeNbHOCTH. MHtylinpoBaHHbie
(hazoBble MpeBpallleHHsl TOATBEPKIANUCH — CIIEKTPOCKONHEH KOMOHHALMOHHOTO —pacCesiHUsl  CBeTa.
Mopdosorust  MomuduIMpoBaHHBIX 06JacTell M3ydeHa C MOMOIIbI0 ATOMHO-CHJIOBOH MHKPOCKOMHH.
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 XaJIbKOT€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 ®uznueckre 0CHOBbI U TEXHOJOTHYECKUE acNeKTbl (POPMUPOBAHUS JIa3€PHO-UHAYLIUPOBAHHbIX
nepUoIMUYECKUX CTPYKTYP Ha HUKeJe

M. K. Mockaun, I'. A. Maprupocsn, 1. 1. Yuanosa, A. J1. losronoson
Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

Hccnenoan meton opmupoBaHUs Jla3epHO-UHIYLMPOBAHHBIX MEPUOIMUECKUX MOBEPXHOCTHBIX CTPYKTYP
(JIUIITIC) na MmaccuBHOM HHKeJe JUIsl CO3MaHUsT TM(PAKIHMOHHBIX pelléToK. ONTUMHU3UPOBAHbI MapaMeTphl
JIA3ePHOTO BO3AEUCTBHUS: JJIMHA BOJIHBI, CKOPOCTb CKAHWPOBAHHUS, IJIMTEJBHOCTb MMIYJbCA, 4YaCTOTA
MOBTOPEHHS U SHEPTUsl UMIYJbCOB, s obecriedeHuss (POPMUPOBAHUST BbICOKOPETYJSIPHBIX pesibedoB C
NepuooM B MUKPOHHOM M CyOMHUKPOHHOM JuanasoHax. [IponeMoHCTprpoBaHa BO3MOXKHOCTb yIpaBJeHUs
cUMMeTpHel pesbeda MmyTéM MOIYJSLUM HANpaB/eHHs MOJSPU3ALMH J1IA3€PHOTO H3JyueHHsT B Tpoliecce
CKaHMPOBAHHUsI. YCTaHOBJEHA 3aBMCHMOCTb MEPHOAA M BbICOTHI CTPYKTYp OT YIpaBJSEMbIX MapamMeTpoB
JlazepHOU 06pabOTKH.

KmoueBbie cioBa: JlazepHo-unayumpoBaHHble MOBEPXHOCTHbIe mnepuoanueckue cTpyKTypbl (JIMIITIC),
I paKIHOHHAS pellleTKa, HUKeJb

C.8.3 Llla6noHHbII cHHTE3 AJ1s1 MOoJy4eHHU s ynopsaao4€HHbIX MACCUBOB MArHuToNnJia3MOHHbIX
HaHONMpoBOAOB

E. I1. Koxuna', C.A. Beaun?, 1.M. oaynenko?, C.C. Kocoso6os', B.IT. Ipaues’

"' Croakosckuil uncmumym nayku u mexuoroeutl, Mockea, Poccus

? Hnemumym kpucmanroepagpuu un. A.B. [llybrukosa Kypuamosckoeo komniekca
kpucmaaroepaguu u pomonuku HHL « Kypuamosckuii uncmumyms, Mocksa, Poccus

B sroif paboTe MarHMTOMJIa3MOHHblE HAHOCTPYKTYpbl M3 KOMOMHAUMH HUKesss M cepebpa  Obliu
CHHTE3MPOBaHbl MeTOJIOM LIA0JOHHOTO CHHTe3a M HCCJe/oBaHbl B KadyecTBe momiokek st SERS-
CIEKTPOCKOMHUHU C LeJbl0 OOHAPYKEHHMsI OPraHM4eCKHX MOJIEKYJ B HHM3KMX KOHLEHTpaUMsx MpH MaJloH
MOLLHOCTH BO30Y2K/AIOLLET0 U3JIyyeHHs — B IManasoHe HeCKOJIbKUX MUKpoBaT. JlJisi u3yueHus B3aUMOCBSI3H
MEeXKJly MArHUTHbIMH M ONTHYECKMMHM CBOHMCTBAMH TPOBEAEHO CPaBHEHHE KaK OJHOKOMIOHEHTHbIX
HAHOMPOBOJIOK U3 MATHUTHBIX H IJ1a3MOHHBIX MeTaJI0B (HUKeJb/cepe6po, KobabT/cepetpo), Tak H Cl0eBbIX
HAHOMPOBOJIOK, COCTOSILIMX H3 HECKOJIbKUX CJ0EB. DblM M3MepeHbl MeTJIH rucTepesnca i MOJyuyeHHbIX
CTpyKTYp, a TakkKe SERS-cnektpbl R6G 6e3 1 B NpUCYTCTBUM BHELIHET0 MArHUTHOTO TOJISI.

KuoueBbie ciioBa: Hanomatepuaisibl, 1aboHHBIN CUHTE3, MATHUTOMN/IA3MOHHbIE HAHOCTPYKTYpbI, SERS
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Cexkumga 9
Lucdpoas ronorpadusi 1 MeToabl BU3yaJu3aluu

YcerHble nokaaapl

9.1 Peructpaumss v Bu3yaau3auusi MHOIFOMOJOBOIro KoJebdaTelbHOro mnpolecca MeTOAOM MpsiMOro
(hazoBoro BoccraHoBJIeHUs BO BpeMeHH B LU(poBoi rosorpaduueckoin iHTepdepomeTpun

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

AuHoTauus: 06HOBJSIETCS

KitoueBbie ciioBa: 06GHOBJsIETCST

9.2 UccaenoBaHue aMmiauTyaHo-¢a30Boi MOJSIPU3ALMOHHONH aHU30TponuM miaeHoK ZnO:Ag meromom
uudposoii rosorpacduu

Yepubix A.B., I'pecbko B.P., Ezepckuii A.C., Pe3suos T.B., [lunnakosa E.I'., Ceprees M.M., ITetpos H.B.
Ynusepcumem HTMO, e. Cankm-Ilemep6bype, Poccus

[IpoBenenbl Hccae0BaHUsT aMIIUTYIHO-(A30BOH MOJISIPU3ALMOHHON CHEeKTPaJbHON aHU30TPOIHUH TMJIEHOK
ZnO:Ag npu nomoluu pazpaboTaHHOTO LKU(PPOBOTO MOJSPU3ALMOHHOTO FoJ0rpadrUIeCcKOro MHKPOCKOTIA.

Kmiouesbie cnosa: Llucdposas rosorpaduueckasi MUKpOCKOMUs, MOJsipU3aliusi, KoJauuecTBeHHas (a3oBast
BU3yaJi3alusl, JazepHasi 06paboTKa, 30Jb-TreJib MJIeHKH

9.3 MeTopa cuHTe3a 6l/lHaprlX ﬂ,l/l(bpaKLll/IOHHle ONTUYECKUX JIEMEHTOB C aJANITUBHbIM NPUMEHEHUEM
MNpsaMoOro noucka

A. C. Opunnnukos', I1. A. Uepémxun', A. B. [udpuna’
" Hayuonanroroitl uccaedosamenvckutl soeprsiil ynusepcumem MHDH, Mocksa, Poccus

Paspaboran ruOpuaHbIA aJroput™ GHHAPHU3ALMK AMIVIMTYHBIX TOJIOrPaMM, COUeTAlOLLUH MpeBapUTe/IbHOe
KBAaHTOBaHHe W OHHAPHU3ALUIO C BLIOOPOUYHBIM MPUMEHEHHEM MPSIMOro MOMCKA CO CJy4alHOH TpaeKTOpHeEH.
Tako#i nomxox no3poJisieT CyLIECTBEHHO COKPaTHTb 00BEM HTepallMOHHOH 00paGOTKM MPH COXpaHEHHH
BbICOKOTO KayecTBa PeKOHCTPYKLMH. 1o cpaBHeHHIO CO CTaHAAPTHBIM MPSIMBIM TOUCKOM BpeMsl GHHapU3alluu
yMmeHblleHo B 5 -+ 10 pas npu cooTBeTcTByOLIEH NoTepe KauecTsa Ha yposHe 10 + 5 % B 3aBMCHMOCTH OT
Tpebyemoro HajsaHca Mexy TOYHOCTbIO U CKOpOCThio o6paboTku. [IpenyoKeHHbIH airopuT™ opUeHTHPOBAH
Ha 3a/1a41 BbICOKOCKOPOCTHOI0 CHHTe3a OUHAPHBIX rosiorpaMm jijist ontudeckux DMD-cucrem.

KamoueBblie ciioBa: bunapusaius, KBaHToBaHHe, aMIJIMTYAHbIE FOJOTPAMMBI, TPSIMOH TIOUCK CO CIyYaHHOH
TpaeKTopHel, MUKpO3epKaJibHble MOJIYJ/ISITOPbI CBETa

9.4 Oco6erHHoctu npumeHenusa UM nnia aHanu3a n3o6paxkeHuii 4acTUL, BOCCTAHOBJEHHBIX U3 LU(PPOBLIX
rojorpamMm

B.B. Iémun, M. M. Kypkos, B.T. Kanaiina
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Hayuonanroneili uccaedosamenvckuil Tomckuil eocydapemeernnolll ynusepcumem, np. Jlenurna 36,
634050 Tomuck, Poccus

HefipoceTn 0OBIYHO TNPUMEHSIIOT K HM300paKeHHsIM C pe3KMMM rpaHulaMu. KsoOpaxkeHust wvacTwi,
BOCCTAHOBJICHHbIE U3 LIM(DPPOBBIX FOJIOrPAMM, OTJIHYAIOTCS OT 0OBbIYHBIX H300paKeHHIH HaJIMUHeM KOTePEeHTHBIX
1 MHBIX LLIyMOB, KOTOpbIe YXyALIAIOT KauecTBO aJropuTMoB 06paboTku. B paboTe nccienoBanbl BO3MOXKHOCTH
Hetipocet YOLOV8 no pa6ore ¢ KorepeHTHbIMU U300paKeHHIMU TJIAHKTOHHbIX YaCTHLI, BOCCTAHOBJIEHHBIMH
13 LMGPOBLIX rosorpamm. [Tokazano, 4ro ycroilunBoe pacrio3HaBaHHe BO3MOXKHO MPH yCJOBUM ajantaluu
MOAXOM0B K KJacCH(HUKAUMK ¢ y4éTOoM Crleudu(uKd KorepeHTHOH Bu3yasnusauud. (OO6ocHoBaHa
11e716CO00Pa3HOCTh  UCMOJIb30BAHUST  YKPYMHEHHOH MOP(OJOTHYECKOH TaKCOHOMMH, COOTBETCTBYHOLIEH
BHELIHUM TMPHU3HAKAM, PErMCTPUPYEMBbIM Ha ToJ0TpauuecKux PeKOHCTPYKLHSX, YTO MO3BOJISET TOBBICUTh
006006111a1011Ly10 CTOCOOHOCTL MOJIEJIH MTPH MEPEHOCE MEXKTY PA3JTMUHBIMU AKBATOPHUSIMH.

Kaouesnie ciioBa: Onruka, Lindposas ronorpadusi, CBEpTouHble HEHPOHHBIE CETH, MOTPyKaemast
undposas rosorpagpuieckast Kamepa

9.5 ®ypbe CNeKTPOCKONHUS NJIAHKTOHHBIX KOHIIEHTPALMii M0 JaHHbIM in situ uudposoro
rojorpa)uueckoro MOHUTOPUHra

B.B. Iémun, J1. B. Kypkosa, W.I". TTosioBues, A.1O. JlaBbinoBa
Hayuonanroneili uccaedosamenvckuii Tomckuil eocydapemeernnolll ynusepcumem, np. Jlenurna 36,
634050 Tomuck, Poccus

[Ipenyaraercss MeTon H3BJ€UEHHST MH(POPMALMH H3 BPEMEHHBIX PSI0OB TrosiorpaMyecKnx H3MepeHHH
KOHLIEHTPALMH TJIAHKTOHA, MOJyYeHHbIX MorpyxKaeMoil L poBoi rosorpadguueckoil KaMepoi B pexKuMe in
situ MoHuTOpHHra. PaccmaTtpuBatoTcsi 0COOEHHOCTH CIEKTPasibHbIX XapaKTEePUCTUK BPEMEHHBIX PsIOB
MVIAHKTOHHBIX KOHLIEHTpALMK, 3aperdcTpUpOBAHHBIX Ha JUIMTEJIbHOH CTOSIHKE B HATYPHBIX YCJIOBHSIX.
[TonyueHHble pe3yJibTaTbl MOATBEPKAAT 3PPEKTUBHOCTL TEXHOJOTHH LUMPOBOro rojorpaguieckoro
MOHUTOPHUHIA, KakK HHCTPYMEHTa /sl BbISIBJEHHS aHOMaJMH [OBEJEHHs], CBS3aHHBIX C 3arpsi3HeHHeM
AKBATOPUH.

KatoueBnie cioBa: Llndposas ronorpacdudeckas kamepa, Lludposasi rosorpadus, @ypbe cnekTpockonus,
[Tnankro

9.6 MeTpUKH /151 OLIEHKH KauecTBa U300paXKeHHi, BOCCTAHOBJIEHHbIX U3 LIM(POBBLIX rOJOrpamMm

E.K. bananmun, I1. A. Yepémxun, A.B. Kosnos, H.H. EBTuxuen
Hayuonanronoeill uccaedosamenvckuil adeproitl ynusepcumem « MHPH »

Jlns1 3anay noBblleHUsT KayecTBa M300paKeHHH, B TOM YMCJIe BOCCTAHOBJEHHBIX U3 LM(POBLIX rOJ0rpamMMm,
M3MepeHusi cTerneHu GUIbTPALIUM U YPOBHSI C2KaTHsI TPEOYIOTCS KOPPEKTHO OLLeHUBATb MX KauecTBo. B ¢cBsi3u ¢
THM B HacTosilee BpeMsi UCMoJb3yeTcsi OoJiblioe KOJMYeCTBO METPUK [yl OLEHKH KadecTBa. B paborte
NPOBeJIeHO YHCJAEHHOe MOJIe/IMPOBAHUE CHHTE3a roJIOrPaMM € Pa3J/IMuHbIM YPOBHEM LUIYMOB H BOCCTAHOBJIEHbI
u3obpaxeHusl M3 HHUX. Peasn3oBaHbl passidyHble METPUKH OLEHKH KayecTBa JIBYX OCHOBHBIX THIIOB:
TpeOyIOLIMX MCXOHOE H30OpaxKeHue Jyuis cBoel paboThl U HepedepeHcHble. [IpuBeneHbl KauecTBeHHbIE
KOJIMYECTBEHHbIE Pe3yJ/IbTaThbl CPABHEHHSI METPHK.
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KatoueBbie cnosa: Lludposasi ronorpacdusi, Metpuku oueHku KauectBa, Illym, PekoHcTpyKius
uso6paxkennii, OtHolenne curnasn/uym, Mugexe cTpyKTypHOro CXoACTBa

9.7 TexHosnorus H3MepPEHUIH ¥ BU3yaiu3allii MUKPOMETPOBBIX 1e()eKTOB METOIOM 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 nanno#i pabore MpOAEMOHCTPUPOBAHA TEXHOJIOTHS 1O TPEXOCEBOH PEKOHCTPYKIHMH TOBEPXHOCTH C
pacriosHaBaHueM JedekToB pazmepamu ot 25 10 100 MKM, ¢ BO3MOKHOCTbIO H3MEPEHHUS AJTUHDI, IIUPHHBI U
BBICOTBI. Te€XHOJIOTHS 3aK/I0uaeTcss B M3MEPEHHWH TepernajioB BbICOT C MOMOIIbI0 OHeHHH, (OPMHUPYeMbIX
BOJIHAMH C OTJIMYAIOUIMMHUCS JJIMHAMH BOJIH B nipesienax 1 um. Mamepenusi no ropusontassu npousBosiTes
MeToilaMi 1MpOBOH roJorpaduu vepes orpeiesieMoe B 3aBUCHMOCTH OT JIMCTAHIMH 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 UccnenoBaHue TONOJOTHUECKUX CTPYKTYP B XMPAJIbHbIX HEMATUYECKUX KHUAKHX KPUCTANIaX B
peajbHOM BpeMeHU METO0M MOoJsipU3allMOHHON LM pOBOH rosorpaduu

T. B. Pesuos', A. B. Yepnnix', H. B. ITetpos'*?, T. Opsiosa*

"Hayuonanronoitl uccaedosamenvckuil yrusepcumem HTMO, Cankm-Ilemepbype, Poccus

? Poccus Llenmp unnosayuil u passumus 8 Llunoao, XapOuHcKuil uniceHeprolll yrusepcumennt,
Huwnodao, nposunyus lllanedyn, Kumat

¥ llkoaa usuku, Xapburckud nosumexuuueckuil ynusepcumem, Xapour, Kumail

" Epesanckutl eocydapemesernoiil yrusepcumem, Epesan, Apmenus

Mokl npeacraBiisieM cucTeMy MoJisipu3alMoHHoi rosiorpaduueckor mukpockonun (PHM), o6ecneunBatoliyto
OJIHOKCIMO3UILIMOHHOE TIOJydeHHe 4YeThIpEX HHTepdeporpaMM C paspellieHdeM MO MOoJsSpU3allii, UTo
MO3BOJISIET B peasibHOM BPEMEHH BOCCTAHABJMBATH 3J€MEHTbl MaTpullbl JKoHca a/isi cBeTa, Mpolleaiero
uepes XxupaJsibHble HeMaTHueckue Kuakue kpucranibl (JKK). Tot noaxon 1aét BO3MOKHOCTb AMHAMUUECKOTO
HaOJIIO/IEHUS] 32 3apOXKIEHHEM U IBOJIIOLMEN TOMOJIOTHUECKHUX CTPYKTYpP CO CJIOKHBIM TPEXMEPHBIM I0JIEM
nupekropa. Popmanuam JKoHca MO3BOJSIET TM0Jy4aTh aAMIUIUTYAHblE KM (ha3oBble pacrpeneseHus,
oTpaXkatolye rnepexoj 0T TOMEOTPOMHON OPHEHTALIUH K JIOKAJIH30BAHHBIM aHH30TPOTHBIM KOH(UTYPALIUSIM.
[TpennoxkeHHast METOJIMKA MOXKET UCII0JIb30BATHLCS /151 CO3IAHUSI CHCTEM OTePAaTUBHOTO KOHTPOJISI MIPOLLECCOB
(hoTonosMMepU3aLMK U J1a3€PHOK 3aMUCH TOMOJIOTMYeCKHUX (DOTOHHBIX 9JileMeHTOB Ha ocHoBe JKK.

KomtoueBble  csioBa: »KHWjiKHe KpPHUCTa/uIbl, MOJspU3aLMOHHas rosorpadusi, wudposast roJorpacus,
TOTIOJIOTHYECKHE COMMTOHBI, (pa30Bast MOAJISILKS, BU3YaJIH3aLUs B PeabHOM BpeMEHH
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CoBpemMeHHble hyHKIMOHAJIbHbIE ONTHUECKUE MATEPHUAJIBI

YcerHble nokaaapl

10.1 CeHcubuausaums rojorpaguyeckux poTonogumMepHbIX MaTepraloB KOMIJIEKCAMH € TEPEHOCOM
3apsana (/lpuesawernotil)

B.B. lenkosuukos'?, JI.W. lepessinko', H.A. OpJiosa', B.B. Bapaun!

'Hosocubupckuii uncmumym opearuueckou xumuu um. H.H. Boposcyosa CO PAH, Poccus, 630090,
Hosocubupck, npocn. akad. Jlaspenmoesa, 9

?Hosocubupckuti eocydapemesernnolll mexnudeckuil yrusepcumem, Poccus, 630073, Hosocubupck,
npocn. K. Mapxkca, 20

Paccmotpena cencuGuiusalnsi 3amnucu rojorpaMMm B (pOTOMOJMMEPHBIX MaTepuaax KOMILJIeKCaMHu C
neperocom 3apsina (KI13) wmexnmy noHOPHBIMH M aKUENTOPHBIMH KOMIIOHEHTaMH (HOTOMOJUMEPHOH
komnosutu. Oco6eHHOCTbIO ceHenOuau3artopoB Ha ocHoBe KI13 siBasiercst majsioe 3Hauenue Kosdduipenta
KCTHUHKIIMM, 4YTO TMO3BOJSET MPOBOAUTL 3alUCh B TOJCTHIX CJIOSX. BbIUHC/IEHBI TepMopMHAMUUYECKHEe
napametpbl o6pazoBanus KI13 (suranbnus, surponusi, sneprusi [u66ca ). [IpoBeneHbl KBaHTOBO-XHMHUECKHE
pacuétbl nosiockl neperoca 3apsiia KII3 u ux cornacoBanue ¢ skcnepumenTtom. [IpoBeneno conocraBsenue
uyBcTBUTesnbHOCTH KII3 mo cpaBHennto ¢ Kpacutensimu ceHcubunusatopamu. [lpenoxkeH MexaHH3M
¢oropacnana KI13 Ha ocHoBe KaTHOHA THOKCAHTEHOHUS U TPUPEHUNANKUIO0PATHOTO aHUOHA.

KotoueBbie csioBa: Tlosorpacuueckue QorononnuMepHble MaTepualbl, CEHCUOMIM3ALMS, KOMIIEKChl C
nepeHocoM 3apsiaa

10.2 MonspusauorHas rojorpauueckas 3anuchb B TOHKUX MJeHKaX a300€H30J1CoiepKALIUX
KUAKOKPHUCTANIMUECKUX MOJTUMEPOB PA3JMUYHOTO CTPOEHHUS

M. A. byrakos, H. 1. boiiko

Mockosckuii eocydapcmeennolii ynusepcumem umenu M.B. Jlomonocosa, xumuueckuii pakyromem,
Mocksa, Poccus

M3ydeHbl npoiiecch MoJsipu3allioHHON rosiorpauyeckor 3arnicu 1M pakIMOHHBIX ONTHYECKHUX 3JIEMEHTOB B
TOHKHX [IJIeHKax a3o00eH30JicofiepKalliux Kujakokpucraanudeckux (PKK) rpeGHeoOpasHbiX M0JHMEpPOB
paznuuHoro crpoenus. [lpu rosorpaduueckoil 3amucu B TUIEHKAaX JaHHbBIX TOJMMEPOB OJHOBPEMEHHO
(opMHpPYIOTCST KaK MOJISIPU3aLMOHHbIE, TAaK M MMOBEPXHOCTHO-pesibeHble PELIeTKH BCJEICTBHE MPOLLECCOB
thoTonHIyLLMPOBaHHOTO MaccornepeHoca. [lokazaHo, 4yTo yMeHblIeHHe JJIMHBI asudaTHyecKkoro creicepa,
COEJIMHSIIOLIEr0 OCHOBHYIO MOJIUMEPHYIO 1eMb M (POTOXPOMHBIH (parMeHT, W yBeJHUYEHHE TMOJSPHOCTH
3aMecTUTeJis B POTOXPOMHOM (DparmMeHTe MoBbIIAIOT JUdpakimoHHyo addekTrBHOCTh (/D) 3anucanHbix
pewetok. [losyueHbl KHHeTHUECKHE 3aBHCHMMOCTH OIMCBHIBAIOLIME 3alUCh KaxKAOrO THNA pPeLIeTOK U
MPOAHANM3UPOBAHO BJIMSIHHE CTPOEHHUsT [oJMMepa Ha 3TH 3aBUCHMOCTH. [lpomemoHCTpHpoOBaHO, 4TO
TEPMUUECKHH OTKHT IJIEHOK MOJIMMEPOB C 3alMCaHHbIMKU pelleTKaMu nopbiaet /19 nocsnenHux 1o 3HaueHui
OJIM3KUX K TeopeTHYeCKUM BesiencTBre obpasoBanusi JKK dasbi.

Kaouessie cioBa: lNosorpadus, Jndpaxkinontbie onTHieckue ajeMeHTbl, JKuiKkue KpucTaslbl,
AzoGen3osicosiepaKaliye moJuMepbl
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10.3 ®a3oBas moayasiusi CBeTa B IPOCTPAHCTBEHHBIX MOJIYJIAITOPAX 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
(heppHuIEKTPUIECKUX 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 YKUIKOKPUCTAJIIHUECKOTO
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 NpeBbiaioT 12 %, 4To npueMaeMo st psijia NPUKIAAHBIX 3a1a4.

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

10.4 O0benuHeHUe TEXHOJNOTrUN (OTO-TEPMO-UHAYLIMPOBAHHON KPUCTANIU3ALMM 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-HHAYLIMPOBAHHOKN KPUCTA/IM3ALMH ) UBMEHSIETCsl TIoKa3aTeJb MpesoMJIeHH s .
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 ocioBe @TP creksia MOXKHO CO3/1aBaTh 3/7€MEHThl BBOJA-BbIBOJA M3JyUeHHUs U MJIaHAPHbIE TPAIHEHTHbIE
ONTHYECKHE BOJHOBO/bI, T.e. MOYKHO peasM30BbIBATb MOHOJMTHYIO HMHTErpalyio rosorpauyeckux H
BOJIHOBOJIHBIX CTPYKTYp Ha €IMHOH mnojyoxkke. Moandukauus MmoBepXHOCTH CTeK/1a HOHHBIM OOMEHOM
MO3BOJISIET TAKXKe YBEJMUHBATH MEXaHHYECKYI0, TEPMHUECKYI0 W ONTHYECKYIO TPOYHOCTb OP3rTOBCKHX
peuretok Ha ocHoBe PTP crekna.

Kioueseie cioa: @oto-Tepmo-pedpakriBHOe cTek10, bpsrrosekas petierka, MonHblii o6MeH,
[lnanapHbIii BOJIHOBOJL

10.5 Fosorpaduueckuii cneki-aKkpaH B poro-TepMo-pedpakKTHBHOM CTEKJe

Cagpuin M.B."2, Posanos IT.K. "2, [Toroga A.I1.%, Hukonopos H.B !
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'Yuusepcumem HTMO, Cankm-ITlemepbype, Poccus

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

[onorpaduueckue creka-skpanbl — AUdQy30pbl ¢ yrnpaB/asieMOd MHAMKATPUCOH paccesiHusl — IIHPOKO
UCIIOJIb3YIOTCSl JIJIST MPOEKUMOHHBIX CHCTEM C JIa3epPHbIMM MCTOUHMKAMH H3JydeHHsl, TMPUMEHSIEMbIX B
KOMILJIeKcax KocMuueckoro OazupoBanusi. KijioueBoll 0COOEHHOCTbIO CIEK/-3KpaHa sIBJsIeTCs TO, YTO
HECMOTPSl Ha OMNpeJesIeHHYI0 JUIMHY BOJIHBI 3alUCH TOJIOrpaMMbl, Ha 3Tane HCHoJb30BaHUs SPdeKT
anddysHoro paccestius o6ecrneynBaeTest AJ1s1 U3JydeHHUs! ¢ TPOU3BOJIbHON JJIMHOM BOJIHBI, B TOM UMC/IE U U151
6esioro ceta. IIposeMoHCTpUpPOBAaHA TEXHOJIOTHS PErHCTPALMM CIEeKJ/-9KpaHa Mo oceBod cxeme B (hoTO-
TepMo-pedpakTUBHOM cTekJe. [IpousBeieH aHaM3 napaMeTpoB 3aMUChIBAIOLLErO H3JyYeHHs, ONpeleseHo
ONTHMAaJIbHOE BPEMSs SKCIIO3HULIHH.

PaGota BbinoJsiHeHa npu (hUHAHCOBO nojyieprkke MUHKUCTEpPCTBA 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 (hOTONIOMUHECLIEHIIMH JETMPOBAHHBIX KpUCTANLIOB hocduaa ramnius

A. A. Cxopuona, C. I'. Kasnenkos

Mockosckuti noaumexnuueckutl ynugepcumem, Mocksa, Poccus

OG6Hapy»KeHo, 4To MpH JIOMHHECIIEHIMH KpucTaios docduaa raamus p-GaP(Zn,0O,N), BozHuKkaoleh noj
BO3JIeHCTBHEM Jla3epa ¢ AIMHON BoJIHbI 405 HM U MOLIHOCTBIO He GoJiee 30 MBT, BO30Yy»K1al0TCs1 1B TOJIOCHI
U3JydeHus - 3ejieHast (A = 565 HM), cBsi3aHHas ¢ pekomOuHaluel Ha atomax N u kpacHasi (A = 700 Hm),
cBsizanHasi ¢ npumecsimu Zn u O. PaccmaTpuBaemble pUuMecHbie LeHTPbI ¢ rIyOOKHMH YPOBHSIMH SHEPTHHU B
3anpeniéHHoll 3oHe 006JsanaloT GOJbLUIMMH BpeMeHaMM KHM3HM M BO3MOXKHOCTbIO CYyLIECTBOBAHHS B
HECKOJIbKUX 3apsIOBbIX COCTOSIHUSAX. B paGoTe ycTaHOBJEeHA 3aBUCUMOCTb MEXKIy BEJHUMHOH OMNTHYECKOH
MOIIIHOCTH BHEIIIHETO M3JIyUeHHsI U crieKTpamMu (POTOJMIOMUHECIIEHIIMK KPUCTAJIIOB JIerHpOBaHHOTO (hochua
rajsis. B 4acTHOCTM mMokasaHo, 4TO TMpPU H3MEHEHWH ONTHYECKOH MOIIHOCTH Jadepa (A = 405 HMm),
MPOUCXOMUT MepepacrpeieseHie HWHTEHCHBHOCTH MeXKIy KpPAaCHOW M 3€JIeHOH JIMHUSIMH — CIeKTpa
(hOTOIIOMUHECLIEHIIMY  UCCIelyeMbIX 00pasiioB: Tpu HU3KUX MouHocTsax (P < 5 mBt) Toka 3senenas
JIIOMHHECIIEHIIUsST IOMUHUPYET HaJl KPaCHOM, B TO BpeMsi KaK MpH GOJIbLINMX MJIOTHOCTSIX TOKA JIOMHUHHPYET
KpacHasi JitoMuHecleHlnsi. Takum o6Gpasom, yBesiMueHHe MOLIHOCTH BHELIHEro M3JydeHHsi MPUBOIUT K
pOCTY MPOLLECCOB H3JydaTe IbHOH peKOMOUHALIUK B T10Jb3y ZNn-O KOMIJIEKCOB.

Kutoueble ciioBa: Pocun ranus, [Ipumechble kommniekcesl, PoTosmoMubectieHys, OnTuyeckast MOLLIHOCTb
JIA3€PHOTO H3Jy4eHHs!.

10.7 ®oToaeTeKTOpPbl Ha OCHOBE TOHKHX MJEHOK YIJiePOAHbIX HAHOTPYOOK

I0.T". Tmanywi!, C.H. Cepe6pennukosa, A.A. Mkprusin', I1. An?, B. Kosasok?, C.C. JKykos?, J1.C.
Komnbuiosa, J1. Kpacuukos!, A.I'. HacuGysun'

"' Croakosckuil uncmumym nayku u mexroaroeutl, Mockea, Poccus

? Ynusepcumem nayku u mexrnoaoeutt MUCHC, Mocksa, Poccus

3 Mockosckutl husuko- mexruueckutl uncmumym, Mockea, Poccus

B paGorte paccmoTpeHbl (DOTONPHEMHHKM Ha OCHOBE TOHKHX IJIEHOK yryiepoaHbix HaHOTpyGok (OYHT),
CHHTE3UPOBAHHBIX METOJOM a3p030JIbHOr0 cHHTe3a. JlaHHBIH MeTOJ MO3BOJISIET MOJy4aTh TOHKHE MJIEHKH
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OVYHT HenocpeacTBEHHO W3 peakTopa W MEPEHOCHTb HUX Ha JI0OYIO MOJJIOKKY METOJIOM CyXOro nepeHoca
MHHYIO He0OXOMMOCTb HCTOJIb30BAHUS AKUIAKONH XUMHUU. ByyT paccmoTpetsl 1Ba tuna npueMHukos ¢ OYHT
— Ha ocHoBe GosiomeTpuueckoro sddekra u nupossnekrpudeckue oronpruemunku ¢ OYHT na nuobare
mutus. OTKIMK TakuX cTpyKTypa moxkeT pocturath 100 MA/BT, a GhicTpoieficTBie B cjyyae HHTErpaLuy
OYHT na Bo/IHOBOI U3 HUTPUIA KPeMHHUS TIPH GOJOMETPUIECKOM 3 deKTe Ha JTUHE BOJTHBI 1.55 MKM MOXKeT
nocturath 1.5 T

KatoueBbie ciioBa: @oToneTeKTOPbI, yriepoaHble HAHOTPYOKH, HHTErpaibHast (DOTOHUKH, HUTPUI KPEMHMUS,
HHOOAT JINTUA

10.8 'eHepalus TeparepiOBOro U3JayueHus 3a cuet nopbilieHUs1 3p(heKTUBHOCTH NPeodpa3oBaHuUs
4acToT Jla3€pHbIX UCTOYHHUKOB B OKPECTHOCTH (l)OHOHHOFO MOrJoleHus

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

Teparepuosble (TI') yacToTbl MepCeKTUBHBI /151 CKOPOCTHBIX BbICOKOOIO/UKETHBIX CHCTEM Mepe/layk IaHHbIX,
B CBfI3H C Y€M aKTyasbHbIM $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,
Moy siLust/ iemMotyisiust ). Takoe B3anMOJIEHCTBHE BO3MOMKHO 3a cUeT HeJHHEeHHO-ONTHUeCKHX 9(D(eKToB B
KPUCTAJTMUECKHX CPeaX, OHAKO ero 3(hpeKTUBHOCTL coctassier nopsiaka 1074, 3HaunTeIbHO €€ MOBbICUTh
BO3MOXKHO TpH paboTe Ha 4YacToTax B OKPECTHOCTH (DOHOHHOTO TMOTJIOLIEHHSI Cpell, TIae HeJUHEHHbIH
Ko3(puuMeHT  pamMkasbHo — Bo3dpactaet. B paGore  paccmorpen  momxon — renepaumu  Tli-
M3JTyueHHs, OCHOBAHHbIH Ha MOBbILIEHUH 3PPEKTUBHOCTH NMPeoOpa3oBaHust YaCTOT JIa3ePHbIX HCTOUHUKOB B
obnactb (oHOHHOTO ToOTJIOUIeHNsA. [IpuBoaATCS OUEHKH I Cpell OT MOJEJbHBIX OJHO(POHOHHBIX
(TOTYNIPOBOJHUKH ) 10 CJIOKHBIX MOJIEKYJISIPHBIX KPHCTAJIJIOB M CETHETOI/JIEKTPUKOB.

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

10.9 Anmasnas Tl 'u anrenna (/lpuesauwierrolii)

Makcum CepreeBuy KomsieHOK, K. ¢h.- M. H.
Jlabopamopus aaszeproti onmuku nosepxnocmu Hnemumyma obwetl pusuxu um. A. M. [Ipoxoposa
PAH

10.10 T'a30rupoxpomMu3M OKCUIAMPOBAHHBIX HAHOMJIEHOK MePMasios

JLIT. Kyaukosa', KH. Adanacbes'?, A.B. Bapbiuies!

I'Pedepanrvroe cocyoapcmesennoe ynumaproe npednpusmue «Bcepoccutickuil HayuHo -
uccaedosamenvekui uncmumym asmomamuxu um. H.J1. /lyxosas, Mockea, Poccus

? Hnemumym meopemuueckotl u npukiadrotl srekmpoournamuku PAH, Mocksa, Poccus

B paboTe uccnemytorcest onTHYeCKHe U MarHWHTOONTHYECKHE CBOMCTBA TEPMHUYECKH OTOXKKEHHBIX HAHOMJIEHOK
nepmMaJios. YCTaHOBJIEHO, YTO MarHWToOoNTHYecKass A0OPOTHOCTL 0OpasloB Bo3pacraeT OoJiee 4eM Ha
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NopsiIoK B OJIMXKHEM MH(PPAKPACHOM CIEKTPaJbHOM JHana3oHe JJisi ONTUMAJIbHOH TeMIepaTypbl OTKHTa.
BriepBble 3KCrepUMeHTaIbHO MPOJEMOHCTPUPOBAHO HM3MEHeHHe BeJIMuMH (DapajieeBCKOro BpallleHdsl H
MAarHMTHOTO KpPYrOBOIO JIMXPOU3Ma MATHUTHOTO OKCHJA — OKHUCJIEHHOTO MepMaJijiost C MJIATHHOBbLIM
KaTaJM3aTopoM — B BOJAOPOAOCOep:Kallel arMocdepe. MarHuTOONTHUECKHE CBOWCTBA MaTtepuasa nocJje
BoaneicTBusi Hy He Bo3BpallaioTes B MCXOAHOE COCTOSIHHE B BO3IyXe BBHLY 0OpPA30BAHUS THAPOKCHIOB.
Jonoauurenbhbiit HarpeB npu 300 °C MpUBOAUT K BOCCTAHOBJIEHHIO YYBCTBUTEJBHOCTH HAHOMJIEHOK K
Bojilopony. Ilokazano, uto HaGJ/i0naeMblii Ta30TUPOXPOMHU3M SIBJISIETCS HEB3AaMMHBIM MarHHTOONTHYECKHM
SIBJICHHEM.

KatoueBble ciiosa: [1epmaniioit, Hanonnénku, dddexr Papanesi, MarHuTHbIil KPYyroBok IMXPOU3M,
Bojlopojiocoiepakaliast atmocdepa, CeHcop Bogopoja.

10.11 F'm6puaHbIi hoTOpE3UCTUBHBIH MaTepHal Ha OCHOBE FMAPOJUTHUECKH YCTOMUUBBIX THOJ -
CUJIOKCAHOBbIX OJIUTOMEPOB
Hepepsauko Imutpuit Mropesuy, K.X.H.

JIOCM HHOX CO PAH, Hosocubupck

10.12 Opranuueckue poTOTpaH3UCTOPbLI HA OCHOBE MOJMHHAOJA U MUPPOJUAMHOPYIIEPEHA: CTPYKTYpa
Y BOJIbTaMIepPHble XapaKTePUCTUKU (OHAQLH)

P. B. Casmxos', A. JI. Ocranbuosa', U.H. MyJjnaranues', T. P. Canuxos'
"' Ypumeruii ynusepcumem HayKu u mexHoL02uULl, Kagheopa INeKmpoHUK t PUSUKL HAHOCMPYKMYP,
Yeha, Poccus

McceneoBabl  ONTOJIEKTPOHHbIE  CBOMCTBA  HOBOTO  MOJMMEPHOTO  MaTepuaja — MOJH[2-3THJ-3-
MEeTHJIMH/I0/1a| — B COUETAHUM C TUPPOJIHIHHOGYNIEPEHOM YISl CO3/IaHUsI OPraHHueCKUX POTOTPAH3UCTOPOB.
MeTtosoM 1LeHTpUyrHpOBaHus MoJiydeHbl TOHKHe TIEHKH TouinHod 400—500 HM, Ha OCHOBE KOTOPBIX
M3rOTOBJIEHbl  T0JIeBble  TPAH3UCTOPbl C  AJIOMHHHEBLIMH  3JjeKTpoiaMu. IlpoBeneHbl  H3MepeHHst
BOJIbTAMIIEPHBIX XapaKTEPUCTHK B TEMHOBOM pexXKuUMe M Moj Bo3jeictBueM Y®D-usmydenusi (350 HM),
nokKasaBllMe yBeJHueHHe (OTOTOKA Ha TPU MOpsiiKa. YCTaHOBJEHO, UTO pa3paboTaHHble CTPYKTYpb
cTabWIbHO paboTaloT B BO3MYLIHOH cpejle, YTO YNPOLIAeT UX MPUMEeHEHHEe B OpPraHUYeCcKOH 3JeKTPOHHKE.
PegynbraThl 1€MOHCTPUPYIOT MEPCHEKTHBHOCTb HCMOJAb30BAHUS JAHHBIX MaTepHajJOB B ONTPOHAX U
doToceHcopax

Katouessie cnosa: [oanunnoan, [Mupponnannodynnepen, Oprannueckue gportorpansuctopsl, [loasuxkHoCcTh
HocuTeser 3apsina, Y @-cdorooTkauk, [leuaTHas snekTpoHHKa

CreHpoBbie NOKaaAbI

C.10.1 Marepuan "[dudden” 3a rpaHUIAMH CTaHIAPTHBLIX YCJAOBUH MOJYYeHUS TOJOrpamMm
(llpuerawernouti)

Annpeera O.B., [Tapamonos A.A., Aunpeesa H.B., Cuzosa C.A.
Ynusepcumem HTMO, Canxm-Ilemepbype, Poccus
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[IpencraBsieHo sKcrnepuMeHTaNbHOE HCCIeJOBAaHHE TapaMETPOB MYJIbTHIIJIEKCHBIX FOJIOIPAMM, MOJyYeHHbIX
Ha o6pasiiax nojumepHoro Matepuana "JIudden" (Mopudukalys perucTpupyollel cpejibl Ha OCHOBE
MoJMMEeTHAMEeTaKpHIaTa ¢ GeHaHTPEHXHHOHOM B KayecTBe CBETOUyBCTBUTe/bHOro sjaeMenta, ®X/TIMMA),
TOJILIMHON 6oJiee 2 MM. 3anuch Ha 488 um (cranaapt) u 530 um. [TocTakenoduMoHHbIN nporpes npu 50
rpaji. B Tedenre 50 yac (craupapt) u ao 300 uac.

Kutoueseie ciioa: Onruka, [onorpadusi, Peructpupytoiye cpesibl, TpexmepHble MyJIbTHIIIEKCHbIE
roJIOrpaMMbl

C.10.2 ®dropdocdaTHbie cTeKIa ¢ KBAHTOBBIMU TOUKAMU CYJIb(HIOB U CeJeHUI0B CBUHLA ISl
JUMHUTEPOB (PeMTOCEKYHIHOTO Ja3epHOro unyuenus 6amxuero UK nuanasona

B. A. Acees!, H. B. Hukonopos', A. H. Lpinkun', E. B. Koso6kosa'?, A. O. Mcmarunos', E. H. Onapun!
"'Yuusepcumem HTMO, Canxkm-Ilemepbype, Poccus

? Cankm-Ilemepbypeckutl cocydapcmeetnoiil mexronroeuveckudl uncmumym (Texnuueckudl
ynusepcumem), Cankm-Illemepbype, Poccus

OG6Hapy»KeHO U MCCaeI0BaHO HeJIMHERHOe MoriollleHre Bo propdocdaTHOM CTeK/e C KBAHTOBBIMH TOUKAMU
(KT) PbS u PbSe npu BoznefictBuu ummnysnbcHoro demrocekynaHoro (100 d¢c) nasepa 6imknero MK
nranazona (1050 um). Ilopor ymeHbliieHusi (orpaHuveHHsi) MOLIHOCTH TMPOXOASIIEro vepe3 obpasell
JazepHoro uanyuenust cocraBus 1265 mBr 1t KT PbS u 600 mBT it KT PbSe. O6pasist crekon ¢ KT PbS
u PbSe npakruueckn He mpomyckanau JazepHoe wuanydenue npu mouHoctd 1530 mMBt u 750 wmBT,
cooTtBeTcTBeHHO. Crienan BbIBOJ, 0 ToM, 4To (propdocdarubie ctékna ¢ KT PbS u PbSe mozkHo ncnonbzoBathb
B KauecTBe (DUJIBTPOB-JUMHUTEPOB IS 3alIUThl (HOTOMPUEMHBIX YCTPOHCTB OT HMITYJbCHOTO Ja3€epPHOro
M3JTyueHns1 PeMTOCEKYHIHOH MytuTesibHOCTH B OaixkHeM MK nnanasone.

Katouesbie cioBa: @ropdocdaTHHOE CTEKIO, KBAHTOBBIE TOUKH CyJ/b(HIA CBUHIIA, KBAHTOBbIE TOUKH
CeJIEHHW/Ia CBUHIA, HEJIMHEHHO - OTITHYECKOE TOTVIOIIeHHE, HEJTMHEHHO ONTHYECKUH JITUMUTED

C.10.3 OnTuHueckoe yctpoiicTBo Ha ocHoBe MAX-a3sbl u cnoco6 onpeaenenusa ocratouHoit MAX-dasbi
B MaKceHax

A.B. Cwit!, A. B. Apcenun?, B. C. Bosikos!
000 «KCITAHCEO s, Mocksa, Poccus

Onrtuyeckoe yCTPOHCTBO COMEPXKHUT MPO3payHOe OCHOBAHHWE W (POTOAKTHBHBIE YACTHIIbI, 0OPA30BaHHbIE M3
MAX-as3bl, umerolieil xummuueckyto gopmysy M, AX,, rie M - nepexoanbiii Metant; A — amomunni; X -
yryiepos uik azot; n = 1, 2 wiu 3. [Ipu 310M (hOTOAKTHBHbBIE YACTHIIBI BBINOJHEHBI PAa3MEPOM OT D HM JIO
200 1M, a cosieprKaHue 0CTaTOYHOTO aJIOMHUHHS B HUX 110 OTHOILIEHHIO K HCXOHOMY cojiepKannio B MAX-dase
cocTabiisieT He MeHee 1 %.

Cnoco6 ompenenenusi ocratouHoil MAX-dasbl B MakceHax 3ak/iouaeTcsi B U3MePEHHH HHTEHCHMBHOCTH
(oTosIoMUHECHIPYOLIel TTosockl Ha 694 HM TpU BO3OY:K/I€HUH H3JTydeHHEeM C JJTHHOH BOHBI B IHana3oHe OT
350 uM 10 650 HM ¥ HHTEHCHBHOCTBIO B ananasote ot 0.5 MBt/Mkm? 10 100 MBT/MKMZ.

KotoueBbie cioBa: MAX-hasa, MakceH, 0CTaTOUYHbIH a/lIOMUHUH, CIIEKTPa/IbHble XapaKTePUCTHKH.
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C.10.4 lMepeHoC 3HEPTUU JEKTPOHHOTO BO3OYKIAEHHUSI MEXK]Yy MOJIEKYJIaMHU OpPraHUYeCKUX Kpacuresaen u
0aKTepuopoJONCUHOM

IO. J1. JTanTyx

Operbypeckuil eocydapcmesennoitl yrusepcumem, Openbype, Poccus

Besok 6Gakrepropononcun  cnoco6CTBYeT nporueccy  6ecxJopouIbHOrO  (DOTOCHHTE3a B KJIETKaxX
raJopuIbHbIX apxeGaKTepui W SIBJsSETCS MPUPOAHBIM OpraHudeckuMm GotoxpoMoM. [lneHouHble hopMmbl
6akrepuopojoncuia (BP) Bo MHorom coxpaHsitoT pekopiHble napameTpbl PoToXpoMHOro Lukia Geska. B
Hawell paboTe npejcTaB/ieHbl pe3yJbTaThbl IKCIEPUMEHTOB M0 pa3paboTKe MOJeJM ONTHYECKH YIPaBJsSeMOro
TpaHcrapaHTa Ha ocHoBe (hOTOXpPOMHM3Ma MJeHOUHbIX 00pasioB BbP. Mosekyibl oprannyeckux Kpacuresei
AKPUIMHOBOTO psifa OblIM HMMOOMJIM30BaHbl B MuieHKH BP u cayxuan nonopom sHepruu. Ilpu nazepHom
B0O30OY»KJI€HHU JIOHOpA, HO BHE TOJIOCHI MoOrJouleHus akienrtopa — bP, Ha6gionanock ob6patumoe
MCUe3HOBEHHE T10JI0CH TMOoryiolleHust Oeska B BUAMMOH o6sacTd. JlaHHblil 3(heKT MOKHO OTHECTH K
ynpapJjsiemomy gotoxpomudmy bP 3a cuer npouiecca FRET. BosBpailienne cucreMbl B MCXOHOE COCTOSIHHE
MPOUCXOIUT CAMOITPOU3BOJIBHO UJIH TPUHYAUTE/IBHO MyTeM MOACBETKH Ha AyiiHe BOJHbI 405 HM.

Kaniouesbie ciioBa: bakrepuopononcut, poToXpOMHBIN LUK, TEPEHOC SHEPTHH, YIIPABJSEMbIH TpaHCTIapaHT

C.10.5 OnTHyecKHe 0COOEHHOCTH roJIOrpaMM KUTAaHCKHUX MaruuecKuX 3epKal

JLI. Illapos?, C.K. Cradees'?, H.I'. Auncumona?, 1O.A. Basusiosa®
""Canxkm-Tlemepbypeckuii eocydapcmeennoiil ynusepcumem, Cankm-Ilemepoype, Poccus
? ¥Ynusepcumem HTMO, Cankm-Ilemepbype, Poccust

B pa6ote paccmarpuBatoTcsi ontHdeckde 0COGEHHOCTH TOJIOTPAMM KHTaHCKMX Mardieckux 3epkas. Dblia
OCyLIeCTBJIEHA 3aMUCh aHAJOrOBOH MOHOXPOMHOH TrOJIOrpaMMbl OJHOTO M3 TakKWX 3epkaJs mno cxeme 0. H.
Jenucioka. B mporecce BocnponsBeienust roJorpaMmMbl Obll 06HAPYKEH MHTEPECHBIH 3(EKT: CKPbIThIH
y30p, HEBUIMMBIH YeJIOBEYECKOMY T[J/1ady Ha OTpakalolled MOBEPXHOCTH 3epKasia, YeTKO TMPOsIBUJICS B
rojiorpaduueckoM H306paxKeHWH. IDTO CBHUJETEJNLCTBYeT O TOM, 4YTO MHKpojedopMalyn 3epkaJa,
OTBETCTBeHHble 3a 3(dekT "marun", OblIH 3adUKCUpPOBaHbl rojorpacduyeckuM MeTogoM. [losyueHHble
pe3yJ/ibTaThl MOATBEPXKIAAIOT BHICOKYIO UYBCTBHTEJLHOCTb ToOJIOrpaduu K MHKPOCTPYKTYPaM M OTKPBIBAIOT
MepCreKTUBBI €€ UCMOJIb30BaHUS ISl UCC/Ie/IOBAHUS HCTOPHUECKUX apTe(aKTOB C aHAJIOTHYHBIMH CKPbITBIMH
XapaKTepPUCTUKAMH.

KutoueBblie cioBa: xyo:kecTBeHHas rojorpadusi, MUKpoaedopmallysi, MOHOXpOMHast roJlorpaMmma

C.10.6 Ag u Mn-coaepxaiiue hoToKaTaJIuTHUECKHE HAHOMaTepHaJbl cucteMbl Zn0-ZnAl204 pas
3KOJIOTHYECKUX MPHUI0KEHUH

C. K. Escrponbes'*?, A. A. llenemanos?, I'. C. [Toamugyk' , JI. A. Taspusiosa'?, H. B. Hukonopos? , K. B.
Jlykesibekuii!

1 AO «HIIO I'OH um. C.H. Basunrosas, Cankm-Ilemepbype, Poccus

2 ¥Yuusepcumem UTMO, Cankm-Ilemepbype, Poccus

3 Cankm-I[lemepbypeckuii eocyoapcmaerrolii mexwnoroeudeckull uncmumym (Texnuueckui
ynusepcumem), Cankm-Illemepbype, Poccus

B paGote nosumepHO-CO/MEBbIM METOOM CHHTE3UPOBAHbl (hOTOKATANMTHUECKHE HAHOKOMIIO3UTBI CHCTEMbI
ZnOZnAl204, wmomnduuupoBaHHble HoHaMH cepeOpa uWiaM MapraHua. [lpoeneno uccseoBaHue
KPUCTAJIJIMYECKOH CTPYKTYPbl M MOP(OJIOrHH MaTepHasoB W H3yueHbl MX CMOCOOHOCTb K (hOTOTEHEepalHH
XMMHYECKH aKTHUBHBIX (OPM KHMCJIOPOJA, CHEKTPaJbHO-JIOMHHECLEHTHbIE, (DOTOKATANMTHYECKHE U
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OaKTepULMAHbIE CBOHCTBA. Y CTAHOBJIEHO, YTO BHEAPEHHE MOAUMHULMPYIOLIMX HOHOB cepebpa W MapraHua B
CTPYKTYpPy OKCHIHBIX HAHOKPHUCTAJJIOB TMPHUBOAMT K JeopMallid HMX KPUCTAJIHUECKOH pelIeTKH H
(hOopMHPOBAHHIO CTPYKTYPHBIX 1ePEKTOB, OKA3bIBAIOLIMX CYLIECTBEHHOE BJIHMSHME HA CBOMCTBA MaTepHaJIOB.
[TokaszaHa mepcneKTHBHOCTb MAaTEPHAJIOB It OUMCTKH M 00e33apaKMBaHKsl BO3/lyXa U BOJHBIX CPEL.

Kumouessie cnoBa: @orokaranus, Hanomarepuassl, [TosumepHo-coneBoit cuHTe3

C.10.7 Bausinne ¢oTo-TEPMO-HUHIYLUMPOBAHHON KPUCTANIM3ALMU HA HOHHBIA 0OMeH B hOTO-TEPMO-
pedpakTUBHOM cTeKje

B. A. ITonosa, H. B. Hukonopos, E. M. Cru6ues, B. B. [Tecusikos

Ynusepcumem HTMO, Canxkm-Ilemepbype, Poccus

[Ipy oObenuHeHnu JBYX TexHOJOTHH (oTo-TepMo-uHAyLMpoBaHHONH Kpucra/usauun - DPTHUK wu
HU3KoTeMMnepatypHoro nonHoro oomena - HMO) B doto-repmo-pedpaktuBiom (PTP) crekse Bo3HUKaET
Bonpoc o BoamoxkHoM Bt PTUK (3akpucrannuzosannoit obnacti) Ha nocsenyiounii npouecc HMO.
T.e. MoxKeT Jin BbICTYNATh 3aKpucTaindoBanHas obsactb PTP creksa B kKauecTBe Macku, GJOKUPYIOLLEH
HHWO, nnan nao6opot, KoTopasi MOXKET yBEJHUHBATH CKOPOCTb AU(dY3nH, WM He BJUSATH Ha Mpolecce
nuddysun. s orBeta Ha 310T Bompoc Obln nposenen HHMO Na-Ag u Na-K. HccnenoBanust metonom
BOJIHOBOJIHOM CTMIEKTPOCKOINMH M aHAJIU3 YTJIOBOH CEIEKTUBHOCTH OPIITOBCKUX PELLIETOK M0Ka3a/u Ceytolue
pesyJibTaThl. 3aKkpucTasiudoBantas obsacth TP crekia cinabo BAUsieT Ha HOHHBIH OOMEH, T.€. BOJIHOBOJHbIE
CTPYKTYPbl MIPAKTHYECKH C OJIMHAKOBBIMHU MapameTpamu 06pasyloTcsl Kak B 3aKpUCTAJIM30BAHHOMN, TaK U B
HEe3aKpUCTAJIJIU30BAHHOK 00J1aCTH.

Kutouebie cioBa: Poto-tepmo-pedpakruBHoe crekno, PoTo-TepMo-HHAyLIHPOBAHHAS KPUCTAJIU3ALLHS,
Bbpsrrosekas peuterka, Monublit o6meH, [1nanapHbiil BoJHOBOJL
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Cexkuus 11
buodoronuka

YcerHble nokaaapl

11.1 OnTHyeckre KorepeHTHbIe MeTO/Ibl B IMarHOCTHKE CaXapHOro AMabeTa u ero 0CJ0KHEHU N
(llpuerawernouti)

B.B. Tyuun,'?3 FO.M. Cypkos, ! A.A. Xapuenko, ' M1.A. CepeGpsikosa, ' IT.A. Tumoruna, ' JI.K. Tyuuna, 2
3.A.Tenuna '

"Huemumym ¢usuku u Hayurnoi meduyurckuil yenmp, Capamosckuil cocyoapcmeaenolil
yHusepcumem, 410012 Capamos, Poccus

Meacoucyunaunapras rabopamopus ouogpomonuru, Tomckuil eocydapcmesennolil ynusepcumema,
634050 Tomck, Poccus

SUncmumym npobaiem mounoil mexanuku u ynpasaenus, PHL « Capamosckuil HayuHoLLl yeHmp
Poccutickot akademuu Hayks, 410028 Capamos, Poccus

B pa6ore npemnaraercsi MCroJb30BaTh METOJ ONTHUYECKOrO MPOCBETJICHHUS WISl ONpeesieHHs COCTOSTHUS
pa3JyIMUHbIX TKaHeH 1 OpraHoB MpHu AHabeTe Mo U3MePEHHUIM CKOPOCTH AU y3HH ONTHUECKHUX TPOCBETISIOLIMX
arentoB (OITA). ITockosbKy nponniiaemMoctb Tkanu st OITA W MOTOKOB BOJbI BO MHOTOM OIpeIe/IsieTCst
CTPYKTYpOH TKaHH, KOTOpast 3HAYNTEbHO H3MEHSIETCS B TIpollecce ee IJIMKUPOBAHHUs, H3MeHeHHe CKOPOCTH
U dy3ur MoJIEKYsl B TKAHH MOXKeT ObITb MCIOJb30BAHO B KauecTBe GHOMapkepa CTeNeHH TVIMKHPOBaHUS
TKaHU. B KauecTBe onTHuecKuX MeTOA0B MOHUTOpUHTa quddy3un u BozaeictBus OITA Ha Tkanu B pabore
UCIOJIb3YeTCsl CreKTpooToMeTpusl, onTHdeckast korepeHTHas Ttomorpadus (OKT), cratuctuka crneksios ¢
MPOCTPAHCTBEHHO-BPeMEHHbBIM KOPPEJISILIMOHHBIM aHAJIM30M U CTEKJI-KOHTPACTHAs BU3yasli3allisi KpOBOTOKA
J1abopaTopHBIX }KUBOTHBIX. HajiezkHo yeTaHoBJieHO, uTo ckopocTh mutdysun OITA, namepenHnast pazjiuuHbIMU
MEeTO/IaMH, CYLECTBEHHO OTJIMYaeTcsl /Ui 3M0POBbIX M IVIMKHPOBAHHBIX TKaHeH. Takoe pas/nuve MOXKeT
CY>KHTb MapKepoM CTeleHH TJIMKMPOBAHHOCTH OesKoB TKaHel. OOGHapy:KeHbl TaKKe CyLIeCTBEHHbIE
passiuHasi peakiuu KpoBoToka Ha BoszzedictBue OITA B CJI ¥ KOHTpOJIbHOH Trpynnax JaGopaTOpPHbIX
JKUBOTHBIX, 4TO OOYCJIOBJIEHO HApylI€HHEM MeXaHH3MOB 3SHIOTEJHH 3aBUCHMMON Basoausataumu npu ClI.
Takum o6pasom, OITA moryT GbIThb TakKe MCMOJb30BAaHbI B KAaueCTBE MAapPKEPOB COCTOSIHUSI COCYAMCTOH
cucrembl nipu passutuu C/1. [TosyueHHble nanHble HeO6X0MMMBI TIPH pa3paboTKe 3(hPEeKTUBHBIX TPOTOKOJIOB
JiedeHus1 1MabeTHKOB ¢ yUeToM 3ameyieHHol 1 dysnn papmalieBTHUeCKUX NPernapaToB B IMIMKMPOBAHHbIX
TKaH$IX.

KaioueBbie cqoBa: OKT, cratucTuka creksoB, CIeK/-KOHTpAcTHasi BU3yaJsu3allusi, caxapHblil jauader,
TJIMKUPOBaHUE OEJIKOB, ONITHUECKOE TIPOCBETIEHHE, ONITHIECKHE MTPOCBETISIONINE areHThI

11.2 KoHdoKanbHbIi rosorpaduueckuil CKaHupylouuii MUKpockon Ha 6aze Olympus u ero npumMeHeHue
B OMomeauuuHCKOW onTuke (/Ipuesauiernotil)

IO.H. 3axapos
Tapsapockuti ynusepcumem, bocmow, CIIA

KoncokanbHblil rosiorpaduyeckuil CKaHUPYIOILMH MHKPOCKON peajn3oBaH Ha 6ase Mukpockorna Olympus
FV-1000 nyrém 3amenbl 6Jioka QUILTPOB BO30YXKIAEHUSI M peructpauuu  JyopeclieHlUMd Ha
rojorpacuieckuit  Moaysb. LlucdpoBoe BoccraHoBseHHe BOJHOBOTO (DPOHTA MO3BOJISIET TPOBOMUTD
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KOJIMUECTBEHHYI0 (ha3oByt0 BU3yasM3alMIo W KapTorpadupoBaHue nokasareJist npejomiaeHns: GHOM0THYeCKUX
KJETOK C YHCJeHHOH nepedoKycHpoBKoi nmo Bcemy o6bémy obpasua. [lpenyaraemblii Moaxoa HCKJIOUAET
HEOOXOIUMOCTb MEXaHHYECKOr0 CKaHWPOBAHMS BJIOJIb ONTHYECKOH OCH W 06ecrneuuBaeT paclliipeHHble
BO3MOXKHOCTH TpEXMepHOH MHUKpocKonuu. [IpoBeneHa KajiuOpoOBKa CHCTEMbl HA TECTOBBIX 0ObEKTax
(mosMcTHpoJIbHBIE MUKPOChEpPDI), @ TaKKe MPOJAEMOHCTPUPOBAHO TIPUMEHEHHEe MEeTO/a JUlsl aHaIM3a KJIETOK
aJIcCHOKapIMHOMBI THIIEBAPUTEJBHOTO TPAKTA.

KaoueBnbie ciioBa: buomennuunnckas ontuka, [lonorpaduyeckast mukpockonusi, KnnHnueckas qnarnoctika

11.3 TeparepuoBasi onToajekTpoH1Ka u 6uodoronuka (/lpuerawerneolil)

K.H. 3aiilen

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

B noknage OyneT paccMOTPEHO COBpPEMEHHO€ COCTOSIHME HCC/Ie0BaHUi W pa3paboToK B 00s1acTH
OHOMEIMUMHCKUX NpUMeHeHul TepareplioBbix (TI') TexHosoruid. BHUMaHue OyzieT yaeeHo OpUTHHAJBbHBIM
aJieMeHTHOH 6aze u cuctemam Tl1 UMIYJbCHOH CHEKTPOCKOIMMUM, CBepXpa3pellaiolled MUKPOCKOMUU U
3HI0CKONUU. DynyT paccmoTpenbl pesysbraTbl HccaenoBaHust >¢dekToB B3aumonerctBus Tl BosH ¢
OMOJIOTMYECKMMH TKAHSIMM B HOPMaJIbHOM COCTOSIHUM W TPU HAJHYMM NATOJOTHH. DBylnyT HaHbl OLEHKH
NEepPCrNeKTUBHOCTH MpHMeHeHHs1 Tl TeXHUKH B JIMarHOCTHKE J10OpOKAYeCTBEHHBIX M 3JI0KaYeCTBEHHbIX
HOBOOOPA30BaHUI pas/IMuHON HO30JIOTHH U JIOKAJIH3ALIHH.

Kitoueble caoBa: TI'u usnydenue, TI'y texnosioruu, TT'u uMnysibcHasi CrieKTPOCKOIHUS1, CBepXpa3pellaroliast
TT'1 MuKpockonusi, onThka 6GUOJOTHUECKHUX 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 Pe3oHaHCcHbIe HAHOCTPYKTYPbI /151 HAHO(OTOHHBIX OMoceHcopoB (/IpuerauierHolii)

/1. A. SyeB
Ynusepcumem HTMO, Canxm-[lemepbype, Poccus

PesonancHble HAHOPOTOHHBIE CTPYKTYPHI SIBJSIIOTCS TT€PCHIEKTHBHBIMH CHCTEMaMHM /151 CO3JaHHsl MPOCThIX U
3((eKTUBHBIX ONTHUECKUX OHOCEHCOPOB. B KauecTBe npuMepa Takux CUCTeM, B 10Kaa1e OYIyT pacCMOTPEHbI
rUOPUJIHbIE HAHOCTPYKTYPbI [JI51 TePMHUUECKH - HHIYUMPOBAHHBIX PeoOPa30BaHUi OPraHHYeCKUX CoeIMHEHNH
U UX OTCJICKUBAHMS B peaslbHOM BPEMEHH IPH MOMOLIH PE30HAHCHO-YCHUJEHHOr0 CUTHaJja PaMaHOBCKOIO
paccesiHHsl,  XUpaJibHble ~ HAHOCHUCTEMbl i1l  BbICOKOUYBCTBHUTEJBLHOTO  ONpeNesieHus  MapKepoB
HeHpoziereHepaTHBHbIX 3a00J1eBaHNl, a TaKKe KOJOPHUMETPHYECKHE CHUCTEMbl Ha OCHOBE PE30HAHCHBIX
LernovyeK HaHOoYacTHLl VIl SKClpecc-AeTeKTHPoBaHUs BUpycoB. OTaesbHOe BHHMaHWe OyfeT yAeJeHO
6UpyHKIHOHATBHBIM HAHO(OTOHHBIM MJ1aThOpPMaM, COYETAIOUINX BO3MOXKHOCTH KaK JAE€TEKTHPOBAHHUS MaJIbIX
KOHLIEHTPAUHH OPraHu4eCKHX COCAMHEHUH B BOJIE, TAK U UX HEUTPAJIU3aLMH 0] AeHCTBUEM COJTHEUHOTO CBeTa.
Pa6ora BeinosiHeHa B pamkax PesiepalbHON porpaMMbl MOJIEPrKKH akaieMuyeckoro juaepersa “[Ipuopuret
20307

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

1

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

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

2 — Capamosckuti eocydapcmeserrolil 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 ynpasrenus PAH, @HI] “Capamosckuii HayuHoLil
uenmp PAH*, Capamos, Poccus

B noknane npencraBienbl pazpaboTaHHble HAMH TEXHOJIOMMH KOMOUHMPOBAHHON Tepanuy MOJIEIbLHOTO paka y
IPbI3yHOB, BKJIOUAIOIIMeE Jla3epHYI0 MaasMoHHyto dototepmuueckyto tepanuio (I1OTT), horoannamuueckyto
tepanuto (OJT) n conopunamuueckyto tepanuio (C/IT). B kauecTBe ceHCHOMIM3ATOPOB HCMOJB30BAJHCH
30J10Tble HAHOCTEPKHH, PACTBOPBI (POTOCEHCA, PAlAXJIOPHHA U MHIOLMAHUHOBOTO 3eéHoro. Jlis obayueHus
UCI0JIb30BAJIUCh HO/IHbIE Jlazephbl (660 1 808 HM ) ¥ HU3KOUACTOTHBIN TepaneBTHUECKHH yabTpa3yK (1 MI'w).
PesysibTaThl 'HCTOIOMHUECKOT0 UCCIEI0BAHUST OMYXO0JIH uepe3 72 yaca U 21 1eHb rocsie Bo3eHCTBHS oKasaJu
MaKCHMaJIbHYI0 HEKPOTH3ALMIO OMyX0JIH MPH MyJIbTUMOJAJILHOM BoaaeicTBuu. Pabota noanep:kana rpaHTom
PH® Ne 23-14-00287.

KmoueBbie cnoBa: Jlazepnas muiaamoHHass d¢ortotepmuueckasi Ttepanusi, PoToauHamMuueckas Tepanus,
CoHomHamuueckasi Tepanusi, MojesbHast OmyxoJib.

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

[1.A. Tumowmmna'??, 10. M. Cypkos'?, B. B. Tyuun" %?

" Huemumym ¢usuku, Capamosckutl eocydapcmeennsiii yrusepcumem, yi. Acmpaxarckas, 83,
Capamos, 410012, Poccus.

“Jlabopamopus  Aa3epHOL  MOACKYASIPHOL BUSYAAUZAUUU U MAWUHHO20 00yuenus, Tomckuil
eocydapcemsennoill ynusepcumem, np. Jlenuna, 36, Tomck, 634050, Poccus.

SJlabopamopus 6uomeduyurckoii pomoakycmuru, Capamosckutl ocyoapcmeaenHll YyHusepcumen,
ya. Acmpaxarckas, 83, Capamos, 410012, Poccus

Hcnosib3yst KOMOHHALMIO IMArHOCTHUECKUX METO/IOB, BKJIIOUAst JJa3€PHYIO CIeKJ-KOHTPACTHYIO0 BU3ya/Iu3allnio
M OMNTHYECKYI0 KOTePEHTHYI0 ToMorpaduio, B HCCJAEIOBAHHM M3y4aeTcsi BO3MOXKHOCTb JuddepeHiHainu
TKaHell U OpraHoB 3I0POBBIX KPbIC U KPBIC C SKCMEPUMEHTAIbHBIM 11abeToM | THMa Ha OCHOBe XapakTepa
JMHAMMYECKUX U CTPYKTYpPHBIX M3MEHEHHH, KOTOpbIE MPOMCXOAAT MPH MECTHOM MPUMEHEHHH ONTHYECKHUX
MPOCBETSAONINX areHToB. KpoMe Toro, Mbl olleHHH 3((hEeKTUBHOCTh MATHUTHO - PE30HAHCHBIX KOHTPACTHBIX
¥ PEHTT€HOKOHTPACTHBIX ar€HTOB B LEJIAX CHUKEHHS PACCEsTHHUS.

KutoueBhble cioBa: OHTI/IKa, ClieKJ/1-BU3yaJn3aliysi, ONTUYECKOE MPOCBETICHHE

11.8 OnTHueckH UyBCTBUTENbHbIE HAHOUYACTHIIbI JIJISl ONTHUECKOT0 HarpeBa U TEPMOMETPHH B KJIETKaX Ha
HaHomacluraoe

M.B. 3iozun', E.H. 'epacumona’

61



{ XOMOSKCIMO

HayKa 1 MpakTka

""Qusuueckuii pakyrvmem, Yuusepcumem HTMO, 191002 Cankm-Ilemepbype, Poccus

B uccnenoBanusix npeactasienbl Ba MHHOBALMOHHBIX METOA TOYHOTO MOHHTOPHMHIA TEMIEPaTypbl BHE H
BHYTPH OHOJIOTHUECKHX 00BEeKTOB. Mbl (hoKycHpyemcsi HAa TaKHX METOAAX TEPMOMETPHH KaK ONTHYECKH
JIETEKTHPYeMbIi  MarHuTHbId  pe3oHanc (ODMR) u  TepmouyBcTBUTENbHBIH ~ CTOKCOBCKMH — CBHT
KOMOMHAIIMOHHOTO paccesiHhsi CBeTa. DTH METOJbl UCMOJb3YIOTCS HAMHU /11 MOHUTOPHHTA TeMIepaTypbl B
peajibHOM BpeMeHH BO BpeMsl J0CTaBKH OMOJIOTMUECKM aKTHBHBIX COeIMHEHMH B KJETKH, M TaKxkKe IpH
npoBeeHHH (POTOTEPMUUECKOH Teparvu.

Kaniouesbie ciioBa: Hanorepmometpusi, uamepenne temneparypbl B KleTKax, ONTHUECKH-0OHAPYKMBAaeMbIH
MAarHUTHbIA Pe30HAHC, PAMAHOBCKAs CIIEKTPOCKOTIHUS

11.9 UccnenoBaHue npoiecca rlIMKUPOBaHUS KoJlIareHa METOIOM MHOTOBOJIHOBOI pepakToMeTpuu

E. H. Jlazapesa'?, B. B. Tyuun" 23

'Capamosckuil nayuonaroroll uccaedosamervckuil eocydapemeentoll yrusepcumem umenu H.I.
Yeproiuesckoeo, Capamos, Poccus

’Hayuonanvrslil uccaedosamenvckuii Tomekuil eocydapemesennoltl yrusepcumem, Tomck, Poccust
SUnemumym npobaem mounot mexanuxu u ynpasaenus PAH, Capamos, Poccus

Jlannass paGota MocBsllleHa W3ydeHHIO TMpolecca TJIMKHPOBAHWS PACTBOPOB KOJlareHa MeTOJIOM
MHOTOBOJIHOBOH pedpakromeTpun. Mamepsiziach 1eHCTBUTE/IbHAS YaCTh TIOKA3aTe st IPeJIoMJIEHHsT pacTBopa
KOJIJIareHa Ipy pas/MuHbIX KOHLEHTpaLKsX r1oKosbl (0T 0 10 1000 mr/m ¢ warom 100 Mr/am) oT HecKoIbKUX
4acoB JI0 NSATH Hefle M MHKyOatuu. [lokasaresib npesomiieHrsi u3Mepsijicst HA MHOTOBOJTHOBOM peppakToMeTpe
A66e na nyiunax BosiH 486, 589, 800 n 1300 Hm. TeopeTnueckue 3HaueHHsI OKa3aTeeH peoMIeHHsT OblIN
paccuuTaHbl NPH MPENON0KEHHH, UYTO B3aUMOJEHCTBUSI MEXJy MOJIEKYJaMH KOJlareHa M TJIIOKO3bl He
NPOUCXOUT. PedysibTaThl Mokasasu, UTo Mpu JJIMTeNbHON UHKYOAlMK 1T0Ka3aTe b MPesJoMJIeH s PACTBOPOB
KoJilareHa B TIPUCYTCTBMH TJIIOKO3bl YBEJMUYHBAETCS, YTO MOXKET CBHJETENLCTBOBATH O (DOPMHPOBAHHH
MJIMKMPOBAHHOTO KOMIJIEKCA M TPOTEKAHUK Npoliecca NIMKMPOBAHHUSI.

KuttoueBble cioBa: ['nkupoBaHue 6eJKOB, KoJJlareH, nokazaTeJb peaoMJeHus

11.10 JlazepHas crnek/i-KOHTpPACcTHasl BU3yaJu3aliMsl C aHAJU30M IJIaBHbIX KOMIIOHEHT: HOBbIH MOAXO0[ K
OlleHKe KPOBOTOKa, He 3aBUCSILIIEN OT IJyOHHbI

10. 1. Cypkos!, T1. A. Tumowuna', V. A. Cepe6psikosa', M. C. ¥Ypakun', JI. Crasues?, 1. Kossos?,

I. IbsiBuenko?, V1. Merymnckuii?, A. Konosasos?, J1. Tesbies?, C. Kysnenos?, 9. A.T'enuna’, B. B.Tyuun'
"'Capamosckuii eocyoapcmsennolii ynusepcumem um. H. I'. Yeprowwesckoeo, Capamos, Poccus

? [lepsoiii Mockosckuil cocydapemeentolii meduyunckull yrusepcumem umenu H.M. Ceuerosa,
Mocksa, Poccus

Tekyulee wuccrenoBaHue TpeicTaB/seT yCOBEPLIEHCTBOBAHHBIH METOJ Ja3epPHOH CIEKJI-KOHTPACTHOH
susyamuzauuu (JICKB) ¢ dunbrpauuneit rnmasubix komnoneHt (I'K) mjisi ysyulieHusi oueHKH KPOBOTOKA B
NoNnoBepxXHOCTHLIX cocynax. HMcnonb3zoanne ['K mnosBosisier shdeKTHBHO pas3nesnsitb CTaTHYeCKHE U
JMHAMMYECKHE KOMIOHEHTbl CHIHaJa, 3HAUMTEJIbHO TOBbILLAS TOYHOCTb M3MEpPEHHH JaxKe MpH HaJUuuH
paccenBatolux cjioeB BOKpyr cocynoB. Tectbl Ha dantomax (ray6una 0,6—2 mMm) u in vivo (yX0 MbILIH)
noKasajsu 3aMeTHOe YJydllleHHMe KOHTPACTHOCTH M paspelleHusi uzobpaxkenus. [lpemyaraemblii moaxon
JIEMOHCTPUPYET BBICOKYIO UyBCTBUTENLHOCTb K CKOPOCTH KPOBOTOKA B (hr3nosiornueckom auanazone (0,98 —
19,66 MM/C) 1 HU3KYIO 3aBUCUMOCTb OT TJIyOHHBI 3a/IeraHtsl COCYJI0B, TIPeoo/eBas OCHOBHO® OrpaHHYeHHe
TpaAUMOHHBIX MeTo/I0B JICKB.
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KutoueBeie cioBa: JlazepHas crieki-Buadyanusaiusi, Crieks-KOHTpacT, AHAIU3 IJIaBHbIX KOMITOHEHT,
CkopocTb KpoBoTOKa, Bugyanusaius cocynion

11.11 OnroTepMHuecKre NUHUETHI sl GHOMEIULMHCKUX IPUMEHEHUH

A.M. Maiioposa', C.I1. Korosa', H.H. JTocesckuii', C.A. Camarun', B.K. ¥pronuna'?, H.A. Top6ynos'?
"'"Camapckuti puruar PHAH, Canapa, Poccus

? Camapckuil ynusepcumem, Camapa, Poccust

3 Meduuyunckuil ynusepcumem «Peasus», Camapa, Poccus

B joknaje BHUMaHHe aAKLEHTHPYeTCsl Ha OCOOEHHOCTSIX ONTOTEPMHYECKHX [MHHIIETOB, AKTyaJsbHbIX sl
OMOMEIMILMHCKUX TPUMeHeHHH. B yacTHOCTH, 1eMOHCTPUPYIOTCS] BO3MOXKHOCTH MOHUKEHHsI TeMIlepaTyphbl B
00J1aCTH ONTOTEPMHUYECKOr0 MAHHUITYJIMPOBAHHUS 32 cHeT padoThl B OXJaxKnaeMol KioBeTe. PaccmaTpuBatoTes
paaJsiuHble KOH(MUrypallu Ja3epHbIX JOBYLIEK /s pABHOMEPHOTO MO3ULMOHMPOBAHUST MHKPOOOBEKTOB C
nocJeyiollei pukcauuer. JIOBYIIKM B BUie MaCCHBOB TOUeK, KOJell M 3aMKHYThIX KOHTYPOB (POPMHUPYIOTCS C
MCIMOJIb30BAHUEM KMAKOKPUCTAIJIMUECKOTO TPOCTPAHCTBEHHOrO MoJyJsaTopa cBeta. CoOOTBETCTBYIOLLME
(hasoBble MacKM pPacCUMTHIBAJINCh HA OCHOBE ONTHKH CHHPAJbHBIX TMy4KoB. MaccuBbl JIOBylLIEK
(hopMHPOBAJIUCh C MOMOLIBIO MO3AUUHBIX (PA3OBBIX 3J€MEHTOB. DKCIIEPUMEHTBI MPOBOJUJINCH C PA3IUUHBIMH
MHKPOOOBEKTaMH, BKJIHOYAst MOAUHULIMPOBAHHbIE OJUMePHbIe MUKpPOCHepbl ¢ HAHECEHHBIMH AHTHTEHAMH.
KuttoueBble c/10Ba: oNTOTepMUYECKOe MaHUIYJIMPOBaHHE, TeMIepaTypa OXJaxKIeHHs, OJHMMEpPHbIe
MHKpOC(hEpbl, aHTHTEHBI

11.12 deTeKTHpOBaHHE CTEPOMIHBIX TOPMOHOB KOPTH30J1a U KOPTU30HA TeparepiloBbIMU
mMeTamaTepuasaMu

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

" Huemumym asmomamuru u anexmpomempuu CO PAH, Hosocubupck, Poccus

? Hosocubupckuil eocydapemeennuitl ynusepcumem, Hosocubupck, Poccus

3 HHUI] « Kypuamosckui uncmumyms, Mocksa, Poccus

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

HcenenoBatbl oco6eHHOCTH MpuMeHeHust psaa TeparepiioBbix (TI'11) MeTamaTepuanos 1jist IeTEKTHPOBAHUS
CTEPOUJIHBIX TOPMOHOB KOPTH30J1a U KOPTH30HA B OMOXKHAKOCTSX. JlM3aliH MeTamaTepuasa OTHOCHTCSI K
cTpykType pactiuenienHoro kosbla (SRR) u3 3omota i amomunus Ha MOMJIOKKE U3 KBapla U KpeMHHUS
COOTBETCTBEHHO. M3MepeHbl 3aBUCUMOCTb MPOIYCKAHHUS U CABMIa PE30HAHCHBIX YACTOT MeTaMaTepualioB OT
KOJIHUeCTBa TOPMOHOB B itaniasore oT 14 0 40 umoJb. [Tokazana 3aBucumoctsb oTkanKa Tl 1 MeTamaTepraa
OT JIMMOJILHOTO MOMEHTa MoJieKyJl. Paccuntanbl 0CHOBHbIE MOKa3aTes M 3(h(heKTUBHOCTH ¥ UyBCTBUTEJIbHOCTH
MeTaMaTepUaJsioB U oripeiesieHbl HauboJee epereKTUBHbIE 151 JabHENILIEr0 MPUMeEHEHHUSI.

11.13 KonnuecTBeHHasi ClieKJ-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 MeTOa, MO3BOJISIIOUIETr0 B pe2XKHUME 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, MOJy4eHHbIH paHee U HOBbIX Pe3yJibTaToB 110 U3YUeHHIO
peakuHu KyJbTUBHPOBAHHbBIX KJIETOK Ha HEKOTOPbIe BHellIHUe Bo3ieHcTBUs. HenoctaTkoM npoBeaeHHbIX
UCCJIeIOBAHUH SIBJISIJIOCH H3YYeHHE OTHOCHTENbHO MEJICHHBIX PoLeccoB. PaccMOTpeHbl NepCrneKTHBb
U3yueHHs1 ObICTPONPOTEKAIOLIMX TPOLLECCOB Ha HOBOH TeXHHYECKOH 0ase.

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

11.14 lpyMeHeHrEe ONTHUECKOTO NPOCBETIEHUS 1) NOBbIILIEHUS] HHPOPMATUBHOCTH MYJbTUMOJAJILHOTO
MeTOoJ]a CKpUHUHIa HOBOOOPA30BaHUM KOXKU

1. A. Cepetbpsikosa', 10. V. Cypkos!, 3. A. Tenuna'?, 9. K. Kysunosa®,

O. M. Kononatkosa®, B. B. Tyuun'**

"'"Capamosckuti cocydapemesennoill ynusepcumem, Capamos, Poccus

?Tomekuii eocydapemesennuiii ynusepcumem, Tomck, Poccust

3 Capamosckuil cocydapcmeernoiil meduyurckutl yrusepcumem, Capamos, Poccust
* Hnemumym npobaem mounou mexanuxu u ynpasienus PAH, Capamos, Poccus

B nanHoll paGoTe npeactaBJeHbl pe3yJbTaTbl CPABHUTEbHOIO HCC/IEA0BAHHST ONITHYECKOTO HMMEPCHOHHOIO
npocpeTJieHHst 10O0pOKaueCTBEHHbIX HOBOOOPA30BaHUI KOKH YesioBeKa. MyJsibTUMOJa/IbHbII METO/L
CKPHHHHTA, MMO3BOJISIOUIMH M0Jy4aTh Pe3yNbTaThl HCCACA0BAHUS B PEXKMME PeasibHOrO BpeMEHH, OCHOBAH Ha
COUETAHUHU CMIEKTPOCKOMUU AU PY3HOTO OTPAXKEHHUSI, ONTHIECKOH KOrepEeHTHOH ToMorpaduu u
BbICOKOYACTOTHOH YJIbTPa3ByKOBOH BU3yasiu3auuu. [losydeHnblie pe3y/ibTaThbl CBUAETEBCTBYIOT O TOM, UTO
MPUMEHEHHE ONITHYECKHX MPOCBET/IAIOUIMX ar€HTOB CHUXKAET paccesiHie CBeTa B OMOTKAHSIX 3a CUET
BLIPABHMBAHMSA MTOKa3aTeJ/eH MpeJOMJIeHHST BHYTPUKJIECTOYHBIX H BHEKJIETOUHBIX KOMITOHEHTOB, YTO yJIy4llaeT
paspenienre 1 MHPOPMATUBHOCTD MOJydaeMbIX aHHBIX i1 vivo. McenenoBanue BbINOIHEHO MTPU
¢dunancosoi nomiepkke PH® B pamkax nayunoro npoexra Ne 23-14-00287.

KatoueBble cioBa: HoBoo6paszoBanus koxu, Ontuueckoe npocsetienne, CriekTpockonus augdy3Horo
otpaxenusi, Ontuyeckasi KorepeHTHasi Tomorpacgusi, BbicokouacToTHbIN yJIbTpa3BYK

11.15 Cucrema noanepKKu NpUHATUS BpaueOHbIX pellieHui B iudpoBoi nuadaHOCKONUU
BEPXHEYEJNIOCTHBIX Ma3yX ¢ NPUMEHEHUEM CBEPTOUYHbIX HEHPOHHDIX ceTel (OHAAlH )

E.O. Bpsnckas', JI.B. Tepacun!, A.B. Bakoruna?®, A.}O. Osuunnnkos?, 10.0. Hukosaesa?, A.B.
Macnennukosa?, B.B. [Ipémun', A.B. [lynaes!

'Hayurno-mexnonroeuneckuil yenmp o6uomeduyunckoi gomonuku, PrbOY BO  «Opaosckull
eocyodapcmsernnoiil ynusepcumem umernu H.C. Typeenesas, e. Opéa, Poccus
2 PrbOY BO «Poccuiickutl ynusepcumem meduyuriory Munsopasa Poccuu, e. Mocksa, Poccus

Pa6ora nocasiiieHa pazpaGoTke CHCTEMbI MONIEPKKH TPUHATHS BpaueOHbIX pelleHHi /15 KaacCupUKaluu
3apEeruCTPUPOBAHHBIX C TMOMOLIBIO TPOrPAMMHO-ANMAPAaTHOrO KOMIJIeKca LHU(pPOBOH aHachaHOCKONHUH
JuacdaHorpaMM BepXHEUEeIOCTHBIX Ta3yX Ha OCHOBe cBepTouHOH HelipoHHoil ceT ResNet 50. PazpaGorannas
MoJie/1b  KJacCH(UKALKKU T103BOJIsIET KJIACCU(DUIIMPOBATh COCTOSIHME TKaHEH BEPXHEUEJIOCTHBIX 1a3yX Ha
KJ1ACChl «CMHYCHT/OTCYTCTBHE MATOJOTHH» CO 3HAYEHHSIMHM YYBCTBUTENLHOCTH U crietuduunoctd — 0,84 u
0,96 COOTBETCTBEHHO; HAa KJacChl «KHCTO3Hble H3MeHeHWsi/oTcyTeTBhe natosorun» — 0,85 u 0,91
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cooTBeTcTBeHHO. Takum o6pa3om, pagpadoTaHHas KaaccuUKalMOHHAS MOJIE/Ib MOKET ObITh PUMEHeHa [t
1MppoBOH AHAPAHOCKONUM C 1IeJbI0 pPAHHEro BbISIBJEHUS] TATOJOTHH BEPXHEUEJNIOCTHBIX TMasyX B
TesieMeulMHe U npH npoBeneHun JIOP-koHcynbTalmi B aBTOMaTH3HPOBAHHOM PEXKUME C MCMOJb30BAHUEM
CUCTEMbI MMOJIEPAHKKH MPUHATHST KIMHUUECKUX PeleHHUH.

KutoueBbie cnioBa: [ludposass muacanockonus, Cucrema NOIIEPKKH MPUHATHS BpaueGHbIX pelleHuH,
Cunycut, Jlnadanorpammbl, CBepTOUHbIE HEHPOHHbIE CETH

11.16 Oco6eHHOCTH OTKJIMKA KJIETOK Ha (hoToaMHaMHUUeCKOe BO3JeicTBUE ¢ npoTtonopdupuHom IX
(llpuerawernouti)

A. B. Benamos!, A.A. )Kuxopesa'!, U.A. Top6ynosa', JI.M. Benbtiokosa', JI.A. Top6erko?,
U.B. Cemenona', O.C. BaciotuHckuit'

""Qusuko-mexnuueckui uncmumym um. A.@. Hogghe, Cankm-Ilemepobype, Poccus

? ¥Ynusepcumem HTMO, Cankm-Ilemepbype, Poccus

B noknane npescrasieHbl pedysbTaThl HCCAENIOBAHUS MEXaHU3MOB THOEMM KIETOK MPH (POTOIMHAMHUYECKOM
BozzerictBun (PJIB) ¢ snnorenno renepupyembiMm orocencubuansatopom nporonopdupun X (PplX).
DKCIepUMeHTh! TPOBOJMJINCH METOJOM TroJjiorpaduueckori Tomorpaduu. [lokazano samerHoe pasznuuue B
peakuuu kjetok Ha DJIB npu ux KyJbTUBUPOBAHMM B Cpelie MPH HAJHUMH U OTCYTCTBHH CHIBOPOTKH.
[TpoBeneno wuccienoBanue adpdunnoctd PplX Kk anbOymuHy U 3Q¢peKTHBHOCTb TeHepaldd CHHIJIETHOTO
Kucsiopoaa npu cesisbiBanud PplX ¢ anbGymutom.

Kitouebie ciioBa: [Tporonopdupun [X, anbOyMuH, CHHIJIETHBIH KHCJIOPO, (hOTOIMHAMHUECKOE
BO3/ICHCTBHE, MEXaHU3MbI KJI€TOYHOH rHOe/

CreHoBbIe TOKJaabl

C.11.1 OueHka ocTpoi U XpOHUUECKOH TOKCHYHOCTH HAHOCEHCUOUIM3aTopa B 3aBUCMMOCTH OT /103
BBeJI€HUS] Pa3JHUHBIM XKHBOTHBIM

E. H. Jlaszapesa'?, A.M. Muiibnukos?®, H. A. Hasosiokun ®, K. 0. SInuna'?
"'Capamosckuii cocyoapcmsennolii ynusepcumem, Capamos, Poccus

? Tomcekuil eocydapemesennsiil ynusepcumem, Tomck, Poccust

# Capamosckuti eocyoapcmeernoiii meduyurckull yrusepcumem, Capamos, Poccus

Llesnbto paGoTbl ObLIO MPOBECTH OLLEHKH OCTPOH M XPOHMUECKOH TOKCHYHOCTH HAaHOCEHCHOMJIM3aTopa Ha
OCHOBe ankoHBepcHOHHbIX HaHouacTull (AKHY ) B 3aBHCHMOCTH OT /103 BBeieHUS JTaGOPATOPHBIM KUBOTHBIM
(kpbichl, mbitn ). AKHY [NaYF,:Yb** Er**](dropuanas MmaTpuiia, jerupoBaHHasi HOHaMK UTTepOHst U 3pOHst )
OblJIM CHHTE3UPOBaHbI THApPoTepMasibHbIM MeTonoM. MenosbzoBamu AKHY, mokpbiThie o6osioukamu 13
yeJIOBEUECKOro ChIBOPOTOYHOTo asnbOymuHa v uuManuHa 3B NHS-sdupa (Cy3) (OOO «Jliomunpo6 Pyc»,
Mockpa, Poccus). Kouuentpauus AKHY cocraBnsnia 2 wmr/mia. B cpenHeM o0beM OIHOKPATHONO
BHYTPUBEHHOTrO BBeleHus1 kpbice coctaBsyi 0,95 ma, mbiin — 0,12 mj. Bce 103upoBkM NpUBOAMIM K
00paTUMbIM MOP(OJOrHUECKUM H3MEHEHHsIM, IPyObIX U3MEHEHUH B BUJe MHOe/H KJIETOK MHOKap/a, Moyek,
nevyeHH UM Pa3BUTHSI BbIPAzKEHHbIX aslJIeprUieCKUX peaklinii B JIETKUX He 0OHAPYKeHO.

KuoueBblie ¢/ioBa: TOKCHYHOCTh, HAHOCEHCHOUINU3ATOP, alTKOHBEPCHOHHbIE HAHOYACTHILBI
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C.11.2 ®oTtocoHoaMHamMuyecKasl Tepanusi MoJe/bHbIX ONMyXoJiei y rPbI3yHOB

B.JI. Tenun', A. B. Byuapckas®, H. A. Hasosiokun?, H. A. lyuynosa?, B. B. Tyuun'?, 3. A. T'enuna'
"'Capamosckuil HayuoHarbHbLLL LCCACO0BAMENbCKIULL 20CYOAPCIMBEHHbLI YHUBEPCUMEN UMEHU

H. I'. Yepnoiuesckoeo, Capamos, Poccus

2 Capamosckuii eocydapcmesennolil meouyunckull yrnusepcumem um. B. H. Pazymosckoeo, Capamos,
Poccus

3 Hnemumym npobaem mounoi mexanuku u ynpasienus PAH, ®PHI| « Capamosckutl HayuHoLil yeHmp
PAH», Capamos, Poccus

B pa6ote uccnenyercsi KOMGHHHPOBaHHOE MPUMeHeHHe (POTO- U COHOMMHAMUYECKOH Teparuu Mpu JeueHnH
MOJIe/IbHBIX OMyXoJiel paka y TpbidyHoB. B kauecTBe doToceHcHOUIM3aTOpPa HCIIOJB30BAJCS Tpenapat
«Panaxsmopun» («Pana-®apma», Poccusi) ¢ nukom nordouenusi Ha 660 nm. Ilpenapat BBoausicst
BHYTpHBEHHO B g103e 40 Mr/kr Beca >KHBOTHOro. Jlisi (DOTOAMHAMMYECKOH Tepanuu HCroJb30BaJcs
MeIMIIMHCKUH J1a3epHblil annapat «Jlatye-T» ("Arkyc", Poccusi) ¢ iinHoil BosiHbI Ha/ydeHust 662 um. [lyis
COHOIMHAMMYECKOH Teparuu HCMoJb30BaJCs annapar Ads yJabTpa3BykoBo# Tepanuu "Dynatron 125
Ultrasound" (Dynatronics, CILIA) ¢ wacroroit uayuenusi 1 Ml

KutoueBbie cioBa: Tepanust onyxoJe, hotroceHcHOUNU3alus, GotoaHaMuueckast Teparus,
COHOJIMHAMHYECKAs! Tepanusi

C.11.3 OueHka TkaHeBbIX 3(p(heKTOB NMPU UMNJIAHTALMH YIJIEPOJ-yII€POJHbIX KOMIO3UTOB METOIOM
MPT

[1. E. 3aiiues ', A. C. Ckpsi6un 2, A. B. llakypos 2, B. B. Kepuesa !

"Hruemumym 6uoxumuu um. A.H. baxa, @edeparvrolil ucciedosamersvckutl yeHmp
«Dyndamenmanvrole ocHoBbL buomexroaroeuus Poccutickotl akademuu nayk. 119071 Mocksa,
Jlenunckui np-m, 33, 2

?@akyrvmem anepeomauiurocmpoenus, Mockosckutl 2ocyoapcmseenHblii mexHu4ecKul
yHusepcumem umernu baymana, Mocksa 1050056, Poccus

PagpaGoTka NpPUKH3HEHHBIX METOJA0B OLEHKH OMOMHTErpalMM HUMIUIAHTHPYEMbIX MaTepHasoB U
MPOrHOCTHYECKUX KPUTEPHUEB YCIELIHOH MUMIUIAHTALMH aKTyasbHO /ISl NE€PCOHAJIN3HPOBAHHON MEIULIHUHBI.
Leabto pabGoTbl siBasercss pazpadotka MPT-kpurepues ai1s onpesesieHUst OHOMHTETrpPALUM  YIJIEPO-
yriepoaHbix Komrnosuros. Mcenenosanus nposoausn Ha Melax BDF1, koTopbiM ObliM MMIJIAHTHPOBAHbI
komrnoautbl. Metogom MPT ouenuBann crpykTypy opmupyloleicss BOKPYr MMIJIAHTA COEMHUTENBHO-
TKaHHOM KarcyJsibl B IMHAMUKE in vivo u B ayontarax. Kpurepuem s peKTHBHOCTH GHOMHTErPALIMH CJTYKHUJIO
KOJIMYECTBEHHOE COOTHOILIEHHE PBIXJIOH U MJIOTHOH COEMHUTENbHON TKAHH B CTPYKType (HOPO3HO KarcyJibl.
PaspaGoran anroput™, ocHoBaHHbIH Ha MPT-Bugyanusauun M Merofe NpPOEKUHE MaKCHMaJsbHOH
MHTEHCHBHOCTH, MO3BOJIAIOLUIMI MPOBOAUTL KOJMYECTBEHHYIO OLIEHKY JaHHoro napametpa. [IpemioxenHas
METO/IMKA JIEMOHCTPUPYET MOTEHIHMA /151 AU depeHIIali THITOB COeIMHUTENbHON TKAHH He TOJIBKO €X Vivo,
HO U in vivo.

KimtoueBhbie cyioBa: yryaepoa—yraepoadble KOMITO3HUTbI, UMIlJIaHTalus1; MPT, 6HOHT€FpaI_LI/IH; COC/IMHUTEJIbHO -
TKaHHas KarncyJia; 1JoTHast COeIMHUTEJ/IbHAs TKaHb; pbiXJiasl COCAUHUTEJ/IbHASI TKAHb
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C.11.4 UccaenoBaHue MMNUAHBIX padTOB ¢ MOMOIIbIO 6UOCEHCOPA HA OCHOBE (POTOHHBIX HHTErPAJbHBIX
cxem

Y. H. ®aops!, Y. A. Auppuesckas®, E. M. Yerunos?, A. 0. Kysun'?, A. J1. Tosmkos*, B. C. T'ananosa' 3,
JI. M. Ko6ues', B. B. Kosastok!-?, I'. H. Tosnbuman® ©

""Yuusepcumem nayku u mexrnoroeutit MUCHC, Mocksa, Poccust

2 @edepanvroe cocydapcmesennoe 6100acemnoe Hayuroe yupencoenue «/JairbHesocmounblLil HaydHbiLl
yenmp guauoroeuu u namoroauu dvixanusy, baaeoseujerck, Poccus

3 Ckoakosckutl unemumym Hayku u mexnoaoeuil, Mocksa, Poccust

* Mockosckutl nedaeoeuueckutl cocydapemsentoltl ynusepcumem, Mocksa, Poccust

5 Hayuoraavrolil uccaedosamenvckuil ynusepcumerm «Bolcuias wkoia akonomusu», Mocksa, Poccus
% Poccuiickutl kganmosolii yenmp, Mocksa, Poccust

Cencopbl Ha ocHOBe (POTOHHBIX MHTerpabHbX cxeM (PHC) u MUKPODIIIOUIHBIX KAHAIOB BbIAESIOTCS CPeIn
MHOYKeCTBA JIATUHKOB OJarofapsi Bbicokoi uyscTBuTesbHOCTH (> 100 um/RIU), Huskomy mnpejesy
o6Hapyxenust (< 10 mun!) n masiomy 06bemy TpeGyemoro ananura (< 20 Mki1). OHH MOTYT Hepa3pyIIaloIuM
006pa3omM 0OHapy»KHUBaThb aHAJMUT B peajbHOM BpeMeHH Ge3 MCIOJb30BaHHS MeTOK. K3roToBsieHHble HaMu
®UC BriepBble MPUMEHSINCH JUI U3MEPEHHST MTOKA3aTe sl PEJIOMJICHUS JIMITUAHBIX Pa(TOB B rpaue€HTHbBIX
¢dpakuusix ontunpena. CpaBHeHHe SKCIIEPUMEHTAbHBIX IAHHBIX C JAHHBIMH pepaKTOMETPHH MOKA3bIBAET
Xopolllee CorJiacue JIByX METOJIOB, OTKPbIBasi MyThb K ONpPEAEIEHHIO YJIbTPAHU3KHX KOHUEHTPALMH JIMITHAHbBIX
paToB W M3YUEHHIO MX BJMSHHSI HA CBOHCTBA MMMYHHBIX KJIETOK, CBfI3aHHBIX C PA3BUTHEM HH(EKIMOHHO-
BOCHAIUTE/bHBIX 3a60/1€BaHUI U MOCTHH(EKLIHOHHBIX OCJI0KHEHUI.

Kitouesbie ciioBa: @otoHHble HHTErpasibHble cxeMbl, MukpodJtonanbie kaHaJsbl, KommiekcHblil mokazaTesb
npeJsiomaenust, JIunuansie pagpThl
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Cekuus 12
Ontuko-uudposbie HHPOPMaALIMOHHBIE CUCTEMbI M ONITUYECKHME KOMMYHHUKALIMH

YcerHble nokaaapl

12.1 ®a3oBbiii BBoA MHGopmauuu B 4F cucreme (/Ipucrawerneoiil)

Ckupanos Poman BacuisbeBuy
Camapckuli ynusepcumem

12.2 BoluncaurebHblii JM(PpaKIMOHHbBII METO, perucTpaiiuy U KomrneHcauuu (pazoBbiX MCKaXKeHHii B
KOTepeHTHbIX ONTUYECKUX CUCTEMAaX

3. C. Mapkos, T. 3. Munuxatos, E. 0. 310kazos
Hayuonanroneili uccaedosamenvckuii adeproii ynusepcumem , MHPH*, Mocksa, Poccus

B noknage npeicraBsieHbl  pe3yJibTaThl  IKCHEPUMEHTAJbHOMO  HUCCJEHNOBAHHSI  BbIUMCJUTEJLHOTO
JIU(PPaKIMOHHOTO METOJIa PErucTpaldi BOJHOBOTO (ppoHTa Ha ocHoBe anroputMa ['epubepra-CskcroHa ¢
MCIOJIb30BAHUEM CJIydailHbIX (Pa30BbIX MACOK /11 3a/la4i KOMIeHcallnk (ha30BbIX HCKaKEHUH B KOT€PEeHTHBIX
onTuyeckux cucremax. [lpoBenena ampobauusi MeTona ha3oBod BH3yasu3alliM Ha TIPUMEpPe BOJHOBOTO
(poHTa, MPOCTPAHCTBEHHO MO/YJIUPOBAHHOTO CKPbITBIM HM300paKeHHEM; OIMHUCaH 3IKCMEPUMEHT 110
YJyullIeHHIO KauecTBa roJorpauueckoil peKOHCTPYKIUH MyTeM U3MePEHHUs U PErUCTPALIK KOHTPOJUPYEMOTO
cepuyeckoro BosiHOBOro  ¢ponra. IlosyueHHble  pe3ysbTaThl  JA€MOHCTPUPYIOT — MEPCIEKTUBHOCTD
NPeyIoKEHHOTO MOJX0/A /s MOBbILIEHUST pa3pellaolilell CnoCOOHOCTH U CTaOUIBLHOCTH rosiorpariecKux
cucreM

KioueBble cioBa: OnTuka, rosorpacust, UamepeHue BOJHOBOIO (DpoOHTa, KoMIIeHcalust abeppaLui

CreHpoBbIe 1OKJaabl

C.12.1 YncneHHoe MojieIMpoBaHUe MeTO/1a MO/IaBJAeHUsI HHTep(epEeHLIMOHHBIX 3aMUPaHUIi B
KOTepPEeHTHbIX ONTHYECKUX pedieKTOMEeTpaX cO CEKTPaJIbHbIM MYJIbTUNIEKCUPOBAHUEM 30HIUPYIOLIETO
cUrHajia

T. 3. Munuxanos' 2, P. . Xan' ?, I'. B. Cunenbnukos!, T. B. I'puuenko®, A. b. [Tuep?

"Akyuoneproe obuecmeso Hayuno-npouszsodcmsennoitl yenmp «3JIBHC», Mocksa, Poccus

? Hayuornansroltl uccaedosamensvckutl soeproitl yrusepcumem « MH®H», Mocksa, Poccus

¥ Mockosckutl eocydapemesetinolil mexnuueckudl yrusepcumem um. H. 3. baymarna, Mocksa, Poccus

B pa6ore npencrapiena yncieHHast MoJe/b BOJIOKOHHO-ONTHYECKOTO KOrepeHTHOTo pedieKToMeTpa Ha H6ase
P3J1€€BCKOTO paccesiHus C MoJaBJAeHHeM HHTepePEeHLIMOHHBIX 3aMUPAHHUI HA OCHOBE METO/Ia CIIEKTPAILHOTO
MYJIbTUTJIEKCHPOBAHUSI 30HIMpYIOLlero curiajia. MojeaupoBaHie TMO3BOJSIET aHAJIH3UPOBATH BJHSIHHE
3aMupaHuil (30H ¢1a060# UYyBCTBUTEJNBLHOCTH K BHELIHEMY BO3IEHCTBHIO) M (pa30BbIX LIYMOB Ja3epa Ha
BO3HMKHOBEHHE OLIMOOK TPU PEKOHCTPYKLUMH (Da3bl BO3AEHCTBUS, MPOSIBJASIOUIMXCS B BHIE LIYMOBBIX
BbIOpOCOB Ha pediekTorpamme. [IpoBepka 3pdeKTHBHOCTH MpeyIoKEHHOT0 MOAX0AA BKJUYaeT B cebs
pa3paboTKy MOJeJIM CEeHCOopa, e€e SKCIepPUMEHTAJIbHYI0 BepuHKallMio W CcpaBHeHHe C (Ga30BOH CXeMOW
(ha30uyBCTBUTE/IBHOTO  PACIpENeJeHHOr0 ceHcopa. PesysnbTaTbl JAE€MOHCTPUPYIOT, UTO CHEKTpajbHOe
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MyJIbTHIIJIEKCHPOBAHHE CHUXKAeT YPOBEHb LIYMOBOrO (hoHA M YJyyllaeT MOPOTOBYIO YyBCTBUTEJbHOCTb K
BHEUIHUM BO3zieHcTBUSIM. [loslyueHHble JaHHble HMEIOT NPAaKTHYECKOe 3HaYeHHe JYisl MOBbILIEHUsS] TOYHOCTH
BOJIOKOHHO-ONTHYECKUX CHCTEM MOHHUTOPHMHIA, NPUMEHsIEMbIX, HalpuMep, B 3ajgadax pacrpeiesiéHHOro
u3mMepeHus aeopmalnii U AMarHOCTUKY KPUTHUECKOH MH(PACTPYKTYPhI.

Kaouessbie cioBa: BosnokonHnasi ontuka, @azouyBcTBuTeIbHAs pedieKToMeTpusi, HucaeHHoe MoieiipoBatme

C.12.2 ®opmupoBaHue rojorpadrueckux u300pakeHuil B CUCTEMAX AOMOJHEHHON pealibHOCTH Ha
OCHOBE T0JIOrPAMMHOTO NepucKona

T. A. [amamounos', E. I0. 3r0ka308’
" Hayuonanroroiil uccaedosamenvckutl soeprolii ynusepcumem « MU®H», Mocksa, Poccust

B paGore wuccaenoBancs mpouece (GopMUpoBaHUs H306pAKEHUH KOMIMbIOTEPHO - CHHTE3UPOBAHHBIMU
rojorpaMMaMH B KOTE€PEHTHOH ONTHYECKOH CHCTeMe Ha OCHOBe (ha30BOTO MPOCTPAHCTBEHHO-BPEMEHHOTO
MOJlyJIITOPa CBeTa W rosiorpaduueckoro BOJHOBOJHOTO MepucKona. Bbuii npoBeeHbl KCEPUMEHTHI MO
ONTHYECKOMY BOCCTAHOBJIEHHIO KOHTYPHBIX M CILIOLIHBIX M306paykeHHu# ¢ a3oBbix rosorpamm Ppeness,
TaKxKe OblJM MPOBeeHbl SKCIEPUMEHTbI 110 BoccTaHoB/eHHIO 3D-cueH. PacemoTpenbl passuuHble METO/bI
BbIBOJIAa TOJIOTPAMM Ha TMPOCTPAHCTBEHHO-BpeMeHHOH MoaynasaTtop cBeta ([IBMC) wu pasnuunble
KOH(UIypallMk ONTHYECKOH CXeMbl: MYyJbTHIJIEKCHBIH BBIBOL TOJOTPAMM, HCIOJb30BaHUE Jecrek/epa,
pacroJioykeHHe TJIOCKOCTH ToJiorpaduueckoro nepuckorna mnoj, yrioMm k mockoctd [IBMC, a takke ux
KOMOUHAaLHS.

KanoueBblie ciioBa: BosiHOBOIHAS rosiorpadusi, pa3oBble roJorpaMMbl, KOMITBIOTEPHBIH CUHTE3, FOJI0OTPAMMbI
Openens
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Cexkuusa 13
HoBble npukaagHbie onTHYECKHE TEXHOJIOTUH

YcerHble nokaaapl

13.1 dKcnepuMeHTaNbHbIE HCCEIO0BAHUS MOTPELIHOCTH CTAOUIN3aLUHH JJUHUH BU3UPOBAHUS ONTUKO-
3JIeKTPOHHbIX cucTeM Habatoaenus (/Ipuesauiernolil)

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 PeppakromeTphbl ¢ TeMNepaTypHOil KOMNEHcalMel Ha OCHOBE MEXKMOIOBbIX BOJIOKOHHO-
onTuueckKux uureppepomerpoB (/lpuerauierrolii)

A. A. Mapkgapr, JI. /1. 3aBanuminna, A. 3. 3apunos, JI. b. Jlnokymosuu, H. A. Yiiakos

Cankm-Ilemepbypeckuii noaumexnuueckuil ynusepcumem [lempa Beauxoeo, Cankm-Ilemepbype,
Poccus

B paGore paccMoTpeHbl MeKMOI0BbIE HHTEP(EPOMETPhl HA OCHOBE COCTABHBIX BOJIOKOHHO-ONTHUECKHX
SMS-crpykTyp, oT aur. singlemode-multimode-singlemode, 1 nx npumenenue B KauecTBe U3MepHUTENEH
rokasateJist peJioMJIeHUs BHelliHel cpefpl. [TpuBenena Metoanka pacueTa creKTpasibHbIX XapaKTepPUCTHK
MHTep(EepPOMETPOB U UX OTKJIMKA HA H3MEHEHHe T10Ka3aTe/Isi IPEIOMJICHUS U TeMIIepaTypbl BHEILIHEH Cpe/bl.
[Ipeoxken noaxo/ yuéra B/IUsIHUS TEMIIEpPaTypbl HA Pe3yJIbTaTbl U3MEPEHHUS! [10Ka3aTe sl PesIoMJIeHHS
BHELIHEH Cpe/ibl, 3aK/II0UAIOLIMICS B aHA/IM3€e OTKJIMKOB Pa3JIMUHbIX HHTEP(EPEHIIMOHHbBIX KOMIIOHEHT,
COOTBETCTBYIOLIMX PA3JIMUHBIM TapaM BOJIOKOHHBIX MO/, TIpH romoliy rnpeobpazoBanust Pypobe. [Tposenensl
IKCIepUMEeHTaIbHbIE UCCIEN0BAHIS MHTEP(EPOMETPOB, MOrPYKEHHBIX B BOAHBIE PACTBOPHI IIMLEPHHA
pa3HbIX KoHLeHTpauuh. [TpogeMoHcTpHpoBaHa BO3MOXKHOCTD OJHOBPEMEHHOTO H3MEPEHHsT KOHLIEHTPALIUK
IJIMLEPHHA B PACTBOPE U TeMIepaTtypbl pacTBopa. PacecMoTpenbl 0cO6€HHOCTH IPUMEHEHHST IUCKPETHOTO
npeo6pazoBanusi Pypbe 1 NpoaHa U3UPOBAHBI TTOTPEILIHOCTH H3MEPEHHI.

KaoueBbie ciioBa: MeXMOI0BBIN BOJIOKOHHBIH HHTEepdepomeTp, SMS, nokazare/ib npeomJIeHus,
CrieKTpaJibHast HHTephepomeTpus, npeodbpazoBanue Pypbe

13.3 Pe3oHaHcHasi cxeMa MMHMATIOPHOTO ONMTHYECKOTr0 MarHUTOMeTpa ¢ ucnojb3oBaiuem SPUN-
BOJIOKHA

A. A. Yyswizragos'?, B. A. Makcumenko!, A.W. Jlusawsuau®, B. B. Kpuiron'?

"lepmckuil HayuoHarbHbLL UCCAO0BAMENbCKUL NOAUMEXHUYecKUll yHusepcumem, e. [lepmo, Poccus
2[TAO [epuckas nayuro npoussodcmeennas npubopocmpoumervuas komnanus, 2. [lepmo, Poccus
3 Jlaavresocmounolil eocydapemeentolll yrusepcumem nymet coobuenus, e. Xabaposck, Poccust

B cratbe onuchiBaeTcsi pesoHaHCHAsi CXeMa MHUHMATIOPHOTO ONTHYECKOTO MAarHUTOMETPA C UCMOJMb30BAHHEM
SPUN-BosioKHA M MHTErpupOBaHHBIX YeTBEPTbBOJHOBBIX MJACTHHOK. Takoe peleHue obecrneynBaer
M3MEHEHHEe COCTOSIHUS MOJSAPU3AUMH € JIMHEHHOH HAa UMPKYJSAPHYIO, YTO 3HAUMTEJBHO T[OBbBILIAET
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4yBCTBHTEJLHOCTb MPUOOPA K C1a0biM MarHUTHBIM 1oJisiM. M crbiTaH|st MaKeTa MarHHTOMETpa 1okasaJjiu, 4to
UCI0JIb30BaHHE KPYrOBOH MOJIIPU3AlMK MO3BOJISIET TOCTHUb 4yBcTBUTENbHOCTH 1o 100 HTa. KoHceTpyKius
OTJIMYAETCsl KOMMAKTHOCTBIO K YCTOMYHBOCTBIO K BHELIHUM LIIyMaM, 4TO JIeJ1aeT €€ MPUroAHOH /st TPUMEHEHHUST
B MEIHMIMHE, TeOMAarHUTHBIX HCC/AEIOBAHMSAX, JIS [MOUCKA [OJE3HbIX HCKOMAeMblX, B BbICOKOTOYHBIX
HABMIaLlMOHHBIX CHCTEMAX.

Kaiouebie cioBa: Ontudyeckuit maruutomerp, PedonancHast cxema, SPUN-BosiokHo, [Tossipuzanus

13.4 OcoGeHHOCTH NPUMEHEHHUS CMIEKTPANbHbIX CHCTEM KOHTPOJISI PU H3TOTOBJIEHUH
uHTepdepeHunoHHbIX hpuabTpos aisa UK nnanasona (/lpuerauwernrouti)

A. H. Tponun
AO «HHUH «Tupuxkonds, Cankm-Ilemepobype, Poccus

st ueenenoBanusi ocoO€HHOCTEH MCIOJIb30BAHUS CIEKTPAJIbHbIX CUCTEM KOHTPOJSI TPH H3OTOBJEHHH
MH(ppaKpacHbIX HHTePQEePEeHIIHOHHBIX (DUIBTPOB peann30oBaH TOAXOJA, OCHOBAHHBIH HA MOJEJMPOBAHUH
npoiiecca BaKyyMHOTO — OcCaxleHusi TOKpbiTHH. C  1NpuMeHeHWeM [poUeaypbl TaK Ha3bIBAEMOTO
NPeIPOU3BOACTBEHHOIO aHA/IU3a PACCMATPUBAIOTCS Pa3J/IMUHble CTPATErHMH KOHTPOJISl OCAXKIAEMbIX CJIOEB.
Ha npumepe HEKOTOPBIX MHOIOCJOHHBIX TOHKOMJIEHOUYHBIX CTPYKTYP TPOJAEMOHCTPUPOBAHBI BO3MOXKHOCTH
ykazaHHoro noaxozpa. Passutas B paGore npoueaypa ais onpeieseHuss Hanbosee MOAXOAALLEH CTpaTeruu
KOHTPOJIA M03BOJIAET M0JIydaTh BOCIPOU3BOAMMBIE Pe3yJbTaThbl B TEXHOJOTHYECKHX MpoLeccax BAKyyMHOIO
OCa’KJIeHUs] ONTHYECKHX HHTep(ePeHLUMOHHBIX MOKPHITHH. PaccMoTpeHbl HMelollyecs: OrpaHuvyeHHsl H
NIPUBEJIEHBl Pe3yJibTaThl IIPAKTHYECKOTO MPUMEHEHHs CIEKTPasbHbIX CUCTEM KOHTPOJS MPHU H3MOTOBJEHHH
MPELU3UOHHBIX HH(PAKPACHBIX HHTEP(hEPEHIIMOHHBIX (PUIILTPOB.

KitoueBble cioBa: nHTepdepeHUMOHHbIA (DUIBTP, BAKYYMHOE OCaxKIeHHe, MHOTOCJI0HHOE TOHKOMJIEHOYHOe
MOKPbITHE, CNIEKTPaJibHasi CHCTEMa KOHTPOJISI

13.5 ﬂpumeHeHue CIIEKTPOCKOINHUH KOMﬁl/lHaU,I/IOHHOFO paccesaHud aJisg aHaau3a coctaBa ra3oBoii cmecu

A. B. lllesnaes’, A. B. Bapsiuies!
! Beepoccuitickuil Hay4Ho-uccaiedosamenvckutl uncmumym asmomamuru um. H.J1. [Jyxosa, Mocksa,
Poccus

CrnekTpocKornusi KOMOUHALIMOHHOTO pacCesiHUsT HAaXOUT TPUMeHEeHWe B aHa/ii3e COCTaBa ra30BbIX CMeceH.
OJiHUM U3 KJIIOUEBBIX TPEUMYLIECTB METO/IA SIBJISIETCS BO3MOYKHOCTh JIETEKTHPOBAHUS JIByXaTOMHbIX MOJIEKY.T
(Hz, O2 1 N2), uTo BazkHO 111 MOHUTOPHHTA U 0OecredeHnst 6e30MacHOCTH B SHEPreTHKE U aTOMHOH OTpac/Iu.
Bo36y:xneHust KOMOMHAIIMOHHOTO pacCestHyst OCYILIECTBIISIIOCh JIa3€POM C JUIHHON BOJIHBI 445 HM U BBIXOTHOM
MoliHocThlo 6 Bt. Takue napamerpbl Mo3BoJIMIM 06G€CNeUUTh BbICOKYIO UYBCTBUTEJNbHOCTb M TOUHOCTh
usmepenuit, Biioth 10 0,01 % 06., B noanom auanasone 0—100% 06. Mccnenobanuch aBe onTHYecKHe
KOH(MHUTYpaLMH JIETEKTHPOBAHUS: ¢ 0OpaTHLIM COOPOM PACCESHHOTO M3JyYeHHs] H B TeOMETPUH CKpEllleHHbIX
ny4koB. [locsieHsst NpojieMOHCTPUPOBAJIA CYLIECTBEHHO Jiydlllee COOTHOIIEHUE CUTHAJ-1IYM, UTO JIeJaeT eé
6oJiee MPEANOUTHTENLHOH JIJIS TPAKTHUECKOTO PUMEHEHHUS.

KatoueBble cnoBa: Ontrka, Cnekrpockonusi, Kom6unaimontoe paccesinus, ['a3

13.6 OnTHuecKne U He ONMTHUYECKHE MeTOoAbl JTUATrHOCTUKHU U KOHTPOJIs1 HOBOI'O MOKOJI€HU S

A. T1. Baagumupos'?

" Unemumym mawunosedenus ¥pO PAH un. 3.C. l'opkynosa, Examepurbype, Poccus
2 ¥paavckuii pedeparvroitl yrusepcumem um. b.H. Eavyuna, Examepunbype, Poccus
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Lenbto fokaana siasieTcst coodiieHne 00 UCMoJb30BAHMM HOBOTO ONTHYECKOrO MeToja /ISl OnpeesieHus]
nedopmalldii rasoBbIX, KUIKMX U TBEPIbIX CPell, U O Havyajse pa3pabOTKH Ha OCHOBE MOJYYEHHBIX TaHHbBIX
JIATYMKOB, METOZIOB U MPUOOPOB KOHTPOJISI U IMArHOCTHKH HOBOTO MoKoJieHus. [Tokazano, uto He perucrpaius
B pe2KHMe peasibHOro BpeMeHH MHOTOLMKJ/IOBOH YCTaJOCTH COBPEMEHHBIMU METOIAMH KOHTPOJISI 0OBSICHSIETCS
6osbl10i 6a3oi uamepenus nopsiaka 1-100 MM, B To Bpemst Kak ruranTckue 3 peKTbl BO3HUKAIOT HA y4acTKax
pasmepom nopsiaka 10 Mkm. Ha ocHOBe BbIsiBJIEHHBIX MeXaHM3MOB YCTAJOCTH psila MaTePUAJIOB MPET0KEHO
pa3pabaTbiBaTh ONTHYECKHE W HEOMTHYECKHE TaTUMKH OCTATOUHOTO pecypca JieTajel HOBOro MOKOJIEHHS.
3asiBKa JI0/KHA COAEprKaTh aHHOTALMIO W3 oiHoro a63aua Ha 50— 100 cjioB. AHHOTALMS 10/1KHA COAEPIKATD
He BBeJeHHMe, a OlUCAHUEe COJEP:KAaHHUsl CTaTbH (KPAaTKO OMHUCHIBATH LEJH, MCIOJb3YyeMYyI0 METOIO0JOTHIO,
MOJIy4YeHHble pe3yJsbTaThl W MX 3HaueHHe), J0JKHA ObITb CaMOJOCTaTOYHOH M He cojepxKaTb CCbLIOK Ha
aurepatypy. KitoueBble c/ioBa 10/12KHbI BKJIIOUATh 3—8 MMyHKTOB.

KatoueBble caoBa: [lunamuka criek/oBs, Ycranoctb, Paspyluenne, OctaTounblil pecype

13.7 OnbiT NoJyuyeHUs U NPUMEHEHUS] B CEPUITHOM ONTUYECKOM MPOU3BOJCTBE KOMOMHUPOBAHHbBIX
ONTHYECKUX 3JIEMEHTOB HA OCHOBE MPELU3UOHHOTO PEMJIHIIUPOBAHUS C UCTOJb30BAHHEM
MaJioyCcaa04YHbIX NOJMMEPHbIX KOMMO3ULUI XOJ0AHOTO OTBEPXKACHHUS

M. M. Axmetos!, JI. B. Bopmoxka?, H. A. Typun®, C. B. Kockosckuii!, E. I'. JIncosa', Auatosuii
Bacuabesnu Jlykun', A. H. Mesbuukos', H. . Mupxanos', M. A. Moruiox]', J1. P. Hypmyxametos?, 1. B.
Camoitnios*, O. B. SIkosnes!

| — Akyuoneproe obuecmso «Hayuno-npoussodcmsernnoe obvedurnenue «locydapcmeenolli
UHCMUmMYym npukiadnol onmukus, Kasane, Poccust;

2 — Akyuoneproe obuecmso « Kazanckuii onmuxo-mexanuueckutl 3a800», Kazano, Poccus;

3 — Axyuoneproe obwecmso « Hosocubupckuii npubopocmpoumenrovroill 3a8600», Hosocubupck,
Poccus;

4 — Axkyuoneproe obuecmso «lIpoussodcmeernroe ob6vedunenue «Yparockutl onmuKko-
mexanudeckuil 3as00» um. 3.C. flaanosas, Examepunbype, Poccus

B noknane npeacras/ieHbl OCHOBHbIE TEXHOJOMMYECKHE ONepallii  HOMEHKJIaTypa pacXoJHbIX MaTepUaJioB
JU1s1 TTOJTy4e€HUsI KOMOMHMPOBaHHBIX onTHUecKuX ssemMeHToB (KOJ). [IpuBeneHbl pesy ibTaTbl KOMIJIEKCHbIX
YCKOPEHHBIX UCIIBITAHUH HA COXPAHSEMOCTb U KJIMMATHKY HECKOJIbKUX padiuyHblX THIIOB KOJ. [TokasaHo,
4TO 110 JIOJITOBEUHOCTH, MEXaHHYECKOH MTPOUHOCTH, YCTOHUMBOCTH K BO3JIEHCTBHUIO Psijia arPeCCUBHBIX CPEL 1
Jpyrux HeraTUBHBIX (pakTopoB KO 6/11M3KKM K CBOMM UMCTO CTEKJ/ISTHHBIM aHaJloraM, a ux ce6eCTONMOCTh
MHOTroOKpaTHo HixkKe. O6cy:KaaoTest BO3MOKHOCTH puMeHennss KOS B psine n3o6pazkaioliux onTHKO-
3JIEKTPOHHBIX YCTPOHCTB.

KittoueBble ciioBa: KoMOGuHHpOBaHHbIH onTHYECKUH aseMeHT, KomnoneHT, [IpeuusnonHoe penanuupoBasue,
Maunoycanounas noaumepHas komnosuuus, @oronosumep, Macrep-matpuua, TpelyHoBaTbIH C0#

13.8 OnTo2/1€KTPOHHbBII OCLUIISITOP KaK KJIOYeBOWH KOMIIOHEHT MepeJoBbIX CEHCOPHBIX U
MH(OKOMMYHMKALIMOHHBIX CUCTEM

. C. Bopoukos!, Y. B. Crenanos',B. B. MBanos!

"' Ypumeruii ynusepcumem nayku u mexnoso2uil, ¥gha, Poccus

PaccmarpuBatorcsi 0co6€HHOCTH TMPUMEHEHHST OMTOJIEKTPOHHBIX OCUMINATOPOB (OD0), BbINOJHEHHBIX C
MCIOJIb30BAHHEM TEXHOJIOTUH MHTerpajbHOH (DOTOHHKH, KaK BaKHOTO KOMIIOHEHTa TepeloBbIX
MH(DOKOMMYHHKALIMOHHBIX U CeHCOPHBIX chcTeM. B o61actu 6ecnipoBojiHoi cBsi3an OO no3BossoT 106U ThCs
CyLIECTBEHHOTO JManasoHa mnepectpoiiku vactorbl CBY-kosebanuii, mpeBocxonss Mo 3Tomy MapameTpy
TPAJMLIHOHHbIE cXeMbl HAa ocHOBe GaAs-TpaH3ucTopoB. [1pu 3TOM BaxKHO# ocTaeTcsi 3a/iaua CHUXKEHHsI 11ara
MepecTPorKH 4acToThl BbIXOAHBIX Kojebanuit OD0. [Tokazano, 4to adsi 3TOH LeJH MOXKHO HCMOJNb30BAThH
JIOTIOJIHUTEJIbHBIE yIIpaBJsieMble JJUHUHM 3alePKKU B KoJiblie o6paTHol cBsidu ODO. B ceHcopHbIX cucTeMax
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npumerenre OO0, 0cobeHHO TMPU BO3MOXKHOCTH peasiu3aliid MaJioro iiara nepecTporKH ero BbIXOJAHOH
YaCTOThI, O3BOJISIET CHU3UTh YPOBEHb COOCTBEHHbIX I1IyMOB CUCTEMBI M MTOBLICHTh €€ YyBCTBUTEbHOCTD.

KatoueBnie cioBa: Paguodoronuka, Muterpanbsiast potonuka, OnTosseKTpoHHbIH ocluisaTop, CeHcopHasi
cucrema
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Cexkuus 14
HeiipoceTeBble TeXHOJOIMU B POTOHUKE

YcerHble nokaaapl

14.1 lpumMeHeHWe apXUTEKTYPbl TUNA TpaHchoOpMep /1S pellieHUs 3a]a4M TeTeKIMH 00bEKTOB B
MYJIbTUMOJAJbHbBIX IAHHBIX CEHCOPOB OECMUIOTHBIX aBTO

A. B. Tanamanosa', E. IO. 3mn0kazos',
" Hayuonanoroiil uccaedosamenvckuil soeprolil ynusepcumem « MU®H», Mocksa, Poccust

Jlannasi pa6oTa nocpsillieHa pelleHuIo 3aaun JAeTeKIHH 00ObEKTOB B JaHHbBIX JHAAPA U KAMEPbI C TOMOLLbIO
MoJiesi rary6oKoro oO6ydenust Tuna tpancopmep. I1puBenen noapoGHbIH 0630p U CUCTEMAaTHIECKHH aHAJN3
CYLLECTBYIOLMUX apPXUTEKTYP, BBISBJSIOIINN KJOUEBbIE OrPaHHYEHUsT B 0OpabOTKe MpPOCTPAHCTBEHHO-
BpEMEHHbBIX KOppeJsiiili MexXy ceHcopamu. Ha ocHoBe mpoaHa/M3MpOBaHHBIX pelleHHH MPENIoKeH Psill
yJy4lleHUH, pa3paboTaHbl apXUTEKTypbl-KaHauAaThl. [lpeacTaBieHbl M MpoaHaJM3MpPOBAHbI Pe3ysbTaThl
TECTHPOBAHUS MPEYI0KEHHBIX aPXUTEKTYP.

KioueBeblie cioa: Becnusorhbie Texnosoruu, letekuus o6bekroB, Apxurekrypa tpancdopmep, Jlunap,
Kamepa

14.2 OnepatuBHbBIN CHHTE3 KOMNbIOTEPHBIX rojiorpamMm 3D-clieH ¢ McnoJb30BaHHEM HEHPOHHBIX CETEN

JI.A. PoimoB, T.A. Tatataunos, A.B. ludpuna, E.}O. 3nokasos, 1. A. Hepémxun, P. C. Crapukos
Hayuonanonoiii uccaedosamenvckuil sdeproitl ynusepcumem «MHDPH», Mocksa, Poccus

[IpencraBseH pa3paOGoOTaHHbIH HeUTEPATUBHbIA HeHpoceTeBOH MeTOJ CHHTe3a (Da30BbIX KOMIbIOTEPHbIX
rosiorpamm 3D-cuen. JInsi o6yueHust HeHPOHHOH CETH HCMOJIb30BaJICsl HAOOP CaAy4aillHO CreHepUpPOBaHHBIX
npocTbix 06beKTOB (Kpyros). OOyueHHass HEHPOCETb B HECKOJbKO pPa3 MPEBOCXOAMT TPaAMLMOHHbBIH
UTEPaTUBHBIN aJArOpPUTM MO ObICTPOIEHCTBHIO, Ge3 MoTepH KayecTBa. PesysbTaThl MOATBEPKIAIOTCS B XO/1€
OLIeHKH KayecTBa H306paKeHHH YHCJeHHO U ONTHYECKH BOCCTAHOBJIEHHBIX U3 CUHTE3UPOBAHHBIX TOJIOTPAMM.
Kamiouesie cnioBa: lNosorpagus, Jndpaximonssie ontuieckue sjaemMenTsl, Heliponnsle cetn, Maiinnnoe
obyueHue

14.3 Ha6op npouenypHo reHepupyemMbiX 6UOJOrHYECKUX KJIETOK /sl 00yueHHUs HEHPOHHbBIX ceTei B
uudposoii ronorpacduu

A. C. Cpuctynos, /1. A. Peivos, P. C. Crapukos., [1. A. Uepémxun, H. H. EBTuxues
Hayuonanonotii uccaedosamenvckuil sdeproitl ynusepcumem « MHDH »

MBI nipesiaraeM UCoJib30BaTh HAOOP JAHHBIX, COCTOSILUMA U3 TPOLEyPHO CreHEpHPOBAHHBIX OHOJIOTHYECKHX
KJIETOK JIByX THIOB, OCHOBAHHbIH Ha peasibHbIX H306paXKeHUSIX KJAETOK /sl 00ydeHusi HeUpoHHbIX ceTert (HC).
Bblnn npoBeneHbl KCEPUMEHTHI O KJIAaCCH(UKALIMKY KIE€TOK U PEKOHCTPYKLIUHM H300paxKeHHH ¢ 1IH(POBBIX
rosiorpamm. TouHocThb Kaaccudukauuu 6b1a Bbie 99 % Kak mpu MCMoJb30BAHHH H300PaXKEHHI KJIETOK, TaK
M MX roJiorpaMM. 3ajaua peKOHCTPYKIMHM H306paKeHHH TakkKe Oblia ycrnelrHo peuieHa. Takum o6pas3om,
NpeJVIoKEHHBIH HAbOP TaHHbIX MOXKET MpUMeHsAThes A oOydennss HC B taknx o6/acTsix Kak MeIulMHa U
OHOJIOTHS.
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KatoueBnie cioBa: Lndposast ronorpacusi, Ha6opwl nanubix, Iny6okoe o6yuenue, HeilipoHnble ceTH,
bBuosiornueckue kiaetku, PekoHerpykiust uzoopaxkenuit, KommnbiorepHast rojorpadus

14.4 buoavoTreka a1 MOJEJUPOBAHUSA U ONTUMHM3ALUH CUCTEM NU(MPAKLUMOHHOH ONTUKH, ONTUYECKHX
BbIUMCJIUTENEH U U paKLIMOHHBIX HEHPOCETEH C OTKPBITHIM UCXOAHBIM KOIOM

A. A. lllep6axkos, C. C. YUyrynos, B. JI. Mroumn, J1. M. Caxuo , A. 10. KoxanoBckuii
Yuupepcutrer UTMO, Caunkr-ITletep6ypr, Poccus

B noknane o6cyxKnaercsi coBpeMeHHOe COCTOsTHUE HEHPOMOPMHBIX ONTHYECKHX BbIUHCAUTE/1eH C aKILeHTOM Ha
MOJIHOCTbIO ONTHYECKHE aHAJord HeHpOHHbIX ceTel. Dyner mnpexacraBieHa pazpaboTaHHasi OTKpbITast
MOJIHOCTbIO HacTpauBaemast U pactiupsieMast 6ubnnoreka SVETIANNa, nosposisifoliiass MojieiipoBaTh H
ONTHMH3UPOBATh, B TOM YHCJIE HA rpaduuecKUx npoueccopax, Kak Kaaccuueckue cXeMbl ¢ IM(paKIHOHHBIMU
3JIeMeHTaMH, Tak U iudpakimoHHHbIe HelipoceTH. Ha pasHooGpa3Hbix npuMepax OyiyT MpOIeMOHCTPUPOBAHBI
BO3MOKHOCTH TaKHX HeHpoceTei, 1 MOKa3aHbl pa3jiMiHble BAPHAHThI IPUMEHEHHsT OUOUTOTEKH.

KmoueBbie csoBa:  JIludpakioHHble  ONTHYECKHE  JIEMEHTbI, JU(PaAKIMOHHbIE HEHPOHHBIE CETH,
HelpOMOp(HbIE BEIUUCIUTENH, OTITHUECKHE BBIUUCIEHHUS

14.5 Peuienue o6paTHoii 3anaun qudpakuuu ajisi IPOCTPAHCTBEHHBIX MOJIYJIITOPOB CBETA C YYETOM
CTPYKTYPbI IYEHKH C MOMOLIbIO MAIUIMHHOTO 00yYeHH S

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

PaspaGotana HeilpoHHasi ceTb, MpeJcKas3biBaiolllasi (DyHKIMIO MPOMycKaHust (asoBbIX MPOCTPAHCTBEHHBIX
MOJIy/IITOPOB CBETa, YUYHUTHIBAIOULYIO B3aUMOJEHCTBHE MexIy MUKceasiMu. Pypbe-MonasbHbIM METOIOM
paccunThiBaeTcsi pas3oBblil HAGEr LEHTPATLHOTO TTHKCEJIS ¢ YUETOM BJMSIHUS BOCbMH coceHnX. C MoMolilbIo
9TOTO MeTojla CreHepupoBaH HaGOp NaHHBIX, CoAepxKalllMid (asoBble HAOerw Ui Pa3/HUHbIX 3aJaHHBIX
COCTOSIHUH JIByMepHOM CTPyKTypbl. CTPYKTypa COCTOUT U3 JEBSATH MHUKCeJIeH MOIYJISITOPa, PacroOKeHHbIX B
topme kBanparta. OGydeHHasi MOJIEJIb TO3BOJISIET 32 KOPOTKOE BPEMsI MPEACKA3bIBATh (DYHKIIMIO MTPOMYCKAHUS
AJ151 MOJLyJIITOPOB, COCTOSILIMX W3 GOJIbLIOrO uhc/aa nukceneid. Mojesnb npuMeHeHa /st oMcKa YMCJI€HHOTO
pelLIeHus MpsIMOH 3a1aun AMdpakLUy U 3aaul GOPMHUPOBAHHUS MyUyKa 3alaHHOH (OPMBbI.

Kimoueseble ciioa: Onruka, [TpoctpancTBennblie Moy asatopsl cBeta, Matnnnoe o6yuenne, Hefiponnble
ceTu, DPdeKT oKalMIIAIOLIEro N0

14.6 OnTHueckas knaccuukauus U300paKeHuid Ha pa3JnYHbIX AJIMHAX BOJH C UCMOJAb30BaHUEM
CMEeKTPaNbHbIX IU(PAKUMOHHBIX HEHPOHHBIX ceTel

[.A. Mots'"? JI. B. Cowmnukos'?, JI. JI. lockosiosuu' 2, E. B. Buizos' 2, E. A. Besyc!-?, JI. A. Boikos'?,
H. B. TosoBactukos' 2

" HUnemumym cucmen o6pabomru usobpascenuti, HHL] « Kypuamosckuii uncmumyms, Canapa

? Camapcekuil HayuorarvHoLll uccaiedosamervekull ynusepcumem umenu axademuxa C.I1. Kopoaésa,
Camapa, Poccus

[Ipensioxken meron pacueta audpakuuonHod HeripoHHoil cetn (JIHC) nns pemienuss pasmuuHbix 3anad
KJIacCUpUKaUMKU H300payKeHUH Ha pasjMuHbIX AJIMHAX BOJH. B pamkax meroma 3amaya pacuera JIHC
(hopmyMpyeTcs Kak 3ajaua MUHUMH3alUK (DYHKIIMOHAJMA, 3aBUCSLIET0 OT (PyHKUHMH BBICOT MHUKpopesbeda
JTUPPaKIMOHHBIX ONTHUECKUX 3JeMeHTOB, obpasytoumx JIHC, u npencraBasioniero oummMoKy pelieHust
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3a/laHHbIX 3a1a4 KJacCH(UKALMK HA PACYeTHBIX JUIMHAX BOJH. 1151 Mpou3BoaHbIX (DYHKIIHOHANA MOJyYeHbI
SIBHble BbIPAXKE€HMSl, U HA 3ITOH OCHOBe C(OPMYyJHPOBAH TPAJAMEHTHBIH METON pacuera AU(PaKIHOHHOH
HeilpoHHOH ceTH. C MCMONb30BAHUEM MPEIOKEHHOTO MpaMeHTHOro0 MeTosia paccuntanbl JIHC st petienus
TPeX pas3/MuHbIX 3a1a4 KJaaccupukaluuu n3oOpazkKeHuil Ha TpeX JUIMHAX BoJH. [1pencTaBieHHble pesybTaThl
MoespoBanust padoTbl  paccuntanubix JIHC nemonctpupyior Xopoinune pabouyne XapaKTepUCTHKH
NPEIJI02KEHHOTO MEeTO/d.

KutoueBele ciioBa: 3anaua kiaccupukauun nsoobpaxkenui, udpaxunonnas neitponnas cetb, Kackanmsiii
AU(paKUHOHHbBIHA ONTHUECKUH d/eMeHT, [l pakurontslil MuKpopesbed, CkassipHast Teopust M pakum,
OnTtumuzauus, ['panyeHTHbIH METO,
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ApxuTeKTypa nporpaMmmbl

ApxutekTypa XOJTOSKCTIO 2025

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

10:00-13:00 PeuHas nporynka no peke benon (3kckypcus N21) _
L ewemmwysenwos L

18:00-20:00 KBu3 (MHTenneKTyanbHas BUKTOPUHA) _

T I
0830-18:00 | Pervorpawmysacmaos |
03000830  Omgwmerowpepensm

9:30-11:00 MneHapHoe 3acegaHune (Yactb 1)

11:30-13:00 MneHapHoe 3acefaHune (Yactb 1)

14:00-15:45 Cekums 1 (yacTb 1) Cekumsa 7 (yactb 1)

L s S
16:15-18:00 Cekums 1 (YacTb 2) + Cekuus 12 Cekums 7 (yacTb 2) _
5001830 Ootieegoro yumeman |
1930-2200  pwsercraennot koueins s pecropane orsnaREA

10 contcon, cpona I E

9:00-11:00 MneHapHoe 3acefaHune (YacTb 2)

11:30-13:15 Cekums 8 Cekuusa 9

R s S
14:15-16:45 Cekums 5 CeKums 2 _
L s
17:15-18:45 Cekums 3 Cekuusi 14 _
a5t Creose ot . Nocies)

1 Contapa, seraopr I
08001300 | Perwctpawmysachmos |

09:00-11:00 Cekuusa 4 Cekuus 6

Kogeopoi I

Cekumsa 11 (yacTb 2)

11:15-12:45 Cekuws 10 (yacTb1) Cekums 11 (yacTb 1) _
12451345 R

Kogespem N
16:15-17:45 Cekumsa 10 (yacTb2) Cekums 11 (yactb 3)

13:45-15:45 Cekuma 13
7451800 | dapumexongeperg | | |

18:45-22:30 Top>xecTBeHHbI YxXuH B K3 BawkopTocTaH (BcTpeua y oTens)

SKcKypcusa B HauMoHanbHbIn My3ei Pecny6nuku bawkoptoctaH [ BIXM
09:00-18:00 o . . . -
uMmeHn M.B. HectepoBa
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