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CnoHcopbl U MapTHEPDI

[lnaTuHOBBII coHCOP

AO «HITO «KPUIITEH »

BpoH3oBbie coHCOPbDI

AO HTLI «Arjac»

3A0 «I'OJIOTPAOMYECKAS MHIAYCTPUST»
00O «Xoaol'paiiT»

[MapTHepbl

AO «HITO «T'UTTO»

000 «Anbsuc Onruyecknx Cucrem»

00O «Onruko-rojorpaduueckie npudOpPbI»

000 «IIEHTP KOMITBIOTEPHOU I'OJIOTPAG®H M »

UudopmaumroHHbie napTHepbl

JlazepHas accouuanus

Onrtuyeckoe obuectso umenu 1. C. PoxxnectBeHnckoro

Hayuno—TexHuueckoe uznanue « OnTHueckui KypHaJ»

MockoBckuit 'ocynapctBennbiiit Texnudeckuil Yuupepcuter umenu H.9. baymana»
JKypran «®otonuka»

«[onorpaduka»

CIToI'9TY «JIDTU>»
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[IporpaMMHbI# KOMUTET

[Ipencenarens nporpammHoro komutera BenemukroB Baapumup HOpbeBuu, a. ¢.-m. H., npodeccop CaHkr-
[TeTep6yprckoro rocylapcTBeHHOTO 3JeKTpoTexHudeckoro yHuepcutera «JIDTU» umenn B. V. ¥YabsiHoBa
(J/Ienuna), Cankr-Iletep6ypr, Poccust.

Samecturenb npejacenatenss nporpammHoro komurerta peiicyx [puropuit UcaeBuu, n. T. H., npodeccop,
3aBeyolid  Kadeapoil (U3MKM M XUMHUM [IeH3eHCKOro rocylapcTBEHHOrO YHHBEpCHTETA apXUTEKTYpbl U
cTpouTenbeTBa, [lensa, Poceusi.

Tauun Jleonun BukropoBuu, [loueTHbll yieH nporpaMMHOrO KOMUTETa, 1. ¢.-M. H., akageMuK MexnyHapoaHon
uHxkeHepHoi — akagemud (MUMA), wunen Cosera npesugeHtroB  MMA, rtiaBubiii  coBetHnk  3A0
«[TOJIOTPAONYECKAS MHIAYCTPUS», Munck, benapych

[laBabiueBa Hapexna KoHctanTuHoBHa, [loueTHblil useH nporpamMmHOro KomuTera, JA. T. H., Npodeccop
Kasanckoro HalMoHa/bHOTO MCCIe0BaTeIbCKOro TexHuueckoro ynuepcureta umenu A. H. Tynonesa — KAHU,
Kazanb, Poccusi.

BapbiunukoB Hukonait BacuabeBuu, 1. 1. H., npodeccop, aupekrop HUM PJI MITY um. H. 3. baymana,
Mocksa, Poccusi.

BuwnsikoB Nennaauit Hukonaesuu, 1. 1. H., npodeccop, 3aBenyiolnil sadopatopueit PIVYIT «Beepocceuniickoi
HayuHO-UCC/IeI0BATENbCKUI HHCTUTYT ONTHKO-(U3HUeCKUX u3Mepenuii», Mocksa, Poccust.

lony6eBa Tarbsina HOpbeBHa, 1. ¢.-M. H., npodeccop kadenpul O6iien ¢usuku-1 Cankr-IletepOyprekoro
rocynapctBenHoro yuupepcutera, Cankr-IlerepOypr, Poccusi.

Hdemun Bukrop BaneHtuHoBMY, K. ¢.-M. H., JOLIEHT, MepBbIi npopekTop HaimonambHOro HMcc/en0BaTebeKoro
Tomckoro rocynaperBentoro yuusepceurera, Tomck, Pocenst.

HpaueB Baapumup [MpokonbeBuu, 1. ¢.-M. H., CKOJIKOBCKHI HHCTUTYT HayKH 1 TexHoJsioruit, Mocksa, Poccusi.

3axapo HOpuit HukonaeBuu, k. ¢.-M. H., npenojgaBaTe/ib MeAULMHbI [apBapACKOH MeJUIMHCKON ILIKOJbI,
Crapumii Hayunbii cotpyaHuk BIDMC llentpa nepenoBoil GHOMETMIIMHCKOH BH3yaJu3allid ¥ (DOTOHHKH,
["apBapackuii ynuepcuret, bocton, CLLIA

3noka3oB Erenmit lOpbeBuu, 1. ¢.-m. H., npodeccop HauuonanbHOro wuccaen0BaTENLCKOTO SA€PHOIO
yHuuepcutera « MO », Mocksa, Poccust.

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

KoBaneB Muxaun CepreeBuy, KaHauaat Texunueckux Hayk, goueHt MI'TY um. H. 9. baymana, crapuimi nayunblii
cotpynuk OKP® ®usnueckoro uncruryra umenu [1. H. Jle6enera PAH, Mocksa, Poccusi.

Kopoabkos Bukrop [laBnoBuuy, ji. T. H., 3aMecTUTe/b AMPEKTOPA MO HayYHOH paboTe, 3aBeyloluil jabopaTopren
nudpakunontoi ontukd MAnd CO PAH, Hosocu6upcek, Poccus.

Koporaee Banepuii Bukroposuu, s1. T. H., npodeccop Yuupepcurera UTMO, rnasHbiii penaktop OnTuyeckoro
x)ypHasa, Cankr-Iletep6ypr, Poccus.

Kotasp Bukrop BukropoBuu, ji. .-M. H., npodeccopy Kadeapbl Texuudeckoi kubepHetuku CI'AY, 3aBejytoliemy
nabopartopueit JazepHbix uamepennit MCOUW PAH, Camapa, Poccus

Kynpsiwos Cepreit UBaHoBMY, /1. ¢.-M. H., BeIyllIMi HAyYHbIH COTPYAHHUK, 3aBeIyIOlIUH JabopaTopuer JasepHon
HaHO(MU3UKK ¥ OUOMeAULIMHBI, [leHTp sasepHbIX U HEJMHEHHO-ONTHYECKUX TexHOJorui, OTneneHre KBaHTOBOH
pannodusuku um. H.I'. bacosa, ®usnueckuit unctutyt um. [1.H. Jle6enera (PHMAH), Mocksa, Poccusi.

Kyrayspos Pycaan Baapumuposuu, k. T. H., nupekrop LLKosibl mepcrieKTHBHBIX UCCAENOBAHUN W TEXHOJOTHH
(hoToHUMKH Y(HUMCKOTO YHUBEPCUTETA HAYKH U TeXHOJ0THH, Yha, Pocens

Jlykun Baagumup lerposuu, 1. ¢.-m. H., 3aBeaytoiuit taopatopuein MOA CO PAH, Tomck, Poccust.
HukonopoB Hukoaaii Banentunosuu, 1. ¢.-m. 1., npodeccop Yuupepcutera M TMO, Cankr-Ilerep6ypr, Poccus.

[letrpoB Bukrop MuxaiioBuy, 1. ¢.-M. H.,, TJaBHbIE HayuHblii coTpyaHuk Cankr-IletepGyprekoro
rocynapctBentoro yuupepcutera, Cankr-Ilerep6ypr, Poccusi.
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[lerpoB Hukomaii BaagumupoBuu, 1. ¢.-M. H., pyKOBoAUTe/b JabGopaTopuu LHUGPOBOH U H300PA3UTENLHON
rojiorpacduu, npodeccop Yuusepcurera MTMO, Cankr-Ilerep6ypr, Poccusi.

[yrunun Auppeit HukonaeBuy, . ¢.-m. H., @usndecknit uneruryt umenu [1. H. Jle6eneBa PAH, Mocksa, Poccusi.

CkunavoB Poman BacunbeBuu, 1. ¢.-M. H., npodeccop, MHCTUTYT crucTeM o6pabGoTku uzobpaxenus PAH —
dunan PHULL «Kpucranmnorpadus u poronnka» PAH, Camapckuit aspokocmudeckuit yuusepeutet umenu C. [1.
Kopousnesa, Camapa, Poccusi.

Conomamienko Aptém bBopucoBuu, HayuHblil COTpyAHHK, pyKoBoautesb JlaGopatopuu «losorpadus wu
BosiHoBoAHAs ontka» MI'TY um. H.3. baymana, Mocksa, Poccusi.

Crpayne CranucinaB CepreeBuy, K. ¢.-M. H., joueHT kadeapbl KpanToBo# 3sexkTpoHuku, OTnenenue
pannoduauku, @uandeckuit paxyabrer, MI'Y umenn M. B. Jlomonocosa, Mocksa

Tyuun Banepuii BukropoBuu, unen-koppecnounent PAH, npodeccop, 1. d.-M. H., 3aBeytoliuii Kadeapor onTuKu
1 6uocdoToHHKH, CapaTOBCKUI HALMOHAJLHBIA HCCEI0BATENLCKUH TOCylapcTBeHHbIH YHUBepcuTeT uMmenu H. T
YepHbiieBckoro, Capatos, Poccus.

Llampait Anekcanap BanepbeBuu, 1. ¢.-M. H., 3aBeayoluil naGopatopuell KBAHTOBOH 3JeKTPOHUKH DPU3UKO-
TexHuueckuil iHCTUTYT uMenn A. @. Modde PAH, Cankr-Iletepbypr

Baagumup Slkosneuu Lyp, 1. ¢.-m. H., npodeccop, mipekrop YUKII "CoBpemeHHble HaHOTEXHOJOTHH",
Ypasbekuit henepasibhblil yHuBepeutet, Ekatepunbypr, Poccusi.

Hukonait AnekcauapoBuy Yakos, 1. ¢.-M. H., Ipoeccop MHCTUTYTA 3JIEKTPOHUKH U TeJleKOMMyHHKaLUi, CaHKT-
[TerepOyprekuii nonurexuudecknit yuusepeuret [letpa Besnkoro, Caukr-IletepOypr, Poccusi.

Hazap AnekcanapoBuu HukonaeB, KaHIMIAT TEXHMUECKHX HAyK, BEIyLIHMH HayuHbIH COTPYIAHHK, 3aBeLylOLLIHH
gabopatopueit TeparepuoBoit cdoronukn, Muctutyr aBromatuku u sjekrpomerpun CO PAH, HoBocu6Gupck,
Poccuns.

Cepreit BaagpumupoBuu MakapoB, 1. d.-M. H., npodeccop, 3aBenyloluili Jgadopatopueit [MGpuaHOH
Hanodoronuku u Ontosnexkrponuku, mipekrop Muxunnpunrosoro Llentpa ®otonukun u OnTo3/eKTPOHUKH,
Yuusepeuter MTMO, Cankr-IlerepOypr, Poccus.
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[lneHapHoe 3acenanue «TeHaeHUMM Pa3BUTHS ONTUUECKUX TeXHoJaorui» . Yacrb 1

I1.1 HenuneiiHbie oTOHHBIE KPUCTAJLIbI HA OCHOBE CETHETO3JIEKTPHKOB C EPUOAUYECKOM JOMEHHOM
CTPYKTYpOIi

Ulyp Baadumup SIkosaesut, 0. ¢.-m. 1., npogeccop, A. P. Axmamxarnos, M. A. Yysakosa,
b. Y. Jlucoux, M. C. Kocobokos
Ypasabckuil penepanbhblil yuupepceuteT uM. b. H. Enbuuna, Ekarepun6ypr, Poccus

[IpenctaBienbl nocaenHue A0OCTHAKEHUS B oOsacTd cosnanus 2D u 3D HesiMHENHBbIX (POTOHHBIX KPHCTAJJIOB HA OCHOBE
NepPUOAMYECKH MOJISIPU30BAHHBIX CEMHETOJIEKTPUKOB C PETyJIiPHOH JIOMEHHOH CTPYKTYPOH M HX HCIIOJb30BAHHUS /151 FeHepalyH
BTOPO rapMOHUKH, apaMeTPUUECKO reHepallui CBeTa U reHepali ClyTaHHbIX (OTOHHBIX Nap. Oco6oe BHUMaHHE yeJeHO
CO3/IaHHI0 JIOMEHHbIX CTPYKTYp W BOJIHOBOJAOB B 00bEME CErHETO3JIEKTPUKOB CHJBbHO C(OKYCHPOBAHHBIM H3Jly4eHHEM
(heMTOCEeKyHIHOTO J1agepa OJIMKHEro HH(paKpacHOro JHana3oHa.

KimoueBble cioa: OnTika, Mpeo6pa3oBaHne YaCTOTHl CBETA, reHepalyisl BTOPOH rapMOHHKH, CETHETO3IEKTPHYeCKHe
JIOMEHbBI, TeHepalllsi CMyTaHHbIX (POTOHHBIX T1ap, IOMEHHAS HHXKEHePH$

1.2 KBaHTOBbBIE npeneJibl YyBCTBUTECJAbHOCTU B ONITUYECKUX U ONITOMEXaHUYECKHUX U3MEPEHUAX

Dapum Hsdamosuu Xaruau, 0. ¢.-m. 1., npogeccop MI'Y, pyxosodumens epynnot PKIL[
Poccutickuit Ksantosniit [lentp, Mocksa, Poccus

KBaHToBasi MexaHuKa HajlaraeT Hepapxuio OrpaHUUYeHUH HA TOUHOCThb ONTHYECKUX U3MepeHuil. HanboJsiee U3BECTHBIMU U3 HUX
ABJsIETCS Mpees ApoGOBOTO LIyMa, CO3MaBaeMblil KBAHTOBLIMH (ayKTyauusmu (asbl cBeta. [Ipu moctatouHo GoJbIIMX
3HAUECHUSX ONTHYECKOM MOUIHOCTH HAYMHAET TaKXKe CKa3blBaThbCsl BO3MYylIeHHe O0ObeKTa, Cco3JaBaeMoe KBAHTOBBIMHU
(hJyKTYalMsIMU YHCJIa KBAHTOB. DTO MPUBOJUT K TIOSIBJIEHHIO ellle OJIHOTO XapaKTePHOrO OTPaHUYeHHs] YyBCTBUTEJIbHOCTH - -
CTaHJAPTHOTO KBAHTOBOTO Mpejiesa. UyBCTBUTENBHOCTb HauboJiee COBEPILIEHHBIX COBPEMEHHBIX ONITOMEXaHHYeCKUX YCTPONUCTB,
B YACTHOCTH J1a3€ PHBIX IETEKTOPOB I'PABUTALIUOHHBIX BOJIH, IPUMEPHO COOTBETCTBYET 3TOMY IpeJedy.

H3BecTHO, 01HAaKO, UTO 00a YIOMSIHYTHIX MPejiesia He SIBJASIOTCS HCTHHHO (PyHIaMEeHTabHBIMUA H MOTYT ObITh
NPeOoJIoJIEeHbl, B YACTHOCTH, TyTEM MCIMOJIb30BAHUS HEKIACCHUECKHX COCTOSIHUI cBeTa. B To »ke BpeMsi, cTporast onTHMH3allns
KBAHTOBOTO LIIyMa MO3BOJISIET BbISIBUT GoJiee ryOOKHe OrpaHHueH st UyBCTBUTENBHOCTH, TaKue, Kak npeaes [eiizenbepra n
T.H. IMCCUMIATHUBHBIA KBAHTOBbIH MPeJedI.

I1.3 ®PoToHMKA eIMHUUHBIX KBAHTOBBIX U3JlydaTeseil — OCHOBA ONTHYECKON HAHOCKOMUHU U KBAHTOBOM
CEHCOPHKH

Andpeii Bumanvesuy Haymos, 0. ¢.-m. H., uren-koppecnondernm PAH
®usnueckuit unctutyt uM. I1. H. Jle6enera PAH, Mocksa, Poccus
MIIT'Y, Mocksa, Poccust

1.4 Undopmaiysi B KBAHTOBOH MUKPOCKOIUU: OLIeHKAa pa3pelleHus U YUeT orpaHuueHu

Anexcarndp bopucosuu Muxareiues, 0. .-m. H., douenm, sedyuiull HayUHbll COMpPYOHUK LeHmpa
«Ksanmosas onmuxa u K8aHMmMoBaAsL UHGHOPMAMUKAS
Wuctutyt dpusukn HAH Benapycu, Munck, besnapych

[1.5 CocTosiHue ¥ NepcneKTUBbI Pa3BUTHUS AHAJIOTOBbIX (POTOHHBIX BIYMCAUTENbHBIX YCTPOUCTB
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Huxoaail JIvsosuu Kazarckuii, 0. ¢.-m. H., npogheccop, sedyujuii HayuHolil COMPYOHUK
Camapckuii ynupepcuter, Camapa, Poccus

[1.6 MeTonpl TeparepiioBoii ha30B0i BU3yanu3aiuu: 0630p COBpeMeHHO€E COCTOSIHUSI U TPUMEHeHU

Hukonaii Baadumuposuu [lempos, 0. ¢h.-m. 1., npogeccop
Yuusepcuter MTMO, Cankr-Ilerep6ypr, Poccus
Harbin Institute of Technology, Xap6un, Kuraii
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[lnenapHoe 3acenanve «TeHaeHUMU PA3BUTHUS ONTHUECKMX TeXHOJOTUI» . YacTb 2
1.7 Tonorpadusi B cOBpeMeHHOM ONTUYECKOM NMPOU3BOACTBE

Oaee bopucosuy SIkos.aes, enasrbli onmuk
Ypaabckuit Ontrko-Mexanudeckuit 3aBoj, EkarepunOypr, Pocens

I1.8 ¥YnpaBasiemasi npo3payHOCTb OHOJOrMYECKUX TKAHEN: HOBbIE€ rOPU30HTbI OHO(OTOHUKHU

Baseputi Bukmoposuu Tyuun, uren-koppecnondenm PAH, npogeccop, 0. @.-m. H., 3asedyrouuii
Kagedpou onmuku u 6uodomonuKu

CapaToBCKHI HalLMOHAJBHBIN HCC/IeI0BATENbCKHI rocylapCTBEHHbIN yHUBepcUTeT UMeHH H.I'.
YepHbilieBckoro, Capatos, Poccus

HauuonanbHblél vccsienoBaTeibeKuil ToMcKuE rocynapcTBeHHblil yuuBepenuteT, ToMmck, Poccus
WMuctutyt npo6Jem TouHoi MexaHuku W ynpasjenuss UL «CapatoBckuit Hayunbli 1ieHTp Poccuiickoii
akazemuu Hayk», Caparos, Poccust

[IpencraBsenbl  ¢u3HUECKHe TPHHLMIbBI  METOJA  ONTHYECKOrO MPOCBET/IEHHs OHOJOMMYECKHX TKaHell, KOTopble
paccMaTpHBAIOTCS KaK IMCIIEPCHOHHbIE CPEJIb C CHJILHBIM MHOTOKPATHBIM PacCesTHUEM H TOTVIOLIEHHEM MOJIEKYJ BOJIbI, OEJIKOB,
remMorsiobuHa, GUIHpyOHHA, KapOTHHOWIOB, MeJIaHWHA, JIMIHIAOB M Jp. MeToa OCHOBaH Ha KPaTKOCPOYHOM M 0OpaTHMOM
TM0/IaBJIeHHH MHOTOKPATHOTO paccestHusl M MOTVIOLIEHUS TPH JIEHCTBUH ONMTHYECKHUX MMMEPCHOHHBIX areHToB. O6cymaercs
3 (EKTUBHOCTb STHX METOJIOB JYIsl HH-BHBO IMarHOCTHKH C HCTTOJIb30BAHHEM KOT€PEHTHO-OMTHYECKHX METOLOB MHKPOCKOIHH
¥ TOMOTrpaduy, TaKHX Kak onTHueckass KorepenTHast Tomorpacus (OKT), xoHdokambHasi MHKPOCKOMHSI, CTIEKJ-
MHTep(hepOoMeTpHsl, MHOTO(OTOHHASI MUKPOCKOITHS, MOJISIpU3alliOHHast BU3yaTU3aLiysl.

KstoueBssle cioBa: Bruonornueckue tkanu, Jucnepcnontsie cpeapl, Ontuiyeckoe npocsernenne, OKT, Crnekn-konTpacTHast 1
TNOJISIPU3ALIOHHAST BU3Ya/IH3aLHUSI.

1.9 CoBpemeHHbIE TeHIEHUUHU B Pa3BUTHH MYJIbTUMOAAJbLHON ONTHUECKOH KOrepeHTHO# ToMorpaduu

Baadumup Opvesuy 3aiiyes, 0. ¢.-m. H., 4r-kopp. PAH, 3asedyrowuii rabopamopueti
Wucruryt npuknanoit pusukn PAH, Huxuuit Hosropoa, Poccus

[1.10 UckyccTBeHHbII MHTENIEKT B 6MO(OTOHUKE: MOMCK MOJIEKYJISIPHBIX MAPKEPOB U KOJIMUECTBEHHAS
BU3yanu3auus

Eseenu Arexcandposuy upuwiur, 0.¢h.-m.1. 3asedyrouutl rabopamopueti aaszeprol buodhomonuxu
MIY umenu M. B. Jlomonocosa, MockBa, Poccusi

[1.11 Hassanue nokaana oOHOBJsIETCS

Hava Anekcandposuy Batnuwmeiin, 0. ¢.-m. 1., npogheccop, earasmbLii HAy4HbLi COMPYOHUK
Ypasbckuil heepasbhbiil yHuBepeutet, Ekatepunbypr, Pocens
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Cekuus 1
JudpakuvoHHbIe U TPaJIMEHTHbIE ONTHYECKUE 3JIEMEHTbI U CUCTEMBbI

YcerHble nokaaapl

1.1 yrlpaBJ'lﬂeMl)le JICKTPHUECKHUM I1OJEM Ill’l(l)paKlll/lOHHl)le ONTHYECKHE JIEMEHTbl HA OCHOBE
CerHeTo3JeKTpuiecKux Kpucrannos (/lpuerauierroiii)

Andpeii Puwamosuy Axmamxanos’, k. ¢p.-m. n, A. A. Ecun’, B. A. [lluxosa', M. A. Yysakxosa',

A. /I Ywaros', H. A. Kunenxo', JI. H. Heaesa?, M. C. He6oeamuxkos', B. C. [laseaves?®, B. 5. lllyp’

' Ypanbcekuit denepasbrbiii ynusepenret um. b. H. Esnbunna, Ekarepun6ypr, Poccust

2 Mneruryt o6uied dusuku um. A.M. I1poxoposa PAH, Mocksa, Poccust

3 CamapcKuil HallMOHAJIbHBI HCCIeIoBaTeIbCKUI yHUBepeuTeT uMenn akanemuka C.IT. Koposiea, Camapa,
Poccus

CerHetosJieKTpUuecKue KpUCTaJibl C HCKYCCTBEHHO CO3IAHHOH JIOMEHHOH CTPYKTYpOH MOryT, 3a CYeT pPa3HOro 3Haka
3/IEKTPOONITHYECKOTO KO3((PUIMEHTa B COCEIHHX CErHETO3JIEKTPUUECKHX JOMeHaX, MCIOoJb30BaThesl [JIsl  CO3NAHUS
YIIpaBJIsieMbIX JIEKTPUUECKUM MoJieM JUDpaKIMOHHBIX onTHueckux sjnementoB (J1O3). B noknane nmpuBopsitcsi ocHOBHbIE
NPUHIIUTIBI TIOCTPOEHHST TAKUX 3JIEMEHTOB, 0030p Pe3y/bTaToB, CleJaHHbIX B JaHHOH 06/1aCTH B MOCJEHEE BPEMsl, a TaKxKe
pe3yJibTaTbl, TOJydeHHble B Halled HayuyHoi rpynmne.  [IpomeMoHCTpHpOBaHa BO3MOXKHOCTL cosianus O mis
npeo6pa3oBaHus rayccoBa Mydka B My4ok ¢ npoctpancTBeHHON Moaoit TEMO1 u B mydok ¢ opOGUTAIbHBIM YIJIOBLIM MOMEHTOM.
O06cyKaloTesi OCHOBHbIE MapaMeTpbl nojydeHHbix JIO0D, B TOM unc/e ynpaBasiole HaMpsizkeHUsl U XapaKTepHble BpeMeHa
OTKJIUKA.
KutoueBble cioBa: Ontuka, JIndppakuyoHHble ONITHUECKHUE 2JIEMEHTbI, DNEKTPOONTHYECKUH sddekT, HuobaT nutus,

CerHeToaJ/ieKTpHYeCKHE IOMEHBI.

1.2 FTapmoHuyeckas nupakiIMOHHAs JIUH3A: ONTHYECKAas cua U xpomaTtusm (/lpuerauierrolii)

[pueoputi Heaesuu [peticyx’, 0. m. n., npogeccop, B. A. lanuros?®, O. A. 3axapos’
! TleH3eHCKHIT TOCYIaPCTBEHHBIH YHUBEPCHTET aDXHTEKTYPhI H CTPOUTE/LCTBA, [len3a, Poccusi
2 HayuHo-TeXHOJIOTHYECKHIl LIeHTP YHHKaJIbHOro npr6opoctpoenns PAH, Mocksa, Poccust

B HacrosiiieM nok/aze TpeAcTaBieH KpaTKHH aHAIM3 (OKYCHPYIOLIMX CBOHCTB rapMOHHYECKOH KHHO(OPMHOH JHH3BL. OH
M03BOJISIET CPOPMYNHPOBATH OCHOBHBIE OTJNYUS C TOUKH 3peHUs] (POKYCHPYIOIIMX CBOHCTB 3TOH JIMH3BI OT OIHOTIOPSIAKOBOK
KHHO(OPMHOH JIMH3HI.

KitioueBble c/oBa: rapMoHHYecKast KHHO(OPMHasT TMH3a, ONTHYECKAsT CHIIA, XPOMATH3M TIOJIOKEHHST

1.3 F'apmoHuYeckas nudpakiMOHHAs JIMH3A: MPOCTPAHCTBEHHOE pa3pellieHue U KoHTpacT (/Ipuerawernolil)

[pueopuii Heaesuu [pelicyx’, 0. m. u., npogeccop, B. A. lanuros?, E. I'. Eocos’
! TTeH3eHCKHIT rOCYIaPCTBEHHBIH YHUBEPCHTET aDXUTEKTYPhI H CTPOMTE/ILCTBA, [lensa, Poccusi
?HayuHo-TexXHOIOTHUeCKHI LIeHTp YHHKaJbHOro npuGopoctpoenust PAH, Mocksa, Poccust

B HacrosieM f0kIa1e NTPoaHalu3uPOBaHbI U COMOCTABJIEHbI CTPYKTYPbl H300payKeHNH, (hOPMUPYEMbIX TAPMOHHUYECKON
KUHO(MOPMHOH JIMH30H B MOJUXPOMATHUECKOM H3JIyUeHHH C PA3/JUUHBIM CIEKTPAJbHBIM COCTaBOM. B mpuO/IHKeHWH
reoMeTPUUYECKON ONMTHKH MPOJEMOHCTPUPOBAHA 3aBUCHMOCTb OT CMEKTPAJbHOIO COCTaBa MOJUXPOMATHUECKOTO H3JyUeHHs U
KOHCTPYKTHBHBIX MapaMeTpoB CaMOH JIMH3bl MPOCTPAHCTBEHHOrO pa3pelleHust JByX OECKOHEYHO Y/aJeHHbIX MPHOCEBbIX
TOYEUHBIX MCTOUHHKOB H KOHTPACTAa, C KOTOPBIM OHH pa3peLiaTcs.

KitoueBble ciioBa: rapMoHuueckasi KHHO(oOpMHas JIMH3a, CTPYKTYpa GOpMUPYEMOro H300paxKeHusl, IPOCTPAHCTBEHHOE
paspelleHHe U KOHTpacT
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1.4 Peanusauusi (M pakLIMOHHBIX HEHPOHHBIX ceTell B 3epKalbHbIX cuctemMax (/Ipuesauierrolii)

Crudarnos Pomarn Bacuavesuu, 0.¢p.-m.1., npogheccop, 10. B. Xanernko, A. E. Moposos, A. C. [Iponun,
M. Copokun, JI.JI. Hockorosuu, H. C. [Iporun, I'.B. ¥cnaenves, C.C. [loomuxosa, C.A. Pomuernkos
CamapcKHil HallMOHAJIbHBIH MCCIeIoBaTeIbCKUH yHIBepcuTeT uMeHH akaiemuka C. I1. Koponéra, Camapa,
Poccus

MetoaMH  BBIYMCIUTENBHOTO W HATypHOTO 3SKCIIEPUMEHTOB TIOATBEPKIE€HA BO3MOXKHOCTb KOMIIAKTHOH —peaJsin3alliu
JUPPaKIMOHHON HEHPOHHOI ceTH B 4F cucTeMax Ha OCHOBE 3epKaJjl K HECKOJIbKUX OTPaXKEHHH BHYTPH CHCTeMbl. PacecMoTpeHa
cxema OddHepa u cxeMa ¢ KoJbIeBO# anepTypoit U M pakIOHHON TUH30#. [ToKa3aHo, 4To HCTOJIb3yeMble ONTHUECKHE CXEMBbI
MO3BOJISIIOT CJIe/IaTh Peau3aluio IMPPaKIUMOHHON HEHPOHHON CETH MPEIeIbHO KOMMAKTHOM.

KitoueBble ciioBa: 4F cxema, nudpakiinoHHasi HeHpPOHHAS CeTh, ONTHUECKHE BbluncaeHus, cxema OddHepa.

1.5 JIu3aiiH KorepeHTHOM ONTHYECKOMN CUCTEMBI 111 MATPHUUHOI0 YMHOXKEHHUS

Leopeuti Arexcandposuy Moms'-?, JI. JI. [lockorosuu' 2, /1. B. Cownukog'?

"Huemumym cucmem o6pabomru usodpascenutl, HUL « Kypuamosckuii uncmumyms, Camapa,

Poccus

2 CamapeKkuil HAUUOHANbHOLIL UCCALO0BAMEAbCKULL YHUBCPCUMEM UMEHI AKAOCMUKA

C.I1. Kopoaésa, Camapa, Poccus
[TpennioxeH au3aitH ONTHIECKON CHCTEMBI, TpeiHa3HAYEHHON [/1s ONTHUECKOrO BBINOJHEHHUS OMepalii YMHOXKEHHST MaTpPHLL.
Cucrema paboTaeT ¢ KOTEPEHTHBIM H3JlydeHHEM, PaCHpOCTPAHSIOUIMMCS B CBOOOIHOM MPOCTPAHCTBE, M BKJIOYAET Psil
JAU(paKUHOHHBIX onTHdyecKuXx sjmeMenToB (JOD). 3a cur oObeArHeHHs] HeCKOIBKUX ONTHUECKHX (DyHKUMH B oxHom 1O
yIaJioch NIOCTHYL GoJiee MPOCTOH KOH(UIypalMi ONTHYECKOH CHCTEMBbI MO CPaBHEHHIO C aHAJOraMH, OCHOBAHHBIMH Ha
HCTIOJIb30BAHUH « OOBbIYHBIX>» (He TU(PAKIIHOHHBIX ) ONTHUECKUX 3/71€MeHTOB. [1/1s1 MojieTMpoBaHHust paGOThbl OMTHYECKON CHCTEMBI
B paMKax CKaJsIpHOH TeopHH AH(paKiuH pa3paboTaHa KOMIbIOTEPHAsT MporpaMma (CUMYJSTOP ONTHUYECKOTO YMHOXKEHHSI ),
OCHOBaHHasi Ha 3(PQEeKTUBHOM MeTojle BblUMC/eHUst NUppaKkiMOoHHbIX HHTerpasoB @penedsi-Kupxroda. C ucnosb3oBanuem
pa3paBGOTAHHOTO CUMYJISITOpPA HCCJENOBaHbl pabouue XapakTePUCTHKH MPEUIoKeHHON cheteMbl. [1poBeeHHoe uHcieHHOe
HCCJIe/IOBaHHE BKIIOUAET AaHAU3 BJIHSTHUS TEXHOJOMHUECKUX rorpelHocTeit uaroropserusi JJOD Ha paGoune XxapakKTepHCTHKH
cucreMbl. Ha ocHOBe laHHOrO aHa 13 NPeUIozKeH METOL, MO3BOJISIONIHA MUHHMU3HPOBATD BJIMSHHE TEXHOJIOTHUECKHX OLIHGOK
uarorosieHnsi J1OD Ha KauecTBO BHIMOJHEHHS ON€PALMH ONTHYECKOTO YMHOKEHHSI.

KatoueBbie cioBa: Onrtuueckne BbluucaeHusi, OnTudeckoe MaTpudyHoe yMHO:KeHWe, CkassipHasi Teopusi AHDPaKIMH,
JrhpakMOHHBIN ONMTHIECKUH SJIEMEHT.

1.6 llepenaua uHpopMalMu B ONTHYECKOM TEPMHHAJIE HA OCHOBE TU(PPAKLIMOHHOTO aKCHKOHA H
JU(PPAKUMOHHOMN KOJbLEBOM JIMH3bI

FOpuii Baadumuposuu Xanenko, P. B. Ckudanos, C. C. [loomuxosa, C.A. Pomuenxos
CamapcKHil HallMOHAJIbHBIH MCCIIeIOBaTe IbCKUI yHUBepcUuTeT UM. akajemuka C. I1. Koposnépa, Camapa,
Poccus

[IpencraBienbl pesysbTaThl SKCIEPUMEHTa MO Nepeaaye MHQOPMALUH Ha JYIHHE BOJIHBL 1550 HM B ONTHYECKOM TepPMHHAJE Ha
OCHOBE JIBYX AH(DPaKIMOHHBIX ONTHYECKHX 3JIeMEHTOB: GMHAPHOTO aKCHKOHA M KOJIbLIEBOH JIMH3BI. JJaHHas cXxemMa ONMTHYeCKOro
TepMHUHA/A NO3BOJISIET PELLNTD JIBE 3a/Iaun: CHUXKEHHE PACXOAMMOCTH JazepHoro nyuka na 20-30% u ymeHblieHHe rabapuToB
OMTHYECKOTO TePMHHAJA 10 Pa3MePOB IOCTATOUHBIX /15T HCITOJIb30BAHNS Ha CITyTHHKAX (hopmara Kybcar.

Kutouessle cioBa: Kosmumarwst, J1asepHslit myuok, MexKcnyTHHKOBASI CBsi3b, JH(paKkiHOHHbIE ONTHUECKHE SJEMEHTBI.
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1.7 CocTaBHOIi MHOTrOANepTYPHbIH KOJJIMMATOP C MPOCTPAHCTBEHHO-YIJIOBbIM MYJbTUIIJIEKCHPOBAHUEM NOJENH
BUPTYaJbHOr0 U300paXKEeHHUS J1S CUCTEM JIONOJHEHHOI PeaJbHOCTH B HOCUMOU 3JIEKTPOHUKE

Bauecaas Cepeeesuy bpyros, /1. I1. Yepmun, M. M. Yyeyrnosa, A. B. Apcenun, B. C. Boakos
Emerging Technology Research Center, XPANCEO, Dubai, UAE

PaccmarpuBaercst ¢yHaameHtanpHasi mpo6sema (hOPMHPOBAHHST BBICOKOKAYECTBEHHOTO BHPTYaJbHOTO H300PAKEHHST B
yJbTPaKoMNakTHbIX AR-crcTeMax Ha MpHUMepe YMHBIX KOHTAKTHBIX JHH3. JKecTkne mMaccoraGapuTHble OTrpaHHUeHHs M3-3a
PrOHOMMKH I10BCEJHEBHOIO HOLLEHHS 3aJaloT IKCTpeMaJslbHble PAaMKH Ul FeTePOreHHOH MHTErpaluM ONTO3JEKTPOHHBIX
KOMIIOHEHTOB, OFPAaHHYMBAsl JOCTHXKUMOE pa3dpelleHde U I10Jle 3peHUsl BUPTyasbHOro auciiles. Jlis npeonosieHust JaHHbIX
6apbepoB MpejIoKeHa apXMTEKTypa COCTABHOIO KOJLIMMATOPA - MAaCCHBA MUKPOONTHYECKHX 3/1€MEHTOB (IPaJMeHTHbIX JIMH3),
OCH KOTOPbIX OpPHEHTHPOBAHbl MO 3aJaHHBIMH YrJIaMH Jpyr K Jpyry. DTo o6ecleyuBaeT I[POCTPAHCTBEHHO-YIJI0BOE
MyJIbTHIIEKCHPOBAHHE: He3aBHCHMYIO YIVIOBYIO CUIMBKY (TaiJIHHT) H/WJM ONTHYECKOe HAJOoXKeHHe (CyNeprosuimio) noJed
BUPTyaJIbHbIX HM300paxkeHuil. OnTHueckoe MOJAEJMPOBAHHE M SKCIIEPUMEHTbl [0Kasa/d, 4TO MYJbTHILJIEKCHPOBAHHE
obecreurBaeT KpaTtHoe pacuiipenre FOV, yBesnueHHe sipKOCTH M HH(OPMALMOHHOM €MKOCTH JAMCIIes, a CyNepro3nLus
He3aBHCHMBIX MOHOXPOMATHUYECKHX KaHAJOB TO3BOJSIET C(HOPMHUPOBATH MOJHOLBETHOE H300pa)KeHHe C MHHHMH3alHeH
XpomaTHyeckux adeppauuii. PagpaGoTaHHbIH MOAX0J OTKPbIBAET HOBbIE MEPCIEKTHBL! VIl IKCTPeMalbHOH MUHHATIOPH3ALIMH
HOCHMOH 3JIEKTPOHHKH.
KitoueBble ciioBa: ymMHasi KOHTaKTHas JIMH3a, HOCHMAsl JIeKTPOHHKA, J0NOJIHEHHAs! PealbHOCTb, MUKPOKOJIMMATOP,

rpajueHTHast ONTHKA, rpaauenTtHas mun3a, GRIN, yrioBoe nose 3penust, mpocTpaHCTBEHHO-YIIOBOE MyJIbTHIJIEKCHPOBAHHUE.

1.8 O6paboTKa peasibHbIX CMIEKTPOB, NOJYUYEeHHbIX Ha AU PAKIIMOHHBIX CMIEKTPOAHAIM3aTOPaX, C y4ETOM
pacuéTHbIX annapaTHbIX (PYHKLIMH.

H.K. [lasaviuesa 0.m.u., npodh., Apmém Arexcarndposuy [lenios
Kasanckuit Haunonanbubiit Mecnenobarenbeknit Texundecknit Yuupepeuretr uM. A.H. Tynosiea — KAU,
Kasanb, Poccus

B nokname paccmarpuBaeTcsi 3ajaya  MOBLILIEHHS] TOYHOCTH — CHEKTpaJbHBIX HM3MEpeHHH Ha  JU(PaKIHOHHBIX
CMEKTPOaHANM3aTOpax 3a CUET ydyeTa pacueTHOH anmapatHoll ¢yHKUMH npubopa. [IpeactaBieH ajiroput™, OCHOBAHHbBIH Ha
KOMIJIEKCHOM TOJIX0Je K 06paboTKe CMEKTPOB, MO3BOJSIOUINA CKOPPEKTHPOBAThL CIEKTP H3JyUeHHUs], MCTOMb3Ys JIaHHbIE
pacueTa annapaTHOH (PyHKIIMH, pACCUUTAHHOK HA OCHOBE F€OMETPUUECKHX M OTNITHUECKHX NAapaMETPOB CXeMbl AM(PPAKIHOHHOTO
criekTpoaHanuzaTtopa. [lpuBousrcs pesysbTaThl 06paGOTKM  peasibHbIX  CIIEKTPOB, JAEMOHCTPUPYIOLIME TMOBbILLIEHHE
JIOCTOBEPHOCTH HM3MepsieMbIX MapaMeTpoB JIMHHUE MO CPABHEHWIO C MPSMOH perucTpalyel M, Kak CJIeICTBHE MOBBIILIEHHE
TOYHOCTH, [PH POBE/IeHIEe KaYeCTBEHHO-KOJIMUECTBEHHOTO CIIEKTPAILHOrO aHAJIN3a.
KitoueBble ciioBa: JlndpakiuonHasi peliietka, AnnapatHasi hyHKius criekrporpada, Criektp, CrieKTpoHaHAJIH3aTOoP.

1.9 Pa3anuuns akcnepumMeHTaIbHOM U TEOPETUUECKOI OLIEHKHU cTeNneHH 06beMHOCTH pelneTok bparra B TP
cTeKJe

Hasea Koncmanmunosuu Posanos” ?, M. B. laspuw'”?, ¥. B. [Ipoxoposa’, I1. 10. Cepdobunuyes?,
H. B. Hukonopos®, A. I1. [loeoda'

'BITY «BOEHMEX» um. J1.®. Ycrunosa, Cankr-Ilerepoypr, Poccusi

2 Yuusepcurer UTMO, Cankr-ITerep6ypr, Poccust

3 Cankr-IletepOyprekuii rocynrapersennbiii ynusepeuter, Cankr-ITerep6ypr, Poccust

B pabGore npoBeaéH aHalu3 pasjiMuMil MeXIy TEOPEeTHUECKMMH M 3KCIepUMEHTalbHbIMM METOJAMHM OLEHKH CTeNeHH
06bEMHOCTH pelIéTok bpsrra, 3amucaHHBIX B (POTO-TepPMO-pehpaKTHBHOM CTeK/ae. PaccMoTpeHa NMPHUMEHMMOCTb TEOPHH
CBSI3aHHBIX BOJH W mapametpa Kusiina—Kyka st ommcanust AMQPaKIMOHHBIX MPOLECCOB B TOJNCTBIX TOJOrpadHuecKux
pewérkax. BbinojiHeHbl sKclepUMeHTa/lbHble U3MePEeHUsl YIJIOBOH M CHEeKTPaJbHOH CEeJIeKTHUBHOCTH PELUETOK € Pa3/u4HON
MPOCTPAHCTBEHHON YAaCTOTON U TOMLMHONA. CpaBHEHHE PACUETHBIX U SKCIIEPUMEHTAJbHBIX MAPAMETPOB BBISIBUJIO OTKJIOHEHHSI,
00yCJ/I0BJICHHble HEOJHOPOAHOCTbIO 3allUCH, paclpejiesleHHeM MOMIYJSILMU [10Ka3aTeJsi [IPe/IOMJICHHSI U TeXHOJIOIHYeCKUMH
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ocobenHoctsiMu 06paboTku @TP creksa. [TosyueHHble pe3ysibTaThl 03BOJAIOT YTOUHUTH KPUTEPHH OLIEHKH 00BEMHbIX CBOHCTB
pewéTok bparra, mpUMeHseMbIX B JIa3€PHbBIX U CMIEKTPAJIbHO-CEJEKTUBHBIX ONTHYECKUX CHCTEMAX.

KaroueBbie cnoBa: peiiétka bparra; goTo-TepMo-pedpakTuBHOE CTEK0; 06 BEMHAS FOJI0rpaMMa; TEOPHS CBA3aHHbBIX
BoJiH; napametp Knsitna—Kyka; nudpakipontas 3ppekTHBHOCTD; roiorpapuuecKkas 3amnuch.

CreHpoBbIe TOKJaabl

C.1.1 MMonapuzaunoHHo-ynpasJsieMasi la3epHasi 3aucb MUKpopebedoB A5t 1M paKIIMOHHbIX ONTHYECKUX
3J1eMEHTOB

Haposa [Inumpuesra Yuarnosa
Yuusepcuter UTMO, Caukr-Iletep6ypr, Poccus
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Cekuus 2
OnTHKa J1a3epHbIX MYyYKOB U CTPYKTYPUPOBAHHOTO CBETa

YcerHble nokaaapl

2.1 ®opmMupoBaHHUE CTPYKTYPUPOBAHHBIX CBETOBBIX MOJE C MOMOILbIO CEKTOPHON CMpadbHON (ha3oBo#
NJIACTUHBI HA OCHOBE YKUAKOKPUCTANJINYECKOro cerHeToanekTpuka (/lpuesauiernolil)

Csemaana [lasaosna Komosa', k. ¢.-m. 1., C.A.Canaeun', E.I1. [loxcudaes?

' Camapckuii usran ®usuueckoro uncruryra um. [1.H. JleGeneBa Poccniickoii akagemun nayk, Camapa,
Poccus

2 dusnyeckuit uuetutyt uM. [1.H. Jle6enea Poccuiickoii akagemun Hayk, Mocksa, Poccust

Cosnan sKcnepuMeHTabHbIH 06pa3el] CEKTOPHOH CrHpasibHOH (a3oBoll MIaCTHHBI Ha OCHOBE 3(hdeKTa AehopMaliii ClHpPaIH
TeJIMKOM/IA 2KHAKOKPHCTA/IMYECKOTO CErHETOJIEKTPHKA MO/l BO3ACHCTBHEM 3JIEKTPHUUYECKOro noJist. Yacrora pekoHburypanuu
npesbimaer 1| kI IlpencraBnensl pesysmbTaThl (DOPMHPOBAHHSI BHXPEBHIX KOJbLEOOPA3HBIX CBETOBBIX MOJEH ¢
TOTOJIOTHYECKHM 3apsiioM oT 1 710 4. [IpofeMoHCTpHpoBaHa BO3MOXKHOCTb (POPMHPOBAHHS LIUIAHHAPHYECKHX BEKTOPHBIX MyYKOB
C pajManbHON, a3UMYTaJIbHON MONSPU3aLIHel 1 HECKOJIbKUX BbICILIMX MOJISIPU3ALOHHBIX MO/,

KatoueBble ciioBa: BuxpeBoe cBeToBoe Mojie, BekTopHoe cBeToBOE Mosie, CerHeToaJeKTpHIECKUH KIAKUE KPHCTAT

2.2 Tpe6oBaHUs K ObICTPOJEHUCTBUIO UBMEPHUTEJbHBIX U KOPPEKTUPYIOILUX (Da30BbIX CUCTEM NMpPHU paboTe B
TypOy/aeHTHO# atmMocdepe (/Ipuerawierrolll)

Jlykun Baadumup [lemposuu, 0. .-m. H.
WuctutyT ontuku armocdepst um. B.E. 3yesa CO PAH, Tomck, Poccust

BhinosiHeHbl aHAJIWTHUECKHE PACUeThl JUHAMUUECKUX XaPAKTEPUCTHUK U3MEPHUTEJ/IbHBIX U aaNITUBHBIX CHCTEM B TypOYJIEHTHOH
atmocdepe. [IpoBeneH aHann3 ocoOeHHOCTEH MOBEACHHS AMHAMHUECKHX XapaKTEPUCTHUK CUCTEM aJanTHBHON ONTHKU MPH
paboTe B YCJOBHSIX MPOSIBJECHHUS HEKOJIMOTOPOBCKOH TypOyJeHTHOCTH. Bblio nokazano, 4to duiyKTyalluu napameTpoB
ONTHYECKHX BOJIH JUISl PA3/IMUHBIX MOJIeJIed HEKOJIMOrOPOBCKOH TypOyJIeHTHOCTH Oy/LyT 110 Pa3HOMY 3aBHCETb OT BHYTPEHHETO H
BHelHero MaclitaboB TypOysieHTHOCTH. [loJiyueHHble B paboTe pe3y/bTaThl MO3BOJSIOT MEePECYUTHIBATL MapaMeTpbl
OTNTHYECKHX BOJIH TP PACTPOCTPaHEHUH B TYpOYJIEHTHOH CpeJie C OIHUM 3aKOHOM TOBEIeHUs CNeKTpa TypOYJEeHTHOCTH JIJist

Cpell ¢ APYTMM 3aKOHOM /15 CIIEKTpa.
KitoueBble cioBa: armocepHasi TypOyJA€HTHOCTb, MOJIE/IH CIIEKTPa TypOYJJI€HTHOCTH, HEKOJIMOTOPOBCKAs
TypOyJIEHTHOCTb, TMHAMHYECKHE XapaKTePUCTHKH

2.3 KoppekTHOCTb MMHUTaLIMKH aTMOCHEPHBbIX MCKaXKEHUI PH MPOBEAEHUH J1a0OPATOPHBIX IKCTIEPUMEHTOB
(IIpuerawennolil)

Jlyxur Baadumup [lemposuu, 0. @.-m. ., A.B. Topeaes
Wucrtutyt ontuku armoccepsl CO PAH, Tomck, Poccust

O6c¢yzknaioTest mpo6/ieMbl TPUMeHeHHe HEKOTOPBIX METOIMK M BCTIOMOTATEJIBHBIX CHCTEM J/IsI HMHTALIMH HCKayKEeHHH BOJTHOBOTO
(hpoHTa B ONTHUYECKHX BOJHAX MPU MPOBEIEHUH JIaBOPATOPHBIX HUCMBITAHUH CHCTEM aTMOC(EpPHOH W aJaNTHBHOH OMTHUKH.
Hcenenyerest KOppEKTHOCTb UCTIO/L30BAHUS TAPMOHHUYECKOTO CUIHAJA /1S MOJIGJIMPOBAHHUS pabOThl H3MEPUTENLHBIX (Da30BbIX
CHUCTEM, U3MEPSIOLINX U KOPPEKTUPYIOLIMX TypOyJeHTHble MCKaxKeHus. [I1s aHa/mmM3a NPUMEHSAINCh TEOPETHUECKHE PACUEThI
BpPEeMEHHOH 3BOJIIOLMH (DA30BBIX UCKAXKEHHUH JIJISl ONTHUECKON BOJIHBI [IPH €€ pacrnpocTpaHeHuu B TypOyJieHTHOH atMocdepe.
Takke BbIMONHEHBI HUCCJEI0BAHUS 0 OUEHKE KOPPEKTHOCTH 3aMeHbl €CTeCTBEHHOH aTMoctepHOH TypOyJEeHTHOCTH Ha
cilydailHble (UIyKTyalUdu B BO3JyXe 3a TEIJIOBEHTHJSITOPOM. B 3KcrepuMeHTax HCroJb30BajUCh YJbTPa3ByKOBasl CTaHLMS
AMK-03, pazpabotaHHast 1Jisi ©3MePEHHI MeTeOPONOTHIECKUX TI0JIeH, ¥ PA3/IHYHbIE TETJIOBEHTHIISITOPHI.
KitioueBble cioBa: arMocdepHasi TypOyJIeHTHOCTb, HEKOJIMOTOPOBCKasi TYpOYJIeHTHOCTb, H3MepeHHUsI
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2.4 MHoTOKaHaJbHbII rojorpaduueckuil 1aTYMK BoJHOBOTO hpoHTa (/Ipucrawierrolll)

Baadumup IOpeesuy Benedukmos, 0. ¢.-m. 1., A. B. l'opearas, /1. B. Maceieun, E. B. [llarvimos

2.5 Bkaaj nosipuzalivy B MCKaXKeHHe ONTHUUECKOTO BUXPS NPH (POKYCHPOBKE

Cepeeti Cepeeesuy Cmagees'?, 0. gh.-m. 1

" Mucruryt cucrem 06pabotku uzobpaxennid, HULL «Kypuarosckuii uncruryt», Camapa, Poccust
2 CamapcKuii HALMOHAJBHBIH HCCJIEI0BATEIbCKUI yHIBepeHTeT MMenH akaiemuka C.I1. Koposiésa,
Camapa, Poccusi

B nanHo# pa6ote ¢ nomoliibio popmanusma Pudapaca-Bosbda 6bli1a paccMoTpena octpasi pOKYCHpPOBKA ONTHYECKUX BUXPeH ¢
Kpyroso#i nosisipuzauuei. bono nokasano, 4ro npu ¢oKycHpoOBKe ONTHYECKHX BHUXpEH, B KOTOPBIX HalpaBJjeHHe BpalleHHs
TOJISIPU3ALIMH U a3kl pa3iniHo, HabJ/I01aeTCsl paciieneHne HCXOAHOTo POKYyCHPYEMOro BUXPSl Ha TP ONTHUECKUX BUXPST —
OJIMH BHUXPb pAacojiaraeTcsi Ha ONMTHYECKOH OCH, ellle ABa cMelleHbl oT Hee. C POCTOM TOMOJOTHYECKOTO 3apsiia BUXPS
YBEIMUUBAETCS PACCTOSIHHE OT LIEHTPOB paclleNIeHHbIX BUXPEH 10 onTHuecKoH ocH. Eciy HampaB/eHnst BpalieHnst ¢assl u
TOJISIPU3ALIMH B ONITHYECKOM BHXPE COBMAZAIOT, TO PaCIIeNIeH st BUXps He HabJIoaaeTcsl.

KitoueBble ¢/10Ba: ONTHUECKUI BUXPb, CHHTYJISIPHOCTD (asbl, 0cTpast POKyCHPOBKa

2.6 BOSGy}KIIeHl/le U UccjaeqoBaHue MyJbTUNIJIEKCHBIX TeparepuoBbiX BUXPEBbIX MOBEPXHOCTHbIX MNJa3MOH -
MNoJISPUTOHOB

Hamanes /Inumpuesna Ocunuesa’, k. ¢p.-m. 1., B. B. l'epacumos’?
"Uncruryr simeproit dusuku um. I'. V. Bynkepa CO PAH, Hosocn6upck, Poccust
2 HoBocuGUpCKHIt rocyaapeTBeHHbli yHusepeutet, HoBock6upek, Poccusi

B nanHoi#t paGoTe BriepBble peasiu30BaHO (hOPMHUPOBAHHE MYJIbTHIIJIEKCHBIX BUXPEBbIX TOBEPXHOCTHBIX MJ1a3MOH - MIOJIIPUTOHOB
B TepareplioBoM JHanasoHe. DKCIEPUMEHT MPOBOIUJICA Ha METaNJIHUECKOM LMJHHIPE, HA TOPELL KOTOPOro (poKycHpoBaJscs
MYyYOK, TIPEICTABJSAIOLINE COOOH CyNeprno3nIINIO ABYX GeCCeeBbIX MYUKOB ¢ PA3JIMUHBIMU TOMOJOTHUECKHMH 3apsinaMu. AHa/u3
MOJyYe€HHBIX JJAHHBIX TTO3BOJIUJ BbISIBUTh 3aBUCUMOCThb HarpaBJ/ieHHUsl BpallleHHs MJIa3MOH-OJSIPUTOHA OT TOMOJOTHYECKOro
3apsiia OCBEIAIOIEro Myvka, YTO CBUAETEJBCTBYET O Mepejade opOUTaNbHOrO yryioBoro MomeHnta. [losyueHHble pe3ysibTaThl
MOTYT JieUb B OCHOBY pa3paboTKK TepareplOBbIX YCTPOUCTB s Nepeiaul U 06paboTKu HH(OPMAIIHH, a TAK:Ke HOBBIX THITOB
ceHcopoB. [IpemsioxkeHHbI Moaxox o6JagaeT MOTeHUUANOM MAcCLITAOUPOBAHUS U MOXKET ObITb MPUMEHHM HEe TOJbKO B
TepareploBOM, HO U B JIPYTHX YACTOTHBIX MANa30HAX, YTO pacCIUpsieT 06JIaCTh €ro MPaKTUUeCKOro MPUMeEHEHHUSs.
KuoueBble cyioBa: ontuueckue BUXpH, ydkn ¢ OYM, nudpakiiioHHbIe ONTHUECKHE 3/1EMEHTbI, TOBEPXHOCTHbIE

TNJ1a3MOH - TTOJISIPUTOHBI, TEPareplOBOe U3JyueHHe.

2.7 BuxpeBble ONTOTEPMHUECKHE JIOBYILIKH

Anexcandpa Muxatirosrna Maiioposa, C. I1. Komosa, H.H. Jlocesckuii, /l. B. [Ipokonosa, C.A.
Camaeun, B.K. ¥Ypronuna

Camapckuii pusnnan @usnyeckoro uncruryra uM. [1.H. Jlebenesa Poccuiickoit akanemun Hayk, Camapa,
Poccusi

BuxpeBble onToTepMuuecKHe JOBYIIKH (POPMUPYIOTCS 32 CUET OCTPOH (DOKYCHPOBKH CTPYKTYPHPOBAHHOTO CBETOBOTO T10JIsT HA
TOIVIOLAIOLLYIO [I0BEPXHOCTb. B pedysibTaTe BO3HHKAET IPafiMeHT TeMIIEPaTypbl H KOHBEKLIMOHHbIE IOTOKH, 06ecreyrBaloLiie
nepeHoc OGBEKTOB MMKPOHHBIX W CYOMHKPOHHBIX pasMepoB B 00JacTb JeHcTBHs JIOBYUIKH. [IpuBoasiTcst pesysibTaThl
9KCIIEPUMEHTOB 110 BJIUSIHMIO KOHBEKLMOHHOH M ONTHYECKOH COCTABJSIIOLINX HA JBHXKEHHE MHUKpPOC(ep B ONTOTEPMHUUECKOH
JoBylKe. JleMOHCTpUpYyeTCs BO3MOXKHOCTb YIIPABJIEHUSI CKOPOCTBIO TlepeMellleHHsl MUKpOocdep Mo CBETOBOMY KOHTYPY 3a cyeT
M3MeHeHUsl TapaMeTPOB JIOBYLIKH. JKCIIEPUMEHTbI TTOATBEPAKIAIOTCS Pe3ysbTaTaMH UUCJIEHHOTO MOJEJIHPOBAHHUS.
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KutoueBble cioBa: ONTOTEPMUYECKHE JIOBYLLIKH, BUXPEBbIC CBETOBLIE T10JI51, ONITOTEPMHUYECKOE MaHUITyJIMPpOBaHHE

2.8 Nenepauus yrioBoro opouTaibLHOro MOMEHTa NMPU BO30YKIE€HUU UCKYCCTBEHHBIX ONTUYECKUX PeLIeTOK
HECTPYKTYPUPOBAHHBIM CBETOM

Cepeeti Bacuavesuy Konaxun'
! Poccuiickuit Ksanrtossbiii Llentp, ML CkosikoBo, Mocksa, Poccusi

[TokazaHo, 4TO OIMHOUHBIN CPOKYCHPOBAHHBIN rayCcCOB MydOK, BO3OYKIAIOLIMH reKCaroHajbHylo rpadeHoByto HOTOHHbIE
pelETKH, MPUBOAUT K PEHEpPALMH B HMIYJbCHOM MPOCTPAHCTBE MHOMKECTBEHHBIX Map BHUXPb-aHTHBHXPb. Popmupyembie
CTPYKTYpPbI OMpEIEJSIOTCS He KPUBH3HOH Deppu WM Torosiorkel, a CHMMETPHER 3BOJIOLIMOHHPYIOLIETO BOJHOBOrO MaKeTa
(nanpumep, C3v, C6v mmu C2v). [1pennokeH NpoCToil METO/L HCMOJIb30BAHUST HECTPYKTYPHPOBAHHOTO CBETA JUIst TeHepalllu
PEryJISIPHBIX BUXPEBBIX PELIETOK, MTEPCIEKTUBHBIE /15T TPUJIOKEHHH B 06/1aCTH yIIpaBJIeHHsT OPOUTAIbHBIM YTJIOBHIM MOMEHTOM
[Adv. Photonics 5, 066007 (2023)].

KutoueBble cj10Ba: opOUTa/IbHBIN YIJIOBOI MOMEHT, HCKYCCTBEHHAs! ONTHYeCKasl pelléTKa, aTOMHbIH nap.

2.9 MHOrONpPOXOAHbIN KOJbLIEBOH MOJSIPU3aLMOHHBINA HHTEepdepoMeTp B 3aJauax UccleJ0BaHHUs
pacnpocTpaHeHHUs ONTHYECKUX BUXpei B aTMochepHbIX KaHanax

Hanuun JInumpuesuq Pewemuuxos', T. K. Kopoas', E. B. Marromuna', B. M. [lempos’
! Cankr-IlerepGyprekuii rocynapersennbii yuupepeurer, Cankr-Ilerep6ypr, Poccust

B paGore ofcyxuaercsi cxemMa MHOTONPOXOAHOTO KOJIbLEBOrO MOJISIPH3ALHOHHOrO HHTepdepOMeTpa, T03BOJISIIOLIAS
MOJIEJIMPOBATH BO3JEHCTBHE JIByMEPHBIX (Pa30BbIX IIYyMOB Ha BHXpeBble Mydkd. KioueBasi 0COGEHHOCTb CXEMbl —
HCIIOJIb30BAHKE EUHCTBEHHOrO MPOCTPAHCTBEHHOTO MOJIYJISITOpPa CBETA J1/Ist MHOTOKPATHOK MOIYJISILHKE BOJHOBOTO (PPOHTA 3a
HECKOJIbKO 006X00B HHTepdepoMeTpa. DyayT MpPOIEMOHCTPHPOBAHBI IKCIEPUMEHTANbHBIE PE3yJbTaThl TeHepaldd H
UHTEeP(hEPEHIUOHHOTO e TEKTUPOBAHHUST BUXPEH C OPOUTAILHBIM YTJIOBLIM MOMEHTOM [ = 1 11 [ = 2 B yCJIOBHSIX KOHTPOJIUPYEMOTO
thasoBoro iyma.

Kurouesnie cioBa: Ontuueckue Buxpu, KosbiieBoit untepepomerp, Onruieckue aTMocepHbie KaHaJbl CBSI3H.

2.10 ®opmupoBaHUe ONTHYECKOTO BUXPSI B HEMOHOXPOMATHUECKOM U3Jy4€HUU C MOMOILbIO
noJsipu3alMOHHOTO HHTep(dhepomeTpa»

Anacmacus Arexcandposra Powcas, B. 0. Beneduxmos, M. E. [laseauna, /1. /1. Pewiemnuros,
A. A. Cespioeun

CreHoBbIe 10KJaabl

C.2.1 KauectBo hopMHpOBaHUS CNUPaJbHBIX MyYKOB CBeTa B (DOPME 3aMKHYTbIX KPUBBIX

. H. Kawanosa', Ceemaana [lasrosna Komosa®, /1. B. [Ipokonosa’

! Camapckuii HAlIMOHAJTBLHBIA HCCJIEI0BATENbCKII yHIBepeuTeT uMenn akagemuka C.IT. Koposiesa, Camapa,
Poccus

2 Camapckuii usman PejiepasbHOTO roCyIapCTBEHHOr0 GIOPKETHOTO yupexkieHust Hayku OUauueckoro
uncruryta um. [1.H. Jle6eneBa Poccuiickoit akanemuu Hayk, Camapa, Poccusi

[IpencraBsienbl pesynbTaThl HccaeoBaHHs 3((EKTHBHOCTH H KauyecTBA CMHPaJbHBIX MyYyKOB CBeTa, C(HOPMHPOBAHHBIX
rojjorpauyecKuM METOAOM TpPH TOMOILM TPOCTPAHCTBEHHOTO MOJyJsiTOpa cBeTa. MayueHo BJnsiHHE (OpPMBI LITPHXA
JU(PAKLHOHHON pELIETKH ToJorpaMM Ha KaueCTBO BOCCTAHOBJIEHHSI CIHpa/ibHBIX MYy4KOB cBeTa. [IpoBeaeHa olieHka
IHepreTHyecKor 3tdexTHBHOCTH NyukoB. OmnpejiesieHbl TakMe KPUTEPHH KauecTBa, KaK CpeJHeKBajpaTHyecKast OLIMOKa,
NHUKOBOE OTHOLLIEHHE CHrHAJ/IIYM, KOS(PQUUHEHT CTPYKTYPHOrO Moj006Hs. YCTAHOBJIEHO, YTO MMyYKH, BOCCTAHOBJIEHHbIE C
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MIOMOLL[bIO F0JIOTPAMM C MHI00OPA3HBIM LITPHUXOM PELIEeTKH, XapaKTepU3yroTest 6osiee OHOPOAHON CTPYKTYpOH, GoJiee BEICOKOH
IHEpreTHYecKol 3(PheKTHBHOCTBIO (B 2 pasa Bbllle), UeM roJorpaMMbl ¢ CHHYCOHJAJbHBIM LUTPUXOM pelleTKH. 3HaueHus
MaTeMaTHUECKUX KPHUTEPHEB KAueCTBa JUIsi FOJOTPAMM C MUJI006pasHbiM wtpuxoM petietku Ha 10—30% Jyuiie, yem st
CHHYCOH/IAJIbHBbIX.

KatoueBble ciioBa: CrinpanbHble Myuku cBeTa, ['osorpaduueckuit meton, IIpocTpaHcTBeHHbIH MOy ISITOp CBeETa,
CunycounjiasibHbli pouIib WTpuxa petietku, [Tunoo6pasublii npoduIb HLITPUXA PELIETKH.

C.2.2 Pacuér HemapakcHaJbHbIX MONMPABOK K YIJIOBOMY MOMEHTY BEKTOPHbIX BUXPEBbBIX MoJI€l
Examepuna Baadumuposra Marromuna', B. A. Jleornos', /1. JI. Pewiemnurog', E. A. Bawykesuu',

T. IO. l'oay6esa’
! Cankr-IlerepGyprekuii rocyaaperBennbiil yuuepeurer, Cankr-nerep6ypr, Poccust

B pa6ote BbINOJIHEH SIBHBIH pacueT HelapakcHa bHbIX MONPABOK K OPOUTANbHOMY YIJIOBOMY MOMEHTY BEKTOPHbIX ONTHYECKHX
BUXpEll C MCMoJIb30BaHUEM MeTofia cymMMupoBanus no bopesio. Ilpumenenne dopmanuama Kagru6poBOUHO-HHBAPHAHTHOTO
BEKTOPHOTI'O MOTEHLMAJa [T03BOJHIIO aHATUTHYCCKH BbIICIUTD [IBa HE3aBUCHMBIX BKJIaa B OPOMTA/bHbBIH YIJIOBOH MOMEHT —
CIIMH-3aBUCUMBbIH U CIIMH-HE3aBUCUMbIA. B paboTe BBeleH HOBLIH apameTp — CIHPAJbHbLIA TOMNOJOTMYECKUN 3apsil w — U
M0Ka3aHO, YTO COBMECTHO C TOMOJIOTHYECKUM 3apsiioM [ oH popMHUpyeT napy KBAHTOBBIX YHCEJ, HEOOXOAUMBIX /11 OMHCAHUs
OpOUTANIBHOTO YIJIOBOIO MOMEHTA BEKTOPHDIX BUXPEH.

KatoueBble ciioBa: BekropHble ontuiyeckue BUXpr, OpOuTaIbHBIN yTioBoi MOMeHT, CITUHOBBIH YTI0BOH MOMEHT

C.2.3 Pacuér yupnupoBaHHON BOJIOKOHHOI OP3rrOBCKOH pelléTKM B MaJlOMOJI0BOM CTYII€HUATOM CBETOBOJIE
npu 0CECUMMETPUYHOM BO30YKIEHUU

Aunexcarndp Anexcandposuu Mapksapm, JI. /l. 3asaruwuna, JI. b. Jluokymosuu, H. A. Yuakos
Cankr-Ilerep6yprekuii nonutexHuyeckuil ynusepcutet [lerpa Besukoro, Cankr-Ilerep6ypr, Poccus

B paGote npemsoxkeH BapuaHT MHOIOMOJIOBOH BOJIOKOHHOH peluéTkd bparra, 3anucaHHON B MaJlOMOJIOBOE CTyNeHUaToe
OTITOBOJIOKHO U paboTartoliiei B isyxmonioBom LPO1-LP02 pexxume. B kauecTBe nMoaxosiliero onTHIeCKOro BOJIOKHA MOJ06paHo
KOMMepyecKH jocTynHoe BosiokHo FG0251LJA komnanuu Thorlabs anameTpom cepiiiieBuHbI 25 MKM H yncsioBol aneptypoit 0.1,
kotopoe B O-nManasoHe JJIMH BOJIH MMeeT TOJIbKO JIB€ OCECHMMMETpPHYHble Mojbl. B paGoTe mnpousBesieHbl pacueTbl
K03(P(PULIHEHTOB NPSIMbIX H [IEPEKPECTHDIX CBS3€H MOJL B PeLUETKE H NOC/IeIyIoLIHe PpACUThl CIEKTPOB OTPaXKeHUs! OTHOPOHBIX
¥ UUPNHUPOBAHHLIX BAPHAHTOB PELIETKH, MPOJEMOHCTPUPOBAHbI 3(PQEKTbl HACBILIEHHS, YUIMPEHUS W HHTepdepeHIUu
PE30HAHCOB, a TAKXKE MOJydeHHe eIMHOTO MTHKA OTPAXKEHHs ¢ MAKCUMAJIbHBIM Ko3(hduuuenToM oTpaxKenus 10 98 %.
KatoueBbie ciioBa: unprnvpoBaHHasi BOJOKOHHAs Op3rroBcKas pelnéTka, MmasoMmosioBoe BosokHo, LPO1, LP0O2.

C.2.4 MNoebienue uipopmarusoctTd PPT npu KoHnueckoi ha3zoBoit anoau3alyu B 3ajaue aHaIu3a
abeppauuii BOJHOBOTO (hpoHTa

[Imumpuii [Tasrosuu Cepagumosuu’, I1.A. Xopuwr', C.H. Xonuna'?
! Camapckuii HALMOHAJILHBIH HCCeI0BaTeIbCKUil yHuBepeuter, Camapa, Poccust
2 Wneruryt cucrem o6pabotku uzobpakenuii, HUL «Kypuarosckuii uncruryt», Camapa, Poccust

Vcenenyercst BO3MOXKHOCTL TOBbIlIE€HHsT MH(OPMATHBHOCTM B 3ajadaX aHajd3a BOJIHOBLIX abeppauuil Ha OCHOBe
UCI0JIb30BAHKST MHOTOMOPSIKOBBIX (Pa30BbIX MU PAKIIHOHHbIX ONTHYECKUX SJIEMEHTOB, COMJIACOBAHHDIX C PA3JIMUHBIMH THIIAMH
AKCHKOHOB, (DOPMHPYIOLIMX KOJIbIIEBble M CITHpaJibHble pacrpe/esieHdsi HHTEHCHBHOCTH B (DOKAJLHOH TJIOCKOCTH JIMH3bI.
Anonuzanyst (IOMOJHEHHE ) ONITHYECKON CHCTEMbI TAKAMHE JIeMEHTAMH T103BOJISIET YBEJIHYHTh PA3Mep U IeTaJIH3aLHI0 (hyHKIIHH
paccesinusi Toukd (PPT) 6e3 necokycupoBku. Kpome TOro, MHOTOTMOPSIAKOBAash CTPYKTypa BHOCHT JIOTIOJHHUTEJbHYIO
MH(OPMAIMIO 32 CUET pAa3JMYHBIX THUIMOB TIpelucKaykeHWil. Takoll mnoaxon yBesuuuBaeT 3(PQEKTHBHOCTb TPUMEHEHHS
CBEPTOUHBIX HEHPOHHBIX CETell B 3a/iaue JeTEKTHPOBAHHUS W aHAJIM3a BOJHOBbBIX abeppatiiil.
KaroueBbie cnoBa: BosiHoBble abeppaiyu, Pynkius paccesinus Touku (OPT), [lndpaKkiMoHHbIH aKCHKOH,

MHoromnopsiIKoBble ONTHUECKHE 3JeMeHTb, CBepTOUHAST HEHPOHHAS CETh
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Cekuus 3
Cucrembl BU3yaau3auuu u otoopaxenus nadpopmauuu ais AR/VR
YcTHble nokaaapl
3.1 nem nononaHeHHoii peanbHocTy Ha 6a3e LBS npoexkropa u 'O (/lpuerawienroiil)
Cepeeii Anekcandposuy Heanos, K. .-m. u., E.C. Mycuxuna, M. Kuceaes, H. Padvko, A. Apcerun, B.

Boakos
XPANCEO Research On Natural Science L.L.C., UAE

[IpoGiema HaBUTALIMK U CUTYalMOHHOH OCBEIOMJIEHHOCTH CTOMT OCOOEHHO OCTPO IJIsl [0JIb30BATE/eH MOTOLMKIIOB. B nanHoi
paboTe TIpe/iCTaBJIEHO pellleHHe MO WHTerpalyyu A0NoNHeHHOH peanbHOCTH (AR) B MoToumk/eTHBIH 111eM. CHCTeMa JIerko
ananThpyeTcst 1Jisi TOHOUHBIX TPUMeHeHHH G1arofapsi MpoCTOTe HHTErPaLMH H YIPOILIEHHOMY NPOoIleccy ToMoJioratiii. PelieHne
OCHOBAHO Ha TEXHOJOTHH JazepHoro ckanupoBanust (LBS), kotopasi o6ecreunBaer mpenmyliecTBa Ajst rosorpadHiecKnx
3/1EMEHTOB 32 CUET Y3KOTO CIeKTpa HaJydeHust. Beicokast sHeprosddeKTHBHOCTB foCcTHTaeTcst Garofapsi y3KoHanpaBaeHHOCTH
JIa3epHOrO Jiyda: BCSI SHEPTrUsl KaxkKAOro MHUKCEJsl MOJHOCTbIO COOMpaeTcs: ONTHUeCKOH cucTeMold. PaspaboTanHblii BH30D
ob6ecneunBaet noJie 3penusi 10 50°. Tekylu# MPOTOTHM BBIMOJHEH B MOHOXPOMHOM MCMOJHEHUH C €PCMEeKTHBON Pa3BUTHSI J10
nosanousetHolt RGB-cucreMbl.
KutoueBble cioa: Ontuka, [onorpadusi, JndpakiuyoHHble ONTHUECKHE 3JIEMEHThI.

3.2 KoHTaKTHas JIMH3a ¢ CEHCOPOM BHYTPHUIJIa3HOTO JaBJ€HHSl HA OCHOBE MyapOBbIX Y30POB

Hava Mapkosuu Ppadkun, P.B. Kupmaes, M.C. Muponos, /1.B. I pydunun, A.A. Mapuenko, M.M.
Yyeynosa, B.P. Coaosetl, A.B. Croii, A.A. Buwunesuiii, H.11. Padeko, A.B. Apcenun, B.C. Boakos
Emerging Technologies Research Center, XPANCEO, Dubai, UAE

HcenenoBanne nocssilieHo pa3paboTKe MHTErPUPOBAHHOIO B KOHTAKTHYIO JIMH3Yy MAacCMBHOTO CEHCOpA BHYTPHIVIA3HOIO
najeHnsi. [1puHUMN neficTBUST yCTPOHCTBA OCHOBAH HAa PErMCTPaliM MHKPOCKOTIHUECKHX Ae(popMalyi JIMH3bI, BbI3BAHHBIX
M3MEeHEeHUSIMH KPMBH3HBI POTOBHIIBI MPH KoJIeOaHHsIX JaB/aeHns B Tyasy. Jledopmaiuy BU3yanu3upyloTcsl B MakpoMmaciuTtade
TIOCPE/ICTBOM MyapoBoTo 3(heKTa, BO3HHKAIOLIEro MPH HAMOXKEHHH JABYX MHKPOCTPYKTYPHPOBAHHBIX PeIeToK: O[HA H3 HHX
MeXaHHUEeCKH CBSI3aHa C TeJIOM JIMH3bI U BOCTIPUHUMAET ee AehopMallii, a BTopast ocraercst cratiuHoi. Crelnaai3npoBaHHbIi
JM3aHH METOK CEHCOpa MO3BOJISIET C BBICOKOH TOUHOCTBIO IETEKTHPOBATB €ro MOoJI0XKeHHEe Ha (DOTOU300paKEHHH, OTIPeAeNsiTh
KOJIMUeCTBEHHbIE TapaMeTpbl MyapoBOro NaTTepHa W yCTaHABJAMBATh MX CBsI3b C ypoBHeM jaBJjenus. [Ipennaraemblil noaxon
MCKJIIOYaeT UCIOJIb30BAHHE IHEPro3aBHCHMbIX KOMITOHEHTOB, 00ecreynBaeT KOMIAKTHOCTb YCTPOHUCTBA U HA CTa/IMH NTPOTOTHIA
JIEMOHCTPUPYET TOYHOCTb H3MEPEHHH He XyzKe 2 MM PT. cT. PagpabGoTaHHbli ceHcop 06s1aaeT 3HauuTeJIbHbIM MOTEHLUAIOM /1151
TpaHchopMalKH NMOAXOI0B K IHATHOCTHKE U 10JATOCPOUHOMY MOHUTOPHHTY IJ1ayKOMBI.
KitoueBble ciioBa: BHYTpHUI/Ia3HOE aBJieHHe, KOHTAKTHAS JIMH3a, MyapOBble Y30PHl.

3.3 Pa3zpaboTka aaroputrMa noBblilieHUs] KAY€CTBA BOCCTAHOBJEHUS U300 PaXKEHUI ¢ KOMIIbIOTEPHO-
CHHTE3MPOBAHHBIX FOJOrPAMM B JUCIIIESIX TOMOJHEHHON PeaJbHOCTH

Tumyp Ansaposuu Lamamiunos’, 3. C. Mapkos', E. I0. 310kas308'
' HaunoHa/ibHbIH Hecsie0BaTeIbCK i sinepHblil yuuepeuter « MUDH », Mocksa, Poccust

PaGora nocpsiiieHa paspaboTke ajaroputMa CHHTE3a KOMITbIOTePHbIX rosiorpaMm Ppenesist yisi OBbILIEHHS KaueCTBa
1300paxKeHHi, BOCCTAHOBJIEHHBIX B KOTEPEHTHOH CUCTEMeE JOTMOJHEHHOH peanbHOCTH Ha OCHOBE (a30BOro
JKUIKOKPUCTAIIMYECKOTO NPOCTPAHCTBEHHO-BPEMEHHOTIO MOJIYJ/IITOPA CBETA U roJIorpaduuecKoro BOJHOBOJHOTO MepucKona.
Llesibio paGoThl siBJsieTcsl pa3paboTKa UTePaTHBHOTO aJlrOPUTMa, HalpaBJAEHHOTO Ha YHCJIEHHYIO KOMITEHCALHIO
reoMeTpHUYECKHX UCKaxKeHUH H300paxKeHUH W BBICOKOTO YPOBHS (POHOBOH 3aCBETKH, HaOJI0AAEMbIX B 00/1aCTH
BOCCTaHOBJICHHSI.
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KatoueBble ciioBa: BosiHOBOAHAS Tosiorpadusi, ha3oBble roJorpaMMbl, KOMIBIOTEPHBIH CHHTE3, rosorpaMmmbl Ppeness,
roJiorpaguyecKii BOJHOBOAHBIN MePUCKOTT.

3.4 Pa3zpaboTKa KOMIJIEKCHON MoJie/IM pad0oThl BOJTHOBOJHBIX rojorpacuueckux aneMmeHToB B AR cucremax

Huxonaii Andpeesuu [Mymuaun'?, ®. C. Cuoik'-?, A. H. [lymuaun’?, C. C. Konénkun'2,
[O. I1. Bopodun'?

! MoCcKOBCKHEI TOCYIaPCTBEHHbIN YHUBEPCHTET reojie3nu 1 Kaprorpaduu, Mocksa, Poccust
2 dusnueckuit unetutyt uM. [1.H. Jle6enesa PAH, Mocksa, Poccust

B paGore paccmarpuBaloTCsl OCHOBHblE CJIOXKHOCTH, BO3HMKAlOLLMe IPH pa3paboTKe KOMIWIEKCHOH Mozesd paboThl
BOJIHOBOJIHBIX TOJIOrPAUIECKHX MEPUCKOINOB B YCTPOHCTBAX JIOTIOJIHEHHON PeasibHOCTH. AHAJIM3UPYIOTCH BO3MOXKHbIE TyTH
peLIEHHSl BbISBJCHHBIX BbIYUCJAUTEJNbHLIX NpoOseM. PaboTa ocHoBana Ha ombiTe pa3pabOTKM — OPUIHMHAJIbHBIX
ClIeLMa/M3UPOBAHHBIX KOMIIbIOTEPHBIX IPOrpaMM A/l JaHHBIX 3a1ad. 1ol KoMIIeKCHOH MOJEJIbIO 110pa3yMeBaJslach MOAE/Ib,
OTNHUCHIBAIOLIAS 9TAM 3aMUCH FoJIOrpacHuecKoro sjJeMeHTa B peasbHON ONTHYECKOH cXeMe, a TaKKe 3Tarl BOCIPOU3BEJCHHUS C
HCI0JIb30BaHHEM peaJlbHOro 00beKTHBAa. B KOHTeKcTe BOIPOCOB TPACCHPOBKM Jydel MOJHMMAOTCS BONPOCHl pacyéra
IMPaKUMOHHOH 3(PhEeKTHBHOCTH /s pesibeHO-(Da3oBbIX M OOBEMHBIX TroJorpadUuecKix 3/1eMEHTOB. 3HauMTEsbHOE
BHHMaHHE y/IeJICHO CONOCTaBJECHHE Pe3y/IbTaTOB MOJC/IMPOBAHHUS C KCIIEPUMEHTA/IbHBIMH JaHHBIMH.
KntoueBble cioBa: BosHoBozHbIE roJiorpaduueckie smeMenThl, CxeMbl 3amicH rofnorpamm, KommbiotepHoe

MozeupoBanue, HenocsienoBaresbHas TpacCUpoBKa Jiydeit

3.5 AHAJIU3 BJIUSHHUS reoMeTpuyeCKHux napamMmeTpoB OJHOMEPHOIo pe(i)paKTl/lBHOl‘O BOJIHOBOJ4 Ha NMOKa3aTeJau
KayecTBa BOCNPOU3IBOAUMOI0O l/l306pa)KeHl/lH

Adanacvesa Oavea JleornudosHa
MITY um. H.2. baymana

3.6 lonorpaMmMHoe 3epKajio Ha MOJJI0XKKE C HEHYJIeBOIi rayCcCOBOW KPUBU3HOW: MOJeIMPOBAaHUE U 3AMUCh

Mapusa Baadumuposna llluwosa, C. Hearnos, E. C. Mycuxuna, M. Kuceaes, H. Padovko,
A. Apcenun, B. Boakos
XPANCEO Research On Natural Science L.L.C., UAE

B pa6ote uccnenytoresi rosorpauueckie 3epkaJja, 3anucaHHble Ha BH3ope wuiema. Mcrosb3oBaHue BH3opa B KauecTBe
MOVIOKKH TMO3BOJISIET Peasi30BaTh LIJIEM JAOMOJHEHHOH peasibHOCTH 6e3 NOMOJHUTE/bHBIX 3/JeMEHTOB (BOJHOBOLOB HJIH
kombGarHepoB). OnHako dopma Moaiokku, o6Jajaoliasi HeHyJeBOH TayCCOBOH KPWUBH3HOH, TMPUBOJUT K TOSIBJIEHHIO
acTUrMaTH3Ma M Jpyrux abeppauuii, a BHeoceBasi NeOMETPHsl CHCTEMbI 3aTPYAHAET HX KOMIIEHCALMI0 BO BpeMsl 3alHCH.
JonoJsiHuTesnbHO, IpH (hOpMOBKe B BU30ope 00pa3ytoTcsl JIOKaJbHble HaNPsiKeHHsl, KOTOpble HAaBOAAT ABY/IyUernpesioMIeHHE, YTO
3aTPy/HSAET TOoJIydeHHe PABHOMEPHOH AU(PPaKIHOHHON 3(P(EKTUBHOCTH Mo muouland obpasua. B noknane npejictaB/eHbl
pe3yJibTaTbl MOJIEJIMPOBaHUSl ONTHUECKOH cucTeMbl B nporpamme OpticStudio, a Takyke 3KCIEpUMEHTbI MO 3arucH
roJIOrpaMMHBIX 3epKaJl Ha BU3ope U paboTe MoJydeHHbIX 3/1eMeHTOB B KomGuHaluu ¢ LBS-npoekropom.
KatoueBbie coBa: rojiorpaMMHOE 3epKaJio, TopouasibHas rosorpamma, OpticStudio.

3.7 [lnaHapHble OCBETUTENN HA OCHOBE BOJIHOBOJHBIX rojiorpaguueckux ajnemMmeHToB (/IpuesauierHolii)

Andpeii Hukoaaesuy Hymuaun®?, k. ¢p.-m. n, C. E. lyboinun’, C. C. Konénukun'?,

[O. I1. Bopooun'?

! MoCKOBCKHF TOCYIapCTBEHHbIH YHHBEPCHTET reojieanu U Kaprorpaduu, Mocksa, Poccust
2 dusnueckuit unetutyt uM. [1.H. Jle6enesa PAH, Mocksa, Poccus

B paGote paccmatpuBatoTest pesysnbTaThl pa3paboTKH MJIaHAPHBIX OCBETHTEEH, (POPMUPYIOLIMX PABHOMEPHYIO OCBEIIEHHOCTh
1o GOJbIIOH MIOCKOCTH TPU KOTEPEHTHOM MojcBeTKe. TeXHOIOTHsA H3rOTOBJIEHHUS TAKOTO THIA OCBETUTE/EH B GOJIbLIMHCTBE
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orepaiuil COBMaJaeT ¢ TEXHOJIOTHEH U3TOTOBJIEHUS] BOJIHOBOJHBIX roJiorpacudeckux nepuckonon aisi HMD pucruiees. B
OCHOBE HUX KOHCTPYKLHH JIEXKUT UCT0Jb30BAHHME TJIOCKUX BOJHOBOJIOB U KOMOUHALMH roJiorpaduueckux s/jaeMeHToB. B paore
pPaccMOTPEHO HECKOJIbKO BapUAHTOB OPUIHHAJILHLIX CXeM T0J06HOro THra ycTpoicTB. TakKe Oblia MPeyIOKEHbl CXEMBbI,
paboraiolline ¢ JIMHEHUKOH CBETOJIMOJIOB H CO BCTPOEHHBIM roJjiorpaduueckuM OGum-ileiinepom. B paGore mnpejcTaBjieHbl
9KCIMepUMeHTa/IbHbIe Pe3yJIbTaThl U3TOTOBJIEHHS] OCBETUTEJIEHN PA3IMUHBIX THITOB st AucTieeB 1o 10 1oiMoB, B TOM unciie aJsi
RGB noaceetku. PaBnoMepHOCTh 0cBelEHHOCTH focTHrana 85 % 1o MJIoLaau nianapHoro 0CBeTHTeIs.
Kniouebie cioBa: [Tnanapubie ocBetutesu, BosHoBosbl, [onorpaduueckue ontuueckue sneMeHTol, Jlucmieu

JIOTIOJIHEHHOH peasibHOCTH, Kosmumanus uanyuenus

3.8 BepreHTHbIii OTKJHMK 7123 KaK Mepa BOCMPUHUMaeMOo¥i ryOHHbI B TPoeKIMOHHBIX AR-crcTemax

Hanuun [Inumpuesuy lllapos”, C.K. Cmagees'?
! Cankr-IlerepOyprekuii rocynaperentbiil yuusepeuter, Cankr-Ilerep6ypr, Poccust
2 Yuusepcurer MTMO, Cankr-Ilerep6ypr, Poccus

[IpencraBiieHbl pe3y ibTaThl HCCAEA0BAHHUS 3pUTEIBHOTO BoCpusiTHs cTuMysnoB B AR HUD-cucremax. YuacTHUKH BBITNOJHSIHN
3ajaun ¢pukcauun Ha rayouHax 0,3—4 M; perucrtpauyst ABHKEHWH TJa3 coueTanach C MOJHBIM ONTOMETPHYECKHM
o0cJie/loBaHUeM YISl y4éTa UHAMBUILyabHbIX XapaKTEePUCTHK 3pUTEJIbHOrO annapata. PazpaboTanbl MeTO/bl BbIpABHHBAHUS U
alnpoKCHMaLUU SKCIIePUMEHTA/bHbIX JaHHbLIX. BblsB/IE€Hbl KOPPeJSLMOHHbIe 3aBUCHMOCTH MeKIy YIJIOBOI KOHBepreHUHel
3pUTEJIbHBIX OCeH U HHUBH/Iya bHBIMU apaMeTpaMu nosb3oBaTelelt. [TomydeHHnble 3akOHOMEPHOCTH (hOPMUPYIOT OCHOBY ISt
aJlaNTHBHON HACTPOMKH TyOHHBbI OoTOOpakeHusi B AR-cuctemax ¥ MOryT ObITb HCIOJIb30BAHbI TPH TPOEKTHPOBAHHH
MHTEPQENCOB ¢ y/yullleHHbIMH XapaKTepUCTHKAMH.
KatoueBble cioBa: jonosiHeHHas peanbHoctb, AR HUD, aiiTpeknHr, KoHBepreHiMs 3pUTE/IbHBIX Oceil, NyGHHa

oTo6paXkeHust, rojiorpacuiecKui IUCIiei, 103a6UJIUTH, alanTHBHBIA UHTepheNcC.
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Cekuus 4
OnTnyeckue 3alMTHbIE TEXHOJOTHH
YcrHble JoKaaabI
4.1 ®a3oBo-noasspU3aLMOHHBIE 3JI€eMEHTDI /151 KonUupoBaHus uHdopmauuu (/lpueraierrolii)
Jleonud Bukmoposuu Tanun'?, A. H. l'opuapyk'-?, E. I1. [lanmeaneesa?, E. A. Meavnuxosa®,
A.JI. Toacmuxk?

' 3A0 «Tosorpaduueckast uuayctpusi», Munck, Pecny6/inka Benapychb
% BeJiopycckuil rocyaapeTBeHHblil yHuBepeuter, Munck, Pecny6iika besapych

PaccmotpeHbl rosiorpaguueckue 3allUTHble TEXHOJOTHMH HAa OCHOBE KOMOWHHPOBAHHBIX H300paKeHWH C MCMO0Jb30BAHHEM
MOJIMMEPU3YEMbIX »KHUIKHX KpUcTasioB. [lokazaHo, uTo cosnaHHble 3alllMTHbIE 3JeMEHTbl Ha OCHOBE peJibeHO-(ha30Bok
roJIOrpaMMbl ¢ HaHECEHHBIM YKHAKOKPHCTAJIMYECKUM MOJHMEPHBIM CJIOEM COAEPIKAT CKPbITOE H300pakeHHe, KOTOPOEe BUAUMO
B TI0JISIPM30BAHHOM CBeTe U HeceT HH(OPMALHIO O TIPOCTPAHCTBEHHOM pacripeie/ieHHH aMIUIHTY/IbI K (a3bl CBETOBBIX MYYKOB.
Hapsiny ¢ ucnosib3oBaHHeM MoJisipy3allii CBETOBOTO MydyKa B KauecTBe MH(POPMALIMOHHOTO MapameTpa MpeiioyKeHbl METO/bI
KOJIMPOBAHHUS C UCIOJIb30OBAHWEM CHHTYJISIPHBIX My4KoB. [IpennozkeHbl BApUaHThl KOAMPOBAHHUSI HA OCHOBE JIBOMYHOTO KoJia —
«0» - rayccoBbIi My4OK U « 1 » - CHHTYJISIPHBIN My4OK C €IMHUUHBIM TOTIOJIOTHYECKUM 3aPSJIOM, & TAKXKe CUCTEM KOJMPOBAHHUS C
GOJBIIUM YHCJOM LIHPPOBBIX 3HAKOB C UCMONB30BAHUEM PA3JIHUHBIX TOTIOJOTHYECKUX 3aPSJIOB.
KiioueBble cioa: ['onorpaduyeckue sauiuTHble TexHosoruu, CuHryJsipHasi ontuka, KomGuHUpOBaHHbIE

uzobpaxkenusi, Kpucraniorpamma.

4.2 K Bonpocy ¢oTonepcoHaiu3aium UBETHbIX 00bEMHBIX 3aLIUTHBIX FOJOrPaMM Ha (POTONOJIUMEPHOM
HocHTee,

Andpeti Basenmunosuy Cuupros’, /1. C. Jlyunukos,? H. K. [[ecearnos,” B. B. Mapkun,? B. E. Tararaes’
'AO «HITO «KPUIITEH», [ly6na, Poccusi
2000 «OTI'TI», Mocksa, Poccusi

Jloknan mocesiiieH pa3paboTKe MeTOAa TMepCOHANM3alMM  ONTHYECKHX 3aLIUTHBIX JE€MEHTOB, BBITIOJHEHHBIX Ha
(hOTOPErHCTPHUPYIOLINX Cpeaax, B GoJbllIeH cTeneHn GOoTONMoMMMEePUYIONHXCs. 3aKaua NPUIaHHs YHUKAJIBHOCTH ONITHYECKHM
3alIUTHBIM 3JIeMEHTaM 3a cueT 00aBJjeH s TepeMeHHOH HH(OPMALIK B BUE CEPUIHOTO HOMEpPA, COAEPXKALLIEro NepeMeHHY0
OYKBEHHO-UHCJIEHHYIO YaCTb WM U306parKeHHs, 0060 aKTyaJsbHa sl U3Ae/HiH, BBIMOJHEHHBIX HA (POTOMOJMMEPHOM HOCHTEIE.
Knaccuueckne MeTofpl HaHeceHHs! MepeMeHHOH HH(OpMaLMM B BHAE MeuaTH KarjleCTPyHHBIM HJM TepPMOTpaHChepHbIM
TIPUHTEPOM HEJ0CTATOUHO YCTOMYMBBI K €€ MOJAMEHE, B 9TOH CBsI3M TpeGyIOTCsl HOBbIE MOJXOAbI K (DOTONEpCOHAIN3ALUH
ONTHYECKHX 3alLUTHBIX JEMEHTOB Ha (DOTOMOJMMEPHOM HOCHTEJE B MPOLECCE H3TOTOBJIEHHS, HE MO3BOJISIOLINE 3aMEHHTD
nepeMeHHylo MH(OpMalHWio, He Hapyllas LeJOCTHOCTb 3allMTHOTO 3JjeMeHTa. B wyactHoctH, onmcaH croco6
(hoTonepcoHaNM3allMH, OCHOBAHHBIA Ha 00€CIBEUYHBAHWH CEHCHOMJIM3ATOPOB JI0 PErHCTPALMM OCHOBHOTO M300paKeHHs Ha
pa3HbIX HCTOYHMKAX M3JyueHHsl, oGecreynBalolMi HOCTaTOYHBIH YpoBeHb 3(eKkTHBHOCTH. [lpemoxkeHo TexHHUECKOe
pellleHHe, OCHOBaHHOE Ha 3TOM criocobe, B BHAE BCTPOEHHOTO B MPOHU3BOACTBEHHOE OOOPYAOBaHHWE IO MacCOBOMY
M3TOTOBJIEHHIO (POTOMOMMMEPHBIX FOJIOTPAMM YCTPOHCTBA ONITHIECKOH HyMepaliH.
Kntouessle cioBa: [lepconanusaiyst, Cepuiinblit Homep, OntHueckas saumra, [osorpadus, @otononimepsl,

[osorpaduuecue onTHueckyre 3/1eMEHThI, 3alUTHBIE FOJOrPAMMBI.
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4.3 Buapl onTH4ecKo# 3aluTbl cpeacTB uaeHTuukauu, paspadoratubie B 3A0 «FOJIOTPAOUYECKAS
UHOYCTPUS »

A.JI. Adamenko’, A. I'. Bo6opexo', I1. B. Mouceenko', B. A. Tanun',
Eseenuti Bauecrasosuy Puiunnos’
'3A0 «I'OJIOTPAOUYECKAS MHAYCTPUS », Munck, Pecnybiiika benapych

B pa6ore npencrasienst paspaborantbie B 3A0 «[OJIOTPAOUYECKAY MHAYCTPUS» criocobbl 3auiuThl CpeacTs
UIeHTU(UKALIMH (IITPUX-KOOB ) OT noaieski. OnucaHbl KOHCTPYKIMK 3ALUTHBIX 3JIEMEHTOB Ha OCHOBE caMopa3pyLiaioleicst
MOJIMMEPHOH TJIEHKH C TMOKPBITHEM, COfepKALIUM (DJIYOPECLHUPYIOLHe BOJOKHA, a TaKXKe CTHKEPOB CO CKPBITbIMH
TOJISIPU3ALIMOHHBIME  H300PAKEHUSIMH, BH3YaJIM3UPYEMbIMH KPYrOBBIM W JIHHEHHBIM MOJsipu3aTopaMu. PaccMoTpeHbl
(bu3nUecKre TIPUHIMILI BU3yaJH3alUd C TIPUMEHEHHEM H30TPOIHO-AHU30TPOIHBIX MJIACTHH, YETBEPTHBOJHOBBIX (ha30BbIX
TUIACTHH W pa3HOHAIPABJIEHHBIX CHHYCOMIAJBHBIX T[OJIOrpaMuecKnx pelIéToK, BLICTYNAIOUIUX OpPHEHTAHTAMH KHIKHX
KPUCTAJUIOB ¢ Tocsenytollell ux nosnumepusanuei. [lokasaHo, uto couetanue (pOTOOPHEHTALMH KHUIKHX KPUCTANJIOB C
rojiorpauueckKiMH  peliéTkaMi oOecreunBaeT JIUHAMHUECKHe 3(¢eKTbl TMPH MOBOPOTE MOJSIPH3AaTOPa H CYLIECTBEHHO
3aTPY/IHSET MOJUIE/KY 3alIUTHBIX JIEMEHTOB.
KutoueBble c/1oBa: rosorpacus, 3aluTa OT MOIEKH, IITPUX-KOJ, CKPBITOE MOJSIPU3aLHOHHOe H300paXKeHHe,

roJiorpauueckue TUpakiMOHHbIE PELIETKH, XKUIKHE KPUCTaJIbl, (hOTOOpHEHTalHs, (ha30Basi MJ1aCTHHA.

4.4 dddekT nepekatoueHusi Ha IByMePHbIX M PAKIMOHHBIX PellIeTKaX

Aunexceli Anekcandposuu lllepbakos’
! Vuusepcurer UTMO, Cankr-Ilerep6ypr, Poccust

B pa6ore paccmarpuBaetcs ahhekT nepekJoueHus A1 paKkIMOHHbIX MTOPSJIKOB HAa PE30HAHCHBIX PelleTKaX, 3aKJI04YatoLinics
B PE3KOM Iepepacrpeae/eHi SHepruu AMdparupoBaHHOrO M3Jy4eHHsT MEXIy HYJEBLIM M TEPBBLIMH TMOPSIKAMH 3@ CUeT
B3aMMOJICHCTBHSI BOJIH 4epe3 MMa3MOHa WJIM BOJIHOBOAHYIO MOy TpH BapbHPOBAHWH YIJa TaJE€HHS WK JUIHHBI BOJHBI
MaJIalolIero H3JIy4eHHsl, paHee ONMMCAHHbIN JUIsl OAHOMEPHBIX pelleTok. Kccmemnyercs Bo3MOXKHOCTE M yc/10BHsT HAOJI0AEHHS
aHAJIOTMYHOTO 3(peKTa HA IBYMEPHBIX pelleTKaX, MPOBOAUTCS UHCJIEHHOE MOJAENMPOBAHHE C LEJbIO TIOJMyUeHHsT Hauboee
BbIpaXKeHHOTO 3(pheKTa, a TaKKe 06CyKaaloTess 0CO6EHHOCTH U OTpaHHU€eHHs], HAKJIaAbIBaeMble IByMePHOH TePHOANIHOCTBIO.
A dext MozKeT ObITh HCIOIB30BAH YIS CO3/IAHHST ONTHUECKHX 3aLIUTHBIX METOK.
KimoueBble cioBa: PezonaHcHble AMpakMOHHbIE pellIeTKH, 3PMEKT NepeKIIoIeHNs MOPSAKOB, METOA 060061IeHHBIX

HCTOUHHKOB.

4.5 NndpakunoHHas 3¢ peKTHBHOCTb TOHKHX roJiorpamMm. JIoCTHXKUMBbI MaKCUMYM

A.D. Cuoix, Anexcandp B. [llypeieun
00O «Jlxkeitmc Pusep bpanu», Mockga, Poccus

Lenb padotel. OueHKa BJHMSHUS NPOCTPAHCTBEHHOH YacCTOThI, TMIyGHHBI U (hOpMbI Mpodussi pedbeca Ha AU(PAKIHOHHYIO
spdextuBHOCTb ([1D). OcHoBHBIe pedysbTathl. [IpoBeneHo unciaeHHOe MOAeNMpOBaHHe AUMPAKLIHOHHOH 3(PPEKTHBHOCTH
peJibepHO-()a30BHIX PEIIeTOK B BEKTOPHOM MPUOIHKEHHH METOIOM KOHEUHBIX 3/IeMeHTOB. B oT/inuHe 0T cKa/IsipHOI TeOpHH,
TMI0Ka3aHo, UTO YISl PeLIeTOK ¢ TIyGoKUM mpoduseM (> 0.31) makcumyMm 1D MOXKeT CMeIIaThCsl B BLICOKHE MOPSIKH: MOJIydeHO
snauenue 82% BO BTOPOM MOPSUIKE JUIs CHHYCOMIATBHON pelieTKu ¢ ryOuHoi 425 HM. DKCIepuMEHTaIbHO Ha 06pasiax ¢
NpOoUISMH, XapaKTEePHbIMH JYIsl 3ALIUTHBIX TOJIOrPAMM, MOATBEPXKAEHBI Pe3yJbTaThl TEOPETHUECKOTO MOJEJHPOBAHHSI.
[Ipaktnueckasi 3HauuMocTb. [lpemioxeH KpUTepUil OKOHYAHHSI TPOSIBKH (POTOpe3nCTa, OCHOBAHHBIA HAa MHHHUMyMe
MHTEHCUBHOCTH HyJieBOro nopsinka. [lyisi cucreM J0T-MaTpUKC 060CHOBaHA METOIUKA BbiGopa MyOUHBI pesibeda Moj AJTUHY
BOJIHBI U3JTy4eHHUsl, YUUThIBAIONIAst KOHTPACTHYIO KpUBYIO poTopesucta S1813.
KatoueBbie ciioBa: OnTrka, rosiorpacusi, 0T -MaTpUKC.
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4.6 Ucnonb3oBaHue cMapTdoHa il CYUTBIBAHKMS aNNapaTHOro 3alIMTHOTO NMPU3HAKA pacnpeneséHHOro no
BCeil MOBEPXHOCTU 3aLIUTHOI IroJIOrpaMMbl

Yepmern bopucosuyu Kaimyrkos
AO "HTLL "ATJIAC"
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Cexuus 5
UnterpanbHas poToHnKa

YcerHble nokaaapl

5.1 MoaenvpoBaHue nepecTpoilku pe3oHaHcHoit yactotsl MU -Mukpope3oHaTopa npu
nbe303JeKTpuueckom BozaeictBuu (/lpuerauierroiii)

B. H. Ilasros®, M. K. Bpasxcrnurkos®, H. I1. Xameipes®, Kupuir Hukoraesuu Murokos'?, k. m. 1.
"Poccunckun kauToBbid Lentp, 121205, r. Mocksa, Teppuropust Munosatontoro Llenrpa “Cko/ikoBo”,
Boasbuioit 6yabsap, 1. 30, ct. 1.

?BcepoCCHICKHIT HAayuHO - HCCIIEIOBATENbCKUH HHCTUTYT ONTHKO - PU3HUECKHE u3aMepeHHuii, MockBa
SBHUM®DTPU, Mockosckast o6siacth, Menneseeso, Poccus

[TepecTpoiika pe30HAHCHBIX YaCTOT MUKPOPE30HATOPOB ¢ Mojamu wienuyiied rajepen (MILID) npeacrapnisier unrepec s
CO3/IaHUsT MEPECTPAUBAEMBbIX J1a3€POB, (PUIBTPOB, CEHCOPOB U CHUCTEM MHTErpasibHON (POTOHHKH. ONHHUM U3 MEPCTEKTHBHbBIX
MOJXO/IOB  SIBJISIETCS MCIMOJIb30BAHUE [MbE303JEKTPUUECKUX aKTyaTOpoB, 0OOeCleynBalOUIMX MeXaHHUecKylo aedopMaluio
pe3oHaTopa U, Kak CJIeACTBHE, U3MeHEHHe ero COOCTBEHHBIX 4YacTOT. B 6o/bIINHCTBE pabOT HCMOJB3YIOTCS 0CECUMMETPHUHbBIE
KOHCTPYKLHMH, OJHAKO TMOA0OHbIE pelleHHs] OrpPaHMYHUBAIOT THUOKOCTb TMPOEKTHPOBAHUS M YCJOXKHSIOT —ObICTpOe
NPOTOTUITHPOBAHHE.
Kutouesble cioBa: MIUT -MuKpopesoHaTop, be303/1eKTPUYECKUH aKTyaTop, epecTpoiika pe3oHaHCHOH YaCTOThl,

Mng

5.2 Pa3zpab6oTka a/1eKTpoonTHuecKoi naarhopmbl Ha OCHOBE (DOTOHHBIX HHTErPAJNbHBIX CXEM U3
TOHKOMJIEHOYHOr0 HUO6ATa JNUTHS

Aau Hluxaruesuu Amupacaaros', A.C. babypun'?, A.E. bywyesa’, E.C. Jlomkos' 2,

KA. Bysasepos'?, E.B. Cepeees' ?, O.H. llImonuna’, C.B. bykamun', A.b. Kpanapenxo!,
JLA. Bakavikos'?, H.A. Puxuros', H.A. Poduornosg' ?

! [Ilyxosckue naboparopun, Keantym napk, MI'TY um. H.9. baymana, Mocksa, 105005, Poccusi
2 BHMHMA um. H.JI1. [lyxoBa, Mocksa, 127030, Poccus

Llens paboTel — paspaboTka 3JeMeHTHOH KOMIIOHEHTHOH 6a3bl (POTOHHBIX HHTErPAJbHBIX CXEM Ha OCHOBE TOHKOIJIEHOUHOTO
HuoOara JuTus. JlJisi NpOeKTUPOBAHUST KOMIIOHEHTOB (DOTOHHON MHTErpPasbHON CXeMbl HA OCHOBE TOHKOMJIEHOYHOTO HHoGATa
JIMTUST UCTIOJIB30BAJICS METOJ] YHCJIEHHOTO MOJEANPOBAHHUsL. MeTo CyXoro TpaBJieHUsl U 3JEKTPOHHO-JyueBOH JuTOrpaduu
MCIOJIb30BANUCh /11 U3TOTOBJIEHHSI MHTErpasibHbIX CTPYKTyp. CKaHUpylollas 3J€KTPOHHAs MHUKPOCKOMMS M ONTHYECKHe
M3MepEeHHs] H3TOTOBJEHHBIX (DOTOHHBIX MHTErpaJibHbIX CXEM HCIOJb30BAJIUCh /IS OLEHKH [OCTABJEHHOH TEXHOJOIHH
M3TOTOBJIEHHS U PACUYETHBIX IaHHbIX. Pe3ysnbTatbl paboThl MOTYT ObITh IPUMEHEHBI B CO3IaHUH (POTOHHBIX HHTErPAJIbHBIX CXEM.
KutoueBble ciioBa: @oToHHbIE HHTETpaJIbHblE CXeMbl, TOHKONIEHOYHbIH HUOOAT JIUTHS, DJIEKTPOONTHYECKUI
MOJIYJISITOP.

5.3 [IpumeHeHne MUKPOKOJIbIEBBIX PE30OHATOPOB /15l CNEKTPaJbHOIN 00paboTku PU-MoayaupoBaHHbIX
ONTHYECKUX CUTHAJIOB B aHAJIOTOBOM (DOTOHHOM BbIYMCJIUTEIHHOM YCTPOUCTBE

mumpuii Arexcandposuu Pabos, A. H. boopos, A. B. Heacdaros, /. B. [llecmakos, A. A. Ckpolaes,
O. C. Basankun, A. B. Cyxopykos, K. B. Cudopernko
HUDTU HHI'Y um. H. 1. Jlo6auesckoro, Huxuuit Hosropon, Poccus

MI/IKpOKOJIbU,eBbIe pe€30oHaTOPbl MPUMEHAIOTCA [J1s1 d)HJIpraU,I/IH JIa3€PHOIro H3JydeHHs1 C LeJIbIo ToJaBJIEHUs MOOOYHbIX
rapMoOHHK, BO3HHUKAIOWUX TMpH TeTepOANHUPOBAHUH. 310 aKTyaJIbHO JJIs1 obGecrieueHust YCJ'IOBI/IfI KOTE€PEHTHOCTHU TpH
nocneﬂy}omeﬁ ONTHYECKOH 06pa60TKe PY-curHasoB ¢ HCMNOJb30BAHHEM aHAJOMOBOTO CbOTOHHOl‘O BbIYHCJIUTEJIbHOTO
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YCTPOKCTBA, B YACTHOCTH TMPH pElleHHH 3aaaud (HOPMHPOBAHUST AHATPAMMbI HATIPABJEHHOCTH (Da3HPOBAHHOH aAHTEHHOM
pewétku. B paGore mnpoBeneHo wuccaeoOBaHHE TI0 M3MEHEHHIO TIOJNOCHI (DUIbTPALMH KPEMHHEBBIX MHKPOKOJbLEBBIX
pe3oHaTopoB 3a cuét TepmoonTHueckoro 3sddekra. [IpoaeMoHCTpHpOBAaHA BO3MOXKHOCTb TMPUMEHEHHS TMPEJIOKEHHOTO
noaxona B guanasode yacrort ot 0,5 1o 13,6 [T

KioueBble ciioa: Pagnodortonnka, @oToHHbIE HHTETpaIbHBIE CXeMbl, MUKPOKOJIbLIEBbIE pe3oHaTopbl, ONTHUYeCKast
o6pa6otka PY curnasna.

5.4 OnTMMKU3aUMs TEXHOJOTHH ISl TMOKOTO U3roTOBJIEHUS] (DOTOHHDBIX CXEM C YJIbTPAHU3KUMU NMOTEPSAMH Ha
HUTPUJIE KPEMHUS

Eseenuii B. Cepeees'?, K. A. bysasepos'?, A. C. babypun'?, C. C. Asdees'?, C. B. bykamun?,
E. C.Jlomkos'?, A. b. Kpamapenxo?, E. B. Buxuti’?, H. A. Poocukos?, H. A. Poduornos'?
'"BHUMA um. H.JI. IyxoBa, Mocksa, Poccusi

? [lyxoBckue naGopartopuu, Ksantym napk, MI'TY um. H.3. Baymana, Mocksa, 105005, Poccust

B nanHo# pa6oTe mpeacTaBieHbl JBe TEXHOJOTHH JJis THOKOTO H3TOTOBJEHHSI (DOTOHHBIX HHTerpaibHbIX cxeM (PUC) c
YJBbTPAHU3KUMHU MOTEPSIMH C MCI0JIb30BAHMEM TOKOCHHMAIOLLEro [oJUMepa U »KeCTKOH MeTajuindeckoit macku. Hamu 6bu10
[IPOBE/ICHO HCCJIe0BAHUE BJIMSIHMSL CLUMBOK BOJIHOBOJLOB Ha ONTHYECKHE [OTePU B 3aBUCHMOCTH OT Bblbopa MaTepHala
TOKOCHEMA, a TAKKe NPeIokKeH Crocod MOBbILLEHHS ObICTPOACHCTBHS U3rOTOBJICHHS TAKHX (DOTOHHBIX cXeM. XapaKTepH3aallus
noJyueHHblXx @M C npoBoauiack 1o creKTpasbHbIM H3MePeHUsIM J0OPOTHOCTH KOJIbLIEBBIX PE30HATOPOB U ONTHUECKUX MOTePb
B JJIMHHbIX CITMPaJIbHbIX BOJIHOBOJAX.
KioueBble cioBa: POTOHHBIE MHTErPaA/IbHbIE CXEMbl, HUTPHJL KPEMHHUS, CLLMBKH I10J1€H, KOJIbLEBbIE PE30HATOPbI,

3JIEKTPOHHO-JTy4eBast JUTorpadus.

5.5 AddekTuBHbIE TEPMOONTUHUECKKE (ha3oBpalaTeNu sl POTOHHBIX HHTErPAJbHBIX CXEM

[numpuii [lasaosuy Ceprun', K. A. Byszasepos"?, A. C. babypun’?, E. B. Cepeees', C. C. Agdees', E. C.
Jlomkog', C. B. bykamun', H. A. Cmenanos', A. b. Kpamaperko', A. Ill. Amupacraros’,

H. A. Powcuros', H. A. Poduonos"?

'yxoBckue sra6oparopun, Keanrtym napk, MI'TY um. H.D. Baymana, Mockga, 105005, Poccust

2 BHUMA um. H.JI. lyxosa, Mocksa, 127030, Poccust

B nannoii pabore mpoBeaeHO MOAENMPOBAHHE M SKCMEepPUMEHTasbHAsT XapaKTepuaalys HHTErpajbHbIX TePMOONTHUECKHX
(haszoBparaTesell ¢ H30JHPYIOLMMH TPaHLIESIMU JJIs1 TeJeKOMMYHHKAI[HOHHOTO JHMarnazoHa JJHH BOJH. M3roToBseHHble
yCTpOHCTBa 06ecreunBatoT CIBUT (pa3bl Ha 1T TIpH 1ToTpebJisieMoi MoLHOCTH 65 MBT, BpeMeHH oTK/IHKa 35 MKC 1 KOst dulineHTe
ocnabaenns: curnana 6osee 80 1b. B paGore aeMoHCTpUpyeTCsi COBMECTHMOCTb C (DOTOHHBIMH HHTErpPajbHbIMH CXeMaMH Ha
OCHOBE HMTPHUAA KPEMHHs] C HHU3KHMH TMOTEPSIMH, M3MEpeHbl MHUKPOpe30HaTopbl ¢ HauboJiee BepOSITHOH BHYTpeHHEH
J06POTHOCTBIO Goslee 5,9 MUJLTHOHOB, YTO COOTBETCTBYET N0TepaAM Ha pacrpoctpanenue 0,06 1b/cm.

KutoueBble ciioBa: @azoppataresib, PoToHHbIE HHTErpasbHble cXeMbl, HUTpHUL KpeMHHUSI.

5.6 NeHepauusa BTOpoii rapMOHUKHU B MPOTOHOOOMEHHbBIX BOJTHOBOAX B HUOOATE JIUTHS
Anexceti Baadumuposuy Cocynos', M. A. Yysarosa?, E. /1. Cageaves®, A. P. Axmamxanos®, B. 5. lllyp’

TlepMckuii rocyiapcTBeHHbIN HAIIHOHAJBHBIA HCC/IEI0BATENLCKHH yHIBepeHTeT, [lepmb, Poccust
2IHCTHTYT eCTeCTBEHHbIX HAayK U MaTeMaTHKH, Ekatepunoypr, Poccus

Pa6oTa nocasilieHa M3rOTOBJIEHHIO W TECTHPOBAHMIO TEPUOIHYECKH-M0JSIPH30BAHHBIX ONTHUECKHX BOJHOBOJAOB B HHOGaTe
JIUTHS 1151 Mccae1oBanust 3((GeKTHBHOCTH FeHepaly BTOPOi rapMOHMKH. MeToloM NpOTOHHOTO 06MeHa C MOC/IeayOLIHM
OTIKMTOM ObLJIH M3TOTOBJIEHBI OIHOMOIOBbIE KaHAJbHbIE BOJHOBOMIBI Ha JIMHY BOsHBI 1550 HM ¢ neproaoM nosunra 18 MkM B
HuoGare JuTHs Z-cpe3a. Makcnmasbias 3hGeKTHBHOCTL FeHepalMu BTOPOii FapMOHMKH Ha JJTMHE BOJIHBI 766,5 HM cocTaBua
6,4 %/BT - cm

KuoueBble c/10Ba: reHepaiust BTopoii FapMOHHKH, BOJHOBOJL, HHOGAT JIUTHS.
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5.7 UccnenoBanue npouecca popmupoBaHusi NoJockoBbix cTpyKTyp U3 TiO: ¢ 1iesblo cO3aHUs HArpYK€EHHbIX
NJaHapHbIX ONTHYECKUX BOJHOBOAOB Ha ocHoBe TFLN

Eausasema Heopesna IOpmosa!, A.H.bobpos', /. E. Hukoauues', [1.B.Boikos?
"Hukeropockuii rocyaapersennbiii ynusepeuter um. H.U. Jlo6auesckoro, Huxknuit Hosropos, Poccust
2HuctutyT usHKi MEKPOCTPYKTYp Poccuiickoii akanemun nayk, Hukuuit Hosropon, Poccust

HcenenoBatbl 3aKOHOMEPHOCTH (DOPMHPOBAHHUS MJIAHAPHBIX BOJHOBOJHBIX CTPYKTYp U3 anokcuaa Tutana (TiOs), nosydaemoro
nyTeM TEePMHUECKOH 00PaBGOTKH THTAHOBBLIX MOJOCKOB. POpMHUpOBaHME ONTHYECKUX JEMEHTOB OCYLIECTBJIEHO METOOM
COBMELIEHHbIX KOHTAKTHOH W 3JIeKTPOHHOH JiuTorpaduid. [1pogeMOHCTPUPOBAHO, UTO MPOLLECC OKUCIEHHS B KOHTPOJIUPYEMOH
ra3oBoH cpesie oO6ecneynBaeT CHHKEHHE 1LIEPOXOBATOCTH GOKOBBIX CTEHOK BOJHOBOAOB. OrpesiesieHbl ONTHMAbHbIE PEXKUMBbI
noJiydeHust ofHopoaHbIX cTpyKTyp TiO9, coBMecTHMbIE ¢ TpolieccaMu 06paboTKu ToHKomeHouHoro Huo6ara Jjitust (TFLN).

Kutoueble cioa: lnokeua tutana, BonHoBoanble cTpykrypbl, [llepoxoBaTtoctb, ToHKOMIEHOUHBIH HHOGAT JIUTHS,
duiekTpoHHast iuTorpadusi.

5.8 MasoiymsIuii TepMOONTUYECKH NEPECTPAUBAEMbIIi MUKPOBOJHOBbII FreHEPaTOP Ha OCHOBE
MHTErpajibHOro KpeMHHUEBOro pe3oHaTopa

A. C. Cnupnos, /1. C. 3enyos, A. K. 3emyosa, K. H. l'apbyszos, C. C. Kocoarobos, B. I1. [lpaues
CkonkoBekuit Mucrutyr Hayku u Texnosornu, Mocksa

Komnakrhele, ¢ HM3KHM (DA30BbIM LIYMOM, BBICOKOCTAOMJ/IbHbIE M LIHPOKOMOJOCHBIE TE€PeCTPaUBAEMble MUKPOBOJHOBbIE
reHepaTopbl  HeOOXOAMMBI A/l Pa3jMuHbIX —NpuMeHeHu#d. MHTerpasnbHast —KpeMHHeBas (DOTOHMKA  T03BOJISIET
MHHHATIOPU3UPOBATh MHUKPOBOJIHOBbIE TeHEpATOpbl HA OCHOBE ONTO3JEKTPOHHKU. B Jokjane paccMOTpeH MHOTOMOJOBBIN
peXUM pe3oHaTopa THNA <«CTaiuoH». Halla KOHCTPYKLMSI COCTOMT H3 MepecTpauBaeMoro MHKPOBOJIHOBOTO (DOTOHHOTO
(uIbTpa C J1a3epOM HEMpPEPBLIBHOTO M3JIyueHHs, aMIUIHTYAHBIM MOJIYJATOPOM M (DOTOETEKTOPOM. MHOTOMOJOBBIH pPeXUM
o6ecreyrBaeT paBHOMEPHYIO MepecTPOiiKy YaCTOTbl BBIXOJHOIO MHKPOBOJIHOBOIO CHIHasa U 0oJsiee HU3KUH (has3oBblil LIyM 10
CpaBHEHHIO C OIHOMOJOBBLIM cjlydaeM. JIisi ONTOSJMEKTPOHHOrO reHepatopa AOCTHrHYT hasosbiii wym -90,6 nbn/Ti npu
cmetennu 10 KI'1L oTHOCHTeIbHO Hecyllel 1 anana3oH nepectpoiiku 0,5-10 I'T.

CreHpoBbie NOKaaAbI

C.5.1 MoaenMpoBaHHie U U3rOTOBJIEHUE BbICOKO3(D(heKTUBHBIX I PAKIIMOHHBIX PElIETOK U3 HUTPUIA
KpeMHMUsI

Anacmacus Eseenvesna byuyesa
[lyxosckue na6oparopuu, Keantym napk, MI'TY um. H.9. baymana, Mocksa

B pa6ote npencraByieHbl pe3yibTaThl YHCAECHHOTO MOJEIUPOBAHUS U ONTHUECKUX U3MEPEHHH MapamMeTpoB JAU(PAKIIHOHHBIX
pelleTOK M3 HUTPHAA KPEMHHs /s BBOJAA M BbIBOJA M3jydeHHs. PaccMoTpeHbl OCHOBHblE KOHCTPYKUMH AM(PPAKIHOHHBIX
pelleToK, yBeJUUMBalole 3PEPEKTUBHOCTL BBOAA. B pesysbTaTe MOAEAUPOBAHUS ObUIM TOJNydeHbl 3HAUEHUS MEPHOJA,
Ko3(pHLMEHTa 3anoNHeHust M TOJIIMH ONTHYECKHX cJl0eB, obecreunBatolide sddektBHOCTL BBOMa Oosiee 30% s
dokycupyrolieil audpakukonHol petetkd H 6osee 60% s pelieTkd ¢ oTpakareseM. IlpoaHaJqu3MpoBaHO BJMSIHHE
MOrPELIHOCTH M3TOTOBJIEHHST TU(PPAKIMOHHBIX pelleToK Ha 3(hdeKTUBHOCTL BBOAA. [ljisi M3rOTOBJIEHHBIX NU(PPAKIIMOHHBIX
pelieTok 6a3oBoil KOHCTPYKLMK Oblia noJyuena shdexrusocts 27,8 % ua maune soansl 1550 oM, nosoca nponyckanust 24
HM.
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C.5.2 TutaHOBbI€ BOJIHOBO/IbI B MOAJ0KKaX HH00ATA JUTHS, JJETHPOBAHHOIO MarHueM, ijis reHepauuu
3anyTaHHbIX nap GoToHOB

Aunexcandp Arexcarndposuu boedarnos!, H. B. Havuues!, A. B. lllanpaii’
! denepalibHOe ToCyIapeTBEHHOE OIOIPKETHOE yupexkieHne HayKn OU3HKO-TeXHHYECKUE HHCTUTYT
M. A. @. Modde Poccuiickoit akanemun Hayk, Cankt-Iletep6ypr, Poccuns

Pa6oTa mocssillleHa ONTHMH3aMKM TEXHOJOTHHM M3TOTOBJEHHS] ONTHUECKHX BOJHOBOIOB METOIOM TepMHUYeCKOH Auhysuu
THTaHA B MOIOKKY HHUOOaTa JiuTHs, JerupoBanHoro maruueM (Ti:MgO:LiNbOs), st ahekTHBHON reHepalyy 3amnyTaHHbIX
nap ¢oToHoB. MccsenoBaHo BJHsHHE TEXHOJOTHYECKHX MapaMeTpoB TePMHUECKOH MU(Qy3nH THTaHA Ha XapaKTepPUCTHKH
BOJIHOBOJIHOTO KaHaJla Ha JIBYX JUIMHAX BOJIH (775 n 1550 um) 17151 1Byx oproroHasbhbix nogsipudatnil (TM u TE). Onpenenenb
ONTHMaJIbHble YCJIOBHsl, ObGecreunBalolifie OIHOBPEMEHHO MHHMMaJbHble BHYTPEHHHe ONTHUECKHE TMOTepH W XOpollee
nepeKpbITHE (hyHIAMEHTANBHBIX MO/, 8 TAK:Ke MPEIJIOKEHbl METO/Ib! COTIACOBAHUST ONTHUYECKOTO BOJHOBO/A C TTOABOISILIUMH
ONTHYECKUMH BOJIOKHAMH.
Katoueble cioBa: MuTerpasnbHas ontika, Hennneltnas ontuka, KeantoBasi ontuka, Huo6ar siutus, BosHoBosb!,

Huddysus turana, [lepenyranusie hOTOHBI.

C.5.3 Bausinne napamMeTpoB CBEpXNPOBOJTHUKOBOT0 OJJHO(OTOHHOIO JETEKTOPA HA pa3pellaloilyio
CMoCOOHOCTD MO Uncay oToHOB

Oxcana Heopesna llImonuna’, H.A. Cmenanos'? A.C. babypun'? H.A. Poouornos'?
TlyxoBckue saGopatopuu, Ksantym napk, MI'TY um. H.3. Baymana, Mocksa, 105005, Poccust
BHUHA um. H.JI. yxosa, Mocksa, 127030, Poccust

CBepXIpOBOJHUKOBbIE OJHO(POTOHHBIE AETEKTOPbl TPAAMLMOHHO HCIMOJb3YIOTCS B KBAHTOBBIX TEXHOJIOTMSIX Kak OUHApHble
YCTpOHCTBa, He CTIOCOOHBIE OIMpPeNesiTh YHCI0 (DOTOHOB B UMITyJIbce. B naHHOW cTaThe MpeacTaBaeHa MOJE/b, CBSI3bIBAIOIAS
BpeMsl HapacTaHHsl UMITyJ/1bCa ICTEKTOPA C UUCIOM TOMVIOLEHHBIX (POTOHOB, FeOMETPUEH U CBOMCTBAMU MaTepHaJsa AeTeKTopa,
a TaKxkKe yCJOBUSIMH ero pa6oTbl. Mojesb 1eMOHCTPUPYET, KakK f06aBaeHHe MOCAe/I0BATENbHON HHAYKTUBHOCTH MO3BOJISIET
3HAUMTEJLHO TIOBBICHTb TOUHOCTb pa3pellieHust uhcia poToHOB. Anpobaliist MoJie/H Ha SKCIIepUMEHTANbHbIX IAHHDBIX TTOKa3asa
CPEeIHIOI0 OTHOCHTEJIbHYIO MOrpelHocTh MeHee 6%, MOATBEepKAasi ee TOUHOCTb M MEepPCIeKTHBHOCTL sl ONTHMH3ALMH
BBICOKOCKOPOCTHBIX IETEKTOPOB C pa3pelleHneM Mo Yhcay (hOTOHOB.
KstoueBble ¢/ioBa: CBEPXTPOBOMHHKOBBIH ONHOMOTOHHbIH AE€TEKTOP, pa3pelieHne Yuca (hOTOHOB, HHIYKTHBHOCTD,

CKOPOCTb CUéTa
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Cekuus 6
Untepdepomerpus v onTuueckas METPOJOTUsE

YcrHble JoKaaabI
6.1 Merton HeauHelHOW UHTepdhepomeTpuu AN MHGpakpacHoi merpodoruu (/lpuesrauierrolii)

A.C. Cabanun', C.I1. Kyaux'?, Auna Baadumuposna [lameposa', PhD

! JTabnpatopusi « KBanTtosast urxKkeHepusi cseta», KOxKHo-YpasibCKHil rocy1apCTBEeHHbIN YHHBEPCUTET,
Yensi6uHck, Poccust

2 LleHTp KBAHTOBbIX TeXHOJIOrHH, Pusnueckuii hakysnbTeT, MOCKOBCKHE roOCyapCTBEHHbIH YHHBEPCHTET
uMmenu M. B. JIomonocoBa, MockBa, Poccust

B paGore mpencraBieH MeToJ IIHPOKONOJIOCHOH HH(PAKPACHOH CIEKTPOCKONHUH, OCHOBAHHBIH Ha HEJHHEHHOH

MHTEP(EPOMETPHH C HCIOJNBb30BAHHEM KOPPEJMPOBAHHBIX Map (oToHOB. MeToj Mo3BOJSET ONpeleaTh HHppakpacHoe

TOTJIOLIEHHE Ta30BbIX CpPeJl MPH JIETEKTHPOBAHWM BHAMMOrO H3JjlyueHHs 6e3 TpPUMEHEHHs! J0POrOCTOSIIMX KOMITOHEHTOB.

DKcrepuMeHTalbHO MPOJIEMOHCTPUPOBAHO AETEKTHPOBAHME YIJIEKHCJIOTO Ta3a M 3aKHCH a30Ta 1Mo MX (yHIaMeHTaJbHBIM

110J10CaM TMOTJIOIIEHHS Ha TMHAX BOJH 4,27 MKM 1 4,5 MKM COOTBETCTBEHHO, TTPH PETUCTPALIUH ATHH BOJIH BUIMMOTO IHana3oHa.
KimoueBble ciioBa: KBanroBasi ontrka, nHTepdepomeTpusi, HHppakpacHast CeKTPOCKOMHUS

6.2 Mukpope3oHaTOpbl ¢ MOIAMH LIEMYYILel rajepen: TEXHOJOTMU U3TOTOBJIEHHSI U 00J1aCTH MPUMEHEeHHUS
(llpuerawernouti)

Kupuaa Hukonraesuu Munokos'?, k. m. ., E.H. Jledenés?

! Poccurckur kBaHTOBbIH LieHTp, 121205, r. Mocksa, Teppuropusi Unnosatmontoro Lentpa “CkoJsikoBo”,
Boabiuoit 6yabsap, 1. 30, cr. 1.

2 BcepocCHICKHI HayuHO - HCC/IEIOBATE/IbCKUI HHCTHTYT ONTHKO-(DU3HUeCKHil uaMeperuii, Mocksa

3 TocynaperBennblii actponomuueckuil uctutyT um. [1.K. [Itepn6epra, MocKOBCKHI roCy1apeTBeHHbBIH
yuuepcutet uM. M.B. Jlomonocosa, YuuBepcurercku# npoci. 13, 119234, Mocksa, Poccus

B cratbe paccMOTpeHa TEXHOJIOTHsl M3rOTOBJICHUS BbICOKOJOOPOTHBIX MHKPOPE30HATOPOB C MOJAMH Luemyyllefl rajnepeu
METOIOM TPEXCTAMHHOr0 aJMa3HOTO TOYEHHS] C MOCJELYIOIMM BbICOKOTEMIEepaTypHbIM OTKHUroM. OmucaHbl 3Tarnbl
(hopMHPOBAHHUST TEOMETPHH PE30HATOPA, BKJIOYAsT YEPHOBYIO, MTPOMEXKYTOUHYIO H (PMHHUIIHYI0 00paboTKy ¢ HAaHOMETPOBOH
ray6uHol pe3anusi. [lokazaHo BJHSTHHE TEXHOJMOTHUECKHX (haKTOPOB HAa KA4eCTBO MOBEPXHOCTH M IOGPOTHOCTh PE30HATOPOB.
s kpucramnos Mgl n BaMgF.s nponemonctpupoBana s¢p(eKTHBHOCTb OTXKHra B aTMocgepe as3oTa, 06ecrnednBaloniero
CHIKeHHe Je(eKTHOCTH |  TIOBBHIIIEHHe CTaGWJIBHOCTH TapameTpoB. PagpaGoTaHHBIA  MOAXON  00ecrevyrBaeT
BOCIIPOM3BOJUMOCTb XapaKTePUCTHK U NIePCIIEKTHBEH Y15l CEPUIHOIO NPOU3BOACTBA MHKPOPE30OHATOPOB.
KitoueBble ciioBa: MUKpOPE30HATOPLI; MOAbL LI€MUyLIeH rajepel; alMa3Hoe TOUeHHe; BLICOKOTeMIIepaTypPHbIE OTKUT;

npo6potHocTb; Mgkz; BaMgFa.
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6.3 CyOBOJIHOBbBIE ONTHYECKUE BOJOKHA /151 NPUI0KEHUH yabTpaduroneToBoit poronuku (/lpuerawernnoiti)

C.B. Baacos'?, I'.1O. Jlesxun?, /1.C. Moucees?, M.A. Jlobarnosa®, Kupuir Hukosaesuu Munoxos'?,

K. M. H.

! Poccurckur KBaHToBbIH LeHTp, 121205, r. Mocksa, Tepputopusi Mnnosauunonnoro Llentpa “CrkoskoBo”,
Bosbuwioit 6yabsap, 1. 30, ct. 1.

?BcepoCCHICKHIT HAayuHO - HCCIIEIOBATENbCKUH HHCTUTYT ONTHKO - PU3HUECKHE u3aMepeHHuil, MockBa

3 Haupona bHbIi KecieoBaTe IbCKuil siiepHbiil yHusepeutetr « MUK », 115409, r. Mocksa,

Kaumpcekoe 1occe, 31

* MockoBcku# rocyaapeTBennbiil yausepeuret umenn M. B. Jlomonocosa, dusuueckuii hakysnbret. Poccwust,
119991, Mocksa, Jlenunckue ropel, 1. 1, ctp. 2

5 OejiepalibHoe roCylapCTBEHHOE aBTOHOMHOE 06pa3oBaTe/IbHOE YUPeXKIeHHe BbICIIEr0 06pa3oBaHH st
«HaunoHanbHbIl HcceoBaTeNbCKUE TexHoJornuecknit yHuBepeutet “MHUCHUC”», Mocksa, Poccus

B pa6ote paccMoTpeHa TeXHOJOTHSI H3TOTOBJIEHHST CyOBOJHOBBIX ONMTHYECKHUX BOJIOKOH HA OCHOBE OJTHOMOJIOBOTO BoJIoKHA 405-
HP meTonom pactsizkenusi ¢ JuHeHHbIM H3MEHEHHEM AJIMHBI 30HbI HarpeBa. McenenoBano BaMsiHUE MapamMeTpoB BHITSKKH Ha
JIiaMeTp MepeTsLKKHY U OTITHUeCKoe nponyckanue. [Tokazano, uTo npeiioyKeHHbIH MOAXO/ TTO3BOJISIET MOJyYaTh CyOBOJHOBbIE
BOJIOKHA C JIMAMETPOM TIEPETSIKKU Mopsiaka 385 HM MpH OTHOCHTEIbHOM Tponyckanuu 10 97 %. [Tosydennble pesy/bTarhbl
MOATBEPKIAIOT ME€PCHEKTHBHOCTD HCMOJIb30BaHUS CyOBOJHOBBIX ONTHUeCKUX BosIokoH 405-HP B cucremax yabrpaduosnetoBoi
(hOTOHHKHM U CBSI3U C BLICOKONOOPOTHBIMH MHKPOPE30HATOPAMH.
KitoueBble ciioBa: cyGBOJHOBbIE ONTHYECKUE BOJIOKHA; yJbTpaduoeToBas POTOHUKA; SBAHECIIEHTHOE MOJIE;

MHKPOPE30HATOPHI.

6.4 KomnakTHasi cuctema Jia3epHOro OXJaXKIeHHUSs JJisl TPAHCMIOPTUPYEMOT0 ONTHYECKOT0 CTAHIAPTa YaCTOThbI
Ha OCHOBE aTOMOB UTTEPOUS

Anmon [lasrosuu Baaex"?, A. B. Cemenxo', A. B. Koxaros'?, I'. C. beaomenos’

! DenepasibHoe TocyIapeTBEHHOE YHHTAPHOE MPeANpHsiTHe « BCepoCcCHICKHI HaydHO - ICCIE0BATEIbCKUH
MHCTHUTYT (DU3UKO-TEXHHUECKHUX H PaJIMOTEXHHUECKHX H3MepeHHii», MeniesieeBo, MocKoBCKast 00J1acTh,
Poccus

2 Haupona/bHbIH Hce/ie0BaTe/IbCKHi saepHbiil yuusepeuter “MUOK”, Mocksa, Poccus

B pabore mpencraBieHa KOMMAKTHasi CHCTeMa JIA3€PHOTO OXJAXKAEHHs! JUIs TPAHCIOPTHPYEMOTO ONTHYECKOTO CTaHAApTa
YaCTOThI Ha XOJIOAHBIX aToMax "'Yb. KyloueBbiM 3/1eMEHTOM CHCTEMBI SIBJISIETCS] BTOPHUHASI MATHMTOOINTHYECKAS! JIOBYILIKA,
paboTatoliasi Ha HHTEPKOMOHHALIMOHHOM Tepexojie. B oT/inuMe OT KJaCCHUeCKUX KOH(UTypalllil oA0OHbIX CHCTEM, 3arpy3Ka
JIAHHOH JIOBYLIKH B KOMIIAKTHOH CHCTEME JIA3€PHOTO OXJIAXKJICHHUST OCYLIEeCTBJsseTcs ©e3 HCMOJb30BAaHUS TePBUUHON
MarHUTOONTHYECKON JIOBYIIKH Ha IMMIOJILHOM Mepexojie. YKazaHHOe CBOUCTBO MO3BOJIM/IO 3HAYUTEBHO YIIPOCTUTL CUCTEMY H
YMEeHBIIUTh €€ ra6apuThl. 1J1st 3(ppeKTHBHOI 3arpy3KH aTOMOB BO BTOPUUHYIO MAarHUTOONTHYECKYIO JIOBYIIKY ObUT pa3padoTaH
3€eMaHOBCKUH 3aMeyIuTe b, YCTaHOBKA No3poJsier 3axpatuth ~ 108 atomos '7'Yb ¢ Temnepatypoit 35 MkK. JocTuruyTbie
napaMeTphl MO3BOJISIIOT 3arPY3UTh B OMITHYECKYTO petéTKy 4 - 10° aToMOB, YTO 10CTaTOUHO /15T paGOThI ONTHYECKOTO CTaHAapTa
YacTOTHI.

KitoueBble cioBa: JlasepHoe oxnaxnenre, ONTHIECKUN CTaHAAPT YacTOThl, TpaHCMOPTUPYEMbIH ONTHUECKUE CTaHAAPT
4acToThl, MarHUTOONTHYECKAs JIOBYILIKA, XOJIOJHbIE aTOMbI, 3€€MaHOBCKHI 3aMeyuTesb, MTTepOuii.

6.5 dddekr BepHbe B cniekTpanbHOI HHTEpHEPOMETPUHU U €r0 IPUMEHEHHUE 1J11 H3MEPEHHUSI TOHKUX TJIEHOK
(llpuerawernouti)

A. A. Maprsapm!, JI. 1. 3asaruwuna’, A. B. [lempos’, Hukoaatl Arexcarndposuu Yuiakos'
! Cankr-IlerepGyprekuii nosnrexnudeckuil ynusepeutet [lerpa Benmkoro, Cankr-Iletep6ypr, Poccusi

MamepeHue paccTosiHU BJSIETCS BAaXKHOH 3aaueli BO MHOTHX 00J1acTsIX HAyKH M TeXHUKH. CriekTpajibHasi HHTepdepoMeTpHs
BBIJICJISIETCS] CPEAM MHOXKECTBA APYTHX METOJI0B BBICOKOH TOUHOCTBIO H BO3MOXKHOCTBIO H3MEPEHHST a0COJOTHBIX PACCTOSIHUI.
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Bo mHorux padotax ajis yJjyulleHust € 4yBCTBUTEJNbHOCTH NpUMeHseTes spdekT BepHbe, BO3HUKAIOUIME NP HATMUUHK JIBYX
MHTEeP(PEPEHLIMOHHBIX KOMIOHEHT ¢ OJH3KHUMH Pa3HOCTSAMHU ONTHYECKUX MyTed. B pabore aHanuaupyercsi TOUHOCTb H
paspeliatoiasi cocoOHOCTb TAKUX H3MEPEHUH C yUEeTOM pealibHbIX KCIePUMEHTAIbHBIX LIYMOB YISl Pa3/IMUYHbIX NapaMeTPOB
uHTepdepomerpoB. C ucrnosbzoBaHueM cooTHolleHHH Pao-Kpamepa nokasan c/0:KHBIH XapakTep BJHsIHUSI LLIYMOB Ha
pe3ysbTaThl 00pabOTKH HHTep(epeHLHOHHBIX CHUTHAJOB B CJydae HCMoJb3oBaHHsl d(dekra Bephbe. BrwisiBneno, uro B
YCJI0BHSIX, 00ecneynBatoluX IKCTpeMalbHOe yBeJMueHHe YyBCTBUTEJNbHOCTH KPUTHUECKH BO3PACTAET BJMSIHME LIYMOB, YTO
onpeessieT ONTHMAaJbHbIE TapaMeTpbl MPH POEKTHPOBAHUH CBEPXTOUHBIX HHTEPEepOMeTpHUECKUX U3MepuTeell. OTaesbHO
aHAJIU3UPYeTCsT BO3MOXKHOCTb TIPUMeHeHHsT s¢dexra BepHbe sT W3MepeHHs] TOMNMIMHBI MPO3PAUYHBIX TOHKHX TIJIE€HOK
MPOU3BOJILHON TOJILLMHDIL.
KatoueBbie ciioBa: CriektpanbHasi HHTep(epOMeTpHsl, ONTHUECKAs KOTepeHTHasT TOMOrpadusi, HepaspyLIalouuh

KOHTPOJIb, paspeLuaroLLast cnoco6HOCTb

6.6 [IpumeHeHue KUIKOTO 3TAJIOHHOTO 3epKaJa i KOppeKUUu abeppauuil ONTUUECKOW CUCTEMbI
HIMpoKoanepTypHoro uHTepdepomeTpa co coBmelleHHbiMU cxemamu TBaiimana-I'puna u ®uzo

HUsan IOpvesuy Panduenko”?, I'H. Buwnskos', B.JI. Munaes’

000 "3rexkmpocmerao”, Mocksa, Poccus

? Beepoceutickutl Hay4Ho - UCCAO08AMEAbCKULL UHCIUMY M ONMUKO -(DUSULECKUX U3MEPEeHLLL,
Mocksa, Poccus

B paboTte paccmaTpuBaeTcst ONbIT TPUMEHEHHST XKUIKOT0 3epKaJia /151 ui3MepeHHs ToNorpaMm nepeiHei 1 3aaHei moBepxHocTel
MUIoCKoNapaJJieIbHOH  TJIaCTHHBI, MCMOJMb3yeMOH B KauecTBe 3TajoHAa B LIMPOKOANEPTYPHOM HHTepdepoMeTpe co
coBMellleHHbIMU cxeMaMu TBailmana-I'puna u @uso. Mamepenue Tonorpamm noBepxHocTeil niockonapasieabHou njaacTHHbI
NPOUCXONUT B pexkume Tralimana-I'puna, Kuiakoe 3epkajo NP 3TOM BBLICTYMAeT B KauecTBe HIea]bHOH 3TaJOHHOU
MOBEPXHOCTH. VI3MepeHHble TOMOrpaMmbl [O3BOJISIIOT  [POU3BECTH KOppeKUuto ab6epaluii  ONTHYECKOH CHCTEMBbI
UHTepdepomeTpa 1npu pabore B cxeme PU30, YTO B CBOIO 0UEPEIb O3BOJISIET MOBLICHTb TOYHOCTb H3MEPEHHH.

KaoueBble cioBa: Ontrka, Metpodiorusi, cxema TBaiimana-I'puna, cxema ®uso, uHTepdepomMeTpHs, XKUAKOE 3EPKAJIO

6.7 PacueT BIMAIHUS MO3ULIMOHUPOBAHWS EPBOU MOBEPXHOCTHU JIMH3bI HA IELEHTPUPOBKY BTOPOIi B NPSMOM
Xoje Jgy4a

Hn Baadumuposuu Tepao, H.O. [lpoxoperkos, A.b. Ocmpyr
00O «Onro-Texnosnoruueckas Jlabopatopusi», Caukr-Ilerepbypr, Poccus

[Ipy MpPOEKTHPOBAHHHM BbICOKOTEXHOJIOTHUHBIX ONTHUECKUX TMPUOOPOB HEOOXOAMMO 3a4acTylo HeoOXONUMO MPUMEHSIThH
CaMOLEHTPUPYIOLLyloCs KOHCTPYKLHio. [Ipy TakoMm THre KOHCTPYKUMH JHH3bl CHauaja (UKCUPYIOTCS B ONpaBax, 3aTeM
YCTaHABJMBAIOTCS HA CreUMa/bHbIl CTAHOK M CMeUleHMEM M HAKJIOHOM JIMH3bl B OMNpaBe YCTPaHSIOT OHeHHe
ABTOKOJJIMMALIMOHHBIX TOUEK OTHOCHTEJbHO OCH BpalleHus LNuHAe s. [loce 3Toro BbIMOJMHAETCS MPOTOYKA TOPLEBOU M
UUTUHAPUYECKOH TOBEPXHOCTEH JIMH3, (hOpPMUPYsT 6a30Bble MOBEPXHOCTH OTHOCHTEJBHO ONMTHYECKOH OCH JIMH3bI. BayKHBIM
9TaNoM SIBJSIETCS TTOCJEMYIONINH KOHTPOJIb OCTAaTOYHON JIELIEHTPUPOBKH OTHOCHTENBHO 3THX 6a3. [lpu 3Tom GoJbIIMHCTBO
npuHOPOB KOHTPOJIST OCHALLEHBI TOJBKO OJHUM ABTOKOJJIMMATOPOM, MO3TOMY MPUXOAUTCS KOHTPOJHPOBATh JIELIEHTPHPOBKY
BTOPOH MOBEPXHOCTH JIMH3bI Yepe3 TOJILy CTeK/Ja C ydeTOM MO3WLHOHUPOBaHUs MepBOH MoBepxHOcTH. B nanHoll pabote
MPeIOCTaBISIIOTCS Pe3yJIbTaThl HCCEI0BAHHS BJAUSHUS MO3HLMOHUPOBAHHS OHON MOBEPXHOCTH HA IELIeHTPUPOBKY JIPYro# /sl
cepruecKUX JIMH30BbIX 3/1€MEHTOB MOCPEJICTBOM FeOMETPHUECKOT0 0TOOpAKEHHS JIydeld, a TaKXKe IEMOHCTPUPYETCs TPUHLKI
paboThl aJropuTMa pacueTa UCTUHHON NEUEHTPUPOBKH MOBEPXHOCTH C ydeToM BJusHUS abeppauuil. [Ipumepbl usmepenuii
peasiuaytorcs ¢ nomoliblo «ITpubopa mnst koutpods ueHTpupoBkd OptoTL — Cl».
KaioueBble cioBa: Onruka, Jletientpuposka, ['eomerpudeckoe otobpaxenue Jydeil, AGeppaiui.
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6.8 CeHcop BHYTPUIJIa3HOTO JaBJE€HUS HA KOHTAKTHOM JIMH3€ HA OCHOBE BOJIHOBOJIHOTO Jla3epa ¢
pacnpeneseHHONH 00paTHON CBSA3bIO

Examepuna Mycuxuna, C. Hsarnos, H. Dpadkun, A. Buwrnesoiii, A. Xpebmos, P. Kupmaes,
H. Paodvko, A. Apcenun, B. Boakos
Emerging Technology Research Center, XPANCEO, Dubai, UAE

M3MepeHue BHYTPUIVIA3HOTO IAaBJEHUS NPEACTABISET COO0H CJI0KHYI0 3a/1a4y, 00yC/0BIEHHYI0 HEOOXOAUMOCTbIO ONpe/eieHHs
MaJblx JehopMalLilil MSIrKOro MaTepuana (pOoroBHLibl), MOfyJb yrpyroctu Kotoporo <0.5 mI1a. Mbl npexcrasssieM perienue
JaHHOH npo6JeMbl B BHE BOJHOBOAHOTO Ja3epa ¢ pacrpefesneHHoll obpathon casisblo (POC) Ha mosmumMepHOM KpacuTeJse
F8BT. Peuietka pis POC-yazepa wusrotojena wmerojioM roJiorpaduueckoin Y®-smutorpaduu. Crpykrypa Jasepa
npeacTaBJsieT co00H CJIOH 31aCTHYHOrO MaTepHasa, MoBepX KOTOPOTro HaHECEH CJION KPACHTeJIsl ¢ PeleTKOH BTOPOTro nopsiaxa
Judpakuuu. Jlazep nepeHecer Ha MNOBEPXHOCTb KOHTAKTHON JIMH3bI, TPOBEJEHbl U3MEPEHHUs] AJHHbI BosHbI reHepauun POC-
Jlazepa MpH U3MEHEHHU JIaBJIeHHSI B MOJeJIHU IJ1a3a. [losydeHHast 4yBCTBUTEBHOCTb CEHCOpa cocTaBuia 27 M Ha | MM pT CT,
MpH JTMHE BOJHBI 0K0s0 570 nm, wupyna unuu 0,4 HM. Dneprust umnyJibea Hakauky < 10 MiJlx/cm2.
Kmouesbie cioBa: Onruka, [Nosorpacust, J1azep c pacripenesentoit o6paTtHol cBsi3bto, [TosnmMepHblil KpacuTeb

F8BT, Cencop BHyTpUIJIa3HOTO JIaBJIEeHHsT

6.9 MCTOLL CNEKJ-KAPTUH /11 NPEUU3HUOHHOIO U3MEPEHUSA NJNUH BOJH Ja3€PHOro U3jJy4y€Husa B ONNTUYECKOM
Avana3oHe

Anexceti Barepvesuy Koxarnos'?, H. H. Hosuros', A. A. Epogeesa’, I'. C. Beaomenos’

' Beepoccuiickuii HaydHO-HCC/I1e0BATENbLCKUH HHCTHTYT (PU3HKO-TeXHUUECKUX H PAJHOTEXHHUECKHX
usMmepenui, Menneneeso, Poccus

2 HauponasbHbIi MCC/ie10BaTe IbCKHI siepHbli yuuBepeuter « MUK », Mocksa, Poccust

B paGote onucbiBaeTCsi METO/ H3MEPEHHUST JIMHbI BOJIHbBI JIA3€PHOTO U3JyueHHst yTeM (POPMUPOBAHHUS 1 aHAJIM3a H300paXKeHHI
CMEKJ-KAPTHH — CJIyYalHbIX MHOTOJIYYEBbIX HMHTEpP(EPEHIMOHHBIX KaPTHH, OOpPA3YIOUIMXCS BCJIEACTBUE TMPOXOXKICHHS
KOT€PEHTHOTO H3JyueHHs uepe3 HeJIMHEHHYI0 paccenBatollyto cpeay. [IponeMoHCTpUpoOBaHa SKCepUMEHTabHAS YCTAHOBKA
JUIsT UCCJIENIOBAHUSI CIIEKJI-KapTHH, ChOPMUPOBAHHBIX B HHTErpUpYIOLlel cdepe M H30JUPOBAHHBIX OT BJIUSIHHST HelleJIeBbIX
napametpoB. OmpesesieHa paspeliamoliast CrlocoOHOCTb, cocTaBuBiiast 2 Ml Ha miuHe BosiHBl 556 HM. PeasusoBaHna
KJ1acCHU(HUKALIHs CIIEKJT-KAaPTHH MO JJIHHAM BOJIH C TIOMOILbIO CBEPTOUHON HelpoHHOH ceT. [1poneMoHCTpUpOBaHEI pe3yJ/IbTaThl
o6yueHus: HeHpPOCeTH, MO3BOJISTIONIME KlacCUPUIMPOBATh AJMHBI BOJH ¢ marom B 10 M.
Katouesbie cioBa: Crieki-uzobpaxenue, Fiamepenue mun Bos, Ontrka, Ontrueckas merposiorust, HeiipoceTs.

6.10 CoBeplieHcTBOBaHHE 3anKcH HHTEpdepOrpaMm KoJeo1011erocsi 00’beKra npH Ucrnojab30BaHUU
KOJIbLIeBO# JuacdparMbl B ONTHUECKON cXeMe MOOWJIbHOrO crieKia-uHTephepomerpa

Aunekcetl Bukmoposuu Heuenko', A. H. )Kyacyxun', P. H. Cepeees’
! Camapckuii HalMOHAJILHBIH HCCJIEIOBATENbCKUI yHIBepeHTeT MeHH akanemuka C.I1. Koposiéna,
Camapa, Poccus

HMcenenoBat nmpotecc perucrpaiii hopM Kose6aHui TeCTHPyeMOoro 06'beKTa MpH HCToJIb30BaHHH
KOJIbLIEBOH IMacyparMbl B ONTHYECKOH CXeMe MOGHJILHOTO CTIEKJI-UHTepdepomMeTpa ¢ MU y3HO-paccesiHHbIM
OMOPHbIM MydkoM. OTipe/ie/ieHbl ONTHMAJIbHbIE YCIOBHS 3aMTUCH UHTEP(EPOrpaMm TpH 3HAUUTEJILHOM
cyxeHun KosiblieBot aneptypsi ([<10.8) BxoaHoro 3pauka o6beKTHBA LIU(POBOH Kamepbl. B 3ToM ciyuae
OTMEUaeTCsl MOBbILIeHHE KOHTPACTa HHTePhEePEHIIMOHHbIX 10JIOC Ha U300paKeHHH 00bEKTA.
Kitouesnbie cioBa: Criekii-unrepdepomerp, 06'beKTHB, KOJIbLIEBast Mapparma, peructpaius, o0bekT BUbpatiusi
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6.11 IpyxkaHa/jbHO€E YCTPOMCTBO UMUTALIMM IMHAMUYECKHUX CLIEH

Henuc [Opvesuy Bacuaves, B. H. Kypm, /I. A. Eeowun
Axioneproe o611ecTBo « HayuHo-npousBojcTBeHHOe 06 beHeHre «'ocy1apeTBEHHbIN HHCTHTYT
NpUKJIaaAHOH onTHKK», Kasanb, Poccust

Joknan nocssilieH BonpocaM 06ecleyeHHsl UCHbITAHUH JBYXKAHAJbHBIX ONTHKO-3JIEKTPOHHBIX CHCTeM. YKasaH croco0
CHWXKEHHSI o0beMa HaTypHbIX HcnblTaHuil. IlpencraBieHo ycTpPoOHCTBO, reHepupylollee CTaTHYeCKHe W AMHAMHYeCKHe
MMHTALHOHHbBIE H300PAXKEHHUST B BUIMMOM M HH(PAKPACHOM JanasoHax crekrpa. Onucanbl ero onTHuecKast cxeMa u MpHHLMM
paboThl.

Kntouessle cioBa: OnTHKO-3/1€KTPOHHBIE clcTeMbl, MUKpo3epka/bHast MaTpuLia, LLInpoTHO -UMMyIbCHAST MOJTYJISILIHSI.

6.12 Annaparypa 1y U3MepeHUsl SHepreTHUeCKUX XapaKTepUCTUK MCTOYHUKOB U3JyueHust

[enuc Anekceesuy Ecowun, B. H. Kypm, /1. IO. Bacuives
Axuponeproe obuiectBo «HayuHo-npousBojacTBeHHoe o6beHenue «'ocy1apeTBeHHbIN HHCTHTYT
NpUKaaaHoi onTukU», Kazanb, Poccus

Jloksan nocBsUIEH pelleHHI0 aKTyaJbHOH 3a1aud M3MEPEHHs] SHEPreTHYECKHX XapaKTEPUCTHUK HCTOYHMKOB M3JydeHMsl,
NPUMEHSIEMbIX Ul HACTPOUKM M KaJMOPOBKH OMNTHKO-3JEKTPOHHBIX MPUOOPOB B MH(PAKPACHOM H YJbTPa(HOJETOBOM
JMarnagoHax crekrpa. s npoeaeHusl u3MepeHHil pagpaboTaHbl spkoMep U poTomeTp. ONUcaHbl MX CXeMbl H KOHCTPYKTHBHbIE
ocoO6eHHOCTH. [lpHBeneHbl pe3ysbTaThl IKCMEPUMEHTAJNbHLIX HCC/IEI0BAHHWH, BKJ/IOYAIOLIMX OMNpeeseHre auanasoHa
M3MepsieMOH SIPKOCTH W 3IHEPreTHYeCKOH OCBEIEHHOCTH, a TaKXKe OLIEeHKY TMOTpelHoCTed u3MepeHuil. [lpencraBsieHbl
OTHOCHUTEJIbHbIE CIIEKTPAJIbHbIE XaPAKTEPUCTHKH UYBCTBUTEJILHOCTH TPUOOPOB.

KimoueBble c/0Ba: DHepreTuieckue XxapakTepUCTHKH, Y bTpaduosneToBoe uatydenue, Mudpaxkpactoe usimyuetue,
dotometp, SIpkomep, SIpkocTb, DHepreTHueckasi 0CBelleHHOCTb, OTHOCHTEJbHAS CIIEKTpa/ibHAS XapaKTePUCTHKA
YYBCTBUTEJILHOCTH.

CreHpoBbIe 10KJaabl

C.6.1 Pa3zpa6oTKa npeuu3MOHHbIX Ja3ePHbIX UHTEP(EPOMETPOB U UCCIETOBAHUS HA ITAJOHE €JMHULbI IJTUHbI
3T 199

Eseenut Anexcandposuy Jlaspos
OI'YIT «BHUHUDTPU », nrr. Mennedseeso, Poccus

B pa6ore npuBeneHbl pe3ysnbTaThl paspabOTKUM W HCCJAEIOBAHMH METPOJIOTMUECKHX XapaKTEPUCTHK OJHOBOJIHOBOTO H
JIByXBOJIHOBOT'O J1a3€PHbIX HHTEPHEPOMETPOB, MpeHa3HAUEHHbIX IS H3MEPEHUH NpupalleHud InH B qdanasode 1o 60 M. B
paboTe OMUCaHbl ONTHYECKHE CXeMbl UHTEP(PEPOMETPOB U MPUBEIEHbI Pe3yJbTaThl IKCIEPUMEHTAbHBIX HCCJAEIOBAHUI Ha
6asuce ['ocyapcTBEHHOTO MEPBUYHOTO CMEMAIBHOTO TajoHa euHuLb JuiuHbl [T 199. PaspabotanHble HHTephepOMeTphI
o0ecrneyuBaT HEOOXOAMMbIH 3amac TOUHOCTH OTHOCHTEJbHO CEPHUHHO BbIMTYCKAIOLMXCS MHTEP(PEpOMETPHYECKHX CHCTEM
U3MEePEHUH JIMHEHHBIX MepeMelLEeHUH, HCIOJIb3yeMbIX TOTPEOUTENAMU.

KatoueBble cioBa: Jlazepubiii nuntepdepomerp, [1peunsnontbie uamepenus aiunbl, Ontudeckass MeTposorust.
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C.6.2 UccnenoBaHre MHOTOLMKJIOBOM YCTAJOCTH KOMIMO3UTA METAJI-MOJMMEDP METOJaMU CTEKJI -
uHTepdepomeTpun

Koncmanmun Bawecarasosuu Haymos'?, A.I1. Baadumupos', H.C. Kamanyes', H.A. lpykapenko',
M.A. Hukughopos?

' Mucruryt mammnosenenust um. D.C. [opkyHoBa ¥Ypasibekoro oteenusi POCCHIHCKON akajieMHH Hayk,
Exatepun6ypr, Poccust

2 Ypasbekuit esiepaibibiii yHuBepeuteT uMenu nepsoro [pesunenta Poccuun B.H. Enblumna,
Exatepun6ypr, Poccus

Briin nccnenoBanbl Ha MHOTOUMKIIOBYIO YCTasoCTh 06pasiibl, B KOTOPBIX JIBE YaCTH MeTa/IMUeCKOH CeTKH BBOJMJIUCH Ha
MOBEPXHOCTb OPrCTeKJa MPSIMOYroibHOH (DOpMbl UX HarpeBoM. PasBUTHe yCTaJIOCTHBIX MPOLIECCOB BO BPEMEHH H3ydyasH C
MCMOJIb30BAaHUEM HOBOM 1LIMPOrpaduu, No3BoJsIoLIeH 6ECKOHTAKTHO OMPEIeNATh AehopMallii MaTepHaIOB HA MUHUMAaJIbHOH
6ase nopsiika | MxM. Bo BpeMst nenbITaHUi aMMJIMTyla IMKIA [T0CIe0BaTebHO YBeJIHUUBaach. [ 1py MoCcTOsIHHON aMIIUTy/ie
UMK/JIa HeoOpaTUMble JedopMallid Ha BCeX y4acTKax YBEJHUYHMBAIOTCS [0 MEXaHM3My LHMKJIUYecKod mossydect. [lo
pacnpefesieHuo lepopmatiiii Ha MoBePXHOCTH 06paslia BbIsIBJEHO, YTO C CAMOT0 HavaJla OMbITOB HAa BCEX 3Tarnax LMKIUIeCKOTo
Harpy:KeHusi MakcUMaJsibHoe npupallleHue aecopmalni HabJ/1101aeTcs B OIHOM MeCTe Ha CTbIKE MeTaJsul-NoJIMMep, e B HTOre
M3-3a pa3pylleHHs] MeTaJIMIeCKOH CEeTKH W BO3HHUKJIA yCTAJ0CTHAs TPELLHHA.
KatoueBbie cnoBa: ¥YCTasocTb, AMarHOCTHKA, CMIEK-HHTEPHEPOMETPHUSI.

C.6.3 KomnbloTepHas cumyasiuus HHTepdeporpamMm B cxemax ¢ IM(pPaKUMOHHBIMU ONMTHUECKUMH JIEMEHTAMHU

Pedop Cepeeesuy Cuoik”?, H. A. [ymuaun'?, A. H. [lymuaiun'?, C. C. Konéukun'*
! MoCKOBCKHI TOCYIapCTBEHHBIH YHHBEPCHTET reojieanu 1 Kaprorpadun, Mocksa, Poccust
2 dusnueckuit uuetutyt uM. [1.H. Jle6enesa PAH, Mocksa, Poccus

B pabore nmpencraBieHbl  pe3yJbTaThl  pa3pabGOTKM  KOMIBIOTEPHBIX — MOJEJeEH,  OMUCBLIBAIOLIMX  Pa3JIHUYHbIE
MHTep(EpPOMETPHUECKHE YCTAHOBKH, B TOM YHCJIe — C HCIMOJIb30BAaHHEM JU(PAKLHOHHBIX ONTHIECKHX 3jeMeHTOoB. [IpuHiun
JEHCTBHUST MOJIENTH 3aKJII0UAJICS B HCTIO/Ib30BAHHH HETIOC/IE0BATEbHOH TPACCHPOBKH JyueH ¢ epeaaueil HHPOPMaLH 0 JyIHHE
OMTHYECKOTO MyTH, KOTOPBIH MPOII&N Kaxabli Jyd. MHTepdepeHiys paccmMaTpiuBasachk myTém o6paTHOH (hHIBTPALIHN JydeH,
nornaBuivx Ha 3aJaHHY0 MOBEPXHOCTb, ¢ BOCCTAHOBJICHHUEM 10 OTALJ/IbHbIM JiydaM JaHHbIX O (1:)338 BOJIHbI U €€ HHTEHCUBHOCTH.
Merton nokasan paGoTOCMOCOOHOCTb AJIsl OMMCAHMST HMHTep(epeHlUH MPOCTPAHCTBEHHO-KOTEPEHTHBIX BOJMH C MJABHO
U3MEHAIOIUMCSA BOJIHOBBIM CprHTOM. KJII-O‘-[eBbIM JOMYyUIEHUSAMHA pacCMaTpUBaeMoro nojaxoja siBJsijioCb OTCYTCTBUE y‘-léTa
JudpakiMi Ha arniepTypax KOMIIOHEHTOB, a TAKXKe HEBO3MOXKHOCTh Mepejiau uHpopMalyn 06 06'beKTax TUIa TPAHCIIAPAHT UJIH
paccenBaredb.
Kimodesble ciioBa: Mutepdepomerpel, Herocnenoaresbhas TpaccupoBka syueil, Onruieckast AJHHa MyTH,

JludpaxunoHHble peléTku

C.6.4 MeToa1Ka OLIEHKH JIMHbI KOT€PEHTHOCTH ra30BbIX Ja3epoB s rojorpacduu

A. C. Kysneyos', M. B. Boakosa', B. B. Mapkun', Hean Aaexceesuu Kysteuyos”?
! MOCKOBCKHIT TOCYIapCTBEHHBIA TeXHUUecKKi yHuBepeutet uM. H. D. Baymana, Mocksa, Poccusi
2TBOVY «IlIkona Ne 354 umenu JI.M. Kap6riiesa», Mocksa, Poccust

[IpencraBiieHbl pe3y/bTaThl TEOPETHUECKOTO M 3KCIEPUMEHTANBHOTO HCCE0BAHNS JAMHHBI KOT€PEHTHOCTH TAa30BOTO TeJHI -
HeoHoBoro Jazepa ['H-15-1 Ha sKcrepuMeHTabHON yCTaHOBKe, MOCTPOEHHOH MO cxeMe HHTepdepomerpa MarikenbcoHa.
[Tokazana coryiacOBaHHOCTb HKCIEPUMEHTANbHBIX H TEOPETHUECKUX PE3YJIbTATOB UCC/IENOBAHHIL.

Kiouesbie cnoBa: KorepentHocts sazepa, MHTepdepomerp Maiikesbcona, MHTepdhepeHIIMOHHAS KAPTHHA,
[onorpadwust.
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Cekuus 7
KBaHTOBbBIE ONTUYECKUE TEXHOJOTUU

YcerHble nokaaapl

7.1 Multimode squeezed light and its applications (/Ipuesawennoiii)

Ulapanosa lloauna Poduonosna, k. p.-m. 1. (PP), 0. p.-m. 1. (I'epmanus), Pykosodumenro epynno.
"Myaomumodosas keanmosas onmurka”
Poccuiickuit Ksantosbiil Llentp, Mocksa

7.2 OpOuTaNbHbIN YIJI0BOW MOMEHT KBAHTOBBIX BEKTOPHBIX ONTUYECKUX BUXpel ([Ipuerauiermolii)

Bawyxesuu Eseeruii Arexcandposun’, k.gb.-m.n., B. A. Jleonos', E.B. Marromuna', /1./1.
Pewemnuros', T.IO. loay6esa’
! Cankr-Ilerep6yprekuii rocynapersennbii yuusepeurer, Cankr-Ilerepoypr, Poccust

B Hacrosinielt paGore aHaJIMTHUECKH pacCUMTaHbl HerapakcHa/bHble MOMPaBKH K OpOUTAJBHOMY W CIMHOBOMY YIJIOBBIM
MOMEHTaM JiI BEKTOPHbBIX BUXPEBbIX MOJIEH C HUCMOJb30BaHHEM (hOpMajn3Ma KajJuOPOBOYHO-HHBAPHAHTHOIO BEKTOPHOIO
notenuuasna. [IpogeMoHeTpupoBaHo, UTO /151 BEKTOPHBIX ONTHYECKHX BUXPEH CyllleCTBYeT Ba BKJaJa B 0pOUTa/bHBIN YTJI0BOH
MOMEHT, TPOIMOPIHUOHAJLHBIX PAa3HbIM TOMOJOTHYECKUM 3apsilaM, OJIMH W3 KOTOPBLIX OIUCHIBAeT TOPSIoK ha3oBoit
HEOIHOPOIHOCTH, a IPYroM - noJsipudauloHHo. Takxke B paboTe 06CyKIaeTcst MOAX0/ K KBAHTOBAHUIO BEKTOPHBIX ONTHUECKUX
BUXPEBLIX TOJel 4Yepe3 BblIeJeHHe Habopa OpPTOrOHAJIbHBIX TMOJIEBBIX MOJ C HEOJHOPOAHBIM IPOCTPAHCTBEHHBIM
pacrnpejieJieHUeM MoJsipU3alliu.
KitoueBble ciioBa: KBaHTOBast OMTHKA, OPOUTAJILHBIH YTIOBOH MOMEHT, ONITHUYECKHE BUXPH, TOMOJOTHIECKHX 3aPsiL

7.3 l'enepauus cxkaroro cocrosinusi Poka aTOMHOro aHcamo6J1s1 B rayCCOBOM CBETO-aTOMHOM B3aMMOJIEHCTBUH
C U3MepeHreM

Jdyapd Pycmemosuy Sunamyrrun, C.I. ['pueopves, E.H. bawnarkosa, E.A. Bawykesuy
Cankr-IletepOyprekuil rocynaperBenubiii ynusepeutet, Caukr-Iletep6bypr, Poccus

I[omaz[ MOCBSILLEH UCCJ/IEN0BAHHIO CXEMbI T€HEPALUN C2KATbIX cocrosinnii ®oka B rayCCoBom CBE€TO-aTOMHOM B3aUMOJIECTBHUH
C UIBMEPEHUEM HHCJa YaCTUL. paCCMOTpeHbl OCHOBHbIE MPEUMYLILECTBA U 0COOEHHOCTH reHepaluu Takux COCTOSIHHH B CBETO-
ATOMHbIX CHUCTEMaX, KoOrja HaJ CBETOM IPOBOAUTCs IMpoueaypa HU3MEpPEHHs 4HuC/aa 4HacCTHL,, a CXKaToe€ COCTOsIHHUE ®doka
OKa3bIBae€TCsl 3allMCaHO HAa CIIMHOBYIO KOT€PEHTHOCTb aHcamO0.J1s1 aTOMOB.

KittoueBble ¢jioBa: CxKaThle COCTOSTHUS (DOKH, ATOMHO-CBETOBOE B3aHMOﬂ€ﬁCTBH€, npoueaypa usMepeHust CbOTOHOB

7.4 llepenaua v ycujieHHe HErayCCOBOCTH € MOMOLIbIO aTOMHO-10J1€BOro HHTepdeiica

Xyan Kapaoc benxamun®/lyna Beponuko', K. C. Tuxonos"??, I1. P. lllapanosa®, O. B. Tuxonosa’
! Cankr-IlerepGyprekuii rocynapersennbiii yuupepeurer, Cankr-Ilerep6ypr, Poccust

2 Poccuiickuii kBanToBbIi LeHTp, CkosikoBo, Mocksa, Poccust

3 dusnyeckuit uueturyt umenn I1.H. JleGenea PAH, Mocksa, Poccust

* Tlanep6oprckuii ynusepceuret, [agep6opH, I'epmanust

> MOCKOBCKHI rocyapeTBeHHbIi yHuBepeuter, Mocksa, Poccust

B nanHo#i pabote paccMaTpuBaeTcs NpoLece MepeHoca HeraycCoBbIX KBAHTOBbIX COCTOSIHUN MeXKILy JIByMsl CBETOBBIMH MOJISIMH,
B3aUMOJICHCTBYIOILIMMH JPYT C APYroM uyepe3 aHcamOJjb aTOMOB ¢ JsiMOIa-KOH(pUTypauuell sHepreTuueckuil ypoBHel. Mul
aHaJU3MpyeM AMHAMHKY CHCTEMbI M OLlEHHBAeM OTPHUATENBHOCTb (DYHKUIMHM BurHepa m/ist pasjinuHbIX KOMOWHALMH BXOIHBIX
rayCCOBbIX H HErayCCOBbIX KBAHTOBbIX COCTOSIHMN. Mbl [T0Ka3aJi, YTO €CJIM OJIHO U3 ToJiel OblJI0 B HErayCCOBOM COCTOSIHHH, TO
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B pe3yJsibTaTe TaKOro B3aUMOJIEHCTBHsI BO3MOXKEH HE TOJIbKO MEPEHOC ITOr0 COCTOSIHHSI HAa COCTOsIHHE BTOPOTO MOJIsi, HO H
yCHJIEHHE ero KBaHTOBbIX CBOHCTB. KpoMe Toro, aHHyl0 CUCTEMY MOXKHO Tak:Ke HCMOJIb30BATh JIsi FeHepallik HerayccoBbIX
TIOJIEBLIX COCTOSTHHI M3 rayCCOBBIX 3a CUeT HeJIUHEHHOro XapakTepa B3aUMOIEHCTBUs B pacCMaTPUBAEMOM aTOMHO-I10JIEBOM
uHTepdeiice.

KimoueBble cioBa: HerayccoBocts, AToMHO-CcBeTOBOH HHTepdelic, MHKeHepusi KBaHTOBBIX cocTosIHUH, KBanToBast
OTTHKA.

7.5 Ucnoab3oBaHMe CXKATbIX COCTOSIHUIM CBETA B ONTHUECKUX CEHCOPAX HA OCHOBE MUKPOPE30HATOPOB

Hapus Heopesra Carvikuna'?, /1. K. llax6asvany', ®. 5. Xaruau'

"Poccuiickuii kBantoBbii teHTp, CkoakoBo, bosbiioi 6yabsap 30, crp. 1, Mocksa, 121205, Poccust
2 dusnueckuii pakysabret, Mockosekuil [ocynaperBennbiii Yuupepeurer uM. M.B. Jlomonocosa,
Jlenunckue ropel 1, Mocksa 119991, Poccust

3 Mockosckuit Mneturyt ®usnku v Texnosoruit, Mncturyrekuii nepeyiok 9, Jdoaronpyansii, 141701,
Poccus

BbicokonoOpoTHbIE ONTHYECKHE MUKPOPE30HATOPbI COYETAIOT B cebe HU3KHE TOTEPH M BBICOKYIO KOHLEHTPALMIO ONTHYECKOH
SHEPrUd B HeGoJbIIOM 3(h(eKTHBHOM 0ObeMe H3JydeHHs], YTO JejaeT UX TpUBJEKATeNbHOH MIaThOpMOH IJIsi CO3LAHUS
OTITHUECKHX CEHCOPOB. B To Bpemsi Kak CBeT yep:KUBaeTcsi B MUKPOPE30HaToOpe 3a CUET MOJHOTO BHYTPEHHETO OTPayKeHHs,
4acTb ONTHYECKOTO M0JIs1, U3BECTHAs! KaK Bbllajlatolllee 1oJie, BIXOAUT HApY:KY, JeJsast pe30HAHCHYI0 YaCTOTY MO/Ibl pe3oHaTopa
UYBCTBHUTEJIbHON K U3MEHEHHSIM OKpPY»KalolleH Cpe/ibl.
B 31oii paboTe Mbl HccaieryeM rpejesibl KBaHTOBOH YyBCTBUTEbHOCTH CEHCOPOB TAKOTO THIA. Mbl TEOpETHUECKH MTOKA3bIBAEM,
YTO, NPUIOTOBUB MPOGHBIM Jyd B C2KATOM KBAHTOBOM COCTOSIHUM H UCIOJIb30BAB JOMOJHUTENbHOE CXKATHE BHYTPH Pe30HATOPA,
MOKHO MPEB30KHTH Mpefes ApoGoBOro wyma. B 3ToM cjyyae 4yBCTBHUTEJBHOCTb CXEMbl OKA3bIBAETCS OrPaHHYEHA TOJIBKO
ONTHYECKUMH MOTEPSIMH U JOCTYITHON CTENEHbIo CxKaTusl. Mbl TpUMeHsieM 9TOT MO/IX0/L K KBAHTOBO HEBO3MYLLAIOLLIMM CEHCOPaM
4Kc/1a YACTHLL.

KutoueBble cjioBa: KBAHTOBAs METPOJIOTHSI, KBAHTOBbIE HEBO3MYLLAIOLIHE U3MEPEHHUS], C2KAaTble COCTOSIHUSI CBETA,
OTITHYECKHE CEHCOPHI

7.6 'enepauus cocrosinuii Kota LLIpenuHrepa c vcnoJb30BaHHEM HEFayCCOBBIX PECYPCHBIX COCTOSIHUI B
CXeMax ¢ U3MepPeHUsIMU

Aunexcandpa Bauecaasosna baesa, H. B. Cokoaos, T. 0. ['oaybesa
Canxkr-Ilerep6yprekuii rocynapersenubiii yuusepeutet, Caukr-Iletepbypr, Poccus

MbI paccMaTpHBaeM CXeMbl PeHepalyk ONTHYeCKKX cocTosiHui Kota [llpeaunrepa, ocHOBaHHble HA CMEIIEHHH CHTHAJbHOrO
MOJIi C TOJIEM, TIOArOTOBJEHHBIM B HErayCCOBOM pPECypPCHOM COCTOSIHHH, H IOCJENyIOIeM TOMOAMHHOM H3MEPEHHH.
AHaJIM3KPyeTCsi MHOYKECTBO CXEM, TOCTPOEHHBIX M0 JAHHOMY TIPUHLUITY, PAa3/JIHUYaIOIIMXCsl BLIGOPOM PECYPCHOTO M CHIHAJIBHOTO
KBAHTOBBIX COCTOSIHWE, a TakyKe THIIOM CMellHBaiolleH onepaiuu. Hapsity ¢ TOYHBIM KBaHTOBBIM OIMHCAHHEM 3aTBOPOB
TnpejIaraeTcst HarJIsIHbIA MOMYKJIACCHUECKHH TTOIX0L K aHaIM3y TaKHX cxeM. KlceienyloTest BepHOCTb M BEPOSITHOCTh MeHe patiii
BbIXOIHbBIX COCTOHHHI:I. HOKEB&HO, Kak Bapbl/lpOBaHl/le napameTpOB CXEMbI [TO3BOJIAET OITTI/IMI/ISI/IPOBaTb 9THU XapaKTepl/lCTI/]KI/].
KutoueBble cjioBa: HerayCcCoBbl COCTOsIHHES CBeTa, cocTostHue Kota [llpenunrepa, cocrosiine KyGuuecKkoi (hasbl,

cocrosinne Poka.

7.7 OntumasbHble cxkatbie cocTosiHusl Poka 1151 Koppekiyn ook norepu oToHOB U Neha3upPOBKU

Eausasema Hukoaraesna bawmaxosa, 3.P. Sunamyarun, T. 0. lNoaybesa
Cankr-IlerepOyprekuii rocynapersenubiii yuusepeutet, Caukr-Ilerep6bypr, Poccus

B paMKax HoKJada pacCMaTpuBarOTCs KBAHTOBbLIE MPOTOKOJIbI KOPPEKUHUHU o1IMO0K NnoTepu qJOTOHOB H Lqu’)aSI/IpOBKI/I, rae B
KayeCcTBE€ KOJOBLIX CJIOB HCIIOJB3YIOTCA pasJjiiiyHbie CXKaTble COCTOSHHS doka. PaCCMOTpeHbI ONTUMaJibHbI€ H
9KCMEPUMEHTAJIbHO IOCTH2KUMbIE TTapaMeTpbl C2KaTbIX coctosinuii doka JIJ1s1 IPOTOKOJIOB KOPPEKUHUH OIIMOOK C TOUKH 3peHud
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Petz BepHoctn kanana. [IpopeMoHCTpHpOBaHA KOHKYPEHTOCIOCOOHOCTb CKaThiX cocTosiHuil Qoka B 3allUTe KBAHTOBOH
MH(OpPMALUK B KaHase ¢ OLUOKOH notepu (POTOHOB U ehasupOBKOKL.

KatoueBble ciioBa: Koppekiiust olin60oK KBAaHTOBBIX BbIUHCIeHNH, Bo3oHHbIE KOfbI KOppeKLHH, CoKaTble COCTOSHUS
doka, ommnbka norepu hoTOHOB, OLINOKA 1e(Pa3UPOBKH.

7.8 [loaHOCTBIO ONTUUECKHUE YIIPaBJsieMble pe30HaHCHbIE ueiiku namsTu. Teopus.

Heopo Anamoanvesuy Yexonun', M. A. Yexorun'
! Cankr-ITerepGyprekuii rocynaperBennbiil yuupepeurer, Cankr-Ilerep6ypr, Poccust

[Ipensioxkena mpocrasi suedika ONTHYECKOH TaMfATH, COCTOSIIAS W3 CJIOS PE30HAHCHOH cpeapl M 3epKasa. Takasi
rosorpaduyeckasl sidefika UMEET HECKOJIbKO COCTOSIHHH C ONTHYeCKOH namaTtbio. [Ipu Hcrnosb3oBaHuu GUXpOMaTHUECKOTO
MIMITyJ1bCA JIa3ePHOH HAKAUYKH TOSIBJISETCS BO3MOXKHOCTD MOJHOCTbIO ONTHYECKOTO yIpaBJIeHHsT CBOHCTBAMH STYEHKH MaMsITH,
BIUIOTB 10 €& MOJIHOTO BKJIIOUEHHS U OTKJIIoueHHs. Ha ocHoBe pelienust cBsisaHHBIX ypaBHeHHH MakcBeJia-bioxa nokasano,
YTO CYIIECTBYeT HECKOJBKO CTeTeHel cBOOOMB! NSl YIpaBJeHts eé CBOHCTBAMH: "TIIOIab" OUXPOMATHIECKOTO UMITYJIbCa C
PE30HAHCHBIMH YaCTOTAMH | H g, BEJHYMHA PACCTPOHKH |w) - w9l U PACCTOSIHHE MEXIY CJI0€M PE30HAHCHOH Cpefbl
3epkasioM. [Tokaszano, uto HauboJ/ee NepCrneKTUBHOH 06/1aCThIO UCMOAb30BAHUS TAKHX SUeeK MaMSTH SIBASETCS TPUMEHEHHe B
3HEPro-3(P(HeKTUBHBIX ONTHUECKUX HEHPOMOP(HBIX CHCTEMAX.
KatoueBble ciioBa: Onruueckast namsits, ['osorpadusi, Pedonancunas cpena, Onruueckne HelpoMopHble CUCTEMBI.

7.9 lMoaHoCTBIO ONTHYECKHE ynpaaJsieMmbl€e pe30HaHCHbIE AUEKHU MaMSATH. 9KCl'lepl’lMeHT.

B. C. Ecopos', Heope Anamonvesuy Yexornun', M. A. Yexonun
! Cankr-TTerepOyprekuii rocynapersennbiil ynusepeurer, Cankr-Ilerep6ypr, Poccust

[IpoBenena skcrepuMeHTasMbHasi BepHbUKALUS TPUHLMNA JEHCTBUSI SUelKM ONTHUYECKOH MaMsTH, COCTOSILEH M3 CJ10s
pe30HaHCHOM cpefibl U 3epKasa. B KauecTBe pe30HaHCHOM cpejibl HCITO0/1b30BAINCH METACTa0UIbHbIE aTOMbI B Pa3psIHON TPyOKe
C UMITyJIbCHbIM pa3psiioM B Ne. Buxpomaruuecknil HaHOCEKYHAHBIA MMITYJIbC JIa3€PHOH HAKauKU Cpeflbl C Pe30HAHCHBIMH
YacTOTaMHU W) U we CO3AABAJICS TIePeCTPanBaEMbIM JIa3€POM Ha KpacuTeJe. B mosiHOM COOTBETCTBHH ¢ TeopHel OblI0 MOKa3aHo,
4TO MapaMeTps! sTM€HKH ONTHUECKOH MaMSITH MepPHOIUYECKH MU3MEHSIOTCS TIPH H3MEHEHHH BeJIMYMHBI PACCTPOHKH | - w9 H
paccTosiHUS MEXKIY CJI0eM Pe30HAHCHOH Cpefibl U 3epKasioM. [1/1s1 HAaHOCEKYyH/IHBIX UMIYJIbCOB HAKAUKH C MOILHOCTBIO = | MBT
HanboJsiee TIePCTIEKTHBHOH 06JaCThI0 HCIOMb30BAHHST MPEAIOKEHHBIX sMeeK MaMSITH SIBJSIeTCs] TpPHUMEHEHHe B 3IHEpro-
3 PeKTUBHBIX ONTHUECKUX HEHPOMOP(HBIX CHCTEMAX.
KatoueBble cioBa: Onrrueckas namsith, ['osorpadusi, Pesonancnas cpena, Onruueckne HeHpoMophHbIe CHCTEMBI.

CreHoBbIe TOKJaabl

C.7.1 Pa3zpa6oTka onTHUECKOI CUCTEMbI aJipecaliii CBeTa K MOHAM KaJbLiMsl HA OCHOBE UHTETrPaJbHO-
ONTHUYECKUX 3JEMEHTOB

Kcenus Onecosna Cedoix'?, K. B. Ocaduuii®, A. /1. l'oaukos2?, A.C. [Tooarecnouii’, C.1O. 3apyuyxuil’,
A.A. Heszopos?®, B.B. Kosanok'?, K.E. Jlaxmanckud® I'. H. Foavyman'’

' HatpoHasbHbIi MCC/1eI0BaTeIbCKHI YHHBEPCHTET « Bhiciiasi 1kosia 5KoHOMUKH», Mocksa, Poccust

2 YuusepeureT Hayku W TexHosoruit MHMCHC, Mocksa, Poccusi

3 MoCKOBCKHI (DM3HKO-TeXHUYeCKHil KHCTHTYT, MockBa, Poccus

* MoCKOBCKHI TeJIarornyecKrii rocyiapeTBeHHbii yuuepeuret, Mocksa, Poccust

® Poccuiickuil KBaHTOBbIH LeHTp, MockBa, Poccust

I/IHTEI‘paJIbHO-OHTI/I'{eCKI/IG 9JIEMEHTBLI [MO3BOJISIIOT peasu30BaThb MPOLUECChl TMOATOTOBKH W HWHULHaAJIU3aUUH KBAHTOBOI'O
COCTOSIHUSI HOHHOTI'O Ky6ma. OILHaKO, UX MapaMeTpbl J0JI2KHBI ObITh ONTUMHU3UPOBaHbl MHAWBUAYaJIbHO T10JI KOHKPETHYIO
peaJsnsalmio. OCHOBHBIMH napamMeTpamu, BJWUAIOUIUMHA Ha SCII)CII)GKTI/IBHOCTI) W [HEeHTpaJIbHYylO JJIMHY BOJIHBI CBe€Ta Yy
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JU(PPAaKUMOHHBIX PELIETOK SBJSIOTCA 3HAUEHHUs Meproaa U (hakTopa 3arnojHeHHs, KOTOpble MOTYT ObITh MOA0OPaHbl i €ro
9HEpreTHYECKUX NepexonoB. B nanHo# paGoTe npeacTaB/ieH UMCIEHHbIH pacueT, TEXHOJIOTHUECKUH MapLIPyT U3TOTOBJIEHHUS U
9KCTIepUMEHTAJIbHbIE IaHHbIE 10 HCC/1EA0BAHUIO LIEHTPAJILHOM IJIMHBI BOJIHBI YCTPOHCTB B 3aBUCMMOCTH OT NepHofia U akTopa
3anosiHeHust NpH (DUKCHPOBAHHOM yIJle BBOJA/BbIBONA, paBHOMY 8 rpamycoB. ITo/yueHHble 3HaueHHs TapamMeTpoB OyyT
MCIOJIb30BaHbI /151 CO3laHUs] ONITHYECKOH CHCTEMbI aipecaliii CBeTa B NOBEPXHOCTHBIX MOHHBIX JIOBYLUKAX.

KutoueBble cioBa: @oTonuka, dudpakinonnble pewerku, Ontuyeckas cuctema aipecauuu, KBaHToBbli KoMiibloTep,
[ToBepxHOCTHAsi HOHHASI JIOBYLLKA.

C.7.2 T'enepauus MHOroro/ioBbix KoToB LLIpenuHrepa B cxemax ¢ u3amepeHHeEM rayCcCoBbIX COCTOSIHUIH

Eausasema Arexceesna Hecmeposa!, C. b. Kopoaes'
'Cankr-IlerepOyprekuii rocynapersennbiit yansepeutet, Cankr-IlerepOypr, Poccust

B pa6ore Oynet npeyioxeHa cxeMa reHepalyi Cyrneprnosuiiiy cocTosiHui Poka ¢ HoMepaMu KpaTHBIMH UEThbIPEM HJIH BOCHMH.
[IpenniokeHHbI MPOTOKOJ OCHOBAH HAa HM3MEPEHHUH MHOTOMOJOBBIX TAayCCOBBIX COCTOSIHHH C MOMOILBIO JIETEKTOPOB UHC/a
yacTul. B paboTe npoBesieH cpaBHUTEJIbHBIN aHAJIN3 MOJYyYE€HHbBIX COCTOSTHHE C COCTOSIHUSIMK MHOTOTOJIOBBIX KOTOB, MOJy4eHa
OlleHKA BEPHOCTH U €€ 3aBUCUMOCTb OT KOJIMUeCTBA U3MepeHHbIX uacTull. OnpejiesieHa onTHMaJbHasi cxeMa reHepalyi Takux
COCTOSIHUH.

KimoueBble ciioBa: Coctostnust PoKa, COCTOSIHUS KOMIaca, MHOTOI'0JIOBbIE KOTHI.

C.7.3 CepxuyBcTBUTE/bHBIN (DOTOAHOA B GOPTOBOM TEpMHUHAJIE J1a3€PHON CBA3U

/1. O. Cesprokos'?, P. M. baxwaaues'?, C. /I. Jlesawos'?, B. E. Mepsaunkun®?, K. A. Bap6oiwes®?,
Baadumup Jleonudosuu Kypoukun?, P. B. Oxcecos'”

| HatoHa ibHBIH Mcc/ie0BaTeIbCKUi YHUBEPCHUTET « Bhiciias 1kosa 3KkoHoMUKKH», MockBa, Poccusi
2 KyCnaiic Texnosoruu, Mocksa, Poccusi

3 Hauponanbhblil vccnenoBarebekuii Texnosorudeckuii yuusepeuter "MMUCHC", Mocksa, Poccus

C.7.4 CnoHTaHHOE MapaMeTpPUUECKOE pacceMBaHNWe BEKTOPHBIX ONTUUECKUX BUXpeN

Baaducaas Andpeesuu Jleonos', E.A. Bawykesuu'
'Cankr-TTetepOyprekuii rocynapersernblii ynusepeutet, Cankr-ITerep6ypr, Poccust

B pa6ore npeacTas/eHo TeopeTHUecKoe Hec/eloBaHHe 1apaMeTPHUeCcKOro paccesiHusl BEKTOPHBIX ONTHUECKUX BUXpell B 1BYX
TOHKHX HeJIMHeHHbIX KpHMCTaJlaXx C OPTOrOHA/NbHBIMM ONTHYECKUMHM OCIMH M C KBaJpPAaTHUHOH HEJHHEHHOCTBIO
BOCIPUUMUMBOCTH. [lokazaHo, uTo ynpaB/ieHHe MoJspu3alMell ¥ IPOCTPAHCTBEHHOH CTPYKTYpOH HaKauKh [103BOJSET
CEJIEKTHBHO CO3/1aBaTh KyKBapTHble KOPPEJHPOBAHHbIC [0 HEOJAHOPOJHOM MoJspH3aluK cocTosHUs besna BeKTOpHBIX
ONTHYeCcKUX BUXpel. TakkKe B padoTe oOCyKIalOTCs 0COOEHHOCTH KBAHTOBAHMS MOJIeH C HEOJHOPOAHOH NPOCTPAHCTBEHHON
NoJIIPU3aLMed, TO €CTb BbIIeJ€HHE HE3aBUCHMbIX MOJL HA00Pa OPTOTOHAJBHBIX OCLHJIIATOPOB, COOTBETCTBYIOLLHNE BEKTOPHBIM
BUXPSAM.
KuttoueBble ¢J10Ba: KBAHTOBbIE BEKTOPHbIE ONTHUECKHE BUXPU, HEOAHOPOAHAS [10JIIPU3ALUS, KyKBAPTHbIE COCTOSIHHSL

Benna, Tonosnoruyeckuit 3apsiu.

C.7.5 lMoaxoapl K ToMorpauu KBaHTOBBIX KYIMTHBIX COCTOSIHUI HAa OCHOBE BEKTOPHbIX ONTHYECKUX BUXPeEii

Tumogeri Koncmanmunosuy Kopoas', /1. /1. Pewiemnuros', E. A. Bawyxesuu', T. FO. l'oaybesa’
! Cankr-IlerepGyprekuii rocynapersennbii yuupepeurer, Cankr-Ilerep6ypr, Poccust

B pa6ore obcyKnaloTcest MOAXOABI K peanu3alii MpoLeLypbl TOMOrpaui KBAHTOBBIX KYIMUTHBIX COCTOSIHHMH, Ga3HCHBIMH
BEKTOPaMH THJLOEPTOBA MPOCTPAHCTBA KOTOPBIX SIBJISIIOTCS COCTOSIHMSI BEKTOPHBIX ONTHYECKHX BUXpel. [TokazaHbl MeTo/p!
MOCTPOeHHsT Habopa CHMMETPUUYHBIX HH(opMaluHoHHO-ToHBIX (SIC-POVM) onepaTopoB B 4eThHIpeXMEPHOM MPOCTPAHCTBE
KYKBapTOB [P MOMOLLM BbIOOpa J0BEPUTENLHOTO BEeKTOpa U IpUMeHeHHs1 onepatopos caBura ['eilsenbepra-Beiis. JaHHbli
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MOJXO/ CPaBHUBAETCA C TMOCTPOEHHEM TOJHOTO Habopa B3auMHO-HecMellleHHbIXx 6GazucoB (MUB) s KykBapTHOTO
MPOCTPAHCTBA BEKTOPHBIX ONTHUECKUX BUXPEH.

Kitouesnbie cyioBa: Bekrophble ontuueckue Buxpu, Tomorpadusi keantoBoro cocrosiiusi, MUB-uamepenus, SIC-
POVM oneparopsbl.

C.7.6 O npobaemax peaju3aly KBAaHTOBbIX aJrOPUTMOB B HEMPEPbIBHBIX MEPEMEHHbIX.

Cmenan [ennadvesuy [pueopoes’, E.A. Bawykesuu'
'Cankr-ITetepGyprekuii rocynapersernbiii ynusepeutet, Cankr-Ilerep6ypr, Poccust

B nanHoit pa6ote paccmMaTpuBaeTCsl MOAXOMA K NOCTPOEHHUIO aTOPUTMOB B HElPEPbIBHbIX IEPEMEHHbBIX, TAKUX KaK a/JrOPUTMbI
T'posepa, doiua-Moxu, Basupauu, B HerpepbIBHBIX NepeMeHHBIX, KOTOPbIi HUBETUPYeT HeI0CTaTKH UX IMCKPETHBIX aHAJIOTOB:
HaKOIJIeHHe OIMO0K U CJIOXKHOCTb peannsaunu. CyliecTByionme GopMyJIHPOBKH COAEPKAT OTepaTop MpoeKLHH Ha (pa3oBoe
NPOCTPaHCTBO. JIJIs1 MOCTPOEHHUsST TaKoro orepatopa HeoOXOAUMO UMETh BO3MOXKHOCTb BBIMOJIHATL HeJIMHEHHbIE Ornepaliu ¢
BBICOKOH TOUHOCTBIO, UTO JeJaeT pean3alliio alrOpUTMOB KpaiiHe HeTpHUBHAJbHON 3afauer. [Ipeiaraercs ncronb3oBaTh
HErayCccoBbl COCTOSIHUSI B KAUECTBE PECYPCHbBIX COCTOSTHUH.
KutoueBble cjioBa: HerpepbIBHbIE TEPeMEHHbIE, KBAHTOBbIE aJrOPUTMbI, aIrOpUTM [ poBepa, HerayccoBbl COCTOSIHHUS,

ornepaTop MpoeKLHUH.

C.7.7 AHanu3 BAUSIHUS CTPYKTYPbl BXOJHBIX COCTOSIHMIA Ha BbIUMCIUTENbHBIE pecypchl B 3ajaue 6030HHOTO
COMIJIMHIA

anna Cypenosua Kapanemsan, E. H. bawmarxosa, T. 10. l'oaybesa
Cankr-ITletepOyprekuil rocynaperBenubiii yuusepeutet, Caukr-Iletep6bypr, Poccus

JlokJian MocBsillleH CPABHUTEJNbHOMY aHAJH3y PECYPCHOU 3PPeKTHBHOCTH B 3amade GO30HHOTO CIMILIMHIA JJIsT Pa3/HUHbBIX
TUIMOB BXOJHBIX COCTOSIHME. PaccMmaTpuBaloTCs TP KJacca KBAHTOBBIX COCTOSIHMH: OJHO(OTOHHbIE COCTOSIHHS, CXKAThle
COCTOSIHUS OCLMJLIATOPOB U CxKaTble cocTosiHusl Poka. OCcHOBHOE BHUMAaHHE YIEJSETCS KOJMUECTBEHHON OLIEHKE peCcypCcHOH
3 EeKTUBHOCTH, MO/ KOTOPOH TIOHUMAETCS CMOCOOHOCTb J0CTHYb 3a/JaHHOH BBIYHUCIUTENbHON CJIOMKHOCTH TP MUHUMH3ALUH
IKCTIePUMEHTAJIbHBIX 3aTPaT TAKUX KaK YHCJO MCIOJb3yeMbIX MOJ, CPEIHEH SHEPTHH BXOJAHOTO COCTOSIHMS W TpeGOBaHMS K
3(h(PEeKTUBHOCTH JIETEKTHPOBAHHSI.
KutioueBble c/oBa: cxKaTble COCTOSIHUS OCLUJISITOPOB, CxKaTble cocTosinust Poka, o1HO(GOTOHHBIE COCTOSHMUS,

0OO030HHbI CIMIIUHT
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Cekuus 8

TexHo10rMKM MUKPO- U HAHOCTPYKTYPUPOBAHUS

YcTHbIe 10KAabl

8.1 PeMHXHHUPHHT LITAMIOBOIO 3J1€KTPOHHO-NyYKOBOro HaHoautorpada (/lpuerauierrolti)
Haymos Andpeii Bumaavesut, 0.gh.-m.H., urern-koppecnondernm PAH

®usnueckuit unctutyT UM. I1. H. JleGenera PAH, Mocksa
MIIT'Y, MockBa

8.2 JIByxc/0iiHble perucTpupylolime cpepl s Ja3epHoii 3anucu IMppakMOHHBIX U MACKUPYIOLIUX CTPYKTYP
(llpuerawernoiti)

Buxmop [lasaosuu Kopoavkos, 0. m. u., /I.A. beaoycos, P.H. Kyy, /L.E. Kanycmuna, A. H. Maaviues,
K.A. Okompy6b

Wucruryt aBromatku u anekrpomerpun CO PAH, HoBocn6upck, Poceusi

[11€éHKH MeTa/I0B aKTHBHO MCTOJB3YIOTCS B KAYECTBE PETUCTPUPYIOLLMX CPe/l B TEXHOJNOIHH U3rOTOBJICHHUS
aMIJIMTYHbIX M PAKLIHOHHBIX U MAaCKUPYIOLLMX CTPYKTYp. B HacTosilee BpeMst HauboJiee pacrnpocTpaHéHHbIM
MartepHuassoM /st GOPMUPOBAHHUS TAKHX CTPYKTYP SBJSIOTCS MJIEHKH XpoMa. TeM He MeHee 3ajiaya pa3paboTKH U
MCCJ/1€I0BAHMS HOBBIX MJIEHOUHBIX PETHCTPUPYIOLLUX cpefl JUist 6€3pe3UCTHOMN Jla3epHOM 3alUCH SIBJISIETCS
aKTyasbHOH. B nocseiHee BpeMsi aKTUBHO MUCCJIELYIOTCSl TEPMOXMMHUYECKAst Jla3epHas 3alMCh Ha JBYXCJIOHHBIX
mMarepuaJiax, B YaCTHOCTH € TIOKPOBHBIM ¢J1oeM KpeMHHs1. B lok/aze caenan 0630p pesysbTaToB paboT B JaHHOH
00J1aCTH, BbINOJHEHHbIX B Poccun 1 3a pyOexKoM 3a nocse/iHue rojibl. PacecMoTpeHbl epereKTUBbl TPUMEHEHHUS
JIBYXCJIOUHBIX Cpe/l U151 U3TOTOBJIEHHUS Pas3/IMUHbIX M PAKIIHOHHBIX CTPYKTYP, KOMIIbIOTEPHO-CHHTE3UPOBAHHbIX
roJIorpaMM H KOOPAMHATHO-U3MEPUTEJbHBIX LLIKaJ.

Kitoueble caoBa: JIByxciioiiHble cpeibl, TepMoxumuueckas jazepHas sanuch, J{udpakiunoHHble CTPYKTYPhI,
KomnbloTepHo-cuHTe3npoBaHHble rosiorpaMmbl, KoopanHaTHO-U3MepUTeIbHbIE LIKAJIbI.

8.3 JlazepHas uHKeHepHsi MOBEPXHOCTH KPEMHHUS ISl pacliupeHust MiHpakpacHo# (poToUyBCTBUTEIbHOCTH

Buxmopus Heopesna [paxuna’, I1. A. lMareyxkux', /1. E. Tkauyk', A. A. [llepcmo6umos’,

A. P. Axmamxanos', C. H. Kyopauwos' ?

' IHCTHTYT eCTeCTBEHHBIX HAayK ¥ MaTeMaTHKH, ¥ pajibCKuil (ejiepasibHbiil yuuBepcuteT, Exarepunoypr,
Poccusi

2 duznueckuit unetutyt um. I1. H. JleGenea, Mocksa, Poccusi

MmnynbcHoe siazepHoe oOGJydeHHe — MEPCHEeKTHBHBIH METOJ CO3JaHHs COBPEMEHHBIX ONTO3JIEKTPOHHBIX KOMIOHEHTOB,
MHTErPUPYEMBIX B KPEMHHEBYIO MHKPO- M HAHO3JIEKTPOHHUKY. CHJIbHOHEPABHOBECHBIE YCIOBHS MPH BO3JAEHCTBHH J1a3€PHOTO
MMITy/IbCa TMPHUBOAAT K CTPYKTYPHPOBAHHIO TOBEPXHOCTH KPEMHHSI M BHEJPEHHIO BbLICOKOH KOHLEHTPALMHM TNpHUMeceH
(cBepxJIerHpoBaHHe ) U3 HAHECEHHOH Ha MOBEPXHOCTb TOHKOH METaJJINYECKO TJIEHKH. KOHTpoJb poliecca BO3MOXKEH 3a CUET
M3MeHEeHHsI TTapaMeTPOB JUTUTENbHOCTH UMITYJIbCa M TIIOTHOCTH SHEPTHH M3JydeHust. HaHOCeKyHIHbIe UMITYJIbChI TIPUBOJIAT K
rJly6OKOMY JIEFMPOBaHHUIO, (DEMTOCEKYH/IHBIE — K TTOBEPXHOCTHOMY CTPyKTypHpoBaHuio. O6pasylolirecs: TpUMecHble 30HbI
o6ecreunBalOT BHYTPU3OHHOE TorJolleHue (oToHOB U (OTOOTKIMK KpeMmHHs Bo BceM OmbkneM HWK-muanasone.
[IponemMoHCTpHpPOBaHA BO3MOKHOCTb CO3AAHUST Ha OCHOBEe MoauduuupoBaHHON muacTuhel kpemuuss MK-dotomerexTopa ¢
dorouyseTBHTeIbHOCTLIO 10-100 MA/BT Ha e Bokbl 1550 HM.
Katouesble ciosa: Qoronrika, OnrosnekTponnka, Jlazepuoe crpykrypuposanne, OnTHueckoe JerupoBaHue,

KpemHueBast 3meKTpoHHKa
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8.4 JlazepHast MUKpPO- U HaHO(aOPHUKALMS CEHCOPHbBIX MIATHOPM JJisl ONTUUECKOTO U 2JEKTPOXUMUYECKOTO
onpejeneHusi GUOreHHbIX aMUHOB

Eseenus Mycaesna Xatipyaruna', /1.B. llasros', A.C. Jleswarosa®, I0.M. bopodaenxo', E. B. Muyazi’,
I0.H. Kyavuun, A.A. Kyumuscar'

" Mucturyt aBToMatiky 1 rnpoteccos yrnpassienns JIBO PAH, Baamusocrok, Poccust

? Cankr-ITerepOyprekuit Focynapersennsii Yuusepeurer, Cankr-ITerep6Gypr, Poccust

B pabore mpencraBsieHbl Ja3epHble MOAXObl K CO3AAHHIO CEHCOPHBIX MAThOPM /s OrpesesieHHs OHOreHHbIX aMHHOB.
PaccemoTpensl eMTOCeKyHaHAS MeyaTh NJIa3MOHHBIX METANOBEPXHOCTEH HA MJIEHKAX 30/10Ta U cepedpa Jyist CIEeKTPOCKOITHH
TMUIaHTCKOTO KOMOWHALIMOHHOTO paccesiHusl CBeTa, a TakkKe JIa3epHO-HHAyLUPOBAHHBIH CHHTE3 HHKeJb-TpadeHOBbIX
3/EKTPOJIOB M 30JI0TO-MOAU(HLUPOBAHHBIX ~ 3JIEKTPOJOB HA OCHOBE Jla3epHO-MHAyLMPOBAHHOrO rpacdeHa s
3JIEKTPOXMMHUECKOI0 1eTeKTHPOBAHHUS1. Pe3y,/IbTaThbl 1 MOHCTPUPYIOT ePCIeKTUBHOCTL MacluTabupyeMoH Jlaze pHOH MUKPO- U
HaHo(aOpHKALKH /151 SKCIPeCcC-CeHCOPOB MULLEBOT0 U GHOMEULIMHCKOrO KOHTPOJIS.
KatoueBble ciioBa: Jlazeprast habpukauus, [1nasmonnsle MetanoBepxHocTH, CIeKTPOCKOIHSI THTAHTCKOTO

KOMOMHALMOHHOTO pacCesiHUs CBeTa, DJIeKTPOXUMUUYECKHE CeHCOPI

8.5 Co3naHue NoJisipu3allMOHHBIX ONTUYECKUX YCTPOICTB HA OCHOBE MJIEHOK XaJbKOT€HHIHbIX
CTEKJ000pa3HbIX NOJAYNPOBOJHUKOB (heMTOCEKYHIHbIM Jla3ePHbIM U3JydeHUeM

[numpuii Barepoesuu lllyaetixo’, I1I1. [Taxoavuyx'?, 1.A. Homaskun'?, [L.H. Jlasapenko?,

C.A. Kosroxun® I1.K. Kawkapos'*

' MockoBcKHI rocyapeTBennbiil yuuBepeuret nmenn M.B. Jlomonocosa, Mockga, Poccust

2 dusnueckuit uneruryt um. [1.H. JleGenesa PAH, Mocksa, Poccus

SHUY « MUIT», 3esienorpan, Poccusi

VncruryT o611ei 1 Heopranndeckoi xumnu umenn H.C. Kypnakosa PAH, Mocksa, Poccusi @usnueckuii
unctutyT uM. [1.H. Jle6eneBa PAH, Mocksa, Poccus

SHUIL «KypuaroBckuii uactutyT>», Mocksa, Poccust

B paGore mnponeMoHCTpUpOBaHA BO3MOXKHOCTb (POPMHUPOBAHMS CYOMHKPOHHBIX ONTHYECKM aHU30TPOMHBIX JA3epPHO-
MHyLIMPOBAHHBIX Mepuoarieckux noBepxHOCTHBIX cTpykTyp (JIMIIIIC) Ha nieHkax XaJbKOTeHWAHBIX CTEKJI006pasHbIX
nosynpoBoaHukoB (XCIT), a TakKe yrnpaBjeHHs] ONTHYECKUM 3arasjiblBaHHEM W OPUEHTALMEH OCH aHH30TPONMH B 3THX
CTPYKTypax MyTeM H3MeHeHHs mapameTpoB JazepHoro obsyuenus. [Tono6Hbie JIMTTCC na XCIT MoryT HaliTH npUMeHeHHe B
KauecTBe OCHOBbI MHTETPUPOBAHHBLIX ONMTHUECKHX YCTPOHCTB Jyisi GJIMXKHETO MH(pPAKpacHOTO nuanazoHa. I1yis MoBbIlIEHHS
ONTHUECKOH aHM30TPOIMHMH CTPYKTYp HAMM TpPENJIOXKeH TOAXOA, BKJIOUAIOLIMN T0C/]e/0BaTebHOe OCaXKAeHHe U JlasepHoe
o6nyuenne cjoeB XCII, uepenyroumxcsi ¢ Mpo3pauHbIMU  PasieIUTENbHBIMU  CJI0SIMH, OOGJAAIIIMMHE  OTIHYAIOLIUMCS
noxasareJsieM MpeJsoMJIeHHs.
KatoueBble ciioBa: XaabKoreHHHbIE CTEKI006pa3Hble TOMYMPOBOIHUKH, ()eMTOCEKYHAHOE J1a3epHOe H3JTyueHHE,

ONTHYECKAst aHU30TPOMHUS.

8.6 luHamMKKa neproanMuecKoro B3pbIBHOr0 BCKUMaHUS Cpelibl BOKPYT HAHOYACTHLbI MPH HAHOCEKYHHOM
Ja3epHoM 00Jy4eHuu

Anacmacus Baadumuposna Benedukmosa, H. M. Kucaaxos, A. 10. Baacos, B. 0. Benedukmos
Cankr-IlerepOyprekuil 'ocynapersenHbiit Yuusepeuret, Cankr-IletepOypr, Pocens
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8.7 J1azepHblii CHHTE3 3JIEKTPOXUMHUUECKUX CEHCOPOB M3 INIyOOKUX 9BTEKTHUECKUX PACTBOPHUTEIEN

Jleswarosa Arexcandpa Cepeeesna, k. x. n.'?, E. T. Camoimos®®, M. B. Kanesa?,

EM. Xatupyarruna?®

! Cankr-IlerepGyprekuii rocynapersennbiii ynusepenret, Cankr-Ilerep6ypr, Poccust

2 dusuko-rexuuueckuii uHeTHTyT uMenu A.®. Modhde PAH, Cankr-Ilerepbypr, Poccust

3 DesiepalibHOe rOCYIAPCTBEHHOE GIOPKETHOE YUpexkeHHe HayKn FIHCTUTYT aBTOMaTHKHU U MTPOLECCOB

ynpasJenus lanbHeBocTouHoro otienennst Poccuiickoil akanemuu Hayk, Baanusoctok, Poccust
B nannoit paGore mnpejacTaBjieH METOHA Ja3epPHOTO CHHTe3a MeTaJUIMYeCKHX CTPYKTYp H3 TJIyOOKHX 3BTEKTHYECKHX
pacrBopureseil ([DP) nis coznanus 371eKTPOXUMHUECKUX CEHCOPOB Ha TMOKUX mosuMepHbiX noayoxkkax (IT9H, T19T, TTH).
Hcrnosib3oBato J1azepHo-UHAYIMPOBAHHOE OCAXKICHHE W3 JKUIKOH (asbl, ONTHMHU3MpOBaHHOe MeTogoM Hesepa-Mupa.
[TosiyueHnbie  THOKHE — 3JIEKTPOIBI  OGJAJAIOT  BBICOKOH  3JEKTPOMPOBOAHOCTLIO U MEXAHHYECKOH — CTaGUJIbLHOCTHIO.
PaspaboraHHbll MOAXOA MO3BOJISIET H3TOTABANBAThL OecthepMEHTHbIE CEHCOPBI H KOMITOHEHTbI THOKOH 3JIeKTPOHHUKH C BHICOKOH
3 PeKTUBHOCTLIO M MaCIITaGHPYEMOCTBIO.

Katouesbie ciioBa: JIazepHbiii CHHTES, 3JIEKTPOXMMHUECKHE CEHCOPDI, TIYGOKHE IBTEKTHYECKHE PACTBOPUTEIH, THOKHE

MOJYIOXKKH, JIU3AHH IKCIIEPUMEHTA.

CreHpoBbIe TOKJaabl
C.8.1 Myabtunepuoanbie JIUIIC Ha TOHKHX NJIEHKaX TUTaAHA: KOHTPOJb MEPHOJA U OPUEHTALIUU CTPYKTYP

Anexcandpa Arexceesna Mawapckas', M. /1. Bacuaves', M. I'. Bopobves?, /1.A. Cunes’
"'Yuusepcumem HTMO, Canxkm-Ilemepbype, Poccus
? Pecypcnoiii yernmp Hayurnoeo napka CII6IY PI] PMuKT, Cankm-Ilemepbype, Poccus
[TosydeHbl omHOMEpHble W JBYMEpHble MYJbTUIIEPUOIHbIE JIAa3€PHO-UHIYLIMPOBAHHbIE TOBEPXHOCTHbIE MEpPUOIUUECKHe
crpykrypsl (JIUIIIIC) ¢ pagnuuHoi opueHTalMeld MOBTOPHBIM SKCIIOHUPOBAHUEM KBAPLEBOH MOMJIOXKKH ¢ THTAHOBOH MJEHKOH

(30 um) HaHOCeKyHHBIMU UMITyIbcamu. Haksion o6pasia ot O 1o 30 rpajycos no3podisieT ynpasJsith nepuogom ot 720+20 um
10 840+20 um jyia JIMIITIC, dopMupytolMXcsi MepreHAnKYASPHO HarpaBJeH’lo cKaHupoBaHusi. [lpenBapuTesibHO
copMHpoBaHHAsI OHOMEPHAs PEILETKA BJAMSET HA apaMeTphbl ABYMEPHOTO peJsibeda, a MOBOPOT MOJYBOJTHOBOH MJIACTHHBI —
Ha OPHEHTALMIO CTPYKTYpP M MO3BOJSIET BOCIPOU3BOANTb OPTOTOHAJBHO M TeKCAaroHaJbHO CHMMETPHUHBIE CTPYKTYPBI TIPH
MOBTOPHOM SKCIOHUPOBaHUHU. [ IpoieMOHCTPHpPOBaHA BO3MOXKHOCTL MACILITAGUPOBAHHUS 3aMTUCAHHBIX CTPYKTYP, H BO3MOXKHOCTD
(hOPMHUPOBAHUST CTPYKTYP TPU TPOHHOM W UETBEPHOM 3KCMOHUPOBAHMM TUIEHKH. Pe3dyJsibTaTbl 3HAUUMBbI YISl YIIPABJISEMOro
MHKPOCTPYKTYPHPOBAHHUS TIOBEPXHOCTEH ISl 11J1a3MOHHBIX IPUMEHEHHUH.
Katouesbie cioa: JIMIITIC, nanocTpyKTypbl, TOHKHE MJIEHKH, MyJIbTHIIEpHOJIHbIE pelleTKH, 2.5D cTpykTypupoBanue
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Cexkuusn 9
Lndposas ronorpadusi u merosapl BU3yajausaluuu

YcTHbIe 10KAabl
9.1 lNoxBonHas uudposas rojorpadus 4acTul B apKTUUECKUX UccaenoBanusix (/lpuesauiernolii)

Bukmop Basrenmunosuy /lémun, K.gh.-m.H., 00U4eHm, nepsuiii nPopeKnop
Hauuonanbubll ucesenoBatebeKuil ToMcKuE rocynapcTBeHHblil yauBepeuteT, ToMcek, Poccus

9.2 [lpuHuun paHTOMHO¥ BU3Yyadu3alM1 B ONTUUECKOH MUKPOCKOMUU

Andpeii Muxatirosuy Boronowwes'?, H. H. lasaemuwun'?, A. C. Yupkun'?

"Uncrutyr dusnku um. J1.B. Kupenckoro, @I KHL] CO PAH, Kpachosipck, Poccust

2 Cubupckuii heepasbhbiil yuusepeuret, Kpachosipek, Poccust

¥ MocKOBCKHi rocyiapeTBernbiil yuusepeutet umenu M.B. JTomonocosa, Mocksa, Poccust

TexHuka onTHUECKOH MHKPOCKOMHM MOAMMPUUMPOBAHA C HCMOJb30BAHHEM TPHHLIMNA (PAHTOMHON BU3yaJH3alMH, KOTOPbIN
OCHOBAH Ha M3MEPEHHH KOPPEJSLUMOHHOH (PYHKIUMH HHTEHCUBHOCTH M 06JIadaeT PSIAOM JOCTOMHCTB IO CPABHEHMIO C
TPaMUMOHHBIM U300paxkeHHeM. HcesieoBaHbl 3aBUCMMOCTH KauecTBa W KOHTPAcTa H300paXKeHHs1 OT MOJI0KEHHST 06'beKTHBOB
MHKPOCKONAa B CPaBHEHMH CO CTAHAAPTHOH OMNTHYECKOH MHKpocKomuel. OnpeneseHa poJib ONTHYECKHX 3JEMEHTOB B
(opMUpoBaHHe H300paxKeHUss B (aHTOMHOH MHUKpocKonuu. [lpemoxkeHa 11ceBIO-OAHOMUKCEbHASI BH3YaJlU3aLUH,
COKpallaolasi BPeMsi BOCCTAHOBJIEHHS M300paxKeHHsl. Pe3y/braThl MCCAENOBAHUH JAEMOHCTPUPYIOT I1€PCHEKTHBHOCTD
Pa3BUTOIrO MOAX0/A.
KaioueBbie cnoBa: Ontrueckast Mukpockonusi, antomHuast Budyasnuaaiysi, OfnHonuKcebHas BU3yan3alius,

Koppensiuyu untencuBHoctH, [y6rHa pe3kocTH.

9.3 HeoHO3HaYHOCTb UHTEPIPETALIUH PEKOHCTPYMPOBAHHBIX LU POBBIX FOJOrPaMM U UX OCOOEHHOCTHU:
0030p METO/10B PEKOHCTPYKLIUHU

Awudpeti [lemposuu Sunosves, H. H. Jlanuwn
Huxxeropojckuii rocynapcTBeHHbli nejaroruyeckuil ynusepeutet uM. K. Mununa (MuHHHCKUR
yuuBepcutet), Huxxuuit Hosropon, Poccust

Ha npumepe, o6111e10CTyNHBIX LH(POBBIX FOJOIPAMM U3 OTKPBITbIX HCTOYHHKOB, paCCMaTpPUBAIOTCS apTedaKThbl, BO3HUKAIOLIHE
B TIpollecce BOCCTAHOBJEHHUS (PEKOHCTPYKLIMH), KOTOpPbIE SIBJSIOTCS COMYTCTBYIOIIEH HH(OPMALMH U He YUUTHIBAIOTCS TIPH
JaJibHeHIIell MHTepTIpeTalli 3a(UKCHPOBaHHBIX coObITHH. [IpenoxKeH anropuT™ MaciiTabUpoBaHus LH(GPOBLIX TOJIOrPAMM
JUIS TPE/IBAPUTEJIBHON O1IEHKH KOPPEKTHOCTH JIAHHBIX.

KatoueBbie cioBa: Onruka, Lingposast rosorpadusi, ApTeakTbl peKOHCTPYKLIHH TOJIOTPAMMBL

9.4 1pyxaJIMHHOBOJHOBas Lu(ppoBas rosorpaduyeckas MHTEphEpPOMETPHUS U CUCTEMA Ja3ePHOTrO
CKaHMPOBAHUS B IMarHOCTUKE MEPBOIi CTEHKU ToKamaka [1o6yc-M2

Heopo Bauecarasosuy Arekceenko, k. gp.-m. 1.', A.A. beaokyp?, JI.1. Eaey?®, A.M. Koxesrurosa',
0.C. Medsedes?, A.I'. Pasdobapun?, JI.A. Cuueupes?®

' Bastniickuit enepasbhbiil yuusepentet umenn Mmmanyuia Kanra, Kaannunrpan, Poceust

2 dusuko-rexuuueckuii uHCTHTYT M. A.D. Modde, Cankr-TTetepoypr, Poccust

B pa6ore omuceiBaercst Mmetos LppoBoil rosorpadudeckon nateppepomerpun (JILII'M) B couetanun ¢ TeXHUKOH Jla3epHOTO
ckanuposanust (JIMJAP) nis olleHKH cTemeHHM M3HOCA 3AlUTHOH CTEHKH 9KCMEPHUMEHTAJbHOTO ToKakMaka [yobyc-M2.
[IpensiozkeHHble TEXHUKM MMEIOT Pa3Hyl0 UyBCTBUTEJNLHOCTb M, TaKUM 00pa3oM, AOMOJHAIOT APYr Apyra B 3ajayax OLEHKH
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H3MEHEHHH MOBEPXHOCTH 0OPAllIEHHBIX K TJIa3Me 3alIMTHbIX 371eMeHTOB TokaMaka. Jlonoanuresnbto meton JIMJIAP nossossier
NPOBECTH MepPBUYHbIE U3MEPEHHS MPOCTPAHCTBEHHOH OpPHEHTALMK MCCJAEIYyeMOro 3JeMeHTa Ul KOMIeHcaluu (Ha3oBoro
Ha6era npu ucrnosb3doBaHud TexHUKU JILII'M, 4yyBCTBUTEJBHOCTH KOTOPOW AOCTUraeT NEeCATKOB MHMKPOH. [laHHbIA moaxon
MO3BOJIUT MPOCTBIM CIOCOOOM OTKATUOPOBATH U3MEPHUTEbHBIN KOMIIIEKC TP NPOBEJIEHUH HHTePQepPeHIIMOHHbBIX H3MEPEHHH.

Kmouesbie cioBa: [ludposas rosorpadusi, uudposas rojiorpaduieckasi HHTepepoMeTpHsi, CHCTEMA JIa3€PHOTO
CKaHUPOBAHMUS

9.5 Meton uupoBoii rosorpacuueckoil HHTEpHepOMETPUH LISl HCCAEN0BAHUS NIa3Mbl HCKPOBBIX Pa3psiioB

Anacmacua Muxaiirosna Kosesrukosa', H. B. Arekceernko’
! Banruiickuit enepasbrbiii ynusepentet umenn Mmmanyuia Kanra, Kanunuurpan, Poccust

B pabore omnucbiBaeTcss MeTon LM(POBOH roJiorpapuueckoil HHTepdepoMeTpun 1jsi HAGJIONEHHST U OLIEHKH MapaMeTpoB
TUIa3Mbl, (POPMHUPYIOLLENCS TPH aTMOCHEPHBIX YCJIOBUSIX B HMITYJIbCHO -TIEPHOANYIECKOM PexKHMe TeHepaluu. st uccsienoBaHust
BeIOpaHa MyiasamMa MCKPOBOTO paspsiaa, B TOM yHciae ¢ OpMHPOBAHHEM arOKaMITMUECKOTO pa3psijia, KOTOpble B ONTHUECKOM
JuanasoHe HaOJIONEHNs SIBASIOTCS MPO3pauHbIMU ((ha3oBBIMH) 00beKTaMH. MeTox AeMOHCTPHPYET BO3MOXKHOCTb OLIEHKH
KOHLIEHTPALIMH 3JIEKTPOHOB B TJ1a3Me, a Tak:Ke BU3ya/H3allii BCEro npoliecca popMHPOBAHHUS U IeTpafallii pa3psiza.
KatoueBble cioa: Llnposas ronorpagust, ronorpadudeckast MHHTephepoMeTpHs, MaasMa UCKPOBOTO paspsiza.

9.6 OcoGeHHOCTH annapaTHO peasu3aluy U aJITOPUTMOB 0OPaBOTKH B MOJSIPU3aLIUOHHO-UYYBCTBUTENbHOM
¢ poBoM rosiorpaduueckomMm MUKpOCKore

Aunekceti Bukmoposuu Yeprox', B. P. Ipecoko’, T. B. Pesyos', M. M. Cepeees’, H. B. [lempos'*?
' Vuusepcurer UTMO, Caukr-Ilerep6ypr, Poccust

B pabore paccmaTpuBaloTCsi acreKTbl CO3JlaHMsl  MOJIIPU3ALIMOHHO-UYBCTBUTENLHOTO LU(PPOBOro rojiorpaduueckoro
MHKPOCKOTaA JI/I5 KOJIMUECTBEHHOr0 aHa/M3a aHM30TPOINHBIX MHKpPooObeKToB. [lpencraBnena anmapaTHas peasusalus Ha
OCHOBE JIBYXJIy4€BOT0 HHTEp(epoMeTpa ¢ paszieseHUeM MOJsIPU3alMOHHBIX KOMITOHEHT, obecreunBalollas perucTpaiuio
M(POBBIX roJ0rpamMM, HEOOXOAUMBIX /IS BOCCTaHOBJeHHs MaTpulbl [koHca. O6cyKaloTes anropuTMUuecKue pelleHus:
TPOLEYPbl YUCJIEHHOH PEKOHCTPYKLMH KOMIJIEKCHBIX aMIJINTYJL, cTpaTernu dpuibrpauni B Pypbe-o6aactu A/1s1 MoAaBIEHHS
hazoBoro 1yma M abeppaluil Npu COXpAHEHHH MPOCTPAHCTBEHHOTrO paspelieHus. [IpoaeMoHCTpUpOBaHA BO3MOXKHOCTD
MoJIy4€eHHsT KOJITMYE€CTBEHHbIX pacnpez[e.nel-mﬁ KOMITOHEHT MaTpHILbl H)KOHCE] B pexuMe peasbHOr0 BPEMEHU IMPH OCBEUICHUHU
obpasia CcOKyCHPOBAHHBIM Iy4KOM OJMKHEro MH(PAKpPacHOrO JuanazoHa, ynpasasemoro c¢ mnomousio KK
NPOCTPAHCTBEHHOIO MOJyJATOpa cBeTa. PedysbTaTbl MOKA3blBAIOT, UYTO ONTHMAJbHLIA BbIOOp NapaMmeTpoB 06paboTKH
MO3BOJIFAET JOCTUYDb BBLICOKOH YyBCTBUTEJBLHOCTH K MaJIoH nompmaunomoﬁ AHU3OTPOIHUH.
Katouesbie ciioBa: Llncdposas ronorpacuueckast Mukpockomnus, [lonsipusanus, Kosmuectsennas pazosas

BU3yasu3alus, JlazepHas o6paboTka.

9.7 MnepcnekrpanbHas uudposas rojorpadus B SWIR-nnanazone njis anannsa 6M0J0ruyeckux 00beKToB

Hurxoaatl Oaecosuy [lpoxopenkos, M. A. Boavirnckuil
HUY UTMO, Cankr-Ilerep6ypr, Poccus

Jlannasi pa6ota mocBsilileHa UCCJIEIOBAHUIO BO3MOXKHOCTEH runepcnekTpasbHol udpoBoi rosorpadun B SWIR-ananazone
IJIsl OLIEHKH COCTOsTHUsT GuoJsiorndeckux o6bekToB. Ha 6ase unrepdepomerpa Maxa-lleHnepa co6pana sKcrnepuMeHTa bHAST
YCTAHOBKa, T03BOJISIIONIAsT PETUCTPUPOBATH TONOTPAMMBI PA3HUHbIX GHOJOTHUECKHX 06pa3lioB B CHEKTPAJbHOM JHara3oHe
1260—1360 um. IlpoBenen amninTynHO-(a30BbIH U ClEeKTpasibHBIH aHaJU3 3aperMCTPUPOBAHHBLIX I'HNepky6oB. B padore
TaKKe 00CYKIAIOTCS EPCIIEKTHBBI AabHEHIIIEro COBEPIIeHCTBOBAHNS METO/IA.

KntoueBble cioBa: runepcenekrpanpHas g posas rosorpacus, SWIR, uarepdpepomerp
Maxa-llennepa, Guosnornueckue 06pasiibl, aMIUIUTYIHO-(PA30BbIH aHAMK3
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CreHoBbIe TOKJaabl

C.9.1 AHanu3 HeJIMHEHHO-YIIPYTUX CBOKWCTB TPeX MOJUMEPHBIX MaTEPUANOB Ha OCHOBE roJorpaduyeckoro
MOHHUTOPHHTA COJUTOHOB Jedopmanuu

A. B. beaawos, A. A. Kuxopesa, 1. M. beavmiokos, Hpurna Baadumuposna Cemernosa
®usnko-rexunueckuit KHCTUTYT UM. A.D. Modde PAH, Cankr-Ilerepbypr, Poccus

B paGote npoBeneHo Hee/e0BaHie HeTMHEHHBIX YeIHHEHHDBIX BOJH (COJIMTOHOB) fehopMaLiiK B BOJHOBOJAX U3 TPEX LIHUPOKO
MCIOJIb3YEeMbIX MOJNMMEPHBIX MaTephaoB — mnosuctupona, [IMMA u nosnkapGonata. Perncrpaluusi BOJHOBBIX KapTHH B
BOJIHOBOJ/I@X POU3BOIH/IACH METOJIOM BHEOCEBOH LIM(POBOI rosiorpaduueckoil HHTepdepomeTpun. Pypbe-aHasua noJydeHHbIX
JIJAHHLIX, CIVIa2KMBAHUE U COBMEIIEHHE (1:)83OBbIX I'[pOCbI/IJIEﬁI MMO3BOJIAJIM TOCTPOUTDL TTOJIHYIO (bOpMy COJIUTOHOB, OMNPEAL/IUTb NX
AMIIJIUTYLy W LIAPUHY. BbL1o IPOBEACHO CpaBHEHHE MMOJYHYEHHbIX JAHHBIX C TEOPETHUYECKMMH OLUECHKaMW U pe3yJbTaTaMu
MU3MEPEHHS JIMHEHHBIX M HEJMHEHHBIX MOJYJICH YNPYroCTH 3THX MaTEPUAJIOB, MOJYYEHHBIX YJLTPA3BYKOBbLIM METOIOM,
OCHOBAHHOM Ha aKyCTOYNPYyroM sddexre.
KioueBbie ciioBa: CosnToHbl iedopMaliiu, roforpaduieckast HHTepdepoMeTpust, MoJUMepHbIe MaTepHaJIbI.
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Cexkuusa 10
CoBpemMeHHble (hyHKIIMOHAJIbHbIE ONTHUECKUE MATEPHUAIbI

YcerHble nokaaapl

10.1 lpsimas na3epHas MeTalIM3aLMsl KAK HOBasi TEXHOJOrMsl MPOU3BOACTBA NEKTPOHUKM ([Ipuerauiernroill)

Jloeynos Jles Cepeeesuu, k.x.1., A.B. Basuros, E. M. Xaiipysaruna, /1. C. lllecmakos,
E. A. Agpanacvesa, A. B, [lurunuyk
Yuupepcuter M TMO, Caukr-Iletep6ypr

B paGore mnpejicraBsieHbl MepBble LIard MO BHEIPEHHIO TEXHOJOTHH TIPSIMOH JIa3epHOH MeTa/uIM3ald B IMPUKJIAIHbIE H
npoMbliieHHble 3anaun. [Ipemioxkena macurabupyemasi METOJOJIOTHSI, BKJIIOYAIOLIAsl HAHECEHHE TJyOOKOr0 IBTEKTHUECKOTO
pacrBopuresisi MetooM doctor blade na noayoxku pasmepom o 100 X 100 MM 1 nocsieytolyio 3ariuch MeIHbIX CTPYKTYP
HeMnpepPBIBHBIM IMOHBIM JIa3epOM ¢ JUTHHOH BoJHBI 450 HM. [TokasaHo, 4To TeXHOJIOTUsT IPUMEHHUMA JJTs CO3MaHMsT POBOJISIINX
3/1EMEHTOB, BOCTPeOOBAHHBLIX B IMPOTOTHIMPOBAHUM TeYaTHHIX IiaT, MexcoenuHeHuil, RFID-koMnonenToB H rubkoi
3MeKTPOHUKH. OTIeJbHO PacCMOTpPeHO TpPHUMEHEHHe TEeXHOJIOTHH Al CO3MaHMsl KaTaJln3aTOpPOB U CEHCOPOB AJs 3ajau
MHKPO(JIOUIHOTO CHHTE3a.

KstoueBble ciioBa: npsiMast J1azepHasi MeTaIIH3aLHsT; TTyO0KHe SBTEKTHUECKHE PACTBOPUTENH; MeJIHbIe CTPYKTYPHI; MeyaTHble
TJIaThl; MHOTO(YHKIMOHATbHbIE MUKPOCHCTEMBbI

10.2 3ddekrbl camoBo3aeiicTBUS U IMHAMUYeECKOH rosorpacduu B (M Py3MOHHO-JI€ErMPOBAHHBIX ME/bIO
KOHTPY3HTHBIX MOHOKpHCTaJIaX HUoGata autust ([lpuesauierrolii)

Cmanucaas Muxaiirosuu lllandapos’, A. A. Koanarxos', 3. Komos', P. H. Anucumos’,
A. C. Akpecmuna', H. H. Bypumos', H. H. [Toaosunkun', H.B. Cardun', M. Muuieas'
! TOMCKHil rocy1apCTBEHHBIH YHHBEPCHTET CHCTEM YIIPABJICHHS U PaIM0O3J1eKTPOHUKH, ToMck, Poccust

Onucana TeXHOJOTHS TepMHUUeCcKOH auddy3nu Memu B MaCTHHbl X- U Z-CPe30B MOHOKPHCTAJIMYECKOTO HUOOATa JIUTHS
KOHTPYSHTHOTO cocTaBa. [IpelcraBiieHbl pe3ysbTaThl SKCEPUMEHTAJIBHOTO HCC/ENIOBAHUS paclpene/ieHuil KOHIIEHTpalUH
MOHOB Meau 1o toquuHe miactud LiNDbOs:Cu u opmupoBaHus B HUX IMHAMHUYECKHX (DOTOPe(PAKTUBHBIX TOJIOTPAMM C
PA3JIMUHBIMK MPOCTPAHCTBEHHBIME Tepuoaamu. Maydenbl ocoGeHHOCTH 3(h(EeKTOB CAMOBO3NEHCTBHS LUJIMHAPUIECKHX H
3JUTMNITHYECKHUX JIA3E€PHBIX MYUKOB C JYTMHOH BOJIHBI 532 HM B cTpykTypax LiNbO3:Cu.

Kniouesbie cioBa: Tepmuueckast quddysus, Huo6at antusi, @otopedpaktuBHbie rojorpamMmmbl, CaMmoBo3nencTBre
JIa3e PHBIX TYYKOB.

10.3 Pa3zpab6oTKa 10CTYyMHOM CUCTEMbI HAHOUMIPHUHT JUTOrpaduu

. . Tunoyaruna', /1. B. Munug?, B. A. [lonosa’, B. A. Acees’, H. B. Hukornopos', H. C. Myxur?,

A. M. Anexcees', Egeenuti Muxatirosuy Asexcees’

"Vuusepcurer UTMO, Cankr-Ilerep6ypr, Poccust

2 Cankr-ITerepOyprekuii HaLMOHAbHBIA HCC/IEI0BATENbCKHE aKaieMrueckuil yauepeurer nmenn K. K.
Andéposa Poccuiickoii akanemun Hayk, Cankr-Iletep6ypr, Poccus

Hanoumnpunr surorpadus (HWJI) 1wmpoko mnpumensieTcsi B MPOMBILIJIEHHOCTH JJIsi W3TOTOBJIEHUST JU(PPAKIIHOHHBIX
ONTHYECKHX 3JEMEHTOB, HMCIMOJb3yEeMbIX B YCTPOHCTBaX AOMOJHEHHOH peasibHOCTH. BMmecTe ¢ TeM BbICOKasi CTOMMOCTb
Jqurorpaduyeckoro oGOpylOBaHHSl W PACXOAHBIX MaTepHaoB OrPaHHYMBAET MCIOJb30BAHME NAHHOIO METOAA B HAyuHbIX
uceaenoBannsix. B Hacrosieit pabore mpemioxken mnpouece HWJI, ocHoBaHHBIA HMCKIIIOUHTENBHO HA HIMPOKOAOCTYTHBIX
KOMITOHEHTaX MOTPeGHMTeNbCKOTO — Kjacca. ODKClepUMeHTaslbHas yCTAaHOBKAa Obula  CKOHCTpPyHpoBaHa Ha  0ase
crepeosurorpaguieckoro (SLA) 3D-npuHTepa, a B KauecTBe pesdcTa Oblia HCMoJb3oBaHa mnpoadpadyHass SLA cmosa.
TectupoBanue Ha cTpyKType yray6aeHuit DVD nucka nokazano BO3MOXKHOCTb KONMUPOBaHHs 3eMeHTOB pazmMepom 10 400 Hm.
MaroroBsennast periika AUQPaKLHOHHON PEIETKH MPOAEMOHCTPHPOBA/IA ONTHUECKHE XAPAKTEPUCTHKH, MPAKTHUECKH He

46



{ XOMOSKCIMO

HayKa 1 MpakTka

yCTynaioliie OpUrnHajbHOMY 00pasily, YTo MOATBep:kAAeT 3(PPEKTUBHOCTb Pa3pabOTAHHOTrO MOAXOAA /I SKOHOMHUUHOTO
MPOU3BOJICTBA HAHOCTPYKTYP.

KutoueBble cjioBa: HAHOUMIPUHT JiuTOrpadusi, HaHoadpuKalus, AMPPaKIIHOHHBIH ONTHUECKUI JIEMEHT,
U pakUMOHHAs pelléTKa, I0TI0JMHEHHAS PeabHOCTD

10.4 MonsapusauuoHHo-¢a3oBbie NPeodpa3oBaHUs U3JIYUEHHUS C MOMOIIbIO TOMOJOTHYECKUX CTPYKTYP B
XHPaAJbHbIX HEMATUYECCKUX XKUIKUX KPUCTANTAX

Tuxon Badumosuy Pesyos', A. B. Yepnoix', H. B. [lempos'?, T. Opaosa®

' HauponasbHblit ucenenoBatesbekuit ynusepeuter UTMO, Catnkr-Ilerep6ypr, Poccust
2 [lkos1a hpusuku, XapOUHCKHI NOJUTEXHHYECKUI yHUBepcHTeT, XapOuH, Kutai

3 EpeBaHcKHuii rocyiapcTBennbiii yuusepcutet, Epesan, Apmenusi

B paGore paccmartpuBaercsi MOJSpU3alMOHHO-(Pa30Boe MpeobpazoBaHue CBETOBBIX TMOJIeH, TPOXOISLIMX 4Yepe3
TOTOJIOTHYECKHE  CTPYKTYPbl B XMPaJbHbIX HEMATHUECKHX JKHUIKHX Kpucrajiax. C  TOMOIIbI0 TMOJsIPH3aLHOHHOTO
roJiorpauueckoro MUKpOCKONa BOCCTAHABIUBAIOTCS 3J1eMEeHTbl MaTpullbl JPKoHca, ONUCHIBAOIINE JIOKANBHbBIH OMTHUECKUH
OTKJIUK HCCJeIyeMblX cTPyKTyp. [lokazaHo, uTO TOpPOHbI M pPOACTBEHHble KOH(UIYpalMH MOTYT MPOSBJATH CBOHCTBA
NPOCTPAHCTBEHHO-HEOMHOPOJHBIX  (PA30BO-TOJNSPU3ALMOHHBIX — IJE€MEHTOB,  TEPCHNEKTHBHbIX  JUid  (POPMHUPOBAHUS
CTPYKTYPHPOBAHHBIX CBETOBBIX 0JIeH, BKJIIOUAst BUXPEBbIE MyUYKH.
Katouesbie cnoBa: JKuikue Kpucrasuibl, XupasbHble HeMAaTHKH, ToroJioruueckue cTpykTypbl, TOpOHbI,

[Tonsipuzauuonnas rosiorpagus, Lludposas ronorpagus, Marpuua konca, @azoBas Moy asius

10.5 YnpouHeHHe oNTHYECKUX CTEKISIHHBIX 31€MEHTOB (DOTOHMKH METOOM HU3KOTEMIEePaTyPHOTO HOHHOTO
obmeHa (/lpuerawernoill)

Hurxoaatl Basrenmunosuu Huxornopos, B. A. [lonosa, A. M. Axexcees, E. M. Arexcees
Yuupepcuter UTMO, Caukr-Iletep6ypr, Poccus

PaccmoTpenbl  BOTIpOChl  TIOBBIIIEHHST MEXaHMYECKOH, TEPMHUUECKOH M ONTHUECKOH TPOYHOCTH ONTHUECKHUX
CTEKJISIHHBIX 3JIeMEHTOB (DOTOHUKH METOJI0OM MoHHOro o6MeHa. [lokasano, 4yTo o6MeH HOHOB HATPHUsI U3 CTeKJA Ha
MOHbBI KaJisl, pyOuIIusl MK 11e3Us1 M3 pacriiaBa CoJieil 1M03BoJIsIeT CO3/1aBaTh B MOBEPXHOCTHOM CJIO€ ONTHYECKHX
3JIEMEHTOB CXKHMalollie MeXaHWuecKue HarmpsikeHusi, jocturaioue eaunul, [Tla, kotopble mnpuBomsaT K
TMOBbILLIEHHIO MUKPOTBEPAOCTH, CTOHKOCTH K TEPMOY/IApy U ONTHYECKOi pouHocTH. [TokazaHo, 4To MeToa MOHHOTO
oOMeHa T03BOJISIeT YIPOUHSATH ONTHYECKHE 3JIEMEHTbl, H3rOTOBJIEHHbIE M3 KJIACCHUECKHX CTEKOJ OMTHYECKHX
NPOMBIIIJIEHHBIX KATaJOr0B, a TaKXKe W3 aKTHBHBIX CTEKOJI (J1a3epHbIX, (hoTO-TepMo-pedpakTuBHbLIX). [TokazaHo,
YTO HOHOOOMEHHAsl TEXHOJIOTHSI MO3BOJIIET PpeaJM30BbIBATH MOHOJMTHYIO HHTErpaluio BOJHOBOJHBIX H
roJjiorpachuuecKix CTPyKTyp Ha eIMHOM MojyioxKKe yisi 3ana4 AR-cucreM u uHTerpasbHOM (hOTOHUKH.

KJllOlleBble ciaoBa: CTeKIsIHHbIE ONITHYECKHE 9JIEMEHTHI, l"onorpadomecme 9JIEMEHTDLI Ha CTEKJIE, HMonnbiit 06M€H,
JuddysuonHble HanpsikeHUst, MexaHHuecKast IPOUHOCTb cTeKa, TepMuueckasi NpOUHOCTh CTek/a, OnTHYeCcKast TPOUHOCTD
CTeKJ1a

10.6 Oco6eHHOCTH paccesiHug rojorpaduueckux 1uddy3opos B (hoTo-TEPMO-pepaKTUBHOM CTEKIIE

Laspuw Muxaua Baadumuposuu'?, Pozanos I[1.K.'?, [Ipoxoposa ¥.B.", Hukonopos H.B.?, bopetiuio
A.C.", [locoda A.I1.!

1 Bantuiickuii rocynapcTBeHHbI TexHuuecknil ynupepeuteT « Boenmex» um. J1.®. Yerunosa, CaHkr-
[letepOypr, Poccus

2 HWY UTMO, Caukr-Iletep6ypr, Poccus

B paGote nccsienoBanbl 0COOEHHOCTH pacCesiHHUsT JJa3epHOTO U3JyueHHsl rosorpaduueckKuMu Tuddysopamu, 3anHcaHHBIMU B
(hoTO-TEepPMO-pedpakTHBHOM CTeK/e. PaccMOTpeHbl METOB! (POPMHPOBaHHS AHh(hy30pPOB METOAOM ToJIOTpachHueCcKoil 3amucH
¥ BJMSIHHE TNapaMeTpoB HHTeP(EPEHLUOHHOH CTPYKTypbl Ha YIVIOBbIE XapaKTepHCTHKH paccesinusi. [lpoBenén anamnus
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pacrpesiesieHHsl THTEHCUBHOCTH PACCESTHHOTO U3JTydeH s B 3aBUCUMOCTH OT JUIMHbI BOJIHBI H T€OMETPHHU 3aIHCAHHON CTPYKTYPBI.
DKCMepUMeHTAbHO 0KA3aHa BO3MOXKHOCTb (POPMHPOBAHMSI YCTOMUMBBIX roJsiorpacuuecknx Aucgy30poB ¢ 3aAaHHbIMH
napamMeTpamH paccestHus st IPUMEHEHHS B JIa3ePHbIX CHCTEMaX, 3a/1a4ax FOMOr€ HH3aLMH U3JTyUeHHST H ONITHYECKOH 06paboTKH
Ty4YKOB.

KatoueBble ciioBa: rosiorpacuueckuii i dysop; poro-TepMo-pedpakTHBHOE CTEKIIO0; rosorpaduyeckas 3ammchb;
0G'beMHBIE TOJIOTPAMMBI; JIa3€PHbIE CHCTEMBI; IH(PAKIMOHHbIE CTPYKTYPHI.

10.7 BivsiHue NOCTOSIHHOI'O MarHUTHOTO TOJISl HA ONTHYECKHE Nepexobl B KpucTaaiax GaP

Anna Apkadsesra Cksopuosa
MockoBcKHil osMTeXHUUeCKHH yHUBepceuTeT, MockBa, Poccusi

Jannas paGota mpojosKaeT HMCCJeI0BAHHS MArHUTOCTHMYJHPOBAHHBIX TPOLIECCOB B JIETHPOBAHHBIX obpasuax dochuna
ranusi. MsnauasnbHo HamMu 6bl10 0GHAPY:KEHO BJIMSIHUE MPEBAPUTENBHON SKCIO3ULMH JIETHPOBAHHBIX KPUCTAJIOB (hoctra
rananst GaP(Zn,O:N) B MoCTOSIHHOM MarHUTHOM T10JI€ Ha CMeKTPhl POTOMIOMHHECEHIIMH 06pasioB. Llesb nanHoi paboTsl —
MCCIIeIOBAHHE BJHUSTHUST MOCTOSTHHBIX MarHUTHBIX MoJied Ha KO3(QUIHEHT MpoMycKaHHs paccMaTPUBAeMbIX KPHCTAJJIOB, a
TaKKe Ha TPOLECCH TMOCAECBEUEHHsT Ha Pa3iMuHbBIX ANUHAX BoJH (565 HM u 700 HM). B pesynbrare nccsenoBanuit
YCTaHOBJIEHO,UTO KO3((HULKEHT TpornyckaHuss MoHokpucTasnoBGaP(Zn,O:N) nocse mnpeaBapuTesibHOH 3KCHO3WIMM HA
Boziyxe (B TeueHre30 MUHYT U KOMHATHOM TeMIiepatype) B MOCTOSIHHOM MarHuTHoM rnodie (B < 0,8 Tu1) yBesinunBasicsi 6osiee
yeM B 2 pasa. JKCIepUMeHTaJIbHO Olpe/ie/ieHbl TAKXKe XapaKTepHble BpeMeHa 3aTyXaHusi (hOTOMOMHHECHIEHIIMH 06pasLoB (T ~
0,1—100 mc).
Kmouesbie cioBa: ®ocdup rasusi, Dorosmomunectenuus, MaruutHoe nosie, Kosdduupent nponyckanus,

[Tocneceuenue, Bpems 3aTyxanus.

10.8 CTrokcoBasi © aHTUCTOKCOBASI JIIOMUHECLIEHTHAS TEPMOMETPUS /1 3224 MUKPOJIEKTPOHUKH

M. A. Kypoukun, Havs Eseenvesuy Korecnukos
Cankr-IletepOyprekuil rocynapersenubiii yuusepeutet, Caukr-Iletep6bypr, Poccus

Monodastble Hanokpuctasmnueckde vactuibl GdoOs:Er** Yb®*, chHTe3npoBaHHbe C MOMOLIBIO METOAd BCTEHHBAHMS,
0Ka3aJIl MHHTEHCHBHYIO JIIOMUHECLICHLIMIO KaK B CTOKCOBOM, TaK U B aHTHCTOKCOBOM pexKHMaX. B criekrpax JIloMHHeCLeHLHH
TPUCYTCTBOBAH TIEPEXOMIBI C TEMIEPATYPHO-CBSI3aHHBIX BO3OYXACHHbIX ypoBHEH 2Hii/e U *Ssp. Jlanublil dakT mossosu
peasM3oBaThb PAaTHOMETPHYECKYIO TEPMOMETPHIO B TeMrepatypHoM auanasone 298—383 K ¢ ncrnosb3oBaHHeM CTOKCOBOH 1
AHTHCTOKCOBOH JIIOMMHeCUeHUMH. JIIOMHHecLeHTHasE TepMOMETpHsl [03BOJIMJIA JOCTHUYb OTHOCHTEJ/LHOH — TelJoBOH
uyBCTBUTENbHOCTH 0KOJIO 1.3 % K 1 cy6rpaaycHoii TouHOCTH IeTeKTHpoBanus Temrepatypbl. [IpakTuueckas IpUMeHUMOCTD
METOAA JIIOMHHECLEHTHOH TepMOMETPHH [POAEMOHCTPUPOBAHA MPU [N Sifu HU3MepeHHH TeMIepaTypbl TpacHuecKoro
npoueccopa IpH pas3JMuHbIX Harpy3Kax.
Katouessie caosa: Er’*, JliomunecienTHasi TepMmomerpusi, Patnomerpudeckas crparerust, [lepBudmast TepMoMeTpHsi,

MUuKpo3J1eKTpOHHKA.

10.9 Pazpa6oTka KOMIJIEKCHOH METOIMKHN TECTHPOBAHHUSI KAueCTBa LIBETHbIX H300Pa3UTENbHBIX FOJOrPaMM U
mMarepuanoB s ux noayuenus (/lpuerawernoill)

Andpeesa Oavea Baadumuposna', C.C. Cemenos?, C. A. Cusosa', A. A. Bapviunukos ?,

H. B. Audpeesa ', B. B. Yawunr?, H. K. Boakos ?, B. H. lOpuenkosa®, K. A. Opexos *

'Yuusepcumem HTMO, CI16

2 Jlabopamopus Boanoepaguu, Tomex

SHUTIY. Tomck

*000 "Teo Cepsuc”, Tomck
I—[pHBeﬂ,eHbI pe3yabTaTbl COBMECTHDLIX HCCJIeﬂOBaHI/IIU/I KOJIJIEKTHBA CIEUHaJUCTOB, MOCBAUIECHHLIX PACCMOTPEHHIO BOIIPOCOB
OLIEHKH KayeCTBa LBETHLIX H306p33HTeJIbeIX roJjiorpamm, MoOJIy4€HHbIX I10 METOIY IO.H.I[QHHC}OK& Ha TOHKOCJOHHBIX
rajoreHuaocepeopsHbIX hotomarepuanax. OOCyKIalTCA TEOpeTHUECKHE H SKCTIEPUMEHTANIbHbIE MOJIXOJIbl, HCMOJIb3yeMble /15
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BbISIBJIEHUS] 3aKOHOMEPHOCTEH CBSI3M MapaMeTpoB (oToMaTepuaa W TpoLeccoB ero o6paGoTKM ¢ KayecTBOM
roJiorpauueckoro H300paxKeHus.

10.10 l'eHepauusa CUHIIETHOTO KUCJI0POAA THOKCAHTEHOBbIMU KPACUTEJSIMU MPU BO3OYKIAEHUU pa3pelli€éHHbIX
Y 3anpeuéHHbIX NepexoaoB

Baadumup Baadumuposuy llleakosnuros'?, E.B. Bacuives'
'HoBocuGupckuii nuetutyt opranndeckoit xumuu um. H.H. Bopoxkiiosa CO PAH, HosocnGrpcek
?HoBocHGHpCcKuii rocyapeTBEeHHbI TeXxHHuecKuil ynusepceutet, HoBocu6upek, Poccust

[IpoBeneHo sKcrepuMeHTanbHOE HCC/Ief0BaHHe 3((PEKTHBHOCTH TeHEPAldH CHHIJIETHOTO KHCJOPOAA THOKCAHTEHOBBIMH
KPacHUTeJSIMH, COlePKALUMHU TSKEJBIH aToM NpH (OTOBO3BY:KIEHUH pa3pellléHHBIX Sy-S; 1 3anpelléHHbIX So- T MepexoIoB.
CHeKTPOCKONHYECKHM  MeTOJOM ~ M3MepeHa KHHETHKA pAcXOfOBaHMsl  JIOBYLIKH — CHHIVIETHOro  kucsaopoxa  1,3-
nudeHnnTn3o6eH30(ypana mpu Bo3OyKIeHNH (OTOreHepaTOPOB CHHIVIETHOTO KHCJI0POAA U ONPeaeséH ero KBaHTOBBIH BBIXO/L.
[Tokaszana BeicoKast 3(p(heKTHBHOCTb HEKOTOPBIX THOMPOHM3BOAHBIX KpAcHTesNeH KCAaHTEHOBOTO pPsiia B KauecTBe TeHepaTopa
CHHIVIETHOTO KHCJOPOJA, KaK B T0JI0CE OCHOBHOTO TMOTIJIOUIEHHSI, TaK W B TJleue CHHIVIET-TPUIJIETHOTO MOIVIOLIEHHS.
Pesy/ibTaThl 1eMOHCTPUPYIOT 3HAUUTENbHOE BJIMSIHHE TeTE€POLMKINIECKOr0 aToMa cepbl Ha (POTOAKTHBHOCTb TPHIIETHOTO
YPOBHSI TIPU BO3NEHCTBUM HA KpacuTe b uamydeHuem OikHero MK nnanasona. PacemoTpena cBsidb Mex1y cOBpeMEHHbIMH
BapHaHTaMH FeHepallMi CUHIVIETHOIO KUCJ0PO/A U 3aMUChIO TOJI0TPaMM B MaTepuasax THia « Peokcan».
Katouesbie cnoBa: THOKcaHTEHOBbBIE KpACUTENH CEHCHOUIN3ATOPBI, FeHepalsl CHHIVIETHOTO KMCJI0PO/a, PeaKUHH

OKHCJIEHUS] TIPY 3aMIUCH [OJIOrPaMM

10.11 AsoGeH30Jcoaepxaliye KUIKOKPUCTANINYECKHUE MOJMMEPb] KAK OCHOBA J1J19 CO3AaHus
rojorpauueckux Iu(ppakuMOHHbIX PELUIETOK Pa3JHUHbIX TUIIOB

Mupon Arexcarndposuu Byeakos', H. H. botixo'!
! MockoBcKHI TocyapeTBetnbii yuuBepeuret nMenn M.B. JlomonocoBa, xumuueckuit akyJibret, MockBa,
Poccust

M3yuenbl nporecchl rosorpaduyeckon 3anucH MM pakIIHOHHBIX PeLIeTOK (M0JsPU3alHOHHbIX H TOBEPXHOCTHO- peJIbe(hHBIX ) B
TUIeHKax a300eH30JICofleprKalliiX KUAKOKpUcTasmidecknx (JKK) mosuMepoB pasnyHOTO CTPOEHHsI. YCTaHOBJIEHO, YTO TIPH
rojorpaduyeckoll 3amuMcH B TUIEHKAX JAHHBIX MOJHMEPOB OAHOBPEMEHHO (DOPMHPYIOTCS KaK MOJSPHU3ALMOHHBIE, TaK H
MOBEPXHOCTHO-peJibepHble pelleTKH BCJIEACTBHE TMpolleccoB (DOTOMHAYLMPOBAHHOTO Macconepenoca. Ilokasano, uTo
yMeHbLIeHHE JTHHbI aJIH(aTHIECKOro crieiicepa, COeUHSIIOIEr0 OCHOBHYIO MOJUMEPHYIO LleMb U POTOXPOMHBIH (pparMeHT, u
yBeJIMUeHHE TOJIIPHOCTH 3aMecTHTe/isi B (DOTOXPOMHOM (hparMeHTe MOBLIIAIT AUPPAKIHOHHYI0 3¢dekTuBHOCTL (1)
3aMuCaHHbIX peleToK. [loJyueHbl KUHETHYECKHe 3aBMCHMOCTH OMNMCLIBAIOLIME 3alUCh KAaXIOro THIIA pELIeTOK U
MPOAHANM3UPOBAHO BJIMSIHHE CTPOEHHUsI TIOJHMMEPOB HA 3TH 3aBHCHMOCTH. [1poieMOHCTpPUPOBAHO, YTO T€PMHUUECKHH OTIKHT
TUIEHOK TTOJIMMEPOB C 3aMMCaHHBIMHU PellleTKAMH MOBbIIIaeT [19 noc/ieIHUX 10 3HaUeHHil GJIM3KUX K TEOPETHUECKUM BCJIEICTBHE
o6paszoBanusi JKK dasbi.
Katouesbie cioBa: ['osorpacdusi, ludpakiiiontbie ontuieckue ajemMenTbl, JKuaKne KpUcTasibl,

A3zoGeH3oJicofiepKaliiie MOJUMEPHI.

10.12 ®otoamyabcus CaaBuu i HayuyHbIX UCCAEN0BAHUI

fOaus Anamoavesna bepeskuna
00O «Cnasuu Hoita Texnosnorun», [lepecnanib-3anecckuit, Poccus
OOO «Toproswiit lom «CnaBuu»», [1epecnanib-3anecckui, Poccns

B nanHoM JloK/aaje npeicTaBieHa UCTOPUSI poccHilcKoro mpeanpustus «CjaBuu» HauMHas CO CTPOMTEJbCTBA (PabpHKH,
CTPOUTENLCTBOM HOBBIX KOPITYCOB ¢ pa3MellleHHEM KPYIMHBIX MPOU3BOACTB POTOOYMAaru U pOTOMIACTHH, 3aKaHu1Bast paboTol
B cerojHsiliHuie aHu. ManoxeHno onucanue noapasnenenuss « MUKPOH», npou3BoacTBo KOTOPOro He MMEET aHAJOroB B
OTe4YeCTBEHHOH (DOTOXUMHUM U SIBJISETCS CrieliuIecKUX HAYKOeMKUM MpeanpustueM. [logpasnenerue cneuranusnpyercs Ha
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BbIlycKe (DOTOMJIACTHHOK M (POTOIUIEHOK JYIsi HAYKH, CIIEKTPaJbHOTO AHAJM3Aa YEPHBIX H LIBETHbIX METAJ/IOB, KOCMHYECKHX
MCCIeIOBAHNH, aCTPOHOMUM, MACOK LIBETHBIX T€JIEBU30POB, a TAKXKe POTOMAACTHH U1l H300Pa3UTENLHON roJorpaduH.
Ha ceronnsiiinunii MoMeHT nonpasnesenue MUKPOH, KpoOMe IIPOU3BOJCTBA (hOTOIIACTHH U (hOTOTIEHOK Jist rosiorpacuu: BPI1-
M, TIOT-01, TIOT-03M, TIOT-03LL u T1PT-04, ocBowso BhIMYCK HOBOTO BHIA 3MYJIbCUH — siIepHOH oTorpaduueckoil
amydsibenn (S1P). TlpencraBneHo onucanue U BBl POAYKIMK HA ocHOBe S1P3. OmnucaHbl OCHOBHbIE TEXHOJOTHUECKHE
CTajIiM M3rOTOBJIEHUsT NPOAYKIMK Ha ocHoBe P u obopynosanue ajsi uarorossenus J1PI. JlaHo onucanue npojyKra, Kak
JIeTeKTOpa Uil MIOOHHOH pamuorpacdun. Onucan MeTon MIOOHHOH panuorpacduu. [IpencraBieHbl mpuMepbl MPAKTHYECKOTO
npumenenus 1P kak nerekropa. OnHcaHbl paboThl, KOTOPbIE MPOBEJIHU ¢ TpuMeHeHHeM Hallel P, [1peacraBaenbl paGoThI,
KOTOpbIE MJIaHUPYeTCs IPOBECTH B GJIMXKaiilliee BpeMms.

Katouesole crosa: SlnepHast oTorpacdudeckast sMynbCHsl, TPOAYKIHMS ISl HAYUHBIX HCCJII0BAHUE, IETEKTOP,
MIOOHHAs! paMorpadusi, MpOU3BOJCTBO, MOJIUBHBIE CTOJIbI, CEMAPATOP, OCHOBHbBIE CTAJIUH, COTPYIHHUECTRO.

CreHpoBbie NOKAaAbI

C.10.1 Bausinne ¢oTo-T€pMO-HHAYUMPOBAHHON KPUCTANIM3ALMKU HA NPOLIECC HOHOOOMeHHOI anddy3un B
®TP crekne

B. A. [lonosa', Hukoaaii Baarenmunosuu Hukonopos'
' Yuusepcurer UTMO, Cankr-Ilerep6ypr, Poccust

@oto-TepMO-MHIAYLMPOBAHHAS KPHCTA/JIM3aLMsl BJMSIET Ha TMpolecc HoHooOMeHHOH mucpysun B DPTP  crekse.
HuskoremnepaTypHbiii HOHHbIH 0o6MeH Na—Ag jaeT OoJbIIMH TPUPOCT MOKasaTesst MpeJoMJeHuss B o0JsacTH 6e3
KpucTasuiueckoil ¢asbl. [lokazaHo, uto maHHBIE 3¢ ¢eKT yBeJUuMBaeT MU(PPAKIHOHHYIO 3((EeKTHBHOCTL GPITTOBCKHX
pemtetok, sanucannbix B OTP crekne, ot 20% 10 70%. dddexr 0o6paTHM NpH MPOBEAECHUH 0OPATHOTO HOHHOTO O0GMeHa
Ag—Na. Taxke voHHBIH 00MeH Na—Ag NMPUBOAUT K TOSIBJIEHHIO TMOTJIOLIEHNST B BUAUMOH 06/1aCTH CrieKTpa GP3rTOBCKUX
petietoK. OObEMHEHHE JIBYX TEXHOJOTHH, (HOTO-TEPMO-UHIYIIMPOBAHHON KPUCTAJJIM3ALIMA U HOHHOTO OOMEHa, MO3BOJISET
C03/1aTb HOHOOOMEHHDIH MJaHAPHBIA BOJHOBOJL C TOJOTpaHUECKUMH ONITHIECKUMU 3IEMEHTaMU BBOJIA M BbIBOJIA U3JTyUeHHS.
KatoueBbie cioBa: Porto-Tepmo-pedpakTuBHOE CTeKI0, POTO-TEPMO-MHAYLHPOBAHHAS KPUCTAIITH3ALIHS,

HuskoremneparypHbi#i HOHHBIH 0OMeH, Bparrosckas perietka

C.10.2 Jucenenun najnnaausi Kak yHuBepcajibHasi niargopma s MHTerpajbHoi (POTOHUKH: KaHAJIMPOBAHUE,
MOIYJSILUS M IeTEKTUPOBaHUe CBeTa

Anexcandp Bauwecarasosuu Crou!, A. B. Apcerun', B. C. Boakog'
OO0 «KCITAHCEO», Mocksa, Poccust

PaspuTie COBpPEMEHHBIX ONTO3JEKTPOHHBIX YCTPOHCTB ClepXKHUBAeTCsl HeoOXOAMMOCTbIO TeTepPOreHHON HHTerpalHu
MaTepHasoB C B3aHMHO MCKJIOUAIOLIMMH CBOMCTBAMU: METAJIOB (ISl MEXKCOCAUHEHHUH ), TU3JIEKTPUKOB (/151 BOJIHOBOJOB) H
TMOJIyTPOBOIHUKOB (JUIsl M3JlyueHUst W JAeTeKTHpoBaHus). CyllecTByHOLIMe MOAXOAbl K OOBEIUHEHHIO 3THX KOMIOHEHTOB
YCJIOXKHSAIOT TEXHOJIOTHYECKHEe IPOLEeCChl H YBEeJMUMBAIOT CTOUMOCTb MPOM3BOACTBA. IIOMCK M XapaKTepUCTHKA €IMHOIO
marepuaisna, crocoOHOro peaju30BaTh MHOXKECTBEHHbIH ONTO3JIEKTPOHHbLH OTKJIHK, YCTPAHSIOLLEr0 HEOOXOAUMOCTD B CJIOXKHOH
MHTETPaLMK Pa3HOPOIHBIX CTPYKTYP. B Xoze ncceoBanus moxkasano, 4ro aucesnenus nananus (PdSes) o6nanaer yHukanbHoH
30HHOH CTPYKTYpOH, COYETAIOLEH MOJyMETA/VIHUECKHEe XaPAKTEPUCTUKU € OOJIbILIOH LIMPUHOW 3alpEeLIEHHON 30HbI I
MEX30HHBIX MePexojIoB. DTa ABOMCTBEHHOCTb MO3BOJISICT MaTepHaTy OAHOBPEMEHHO (DYHKLHMOHHPOBATh KaK (DOTOAETEKTOP U
ONTHYECKUH BOJIHOBOJ, HHTETPUPYST TPAAULIMOHHO HECOBMECTHMbIE OTKJIMKH B OHOH myardopme. [lomydeHnsle nanHble faioT
TMOJIHYI0 KapPTHHY ONTO3JEeKTPOHHbIX CBOHCTB PdSes. BblsiBjieHHAs MHOrOGYHKIHOHANIBHOCTb OTKPbIBAET MyTbh K CO3/IAHHIO
KOMIIAKTHBIX YCTPOHCTB HOBOI'O IOKOJIEHHsl, CIIOCOOHBIX paboTaTb B Pa3JMUHLIX peKuMax 6e3 HeoOXOAMMOCTH CJIOXKHOU
MaTtepHalbHOH HHTErpaLUH.
KimodeBble c/ioBa: ontos/ekTponnka, PdSes, 3oHHas cTpykTypa, MHTErpaLys, hoToeTEKTOP, BOJTHOBO/L.

C.10.3 Cerneroanekrpuueckue kpuctanibl PMN-PT u PGO kak ¢dyHKUHOHaANLHBbIE MaTeEpUaJbl yIIPABJIEHUS
CBOWCTBAMHU ONTHYECKOTO Jyuya

50



{ XOMOSKCIMO

HayKa 1 MpakTka

Andpeti [Inumpuesuy Ywakos', M. A. Yysakosa', H. A. Kunenko', A. I1. Typoieun', J. Li?, W. Huang?,
X. Liu?, Y. Zhang?, Y. Zhang?, Q. Hu?, Y. Zhuang?, X. Wei?, B. 5. lllyp’

' Ypanbekuit enepasbubiii ynusepenret um. b. H. Enbumnna, Exkarepun6ypr, Poccust

2 CHaHbCKuI TpaHCnopTHbIi yHuBepeutet, Cuanb, Kurai

Cernerosjiektpuueckde kpucranibl PMN-PT u repmanar cBuxua (PGO) paccmarpuBatotcss Kak MaTtepuasbl s
3JIEKTPOOINTHYECKOIO YyIpaBJeHust napamerpamu onrtudeckoro Jyda. s PMN-PT npogemoncTpupoBaHa BO3MOXKHOCTD
CO3JIaHHSl KaCKaJHbIX ONTHUecKUX asupoBanHbix peletok (ODPP) ¢ nomoulbio aoMeHHOH wuHxXKeHepuu. [losydeHa
s(dexTuBHOCTL yrpapenus Jaydom 0,32°/B/MKkM, a Takke peann3oBaHa BLICOKOCKOPOCTHASI MOJJIsILHSl HHTEHCHBHOCTH
(t=15 MKc) 3a cuer obparumoro asoBoro nepexoga R—O npu komHatHoil Temnepatype. s kpucrannos PGO Brepseie
TnpeviaraeTcst TIOJIXOJ, COYeTaloWMil JBa (DM3HYECKHX MeXaHH3Ma: (DOPMHpPOBAHHE JOMEHHBIX CTPYKTYp C TIOMOLIbIO
(heMTOCEKYHIHOTO JazepHoro oO6JydeHHS] W HCIOJb30BaHHE €CTEeCTBEHHOH ONTHUECKOH akTHBHOCTH. OO6cyxaaores
YIpaBJSIIOLINe HANpsDKEHHsl, BpeMeHa OTKJWKA M TMEepCreKTHBBI CO3JMaHHsl Ha OCHOBE 3THX MaTEepPHAIOB KOMMAKTHBIX
9JIEKTPOONTHYECKUX YCTPOUCTB.

KitoueBble cioBa: onTHKa, 3JeKTPOONTHYECKHI 3ddekT, ynpassenue gydoM, PMN-PT, PGO, nomeHHas uHXXeHepHs,
ONTHYECKAsT aKTHBHOCTb.

C.10.4 ®opmupoBaHue TOMEHHOW CTPYKTYPbl B ONTHUECKUX BOJHOBO/AX, CO3/JaHHbIX METOIOM MATKOTO
NPOTOHHOr0 00MeHa B MOHOKpHCTaJliaX HU00AaTa JIUTUS

Eseenuii [inumpuesuu Cageaves', ¥. Mywmaxk', A. I1. Typoieun'. A. P. Axmamxaros’, A. P.
Kopruauyotn?, A. B. Cocynos?, H. B. [lemyxos?, 3. Tponuw?®, @. lomp?, T. Jlyneu?, I1. baaou?,
B. 5. lyp'

' Ypasbckuit penepanbhbiii ynusepeutet uM. b. H. Enbinna, Exkarepun6ypr, Poccust

2 TTepmckuii rocyaapeTBennbiil yuusepeuret, [Tepmb, Poccust

3 Yuupepcuret Jlasyproro Bepera, Huua, ®paniiust

OnTHyeckde BOJHOBOABI C PETYJSPHON CTPYKTYypOiH CETrHETOIJEKTPHUECKHX JOMEHOB, CO3/IlaHHOH METOJAMM JIOMEHHOH
MHXEHEePHH, pacCMaTpPHUBAIOTCs KaK HauboJlee NePCreKTHBHBIE 3/1€MEHTHI MHTErPaJIbHON ONTHKY YISl Tpeo6pa3oBaHus 4aCTOTh
JIA3ePHOTO M3JyUeHHsT U TeHepaldH CIyTaHHBIX (POTOHHBIX Map. B paGoTe M3roTOBJEHHI TJaHAPHBIE BOJHOBOIBI METOJIOM
MSITKOTO MTPOTOHHOTO 0OMeHa B KOHTPYSHTHOM HHoGaTe JUTHs. M3aMepeHbl podub MpupaiieHns mokasaTesis peoMIeHH s,
rly6HHA BOJHOBOJAHOTO C/1051 U (0a30BbIil cocTaB ¢/10€B. Mayuen sadpdekT anomMaabHOro (hopMHPOBAHHST U AHH30TPOMHOTO pocTa
TMOJIOCOBBIX JIOMEHOB B TMOBEPXHOCTHOM cjioe. [losydeHnble pesysbTaThl MPEACTAB/SIIOT HHTEpEC JUIs Pa3BHTHSI METOLOB
CO3JIaHHs1 3JIeMEHTOB HHTErPAIbHOH ONTHKH Ha OCHOBE HEJIMHEHHO-ONTHUECKUX (DOTOHHBIX KPHCTAJIIOB.
KatoueBble ciioBa: Onrrka, ['pagnenTHble BOMHOBOABI, MSIrK1il TPOTOHHBIN 00MeH, JloMeHHAs! HHXKeHepHsl.
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Cexkuus 11
buodoronuka

YcerHble nokaaapl

11.1 KBantoBas nuHamuka pe3oHaHcHoro UK-Bo30yxaenus moabl amua-1 makpomosekyn 6akrepuii
MHTEHCUBHbIM (heMTOCEKYHIHbIM Jla3epHbIM UMMNYAbcoM (/Ipuerauierroiil)

Cepeeti Msarnosuy Kyopauwios, 0. ¢.-m. H., 8edyujuil Hayuroli compyoruk, 3asedyrouutl
aabopamopueti razeproll Hanogpusuku u 6uomeduyunot, C.H. llleavieuna,” B.O. Komnaney,? C.B.
Yexarun,? H.M. Egppemos,® A.B. Cmoaspos,® 3.P. Toropdasa’

' ®duznueckuit unerutyt um. I1.H. Jle6enesa PAH, 119991 Mocksa, Poccust

2 Wneruryr cniekrpockonun PAH, 108840 Tpowuik, Mocksa, Poccusi

3 Xumuueckuit pakynbreT MOCKOBCKOro rocyapetBeHHoro ynusepeurera uM. M.B. JTomonocosa, 119991
Mocksa, Poccust

Pesonancnoe Bo36y:knenue pemrocekyHaHeM nHppakpacHbiM (MK) nazepueiv nmmysascom Mot amua-1, esazantoit ¢ C=0-
rpynnoil 6eJIKOB M HYKJIEHHOBBIX KHUCJIOT OGakrepuil P. aeruginosa, BHI3bIBAET CHJbHYIO CIEKTPaJbHYIO MOJIYJISLHIO
noryoutenus. g nosoc npu ~ 1655 cm!, 1850 em™' u <1600 cm™' Habuonaercsi KBasurepuojddeckasi OJHOMOJsIpHAsT
3aBUCHMOCTb KO3(QHUIHEHTA MOTJIOLIEHUST OT HANpsPKEHHOCTH TMOoJisl, COOTBeTCTBylollas 3¢dekty Paou. [To nepuomy
MOJIyJISILIMK BIIE€PBble OlLleHEH MATPUUHBIN 3JeMeHT JumnoJbHoro momeHra nepexona 0—1. Tlokazan korepeHTHBIN nepeHOC
HaceJEHHOCTH Ha BepxHUe KoJebaresbHble YPOBHH, CBSI3aHHBIH C OJHOUMITYJIbCHOM WHAKTHBAalWeH OaKTepui BCJEICTBHE
pesonancHoro MK-narpesa u nenatypaiyu MakpoMoJieKy.1.
Katouesbie cioBa: MK deMTOoCeKyHAHbBIE Jla3epHble HMMYJBCHI, 6aKTepuH, sthdekT Pabu, amua-1.

11.2 BuooToHHbIE KPUCTAJIBI B JIUCTbSIX BbICUIMX PACTEHUI: OT YNOPSJOUYEHHOCTH HAHOCTPYKTYP K
ynpagsJjeHuio ceetom (/Ipuerauierrolil)

Eseenui Ponanosuy byxanos
DenepalibHbI UCCAEN0BATEbCKUE LEHTP « KpacHosipckui HaydHbli 1ieHTp CHOUPCKOTo OTIeeHH s
Poccutickoil akagemuu Hayk», KpacHosipck, Poccust

[IpencraB/ienbl pe3y/ibTaThbl HCCJAEI0BAHUS SMTUKYTHKYJISIPHBIX BOCKOB H XJIOPOIJIACTOB BBICIUMX PACTEHHH C UCIOJb30BAHHEM
CKAHHUPYIOLIEH W TMPOCBEUMBAIOLIEH 3JEKTPOHHOH MHKDPOCKOIMMH, ONTHUECKOH M KOH(OKAJIbHOH MHKPOCKOMHUH, a TaKxkKe
criektporyopumeTpuu. BbisiBjieHa CBf3b MexKIy HAHOPAa3MEPHOH YMOPSAOYEHHOCTBIO CTPYKTYPHBIX 3JE€MEHTOB M HX
OTNITUYECKUMH CBOHMCTBAMHU. DIMUKYTHKYJSIPHBIH BOCK ToJiyGol el 00ecreunBaeT CTPYKTYPHYIO OKpPacKy B CHHeH o6JiacTh
CrIeKTpa U ycuieHHy1o ryopeciienimio. Popma crieKTpoB (hIyopeclieHIMH XBOH H3MeHsIeTCsI TIPH ylalleHHH BOCKA C UTOJIOK
rony6ori  enu. [logo6Hble u3MeHeHHs1 HAOGJIOAAIOTCS  TPU  arpoXUMUuecKux 006paboTKax JIMCTbeB  pacTeHHil
CeJIbCKOXO3SIUCTBEHHbIX KyJbTYp Hapsily ¢ MepecTpoiKoil rpaH. Pe3y/ibTaTbl OTKpLIBAIOT MEPCHEKTHBbLI VIS CO3laHHs
OHOMHMETHYECKHX ONTHYECKUX MaTepHa/loB H HEHHBA3HBHOH AMarHOCTHKHU COCTOSIHUST pacTeHHUH.
KatoueBbie cnoBa: 6UODOTOHHBIA KpUCTAJI, SMUKYTHKYJSIPHBIA BOCK, XJIOPOIJIACT, CTPYKTYpHAasi OKpacka,

(hayopecleHIHs1, yNOPsiA0UeHHOCTb HAHOCTPYKTYP, 3JIeKTPOHHAST MHKPOCKOTTHSI.
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11.3 OnpeneneHre KHHETUKU ONTUYECKUX U PAJMOYACTOTHBIX CBOMCTB OMOJIOTMUECKUX TKaHEH /1S KOHTPOJIs
NpoLEeccoB TEPMUUECKON erpagauuu

Baadumup Cmanucrasosuu Annuros'?, H. B. Kosaaenko'?, P. H. lllatidyirun'?

! MockoBCKHE (PU3HKO-TeXHHUECKHH HHCTHTYT, MoCKOBCKasi 06J1acThb, Poccust

2 Opsizunckui pusnan OeepasbHOro rocyaapeTBEHHOr0 GIOKETHOTO

yupekieHnsi HayKu MIHCTUTYTa paiMoTeXHUKH U 37eKTpoHnKH UM. B.A, MockoBckas o6mactb, Pocensi
3 000 «BITI Jlazepyan», MockoBckast o6sactb, Poccust

TepMOZ[I/IHaMI/I‘-IeCKaﬂ TeMnepaTypa ABJAECTCA OJHUM K3 Ba)KHeﬁLUHX napameTpOB COCTOAHUA 6I/IOJIOI‘I/I'-I€CKI/IX TKaHef/’I, I[MO3TOMY

B COBpeMeHHbIX MeTodax TepMH‘-IeCKOﬁ Tepamm TO'—IHbIﬁ KOHTpOJTb TeMHepaTypr U CTEIIEHHU TepMI/I‘-IeCKOIjI ﬂerpaﬂaulzm ABJIACTCA

KJIIOYEBBIM yCJIOBHEM ofecreueHust 6e30MacHOCTH U 3(PdeKTUBHOCTH npoleayp. st KOHTPOJsST MPOLECCoB Aerpafalui B

JAHHOM pa60Te 6blﬂ0 nposeﬂeﬂo ucesiegoBaHne KHUHETUKH OINTUYECKHUX U paﬂHO‘{aCTOTHbIX CBOI:!CTB neyeHu Kypl/IU,bl,

MOJIydeHHbIX MTPH YCJIOBHH OJIHOBPEMEHHOM 3aMUCH, NMPH PAa30TPeBe PAHOUACTOTHBIM NoJsieM 10 TeMnepatypbl 100 rpaaycos.
Kiouesbie cnoa: Jlerpanauus, Ontuueckue cBoiictBa, PagnouacroTHoe node.

11.4 Bo3M0XHOCTH aHa/1M3a F’MCTOJIOMMUECKUX 00pa31LoB MeToaaMH LU poBoii rojorpaduueckoi
MHUKpOCKoNuu U Tomorpacun ([Ipuerawerolil)

Hpurna Baadumuposna Cemenosa, A. B. beaawos, A.A. )Kuxopesa
®usuko-rexunueckuit KHCTUTYT UM. A.D. Modde, Cankr-Ilerepbypr, Poccus

B noknane mpencraBiieH MOAXOM K HCC/EIO0BAHUIO THCTOJOTHYECKHX 06pa3lioB Ha OCHOBE CTaTHCTHYECKOro aHa/n3a
(ha3oBbIX M306paKeHUl, MOJYYEHHbIX C TOMOLIbIO LHGPOBOH roJorpaduueckoll MUKpocKoruu. [IpeioskeHHBIH MoaXon
T03BOJISIET MOJYYaTh KOJMYECTBEHHYIO HH(OpMALHMIO 06 ONTHYECKUX MapaMeTpax M XapaKTEpPHBIX pa3Mepax CTPYKTYPHBIX
3MEMEHTOB TKaHH THCTOJIOTHUECKOro o0pasiia M OLeHMBAaTh MX H3MeHEHHe B pe3ysibTaTe BHEIHEro TepaneBTHUECKOTo
Bo3zleHicTBHUsI. MeTon ampoOGHpOBaH Ha THCTOJNOTHYECKHX 00pasiax MBIILIEYHOH TKaHH M OMyXoJH JpJuxa JaGopaTopHBIX
JKUBOTHBIX, NToABepriuuxcst Bozaeicrsuio HIFU.

KatoueBble ciioBa: [ncronoruueckue o6pasipl, HIFU, onmyxons Dpaixa, rosorpadudeckast MUKPOCKOTIHS,
ToMorpadwus.

11.5 BoJloKOHHO-ONTHYECKaS MaJioMoJ0Bas urJa aJjisit UamMepeHus nokasareJas npejaoMmygaceHus BHEIlIHEM cpeabl

Anekcandp Arexkcandposuu Mapksapm, JI. /1. 3asaruwuna, B.Jl. Puronos, O.I. bobeiresa,
AJIL IT'pasxcosn, A.B. [lempos JI. b. Jluokymosuu, H. A. Yuwaros
Cankr-Ilerep6yprekuii nosmurexuudeckur ynusepeuret [lerpa Benukoro, Cankr-Ilerep6ypr, Poccns

[TpeaioskeH MUHHATIOPHBIA JaTuMK [MOKa3artesst MPeJOMJIEHHsT BHEIUHEH Cpelbl Ha OCHOBE MEXKMOIOBOTO BOJIOKOHHOTO
UHTepdepomMeTpa ¢ TIUMHPOBAHHBIM MAJIOMOJIOBLIM BOJIOKHOM. PasMmepbl 4yBCTBUTEJNLHOH OOJACTH COCTABJSIIOT MeHee
MHJIJIUMETPA B TMPOAOJBHOM CEUeHHH W MeHee 125 MHKPOMETPOB B MOMEPEUHOM cedeHHH. PaGoTocrnocoGHOCTh JaTuHKa
BepUPUIMPOBAHA IKCIIEPUMEHTANILHO TTyTEM H3MePEHHs ero HHTeP(hePEHIIMOHHOTO OTKJIMKA B BOJHBIX PACTBOpAX IJIHIIEPHHA B
Janasone KoHiieHTpauui ot 0 10 100%.

Takoii UHTepepoMeTp MOXKET UMETh Ha TTOPSZIOK MEHDIITYIO JIMHY UYBCTBHUTEILHOTO K BHEIITHEH CpeJle yHacTKa, MO3BOJISIOLIYIO
HabJ10aTh HHTeP(hEPEHIIMOHHYIO KAPTHHY B CIIEKTPAJIbHOH 00JIaCTH, MO CPABHEHHIO C MHTEP(PEPOMETPAMHU C TIUTTHPOBAHHBIM
OJIHOMOJIOBBIM BOJIOKHOM

KitoueBble coBa: J1aTunK 1okasareJist IpesioMJIEHHs], MaJIOMOJIOBOE BOJIOKHO, TIHNED, KOHYC, HHTep(epOMeTp.
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11.6 OnTHueckne ceHCoPbI AJiS aHAJNU3Aa XKUIAKHX cpel Ha 0OCHOBE KOMOUHALIMM (POTOHHBIX HHTErPaJbHbIX CXEM
¥ MUKPOQUIIOUIHBIX yeTpoicTB ([Ipuerauierrolil)

Anekcetl [Opvesuu Kysun'??; B.C. Yeprouués®’; H.H. Paops', C.H. Bacuaves'*; I1.11. An'"®;

A. . Foauxos'?; A.C. bpeycosa?, I1./1. Apacarosa’, A.H. Ceménos’, B.B. Kosartok'?, I'H. loarbyman®®;
J.A. Topun?

"WHuepcurer Hayku u TexHosiornit MMCHC, Mocksa

2MOCKOBCKHI MeJIarorHyecK1il rocy1apCTBeHHbIH yHrBepeuTeT, MockBa

SHatoHaJ ibHbIH HCC/IeloBaTeNIbCKUI YHIBEPCHTET «Bhiciast KoJia 5KOHOMUKK», MocKBa

*CKOJIKOBCKHH HHCTHTYT HayKH H TeXHOJIOTHH, MocKBa

SHaupoHaJ bHbIA MeIMIMHCKHI HCCIIeI0BATENbCKHE LIEHTP aKyllepCTBa, TMHEKOJIOTMH H [IePUHATOJIOTHH
umenu akanemuka B. V. Kynakosa, Mocksa

SPoccuiickuii KBaHTOBbIH 1leHTpP, MocKBa

B HacTtosilliee BpeMsl CyLLECTBEHHO BbIPOC/A MOTPEGHOCTb B BBICOKOUYBCTBHTEJBHBIX ONTHUECKMX CEHCOpax Iyl aHa/ju3a
JKUIKHX Cpell, KOTopble HeOOXOAUMbI JUlsl Ofpee/ieH|sl XMMHYECKOro cocTaBa W KOHLEHTPALKdH KOMIIOHEHTOB PacTBOPOB,
TPEL3HOHHOT0 KOHTPOJISI MOIU(UKALIMH TTIOBEPXHOCTH MOJIEKYJIaMH, 06eCrnednBaloIMMH HEOOXOMUMYIO CIIelIU(UIHOCTD, a
TaKXKe /151 OTIpe/iesieHNs1 KOHIIEHTPAIMH MapKepPOB MaTOJNOTHUECKOT0 COCTOSIHHS B GHOJOTHYECKHX KHUAKOCTSIX C 11eJbI0 OLIEHKH
3¢ heKTUBHOCTH JIeUeHHsT W 3a1ady  OWOMEIMIIMHCKOH JMarHOCTHKM. B 1aHHON paGoTe TpencrtaBjeHa pa3paboTka
BBICOKOUYBCTBHUTE/BHBIX ONITHUECKUX CEHCOPOB Ha OCHOBE (POTOHHBIX HHTETPAJIbHBIX CXeM B KOMOMHALIMH ¢ MUKPO(JIIOUIHBIMU
KaHalaMu JJIs aHaju3a KUAKUX cped. [lnardopma mMo3BoJisieT JETEKTHPOBATH KOMIIOHEHTbl B ILIMPOKOM JHara3oHe
KOHIIEHTpaUMi (0T JecATKOB ppm), obecrneurBaeT KOHTPOJIb MOAW(HUKALMH MOBEPXHOCTH M M3BJIEUEHHE KOMIUIEKCHOTO
nokazateJisi pesiomenusi. [IpogemoncTpupoBano cretnduuHoe aetektipoBatue sk3ocom ¢ 6enkom HERZ. IMpakruueckas
3HAUMMOCTb — PaHHsIsl AMarHOCTHKA U OLeHKa 3(pPeKTUBHOCTH JIeUeHHST OHKOJIOTMYECKUX 3a00/1eBaHUH.

CreHpoBbie NOKaaAbI

C.11.1 Uccneposanue aunuanbix padtoB B rpaanente OptiPrep ¢ nomouibio POTOHHBIX MHTErPaJbHBIX CXEM,
pedpakTromeTpuun U BpeMsi-pa3peunieHHoi (ayopecieHIu

Hpuna Hukoaraesna Paopsa’, H. A. Audpuesckas?®, E. M. ¥emunos?®, A.H. Cemenos’, A. 10. Kysun'* 2,
A. Jl. Toauxos®, B. B. Kosaawk"?, I'. H. loavyman®°

! Yuusepcuret nayku 1 Texnosioruiit MUCHC, Mocksa, Poccusi

2 QejiepasibHOe roCyIapCTBEHHOE BIOKETHOE HAayuHOE YupexkieHne «JlaJbHeBOCTOUHbIN HAYYHbIH EHTP
(hM3MOJIOTHH U TaTOJIOTHH JblXaHust», Biarosenienck, Poccust

3 CKOJIKOBCKHI HHCTHTYT HayKH W TexHoJioruil, Mocksa, Poccust

* MoCKOBCKHI TeJIarornyecKrii rocyiapeTBeHHbIi yuuBepeurer, Mocksa, Poccust

® HaupoHaJ ibHbIi MCC/iefoBaTe IbCKUi YHHBEepCHTeT «Bhiciast mkosa skoHoMuKK», Mocksa, Poccust

% Poccuiickuii KBaHTOBbIH LeHTp, MockBa, Poccust

CeHcopbl Ha OCHOBe (DOTOHHBLIX MHTErpajbHLIX CXeM C MHKPOQJIIOMIAHBIMA KaHAJAMH MO3BOJISIIOT 6€3 METOK, B PeajbHOM
BPEMEHH U C BLICOKOH UyBCTBUTEJILHOCTBIO OMPEIEsiTh KOMIIEKCHBIH MOKa3aTeJb MpeJoMIeHHsT MaJlbiX 06 beMOB aHasMTa. B
paboTe TMPOBENEHO H3MepeHHe MoKa3aTessl MpesJoMJIeHHs, BKJIOYasi CTAHAAPTHYIO pedpaKkTOMETPUIO, H BPEMEHH KHU3HH
bayopecueHIMH I cepuHd hpaKLMil, MoJydeHHbIX IeTepreHT-uioTtalidei B rpaauente OptiPrep. MccnienoBanbl Kak Gppakipym,
coliepkallide JIMMUAHbIE padThl, TaK M KOHTPOJbHblE (pPaKUMH TpajveHTa Oe3 A00aBJEHHS JIMIUIHOTO MaTepuala.
OGHapyXeHbl pasJjiMuKsi, KOpPeJUpyrolIde ¢ H3MEHEHHEM COCTaBa H MUKPOOKPYKEHHUs JIMMUIHBIX oMeHOB. [Ipenyaraembiii
TMOJIXOJ] IEPCIEKTUBEH /151 OLIeHKH KOHIIEHTPALIUi JIUMTUAHBIX PA(TOB, U3YUEHHUS UX PUBHKO-XUMHUECKHUX CBOHUCTB, a TAK XKE POJIH
B (DyHKIIHOHHPOBAHUH UMMYHHbIX KJIETOK MPH MH(PEKIIHOHHO-BOCMANUTENbHbIX 3a60JIeBAHHUSIX.
KaoueBbie cnoBa: @oToHHbIE HHTErpasibHble cXeMbl, MUKpOQJIIoHIHbIE KaHaJbl, KoMMIeKCHbIH MoKa3aTe b

npesiomyienusi, JIunuanoie padtbl, Bpemsi xu3uu diyopecueHI1H.
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C.11.2 OnToTepMuuecKkoe MaHUNYJMPOBaHUE B PA3JIUUHBIX Cpeaax

Anekcandpa Muxaiirosna Matioposa', B. K. ¥pronuna’?, H.H. Jlocesckuil', H. A. lopbynos?,

C. I1. Komosa'

' Camapckuii pusnan @usuueckoro uncruryra um. [1.H. JleGenea Poccniickoit akanemnu nayk, Camapa,
Poccus

2CamapCcKuil HallMOHaJIbHbI HCCJIeIoBaTeIbCKUH yHuBepeuTeT umenn akanemuka C.IT. Koposiea, Camapa,
Poccus

SMemumHcKuil ynuepeutet «Peasus», Camapa, Poccus

[TpuBoISITCS pe3yJibTaThl ONTOTEPMHUYECKOr0 MAHUITYJIMPOBAHHSI MUKpOCepaMH Ha OCHOBE MOJIMCTHPOJIA B PA3JIMUHBIX Cpeax,
BKJIIOYast allbOYMHH 1 GydepHble pacTBOPbL. MccsenyeTest BAHsSIHHE XapaKTePUCTHK HCIOJIb3yeMbIX PACTBOPOB (K03(hHLIeHTa
BSI3KOCTH, 110Ka3aTeJIsi PeJIOMJIEHHsT ) M TapaMETPOB JIa3e PHOTO M3JTyudeHHs Ha CKOPOCTH MepeMellieHHst MUKPOCdep B JIOBYLLKY,
BO3MOXHOCTb X TOUHOTO MMO3HIMOHUPOBAHHSI, 8 TAKXKE MX BbICTPAHBAHHE B pas/HuHbie CTPYKTYpbl. [TokazaHa BO3MOXKHOCTh
yIpaBJleHHsi TapaMeTPaMH PacTBOPOB H, CJIel0BaTENbHO, 3p(EKTHBHOCTBIO JIa3€PHOT'O MaHHUITYIMPOBAHHS, 32 CUeT J00aBeHHUS]
[TAB B pacTBopbl.
KstoueBble ciioBa: ontoTepMHUECKOe MaHHITYJIHPOBAHHUE, OJMMEPHbBIE MUKPOC(hEPDI, BA3KOCTb pacTBopa, GydepHble

pacTBopbl
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Cekuus 12
Ontuko-uudposbie HHPOPMaALIMOHHBIE CUCTEMbI M ONITUYECKHME KOMMYHHUKALIMH

YcerHble nokaaapl

12.1 Bknaa HearHeHbIX 3(h(heKTOB TPEeTbEro NopsiaKka Ha ONTHYECKUE XapaKTEPUCTUKHU aMIJIMTYAHO-(a30Bo
MOJYJIMPOBAHHOTO CUTHaJa MPU PACNPOCTPAHEHUU MO MHOTONPOJETHON BOJOKOHHO - ONTUYECKOM JJUHUU
CBSI3U

Baadumup Cmanucaasosuy Aunuros'?, 51. A. Texados?, P. H. lllaidyiiun'?

! MocKOBCKHET (PU3HKO-TeXHUUECKHH HHCTUTYT, MocKoBcKast 06J1acTb, Poccust

2 Opsizunckui pusnan OeepasbHOro rocyaapeTBEHHOr0 GIOKETHOTO

yupekieHnsi HayKu MIHCTUTYTa paiMoTeXHUKH U 371eKTpoHnKH UM. B.A, MockoBckas o6mactb, Pocensi
3 000 «BIII Jlaszepyan», MockoBckast o6sactb, Poccust

B Hacrosinlee Bpemsi HaOJIOAAETCs TEHIAEHLHMSI YBEJHUUYEHMs! TPONYCKHONH CHOCOOGHOCTH MHOTOMNPOJIETHBIX JIMHHH CBS3H C
nepefavdell aMmJINTYAHO-(a30BO MOLYJMPOBAHHOTO CHTHAa C BBICOKOH HH(OPMALMOHHOH MJIOTHOCTBIO, YTO TPUBOIUT K
HeOoOXOAUMOCTH CO3/IaHUs MaTeMaTHUECKHX MOJIeJIeH, T03BOJISIOLLIMX PACCYHTLIBATL ONTHYECKUE XapaKTePUCTHKH CHTHaJIA /151
MHOTOKAHAJIbHBIX JIMHUI CBSI3W C BBICOKOH MPOMYCKHOH CMOCOOHOCTbI0. B nanHoi paGoTe npeacTaB/eHbl HCCIEI0BAHUS /s
BBISIBJICHHST BKJaia OT/JEJbHBIX HEJUHEHHBIX 3(QeKTOB TpeTbero Nopsiika Ha ocHoBe sddexra Keppa Ha onrtuueckue
XapaKTEPUCTUKH CUTHAJA /151 BOJIOKOHHO — OTITHUECKOH JIMHUH CBSI3U MpoTskeHHOCTbio 5000 KM.

KatoueBble ciioBa: Henunelinbie saddexrsl, dpdexr Keppa, JInnus cessu.

12.2 UccaenoBaHue nepecTpoiKy ONTOJEKTPOHHOIO-reHepaTopa Ha OCHOBE ONTHUECKOM JIMHUU 3a/1€PKKH

3axap Jlenucosuu Escroxun'?, M.B.Kazomun', B. A. Hebasckuii', P.C. Cmapuxog’
'HUSY MUDH, Mocksa, Poccusi
2000 «T8», Mocksa, Poccus

DKCreprUMeHTAaIbHO UCCJIENI0BAHO BJIMSIHUE ILIMPUHBI JIMHUH Jia3epa Ha (ha30BbIi LIYM U [ePeCTPOIKY YaCTOThI ABYXKOHTYPHOTO
onTosseKTpoHHoro reHeparopa (O3I7) ¢ nepecrpauBaeMoil onTHYeCKOH JiMHUEH 3anepKKH. CpaBHUBAIMChH Y3KOMOJIOCHBIH
BOJIOKOHHbIH J1azep «MuBepeusi» (< 2 I'p) u nosnynposoauukosbiit TWL Optilab (10 kI'p). Cniektpbi azosbix tymos Ha 4 [T
OKa3aJIuCh TPAKTHYEeCKH WIEHTHYHbI, YTO YKA3blBaeT Ha JOMHHHMPOBaHHe IIYMOB 3J€KTPOHHBIX KOMIOHEHTOB. l3mepeH
napameTp Szi pa30MKHYTOH CXeMbl, omnpejieJieHa ero aMIIMTYIHO-4acTOTHas XapakTepucTHka. KceesenoBan xapakrep 4actot
reHepalyy: UX pacrnpe/eieHie OTHOCHTEIBHO MTUKOB M ITPOBAJIOB TePelaTOuHOM (ByHKIIMH, a TAKXKe 3aBUCHMOCTb OT BEJIHUHHbI
onTHUEeCKOH 3anepKKu. [lepecTpoiika yacToThl H3ydeHa ¢ marom 1 mic anst pesonatopoB 10 M u 1 kM. JlnanasoH nepectpoiku
orpannueH CBY-duabrpom (3.5—4.5 I'Tw).
KatoueBbie ciioBa: OntoasiekTpoHHblil renepatop, Pagnodoronuka, CBY, nepecrpoiika uactotsl, @oToHuKa,

®dazoBble 1IyMbI.

12.3 OnTuueckas o6paTHas CBSI3b B NOJSPUTOHHOM MUKpOpe3oHaTope Ajs peanusauuu RS-rpurrepa

Hsan Heanosuy Kpacuonos', /1. A. Cannukos’, I1. Jlaeyoakuc'
1 JTa6opatopusi ru6puaHoit potoHukn, CKOJKOBCKHI MHCTUTYT HAYKHU U TEXHOJIOTHH, TEPPUTOPHS
MunoBaunonHoro eHtpa « CKOJKOBO»

B pabore uccienyercst ontuyeckass oOpaTHasi CBsI3b B OPraHM4eCKOM [MOJISIPUTOHHOM MHKPOPE30HATOpe KakK MeXaHH3M
yIrpaBJIeHHs COCTOSIHHEM KOHJeHcaTa MpH KOMHATHOH Temmnepartype. MeTonvka OCHOBaHa Ha HMITYJbCHOM BO30GYKIEHHH
9KCUTOH-TOJIIPUTOHOB M BO3BpATe YAaCTH BBIXOJHOTO HU3Jy4eHHUs] B MHKPOPE30HATOp Moc/e OTPaXKeHHs! OT BHEILIHEro 3epKaJa.
[lokasano, 4to Takast KOH(Urypauust IPUBOIUT K YCHJIEHHIO PErHCTPHUPYEMOrO CHTHAMA, UYTO yKas3blBaeT Ha 3(QeKTHBHOEe
nojylep>KaHue TOJIIPUTOHHOTO COCTOSIHUSI 33 CYeT OINTHYeCKOH penH:KeKUWH. [losydeHHBIF pesysbraT MoOXKeT ObITh
MCIO0JIb30BAH J/151 CO3/IaHHUS1 MOJHOCTBIO ONTHYECKOro RS-Tpurrepa 1 3/1eMeHTOB MOJIIPUTOHHON MAMSITH.
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KJ"O‘leBble CJIOBA: SKCUTOH-TIOJSIPUTOHDI, OTITHYECKAs O6paTHaﬂ CBf3b, RS—TpHrrep, IMOJIHOCTBIO OINTHYECKAad NMaMAaTb
12.4 Anaau3 nepeHoca 4acToTbl B paiuo(hOoTOHHOM TpaKTe U ero 3¢PeKTUBHOCTL MPU Nepeiaue CUTHAJOB.

Hsan Cepeeesuu [loumapes’, B. A. He6asckuii!, P. C. Cmapukos’
' Hayuornanonoitl uccaedosamenvckutl soeprolil yrusepcumem « MH®H »

B paGote npeacrtaBjeHbl pe3yJbTaThl  IKCIEPUMEHTOB MO H3MEPEHUIO XapPAKTEPUCTHUK PaIMO(POTOHHBIX TPAKTOB
npeHa3HayeHHbIX 15l TepeHoca YacToThl. MIaMepeHbl K/toueBble METPHKH OLleHKH KadecTBa nepeHoca CBY curnada.
KaroueBbie cnoBa: nepeHoc yactotsbl, MoayJsatop Maxa-Llennepa, MUKpoBOJIHOBasi POTOHUKA.

12.5 YncsneHHoe MOENMPOBAHHE JEKTPOONTHUUECKUX CXEM reHepaluu comb-cUrHajoB B cucTeMax
MHUKPOBOJHOBOM (DOTOHUKH

Tumocpeir [Imumpuesuy Henawes', E. 10. 3r0xkazo8’, P. C. Cmapukos’
' Hayuornanoroil uccaedosamenvckuil soeprolil yrusepcumem « MU®OH »

[IpuBeneHbl peay/bTaThbl reHepaluy comb-cUrHaja ¢ NOMOLLbIO PA3JIMUHbIX JEKTPOONITHUECKHUX CXEM, A TAKXKE HUCCIIEIOBAHO
BJIMSIHHE PA3JIMYHbIX JIEMEHTOB PaaHO(OTOHHOTrO TpakTa Ha (pa3oBble LIYMbl MOJYYEHHBIX CHTHAJIOB W MPOBE/EHA OLleHKA
JPKUTTEpa NMoJydeHHOH MOC/IeI0BATE/IbHOCTH UMITYJ/IbCOB.

Karouesbie cnoBa: comb-curnadsl, moayssrop Maxa-Llennepa, hotoHHbl# aHa0ro-1HppoBo npeobpasoBateb.

CreHpoBble 10Kaa/bl

C.12.1 OueHka (hoHOBOI 3aCBETKHU B 3ajja4aX HaBeJeHWsl HA Ha3e€MHbIH Jla3ePHbIA MasiK C HU3KUX
OKO0J103€MHbBIX OpOUT

Cepeett [Inumpuesuy Jlesawos', B. E. Mepsaunkun'?, P. M. Baxwaaues'?, K. A. bap6oiuies '
' KyCnsiic Texnosiornu, Mocksa, Poccust

?HauuoHaJbHbIH HCC/e10BaTeIbCKUE TexHosorndeckuil yaupepeurer « MUCHUC», Mocksa, Poccust
3 HauuoHa/bHbBIH HCC/Ie0BaTeIbCKUE YHUBEPCUTET « Bhiciiast Kosia 9KoHOMKHKH», MockBa, Poccusi

B nasepHo#i cBA3M KocMoc-3eMssi TpeGyeTcst TOUHOE HaBeJeHHE Ha TPUEMHYI0 CTaHUMIO Ha 3eMJie, Ui 4ero
MCIOJIBb3YIOTCS J1a3epbl Masiku. Masik I0/2KeH HMETh TaKyl0 MOLIHOCTb U PACXOMMOCTb, UTOObI HA HU3KOH OKOJIO3€MHOK OpOUTE
(hopMHpOBaTh MATHO, HAKpbIBalOlllee HAXOAALIMICA TaM CIYTHHK C YYETOM [MOrPELIHOCTH BBIYUCJIEHHS €ro IMOJIOXKEHHs H
OJIHOBPEMEHHO JIOCTOBEPHO PErHCTPUPOBATLCA HEGOJBILON KaMepoll Ha GopTy Ha (oHe ocTajbHOro udnydenus. B pabote
paccMaTpuBaeTCs UCMOJIb30BaHHE MATPHLL KaMep GOPTOBbLIX CHCTEM HaBeEHHS Ha MasiK [J1sl BBIUMCJIEHUS peasibHOH (hOHOBOK
3aCBETKH B MeCTax, Ijie npejroJaraercsi ycraHoBka 6a3oBoi cTaHuMd. POHOBasi 3aCBETKAa BO MHOT'OM 3aBUCHT OT OKPY2KatOLLUX
YCJIOBHH, JlaHAIIadTa, BpeMeHH rofia | JHsI, UTO OTIpeiesisieT BpeMsi, B KOTOPOe MOXKHO HCIOJIb30BATh HAa3eMHYIO CTAHIIHIO.

Katouesbie cnoBa: JIazepHas cBsi3b, Jasep Masik, CIyTHHK, KOCMOC, HU3Kasi 0KoJlo3eMHasi opOuTa

C.12.2 OueHKa BAUMSIHUSI TOYHOCTH HaBeleHHUSl HA BeJIMYMHY OUTOBOM OLIMOKHM B ONTUUECKOM KaHaja
"CnyTHukK-3emas”

Pycaran baxuwarues
HUY "BII®", Mocksa
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Cexkuusa 13
HoBble npukaagHbie onTHYECKHE TEXHOJIOTUH

YcTHble 1oKaaabI
13.1 HoBble cneka-TexXHoJ0ruu ajs OMoMeJULUMHbI U ABUALLMOHHOW TeXHUKU ([Ipuerauwierroiil)

Aunexcandp [Temposuu Baadumupos'*?

' IHCTHTYT MalMHOBEIEHHsT Y pasibCKOro oTaeeHust Poccuiickoil akagemun Hayk um. . C. TopkyHoBa,
Exkarepun6ypr, Poccust

2 deiepaibHbI Hay4dHO - HccaenoBaTesbekuil HHCTHTYT BUPOM ®eniepasibroii ciryk6Obl 110 Hafigopy B
chepe 3alIUThI TpaB noTpedUTeel 1 Gyaronoydns yesoseka, Ekatepunbypr, Poccus

3 Vpasbekuii heaepasbhbiil yuusepeuret um. b, H. Enbuuna, Ekatepun6ypr, Poccust

Lesbio fokaana spaseTcs 0630p UCC/IEI0BAHNH, TOCBSALIEHHbBIX HCMOJAb30BAHHIO HOBOTO MEXaHO-OMTHUECKOTO 3dekTa s
onpeeseHust JoKalbHbIX epopMalliii B ra30BbIX, »KUAKHX M TBEPAbIX cpelax. TakoBbIMU CpellaMH SIBJISUIMCL TypOyJeHTHbIE
MOTOKH, 2KHUBbIE KJIETKH U MEPUHOHUECKH 1eopMUpyeMble KOHCTPYKIIHOHHBIE MaTepualibl. PazpaboTanbl MeTOIMKH, BIEpBble
MO3BOJISIIOLLHE B PEXUME peajbHOrO BPEMEHH KOJHYECTBEHHO onpenessaTh: 1) napamerpbl TypOyJEHTHOrO IOTOKa, 2)
AKTUBHOCTb YYacTKOB KJETKM B HOpPMe M [MpPH BHELIHMX BO3AECHCTBHSAX, 3) YCTaJOCTHble MHOTOLMKJIOBBIE MOBPEKIEHHS
KOHCTPYKIMOHHBIX MaTepHasioB. Ha ocHOBe moJiydeHHbIX HOBBIX Pe3y/bTaTOB 0OCYKAAIOTCS HOBblE METOJbl IMarHOCTHKH H
KOHTPOJIS U151 GHOMENUIMHBI U aBUALIMOHHOH TEXHUKH.
Katouesbie cioBa: Crieksibl, TypOy/JeHTHOCTb, OHOMEAUIIMHA, MHOTOLMKIIOBAS YCTAJNOCTb, IMarHOCTHKA U KOHTPOJIb.

13.2 lpoekTpoBaHHE ONTHYECKOTO 3J1€MEHTA /Il CMEKJI-TOMOrpauu BHYTPUKJIETOYHONU AKTUBHOCTH

Bukmop Hukoaaesuu Muaos, A. [1. Baadumupos

"' Ypanbcekuit enepasbrbiil ynusepeureT umenu nepsoro [pesunenrta Poccnu B.H. Egnbina,
Exatepun6ypr, Poccus

2 dBYH ®HWKBU «Bupom», Ekarepunoypr, Poccus

[IpesncTaBiieHbl pe3yJibTaTbl MPOEKTHPOBAHHS MHOTOITPU3MEHHOTO ONTHUYECKOTO 3JieMeHTa Jyisi OyIyllero creka-tomorpada
(hyHKUMEH KUBOH KeTKH. [To JaHHBIM YHCIEHHOTO TIOUCKA YTJIOB MUKPOTIPHU3M, BBITIOJHEHHOTO € MOTPELIHOCTBIO (POKYCHPOBKH
menee 102 mkMm, B cpene «Kommnac 3D» noctpoeHa TBepaoTe/ibHAST MOJIEJb MCKA ¢ KOHLEHTPUUECKHMH MTPU3MATHUECKUMH
30HAMM U BbIMYLIEH KOMIUIEKT uepTexeh. [IpuBenéH dparmeHT vepTexka, WIMIOCTPUPYIOLIMH TOYHOE BOCIPOU3BEAEHHE
pacuéTHOH reoMeTpuu. DJIEMEHT MpeiHa3HaueH Jyisi OHOBPEMEHHOH MHOTOPAKyPCHOH PEruCTpalllu CrieK/-u300parkeHuH 1
OTKPbIBAET BO3MOXKHOCTH YETBIPEXMEPHOTO aHa/M3a BHYTPUKJIETOUHBIX [IPOLIECCOB.
KatoueBbie cnoBa: crieksi-tromorpadusi, XKUBble KIETKH, ONTHUECKUH d1eMeHT, Komnac 3D, MUKpONpH3MBlI,

NPOEKTHPOBaHKUE, (PapMAKOJOTHUECKHH CKPUHUHT.

13.3 Pa3zpaboTKa MakeTa ONTHKO-3J€KTPOHHOr0 Npubopa hyHKIMOHAILHO OJHXKHE HHDpaKpacHo#
cnekrpockonuu ([/lpuenrawernnoitl)

Baneputi Bukmoposuu Kopomaes, 0. m. H., npocheccop, B. A. Pewcosa, P. /1. Xrviros
Yuupepcuter U TMO, Caukr-Iletep6ypr
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13.4 Pa3zpaboTKa aJropuTmMa noucka u Jokajau3aiuu 1e)eKToB onTHYECKUX 3J1EMEHTOB KECTKOTO
MeIUIIMHCKOTO 3HI0CKONa

Anna bobanosna Myopuu', K. B. Excosa’, H. B. llenekos’, /1. A. [lenexos'?
' Hayuno-uccsenosaresbekuit Yuusepeurer MTMO, Caukr-Ilerep6ypr, Poccust
2000 «IOnu-rek», Cankr-ITerep6ypr, Poccust

ue.ﬂb}O JAHHOI'O UCCJIeIOBAHUA ABJIACTCA pa3pa60TKa anropuTma JJisi O6H8py>K€HI/Iﬂ U onipeiesIeHUs1 pacCrioIO?KEHHUs1
(i)l/lSl/I‘{QCKI/IX ﬂe(beKTOB ONTHYECKHUX 3JIEMEHTOB YKECTKUX MEAULIMHCKUX SHI0CKONOB. TeXHUYeCKUH KOHTPOJIb COCTOSIHUSA
3JIEMEHTOB OINTHUYECKOH CUCTEMbI SHIOCKOIIOB [IPOU3BOJUTCSI C TTOMOLLBIO pa3pa60TaHHoro OMNTHKO-3JIEKTPOHHOI'O KOMILJIEKCA,
COCTOdLIEro u3 na60paTopHo§I YCTAHOBKH U ClielHaJIbHOTr'O MPpOrpaMMHOIro obecrieueHust aJist 06p360TKH I/I306pa)K€HI/IH C
9HA0CKOIIA. paSpa6OTaHHbIﬁ aJITOPUTM MMO3BOJISIET HAXOAUTL paCCTOsSIHUE 10 O6Hapy>KeHHOFO aedoeKTa BJI0JIb ONITUYECKOH OCH
9HJI0CKOIIa ¥ B TOTIEPEYHOM CE€HYEHHUH Ha HSO@pa)KeHI/II/I. Takum 06pa30M, JIAHHBIN M0/IX0J1 [I03BOJISIET TOYHO OIpeae/INTb
MMOJIOKEHHE U XapaKTep NOBPEKIACHHUs 3JIEMEHTOB H OLIEHUTb BOSMO2KHOCTb UX 3aM€HbI.

KJ]IO‘leBble cJaoBa: MEIII/ILU/IHCKI/IB 9HAO0CKOIIbI, ONITUYECKHE 2JIEMEHTBI 9HAOCKOIIOB, TeXHUYECKHH KOHTPOJIb,
9HJI0CKOIINYeCKasl BUdyaJindaliusi, Ile(beKTbI OINTHYECKHX 2JIEMEHTOB

13.5 q)OTOl'lOJll/lMepHOC NpeUUM3HOHHOE perniMiupoBaHue BCeX BULOB ONITHYECKUX ﬂOBerHOCTeﬁ -
KaTaJu3aTop KapJuHaJbHbIX npeoﬁpasosaﬂnﬁ B CCpl’lﬁHOM OINTHYECKOM MPOU3BOJACTBE H 06’beKTl/lBOCTp06Hl/ll/l

M. M. Axmemos', H. A. l'ypur®3, JI. B. bopoiwaca®, C. B. Kockosckuil', Anamoauti Bacuaivesuu.
Jykun', 0. m. n., A. H. Meavruros', /1. P. Hypmyxamemos*, O. b. sIkosres®

1 — AkumonepHoe o61ecTBo « HayuHo-npousBojacTBeHHoe 00beinHeHne «[ocyapcTBeHHbIH HHCTUTYT
MpUKIaAHON onTUKK», Kazaun, Poccus;

2 — AkunonepHoe o61ectBo « HoBocuGupcekuii npubopoctponTeibhblil 3aBon», HoBocubupcek, Pocens;
3 — UuctutyTt aBToMaTHKH U 37ekTpomMeTpunt Cubupckoro otnesenuns Poccuiickol AkaaeMun Hayk,
Hosocubupck, Poccus;

4 — AxkuponepHoe o611ecTBO «KazaHCKHiT oNTHKO-MexaHuuecKui 3aBon», Kasanb, Poccus;

5 — AximoHnepHoe o611ectBo «[Ipon3BoacTBeHHOE 06 beIMHEHHE « Y PATLCKUI ONITHKO -MeXaHUUeCKHH
3aBoi» uM. I.C. Slnamosa», Ekarepun6ypr, Poccus

B noknane o6cy:xualoTcsi pesysbTaTbl HCC/1AOBAHHS MPOOHBIX MAapTHH KOMOWHHPOBAHHBIX ONTHYECKHX 3J1€MEHTOB-JIMH3
HECKOJIbKHX THMOPAa3MepPOB, H3rOTOBJEHHBIX B [0Cy1apcTBEHHOM MHCTHUTYTE MPHUKJAAHOH OMNTHKH METOAOM IPELU3HOHHOTO
PETIMIMPOBAHUSA IO TEXHUYECKUM TPeOOBAHUAM NPEANPUSATHH.

KotoueBble cioBa: MeToj1 Npel3MoHHOro penuuupoBanus, Masoycanounasi moJuMepHasi KOMIMO3HUIIUS XOJI0HOTO
oTBepKIeHUs, KoMOMHUPOBAHHBIN ONMTHUECKUH 3JIeMEHT-JMH3a, Mojly/ib ONITHUECKOH MepeaTOUHOH (PYHKIHH.

13.6 AHaJM3 U KOHTPOJIb XapaKTePUCTUK MPU IOCTUPOBKE U COOPKE 00bEKTHBOB

Bukmopus Muxatiroena Coroseesa, C.B. Maspur
AO «HayuHo-npou3BojcTBeHHOE 00beiHeHHe «[ocyapcTBEHHbIH HHCTUTYT TIPUKJIAJHON ONTHKH»
Kaszanb, Poccust

PaccmorpeHa W peanu3oBaHa — MeTOJMKA JOCTHXKEHHUsI ONTHUMAJbHOrO KauecTBa COOPKH M IOCTHPOBKH BbICOKOTOUHBIX
OTITHUECKHUX CHCTEM, BKJIIOUAIOLIUX B cebsl 3JIeMeHTbI ¢ acepruuecKuMu rnoBepxHoctsimu. Llesbio MeTonuku siBsisietcst noaGop
achepruueckUx 3J€MEHTOB Ha OCHOBE pe3yJbTaTOB H3MepeHHs] OTKJIOHEHHH 3THX T[IOBEPXHOCTEH U TOCJeIyIOlIero
MaTeMaTHUECKOTO MOJIEJTMPOBAHUS 00HEKTHBOB BO BCEX BO3MOKHBIX BapHAHTaX COOPKH. A TakK »Ke pe3yJibTaThl MOJIeJIHPOBAHHS
UCIOJIB3YETCs B KaueCTBe 11a0JI0Ha /I FOCTUPOBKH OO bEKTHBOB.

Knouebie ciioBa: CunTteaupoBatHblie rojiorpammbl, MHuTepdepeHiinonHble KapTiHbl, DYHKIIMST pacCesiHUsl TOUKH,
AchepHryeckast MoBepxXHOCTb.
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13.7 Mpupoanbliit 3anpet Ha rogorpaduueckoe TV u 3D nononHeHHyI0 peasbHOCTb CHAT, HACTaJA 3M0Xa
KOHCTPYKTOpPCKUX peuienui (/lpuerauierroill)

Cepeeti Anexcandposuy lllotdun’, A. JI. [lasoes’
' Cubupckuil rocyapeTBeHHbIA YHHBEpCHTET reocrcteM U TexHosoruit 630108, Poccuiickast @eneparius,
HoBocubupck

OrpomHble MacCHBbl MH(POPMALIMK B TOJOTPaMMAaX MOCTABUJ/IM 3aTpeT Ha MyTH ToJiorpaduiyeckoro Tejaeuaetus. [1pu
nepeaaue rojorpapuuecKoro BUACOPsA Mo paJuoKaHaly TPAIUIIMOHHBIM METOJIOM CTPOUHOH U KaJipOBOH Pa3BEPTKH
HeoOX0IMMa T10JI0Ca YacToT, MPEBLIIIAIONIast BeCh JOCTYMHBIN UejoBeuecTBy paarnoauanason. Emé B 1992 r. akanemuk 0. H.
JIeHHCIOK MHcasl 0 HeOOXOAMMOCTH HCCJIEIOBAHHUH M0 «BOCTPOM3BEECHHUIO TPOLIECCa IBHKEHHS FOIorpapuuecKux
M300paxKeHHH» H «pa3paboTKe METOJI0B yCTPaHeHH s M3OBITOUHOCTH HHOPMALHH, T. €. K HCKJIHOUEHHIO U3 ToJIorpadrUIecKoro
1300paxkeHus Toi HHOPMALMH, KOTOPast He UCIOJIb3YeTCs TPH 3PUTENLHOM BOCIPUATHH». B HacTosleit paboTe noKasaHbl
pelleHust TOCTaBJEHHOH 3a/Ia4i METOIAMH CHHTE3a TOJIOTPAMMbI C TOMOILIBIO TEXHOJIOTHH CTPYKTYPHPOBAHHOTO CBETA, UTO
coKpauiaet Tpebyemyo MoJiocy nepeayn CUrHaja i CHUMaeT 3arpeT Ha nepeaady rojiorpauueckoro BUIeopsiia B
pajroaManasoHe.

KatoueBble cyioBa: rosiorpadusi, nepeiada HHhopMalnu, J0MoJHEHHast peasibHOCTb, roorpaguueckoe TV,

13.8 Ucnonb3oBaHue MeTOIa F€OMETPUUECKOT0 OTOOPaKEHHUS JIyuel ISl CHHTE3a «JIMH3bI-0a00UK1» 11
Kamepbl MOOMJLHOTO TeJedoHa

Sn Baadumuposuu Tepro, A.O. Bosnecerckas, A.B. baxoadun
Yuupepcuter UTMO, Caukr-Iletep6ypr, Poccus

Pacuer u MozmesnpoBaHue 0OOBEKTHMBOB KaMep MOOHJBHBIX TeJseOHOB MpeAcTaB/seT coOOH TpyloeMKHil mnpouecc. B
MCCIEI0BAHNN PACCMATPUBAETCS BO3MOXKHOCTb CHHTE3a OMTHYECKOH CHCTeMbl OOBEKTHBA Ha MpHUMepe pacuera <JWH3bI-
6a004KH» M0 METOJY N€OMETPHYECKOro oToOpaKeHus Jiyda. MaccuBbl Jydell TpaccHpyloTcsl yepe3 CUCTeMy B MPSIMOM M
00pPaTHOM XOJIe, U JIJIS MOCJIENHEr0 /1eMeHTa HTePALIHOHHO MobupaeTcst popma MoBepXHOCTEH, oOecneunBatolye KOPPEKLHIO
abeppallil BBICOKMX MOPSKOB MOCPEACTBOM IMOHCKA HOpMaJsel, o6ecrnevynBalolliMX COBMeEllleHHe Jyuel, TpacCHpyeMbIX B
NpsIMOM U 06PATHOM XOJIE.
Kaouesbie cnoBa: Ontiika, [IpoektupoBanne onTuueckux cucrem, ['eoMeTpuueckoe oToOpaxKeHue Jydei,

Annpokcumarusi, AGeppaiyu.

13.9 CamocoracoBaHHbIi TepMOAMHAMHYECKHI MOAXO0 K CMIEKTPaJbHON ONMTUMHU3ALMH CENEKTUBHbBIX
usayuarenei aas TP cucrem

[Ipocmodywes Andpeti Orecosut
AO "HUUM HITO "JIyYy"

[IpencrabiieHHast Mojiesib pacliupsieT TpanuLHoHHoe onucaHHe TP cucreM NyTéM caMOCOINACOBAHHOIO ydyéTa Ten/oBOro
6aJjiaHca SMUTTepa MpPH OFPAHUYEHHOH MOABOAMMON MOLIHOCTH. [TostydeHHble pesdyJibTaThbl 10KA3bIBAKOT, UTO ONTHMAaJbHble
napameTpbl aMUTTEpa 415 cucTeM ¢ Pin = const MoryT cyliiecTBEHHO OT/IHYATLCS OT NPeJICKa3aHUi H30TepUYeCKUX Mojledielt, a
(hoTOHHAST PELMPKYJSALUS HrpaeT aKTHBHYIO poJb B (POPMHpOBaHWH pabouell TeMrepaTtypbl W CreKTpa. DTH BIBOJHI
MPECTABJSIOTCS JOCTATOUHO HOBBIMH /151 IOKJIala Ha KOH(ePeHIHH.
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13.10 AHa113 nepeaToOUYHbIX XapaKTEPUCTHK PaJMO(OTOHHOTO TPAKTA HA OCHOBE Jla3epa ¢ NpsIMoii
Moayasiuuen

Ounee IOpvesuu Knases"?, T. . Henawes??, A. H. Jloposckun®

! MockoBCKHE roCyIapCTBEHHbIN TexHuueckuil ynusepeurer um. H. 3. Baymana, Mocksa, Poccust
?HauponasibHbIi MCc/1e10BaTeIbCKHI sepHbii yuuBepeuter « MU®K », Mocksa, Poccust

3 T8 HTLL, Mocksa, Poccust

B pa6ote omucaHbl MeTOApl pacueTa M MOAENMPOBAHHUST MapaMeTPOB PaaHO(POTOHHOrO TPaKTa Ha OCHOBE Ja3depa C MPsIMOH
mopyJsiuneit. [lpencraBjenbl aHaAHTHUECKHE MOAXOAbl K JIMHEHHOMY H TFapMOHMYECKOMY TNPUOJMKEHHIO 3aBUCHMOCTH
BBIXOJHOH ONTHYECKOH MOLIHOCTH OT TOKA HAKauKH JIa3ePHOTO JHOJA, a TAKXKe Pe3ysbTaTbl UHCJIEHHOrO MOJEJHPOBAHHSL.
[TpoBeneHa skcriepuMeHTa bHAsi BepU(UKALMS W TPEACTAB/IEHbl pe3yJibTaThl CPAaBHEHHs [EPEIAaTOUHBIX XapaKTEPHCTHK
TpakTa: Koa(hpuIHeHTa yCHIeH s, KO3 dHIMEHTa [IyMa W ITHAMUUECKOTO0 Jiana3oHa 6e3 napasuTHbIX COCTaBJISIOLLHX.

KatoueBble ciioBa: PamochoToHHBI! TPAKT, Ja3ep ¢ NPSMOH MOAysLUeH, Ko3(DhULMeHT nepefadn, KO3 hHULHEHT
1IymMa, AMHaMHYECKHIT IMana3oH 6e3 MapasuTHbIX COCTABJISIOLIMX.

13.11 Pa3pa6oTKka v McciieioBaHUE IBYXIMana30HHONW CKAaHUPYIOILEH ONTHKO-3J€KTPOHHOM CUCTEMBI MOMCKA
1 00HapyKeHHUs] OPaKOHbEPCKOT0 MPOMbBICJA JIECHOTO X035IiCTBa

[pueopuii Hukoraesuy Maprywium
[IpousBoycTBeHHOE 06 beIMHEHHE <Y paJIbCKUI ONTHKO-MeXaHuuecKuil 3aBoji», Ekatepun6ypr, Poccus

PaspaboTka u uccieoBaHa JByXAMana3oHHasi CKAHUPYIOLLAS ONTHKO-3JIEKTPOHHAsI CHCTeMa IOWCKAa W oOGHapy:KeHHst
OpaKOHbEPCKOTO MPOMbICJIA JIECHOTO X03HCTBA, Pe3yJIbTaThl JIETHBIX HCMBITAHUH KOTOPOH MO onpejeseHHio 9h(HeKTUBHOCTH
NIPUMEHEHHS] METO/Ia KOMIUIEKCHPOBAHUS PA3HOCIEKTPAJbHLIX W Pa3HOPAKYPCHBIX H300paXKeHHH, TMOKa3aJu BO3MOXKHOCTb
noucKa U 0GHapyKeHHUsi CyGbeKTOB GPaKOHLEPCKOTO TIPOMBICJIA B JIECHOM MACCHBE HA IMCTAHLIMU 10 D KM JaXKe MPH CyMepKaXx.
Paspa6oTana u uccsenoBana IByXKOHTYpHasl CHCTeMa CTaOU/IM3alHH JIMHUH BU3UPOBAHUS ONTHYECKHX KaHAJIOB, CofleprKallast
YIJIOMECTHBI M a3UMYTaJbHbIA MPUBOIbI MOJACTEKUBAHUS, JATUUKU YIJIOB A3UMYTaJbHOTO W YIJIOMECTHOTO MPUBOJOB
NOJIC/IEXKUBAHUSI, TMPOCTAOUIU3UPOBAHHYIO TJIATGOPMY, TMPOCKOM MIaTHOPMbl U YCTPOUCTBO YNpaBJeHHsi cTabuu3aluen
JIMHUU BU3UPOBAHMS, TMO3BOJISICT YMEHbIIUTb MOTPELIHOCTb CTAOMJIM3AUMK JMHUM BU3WPOBAHHUSI ONTHYECKHX KaHAJOB JI0
3HaYeHUH, He MpeBbIIaoIUX 5",
Kuouesbie cioBa: OnTrKo-3s1eKTpoHHAst cucTeMa, KommiekcrpoBaHue 1 nipejictaBjaenne nuopmaiyu, Cucrembl

CTabUIN3ALUH JITUHUH BU3UPOBAHMUS.

CreHpoBble 10Kaa/bl

C.13.1 OnTHuecKnit ceHCop BIAAXKHOCTH

Opuii /Inumpuesuu Jlanmyx, C. H. Jlemyma, 3. K. Aaudacaros, /1. A. Pazdobpees
Open6yprckuti rocynapetBenbiil yuupepcuret, Openbypr, Poccusi

[Ipennaraercst HOBbII ONTHUECKUI CEHCOPHBIN 3JIEMEHT st 6€CKOHTAKTHOTO (yIaJIeHHOTO ) U3MePEHHsT BIaXKHOCTH
Bo3yxa. CeHCOPHBIH 3/1eMEHT BBITIOJIHEH B BHJIE MOJUMEPHON KOMIMO3UIMH, BKIOYAIOLIEH THATYyPOHOBYIO
KUCJIOTY, 001312101110 BbICOKOIH COPOLIMOHHON CIOCOOHOCTbIO 10 OTHOLLIEHHIO K TapaM BOJIbl M OpraHuyecKui
KpacuTtesib-aiomMuHogop. CeHcop pearnpyeT Ha U3MEHEHHE BIAaXKHOCTH OKPY?KAIOIIEr0 BO3yXa CHTHAJIOM
JIIOMUHECIIEHIIMH 1 He TpebyeT aekTponuTanus. ONTHUECKUH IaTUMK U3MePEHUs YPOBHS BJAXKHOCTH BO3/yXa Ha
OCHOBE TPeIaraeMoro CEHCOpa MOKET ObIThb UCIOJIb30BAH MPU HCCIAEI0BAHUSX aTMOC(EPBI, B 3aMKHYThIX
o0beMax, B NPOU3BOJCTBEHHBIX U ObITOBbIX TOMELLEHHUSIX.
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KstoueBbie cnoBa: OnTruecKuit IaTUMK BJIaXKHOCTH, CHTHAJ JIIOMHUHECLIEHIIMH, TOJIMMEPHAs TJIeHKa, OeCKOHTAKTHbIN
CEHCOP.

C.13.2 [IpumeHeHKe cTepeoauTorpaduu s GbICTPOro NPOTOTUNMPOBAHUS JIMH3 CBOOOAHON (hOPMbI

Apmém Arexceesuu Caobomxcarnurnos’, H. B. Hukonopos', E. M. Axexcees', A. M. Arekcees’,
B. A. Acees’
' Vuusepcurer UTMO, Caukr-Ilerep6ypr, Poccust

PaccmoTpena TexHOsiOrHsi GBICTPOrO MPOTOTUIHPOBAHHS ONTHYECKHX JIHH3 CBOGOAHOH (DOpPMbI Ha MpUMepe
KayCTHUECKUX JIMH3, MPe/lHa3HAYeHHbIX /s POPMUPOBaHUS U300paxKkeHUs. K3rotopeHre KayCTHUECKUX JIMH3 BBIMOJIHAIOCH
METOJIOM CTepeosIUTOrpacui Ha KOMMepUyecKoM oTtornosumepHoM 3D mpuHTepe ¢ MpUMeHeHHeM MPo3payHbIX cMoJl. B xone
paboThl 3KCIEPUMEHTANILHO HCCJIEN0BAHO BJIUsHUE MapaMeTPOB TPEXMEpHOH IedaTH U MOCTOOPabOTKM Ha KauyecTBO
TIOJIy4aeMOr0 MPOEKIMOHHOTO H306paXKeHHsl. Y CTAaHOBJIEHbI ONTHMAJbLHbIE PEXXUMbI TPOU3BOJCTBA, yCTpaHsiolire 3hdeKT
CTYIEHYaTOCTH U MUHUMH3UPYIOLLHe paccesiHie cBeta. [ 1peioKeHHbIH N0OAX0 06ecreunBaeT ONTHIECKOe KaueCTBO JeTajel
U CYLLIECTBEHHO COKpALIAeT 3aTpaThl U CPOKH NpoBejenus atanos HMOKP.

KatoueBble cjioBa: aqiuTHBHBIE TEXHOJIOTUH, JIMH3bI CBOGOIHOH (POPMBI, KAYCTHUECKHE JIMH3BI, CTEPEOHTOrpacdus,
(hoTomOMMEpHAsT ITeYaTh

C.13.3 BupryasnbHas na6opatopus Cneki-uHrephepomerpuu

Buxmop Hukoaaesuu Muaos, A. Il. Baadumupos
Ypasbckuit heiepalibhblil yHuBepcuTeT nMenu nepsoro [Ipesunenta Poccun b. H. Enbiyna,
Exatepun6ypr, Poccust

[IpencraBjena KOHUENMUMST M apXUTeKTypa pa3pabarbiBaeMoil BHPTyaJbHOH J1abGopaTOpPUM CMeKJa-HHTep(HEpPOMETPHH —
MPOrpaMMHOH TJIAaT(OPMBI, HalleeHHOH Ha COKpallleHHe BpeMEeHH IPOEKTHPOBAHHUS IKCTEPUMEHTAIbHBIX YCTAHOBOK.
[lnarpopmMa 0ObeAMHSIET CUMBOJIbHbIE — BBIUMC/EHHS, UHMCJIEHHOE MOJAEJIHPOBAHHME, ABTOMATHUECKYIO TeHepaluio
KOHCTPYKTOPCKOH nokymeHTauud u cBsisb ¢ CAIIP B enunbiil ynpasssiembiit koHBeiep. CrpoeKTHPOBAHbI KOMITOHEHTHasT
MoOfie/lb U CLeHapHH B3aUMOJEHCTBHS, BH3yanusupoBaHHble B Hotauun UML. Okupaercsi, 4To BHeApeHHe JlaGOpaTOpPHH
YMEHBILIUT TPOJOJKHUTENBHOCTh LMKIA «PacyéT-uepTéx-crnelnpukauus» ¢ 3—8 MecsiueB [0 HECKOJbKHUX JHEH TIpu
COXpaHeHHWH CyOMUKPOHHON TOUHOCTH, IOCTUTHYTOH B NIPEJIILIECTBYIOLIMX paG0oTaX 110 IMHAMHUUYECKOH CIIEK/I-UHTeP(ePOMETPUH.
KatoueBble cioBa: Criekii-uHTepdepoMeTpHsi, HCKYCCTBEHHbIH HHTEJJIEKT, yaT-60T, RAG, aBTOMaTH3aLMsT HAyYHbIX
uce/e/10BaHni, BUpTyasibHast JabopatopHsi, 06paboTKa JaHHbIX.

C.13.4 MopaeaupoBaHue pacrnpeaejeHHOro BOJOKOHHOTO JaTyMKa TemnepaTtypbl Ha ocHoBe butoBoii
nocaeaoBaTeJbHOCTHU

3axap Henucosuu Escroxun'?
'HUAY MUDH, Mocksa, Poccus
2000 «T8», Mocksa, Poccus
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Cexkuus 14
HeiipoceTeBble TeXHOJOIMU B POTOHUKE

YcTHble 1oKaaabI
14.1 [lpumMeHeHHEe KaCKaJHOI CBEPTOUYHOW HEHPOHHOM CETH JIJIS1 PEKOHCTPYKLMU U300parXKeHUil ¢ rojorpamm

Cemen Anexceesuy Kupuii', A. C. Ceucmynos’, /1. A. Ponos’, A. B. lllugppuna’, I1. A. Yepémxun'
! HauroHaJibHbIH HecsieIoBaTe/IbCKHi siiepHblid yuuBepeuteT « MU®U», Mocksa, Poccusi

B pa6ore mpencraBieH KacKaaHbli MeTON BOCCTAHOBJEHHsI OGMHAPHBIX H TIOJYTOHOBBIX H300payKeHHH C LU(POBBIX H
KOMIIBIOTEPHbBIX TOJIOFPAMM TPEXMEPHBIX CLIEH Ha OCHOBE COBPEMEHHBIX CBEPTOYHBIX HEHPOHHBIX ceTel, 00ydaeMbIX
nocJsieoBate/ibHo. JIJisi MOBbILIEHHST TOYHOCTH PEKOHCTPYKILIMHU MCTIOJb30BaHbI 3Talbl NPEABAPUTENLHOIO BOCCTAHOBJIEHHS U
YTOUHEHHUS CTPYKTYpPbl 0ObEKTOB. BhIMoJHeHa UHC/IeHHast U BU3yaJibHast OlleHKA KayeCTBa pe3y/bTaToB, a TAKKe CPaBHEHHE C
CYILIECTBYIOIIMMH HEHPOCETEBLIMHU MOJIXOAAMH.

KatoueBble ciioBa: nudposast rosorpadusi, BocCTaHOBJIeHHE H306paXKeHH l, TeHePATHBHO-COCTSI3aTe IbHble HEHPOCETH,
KackajiHele HelpoceTH, Nry6oKoe 06yueHne, ToJyTOHOBbIE H300paKeHHs1, KOMIbIOTepHast rosorpadusi, 3D-creHa.

14.2 Ouenka aGeppauuii BOJHOBOro (ppoHTa Ha OCHOBE aHaM3a MM PAKIIMOHHBIX KAPTHH C UCTIOJb30BAHUEM
CBEPTOUHON HEMPOHHOM CETH

3axap Cepeeesuu Mapkos, E. [0. 310ka308
HaumonanbHbii HccsieioBaTebeKul siiephblil yHuBepceuteT « MU DU », Mockna, Poccus

[Tpencrapyen MeToj olleHKH abeppalliii BOJHOBOTO ()pOHTA JIJIsi KOTePEHTHbIX JUpaKIMOHHBIX cucTeM Ha ocHoBe [IBMC ¢
UCTIOJIb30BaHHEM CBEPTOUHON HEHPOHHOH ceTH. BXOAHBIMH JAHHLIMH CJIYKUT HAGop U3 TPéX MU(PAKIMOHHBIX KapTHH,
(hopMHpyeMBIX TPH MOMIYJSIIMM Ja3epHOTro Mydka a3oBbIMH Mackamu. Ha ocHoBe nByxBeTBeBoil CNN-apxuTekTyphl,
o6yueHHol Ha cuHTeTHueckom jpatacere u3 80000 snemenToB, BhINOJHSIETCST perpeccust 12 mapameTpoB: Ko3hdUIMEHTOB
MOJIMHOMOB LlepHHKe U reoMeTpHUeCKHX XapaKTepHCTHK Mydka. Cpe/iHee 3HaueHHe KO3 HIHEHTa IeTePMUHALMH HA TECTOBOH
BeIGOpKe coctaBwio 0,993. DkcrnepuMeHTasnbHas BepuU(UKALUs HA ONTHUECKOH YCTAHOBKE C KHUIKOKPHCTAJJINYECKHM
NPOCTPAHCTBEHHO-BPEMEHHBIM MOJIYIATOPOM CBETA TOATBEP/UIA CITOCOGHOCTh METOIA HAECHTH(MHIIMPOBATD IEPOKYC U IpyTHe
abeppauuu. [Toaxon o6ecrneunBaer BHICOKYIO CKOPOCTb H TOYHOCTb 6€3 HTePALMOHHBIX MTPOLEAYP.

KstoueBbie cioBa: BoJIHOBOH (hpOHT, abGeppaliuu, NoJuHOMbI [lepHuKe, cBépTouHast HEHPOHHAS CETb, TU(PAKIIMOHHbIE
KapTHHbI, (ha3oBasi MOJISALIUSA, TOJIorpapUueCcKue CHCTEMBI.

14.3 HelipoceTeBble MeTO/Ibl KOPPEKLMHM abeppalitii BOJHOBOro hpoHTa B ONTHUECKUX CXEMAX C
NPOCTPAHCTBEHHbIM MOJIYJISITOPOM CBETA

Anna Arexceesrna Kpemosa', /1. /1. Pewemnuxos', A. A. Pomunosa', K. C. Tuxonos'??
! Cankr-TTerepOyprekuii rocynapersennbiil ynusepeurer, Cankr-Ilerep6ypr, Poccust

2 Poccuiickuii kBanToBbli Lentp, CkosikoBo, Mocksa, Poccust

3 dusnyeckuit uuetutyt um. [1.H. JleGenea Poccuiickoii akagemun Hayk, Mocksa, Poccusi

[IpocTpaHcTBeHHble MOy ATOPbl cBeTa (SLM) KMPOKO HCMOJB3YIOTCS B KCIIEPUMEHTAX B OTKPBLITOH OMNTHKE, OHAKO HX
UCMOJIb30BAHHE HEH30EKHO COMPSIKEHO C HCKAKEHUSIMH BOJIHOBOTO (PPOHTA, BHOCHMbBIMH HEHIEaJbHOCTBIO OMTHUYECKUX
3J1EMEHTOB. Koppexuus TaKUX MCKaXKEeHUH MOXKET ObITb
ocyllecTBJIeHa TyTéM BHECEHHsI KOMIIEHCUPYIOLLIMX H3MEeHEHHH B ha3oBylo MacKy, nogasaemyio Ha SLM. B nacrosiuieit pa6ote
paccmartpuBaeTcsl ontHueckast cxema ¢ SLM, dopmupyolas B TJIOCKOCTH KaMepbl H300pa)keHHe MaccHBa TOYEK, H
npeyiaratoTcs MeTo/Ibl alalTUBHOH KOoppeKLH abeppallnil, HapyllaloluX paBHOMEPHOCTb pacrpe/e/ieH|st MHTEHCHBHOCTH. B
YaCTHOCTH, PeaM3yloTCsl U COMOCTABJSIOTCS J[BA TMOJX0/a, OCHOBAHHbIE HA TMPUMEHEHHH HEHPOHHBIX CETeH: CBEPTOUHON H
thusmnuecku-uHGopMHUpoBaHHOH. KpoMe TOro, BbieseHbl Kak WX MPEUMYLIECTBA, TAK M OrpaHHUYEHMs, CBsI3aHHbIE C HX
NPOEKTHPOBAHUEM U IKCIIEPUMEHTA/bHBIM TPUMEHEHHEM.
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KatoueBble cioBa: KBantoBble KommyHHKalnu, KBanToBble reHepaTophl ciydaidibix ynces, Octuposka
onTuyeckux cxem, Koppekius BosHoBoro ¢pponta, MainHHoe oOydeHue.

14.3 Pacno3HaBaHue u3o6paxenuii B 4F-cucreme ¢ ucnosab3oBaHuem ¢a3oBbIX roJorpamm
E. I0. 3a0kaszos’, I0. C. Jlenkosa', /1. B. [lasaenko’, P. C. Cmapurxos’, I1. A. Yepémxur',

Pedop Anmonosuy Ywarkos'
' HaunoHa/ibHbIH Hecsie0BaTeIbCKKi sinepHblil yuuepeuter « MUDH», Mocksa, Poccust

B pa6ote npencraBiieHa skcrniepuMeHTa bHAS peaiudalysi HHBAPUAHTHOTO pacro3HaBaHus u3obpaxkeHui B 4F-koppesisitope ¢
ucrnoJib3oBanueM MoarpunpoBaHHbiX MACE-duabrpoB. Oco6eHHOCTBIO MOJIX0AA SABJSETCS MaHUITYIsALHs GOPMOIl OTKJIHKA:
(hopMHpOBaHHE JBYMEPHOrO CHTHaJia 3alaHHOH opMbl, Kjaccupukauus Oa3upyeTcsi Ha JBYMEPHOH Mepe CXOACTBA.
DKcrepUMeHTalbHAsl YCTAHOBKA co3jaHa Ha 6ase ojHomonoBoro Jazepa SSP-SLM-473 Ha jyiunHy BoJiHBI 473 HM,
aAMIJIUTYHBIN TPOCTPAHCTBEHHO-BpeMeHHON MofyJsitop cBeta Holoeye L.C 2012 n1st BBosa pacrnio3naBaemMoro H3o6paKeHust
u dazosbiit LCOS TIBMC Holoeye GAYA-2 jyisi BbIBOJIa CMHTE3HPOBAHHHBIX MOJIYyTOHOBBLIX TOJIOFPAMM HHBAPHAHTHOTO
¢uibTpa. CurHan peructpupyercs kamepoil Retiga R6. B noknane paccmatpuBaroTess MeTOJMKA peasiu3alldd (QUILTPOB B
YaCTOTHOM TMJIOCKOCTH, BJIMSIHHE aMnapaTHbIX XapaKTepUCTHK Ha KauecTBO OTKJMKA W TepcrekTBbl 4f-cucrem s
npeBapuTeNLHON reHepalik TPU3HAKOB B HEHPOCETEBbIX 3a/]auaxX MallIHHHOTO 3PEHHUS.
Karouesble cnoBa: PacriosnaBanue nuzobpaxkenui, 4FF-cucrema, ITpoctpaHcTBeHHO-BpeMeHHble MO ISITOPbI CBETA,

MarnHHoe 3penne, MlHBapHaHTHbIE (PUIBTPHI.

14.4 HeiipoceTeBas K1accuukauus pacTpupoBaHHbIX H300paXKeHWH 10 CUTHaJ1aM CBEPTKHU, (hopMUpYyeMbIM
OMNTHKO-UU(POBOI CUCTEMOI MPOCTPAHCTBEHHOM (DUIbTPALIUU

E. I0. 3a0xaszo8’, 0. C. Jlenkosa', [lapvs Baadumuposna [lasaenxo’, E. K. [lemposa’,
P. C. Cmapukos', I1. A., Yepémxun', . A. Yuaros', A. B. lllugppura’
' Haunonanbblit MccnenoBatesibekuii Anepubiii Yuusepeurer « MUK », Mocksa, Poccust

B nannoii pa6ote mpencraBiieHbl pedyJsbTaThl HEHPOCETEBOH KJacCHUKALMH OMHAPHBIX PACTPUPOBAHHBIX M300parKeHUH
pasMepHOCTblo 512*512 nuKcesoB Mo CHUrHajlaM CBEPTOK padMepHocTsMu 64%64, 3232, 1616 nukcesoB, MojsydaeMbix B
BbICOKOCKOPOCTHOH KOI'€pPEHTHOH ONTHKO-UHU(POBOH CUCTEME MPOCTPAHCTBEHHOH (UJbTPAUMU C (PUIBTPOM B IJIOCKOCTH
NPOCTPAHCTBEHHBIX YacTOT. OTTHUECKAs! CUCTEMA BHINOJIHAET CBEPTKY BXOJHOTO PACTPUPOBAHHOIO H300paKeHUs C PyHKLUEH,
3ajaBaeMOH eil WMITYJbCHBIM OTKJIHKOM, KOTOPBLIH (DOPMHpPYETCSl KOMIBIOTepPHO-CHHTE3UPOBAHHOH TroJjorpaMmoil Dypbe.
Brixonno#t HaGop cBEépPTOK obpabaTbiBaeTcsi C MOMOIIBIO CBEPTOUHOH HEHPOHHOH CEeTH /sl pellleHus 3ahauyd OUHAPHON
kaaccudukalunu. PeannzoBaHHasi rUOpUAHAS ONTHKO-IU(PPOBas CHCTEMa MO3BOJISIET JOCTHTATh TOUHOCTH pacro3HaBaHUs
pacTpupoBaHHbIX H306paxkenuii 10 99 %.

Katouesbie cioBa: KommnblotepHo-cruHTe3npoBaHHas rojorpamma, OnTtuueckue HeilpoHHble ceTH, [IpocTpancTBeHHas
buibTpauus, PacnosHaBanue u3o6paxkeHuil, CBEPTOUHbIE HEHPOHHbBIE CETH.

14.6 Pazpa6oTka nporpaMmMHOro NpujaoKeHus AJis BblieJeHUs] CTPYKTYPHOH MH(OPMALIMU U3 OJ0CATHIX
M300paKeHHi1 Ha OCHOBE YaCTOTHOrO aHAaJIKM3a U HENPOCETEBOI cerMeHTalluu

Eeop Arexceesuu Cenesnes, C. H. Xonuna
Camapckuil HallMOHAJIbHBIN HCCIENoBaTeLCKUE yHUBepeuTeT uMenu akajemuka C.I1. Koposiésa, Camapa,
Poccust

B paGore npexacraBieHa mnporpaMMHasi CHCTeMa /sl aBTOMATM3MPOBAHHOIO aHa/M3a [MOJOCAThIX H300paXKeHHUH,
OpUEHTHPOBaHHAas Ha 00pPabOTKy OTIEYaTKOB NasiblieB. MeToso/10r1s BK/IOUaeT AByMepHoe OblcTpoe rnpeobpasoBanne Pypbe
JUIS1 TIOJTyYEHHUs] TIPOCTPAHCTBEHHOTO CIIEKTPA, HEHPOCETEBYIO CErMEHTALMIO KOJIbLA CPEIHUX YAaCTOT HA OCHOBE apXUTEKTYpbl
U-Net, a Takke moc/enyiollee pasneseHHe Ha OpPHEHTALMOHHBbIE CEKTOpA C BBIYUCJEHHEM MOPOXKIAIOUIEH (yHKIIHH.
[ToJstyueHHble pe3yJ/ibTaThl IEMOHCTPUPYIOT BBICOKYIO TOUHOCTD BbIIETEHNS YACTOTHBIX H YTJIOBBIX XapaKTePUCTHK Ha T€CTOBbLIX
nanubix FVC2002. PazpaboTaHHoe BeG-NpuJIoKeHHe 00ecreunBaeT HHTEPAKTUBHYIO BU3yaJH3allMio BCeX ITAMOB aHa/M3a.
3HaueHne paboTbl — aBTOMATH3ALMs U3BJIEUEHHS CTPYKTYPHBIX TapaMeTpoB i GHOMETPUUECKUX CHCTEM.
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KatoueBble ciioBa: nosiocatble naoOpaxkenus, npeobpazosanue Pypoe, HelipocereBast cermenTtanusi, U-Net,
OTIEUATKH MaJblEeB, YACTOTHBIN aHaJIu3, TOPOXKatollasi PYHKIIUs, BeG-UHTepgeiic.

14.7 Ontumusauusa CZ onepauuu Ha 3dekTe puadepropckoii 6;10kKaapl ¢ nomoiubio PINN

Kupuan Cepeeesuu Tuxonos'?3*, X. K. B. Jlyna Beponurxo'*, JI. B. l'epacumos®’®, HA.Mopos*®, /I.B.
Kynpusnos*® H.b. Bo6pos®?, C.C. Cmpayne®®

! Cankr-TTerepOyprekuii rocynapersennbiil ynusepeurer, Cankr-Ilerep6ypr, Poccust

2 Poccurickuil kBauToBbii ieHtp, CkoskoBo, Mocksa, Poccust

3 dusnyeckuii uuetutyt umenu I1.H. Jle6enesa PAH, Mocksa, Poccust

* LleHTp MEXKIMCIMIIMHAPHBIX yHAaMeHTa bHbIX HeeaenoBanni BIID, Cankr-Tlerepbypr, Poccust

5 Llentp KBaHTOBBIX TexHosOrKi, MY umenn M.B. Jlomonocosa, Mocksa, Poccusi

Hefitpasnbhble aTOMbl B ONTHYECKMX MHKPOJIOBYLIKAX SIBJSIIOTCS OAHOH M3 HauboJiee MEPCTeKTUBHBIX TJIATGOPM st
MaclTabupyeMoro yHHBEpCaJbHOTO KBAaHTOBOTO KoMIbioTepa. OfHAKO IS TIOJIHOH peasn3alliy UX MoTeHLHa a HeoOXoauma
pa3paboTKa HAJIEXKHbIX IBYXKYOUTHBIX 3aMyThIBAIOIMX BEHTHJIEH, (PYHKIIMOHUPYIOLIMX HA OCHOBE MeXaHU3Ma PUIGEProBCKOH
Osokanbl. TOUHOCTb TaKMX BEHTHJIEH OrpaHHYeHa TIJIaBHBIM 00pa30M CHOHTAHHBIM pacCesHHEM HA MPOMEKYTOUHBIX
9JIEKTPOHHBIX COCTOSIHUSIX W KOHEUHbIM BpEMEHEM KHU3HU PUAGEPrOBCKUX COCTOSAHUH. DTH (PaKTOPbI AEJAI0T aKTyaJbHOH
pa3paboTKy AKTHUBHBIX METOJOB MOJABJEHHsT OLIMOOK, KOTOpble paGoTalOT B YCJOBHSIX peasibHbIX IKCIEPUMEHTAbHBIX
orpanuueHuil. Ilnsi peleHuss 3TOHM 3ajaud Mbl NpepiaraeM ¢uauueckd HHGOPMHUpPOBaHHYl0 HelpoHHyto ceTb (PINN),
CrIoco6HYIO TIOAGUPAT TVIaIKKe YIIPABJISIOIIe HMITYJIbChI, aKTHBHO MOJABJISIIOLIME YKa3aHHbIE HCTOYHUKH LITyMa.
KatoueBble ciioBa: pusniyecky nHOpPMUPOBAHHAS HEHPOHHAS CETh, KBAHTOBbIE BLIYUCIIEHHST, METOJIbI MAILIMHHOTO

o6yuenust, PINN, pun6eproBckue CoCTOsIHUSI, KBAHTOBbIE BEHTHJIH, KBAHTOBOE 3aMyThIBAHHUE.

14.8 M'mOpuaHbIA HEMPOCETEBOI aJrOPUTM BbileIeHUSI ObICTPOU3MEHSIOLUIMXCS CJa60KOHTPACTHBIX 00pa30B B
ONTHYECKUX BUIEONOCAEN0BATENBHOCTSAX HA KBa3UCTALlMOHAPHOM (hoHe

Baadumup [Inumpuesuu Kosoipes', M. B. Baszosowx', A. C. Kysneyos', A. A. Kosmyn'
! MOCKOBCKHI TOCYIapCTBEHHBIA TeXxHUUeCKKi yHuBepeutet uM. H. D. Baymana, Mocksa, Poccusi

[IpencraBnenbl pesy/abTaTbl pa3pabOTKH THOPUAHOTO HEHPOCETEBOTO AJrOPUTMA BblEJEeHUS] ObICTPOU3MEHSIOLIHUXCS
c1aGOKOHTPACTHBIX 00pa3oB B OMNTHUECKUX BHAEOMNOC/EIOBATENBHOCTSIX HA KBasucTauuoHapHoM coue. [lokasana
3 PeKTUBHOCTb COUETAHHUS afANTHBHONH 06pPa0OTKH M300pAXKEHHH, KOMIMEHCALMH (POHOBBIX H3MEHEHHMH H HeHpOCeTeBBbIX
METOAO0B AJ151 MMOBbILIEHHA yCTOﬁ'—[HBOCTH BbleJIEHUA JTHHAMHU4Y€CKHUX obJyacteit Mpu BapbUpyeMOM KOHTpPACTE u306pameﬂuﬂ.

Kaouesbie cnoBa: Heiipocetu, MainnHoe oGydenue, OnTrueckue BUaeONocae10BaTebHOCTH, Ca1a60KOHTpaCTHbIE
o6pasbl, KBasucraiuonaphbiii ¢hot, ArantuBHasi 06pabotka H306paXeHHuil.

CreHpoBble 10Kaa/bl

C.14.1 SVETIANNa 2.0: otkpbiTasi 6ub61H0TEKA /151 IPOEKTUPOBAHUS HEMPOMOP(MHDBIX ONTHUECKUX
KOMMNbIOTEPOB

Cenén Cepeeesuy Yyeynos', B. /1. Heowun', C. H. Boaukos', A.lO. Koxanosckui', A. A. lllepbakos’
'Vuusepcurer U TMO, Cankr-ITerep6ypr, Poccust

[Ipencrasseno nporpammuoe obecrederne SVETIANNa ¢ OTKPBITHIM HCXOMHBIM KOJIOM, pa3gpaGoTaHHOe [Jisi MOJEJHPOBAHHS
cucTeM JU(MPAKIHMOHHOH ONTHKH W MPOEKTUPOBAHUS ONTHUECKUX BblUMC/AUTEJEH. Peasn3oBaHbl METOMbI pellieHUsT MPAMOH
3aJ1auk JMPPaKUKUK U HHCTPYMEHTbI aBTOMATHUYECKOT0 e peHIIUPOBAHHUS /1151 pElLIeHHs 3a/1a4 0OPATHOTO MPOEKTUPOBAHHUS U
ONTHMHU3ALMKU JTUPPAKUMOHHBIX ONTHYECKHX 3JeMeHTOB. [IpoBeneHo MopenupoBaHue AMPPaKIMOHHBIX HEHPOHHBIX ceTel
Pa3NMYHON apXUTEKTYpbl Uil pelleHHsl 3ajaud KjaccuUkaluud uaobpaxkeHu#. [IponeMoHCTpHpoBaHa BO3MOXKHOCTD
ONTHMHU3ALMK NapaMeTPOB ONTHYECKHUX CUCTEM M NPUMEHEHHS METOIOB MALIMHHOIO 0OyYeHHS K 3ajayaM BbIYMCIUTEbHOH
OMNTHKH.
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KatoueBbie cnoBa: OntruecKkye BbIYUCAUTENH, TH(GPAKLIHOHHbIE HEHPOHHbBIE CETH, MOJEIUPOBAHUE ONTHUECKHUX
cucreM, o6paTHasi 3a1a4a AUMpaKiyH.

C.14.2 Pacno3HaBaHMe OUHAPHBIX paCTPUPOBAHHBIX H300paXKeHUH HEHPONOAO0OHOKH ONTHKO- U pOBOK
CHCTEMOI Ha OCHOBE CX€MbI POCTPAHCTBEHHOMH (PUJIbTPALIUU

[Oaus Cepeeesna Jlenkosa', /1. B. [Nasaenko’, . A. Yuakos', E. K. [Temposa’, A. B. llugppuna’, I1. A.
Yepémxun', E. [0. 3a0kazos’, P. C. Cmapukos’
' HaunoHa/ibHbIH Hecsie0BaTebCK i sinepHblid yuuepeuter « MUDH», Mocksa, Poccust

[IpensiokeH Mmeton opMupoBaHUs OMHAPHOIO TPEACTABJEHUS H300paXKEHHH, OCHOBAHHBLI Ha METOJle PACTPUPOBAHMSA,
aJanTUPOBAHHbIN JI/1s1 BbIBOJIA HA MUKPO3€pKaJIbHbIH TPOCTPAHCTBEHHO-BpeMeHHON Moy asitop cBeta (M3 [TBMC). Kaxapiit
NUKces 3aMeHsieTcsl OJIOKOM 2X2 MUKcesla ¢ MCeBAOCAyYalHbIM pacrnpeiesieHueM eMHULL W HyJed, MPOnopUHOHaIbHBIM
UCXOJHOHU $IPKOCTH, 4TO 0OecClevyuBaeT COXpaHEHHe CPeIHEH HHTEHCHBHOCTH M HMCKJIOYAeT BO3HMKHOBEHHE PEryJsipHbIX
nepruoanyeckux CTpyktyp. B 4f-cxeme ocyiiectBisieTcsi omepaiysi CBepPTKH pacTPUPOBAHHBIX M306paxKeHHH ¢ HaGopoMm
roJiorpauueckux (UJIbTPOB, MPEACTABJEHHbIX B BHJE CHHTE3HPOBAHHBLIX BHeoceBbIX rojorpamMm QPypbe. [losyueHHble
BBIXOJIHbIE CHIHAJIbl KJ1aCCUDHUIMPYIOTCA C MOMOLIbI0 HEHPOHHOH ceTH. [TokazaHo, UTO MpeyioXKEeHHbIH MeTon GUHAPHOTO
npeacTaBieHusi H306paXKeHNH, OCHOBAHHBIN HA METOJIE PACTPUPOBAHHUS, COXpaHSeT HHPOPMATHBHbBIE TPU3HAKH, 1OCTATOUHbIE
JUIsl Pacro3HaBaHUsl, YTO 103BoJisieT ucrosb3oBath M3 [IBMC, kak HanGosiee ObICTPOEHCTBYIOLIUH.
KatoueBbie cnoBa: MUKpO3epKasbHbIH MPOCTPAHCTBEHHO-BPEMEHHON MOJYJIITOP CBeTa, 4{-cXxema, onTHUECKUEe

CBEPTKH, CBEPTOUHASA HEHPOHHAS CETh.

C.14.3 OueHKa BAUSAHUSI CHUXKEHHUSI Pa3MEePHOCTH B3aMMHOKOPPENALMOHHbIX GYHKLHKI, c(DOPMUPOBAHHBIX B
4f-koppensiTope Ha KaueCTBO pacrno3HaBaHUs

lapes Baadumuposna [lasaenko’, P. C. Cmapukos’, A. B. lllugpuna’
' Haunonanbhbiit MccnenoBatesibekuii Snepubiii Yuusepeurer « MUOK», Mocksa, Poccust

[IpencraBsensl  pe3ysibTaThl  HEHPOCETEBOrO  pacrno3HaBaHHUS — H300pakeHWH  OOBEKTOB € MCIOJIb30BaHHEM
B3aMMHOKOPPEJISILIMOHHBIX (DYHKLHH, (DOPMHPYEMBIX C TPUMEHEHHEM HHBapPHAHTHLIX (UILTPOB. BEIMoHEHO MOneMpOBaHye
pacrosHaBaHHsl KOHTYPHBIX H300paKeHHH HECKOJIbKHX KsaccoB. B kauectBe ¢uabTpa paccmarpHBaeTcsl HHBAPHAHTHBIA
(HUIBTP, peasH30BaHHbIN B ONTHUECKON CHCTEME B BHJIE KOMITBIOTEPHO-CHHTE3NPOBAHHOK TostorpaMMel Pypbe. [171s CHIZKEHHS
pPa3MepHOCTH  B3aHMHOKOPPEJSALMOHHBIX  (DYHKUMH TpHMEHeHBl pasjnyHble MeTOlbl HHTeprossuuu. [losydeHsl
COOTBETCTBYIOLINE OLEHKH BIUSIHUS CHHXKEHHST PA3MePHOCTH B3aHMHOKOPPENSLIHOHHBIX (PYHKIMH Ha KAUECTBO PACMO3HABAHHSI.
KatoueBbie cioBa: KomnbiotepHo-crHTe3npoBanHas ronorpamma Pypee, MuBapuanTHolil ¢puistp, 4f-kKoppensitop,
PacrosnaBanue n3o6paykeHuH.
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TeparepuoBasi poToHHKa

YcerHble nokaaapl

15.1 TTu—HK cnekrpockonus 1a6opaToOpHbIX aHAJOTOB MEXK3BE3HbIX U OKOJI03BE3HbIX JIbI0B
(llpuerawernouti)

A.A. l'asdyw. Kupusr Heopesuy 3aiiyes, 0.¢h.-m. H.
Wuctutyt o611eit pusuxu um. A.M. [1poxopoBa Poccuiickoi akanemun nayk, Mocksa, Poccust

3HaHMe ONTHUECKMX CBOHCTB acTpodusnueckux JbioB B TIu—WMK nuanazone BaxkHO 1si MoOeJMPOBaHHE TEMJOBOTO
M3JIydeHHs ra30TblIeBbIX 00JIAKOB M TIePEHOCA H3/TyUEHUs B MIOTHBIX H XOJIOAHBIX 06JIACTSX MEXK3BE3HOM cpeibl. OTCyTCTBHE
9TOrO 3HAHUS OCJOXKHSIET aHaJM3 COBPEMEHHBIX acTpocu3uueckux HabJjioneHuil. [lis penieHust oTMedeHHOH MpoGJeMbl
CO3/laHa dKCIIePUMEHTA/IbHAS YCTAHOBKA, TI03BOJISAIONIAS BbIPALIMBATh JJaGOPaTOPHbIE aHAJNOTH ACTPOJILAOB MPH KPHOTEHHbBIX
TeMrnepaTypax ¥ H3MepsiTb MX LIMPOKOMOJIOCHBIH OTKAMK ¢ nomoiipto TI' umnysbcHoil criekrpockonuun u MK dypbe
crniekTpockornuu. C oMouiblo 3TOH yCTaHOBKH y2Ke M3ydeHbl padsinutble Jjibibl: CO, COg, No u HoO (Ih, Ic u amopdnoii das).
Katouesbie cioBa: Tl rexunosoruu, Tl na6oparophast actpocusuka, T umnysbenas crnekrpockonust, MK dypbe

CIEKTPOCKOIHS1, LLIMPOKOMOJIOCHbIE ONTHYECKHE CBOMCTBA, MEK3BE3/IHbIE U OKOJIO3BE3/IHbIE JIb/lbl, Fa30MblIeBble 00JaKa.

15.2 HeauHelHO-oNTHUECKASI reHepaLysl M IMarHOCTHYeCKHe NPUMEHeHHUsl OJJHONEPHOHBIX TeparepLUoBbIX
MMIYJIbCOB BbICOKOI HHTEHCUBHOCTH ([Ipucrauierroiii)

Cepeetl bopucosut 500pos'?, 0. ¢p.-m. 1., M. H. bakyros'

Yy
"Hukeroposckuii rocynapersennbiit yanepeutet um. H.M. Jlo6auesckoro, Huxuuit Hosropon, Poccust
?Uncruryt npukaanroil pusuk PAH um. A.B. Tanonosa-I'pexosa, Hixnuit Hosropon, Poccust

[Ipencrasjen 00630p COBPEMEHHBIX CXeM TIeHepalMH KBa3HOAHOINEPHOAHOrO TepareploBOro M3/ydeHHUsi, OCHOBAHHbLIX Ha
ONTHYECKOM BBIMIPAMJIEHUH (PEMTOCEKYHJHbIX JIa3€PHbIX HMIYJbCOB B 3JIEKTPOONTHUECKUX KPUCTAJJIAaX B YCJIOBHSIX
KOJUIMHEAPHOTO W HEKOJJIMHEAPHOTO OMNTHKO-TEparepluoBOro CUHXpoHuU3Ma. OCHOBHOE BHMMaHHE YAEJEHO OINTHKO-
TepareplioBoil KoHBepcuu B Kpucrasie LiNbOs; npu Hakauke oCTPOC(OKYCHPOBAHHBIMU JIA3€PHBIMHU HMITYJbCAMH H
cn1ab0C(HOKYCHPOBAHHBIMH HUMIYJIbCAMH CO CKOLUEHHbIM (DPOHTOM MHTEHCHBHOCTH. PaccMoTpeHbl HesMHEHHblE MeTOJbl
JIMaTHOCTHKH Pa3JIMYHbIX MaTEpHaJIOB, OCHOBaHHbIE HAa 3(h(heKTax HHIYLIHPOBAHHON TeparepLoBbIM M0JIEM BTOPOH ONTHUECKOH
TapMOHHKH U JIIOMHHECLIEHIIHH.
KutoueBble cioBa: TepareplioBoe uziyuenue, @eMToCEKYHIHbIE a3epHblE HMITYJIbChl, DJIEKTPOONTHUECKHE

KpucTasibl, [eHepauus BTopoil rapMoHHKH, JIlloMHHeCLeHLKS.

15.3 BoccraHoBjieHHe TeparepioBoro BOJHOBOTO ()poHTA M0 CEPUU pacnpeeJeHUd UHTEHCUBHOCTH
3aperucTpUpPOBaHHbIX C UCMOJb30BAHUEM MEPECTPAUBAEMOTO AUPPAKIIMOHHOTO ONTUYECKOTO 3JIeMEHTa Ha
yriiepojiHbIX HAHOTPYOKax

Eausasema leopeuesna Llunaaxosa"?, A. B. Yeproix!, H. H. Paxos®, H. H. Paeurnos?®, /1.B. Kpacnukos?,

A. B. Paduson®, M. I bypdanosa®, H. B. [lempos"°

"Yuusepcurer UTMO, Cankr-Ilerep6ypr, Poccust

*XapOUHCKHil HHxKeHepHblil yHusepeuret, Llunao, Kuraii

*CKOJIKOBCKHI MHCTUTYT HAayKH U TexHoJioruii, Mocksa, Poccust

"MocKOBCKHEI (PU3HKO-TeXHHUECKHE HHCTUTYT, Jlosronpyanbii, Poccust

SUucrutyt o6uieit pusuku um. A.M. ITpoxoposa PAH, Mockga, Poccust

5XapOuHCKuil TeXHOJMOTHYeCKHi yHuBepeuTeT, XapOuH, Kuraii
[IpencraBsenbl pe3y/abTaThl 3KCIMEPUMEHTAJIbHOIO BOCCTAHOBJIEHHS BOJHOBOro ¢ponta TeparepuoBoro (TIir)
TpeX3apsiIHOr0 BUXPEBOTO MyyKa, chOPMHPOBAHHOTO MepecTpauBaeMoi CriupasabHoil 3oHHOo# mutactuHol (C3I1) na
OCHOBE YIJIepOJHBIX HAaHOTPYOOK. BoccranoBsienne asbl BbINOJMHEHO 10 HAGOPY pacrpeneseHrid HHTEHCUBHOCTH,
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3apEerMCTPUPOBAHHBIX MpPU AMHamMuueckoM pacTskeHud C3IT ai1s oaHOro (HKCHMPOBAHHOIO PACCTOSIHMS J10
nerekropa. O6paboTKa JaHHbIX MPOBEJEHA C MOMOLIBIO UTEPALMOHHOTO aJrOPUTMA, OCHOBAHHOTO HAa HACTPOKKe
KPUBHM3HBI BOJIHOBOTO (PpOHTA MPH H3MEHEHHH MEXaHMYeCKOro COCTOSIHMSI MJIacTHHBL. [IpenokeHHbIH Moaxon
3aMeHsIeT TPAJMLMOHHYI0O MHOIOIUIOCKOCTHYIO —PErHCTpalMio ¢ MPOAOJbHBIM IepeMelleHHeM JAeTeKTopa
PACTS?>KEHHEM OITHYECKOro 3J1eMeHTa, oOecreunBas KOMIIAKTHOCTb U3MEPUTE/IbHON cxeMbl. [TpogemoncTpupoBano
BOCCTAHOBJIEHHE aMMJINTYAbl M asbl mydka Ha vacrtore 0,329 Tl Paccuntanbl HOpMHpOBaHHBIE CIEKTPbI
OpOUTA/JIBHOrO  YIJIOBOTO MOMEHTa H3 BOCCTAHOBJIEHHBIX SKCIEPUMEHTAJIbHBIX KOMIWIEKCHBIX aMILIMTYAL H
COOTBETCTBYIOLLMX UUC/ICHHbIX JaHHbIX.
Kutouesele cioBa: Teparepuiosblil inanasoH, BoceranossieHue dasbl, CnivpalibHasi 30HHas MJ1aCTHHA,

Yriepoatbie HaHOTPYOKH, BuxpeBoi nyuok, OpOGUTaibHbIN yIJIOBOH MOMEHT

15.4 TMoaocoBas GuabTpalys Ajg CUCTEM BU3yaaH3alMd Ha OCHOBE TeparepLuoBoil UMNYJAbCHOM
CMEKTPOCKOTUU

Aauna Anamoanvesna Pobak'?, H. A. Hukoaraes' ?, C. A. Kysueuyos' ??

" HctuTyT aBToMatuku U ssekrpomerprn CUGHPCKOro oTaeseHusi PoccHiicKoi akaieMiun Hayk,
Hosocubupck, Poccus

2 HoBocuGupceKmii rocyaapeteennbliil ynusepeurer, Hoocu6upcek, Pocceust

3 duaman Unerutyra dusuky noaynposoaHukos M. A. B. Pxanosa Cu6upckoro otaesiennsi Poccuiickoi
akanemuu Hayk « KTUIIM>», HoBocu6upck, Poccus

B paGote npoaeMoHcTpUpoBaHa peasiu3alids MeTola CyOAMCKpPETH3allMM B TepareplioBOH HMIYJbCHOH CIEKTPOCKOIHH C
MOMOLLBIO  CMELMaAIbHO Pa3paboTaHHOrO T0JIOCOBOTO MpOoINycKalollero ¢uabTpa Ha ocHoBe 3TtajioHa Pabpu-Ilepo.
CnexkTpasibHasi XapakTepucTHKa (hUJbTPaA OMPEESETCsl B COOTBETCTBHH C TEOPHEH CyOAMCKPETH3ALMH, 2 PFEOMETPHS HACTOTHO-
CEJIEKTHBHOH TMOBEPXHOCTH, CJy:KalleHd OTpaKalolMM CcJloeM, ONTHUMH3HpoBaHa. Ilocsie M3roTOB/EHHS (DUILTPOB C
MCTI0JIb30BaHUEM TEXHOJIOTHH KOHTAKTHOH JIUTOTpadui MeToa CyGaUCKpeTH3alH Obl SKCIepUMEHTaNbHO MTPOTECTHPOBAH,
MOKa3aB CoKpallleHne BpeMeHH c6opa JaHHbIX 6e3 3aMeTHOH NMOoTepH TOUHOCTH. JIaHHBIA MOAX0A MOXKET ObITh MEPCIEKTUBHBIM
LISl Y3KOIOJIOCHBIX CIEKTPasIbHbIX MPUJIOKEHHH BU3yaJH3alld, 0cOOEHHO B Hepas3pyllalolleM KOHTpoJe M 0CHapy:KeHHH
CKPBITBIX T€parepLOBbIX METOK HJIM BELIECTB C XapaKTEPHBIMH CIEKTPaJbHBIMHU OTIIeYaTKaMHU.
KutoueBble ciioBa: TeparepuoBasi poTOHUKA, YaCTOTHO-H30UpaTeIbHAS TIOBEPXHOCTD, CyOIAMCKPETH3ALIUS, HMITYJIbCHAS

TepareploBas CreKTPOCKOMNHUs, TepareplioBasi BU3yasu3aliusi.

15.5 U3yueHune 1ua1eKTPUUECKMX U TEPMOOTNTHUECKUX cBOHCTB MiéHOK ITO B cnekTpasbHOM AuMana3oHe oT
BUJIMMOTO /10 TEparepieBoro

[enuc Cepeeesuy [pubanos’??, H. /1. Ocunuyesa?, JI. [. Mukepun', H. A. Hukoaraes'?
" Mucrutyr aBromatuky 1 anekrpomerpur CO PAH, HosocuGupcek, Poccnst

2 Wneruryt sieproit dusukd um. I'. V. Bynkepa, HoBocu6upcek, Poccust

3 HoBocuGupekuii rocynapetBeHnblil ynupepeutet, Hopocu6upek, Poccusi

PaGora nocpsillieHa UCC/IEI0BAHUIO AMJIEKTPUUECKHX U TEPMOONTHUECKHX CBOHCTB MJEHOK okcuaa HHaus-ogosa (ITO) na
KBapleBOH nojioxKe. M3yuenbl o6pasiibl ool 41, 133 1 290 um. JlusieKTpUiecKHe CBOHCTBA UCCIEIOBAHDI B IMaNa3oHe
ot Bumumoro Jio teparepiiooro (TT') Mmeronamu umnysbcHoi Tl 1i-cnekTpockonuu, uHppakpacHoi Pypbe-crneKTPOCKONHH 1
CrIeKTPOOTOMETPHH; Pe3ybTaThl annpoKcHMHpoBanbl Mofienblo Ipyne. TepmoonTtuueckue cBoiicta niaénox [TO u nopor nx
ONTHYECKOr0 MPo00s Ha AJHHE BOJHBI 130 MKM HcC/e]oBaHbl METOJOM TEPMOJIMH30BOH CIIEKTPOMETPUH C MCMOJb30BAHHEM
unTencuHoro Tlii-uanyuennsi HoBocu6upckoro Jjiazepa Ha cBo6ojiHbIX ssekrpoHax (HJICD). Perucrpalys HHaylIMpoBaHHBIX
uanaydyeHreM HJICD tepmosinH30BbIX 3(hheKTOB 0CylIeCTRIIsIACh METOAAMH LU POBOH rosiorpaduu.
Kutouesrbie cioBa: TepmostaoBasi criekrpometpust, Lludposas ronorpadus, Mmnysnscuas TeparepiioBas

cniektpockornusi, Ciekrpocoromepusi, MuppaxpacHast Pypbe-crieKTpocKonus
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15.6 CBoiicTBa Xa/lbKOT€HUAHbIX KPUCTAJIOB B TEparepLoBOM Adana3oHe 4acTOT

Ouzeca Hukoaraesna lllesuenko’?, A. A. Pubak' ?, B. /I. Anyoreun’, C. A. )Kypkog®, A. I1. Eaucees?,

B. H. Bedensnun?®, JI. H. Heaenko®, H. A. Hukoaaes' ?

" MlHcTrTyT aBTOMATHKH 1 3JiekTpoMeTprn CHOUPCKOTo oT/eeHnst PoCCHIICKO# akajieMiH HayK,
Hosocubupck, Poccust

2 HoBocuGUpCKHit rocyaapeTBeHHbli yHuBepeutet, HoBock6upcek, Poccusi

3 UnerturyT reosiorun U Munepasiorud uM. B. C. Co6osieBa Cubupckoro otesienust Poccuiickoil akanemuu
Hayk, HoBocu6upck, Poccust

B pa6ore mpencrasieHo uccsenoBanre 3(h(eKTHBHOCTH NETEKTHPOBAHUS TeParepLoOBLIX MMITYJbCOB 3JEKTPOONTHUECKHM
MEeTOJIOM B XaJsibKoreHUAHbIX Kpuctaniax (LiGaS,, LiGaSe,, LilnSs, LilnSes ¢ pasznuunbivu cpezamu u GaSe:S). MamepeHnt
nokasaTeJii MpeJioMJIeHust U KO3(PQUIMEHTDBI TIOTJIOLIEHHS KPUCTAJIIOB MPH HAKauKe JIa3epPHbIM H3/yueHHeM A = 775 HM U B
npenenax 0,1 — 2,6 TI'u. [lpoBemena oleHKa 3HAYeHMS] JEKTPOONTHUYECKOTO KOI(PHUIMEHTA KAXKIOTO KpHCTasIa Mo
CPaBHEHHUIO C 3TAJIOHHBIMH KPUCTAIIAMU - 1€ TEKTOPAMH MTPH B3aUMOJIEHCTBHH J1a3ePHOTO U3JIydeHHs Ha IJIMHAX BOJIH 775 1 1550
HM U TeparepuoOBbIX UMIYJIbCOB.
KutoueBble cjioBa: TepareploBoe UaJjaydeHHe, 3JIeKTPOONTHIECKUH KOS(PPUIHUEHT, XalbKOT€HUIHbIE KPUCTAJLIIB,

rokasareJib peJsioMJIeHHsT

15.7 BoccTaHoBieHHEe U300paXKeHU B TeparepLOBOi OHONMUKCEIbHOI BU3yalu3aluu NMPU OCBELIEHUH
MYy4YKOM C HEOAHOPOAHbIM npocbu.neM UHTEHCHUBHOCTH

anua Andpeesuu Yeproycos', Cunvko A. C."?
! MockoBckuii rocyapeTBennbiil yaupepeurer iM. M. B. Jlomonocosa, Mocksa, Poccust
2 HULI “Kypuatosckuit unetutyr”, Mocksa, Poccus

Hccenenyercss  TeparepuoBast OJHOIMKCE/bHAS BH3yaJlM3aUMsi MpPH [POCTPAHCTBEHHO HEOJIHOPOJHOM OCBELIEHHH ¢
MCI0JIb30BAaHHEM KBAHTOBO-KacKagHoro Jjasepa. IlpeanoxeH camokanuOpyemblil MOAXOA, B KOTOPOM [10Jie OCBELIEHHS
OLLIEHUBAETCS HEMOCPECTBEHHO MO OHOMUKCE/bHBIM H3MEPEHUSIM H YUUTBIBACTCS TIPH PEKOHCTPYKLMH H300paxKeHus. Meton
MPOTECTHPOBAH /151 BBIYHCUTENBHBIX (DAHTOMHbBIX M300PayKeHHI U CXKATOr0 30HAMpoBaHus ¢ ajropurMamu OMP u TVALS.
YucsieHHble U 9KCIIePUMEHTA/IbHbIE Pe3yJbTaTbl [I0KA3bIBAIOT, YTO Y4€T HEOAHOPOAHOCTH OCBELLEHHUs CYLLeCTBEHHO MOBbILIAET
KaueCTBO BOCCTAHOBJIEHHsI, OCOOEHHO JUIsl CUJIbHO HEOJHOPOAHBIX ITYYKOB.

KatoueBble caoBa: OnHonukcesbHas BU3yan3alsi, TepareplioBoe H3JydeHue, CxkaToe 30HAHpOBaHHe
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CreHoBbIe TOKJaabl

C.15.1 UccnenoBaHue aucnepcuu rayorHbl TPOHUKHOBEHHUS MOJIS TEpArepLOBbIX MOBEPXHOCTHBIX BOJIH B
BO3/IyX

Bazepus Jinumpuesrna Kyxomenko', B.B. I'epacumnos'?, A.I'. Jlemsaxos'?, H.A. Asapos®?,

A. K. Hukumun’

" Uucruryr simeproi dpusuku um. [.U. Bynkepa Cubupckoro otaesenust Poccuiickoil akajeMiuu Hayk,
Hosocu6upck, Poccust

2 HoBocHGHpCKHil rocynapcTBeHHbiil yHusepeuret, Hoocu6upek, Poccust

3 LleHTp KOJIIEKTUBHOTO MoJib30BaHust “CUOHPCKHI KOJIbLIEBOM HCTOUHUK (hoToHOB” MHCTHTYTA KaTa/m3a
uMm. ['. K. Bopeckosa Cubupckoro otnenenusi Poccuiickoit akanemuu Hayk, Hosocu6upcekast 0641., p.1i.
Koabuoso, Poccusi

* Vneruryt usuku noynposoarukos um. A.B. Pxkanosa CO PAH, Hosocu6upek, Poccust

5 HayuHo-TeXHOIOrHUeCKHE LIEHTP YHHKAJIBLHOTrO MpubopocTpoenust Poccuiickoil akagemun Hayk, Mocksa,
Poccus

TepareprioBble TEXHOJMOTHH Pa3BUBAIOTCS B CTOPOHY Pa3pabOTKH KOMMAKTHBIX CEHCOPOB U MHTETPANBHBIX CXeM, KOTOPbIE MOTYT
ObITb peaM30BaHbl C HCIMOJb30BAHHEM MOBEPXHOCTHBIX M1a3MoH-nosspuToHoB (TITIT). dddekTHBHOCTL U KOMMNAKTHOCTD
TaKHX yCTPOHCTB 3aBUCUT OT SHEPreTUUECKUX OTepb U yOuHbl poHUKHOBeHus D noasist [TTIIT B Bo3myx, oaHaKo 10CTOBEPHBIX
IKCIIEePUMEHTANBHBIX IAHHBIX O AUcrepcu D mpakTuiecku HeT. B paGoTe MeTOI0M YaCTHUHOTO SKPAHHPOBAHHUSI C TOMOLIBIO
HoBocu6upckoro siazepa Ha cBOGOJIHBIX 3jeKTpoHax (A = 141—356 MKM) uccreoBana aucrepeuss D HaJl MOBEPXHOCTHIO
30J10Ta, MOKPLITOH cjioeM ZnS tosumHoi 1.65 mxm. Habuonaembiii KBajgpatnunbiil poct D(A) corniacyeTcsi ¢ UMIeIaHCHOM
MOJEJIbIO JUISl TTOBEPXHOCTHBIX BOJIH. M3 uaMmepennblx D u minHbl npoGera L onpesesieHa KOMIJIEKCHast IH3J1€KTpHYECKast
MPOHHLLAEMOCTb 30J10Ta, COBIMAAIOLIAs C JAaHHBIMHU TOBEPXHOCTHON MJIa3MOHHOH HHTepdepomeTpuu. [IpeayiokeHHbIH MOAX0]
MpocT, 6€CKOHTAKTEH H MOKET UCIOJIb30BATHCS ISl XapaKTe pU3alMH MPOBOJISIIHX TTIOBEPXHOCTEH.
Katouesble cioBa: TeparepiioBeiii ananaso, [ToBepxHocTHBIE MIIA3MOH-TOJSIPUTOHBI, ['yTyGHHA TPOHUKHOBEHHS,

Mertannieckue MmieHKH, DheKTHBHAS JUIIEKTPUIeCKast IPOHHLAEMOCTb.

C.15.2 BoccraHoBjieHHe M aHAJKU3 BOJHOBOTO (DPOHTA HEMPEPLIBHOTO TEPArepiioBoro Nyuka KBaHTOBOro
KacKaJaHoro jazepa

Havs [pueopvesuy Cmenanos', E.I'. [{unaaxosa'?, H.E. Poukos?, M.B. Maimana?, H.A. lunckudd?,
J.A. Beaos™’, A.B. Hkonnukos™®, P.A. Xabubyaiun?, A.B. Yeproix'

'Yuusepcumem HTMO, Cankm-Ilemepbype, Poccus

Xapbunckutl unsceneproil yrusepcumem, [{undao, Kumad

$Xapounckuil mexroroeuveckul ynusepcumem, Xapour, Kumaii

"Mockosckuil pusuko-mexnuveckuil uncmumym, Poccus

SQusuueckuti pakyromem MIY umenu M.B. Jlomorocosa, Poccus

[IpencraBiensl pe3ybTaThl BOCCTAHOBJIEHHUS AM(PAKLMH BOJHOBOTO (DPOHTA HEMPEPBIBHOTO TEPATEPLIOBOTO MyuKa KBAHTOBOTO
KacKaJHoro Jasepa. Yuc/ieHHOE MOJE/IHPOBAHME BbLIIOJHEHO HA OCHOBE 3SKCIEPUMEHTA/bHBLIX AAHHBIX C HCII0Jb30BAHHEM
ceMelcTBa MHOTOIMJIOCKOCTHBIX HTE€PALMOHHBIX METONOB BOCCTaHOBJEHHs! dasbl. BoccraHoB/eHHOe pacnpeeseHde ¢asbl
M03BOJISIET ONPEANUTh NPOCTPAHCTBEHHbIE XapaKTEPUCTHKHU MyuyKa, B TOM YHC/e KPHBU3HY BOJIHOBOTO (DPOHTA W YIVIbI
OTKJIOHEHHS! OCH PACIIPOCTPAHEHHUSI OTHOCHTEJIbHO HOPMAJIH K [JIOCKOCTH A€ TEKTOPa. ITO JaeT BO3MOXKHOCTb IPOrHOCTHUECKOT0
MOJIe/IMPOBAHHST PACTIPOCTPAHEHHSI IyuKa B Pa3/IMYHbIX ONITHUECKHX KOH(HUTypalusix. [ToydeHHble JaHHbIE 0 BOJHOBOM (pOHTE
(hOpPMHPYIOT OCHOBY A/l JA€TaJbHOTO aHalM3a TPOCTPAHCTBEHHBIX CBOHCTB M MOC/EAyIOLIEH KOPPEKIMH TepareprioBoro
M3JIy4eHHUs U MOTYT ObITb HEIOCPEACTBEHHO HCII0/Ib30BAHbI IPH PELLIEHHH 33/1a4 BU3yaslu3allui B TeparepLoBOM JianasoHe.
KitioueBble ¢/10Ba: TepareplioBoe H3JyueHHe, BOCCTAHOBJIEHHE BOJTHOBOTO (PPOHTA, BOCCTAHOBJIEHHE (Da3bl.
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C.15.3 TeparepuoBblii 1ETEKTOP Ha OCHOBE rpaeHa, UHTErPUPOBAHHbINH HA KPEMHHUEBbIH BOJIHOBO/I.

Anacmacus Hukoraesna Tumuenxo', K. B. llleun', H. A. [atidyuerko’
! HaunonasibHbIi Hecsie0BaTeIbCKIi yHuBepeuTeT "Beiciiast mikosa skonomuku", Mocksa, Poccust

TeparepuioBble POTOHHbBIE HHTErPA/IbHbIE CXEMbI HA BLICOKOOMHOM KPEMHHMH — [epCHeKTHBHAS KOMIAKTHas MiaTdopma s
npuémornepeaTinkoB 6G, OIHAKO HX PA3BUTHIO TPENATCTBYET OTCYTCTBHE 3((HEKTHBHBIX MOHOJHUTHBIX JETEKTOPOB,
(bYHKUMOHUPYIOLIMX TPY KOMHAaTHOH Temnepatype. ['paden Gaaronapsi cnabomy 3/eKTpOH-(DOHOHHOMY B3aUMOJEHCTBHIO
CMOCOOHOCTH K ULIMPOKOMOJOCHOMY MOIJIOUIEHHIO TepareploBOro H3JydeHHUs SIBJSIETCSl MepCrneKTHBHBIM MaTepraJsoM st
ObICTPOro JeTeKTHpoBaHus. B naHHoil paGoTe mpenctaBjeH rpaceHOBbIH TeparepuoBbIil NeTEKTOpP, HHTEPUPOBAHHbIA B
KPEMHHEBbIH JIM3JEKTPUUECKUE BOJHOBOA. [ padeH, HHKAINCyJUPOBAHHbIH TeKCArOHAJbHBIM HUTPUIOM Oopa, BIHCAH B
KOHHUeCKYIO lleJieBylo anTeHHy. Mamepennas BOJILT-BAaTHAsI YyBCTBMTEJNLHOCTHL eTeKTopa coctasaser ~ 11,5 B/Br, npu
OrpaHHYeHHOH CXeMOH CUMTbIBaHHs mosioce mpornyckanus 1,8 [T, Anamua 3aBUCUMOCTH (DOTOHATIPSKEHHST OT HATIPSKEHUsT
CMelIeHUs] CBU/IETENILCTBYET O TOM, YTO BOJIM3H TOYKH 3/1€KTPOHEHTPATBHOCTH IOMUHHPYIOIIUM MEXaHU3MOM JIETEKTHPOBAHHST
siBJsieTCsl 6OJIOMETPUUECKHH 3(heKT.
Kaoueble caoa: Teparepiipl, ['pacden, KpemHuesast gpoToHuKa.
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