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OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYyaJIbHOCTh PadoThbl M CTelNeHb H3YYEeHHOCTH TeMbl.
CoBpeMeHHOE pa3BUTHE (OTOHUKH CBS3aHO C TEXHOJOTHUEH
pa3paboTKu MeTamarepuayioB. J[OCTHUTHYTBIE YCIIEXHM B CO3JIaHUU
THX Cpel C OTPHUIATEIbHBIM IOKa3aTeJIeM TpPEJIOMIICHUS B
CBEPXBBICOKOYACTOTHOM M  ONTHYECKOM JHana3oHax CHEKTpa
BO3POAMIIH UHTEpEC K nporeccam apaMeTpUIECcKOro
B3aMMOJICHCTBYS BCTPEUHBIX BOJIH.

B onTtuueckux cucremax oOpa®oTku MHGOpPMAIMU B KayecTBe
HOCUTENsT WHPOpPMAUU MCIONB3YIOTCS (GoToHbI. OIHAKO 371ECh
BCTaeT mpobiema ympaBieHUs Hocutenem uHpopmaruu. OTKpbITHE
METaMaTepUaIOB  CIIOCOOCTBOBAJIO  TOSIBICHUIO  BO3MOXKHOCTH
pEerylMpoBaHUs CBETOBBIM H3IyY€HHUEM 32 CUeT H3MEHEHHS
ONTHYECKUX CBOMCTB MOJOOHBIX UCKYCCTBEHHBIX CTPYKTYP METOJIaMU
HenuHeWHoi ontuku. Kak u3BecTHO, MeramaTepuan -  3TO
KOMITO3UTHBI MaTepuall, 00pa3ylouii AUAIEKTPHUECKYI0 MATPHILY,
C BKJIIOYEHHUSIMH, OOCCICUMBAIOIIMMU PE30HAHCHBIE CBOWCTBA
MaTepuaia. AHAJOTUYHBINA TOIX0J ObUI MPUMEHEH MPHU pa3padoTKe
TBEPAOTENbHBIX JIa3€pOB, KOTJa B MaTpHIly, HApuMep, KpucTaia
BHEJPSUTM HMOHBI aKTUBAaTOpa, KOTOpPhIE, B KOHEYHOM CHYETE,
onpeaensan Gu3ndeckre CBOMCTBa Ta3epHO cpensl. B pesynbrare B
moJ00HOM HEOJAHOPOIHOM cpele MeTaMarepuaia HaOIIogalTCs
CKayKoOOpa3Hble HM3MEHEHHS MaTepHUaIbHBIX MapaMeTPOB CpPEIbI
(IMPNEeKTpUYECKOM & W MarHUTHOM 4 TNPOHMULIAEMOCTeH) W
OTpHUIATENIbHOE 3HAYCHHE MOKa3aTels MPEJIOMIICHUS B ONPEACICHHOM
YaCTOTHOM Juamna3zoHe. W, Kak clIeacTBue, B Takoul cpene
AIIEKTPOMArHUTHAs BOJHA HA YaCTOTE OTPUIATENLHOTO MPEIOMICHUS
pacmpocTpaHseTCs ¢ pa3HOHANMPABICHHBIMU (Da30BOM M TPYMIOBOM
ckopoctsiMu.  OrTpunatenbHoe  3HaueHHWe  (a3oBOM  CKOPOCTH
0003HavaeT, 4TO TpPH pacnpocTpaHeHWH, (a3oBbId HAOET BOIHBI
MPOUCXOUT B HAMIPABICHUU OT MPUEMHHUKA K UCTOYHHUKY, TIEPEHOC Ke
SHEPTUH, B CBOIO 0YEPE/Ih, MPOUCXOJUT OT UCTOYHHKA K MPUEMHUKY.
[Ipn Takoif reoMeTpuu HJs CHUTHAIBHOW BONHBI, KaK CJEIyeT,
CUTHAJIbHAsT BOJHA sBIseTCA oOparHOM BomHOW. OTcroma B
MeTamarepuaie Majaromnias dIeKTPOMarHUTHAsT BOJHA IpeTepreBacT
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HEOOBIYHbIE M3MEHEHHsI, YTO NMPHBOJUT K HOBBIM HETPAIUIIMOHHBIM
s dexram.

B nocnengnee Bpems Ba)XKHEWIIMMU HaIlpaBJICHUSMU B Pa3BUTHU
Ja3epHON TEXHOJOTMHM SBJSIOTCS pa3paboTka U HCCIeOBaHHe
nepecTpanBaeMbIX UCTOYHUKOB M3JIyUeHHs B coueTaHuu ¢ 3dexkramu
CMEUIMBAHUS YaCTOT, UMEIOIIUX MPEIEIbHO KOPOTKYIO JIUTEIbHOCTb
UMIYJbCOB, YTO II03BOJISIET 3HAUUTENBHO PACIIUMPUTH JUAa30H
NEPECTPAaUBAEMBIX JUIMH BOJH JIa3€pHOr0 u3JydeHus. Takue
UCTOYHMKHU cpeaHeit nHppakpacHoit (MK) obmactu criekTpa siBIstoTCS
HE3aMEHUMBIM  CPEICTBOM  MCCIEAOBAHUSA  IOJIYIPOBOJAHUKOBBIX
3JIEMEHTOB B CHUCTEMaxX ONTHYECKOW CBSI3M, OCHOBHBIMU 3JIEMEHTAMHU
COBPEMEHHBIX JHJAapOB, B YAaCTHOCTU MJIsi HCCIEIOBaHUS 3eMIM U
atMoceppl, MPUOOPOB HAYYHOTO U MEIUIMHCKOTO Ha3HAYCHHS,
YCIELIHO HCHOJIb3YIOTCA JI 3ajad crnekTpockonuu. OgHako ist
OCYIIECTBIICHUS  JAHHBIX  3a7ad  HEOOXOJUMBbI  HMCTOUYHUKH
KOT€PEHTHOTO M3JIY4eHUS C HEOOXOAWMBIMU DJHEPreTHUYECKUMH
napaMerpamMu U K03 (OUIMEHTOM IMOJIE3HOTO JeHCTBHS.

Tak KpHUCTaIIbl, UCHOJB3YyEMBbIC UIS JTUX IIeNiei, 00lamaroT
psAAOM HenocTaTkoB Hampumep, kpuctamisl CdGeAs; paboraroiue
OpU HU3KHX TeMIleparypax o0JIaJaloT BBICOKUMH IOTEPSMU Ha
JUIMHAX BOJIH BTOPOM rapMOHUKH, KpucTaiuibl ke ZnGeP2 u Te umeror
NOTepU Ha JJIMHAX BOJH OCHOBHOIO H3JyYEHUS YIJIIEKUCIOTHOTO
na3epa. Kpucramner TIsAsSes u AgGaSe; oOmamaroT MIOXUMHU
TEIUIOBbIMM, a Kpuctasl (GaSe- HU3KUMH  MEXaHUYECKUMU
cBoiictBamu. OTCIO/]a, B YaCTHOCTH, BBITEKAIOT MPOOJIEMbI CO3/IaHUS
3¢ (EeKTUBHBIX U HAJEKHBIX TeHepaTopoB rapMoHuK CO2-1a3epos.

[To »oToil mnpuumMHE 10 CHUX MOp MPOJOJIKAECTCS IIOUCK
NEePCIEeKTUBHBIX ~ MaTepuaioB  JUIl  OCYIIECTBIEHUS  3aj1ay
COBPEMEHHOMN HEJIMHEWHOW ONTHKH.

Jnsa pemenus ynoMsHYTBIX 3a7ad B CpPeAHENM M JainbHEH
obmactu UK nuanaszona, Gmarozapsi CBOMM YHHKaJIBHBIM CBOMCTBaM,
OTPOMHBIM HMHTepec mnpuodpenu ontuyeckue HenauHeHsle WK
kpuctauiel, Takue kak ZnGeP», AgGaSe;, AgGaS;, GaSe (Hg:-
xCdxGazSs m GaSxSerx AgGaixInkSe m AgGa(Se1xSx)2). Kak
u3BeCcTHO, mnepeuncienHsle WK kpucramisl umeroT OOJNBIIYIO



3G (}EeKTUBHYIO ONTHYECKYI0 HEIMHEHHOCTh, YeM U TPHUBJICKIH
IPUCTAJIbHOE BHUMAHUE HCCIIE0BATENEH.

HemHemHsas — TeHACGHIMS K  MUHHUATIOPU3AIMH  YCTPOWCTB
COIIPOBOXKIAETCS TEXHOJIOTMYECKOH pa3paboTKOW HaHOpa3MEpHBIX
CTPYKTYp.  OTO  CHOCOOCTBOBAJO  HCHOJB30BAaHUIO  TOHKHX
JUBJIEKTPUYECKUX U MOJYIPOBOJIHUKOBBIX INIEHOK BMECTO 0O0BEMHBIX
MmatepuaioB. MccienoBaHue mOIYNPOBOJHUKOB M JIUAJIEKTPUKOB
METO/IOM Te€Hepaliy rapMOHUK JaeT MHpopMaLuo o Mopdosioruu u
CTPYKTYpPE 3TUX COCIUHEHUH.

IIpouecc ke TreHepaluu BBICHIMX TapMOHMK  SIBIISIETCA
IpPUBJIEKATEIbHBIM Ul pelleHUs] psAJa NPUKIAJAHBIX 3aJad B
yIBTPa(UOIETOBOM U IKCTPEMATLHO-YIBTPa(HOIECTOBOM JHara3oHax
CHeKTpa, MOJy4eHHUs (OTOHOB BHICOKOH »sHepruu. OCHOBHOE
npeumMyliiecTBo renepanuu tperbeil rapmonuku (I'TTY) cocrout B ToM,
YTO U3-32 BBICOKMX YaCTOT OH OOHAapy>KUBAE€T YUCTO KOI'€PEHTHYIO
AJIEKTPOHHYIO HEJIMHEHHOCTh M HE YYBCTBUTEJIEH K TEIUIOBOMY
OTKJIUKY.

BBuny Bcero BbIIIECKAa3aHHOTO HW3YyY€HUE HEIMHEMHO —
ONTUYECKUX IPOLIECCOB U BBIABICHUE NPUYMH, MPENSATCTBYIOIIUX
pocty d3(deKTUBHOCTH TpeoOpa3oBaHUsl YacTOTHI B CBS3U C
NPaKTUYECKON 3HAUMMOCTBIO MOYKHO PAcCMaTpUBaTh KaK aKTYaJIbHYIO
npobsiemy.

O0bekT M npeaMer ucciaegoBaHuss. OObEKTOM HCCIEOBAHUS
SBISIOTCSL TBepble pacTBopbl AgGaixInkSe, AgGa(SeixSx)2, Hgi-
xCdxGa2Ss  wm GaSxSerx  KpuCTaluioB,  MeTamaTepuan  H
HaHOKoMMo3uTHbIe TieHkn ZNO/PMMA. B kauectBe mpeamMera
UCclieIoBaHUs ObIIIM M3Yy4eHbl (a3oBble 3()(eKThl, BOZHUKAIOLINE B
UCCIIEyEMbIX XaJIbKOTEHHUJHBIX KpHUCTalaX, MeTamarepualie Hu
HaHOKOMITO3UTHOH TJICHKE.

Heabr m 3agaum uccaenoBanusi. llenbro auccepTalimOHHON
paboThl SBJISIETCS TEOPETHUYECKOE MCCIEOBAHUE HEIMHEHHO -
ONTUYECKOTO  MpeoOpa3oBaHUS  JIa3€pHOTO  M3IYYEHHUS B
MeTaMaTepualiaX, XaJbKOreHHIHBIX Kpuctamuiax MK nuanazona u
HAHOKOMMO3UTHBIX TWieHKax ZNO/PMMA, a Takke MOHWCK MyTei
NOBBIIEHUS YPPEKTUBHOCTH MpeoOpa3oBaHUs [UId  MOJTY4EHUS
ONTUMAJIBHBIX 3HAYEHHUM MapaMeTpoB 3ajaud (UIMHBI HEJIUHEHHOU
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cpensl, (Ga3zoBOil pPacCTPOWKH, MHTCHCUBHOCTEH BOJIHBI HAKa4Kd H
XOJIOCTOM BOJIHBI ITPU TTAPAMETPHUECKOM MTPEOOPA30BAHUN).

Jist  JOCTHDKEHHWSl HAcTosmedl 1ienmd  ObUIM  MOCTaBJICHBI
CIeylollie 3aJauyd, pa3BUTble B MNPUOIMIKEHUH 33JaHHOMN
nareHcuBHoctH (1131):

1. IIpoananu3upoBath uU3MeHEHUs (a3 B3aUMOJAEHCTBYIOIIMX
BOJNH mnpu TreHepauuud Brtopor rapmonuku (I'BI) u I'TD B
HaHoKoMmo3uTHOH mienke ZNO/PMMA. TIpoBecTH TEOpeTHYECKHIA
aHaJIM3 BJIMSHHUS pa3Mepa U KOHILEHTpauuu HaHodactul ZnO Ha
KBAJIPATHYHYIO U KYOMYHYIO HETMHEHHOCTH TJICHOK HAHOKOMIIO3UTA
ZnO/PMMA. IIposectn CpaBHEHHE TEOPETUUECKUX u
IKCIIEPUMEHTAIBHBIX pe3yabTaToB i ImieHOK ZnO/PMMA ¢
pa3IMYHBIMU KOHIIEHTpAaLMsIMU HaHo4dacTull ZnO.

2. Teopernvecku wuccienoBatb 3PPEKTh TPEXBOITHOBOTO
B3aumoeicteus npu ['TI" B metamarepuane. MccienoBars 3¢ dext
CaMOBO3JICHCTBUSI CBETOBOM BOJIHBI B MeTaMmarepualle U CPaBHUTH
pe3ynbTaThl C AHAIOTMYHBIM  3(PQPEKTOM, MTPOUCXOASAIIUM B
OJIHOPOJHOM KyOW4IHOU cpee.

3. M3yunth BCcTpeyHOE NapaMeTPUUECKOE B3aUMOCHCTBHE
ONTUYECKUX BOJIH B MeTamarepuane npu HuskodactotHou (HY) u
BbIcOko4yacToTHOU (BY) Hakaukax B [13U.

4. TeopeTrnyecku UCCIENOBaTh ONTUYECKUE MAapaMeTPUUECKUe
3¢ dekTsl B XxampkoreHuaHbIX Kpuctamiax Hg1xCdxGazSs nu GaSxSes-
x C KBaJpaTUYHBIMU HEITUHEWHOCTSIMU C Yy4eTOM  (hpa30BBIX
M3MEHEHUN BCEX B3aMMOJEUCTBYIOIIMX BOJH. JlaTb cpaBHEHHE
MOJIyYEHHBIX PE3yJabTaTOB MO 3()(PEKTUBHOCTU MPEoOpa3oBaHUS C
HKCIIEPUMEHTAIbHO HW3MEPEHHbIMU  3HadeHusiMu. [IpencraButhb
PEKOMEHJALMKM MO TOBBIMEHUI0 3((HEKTUBHOCTH YaCTOTHOIO
npeoOpa3oBaHusl.

5. TeopeTruecku UCCIEAOBaTh BTOPYIO FAPMOHUKY H3JIy4YEHHUS
Ja3epa B XxaiubKoreHuIHbIX kpuctawiax AgGaoslnosSe, u AgGa(Ser-
xSx)2 UK nuamazoHa B yCIIOBHSX CYHICCTBYIOIIMX JKCIEPHUMEHTOB.
[TokazaTe myTH OBBIICHUS 3PPEKTUBHOCTU MTPEOOpa3OBaHUSI.

Metoab! ucciienoBanus. B xauectBe TeopeTHUECKOro MeToa
UCCIIIOBaHUS B JAMCCEPTALMOHHONW paboTe OBLIO HCIIOJIB30BAaHO
MPUOJIMKEHNE TIOCTOSSHHOW MHTEHCUBHOCTH. B 3TOM mpuOmmkeHnn
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HEJIMHEHHbIE MpPOIecChl MOXKHO paccMaTpuBaTh 0Oojiee TOYHO,
YUUTBIBas (pa30BbIC U3MEHEHUS BCEX B3aUMOJICHCTBYIOIIUX BOJIH.

OcCHOBHBIE M0JI0’KEHUS, BBIHOCMMbIE HA 3aIIUTY.

1. Jlns BBIOpaHHON MHTEHCHBHOCTH HAaKaykKd JIa3€pHOTO
U3JIY4CHHS, MO)KHO TEOPETUUYECKU PACCUUTATh KOTEPEHTHYIO JUTMHY
ZnO/PMMA. Tlpu BBICOKHX KOHIIEHTpauusax HaHodacTu ZnO
IUICHKH TEHEpUPYIOT Oo0Jiee CHIIBHBI CHTHAJI BTOPOW W TPEThEH
TapMOHHMK H3-3a OOJIbIIEH MJIWHBI B3aWMOJCHCTBUS HEIMHEHHOMN
Cpelbl, HO C JPYroll CTOPOHBI YMEHBIIAIOTCS A(PPEKTUBHBIC
KBaJIpaTHYHasl U KyOUYHAsI HETMHEHHBIE BOCTIPUUMYHUBOCTH.

2. Ilpu I'TT" B Mmeramarepuane ydeT (ha30BbIX H3MEHEHUU
B3aMMOJICHCTBYIOIUX BOJIH BEJCT K YMCHBIICHUIO (P()EKTUBHOCTH
npeoOpazoBaHus B TPEThIO rapMOHUKY B TpH pa3a oT 0.91 no 0.3 u k
W3MEHEHUIO MapaMeTPOB KPUBOM CHHXPOHU3MA OT MHTEHCUBHOCTH
HAKaYKU.

3. PacmpocTpaHeHne BOJH B MeTamarepuaie ¢ KyOHMYHOU
HEJIMHEWHOCTBIO COIpPOBOXAaeTCS 3PPEKTOM CaMOBO3ACHCTBUS.
[lpu yBenmuueHnuu ¢Ha3zoBOH pPACCTPOUKH aOCOIIOTHOE H3MEHEHHE
(da3bl OCHOBHOI'O U3Ty4YeHHS B Clydae MeTamaTepuasa BbIIIE, YEM B
0OBIYHOM KBaJpaTUYHOM Cpejie.

4. [TapameTprueckoe B3aUMOJCHCTBHE BOJIH B MeTamMarepuale
npu HY u BY nakaukax HamnOosiee 3((HEKTHMBHO MPOTEKAET IMPHU
ONTUMAaJbHBIX YCIOBHUSX B3aumojnenctBus. IIpu s3Tom peanusyercs
KOMIICHCAIMSI TIOTeph OOpaTHOM CHUTHAJbHOW BOJIHBI TIOTEPSIMHU
MPSIMBIX BOJIH.

5. BpiOOpoM oONTHUMaNbHBIX 3HAYCHUN [JIMHBI HEJIMHEHHON
cpenst 0.3 cM, MHTEHCHBHOCTH Hakauku 4 MBTt/cM?, ¢bazoBoii
orctpoiiku 0.06 cM! U ¢ ydeToM BIMSHHS JHHEHHBIX TIOTEPh B
cpele, MOKHO TOBBICUTh d()PEeKTUBHOCT, TMpeoOpa3oBaHUS BO
BTOopyto rapMmoHuky o 0.5 B xkpucramie AQGa(SeosSoz)2 u
nono0paTh YCIOBUS JJisl BBINOJHEHUS WM TIOBBIIICHUS CTEHICHH
HEKPUTUYHOCTH KPUCTAJIOB K YCJIOBHIO YIJioBOro (ha3oBOro
CHHXPOHHU3MA.

6. B kpucrammax HgixCdxGaxSs m GaSxSeix ¢ pocrom
WHTECHCHUBHOCTH HAaKayKd, yMEHbIIeHHEeM (a30BOH OTCTpONKH U
MOTEPh UMEET MECTO MapaMEeTPUUECKOE YCHIJIEHUE XOJOCTON BOJHBI
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U BO3MOXHO TMOA0OOpaTh YCJOBUS Ui TOBBIIICHUS CTEIECHU
HEKPUTHUYHOTO YIJIOBOTO (Pa30BOro CHHXPOHHU3MA.

7. MeTooM 53JIEKTPOXUMHUYECKOIO OCAXKJIEHUS BO3MOXKHO
MOJy4YeHHEe HAHOKOMITO3UTHBIX TOHKUX MIeHoK ZNO/PMMA.

Hayunasi HOBH3Ha HcCiIe/10BaHHUS.

Hayunass HOBu3Ha palOTHI ompenensercs TeM, 4YTO B Hei
MOJIy4YHJ1 JalibHeHIee pa3Butue aHanutuueckuii meroa — 113U u B
3TOM MPUOIMKEHUU BIIEPBbIE:

1. B II3U aHamuThMyecku TMoOKa3zaHO, YTO 3(GdeKTUBHAS
KyOWuyHasi HENMHEWHOCTh B  HaHOkoMmmo3uTax ZnO/PMMA
YMEHBILIAETCS C POCTOM KOHUEHTpAalMK HaHovacTul] ZnO, Toraa Kak
C Jpyrod CTOPOHBI H3-3a OOJIBIION JJIMHBI HEJIMHEUHOTO
B3aUMOJICMCTBUSL HAHOKPUCTAJUI TE€HEPUPYET CUJIBHYIO BOJHY
Tperbeil TapMoHUWKH. ([laHHBIA pe3yabTaT OBUT BKJIIOYEH B
“Esxeronubiii Hayunblii nokinan HAH AsepbaiimxaHa O BaXHBIX
HayuHbIX pe3yibraTax 3a 2015 ron”, 2016 rox, TpeTuil BBIMYCK).
AHAJIOTMYHOE MOYKHO CKa3aTh O KBaJAPaTUYHON BOCIIPUMMYHUBOCTH B
HaHokommozutax ZnO/PMMA u 0 BO3HUKHOBEHHWH CHIILHOW BOJIHBI
BTOPOW FapMOHHUKH.

2. Pasura Teopus I'TIT um »oddexra camoBozneiicTBus
CBETOBOI BOJIHBI B MeTaMaTepuanax ¢ yueToM M3MEeHEHus ¢a3 Bcex
B3aMMO/ICHCTBYIOIINX BOJIH.

3. Teoperuuecku HCCIEAOBaHbl HHTEHCUBHOCTh BOJIHBI
TpPeThel rapMOHUKH B MeTamMaTepuasiax IpH pazInyHbIX MapaMeTpax
paccMaTpuBaeMoil 3amauyd (MpUBEACHHAs JUIMHA MeTaMmarepuana,
¢dazoBasi paccTpoiika TpuU OOJNBIIMX U MaIBIX 3HAYCHMSIX,
WHTEHCUBHOCTH BOJIHBI HAKAYKH, TIOJTHAS [UTHHA METaMaTepraa).

4. Uzyuenbl (aszoBble dPPexTl TpHU  TPEXBOJIHOBOM
napamerpudeckoMm B3aumonerctsuu npu HY u BY nHakaukax B
MeTamarepuanax B cllydae OTpUIATENbHON pedpakiuu Ha 4acToTe
CUTHAJIbHOW BOJIHBI.

S. PaccmoTpeHo  mapameTpuyeckoe — B3aUMOJICHCTBHUE
ONTUYECKUX BOJIH HAKAYKH, CUTHAJIBHOM M XOJIOCTOM C Y4YETOM
U3MEHeHUs1 MX (a3 B XaJbKOI€HHUJHBIX KpucTamiax cpeaHero MK
auana3zoHa crnekTpa. OmnpeneneHsl yclIOBUS I HM3TOTOBIICHUS
3¢ (EeKTUBHBIX MapaMETPUUECKUX T€HEPATOPOB CBETa Ha OcHOBE HQ1-
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xCdxGaxSs nu GaSxSeix kpucramnos, rae Nd: YAG nasepsl MOryT
OBITH UCIIOJIb30BAaHBI B KAUECTBE HUCTOYHHUKA HAKAUKH.

6. IlpoanamusmpoBan mpouecc [BI' mpu HenwHeHOM
B3aUMOJICICTBUM BOJIH B XaJIBKOT€HMJIHBIX KPUCTAUIaX TBEPAOTO
pactBopa cpeanero MWK numanasona cnekrpa. IIpumMeHeHHBII
AQHAJTUTUYECKUHA METOJ MO3BOJSIET PACCUUTATh ONTHUMAJIbHBIC
napameTpsl, Kak KpHUCTaJUI-peoOpa3oBareist, TaKk M HCTOYHHUKA
U3Ny4eHUs  JUId  peanu3ali  HEeKPUTUYECKOro  (ha3oBOro
CUHXPOHM3Ma B KOHKPETHOM 3KCIIEPUMEHTE.

Teopernyeckasi M NIPaKTHYECKAsi 3HAYMMOCTDb HCCJIETOBAHUS.
[TpakTHyeckas IEeHHOCTh PabOThI COCTOUT:

oJlns  pa3paboTku  A(DPEKTUBHBIX  MApPaAMETPUUCCKHUX
npeoOpazoBarenieil 4acTOThI, yIBOUTENIEH W yTPOUTENECH YacTOTHI,
JaHbl KOHKPETHBIC TapaMeTphl MpeoOpa3oBaHusl (MHTCHCHUBHOCTH
BOJIHBI  Hakayku, (aszoBas paccTpoiika, AIWHA KpHUCTaljIa
npeoOpa3oBaress, MoIHas JUIMHA MeTaMaTepraia U UHTEHCUBHOCTD
XOJIOCTOM BOJHBI B Cllydae MapaMeTpUuecKoro mnpeobpa3oBaTens),
nosyueHHsle B [131.

e Paseur «MeTton reHepanuy BTOPOM U TPEThEH FapMOHHUK)» B
I13U mi1st uccaenoBaHus HAHOKOMIIO3UTHBIX IIEHOK ZnO/PMMA.

e JletanbHO HccnenoBaHbl KpucTtawibl cpennero MK nuamasona
Hg1-xCdxGaxSa, GaSxSei1x AgGax-1InxSe u AgGa(Se1xSx)2 mist
OTpefieNieHUs] YCIOBUN pPEKUMa HEKPUTUYHOTO K Yrioy (a3oBOro
CHHXPOHHU3MA.

ePa3pabotan M OCBOGH METOJ  AJIEKTPOXUMHUUYECKOTO
OCaXXJIEHUsI TOHKUX TUIEHOK Ha npuMepe ZnO ¢ Uepo AajIbHEUIero
WCCIICIOBAHUSI HEJIMHEWHO ONTHUYECKHUX CBOMCTB MOJYYEHHBIX
AKCIIEPUMEHTAJILHBIX 00PAa3IIOB.

PazButeiit Mmeron 13U kpome 3aga4 HETMHEMHOW ONTHUKH MOXKET
ObITh TpUMEHEH B paauopu3MKe, HETUHEHHOW  aKyCTHKE,
uHTEpPEepoOMETpUH U (PU3UKE MIIA3MBI.

Pesynbrartel  pa3BUTOrO MOAXOJA, aHAIU3a  HEJIMHEHHBIX
BOJIHOBBIX  B3aMMOJICMICTBUM  CBETOBBIX  BOJH  MO3BOJISIIOT
ONTUMU3UPOBATH pouecc npeoOpa3oBaHuUs. 3HaHue
3¢(}EeKTUBHOCTH  YacTOTHOro  mpeoOpa3oBaHUsl  HEIMHEWHOTO
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npoliecca Mo3BOJSET BBIACHUTH HauOojiee OJaromnpusTHble pabouue
napaMeTpbl U yCIIOBUSL pabOTbl ONMTUYECKON CHCTEMbI, TEM CaMbIM
YIYYIIUTH TapaMETPhI TaHHON CHCTEMBI.

AnpobGanusi U mnpuMeHeHHMe. Pe3ynbTaThl MCCIEAOBAHUS,
BKJIIIOYCHHBIE B JHCCEPTAMOHHYIO paboTy, OOCYXOalIuch U
OITYOJIMKOBaHBI Ha CJIETYIOIIHNX MEXTyHApPOIHBIX u
pecniyonukanckux koHdpepenmusx: Materials digest of the X
International Scientific and Practical Conference “Trends of modern
science 2014”, Sheffield, May30-7June, 2014; Workshop, Thilisi, 1-
2 June 2015; Materials of 8th International Scientific Conference
“Science and Society”, London, November, 2015; "Fizikanin aktual
problemlori" VIII Respublika elmi konfransi, Baki, 17 dekabr, 2015;
Materials of the XI International Scientific and practical Conference
“Conduct of modern science-2015” England,7 December, 2015;
Materials digest of the IX International Conference "Science,
Technology and Higher Education™, Canada, December 23-24, 2015;
“Opto, nanoelektronika, kondenss olunmus miihit vo yiiksak enerjilor
fizikas1” Beynolxalq konfrans, Baki, 25-26 dekabr, 2015; Eastern-
European Scientific Journal, Dusseldorf, Ausgabe 5 2016; "Fizikanin
aktual problemlori" IX Respublika elmi konfransi, Baki, 22 dekabr,
2016; “XOZORNEFTQAZYATAQ”-2016 elmi-tocriibi konfrans,
Baki, 24-25 dekabr 2016; “Modern Trends in Physics” International
Conference, Baki, 20-22 April 2017; "Fizika vo asrtonomiya
problemlori” beynoalxalq elmi konfransi. Baki, 24-25 may, 2018.

OnyOnukoBaHHBIe HayuHble paboTel: I[lo marepmanam
JUCCepTaluy OMyOJIMKOBaHO 22 HayyHble paboThl, cpeau Hux 11
ctareil U 11 Te3ucoB B MECTHBIX U 3apyOexHBIX *KypHanax. M3 Hux 3
ctatbi u 1 wMaTtepuan KoH(pEepeHIMH ObLIM OMYyOJIMKOBAHBI B
KypHajax, BKIIOYEHHBIX B 06a3y naHHbIX Clarivate Analytics (Web of
Science), 3 B 6a3e maHHBIX SCOPUS.

HasBanue opraHmsanum, B KOTOPOH BbINOJHAETCH
AUCCEPTALMOHHAS padora. HuccepranmonHas paborta
BBHITMIONHSUIaCh Ha Kadenpax «OnTuka U MoONEKyJsipHas (QU3MKa» U
«Dusndeckass  DIIEKTPOHUKA»  BaKWHCKOTO  TOCYIapCTBEHHOTO
YHHUBEPCUTETA.

O0BeM, CTPYKTYpPa M OCHOBHOE COJIePKAHNM TUCCEPTAIUH.
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HuccepranmonHas pabota wu3nokeHa Ha 192 crpaHumax
MalTMHOMUCHOTO TEKCTa, COJEPKUT BBEACHHE, YETHIPE IJIABHI,
3aKJTFOYCHUE, MPAKTUYCCKUE PEKOMEHIAIlMU, WIUTIOCTpUpOBaHa 64
pucynkamu ¥ 10 Tabmuiamwu, Jutepatrypa BkIo4aer 38 pabor Ha
pycckoM, 140 pabGor Ha aHrmuiickom u 3 paboTel Ha
azepOaipkaHCKOM si3bIkax. Beenenue cocrout u3 23212, 1 rimaBa us
40843, 2 rnasa u3 38596, 3 rmaBa m3 29281, 4 rmasa u3z 76844
3HAKOB, 3akiroueHue u3 2043 3HakoB. OOmui 00BeM pPabOTHI
coctouT u3 210819 3nakoB.

KPATKOE COIEPKAHUE PABOTbBI

Bo BBegeHHHM, OOOCHOBBIBAETCS AaKTYalbHOCTb TEMBI,
YKa3bIBAaeTCs 1i€Jb pabdOThl, HayyHass HOBHM3HA, OCHOBHBIC Hay4dHbIE
II0JIO’KEHUS, NTPEICTABICHHBIC HA 3AIIUTY, IPUBOJUTCS IIPAKTHYECKAS
3HQYMMOCTh,  OTJEIBHO  JAETCA KpaTKoe COAEp/KaHHE  IJIaB
JUCCepTaLyy.

B mnepBoii riaaBe guccepTAMOHHOW pabOThl B IEPBYIO
ouepeb JaHO NOJAPOOHOE ONMMCAHME OTEYECTBEHHOW U 3apyOeKHOIl
HAayYHOW JIMTEpaTyphl, MOCBSIIEHHON COBPEMEHHBIM MpodiemMaMm, C
KOTOPBIMHM BCTPEYAKOTCSl HCCIIEN0BATENN NPU W3YYEHHH HEJIMHEHHO
onTUYECKUX 3(PPEKTOB B MeTaMmarepualax, a TakKKe B HEIMHEHHBIX
XaJIBKOTEHUIHBIX ~ KpucTayax. [IpoaHanu3upoBaHbl  pe3ynbTaThl
paboT BeOyIIMX MHUPOBBIX HAYYHO HCCIIEOBATEbCKUX ILIEHTPOB B
3TOH 00JacTH.

Bropas rmaBa nocBsamaercs  ucciaegoBannto [ TIT B
HAaHOKOMIIO3UTax M Mertamarepuanax B II3M. B  pamxax
HCIIOJIB3YEMOT O npUOIKEHUS MPUBOJIATCS pe3yNbTaThl
TEOPETUYECKOr0 MCCIEI0BAHMs, C IIOMOIIBIO KOTOPOIO YAAETCs
Oosiee TOYHO oOmucaTh (PU3MYecKue OCOOCHHOCTH HEIMHEHHOTO
npoliecca Mo CPaBHEHUIO C IIUPOKO NMPUMEHSEMBIM MPUOIHKEHUEM
3aganHoro mosst (I131T).

B  uccnenyemoM  ciydae — OTpULATENBHBIX — 3HAUEHUU
JUAIEKTPUYECKOM M MAarHUTHOM TNPOHUIIAEMOCTEH Ha YacToTe
HAaKaykd 1 M TIOJOXKUTEJIBHBIX 3HAYEHUN JAMAIEKTPUUECKON H
MarHuTHOM  INPOHUIAEMOCTEN HA  YacTOT€ TapMOHHMKH (3
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CTaHJAPTHYIO CHCTEMY YKOPOYEHHBIX YPaBHEHHMIH paccMaTpuBaeM
IIpy CJICAYIOIUX I'PAHUYHBIX YCJ-[OBI/IHX:

Al(z=£)=AM eXp(i(DM)’ A3(Z=O)=O’ (1)
rac A]_‘3' KOMIIJICKCHBIC aMHHI/ITyHBI BOJIHBI HAKAa4YKHU U TpeTLeﬁ
TapMOHHUKH HA 4aCTOTax 1,3 COOTBECTCTBCHHO. CI‘H/ITaeM, YTO BOJIHBI
PacIpoCTPaHsIOTCs BAOIL Z OCU. 31ech Z =/ COOTBETCTBYET BXOIY
B METaMaTtepuail C HpaBOP'I CTOpPOHBI JId BOJIHBI HAKa4YKH (B
OTpULATCIIbHOM HaIIpaBJICHUHN OCHU Z), (01/- HaydaJIbHasda (1)333 BOJIHBI

HaKauyKu Ha BXOJIC B HEJIMHEHHYIO Cpely.
JI1si KOMIUTEKCHOW aMIUIMTYyabl BOJIHBI rapMoHuku B 13U Ha

BBIXOJEC HGJII/IHCI‘/’IHOI‘/’I Cpcabl HOHy‘IaeM
LY,

A(D)=iphy AT e
l'cosi’ﬁ—?sin Al )

2 Az 2 2 2

A :T_3F r :7173,'1/},

rae yi3- KodbduinueHTsl HeauHeiHoW cBs3u, A=K3-3Ki- dasoBas
paccTpoiika Mexay B3auMojeicTByrommMu BoiaHamu, Ki3 (K13>0) -
MOJTyJIM BOJTHOBBIX BEKTOPOB HAIPABJIEHHBIX BJIOJb MOJIOKUTEIEHON
OCH Z.

[TonydeHHOE aHANUTUYECKOE BBIPAXKEHHE, A YaCTOTHOTO
npeoOpa3oBaHus B MeTamarepuasie (2), pacCuMTaHHOE B paMKax
rpaHuyHoro yciosus (1), HampsiMyro 3aBHUCHT OT IIOJIHOW JUIMHBI
MeTamarepuana, 4YeM W OTJIMYaeTcd OT  aHaJOrM4HOIo
AQHAJTUTMYECKOTO BBIPAXKEHMUS JJIs1 NpeoOpa3oBaHUS 4YacTOTHl B
OOBIYHBIX MaTepuaax.

CornacHo BBIPRXXEHUIO, MMOJyYCHHOMY JUUIsl aMIUTMTY bl BOJTHBI
rapMoHuKkH (2) BHIHO, YTO AaMIUIUTY/Aa 3aBUCUT OT (hakTopa,
YUUTBIBAIONIET0 OOpaTHOE BO3ACUCTBUE BO30YXTaeMOW BOJHBI
rapMOHMKM Ha BOJHY Hakauku. B ormuume ot II3II ¢asza BosHbI
TFapMOHUKH 3aBUCUT OT MHTEHCHUBHOCTH BOJIHBI HaKaukv. AHaIN3
MoKasaj, 4YTO MeTamaTepuall WrpaeT poJjib 3epKajla, a HMEHHO
BO30y)XJaeMo€e U3JlyuyeHHe TapMOHUKH HAlPaBJIEHO HABCTpeuy
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BO30y)XJaromei BOJHE Hakauku. M3 cpaBHEHHs KpHUBBIX, puc.l
WHTEHCUBHOCTEH BOJIHBI HAaKayku W TpeTbedl rapmoHuku B II3I1 u
[13U, BBISBICHO, YTO y4eT 0OpATHOM peakiiy BO30YKIaeMOi BOTHBI
FapMOHUKMA Ha BOJIHY OCHOBHOTO M3JIY4YEHHUS MPUBOAUT K
YMEHBIICHHUIO MPUBEICHHBIX MHTEHCUBHOCTEN BOJIHBI HAKAYKHU B 2, a
BOJIHBI TPEThEIl rapMOHUKH B 3 pasa.

B nanHO#l rmaBe Takke H3y4eH SPQPEKT CaMOBO3IEHCTBHS
CBETOBOW BOJIHBI B MeTamaTepuaie U TPOBEACHO CpPaBHEHUE C
aHAJOTUYHBIM 3(PHEKTOM, UMEIOIIMM MECTO B OOBIYHOW KyOWIHOM
cpene (CM. PHCYHOK 2).

I Y)Y

0.9

0.6 -

0.3

Pucynok 1. 3aBUCHMOCTH NpPUBEIEHHBIX WHTEHCUBHOCTEH
BOJIHBI HaKauku (KpuBble 3 U 4) U TpeTbel rapMOHMKH (KpHBbIE 1 U
2) oT HpUBEIEHHOW JJIMHBI MeTamarepuaia, paccuutanubie B [13U
(xpubie 1 u 3) u 1311 (myHkTHpHBIE 2 4).

0.25

0.15

0.05

-0.05

-0.15

-0.25

Pucynok 2. 3aBucMMOCTH M3MEeHEHUsS (Da3bl BOJHBI HAKAuKU
OT MHTEHCUBHOCTH OCHOBHOTO U3JydYe€HUS B MeTamaTepuaie
(crutomHbie KpuBble 1 M 2) W B OOBIYHOHM cpene (MyHKTHpHBIE
kpuBble 1 u 2) mpu '/ =1 ans nByX 3HAYCHHWH MPUBEACHHOMN
dazoBoii pacctpoiiku A=0.5 (CIUIOITHBIE U MyHKTUPHBIE KpHUBBIE 1) U
1 (crutomIHbIE ¥ MYHKTUPHBIE KPUBBIE 2).
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Hanee Ob11 paccmorpeH mporiecc ['TIT B HAHOKOMIO3UTHOM
mwienke ZnO/PMMA. Tak kak I'TIT mpoucxomutr B JIHOOBIX
Martepuanax, ObUl IPOBEJICH AHATUTUYECKHUM CUET JJI KaXKI0ro CIOs
IUICHKA ¥ TMOIOXKKH. [IpoBoamnuce mocienoBaTesbHbIE PACUEThI
HenuHenHoro B3aumoeiictBus B [131 oT ci1os k ciioto B CTPYKType,
aHaormuHo TposeneHHoMy B II3I1 B paGorel. ITomyuensl maBa
BBIPOKEHUS JIJII KOMIUJIEKCHOM aMIUTUTYJbl TPEThEed T'apMOHUKHU B
CJOSX IJICHKA U IJICHKA + IMOJUI0XKKA.

W3 nonmyueHHBIX BhIpaXXeHUN 11 3P(HEKTUBHOCTH YaCTOTHOTO
npeoGpasoBanns B BonHy Tpetheit rapmornku (77,(£,)=1.(¢,)/1,)

Ha BBIXOJI€ CTPYKTYPbI HAHOKOMIIO3UTa UMEEM

. 2 -2
773(*f2)=(tsaaw)2 (t?sw)z m(f) [COSﬂzfz "'Clsmjzfzj +b* smgzéz eXp(-2041,), ©)

rmue Clzy%/ilctgilfl, b= y%Af—Asub 2, 7, -
Vs Vs

Lo f
KOO QHUIMEHTH HETWHEHHON CBSA3M BOJH, @ O . - KOA(PQUIMECHTHI

norjouieHus cpeast s miaeHku ZnO/PMMA, Ha COOTBETCTBYIOIINX
gacrorax (j=1,3), t

fs‘f’sa- KO3 PHUIHIEHTH TPOIyCKaHUs 1o Gopmyie
@peHens Ha rpaHHIE TUICHKA-TIOATI0XKKA U TTOAJI0XKKA — BO3AYX JUIS

BOJNHBI TpeThell rapmonmkm, a 75(¢,)=15(¢,)/1,, >ddexTuBHOCTS

npeoOpa3oBaHMs CHUTHAJA B TPEThIO TAPMOHUKY Ha BBIXOJE TMEPBOTO
cnosi. CornmacHo BeIpaxeHUIO (3), moaydeHHOMY TS 9P PEKTUBHOCTH
npeoOpa3oBaHusl, TMPOAHAIM3UPOBAH  JMHAMHYECKUN  TPOIIECC
YaCTOTHOTO MPeoOpa3oBaHUsS B TPETbIO TaPMOHUKY B CTPYKTypax
ZnO/PMMA.

Brno ycTaHoBneHO, 4TO Mpu Oojee BBICOKUX KOHIIEHTPAIUSIX
Zn0O, n3-3a OOJbIIIEH JUTMHBI B3aUMOACHCTBUS HETUHEHHOM CPEeIbI,

Tagiev, Z. H., Kasumova, R.J. Safarova, G.A. Third-harmonic generation in

regular domain structures // Journal of Russian Laser Research, — 2010. 31 Ne4, —
p.319-331.
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IUICHKH TEHEepUpYIOT OoJiee CUIIBHBIA CHUTHAJI TPEThEeW TapMOHHUKHU
puc.3.

ns (1) ZnO/PMMA 1

6E-11

SE-11 16 %
7%

4E-11 3%

3E-11 / ly

2E-11

% 1‘2 1‘7 2‘2 2‘7 32
Lot HM
Pucynok 3. 3aBucumoctd 3¢ (HEKTHUBHOCTH NPeoOpa3OBaHUS
BOJIHBI HAKa4YKH B BOJHY TpPEThEH TapMOHUKH OT 3()PeKTUBHOIM
JUIMHBl TpU  WHTEHCHMBHOCTM Hakaukn 20 I'Br/em® s
93=361=0.06-10%cm* (xpusbie 1 u 3), 0.076:10%M™? (xpussie 2 u 4)
1 0.13-10%m? (kpuBBIE 5 1 6).

Tperbss riIaBa JucCCEPTALIMOHHOM pabOThI MOCBSILAETCS
[IapaMeTPUYECKUM  IIpOLIEcCaM  HEJIMHEWHOTO  B3aWMOJAEHUCTBHUS
ONTHYECKUX BOJIH, 33 CYET HABEJCHHON HEJIMHEHHOM NOJIApU3aluu B
MeTaMaTepuanax, B pe3ylbTaTe KOTOPBIX HU3MEHSIOTCS IapaMeTpbl
HEJIMHEHHOM CpeJbl.

B paccmarpuBaemoil riaBe, oOCyX1aeTcsi MmapameTpHyecKoe
B3aUMOJICHCTBUE BOJIH B KBAJpPaTUYHOW Cpene MeraMarepuana ¢
yueToM ¢a3oBbix 3¢dexroB mpu HU u BU nakaukax, rae 4yacToThl
BOJIHBI HAaKaykd M  XOJOCTOW BOJHBI JeXaT B o0jacTu
MOJIOKUTENBHBIX ~ 3HAYCHUM  IOKas3aTesss  IPEJIOMIICHUSA,  a
CUTHAJIbHOW BOJIHBI — B 00JIaCTH OTPULIATEIbHBIX 3HAUCHUH.

CoOTBETCTBYIOLIME 3TOW I€OMETPUHM PACCMATPUBAEMBIX BOJH
TPAHUYHBIE YCIIOBUS MOXHO MPEICTABUTh B BUJIE:

A3 (2=0) = Ay eXP(iy030)  A(z=10)= A, exp(ig,), (4)

31echk Z=0 COOTBETCTBYET BXOJIy ClieBa B MeTaMaTepuan, A, ., ¢, s0"

HaYaJIbHBIC aMIUIUTYbl U (1)331:,1 XOJIOCTON BOJIHBI U BOJIHBI HaKauyKH
npu BXOAC CJICBA B HeHHHeﬁHYIO cpeny, AM’ ®,, - HaydajJlbHadA
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amMIIuTyAa U ¢a3a CUTrHAJbHOW BOJHBI IPU BXOJE B HEJIWHEHHYIO
cpeny copasa (z=/).

VuuTbiBas TpaHUYHbIC YCIOBHs (4), MojydaeM BbIpaKCHHUS
JUIsl KOMIUIEKCHBIX aMIUIMTyZA oOpatHoi BoiHbel nmpu HY u BY
Hakaukax. Jlanmee paccMaTpuBarOTCS JBa BaXKHBIX IapaMeTpa,
onpenensgomux 3()(ekTuBHOCT, Mpeodpa3oBaHus M TUHAMUKY
npouecca ycuienus: B Metamarepuaie npu HU u BY nakaukax.

O¢ddekTuBHOCTP YAaCTOTHOTO MpeoOpa3oBaHUsS CHUTHAJIBHOU
BOJIHBI B ciiydyae HY Hakauku nmeer B

2 atn 2
mz=0-—— 2 (5)
A2 cos® Al +Tsin 20

AZ
rne A= 1/7 —~I'7 -T/ , aB cnyuae BU nakauku

TZsin? A0
= : : (6)
(2) sin? A0 + A? cos® Al
Az 2 2 2 2 *
e A= 7+F3 -y I=nrals I =npsle 1=AA

Koadp¢uuuent ycunenus curHanbHOM BoiHBI B ciaydae HY
HAKa4yK1 ONPEEIISAETCS BEIPAXKCHUEM:
1

My = : (7

A 2
cos? Al + (j sin? A/
24
npu BY Hakauku BelpaxkeHue 18 Kod(@HIMEHTa YCUIIEHHUS
CUTHAJIbBHOM BOJIHBI UMCCT BI/I}I:

_|sin Az +ibcos Az|"
e lsin A¢ +ibcos A¢| '

(8)

22
31ech b= —.
A A

Ha ocHOBe aHanuTUuYeCKHWX BbIpaXeHUH KodpPuienTa
yeuseHus 1 3pPpekTUBHOCTH peoOpa3oBaHus B MeTamaTepHaie npu
16



HY mnakauke mocTpoeHbl rpaduKd 3aBUCUMOCTEH, JAIOLINX
HaIJHYI0 KapTUHY B3aUMOJEHCTBUS.

016 11
01s | /\
0.08 - g Y S S
>~ ; B : P
0.04 - BN P YA U e
N\ \7 >, S\ Y
0 - ¥ NS N N )
0 2 4 6 3 y CMo

Pucynok 4. 3aBucumocTs 3pGEKTUBHOCTH NpeoOpa3oBaHUs B
CUTHAJBHYIO BOJIHY OT T[IOJHOW JJIMHBI Meramarepuana [,
nonyuennbie B 13U, mma 1,=0, T,=1 cm?’ npu A =3 cm?

(crtommnble kpuBble 1 u 4), 2.5 cM? (ciommHas kpuBas 2) u
2.097688 cm* (crmommas kpuBas 3), |, /1,,=0.1 (crmommnbie

kpuBble 1-3) u 0.3 (cruiomHas kpuBas 4). Pe3ynabTaTsl, oIydeHHbIE
B [13I1 naHbl TOYEUHBIMU KPUBBIMH.

N3 pucyHka 4 BUAHO, 4TO JJsl KaXJOro 3HaueHus (a3oBoii
PacCTpOMKM CYIIECTBYET ONTHUMAJIbHOE 3HAUYEHUE IOJHOM JITMHBI
MeTaMaTepuasia, Hpu KOTOpod 3¢ (EeKTUBHOCTh MpeoOpa3oBaHUs
MakcuMaibHa. B 1aHHOM ciayyae onTHMallbHOE 3HAYEHHUE IMOJIHOM
JUIMHBI ME€TaMaTepHrajia UrpacT TaK Ha3bIBAEMYIO POJIb KOT€PEHTHON
MOJIHOW JIJTMHBI HETMHEWHOW CpeJbl, TIOHSTHE, KOTOPOE B OOBIYHOM
Cpelle XapakTepHO A TeKylleW amuHel martepuana. C pocrom
($a30BOi pacCTPOMKK aMIUTUTy/a OCHWJULSIUN TagaeT, a 4acToTa
OCLMJIISLIMM pacTeT (CpaBHUTH KpuBbIe 1 U 2).

Pesynbratel 118 3¢¢deKTUBHOCTH  mHpeoOpa3oBaHUs B
CUTHAJIBHYIO BOJIHY JUISI JBYX pa3HbIX YPOBHEH BXOIHOHN
MHTCHCHBHOCTH  CHTHQJbHOM  BOMHBI |, /1,0 =01 wu 0.2
IpeJICTaBJICHbI Ha PUC. .

Kak cienyer u3 moBeneHUs 3aBUCUMOCTEH C YBEIMYEHUEM
BXOJIHOTO (CIpaBa B Cpely) 3HAUE€HHS MHTEHCHUBHOCTH CHUTHAJIbHOMN
BOJHBI |, B 2 pa3a k0d()(UIMEHT yCUIIeHHs Ha BBIXOJAE CJIEBa W3
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metamarepuana | (z=0) pacrer B 2 pa3a (kpuBble 2 U 4), IpH TOM

ONTUMAJIbHOE 3HAYCHHE MOIIHOCTH Hakayku paBHO 2.85 BrT.
Otcrona, BbIOOpPOM OOJIBIIETO YpOBHS OOpaTHOM BOJHBI HAa BXOJE
MOKHO peann30BaTh 0o0Jieeé MHTCHCHBHYIO CHUTHAJIBHYIO BOJIHY Ha
BBIXOJI€ U3 MeTaMaTepuasa.

2 4
MOIMHOCTH HAKAYKH, Br
Pucynok 5. 3aBucuMocTh 3 PekTUBHOCTH TpeoOpa3oBaHUs B

CUTHAJIbHYIO BOJIHY OT MOIIHOCTH HaKa4Ku JJIsd Il/,‘ =0 IIpu

/15 =0.1 (xpusbie 1-3) u 0.2 (xpuBas 4) u A =5 cm™* (kpusas 3),
5.5 em! (kpuBsie 2 u 4) 6 cm* (kpuBas 3).

B pesynbrare ananmza BbIpakKeHHs IS KodddUIMEHTa
yCWJIEHMs, B cCllydae, Korja Ha BXOJE B MeTamaTepual
OPUCYTCTBYIOT BCE TPH BOJHBI (CM. PHCYHOK 6), pPOCT
KodpUIlMeHTa YCHJICHHsS CHUTHAIbHOW BOJIHBI  3aBUCHUT  OT
COOTHOIIIEHUSI YPOBHEH WHTEHCHUBHOCTEW XOJIOCTOM W CUTHAJIBHOMU
BOJIH Ha BXoJle B MeTamarepuan. Yem OoIblle 3TO COOTHOIICHHE,
TE€M BbIIIEe KOIP(PUIIMEHT YCUJICHUS CUTHAJILHON BOJIHBI, HAIIPUMEP
CpPaBHUTh KpUBbIE 2 U 7, Tlle ypOBEHb MHTEHCHUBHOCTHU XOJOCTOU
BOJIHBI K CHTHAJIBHOM OTJIMYaeTcs B 5 pas.
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1
100 | yema

0 2 4 6 8 10
Z, CM

Pucynok 6. 3aBucumoctu k03 duiinenTa ycunaeHus, ot JUIMHBI
meramatepuana s =1 cm?, /=10 cm, A =25 cm? npu
I,0/15,=0.1 (xkpuBbie 1, 3,4 n 6), 0.3 (xpuBble 2 1 5) u 0.5 (kpuBas
7), l,/1,=1 (xpuBas 1), 5 (xpusas 3), 10 (xpuBbie 2 u 4), 50
(xpuBble 5, 6 1 7)

Otciofa, COIIacHO MOJYYEHHBIM B PabOTe aHATUTUYECKUM
BelpakeHUsIM B [I31, MOKHO paccuuTBIBaTh OXKHIAEMble 3HAUEHUS
it ko3 dunmenta ycuneHus u 3pekTuBHOCTH MPeoOpa3oBaHus B
meramaTepuasie npu HY Hakauke [uig KaXA0ro KOHKPETHOI'O
YCIIOBUS 9KCIIEPHIMEHTA.

B cnyyae BY nabmiogaroTcs OeCKOHEYHO OOJbIIME 3HAYEHUS
3¢(EeKTUBHOCTH TNpeoOpa3oBaHUsl B CHUTHAJIbHYIO BOJHY U
Kod(QUIMEeHTa yCUJIEHHS CHUTHAIBHOW BOJIHBI TIpU  BBIOOpE
ONTUMAJILHOTO ~ 3HAYCHWsS  TOJHOW  TPUBENEHHOW  JUTUHBI
MeraMaTepuaa (CM. pUCYHOK 7).

6 ]"sl
Pucynok 7. 3aBucumocTtu 3¢ (HeKTHBHOCTH MpeodOpa3oBaHus B
CHTHAJIbHYIO BOJIHY (KpuBasil) u kKodpduuuenTa ycuiaeHus (KpuBble
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2 u 3) oT MONHOH NMpHUBeAEeHHOHN UTMHBI MeTamarepuana 1t A =0,
I,,/1, =0.1. Kpussie 1 u 2 paccuuransi B [13U, a xpusas 3 B [13I1.

Pesynpratel  mis  3ddexkTHBHOCTH  mpeoOpa3oBaHUS B
CHUTHAIBHYIO BOJIHY JJIS TpeX pasHbIX YpPOBHEH BXOJIHOU
WHTCHCUBHOCTM  CUTHAJIbHOW  BOJIHBI 1,/1,,=0.1; 0.3; 0.5

npelacTaBleHbl Ha pucyHke 8. Kak cienyer U3 NOBeINCHUS
3aBUCUMOCTENl C YBEJIMYEHUEM BXOJHOrO (C IPaBOM CTOPOHBI
MeTaMaTepuala) 3Ha4eHUs] MHTEHCUBHOCTH CUI'HAJIbHOM BOJHBI |, B

5 pa3 ko3P PUIHMEHT YCHJICHHs Ha BBIXOZE ClIeBa U3 MeTaMaTepuala
I,(z=0) pacrer mouru B 2 pasa (IpH 3TOM ONTUMAJIBHOE 3HAYECHUE
MOIIIHOCTH Haka4yku paBHO 4.205 Bt). Otcrona, BEIOOPOM OOJIBIIETO
BXOJIHOTO 3Ha4yeHHs OOpaTHON (CHUTHAIBHOM) BOJIHBI MOKHO
peanu3oBaTth 0Oojiee MHTEHCHBHBIH CHUTHalT OOpaTHOW BOJIHBI Ha
BBIXOJI€ U3 MeTaMaTepuara.

L,(0)/15

6

MOIIHOCTHh HAKAYKH, BT
Pucynok 8. 3aBucumocTs 3¢ (HEeKTUBHOCTH NMpeoOpa3oBaHUs B
CUTHAJIBHYIO BOJIHY OT MOUIHOCTM HAKauKW JUIs TOJHOW JUIMHBI

meramarepuana ¢ =2 cm, Al/2=2.6 npu l,/1,,=0.1 (xpuBas 1),
0.3 (xpuBas 2) u 0.5 (xpusas 3).

B 4erBeproii ruase Tteoperndecku paccMmorpeHsl ['BIT u
napaMeTpuuecKoe B3aUMOJICUCTBUE JJIEKTPOMArHUTHBIX BOJH B
HAHOKOMIIO3UTaX M XaJbKOT€HUJHBIX KpHUcTauiax cpeaHero UK
nuanasona B [131.

B sroit rnmaBe o6cyxknatorcst dazoBbie 3G(HEKTH B KpUCTALIIAX
GaSxSe1x, Hg1xCdxGaxSs, AgGa(Se1xSx)2 u AgGaxini«xSez. B atux
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COCIMHECHUAX 3a CYET YBEIUYCHUSA COACPXKAHUA OAHOIO W
YMCHBIIECHUS COIEP)KAaHUSA JAPYroro dSJIeMEHTa TEOPETUYECKU
[I0OKa3aHa BO3MOXXHOCTb Pa3padOTKH KPHUCTAJUIOB C HEKPUTHUUHBIM
($a30BbIM  CHHXPOHU3MOM Ha HHTEpeCyeMOW JJIMHE BOJHBI
U3IIy4ECHHUS.

Jis HenuHeHHOro nmpeoOpa3oBaHUs TEOPETUUYECKUM aHAIU3 B
[I31 B3auMopmelcTBHUS BOJH B  OTPULIATENBHBIX  OJHOOCHBIX
kpuctamiax GaSxSe1-x OCYIIEeCTBISIETCS ¢ UCTIOIb30BAHUEM CUCTEMBI
YKOPOUYEHHBIX ypaBHEHHIA?

‘ZAS +5A +% 1A =—iy A A exp(iAz),
VA

z

dA . .
d_p+§"A” +% 1A =iy, AA exp(-iAz)
z

3necb  Asjp- KOMIUIEKCHBIE  aMIUTUTYIbl  CUTHAJBHOM,
XOJIOCTOM BOJIH W BOJIHBI HAKayKH, PacCHpOCTPAHSIOMUXCS B
HanpaBJICHUU OCH Z HA  COOTBETCTBYIONIMX  YaCTOTaXx.
Koa¢hdummeHTsl HeTMHEWHON CBSI3M U MOTEPb s j-i BOMTHBI (j=S,i,p)
0003HaYCHBI, KaK 7% M ¢ COOTBETCTBEHHO, J) - KOHCTaHTa N-
(OTOHHOTO MOTJIOMIEHUSI.

[Tpenmonaraercs, 4YTO KPHUCTAUI WMEET JIMHEHHOE W
nByxdoronnoe mnornorieHre (N=2). A (aszoBas paccTpoiika MEKIY
B3aMMOJIEHCTBYIOIIMMYU BonHamMu umeeT BuA A =K —K —K, .

3amaua uccneAoBaiach B 0OIIEM cliydae, KOorja Ha BXOJE
MPUCYTCTBYIOT BC€ TPU BOJIHBI C COOTBETCTBYIOIIMMHU YacTOTaMH
w MO3TOMY TPaHUYHBIE YCIIOBHSI MPUOOPETAIOT CIAESAYIOIIHNIA BHI:

Ap,i,s (Z = O) = ApO,iO,sO exp(i¢p0,i0,so) (10)

TI€  Ppioso - HaYaIbHbIE (asbl BOJHBI HAKAYKH, XOJOCTOH H

p.is?

CUTHAJIBHOM BOJIH TP BXOJIE B cpelly, Z = O COOTBETCTBYIOT BXOIY B

’Tarues, 3.A., Kacymopa, P.JIxk., CanmanoBa, P.A. Teopus BEIPOXKIEHHOIO
YEeTBIPEXBOTHOBOTO B3aUMOJICHCTBHUS B IPUOIIKEHUH 33 JaHHON HHTCHCUBHOCTH //
— Cankr-IlerepOypr: Onruka u ciekrpockomus, — 1999, 87, Nel, — c. 94-97.
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KpUCTaJLI.
Pemasi cucremy ypaBHeHu# (9) OTHOCHTEIBHO KOMILIEKCHOM

amIuTyabl  xonoctoil Boansl A, B II3U, ¢ npumeHeHuem

rpann4HbIx ycioBuid (10) 111 MHTEHCHBHOCTH XOJOCTOM BOJIHBI Ha
BBIXOJIE KpuUcTauia, KoTopas OIpeaensaeTcs KaK

1,(¢,)= A(¢,) A'(¢,), momydaem cienyoliee BbIpaXkeHHe

. 2
é+ iAo As sinh? g 3

l.(¢,) =1, exp(=25,/,)| cosh®q £, + A E , (11)

A 2 2
rae q2 :Fi_ri_Tv 1—‘s ZYtilsoﬂ 1—‘p :YSinpO'

CornacHo TMOJY4YEHHBIM HAMH AQHATUTHYECKUM BBIPAKECHUSM
st 3PGEKTUBHOCTH TPeoOpa3oBaHUs OCHOBHOW BOJHBI B BOJIHY
BTOpOl TapMOHMKM ¥ KOIPOUIUEHTOB YCWICHUS H3ydaeTcs
TUHAMHKA TPOIECCOB HA OCHOBE IIOCTPOCHHBIX TpapuKOB
3aBUCHMOCTEH.

Kak BUIHO M3 KPUBBIX pucC. 9, IpH ONPEICIICHHBIX 3HAYCHUSIX
napamerpa 3amaud B Kpuctamwie GaSSe MOXHO TONy4yuTh Oojee
CHJILHBINA CUTHAJI X0JIOCTOH BOJIHEI, ueM B (GaSe. 31ech ke OKa3aHkl,
SKCIIEpUMEHTaNbHbIe ToukH (KBaaparel-GaSSe u Touku- GaSe) 3.

Hwxe B Tabnuie | mpuBeeHbl pacCUYMTAHHBIC BETUYHHBI yTIiia
CUHXPOHM3MA U YTIIOBOTO JUCIEPCUOHHOTO KOI(PUIHEeHTa BTOPOTO
nopsiaka it kpuctawia  HQo7CdosGaxSs  mis  ciywast
napaMeTpUUecKOl TeHepaly CBeTa Ha XOJIOCTON BOJIHE.

3Miyata, K., Picosecond mid-IR optical parametric amplifier based on the wide-
bandgap GaSo4Seos pumped by a Nd:YAG laser system at 1064 nm / K.Miyata,
G.Marchev, A.Tyazhev [et al.] // Optics Letters, — 2011, 36, —p. 1785-1787
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Pucynok 9. 3aBHCHMOCTH WHTCHCHBHOCTH XOJIOCTOM BOJIHBI
I,(¢) B xpucramiax GaSo4Se€os (kpuBble 4-6) u GaSe (kpusbie 1-3) B

3aBHCHUMOCTH OT TPUBEICHHOW MHTEHCUBHOCTH Hakauku lpo,
paccuurannsle B II3U mpu |;,= 1 mxJlx (kpubie 1 u 4), 2 MxJlx

(kpusble 2 1 5) u 5 MkJDk (kpuBbie 3 u 6), 1, /1,,=45 108, Jlna

cleaylomux TapamerpoB Kpuctamia GaSosSeos: ¢ = 0.47 o 3,
5i=0.07 e 1 n=0.415 cw/T'Bt u xpucramma GaSe: ¢ = 0.39 cm 3,
6i=0.29 em! 1 yn=1.46 cM/T'Br.

Ta6muua 1. Jlannsie o kpuctamny Hgo.7Cdo3Ga2S4 mist ciryyast
napamMeTpU4eCcKoi TeHepaluy CBEeTa Ha XO0JIO0CTOH BOJIHE.

KpHUCTa A, ne ne Tum | defr | Os, | YrioBoi
hib)| MKM CHHX | , | Ip | IMCHEpPCHOH.
poH | M/ | an | Ko3ppuIreHT

usma | B | yc | Broporo

opsiika,cM
1yrn. mun.
Hgo.7C 1.064 [2.430 [2.398 90 0.0000634
do3Gay | Hakauka | 288 | 99 955
S4 1.5772 [2.405 [2.367 24.
curnans | 065 | 763 | 670 | o4
Has °

3.27 |2.386 [2.352
xoJiocrad | 262 | 55

Hanee paccMmaTpuBaics 3h(GeKT reHepaui BTOPOi rapMOHUKH
B mepcrekTHBHBIX KpucTamiax AgGa(Se1-xSx)2 u AgGa xInixSe..
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3aaya pemangach Aj1s cilydas IJI0OCKUX BOJIH: BOJIHBI HAKAUKH C
KOMIUIEKCHOW aMIUIMTYA0M A1 Ha 4acTOTe w1 U BTOPOM rapMOHMKH C
KOMIUIEKCHOW aMIIMTYAOH A2 Ha 4acToTe 2. AHalIu3 IeHepauuu
TapMOHUKH B CpE/leé MOKHO OIHUCATh HM3BECTHBIMU YKOPOYEHHBIMU
ypaBHEHUAMH BUJa (B3auMoeiicTeue 0o-¢)*

dA 87z°d,,, . -
LATHP Y it —iAz)
- +5A Iﬂ,ln(a)l)AzAl exp(—iAz)

dAz Ar 2dz ff -
—2+0 =—i——A’€ VAV
31€Ch 01,2 - KOI(DQUUMEHTHI NOTIOMIEHHUS, d,q¢ - PheKTHBHBIE

(12)

HeNuHeHble Ko3(puuumeHTs i ciaydas 00—>€  CKaIIpHOTO
CUHXpOHU3MA, A12 — JAauHBL BOdH, A=Kk,—2k - (¢a3oBas

paccTpoiika, n(w, ,) - TMOKa3aTeNu IPETOMIICHUS KpHCTaIa, a Ki, ko

— BEJIMYMHBI BOJIHOBBIX BEKTOPOB Ha YaCTOTaX (1,2, COOTBETCTBEHHO.
HccnenoBanue NpoOBOAMIOCH IPH CIEAYIOIUX TI'PaHUYHBIX
YCIOBUAX

Al(zzo):AloeXp(i%o)' AZ(ZZO):O’ (13)
rae z=0 cOOTBETCTBYET BXOIY B KPHCTAILL, & ¢,- HauaibHas (asa

BOJIHBI HAKAUYKH HA BXOJIE B Cpey.

Pemaem  cucrteMy — yKkopoueHHbIX  ypaBHeHumit  (12),
npoauddepeHInpoBan BTOPOE yYpaBHEHUE OTHOCHTEIIHO
aMIUIUTYAbl TapMoHMKHM M npumensis II3U. B pesynerate s
3¢ (HeKTUBHOCTH MPeoOpa30BaHUs BO BTOPYIO TaApMOHUKY Ha BBIXOJIE
kpuctama (Z = /) noiyuaem>:

‘Nlmutpues, B.I'. TlpuknagHas HenuHeiiHas onTuka: | eHepaTopsl BTOpOIi
rapMOHMKHM M NapaMeTpuueckue reaepatopsl ceera / B.I'.Jlmutpues, JI.B.Tapacos.
— Mockga: ®usmatiur, — 2004, — 512 c.

S Tagiev, Z.H., Constant-intensity approximation in a nonlinear wave theory /
Z.H.Tagiev, R.J.Kasumova, R.A.Salmanova [et al.] // Journal of Optics B:
Quantum and Semiclass, —2001.3, — p. 84-87.
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772 (g): IZ(E)/ IlO = 7/22 IIOEZSinC 2Me><p[_ (52 + 251)6]’ (14)
rae A2 =202 —(8, —26, +iA) /4, T? = y,p,1,,, sincx =sin x/x,
30€Chb ¥,,7, - KOI(MOHULUEHTbl HEIMHEHHOM CBA3M BOJH BTOPOIO
HOPSIIKA .

0O 1 1
v

-1.2 -0.7 -0.2 0.3

0§, rpagycol

Pucynox 10. 3aBucumocts 3¢pdexkTruBHOCTH TpeoOpazoBaHUS
BTOpOii rapmMoHuku B Kpucramie AgGa(Se1xSx)2 or dasosoi
paccrpoiikn, mpu 612=0.1 em?, l1o= 1.5 MB1/cM?, muHe KpucTaia
1=0.2 cm st Tpex 3HaueHuii mapamerpa x=0 (kpusas 3), 0.2 (kpuBas
2)u 1 (xpuBas 1).

N3 mnoBenenuss kpuBbix 1-3 pucynka 10 BuHIHO, YTO
3aBHCUMOCTh CTAaHOBUTCA OoJiee IIaJIKoi ¢ yBeIMUeHHEM MapaMeTpa
X. OTOT (haKT MOATBEPKAAET TOT (PAKT, UTO PEXKUM HEKPUTUYHOCTHU
KpHUCTajla K BBIIIOJHEHUIO YCIOBUs (ha30BOr0 CUHXPOHHM3MA JydIle
BBITIOJHAETCSI C POCTOM KOHILIEHTpauuu cepbl. OJHAKO IpHU 3TOM
YMEHBIIAETCS ~ HENMHEWHas  BOCHPHUMMYMBOCTH  HCCIIELYyEMOM
CTPYKTYyphl. JlampHeWIIne SKCIEPUMEHTAIbHBIE  MCCIIEIOBAHUSA
JIAHHBIX NIEPCIIEKTUBHBIX HEJTMHEHHBIX KpucTawioB AgGa(Se1-xSx)2
MO3BOJIAT ~ ONPEIEIUTh  KOMIIOHEHTBl  TEH30pa  HEJIMHEHMHOU
BOCIIPUMMYHMBOCTH JIJISl Pa3HBIX KOHLIEHTPALM cepbl. A 3TO, B CBOIO
odepesib, MO3BOJIMT aHATUTH4YeCKu paccuntath B [I3U ontumansHOE
OTHOCHUTEIIBHOE COJEpXKAaHUE CEPbl B JAHHOM IEPCIEKTUBHOM
COCIMHEHUH M JaTh pPEKOMEHJalUuu pa3paboTuyuKaM Ja3epHBIX
YCTPOMCTB.
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Pucynok 11. 3aBucumocTty 3¢pPexTuBHOCTH TPeodpazoBaHus
BOJIHBI BTOpOH rapmoHuku B kpucramie AgGaxlni«xSe; ot dazoBoit
paccrpoiiku npu lio= 0.6 MB1/cM? mns Xx=0.7 (rpynmsl KpuBbX 1 1
4), 0.6 (rpymmsl kpuBbIX 2 U 5), 1 (rpynmsl KpuBbiX 3). B kaxkmoit u3
TpyNN BEpXHSAS KpUBas COOTBETCTBYET JIMHE BOJHBI paBHOU 9.64
MKM, cpenssst — 9.55 Mkwm, a HwkHAS KpuBas -9.31 mkm. [[nmuna
kpuctamia® |= 1.05 cm, (rpynms! kpussix 1 u 2), 0.8 cM (kpuBas 3) u
0.65 cm (rpymmsl kpuBbix 4 u 5). ns AgGaSe, kpucramia 61=0.09
em?, 8,=0.15 cmt u AgGaxInixSe; 6:=0.06 em?, 3,=0.08 cm>.

Ha pucynke 11 nokasansl pe3ynbsTarsl ananu3za [131 nporuecca
YaCTOTHOTO IMpPeoOpa3oBaHUsl B CIydae TPeX Pa3HBIX COJEPIKaHHS
unaus B kpuctamuie AgGaxIni«Sez: 0, 0.3 u 0.4. PaccmoTpens! Tpu
BapHaHTa JJauH BojH Hakauku CO2 nazepa: 9.31 Mxm, 9.55 MkM u
9.64 MKM.

W3 cpaBHEHUS TIOBEACHUS TPYIIIBI KPUBBIX 3, 4 U 5 BUIHO, YTO
C YBEIMUYCHHEM KOHIIEHTpaluu UHu (T.e. mapaMeTpa X) ot 1 10 0.6
3aBUCHUMOCTh YIUIOIIA€TCS, CTAaHOBUTCS Bce Oojiee Moyoroi. D10
CBUJIETEJICTBYET O MEpexo/ie K pexXUMy HEKPUTUYHOCTH KpHCTasia
K BBITTOJTHEHHIO YCIIOBUS (pa30BOTO CHHXpOHU3Ma. Tak, Hampumep, B
kpuctamie AgGaSe; nsmenenue 3¢p(GEeKTUBHOCTH IMpeoOpa3zoBaHUs
Ha 0.036 % TpOMCXOTUT B YIIIOBOM WHTepBaje 3HaueHUH or — 0.6
mpaz 1o + 0.6 mpan. 3amemienue B kpuctaiuie yactu Ga Ha mHAMN
no conepxannus x=0.7 (AgGao7Ino3Sez2) Bemer Kk aHAIOTHYHOMY
U3MEHEHHI0 A(PQPEKTUBHOCTH, HO YyXKe B YIJIOBOM HWHTepBaie
oompmeM B 1.67 pa3 (or - lmpag mo + Impan). JlanbHeitmee
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BHenpeHne B kpuctaiur uHaus g0 x=0.6 (AgGao.slnosSez)
YBEIUYHMBAET yIi0BoM uHTEpBai B 33 pasa (- 20 mpax + 20 mpan) o
CpaBHEHHIO co cirydaeM kpucramia AgGaSez. Orciona B KprcTamiax
AgGaoelno.4Se; HEKPUTUYHOCTD K BBITIOJHEHUIO YCIOBHS (Da3oBOTO
CUHXPOHM3MA BBINIOJHSETCS B OOJBIIIEM YTJIOBOM JUAIa30HE, YeM B
AgGao7lng3Sez, a Tem Gomee B AgGaSe,. JlanHblii BOmpoc OBLI
SKCIIEPUMEHTANLHO  HCClenoBaH  BP, HO npu  JUTMHE
JKCTIepUMEHTAIbHOTO oOpasma kpucramia AgGaxinixSez, paBHoit
1.05 cMm. B Hamiem cirygae 3TO COOTBETCTBYET IpYIIIe KPUBBIX 1
(x=0.7) u 2 (x=0.6). CpaBHeHue KpuBbIx rpynn 1 u 4 u rpynmn 2 u 5
MOKAa3bIBAET, YTO HCIOJb30BAHWE KOTEPEHTHOW JUIMHBI, T.€.
ONTUMAIILHOW  JJIMHBI  KpPHUCTaJUIA-TIpeo0pazoBaTeNsi  MOXKET
MO3BOJIUTh B 3 pa3a MojHATh 3((HEKTUBHOCTH NpeoOpazoBaHuUsl C
0.15 no 0.45.

Kpome  HenMHEHHBIX  TPEXUYaCTOTHBIX  MPOIECCOB B
XaJIbKOTEHHUTHBIX KPUCTAJIJIOB B 3TOH TJIaBE TaK K€ PacCMAaTPUBACTCS
I'BI' B HaHOkOMIIO3UTHBIX TuieHKax ZnO/PMMA. Hanokpucramiku
ZnO OBUIN MOJYYCHBI METOJIOM 3JICKTPOXUMHYECKOTO OCKICHUS Ha
MOBEPXHOCTHU IJIeHOK PMMA.

N3yuenre Mopdosornu moBepXHOCTH TUIEHOK TPOBOIHIIOCH C
MOMOIIBI0 CKaHUPYIOILIETO AJIEKTPOHHOTO MUKpockoma. Kpome Toro
OBLT TPOBEACH PEHTTCHOCTPYKTYPHBIM  aHAIHW3, PE3yIbTaThl
KOTOPOTO MPUBEACHHBI Ha pUC.12.

[TpuBeneHHass audpakTorpaMMa HLTIOCTPUPYET  TUICHKH,
ocaxaennnle mpu -1.0 B. CormacHo pHCYHKY, IUIEHKH SIBJISIOTCS
MOJIMKPUCTAIIJIAMH C TeKCaroHalbHOM (a3oil U 0071a1al0T CHIIbHBIM
nukoM B ruiockoctu (002).

6 Angpees, IO.M., Vasoenne wuactorel COz-7Ta3epoB B HOBOM HEJIMHEHHOM
kpucrammie AgGaxlnixSe; / FO.M.Aunpees, U.C.barypun, ILILIeiiko [u ap.] //
KsanroBas asekrponuka, — Mocksa: — 1999. 29, Nel, —c. 66-70.
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Pucynok 12. PertrenoctpykrypHas kaptuHa ZnO TUIEHOK

Ha puc. 13, noka3aHbl CHEKTpbl ONTHYECKOIO IMPOIYCKAHUS
IUICHOK OKCHJIa LIMHKA OCaXJECHHbIX IMPU Pa3IMYHbIX KaTOJHBIX
HOTEHIMAaJax.

Jnsa mnenku, HaHeceHHo mnpu — 1.0 B, ontuueckuit
K03 pULMEHT nponyckaHus cocTaBisier okosno ~ 85%. Hlupuna
3anpenieHHON 30HbI TUICHKH cocTaBisier 3.3 3B.

100 T T T

T T T

80 |

60 |-

ToTeHIma

40 -

transmittance(%)

20 |
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200 300 400 500 600 700 800

wavelength (nm)

Pucynok 13. CriekTpbl ONTHYECKOTO MPOITYCKaHH

B sroMm ke pasmene moOKa3zaHbI TaK K€ Pa3INYHBIE CHOCOOBI
BBIYHCIICHUS TOKa3arenedl mpemomineHus s ZnO. DMmupudeckas
MoJienb Torommenuss Komm Gblia HCMoJb30BaHa MpU aHAIu3e' u3
paboThI

n(1)= A+B/X +C/A

"Tompkins, H. G. Spectroscopic Ellipsometry and Reflectometry and /
H.G.Tompkins, W.A.McGahan, — New York: John Wiley & Sons, — 1999. —p. 93.
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it ZnO/PMMA?2 (tabnuia 2) u mist ZnO/PMMA 1 (tabnuna 3).

Tabnuua 2. [Toxaszarenu npenomiienus st ZNO/PMMA2,
BbIYKCIICHHBIE MeTo oM Koru

A, HM A B, uM? C, um* No20
1064 1.9960 -0.024 0.01 1.9960
532 1.9960 -0.024 0.01 1.9960

Tabmuma 3. [Tokazarenu npenomnenus st ZnO/PMMAL,
BBIUHCIIEHHEBIE MeTO10M Kot

2

A, HM A B, am C, um* No 2w
1064 1.984 -0.023 0.011 1.984
532 1.984 -0.023 0.011 1.984

bnarogapss TeopeTHueckd IOJyYEHHBIM pe3yjbTaTaM ObLIO
OOHapyeHO yMEHbBIIEHUE KBAJAPATUYHONW BOCIPUUMUYHUBOCTH C
pocTtoM KoHLeHTpaluu ZnO B OTJIMYKE OT aHAJOTUYHBIX OOBEMHBIX

marepuanoB. OfHako u3-3a OOJBLIONW JJUHBI B3aUMOJCHCTBUS
ontuiyeckux BONH IuieHKH ZnO/PMMA reHepupyoT CHIbHBINA
CUTHAJ BTOPOM TapMOHMKH. OTOT BBIBOJ COIVIACYETCS C

IKCIIEPUMEHTATBLHBIME PE3yIbTaTaMU PabOTHIS,

8Kulyk, B. Linear and nonlinear optical properties of ZnO/PMMA nanocomposite
films / B.Kulyk, B.Sahraoui, O.Krupka [et al.] //Journal of Applied Physics, —
2009. 106, — p. 093102-1-093102-6.
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3AKVIIOYEHUE

1. ITpu wHTEHCHMBHOCTH Hakayku 20 FBT/CMZ, mist 16% -Hoit
KoHIeHTpauun ZnO, s¢dexkTuBHOCTS TpeodpazoBanus npu [T
MaKCHMaJlbHa Ha KOT€peHTHOW JyuHe, paBHOW (.64 MkMm. Ilo mepe
yBenuueHus: koHmnenrpauun ZnO c¢ 3% no 16% sddexruBHOCTH
4acTOTHOTO mpeoOpa3oBaHUs yBelIWYUBAETCs MOYTH B 1.6 pasa mnpu
I'TT, a B ciyyae reHepauuud BTOPOM TapMOHHUKH YBEIMYCHHE
KoHIeHTpauun ¢ 5% 1o 15% nOpuBOOUT K  YBEIMYEHUIO
s dexTuBHOCTH MPeoOpa3oBaHMs MOYTH B JIBa pasa.

2. Yder 0oOpaTHOW peakIuHu BOJHBI TPEThEH TapMOHHMKH Ha
dazy OCHOBHOIO U3Iy4YeHHS B MaTepualiax C OTpHUIATEeIbHBIM
[IOKa3aTeseM MPEeIOMIIEHUs PUBOAUT, K TOMY YTO, C YBEJIIMYECHUEM
MHTEHCUBHOCTH OCHOBHOTIO M3iydeHuss B uHTepBae [/ =0.7-+1
3 PEKTUBHOCTH NTPe0Opa30BaHMUs AIACT B TPU Pa3a.

3. B pesynbrare paccMmoTpenust 3pdexra caMoBO3ACHCTBUS B
MeTaMaTepuaie, 0OHapyKeHO, YTO W3MEHEeHHEe (a30BON pacCTpONKU
or 0.1 mo 0.5 mpuBOIUT K yBENUYEHHIO (Da3bl BOJIHBI HaKauKu
NpUOJIM3UTENEHO B MATH pa3, a B Ciiydae OOBIYHONW KyOUYHOU Cpebl
3TO U3MEHEHUE COCTABIISIET B 26.4 pa3 MEHBLIYIO BEINYHHY.

4. B meramatepuane npu HY Hakauke npu ypoBHE BXOJHOMN
WHTCHCUBHOCTU  XOJIOCTOM  BOJIHBI, IPEBBILIAIOIIEH BXOJHYIO
MHTEHCUBHOCTh CUTHAJIbHON B 5 pa3, HaOJI0/1aeTcsl pOCT YCUIICHUS
CUTHaIBHOW BoJIHBI nouTd B 20 pa3. B cioyuae BY Hakauku npu
ONTUMAJBbHOM  3HAQUYEHWU  TOJIHOM  TNPUBEAEHHOW  JUIMHBI
MeTaMaTepuaia HaOIroAalTcss OECKOHEYHO OoJbIIMe 3HAYEeHUs
sbdexTuBHOCTH TIpeoOpazoBanuss W KodhUIIMEHTA yCUIICHUS
CUTHAJIbHOW BOJIHBI.

5. Ilo mepe yBenu4eHHs] HHTEHCUBHOCTH HAKaYKH MaKCHUMyM
napaMeTpUuecKkoro mnpeoOpa3oBaHUsl JOCTUTAETCs Ha MEHbBIINX
KOTePEHTHBIX JTMHAX KpucTaynia. Pexxnm Hekputrnanoctn AgGa(Ses-
xSx)2 1 AgGai«INxSez KpuCTanIoB K BHITOIHEHHIO YCIOBUS (Pa3oBOro
CUHXpPOHM3Ma JIy4Yllle BBIMOJHIETCS C YBEIMUYEHUEM IapameTpa X B
aTHX coeauHeHusx. B kpucramne AgGaoslnesSe; u3Menenue
s dexruBHOCTH TpeodpazoBanus Ha 0.036% mporcxoUT B yriIoBOM
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uHTEepBaI B 33 pa3a OonbIIeM IO CPaBHEHUIO C KPHUCTAIIIOM
AgGaSe; .

6. B xpucramme GaSSe mnpu HMHTEHCHMBHOCTH HaKauyku
(A=1.0642 mxm) 0.7 I'Br/cm® u motepsax 0.07 cm™ mpomcxomut
YCHJICHHE XO0JIOCTOM BONHBI (A=6.45 MkMm) ot 5 Mk/[x 10 10 MxJ[x.
PexyM HEKPUTHUYHOCTH PAaCCMaTPUBAEMBIX KPHCTAIJIOB K TOYHOCTH
BBICTABIICHUSI yIja CHHXPOHHM3Ma MOXKHO pPEajM30BaTh MPU MaibIX
YPOBHSIX HHTEHCHUBHOCTEH BOJIHBI HAKAYKH U CUTHAJILHOW BOJIHBI.

7. B HaHOKOMNO3WTHBIX TOHKHX IuieHKax ZnO/PMMA,
NOJYYEHHBIX ~ METOJOM  DJIEKTPOXMMUYECKOTO OCaXKJICHHUS,
PEHTTEHOCTPYKTYPHBIM aHAIM30M TOATBEPXKACHA TIeKcaroHajabHas
¢aza MmiIeHoK.
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3amuTa nucceprauuu cocroutes 11 HostOpst_ 2021 —ro rona
B 15% Ha 3acemanuu JluccepranmmonHoro coera ED 2.19

neicTByromero, Ha  0aze  bakumHckoro  ['ocymapcCTBEHHOTO
YHuBepcurera.

Anpec: AZ 1148, r. baky, yn. 3. XamwioBa 23, bakuHckuit
I'ocymapcTBeHHBINM Y HUBEPCUTET

C nuccepranueil MO>XKHO O3HaKOMUThCSI B Oubimorexke bakuHckoro
I'ocynapcTBeHHOrO YHUBEpPCUTETA.

OneKTpoHHAs BepCcHs AUCCEPTALMH U aBTOpedepara pa3MElIeHbl Ha
ounmantbHOM caire bakunckoro I'ocynapcTBeHHOTO
YHuBepcurera.

ABTOpedepat pa3ociaH mo
COOTBETCTBYIOIIUM ajipecam _08 OKTsI0ps 2021 —ro roxa.
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