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Kupum (JIokTopauk quccepTanusicn aHHOTAIUSICH)

Juccepranuss MAB3yCHHUHI J0J13ap0JIMIY Ba 3apypaTtu. XO3UpPru KyH7Ia
AKaxXOH/Ia JIa3ep TEXHOJOTHICU Ba HOUYM3UKJIIN ONTUKAHUHT PUBOAIIAHUIINAA MyXUM
MyamMMO Oy Iu1a3Ma X0JaTHIard, OpraHvK Ba KJAcTEpJId MyXUTap/a yJabTpaKkucKa
Jazep HUMIYJIbCIApU TapKaJIWINKAa fo3ara KeJIyBUM >Kapa€Hiap Ba TYypiu
TapTUOJAark  ONTHK  HOYM3UKIWIMKIAPHUHT  TaJAKUKOTIApuaup.  Maskyp
TaJKUKOTIAp (haH Ba TEXHUKAHUHT TYpJM cOXajlapuaa SHIM MaTepuaiap spaTull,
TEJIEeKOMMYHHUKaIUs Ba HHGOPMATHKA, METPOJIOTHS, CATHAJJIAPHU Y3aTHUII Ba KailTa
unuiam, THOOMET, T'eH MHXKEHEPJUId Ba Iy kabOu Oomka Kyruiad coxanapaa
HOUM3HUKIIU ONTUK 3 (deKTiapra acocaaHraH SHTM MaTepuasuiap Ba KypuiMalapHH
ApaTUIIa YCTYBOP XUCOOIaHAH.

HanomaTepuaimapHu Typiid coxajapjard TaTOMWKJIapyu aHUK CHEKTpajl Ba
BAKTUN JUara3oHiap/ia ONTUK Ba HOYM3HKJIU ONTHK MapaMeTpiiapy Ba MEXaHU3M-
JapHU YpraHuiiHu Tanad Kwiaau. HaHnozappanap Ba yriepoj acociu MyXHTiaapaa
ontuk Kepp sddektura acocnaHraH CHUHAUPUIN KYPCATKUUMHUHT HOYU3HKIIU
V3rapuiy, kyn (OTOHIM YTUILIAD HATHKACHUJArM HOYMBUKIM FOTHUIMIN EKU
TYMUIIHUII IOTWINALI Ba TECKAapU TYWMHUII FOTWJIMII CUHTapy HOYM3HUKIN ONTHK
KapaCHJIApHUHT eTapiinya KU3UKUIIHY Y3ura xano Kuinaau. OXUpru KeITUpUiIrad
xKapaCHllap pellakcalusi BakTura OOFIMK XoJija Oy KaOu HaHo3appadajapHUHT
naszep pusmkacuma yabTpakMcKa UMITYJIbCIIAp TeHepalusiapuia Mojajiap MacCuB
CUHXPOHU3AIMICH YYyH MYXUT cudartuga doiganmaHuiga Xail KWIyBYM axa-
MUSATra 3ra. YiabTpaOuHadia Ba OMIIOK PEHTTEH, SbHU TYFPUAAH-TYFPH Jla3ep
HYpJIaHUIIUIApU TeHEepaIusIapyu MaBxKy1 OymMarad coxajiapjaa yJIbTpaKUCKa Jiazep
MMITYJIbCJIAPK YAaCTOTAJAPUHU aJIMAIITUPUII SKapaéHjapu TaJKUKOTIApU XaM
n0y13ap06 XucoOaaHaIu.

HaHocTpykTypasin MarepuasiapHU OJIMII yYyH Jiazep aOisius yCcylid Ba
ma3Ma XoJIaTUJard MyXuTiap/a IOKOpY rapMOHHMKA TeHepaluusiapy yCyJulapuHu
PUBOXIIAHTUPULI, OYHIAH TAlIKApH, FOKOPH HOYM3UKJIMIIMKKA 3ra MaTepraiapaa
SHEPrusl aJIMAIITUPUII camMapaJopiurd OPTUPHUII XaM AUCCepTalus MaB3yCu
OwnaH OOFNMK TAAKUKOTHUHT 3apypaTunu udomanaiau. bynaan tamkapu, HaHO-
MaTepuaiap HOYM3UKJIWIMTH TaXJIMIM Oyiirdua OJIMHTaH TaXpuba HaTwKagapu
nazep ¢GU3MKAcCH Ba HOYM3UKIM ONTHKA COXajapuaa MyXHUM MyaMMO MeTajll
HAaHOCTPYKTypaJIapyu acoCH/Ia FOKOPH camapalid HOYM3UKIW DJIIEMEHTIIAp SPATHII
KyJla MyXUM XucoOJIaHa/Iu.

PuBoxianran MamiakaTiapia XyAyIud-TeppuTOpUaln aBTOMATJIAITaH
OOIITKAPUIIT CHCTEMAJIApUHU PUBOKIIAHTUPHII Ba SITOHA MH(POPMAITMOH OYVIUTUKHH
gpatuil  Oyinuya amayira OmupuiaaéTraH KOMJIEKC dYopa-Taaoupiap axoopoT
KOMMYHMKAIIMS TEXHOJOTHSIApU acocujia WH(POPMAIIMOH CHUCTEMaJapHU KEHT
TaTOuK Kuuira ynantupuirad. [y ca6abaaH, mimasma xojiatuaaru, OpraHuk Ba
KJIACTEpJId MyXUTIap/Aa yJbTPaKUCKa Jia3ep HMITYJIbCIapu TapKaJIUIIUIA r03ara
KEeNyBUM HOYM3UKJIM ONTHUK *KapaCHIAPHUHT XYCYCHUSTIAPUHU TaXJIWI KWJIHII Ba
aHuKam (aH Ba TEXHUKAHUHT Oup Oupura OOFIMK OYiaraH Ba Jiazep pusznkacu Ba
HOYM3HKJIM ONTUKA COXaJapu PUBOKUHU TAbMUHJIOBUM YCTYBOP MYHATUILIAPUIaH
Ooupu 6y0 KOIMOKA.



V36ekucron Pecniyomukacu Ilpesupenturuar 2010 vinn 15 nexabpaaru
[IK-1442 — conmu «2011-2015 inmtapaa Y36ekucron Pecrny6imkaci caHOATHHH
PUBOXIIAHTUPUIITHUHT YCTYBOp WyHanmunuiapu Tyrpucuaanru Kapopuna Oenru-
JaHTaH BazudaliapHu MyaiisiH lapakajia aMmajira OMIMPHUIIIa Ma3Kyp AuccepTanus
TaJKUKOTU XU3MaT KWJIA]IH.

TagKuKOTHUHT pecny0/auKa (paH Ba TEXHOJOTHUSUIAPH PHUBOKIAHMIIN-
HHMHI YCTYBOP MyHaumiapura 0oraMkJauru. TaakukoT umm pecrnyoniuka dax
Ba TEXHOJIOTHSIAPU PUBONKIIAHUIIMHUHT D2 «Dusnka, aCTpOHOMUSA, SHEPTETUKA
Ba MAIIMHACO3JIMK» aCOCHI YCTYBOp MyHAIUIIUTa MyBOPHUK Oa>KapHIITaH.

Jucceprauusa MaB3ycu OyiHMYa XOPMKHN WIMHH-TAAKMKOT/IAP IIAPXH.
YapTpakucKa ja3ep MMITYJIbCIAPUHUHT IUIa3Ma X0JaTAarn OPraHuK Ba KJIacTepiin
MyXUTJIapAa TapKAIMIINAAA lo3ara KEJIyBYM HOYM3HMKIM ONTHK >KapaCHIAPHUHT
TaIKUKOTJIApU €TaKYd MaMJIAaKaTJIApHUHT WIMHMH MapKasjlapy, YHUBEPCHUTET Ba
WIMHI-TaIKUKOT HHCTUTYTIapUaa, skymiaaaad Bunbrenasm BecTdanuim ynusepcu-
tetn (MroHctep, ['epmanust), TOKHO YHUBEPCHUTCTHUHI KATTHUK YXHUCM (PH3MKACH
uHctutytd (KammBa, fAnonus), Paxka Paman HOMumaru Wirop TEXHOJIOTHsIAp
mapkasu (Uumop, Xunaucron), MUmnepust komexu (Jlonmon, bByrok bpuranus),
Poxacosiano ¢usuka-kumé uactutytd (Maapua, Vcnanus), Mnmuit TagkukoTiap
M MHCTUTYTH (Moupean, Kanana), YMymuii ¢usuka uactutyta (Mocksa,
Poccust) Ba myHEHUHT Oolllka MamilakaTiapuaard WiIMHN Mapkasziapjaa oiud 0o-
PUIMOK .

Kaxon wmwukécuma Oup kaHya jgoyzap0 Macananap edwiraH OyiuO,
KyMJIaJlaH, KyWuaard WIMHN HATWXKajlap OJWMHIaH: BAKyyM IMIAPOUTHAA KyMYII,
KaJlail Ba OJTHUH HAHOCTPYKTypajapu IIak/UIaHUIIKAA YOy MaTepuaIapHUHT
yauamiapy YTTH3 HAaHOMETPAAH Y4 103 HaHOMeTprada OVyiraH HaHo3appajapu
OJINHIaH; IUIATMHA HaAHO3appajapy >SPUTMAIAPUHUHT TYJIKUH y3yHiaurn 1054
HAHOMETp OYJraH Jiazep HYpJAHUIIN YUyH IMACCHB MOIYJISATOP cudaTuiaa KyIiarl
TakIu(] STUITaH; TYIKUH y3yHIUTH 792 HaHOMETp OYJIraH HYpJIAHWINA OJITHH,
najuiagui, pyTeHW Ba IUIaTHHA HAaHO3appajapuiia TypJd TapTUOIM HOYMU3UK-
JIUJIUK AaHUKJIAHTaH.

byryHru xkyHma HaHo3appaiap, yriaepoJl TapKHUOJIM OpraHuK CYIOKJIUKIAp Ba
KaTTUK >KACM 03acua XOCWJI KWJIMHYBUM Jla3ep IIa3Macu CHUHTapu MYyXHUTIap
HOYM3UKJIM ONTUKA Ba Jiazep ¢u3nkacuaa KeHr Kyuranuimokaa. [lymapnan kenu6
YUKKaH XO0J/1a, yTa KUCKa EpyFJIMK MMITYJbCIapyd MAalJOHHWAA MaTepuawuiap HoO-
YU3UKJIM ONTUK XYCYCUATIAPUHU WIMHA-TaJKUKOT UILLJIApU 01O OOpUIIMOKAA.

MyaMMOHMHI VPraHWwIrahjJiMK Japamxacu. Merann HaHo3appaiapu
SPUTMAJIAPUHUHT HOYM3HUKJIM ONTHUK MapaMeTpJiapd TaxJIuiu XHUHAUCTOH OJIUM-
napu Mehendale S. C., Mishra S. R. ToMoHHIaH MMITYJIbC JAaBOMHUINTH HaHO-
CeKyHJI OYJraH nact KyBBaTra ara €pyriuk Maiaoniaapuaa oiud 6opuiarad. bynna
HaHO3appaJiap KOJUIOWJ dPUTMATAPUIATH HOUM3HKIN ONTHK >KaBOOIap MCCHKIMK
HOYM3HUKJIUIUTUIA ACOCIAHTaH.

Poccusinuk omummap A.b. ®@enoroB, C.M. I'maakoBnap y3mapuHuUHT Oup
KaTop MIIIapuAa Ija3zMa MyXHMTJIApUIA Ja3ep HypJIaHUIIM TapKAJIWIINIA [1acT Ba
IOKOpPHY TapMOHHUKA TeHEPALMATIAPUHN TAJKUK TraH. Yoy TaIKUKOTIapaa KaTTHK
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KUCM MaTepHajllapu ro3ajapuja Jiazep aOisuusacu >kapa€Huaa XOCHJ KUJIMHTaH
1a3Ma napameTpiiapuHi ONTUMAIIIAIITUPUIIT KEPAKIUTH XaKuaa auTuO YTuiraH.
bupok, nmazep HypJIaHWIIHM SHEPTUSICHHM TapMOHHMKA SHEPTHSCUTra aJIMAIlTHPHIL
CaMapaJIOpJIMTUHUHT KyTWIraH KuiMmaTiapu oivHmaraH. Kydnu yiroTuiaraH Ba
IOKOpHY TeMIIeparypara sra miasMaiapaad GonganaHwiraa HypJiaHHIll 4acToTa-
JapHU aIMaIlITUPUII CaMapaJopIurd MIApoOUTIIapu EMOHJIAIIMIIK pYyi Oepaau Ba
IOKOpHY TapTHOJIU TapMOHUKAJIAP OJUIIra UMKOH Oepmaiiin.

V36ekncToHIIK omumiap, xymianan I'aHees P.A., Kynarus M.A., YcMaHOB
T.b., nueHKa KYpUHHUIIMJAT Ba MOH MMIUIAHTALUS yCYIW OWJIAH IIMILIAra KUpH-
TUJITaH METAJUI HAHO3APPATAPUHUHI HOYMBHMKIM ONTUK XYCYCUSATIAPH TaxJIMIIN
onud Oopwiaran, OyHJaH TalIKapy IOKOPH TapMOHHMKAa TeHepalusuiapu Oyihnda
TaJKUKOTJIap Ky4Jd MOHJIAIraH Iia3Manapan (oiaananrad Xoiaga oaud 0opui-
rad. TaJKuKoTIapaa I0OKOpY rapMOHHUKA TeHepalusiapu Oyiinya nazep HypJaHU-
M AJIMAIITAPUII CaMapaToPIUKIAPUHUHT HUCOATaH MacT KUMAaTIapy OJIMHTaH.
CycT WoHNamTan miasMaiapaad QoiaJaHuIranaa dHEPrus aIMalIuHUII caMa-
PaZOPIMKIApU OPTUIITN OYiiMYa TaAKUKOTIap Ba pE30HAHC IIApOUTIap/a aloXua
rapMOHHMKA camapaJopIuKIIap OPTHUILH YPraHUIMAraHJIurMHU Ky3aTUIl MyMKHH.

Jucceprauuss MaB3yCHHHMHI JHCCEPTANMA OaKapwiaéTraH WJIMM-
TAAKHUKOT Myaccacacu WJIMHMA MUILIapu OWjiaH OOFIUKINITK: MMyl TaIKUKOT
unuiapu MoH-mnasma Ba Jazep TeXHOJOrusuiapu MHCTUTYTUHUHT DA-D2-D049
«Bakyym ynppabunadma coxacuia IOKOPUM TapMOHHMKajgap TeHEepalusIcd Ba
MOJITAJIAPHUHT HOYM3HKIIM ONTHK Xycycustiapunu Yypranum (2007-2011), @2-
OA-O160 «YUuprnupnaHraH Jiazep HMMIYJIbCIAPUHU ONTHK MNapaMETpUK Kydau-
TUPUII Ba (PEMTOCEKYHJ JTaBOMUIIMKIArd HYpJIAHUIIHUHT MoJJanap OWIaH HO-
YM3UKJIA y3ap0 TabCHpPU TaAKUKOTH Ypramumy (2012-2016), puBoxiiaHaérran
naBiaTiap paHMHU PUBOXKIIAHTUPUII OYiinya TyHE (haHJIapu aKaJIeMHsICH XaJIKapo
rpantiapu gactypiaapu (TWAS Research Grants) (09-113 RG/PHYS/AS G -
UNESCO FR:3240232129) «High order harmonic generation of laser radiation in
plasma using picosecond laser pulses» (2010-2012) Ba (12-040 RG/PHYS/AS_G -
UNESCO FR:3240271323) «High-order harmonic generation of picosecond
radiation in laser-produced plasma in the extreme ultraviolet range» (2012-2014),
OyHnan tamkapu, Basupnap Maxkamacu xy3ypunaru @an Ba TexHoJOTHUsIIApHU
Pusoxxinantupuman MyBoduknamrupum Kymuracu Ne M/PY-®PT" - 69/2013
«/laBpuii mnasma cTpyKTypajlapuja Jia3ep HYPJIaHMIIMHUHT IOKOPU TapMOHHKa
rerepanusiiapu» (2013-2015) map3ycupard TaaKUKOTIAp TApKUOMA KHCMHUTA
KUPUTUJITAH.

TaagKMKOTHHHI MaKcaaW IUla3Ma XoJaTUAaru, OpPraHvK Ba KIACTEpId
MYXUTIAp YJIbTPAKUCKA JIa3ep UMITYJIbCIApU TapKAJIUIIKAA o3ara KeJlyBYM HO-
YU3UKJIM ONTHUK JKapa€HIapHU YpraHulaad uoopar.

benrunanran makcaara 3pUIIMII YyYyH KyWHJAard TaAKHUKOT Basudanapu
KyWWJITaH:

TAIIKd UHEPT Ta3JapHUHT Typiaud OOCHMIIApU OCTHA Ba CYIOKIHKIapAaru
Jazepnu abmsauus KapaéHuJa MeETaul HaHo3appadajap MIaKJIaHUII KOHYHHST-
JIAPUHU YPraHUIL,



METAJIT KJacTepiapu CYCHEH3UsUIapUIard HOYU3HUKIW ONTHUK >Kapa€Hiiap
camapaJIopJIMrura MUKOCEKyH 1 jla3ep HypJIaHUIIM MMapaMeTpIapuHUHT TabCUPUHU
TaJKUK KUJTUIII,

GbyInepeHIapHUHT HOYM3UKIIM ONTHK TapaMeTpiapuHH Taxpubana aHUK-
nam Ba Cgy QyJTIEpEHUHUHT TOJMYOJAAru 3pUTMACH]Ia ONTUK YEKIAHUIIMHU TaX-
JIWJT KWJTHILL

OpraHuK MaTepuajuiapja KyBBaTIM Jla3ep HYypPJAHUIIUM TapKAIUIIU
xKapaCHUTa Kepp HOUMBHKJIWINTA TabCUPWHU Ba UKKA (OTOHJM FOTWIIMIIHU Ta-
KUK KUJIHIII,

Jmazep a0msauusa Kapa€HuUJa KATTHK >KUCM HUIIOHJIAPU F03acujla XOCHII
KWIMHTaH Ja3ep IUla3Ma XoJaTUAard MyXHTIapJa ONTUK TapMOHUKanap TeHe-
palUsUTApUHUHT ONTUMAJT IAPOUTIAPUHN aHUKJIAILL,

KBa3UCUHXPOHHU3M IIAPOUTHIA IOKOPU rapMOHHKa TeHepalusuiapu camapa-
JOPJIMKJIAPUHU OLIMPUII YUYH KYN CTPYSUJIM Jia3ep IUIa3MajlapuHU XOCHJI KHWJIWII
METOAUKACUHU TAKOMHUJUIAIITUPHUL.

TaakuKOTHUHT 00beKTH cudaThia OpraHuK Ba HOOPTaHUK MOIAIaPHUHT
HaHO3appajapH, Ia3Ma XoJIaTuaaru MyXuTiap OJIMHIaH.

TagKNKOTHHHT NpeAMeTH HHTEHCUB JIa3ep MaWJOHJIAPUHUHT MOAAAIap
OWJIaH HOYM3UKJIM Y3apo TabCUpHUAaH HOOpaT.

TagkukoTHUHT ycysiapu. Jlucceprauusna MyXUTIApHU Z-CKaHIIAII
YCyJIM, JIa3ep HYpJAHUIIU ONTHUK TapMOHUKAJIAp TEHEpalMICH, Jazep aOJsius
YCYJIM Ba AJIEKTPOH MUKPOCKOMHUS YCYJIIapu KYJIJIaHUJITaH.

TagKNKOTHUHT MJIMUI SHTUJIMTY Kyiugaruiapaad uoopar:

TalllKapuJaaH KUPUTWIYBYM WHEPT Ta3JIapHUHT TypJid OOCHMIIapy OCTHIA
MeTajuiap Jjlazep alsuuscu >kapaéHuJa MeTaul KiacTepiapH IIaKUIAHUIIU Yp-
raHWJraH Ba HaHO3appajap MIAKUIAHUIIN MYMKHH OYJraH Typid rasjiap O0ocuM-
JJAPUHUHT YerapaBuil KUMMaTiIapyu TOIIWITAH;

jasep abnsnus xapa€HuIa METall HaHO3appajapH IAKIJIaHUIIHA KapacH-
JAPUHUHT Ja3ep UMIYJIbCIapyu WHTEHCUBIMKIIAPU Ba TaBOMUIIIMKIIApUTa OOFIUK-
JNIMTH aHUKIaHraH. Ymdamaapu 20 Ba 60 HM GYIraH Kymyll Ba MHUC HaHO3appa-
JapuJaH TAIKWI TONTaH HAaHOMAaTepUaJljiap OJIMHTaH;

TynkuH y3yniaurn 1064 Ba 532 vm Ba paBomwmitmuru 50 mc Oynrax
MMIYJbCIAp UHTECHCUBIUKIAPUHUHT | = 9x10%+1,7x10%° Br-cm™ coxamapuaa Pd,
Ru, Au u Mn HaHO3appanapu CyCIEH3UsJIADUHUHT HOYU3UKJIN pedpaxuus Ba
HOUM3UKJN IOTHIMIT Kodhdummentnapu aHukiaanrad. OITHH HaHO3appaapu
sputmaniapuga Nd:YAG na3epu HMKKMHYA TapMOHUKACH (TYJIKWH Y3yHIIUTH
A2o=532 HM) YaCTOTACMHUHT I03aBUH IIJJa3MOH PE30HAHC YacTOTacu (TYJIKUH
y3ymiuru A,~ 530 HM) OMiaH MOC KEIMINM HOYM3UKIM TYWHHUII FOTHIIMII
KO3 UIMEHTH OPTHUIINTA OO KEIUIITN aHUKJIaHTaH,

Cgo TOJIyONIIard SpUTMACHIa KYBBATIW Ja3ep HUMIYJIbCIAPUHUHT OINTHUK
YEKJIAHUIIK aCOCHJIa CEHCOpJap YYyH XHUMOSUIOBYM KypwiMaiap SpaTwll HM-
KOHUSATIAapu oun® Oepwirad. Jlazep HypJaHWUIM WHTCHCHUBIIUTH OPTHINW OWJIaH
TJIAIIEPUHAA WKKA(DOTOHIM FOTWIIMIN Ba TYWHHWIN FOTWIMINTA ACOCJIAHTaH



HOUM3HUKIN IOTWINII KOA(PPUIIUEHTH UIIOPACHHUHT Y3TrapHill AUHAMUKAcH Kypca-
TUJITaH;

YTIEPOJI aCOCIM MaTepHralljiap miasManapua Kepp HOUM3UKIUIUTa XUCOOU -
ra 7-4v rapMOHMKA CaMapaJOpIUTHHUHT 5-4M TapMOHHMKA CaMapaJOpiIurura HHUC-
0aTaH OPTUIIM aHUKJIAHTaH;

aNbIOMUHUN HHUILIOHJIAPHU I03aJapyHU KalTa MIUIAII acoCHla Ja3ep Hyp-
JIAHUIIINA FOKOPY FapMOHUKATAPUHUHT KBa3UCUHXPOH I'eHEpALMIapH YUYyH JaBpUid
Ja3zep Iuia3Maliapyd XOCUJ KWIHMII MeToaukacu uuuiad yukuirad. Jaspu 0,15 MM
nad 0,5 MM rava y3rapyB4M JaBpHUW CTPYKTYpaBUU IUIA3MaJIap OJIUII MMKOHUSAT-
napu kypcaruirad. Tekuc mazmanapra Hucoatan gaspu 0,15 mm Oyiran cTpyk-
TypaBUM IUIa3MaJla yYMHYM TAPMOHHKA T€HEPALUACH UHTECHCUBIUTUHHUHT § Mapo-
Ta0a OPTUIIIM AHUKJIAHTaH.

TagKUKOTHHHI aMaJiuii HaTHKAcU. BakyyM Ba CyHOKJIMKIapAaru TypJiu
METAJUIAPHUHT Ja3epiu aOsaius kapa€HUJa YIapHUHT HaHO3appaslapuiaH Talll-
KWJI TONTaH IOIKA IUICHKA Ba SPUTMAJIapU OJIMHIaH. MeTaiul HaHO3appajlapyu SpUT-
MaJIapUHUHT, OPTaHUK MaTepHaJIIApHUHT Ba (DyJiepeH SpUTMalapUHUHT HOUU3UK-
JM IOTWIMII KO3()PUIMEHTH Ba CHUHAMPHUIN KYpCATKUWIAPUHUHT KUMMAaTiapu
MYXUTJIapHU Z-CKaHJall ycyiau Ouial yinuaHrad. Bakyym ynpTpaOunaduia coxa-
CH/1a KOTEPEHT EPYFIMK MaHOaIapyu OJUII CIIEKTpal JMana30HUHU KeHralTHPYBUYH
Jazep Iuia3Macu (Qakenuja MUKOCEKYHJ JIaBOMHUIUIMKKA Jra Jlaep Hypia-
HUIIMHUHT CaMapajd IOKOPU TapMOHHMKA TeHEpalusiIapy MMKOHUATIAPU Kypca-
TUJITaH.

TaagKuKOT HATHKAJAPUHUHT WIIOHYWIMJIMIM MYXUTJIAPHU aBTOMATJIALI-
TUPWITaH Z-CKaHjall CXeMajapy KajauOpOBKA KWIMII HOYM3UKINA ONTHK
napameTpJyiapy OollKa TaAKUKOTIap Myaiudiaapyd TOMOHUJAH OJIMHIAaH HATHXKa-
Japra 3uji SMacJMrd Ba yJapHUHT acoCH Hazapuil XoJjaTu OujlaH MOC KEJUIIU
OwIaH acociaHa/Iu.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMaJiuii axamMMATH. TaIKuKOT
HaTIKAJApUHUHT Ha3apuidl axaMHUsaTH Jiazep a0iduusa ycyiauaaH QoiganaHum
KyMyIll, MHC Ba Maprasel] HaHO3appajapu acOCH/Ia HOYM3HUKIM ONTHK MaTepHhall-
JApHU CHHTE3 KWJIMII Ba NUKOCEKYHJ AABOMMIUIMKKA 3ra Jia3ep HUMITYJIbCIapy
MalJOHUa IOKOPY KUHUMATIM HOYM3UKJIW ONTHK HapaMmeTrpiap OWiaH XapakTtep-
JaHYBYM MaTepuajiap OJIMII UMKOHUHU Oepajiu.

JuccepTanysi HaTWwKaJapUHUHT aMaldvil axamMusiTh IIyHAaH HOOpaTKu,
dyineper spuTManapuaa UKKUQOTOHIM HOTWIMIIHUHT MaBXYJIUTU TyQaniu,
yJlapiaH Jiazep HypJaHUIIMHU YEKJIOBYU 3P(GEKTUB ONTUK dJEMEHTIAp SpaTHIlIa
doiinananuin Ba MyXUTJIard aJloXyu1a rapMOHUKaIap TeHepalusICcy camapaopiIuru
OLIMIIMHU TAbMUHJIOBUM PE30HAHC LIAPOUT BaKyyM yibTpaOuHadia coxacumaru
KOTE€PEHT UMIYJIbCIIAPHUHT YHEPTETHK KUUMATJIAPHU XapAKTEPUCTUKATIAPUHUHT Ce-
3UJIapIIU apaXkaJa OUIMPUIIIaH noopart.

TagKuKOT HATHXKAJAPUHUHI KOpPUMH KwiMHMIIM. [luccepranmsga
PUBOKJIAHTUPUIITaH OpPraHMK Ba HOOPraHUMK MOJJAJIAPHUHI HOYM3UKIHM OINTHUK
[apaMeTpJIapUHU TaxJIWI KWIMII CaMapaJOpJMIMHU YH MapTa OIIMPYBYM F03a-
JapAa Kyn CTPYsUIM IUIasMajiap XOCHJI KwiMil ycyiulapyu AnonusHuHr dax
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PUBOXKHUTA KYMAaKJIallyBYM >KaMHSITH TOMOHHWAAH parOartmantupyBun «Typnm
MaTeprajiap Ba TEXHUKATAPHUHT OMOTUOOUET AT HOUU3UKIIU ONTUK KYJIJTaHUIII-
Japu» MaB3yCUIaru WIMHNA TaJKUKOT JIOWMXACHMHU Oakapuiaa KYJJIaHWUITaH
(JSPS KAKENHI, Ne24760048 connu rpanti, Cautama THOOMET YHUBEPCUTETH
kommaaru Wnrop TuOOMET nasepnap Ba O(TaTIbMONOTUS MapKa3d MablIyMOT-
HomacH, 17.04.2015, Snonus).

TaakuKoT HATHXKAJAPUHUHI anpodamusicu. Jluccepranusi HaTWXalapu
KyHHJard Xajkapo Ba pecryOiarKka MUKECUIArU WIMHAKA aH)KyMaH Ba CHUMITO3HYM-
napaa: «/HHOBallMOH TEXHOJIOTHSIAP PUBOXKHU €I OMMMIIAP HUTOXUAA» WIMHUN
amkyMaHnna, Y3MY, (Tamkent, 2010); «Jasep ontukach» OyifMdya XalIkapo
koH(pepennusna (Cankt-IletepOypr, 2012); «KorepeHT Ba HOUMBHKIM ONTHKA»
oyiinua xankapo koHdepenuusiaa (Kazawb, 2010; MockBa 2013); «Hano-
TEXHOJIOTHS» Ba KalTa THUKJIAHAJIUraH OHHEpPrusi MaHOalapu MyaMMmoJiap Ba
eunmiiap pecnyOnuka wiMmuii-amanuii amwkymanuga (Kapmm, 2012); Tanabanap,
acniupaHTiiap Ba € oaumiap yuyH ¢yHaameHTan ¢annap Oyitnua «JlomMmoHOCOB-
2012» xankapo koHdepenumsna (Mocksa, 2012); «Pu3UK 3IEKTPOHUKAHUHT
no3ap0 MyamMosiapu» Map3yujaarud xaiakapo amkymanuna (UzPEC-6 Ba IPEC-6
TamkenTt, 2012 Ba 2013); «MnM-dan TapakKuéTh Ba UKTUCOAUETHU WHHOBAIIMOH
PHBOXIIAHTUPHII» MaB3yHIArd PecHyOlMKa HiIMHil-aManuii amkymanuma (V3P
@A, Tamkent, 2012); Monekymnsip cnekrpockonus 6yiinya [V xankapo koHdepeH-
nusina (Camapkann, 2013); «OIITUKA BA ®OTOHUKA-2013» xankapo aHxy-
manuaa (Camapkang, 2013); TWASROCASA, Regional conference for young
scientists «Nanoscience & Nanomaterialsy (banranop, Xunaucron, 2015); Mon-
miasMa Ba Jia3ep TexHoJorusiapu Oupiamran cemuHapiapuaa (15.04.15), Ba
OyHnaH Tamkapu @Pu3Mka TEXHUKA HWHCTUYTH, HMoH-TutlasmMa Ba  Jaszep
TEXHOJIOTHsJIapu MHCTUTYTH Ba CaMapkaH] JaBjiaT YHUBEPCUTETH Xy3ypularu
16.07.2013.FM/T.12.01 pakamiu WIMHH KEHTAITHUUHT OWP MapTaluK CEMHU-
Hapuaa anpoOarusaan yrkasuiran (19.06.2016).

TaakuKOT HATHXKAJAPHMHI IbJOH KWIMHHUIIM. Jluccepramus maB3ycu
Oyiinua »xamu 29 Ta WIMHIA HIII HAIIP dTTUPUIITAH, XymianaH, 14 ta unmuil mMa-
Kojla Hy(Qy3/1IM Xajakapo WIMHN JKypHaUlapja xamaa 15 Ta Te3uc Xalikapo Ba
pecny0nuka KOH(pEpEeHIHsUIap TYTIaMIapy/ia YOIl STUJITaH.

JluccepTanMSIHUHT XA:KMH Ba Ty3wiumu. J{uccepramus kupwii, S5 Ta 600,
xyJsoca, goitnananwiran agabuétnap pyiixaru, 191 caxudanan udopar mars, 67
Ta pacM Ba 3 Ta »aJBajijjaH noopar.

JTUCCEPTALIUSIHUHT ACOCUI MAZMYHHU

Kupum xucMmuia yTKa3wirad TaAKUKOTIAPHUHT J0I3apOJINTH Ba 3apypaTu
acoclaHraH, TAAKUKOTHHUHT MaKcaad Ba Basudaiapu Xamla oObeKT Ba MPEIMET-
napu TaBcuduaHran, Y36ekucton Pecry6iukacu (aH Ba TEXHOJOTHACH Tapak-
KUETUHUHT YCTYBOP WYHAIMIIApUTa MOCIHTH KypcaTWiraH, TaAKUKOTHUHT HJI-
MU SHTWJIATH Ba aMaJIMid HaTWXanapu 0a€H KWIMHTAH, OJTMHTaH HATHKAJTapHUHT
Ha3apuii Ba aMaJIli aXxaMUSITH 04M0 OepuiraH, TaJKUKOT HATIKAJapUHU aMaTneT-
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ra )KOpHil KWIUII, HALP STWITaH UILIap Ba JUCCEpTalus Ty3WIUIIN OYitndya Mab-
JTyMOTJIAp KEATUPUIITAH.

Hucceprauustauar oupuHun 0600u «Ilnazma xoJaTuaarv, OopraHukK Ba
KJIACTEPJIM MYXHTJIAPAAa HOYMBHKIMIMK OyiM4Ya TAAKHKOTJIAp WIapXu Ba
X0JIaTH»/1a MJIa3Ma XOJIaTHIard, OPTaHUK Ba KJIACTEPJIA MYXUTIAPHUHT HOUYU3UK-
JU ONTUK XYCYCHSITJIapyu Ba OYHJaH TalllKapu TUIa3Ma, MeTajul KJacTepiliapy Ba
OpraHWK MaTepPUAJUIAPHUHT HOYM3HMKIU ONTHK XYCYCHUSATIIAPU MYaMMOJIAPUHHHT
XoJiaTiapy Oyinda anadueTiap MabIyMOTIApH TaXJ U KAJTUHTaH.

JluccepTaisiHUHT MKKUHYH 000M «HaHo3appanapHUHT acocuii Xycy-
CUATJIAPH Ba TaWépJall yCy/UIapH»[a NUKOCEKYHJ JTaBOMHUMIIMKKA 3ra jasep
UMITyJIbCIIapy OuiaH naszep aOismus kapa¢HuIa MeTalap HaHO3appajapy IIaki-
JAHUIIM TAIIKAPUJIAH KUPUTUIAETTaH MHEPT ra3jIapMHUHT KOHILIEHTpauusra Oof-
TUKIUTA OYinYa TaJIKUKOT HaTWXalapu KEITUPUITaH. DJIEKTPOH MHUKPOCKOI
éplamMK/ia HAHO3apPAJIAPHUHT YIIYaMUra OUJi XapaKTePUCTUKATIAPU TaXJINJI KHJIMH-
rad. MeTajil HaHO3appaJapUHUHT IIAK/UIAHUIIUHU aOJsaus kapa€Hu JaBOMHIA
MaTepuaiap rozacuia OyFjaHTraH Ba yduuO 4YMKa&TraH MoJJaap 3JIEKTPOH ras3-
JAPUHUHT TE3KOp YHFOTWIMIIM Ba Y3JIAPUHUHI YUFOHUII SHEPTHSUIADUHU aTOM
AyelKajgapura y3aTHIIA Ba KEHMHYAIUK yJApHUHT OUMPHUKUIN kKapaEHiapu cuda-
TUJA KEATUPHILI MyMKHH.

CrekTpanm ynoyam HaTWKaJIapyd acocuja IIulia TarIMKIap —lo3acura
YYUPWITaH MOANAJIAP FOTWUIMII CIIEKTPJIAPHUIArd 03aBAM IUIA3MOH PE30HAHCIAp
MaBXXyJIMTUHU KypcaTuinau (1-pacmra kapasr).

IIIP Cu

TP Ag )

ONTHUK 3UYIIUK
OTTHK 3UYITUK

400 500 600 700
TYnKUH y3yHIHUK, HM

500 600 700

TYIKUH y3yHIIUK, HM

4(I)0
0) BakymMMIa
a) XaBojia
1 — xkymymr; 2 — muc
1 - pacm. Typiu mapouTiaapaa MMIIA TATJIUK 03aCHTa YYUPUITAH I0MKA
METAJIJI IMICEHKACHHUHT OTUJINII Cl'[eKTpI/I

Bakyym mapouTtuia 1muia TaridkK —fo3acuja  IIaKJUIaHTaH —METall
HaHO3appaJapHUHT JIEKTPOH MUKPOCKOI EpJaMujia OJMHTaH MUKpodoTorpadusi-
Japu MaKJJIaHTaH KJIACTEPJIAPHUHT TAaKCUMOTIIApU OUpP TEKHUC DKAHJIUTUHU KYp-
carnu. HaHo3appanapHUHI MaBXyNIMTMHYA HaMyHaJlap HOTWIMII CHEKTPJIApHUAA
Ky3aTHJITaH F03aBUM TUIA3MOH PE30HAHCIAp Maijo Oynumm OuiaH XaMm TacIauK-
jmam MyMKUH. BOOHWHT sIKyHHAAQ KymyIll MeTajuiap KiacTepiapy MIaK/UTaHHIINA
AXTUMOJUTUKIIApH OWjIaH HaMyHaIap TaiépianaéTran Kamepara KUpUTUJITaH HHEPT
razjap KOHIICHTPAIMSIIAPH Opacuaa Kydau OOFIHKINK MaBXKYJITH KYPCATHIIIH.
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Jlazep aOmsmusich Kamepacura KUPUTWIAETTaH WHEPT Ta3JIapHUHT TYPIIH
Oocumilapa MeTaJll KJacTepiiapy MIAK/UIAHUIIN WK MapoTada Taxjiuil KHUJIUHUO,
reuil Ba KCEHOH rasiapu O0ocumimapuHuHr (33 Ba 12 TOpp) uerapaBuii Kuitmar-
napu aHukJIaHau. ["aznmap OOCUMIApUHMHT KEHUHTH OLIMPWIMILK HaHO3appajiap
MIAKJUTAHUII AXTUMOJUIMKIAPUHUHT KaMalMIIUHU KypcaTAu Ba Oy HaTKaliap
OJIMHTaH IOTWIMII CHEKTpJIapuJa F03aBHM IJIa3MOH PE30HAHC MUKIAPU MaBXKYl
9MACIUTUA Y3 aKCHHU TOMTaH (2-pacMra KapaHr).

400 500 600 700 400 500 600 700

5L ¥ Bakyym | 5L ; Bakyym i
OI1P IOIIP

a

1F IOITP - .’/—""T‘W\

OnTHK 3U4ITHK
=
1

ONTHK 3UYIHK

\ \ \ o
400 S0 600 700 400 500 600 700

TYNKUH y3yHINK, HM TIKUH Y3yHIHK, HM

111 Topp; 2 — 33 topp; 3 — 87 TOpD; 1 - 12 Topp; 2 — 26 Topp; 3 — 101 Topp;
4 — 136 Topp 4 — 285 Topp
a) reaui ra3uaa 0) KCEHOH raszuaa

2 - pacm. Bakyym mapoutnaa Ba Kamepara KHpUTHJITaH MHEPT ra3JJapHUHT TYPJIH
0ocUMJIapU/A I0NIKA KYMYII IVIEHKACHHUHT I0THJIUII CIIEKTPH

HuccepranussHuHT yunHun 000u « TypJsm metanap HaHO3appaJapUHUHT
HOUYM3HMKJIU ONTHUK XaPAKTEPUCTUKAJIAPH Y3Ura XOCJAUTW»Ja pyTeHUH, masuia-
JIUH, OJITUH Ba MapraHell Kabu MeTajll HaHO3appaslapu dSPUTMATIAPUHUHT HOUU3UK-
JU ONTUK XapAaKTEPUCTUKAIAPUHUHT MYXHUTIAPHU Z - CKaHJAll yCylH €paamuiaa
VJI4aHraH HaTHO>KaJlapy KEATUPUIITaH.

bynga spuTManapHMHr AacTiadKu KOHLEHTpauusjgapu OJTHUH y4dyH 10
MUJUIUMOJIb Ba MAJUIaui Ba pyTeHUi yuyH 3ca 20 Musuimodra TeHr. Taxpubana
sputMazark namtaamii 2x107%, pyrenuit 4x10™* Ba onTHH HaHO3appaTAPHHHT
2x10™* ra TeHr Xaxmuii MyHOca0aTiaapuaan (ouganaHmwiIu. DpUTMAJAPHUHT
OyHJall KOHUEHTpalusiap y4yH OJIMHTaH YM3UKIW IOTUJIMII CIIEKTpJiapuaa axa-
MUSATIM 103aBUM IUJIa3MOH pE30HAHCHap MNUKIApW Ky3aTwigu. Hanozappiap
YiuaMaapyHU Ba yJIAPHUHT MOP(GOIOTUSICUHU YpraHUua 3JeKTPOH MUKPOCKOTIHS
ycynuaan GoiganaHuian. DpUTMAIapHUHT CIIEKTpal xapakrepuctukanapu USB-
2000 criektpomeTrpuman Qoiigananran xonaga ypranwiad. CrekTpaal TaaKuKoTIap
y4yH HaMyHanap 3 MM Kanuaiukaard maddod kBapil KroBeTaiapa TanépaaHam.
bab3u spuTmanapnars HaHo3appaJapHUHT Y3ap0 OUPUKUIIMHUHT OJITUHHU OJIHILI
MaKca/Ju/a TOJWBHHWI TUPPOIHIOH Ba TMOJUATHWICHUMHH CHHTapu KUMEBUUN
CYIOKIMKIAp Kymmiaau. by cycneHsusuiapaa SpUTYBYM CYIOKJIHMK —cHdaTHia
AUCTUJUTAHTaH CyB, 3TaHOJ Ba N-mpomaHoiiaH ¢oinamaHuigu. 3-pacMia OJITHH
12



HaHO3appalapu 3pUTMACHHUHT MUKpodoTorpadusicu kenTupuirad. bynaa onrun
HaHo3appayapu yprada 15+30 HM ymyamra sra S5KaHIUTW aHUKJIAaHAU. PyTenuii Ba
najulagui HaHo3appajapu Moc pasumza 3,4 HM Ba 2,5 HM yiadamuiapra 3ra dKaH-
JUTY aHUKJIaHIW. DpUTMaJa OJTHH HaHo3appajlapH, acocaH, cepa IIakiura Ba
0ab3u OMp xoJyaTiapAa 3ca yuyOypuak IIAKIUIa 3ra SKAHIUKIapu YpHaTUIAU. 4-
pacMa OJITMH HaHO3appaJlapy dPUTMAIAPUHUHT FOTHINII CIEKTPU KEJITHPUIITaH.
byHa r03aBuil Ii1a3sMoOH pe3oHaHcnapy nukiaapu 530 HM TYJIKHUH y3yHJIMTHIa MOC
KeNuIM Ky3aTwiau Ba Oy 30 HM ymuaMra sra OyiraH oiTHH HaHO3appajlapy YUyH
xapakrepauaup. [lamnaguil Ba pyTeHUN HaHO3appJIApU IPUTMANIAPU CIIEKTPIIApU-
JIaTy F03aBUH I1a3MOH pe3oHaHciapu nukiapu 305 Ba 240 HM TYIKWH y3yHJIUIUATa
MOC KEJTUIIHN Ky3aTUIIIH.

50 nm
e —
- .
::4
= 1
=
-~ g
By 044
]
=
H
5 '
400 500 600 700 800 900
’ i TYnKuH y3yHIUK, HM
3 - pacm. OJTHH HAHO3apPAJTAPUHHUHT 4 - pacM. 3 MM KAJIMHJIHMKAAru KBapi
MHKpo(doTorpapuscu KIoBeTara COJJMHIaH OJTHH HaHO3appa-

JIAPHU SPUTMACHHUHI OTUJIHII CIEKTPH

Mapranern; HaHO3appajapud SpUTMalapd MapraHen] KAaTTUK >KHCMHHHUHT
CYIOKJIMKJAry Jiazep almsuuscu skapaéHuaa Tailépianau. Mapranen HaHo3appa-
Japyu JpUTMACHHM TaW€priaimiga TacCHB CHHXPOHM3AIMS PEKUMHUIA HUILIOBYU
Nd:YAG nazepunan Qorigananunau. Jlazep uMnylibCHHUHT AaBomuiiuru 50 mc
ra TeHr 6ynmo, ia3ep uirau gyactoracu 3ca 2 ['ii. Mapranen KaTTUK KHUCM HaMyHa-
CHM KBapIl KIOBETa MYWTa >KOMIAIITHPUINO, KIOBETara 3TaHoN €Ku OOIIKa Typaaru
OpraHUK CYIOKJIUK conuHau. KioBera nunjgaru HamyHa 1o3acura sHepruscu E = 3
Mk Oynran nazep Hypiaanuiu Gokyc macodacu 8 cM OYnaran WUFYBUYM JHH3A Ep-
namuna (okycinanau. byHIa HamMyHa KIOBETAHUHT Jlazep HYPJIAHUIIM KHUPHUIIN
TOMOHUJAru AEBOPHU TEIIUIIMHU OJIIUHU OJIUII MaKcaau/a, yHra Teckapu 0ynran
TOMOHUTA SIKWH KUIuO sxoinamtupuinan. Hamynanu 30 nakuka maBoMuja jasep
UMITyJIbCIapy OuiaH HypiaHTupwinu. Jlazep aOmsmusicu kapa€Hu HaTHXacuaa
MapraHel] HaHo3appajapHu CYIOK MyXWUTHa Iak/uiaHau. Taiépranui sxapaéHuaa
MapraHel] HaHO3apPANAPUHUHT PUTMAJArd Xaxmuii yaymu 2x10™ ra Tenr. 5-
pacMa Maprasel] HaHO3appajJapuHUHT MUKpOGhoTorpadgusicu KeNTUpUIrad. Jput-
MaJia MaKUIaHTaH MapraHell HaHo3appanapH Aactiad cdepa makaura sra Oyiuran
KeHMHYaIMK 3ca y4Oypyak Ba TYpTOypuak MIAKJIMra 3ra HaHO3appajap Maiao
OyUIIM Ky3aTHIIIH.
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Tali€épnanran spuTMana HaHo3appanap Vyiadyamiapu 6 HM gaH 50 HM
opanurua dKaHmru anukmanau (5a-pacmra kapanr). Opagan 15 cyTka yTraHjaan
KeMMH HaHO3appajapHUHT Yiayamjapu OYyiinda TakcUMOTH 7+14 HM opanurura
tyrpu keaau (50-pacmra Kapawr). Hanozappanap TakCMMOTHHUHI Oy KaOu
y3rapuiiapy TPaBUTAIMOH Kywliap TabCUpuIa HHUcCOATaH Yiayamiiapyd KaTTa
OynraH 3appaJlapHUHI YYKUIIM, CYIOKJIMKHUHT IOKOpM caTXJiapuja 3ca
CYIOKJIMKHUHT CHPT TapaHIJIMK Kywiapu Tabcupu cabad uykMara TyIlIMaras,
Yymuamu HECOATaH KUYMK OYIraH HaHO3appasap Ky3aTHUIIH.

a) : - 2 6)

a — Tali€piiaHraH/Iad KEWUHTU Ba

e A L 0 — ukku XaTa YTraHgaH KSHHHTH
T S B - T TacBupiap. TaCBUPHUHT NTaCTKU YHT
s ( Tt < % L Oypuaruaa TacBUp Macirabu
s T oS 5 kenTupwirad: a — 200 am; 6 — 50 HM
: 4 ; » ¢
tear : ' 5 - pacM. MapraHen HaHO-
’ Ml - e 3appaJjiapu MUKpodoTorpadusicu
e Col 3

T L — r—

Mertann HaHO3appaJlapy HaMyHAJIApPHUHI NMUKOCEKYHJ JABOMHIUIMKKA dra Jiasep
HYPJIAHUIIUIADUHUHT HUKKUTA TYJIKUH Y3YHJIMTH YYyH MYXWUTJIApHU Z-CKaHall
ycynu €pJaMHuiard CHUCTEMaTHK TaJKUKOTIapu IIyHU KYpPCATIWUKH, Jia3ep
Hypiaanumu (A = 1064 M) uHbpa-

S R A R kn3min coxacuga Pd Ba Ru HaHo-
3appajlapu Y4yH YUYUHYM TapTUOIU
HOYM3UKJIU ONTHK XYCYCUATIIApU ¥3-
rapuiiapuia  KBaHT ymdam  d¢-
dexkTiapy MyxuM axamusTra ora
AMACIUITUHU Kypcatau. by HamyHa-
JapAa H03aBHM IUIa3MOH PE30HAHC
| gactotamapu (Pd Ba Ru Ha-

0 40 20 0 0 40 0 W HO3appajJapuHUHT F03aBUI I1a3MOH
Z (um) pesonancnap A, = 240 um Ba 305 HM

6 - pacm. [Tannanuii HaHO3appanapu coxacuia )KOI/IJIaHIraH) Nd:YAG

IPUTMAJIAPHA COJIMHTAH KIOBETA X0J1aTH Ba HaSepH HypHaHHHJH HH(bpaKH?’HH
HOpMaJUIAIITaH YTKA3UIIHA OPACUAArH coxazaru 4qacrorajlapura Ty¥pu K-
GoFIanu I MacJauru OWJIaH TyIIyHTUpHIaau. 6.

pacmaa majulaguii HaHOo3appajlaph SpUTMalapd COJMHTAaH KIOBETa XOJIaTH Ba
HOpMAaJIJIAIITaH YTKA3HIINA OpacHUiard OOFJIaHUII KeITHPHUIITaH.

Au HaHO3appaJiapu y4yH [03aBUU IUIA3MOH PE30HAHCTAP TYJIKUH Y3YHJIUTH
(Ap~ 530 M) Nd:YAG nazepn HKKHHYHM TAPMOHUKACH TYJIKUH Y3yHIUTH (Ay,= 532
HM) OWJIaH Jespid MOC Keluild, Oy HaMmyHaja eTapiid Japaxaaa FOKOpPH HO-
YM3MKIN JKAaBOOMHUHI BY)XKY/ra KEIHIINra ONu0 Kemu. Yiuanuiap 6y HaMyHaza
TYHMHALI HHTCHCHBINTH Ba TYMHHAII oTrmm koddurment 9x10° Br/cm® Ba -
8x10™"° M-Bt™ ra TeHr sKaHIMrHHA kypcarau. by kabu HOUM3HKIM ONTUK XKABOO-

050 F

Hopmaiuiamran Vrkasui
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HUHT ce3wiapnu optunHu Pd Ba Ru HaHO3appanapuna KUCKa TYIKUH Y3YHIUKIN
CHEKTpajJ coxaaa pyi Oepuilld MYMKUHIUTH Tabkumianau (macanan, Nd:YAG
Ja3epUHHUHT TYPTUHYHA TAPMOHUKACH T€HEPAUSICH TYIKUH y3YHIUTHIA, Ay, = 266
uM). HlyHn XaM TabKuIa1l )KOU3KHY, YIIOY CIEKTpall coXaja IpUTyBUM cudaTHia
WIUIATHIYBYM 3TaHON €KUM Mas3Kyp I03aBHil-aoi Mojjanapaa Kyw@wIid YU3HUKINA
rotiwni MaBxkya. Pd Ba Ru HaHo3appanapu ydyH 103aBUi TJ1a3MOH PE30HAHCIIAD
TabCUPUHUHT Maiio OynumM ynapTpabuHadIua coXacuJaru YW3UKIW FOTHIIMIIL
Ownan Koruanumm MymkuH. lynunraex, taxpuOama mact snepretux (1,17 aB
SHEPTUsiii) 30HAJI0BUM (oToHsap Ounan ypranwiran Pd Ba Ru HaHozappamapu
cesmapian HOUM3UKIH pedpakims (g =—1.2x107"° M2B1?, Ba ¢ = -3x107"
m>B1) Ba Houmsnkm foTHMI Kodbdurmentura (fpg= 4x10 " M-B1 " Ba
. Pru= 8x10 M-BT'l) sra 3KaHJIUTHMHU
Lol 'Ens"f"'.‘?“‘ . luﬁa_;g;;j;: TabKUIJIAN JIO3MM. Mapraner HaHO-
o *8o F‘;\ /p 3appajJJapuHUHT CIIPTAArd JpUTMa-
093¢ ""\ .-" - CUHMHI HOYM3HUKJIM ONTHUK IapaMeTp-
vsol. ng-' l1apu MyXUTIapHH Z-CKaHnam ycyiau
épramuaa TaaKUK KWIHHTaH.

| »

Hopmasuianmman YrrKasym

085 ° (o r—neam | Maprasnen, HaHO3appajlapu SpUTMa-
ol l:l“ St Japua Jiazep HypiaHUmuHUHT 1064
S0 0 20 T Ba 532 HM TYJIKUH Y3yHJIHKIapuaa

" {Mnr) o o
103ara KeiayBud V3-Y3UHM (POKyCIaln
7 - pacM. MapraHen HaHO3appaJjapu xkapa€un  ontuk  Kepp sddexrn
IPHTMAJIADH COJTHHTAH KIOBETa X0JaTH BA  HATIDKacH XucoOJlaHaau, Oy BakTaa
HOPMALIAINTAH YTKAZHIIM OPacHIaru Ky3aTHJIIyBUd HOYM3HUKJIW  HOTHJIMII

OOFJIaHUII

adexTr 3ca UKKU(POTOHIN FOTHIIHUII
Ba TECKapW TYWHHUIN FOTHIWIINA OWigaH OOFIuru Taxkpubanapna kypcarwiau (7-
pacmMra KapaHr). Mapraden HaHO3appajdapud dJpUTMaNapuia HOYM3UKIH
Kapa€HJIapHU VpraHuil acocuja KyMHUJArd TapaMmeTpiap aHUKJIaHIW: TYIKWUH
y3yniuru 1064 HM Oynran na3zep HypJIaHMIIM YYYH HOYM3UKIA CUHIUPHIL
kodbdummentu (7 = 8x10™° M*Br) Ba HOUMMKIM rOTHIMI KOddduIHEHTH ([ =
2x10™ MBt") Ba TynkuH y3yHmurn 532 HM 6yiraH Jasep HypUaHHIIN ydyH
HOYM3MKITH CHHAupUIn kodddumuent (y=2x10"*M*Br™") Ba HOYM3HKIM FOTHIAII
kodbuimentu (F = 4x10"8 M'BT-l). TagkukK STUITaH HamyHanap/a KyBBaTId
AIIEKTPOMATHUT TYJIKWHJIAPHUHT TapKaJIWIINAA fo3ara KedyBud KapaSHIapUHUHT
MyXUMIIapH, Oy MyXUT CHHIUPHII KYPCATKUUMHUHT HOYM3UKIIN Y3TapyIlv Ba HYp-
JAHUIITHUHT HOYM3UKITHA FOTUITUII KapaSHIapy dKaHINTH TabKUIJIaH/IH.
JuccepTallMstHUHT TYPTUHUU 000M «YTrjepoa TapkuO/JaM MaTepuaiap-
HHHT HOYM3HMKJIHM ONTHK XapaKTepHCTHKaJapu»ia Tapkuouna ¢ymieper (Cep)
MaBXyJl MYXWUTJAQPHUHT HOYM3HKJIM ONTHK XapaKTePUCTHKAIAPUHU aHUKJIAI
Oyiinya onuHraH Hatwkaiap kapanrad, Cgy (QysuiepeHsiap TOJNYOJJard SpUTMa-
JAPUHUHT HOUM3UKIH IoTHau Kodhduuuentunun Nd:YAG nazepununr 1064 um
Ba 532 HM TYJIKUH Y3YHJMKAArd HypJaHUIIMIAH (QolganaHraH Xojjaa YiIyaHTaH
HaTIKaJlapu MyXokaMa KuimHral. by Taxxpubanapna naBomuiinuru S50 1ic, TYIKUH
y3yHaura 532 HM OynraH jasep HypJaHUIIM TabCUPUIA HOUM3HKIA FOTHIIUII
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KOA(G(GUIMEHTUHUHT TYJIKUH Y3yHiaurd 1064 HM Oynran HypiaHHUII TabCUpPUTa
HucOartaH 25 6apobap OLIUIIN KYpPCATHIIJIH.

Ymby napaMeTpHUHT TYJIKUH y3yHIIUTH
) 532 HM na3zep HypJAHUIINA TabCUPHUAA
i OILIMIIY TEKIIMPWIAETTaH HaMyHanap/a
15f S KYy3aTWJIYBYM TECKapU TYWUMHIaH IOTH-
/ JUII Ba UKKU (OTOHJIM IOTUJIUII HATH-
o *acu cudaruaa Kapam MyMKHH.

ol ] 8-pacMmaa TYIKUH y3yHIUTH 532
, HM Oynran nazep HypaaHuIIUHUHT Cgo
K bymiepeH  Todyoidard — 3pUTMacHjia

YT1yBun HypaHum dHeprusicu, MK

/B ) ONTUK YEKJIaHUIIM Oyiuya OJMHTaH
05} / -c7

, X Taxpuba HaTWKaJIapu KEJITUPUITaH.

a ,/’ v
. e e ® bynna sputma opkalid YTyBYM THKO-
P _e o i}
i e | | CEeKYH]l JaBOMUIIIMKKA d3ra Jiazep Hyp
6 05 10 15 20 JIAHUTI SHEPTUSICHHUHT TYUIYBYH JIa3ep
TYHIYBHH HYPIAHHIN JHepruc, Ik nypaanuin >Heprusick (E) ra nucGartan
® - Co QyJLIEPEHHUHT TOTYOJIIaTH SPUTMACH, y3rapuiy KypcaTHIraH. OPUTMaHHHT
O - cod Toyon Ja3ep HypJaAHUIIMHU YTKa3uil Kodhdu-

LUEHTU TYUIYBYHM HYPJIAHUII SHEPTUs-
cunuHr E = 0.85 mJIx rava (€pysnuk
okumu 0.1 JDx-cM? ta Tenr) Oymram
KUUMAaTiapuga YW3UKIW Y3rapuilyd Ba
KEHUHTH OIIMPWJITaH KHMMATIap/a 3ca y3rapMaciaH KOJUIIM KypCaTHITaH.
OpuTMaga Ky3aTWiaéTraH EpyFJIMK HYpPJIAHUIIMHUHT ONTUK YEKJIAHWUIIW KY4IH
Ja3ep HypJIAHMIIK TabCHUpPUIA F03ara KEIyBUM HOYM3HMKIW FOTHIIMII OWJIaH MOC
SKAHJIMTH KypcaTWiau. Typiau OpraHuK MaTe€pUaJUIAPHUHI HOUYM3HMKIM ONTHK XYy-
cycusTiaapu MHQpPaKu3WiI Ba Ky3ra KYpUHYBUM HYpJIAHMII COXAIapUaa MYXHT-
JapHU Z-CKaHJAll YCylyd OWJIaH aMalra Oomupuiau. Taxpubanapna ypraHuiran
KYNITUHA HaMyHaJjap HOUYM3UKJIM IOTUJIUINTA 3Ta YKAHJIUTH Ba allHU MaiTaa, 0ab3u
Oup HamyHajapja 3ca KywIid TYWHHTaH IOTWIMII Ba HOYM3UKIN pePpakius
s dexTaapu Hamo€H Oy O6wian 00ormuK ddexTnap kypcarunan. Hamynanap
nyyja DIHLEPUH MOJJAacuia TYLIYBUM JIa3€p HYpPJAHUIIM HWHTEHCUBJIUIU Ba
HAMyHAHUHT KaJIWHJIATH OPTUIIM OWJIAH HOYM3MKIM FOTHIMII KO3(PPUIHUEHTH
UIIOPACUHUHT Y3rapuiiu (MycOaT Ba MaHduii) Ky3atuiiau (9-pacmra Kapasr).

YMymuii xonatna OTAIUII  Kod(ppuuueHTH OunaH Jasep HypJIaHUII
MHTEHCUBIIUTH Opacuaa Kyinaaruya OOFJIaHUII KeITHPUIIAIN:

a (I) =ag+ ﬁ] (1)

Oy epla op — YM3BUKIM KOTWIMII KO3PQGUUUEHTH; [ — HOUYMUZUKIW FOTHIIMIL
KO3 (UIMEHTH, Y MyXUTHUHT TYHUHTaH IOTWIUII XOJIaTUAa MaH(uil KuitmaTra
sra Oynanu. TYIMHIaH IOTWIMIIHYA TYIIYHTHPULLAA TYPJIM MOAEIUIap MaBxkya. bup
KUHCIIM OYIMaraH KEHrauil Xojarjapura 3ra WKKH SHEPreTHK CaTXjIM CHC-
TeMayap y4yH IOTWIHII KOAPPUIUEHTHHH KyHuaarnya €31l MyMKUH:

a (Z) = Qo [1 + (Z)/Imjﬁun]-O.Sa (2)

8 - pacm. DpuTMaJaH YTYBYH HYPJIaHHUII
JHEPIrUsICHHUHT TYUIyBYHM HYPJIaHHIIT
JHEPrusicUra HucdaTaH y3rapuiu
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12 T T T T T T T

A o8 4 & 1-2=1064 um, [ =3x10°Brcm™;
o A v S = !
600. N 1\@'. 2—-A=1064 um, I = 8x 10%° BT-CM'Z;

= t

< L 4 -

=t 08 Soege™s , 3 -1 =532 um, [ =2x10"Brcm?

g o6f .

g o ? - pacMm. Jlazep HypJIaHUIIMHUHT TYPJIH

g ’ a A\s TYJIKHH Y3YHJIUKJIAPH Ba HHTEHCHBJIUTHIA

§ 02} & 1 IJIMI[EPUH COJIMHIaH KIOBETA X0JI1aTH Ba
00 , , , , , , , HOpMAJJIAIITaH YTKA3UIIN Opacuaaru
"-80 -60 -40 -20 0 20 40 60 80

7 () OOFIUKJIUTH
Oy epma 1(z) — HaMyHa OpKanM YTyBUM HYpPIAHHII HWHTEHCUBIUTHU, |~

MYXUTHUHI TYUUMHUII WHTEHCUBIMIH. Kylhnparnm (“KMHETHK’) MOJENb acocui
XOJaTaard aTomJjap COHMHUHI KamalMiiuia TYWHMHraH FOTUIMIIHM Tabpuialil
YUYH UIUIATATIAIM:

a (Z) = 0(0[1 +I(Z)/|my"12un]-1- (3)

VpraHHHraH HaMyHajapJa AaHUKJIAHTaH HOYM3HWKIW pedpakius Ba HO-

YU3UKJIN IOTWINI KO PUIIMeHTIapu KUMaTiIapy KaTTaJlurd Oyinuda HOOPTaHHUK

Matepuajiap mapameTpiiapuJiaH OIIMAclMrd Kypcatwiaaud. l-kaasanga Oy Ha-

MYyHaJapHUHT TaXpuOaaa aHUKJIaHTaH HOYM3UKIN ONTHK IOTHIIAII KO3 PUITMEeHTH

(Buo), Ty¥uHran rotunum KodGouuueHTH (Bujiy,) Ba HOUM3HUKIN CHHAUPHII
KYPCATKUWIAPUHUHT KUMMATJIapy KEJITUPUITAH.

1-kanBaJj

Oprannk MaTepuajIap y4yH Ta:Kpu6a/ia aHUKIAHTaH HOYU3UKJIU OTHIMII
KO3 (PpHUHEeHTH Ba HOYU3UK/IHN CHHIUPHII KYPCATKUYMHUHT KUAMAT/IApH KeJTHPUJITaH

Hamynanap % m>Br B, m-Br!
Ne A=1064 M | A=1532HM A =1064 um A=7532 M
BeH3uH 1x1078 2x1078 3x107 4x10™
Coar &rn 2x107" 7107 2x10™ 2x1073
['munepun Dongiiun =-2% 10 3x1073
Buo=+6x107
4 [Momudennn 1x107%° 6x10™° 4x10™ 3x107°
aupu

HucceprauustHuar Oemubyn 600u «Ilmazma xoJaTugaru MyxuTJaapaa
TYPJIH TAPTHOJIM rapMOHHMKAJAP reHepamusiiapw» KaTTHK JKHCM HaMyHajapu
103acura KU3IMPYBUM Ja3ep HYPJIAHWINA TabCHUPHA XOCHJ KWJIMHTAH Jasep
MIa3Macujia TypJid XWJI MIAPOUTIAp/Aa ONTHK TapMOHMKAIap TEHEPaIUsCH Tax-
pubanapua OJTUHTAH HATKAJIAPHY TaXJIMJI KWJIAIITa OaFUIIUIaHTaH.

Typan weramn HaMmyHamapu Ja3ep IUla3Majapuia yYWHYA Ba FOKOPH
rapMOHUKANIAp TEHEepaluslapy YpraHwiraH Ba OyH/Ia HHIIOH MaTepuajiap
cudaruga Typau Metamuiapaan (0op, TUTaH, MapraHell, MUC, MOJIMOACH, KyMYyIIl Ba
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ontuH) ¢oinananunau. Jlazep Hypnanuimu manOau cudarujga MaccuB CHHXPO-
HU3ALMICH peXUMUIA UIUIOBYM, AaBOMUNINTU 38 1ic OYiIraHn uMItyibciap TYIi-
JaMUHM TeHeparusioBun 1,5 I'm gactora pexxumuaa unioBdn Nd:YAG nazepu-
naH (A=1064 um) doitmamanunau. Taxpubangap BakyyM Ba HopMall armocdepa
mapoutuaa oaud 6opunau (10-pacm). YUrHYM rapMOHUKA TEHEPALUSICUHU OITH-
MaJUTAIITAPHUIIIA Jla3ep aONsIusacu kapa¢HHuIa XOCHJ KWJIMHTAH Ila3Ma Xocca-
Japy Tax) I 0JIM0 OOpwiIan. YUYUHYM TapMOHUKA TEHEPAMSICHHU ONTHMAJIJIAlI-
THPHUIIIA MyXuUM TapameTp OynmO, Ta3Ma XOCWJI KWIYBUM Ba TUIa3Ma OWIIaH
TabCUPJIALTYBYM HMMIIYJbC OpPACHIArd BaKT KEUUKHUINM XUCOOJIaHAIu. YUHHYU
rapMOHHKa T€HEpalUsCh Y4yH ONTHUMall BaKT KEUMKHUIIM Kuiimatu 25+40 HC ra
TeHr. TabcupianlyBuM HypJIaHMII ONTUK YKU Ba HUIIOH Opacujaard mMaco(aHuHr
YUYUHYMA TapMOHHUKA TEHEPAlUSICH camMapaopiiurura TabCUPU TaIKUK DTHIIIH.
Ymby macoda taxpubanmap oaub OOpHIN JaBOMHJA HUIIOH XOJAaTHHU MaHH-
nyaaTop €paamuaa OOLIKAPUIN OPKadd alMalldHYBYM HYpPJAHUII ONTUK YKWTa
HucOaTan Yy3raptupwiau. ll-pacmpa ym0y mapamMeTpHUHT YYMHYM TapMOHHKA
TCHEPANMSICH CaMapaopiuTUra TabCUPH KENTHPUITaH, Oy TabCHUPAIIyB COXa-
cuja Iia3Ma mapamMeTpiapuHu (IJla3Ma 3UWIUMTH Ba 3appajjap YHUFOTHIIMII Japa-
’KacW) ONTUMAJIIAIITUPHUIN OnuitaH OOFHMK. VIMITynbciiap opacuaa BaKT KEUUKHIITH
30 HC OynraH xoJija HUIIOH }03acCH Ba AJMAIlMHYBYM HYpPJAHUII ONTHK VKU
opacuaaru ontuman macoda (100 MkM) aHUKJIaHIH.

1000
2000 E

1000 R

=)
T

VYUMHYH rapM. HHTEHCHBJIMTH, HHCO. Oup.
=
=
n

T'apMOHMKa HHTCHCUBIIUIH, HUCO. Oup.

0 1 L ‘/\/ 1 1 L L L L 1 L
340 345 350 355 360 365 370 -100 0 100 200 300 400 500 600 700
. X (MKM)
TyJ'[KI/IH Y3YHIJIUK, HM
10 - pacm. bop mia3macuaa (iyFoH YM3UK) 11 - pacM. YYHHYH rapMOHHUKA
Ba HOPMAJI MAPOUTAA(HO3UK YN3HK) WHTEHCUBJHTMHUHT TarJIUK 103aCH OWJIaH
reHepauMsIaHyBYd YYHHYH FrAapMOHHKA mjia3zMara TyIyBYd HypJIaHHII YKH

WHTEHCUBJIHTH opacuaaru macodara GOFJIMKJINK rpaduru

Tekuc Ba maBpui HUILIOHJIAP 03acUAa XOCWJI KWIMHIAaH y3YH Ba JaBpUi
jasMa Jactrajapujia NUKOCEKYHJ Ja3ep HYpJAHUIIM YYUHYM Ba TYPTHUHUU
rapMOHMKa reHepanuscu ypranwiau. Typaw meramiap ro3ajlapujia y3yH Jasep
Mja3MacuJa TYPTUHYM TapMOHUKA T'E€HEpalUsCH TaJKUKH YUYyH UKKU TYJIKWHIIN
namiiam cxemacuaan doipgananuna. byHna acocuil HypJIaHWIIHUAT OUp KUCMU
HOUM3UKJIM Kpuctami (y3yanuru 10 mm 6ynran, | Tum KDP kpucrtammn) épnammna
YacTOTaCM HWKKMHYM TapMOHMKAa vacTotacura 6% camapagopiuk OuiaH
AIMAIITHPUIIIM Ba YOy UKKW HypJaHUII ria3mara Gokycinanau. TaakukoTiaapaa
acocuil y3ura XOCJIMKIAp IUla3Ma jaactacu Oyinama y3ywiaurd (d) ommimun Ouiiax
MYXUTHUHI HWHTEHCHUB HYpJIQHUII TabCHUpUJA 03ara KEJIyBUYM HOYM3HKIIU
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KaBOOWHUHT Kydaluinu OwnaH Oofnuk Oynau. ByH&Ia SpKuH 3IEKTpOHIApHUHT
MaBXXY/JIMTH aCOCHM HMITYJIbC Ba TapMOHWKA HYpJIAHMIIK opacuaaru (daszaBuit
MOCJIAIIMII [APTUHU Y3rapTupuii MyMKUH. bup katop XonaTiapaa MHKpPO-
xapaHiap (XycycaH, MYXUTHUHT aJloOXuja 3appajapu >xaBoOjlapv) Makpo-
x)apaéunapaan (daza Moclamuiyd KOUIEKTUB d(ddeKTiiapura Kapaluii) YCTYH
KeNnau, Ba Oy MIapTAa YYMHYM TapMOHUKA HWHTCHCUBIUTH HOYU3HUKIM MYXHUT
y3yHaurura kBajapatuk (lsrood ' e | = 2) 6ornanumaa 6ynau. bynnai OoriaHuII
Oup KaTop IUIa3Ma JacTajllapd y4YyH TaxXJWwil KWIMHIA Ba YYUHYH TapMOHHKA
AIMALITUPUII CaMapaJiopiIuryd YI9yH 10°+10° aTpoduaaru KuiMatiiap OJIHHIN.
12. pacmpma naszep IuiazMacuja IOKOPU TapTUOIM TapMOHHMKajIap Y4yH
TaxpubaBuil KypwiMa ONTHK cXxeMacu Kentupwiran. Hypnanum wman6an
cudaTuaa MOJATAPHUHT TACCHB CHHXPOHM3AIMICH PEKMMHUIA WIIOBYH, JaBO-
MUAIUry 38 nc Oyiran UMIyJabciaap TYIIAMUHM TeHepauusuioBuu 1,5 I'n yactora
pexxumuaa unuioBdr Nd:YAG nazepunan (A=1064 um) doitnamaamngn. Axpatud
OJIMHTaH aJIOXHU/JIa UMITYJIbC KETMA-KeT Ky4auTUpruyja KydauTUpuiIraHaaH KeHuH
UKKUTA KucMmTa axxkpatwiau. bupunun umnynsc (I1TAM) sneprusicu ~ 5 mJIx Bakyym
kamepana (BK) xoitnamrupunran namyHa (H) rozacura (®JI) dokycnoBun naunH3a
OpKaJIi WYHANTUPUIIIM Ba KU3IUPYBUYH UMITYJIbC cudatuaa Gongamanuiam.

H BM

3u (]

vow |
LI i

o HC
M CH

3U — 30H110BUM MUKOCEKYH UMIyJbc; [TM — nna3zma xocusl KWTyBYM MUKOCEKYHT UMITYJIbC; K —
ky3ry; @JI — dpoxycnoun nmuH3anap; BK — Bakyym kamepa; H — aumon; BM — Bakyym MOHOXpoMaTop;
AT — nudpaxnron nanxkapa; HC — matpuit canmuiunat; @OK — poToIMeKTpoH KyHdalTHPTud

12 - pacm. Ta:xkpuba KypuiIMacu cxeMacu

bynaa xu3aupyBUr UMITYJIbCHUHT MAKCUMAJI MHTEHCHUBJIUTU ~10" Brecm® ra
teHr. Ukknaun umnynsc (3U, ummynsc sneprusicu 28 M/[) OupuHYIM UMITYJIbCTa
HUCOATaH MablyM BaKITa KEYUKTHPWIMO, HaMyHa 03acuaa OMPUHYM UMITYJIbC
épaMmia XOCWJI KWIMHTAH Jla3ep Ila3Macura HaMyHa l03acu OwiaH mapanedn
paBumga (okycnanaau. byHna 30HIIOBYM WMITYJIBCHUHT MaKCHUMal WHTEHCHB-
suru 410" Br-cm™ ra Tenr. Nmnynscnap opacuaaru onTuMan KEUMKUII BAKTUHU
aHUKJIAll Y4yH IJ1a3Maja ko3ara KeJlyBUM TapMOHHUKAJIAp TEHEpalusicu camapa-
JOPJUTH TYpPJIM BaKT Keuukuuuiapu 5+150 He BakT coxacuaa Yimuanau. 30H10BUA
HYpJaHUII Ba IOKOPUM TapMOHHMKajap HYpJaHUIUIAPU BaKyyM MOHOXPOMATOp
(BM) épnamuaa taxymn Kuiuaad. Tynkud y3yaaura 50300 M 6yaran KorepeHT
rapMOHUKA HypJaHUIUIapu cuuHTWLIITOp (Hatpui camunmiar  (HC)) Ba
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doroanektpon kywadtupruwiap (POK) Epmamuma kaiin xkwmmHmu. TaxpuOana
dolinanaHuiarad HaMyHajdap IUIACTUHKA KYpUHUIIKIAA OYyimub, Ymuammapu S5x5x2
MM Ta Tenr. Tarmukiap cubataa TYpiu MeTamiap (MHC, PyX, XpOM, MOJIHOLICH,
TUTaH, Kajlail, KYpFOIIIMH, TaHTaJl, MapraHell, OJITMH KyMylIll, 00p Ba aTlOMUHUIA) Ba
yrieposa Tapkuosm (rpadut, mUmayriepos, nuporpadut, 60p Kapouau, KpeMHUN
KapOouau, rpudenp) maTepualiap WUUIATWIIU. 3O0HAJOBYM HYypJIAHUIN OujiaH
I1a3Ma opacujard TabCUpJANIYBHH OOILIKAPUII YUYH TarJUKIAPHUHT XOJaTH Y4
KOOpAMHATAIU MaHUMYJISATOP EpAamMuaa y3rapTUPUIIIN.

Omu6 Oopwiran Taxpubanap HYpPJIAaHUIIHWHT MMACT TApTHUOIM TapMOHUKA-
napra (5-uym Ba 7-41) aJIMAIITHPHUII CaMapaJOPJIUTH eTapiinda FOKOPH SKaHIUTHHH
kypcatau. by TynkuH y3ynnuru 100+200 HM opanufuja koiiamrad MUKOCEKYH/T
naBoMuiIMKIaru 3¢G@(EKTUB KOTEPEHT MaHOajdapyuHU SpaTUIl MYMKHHJIUTHIAH
nanonat 6epaau. 13-pacmma Sn, Cr Ba Al marepuamrapy 1miazManapuaa OJTHHTAH
IOKOpM TapMOHUKAJIAp TEHEPALMSUIADUHUHT XapaKTepiu CIEKTpaapu KeJTH-
punrad. FOkopu rapMoHUKanap reHepa-uusuiapu camapaJopiuk KuWMaTiIapu Sn
Ba Cr Marepuaiy Ijaa3Macujia TapMOHUKalap TaKCUMOTH, OYTYH CIEKTpaj coxXaja
Oolllka MaTepuaiapra HICOaTaH HHT KaTTa Ba SHI KMYMK KUHMAaTra sra SKaHJIuTH
annknanny (13a Ba 136 - pacM). Ypranuiaran MaTepuauiap TYpiH XU GYJIHIIATa
KapaMacJaH YJapHHUHT TUTa3MaBHil XoJlaTjiapujia Ky3aTWiaéTraH rapMOHMKA-Jiap
camapaJiopJiura Oup-Oupura SIKMH SKaHJIMTUHU TabKUJIAI JIo3uM. bup karop
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a — Kazaii, 0 — XpoM, B — aFOMUHUI

13 - pacm. FOkopu rapmoHuka

rapMOHUKa reHepanusicu (TYJIKUH y3yH-
aura 152 HM) camapazopiiura KuiimMaTu
~ 10" ra TeHr OSKAHIMIH AHWKIAHIH.
XycycaH, KajJlall HHIIOHU ILJIa3Macuia
oJInHraH |1-4yn rapmMoHMKa reHepanuscu
(TynxkuH y3yHiura 97 HM) camapaaop-
JArH 2 MapTa Knauk 6ymm6 ~ 0,5x10™ ra
TeHr. bomka Marepuainap niasmanapu-
na 13- Ba 21-rapmoHuKanap coxacuaaru
aIMalITUPUII camMapaiopiurd Kaimar-
napu 10°+10® 1y Tk KEA.
Honunzaius MOTCHIIUAJIY,
METaJJIap HMOHM3aLMS NOTEHUUAINIAH
KarTa Oynaran yriuepog  TapKUOIU

reiepanusjgapy CieKTpajg TAKCUMOTH
MaTepuaiap rIa3Manapuia

MMAKOCEKYH]T TaBOMUUJIMKKA 3Ta Jla3ep HYPJAHUIIUHUHT IOKOPU TapMOHUKaJIapu
reHepanusuiapu onub Oopwiau. YTiaepoJ aToMu Ba OuUp Kappaiu 3apsjjlaHraH
nonmapu Ilmazma Xocui KWIyBYM Jlazep HYPJIAHUIIMHWHT ONTHMaT KUMMaTHIa
YTIepol MaTepuallapy TUTa3MaBHi XOJaTJIapyd acOCaH HEUTpasl atoMjiap Ba Oup
Kappanw 3apsjlaHTaH MOHJApJaH TalKuil TomraH. Taxpubama IOKOpHU
rapMOHHMKaNIap  TeHepanwsCHHUHT  21-taptuburaya  ONWMHAW.  YTJIEPOTH
MaTepuayiap IiazMaiapuja, FOKOPH TapMOHHUKalap TeHepanusuiapu Oyiinua
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VTKa3uiaraH TaXpUOAJapHUHT Y3Ura XOC Ba MYXUM JKHUXaTH - Oy Kywairan /-
rapMOHHKa reHepanusicu Ky3artuian (14a-14n-pacmiap).
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a — rpa¢uT; 0 — mHImAyTIepo;, B — Tpudelnb; T — muporpadut; 1 — KapOua KpeMHHiA; € — Kapous 6op

14 - pacMm. Yriepoaiu mjiazMaaa reHepanusiJianyBuu 5, 7 Ba 9 - rapMoHuKaiap
HHTEHCUBJIHKJIAPH TAKCUMOTJIApH

bynna 7-rapMoHMKa TeHEpalusIcH camMapagopJUTHHUHT S5-4d TapMOHHUKA
reHEepalMsICH camapagopiurura HucOatan 7 Mapra omumd aHukiaaHau. Llynu
TabKUJIJIAI )KOU3KHU, FAJaEHIAHTUPHUII Ha3apusiCUTra acocaH Xap OUp Ky3aTHUIyBUd
rapMOHUKA WHTEHCUBJIUTU YHJIaH OJIIMHTU TapTUOAAru rapMOHUKA WHTEHCHUB-
Jurura HucbataH 2 Mapra KaMm OYJIMIIM J103UM. AJIMAlIMHYBYM HYpJIaHUII
MHTEHCUBIUIMHUAT MuauMan 7x10% Br-em™ ra TeHr KHAMaTUIaH MaKCHUMall
4x10" Br-cm™ KuiiMaTHrada OpaanKIapaa -4 rapMOHMKA CAMapagOpIIHTH MACT
TapTUONM (9-4uM) rapMOHHKA camapaJopjurura HucOataH 6 mapotada OIIMIIH
aHuK Kaun ostunau. [luporpadut mnnasmacuja 30HAJIOBUM HYpPJIAHWIN WHTEH-
CUBJIMKJIApU 1,2x10", 2,5x10" Ba 3,7x10"® Br-cm™ KuiiMatiapuaa /-4u Ba 5-um
rapMoOHMKa WHTCHCUBJIWKIApU HucOatiapu 5.5, 4,5 Ba 8,3 ra TeHr kKuiimatiapra
MOC KeJJIi. AHUKJIAHTaH 4acToTajlap/ia HOUM3UKJIU jKaBoO Y3rapuiiapyd aTomiiap
Ba MOHJIApJIATH PE30HAHC YTUNLIAP Tyhaiau OYIUIN MyMKHH. YTIIEpOI aToMIapu
Ba nornapu Nd:YAG nazepu (4 = 152 uM) HypJIaHUIIHHUHT 7-TapMOHUKA (4 = 152
HM) TEHEpaIMsACH TYJIKUH Y3YHJUTUTa SKUH TYJIKWH Y3YHJIHKIapaa Oup KaTtop
yTuILIapra ora. .

FOxopu rapMoHMKa TeHepauusjapyu TaJKUKOTIApU LWIMHIPUK JIMH3a
épraMuia KU3IUPYBUYM HMMIYJIbCHU HHUIIOH o3acura (okyciaml OopKajld ro3ara
KeITyBYM HUCOATaH y3yH OYiiraH ia3ep mia3macu (akenuan (poiganaHuiln opKaiu
naBoM ATTupwiau. TaxpuOanap/ia IOKOPU TapMOHUKANIAp XapaKTepucTtukanapu 4
MM Y3YHJIMKJArd Ba HucOaTaH Kucka Oynran 0,5 MM y3yHIMKAArd ruiazmasiapja
TaxJIMJ KWIMHAA Ba HHUcOAaTaH Y3yH IUIa3Ma Jacracuja S5-ud TapMOHHUKa
caMapaJIopJIUTy OIIUIIY Ba MIATOCUMOH TAKCUMOT UHTEHCUBIIMTUHUHT Ky4ailulm
Ky3aTWIAd. Y3yH IJla3Ma Jactacuja oiud OopwiraH TaAKUKOTIAp IIyHH KypcaT-
nukd, 0y kKabu MyxuTiiap Oup Katop ad3auukiapra sra 0yimnob, kenrycuaa OyHaan
MyXUTJap/ia TeHepalusIaHyBUl rapMOHUKAIAP YUYH KBa3UCHUHXPOHHU3M IIapOUT-
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JApUHYU aMmalira omupuiaa GoigalaHul MyMKAHIUTH TaxJ I KWIAHIUA. byHUHT
y4yH 93ca y3yH IUla3Ma JacTaCMHM OWp Heya TypyX KHYMK JacTajap XOoiaujaa
KYJUlalll Ba T€HEpalMsUIaHyBYM TapMOHMKaNIap KOTEPEHTIUK Y3YHJIUKIApU OuiaH
MOC KE€JIyBUH YI4aMIapyUHH OJUII KEPAKIUTU Taxpubanapaa KYypcaTUiIu.

OmubG Oopunran Taxpubanap HaTIKaJIapu IIYHU KYpCaTAUKH, TYIKUH
y3yniaura 100200 HM OynraH crekTpall coxanap/a Ky3aTWIyBYHM MYXHUM Y3ura
XOCIUK, S’ThbHU SKKaJlaHTaH TapMOHHMKaJIap UHTEHCUBJIMTUHUHT OLIUIIN YIJIEpOIIU
Marepuaiiap IUIa3MaBUi XoJlaTjapuja 7-ud TapMOHMKAa TIEHepauusicura Moc
KeJyBYHM HEUTpPAJ Yriiepoja aromiapu MaxOypuit-pezonanc yrunmapuaaru (C(1), A
= 148 um Ba C(l), A = 156 HM) HOYM3UKIU ONTHK >KaBOOJIAPHUHT OIIHUIIN
XxucoOnanagu. YTriaepoa Iuia3macuja (pasaJapHUHT HOYM3UKIM MOC KeilMmac-
JUKJIApU S5-TapMOHMKAa WHTEHCUBJIMIMHUHI TYWWMHUIIMIA Ba Jla3ep HYpPJIAHMILIN
MHTEHCUBIIMKIIAPY Ba IJla3Ma KOHLEHTPAUMSJIAPUHUHI KEHI Y3rapuil OpajuK-
Japuia Ky3aTWIyBYM S-TapMOHHMKara HUCOAaTaH 7-TapMOHUKAHMHT KydaluIura
0JINO KETUIIH KYpCaTUIIIN.

XVYJIOCA

1. Typau mapouTiapaa, HaHO3appajlap IIAKIJIAHUIINA KATTUK HHILOHJIAP
103acUra MUKOCEKYH]I MMITYJIbCIap TabCUPU HATHKAcHla XOCHUJ OYyiraH miazma
3appadaJIapUHUHI  TYKHAIIWII MEXaHU3MJIAPUHUHI MYXUM DPOJb  3rajulally
TYIIYHTUPHUITaH.

2. Tynkun y3yHnurd 532 HM OYnTraH HypJIaHWUITHUHT HOYM3UKIH FOTHIIHII
ko3 puimenT, TYIKUH y3yHauru 1064 aM Oynran HypJaHUUIIHUKHra HUCOATaH
25 OapoOap omHMIIM, TAAKUK KUJIMHAETraH HaMyHajlapAa OTAIUI Kod(pduim-
€HTUHUHT TYWMHMIIWTA Ba WKKU (POTOHJM IOTWIMINTA ACOCIAHTaHJIMIU Kypca-
tunrad. Cg 3puT™Macuja TYJIKAH y3yHJIUTY 532 HM OYirad HypJlaHUIIAAru ONTHK
YeKIaHUII YOy TYIKUH Y3YHJIMKAArd HOYM3UKIM IOTWIMLI TaJKUKOTIapu
HaTIKajJapura MyBOQUKIUTY KYpcaTUiraH.

3. CyroK xoJjaTnard TypJid OpraHUK MOJJAAJAPHUHT HOYU3UKIIM CUHIUPUIL
KYpCaTKWYM Ba HOYM3UKIW IOTWIHII KodddumumeHTn Taxpubana ViIdaH]Iu.
['munepun Moaacuaa jlazep HypJIaHUII MHTEHCUBIUTH OPTULIN OUSIaH HOYM3UKIIU
FOTHJINII KO3 (UIIMEHTUHUHT UIIOPACH Y3rapuIlld aHUKJIAHTaH.

4. Vink 60p yuyuHYM Ba TYPTUHYM TapMOHKaJap camapajiop reHeparusiapu
ydyH OMp >KMHCIM Tula3Mayiapra HucOaTtaH AaBpuid miiazManapaaH (oiaanaHulil
ad3aiMKIapy KypcaTWirad. bup »*uHCIM na3ep Mjia3maiapura HucOaTaH JaBpU
0,15 MM Oynran CTpyKTypaBUi I1a3mMajiapja YYMHYUM TapMOHHMKA TeHepalus-
JAPUHUHT caMapaJopiIvKiIapu 8§ MapTa OPTHUILN TOTWIITaH.

5. Merann nmnazmacuja NUKOCEKYH]T JAaBOMUMITUKKA Ara Jiazep HypJIaHUIIH
YaCTOTACUHUHT TYJIKUH y3yHiurd 50+220 HM OynraH criekTpal coxalaru, IoKopu
rapMOHHUKaJIapra camapaiy alMallTUPUII KYpCaTUJITraH.

6. Kamaii mmasmacupa 11-um rapMoHuKa (TYIKMH Y3yHAUTd 97 HM)
TEHEPALUACU YUYYH JIMALUTUPHUILI CaMapaJOpIUTHHUHT ~ 5x10™ ra Tenr KuiitMarn
OJIMHraH. AkcapusT MaTepuaiiap ImiasMaiapuaa 13 Ba 21-um rapmMoHHKanap
coXacuaa aIMAIITHPUIN camapamopiurd kmitmaraapu 10°+10° mm  Tamkm
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KHJITaH.

7. Unk OGop yriepomiu maTepuaiiap IuiazMajiapujia €TTUHYM TapMOHHUKa
TeHEpalMsICH WHTEHCUBIUTH OCHMIMHYM TapMOHMKAa HMHTEHCHUBIMIUIa HUcOaTaH
7 mapoTaba omuiy OuaaH OOFJIMK MyXUM Y3Ura XOCIUK aHUKJIaHTaH.

8. VYrmepon miazMacuja Jiazep HypJAHUIIM HHTCHCHBJIWIU Ba IUla3Ma
KOHIIEHTPAIUSICHHUHT KEHI COXacuJa /-4u TapMOHUKA MHTCHCUBJIMTMHUHT 5-4d
rapMOHMKa WHTEHCUBIMIUra Hucbatan ommmu Kepp HOYM3UKIWIUTUTA
acocjaHraH.
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HAYYHBIA COBET IO NPUCYKJIEHUIO YYEHOUN CTENIEHU

JOKTOPA HAYK 16.07.2013.FM/T.12.01 mpu ®U3NKO-TEXHUYECKOM
NHCTUTYTE HAYYHO-ITPOU3BOACTBEHHOI'O OB BE/IMHEHUA
«PU3UKA-COJIHUE», THCTUTYTE NOHHO-IIVIASMEHHbBIX 1
JA3EPHBIX TEXHOJIOTUHA U CAMAPKAHJACKOM
I'OCYJAPCTBEHHOM YHUBEPCUTETE

WHCTUTYT UOHHO-TIIJIASMEHHBIX U JTAZEPHBIX TEXHOJIOT U

BOJITAEB TAH)KABON CAITAEBUY

HEJIMHEMHO-ONTUYECKHUE CBOMCTBA ILUIASMEHHBIX,
OPITAHUYECKHUX U KJNIACTEPHBIX CPE/]

01.04.11 — JIazepnas ¢usnka (pusuko-MaTreMaTHYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOI TUCCEPTALINU

Tamxent — 2016 rox



TeMa IOKTOPCKOI AMCCepTAIMM 3aperncTpupoBana moa Homepom 12.05.2015/B2015.1.FM200 B
Boicieii arTectanmonHoii komuccun npu Kadunere Munuctpos Pecny6inku Y3oexkucra.

JIOKTOpCKasi TUCCEpTAIsl BBIMOJHEHA B MHCTHTYTE MOHHO-IUIa3MEHHBIX M JIA3€PHBIX TEXHOJOTHIl
Axagemuun Hayk PecniyOonuku Y30ekucras.

ABropedepar auccepTaii Ha TpexX si3bIKax (y30€KCKHM, pYCCKUil, aHTTTMHCKHI) pa3MelieH Ha BeO
crpanuiie Hayunoro cosera mo ampecy (Www.fti-kengash.uz) u HudopmarronHno-o6pa3oBareibHOM
nopraiie «Ziyonet» mo aapecy (WwWw.ziyonet.uz).

HayuHblii KOHCYIBTAHT: I'anee Pammny AmmpoBuy
JOKTOp (PU3UKO-MAaTEMaTH4YECKUX HAYK

O¢unnanbHbie ONMOHEHTHI: AzamaroB 3akup:xkan TaxupoBny
JOKTOp (PU3HKO-MAaTEMaTHYECKUX HAYK

KOcynoB /I:kaBaat bakuaskanoBu4
TOKTOP (pH3HKO-MaTEeMAaTHIECKUX HAYK

HwuszamoB Hemat HuzamoBuu
JIOKTOP (pH3MKO-MaTeMaTHYECKUX HaYK, podeccop

Beaymas opranmsanus: HanmonaabHbIH YHHBepCHTET Y30eKHCTaHa

3ammuTa COCTOUTCS « » 2016 r. B yacoB Ha 3acenaHun HaydHoro coseta
16.07.2013.FM/T.12.01 npu DOUBHKO-TEXHUIECKOM HHCTUTYTe, WHCTUTyT€ WOHHO-TUIa3MEHHBIX U

na3epHbIX TexHojornid M CaMapKaHACKOM ToCylapCTBEHHOM YyHuBepcutere (Agapecc: 100084, r.
TamikenT, yin. bogom3op itynu — 26. Ten./®akc: (+99871) 235-42-91, e-mail: lutp@uzsci.net).

C JOKTOpCKOM JuccepTaleil MOXHO 03HaKOMHThCS B MHopMarmonHo-pecypcHoM 1ieHTpe DU3NKo-
TEXHUYECKOI0 MHCTHUTYTA (3aperucTpupoBaHa 3a Ne ) (Anpec: 100084, r. TamkeHnT, yia. bonomzop
fymu — 20. Ten.: (+99871) 235-30-41).x

ABTopedepar auccepTainy pa3ociaH « » 2016r.

(mpoTtokoun pacchuiku Ne oT 2016r.).

C.JL JlyTnyanaeB
[Mpencenarens Hayynoro coBera 1o npucysKAeHHIO
YYEHOU CTENeHH JOKTOpa HayK, A.(].-M.H., Ipodeccop

A.B. Kapumos
VYuenslii cekperapb HaydHOTO coBeTa 1o MPHCYKICHUIO
YYEHOM CTENeHH JOKTOpa HayK, A.(].-M.H., mpodeccop

C.A. baxpamos
Ipencenarens 0JHOPa30BOrO HAYYHOT'O ceMUHapa rnpu Haydunom coBete
0 MPUCYKJICHUIO YUYCHOH CTEIIEHU JIOKTOpa HayK, 1.(h.-M.H., mpodeccop
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BBenenue (aHHOTALMSA JOKTOPCKOM AUCCEPTALMHU)

AKTYaJIbHOCTb W BOCTPe0OOBAHHOCTHL TeMbl auccepramum. B cBsA3u ¢
POJIOJKAIOIIMMCS. PA3BUTHEM JIA3€PHBIX TEXHOJOTUHA W HEIMHEWHOW ONTHKH B
HACTOsIIIIEE BpPEMs B MHPE UPE3BbIYAWHO akTyalbHa MpoOsiemMa HUCCIIeI0BaHUS
ONTHUYECKUX HEJIMHEWHOCTEW Pa3IMYHOrO MOpSAKAa M IMPOLECCOB, MPOTEKAIOIUX
IpU PACIpPOCTPAHEHUN HHTEHCHUBHBIX YJIBTPAKOPOTKHX JIA3€PHBIX HMMITYJIbCOB B
IJIa3MEHHBIX, OPraHUYECKUX U KIACTEPHBIX cpenax. JlaHHble ucCIeq0OBaHUS
CBSI3aHbl C IPUMEHEHHEM HOBBIX MATEPUAJIOB U HOBBIX YCTPOUCTB, OCHOBAHHBIX Ha
HEJTMHEHHO-ONTHYECKUX 3P deKTax, I pa3IudHbIX 00JIacTeld HAyKW M TEXHUKH,
TakKMX Kak o0paboTka W CO3/JaHWE HOBBIX MAaTEPHAIIOB, TEICKOMMYHHUKAIUS H
nHpopMaTHKa, METPOJIOTHUs, Mepenadya U 00paboTka CuUrHaia, MEAUIMHA, T€HHas
WHXXEHEPUSI U MHOTHUX JIPYTHUX.

[IpumeHeHue HaHOMATepUaloB TpeOyeT HU3YyUCHHUS ONTHUYECKUX U
HEJIMHEHMHO-ONTUYECKUX TMapaMeTpoB W MEXaHU3MOB HUX (GOpPMHpPOBAaHUS B
pPa3MYHBIX CIEKTPaJbHBIX M BpeMEHHBIX Juamna3oHax. Cpemu HauOolee
MHTEPECHBIX HEJIMHEMHO-ONTHUYECKUX MPOLIECCOB B CpEllax, COJAEpHkAIUX HAHO-
YacTHULIBI, a TAKXKE B YIVIEPOJCOAECPKAIIMX MaTepualax, MPUBJICKAET BHUMAaHUE
HEJIMHEMHOEe M3MEHEHHE TMOKa3aTelss MPeIOMIICHHS, 00YCIOBICHHOE ONTUYECKUM
abpdexrom Keppa, HenuHeWHOE TMOTJOMIEHHE B pe3yJbTaTeé MHOTO(OTOHHBIX
nepexoaoB, JUOO OOpaTHOrO HACHIIEHHOTO TMOTJVIONICHUS U  HACBIIIEHHOE
nornomenue. [locnennee, B 3aBUCUMOCTH OT €ro BPEMEHM PEJIAKCALNM, UTPAET
pELIAoIIYI0 POJIb B OJTHOM U3 BOKHEUIINX MPUMEHEHHH MOJ00HBIX HAHOUYACTHUI] B
Ja3epHOl (U3MKE — UCHOJb30BAaHMM HX B KayecTBE cpel ISl IMacCUBHOM
CUHXPOHM3AIIMM MOJ| TIPU TeHEpaluy YJIbTPAKOPOTKHX CBETOBBIX HMITYJILCOB.
BaxxHbIM Takke SIBISETCS HMCCIEAOBAHHE MPOLECCOB MPeoOpa3oBaHUs YaCTOTHI
YABTPAKOPOTKUX JIa3€PHBIX HMITYJILCOB B JAaHHBIX cpeaax B 00JlacTH yibTpa-
¢uosieTa U MATKOTO PEHTreHa, T.e. B TAKUX CIEKTPAJIbHBIX JMAINa30HAX, TJE
OTCYTCTBYET IpsiMas Jla3epHasi TeHepalusl.

BoctpeboBaHHOCTh TEMBI JHCCEpPTAllUU  O00YCIOBIEHAa HEOOXOIUMOCTHIO
Pa3BUTHS METOAMKY JIA3€PHOM aOJISINK JJIs MOTyYeHUS HAHOCTPYKTYPUPOBAHHBIX
MaTepualioB M METOJAMKMA TEHEPAIlMU BBICIIMX TapMOHHMK B IUIA3MEHHBIX
00pa3oBaHUsIX, a TaKXKe MOBBIICHUS Y HEKTUBHOCTH MPEe0OpPa30OBaHUS SHEPTHH B
MaTrepuagax C BBICOKOM HEIMHEMHOCTBhIO. Kpome TOro sKCneprMeEHTaJIbHBIE
pe3ynbTaThl MO aHAIU3Y HEJIMHEMHOCTEeW HAaHOMATepUasoB, KpaliHe BOCTPEOOBaHbI
JUIS. OMHOW M3 BaXXHBIX MpoOJieM JiazepHOM (U3UKM W HEJIUHEWHOW ONTHKU —
CO3/IaHU€ BBICOKOA(D(PEKTUBHBIX HEJIWHEUHBIX DJIEMEHTOB Ha OCHOBE HaHO-
CTPYKTYp METAJLIOB.

KomruiekcHbie Mephl, IPeANPUHIMAEMbIE B Pa3BUTHIX CTPaHAX MO Pa3BUTHIO
CHUCTEM PETHPOHAIILHO-TEPPUTOPUATIBHOTO aBTOMATHU3UPOBAHHOTO YIPaBICHUS U
CO37aHUsl €ANHOTO MH(POPMAIMOHHOTO MPOCTPAHCTBA, HAMPABICHBI Ha IIUPOKOE
BHEJIPEHUE WHOOPMAITMOHHBIX ~ CHUCTEM  Ha  OCHOBE COBPEMEHHBIX
WH)OPMAITMOHHBIX ~KOMMYHHMKAITMOHHBIX TEXHOJOTHH. B cBsI3u Cc  asTuMm
ONpENCNICHUE U aHalu3 HEJIMHEHHO-ONTUYECKUX MapaMeTpoB U MPOIECCOB,
MPOTEKAOIIUX TPU PACPOCTPAHEHUH YJIBTPAKOPOTKUX Ja3€PHBIX HMMIYJIbCOB B
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IJIA3MEHHBIX, OPraHMYECKUX W KJIACTEPHBIX Cpellax, MPOJOJIKAIOT OCTaBaThCS
OJIHUM W3 NMPUOPUTETHBIX HAMPABICHUMN JIa3epHON (PU3UKKU M HETMHEHHOMN ONTHKH,
00ecreynBaloINX TAaKKe Pa3BUTHE CMEKHBIX 00J1acTei HaAyKU U TEXHUKHU.

Hacrosmas nuccepramnusi, B ONPEAEICHHON CTENEHH, MOCBSIIECHA PEILICHUIO
3anay, ykazaHHbix B [loctanoBnenuu [Ipesunenta Pecnyonuku Y36ekucran I111-
1442 “O npuoputrerax pa3BUTHS MPOMBINIICHHOCTH PecnyOnuku Y30eKkucTaH B
2011 - 2015 romax” ot 15 nexadbps 2010 rona.

CooTBeTcTBHE  HCCJIE€I0OBAHMS  NPUOPUTETHBIM  HANPABJEHUSIM
pa3BuTHS Haykum M TexHoJiormd PecnyOaukm Y30ekucran. Jluccepranus
BBIINOJIHEHA B COOTBETCTBUH C IPUOPUTETHBIMU HAINIPABJICHUSMU PAa3BUTHUS HAYKU U
texHojoruit: [IOU-2 — «Pusuka, acTpOHOMHUS, SHEPTETHUKA U MAITUHOCTPOCHUE.

MexayHapoaubslii  0030p Hay4HbIX  HCCJIEAOBAHMH 1O  TeMme
AUCCEPTALMH. Hccnenosanus HEJIMHEWUHO-ONITHYECKUX IIPOLIECCOB,
MPOSIBIISIFOIINXCS TP PACHPOCTPAHEHUH YIbTPAKOPOTKUX JIA3€PHBIX UMITYJIHCOB B
IJIa3MEHHBIX, OPTraHUYECKUX M KIACTEPHBIX Cpelax, MPOBOASITCA B HAYYHBIX
HeHTpax YHuBepcuteta Buibrensm Bectdamume (Mroncrep, ['epmanus),
Nucturyra ¢usuku TBepaoro Ttena Tokwuiickoro yHuBepcutera (Kammmsa,
SInonwust), Ilentpa mepenoBbix TexHoJoruii uM. Pamka Pamana (Munop, Unaus),
Nmnepckoro Kosnemka (Jlonnon, Benukoopuranus), MHcTuTyTa 001ICH (HDU3HKH
(MockBa, Poccust), ®u3nko-xMMHYECKOro HHCTHTYyTa Pokacomano (Maapun,
Wcnanus), HammoHamsHOTO HMHCTUTYTa HAay4HBIX wHccienoBannii (MoHpeals,
Kanana) v psijia Apyrux Hay9HbIX [IEHTPAaX MHUPA.

Ha mupoBOM ypoBHE psl akTyaJdbHbIX 3aJay PEUICHbI, B TOM YHUCIE
MOJIyYEeHBI CIEAYIOLIME HAyYHbIE Pe3ybTaThl: TP (POPMUPOBAHUU HAHOCTPYKTYP
cepeOpa, 0J0Ba M 30JI0TAa B YCIOBHUSX BaKyyMa C IMOMOILbBIO JIA3EPHOU a0JISIUU
MOJy4€Hbl HAHOYACTHUIIBI ATUX MatepuanoB pazMepamu 30300 HM; npemaraioch
UCIIOJIb30BAHME PACTBOpPAa HAHOYACTUIL IUIATUHBI B KA4yeCTBE IACCUBHOIO
MOZYJIATOPA JIA3€PHOTO U3JIy4eHUs Ha JynHE BoJIHbI 1054 HM; nmpoBeneHsl uccie-
JIOBaHUSI HEJIMHEWHOCTEW pa3IMYHOrO MOPSIKAa HAHOYACTHUI[ 30J10Ta, NauIajius,
pPYTEHUS U IUIATUHBI HA JIJIMHE BOJIHBI 792 HM.

B Hacrosmee Bpemss HAaHOYACTHUILBI, YIVIEPOJACOJEPKAIIME MATEPUAIbl U
Jla3epHas mia3ma, CO3/IaHHbIE Ha MOBEPXHOCTU TBEPAOTEIbHBIX MUIIEHEN, IIIUPOKO
WCTIOJIB3YIOTCSL B HEJIMHEHHOW ONTHKE M JiazepHOW (Qusuke. B cBs3M ¢ 3TUM,
IPOBOJSATCA HAYYHO-UCCIEI0BATENbCKHE PA0OTHI MO MCCIEAOBAHUIO HEJIMHEMHO-
ONTHUYECKUX CBOVMCTB MAaTEPUAJIOB B MOJIE YIBTPAKOPOTKUX UMITYJIHCOB.

Crenenb u3ydenHoctu npodsembl. Mehendale S.C., Mishra S.R., u
IpyTrue ydeHble u3 MHAUM NpOBOAWIM aHAIU3 HEIMHEHHO-ONTUYECKUX MapaMeT-
POB CYCIIEH3WH HAHOYACTUI] METAJUIOB B II0JIE HAHOCEKYHIHOI'O W3IIy4EeHUS
MQJIOMOIIHOW CBETOBOW BOJIHBL. lIpr 3TOM HEIMHEHHO-ONTUYECKUN OTKIIUK
00yCJIOBIICH TEMIOBOM HETMHEHHOCTHIO KOJUIOUIHOTO PACTBOPA HAHOYACTHII.

A.b. ®enotoB, C.M. ['mafiKoB U Ipyrue poCCUUCKUE YUEHBIE B PSII€ CBOUX
paboT WCCIeMOBaIN TEHEPAIMIO0 HHU3IIMX W BBICIIUX TapPMOHUK IPU Pacripoc-
TpPaHEHUH JTa3€pPHOTO MU3TyUeHHUS B TJIA3MEHHBIX cpefiax. B aTux paboTax roBopur-
Cs 0 HEOOXOAMMOCTH MPOBEJCHUS ONTUMHU3AIUY MAPAMETPOB TUTA3MBbI IS YIyd-
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IIEHUS YCJIOBUN IF€HEpallMy BBICIIUX TApMOHUK B IJIa3Me, CO3[JaHHON B Mpolecce
Ja3epHOMN a0JISIIMKU HA MOBEPXHOCTU TBEPIBIX MaTepuasioB. OJIHAKO, OXKUAAeMbIe
s pexTuBHOCTU MPeoOpa30BaHMs YHEPTUH JIA3EPHOTO U3ITYYEHUS! B TADMOHUKH HE
OblM  modyyeHbl. [Ipu  HCMONB30BaHUU CHIILHOBO30YXIACHHOW U  BBICOKO-
TEMIIEpaTypHON TJIa3Mbl MPOUCXOAMUT YXYIIIEHUE YCIOBHM 3(P(HEKTUBHOTO
npeoOpa3oBaHusl YacTOThl M3JIYYEHHS, YTO HE IMO3BOJIAET MOJy4aThb TapMOHUKH
BBICIIMX MOPSIJIKOB.

VYuensie u3 Y30ekucrana, B yactHoctu, P.A. T'aneeB, U.A. Kynarun, T.b.
YCMaHOB TMpOBENHM aHAIW3 HEJIMHEMHO-ONTUYECKUX CBOWCTB HAHOYACTHI]
METAJIJIOB, BBEJICHHBIX MOHHOW UMILJIAHTALIMEN B CTEKJIO U B BUJE IJICHOK, a TAKXKE
MPOBEJICHBI HCCIICIOBAHUSI T€HEPAIMHU BBICIIUX TAPMOHUK B CHUIJILHOMOHU3UPO-
BaHHOW I1a3Me. B pesynbTaTe MccienoBaHuid MOMy4YeHbl HU3KHE 3(PPEKTUBHOCTH
npeoOpa3oBaHusl PHEPTUM JIA3€PHOTO UBJIYYEHUS B BBICIIME TapMOHMKU. He
UCCJIEIOBAJIOCH TMOBBIIIEHHE A()PEKTUBHOCTH MPeoOpa3oBaHUsl DHEPTUU, MPHU
UCIIOJIb30BAaHUU CIA00OMOHMU3UPOBAHHON IUIa3Mbl M TOBBIMICHHE 3(G(HEKTUBHOCTH
OJIMHOYHBIX TAPMOHHK B PE30HAHCHBIX YCIOBUSX.

CBsi3b IHCCEPTALMOHHOIO HCCIACAOBAHHMS ¢ IUIAHAMHM HAYYHO-
ucciaenoBaTeabckux pador. Hayuno-uccnenoBarenbckue padoThl BKIIOYAIUCH B
COCTaB CIIEIYIOIIUX HCCIeOBaHUN MHCTUTYyTa MOHHO-IUIA3MEHHBIX U JIA3€PHBIX
texHonorui: OA-O2-O049 «MccnegoBanue reHepaldHM BBICIIMX TAPMOHUK B
o0JlacTM BaKyyMHOIo YyibTpaduosieTa U HEIMHEHHO-ONTHUYECKUX IapaMeTpOB
marepuasioBy (2007-2011rr.) u D2-OA-®160 «HccienoBanue ONTHYECKOTO
MapaMeTPUUECKOTO  YCUJICHHS] UYUPIUPOBAHHBIX  JIA3€PHBIX HUMIYJIbCOB U
HEJIMHEWHOTO B3aUMOJICUCTBUS (DEMTOCEKYHJIHOTO H3JIYyUYCHHS C BEIIECTBOMY
(2012-2016rr.), mporpamMmbel MeXIyHApOIHBIX MPOEKTOB MHpPOBOH akajaeMuu
HayK MO NPOJABWKEHUIO Hayku B pas3BuBawommxca ctpaHax (TWAS Research
Grants) (09-113 RG/PHYS/AS_G — UNESCO FR:3240232129) «High order
harmonic generation of laser radiation in plasma using picosecond laser pulses»
(2010-2012rr.) u 12-040 RG/PHYS/AS_G — UNESCO FR:3240271323) «High-
order harmonic generation of picosecond radiation in laser-produced plasma in the
extreme ultraviolet range» (2012-2014rr.); a Taxxke ['ocymapcTBEHHOTO KOMUTETA
M0 KOOpJWHAIIMU DPa3BUTHUS HAayku W TexHosoruu npu KM PVY3 M/PY-OPI -
69/2013 «I'eHeparus BBICHIMX TapMOHHK JIA3€PHOTO HW3IYYCHUS B TIIIA3MEHHBIX
NepUOINYECKUX CTpykTypax» (2013-2015rr).

Leabio uccjieoBaHMsA SIBJISICTCS U3y4YEHHE 3aKOHOMEPHOCTEW HEJMHEWHO-
ONTHUYECKHUX MPOIECCOB MPOSBISIONIMNXCS MPU PACTIPOCTPAHEHUN MUKOCEKYHIHBIX
UMITYJIbCOB B TUIa3MEHHBIX OPTaHUYECKUX U KJIACTEPHBIX Cpeiax.

Jns pocTwkeHus HSTOW 1eiu ObLI  ONpENeNICHbl CIEAYIoIUE 3aJdadu
HCCJIe0BAHMS:

U3YYUTh 3aKOHOMEPHOCTU (POPMHUPOBAHUS KJIACTEPOB METAJIOB B MIPOIIECCE
Ja3epHOMN a0JIAIMK B KUIKOCTH W BaKyyMe, a TaKXKe MPH PA3TUYHBIX JTABICHHUSIX
Oy(epHbIX HHEPTHBIX Ta30B;
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UCCIIEIOBATh BIMSHUE MAPAMETPOB MUKOCEKYHAHOTO Ja3€pHOI0 U3TYyUYCHUS
Ha 3(PEKTUBHOCTH HEIMHEWHO-ONTUYECKUX MPOIECCOB B CYCIEH3USAX KIIACTEPOB
METaJJIOB,;

HKCIIEPUMEHTAJILHO  OMNPENEIUTh  HEIMHEHHO-ONTUYECKUE  MapaMeTphbl
GyIIepeHOB U OCYHIECTBUTh aHAJIU3 ONTHYECKOro orpanuyeHus B pactBope Cgo B
TOJIyOJIE;

UCCJEeNOBAaTh JBYX(OTOHHOE TMOTJIONIEHHE W  BJIUSHUE KEPPOBCKHUX
HEJIMHEWMHOCTEN Ha MPOIECChl PACPOCTPAHEHUS MOIIHOTO Ja3epHOr0 U3ITy4YEeHUSs
B OPraHMYECKUX MaTepuanax;

ONPENICNIUTh ONTUMAJIbHBIE YCIOBUSI T€HEpAIlUM ONTHYECKUX TapMOHHUK B
IJIA3MEHHBIX Cpefax, 00pa30BaHHBIX HA MMOBEPXHOCTU TBEP/IOTEIBHBIX MUILICHEHN B
IpoIiecce Ja3epHor a0suu;

pPa3BUTh METONMKY CO3JaHUSI MYJBTUCTPYWHOW JIA3€PHOM IUIa3Mbl IS
NOBbIIIEHU AS()PEKTUBHOCTH TEHEPAllMd BBICHIMX TapMOHUK B  YCJIOBUSX
KBa3UCUHXPOHHU3MA.

O0beKT nccjiel0BAaHUs — HAHOYACTULIBI HEOPTAHUYECKUX U OPTaHUYECKUX
BEILIECTB, TUIA3MEHHBIE CPE/IBI.

IIpeamer mccien0BaHUSL — B3aWMOJICHCTBUE YJIBTPAKOPOTKOTO JIA3€PHOTO
U3IIyYEHUS C BEMIECTBOM.

Metoabl uccieqoBaHusi: METOJ] Z-CKaHUPOBAHUs, T'E€HEpalusl TapMOHUK
JA3€pHOTO U3JIYYEHHUs, METOJ JIa3epHOW aOJsiuu W METOJA DJIEKTPOHHOMU
MUKPOCKOIIHH.

Hayynasi HOBH3HA HCCJEIOBAHUSL 3aKIIOYACTCS B CIEIYIOIIHUX
pe3ynbTarax:

U3y4yeHO (OpMHUpPOBAHUE KJIACTEPOB METALUIOB B Mpolieccax JiazepHOU
a0JsIIMU TpU Pa3fIMYHBIX JaBJeHUSX Oy(pEepHBIX HHEPTHBIX Ta30B U HaAWJEHBI
MOPOTOBBIE 3HAYCHMS JABJICHUN Pa3IUYHBIX Ta30B, MPU KOTOPHIX 00pa3zyroTcs
HAHOYaCTHIIbI;

HaWJIeHbl 3aKOHOMEPHOCTH II0 3aBUCHUMOCTH IMPOIECCOB (HOPMHUPOBAHMS
HAHOYACTHUIl METAJIJIOB OT IJIUTEIbHOCTA U MHTEHCUBHOCTHU JIA3€PHBIX UMITYJIHCOB
B TIpoiiecce azepHoit abmsnuu. Co3nanbl HaHOMaTepUalibl U3 HAHOYACTHIL cepedpa
u Menu pazmepamu 20 u 60 HM COOTBETCTBEHHO;

ompejieieHpl  3HAYCHUS Kod(DuIMeHTa HEITWHEWHOTO TMOTJIONICHUS U
HEJIMHEHHOM pedpakuuu B cycrnien3un HaHouyacTuil Pd, Ru, Au u Mn B auamna3sone
wHTeHcuBHOCTEH | = 9x10° +1,7><1010 Brcm? Ha nnuHax BoiH 1064 u 532 HM nipu
JUTATENLHOCTH uMItyibca 50 nc. OOHapyKEeHO, YTO COBMAJICHUE YaCTOThI BTOPOU
rapmonnkd  NdA:YAG nasepa (maumHa BOJNHBI Ay,=532 HM) C YacTOTOM
TIOBEPXHOCTHOTO IIJIa3MOHHOIO pE30HaHCa (JIHMHA BOJHBI Ay~ 530 HM) and
HaHovacTull AU TNPUBOIUT K BO3PACTAHHIO KOd(DPUIMEHTAa HACKHIIICHHOTO
MOTJIONIEHUS;

MOKa3aHbl BO3MOXHOCTH CO3J/IaHMS 3allIUTHBIX YCTPOMCTB MJii CEHCOPOB Ha
OCHOBE ONTHUYECKOTO OTPAHUYEHHUSI MOIIHBIX JIA3EPHBIX UMITYJILCOB B pacTBope Cgo
B Tonyone. [loka3zana nuHaMuka W3MEHEHHUS 3HaKa Kod(pQuimeHTa HETUHEHHOTO
MOIJIOMIEHUSI TJIMIEPUHA C POCTOM HWHTEHCHUBHOCTH JIA3€PHOTO U3IIyUYECHUS,
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KOTOpasi 00yCIIOBJIEHA BIMSIHHEM JBYX()OTOHHOTO TMOTJIOIIEHUS M HACBHIIIEHHOTO
HOTJIOIICHUS;

oOHapy>keHO TpeBbilieHHe A((PEKTUBHOCTU TEeHEepaluu 7-d TapMOHUKU
OTHOCHUTENBHO S5-I TApMOHUKH 3a CYET BIIUSHUS KEPPOBCKUX HEIMHEHWHOCTEN B
IJ1a3Me YriepoICOAepKaINX MaTEPUAIIOB;

pa3paboTaHa METOJMKa CO3JaHUsl MYJIBTUCTPYHHOM MPUIIOBEPXHOCTHOMN
JA3€pHOM IUIa3Mbl [JI1 KBa3UCMHXPOHHOM T€HEpAlMM BBICIIMX TapMOHUK
Ja3epHOT0 M3Iy4YCHHS Ha OCHOBE Mep(OpHUpOBaHMS MOBEPXHOCTH ATIOMUHHUEBBIX
MUIIEHEN; MOKa3aHbl BO3MOXHOCTH IOJIYYEHHUS MNEPUOAUYECKON CTPYKTYpHUPO-
BaHHOU 1ua3mbl ¢ nepuojgoM oT 0,15 go 0,5 MmMm. OOHapyX’eHO BOCBMHUKpPATHOE
YBEJIMYEHUE NHTEHCUBHOCTU TPEThEN TAPMOHMKHU B CTPYKTYPUPOBAHHOM IJIa3Me C
nepuosoM 0,15 MM O CpaBHEHUIO CO CIUIOIIHOM IIJIa3MBI.

IIpakTH4yeckue pe3yabTaThl HccaenoBaHMid. [loydeHbl HaHOYACTHUIIBI
psiZia METAJJIOB B BUJE IUICHOK M PAaCTBOPOB ITyTEM JIa3€pHOM abiAluy B BaKyyMe
U B KUIKOCTAX. W3mepeHbl KO3(pPUIMEHTH HETUHEHHOrO MOTJOLIEHUS WU
pedpakK CyCIIeH3U HAaHOYACTHIl METAJIOB, psJla OPraHUUYECKUX MAaTEpHAJIOB U
GymnepeHoB MeTonoM Z-ckaHupoBaHMs. [IpompeMOHCTpUpOBaHBI BO3MOXKHOCTH
3¢ (EeKTUBHON reHepaluy BBICIIMX TAPMOHUK M3ITyYEHUsl MUKOCEKYHIHOIO Jia3epa
B (paxesne 1a3epHOM IJIa3Mbl, UTO PACIIUPSET CIIEKTPAIbHBIN JUANa30H MOTYYSHHUS
KOT€PEHTHBIX UCTOUHUKOB B 00J1aCTH BAKYyMHOTO yJIbTpaduoJieTa.

JlocToBepHOCTH pe3yJIbTaToB HCCJIeIOBAHMH. Kanubposka
ABTOMATU3UPOBAHHON  CUCTEMbl  Z-CKaHUpPOBAHUS  Cpel  MOATBEPKIACTCS
HEMPOTUBOPEYMBOCTBIO € PpE3yJbTaTaMU HW3MEPEHHSI HEJIMHEHHO-ONTHUYECKHUX
napamMeTpoB JIPYrMMHU aBTOPAMH, B TOM YHCJIE C OCHOBHBIMH TE€OPETHUYECKUMHU
MOJIOKEHUSIMHU.

Hayuynasi U nmpakTuyeckasi 3HAYMMOCTb Pe3yJbTATOB MCCJIeJ0BAHUS.
Teopernyeckas 3HAYUMOCTH PE3YJIBTATOB HCCIEAOBAHMI IO3BOJSET CHHTE3UPO-
BaTh HEJIMHEWHO-ONTHUYECKHE MaTepualibl HA OCHOBE HaHOUYACTHI] cepedpa, Meau U
Maprafia C BBICOKMMHU 3HAYECHUSIMU HEJIMHEHHO-ONTUYECKHX I1apaMETPOB C HC-
NOJIb30BAaHUEM METOJA Ja3epHOM alMsAIUM B MOJIE MMITYJIbCOB MUKOCEKYHJIHOM
JUTUTEJIBHOCTH.

[IpakTryeckass 3HAYMMOCTb PpE3YJbTATOB HCCIEIOBAHUN JUCCEPTALMH
3aKJIIOYaeTCs B TOM, YTO HaJIM4yue ABYX(OTOHHOTO MOTJIOHIEHHS B pacTBOpax
(GyIepeHOB MOXKET ObITh UCIIOIB30BAHO 1715l CO3AaHus A3 (HEKTUBHBIX ONTHYECKUX
OTpaHUYMTENICd JIA3€pHOTO W3JIYYEHUS W CO3[IaHUs PE30HAHCHBIX YCJIOBUH,
oOecreunBalOIMX Bo3pacTaHue 3(PPEKTUBHOCTU OTAEIBHO T€HEPUPYEMBIX Tap-
MOHHMK, YTO MO3BOJIIET B 3HAYUTEIBHOM CTEMEHW YIydllaTh SHEPreTHYECKHUe
XapaKTEPUCTUKH KOTEPEHTHBIX HMITYJIbCOB B OO0JacTH BaKyyMHOTO YJbTpa-
¢duonera.

BHeapenue pe3yabTaToB McciaeaoBaHuil. PasBuras B guccepranuu
METOJMKA CO3JaHHs MYJBbTUCTPYWHOM NPUNOBEPXHOCTHOM JIA3EPHOU IIa3MBbl
oOecnieunBaroias JECATHUKPATHOE YBeIHMueHHe 3(PGEKTUBHOCTH TUATHOCTUKU
HEJIMHEHHBIX ONTUYECKHX MapaMeTpOB OPraHHUYECKHX M HEOPraHWYECKHUX Mare-
pHAJIOB UCIOJB30BaNach MPU BHINOJHEHUH HAYYHO-HCCIIEIOBATEIbCKUX padOT B
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pamkax npoekTta «HennHeilHO-onTHYECKOE MPUMEHEHHE PA3IMYHbIX MaTepPUasoB
U METOJIOB B OMOMEIMIIMHEY», WHUIIMUPOBAHHOTO SMOHCKUM OOIIECTBOM COJIEH-
ctBug pazButuio Hayku (rpant JSPS KAKENHI, Ne 24760048, nuceMmo ot Llentpa
o(pTaNbMOJIOTUA M TEPENIOBbIX Jia3epoB MNpu MeIUIMHCKOM YHUBEPCUTETE
Canrama, 17.04.2015, SInonust).

Anpobamnusi padboTbl. OCHOBHBIC PE3YJIbTAThl TUCCEPTALIMM JOKJIIAIBIBAIUCH
Ha crenyomux KoHpepeHIusx u cumnosuymax: Kondepenmus «Pazputue
WHHOBAIIMOHHBIX TEXHOJIOTHMH Ha B3IV MOJOIBIX yU€HBIX», (Tamkent, 2010);
MexayHapoaHas KOHQepeHIus Imo ja3epHod omtmke «Laser Opticsy (Cankr-
[leTepOypr, Poccus, 2012); MexnyHaponHas KOH(EpPEHIUsI 1O KOTEPEHTHOH H
HenuHenHoW ontrke (Kazanp 2010 m Mocksa 2013); Pecnybnukanckas HaydHO-
npaktudeckass koHpepeHuus «HaHOTEXHOJOTHS, MCIOJB30BAHUE BO300OHOBIISS-
€MbIX MCTOYHHUKOB 3HEpruu: mpodsiembl u pemeHus» (Kapmm, 2012); Mexny-
HapoJHasi Hay4dHas KOH(EPEHIMsS CTYICHTOB, ACIMPAHTOB W MOJIOABIX YUYEHBIX
«JlomonocoB-2012» (MockBa, 2012); MexnayHnaponHas KoHpepeHIUs «AK-
TyalibHble MpoOsieMbl (Quznueckor snekTpoHukn» (Tamkent, 2012); Pecmy6-
JUKAHCKasl Hay4yHO-TIpakThueckas KoH@epeHuus «HaydHblil nporpecc U MHHOBa-
IIMOHHOE pa3BuUTHE H3KOHOMHUKW» (Akamemuss Hayk PecnyOnuku VY30ekucraH,
Tamxkent, 2012); MexayHapogHas koHpeEpeHIUs «AKTyallbHbIE MPOOIEMbI
MOJIEKYJISIPHOM CIIEKTPOCKOIUU KOHACHCHUpOBaHHbBIX cpea» (Camapkanm, 2013); 11
Mexnynaponnas kondepenius «OIITUKA 1 ®OTOHUKA-2013» (Camapkann,
2013); Mexnynapoanas koHpepenius «IPEC-6» (Tamkent, 2013); TWAS-
ROCASA Regional conference for young scientists on «Nanoscience &
Nanomaterials» (banranop, Uumus, 2015); a Takke Ha 00bEIUHESHHOM CEMHUHApE
WMHcTHTyTa HOHHO-TUIAa3MEHHBIX U Jla3epHbIX TexHosoruid AH PY3 (15.04.2015) u
B omHopa3zoBoM Hayunom cemuuape (19.01.2016) npu Hayunom cosete
16.07.2013.FM/T.12.01 mnpu Dusuko-texuuueckom wuHcTUTyTe AH PVY3,
NHcTuTyTe MOHHO-TIa3MEHHBIX U Ja3epHbix TexHonorut AH PY3 u Camapkanna-
CKOM TOCYJAapCTBEHHOM YHUBEPCHUTETE II0 TMPUCYNKICHUIO YYEHON CTENeHU
JIOKTOpa HayK.

Ony01MKOBAaHHOCTb Pe3yJbTaTOB. [lonydeHHBIE pPE3ynbTaThl MO TEME
JUCCEePTALUK U3JIOKEHBI B 29 Hay4YHBIX TPyJax, KOTOPbIE MOJHOCTHIO OTPaKaroT
ee coaepxanue; w3 Hux 14 crateil oOmMyOJMKOBaHBI B pedepUpyeMbIX
MEXTyHAPOIHBIX JKypHajax, 15 Te3uchl JOKIaJ0B OMyOJIMKOBAHBI B TPYAaX MEX-
JTYHAPOAHBIX U PECIyOIMKAaHCKUX KOH(pEPEHIUH.

CrpykTypa u 00beM JAUCCEPTAMOHHON padoThl. [(rccepTanus COCTOUT
U3 BBEJICHUSI, MSITH TJ1aB, 3aKJIIOUCHHS M CIHUCKa JUuTepaTypbl. PaboTa comep ut
191 cTpaHuIbl MAITUHOMIMCHOTO TEKCTA, BKJIIOYast 67 PUCYHKOB U 3 TaOJIMIIBI.

OCHOBHOE COIEP KXAHUE INCCEPTALINU

Bo BBegeHnu 0OOCHOBBIBA€TCS aKTyalbHOCTh M BOCTPEOOBAHHOCTH TEMbI
auccepTaluu, (GpopMyIHUpYIOTCS LEdb M 3aJauyd, a TaKKe OOBEKT U MpeIMeT
UCCJIeIOBAHUSI, IPUBOJIUTCS COOTBETCTBHE UCCIIENOBAHNS TPUOPUTETHBIM HAIIPaB-
JIEHUSIM Pa3BUTHUSI HAyKU U TexHosoruil PecrnyOmuku Y30ekucTaH, uziararorcs
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Hay4Has HOBH3HA W TMPAKTUYECKUE PE3YJbTAThl MCCIICIOBAHUS, 00OCHOBBIBACTCS
JIOCTOBEPHOCTH INMOJYYEHHBIX PE3yJIbTATOB, PACKPBIBAETCS HAy4YHAs U IpaKTU4YeC-
Kasi 3HAYMMOCTh MOJYYEHHBIX pPe3yJbTaTOB, MpUBeACHA MHGOpMAIUS O BHEApE-
HUN B MPAKTUKY PE3YJbTATOB UCCIEIOBAHUS, CBEJCHUS MO OMYyOJMKOBAaHHBIM pa-
00TaM U CTPYKTYpE AUCCEPTALIUU.

B nepBoii rinaBe «O030p U COCTOSIHHE MCCJIEIOBAHUMA M0 HEJIMHEHHOCTH
IUIA3MEHHBIX, OPraHMYEeCKUX M KJIACTEPHBIX Cpea» IMPUBEACH aHAIU3 JUTEpa-
TYPHBIX JAHHBIX TIO COCTOSIHHIO TIPOOJEMBI HEIMHEHWHO-ONTHYECKUX CBOWCTB
IJIA3MEHHBIX OPTaHWYECKUX M KIACTEPHBIX CPEI, a TAKXKE IO HCCIEIOBAHUAM
HEJIMHEWHO-ONTUYECKUX CBOMCTB IJIa3MEHHBIX 00pa30BaHUil, KJIACTEPOB METAIJIOB
Y OPraHUYECKUX MATEPUAIIOB.

Bo Btopoi rimaBe «MeToabl NPUrOTOBJIECHHUS M OCHOBHBbIE CBOWCTBA
HAHOYACTHUID» JIUCCEPTALNU HU3JIOKEHBI PE3YJbTAThl UCCIEIOBAHUS 3aBUCUMOCTH
dbopMHpOBaHHS HAHOYACTHUI[ METAJUIOB OT KOHIICHTpauuu Oy(depHBIX WHEPTHHIX
ra3oB B Tpollecce JIa3epHOM aOJSIMK METAUIOB HUMITYJIhCAMU MUKOCEKYHIHON
JIUTENBHOCTU. [IpoaHann3upoBaHbl pa3MEpHBIE XAPAKTEPUCTUKU HAHOYACTHI] C
VCIIOJIB30BAHUEM DJIEKTPOHHOTO MUKPOCKOIA. POpMUPOBAHME HAHOYACTUL] MOKET
OBITh TIPENICTABIICHO KaK Mpolecc OBICTPOro BO30YKIECHUS SJIEKTPOHHOIO Ta3a U
NEPEHOC PHEPrUu BO30YKICHHS K aTOMHOW sYeKe ¢ JaTbHEUIUM MPOIECCOM
arperaiuu, KOTOPBIA MPOJOJDKAETCS B TEUYCHHE aOJsaIuu, pasiieTa MpPOIYKTOB
WCTHIApPEHUs U HAIMBbUICHUSI MaTepuara.

Ha ocHoBe criekTpanbHBIX U3MEPEHUN MOKA3aHO HAJIMYUE MOBEPXHOCTHOIO
MJIA3MOHHOTO PE30HaHCa B CIEKTPE MOTJIOIEeHUsT 00pa3ioB (puc. 1), HaNbUIEHHBIX
HA MOBEPXHOCTU CTEKJITHHBIX MOJIOXKEK.
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1 — cepebpo; 2 — Mean
Puc. 1. CieKkTpbl NOI/I01eHNS] HANIBIIIEHHBIX MJIEHOK NMPHU PA3JIUYHBIX YCJIOBHAX

dopMUpoBaHHWE HAHOYACTHI] METAUIOB B YyCIOBUAX BakKyyma, Kak
MOKa3bIBalOT MUKpodoTorpaduu 0Opas3IoB, COMPOBOKIACTCS TMOSBICHUEM CpaB-
HUTEJIFHO PABHOMEPHOTO pacmpe/eieHs KIIACTEPOB Ha TTOBEPXHOCTH CTEKIITHHBIX
MO/IOKEK. VX TMOsBIIEHWE TOATBEPKAACTCS HATUYHEM IMOBEPXHOCTHOTO IJIa3-
MOHHOTO PE30HAHCA B CIEKTpax IMOTJIOMICHHS HaNbUIEHHBIX 00pasmoB. B konIe
TJIaBbl TIOKAa3aHO, YTO BEPOSATHOCTH OOpa3oBaHUsS KJIacTepoB cepedpa CHIIBHO
3aBHCST OT KOHIIEHTpanu 0y()epHBIX HHEPTHBIX Ta30B.
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Bnepsrie mnpoanammzupoBaHo (HOPMUPOBAHHE KIACTEPOB METALIOB MPHU
pa3HBIX JaBJICHUSAX Oy(QEepHBIX WHEPTHBIX Ta30B W HAMIEHBI MOPOTH JaBICHUN
renust (P =~ 33 Topp) u kcenona (P ~ 12 Topp), BbIlIe KOTOPBIX MPOILIECC arperaiyuu
HAHOYACTHI] CTAHOBHUTCS MAJIOBEPOSATHBIM U B CIIEKTPaX MOTJIONIEHUS 00pa3IoB HE
MOSIBJISIFOTCS] MTUKH TIOBEPXHOCTHOIO MJIA3MOHHOI'O pe30HaHca (puc. 2).
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JIiuHa BOJIHBI, HM JlinHa BOJHBI, HM
1 - 11 ropp; 2 — 33 Topp; 3 — 87 TOpPP; 1 - 12 topp; 2 — 26 Topp; 3 — 101 Topp;
4 — 136 Topp 4 — 285 Topp
a) B cpeJie Teus 0) B cpe/ie KCeHOHa

Puc. 2. CnekTpbl NoriomeHust IVICHOK cepedpa, HANbIICHHBIX
B YCJOBHUSIX BAKYYMA M IIPHM Pa3HbIX JaBJIEHUSX

B tpertbeit rimaBe «OCO0€HHOCTH HEJTMHENHO-ONTHYECKUX XaPAKTEPUCTUK
HAHOYACTHUI] PA3JIUYHBIX META/UIOB» W3JIOKCHBl PE3yNbTaThl HU3MEpPEHUs
HEJTMHEWHO-ONTHYECKNX  XapaKTePUCTHUK CYCHEH3WH HAHOYACTUI[ PYyTEHUS,
najiaans, 30J0Ta ¥ Mapraniia MeToIoM Z-CKaHUPOBAHHU.

HavanbHast KOHIIEHTpaIys CyCIeH3uil HaHOYaCTUI] MeTaioB Obuia paBHa 10
MMOJIb B ciydae 3oj0ota U 20 MMOJb B cllydae pyTeHHs W mnamiaaus. B
HKCIIEPUMEHTE HUCII0JIb30BAHbI CYCIIEH3UHM C BECOBOM J10J1el HAHOYACTHUI] MaJuIaus
— 2x107*, pyrenus — 4x10™* u 3omota — 2x10°*. Ilpu Takoil KOHIEHTpPALMH B
CTIEKTpE JTUHEHHOTO MOTJIONIEHUS HAOII0JaINCh 3HAUNTEIbHBIE TTMKH TTOBEPXHOCT-
HOTO IUJIA3MOHHOTO pe3oHaHca. [ns ompexaeneHus pa3MepoB U MOPQOJIOTHH
HAaHOYACTHI[ HCIIOJIb30BAIaCh METOJMKA JJICKTPOHHOW MHKpockonuu. Crek-
TpaJIbHbIE U3MEPEHUS TPOBOJIMIIUCH C MCcTodb30BaHueM criekrpomerpa USB-2000.
OO6pa3supl MOMEIIATMCh B KBapIEBYIO KIOBETY TOJIIMHOW 3 MM. B HekoTOphix
CyJasXx K CYCHEH3HWSM J00aBISUINCh TOJUBUHUI THUPPOJIUIOH U  TOJIU-
STUICHUMUH, TPENSATCTBYIONIUE arperaiud HaHodacTull. B kadecTtBe pacTBOpH-
TEJIeH ATUX CYCIEH3WH HMCIOJIB30BAIMCh NUCTWIIMPOBAHHAS BOJA, dTAHOJI W N-
npomanoi. Ha puc. 3 mpexacraBiensl MukpodoTorpaduui HaHOYACTHI] 30JI0TA.
HanouacTtuipl 3070Ta, pyTEeHUS W Majulagusi UMEIH pPa3Mepbl COOTBETCTBEHHO
15+30, 3,4 u 2,5 HM. YCTaHOBJIEHO, YTO HAHOYACTHUIIbI 30JI0TA B PAaCTBOPE UMEIOT,
B OCHOBHOM, c(epuueckyto (HopMy U B HEKOTOPBIX CIydasX — TPEYrOJbHYIO
dopmy. Ha puc. 4 npencraBieHbl CEKTPhI MOTJIONIEHUS CYCIIEH3UU HaHOYACTHII
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30710Ta. [IMK MOBEPXHOCTHOTO TIA3MOHHOTO PEe30HAHCA Haxoauics B obmactu 530
HM, 4TO XapaKTEpHO /IS HaHOYacTHIl 305i0Ta pazmMepoM 30 HM. IloBepxHOCTHBIE
MJIa3MOHHBIE PE30HAHCHI CYCIEH3WN HAHOYACTHUIl MaJIagus U PyTEHUS HaXo-
ek B oosractu 305 um u 240 uM.
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Puc. 3. Mukpodortorpadpus Puc. 4. CiekTp noriouieHust cycrneH3uu
HAHOYACTHII 30JI0TA HAHOYACTHII 30JI10Ta B KBApLEBO# KIOBeTe
TOJIIIUHOH 3 MM

PacTBop HaHOowacTull MapraHiia ObLJI MPUTOTOBJIEH B IpOLECCE Ja3epHOMN
absiuuu MapraHua B >KMJIKOCTH. B KauecTBe MCTOYHMKA W3JIydeHUs AJIs MpU-
TOTOBJICHHSI PACTBOPOB HaHOYACTHUI MapraHia ucrnonb3oBaics Nd:YAG nazep ¢
[TACCUBHOM CUHXPOHM3ALHUEW MPOAOJIBHBIX MOJA. JIIMTENBHOCT UMITYJIBCOB, ClIE-
ayrommx ¢ yactoroi 2 I', cocraBmnsina 50 nc. OOpa3ibl NOMEIATUCh B KBAPLIEBYIO
KIOBETY C 3TAHOJIOM JIM0O C APYTMMH OPraHUYECKUMHU pacTBOpUTENAMHU. JazepHoe
mznyuenne (E=3m/lx) dokycupoBaioch TUH30M ¢ POKYCHBIM PACCTOSIHUEM 8 CM
Ha IMOBEPXHOCTh 00pa3la, MOMEIICHHOIO BOJM3HM 3aJHEH CTEHKH KIOBETHI IS
MPEAOTBPALIEHUSI ONTUYECKOro MpoOos mepeaHeil creHku. OOmydyeHue oOpaszua
npousBoAwioch B TedeHue 30 MuH. B pesynbrare nasepHoil abmsuuu HaHO-
YacTHUIpl MapraHua paclbUBUINCh B XKHUIKOW cpene. BecoBas 101 HaHOYACTHUIL
MapraHIa OpH JaHHOM MpOLeIype IPHrOTOBIeHHS cocTaBmsuia 2x10™. Ha puc. 5
npuBeJIeHbl MUKpodoTOorpaguu HaHOYACTHIl MapraHiia, KOTOpble IepBOHAYAIbHO
MMeEJH, B OCHOBHOM, c(epuueckyio (opmy, a 3aTeM CO BpEeMEHEeM IpuoOpeTaiu

TPEYTOJIbHYIO U KBaJpaTHBIC (DOPMBI.
a) o | . % 6)
e PR A : a — cpasy mocJe Jla3epHoi absanu;
0 — mocJe ABYX HEJENb.

B £ 'f;. e
S S A A Mapkepsl Ha H300paKEHHSX COOTBETCTBYIOT:
i a— 200 uM; 6 — SO0mM
o & FES I S
% v * ‘ Puc. 5. Muxpodororpaduun
. ofs - HAHOYACTHI MAPIraHIa
- o s '~
g - v — —

B npuroToBleHHBIX pPAacTBOpax pa3Mepbl HAHOYACTUIl HM3MEHSUIUCHh B
npeaenax or 6 10 50 um (puc. 5a). Cnycrs 15 nHeit 310 pacnpeneneHyue OblJIO B
npeaenax ot 7 1o 14 um (puc. 56). Uepes HEKOTOpOE BpeMs mocie adsiun 0osee
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TSDKEJIbIE HAHOYACTULBI OCEAAIM MOJ JEWCTBHEM TIPABUTALMOHHBIX CHUJI U B
pacTBOpE OCTABAINCH JIMIIb HAHOYACTHIIBI MAJIBIX PAa3MEPOB, KOTOPHIE HE OCEAAIOT
Ha JTHO KIOBETHI U3-3a TOr'0, YTO CUJIBI IOBEPXHOCTHOI'O HATSKEHUS MTPENSATCTBYIOT
UX OCEJaHUIO.

Ha ocHOBE cHCTEMaTMYECKUX HCCICHOBAaHUN HEIMHEWHO-ONTHYECKUX
[IapaMETPOB CYCIIEH3MI HAHOYACTHUIl NAJIaAUs, PYTEHHUs, 30JI0Ta U Maprasia c
UCIIOJIb30BAaHUEM METOJIUKU Z-CKAaHUPOBAHUS 3TUX CPEJl B MOJIE MUKOCEKYHIHBIX
MMITYJIbCOB C MCMOJb30BAHUEM ABYX JJIMH BOJIH MOKAa3aHO, YTO JJII HAHOYACTHUIL
Pd u Ru kBaHTOBBI pa3mepHbIil d((EeKT He urpaer CyIIECTBEHHOW pOJIM B
ONpENEICHUN UX HEJIMHEWHO-ONTHYECKUX CBOWCTB TPETHErO MOPSAAKA B OJMKHEN
uH(pakpacHoit oomactu (A = 1064 Hm).

—— OTOT pe3ysbTaT OOBICHSIETCS TEM, YTO
YaCTOThI TOBEPXHOCTHOTO IJIA3MOHHOTO
pEe30HaHCa ATUX 00pa3IOB 3HAYUTEIHHO
OTCTOSIT ~ OT  YacTOThl  W3IyYCHUS
Nd:YAG na3zepa  (MOBEpXHOCTHBIH
IUTa3MOHHBIN pe30oHaHC HaHodacTtull Pd
n RU HaxomsaTcs B JMamnasoHe IIWH
BOJIH COOTBETCTBEHHO A, = 240 m 305
Ao HM). 3aBUCUMOCTb HOPMaJIM30BaHHOIO
Puc. 6. 3aBUCHMOCTE HOPMAJIM30BAHHOI'O HpOHyCKaHfM OT TOJIOKCHUS KIOBCTHI C
NPONMYCKAHMS OT IOJIOKEHUS KIOBEThI € CYCIICH3UCH HaHOYaCTHLl IIaJUIansl B
cycneH3Hell HAaHOYACTHI MAJIaIus B cXeMe CXEME C OrpaHUYMBaAIONICH I[I/Ia(bpal“MOf/'I
¢ OrpaHMYHBarOIIen AuapparmMoi IpUBEIEHA Ha pUC. 6.

Jnst Hanowactury AU JaJMHA BOJIHBI TOBEPXHOCTHOTO TUIA3MOHHOTO
pe3oHaHca (A,~ 530 HM) MOYTH COBNANAET C AJIMHOW BOJHBI U3JIy4€HHs BTOPOIl
rapmMoHrkd NA:YAG mazepa (A,= 532 HM). B nanHOM ciydae HaOmromaics
3HAYUTEIHHO 00JIee BRICOKUN HEIIMHEHHO-ONTHYCCKUA OTKJIUK, MPOSBIISIOMIUICS B
BUJIE HACBIIICHHOTO MOTJIONIEHUA. V3MepeHHs MoKa3ajau, YTO HHTEHCHUBHOCTh
HACBIIIEHUS U KOA(P(GUIIMEHT HACBIIIEHHOTO TOTJIOMEHUS 3TOW CYCTeH3UU ObLIH
paBuel 9x10° Br/em® um — 8x10™° mBr'. B TO ke Bpems CyILIECTBEHHOIO
YBCIIMYCHUS HEJIMHEHHO-ONTHYECKOr0 OTKJIMKa HaHouactull Pd m RU MoxHO
0XHJaTh B KOPOTKOBOJHOBOM 00JIaCTH CIIeKTpa (HampuMep, Ha JJIMHE BOJIHBI
usnydenus derseproit rapmonnku Nd:YAG nasepa, Ay, = 266 um). Heobxoaumo
OTMETUTb, YTO B OJTOM CHEKTPAJbHOM JHara3oHe MPUCYTCTBYET CHIILHOE
JUHEHHOE TOTJIONIEHUE KaK B 3TAHOJIE, UCIOJIb3yEeMOM B Kaue€CTBE PACTBOPUTEII,
TaK ¥ B CAMHUX [MOBEPXHOCTHO-AaKTHUBHBIX BEIIECTBAX.

[TposiBieHUE BIMSHUS MOBEPXHOCTHOTO IUIA3MOHHOTO pe3oHaHca s Pd u
Ru B 3TOM ciydyae MOXKET MacKMpOBaThCS JUHEHWHBIM TmorjomieHueM B YO
obOnactu. MccnenoBaHusi Takxe MOKa3aid, YTO JAaXKe JJISi HU3KOPHEPreTHUYHBIX
30HAMPYIOIIHMX GOTOHOB (¢ ’Hepruei 1,17 3B) nzyuennsiec HanouyacTuipl Pd u Ru
06/1a/1a10T 3HAYUTEIBHON HeTHHeiHON pedpakimeit (Jpq =—1.2x107"" M*B1™, jgy =
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—3x107" MZ'BT'l) ¥ HEJTWHEHHBIM ToTJomeHueM (fpg= 4x10 ®m-Br! u Pri=
8x107 ' m-Bt™Y).

[ T . HenuHelHo - onThyYeckne napaMeTphbl
100 #GEE%:’:'—;‘!. Dpaﬂg_];—tﬁﬁgﬂ; {  pactBOpa HaHOYaCTHIL Maprasia
ro Pet @S q/‘/ ONpENENsUIM B 3TAHOJE METOJUKOU Z-
| W/ CKAHUPOBAHUSI. DKCIEPUMEHTAIBHO
090} 8/ | TmokazaHO, YTO (PU3UYECKUM MEXaHU3-
i L MOM, OMPEESIOUM MpoIiecc camodo-
I ¢ o MTm |l KyCHPOBKM B CYCIICH3UM HAHOYACTHIL
osol o o 4 o, T Maprasia Ha jnuHax BoJiH 1064 HM u
e e 532 HM, sBIAETCS ONTUYECKUU APDHEKT

®- 1064 um; O- 532 Hm Keppa, B TO BpeMs Kak HEIHMHEHHOE

Puc. 7. 3aBHCHMOCTL HOPMATIH30BAHHOIO  [1OTTIOIIEHUE 00yCII0BIEHO IBYX(OTOH-
NPONYCKAHNSA OT NOJOKEHHsSI KIOBETBI € ' pornomenneM I 0GpaTHBIM

cycrneH3ueil HAaHOYACTHI] MapraHua B HACHIICHHEIM TIOTJIOMCHHEM (pHc. 7)
3TaHOJIe B CXeMe ¢ OTKPbITOii Juadgparmoit I om puc. /).

Ha ocHOBe wu3yyeHUsT HEIMHEHHO-ONTUYECKUX IIPOLIECCOB B  CYCHEH3UU
HAaHOYACTHI] MapraHiia ONpENEeJeHbl CJEAYIOIIMEe OCHOBHBIE MapaMeTphl:
ko3¢ ¢uumentT Hemmueiinoro mperomaenns (7 = 8x10™° M*B1™) u kosddumment
HEJTMHEHHOT0 Torjomenus (£ = 2x10712 M-BT'l) Ha JuinHe BOJIHBI 1064 HM U COOT-
BETCTBYIOIIME MapaMeTphl HA JmHHE BOMHBI 532 HM (¥ = 2x10™ M*Brt u 4 =
4x108 M'BT'l). OTMedeHo 4To, HanboJjee BaXHBIMU TPOIeCCaMU B HMCCIICIOBaH-
HBIX CpeAax MpH paclpoCTPAHEHUU MOIIHBIX 3JIEKTPOMArHUTHBIX BOJIH SIBJISFOTCS
HEJIMHEHHOE HW3MEHEHWE [I0Ka3aTeNsl MpeIoMJIEHUsT Cpelbl W HEJIWHEWHOe
MOTJIOIIEHHUE U3ITYYCHHUS.

B derBeproii r1maBe «HenMHEHO-ONTHYECKHE XAPAKTEPUCTUKHU
yIJiepoacoaepKaluX MATePUHAJOB» JHCCEPTAlMU PACCMOTPEHBI PE3yIbTaThl
ONpENEICHUS]  HEJIMHEWHO-ONTHUYECKUX  XApaKTEPUCTHK B  ClIy4ae Cpen,
congepxkaumx Cgp, MPEACTaBICHbl PE3yNbTaThl W3MEPEHUS HEIMHEMHOIro Kod3(-
¢urmenta nornouieHus B pactBope Cgy B TOIYOJI€ C UCIOJB30BAHUEM H3ITyUCHHUS
Nd:YAG nazepa na jyimaax BoH 1064 u 532 Hm.

OKCHEpUMEHTAIBHO TTOKa3aHo, 4yTo B ciayyae 50 mc u3iaydyeHus Ha JJIMHE
BOJHBI 532 HM HEJIMHENHOE MOTJIONIEHWE B 25 pa3 MPEBHIIIAET aHAJOTHYHBIN
napameTp JUIsl cilydasl U3JIydeHus: ¢ aauHoil BoaHbl 1064 M. [IpeBbiienue 3Toro
napamMeTpa Ha JJMHE BOJHBI 532 HM OOBSCHAETCS HAJIUYUMEM, KaK OOpaTHOTO
HACBIIIEHHOTO TOTJIOUIEHUS, TaK U ABYX(OTOHHOTO MOTJIOMICHUS HCCIEAYEMbIX
00pa3IoB HA JAHHOM JJTMHE BOJIHBI.

Pe3ynpTaThl SKCIEPUMEHTOB MO ONTHYECKOMY OTPAaHUYEHUIO, KaK MOKa3aHO
Ha pHC. 8, UMEIOT XapaKTEPHYIO 3aBUCUMOCTb SHEPIUM U3TYUYEHUs, MPOILIEIIIETO
yepe3 pactBop Cgo, 0T sHepruu (E) magaroniero msiydeHus: Ha JJIMHE BOJHBI A =
532 HM. VYcraHOBIE€HO, 4YTO KOXDOUIIMEHT TMPOMyCKaHUs pacTBopa ObLI
npubnu3utenbHo noctostHEBIM A0 E = 0.85 m/x (mpu cBetoBom motoke 0.1
Tox-em™). JlanbHeitiee YBEJIIMYECHUE DHEPIUU UMITYJIbCA IIPUBOAUIIO K CHUIKECHUIO
SHEPrUM W3IIyueHHUs, MPOILIEAIIEr0 uepe3 pacTBop ¢ysuiepeHoB. Onruyeckoe

0.95 -

HOpMa.TlH3OBaHHOC TPONYCKAHHE, OTH. &4,
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OTpaHUYCHHE pacTBOpa (QyJIepeHa UMEET XOPOIIee COOTBETCTBUE C JAHHBIMHU 10
HEJTMHEHHOMY MOTJIOIIECHHUIO.

—
wn
T
1

® - pactsopa Cgp B Tonmyone; O - Tonyona

—
[=1
T
1

Puc. 8. JHeprusi npoxoasimero u3Jy4eHust
, Kak ()yHKIHS JHEPTHH MAAAK0IIEro
/8 U3J1yYeHus
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JHeprus majgawuiero u3aydenus, Mk

HccnenoBanre ONTUYECKUX HENMHEMHOCTEH B KUIAKUX  PA3THYHBIX
OpraHUYEeCKUX MaTepuagax MpPOBOAMIOCH METOJIOM Z-CKaHWPOBAHUS B OJIMKHEN
nH(ppakpacHOH W BUIMMOM oOnacTsax crnekrpa. llokazaHo, 4TO OOJBLIIMHCTBO
o0Opa3oB 00Ja/1aeT HETUHEHHBIM TOIJIOIIEHUEM, B TO BpEMs KaK HEKOTOPbIE U3
UCCJIEIOBAHHBIX MAaTEepUajoB MPOJAEMOHCTPUPOBAIM CHJIBHOE HACBILIEHHOE
HOTJIONIEHNE M HeNMHeWHylo pedpakuuto. Hanbonee MHTEpecHBIM MaTepuaoM
okazanica Taunepud (puc. 9), MpoAEMOHCTPUPOBABIINN KOHKYPEH-IIUIO MEXKIY
IOJIOXKUTENIBHBIM W OTPULATEIbHBIM HEJIMHEWHBIM IOIJIOIIEHUEM C POCTOM
Ja3epHON UHTEHCUBHOCTH M TOJILIMHBI 00pa3ua.

12 T T T T T

o 1ol & Afg&ce?o _ 1- %= 1064 i, 1= 3x10° Br-om?;

"o, B 1o 2 1= 1064 um, I = 8x10°Brew?

= o8 X - 3 A =532 nm, [ = 2x10"° Breu™?

= 2

§ 06| g

§ oal A A\ ] Puc. 9. 3aBucumMocTH HOPMAJTH30BAHHOTO
"E’ A 3 HpOHyCKaHHﬂ rJ]l/lllep]/lHa oT HOJ’[O)KCHI/I?

§ 02} A h KIOBETHI IJIfl Pa3JJUIHbIX HHTCHCUBHOCTCHU U
jun}

00 L JAJIMH BOJIH JIa3€PHOI0 M3JIyYeHHus
80 60 -40 -20 0 20 40 60 80

Z (Mmm)

B o6mem ciydae 3aBucMMOCTh KOd(pHUIIMEHTAa TMOTJIOMICHHUS OT

MHTEHCUBHOCTH JIA3€PHOTO U3IYyYCHUS] UMEET BUJL:
a(l) =+ fl, 1)
I71€ 0o — JUHEHHBIN KO3(PULIHUEHT MOTJIONIeHUS; f — HEIUHEHHBI KO3(PPULIUEHT
NOTJIOIIECHUS,  SBJSIOIIMKACA  OTPULATEIBHBIM B  CJIy4a€  HACBILIEHHOTO
nornomieHus. CylEecTBYIOT pas3jInyHble MOJENHM, ONMCHIBAIOLIUE HACBILIEHHOE
nornomeHue. KoagpuuueHt nornomenns B ciiydae CUCTEMBI C IByMsl YPOBHSIMU,
o0sazaromell HEOJHOPOIHO YIIMPEHHBIMU COCTOSTHUSIMU, MOXKHO 3aIlMCaTh B BUAE
o (2) = oo [1+1 (@)™, 2)
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rae 1(zZ) — WHTEHCHBHOCTh H3JIYYCHHS, IMPOXOMAMIETO dYepe3 obpaszerr; ..
WHTECHCUBHOCTD HaCBIILICHUS. Cnenyromas ("kuHeTHueckas") MOJICIIb
UCIIOIB3YEeTCS JUISl ONMUCAHUS HACBHIIICHHOTO IMOTJIOMICHHS B Clydyae yMEHbBIICHUS
HACEJIEHHOCTH OCHOBHOI'O COCTOSIHUSL.

& (2) = ao[L +1(2)/ 1] ™. (3)
[Tokazano, 4To KO3(GUIMEHTH HEIUHEHHOW pedpakiuu U HEITUHEHWHOTO
MOTJIONIEHUSI UCCIEA0BAHHBIX OPTaHUYECKUX CPEJ MO BEJIIMYMHE HE MPEBOCXOANIH
COOTBETCTBYIOIIME  TMAapaMeTpbl  HEOPraHMYECKUX  MaTepuajoB. 3HAUYCHUS
HEIIMHEWHBIX  TOKA3aTeJiel  MOPEeJOMIIEHWST H  [ApaMeTpOB  ONTHYECKOIO
HEJIMHEHHOTO TOTJIOMICHUS OSTUX 00pas3noB (K0A(hOUIMEHTOB HACKHIIIIEHHOTO
norjaomeHuss S, W KOIPPHUIMCHTOB  HEIMHEHHOrO  MOMJIOMICHHS  [3,,)
npecTaBiaeHbl B Tadaume 1.
Taoauna 1.

Pe3yabTaThl H3MepeHNH HeJIMHEHBIX OKa3aTe e MpeJJOMJICHUS 1
K03 (pPpHLMEeHTOB HEJIUHEHHOT O MOTJIOIIEHHS] OPraHUYeCKUX MATEPUAJIOB

O6pasipl 7, M>Brt B, mBr?
Ne 2=1064 1M | A=532mM | A=1064uM | A=532HM
Bensun 1x107%° 2x107"° 3x10™ 4x10™
YacoBoe Maciio 2x107" 7x107 2x10™ 2x1073
[nunepun Buae =-2x107 3x107
Bu=+6x107"
4 | IMomudenunosslit 3¢up 1x10™® 6x10™ 4x10™ 310"

IIstas 1maBa «l'eHepalus TrapMOHMK Pa3/IMYHOIO IMOPSIAKAa B
IVIa3MEHHBIX Cpeaax» JUCCEPTAllMM  IOCBAILIEHA AHAIM3Y  Ppe3yJbTaTOB
UCCJIEIOBAHNS TEHEpaluy TapMOHUMK B JIA3€pHOM IUIa3ME€ B  Pa3IMYHBIX
AKCIIEPUMEHTAJIBHBIX YCIOBHUSAX NPHU MPOXOKAEHUM JIA3€PHBIX HMITYJIbCOB YEPE3
I1a3My, [PUTOTOBIEHHYI0 Ha IIOBEPXHOCTH Pa3jIUYHBIX TBEPIOTEIBHBIX
MHUILIEHEN, B PE3YJIbTATE BO3JACHCTBUS HA HUX TPEIOLLETO UMITYJIbCA.

[Ipy wu3ydyeHUM TreHepauuu TpeTbed U 0Oojiee BBICOKMX TapMOHHMK B
IUTA3MEHHBIX 00pa30BaHUAX pa3MYHBIX MHUILIEHEH B KaueCTBE MAaTEpHaJIOB
MUIIEHU HCIOJBb30BAIUCH Pa3iuvyHble MeTajuibl (0Op, TUTaH, MapraHel, Me[pb,
MOJIMOIeH, cepedpo U 30J10T0). B KauecTBe MCTOYHUKA U3ITYUYEHUS UCIIOIB30BaJICS
Nd:YAG nazep (A=1064 HM) ¢ TacCHBHOI CUHXPOHU3AIMEN MOJ, TeHEPHUPYIOIIHNA
IyT UMIYJIbCOB C AJTUTEIBHOCTHIO OTAEIBHOTO UMITyJIbca 38 1c U paboTarouuil ¢
4acTOTOM MOBTOPEHUS UMITYJIbCOB 1,5 I'l. DKCepruMeEHTHI MPOBEAEHBI B YCIOBUAX
BaKyyMa U B YCJIOBHUSX HopMalibHOM atMocdepsl (puc. 10). Jng ontumuzanuum
reHepalui TPeThed TapMOHUKM ObUT TMPOBEJAEH aHaliW3 CBOMCTBA IJIa3MBbl,
CO3JIaHHOM B Ipoliecce Ja3epHOM a0iALMM. YCTAHOBJIEHO, YTO BaXKHBIM
apamMeTpoM ONTHMM3ALMU TEHEpPALUU TPETbed TapMOHUKH SBIIETCS 3HAYCHUE
BPEMEHU 3aJCPKKA MEXKIAY TPEIOIUMM W 30HIUPYIOIIMM HMIyjabcaMu. Onru-
MaJgbHOE BpeMs 3aJCPKKU Il TEHEpalUd TPEeTbed TapMOHUKH B OJTHUX
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AKCIIEPUMEHTax cocTaBuiio 25+40 HC. A Takke HCCIeI0BaHO BIMSHUE PACCTOSHUSA
MEXJy MHILIEHBIO U ONTHYECKOH OChIO pacHpOCTPaHEHUs Ipeodpa3yeMoro
U3Iy4eHUs] Ha 3(PPEKTUBHOCTD T'€HEpAllMU TPEThEH FapMOHUKU. DTO PAaCCTOSHUE
U3MEHSJIOCh B XOJ€ HKCHEPUMEHTOB C IIOMOIIBI0 MAHMITYJIATOPA, KOTOPBIH
YIPaBISUl TOJOXKEHUEM MHILIEHH OTHOCUTENIBHO IIOJIOKEHUS ONTUYECKOM ocHu
pacnpocTpaHeHHUs] OIMHOYHOTO Npeodpaszyemoro ummyibsca. Ha puc. 11 npusenen
IpUMEpP BIUSHUS 3TOro napaMerpa Ha 3(EeKTUBHOCTh ITPEOOPa30BaHUS B TPETHIO
FapMOHHKY, YTO OBLIO CBA3aHO C ONTHUMHU3ALMEN IUIA3MEHHBIX MapaMeTpoB
(TUTOTHOCTH TJIa3Mbl U CTENEHU BO30Y>KICHHS YacTHI[) B 30HE B3aUMOJICHCTBUSI.
Onpeneneno ontuManbHoe paccrosaue (100 MKM) MEXIy 30HAMPYIOIIUM Jla3ep-
HBIM ITyYKOM M TIOBEPXHOCTHIO MUIICHH MPHU UCIOJIB30BABIICHCS 3aJIEPIKKE MEKIY
MMITyJIbCaMH, paBHOM 30 HC.

5 .
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§ (=)
g — ]
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;E:; 1000 ~ B g L -
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g ——I'TI" B ulasme B g "]
% ——I'TT B Bo3myxe é ]
EE (0 b N \\ L - /%/ E‘" 10F
340 345 350 355 360 365 370 L L L 1 L L L L
-100 0 100 200 300 400 500 600 700
JUInHa BOJIHBI, HM X MEM
Puc. 10. CniekTp TpeTbeii rapMOHUKH, Puc. 11. 3aBucuMocTb MexKIy
reHepupyemoii B iiazme oopa (Ttosacras HHTEHCHMBHOCTHIO TPeThell TAPMOHMKH H
KpHBas) U BO31yXe (TOHKas KpUBasi) B PaccToOsIHUEM MEXKAY OChI0
caydae npeodpasoBanus S0 nc umnyabca npeodpa3yeMoro u3Jiy4yeHus u

NMOBEPXHOCTHI0O MUIICHHA

['eHepanuu TpeThe M YETBEPTOM TAPMOHUK H3JIYyUYEHUs MUKOCEKYHIHOIO
Ja3zepa U3ydaauch B (akene JIMHHOW U MEPUOJUYECKOM TIa3Mbl, CO3JJaHHOW Ha
MOBEPXHOCTH  CIUIOMIHBIX ©  mnepdopupoBaHHbIXx  muiieHend. [lpu  sToMm
MCIIOJI30BAJIACH CXE€Ma JIBYXLIBETHOW HAKAaYKU B MPOTSHKEHHOM JA3€pPHOM ILIa3Me
Ha TIOBEPXHOCTH pA3JIMYHBIX METAUIOB, T/I€ YacTh 30HJIUPYIOIIETO HMMITYJbCa
npeoOpa3oBbIBaIach BO BTOPYIO TAPMOHUKY C TOMOIIbIO HETMHEHHOTO KpHCTaJla
(KDP, nepBoro tuma B3auMozeicTBus, IiuHa Kpuctamia 10 Mm). D hekTHBHOCTh
npeoOpa3oBaHusi BO BTOPYIO TrapMOHUKY ObLTa paBHa 6%. BaxkHOW 0COOCHHOCTHIO
ATUX HCCJICIOBAHUI SBJISCTCS aHalu3 BIUsAHUA JuMHbI (d) dakenoB JazepHOM
I1a3Mbl Ha YBEJIMYEHHUE HEJIMHEWHOIo OTKIMKa cpenbl. [IpucyrcTBre cBOOOAHBIX
ANIEKTPOHOB MOET M3MEHUTH YCIIOBUS ()a30BOI0 COIVIACOBAHMSI MEXKIY BOJHAMU
OCHOBHOT'O UMITYJIbCa U U3JIy4€HUsI TapMOHUK. B psije ciiydaeB MUKpPOIPOLECCHI (B
YaCTHOCTH, OTKIIMK OTJEIbHBIX YAaCTHUI]) CTAHOBSITCS MPEBAIHPYIOIINUMHU 10
CPaBHEHHUIO C MAaKpompoueccamu (K KOTOPbIM OTHOCATCS KOJIJIEKTUBHBIE d(PPEKTHI
(a30BOTO COTTACOBaHMS), ¥ B 3TUX YCIOBUSIX HHTCHCHBHOCTH TPEThEH TapPMOHUKHU
GymeT KBaIpaTHIHO 3aBHCETh OT IIHHBI HexuHeitnoi cpemst (I ood |, rme | = 2).
OTa 3aBUCMMOCTH ObljIa IPOAHATU3UPOBAHA B HECKOJIBKUX IJIA3MEHHBIX (haKesax u
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noJiyueHa MakcuMaibHas 3((GEeKTUBHOCTh MpeoOpa3oBaHUs B TPETbIO TAPMOHUKY
B IIpeienax 107°+1073,

Cxema »KCHEpUMEHTATBLHON YCTAHOBKM HCIIOJIb30BAHHOW ISl T€HEpaluu
BBICIIMX TAPMOHUK B JIA3€pHOM IUIa3M€ NpuBeAcHa Ha puc. 12. B kauectBe
WUCTOYHUKA HM3Iy4YeHHS Tarkxke ucnoib3oBaics Nd:YAG mazep (A=1064 HM) ¢
NACCUBHOM  CHHXpPOHM3allMed MOJl, TEHEPUPYIOIIUA I[yT HUMIYJIbCOB C
JUIMTENIbHOCTBIO OTIEIBHOTO HMIyJIbca 38 1C W paboTaloImMii ¢ YacTOTON
noBTopeHus ummyiabcoB 1,5 I'u. [locie BeiieneHuss OAMHOYHOTO UMITYJIbCA U €TO0
YCWJICHHSI B JIBYX YCWJIMTEISIX U3Jy4YeHHE pa3lesuioch Ha JaBe uactu. [lepBas
4acTh M3NydeHus (SHeprust B ummyibce ~ 5 MJkK) ucnonp3oBajiach B KayecTBE
rperomero nmiynbca (') u Hampasmsnace depe3 Goxycupyronryio aunzy (DJI)
Ha MOBEpXHOCTh MuIlIeHU (M), pacronoxxeHHoi B BakyyMHoi kamepe (BK).

M BM
3un L e |

on
i’ CH

3

31 — nmukocekyHIHOE 30HIupYyromee n3nydenue; [’ — MUKoceKyHIHOE TperoIee
n3nydenue; 3 — zepkano; ®JI — dpoxycupyromue nun3el; BK — Bakyymnas kamepa; M —
MmuieHb; BM — BakyymHBbI# MOHOXpOoMaTop; P — nudpaknuonnas pemerka; CH—
canunmnar Hatpust; @OY — GOTOIIEKTPOHHBIN YMHOXKUTETH

Puc. 12. Cxema 3xcniepuMeHTAIbHON YCTAHOBKH

MakcuMalibHasi HCIOJb30BABIIASICS MUHTEHCUBHOCTH TPEIOLIETO0 HMITYJIbCa
6buta ~10" Br-ecm”. Bropas 4acTh IJIa3epHOTO HMMIYIbCA — 30HIUPYOLIUA
umnyiec, (31); sHeprust B umnyibce — 28 Mk mocine onpeaeaeHHON BpeEMEHHON
3aep KK (OKyCHpOBAJIach TapaJlIeIbHO TOBEPXHOCTH MHIICHH B 00JACTh
mIa3MeHHoro (Qakena. MakcuMalnbHass HHTEHCUBHOCTh 30HIUPYIONIETO UMITYJIbCa
cocramsima 4x10"° Brem®. Jlas  ONpemeneHHS ONTHMATBHON BpPEMEHHOM
3a7E€PKKM MEXKAY HMMIIyJbCaMu B Juana3oHe 5+150 HC mpoBOAMIOCH HCCIe-
noBanue 3bdextuBHoctu ['BIT mas pasHbix 3amepikek. M3mydeHue 30HIAMPYIO-
IIEr0 MMITYJIbCA U BBICHIMX TapMOHUK aHAJIU3UPOBAIOCH B BaKyyMHOM MOHO-
xpomarope (BM) BMP-2. Uznyuenne rapmonuk B nuanazone 50+300 HM nerek-
TUPOBAJIOCH C TIOMOINBIO CIUHTWLIATOpa (canuiuiatr Hatpus, CH) u ¢oto-
aeKTpoHHOTO yMHOXUTeNs (DPDY). MuiieHu npenctaBisii co00il Iiac-THHBI
pasmepamu  5x5x2 mM°. B kauecTse MAaTEPUAJIOB MUIICHH HCIOJIb30BAIUCH
pasIuYHbBIe METAUIbl (MEOh, XpOM, IHHK, MOJMOJEH, THUTAaH, OJOBO, CBUHEII,
TaHTaJI, MapraHel, 30JI0TO, cepedpo, Oop, aTIOMHHHII), a TaKXke YIJIepolo-
cofiepkamie Marepuainsl (TpaduT, CTEKIOyriaepos, nuporpadur, xapOug Oopa,
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KapOuJ KpeMHHUsI, CTEpKEHb KapaHaaia). /[ n3sMeHeHus MOoJI0KEHNs MULLIEHH U,
COOTBETCTBEHHO, 00J1aCTH B3aUMOJECHCTBUS TIa3Mbl C 30HAUPYIOLIUM U3ITyYECHUEM
OTHOCUTEIBHO  IUIOCKOCTM  MHIIEHU  HCIOJB30BAICA  TPEXKOOPIMHATHBIN
MaHUITYJISTOP.

[IpoBeneHHBIE SKCHEPUMEHTHI INPOJAEMOHCTPUPOBAIM BBICOKME 3HAYCHUS
3¢ (eKTUBHOCTH NpeoOpa3oBaHUs W3IY4YEHHs B TIEHEpallUd MSTOW U CEeIbMOM
TAPMOHMKH, YTO CIY’KUT MPEANOCHIIKON A co31aHus 3(pPEKTUBHOrO UCTOUYHUKA
KOTE€PEHTHOI'O M3JIyYEHHsI MMKOCEKYH/IHBIX UMITyJIbCOB B auamnas3one 100200 Hm.
Ha puc. 13 nmpezacraBneHbl COEKTPHl BBICIIUX TAPMOHUK, MOJTYYCHHBIE B IJIa3Me

) e = Sn, Cr u Al. 3nauyenus >pdexTus-
= Zz o “r ; HOCTH T€HEpalMU BBICIINX TApMOHUK
S ol21r | B miasdmMe Sn u Cr, COOTBETCTBEHHO
i ZDE:A_/M_LA k | | caMbl€ BBICOKME U CaMbl€ HU3KHUE BO
g j:; 6 1 BCEM  CHEKTPaJbHOM  JMAIa3oHe
2 pacnpeneneHus rapmMoHuk (puc. 13a u
- n , 136) 1o cpaBHEHUIO C JIpyTUMU
"; Ggm_u_k_‘ __________ Marepuaiamu. Clenyer OTMETUT,
S 5o B ! YTO, HECMOTpPSI HA CYUIECTBEHHOE
: o f pasznuyre MaTepuasoB, OOJIBIIMHCTBO
S = | n MCCJICIOBAHHBIX TIJIa3MEHHBIX 00pa3o-

BaHUI 00J1aJ1aJl0 CpaBHUMBIMU 3HaYe-
HUAMH  3pdeKTUBHOCTH. H3MmepeH-
Hble 3HA4eHUs! 3(P(HEKTUBHOCTH TE€HE-
pauuu ceapMoi rapMoHuku (152 HM)
B psAJl€ MaTEpPUaAJIOB JOCTUTAIIN ~ 107,
B mnasme onoBa sddexkTtuBHOCTh mpeoOpazoBanusi B 11-10 rapmonuky (97 HM)
6buta Bcero B 2 pasa MeHslne M coctaBmia ~ 0,5x10™. Ormermm, uro u B
OCTaJIbHBIX MaTepuanax 3(Qp¢GeKTUBHOCTH MPeoOpa3oBaHus B AUanazoHe MExXay 13
u 21-i rapmonuKamu coctaBmaa ~ 10°+107°,

['eHepamyisi BBICIIMX TapMOHUK HW3ITyYeHUS MHUKOCEKYHIIHOTO Jia3epa
NpOBOAMIIACH B IIIa3Me YIIAEPOACOACPXKAIIUX MaTepHUaJoB C MOTECHIHAIOM
WOHM3AIIMA aTOMOB W OJHOKPAaTHO 3apsDKEHHBIX MOHOB YIJIEpOJa  BBIIIC
MOTEHIIMATIOB HOHU3aIIMU MeTaiuioB. [Ipu ontumanbHoi abnsiuu rpadura miazma
NPAKTHYECKH TOJTHOCTBIO COCTOMUT W3 HEUTPAJIBHBIX aTOMOB M OJHOKPATHO
3apsOKEHHBIX MOHOB. B skcrmepuMeHTax OBLIM TMOMYYEHBI BBICIIHE TapMOHHKHU
BILJIOTH /10 21-T0 mopsnka. BaxxHoit 0COOEHHOCTHIO MPUBEIECHHBIX IKCIIEPUMEHTOB
o ['BI" B 6onbIIMHCTBE yTAEPOICOACPKAIINX TUIa3MEHHBIX (POPMUPOBAHUHN OBLIO
HaOMrofieHNE yCUJIeHHOU 7-1 rapmonuku (puc. 14a-14;). O6Hapyx)eHo 7 KpaTHOE
npeBbieHne dQ(HEKTUBHOCTH 7-i TAPMOHUKU TIO CPAaBHEHUIO € 3((HEKTUBHOCTHIO
5-if rapMoHMKH. OTMETHM, YTO B COOTBETCTBHE C TEOpPHEH BO3MYILIEHUS
MHTEHCUBHOCTb Ka)KJIOM MOCJEIYIOIIeH TapMOHUKH J0KHA OBITh, KaK MPaBUIIo, B
2 pa3 MeHbIlIe UHTEHCUBHOCTHU FAPMOHUKH MPEbIAYIIEr0 MOpsJIKa.

JIIMHA BOJIHEL, HM
a — 0JIOBO; O — XpOM; B — QIIFOMUHUN

Puc. 13. CnektpajibHoOe pacnpenejieHue
BBICIIMX FT'APMOHHK B IJIa3Me
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a — rpaduT; 0 — CTEKIOYTIepoI; B — Tpudens; T — muporpadur;
Il — KapOu KpeMHusT; € — KapOuz 6opa

Puc. 14. Pacnpenesienne HHTEHCUBHOCTEM 5, 7 1 9-il rapMOHMK B IJIa3Me
yIJ1epocoiep:KalMX MUIIeHeil

3naduenne dpdexTuBHOCTH B 6 pa3 npeBocxoAwsio A(PPEKTUBHOCTDH
reHepanuu Oonee HU3KOM (5-M) TapMOHUKHM, HA4YMHAS C MHHUMAIbHOU
UHTCHCUBHOCTU 30HJIUPYIOLIErO0 M3JIy4YeHUus 77X 10% Brem?, IIpU  KOTOPOW
YBEPEHHO PETUCTPUPOBAJICS CUTHAJI TapMOHHMK, W 3aKaHYMBas MaKCUMAaJIbHOM
nnTeHcnBHOCTHIO (4x10" BreM™). B mmasme muporpadura mpu HHTEHCHBHOCTH
30HAUPYIOLIETO H3Iy4YCHUS 1,2x10", 2,5x10" u 3,7x10" Brem™ cooTHOmEHHE
WHTCHCUBHOCTH CEIbMOW MW TMATOM TapMOHUK coctaBwio 35,5, 4,5 u 8,3,
COOTBETCTBEHHO. VI3MEHEHHE HEIMHEWHOTO OTKIMKA Ha OMPEAEICHHBIX 4acTOTax
W3IIy9CHHS] BO3MOXHO OJlarojiapsi pe30HAaHCHBIM TIEPEX0JaM B aToMaxX M HOHaX.
ATOMBI ¥ MOHBI YIJIEpOJA MMEIOT PSII MEePEXOJ0B C JJIMHON BOJIHBI, OJIM3KON K
ayiHe BOJTHBI 7-i rapmonuku usnydenus Nd:YAG nazepa (4 = 152 um).

WccnenoBanuss TeHEparMy  BBICIIMX TApMOHUK OBLIM TPOJOKCHB B
MPOTSDKEHHBIX JIA3EPHBIX (paKesiaX, CO3MaHHBIX C MCIOJIb30BAHUEM IMJIMHIPUYIEC-
KOW (DOKYCHPOBKU TPEIOIIETO M3IYyUYEHHUs HAa TOBEPXHOCTH PsAZla METAUIMYECKHUX
MmuieHed. B Xome 3TUX HKCIEepUMEHTOB OBbUIM MpPOAHATM3WPOBAHBI XapakKTe-
PUCTUKH BBICIITUX TAPMOHHK, T€HEPUPYEMBIX B JITTMHHBIX TUIA3MEHHBIX (pakenax u
CpPaBHEHBI CO CITy4aeM OTHOCHTEIBHO KOPOTKOM TUIa3Mbl. Y CTAHOBJICHO IOBBIIIIE-
HUe 2 (PEKTUBHOCTH TAPMOHUK HU3IIETO MOPSIKA U YBEIMYCHHUE 00JIACTH TIIaTO-
o0pa3HOTO pacrmpenefieHus TapMOHHK B cliydae 4-MM TUIa3Mbl 10 CPABHEHHIO C
0,5-mM cpenoii. CorniacHO pe3ysibTaTaM UCCIICOBAHUHN HUCIIOJIb30BAHUE TTPOTSKEH-
HBIX (DaKeIOB JIa3epHOM IUTa3Mbl JJIs T€HEPAIMH BBICIINX TAPMOHUK HMEET PsiT
npeumyiecTs. [IpumMeHenne JIMHHBIX (aKeJoB JIa3epPHON IIa3Mbl MOYKET OBIThH
UCIIOJIb30BAHO [IJIsl KBA3UCHMHXPOHM3MAa MEX]y OCHOBHOM BOJIHOW U BOJIHAMH
rapMoHuK. JInst 3TOro clieayer OCyIEeCTBUTh MOAMGMUKALIMIO MPOTSIKEHHBIX
IUTA3MEHHBIX CPEJl U MCIOJIb30BaTh IPYIIIbI MJIa3MEHHBIX (DaKelloB C pa3Mepamu,
PaBHBIMU JUIMHE KOT€PEHTHOCTH IeHepupyeMbIx rapmMoHuk. Ha ocHoBe aHanmm3za

0COOEHHOCTEH MO YCHUJIICHNIO MHTCHCUBHOCTH OAWMHOYHBLIX T'dpMOHHUK B o0acTH
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100+200 HM, YCTAHOBIIEHO ClIeIyIOIEe. YCUIIEHUE MHTEHCUBHOCTH OAUHOYHBIX
TApMOHHMK TIPOSIBIISICTCSI B BHJAE POCTAa HEIWHEHHO-ONTHUYECKOTO OTKIIMKA
TUTa3MEHHOTO (hakesa YTJIEpPOJCO/EpKalINX MUIICHeW Ha JJIMHE BOJHBI 7-U
TapMOHHWKH  BCJICACTBHE  ONM30CTH  CHWJIBHOTO  PE30HAHCHOTO  Tepexojia
HerTpansHbiX aToMoB yriaepoaa (Cl, A = 148 um u Cl, A = 156 um). ITokazano, 4to
B IUTa3Me yriepoja HeluHeiiHoe (a30Boe paccorjacoBaHWE NPUBOIUT K
HACBHIIIICHUIO MHTCHCUBHOCTHU S5-I TApMOHUKH B HAOJII0aeMOMY TPEBBIIIICHUIO 7-1
FapMOHUKM HaJ S5-U B I[IHPOKOM JHANA30HE WHTEHCUBHOCTEM Ja3€pHOIO
W3ITyYEHUS M KOHLIEHTPALUHU TI1a3MBbl.

3AK/IIOYEHUE

1. BeisBneHo, uTo aig GOpMUPOBAHUS HAHOYACTHI] B BAKYYME U OKPY>KAIOIINX
razax CyUIECTBEHHYIO POJIb MIPAIOT MPOLIECCHl CTOJIKHOBEHHUSI YACTHI] IJIa3MBbl,
00pa30BaHHOM MOCJE BO3JIEUCTBUSI MUKOCEKYHHBIX UMITYJIHCOB HAa TOBEPXHOCTH
MUILIEHH B Pa3JIUYHBIX YCIOBUSX.

2. TlokazaHo, 4yTo KOA(D(PUIIMEHT HETUHEHHOTO TMOIJIONICHUS HU3IyYCHUS Ha
JUIMHE BOJIHBI 532 HM B 25 pa3 MpEBBIIIACT aHAJIOTUYHBIA NapaMeTp IJis JJIUHbI
BOJIHBI 1064 HM, 4TO 00YCJIOBJICHO HAJIMUYMEM KaK HACBIIIEHHOTO MOTJIOMIECHHUS, TaK
U JBYX(OTOHHOIO TMOIJOLIEHUS HCCIEeayeMbIX 00pa3noB. Onruyeckoe
orpannueHue B pactBope (g Ha JIMHE BOJHBI 532 HM COOTBETCTBYET C
pe3ynbTaTaMu UCCIEI0BaHNN HETUHEHHOTO MOTJIOLEHUS.

3. DOKCHepuMEHTAIbHO WM3MEPECHBI HEJIMHEHHBIN IMOKa3aTelb MPETOMIICHHS |
KO3 PUIIMEHT HETMHEHHOE NOTrJOIIEHUE >XKHUJIKUX OpPraHUYEeCKUX MaTepHalioB.
OOHapy>keHO HM3MEHEHHE 3HaKa HEJIMHEHHOro TMOIVIOMIEHUsS C pPOCTOM
WHTEHCHUBHOCTH JIa3€PHOT0 U3IyUEHHS B TIIMIIEPUHE.

4. BmnepBble TPOAEMOHCTPUPOBAHBI MIPEUMYIIIECTBA MCIIOJIB30BAHUS TIEPUOIH-
YEeCKOM TIa3Mbl IO CPAaBHEHHIO CO CIUIONIHOM T1wia3Moi st 3¢ EeKTUBHOMN
reHepaluu TpeThe U uerBepTo TapMoHuku. QOOHapyxkeHO 8-KpaTHOe
NoBbINICHUE A(PPEKTUBHOCTU TEHEpaIMd TPEThe TapMOHUKA B  Ciydae
CTPYKTYpPHUPOBAHHOM I1a3Msbl ¢ nepuoaom 0,15 MM 1o CpaBHEHMIO CO CIUIONIHOMN
JIA3€pHOM TUIA3MOM.

5. IIponeMoncTpupoBano »(h@ekTruBHOE MPeoOpPa30BAHUE YACTOTHI IHKO-
CEeKYHJIHOTO WU3JyYeHHs] B BBICIIME TapMOHMKM B IUIa3M€ METAJIOB B
CIIEKTpaJibHOM Auara3zone 50220 uM.

6. Ilomydyena addextuBHOCTH MpeoOpazoBanus B 11-t0 rapmonuky (A = 97 M)
~0,5x10™ B mIa3me o0Ba. PEKTHBHOCTD IPEOOPA3OBAHIS B AUATIA30HE MEIKIY
13 u 21-it rapMOHUKaMH JjIs1 OOJIBIIMHCTBA TIJIA3MEHHBIX 00pa30BaHUi COCTaBUIIA
~10°+10".

/. Brepsble oOHapy>keHa OCOOEHHOCTh T€Hepaluu 7-il TApMOHMKHU B IJIa3Me
yIIAEPOACOACpKAIIMX MaTepUaioB, MHTEHCUBHOCTh KOTOPOM MpeBbIlIaia B 7 pa3
UHTEHCUBHOCTbH 5- TapMOHUKU.

8. IlonmydeHo, 4TO MpeBBILIEHHE 7-W TAPMOHMKW HaJ MATOM B IIMPOKOM
JIMAria30HE HWHTEHCUBHOCTEW JIA3€pHOT0 HM3JIYYEHHsS M KOHUEHTPAUMH IJIa3Mbl
00yCJIOBJIEHO BIUSTHUEM KEPPOBCKUX HEIMHEHMHOCTEH.
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Introduction (Annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. Currently, in the
world ongoing development of laser technologies and nonlinear optics, the problem
connected with research of optical nonlinearities of various orders and processes
which take place during propagation of ultrashort laser pulses in plasma, organic
and cluster media is extremely actual one. The present researches are connected
with application of new materials and new devices based on nonlinear optical
effects for various areas of science and technique such as processing and creation of
new materials, telecommunication and computer science, metrology, transfer and
processing of signals, medicine, gene engineering and many others.

The application of nanomaterials requires study of optical and nonlinear-
optical parameters and mechanisms of their formation in various spectral and
temporal ranges. Among the most interesting nonlinear optical processes in the
media containing nanoparticles as well as in carbon-containing materials, attention
is drawn by nonlinear change of the refraction index, determined by optical Kerr
effect, nonlinear absorption as a result of multiphoton absorption or reverse
saturated absorption and saturated absorption. The last, depending on its relaxation
time, plays the decisive role in one of the most important applications of such
nanoparticles in laser physics - their usage as media for passive mode locking at
generation of ultrashort light pulses. The research of frequency conversion of
ultrashort laser pulses in such media in ultraviolet and soft X-ray spectral ranges,
I.e. in such spectral ranges, where there is no direct laser generation, is also
important.

Demand of the subject of the dissertation is determined by the need for the
development of a technique of laser ablation for preparation of nanostructured
materials and technique of high order harmonic generation in plasma formations,
and also increases of conversion efficiency of energy in materials with high
nonlinearity. Besides, the experimental results on nonlinearities of nanomaterials
are extremely claimed for one of major problems of laser physics and nonlinear
optics, namely development of highly effective nonlinear elements on base of
nanostucrured metals.

The complex of measures taken by the development country on development
of systems of regional and territorial automated control and creation of united
information space are directed on broad introduction of information systems based
on modern information communication technologies. In this connection, the
definition and analysis of nonlinear-optical parameters and processes proceeding at
propagation of ultrashort laser pulses in plasma, organic, and cluster media,
continues to remain one of the priorities of laser physics and nonlinear optics
ensuring of development of adjoining areas of a science and technique.

This thesis is devoted to solving in a certain the problems noted in the
Decree of the President of the Republic of Uzbekistan DP-1442 «On the priorities
of industrial development of Uzbekistan in 2011 — 2015» of 15 December, 2010.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. The dissertation is carried out
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according to priority directions of science and technology development: F2
“Physics, astronomy, power engineering and engineering industry”.

International review of scientific researches on the theme of
dissertation. Investigation of nonlinear optical processes, which appear at
propagation of ultrashort laser pulses in plasma, organic and cluster media, are
performed in scientific centers of Wilhelm Westfalishe University (Munster,
Germany), Institute for Solid State Physics of University of Tokyo (Kashiva,
Japan), Raja Ramanna Centre for Advanced Technology (Indore, India), Imperial
College (London, United Kingdom) , Institute for General Physics (Moscow,
Russia), Rokasolano Institute for Physical Chemistry (Madrid, Spain), National
Institute for Scientific Research (Montreal, Canada) and many other scientific
centers of the World.

A number of actual problems are solved in the world, there are received the
following scientific results. During formation of nanostructures of silver, tin and
gold in vacuum conditions under laser ablation, 30+-300 nm-sized nanopatrticles of
these materials were obtained. The saturated absorption at wavelength of 1054 nm
was found during investigation of nonlinear optical parameters of solution of
platinum nanoparticles. Usage of solution of platinum nanoparticles as passive
modulator of laser radiation at the wavelength of 1054 nm was suggested.
Research of various order nonlinearities of nanoparticles of gold, palladium,
ruthenium and platinum was made at wavelength of 792 nm.

Currently, nanoparticles, carbon-containing materials and the laser plasma
media which created on a surface of solid targets are widely used in nonlinear
optics and laser physics. In connection with the scientific research works on
investigation of nonlinear optical properties of materials in the field of ultrashort
pulses are carried out.

Degree of study of the problem. In works of Mehendale S. C., Mishra S. R.
et al. (India) the analysis of nonlinear optical parameters of suspension of metal
nanoparticles in the field of low-power light wave with nanosecond pulses was
carried out. Besides, the nonlinear optical response is caused by thermal
nonlinearity of colliod solution of nanoparticles.

Russian authors Fedotov A. B., Gladkov S. M., et. al. investigated the low
and high-order harmonics generation at propagation of laser radiation in plasma
media. In these works necessity of optimization of plasma parameters for
improvement of conditions for high order harmonics generation in plasma created
on the surface of solid materials during laser ablation is discussed. However,
expected conversion efficiency of energy of laser radiation to energy of harmonics
are not received. There is a deterioration of conditions of effective conversion of
frequency of radiation in strongly excited and high-temperature plasma that does
not allow receiving the high orders harmonics generation.

Uzbek scientists, in particular, Ganeev R. A., Kulagin I. A., and Usmanov T.
B. were analyzed nonlinear optical properties of glasses and films doped by metal
nanoparticles, and also studied the high harmonic generation using high ionized
plasmas. But, in these studies, the energy conversion efficiency of laser radiation
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into high harmonics was low. However have not information about investigation
by increase conversion efficiency energy using weak ionized plasmas and increase
of efficiency of single harmonics in resonant conditions.

Connection of dissertational research with the plans of scientific-
research works. Dissertational research has been carried out in the frame of
following projects of Institute lon-Plasma and Laser Technologies, Uzbekistan
Academy of Sciences. topic FA-F2-F049 - Investigation of high-order harmonic
generation in vacuum ultraviolet spectral range and nonlinear optical properties of
materials (2007-2011), and F2-FA-F160 - Investigation of optical parametric
enhancement of chirped laser pulses and nonlinear interaction of femtosecond
radiation with matter (2012-2016), International research grants of TWAS (09-113
RG/PHYS/AS_G - UNESCO FR:3240232129) «High order harmonic generation
of laser radiation in plasma using picosecond laser pulses» (2010-2012) and (12-
040 RG/PHYS/AS G - UNESCO FR:3240271323) «High-order harmonic
generation of picosecond radiation in laser-produced plasma in the extreme
ultraviolet range» (2012-2014); as well as program of Committee for coordination
science and technology development under the Cabinet Ministers of Uzbekistan
(M/RUz-FRG-69/2013) «High-order harmonic generation of laser radiation in
periodical plasma structures» (2013-2015).

Purpose of research is studying regularity of nonlinear optical processes at
propagation ultrashort pulses in plasma, organic and cluster media.

To achieve this goal the following tasks of research were formulated:

to determine the regularities of formation of metal clusters during process of
laser ablation in a liquid and in vacuum as well as under different pressures of
buffer inert gases;

to investigate the influence of parameters of picosecond laser radiation on
the efficiency of nonlinear optical processes in suspensions of clusters of metals;

to determine experimentally nonlinear optical parameters of fullerenes and
to perform the analysis of optical limiting in colloid solution of Cg in toluene;

to investigate two-photon absorption and influence of Kerr nonlinearities on
the processes of propagation of powerful laser radiation in organic materials;

to define optimal conditions of generation of optical harmonics in the plasma
media created on surfaces of solid-state targets during laser ablation process;

to develop the methodology of creation of multijet laser plasma for
enhancement of efficiency of generation of high harmonics in conditions of quasi
phase matching.

Objects of research of dissertation were the nanoparticles of organic and
inorganic materials, plasma media.

Subject of research was the interaction of ultrashort laser radiation with
matter.

Methods of research. Z-scan method, harmonic generation of laser
radiation, method of laser ablation and method of electronic microscopy.

Scientific novelty of dissertational research consists in the following
results:
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formation of metal clusters in the process of laser ablation at various
pressures of buffer inert gases was studied and threshold values of pressures of
various gases has been found at which nanoparticles have formed;

regularities in the dependence of formation of metal nanoparticles on
duration and intensity of laser pulses during laser ablation were established.
Nanomaterials were created from nanoparticles of silver and copper with the sizes
of 20 and 60 nm correspondingly;

values of nonlinear absorption coefficients and nonlinear refraction indices
in suspensions of Pd, Ru, Au and Mn nanoparticles have been measured in the
intensity range | = 9x10° +1,7x10" W-cm™? at the wavelengths 1064 and 532 nm
with pulse duration of 50 picoseconds . It was found that coincidence of frequency
of the second harmonic of Nd:YAG laser (wavelength A,,=532 nm) with the
frequency of surface plasmon resonance (wavelength A,~530 nm) for Au
nanoparticles led to growth of nonlinear absorption coefficient;

possibilities of creation of protective devices for sensors based on optical
limiting of powerful laser pulses in colloid solution of Cg in toluene were founded.
Dynamics of change of the sign of nonlinear absorption coefficient was
demonstrated in glycerin with the growth of laser radiation intensity which is
determined by the influence of two photon absorption and saturated absorption;

increasing efficiency of the 7" harmonic relative to 5 harmonic due to
influence of Kerr nonlinearities in plasmas of carbon-containing materials was
found,;

a technique for creation of multijet near-surface laser plasma was suggested
for quasi-phase matching generation of high harmonics of laser radiation on the
base of perforation of the surface of aluminum targets. Possibilities for production
of periodically structured plasma with the period from 0.15 to 0.5 mm. Eightfold
enhancement of intensity of the third harmonic in structured plasma with the
period of 0.15 mm compared with extended plasma.

Practical results of research. Nanoparticles of some metals were obtained
as a films and suspension by means of the laser ablation at vacuum conditions and
in liquids. Indices of nonlinear absorption and refraction in the suspensions of
metal nanoparticles, organic materials and fullerenes have been measured using the
Z-scan technique. Possibilities of efficient high harmonic generation of picosecond
laser radiation in laser plasma plumes were demonstrated. This extends the spectral
range for production of coherent light in vacuum ultraviolet spectral range.

Reliability of obtained results. The automated system of the measurements
of the nonlinear optical parameters of different media, which is based on the Z-
scan method, was calibrated by means of the measurement of nonlinear optical
parameters are confirmed by their consistency with the results of other authors
including basic theoretical points.

Scientifical and practical value of the results of the research. The
scientific and practical value of research results consist in following. The advanced
technique allows synthesize nonlinear-optical materials on a base of nanoparticle
of silver, copper, and manganese with high values of nonlinear-optical parameters
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using method of laser ablation in a field of picoseconds pulses. The presence of
two-photon absorption in the solutions of fullerenes can be used for creation of the
efficient optical limiters of picosecond radiation and creation of resonant
conditions, which provide the growth of conversion efficiency of single harmonic,
allows the improvement of the energy characteristics of coherent pulses in the
vacuum ultraviolet spectra to substantial extent.

Application of the work. The technique of creation of near-surface multijet

laser plasma developed in the dissertation which provides tenfold increase of
efficiency of diagnostics of nonlinear optical parameters of organic and inorganic
materials was used at completion of scientific research in the frame of the research
project "Nonlinear optical applications of various materials and techniques in
biomedicine" initiated by the Japan Society for the Promotion of Science (JSPS
KAKENHI Grant No. 24760048. letter from the Center for Ophthalmology and
Advanced Lasers of the Saitama Medical University on 17.04.2015).
Approbation of work. The main results of dissertation were reported on the
following conferences and symposiums: «Development of innovational
technologies on the views of young scientists» conference, Tashkent, 2010;
International conference «Laser Optics» (St. Petersburg, Russia, 2012); Inter-
national conference for coherent and nonlinear optics (Kazan and Moscow, Russia,
2010 and 2013); Republican theoretical and practical conference «Nano-
technology, usage of renewable power sources: problems and solutions» (Karshi,
2012); International scientific conference of students, aspirants and young
scientists «Lomonosov-2012» (Moscow, 2012); International conference «Actual
problems of physical electronics» (Tashkent, 2012); Il International conference
«OPTICS AND PHOTONICS-2013» (Samarkand, 2013); International conference
«IPEC-6» (Tashkent, 2013); TWASROCASA, Regional conference for young
scientist on the «Nanoscience & Nanomaterials» (Bangalore, India, 2015); as well
as seminars at the joint seminar of the Institute of lon-Plasma and Laser
Technologies Uzbekistan Academy of Sciences (15.04.2015) and at the seminar of
Scientific council on award of scientific degree of doctor of sciences
16.07.2013.FM/T.12.01 at the Physical-Technical Institute of Scientific-Production
Association «Physics-Suny», Institute of lon-Plasma and Laser Technologies and
Samarkand State University (19.01.16).

Publication of results. Results obtained on the topic of the dissertation are
represented in 29 scientific works, which fully reflect its content. 14 of them are
scientific articles in peer-reviewed international journals, 15 these were published
in the proceedings of international and republican conferences.

Structure and volume of dissertation. The dissertation consists of an
introduction, five chapters, conclusion and list of references. The work contains
191 pages of main text, including 67 figures and 3 tables.

MAIN CONTENT OF DISSERTATION

In the introduction a topicality, actuality and demand of the theme of
dissertation is proved, the purpose and problems, and also object and an object of
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research are formulated, conformity of research to priority directions of
development of science and technologies in the Republic of Uzbekistan is stated,
scientific novelty and practical results of research are stated, reliability of obtained
results is proved, the scientifical and practical importance of obtained results is
reveals, the list of introductions in practice of research results, data on published
works and dissertation structure are given.

The first chapter «A review of references and conditions on investigation
of the nonlinearity of plasma, organic, and clusters media» a review of
references on investigation of the nonlinear optical properties of plasma
formations, metal clusters, and organic materials are analyzed.

In the second chapter «Methods of preparation and main properties of
nanoparticles» of the dissertation, the results of investigation of the dependence of
formation of metal nanoparticles on the concentration of buffer gases in the
process of laser ablation of metals by pulses of picosecond duration are presented.
The dimensionally characteristics of nanoparticles are analyzed by using electron
microscope. Formation of nanoparticles can be described as a process of fast
excitation of electron gas and transfer of excitation energy to an atomic cell with
further process of aggregation, which goes on during ablation, recession of
products of evaporation and material sputtering.

Spectral measurements show the presence of surface plasmon resonance in
the transmission spectra of the samples (Fig. 1), which were deposited on the
surfaces of glass substrate.

SPR Cu
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Optical density

1 1 1 i L L I 1
400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm)

a) in atmosphere b) in vacuum

1 —silver; 2 — copper
Fig. 1. Absorption spectra of deposited films in various conditions

As the microphotography of the samples show, the formation of metal
nanoparticles in vacuum conditions is accompanied by the appearance of
comparatively uniform distribution of clusters on the surface of glass substrates.
Their appearance is confirmed by the presence of surface plasmon resonance in the
absorption spectra of sputtered samples. In the end of the chapter it is shown that
the probabilities of formation of silver clusters depend strongly on the
concentration of buffer inert gases.
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For the first time the formation of metal clusters under different pressures of
buffer inert gases was analyzed and the thresholds for pressure of helium (P ~ 33
torr) and xenon (P ~12 torr) were found, above which the process of nanoparticle
aggre-gation became hardly probable, and no surface plasmon resonance peaks
appeared in absorption spectra of the samples (Fig. 2).
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Fig. 3. Absorption spectra of silver films, which were deposited in vacuum conditions and
under various pressures of noble gases

In the third chapter «Features of nonlinear optical characteristics of
metallic nanoparticles» of the dissertation, the results of measurement of the
nonlinear optical characteristics of suspensions of nanoparticles of ruthenium,
palladium, gold and manganese by Z-scan method are shown.

The initial concentration of these suspensions was equal to 10 mM in the
case of gold and 20 mM in the case of ruthenium and palladium. In the experiment,
the suspensions with weight fraction of nanoparticles of palladium 2x107
ruthenium 4x107*, and gold 2x10™* were used. At such concentrations, significant
surface plasmon resonance peaks were observed in the linear absorption spectra.
To determine the size and morphology of the nanoparticles the method of electron
microscopy was used. Spectral measurements were made using the USB-2000
spectrometer. The samples were placed in a quartz cell with thickness of 3 mm. In
some cases polyvynil pyrrolydone and polyetylenimin, which prevent nanoparticle
aggre-gation, were added to the suspensions. As the solvents for these suspensions,
distilled water, ethanol, and n-propanol were used. In Fig. 3 the images of gold
nanoparticles are shown. Nanoparticles of gold, ruthenium, and palladium had the
sizes of 15+30 nm, 3.4 nm and 2.5 nm. In the solution the nanoparticles generally
had the spherical and in some cases trigonal form. In fig. 4 the absorption spectra
of the Au nanoparticles suspension is presented. The peak of surface plasmon
resonance was in the range of 530 nm that is characteristic for the Au nanoparticles
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with sizes of 30 nm. Surface plasmon resonance of the suspensions of nanopar-
ticles of palladium and ruthenium were in the range of 305 nm and 240 nm.

50_nm
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Fig. 3. Microphotography of gold Fig. 4. The absorption spectrum of the Au
nanoparticles nanoparticle suspension in the 3-mm thick
quartz cell

The solution of manganese nanoparticles was prepared during laser ablation
of manganese in a liquid. As a source of radiation for preparation of the solutions
of manganese nanoparticles the Nd:YAG laser with passive mode locking of linear
modes was used. The duration of the pulses, which followed at 2 Hz frequency,
was 50 ps. The samples were placed in a quartz cell with ethanol or other organic
solvents. Laser radiation (E=3 mJ) was focused by the lens with 8 cm focal length
on the surface of the sample, which was placed near the rear wall of the cell to
prevent the optical breakdown of the front wall. The sample was irradiated for 30
min. As a result of laser ablation the manganese nanoparticles were deposited in
the liquid medium. Weight fraction of manganese nanoparticles during this

procedure of production was 2x10™.

LT In Fig. 5 the microphotography of

s e ; manganese nanoparticles is presen-
‘ % Tt ted.

The prepared nanoparticles
originally had mainly spherical
G ol shape, but after sometime, the
. nanoparticles of trigonal and square
B h iy T __ shape were appeared. In the prepared
' S solutions, the sizes of nanoparticles

a— immediately after laser ablation; b — after two were in the range of 650 nm (Fig.

weeks. The markers on the pictures correspond to: 5a). After 15 days, this distribution

a—200nm; b —50 nm )

was narrowed to 7+14 nm (Fig. 5b).

Fig. 5. Microphotography of manganese After  ablation the  heavier

nanoparticles nanoparticles sank  under the

influence of gravitational forces and only nanoparticles of small sizes remained in
the solution, which do not sank due to the surface tension.

The results of systematic investigation of the nonlinear optical parameters of
suspensions of the nanoparticles of palladium, ruthenium, gold and manganese
using Z-scan method in the field of picosecond pulses were investigated at two

wavelengths. The investigations of nonlinearities of nanoparticles have shown that,
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for Pd and Ru nanoparticles, the quantum size effect does not play an important
role in the variation of their nonlinear optical properties in the near infrared (A =
1064 nm) (Fig. 6).

This observation was explained by
the fact that the surface plasmon
resonance frequencies of these
samples are very distant from the
frequency of Nd:YAG laser
radiation (surface plasmon
resonances of Pd and Ru

1.00

Normalized transmittance

e S e nanoparticles are in the ranges of
Z (mm) the wavelengths A,= 240 and 305
Fig. 6. The dependence of normalized nm respectively). For Au nano-

transmission on the position of the cell with the  particles the wavelength of surface
suspension of palladium nanoparticles in the plasmon resonance (A, ~ 530 nm)
scheme with limiting aperture almost matches with the wave-
length of the second harmonic of Nd:YAG laser radiation (A,,= 532 nm) and in
this case the high nonlinear optical response was observed. The measurements
have shown that the saturation intensity and saturated absorption index of this
suspension were equal to 9x10° W/cm? and -8x10™* m-W™. At the same time the
substantial increase of the nonlinear optical response of Pd and Ru nanoparticles
can be expected in the short-wavelength spectral range (for example, at the
wavelength of the fourth harmonic of Nd:YAG laser, A, = 266 nm). However, it
must be noted that in this spectral range the strong linear absorption is presented
both in the ethanol, which was used as solvent, and in the surfactant species.

The influence of the surface plasmon resonance on the nonlinearities of Pd
and Ru clusters in this case could be masked by the linear absorption in the
ultraviolet range. One can also note that the investigations have shown that even
for low-energy probe photons (with 1.17 eV energy) the examined nanoparticles of
Pd and Ru have insignificant nonlinear
refraction (jpg = — 1.2x107"° m*W™*, %, =
—3x107" m*W™) and nonlinear absorption
(Bea= 4x10 " m'W! and fr,= 8x10 " m-W
1. Then the nonlinear optical parameters of
oss| V o the solution of manganese nanoparticles in
o_i-Si2mm ethanol were investigated using the Z-scan
@ Ao T W e method. It was presented here that the

physical mechanism determining the self-
Fig. 7. The dependence of normalized  defocusing process in the suspension of
transmission on the_z position of the cell manganese nanoparticles at the
with the suspension of manganese .
nanoparticles in ethanol in the scheme wa\_/elengths of 1064 nm fmd 532 nm '_S the
without aperture at the wavelengths of ~ Optical Kerr effect, while the nonlinear
1064 nm (round points) and 532 nm absorption is determined by two-photon
(squares) absorption or inverse saturated absorption
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(Fig.7). Nonlinear optical parameters of the suspension of manganese nanoparticles
were measured to be as follows: nonlinear refraction index » = 8x10™° m? W™ and
nonlinear absorption index 3 = 2x10 m-W™ at the wavelength of 1064 nm and
the corresponding parameters y = 2x10™*® m*W™ and g = 4x10™"® m-W™ at the
wavelength of 532 nm. The most important processes in the medium during
propagation of powerful electromagnetic waves are the nonlinear change of the
refraction index and nonlinear absorption of radiation.

In the fourth chapter «Nonlinear optical characteristics of carbon-
containing materials» of the dissertation, the results of determination of nonlinear
optical parameters in case of fullerene-containing media are presented. The results
of measurements of the nonlinear absorption index of solution of Cg, in toluene
using Nd:YAG laser radiation at wavelengths of 1064 and 532 nm are discussed.

It was shown that in case of 50-
ps radiation at the wavelength of 532
o’ nm the nonlinear absorption 25 times
' exceeded analogous parameter for the
case of 1064 nm radiation. Excess of
this parameter at the wavelength of 532
nm is explained by the presence of both
101 - inverse saturated absorption and two-
' photon absorption of the given samples
y at the given wavelength.

/B . In Fig. 8 the results of

15F ' _

Propagated energy, mJ

> o P experiments of the optical limiting are
ee e @ presented and the characteristic
,',”.,f-"" dependence of the energy of the
%505 10 5 7.0 radiation, which passed through the
Input energy, mJ solution of Cg, on the energy (E) of

radiation at the wavelength A = 532 nm
e : is shown. The transmission coefficient
radiation as a function of the energy of the . .
original radiation for toluene (squares) and of solution was approximately constant
solution of Cg in toluene (circles) up to E=0.85 mJ (at the fluence of 0.1
J-em®). Further increase of the pulse
energy led to a decrease of the energy of radiation, which had passed the solution
of fullerenes. The investigation of optical limiting has shown a good
correspondence with the data on nonlinear absorption. The results of experimental
investigation of the nonlinear optical parameters of various liquid organic materials
are presented. Investigation of the nonlinearities was carried out using the Z-scan
in the near infrared and visible spectral ranges. It was shown that most of samples
had a nonlinear absorption while some of the examined materials demonstrated
strong nonlinear absorption and nonlinear refraction. The most interesting material
was the glycerin (Fig.9), which demonstrated the competition between positive and
negative nonlinear absorption with the growth of laser intensity and thickness of
the sample.

Fig. 8. The energy of the propagated
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In general case, the dependence of absorption index on the intensity of laser
radiation has the form:

a(l)=a+pl (1)

where ag — is the linear absorption index; £ — is the coefficient of nonlinear

absorption, which is negative in case of saturated absorption. There are various

models describing the saturated absorption. The absorption index in case of a

system with two levels, which have the non-uniformly broadened states, can be

written in the following way:
a @) =a[1+1@N]°. ()

where 1(z) — is the intensity of the radiation passing through the sample; Is,—
is the saturation intensity. The following (“kinetic””) model is used for description
of the nonlinear absorptionin case of reduction of the population of the ground
state:

o (2) = ao[1 + 1(2)N]™ (3)

It is shown that the indices of nonlinear refraction and nonlinear absorption

of the investigated organic media did not exceed the corresponding parameters for

inorganic materials. The values of nonlinear refraction and nonlinear absorption of

these samples (coefficients of saturated absorption /. and nonlinear absorption
) are presented in Table 1.

Table 1

The results of measurements of the nonlinear refraction indices and coefficients of
nonlinear absorption of organic materials

Samples 7 m2Wt B, mwW!
Ne A=1064nm | A=532 A=1064 nm A =532 nm
nm
1 Gasoline 1x10718 2x10718 3x10 4x107
2 Clock oil 2x10% 7x10™%° 2x10™ 2x1075
3 Glycerin Pon =-2x107 3x107"
fua=+6x107
4 | Polyphenyle ether 1x1078 6x10™ 4x107 3x108
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In the fifth chapter «Harmonic generation of various order in plasma
media» of the dissertation is devoted to analysis of the results of investigation of
the harmonic generation in laser plasma at various experimental conditions during
propagation of laser pulses through the plasma prepared on the surfaces of various
solid-state targets as a result of ablation using the heating pulses.

Further, the results for generation of the third and higher harmonics in
plasma formations of various
targets are given. As the materials
for ablation different metals

~n
o
o
o

E (boron,  titanium  manganese

o copper, molybdenum, silver, and

= ol gold) were used. As the source of

c radiation the Nd:YAG laser (A =

2 G B plaoms 1064 nm) with passive mode

= — locking wasused, which generated
-~

the pulse train with the duration of
a single pulse of 38 ps and

Fig. 10. The spectrum of the third harmonic operating at the pulse rep_etltlon
generated in boron plasma (thick curve) and air rate of 1.5 Hz. The experiments
(thin curve) in case of the 50 ps pulse were made at the vacuum
conditions and at the conditions of

normal pressure of air (Fig. 10). For optimization of third harmonic generation the
analysis of properties of the harmonics produced during laser ablation of targets
and plasma formation was made. An important parameter of third harmonic
generation optimization is the delay time between the heating and driving pulses.
The optimal time of delay for the
third harmonic generation in these
experiments was equal 25+40 ns.
" ., ] The influence of the distance
between the target and the optical
wl " | axis of propagation of the driving
. radiation on the third harmonic

. generation efficiency has also
. been studied. This distance was
T changed during the experiments
00 0 100 200 300 400 500 600 700 using the manipu|ator’ which
e controlled the position of the

Fig. 11. The dependence between the intensity of target relative to the position of
third harmonic and the distance between the axis  {ha optical axis of propagation of a

of propagation of the laser pulse and the surface driving pulse. The expample of

of target . A .
this dependence is presented in
Fig. 11 and is connected with the optimization of plasma parameters (the density of
plasma and electroncs and the degree of excitation of the particles) in the
interaction region. An optimal distance has been determined to be 100 um between

0
340 345 350 355 360 365 370

Wavelength, um

1000 ¢

Intensity of THG, arb. units
]
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the laser beam and the target at the delay time 30 ns.

Below we present the studies of low (third and fourth) order harmonic
generation of picosecond laser radiationin the perforated plasma jets. The studies
of the fourth harmonic generation using two-color pump of the long plasmas
produced on various metal surfaces are presented. Part of the driving pulse was
converted to the second harmonic in the nonlinear crystal (KDP, type I, crystal
length 10 mm). The conversion efficiency of second harmonic was 6%. The
Important issue of these studies is the role of the length of plasma jet (d) in
variation of thenonlinear optical response of this medium. One can expect various
scenarios in the case of presence of the free electrons, which can drastically change
the phase matching conditions between the driving and harmonic waves. Once |
assume that only microprocesses (related with single particle response) rather than
macroprocesses (related with collective propagation effects, etc.) govern the yield
of harmonic emission then the third harmonic intensity should follow the quadratic
dependence on the length of nonlinear medium (13 o d ', where 1=2). We analyzed
these dependences in a few plasma plumes. The maximal conversion efficiency of
the third harmonic was obtained to be 10°+107° depending on the used plasma
formations.

Below we describe the scheme of experimental set-up for the high-order
harmonic generation in the laser-produced plasmas. The Nd:YAG laser (A = 1064
nm, t = 38 ps, 1.5 Hz pulse repetition rate) was used as in previous studies. After
the extraction of a single pulse and its enhancement in two amplifiers the radiation
was split into two parts. This radiation (pulse energy ~ 5 mJ) was used as a heating
pulse (PP) (Fig. 12) and was directed through the focusing lens (FL) on the surface
of the target (M), which was placed in the vacuum chamber (VC).

VMR-2

Ve
FL T

[PMT

|
!
FL

SS

PP

-

M

FP — fundamental picosecond pulse; PP — heating picosecond pulse; M — mirror;
FL — focusing lenses; VC — vacuum chamber; T — target; VMR-2 — vacuum monochromator; G —
grating; SS — sodium salicylate; PMT — photomultiplier tube

Fig. 12. The scheme of the experimental setup

The maximally used intensity of the heating pulse was 10 W-cm™?. The
second part of laser radiation (fundamental pulse, FP, pulse energy ~28 mJ) after a
certain temporary delay was focused parallel to the surface of the target in the
region of plasma jets. The maximal intensity of the fundamental pulse was 4x10"°
W-cm™. For definition of the optimal temporary delay between pulses in the range
of 5+150 ns the investigation of harmonic generation at different delays was
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performed. The radiation of the probe pulse and the high harmonics was analyzed
in the vacuum monochromator (VMR-2). The radiation of the harmonics in the
range of 50+300 nm was detected using the sodium salicylate (SS) and
photomultiplier tube (PMT). The targets were as the 5x5x2 mm® sized plates.
Various metals (copper, chromium, zinc, molybdenum, titanium, tin, lead,
tantalum, manganese, gold, silver, boron and aluminum) and carbon-containing
materials (graphite, glass-carbon, pyrographite, boron carbide, silicon carbide, and
pencil lead) were used as the target materials.

The three-coordinate manipulator

[ 21st harmonic 5th harmonic

L op o Tighamenie was used to change the position of

E 00l / l ‘ l . the target and, correspondingly, the

£ LU . area of plasma interaction with

g fundamental radiation relative to
g 132; . the plane of the target.

2 sl l The  experiments  have

£ g L demonstrated the high values of

T conversion efficiency into the 5"

“] : and 7" harmonics that create the

| i l prerequisite for the development of

T R T T the efficient source of coherent

Wavelength, nm radiation of picosecond pulses in

a—tin; b — chromium; ¢ — aluminum the range of 100200 nm. In Fig.

13 the characteristic high-order

harmonics in the plasmas obtained in Sn, Cr and Al plasmas

are presented. The values of high-
order harmonic generation efficiency in the Sn and Cr plasmas were
correspondingly the highest and the lowest in the whole spectral range of generated
harmonics (Figs. 13a and 13c) compared to other materials. One should note that
despite a substantial difference of materials, most of the studied plasma formations
allowed the comparable values of high-order harmonic generation efficiency. The
measured values of efficiency of the seventh harmonic (152 nm) generation in a
series of materials reached ~ 10™*. The conversion efficiency of 11" harmonic (97
nm) in the tin plasma was only 2 times smaller (~ 0.5x10™). Notice that in other
materials the conversion efficiency in the range between the 13" and 21
harmonics was ~ 10°+10°. Below the results of the high-order harmonic
generation of picosecond radiation in the carbon-containing plasmas are presented.
The ionization potentials of atoms and singly charged ions of carbon are higher
than the ionization potentials of metals. During the optimal ablation of graphite the
plasma consists almost entirely of neutral atoms and singly charged ions. High-
order harmonics up to the 21% order were obtained in the experiments. An
important feature of these experiments of the high-order harmonic generation in
most carbon-containing plasmas was the observation of enhanced 7" harmonic
(Figs. 14a-14e). The 7 times enhancement of the efficiency of 7" harmonic
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compared to the efficiency of 5™ harmonic was observed, while in accordance with
perturbation theory of harmonic generation the intensity of each next harmonic
should be 2 times weaker than the intensity of the harmonic of the lower order.

00} (a) H Graphite 00y H Glassy carbon { 4w} H Pencil lead

SHi L oH ’ [ om
9H | I
) | \ \

....................................

sH |

Harmonic intensity, arb. units

Wavelength, nm
a — graphite; b — glassy carbon; ¢ — pencil lead; d — pyrographite;
e — silicon carbide; f — boron carbide

Fig. 14. Distribution of intensities of the 5", 7" and 9" harmonics
generated in the plasma of carbon-containing targets

The efficiency if 7" harmonic substantially exceeded the efficiency of
generation of the lower (fifth) harmonic starting from the minimal intensity of laser
radiation (7x10™ Wxcm™) up to the maximal intensity (4x10" W-cm™) in many
carbon-containing plasmas. Particularly in pyrographite plasma at the intensities of
fundamental radiation of 1.2-:10"%, 2.5-10", and 3.7-10" W-cm™ the ratios of
intensities of the seventh and the fifth harmonics were 5.5, 4.5, and 8.3 respec-
tively. The change of the nonlinear response at certain wavelengths is possible due
to the resonant transitions of atoms and ions. Atoms and ions of carbon have a
series of transitions with the wavelength close to the wavelength of the 7"
harmonic of Nd:YAG laser (A = 152 nm).

The studies of high-order harmonic generation have been continued in the
long laser plasma plumes created using the cylindrical focusing of heating pulse on
the surface of some metallic targets. We have analyzed the characteristics of the
high-order harmonics generated in the long plasmas and compared these results
with those obtained using relatively short plasma plumes. During these
experiments we have demonstrated the growth of harmonic generation efficiency
in the case of the lowest orders and the extension of the plateau-like distribution of
harmonics in the case of 4-mm long plasmas compared with the 0.5-mm long
medium. These studies have shown that use of extended plasmas for high-order
harmonic generation has a number of advantages. The use of long plasmas can
give the opportunity in observation of the quasi-phase-matching between the
waves of driving and harmonic pulses. For this purpose one has to modify the long
plasma media and to use the groups of plasma jets with the sizes equal to the
coherence length of generated harmonics.
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In this chapter, the important peculiarities of the enhancement of the intensity
of single harmonic in the region of 100-200 nm were demonstrated. The
enhancement of the intensity of single harmonic is attributed to the growth of
nonlinear optical response of carbon-containing plasma at the wavelength of the 7"
harmonic due to the proximity of the strong resonant transitions of neutral carbon
atoms (CI, A = 148 nm and CI, A = 156 nm). It was shown that a nonlinear phase
mismatch in the carbon plasma is responsible for the saturation of harmonic signals
and makes the 7" harmonic stronger than the 5" one over abroad range of laser
radiation intensities, plasma densities, and plasma compositions.

CONCLUSION

1. It was revealed that at formation of nanoparticles in vacuum and
surrounding gases, the collision of plasma particles generated after irradiation of
picosecond laser pulses on target surface plays an important role.

2. It was shown that the value of index of nonlinear absorption at the
wavelength of 532 nm exceeds the corresponding parameter at the wavelength of
1064 nm in 25 times. This was induced by the presence of both saturated
absorption and two-photon absorption in the studied samples. Optical limiting for
the colloid solution of Cg, at the wavelength of 532 nm corresponds to research
results on nonlinear absorption.

3. The nonlinear refraction and coefficient nonlinear absorption of liquid
organic materials were experimentally investigated. A change of the sign of
nonlinear absorption with the growth of intensity of laser radiation in glycerin has
been observed.

4. For the first time, the advantages of using of periodical plasma compared
with continuous one for efficient generation of the third and the fourth harmonics
were shown. Eight fold enhancement of the third harmonic generation were
obtained in the case of the structured plasma with period of 0.15 mm compared
with the extended laser plasma.

5. An efficient frequency conversion of picosecond radiation into high
harmonics in the metal plasma has been demonstrated in the 50+220 nm spectral
range.

6. At the 11™ harmonic generation (. = 97 nm) in the tin plasma the
conversion efficiency of ~0.5x10 has been obtained. For most plasma formations
generated on the target surface of various materials in the range between the 13"
and 21™ harmonics the conversion efficiency was ~ 10° + 107,

7. For the first time, the peculiarity of the 7" harmonic generation has been
discovered in the plasma jet of carbon-containing materials. The intensity of this
harmonic exceeded the intensity of the 5™ harmonic in 7 times.

8.1t was shown that excess of the 7" harmonic intensity over the 5"
harmonic signal was caused by the influence of Kerr nonlinearities in a broad
range of the intensities of laser radiation and plasma concentrations.
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