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FlrorruiRre

M3yuyueHnme B3ammogemcTBUA /a3 epHOr o wun3jJ
ABNeHWe PunamMeHTaAaUMUNUW U CLUWFPOKBMMIKQE/AAALHE AT O
CYnepkKkoHfEZKYwww@anbHbe CBOWCT & M aHUNBX L
NpUMMEHEHNE B PpPas3NMUYHbBIX HaAaYUYHbBX UK nNOpack
npocTasd BO3MOXHOCTbL peannMsayuunuHa@aamamee:T
CNnydyae 0N pPpOMB/PAMHHBIX KOHAEHGMW PKOOBTAOKMBEEE a I0P €
NnpeMy e CTB NO CpPpaBHEHMWI LOMPOKDIE/NOCHO MABTYYSHIEAT O |
Ana co3pgaHWMsa reHepaTopoB 6Genoro cBeTa H
paay onpepgenetHHblX Kpunrtepues, 7 B KOTC
BO3MOXHOCTb JAONWMWPOBAaAaHMUA pasiuny Hbl MHIE JIKKTH M
onTt
Mo 3
HeNMHE@MHWY ECKMNUX X ap aKarkeTpymac/TbMHKO A B3fasgearycesin .

K jdz s HdMMJ tlsOydsemzzl e T OB BSIBC CNnepgoBa

ONnT eKWeX XapakKTepncrTtTWHnk H O B bl X HaHOKOMNO

MYEeCKUX XapaKTepUCTWUK U ynpaB/eHMUS

TOMYICK HOBBbBX MNepcnekKIiTu®MalXo aHTe & /K.

npekypco@@akuc -Tm fiROKCUITUN) OPTOCUNNK
nonummMeTunnMeTakpumnarta UM onpepnennmTtTb BO3MC
reHepadumnuv NUOVCPHOOKIOON M3 YUY EeHUA CYNEepKOHTMWUH
OAna AeBmMRAXNOCT aBUdeHMHMYIN nipeaiana HLIO K @A Q@ Yy 10
1. YCTaHOBUTbL O3HePpamMpwOes@QHme mHop1@amme H
CYNepKOHTMHYYMaAa B HOBbLX HAHOKOMMNOO3MUTHBLIX
2 . Onpepgennteob 3EGE@MEHWEAC KMXN NH@EAAMDBDK L 1 e
BOCNPUMUMYUMBOCTMU MUCCNnefyemMbx MaTepumanos
3. MccnepoBaTb ChNegTpla/BhiebIeX alpakaepnl

TUWHYY Ma B H O B bl X HaHOKOMNDOS33MWTHDbBIX MaTepua
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4 . Onpepgennitb 939PPeBRAMBEAOUBHIYARpEM@GP DR
T-Aain hupoBOro @pemMTOCEeKYHAHOro nas3epa B
MH B e/ /0H . 4H2v0

[ JtsHT dMMmdzj Hise Odzed v .

an s peanunsaymnm MOCTaB/e€eHHbIX 3apganu 6
TaHMBOK 6 asNeTOoOdEeEKYHAHOT O nasepeagmer oK
UunnaTtTopa Tsunami n per eHe plasW gSpeatrao
ysics) . an4 aBTomMaTunuslauunu npoyueCpEabd «
NYyYeHHbBX 6BMBHWUEBIRONb30BaH bl MOEDTUCEMHBLT U [ M Bb
OrpaMMMUpOBAHMS,Ma TMIEYTEOCOKLD i MacTT aTUC T UK U
TeMaT UK.

Ok yozOwvw detso L dzO tjL zdz! SOt

dKcnepumeHTanbHO I+ CC T 71V Yl EOXBRAPHALIC TT M [§ 1

|_\f—‘

bIX O6MOCUMNUKATHKXMBaARPpKHaAaMDB3 HPHB dHEDOE

QKcnepuUMeHTaNbBBOT eOTMpHEeLe&/UESH bl N OLpIonr

O N @

nepye MmblXx H O B bl X MaTepuanos n 3 bhe K
nNepKOHTUHYYMa780agmmnasoHe 430

3. [Tokas3aHO cywecTBOBaHMUE 6e3boHN3a
t BF2 U onpepenéH sHeprcaBWOBaAHMIAN agunana
1 Okydz §J ftsdztsy jdedw, or desfpdd3r § dzO L Oh d s

1. LJobGaBneHMUe B HBEPRPYykwaypyacdHELYS H®BMO:
nepxXaHu e ApmaOaoNT K yBe/InyeHUnw H
enomMneHund B 4 . 5 pas, CHMUXEeHUNI NOoOPpOor ;

BbllWeHMUI Shdhek TMBHOCUTAUAX O pPpeDobpamn/By@HIH
EpKOHTUMUHYYMa F0gnamazgzgoHe8 4HPAB oOoOTHOCUT

M B3 au MOyI/EBHATCPraBKMANPp CT K U MK Ylman yimmei & M 1B 0 (N H
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2 . Job6aBneHune BpUuHEOS napyimcraxaa N a
NnpMBOAUT K BO3pacTaHWIKW HEeNTMHEeEMHOT O NOoK:
CHMUXEeHNI nopora /gevmenawemMmTalyBn p@ach& K TyYBRC
npeobpas3oBaHuMa napgatwuwer o wW30/0y yHeeH es@ mse BC K
OTHOCUTENBHO NMPHMIBB@AMVMOKIEAETITTB NN ¢ YKN

3. YcTaHOB/1eHbl MNHEPPIT OB bilea [y dPHDUEEHTV® blay e H1 Wy

KOTOPbLIX NPUBOAUTAWKDPUXMTUMWME CMKaDTAE PMIBE/IOCBT B M

Y KW H a O HwH €8 000 NH M. ana obpasuya C H ¢
Moaudukaumm ~ 450 BT/ cm2, ansa o6pasuya
4 . JonunpoBaHMWe NOoONUMETWUN MINTKEK DMH/BATTOB G

6opa npueBoaunT K 6e3blOHM3aULMOHHON dana
nas3epHbMU umMnynbcamum 800 HM C MUHTEHEUBH
1tcOSCIsdyd MG OV L dz2Oypdismls! tjL zdz! SOIsts

Bolnn wmccnepoBaHb HOBbLE MOHOAUTHLE Ha
NOMTHOCTbLI BOJOPACTBOPUMOFNMMOPDPREYPTH,pAp
TakXe MaTepuanbl Ha OCHOBe nNnonNnuMMeTunMerT
OANnNKeToHaAaTOB OndTop-AQa T -d(B@moHprap atdwek)p 2
ANoKcaboOpuMmHOM), 4B/14A KUUMIe CNAp UNVERPACENASUKATHEBXH b
bOTOHWKCMB LA H U eE '@ H ebpea/TTOOTPO0 C B €T a MMYOrmTTmY
bopMUPOBEBMHUBIXOBBKPOCTPYKTYP.

Co3pgaHb aBTOMaATMUS3EKXOBAAALMCEONOOHE &HBMU
HenunmHemnmHOoHI Kyounuecekoli B OC N p2a@®MIM4OOB 0 CHTMA
KcnepumeHTanNnbHELBE ycTaHOBKRC CyxwBAa M2 B8 W A 8g
CynepkKkoHOmMHyKy®BMMa NpPpo3payvyHbX MaTepuanos.

ftesBOYydw tcOBTSIST

Pe3synbTart bl pab6orT bl JOKnapagbBanuceb 7

oTeydyecCcTBEHHHDBIX n MeXAYHapOoOA4dHblX KOH(bepeHLI'
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Proshchenkd.Yu., ChekhlenokA.A., BezverbnyA.V., Golik S.S. Propaation of
ultrashort pulses in new biosih nanocomposite materials#ian SchociConference
on Physics and Technology dflanostructuredVaterials, Vladivostok, Russi®011,

PP. 241-242

MpoweHko O. K. , GwasxeqpHHw i AL AABVNcEE& Do max
ocobeHHOCTEeNW pacnpocTpaHeHMNUSdA yYyNbTpakec
OGMocCuMnNnMKarTH blX Hamok@wBoBXDIKKYM AcpaAaLynt
CTYyAeHTOB, acnupyamMeeas X nao o g 20KEC. 10B n a
103

MpoweHIKQ MUeeHoX AepoHbNACA.NBE.ooBaHNME |
ONTMUWYECKMUX cCBOWCTB O @NABINY eCCTKEMKX/T 1 H B &
ryoox#/ mMexagyHapoagHasHaWOH® AKEX® a9 OH e |
“MonopgexXwH @y &aBavang n, s-80d0, 2485 H o A B8B83 C
ChekhlenokA.A., Proshchenkd'u., BezverbnyA.V., Golik S.S.Measirement of fast
nonlinear optical propads of biomimetical materialg¥sian SchoolConference on
Physics and Technology oNanostructuredMaterials, Vladivostok, Russi2011, P..
235236.

MpouweHKDO 4. 1. UexneHoOKMcAAneAggBaH®wO@A U K
CYynepKoOHTMUHYYMa B nNPBXPAAHEX OMMOBUTHE
B c e pnoiicc Kk a A KOHMepeHUMNH CTYAEHTOB, ac.l
b3k 8napgnPRiddxlékaa, C. 138.

MpoweHK. HO. , UexneHoOK McAoO/bbBaBap#$@ANME
4N S M3IMEPEHWNSSON THSIBICHK NIMHEOT 10 W1 © G N X M a
Bcecpminckas KOHMepeHUMNSH CTYAEHTOB, ac

dbu 3 nkkrea g n B-AAG;1@-kdmaa, C. 148.
MpoweHKO, OYEX neHOK A. A. [ eHlepawm a C.c

CYNepKkoOHTUMUHYYMaAa B OMOCWUAMKATHBIX CHHAOHBOE
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npupoAHBX noAhMC aneakmwmMa@aEg/o/4 Haa MO XOHONEYNEHC
KOHMPepeHuma Monopgex,b, BHayw2bH2c VinkH.oB aumn
MpoueoH A. HO. , Ue X NneHOK McAk.nenpbanapablib
OTpPpaXeHNWsa B HAHOCTPYXTOQNUPOBIAWHE GKOMB® N
154 BcepoOcCCUMMNCKaAasa HayeHRPIB3IWMMXHDEBE pre HMOoWHO
Ke wme p20@0C 394395

Proschenko D.Golik S., Chekhlenok A., Postnova I., Shchipunov Y., Bukin O. anc
Kulchin Yu. Measurement ofNonlinear Refractive Index and Two Photon Absorption
Coefficient of Biosilicate Nanocomposite Matdsidy Zscan methoddCONOLAT,
Moscow:2013 June 1822.

Golik S., Chekhlenok A., Postnova I., Proschenko D., Shchipunov Yu., Bukin O. al
Kulchin Yu. Supercontinuum generation in hybrid nanocomposite materials with tf
inclusion of Nahyaluronate and measurement of noadir refractive index by-gcan//
6-th Interrational Symposium on Modern Problems of Laser Phy$owosibirsk-
2013 August 2531, PP. 24244.

Kulchin Yu.N., Bukin O.A., Golik S.S., Proschenko D.Yu., Chekhlenok A.A.,
Kolesnikov A.G., Postnova 1.V., Shchipunov Yu. Kvestigation of peculiarity fo
interaction of the femtosecondser radition with new hybrid materials bageon
hyperbranched polyglicido¥sian SchoolConference on Physics and Technology of
Nanostructured MateriglVladivostok, Russig2013, 20- 27 August.

Proschenko D., Mayor ABukin O., Golik S., Chehlenok A., Postnova I., Kulchin Yu.
Interaction of the Femtosecond laser pulses with the new Silica biawposites
containing Au and CdSfiternational Conference on Materialand Products
Manufacturing Techology, Changsha, Chin&013,September 226.

Kulchin Yu.N., Shchipunov Yu.A.Bezverbny A.V., Golik S.S., Nprniy |.G.,
Proschenko D.Yu., ChechlenokA, Postnova I.V. Effective supercdimuum spectra
generation in transparent biosilicatanocomposites/ The InternatadrConference on
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Coherent and Nonlinear Optics ahdsers, Applications, and Tewblogies,Kazan,

Russia=2010,August 2327.

1 Kulchin Yu.N., Bukin O.A., Bezverbny A.V., Golik S.S., Nagorniy 1.G., Proschenko
D.Yu., Chechlenok AA., Sokolova E.B. Spectral and spatial properties of
supercontinuum generated in biosilicate nanocomposites//Rsgidic Conference on
Fundamental Problems of @p ard Microelectronics, Vladivostok009,
September,147.

1 Proschenko D., Mayor A., Bukin O., Gol&, Postnova |.Shchipunov Yu.A.Kulchin
Yu. Determination of nonlinear refractive index and {ploton absorption coefficients
of new nanocomposite n&atals based on biosilicates usingg@an methadAdvanced
Material and Structural Mechanical Engineeri@pnference, Jeju Island, South
Korea:-2014, on August. 9th.

leedzd S Oydw tj L zdds ONsdaameamaO mEIs'cepTaymn,
GnevyaTtTHbX pab6boT, MHy3p HHEWXA X3 NGT aiTepe ymTda T B /
BXopgAawmnme B nepeyvyeHb SCOPUS, a TakKkxe pas3

tdLkd sOIsT tcOB tSIsT B ' dzff eof i dsdddzjL dsch dO dz'n
ftosj CIsso

MpoekT 4. 11. «NccnepoBaHUe npouecco
MWMNY/NbCOB B HAQHOKOMNO3UTHBX cpepgax U ™
nNo nNnporpamMmMe dQyHAaMeHTaNbHbBLX Uccneposa
CBETORHKEA WU UX NPUNOXEHNSN>».,

FpaHT Po029 851412 p BOCTOK -@nNTUuwdHewme e i
OPra@«wWadlnkK arTHBbIX HaAaHOCTPYKTYPUPOBAHHbIX
HaHoyacTuUuyamMum M3 MeTannoB U OKCUJOB MeT

[ sMistse j tedats Mls f sdzlz yj dzdz'y Xt n ot® jnLelnda’ ols @ e tw

COBpPEeMEHHBIX MeToAOB U O6GOpPy.DBAQM@ EUN MEAT
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MaTepunanos. Pe3ynaeTIaE GP €pUaadto Tkl A @1 YIYPe A 1|

JaHHbBe APYTruMX aBTOPOB.

[ dydzr 2 9 C dzZOH OolststcO

ABTODp paborT bl MNPUHUMBOT OBH@C THACCH B BI N OM
SK@MeMeHTaNbHbLX MUCCNefgoOBaHMUAX WU WDYOPRO®OBE
HanucaHMWNM cTaTeun U MOPHVWOA /pba qEU/Ns, O COKT /DEBIFDB
W NMUWUYHO nNpepgcTtTaBNan wnX.

dlstczClskztc® d BB jd&3 HdMMjtelsOydd

AnccepTtaumns COCTOWNTPE XM 3 T /BaBBe, [l € B &K J1H YYE
umupyemoin nntepartylPsdov bcanmpmea praaayeirec K n X
obbemM guccepTd2BempeacananRaé&dprac YCHOKL0EBD XU T

HBH Y Odzd] OB TSIST

] fjtcos2 o GaxObQB aH Bblb6Op an4 mnccecnepmaoc
MAaTepMmasnoB Ha OCHOBe OWMOEMOIVMM@TDEBH B BI®3
MX MNPU MEYHEHDON O C U TTEEIXbHHOO/MOT MY e C KON NpPpoCTC

Is oltstePlp acc MOTpPpeHbB oOo0bOWME TeXHTHMHITRY
mccneagyembx o6bpasuyos.

] StigjREdzPpaaHo onwmcaHwue 3 KCIMePP,MPMRECHCTVMAO/TbP
HepreTmnmyeckKkmne nopiopreysc @aB @ R E& BIT aluccwi,e 4 O B
XapaKTepUCTUK U3INYUYEeHUS CYNEPKOHTUHYYM
npeob6pa3oBaHMWA uMCXO0MBHArN - MA XN YIYINH IEF b/HO X E
B cnekTtp CK-78B000 6wima.cTun 420

Yjlso jtclsOWOoGCBZDAI®OHA p OCKCCMICCTPMEMHEVHIT @ b H O T
OCHOBE M-ecanoy @ NpefesfeHnto-0mMENYeES K X X af

nccneapgyemmblX MaTepunasnnosB.
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KanbHBblE cCBOMWCTBA YAbTPaAaKoOpPOTKMUNX
aBnmMmBawT UX WUWNPpPoOYaAaWMWMWK CcnNnekKTpPp npwu
agHmxX -132dlp.auB <cBOKW oOo4Yyepegb ocoboe
eKkaeT M3yuyeHMe ocobeHHOCTeW pacnp
CeKYHAHOI ANNTEenNnbHOCTMN c raszamu

MU O6narogapsad BO3MOXHOOTIIEE[[®GITIOX® KL

cCMBHOCTeNn 6e3 onTuMmyeckoro npobosa w

HaHOCEeKYHAHOI ANNTEeNnNbHOCTMWU. Mpw 3T

ueHTpPpaadlbHOCUMMETPUMUYHBbBMMU cpemamme CKBXO0 B
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[24],

OBNEHBABIRONNKEPPOVMHEMHIOTHW LPPATCHMMHEP LU

e CKMNX ABNEHNUR. Bnpreeegowarad e B HE
OMHTEHCUBHBLX YKW ¢ npo3pavyHOWN <cCcpe,
ccosB camMo®doKycupoBKM 7 0O 6gTEBsO B P
HOT O MMNOYynbca BcneagcteudanaegygBa
poBaHMUE CBeTAaAUWmnmxecs TOHKMNX O 7 W HH B
nsaunmen, Ha3blBaelwbMmn SAeuwieadiwesH Tdamma M|

3aperncrtpupoyanpun B GPolkyyecon p o ®ige na
EKYHOHOW ANUWTENbHOCTW MOWHOCTbLIW NO
myeckom ocHoBe [20]. YHMKaNnbHLBE C|
Myeckoe bmagrmaveaHpesH 1B aTn 4y mMio BVBDALHKOCCIT U
e bnnameHTa H a npakTMuWKeE IUN P OK O |
MOAaUNMUKAaLUKNMU pasnunuyHblX mMaTepunanos
roHanbHbEe MacCCWUBbLB CBSA3aHHBX 3/1emMe

BOMMTHOBOAOHHKHE]|]oVvB@MEpBE MM OHZADBIE peLwe
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CyuwecTBEHHBbIN MHTepec npepcrtasBnaert E
nokKkasaTens+ npesfioMaeHNnH B Xopmne npouecec
KOHOEHCUMpPOBAHHBX Ccpepgax. T ak BO3MOXHDO
3aNOMMUMNaIKIMUT MY ecCcKMUNX ycTponcTB BbICOKOIM
ynopagoyeHHBX MaccuBOB AN1A co3pfaHWUA npo

Bboicok asd MHTEHCMUBHOCTHDb B KaHane d¢una
KOMNOHEHTHOIO CcOCTaBa MaHEYWM/PD BRAG HRES T (
cnektpockonun (LIBS), a cnocobHoOoCTb pA[o0
paccTOoOdHMWAX MNo3BOMNAeT wMcnonb30BaTb padH
Oo6bbekKTOB NO cnekTpamM nNwoMuHecud8x4uyuuum wnMHAOY

TakXee@BCnNeKTMUBE BO3MOXHa peanuns3auus
NPUMEHEHMWUH 3 pdekTa bunameHTaUMUMNU. B Yy &

MAnas33MeHHblX KaHanos bnnameHTOB 4 n 4 CO:
pas3paga, UYTO MNO3BONMUT NMpown MB Opaan3TPbA [ 1 O ki T
[36,37].

MHbIM BecbMa NepcnekKTMUBHBM BO3MOXHBM T
Mcnonb3oOBaHMWe NNa3MeHHOTNO KaHana @unamme
aHTeHHb [ 38]. JaHHaga nNnnas3MeHHasas HWUTDb M

HANpaBNeHHON nNnepepgayunm 3nNeKTpPpoOMaAarHMUTHOT O

BOMH.

B Xopmae NpoCBpPaMEHNBEMHHONOKaAN3aULMN
bnnamMeHTayumnun HabnwpgaeTcA cyuecTtTBeHHOE
nasepHoOoro uMnynbca. [l &H1H bBIbl ABETH HM eAHN bBB e
1970 ropgy, HabntwopgasLWwunX A aHH bl npouecc

MMNynbca NUKOCEKYHAHONW ANUTEeNbHOCTU B O
CBOW oOYyepepab nNnpeponpepgenununo nocnaepnytoolll

naBARO GeHoOMeHa. B pes3ynbTaTtTe sABAEeHWUE CT
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eacTBUN 3PPekKTOM reHepaumm cynepkoH

X
P
0
C
e

B

X

a

0]

I < 2o

(@]

XnNpKocTtTAax, TBepAbXx Tenax, ob6nap:e
M cummeTtTpantT dkBedbpmm pacnpocTpat
ogAHOM pexume [42]. B xopae B3auwmo)
BOM npomcxoagurt cyuwecTtBeHHaH+d TP
H bl X XapakTepucTMunk SNeKTPEOoOMAMAMaT
eHN4 pas3aunyHblX HeNnnHEMWHbIX npouyec
WNpPpeHMd YacTOTHOTINIO CchneKTpa UMNOY b
TpUMUYeEecCckKMUX Koneuy, Has3blBaeMoe K O H

HO [M4 31 poaleeckcbl obycnaBnumBaeTcC A N H

UHbBIX NPOTAXEHHbBX KOlFIepeHTHBX MUCTON
ycuMpoBKEe MumMnynbca B cpepfge C CUNBbHO
yAnbTUupywuwee uM3nNyudyeHUe o6 aoadaceTTel6lyels
Mpyemble YyacTOTHbBLE CNHeKTpPb CcynepkKko
BblpaXeHHblX CcnekKTpanbHbBX NUWHUNK, 7
y B BUAMUMOW UNWUW WUHPpaKpacHOW o0b6na
HUue AOOXRBTATHb 6onee 3 OKTas [ 44]
HEHTb M3NYyYeHUSA NPOABNAKWT BbLCOKYI
EHTHOCTMW, npMuyem OHWN gaBnNAwTCA (das
HOro umnynbca [ 45, 46]

JaHNE -KPETT@HHM®MYEeCKMUX BO/TOK OH [ 4 7]
HMWA ALNWUWHB BONHBL HYNeBOW AUMCNEepPCULV
ayouwa A AeMOHCTpauuna4a BbiCOKOI3Gddel
KOHTUWHYYMa npwu 3HaAaYNTEeNbHO MeHp LWl
MNO HOBYW BOJMJHY TMNOBbLWEHHOTIO WHTEC
POHHOT O MMUKpPOCKORNa NONEPe@aeceH@mN NG
Ha npepacrtaBfneHa Ha pucyHke 16 [ 47]
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Pnkta) CxemMaTUNCHTREK/OEH M@ eMUN K P O COT [BYSKATQYKP U
coctToAuWwWero M3 KBapueBOilW cepAULEBUHDbB, O
nonoctamMm; 6) doTorpadma CcKaHuUupyluwe
MUWKPOCTPYKTYpPUPOBAHHOTIO BOJ/IOKHAa B
Pas3Bunutunue mccnepoBaHmm B obnactumnpeasenp

B
WWNPOKOMY NpPUMEHEHUWIW AgaHHOTo 3ddpekTa B
e

hN(

Ho B Wwme cCcuUCTEeMb ONTUYECKOW MeTpoOnor
WMNPOKUX KOHTMUHYANbHBX 4YaCTOTHBX T pebeHO
reHepupyemmblii B U PMOMBKAPHOHCLTXP Y B DYI K H a X [ 49,

npumMeHsaeTCcs ANS UW3IMepPpeHWN dQyHAaAaMeHTant

coBpPpeMeHH HDBbBIX cxeM oOonNTuMYyYecKkKMUMX 4yacoB.

B TenekoMMYHMKaAaUWWOHHBbIX cnmcrtTemMax Ha

YyNNOTHEHNH ( WD M) 6blnaa NMPOAROMBHGC PHDP

MHPOPMaAaLMOHHBIX KaHanosB cBA3U 60nee 100C

CNOCOOGHOCTbLIW Nopsaagka 2,67 IFTo6unt/ c Kaxagblii
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HHbBIW QeHOMeH Hawesn CBOEe NPUMEHEHMUue

30HAUWPOBAHWUSNA B  PCET3BYESHLHTLEXT €M ppesmavay LWe ¥ O e

PaagUuUUNOHHBMMU MeToaamMmu. Cnocob6GHOCTHWb y
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pocTpaHATbLCA Ha 6ONbWMWEe pPpaccCTOSAHMUSA
MKHOBEHWUEM CNEeKTPOB CYNEPKOHTWUHYYM

ane OrpomMHbLN o6bBbEeM UMHPoOopMaAauuUM O TP

<

L, [ 52] . Tack X e nMmeeTcCHd BO3 MO X
OFrMYyecKOro nNpPpoOUCXOoOXAeHNUA MU AuMmar HOCI
HenocpeaCTBEHHOINamBe@PeOT DO MKW YH/BHH 4
NoNb30BaHMWE UCTOYHWMKOB U3IYyYeHUMA C
YEeHWIKW CNeKTPOB CYNepKOHTWHYYyMa, HABIN
HOCTWUKWNU, B YaCTHOCTW ANA ONTMUWYECKOIM
padgdiod BNnepashble HenocpeacTBEHHDO H a
pauywnu CYnNnepkKoOHTMUHYYMaAa ©Obl1 OCylWecT:I
e HH blX B BOpge NMONUWMEDPHBbIX Cchepunyec
cmyeckoro noagxopmaa CO3A@XTHNMCNOMBIZW
XpoMaTMyecKOro Jfa3epHOro wus3nyyvyeHwunsd
mns3auywus AONONMHWUTENbHOONMWNIEH € NBEGH/UH bl .C B
OXHOCTWU NMPpPOCTpPaAaHCTBEHHOT OO nepepac
OHEeHT C RaEME@EwmcoIeNPqEPM O HHbBIX ONTUWYEeCK
aTb MOHOXpOMaATWYeCcKMNUe ONTUMYEeCKNUEe no
epcanbHOCTbL AaHHOIo wMeToOpfga. Ha o0 CHC
TCH OCyuwecTBUTDb ONT W YTEPCOKCYKKD N P i@ C coey
XMBaemMor o MMKpoobbekTa B WUPOKOM AaMu
MUWMO MUCCNepgoBaHMA U UCNONb30BaHUA

HyeHWNH CYNepkKOHTUHYYMa, CywecTBEeHH:!

eHune er o Wy MOBbIXlakapakTePuTomRe Nt
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BO3MOXHOCTb NpPpuUMeHeHMUSA dAnykKTyauyumm WUHT

LwmpoKONmMOMTOCHOT O M3InNyvyeHwmMsd B KadyecTSBe®e€ I
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Aa d9BNnNAeTcd BO3MOXHOCTHSD reHepaumumu
peHuna. B ToOoO Xe BpemMda B OoOT/nyume OT
NMONYNPOBOAHMUKOEBX e puUaaMerpH e Cc L &0, T H
0 WK X B OrpaHMYeHHOM YacTOTHOM A
A BO3MOXHOCTbL B MNPOMUW3IBONbHOM BblOC
MONOCHOTIO CcNeKTpa U3INYy4yYyeHNSH.
OBaHWE B MBWNMO BEOBHM KNHEOXBEH NA LY M (
M CYynNnepKOHTMUHYYMaAa C onpepnesneHHb
7 3apoxXxpeHwums OKeaHMW4YecCKMUX 6n
M B HbIM HanpaBneHNWeM [ 61] . Tak

cCnTt-AmAaXe flec a 6 bl a ycTaHOB/NEeHa

® © ® ® ® S O O 9 o
I
- O =S In O

CKMUX 61y Xaatwnx BO/MH" [ 6 2] B

P

OHTMHYYyMa B BuUuAae peakux cTaTucTunuy
HHOBO/TTHOBY OO6NaKKHWBM CYIR&/TIPWE HMM eaqvy L

3KCNepuUMEHT UYUCNEHHONoO MOAgenNuposBa

e, NPM KOTOPOM KNKWYEBYW PONb WUT P:

NnpoBEeECTMU COOTBETCTBYlLWYH aHanor
aK nx 6GNnyxpgatuwmx BOMNH, BO3HUWUKHOBE
[ MY H blIX Nno3unuKnii HeyGagiwopia mB68T 6 4]b.eH

HMEe CcnyvyamhmHbX nNpoueccoB CYynNeHPEKBHM
npeTmnpoBarThb PN3I MKy Kuxny BEgamiymxa ot

XHOCT®Db npor HosasnMmposBarThb n X nodBJ/lieHWNHA
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HecmMoTQp+ H a T O, 4yToO npenMMyuwecTBEHHDO
HTUWHYYMOB MUCNONbL3YKWTCHA ONTUYECKMU

CKONbKMUMUNU KOMPaAaRBDPMMUHBONQNOOGBHEYNE
pasn A nNapamMeTpaMW T eHepupyemoro Wu:
NepKOHTMUWHYYMa [ 66]. B ywacTHOCTWNW, @®H C

oCcTp

0
0
e
e
MMEeHEeHMUI ", npexage BCcer o, B HayuHet
0
AHCTBEHHBLN nNpodhunNnb CYNepKOHTUHYY
a

NOKHa, Torpga KakK npwWw T eHepauum cynep
e oTcyTCcTBYEeT MO JAOBas- cenekKkuusa, np
nydyeHwus CynepweoHTORYPRE@ME/1ANMGXE A npocT
XOQOHOTIO nasepHOro wumMnynbca [67]. 9T 0
e n reHepumpoBartThb M3 NyyeHUe cCneKkTpo
OCTpPaHCTBEHHOMN KOHMUurypauuei [ 68] .

@MOHCT pPUPOBAaAaHaAa BOBMO-XZIHIBGKTIQOE’GIBGDO&@J,DVI&VII

=

3pencTBMEM a3 epHOro wms3nydveHuma GemTa
HTOBbLM BpauweHuWemM BONTHOBOIO @POHTa.
cnokKkauwmum Cc pas3nnyH bOMUT a4BAICATTObLT aVMHAT ENMPOET CY °
K MHTepdepomMeTpwus [ 69] , dopmMMpoBaHMUE
Kpockonumn wn nurtorpadguum [ 71].

LaHHBbe obcTOodATeEeNbCTBA obycnasnunBatrT
TepunmanoB ANA TeHepawuywunar o NHE&OT@XOI TN LMD
MW 39TOM HOBbLIE CUHTE3UPOBAHHbLIE HENWUHEIN
pepgeneHHb X KpunurtTepunes, TakMmux K aK H a .
TUWNYECKMNX BOCNPUMMUYMNBOCT €A 7 6biCTpOT
e KT pMarmareH none, NnposABNEHNE onTMKnuy
cnpocTpaHAWWMMCSA BbLCOKOMWUHTEHCUBHbBM

TNMNYyYyeckKkmX mMoTepb. MomMmunmo CbI/I3I/ILIECKI/IX X
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ABNAKWTCSA CTOMMOCTbL MNpPOWM3BOAC MBI, HCATAECMKEH
Mcnonb30OBaHUM, a Takxe BO3MOXHOCTHWb "
ycTpoihcTBa. Bce npuBepaeHHbBEe KPUTEepPUUN HE

n mnccecnegoseaHMA H O B bl X O6pa3LI,OB.

1.1 wismtss' §tsor Nty jdijSozifrdz R QimsO € Is
BBjdOdzss H&Y ©OLdEJyd = LOHOY Wkt

B HacTOoOAwee BpemMsa 4TO0O6b NoBbLCWUTbL 3 dd

MMy WecTBOM fAaHHOINO noaxoaa coO3AaHMKSH

€eEecCTOMMOCTHD CMHT®E€E3 a, B oTnNnnMm4ymne oOT

ONTMUWYECKMUX ycTpoihncTB MCcCNnonb3ylwWTCA M &
opTocuMununkKkartoB, AONUWPOBAHHBX pPa3MTUYUYHBIMMNU
TakRXHeUuUeHTpPanNnbHOCUMMETPUYUYHBIE KpUCTann bl
[ 74] , KoTopble o6bnapgatwT O6bICTPbLM U 601b WV
3 a cuer CUNbHBIXTUHEOKHRNHBB aANMOOENCTBUMN
HanpaB/neHWUEM ABNAevDed MOpemMUEPEBAHEEK

oOopraHmyeckoro MaTepuana B CUNTUKATHOMW
P

e

0

OKO MmMcnonb3yHlKLTCHA pa3/1nyHLbE bunononnme

e
6
eAVHBRAN.CO30aHMNA HOBbX KOMMNDO3MWUTHLBX |
p
nMmcaxapuwpapos, N pPOKDO nNPpMMeHSsSIUWNeECSA

0

MblwwneHHOCTMN [ 75].

1.1.1 1orh j detbff Isilidiyeeq @zj 2 @as O Is j tod fyls g
LO fMuil odzgjHtejddw BjlsOdzdzd yj MSdn dzO
BecbwMa mepcnekKkTWMWBHDbBM HanpaB/leHMWEM co

HeNnMWHEWMWHOMN OnNT MKMW ABANAeTCHA MCNONMNb3 0BaH

HaHO4YacCcTMWLU pas3nndHmnHWEeET amaioe . 0 B@06 EenHOHCO ¢
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3e€pPHOITo0 UWU3INyuyYeHMWs € nNoAago6GHBLMMU cpepqa

mccnepoBaHMmMm Kak € nos3unmuyumm yHgamMeHTanl
3HavYeHNA [ 76] . OnTunyeckKkwue CBOMNCTBaAa

onpepenawTcC 4 KOTrepeHTHBMMU Koneob6aHMUWSa-MMU
nnas3MoHamMu [ 77, 78] . B3anmopgenmcTtBUueE n
copgepxXxawnmnmm MeTannmyeckme HaHoOo4YacTMUybl,
NOoOKanunMi3oOBaHHBIX NoBepxXxHaBTAKX|[ AAR3 MOBHRAHBER
CywecTBEHHOMY /NOKaNbHOMY YCUNEHWNI 3 Ne€KT
HaAaHOCTPYKTYPb HaxogAT WMPOKOE TMNPUMEHEH.I
rOBOPUTHL 0 BbICOKOM noTeHUMaAne nopgoo6H
Cy uecTBEeHHDO NnoBbIWAIWT YyPOBEHDb CUr Hana
CNeKTPOCKONMUM KOMOMHAULUMOHHOT O paccesH
OT A€eNlbHBbIE MO/TEeKY nAapHBbE coefgUuHEHMNH [ 8
MONeKYynapHoOW dnyopucueHUNWN Ud BMEITea JT/HO BB H
nepcnekTuMBEe MNO3BONMWUT co3gaBaTb HOBbLE T
HOB ble do p M bl bnyopecueHTHOHI MMUKpPOCKONMU
reHepaumMum BbLCOKMUX T apMOHWUK @GMeMTOCEKYHAL!
nopAgKabkHexc KW AX 6e3 HenocpepgcTBEHHOT OO
CTPpYKTYypUupoOBaHHbBLIE NNeHKWN, copgepxxawne nc
NOoO3BONAWT ocyuwecTtTBNATHSb KoMMyTauumi onT
pa3peweHnem [ 84, 85] . BecwMar b KC Yy UYeSCT Tape
HaHo4YyacTMLy AaBNAeTCHA Hanwmiune BblCOKMX :
BOCNPUUMUYNMBOCTEN. Tak B cCcnydyae BOJAHBIX
Hepe3O0OHAaHTCHBbX Manas3 MOHHBbIX yacToOT HeNnWMHE
bonee YyemMaKaDB6 NPpe@eBbWaTb aHa/or MYHOE 3 H
[ 86] . Kak pe3ynbTar MO XH O oXunmpagarThb c
KO3 dhhmumeHT OB npwu BHeApPEHMUMN HaHoO4YacTMulL
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MeTannmyecekmux HaHoOYacam,u Gm3ao
€ENNbHBMNU 3 HAYEHNAMMU HeNnNWuHEIMWNH bIX r
A9 Heob6XOoOAWMbBIM YCNTOBUEM CO3JaHUSH
HUSA NOAOOHBLX CTPYKTYypPp aSBAAeTcCA

HT UHY Yya@an p[o8D xgaemoe npoyeccomMm

I mMtsB j degdetsisd o dzj Hicj dzdWw o sflIsd

TBEHHbLIWN MWHTepec npepgcTaBNsaswT Ma
(KT) , npeagcTaBndawWMX C OB 0 Nu
BOAHWKOB. OHM cyuwecTBYIHWT, Kor aga

pa3 MeposB HaHO4YacTMWLUbI no BCeM T

HCTBEHHbBLIE OlFrpaHUWUYeHNUAa ANa ero ne
bIM O pBabHTVEUKEAHOALEMM M 3 S TOT O KBaHTC
OCTHGBINU NTa3 MOHHBIN p e 392H]a.HC KT on€
HbIMW ONTUWYECKUMWU CcBOWCTBAaAMMU, K

MYHbIW S9MUCCUOHHGBINR nnek ., B OB O/D hK b
n 4 NPOCTbLIM MW3IMEHEeHNuemMm pas3mMepos
3HaAaUYUNTEeNbHO nydyuwue dboToO n XU ML
ECKUMN Kpacurtensamu. JaHHBIE 06CTC
e C caMorgpgeEnAa@®AAMX uUINpOpeEE mcnoc
bl X obnacrTt4ax, BKNYasd nioMmnHecLUe
CKYIH AnarHOCTMUKY, doToOoKaTtTanuns,

KTPOHUKY -98]. anekTpoHMKY [ 93
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1.2 stdzyj f ydw detsoe ts2 jf2detind j§tdsjdrerdztsdO
stolssd AdEGBISORSH W dydtetso Odadets?2 f k2lsj o3
tcOL dzd ydz" = HtsB OO €

N3 BCerao BblhleCKa3aHHOT O BWNWAOHaAaA HeooKX

pasnunuyHblX 3apgadu HenunmHemnmHOI onTwWNUKMN, a
HeNnNnH@MHIY eXCakpuaxk T e pUC T UK . B pgaHHOW pabo
mMccneagoBaHNMHMONMAARBERMUMNO CBOMUCTB H O B bl X

HaAaHOKOMMNO3UTHLX MaTepumanoB Ha OCHOBe 0
TeTpakmrecapORcunartunn) OpPTOCMUINNKeaHTae M ( TpHABBO

NPUPOAHBIX NoONMUCaxapuUAaoOB WU MakKkpPoOMOAEeKYI

( HBP) C BO3MOXHOCT®BbIH BHeaApeHNSd HaHOHUY:
mMaTepwuanbl, nmewuwme B CBOEM coOCTaBe KB:
O6 pasuybl Moyl .l KOBODOMO OMOMMUMET MNYECK

HanpaB/le@HHOT O CUHTe3a HaHOKOMMNOS3MUTHbIX
mMaTpuuyuax wnW3 6enkosB W nonmcaxapumpgoB € [
PYHKLULMOHANBHOCTH L IHO. anga dopmMMmpoBaHU4

Mo U M pPOBAHHBDBWN-T eWelEr O XK M BWM,b MO A0 O HBbIN C
dopmMupoBaHUMe HeopraHmMmyeckHmx coegunHeEeHMUIN
pe3ynbTarte n X ocaxpgeHwns (6uMuoOMMHEpPaAnMKUS3:
BbiCTynatrT B ponmnu TeMnNNnAE 0 BX.Mu MIMe T oHaNIM N

BKNwYyeHnWeM 6MONONTMMEPOB B CceTyaTyw CTp)

CTaguw e3kdibnepexosa. MoOCKONbLKY BKANWYeEH
UNCTO MexaHWuueckH, OHW He oKas3blBalwT 3
CTPYKDYPMUPYEMbIX MaTepuanos. NMpepgnar aeil

OCHOBAH Ha NPUMEHEeHWUU HEGF Uurgep oK TP QMU JP 1
THEOS) , BMNepsBble CMHTEe3unpoBaHHOT O MWHAON

3aMelWleHMeM O3TAHO/NbHLX/TEBY RN HAECDHTUREHMH
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Mpun nopb6bope npekypcopa O6bIA wMcnon

4UTO BMeECTO cCnnmprTa OH cogepxnmrtT A3 TNMNEeHT
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bekTaMu. TlepBble 3KCcCNnepuMeHT BT arkgas
@pparvmMHaHamMm U C ApyTrwmMakKkasgpaampy A7
3blBan MWXx ocaxpgeHwmwsa umunam a3 oBOro pa
OMNO3WTHOINIO MaTepuana B OTnNnunyYunme O
MeCedaHbLETOARHHDBbIE yKasbBawT H a T
3mpoBaTb T UMOGBpPpUMAHBIE MaTepumanb NPUH
KOTOpPbLIW NpumMeHAseTCcCs B HacToOSdALuWee
n3a ocaxpgatwTtcA Ha bnomMalDM®TEAK
nmsauyun., Mo cBOelu cyTmn 3TO 6 s
HMYecCKIMUNX coeiVMHEHNNR B XNBOW
cCanbHOCTHDbIO. C er o MOoMO Wb K0 MO XH C
MepOoOB W B C &Bl blXVOPVMA EIHMbBXN ay3CO/THOEB MpAbK

OB, a TakKXe npu HW3 KMNX TeMneparty

I O

M 3 M bl 6140M|/|Hepan|/|3au,|/|m Bbl3 blBalT

4TO 6unocumununmkKart bl OTNNINMYawTC 4 N O E

O K 9 O O T 9 9 5o
s

Tbi (pas3nunuune BOCOMAMBMKEHNM TOpP:

A

Cc
anamMm T eonNormMyeckKoro wWaAM NpPOMbLWN
nnkKartoB, npoBOAMMbIE B psapge Begywm
TYPHbBIX oO0cobGeHHOCTEDN, KOTOpble YyKa:
TBHaHOKOMMNO3WT b NnpUpPpoOoagHOT O npowu
MpoOBAaHHBIKA OGMoONoONMMEpPpaMU, M CUNUKE
epoB. [lo3TOMY MexaHMUUyYeCcKUe HaArl py 3K
bl , KoOTopas- ABNAeTCH DAAOMNKNYBH O B p anl

aHMnN4yYecKmmvun MaTepunantammm. Kpowme TO
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MBOAMUT K MNOSABJ/EHWNI -OyTHTUKYAENCbKHVBXX  CHBEQTMCHTE
Hepauum U3INYYeHUS CYNepKOHTMUHHYYMa.

B cBSA3M C BblWecCKas3aHHBbBM O6¥HIO CITOAC TUACBIVIOES
HHbBIX MaTepuanoB B PpPas3/ITUYHbBX MNPUNOXEH
yecTBEe ONTWUYECKWNW CTOWKUX WU [OeweBblX
NyyeHUsn CYynepkoHTUWUHYYMa, B KOTORP blX
3MOXHOC®HMSYyNpapaAMeTpaMnm T eHepupyemor

na pfo6GaBKW N ee KOHUeHTpauuMmm Ha a3Tane
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L] 011 Redw[rrorf3r FovrtrROSSJ

OaoHNUM n 3 WM pPOKO pacnpocTpaHeHHBbX b
MHTEe3nMpoOBaHMUSA HOBDbIXO /EHED SABP/DAEELTCCCHE , M &TO
onydyarThb MaTepwuanbl C-O NXTANHCELE VK NMM U M EC XB O HAIL K
acToduee BpemMsa AadHHbli MeToh nNOoO3BO/MAE:
TPYKTYypa KOTOZPBbIX paert BO3MOXHOCTHWDb N C
oyy/M aTb MaAT EABUWA/NHBPECT L KT MUBHBIMNU A9 CO3L[4:
aAa3/1MYHBIX TUNOB MaTepun,anmvB Y @ac A CamNOWapYQBTY
6 b& MH bl X MNK TOGTARHKRBHEPATOpPOB 0 @ m DeINCMKX

oMMy TaToOpoOB.

Ma T epHanbbd C HTOOBCEM IR A M A BN ECHS nNnpegmeToN
aHHOW pab6orTe, 6 bl 1 NH CCBOGBTAGA H®IA HICOOAT ardoVIM/AORILIDS
MHTe3a, B KOTOpPpOM oTcyTtTcTtBoBana ¢gasa
TpaguuMoOHHOM MHOrod@MpBHoGWEaEpPOBA@EEe Af
CHOBaAH H a NOBbLIWEHHOMW CKNOHHOCT-OHLO p-
axopauwenmcsa B BoOAHOM pacTB Gd2EY. Bk empyemabkTy,
poTeKkaHUuH4 P:8I-OM n MOSIOBH P (OH)sSI-O-Si(OH); + H,0

bpasdyercaHeomaosOBBA3IB BOTOPONW ABaAa aToM:
MCNOPOAHBbIN MOCTMWK . Tpwu OCT a-®Hvewoa ytT u )

oBNnNekKkaTtTbCcs B peakuumm KoHAeHCcauUHOH), m T

bopMMUpPpOBAHNUI NONUKPEMHBBEMXINBMEMIOT U Mm@

n

o

3

onyvyaeTtvcsda,cumnmkat Si O
HenocpeagcTBEeHHbBEe nNpouyeccs.bl, NpoTeKatou,
ObegVWHEHUU BCEX €K 6 MM EPMIOHHHTOC JPPai3b € T U T X H
T a[10q:
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UCTMUYHBIA TUAPONN3 amakHMKC ILO &8 OM@®ai] €

obpas3oBaHWI OAOHOIM nnu HECKONbKMUX (ol

MOneKyne;

S

|

n

n

2.

MonukoHAaeHcaumsa ¢ YyuyacQhh ervip yororp,a 3m[®

dbopMUMUpoOBaAaHUI ONUTOMEPHLIX NPOAYKTOB B

3.

CLMBKA HAHOMACTOMPGROXAAWIWASOST OR®E

eAFOMINb Nepexonq.

NJaHHBLA wMeToOon oOoO6napgpaeT pPAAOM NPEUMY LILE

oaxoaowm CUHITER I TT®X HBoJ/VIGl N 1N . B HaCTHOC

caXxjgeHmem cuUuNMKaTtTa H&MOIC@wakwp aMmop/ MEMKPYO/B

TPYEY
poyuecce ¢ uMcnonb3oBaHmem THEOS HaHOKOWN

n 3K

n X

HAaHOKOMMNO3UTHaXKHOMAM@pwWapliomly T Bn b

TemMnepaTypax, He nNpeBbWaWWMX- 7

pkey pcopa MUCKANWYaerT 3 ek T AeHaTypauwuwu

onwnu

He 6 0
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I
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—
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D
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"
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XxXapwmwpos, 6enkos n O HK He pa3s3na
Wwme KOHLEeHTpaumum opraHmyeckKkmx wMa
ponb MOpPp®ooOpaBe WWR O EH QAT PMECAC ¢
bilBawWMXx BecCcb MaTepuan. OcTanbHOI
aMn cepompganbHOW GqopMbl, 0 clhpwg e3HTH
WwmMme KOHULEeHTpauuMunm oOpraHmyeckmMmxTaual
MO XeT npuMBeCTMU K cywecTBEeEHHOMY
ana, a cnepoBaTenbHO, He mac Mei e

BadTwOpealno OCHOBaHWE nNnpegnonarartet

Tb XOPOWOMIHEEBE& AMME XKHRQDAKTeEPUCT MUK a
e HUSA X KOO MBORE@ATIGEGBITKA B N9 0LUK X "
KTMUBHBMWU cpegamMmnm AN pas3snNUuUYHbX n0p
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211 OdesC s 3 sL dlsdz" | BOIjtedOdzr i o ¢ dz¥ -
tcOL dzd ydz' 4 sleafftintds: Otcd H 5o

MaTepunuanb ¢ pgob6aBANneHUWEM NPUPOAHBIX NO
OCHOBEe KpeMHUINCOA[epXauwe(R-0W gippoekkcyrpacTorp/a  Or|
( THEOS) C  BbOUMEOYLLbOOM SHHOYBTOOTTOO O A HOCTapgUWMWHOT
OMNOMUMET MUY EC KXM XH arHNOOKPOUMAIHOLB M T H bIIX0 44 T. p Y& TTp/ )

dopmMyna npekypcopa npeagctaBneHa Ha pucy

HO OH
\C’:Hg H_)(‘:/
HoC—_ _-CH,

& O O L
b
Si
2
| |
_CH; H,C_
HO OH

PnzZCrtpykTtTypHaa dgopmMyna npexk-ypgppeacaa
opTtTocunTHE®R T )

OcCHOBHOW MoOoOpdOoONOrMMyeckKkKoMmMm oOCOOGBEHHOOOTb

HaHOKOMNDOS3MWTHBbBIX MaTepunmasnanos AB/NNAeTCHA n X

CWKUT bIX bnoépwunnn. Mpwn 3TOM B AAaHHOM cn
BK/THYEeHMUNeEe GMnomMakpoOMOTEKYI B HeopraHwm
TpajguuyWnoHHOEN/IOb 3METbO 4 a , MMHBpaGQmMezagwusy 6

CTpykKTypa HeopraHMyeckOIm cocTaBndawuem

opraHmndyecKunmm -MaopumKkaammpungomm, aHanor u
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HeopraHuMmyeckux CcoOepgUWHEHUWW B XUBbIX OpT a
ocaXpgeHMWsHepg®d®mwmay nmn) Ha bnomMakpomonexk:
TemMnnaaTtToB. O3TO0O cBuUpgeTenNnbcTBYEeT O OMOMUN
CUANMNKATHbBIX HaAaHOKOMMNO3WNUTOB.

Ha pucympegacTtTaBI@bplaxkeHuUe CUNHTEe3unpo.l
nonnmcaxapwupgo uNam BEMyoprooHr gpTaapy ¥ CUHT €3 MpPOB
HaHOKOMMNOO3NTa, obpaszoBaHHOro 10 wmMacc. %
HaTpusa € KOHUeHTpauwmen 0,5 % wmu B pacrtTi

Becy) .

— 5 pm
Punllpumep wnccnepny Savbdroor oomoppaadsmuHaT em3 U p O B

rmoépmaHOro HaHokowmno3sbh®Oa¥% O6paBOBRHHNPE
crugmyaTtTomM Na ¢ KoOHUueBTpagmeBapeO®.6& ROHBR

0.5 % (no Becy) .

22 O jted Odzr dz0 Bhdese j BOCttsdisdzj § & dz
fsdzde dzd ydHtsdzso fp o Cdzt yjdad j €3 dzOdzets y Of

Apyr wnwm TUNOM mccnepgyemblX MaTepuanoe
MaKpPpOMOJdEeKYI HBP (hypelO®.r a@cpedTtTypoHas |
OAaHHBX Twuapokcwumncopgepxauwnx noAHBep e myIp
bopmMupytTCA B APpeBOBUAHEBbIE MaKpoOMOI/eK)

KOHMpuUurypauvein.-p&Coompamwoas SMEMaHHBE MOOeK.)



28

SANUNTUYECKYW dopmMy C NAOTHO pacnpeapge

obnapgawT anundaTunyueckon cnoogIenpaxjamupeHino 1 o0 C H O

HO
Ho PH

PnaCrtpykTtypHada d¢gopmyna HBP Mo

MHOXECTBO OKOHEUYHDBIX Fr'MAPOKCMUMNDbHBbBIX rpyn
MNPUPOAHDBMMU nonuncaxapuwpgammm, NPUMEHSATHb
MUHepannmsauyuwuwu C NMoMO Wb 0 C 1 n un K -aydraxgethyd) |
orthosilicate ( THEOS) . MpeunmMyuwecTtTBOM
COBMECTUMOCTHSDb Mcnonb3yemMoro nNpekKkypcopa
HBP.

B cBOW ouepepgb 6 blNwu nonydyeHb o06paswy
BHeagpeHMUEM HaHOUYGaHC TOWbLYT U 3 OJDQITYyad.€ H bl ny T Te
TeTpaxnopo3o0onNoToKkB KpagoBsbep HABE]| B pes
BOCCTaHOBNeHUA B KMUCNOW cpepe npounmcxopm
AaBnNnAeTCA BO3MODXHBbIM 6naropgaps Hanmuunito
comeauemn MHOT OYUCNTEHHbLIE T UAPOKPHNTNGHDIER
O aHHBble MO /T€eKY bl MMM NTUMETIKY EC K apo p M
pacnpepgpesieHHON CTPYKTYypoOW.

Cnepgytuwmi 3T an npwu co3pgaHuNwu MarTe
rmneppasBeTB/I€HHbBX MO /BN TM/XN LMKOHOEPOAB/T NC3 GACLTUC

chopMMpPOBAHHBLIA pacTBOP Ha-HaepPE@BETIMOD AR
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onpeagenneHHOE K OJ/MWY e c T-ydroxyetbyl eringsitcatep @HEOS).t
JaHHBIA NpeKypcop, Kak W B CNYyMHBRERAET P UP
npnemnemMbMm O6Gnaropgpaps CcBOeWw NONHOW COBN
KOHEeUYHOM MTOT € npouecc 3aBepuwancs re
bopmMmpoBaHuMewm HB P MaKpoMOnekKkyn B CTpYy
OcCHOBHbEe STabwasuaBeHa OCHOBe HB&RRHMBXKQD

npeactTaBneHB Ha puUCYyHKE

15 nm

- LSS i
—50 nm
maMeTp HaHoYacTHII Au (HM)

PneECxemMaTumnueckasa umnnwctTpaumsa OCHOB:
HaAaHOKOMMNO3MWTOB Ha OCHOBEe MaKpoOMONEeEKY
HaHoYacTuUuULaMMU:

A-CTpYyKTYypHaa dooemymg HBP ™
BCcxemMmaTtTmnmuyueckoe ©n3006paxeH mMey avwonul e3Koy/viobr
D- TEM-boTOTr padasmoRhacTMNLy,

E- AvnarpamMmMa pacApegeaenmyg WO pa3mMepa

F- TEM-boTOrpadgmsa MMUHepanmiaoBaHHON Mack |
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23f Ol jtedOdr f) oCdzs uy tealj 68 Gz Qrezl o 08

MocnepgHUM TUNOM NCCH& AYVEM©DB e 0 ® [PHEDR ot
ABNANUCD 06pasuybl C BK/IHUYEeHNEM KBaH-T
CMHTEe3InMpoBaHHBX B MNpucyrTcTB(MNIAKMeEBP K@AUITIDK
MaTpuuy, bopMNPpYRMF KY [CC TI@DAVMKOBUMLUOCI TU N EHT N
KBaHTOB bIX TOYeKkK npoBOM@ADE&N L IEP O B QU
npexaneHBrpa@re dne pead@wmMBayumnpur dWOXBOIEHI
pacTtBMBla: auyueTart KagMuaTmhaegnapupo np
MHTEHCHB&IOKBEaHMTEBOP OB alueTama NMaOMUAHONRK
Uepe3ldl 05 MMWHYT pH peakKkuUuMOHHOW CMeCMW noyorBeoV
Ao6aBMeaHOiHo NnYylue pra®iT BoOp OLICTPO nNpunanusainil
HaTpuma N OoCTaBamrwB UG ereaMBylHaWLEer o AHSA. H
BblABAAMPT @M oOCBelUWeHNA NIOMMWHECULEeHTHOMN
Habnwaoganochsb cBeyeHMUelWsanmeviemHeucalie X, N 8 0 &KTTH
KOHLEHTBXOoYWRMEKNTOHEHTOB CMeCcuUu NpPUB ABAHN
pacTBOPRBRWAEG@TONbLCTBOB aJ/lHa HO YBEOCPTMMLP OpBaa3HHAOAT

KT ns peakunoHHOI cmMecwu Bbloenanum-rc .
aTmnoBeoro cnuprta. Ocapok oTfpenanunm LeHTDP

Adna BknwyeHma KT B cumnmpeakuwowmMBABBPENIQI
BblgeneHHbe KT, ancneprumpoBaHHbBEe B fewno
Mac . %. B HWBEOS B BMOHATMEIHIC M B HO NepeMeLWwWnsBan
MUHYT AN1A9 MNONTYyyYeHUA T OMOTEHHbBLIX cMecei
KBend pgpoBeAgeHMUA ONTUYECKUX U3IMEepeHUNnm.

HenocpepagcTtTBeHHOE bopmMupoBaHue KT np
peakxkuunmn:

Cd(CH3COO) + Naz2sS - Gaa®) + ZIN a (
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OHa npoTeKkana cpa3y Xe TnNocCc/se CMeleH.]

cynbdunpga HaTpwuasa. Mpw 3IEEPRMC OOPRBNOB&IB ED
co3paBasiocb nNepecbuweHue, 4yTO0 oOoOb6GycnaBsnus
KnacTteposB. MAK , npucyTcTByWaa TakKxXe B

n X NMOBEPXHOCTMW.N oEBee PCXBHAD3CLTBLAOH MKEel1 acc T e p O B n

rpynne, a o06e KapboKCUNbHbBLE T pPpynnb 0K ;
BOOHOT O pacTBOpa. Monekynbe MAK o6paso
cTepunmyeckunin 6apbep, npenaTcTBYPO@QPpGEB OB O K

3T 0MYy npenaTcTBOBA/NO TakKXe 3NeKTpocTa
3apAaXeHMeM KapboKCWUNbHBLX T pynn BcneagctT

CoOOTHOWEeHME MeXAYy TpemMsa KOoMRECHht B ma A Kp

onpepens ndoo ppMaM3pwergqlM X c 1 KNnacTepoB U, COO

(v

CTPYKTYPHOI opraHumsaymnwm " CTPYKTYPpPb
mM3obpaxXxeHWMNn, MNONYyUYeHHBX C NOoOMOWbLK NpocC

BblCOKorCEHmaaapEOLHM I'IpI/IBe,[]].%]-lbl Ha PUCYHKE €

Pne . TEYKTYpPb CUHTE3UPOBAHHBbIX
CHU MK U, coefaHHDBbIE c Tpewmd pasHbLMMU )

o6bpasuyy c ronyo6omn nMMIHEYHLEKHBLU)I6, ® i1 Yyur oBou A
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MHOT OYUCNEHHUbBMMU OT A€e/NibHbLMMU KT MnMe T C A
Haoxg AT C 4 H a 6NMM3KOM paccToOSAHUMN apyr oT
CANUMNAHMNHA HaHo4YacTMuLy B TOYK ax CONPUKOCH

(pMcyHOK 639T0 MOXHO OTHEeCTW K 3alWUTHOMY

copobupysdaceo H a N XN p enppoBTEBPPXaHUGaCETTM , M N O T H bl
MUKpPOOTOT paduwu, NoNyyYyeHHON (PURIKDOKMEBA
BULOETHb X0pouwo pa3Tnyunmyito Kpuncrtannumue

KpuMctTannuueckyt nNpupoay CUHTE3UPOBAHHGBX

dopMMpoOBaHME CUNUKBATABBBPOWEANXOAWMPTE KN P

pacTBOp. Mpouyecc Ha THEOR e TKCOAT O@ bl N MO OKM 1D :
ypaBHeldGhem [
Si(-O-CH,-CH-OH4 + nHO - Si(-OH); + 4HO-CH,-CH,-OH (2)
FrmaoponumTitTnyeckKkoe oTuwenneHne 3TUNEHT [

CUMNaHOMNbHBLX-H,pWMMmMOxPIie BOBAEKAKWTCHA B pe:
(OH)zSi-OH + HO-Si(OH) D (OH);Si-O-Si(OH). + H,O (3)
nnu
Si(-O-CH,-CH»-0O H4 + (OH)3Si-OH D (OH);Si-O-Si(OH); + HO-CH,-CH,-O H(4)
npmnBoagswme K GopmMunupoHEaBUMN&SIdim.ToKcaeoBamM

ABMNAKTCSA NOMRUMIKDSBKEELB bileH a3 bIBARMKIET O M.

24 BtOL Yy" dz0O ssmdtse | §dzd d3dj Isd dzd3zj SOC
mMtsd Hd dzgjHdEd:2] Sis dzOIstse H J W Ig &t dsH=IEOIE St O (
O dzls tc O-6rdg s d,82H d ¢ M OB St d dats A3)

Ana cunHTeEe3a C 0 e almepn W-fO-a H TP, adermihI2

ANokca(plodppheanpykTypHaa dopmyna fHpeRCGODOL
TpudptopBENnpPopyrcKkanm 4Yyepes3 CMeCb YKCYCHDO
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aHTpauyueHa (22, 3 rYy JaXmemHaeioaelwnamaKo CE 1 0

Hacbllwe Hune I'IpOBO,Cl'I/IMOI‘/JI XNMUYECKDOI peaxKkuyunn

H(12)

*
H(I8A) i

FQ) K~

™ H(16)

F()\ A=)

PNeCTtpyKkKTypHas-Adabg eyOrmmad T2, adme ik 32
AnokcabopuHa

300 Mn AuCcCTUMUNNUPOBAHHON BOAHSLI. Danee

pe3ynbTaTte 4Yero TMNPOMUCXOKIMPIWY HIROBROM Op OB @ &

nogBeprancsa GuAabTpayuuMmM U nNpoueccy

39 KCTpakKkTOpa CokcnerTa. HDanee npoBOAWNIN,;

auetToHuTpuna. Ansa @m@w3yecLan ;g opoaianenn eiH

B COOTHoweHwuwn 5/ 40 k 25 w™Mn xnopodgopma.

TeyeHune nAaATMn 4yacCc OB B cBeTonsIonnmnpoBaHHDO

peakuMoOHHOW cpepgbl C NOMOLUWbI QOUMBCPY IOIOE

BblgepxXxumnsarsncs OB € MMWHYT bl B 12 M N ANnaTWnin
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BOAOAHOW cCcTpyeiwn. Cywka o6bpasya npoTexkan
ACB TemMHOTE.

AnenHaesccnepyembx o@GpasmwesnnAanad) 6P Ea
OvpTd-@Oa@aHTpagwemn32zonokcabopumHa cmMewnmsanwu
6beH3OoOMNa MU 3aTeM NONYy4YeHHYW cmMecb MogcT
Paeop dounbTpoBannm, o6e3raxne@dimC B BIARFPE
B TeWwddawidB NyuYyeHHbLNW B pe3ynbTaTtTe 3TUX O
yaca npun Temidloxarey perdb0 °m@B. NonNny4vyeHHOT O
obpas3uyubl B BMUAEe NNacTUHOK ¢ AnunHouw 3

doTorpadma nonydyeHHoropméypylArga npejgcTas

Pnc. &6 pasey TMNMMA, 0 0N W P GABMAKHEHTbONH acTOOoeBq, UL
6opa
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XapakKTepuUucTunukm

TabnhWyaXapakTepucTunNKM

BCe€eX

mnccnepapyemmblX

OcHOBaAa NJob6baBK| KOHUEHT OnwnHa
precursor tetrakis
FMmany NaH 0,125%- 2% 1-15v ™
THEOS,50%
precursor tetrakis
KcaHTaH 0,125% 1-15v ™
THEOS,50%
precursor tetrakis
Anbr WNaaT 0,125%- 1% 1-15v ™
THEOS,50%
precursor tetrakis
CanoHwurt 0,5%-1,27% 1-15v ™
THEOS,50%
precursor tetkis
HBP HBP 1% 1-15v ™
THEOS,50%
HBP 1%
precursor tetrakis
HBP+HAuUCI, HAuCl, 1-15v ™

THEOS,50%

0,00080,0015%

mccnep

MaT
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precursor tetrakis

THEOS,50%

K TCdS

CdS+thiomalic acid
(C4H6045S), 0.1%

1-15

M M

MMMA

AntBF,

1%

15

M M
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17016 lelfic.r IR R Jao a1 {eurl

IYorffrreeuvlrRe Arfuvlfersovorridad J

RYJuyrl1RC & Rudf[rruorf3zfr 1010 {sdf?
[ovtROJOGIR

O n A mccnepoBsaHUA 0 CBO O ej{HICAQVMTEEHIT a LIypID L €
CYDROHTMWHYYMaAa uMcnonb3oBancd @GemMToCeKYHH
O C U ¥ N N Asuramian per eHepartun s HIpitfire 40y-Ik-BW fSpertras
Physic3(pmcyHaok CYywlecTBEHHbBM NpenmMyuwecTBOM I
BO3geWCTBMUSH Ha mccnepgyemmbe MaTepwuanbl
AONUTEeNbHOCTN NOBEBABGAECAPABAGK ONTUYECKUX
TEennosblM camMoBoOoO3gencTBUuEM, pedpackumne
NneKTpoCTpUKUMEDR. QT 0 cBA3aHO ¢ TemMm 06
ABNAKTCA CNUWKOM MeANE€HHbMMU NO CpaBHE@H
MMNynbca, M B I3TOM C/Nyyae B3avMmoagepmpyge

cpepoiu onpepposeKoiN KennHehnHOCTbH © |

AN

nnasmMo B YC/OBMAX CWUNBHOIO CBEeTOBOTO
oyepepnsb, NO3BONY@&MOTA00 C BIM@B € HTUpsie 6 M HT € H C
M3 NYyyYyeHMUusH B MaTepuane, npwu KOTOPpO
dbmnnameHTAaAaUMWOHHLBIX npoueccos n PO pPMUPOE

CYpKEOHTUMUHYYyMa ©6¢es3 pa3pyweHuna obpasya u

3. 1. AJ Bleias @] CisdB dzj ¢ M

OCHOBHbBMNU coOCTaBnaAwWNMN GPeMTOCEKYHAIAH
Ti : sapphire reHepaTop Yy nblsupaanKSpecwaP R i1 o @
TBEPAOTENbHbBM NONYNPOBOAHWUKOBGLM Ph3yesp acn

per e HEHWT ny c Bpithrag 4071k-5W (SpectraPhysicy C nNasepowm
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Mill enia Pro ¢ Kpucrtannomw Nd: YVO4, 1 eH

HM.

l

@
Pnc. beMTOCEKYHAHbBIA KOMNNANEKC

®PeMT OCEKYHAHbLNAPUTPUOTBaLHA Na3 ep npenc Malein
TBEepPAOTE/NNbHbBIA Nas3ep C MNaceawB HMOK OCIERHMMAQ
CUHXpPOHM3aAaUuMsa ocyuwecTBAAEeTCHA C NOMOLUWbI
Ha BO3HWUKHOBEHWUW BLCOKOMUHTEHCUBHBIX @(eMT
MHTEHCMBHOCT ba TKOHTH@P bOXT AL ONICPTO -6 NEMUUEC KE O
caMoO(POKYCUPOBKMU BC akighm @ Ba n /me ArvudrpaaHk L U O H |
orpaHuymBatwuwem B npocTpaHCTBE 6onee

npoumcxoagunrt NnocTeneHHOEe YycuUunNneHNeT g KEL
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M 6Gonee BLCOKOWN BEPOATHOCTWN WUHAL
Her o pe3oHaToOpa A n A AaHHOT O
MOHHOT O pacnnbiBaHMWSA NPOM3IBOANUTC
aunn. B smTtTBEIROMabawgaa@adea nbHbBN M
mn YKWM ¢ YyacTOTOW NOBTOpPEHMUSA, 3

HacCcTOTa NOoOBTOPEeEeHMWA cocTaBndna 8 (

nas@épmmnpeacTaBneH®). Ha PUCYHKeE
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l10pmmwamb Ha A CcCxanvdan proBr calsimaniSpecegplaysics)

ycuneHmusd CreHepumupoBaHHDBLIX dbemT O
oBarsncs4 p e r e H BpifiaeT40F81K-BM1 (SpgctaP hy 5 € B 5
€ aKTUWUBHOW CcpefblK BN TOaJ/O/P 0 Mi TAKpPK[

YyCUNTEHMUS aHanor nyet YCUMNEHMWE

EKTPOHUKE . A UMEeHHO: ans npeac

(

cpeab ycunumTensa npepBapuTenbH
MDCW3 BOJFMNNONHNUTENbHOE UM pNnup
M30BAHHOT O MCXOOAHOT O MMNynbCca,
€ U CHUuXeHMUEe ero nNUWKOBOW MOLUHDO

EmpoRMeyrsi(cSsp)ecdaszagaBanachbn nsiBepe
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MMNynNeC
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a3 €epHbl i KoMnnekxkCcC,

npepeneHuns

atTepunanawvu

ARguyu&0OMers BepTUKANbH

byaeTtT Tropu3oHTangao

'y Ago

Oblnn

OcCoObGeHHOCTEW

> 1 wmAXx. AnnTt

1 kTluy.

MCTOYHMUK a YKW Bbllwe n 3 J

cob6patHbl BCe€

B3aumMogemcrTBM

WO MTXN HETT IH > M}+|aop)aa KTepuncrtTnmk.
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ncxoagHble
+ nMnNyrnbCbl

e

pacTtAarmBaHune cxXartune
mMnynbca nMnyrnbC

IAV KpucTann TutaH-candupa
ABYXNPOXOAHOIo ycunutens
KU A\ <
ayenku Nokkenbca

Kpuctann TuTaH-candupa
pereHepaTMBHOIO yCUnuTens

—

Pn@. 1demT 0cC e KYHABpHfirc40F-tkibWn 1 e n b

3.2. wjdzjSydy dfMmdzjnkjd & &OkjtdOd
sfldyj MSs2 MsOsdd desfisd § § OH O " j d
ZOL j edzs Bz d L dzlz yj dzd ¥

HauyanbHBbBM 3Tanom mccneposBaHMIU 6blno
cTabnneGpxsLloB nyTewm BO3OeNCTBMUSH B blC O |
nas3epHbLX UMNYyNbCOB B TeyeHUe ANUTEeNbHO
npouyecca paccMaTpuBanacehb CTabMmnNnbHOCTE
CYNepKOHTUHYY3M@aB WMC WM@GQTKI €YHLJHeOrcpr anl bYHKoM  om

B3aunmoge@meccTtysHpsk 13
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e 40 ¢c, 100 'y
o ~—Pex=0,7 BT, E=7MAX
500! -a-Pex= 0,2 BT, E=2m/x
400+
300+

200'_'_'*I—l—l———l—l——"‘—\l—!—-—...
100

KOLNTHYeCTBO
HMIYJbCOB

0 , , : : :
0 10000 20000 30000 40000 50000 60000

Puc. 1cpefgHeHHbBEe XapakKTepUCTUKUN 3aBMuC

BpemMeHN B3aummMopgemcrTBUA

CornacHo NMOMYYEHHBIM KCnepuMeHTanbHbM
anbrmHartomMm Na 7 C @M O HNMPTOOMVE XY & O KK O BP B K € I
MHTEeHCUBHOCTMN B nonepeyHOM ceyeHNwN
TpaHcCcPopmMumpoBanochsb n 3 HayanbHOW-CYPYRSFH
ConocTtaBieHue MHTer panbHOI 9 e KTUBHO
NPUPOAHBMUA IWOQMaAMIA BbABUNO CcyuwecTBeHHO C
reHepauumm cynepkoHTUMUHYyymMa (6onee 4yem H
Ana ob6pasya NamoaoiygpBoHEaH W C KCaHTaHOoOM,
BLICOKYW CcTeneHb MNOTlToale apAaAbHMBNH UVEX3 YU T /A

oTob6paHb cnepgywwmne obGpaszub (Tadbnumua 2).

Tab6bnunya 2. O6pas3ub, OTOOpaHHBE ANd nNpPpoB
{ Mdzse O sdf HBB OO
THEOS,50% HBP

THEQOS,50% HBP+Au
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THEOS,50% Fmany NaH aT
THEOS,50% Fmany NatAu T
THEOS50% K TCdS

MVIMA AntBF2

B cnydyae o ob6bpasuyom H a OCHOBE non
coegnHeppaamBTOHATOB Andpropupaa 6opa,
BO3HMKana /nunwb B TeyeHUEe HECKONbKUX Ce
YKWN, now NeaGewaanacb AUNWb MUHTEHCUBHasa .

OH NposSsBMWUN Apyrune MHTepecHbEe o0cCO6GeHHOCT

3.3. [yjdSd ‘dajtecjlbduijmMSdr fstescso

Peanusayma KOoOMOaKTHBX WU OTHOC TEEHEbPHAOL
WMPOKONONMNOCHOT O WU3NYyUYeHUHA CYNepKOHTUHYY
B KayecTBe (GopmMupywweinm wn3nyvyeHune cpezjlit
peanunsyeTcsA BO3MOXHOCTHDb HN3KOMNMOPOT OBO I
MOT YT HainTwu NPpHKMEH eHOM/Ea C B S XT, K aK onTMu
MOBObLIWEHMWS S WUTB0OMHEHPOECHTUMMS MY T € MpKOTHE M@ [y & IMIBWN B C YHI
cpepax MU3INYyYeHUEM nNas3epHbX ycTaHOBOK, T
nopAaagKa HECKONbKWUX T WUTFar epuy nb eo3T CUyCTNCOT/BbA3
YyCTaHOBKWNW WUHTep-epoméBPI. dddl@apmpegmeT B«
KayecTBe O6naronpmsaTHbBX cpeag AN HWU3KONC
mccnepyemble HAaHOKOMNOO3UTHbBE MaTepwuanbl.

3 KepumMmeHTanbHaa yctTaHoBKa,dnpegcrtaBineHH
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PeMTOCEKYHAHbLN nNna3epHbin KDOBI-EWEREI®epIBpC
YKWN pnuTtTenbHOCTbI nopagka 45 dpc Ha [gnunt

" MaKCUWUWMa/lbHBbBM 3 HayYyeHWNewm 9 HE[PH WNH wavinJy |

AnameTp nNnyyka cocTtTaBndan 6 MM, B xope 23k
CBeTO(hUNLTPbI
750 Mm

(heMTOCEeKYH/IHBII * d

KOMILJIEKC

A=800 nm P

=45 fs

qacTora PlMlIy.IILCOB Y\ 6 / f

4-1000 'y NUH3a obpa3se f

. paseh npocunomeTtp
f=1m NVH3a
f=50 mm

Pnc. 1@xema I KCcCnepummeHTalbHOT O KoMnine

bunnameHTayuwu

MCKNWYeHMA noBpexpgeHuma obpas3uyuosB U AOCT
CK SHeprwus4 M MMP/OBAOIEAC P € MY K O M HakaukKkwu
MMNOYNbCOB 3agaBanaceb oT 10 O o 100
KOHTpONmMpoBanunceb Me XAy — COeMPUATAEMMb H OUC3TMbE P

aBToOKoppensatTopom Pul sScout (Spectra Ah)

(Spectra Physics). NazepHoOe M3InydyeHnme 1
1 M . Mccneanyewmblid obpaseuy, B KOTOpPOM
bnnameHTOB, pacnonaranca po dgokKkyca /UHS3

nyuyka Ha nepepaHseia ropoacHma’s m6ila 4 4o de eMMU 3 .
obpa3yomM nopgaBndnocb Hab6dPp,0MCREBE T H/ABWE
( Newport) c nonocadmWOnNnpPpemeayokanypdmpada3rle p u
cBeToPu  NnbTpPOB nperg o HX.e i eldinéa HNWaC C N PHEB P
bnnameHTOB mcnonb3oBancKHR npNMNewmomte)r p

mepekKksTOY ae MblX HeﬁTpaﬂbeIX CBeTOCbI/II'IprOB
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pacnonaranach H a OBOWHOM ((POKYCHOM pa

dunna

70

60

w £ L0
o o o

nponyckanmne, %

N
o

10

MEHTOB B Ob6Opasgenanypedunmsomeao PppaygeaHt

N A

P’ “ \

\

N

\

\

350 400 450 500 550 600 650 700 750

AJIHHAa BOJIHbI, HM

Pnc.Pe3 ynb T uxpaypraukarse p M c T nkKa c-Be8 1 oZ3¥a v Tip0oSE

B

700-B (Newport)

Xopne MnNpoBefgeHUA I3KCNepuUMEeHTOB 6 bl

cnepgpoBaHua YKW o1t 4 po 20@pMuuyreKHMAOGNpP

CTpPpYy
MHT €

pexu
nnas
Benwu

yacT

KTYypHbe ocobeHHOCTW o6pas3uyos, YT O I
HCMUBHOCTEMW ans BCe€X paccMaTpuBaem
MaXx . Mpn panbHeWwWeM NOBbLILWEHMUM yac
HOEMWEHBEKRBHUYMUHB Nopora QOPMUPOBAHMNS
YmMHa nNopora B cpepgpHem O6blNa HUXe 0O

otTax o1 4 po 200 Tuyu.
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Pnuc. 1otorpadcdpuun dpununave@qG o0 %+ HHBP alu
aBb6bnNnmn3sm nopora punameHTaUUNMNU
bMHOXecTBeHHasa @GunameHTauyuwnAa,;

MoONy4YeHHBbIE KapTMWH b NPOCTpPaHCTBEHHOT
obpasuyos BO/MWNI3 MU nopor a bopmMumpoBaHMUSH d
nnameHTauyuuwun ARpe pyuTtyHEKabia ko/ropass yua c TF
cogepXaHNSANOM®G a BCOOKC T ABmMifc RO /Bsx TOOMNO3 M LM
HBP, mcnonb3yemMoinw AnA BHeaApPEeHMNH HaHO!
nopor a H a 17 % no C pPTHE®Se H ko 6 @8 B N'EIHUNTE I M
KOHUeHTpauuMmim HaHoO4YacTuUL 30N0TAVNHKPRMEGPAEWNA
BHeagpeHumnm B THEOS KT CdS Hab6nwpgpaeTtTcsa c
THEOS ¢ npumpopgHbLM nonucaxapuagom T unanyp
nopor oB bopMUPOBBRHUST GQIWHAUMEHHTP AL K e 0.
KOHUeHTpauwuwemeel 4wYem B 3 pasa. Henocpe,
dbopmMMmpoBaHMUSH dunameHTOB, a Takxe nop
npeagcrtaBnedHb [BIOM& 6 n1Myax 3, 4



a7

Punc.2D7 npa8dnpepgeneHma MHTEHCUBHOCTMW B
bnnamMemO@PBOrWBOMN MHOXEeCTBEHHOW duNnamMeH:T
mmMmnynobcoB 100 Ty pgnutenbHOJHRED® 45 T
2
nocneppgytwowaa AUMWHaMUKa GunameHTomo n3pdnu0 “yIBE
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Pnc.2D8 np8dnpepgpeneHnanmeaTenRngwuaaoBayana
bnnameHtToB (a) MW NOPOroBOWNW MHOXecCTBELF
cnepgpoBaHma mmnynscos 100 Iy THEOSTe nb H
MakpomMonkERBPY namMmmak Xe nocnepgywuwaa AUHaAaMUK
MHTEeHCABMHO520°(BB)T/ cM™
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0 MM

Punc.2D9 npa8dnpepeneHma UHTEHCUBHOCTMW B
bnnameHtToB (a) M NOPOTroOBOWM MHOXeEeCTBEF
cnepoBaHunda ummMmnynoscoB 100 Ty ANUTEeNbH:I
Kowmno3sTWEOSMHBPcoob6aBieHneM HaRBROTAGTKIEL NDCTC M
AVMHaMUMKa (GuAnaMeHTOB nNpwu Ayos elR2vOy €reByrw cumn
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T a5 4 4.5

0 o 05 1 ’ MM

Punc.2D0 npa8dnpepeneHmda UHTEHCUBHOCTMW B
bnnameHtToB (a) M nNnopor oBEUMUMH OB e qTpme +
cnepoBaHunda ummMmnynoscoB 100 Ty ANUTEeNbH:I
Kowmno3sTWEOSMK BaHTOBRAMK T@KMX® nocnepgytwas
bnnamMeHT 0B HIWWM wHTeeTHacoeB2H000C’tIBB)T / ¢ M
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Omm 1.0

Punc.2Dl np8dnpepeseaBsnsHmMBTN B C/ydyae Ha
bnnameHtToB (a) M NOPOTroOBOWM MHOXeEeCTBEF
cnepoBaHunda ummMmnynoscoB 100 Ty ANUTEeNbH:I
Komno3THEOSMN o nmc axapuMNalG.l2®%ay r@akake noc e
OV HABKMA (U 1aMe HITMOE HIUMU UHBTEGHE 0 BB /) mim
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Punc.2D2 npa8dnpepeneHmda UHTEHCUBHOCTMW B
bnnameHtToB (a) M NOPOTroOBOWM MHOXeEeCTBEF
cnepoBaHma mmnynbcoB BHO0gFfig gopasnaH:l
K omMn o 3THEOSMN o N1 c ax ap u iNaloumaa nTyapkoxHea TN 0 C 1 € [
AMHaMMKa (GunamMeHTOB npu gy@E nBT/BdM 1
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Ta6bnunya 3. OQHepreTmnmyeckKkunme noporum dopmup
+ + +
THEOS THEOS THEOS+ THEOS+ THEOS
O6pas3sdTHEOS|Tmanyglnanyrg cds HBP 1% HBP 1%+ Au
Na 0125% Na 1% ° 0.00(46%
Mopor
11 11 10 11 11 10
q)””a“z"eHZ.S %0 16 %20 7.5 %0 1 %0 3 40 3.9 40
[BT/]Jc ™
N3 meHEe
6T HOGUT ] YyMeHbUWYMEHBbUWYMEHHWWNNOBbLIWYMEHb LW
THEOS Ha 339 B 3 p B 2,5 Ha 17 B 7 p
Tab6bnunimepgrerTmnmyeckmnme noporum dopmMmpoBaHUH
+ + +
THEOS THEOS THEOS+ | THEOS+ THEOS
O6pasq THEOS |[Tmanypglfnanynq cds LBP 1¢ HBP 1% + Au
Na 0,125%| Na 1% ° | 0.00046%
Mopor
MHOXecCT 11 11 10 11 11 10
hunamen| 320 2.5 %0 9.7 %0 13 %0 | 3.6 20 9.7 %0
[BTZACI\
C mMoMO Wb 10 NMOMYYeHHHBbBX pacnpegenedHui

3aBMmMcmMmocCcTMNU

npeacTaBNneHRI Ha

40
35
30
25
20
15
10

Yynmcna bunamMmeHTORB
PUCYHKE
JHCI0 (l]l-IJEIMEHT{]B
T
* —4—THEOS+HBP 1%
~8-THEOS
THEOS+ImanypoHaTt Na
0.125%
—#—=THEOS+[uanyponaT Na
1%
THEOS+CdS 0.1%
== THEO5+Au 0.00046%
ry
0 300 400 S00
MBr/cm?

Pnza.3asemcummocCcTHb

KonmyecTBa

oT

dbunnameHTOB

aHep

(O N
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OnpefpenusB 3HayYyeHUds Noporos @GunameHTa auy
oueHKa HeNITMHEeMNMHOT O nNmKHascAe ayla Mk Xy clillp ma g F
3TOroO MCNE NbMBO/BYAIIMICE pPUYECKaASd d o1p2M yonnas

KpntTumnmnueckKor o 3 HaydYyeHNMms4q BXOAHOVI MOWHOCTMWH

3.72/?
= (6)

P k)
8on,n,

C

" paccCcTOAdAHUA O o Haya/lbHOMW TOYKMN Cbl/l]'laMeH

0.367k n, r?
zZ = bk 72 * (7)

g(ﬂ/P/ R-0.857 -0.0219%

Ale—B O N HOB O ery —4HMacy/iao/l, b H bl p angdl-1JYICH eniyHYbKina , N o |

|

npenomMneHund MaTepuana. Kpunsas O nHE@Sp ¢

npeagacTaBneHa. Ha pPpuUCyHkKe 24

1,435

1,43

1,425

1,42 AN

N
NN

1,405

1,4 T T T T T 1
400 500 600 700 800 900 1000

Punc. 2dneleas 3aBucumMocTb B THEQSH ae o0f¢



N3 ypaBHEHMUI (6), (7)
npenomMneHu”s:

\ h 8

€ TG p W@V C,
rpne--~-cooTBeTCTBYET MOUWHOCT WU,

dnnameHTOB

MONTYyYeHHSHble
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HenocpeAacCTBEHHOC

B obpasuye.

cnepaytwouwmne

ANnuHa

OLEHOYHGBbIE

(8)

npwu KOTO
obpasuyuosB

3 Ha4dYeHYV

mccnepgyemblXx MaT eTpcvsa N § R € JHau6enHagea e 4 o [ BY:
HeETMHEMWHOT O NoKas3aTenNnsa nNpenomManeHMda no cC
Ta6bnunuya 5n 3mampewHersiHble nNo dGopmyne Mapb6y
THEOS+ THEOS+ THEOS+ THEOS+
O6pa3|(THEOS|Tmanyp Frmanyp HBP 1% HBP 1% + KBap
Na0,125% | Na 1% ° | Au 0.00016%
n(corn
PopmMy | -15 -15 -14 15 -14 -16
Map6yp 3810 5.8x1| 1210 [3.2x1 2410 | 4510
2
[cM BT ]
3. 4. RiMMdz Hse Odzd ] MY j S stcOdz dz" = - Ofts

MO AWMU poBaHHOM

MccnepoBaHMWMe

NaHHas+

mccnepoBaHUSs

nMcnonb3oBanca4-d

cXe

M3 nydyeHwune

M a

perMmcTtpupoBanocse

cnekTp

npeagacrtTtTasBnaerT

aJl b HblX

cob6on

XapakTepwu

3KCNepuUMeEHTAaANbHOMMUCCyXHEKMDI

MO A4udu

npouedcomaHMIoMa MEXHETMEL N B M€ C
CBETOBBWKM CpP aCCaegIOBBabITME JTKEQMC U

cnekTpomMeTpo
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cBeToduUNbTpbI
- | CBeToBO4 C KOCUMHYCHBbIM
demToceKVHAHBIA pacceuBartenem
KOMMNNeKc ‘
}. - 800 Hm
T -45 ¢c
V-4-1000 Iy - /
NWH3a obpasel f CriekTpomerp
f=1Mm Maya3000Pro
NIUH3a
=50 Mm

Puc. 26xemMa 3KcnepuMeHTa/lbHOTIO KOMNNEK:C
xapakTtepuctunk CK
CornacHo NMONYyYeHHBbLM pes3synbTaTamMmoTH
ABNAwWMecCHd nermnpyiwuen npPpUMecCbi AaHHHbIX
BNAUAHMUS H a npouyuecc oTR&yEH@MGPBMA UMWOY PE @D
[111,113].

A _ 1, Nor. macwrab, ot ea.

1-THEOS 50%+HBP 1%
2-THEOS+HBP 1%+Au 87x10° %
3-THEOS+HBP 1%+Au 46 x10° %

4-UCXOAHBIA MMNY/IBC

~

10

6
10 -

 aall| 1 1 1 L | 1 1 | Lo
300 450 500 550 600 650 700 750 800 850 900

JTHHA BOTHBI, HM

Puc.HaBianbHbLW N npowegwme cnekTpb YKWU
1-THEOS5 0 %+ HBP e TipaHiW e THEQSH;0 %2 HBP ¢ K OHUE
1% no Becy +HaHoOuyacTMuMly 3% B-FHEODSKW%WHIHBIP p
KOHUeHTpauynenm 1% no Becy M Cc pJobaBneHwune

5%;4-I/ICXOp,HbII7I cnekTp
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MHTerpanbHasa WUHT&IRCIOB MBUITYH empmaeawelga 06 0p
HaHoyacTWUuy 30/10Ta B AuMana3oHe AAWH BOI

mMpesBbWwarnta cooTBeEeTCTBYHIOWNE nokKa3aTenu a n

CornacHo r1rpadnkam MRpo n yHcakbanmegre(TpamCc Yy H O

a gof " ' ' ) ) "] 0
& 1 Mg % W
g 60 | 3 481 #'
§ v a '& ”
g 40+ 1 . & e}
o 1-THEOS 50%+HBP1% L s .
5 o 2-0.00046% Au; 4 4
:g_ 20 + 3 3-0.00087% Au; g 1000 -1

. A HM F TR AT

200 400 600 800 1000 1200

Pnc. -@PfekTpbl nponyckaHunusa o06paTHEQ@SBOYHHBP 0 C
1% ¢ pob6aBneHVMeMNHpauH @QUIMHENID OP@mBaO®a B

pacnpepjge-AaHwPAaAuuny No pas3mMepanw

NNa3MOHHOIO pe3oOHaHCa HaHOA@YAOT WO WEOEANAT &
800 [HIn JaHHbBIE CcnNneKTpPb NponNnycKaHUAa xap

30/M10TbIX HaHO4YacCcTWLU B GMoCcCUMNNKATHOM OKPp

CKoOnNnneHWMM, B KOTOP blX HabnwpgaeTcs Me )
HaHoOYacBlALZMW®E,T HEero MOXeT NpPposABNATbLCSA
yacToOoiIl4 . [ NMNogobBHas+4 KOHQU rypauyms pacnp
HabnwopgaeTcHd B cnydyae 0 6 p a THEO8 50%+&IBP 0léoH O
cCor najroHroor p a gu u nNpocBeYMBAaAlWKIOdl a3 /mMeKgWPA
pacnpepjgeHI@HHMGT MHUA NO pas3wegpamwBEmWMEH\EHMIE
HaHo4YacTMLy 30M10Ta Bbl3 blBaino cnap MHT € |
HabnwgaemoMm Avnanas3oHe AN WH BO/MH. 10
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paccornacoBaHMHAEHHHWM CYRBeEeOWYEeHUNUEM Koad

nornouweHmsas Cc pocTOM KABueHTpPpaumm HaHOYa

B o6pas3syaxTHEOS co ¢ wm@Bleg NaHHanmoiM e Ma 1 bl X K
HaHouyacTMWLy 3onorTa npusBoanNnNO K MeHee 3
McCXoAHOTOrNonNase®py NnbLCa B CNnekKkTRPpH- cynepk

obpasuyamm 6e3 Au @&i[kldlyacTwnmy (PUCYHOK

6t I, JIor. Mmacmrad, OTH. e1.

10
1 —— THEOS 50%+ruanyponar Na 1%
105 2 -~~~ THEOS 50%+manyp.c‘mar Na 1%
+Au87 x10" %
3 THEOS 50%+ruanyponar Na 1%
10' +Au 46 x10™ %

10

(5]

10

HAYAIbBHBII
CHERTP

400 500 600 700 800 200
JIIAHA BOJIHBI, HM

Pnc.Ha8ianbHbin U npowepgwme cnekTpbo YKWU
1-THEOS5 0 %+ rnamMNapokwaAmuLeHTpauyun eTHEQSS0%M 0 B €
rmany pacH aktoHuLeHTpayunem 1% no Becy +HaH
87x10°%; 3THEOS5 0 %+ runaNMegp@ewatneHTpayunen 1%

no6aBneHMmem HaHoO4YacTuy 3%nNoTa KOH

Q9T 0 O06YyCNoOBNEeHO OTNUWYMEM B OKPYXEHUN H
obnactmnm nornouweHuna @Bpuzwamx3 08B o B Ha AHCM
cnekTpa noroweHmMsa U unUcxopgsa wns pes3ynb
pabo Ti1dx17] |, MO XH O obocHoOBATHL, 4ToO B CJ
KoMno3WMHE®OS rnany NadwapwmwaaHoO4YacTWULy 3010Ta

chepunmyeckom U HabnwpaeTcd MUX He3HaAaUYUTeET”
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100
S0
— BO
=
Q
= 60 2
I
E % 3
; a0
c
(o] 30
ey —— THEOS 50%+ rmanypoHatNa 1%
20
= — THEOS 50%+ rmanypoHat Na 1%+Au 0,00046%
10 THEOS 50%+ rnanyponar Na 1%+Au 0,00087% A. HM
400 500 600 700 800
Pned CnekTpb nponyckaHua oO6fHEOBoB Ha

50%+rmnamMNppoaruyueHTpaumnmenm 1%
1-be3 HaHoO4YacTMLU

2-CHanNnvnYmemM HaHOYBEHMPaABRABRAT 46K 40
3CHanNnvMYmemM HaHOYAEHMpRaARBRABRAT 87K 4O
nK a aBONwUKUMN CNeKTpoOB cynepekec

OnHawm

MHTEeHCMU

Pwuc

MHT €eH

5 |—200 I'Br/cv
-~ 250 I'Br/eM
310 TB1/eM
---380 I'Br/em

10°%

BHOCTMW nNagpwigex aBvmeWHAb-8bEAS]p nCcy HK e

T T T

- 450 500 550 600 650
OnuvHa BonHbI

. 3nHaMnmkKka 2BONKUUMN CcCNeKTpPOB cyn

CMBHOCTMW nNajgawwumx unumMmnynoldEOS B CJ
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—240TBr/em’
-~-300T'Br/eM’
10* 360 Br/cm’ .
---430I'Br/cm’ ‘7

| oTH.en.

J 4
h 3

L L2 '
4 & N
P

-~ o :
1M0F =, =~ (PR AT AW
E LT L - iy gt
v Bl A sy WFoa ripA, o s AU
[ " i AP Y A L § (V) . A Ny - A B |
¢ Yy WA hj zi. 1; ¥ xr, “; &\"\" 1y ,.ny‘y-a\‘ SREAVEY [(‘ ‘;,): i vf

[ ey
4

1 | | | 1

450 500 550 600 650
OnuHa BOMHLI

Puc. 3dnHaMMmKa 3BONKWUUM CNEeKTPOB cyn

MHTEeHCUWBHOCTMW NajawWwWumx UMOYyNbCOB B CNYy

THEOSS5 0 %+ wMaKkKpomMonekynbob HBR ekoHLUeH

- T —

10° — 39 [Br/cm’

| ——49 rBr/cm’ .
| ——63 Br/cm’
| o 1l
|| ——78 IBt/cm P
3| —97 IBr/cm’ ,/Z'/,'/
. 10 ‘ /7/ / A

450 500 550 600 650 700
OnuHa BonHbI

Puc. 3BMmHaMuMKa 3BONKWUUNM CNEeKTpPOB cyne
MHTEeHCUMBHOCTMW nNajawWwWnmx MUMOYynNbCOB B CNYy
THEOS5 0 %+ wMakpomonekynboel HBP ¢ KOHUeHTDpPaAaAl

HaHoyYyacTuly 3o0nNoTal0%oHUEeHTpPpaLUUe
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Punc. 3AnHamMMmKa 3BONKWLMWM CNEeKTpPOB cyne
a

MHTHOCCUTBUH nagawwmx uMMNynbcoB B Cnydae
THEOS5 0 %+ nonu uvaxiyPagoaHTyu e H T paynenm 0.



62

10° -
75 MBr/cm®
95 Br/cm®
--120 MBrfem®
—— 150 IBt/em’
10" 190 rBr/cm* ]
3
- S Y s e
=
n i
107
10" : - : - - y
450 500 550 &00 650 700

OnuvHa BONHLI

Puc. S3AMHaMuMmKa 39BONKWUMUNM CNEKTPOB cyne
MHTEHCUBHOCTMUW NajawWwWumx WUMNOY /b C QMBI OB Ual/my
THEOS5 0 %+ nonuuvaxiyPagoaHTyu e HT paynenm 1°¢

A n s CpaBHeHNH TakxXe npepgcrtTaBAneHb cn
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Kak BMUOAHO M3 NONYYEeHHbBX pe3ynbTaToB ¢
npoMcxoauUT A0 AOCTUXEHWUS nNopora MHOXec
yBeiMmyeHnem OSHeprmuum wumMnynbcoB HabGnwpgae
Hab6naaewm@anm Of e . SARp PHMEyHKE HOPMUPOBAH

cnekTpb uccneplE§molx obGpas3yoB

100 ; -~ THEOS 50%+HBP 1%+Au 46x10°% 97 IBt/cm?
- -- THEOS 50%+CdS 0.1% 200 I'Br/cm?
— THEOS 50%+ruanyponar Na 1% 96 MBr/cm?

-
ylognre e

Il

450 500 550 600 650 700
OnuHa BonHbI
Pnxk.Cnektpbl CK umccnegyemmbx o6pas3uyuoB I

bunnameHTauyuumum -BOOGHIMCTN 420

M3 NonNnydYeHHBX CNeKTpanbHbBX XA pPEKTTEHPUEB H
CMHen ob6bnacTtumu cnekTpa CK ob6napgpawt ob6pa
30nN00Ta. y obpasuya Cc rmanypoHarTtoMm N a

Makcunumym B -oBmhaempu ©S6060opbli MOXeT ObITHb

M3NTYyUYeHBA3HIPMHOBEHNN yCcnoBuMa Gaa3 o0oBONWO |
cMeweH9a [Mpum 3TOM TakKoe HEMOHOTOHHOEe C
cnydyae reHepaumumn CYNepkKOHTUHYYMa B 0 ¢

AMncnepcunm T PYNMNOBLIX CKOP®OLITE®MQKUNITTLO 0N OC
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M3 MEeHEeHNMN oncnepcmumoHHbIX c BTHHEQSMH 1N M sBTHee I
nonuncaxapunpgaNarmanypoHarta

OCHOBHObBMM PM3InMyYyeckKkunmu npouyeccammu, (
YyWnpeHme B Xo0Oe T eHepauuunm CynepxmoOHTBERY
AaBngwdmazoBad yoaMOMMQLg nNpoTeKkawwWappoBCHT
NNa3MEeEHHOWNWN HEeNUWHEWMWHOCTMW, mn copmMmpoBaHuUe

Mpwn pacnpocTpaHeHNM BbICOKOMWHTEHCMUBH b
3aBuncumumMocTMu MNOK a3 aToeTN A U HITPEEHICOUMB/THEOHCUT (9
camMo@PoOKYCUPOBKMU HabniwoagaerTcsH 3 ek T g e

M3nyvyeHmsas @PeMTOCEKYHAOAHOW ANMUTEeNbHOCTMU N

(@]
Q

MOBO3agenWcTBMUSA, pedpakumMm Ha akKycTuue
onarartTtb, YT O B3auWumMoO e il cCKreBpmpeo BECBKIQC/HD & il 0 M C

yacTHOCTM npocTeliwas MOadenhb CnekTQPp:

O W 4

CHOBbIBAaerTCS H a JAaHHOM 3 ek TeE. B Ny

X
w

NyyYyeHMUA 4Yyepes3 CPpe@»O AU T/ UCCYNUEEPCCTUBEENH H ra [
cnekKkTpanbHOW cCcoOoOCTaB/NSAIWEI COpNeTHadXxe CE U X4 N IC
KeaopoBceileaomHeihHOCITysakmB € T C 4 nasep fOdilp nm
01 Q 0B pacnpocTpaHsawWMMmca BO Kcapleaaree
npenomm@+ngsp O(t). B npubénuxeHunn MTI HOBEHHC
nasepHoOe BO3MYyWeHMUEe NpuU pacnpocTpaHEHMUL

Bbl3blBaeT Haber @das3bl:
A O ¢ —00 (32)

M3z a 3aBUCUMOGOMe Kjrap3abl poaTCc T PO C T paHsaiwuwe
M3MEHSATHLC . aon s ONUCAaHUSH cnekKTpanbHOT

MITHOBEHHYH YacToOTy

1706 1 11 0 (33)
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rge
1770 —A O (34)
€CTb OTK/NTOHEHMWE MIHOBEHHOWU YacTOThb OT
Ecnun pacnpocTpaHS®OUVMAEBMALMMOYNbC UM
" A Yt h (35)
TO cornacHo (32) HenNnwuWHeWwHbLW HabGer cdas
A O ¢ —0d Oy T (36)
n 1o06yaetr cocCTaBNATSbL:

110 ¢ —0d amwgt OATHHE 8 (37)

Ha nepepagHeM Kpae WUMNOYyAKT® T N [BO UCCTXOOKACHOTI
(¢ o 1 ), a Ha 3agpemMr BOHMHETMCT K& 0B Y. 10

Hanbonbuwee 3 HadYyeHMNne HaCTOTHOTO caBunur a C

Y

77 ol h
T
rnoe
v .
YA e =00
W
B CBOI ouepeasb, pe3ynbTart bl UMCNeHH

ywMpeHmsa Ha O0CHO B3O B/OMILW bC asMJodMeoKATyan sep@pro BEC K

HENTUMHEMWHOCT MU NoKas3blBakT, 4yTO MoanyydaeMma o
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pes3ynbTaTtam, H a 6 /M@aHaTeeM bl MY TBO  3CKBCUMgeepTe b C T
NMPUHATWUA BO BHUMaAaHMUE [JONONHUTENbHBLBX dack
B YyacTHOCTM Heob6XoaAUMO YUUTbIBATHhb B

HenNuHelHoOe nNpupauweHnme K MNoKaszaTenw npe

X

MeeT12@:n g [
y " i

r p’ei-NnNOTHOCTbL CBOOGOSIHbLX—3, /1 EKIEROHOB , M @cC

3apsapn 3JKEPKATTpYOYHeaC K a i N /IDP EBBIMB H ME&E aR ®MBIQ P O

TOMY, 4yTO cpepga CTaHOBWNTTCA Henpos3payH

o
|

pegpensetTca W3IMeHeHMeM pacnpe alke albha,ns
TOpoe XxXapakTepusyetTcsd BKnagamm dqoTown
Husayuumamu, TYHHeNbHbBM 3d¢dpekTOM N Hape

KOMOVMHAUMWOHHBX TROPQWE@C CMOOBH.M3 alLLUKM ONTMWUY

o @ O O

Kas3aHo, 4UToO rpaHuuya Me XAy MHOT OocoT

@)
|
o

efgensetTcsa BenNunY KN Haome Tapgan akKdeljr mpmueac K[o 1 O

(39)

CnyvyalipcooTrTBeTCTBYEeT MHOTOMOTOHHOW UOHMU
OTHOCWUTENBbHO cCnabblXx nonen [ ApCOE OB A /TW 3P
TYHHEeNbHas+ MoHM3aumsa, KoTopas nvmeert

MHTEeHCUMBHOCTN. Ecnu BHewHee N BHYTpPpUATC
TO B 393TOM Cnyyae BO3HMUKaeT NOTeHUWANbHBDb
MHTEeHCUBHORGT IO Bl 10 €19 H B pe3ynbTarTe yer
TYHHENbHOT O 3 ek Ta, a TakxXe npotuCcc:

onpeapendert MaKCWMWMailbHOE 3 HayYyeHune amMnn
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" Ils o
O ss pTTE% BEPOATHOCTHDb MH O r3cagnoMmmo H K@ Ip a KUrCe
COOTHOWEHUE M:

Q'Oocqu ,00O (40)
rope  Yjk eCcCThb Heob6bxoagnmmoe 4Yyumcno GOTOHO
9N1eKTPOHa. Mpwn yBennnuyeHunwu MHTEeRYHWBAAOB
3 pbhek T, T. €. aTOM HaYMHaeT UOHU3IMpPpOBAT
TYHHEe/NbHOM nNpepene ero BepPOATHOCTbL onpe

r @
on

r A
na
3H

nn

3 a

cn

Wspdz —— (41)

O- noTeHuwnan MoHM3aUNNM. B NTor e N3 M

MmcolBaeTCH YpaBHEHWE M
— Yo' " ' 10, (42)

B-NNOTHOCTHSb HeENT KON EKOBIRIO CHIACH W 3H T LKWIP,0 C
BUHHOWN UOKIWDaApUPpwm,,m e H T M3nyvyaTtTenbHOW [
ad NNOTHOCTbL CBOMOEBOgBEBNKNHAAEKAP BEBPIPHH,BE KX

A3MEHHOW HenNnumHenWmHocTen 6GypeT onpepnpens
101 — & — —— (43)

Xopge pacnpocTpaHeHMUH YKWUW Ha nepeagl
pMuUupoBaHMeE nnas Mbl, OCHOBHOMW BKnapg
Knwoyaeegapalyunmn H O B bl X 4HacCcTOTHBbIX KoMno

ekKkTpa cornacHo dopmyne (43).

Mpun paccMOTPEHUNW a3 epHOro MUMNOYynbCca

BMNCUMOCTMN nokKas3aTen4d npenomMneHNHd oOT
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CThb EAHUMPOCMPAH MMNOYNbCa n ero d
Kpy4dYyeHWNI orvmbawuwe i H a 3agHewm dp
bl BaHWe 3apgHero dGpoHTa BCnepgcTBUE
ee NnNOoO CpaBHEHWIW C MNepegHUM NP OHOTED
THbBIX KOMMNOHEHT B KOPOTKOBOJ/IHOBOMW
loue " MMNOYynnbcCa. A n s onpepeneHnsda p
HHOT O npeacTaB/AeHMNA or néatwuwe un 7\
b3yAa nNnpeob6Gpas3oBaHWe dypbe

T 3anasgeBpPp®BER Or ok He/ITMHEeNHOT O 01
aTb B paccMoOTpeHWe BKNajg B chneKkTQpa

aHna (asd®BhewroRawmeHnaysHbe YKW cnocc

b WO € HMCﬂOBﬂM&E@MHEW%HNOA BCneagcrTtTB |

KT

p a B oTAe/1TbHOM MnMnynbCcCe. OCHOBHGBLIM

pe3oHaHCHOEe BO36yXageHue cpepabl (2n0@BK3B|

PUCYHOKYSBEe3 HU3KO3HEPpPT eBTpraULLLaaTKe/Ieby R O B B B a

'’

Pnia. TpexypoBHeBasad 29HepreftTunye

[ aHH bl npouecc aHanor mnyet napamMeTput

ocumnnaTopoB U nposBnsetTcs B nfonspueELyv

rne

PyHKUMUSA paMaXHOBOPONONAEBKROAKRAAK
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or o M3 n-yH/eaeneiH T MaTpuULUb CE@eEVNON S
H bl I C nepexogamMmu Ha-4y83O0BOVY &, E HHBb
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MHas+ nonﬂpm3ammmMGmQWbémvbnapnpal
HOM NPUMOBAMXKXEHWU, B BUAE CYMMb MT H
ﬂ 0O -¢e¢ p | G |, © tTtQtfo (46)
BHOW BKNapg CO CTOPOHbB MONEKYNAPHC

cnekTpa.

M O BbllUEMEepeuyncnedHHblX MEXaHW3MO
MBEIB T BKNapg nNpouMucxoawT 3a CcuyeT T eH
TPpUUYECKUX NpouecOOBO PHBEI M UYHBIXP & TOU
3yeMble ANsS OnNuMWcCaHUSA nNpoueccoB pac

bBIX MMnynbc @@,060132s32). TaBneHb B
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3.5. CWWjCIlsdodesfyls: ftc] sBtcOL 59 Oded W
dL dzlz uJ dadff dzilzOo Bdzdz" 8 00 g3 dzbs d ik z 31®©tc o
Hd Off OL SR 0 43

MccnepoBaHne 3dPPeKTMUBHOCTKM nNnpeobdGpPpasoil

YKWN Ha AgnuHeM B N/ 1860/0b HOC T b MU MNDY /IbCa

420/ 00 HM npomsBOAMZIOCbL HaAa OCHOBEe YCTadH«(

KOoOTOpOR M3 MepeHUusH MOLWHOCT MU M3 NyyYyeHUSH
npodgunanomeTpa ycTaHaBnumBancsa LOR3 MEentacy. e .
Qhphpek TUBHOCTbL OoOnpepgensnacb NO COOTHOLWEH
Q — pmh (47)
rA® - MOWHOCTb MUCXOAHMFrO MPDBIAPEEBUARET NC

M3 NyyeHUNS4 cynepekoHHA@4207yOM)a  HBM . 4 ulbonnay3yoe H |
3 pphek TMUBHOCTMN npeaHckrea B [REH bl ARARAa pupggBHE
npeacTtTaB/AeHb 3aBuUCUMMOCTU ANA o6bpasuya |
BOAbl. CornacHob6papapeyukambnapgawuwme 6one
bnnameHnmnamgwnm, 60Nnee BbICOKYW 3ddPeKTUNBHDOC
CcynepkKoOHTUMWHYYMa. B cnywmmameunm cBoOp@asmamobt T ¢
30N10Ta W KBaGdSuBIEBEOTCHDUYKIIOPOTr OBble Y POBH.

M3 nyuy@BlmspeBbilwe HME K OT OMP3bMXE HNEPHUMMBID ACVBTO MKC T B
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0,25
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k, % T | THEOS 50%+HBP 1%+Au 0,00046%
0,2
’ 1 } —#—THEOS 50%+CdS 1%
0,15 S Vi =4#= THEOS 50%+HBP 1%+Au 0,00046%
I L Z - -I MoaubHULMPOBaHHEIRA
T L -
0,1 + = == THEOS550%+CdS %
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0 ] ] : ] ] ] 1
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Puc. 40HnXeHMWe NOoOporoB ddunameHTauUUuNU WU

MCXOAHOTIO M3NNyyYyeHMAa B obBpaszuyuax Cc mwmaGdd u a

MaTepunaTi@BBbipaxXxaeTcsa B MNOBbLWEHNWN nNoOopor
CHUXeHNUN 3dphpekKTUBHOCTN nNpeaipa3B0 BAWHMEP K
(pucypnok a8 ob6pas3uyua € HaHoOYacTuLamum ~30
A50 TIBt/ponmyaob6paXT CdS * HB8PormM Bohnoame
obpasuyos NOoBbLICMUAMC K, aop n 250T oM BT/ aMmaunt
39 PPeKTUBHOCTHDb npeob6bpa3oBaHMUA B cnekrtT
3 PpPpeK TUBHOCTHDb npeob6bpas3oBaHUSH 3T UNX MaT
MHNAMN, nymHxame.omNccnepoBaHMsa nNopor oB
yepes HEeCKONbKDO 4yacosB 7 H a cCnepgywwm i
HaHo4YyacTuUuyuaMM 30/10Ta COXpaHHAN BbLCOKMWUN N
B TeyeHWEe NepBHX N4acC MEC,XOHHHOH® JNJ@OBHS4A.

arnomepaumunsd KT B 6o0onee KpynHbe CTPYKT
pacnpepge iBJHnewWaHHOE obcTOoATEeENbLCTBO np.
NoKanbHOT O nonas. B cCnydyae C HaH HyeaHwmTe
OKPYXeHUnsa, nnasneHune HaHo4yYacTMLUy 30n0

B3aummoagenmcTBMUA. QT 0 <cyxaerT cl@Se X16, @34 n o r B
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3ynbTaTe Mcuye3aeT BO3IMOXHas o6nacrThb
MO O3 MWULWMN MaTepwmanag @y QecTBRERHHD MY n

nameHTauuMnMW U yYyMeHbLWeHNI 3dPhPeKkTUBHOCTMN

6. RMMIzZjHso Odzdj §tetsMmistcOdzilse j dzdz 7

MccnepoBaHMe KOHMWYEeCKOMW aMuccumn cyn
MO LK KcCnNnepumMeHT ape@a il a BYICEeTRaMHOOYBHKKKEA H4a
ccTodaHmm 33 cM OT obnacTtu dGpunnamMeHTa aLU!
obpaxeHMWMe peruvcTpupoBanoceb boTOKamMmMe
cnepgyemMblX obnacrTel cnexKkTpa MCNONb3 O

noa@dnNnyckKaHM4 no Nnony B blc o FWS-10L (Thorlabg). v

NyyYyeHHbBEe nNpocTpaHCTBEHHbBE Pk ednzx H
cBeToPUNbTPbI

750 Mmm

demTocekvVHAHBIN

KOMNNeKc
). - 800 HM

T -45 ¢c /
V-4-1000 'y,

¥~ nuHsa obpasey,

np
42)
ne

U H

f=1m

f rpagyvpoBaHHbIv
9KpaH
doToKamepa
Puc. 4dxemMa 3KCNepuMMEHTANbHOTI O KOMI

npoCcTpPpaHCTBEHHDbIX XapakKTepmcecrtd.l

MNpwu MccnejpjoB akHMIM K MVHOCH VEVC CK o6pas
OCTpPpaHCTBEHHOE p a 3-uee/HeTHPUAEN bHHabl i, BKEP YT 6 /Ue
MocTeneHHOE yBennunueHune aHepruu
PBOHAYaNbHOLE&H TNPOa/BL/THEGHBADIOY K @YW M AP K OH T U H Y

TEHCUBHOCTWN, COOTBeTCTBYWeNH Hauyuany c



74

JanbHMWBIEENNYEHNUN SHEePrmMmu wuUMNnynbcoB A0 Y

MHOXEeCTBEHHONW GunNnameHTauumum o6GpPpas3LOB, Ha

Punuc. 42r nosoe pacnpe goemvise Hamec TQKN nawipsdo B a H H O
600 +=hbBHE@S®; gunana3oHe&THEDSE 4 noa nHavs;0 H a) 55
THEOSt T manyNak lbaTB AManasoHe 600 =+

B KOHMYecKoWnw ammccumm CK B obnactum 650
NOPOroBCMBOKHONW GunameHTauumnm Habnwpanoc
amnmccum CK B ob6bnactwm 600 HmM. [JanbHenwee
K NOAB/NEHWIW KOoONbLa B KOHWYECKOW 3MUCCMWUI
CnNBe néHomn o65M0a0c T HdEBIOQaeTCHd A 0 npeage
3HaAaYeHNM SHeprumn MMNOYNbCOB. C BO3pactT
MaKCuUMyMa MHTEHCUBHOCTMU KONnbuya OCT ac¢
yBe/inyeHne yrnana pacxoxpgeHwus LeHTpPpanbHC
CAUAHB KO/NbLUOM. Ana o6pa3uyosBNax en oi/alboiang
bopmMupoBaHme KoNnNbua BO BCeM Habnwpgpaewmo
paany paboT NO U3YyUYeHUIKW OCOOBEeHHOoOCTEeNn np
CYNEPKOHTUMHYYMAaNKWA@HBO® e MOXET 0 ECHMBEHL EHBIHA3 a0t
HYy neBol n oTpuuyaTtTenbHOI ancnepcun rp)
manydvyeHma YKW npwun godHEOI a0 B0 CTTUPNYaK TIy
[135.HacToeyROMOBbLIE XapaKTepUCTUKN KQREBYEADER
NMHEeWHYW 3aBMUCUMOCTbL NO YyacToOTe Kak A

KOHMYEeCKOMN A wmac oy H[KIST K4 3 Konbuyua KOHMUYeC
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o6bpa3yuoB MMEKWT ONMU3IKYENGBEXEXAPTaKBEPIOTTF
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ad

n4 dn 3N 4y encHkToe pnpeTtTauunmu bopmMMmpoBaHM
EPKOHTMUHYYMaAa CYywecTBYWT pas3NnyBibliea g
AHOCT blX rogos npownoro <cToOo1eTwunA 6 bl
CHOBbIBanochs npeKkpaweHwue C X N BICconBRgH U
nepcuun TPYynNnmoBbLIX CKOpOCTemn. Q10 cCcne,
MHEeNHOT O ypaBHEHMNSH WpepgnHur epa, B

POBCKOW HeNWHEeWHOCTWNW MU HOpPpMaAanNnbHON A

6 bl10 B bPCEKAN30A/HOOX €M U € YT O Ha OCHOBaA
MUpPpOBATbLC A ycnosus a3 oBOTr 0 CUHXDP
biIpeXBO/MTHOBOIO B3aumMogewhwcTBUA, B pes)

PrMmm B aAaHTUCTOKCOBY' 06/ an TBO /CHOO BCOArBOM

TECHO CBsi3aHO c MOAYNALUOHHOIA H
KT prapiobCHTOpP aHC TBEeHHOW TpaHcdopmMaumm 9B
T@CMi@@EHHOT O M3nNydvyeHUSs B nanbHeml 3 (

ecTBe SIBKKR®/BBETH
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a-ueHTpanb OLIKIO KPLYT;;, NOrpPpewHoOCTb ¢

X

Apyro nopaxon on s o60CHOBAHMUSHA KOHM

M3TydyeH

=

n YX|p.eHBomaHfOM cCchnydyaeuunHsa BE [ € E
bnnameHT a, pacnpocTpaHAawwWwWer ocsa Ve, aBpyBm
MCTOYHMUKOM MU3NyyeHUWHIA Ha YyacToTax, Yh[oB/J
Habnwpatbca uM3InNyuveHunme YepeHkoBaE=-VFVHanp
Vi=C/n(¥) ad®oBasa CKOPOCTb T eHepupyemor o U3/
CBOMWCTB Cpeaqjbl NMPOMCXO/ WK O MIMH EOHTTH,a AT ECHE
cCyeT HeNWHeWHOW nonaApuslayuumum nopg onpepen

oOcCHoBaHal33)agborakatomarnpwBaeTcss BONHOBOA
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CKOpPOCTbW B MNNANa3MEeHHOM KaHane d@unaamMeHT
BO3AYWHOMN 06GO0ONOYKE, OKpyxXawweunhw KaHanrn.

Ha npepgctaB/ieHMUM O Hepas3pbIBHOW CcBA3MU
npocTpaHCTBE OC HBBOR WOH [T €A M epHaMOHOTTELp NP @ T a U U n
KOHMYeECHKYoUreoH mmaz cynep&@rmuyyma [ 13

3a cuyeT TOT O, 4YTO B X0pQe pacnpocTpa
ancnepruwpywuwem cpepe C KeppoBCKOW wn nn
Al(r,zt) Baac U T K aK oOT BpemMeHMU, T ak 7 OT |
pe3ynbTaTtTe fgaHHY GMYHKLULMWI B NPOCTpPaHCTHEB
[13]:

((r,zt)= lo(raztd +¥hraztot +kXraztdr +A (48)
rnpe Bk /MY EeHb ¢cNnaoagembk@allne BTOpble U 607
da 3 bl npwu ee Ppas3NnoXeHuu B pAaAa Tennop
cocTaBndatwuemn BONKOBOCTMBEBAKIU@GPaA 3 A yrI nc
cnekKkTpanbHBLIX KOMMOOHEHT, B YyCNOBMUAX UKE

onpeagensaeTrTcsda nNpocTpaHC[@lIP]JeHHBIM T paguneHToO

Yoo —x — ¢ (49)

B xopge pacnpocTpaHeHMUSH YyNbTpPaKkopoTK
nasepwaBdMuen nNnpodABAAeTCA B OCHOBHOM Ha
nonepeyHoWw cocTaBnNnawW¥Yd oBPMHBOBONBOHABENKT
bdopMMpoBaHME HMU3KOYACTOTHDLIX KO-RNMOMEHRTPMUHE
ANCKPETHBX KOHUEeHTpaMeBgnyudyewmeunB €lpackac
CreHepmpoBaHHOEe TNpeuMMywecTBEHHO Ha nNnep.:
BMAE KOHMYUYUECKOTNOoO WU3NYyYeHUdA CYnepKOHTUE
CUMMETPUYHOTO U3INYUYeEeHNSH Ha O0OCMW 1 a/BOEBPOHE

pacuwenneHune KONbleBOIi CTPYKTYPHhI KOHMUUY
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CHA@TCOAICHOBAHMUMU MHTpPp®hGepeHLULMOHHON M
TpanbHOM cCBepxXywnpeHwuu MCXOAHOT OO
MOAY NALNMN n naszepHoiopmMmMPG B1alH URP O M
YHWKOB KAGB HIW HEEQYKMORTPOK O HT M HY Yy Ma B K a H
nbTtTarte MHTepdepeHWMIPW T DX E HMHPOOUC TP @ E T &
bIX MWCTOYHWUK OB, bopmMmpymwwmxcsa B Npo
pTapcanHpeoHcn 4 MHT E@HCMWUBHBbIX YKW, Habnto,
LUeBble CTPYKTYDPp®bI, pa3fgeneHHbe MUHTep(d
K X e AN A MHTepnpeTauywuwu ABNEeHNA KO
Nb3yeTcsX-BOOHL,eMILCWHAO BbIBawWwadacsa JHEC an |
nakeTa KOHWYECKMUX BOIJMH. Mpu npepec
HeWl 30He d8B KX®PeUH@ATLIAXCCaAa GununameHTa
epcunen umumeertT XwemTas HxXaap ajxoTpevpaH a 9B 3 a B
bl WHBT BA/MTHbB BO3OYyXAeHWUA MOTyT Habj
romMm Kak B CTOKCOBY, TakK W B a@aHTMUCTC
yxXxapeHuma 527 HM), T ak M HanNnwmuime KOoli
Tpa ( B BO3 Oy Xeo3pwkaeameaelR®.0n LM /B
NbTaTaMMOMEMEHHDFIOMDBMNAX HOPMAaNbHOI

YypPpUPYOLWU X npouyueccos KeppoBCKOIMW He

CTauyunMoHapPHLE, C N XBO/MAHKIg N1 MA3BONBAAKHLHULEEC A p e uw

ypaBHEHMUH WlipeaguHr epa Analdor n @a waeyiy aem

KOHMW4YEeCKOTIOo M3nNnyvyeHwmHA CYNEeEPKOHTUHYY Ma

NPOUCXOAUT YMEHbIWEHNE YT NTOBOTO pPacxox/ge

cnekTpanbHbLX1XIGMN o Wl@MT BpeacCcTaB/IeHMeE CI

nepemvMeddMHMEe T XapakKTepHYyt 34 ncoobpasHYy
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37/ MsB j dzdetsMisd oL Odd3sH j2Mlsadw uvsRrR M
Hisf qtotse Odadzr d3 T tsH i O jodg tslaf@ Isigs(o bH J W Iststc d |

Mpwn paccMOTpPEeHMUMU 06 pasua, NP ANMNVIPEOT B
coegunHewmkemwr offatroB pgupropumpaga 6o0pa, Ha I
cpeab AnA reHepaumumu CYynepkoHTUMUHYYyMa 6
NPUTroOAHBIM MaTepuanom AONA JAaHHbBX ULenen.
MHTeHCIWBHOGBONee “HAOGAMBA AL MC b reHepaumnsd
TEYeHNe HEeCKONbKWUX CceKyHAI. FeHepuUpPyeMblV

pucyadx e

log | ' ‘ ' Ay
OTH.ep. /|

5 it |
10 F / \pﬂ.v

4 ko
10 ¢

1 O k= “(‘f'/ "':“.‘ i

d
f
/

!

ﬁﬁ
400 500 600 700 800 900 1000
ANVNHA BOJIHbI, HM

Punc. 4@nekTp CYynepKOHTUHYYMa, reHepunpyen

KOHMWYEeCKOMN aIMUCCUM

OLHOMEHHO C TeHepauumeh CYynepKOHTUHYYMa
Topua BO3HMWKANO MHOXECTBO MWUKPOBCTSLILWE K

MOHM3AUUN BAUWSBTOPMYMDIA POKYCUPOBKMU /a3 e
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B COOTBETCTBYIWLWNX bMeocOTnaaxc T wa e pay/iecH n 4
obpas3ya C XapakTepHbMU pas3smMepamMum ~50MKM

MpM WHTEHCWBHOCTMW NajgjawWUx UVEIyMaTOpB
CoOrnacHo @oTOTrl p4ophpionBAONATYBKOXNE nNpoL
MaTepuB8axnpn Hpmanuame (ncuyuesHoOB8AME WLMPP E
AnamerTpa, nepegPoOKYyCUPOBKN N T, n. ), Y T
HabnwgaeTcsa MHOXecTBeHHasa dGunameHT alddn a ,

CpeagHada agnuvmHa @GunnameHTO8BTE,O0OCTaBnaertr 9 ™

BxoaHas rpanb
BrIxoHas rpafb

Punc. 4®8ot1orpapmsa MHOXeCTBEHHOWN GunameHrtT

ABY X O T/IOHVHICHIE C UL e H UL 1 e 1

M3 MepPeHHbl BO6NW3MU BXO/AHOI rpaHmu ob6pas
CynepkoHTMUHYYMa B uMcchnepgyemom cpepe He
MO COBpPEeEMEHHbLM npeagcTaB/IeHUNAM, BO MHOTO
KOTOpble BHOCSAT cCcyuwecTBEeEHHbBNW BKMAaAapgZg B H
BNUSAIT Ha cCcneKTpanbHYI, BpPpeMeHHYI U M
MMNOYynnbcCa. B cBA33MBEep XABMM, MAXBO BY [ &H HO
M3BECTHDLIN N3 DpDHTePaATMYPH blGie P XMHM1EPN Nname H

Ha puncympepgpdbtaBneH CNnekKTpP nNOMMUHeEeCLUEeEH
hbeMTOCEeKYHAHBX uuMnynbcoB ¢ A = 800 xewm
pucyHKe®e (Kpunsas-d 2) npepcrtaBneHd cnexrt

Ha6nwpgaemMbli B npouecce ero GoToMOAMN UK :
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coBnapgpeHUa Kpussbx 1 n

2

mos3BoOoOnNAaAerT

npeagqr

= 800 HM B MadATTe pTHaakIvee nMHPE0 XPPUT O X U MU Y e C K K e

OAHOMPOTOHHOTIO NOT NOWEeHNSN.

T T T

600 - =45 dc
YacTOTa CJIeI0BaHUA
UMIyJICOB=1KI 11

400

I

200

I

1

1
500
JJIHHA BOJIHBI

Puc. 46nexkTphbl

Habnwgpgamman ukKk ayun 4

1
600

obpasuya,

|
700

nNomMnHeABEH U KN

6e3blOHN3aAaUNOHHONOPBOAMERTaAaNBOPUTDL

OaHHOT O MaTepunarsnna B KadyecCcTSB®e

Tak>>Xa&/1 U4 1 e APKOT O

cBeYyYyeHNns4qd

KepaMWyeckumvm ,aA03BOIARTPAMOBOPUTHL

JAaHHOTIO MAaTepWuaalkar OHER 8 R PEB/RYYYSGH N 9,

KOTOZPG®bLIX ABNAeTCHA

NKO6bIM YT /TOM.

NpPo3payvyHOCTb W”

MmMvuMm

NonyuueH
6aBaAs

CpeAa@d49agn4

N, KMMIVEHHET CULM &

0] B O

npe

BO3 MO?>
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3.8 l3zllrzs Y 1Jolrg

C MoMO Wb IO CO3 aHHbIX KcnepumMmeHTanbH
BeNnNunuywunH bl SHepr eT N ymencakmiexH T anuovpro,r O Ba dr a K »
XapakTepucTunukm M3 NydyeHUSd CYNEePKOHTMUHYY
onocmnmkartoB n NMONMMEPPOBBK BoBi/fedH N g C TaOHIM
HaHOYARACTHBP KASETTHEOS 3HauyuMmTenNnbHO CHMUXA
o6pAROB N nNnoBblwWwaeT 3 dPdPekKTunBHOE/TOL0 BHbMX. O ABabl
4yToO MaTepwuanbl Cc AuHHMHBIR 4 &t CaBnhilnaevin T nopor u
napgatwuwer o M3 TydyeHNHa, npeBblWeHNE KOoOToOp
bnnamMmeHTauMmM MaTepumMasnoBHUBRDLID®REDOIWIBEe oy Nk
ypoBHA THEOS ©® CHUuXeHUN S3PPEeKTUBHOCTMU
HaHOYacCcAuwMHBRMMM3IMEeHeHNIS HeobpaT@dP 0 YC xmoa
nocTtTeneHHoOe YyacTWMWYHOEe BOCCTaHOBNeHWUEe C
onpepgeneHdHb —4Yyarc/r BT HHED XapakTepucTunNUKMN K O
mccnepgyemblXx obpas3uyosB. CornacHo nonyu

nonuncaxapumgomMarRaa@anpwpaeaca KapTUuHa pachnf
Ane@6nacTtTun HYyNnNeBOW UNWN WTPPUBAMEBbLNORKG®ORA:
BO/MTHbB 800 HM. Ana o6pas3uya NONTUMUMETUNTMET :
ANKeToOoHaAaTOB A uojbrHogomyoiae H@o ptae 3 bIOH N 3 a L M OHE
o6nnyyeHMNM nas3epHbMU MMOYNbCaMmMu Ha A4nu

nunamaie oT 0.2 pgo 70 TBT/cwMm
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Lo o [A¥NVercJriRrRfFRLUIBYIURY [ HSRM
Mot dsutRRWRRS (T ff3gwt RS [

OAHI/IM n3 Hanobonee B a XX H bl X napamMeTQpPoOoB

HenMHeWHOTNro nNokKkas3aTenNnda NPeTOMNTEHNAHOEDTY
mMaTtTepumana UM onpependaetT BO3MOXHOCTb ero
LOCTUXEHMNA HeobXogWUMbX-0QIMMUMMEEXKKIKX XA PHE I
MCcCNnonNb3YylTCA K aK pas3nunyHble MeToAbl WN3T (
MO/TeKYnNnapHbBEeC O0OBOWABKWXHOCT® LI KOHCTpPYMUP
MOTeKYNnNAapPpHbBX Leno4YyekKk Ha aToOMapHOM YpPOBH
Tpexr paHHbBMMU HaHo4yYyacTuuamMm 3onoTa, N3t
NoMO WK HaHOCGGepHDE , nvoTbOATNP a MO MYy YHEEH/BU H 2 HA &
nokasaTens npenoMod B4 [AopagBanidiDdDeHn s

cpenb WMPOKO NpUMMeHAETCHA NermpoBaHUeEe MEe
B CBOW OYyepeab No3BONAEeT yBeNNUWUYUTb 3Hat
nNnopsaAakolBack B cnydae ONTOBONMOKOHHBIX -CB
repMarKwmeaii® atTHOT O cTekKkna, co3fgaHHOT O M
MeTOopg a XUMMYyeckKkor o ocaxpgeHualshy @ o OraaB3/oeEB
HaHoOYacCTUL KPEMHWUSA U UOHOB ADDP GMHBIBEKEN B O
c M B {156] . AHanor MYyAwIe NpPpedYWRH A HeNnUMHEmw t

nermMmpoBaHMWKM wMaTepumana Ppa3TMYHBIMU HAaAaHOV
p a6 o0 15&259]. [

Hanunuune B mMaTepuanax BblICOK WX 3Havertr
TpeEro nopsaagKka nNo3BONsAeT TOBOPMUTbL O BO3
NPpUKANDAmHbIX 3agavyax. B HaCTHOCTM nopao
npuMeHeEeHMUNEe B TakWuxX obnacT4ax160] KakiBgRIW®O

nasepHas CKaHupywoush TmexpepKeansonfurnue
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XpaHeHNA 168&OAHbIXC O[3 faHNEe pa3/TMUYHBIX MWUKPO
[165,166.

416 CMY jtod 5 As®dy daj®™M) S tcj Hj dzj dzdw € s
dzj dzd dzj 2 descEts S OL Olsj dzv  f toj dets dsdzj dad W
BOIs j tod Odzts o

CywecTBYIWT Ppas3/IMWYHbEe 3KCNepUMEHTAaANbH.I

HelTVMHeMHWYECKMUNeEeE CBOMNCTBaA A mccnepgye mblx M

AMmana3soHax. Tak B MeToAae HE/NIWHEeWHOWMW WH
Ma xLha H o 41672169 , NNowmuyumpag@oB &H H bl MHTepdgepo
[169 , npu pacnpocTpaHEeHUWN BLCOKOWUHTEHCMUB
obpasuye, pacnonoXeHHOT O B OOHOM n 3

MHAOYUMNPOBAaAaHHOE M3IMeHeHWe MoKasaTenaHdap

BbiXOge UHTepdPepeHUMUMOHHOMW KapTMUWHBb. daHH
noKkasaTena nNpenomMaeHNAa, 4YTO NO3BL/NBe MesB
BbIpPOXAEHHOT O YeTbPEeEXBO/THOBOT @ a VvVCEM e IMe K I ¢

pe3ynbTaTe B3Aa@aoMopggyYemeMmMs obpasue Tpex
npouMcxoauT T eHepauumsa 4YeTBepPTON BOIMHEGI,

MoAaYNMNHAIKTC A 3aBMNCUMUMOCTMN

Es=n.EEE, (5)
rol, EEEMEEcooTBAEROTHA@GNPAXEeHHOCTHN obpaTHOM
CUTHaAaNbHOWMW BOMNH. NJaHHOe ypaBHeHMWUE NO3B
nokaszaTtenda dffjenoddaeimi™ MeXBOTHOBOTNIO B3a
and onpepgeneHdHuns HENMWHENHON N@BOITMPa N MBY U
KBa3WBbLPOXAEHHOTINIO TPEeEXBO/HOBOT O B 3VeaveMm o
mixing) [177] . Me T o3rank (Rispelsiva c an met hod) Mo3BO

BapbunpoBaHMWHA BeJ/1Tn4wnH bl ancnepcunmn (qmpna
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onpembe/BRTINYNHY HENUHEeWHOTO Nokas3aTens

T aKk n

B BONOKOHWHX dJdBR&TKEBOW3ABKE C[THbLI Me

Bpawedl/da nf[ metToa M3IMepeHUSA WCK deamdisiorion n a
measuremen}4174,175.

Wn po
HenunH-e
pacnpe

Hecwm
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mnxeHH
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amMo o
nponyc

XapakT

K

o®cCnpocTpaHeHUe NONMYYUNNMN OQHOK

WHIBYECKMUNX XapakKTtTepncrTMWnkKk, OCHOBAH

oeneHunmsmpyo@emmeBo aalBlkHem none [ 1

o

7

TP A Ha T O, 4TO B CE€ BblwenpwBeiHet

cTeneHbO TOYHOCTMW onpeagendTob

anos, Hanmbonee npumeHs4de vmscan 182483, n p

wmwe cTtT BOM KoToOoOporao ABNAeTCHA mMpocCcTO

T

C

aToB. ChnemMyroT [J@AHMEETNTMEeTOAUNK a

M Mble N3 MepeHMNAO NPTaN3UNIENCHKHUBKX  NMHPEeOsILUNEHCEC

MYy n X coBMeCTHOTIO npodaBneHunAd. Ta

o

184870 oa |

JapTHbLBBCaRTE[ GAYXPaEOL anepTypon

7
7
H
H

"

HOro nNokKka3s3aTena nNpefnnomMneHMsa pea
NeEAETKHYKXMPp ZBAaHHOTIO NWH3O0W nNnasep
nn obpasuya OT bokycupytwuwem ocmc
n s 6ofbBeO,3HUERBE T 3 PhpeKkT camo o i

0 HEe/NMUWHEeEMHOTro QGokyca B CTOPOHY

AeHNne M3InNyvyeHwumsd B Jga/l1lbHEM noine n

"

K

K

e

e P € 3 Yy /1 bOTMNWYPCYK KALKENT S0. nmpoc ne oKy
ycupoBKa YyMeHbWaeT Yr/ioBOoe packx

aHuns4gd MmMcxoagHOTroOo M3nNydyeHn4d afneprt)

pHa B cnydyae o6pa3s3uyuos, ob6bnapaieum

npenomvmnegeHna (Bh npoTMBHOM <cCcnyuvyae (An<0)
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camMogedokycumpoBKa, 4YTO nNpuBepeTtT K 3epk
MHTEHCUMBHOCTMWNW nNpowegwero MU3NyyvyeHUsa K Of
47a ) . OnanacwaHUIK aempe genaeTcaa napamerTp
mccneanyemorl®d .obgpra3rmacfilyyae npumubnmxeHwus
cCMOTDpPSA H a T O, 4yToO TeopeTunuyueckKwU BCA 7

npeanoYyTunUTEeNbHee NpounsBopeamzenas VRO A8 a

1.06 : . - -

1.04

1.02

| HopMm

0.98

0.96}

0.95¢

1 HopMm
=
w

0.85¢

Puc. 4¥apakTepHble KpuUBbe 3aBUCUMOCTEMWN
Anadpar Mbi B 3aBUCUMOCTMU OT 3 HaKa HENUHE

6) B cNnNyyae NONHOCTbK OTKPbLTOMN
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HHOe nNpPpuBANUXeHUNeEaTNLD,3 BDTIH €d [y d B JPbKTLE
PHOT O W3/yuyeHWSs B paccMaTpuBaemoim

a 3a cyeT AundpakKuMMm MU HenNWHeWHOTr o n

E we OAHMUM nNPUBNUXEHUEM, NMo3BONAWAM

Henwu
cCy e
Me gn

nNc
BBe/.
OTBE
oLueH

B
Nok a
npeag
cCooT
Xapa

O n

nopT

HellHON Baic RK U MMHIEB/OICTTM Y ECKUM  BblpaxX
CTBEHHO He TepsAd B TOYHOCTM nNonNywye
EeHHO MeHsawwencsalWrmobéawwen (SVEA) |

KNnoyeHUe BNUWAHMWNS HecTabunbHOCTWN n
€HUI B TAKGHRE DU MEXHE MY ONOPHOT O aa
TBNEHHOEe WU3INYy4yYyeHMUE. YyeT pgaHHbBX 0T
KM NO3BOMNAEeT HuUBenunmpoBaTb @QAYKTYyauM
60NbWNHCTBE KCnepumeHTORB Anam one
3aTtTenw nNnpenomMneHunAd Ko dpdpMmumeHTtT npoec
enax O0,1<S<0, 5. Nnsa of pseagpean@ti n 6 =1
BeTcTBYy®eT NMONHOMY nponNnycKaHWUIW nNpo
KTepHasa 3aBUyWeaocpe/] BT @B/HEHDE. K£al puc
A uMccnepoBaHWa KoadpdhuuyuumeHTOB KYyOMUUY:

aTMBHAaAZa YyCTaH GSBCkaan ,H acTxbepvdae okM @2 3 0 f p a X e

48. doToOorpadgwa nypempaH@®B/1eda Ha pPpUCYHKe 4¢
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odpa3sen

Puc. &)emMa nNoAK NYeHNZK CIDEr OINMEOHITOSBS b HOb) 1

M3 MEPEHNSHA -CHTETIMMHESOIKHIDOX K 0 3 thhun u n edscan BASER:- 0

nasepHb K Spitira40Flk-BV¢+ Tsunami;OK-Kk NTM HoB MW AHaDZN N a

OTKWAHOEeBS@®prRame cKMaPyEIes/MepunTenb LMmouwHae a

C QGokycHbM {206mmr PC+wpwaw gluse-gppncoBasa AuKal
ADC—-o0 c 4 u n n oDSRG24 Tektronix
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Puc. 4dopTaTMWBHbBIN 3KCNepuMeZBAScanN b H bl

TlazepHbn KOMNN@BC ,pedICOTC@RKYH@PHOIO T €H
pereHepaTtTuBHoOro ycunmngé&pecsSpat Phy s iotBsaO
MMOYyNbCbl AnNuUTenbE@cTEL URKDPAIBHAEN AN WH
nNoONywmpuHom cnexktpa AN = 35 mvmmwvwb dMa wmdixi
onamMeTp-6ly mKma yacToOoTa c ne-plo0BOa HM g . v Mmiy1
BXOALHOINIO MMNynbca KOHTpoO/MmpoBanacb MeTC
rapMOHMUKMN. YKW pokycupoBanmcb JIMH3ION C
ok vBv@®bMpOBAaAasacb C NOMOLWbI TOKAa HakKauk.l

TazepHoe wn3nydvyeHne pas3pgenanocsb Ha AB
npowepjgwero 4yepes3 wuccnepyembin obpaseuy,
KaHan B wmcnonb3oBancyga N4 per wcHTapnaal Meix O
M3NyyeHNA. Cawm 3KCcnepumMeHT 3aKknwyarncs4
nepeTAXKNW CHPOKYCUMPOBAHHOINIO JIMH3OW nNnase,q

npouweagwer o M31TyyYyeHunmsHd MeHAMTACHLb npwu nep:
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Nyyanunchb blex a pKapkuTBebpeH 3aBuUMCUMOCTMN OTH
owe agwWwer o M3nNyuyeHsn K ONOPHOMY CUT He

peaoennmTtTeb 3 HaKk n BenNTMN4YmHuy HeNUMHEWMWHOT

cnepumMeHTanNnbHO M3 MEeHEeEHMNE NnPpoNyCKaHIMUSH
pPpMannMms3oOBaHHOEKR AP OMKCOKKAHIWPM MEHAA MeTOo
noatwuen n npeagnonar as, 4YTO He npowu
NVUHEeWNHOM obpasuye (npnbénmxeHune TOHK

OTBETCTBYWHNRT WHELTIUKHILEE HKIOobB. hun L 1

Ana npoBepgeHMaA 3KcNnepummMeHTa B cpepge
3BoONAWWAA CUHXpPOHMU3IMpPpoOoBAaTb paboTy oOfT
TOMATUYECKOM pexummMe nNpomsBOaAUTbL CcbOBOPp
ropurt My, OCYyWLWe@eTBROABWM KXYD@AaABOGW OpPpaxXart.

noe r1paduka, 4YyTO nNo3BONANO, npwu He oo

TpebyeMmMble KOPPEKTUPOBKN B npouecce 3KCT

HapNCYHKebm®ar pamma pa3paboT acHTHaOBA enHpao I Hpa

CuHXpOHU3aLma
Trigger level  Trigger mode VISA resource name
‘0 3 ?JNormaI 1‘/0 LI
Tngger slope Trlgger source Z-scan Plot0 57
Jr:';mg ﬂextemal SN: 40812236: V1.6.0(1.0.3) i ! [ ! f !
Brarounts 3anuce Travel
» =)
=
’;)l channel 1 E)‘]channel 2 o
Vertical range 1, mV/div Vertical range 2, mV/div Home/Zero  Homed Moving / Stop Enable é -
74 A -
74100 1000 . ] | ® ) 2
Vertical Offset Vertical Offset 2 @
' A 7 Limit
o3 ,},l 3 Rev Hardware @ Swkching @ Fwd Hardware
EmmpmerI......Ill...I .
5 THOR[LGE@ _J Ident © Active @ Error Semn S 900 1000 1100 1200 1300 1400 1500
ek Z-KoOpANHaTa

Puc. 50nmyueBad naHenb ynpaBneHMsa 3KCI



o 91
=
@
L -

e S|

Vertical range 1, mV)/ dov

Vet ange 2 mitdw

8-

]

—e===1

Wine =

Biad

1,

=E
o

|| I —

D .

im.%!
B . !

Puc. 5Bnock

i #

3KCI'Iepb



92

4.2, [fwin] zi@dbdda] @ddi? st Vi dydd
difmdzj Hizj dg" 7 B3OS j ted Odzts o

Ana 6o0ReR ODNDBHKW-ORENMUEBEKWHMR XapakTepry
noptTaTuMBHasa aBToMaTWMW3IMWpOBaAaHHAaAsa 3Kcnep.l
Z-scan ONUN KDHIWEE O npunBepgeHo BOcCcrRapanpao-«
dbakTOpOM JAaHHOT O MEBFW@WBMO 8 B A e JIC@a 8 X &
npenomMmneHu”s oT MHTEHCUBHOCTMU nas3epHoO

HENMTUWHEWHOCTH bI:

e &€ €0 (9)
C yuyeToOoM NnpUGENMXeHNBUGIE OODE HIDA OUEIH S 1L
mccneagyembin ob6paszeul Yy pEhmdI<Ed P ekTp R @ I

TOHKOro MMApas3uza@aBucmMmocTb nNpupaweHwmsd

MHTEHCUMUBHOCTMW BblpaxXaeTcsa [IBBleagytwenm narfr

— —t0 —@ D (10
— | 009 (12)

rane KoshimoBrkerHoMmaeT B CcebAa NuHenHoee nna
pobaeky 'O a z’ 95TO rnybébuHa NPoOXOoOXAeHMUSH

Ecnm nonoxurtesb, 4YTO OTCyTCTBYEeT ABYX
peweHne ypaBHeHuUun (1O phBoBpae@T HADBW AN N

MHTEeHCUMBHOCTMKN Hal[l&8kixoage wn3 obpasuya

e hh
) dfifo " (12)

Ve dild 1-AgD—, (13)
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y o6 —¥t o , (14)

L-TonwunHa oY6 pda L[ a,0 BEe HHO e 3HaAaYeHNe npl
npenomMnedHna zB0)@PpokiyeTb( MCXOAQHOE n3n
pacnpepgenneHune.ToORHIMmMadoeilay aCcOHO MOXeT |
B 1 f183]:

oimhy 06 —AgPpP— —0Q N, (15)

rn® 0-BeNMUYMHA HaNpsaXeHUSA B o-HaouOaI/abCHTbMIA 1]
Nnyuyrw@; pagunyc nyuzak- BBoO NTHOBKOEAA RB-pax g 0YG K p |
BONHOBOT aizttppaoxHar aB N POM3IBONbHOWINZ OCK § YE

das3zoBoro Habera (13) Ha BbixXoae ob6paswuce
O i o1k Q QY (16)

Ana paavmanbHO CUMMETPUYUHBIX CUCTEM MO X
XaHKenns HYyneBOT OO nopasaackBec(crepisniggp aso®E
pacnpegengHNwWeEe NROMPOXOXAEHNA Yyepe3d aua

pacCcCTOd@HUNUUTOUYKM POKycupoBkunm. B aTom cn
O dhmiQ —A@gBb—_ 1dQ0 chhh —Qor— U1 —,

(17)

roe -d’ pdcctodHue oT oOobpasya [JOoO aneprTy
NnpeanoOTOXEeHUMN Manor o a3z oBOTr O Haber
BOCNoONb3o0BaTbCca T ayl®Z QB byM U@ 8B AEMYHH NHEEVC
NnepBbLX Y4/TEHOB 3KCNOHEHUWMWAaNbHOINO 4YNneHa

Haber, npepgcTaB/ieHHOro B psaag Ten[a8p a .
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HopManums3oBaHHOE nNponNnyckaHWe BbipaxXaeTc:
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rofSek os ppnuymeHT NponyckKaHMAa aneprTypsb B

MonaragkoasyYprpmyumeHT nponyckKkaHM®A anadp
e NHWNLBbI, B pPéVeywibTiame nmiEeeOHbIA Qa3 0BbIN
Manoi Be@uegWwAON MOXHO B( BBIpa)xewmusarthb

ABa 4Y4uNneHa pas3noxeHwmss. B pes3ynbTaTe HOCF

)

0 g_g QY_O( 0 g_g
&

Mpum ycnoBwWuuW, UYTO paccTosHUEe po0 paguadpal

Ya

GG

ANUNHB Bydka—) BbipaxXxeHMne (22) MOXHO nNpMwu

>
Yy -
“Ya e p g Co
¢ Q Q
a © @ °

MonoxXxeHMe XapaKTepHbBX MaKcumyma U MWUH
n 3 ycARGBRAUA PeweHnMem p[gaHHOTO ypaBmduwy A

|/|CI'IOI'Ib3yFI NOoJlTy4d4eHHVHble 3 HayYyeHWa4da, Benumu

onpe@ean® CcOOT[HBBWeHNEM

YY-- m@ m R CT
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ana yyeTa 3aBUCUMOCTMU Koo ppmumeHrta n
nponyckKkaHua Auadpar Mbl, OCHOBbBIBAasdacChb H ¢

YVHUBE Pdia MOHN paBoOYHbLIWPEKIDS dPnBrnemom cnyu

(24) 6ypeT uMmMeTb BUL:

o 8 g G'00E
YY-- M@ meq3 Y m nmepz3 —_— C U
N3 BblpaXeHMWUs4 (25) HenocpeapcTBEHHDO 0
neas3aTtena np88nomneHwuns
% 2
T[F[T[q) “YhC“"Q“) C(p

an4a onpepeneHdHuns KosadpdpmumeHnTta ABYXCOp
cnyudyatm c NONHOCTbLI OTKPLTOWN o Vaunp @aa T

HENTNWHEWMWHOT O nor noweH™uT4d BHOBWDb pewaerTcCHA

coXxXpaHdadeTCcsa 4YyneH, cdaoepPeaeunmeflsCMddm U B E
) dfifo 27)
Ye 0hifld —1 1p 1t ©&—, (28)

B cnyuyae gaHHOIM reoMgmEIIBY @K C B IAN L
nokaszaTend npenomMneHuA Ha Koa3dhpnuymeHrt
onpepgpensgeTcsd /NAUNWb BAUWAHWUEM HENUHEWHOT
ABaXAab NpPpOMHTEerpumpoBaTb MNONyyeHHOEe BeEt
NnpoCTpPpasHCmMBY BpeMeHMN. B pe3ynbTarTe M C

HOpMa/1TnNn3 oBaHHOT O mMmponycKaHMWA oOT no3wunuyyv
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B KOMOMOXHO Yu4YuUTbBAaTb NepBble ABa 4Y/eH
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KOTOpPpOTrao HenocpeagacTtTBEeEHHDO onpepgenaeTcC4d
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C NOMOLUbIK 3KCNepuUMEeHTaNnbHOT O KOMI ]
3aBUCUMOPCOTNEYiC K aHMUA U3NYyUYleHIOT BloI@Bwic U
obnacTtTun nNnepeTsAXKMW B CcAyyasasx € 3akKpbToO

HOPpMaAannM3 oOBaHHLE KPpUBKLCECY HKVEX] CSTZA B M1 eHbl HE
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MnMNnynbobcCcOB

napjatowmx

K

Pnc.Hop3  MmanmnsoBaHHEBbIE

IHopMm

0.95¢

0.9+

0.85

160 HAX; 6) B cCcnyHu

mmnynbobscoB 235 HAOX,;

9 KCcCnNepunmMmMmeHTalsllbHBbI

pnBasa ansa o OHE®Sawa BHaseCNTYO r30a kK pbliT O O W

SHepruu

napjatuwmx

mmnynobcoB 160 HAx; 6

nagawwmnmx wuwmMnynbcoB 1
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1.05¢

IHopm
IHopm

0.95}

0.9+

Pnc.HpDp mManmsoBaHHbBE 3KcCNHepuUuMEeHTa anbHbl
Kpusasa pnfiEQCSOrpraayydynb.128%a) B cnydae cC
Anadpar Mo npunu SHeprum napgawwnux umMnyn

Anadcdpar Mmoii npum SHeprumu napgatwwmx

12¢ a 11, 6

IHopm

Pnc.Ho pMmanmsoBaHHbBE 3KCNHepuUMEHT anbHbl
Kpusasa pnfHECSOrpmauydyat lbaa) B cnydvyae € 3 a
npun SHeprumMm napgawwWWmx wumMnynbcoB 82 H/UOHX

npwu I HEepPTr nmn napgatwwnmX MMNDYyJnbCOI
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Pnc.HopmMannmsoBaHHbBE 3KCNepuMeHTanNbHBLBE

KpumBasa Ana o0 opaEHEOSHKHBPE domoogo06aBneHneEM

30N0Ta KOHAUEBXP@uaMe lB cnyvyae C 3akKphblT

SHeprun napgawwmx wumnynbcoB 50 HOX; 6)

HeprmMm nagawWmMx UMNOYynNnbCcoB 1
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IHopm

0.75

Punc.Ho® Mmanns3 oB gHIHVEEEH T3AKICbIHEIe A aHHble U &
KpunuBasa ans o06pa3HE®SHBPE ®%oMmoopaaGaBiieHNneEM
30N0Ta KOHAUdBXP@uam)e B crnyyae C 3akKphblT
Heprumnm nagawwmx wummnynbcoB 90 HAX; 6)

Heprumm napgawwmnmx wmumMnynbcoB 38

PneB.HopmMannms3oBaHHbBE 3KcCNnepuUuMeHT annbHbl
KpuBasa Anda ob6pasua MOAUNME TCUOIEVIEUT HAEKHDMSUIV
AVNKeTOoOHaTOB pgandpTe paapyad abeo pca 3 aK pbliTOW A
nagawowmx u/RmAgXpBpC@®)B B Ccnydyae C OTKPbHBTO

nagawwnx un8AINwYAKC OB



102

XapakTepuctTnKkm obpas3uosB MU NnapamMeTphbl
B Tabnumnuye 6
TabnunuyuaXapPakTtTepnmcTtTukum obpas3uos M nap
THEOS+ | THEOS+ THEOS+ | THEOS+
THEOS+ 0
O6pas|THEOS|(Frmanygdrlruanyp HBP 194 HBP 1%+ Au|HBP1%+Aul K B a g
Na 0,125%| Na 1% °| 53 x| 46 %00
Tonuwni
1 1 1 0.9 0.6 0.6 2
[M
Pagony
nepets 017 0.17 0.17 0.17 0.17 0.17 0.17
[M K M
Koas ddpuni
nponyc| 023 0.246 0.247 0.228 0.245 0.247 0.247
madpa
QHeprT
nanani e 97 82 90 50 55 160
MMNOY b
[H A K
Mcnonb3ysa nNnpumuBegeHHbLE nNapamMeTpsb, a
pe3ynbTart bl c noMouWwbt Qopmyn (26) , (

He NnunHEeIMMDXraed aT e N 4
mccnepyemblx

TabnnbdenvHenmauyeckKkue

MaTepunanos.

KO3 pdhuunmeHT b

2 2
n[ c/MBT ]| nJfc MBY
Mcnonb3| KOHULEHT blc m/]
OcHoOBSZ no Map®6y Z-scan
fo06asBK [ 06aBK 16 16
x10 x10
-12
KBapuy 4.5 1.7 3.0x10
THEOS50% i i 38 22 |8ox 176
THEOS50% | r uany pa 0.125% 58 43  le5x 176
THEOS50% | r nany pa 1% 120 49 |ogx 176

mp & n ogBIyeXHJaAT OHH O T ®d
Mo sy ureaHoHLAE en art

nC
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THEOS 50% HBP 1% 32 2 6.5¢< 16
HBP 1%, iy
THEOS 50% HBP+Au 5 240 77 l93x 16
AU 46%1
THEOS50% HBP+A HBP 1%, 6.4
0 +AU -5 — 95x 10
AUS 3 x PAD
NnMA _ 1% _ 32 |79x 176
NNMA ANtBF, 1% _ 28  |54x 10
CorfnacHo NONYUYeHHBbIM pesynbTtaTtam 3 |

|

P

Bapuya.

I

cnydyae

3 HaydYeHMWU

A

penomMmneHma obpas3uya uYuunmcTtore, THEWMWSY noy

B cBOW o4yepeagb npu pobGasBneHMN

abnwpaeTcsa pa3NNWYHbBIW XapakKTep U3 MeHeE

NPUPOAHOT O nonumcaxapwupga rmany

H enJDVKHAES iaHT 0ersicA npenomMneHA 0 0 J

KOHUeHTpauunmunm T unmanypoHata Na O0,125% wu

1 %. Hanwunuyune B cocTaBe OMmocunmeKk artTHbI

rmneppasBeTB/I€HHbBX nNnonNwur anunuyunoomaes /WEBP

NMpunu 3TOM QaJob6GaBAeHWE Ha OdSTane CUHTES

HAuCI,, B

pe3ynbTaTtTe 4ero npoumcxoaut o

HaHoyacTWuLU 3010T a K0 %l e HTDIBBLNEWMT 416 X

yeThbpex
NoBbWEH
3 HaueyHu

Conoc
Mapobypr

o6bcTO04aT

K

"

T

e

e

obpasuye.

bopmMupo
pacnpoc

B

T

PaTHOMY Yy BEJWYAETHEWIKH HIEDBWIHO EMIATHE CHTUC
e KOHUEeHTpaumm HaHo4YacTMLU 3
n
aBnAad NONYy4YeHHBLbIE pe3ynbTarT bl
pa, HabnwagaerTcs cywecTBEeEHHOE
NHOTBOOOOmME@®BAT b OCOOGOEHHOCTHDbL IO
A MNMEeHHO MexXxaHusImMamu, npuBOA
AHWIK BbLCOKOS3HEpPreTMYecKUx nNpo

paHeHN™u YKW B cpepe C XEQ |
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OCTPAaHCTBEHHOT O camoBoO3agencTBMUA H &
NnynbcoB, npnmBoagswas K TNPUOCEBBOMPYO LLCETC
MOKPOKYCUPOBKMU. BIhHaBHHIKEA e HB/BEHPE3YNbT.
nepeyHOro pacnpejge@meHMPVNBOLO@AC KBHPAGT
Kas3aTtTensa npenomneHunsa no npodumniw nyu
wer o nokasaTenanMPpesiwamyiemme . ndlpas arT
HTpe ©O6ypeT O6O0NbWe, yeM Ha nepunddepmury
nyyeHnme nNopobGBHO cobupatwwem JNKUHS3eE, (

n 3T OM npomnmcxoagnrt nNnocTemneHHOE yBenu

X

NOCTMUXEHMUMN NMOPOroBOT O 3HAYeHNs
OAHOT O MMNY NbC a n 0 g O @ I B acHaMMEO ) O/
OCTBWE WYMOBbBLIX BO3MYyUWeEeHUNA nNpodunns

WweHMmsas akKcumanbHOW cummeTpunm, nubo

O < ®d® O

M e cCpeAjbl. BnepsBble 0 bopMMUpPOBAHI
POCTPAaHBEXH MM MIIya/BLECPOHB B Y C/NOBMUSAX Ha

e O6b/10 paccMoOoOTpeHO becni4dosHBM or NN

ACTBUWUE KOTOPOWN cnepgyeT yumTbiBaTH

- o 9 o o g T o X
=

il
BNeHOINIo KBapua wnuccnepagyemble o6paslut
e
0

poro xapakTepusyeTcs nonsapwua3 allkdle i
m 3TOM, oco6eHHO B CchNyyae C HaHOV
ogHOpPOAHOE pacnpepeneHume nons B 06
nee HeoO/HOoENOSQIHEOHEM ep ancorkpa 3 aT eNnsa npesiom
naeTcs 3aTpaBOYHBLIM MeXaHu 3[Mo3MT odwoyp MBA |
GUNOCUNUKATHBIMU HAHOKOMMNO3UTHBMNU MaT
Kas3aTens npenomMneHnms no ¢opmMpABeae HIA

aydyeHmda nopadagok, B oT N4y nme oT KBapuya.
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441 31 fr3z vy 1l 1V

H a OCHOBE Z-stha TOB a H NnopTaTMWUBHBLBIN a
KcnepumMeHTaAaNbHbLA KOMNOMAEKC, MO3BO/SAIOLWY
HenunHeMmWHB®Y ECKMUX XappKaAAEPBC BUNKWLUNDKO M |
BOJ/H. C NMoMO Wb 10 cCo3pgaHHOMU M3mMepuTtTen
KO3 dpdmnumeHT bl -0 MHTEWIHNEHCEKAMHXO BOCNPUUMYNBO
MaTepuna@QomBnacHDO NMONYyYeHHBbM IKcnepuwm
npeagcTaB/eHHBbBX 06pyawselHmKe BTOBEMOYKEHMbI X 3 H @
ONTMYECKUX XapaKTepuUcCcTUK B WUPOKOM amnu

e

T
BapbUPOBAHMS KOHLULEeHTpaumm pas3nmnyHbLX
0N

n YYeHHBX C ndscanuib @momMmaepo@my ne Mapobypr
Ha b nwpgaeTcCH cywecTBeHHOE 3aBbllleHNE p
MaTepuanos, obycnoBneHHOE HaHoOMNMOpPUCTO

HaknapgbBaeT OrFrpaHMWYeHMUE HAa BO3IMOXHOCT
on s onpeageneHuns HeENVWHEVNHWMHEO KNOKABWMT R

MaTepunanos.
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[Mdetsoadzr | tojLEzdz' IsOIst

cnepoBaHbLOHEMWEGECHWM® CBOMWCTBA HOBGDLb
MNO3UTHBLX MaTepumanoB Ha OTUHEHO& CA |
Tocmnukarta (THEOS) mn nonumeTtTunnmert
TAHOBI/T®HOB,K/TIOUEeHNE nNonNmcaxapumpagos

S B THEOS 3 HaumTtenbHO CHUuXaerT n
BblwaerT 3 ppheK TUBHOCTGDb Bmxoimma. CHEKk n

cToro BHbBUlPa e MO nmopor bnnameHTaywuwu

bPPhpek TMBHOCTCK BbLIXBAAUNMOI obnacTwn.

HUeHTpaumui HaHouabckm)nus 3oyt y(pdy6
mMBoOAanNT K cCywecTtTBEeEHHOMY MOBOLILWEH MU

oOwe AMBERTYYEeHNSs NO CpPpaBHMEeHBRIWOCHOBPaA

HBP, @ Xawmx 4yaaTny BBeBOoOdlmbaborBaMue

K O
c
K O
B C

7T On
an

T Mo

9 H

HUuUeHTpauuMhmw HaHoOYacTuUuy 3010Ta B 06
rmanypoHaTtoM HaTpwus HabnwpgaeTcsd
HU€eHTH@BAHAWMIM CT NL WHLYTUMZGPSYEHT O IC NVAHLT E€CHr
eilmb6bnwgaemMoM AguMana3oOHe ANWH BOMH.
pepageneHbl 9 dPPeKTUNBHWMAC T U C XIDPeH®mE ma 3 ¢
asnoaH e-7 @06 0 H M

Kas3aHO, 4TO MaTepuanb C HaHoOYacCTMU

eprmMmn napgawwero MU3NyyYeHWUsS, nNpesBbLW

CBOUWCTB GunameHTaANMBIbl LMEAH VEE UMAOITM®BI 0 B C

yp

OBHH THEOS 7 CHUXeHMNe 5 e KBT N B K

Ma T elpovBa C HaHoOYacTuUuyamm Au+HBP n

mMatTepumanoB ¢ KT CdS npowumcxopgwmt noc

cencrtTs B TeyeHune HeCKOJIbKMWX 4yacCcoOB.
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T YcTaHOBNeHBYHAOBBEHXaApPAaKTEePUCTUWKMUN K
AaHHBX o0o6pas3uyos. Hamnbonbwee YT nNnoBO:«
(6onee 50) HabnwpaeTcsda B CcCnAnyyvae C O
T ObHapyXeHa a upreosHbHoaHs M 3 aduumisFa M e HBT 0 (
NONVMMETUMBREBAKPUBJMONNPOBAHHOT UKBHAOMU
Andpropuaa bop@paucnme ik oHILYEB,H nNpwu o6ny
MMONynbcaMMu 800 HM. OnpepgenedHo, 4yToO
MHTeHCUBHOCTMN B AafBBbem oT 0.2 pgo
T PaspaboTaH aBTOMATMU3MPOBAHHBIN K Q
Ko3appnumeHToB HEeNWHEWMWHOW Kyobumuyecekolm
1100 HwM™
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s MBS dzdlsjtcOlskzter
Kpwokos I1. T. Nasepbl yAbTpPaKoOpPOTKUKX
200L.-Ne3 1C. -19%
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