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HANPS)XEHHOIO COCTOSAHUS
MATEPUAJIOB
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Cankm-TIemepbypeckuil noAumexHueckuil yHusepcumenn
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MNpoBeaeH aHaN3 OLLEHKN U3SMEHEHUI MeXaHUYeCcKuX
Hanps>XeHU B yNpyro-onTM4eckom cerHeTokepammke
no nsmeHeHuto Ko3pPpuumneHTa oTpakeHus
MOHOXPOMaTM4eCKOro NoJIsPU30BaHHOIO CBETA,
najaroLero Ha NOBepXHOCTb cpefibl. PAacCMOTpeH ciyyan
HOpMasibHOro NaeHus ceeTa.

BBEAEHWNE
ITox mercTBUEM MeXaHHYeCKoM Harpy3KH HM30TPOIIHbIE
MaTepHasibl CTAHOBSITCS ONTHYECKU aHHU30TPOIHBIMHM.
BosHuKalomye AedopMallldi BbI3BIBAIOT HaBeJeHHOe
ABOKMHOe JIydyernpesiom/ieHure. IIpyH 3TOM HaIlpaB/ieHHs
[JIaBHBIX OCeH 3/UIMIICOM[A AHIeKTPHYeCKOH IMPOHH-
LIaeMOCTH MaTepHaja COBIAJAIOT C HaIlpaBlIeHHUSIMH
IJIABHBIX OCEH IJIMIICOMJA HANpsbKeHHH. B ciydae
O HOCTOPOHHEIO CKaTHsS 5TO HaIlpaB/leHHe CXKaTHSs
CTQHOBUTCS BBIAETEHHBIM W HUIPAeT POJib OINTHYECKOM
ocu. ONTHYecKHe CBOKCTBA JepOPMUPOBAaHHOIO TAKUM
06pa3oM Tesla COOTBETCTBYIOT CBOMCTBAM OFHOOCHOI'O
KpUCTas/ula. PasHOCTh IIOKas3aTesiell IIpeIOMJIeHHS
OOBIKHOBEHHOT'0 M HeOOBIKHOBEHHOTO JTy4er An=n,-n,
SBJISIeTCS. MEPOX BO3HMKINEH aHHU30TPOIIMM U IIPOIIOP-
LIMOHAJ/IbHA MeXaHHU4eCKOMY HaIIPsIKeHHUIO O:
An=n,-n,=ko. D
OnTHyecKkHe MeTOAbl Olpe/le/ieHH s MexaHHU4eCcKoro
HAIIPsKeHUS B IIPO3PayuHbIX Cpe/laX OCHOBAHBI HA M3Me-
PEHUH Pa3sHOCTH (a30BBIX 3a/epKeK OObIKHOBEHHO
1 HeoObIKHOBEHHO IIOISIPU30BAHHBIX CBETOBBIX BOJIH,
[IpOLIeIINX HAIIPSKeHHYIO Cpely B Pa3/IM4YHbIX HHTEp-
depoMeTprUecKUX CXeMax (MOMSPH3aLIMOHHO-OITHYe"
ckye cxeMsl) (1-3]. [IJIsI IIOIVIOIIAIONIUX Cpel, MHTeHCHB-
HOCTb IIPOLIeJIINX BOJIH C U3MepsgeMOr da30Kk MOKeT
OKa3aTbCsl HeJOCTAaTOYHOM [Jisl IIpOBeleHMsl JAOCTOBEp-
HBIX M3MepeHHM. C IPyToil CTOPOHBI, CBETOBbIE BOJIHBI,
NajJarmllde Ha IPaHMIy pasfena Cpell, BCEIAA HKCIIBI-
TBIBAIOT OTPa’keHHe OT TPaHHUIIbl, BeJIMYHMHA KOTOPOIo
OIpe/e/seTCs MOKa3aTelsIMH IIPeJIOMJIEHHUS 1, .. Koad-
GUIIMeHT oTpakeHHUs R cormacHo 3akoHam PpeHens
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EVALUATION OF CHANGES

IN THE STRESS STATE OF
MATERIALS

BY MEANS LIGHT REFLECTION

Kniazkov A.V. Doctor of Physical and Mathematical
Sciences, kniazkov@rphf.spbstu.ru, Peter the Great
St. Petersburg Polytechnic University, Saint Petersburg

The analysis of mechanical stress changes evaluation
in elastooptic ferroelectric ceramics on reflection
index variation of monochromic polarized light
incident on medium surface is performed. Normal
incidence of light is considered.

INTRODUCTION
Under the influence of mechanical stress the
isotropic substances become optically anisotropic
substances. Occurring strains cause the guided
double refraction. At that principal axes directions
of material dielectric capacitance ellipsoid match
the principal axes directions of stress ellipsoid. In
case of one-sided compression this direction of
compression becomes separated and acts as an optical
axis. Optical characteristics of the body deformed
this manner correspond to characteristics of uniaxial
crystal. The refraction indexes difference for ordinary
and extraordinary beams of An=n,-n, is a measure
of occurred anisotropy degree and is proportional to
mechanical stress of o:
An=n,-n,=ko. @
Optical methods of mechanical stress detection
in transparent media are based on measurement of
phase delay difference for ordinary and extraordinary
polarized light waves passed through the stressed
medium in interferometric arrangements
(polarization-optical arrangements) [1-3]. For the
absorbing media the intensity of passed waves with
the measured phase can be insufficient for carrying
out meaningful measurements. On the other hand,
light waves incident on medium border always
pass through reflection from border and its value is
defined by n,, refraction indexes. Reflection index
R according to Fresnel laws in case of normal waves
incidence and without regard to medium capacitance
is as follows:
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B CJIydae HOPMaJIbHOI'O ITaA€HH BOJIH 1 6e3 y4eTa I1po-
BOOAMMOCTH Cpeabl BBIIVIAAUT CZIeAYIOI MM o6pa30M:

R,, - (“ ‘1) . @

N, +1

B pa60Tax [4, 5] Hamu ObL1 IIpeAJjIoykKeH MeTof, u3Me-
PeHHS DIeKTPOONTHUYECKHUX KOIPPUIIMEHTOB HaBe-
JEeHHOIO [BY/Iy4YelpeJoM/IeHHsI MaTepHhajioB IO aHa-
JIU3y OTPa’kKeHHOIO CBeTA. JTH PaboTHI JIeIIH B OCHOBY
Pa3paboTKU HOBOIO OTPasKaTelbHOIO MeTofa OLIeHKH
HM3MeHeHHI HaIIPSSKeHHOIO COCTOSHHS B MaTepHalax
I10 M3MEHEeHHIO Pa3sHOCTU KO3QPUIIMEHTOB OTPasKeHUs
OPTOTrOHAJILHO IOJIIPHU30BaHHBIX BOJIH.

KoapPUILIMeHT OTpaskeHHsI CBETOBOK BOJIHBI C OIS
pH3allkel, IapajUle/lbHOM ONTHYeCKOM OCH, OIpere-
7sieTcsl OOBIKHOBEHHBIM ITOKa3aTesleM ITPeIOMJIeHHUS 1.
A 17151 OpTOrOHAJ/IBHOL OPHeHTALMH [IJIOCKOCTH IIO/ISIPH-
3aIIMHU 110 OTHOIIEHHIO K ONTHYeCKOH OCH Cpefibl Ko3¢-
OUILIMeHT OTpa’keHMsl OIpefieNsieTCsl HeOOBIKHOBEH-
HBIM II0Ka3aTesieM IIpeJIOM/IeH s I,. B oTpaskarebHON
reoMeTpUH, YTOOBI M3MEpPUTh An, II0 Pa3sHOCTH KO3d-
ounreHTOB oTpakeHUsT AR=R -R,, IOHamobsTCs [Be
OPTOTrOHAJILHO IIOJIIPU30BAHHbIE BOIHBL MJIM OfHA LIHP-
KYJISIPHO-TIONIIPU30BaHHas BOJIHA. B pesynbrare CBs3b
Mesky An 1 AR 6yaeT orpeziesisiThCsI BRIpaskeHHEeM

AR, 3

METOAUNKA SKCNMEPUMEHTA

OcTaTo4yHBle MeXaHHYeCKHe HAIpsDKeHHs B obpasmax
CO3/1aBajIMCh II€PeMEeHHBIM 3/J1eKTPUYEeCKHM II0jieM
B IIpollecce IIE€PerojspU3allii U BCIeACTBHE MHUKPO-
ripo6oeB. [Iyiss GOPMHPOBAHUS 37MEKTPUUECKOr0 IIO/s
OBUIM HCIIONIb30BaHBl IIAHApPHBIE 3/1eKTPoAbl (pHC.l).
H3BeCTHO, 4TO ONTHYeCKas MHAMKATPHCA OCTAaTOYHOIO
OBy/lydelpe/IOM/IEHUsI U HHAMKATPHCA 3IHIICOM[A

i1

R, =(n°ve ‘1) . o)

n,+1

The method of electrooptical indices
measurement of guided double refraction of
materials according to reflected light analysis was
offered by us in the works [4, 5]. These works provide
the basis for new reflective method development
concerning changes evaluation of in the stress
state of materials by means reflection indices
difference of orthogonally polarized waves.

The light wave reflection index with parallel
optical axis polarization is determined by n,
ordinary refraction index. The reflection index is
determined by an unordinary refraction index of
n, for polarization plane orthogonal orientation,
in relation to medium optical axis. It necessary
to use two orthogonally polarized waves or one
circularly polarized wave in reflective geometry
to measure An on reflection indices difference of
AR=R,-R,. As aresult the relation between An and
AR shall be defined by the following formula:

AR, 3)

EXPERIMENT PROCEDURE
Residual mechanical stresses in samples were
caused by alternating electric field in course
of repolarization and owing to micro break
ups. Electrode planars were used to form an
electric field (fig. 1). It is known that the optical
indicatrix of residual double refraction and stress
ellipsoid indicatrix should have the optical axes
guided on the electric field generated during
repolarization.

Two options of experimental assembly diagram
performance to research residual materials stress
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10. BbICOKOBO/IbTHbIN MCTOYHMK
nepeMeHHOro HanpskeHuns

5. (DOTOI']pI/IEMHI/II(l/I cnpegBapuTelbHbIMM

Photoelectric receiver with preamplifier

8. 3ajaloLWwmm reHepatop

Driving oscillator 9. PerncTpupytoLLMit

ocumnnorpad
Recording oscillograph

High-tension alternative

(@)

D_

>

current source

]

2. MonsipnsaLmMoHHas cBeToennTeNibHas npmsma
Polarization beam-splitter prism

7. CenexkTUBHbLIN
CUHXPOHHbIA yCUNnTENb
Selective lock-in amplifier

6. IHCTpyMeHTanbHbIN
ycunuTens
Instrumentation amplifier

!

4. Obpasel, C NnaHapHbIMU 31eKTpoAamMu
Sample with planar electrodes

a)

10. BbICOKOBONBLTHbIN MCTOYHUK
nepemMeHHOro Hanps>xeHuns

3. OTKNoHAKOWas

3. OTKNI0OHSAKWAA NpMU3Ma
Deviation prism

5. doTONpreMHUKM
C npefBapuTenbHLIMU YCUANTENAMUN
Photoelectric receiver with preamplifier

= N | \‘@
A - |;

1. MonynpoBOAHNKOBbIN
nasep
Semiconductor laser

8. 3aparowmnm reHepaTop

Driving oscillator 9. PerucTprpyioLLMii

ocumnnorpad
Recording oscillograph

npusma

High-tension alternative Deviation prism

(@)

D_

>

current source

/)

2. Monapu3aumoHHasa ceeTofennTeNbHas npmMsmMa
Polarization beam-splitter prism

7. CeneKkTUBHbIN
CUMHXPOHHbIA yCUNUTENb
Selective lock-in amplifier

6. VIHCTpYMeHTasIbHbIN
ycunuTens
Instrumentation amplifier

N

4. Obpasel, C Nn1aHapHbIMY 31eKTpoAamMu
Sample with planar electrodes

b)

(Bo6asneHa yemsepmbB0AH08AS NAACMUHKA)

11. YeTBepTbBONIHOBASA

Puc.1. Bapuarmbl cxem 3KCnepumeHmanbHol yCmaHosKu 0As UCcAedo8aHus 0CMAMOYH020 HANPSIXKEHHO20 COCMOSHUS Mame-
puanos no oMpaxkeHuto caema: a) cxema d8yxny4Ko8oli 3KcnepumMeHmanbHol ycmaHosKu; b) cxema 0dHONY4Ko80L ycmaHosKu

Fig. 1. Fig.1. Experimental assembly diagrams options for material residual stress state research by means light reflection:
a) double-beam diagram of the experimental assembly. b) arrangement of a single beam assembly (quater wave plate is added)

I . [
[ - |!

1. MNonynpoBOAHNKOBbIN
nasep
Semiconductor laser

naacTuHKa
Quater wave plate

HaIpsDKeHUI 6yAyT MMeTh OITHYeCKHe OCH, OPHeHTH-
PpoBaHHBIE II0 3/IEKTPHUYECKOMY IIO/IIO, CO3[4ABAEMOMY
B IIPOLIeCCe IIePerIoIsAPU3aALIHH.

JlBa BapHaHTa MCIIOJTHEHMsS CXeMBbl 3KCIIepHMEeH-
TaJIbHOM YCTAaHOBKH MCC/IeA0BAHMS OCTATOYHOIO HAIIPS-
SKEHHOI'0 COCTOSIHH S MaTepPHAaJIOB I10 OTPAsKeHHIO CBeTa
IIpu IaJeHHH, G/IHM3KOM K HOPMaJ/IPHOMY, II0Kd3aHBL
Ha puc.la, b. B obenux cxemMax MCTOUHHMKOM CBeTa CIIy-
SKHJI TIOTYyIIPOBOSHUKOBBIK J1a3ep 1, JIMHeHHas OIS
pu3anMsg KOTOPOro MMeJa IJIABHYIO a3MMYTaJIbHYIO
IIOACTPOKY B obracTu 45°. Ha puc.la mokasaHa JIBYX-
IIy4YKOBas cxemMa GOPMUPOBAHHSA OPTOTOHAIBHO IIOJIS-
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state on light reflection at near-normal incidence
are shown in figs.la, b. In both arrangements
the semiconductor laser 1 was a light source and
its linear polarization had the smooth azimuth
adjustment at the level of 45°. Double beam
arrangement of orthogonally polarized incident
beams generation is shown in Fig. la. The laser
emission was split by polarizing prism 2 into two
orthogonally polarized beams of equal intensity.
Nomarski prism creating two orthogonally
polarized beams with the same direction can
be used as polarizing prism. If Nomarski prism
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PH30BaHHBIX MaJAMIIMX IIYy4KOB. M3jlydeHue jasepa
PacCIIeIIsanoch MOMSPHU3ALMOHHOM IIPU3MOM 2 Ha [1Ba
OPTOrOHAJIFHO II0/IIPH30BAHHEIX IIy4Ka PaBHOM MHTeH-
CHBHOCTH. B KauecTBe TaKOM IIPHU3MBI MOXKeT OBITH
WCII0JIb30BaHa Ipu3Ma Homapckoro, ¢opMmupymomias
JiIBa OPTOrOHAJILHO ITOISPM30BAHHBIX Iy4YKa, HUAYLIKUX
B OJHOM HaIlpaBjleHHWH. EC/IM B KadecTBe TaKOH IIpH-
3MBI IIpH3Ma HOMapcKoro He MCII0/Ib30BaJIaCh, TO OLUH
13 Iy4KOB OTK/IOHSUICS OOBIUMHOM IPHU3MOK 3 [/l Ilepe-
CeYeHMsI CO BTOPHIM ITy4YKOM Ha obpaslie 4 B 3a3ope
MeXAy IUIQaHApHBIMH 3JIeKTpofaMu. OTpaskasich,
IIYYKH IIOMafaid Ha QOTOIPUEMHUKHU 5 C IIpeaBapH-
TeJIbHBIMH YCUIUTeIIMH. CUIHa/Ibl GOTOIIPHEeMHHKOB
BBIUMTA/IMCh W YCHU/IMBAJIMCh MHCTPYMEHTA/IbHBIM YCH-
JIMTeJIeM C MOAY/ITHPYeMbIM KO3pUIIHeHTOM YCHIeHHS
6. [lasee pasHOCTb CHUTHAJIOB YCHJIMBA/Iach CEJIEKTHB-
HBIM CHHXPOHHBIM YCHJIUTeEM 7. YIIPaB/IeHUE YyCHJIe-
HHeM MHCTPYMEHTAaJIbHOIO M CHHXPOHHOI'O yCHUIHTeIek
OCYIIECTB/IA/IOCh HU3KOYACTOTHBIM 3aJaI0IIUM reHepa-
TopoM 8. Pe3y/lbTUPYIOIIUMN CHUIHa/l PerMCTPUPOBAJICS
ocumnorpadom 9. Ha rmaHapHble 3/1eKTpofibl obpasiia 4
II0/IaBaJIOCh BEICOKOBOJIBTHOE IIePeMeHHOe HaIlIpsKeHHe
HcToyHHKa 10. Ha pI/IC.lb IIpeCTaB/IeHa OJHOIIYYKOBas
cXeMa C LIMPKY/ISIPHO-TIONSPHM30BaHHOK BOJIHOM, ¢Op-
MHpyeMOK 4YeTBePTbBO/IHOBOK IUIACTHMHKOM 11. OTpa-
SKeHHBIH Iy4YOK PacIIell/IsiyIcsl MO/sSPHU3aLIUOHHOM IIPU-

i1

has not been used as polarizing prism, one of
beams was deviated by a common prism 3 for
intersection with the second one on the sample 4 in
a gap between planar electrodes. Reflected beams
were incident on photoelectric receiver 5 with
preamplifiers. Photoelectric receivers’ signals were
interfered and amplified with the instrumentation
amplifier having modulated amplification factor
6. Further the signals difference was amplified
with the help of selective lock-in amplifier 7.
Amplification control for instrumentation and
lock-in amplifiers was carried out by means of the
low frequency driving oscillator 8. The resulting
signal was registered by means of oscillograph
9. High-tension alternating voltage of a source 10
was applied on sample planar electrodes 4. A single
beam arrangemeent with circularly polarized wave
generated with a quarter wave plate 11 is provided
in Fig. 1b. The reflected beam was split by a
polarizing prism 2 into two orthogonally polarized
beams. Remaining arrangement parts are similar
to those used in the first diagram.

The experimental evaluation of materials
stress state by means light reflection was
carried out on transparent ferroelectric ceramics
samples of solid plumbum lanthanum zirconate-
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Fig. 2. Time dependence of residual mechanical stress of
PLZT-8 ceramics

3MOH 2 Ha [IBa OPTOIOHAJ/IBHO MOMSIPU30BaHHBIX MyUKa.
OcTanpHble IeTa/Ii CXeMbl aHa/IOTHMYHBI TeM, KOTOphIe
HICTIONIb30BAHEI B IIEPBOLL CXeMe.

IKCIeprMeHTa/IbHas OLeHKa HaIIPSsKeHHOIo COCTO-
STHUSI MaTepHaJIOB I10 OTPA’KeHHIO CBeTa IIPOBOLMUIIACH
Ha obpasijax IIPO3PavHON CerHeTOKEPAMHUKU TBEPAOrO
pacTBopa LHMpKOHAaTa TUTAHATa CBHHIA, JIETMPOBaH-
Horo jaHTaHoM (LITCJI-8, KepaMHKKa) cocTaBa 8/65/35
C IUIaHAPHBIMH DJJIEKTPOJAMH, 3a30p MeXAy KOTO-
pBIMH 6bUT 3 MM. HICTOUHHMKOM 1 CITy>KHJI J1a3epHBII
monynb KLM-F635-3-5 (1=635 HM) ¢ BBIXOZHOM MOIIHO-
CTBIO M3/1y4YeHHs 3 MBT. B KayecTBe QOTOIIpHEMHHKOB
5 MCI10/Ib30Ba/IMCh GOTOMHOABL C TPAHCUMITeAAHCHBIMU
ycunuTensiMu OPT101. IIpeobpa3oBaHHe IOCTOSTHHOIO
Pa3HOCTHOIO CHMTHajaa QOTOAATYMKOB B IlepeMeHHBIN
CHUTHAJI OCYILeCTBIIS/IOCh HHCTPYMEHTAJIBHBIM YCUIIHTe-
neM AD620, XK03QOUIIHEHT YCHIEHHS KOTOPOro IIepPHO-
OuYecKy u3MeHsics Kiarodom CD4066. OKoHYaTe/IbHOe
yCUJIeHHe [IePeMeHHOI0 CUTHasla [IPOX3BOAMIIOCH CeJleK-
TUBHBIM HaHOBOJIBTMeTpoM Unipan 233. 3afaiommuil
reHepaTop 8 paboTan Ha 4YactoTe 65 Im. OcCTaToYHOe
MeXaHHYecKoe HampsbkeHHe B 06pasliax Co3JaBasioch
[IepeMeHHBIM 3JIeKTPUYECKUM HaIlpsyKeHHeM BbICOKO-
BOJIETHOTO MCTOYHMKA 10 Ha yacTtore 85 I'1l. DmeKkTpu-
yecKoe I10jIe B 06pasliax IIpeBbIlIaIo 3HaUeHHe 5 KB/cM,
IIPY KOTOPOM HauKMHAIKCh MUKpoIpobou. Ilepes moce-
OYIOLIeN cepuelr HM3MepeHHH 00paslibl KepaMHKH Tep-
MMYECKH JeII0/IIPH30Ba/IHCh.

PE3Y/NIbTATbI 1 OBCY>XOEHUE

Ko3pdUIIMeHT MpOoIopLMOHATIBHOCTH K MeXaHHUYeCcKoro
HaIIpSDKeHUS BeJIMYHHe HaBeIeHHOIO ABY/yderlpesioM-
nmeus (1) mnga LTCJI'KepaMHMKH BBIYMCISJICS C MCIIONb-
30BaHMEM Pe3y/IsTaToB PaboTsl [6] M3 GYHKIHOHAIBHOI
3aBHUCHMOCTH Pa3HOCTH (a30BbIX 33/IePsKeK 0ObIKHOBEHHO
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titanate solution (PLZT-8 ceramics) with 8/65/35
content having planar electrodes with 3 mm
gap. Laser module KLM-F635-3-5 (1=635 nm) with
3 mW beam output power was used as a source
1. Photodiodes with transimpedance amplifiers
OPT101 were used as photoelectric receivers 5.
Conversion of photosensors constant differential
signal to a variable signal was carried out by
instrumentation amplifier AD620 and its
amplification factor was changed occasionally
with the help of CD4066 key. The final
amplification of variable signal was made by the
selective nanovoltmeter Unipan 233. The driving
oscillator 8 operated at 65 Hz frequency. Residual
mechanical stress in samples was generated with
a variable voltage of high-tension source 10 at a
frequency of 85 Hz. The electric field in samples
exceeded value of 5 kW/cm with which micro
break up began. Before the subsequent series
of measurements the ceramics samples were
thermally depolarized.

RESULTS AND DISCUSSION

The proportionality factor k of mechanical stress to
the guided double refraction (1) for PLZT-ceramics
was calculated with the use of works results [6]
according to dependence of phase delays difference
of ordinary and extraordinary polarized light
waves passed through the stressed medium from
relative elongation of medium relating to elasticity
coefficient value of 72 GPa [7] and amounted to
107 m?/N.

The typical dependence of residual stress state
change of PLZT-8 ceramics after removal of voltage
applied to planar electrodes on reflective surface
is shown in Fig. 2. The researched PLZT-8 ceramics
compositions had the partial ferro-rigid properties
causing the possibility of samples polarization by
alternating field. Residual polarization of ceramics
caused residual double refraction and, respectively,
residual stress state. Residual polarization led
also to linearization of quadratic electro-optical
effect observed earlier. Micro break ups causing
microcracks also increased the stressed state.

CONCLUSION

Thus, the possibility of residual materials stress
state measurement on change by means of light
reflection from their surface caused by refraction
index change is shown experimentally in the work
for the first time. This method can be used for
quick evaluation of nontransparent material stress
state.
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1 HeoOBIKHOBEHHO IIOJISIPH30BaHHBIX cBeToBRIX BomH, JIMTEPATYPA
IIPOLIeAIINX HAIIPSDKEeHHYIO Cpelly, OT OTHOCHTE/IBHOIO 1. Frocht M.M.Photoelasticity. N.Y.: John Wiley and Sons, 1941, v.1,
yAJIrHeHHs cpefbl. C y4eToM 3Ha4YeHMs MOMY/Is YIIPyro- p.411.

ctH 72 ITla [7) koadduimeHT coctasua 10 M2/H. 2.

Ha pwuc.2 mnokasaHa THIIMYHAas 3aBUCHMOCTb H3Me-
HEeHMsI OCTATOYHOI0 HAMIPSsKeHHOro coctosHus LITCII-8
KepaMUKH I10CJIe CHATUS 2IeKTPUYeCKOro HallpssKeHU,
IIPUK/IaJbIBA€MOI0 K IIJIAHAPHBIM JIeKTPOAaM Ha oTpa- 3.
SKAIOIEH rosepxHocTH. Hccienyemsle coctaBbl 1ITCII-8
KEePaMUKH 00/1aJa/Th YaCTUYHBIMU CETHETOSKECTKUMHU
CBOICTBAMH, YTO 0OYCIIOBIMBAIO BO3MOKHOCTB IIOJISI-
pusanmy 06pasroB IIepeMeHHBIM I107eM. OCTaToYyHas
IONIApU3aLMs KePaMUKH BBI3bIBajla OCTAaTOYHOE [IBY-
JyderpesioMeHHe M, COOTBETCTBEHHO, OCTaTOYHOe 4.
HaIIpsDKeHHOe COCTOsgHMe. OCTaTouyHas IIO/IsIpHU3allus
IIPHUBOOM/IA TaKKe K JIMHeapH3alliy KBaIPaTUYHOIO
37IeKTPOOIITHYECKOro 3dderTa, HabrromaeMoro HaMH
paHee. MHUKpopobou, BEI3bIBAIOIINE MUKPOTPELIHHEI,
TaK>Ke yCHIMBAJIU HaIIPSUKeHHOe COCTOSTHHe.
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3AK/THOYEHUE

TakuM 06pa3oM, B HACTOSIIIIEH paboTe BIIEPBbIE SKCIIEPH- 6.
MeHTaJIbHO IT0Ka3aHa BO3MOXKHOCTb M3MepeHH I 0CTaTOu-
HOTO HAITPSI’KEHHOTO COCTOSIHUSI MAaTePHAJIOB I10 H3MeHe-
HUIO OTPasKeHMUsI CBeTa OT UX IIOBEPXHOCTH, BBI3BAHHOIO 7.
M3MeHeHHeM II0Ka3aTessl IIpeIoM/IeHHS. ITOT MeTof,
MO3KeT OBITh HCIIO/IB30BaH [1s1 OBICTPOM OLIeHKH HaIps-
SKEHHOT'0 COCTOSIHH I HEITPO3PauHbIX MaTepHaJIoB.

LASER WORLD OF PHOTONICS 2017:
BHUOYUIIbI U MAJIOUHBA3HWUBHAS XUPYPTHUSA

World of

Tematika 3KCNO3ULMKM BefyLLe MUPOBOM BbICTABKM
LASER World of PHOTONICS (26-29 wntons 2017 roga
B MIoHXeHe) 6yeT TecHo nepenneTeHa ¢ TeMoi Meau-
LIMHCKOrO Nporpecca. B LeHTpe BHUMAHUS — MeTogbl
(OTOHMKM B MeauLyHe. DOTOHNKA UCMONL3YETCS MpH
NCCNe0BAHINSAX XIMBLIX KNIETOK, MO3TOBLIX MPOLIECCOB
WM NATONOrMYECKNX M3MEHEHWA TKaHen. B 3Tux
HaNpaBMeHUsX WHCTPYMEHTapueM WCCedoBaTens
CTaNn METOZ BM3yanu3aLMu TKaHeW, KOTOPLIA BKMO-
YyaeT B Cebq ONTUYECKYKO KOTepEHTHYI0 TOMOrpaduto
(OKT). MeTog no3BOASET MEOUUMHCKAM CheLman-

CTaM B3MAHYTb BIYOb HA HECKONbKO MUMMMETPOB
HWXE NOBEPXHOCTW TKaHW B peXUMe peaibHOro Bpe-
MeHu ¢ nomoLubto MK-nasepa. OnTuyeckue cuctembl
0becneynBatoT TpexmMepHoe CKaHMPOBaHME C MUKPO-
CKOMMYECKAM pa3pellieHeM, He MoaBepras nauueH-
TOB BO3/IEACTBYIO BPEAHOTO U3NYHEHNS.

MeTofbl GOTOHUKA MPOHMKAIOT B NepCreKTUB-
Hyl0 MOMOAYI0 06M1aCTb UCCNENOBAHIIA — ONTOreHe-
THUKY. (DVHKLWIVI MO3ra 1 KOrHUTUBHbIE NpoLecchl Bce
bonee 1 bonee HauMHAT NOAAABATLCS KOHTPOMIO.
[ing 370 Lienn yyeHble BBOAAT CreumanbHble benku
B 0671aCTV TONIOBHOTO MO3ra, KOTOpbIe M3bupatenbHo
pearupyioT Ha fla3epHoe u3nydeHne. C MOMOLbIO
(EeMTOCEKYHAHLIX N1a3epOB MOXHO HabnloAaTL Aes-
TENbHOCTb AAXe OTAENbHbIX HenpoHoB. Mpu paspa-
60TKe HOBbIX NeKapCTB OMTHYECKUE METOLbI N03BO-
NAI0T BLICTPEe AMarHoCTUPOBaTh 60NE3HH, COKpALLAS
Bpems 60pbbbl € MyALTUPE3NCTEHTHLIMU  MUKPO-
bamu. B cpeaHecpoyHoi nepcriekTuBe (OTOHHas
AMArHOCTMKA NPOAOXKUT MyTb K NEPCOHANN3MPOBAH-

HOM MeguLIHe, MHANBUAYANbHO MOA0OPAHHON AAs
navyenTa.

MWHMaTIOpHbIE HUOYMMbLI, NEPEHOCMMbIE UMMAH-
TaTbl M MaNOMHBA3MBHAS XMPYPrusi WCMOMb3YIOTCS
NS AMArHOCTUKIA OPraHoB NALWMEHTA UK B Ka4ecTBe
MUHUATIOPHLIX  3HAOCKOMOB. MMWHMMAnLHO  WHBA-
3MBHbIE METObl Pa3BMBAIOTCS OLICTPLIMM TEMMAMK.
Hanpumep, B 061acTn MynsTUGOTOHHOA TOMOrpa-
dun, KoTOpas AAET TPEXMepHble MpeacTaBneHus
0 KOXe W TKaH! Ma3a, MCNob3yHTC PeMTOCEKYHA-
Hble Nnasepbl. [l1s Onepaumit nasepbl MPUMEHSIOT
BMECTO PY4HbIX Ckanbneneit. KOHLEHTPUpOBAHHbIN
CBETOBOW NYYOK TAOKE MCMONL3YETCA A1S MALIMHHON
TPAHCMAGHTALMM POTOBMLIbI C TOYHOCTbO 0 MUKPOH-
HOTO YPOBHS.

Bbl y3HaeTe 60blue O MPUAOXEHUSX B 067aCTH
OMODOTOHUKN W MELMLMHCKMX TEXHONOTWM, ecun
nocetuTe BbicTaBky LASER World of PHOTONICS 2017
B MioHxeHe € 26 10 29 MIoHS.

www.world-of-photonics.com
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