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HesKi acrieKTV MpaKTMYHOTO 3aCTOCYBaHHS CIIEKJIiB (OIJIsI)

Bukonano oenad pobim, saxi oxonnowms 3acmocy8ants memodie ma ioet
Mempono2ii Cnexnieé y pisHOMAHIMHUX 2any35X HAyKu ma mexHiku. 3okpema,
0CcobnUBY VBA2Y CNPAMOBAHO HA AHAII3 3ACMOCY8AHbL CHEeKNi8 (biocnexnis) y
Oionoeii i MmeOuyuni. 3aK104Hy YacmMuHy 02150y NPUCEAUEeHO poOOmam 3 00-
CNIONCEHHSI OUHAMIKU CHEKl8 8 00 €Kmax HeopeaHiuHoi npupoou. Brazano
HA 3a2a7bHY NePCneKMuUHIiCmb UKOPUCHAHHS CNEKIi8 K NOMYIHCHO20 He
PYVUHYIOY020 ONMUYHO20 OOCTIOHUYLKO2SO MEMOOY.

Knrwuoei cnosa: biocnexnu, ounamixa cnexiise, Cnexkiosi noJis.

Beryn

SIKIIO ONTHYHO HEOJHOPIIHA MOBEPXHS OMPOMIHIOETHCS CBITJIIOM, SIKE MA€ BHCO-
KWW CTYIiHb KOT€PEHTHOCTI (JIa3epHEe BHIIPOMIHIOBAHHS), TO PO3IOJLT MMOJISI PO3CISTHOT
CBITJIOBOI XBWJI OyJe XapaKTepU3yBaTHUCS CHEHHU(IYHOIO T'PaHyISIPHOI CTPYKTYPOIO,
SKa CKJIAJA€ThCs 3 TEMHUX 1 SICKPaBHUX IUISAM, IO PO3MOALUIEHI XaoTu4yHO (puc. 1), i Mmae
BIJIHOIIICHHS O MaKPOCKOITIYHUX BJIAaCTUBOCTEH MoBepXxHi. [loaiOHui po3moais iHTeH-
CHBHOCTI pO3CisTHOTO TIOJISI CBITJIOBOT XBHJII CIIOCTEPITa€ThCS 1 Y BUMAAKY MTPOXOKEHHS
KOTEPEHTHOI'O BUIIPOMIHIOBAHHS KPi3b CepeIOBUIIA 3 (DIYKTyallisIMH MOKa3HUKA 3aJI0M-
JeHHS. [3 WacoMm, Takud pPO3MOAUT CTaB HA3UBATHUCH cnexi-cmpykmyporo (speckle
pattern) abo Oinbin ctuciao — cnexiamu (speckles).

Puc. 1. TunoBuii BUIIIA CIIEKIOBOI CTPYKTYpPH

© C. O. lIwno
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Jliis crioctepeskeHHs! CIIEKTIB 30BCIM HE 000B’SI3KOBO BUKOPUCTOBYBATH SIK ONTHY-
HUW TIPUCTPI JIOAChKE OKO abo ¢oTtoamapar. Piu y TiMm, IO CHEKJI-CTPYKTypa IOB-
HICTIO 3aMOBHIOE MPOCTIP, IO OTOYYE MOBEPXHIO OMPOMIHIOBAHOTO O0’€KTa Ta MOXKE
OyTu 3apeecTpoBaHa BIANOBIIHUM pO3TalllyBaHHAM (oTorpagiqHoi MIaCTUHKUA a0o
[133-maTpwuiii.

CriexyoB1 CTPYKTYpH, SIKI OTpMMaHI1 BiJ] PO3MOBCIOIKEHHS CBITJIOBOI XBUJIl Y Bi-
JBHOMY TPOCTOpI, MPUIHITO HA3UBATH 00 €KMUBHUMU CHEKIaMu, TOIl K CTPYKTYpH,
10 OTPUMYIOTHCS 3a JONOMOTOI0 MPHJIAAIB (OPMYIOUHX 300pa)K€HHs, Ha3UBaIOTHCS
cyb ’ekmusHumu cnexiamu. Bzarami, CieKiIM BUHUKAIOTh BiJl CTalllOHAPHOI, 1010 Yacy,
iHTepdepeHii cBiTia, SKe pO3CisHE aHCaMOJIEeM MHOKMHH HEOIHOPIAHUX 00 €KTiB,
PO3IMOPOIIEHUX HEOTHOPIAHO y mpocTopi (Hampukiaan nudys3Ha moBepxHs). Takum 4u-
HOM, MHOXKHHA PO3CISTHUX €JIEMEHTAPHUX KOT€PEHTHHUX CBITIIOBUX XBHIIb, SIKI MPHU 1bO-
My MalOTh XaOTUYHO PO3MOIICHI aMIUTITY U Ta (a3u, IpUXOAATh OJJHOYACHO B MIEBHY
TOYKY IPOCTOPY 1 YTBOPIOIOTH CIEKJI-CTPYKTYPH, MOMIOHI THM, IO MMOKa3aHi Ha puc. 1.
[ToTpiOGHO 3a3HaumMTH, MO (HopMa OCBITIEHOT 00IACTI Ta XapaKTEPHUIA PO3MIp 1HIUBITya-
JBHOT CIIEKJIOBOT IPaHyJIM BU3HAYAIOTHCA OCOOIMBOCTSIMM CTPYKTYPH HOBEPXHI 1 amep-
TYpOIO ONTHUYHOI CUCTEMHU. Y BUNAAKY (HOpMYBaHHS 300pa)KeHHS IEBHOTO HEOIHOPIJI-
HOT0 00’€KTa 3a JIONIOMOT'0I0 KOT€PEHTHOTO CBITIa, Y BX1/IHY 31HULIO ONITUYHOT CUCTEMH
MoTaIa€ CHEKI-CTPYKTypa. Takuii XaOTHYHUN PO3MOAUT OCBITJIICHHS 3 SBJISIETHCS 1 Y
BUXI/IHIN 31HMII, KUK 1 aHATI3yeThCs K A1 HEOAHOPIAHOT MOBEPXHI HA ONTHYHY CHC-
temy [1-4]. IcHye mina HU3Ka poOIT, K1 MPUCBSIUYCHI BUBUCHHIO BIUIMBY CTYIIEHS KOTE-
PEHTHOCTI Ha XapaKTEPUCTHKHU CIIEKI-CTPYKTypH [5—10].

®Di3ndHI 0OCHOBM CIIEKJIOBUX CTPYKTYP

Sk 3ramyBaniocs paHille, BUMAAKOBA Pi3HUIS (a3 MK iHTephEpyrOUnMU XBUIIS-
MU, SIKI BUXOJATH 13 IICHTPIB PO3CISTHHS, MYCUTh 3aJUIIATUCS HE3MIHHOIO y CIEKIIB, 110
CIIOCTEPITAIOTHCS. Y TOMY BUNAJKY, KOJU 00’€KT 3HAXOTUTHCS B CTaHI MOBUIHHOTO PY-
Xy, Ll (a3u NoYMHaITh 3MiHIOBaTUCA 3 YacoM. OTxke, CIeKsIoBa CTPYKTypa Oyze MoBi-
JHFHO €BOJIIOIIIOHYBATH 1 3MIHIOBATH CBOIO CTPYKTYpY. Lle 03Hagae, o CriekiioBe moJjie
MO>K€ HeCTH 1H(hOpMallilo MPo TPAHCIALIIHI epeMillieHHs, 00epTaHHA, 3MiHH (a3 1bOo-
T'0 MIOPCTKOTo ab0 mpo30poro HeogHOopiaHOTO 00’ €kTa. CriopToH [11] OyB mepmmMm, XTo
3aCTOCYBaB I1i i/Iei 0 BUBYCHHS CIIEKJIOBHX IOJIIB, SIKi BUHUKAIOTh B JMHAMIKH HaXH-
JiB, TPAHCIAMINA 1 00epTaHb 00’€KTiB, TAM CaMUM 3all0YaTKyBaBIIM HOBY 00JIAaCTh OII-
TUYHOI METPOJIOTII.

Posrisiremo gesiki (pi3udHI BJIIACTUBOCTI CIEKITIB. BBaxaeTbes, M0 KOJIMOBaHE
KOT€PEHTHE CBITJIO 3 JIOBXXHHOIO XBUJl A OMPOMIHIOE ONTHYHO HIOPCTKY MOBEPXHIO,
TOOTO MOBEPXHIO, B SIKill pPO3Mip ycepeaHEeHOI Bapiallii BUCOT HEOTHOPiAHOCTEH € Haba-
rato OinpmmM a0oBxkUHU XBUl cBiTia (0,5 pum). OCKiIbKH BHCOTH HEOTHOPIAHOCTEH
3MIHIOIOTBCS Xa0THYHO, TO (a3u eIeMEHTApHUX C(HEPUUHHUX XBUJIb, IO BiAOWBAIOTHCS
BiJI I1i€]1 MOBEPXHI, TAKOK 3MIHIOIOTHCS BUMIAAKOBUM YHHOM (pHc. 2).

VYei ui xBuii iHTEpdEpyrOTh y MeBHiH Touli nmpoctopy P(x, v, z). AHaIOTIYHHNA
PO3MOJiN CHEKJIOBOIO TOJS BHUHHUKAE MPH MPOXOJKEHHI KOTEPEHTHOTO CBITIA Kpi3b
MPO30pHil po3citoBad. BoueBup, mo cBiTioBe mone P(x, y, z) MycuTh OyTH pe3yibTa-
TOM JOJaBaHHS BEIHMKOi KIIBKOCTI N BCIX TOUOK MOBEpPXHi, IO po3citoe ioro. [Ipu
OCBITJICHHI TIOBHICTIO TIOJISIPU30BAHUM, MOHOXPOMATUYHUM CBITJIOM, BHECOK j-TO TIOJIS
B TouIli P Oy/ie HaCTYITHUM:
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Hesxi acnexmu npakmuyuroeo 3acmocybanta cnekaif (0e4:0)

_ i ir;
u,(P)= ‘uj‘-e /= ‘uj“e !

: (1)

ne r; — BIZICTaHb BiJ j -TO €JIeMEHTa PO3CIIOBAIILHOI MOBEPXHI A0 TOUYKHU P, sika 3MiHIOE-

ThCS 3a BUITAAKOBUM 3aKOHOM. TaKI/IM YUHOM, KOMIIJICKCHA aMHJIiTYILa pO3CiHHOFO I10JIs1
B TouIll P Moxe OyTH 3amucaHa Tak:

N
ig; ikr;
U(P) = Zu (P)= z\ e ,___ e )
1 1 .1‘:1
IITopcTka KomnmimipoBauuii
MOBEPXHA IIyUOK CBITIA
P(x, v, 2)
Y

[Inomuna cio CTEPCIKCHHA

(ExpaHn, doTommacTHHKa
x abo [133-MaTpHIy)

Xa0THYHO PO3CIAHI XBHIL
Puc. 2. KoHneriist criocTepeXeHHs CIIEKJIOBHUX TIOJiB

JonaBanHs (2) MOXe pO3TIsSIaTHCh K BHUIIAJKOBE ONyKaHHS B KOMILUIEKCHINA 00-
nacti, 00yMOBJIeHe BUNAAKOBUMH (azamu @, =k-r;. Takuii XaOTHYHUH PyX 3pyYHO

MastoBaTH rpadiudo (puc. 3). [l 3acTocyBaHHS HEHTPATBLHOI TPAaHUYHOI TEOPEMH He-
00X1HO JOMYCTUTH, 1110 AMIUTITYAU U ; 1 dpazug ; KOJKHOTO MOJIsl CTOXaCTHYHO HE3AIIEK-

HI OJIHA BiJl OJIHOI, & TAKOXK, 1O Basu ¢, PIBHOMIPHO PO3MOALIEH] B IPOMDKKY (-7,7).

OctanHs1 00CTaBHHA TOBOPUTH TIPO T€, IO HEOAHOPITHOCTI TIOBEPXHI BEJMKI MOPIBHSHO
3 TOBKMHOIO XBHJIi CBITIA, a III€, [0 3arajibHa KUIbKICTh IIEHTPIiB po3CifoBaHHI N IyKe
Benuka. Y cBiif wac ['yaman [12, 13] noBiB, mo aificHa Ta ysiBHA YaCTHHH PE3yJIbTYIO-
4OT0 TOJIS ABIIAIOTH coboro ["aycciaH.

3arajibHy TYCTHHY IMOBIPHOCTI JUISl ITLOTO TIOJISI MOKHA 3aIMCATH TaK:

: 1 U +uy
' U(r),U(l) — ex
Pyl ) 7 XP o2

ac

. <\ -\>2
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Puc. 3. Pi3ni po3cisuni nons u; (P), mo 300paxkeHi B KOMILIEKCHIN IIOMIKHI i3 Bi OB JHUMHK

BHIIAAKOBIMH (azamu ;» K1 YTBOPIOIOTH BHECOK B 3araibHe noie U(P)

3 piBHAHHA (3), 1 3 ypaxyBaHHSIM TOrO, 10 1HTEHCUBHICTh / Ta ¢aza @ pesyinb-
TYIOUOTO TOJISt MOKE OYTH 3ammcaHa sk

U =TI cos® ,
U =JIsin®d, (5)

MOJKHA 3aIlUCcaTy CITiBBITHOUICHHS JUIsl TYCTHHH WMOBIPHOCTI iHTEHCHBHOCTI p(/) Ta
dazu p(d) BiAMOBIIHO:

1

p(])zée U s 120 (6)
p(d)):i s —r <D<, (7)

V piBHsiHHI (6) <I > M03HAYa€ BEJIMYMHY CEpEAHbOI IHTEHCUBHOCTI CBITJIA y CIIEKJI-

CTpyKTypi. TakuM YMHOM, OCTaHHI JIBa BUPa3H BKAa3yIOTh Ha TE, 10 IHTEHCUBHICTh CITEK-
JIiB OMUCYETHCS Bi’ €MHUM EKCIIOHEHIIIIHUM 3aKOHOM, a (haza piIBHOMIPHO pO3MO/iieHa
B iHTEpBaJli (—7,7). MOMEHTH PO3MOIICHHS IHTEHCUBHOCTI BU3HAYAIOTHCS K

<I">:n!(202)” :n!<1”>. (8)

Ane A NpakTUYHOI'O OIHUCY CIEKJI-CTPYKTYpP 3aCTOCOBYETHCS MOMEHT JIPYroro
MOPSIZIKY Ta JUCTIepcis (Bapiaris):

(1P)=2(1) ta o7 =(1*)-(1)" =(1)". )

OcTaHHE CHIBBITHOIIECHHS YITKO BKAa3y€ HA Te, 10 CTaHAAPTHE BIIXHUIICHHS JUIS
CIIEKJIOBOI CTPYKTYpH B TOJISIPU30BAHOMY CBITJII JIOPIBHIOE CEPEIHIN 1HTEHCHBHOCTI.
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Hesxi acnexmu npakmuyuroeo 3acmocybanta cnekaif (0e4:0)

BaxxnuBilmmyM 4MHHUKOM CTYNEHS MOMAYJISIII CIEKJIOBOi CTPYKTYPH € KOHTpPACT, KU
BU3HAYAETHCS TAKAM CIIIBBITHOIIIEHHSIM:

(1)
[likaBo 3a3Ha4YMTH, IO KOHTPACT CIEKIOBOI CTPYKTYPH AJISI HOJISIPH30BAHOTO KO-
TepEHTHOTO BHIIPOMIHIOBAHHS 3aBXK/IM JOPIBHIOE OMUHMII. TyT TakoX HE0OXiIHO 3ra-
JaTH TaKUi mapameTp SK po3Mip MOOJUHOKOTO criekia. Po3pi3HsOTh JaTepaibHUi (Y

IUIOIMHI 300paXKeHHA) 1 aKciallbHUI po3Mipu criekyoBoi wisMu [14]. Tlepmuit Bu3Ha-
Ya€ThCS CITIBBIJHOIIEHHAM

(10)

s==, (11)

Jle 0@ — anepTypHUAr KyT. JIpyruil 3alucyeThCs Tak:

A
6z=4-—. (12)
o
Takum YUHOM, TUIIOBHM pO3Mip CHEKJIOBUX I'paHysl BU3HAUAETHCS JOBKHHOK XBHJI KO-
TEPEHTHOr0 CBITJAa 1 amepTypor0 ONTUYHOI CHCTEMHU Ta, 0€3yMOBHO, IU(pPaKLiHHOIO
HPUPOIOIO CBITJIA, SIKA € OCHOBOIO JJIS IBOX HOMEPEHIX YHHHUKIB.

IndopmarriviHi xapaKTepUCTUKM CIIEKITiB

3 mosiBoto rosorpadii, Ha moyarky 60-X, CIEeKIN PO3IIILIANNCH SIK JKepena HIy-
My, Aisl SKMX MPU3BOJMIIA 10 MOTIPIICHHS SKOCTI rojorpaM. TuM He MeHI, BUSBICHHS
Ti€l 0OCTaBHHM, III0 CIIEKJIOBA KapTHUHA JOCTATHHO YYTJIMBA 10 TOSBH PI3HOMAHITHUX
nepeMilleHb MOBEPXHI PO3CIFOBaHHS, TPU3BEIIO 1O BUHUKHEHHS HOBOTO ONTHYHOTO Ha-
npsiMy — CHeKJIOBOi MeTposorii. HeBoB3i Oynu po3BHHEHI HOBATOPCHKI MiJXOAU JO
BHUMIPIB IIOPCTKOCTI OBEPXOHB [15], aHamizy pyxy moBepxoHs [16] 1 0OpoOku 300pa-
xeHb [17]. Ili3Hime CHeKIoBI TEXHOJOTIi CTalu BHUKOPUCTOBYBATHUCS B aCTPOHOMIi 3
METOI0 TOKPAIUTH PO3IUTBHY 3JIaTHICTh TEJIECKOIIIB, SIKa MOTIPIIYEThCS Bl TYpOYJICHT-
HOCTI aTMOcdepH, 1 MAKCUMAaIIbHO HAOMU3UTHCS 10 AU(PAKIIIHHOT MEeXI LUX MPUCTPOIB
[18]. B ocHoBy crieksioBOi iHTep(epoMeTpii MOKIaIeHUH MPUHIINIT TOIBITHOT €KCTI03H-
uii [19]. CyTp #ioro mosnsirae B HacCTYmHOMY. Bi3bMeMO /€Ky CHEKIOBY CTPYKTYpYy
D(n,&), mo peectpyeThes Ha (OTOTUTIBKY BUCOKOT PO3AUTHHOL 31aTHOCTI. TyT 17 Ta &
— KOOpJAMHATH B IUIOIIMHI pO3TallyBaHHs 300pakeHHs 00’ €KkTa (po3TallyBaHHS IUTiB-
KH). 3a AesKkuii yac 00’ €KT 3MILIYEThCS HA MIEBHY BiACTaHb &, B HAMPsMKy & . [lns BH-

3HAYEHHsI 3MILICHHS BiI0YBAETHCS €KCIIOHYBAaHHS CIIEKIIOBOTO TIOJISI 3HOBY. Pe3ynbryto-
Ya IHTEHCHBHICTB, 0 (IKCYETHCS (POTOMIIACTUHKOIO, €

1, < D(1,6)+D(1n,6-&), (13)

1 Mo>ke OyTH 3amucaHa K 3ropTKa CIEKJIOBOI Jiarpamu 3 ABoma jaeibra-¢pyHkuismu Ji-
paka, siKi 3MilleHi Ha BiJicTaHb &, O/IHA Bij OJJHOT:

Ly ¢ D(1,5) ®[6(1,6) +6(11,6 = S,)].- (14)
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[Ticns mposiBNEHHS TUTIBKUA Ta OCBITJICHHS 1i OAHOPIAHUM 1 KOJIIMOBAaHUM Ja3ep-
HUM [IPOMEHEM, 110 PO3MOBCIOKYETHCS B3I0BXK ONTHYHOI OC1, pO3MOALI Moist y doka-
JBHIN momuHI 00’ exkTHBa Oyae Dyp’e-nepeTBOPEHHM, SIKE 1 aHATI3yEThCS Y MOJalb-
IoMy.

OTxe IHTEHCHBHICTh Oy/le TNPONMOPLIHHOI CHEKTPY HPOCTOPOBUX YACTOT
F(D(u,v)) 3ramanoi crnekaoBoi CTPyKTypH, SIKMI MOIYJTIOETHCS KOCHHYCHOKO (DyHK-

HI€I0:
I(u,v) oc F(D(u,v))? - cos> kVT‘SO , (15)

ne v — xoopauHata y Oyp’e-IIommuHi, sika acolitoeTsest 3 £, a k = 27/ — XBHIbO-
BE YHCJIO.

[TpocTtopoBa vacToTa iHTEpPEPEHIITHUX CMYT, IO MOIYJIIOIOTH CIIEKTpP CIIEKIIO-
BOTO TOJIS, KOAye iH(OpMAaLio Ipo TPaHCIAMINHI IepeMillieHHs TUIOIINHA B 3a3Haue-
HOMY HampsMKy. A came 3 HaxXO/DKEHHs Iepiogy MOAYJIALil 3HaXOAMTHCS CaMO 3Mi-
meHHs & . [l{oliHo onrcana MeToIMKa Ha3UBAETHCA CIIEKI-PoTorpadiero.

[Ie omHUM MPOAYKTUBHUM TPOSIBOM CIIEKIIOBO1 (hoTorpadii € cnexinoBa inTepge-
pomeTpis, Ky Brepie OyJio 3anpornoHoBaHo B [16]. JlaHwii HanmpsSIMOK OCHOBaHWI Ha
ToMy (pakTi, 1m0 Bcs HEOOXimHa iH(OpMALis MPO CHEKIOBY CTPYKTYpPY 3aKOJOBaHA B
KOpeISILiiHIN (PyHKIIT CIEKIOBOTO MO, 1 3T1IHO 13 Cy4acHOI0 TEPMIHOJIOTIEI0 HAa3UBaE-
TBCSL e/leKMmpOHHOI0 iHmepghepomempicto cneknosux cmpykmyp (electronic speckle pat-
tern interferometry, ESPI), abo no iHmomy — menegisitinoro 2onozpaghicio (TV holo-
graphy) [20-22]. ba3oBa cxema IIbOTO METOIy TOKa3aHa Ha puc. 4 i PaKTUIHO SBISIE
coboro iHTephepoMeTp 13 1UppPoBOI0 0OPOOKOIO CHTHATY, /1€ B OJHOMY 13 IJIeuel 3Ha-
XOJUTHCS MIAMOCTIAHUN 3pa30K (IHPKEpeso CIeKIOBOTO MOJIs).

JlinpHEK myuxa 1

A S
| Tlasep H 5 h ! - T3epkano

Posmuprosag
Ty4gKa

Poscinne
CBITIIO ~

“\ »l:l Kamepa

JILTBHEK mydKa 2

Heonmopizza
HOBEPXHA

O6po6mroBay
300paiKeHb

[ m—

Momitop
Puc. 4. ExciepuMeHTalibHa pealtizaliisi METoly eJIeKTPOHHOT iHTephepoMeTpii CIIEKJIOBUX CTPYKTYP

€IMHOIO BAXKIIMBOIO YMOBOIO, IO MPEJT IBISETHCS 10 ONTHYHOI CUCTEMH, € BUMO-
ra MajoCTi YUCIIOBOI anepTypH, MI00M PO3Mip MOOAUHOKOTO CIekiia OyB OUIBIINM 3a
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Hesxi acnexmu npakmuyuroeo 3acmocybanta cnekaif (0e4:0)

po3mip okpemoro mikcenst [133-marpuni. B iHmomy Bunanky, SIKIO CHEKJ Momnajae B
CepeaMHy TKCelsl AETEKTOpa, TO 1€ MPHU3BEAE IO MOTIPIICHHSI KOHTPACTY BCI€l CIIEKIIO-
BOI CTPYKTYpH.

PosrnsHemo pesynberar fii iHTepdepennii ABOX curHamiB y meBHid Toumi [133-
MmaTpuii. Hexaii mepuuii BiAmoBifae cyMapHiii KOMIIJIEKCHINA aMIUTITYAl BiJl po3citoBa-
abHOTrO 00’€exTa U, (r), a ApYruil — BiJ] OIIOPHOI'O KOT€PEHTHOTIO Iyuka U, (r):

Uy(r) =uy(r)-e™"”, (16)
Up(r)=up(r)-e*" . (17)

Beanuunu u, Ta ¢0 JJI OIITHYHO H_IOpCTKO.I. HOBerHi 3MIHIOIOTHCS BHUIIaAKOBUM YH-

HOM, IIPY IIbOMY 3arajibHe 1oje /, Ha JeTeKTOpi Moke OyTH 3allUCaHO TaK:
L(r)=UUy +UUr +U Uy +UU, . (18)

Benemo nesky 3miny ¢aszu ¢(r), 10 0B’ g43aHa 31 3MIIIeHHSIM a00 nedopmaliiero
00’ekta. Toal HOBa KOMIUIEKCHA aMILTITY/1a TToJist 00’ exTa Oy/ie

U(‘) (r) = u, (’,) . ei[¢o(V)+§0(V)] — UO (7,) . eitp(r) ) (19)
[HTEHCUBHICTD CBITJIA, 110 PEECTPYETHCS IETEKTOPOM, MaTUME BUTJISA:
L(r)=UUy +U Uy +UUr -7 +U U, -e7 (20)
Pi3HuIIs 3a3HaYeHUX OCTAHHIX BHPa3iB a€ pe3ybTyl0uy IHTEHCUBHICTh
1(r)=L(r)-1,(r) = UUr (1= ")+ U Uy (1-e ). (21)

Pipusinast (21) HAOYHO NEMOHCTpY€e TOHM (DaKT, 110 IHTEHCUBHICTh CUTHATYy Oyze
HYJIBOBOIO B TOYKaX, ¢ @(r)=2x-n, n€Z, TOAl K s IHIKX Pa30BUX 3MiH [(7)
Oyne sBNsATH co00I0 CHHYCOiNaNnbHy (DYHKIIIO, 1110 MPHIIMae 3HAYEHHS MK HYJIBOBOIO i
MaKCUMaJIbHOIO BEJIUYMHAMHU, 1 111 caMe BEJIUYMHHU OyAYyTh MPEACTaBJICHI Y YHUCIOBOMY
BUTJIAJIl B MaM AT Mpoliecopa, mo oopodisie 300paxeHHs 1, HApelTi BUBOAUTh JaHHI
Ha eKpaH MOHiTOpa. 30HH, s AKUX @(r)=2-(n+ 1)z, MOXYTb OyTH B3STi 32 T€OMET-
pPHUYHI TOUKH, B IKHX HOBa iHTepdepeHIliiiHa KapTHHA Ma€ MAaKCUMalbHYy IHTEHCUBHICTb.
[lixaBo, ajie HeraTUBHA 1IHTEHCUBHICTh HE MOXKE OyTH IMOKa3aHa Ha BijgeomoHiTopi. Ta-
KUM YMHOM, CHiBBigHOIIEHHS (21) Bi3yami3yeThcs SIK HOro MOJIyJIb HA €KpaHi MOHITOpa.

Heo0xigHO 3rafgatu mpo Ime OJWH Ba)XUIMBUH HANPSMOK HAYKH IO CIEKIIH, a ca-
Me TIPO CTEKJIOBI MOJIs, 0 PO3BUBAIOTHCA Y 4Yaci (OuHamiuHi cnexiu), siki BUHUKAIOTh
BiJl pyXOMHX 00’€KTIB 1 Bi/I po3CifoBadiB 31 3MiHHIUM TTOKa3HUKOM 3aoMJIeHHs [23, 24].
MeTtononorisi AMHAMIYHUX CIEKIIB J03BOJs€ €(EeKTHBHO BHUPINIyBaTH 3ajaadyi, IO
OB’ s13aH1 3 IWHAMIKOIO 3MiH Y HaciHHi [25], THUTTAM QpyKTiB [26], mapa3uTapHOIO aK-
THBHICTIO [27] 1 6araTo 1HIIHNX.

MeTton MoMeHTIB iHepmii

OpaHUM 13 TOJIOBHUX METO[IIB, IO XapaKTEPH3YIOTh EBOJIOLII0 CIEKIIB Yy Yaci, €
METOJ, 10 MoOyAOBaHWN Ha aHami3i MaTpuil cmiBnafine nogaid (MCII), enemenTamu
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KO BUCTYMalOTh OOpaxoBaHi MiKceNbHI iHTeHcHBHOCTI crekiaiB [28-30]. IloGymoBa
TaKoi MaTpulll 0a3yeTbcs Ha aHali31 MAaTPHULIl YacOBOi ICTOPIl CHEKJIOBOI CTPYKTYpH
(MYICC) (time history speckle pattern, THSP). Came B 1iii MaTpuili 3HaXOQUTbCS 1H-
(dopmaitlig Npo IUHAMIKY CIEKJIOBOI CTPYKTYPH, 110 OTPUMYETHCS BiJ 00’ ekTa. Iy KoXk-
HOI cTajii SBUINA aHANI3YyeTbCsS 300pa’k€HHs 3a JIOTIOMOIOI0 KaMepH, IO 3’€JHaHa 3
komn'totepoM. KoxkHe 300pa’keHHS oLM(PpPOBYETbCS 10 BOCbMM OITHUX piBHIB. Jlami
BiZIOYyBa€ThCS yCepeAHEHHS 3HaYeHb Y3/I0BK KOXKHOTO psfKa, 1 OTpUMaHi 3Ha4eHHs 3a-
NUCYIOThCs B nepiny kosoHKy Matpuii MUICC. [lani nporenypa noBTOPIOETHCS HA Ha-
CTyIHiH crazii eBostowii 00°€KTa, a pe3yNbTaT 3alUCY€EThCS 10 APYroi KOJOHKU. YKa-
3aHa MaTpuug mxn Oyae chopMOBaHa IO 3aBEPIICHHI OCTAHHBOI (Pa3u eKCIepUMEHTY.
Otxe, m sBIsi€ COOOO JIIHIFO YaCOBOI 1CTOPIT JUIsl KOXKHOTO IMKCENsS 3 KOJOHKU /1 Bif
KOXKHOI CIIEKJI0BO1 cTpyKTypH. HacTymHuM kpokoM € moOyaosa i anasniz MCII.

Yacro MCII me Ha3uBarOTh MaTPUIICIO CIUTBHOT 3ycTpivanbHocTi (MC3). dakTry-
HO, MaTPHIIIO CIIBMA/iHb MO/ MOKHA BU3HAYUTH HACTYITHIUM YHHOM:

MC3=[N,]. (22)

Enementu N matpuinii MC3 yTBOPIOIOTECS SIK aHAaJi3 MOCTIIOBHUX YaCOBUX TOYOK
y310Bx psanakiB MaTpuiii MUICC, a came: CKUTBKH €TIEMEHTIB PsiJIKa B OJIHIN 9acOBiil TOY-
111 3MIHWJIM IHTEHCUBHICTD 3 [ JI0 j TIPH MEPEXO/Ii O HACTYITHOT TOUKH.

Lle € meBHa Bapiarllisi METOIy MMPOCTOPOBOTO PO3MOAUICHHS CipoTo, 1 3a3BHUai 3a-
CTOCOBY€ETbHCA IJIs aHalli3y CTPYKTypu 300pakeHs [31]. YV BUmagky mpocTopoBOTO po3-
MOy TOJIOBHA JliaroHaJIb MaTPUIll BiAMOBITA€ TOMOTEHHOMY PO3IOJIITY IHTCHCHBHOC-
TeH, a HEHYJBOBI €JIEMEHTH, 1[0 PO3TAIIOBaH1 MOOJANb Bif €] AlaroHaui, SBISIOTh CO-
0010 00J1aCTh BUCOKOKOHTPACTHHX CITiBIIA [iHb.

SIKI10 1HTEHCUBHICTh HE 3MIHIOETHCS, TOJI TUIBKU HEHYJIHOBI €IEMEHTH MATPHII
3HAXOMATHCS Ha ii TOJIOBHIN JMiaroHami. AJie SK TUTBKU 3pa30K BUSBHTH JICSIKY aKTHB-
HICTH (IHTEHCHBHICTh OyJie 3MiHIOBAaTHCS Yy 4aci), To uucio N , po3raiioBaHe 1mo3a Jia-
TOHAJLTIO, 30UTBITYETHCS, 1 MATPHUIIS IOYMHAE BXOJUTH y «XMapy». TepMmiH xMapa, TyT
CTOCY€ThCS TIPU Bizyaslizallii eJIeMeHTIB MaTpHIll CHiBNajiHb. /[OLUiIbHO BUKOHATH Ha-
CTymHe HopMyBaHHs Matpuiii MC3:

N,

M, =<', 23
YN, .
J

TOJIl CyMa KOMIIOHEHT KOXHOTO psiay Oyjae JOpiBHIOBATH OJUHMIIL.
Ha mnpakTuiii KOpUCTYIOThCS HACTYITHOIO MOAM(IKAIIEI0 MATPHUIll CIIBMATiHb.
BukoHnyeThCs OIliHKa pO3KUAY 3HAU€Hb MAaTPHULII HABKOJIO ii TOJIOBHOI AiaroHani:

_ )
MI =Y M;@i-j). (24)

i,j
[Tpu npomy, BenmuunHa M/ oTpumarna Ha3By MOMeHm) iHepyii, 3TiAHO IO aHAJIOTIi 3 MOo-
IiOHOIO MPOIIEeTypor0 B KIIaCHYHilM MexaHili. Bapro 3a3naunTy, mo BumiptoBanus M/ €

KOPUCHUM THCTPYMEHTOM ISl OI[IHKH MTOBHOI CIIEKJIOBOT aKTUBHOCTI B CaMHUX Pi3HOMa-
HITHUX 010JIOTIYHMX 1 HEO10IOTTYHHUX 3aCTOCYBAaHHSIX HAYKHU PO CIICKIIH.
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3acTrocyBaHHA crIeKJIiB y MeauIIMHi Ta 6iostorii (0iocrexsin)

300pakeHHs1 O10CHEKIIIB 3a3BHYail OTPUMYIOTH y JBOX reoMeTpisix (puc. 5) —
eeomempii posciaunsa nazao (back-scattering speckle) ta eeomempii’ poscianus enepeo
(forward scattering speckle).

Jlazep

3pa3ok

T133-kamepa
—

-‘--""'--

a)
3pasox
Jlazep I133-kamMepa
] o f—
—

6)

Puc. 5. 'eomeTpii qoCHiIKEHHS CIIEKJIOBHX CTPYKTYP: a) pO3CifoBaHHA Ha3aa; 0) po3CcitoBaHHS BIIepe.

Jesiki O6iomoriydi 00’ €KTH, Taki sSIK HACIHHS, (PPYKTH Ta MPOAYKTH XapUyBaHHS, €
Henpo3opuMH. TOMY TreoMeTpisi pO3CiFOBaHHS CBiTIIa Ha3aJ € OUThIT e()EKTHBHOIO IS
BHUMIPIOBAaHb CBITJIOBUX MOMIB. [HOMI, O10J0TIYHI YaCTUHKHM PO3YMHEHI y piguHax. Ta-
KAM YWHOM, Y IIbOMY BHIIQJIKY € OUTBII MPUHHATHOIO TEOMETPisl pO3CIIOBaHHS BIIEPEI.

IcHye Benuka KiabKicTh MyOmiKalliid, IPUCBSIYEHUX BUKOPUCTAHHIO METO/IIB aHATi-
3y CIIEKJIiB U1 BUBYCHHS BAXKJIMBUX YHHHUKIB JFOICHKOTO Tijla. Haii6inbin panni po6o-
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TH B IIbOMY HallpsSIMKY 3’siBWIKCSA 11€ B 70-X pokax MUHYJIOTo cToiTTs [32] B 0cobi Me-
Tony Ananizy koumpacmy nazepuux cnexnigé (Laser speckle contrast analysis, LASCA).
Sx nonoBHenHs 10 LASCA, 3aCTOCOBYBaBCSl TaKOK METOJ] 300pakeHHS JTa3ePHUX CIICK-
niB (Laser speckle imaging, LSI) [33]. Tak, mis A0CTiDKEHHS KaUISIPHOTO KPOBOTOKY
mypiB 1 cBuHer [34-38], a Takox moauHu [39—42] BUKOPHUCTOBYBABCS METOJl aHAJI3y
AKTHUBHOCTI CIEKIIB. Y X0/l 3a3HAUYE€HUX JIOCJIIKEHb OyJI0 BCTAHOBJIEHO, 1110 METO/ -
HAMIYHHMX CIEKJIiB € HAAIMHUM 1HCTPYMEHTOM Yy BUMIPIOBaHHI KPOB’SHOTO THUCKY BCe-
penuHi 610JIOTIYHMX TKAHWH, HE 3BaXKalOYM Ha CYTTEBHM BHECOK B aKTUBHICTBH CIEKJIIB
OTOYYIOUUX TKaHHH 1 cyAuH. binbmr Toro, B [36] mpoaeMOHCTPOBAHO MOXKIUBOCTI BU-
MIpIOBaHHS MO3KOBOTO KPOB’SIHOTO MOTOKY Kpi3b YACTUHHO MPO30PY HEPO3KPHUTY yac-
TUHY Yeperna IIypa 3a IOIOMOT0I0 METOy 4acoBoro koHtpacty. [Ipu npomy pesynbra-
TH BUMIpIB JOITOBHIOBAJIUCS INAJHUM XipypriyHUM NPOHUKHEHHSIM BCEpEIuHY deperna
nrypa JJis MPSMOT0 BUMIPY KOHIIEHTpallii reMOoryio0iHy Ta BHYTPIIIHHOTO UYEPEITHOTO
TUCKy. HeoOXxinHO Bif3HAUUTH, 110 came edekT Jlonmiepa rpae rojIoBHY pojib Y BUMIpi
napameTpiB KalmIsIPHOTO KPOB’STHOTO TIOTOKY METOOM aHaJIi3y TOBEAIHKYA TUHAMIYHHUX
cnexiiB [43]. CrexioBuii aHami3, y HOTro JUHaMIL, 3 YCHIXOM 3aCTOCOBYETHCS Y BH-
BUEHHI TPOIIECIB MIKPOLIUPKYJIAIIT Y CITKIBII OKa [44], y JOCTIIKEHHI aTepOCKIEPOTH-
YHUX OJSIIOK HA AOpTi JIIOJUHM B cyaMmenekcneptusi [41], a Takoxx B aHami3i cyc-
neH3iii eputpountiB [39]. ICHYIOTh pe3yibTaTH 13 3aCTOCYBaHHS METONY JTUHAMIYHHX
CHEKJIIB B €HJIOCKOMIYHMUX JOCHIHKEHHAX 1 J1a3epHiil Bizyaunizawii BHYTPIIIHIX TKaHUH
[45]. ¥V [46] Oyma ycmimHO TTpoBeAeHa €HAOCKOMIS TKaHUH KoiHa. MeTo1 eHI0CKOIIY-
HOro JazepHoro crekijoBoro 3o00paxkeHHs (Endoscopic laser speckle imaging, eLSI)
TUTITHO 3aCTOCOBYETHCS ISl OIIIHOK TOIIKOKEHb MIKipH [47] 1 1u1st 00’ €KTUBHOT OITIHKH
CTyIeHs ii TepMiuHOoi Moaudikarii (omiku) [48].

BuBdeHHs1 KpoBOIOCTaYaHHSI TKAHWH 3aCHOBAHO Ha 00poOI1i curHairy Qurykryarii
IHTEHCUBHOCTI /(¢) CTOCOBHO JO KOXHOTO TiKcens 300paxenHs [49]. 3i cnekTpa cur-

Haiy S(v) pO3paxoBYIOThCS HYJIbOBUII 1 mepiuii MomenTu (M, Ta M| BiANOBIIHO):

2

Sv)= Tl (t)exp(—i2nvt)dt| . (25)
0

HynpoBuit MOMEHT BifoOpakae MOBEMIHKY CEpeIHbOT KOHIEHTpaIlll <7 > pyxo-
MUX YaCTHHOK Y 3pa3Ky:

<n>xcM, :TS(v)dv. (26)
0

TakuM 9MHOM, KPOBOTIK MOXe OyTH 3amMCcaHUM SIK JOOYTOK KOHIIEHTpAIliil Jac-
TUHOK <7 > Ha IXHIO CepeAHbOKBAPATHUHY MIBUIKICTE V,

rms
rms

Kpoeomix(llomik) =<n>V, =M, = J.v -S(v)dv . 27)
0

BaxxnuBUM NMpakTUYHUM 3aCTOCYBAHHSIM CIIEKIIIB € OI[iHKa BMICTY BOJH B 0ioJo-
riYHUX TKaHWHaX. Tak, 30KkpeMa, B CUIBCBKOMY TOCTIOJAPCTBI € TpodiieMa BU3HAYCHHS
KUTBKOCTI BOAM B HaciHHI pociuH. Bigomo, 110, Ha BiAMIHY BiJ pOCIWH, KiTbKICTh BOJIU
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B HACiHHI BKpail He3HauHa. BMicT BOM B HACIHHI 3aJI€KUTH BiJl CTYNEHS IXHBO1 3pLIOCTI
1 Oyzie BU3HAUaTH BCi MpoLEcH, 10 HAYTh Y HboMY. ['apaHTi€o mpuaaTHOCTI 10 30epi-
ranHs 0yne Bmict Boau B 10—13 %, y Toli xe yac, OCHOBHA aTaka 3 00Ky MIKpOOpraHis-
MIB Ha HAClHHS BUHUKA€, AKIIO KUIBKICTh Boau Oyzae Binx 18 mo 45 % [50]. Ha puc. 6
MOKa3aHa 3aJIeKHICTh MOMEHTY 1HEpIIii eJIeMEeHTIB CIIEKJIOBOTO OIS BiJ Yacy CYIUIIHHS
JUISL )KMBOTO 1 HEXHMBOTO HACIHHS, OTPUMaHa METOJIOM aHalli3y JUHAMIYHMX CIHEKIIB
[51-53].

60 — JKusBi HaciHEA
50 - — - MepTri HaciHHA
40 +

30 A

20

10 ~ S

3HaueHHA MOMEHTIB 1HepIlii 300paKeH s

0 2 4 6 8 10 12 14 16 18 20
Yac, [roguHH]

Puc. 6. /luraMika MOMEHTIB iHepwii CHEKIIOBOTO MO Bif acy aist 600oBoro HaciHHS [53]

Pesynbratu manoi poOOTH MarOTh Oe3MepeyHy MPAKTUIHY HIHHICTH SK JIJIS OI[IHKH
SIKOCT1 mapTii HACIHHSA, TakK 1 JUIA MiATOTOBKHU iX 70 MOJANbLIOro 30epiraHHs micis 300-
Py BpoOKaro.

PoGotu [54—-56] mpucBsueHi 3acTOCYBAaHHIO CIIEKJIIB 10 aHaMi3y (GepTUIbHOT 31aT-
HOCTI JIIOJIMHU Ta TBapuH. Tak 13 qaHux [55] BUIUIMBAE, 0 3pa3Ku raMeT TBapHH 3 BU-
COKOI0 (DepTHIIBHOIO 3[aTHICTIO MAIOTh OUTBII BUCOKY aKTHBHICTh CHEKIIB (MPUOIU3HO
Ha 30 % 3a METoAOM MOMEHTIB) MOPIBHSAHO 3 OCOOMHAMM, y SIKUX HU3bKA PYXJIHUBICTh
CIIEPMAaTO301/iB.

[{ikaBUM 3aCTOCYBaHHSM CIEKJIOBOI TEXHOJIOTIi € aHali3 Xap4yoBHIX, SIK BTIM, 1
Oyab-skux cycrieH3id. O6nacTi, B AKX He0OXilHa MpoIeaypa ONTUMI3allii CyCIeH3UB-
HUX CyMIlIeH y JTUHAaMIIl, MOXXYTh BUKOPUCTOBYBATH METOIOJIOTII0 BUMIPIOBAHHS JTH-
HAMIYHHUX CIEKJiB. BilomMo, 1m0 eMynbCii € OCHOBOIO BEJIHMKOTO YKCHA SIK MPUPOIHHUX,
TaK 1 ITyYHUX MaTepiamiB. [lepmr 3a Bce, 11e IpOayKTH XapuyBaHHs (MOJIOKO, CMETaHa,
BEPIIKHK, MaiioHe3, Macyo), ¢papMaKoJIOTiyHI MpernapaTy, Bci 010J0TiuHI piAMHH, arpo-
XiMiKaTu Ta KocMeTuka [57]. Yci 1l mpoayKTH BUHHKAIOTH Y MPOIIEC 3MINTyBaHHS Mi-
HIMYM JIBOX PiJUH, SKi HE 3MIIIYIOThCA. | 0HA 3 HUX iCHY€e BcepeauHi Apyroi y popmi
MaJIeHbKUX KyJiboK. [Ipu 1boMy, O0TOUyIOUMii iX IIap HAa3UBAETHCS 30BHIMIHBOI (pa3oro.
XapakTepHUM MPHUKIAIOM TaKOI CHCTEMH € MOPO3HUBO, SIKE TIPEICTABISIE COOO0 KOJIOi-
HY CHUCTEMY, IO CKJIAJAETHCS 3 KPUCTAIIB JIbOTY, OyIp0aIIoOK MOBITPs, YACTKOBO KOa-
JeCIIpOBAaHHUX KPAIEIhOK KHUPY Ta MEPEOX0JIO0HKEHOI BOIU. B mpoiieci mpurotryBaHHS
MOPO3HBa HEOOX1THO ChOPMYBATH Ta CTAO1TI3yBaTH HOTO CTPYKTYPY, KA BU3HAYAETHCS
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il TBEpAICTIO, CTIHKICTIO IO TaHEHHS 1 TEKCTYpOro. TeXHOJOTIYHI KPOKH BKIIIOYAIOTH Y
cebe HarpiB, TOMOTEHI3AIII0, MMACTEPHU3AIlil0, JTO3PIBAaHHS, 3aMOPOKYBaHHS Ta 3aTBEp-
niHes [58]. JlomaBaHHSA IYKpY 3HMXKYE TeMIlepaTypy 3amep3aHHs (KpilOCKONIYHUM
e(dexT) cyminri 1, 3Ha4HOIO MIPOI0, BIUIMBAE Ha B’ A3KO-EJIACTUYHY TTOBEIHKY MOPO3UBA.
ABtopu [58] mpoaHani3yBalu AUHAMIKY CIEKIIB 32 JAOMOMOTOI METOAY MOMEHTIB i
OTPUMAJIA JOCUTH TOUHY KOPEJIALI0 IUHAMIKA BCiX (a3 3MIHM MOpPO3UBaA 31 3HAYCHHS-
MU MaTpHULII MOMEHTIB (puc. 7).

T=25C
LU ITTaBIeHHES | Koanecuesuis i
1 KPHCTATIE ! Buxiz GynpGamok

. MOBITPA
1000 | o

TBepaa daza
Pimxa daza

3HaUeHHA MOMEHTIB iHepIIil 300pakeHHA

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
Il
1

UYac, [[oguHH]

Puc. 7. lunamika Bcix (a3 3MiHM MOpPO3UBA, 1[0 OTPUMAaHa
3 aHaAJII3y MOMEHTIB iHepIlii 300paKeHHS CIIEKJIOBOTO TIOJIA

Crex/10Bi 10J1s1 He0iosIoTiYHMX 00’ €KTiB

MeToauka TOCIHIKSHHsI CIICKJIOBHX IOJIIB MOKe OyTH CMUIMBO BiJIHECEHA JI0 He-
JECTPYKTUBHUX 3aCO0IB BUBUEHHS SIK TOBEPXHEBHX, TaK 1 00’ €MHHMX BJIACTUBOCTEH Ma-
tepianiB. L{i MeToau 3acToCOBYBaHCS /Ui MOHITOPUHTY JedopMalliii, 3cyBiB, BiOparil,
HaIpyT, MPOIIECiB OKUCIICHHS, BUCUXaHHs ¢apO, BUTIapOBYBaHHS, BTpAaTH MacH. Tpanu-
[iitHO HeO10JI0T1uHI MaTepianu € 00’ €KTaMH 3 HU3BKOIO MPO30PICTIO (YOPHUIIO, METAJH
B CTaHI KOpo3ii, IEMEHT y CTaHi Trifparaiii, MHU TOIIO), [0 HAKJIaAa€ BIAMOBIAHI 00-
ME)KEHHS Ha 3aCTOCYBAaHHS IeOMETpii MpsIMOTo po3citoBaHHs cBiTia. [IpoTe, po3poOHu-
KaM yJ1aJiocsi CTBOPUTH KOMEPIIHHUNA MpoAyKT M Ha3Boto HORUS® [59], sikuii BUKO-
PHUCTOBYE METOOJOTII0 JUHAMIYHUX CIIEKIIIB JUIsi KUTBKICHOI OIIIHKH TPOIIECIB €BOIIO-
1ii mapiB ¢ap6 1 YopHWIA B peaTbHOMY MaciTadi yacy. Y bOMy IPHUCTPOI peati3oBaH1
TeoMeTpii U1 pO3CiIOBaHHs CBITIJIA SIK Ha3al, Tak i Buepen. OTpuMaHi JaHi aHATI3yIOThCS
3a EBKJI1I0BOIO BIJICTAHHIO MIJK IHTCHCUBHOCTSIMHU B KOXHIU TIapi MiKCeIiB 300paKeHHS:

dim x—1 dim y-1

d=[Y > [Le»-Lxn], (28)
x=0 =0

ne dimx ta dimy € po3MipHOCTSMHU KOXXKHOTO 300pakeHHs, & /| — IHTEHCHBHICTh KOX-
HOTO TIKCEIs KOOpJIUHAT X Ta ) . MO)KHA MOKa3aTH, 10 KO d TMpHuiiMae MakcuMa-
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JIbHE 3HA4YEeHHsI, TO 1€ BIAMOBIJA€ MOBHICTIO HEKOPEIHOBAHOMY CIIEKIOBOMY 300paskeH-
HI0. HeoOXxigHo Bim3HauuTH, MO0 BUpa3 (38) Moke 3aCTOCOBYBATHUCS 3aMICTh TPaIUIliii-

3a 0MOMOror0 aHalli3y CHEKJIOBOI KapTHHM, OJIEpP>KyBaHOI Bl MMOBEPXHI MeTaly,
MO’KHa OTPUMYBATH iHQOPMAIIiIO PO MPOIECH KOPO3ii, Kl BiI0OYBatOTHCS HA MOTO MO-
BepXHI. SIK B1I0MO, KOPO31€10 Ha3UBAEThCS PyHHYBAaHHS MaTepianly MpH HOro B3aeMoii
3 HABKOJIUIIHIM CEpeIOBHILEM, TOJIOBHUM YHHOM 3 BOJAOKO 1 kucHeM. Koposis mertamy
a0o0 cruaBy Moke OyTH 30CepeKeHa JIOKATBLHO y (OpMi KaHABOK a00 TPIlIUH, & MOXKE
MOLIMPIOBATUCH Y3J0BK LMIUPOKOT 00J1acTi moBepxHiI MeTany. [l BUBYEHHS KOpO3ii 3a-
CTOCOBYETHCSI, B OCHOBHOMY, TE€XHIKa KOPEJSALIMHOTO aHali3y 300paKeHHS B pealbHO-
My macmtabi gacy [60]. TeopeTtuuni pob0OTH 3 aHaI3y CHEKJIOBUX IOJIB y cTaji Oyiau
BUKOoHaHI beremanom [61]. IcHye 1€ OAMH acMeKT 3aCTOCYBaHHS CIEKJIOBOTO aHANI3y
JUIS BUBYCHHS BJIACTUBOCTEH HEOI0JOTIYHUX MaTepiamiB. BaxxmuBuMm 3aBIaHHIM € J0-
CJIIDKEHHS CTapiHHS MaTepiaiiB, Ha (B) SKUX 1AyTh MpollecH KpucTaiizauii coneit (egh-
nopecyenyis). 1le BaxIMBO B 00J1aCTAX, A€ aKTUBHO 3aCTOCOBYIOTHCS MaTepiaiu 3 Ka-
MeHI0. [HOI TOCHUTh AeKUIbKa IUKIIB KpUCTaizamii coii, o0 Kam’ SHUM 3pa30K MOB-
HICTIO 3pyiHYBaBCcs. TOMy 4acTO HEOOXiTHO 3A1MCHIOBATH Oe3mepepBHUN MOHITOPHHT
00’exTa, o0y 10BaHOTO 3 KaMeHI0. 3aHeTTa Ta Pauini [62] 3acTocyBain METO] aHATI3Y
JIOKaJIBHOT KOPEJIALii CIEeKIIB Y JOCIIKEHH] TPoleciB ediopecieHIlii y mpoMUCIOBO-
My kaMmiHHi. KopensuiiHuii koeilieHT € TPOMOpLiHHAM MIBUAKOCTI, 3 KO BOJHUI
pPO3YWH BHUIIAPOBYETHCS, a TOPOIIKOMO/IOHA CUTh 3 SBISIETHCS HA TMOBEPXHI KaMEHS.
ExcnepuMeHTH BUKOHYBAJIHCS 32 CXEMOIO 3BOPOTHOTO PO3CIIOBAHHS CBITJA, OCKIIBKH
00’extu He Oynu npo3opumu. IlopiBHIOBAIMCH IHTEHCUBHOCTI IApH 300paxkeHb [, Ta

I, , a TaKOK iXHE cepe/HE 3HaYeHHs M . [lns 1poro oOuMcIoBanacs BiNOBIIHA JEKO-

penALis HuX 300pakeHpb P :

-1 <(11_12)2> (29)
p 2m® '
KyToBi gyxku B (29) BKa3yloTh Ha MPOLEAYPY YCEPEIHEHHS. 3TiIHO i3 PO3IOIi-
JIOM Koe(illieHTa o BU3HAYAINCh 00JIACTI IHTEHCUBHOI epiiopecueHii.
He menm BaxxuBo0 cheporo 3acToCyBaHHI CIIEKJIOBOTO aHAJI3y TPEACTaBIISETh-
Csl MOHITOPHHT CcTalinbHOCTI MiHU. L1 MaTepiany MUPOKO YBIMILIM B KUTTS Cy4yacHOL
mronuHu. BoHM mipucyTHI B OyAiBeNbHHUX KIJIESX, NMHUBI, KaBi, KOHIUTEPCHKUX KpeMax,
3aco0ax /s TOJIIHHS Ta MUTTS MOCYAYy, Y BOTHETaCHUKAX 1 OaraTbox iHIUX pedax. Ot-
K€, MOHITOPUHT CTa0LIBHOCTI TiH Oy/1e KOPUCHUM 3aCTOCYBaHHSAM JIsi 6aratbox oduac-
Tel 1HAYCTpii.
[TiHOtO Ha3MBAETHCS BEIHKA JAUCIIEPCiS Ta3y B PiauHI. 3 TOUKH 30py (i3HMUHOI Xi-
Mii, BOHU € Konoigamu. [1ogi0HO 10 BCiX eMymbCill, TiHU TEPMOANHAMIYHO HECTaOlIbHI
1 BTpavaroTh CBOi BIACTUBOCTI 3 yacoM. [IIBuaKicTh 3MEHIICHHS OyIH0aIoK Y ITiHI BHU3-
HAuYa€eThes TphoMa (DI3MUHUMM SIBUILAMH: BUCYLITYBAaHHSIM, KOAJECLEHIIEI0 1 CAMOOKHUC-
JeHHsM. ToMy aKTHBHICTH CHEKJIIOBHX MOJIB, IO OTPUMYIOTBCS BiJ MiH, 00YMOBIIIOIO-
ThCSL 3MIHOIO PO3MIpiB PO3CiIOBaUiB, pO3pUBAMH OYIHOAIIOK 1 IXHIM MEPEepO3MNOIIIOM.
Ha npuxnani nin a5 rosinas B [63, 64], 32 101TOMOTOI0 METOTy MOMEHTIB 1HEpIIii, 0y-
Jla BCTAaHOBJICHA KOPEJISIIisl IKICHUX 1 HeSIKICHUX MiH 3 BIAMOBIIHUMHU CIIEKIOBUMH Kap-
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TuHamMu. B [65] mpoBeaeHo AOCHiIKEeHHS IPOIECiB 3aCTUTaHHS OETOHY METO/IOM aHalli-
3y IWHAMIYHUX CIEKJIIB.

BucHOBKM

IcHye BenmuuesHa KiMbKICTh NMPUKIATHUX O0JAcTeH, e aHaTI3 CHEKJIOBUX TIOJIIB
MOY€E CITY>)KUTH KOPUCHUM 3aCTOCYBAaHHSM Y 3aJadax BiJIMOBITHUX O€3KOHTAKTHUX MET-
poJsioTiyHMX BUMIiprOBaHb. Cepejl HENOMIKIB OMUCAHWX METOJIB MOTPIOHO 3a3HAYUTH
BIZICYTHICTb YHIBEPCAIbHOTO €KCIIEPUMEHTAIBHOTO 00JIaIHAHHA, YyTIUBICTh pe3ybTa-
TiB 10 BiOpalliii yCTaHOBKH Ta HEOOXIJHICTh JOTPUMAHHS MEBHUX BUMOT IIOJIO 3aTEM-
HEHHSA JTOCIIKYBaHOTO TPOCTOPY, 10 HA JaHHW Yac 3BY)KY€E IOJI€ 3aCTOCYBAaHHS CIIEK-
JIB 10 YMOB METPOJIOTiuHO1 Jaboparopii. [IpoTe, mpu 301IbIIEHH] Yy TAMBOCTI AETEKTOP-
HOT'O yCTaTKyBaHHS, B MalOyTHbOMY OUIKYETbCS 1CTOTHE PO3LIMPEHHS 00JAcTi 3aCTO-
CyBaHHS CIIEKJIOBOTO aHAJII3Yy.
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