2z urENkE8UL 69 @hSNhE3UL LUNMULUMNRE3NRL
Brod ULk 16SUUUL ZUUULUULUL

Uuwwnnip Ujkpuwtinph Lujuyut

LUQEBruUshL $rhuU3k NMNT YbUMNRE3NPLLEN
YELUURULUYUL ZUUTYU ARG NRU

U.04.21 - “Lwgkpuyhtt $hqhjuw” dwutwghunipyudp

dhqhjudwptdwnhljuljut ghnnipniuautph pgnljnnnph
ghinujut wmunhgwith huygdwt wnkhwjununipjui

Utnuwghp

GME4dUU - 2016

MUWHUCTEPCTBO OBPA3OBAHNWA 1 HAYKU
PECITYBJIMKY APMEHUWA
EPEBAHCKWI IT'OCYIAPCTBEHHBIM YHUBEPCUTET

Jlanasas Acatyp AmekcaHApPOBIY

HEKOTOPHIE IPUMEHEHUA JIA3EPHOY ®U3UKU
B BUOJIOTUYECKHNX CUCTEMAX

Asropedepar

Jucceprannu Ha COMCKaHIe YIEHOU CTeIIeHN
IOKTOpa (DUBMKO-MaTeMaTHIeCKUX HAYK
o ciennansHocty 01.04.21 - “Jlasepuas pusuxa”

EPEBAH - 2016
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Uunktwnunipju phdwt hwunwngt) k Gphwih MEnwljut Zudwjuupuwind

Nwpunnbwlwh pigyhdwjunubtp  $hq.-dwp.qghwn. golunp, 22 QUU pyp. -
winud, ypndtunp, . 8nt. Upynislju
$hq.-twp. ghwn. nnljunnp, wpnptunp
. R. Unwpkjjul
dhq.-dwp. ghwn. nnljunnp 4. U. Twudpupyui

Unwguinup juquuljbpuynipnt’ 22 QUU dhqhuljut
htwnwqnunipiniuibph ptuinhwnnun

NMuwonywinpjniup mbnh Yniubuw 2016p. hniuhuh 25-ht dudp 12:00 -ht
Gplhwih MEnwljub Zudwjuupwh hghljugh 049 Uwutiwghinugdwus junphpnh
thunnud. Zwugkt 0025, Gplwb, U. Uwtndyjub .1

Uwnbbwjununipjup jupkih L Swinpuiw 6N2 gpunupuinid:

Ubnuwghpp wnwpyb] £ 2016p. dwjhuh 22-hi:

bhqhyuyh 049 Uwuttmghwnwugus > dhq.-dwp. ghwn. phljtwdn,
Junphpph ghnwlwb pupnninup 7“7 pngktun 9. . Lujwlpwpyub

Tema guccepranuu yreepxgena B Epesanckom 'ocymapcTBeHHOM YHHIBepcHTeTe

OduiuaasHble OINIIOHEHTHI- TOKTOp (U3.-MaT. HayK, WIeH-KOPP.
HAH PA, npodeccop I'. I0. Kprouxsau
IOKTOp (U3.-MaT. HayK, mpodeccop
B. B. Apakensx
noxrop ¢us.-mar. Hayk K. M. 'ambapsau

Bexymas oprarmsanns- WucrutyT dusnueckux nccnenosanuiit HAH PA
3amura cocroutcsa 25-ro niong 2016r. B 12:00 yacos Ha 3acemannu
Crneruranu3upoBaHHOTO coBeTa 1o dusuke 049 nmpu EpeBanckom

Tocymapcreerrom YHusepcurere mo agpecy: 0025, Epesan, yi1. A.ManyxksaHa, 1.

C muccepraiyeii MOXXHO 03HAKOMUTHCA B Gubauoreke ET'Y.
Asropedepar pasocian 22-ro mas 2016r.

/) / 7 2
VYueHslii ceKpeTapb T KaHzuar Gpus.-MaT. HaykK,
CrenmanusupoBarHoro coeta 049 nouent B. I1. KamanTapsau
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OBIIAS XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbHOCTb _TeMbl. Poib 1a3epOONTHYICCKHX METOJOB HCCICHO-
BaHWI1 OMOJOTHYECKIX O00BEKTOB OCOOCHHO PE3KO BO3POCHIA B MOCIEIHUE TOJBI,
YTO OOYCIIOBJIIEHHO CYIIECTBEHHBIM IIPOTPECCOM B 00JacTH pa3paboTok Jazep-
HBIX CHCTEM C JIOCTaTOYHO YyJOOHBIM YIPaBICHUEM pA3IMYHUX IApaMETPOB
ONITHYECKOTO M3y4eHus. Takol nporpecc jga3epHON (U3UKU M TEXHUKH, B CBOIO
ouepe/ib, NIpuBel K (POPMHUPOBAHUIO OMOMETUIIMHCKON ONTHKH, KaK HOBOW Hay4-
HOHW JUCHUIUIMHBI, KOTOpask BKIIOYMJIA B ce0sl TaKHe HalpaBlICHHs, KaK - ONTHKA
OMOJIOTMYECKUX TKaHeH, HHU3KOMHTCHCHBHAS OINTHYECKas Tepanus, Ja3zepHas
XUpYprus, (pOTOAMHAMUYECKAs] TEepanus 3JI0KAYeCTBEHHBIX OIyXoJel, HenHBa-
3MBHas Jla3epHas [UAarHOCTHMKA pa3IMYIHBIX 3a00JICBaHWH, BH3yalnW3alus B
peaIbHOM BpeMEHH OMOOOBEKTOB U T.JI.

Cpean mMpoOKOro CHEKTpa AWArHOCTUYECKHMX METONOB OHMOMEIUIIMHCKOMN
ONITHKH OCOOEHHO aKTHBHO MPUMEHSETCS METO] JIa3epPHOr0 (hIyOpEecIeHTHOTO
aHaNM3a BBHUAY BBICOKOM YyBCBUTEIHHOCTH K MaJIBIM KOJIMYECTBaM OMOMaTepHa-
JIa, BIUIOTh JO BO3MOYKHOCTH PETHCTPallMy OJHOW MOJIEKYJBI M XOpOUIeH BOC-
MPOM3BOIMMOCTH pE3yJIbTaToB. B 00JacTH MeIUIMHBI YKa3aHHBIH METOJ HC-
MOJIb3YETCS ISl UCCIICAOBAHMUS OMOXUMHUYCCKUX U OMO(U3MYCCKHUX TMPOIECCOB,
JUIsL OTIEPATHBHOTO KOHTPOJISl 33 TOCTYIJIGHHEM M BBIBOJIOM M3 OpraHHM3Ma Jie-
KapCTBEHHBIX IPENapaToB, IS IUarHOCTUKU Pa3IMuHbIX 3200JICBaHUI U T. [T .

[Tpu nccnenoBaHUM BHYTPUKIETOYHBIX CTPYKTYP OCOOCHHO Ba)KEH YPOBEHB
MIPOCTPAaHCTBEHHOTO Pa3pelIeHus] CBETOBOTO MHCTPYMEHTa. B Hacrosmiee Bpems
pa3padaThIBAIOTCS CXEMbI OJIMKHENOIEBOH ONTHYECKONH MHUKPOCKOIINH BBICOKOTO
MIPOCTPAHCTBEHHOTO Pa3pelIeHNs, a TaKXKe Pa3BUBAIOTCS aJbTEpHATHUBHBIE CXe-
MBI ONTHYECKOH MHKPOCKONWH JabHEro II0JIs, MO3BOJISIOMINE OOOTHYTH IH(-
PaKkIMOHHBIN TIpeliel M JOCTUTHYTh HAHOMETPHYECKOH IIKaJbl MpPOCTPAHCT-
BEHHOTO pasperienus [1].

B mnocnepHue roapl B OMOJIOTMYECKHUX HCCICNOBAHMAX W MEIHIUHCKOM
MIPAaKTHKE Hayald MIMPOKO NMPHMEHAThCs kBaHTOBBIE ToukH (KT), koTopeie mpu-
HaJJIeKAT HOBOMY KIIACCY JFOMHHECICHTHBIX OnomapkepoB [2]. Takue Heop-
raHUYeCKHe MapKepbl HE UMEIOT OTrpaHHYeHHUi, 00YCIOBJICHHBIX NMPUMEHEHHEM
CTaHAAPTHBIX OPraHUYECKHX MapKEpPOB — JIIOMHUHECHHMPYIOIIUX INPOTEHHOB MU
Hayalld [MIMPOKO MPUMEHSTHCS ISl BU3yaIM3allik M WCCICAOBAHUS PA3IHMYHBIX
OUOCTPYKTYp BHYTPH U CHAPYKH KJIETKH, B YCIOBHAX “iN Vivo” wmim “in vitro”.
OTMeTnM TakXe, BO3POCIIMM MHTEpPEC K METAUIMYECKUM HaHOYACTHIAM,
KOTOpBIE MOTYT OBITh MCIOJIB30BaHbI JUIS OCYIIECTBIICHUS ONTHYECKOTO aHAIN3a
B YCJOBHMSAX MAJlOr0 Koju4ecTBa Ouonormdyeckoro wmartepuana [3]. Crnabsie
CUTHaJIbl KOMOMHAIIMOHHOTO paccesHust Wik QiyopecueHunu ¢uryopodopos
MOTYT OBITh 3HAYUTENHHO YCHUJIEHBI HPHU PACIOJOXKEHUH B HEMOCPEACTBEHHOMN
OJM30CTH OT HAHOYACTHI, HAXOJIIIMXCS B YCIOBHSX BO30YXKACHHS JIOKAJHU-
30BaHHOTO IJJA3MOHHOTO PE30HAHCA, KOT/a JJIEKTPOHbI B HAHOYACTHIAX HAYM-
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HAlOT JOCTATOYHO MHTCHCHUBHO KOJUIEKTMBHO OCIMJUIMPOBATh B OTKIMK Ha 00IIy-
YEeHHUE 3JIEKTPOMArHUTHBIM H3IydCHUEM ONPEAeIEHHON YacTOTHI.

OTMeTHM Takke MIMPOKOE BHEApPEHHE B cepy OMOMEIUITMHCKUX HCCIe-
JIOBaHHUH SKCIEPUMEHTAIBHBIX CXeM C MHOTO(OTOHHBIM BO30YyKaeHHeM iyo-
PECLEHIIUH, YTO MO3BOJISET MHUIMHUPOBATH HOBBIC KaHAJbI BO3OYXIeHUs (uyo-
pECLEHIIUH, KBAHTOBOMEXaHUYECKH 3alpelieHHbIe IPaBUiIaMu 0TO0pa B pEKUMeE
0HO(OTOHHOTO BO30YX/IeHUs. /laHHas METOAMKA IO3BOJISIET PEealn30BaTh CXe-
MBI BBICOKOCEJIEKTHBHOI'O B3aMMOJICHCTBHUS H, CJIEJOBATEIbHO, IOCTHIACTCS 3Ha-
YHUTEJILHOE CHIDKEHHE (DOHOBOTO CHTHAjJa, PErHMCTPUPYEMOr0 OT MHOTOKOM-
MIOHEHTHBIX OMOJIOTHMYECKUX CpeZ. 3/1€Ch HOBBIC, NEPCIIEKTHBHBIC BO3MOKHOCTH
HCCIICAOBAaHUI OMOOOBEKTOB OTKPHIBACT HCIOJB30BAHUE KOTEPEHTHBIX dPPeK-
TOB T€HEPALUH ONTHIECKUX TaPMOHHK, HETMHEHHOTO MPeoOpa3oBaHuUs 4aCTOTHI.
Takum 0o0Opa3zoM, B HacTosIee BpeMsl NMPEACTaBISETCS BeCbMa aKTyaJbHOW pas-
paboTka ¥ BHEOpPEHHWE B NPAKTHUKY HOBBIX, Oojiee MH(GOPMATHBHBIX JIa3ePHBIX
CIIEKTPOCKOIMUYCCKUX METOAO0B UCCIICAOBAHUA CBOMCTB 6I/IOCI/ICTeM.

Ileabio padoThl sBIsAETCS CO3[aHUE JIA3EPHBIX CHCTEM C IIUPOKMM CIIEK-
TPOM YNPaBJISIEMbIX BBIXOIHBIX MAPAaMETPOB JUIS MPOBEICHHS CIIEKTpaIbHO-(Iy-
OpPCCHCHTHBIX U HEJIMHEHHO-ONTHYECKUX I/ICCHG[[OBaHI/Iﬁ 6I/IOTKaHI/I, B TOM 4YHCIJIC:
HCCIIEJOBAaHUE CIIEKTPaJIbHOTO cocTaBa ()IyopecneHIHH OMOTKaHEi: ompexne-
JICHWE BKJaJa HATypaJdbHBIX (UIyo(OpOB M HH)KEKTHPOBAHHBIX (POTOCCHCHOU-
JIM3aTOPOB, HCCIEJOBaHHE (PU3MYIECKOr0o MEXaHH3Ma IIpolecca TYIICHHs ¢iryo-
PECLECHINY TMPUANHHYKICOTHIOB B OMOTKAHSIX; MCCIEIOBAaHHE OCOOEHHOCTEH
TeHEepalluy BTOPOH TapMOHHUKHM B OMOTKaHSIX; pa3pab0TKa METOAWKH Ja3epPHOTO
CHHTC3a KOJUIOMAHBIX HAHOYACTHIL B )KHI[KOﬁ Cpe€ac U UCCIIEA0BAaHUC CIICKTpaJlb-
HBIX CBOMCTB TMOJYTPOBOAHUKOBBIX KBAHTOBBLIX TOYECK; HCCICAOBAHHUC BO3MOXK-
HOCTU JIa3€PHOI'0 CHUHTE3a FI/I6pI/IHHLIX KOJIJIOUWAHBIX TOJYINPOBOJHHUKOBBIX U
METaTMYECKUX HaHOYACTHII; HCCIECJOBAaHHE ONTHYECKHX CBOWCTB TMOPHIHBIX
HaHOYACTHII, pa3paboTka KOMIUIEKCA JTMHEWHO W HEJIMHEWHO-ONTUYECKUX METO-
J10B Ha3epH0171 JUArdHOCTUKU U TEpANUn U U3YUCHHUEC BO3MOKHOCTU UX KIIMHUYECC-
KOTO NPUMEHEHHUS B OMOMEHUIINHE.

HayuHnasi HOBM3HA. B nucceprarnonHoit padore:

Pa3paboTanbl 1 peasM30BaHBl HOBBIE CXEMBI Jla3epa Ha KpacuTele C pac-
Npe/IeieHHO# 00paTHOW CBS3bI0, 00ECIIEUHBAIOIINE HENPEPHIBHYIO MEPECTPOHKY
MUKOCEKYH/IHOTO M3JIy4eHHs B IIUPOKOI CIIEKTPaJIbHOW 00acTH.

IpeanoxkeHa U pealn3oBaHa CXeMa JIA3epHOTO CHHTE3a MOJIYINPOBOJHUKO-
BBIX U METAJUTMYECKUX HAHOYACTHUI] METOJOM JIa3epHOU aOJSIIuK B )KHIKOU Cpe-
Je. BbISIBICHBI CIIEKTPAIbHBIE 0COOCHHOCTH KOJUIOMIHBIX PACTBOPOB Psiia IMOJTy-
IIPOBOAHUKOBBIX MATEPHUAIOB, 3apECTUCTPUPOBAH CABUI CIIEKTPOB B KOPOTKOBOJI-
HOBYIO 00JIaCTh BHAMMOTIO CIIEKTpa, 0OYCIOBJICHHBIH KBaHTOBO-pa3MEPHBIM (-
¢dexrom. ITokazaHo BIHMSHHE CTPYKTYpPHI IONEPEYHBIX MO/ JIa3€PHOH T'eHepannuu
Ha JIUCHEPCHIO pa3MepOB HAHOYACTHI.

Peanm3oBan J1a3epHBIl CHHTE3 THOPHAHBIX METAJUI-METAIIMYECKUX U
METaJLI-TIOIYIIPOBOJHUKOBBIX KOJJIOMIHBIX CHCTeM HaHouactuim. /s rubpwui-
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HBIX METAJUIMYECKUX HAHOYACTHIl 3aperHCTPUPOBAHO H3MEHEHHE YaCTOTHI U
aMIUIMTYZABl TJIa3MOHHOTO pE30HaHca. B KOMIOMZHOM pacTBOpe 3apsKEHHBIX
METAIMIECKUX U TMOJTYIPOBOJHUKOBBIX HAHOYACTHUI] 3aPETUCTPUPOBAHO BIIUS-
uue 3¢ dekra lltapka Ha CIEKTpaIbHBIC CBOMCTBA KBAHTOBBIX TOYEK Si.

[IpennoxeHs! HOBbIE S3(PEKTUBHBIE CXEMBI JIa3epHOI XUPYPTUH TP TIpUMe-
HEHUHU MeTajuindeckux HaHodactull U MK nazepHoro nmydeHus.

[IpennoxeHa HoBas cxemMa KOMOWHHMPOBAaHHOW MHUKPOCKOIIMH C COBMeIIe-
HHEM OCOOEHHOCTEH TYHHEJIbHOH M ONTHYECKOH MHKPOCKOITMH JUIS TOCTIIKCHUS
HaHOMETPHUUECKOT0 IPOCTPAHCTBEHHOT'O Pa3peIlIeHHs] B ONTHYECKOM JUala3oHe.

OKCHEPUMEHTAIPHO TOATBEP)KICHO HAIMYNE HEOPAMHAPHBIX OMTHYECKUX
cBoiicTB kpuctammia MgF,, o0ycIoBIeHHBIX HaaMYHEeM OTPHUIATEIHHOW KOMIIO-
HEHTBI JEUCTBUTEIBbHON YaCTH JUAJIEKTPUUECKON IPOHUIIAEMOCTH CPEBL.

[Ipennoxena HOBasi cxeMa MHKPOCKONUH CBEPXBBICOKOTO NPOCTPAHCTBEH-
HOTO pa3pelIeHns Ha 0OCHOBe kpucTamuia MgF,.

OKCIIepUMEHTAJIBHO MOKA3aHO HaJUYMe AaHOMAJIBHOW JIOKATM3allUU 3JIEK-
TPOMAarHUTHOW BOJIHBI B HAHOPa3MEPHOH 00JaCTH MOCPEACTBOM BO30YXKICHHMS
MIOBEPXHOCTHOW BOJHBI B CXEMe JBYX COIPHUKACAIOUIUXCSA METaTMYECKHX
TIOBEPXHOCTEH.

BeIsBiI€HO paziuymue MexIy CrIeKkTpamu (IyopecleHIMH HOPMallbHOW M
OIyXOJIEBOW TKaHU. DKCIEPUMEHTAJIBHO NMPOAEMOHCTPUPOBAaHA MPUMEHHUMOCTD
(ryopeclieHTHON TUArHOCTUKH 3J0KauYeCTBEHHBIX omyxojel yenoBeka YAG:Nd
J1a3epom.

BrIsBIICHBI YCIIOBHS ITpOIIEcCca TYIICHUS aBTO(IIyOpECIEHINN B OMOTKAHSX.
[TokazaHo HanmMuuMe BIMSHUS IPOIECCa MEPeHOCa YHEPTHH IEKTPOHHOTO BO3-
Oy’>XIeHHs Ha SIBIICHHE CIIEKTPAJIbHO-OJHOPOAHOTO CHW)KEHHS YpOBHS aBTO(Iy-
OpecUeHINH B (OTOCCHCHOMITN3NPOBAHHBIX TKAHSIX.

[TokazaHa BO3MOXKHOCTb JIa3epHOI JTMarHOCTUKW OMOTKaHM HAa MaKCHUMallb-
HOM TIIyOMHE ONTHYECKOro NPOHUKHOBEHUs NpU (POTOCEHCHOMIN3ATOPOB BTOPO-
ro nokojeHus. IIpeasioxkeH HOBBIM MHOTOYaCTOTHBIM ONTHYECKUM METOJ Har-
HOCTHKH OIYXOJIEH C pa3pelIeHneM 1o riryOuHe.

OKCIIEpUMEHTAJIFHO 3aperHCTPUPOBAHBl HENWHEHHO-ONTHYECKHE SBIICHUS
IByX(OoTOHHOH (ryopecteHIMN U (OTOANCCONMALMN TYMOPOTPONIHBIX (hoTo-
CCHCHOWIN3AaTOPOB B ONTHYECKH HENPO3PavyHBIX OHOTKAaHAX B IIOJIE IHKOCE-
KYH/JJHOTO JIa3€PHOTO M3ITydIEHHs.

BriepBble nmony4yeHa MIKOCEKYH/IHas TeHepalus BTopoi rapmonuku (I'BIY) B
Pa3IMYHBIX MSTKHX TKaHSIX >KUBOTHBIX, M IIPOJAEMOHCTPHPOBAHA KOPPEIALHS
s¢pdexruBnoctn I'BI” ¢ conepxannem Gpubprnspaoro 6enka xosutarena. [loka-
3aHa BO3MOJKHOCTh HEJIHMHEHHO-onTHueckoro Meroga I'BI' mms umcciemoBanus
(ha3oBbIX (KOH(POPMAIIMOHHBIX) MEPEXOI0B CIIHPATh-KIYOOK MOJIEKYN KOJUIareHa
1 OTIpeNeNeHHs CTeTIeHH (POTOTEPMATBHBIX MTOBPEKICHIH OMOTKaHH.

HayuyHasi M npakTHyecKas ILEHHOCTb MOJYyYEHHBIX pe3YIbTaTOB
00yciioB/IeHa Ba)XKHOCTBIO BHEAPEHUS B OMOMENUIIMHCKYIO IPAaKTHKY Ja3epo-
CHEKTPOCKOIMMYECKUX METOJOB ONEPAaTUBHOIO aHAaJIN3a MHOTOKOMIIOHEHTHBIX
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OMOJIOTUYECKHUX CHCTEM, pa3pabOTKOW W BHEAPECHHUEM HOBBIX OMOMEIUIIMHCKUX
TEXHOJIOTHII C MCHOJIb30BAHUEM HaHOPa3MEPHbBIX YaCTHIl, Pa3pabOTKOW W BHE.-
pEHHEM HOBBIX CXEM ONTUYECKONH MUKPOCKOIIMU C HAHOPA3PEIICHUEM.

OcHOBHBIE 10JI0K€HUS U Pe3VJbTAThbl, BLIHOCHMbI€ HA 3AIIIMTY:

PazpaboTansl ¥ anpoOUpoOBaHBl HOBBIC CXEMBI Ja3epa Ha KPacHUTEle C pac-
TIpeJesicHHOH 00paTHOM CBSA3BI0, 00ECTIEYNBAIONIIE HETIPEPHIBHYIO IIEPECTPOHKY
MMUKOCEKYHIHOTO M3TYYCHHUS B IMUPOKON CHEKTpabHOU obmacTi AA = 290aM. Ha
OCHOBE HCCJICIOBAHUS CHEKTPAIbHBIX, PHEPreTHUECKUX M BPEMCHHBIX Mapa-
METPOB HU3JIy4CHHUS BBLIBICHBI XapaKTEpPHbIE OCOOCHHOCTH Mpoliecca JIa3epHOH
TeHepaLuH.

IIpennoskeHa U peanu3oBaHa CXeMa JIa3€pHOIO CHHTE3a HAHOUYACTHUI[ METO-
JIOM J1a3epHOH abmsauuu B skuakocTu. OnpeneneHsl JIOMHHECIIEHTHBIE CBOWCTBA
KOJUIOMIHBIX PAacTBOPOB KBaHTOBBIX Touek GaAs u CdS. 3apeructpupoBanbi
pacroyioKeHHbIe B cUHeil oOmacti Buaumoro nuamnazoHa (390-440HM) crieKTpl
JIFOMHUHECHCHIIUH, 9TO 00YCIIOBIEHO KBAaHTOBO-pa3MepHbIM 3¢ddexTom. U3 crek-
TpaNbHBIX AAHHBIX NPOBEJCHA YMCICHHas oleHka pasmepoB KT, cocraBmstomue
nopsiaka 2—3HM. BhIsSIBI€Ha poib CTPYKTYpHI NONEPEUHBIX MOJI JIA3€PHON TeHe-
pammu npu cuHTe3e HaHowacTul GaAs. B cmydae TEM;; MOmoBOH CTPYKTYpHI
MOJy4YeH IIUPOKOMOJIOCHBIN CIIEKTP C MUPUHOI nopsaka AL = 250HM.

Peanm3oBaH na3epHBI CHHTE3 THOPHUAHBIX METaUI-METAUINYECKUX U
METaJI-TIOIYIPOBOTHUKOBBIX KOJUIOMAHBIX cHcTeM HaHodacTHil. st AU-Ag u
Au-CuU HaHOYACTHI[ 3aPETMCTPUPOBAHO H3MCHEHHEC YacTOTHI M aMIUTUTYIBI
IUIa3MOHHOTO pe3oHaHca. [lokazaHo mosiBieHHe (OTOTOMHUHECHEHIIMH B KOJI-
JOMIHOM pacTBope HaHouactHil Si-Ni, mpu cMeleHnn pacTBOpa HaHOYACTHIL
HUKeNS ¢ HemoMuHeciupyoonmMu kpemHuBblemun KT. Ha ocHoBe cmekt-
palbHBIX U3MEPEHUH U TEOPETHUYECKOTO aHallM3a HaOII0IaeMoe sIBJICHHE 00bsC-
HeHo BiusHUEM 3¢ ¢dekTa [llTapka B cTallMOHAPHOM 3JIEKTPUIECKOM II0JIE.

[TpennoxxeHb! cXeMbl IPUMEHEHUS] METATMYECKUX HAHOYACTHIL B JIa3epHOH
xupypruu. [lokazana Bo3MOXHOCTH 3¢ dexTuBHOT0 HMcnonb3oBanus MK mazep-
HOTO M3JIy4eHHs Ha JiuHe BodHbl 1.06 MkM. [lns ciayyass npoKpallvBaHUs
METATMYECKUMH HAHOYACTHIIAMHM OMOTKaHM ITOKa3aHO yBennueHHe 3(h(hexTHs-
HOCTH Jla3epHOH abmsunu B 3 pasa. [IpeanoxeHa M peann3oBaHa cxema TOYed-
HOM Na3epHOM CBapKH B TIyOnHE OMOTKAHHU.

IIpemnoxxena HOBasg cxeMa KOMOMHHPOBAHHOH MUKPOCKOIIMH C COBMeE-
EHHEeM OCOOCHHOCTEH TYHHEIHHOW M ONTHYECKOW MHKPOCKOMUHU JUIS JTOCTH-
KEHHS HAHOMETPHUYECKOTO IPOCTPAHCTBEHHOTO pAa3peIICHUsI B ONTHYECKHUX
nccrnenoBaHuax. [lokazaHa BO3MOXXHOCTh peaM3allii TaKOW CXEMBI IIPU PEeruc-
TPaIKH MTAPKOBCKOTO CIIEKTPAIFHOTO CIBUTA B AJICKTPUIECKOM IIOJIE.

BrIsiBIIeHBI OCOOEHHOCTH OTPaXKEHHsI HM3JIY4YEHHsI OT IOBEPXHOCTH KpHC-
taia MgF,, mokasaHo Hannuyne aHOMAaIbHO BBICOKOro KoddduimeHta otpa-
xeHns R=90%, oOyciioBiieHHOE HAJTMYNEM OTPHUIIATEINbHOW KOMIIOHEHTHI JeHCT-
BUTEJILHOW YacTU AMNIEKTPUUECKON NMPOHHLAEMOCTH cpenbl. [IpennoxeHa Ho-
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Basl cXeMa ONTHYECKOH MHUKPOCKOIINU CBEPXBBICOKOTO IMPOCTPAHCTBEHHOTO Pa3-
peleHus, nepeKprIBarommas npeaen Pexes u ¢ BeIMYMHON pa3penieHns mopsaKa
/10 BHOJIB ONTHYECKOM OCH.

OKCIIepUMEHTaIbHO TOKa3aHa BO3MOXKHOCTh AHOMAJIBHON JIOKANH3aLNU
9JIEKTPOMArHUTHOM BOJIHBI B HAHOPa3MEPHON 00JacTH TOCPEICTBOM BO30YXK-
JIEHUS IOBEPXHOCTHOM BOJHBI B CXEME JABYX COMPUKACAIOUINXCS METAJUTMUECKUX
MMOBEPXHOCTEH, C IENBI0 Pa3paldOTKU CXEM ILIa3MOHHO-ONTHYECKOTO MHUKPOC-
KOIIHMH, 00JIAIAONIUX CBEPXBBICOKAM IPOCTPAHCTBCHHBIM Pa3pPEIICHUCM.

BEIsBIICHBI CHIEKTpasbHBIE OCOOCHHOCTH J1a3epOBO30YKIaeMoii ¢uryopec-
LEHIIMY OMOTKAHU: TIOKA3aHO Pa3Iuue MEKIY CHEKTpaMu (UIyOpeClCHIIMUA HOP-
MaJIbHOHM U OIYXOJIEBOW TKAaHU NpH OOJIyYEHWH HA JUIMHE BOJHBI A = 355 HM n
A=440HM. DKCIIEpUMEHTAIBHO MPOICMOHCTPHPOBaHA IPUMEHUMOCTE (iryopec-
[IEHTHOM JMArHOCTHKM 3JI0KaYeCTBEHHBIX omyxosieil ueioBeka YAG:Nd nase-
POM, TIpH HCTIOTIB30BaHNH (POTOCEHCHOMITU3NPYIOIIETO TIpenapaTa (piaropeHar.

Ha ocHOBe 3KCIIEpHMEHTAIBHOTO W TEOPETUUECKOTO AaHAIH3a BBISBICHBI
YCIIOBHSL TIpoIlecca TYIICHHS aBTOQIIyopecleHInd B OwuorkaHsx. IlokaszaHo
HAJIMYHE BIVMSHUSA IpoIlecca IepeHoca YHEPTHU IIIEKTPOHHOTO BO3OYKACHUS Ha
SIBIICHUE CHEKTPATbHO-OJTHOPOTHOTO CHIDKCHHS YPOBHS aBTO(IIYOPECICHINH B
(hoTOCeHCMOMNMM3UPOBAaHHBIX TKaHAX. [loka3aHO HanW4yne B OMOTKAHAX IICHTPOB
OJTHOBPEMCHHOW JIOKATM3allUH BBOJUMBIX (DOTOCEHCHOMIM3aTOPOB U IMHPHINH-
HYKJIEOTH/IOB.

Ionmy4yensl crHekTpbl (QayopecueHun (HOTOCCHCUOMIN3ATOPOB BTOPOTO
MTOKOJICHUS TIpU BO3OY)KICHWU Ha JIUHE BONHBI A = 660HM. [TokazaHa BO3MOX-
HOCTh JMAarHOCTUKM OMOTKaHM Ha MaKCHUMaJbHOW TIyOWHE ONTHYECKOTO MPO-
HUKHOBeHUs1 ~10mM. [IpennokeH HOBBIH MHOTOYAaCTOTHBIM ONTHYECKUH METO.
JUArHOCTHKH OMYXOJiel ¢ pa3penieHuemM mo riyoune. OcyiecTBiaeHa anmpooarus
METO/Ia Ha IKCIEPUMEHTAIbHONW MOJIENIM OMYyXOJIM MPHU JIa3ePHOM BO30YXKIACHUS
Ha IBYX JiuHAX BOJH (A = 355 u A = 660HM).

OKCIEPUMEHTAIFHO 3apeTHUCTPUPOBAHBI  SIBIEHUS (OTOAUCCOIMAIINUA U
IBYX(OTOHHOW (PITyOpecIieHIIMH TYMOPOTPONHBIX (POTOCCHCHOMIN3aTOPOB B
ONTHYECKA HEMPO3PaYHbIX OHMOTKAHSAX B TOJE NHKOCEKYHIHOTO JIa3epHOTO
nm3nydeHus. [lokazaHa BO3MOXHOCTh T€HEPAIUs BTOPOH ONTHIECKON TapMOHUKHI
B Pa3IMYHBIX MATKHX TKAaHAX J>KABOTHBIX. BEISBICHA KOoppensamus 3PQeKTHB-
Hoctu I'BI" ¢ comepxannem ¢pubOpmusipHoro Oenka koiutareHa. [Toka3aHbl BO3-
MOJKHOCTH HEJIHHEHHO-onTHueckoro Merona ['BIT mis uccnemoBanus (ha3oBBIX
(KOH(OPMAITMOHHBIX) TEPEXOJ0B CIUPAIbL-KIIYOOK MOJIEKYyJ KOoJIJJareHa W
peructparuy GOTOTEPMUIECKUX MOBPEIKEHUN B ONOTKAHSX.

Anpobanusi paéoThl. Pe3ynbraTsl AuccepTalMOHHOW paboThl 00CyXaa-
JIUCh Ha ceMUHapax Kadeap KBaHTOBOH JCKTPOHUKH, MOJICKYIISIPHON (GU3UKU U
obmeit pusuku Gaxynsreta EI'Y, Ilentpa ¢usuku cunpHbIX monei EI'Y, a Takxe
MPEACTABICHB Ha MEXKIYHAPOMHBIX KOH(MEPEHIHUSIX MO J1a3epHON (H3UKE U
HenuHeiHoi ontuke (Amrapak, Apmenus 1995, 1996 2004rr.); Ha Mmexay-
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napoaHoii koudepenuu Laser Applications in Life Sciences, (JIroneps, LBeii-
mapust, 2002); wa MexmyHapoanoi koHpepenrmu Optics Within Life Sciences
(Vena, Tepmanmst, 1996); Ha MexayHapoaHoil koupepennnu Lasers-96 (IMopt-
nena, CIIA, 1996), Ha cuMmo3uyMe YEPHOMOPCKOTO PErHOHA MO MPHKIATHOMY
anektpomarHetTusmy (Memoso, I'penus, 1996); Ha MeXayHapoOTHBIX CHMIIO-
suymax Photonics West (Cau Xoce, CLIA, 1997 u 2002); Ha ceapMOM BCEMHP-
HOM KoOHTpecce mo QortoaumHamudecko Tepanmu (Haut, @pannums, 1998); Ha
MexmyHapoaHoit koHdepenmuun Optics Within Life Sciences (JTromepn, IlBeit-
mapwust, 2002); wa MexaynapoaaoM cumrosuyme Photonics Europe (CrpacGypr,
®pannust, 2004); Ha 4-0if MexmyHapomHoit koHpepenimu |ICPEPA (Jleue,
Uranus, 2004); wa 12-oit mexmyHapomHoit konpepenmmu Micro & Nanoscale
Technologies for Biosciences, (Moutpo, IllBeiirtapus, 2008); Ha MexmyHa-
poxanoii koHdepenrmu lonizing and non-ionizing radiation influence on structure
and biophysical properties of living cells ( Llaxkanazop, Apmenus, 2015).

Pa3paboTaHHbIl B AMCCEpPTAlMM NMHUKOCEKYHAHBIW MEpecTpanBacMblil Jlazep
Ha kpacurene "IlnkoPOC-2" Ha Bcecowo3Hol roOmieiiHol BbicTaBke (OKTAOpbH-
70, BJIHX, 1987) Obl1 yIOCTOCH 30J0TOW MEOAd B COCTaBE MUKOCEKYHIHOTO
KOMIUIEKCa JUIsl JIa3epHOM CHIEKTPOCKOITHH.

Iyoaunkaumnu. ITo Teme qucceprauunu omy6ankoBaHo 45 pabor.

CTpyKTYpa U 00beM JMcCepTANMM. JluccepTaiis COCTOMT W3 BBEIE-
HUs, TATH TJaB, 3aKIIOYCHHUsS, CIUCKa JuTepaTypbl u3 306 HauMECHOBaHHIA.
OOwmit 006bem nucceprannu 220 crpanul, BKiIovas 87 pucyHka U 3 TaOIHILIBL

COJEP)KAHUE PABOTbI

B BBegeHnu gaHa oOmas XapakTepHCTHKa paOoThl, caenaH 0030p JuTe-
paTypsl IO TEME JUCCEPTALMU, OYEPUYEH KPYT BOIIPOCOB, PACCMOTPEHHBIX B HE,
c(hOpMyIHPOBaHbI OCHOBHBIE 3a/1a4H NCCIIEJOBAHMS.

IlepBasi riaBa NOCBSIIEHA SKCIICPUMEHTAILHOW TEXHHWKE, B TOM YHCIIE
OIIMCAHBl CXEMBI MHOTOYACTOTHBIX M MEPECTPANBAEMBIX HCTOYHHKOB JIA3€PHOTO
n3IydeHns. B ucciieoBaHusX, MOCBAIICHHBIX aHAIN3Y B3aWMOAEHCTBUS KOre-
PEHTHOTO JIa3epHOTO M3IIyYCHHS C OMOJIOTHYECKMMH CHCTEMaMH, W BOOOIIE, ¢
MOJIEKYJIIPHBIMH CUCTEMaMU ¥ HaHOPa3MEPHBIMU OOBEKTaMH, HaMH OBbUIH TIpH-
MCHCHBI PAa3JIMYHBIC JIa3€PHBIC CUCTEMBI C TIMTCIIBHOCTBIO UMITYJIHCOB B HAHO-
CEeKyHIHOM W NMHUKOCEKYHAHOM AMAalNa30HaX, 0a3upyroImnecss Ha TBEPAOTEIEHOM
AMT:Nd** nasepe. PeanmsoBambl cXxeMbl KaK OZHOYACTOTHOTO, TAK H MHOTO-
YaCTOTHOTO JIA3€PHBIX PE30HATOPOB C ITUM KpucTamwioM. st mccienoBaHus
peXrnMa HETMHEWHOTO B3aMMOJIEHCTBHS JIa3epHOI0 M3IYYeHUS ¢ OMOOOBEeKTaMu
€CTECTBEHHO IPHMEHEHHUE JIa3€POB CBEPXKOPOTKON UIUTENBHOCTH, IMO3BOJISIO-
IIMX JOCTUTHYTHh 3HAYUTENIBHBIX INIOTHOCTEH MOIIHOCTH BO30YKJIAIOLIETO M3ITY-
YyeHust 0e3 paJraliOHHOTO MOBPEXIeHNs1 00pa3uoB. Vcnonp30BaHue 1a3epHOTO
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U3ITyYeHHs] TIMKOCEKYHIHOW JUIMTEIPHOCTH IMO3BOJISIET JAOCTHUYL BBICOKHX ILIOT-
HOCTEH MOIITHOCTH TopsiAKa 3 I'Br/cM? Ha ocHOBHOI gacToTe 1.064 MKM.

B §1.1 mpuBenmeHa cxemMa MHOTOYACTOTHOTO HaHOCEKYHAHOTO YAG:Nd
Ja3epa ¢ MOAYJsMeil JOOPOTHOCTH M C AMCKPETHBIM IEpeKIroYeHneM QyHjaa-
MEHTAIBHBIX IIMH BOJH (T,=15HC, A=1.064, 1.318 m 1.338 MKM) U cOOT-
BETCTBYIOIIUX BTOPOIl 1 TpeThel TapMoHHK (A=532,660, 670, 440, 355 um).

B §1.2 omucana cxema mnmkocekyHaHoro YAG:Nd nmasepa ¢ maccHBHOM
MOIyJSIMed MOOPOTHOCTH M CHHXpoHm3ammedl mon (t,=33mc, A=1.06MxMm),
n3IyuyeHne Ha (yHAaMEHTAJIBHOM JJMHE BOJHBI IPeoOpa30BBIBANOCH B HEJH-
HEWHBIX KpHUCTAUIaX IIOCIENOBAaTEIbHO BO BTOPYIO W TPETHIO TapMOHHMKHU
(A=0.532mkM 1 A =0.355MKM).

B §1.3 omnmcaHel S5KCHEPUMEHTAILHO pPEalTN30BaHHBIE CXEMbI IIEpecT-
paMBaeMbIX Ja3epoB Ha pPAacTBOpax OpPraHUYECKHX KpacuTeleld ¢ pacrpe-
nenenHoil obpatHoit cesa3pio (POC). B cxemax POC ja3epoB, JUIMHA BOJIHBI
TeHEepaluy OmpeNesieTcss U3 yclioBus audpakuuu bperra u 3amaercs BbIpa-
xenueM: A, = Ny A, / m sin 62, rne n, - k03QGULEHT NpeNOMICHUs aKTUBHOM
cpensbl, A, - AJMHA BOJIHBI Jlazepa HaKaukH, M - nopsaok audpakuuu bparra, -
yroJl CXOXKJeHUs ImyuykoB Hakauku. Ha Puc.1 mokasana HoBas cxema POC na3epa
C MIMPOKOH CHEKTPaNbHON 007aCThIO MEPECTPONKH B BUANMOM 1 HH(PaKpacHOH
obmactn cnekrpa. Peanm3oBaHa HeNpephIBHAS MEPECTPOWKA MHUKOCEKYHIHOTO
nanyuennss POC naszepa B IIMpOKOii criekTpanbHOM jauanazone A=560-850uM c
TIOCJIEI0BATENILHBIM HCIIOIB30BAHUEM YETHIPEX OpraHM4ecKnx Kpacuteinei. [Ipu
5ToM B HOBBIX cxeMax POC na3epa HOCTHTHYTO 3HAUUTEIbHOE CHIDKCHNE YPOBHS
()OHOBOTO YCHIIEHHOTO CIIOHTaHHOTO H3JIydeHus. Puc.2 NeMOHCTpHpYET, 4TO
YPOBEHb JIa3epHOM T'eHepanny Ha J[Ba IOPsAKA MPEBHIIIAET YPOBEHb YCHIEHHOTO
CHOHTAHHOTO W3NydeHus. Ha oOCHOBe wucCCieNOBaHMS —CHEKTPAIbHBIX U
SHEepreTHUecKux ocobeHHocTel nazepa Ha kpacutene ¢ POC BbIsSBIEHBI Xapak-
TEpHbIE 0COOEHHOCTH MUKOCEKYH/IHOTO PEKHMa IeHEPALiH.

AHaJINTHYECKOE HCCIIE0OBaHNE BPEMEHHOI'O MOBEJCHMS Ja3epHON TeHe-
paunn POC nazepa npoBeZieHO Ha 0a3e TEOPETUUECKOW MOJENH C HCIOJIb30-
BaHHEM KHHETHYECKHUX OalaHCHBIX ypaBHeHI/Iﬁ IJIg cliydast OpTaHU4YE€CKOIro
KpacuTeJs, pPaCCMOTPEHHON B Ka4eCTBE YETHIPEXYPOBHEBOH aKTUBHOM CPE/IBL.

Ananu3 BpemeHHbIX cBoicTB POC na3zepa Ha KpacuTese OT SHEPIrUu MUKO-
CEKYH/IHOH HaKadKH JEMOHCTPHPYET OJHOMMIIYJIBCHBIH W MHOTOMMITYJIbCHBII
PEKHMBI TeHEepannHm.
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Puc.1. Cxema POC nazepa ¢ mmpo-
KOM CIEKTpaIbHOM 00JacThi0 mepec-
TpoHKHU. 1 u 2— 3epkana, CHHXPOHHO
Bpamatomuecss Bokpyr ocu OO auc-
ka D, 3 -POC kroBeTa ¢ mpu3MEHHBIM
BBOJIOM HM3JIy4YEHUS HAKaYKH.

E, orn. en.

100

10 +

Puc.2. 3aBucumMocTH PHEPruM TeHe-
pammu (kpuBasl), u YCHU (kpuBas 2)
OT JJIMHBI BOJIHBI JJISI: @) 3TaHOJIb-
HOTO pacTBOpa KPacUTENs POJaMHUH
6K m 0) »TaHOIBHOTO pacTBOpa
KpacuTems 6-aMHHO(EHOJICHOIT.

IlokazaHo yBeIWYEHHE YHUCIIa IEHEPUPYEMBIX UMITYJbCOB U COKpaLICHHE
JUIMTEIbHOCTU IEPBBIX TI'€HEPUPYEMBIX HMIIYJIbCOB C YBEJIWYEHUEM JHEPrUU

HaKa4dKH.

Intensity

) 1000 2000 3000

Time (ps)

5000 6000

Puc.3. Bpemennoit npoduas POC mazepa Ha kpacurene npu E,, =495

Mk/x. TIpomomxuTenbHOCTD

NepBOro  MMITyJIbCa

AT =14 nc,

IIPOAOJIKUTCIIBHOCTD IIOCIICIHETO UMITVJIbCa AT =74 1c.
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B §1.4 ommcana cxema J1a3epHOTO MCTOYHHKA, IUIABHO IEPECTPAHBAEMOTO
10 JJIMHE BOJIHBI C ONTHYECKOW HAKAYKOM Ha JUIMHE BOJHBI BTOPOH I'apMOHMKH
=532 uM YAG:Nd nazepa. Peanuzopana cxema ¢ nudpakimoHHoii pemeTkoi,
rJe TIIyX0e IUIIEKTPUYECKOe 3epKalo ObUI0 3aMEHEHO Ha IUIOCKYIO OIITH-
YEeCKYI0 PELIeTKY PabOTAOUIyI0 B aBTOKOJUIMMAIMOHHOM PEXKHME, 10 CXeMe
JluttpoBa. BHyTpm pe3oHaTopa Takke OBUI pa3sMeNIeH ONTHYCCKHHA PACIIH-
pHTEINb IyYKa.

B §1.5 mpuBeneH npuMmep NPHUMEHEHHS IIEPECTPaMBAaEMBIX JIA3epOB Ha
KpacuTese B 3a7a4de UCCIICIOBaHUS IJICHEHUS! M3y4eHHs B IUIOTHOW aTOMapHOMH
cpene mapoB Harpus. VcciemoBaH mpoiiece AeBO30YXKICHHS 3IIEKTPOHHOTO
COCTOSTHHSI METOZIOM HHIYLIMPOBAHHOTO BpAIIEHHS IUIOCKOCTH MOJISIPH3ALUH.
W3mepensl 3¢ ¢GeKTHBHBIC BpEeMEHA JKU3HU BO30YKHACHHBIX 3P, 3P3;, cocro-
SHUH HATpHUs, U B TemmepaTypHoM mHTepBane 300 - 340°C mokasaHo Hanmume
a¢dexra ux ykopouenus ot 1650 mo 900Hc.

Bropas riaBa auccepTaiuy IOCBSINIEHA BO3MOXXHOCTH peali3alliy Jiazep-
HOTO CHHTE3a KOJUIOMJHBIX PACTBOPOB MOJYHNPOBOJHHKOBBIX M METAIIIMICCKUX
chepuueckux HAHOYACTHUI[ METOJOM JIa3€pPHOU abNAlUM B KHUIAKOCTH U TPH-
MEHEHHSIM MX B OMOMEIUIIMHCKOW MPAKTHKE.

B §2.1 mpemioxeHa M peanu30BaHA CXeMa Ja3€PHOTO CHHTE3a TIOJTY-
MPOBOHUKOBBIX C(HEPOUIHBIX KBAHTOBBIX TOYCK METOJIOM Ja3epHOU abIsiuu B
KUIKOCTH. VIccneqoBaHbl TIOMUHECHICHTHBIC CBOMCTBA KOJUIOMIHBIX PAcTBOPOB
KT GaAs u CdS.

la,orn.en.
Ao

800
Cds

600

400

d, am

400 420 440 460 480

JITMHA BOTHBI, HM

Puc.4.Criektp mromuHecueHimu  Puc.5. 3aBHCHMOCTH AJMHBI BOJHBI

JIa3epO-CHHTE3UPOBAHHBIX KBaH-  Kpas MEX30HHOro morjiouieHus Aq (d)

ToBbIx CdS. OT pajuyca Ui CIy4aeB OECKOHEYHOTO
U KOHEYyHOro OaphepoB MJIsi HaHO-
yactuy CdS (xpuBbie lu 2) u GaAs
(xkpuBble 3 u 4).
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YuciIeHHBI aHalM3 NOKa3bIBAET, YTO CBSA3aHHBIC COCTOSHHS DJICKTPOHA B
KBaHTOBBIX Toukax GaAs u CdS, maxomsmuxcs B xuakoit cpene (¢ Uy = 5 2B),
cymecTByIoT s 3HadeHud KT ¢ pagmycom HaumHas ot 2HM. Teopermdeckuit
aHaIM3 CIEKTPAJIBHBIX JAHHBIX OBbUT BBHIMOJHEH HAa OCHOBE KBaHTOBOMEXa-
HUYECKOTO PAaCCMOTPEHUsI CHCTEMBI 3JEKTpOH-AbIpka B chepruueckux KT s
MOJIENIH, KaK C OECKOHEYHBIM, TaK M KOHEYHBIM IOTCHLMAIbHBIM OapbepoM Ha
noBepxHoctd KT, B pamkax npuoimkeHns 3pHeKTHBHON MacChl.

AHanu3 SKCIIEPUMEHTAIbHBIX JaHHBIX YKa3blBaeT Ha Majblil pa3Mmep Jase-
po-cuntesupoBanHbix KT, cocraBnstomuii nopsaka 2—3 HM.

B §2.2 wuccnemoBana pone CTPYKTYPHl IIONEPEYHBIX MO JIa3epHOM
reHepaluy B cIydae CHHTe3a KOJUIOMIHBIX KBaHTOBBHIX Todek GaAs. Iloka3zaHo,
gto B ciaydae TEMy, cnextp KT pacmomoskeH B romxy0oii ob6macTu cekTpa u ¢
MaJbIM paclpeeficHneM 1o pasMmepy mopsaka 1.5-2.5am. B cmygae TEMy;
MOJOBOH CTPYKTYpbl IIONY4eH OTHOCHTEIBHO IIMPOKOIOJOCHBI CHEKTp C
mmpuHON mopsiaka ) A=250HM, ¢ NMHKaMW Ha JUIMHAX BOJMH A=455HM (cuH:IA
obmacte), A=555 HM (3eneHas obmacte) U A=640HM (kpacHas 00JacTh), 4YTO
COOTBETCTBYET paclpeaeicHrto o pa3mepy 1.5-4nm.

|,| yOTH.€/L. | J,0TH. €],
J1,0TH.el.

20
60
50

10 40

30

20

10

400 420 440 460 480

JIIMHA BOJIHBI, HM 500 600 700
a §) JlJiMHA BOJIHBI, HM

Puc.6. Criektp dotomomurecticHimy  GaAs KBAHTOBBIX TOUEK TPU
a) TEMypu 6) TEMy CIpyKType MOTepedHOi MOIBI JIa3epHOTO
TIydKa.

B §2.3 peanmsoBan J1a3epHbIi CHHTE3 THOPUIHBIX METAJUI-METAJUIMICCKUX U
METaJUT-TIOJTYIPOBOJHHKOBEIX KOJUIOMIHBIX CHCTEM HaHoyacTull. Jlims ciaydaeB
Au-Ag u Au-Cu ruOpuIHBIX METAIUTMYCCKHX HAHOYACTHI[ ITOKa3aHa BO3MOXK-
HOCTh MOAM(MHUKAIIMY TUIA3MOHHBIX CBOMCTB: H3MCHEHHE YaCTOTHI M aMILIHTYIbI
ITa3MOHHOT'O PE30HAaHCA.
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nornowenne
L
norowenme
e

[1] 100 200 300 400 500 600 700 800 0 100 200 300 400 500 BO0 700 800

ANAHA BONHBI, HA AMMHA BONHEI, HM

a 0

Puc.7. CoexTp HOTIIOMCHHS BOJHOTO PACTBOPA HAHOYACTHI] a) 30J10Ta U
0) crulaBa 30J0Ta C cepedpoMm.

Peanu3oBan mna3epHBIi CHHTE3 W IMPOBEACHO HCCICIOBAHUC JIFOMUHEC-
IICHTHBIX CBOMCTB KOJUIOMIHBIX PAacTBOpPA CMECH KPEMHHUEBBIX M HHKCIICBBIX
nanowacturr  (Si-Ni). Ha Puc.8. mpuBeneH cmektp (HOTONOMUHECIICHIINH,
MOSIBJISOIIEHCS TIPH CMEIIEHUH KOJUIOMIHOTO pacTBopa Hanodactuil Ni ¢ Hemro-
MHUHECHUPYIOIUMHU KoJutonHbIMU KpeMHuBbieMr KT. Ha ocHoBe Teoperuuec-
KOro aHajm3a HaOlltogaeMoe siBiicHHEe 00BscHeHO BiusHHeM 3(ddekra IllTapka
JUTSL CITydasi HATM4 sl 3apsDKeHHON HaHOYaCTHIBI Ni B THOpuaHOi cucteme Si-Ni.

Lomen

o 100 200 300 409 500 600

VI B0 Y

Puc.8. Cnekrp qroMHHECTICHIINT Puc.9. Cxema B3auMOEHCTBHS
THOPUTHOTO KOJIJIOUTHOTO TOYEYHOTO 3apsia ¢ SKCUTOHOM
pactBopa Si - Ni HaHOYaCTHII. Ha jucTanuuu Ry ot nenrpa KT.

CnBur ypoBHeW 3HepTrUu dKCUTOHA B KpeMHHeBON KT, BbI3BaHHBIN BHEII-
HUM SJIEKTPOCTATHUECKUM TIOJIEM 3apsjia, MOXKET OBITh OIIEHEH C TIOMOIIBIO

BOJHOBOH  (pyHKUIMH v, (I’e N ) JUIL  CHUCTEMBl  JJIEKTPOH-JIBIPKa:
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2
AE = Idredrh [¢(I’h )— ¢(I’e )]l//o (I’e I X . Jinst Beraucienns Benmuunnbl AL
MO’HO HCTIOJIB30BATH CIIEIYIONIEE BHIPAKEHNE:

Deg 3 [(z){z)

R’ e+2( D

AE = (1)

Paccuuranoe 3nauenue AE cocrapnser 0.207 5B, npu auamerpe KpeMHHEBOI
KT paBnoéi 1.3HM ¥ mpu MuHMMaibHON auctaHimu Ry or menrpa KT no
TOYEYHOTO 3apsiaa ( ¢ 3apsiaoBbIM 4yucioM Z = 1. Takol CABUT SHEPTUH COOT-
BETCTBYET JUIMHHOBOJHOBOMY CMEILICHHIO CIEKTPa JFOMHWHECLECHINH KBAaHTOBOH
TOYKH Ha BEIHYNHY mopsaka 30HM.

[IpennoxeHs! cxeMbl MPUMEHEHHS METAJUTMUECKUX HAHOYACTHIL B JIa3€pHOM
xupypruu. [lokazaHa Bo3MOXHOCTH 3¢ dexkTuBHOTO Hcnoib3oBanus MK mazep-
HOTO U3NydeHUs Ha JyuHe BonHbel 1.06 Mxm. s ciydas NIpoKpaiinBaHUS
OMOTKAaHM HAHOYACTHI[AMU I[IOKAa3aHO YBeduuceHHE 3(PGEKTUBHOCTH Ja3epHOU
abmsauuu B 3 pasa. IlpeanokeHa W peann3oBaHa cxemMa TOUEYHOW Ja3zepHON
CBapKH B ITyOUHE OMOTKAHHU.

TpeTbsi riIaBa NOCBAIIEHA AHAIN3Y HEKOTOPHIX HOBBIX CXEM OINTHYECKOH
MHUKPOCKOIIMU C HAaHOPa3MEPHBIM IIPOCTPAHCTBEHHBIM pa3pelIcHUEM.

B §3.1 mpennmoxena HOBasg cxeMa KOMOHMHHPOBAaHHOH MMKPOCKOIHH C
COBMEIIICHHEM 0COOCHHOCTEH TYHHEIBHON M ONTHYECKOM MUKPOCKOIHH. Tak Kak
MPUHOMT pabOThl TYHHEIBHOTO MHKPOCKOIA BKIIOYAET B ceOsS MEXaHHYECKYIO
MaHUIYJSLHIO 3apSHKEHHBIM METAIMYECKUM OCTPHEM C PaliyCcoM

MeTaJINYecKui
30H]L

3aKpyIIeHHBI 015
KOHeIl 0CTPHs

AE.3B

o0pasen 065 085 125 155 185 215 245 275 305
R. WM
Puc. 9. Merauinueckas HaHocepa B Puc.10. I3MeHeHrE BETHYHNHBI
KauecTBE OCTPHs 30H]1a UMEIONIET0 PaAUuyC  IITapKOBCKOI'O CIBUIra Ipu
KPUBU3HBI HAHOMETPOBOTO MacITada. yAaJleHUU OT IOBEPXHOCTH
o6paszia.
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KPHBH3HBI HAHOMETPOBOTO MaciiTada HaJ MOBEPXHOCTHIO HCCIELYEeMOTO 00pas3-
1a, TO JaHHAs CHTyalus aHAJIOTMYHA B3aMMOJCHCTBHIO METAJNIMYECKOM HAHO-
ctepsl ¢ uccIenyeMoil HaHOJOKaIbHOM 00nacTeio oOpasma. B manHOM cirydae
caMblii KOHYMK 30HAA HMMeEET 3aKPYIJIEHHYI0 KOHQUIypamuioo u (akTHYecKu
UTpaeT poib 3apsHKEHHOH cepuueckoil HaHOYacTUIBl. BrusiHue 31Ol HaHOUYAC-
TUIBI Ha CIIEKTpaJbHblE CBOWCTBa Onm3iexalieldl KpeMHHEBOH HaHOYACTHIIBI
BeneacTBre dddekra [lltapka MOXHO NpOaHANU3UPOBATH C HCIIOJIB30BAHHEM
gopmyisl (1) ast Berumciaenus Benuuuasl AE 1Ipu yBenuueHun paccTosHUs OT
uccaexyemoro obpasna. IlokazaHo, 9To Mpu yAadeHUH OT MOBEPXHOCTH 0Opasna
Ha JMCTaHLHUIO B 1HM, BEIM4YUHA IITAPKOBCKOTO CABHra yMEHBINAETCA B IBA pa3a
U Ui CIoydash KpEMHHEBOTO Marepuana oOpaslia CHEKTPaJbHBINH CIOBHI COCTAB-
nsger AA =15aM. Takoe u3MeHEeHHE 3HAUYCHUS BEIMYWHBI CICKTPAIFHOTO CABHUTra
JIETKO JIETEKTHPYETCS CHEKTpalbHBIMU npuoOopamu. OTMETHM, YTO BBIABICHHAS
pe3kast 3aBucuMocTh 3 ¢dekra IllTapka OT pacCTOSHUS MO3BOJSICT IMONYYUTh
IIPOCTPAHCTBEHHOE pa3pelleHHe €IUHMIl HAHOMETPOB, YTO Ha MOPSIOK INPEBHI-
11aeT paspelleHHe U3BECTHBIX CXEM ONTHYECKOW MUKPOCKOIHMU CBEPXBBICOKOTO
paspemieHus. Ilpu 3ToM omTHYEeCKHE OTKJIMKHM OT HCCIEAyeMOoil HaHOMAcII-
TaOHOW 00NacTu MOTYT OBITh JIMHEHHOW M HENMHEHWHOI NPHPOIBI, TaKHe Kak
CUTHAJIBl BTOPOM M TpeThe TapMOHMK, CHUTHANIBI OJHO(OTOHHOH M MHOrogo-
TOHHOH (pITyOpecIeHIINH, CHTHAIBI KOMOMHAIIMOHHOTO PacCestHus.

B §3.2 wuccrmemoBaHbl HEOpOWHAPHBIC OINTHYSCKHE CBOHCTBAa KpPHUCTAJUIA
Mng
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Puc.11.HacrorHas 3aBUCUMOCTE  Pyc.12. 3aBUcHMOCTh KO3 HIHEHTa 0Tpa-

kos(duuuenta orpaxenus R it sxemms R ot yrma I/ MeXIy ONTHYECKOM
KpUCTAIUTa TpH  yIJIe MaJeHUs

9=70°. ToukamMu yKa3aHBI IKCIIE-
pUMEHTANbHbIe 3HAYEHHs, CILIOINI-

OChIO KpUCTaJUIa (JIe)Kalleld B INIOCKOCTH €¢
TPaHUIIB) W JIMHUCH TepeceueHus IIoc-
KOCTH TAaaeHHs C TMOBEPXHOCTHIO KpHC-

Hasg JIMHWA — pacdeTHax KpUBAA.  rapna DkcriepuMeHTANbHBIE 3HAUYEHUS YKa-
Ontiueckas Och KPUCTAIA €D~ sayy; Toukamm, CIVIONIHAS JIMHWS — pac-
MEHIUKYJISIPHA ero IIOBEPXHOCTH. YeTHAs KPUBAsL.
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Ha6mromaromuiicss B TocieaHee BpeMs OOJBIIOW HMHTEpPEC K cpelaM ¢
OIHOBPEMEHHO OTPHUIATENbHBIME HAJEKTPUYCCKOH W MAarHWTHOHW MpOHHMIAe-
MOCTSIMU WJIM METamarepuasiaM, UMeeT KaK TEeOPETHYeCKUi Tak M MPUKIAJTHON
acrektel. Kpucrann MgF,, uMerommuii pa3Hbie 3HAKU KOMIIOHEHT JIHAJICKTPHYCC-

KOTO TeH30pa &jj , 001aaeT PsIOM HEOPAMHAPHBIX ONTHIECKUX CBOHCTB. Oco-

OEHHOCTBIO TAKOTO KPUCTAJIA SBISAETCS TO OOCTOSTENBCTBO, YTO MOBEPXHOCTH
BOJTHOBBIX BekTOpoB ([IBB) nmeer HeOObIUHBII BU U SIBISIETCS OTKPHITOW a HE
3aMKHYTOH ITOBEPXHOCTBIO, & IMEHHO, THIIEPOOJIOUIOM.

OKCIIEPUMEHTAIbHO M3Y4YE€Hbl OCOOEHHOCTH OTPAaXEHHUS OT MOBEPXHOCTHU
kpuctauia MgF, o0yciioBieHHbIE TPUCYTCTBHEM OTPUIATEILHOW KOMIIOHEHTHI Y
JNeUCTBUTENIBHON YacTH AMAIEKTPUUECKON MPOHUIAeMOCTH cpefbl. M3mepeHus
MOKa3alld HaJNYUe aHOMAaJbHO BBICOKOTO Koddduumenra orpaxkenus R = 90%
OT MOBEPXHOCTH KpucTaia MQF, B ciekTpajbHBIX 00JacTsIX C OTpHLATEIbHON
KOMITOHEHTOW €. OTMETHM, YTO TaKHe BBHICOKHE 3HaueHHs Kod((uuueHrta orpa-
KEHUsI Cpend NPUPOJHBIX MaTEepHUalloB paHee ObUIM W3BECTHBI TOJNBKO Y
METAaJLIOB.

B §3.3 paccMoTpeHa BO3MOXKHOCTB peaTM3aIlii ONITHISCKOH MHKPOCKOIIH
CBEPXBBICOKOTO Pa3pelIeHus C UCMOIb30BaHUEM MeTaMaTepuanoB. B oTmuuue ot
OOBIYHBIX CpEll, ONMUCHIBAEMBIX ummnconnoM PdpeHens, B cpemax ¢ OTKPHITOH
[1BB MOXHO JOCTHTHYTh BechbMa OONBLIMX 3HAYCHUI BOJNHOBOTO BekTopa K, B
cilyyae KOT/a yroJ IaJeHHUsI O PACIIONIOKEH J0CTaTOYHO ONM3KO K KacaTeIbHOU
runep6ossl. COOTBETCTBEHHO, IJIMHA BOJIHBI YMEHbBIIAETCS, M ANGPAKIOHHBIC
SIBICHUST B TOpa3l0 MEHbLICH cTeneHu OyayT NpemsTCTBOBaTh  peaii3aluu
KayecTBeHHOH QokycupoBku u3nydeHus. Ha Puc.14 mnpencraBmeHa cxema
(OKYCHUPOBKH M3IYYCHHUS IIOCKOMAPAUICIbHON TIACTHHOM 13 KprcTamia MgF,.

CeeroBoif ucrounuk A maxoaures Ha paccrosund OA=h, or rpanuns
pasnena. Touka mepecedeHus B MPeTOMIEHHOrO JTyda ¢ HOPMAIbIO K IDaHHUIE
naxonurest Ha paccrosnun OB =h, =htga /tgf . Coornowenne tga /g

MOXXHO OIPCACIINTG U3 TPaHUYIHBIX YCJ'IOBI/Iﬁ 3aa4 MOPOXOXKIACHUSA IUIOCKOM
MOHOXpOMaTPI‘IeCKOﬁ BOJIHBI Y€PE3 MIIACTUHKY

Qa _|&,

9 |, Vi—sin?«a

OT0 BBIpaXKEHUE TPHU MaJIBIX YIIlaX O/ MEHSETCS Yepe3BBIYAtHO Majlo, ¥ TOJILKO B
3HAYECHUAX YETBEPTOTO 3HAKA MOCTE 3aMATON, YTO WILTIOCTPUPOBAHO HA puC.15.
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Puc.14. ®okycupoBka myuka, mamano-  Puc.15.3aBHcHMOCTE OTHOIICHUS
[IEro W3 TOYEYHOro HCTouHuka A Ha  hy/h; or yrma mamenms s
IUIOCKYI0  TpaHully kpucramia OX. mractueel - MgF, B ciyuae
KuS - coorsercTBenno HanpasieHus Zg%TOT_Il’I TafatomicH BOIHEL @ =
cM .

(ha30BOil CKOPOCTH ¥ PaCIpOCTPAHECHMUS
9HEPTUH B KPHCTAJLIC.

M3—3a Takoro moBeaeHHUs] OTHOIIEHHS tga/ g ﬂ , paccrosiHHe h2 1o Touku B

Ype3BBIYANHHO €1a00 3aBUCHT OT (/, M B pe3yibTare, usiydeHue Oyner ¢oky-
cupoBatbes B Touke B. Takast ocobeHHOCTE cpensl ¢ oTkpeiToi [IBB maet Bo3-
MOXHOCTh PEIN30BaTh CXEMy MHKPOCKOIIA CBEPXBBICOKOTO pa3pelieHHs,
UCTIONB3Ysl KOJIBIIEOOPa3HBIH MydoK M (DOKYCHPYIOIIYIO IUIOCKYIO IUIACTHHY
kpuctaiuia MgF,. nst ¢opMHpoBKM KOJbLIEOOpPA3HOTO ITydKa Ha BXOJHYIO
MOBEPXHOCTH TuacTuHbl MQF,, MOXHO HaHeCTH MacKy KoOJblieoOpa3Hoil (OPMBI.
KauecTBO (hOKYCHPOBKM MOXHO OIEHUTHh M3 AaHHBIX Puc.15. Ilpum stom oTme-
TUM, 4TO OoJiee KaueCcTBeHHas: (POKYCHPOBKA JIOCTUrAeTCsl IIPH MAJIbIX 3HAYCHUAX
hy u manoit pacxomgumocTu mydka. UHCICHHBIH pacueT TOYHOCTH (POKYCHPOBKH
BJIOJIb ONTHYECKOM OCH CXEMbI MOKa3bIBaeT, YTO OpH 3HadeHun hy = 0.5 cM u
pacxomumocTu my4ka lmpanm., Ah, cocraBmser 0.5 mkm. Tak Kak B pacuerax
UCIIOJIb30BaHa JUIMHA BOJHBI A=SMKM, KOTOpas PAacIiOJIOKEeHa B CHEKTPaJbHOM
obnacTy, rae oAHAa W3 KOMIIOHEHT TEH30pa AWAJIEKTPUICCKON IMPOHHUIIAEMOCTH
kpuctaiula MgF, oTpuuarenbHa, TO B 3TOM Cllydae TOYHOCTh (DOKYCHPOBKH
cocrasmsier A/10. OTMETHM YTO TPOCTPAHCTBEHHOE DPAa3pEIICHHE BIONb OITH-
YECKOM OCU CTaHJapTHOTO ONTUYECKOr0 MHUKpockomna paBHO 500HM, T.€. B BUAU-
MO 00JIaCTH OHO TIOPSIIKA A.
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Konbueobpa3aHbii
ny4ok

a S

Puc.16. CxeMbl MHUKpPOCKONA CBEPXBBICOKOTO Pa3pElICHUSI C HCIOJb-
30BaHMEM a) TOYEYHOrO HWCTOYHHMKA CBETAa M MACKH KOJbLIEOOPA3HOM
¢dbopMbI, 0) mydyKa ¢ KOJbIIEOOPAa3HBIM PaCMpEICICHUEM IOJIA B IOTC-
PEYHOM CCUCHHH.

B §3.4 okcnepuMeHTanbHO — HCCIEJOBAaHA  BO3MOKHOCTH  JIOKAIM3AILMN
ONITHYECKOTO TOJISI B HAHOMETPHUYECKOH O00JIaCTH C HCIOJIB30BAHHEM CBOWMCTB
MOBEPXHOCTHBIX BONH. OCYIIECTBIEHHWE TAaKOH  JIOKAIW3alUH  SJIEKTPO-
MarHUTHOTO TIOJIS1 HEOOXOJMMO IIPM  peaju3alliil  COBPEMEHHBIX CXEM
CKaHUPYIOIEH ONTHYECKONM MHKPOCKOIUHM CBEPXBBICOKOTO PA3peIICHUs, BBULY
HE00XO0IMMOCTH npeojiofieHUsT  TudpakiMoHHOTO mpezaena. [lokasana
BO3MOXKHOCTh ~ BO30Y>KACHHS IOBEPXHOCTHBIX IJIA3MOHOB-TIOJIIPUTOHOB B
FEOMETPUH, PEAIU3yeMOH IPHU KACAHUM JIBYX METaJUIMYECKUX IOBEPXHOCTEM.
IIpu npoBeneHUN IKCIIEPUMEHTATBHBIX UCCIIEAOBAHUH OBIIIO YITEHO, YTO MEXIY
MPWXATBIMH JPYr K APYTy CepeOpSHHBIMH CIOSMH MEXaHHMYECKHH KOHTAKT
OCYIIECTBJISIETCSI B OTAEIHBHBIX TOYKaX. OTO SBISETCA  PE3yJIbTATOM
HIEpOXOBAaTOCTEM pEaNbHBIX MOBEPXHOCTEH, KOTOpPBIE B HCCIEAYEMOM HaMH
Clydae ONTHYECKH IOJIMPOBAHHBIX ITOBEPXHOCTEH HMEIOT HAHOMETPHUYECKHE
pasmepbl. B o0nacTy MeXxaHMYecKOro MpHXKUMa JBYX CEpEeOpSHHBIX CIIOEB,
JIa3epHBIA UMITYJIbC BBI3BIBAET CHIIBHOE (POTOMOBpEXIeHUE 00pa3uoB. [Ipu sTom
BO3pacTaHWe HANPSHKEHHOCTH BOJHOBBIX IOJIEH, BbI3bIBaroliee (oTormoBpeskie-
HHUE, HE MOXKET OBITh 00YCIOBIEHO MHTEPPEPECHIIMOHHBIMH YPPEeKTaMH, TaKk Kak
XapakTEepHBIM pa3Mep HEOJHOPOJHOCTEH MeXIy NPHKATBIMU JIPYyr K JpYyry
CcepeOpSHHBIMU CIIOSIMH  3HAUMTENBFHO MEHBINE JUIMHBI BOJHBI TAJAfONIeH
CBETOBOM BOJHBI. [lony4eHHBIN 3KCIEPUMEHTAIBHBIN pE3ysbTaT MOATBEPKIAACT
BO3MOKHOCTh BO30YXIEHUS M HAHOMETPHYECKOW JIOKAIM3AaIUU MOBEPXHOCT-
HOM BOJIHBI JJIs1 Clly4asl pacCMaTpUBAEMON T€OMETPHUU.
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Puc.17.Cxemarnueckoe npeacrasinenne Puc.18. @otorpaduueckoe nzodpaxeHue
MEXaHHYECKOr0  KOHTaKTa  MeXay (OTONOBPEXKICHUS CEPEOPSHHBIX CIIOEB B
cepeOpSIHHBIMU CIIOSMH. 00J1acTH KOHTaKTa.

YeTBepTas rjaBa JUCCEPTAIMU MOCBSILIEHA HCCIIEIOBAHUIO CIIEKTPAIbHBIX
CBOMCTB (piryopeclieHInN OMOTKaHel. BrIsBlieHHE CIIEKTpalbHBIX 0COOEHHOCTEH
¢uyopecueHIMH OWOTKaHEH M OHOXKHUIKOCTEH B MEpPBYIO Ouepe/ib WHUIHMU-
pOBaHO U OOYCJIOBIICHO MOTPEOHOCTSIMU MPAaKTUUECKOH MEIULMHBI, TJE OCHOB-
Hast 0071aCTh MPUMEHEHH (DIyOpECHEHTHOTO aHali3a - 3TO JHAarHOCTHKA IaTo-
JIOTHYECKUX TPOIIECCOB B OPraHU3MeE.

B §4.1 wuccnenoBaHbl CIEKTpallbHBIE OCOOCHHOCTH (IIyOpecleHIHH Ono-
TKaHH JXUBOTHBIX M YeJOBEKa IPH JIa3epHOM BO30Y)KAECHHUH, C HCIIOIb30BaHUEM
BOJIOKOHHO-ONITHYECKOH CHCTEMBI

I @A, OTH. ep. I ha. oTH. ea.
0.8
0.6
0.4

02 | .

400 a0 560 610
A, HM.

00 an 540 610
A\

Puc. 19. Cnekrpsl aBTOdIyopecueHnnu: a) - koxu (1),
cesrezeHKH (2), neuend (3); 0) - HOpMaIbHOI MBIIICYHON
TKaHH (2) u capkoMbl 45 (1) 1abopaTopHBIX KPBIC B YCIOBHAX
“in vivo”. JInnHa BOJIHBI JTa3€pPHOTO BO30OYKIEHUS A = 355HM.
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IMomydens! crmekTpel aBTO(IYOPECHEHIMH Pa3IUYHBIX OPraHOB JIA0OPATOPHBIX
KpbIc U capkoMmbl 45. [loka3aHo HamW4YMe CTAaTHCTHYECKH ITOJITBEPKAAEMbIX
XapaKTepHBIX PA3IMUYNHA B CHEKTPAJIbHOM COCTABE TKAHEBOW aBTO(IyOpECICH-
LMK TIpH BO3OY K IeHHH TpeTheil rapmonukoi YAG:NA® nasepa na miune BoTHEI
A=355HM.

B §4.2 ¢ uenbio yBenmueHus (DIyopeclEeHTHOTO KOHTpacTa MEXAy HOp-
MaJbHOM ¥ 3JI0KAYECTBECHHOW TKAHSIMH B YCIOBHSX “iN VIVO” wuCCIeI0BaHBI
CHeKTpbl (iyopecteHIH Npu (OTOCCHCHOMIN3alMK OpraHM3Ma MpernapaTroM
¢uropeHar (quHaTpueBas coib (UIyopeclieMHa) BHYTPEHHHX OpraHoB Jabopa-
TOpHBIX Kpblc. C HCMONB30BaHUEM BOJIOKOHHO-ONTHYECKON CHCTEMBI HCCIENO-
BaHa (papMaKOKMHETHKa IIperapara B Pa3jIMdHBIX 370POBBIX OpPraHax M IMpPUBH-
TOH 37IOKaYeCTBEHHOW oImyxonu capkoma 45. [lokazaHO yBemTHUeHHE CIEKTPalb-
HBIX Pa3IMYUi IIPU KOHTPACTHO-MAKCHMAJIbHOM HAKOIUICHHH KPACHTEINsS B OITy-
XOJIM ¥ TIPH ONTHMAJIFHOM BPEMEHHOM HMHTEpBAJe MEXIY BBOIOM Ipenapara u
CHEKTPATbHO-(IIyOPECIEHTHBIM aHAIH30M.

I(})A. OTH. €A. Iqm‘ OTH. €A

1.0 1.0 |
08 08 1
06 06 r 2
04 04 [
0.2 02 | 3
0 _/l/ 1 I 1 I 1 I 0 _/|/ 1 1 1 1 1 1

400 500 600 400 500 600

A , HM. /\, HM.
a 6

Puc. 20. Cnektpsl QuyopecreHInH a) HOpMalbHOH U 0) omy-
XOJICBOHM TKaHU J1a00paToOpHBIX Kpbic mocie 449 (1), 84 (2) u 324
(3) ot MmomeHTa UHBbEKIUH (ITyOpECIIEHa, B YCIOBHUIX “iN VIVo ™.
JUtnHa BOJIHBI JTa3epHOTO M3JIyueHHs A = 355HM.

B §4.3 ucciienoBaHsl 0COOCHHOCTH U (PH3MYECKUEC MEXaHU3MBI TYIIICHUS
aBTO(IIyOPECHEHIIMH B CEHCUOMIM3UPOBAHHOW TYMOPOTPOIHBIMH KPaCHTEJISIMU
OnoTKaHW. 3HAUNTEIBHBIH WHTEPEC NPEJCTABIAET MCCiIeAoBaHne (U3NUECKOTO
MeXaHHM3Ma TYIIEHUS TKaHEBOH aBTOMIyOpECLEHIMH, KOTOpas HpH BO30YXie-
HUM Ha JUIMHEe BOJHBI A = 355HM B OCHOBHOM 00yciioBIeHa KodepMeHTamMu
HAA-H u HAJI®H. M3mepeHbl cnekTpbl MOTJIOLIEHUS BOJHBIX PacTBOPOB
(bayopectienna, xJopuHa eg U QuryopecteHnusi BogHoro pactsopa HAJl*H mpu
JUTMHE BOJIHBI JIa3epHOTO BO30YkaeHHs A = 355HM. Ha OCHOBE cIieKTpaibHBIX
JIAHHBIX, BBIYKCIISAS MHTErPal MEpeKpbIBaHUs CIIEKTPOB MOTJOlIeHus U (iyo-
PECLEHIIUH TMOJYYEeHO XapaKTEPUCTHYECKOe PaccTosiHne Ry mepeHoca sHepruu
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3JIEKTPOHHOTO BO30YxkaeHus st cucteM HAJ[*H —murmMenT, KoTopoe coCTaBHIIO
2am s mapsl HAJ[*H - xopun e u 2.9 M s mapet HAJI*H - dayopecnens.
Pe3ynbTaThl BccienoBaHUs 1O KOHIEHTPAIMOHHOMY TYIICHHIO (DIyopecieHInn
BozaHOoro pactsopa HAJI*H u ceHcuOUIM3upoBaHHOM TYMOPOTPOIHBIMH Kpacu-
TEJIIMH OMOTKaHH IOKa3ajH, YTO MHAYKTHBHO-PE30HAHCHBIN NEPEHOC YHEPrUH
AJIEKTPOHHOTO BO30YX/ICHHSI MOXKET SIBUTHCSI OJJHUM U3 MEXaHHU3MOB JUIsl 00BsiC-
HEeHUs! HaOJII01aeMOro B PsJie OHKOJIOTHYECKHUX 3a00JIeBaHUN TIOHWKEHUS YpOB-
HS aBTO(IIyOpECLEHIIMM B CHUHEH 00NacTH chekTpa. DKCIIepUMEHTAIbHBIE pe-
3yJIBTaThl M0 TYHNICHUIO B PAcTBOPE W OMOTKaHSIX MOKA3bIBAIOT HAJIMYHE CIEKT-
paneHO omHOpOoAHOTO TymieHHs (uryopecueHimn HAJ[*H mpy HU3KHX KOHICH-
Tpauusax BBOAUMOTO aKuenropa. TylleHne CTaHOBUTCS HEOQHOPOIHBIM, IIPH IO-
BBIIIEHNH KOHIEHTPAlMM aKLIENTOPOB, TO €CTh C IOBBINICHUEM POIHM paaua-
IIMOHHOTO TIepenoriomeHnus. CIeKTpaabHO-0MHOPOAHOE TYIIEHHE B OMOTKaHIX
YKa3bIBaeT HAa HAJIMYUE B TKAHU LEHTPOB OJHOBPEMEHHOMU JIOKAIU3alUK Ha JHC-
TaHISIX < Ry st Mmonexyn HAI*H v BBOOUMEBIX B TKAaHb MOJIEKYIT KPaCHUTEIIS.

B §4.4 nccnenoBaHbl CIeKTPaIbHO-(QIYyOPECICHTHBIE 0COOCHHOCTH OMOTKA-
Hell YeJoBeKa M MPOJAEMOHCTPUPOBAHBI BO3MOXKHOCTH KIMHUYECKOH (iryopec-
HeHTHOﬁ JUArHOCTUKHU 3JIOKQYCCTBCHHBIX onyxoneﬁ YCJIOBCKa C NPUMCHCHUEM
YAG:Nd* tBeproTensHOro naszepa u npenapara QIropeHar.

|

dA. oTH. ea.

08 r

06

02 F

7\, HM.

Puc. 21. Cnextpsl dyopectieHIun HOpMaibHOH TKaHu (1), (3) u
CapKOMBI BEPXHE yacTH JieBoro Jierkoro (2), (4) uenoseka, rmnocie
64 OT MOMEHTa MHBEKIMH QuryopeclienHa. J[nnHa BOIHBI Jlazep-
Horo Bo30yxaeHus A = 355um (1), (2) u A = 4408m (3), (4).
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Jnarsos Yucno A K T
cily4yaeB HM B yacax
3 440 1.0+0.3 H/"
OmnyxoJb 3 440 12+0.3 6
MOJIOYHOM 5 440 1.2+03 12
JKEIE3bI 2 440 12404 18
3 355 1.3+04 H/1
3 355 13+04 6
5 355 14+04 12
2 355 1.3+£04 18
4 440 25+0.6 6
Caproma 5 440 3.8+1 12
4 355 20404 6
3 355 22+04 12
JIunoma 3 440 1.2+0.3 12
Baszannoma 2 440 1.2+ 0.4 12

(1/m — penapat He BBOJIUIICS)

Tabmmma.l. 3aBucuMocTs mapamerpa KOHTpacTa K I pasiaudHBIX OIMy-
XoJNlell W TpM pa3TUYHOM BPEMEHHOM MHTEpBaje 1 MEXAy BBOJOM
TyMOPOTPOITHOTO TIperiapara (QIIopeHaT 1 perucTpannei ¢uryopecueHnny.

Ha ocHoBe crieKTpasIbHBIX H3MEPEHHH OIpesieIeH ONTUMAIbHBII BPEMEHHON WH-
TEpBaJI MEXIy BBOAOM Hpernapara ¥ (IyOpecHEHTHBIM aHAIU30M U IIOJyYEHBI
3HaUeHMs mapamerpa (iyopeclueHTHOTo KoHTpacta K=Aom/AHopMm Uit ormyxo-
JIeH pa3MYHON JIOKaJIH3aluu TIPH BO30YKICHUH Ha JIHHAX BOJH 355 u 440HM.
[TokazaHo, 9TO KOHTPACTHOE HaKOIUICHHE KPACUTEINS HE MPOSBIAETCS JUIsl Uccie-
JIOBaHHBIX CIIy4aeB JIOOpOKAa4eCTBEHHBIX OITyxousieil. B cirywasx paka mMonmodHoH
JKeJIe3bl JUI1 OCHOBHOM M KOHTPOJIBHOM IPyMIT BEIMYMHBI TapaMeTpa KoHTpacTa K
ONMM3KM B mpezaeiax olmuOku m3MmepeHui. Tak kak JaHHas rpymma MalnueHTOB
MIPEeIBapUTENHHO MPOIIIa Kypec paano WIA XMMHOTEPAINldd, TO STOT PE3yJIbTaT
MOT OBITh OOYCJIOBJIECH CIEICTBHSIMH TEpallud, TO €CTh Hamuuuem ¢udposa u
XapaKTepHBIMU HaPYIICHUSAMH KPOBOCHAOXKEHHUS. J[JIsI 3TOKaueCTBEHHBIX OIMyXO-
JIeW YKeNyZ0YHO-KHIIEYHOTO TPaKTa U CapKOMBI MATKHX TKaHEH mapamerp Qiyo-
PECLIEHTHOTO KOHTpacTa IpUHHUMaeT MakcuManbHble 3Hauenust K=3.8. Iloc-
KOJIBKY JUIsl y4acTKOB HopManbHOH Tkanu K = 1 (¢ TouHOocTBIO 1O 25%), TO
orpeesieMblil TpH (IIyOpecieHTHOM HcciieioBaHNK mapamerp K moxer ciry-
KHUTh JIOCTaTOYHO HAJEKHBIM KpUTEpPHEM JUIS OOHAapyXEHUs MaluTHU3UPO-
BaHHBIX YYacCTKOB.
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B §4.5 mccnemoBanbl cnekTphl ¢uryopecreHIHA (POTOCCHCHOMIN3AaTOPOB
BTOpPOTO TIOKOJICHHS XJIOpHHA € W ZN- TeTpacyibdodTamonnanmna. JaHHbIE
KpacuTelIl XapaKTepH3YIOTCs HAIWYHMEM CHJIBHOTO IIOTJVIOIICHUS B KpacHOH u
O6mmkHel MH(pakpacHOH 00IAaCTH CHEKTpa, YTO COOTBETCTBYET OOJNACTH MUHH-
MaJIbHOTO TOTJIOLIEHHUsST BCEH COBOKYITHOCTH IOTJIOLIAIOMIMX KOMIIOHEHT Ouo-
TKaHH.

I dA. OTH. ep.
1.0
08 L
06 |
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02

\

0 I 1 | I | ] | !
680
400 470 540 610 >\ . LIM.

Puc.22. Cnekrpel ¢uyopecuenuuu: koxu (1), neuenn (2),
cere3eHKH (3); Ha BpeMEHHOM AUCTaHIMHU 64 TOcie BBOJA XJIOPHHA
€ J1abOpaTOpPHBIM KpbICaM, B YCIOBHSAX iN Vivo. [IHMHA BOJHEIL
Ja3epHOro Bo30YKIeHUS A = 355HM.

BrisBneHa (papMakoKMHETHKA XJIOPUHA € B Pa3IMYHBIX OpraHax J1abopaTOPHBIX
KpBIC U TMPUBHUTOH capkombl 45. DayopeclieHTHBIM KOHTPACT, ONpEe/IieMbIil B
Buae K = Aqn / Auopw » THE Aoy, Anopy - AMITIUTY B! QITyOpECIIEHIINH TIpH A = 666
HM JJIsI OIYXOJIM ¥ HOPMaJIbHBIX TKaHEH, COOTBETCTBEHHO, JOCTHTrall 3Ha4eHUH
K » 10, yepe3 BpemenHol uHTepBain 18 - 27 yacoB mociie BBOAA KpaCUTEIIs.

B §4.6 ommcaH HOBBIM Ja3epHBI METOM ONpEACICHUS TIyOMHBI MPOHUK-
HOBEHHUs omyxoyid B Omotkanu. Ha Puc.23. nmpeacrasnena cxema aHamm3a (iy-
OpECLEHIINH U3 PAa3IMYHbIX NIyOHH TKaHU. DAaHTOM OMYXOJIM C PacroyioKEeHUEM
B Pa3MYHON TIyOWHE OMOTKAHW CO3JaBAJICS M3MEHEHHEM PACIOIOKEHUS IMpo-
KpaIIeHHOTO TYMOPOTPOIIHBIM KPAacHTEJIEeM OIHOTO CJOS TKaHW CPeAH OIpese-
JICHHOTO KOJINYECTBA HECEHCHOMIM3UPOBAHHBIX WICHTUYHBIX CJIOEB TOH )K€ TOJI-
IMHEL. B M3MepeHnsx mpUMeHsIach BOJHOBOAHAS CHUCTEMa, TJe IEHTPaIbHOE
BOJIOKHO, ¢ quaMerpoM 0.4 MM, HCHOIB30BANOCH JUISI ITOJIBO/IA JIA3€PHOTO H3ITY-
YeHHs K NMOBEPXHOCTH 00pasla OMOTKaHM, a IIECTh OTACIBHBIX BOJIOKOH C JHa-
MeTpoM 0.2 MM, KOTOpBIE OBUTH CUMMETPHYHO PACHOJIOKEHBI BOKPYT LEHTPANb-
HOTO BOJIOKHA, MCIIOJIB30BaNICh JuIsl cOopa curHana ¢uiyopecueHnun (GoroceH-
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CHOWIIN3aTOPOB XJIOpUHA €¢ W ZNn-teTpacynbdodraronnanuna. Perucrpanuun
(ryopecueHIINH IPOU3BOAMIACH HA JJIMHE BOJHBI A = 666 m A = 715 HM, coOT-
BeTCTBeHHO. [loKa3aHa BO3MOXKHOCTH (DIyOPECIEHTHOIH NHAarHOCTHUKH TKaHEH B
007acTH MaKCHUMaJbHBIX ONTHYECKH TOCTUTAEMBIX TIYOMH ~ 1CM, IPH UCIIONB-
30BaHUH BO30YKJICHHS HA JUTMHE BOJHBI 660HM.

CBETOBOJ

—

»
L

Ion.oru.ea.

rF S

MOZIETh HEOTHOPOHON r
OITyXOITH I

Puc.23. 3aBUCHMMOCTH WHTEHCHBHOCTH (IIyOpECHECHIMH TPH CKa-
HHPOBaHUU (HaHTOMA OITyXOJIM BIOIb OCH Z, a) IPH BO30YKIACHUU
¢ A = 660uM, 06) ¢ A = 355HM, B) pEKOHCTPYHPOBAaHHBIH MPOPUIH
TpaHUIIBI OIYXOJIH B TIyOnHe OnoTkaHu (4-10MM).

Ha skcniepiMeHTaNbHONW MOJEIH OMYXOJH MPOJEMOHCTPUPOBAH HOBBIA METO[
JMAaTHO3UPOBAHUSI C Pa3pelICHHEM [0 TIIyOHWHE, C HCIIOJIh30BAHUEM JIA3€PHOTO
BO30YKIICHHSI HA IBYX Pa3IMYHBIX JIHHAX BOJH.

IIsaTas riaaBa MOCBSIICHA WCCICAOBAHHUIO Psiia HEIMHEWHBIX SBICHHUA B
OMOTKAHSX M BO3MOXXHOCTH UX UCIIOJIE30BaHUS B OMOMETUITUHCKOHN MPAKTHKE.

B §5.1 wuccnemoBano sBieHWEe IBYX(MOTOHHOW  (oTomHCCONUAIIH
TYMOPOTPONHBIX  (DOTOCCHCHOMIN3ATOPOB B ONTHYECKH  HEMPO3PAYHBIX
MBIILIEYHBIX OMOTKAHAX.
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I¢n. OTH. eq
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Puc.24. CxopocTh YMEHBIICHHS HHTEHCHUBHOCTH (DIYOPECICHITNH
XJIOPUHA €5 B TKAHSX B 3aBHCHMOCTH OT HHTCHCHBHOCTH OOIy4YeHHs
npu A = 532HM (9acToTa HHITYIHCOB SI').

INokazano 3¢ dexkTrBHOE MameHe YPOBHS (IIyOpECUEHIIMN XJIOPUHA eg B JBa pa3a
rocsie IByX MHHYT 061yuenns (miotoct sueprin 0.1 JDi/cm?).

B §5.2 uccnemoBaHo sBiCHUE ABYX(POTOHHOU (DIyOPECICHIIMU TYyMOPO-
TPOMHBIX (POTOCEHCHOMIIU3ATOPOB B ONTUYECKH HETIPO3PAUYHBIX MBIIIEYHBIX OHO-
TKapsx. 110 CpaBHEHHIO CO CilydaeM OXHO(GOTOHHOro moriomenus (o ~ 107°
cM?), cedenne IBYX(OTOHHOTO TMOTIOMEH s J0CTATOYHO Mano: 6 ~ 107 eM?, mpu
unrencusroct | = 10MBer/cM? [4], 4TO pe3ko yMEHbBIIACT BO3MOXKHOCTh
(OTONOBPEKIAIOIETO JEUCTBHS Ha HCCIeNyeMble OWOJIOTHYECKHE OOBEKTHI,
BBI3BAHHOT'O MOTJIOICHHEM CBETA.

I hA. OTH. ep.
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Puc.25. [IByxdoTOHHO BO30YKICHHBIC CHEKTPHI (DIYOPECICHIIUH OT
OKpAIICHHBIX MTPOU3BOHON remaronopdupuna (1) u xiopuHa eg (2)
MBIIICYHBIX TKAHEH KypHIIbl, IPU ITMKOCEKYH/IHOM BO30YKCHUH.

Hcnonp3oBanue B 1BYX()OTOHHOH CXeMe JIa3epHOro BO30YKIACHUSI, JUIMHA BOJIHBI
KOTOpPOT'0 pacrojioKeHa B JlaJIbHEeH KpacHOW wiM OmxHell mHdpakpacHoi 00-
JIACTH CHEKTpa, B MPAKTHUECKUX 3a7adax (DIyOpeCceHTHON AMAarHOCTHKH BEIET K
YBEJIMYEHHUIO TTyOHMHBI IPOHUKHOBEHHS B OMOTKaHb, YTO B pe3yibTaTe, BEJET K
YBEJIMYECHUIO TOYHOCTH M YyBCTBUTEIHLHOCTH ONITHYECKOH THAaTHOCTUKH.
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B §5.3 nokazaHa BO3MO)KHOCTb T'€HEpAI[MM BTOPOH TapMOHHMKH B OHOTKa-
HAX. DKCIIEpUMEHTaJIBHO ycTaHOBIeHa Koppeisiuus 3¢ dexkrnBaoctn ['BIT ¢ mpo-
LEHTHBIM COJIepKaHNEM B OMOTKaHU (QPHOPHUISIPHOTO OeJIKa KOJUIareHa.

s dextuBHOCTE [ BI' coaeprkanne KomareHa (%)
(oTH.em.)
JIepMma 100 20-30
SIHUIEPMHUC 100-150 30-50
MBIIIIBI 20-30 5-7
CYXOXKHIIIAS 200-300 60-70
daciun 150-200 50-60
XPSIIH 250-300 60-70
KOCTHAs TKaHb 1000 5-10
YPOBEHb IIIyMOB 3 0

Tabnuma 2. DpdextrBHOCTs ['BI' B pasnmniHbeIX THIIAX OHOTKaHEH.

Tak kak XapaKTepHbIe pa3Mephl YHOPSIOUEHHBIX, aHU30TPOIHBIX CTPYKTYp B
(UOPMIIIPHBIX KOJIJIAT€HOBBIX TKAHSX JKMBOTHBIX M YENIOBEKAa MMEIOT MOPSIOK
JUTUHBI KOTEPEHTHOT0 B3aumomeicTBust L,,.= A/4(N,-N;), TO B yKa3aHHBIX TKa-
HsX obecrieunBaetcs ycinosue i apdekrusnoit 'BI™ (ny u n, - mokaszarenu npe-
JIOMJICHHSI CpeZibl Ha YacTOTE OCHOBHOT'O M3JIyYEHHSA W Ha YacTOTe BTOPOH rap-
MoHnuKH). IlokazaHo, 4TO ¢ MOBBINIEHHEM TeMIlepaTypsl oOpasna HaOmomancs
pe3kuit ciag wHTeHCHBHOCTH ['BI' 0 ypoBHs mrymoB. [Ipu oxnakaeHnn odpas-
11a, HArpeToro CBBILIE 70°C, crioco6HocTs I'BI He BOCCTaHABIMBAIACK. IIpu

] 20). OTH. €A,

10 +

20 40 60 80 T.C

Puc.26. TemnepaTypHast 3aBUCMMOCTh HHTEHCHBHOCTH CUTHAJIa BTOPOH
rapMoHMKH A = 532HM (KpuBasi 1) M MHTEHCHBHOCTH pacCesHUS
JIa3epHOTO M3IyYeHUs Ha JIuHE BOJMHBI A = 1064 HM ( KpuBasg 3) u
A =532aM (xpuBas 2), oT 006pa3ma TKaHEH CYXOKHIIHSL.
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9TOM, AWANA30H TEMIEPATYPHI, MPU KOTOPHIX MPOUCXOIMII CTIaJ MHTCHCUBHOCTH
I'BI' B xBa pasa, Haxomwics B mHTepBane 60-64°C. B 5ToM nuamasoHe Temite-
paTtyp MOJEKyna KOJUIareHa IPETepIeBaeT HeoOpaTuMylo KOH(OPMAIMOHHYIO
MepEeCTPOMKY: TEpexoa CHupallb — KIYyOOK, TO €CTh MpEeBpallieHHe KECTKO
YHOPAJOYHOH, ABYTy4eNpeIOMISIONIed CTPYKTYphl B IPAKTUYECKH U30TPOIHYIO
MaKpOMOJIEKYTY.

B §5.4 wuccrnemoBaHa mossipU3allMOHHAs 3aBUCUMOCTh curHana [BIT B
oOpasuax OMOTKaHeW, UMEIOIINX pPa3HyI CTPYKTYpy. JKCHEPHMEHTHI IPOBO-
JWINCh B CPaBHEHHH C JIDYTUM HEJIMHEWHBIM IPOLECCOM - IBYX(OTOHHOU
¢yopecuenmuert (ADPD). Hdna Bo3OyxkmeHus curHama PP ¢ ammmmTymoi,
copa3MepHoii ¢ ypoBHeM curHana ['BI', 00pa3is! CyXoKumms ObUIH MPOKPAIIICHBI
KpacuTeseM, 00JIalafoliX BHICOKHMM KBAHTOBBIM BBIXOZOM (DIIyOpECIEHINH MpH
IBYX(OTOHHOM B030yXneHnu. Bemmunna curnana I'BI” Osira mpumepno B 2,5
pasa Gouibllie B CiTydae, KOTAa MOJIIPU3AIHS JIA3EpHOTo Ty4da Obla mapasienbHa
KOJIJIATGHOBBIM BOJIOKHAM, Ye€M B IEPHEeHAMKYIsIpHOM ciy4ae. [Ipu sTomM B
ormmuue ot I'BI, curnan PP He nposBisil Kakoi-m1MOO 3aBUCUMOCTH OT
noysipusaluu  najamoomero  nydka.  Msmyuenwe I'BIT mpu  nuHENHHO-
MOJISIPU30BAaHHOM 30HIMPYIO-IIIEM Iy4Ke OBUIO YacTHYHO TIOJIIPU30BAHO U
cTeneHp nojsApusamuu coctapuia P2w) = (I - 1. )/ (I + 1.) = 0.5. Beuo
BBISBJIGHO, YTO 3aBUCHUMOCTh pAacCesHHUs MOJIPU30BAHHOTO ITydKa oT
opueHTauuu (GUOPHINT B YHNOPAJOYHOW OMOJIOrMYECKOW TKAaHU SIBISETCS
OCHOBHBIM ~ MEXaHHU3MOM OOBSICHEHHS MOJYYEHHBIX OKCIIEPUMEHTAIbHBIX
pe3ynbTatoB. Beim Takke wmccienoBaH ciydait 'BIT mpm ¢ororepmmuueckom
00Iy4eHIN 00pa3IoB KOXKH.

Obpasey;
ounetp  [nH3a
® @& - ,
E doTopeTekTOp
a b
- 5
8 10
= 20
Wutencusnocts I'BIT (oTH.€11.) Puc.28. J1Ba ciry4yast 30HAMpOBaHUS

00pa31oB: a) moispu3anys Jasep-
HOTO Jyda IapajulenbHa KoJulare-
HOBBIM (uOpmiiaM, 0) monspusa-
LHsI JIA3EPHOTO JIyda MepreH/UKY-
JIIpHA KOJUTAr€HOBBIM (hUOPUIIIIAM.

Puc.27. Kaptuaa pacnpeneneHus
unteHcuBHocTU ['BIT nmocne nazepHo-
ro HarpeBa IOBEPXHOCTH B oOpasnax
a) dacuun 1 0) CyXOKHITHS.
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BrisBnieHo m3MeHeHue WMHTEHCHMBHOCTU curHanma ['BIT mst cimydast masepHoit a6-
JAIAHM y4dacTKa o0Opasma KOXKH, a TaKkKe IPH Ja3epHOW CBapKe JBYX 00pasloB
KOXXH TIPY CKAaHUPOBAaHUH 30HANPYIOIIETO MydKa.

IFBF- OTH.€I. IFBF! OTH.€A.

20
20

1.5 1 05 0 0.5- 1 1.5 T 15 T o5 0 o5 1 15

CKaHUPOBAHUEC, MM CKaHUPOBAaHUE, MM

Puc.29. HarencuBHOoCcTh curHana [BIT B Xome cKaHHpOBaHHA
30HAMPYIOIIETO MAKOCEKYHIHOTO IyYKa IOMEPEK CBApOYHOTO IIBa
OoroTkaHu () U 00JaCTH MOABEPTHYTOH Ja3epHO absiiuu (0).

IMocne mponeypsl J1a3epHOIl cBapkH B 00MacTy IIBa HaONOAaeTcsl ocnabieHue
curHana ['BI'. B cimydae xe nma3epHOW abisIuy MOBEPXHOCTHOTO y4acTKa KOXKH
HaOJoaeTCs yBenuYeHne WHTeHCUBHOCTH curHaia ['BIT B mBa pasa, uto o0yc-
JIOBJIEHO XapaKTEpHON CTPYKTYpOM KOKHOW TKaHH, I KOJUIareH-coAep Kallui
CJIO1 3IaCTUYHON TKaHH PACIIONOKEH OTHOCUTEINIBHO TITy00KO.
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uuoenenkuU

Uwnbunjununipniip tdhpwsd b jEtuwpwwjut hwdwlupgbpnd
ns-gduyhtt oyynhljujwutt npny tplnyputph b jugkpuyhtt uvybklwnpuwuln-
uihugh, hyyhu twb bwinuynwhuwh np dbkpnpubph nuntdtwuhpn-
prubp nnyus YhEhuwhniugwspltph junnigfuspughtt wupqupab-
dwlip b dudwbwlwljhg twminpdoymipjut Ukpnnubnh qupgugdwtnp:

Uwnugyl) ku hbnlyw hhdtwljut wpnyniupubpn.

Uowljyty b hpujwbwgyl) Eu puojuus hbnwunwpd juwny ubkplw-
ynipuyhtt juqbph unp ujubdwibkp, npnup wywhnynd Eu whlynduyp-
jutuyghtt fwnwquyph JEpujupnudp (uyb uyknpu) mhpnypeawd:

Unwowplyt] b hpujwbwgyt) E ybnmunuljut b jhuwhwunnppsuyht
twundwuthlubph uhtpbqh vjubdw' htnnly dhowduypnid jugbpuygh
wpyughuwjh dhongny: Mwpqupuill] i dh puth twindbwnp swihbpnyg
Yhuwhunnpysughtt plwinughtt jhnkph wwpnibwlnpyudp Ynynhy
nwsnyputinh nulhiubugkighntt hwnlnipniuubpp, qpuiigdt] L uykin-
pp 2tnnud nkwh Ywpd wihph Epupnipnibibph whpnyp, npp wwg-
dwbwynpywsé k swhuyht pyuiinugdw EpEljnny:

8nyg k ipyws jmqtipuyghtt ghubpughuyh mupuswlut junnigus-
ph wgqntgnipniup bwindwubhlubph swhwyht nhuybkpuphugh Jpue

bPpujubtwgyt] tu dbwnwn-dbnwn b dknwn-fhuwhwnnppsught
UYnynhy twiundwuthyutph hhpphy hwdwlwpgtph vhtptqh ujubdwtp:
Zhpphpuyhtt dbnnwnuijub  twindwuthutph phypmd  qpubgyl; L
wuqunuuyghtt phgnuwbuh hwwpujuwinipjui b wdyhnnigh thothn-
hunipnit: Lhgpudnpdws dknwunuljut b jhuwhwnnppswihtt twbindwu-
uhlubkph nsnypnid hwynwptpgt) £ Suiwplh EpEjunh wqpbgnipmiup
Si pywtitnuyht Yewnbkph vyknpu) hwnlnpmniatbph ypu:

Unwowplyt] tu juqtpuyhtt Jhpwpnidnipjun dky tnp wpmynitw-
Yt upubkdwibp dbnunuljut twindwubhlubph b pubpulupdhp jw-
qipwyhtt Smnuquypdwut hwdwntn jhpundwt nhypnid:

Unwownlyt] b twtindbnpuljut jnmsnnuijuiunipjudp pniubjughi-
oywhljuljut vhipnulnwh /twunulnuyh/ uppbdw: 8nyg k wipdl) dowly-
Jué upubduyh hpwjwbwgdwt htwpwynpmipnitp BEjunpuljut quy-
nmd snupljjut uyklnpu obndwt vheongny:

Onpdwpwpujut hbnwgnunipjudp puguhwypngk) i Mgk, pnipt-
nh huptwwnhy wnwtdtwhwwnlnipniutp, npnip yuydwiwynpus tu
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hpwlwt phiEjuphy hwunwnniuh puguuwlwt pununphsh wnliu-
jipjudp,  hwpqupyyly b wowgwplyly £ wjuwhuh ppoiplnh Jpu
hhdujwé owwmphluywt dhipnuynuh unp uvpubdw odnjwé gqhppupén
nwpwswlul (nSnnuljutintpjudp:

Onpdwpwpujut htnwgnuunipyudp gnyg L wnpdby LHEyunpndwgquh-
uwjut wihpubph windw (nwihqughuwh httwpwynpnipmniip twin-
swthuyht mhpnypubkpnud dwltpbnipughtt whph qpgndwt dvhongny, og-
nwqgnnpskiny plnt huyyyny dknunuljut dwlbplnyputph tnp vpjubdw:

8nyg L wpdk; YAGNd jwuqbpuyhtt gpgndwb ghuypmid  $pnin-
nptugkughuyh uyblunpubph wwppbpnipmiip Jwpgnt b jeuguuthubph
unpuw] m swpnpul Etuwhpnrudwspubph hwdwp: Snunngquynib
ukipyuiyniptpny ubkbuhphihqugdwt phypnd gnyg L wpdk; YAG:Nd
luqtpughtt - gpgodundp  pyninplugkighugh  dbpnnh  Yjhupjuljul
Yhpwnpnipjutt htwpuynpmipniip swpnpul] tnpugnjugnipinibiubph
whnnpnodwt hwdwp:

8nyg bt wpydl] dhqhjulju dkjuwihquny huptwdjninplugkughwu
hwiggubnt htwpwynpnipniup ukiuhphihqugus hnruwspubpnud:

Upwlyk) kE mpmgpubph nhwgqinuinhluyh inp dbkpnyupwin i’
wyujdwbtwynpws ninnigph puwn junpnipjut YEpnisnipjudp:

Onpdwpuwpuwlui hbnwgnumpyudp gnyg b wpdl] juuljugught
$Inunnphungdwt b Epydnunt Pjninpbugkighugh puqiudnuntt wypn-
ghuttph wniwnipmitp  pudnpnupny  /pungplnuyhtt hwljgwént-
prudp/ ubpluiynipbpny ubkuuhphihqugus hpruquspubpnid, whyn-
Juypjubwghtt Sunwquypuwhwpdut yuydwitbpnud:

Qpuigdl] E YEuuwhniuduspnid oyyunhjuljuts tplhpnpn hwpdn-
Uhyh ghubpughugh tpbnyph welwympeniip wwppkp ny putwghl
JEunwbwlwt hniujuspupmd, gnyg £ wipdws, np tpypnpn hwpun-
uhyh qtubpughugh wpynibwdbnmpniop juppdws bt Ynpugk uyh-
nwlnigubph pwbwlhg:

Ugulpyty b wnwguplyby kynjugkih dwlpnunibymh vyghpwi-yshy
ynupnpdwughntt  wugdwt ghtwdhuyh nunidbwuhpnipyut dbpn-
nupwinipiip: thwwpll) Eobpypopy hwpdnuhyh o gkikpughugh
Ubkpnnh Y1huthjuwlwb Yhpwenipjut htwpwinpnipniip hnruuspukph
lugbpuyhtt  fwnwqujpwhwupdwbt plupwugpmd  dnunngbpduyhtt wqpk-
gnipjul wunhdwith npnodwt hwdwp:
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Asatur Lalayan

Some Applications of Laser Physics in Biological Systems

SUMMARY

This work is devoted to experimental investigation of some optical
phenomena in biological systems and development of new methods of
laser spectroscopy and high resolution microscopy (hanoscopy) towards
the fluorescence diagnostics, determination of biotissue structure and
applications in nanomedicine.

The following main results have been obtained:

For realiztion of research tasks proposed in the current thesis the new
schemes of distributed feedback dye laser (DFDL) that provides
continuous tuning of wavelength of picosecond laser generation in a wide
spectral range have been proposed and implemented.

The scheme of laser synthesis of diverse semiconductor and metallic
nanoparticles by laser ablation in liquid medium has been proposed and
realized.

The spectral properties of nanoparticles’ colloidal solutions of several
semiconductor materials have been revealed. Blue spectral shift in the
area of the visible spectrum due to quantum-size effect has been
registered. The influence of laser beam transverse mode structure on the
size distribution of laser synthesized colloidal nanoparticles has been
revealed. Laser synthesis of colloidal hybrid metal-metal and metal-
semiconductor nanoparticles’ systems has been accomplished. The change
in wavelength and amplitude of the plasmon resonance for hybrid metal
nanoparticles has been revealed. Influence of the Stark effect on the
spectral properties of Si quantum dots in the colloidal solution of
semiconductor and charged metal nanoparticles has been revealed.

New effective schemes of laser surgery with application of metal
nanoparticles and infrared laser radiation have been proposed.

New scheme of combined microscopy with jointed features of
scanning tunneling and optical microscopy aimed to achieve nanometer
spatial resolution in the optical range has been proposed.
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The extraordinary optical properties of MgF, crystal because of
existence of negative component of the real part of the dielectric constant
of the medium have been experimentally confirmed.

New scheme of ultra-high spatial resolution microscopy on the basis
of the plane-parallel plate of MgF, crystal has been proposed.

The possibility of an abnormal localization of electromagnetic wave
in the nanoscale region through the excitation of a surface wave in the
scheme of two contacting metal surfaces has been experimentally
demonstrated.

The difference between the fluorescence spectra of normal and tumor
tissue has been revealed. The applicability of the fluorescence diagnosis
of malignant human tumors with YAG: Nd laser has been experimentally
demonstrated.

The peculiarities of autofluorescence quenching process in biological
tissues have been revealed. The influence of the electronic excitation
energy transfer effect on the phenomenon of the spectrally homogeneous
reduction of autofluorescence in photosensitized tissues has been
determined.

The possibility of laser diagnostics of biological tissues at the
maximum depth of optical penetration with the second generation
photosensitizers has been demonstrated. A new multi-frequency method
for optical diagnosis of tumors with a depth resolution has been proposed.

Nonlinear optical phenomena of the two-photon fluorescence and
cascade photodissociation of tumor-seeking photosensitizers in optically
nontransparent biological tissues at the picosecond laser irradiation have
been registered.

Second harmonic generation (SHG) in a variety of soft tissues of
animals has been registered for the first time. Correlation of SHG
efficiency on the amount of collagen fibrillar protein in the tissue has been
demonstrated. The possibilities of the SHG nonlinear-optical method for
the investigation of helix-coil phase transition of collagen molecules and
determination of photothermal damage of biological tissue have been
demonstrated.

Wt e e
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