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CekuumoHHbIe poknaabl

ONTO3JIEKTPOHHAS CEHCOPHASA CHUCTEMA,
OCHOBAHHAS HA TOHKOMJIEHOYHOM
NITACTUKOBOWM 3NEKTPOHMKE

r.®.M. Wy, M.M. Ketue, M.A. PeHcunr, ILT. san Xek, M. ge Kok, ®.I1. Buepunra,
3. Cmutc
Holst Centre / TNO, High Tech Campus 42, PO Box 8550, 5605 KN Eindhoven, The Netherlands

Bo MHOTUX Cly4asx NPaKTUYecKOro IpUMeHeHNUs HzealbHoe CeHCOPHOE YCTPOUCTBO JODKHO GbUIO 6bI GbITh JIETKUM, TOHKUM U
ruOKuM. YKa3aHHbIe CBOMCTBA OOBIYHO MPHUIMCHIBAIOTCS TOHKOMIEHOYHBIM ONTO3/IEKTPOHHBIM YCTPOMCTBAM, YTO MpeANoJiaraeT ux
NepCIeKTUBHOE HCINOJIb30BaHME B Ka4eCcTBe CEHCOPHBIX yCTPOMCTB. COYeTaHUA yCTPOWCTB, HANpUMep, IJIACTUKOBBIE CBETOAMObI
(OLED), opraunyeckue nosiebie Tpansucropsl (OFET), mactukoBsie doTtonuons (OPD), npuroaHs! /st pa3paboTKK HOBBIX CEHCO-
poB. Kpome TOro, BONpOC IleHkI aJIeKO He IOCJIeIHMI, T03TOMY HeIoporue (BhICOKOKa4eCTBEeHHbIE) JOCTYIHbIe CeHCOPhI NPeZCTaBIsA-
10T c000# MOAXOAANLIMI BapUaHT. VICXO/Is U3 BhIIECKA3aHHOTO, MbI IIOCTABIIX 33/la4y Pa3BUTHSI ONITUYECKOM CEHCOPHOU MIaTHOPMBI
¢ 6a30BbIMU 3JIEMEHTaMHU Ha OCHOBE IUIACTUKOBBIX CBETOAMO/IOB, IVIACTUKOBBIX GOTOAMOZOB ¥ IUIACTUKOBLIX CXEMHBIX MOAyJIeil. Tex-
HOJIOTMS! IPOM3BO/ICTBA TaKUX MOZyJIell JOJDKHA OBbITh COBMECTHMA C MacCOBBIM IPOM3BOZACTBOM Ha OCHOBE MeYaTH KOMIIOHEHTOB U
nepeMeleHns ¢ KaTylUIKY Ha KaTyLIKy.

B HaureM fjoKJ1azie GyZyT IpeZiCTaByIeHbI IePBbIe Pe3yJIbTATBI 110 3JIEKTPUIECKUM CEHCOPaM, BBIIIOJIHEHHBIM HA OCHOBE TOHKOILIe-
HOYHBIX TPaH3UCTOPOB.

Kpome TOro, Mbl IOKaXeM, YTO IIACTUKOBbIE CBETOAUOAB! U GOTOAMOMBI MOTYT UCIIOJIb30BATHCS B IIUPOKOM /iaNa30He Oll-
TUYECKUX CeHCOPOB. IledyaTHasA TeXHOJIOIMS MO3BOJIAET OCYIECTBUTE JlelleBOe IIPOU3BO/CTBO PaCCMaTpPUBaeMbIX yCTPOICTB. Mo-
AyJbHOE YTOJIIeHNe 3TUX U AONOJHUTEIbHBIX KOMIIOHEHTOB, HaIpUMeD, JIACTUKOBBIX 1/UIM TOHKOKPUCTAJUINUECKUX KpeMHue-
BBIX MaTPHLI, I03BOJIUT OJIyYUTh IPAKTHYECKU IBYMEPHYIO CTPYKTYPY JJIS IIIPOKOI0 pa3HO0Opa3us 31eMeHTOB. B kauecTBe mpy-
Mepa Mbl PACCMOTPMM KOHCTPYKIMIO U TEXHOJIOTMIO IIPOU3BOJCTBA MOJAYJIeH [l UMIIYIbCHOTO OKCUMETPa U MHTETPUPOBAHUSA B
GecrpoBOZHbIE CXeMbI C HU3KOH CTeIeHbI0 NHTerpaluH.

CEHCOPbl HA OCHOBE KAJIMKCAPEHOB

N.C. Autvnuu

KasaHckui rocynapctseHHblid yHuBepcuteT, XuMUYeckuii MHCTUTYT MM. A.M. Bytneposa

AWM. KoHosanos

MHcTutyT opranunyeckoit u pusnyeckoit xummnn um. A.E. Apbysosa KasHLL PAH, r. Kasanb

Pa3paboTaHbl TBEPAOKOHTAKTHbIE IOTEHI[IOMETPUYECKIe CEHCOPHI HA OCHOBE THAKaJIMKCAPEHOBBIX PelienTopoB. JIns rexe-
PUPOBAHMA CUTHAJIA UCIONb30BaHBI 3JIEKTPOIOINMEPH30BaHHbIe MaTepHabl — MOJMAHUINH U NoJIU$eHOTHa3uHbL. VX OKUCIH-
TeJIbHO-BOCCTAHOBUTE IbHbIE NPEBPAIeHUsA CBA3aHbI C OJHOBPEMEHHBIM II€DEHOCOM 3JIEKTPOHOB M MOHOB, II0STOMY IIPOLIECCHI
KOMILIEKCO06pa30BaHuUsA MPUBOAAT K U3MEeHEHHUIO IIOTEHIIMANa ceHcopa. BKIoueHre B cOCTaB 3aMeCTUTeNel THAaKaINKCAPEHOB 3a-
MecTHTeNeld, CofepKaluX MOHOGOPHBIe IPYIIILI, IO3BOJIAET IOJIy4aTh CeIeKTUBHBIX OTKJIMK CEHCOPOB HA MOHBI cepebpa U xeje3a
B npucytcTBiy 1000-KpaTHBIX U3OBITKOB APYTUX HEOPraHWYeCKMX MOHOB. HampyuMmep, TakaaukcapeHs! ¢ MOPGOTMAHBIMY ¥ THA-
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pasuAHbIMU (parMeHTaMu IO3BOJISIOT ONpe/esisiTh HAHOMOJISIPHbIE KOHIIEHTPAllUi MOHOB cepeGpa 6e3 mpefBapUTENILHOIO KOH-
LeHTpUpoBaHus MpoOsl. CieyeT TakKe OTMETUTb, YTO B OTJIYKE OT TPAAULUOHHBIX CEHCOPOB BBe/ieHI e B COCTAB YYBCTBUTENIBHO-
O CJI0A THaKaJIUKCapeHOBBIX pelieNTOPOB NnozaBisgeT pH-4yBCTBUTeNbHOCTh CUTHala OJMMEPHOTO €105l — HelO0CTaTOK, IPUCY-
LI TOJIMaHUJIMHY U MEIIaloLInii ero UCI0Ib30BaHUI0 B XMMUYeCKOM aHau3e. Pa3paboTaHHbIe TeXHOJIOTHH O3BOJISIOT OJTyYaTh
TaKXe HaHOKJAcTepbl KOMIUIEKCOB THAaKaJWKCAapPEHOBBIX PeLeNTOPOB C BBICOKO- U HU3KOMOJEKYJIAPHBIMU <«TOCTAMMU». Takue
CTPYKTYPbI OTIMYAIOTCS OBBILIEHHO!N IPOHUIIAEMOCTBIO IepeHOoC 3apsia 1 6ojiee OBICTPBIM OTKJIMKOM 10 CPABHEHUIO C TPAJUIH-
OHHBIM KalleJbHbIM HaHeceHneM HoHOOpa. SIBeHNst caMOCOOPKH TO3BOJIMIIN TAKXKE MOMyYaTh KOMIUIEKCHI 3aMelleHHbIX THaKa-
nukcapeHoB ¢ IHK, a Takxke GpUKCHPOBATH TaKKe POLIECCH] Ha [IOBEPXHOCTH peobpa3oBaTesns CUrHana. B pesysbraTe nosiBisercs
BO3MOKHOCTb YCTaHABJIMBAaTh NPUCYTCTBUE MUKPOIPAMMOBBIX KOJIMYeCTB HYKJIEUHOBBIX KMCJIOT B IPUCYTCTBUU JPYTUX OPraHU-
JeCKUX KOMIIOHEHTOB. BaXXHO OTMeTHTB, YTO Iporecchl GOPMUPOBAHUSA 3JIEKTPONOINMEPH30BaHHBIX CI0€B M HAHECEHH Ha HUX
CYIPaMOJIeKY/ISIPHBIX PeLelITOPOB U MX KOMIUIEKCOB He MMEIOT OrpaHHYeHHUs [0 pa3Mepy U reoMeTpHHY peoOpa3oBaTesisi CUrHaA.
B 4acTHOCTH, OHU COBMECTHMBI C TeXHOJIOTHel TpadapeTHO! nedaTy, IPUMeHseMOl, HalpuMep, B LeNKorpadpuu. DTO M03BOJISAET
[POU3BOAUTD [JOCTATOYHO GOJIbIIMeE MAPTUN OFHOPA30BBIX CEHCOPOB, OTIMYAIOIIUXCS BEICOKON BOCIPOU3BOANMOCTBIO aHAUTH-
JeCKUX XapaKTepucTuk. B yacTHOCTH, ce6eCcTOMMOCTD YIOMSIHYTHIX TBEPAOKOHTAKTHBIX CEHCOPOB C MOJMAHIIMHOM U THAaKaIUKCa-
PEHOBBIMH PeLeNTOPaMU IIPU 3TOM MOXKET COCTaBUTh MOPsAKa 5 pybieit. [ cpaBHeHHUs, KIaCCUYeCKUi MOHOCeTeKTUBHBII 31eK-
TPOJ UMIIOPTHOTO MTPOU3BO/CTBA CTOUT okoJo 30—50 EBpo.

ITomMuMoO onpeziesieHUs UHAUBUYaJIbHBIX COeJUHEHUI, TOTEeHI[MOMeTprYecKyie CeHCOPHI T03BOJAIOT pelaTh 3aa4y AUCKPHU-
MUHALUY Pa3IMIHbIX 06BEKTOB CI0KHOTO COCTABa, COZIEPXKANINX OHUOIOTMYeCK aKTUBHbIE BelllecTBa. VI3MeHeHuHe CUrHaja CeHeo-
pa IoCTUraeTcsi 3a CUeT B3aMMO/IEMCTBISE KOMIIOHEHTOB MOBEPXHOCTHOTO CJI0SI ¢ KOMILIEKCOOGpa30BaTesIsiMU, a TAKKe M3MeHeHHsI
OKHCJIUTETbHO-BOCCTAHOBUTEILHOTO TOTEHI[MaNa MOJIOKKNH — MonuaHuinHa. Hanpumep, TakuM 06pa3oM MOXHO MPOBOAUTH
pasnuyeHre pa3NMYHbIX COPTOB Yasi 1 GPYKTOBBIX COKOB. Ha mpumepe BHIGOPKU MaKeTHBIX COKOB POCCUICKOTO IPOU3BOACTBA U
HMIIOPTHOTO 3eJIeHOr0 Yasi OKa3aHo, 4YTO BePOSITHOCTb IPABUJILHOTO IPOTHO3a COPTA cOCTaBsdeT nopsaaka 95—100%. IIpouenypa
M3MepeHus BKJII0Yaja TeCTUPOBaHUe CEHCOPOB Ha 00y4alolieii BbIGOPKe, ¢ M3BeCTHBIMU (pUPMaMHU-TIPOU3BOUTENAMH, 1 [IOCTIENy-
Iolijee U3MepeHre CUrHaa Pa3baBIeHHbIX COKOB M SKCTPAKTOB Yasi C yCTAHOBJIEHHEM [IPHHAZJIeXHOCTH 00pa3IioB 3TaJOHHBIM 00-
pasiam C OMOIIbI0 METOZ0B XeMOMeTPUKM — JIMHEMHOro ANCKPUMUHAHTHOTO aHajlu3a ¥ MeTo/ia IJIaBHbIX KOMIOHeHT. Takxe
[0Ka3aHa BO3MOXXHOCTh KJ1acCUUKALIMU OTeYeCTBEHHBIX COPTOB BOZIKH, PACTUTENIbHBIX 6a1b3aMOB, KPEIIKUX CIIUPTHBIX HAIUTKOB
— BHCKH 1 KOHbsIKa. [Ipy eproanvecKoM KOHTPOJIe Ka4ecTBa pas3jesieHrst Ha KOHTPOJIbHOU BEIOOPKY TaKue u3MepeHus He Tpeby-
10T GOJIBIIOTO BPEMEHH U JOCTATOYHO JIELIEBHI.

Habnroparomuiics B OCJIeHYE TOJbI IOBBIIIEHHbIN HHTEPEC K JIOMUHECHIeHTHBIM HaAHOYACTHIIaM OOYC/IOBJIEH UX MMPOKUM
HCIOb30BaHMEM B OXMMUYECKOM aHaIn3e, MeULiHe U HaHODOTOHMKe. JIJist IOJTydeH s TIOMUHECLIEHTHBIX HaHOYaCTUIl Hanbo-
Jlee MIKUPOKO MCIOJNB3YIOTCA /IBa MOAX0AA. IIepBblil OCHOBaH Ha KOBaJeHTHOM BBeJIeHHU JTIOMUHO(QOPHBIX I'PYIII HA MOBEPXHOCTD
HAaHOYaCTHUII, BTOPOI — Ha BBeJIeHUH JIIOMUHODOPOB BHYTPb HAHOYACTHUL. BTOPOii oAX0/ NpeAnoYTUTeNbHee, TOCKOJIBKY He Ipe-
HATCTBYET AasbHellieil MOANpUKALIMY TOBEPXHOCTH HAHOYACTHI] TAK HA3bIBAEMbIMU «SIKOPHBIMU» I'PYINAMK, HEO6XOJUMBIMU [PH
co3nanuu 6romapkepoB. [I09TOMY MbI HCIIOB30BaIX BTOPO MOAXO/ MPU CO3[aHNM CHIMKATHBIX HaHOYacTULl, 3G deKTUBHbIE U
YCTONYMBBIE BO BpeMeHH JIIOMUHECLIeHTHbIe CBOMCTBA KOTOPBIX 06YC/I0BIIeHb! HoNKpoBaHHBIMY B HUX Ln(1II) KoMIIeKcamu ¢ m-cyi
bponarornakanukc[4]apesom. (TCAS) DddexTrBHAs TIOMUHECIIEHIHS HAHOYACTHI] 0OYCIOBJIeHA TIOMUHECIe el noHOB Th u
Yb (III), cesi3anubix ¢ murangom-TCAS, KOTOpbIit B CBOIO o4Yepesib siBiisieTcst 3pHeKTHBHOIM aHTeHHOI AJst SMUCCUH HOHA TepOusl.
[ToKpBIThIE CUIMKATHOM 000JI09KOM MoMuHeceHTHbIe KoMiuiekebl Ln(II)-TCAS o6iafaror 3aMeTHO GOJbIiell yCTORYUBOCTHIO,
YeM aHaJIOTUYHbIe KOMIUIEKCHI B BOZHOM pacTBope. JIerkocTb MOAUGHUKALIMN CHIMKATHOM OBEPXHOCTH HAHOYACTHUIL PA3TNYHBIMU
AKOPHBIMU I'PYIIIaMU U UX NHTEHCUBHASA U YCTOWYMBAs BO BpeMeHU JIIOMUHeCLeHI[1A C03/jaeT NPeANOoChIIKY UX YCIeHOT0 UCII0JIb-
30BaHUA B Ka4ecTBe HOMapKepoB.
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BUOCEHCOPbI HA OCHOBE
OJIMTOHYKJIEOTUOOB

B.B. Bnacos

MHctuTyT Xmummueckoi 6uonorun u dyHaamentansHoin megmupksbl CO PAH, Poccus,
r. HoBocnbupcek

0.B. MbiwHbIA

MHcTuTyT Xumnueckor 6uonorun u pyHaamentansHon meanumnHsl CO PAH, Pocews, r. Hosocnbupcek

Cpezu MOJIEKY/ISIPHBIX MHCTPYMEHTOB, cdepa IprMeHeHUI KOTOPBIX Ype3BbIYaiiHO MKPOKA U IPOJOIIKAET CTPEMUTEILHO PACTH,
CHUHTeTHYecKue pparMeHThl HyKJIeMHOBBIX KACIOT — OJIMTOHYKJIEOTH/bI — B HACTOsIIee BpeMsI SIBIISIIOTCS Hanbosiee yIOOHBIMU U YHU-
BepCcaJbHbIMU OMOHAaHOOO'bEKTAMH.

IIpakTHYecKas LeHHOCTb OJIMTOHYKJIEOTH/IOB BO MHOTOM OIpeiefIIeTCsl TeM, YTO K HaCTOSIeMy BpeMeHH pa3paboTaHbl KaK BbI-
coxoaddextuBHbie Metozbl cuaTe3a JHK u PHK, Tak 1 croco6bl mojydeHuns KX pa3sHOOGPa3HbIX TPOM3BOAHBIX, 00JIJAI0IINX 3a1aH-
HO# QYHKIMOHANBHOCTBIO. TeXHOIOTHUSA MONyYeHUs ONUTOHYKJIEOTH/IOB TIOHOCTBIO aBTOMaTH31poBaHa. CoBpeMmeHHble THK /PHK-
CHHTE3aTOPBI I03BOJISIIOT [OJIYYaTh 0 COTHH Pa3/IMYHbIX OJIMTOHYK/IEOTU/IHBIX (pparMeHToB B /ieHb. B Giinkaiiiiei mepcrieKTyBe mia-
HUPYeTCsi co3/aHue eliie 60Jiee IPOU3BOAUTENbHBIX, GHOYUIIOBBIX CHHTE3aTOPOB, CIOCOOHBIX IPOU3BOJUTE COTHU OJILTOMEPOB B Tede-
HYe OZJHOTO TeXHOJIOTMYeCKOT0 IIMKJIa. XMMUYecKas n1aTdpopMa OJIMTOHYKIIeOTHHOTO CHHTe3a B IOCTaTOYHOM CTeTleH! YHUBePCaIbHa
¥ TI03BOJISIET [10J1y4aTh IPOU3BO/IHbIE, HECYLIKE IPYIINPOBKH, OLPe/iesolIie HUPOKUit ClIeKTp GyHKIMOHANbHOCTel 61IOHaHOKOHC-
TPYKLWHA, CO3/1aBA€MbIX Ha OCHOBE HYKJIEMHOBBIX KUCJIOT.

OpHUM U3 OCHOBOIIOJIATAIOIIMX CBOMCTB OJIUTOHYKJIEOTHU/IOB SIBJISIETCS X CIOCOGHOCTD PACO3HABATH KOMIUIEMEHTaPHbIE TOCIe-
ZOBaTeIbHOCTY HYKJIEMHOBBLIX KHCJIOT. BoJiee yHIBEPCAIbHOIO MHCTPYMEHTApUs — MOJIEKYJISPHBIX 30HAOB — IS UeHTUQUKALUK
GUOIOTIIeCcKIX 00bEKTOB He cyiecTByeT. COBpeMeHHbIe 30HIbI Ha OCHOBE HYKJIEMHOBBIX KHCJIOT B IIOJIHOM Mepe SIBJISIOTCS GOHaHO-
TEeXHOJIOTMYeCKUM IPOAYKTOM. Bce cBOliCTBa 3THX CO37iaBaeMbIX HAHOOO'bEKTOB KOHTPOJIUPYIOTCSI, YACTh U3 HUX CTPOTO MIPOTHO3UPY-
ercsi. CaMo cTpoeHue U pYHKIMOHATbHOCTb OJIMTOHYKJIEOTHUIHBIX KOHCTPYKLMI MOTYT GBITH ONpe/ieNieHbl 3apaHee, Ha OCHOBAHUY HMe-
fomuxcsi GyHIaMeHTanbHBIX [PeCTaBieHnit 06 0COOEHHOCTSX KOMIIEKCO0OPa30BaHusI OJIMTOMEPOB C HYKJIEMHOBBIMU KUCJIOTAMU U
TpebOoBaHuiA, OTpe/esisieMbIX CI0COO0M BH3yaIn3aluy crelubuieckix B3anMOIeHCTBII 30H/0B ¢ aHanu3upyemoil HK-MuieHsio u
yCTAaHOBJIEHUSI KOMMIHOCTH MOCJIe/iHel B G1oornieckom obpasiie.

Kpome cBO#CTBEHHO# IPHPO/Ie ONMUTOHYKJIEOTHUIOB GYHKIMH CreliiIIecKOoro CBA3bIBAHNA KoMIIeMeHTapHbIX HK-1ocseioBa-
TeJIbHOCTEM, CUHTeTHYeCKue TPon3BoAHbIe HK-0MroMepoB CTasiu KCI0Ib30BaThCs IPU pa3paboTke GHOCEHCOPOB B KA4eCTBe:

o TeHepaTOpOB JIeTeKTUPYeMOro aHaJIMTUYeCKOro curHana npu nposenenun JHK-auarHoctmdeckux tectoB Ha ocHose IIIP,

06ecreyrnBaoIUX KOHTPOJIb 3a 3 PeKTUBHOCTBIO PeaKLiU B PeXUMe PeabHOrO BpeMeHH;

e <amlTaMepoB», 00eCIIeYMBAOIINX 3aXBaT U/MJIM TeHePaL[1i0 PETHCTPHPYEMOTro CUTHaJIa IPY HaTMYKK ClIenpuIecKoi MOJIEKy-
sibl-muttenu (6enKoBbIit GaKkTop, HU3KOMOJIEKYIISIPHBIE JIUTAH/IbI, HATIPUMeP, HAPKOTUYEeCKYe IPeraparsl 1 T.1.) B aHaTU3UPY-
eMOM Ipernapare u fip.

B MHcTHTyTe XMMUYecKoi 6uonornu 1 dyHAaMeHTanbHoi MexunuHbl CO PAH mpoBofsTcs cucTeMaTHYecKue MCCIeN0BaHus,

HampaB/ieHHble Ha Pa3paboTKy BBICOKOCHEUU(PUYHBIX CHUCTEM

rMOpPHUAN3ALMOHHOTO aHaJIM3a HYKJIEMHOBBIX KUCTIOT. Pa3pabora- HO JDH

Hbl IPOTOKOJIbI KOHCTPYUPOBAHUSA COCTABHBIX OJIMTOHYKJIEOTHI-

HBIX 30H/OB (TaHIEMHBIX ¥ MOCTHKOBBIX), 06ECIeYMBAMOIIAX
BBICOKYIO Ha/Ie)XKHOCTb BBISIBJIEHUSI TOYeYHBIX MyTauuii B JTHK
[IpY NIPOBE/IEHNH ITapaJlIeIbHOTO TMOPU/IM3AIMOHHOTO aHAJIN3a, Antenna
B TOM uHcle ¢ yuactieM JIHK-3aBucumeix pepmenros (JHK-mu- . i i
rassl, JIHK-nonumepasel). ITokaszaHo, YTO UCIONIb30BaHME CO- 03 3303 -OH
CTaBHBIX OJIMTOHYKJIEOTUIHBIX KOHCTPYKIUIA, 30H/I0B C BO3MYyIIle- HO-8i f
HUSIMY, B Ka4€CTBE CEHCOPHBIX 3JIEMEHTOB OMOYKIIOB MOBBIIIAET
ZOCTOBEPHOCTb aHajIM3a ORZHOHYKJIEOTUAHBIX MOMMMOPOU3MOB,

HampyMep, B COCTaBe BUPYCHBIX reHoMOB (BY-1, BI'C 1 1p.).

JpyrM TNepCreKTUBHBIM HalpaBjleHWeM [ieATebHOCTH
VHCTHTYTa ABNISIETCS pa3paboTKa HOBBIX THIIOB HAHO30H/IOB ISt
MeTozi0B aHanu3a JIHK, ocHoBaHHBIX Ha TexHUKe «IIIIP B pean-

HOM BpeMeHH» («Real time PCR»). Cpeau pa3HOBHIHOCTel Me- H Df
TOZa, MOAXO/, OCHOBaHHBIN Ha UCNIOJIb30BaHNU TagMan-30H0B,
sIBNIsieTCs HanboJee epcreKTUBHBIM. [Toxoz 6asupyercs Ha Mc-
TIO/b30BaHUH 5 -3K30HyKIIea3Hoil aktuBHOCTH JIHK-monmmepa-  Puc. 1 OH

Enefgy
Transfér

'~OH
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3bl. C 1esnbio noBbiieHus cexektiuHocTy [IIP-ananusa JJHK GbLIO [pe/sioxkeHo UCIOoIb30BaTh B KauecTBe TagMan-30HI0B KOHB-
FOraThl KOPOTKUX OJIUTOZIe30KCUPUOOHYKIEOTHIOB C Ma0O0PO3[0YHbIMY JIMTAHAAMH — CHHTETUYeCKUMH MOJIEKYJIaMH, TPOYHO CBSI-
3bIBAIOLIMMUCA € ABOFHO# criupaneio JHK. Hanu4uue Bcero o4HO# HYKJIEOTUHOM 3aMeHbI B 00J1aCTH BCTPAUBaHUS IUTaHa B AyILIEK-
CHYIO CTPYKTYPY IIPHUBOJUT K pe3Koi necTabuinsanuy komiekca 3011/ JHK, uto obecreyrBaeT cyliecTBeHHOe BO3pacTaHUe Cesek-
TUBHOCTH PETUCTPUPYEMOTO CUTHaja U I03BOJIeT OJHO3HAYHO pa3/IMduTh, HAlIpUMep, FreHeTU4Yeckuii Matepuai Bupyca renarura C,
cOOTBeTCTByHOMIuME cyGTunam 1a u 1b.

Jlpyroii T pa3paboTaHHbIX B THCTUTYTe 6HOCEHCOPOB Ha OCHOBE OJIMTOHYKJIEOTH/HBIX IPOM3BO/IHBIX 3TO KOHBIOTATHI, He-
cymue OGuc-nUpeHUIbHbIe 0cTaTKU. ClIeKTpaibHble XapaKTePUCTUKU (GJIyOPeCeHInH STUX KOHCTPYKLMI 3aBUCAT OT JIOKAJIbHON
koHpopmanuu HK-munrenu B6IM3K caiita CBA3bIBaHKS HAHO30H/1a M OKA3bIBAOTCS YYBCTBUTEIbHBIMY JIaXKe K HaJIMIUIO0 HECOBEP-
IeHHBIX AP OCHOBAaHUH B COCTaBe (POPMHUPYEMBIX NyIUIEKCHBIX CTPYKTYP. Takue 0COGEHHOCTH MTO3BOJISIOT CO3/[aBaTh aT€HTHI, CIIO-
cobHbIe, HATIPUMED, B PEKIMe PeajbHOTO BPeMEHH, aHAIM3MPOBATh COCTOsiHUE crienuduueckoit HK-mMuineHu, B TOM 9uCiie U BHYT-
PY KJIeTOK.

Pa3BuTHe TeXHOIOTUI MAHUITYINPOBAHUS C KOMOMHATOPHBIMY OHOIMOTEKaMU CUHTeTHYecKuX ¢parmenToB HK npuBenu K mo-
SIBJICHUIO COBEPIIEHHO HOBBIX BO3MOXHOCTeH 10 co3zanun ucKyccrBeHHbIXx PHK- n THK-HaHO30HAOB — anTaMepos. B MHcTHTyTE
IIPOBOZSATCS pa3pabOTKK KaK HOBBIX METOJIOB CEJIEKIIUH alTaMepPOB, TaK 1 MOKCK [OTeHI[HalbHbIX TepareBTUYeCKUX MpernapaTos 1/
WM MOJIEKYJISIPHBIX 30H/I0B /ISl JIeYeHHUsT ¥ TUarHOCTUKY COLMAIbHO-3HAYMMBIX 3a00JIeBaHMUIL.

CoBMecTHO ¢ MHCTUTYTOM Q13uKU nonynpoBoguukoB CO PAH u psajgom apyrux yupexzaenuit HHII CO PAH, UXB®M ak-
TUBHO paGoTaer Haz pa3paboTKOU HOBBIX TUIIOB GMOCEHCOPHBIX YCTPOICTB HAa OCHOBE OJIMTOHYKJIEOTHU/OB, poBoauTcsi B UXBDM.
B kauecTBe MepcreKTUBHOTO MaTepuaa Jijisi pa3pabaTbiBaeMoro GMOCEeHCopa MPOTOYHOTO THIA MPE/JIOKEHO UCIIONb30BaTh 00b-
eMHble TBep/ioTeJIbHble HOCUTENIM Ha OCHOBe MUKPO- U HAaHOKaHAJIbHBIX KpeMHUeBbIX MaTpull (Si-MKM). JlaHHbIH MaTepua, us-
roraauBaeMbiii B UDIT CO PAH, mpescraBJisieT cOGOM MIaCTHHY, COAEPKAMIYIO PETYISPHYI0 MaTPHIy CKBO3HBIX KAHAJIOB HAHO-
JIUTPOBOTO 0Obema. [Ipy MCMOIb30BAHUM 3TOT0 MeMOPAHOMOAO0OHOr0 MaTepuaa yAaeTcsi B 3HAYUTEIbHOU CTEIeH! YBEeIUIUTh
3¢ eKTUBHYIO IIOIAb TOBEPXHOCTHA HOCUTEIS, IPUTOAHYIO Ul MMMOOMIM3ALIK 30H/I0OB U JOCTYIHYIO IJIsi B3aUMO/IEACTBHS C
KOMITOHEHTaMU aHaJIM3UPpyeMBbIX pacTBOPOB. IInactuHbl Si-MKM fABIA10CS CBETONPO3PavyHbIM MaTepHaIOM B IIMPOKOM AMaNa3oHe
nivH BosH (YO-Bun-MK), 4To 3HaYUTEIbHO paciiupsieT BO3MOXHOCTH IS HaZIe)KHOM IeTeKIINK U uAeHTUPUKAUU 61IOMapKepOB.
Kpome Toro, B coueTaHuu C UCIOIb30BaHNEM HaHO- U CYOMUKPOHHBIX YaCTHUII JaHHBIM MaTepuas M03BOJIsET pPeaan30BaTh HOBBII
IPUHLUI PerucTpauuy crenndpruyeckux B3aMO/eHCTBHII, OCHOBAaHHBIN Ha «3allMPaHUU» CBETOBOTO NOTOKA B pe3yJbraTe GopMu-
POBaHUsA KOMIIJIEKCOB HAa BHYTPEHHUX CTeHKax kaHajoB Si-MKM. B HacTodIee BpeMs 9TO HanpaBjeHHe HaXOJUTCA Ha 3Tale CUC-
TeMaTU4IeCKOou MpopaboTKH.

Takum 00pa3oM, HanpaBJieHKe, CBA3aHHOE C Pa3BUTHEM OMOHAHOTEXHOJIOTUH SIBJISETCS OJIHUM U3 IPHOPUTETHBIX B IEATEIHHOC-
TH VIHCTUTYTa XMMUYECKON 6U10JIOTHUH U dyHnameHTanbHON MeAUIMHBL. OHO aKTUBHO noaznepxuBaercst PAH n Cubupckum OteseHu-
eMm PAH B paMkax crennanusupoBaHHbIX IIporpamm Ilpesunanyma PAH v MexXIUCHIUIUIMHAPHBIX MHTETPALMOHHBIX IPOEKTOB, COOT-
BETCTBEHHO. FIMEHHO TeCHOe COTPYJHUYECTBO C HAYYHO-UCCIIe[OBATEILCKUMU OPTAaHU3ALMSIMU PA3JIMIHOTO TPOQUIIS SBJISETCS MPU-
HI[UITMAJIbHO BaXKHBIM JJIS1 YCIIEITHOTO PAa3BUTHS GUOJIOTMIECKOTO CEKTOPA HAHOHAYKH U ee IPAaKTUYECKOM peain3allny B 4acTy OuoHa-
HOTeXHOJIOTUH.
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DPOTOJIIOMUHECLEEHLUMNA KOMMNO3UTOB
«HAHOKPUCTAJIN CdSe/ZnS — OPTAHUYECKMM JIUTAHL»:
MEXAHN3Mbl PENTAKCAUMNOHHbLIX NMPOLIECCOB

U MPMUMEHEHUSA B HAHOCEHCOPMUKE

3.U. 3eHbkeBuny

Benopycckuit HaupoHanbHbIA TexHUYeckui yHuBepeuTeT, benapycs, r. Mutck

K. ®on bopuyckoscku

MHctutyT dusmkm, Texuuueckuin yuusepcutet Xemunua, fepmanns, Xemuuw,

HaHOoTexHOIOrusi — 3TO COBOKYIHOCTb IIPOLIECCOB IO CO3JaHHI0 M U3YYEHWIO YCTPOMCTB Ha aTOMAPHOM MJIM MOJIEKYJISDHOM
ypoBHe ¢ pazMepamu < 100 HM, CBOMCTBA KOTOPBIX CyILIIECTBEHHO OTJIMYAIOTCS OT TAKOBBIX /IS G0Jiee KPYIHBIX CTPYKTYp. [IpuHInmmm-
aJIbHOM 0COOEHHOCTBI0 HAHOMAaTepUaJoB ABJAETCS crelpuiecKas 3aBUCIMOCTb UX XapaKTePUCTHUK OT pa3Mepos [1].

B nociesiHee JiecsiTiIeTe OJIHUM U3 GbICTPO Pa3BUBAIOLIMXCS M HanboJIee MPUBJIEKATeIbHbIX HapaBieHUi HAHOTEXHOJIOTHU
ABJIAETCSA UCIIOJIb30BaHMUe IOJTYIIPOBOAHNUKOBBIX HaHOKpHcTaioB (HK), a Takxe ru6puHBIX HAHOKOMITO3UTOB, cocTosmux U3 HK u
OpraHNYecKuX GYHKLIMOHAJIBHBIX JIMTAH/OB, IEPCIIEKTUBHBIX [JIS UCIIOIb30BaHMSA B HAHO3JIEKTPOHKKe, HAHOPOTOHUKE, CEHCOPUKE U
mocTaBke ekapcTs [2—6]. Ha npakTuke HanGoJ1ee HCOIb3yeMblil MeTos GopMHUpOBaHUs HaHOKOMIIO3uTOB «HK-opranudeckuii u-
raH/i» OCHOBaH Ha MPUHIUIIAX CAMOCOOPKH «CHU3Y-BBEPX» 33 CYeT HEKOBATEHTHBIX B3aMOZENCTBHIA, IPH KOTOPBIX TpebyeMast CTpyK-
Typa IPOrpaMMHUPYeTCs KaK 10 CTPOEHHIO, TaK 1 0 QYHKIMOHAIBHBIM XapaKTePUCTHKAM B3aUMOeHCTBYIOMIX KOMIIOHEHT. [Ipu 3ToM
aKTyaJIbHBIM fABJIAETCSA AeTaJbHOe BbISCHEHNe MeXaHU3MOB HHTepQeHCHBIX ABJIeHNI B TAKUX MaTepuanax [7]. YHuKambHble GU3NKO-
XUMHYecKHe CBOMCTBA OJyNpOBOAHMKOBBIX HK (onTHyeckast OACTPOiiKa, CUIIbHOE CBeYeHue, BhICOKas (pOTOCTAOMILHOCTD U BaPbH-
pyeMas I0OBepXHOCTHAs acCuBaLys [2]) B COYeTaHUU C BBICOKMM OTHOIIEHMEeM CUTHaJ/IIyM eJIaloT 3TU CUCTEMBbI I1epCIIeKTUBHBIMY B
0c0OeHHOCTH /1Sl ceHcopuKK. OZIHAKO [I0 HACTOSIIEr0 BpeMeHHU OCTAeTCs He SICHBIM Psifi BOIIPOCOB, CBSI3aHHBIX C BbIACHEHHEM OCHOB-
HBIX MEXaHN3MOB GOTOPU3NIECKUX ITPOLIECCOB, B 0COOEHHOCTH GOTONIOMUHECLIEHTHOTO OTKJIMKA, CBA3aHHBIX C YHUKaJIbHBIMU UHTED-
delicHbIMU CBOWCTBAMU HaHOKOMIIO3UTOB «HK-opraHndeckuii murauz».

B nokJiazie aHaIU3MpyeTCsi COBpeMeHHOe COCTOSTHHUE B MCC/IeZI0BAHUAX MPOLIECCOB PelaKcaliii BO30YK/IeHNsT B HAHOKOMITIO3H-
tax «HK-opraHudeckuii 1uranzi», a Takxke IpejcTaBieH 0630p UX BO3MOXKHBIX PUMEHEHHI B HaHOCeHCOpHKe. [I0BepXHOCTHAs
naccuBanys CTabUIM3UpOBaHHbIX TpUOKTHIPoCcUH okcunom HaHokpucramioB CdSe/ZnS (auamerp sppa doye, = 2,1+5,2 HM,
2 MOHOCJI04 ZnS) MOJIeKyIaM{ TeTpaMe30IMpUANI3aMeleHHbIX nopupuHos, H2P(Pyr)4, B pacTBOPUTENAX HU3KOH MOJNAPHOCTH
[py¥ KOMHATHO# TeMIepaType Obljla peaqrn30BaHa 110 MPUHLUHUIY caMOCOOPKH 3a CUeT ABYXTOUYEYHOTO KOOP/AMHALIMOHHOTO B3aUMO-
IefCTBUSA aTOMOB Zn MOHOCJIOS C a30TaMU Me30NUPUAIIBHBIX Koyen nopdupunos [8] (puc. 1). Kak npasuno, GopMupoBaHue
HaHoaHcaMObJieil 3a cyeT MpUCOeANHSEMbIX HOPQUPUHOBBIX JUTAH/IOB Ha [IOBEPXHOCTH MOHOCIOSA ZnS NPOSIBISETCS B TYLIEHUH
¢doromomunecnennuu (®JI) HK (ymenbmenve uateHcuBHOCTY PJI, MOSIBIEHNE U POCT ZOMOJHUTENbHBIX KOPOTKOXKUBYIINX KOM-
noHeHT ~ 7 He and ~ 700 1c B He3KCIOHEeHIManbHOM 3aTyxaHuu [§—10]). B 60bIIMHCTBe CyyaeB 3TO TylIeHWe OObIYHO CBSI3bIBA-
eTCst YaCTUYHO C pe30HaHCHBIM IIEPEeHOCOM 3Hepruu Bo30yxaeHus gpepcrepoBckoro tTuna (OPIID) HK—kpacurens [4, 8, 11] nubo
¢ boToMHAYLMPOBAHHBIM NlepeHocoM 3apsaza (I13) [12, 13], ofgHako JuLIb B HECKOJIbKUX PabOTax MpesCTaBIeHbl KOJIUYeCTBEHHBIX
ZI0Ka3aTeJIbCTBA MIPOTEKAHMUS ATUX mporeccoB. Jjist HaHokoMo3utoB «HK-mopdupuH», Ml cTporo 060CHOBAIH, YTO CEHCUOUIIH-
3anus ¢nyopecueniuu H,P(Pyr), He mpeBbimaet < 10%, T.e. Bkaag (®PIID) HK—nopoupun B tymenue ®JI HK He3HauuTeneH.
Kpowme Toro, HezaBucumocTs 3¢ dextrBHOCTH TymeHnss GJI HK oT OKHCIUTETbHO-BOCCTAHOBUTEIBHBIX CBOUCTB TOPOUPHUHOBBIX
JIMTaH/IOB U OTCYTCTBHUeE TyLIeHust GpyopecieHny TopGUPHHOB B COCTaBe HAHOKOMIIO3UTOB YKA3bIBAIOT HA OTCYTCTBHE OOBIYHBIX
I13 mporieccoB MapKyCOBCKOTO THIA C yYaCTHeM MOJIEKYISIPHBIX opbuTaieit mopdu-
PUHOBOTO Makpouuka [14].

HenaBHO MBI NOKa3aly, YTO TPeTUH MeXaHW3M, NPUHIUNUAIBHO OTJIUYHBIA OT
@PIID u I13, moxer Bbi3BaTh TyleHre OJI HK npucoeanHsaeMbIMU MOJIeKyJIaMy THIA
nop$UpUHOB MK 6ucAMMMIAOB [9]. B noKane mpesicTaBieHbl SKCePUMEHTaIbHbIE U
TeopeTHyYecKye 0Ka3aTebCTBA IPOLIECCOB TAKOTO THNA (He paccMaTpuBaeMble B 60JIb-
IIMHCTBe PaboT 110 3Toi TeMaTuKe). Kak BUIHO U3 pUC. 2, IPY OZHOM U TOM K€ MOJIAp-
HOM oTHomeHuu x TymeHue ®JI cunbHee a1 Manbix HK.

Bsuo o6HapyxeHo [9], uro s HK for CdSe/ZnS ¢ aBymst MoHOCTOSIMU ZNnS 3Ha-
yenus k, values CyleCTBEHHO YMEHbLIAIOTCS NPY BO3PACTAHWHM /Mametpa siapa: k, =
(0,041 £ 0,016) ™ for dege,= 2,1 HM 710 &, = (0,0015 = 0,0009) HC™ 7151 dgg,= 5,2 HM.
C Qu3MKO-XUMUYeCKO TOUKY 3peHHs, IPU B3auMozelicTBiM Mosekyssl of H,P (m-Pyr),

%’z ¢ noBepxHocThi0 HK BOJTHOBast GyHKIIMS 3/IEKTPOHA \, MOXeET OBITh JIOKAaJIbHO BO3MY-
¢ Puc. 1  meHa (3a cueT MHAYKTHBHBIX U/WIN Me30MepHBIX 3¢ }eKToB), YTo MpUBOAUT K HopMuU-
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POBAHMIO NTOBEPXHOCTHBIX JIOKAJIBHBIX JIOBYIIEYHBIX COCTOSIHUI B nHTepdeiicHoM cnoe HK. COOTBETCTBEHHO, NPYU ieI0KaIN3alum
3JIeKTPOHA BO30Y KIEHHOI 3JIEKTPOHO-IBIPOYHOM HaphI 3a MpeZesibl sifipa U 06071049Ku ZnS (KBAaHTOBO-pa3MepHbIil 3 deKT) u KoHed-
HOTO 3HaueHus1 3Hepruu O6apbepa E, ¢ 371eKTpOH TyHHempyeT Ha noBepxHocTh HK (4 B okpyxeHue). 3-3a Halu4us HemozieNeHHOH
Tapbl 3JIEKTPOHOB aTOMOB a30Ta /IByX COCEJIHUX NUPUANIIbHBIX KOJlel] («IKOPHBIX» I'PYIII) 3JIEKTPOH Naphbl YaCTUYHO JIOKAJIU3yeTCsl B
pailoHe KOHTAKTHOI'O CaiiTa, IPX 3TOM BePOATHOCTb HAXOX/IeHHs 5JIEKTPOHA B 3TOM MeCTe OIMChIBAETCS KBaApaTOM pajuaibHOK BOJI-
HOBOU QyHKimu % (r) 1s-anekrpona (1S, ,-1S,) (puc. 3).

BonHoBas QyHKIMSA 37IeKTPOHA y,, B cdeprdeckoM HaHOKpHcTaLie CdSe/ZnS Haxoaunack U3 pelteHus ypasHenus LlIpenuxrepa

ot 1
——| — V =E
2 arz (ma (r) + a (r)] \Va a‘lla

YucieHHOe pellleHre GbLIO IOIy4eHO € y4eTOM YCJIOBHA Hepa3PhIBHOCTH U IIOTOKA BEPOSTHOCTH /A1 BOJIHOBOK QYHKLIUH 3JIEKT-
poHa Ha rpaHuie Mexzy sanpom CdSe (i=1), 060104koii ZnS (i, j =2 ) 1 BHELIHUM OKpYXKeHHeM ( j =2 ), COOTBETCTBEHHO:

Wf(rji)zwj(rji) Hmi*i%\l»’i(r)” _”;;;; j(r)
=Tji r=rj

CpaBHeHUe BepOATHOCTel TylIeHNs kq (TOYKHM C 3KCIepu- < 8
MEHTaJIbHBIMHU MOTPENTHOCTAMY, PUC. 4, JIeBasA 0Cb) U PacCcyu- - | s o
TAHHBIX 3HAYeHM# MJIOTHOCTH BEPOATHOCTU \,%(r) (MvHUH, 3‘ 7 -']kll 2 o o
puc. 4, mpaBas 0oCb) NOKa3blBaeT XOPOIIy0 Koppensanuio. Ta- ": L 1 O - degge=35i1,00R
KkuM o6paszoMm, 3aBucumocth Tymenus ®JI HK monekynamu : 6t = * degge=2111,20 A
nopupuHa ot pa3mepa sigpa CdSe B HaHOKOMIIO3UTAX C 6JIM3- 'E 3 o o o degse=30i1, 21 fl
KO B3aUMO/IeMICTBYIOIMMY OPraHN4eCcKONd ¥ HeOpraHM4ecKon ! S5k o & dogee =411, 21 R
KOMIIOHEHTAaMH MOXXHO CBf3aTbh C MpOLeCCaMy TyHHeJIMpOBa- o I * degge=5200, 21 0
HUS 7IeI0KaJM30BaHHOTO 3JIEKTPOHA BO3OYK/AEHHO 3JIeKTpO- 3 4+ o
HO-JIBIPOYHOM MapBI ¢ MOCTeAyomel ToKanusanuneil Ha bopmu- = 3 i o .® 2 3 o °
PYeMBIX T0OBEPXHOCTHBIX JIOKAJbHBIX JIOBYIIKAX. Eg | ..‘ o 0

Cnenyer Take OTMETUTh, YTO KakK IPU U3MepeHUsX Ha = ol Oe o (e ] 5
aHcambJie HAHOKOMIIO3UTOB, TaK U Ha YPOBHE OJIMHOYHBIX Yac- 2 | ﬁ O 4 5 Ao
il 3¢ PextuBHOCTh TymeHus ®JI HK cymecTBeHHO 3aBUCHUT > 1 L A L
OT THUNA IPUCOeAUHSIeMbIX OpPraHMYECKUX MOJIeKYl U OT a 4] 4 8 12 16 20

CBOMCTB MHTEepdENCHOTO CJI0si, IprdYeM HabogaeMoe Tyie- Mi&yoiTaioiieai il 160 édel /l E x
ure ®JI He ob6ycnoBieHo mpoueccamu ®PIID [10]. pupona

3TOTO TylLIeHHUs Mofo6Ha POTOMHAYLMPOBAHHOMY CaMO3axBa- I -

Ty 3apsA/0B, BelymeMy K (pOTOMHAYIMPOBAHHOMY MeplaHuio  Puc. 2. 3asmcumoctu 7°=1+_[K (x)-dx UWrepna-®onsmepa ans
«blinking» ®JI oguHO4YHBIX HK. IToNy4eHHbIE pe3yIbTaThI 110- 0
Ka3bIBAIOT, YTO OAUHOYHBIE OPraHUYeCcKre MOJIeKYJbl ¢ QyHK-
LMOHANbHBIMUA <SKOPHBIMHM» Tpynnamu (MOpQUPUHBL WK
OuCAVMMUZBL, B HalleM CJIydae) MOTYT pacCMaTpPUBAaThCA Kak

HaHokpuctannos CdSe u CdSe/ZnS pasnnunbix pasmepos oT MoaspHo-
ro otHowewus x = [H,P(m-Pyr),]/[HK] npu TuTposannmn monekynamu
H,P(m-Pyr) .. Mapametp K(x) = <KSV(x)> Haxopuncs kak nepsasi npous-
BOAHAS SKCMEPMMEHTANbHBIX 3aBucrmocteit |,/I. BeposiTHocTn TywweHms

crenyduiecKye 30HAbI A1 UCCIIEZI0BAHUSA CIOXKHBIX QU3MKO-  paccuuThiBan1ch kak k, = K{x) /To, TAE Ty — cpepHee cobcTBeHHOE He-
XAMUYEeCKUX HHTepDEeNCHbIX SIBIEHUH B IMONYNPOBOJHUKO-  3KCMoHeHumanbHoe spems xuskn PJ1HK kaxaoro pasmepa (tonyon,
BbIX HK. 295K)
\ TE 1 <
% OIN Jo.01
E
w L.
] —_ -
% w 01} 117~
o) S | o~ 1E-3 =~
D - 24 1 = - - 9
- = .' e, S o
gﬂ.m: 21 N, "
N oy 4 164 °
N R 2 : AL
- ) . g.
| .
3 2 e - S 1E-5
L . - .
CdSe ZnS Agai %m yada i%. d_. [ii]
Puc. 3 Puc. 4
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Haxoger1 B jokJiazie 6yzyT 00CyKAeHbI HEKOTOPbIE acreKThl CEHCOPHBIX sIBIeHUI (M30MpaTesbHOe KOHKYPEHTHOe BCTPauBaHue,
¢nyopecuenTHas ceHcopuka Ha siBnenun OPIID, kieToyHas BU3yanu3alLys,/MapKUPOBKa in vivo, KOJMYECTBEHHbIH aHauU3 in vifro u
T.JI.) Ul HEKOTOPBIX TUIIOB HAHOCEHCOPOB Ha OCHOBe oynpoBofHKUKoBEIX HK CdSe. B Takux crpykrypax HK zieficTByeT Kak HaHOII-
naTpopma AJis PUCOeANHEHNS HECKOJIbKUX aKTUBHBIX LIEHTPOB WM IPYTHX OMOMOJIEKy, GOPMUPYS MYJIbTH(YHKIMOHAIbHbIIN I'10-
PUZ IS CEHCOPHBIX TeXHOJIOTHi. OfHaKO, HeCMOTPA Ha AOCTUTHYTHIM POrpecc B 3T0i 0671acTH, HeOOXOAMMBI Ja/IbHeHIIe UCCTIei0-
BaHUS JUIS IEPCIIeKTUBHBIX IIPUMeHEeHI, HallpaBJleHHble Ha: 1) pa3paboTKy BOCHPOU3BOAUMOI U HaZIe)XXHOH QYHKIMOHAIM3ALWH 110~
BepxHoctr HK; 2) pa3BuTre TeXHUKH OJIBIKHOM 1 CEJIEKTHBHOM OMOKOHBIOTallny; 3) BhISCHEHHE CIOKHBIX MEXaHU3MOB PelaKCari-
OHHOU IMHAMHUKH, 0COOEHHO IIPY UCI0JIb30BaHUH (GOTOTIOMUHECLeHTHOTO OTKIMKa HK B ceHCOpHBIX MaTepuaax.

IIpescraBiieHHbIE Pe3yIbTAThI CBUETENCTBYIOT O TOM, YTO GOPMHUpPOBaHKE CaMOCOOUPAIOIUXCs PYHKIIMOHATIBHBIX OpraHo-He-
OPraHW4eCKMX HAaHOCTPYKTYP C BEKTOPHBIMHU peJIaKCallMOHHBIMU POLIeCCaMU ABJIAETCS MePCIeKTUBHBIM HallpaBJIeHueM B HAHOTEXHO-
Jioruu (BKJII09as CEHCOPUKY).

Paboma noddepycana Mexcoynapodnvim epanmom Ponvkceazena Ne 1/79 435 u I'KITHU Benapycu (3adanue «Hanomex-6.18»,
BHTY).
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CEHCOPbl HA OCHOBE HOBbIX MAKPOUMKITMHECKUNX
COEOMHEHWM U UX AHATTIOTOB

A1O. Uusapze

YupexaeHue Poccuitckoi akapemmm Hayk
MHctutyT dusmueckon xummun u anektpoxummu um. A.H. Ppymknra PAH

MaxpoLuKIndecKue COefUHeHUA UrPaloT ONMpeieIAIOIIyI0 POlb B XUMUYECKUX IIPOLeccaX, MPOXOAAMUX B OKPYXaIOIIeM Hac
IIPUPOJie, B XXM3HEeATeIbHOCTH XUBBIX cucTeM. KiroueByro poJib Ipy ocyliecTBIeHUN (pOTOCHHTe3a MOJIeKyIaMU XJI0pOdUILIa Urpa-
eT 06pa3oBaHUe CYPaMOJIEKy/IAPHBIX aHCaMOJIell. YIOpAnoYeHHas CTPYKTypa (OTOLEHTPA CHOCOOCTBYeT POBEIEHUIO MyJIbTUCTA-
AWIHOTO ITepeHoca 3apsiza B nporecce GOTOCHHTE3a.

Taxyro e KJII0UeBYIO POJIb UTPaeT CynpaMoJeKyIsipHble B3aUMO/IECTBHS B POLieCcax TPAHCIOPTA KUCIOPOZA C IOMOLIBIO Te-
Morso6uHa. KoHpopMalnoHHble N3MeHeHHUs1, BbI3BaHHbIE CBA3bIBAHUEM T1€pPBOIi MOJIEKYJIbI KMCIOPOZa YBeJINYMBAEeT KOHCTAHTY CBSA-
3bIBAHUSA KMCIOPOZIA C LIEHTPAJIbHBIM aTOMOM, HabJII0/1aeTCs MOJI0KUTEIbHOE aJlIOCTepruyecKoe CBsA3bIBaHMe 1 HeJIMHEHHBIi Koomepa-
THUBHBIN 3QEKT, YTO He XapaKTepHO, HANpUMep, ISl MUOII06uHA. [T03TOMY reMOrIOGUH OCyllecTBIIseT BecbMa 3¢ PeKTUBHO TPaHC-
TIOPT KUCIOPO/Ia U CIIefJOBATeNIbHO AbIXaTe IbHbIN IIPoLiecc, 8 MUOITIOOMH HeT. To e caMoe MOXHO CKa3aTh O BUTaMuHe B,, 1 0 Makpo-
LIMKIYeCKIX ONMAMU/IAX.

B Hacros1Ilee BpeMs CUHTe3UPOBaHbI MHOTOUKC/IEHHbIE aHAJIOTH YKa3aHHbIX IPUPOJHBIX MAKPOLMKIMYECKHX COeIUHEHHUI, KOTO-
Pbl€ HalJIM IIMPOKOE IPUMEHEHNE B PA3JTMYHBIX O6J'IaCTHX HAayK1 U TEXHUKU. HaanMep, CUHTE3MPOBaHbl MHOT'OYMCJIEHHbIE l'IOp(l)I/I-
PYHBI ¥ UX IPOM3BOAHBIe QTANONNAHUHBI, HOPPUPA3UHEI U IPYTHe COeAMHEHNs KJIacca TeTpanupposoB. TakKe CHHTe3UPOBAHEI CHH-
TeTHYecKye aHaJIOTH MAKPOLMKINYECKUX I0THaMU/I0B-aHTUOUOTHKOB, U3BECTHBIE KaK KPayH-3(UpbI, KOTOPbIe TAK)Ke HAIUIX IHPO-
KOe IIPaKTUYecKoe IPUMeHeHHe.

Bosee Toro, yaanoch 06beAMHUTH 3TH [jBa THIIA MAKPOLIUKIMIECKUX COeMHEHHI B OJHY MOJIEKYJly — KpayH3aMelleHHOro ¢pra-
JIOLMAHMHA WY KpayH3aMelleHHOro nopQupuHa, KOTOpble OTKPbUIM COBEpPIIEHHO HOBBIE BO3MOXKHOCTHU [M3aifHA YHIOPAZOYEHHBIX
CYIIPaMOJIEKYIAPHBIX CHCTEM 1 ApXUTEKTYPHBIX KOMIIO3ULINIA, 61arofapsi X COCOOHOCTH K KaTHOH UHAYLPOBAHHOI caMo cOOpKe U
CaMOOPTraHM3aLNii CyIpaMoJIeKyIAPHBIX aHcaMOJIell yTeM 06pa30BaHMUSA reTeposiiepPHBIX KOMILIEKCOB 3a CUeT CBA3bIBAHUS KATHOHOB
LIIeJIOYHBIX METAJUIOB C KpayH(pparMeHTaMH ¥ CBA3bIBAHUS [IEPEXO/IHBIX METAJIJIOB C TETPANUPPOJIbHBIM pparMeHTaMu U 00pa3oBaHUs
T — T CT9KMHIOB. B pe3ysbraTe 06pasyroTcsi HaHOpa3MepHble YIOPsAOYeHHbIe aDXUTEKTYPHbIe aHCAMOIH, COCTOSIIME U3 HECKOIBKIX
[EeCATKOB reTepOsAepPHbIX MAaKPOLUKINIECKIX KOMILIEKCOB, PACTIONIOXEHHBIX B CTOIKU JPYT HaA ApyroM. IIpu 3TOM LieHTpaIbHBbIH
OpUPUHOBBIIT KaHAJI, 3TO KaHaJl 3JIeKTPOHHO POBOANMOCTH, a epuepuiiHble KaHaJbl Ha OCHOBe KPayH-3UPOB — 3TO KaHAJIbI
HOHHOI IPOBOANUMOCTH. IIOCKOJIBKY 9TH MOHOMOJIEKYJISIpHbIe aHCaM6JIM 00G'beIuHEHB! CTTA0bIMU MeXMOEKYIAPHBIMU CBA3AMU B yC-
TOWYMBBIE CUCTEMbBI — CTOIIKH, OHM JAIOT 6I)ICprIe, YyBCTBUTEJIbHbIE OTKJIMKU Ha CJ'Ia6I)Ie 9HepreTuvecKue, 3JIEKTpUIeCKre N CBeTo-
Bble BO3JEHCTBHUSA, KOTODBIE JIETKO PerHCTPUPYIOTCA U YIPABIAOTCA. KpoMe TOro KpayH-3¢UpbI OTIMYAI0TCA UCKIIOUUTEIbHBIMU Ce-
JIEKTUBHBIMY CBOMCTBAMU 110 OTHOIIIEHUIO K MOHAM IIeJIOYHBIX U IepeXOJHbIX MeTaJJIOB, a TaKXe K Pa3JINYHbIM aHUOHAM 1 HeﬁTpaJIb-
HBIM MoOJeKysaM. ClieZloBaTebHO, Ha 3TON OCHOBE MOXXHO CO371aBaTh CaMble Pa3iuyHble ¥ BecbMa 3 (deKTHBHbIE HOBbIE CEHCOPHBIE
HaHOMaTepHaJbl U YCTPOUCTBA.

Cunre3 KpayH3aMeleHHbIX q)TaIIOLII/IﬁHI/IHOB 00OBbIYHO IPOBOJAT METOAOM TEMIIJIATHOTO CUHTE3a C UCII0JIb30BaHNe IUHUTPU-
7n1a 6eH30-15-KpayH-5 B KaueCTBe HCXO/JHOTO COe/IMHEHHN 110 NPeJICTaBIeHHOH cxeMe. HezlocTaTKaMK 3TOTO MeTO/ia CUHTe3a ABJISIOTCS:
HU3KUI BBIX0/] KOHEYHOTO NIPOJIyKTa, HEOOXOIMMOCTDb IPYMEHEHNUS CIOKHBIX METOZI0B OUHCTKHY, TeMIIEPAaTypHble ¥ BpEMEHHBIe yCIIo-
BUS CUHTE3a, HEBO3MOXXHOCTD I0JIy4eHNsI KOMIUIEKCOB Pa3/IMYHBIX METaJJIOB )XelaeMOro COCTaBa U /ip. JI7isl pelleHUs 3TUX BOIIPOCOB
HaMu 6bLTH pa3paboTaHsl Gosiee 3¢ deKTUBHbIE METO/bI CUHTE3a, T03BOJIAIOIIKE YCTPAHUTh 9TH NpenaTcTsys. Hampumep, And cuHTe3a
ABYX- ¥ TPeXTanyGHbIX KOMIITIEKCOB Pa3paboTaH IPSAMOI METO/| CHHTe3a € IPHMeHeHHeM CHIbHOTO OCHOBAHHSA B Ka4eCTBe IeTIPOTOHM-
PYIOIIEro peareHTa — Aua3abULMKIOyHAelleHa. TAKIM MeTOAOM HaM YAAJIOCh MOJYYUTh Kak MOHOTAIOLMaHUHATHI, TaK U ABYXIay6-
Hble U TPeXmanyOHble KOMILIEKChI IPAKTUYECKU BCeX PeIKO3eMeJIbHBIX JIEMEHTOB C BBICOKUMH BbIXOaMU. OZIHAKO /IS CUHTe3a MO-
HOAZIEPHOTO KOMILIEKCa DyTeHUA HaM IPUIIOCHh IPUMEHHUTDb HEeCKOJIBKO MHOM c1I0co6 CHHTe3a.

Hawmu 6511 06Hapy»xeH onTideckuit 3GQpeKT HaTpuii-KaaneBoii ceeKTUBHOCTH KOMILIEKCOB KOOaIbTa U PYTeHUSI C TeTpakpayHo-
TaJIOLMAHUHOM, TT03BOJISIOLINIA OTIPe/IeNIATh YIbTPaMaJibie KOHIIeHTPALUK MOHOB HaTPHUs B IPUCYTCTBIM U30bITKA KaJikst 1 HA06OPOT B
6H0JIOrNYeCcKUX XHUAKOCTAX. [IoKa3aHo, 4TO yKa3aHHAs HeOObIYHAS CeIeKTUBHOCTb JOCTUraeTcsi 06pa3oBaHueM pas3IuyHbIX CyIIpaMo-
JIEKYJISIPHBIX apXUTEKTYPHBIX aHCaMOJIeil: arperaToB TUIa KUPIMYHOM KIaJKU B CIy4ae HOHOB HATPHs U KodalranibHbIX JHMEPOB B
CcJly4yae MOHOB Kanus. Ha 3Toif 0CHOBe MOXHO CO3/1aBaTh MOH-CeJIEKTUBHbIE ONTOZBI ¥ PeareHThl.

DJIeKTPOXUMUYeCKYe UCCIIeJOBAHUS ABYXIaIyOHbIX U TPEXNaNyOHBIX TeTpaKpayH(TalI0NNaHNHATOB PeJIKO3eMeJIbHbIX 37IeMEHTOB
TIOKa3aJIy, YTO A7 UX PaCTBOPOB XapaKTePHbI MHOTOYKCIIEHHbIE OKUCIUTEbHO-BOCCTAHOBUTE IbHbIE [IEPEX0/IbI B IOBOJIBHO Y3KOM UH-
TepBaJie NoTeHIKaI0B. TOHKMe [TeHKH JISHIMIOpa-BIOKeTT STUX KOMILIEKCOB IIPOSIBIISIOT IPAKTHYECKU aHAIOTUYIECKIIe SJIEKTPOXH-
MUYecKye cBOicTBa. Bo Beex ciyyasx HabmonaeMee 06paTHMble OKUCIUTEIbHO-BOCCTAHOBHUTEIIbHbIE IPe06Pa30BaHNUS BbI3BAHbI BHYT-
PUJIMTaHAHBIMY TIpeBPALeHIAMY 33 UCKIIOUeHHeM ABYXIaIyOHOTO KOMIUIEKCA Liepya. B cilyyae KOMILIeKca Liepus HabI0aeTcs o-
TIOJIHUTEJIbHBIN peZIOKC-TIepexofi, 00YCIIOBIEHHBIN U3MeHEeHIeM BaJIeHTHOTO COCTOSIHHA HOHOB LiepHA. MeToiaMyi PeHTreHOCTPYKTYPHO-
IO aHANM3a 1 CIIeKTPOCKOIMNYECKUX UCCTIef0BaHU#H ObLIO IOKA3aHO, YTO MOHBI LIEPUS B 3TOM COeAHEeHUH HaXO/IAITCS B YeTHIPEXBAJIEHT-
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HOM cocrosiHuy. CliefjoBaTeIbHO 107] BO37iefCTBHEM CIab0ro 31eKTPUYECKOro 0JIs Ha IUIEHKH € KOMILTIEKCOM Liepusi IPOUCXOAUT 06pa-
THMBIii [IepeX0/l MOHOB Liepysi U3 4eThbIPeXBaJIEHTHOTO COCTOSIHMUS B TPEXBaJIEHTHOE COCTOSIHUE 1 HA000POT. DTO IPUBOJUT K CUIILHOMY
M3MEHEHHUIO ero pa3Mepa U CJlefloBaTeJIbHO K M3MEHEeHHIO PACCTOSHUSA MeXX/y JIMTaHaMyi B HAHOPa3MepPHBIX CylPaMOJIeKy/IAPHBIX aH-
cambiax nneHkU. HaiineHHbIi 3 deKT MOXKeT ObITb UCIIOIB30BaH AJIs CO3/JaHUs HAHOYCTPOICTB, CIOCOOHBIX BBINOTHATh MeXaHUYec-
Ky!0 paboTy aHaJIOTMYHO PabOThI MBI (MCKYCCTBEHHBII MyCKy:T). KpoMe TOro, Ha OCHOBe STHX KOMILJIEKCOB MOXXHO CO37laBaTh Pa3HO-
06pa3Hble MOJIEKY/IAPHbIE lePeKITIoYaTeNy, CEHCOPHbIe i ONTO3JIeKTPOHHBIE YCTPOIMCTBA BHICOKOM 3 eKTHBHOCTH.

BbL10 OKa3aHO TaKXe, YTO KpayHIOPOUPHUHATHI TAIafNA U NIATUHBI 061a/1a10T 3P eKTUBHBIMU 371eKTPOTIOMUHECIIPHTHBIMU
CBOICTBaMU. BbUIM [TOJTyYeHbI [TOJIMepHbIe KOMITO3UTHI Ha MX OCHOBE ¥ HCCIIefJoBaHbI X GoTOdOBOIBTalTYeCKHe CBOICTBA. BhIcOKMit
KBAHTOBBIH BbIXOZ (20%), HaiileHHbIi [ 9TUX CUCTeM C KOMIIJIEKCOM Na/ulajiys yKa3blBaeT Ha NepCleKTUBHOCTb 3TUX MaTepUasoB,
KaK KOMIIOHEHTOB )OTOBOJIBTa9€CKUX YCTPOUCTB. BEICOKOUYBCTBHUTEIIbHBIE CeleKTUBHBIE OTKJIMKH Ha 3JIEKTPOTIOMUHECIIEHTHBIE Xa-
PaKTepPUCTHKY ITOrO KJIacca BellleCTB Ha Pa3jM4Hble IPUMeCHI I03BOJIAIOT pa3pabaTbiBaTh 3¢ deKTHBHbIE CEHCOPBI U1 MeUIMHCKIX
LeJIeH.

Taxum o6pa3oM, pa3paboTaHa cTpaTeris MOKCKa NepCleKTHBHBIX HAHOMAaTepuasoB /s Pa3IMYHbIX 06J1acTell HayKyl ¥ TEXHUKU
HauMHas OT Pa3paboTKY ¥ yCOBEPIIEHCTBOBAHMS METOZIOB CHHTE3a HOBBIX KJIACCOB COE/IMHEHMUH, YCTaHOBJIEHHs 0COOEHHOCTEl CTpoe-
HUS ¥ OCHOBHBIX (U3MKO-XUMUYECKUX CBOKCTB, BbIsABIEHNS Hanbonee 3pEKTUBHBIX U MOJIE3HBIX /IS IPAKTUKK TEXHUKO-3KOHOMH-
YeCKUX XapaKTePUCTUK 0 CO3JaHKs NePCIeKTUBHBIX CEHCOPHBIX HAHOMATepHaoB ISl COBDEMEHHO! HAYKU ¥ TeXHUKH.

Jlutepatypa

1. Iusadse A.FO. // Ycnexu xumun. 2004. 73. Ne 1. C. 6—26.

2. .Iueadse A.IO, Honoea I.B., Muxanxo B.K. // Ycuexu xumuu. 2007. 76. C. 237.

3. Gorbunova Yu, Lapkina L., Tsivadze A. et al. // J. of Coord.Chem. 2003. 56. C. 1223—1232.
4 LBeletskaya, V.Tyurin, A.Tsivadze et al. // Chem. Rev. 2009. 109. C. 1659—1713.

BUOJTIOTMHECKUE MUKPOYUIIbI
ong MEAMUMHCKOM OMATHOCTUKM

O.A. TpsgyHos, B.M. Muxaitnosuy, T.B. Hacegkuna, A.lO. Py6una,
A.B. Yyaunros, A.C. 3aceparenes

Muctutyt monekynsapHom 6uonoruu um. B.A. Durensrapara PAH r. Mocksa

Pa3paboTaHa, 3anaTeHTOBaHa 1 BHe/IpeHa B MEJVIIMHCKYIO IPAKTUKY HAHOTEXHOJIOTHSA T'eJieBbIX OMOYHUIIOB, KOTOPAs 03BOJIET
TIIPOBOZIUTD 3KCIPeCC-ANarHOCTUKY COLMAIbHO 3HAYMMbIX HH(EKIIMOHHBIX, OHKOJIOTHYECKUX, CepAedHO-COCYUCTBIX U HACIIe/ICTBEH-
HbIX 3a60J1eBaHuil. OpraHU30BaHO ONBITHOE MPOU3BOACTBO, IO3BOJIAIOIIEe M3TOTABINBATH He MeHee 1000 61ounnoB B ieHb. Paspabo-
TaHbI U 3aPErucTPUPOBaHbI B Poc3/ipaBHAA30pe aHAMM3aTOP GHOYMIIOB, 8 TAKXKE TECT-CUCTEMBI HA OCHOBE BHOYHUITIOB, KOTOPbIE T03BO-
JIAIOT UIeHTUUIMPOBATh ¥ aHATM3MPOBATh:
o UYBCTBUTENBHOCTb MUKOOAKTepuii TyGepKy/Ie3a K leKapCTBeHHBIM [pernapaTaM nepBoro (pudaMiuH 1 H30HUA3K/) ¥ BTOPOTO
(propxuHONOHBI) pPsiza;

e XPOMOCOMHBIE TPAaHCJIOKaLWH, onpefieNsomye 13 TUIIOB JIeMK030B;

o TeHeTHYEeCKyIO NPeApacroNoXeHHOCTb K ONpesielleHHbIM OHKOJIOTUYECKUM, Cep/ieYHO-COCYAUCTHIM U HacleACTBeHHbIM 3a60-
JIeBaHUAM, MHAUBU/IyaJIbHYIO 1ePEHOCUMOCTb HEKOTOPBIX TUIIOB JIeKapPCTBEHHO! Tepamnuy;

o BUPYCBI IPOCTOTrO reprieca, BeTpAHON ocmbl, renaTuToB B 1 C, B T.4. reHOTUNIUPOBATh BUpycC renatura C (36 NOATUIIOB);

o Bupyc rpunna A (30 noxTumnos), Bkatoyas ntuuuil rpunn H5N1 u ceunoi rpunn HINT;

o TeHeTHYeCKHe MapKephl TNYHOCTH JJIs IPUMEHEHNs B KpUMUHANKCTHKe (24 Mapkepa, onpezenstonive 6omee 30000 BapuaH-

TOB I'eHOMa YeJI0BEKa);

 GenKoBble MapKepbl OHK03a60IeBaHHI;

Pa3pabarbiBaeTcsi aBTOMaTU3MPOBAHHOE YCTPOMCTBO Ha OCHOBE CMEHHBIX MOZIYJIeit 7151 BbIJeJIeH ST MUKPOKOJIMYEeCTB HyKJIeNHO-
BBIX KUCJIOT U3 GHOJIOTHYeCcKHX 06pa3iioB. [IpuopuTeT TeXHOJI0ruK 61OYHIIOB, co3nanHoi B UMB PAH, sauuiieH 60 oTedecTBeHHbIMU
1 MeXlyHapOZHBIMU NTAT€HTAMU U IATEHTHBIMY 3aIBKAMHU.

Bosee moxpo6Hyo nHbOpMaILMIO 0 pa3paboTKax M KIMHUYECKOM NPMMeHeHn: OGHOYMIIOB MOXHO HAWTU Ha HalleM caiTe
www.biochip.ru u B mocnesuux 063opax:
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Jlutepatypa

1. Mikhailovich V.M., Gryadunov D.A., Kolchinsky A.A., Makarov A.A. and Zasedatelev A.S. <DNA
microarrays in the clinic: infectious diseases». 2008. BioEssays. V. 30. P. 673—682.

2. Rubina A.Yu., Kolchinsky A.A., Makarov A.A., Zasedatelev A.S. «<Why 3-D? Gel-based microarrays in
proteomics». 2008. Proteomics. V. 8. P. 817—831.

3. Nasedkina T.V., Guseva N.A., Gra O.A., Mityaeva O.N., Chudinov A.V., Zasedatelev A.S. Diagnostic
microarrays in hematologic oncology: applications of high- and low-density arrays. Mol Diagn Ther.
2009.V.13(2). P. 91—-102.

ATPETAUMA SJIEMEHTAPHbLIX 3BEHBEB HAHOMETPOBbIX
PASMEPOB C OBPA3SOBAHMEM CTPYKTYP
C NMOJIHBbIM MAPAJIIE/IbHBIM NMEPEHOCOM

M. AHcen

Max Planck Institute for Solid State Research, lepmatus, r. LLryTtrapt

Arperauusi HaHO4YacTHI ¢ 0Opa30BaHMEM COEAWHEHWH C
«HfiealIbHOM» TPAHCJIALIMOHHOM CTPYKTYpOY 3aTpyZAHEeHa BCIezC-
TBHME XapaKTepPHOMW /Ul HAaHOYAaCTUIl HonujucrepcHocTd. Ham
IIOJXOZ K IPEOJI0JIEHHIO YKa3aHHbIX OTPaHUYEHUI COCTOUT B UC-
II0JIb30BAHNY Pa3/IMYHBIX, YETKO OIPe/ieIeHHBIX, HeOpraHuyec-
KMX KJ1acTepoB AuameTpom 1 um umu 6onee.!! Tipumepom mozmo6-
HOTO, TaK Ha3blBaeMOTO CyIPaMOJIEKYJIAPHOTrO, COeJUHEHUsI Ha
OCHOBE MEKKJIaCTepHBIX B3aUMOZEICTBUN ABJIACTCA
[Au,(PPh,),]C, TT®?. ®ynnepus-uonsl 06pasyroT 3ur3aroo6-
pasHble nenu 1o ocu [100] Mexay ABOMHBIME CIOSMH Au,’ C
MeXXLeHTPOBBIMH paccrosiHuAMY BennduHoit 10,0 E. TTono6Horo
PacIONOXeHUs] 37eMeHTapHbIX 3BEHbeB, 0€3YCIOBHO, HeNb3s
0XM/IaTh, /I IPUHUMATh BO BHUMaHUe UCKJIIOYUTEIbHO KYyJI0-
HOBCKU€ B3aUMOJIE/CTBUSA U TPeOOBAHUSA K CTPYKTYpe KPHUCTal-
JIMYECKOH YIAaKOBKM, KOTOpble NpHBENIX Obl K 0OPa30BaHUIO
crpyktypsl Tuna CsCl- wnu NaCl-. JleficTBuTenbHO, HabonaeTcs
TEeH/IEHLIUA K TeCHOMY KOHTAKTy B IIpe/ieJlax KaTUOHHBIX U aHU-
OHHBIX MOJICTPYKTYP, OJIHAKO TaKast yIIaKOBKa HeGJIarompHsTHA C
TOYKY 3PEHUA JIeKTPOCTATUYeCKUX B3auMozeicTeuil. C aHepre-
TUYeCKOl TOYKU 3peHHsl 3TOT HeGIaronpusiTHbIN $akTop KoM-
TIEHCUPYETCS MHOXKECTBEHHBIMU KOPOTKOJIEMCTBYIONIUMY CUJIA-  pyc. 1. Mpoekums KpUCTannMyeckoit cTpykTyphi [Au, (PPh,),]C, I Ha
MU B3aMUMHOTO IIPUTSDKEHHS. nnockocts [010]. Jlurange PPH3 onyueHs ans scHocTu. Boigenewa ane-

MeHTapHasa ayenka

Jluteparypa

1. .Schulz-Dobrick M, Jansen M. Inorg. Chem. 2007. V. 46. P. 4380—4382.

2. Eur.]. Inorg. Chem. 2006. P. 4498—4502.

3. Anorg Z. Allg. Chem. 2007. V. 633. P. 2326—2331.

4. Schulz-Dobrick M. , Jansen M. Ang. Chem. Int. Ed. 2008. V. 47. P. 2256—2259.
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UEPAPXUNYECKMNE XEMOCEHCOPHbBIE
MATEPUATDI

M.B. Andumos, B.A. CaxHukos

Uentp dpotoxmummun PAH, r. Mocksa

Bonbiioe pa3Hoo6pasue JeTyYnx XMMUYECKHUX BelecTB, KOTOPOe Heo6X0MMO KOHTPOJIMPOBATh B OKPYKAIOIell cpelie, CTaBUT
epes pa3zpaboTYMKaMHy 3a7ady [OJydeHNsI XeMOCEHCOPHBIX MaTepUajIoB Pa3IMIHOr0 Ha3HAYEHHs 110 eJUHON TeXHOoMoruu. OnuH 13
HIOAXO/I0B K PelleH IO 9TOH 3a/jaukl COCTOUT B UCIOJIb30BAHMU MaTepHasioB 0c060it apXxuTeKTyphl (MHOrOMacIITaOHbIX HepapXUYecKux
HaHOMaTepuaJsoB), YTO II03BOJISIET Peasn30BaTh LIMPOKOe pa3HOOOpa3ie CEHCOPHBIX XapaKTePUCTHK HA OCHOBE eJUHOMN TeXHOJIOTH-
YeCcKO! IIaTOpMBIL.

B noknaze npezcTaBiIeHbl Pe3yJIbTaThl IKCIIePUMEHTaIbHOTO OJIyYeHUs 1 KOMIIbIOTEPHOIO MHOTOMACIITaGHOTO KOHCTPYHPOBa-
HUS HepapXU4YecKiX CEHCOPHBIX MaTepHaoB.

HccneoBaHust HalpaBJIeHbl Ha CO3/JaHUe CEHCOPHBIX MaTepHaJIoB, PeZCTABIAIIMX c000i aHCaM6JIb IVIOTHOYIaKOBAHHBIX 110~
JIMMEPHBIX WJIY CUTMKATHBIX MUKPO- MJIM HAHOYACTHUL], IOBEPXHOCTb KOTOPbIX MOAUDHIIMPOBAHA MOJIEKYIAPHBIMU UYL CYIIPaMOJIEKY-
JIAPHBIMU LIeHTpaMU QJIyOpeCLieHIINY U CBSI3bIBAHUSA JIETYYNX XMMUYECKIX COe/IMHEHNI. B OCHOBY Kak 3KCIepUMeHTaJIbHOTO HOJTyde-
HMSI MaTepHasoB, TaK ¥ KX KOMIIbIOTePHOI'0 BUPTYaJbHOTO KOHCTPYHPOBAHM S, II0JI0KEH IOJX0Z K CO3/JaH1I0 XeMOCeHCOPHBIX MaTepu-
QJIOB «CHU3Y-BBEpPX».

TIporiecc MONy4YeHNsI XeMOCEHCOPHBIX MaTepHaoB BKIIIOYAET CTA/IH CHHTe3a MUKPO- WM HaHOYACTHI, pOPMUPOBAHUSA [IEHTPOB
JIIOMVHECLIEHIINY U [IEHTPOB CBA3bIBAHNS aHATUTOB Ha IIOBEPXHOCTHU YaCTHUL], KOHCTPYHPOBAHUSA 13 MOAU(UIIMPOBaHHBIX MUKPO- MM Ha-
HovacTu aHcambieit yacrur (puc. 1) [1—3].

Komrekc mporpaMm KOMIIbIOTEPHOTO MOJe/IMPOBaHUSA IOCTPOEH 110 MOAY/IbHOMY IPUHIUIY U BKJIIOYaeT MOAYIN KOHCTPYyUPO-
BaHMS MOJIEKYJI, CyIIPaMOJIeKyJl, HAHOYaCTHI] ¥ aHcaMOJiell HAaHOCTPYKTYp (CTPYKTYpPHbIe MOZyJIH), a TAKXKe MOZAYJIHM pacyeTa GU3UKO-
XUMHYeCKUX CBOWCTB CYIIPaMOJIeKyJl, HAHOYACTHL] ¥ aHCaMbJieil HAaHOYACTUL] (ONTUYEeCKX CBOMCTB, KOHCTAHT CBA3bIBAHUSA PeLienTop-
HBIMH LIEHTPaMH MOJIEKYJ aHAJIUTOB, [IapaMeTPOB MpoLieccoB Auddy3uu 1 afcopOLu Ha MUKPOCTPYKTYpax U T.4.) (puc. 2) [4—6].

B xayecTBe puMepa Ha puc. 3 peZcTaByIeH OTKJINK Ha Maphl aljeTOHa MaTPUIIbl CEHCOPHBIX 37IeMEHTOB Ha OCHOBEe CUITHKATHBIX
MUKPOYACTHUL, MOAUPUIIPOBAHHBIX KpacuTesneM Ponamun 63K.
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3. Lebedey-StepanovP.V., Khokhlov P.E., IonovD.S., Yakimansky A.V., Menshikova A.Yu., Shevchenko N.N.,
Evseeva T.G., Alfimov M.V. Poccuiickue HaHOTexHONOTHY. 2009. V. 4. P. 66.

4. Burshtein K.Ya., Bagatur'yants A.A., Alfimov M.V. Chem. Phys. Letters. 1995. V. 239. P. 195.

5. Bagatur'yants A.A., Deminskii M.A., Knizhnik A.A., Potapkin B.V., and Umanskii S.Ya. Thin Films and
Nanostructures: Physico-Chemical Phenomena in Thin Films and at Solid Surfaces, L. I. Trakhtenberg,
S. H. Lin, O.]. llegbusi, eds., Elsevier 2007. 468.

6. Kadushnikov R.M., Shturkin N.A., Alievsky V.M., Lebedev-Stepanov P.V., Alfimov M.V. Poccuiickue Ha-
HoTexHosoruu. 2006. V. 1. P. 127—133.
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Puc. 1. Cxematnueckoe n3obpaxeHne MEPAPXUIECKON CEHCOPHOM CUCTEMBI: 0 — MOANPULMPOBAHHAS MUKPO- MIIM HAHOYACTUL, 6 — CeH-
COPHBbI/ 3MIEMEHT U3 YACTML, B — MATPULIA CEHCOPHBIX 3NIEMEHTOB, I — MHTErPUPOBAHHAS CUCTEMA, BKIIOYAIOLLAS MATPULLI MCTOYHUKOB CBETA,
CEHCOPHbIX 3IEMEHTOB M AETEKTOPHbIX 3IEMEHTOB
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MuoroMacwrabHblil NoaX0a B aTOMUCTHYECKOM MOAENUPOBAHUH |
MEPAPXHYECKU NOCTPOEHHOMD HAHOCTPYKTYPHUPOBAHHOTO
marepuana

| KpynHolepHucmos
yopedueHue
(WD)

Knaccuvecxkue
O AT
(MD, MC, I[EM )

Keanmoaas
XeiMuA
(DFT)

Puc. 2. Cxema MHoroMawTabHOro MofenMpoBaHus

34,5 mnH"’ 11,5 mnH’"’

MHTEHCMBHOCTE hnyopecuyeHLyun, (OTH. ea.)

160 -

¥ T = T s T T T 5 T = T . T ¥ T = 1

T
250 500 750 1000 1250 1500 1750 2000 2250 2500
Bpema, (cex.)

Puc. 3. @nyopecuenthbiit otkamk (A, =500 nm, &, =550 nm) Ha napsl aueToHa MATpUL! CeH-
COPHbIX 3/1IEMEHTOB M3 CUAMKATHbBIX YOCTML, MOAMPULMPOBAHHLIX KpacuTenem Pogammnn 6K
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MCCNEQOBAHUE CEHCOPHbIX CBOMCTB
YMMEPOOHbIX HAHOTPYBOK

.B. 3anopoukoea, H.I. 3anopoukosa

Bonrorpaackuit rocyaapcTBeHHbIN yHUBEPCUTET

Ocoboe BHMMaHUe NPYUBJIEKAIOT BO3MOXXHOCTU MCIIOJIb30BAaHUS HAHOTPYO [1, 2] B kadecTBe HaHOpPa3MepHBIX ceHCOpoB. Ha-
HOTPYOKM COYETAIOT PSAZ CBOYCTB, 611aroziapsi KOTOPbIM OHHM MOTYT MCII0JIb30BAThCA IS CO3/[aHUS YHUKAJIBHOTO OCTPHS /IS aTOMHO-
CHJIOBOTO MHUKPOCKOIIa. VICKIIIOUMTeIbHO GOJIBIIOe OTHOIIEHHE [UTMHBI K AHaMeTpPy HaHOTPYOKHY T03BOJISIeT M3y4aTh C TOMOIIBIO TAKO-
IO MUKPOCKOIIA, Hal[PUMep, CTPYKTYpPY IIyOOKHUX TPEIIMH B MUKPO3JIEKTPOHHBIX ycTpoiicTBax [3]. CoBepiieHHO HOBble BO3MOXHOCTH
OTKPBIBAIOTCS [IPY UCIIONB30BaHNM B aTOMHO-CHJIOBOI MUKPOCKOIIMY XMMHUYeCKH MOAU(UIIMPOBAHHBIX HAHOTPYDOOK €O CIeLHanIbHO
10Z06paHHbIMU (YHKIMOHATBHBIMY IPYIIIaMK Ha KOHIIe OCTpUsi. B 3ToM cily4ae yaercst 1cciieioBath He TOJBKO pesibed) TOBepPXHOC-
TH MCCIIeyeMoro o6pasna, Ho M XMMUYeCKHil COCTaB MIOBEPXHOCTU. B aKcrepuMeHTax ¢ XMMUYeCKH MOAUQUIMPOBAHHBIM OCTPUEM
UCIOJIb30BAJIM MHOTOCJIOWHYIO HAHOTPYOKY, KOTOPYIO 3aKPeIUIsi Ha 30JI0TOM MUpaMUIKe KPeMHHEBOTO KaHTHJIeBepa MUKPOCKOIa
[4]. OcTpue HaHOTPYOKM yKOpauMBaju B KMCJIOpoacofepxaiieil armocdepe. [Ipu aToM 06pasyercsi OTKPBITBIN KOHEIl TPyOKH, 3aKaH-
4uBaroIuiics kapookcunpHoit (—COOH) rpymmoii. OcTprie aTOMHO-CHIOBOTO MUKPOCKOIIA, OCHAIIEHHOe HAHOTPYOKOM CO CIIenuans-
HbIM 00pa30M BEIOPaHHOM XMMUYECKO# I'PYIIION, CTAHOBUTCS XUMUYECKH YyBCTBUTELHBIM. C IIOMOIIBIO 30Ha C XMMUYECKH MOZH-
¢uurpoBaHHOI TPYOKOM MOXHO HUCCIeA0BaTh GHOIOTMYECKU BaXKHbIe CUCTEMbI B HAHOMETPOBOM MaciuTabe, HallpuMep, OLpesieNifiTh
CHUJLy CBA3U MeXy peLleNiTOpaMU U JIMTaH/laMHu.

Hamu 6L MCCTe0BaH MeXaHN3M NIPUCOeUHEHNST KapOOKCUIBHOM IPYIIIBL K OTKPHITOM IPaHuULle 101yGeCKOHEIHOH YITIepORHOI
HaHOTPYOKHU. BIMIOTHEHBI pacYeThl B3aMMOZIENCTBHS TOCTPOEHHOTO TaKUM 06pa30M 30H/a C aTOMOM M MOHOM HaTpusi. MozenupoBan-
Cs IIpoIlecc CKaHMPOBAHMUSA NIPOU3BOJIBHON IIOBEPXHOCTH U OIpeJieNAach aKTUBHOCTh QYHKI[MOHAJIBbHOM IPYNIbI B OTHOIIEHUH BbI-
GpaHHOrO aTOMa LieJI0YHOT0 MeTasuia.

Hawm¥u BbINOJIHEHbI pacyeThl 01y0ecKOHeYHbIX YIIepoAHbIX TyOyneHoB (6,0) B paMKax MOJiei MOJIEKYJISIDHOTO K/acTepa ¢ uc-
10JIb30BaHKEM ITI0JIy3MIMPUYecKoi pacueTHOH cxembl MNDO [5]. OnHa rpaHuIa Kiacrepa 3aMbIKanach I1CeB{0aTOMaMH BOZOPO/a, a
K IPaHMYHOMY aTOMYy YIJIepoja Apyroy npucoesuHsiach kapbokcunbHas rpynna —COOH (puc. 1). Bbuin BbIsiBIeHbI 0COOEHHOCTH
npocTpaHcTBeHHO# opueHTauu —COOH-TpyIIbl OTHOCKTENBHO IPAaHUIIBI HAHOTYOYJIeHa 1 ee TeOMeTpuYecKue mapaMeTpbl. JIiHbI
csi3u C-O okasasnuch pasubiMu 1,23 A 1 1,36 A, a nuna csasu O-H 0,95 E. KapGokcuiibHast IpyIina mpUCOeNHIeTCS K HAHOTPyOKe
oz yriioM 109°. 3apsiasl Ha aToMax GyHKUMOHANBHOM IPYIIBL COCTABUIY: (, = +0,4; qoyy = —0,3; ) = -0,3; g, = 0,2. BeimonnenHsle
VICCIIeZIOBAHUSA JIOKa3aJI1 BO3MOXHOCTb QYHKIIMOHAIN3ALNY OJHOCTIONHBIX YITIePOJHbIX HAHOTPYOOK KapOOKCUIBHOI IpymIIoii ¢ e-
JIbIO CO3/IaHMUSA BBICOKOYYBCTBUTEJIbHBIX XMMUYIECKU aKTUBHBIX 30H/I0B Ha UX OCHOBE.

BbL1 MceleloBaH MeXaHU3M B3aMMO/IeliCTBHS aTOMapHOT0 ¥ MOHM3UPOBAaHHOIO HATPUA C KPaeBbIMU aTOMAaMU KHCJIOPOZIa M BOZIO-
poza kapbokcupHo# rpynnel —~COOH. ITporiecc MozieTMpoBaics nomarosbiM npubivkenieM Na unut Na* k atomy O wnu H GpyHKim-
OHAJIbHO IPYIIIBI, COOTBETCTBEHHO. ITocTpoeHb! TpoduIiK MOBEPXHOCTH IOTeHINATBHOM HEPruy cucTeM: «<HaHOTpyOka + COOH —
Na» u «HaHoTpy6ka + COOH — Na*». B ta6i1. 1 mpeacTaBieHs! pe3yabTaThl pacdetoB. Tak Kak PacCTOSIHUS JOBOJILHO BEJIMKU, MOXKHO
YTBEPX/aTh, YTO B3aUMOZIENCTBYE MeX/y aTOMaM¥ (pYHKLMOHATBHOI IPYNIIbI M BHIOPAHHBIMK aTOMOM HJIM MOHOM HaTpusi — ci1aboe
BaH-J/lep-BaajbCOBCKOE. DTO BeCbMa BaXXHBIM Pe3yJIbTaT, HOATBEPKAAI0MNI BO3SMOXXHOCTb MHOTOKPAaTHOTO MCIIOJIb30BAHUA NIOJIyYeH-
HOrO TakuM 06pa3oM 30Hza Ge3 ero paspylieHHs, K KOTOPOMY NPHBeJIO Obl XUMIYECKOe B3aUMO/IeHCTBYE ¢ NAeHTUDHIINPYeMbIMU
aToOMaM¥ IIeJIOYHBIX MeTaJIoB. AHAJIN3 3apsAZI0BOrO paclipeie/ieHns YCTaHOBUIL, YTO B CIydasx mpucoenuHeHus Na u Na® k aTomy
KUCIOPOZa KapOOKCHIIbHOM IPYIIIbI IPOMCXOAUT IEPEHOC 3JIEKTPOHHOM IJIOTHOCTH C AaTOMA MM MOHA HaTpus Ha atoM O. 3apsibl pu
3TOM CTaHOBATCS PaBHBIMU: q, = -0,3 1 qy, = 0,78; q5 = -0,3 1 qy,, = 0,8. A B cryuasAx npucoenutenus Na u Na* k aTomy Bozopozia
rpymmsl —~COOH 3apszbl pacipesiensioTcs cleayromumM o6pasoM: gy = 0,17 1 gy, = 0,88; q;; = 0,18 1 qy,, = 0,9.

Taxum 06pa3oM, BBINOJTHEHHblE MCCIIEOBAHUSA [OKA3alld BO3MOXHOCTb B3aUMOZENCTBUS KPAaeBbIX aTOMOB (YHKIMOHAJIbHON
rpynnsl —~COOH ¢ BEIGpaHHBIM aTOMOM (V1M HOHOM) 1iIeJIOYHOTO MeTaslIa. DTO MOXKeT ObITh 3apUKCHPOBAHO N3MeHEHNEM [IOTeHIH-
aJia B 30H/IOBOIA CHCTEMe Ha OCHOBE HAHOTPYOKU, MOAU(UIMPOBAHHOI OZOOHBIM 06pa30M.
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Ta6anua 1. OCHOBHbIE XOPAKTEPUCTUKM NprcoeamHenns atoma Na u nora Na* k kpaessim atomam O u H
KapBOKCHNbHOM rpymMbl, MOAMPULMPYIOLLEN YINepoaHyio HaHoTpy6ke (6, O)

MexaTomMHas cea3b [ A Ecs, 3B
Na — O 2,2 -14,23
Na —H 1,8 -13,03
Na+ — O 2,3 -8,33
Na+ —H 2 -7,03

Puc. 2. DHepretnueckas kpueas
B3AMMOJENCTBMS ATOMA HATPMS C
KPAEBbIMU OTOMAMM PYHKLMO-
HQNBLHOM KAPBOKCUNBLHOM rpynMbl
Mo NyTH CKAHMPOBAHMS: PACCTOS-
Hue, pasHoe O A, COOTBETCTBYET
I. 1& TOYKE Mog, aTOMOM BOAOPOAd

E. 3B

Bbumy nccieoBaHbl CEHCOPHBIE CBOICTBA 30HA, BHITOJIHEHHOTO HA OCHOBE MOAUDHIIMPOBAH-
HOM KapOOKCUIIbHOM IPYIIIOi YIJIepOHOI HAHOTPYOKY, B OTHOIIEHNUY aToMa HaTpus. M3y4yeH npo-
Ilecc CKaHMPOBAHMA MPOM3BOJILHOM MOBEPXHOCTH, COZepiKallieil Moznexamuil WHULUAIU3aLUN
aToM, U olpe7ieieHa aKTUBHOCTb QYHKI[MOHAIBHOM I'PYIIIbI B OTHOIIEHNY BEIOPAHHOTO 3J1eMEHTa.
IIporecc MOZieTMPOBAJICS MOLIArOBBIM IPUGIIIKeHeM aToMa Na K GYHKLMOHAIBHOI IpyIIIe BOJb
IpsIMOY, MapasuIeNbHON MOANGMHUINPOBAHHOM rpaHuULie HAHOTPYOKH (puc. 1). AHamIM3 HOCTPOEHHOM

Puc. 1. Mpouecc ckannposatms
NPOM3BONLHON NOBEPXHOCTH,
coaepxatiei atom Na: Toukamu

NOKA3QH MYTb NEPEMELLEHNS aTO- B pe3yJibTaTe pacyeToB SHEPreTHeCKOi KPUBO# B3aUMOZECTBUA (PUC. 2) YCTAaHOBUIL, YTO TyOyIeH
MO HOTPHSl OTHOCHMTENBHO HO- ¢ GYHKIMOHAILHOM TPYIION CTAHOBUTCSA XMMUYECKU YyBCTBUTEBHBIM B OTHOIIEHUH aTOMAapHOTO
HOTPY6KH C dyHKUMOHANBHON Na: Ha KpHBOIi IPUCYTCTBYeT XapaKTepHbIl MUHIUMYM, CBU/IETebCTBYIOLHI 00 00pa3oBaHNK B3au-

rpynnoi COOH MOZeHCTBYS aTOMa HaTPHs C KapOOKCUIIbHO# rpynoii. IIpruyeM MUHUMYM HaXOAUTCS IPAKTUYECKH
1071 KpaeBLIM aTOMOM Kucsiopozia rpynnsl -COOH. BHeprus cBs3u okasanach paBHow E ;= —11,3 3B. Iloy4eHHbIN pe3ysbTaT 10Kas3bl-
BaeT BO3MOXXHOCTb HCIOJIb30BaHKs MOANPUIMPOBAHHBIX yIIePOAHBIX HAHOTPYO B Ka4ecTBe CEHCOPOB Ha OIpe/ieNieHHbIe 3JIeMeHThI 1
pafuKabl.

3akmouenne. Kak nokasany TeopeTHieckue U SKCIIePUMEHTAIbHbIE UCCIEZI0BAHNS, YIIePOHble HAHOTPYOKH ABNIAIOTCA Gora-
TeHINM MaTepyuasoM JIsl AabHeHIIero UCIoJb30BaHUsA. Pa3BUTHe TeXHOIOIUY, CBSI3aHHOM ¢ HAHOTPYOKaMU, BeZleT K CO3AaHMIO HO-
BbIX GU3NYECKUX 00BEKTOB, CBOMCTBA KOTOPBIX NIPEACTABIIAIOT KaK HAy4HBI, TaK U PUKIanHo# nHTepec. Chepa npuMeHeHNs HOBOTO
MaTepHasa Ype3BblYaiiHO OOIIMPHA: SJIEKTPOHUKA, XUMUS, GUOMOrUs, MeiULiHA 1 T.A. CyIleCTBEHHOTO U3MeHeHHs CBOCTB HAHOTPYO
MOXHO ZOOUThCS HpU UX MOAUGUIMPOBAHUH. VICMOIb30BaHME XMMUYECKH MOAUDHUIMPOBAHHBIX HAHOTPYOOK B aTOMHO-CHJIOBOMA
MUKPOCKOIIMK — IIYTh K CO3/IaHMIO 30H/I0B C YETKO BLIPAXKeHHBIMU XMMUYECKMMY XapPaKTePUCTUKAaMU. B nepcreKkTrBe BO3SMOXKHO IIpU-
coefiiHeHUe KaTaTUTUYeCKUX YacTUL (HampuMep, KOMIUIEKCOB IePEXOAHBIX METaJUIOB Wi GepMEeHTOB) K HAHOTPYGHOMY OCTPHUIO
MUKPOCKOIIA, YTO IO3BOJIUT CO3/]aBaTh WX MOAU(HUIIMPOBATL CTPYKTYPY Ha YPOBHE OTZEIbHBIX MOJIEKYIL.
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Texuocdepa. 2003. C. 336.

2. Jlesazkos I1.H. YriepoaHble HAHOTPYOKHU: CTPOEHHe, CBOMCTBA, puMeHeHust. M., 2006. C. 293.

3. Hesonun B.K. 30HIOBbIe HAHOTEXHOJIOTUY B 3JIeKTpoHUKe. M.: TexHocdepa. 2005. C. 150.

4. Wong S.S., Josevlevich E., Wooley A.T., Cheung C.L., Lieber C.M. Covalently functionalized nanotubes
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Parameters //J. Amer. Chem. Soc. 1977. V. 99. P. 4899—4906.
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BUOCEHCOPbBI HA 3P DEKTE NMOBEPXHOCTHOTIO
MNA3SMOHHOIO PESOHAHCA
B POTOTEPMOPE®PPAKTUBHBIX CTEKJTAX

A.B. Hawekumn, O.A. Ycos, C.I. KoHHukos
DTN um. A.P. Nodde PAH, r. Cankr-Metepbypr

AMN. Cupopos, B.A. Llexomckuit

[ocynapcTBEHHbBI YHUBEPCUTET MHPOPMALIMOHHBIX TEXHONOTUH, MeXaHWku 1 onTukw, r. Caxkr-Metepbypr

K.K. Typosepos

Mucturyt untonormm PAH, r. Cankr-Metepbypr

A.B. Bocrokos, O.A. MNoacenpos

l[ocynapcTBeHHbIi nonutexHuueckuin yHusepceuter, r. Cankr-Metepbypr

BBeneHue. DKcrpecc-oGHapyKeHre U KOJNIeCTBeHHbII aHaIi3 IHUPOKOro psizia GUOJIOrYecKy aKTUBHBIX BEIeCTB SIBJISETCS aKTy-
aJIbHO# 1IPOGIeMOI COBpeMeHHOM MeAMIMHbI, BeTePHHAPHUH, SKOJIOTMYeCKOr0 MOHUTOPHHTa, CUCTeM 6e30I1aCHOCTH ¥ 3allUThI OT Teppo-
pu3ama. Cy1iecTByerT 1eJibii psizt 3pPeKTHBHBIX MOX0/IO0B K PelleHuIo MPobIieMbl co3aH¥st GHOCeHCOPOB [1], 0AHAKO OGIIMM YyBCTBUTEb-
HBIM 3JIEMEHTOM GHOCEHCOPOB SIBJISETCS, KaK MPABUIIO, OUOIOrHYecKy aKTUBHOE COeJIMHeHNe, HalipiMep, JIMraH-CBsI3bIBatoIye GesKi,
aHTHTENIa U [IP., CTIelpUIecKy B3aUMOZIeICTBYIOIIee C UCCIIeyeMbIM OHOIOTITIeCKUM 00beKTOM (QHATUTOM), YTO IPUBOJUT K U3MEHEHHIO
TIOKa3aTeJIs1 TPeIOMIIEHHS CPefibl 1 GUKCUpyeTcst ceHcopoM. OIHMM U3 MEPCIIEKTUBHBIX METO/IOB I aHa/I3a 0COOEHHOCTelH GHOXUMIYec-
KUX PeaKIuii ¥ onpezieieHNs1 KOHLIEHTPALMH aHAJIUTA SIBJIAeTCS TIOBEPXHOCTHBIN 171a3MOHHBIi pe3oHaHc (IIIIP). Ilofo6HbIe ceHCOPHBIE
cuctemsl [1], ocHoBaHHbIe Ha IoKau3oBaHHOM ITITP HaHouactur (HY) 61aropoaHbix MeTasuios (Au, Ag, Cu) ¥ ONTHYECKO# CIIEKTPOCKO-
TIMY BUMIMOTO JINaNa30Ha, SIBJISIOTCS [0 CPABHEHHIO C TPA/IUIIMOHHBIME ceHcopamu [1] 6osee HOPTATUBHBIME U HEIOPOTHMIL.

PesyabTaThl. B paboTe nmpezcraBieHa TexHoorus co3nanus cepedpsieix HY B potorepmopedpaxtiBHbix (PTP) crekiax,
CIIEKTPBI ONTUYECKOr0 NOTJIOMEHN U Pe3yJIbTaThl IPOCBEYMUBAIOIIEH 3JIeKTPOHHOW MUKPOCKOIIMY, UCIIOJIb30BaHHbIE [JIs OIpeje-
JIeHUs1 pacrpeziesieHus Mo pa3mepam cepeOpsiHbix HY, B cOCTaB KOTOPBIX BXOAAT cieaytonine KoMnoHeHTh: Na,0-Si0,~Zn0-Al,
0,-Ag,0-Ce0,—Sb,0,—Br-F, konuentpauus Ag,0 cocrasnsna nopsiaka 0,5 macc. %, 6bUTH IPUTOTOBJIEHBI 10 TEXHOJIOTHH, Pas-
paboraunoit B T'Y UTMO [3].

Jnst opmupoBanus Metatindeckinx HY B crekiax 06pasiibl 061y4ajnch 3JeKTPOHAMH C TOMOIIbIO 3JIEKTPOHHOI0 MUKPOCKOIA
JEBD-2 c sueprueii 20 keV, 06y4enHas 061actb cocTaBisiia 2 MM B fuamerpe. [loza 06i1ydeHust BApbUpOBaiach B mpezesax ot 10 1o
50 mKyn/cM? [3]. [lns obecrieyenus cToKa 3apsi/a Ha IOBEPXHOCTh CTeKON HaHocuJics coi Al mopsaxa 190 um.

TTocse 0611y4YeHus CI0# aFOMUHUSA YaaIsuics TpaBiieHreM. [Ipeanonaraercs, uto dopMupoBaHue cepeOpsinbix HY cBsizaHo ¢ mosiBie-
HUEM B pe3ysibTaTe 00JIy4eHHs 31eKTPOHaM¥ OTPHIIATEBHO 3apsXKEHHOTO IIPUMOBEPXHOCTHOTO CJI0S € TOMIIUHOM 10 1 MKM. Oiromepsl

12

-

20 15

1.0

T T T T T

0.5

Puc. 1. a — OT1 ucxopHoro 06pasua 1 30BMCUMOCTb OT AO3bl 0BNYyYeHHs 3neKTpoHamu B gnanasoHre ot 10 go 40 MKyﬂ/CMZ,' Puc. 1.6 — Ol ucxopn-
HOro 0BPA3LLA M 3ABUCMMOCTb MIIG3MOHHOTO NOMOLLEHMS OT 103kl 0BTy UEHMs SMEKTPOHAMM B auanasoHe ot 10 no 40 mKyn/cm? nocne TepmooBpa-
6otku npu 540°C; Puc. 1. 8 — cnekrpanshbie 3asucumoctn OF: 1 — ucxoaroe ctekno, 2 — nocne obayueHms snekTpoHamu ¢ aoaoi 40 mKyn/cm?,
3 — nocne obny4eHus anekTpoHamu 1 Tepmoobpabotkn npu 540°C
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Puc. 2. M3M-uzobpaxenms Ag HY B crekne: a — mapkep 20 Hm; 6 — ognHouHas HY Ag, ¢ paspeLueHHbIMM OTOMHBIMK MAOCKOCTSMU; B — CNEKTPAsb-
Has sasucumocts Ol ot go3bl 0bnyueHus u nnotHocTH Toka 50 MKA/CM2

cepebpa, i 0COGEHHO BBICOKOIOABIIKHBIE HOHBI Ag” AudyHANpPYIOT U3 06'beMa CTeKIa B 3apsUKeHHYI0 061acThb, e GOpPMHUpYIOTCS CTa-
OubHble cyGHAHOMETPOBbIe aTOMHbIe KiacTepbl. OGpa3oBaHue TAKKUX KJIACTePOB HOATBEPKAAETCS YBeIndeHHeM MOIIOIeH s Ha KOpOT-
KUX JuHaX BoiH 250—340 um (puc. 1, ). IIpu TemmneparypHoit 06paboTke cBOGO/HbIE 3JIEKTPOHBI 3aXBATHIBAIOTCS HOHAMK MeTajia 1
yKe HeliTpasIbHble aTOMbI COGUPAIOTCA B KOJUIOMAHBIE YacTULbl Garomaps auddysuu [5]. Tlocne o6pabotku npu 540°C B Tevenue 2 4
0BHapy»KeHO MOsIBJIeHNe MMKOB onTryecKoro norsouteHns (OIT) Ha AuHe BoHBI k010 420 HM (puc. 1 6, 8), YTO CBSI3aHO C JIOKAJIM30BaH-
HBIM [UIa3MOHHBIM PE30HAHCOM B cepebpsiHbIX HaHo4YacTHLax, chopmupoBanHbix B TP creknax. CrieKTpanbHble 3aBUCHMOCTH U3Mepsi-
JIUCh € TOMOIIIBHO criekTpodoTomerpa Carry UV-vis-NIR 500. Kak nmokas3aHo Ha prc. 1, @, MTHTEHCUBHOCTb ONITUYECKOU IVIOTHOCTH 00pasioB
pacTeT ¢ yBemmdeHreM 10351 06aydenns 10—50 MKy/cm? [4]. Kpome Toro, Ha clIeKTpax HOIOIeHHs 0GHAPYKeHb! HeCKOMBKO 30H HOJI0-
Cbl TIOTTIONEHHs [5], XapaKkTepHble /7S HeiTPaIbHbIX aTOMOB cepebpa Ag® (345 HM), /7St MOJEKyAPHBIX MOHOB Ag,” (310 Hm), Ce?* (309
uMm), Ag," 1 Ag,”* (280 nm). Pasmep, popma u konuentpaius HY cepebpa pOPMUPYIONIMXCS B IPUNIOBEPXHOCTHOM CJI0€ CTEKJIA 3aBUCUT
OT COCTaBa CTeKJIa, UHTEHCUBHOCTH 06JIydeHys 37IeKTPOHAMU U YCIIOBUI TOCIeylome TeMepaTypHoii 06paboTku [6—7]. 3o6pakeHus,
TIOJTyYeHHbIE C TOMOIIBIO IPOCBEYMBAIOIIIEr0 3JIEKTPOHHOTO Mukpockomna (TIOM) JEM-2100F (JEOL) mpesicraBiieHs Ha puc. 2 4, 6.

Pacnpesienenue HY cepebpa 1o paszmepam ObLIO OIpeziesieHO U3 3TUX PUCYHKOB C IOMOLIbIO CTaH/APTHOM porpaMmel 06paboT-
Ky u3obpaxenuit. Cpenuuit pasmep HY cocraBnisieT nopsAzka 2 HM o CpefHUM OTKIoHeHHeM 0,5 HM. MeXIUIOCKOCTHOe paccTosiHYeE B
Jacrulie cepebpa cocrasiser nopsaka d = 4,09E 1 X0opollo cornacyetcs ¢ MOCTOSIHHOM pelreTkoil o6beMHoro cepe6pa. HY nmMetor
IpenMylIiecTBeHHO cdepudeckyto Gpopmy. Takum 06pa3oM, IPOCTPAaHCTBEHHOe pactpeseseHue cepe6psaHbix HY B @TP cTeknax MOXeT
OBITH OMMCAHO TIPOCTON MOZEJIBIO CIyJaiiHo pactpeneneHHbIX cepruyeckux HY. Pa3mepsl metamiundeckux HY, MMeIOT JIOrHOpMaJb-
HOe MPOCTPAHCTBEHHOe pacIpe/iesieHre, KOTOPOe OObIYHO OMUCHIBAET MPOLIeCCh HEOMHOPOAHOM GOTOTEPMIIECKH HHAYLMPOBAHHOM
KpHUCTaJUM3anuu [6—7].

06cy:xnenue. O6pasus crexkna ¢ HY cepeGpa, mojiydeHHbIE € IOMOMLIBIO ONUCAHHOM Bhiie TexHomoruu ['Y UTMO [3], umetot
IIMKY B CIEKTpax ONTUYecKOl IJIOTHOCTU B Auana3oHe 400—450 HM, XapaKkTepHble I JIOKaJIM30BaHHOTO [JIA3MOHHOTO pe30HaHca
HY cepebpa. CriekTpanbHble 0COGEHHOCTH, a8 UMEHHO: [I0JIOXKEeHHe MMKaA, IMPHHA U BUJ| CIIeKTPAJIbHOI IMHUK MOTYT ObITh afileKBaTHO
ONKCaHBI C IOMOIIbIO 06061eHHOI MOZieN paccestHUA cBeTa MU B KBa3UCTAaTH4eCKOM NPUOIMIKEHNH ANs chepUIecKUX cepebpsIHbIX
HY. ITpu aHanu3e ObUIN UCTIOIB30BaHBI CIIEKTPasIbHble 3aBUcMMOCcTH OII OT 103bI 061y4eHNs, T0Ka3aHHble Ha puc. 1, 6. CIeKTpsI JIo-
Kanu3oBaHHOro ITITP 6bLIK UCII0JIb30BaHbI TOJBKO /IS ITUH BOJIH 00J1blie 250 HM, T.K. CTEKJIO U HOHBI LiepUs NHTEHCUBHO IIOMJIOMA0T
CBET C IIPY MEeHbLINX /IJIMHAX BOJIH.

AHanu3 5KCrepuMeHTalbHbIX CMIeKTPOB 3KCTUHKIINM, C UCTI0Ib30BaHUeM MoZieny Mu zinis IICD [8] mo3BonseT OleHUThb CpefiHIe
pasmepsl HY nopsaka 2 HM, 4TO XOPOIIO COITIACyeTcs ¢ pacipezesieHreM, OIydeHHbIM 13 aHau3a IIDM-1306paxeHuit.

BoiBozbl. PaspaGoTana TexHosorus co3zfanus cepebpsinbix HY B npunosepxHocTHOM ciioe PTP crekodt. TommyHa C10si MOXeT
BAPbUPOBATHCS BIUIOTH /10 1 MKM B 3aBUCHMOCTY OT 9HEPruM 3JeKTPOHOB MPHU OBJIyIeHUH U YCIOBHUIA [OCIeAYIOmeil TepMUYecKoi
006paboTku. XapaKkTepHble MUKU ONITAYECKOTO MOTJIONIeH S, COOTBETCTBYONIKeE ToKanm3oBanHOMy I1IIP B cepeGpsiibix HY, Habroza-
Jmch B fuanasoHe 407—427 M. TToka3aHo, 9TO IOJIOXKeHMe NYKA, MMPUHA JIMHIU U ee popMa ONpelesIIOTCA TeXHOIOTIeCKIMH
HapaMeTpaMu, TAKMUMH KaK: SHEPIHs 3JIEKTPOHHOTO My4Ka, 032 00J1y4eHus], INIOTHOCTb TOKA U YCJIOBHUS NOCTIeAYIOLIel TepMUYECKOi
00paboTKH, YTO IPE/II0IaraeTcsi UCIOJb30BaTh B JajIbHEHIIeM /sl ONTUMU3ALUH UPUHBL uHUH [1T1P, He0GXOANMON /TSt IPAKTH-
4ecKUX MPUJIOXKEHUH. B yacTHOCTH, MBI [T0JIaraeM, 4TO yMeHbILeHHe J03bl 06JTy4eHNUs X POCT IJIOTHOCTH TOKA BeZyT K CY)KEHHIO JIMHUK
IIITP mpu 3ajaHHbIX ycnoBuAX. IIpeaBapuTeibHble pe3yabTaThl 10 aHAJIU3Y CIeKTPOB onTrdeckor miuorHocty [P nmoaTBepxaaroT
HeoOXOMMOCTh pa3BUTHs Gostee 3G eKTUBHOrO MeToa, OCHOBAHHOTO Ha aHanu3e GOPMBI THHUY s GoJiee TOUHOI U HepaspyLa-
1eii xapakTepusauuy HY B creknax v Ipyrux Matpunax.

Pa6oma noddepxcana epanmom Ipesuduyma PAH «Dyndamenmansusie nHayku — meduyures 2008—2009 2006t u 2panmom Ilpe-
3udenma PO Ne 2951.2008.2. Aemoper 6aazodaprst B.H. Hegedomckomy u [.A. Kupunenxo 3a nonyzenue u ananusz IIDM-usobpadce-
Hutl. OCcHO8HbIE pe3yNbmamvl NOKyzeHsl ¢ UChONb308anuem obopydosanus LIKIT «Mamepuanosedenuem u duaznocmuka é nepedoswix
MEXHONIOZUAX >,
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MMHUATIOPHBI CEHCOP BOOOPOIA HA OCHOBE
ONTOMNAPLI CBETOAMNOA, — DOTOIEKTPUYECKMM
SJIEMEHT InP/GalnAsP/Pd

X.M. Canuxos, H.[. Crosnos, lO.I1. Jkoenes
DPTU um. A.P. Modde PAH, Poceus, r. Cankr-Metepbypr

K.B. Kanuuuna, C.C. MonuaHos
OO0 «AUNBW», Poceus, r. Cankr-MNetepbypr

Co3zaH OpUrMHAJILHBIIN CEHCOP BOZIOPO/Ia Ha OCHOBE (GOTO3JIEKTPUYECKOTO IPHUHIMNA PErUCTPALY, IpeHa3HaYeHHbIN A1 Uc-
TI0JIb30BaHUS B BOJOPOAHOM HEpreTrKe. B OCHOBe KOHIIENIINY JIeXUT UCIOIb30BaHNe CUIILHON 3aBUCMOCTH GOTO3/IC reTepoCTpyK-
Typ A’B’ ¢ Pd KOHTaKTOM OT KOHIIEHTPaLUH BOJI0PO/A. JlaHHOe BAMsHUE IPY KOMHATHOM TeMIepaType Ha HeCKOJIbKO TIOPS/IKOB CHJIb-
Hee, 4eM JIexKallee B OCHOBe CYLIeCTBYIOLIMX CEHCOPOB BJIMAHME BOAOPO/A Ha 3/IeKTPUYECKUe XapaKTePUCTUKY TBePIOTEbHEIX 3JIe-
MeHTOB. Pa3paboTaHa OpuriHaIbHas KOHCTPYKIMA MUHUATIOPDHOTO CEHCOPa, BKIIIOYatoIas onTonapy ceeroauos — auoz lortku ¢ Pd
KOHTaKTOM, TePMOXOJIOAUILHUK ¥ TepMOceHcop. HOBBI ONTO3JIeKTPOHHBIIT CeHCop, cTabHIbHO PaGOTaIOIIMiA IPH KOMHATHOMU TeMIle-
patype, sIBIIeTCs ONTUMAIbHBIM pelieHneM OCHOBHbBIX Tp0o6JieM, CBSI3aHHBIX ¢ 6e301aCHbIM 1 HafieXXHbIM [IeTeKTUPOBAHIEM B3DPBIBO-
OIACHBIX yTe4deK BOAOPO/A U3 TOIIUBHBIX 3JIeMEHTOB, IIPU ero TPAHCIOPTUPOBKE U XPaHEHUH.

B mocsieHue roabl B CBSA3M ¢ Po6IeMOit r106aibHOro MoTerieH:s 60JIblIoe BHUMAHKE YeseTcs IOMCKY albTepHAaTUBHBIX
HCTOYHHUKOB SHEPIUH, IPU 3TOM BO3HUK CTOMKUIT MHTepeC K pa3BUTHIO BOZOPOAHO# sHepreTuku [1]. Hapsiny ¢ mpobiemoii resepa-
LMY BOZIOPOZA U CO3/jaHKs TOIUIMBHBIX 3JIEMEHTOB, aKTUBHO BeZ[yTCs PabOTHI 1O CO3/JaHUI0 HaZIeKHBIX ¥ BBICOKOYYBCTBUTEIbHBIX
ceHCOpoB Bozopoza. Takue NpuGOps! HYXHBI AJIs PErHCTPALIMU yTeueK BOJOPOZA U3 TOIUIMBHBIX 3JIEMEHTOB, a TaKXKe NPH €ero
TPaHCIOPTHPOBKe 1 XpaHeHUH. Ocob0e BHUMaHUe y7ieNseTcs AeTeKTUPOBaHUIO B3PbIBOOIIACHBIX KOHIIEHTPALMU Bofopoza (4,7%).
JIpyrumMu BaKHBIMU TPeOOBAaHUSMY K TAKUM CEHCOPAM SBJIAIOTCA HEOOXOAUMOCTb CTaOMIbHON PabOoThI TP KOMHATHOM TeMIlepa-
Type, HU3KOe SHepronorpebieHne, HU3Kasi CTOUMOCTb, IPOCTOTA B 9KCIUyaTallul 1 MUHUATIOPHOCTb. OIHAKO /10 HACTOSIIIIETO Bpe-
MeHH IPOMBIIITIEHHO BBINyCKaeMble CEHCOPbI BOAOPOZA He OTBEYAIOT TPeGOBaHUAM BOLOPOJHOI SHepreTHKHU. B HacTosAIee BpeMs
B JIUTepAType UMeeTCs 3HAYUTeIbHOe YHCI0 COOBIIeH I O CeHCopax BOAOPOa HAa OCHOBE MOJIEBBIX TPaH3UCTOPOB, MOII-cTpyK-
Typ, AnozoB LIoTTKY ¢ KOHTaKTamMu 13 Pd u Pt, ceHCOPOB Ha OCHOBE OKHUCJIOB METAJIOB, 3JIeKTPOXUMUYECKHX, TEDMO3JIeKTpIYec-
KUX, IOJIMMEPHBIX 1 Ap. [2, 3]. Takue paboOThI BeAyTCsl B MHOTUX CTpaHax MUpa U B Poccin. OCHOBHBIM CIIOCOGOM [IeTeKTUPOBAHMS
B TaKMX CEHCOPAX ABJAETCA PeTMCTPALA U3MeHeHNUs 31eKTPUYeCKUX MapaMeTPOB B IPUCYTCTBUY BOAOPOZa (M3MeHeHue COMpo-
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& THUBJIEHUS] YJIM €MKOCTH YYBCTBUTENBHOTO 3jieMeHTa). Heno-

Vi omuoa o CTaTKaMU yKa3aHHBIX BbILIE CEHCOPOB SIBJISETCS HEOOXOIU-
1 _— MOCTb HarpeBa 4yBCTBUTEILHOTO 3JieMeHTa (paGoyuue Temmepa-

. Bogepea 0% Typbl B uHTepBase 200—800°C), rpOMO3AKOCTb, BbICOKAs CTOU-

\ MOCTb ¥ HU3Kasl CeJIeKTUBHOCTD.
\ B paGoTe npeznoKeH OpUTHHATBHBINA GOTOINEKTPHIECKHIt
crocob perucTpanyy BoA0OpoAa M BOAOPOAOCO/EPKALINX Ta30B.
B ocHOBe KOHLENUUU JIeXKUT UCTOJIb30BaHUE CUIBHOU 3aBUCH-
MocT $poTod7Ic reTepocTpykTyp AB’ ¢ Pd KOHTaKTOM OT KOH-
E— LIeHTpaLKH Boziopo/ia. PaHee HaMut Gb1I0 M3y4eHO BIMSHIE BOZO-
- poza Ha GOTOYYBCTBUTEIBHOCTD JUOAOB IIIOTTKY C MajIafivieBbl-
! — MM KOHTAaKTaMH Ha ocHoBe Si-Si0,, InP, InGaAs [4]. Okazasocs,
4TO /IS BCEX ITUX CTPYKTYP MMeeTcs ob1ast 3aKOHOMEPHOCTD: B
Puc. 1. Cnexrp dotooteeta auona LLlotrku n'-InP/n-GalnAsP/Pd 8 803~ raszoBoii cMecy ¢ BOZOPOZIOM H3MeHeHHe (OTO3/IC IpH 06Iyde-
Ryxe u rasoeoi cmecy, copepxatueii 0,03% H, HUY CTPYKTYP MHOPAKPACTHBIM CBETOM Ha TIOPSZIOK CUNIbHee, 4eM
Jiexallee B OCHOBE CyILIeCTBYIOLIMX CEHCOPOB BIMAHUE BOJOPOZA
Ha 3JIeKTPUYeCKIe XapaKTePUCTUKY TBEPZOTeIbHBIX 371eMeHTOB. Ha 0cHOBe aHa/M3a GakTopoB, BIUSIOMUX HA YyBCTBUTENBHOCTH (O-
TO3ZC K BOAOPOAY GBLIN OLpefieIeHbl KPUTePUH, KOTOPBIM JOJDKHBI OTBe4aTh CTPYKTYpPhI Pd-M0yIPOBOAHYK € TOUKY 3pEHUS IOy de-
HUA MaKCUMaJIbHOW YyBCTBUTEIbHOCTH:

1. MakcumainbHas Bbicota 6apbepa IloTTku. JJist 3TOro Heo6X0ANuMO, 4To6bI paboTa BHIXOZA MONYIPOBOAHMKA CUIILHO OT/IMYA-
Jiack OT paboTsl Beixoza Pd.

2. MakcumanbHast 3G eKTUBHOCTb TeHepaluy 1 pas/esieHus HocuTeseil B 06acTi 00beMHOr0 3apsifia ONyMPOBOAHMKA. [Iyist
3TOro Heo6GXO0/IMO KCI0JIb30BaTh MaTepHaJIbl C BHICOKUM CTPYKTYPHBIM COBEPILEHCTBOM M HU3KO# TEMHOBO# KOHIIEHTpaLei
HOCUTeJIe! 3apsna.

B na6oparopuu VK onroanexrporuku ®TU um. A.D. Modde HakorieH GOMBIION OMBIT B TEXHOIOTHY BbIPALIMBAHUS U HCCIIe-
JoOBaHUsE GU3MYECKUMX CBOKUCTE HAHOTETEPOCTPYKTYP Ha OCHOBE NOJynpoBoaHKKoB A’B’ [5]. Vcnosb3oBaHue reTepocTpyKTyp AaeT Psj
[IPeUMyIeCTB 110 CPAaBHEHMUIO C UCI0Ib30BaHUEM KPEMHUSA UM JAPYTUX FOMOTeHHbIX II0JyIPOBOAHUKOB. IIpexx/ie BCero sTo BO3MOX-
HOCTb [I0Z00pa MaTepHasoB, 06ecrevnBaoONINX ONTUMAJIbHYIO BbICOTY Gapbepa IIIOTTKY ¢ ajiia/ieBbIM KOHTAKTOM, @ TaK)Ke BO3MOXK-
HOCTb BbIPAIIMBaHKsA CTPYKTYPHO-COBEPIIEHHBIX SIUTAKCHAIbHbIX CJIOEB.

Bbun moapoGHO MCCTIe0BaHbI 3/IeKTpUdecKre i GOTOIIEKTPUIeCKHe XapaKTepUCTUKY 10/10B IIIOTTKY Ha OCHOBE [eTepOCTPyK-
Typ Pd-InAsSbP/InAs, Pd-GalnAsP/InP u Pd-GalnAsSb/GaSb, a Takxe MeXaHU3MBbI BJIUAHUA a/iCOPOLIMK BOXOPO/A Ha 3TH XapaKTe-
puctuky. ViccenoBaHus OKa3ay, YTo Ui CTPYKTypsl n+-InP/n-GalnAsP/Pd doToaxc B npucyrersun H, B razosoii cmecu 0,03 %
yMeHbllIaeTcs Ha /1Ba Opsaka. I[Ipy 9ToM JaHHOe YMeHbllleHNe IPAaKTUYeCcKy He 3aBUCHUT OT AJIMHBI BOJIHBI U3aydenus (puc. 1). IToso-
JKUTEJIbHO 3apsKeHHBIN c10i H Ha MOBepPXHOCTH TOHKOTO JM3JIEKTPUYECKOTO CJIOS MIPUTATHBAET 3JIEKTPOHBI K IIOBEPXHOCTH TIOJY-
[POBOZIHMKA M CMellaeT MPOCTPAaHCTBEHHOe paclpezesieHie HOCUTelell B CTOPOHY yMeHbIIEeHWs TOMIIMHBI 00eIHeHHON o6mactu
(puc. 2, a). Kax cieficTBIe Majoe N3MeHeHVe KOHIIEHTPAIIMU BOAOPOZA B CpeJie IPHBOAUT K OUeHb CHIIBHOMY yMeHbIIeHUI0 GoTo3zC.
Taxkast cTpyKTypa yao0Ha A7is U3MepeHKs MaJbIX KOHLIEHTPaLuii BOJopo/a.

Jns cTpyktypsl p+-InP/p-GalnAsP/Pd, Hanpotus, HabmoAan0Ch yBenudeHre GOTO3/C B IPUCYTCTBUM Bogopoza (puc.2, 6). B
JIaHHOM CJIy4ae MOJIOXKUTEJbHO 3apsDKeHHbIN c10i H' MpUTATMBas 371eKTPOHBI, yBeNIu4dMBaeT 0befHeHHYI0 06J1aCcThb B P-TIOJIYIIPOBOA-
HUKe ¥ KaK CJIeZICTBHe, Bo3pacTaeT GOTO3IC. DTy CTPYKTYPY YAOOHO HCII0JIb30BATh A7l U3MepeHNs G0JIbIINX KOHLIEHTPALUK BOAOPOAA,
TIPY KOTOPBIX CUTHAJI B CTPYKTYPE N-THIIA JOCTUrAeT CJIOXKHO U3MePUMBbIX MaJIbIX 3HaueHHU. IIpy ocBeleHny 06pasLioB U yBeTUIeHNN
06paTHOrO CMelIleH s, IPUIIOKeEHHOro K anuoy IIToTTKy, POTOTOK BO3pacTaeT Kak 3a CUeT yBelideHNs TOMIUHBIA 061acTi 06beMHO-
T0 3apsifia, TaK U 3a CueT yBelnueH!s BpeMeH! KM3HU HOCUTe el 3apsi/ia IpY CABUTe N0JI0KeHNs ypoBHS PepMU OTHOCUTEIbHO YPOB-
Heli 3axBara.

LU= 0.8

. yd

~ L~

Pd [c n - GalnAsP ntinP  Pd [1c p - GalnAsP o+ - InP
a 6

Puc. 2. 3oHHble guarpamms ctpyktyp n-InP/n-GalnAsP/Pd (a) v p*-InP/p-GalnAsP/Pd (6)
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OTcyTcTBUE HAa JAHHBIA MOMEHT MOPTAaTHBHBIX CEHCOPOB
BOZIOPOZa, pabOoTAIOIMX HA [PUHIUIIE PErUCTPAluK U3MeHeHHUs
¢doTo3/C, CBA3aHO HE TOJBKO C HEOOXOAMMOCTHIO MPOBEEeHMUS
6oJee MOJTHBIX UCCIIeJOBAaHUK BIIMSHUS BOAOPOZA U APYruX dak-
TOPOB Ha QOTO37C, HO TAKXKe CO CJIOXKHOCTHIO peann3aliuy KOM-
MaKTHOU KOHCTPYKLKH, COBMelaomiei B cebe GoToaneKTpidec-
KUii 3JIEMEHT U UCTOYHUK U3Jy4eHHs. YCIeX B Pa3BUTHUH TEXHO-
JIOTUY CBETOAMOZOB [JIsi BUAMMON M MH(paKpacHOW obiacTu
[I03BOJIAJI HAM CO3[aThb OPUTMHAIBHYIO KOHCTPYKLUIO (pUC. 3)
MajiorabapuTHOrO (AUaMeTpoM 9 MM) CEHCOPHOTO MOZAYJIS JUist
BOZIOPOZiA, BKJIIOYAIOLIEr0 ONTONApy CBeTOAUOAHBIM 3JIeMeHT —
¢doTouyBcTBUTENBHBIN 37eMeHT ¢ Pd KOHTaKTOM, TepMOX0J0-
IWIBHYK U TePMOCEHCOP.

[MaBHBIMU [IPEUMYLIECTBAMU Pa3pabOTAHHOTO CEHCopa Ha
OCHOBe (POTO3JIEKTPUYECKOrO CIIoco0a IeTeKTUPOBAHMUA BOIOPO-  Puc. 3. Dotorpadmu oneitHoro o6pasiua MUHMATIOPHOTO $OTORNEKTpH-
71a SIBJISIFOTCS BHICOKASI HAZIEXKHOCTh U CENEKTUBHOCTD, KOMITAKT- ~ YECKOTO CEeHCOpa BOAOPOAT, O — CO CHSTOM KpbILuKe; 6 — C KPbILLKO
HOCTb, OBICTpOZelicTBIEe, 6e301acoCTh U GOMBLION CPOK CIIYXKOBIL.
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