OT3bIB
0o(pMIMAJIBLHOT0 ONIIIOHEHTA
HA TUCCEPTAMIO HA COUCKAHNE YUCHOH CTEIEeHH
KaHauaaTa GU3HKO-MaTEMATH4YeCKUX HayK AradpunymkuHoii Cernanbl Hukonaesnbl
HA Temy:

«DYHKIMOHAJbHbIE HAHOCTPYKTYPHI HA 0CHOBE MOPHCTOr0 KPEMHHUS M YACTHII 30J10TA
U cepedpa JIsl CIEKTPOCKONUU IMIAHTCKOro KOMOMHALMOHHOI0 PACCESTHUSI MAJIbIX
MOJIEKYJDY
no crnenuaabHocTH 1.3.8 — «®u3uKa KOHAEHCHPOBAHHOI'0 COCTOSIHUS

Juccepranmonnass pabora Arapmwiymxunoir C.H. mocsmena paspaboTke
(YHKITHOHAIBHBIX CEHCOPHBIX CHUCTEM Ha OCHOBE IIOPHCTOIO KPEMHHUSI M HaHOYACTHI]
OJaropoIHBIX METAUIOB JUIST BBICOKOYYBCTBUTEIHHOIO OOHAPY)KEHHs MAaJBIX MOJIEKYII
METOJIOM THTaHTCKOTO KOMOMHAIMOHHOTO paccesHHs. B Hacrosiee BpeMms pa3paboTka
METOJIMK U MaTepHayioB JiIs OBICTPOrO M TOYHOTO OOHAPY)KEHHUs Pa3IMYHBIX METab0JIUTOB
IIATOTEHHBIX MHKPOOPraHM3MOB B OHOJIOTMYECKHX JKUAKOCTAX (U3MUECKMMH METOJAMH
UMEEeT BaXXKHOE COIMAIFHOE 3HAUCHHE, 4TO O0YC/IaBIMBAET HECOMHEHHYIO AKTYAJbHOCTH
JccepTanmonHoi pabotsl Aradmnynixkunoi C.H.

KoMOuHaIMOHHOE paccessHHe C IOBEPXHOCTHBIM YCHJICHUEM — THTaHTCKOE
kombunanmonnoe paccestuue (I'KP), mpencrasiser cob6oi MOLHBEINA METOJ BHOPAIMOHHOM
OINITHYECKOM CIIEKTPOCKOTIMH, KOTOPBIM IMO3BOJISET OCYINECTBISITH BBICOKOYYBCTBUTENLHOE
oOHapy)XeHHE MOJIEKYJl MpPH OYEHb MaJlofl KOHIEHTPAIlMM BELIECTBA 33 CUET YCHJICHUS
DJIEKTPOMArHUTHBIX TIOJIEH, CO371aBaeMbIX BO30YK/I€HHEM JIOKAIU30BAHHBIX IOBEPXHOCTHAIX
IUIa3MOHOB Ha TOBEPXHOCTH HAHOCTPYKTYp OyaropofHbIx MeTamioB. Ilo cpaBHeHMIO ¢
HEKOTOPHIMH JIPYTMMH  &JIbTEPHATHBHBIMA METOJaMH JETeKTHpoBaHUs Moiekyn, I'KP
paccMarpuBaeTcsl KaKk OTJIHYHBIA BBIOOp I KOJMYECTBEHHOro ompexenenus. Jud
JMarHoCTHYEeCKuX 1Iiejied B cmekTpockonmuu ['KP  mupoxoe mnprMeHeHHE HaXONAT
KOMIIO3UTHBIE HAHOCTPYKTYpPhl Ha OCHOBE IIO/UIOKEK HAHOCTPYKTYPHPOBAHHOIO KPEMHHUS.
M3rotoBiieHne HAHOKOMIIO3UTOB OOBIYHO COCTOMT M3 JIByX OCHOBHBIX  3TallOB:
DOPMHpPOBAHHS [IOPHCTON TOUIONKH M HAHECEHHS HA €e MOBEPXHOCTh METAIMIECKHX
HaHOCTPYKTYp. KomOMHAIMu MOpP(HOIOTHH IMOPUCTOTO KPEMHHS H METOJOB OCAXKICHUS
METAUIOB IO3BOJISIIOT CO3/IaBaTh METAUIMYECKHE HAHOCTPYKTYPBI C SIPKOBBIPAKEHHBIM
IUIa3MOHHBIM pe3oHaHCcOM. PazpaboTka Mertonuk nosydeHus: ['KP-akTHMBHBIX HaHOCTPYKTYD
ABIISIETCS AKTYAJILHON M MePCHeKTHBHOM 3a1aueil pU3NKH KOHIAEHCHPOBAHHOIO COCTOSHUS
BEIIIECTBA.

B mcceprannoHHoi paboTe B KauecTBE MOJIEKYJIBI ISl IETEKTUPOBAHMUS (B TOM YHCIIE
JUISL KOJIMYECTBEHHOro oOHapyxeHus) Obut BeIOpaH murMeHT nuormanuH (I1L) - Ci3HoN2O.
Bri6op MaHHOM MOJIEKYJIBI OOYCIOBJICH TEM, YTO ITHOLUAHUH SBJIAETCS METa0OIHTOM
IIATOrEHHOro GakTepHaybHOTO 3a00JieBaHUsI CHHErHOWHON manoukoi. III cexkperupyercs
UCKJIIOYMTEIEHO CHHETHOMHOM MAJIOYKOM, YTO JaeT 3TOM MOJIEKYJIE BBICOKUH IMOTEHIMAT IS
UCIIONB30BAHMS B KAuyeCTBE JMArHOCTHYECKOro OMOMapKepa. YHHKaIbHBIE CIEKTPalbHBIE
orneyaTtky nurMenTa I cMHErHOHHOM MaJ0YKX MOTYT OBITH YCIEIIHO UACHTH()UIIUPOBAHEI



¢ ucnosp3zoBanreM I'KP. Ilepexon k OoJiee CI0XHBIM OMOJIOTMYECKUM CpeJiaM, TaKUM Kak
MOKpOTa, HO-IPEXHEMY TPEICTABISET COOOU Cephe3HyIO IPoOIIEMY, IIOCKOJIBKY BHYTPEHHSIS
CIIO)KHOCTH MATPUI[BI MOJXKET IPENsSTCTBOBATH B3aMMOJECHCTBUIO II€JIEBOrO aAHAIUTA C
METaJUIMYECKOH MmoBepXHOCThIO. TakuM obpasom, BeOOp IIL[ B KauecTBE MOJEKYIbI JUIs
meTexTHpoBaHus Ha mnoBepxHOcTH I'KP-akTHBHBIX IIOJUIOXKEK, SBJSIETCS, HECOMHEHHO,
AKTYaJIbHBIM B HAYYHOM M NPUKJIAHOM ACHEKTaX.

JluccepraiionHass paboTa COCTOMT M3 BBEJIECHHs, 7 TIJiaB, BBIBOJOB M CIIHCKA
LUTHPYEMOM JMTEpaTyphl, BKIOYaouied 259 wucrounukos. Pabora wusnoxena Ha 167
CTpaHUILAX MALIMHONMCHOTO TEKCTa, BKIIOYaeT 84 pucyHka, 12 Tabaui u 7 IPUIOKEHHH.

Bo BBegeHHMH aBTOP OOOCHOBBIBAET aKTYaJbHOCTH PabOTHI, (POPMYIMPYET LETH U
3a/[a4ydl MCCIIE[0BAHMUS, IMOJIOKEHHs, BHIHOCHMMbIE Ha 3alUTy, HAYYHYIO HOBU3HY PabOTEI,
IPaKTHYECKYIO 3HAYUMOCTh, @ TakKe OOOCHOBBIBAET —JOCTOBEPHOCTH IOJYYEHHBIX
pe3ynbTatoB. Bo BBEICHHM Taloke IpejcTaBieHa MH(pOpMaNKs O JUYHOM BKJIAJIC aBTOPa,
arpobauy paboThl, IyOIMKAIUIX.

B nepBoii riiaBe aHATU3UPYIOTCS U3BECTHBIE JIUTEPATYPHBIE IaHHbBIC O TPUMCHCHUH
cnekTpockormuu B anayumse. [IpexcraBnena uH(pOpManua 00 OCHOBHBIX —IOHSTHSX
crektpockonud, WK-CIeKTpOoCKONNH, CHEKTPOCKONHM KOMOMHAIMOHHOTO pPAcCesHUsl |
cnektpockonuu ['KP.

Bo BTOpoO#i riiaBe MpPE/CTABJICH JUTEPaTypHBIH 0030p IO METOJAAM MOJIyYCHHs
HAHOCTPYKTYp Ha OCHOBE KPeMHHUs M HX IPHMEHEHHIO Ul OOHApY)XCHHs pa3IMIHBIX
HHU3KOMOJIEKYJISPHBIX BernecTB. OmucaHbl METOBI NOIYYEHHUs IUIEHOK MOPUCTOTO KPEMHWUS,
KPEMHMEBBIX HAHOHWTEH M HAHOCTPYKTYp Ha OCHOBE MOHHBEIX TPEeKoB. Pa3oGpamsl criocoOs
TIOKPHITHS] HAHOCTPYKTYPUPOBAHHBIX [TOBEPXHOCTEH HAHOUACTHIIAMHM 30J10Ta U cepebpa.

Tperbsi rjaaBa TIIOCBSLIEHa MaJlblM MOJIEKyJaM M HMX JICTCKTUPOBAHUIO
cnektpockonmeir I'KP. B riaBe mpencTaBieHpl JaHHBIE II0 XapaKTEPHbIM YacTOTaM
KOMOMHAIIOHHOTO PACCESHHsI MAIIBIX MOJIEKYJI: 4-MEepKaITOIEPUIIH, METUICHOBBIA CHHUMH,
OUIMPYOUH ¥ MMOIMAHHUH - MapKep 6aKTepHaIbHOr0 3a00/1€BaHKsl CHHETHOMHOM MaI04KOM.

B uerBepToii IiaBe ONMCAHBI METOAMKA U MaTepHaibl, HCIONb3yeMble B pabore.
[lepBblif THI HAHOKOMIIO3WTOB, METOAMKA IIONYYEHHs KOTOpPhIX Oblla paspaboTaHa B
JUCCEpPTAMOHHOM paboTe, OBUT OCHOBAaH Ha IIEHKAaX IIOPUCTOIO KPEMHHS M 30JIOTBIX
HAaHOCTPYKTypaxX. HaHOCTPYKTYphI Pa3IMYHON MOPHUCTOCTBIO OBUIM MOJIyYEHBI METOAOM
5JIEKTPOXUMHUYECKOTO TPABJICHHUSI IUIACTHH KPHCTAJIMYECKOTro KpeMHus. IlyTeM M3MeHEHuUsI
IPOLIEHTHOTO ~COJEPXAHUSI COCTaBa OJIEKTPOJIMTA ObUIM CHHTE3UPOBAHBI TPU THIIA
HAHOKOMIIO3UTOB C pa3IMYHBIM JHAMETPOM TIOp IUICHKM IOPHCTOro KpeMmuus. Jlis
nonydyenust ['KP-akTHBHBIX HaHOKOMIIO3UTOB CTPYKTYPBI IIOKPBHIBAJIX 30JI0TOM IyTEM €ro
OCaKIEHHUS M3 PACcTBOpa CoJiell MeTaiuloB. B utore 6bu1M pazpaboTaHbl METOIUKH ITOTYYCHHS
HAHOKOMIIO3UTHBIX CEHCOPOB C Pa3IMYHBIM PACCTOSHUEM MEXIY 30JI0TBIMM HaHOYACTHIIAMH
Ha TIOBEPXHOCTH.

Bropoif THI pa3paGOTaHHBIX CEHCOPHBIX CTPYKTYp OBUI OCHOBaH Ha IIOJy4YCHUH
KOMIIO3HTOB IIyTE€M BHIPALMBAHHSI JICHIPUTHBIX 30JI0TBIX HAHOCTPYKTYp B TPEKax OOIydeHust
IIOBEPXHOCTH JMOKCHIA KPEMHHUs OBICTPBIMU TSOKENBIMH HOHAMHU: IOBEPXHOCTH Si/SiOz
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GoMOapAMpoBaK IPU HOPMANbHOM IIa/ICHUM HOHAMH 208B{ a 30]0THIE JEH/PUTHbIC
HAHOCTPYKTYpHI popMupoBaiy B Marpuiie nop Si/SiO,.

Tpetuii Tun pa3pabOTAHHBIX CEHCOPHBIX CTPYKTYP HPENCTABISI coboif MaccuB
KPEMHHEBBIX HAHOHUTEH WM OCAK/EHHBIE Ha IIOBEPXHOCTH pa3JIMiHBIC KOMOUHAIMU
HAHOYACTHUI[ 30JI0Ta U cepebpa. KpeMHreBble HAHOHUTH OBUIN ITOJyYeHBI METOZOM METaJLI-
CTUMYJIMPOBAHHOTO XUMHUYECKOTO TPABJIEHHS! [UIACTHH KPHUCTAIMIECKOr0 KPEMHHUSL. [Tocne
TpaBIeHHs Ha ABYX IUIACTHHAX B OCHOBAHWM HAHOHMTEH HAHOYACTHLIBI cepebpa ObpUIH
OCTABJIEHBL, @ y APYTHX ABYX IUIACTHH HAHOYACTHIEI cepebpa ynamuiu. CieyromuM STaroM
6BUIO JEKOPHPOBAHME MOBEPXHOCTH KPEMHMEBBIX HAHOHHTEH HAHOYACTHIAMH cepebpa u
30j0Ta. B MTOre INOJyYand YEThIpe THUIA HAHOKOMIIO3WTOB: KPEMHMEBBIC HAHOHHUTH C
30JI0THIMH HAHOCTPYKTYPaMH Ha IOBEPXHOCTH, KPEMHUEBbIC HAHOHUTH C HAHOYACTHIAMH
cepeGpO-30710TO HA TOBEPXHOCTH, KPEMHHIEBBIE HAHOHUTH C CepEOPAHBIMY HAHOUACTALIAMH B
OCHOBAHHH (KOTOPBIE OCTAIIUCH [OCIIE TPABJIEHHS HUTEH) U C 30JI0THIMU HAHOCTPYKTYPaMH Ha
IOBEPXHOCTH, KPEMHHEBBIC HAHOHMTH C CepeOpSIHBIMUA HAHOYACTHIAMH B OCHOBAHWM
(KOTOphlE OCTAIMCH IIOCHE TPABIEHHMs HUTCH) M C HAHOYACTULAMH cepebpo-30JI0TO  Ha
ITOBEPXHOCTH.

B ueTBepTOi TNaBe TAKXKE IHpeicTaBieHa MUH(pOpMALKS IO METOMUKA ajcopoIuu
MaJIbIX MOJIEKYJI Ha HAHOCTPYKTypax, a TaKkke METOAMKA H3MEPCHUS MCTOJOM I'KP-
CIIEKTPOCKONHH (BKIIOYast 06pabOTKY PE3yIbTaTOB).

B nsiToii IJaBe JUCCEPTAMOHHOM paGoThl OBUIM H3yYeHbl MOP(OIOTHIECKHe
0COGEHHOCTH IIOJIyYEHHBIX HAHOKOMIIO3MTOB. bBBUIM HCIIONB30BAHBI CIICIYIOMIME MCETOMBL
METOJl CKaHHpYIOIIel dIekTpoHHOM Mukpockomun (COM); merox bpyHayspa, OMMmeTa,
Temnepa (BOT); Meron pPEHTTEHOCTPYKTYPHOIO aHajm3a; METOX TEMHOIIOJIBHOM MHUKPO-
CIIEKTPOCKONHMH; MeTOJ (IIyOPECHEHTHOH MHKPOCKOIMM M HM3MEPCHHE KpAceBOro yria
cmauuBaHus (ruapooOHOCTE/ THIPOYUIBLHOCTD).

Anamu3 wmzobpaxkenuit COM 30J0TBIX JEHIPUTHBIX HAHOCTPYKTYp IOKasal, 4TO
HAaHOCTPYKTYPHI 30J0Ta B nuamerpe 500 HM UMEIOT JICHIPUTHYIO MOP(OJIOTHIO C 3€PHUCTOM
CIPYKTYypO#l B LEHTpE H IIEPOXOBATHIMH KOPA/UIOBUIHBIMU JICMIECTKAMHU IO KpasM. C
[OMOIIBI0 aHau3a u300pakeHnii COM HaHOKOMIIO3UTOB Ha OCHOBE MacCHBa KPEMHHUCBBIX
HaHUTE M KOMOMHAIIMM 30JOTBIX M CEpeOpsHBIX HAHOCTPYKTYP Ha IIOBEPXHOCTH
IIPOJICMOHCPHPOBAHO, YTO BCE YEThIpe TUMa monyyeHHbIX I'KP-akTMBHBIX HaHOKOMIIO3HTOB
00aal0T OJXHOPOIHOM CTPYKTYpOi. AHanu3 cOCTaBa MOBEPXHOCTH IIyTE€M PErHCTpaliy
06PaTHO-PACCESHHBIX AEKTPOHOB T10KA3aJl, YTO IOKPHITHE 30JI0TBIMU HAHOIACTHIIAMU MEHEE
OHOPOJHOE U COCTOUT U3 OecOPMEHHBIX 30JOTHIX HAHOCTPYKTYP Ha IIOBEPXHOCTH
HaHoHHUTel. Ha mojurokkax, rie HaHOYaCTHIIBI OCTABIISIIA II0C/Ie METAJUI-CTUMYTMPOBAHHOTO
TpaBJICHHMS MOYHO yBHJACTb, YTO HAHOYACTHLI Cepedpa PpacIoNaraiorcs B OCHOBAHUH
HAHOHHUTEH, @ HA BEPIIMHAX HAHOHUTEH IPHCYTCTBYIOT 0OJiee OKPYITICHHBIC HAHOYACTUIIBI
30JI0TA.

B mecroii raase mpejcTapiensl [KP crexkTpsl MojieKys 4-MepKanTonepHuanHa (B
IPUIOXEHHUH JIOTIONHUTEIBHO ITIPECTaBIeHa MHPOpMALMs 10 MOJIEKyJIaM METHIICHOBOTO
CUHET0 U OGunupyOrHa), acopONPOBAHHEIX Ha IIOBEPXHOCTH IOTYYEHHBIX HAHOKOMIIO3HTOB.

IToka3aHo, YTO BCE HAHOKOMIIO3UTHI Ha OCHOBE IOPHCTOTO KpeMHHs (C pasHOH
nopuctocthio) Obutt ['KP-akTuBHbL HanOospiuas HMHTEHCHBHOCTH CHIHANA MOJICKYI 4-
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MepKaIToNepu/MHa Hadmoianach Juis 0OpasIoB ¢ pasMepamy 1op 20 + 5 uM (Ha IUIEHKaX
TIIOPUCTOTO KPEMHHSI) U PACCTOSHUEM MEX/Y 30JOTHIMHM HaHOYaCTHIAMH 30 + 6 uM. JlaHHBIHA
pe3ysIbTaT ObUI TAKXKE IIOATBEP)KJIEH JAHHBIMH YHCIEHHOrO MOJCIMPOBAHMS yCHIICHH
CHTHAJNA KOMOMHALMOHHOTO paccesHus (6bUla MCIONB30BaHA MoJieNb Topa). 1lokasano, 4To
TIPM PACCTOSIHAX MEXJIy HAHOYACTUIAMU B 35 HM CHIHAN KOMOMHAIMOHHOTO PaCcCESHHUS
MaKCUMAaJIEH. DTO 0OBSICHIETCS TEM, YTO C YBEIIMUEHUEM PACCTOSHIS MEXKAY HaHOYACTULAMHI
YBEJTMUMBAETCS OTHOCHTEIBHBIH 00hEM aHAIM3UPYEMOTO BEIIECTBA U yMCHBIIACTCS CPE/IHES
3JIEKTPUYECKOE MOJIE B MECTE PACIIOJIOKEHUS MOJIEKYJI aHAIIU3UPYEMOTO BEILCCTBA.

Nzyuenne ['KP-akTUBHOCTM  HAHOKOMIIO3UTOB € JICHAPUTHBIMH  30JIOTBIMH
HAHOCTPYKTYpaMy [IPOM3BOIMIM IIyTeM (DOKYCHPOBKM Jasepa Ha TPH THIA 30H: 6e3
JEHAPUTHBIX HAHOCTPYKTYD, C €AMHMYHBIME CTPYKTPYPaMu, C IPYNNOH CTPYKTYP. Curzain
'KP OT HECKOJBKHX CTPYKTYp BO3pacTall IPUMEPHO B 6 pa3 BCICACTBHE TOTO, YTO CTPYKTYPDI
HaXOWINCH PAJOM. JIOTONHUTENEHOE YBEINYCHHE MHTCHCUBHOCTH CHUIHAJIA I'KP B Takux
0061aCcTAX 00BICHSIIOCH BO3pACTAHUEM JIOKAJIbHOM HAMPSHKEHHOCTH 3JIEKTPOMAarHUTHOTO IIOJIA
M3-3a HAIW4Msl TaKk HA3bIBAEMBIX «ropsuux Touek». C LeNnpio aHauu3a BO3MOXHOCTH
OSABJICHUS.  «TOPSYMX TOYEK» Ha JEHAPUTHBIX HAHOCTPYKTypax, MOJCIMPOBAIIH
pacmpesieyieHue GIIMXHEro 3JIEKTPOMATHUTHOIO IO IIOCKOH DIIEKTPOMArHUTHOH BOJIHBI,
HOPMaJIbHO [aalonei Ha o6pasel] ¢ ABYMs HAHOCTPYKTYpaMH.

B samouenne mectoi riassl 0bu1 u3yden I'KP crekrp 4-MII ancopOupoBaHHBIX Ha
TIOBEPXHOCTH TIOUIOXEK ¢ cepeOpAHBIMU HAHOYACTHIAM B OCHOBAHMHU U OMMETAIUTNYECKUMH
HAHOYACTMIIAME cepeGpa ¥ 30JI0Ta Ha MOBEPXHOCTH KPEMHMEBBIX HAHOHMTEH. Ilosuiojiu
IPOSIBUJIM BBICOKYIO AKTHBHOCTb, YTO ONPEJENIET MX MOTCHUUAN JULL JIAJIbHEHUIIIEr O
U3YUEHHUS.

B ceanbMoii raase Opuia usydeHa ['KP-akTHBHOCTH MOMJIOXEK C JACHIAPUTHBIMU
30JI0TBIMM HAHOCTPYKTYpaMH U HAHOKOMIIO3MTOB Ha OCHOBE KPEMHHEBBIX HAHOHUTEH H
pasIMYHBIX KOMOMHAIMI 30510Ta-cepedpa Ha MOBEPXHOCTH. Bruia ucmonb3oBaHa MOJIEKYJIa
muonmanuHa (I11[) cHauama B BOJHOM pacTBOpe, a 3aTéM B KOMIUICKCHOM MAaTpUKCE
GHOJIOTMYECKOM JKUAKOCTH. lloKa3aHo, 4YTO IIOJUIOXKKH C JACHAPHUTHBIMH  30JI0THIMU
HAHOCTPYKTYpaMé B TPEKaxX OBICTPHIX TSDKENIBIX HOHOB MOTYT OBITH HCIOJIE30BaHbl IS
nuarsoctukd 111] (B Bommom pactBope) Mmeromom ['KP, HO TONBKO B Ciiydyae, eciH
KOHIIEHTpPAIMsI aHAIUTa OOJIBIIE, YeM 10° M u B ciydae, eclu MPOU3BOAUTCS POKYCHPOBKA
Ha T['KP-akTHBHBIX 30HAX MOJUIOXKKH, YTO JeJaeT JaHHbId  MaTepHal MEHee
IIpeJIIOYTHTENBHBIM JUIsi KOMMEPUECKOr0 IPUMEHEHHUs. B clyyae CEHCOPOB B BUIC MAcCHBa
KPEMHHEBBIX HAHOHUTEH ¢ cepeOpsHbIMY HAHOYACTUIIAaM B OCHOBAHHUH H OMMETAJUIMYECKIMHU
HAHOYACTHLIAMHE cepebpa ¥ 30J10Ta Ha IOBEPXHOCTH KPEMHMEBBIX HAHOHHTEH XapaKTEpHBIC
riosiock! I11] MoryT ObITh HaJIEXKHO OOHAPYIKCHBI 110 10° M 6e3 xaKoro-mi60o 3HAYUTENHHOTO
(OHOBOTO BKJaja OT IOMJIOXKKH. B JOMONHEHHe K BBICOKOH UyBCTBUTEIBHOCTH, CTOHT
OTMETHTh OJHOPOMHOCTH MOJUIOXKKH, 4YTO SBJISACTCS BAXHBIM KPUTCPUCM I BBIOOpa
OJUTOKKH U JATBHEHIIEro MPUMEHEHHs B KIMHAYECKOH IMAarHOCTHKE 1. JlanpHenee
p3ydenre | KP-akTHBHOCTH HAHOKOMIIO3UTOB MHPOUCXONMIO C NPUMCHCHHEM [II] B
FICKYCCTBEHHOH Mokpote. Ha 5TOT pas ObUM HCIIONB30BaHBI BCE HCTHIPS KOMOUHAIIH
HAHOYACTHL cepebpa M 30J0Ta Ha [OBEPXHOCTH KPEMHHEBBIX HAHOHHTEH. ITokxazaHo, 4TO
HAHOKOMITO3UTHI B BHJIE MAcCHBA KPEMHUMEBBIX HAHOHUTEH ¢ cepeOpsAHBIMI HAaHOYAaCTHIIAM B
OCHOBAaHMH ¥ OMMETA/UIMYCCKAMU HAHOYACTHIAMM cepebpa M 30JI0Ta Ha IIOBEPXHOCTH
KPEMHMEBBIX HAHOHHTEH SBIAIOTCSA Hanboyee 4yBCTBUTEIBHBIMU B ['KP-criexTpocKOuu
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monekys1 I1I[ B marpuie MOKPOTHL be3ycioBHO 3acily)XMBacT BHUMAHHUI pa3paboTaHHasl
METOIMKA KOJIMYeCTBeHHOro obHapyxenus I1L B MOKkpoTe, KOTOpast IO3BOJIAET UCIIO0JIB30BATH
TIOJIyUeHHbIE PE3yJIbTaThl B IPAKTHKE.

B BbIBOAAX PaGOTH C(OPMYIMPOBAHBI OCHOBHBIE DPE3YJBTATHl PaGOTHI, KOTOPHIE
3AKIMOYAIOTC B pa3paboTKe METOMMK IONydeHHs KOMHo3uTHbIX —I'KP-akThBHBIX
HAHOCTPYKTYP Ha OCHOBE KPEMHHs M HAHOYAcCTHI[ ONaropoJHbLIX METaIOB, a TAlOKe B
paspaGoTke  Croco6a  KONMYECTBEHHOro  OOHApYXEHHs  MOJEKy1l IMHONMAHHHA B
MHOTOKOMIIOHEHTHO} MATPHIIE HCKYCCTBEHHON MOKPOTHI MeTOIoM criekTpockory I'KP.

Pa3paboTaHHBIE METOMMKH IOJYYEHHs HAHOKOMIO3HTHBIX IIO/UIOKEK Ha OCHOBE
IIOPHCTOTO KPEMHHUS ¥ KPEMHHUEBBIX HAHOHUTEH, 1 YACTHI( TLTA3MOHHBIX MCTAIIOB 30/10Ta U
cepebpa SBISIOTCS HOBBIMH, IPOCTBIME M BOCIPOM3BOAMMBIMH. CTpYKTYpbl MOXKHO
MCIIONB30BAaTh B KAUECTBE BBHICOKOUYBCTBUTENBHBIX CEHCOPOB JUIS JUATHOCTUKHM MalIbIX
monekyn merogom I'KP. JlokasaHHOE BBICOKOYYBCTBATCIBHOE 0OHAPYKEHUE MHOLMAHIHA B
MOKPOTE  OTKPHIBAET IEPCIEKTHBBI ~ HCIONB30BAHWSA — PaspabOTAHHOTO — CeHcopa B
JHATHOCTHYECKHX IIEHTpaxX U 6osbHui@ax. [lonydeHHble B paboTe pe3ynbTaThl, HECOMHEHHO,
IIPE/ICTABIAIOT UEHHOCTh KAaK ¢ (yHIAMEHTAILHOM TOYKHM 3peHMsl, TaKk H VIS
NPAKTHYECKHUX PHMEHEHMI.

B xauecTBE 3aMeYaHMI MOXXHO yKa3aTh CJICAYIOIICE:

1. B pabore mus ompenenenus I'KP-akTHBHOCTH pa3pabOTaHHBIX HAHOCTPYKTYP B
Ka4ecTBE MOJIEIBHBIX MOJIEKYJ OBbUIM BBIOPAaHBI MOJIEKYJBL: 4-MepKalToNepuIuHa,
METHIIGHOBOTO cHHero U Ommupybmsa. OGOCHOBaHHE BBIOOpA HMEHHO OTHX
MOJIEJTBHBIX MOJIEKYJ JOTIONHINIO OBl oOliee HpeJCTaBleHHue O JUCCePTAalHOHHOM
pabore.

2. Ilpy H3rOTOBIEHMH HAHOCTPYKTYPHPOBAHHON TIOIOKKH UL ['KP-akTUBHBIX
HAHOKOMITO3HUTOB KCIIOJB30BAIHM IUIACTHHBI KPHCTAUIMYECKOTO KPEMHUS pa3IMIHOTO
YJIENBHOTO COMPOTHBIIEHHUS. BBUIO OBl MOJIE3HO YTOYHHTH COIPOTHBICHUC ILIATHHEL
HCIIONB3YEMOM IPH  M3TOTOBJIEHMH IOPUCTOTO KPEMHHs, a TaKke JI00aBUTH
060CHOBaHHKE BHIOOPA COTIPOTUBIICHUHM s TUTACTUH APYTHX HAHOKOMIIO3UTOB.

3. Tlpu usydernn 'KP akTHBHOCTH HAHOKOMIIO3UTOB HA OCHOBE MAcCHBa KPEMHUCBBIX
HAHOHHUTEH, C IPUMEHEHHEM MOJCIBHOH MONEKYJBI 4-MEpKalTONepU/InHa, Obu1a
HCIIONB30BaHa TOJBKO IOMIOKKA C cepeOpsSHBIMH HAHOYACTHIAMKU B OCHOBAaHHH H
GUMETAITHYECKAMI Ha IOBEPXHOCTH. BBUIO OBl MOJIE3HBIM MPOBECTU CPABHUTEIBHEIH
AHAJIN3 C APYTMME KOMOMHAIMSAMH HAHOYACTHIL 30J10Ta-cepedpa.

[lepeynciieHHbIE 3aME4YaHMsi HOCAT XapakTep MOKEJAaHUH W He CHIDKAIOT OOIei
ITOJIOYKHUTENBHOM OIEHKH PACCMATPUBAEMOM JUCCEPTAIMOHHOM paboThl. OOBEM IOy YEHHBIX
pe3yJIbTaToOB, HOBHM3HA, aKTYalbHOCTh, NPAKTHYECKas M HaydHas 3HAIMMOCTh IO3BOJIACIOT
CYMTaTh, YTO JUCCEPTALUs COOTBETCTBYET TPEOOBAHUSM, IPEABABISEMBIM K AUCCEPTALIAM
Ha COMCKaHME CTEIEHU KaHauaTa (pu3uKo-MaTeMaTHIeCKuX HayK.

ABTopedepaT MOJHOCTBIO COOTBETCTBYET MaTephagy JUCCEpPTAlH M IPABHILHO
nepezaer GOPMYITUPOBKH €€ TJIABHBIX PE3yJIbTaTOB.



CojiepikaHue JUCCEPTAllii COOTBETCTBYET IACIOPTY CICIUATBHOCTH 1.3.8 — «Dusuxa
KOHICHCHPOBAHHOTO COCTOSIHHSI», YIOBIETBOPSET KPUTCPHUSIM, OMPEICICHHBIM IIIL. 2.1-2.5
[IoNoXeHHsT O TPUCYKICHAM YYCHBIX cTerneHed B MOCKOBCKOM  TOCYJApCTBCHHOM
yauBepcutere uMeHH M.B.JIomoHocoBa, a TaKKe odopmiiera corigacHo m. 3.1 aroro
[onmoxenus. Coumckarenp  Arapunymkuna Cpemrana HuxosmaeBHa — 3aCIIy)KUBAcT
NPUCYXIEHHs ~ YUIEHOW  CTENeHW —KaHjujara — (QU3MKH-MAaTEMAaTHYECKHX — HayK 110
crienuanpHocTd 1.3.8 — «@u3nka KOHACHCUPOBAHHOTIO COCTOSHUSY.
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