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MeTromaMu CKaHUPYIOINell 30HAOBOM MHUKPOCKOINN M PEHTTEeHOBCKOH ()OTO-
9JIEKTPOHHOM CIEKTPOCKOIUU WCCJIENOBAaHbBl MeXaHW3MBLI B3aMMOAEHCTBUA
BUpYyca TabayHOM MO3aWK! ¢ HAHOUACTUIIAMU 30JI0Ta. BEIABIEHO ymopsamoue-
HIle BUDUOHOB Ha MOBEPXHOCTY MOHOKPUCTAJIJIOB KPEMHU S, KOTOPOE 00YCJIOB-
JIEHO arperamuoHHBIMU IIPOIleCCAMU KOATYJISIUNA U KOAJIECIIEHIINN BHPYCOB.
VYcTanoBaeHO, YTO HA IIOBEPXHOCTY BHPUOHOB HAHOYACTHUIILI 30JI0TA B3aMMO-
IefICTBYIOT C IIOBEPXHOCTHLIMY JIN3NHOBBIMY U AarPUHUHOBLIMU PAIUKAIAMU.
W3-3a HaInuusa pasHUIbl MOTEHIIMAJIOB IIPOUCXOAUT IIPUKpPeIlIeHre HaHOoUa-
CTUI K IIOBEPXHOCTH BUPHOHOB. BaauMomeiicTBe BUPUOHOB APYT C APYTrOM
xapakTepusyercsa cBasamu N—C=0.

MeTomamu ckaHyBaJbHOI 30HIOBOI MiKPOCKOMIII Ta peHTI'€HiBCbKOI (DOTOEJIEK-
TPOHHOI CIIEKTPOCKOIIiI OCHiIKeHO MeXaHi3MU B3aeMOZil Bipycy TIOTIOHOBOIL
MO3aiKM 3 HaHOYACTUHKaMM 30JI0Ta. BusaBjIeHO BIOPAAKYBaHHA BipioHiB Ha
TIOBEPXHi MOHOKPUCTAJNIB KPEMHiI0, AKe 00YMOBJIEHO arperamiiiHuMu mpoIe-
caMm KoaryJdairii i xoajsecreHii BipyciB. BeTanoBieHo, 1110 Ha MOBepXHi Bipi-
OHiB HAHOYACTUHKM 30JI0Ta B3aEMOJIIOTH 3 IOBEPXHEBUMH JIi3iHOBUMMU i ar'pi-
HiHOBMMHU pajuKagamMu. depes HasgBHIiCTL pisHUII MOTeHIialiB BigOyBaeThes
NIPUKPINIJIeHHA HaHOYACTUHOK JI0 ITOBepxHi Bipionis. Baaemopis BipioHiB ogqun
3 OHUM XapaKTepusyeTbesa 3B’ a3xamu N—C=0.

Mechanisms of interaction of a tobacco mosaic virus with the gold nanoparti-
cles are investigated by means of the scanning probe microscopy and X-ray
photoelectron spectroscopy methods. The virion ordering on the silicon sin-
gle-crystalline surface is revealed due to the aggregation processes of coagu-
lation and coalescence of viruses. As established, the gold nanoparticles in-
teract with surface lysine and agrinin radicals on the virion surface. Due to
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the presence of potential difference occurs attaching nanoparticles to the
surface of virions. The interaction of virions with each other is characterized
by bonds N-C=0.

KaroueBbie cioBa: CKaHUDPYyKOIIad 30HA0OBad MUKPOCKOIINA, BUPYC TabauHOMi
MO3anKH, HAHOYACTUI[bI 30JI0Ta, MOHOKPHCTAJIJI KPDEMHUA.

(IIonyueno 26 cenmasabps 2014 2.)

1. BBEAEHHE

IITupoKuit CIeKTp MATEPHUAJIOB, TAKHUX KaK yIrJIepoAHble HAHOTPYOKH
[1], 6;m0K-comoaumepsl [2], momerkyabl JTHK u Bupycs! [3] MoikeT GBITH
HUCIOJb30BaH B KauecTBe IIAOJOHOB AJA IOJydYeHHsA HaHodacTu [4].
CunbHOe B3auMOeHCcTBYE MeKAy I1abJI0OHOM 1 HaHOUYACTUIAMU IIPUBO-
IUT K 00pasoBaHUIO CTPYKTYPbI, KOTOpas ompeneseTcsa Gopmoii mar-
punpi-mmabdaona. Mcmoab3oBaHue TBEPALIX MATPUIL, TAKHUX KaK yrJe-
poaHbIe HAHOTPYOKHM, ITO3BOJISET IIOJYUYATh KECTKUHA KapKac OpraHuay-
IOIeicss CTPYKTYPHI, OJHAKO He II03BOJIAeT KOHTPOJHMPOBATH MerKua-
CTUYHOE PACCTOSIHME 1 ITPOIIECC OPTraHu3aIiHU.

«MsaArkue» TeMILJIaTHBbIEe MOJIEKYJbl (TaKue KaK CUHTeTHYecKue Io-
JaumMepsl, 6eaku, mosieKkyabl [ITHK u Bupycsl), obaagaroiime omrpeneieH-
HOM XUMUUECKOH CTPYKTYPOii, MMEIOT MHOKECTBO YUETKO ONPEIEIEHHBIX
MOSUITNH /IS IpUCOeINHEeHUsT HaHodYacTHull. Bojiee TOro, MOKHO IIOJY-
YaTh nepapxXuuecKu 00Jiee CJI0KHbBIE CTPYKTYPBI, UCIIOJIb3Y A IIPOIEeCCHl,
IIPOUCXOIAIINE B IPUPOIHBIX OOCHCTEMAX.

Jlyuiiie Bcero i HY:KJ HAHOTEXHOJOTMH IIOAXOAAT PaCTUTEIbHBIE
BUPYCHI, IIOCKOJbKY OHU 0€30MacHBI IJid JIoAeil U KUBOTHBIX, MOTYT
OBITH TOJIYYEHBI B OOJIBIIINX KOJWUUYECTBAX U CIOCOOHBI BBHIAEP:KUBATH
pasauvYHbie MOTUDUKAIINN.

B mannoi#T paboTe MPUBOAATCA Pe3yJbTATHI MCCJIETOBAHUSI B3aMMO-
mevicTBus Bupyca Tabaumoii Mosamku (BTM), KorTopwiii saBIgeTCs
HamboJjiee MEPCIEKTUBHLIM MAaTEPHUAJIOM IJIA CO3TaHUsS HAHOIIA0JIOHOB
[5], c mamouacTumamu 3omora. BTM umeeT oueHb XapaKTEPHYIO CTPYK-
TYpPy, HAIIOMUHAIOITYI0 HAaHOKa0eJb — II0JIbie OeJIKOBBIe TPYOKI, BHYT-
pHu KOTOPBIX mpoxoaut «xuia» us PHK. [Ianma Bupyca cocraBaser 300
HM, BHEIITHUI guamMerp — 18 uM, BHyTpeuunii 6 uMm. Tak Kax BHEITHSIA
IMOBEPXHOCTHb BUPHUOHA COCTOUT M3 GOJILIIION0 KOJNYECTBA JIU3UHOBBIX U
arpUHMHOBBIX PaANKAaJIOB, TO 3a CUET BaH-IeP-BaabCOBOI'0 B3anMO/Ieli-
CTBUSA OCYIIECTBJISIETCA CBSA3b C HAHOYACTHUIIAMU MeTAJLJIOB (B YaCTHO-
CTH, 30JI0TO, cepedpo, Meab, HUKeab 1 T.n.) [6]. Ilomumo aTOTO BUPYCHI
UMEIOT PAL IPYTUX MHTEePEeCHbIX cBoiicTB. Hampumep, oHM MOTYT CO31a-
BATh KPHCTAJJIBI C HYMXHBIMHU KCCJIEOBATEJISIM OITUYECKHMH CBOIi-
cTBaMu. A Hajgmuue OOJIBLIIIOTO KOJMUECTBA 3apSaA0B Ha BHYTPEHHEH U
BHEIITHEH MOBEPXHOCTAX BUPUOHOB IIO3BOJISET IIOJyYaTh HAHOUACTUIIEI
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MaTepuajoB C IIOMOIILI0 OmoMmMeTuuecKoro merozxa [7, 8]. Cmocob-
HOCTH BUPYCOB MMPOHUKATH B KJIETKY MOKeT OBITh UCITOJH30BaHA JIJIA CO-
3IaHNS BHYTPUKJIETOUHLIX HAHO30HIOB M HAHOCEHCOPOB — [IJIsI OBICT-
Ppoii IMarHOCTUKY BUPYCHBIX 3a00JIeBAHII.

2. 9RCIIEPUMEHTAJIBHAA METOJUKA

HanmouacTHIIBI 30JI0TA TOJYUYATIN IBYMA METOAAMU — XUMUUECKUM CHH-
TEe30M M TePMHUECKUM HAILLJIeHWEM Ha IIOBEPXHOCTH MOHOKpPHCTAJLIA
KPeMHUA, UYTO ITO3BOJIMJIO ITPOaHaJIN3UupPoOBaTh IoseeHre BupycoB BTM
IIpU B3aMMOJIEHCTBUY C HAHOYACTUIIAMU, IIOJYUEHHBIMU PasINUHBIMUI
MeTOaMMU.

IToryuenne HAHOYACTHUIL 30JI0TA METOAOM TEPMUUYECKOTO HaHECEHUS
IIPOBOIMJIOCH HAIILIJIEHWMEM 30JI0Ta Ha IIOBEPXHOCTH MOHOKpPHCTAJLIA
kpemuus Si(111). KioBera u3 BoJIb(pPaMOBOI IIPOBOJOKU C HaBECKOI
30JI0Ta HAXOAUJAaCh HAa PACCTOAHUU = 7 CM OT IIOBEPXHOCTHU IIJIACTUHKU
MOHOKpHCTaJLIa KpeMHuUs. TOK uepes BOJIb(pPaMOBYIO CIHPATIb COCTAB-
a3 5 A Ha IPOTAKEeHUY BCero BpeMeH! HalbLIeH! .

HanouacTHIIBI 30J10Ta METOAOM XUMUUYECKOT'0 CUHTEe3a OBLIIN IMoJIyyue-
HEBI IIPU KUIIAYEeHUY PacTBOPa TeTpaxJjiopoaypara KaJius ¢ fo0aBIeHueM
pacTBopa mMUTpaTa HATPU IO CXeMe:

20 ma (1 mM) KAuCl, + 2 ma (1% -ro) Na;CcH;0,-2H,,0.

IlepemernuBanme TPOBOAUIIOCH A0 MOABJIECHUSA KPACHOTO I[BETA PACTBO-
pa.

B pab6oTe 1cmosb3oBaJics pacTBOP BUPYCOB TabauHOI MO3auKM B BOJIE,
kourenrpanueit 200 mr/mi. Ilpm KoMHATHOH TeMIlepaType BUPYCHI
UMEIOT TEHIEHIINIO CKJEHBATHCA MeXKIy co00ii, BO m30erKaHUEe ITOTO
HEIIOCPEICTBEHHO Tepe]] 9KCIIEPUMEHTOM IIPOBOMJIAChE UX 00paboTKa B
YABTPa3BYKOBOII BaHHE IIPU YacToTe yabTpasByka — 50 k', BpemeHu
BoameticTBusa — 30 muuyT u Temneparype — 30 rpagycos Ilenbcus.

Wccnemoranua HaHOpeabeda MOBEPXHOCTH BUPUOHOB M HAHECEHHOTO
Ha MOHOKPUCTAJIINYECKYIO MTOBEPXHOCTh KPEMHUSA 30JI0TA IIPOBOIUJIN
METOZOM BBICOKOpAaspelawiineil ckanupyoineii Tyaueasnoin (CTM) u
aToMHO-cuJoBoM Mukpockonuu (ACM) Ha npubope JSPM-4610 (Jeol,
Anonus). BakyyMm B Kamepax TyYHHEJIBHOTO U aTOMHO-CUJIOBOT'O MUKPO-
cxoma 6611 He Huzke 1077 ITa. [I1a nccaefoBaHU MCIONb30BAICA KaH-
THUJIEeBEP Ha OCHOBE aJIMas3HBIX YCOB U BOJb(PAMOBOE OCTPUE PaSUyCOM
~ 5 HM, UTO IIO3BOJIMJIO TOJYUYUTH CHUMKM! ITOBEPXHOCTH C ATOMHBIM
paspemntenuem. MccienoBanus TPpOBOAUINCH TP KOMHATHOM TeMIlepa-
Type. IloBepXHOCTHBIN TeMIlepaTypHBIH npudT He mpesbimana 0,05
HM/C, UTO IIPY JAHHBIX pasMepax UCCJeyeMbIX 00JlacTell He BIAUAIO Ha
MMOJTyYeHHbIE PE3YJIbTaTHI.

PeHTreHoBCcKUE (DOTO3JIEKTPOHHBIE CIIEKTPHI OCTOBHBIX YPOBHEH aJie-
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MEHTOB OBLIN IIOJYYEHBI HAa PEHTTeHOBCKOM CIIEKTpoMeTpe (UPMEI
‘Jeol’. Pa6ounii BAKyyM BO BpeMs IIPOBeIeHNUs dKcIepuMerTa 0611 1077
ITa. Mcnonb3oBaJsica MarHUeBLIN anon ¢ sHeprueit sunuu MgK, 1253,6
5B. Paspermienue mo suepruu cocrapiasano 0,1 sB. KaaubpoBka suepruii
cBA3U mpoBoauaachk mo Audf-nuuuu 87,5 sB. IIpu momrydyenun peurTre-
HOBCKHX (POTOIJIEKTPOHHLIX CIIEKTPOB C «YIJIOBBIM pa3perieHueM»,
YTOJI @ MeKAy HOPMaJbio 00pasiia U PEHTTeHOBCKUM IIyYKoM ObLa 0° u
+30°.

3. PESYJIBTATBI 1 UX OBCYXRIEHUE

IlepsBrlii sTal KMccaeqOBaHNII BKJIOUYAJ B ce0A aHAIM3 MOpPdoJornu Ha-
HOUYACTHUIL 30JI0Ta, TOJYUYEHHBIX XUMUUYECKNM CUHTE30M U TEPMUUYECKUM
HaIILLJIeHNEM Ha IIOBEPXHOCTh MOHOKpHCTaJIa KpeMHus. M3obpake-
HUSA IOBEPXHOCTU 30JI0TA, TOJYYeHHBIE METOAOM aTOMHO-CUJIOBOUM MUK-
POCKOIINH, CBUIETEJIBCTBYIOT O KJIaCTEePHOM MeXaHu3Me (popMUPOBAHU A
HaHoOpeJbe()a ITOBEPXHOCTU 30JI0TA IIPU TEPMUUYECKOM HaHECEHUM Ha
IIOBEPXHOCTh KpeMHU (puc. 1, a).

Q) 27070 HM' 6) 270x270 HM®
5.9 HM
4.7 HMjI
3.5 HMj
2.3 M i i , . : . i . . . .
20 Hm 40 Hm 60 HMm 80 Hm 100 HMm 120 Hm

Puc. 1. (a) CTM-cEuMoOK moBepxHOCTH KpeMHuusa Si(111) mocsie HanblIeHUA 30-
Jorta 5 MuH (TPpo@UIL BHU3Y COOTBETCTBYET cTpeiike); (6) caumok ACM HaHO-
YaCTHUIT 30JI0TA HA TIOBEPXHOCTU KPEMHUA.
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Puc. 2. ACM-caumku BTM Ha moOBepXHOCTU TEPMUYECKU HAHECEHHOTO 30JI0TA.

JlangmadgT MOBEPXHOCTH OIIpPeAessieTcs PaBHOMEPHBIM HaHeceHueM
HAHOYACTUII 30JI0Ta Ha IOBepXHOCTL (puc. 1, a). Haubosee xapakrep-
HbBIe pasMepbl KJACTEPOB COCTAaBIAIN =40 HM M UMeJIu IpPenuMyllle-
CTBEHHO CPeporngaIbHYI0 (POPMY C HE3HAUNTEIbHBIMU UCKAMKEHU M.

B oTiinune oT TepMOHAIIBIIEHUA, IIPU UCCIEJOBAHNY HAHOUACTHUIL 30-
JIOTA, IOJYUYEHHBIX XMMUUYECKH, HAa IIOBEPXHOCTH HAOJIIOIAIOTC OJUHO-
KHe KJIacTepbl ¢ pazMmepom uactuil, 15—20 um (puc. 1, 6).

ITocne monyyeHUA MOMJIOMKKY C TEPMUUECKU HAHECEHHBIMY HaHOYA-
CTUIIAMHU 30JI0Ta Ha Heé HaHocuicsa pacTBop ¢ BTM (puc. 2).

ITonyueHHBIE pPe3yJIbTATHI IIOKA3BIBAIOT, UTO BUPYChI MPEHUMYIIle-
CTBEHHO PACIIOJIATaloTCA Ha MOJIOMKKEe IPYIITaMy 110 HeCKOJIbKO IITYK,
T.€. OTJAI0T IPeAIoUTeHNe KIacTepHOMY yropsagouenuio. CKopee Bcero,
9TO O0YCJIOBJIEHO CTPEMJIEHHEM CHCTEMBI YMEHBIIUTH IIOBEPXHOCTHYIO
SHEPTHUIO, UTO IPUBOAUT K AKTUBAIIMY arperalliOHHbIX IPOIECCOB: KO0a-
TYJAANUN U KOAJIECIIEHIIMY BUPYCOB, PE3YJIbLTATOM KOTOPBIX SIBJISETCS
yHOPsA0UeHME U CKOILJIEHE BUPYCOB.

Hamnecenue BupycoB TabauHoi Mo3anku (puc. 2) U ux yaep:kaHue Ha
IIOBEPXHOCTH B TE€UEHME IPUMEPHO 24 YacOB C IOCJEAYIOMUM V/IaJIeH-
€M MyTEM CMBIBAHUSA NUCTUJJINPOBAHHOIN BOJOI, COMPOBOMKIAIOCH 3HA-
YUTEJbHBIMU N3MEeHeHUAMHU pesibeda moBepxHocTH (puc. 3).

HaGmromatorea yraybJyeHuss mpomoarosatoir ¢opmsel (puc. 3, a, 0),
MIPOPMUIN KOTOPBIX IPHBEIEHLI HA puUC. 3, 8. IIpyHUMAasaA BO BHUMAaHNIE
CpeIHIO0 TIyOUHY yraybaeHu = 2 HM U IupuHy = 18 HM, UTO COOTBET-
CTBYyeT AMaMeTpy BHUPYCa, MOYKHO IPEAIOJOKUTh, UYTO HAOJI0JZaeMble
yray0JeHusa HelloCPeqCTBeHHO CBA3aubl ¢ BupuoHnamu BTM.

IIoBepXHOCTHBIE HAHOUYACTHUIILI 30JI0TA B3AMMOIECTBYIOT C JIM3UHO-
BBIMHM ¥ arpuHUHOBRIMU pasukagsamu BTM Ha mMoBepXHOCTH BUPHOHOB
3a CuéT HaAIWUYMUA PaAsHOCTH WOTeHImaysoB. Hananume xapaKTepHBIX
yruay0oJeHui Ha TOBEPXHOCTHU 30JI0TA II0CJIe YAAJeHNsI BUPUOHOB CBHU/IE-
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7.3 HM 10.6 M
5.84 um 6.5 HM
4.38 Hm 6.4 UM
2.92 um 4.3 UM
1.46 um 2.1 HM
. 0.0y RS 0.0 Hm
a) 180x180 Hm’ 6) 270x270 HM’

5.9 HM -

4.7 Hm

3.5Hm

2.3 Hm ‘ . . .

12 HMm 24 HM 36 HM 48 Hm 60 HM

8)

Puc. 3. ACM-uzobpakeHne MOBEPXHOCTH 30JI0Ta IIOCJE yIaJEeHUs BUPUOHOB
BTM (m1rpoduab cCOOTBETCTBYET CTPETIKE).

TEJILCTBYET O BHICOKON XMMHUYECKON aKTHUBHOCTU ITOBEPXHOCTU BUPHUO-
HOB, IPUBOAAIIEN K XUMUUYECKOMY BBITPABJINBAHUIO 30JI0TA.
CremyroiuM sTamoM OBLIO mccJemoBaHue B3aumogericTBus BTM c
HAHOYACTUIIAMHU 30JI0TA, IOJYUYEHHBIMUA METOAAMU XUMHUYECKOTO CHH-
Te3a. BeLo mpoBeneHo Haumecenme pactBopa BTM B cmecu ¢ KoJutousa-

MKM

Puc. 4. BTM u HaHouacTUIIBI AU Ha IOIJI0MKKe MOHOKPUCTALIA KPEMHUS.
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12 1 "V

0,

HM

HM

Puc. 5. ITpodpuas BeicoTsl Bupuona BTM.

HBIM PACTBOPOM HAHOYACTHI[ Ha MOBEPXHOCTH MOHOKDUCTAJIA KPEeM-
Husa. CMellInBaHMe BeIleCTB IIPOBOIUIIOCH TP KOMHATHOM TeMIepaType
3a CYTKU 10 HaHeceHusd. Kak BUHO Ha puc. 4, BUPYCHI BCE TaK yKe Ipe/I-
MOYMTAIOT KJIACTEPHOE PACIIOJIOJKeHNe, KaK U B cJyuae HaHeCceHUs Ha
TePMHUUYECKN HAaILIJIEHHOEe 30JI0TO. IIpum 9TOM HAHOYACTUIILI 30JI0Ta,
pacmosiarasick BOJM3W BUPYCOB, HAXOAATCS MPEANOUTUTENBHO Yy UX
KOHIIOB (puc. 4, 5), pe:xe — mo KpasaM oT BupycoB. HamouacTuir sojora
10 AJWHE BUPHUOHOB MTOUTH He Habonanock. HaHouacTuIl, HaXOqAIIAX-
csA pAIOM C BUPUOHAMHU, B cpeHeM O0OJbIlle, YeM OTAEeJbHO PAacCIIOJo-
sKeHHbIX. HaburomatoTcss 06JiacTy, HEMOKPHITHIE BUPYCAMU, KOTOPBIE
OCTAIOTCS ITOYUTH CBOOOHBIMU OT HaHOUYacTHIL (puc. 5).

Hanuas KapTUHa PACIIOJIOMKEHUA HAHOYACTUI[ U BUPHOHOB CBUIIE-
TeJIbCTBYET O HAJWUYUY B3aMMOAEHMCTBUA MEKAY UYaCTUIAMHU 30JI0TA U
pupycamu. CKopee Bcero, MexaHmnaM B3auMOIeHiCTBUA 00YCJIOBIEH TeMU
JKe IIpoIeccaMu, YTO U IIPU TePMUUECKH OJYUEHHOM 30JI0Te.

Ina BbIACHEHUS BIUAHUA KPEMHUEBOH IOJIOKM HA B3auMoOeil-
crBue BTM ¢ manouacTumnaMu Au GbLIM MOJYYEeHBI PEHTTeHOBCKUE (o-
TO3JIeKTPOHHBIE ceKTPhI Cls o6pasiia ¢ HaHEeCEHHBLIMU BUpycamMu (puc.
6). CueKTphl yriaepoja MOKasaJ Iy PasjuUHYI0 WHTEHCUBHOCTH JBYX OC-
HOBHBIX OCOGEHHOCTEI! [JI Pa3JNUHbIX YIJI0B BBIX0/1a (POTO9I€KTPOHOB.
OcHOBHBIE TUKU CIEKTPOB (puc. 6, cuexkTp 1) B obsmactu 286,0 sB xa-
pakrepusyior BaaumoaeiicTBusa C—0O u C—N; 9ToT haKT TOATBEPIKAAETCS
mamHbIMU pabor [9, 10, 11], Torma Kax HH3KO9HEPTeTUUYEeCKass 0COOeH-
HOCTE (0K0JI0 284,0 5B) orpaskaet Bzaumogeiicteusa C—C u C—H (puc. 6,
CIIeKTPbl 4—6), KOTOphbIe SBJAIOTCS XapaKTEePHLIMU [Jid WHTep(asbl,
ONHAKO MMEIOT Ha MOPAMOK OGOJBINYI0 MHTEHCUBHOCTh, UeM CHUTHAJ OT
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' 2é6
E, aB

T T T
294 292 290 288

Puc. 6. PearrenoBckue dorosnmekrpornrbie Cls cmexktpsl BTM Ha momioxke
Si0y: 1 —=0°%2—0=+30°% 3 — ¢ =-30°; 4 — TpaBsenue obpasua (1 kB, 20
MA, 5 mun), ¢ =0°; 5 — TpaBaeHue obpasua (1 kB, 20 MA, 5 mun), j=0° 6 —
¢ =+30°. @ — yroJs MexxXay HOPpMAaJIbI0 00pasra 1 IyYKOM, KOTOPBIH IIOLJIEKAaI
[eTEeKTUPOBAHUIO.

MOAJIOMKKK IIOCJie MOHHOTO TpaBieHus. COOTBETCTBEHHO, IPOSABICHUE
9TO#1 0COOEHHOCTH CBA3AHO C HAJUYMEM BHUPHUOHOB, KOTOPbIe HAHECEHBI
Ha MOBepxHOCThb. Ha Haimume B3amMOIeiiCTBUS MEKAYy BUPHUOHAMU
YKas3blBaeT M CIBUTI MHTEHCHUBHOCTH, XapaKTepuaylolleili B3auMOIeli-
ctBue C—0O u C—N B 006J1acTh OOJBIITNX SHEPTUN IIPU M3MEHEHUU yIJja
HaKJIOHA oOpasiia 10 £30°, uTo ¢cBA3aHO ¢ YBeJIMUYEeHNEeM BKJIaga MOBepX-
HOCTHBIX ATOMOB B (JOpMY CIIEKTpa M OoToOpakaeT B3aummogeiicTBrue N—
C=0, xapaKTepusymiliee CBi3b BUPUOHOB APYT ¢ ApyroM (puc. 6, ciex-
TpbI 2—3).

IToBepXHOCTh BHPHOHOB, KaK YKa3bIBAJIOCH BBIIIE, UMEET He CKOM-
MeHCUPOBAHHBIN 3JIEKTPUUECKUN 3apAn. IIpu sToM mMOBepXHOCTHL MOHO-
KpHCTAJIJIa KPeMHUA He 3apsisKeHa, CJIeJ0BaTe/JIbHO, MCKJIOUAeTCA KY-
JIOHOBCKOe B3amMojelicTBre. TaK KaKk KpPeMHUH He CO3JaéT XMMUuUe-
CKMX CBSA3€eH HU C OJHOM M3 aMHUHOKMCJIOT, cocTaBadoinux BTM, xumu-
YyecKoe B3amMOIeliCTBMe TaKsKe HMCKJI0UYaeTcs, IOTOMYy Haumbojee Bepo-
SATHBIMU TPUYMHAMU ancopbiuu BupmoHOoB Ha Si(111) ects BaH-mEp-



B3AVMMOJIEVICTBUE BUPYCA TABAYHOM MO3SAWKY C HAHOYACTHUITAMUY Au 673

BAaJIbCOBBLI CHJIBI M BOJOPOAHBIE CBA3W. Ha MOBEPXHOCTH BUPUOHOB
HAXONsATCA TUIPOKCHUJIbHBIE U KapOOKCHUJILHBIE TPYIIIbI, BXOAAIINE B
COCTaB aMUHOKHUCJIOT. I[03TOMY BIIOJIHE BEPOATHO, UTO 34 CUET CO3TaHUA
BOJOPOAHBIX CBA3EH MEXKAY HUMU U TOBEPXHOCTHIO Si 1 obecrieunBaeTcs
azcopOITIisa BUPYCOB.

4. BbIBO/1bI

YcranoBaeno, uro Bupuoabl BTM mpeamounTaioT KaacTepHoe YIOPSaI0-
YyeHMe Ha IMOBEPXHOCTU MOHOKpucTasiaa Si(111). YoopagoueHue BUpY-
COB O0OYCJIOBJIEHO CTPEMJIEHWEM CHCTEMBI YMEHBIIUTEL IMOBEPXHOCTHYIO
SHEPTHUIO, UTO IPUBOAUT K aKTUBAIIMU arperarOHHBIX IPOIECCOB: Koa-
TYJAIUA U KOAJIECIIEHIINN BUPYCOB, PE3YJIbTATOM KOTOPBIX ABJAETCHA
yIopAaodeHue U CKOILJIEHNE BUPYCOB.

YceraHoBIE€HO, UTO B pe3yJibTaTe B3auMojeiicTBusa BupuonoB BTM c
IIOBEPXHOCTHIO 30JI0TA, IOJYYEHHOTO METOJOM TEPMUYECKOTO HaHece-
HUA, IPOUCXOIUT XUMHUUECKasd MOAU(MUKAIINA IOBEPXHOCTH 30JI0TA Ha
rIyouHy 0Koio 3 HM. IloBepXHOCTHBIE HAHOUYACTUIILI 30JI0TA B3aMMO-
eHICTBYIOT C IIOBEPXHOCTHLIMU JU3WUHOBBIMU W arpUHWHOBLIMU DPaIu-
kanamu BTM m3-3a pasHUIILI IOTEHIINAJIOB, YTO IPUBOIUT K IPUKPEII-
JIEHUIO HaHOYACTUI] Ha IOBEPXHOCTH BUPYCOB.

HawuboJiee BepoATHBIMEU MeXaHU3MaMu aficopbruu BuprnoHoB BTM Ha
MOHOKPUCTAJINYECKYIO TTOBepXHOCTH Si(111) ABndgeTcA Haiuume BaH-
Jlep-BaaJIbCOBBIX CUJ U BOJOPOMHBIX cBA3eii. CBA3L BUPUOHOB APYT C
IPYrOM XapaKTepu3yeT HaJimure XUMHUYECKOTO BaamMmojeilicTBus N-—
C=0.
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