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OBIHIAS XAPAKTEPUCTUKA PABOTbI

AKTYaJIbHOCTb TUCCEPTANHOHHOTO HCCJIe10BaAHUS

OCHOBHBIMM METOJIAMH TIOJYYEHUS] HAHOCTPYKTYP SBJISIOTCS MOJIEKYJSPHO-
aydeBas snmTakcus [1] m rasodasHoe ocaxkaeHue [2], a Takke WX MHOTOUYHCICHHBIC
Bapuanuu. OuU3nuecKoil MPUINHON (POPMUPOBAHUS HAHOCTPYKTYP BBICTYIIAET PEIAKCAIUS
MEXaHUUYECKUX HANpsSKEHWUW, BO3HUKAIONIMX H3-3a HECOOTBETCTBUSA MAapaMETPOB
KPUCTAJUIMUECKUX PENIETOK MOJJI0KEUHOT0 M OCaXJaeMoro wmarepualioB. l[IpunHiun
MUHUMYMa DJHEPrUU CHUCTEMbl «HAMPSKEHHBIM CJIOW — TMOJJIOXKKA» NPUBOAUT K
00pa30BaHUI0 KOTEPEHTHO-HAMPSHKEHHBIX OCTPOBKOBBIX CTPYKTYp. Takoil MexaHu3M
dbopMupoBaHHMS HAHOCTPYKTYp Wu3BecTeH kak Meron Crpanckoro-Kpacranosa [3].
JIOCTOMHCTBOM CaMOOPraHM30BAaHHOTO POCTA HAHOCTPYKTYp MPHU HCMOJb30BaHUU
YKa3aHHbBIX SMUTAKCUAIBHBIX METOJIOB SIBJSETCS XOpOIIas KOHTPOJUPYEMOCTh YCIOBUMN
JUTSl TIOJTYYEHUSI HAHOCJIOEB M MACCMBOB HAHOCTPYKTYP 3aJlaHHBIX pa3MEpPOB U COCTABA.

OnHako 3TUMU POCTOBBIMHU METOJAMU MPUHYUNUAILHO HEBO3MOXKHO TMOJYYUTh
OT/AENbHbIE WHIUBUIYAIbHBIC HAHOCTPYKTYPHI M, TeM 00Jiee, YIPaBIATh B peKUME In-situ
HampaBjieHueM uX pocta W ¢Gopmoid. OXHUM HW3 BO3MOXKHBIX TOIXOJIOB B PEIICHUU
0003HauUe€HHON TMpOoOJieMbl MOXET CTaThb METOJ  AJIEKTPOHHO-CTUMYJIMPOBAHHOTO
KPUCTAJUIU3AlMU, COCTOSAIIMM B Pa3JIOKEHUU CIOKHBIX MOJIEKYJl ras3a-mpeKkypcopa Ha
JIETYYYI0 U HEJIETYYYH0 KOMIIOHEHTHI MOJI AEHCTBUEM 3JIEKTPOHHOTO nyuka [4]. Briepsbie,
Mo-BUAUMOMY, 3(D(EKT 3IEKTPOHHO-CTUMYJIUPOBAHHOTO POCTA aMOP(HOUM YTIIEPOTHON
HaHOCTPYKTYphl HaOmogan Ctroapa B 1934 r., oOHapyXUBIIKK YII€pOIHBIE OTI0KECHUS
Ha YacTsIX YNPaBIAKOIIEH CHUCTEMbl 3JIEKTPOMArHUTHBIX JIMH3 CKaHUPYIOIIETO
37eKTpoHHOTO MHKpockona [5]. Cmycrs tpuanate aet Kpuctu [6] ncnonas3oBan 3TOT, B
o01meM-To, HeraTuBHBIA S(PPEKT IS TONyUIeHHs] TPOBOIAIIMNX YTIEPOJHBIX TUICHOK.
WM cTOuyHUKOM POCTOBOTO BEMIECTBA B UX 3KCIEPUMEHTAX SIBJISUIUCH YTJEPOJCOIepHKAIIUE
Mapbl MacJsIHbIX BaKyyMHbIX HacocoB. B 90-x romax mpouioro Beka JJjisi MOJy4YeHUs
HAaHOCTPYKTYP METOJIOM 3JIEKTPOHHO-CTUMYJIMPOBAHHOTO pOCTa OBbLIO MPEAJIONKEHO
HMCKYCCTBEHHO BBOJUTH B POCTOBYHO KaME€py ras3bl, MOJIEKYJIbI KOTOPBIX MPHU PA3JIOKEHUU
00pa3yroT HeeTYYHi 0CaJoK HY>KHOTO XUMHYECKOTO cocTana [7].

K HacrosimieMy BpemMeHu Haubojee HCCIEeNOBaHbl MPOUECChl 3JEKTPOHHO-
CTUMYJIMPDOBAHHOW  KpHUCTaUM3anud  Bombdpama. Jlnsg  ero  kpucramms3anuu
ucronb3yroTcss nBa Ttuma mnpekypcopoB W(CO)s u WFg¢ [8]. [lomumo Bombhpama,
JOCTATOYHO XOPOIIO UCCIAET0OBAHA 3JIEKTPOHHO-CTUMYJMPOBAHHAS KpUCTALIM3AIUA pslla
MetaioB: pomusa [9], xene3za [10], xoGanbra [11], mmatuner [12], memu [13],
namnanus [14], amomunus [15], monubaena [16]. Ognako, caeayeT OTMETUTh, YTO XOTS
YIJIEPOJHbIE HAHOCTPYKTYPhl ObLIM MOJYYEHbl OJAHMMHU M3 MEpBbIX [17], HO MexaHU3M
PA3JIOKEHUS CJIOKHBIX YIJIEBOJAOPOAHBIX MOJEKYJI M KHHETHKA MPOIECCa 3JIEKTPOHHO-
CTUMYJMPOBAHHOW KPUCTAUIM3ALMU €LI€ HEJOCTATOYHO H3YyU€H, B OCOOEHHOCTU 3TO
3aMEYaHMe KacaeTCs HWCCJICAOBAHMIA 3aKOHOMEPHOCTEH pocTa aMOP(HBIX YTIIEPOIHBIX
HaHOCTPYKTYp. C MpPaKTUUYECKOW TOUYKHU 3PEHUS TAaKUE CTPYKTYPbl MHTEPECHBI TEM, UYTO
MMEIOT IIUPOKUNA CIEKTP MPUMEHEHUS: MOTYT ObITh MCHOJIb30BaHbI JJIsl BOCCTAHOBJICHUS
mutorpaduuecknx wmacok [18], mosiydeHMS MOIIMHBIX HAMUTTEPOB JJIEKTPOHOB [19],
30H10BbIX NaTYUKOB [20]. YuuThiBas BBICOKYIO HAYYHYIO 3HAYMMOCTb M MPAKTUYECKYIO
LIEHHOCTh, U3YYEHUE 3aKOHOMEPHOCTEH 3JIEKTPOHHO-CTUMYJIMPOBAHHON KpUCTAJIU3AIUU
aMOP(HBIX YTIEPOIHBIX HAHOCTPYKTYP SABIIACTCS aKTyaJIbHOW HAydHOU 3a7adeil.
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Ilear aucceprammoHHOii  padOTBI  COCTOMT B  HM3YYeHUH  (PU3MUECKHUX
3aKOHOMEPHOCTEH  JJIEKTPOHHO-CTUMYJUPOBAHHOW  KPUCTAUIM3AlMA  aMOP(HBIX
VIJIEPOIHBIX HAHOCTPYKTYp W3 H30mMapauHOBBIX W HA(PTEHOBBIX MPEKYPCOPOB U
HCCJIEA0BAHUM UX CBOMCTB.

JI1st AOCTHXKEHUS ATOM e HE0OXOUMO ObLJIO PELIUTh CICIYIOIINE 3ada4HU:

1. PazpabotaTte nmabopaTopHble  METOAMKY  TMOJY4YE€HHS W  MCCIAEI0BAHUSA
O0COOEHHOCTEN 3JIEGKTPOHHO-CTUMYJMPOBAHHOW KPUCTA/UIM3AallMd B 3aBUCHUMOCTH OT
SHEPruu NMEPBUUHBIX 3JICKTPOHOB, TOKA MyYKa U COCTABA YIJIEBOJAOPOJAHOTO MPEKYypCcopa.

2. Co3natb MMUTALMOHHYK) MOJEIb 3JEKTPOHHO-CTUMYJIMPOBAHHOTO  pOCTa,
OCHOBAHHYI0 Ha pacuere TPACKTOPUHN JBUXKEHUS MEPBUYHBIX 3JEKTPOHOB U MPOLECCOB
re€Hepalid BTOPUYHBIX U OOPATHO-OTPAXKEHHBIX 3JIEKTPOHOB, @ TAKKE YUUTHIBAOILYHO
O0COOEHHOCTH CTUMYJIMPOBAHHON AUCCOLMALIMY YTIEBOAOPOAHBIX MOIEKYI C. /1.

3. DKCEPUMEHTAIbHO U3YyUUTh KMHETUKY MPOLECCa KPUCTAJUIU3ALMNU YTIAEPOIHBIX
HAHOCTPYKTYP W HCCJEA0BaTh BJMSHUE COCTAaBa MPEKYpCOpa, SHEPrUU MEPBUYHBIX
AJIEKTPOHOB M HOHHOTO TOKAa Ha aMOP(HOCTH YTJIEPOHBIX HAHOCTPYKTYP.

4. TIpoBecTd aHaMM3 TPHUKIAAHBIX  BO3MOXKHOCTEH  MeToJa  AJIEKTPOHHO-
CTUMYJMPOBAHHON KPUCTAUIM3ALUU U pa3paboTaTh METOAUKHU MOTYyUYEHUS] TO3ULIUOHHBIX
METOK, MPEIM3UOHHBIX 30H0BbIX IATUMKOB U MTPOBOSIIIINX HAHOKOHTAKTOB.

IHonoxkeHus1, BLIHOCHMbIE HA 3ALIUTY

l. UImuTtanmonHass  MoJenb  3JEKTPOHHO-CTUMYJIMPOBAHHOW  KPUCTAJLIM3AIIMU
YIJIEPOJIHBIX HAHOCTPYKTYpP, OCHOBAHHAs HA PACUETE TPACKTOPUN JBUKEHUS MEPBUYHBIX
AJIEKTPOHOB, BTOPUYHBIX W OOPAaTHO-OTPAKEHHBIX 3JEKTPOHOB, Y4Ye€Te€ OCOOEHHOCTEM
Auccouuanyu yriaeBoaopoansix Mosiekyn Cyfd,. HopmupoBanHble QyHKIMM pacnpeaeneHus
BTOPUYHBIX 3JIEKTPOHOB TI0 SHEPTHUSM, YTIIOBBIE pactpeneneHns u KodhOUIUEHTH SMUCCUT
BTOPUYHBIX U 00OPATHO-OTPAXKEHHBIX 3JIEKTPOHOB.

2. IloBblllIeHHE SHEPrUU 3JIEKTPOHHOrO nyuka B uHTepBaje £ = 0,5 — 30 k3B npu
¢ukcupoBanHoM Toke myuka / = 500 mA u maprmanpHOM naBieHun npekypcopa 130 Ila
MPUBOJIUT K YMEHbBIICHUIO YCTAHOBUBILETOCS JUAaMETPa HAHOCTPYKTYpP € 27 HM 110 9 HM
1 n3omnapaduHOBOro nmpekypcopa u ¢ 34 am 10 12 HM q1sa HadTEeHOBOTO MpeKypcopa,
9TO OOYCJIOBJIEHO CHWXEHHUEM HHTETPAIBHOTO KOA(h(HIMEHTa BbIXOJA U CYKEHUEM
MPOCTPAHCTBEHHOW o00JiacTh (POPMUPOBAHWS BTOPUUYHBIX 3JEKTPOHOB TPH OOJIbIIEH
sHepruu. JInHelHas CKOPOCTh B OTJIMUKE OT JUAMETPA HAMPOTUB PACTET C MOBBIICHUEM
SHEPruu, A0CTUrasi MaKCUMabHbIX 3HaueHui npu 30 k3B.

3.Ilpu Tokax oneKkTpoHHOTO Tyuka Bbime 1750 WA pmns w3omapaduHOBOTO
mpekypcopa u 2500 mA s HadTEHOBOIO IIPEKypcopa CKOPOCTh — Ipolecca
KPUCTAJUIM3ALMUA YTJIEPOJIHBIX HAHOCTPYKTYP JUMUTHUPYETCS HE MOTOKOM 3JEKTPOHOB,
BBI3BIBAOIIMX JAUCCOLMALIMIO MOJIEKYJ MIPEKypcopa, a MOTOKOM caMoro mnpekypcopa. [lpu
¢ukcupoBanaoM nasiaeHun B 130 Ila makcumanbHO nocTMXRMMas 0OBEMHas CKOPOCTH
KPUCTAIUIM3ALMKM Ul M30mapaMHOBOrO mpekypcopa cocrasmia 27-10° av’/mun; s
Ha)TeHOBOTO MpeKypcopa — 55-10° um’/mun.

4. Jlonst BOIOpOAa B BHIPAIIEHHBIX aMOP(HBIX YTIEPOIHBIX HAHOCTPYKTYPAX 3aBUCUT
OT DHEPruM MEPBUYHBIX 3JIEKTPOHOB M coOCTaBa Mpekypcopa. [Ipu HUBKHUX 3SHEpPrusx
E =05 — 1 k3B HabmogaeTcs MakCUMalIbHOE COJIEpyKaHME BOJOPO/IA, TOCTUTAIOIIEE IS
n3zomnapaduroBoro mpekypcopa — 48% wu mns HadrenoBoro mpekypcopa — 41%. Ilpwm
sHeprusix Beilie £ > 10 k3B nosis Bojgopo/ia CHUXKAETCS U B JAJIbHEHIIIEM HE W3MEHSETCS
P MOBBIIIEHUY SHEPTUHU JJIs1 000UX TUIIOB IPEKYPCOPOB.
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5. MeTouKu MOJy4eHUsl MO3UIIMOHHBIX METOK M 30HJIOBBIX JATYUKOB JJIi aTOMHO-
cuoBoit  mukpockonmu. Croco6  dopmupoBaHMS — TPOBOMAIIMX  HAHOKOHTAKTOB,
oOmagarommMx  yAETbHBIM  COTPOTHBICHWEM Il M30MapamHOBOTO  TPEKypcopa
6,2-10° Om-Mm, aus HadTeHoBOTO Mpekypcopa —2,1-10° Om-m.

Hayuynasi HoBH3HA:

— pa3paboTaHa MMUTAILIMOHHAS MOJIETb AEKTPOHHO-CTUMYJIMPOBAHHOM
KpPUCTA/UIU3allMd, OCHOBAaHHAas Ha pacyeTe TPACKTOPUN JABUKEHUS TEPBUYHBIX
3JIEKTPOHOB, YYE€T€ TEHEpPAIMM BTOPUYHBIX W OOpPATHO-OTPAKEHHBIX JJIEKTPOHOB U
0COOEHHOCTEN AMCCOIMALIUU YTIIEBOAOPOIHBIX MOJIEKYJT;

— paccuMTaHbl TUCTOTPAMMbl PAJUATBHOTO U JIATEPAJIbHOTO  paCHpeAesICHU
OTPAKEHHBIX U BTOPUYHBIX 3JEKTPOHOB MO/ JECHCTBUEM MEPBUYHOTO JIEKTPOHHOTO IMy4Ka
¢ sHeprueit menbiie 30 k3B;

— MPEAJIOKEHBl AHAIUTUYECKUE BBIPAKEHUS JJI1 OLEHKU CEYCHUM AUCCOLMALNU
yII€BOAOPOAHBIX MOJIeKyJl ([, B MIMPOKOM 3HEPTETUYECKOM JUAMA30HE;

— MOJIYYEHbl  3KCIEPUMEHTAIbHBIE  PE3YyJbTaThl, XapPAaKTEPU3YIOIIUE KUHETHUKY
mpoiiecca 3AEKTPOHHO-CTUMYJIMPOBAHHON KPUCTAJLTU3ALMKU B 3aBUCUMOCTH OT 3HEPruu U
TOKa ITydKa /I JIByX THUIIOB YTJEBOJOPOIHBIX MPEKYpCOPOB — u30mapadMHOBOTO U
Ha(TEHOBOTO;

— UCCJIEIOBAHO BJIMAHUE HHEPrUU TMEPBUYHBIX JJIEKTPOHOB Ha MPOIEHTHOE
CoJiep’KaHre BOJIOPOJIa B BBIPANTMBAEMbIX HAHOCTPYKTYpPaX M CTEMEHb UX aMOP(PHOCTH IS
000MX TUMOB YIJIEBOIOPOIHBIX MPEKYPCOPOB;

— U3YYEHO BJIMSHUE JHEPrUM TMEPBUYHBIX DSJICKTPOHOB HAa JJIEKTPUYECKOE
CONPOTUBJIEHUE YTJIEPOAHBIX HAHOCTPYKTYP.

IIpakTHYeckasi 3HAYUMOCTD:

— pa3zpaboTaHa Ja0OpPaTOPHBIN CrOCOO BbIPAIMBAHUS YTJEPOJHBIX HAHOCTPYKTYP
nuaMeTpoM MeHee 10 HM MeTOJ0M 3JIEKTPOHHO-CTUMYJIMPOBAHHON KPUCTAIU3ALMU U3
YIJIEPOCOAEPKAIINX TPEKYPCOPOB;

— CO3/1aHa METOJMKA HAHECEHWS TMO3UIMOHHBIX METOK Ha 3aJaHHOM Y4YacTKe
MOBEPXHOCTU [JI €€ MOCJEIYIOLIEr0 MCCIEeI0BaHUs METOJAaMU aTOMHO-CUJIOBOM WU
TYHHENbHOW MuKpockonuu. [lokazano, uto ¢opMy, JUHEHHBIE pa3Mepbl W BBICOTY
HAaHOMETOK MOXKHO YIPABISIEMO HW3MEHSTh B IIMUPOKOM [HANa30HE OT HECKOJIbKHUX
HAHOMETPOB JI0 COTEH HAHOMETPOB;

— IPEAJIOKEHA METOJIMKA WM M3TOTOBIICHbl MPEUU3MOHHBbIE JATYMKU [Ji1 aTOMHO-
CHJIOBOM MUKPOCKOIIUH.

— OCYIIECTBICHO (OPMHUPOBAHUE TMPOBOMSIINX YIJIEPOIHBIX HAHOKOHTAKTOB,
MOJyYaeMbIX METOJAOM 3JEKTPOHHO-CTUMYJIMPOBAHHOW KPUCTAIM3ALMA B PEXUME
1n-situ, UIMEIOITUX HU3KOE yICIbHOE COIPOTHBIICHUE.

JInuHbId BKJIAA aBTOPA

[locTaHoBKa wLeNM W 3a7a4 JOUCCEPTALMOHHOTO MCCIEAOBAaHUA U OOCYXKICHUE
MOJYUYEHHBIX PE3YyJbTaTOB MPOBEICHBI COBMECTHO C HAYYHBIM PYKOBOAUTENEM. JIMUHBIN
BKJAJ, COUCKATEIs COCTOMT B pa3pabOTKe Ja00OpaTOPHOM METOIMKU HCCIIEeI0BAHUS
3JIEKTPOHHO-CTUMYJIMPOBAHHO M KpUCTAJTU3AlUH, MOJIETUPOBAHUU npoiiecca
KPUCTAJUTH3AIMM  aMOP(MHBIX YIIACPOIHBIX HAHOCTPYKTYP, HWCCIEIOBAHUM KUHETHUKU
3JIEKTPOHHO-CTUMYJIMPOBAHHOTO POCTA YIVIEPOJAHBIX HAHOCTPYKTYp, TOJYYEHUU U
W3MEPEHUU XAPAKTEPUCTUK SKCIEPUMEHTAJbHBIX O00pa3loB, MNOATOTOBKE OCHOBHBIX
nyOonmuKamuMii 1O TeMaTUKe JauccepTanvoHHONW pabotel. WcecnmenoBanust  ¢usuko-
MEXaHWYECKUX XapPaKTePUCTUK aMOPGHBIX YIAEPOIHBIX HAHOCTPYKTYP METOJaMU
aTOMHO-CHJIOBOM MUKPOCKOTIMH BBITIOJTHEHBI COBMECTHO C K.(h.-M.H. Banossim ['.B.






