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I. Beryn HanopomeHHa [1]. Ili OocuigykeHHA HPOBOAATHCS 1

[ToBepxHeBe po3CilOBaHHS HOCIiB CTPyMy IOMITHO
BIUIMBA€ HA WOTO MPOTIKAHHS B TOHKHX 3pa3Kkax, SKIIO
iXHsS TOBHmIMHA Mana abo MOpIBHSHHA i3 CEepPEeIHBOIO
JIOBKHHOIO BUTBHOTO TpoOiry HociiB. IIpo me cBimuats
YUCJICHHI TOCIIKEHHS TPOBITHOCTI TOHKUX METAJIEBHX
IUTIBOK 1 JPOTiB, OJEpKaHUX METOAOM BaKyyMHOTO

OCTaHHIM HacoMm [2,3], 30Kkpema, ISl emiTakCialbHUX
mriBok  [2,4,5]. Ilpm  ommcaHHI  MOBEPXHEBOTO
poO3CitoBaHHS, K  TpPaBUJIO,  BUKOPHCTOBYETHCS
HAMIBKIIACHYHMHA MiIXid, 3TiTHO SKOTO BBAXKA€THCH, IO
YacTUHA HOCITB BiOMBAETHCS BiJ MOBEPXHI J3EPKAIBHO,
a pemra gudy3Ho. TakuM YUHOM, BiIIOBITHHIMA
(heHOMEHOJIOTIYHNIT mapaMeTp J3epKAIBHOCTI  MOXKeE
3MIHIOBATUCS B MEXaxX BiJl HYJISA IO OJUHHUI. 3 OTIIALY
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Ha XBHJIBOBY MPUPOJIY HOCIIB CTPYMY, MOYKHA BBaXKaTH,
IO J3epKaJibHE BiAOMBaHHS MOXJIMBE B THX BHIIAAKaX,
KOJTIH TTOBEPXHS 30iraeTbcs 3 onHi€el 3
KpucTajgorpadiyHuX IUIOMIMH 1 HE MICTUTh IS(EKTIB.
[Ipy 1poMy TaHreHUiabHI KOMIIOHEHTH KBa3iiMITyJIbCY
HOCITB, IO 3ITKHYJNWCS 3 TIOBEPXHEI0, 3aJIUIIAIOTHCS
He3MiHHMMH. PeaibHa TOBEpXHS MeTally MOXE MaTh
MEXaHiYHI YIIKO/DKEHHs, OYyTH TOKPHTOIO IIIiBKOIO
okuciry abo ancopOoBaHOi PEYOBMHH, MaTH iHIIY, HIK B
o0'eMi, KpucraimiuHy cTpykTypy 1 T.. LI # iHoo
OCOOJMBOCTI 3MEHIIYIOTh HMOBIPHICTH 3€PKAIbHOTO
BimOmBaHHsA. KpiM Toro, B MeTamax i3 CKIAIHOIO,
Oarato3s's3Hoi moBepxHero Depmi ([ID) 36epexeHHS
TAQHTEHIIAIBHUX KOMIIOHEHT KBa3iiMIyJbCcy II€ HE
O3HA4a€, IO TAaHreHI[aJbHI KOMIIOHEHTA MIBUIAKOCTI
HOCIiB TaKOX 3aJMIIAIOTHCS HE3MIHHUMH. Y IbOMY
BUIIAJIKY ICHYIOTh JIEKUJIbKA KIHLIEBUX CTaHIB HOCITB ITicis
BiIOMBaHH, TaK II0 “I3epKajibHe” BiMOMBaHHSA HaOyBae
BHIIaJIKOBOT'0, CTOXaCTUYHOTO XapakTepy. TakuM 4HMHOM,

y  TONIKPHCTANIYHUX  IUTBKaX, KOJHM  TIOBEPXHS
CKJIa[Ia€ThCS 3 HabOpy BHUIIaJIKOBUM YUHOM
OpDIEHTOBaHHX  MIKPOKPHCTANiB, BaXKO OYIKYBaTH
I3EpKAbHOTO  BiOMBaHHA  HOCIiB. Y  IUIIBKax,

OJICPXKAHUX METOJOM BaKyyMHOT'O HAIOPOLICHHS, KpiM
MOBEPXHEBOTO  PO3CIIOBAaHHS, ICHYE  PO3CIIOBaHHS,
MOB'SI3aHE 3 TPAHUIIMU MIKPOKPUCTATIYHUX OJIOKIB.
OCKUTBKH PO3MIpH IHMX 3€PEH MOXKYTh 3MIHIOBATHCS 3
TOBIIHUHOXO HﬂiBKI/I, HEMOXJINBO OJHO3HAYHO BI/IJIiJ'II/ITl/I
NIOBEPXHEBUH BHECOK y 3arajbHU OIip 3pa3Ka, HaBiTh
SIKIIIO BiZlOMa 3aJICKHICTh OMOPY IUTIBKH Bif ii TOBIIMHHU.
JocroBipHa BIANOBiIIb HA 3alMTaHHS IIPO XapakTep
po3citoBaHHS MOXe OyT oTpuMaHa abo Ui
MOHOKPHCTAIYHOI ~ IDIBKH, BHPOIIEHOI  METOIIOM
smiTakcii, abo I 3pa3KiB, BUPI3aHUX i3 TOCKOHAIOTO
Kpuctaga. B ocTraHHPOMY  BHUNAOKy  IOTPiOHO
OXOJIOJDKEHHS 3pa3ka 10 HU3BKHX TeMIleparyp, o0
JIOBXKMHA BUIBHOTO TpoOiry Oyma OXHOTO TOPSAKY
BEJINYMHY 3 TOBIIMHOIO IUIACTHHH.

Icropist BHBYEHHS TOBEPXHEBOTO  PO3CIIOBAHHS
HOCITB HapaxoBYy€ JECSITKU pOKiB. B meBHuii yac iHTepec
0 TpoOJeMH TIOMITHO 3HU3UBCS, WMOBIPHO, uepes
BIJICYTHICTD TEPCIEKTUBH IPAKTUYHOTO 3aCTOCYBAHHS.
[Ipote, B ocTaHHI pOKM CUTYyamlis MOMITHO 3MiHHWJIacs,
30KpeMa, B 3B'SI3Ky 3 BIAKPHUTTSIM €(EKTy TiraHTCHKOTO
MAarHeTooIopy i IEepCIeKTHBOI HOro 3acTOCyBaHHS B
Cy4acHHX iH(OpPMAIIfHUX TEXHOINOTisfX. SK BimoMo, B
OCHOBI e(eKTy JIeXHUTb 3aJeXKHICTh HMOBIPHOCTI
JI3epKaJIbHOTO BiJIOWBaHHS BiJl BETUYMHU MPHUKIAICHOTO
MarHiTHoro nois [6]. BenuunHa edexTy BU3HAYA€ETHCS
CTyIEHEeM JOCKOHAJIOCTI BCi€i MOCIIIOBHOCTI MAarHiTHUX
1 HEMar”HiTHUX IUTIBOK, M0 BXOAATH JO CKJIaIy
CTPYKTYPH, @ TaKOX XapakTepoM BiJOWBaHHS Ha
BHYTpILIHIX 1 30BHIMHIX rpaHuusx [7,8]. JomarkoBum
YUHHUKOM  3pOCJIOr0  IHTepecy €  HeoOXiTHICTh
3MEHIICHHS!  EJeKTPUYHOTO  OIOpYy  IPOBIIHUKOBHX
3'€IHaHb Y MIKPOMPOIIECOPHUX MpHUCTposiX. Ilepexin mo
IDTIBOK i3 I3€PKAIIEHOI0 MOBEPXHEIO 3MEHIIYE TMHUTOMHUMA
OIip O BENMYMHHU OMOPY MACHUBHOTO 3pa3Ka 1 3HIKYE
TEIIOBE HABAHTAXKEHHS.

3 ommimy Ha 3pociuMid  iHTEpec, BBAKAEMO
myOmiKamifo JaHOTO OIVISAY JOPEYHHM, OCKUIBKH BiH
NPUCBSIYEHUIT TPOOJieMi [TOBEPXHEBOrO  BiJOWBaHHS

HOCIiB Y MOHOKPHCTANIYHUX 3pa3kax. He3pakarounm Ha
Te, [0 eKCIEPUMEHTH IPOBOAMIINCS TPUBAIHMN Hacy, iXHi
Pe3yIbTAaTH 3ATUIIAIOTECS AKTYAIBHIMH 1 CHOTO/IHI.

VY ormsaai BUKIAaAeHI eKCIIepUMEHTANbHI pe3yNbTaTH,
OTpHMaHi HaMH pasirire pu BUBYCHHI
FaﬂbBaHOMaFHiTHI/IX SAIBUIIL] y TOHKHUX I1aCTUHAaxX
Boib(pamy 1 MomiOnaeHy. Bymm BuKopucTaHi TOHKI
METaJieBi 3pa3kd, BHpi3aHI 3 TPAHUYHO YHCTUX
MOHOKPHCTAJIIYHUX 3IUTKIB. TOBIIMHA 3pa3KiB 3BUYAHO
He mepeBumnryBama 200 um.  OXOJNOMKEHHS  JI0
TEMIIEpaTypu PIJKOro TEeJii0 J03BOJSUIO BUKOHATH
OCHOBHY YMOBY MaJOCTi TOBIIMHH 3pa3Ka B MOPiBHIHHI
i3 cepenHBOI0 JTOBXHUHOK BUIBHOTO TpoOiry HociiB. Bcei
JOCIHIKEHHS! TIPOBOIMIINCA B yMOBaX HaJBHCOKOTO
BaKyymy, IO JO3BOJSUIO, BHKOPHUCTOBYIOUH BiJOMI
JOIarHOCTHYHI METOAM, KOHTPOJIIOBATH SIK YUCTOTY
BUXiMHOI TMOBEPXHI 1 OIIHIOBATH  KOHICHTPALIiO
a7icopOOBaHMX 4YAaCTHMHOK, TaK 1 BHU3HA4YaTH aTOMHY
CTPYKTYpY  aacopOoBaHMX  IUTBOK.  JlochmimkeHHS
rajJbBaHOMArHiTHUX €(eKTiB MPOBOIMIMCS in Situ.

Marepiain orisity po3MillleHni y TakoMy HOpAAKy. Y
posmiuni Il po3rstHYTI  3arajbHI  3aKOHOMIPHOCTI
B3a€MOJIiT HOCIIB cTpyMmy 3 moBepxHero. ChopMynpoBaHi
TpaHWUYHI YMOBH Il PYHKIIT pO3NOIiTy HOCIiB CTpyMY,
IO BIiANOBiZa€ yMOBI HENPOTIKaHHSA CTPyMy dYepes
MOBEPXHIO. Buznauarotecst 3aKOHOMIpPHOCTI
MTOBEPXHEBOTO BiAOMBAaHHS IS METaTy 3 0araTo3B'sI3HOIO
[I®. PosrisiHyTo IU(paKiii0 HOCIiB Ha MOBEPXHEBUX

peliTkax, 110 BUHHKAIOTH npu azcopOii
YHOPSIIKOBAaHUX JIBOMIpHHUX CTPYKTYD, 3MiHI1
TPaHCILIMHOT CUMEeTpii KpHCTajla NpU  3HWKEHHI

TEMIIEpaTypu 4YH Y
ICHYBaHHS ITOBEPXHI.

VY posnini III posrasinyTa ¢isnyHa KapTHHA 1 OCHOBHI
HACIT KT Teopil MTOBEPXHEBO-UYTJINBUX
TaIbBAHOMATHITHUX PO3MIPHHUX SIBUII - IIOIEPEIHOTO
Mmaraetooropy (MO), craruunoro ckiH-edekry (CCE),
ocuiisiiii 3onareiimepa (O3), edekTy eneKTpOHHOTro

3araJibHoOMy BHUIIAJKy CaMOro

t¢oxycyBanas (E®). Takox poO3rIAHYTI NHTaHHA
B3a€MO/Ii 30BHIIIHBOI €JIEKTPOMATHITHOI XBHIII 3
CJIEKTPOHHOIO  MIJCUCTEMOI0  MeTally B  yMOBax

AHOMAJIBHOTO CKiH-e()eKTy JJIsl BUIAJIKIB J3EPKAIBLHOTO 1
mudy3HOro BiOMBaHHS HOCIIB CTPyMY 1 3aCTOCYBaHHS
I[bOT'O SIBULI JUISi BUBUEHHSI 0COOJIMBOCTEH TOBEPXHEBOTO
po3scitoBanHss HoCiiB. OCHOBHI pe3yJbTaTH OTpPHMaHi
caMe TpH JAOCHiKeHHI Imx edekTiB. B  oxpeMux
BUIAJKAX JOCTIDKYBaJMCS TOHKI IDTACTHHH 1032
MAarHITHAM II0JIeM, 30KpeMa, BUBYABCS BILTHB alCcopOIii
Ha IXHii omip.

OCHOBHI  eKCHEpUMEHTAIbHI  PE3yNbTaTH Oy
oJlepKaHi 3a JOMOMOIOK CTATHYHOTO CKiH-e(ekry. Y
[bOMY BHIIQJIKy 3ITKHEHHS 3 MOBEPXHEIO MMPU3BOMATH 10
npeiidy HOCIIB CTpyMy Y3[0BX TpaHUI IUIACTHHH I,
BIZIMOBITHO, KOHLIEHTPAL] EJIEKTPUYHOTO CTpyMy Oins 1l
MOBepXHi. 3MiHa XapakTepy BiIOMBaHHA iCTOTHO
BIUIMBA€ Ha MpPOTIKaHHS CTPyMy B LbOMY KaHami 1
MO3HAYAETHCSI HA BEJIMYMHI MarHeTOONOpy IPOBITHUKA
BIILIIOMY.

[ToBepxHeBO-uyTNHBI eeKkTH (POKYyCyBaHHS HOCIIB i
ocuwrsanii 3oHATEHMepa, Ha BIAMIHY Bill CTaTUYIHOTO
CKiH-e(DeKTy, O3BOJSIOTH [IOCTIMKYBAaTH IIOBEPXHEBE
PO3CiOBaHHS BUAUICHUX TPYH HOCIIB CTpyMy. Y BHIIaIKy
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3acTocyBaHHA e(eKTy (POKycyBaHHA HOCIIB MOXJIHBE
npsiIME€  CITIOCTEPEXKEHHST 0araTOKPaTHOTO BiAOHMBaHHS
«cTpuOArOUMX» y3/I0BXK TPAaHUIN 1HXEKTOBAaHUX y METall
HOCITB, @ OTXKE€ 1 BHMBYCHHS BHUAUICHUX IXHIX TpYIL
baraTokpaTHi BiIOMBaHHS CHOCTEPIraeThCsl 1 y BHIIAAKY
edekty 3onmeiimepa. Ilepion OCIHMIAIIN BU3HAYAETHCS
HE TUIBKH TOIOJIOTIYHUMH ocoOnuBocTsMu [1dD meraiy,
ajie 1 TOBUIMHOIO IUIACTHHHU. ToMy NpH 0araToKpaTHHX
BiIOMBAaHHIX BHHHMKAIOTh KpaTHI rapMOHIKH ab0 HaBiTh
TIOJTBOFOETHCS TEPIi0J] OCIUIAIIA. Y CHIBHUX MarHiTHUX
TOJISIX BUHMKAE PO3IIEIUICHHS MarHiTHHX piBHIB Jlarmay
IUIA HOCIiB 13 PI3HOIO CHIHOBOIO OpieHTamiero, Tomy
ocuwranii  30HATEHMEpa € 3pYYHHM IIOBEPXHEBO-
YYTJIMBAM METOZOM, Y TOMY YHCIIi METOJOM, IPHUIaTHIM
JUTS BUBYCHHS CIHIH-TIOJSIPU30BAHHTO po3citoBaHHs. Ha
JKajlb, y HAllMX €KCIIEpPUMEHTaX CIIIHOBOE PO3LICIUICHHS
OyJo Jenb MOMITHUM I MU HE OJCPXKaIM BiAMOBIIHUX
aHuX.

Y npoMy K po3niii OOTrOBOPIOIOTHCS PpeE3yJbTaTh
EKCIIEpUMEHTAIbHUX JIOCITIKEHb BILIUBY Ha
MOBEPXHEBE  PO3CIIOBaHHS  YHOPAIKOBAaHMX  abo
HEYMOPSAAKOBAHUX NBOMIPHUX IDTIBKOBHX CTPYKTYp, IO
JIETKO BWHUKAIOTH HA TOBEPXHI METAIEBHX KPHUCTAIB.
PosrnsHyTi Tak-3BaHI TpOLECH TEPEeKUIAHHS, KOJIH
BiIOMBAHHS BiJ MOBEPXHI MPUBOAUTH 10 TEPEMIIICHHS
HOCi CTpyMy (B IMIYJIBCHOMY HpOCTOpi) Bix OfHi€i
1301p0BaHol yactuHu [1P mo ixmoi. B 3amexHocTi Bix
tonoyiorii I1® i cumerpii miiBKK, Ha sKid audparye
HOCIH, J3epkajibHE BiIOMBaHHS BiAOYBalOTbCA UM 13
30epeKEHHSIM TaHT€HIIaJbHOI KOMIOHEHTH TIPYIHOBOi
MIBUJIKOCTI, 9d  0e3  Hporo. ToMy  MOMKIHBI
napajioKCaJIbHI CHUTyalii, KOIM OUIBIIOI ITOBEpXHEBOT
KOHIICHTpALii BIIIOBigA€ MEHILIE ITOBEpXHEBE
PO3CifOBaHHS.

HageneHi nani cBiq4aTh Ipo Te, MO JOCKOHANI TpaHi
METaJeBUX KPUCTAIIB  BIAOMBAIOTH HOCIHi  CTpyMy
MpakTUYHO  JA3epkaibHO. Jlnsg  ;eskux — rpaHeit
MOHOKPHUCTATIB TIapaMeTp A3ePKAIBHOTO BigOWBAHHS
nocsirae piBus 0,7 - 0,8. AmcopOiist TOMIIIKOBUX aTOMIB
ab0 HalopOLICHHsS 4YYXOPIJIHUX METaJleBUX ILTIBOK
MPU3BOJMTh 1O 3MCHIICHHSA BEIMYHHH Koe(illieHTa
JI3EPKANBHOCTI. 3MiHA J3EpKabHOCTI 3aJeKHUTh BiJ
KOHLIHTpAIil, XIMIYHOI NPHUPOAM, CTyNEHs IOPSAKY 1
(ha3oBoOro craHy ynopsaKoBaHOI aJcopOOBaHOT IUIIBKH.

II. TeopeTu4Hi OCHOBH PO3CilOBAHHA
HOCIIB CTPYMY Ha NOBEPXHi MeTAaJIiB

[loBepxHA TOpYIIye TPAHCISLIKHY  CHMETPIIO
TBEPAOTO Tijla K MiHIMyM B oxHOMY BuMipi. Bona €
cneuudiyHuM  gedeKToM, Ha SIKOMY BigOyBaeThCs
PO3CiOBaHHS KBa314aCTHHOK TBEPAOro Tija. BHacmimok
PO3CilOBaHHSI Ha TMOBEPXHI 3MIHIOETHCS KBAaHTOBUH CTaH
HOCIIB CTpyMy B 00’eMi TBepzoro Tina. [Ipu BigcyTHOCTI
IHIIAX MEXaHI3MIB PO3CIIOBaHHSA HOCII CTpyMy, IO
PYXarTbCsS B HANPSAMKY 10 MOBEpXHi, HEMUHYYE 3 Hii
3ITKHYTBCSL. Y  1mpoMy  momsArae  BiAMIiHHICTH
MMOBEPXHEBOTO  PO3CIIOBaHHS BiA pO3CiIOBaHHS Ha
TOYKOBUX JedekTax, poHoHax, auciokaisx. Came Tomy
PO3CIIOBaHHS Ha IOBEPXHI HE XapaKTEePU3YEThCS YacoM

PO3CifOBaHHSA, 1 PO3MIPHICTP HOTO XapaKTEPHUCTHK HE
MICTHTB Yacy.

Xapakrep pO3CiIOBaHHS HOCIIB Ha IOBEPXHI
BU3HauaeTbcsad i1 craHoM. IloBepxHA Ha3uMBa€eTbCS
iOeanvhoi, SKImO B i Oe3kpalHii IUIOIIKHI €

TpaHCIsLiHA CUMETpisi B aTOMHOMY MaciuTtadi i atomu
MOBEPXHEBOTO IIapy pO3TAlIOBaHI TaK caMo, K i B
00’emi. IneanpHa MoBEepXHS PO3CitOE BiIbHI HOCIT CTpyMy
KorepeHTHo. Jlisi HHMX BOHa €  HECKIHYEHHOIO
mudpakniiiHoro pemriTkoro. [Ipn Takomy poscitoBaHHI
30epiraeThCsl €Heprisi HOCiA 1 TaHTeHIliaJbHA CKJIaJoBa
kBasiimiynbcy. Hiokde Oyzae mokaszaHO, IO HaBiTh MpH
pO3CifOBaHHI Ha imeayibHI MOBEPXHI, HAOIMIKCHHS
BUIBHHX €JIEKTPOHIB MOKE 3aCTOCOBYBATHCS TIIBKH Y
BUHITKOBHX BHUIIAJKaX.

Heioeanbna  moBepxHst ~ MICTHTh  JnedeKTH -
3aMIIICHHS 1 MDKBY3JIOBI aTOMH, BaKaHCIii, CTYyIICH,
TepacH, AMCIIOKALil, Tomo. SIKII0 MoBEpXHs. HE MICTUTh
JIOMIIIOK, TO BOHA HA3MBAETBCS  AMOMHOUUCHOIO.
HeineanbHIiCTh aTOMHOYMCTOI TOBEPXHI MOXe OyTH
MOB'sI3aHa 3 THM, II0 BOHA HE IUIOCKA, a “TOpOKyBara‘.
Bucora “rop0iB“ i ixHS HOBXHHA MOXYTh OYyTH SIK
MOPSAKY, TaK 1 OUTbIIIE aTOMHOTO po3Mipy (BimcTaHi Mix
aToOMaM# B TBEpIOMY Tiii). [meampHICTD TOBEPXHI MOXKeE
MOPYIIYBAaTHCS 1 TOBEPXHEBUMH KOJIMBAHHSIMMU PEIIITKH.
Kpim Toro, yci oOMexeHI HMOBEpXHI € HeileaIbHUMH.
HasBuicte Oyap-fkux  AedekTiB OPU3BOAWTE IO
HEKOT'€pPEHTHOT'O BHECKY B PO3CIIOBaHHS HOCIIB CTPyMYy.

HekorepenTHe  po3citoBaHHS MOXe OyTH  sK
NPY)KHUM, Tak 1 wHeynpyoicnum. Ilpm HeynpyxHOMy
pO3CilOBaHHI ~ Majal4Mii  Ha  TOBEPXHIO  HOCIH
0OMIHIOBAaTHCSI €HEPTI€I0 3 TIOBEPXHEBUMH KOJIMBAHHIMHU
KpUCTanma 1 JOMIIIKOBUX aromiB. Hamami MH
oOMexxuMocs PpO3TIIIOM TITBKH NPYACHO2O
PO3CifOBaHHSI.

JloMiHyrOUMil BHECOK TIOBEPXHEBOTO PO3CIIOBAHHS Y
TBEPAOMY Tilli JOCSATA€ThCS NMPU 3MEHLICHHI TOBIIMHH
IUTIBOK, IUIACTHH ab0 JpOTIB, IXHHOMY OXOJIOJDKEHHI
OYHCTII Bij JIOMIIIIOK. Ha OpiEHTOBaHMX
MOHOKPHCTAJIIYHUX MOBEPXHSAX IPHHIMIIOBO MOXIIHBO
yucTO J3epkanbHe BimOuBanusa [9,10]. Jns uworo
HEeoOXiHO, 100 aToMu MOBEPXHEBOro Iapy 30epiranu

TPaHCISIMIHHY ~ CHMETPiI0  KPHCTAJIIYHOIO  PEUIiTKH
00’emy. PeanpHi  mOBepxHI  MalThb  MeXaHIuHI
VIIKOKEHHS, TOKPUTI  IDIBKaMH  agcopOOBaHUX

PEUOBHH a00 OKHCIHIB, SKi MOPYIIYIOTH IIEPiOIMIHIHA
xapaktep Mikpopenbedy moBepxHi. Lle  poOuth
J3epKajbHE BiOMBaHHSA HEMOXIMBUM. Lle cnpaBemnmmBo
1y psijii BUNIAJKIB, KOJIM 9y>KOpPiiHI aTOMU 00'€JHYIOTHCS
B JIBOMIpHI YHOPSIKOBaHI CTPYKTYpH, MEPiOJl PELIiTKH
SKUX BIIPI3HAETBCS BiJ] NEPIOAY PELIITKU MiAKIaJKH.
OuHMIICHHS KpUCTajla y BUCOKOMY BaKyyMi BiJHOBJIIOE
NpUPOJIHY  METaJeBy  MOBEpXHIO 1 30imblnye
JI3EPKANGHICTh  BiMOWBaHHA HOCIiB. TakuM YHHOM,
HAaHECEHHSI  KOHTPOJBOBAHOI  KUTBKOCTI  JIOMIMIOK
JNO3BOJISIE  3MIHIOBaTM  XapakTep  IOBEPXHEBOrO
PO3CifOBaHHSI.

TpagumiiHIM NUIIXOM BpaxyBaHHA ITOBEPXHEBOTO
PO3CIIOBaHHSI MPU OIUCI MEPEHOCY 3apsay € pO3B'SI30K
KiHeTHYHOrO piBHSAHHA bompuMana mnst  yHKOIl
pO3MOAITY HOCIiB i3 TPaHWYHOIO YMOBOIO, IO 3B'SI3y€
(yHKUIT po3moALTy HAJNITAlOYMX Ha IOBEPXHIO 1
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BimouTux Bixm Hei HociiB. g rpaHmYHa ymMoBa MiCTHTH
Bcio iH(dopmanito mpo mnoBepxHio. BoHa, y mneBHOMY
CEHCI, aHAJOTIYHO IHTerpainy 3ITKHEHHS Jjsi 00'€MHHX
MeXaHi3MiB PO3CIIOBaHHS 1 MICTHTh y 001 IHOUKATPUCY

. + . . . .
poscitoBanHs Q(p ',p’,r), ToOTO TycTHHY IMOBipHOCTI

po3cifoBaHHA 3i cTaHa p+ B IMIyJIbCHOMY IIPOCTOpPi B
CTaH P  y TO4YII I HAa MEXi 3pa3ka (AWBHCS, HATIPHUKIIAM,
orman [11] i mocunanHs B HboMy). KoHKpeTHHil BUA
TPaHUYHOI ~ YMOBH BU3HAYAETHCS HMOBIpHICTIO
po3citoBaHHs  (IHAMKATPHCOIO), IO 3aJCKUTh  Bif
JIETAILHOTO CTaHy MOBEPXHI METANy i THITy MOBEPXHEBUX
nedexris. Crnouatky PiBHSHHS BonbumMana
pO3B’sI3yBanocs 3 TpaHU4YHOK ymoBoro Dykca [12,13],
sIKe Tiependadano, mo 3 3arajbHOi KUTBKOCTI HOCIiB, AKi
poscianucss Ha TIOBEpXHi, p—Ta YaCTHHA BiIOMBAETHCS
I3EpKalbHO, a 1HOI PO3CIIOIOTHCS  BINNOBITHO IO
piBHOBaxxHOT yHKUii posmoxiny [14]. Hamami Oyma
BpaxoBaHa 3aJISKHICTh MapameTpa p Bill KyTa MagiHHA
HOCis Ha moBepxHIo [15,16], mpoBeneHi KBaHTOMEXaHIgH1
PO3paxyHKH 3aJICKHOCTI p BiJl MapaMeTpiB MIOPCTKOCTI
noBepxHi [17] 3 ypaxyBaHHSAM KYTOBOI 3aJIe)KHOCTI
po3citoBanHsi HociiB [18-20]. I'pin [21,22] BBIB HOBWMIA
mapaMeTp - KiIHeTHYHY A3epKalIbHICTh, IO BiMIHHA BiJ
MOCTIHHOTO KoedilieHTa p 1 3aJIeKUTh BiJl KyTa MaiHHSI
HOCITB Ha NoOBepXxHI0. HekopekTHICTh po3paxyHKiB ['pina
Oyma sumpasineHa OxynoBuMm i YcriHoBuMm [11], ski
OJlepyKalli TPAHUYHY YMOBY JJIsl pO3CiFOBaHHS HOCIiB Ha
MOBEpXHI B iHTerpanbHiil ¢opmi. s rpaHnndHa ymoBa
BiJpi3HseTbCs Bin QopmyroBanHs dykca 10JaTKOBUM
yiieHOM (IHTerpajbHOK YaCTUHOI TPAaHUYHOI YMOBH) -
(GyHKI[IOHATIOM, [0 BU3HAYA€ PO3IMOALI, KU 3aJeHKHUTh
TUIBKK Bix eHeprii, qudy3HO po3CisiHUX HOCIiB. SIBHMI
BUA (YHKIIOHATAa 3HAXOAUTHCS 3 YMOBH HYJIBOBOTO
3HAQUYEHHS TYCTOTH IIOTOKY HOCIIB Yepe3 TpaHHII0
Metany. TakuM 4uHOM, TpaHuyHa ymoBa Dykca (0e3
IHTErpajbHOI YacCTWHM), sIKa YacTO 3aCTOCOBYETHCS,
CIpaBel/IMBa TiIbKM B OKPEMHX BHIIAJKaX, KOJHU
IHTEeTpaJbHAN WiIEH NOpiBHIOE Hymro. Hamami 3ycmiuisa
TEOpPEeTUKIiB OynmM CIpsSMOBaHI Ha OJEpXKAaHHSA OUTBII
CIPOULICHOI, aje KOPEKTHOI TPaHUYHOI yMOBH, SKYy
MOXKHa 3aCTOCOBYBAaTH HE TIIBKH Ml PO3CIIOBaHHS
HOCIiB Ha TpaHMI METaJ-BaKyyM, aje 1 Ha TpaHHIi
MeTan-meran [23].

Crio4aTky pO3paxyHKH HMOBIPHOCTI OBEPXHEBOI'O
PO3CilOBaHHSI Ha OCHOBI IIEBHOI'O MEXaHi3My B3aeMOZIl
€JICKTPOHIB 13 MOBepXHEBUMH JedeKkTamu OysIi BUKOHaH1
UL JeSKUX ~ OKPEeMHX  BHUIANKIB:  “‘KOB3aruux’
€JIEKTPOHIB, TOYKOBUX AE(EKTIB BEIMKOTO UM MaJloro
pamiycy 1 Mamoi KOHIEHTpaIlii, MOIOPCTKOCTeH Maoi
aMIUTITY I, TIABHUX LIOPCTKOCTEH BENMKOI aMIUTITYIH,
a TakoX TmoBepxHeBUX ¢oHOoHIB [11,24,25]. IlizHime
Oyna pO3BHHYyTa MAaKpOCKOIIYHA TEOpis, sKa 3B’SA3y€
MIPOCTHM CHiBBIAHOIIEHHIM 3MiHY OMOPY TOHKHX 3pa3KiB
(m11BOK) 3 (hiznuHUMHU XapaKTepUCTUKAMU
ajcopOoBaHMX 4YacTWHOK. Po3paxyHok Oepe m0 yBaru
30y/PKEHHS €JIeKTPOHHO-AIPKOBUX Tap MPHU PO3CitOBaHHI
HOCiiB Ha azacopOoBaHMx uacTuHKax [26]. Teopis
JIO3BOJISIE  OIIHIUTH ~ HMOBIPHICTH  IOBEPXHEBOTO
poscitoBanHs Ha (i3zazcopOOBaHMX YacTHHKAX (TOOTO
JUIL MOJIEKYJI, II0 YTPUMYIOThCS Ha IIOBEpPXHI CHJIaMH
Ban-nep-Baanpca) um xemocopOOBaHHX aTroMiB dUH
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MOJICKYJI, II0 YTPUMYIOTBCS KOBAJICHTHHM 49X HOHHIM
3B’3KOM.

B KJIAaCHYHOMY HAOJIMKEHH] M ICHIIEHHS
MMOBEPXHEBOTO PO3CIFOBaHHS MPH 3MCHIICHHI PO3MIpIiB
00'€KTiB NMPHU3BOAUTH 10 3POCTaHHS iXHBOTO oOmopy. Y
ObOMY TMOJISiTa€  pO3MIPHUH  edeKkT st Oonopy
(nmpoBinHocti). CrHouaTKy  pe3yJibTaTH  YHCICHHHX
EKCIIEPUMEHTAIIBHUX JOCITIDKEHb PO3MIPHOTO e(eKTy B
TOHKHX IUTIBKaX CKOpINIe CBIAYMIM Ha KOPHUCTH
mudy3Horo posciroBaHHs HOCIiB Ha moBepxHi, p =0.
ToMy  mpoTSITOM  TPHUBAJIOTO dYacy  MOXKIHUBICTH
I3EPKALHOTO  IIOBEPXHEBOTO  PO3CIIOBAaHHA  HE
posrisinanacs. Ilounnatoun 3 1960 p., 6ynmu oTpumani
YUCIICHHI eKCHEepUMEHTAIbHI pe3ynsTatu  [27], 1m0
MiATBEPKYIOTh ICHYBaHHS J3€pKaJIbHOTO PO3CIIOBaHHSA
B MOJIKPUCTATIYHMX 1 OMiTAKCIAJIbHUX IUTBKaX 1
HUTKOBHUJHHMX KpHUCTajgax OaraThboX MeTamiB. Takwuii
XapakTep pO3CIIOBAHHSA TMOB'SI3aHUNA 13 JOMIHYIOYHM
BHECKOM Y IPOBIJHICTh IUX O0'€KTIB “KOB3ar0uMx’, IIO0
pyXaloThCsl Mai)ke IapaienbHO IOBEpXHi, HOCIiB. Y
I[bOMY BHUIIQJIKy PO3CIIOBaHHS CYNPOBOKYETHCS MO0
3MIHOIO IMITYJIECY HOCIiB CTpyMY.

ExcniepumeHTanpHe MiATBEPIKCHHS 3€PKAIBHOCTI
BiMOMBaHHA “KOB3al04MX’’ ENEKTPOHIB BIEpIIE OICPIKaB
Xaiikun [28]. TaiigykoB 1 Tamsmina [29] mpu
JIOCITI/PKEHHSIX BICKEPIB CypMH CIIOCTEpIraiu A3epKajibHe
BiIOMBaHHS €JEKTPOHIB MPOBIIHOCTI, IO MiAJITAIOTh 10
MOBEPXHI ITiJ] BEJIMKUMU KyTaMHu. Y €KCIIEpUMEHTaxX IO
BUBYEHHIO IHUKJIOTPOHHOIO PE30HAHCY HOCIIB CTpyMy
BicMyty [30], BHMKOHaHMX 3 METOI0 MPSMOro
BUMIPIOBaHHS IMIYJIbCY HOCIIB, TakoX CIIOCTEpiraBcs
edeKT, IO CBIIYUTH NPO J3EpKaJIbHE MOBEPXHEBE
BiIOWBaHHA HOCIiB, fKi MAJalOTh Ha MOBEPXHIO TiJ
BEJIMKAMH KyTaMH.

Bmepmie po3ciroBaHHS €NEKTPOHIB MPOBITHOCTI 3
JOBUTPHAM 3aKOHOM JucCHepcii Oyno po3risHyTO
[Ipaiicom [31]. Bin 3poOuB mnpumymieHHs, sSKe Haxami
Oyno ctporo oOrpynroBane B [9,10]. /zepxanvho
8106UmMi enekmponu 36epieaioms MINbKU MAHSEHYIANbHI
KOMNOHEHMU — K6A3IMAyabCcy, MO0l 5K — HOPMANbHL
KOMNOHEHMU GUHAYAIOMbCSL 30epedceHHam  eHepeii
nouamxkogomy i KiHyegomy cmauax. SIKIIO TpaHULs
MeTaly JexuTh y IwommHi z=0, 1 Meram Mae
chepuynomy [1D, TO eneKTpOHHW, WO WiIIITAOTH, 3
KOMIIOHEHTaMH KBa3iiMIynbCy (Px, Py, P;) A3EPKaIbHO
BiIOMBAIOTLCA B CTaH (py, Py, -P,). IHIINMHU c1OBaMH, KyT
MAiHHSA TOPIBHIOE KYTy BiIOWBaHHS, i BEMMYMHA LUX
KyTiB BH3HAYaIOTBCA  HANPAMKOM  Z - KOMIOHEHTH
TPYTIOBOI IIBUAKOCTI v, = 0&(P)/Op,.

Axmo II® He € cdeporo, TO HAMPSIMOK TPYIIOBOI
MIBUJIKOCTI HE 30ira€Thcsi 3 HANPSIMKOM KBa3iiMITyNbCy i
KyT TNaJiHHA HE JOpIBHIOE KyTy BinOuBaHHS (puc. 1).
Jnst moBepxoHp e Okl ckiagHoi (opmu HOcI mpu
MOBEPXHEBOMY BiJIOMBaHHI MAalOTh 0arato KiHIIEBUX
CTaHIB 13 pi3HUMU KyTamu BinOusanHs [31].

AHaji3 MoBepXHEBOTO PO3CIIOBAHHS YCKIAJHIOETHCS
NpU BpaxyBaHHI npoyecie nepexuoanus abo Umclapp-
npoyecig, mo Oynu Briepiie po3rsHyTi [latiepiacom [32].
[Ipu noBinmeHil opieHTAIl TOBEPXHI iCHY€ HECKiIHICHHO
BEIMKE YHCIO HECKBIBAIGHTHHX CTaHIB, Vy fKi
IIEPEXONUTL HOCIH 3 OJHAKOBMMHM 3HA4YEHHAMH ky, ky, 1
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HOPMaJIb 10 MOBEPXHi

Puc. 1. Cxemaruune
MOBEPXHEBOI'O BiJIOMBAaHHS B IMITYyJIbCHOMY IIPOCTOpi
MPH HEI30TPOIHOMY 3aKOHi JUCHEpCii HOCIiB CTpymy
[31].

306pa)K€HH$I A3CPKAJILHOTO

&ak) =const (xBunboBuii Bekrop k=p/h). Ocranne
TBEPIKCHHS! BUIUIMBAE 3 HEOAHO3HAYHOCTI BU3HAUCHHS
¢yskuii ¢ (K) B o6epaenomy npocropi: € (k) = (k*2n
ng), Ae g - NOBUIbHUHA BEKTOp O0OEpHEHOi HMOBEPXHEBOI
peUIiTKY, 7 - JOBUIBHE LiJIe YUCI0. Y 1bOMY PO3YMiHHI
MOHSATTSl N3€pKAJIbHE BiJIOMBAaHHS CTA€ HEOJHO3HAYHHM.
JI3epkasibHOMY BiJIOMBAHHIO BiINOBiZAa€ HIMPOKE BisJIO
KyTiB BiIOWBaHHSA i3 HECKIHUCHHO BEIUKUM YHUCIOM
KIHILIEBUX CTaHiB.

st iTrocTpanii 3BEpHEMOCS bi(o) Mozenl
I3epkanpHOrO BimbmBaHHA Mypa [33], mokaszaHoi Ha
puc. 2. Ha wpoMy HaBemeHa [ID, mo ckimamaeThes 3
€JIeKTPOHHOI cdepu, po3TamoBaHOI B LEHTPI 30HHU
bpunmtosHa, 1 YOTHUPHOX HEBEIMKHUX EJIEKTPOHHHUX
MOBEPXOHb, PO3MilIeHuX y ii kyTax. O4eBHIHO, IO I
JNesKHX KyTiB MaJiHHA Ha [OBEPXHIO MOXYTh
BigOyBaTHCsl Maibke “aHTH3epKajbHI“ (Y pO3yMiHHI KyTa
BiIOMBaHHS) BiIOMBaHHS, SIK1 Myp Ha3UBae
po3citoBaHHM 13 nepekuaanuaM (nepexin i3 1y 2'). s
“KoB3al04YMX” EJIEKTPOHIB mpsima k(= const meperuHae
[I® npivi B Toukax 1 i 1. YV 1poMy BUMajaKy rpynosa

MBUIKICTE HOCIiB MaiDKe TapaieibHa IOBEPXHI
30ira€ThCs 3 HANPSIMKOM TAHTCHIIATBHUX KOMIIOHEHT
KBa3iiMIyJbCy, & KyT NaIiHHA JIOPIBHIOE KYTY
BimOMBaHHsA, TOOTO ITOYATKOBMH 1 KIHIEBMH CTaH
eKBiBaJIeHTHI. [3 30iNbllIEHHSAM KyTa MaaiHHA HOCIiB ¢
3pocTae HMOBIPHICTH MpOIEciB mepekunanust O ~ @, i
3MEHIIYyETbCs KoedimieHT m3epkanbHOCTI: p(@) =1 - a,
IIe @ - mapaMeTp, 110 3aJIeKUTh BiJ KpuBU3HU [1D.

Bnaue cumempii nosepxmnesozo wiapy na xapaxmep
6i00U6aHHs. HOCIIB yIeEpIIe HE3AICKHO PO3IUBHIHCS
AmnppeeB [9] 1 I'pin [10]. AunpeeB yBiB dyHkuito &(p),
1110 BU3HA4Ya€ IPaHNYHY aTOMHY IUIOLIMHY KpHCTajia; p -
JIBOMIPHHMI BEKTOp, IO JCKUTh y il rwiomuHi. s
HAWIPOCTIIIOr0  BHIIAAKY JABOMIPHOTO  KBaJPaTHOI
pemritku (puc. 3) y curyailii, mokasaHoHid Ha (puc. 3a),
MOBEPXHs KpHUCTaJa, 1 GyHKLiS &(p), Mae TpaHCIALINHY
CHUMETpII0 3 MepioJoM, PIBHUM JiaroHaii KBajapaTHOI
rpatku (KBajapara). HaBnaku, y BHnanky, 300pakeHOMY
Ha puc. 3b, cumetpist QyHKUii &(p) HIKYE, HDK CUMETpis
cepenHboi JmiHIT moBepxHi. [lepion ¢ynkuii BaBiui
MepeBepIIye JiaroHalb KBaJpaTa, BHACTIIOK YOTO
TpaHCISMIKHA CHMETpis Ha TOBEpPXHI 3HIDKEHa. Y

3aralkHOMY  BHMAQJAKYy  KJIacH(IKaIilo  MOXKIUBUX
CTPYKTYp TOBEpXHI B 3aJIEKHOCTI BiJl HasABHOCTI abo
BIICYTHOCTI  NPHPOTHOI  TpaHCHALiMHOI  cuMeTpii

CepeHbO1 JTiHIT TOBEPXHI MOYXKHA 3pOOUTH TAKUM YHHOM.
Bynp-sixa (yHKIIsI KOOPIUHAT Y KPUCTAIII PO3KIAAAETHCS
mo OnoxiBchbkUX — QyHKIAK. OCKUIBKH — OJIOXiBCHKI
¢yHKIIT 3 HYJIbOBMM 3HA4YEHHSM KBas3liMITyJbCcy €
NOBHUM Ha0OpoM (QYHKWIH, II0 MaloTh HPUPOIHY
TpPaHCISIMIHHY ~ CHUMETpil0,  INpPUTaMaHHy  JaHOMY
HampsIMKy B KpPHUCTalli, HAsSBHICTh HEHYJIHOBOTO
KBa3lIMITyJIbCYy yCyBae NPHUPOAHY CHUMETpiro (QyHKIIII,
MpOTe, He MOPYIIYE 11 B IUIOIIKHI, TEPIICHANKYIISIPHOIL 10
JOro HanpsIMKY. SIKILO IpaHuLsl KpUcTaga Ma€ IPUPOIHY
CHUMETpiI0 CcepefHpoi IUIOmUHN, TO GyHKIS &(p)
MOBUHHA PO3KJIAJATHCA MO OJOXIBCBKUX  (YHKIIISIX
Uue™ (k KBa3lIMITyJIbC, 7 - CYKYIHICTh iHIINX
KBaHTOBHX  4YHCEN) 13 HYJIbOBUMH  IPOCKIIiSIMH
KBa31liMITyJIbCy Ha CEpeIHIO IUIONIUHY):

S

Puc. 2. ['umoreTnyHa cxema A3epKajJIbHOTO MMOBEPXHEBOTO BiIOMBAHHS B IMITyJIbCHOMY (31iBa) 1 pealbHOMY
(mpaBopyu) mpoctopi [33]. ¥V 1-i1 30H1 bpummoena [1® e 6araronuctaoro. CuMBoin | XxapakTepu3sye nafaodui Ha
MOBEPXHIO HOCIH, cumBoiu 1" 12" - BinOuruid. Jlinis K'' neprieHquKynspHa MoBepxHi.
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b

Puc.3. Bug 300Ky Ha TOBEPXHIO TilIOTETHYHOTO
KpHCTajla: a - IIOBEPXHS KpHUCTajda Mae IPHUPOAHY
TpaHCIIIAHY CHMETpilo, b - Ha MOBEpXHI CHMETpis
HIDKYe, 9iM B 00 emi [9].

O(C): ZAnkUnkelkc’ (1)
k=0

ne A - moctiiiHi KkoedillieHTH, a MiJICyMOBYBaHHS

NPOBOJUTHCS MO BCiX 3Ha4YeHHAX 7 1 no K, y skux

00epTaroThCsl HAa HyJIb TAHTCHI[IAJIbHI KOMIIOHEHTH

k; = const.

IIpn BimOuWBaHHI HOCIIB BiJ  IOBEpPXHI B CHILY
BUPOJUKEHHS €JIEKTPOHHOI IIJICHCTEMH METally NOSUHHA
3AIUUAMUC HEe3MIHHOIO iXHA eHepeisi. 3BUYalHO, L
TBEp/UKCHHS COpaBemnuBe 3 TouHicTIo 1Mo AT (k —
mocriitHa bonpnmana, T - Temneparypa). Lle € Hacmigkom
Toro, mo A (epMieBCBKAX HOCIIB TPH JOCTaTHBO

HHU3BbKHX TeMIlepaTypax 3ajada Ipo MpyXKHE BiIOUBaHHS
€ OJIHOYACTKOBOIO 1 HAsBHICTh TOBEPXHI HE MHOPYILIYE
OJIHOYACTKOBOCTI 3a/a4i. SKIO Wiy, - XBUIILOBA QyHKIIis
€JIeKTPOHA, IO TIUNTAE 0 MOBEPXHI, W - XBHIHOBA
(GyHKIS BIIOMTOrO HOCIsI, TO, Y 3arajlbHOMY BHIAJKY,
BOHM IIOB's13aH1 O[HA 3 OJIHOIO CIIIBBIJHOILLIEHHSM:

Uy = F(C )Wi (2)
ne ﬁ(p) - JIHIHHUKA omlepaTop, IO 3aIEKHUTh Bil
KOOpJMHATH Ha IOBEpXHI Kpuctana. llei omeparop
MOXHa PO3KJIACTU 1O OJ0XiBChbKUM (yHKLisM BuIy (1),
y siki Bxoaarts smmre ¢yskuii 3 k,=0. Lle o3nauae, mo
XBWIBOBI (DYHKINI HAIITAIOYOrO i BIAOUTOrO HOCIiB
MAalOTh OJTHAKOBE 3HAYCHHS TaHTCHIIAIbHOI KOMIIOHEHTH
kBaziimmynbecy.  [limkpecnmmo, 1Mo e 3aKOH
CIpaBeNTUBUI He 1711 OyIb-sIKOi JOCKOHAIO! TIOBEPXHI, a
TUIBKW JUIS TOBEPXHI, L0 Ma€ IMPUPOAHY CHMETPIIO.
Hanpuknan, k, 30epiraerbest it MOBEPXHi, 300pakeHOT
Ha puc. 3a 1 He 30epiraeThCs IS MOBEPXHI, IIOKa3aHOT Ha
puc. 3b.

Ha puc. 4 mnokazana rinoreTMyHa i3oeHepreTHYHa
MOBEPXHS HOCITB CTPyMY METally B CXeMi OBTOPIOBaHHUX
30H. [loBinbHa TOouka A XapakTepusye CTaH HOCIS, IO
miutitae 1o noBepxHi. Yepes Touky A mpoBezeHa JIiHis,
napajieiabHa HANpsSMKYy HOPMali O MOBEPXHI KpHCTalia
(mpssima k¢ = const, mo3HaYeHa Ha pPHUCYHKY, SK FD).
Toukn mepetwHy 1Ii€i TpsAMOi 13 130€HEPTETHYHIMH
nmoBepxXHAMU B, D, E, ... BU3HAYaIOTh MOXXJIMBI CTaHH
BigOuroro Hocis. Inmi Ttoukum mneperuny C, F,
XapaKTepU3yTh HOCII, 110 PYyXarOThCS B HAINPSIMKY 10
MOBEPXHi, a HE Bif 1.

SIKIO0 HOpMajabh O TOBEPXHI Ma€ BHUIIAKOBHIA

mp

(ippauioHanbHuit) HapsMOK BiZTHOCHO
KpucTanorpadiyHux oceil, To i IS TMOBEPXHi, L0 Mae
NPUPOJIHY  CHMETpilo, YHCIO MOXJIMBUX  CTaHIB

BiIOMTOrO HOCISI HecKiHYeHHO. Bci Touku B, D, E, ... y
IbOMY BHIIAAKY (hi3MIHO HEEKBiBaJICHTHI.
Juis parioHaTpHIX HaNpsSMKiB HOPMaJi A0 MOBEPXHIi

R N

Puc 4. I1® rinoTeTuHOr0 MeTaly B CXeMi [TOBTOPrOBaHUX 30H. [TokazaHi 103BOJIEHI IEPEXOAN HOCITB NpU
PO3CilOBaHHI Ha TIOBEpXHSX pi3HOT opieHTawii [9].
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YHCIIO CTaHIB BiIOMTOTO HOCIS CKiHYCHE, OCKUIBKU iCHY€
JIMIIE  CKIHYEHE YHCIO  HECKBIBAJICHTHHX  TOYOK
nepeTuHy. Tak, [Tt HopMalli, mapaienpHoi npsiMid PL Ha
puc. 4 Ttakux Todok nBi (G i H). Toukm O, L,
ekBiBaJieHTHI Toulll H, Touku K, P,... — Ttoulii G.

SIKIo TMOBEpXHsS HE Mae€ MPUPOAHOI CHMETpii, a
XapaKTepU3Y€EThCST HAOOPOM TBOMIpHHUX BEKTOPIB K1, Ky,

, TO, pa3oM i3 30epiramHsaM k; MoOximBa 3MiHa
TaHTEHIIAJIbHOI CKJIAJIOBOTO KBa3iiMIyJIbCy Ha BEKTOPH
ki, kp, ... . KoxHOMY 3 IIHX BEKTOpiB B OOCpHEHOMY
MPOCTOPi BIATIOBiZae CBOS TpsAMa, TapalelibHa IPSIMii
ki=const. Toukm mTepeTHmHy BCiX TpAMHUX i3
130€HEPreTUIHUMH TIOBEPXHSAMH BHU3HAYAIOTh MOYKIJIHMBI
cTaHu BimOuTOoro Hocig. Tak, SIKIIO CTaH HOCCIA, IO
miastiTae, 300paxyeTbess TOUKO0 A Ha puc. 4 (HOpMaib
JI0 TpaHuui napajieibHa npsmuM FD 1 MN), i € onHe
BiIMIHHE BiJl HYJIS 3Ha4YCHHS Kj, TO, KpiM BiIOMBaHHSA Y
B, D, E, ... MOXITHBE TaKoX BigOuBaHHsI B M, N, ... .

TakuM  YUHOM, O3epKanbHe  6I0OUBAHHA — Ye
Kocepenmue i0OUanHs enekmponHoi xeuni bnoxa 6i0
noeepxHi 3i 30epediceHHsAM eHepeii | MaHeeHYIanbHUX
KoMnoHeHm Keéasiimnyavcy. Po3CitoBaHHS Ha IOBEpXHI
npsMyrodol 10 Hei XBmwii broxa Mo)ke MPU3BOAUTH [0
BUHUKHEHHS JBOX 1 OLTBII BiIOUTHX XBUIIb y 3aJIE)KHOCTI
BiJl reOMeTpii 130€eHepreTUYHNX TOBEPXOHb 1 OpieHTaIil
(i3MYHMX TpaHUIs KpUCTada. Y IBOMY BHIIAQAKY
BiIOMBaHHS Ha3WBAETHCA 06a2amoKaHaIbLHbIM
O3zepkanvhum siooudusannsim (b/B).

Sxmo I[Id e 0Oararo3s's3HOI0, TO B pe3yJbTari
BiOMBaHHS MOXYTh BIiIOYBaTHCS MEPEXOIU MK
pizHuMH yacTuHamH [1®, Brtova0un MKIOIMHHI (MK
pizauMu smctamu [1d) mepexomu TOOTO €IEKTPOHHO-
IPKOBI IEpEeKHUTAHHS.

Y pesympraTi, 3aKOHU 30epeKeHHS eHepril i
TAaHTEHIIaIbHOI ~ KOMIOHEHTH  KBa3iiMIynbCy, IO
XapaKTepU3yIOTh MIOBEpXHEBE PO3CiIOBaHHS,
3aIHCYIOTHCS TAKUM YHHOM:

k, =k, +ng 3)
e (k)=ek)=e; “4)
Y mmx ¢dopmynax  INTPUXOBaHI  BEIWYMHHU

BIANOBINAIOTh CTaHy HOCIiB TMicias BigOWBaHHS, a
HEMITPUXOBaHI - JO HBOTO, N € JOBUIBHUM IIJTUM
YHUCIIOM, a g - JIOBUIBHUM BEKTOpPOM OOepHEeHOl
MOBEPXHEBOrO  pewlTku. BigzHaummo, mo xapyre
CHIBBITHOILIEHHSI BUKOHYETHCS 3 TOYHICTIO JI0 BEJTMYMHHU
kT, mo xapaxkTepu3ye PO3KHI €Heprii HociiB y meraii
no6su3y piBHsI Depmi.

@opmymn (3) i (4) BkazyroTh Ha auMdpakUiiiHy
MPHUPOAY B3aeMOJii HOCIIB CTpyMy 3 TMOBepxHer. B
IBOMY BHUIAIKy pONb AU(PPaKIifHOT PEemIiTKH BHUKOHYE
MOBEPXHSI METANIYHOTO KpHCTaly, a aHaioroM cdepu
EBanbpa € I1D.

III.T'anbBaHOMArHiTHI po3MipHi ABHINA

SKmo moBXKMHA BINBHOTO MPOOITy HOCI{B y TOHKHX

MPOBIIHWKAX TIOpiBHAHHA 3 HOro po3Mipam#, TO
KIHeTUYHI XapaKTePUCTUKU (TIPOBITHICTB,
TEIUIONPOBIAHICTh,  TEPMO-€.p.C.,  TOMIO)  ICTOTHO
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3aJexaTh BiJl XapakTepy ITOBEPXHEBOTO PO3CIIOBaHHA
HOCITB cTpyMy. Y psiii BUNAJKIB 30BHIIIHHOIO MarHiTHe
MOJISL CHpHs€ KOHIEHTpamii HOCIB CTpyMy MOOIH3Y
MOBEPXHi MPOBIIHUKA, IO BEAE A0 MOCHJEHHS POJi
MOBEPXHEBOr0 po3citoBaHHd. B 3oBHimHROMY moiai H
NPOLIECH peJlaKcalii Ha IMOBEPXHI MOXKYTb IMPOSBIISITHCS
HaBiTh y TIOPIBHSAHO ‘‘MacHBHUX’ NPOBIJHHMKAX, WIO
NPU3BOJIUTE 10  BUHUKHEHHS  2A1b8AHOMACHIMMHUX
po3mipnux sasuwy. L9 THaBa IpUCBSUEHA PO3IIISALY
BUCHOBKIB Teopil i eKCIepUMEHTAIBHUX JOCIiKEHb
OUX SBHUII, Ha SKAX MOXYTh Oa3yBaTHCi METOAU
JTOCTIIKCHHS TIOBEPXHEBHX IIPOLIECIB.

3BepHEMO yBary Ha excrepuMeHT [34], y KoTpomy in
Sifu TIOPIBHIOBAaBCS BIUIMB Bigmally aicopOOBaHMX Ha
nmosepxHi TwiactuHn W(110) cyOMOHOImAapOBUX ILTIBOK
KHCHIO DI3HMX KOHLEHTpalid Ha eJeKTpoorip i
marHitroonip (MO) mnnactuHu. PesynbraT  1BOTO
JOCTIKeHHsT (pHC. 5) ONHO3HAYHO CBIiMYaTh, IO MPH
IIEHTHYHOMY XapakTepi 3MiHM enekTpoornopy i MO,

',
L
|
L// |
’
17 |
) - By 7
X r 1 7
|
Ll 7 ’
! s
2 b | /B ,
|/ x 7
|/IA| // 4
1 4 /
1 .
II s s
/ s
1 Vo, ’
7.7 ’
v’ ,
L
400 2000

Puc. 5. 3mina enexrpuynoro omopy (a) i MO (b)
mnactuan W(110) mpu Bigmani agcopOoBaHMX Ha i
MTOBEpXHI CYOMOHOIIAPOBUX IUIIBOK KHUCHIO DPi3HHX
koHMeHTpaniit, HLn [34].
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3mira MO, mo BingOuBae 3MiHy XapakTepy MOBEpXHEBOTO
PO3CIIOBaHHS, Ha TPHU HOPAAKU BEIHMYMHH IEPEBEpLIyE
CHUTHAJI BIIMIOBIIHOT 3MIHU €JIEKTPOOIIOPY.

3.1 Cratuunuii ckiH-epekT i monepeuHmii
MO

Posrimsinemo  MertaneBi  00'ekTH, 1[0  MaiOTh
XapaKTepHUH po3Mip d 1 JOBXKHHY BUIBHOTO IpPOOIry
HOCITB CcTpyMy [, 1 s SIKMX BHKOHYETbCS YMOBa
icHyBaHHS po3MipHHX sBHII d <</. Ilpukmamemo no
TaKoro 00'€KTa, HANPHUKIIA] TOHKOI IUIACTHHH, CXpELIeH]
enexkrpruHe i MarHiTHe o E 1 H. Li BexkTopu nexartpb
y IUIOUIHHI MMOBEPXHI IUIACTHHY 1 IEPIICHINKYIISPHI OTIH

O OIHOro. JSIKII0O TakoXX BUKOHYETbCS M YyMOBa
CHJIFHOTO MarHiTHoro ry <</, nge ry - paxiyc Jlapmopa
TpaekTopii HOCiiB, TO B IUIACTHHI BiOyBaeThCA
CKiHyBaHS TIIOCTIHHOTO €JIEKTPUYHOTO CTPyMy, K€
HA3UBAEThCA  cmamuynum  ckin-epexmom  (CCE).
Haii6Ginpiie sickpaBo 1i€  sIBHIIE MPOSIBISETHCS B
KOMIIEHCOBAaHUX  MeETallax, 0 MalTh  piBHY

KOHILIEHTpALi€l0 eJIeKTpoHiB 1 aipok Ha IID (n, = ny).
Toni yepe3 BiacyTHiCTH XO0JIOBCHKOI mpoBizHOCTI MO
3pa3KiB 301IBLIYETHCS 31 3pocTaHHsIM HarpyxeHHocti H
32 KBaJpaTHYHMM 3aKkoHOM. lle cTBOpro€e cCHpHATINBI
YMOBHU [UIS CIIOCTEPEIKEHHS IIPOBIITHOCTI, 00yMOBIEHOL
MMOBEPXHEBUM DO3CIIOBaHHSIM. Y IHIIMX BHITaJKaX
pozainutu Baecku Bif CCE i edexty Xoma Baxko.

Skmo cwieHe moine H (ry <<1) He nexuTh B
IUIOIIMHI TTOBEPXHi, a CIIPIMOBAHE NEPHEHOUKYIAPHO IO
Hel, TO mnpum d<I cHoocrepiraeteCsi Ie  OJHE
rajJbBaHOMAarHiTHOIO  pO3MipHEe  SIBUINA, SKE& MH
Ha3uBaTUMeMO nonepeynum MO. Y 1bOMy BHUNAAKY
HOCIT pyXaloThCs N0 CHIpalIbHUX TPAEKTOPISX Bil OIHIET
MOBEPXHI JI0 1HINOI, PO3CIIOIOYMCH HA MPOTHIICKHUX
moBepxHAX (puc 6, tpaekropis 3). [lomepeunmit MO
TaKOX € TMOBEPXHEBO UYTJIMBUM, aje I IOBTOPHOTO
pO3CifOBaHHA HA TIOBEPXHI HOCIH MOBHHHUI MPONTH BCIO
TOBLIMHY TPOBIJIHUKA.

CCE OyB mnependadeHuii 1 mpoaHaIi30BaHUN Yy
TeopeTHYHHX podoTax Asbens i ITecuancekoro [35-40] i
BIEpILIE €KCIIePUMEHTAIIBHO JOCITDKEHUH y
MOHOKpHCTanax KaaMmuio 3aiinieBuMm [41]. BuBuenns
CCE y Ha/JBHCOKOBaKyyMHHMX YMOBax ymepuie OyJo
BUKOHAaHO aBTOpPaMH MJIsI TOHKMX MOHOKPHCTaJIYHUX
IUIacCTUH Boib(pamy 1 momubaeny [42]. YV mwmx i

HACTYITHUX EKCIIepUMEHTax OyJo BCTaHOBJEHO, MIO
CIOCTEPEKEHHSI CTATUYHOTO CKiH-e()eKTy MOXKIHBO B
KpHUCTaJlaX BUCOKOI YHCTOTH, OXOJIO[PKEHUX JI0 HU3BKUX
TemmepaTyp. SIKImo iCTOTHHM € pO3CilOBaHHS HOCIiB
CTpyMy JIMIIIC Ha JOMIIIKax 1 JedeKTax, BAKOHYETHCS 5K
CHiBBiHOIIEHHS d </, TaKk 1 yMOBa CHJIBHUX MarHiTHHX
noyiiB ry </, mo 3abe3nedye LUKIIYHUH PyX HOCIiB B
00’emi Metany (puc. 6, Tpaekropis 1). lns Hocii, mio
3IIITOBXYIOTBCS 3 TOBEpXHEIO IUIACTUHM  (puc. 6,
TpaexTopist 2), UUKIIYHUA PyX PO3PUBAETHCS, 1 LEHTP
TPa€eKTOpii CTPHOKOM TIEPEMIIIAEThCA Y3IOBXK HAMPSIMKY
E. Hocii, mo 3HaxomsTbcs BIATWHI BiA IOBEpXHI
MPOBITHHKA, B PE3yJIbTATI PO3CIIOBaHHS B 00’ €Mi MOXKYTh
3MicTuTUCA B HanpsAMKy E nuine Ha BifcTaHb mopsiaky
JapMopiBCeKoro paxiyca (puc. 6, Tpaektopiz 1). Ili
3MILIEHHs 3 OJJHAKOBOIO WMOBIPHICTIO BiJIOYyBaroThCs, B
HanpsiMky E, tak i nporu Hporo. Tomy nonepeuna (B
PO3yMiHHI HampsIMKy MAarHiTHOTO TOJIsI) IPOBIAHICTH
00’eMy MeTally MpONOpLiiiHA IPyroMy CTYNEHIO Fy.
XapakTepHUM MiHIMAJIBHUM PO3MIpOM ISl JJAHOTO
SIBUIIA € Fyy.

B mapamensHOMYy mOBepxHi IactmHH monmi H B
ymoBax CCE po3citoBaHHS HOCIIB y IIapi TOBIIMHOIO 7y
MoOIM3y TIOBEPXHi 3pa3ka BiIOyBaeThCS YacTillle, HiXK B
00’emi. 30KpeMa, HOCIH 3THUKA€EThCS 3 TOBEPXHEIO 3
4acTOTOIO 1/ 7y s = vp/ry = V. Boamuni Bim moBepxHi, B
00’eMi MeTaly, Iepexoan 3 OIHI€] UKIIYHOI TPaeKTOpii
Ha iHITYy BimOYyBalOTBCS 3 YAacTOTOIO /Ty = Vel < Wy.
Tomy o /> ry, TO 1/ Touie << 1/ Tyt 1 B IPUIIOBEPXHBOMY

mrapi HOCIA PYXaeThCs Y3IOBXK EICKTPUYHOTO TIOJS
mBHIIIe, HiX B 00’emi. Ile mpu3BoguTh 10 TOTO, MO B
CHJIbHOMY MATHITHOMY TIOJ, EJIEKTPUYHHU CTPyM
30CepeKy€eThC O3y TOBEpXHI NpoBigHMKa [35-37],
a moBepxHeBa NpoBigHICTh CTa€ B (1/7ye)/(I/ 7)) = 1/ry
pasiB Outblie HiX 00'€eMHA, TOOTO: Oyyr= oy(ry/l), 1 Ha
BiIMiHYy BiZ 00’€éMHOI TPOBINHOCTI I BETHMYUHA HE
MICTUTh KBaIPATUYHOTO 110 MArHiTHOMY TOJIIO YiICHA.
[Ipu m3epkanbHOMY BiIOMBaHHI HOCIIB TOINEpeyHa
MPOBIHICTh IUIACTUHH OMUCYETHCSI BUPA30M:

(5
ne xoedinienTn a i b mopsaaky oxuaumi. [Tpn d << lz/rH

MIPOBIAHICTh BU3HAYAETHCS TUTBKH MPHUIIOBEPXHUM TPy
IJIACTHHH, y SKOMY 30CEPeDKCHUI IPAKTHYHO BECH

LYY Y Y YT

Puc. 6. Tpaekropii pyxy HOCIiB CTPyMy B TOHKI IUTACTHHI MPOBIHUKA B 3aJIKHOCTI Bi HanpsiMky H:
1 12 - mapanensHO noBepxHi mactua (HLn); 3 - H nepnenaukymisipao moepxHi (H|n).
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Po3MmipHi siBUIa 1 HOBEpXHEBE PO3CIFOBAHHS HOCIIB CTpyMy B MeTanax

CTPyM, IIO MPOXOIUTH Yepe3 MPOBIHHUK. Y IHOMY

BUTIAJIKY TIPOBITHICTH MIPOTIOPIIiHA TOBILIMHI
CTPYMOBOTO MIapy, TOOTO ry.
TakuM dYHHOM, XapakTep B3aEMOJii HOCIiB i3

MOBEPXHEI0 BU3HAYAE 3aKOH 3MiHM OIOPY NPOBIHUKA Y
MarHiTHOMY NoJi. Y IPaHUYHUX BHUIAAKAX J3EPKAIBEHOTO
(»=1) i pmudysnoro (p=0) po3citoBaHHA s
KOMITCHCOBAHUX MPOBIAHUKIB (7, = 1y,) OIIP € BiAMOBITHO
miHiiHOIO abo kBaaparnuyHoro ¢yHkuiero H. s
npoMikHuX BHUnaakiB (0 <p<1) miHiliHa 3aleXHICTH
30epiraeTbcss B 0OMEKEHOMY iHTEpBali MarHITHUX TOJIB.
Omxe, MNPUHLUIIOBO MOXIHMBO  CKCIICPUMEHTAIIbHE
BU3HAYCHHS [TapaMeTpa I3epKaJbHOCTI p.

BimmoBimHO g0  TOWHHMX ~ po3paxyHKiB  [39]
mpoBimHicTh B mom  H, napajenpHOMy 1
NEePHEeHANKYJISIPHOMY MOBEPXHI IUIACTUHH BU3HAYAETHCS
BUpa3aMH:

O'HH =ao, -L-F—H+O'Oy/2 (6)
y+q d
H 2
o, =bogy-—+o,y". (7)

Tyt o0y - NPOBIAHICTH Yy BIICYTHICTH MAarHiTHOTO
noJis, O - CepenHs IPOBIAHICTH TOHKOI IUIACTHHH,
koeditienT™ a 1 b - mopsaky omuHuul, g=1-p, p -
koedilieHT  a3epkanbHOCTI  y=ry/l.  [logepxnesa
nposionicmes BpaxoBaHa NEPIIUMH JOJAHKAMHU ITPAaBUX
YacTHH PiBHSHB (6,7).

i piBHSHHS JO3BOJISAIOTH 3pOOUTH OI[IHKH TPaHHIb
3MiHH KOedilieHTa I3epKaIBbHOCTI p TP afacopOrmii Ha
MOBEPXHI 1 BU3HAYWTH 3HAYCHHS Ili€] BEIMYMHH IS
OuMIeHOl Yy Bakyymi moBepxHi. [Ipy ymMoBax cuibHOTO
MarHiTHoro mons, (1 - p) >> y Bupa3 (6) crporryerbes i
IPUBOJIUTECA 0 3pYyYHOTO JUISl OLIHKH p BUIJLALY:

(1-p)d
[+(1-p)d’
Tle p|= I/GH, Poulk = 1/0';/2. Hab6muxenuii Bupas (8)

pHH = Proulk (®)

CIpaBeUIMBUIA  TUIBKM  JUIi  NPOMDKHUX  3Ha4eHb
koedimienTa a3epkaynbHOCTi, 0 <p <1, 1 HE Mae ceHcy,
sKmo p = 1.

Amnani3 piBusaHb (6) 1 (7) no3BoIsiE 3pOOHMTH Taki
BUCHOBKHU:

i. YV cunpHoMy MarHiTHOMY moini (g >> ) mpu
Iudy3HOMY BiIOMBaHHI HOCI{B IOBEPXHEIO IMPOBiTHHUKA
(¢ =1) moBepxHEBa MPOBITHICTE CIAOKO 3AJICKHUTH Bij
HAMpsIMKy MAarHiTHOro mojisi. Y I1bOMY HaOIKeHHI

piBHsSHHES (6) 1 (7) 30irafoThCs 3 TOYHICTIO 10 MHOXKHHUKIB
a 1 b. B takoMy BHUNaaKy po3MipHHi edekT icHye npu
Oyap-skiit opientanii H, a omip miacTuH 3aJeXHUTh BiJ
BenmuuHu H 10 KBafpaTHYHOMY 3aKOHY.

ii. 3 30UIbIICHHSIM JI3ePKATBHOCTI BiJOMBAaHHS HOCIIB
MOBEPXHEBA TPOBIJHICTh Y TNapajeilbHOMY IIOBEpPXHIi
nomi H 3pocrae, a B NEPHEHAUKYJISPHOMY -
3MEHIIYEThCS, MNpsAMyloun a0 Hyms npu g =0. L
3aKOHOMIPHOCTI MalOTh NPOCTYy (i3MYHY IHTENpeTamiko.
Sxmo H mapanensHe MOBEpXHi, TO IIOBEPXHEBHH CTPyM
(opMyrOTH HOCIi, IO pYXalOTbCA B TOHKOMY, 3
TOBIIWHOIO MOPSAKY 7'y, TOBepXHEBOMY Imapi. [Tpu Oyab-
SIKOMY XapakKTepi PO3CIIOBaHHS iXHS PYXJIWBICTh BUILE,
HDK B 007emi mpoimHuka. Ilpu a3epkambHOMY
BiIOMBAHHI KOPENALis XapakTEePUCTUK HATITAIOYUX 1
BIZIOUTHX €JIEKTPOHIB 3a0e3leuye ONTHMAIbHI YMOBH
s nperidy HOCIiB B3mOBK mMoBepxHi. HaBmaku, y

HEePIEHAUKYIIPHOMY MIOBEPXHI noJi H
HaWPyXJIMBILIMMH € HOCII, 10 PO3CIIOIOTHCS Ha IIOBEPXHi
mudysHo. Ilpm KoxkHOMY TakoMy 3iTKHEHHI oOcCi

CHipaJIbHUX TPAEKTOPIH HOCIiB 3MILIYIOThCS B IUIOLIMHI
IUTACTHHH Ha BiJICTaHb MOPAAKY 7y (PHC. 6, TPAEKTOPIS
3). JI3epkanbHe BinOWBaHHS BiJ MOBEPXHI HE 3MiHIOE
TIOJIOXKEHHS OCi CIipaJbHOI TPAEKTOPIi, 1 PO3CitOBaHHS Ha
MOBEPXHI B I[bOMY BHUMAIKy HE Ja€ BKIagy B
MIPOBiTHICTb.

IToganpmnii TEOPETUYHHMH aHATi3 TOBEPXHEBOTO
po3ciroBanHss [43] moOkaszaB, IO, SKIIO BiJOYBa€ThCS

IHTCHCHUBHE BHYTPIIIHBOTPYIIOBOE
(BHYTpILIHBOIOJIMHHE) ~HEpPEMIlIyBaHHS HOCIIB, SIKi
3aIMMIAIOTBC  y Mexax oxpHoro Jmcra IIdD, To
MPOBIAHICTE  CIAOKO  3aJCKUTh Bl  XapakTepy

MTOBEPXHEBOTO PoO3CifoBaHHs. Lleif BHCHOBOK CXeMaTHIHO
imocTpye puc.7, Ha skomy mome H cmpsmoBaHe
HapajenbHO IMOBEPXHI METaleBOl IUTACTUHU. Y LBOMY
BUMNAAKY SK IuQy3HE, TaK 1 A3epKalbHE IOBEPXHEBE
pO3CitOBaHHSI HOCITB BUKJIMKAe xHIH WHQIHITHUH pyX
Y3I0BXK IOBEPXHI 13 CEpelHbOI0 IMIBUJAKICTIO V.
HesBakaroun Ha Te, 110 NpH ITUPY3HOMY PO3CiIOBaHHI
BEJIMYMHA KyTa BIAOWBaHHS BHIAJKOBA, HOCIH MIiX
MOCTIIOBHUMHU 3ITKHCHHSIMHU 3 TOBEPXHEI0 3MIIIAETHCS
Y3II0BXK Ti B TOW ke OiK Ha BiICTaHb MOPSIKY ry. Buxin
HOCISI 3 TPUIIOBEPXHEBOTO IIapy HEMOJIMBHH 0€3 ydacTi
IHIIUX MEXaHi3MiB PO3CiloBaHHS. Y BIJCYTHICTH TaKHX
EHepris HOCIs, [0 PYXaeThCA B HAPSIMKY MPUKIIAICHOTO
nons K, HEOOMEKEHO  3pOCTae. Tomy, 'y
MIPUITOBEPXHEBOMY IIapi €(peKTHBHA JTOBXHHA BLILHOTO
npobiry I~ [. SIKm0 MarHiTHE TOJE CIPSMOBaHE TMix

NV m

—_——

a

—_—

b

Puc. 7 Pyx HociiB ctpyMy y3moBx noepxHi (H.Ln) npu n3epkanbHoMy 1 Tudy3HOMY TOBEPXHEBOMY
po3ciroBanHi [29].
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KyTOM MOBEPXHI, TO HOCIH  3aiuIIae

1

¢ no
MIPUIIOBEPXHEBY OOJIACTH Yy CEPEeIHBOMY MICIHI ¢
3ITKHEHB 3 IOBEPXHEI0. Y MBOMY BUIAIKY lofr = 11/ @.

TakuM 4YHMHOM, BHYTpILIHBOTPYIIOBE IIOBEPXHEBE
pPO3CiIOBaHHA HOCIIB HE TMPHU3BOAMWTH JI0 peJaKcarlii
eJIEKTPUYHOTO CTpyMy. Lle TBepIKeHHs HEBIpHE, SKIIO B
npoIieci MOBEPXHEBOTO PO3CIIOBAHHS  BiAOYBarOTHCS
Hepexo/u MK EIEKTPOHHUMH 1 AipkoBUMH JucTamu 11D
(MIDXIIOTMHHI €JIeKTPOHHO-IIPKOBI IepeKunanHs). Taxi
Nepexoy TMPHU3BOAATH 10 3MiHM HANpsIMKY OOepTaHHs
Hocis B momi H i, omxe, MO 3MiHH HampsMKy HOTO
npeiipy BimHOCHO Hampsmky E. Li mpomecu €
JMCUIIATUBHUMH, BOHH BEIyTh JI0 BTPaTH eHEeprii HOCIiB,
HaOyTOi B €IEKTPUIHOMY TIOJi.

[HImi BHUCHOBKM CHpaBemMBi ISl HANliBMETANIB, Y
SKUX €JIEKTpOHHI 1 gipkoBi juctu II® posHeceHi B
IMITyJIb,CHOMY MPOCTOPi Ha BEJMKI B HOPIBHSHHI 3 TXHIMHU

po3mipamu  BifactaHi. CHIBBIAHOIIEHHS MIDK 9acoM
penakcarii  BH3HA4Yae€ 1 CHIBBIHONICHHS  MIiX
WMOBIpHOCTSIMH MDKIOJIMHHOIO 1
BHYTPIIIHFOJIOTMHHOTO ~ TIOBEPXHEBOTO  PO3CIFOBAaHHS.

Le# rpann4HUA BUIIAJIOK aHATI3yeThCS y poOoTi babkina
i KpaBuenko [44] - mpu po3citoBaHHI HOCIiB Ha MMOBEPXHi
IUIACTHHM ~ XApaKTePHUH 4ac MDKNONMHHOL | 7,) 1

BHYTPILIHBOAONMHHOT  (7j)  penakcauii CHJIbHO
BIIPI3HAIOTBCA: 7, >> 7. [lpn umx ymoBax moBepxHeBe

PO3CiIOBaHHS BIUIMBAE Ha TPOBIAHICTH HA BifCTaHi L Bif
HOBEpXHi, npuyomy L >> ry. Bennunna L xapakrepusye
BIJICTaHb BiJl MOBEPXHI, HA SIKiil BHACIIIOK MIDKIOIMHHUX
MEPEXO/IiB KOHIICHTpAIlisl HOCIIB CIaJae 10 3HAYCHHS,
XapakTepHoro Juii  00’eMy  mpoBigHuMka. Bowna
Ha3MBAETHCS MDKAOIUHHOIO MH(Y31HHOIO TOBXHUHOIO. Y
napajgeIsHOMY MMOBEPXHi MarHiTHOMY ot
L~rH(,re/_z'i)”2, BukoHaHW{ TpW TaKWX YMOBax aHaIi3

3ajexHocti nposigHocti (MO) riacTuHH BijJ BEITMYMHU
H nokazaB, 1m0, KBaapaTuyHa 3ajexHicte MO
cupaBemIuBa, SKmO d> Ly 2 (y=ra/l). Sxkmo x
L<d<Ly ™, crocrepiraeThcst NiHiiiHa 3a1eXHiCTh. 3a
ymoBH d << L MO Bix HanpyxeHocTi H He 3aJ1e)XUTb.

Excniepumentansno CCE jyis  BuUmazaky L>> T

nociimkyBaBcss boromom i Epromenko [45,46]. ¥V mux
poboTax BUBYABCS BIUIMB pO3MipiB, popMu 1 cTaHy
noBepxHi Ha MO BicMyTy 1 CypMH NpH HHU3BKHX
TeMIepaTypax. BpaxyBanhs MDKIOJIMHHOTO
poscitoBaHHs B 00’eMi 1 Ha IIOBEpXHI IPOBIJHUKIB
JIO3BOJIMB TOSICHUTH BIAXWJICHHS BiJl KBaJApaTUYHOI
sanexxnocti MO Bin Benuunau H.

[MincymoByroun BiZI3HAYUMO, 4 (6) Teopis
€JICKTPOIIPOBIAHOCTI TOHKHX MIPOBITHHUKIB
KOMIIEHCOBaHMX METAJIB Y CHJIbHOMY MarHiTHOMY ITOJIi
Oymna chopmynpoBany B [35-40,43,47].

Bimnosimno nmo (6) i (7) CCE € npuyunoro
0odamkoeoi awnizomponii nonepeunozo MO moHKux
Memanesux NAACMUM, WO 3HAXOOSIMbCS 8 YMOBAX
CUNbHO20 Maznimnoz2o nois. llepun ekcriepuMeHTabHI
JOCIHIDKeHHsT BIUIMBY (opmu  mpoBigHuKiB Ha MO
(edexry dopmu) Oy BHKOHAHI JJISI TOHKUX IUIACTHH
BicmyTy [48]. Hanmani Taki mocnipkeHHs: Oynn npoBeneHi
i s iHmux MetamiB  [46,49-52]. Tlpu noBinbHIA
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opierrarnii H BiTHOCHO TOBEpxXHI MPOBiTHUKA B YMOBaX
cTaTHyHOro ckin-edekry [39] y mpoueci mpoBigHOCTI
OepyTb yuacTh pi3Hi Irpynu enektpoHis. Lli rpynu mawoTh
sK pi3Hi (Ha3oBi 00’eMHu B IMIYJIBCHOMY IPOCTOpI, TaK i
pi3HMI XapakTep B3a€MOIi 3 MOBEPXHEIO INPOBiJHUKA.
HonatkoBa aHizorpomiss MO crocrepiraerbcsi Ipu
MOMITHI TIOBEPXHEBI MPOBITHOCTI Oyyf~ Opux 200
d~1 Tomy “edexr GopMu” € HU3BKOTEMIICPATYPHUM
PO3MipHUM SIBUILIEM. [MToctynose 3HWDKCHHS
TEMIIEpaTypu IUTACTHH 1 JAPOTIB JO3BOJISIE CIIOCTEpiraTu
mepexix  Bil  ““MacMBHHUX” ~ XapaKTEPUCTUK  JIO
“po3MipHHX”.

Oco06mmBOCTI IIHOTO SBUIIA Oy EKCIIEPUMEHTAIEHO
BUBYEHI aBTOpaMM JUIS TOHKHX MOHOKPHCTAIIYHHX
wractiH W 1 Mo [42,53]. Homspui miarpamu p(f) 3MiHH
MO mnactuau npu obepranHi HanpsMky H (3miHi kyTa
Mik H i n - HOpMani 10 MOBepXHi IUIACTHHM) TOKa3aHi
Ha puc. §,9,10 BimmoBimHO mIA pi3HOI TeMmepaTypu
IUTACTHHA Tpu (IKCOBaHIN T TOBIIMHI 1 [UIS IUTACTHH
pi3HOi TOBIIMHH TIpH TEMIEpaTypi pIIKOTO TeIiro.
XapakTepHUMH pUCaMHU LUX KPUBHX € 3ajiexHicTh MO
ractud Bin kyra £ npu 7'<20K, a takoxx MiHIMyMH
MO npu H|n. [Ipu nmigBuIieHHI TeMnepaTypH IiIacTHHA

L A

Y

Puc. 8. p(0) - kyrosi 3anexxHocti MO miactuaun W,
opientoBanoi B mommHi (110), mpu H=8.9 kE,
d=0.Imm 1 T: 1-4,2K, 2-9K, 3-11.5K, 4- 15K,
5-20K, 6-273K [42]. OOepraHHsS IUIaCTHHU
MIPOBOANIIOCS HaBKOJIO KpHcTaorpadivHoro
HanpsaMky [100].
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Puc. 9. o(6) - xyrosi 3anexxnocti MO mmactuan W, opientoBanoi B ionuHi (110), mpu H = 8,9xE, T=4,2 Kid
mwiactuan: 1 — 0,3mm, 2 — 0,7MM, 3 — 1,6MM; IITPUXOBOIO KPHUBOKO B TOBUTRHOMY MacmuTali ITOKa3aHa KyToBa
Jiarpama asisi MacuBHOTO 3paska [42]. ObepTaHHs POBOIUIIOCS HABKOJIO Kpuctanorpadiunoro Hanpsmky [110].

p,-10', Ohm-cm

[110]

[010]

[101]

o .10’, Ohm - cm

Puc. 10. p(6) - xyroBa 3anexHicth MO mnactuan Mo, opierToBanoi B romuHi (110), mpu H = 8,9xE, T = 4,2K:
1 —d = 0,1MM, mOBepXHS IUIACTHHY MOKPUTA 10 HACHYEHHS acOPOOBAaHUMU 3aIUIIKOBUMH Ta3aMH,
2 —d = 0,1mMM, IOBEpXHs OYHMILIEHa BUCOKOTEMIIEpaTypHHUM TporpiBom, 3 —d = 1,5 MM, cTaH MOBEpXHI HE BILJIMBAE
Ha 3ajexHicTb p(6) [53]. ObepTaHHs MIIACTHHU MPOBOIMIIOCS HABKOJIO KpUcTaorpadiyHoro HanpsiMky [110].

a0o 11 TOBIIMHHU NOJSIPHI Kiarpamu p(/f5) 3MIHIOIOTh CBOIO
CHMETPIIO 3 APYroro MopsAKy Ha 4EeTBEpPTUH, BIACTHBOI
“MacMBHAM” KyOiYHHUM KpucTanaM. HampsMku, 1m0
BIINOBINAIOTh  MapalieNbHIil 1  TNepIeHANKYISIPHINA
opierranii H, € gisuuno exgiearenmuumu B KyOIdHUX
KkpucTanax. ToMy aHi30TpoIIisi, IO CIIOCTEPIraeThCs NpU
HHU3BKUX TeMIlepaTypax, 0OyMOBIEHa MinbKu Gopmoro
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npoGioOHUKA.

Bigznaunmo, 1110 MOHOKPHCTAIIYHAH Mo
(L1.21/ P300K ~ 104), SIKUH BUKOPHUCTOBYBaBCS B
EKCIIePUMEHTaX, MaB MEHIIY YHCTOTY Hbx W
(L1.21/ P300K ~ 106). Bukiunkane  muM  3MEHIICHHS

JTIOBKHHH BUTBHOTO TIPOOITy HOCI{B IPHU3BOAMIIO IO TOTO,
oo /I HaWTOBHOIMX IUIACTHH MOJIOACHY TIOJISIPHI
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miarpamu Oynu ONMTU3BKI IO 3aI€KHOCTEH ISl MAaCHBHOTO
MeTaity.

Ille onHOIO OOCTaBHMHOMO, IO 3aCIYrOBYE YBary, €
BIUIMB CTaHy IMOBEPXHi Ha 3aiexHocTi p(f). 30kpeMa, Ha
puc. 10 xpuBiii 1 BiamoBigae TOBEPXHsS IUIACTHUHH,

MOKpUTa IO HACHYCHHS IIapOM  ajcopOOBaHUX
3aJIMIIKOBUX Tra3iB, a KpUBA 2 3alucaHa Micias OYUIICHHS
NOBEPXHI ~ BUCOKOTEMIIEpaTypHMM  TPOrpiBOM B

Ha/IBUCOKOMY BakyyMi. TakuMm 4YHMHOM, IIpU HampsMKax
H, Gim3pkux 10 NapalelbHOTO 1 NEepIEeHANKYIISIPHOMY
noBepxHi, BennmyrnHa MO IUIaCTHHHM CHJIBHO 3aJIEKHTh
BiX craHy ii moBepxHi. BrumB ancop6mii miiBok Ha MO
mwractuH B ymoBax CCE i momepeunoro MO Oyne mie
obOroBoproBaticsa Hmkde. o ocoOmMBO  YHCTHX
MOHOKPHCTAITIB 1ei e()eKT HAMSICKpaBIIIe BUSBISETHCS B
moni H, mapanensHOMYy moBepxHi, 1 cxiagae 6ins 100%
BeIMYUHH BuxigHOro MO.

Ominka [ 1 p mis MoHokpuctamie W i Mo
BUKOHYBajacsi Ha OCHOBI PIiBHsSHHA (8) B NPHITyLIEHH]
HYJbOBOTO KOC(ilieHTa A3CPKATBHOCTI JJIsI HEOYHIIECHOT
noBepxHi: p=0. BemuuumHa oy, BUMIpIOBaacs B
excriepumenTi. Hanpuknan, s muactuan W 3 d = Imm
npu H = 10kE, Koyu moBepXHEBOIO IPOBIJHICTIO MOXHA

3HexTyBaTH, MO  CKIamaB Ok = 7><10'5 Om-cM.
OpneprkaHi 3HaYeHHS 1 [ 1 p UIA OYHIEHOI MMOBEPXHI
cknamgamu p=0,7-0,8, /=03mm g W 1 p=0,6, [=
0,3 mMm 17151 Mo.

Y  mepneHaumkymspHOMy — moBepxHi momi  H
aHayoriuauii 10 (8) BUpa3 Ans OWiHKHM KoedilieHTa p
3aMUCY€EThCS TaK:

LIS I
p:1 pliure pblulk ) (9)
p cont p bulk

TYT Pous Peont 1 Ppure BiANOBITHO MO MacuBHOI
wiactiad Ta MO TOHKOI IDTACTHHM IO 1 ITIC/A OYUIIEHHS
i moBepxHi. Bupas (9) e micTuth mapamerpa / i, Tomy €
HamiiHimmM HiK (8). YV mpunymenni p=0 s
HEOUYHMIIEHOI TIOBEpPXHi, 1 MPU BUKOPUCTAHHI BEIMYUHHU

Dot = 2,5%1000Mxem 111 W (010/prookc = 3.3x10%) i

Poulk = 4,1><10'7OM~CM it Mo (pa2x/P300x = 2,0><103),
Oynmu ofepXaHi 3HA4E€HHI p U1 ATOMHOYHCTHX
moBepxoHb: p = 0,8 st W i p=0,2 g Mo. st W mi
OLIIHKH JI00pe Y3rOJPKYIOThCS SIK Y MapajieinbHOMY, Tak 1
y nepHeHauKysipHoMy noBepxHi nosi H. Po3xomkenHs
B OLIHKax p UId MOHOKpHUCTaTy Mo, O4YeBHIHO,
00YMOBJIEHE SIK MEHIIIOI0 YHCTOTOIO KPUCTAIIA, IO TAKOXK
BU3HAYAE 1 CTAH aTOMHOYKCTOI TIOBEPXHi, TaK 1 BKJIaIOM
y Ipolec NPOBIAHOCTI IHMIMX y MopiBHAHHI 3 W rpyn
HOCIIB.

3.2. Ocumasiuii 3ouareiimepa

VY cxpemenux nomsix E 1 H Hocii ctpymy MoxyTh
pyxartucs 1O TBUHTOBIH TpaekTopii (puc. 6, TpaekTopis
3). YV pesymbraTi 3iTKHEHHS 3 TIOBEPXHCK Taka
TPAEKTOpist PYXy PpO3PHBAETHCS HA IEBHIM YacTHHI
BHUTKa, 5IKa 3aJISKHUTH BiJ HarpykeHocTi 1 Hanpsmky H ta
TOBLIMHM 3pa3ka. Skmo none H mae nepneHAuKyIsipHy
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JI0 TIOBEpXHi IUTACTHHH CKIAJOBY, TO MPH MOHOTOHHIH
3MiHi HanpyxeHocti H mopsii i3 MOHOTOHHOIO 3MiHOIO
MO cnocrepiratotbest 1 Horo  ocmwismii. Boxu
00yMOBIIEHI THM, IO 3CyB OCi TBHHTOBOI TpPaeKTOpii
HOCISl Y3ZI0BXX NMOBEPXHI, 1[0 BUHHUKAE MpH AU(DY3HOMY
MOBEPXHEBOMY PO3CIFOBaHHI, MEPIOIUYHO 3MIHIOETHCS 13
3miHoro HanpyxkeHocti H. Skmo H nmeprnenaukynsphe
MOBEPXHI IUIACTHHM, BEJIMYMHA 3CYBY OCI TpPaeKTopil
HOCIs 3MiHIOETBCS Big 0 g0 2ry. UMCIIO IiNMX BHTKIB
TpaexkTopiii Bu3Hauyae ckiagoBy MO, sika MOHOTOHHO
3MIHIOETBCSL.

Teopis [BOTO TaJFBAHOMATHITHOTO PO3MIPHOTO
SBHINA B TPHUIYIICHHI 130TPOIHOTO 3aKOHY IHCTIepCii
HOCIiB ymepmie Oyma po3pobieHa 3oHxareimepom [54].
Tomy edekr npuiinsiTo Ha3zuBatu epexToM 3oHAreNHMepa,
a ocuwLil KiHeTHYHHMX KoedilieHTiB, 30kpema MO
(abo mpoBigHOCTI), - ocyunsayismu 3onodeetimepa (03).

[epion O3 Bu3HAYAETHCS IPUPOCTOM HAIPYIKEHOCTI
H, HeoOXiaHMM [JIs 3MIHHM Ha OJUHULIO KIILKOCTI BUTKIB
TpaexkTopii HOCiA HpW #Horo pyci Bin oxHi€i NMOBepXHi
TUIACTHHH JI0 1HILON.

Y cymapHuii edexkt HaWOUTBMMKA BHECOK MAIOTh
NeBHI, BHUALICHI rpymu HociiB [I® i3 meBHUMH
3HAYEHHSAMH p,, IO BIANOBIJAIOTh MaKCHMaJIbHUM
rpynnaM 3 MakCUMaJbHUM (a3oBUM 00’€eMOM B
iMoyascHOMY mpocTtopi. Ilpm xBagparnmdHOMy 3aKOHI
nucnepeii  HOCIiB e Tpyod 3 MaKCHMAaJIbHOIO
MIBUAKICTIO B3JIOBXK HanpsMKy Bektopa H, ToOTO HOCIT,
SKi pO3TAIIOBYETHCSI B OKOJIMII OHNOPHUX To4YOK [1D.
[54]. Ocuwmnsuii, mnoB's3aHi 3  Li€I0  TPYIOL,
KIacuQiKyIoTh Ik O3 nepuioco muny.

I'ypeBuuem [55] Oyno nokasaHo, oo B MeTajax i3
ckianHoi [I® (ToOTO TpU MOBUTFHOMY 3aKOHI TUCTIEPCil)
MoxHBi O3 dpyeoeo muny. Y IbOMY BUIIAIKy HAKOUTBII
epextuBHIMA a1 O3 Takok € 1 TpymH HOCIIB, IO
pO3TaoBaHi MOOIN3y eKCTPEMAIBHOTO TIepeTUHy 0S/0p,
I1® nnouuHoO p, = const.

=95

ed\ Op,
JIe ¢ - WIBHIKICTh CBITIA, e - 3apsj CIEKTpoHa, d -
TOBIIMHA IDIACTUHH, S - Tuoma nepepizy 1P mromuHO0
p,=const. , p, - KBa3iiMIyJIbC EJIEKTPOHA Y3IOBXK
Hanpsmky H. Ockinmekn mepion O3 3anexuTh Bix
IMIOyJbCy, TO PI3HMM TpymaM HOCIIB i3 pi3HEMH p,
BiIMOBiAarOTh pi3Hi mepioan. Yepes nHakmagenns O3 i3
pisaumu nepiogamu no H, cymapui ocuusuii MO
MOXYTb 3Ma3yBaTHCSI.

JocuTh BenHKii rpymi HOCITB, IO 3HAXOAWUTHCS Ha
nacky takoro rnepepizy I1®, BigmoBimaioTh npuOIM3HO
onuakoBi mepiomm O3. ToMy ekcnepuMeHTaIbHO
BU3HA4eHI 3HaueHHs1 AH 1al0Th MOXXJIMBICTh BU3HAYUTH
TpyIly €JEeKTPOHIB, SIKi BiJIOBINAIOTH 3a BUHHWKHEHHS
edekTy. 3po3yMilio. IO IS [IOTO IIOBUHHA OYTH BiloMa
tomoorist [1® ganoro merany.

Axwo 8i00y8aromuvcs 9NEeKMPOHHO-0IPKOBL
nepekudanus, mo 6 pesymomami B3B O3 moocymo
BUHUKAMU HABIMb NPU 03ePKATLHOMY 8i00UBAHHI HOCIi8
MOBEPXHAMH Im1acTHHK [56]. Komu posciroBaHHsS HOCIiB
Ha MMOBEPXHI IIACTHHU He miikoMm audysue (g # 0), Te B
cnextpi O3 crmocTepiraroTbcsi TapMOHIKH, OOYMOBJIEHI

, (10)
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BHeckoM y MO HOCI1B, sKi Bimdynu qudy3He OBEpXHEBE
pO3CitOBaHHA Ticiia 0araTOKpaTHOTO  A3EPKAILHOTO
BimOMBaHHA. 30KpeMa, MOXIWBI ocuuwiarnii MO,
BHUKJIMKaHI THM, III0 HOCIi HAaOWpae Imijie 9ucio o0epTiB
TIIBKK B pe3yJIbTaTi AEKUIBKOX BINOUTKIB - kpamwui O3
[57,58]. Bmepuie Ha moxiuBicTh kpatHux O3 BkaszaB

Tonann [58]. Teopis KpaTHHX 03 JULst
IUIOCKOTIapaieNbHOi  IuIacTHU ~ Oyia  po3pobieHa
Ipimmanm  [57]. Li po3paXxyHKHM MOKa3ylOTh, IIO

aMIUTTyIM KpaTHUX TapMOHIK OCIMJIIOI0YOI YacTHHH,
MO, Binpi3HAIOTECS TIABKH HMOBIPHICTIO OJHO-, ABOX-,
TPpOX- 1 T.A. KPATHOTO TIPOXOIDKEHHS HOCIIB MiX
MOBEPXHAMH TaCTUHU. OKpEMUM BHUITAJIKOM € CUTYAIlis,
KOJIM OJIHA 3 TIOBEPXOHb IUIACTHHHM BiZOWBAE HOCI1
I3epKalbHO, a iHma — poscitoe audysno. Toxmi Hocii
MAaKThb MO)KJ'II/IBiCT]) HpOf/IITH TOBIIUHY IUIACTUHH J[IBa
pa3u, 1o e(peKTUBHO ‘‘301bLIye” TOBIIMHY IUIACTHHU
BJIBIUi.

Bignomenns ammityn KpatHux rapmoHik (®yp'e
komrnoHeHT) O3 3anexuTh TUIBKH BiJ KoedilieHTa
JI3EPKAIBHOCTI TTOBEPXHI 1 JOBXHHH BUIBHOTO TPOOIry
HociiB. Tomy kpatHuHii edekt 3oHATElMEpa MOXKHA
BUKOPHCTOBYBATH K METOJ JOCIIHKEHHS TOBEPXHEBOTO
pO3cifoBaHHS HOCIIB. BilmoBiqHO 10 TeOpeTHIHUX POoOIT
ITecuancwrkoro i CITiBpOOITHUKIB [15,16]
eKCIIepUMeHTabHe  AociimkeHHs O3 mnpu  pi3HHX
HanpsiMkax H BiAHOCHO TJIONUHHU TOBEPXHI J03BOJISIE
BU3HAYUTH 1HIAMKATpUCy (HMOBIPHICTH) pPO3CiIOBaHHS
HOCI1B onopHux To4ok I1®d, 30kpema, iHTEpBal KyTIB, y
SIKOMY BOHA ICTOTHO 3MIHIOETBCSI, @ TAKOXK 11 3aJIEKHICTh
BiX KyTa MaJiHHg HOCIIB Ha. TOBEPXHSI.
Excnepumentanero O3 mOCHiKYBaluics UL PSILY
MeTaniB 3 aHizoTporHoi [1® - Cd, Cu, Al Cr, W [59,60].
VY mux ekcnepuMenTtax crocrtepiramucs O3 i3 pisHUMH
nepionamu. ExcnepuMeHTanpHe BH3HAYCHHS (QYHKIIT
p(6) Oymo HempocTHUM 3aBOAHHSAM, OCKUIBKH BHUMAraio
PO3IUTIEHHS 3a JOMOMOTOK TapMOHIHHOTO aHawi3y
KpaTHUX TapMOHIK O3, BHKIMKAHUX PI3HUMH TpyHaMH
HOCIIB.

VY poboti [61] excepuMeHTaNBbHO TOCITIIKYBaBCS
edpexr 3onarelimMepa i miacThH W, OpIEHTOBaHUX Yy

rwronuHi (100) npu pi3HUX KyTax HAXWIy ¢ MarHiTHOrO
TOJISL IIIOJI0 HOpMaJi A0 moBepxHi n. Byno BcraHoBieHO,
mo ammiityza O3 MOHOTOHHO 3MEHIIYETHCA 13
30UTBIIICHHAM @, a Tepiox OCHIAIIH AH 3MIHIOETHCA
ckiaamauM yuHOM. [lo BenmmuwHi AH aBTOpPH BU3HAYAIH
KpUBHU3HY 3aMKHYTHX dacTuH [1® Bonbdpamy ry = 1/27(
0S/ok,), k,=p,/h npoBommwmu 1i TOpIBHAHHA 3
PO3paxOBaHUMK 3HAYCHHSMH, OTPHUMAHMMHU 3 MOJEINI
[1®, mobymoBanoi 3a naHMMH BEMIpiB edekTy me-I'aaza—
BaH-Asbdena [62].

Kparnmii edexr 3onareiimepa OyB BHKOPHUCTAHHI
aBTOpaMI/I K METOJ BHU3HAQUCHHS JOBXWHU BiJ'II)HOFO
npoOiry HociiB B 00’emi Mmeranmy, KoediuieHTa
JI3EPKaIbHOCTI BUJAUIEHUX TPYyIl HOCIiB CTPyMYy, ¥ TOMY
9guchai ISl [JIACTHH, TOKPHUTHUX — aJcOpOOBaHUMH
wtiBkamu [57,63]. 3amexHicTs nepiony O3 BiJl TOBIIUHH
IUTACTHHH ~ OyJla TOKJIaJiecHa B  OCHOBY  METOJY
mociimkenHs augys3ii  amcopOoBaHMX Ha  IOBEPXHI
YAaCTHHOK B 00’ €M MeTalla-TiaKIaaku [64].

3.3. Enextponne ¢poxycyBaHHs

Edexr ¢oxycyBaHHS HOCIiB CTpyMy 3OBHIIIHIM
MarHiTHIM mtofieM H OyB mepen6auennit [lapBinum [65].
[lin #oro kepiBHMOTBOM OyJO BHepIIe 3OifICHEHO
eKCIIEpUMEHTAIIbHE  JTOCHIDKEHHS ~ 100062IcHb020 (B
Hanpsimey H) enexrponnoro ¢okycysanus (ED) [66].
Teopist nonepeunozo E® B nomi Buknazena B [67]. Le
sBulie Oyno Bukopuctane [loem s BUBUEHHS
MOBEPXHEBOI'O PO3CIIOBaHHS HOCIIB CTpyMy B psii
MeTaliB — BicmyTy [68,69,70,71], mimi [72], cypmu [73] i
BoNb(pamy [74], muB. Takox orysx [75].

CxeMma ekcniepuMeHTy [68] mokazana Ha puc. 11. o
MOHOKPHCTAIIYHOI ITacTUHH Bi (M) mpuKpirumtoBamucs
mBa Bictpst B i C — BiONOBIOHO eMiTep 1 KOJIEKTOP.
BumMiproBanacs pizHunsg noteHnianiB U MiXK KOHTaKTOM
C i nepudepiiinoto Toukor 3paska. Hampyxenicts H
MOJKHa OyJI0 3MiHIOBAaTH, a HOTO HANPSIMOK - 00epTaTH B
IJIONIUHI TJIACTMHU. 3pocTaHHS H TPU3BOAUTH 10
HEMOHOTOHHOT 3MiHuM Benuuunnun U(H)  (puc 12).
[MocninoBHicTe mikiB Ha kpuBid U(H) crocrepiraerbcs

\

A

©

Puc. 11. Cxema ekcriepuMeHTy, y SIKOMY criocTepiranacs nonepegyde EQD HOCIiB B IITaCcTHHI IPOBIAHUKA.
[okazaHo knacu4Hi TpaekTopii pyXy HOCIIB 1pH pi3Hiil HanpyxeHocTi H [76].
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0 10 20 30 40 50
Puc. 12. 3anexnicte Hanpyru U Mk swmitepoMm i
KOJIEKTOpOM IpH roriepeuHoMy E® B 3anexnocti Bix
HanpyxeHocti H (BepxHst xpuBa). HikHs kpuBa
oJiep;KaHa IIpy NpoTuiieskHoMy HarpsaMky H [76].

mpu  KpatHuX H* BenmnunHax. BUWHHKHEHHS TIKiB
BHUKITUKAHO J3€PKATBHUM BiIOWBaHHSIM €JEKTPOHIB, IO
3IIITOBXYIOTBCS 3 TMOBEPXHEIO 3pa3ka Mg KyToM,
omm3bkuM g0 90 rpamyciB. XiMmidHe TpaBICHHS
MPU3BOJUIIO IO TOCWJICHHS JU(Y3HOrO PO3CIIOBAaHHS 1
pI3KOro 3MEHIIEHHS aMIUNTYId IMIiKiB OpU 3POCTaHHI
HOMepa 0co0auBoCTI. TakuM YUHOM, OCHOBHOIO YMOBOIO
iCHyBaHHS MiKiB Npu KpaTHUX H € J3epKalibHICTh
BiZIOMBaHHs HOCIiB. Y NPUIyILIEHH], 0 aMILTTyJa 71-I'0
Ky MOB'sI3aHa 3 aMILIITy 1010 NIEPIIOro

CIIBBiJHOIICHHIM A,,:Alp(”'l) (» - xoedimieHT
J3EPKANBHOCTI), Uil TOBepxHi Bi Oyma orpumana
BennunHa p = 0,75 [68]. Ilpm 3mini Hampsimky H Ha
MPOTUIICKHUI 3MIHIOETBCS 1 HANpSIMOK PyXy HOCIiB,
eMmiToBaHMX i3 KoHTakTy B. Hocii pyxatorecs B
NPOTUIISKHOMY Bin Kojekropa C HampsMKy 1 edexT
(okycyBaHHS 3HUKAE (IUB. HIKHIO KPUBY pHC. 12).

Puc. 13 nemonctpye BB b3B Ha ¢okycyBanHs
HociiB  crpymy [74]. Tinorermuna wmogpens 1D
CKJIaJIA€THCS 3 TPHOX YACTHH - TBOX eNEKTPOoHHHX - [ 1 II,
i omniei gipkosoi - III. Hocii BUX0msTh i3 emiTepa B TOYIII
A KOOpAMHATHOTO MPOCTOPY 1 MAalOTh CTaH, MI0
xapakrepusyerscsi kpankoro A’ mHa II®D. Hocii, mpo
BiMOWIINCA BiZl TOBEPXHI B TOYII B KOOPAWHATHOTO
MIPOCTOPY, epexoaars y cTaH B’ Ha [1® B iMmynmscHOMY
mpocTopi. ITicis A3epKanbHOrO BiIOMBAaHHS Bif MOBEPXHI
HOCii cTpyMy MOXyTh Tmiepeiitu B Touku A’ , E' i K' Ha
[®, mo Bianosinae ¢okycysanuo B Touku C, £ i K
KOOpIMHATHOro mpocropy. Ilpouiecu poscitoBaHHS B
toukn E' 1 K' ma II® npu3BoAaATs 10 3MEHIICHHS
ammonityaqu  apyroi  siHii  ED, skmo  konekrop
BCTaHOBJICHUH y Touii C 1 MOsBI J0AATKOBHX JiHIH ED
npu neBHii BennunHi H, SKI10 KojeKTOp po3TanioBaHuit
y Toukax E abo K.

CrodaTky eKCHepUMEHTANbHI JociimkenHs E®d
BUKOHYBaJMCSl 0€3 3acTOCYBaHHS BaKyyMHOI TEXHIKH
JUISL €JIEKTPOIIOIPOBAaHUX MOHOKPUCTATIYHUX IIIACTHH
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Puc. 13. Bumus b3B Ha mnonepeune E® (nus.
MTOSICHEHHSI B TEKCTi) [74].

MeTaliB, SKI MiJ Yac EKCHEPUMEHTY OyJIH TIOKPHUTI
[IapoOM OKHUCIIB 1 ajacopOoBaHux momimok. Ha Takux
MOBEPXHSAX BUMIPIOBAaBCS MapaMerp p IS PI3HUX Ipyn
HOCIIB, BIIPI3HSJINCS BEIMYUHOIO IMITYJIbCY (JOBXKHHOIO
xBWIl  Je-bpoins) 1 HMOBIPHICTIO  MIKZOJMHHUX
TIepexoIiB, IIPH HOPMAaTbHOMY TaJiHHI Ha OIHIN 1 Tiif ke
IUISHIT TIOBEPXHI KPUCTATY.

B [77] Bmepme Oymu TpoBeAEHi TOCHTIHKEHHS
meronamu CCE i E® in situ B ymoBax Haosucoxozo
sakyymy. JlOCHiKyBasocsi po3CilOBaHHSI HOCIIB CTpyMy
Ha TOBEPXHI BOJb(paMy, BHBYAIUCA AMOMHOUUCTHI |
nokpumi - adcopoosaHuMU  YACMUHKAMYU — TIACTUHH
W(110) i W(100). PesynpTatd NHUX EKCICPUMECHTIB
HaBeJieHi B Tabi. 1. BoHM miATBEpKYIOTH SIK OCHOBHI
BHUCHOBKHM TeOpil IOBEPXHEBOTO PpO3CIIOBAHHS HOCIIB
ctpymy [9,10] Tak 1 exkcnepuMeHTalbHI pe3yJbTaTH,
OTpUMaHi HAaMH METOJOM CTaTHYHOIO CKiH-€(eKTy
[42,53,78].

I11.4. Bucoxo4acToTHi po3MipHi
rajbBaHOMACHITHI ABHMIIA

BucokouacToTHi  BIAaCTHMBOCTI  MeTally  IUJIKOM
BHU3HAYAIOTHCS HOr0 MOBEPXHEBUM immenaHcoMm Z = R -
iX, 1mo 3amac 3B'I30K MDK TaHIeHIaJbHUMH
KOMIIOHEHTaMH Harpy>XeHOCTi nepeMiHHUX
€JIEKTPOMArHiTHUX MOJIB Ha MOBEepXHi. MHUMa YacTHHA
MOBEPXHEBOr0  IMIeJaHcy X  BHU3HAYAE  CHEPTIIO
Paaiov4acTOTHOTO IOJIA, 3aIaceHy B MeTai, a JiicHa R -
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Taoauuns 1.
KoedirienT 13epkabHOCTI TOBEPXHEBOTO PO3CIIOBaHHA Pi3HHUX rpyn HOciiB [1D,
oTpuMaHi MeTooM ronepeyHoi ED [77].
Pamo,\motmcma P3 domiwkamu qaCTHHa H®
A A
[Touwmna (110)
10,5 0,6+0,1 0 JipkoBuii okTaeap
13,5 0,6+0,1 0 EnextpoHHuii Bajiet
23 0,6+0,1 0,28+0,05 Enexrponuuii cepoin
51 0,6+0,1 0,5+0,05 JipkoBuii enincoin
[Tnommuna (100)
5,7 0 EnextponHuii Baner
8,2 0 JipkoBuii okTaeap
26 0,25+0,05 Enexrponuuii cepoin
0 0,7+0,1 JipkoBuii enincoin

MIBUJIKICTh TUCHIIAI] eHepril. Bemmunman R 1 X mMoxHa
BU3HAYUTH EKCIIEPUMEHTAIbHO, MIPSIOUM aMIUITyay i
(a3y xBuii, BIIOUTOI B/l TOBEPXHi.

Y BiICYTHOCTI 30BHIITHHOTO MOCTIHHOTO MarHiTHOTO
T0JIsl 3MiHHE €JIEKTPOMArHiTHe 1o0Jje 3 4acTOTOW @ < @,
(@, — NIa3MoBa YacTOTa; BEJIMYMHA SAKOI JJIs TUIIOBUX
meraniB 6ins 10'°I') 3aracae Ha xapakTepHiit Bincrani &
Bil TOBEpXHI MeTamy. 3aleXHICTh IMIIEJaHcy Bix
YacTOTH, TEMIIEpPaTypd ¥ IHIIMX ITapaMeTpiB iCTOTHO
pi3Ha B IBOX TPAaHUYHHX BHIIAJKaX: HOPMaJbHUH CKiH-
epext (0>>1) 1 aHoManpHUH CcKiH-epekT (0</), [ -
CcepedHs IOBXKHMHA BIIBHOTO IPOOITY HOCIIB CTpyMy B
MeTani. B ymoBax HOpMampHOTO CKiH-e(eKTy 3B'S30K
MK TYCTHHOIO €JIEKTPHYHOTO CTPYMY j 1 CIEeKTpHIHHM
HIOJIEMO MOJKHa BB@)KaTH JIOKAIBHOIO 1 KOPHCTYBATHCS
3akoHoM Owma B 3BuYaiiHii ¢opmi j=oE. YV upomy
BUIIAJIKY MOJIE CIaJa€e 3a eKCIIOHEHIIAIbHIM 3aKOHOM Ha
XapakTepHii BiZCTaHI 8= (*2n a;o-o)” 2 i
Z,=(naloyc®)"!(1 - i), ne oy — NPOBIAHICTE MACHBHOTO
MeTaiy, ¢ - NIBUAKICTh CBITJIa y BakyyMi. SIKII0 3pa3ox
Mae KiHLEeBY TOBLIMHY d > J, TO B cuily 0>> 1] Xapakrep
MOBEPXHEBOI'O PO3CIIOBaHHS HE BIUIMBAE Ha IMIIENIAHC.
[lpu aHOManbHOMY  CKIiH-€)EKTI CTa€  iCTOTHOIO
npocTopoBa Jucrepcist i 3B'30k MK j 1 E He €
nokanbHuM. OIHOYHI BHpa3W Uil  iMIenancy Z, i
TOBLIMHY CKIH-LIAPY O, MOKHA OZepKatu 3 GopMyJT Juist
HOPMAJIBHOTO  CKiH-e(DeKTy, SKIIO  CKOPHCTaTHCS
KoHIemiero "HeeekTHBHOCTI". BinmoBimHo 10 mi€i
KOHIICTIIIil OCHOBHHH BHECOK y TIIPOBITHICTH BHOCSTH
HOCIi, 0 PyXarTbCsA B CKiH-MIapi Maibke TMapajesHO
noBepxHi. OOyMOBIE€HAa IIMMH HOCISIMH TIPOBiTHICTH
owr=aoy/l, a~1[79]. Toxi &, = (3/2)"*(Cl/dnaway,” i
Z,= (ana)zl/ac4ao)l/ 3. Tounuii po3paxyHok [80] mokasye,
mo Koe(imieHT a He3HAYHO 3MIHIOETHCS TPH MEPEXOii
BiJl I3epKaJbHOIO BiIOMBAHHS HOCIIB 10 quy3HOTO, TaK
mo  ZyflZype.=9/8. Takum dYmHOM, 1 B yMOBax
AHOMAJIBHOTO CKIH-€()eKTY XapakTep IOBEPXHEBOTO
PO3CilOBaHHSI HE Ma€ ICTOTHOTO BIUIMBY Ha IPOBIJHICTb.
BianosinHo o [81], nobGaBka 10 iMIenaHcy, BUKIMKaHa
Iudy3HICTIO pO3CiIOBaHHS HA TOBEpXHi, MaKCUMaJIbHA B
NPOMDKHIA o0JiacTi MK HOPMQJIBHMM 1 TpaHUYHO
AQHOMAJIBHUM CKiH-€(DeKTOM.

VY KOMIICHCOBaHOMY MeTalli, 10 SKOTO IMPUKIIAICHO
30BHIIIHE TOCTiiiHe MarHiTHe Tone H, mpw BHKOHaHHI
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YMOB 1y << 0<</ MOXE€ CIOCTEpiraTucs HOBHH,
"moBepxHeBuil"  Tum  ckiH-epekry  [82,83], mo
BiJIPi3HSAETHCS SIK BiJI HOPMAIBHOTO, TaK i aHOMAIBHOTO.
VYV 11pOMy BHIIAJIKY €JIIEKTPHYHE IOJIC 1 CTPYM 3aracaroTh
HAa Pi3HIN 32 MOPSAKOM BEIHYHHH BiJICTaHI Bill IIOBEPXHI.
[Ipu icHyBaHHI TOBEPXHEBOTO CKiH-€(PEKTY BUKOHYETHCS
yMoBa 0, <<rg << ¢, lleii edekr mae Ty x ¢i3uuHy
MPHUPOLY, WO 1 craTmyHMiA cKiH-eekt. Tomy xapakrtep
B3a€MOJIii HOCIIB i3 TOBEPXHEIO ICTOTHO BIUIMBAE Ha
iMIenanc Z MeTaiy i Ha Horo 3ajexHicTs Big Hi ¢
3MiHa XapakTepy pyxy HOCIiB CTPyMy B IIOCTIHHOMY
moni H Moxe BuKIMKaTH W anomanvHy "nposopicms”
Memany Uil €IeKTPOMArHiTHOrO BHITPOMIHIOBaHHS 3
4acToTol @ < @,. Ilopsax i3 CKIHOBOK KOMIIOHEHTOO
€JICKTPOMArHiTHOTO TIOJIs, sIKa CHIIBHO 3aracae, BUHUKAE 1
nmobaBka, 1m0 3aracac ciabo. Skmio IacTMHa Mae
TOBIIUHY MCHINY MOOBXHWHH 3aracaHHs HpOHI/IKaIO'-Ii
KOMITOHEHTH, TO 3aJIeXkHICTh Z Bijg H cTae oCIHITIOI0YOIO.
Egexmu, wo cnpuyunstoms anomaneHy nposopicme
Memanié Ha padiouacmomax, YMOGHO NiOpO30LIsIOmMbCs
Ha 08I 2pynu: pe30HAHCHI 30V04CeHH 3NeKMPOHHO-

dipkogoi’ naazmu Memany (crabozazacaroui
enexmpomaeHimui  xeuni) [84-86] i  mpaexmopki,
oonouacmrosi egpexmu [87].

[lommpenHs  XBWIb, IO 3aracaroTh ciado, y

MeTanax MOXXJIMBO TUIBKH MPU HU3BKUX TEMIIEpaTypax.
BoHo  0OyMOBIEHO  PE30HAHCHUM  XapakTepoM
MOTJIMHAHHS HOCISIMH €HEpril eJIeKTPOMarHiTHOTO 110JIst B
npucyTHiCTh moctiiiHoro monst H. HasBHicTe piskux
MaKCHMYMIB IIOTJIMHAHHS BUKJIHMKAE CHIIBHY IUCIIEPCiIO
JICIEKTPUYHOI TPOHUKHOCTI MOONM3y pe3oHaHcy. Y
pe3ynbrari, MdieNeKTpUYHa HPOHUKHICTH CTae B
OCHOBHOMY [JIMCHOIO BEJIMYMHOIO TIO3UTHBHOIO MO OJHY
0ik Big pe3onaHcy. Lle 3a0e3nedye HEOOXiTHY YMOBY LIS
TIOITUPEHHs XBUIIL, II0 3aracae ciado. JJo TenepimHboro
gacy BIIOMO IEKiUTbKa THIIIB TAaKWX XBWJIb: TEIKOHH,
aTb(PBEHIBChKI, UWKIOTPOHHI 1  CIIHOBI  XBWII,
noruieponu [85,86].

depmieBCbKEe BHUPOKEHHsI IIa3MHU HOCIIB CTpyMy
METaJIiB CTBOPIOE YMOBY JUIS IUKJIOTPOHHOTO PE30HAHCY,
4acTOTa KOTPOTO IiCTOTHO 3CYHYTa BHACIIZOK e(deKTy
Jomutepa. YMoBa  BHHHMKHEHHS  JOIIEP-3CYHYTOTO
IUKJIOTPOHHOTO pe3oHaHcy: @ - Kvp = @,. HasBHicTb
IBOTO PE30HAHCY 0OMEKYy€e 00JIACTh ICHYBaHHSI TeIiKOHA
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3 00Ky CIabWX IOJIIB i CIIPUYMHSE MOSIBY HOBOT MOJIH, IO
MOLIMPIOETHCS - JOIUIEpOHa. [IpUHIMIIOBA MOXIUBICTH
iCHyBaHHsI JIOIUIEPOHIB Oyia mnependaveHa st JTy>KHHX
Metamis B [88,89]. Bmepine eKCHEpHMEHTAIBHO
JoruiepoHu Oynu BusiBieHi B kaamii [90,91]. OcobmuBo
CWIBHO JOIUIEP-3CYHYTUH LMKIOTPOHHUM PpPE30HAHC
BUABJIAETBCA B KOMIICHCOBAHMX MCETAJIaX, Yy SAKUX
TENIIKOHBI BiJICYTHI BHACHIJOK KOMIICHCAIl XOJIOBCKOL
MPOBIHOCTI  eJIEKTpOHIB 1  mipok.  BmactuBocri
JIOIUICPOHIB BU3HAYAIOTHCS MaJIMMU IPyNaMH €JICKTPOHIB
[I® - HociamMu omopHOi TOYKH abo0 TEpPEeTHHIB 13
MOCTIHHUM 200 eKCTpEeMallbHUM 3HA4YCHHSIM OS/Opy.
JloBMHA iXHBOTO 3aracaHHs B CHJIBHUX MOJSAX OJNM3bKa
O IOBXWHH BUIBHOTO TIPOOITy pe30HaHCHUX HOCIIB.
XBUILOBUH BEKTOP JOIIEPOHA 3MIHIOEThCS 3 pocToM H,
NPSAMYIOUH JI0 CBOIO TPAHHYHOTO 3HaueHHS Ay = (Us) .
e Buximkae Maibke MepiogWyHi MO MAarHITHOMY IIOJIIO
ocumALii imnenancy ToHKoi (d < /) mmacTuHU.

Ha MOXJIMBICTH  TPaeKTOPHOTO  MPOHUKHEHHS
eﬂeKTpOMaFHiTHOFO 110JIA B MeETall B yMoOBax
UKJIOTPOHHOTO PEe30HAaHCy Oyyo BKkaszaHo B [92,93]. ¥V
HEPE30HAHCHUX YMOBax TMOMIOHMHA edeKT, ymeprie
BusBIcHUN y [94], omepkaB Ha3By paaioYacTOTHOTO
po3mipHoro edekty I'anTmaxepa. Bimomi Takox i iHImi
PI3HOBUIM  TPAeKTOPHUX  €QEeKTiB  aHOMAaIBHOTO
MpoHUKHEeHHs [87], cepen SKHX BiA3HAYNMO eQeKT
laatmaxepa-Kanepa [95], mo BHHHKae B MarHiTHOMY
10111, IePIEHANKYIIPHOMY TTOBepXHi. BiH 00yMoBieHmiA
JOTUIeP-3CYHYTUM LUKIOTPOHHHM pPE30HAHCOM HOCIiB 3
eKCTpeMabHIM 3CYBOM. Y IIbOMY BHIIAAKY IPOHHUKAIOYa
KOMIIOHCHTa CJIEKTPOMArHITHOTO TOJIE  OOYyMOBIIIOE
KBa3IrapMOHIYHI OCIHWIALIT MOBEPXHEBOTO IMIICAAHCY
TOHKOI IJIACTHHH 3 THM JK€ MEPiOa0M, IO ¥ OCIMISIIT
onnareiimepa.

[Ipn anamizi BIJIMBY ITOBEPXHEBOTO PO3CIIOBaHHS
HOCI{B Ha IMITeJaHC IDIACTUHH KOMIIEHCOBAHOTO METaIy
31 cpepuunoro 1P y momi H, mepneHmukynspHoMy ii
MMOBEpXHi, MOBTHH dYac TEOPETUKHA OOMEKYBaJHCS
posrisaaoM HaWmpocTimoi (i3 MOTsay MaTeMaTHKN)

Z(H)=Z,(H)+Z

0sc

Skmio ocuwiAlii Mayi, BUpa3 Ui OCIHIIIOIOYOT
YaCTHHU IMIIEJIaHCa CIIPOLYETHCS:
2
Zosc (H) ~ ZP (H)eosc (H) . (12)
OOunBa CHIBMHOKHUKM B TpaBid dactmHi (12)
3aJeKaTh BiJl XapaKTepy ITOBEPXHEBOTO PO3CIIOBAHHS

HociiB. Y HabmmwkeHHi @Dykca @I  3aJEKHICTH
BpPaxOBY€EThCS 3a JIONIOMOIOK €JMHOTO IapaMerpa -
KoedillieHTa  O3€PKAJBHOCTI  p, M0  BBAKAETHCS

OJHAKOBMM JJIs BCIX HOCIiB, IO B3aEMOMIIOTH 13
nosepxHeto [102,105]. BigzHauumo mpoTe, 110 IJIaBHA
YacTHHA IMIIelaHCy Zp BU3HAYa€ThCs BciMa Hocisimu [1D
1 3ameKdTh Bi  ycepemHeHOro  (IHTErpajbHOTO)
rapamerpa A3epKajbHOCTI p. OCHMIIOIOYMHA MHOXHHUK
€osc ~ OOYMOBIIEHMH  TIPOHMKAIOYMMH B MeTall
KOMITIOHEHTAaMH  €JIEKTPOMAarHiTHOro  Mojsi,  WIO
(hopMyrOTECS BHIOUIEHUMH Tpymamu HociiB. Tomy BiH

(H)=Z, (H)+
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3amav4i  Opo  TOBHICTIO  J3¢pKallbHE  BigOWBaHHS.
Baaxasocst, 1o BpaxyBaHHsI 1U(pY3HOCTI HE PU3BOIUTH
JI0 ICTOTHOI 3MIHHM Pe3yJbTaTiB po3paxyHKiB [92-96,97].
Takox BBaXKaynock, 10 MPU HEPEXOl BiJl I3epKalbHOIO
n0 audy3HOro PO3CIFOBAHHS €IMHOK MPUHIUIIOBOIO
BIAMIHHICTIO €  3MiHa  XapakTepy  HOBEIiHKH
MOBEPXHEBOTO IMITEAAHCY MOOJU3y MOpora JOIUIepOoHa.
[92,97-99]. Ioganemuii pO3BUTOK TEOPii, IO BPaxXOBYE
TuQy3He PO3CifOBaHH, CTHMYJTFOBATIOCS
CKCIICPUMCHTATBHUMY  JIOCIIDKCHHSIMU,  PE3yJIbTaTH
SKUX po3XoAwincs 3 nependadeHasmu Teopii [100,101].
[TapagokcanpHO, ane mpu OUPY3HOMY pO3CIIOBaHHI B
CIWIIy TOpyWeHHs cuMeTpii QopMu  TpaekTopii
MiUTITAI0YNX A0 TOBEPXHi 1 PO3CISTHUX HOCIIB y Mekax
AQHOMAJIBHOTO CKiH-Iapy BinOyBaeThCs 61
e(eKTUBHE HIX IPH J3ePKalIbHOMY BiJOMBaHHI IXHS
B3aEMOJiII 3  CICKTPUYHHAM  TOJIEM  CKIHYKOYOi
€JICKTPOMArHUTHOT XBWJIl, BHACIIOK YOT0 aMILITYyna
JoriepoHa i kommoHeHTa ['aHTMaxepa-Kanepa ictoTHO
3pOCTAIOTh, @ TAKOXK 3MIHIOETHCS 3aJeKHICTh Z Bin H. Y
[102] posrisiHyTa Teopis IMIENaHCY KOMIIEHCOBaHOTO
Metamy 3 I[I® Tumy '"rodpoBaHmit wwmiHAP" TpH
JOBUTFHOMY 3Ha4deHHi p. Bigmosimao mo [102,103,104]
3MCHIICHHS aMIUTITyOd OCHWIALINA TpH Tepexoni o
J3EPKAIbHOTO BIiAOWBaHHS IIOB'I3aHO HE TUIBKH 3
MOJIYJIAIIE€I0 TOJNS  CKiH-IIapy  JOIUIEPOHOM, IO
pyxaeTscsi, ame 1 3 BUHUKHEHHSM  OCIIHJISIINA
MOBEPXHEBOTO CTPYMY, BUKJIMKAHOTO PaaiOuacTOTHUM
aHaiorom edekry 3onareiimepa. Byino mokaszaHo, mio
30UIBIICHHS  /3€PKaJIbHOCTI  PO3CIIOBaHHS  3MEHILYE
aMmmmiTyay ocmumorouoi wactuan y (1 -p)? pasis i
MPHU3BOJNTE 1O TMOSIBM KpPaTHUX TapMOHIK B CIEKTpi
MOIDICPOHHUX OCHWIALINA 1 ocmwmniii ['aHTMaxepa-
Kanepa.

[lincymoByI0o4UM Big3HAYMMO, IO ITOBEPXHEBHI
imnenanc Z(H) miacTMHU KOMIIEHCOBAHOTO MeETaly 3
JI0BUIBEHOIO (hopMmoro TIP B 001aCTi CHIBHUX MarHITHHX
MOJIIB MOXKHA MPEACTABUTH Y BHII CYMH OCLHUILIIOIOYOT
YaCTHHU 1 YACTHUHH, IO 3MIHIOETHCS MOBITIBHO:

2
ZP (H)eosc (H) (11)
1+Z,(H)e,, (H)
3aMeKUTh Bl audepeHIiabHOoro  KoedimieHTa
J3EPKANBHOCTI  py, , IO XapaKTepH3ye IIOBEPXHEBE

pO3CilOBaHHS BHJIUIEHOT I'pymd HOCIiB. TakuM YMHOM
OCLIMITIOI0YA YacTHHA IMIIEAaHCY METaleBOi IIaCTHHHU
3alIeKUTh, IPUHAWMHI, BiJl IBOX IapaMeTpiB p i py, IO

XapaKTepU3yIOTh PO3CIIOBaHHA HOCIIB CTpyMy Ha
MTOBEPXHI:
Zosc(H)zZ;(p’H)eosc(pd’H)' (13)
ExcniepuMmeHTanbHi  JOCHIMHKEHHS  IIOBEPXHEBOTO
iMIe1aHcy MeTaliB y MarHiTHOMY IO,
HNEPIEHANKYJSIPHOMY IOBEpXHI, BHKOHyBalHCS IS
3paskiB  Bi  [106], Sn [100,107], Cd [9091,

98,99,108,109,110], In [97,111,112], Cu [113,114], Al
[92,114], Ag [114,115], W[104,108,109,116-122], Mo
[121-127]. Zn [127,128].
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IV. KoHceTpyKIlist eKCliepuMeHTAIbLHUX
BAKYYMHHUX NPUJIATIB

[epmi  exciepuMeHTH, y  SKMX  BHBYaJIHCS
rajJbBaHOMArHiTHI PO3MIpHI siBUIA, OyJIM BHUKOHAHI Y
BiIIASSHAX ~aMmIyJiax 3 MONiOACHOBOTO CKIla, SKi
3aHYPIOBAJIMCS B KPIOCTAT 3 PIAKMM TelieM 1 MICTHIN
€KCIIepUMEHTAIIbHU I 3pas3oK. Hapani
BUKOPHCTOBYBAJINCS JBa OCHOBHHX TUIA
eKCIePUMEHTANBHUX BaKyyMHHX TpriiafiB. OauH i3 HUX
00'ennyBaB metoauky JI1E i MeTonuky, 3acHOBaHy Ha

CCE i/a6o Bumipi nonepeusoro MO. [Ipyruii pi3HOBH]
npuiiaay o0’ €IHyBaB METOJMKH, 1110 6a3ytoThest Ha CCE,
nmornepeuHomy MO  i/abo 03. CxemMu THIOBUX
CKCIIepUMEHTAJIbHIX BaKyyMHHX MPHIAJAIB MMOKa3aHi Ha
puc. 14 1 puc. 15.

Puc. 14. CxemaTryHe 300pakeHHS €KCIIEPUMEHTAIHFHOT0 HAJBUCOKOBAKYYMHOTO IPHIIAALY, IO TIOEAHYE METO/
cratnyHoro ckin-edexty 1 JAIE: 1 - ckisHuit 6anoH, 2 - refieBui Kpiocrar, 3 - TaTYUKU THCKY, 4 -BHYTPILIHI 3ac00U
BiJIKaukH, 5.6 - ;pkepena agcopoary, 7 - eJIeKTpoHHa rapMarta, 8 - citku i ekpan cucremu [II1E,

9 - 3pa3ok, 10 - Tepmonapa. [lepepiz 4-4 nokasye ¢popmy i geTaini MOHTaxy 3paska [129].
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Puc. 15. CxemaruuHe 300paXeHHsI €KCIIEPUMEHTAIBHOTO Ha/IBUCOKOBAKYYMHOTO IIPHJIaLy AJIsl JOCHIIIKEHb
METOJIaMH CTaTHYHOTO CKHH-eekTy i/abo O3: 1 - 3pa3ok, 2 - MBUAKOAIIOUYNI BaKyyMHHH 3aTBOP, 3 - KOTYILKA
KepyBaHHS 3aTBOPOM, 4 - BHYTpIllIHI 3aC00U BiJIKAUKH, 5 - JUKepena ancopoary, 6 - HaanpoBiAHUNA MarHit 7 -
resieBuii kpiiocrar, 8 - narunku Tucky. [lepetun 4-4 nokasye gopmy i gerani MoHTaxy 3paska [130].

V. EJIeKTpOHHO-AIPKOBI epeKnIaAHHSA
NP PO3CilOBaHHI HOCIIB CTPyMy Ha
azcopOdOBaHUX CYOMOHOIIAPOBHUX
IUTIBKAX

Y  mifi  ThmaBi  poO3MIANAIOTBECA  Pe3yIbTATH
eKCIICPUMEHTANBHUX JOCTI/PKEHb BIUIMBY CTPYKTYpH
azcopObOBaHMX  CYOMOHOLIAPOBUX  IUIIBOK  PI3HOTO
xiMigHOTO cKiany Ha MO TOHKHX IUIACTHH BOJb(pamy,
IO 3HAXOIAITHCS B YMOBAaX CTaTHYHOTO CKiH-edexTy. Y
UX EKCIIEPUMEHTaX, BHKOHAHMX aBTOpaMH 1 IXHIMH
Kojieramy, OyJO  BCT@QHOBJIIEHO, IO  XapakTep
TIOBEPXHEBOTO PO3CIIOBaHHS HOCIIB CTPyMY, T'OJOBHHM
YMHOM, BH3HAYAETBCS  CHMETpielo  ajcopOoBaHOi
CyOMOHOIIIAPOBOI ILTIBKK, MO KOHTPOIOBANACS in Situ
metogoM JIIE. Takox Oyno miarBepmkeHo, mo B MO
JOMIHYFOUMi BHECOK BHOCHTH ITOBEPXHEBE PO3CIIOBaHHS,
1o CYIPOBOIXKYETHCS €NeKTPOHHO-IPKOBUMH
NIePEKUAAHHAMH.

5.1. O/(110)W

Hanopomrennss kucHio Ha moBepxHio W(110) mpu
T, =4,2K He IpUBOIUTH IO YIIOPAAKYBAaHHS aacopbary B
CyOMOHOIIApOBOMY  iHTepBaili KoHUeHTpamid [131].
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3anexuicte MO Bixg 4yacy ekcrno3uuii B armocdepi
kucHIO p(f) mpu T, =4,2K, mo moka3ana Ha puc. 16 €
MmonomonHoro. Bona BinmOuBae 3poctaHHs An(Y3HOCTI
MTOBEPXHEBOTO pO3CitOBaHHS mpu 301IBIICHHI
KOHLIEHTpALil HEyIopsAKOBaHOro ajcopbary. AHaii3
nokaszye, MO BiacyTHicTh 3MeHueHHs MO npu
KOHIICHTPAI[IAX OJM3BKUX O MOHOIIAPY CBIAYUTH PO
HEJIOCSHKHICTH MOHOIIAPOBOI'O MOKPUTTS PU HU3bKUX T
yepe3 3MEHIICHHS MIBUAKOCTI KOHeH caIil kucHo [131].
Bignman amcopOoBaHMX IUTIBOK BHKJIHMKA€ YTBOPEHHS
YIOPSAAKOBAHUX CTPYKTYp ajacopOary, mo KapIHHAILHO
3MIHIOIOTh XapakKTep IOBEPXHEBOTO pO3CIIOBAHHSA, 1
NPHUBOAATH JIO HEMOHOTOHHOCTI 3alieXHOCTi  p(f)
(puc. 16).

[loniOHy  HEMOHOTOHHY  3aJIEKHICTH  MOXHA
oJlep>KaTH 1 MPH HAINOPOILIEHHI ancopbary Ha mimirpirty
mo T,=700K minkmanky (puc.17). IligBumena
TeMmIepaTypa aacopOIlii KHCHIO TO3BOJISE, BTOMY YHCII,
JocsrHyTH KoHueHtpauiif= 1 [132-134]. BumiproBanus
KO>KHOT TOUKH 3aJISKHOCTI p(f) IPOBOAMIIOCS CITIIOM 32
HAlOpOUICHHSM KHCHIO Ha TIOIrpiTy aTOMHOYHCTY
MOBEPXHIO IICIIS OXOJIO[PKEHHS 3pa3Ka JI0 TeMIlepaTypu
T,=4,2K.
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0/W(110)

(2x2)

p-1 0° Ohm-cm
2
1 N
(2 x1)
0.48 ‘
Q 5

10

15 t, min

Puc. 16. 3mina MO tonkoi miactiuan W(110) mig gyac ekcro3uiii B atmocdepi O,; wopHi kpyxku — T = 4,2K, cBitii
kpyxku - Ty = 400K, HLn. BeprukansHiMu JIiHISIMU 1T0Ka3aH1 00J1aCTi iCHYBaHHS YHOPSIKOBAHUX CTPYKTYpP
ajcopOaty, 300pakeHnx Ha BcraBkax. [131].

0

10 20 30

40 50 60

Puc. 17. 3mina MO tonkoi mwiactuan W(110) Bix yacy excrosuii B armocdepi O,; HLin, T, = 4,2K.
BeprukansHuMU JiHIIME NTOKa3aHi 001acTi iCHyBaHH YIIOPSAKOBaHUX CTPYKTYp aacopbary. CTpuIKM BKa3ylOTh
MaKCHUMYMH PO3BUTKY ITUX CTPYKTYyp [129].

Konrponps cumerpii azcopOoBaHHX LIApiB METOJIOM
JIIE no3Bosisie 3icTaBUTH p(f) 1IKajdl KOHLEHTparii 6.
Ipu ximuaTHI# Ty y Mipy 30inbiuenns 6 axcopOoBaHHi
KHCEHb YTBOPIOE TpPHU YIIOPSAKOBaHI CyOMOHOIIAPOBI
a3z [135-138]. Ili OBOMIpHI pPEIITKA CXEMaTHYHO
nokaszani Ha puc. 18. ®a3za p(2x1) icHye B iHTepBaii

nokpurtie 0,02 < 8<0,5, gocsraroud  MakKCUMyMy
po3BuTky npu 0= 0,5. B Mipy 3amoBHEHHsS BIUIBHUX
aameHTpiB npu  6>0,5 B amcopOoBaHiii  IUTIBII
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BiZIOyBaeThest (azoBmii mepexix p(2x1) — p(2x2). Ha
puc. 18 mokazaHuii eneMeHTapHa TpaTKa PEelIiTKA P(2x
2), 110 YTBOPEHA BaKaHCIIMH YHOpSAKOBaHOI (a3u, sika
icaye mpu 0,75 < 8<0,95. MakcumanbHUA PO3BUTOK
(hasm mocsraetses npu €= 3/4. Ctpykrypa p(lx 1), mo
HOBTOPIOE CTPYKTYPY MiAKIAIKH, YTBOPIOETBCA IPU
MOKPUTT1 OJIN3BKOMY JI0 MOHOIIAPY.

Ha puc. 17 BuzpHo, mo MiniMymy o(f) BiamoBigae
KOHLeHTpawiss 6= 1/2, MakcUMyMy - KOHLIEHTpAIis
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Puc. 18. CxemaTiuHe 300pakeHHs] CYOMOHOCIIOMHBIX YIOPSAKOBAaHUX PEIITOK, 0 BUHUKAIOTH MpH aacopomii O
Ha rpani W(110): aib - ctpykrypa p(2x1) npu 8= 1/2, ¢ - ctpykrypa p(2x2) npu 6= 3/4.

0=73/4. 3anoBHEHHS MOHOIIAPY (@-1)
CYNPOBOJIKYEThCS MaAiHHsIM Ap=p-py (0o - MO
IUIACTUHHA 3 aTOMHOYMCTHMH IIOBEPXHIMH). ACHMETpis
3aleKHOCTI  p(f) BimOWBae 3MCHIICHHS KoedilieHTa
KOHJICHCallli KHCHIO 3 pocToM € Tpu Temmeparypi
agcopOwii [133]. Lli maHi CBiAYUTH TPO OdoMiHyIOHUl
6NIUE CUMEmpIi No6epxHeeo20 wiapy Ha XapakTep
PO3CitOBaHHS HOCI1B CTpyMy. v 6inpmocTi
eKCIIEPUMEHTIB MakCHUMajibHa 3MiHA Ap - Maibke Ha
HOPSJOK BETMYMHH IIEPEBUILLYBaa 0.

SIkicHuit aHai3 nmepexoiB HOCIiB, 1110 Bi0yBalOThCA
B pe3yibTaTi Audpakmii eJeKTPOHIB MpPOBIIHOCTI Ha
MTOBEPXHI KPHUCTAJIA 3pDYYHO IPOBOIUTH 32 JOIOMOTOI0
HaKJIaJaHHS JIBOMipHOT obepHeHO1 PpeuiTKA
agcopboBaHoi (pa3u Ha TiHROBY mpoekuito [1D Ha 3amany
wiomuny. Il npouenypa (akTHYHO  IOBTOPIOE
moOynoBy EBanpna, 110 BHKOPHCTOBYETHCS NPH aHaII3i
kaptus JT1E. ITpu uboMy TOYKH iMIIYJIBCHOTO IIPOCTOPY,
IO  XapaKkTepU3ylTh CTaH HOCIA 10 1 micis
MIOBEPXHEBOTO  PO3CIIOBaHHS, MOBHUHHI

3'eTHyBaTHCS

BEKTOPOM, pIBHUM JOBUIBHIA JTHIAHIA KOMOiHAIii
BEKTOPIB TPaHCIALIT 00epHEHOT MOBEPXHEBOI PEIiTKH, 1
3Haxonuthbes Ha 110 (3,4).

Ha puc. 19 moka3ana tineoBa mpoekiiss [1® W Ha
wromuHy (110) [61], Ha sSKy HakiameHi eleMeHTapHi
rpatku obepHeHnx pemritok p(2x1) 1 p(2x2), mo
moOyI0BaHi 3 JAOBUIBHOI TOYKH IMIYIBCHOTO TIPOCTOPY
a, sika Hanexuts 00 [1P. Tomi mpu posciroBaHHI Ha
peunitii p(2x1) 103BOJICHI MepexoJu HOCIIB Y TOYKH,
NO3HA4YeH] CBITIIMMU KPY)KKaMH, Cepell KOTPHUX TiIbKU
Touka @' 3amoBoisibHsie yMOBI (3). Tomy peamni3yroTbes
TUIBKH Tepexoan Ty a —> a'. Taki mepexomm €
ITaepiicoBchkumu [32], TOOTO TakUMH, IO MEPEBOISATH
HOCI# y ¢i3uuHO ekBiBajeHTHUI ctaH. Lli  mepexonu
xapakrtepHi i g pazu p(1x1), sika MOBTOPIOE CTPYKTYPY
ATOMHOYHCTOI TOBEPXHI NPH MOHOIIAPOBOMY CTYIIEHI
MOKPHTTS agcopoary.

Toukumu nminismMu 1, 2, 3 Ha puc. 19 Big3HaueHi
By3bKi 00JlacTi OOEpPHEHOro WPOCTOpPY, U SIKHX
pO3cifoBaHHS HOCIIB Ha pemritii p(2x1) mpU3BOAUTE 1O

Puc. 19. TinvoBa npoexuis [1d W na mnomuny (110) [75]. [TokazaHi MOXIIUBI ITepexo11 HOCIIB pH
MIOBEPXHEBOMY PO3CIIOBAaHHI: CBITIMMHU KPY>KKaMHU JJIst CTPYKTYpH p(2x 1), 4opHUMH - 1715t p(2%2).
Tonkumu niHisiMu 1,2,3 mo3HaveHi By3bKi 00J1aCTi IMITYJIBCHOTO ITPOCTOPY, MIXK SIKUMH BiI0YBarOThCS
€JIEKTPOHHO-/IIPKOBI MepeKuIaHHs 1pH icHyBaHHI ¢azu p(2x1) [129].
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Puc. 20. Po3surox HoHiycHOI cuctemu [I1E pednexci mst O, ancopboanoro va W(110): a - moBepxHs moKpura
BITOPSIIKOBAHOIO MOHOCJIOHHOIO ILTIBKOIO, b 1 ¢ - agcopbat mporpituii 1o 7> 800K: Crnocrepiratorbes aBi
opieHTarii gomeHis [129].

nepexomiB 'y HeekBiBaeHTHI Touku [ID. 3okpema,
y300BX JiHIA | 1 3 MOMXIHNBI eNeKTPOHHO-IiPKOBI
MEePEKUJTaHHA MK E€JIEKTPOHHUM BAJIETOM 1 JTIPKOBHUMH
OKTaeApaMHu 4M eNIcoigamMu. Y370BXK JiHil 2 MOXIUBO
MEepeMilIyBaHHA AIPOK MK €IIICOinaMH i OKTaeApamH.
Ockinbky o6nacri 1, 2, 3 3aiiMaloTh JIMILE Maly YaCTUHY
IMIYJIBCHOTO TIPOCTOPY, PO3CIIOBaHHSA Ha pemmniTii p(2x
1), B OCHOBHOMY, NPHU3BOJHUTH JO IIEPEXOJiB HOCIiB B
ekBiBasieHTHI TO4ukU [1D, TOOTO nepesasicac dzepranvhe
PO3CII08AHHS.

YopHuMu KpyxkkamMu Ha puc. 19 mnokasaHui
eJIeMEHTapHa rpaTtka o0epHeHOi peunTku ¢azu p(2x2).
PoscitoBanHs Ha Iii  pemiTmi  TPU3BOAWUTH IO
IHTEHCHBHHUX €JIEKTPOHHO-IIPKOBUX IEPEKUIaHb MIiX
IIPKOBUM  OKTaeApoOM 1  EIIEKTPOHHHM  BaJeTOM
(nepexonu tumy a — a'’). Ilpore, npu poscitoBaHHI Ha
pemriTii p(2x2) MOXKIUBI i MEpexXoqu B CKBIBaJICHTHI
cranu a — a'. OTxe, po3citoBaHHA Ha peunirtii p(2x2) €
0BOXKAHANLHBIM.

AHami3z  J03BOJNIIE  JaTH TaKy IHTENPETaIiio
3anexHocti p(f) (puc. 17). 3pocranust MO 1o neporo
MakCUMyMy B o0nacTi MOKpUTTIB @< 1/2 BUKINKaHO
30UIBIICHASIM TTOBEPXHEBOTO PO3CIIOBaHHA B  Mipy
3pOCTaHHS KOHILEHTpALil HEYIOPSAKOBAHOTO azcopoary.
3 HOociIMH BiIOYyBalOTBCS 130TPOIHI, HEKOTEPEHTHI
BiIOMBaHHSA 3 yciMa MOXIJIMBHMH THUIIAMHU TIEPEXOIiB,
BKJTIOYAIOUN €JIEKTPOHHO-IIPKOBI TepekuganHs. B mipy
po3BUTKY (a3 p(2x1) wacTka [O3epKalbHO BiIOWTHX
€JIEKTPOHIB 3pOCTa€, IO 3PEUITO0 IPU3BOIUTH MO
3MmeHIeHHss MO ax [0 MiHIMaJIbHOIO 3HAYEHHs IpU
MaKCHMaJIbHOMY YIOPSIKyBaHHI. BiIMIHHICTh 3HaueHHS
MO B minimMymi Big 3HaueHHS MO [Isi aTOMHOYHCTOT
MOBEpXHI ), TMOB'A3aHa 3 SK 13 HEOJHOPIJHICTIO
ajicopOOBaHOi IUTBKHM, I JIOMEHHOIO CTPYKTYPOIO
(puc. 18), Tak i 3 iCHYBaHHSM EJIEKTPOHHO-IIPKOBHX
NepeKuJaHb 1 BHYTPIIIHHOTPYIIOBOTO MepeMilIyBaHHS
HociiB (JiHii 1-3 Ha puc. 19).

@®opmyBanHs (azu p(2x2), sKe CYNPOBOMKYETHCS

BUHHKHEHHSIM JBOXKAHAJILHOTO MIOBEPXHEBOTO
PO3CifOBaHHS, TPHU3BOIUTH IO 3pocTaHHI MO ax [0
MaKCHMaJbHOTO  3HAUEHHS IIPH  MaKCHMaJIbHOMY
PO3BUTKY (a3u.

YTBOpeHHs BHOPAOKOBAHOTO MOHoWIapy, (asu
p(1x1), 3H0BY 3meHnrye MO 3a paXxyHOK NOCTYIOBOTO
Hepexony 10 OJTHOKaHAJIBHOTO J3EPKAIILHOTO

MOBEPXHEBOTO PO3CitOBaHHs HOCIIB cTpymy. Lleit mporec
CYIPOBOMKYETHCSA 3MCHUICHHAM O aX 10 3HAYCHHA L,
XapaKTEepHOTro JJIsA IIJIaCTUHHU 3 ATOMHOYHUCTOHO
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MIOBEPXHEIO0.

OcobmuBictio cucremu O/(110)W e  mpormec
PEKOHCTPYKIIil MOBEPXHI MIAKIAIKH, IO BiAOyBae IMpH
temnepatypi Bume S800K. B pesymerari, moBepxHeBa
JIBOMipHa peIIiTKa KHUCHIO CTa€ HOHHUYCHOIO BiIHOCHO
peritkd Bodb(pamy [135,138,139]. BimnosigHi 3MiHH
JudpakuiiHol KapTUHU TiCis HPOTPiBY IUIIBKH KHCHIO,
HATOPOIIEHOT O HACHYCHHs (MOHOIIAPY), MMOKa3aHi Ha
puc. 20. EnexTpoHorpami « BIiANOBIZAa€ IOBEPXHS,
TMOKPUTA MOHOIIAPOM aTOMiB KHCHIO. i cuMeTpis He
BIZIPI3HSETBCA BiJ CHUMETpil aTOMHOYMCTOI IOBEPXHI.
[ocrymoBuit Bimman ammiiBku g0 800 - 1000 K we
NPU3BOAUTE 1O 3MIiHM BHJIY BHXIJHOI €JIEKTPOHOTPaMH,
alle  CyNMpPOBOIDKYETHCSL  MOCTYIOBHM poctoM MO
migkmaaku.  (puc. 21). Lle cBiguWTh TPO  BHCOKY
qyTBicTh MO 10 HEBENUKHX 3MIH CUMETPIil MOBEPXHi.

Tlounnaroum 3 T,~1100K 1 Bume Ha
eJeKTpoHorpamMax 3'sSBisitoThes  (puc. 20b,c) cuctemMu
JudpakuifHuX TUISIM, OPIEHTOBAHUX y HAmpsMKy <13>,
1110 BiINOBIAAIOTh HOHIYCHiH cTpyKTypi. Po3ciroBanHs Ha
TaKiil MOBEPXHI CYNMPOBOMKYETHCS CKIIATHOIO CHCTEMOIO
nepexofiB HOCIiiB, Mo umocTpye puc. 22. HaknaneHHs
00epHEeHOi penIiTKH HOHIYCHOI CTPYKTYPH Ha HPOEKIII0
[1® nokasye, 1m0 MOBEPXHEBE PO3CiIIOBaHHS IPU3BOIHUTH
SK 10 BHYTPIIIHBOTPYIOBOTO II€PEMIlTyBaHHS HOCIIB,
TaK 1 JI0 eJIeKTPOHHO-TIPKOBHX Nepekuaanb. Lleit npouec
CYTIPOBOJIKYEThCA Ppi3KuM 30umbIeHHsIM MO miacTuHH,

4
2
nonius
0 760 900 1100 1300 1500

Puc. 21.3mina MO mnactuan W(110), moxpuroi
YIIOPSIKOBAHUM MOHOCIIOEM o, npu
BHCOKOTeMIIepaTypHoMy Binnaini, H.ln. BeprukansHa
JiHIA po3aiiasie oOmactb icHyBaHHS ¢asu p(2x1) i
HOHiycHOI dazu [129].
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Puc. 22. OGepueHa ¢dasu

perriTka
ajcopooBanoro O, HakjaJeHa Ha TIHBOBY MOBEPXHIO
[1® W Ha rpans (110) [129].

HOHIyCHO1

10 BH3HA4Ya€THCA 3MIHOO

wriBky (puc. 21).

cumMeTpii  angcopboBaHOT

5.2. H/(110)W

Bonens, ancopboBannii Ha moepxHi W(110) mpu
T,=4,2K, no mipi 3poctanHs @ i Bianmam aarIiBK{ 10
T,=200K  yrBOproe  Taky K  IOCIiJOBHICTh
ynopsiaikoBaHux (a3, sik i agcopboBaHuii kucens. Lle nae
MOXJIMBICTh ~ TPOBECTH  IOPIBHAHHA  BIUIMBY Ha
ITOBEpXHEBE PO3CIIOBAHHSA HOCIIB CTPyMy aOn1i60K
00HAK08OI cumempii, ane pi3Hoi XiMiuHOI NPUPOOU.

Ha puc. 23 mokaszana 3mina MO miactuaun W(110)
mig 9ac excrosuiii B armocdepi H, mpu T, = 4,2K Bona
Ma€ I3BOHOMOMIOHMI BUA 3 HACTYIHHM BHUXOIOM Y
HACUYEHHs 1 MOCIIZOBHO BiJOMBA€E MPOLECH HAPOCTaHHS
I y3HOCTI TOBEPXHEBOTO PO3CiIOBaHHS HOCIIB CTpyMy
npu  30UIbIIEHHI  KOHIEHTpaulii  HEeyNopsIKOBaHOTO
agcopbary i QopMyBaHHS JIOCTaTHBO YHOPSAKOBAHOT
¢asu p(1x1), 1110 TOBTOPIOE CUMETPIIO MiAKIAJKH HABITH
npu T,=4,2K. Ha mnpomy > pHCYHKY TIOKa3aHa 1
3aJeXHICTh P(f), BUMIpsIHA IiCIs Bilnaiay aaIuliBOK J0
T,=200K 1  oOmacti  icHyBaHHS  JBOMIpHHX
YIIOPSIKOBAaHMX PELIiTOK ajcopbaty. Sk i mpu agcopOuii

a

b

11 +
0 10 20

Puc. 23. 3mina MO Ttonkoi tractuau W(110) Bix
yacy ekcro3uuii B atMocdepi H,: 9opHi KpyXku -
T,=4,2K, cBitm kpyxkku —Bigman go 7T;=200K,
H.ln. BeprukanpHuMu JiHISMH TMOKa3aHi 00yacTi
ICHYBaHHS BIOPSAIKOBAHUX CTIPYKTYp anacopOary
[129].

KUCHIO, Ticist Bignany Gopmyrorbes dasu p(2x1), p(2x2)
i p(I1x1) i3 MakcMMaJabHUM YIOPSAKYBAHHSIM MpPH
0=1/2,3/4 1 1 [140]. 3anexHocTi p(f), OTpUMaHI Micis
Bignany ammiiBok H (puc.23) i O (puc. 16) Ttakox
noni6ui. IxHs inTepnperanis ananoriuna (muB. puc. 19 i
MOSICHEHHSI 710 HHOTO B TEKCT1).

J3epkasibHe BiJOOpaXKeHHsSI 3aJIeKHOCTI o(f) Juist
BIAMAJIEHUX BOJHEBUX IUIIBOK MOXKHA OJEpXkaTH 3a
paxyHOK gecopOuii i BHIOpsAAKYyBaHHS ancopbaTy NpH
3pocTarodoMy TMporpiBi agcopboBanoi mpu T =4,2K
MOHOIIIAPOBOi BOTHEBOI IUTiBKHU (puc. 34). BuMiproBaHHs
MO mnpoBomgmmucs npu Ty =4,2K Mix Bimmamamu, sKi

BUKJIMKAIIN YHOPSIAKYBaHHS i BUIIAPOBYBaHHS
agcopbary.
ITopiBHSIHHS ~ €KCIIEPUMEHTAILHOTO  JOCIiIKEHHS

agcopOuiiinux cucrem O/W(110) i H/W(110) no3Bosnsie
3pOOHTH BHCHOBOK, IO OOMIHVIOYUM HYUHHUKOM, WO

.
. o * R
0 Q . o

£ 8k
C

Puc. 24. Cxemarnune 300paxenns kaptut AI1E, mo cnocrepiranucs npu axcop6uii Ag Ha nosepxui W(110) npu
3pOCTaHHI MOKPUTTS azcopdary: a- =0,b—0<0<1,c- 0=1[143].
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BNIUBAE HA NOBEPXHe8e pO3CIIGAHHA, € CuMempis
aocopbosanux nuieox. Pizna ammityaa edexTy s ux
€JIeMEHTIB, aaCcOPOOBaHMX HA OZHIN 1 Til K€ IiAKIamLi
(puc. 23,16) BinOWBaE pisHuylo nepemurié poscilo8aHHs
HOCII8 CIpyMY Ha PI3HUX A0amMOMax.

5.3. Ag/(110)W

AncopOuiitai  nocnimkenHs cucremu  Ag/W(110)
[141,142] mnokazanu, mo ¢(opMyBaHHS JBOMIPHHX
pemriTok ancopOary BigOyBaeThCs B [Ba  CTalll.
Crnoyatky, Ipy Manux ¢ pocTyTh YIOPSAKOBaHI OCTPIiBII
Ag, pemmiTka SKNX € HOHIYCHOIO BIIHOCHO pEIIITKH
MiAKIAIKA, a BIAMOBIMHI iM JIAHITIOXKKH IAGPAKIIHHIX
WIAM  opieHTOBaHi B Hampsmky <O01> y muommHi
noBepxHi. Ilpy 6— |  BUHHKAae HOHiIyCHa CHCTEMa
JupakuifHUX UM, OPIEHTOBAHUX y HAmpsMKy <l1>.
Y  mpomixHii obmacti koHmeHTpamii 0< <1
CHIBICHYIOTh PELITKH sIK OJHi€l, Tak 1 1HmIOI ¢a3u,
Npu4oMy B Mid oOJacTi KOHIEHTpalii BiOyBaeThCs
MOBOPOT PELIITKK aJcopOOBaHOi IUIIBKH BiIHOCHO oceit
kpuctana-nminknaaku [142]. Puc. 24 imoctpye 3MmiHy
KapTUH AIIE B Mipy 301IbIICHHS
KOHILeHTpaliiagcopooBanoro Ag Ha nosepxui W(110).

[epmmit THOD nepexomiB HOCIIB MiX TOYKaMH,
MO3HAYCHUMH  CBITIMMH  KpyXkamu  (puc. 24b)
CYIPOBOIXKYEThCS K BHYTPILIHBEOTPYIIOBHM
MepeMilTyBaHHAM HOCIiB, TaK i €IEKTPOHHO-IIPKOBUMH
nepekuaaHHsAMU. [Ipu npyromy THII nepexofiB (4opHi
KPYXXKH pHC. 24C) JAHIIOKKH BY3JIB MPOXOIATh 4epe3
esleKTpoHHI abo mipkosi nuctu [1®. ¥V npomy Bumaaky
MOBEPXHEBE PO3CiIIOBaHHS NMPHU3BOINUTH, B OCHOBHOMY, JI0
BHYTPIIIHBOIPYIIOBOTO IIEPEMILIIyBaHHs HOCIIB.

3anexuocti 3Mint MO mnactuan W(110) Big yacy
HamnopolleHHs Ag nokasaHa Ha puc. 25. Ilpu T, =4,2K
IiBKka  ajcopbaTy  po3ymopsiKoBaHa Yy Beiid
cyOMoHomapoBiit obmacti 6. Ha 3a1eHOCTI, BUMIPSIHIM
micns Bianany npu Ty = 500 K BepTUKaIbHUMHU JHIIMU

BKa3aHi oO0JacTi iCHyBaHHS HOHIyCHHX CTPYKTYp
agcopbary (puc.24), sKi KOHTPONIOIOTECS in  Situ.
Po3BuTOK TEpIIOI HOHIYCHOI CTPYKTYpH BHKIIHKA€E

HApOCTAHHS  CJICKTPOHHO-AIPKOBHUX  IEPEKHIaHb 1
30imbiye MO 1 makcumanbHOro 3HadeHHs. [lpu
nojiajgbioMy 30iIblIeHH] mokputrtss Ag ¢dasza b
MOCTYIOBO NepexoauTh y (azy c i BennunHa MO 1uiaBHO
3MEHIIYETbCS 10 TMOCTIHHOrO 3HAuYCHHs. Biaman
HaropoureHoi npu T =4,2K MOHOLIAapoBOi IUTIBKK NPU
MOCTYIIOBOMY HiJBUICHHBI ~TEMIIEpaTypy JIO3BOJISIE
oJlep>)kaTH B OOEpPHEHOMY HOPSIKY BCIO MOCIHIZOBHICTH
esleKTpoHorpam i 3mian MO.

Sk i B iHIIMX BUMAgKaX IS JaHOI CHCTEMHU CHMETPis
azcopOoBaHOi TUTIBKA € BHW3HAYANBHOI IS XapaKTepy
TIOBEPXHEBOTO po3cifoBaHHA HociiB. [Ipote, cmeumdika
Ag sk ancop0baty, BHUSBISIETbCS HE TUIBKH B BEJIMYHHI
3mind MO, ane # B 0OCOOMMBOCTSX OyJOBH CaMmoro
a7copOOBaHOTO MIApPY.

5.4. D/W(100)
AtomHouncta moBepxHa W(100) npm 7; Buie
KiMHaTHOT Mae cumerpiro (1x1) [144,145]. Tlpu
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; p-10°, Ohm-cm
Ag/W(110)
1 } } + -
0 10 20 30 f, min

Puc. 25. 3mina MO Tonkoi mractuan W(110) Big
Yyacy eKCIO3MLIi M0 My4KoM Ag: YOpHI KPYXKH —
T,=4,2K, cBitni xpyxku — Bigman po Ts = 500K,
Hln. BeprukagpbHuMH JIiHISIMH II0Ka3aHi 00JacTi
ICHyBaHHS HOHIyCHHX CTPYKTYp ancopbary [129].

3HMKEHHI TS TOBEPXHS PEKOHCTPYIOETHCS 1 YTBOPIOE

noepxHeBy  pemitky  (V2x\2)R45°  [146].
HamoponieHHss MOHOIIAPOBOTO TOKPUTTS BOMHIO YU
neiitepito Ha pekoHcTpyiHoBaHy moBepxHIO W(100)

npu3BOIUTh 110 yTBOpeHHs ¢asu (1X1)-H, wo
BiTHOBJIIIOE CHMETPil0  BHCOKOTEeMIepaTypHoi  (dazu
MTOBEPXHI.

SAx 1 mpu agcop6nii H i D Ha inmmx moBepxHsIx W i
Mo, namopomenHs D nHa oxomomxeny mo 7,=4,2K
aTOMHOYHCTY moBepxHIO IuacTuHA W(100) BukimKae
J3BiHONOAIOHY 3MiHy MO 3 HAcTYIHMM BHXOJOM Y
HAaCHYEHHS MpPU MOHOIIAPOBOMY TOKpuUTTi (puc. 39,
BEpXHs CYIIbHA KpUBa). L5 3aexHICTh BiqOUBAE 3MiHY
XapakTepy MOBEPXHEBOTO BiJIOMBAHHS HOCIIB CTPyMy B
pe3ynpTaTi  CTOXAaCTHYHOI JTUCOINIATHBHOI  aacopOmii
JieiTepito, 10 NMPHU3BOAUTH 10 3MIHM CUMETpii MOBEPXHI

3 (\/2><\/2)R45° Ha (1X1)-D. Pisnuys cumempii amommo-
yucmoi i ROKpumoi MOHOWApPoOmM adcopoamy NnoeepxHi €
ocoOJMBICTIO HHU3bKOTEMIIepaTypHol ancopbuii D Ha
nosepxai W(100). Kpim Toro, MoHomapoBe MOKPHUTTS
azcopOaty Mae y IBa pas3u OUITbIIe aTOMIB HiXK IMTOBEPXHS
migkmanku [144]. YV pesynprati, mporpiB MOHOMIAPOBOL
wriBkn 10 71,=300K He BIOHOBIIOE CHMETPIlO
ATOMHOYHMCTOI TIOBEPXHI 1 BUKJIHMKA€E JIHUIIE HE3HAYHY
3MiHy BucoTH maro MO Ha puc. 26.

Hanopomiennst D, Ha migirpity o Temmeparypu
T, 2 150K moBepxuro W(100) mpusBoauTh 10 3MiHH
BHIY 3aJIeXHOCTI p/py = F(f). AHanoriyauid BUIIISI Mae i
3aJIeKHICTh, OTpUMaHa TPH 130TEPMIYHOMY Biamami
CyOMOHOILIaPOBUX IUTIBOK D PI3HOMAaHITHHX
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Puc. 26. 3mina BimHocHOro MO mracturn W(100) mpu ekcrio3utii B atMocdepi aetitepito (2x10-6 Topp) i1 Biamami
HAIOPOLICHOT TUTIBKY MPU PI3HUX TeMIepaTypax. BepxHs (CyliyibHa) i MyHKTHPHA KPUBI: qeiTepiit agcopOoBaHmii
mpu 4,2K 1 300K. CyuinbHi JiHii 3 eKCIepUMEHTaNbHUMH TOUKaMu: penakcariiss MO npu mogatkoBomy MO,
piBHOMY p;, 1 pi3HEX Ty: 140K, 158K, 174K, 190K, 203K; pr - miniManbsHe 3Ha4eHHS MO, 110 1OCATA€THCS IPH
po3BUTKY Ga3u c(2x2)-D, py - MO nigkinaaku 3 aTOMHOYHCTOIO IToBepxHero [147].

konuerTpauiit npu T, = 150 K. OCHOBHOIO 0COOIUBICTIO
3aNe)KHOCTI, oTpmMaHoi mpHu Biamami npu 7y =300 K
(myskTHp Ha puc. 39), € minimym MO B obmacTi Mamux
KOHIIeHTpaniil ancopOary. 'paHnYHa BeTMYMHA TTaJiHHS

MO B wminiMymi gocsraetscs mpu Ty = 300 K. s

0COONMBICTE BiOWBaE Tporiec yTBOpeHHs (azu c(2X2)-
D, mo € enuHOIO YNMOpsSIKOBaHOIO (a30l0 MPU MaJIUX
NOKpUTTIX [145].

3minn MO npu mifBHIIEHIH TeMmeparypi agcopOuii
Oe3mocepelHEO  TMOB'S3aHI 31 3MIHOIO  XapakTepy
MMOBEPXHEBOTO pO3CifoBaHHA. Ha mouaTkoBoMy eTarri

agcopbuii D BuXigHY  pemmTky (\/ZX\/Z)R45°
ATOMHOYHCTIH ITIOBEpXHI CIIOTBOPIOETHCS B pPE3yJbTaTi
CTOXAaCTUYHOTO 3allOBHEHHS aICOpPOIMHUX IIEHTPIB.
Bukmukane 1muM 3pocTaHHS OIU(Y3HOCTI pPO3CIFOBaHHA
Buknukae 30utpmenHs MO. Hacrymae QopmyBaHHS

¢dasu c(2X2)-D BiTHOBIIOE CHMETPIF0O ATOMHOYMCTOI
MOBEpXHi, 30iMBIIye M3€pPKANBHICTH IMOBEPXHEBOTO
po3sciroBarns i 3Mernmrye MO. [Tomanpme 3poctanas MO
MOB'sI3aHO 31 30UTBIIEHHSIM KOHIIGHTpAIii amcopbaTy Ha
MOBEpXHI 1 BIACYTHiCTIO cyOMoHOmapoBux (a3, mio
30UIBIIYIOTh A3€PKAJIbHICTh I[TOBEPXHEBOTO PO3CISIHHS
HOCIIB CTpyMYy.

Bim3HaunMo, 1m0 B IMX JOCIIDKCHHAX BHMIp
penakcarii MO Oyj10 BHKOPHCTaHO Ui BU3HAUCHHS
eHeprii akTHBalii BIOPSAAKYBaHHS a1copOOBaHOI ILTIBKH.
Penakcaniiini  3anmexxHocri MO,  orpumani  mpu
i30TepMIYHOMY  Bigmaji MiJIKOM  PO3YHOPSAKOBAHOT
IUTIBKH 3 ONTHMAaJBHOK KOHLEHTPALIEI ISl yTBOPEHHS
¢dasun c(2X2)-D, BimOMBAarOTH TPOLEC YTBOPEHHS i€l
¢asu nipu pizHux 7 (puc. 26).

30

VI. Kpatni O3 y niiactunax W(100)

HactynmHa cepist eKCIiepIMEHTAalbHUX pPEe3yJbTaTiB
[57] crocyerbes ocummmamiin MO. ExcnepumeHTanbHO
MOKHa CTBOPHTH YMOBH KOJIM [[BI MOBEPXHi IUIATHHU
PO3CIIOIOTh HOCii OJHAaKOBO 4YHM pI3HMM YWHOM. Mu
po3ristHEMO 00WABI cHUTYAITl.

3 Teopii kpatramx O3 [57] BuTiKae, wo npu
00HAKOBOMY XapaKxmepi po3Cilo8ants Ha 000X NOBEPXHIX
niacmuHu CpaBeINBI CITIBBIIHOIIICHHS

G%; =2pe . (14)
1
' pnGlnsz
= < 15
P= GG (1s)
4 " _ ! 2
il,: p'mon 1 p, (16)
Gl pmon l_p

ne G, i1 G, — nmepma i apyra rapmoHikd O3, Pnon —
MOHOTOHHA CKJIafgoBa momnepedyHoro MO, Ha ¢GoHI SIKOTO
CIIOCTEPITaroThCs 03. ITpuxoBaHi BEJTUIHHU
BIANIOBIAIOTh BUIAJKYy AaTOMHOYHCTHX IIOBEPXOHb, a
JIBI4l IITPUXOBaHI — TIOBEPXHSIM HACHUEHUM JIOMIILIKAMH.

[Ipyr mopiBHSIHHI €KCHEPUMEHTY 3 TEOpIi€l0 MOXKe
BHUKOPHUCTOBYBATUCS CHIBBITHOIICHHSIM MiX
aMIDIITyJaMy Tepmnx ABoX Pypbe-rapMOHHMK, JUIS SIKMX
BiJTHOIICHHS CUTHAIY JO IIyMY ICTOTHO BUIIE, HIK JUIS
HacTynHHUX rapMmoHik. @opmymu (14 - 16) 103BOIAIOTH
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BHUPA3UTH HEOOXIiIHI BEIMYMHH UYepe3 XapaKTEPUCTHKH,
1110 CIIOCTEPIraloThCs B eKCIEPUMEHTI:

p”_ 1_(p'mon/p”mon)((;l”/(;l’)”2
1 - (p'mon /p”mon )(GI"/G{):;/Z(G; /Gé') ’ (17)
L =d/In(\2pG, /G, ) p' = p"GIG, | GIG.

Ockinpkn amrutityqa O3 Mana B TOpIBHSHHI 13

3minor0 MO, 3pyuHiite aHanisysaru noxigay dp,. /dH.

Ha puc. 27 mnoxazanuii 3ammc O3 nmns 3paska WII
(nuBHCH TAOIHUITIO 2).

Puc. 27 nokasye, mo ammiitynqa O3 mns 3paska 3
MOKPUTUMHU AOMILIKAMHU TIOBEPXHSIMH OUIbILe, HDK IS
3pa3ka 3 aroMHOYHMCTHMH. Lle 00yMOBIE€HO 3HaYHMM
3MEHIIeHHSAM  Koe(illieHTa A3epKalibHOCTI p  IIpH
agcopOmii JOOMIMIOK Ha TMOBEepXHi 3paska. [licms
OUHIIIEHHS MTOBEPXHI 3MEHIIIEHHS aAMILTITYAH
CYTIPOBOIXKYEThCA 3MiHOIO (opmu ocmwmiiii. e
BUKJINKAHO BUHUKHEHHSM KpaTHHX TapMmonik O3.

1 1 1
0 10 20 30
Puc. 27. 3anexuictectp  mepmoi  moxigHoi MO
mwractuan  W(100) Big  HampyXeHOCTI  MOJA
H|n|[[100], T, =4,2K, ©«xomu 1  moBepxHi
ATOMHOYHCTI 1 HOKPHUTI AoMirnkamu [57].

Pesynbraru @ypse-ananisy dp,,/dH sanexsocTel s

IUTACTHHM  T0Ka3aHi Ha pwuc.28. BumhHo, mo i3
3MEHIICHHSAM  KOHIIEHTpAIlil aacopOOBaHHMX  aTOMIB
JIOMIIIOK ~aMIUTITYZAX KpPaTHUX TapMOHIK 3pOCTaroTh
BIITHOCHO aMIuliTyan nepiioi rapmoHiku G). Lo
TEHJICHIIII0 UIIOCTPYIOTh pe3ynbtatn Dypbe-aHanusy,
HaBeJIeH1 B Ta0uII 2.

3ancn apyroi noxigHoi MO 1Mo MarHiTHOMY IOJIIO

d*p/d’H npw 3anoBHenHi acOpGOBAHMMH IOMIlIKAMH K
JIBOX, TaK 1 TUIbKH OJHI€T MMOBEPXHI IJIACTHHH MOKa3aHi
Ha puc.29. Pesynmpratn @ypbe-aHANN3y LUX KPUBUX
mokasasi Ha puc. 30.

[IpunymieHHs, 00 BUKOPUCTOBYBAJIOCS IPU aHai3i
O3 npo He3anexHiCTh KoedillieHTa p Bif KyTa MamiHHS
HOCiiB Ha mTOBepxHIO 6 He € o0oB'si3k0BUM. Bci
MIpKYBaHHS 1 Pe3yJlbTaTH, IO CTOCYIOTHCS OCIMITIOI0YOL
gactuad MO, crnpaBemiuBi, KO p € (QYHKIN€, II0
MOBIUIBHO 3MIHIOETBCS 3 6. Y CBOIO 4yepry, 6 3ajexuThb

o 1 2 3 4 1 2 3 4

Puc. 28. Oypre-ciektp kpuBux O3 (Puc. 53): a —
MOBEPXHI IJIACTHMHU 3a0pyAHeHi, b — TOBepXHI
aToMHOuHcTi, G — amIuITya, § — HOMEp T'apMOHIKU
[57].

Tabauns 2.
Pesynerat ocnimkens [Tonepeanoro MO i O3 y [Tnacturax W(100) [57].
t lelz |8 |< |5 |5 |5 |5 |s |5 |5 |- |. |
g = - & 3 = = = = = == = =~ X Z
3 < é O ) O O O O G
g
WI 4,2 0,095 0,95 1,1 0,24 34 6,09 15,7 38,5 - - 0,75 0,39 0,73

WII | 42 | 0,161 1,03 1,3 0,34 2,62 7,0

10,5 18,1 22,2 37,9 | 0,65 0,24 0,18

WII | 2,1 | 0,161 1,6 035 | 3,57 | 9,43
5 | o161 1,6 037 | 348 | 8,68
42

s

17,6 37,3 0,73 0,28 0,12

- 0,74 | 030 | 0,12
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0 10 20 30 40

Puc. 29. 3ammcn O3 g mmactuan W(100) mpm
pi3HOMY cTaHi IOBEpXOHb: (@) OO OYMIICHHS
MTOBEPXOHb, HACHYCHHUX aJCOPOOBAHUMU JOMIIIKAMHU,
(b) micnst ounmenns; 7y =4,2K, H|n||[100] [148].

Bin p, 1 Tomnonorii II®. TouHime xaxydw, iHTepBal
3Ha4eHb, y SKOMY 3MIHIOETbCS p, HOBHHHUH OyTH
mMpuIe dp, y BUpasi Ui BiJHOCHOTO YHCiIa e(heKTUBHUX

st O3 HociiB: dp,/pr < (vF/d@l/ 2 Ile ymoBa TOroO, 1110
Bcl Hocll edextrBHOTO nepetnHy [1d ogHaAKOBUM YHHOM
PO3CIIOIOTBCS HAa TMOBEPXHi. 3 ypaxyBaHHSIM LOTO
3ayBa)XCHHsI M p CIig po3yMith p(0Osx), Ke JOPIBHIOE

Koe(illieHTY A3epKaJIbHOTO BiJOMBAaHHS BiI IOBEPXHI
MeTaly HOCIiB TeBHOI edekTuBHOI Tpymu. Jlaui mpo
torosiorito  [1® W (puc.31) i eKcnepuMEHTAIBHO
Br3HaYeHi nepiogu O3 103BOISIOTH JIOKATI3yBaTH TPYILY
ehextuBHEX HociiB Ha [I®. Tak, BiamoBimHo 10
¢dbopmyiu (15) Oyna 3HaiiieHa BeIMYrHA

.
27h | p,

Ha OCHOBE 5IK0i OyB 3pO0JICHHI BHCHOBOK, III0 OCHOBHHIA
Biag B O3 BHocATh HOCIi mepepisy 4 IipKOBOTO
okrtaezapa [I® W. Ile 3HaueHHS y3rOIKYEThCS 3 JaHUMH
SKCIIEpUMEHTa 3 JOCHIPKEHHS  Paio4acTOTHOTO
po3mipHoro edekry y Boibdpami [117]. Lle Takox
JI03BOJISIE OI[IHUTH KYT HaJiHHS HOCIIB Ha IOBEPXHIO

=0.49247",

Metany.Binnosigao mo dopmymu Oy = arctg(vz/vL) TUTS
nepepizy A I[ID 6, ~ 35°.

[IpoBeneni ekcnepyuMeHTH 1 3icTaBieHHS iX 13
Teopiero [57] MEepeKOHIMBO CBiAYaTh, IO PO3CIFOBAHHS
Ha noBepxHi W(100) Buninenux edexrom 3oHAreimepa
Ipyn HOCIiB BigOyBaeTbCsl 3 BEIMKUM CTyIEHEM
JI3EpKANBHOCTI. Y  pe3ysbTaTi OCa/UKEHHS  IUTIBKU
3aJMIIKOBUX ra3iB Koe]illieHT N3epKalbHOCTI aTOMHO-

YUCTOI MIOBEPXHI 3MIHIOETHCS MeXax Bif p = 0,3 1m0 p =
0,7. BimzHaummo, 110 HABITH NMPU MOKPHUTTI HACHYEHHS
JOMIIIKIB KOe(Ili€HT A3epKabHOCTI Ma€ BEIMUYHHY p ~
0,3.

HesBaxkaroun Ha BUKOPHUCTAaHHI B E€KCIIEPUMEHTI

Oy’Ke 4YHCTHX 3pa3kiB W, pO3paxyHKOBI 3Hau€HHs
JOBXHMHH BIUJIBHOTO TpoOiry [/« HecrofiBaHo Mai
(15 ~ 150 MEMm). MosxnuBso, 1110 IOBXXHMHA s

XapakTepu3ye JIMIIe By3bKHH HOSICOK HOCIIB mepepisy

[I® nobmuzy pz*. ToMy BOHa BH3HAYAETHCS YACOM
penmakcarii Bigxoxy HOCIiB, a HE TPAHCIOPTHHUM, SIK
cepemHs MOBXMHAa TNpoOiry / y MOHOTOHHIM dacTHHI
3mMian MO. Skmo Hocii po3CIIOIOTHCS MiaA MaTuMU
KyTaMHd, TO BEJIMYMHA [%, MOXE OyTH ICTOTHO MEHIIIC,

HDK TpaHCIIOPTHA JOBXHMHA BinbHOro mpoOiry. Ha
KOPDHCTh Majoi JOBXHHH [y pPE30HAaHCHUX HOCIiB

roBopsTh 1 JaHi gochijpkenHs Jlonmiep-3cyHyToro
IUKJIOTPOHHOTO PE30HAHCY yibTpa3Byka B W 1 Mo
[149].

3 Teopii kpatHux O3 [57] Takox BUTIKAE, 110, SKIIO
O00HA NOGePXHs NJIACHMUHU PO3CIIOE HOCI 03epPKAIbHO, d
iHwa oughysHo, mo KpamHi 2apMOHIKU NPOAGNAIOMbCS
sAckpasiute. B TpaHMYHOMY BUIAAKy, aOCONIOTHOT
I3EPKANBHOCTI  ONHI€T TMOBepXHI 1  abCOMOTHOL
IUQY3HOCTI 1HIIOI BigOyBaeThCs MOABOEHHS mepioga O3
yepe3 e(eKTUBHE MONBOECHHS TOBIIMHHU IUIACTHHHU. J{s
BOTO  TPAHWYHOTO  BHMAAKy  Qopmymn  7,2-74
30epiraroTh CBif BUTJIAJ 32 BUHSTKOM TOTO, 110 TOBIIWHA
wiacTiHu d ToABoweThsicsA. [Ipore , B 3arambHOMY
BUIMAJKY JOBUIBHUX p' 1 p" HaJeXKHUTh 3aCTOCOBYBATH
BUpasu, HaBeeHi B [57]. s imoctpauii edexra

a

b

3 4

1 2 3 4

Puc. 30. Pesynbratn Oypbe-anaiizy KpuBuX, nokasanux Ha Puc. 62. G -amiutityna, s - Homep rapmoHiku [ 148].
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Puc. 31. Mognens [1O W [62].

A 4.2 K, pure surface
M|
"
g N 42K
] &
303K <
| 418K $°°Q©
v 465K & F
N
518K 54
y
. 910 K, pure surface
4 8 12 16

Puc. 32. ®ypre-criextpst O3 i aTOMHOYHCTO] i TOKpUTOI HamopineHumu mipu 7s = 4,2K 10 HacnaeHHs
rtiBkamu D, Bignanenumu npu pisHux 7T [63].
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MTOIBOEHHS TIepioaa Ha puc. 29 HaBeneHi 3anucu O3 mis
BHIAAKY, KOJM onHa moBepxHs miactuan W(110) €
ATOMHOYKCTOIO, & IHIIA — MOKPHTa HEYHNOPSIKOBAHOIO
a71copOOBaHOIO IUTIBKOKO (HIOKHS KpuBa puc. 29). Tam xe
JUIs TIOpIBHSAHHS HaBenenuid 3amuc O3 i Tiel ik
IJIAaCTUHMU 3 060Ma ATOMHOYUCTHUMU MTOBCPXHAMU.

B po6orti [63] aBTopu Briepiue Bukopuctanu O3 st

eKCIIePUMEHTAIILHOTO JOCIHI/DKEHHSI ~ PO3CIFOBaHHS
BUAIJIGHUX  TIPyHn  HOCIiB  Ha  yIOPSAKOBaHIH
CyOMOHOIIIAPOBIA  IUTIBIII. BriopsiikoBaHa — TuTiBKa

(dopmyBanacs numie Ha ONHIA TOBEpXHI IUTACTHHHU, a
iHIIA MOBEPXHS 3aJIMIIAnacs ATOMHOYHCTOIO.
ExcriepuMeHT NPOBOAMBCS B YMOBaxX MOJIEKYJISPHOTO
My4Ka, KOJM HANPSIMICHUI MOTIK PEYOBHMHU BUKINKAB
afcopOIif0 JHIIe Ha OJHIA TOBEPXHI IUTACTHH.
Knacuunuii 00'€eKT NMX JOCHIIPKEHb - ATOMHO-YHCTA
noBepxHs W(100) mae crerudivHi BJIACTHBOCTI: MpH

3MiHoeThest 3 p(1x1) mHa 3(2X2) [146]. AmnHanoriuna
nepeOysoBa  CHOCTEpIraeThcs 1 MOpPH  KIMHATHIN
TeMIlepaTypi B pe3yibTaTi aacopOuii KiTbKOX IECITHX
MOHOIIIApy BOJHIO 1 HOro i30TOIIB, 30KpeMa JeiTepuio
[144,145].

@yppe-ananmnz O3, BHUMIpSHUX TpH  PIZHHHUX
MOKPUTTSAX D, BKIIOYAIOYM aTOMHOYHCTY IOBEPXHIO,
MOKa3ye, M0 OCHOBHUH BHECOK B OCHWJIALII JAlOTh JBi
TpyIH HOCIiB, TAPMOHIKM SKUX IMO3HAYCHI Ha puUC. 32 5K
o 1 [ TlopiBHAHHS mepioAiB TapMOHIK 13 JaHUMH,
OTPUMAaHMMH 32  JOIOMOTOI  DPamiodyacTOTHOTO
po3mipHoro edekry [150], mokasye, mo rapMoHiKa «
MOB'sI3aHa 3 BHECKOM CJEKTPOHIB OIMOPHUX TOYOK F
cdepoiniB eTeKTpOHHOTO BalleTa, a TaApMOHiKa [ - IipoK
niepepiziB 4 nipkoBoro oktaeapa I[1® W (puc. 31). 1li

IPYIH HOCIIB XapaKTePHU3YIOThCs 3HAYCHHSIMU KPHBU3HU
[I® pisaumu Bizmosimao 0,53A7 i 0,49A°. Kparni
rapmoHikun 2« i 2f  (puc.32) Takox 0OyMOBIEHi
BHecKkoM B O3 1uX JBOX TPyl HOCIIB.

BimHomeHnHs aMIUTTYyZ KpaTHHX TapMoOHIK (22)
BU3HAayae KoOeQIieHTH J3epKaTbHOCTI PO3CIIOBaHHS
e(eKTUBHHUX TPYN HOCIIB Ha aTOMHOYMCTIH TOBEpXHi:
Do = 0,617 eNeKTpOHIB OMOPHUX TOYOK F 1 Pg= 0,22

Jutsl Tipok miepepi3iB 4 okraenpa [1d. Anani3 nepexoniB
HOCIiB mpu  pascitoBaHHI HA  aTOMHOYHCTIH
pexoHcTpyioBaniin moBepxHi W(100) (73=4,2K) nHa
OCHOBI 3aKkoHiB 30epexenHs (3) i (4) moka3sye (puc. 33),
IO JUISL eIEeKTPOHIB MOOIU3y TOYOK F MOMKIIHMBI TUTBKH
nepexoan y ¢i3udHo exBiBasieHTHI Touku [1D (mepexoam
1). Jns pipok mackiB mnepepiziB A MOXIJIMBI HE TUIBKH
J3epkanbHi nepexoan (mepexoau 2), ane 1 mpouecu
NEepeKUJaHHsl - MepexoJd Ha eJIEeKTPOHHUH BayeT
(mepexomu 3), y TOMY YHCHIi i BEpTHUKaJbHi, 0€3 3MiHH
TaHTCHIIAJIbHOT KOMITIOHEHTH KBa3iiMIyJbca.
BigzHaunmMo, 110 iCHyBaHHSI BEPTHKAJIBHUX €JIEKTPOHHO-
IIPKOBUX TEPEKUIaHb € XapaKTEPHOI PUCOI0 MOBEPXHI
(100)W Ha BimMmiHy, Hampukian, Bix moBepxHi (110)W.
i mpomecm OOYMOBIIOIOTH €QEKTHBHY AH(PY3HICTH
PO3CiIOBaHHI HOCIiB HaBiTh Ha aTOMHOYHWCTIH MOBEPXHIi
(100)W. Hociii 6ins omponux To4yok F I1® y mpomy
CEHCI € BUHATKOM.

Ha pwuc.34 (cepemns xpuBa) IOKa3aHa 3MiHa
nonepeuHoro MO mnactuan W(100) mig yac excrio3uuii
B armocdepi D, (H||n i (T, =4,2K). Sk i npu ajncop6uii
Ha moBepxHiax (110) W i Mo y pexumi CTaTH4HOTrO
ckuH-e(beKkTy, I  3aJCKHICTH  BIOOUMBa€E  3MiHY
YCEpeIHEHOro Mo BCIX rpynax HociiB koedimieHTa p i3
30UIBIIEHHSAM TOKPHUTTS HEYHNOPSIKOBAHOTO ajcopbara.

Puc. 33. TinpoBa mpoekitist [I® W na rpans (100). HHHH i NNNN - o6epHeHi eeMeHTapHi TpaTKu
HEepeKOHCTpYyioBaHOI i pekoHCTpyHoBaHo1 noBepxoHs W(110), Halimenmmmii kBagpar, nenTpoBanuii y I -
elieMeHTapHa rpaTka CTpyKTypH (4x4) [63].
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HerartuBumif 3HaK 3MiHH TIOB'S3aHUI 3 aHU30TPOIIEIO
MO nipu noBopori Hanpsimky H (nuB. puc. 12).

YTBOpeHHs: ymopsiikoBaHuX (a3  KapJUHAIBHO
3MIHIOE XapaKTep MOBEPXHEBOro po3scitoBaHHs. [Ipo 1e
CBiMUUTh 3MiHa momnepeyHoro MO micns  Bigmanmy
HaropoureHoi g0 HacuueHHs (75=4,2K) nuiBku
ajzicopbara mpH 3pocrarodiid Temmepatypi (puc. 35), ska
OPUBOIUTH A0 3MiHM KOHLEHTpauUii # BIOPSIKYBaHHIO
agcopbOara [145,146].

Tpancdopmariro @ypre-ciekrpis O3 micins Bigmamy
HATIOPOIIIEHOI /0 HACWYeHHA ancopOoBaHOi IUIiBKH D
IpH  pPI3HUX TeMIlepaTypax TIIOKa3aHa Ha puc. 32.
3BepTaeMo yBary Ha HE3HAYHI PO3XODKEHHS B
aMILTITYyJaX TapMOHIK ¢ 1 £ UI1 TPHOX CTaHiB MOBEPXHI:
JI0 Bijnany (aTOMHOYMCTA OBEPXHSI), MICJIs BiANANY [pU
300K (mokputtsi, Onu3bKe [0 MOHOMIApPY) 1 micis
Bianany npu 900K (aTomHoumcTa moBepxHsi). O4eBUAHO,
mo ancopOuiss ¥ Bigman TwiBKK D mpu  BemMKHX
MNOKPUTTSX  CJHabKO  IO3HAYAEThCS HAa  Xapakrepi
MOBEPXHEBOIO PO3CiOBaHHS. BiIHOBIICHHS CHUMETpIi
HepekoHCcTpynpoBanoi rpani  (100)W, mo wmoxe

p_pU (yo
Po

1 0.5
0
0.4
-1 1
0.3
21
-3 1 0.2
4 0.1
-5 T T T T T
0 50 100 150 200 250

Puc. 34. 3mina BimHocHoro MO miactuau W(100) -
cyuiipHa JiHisA, 1 oOumciieni mo O3 koedilieHTH
J3EPKANBHOCTI Ui & (KPYXKH) 1 [ (TPUKYTHUKH) TPy
HociiB ipu H||n||[100] i 7, = 4,2K [63].

d.l.

DY

0.6
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P o3
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200

400
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600 800

Puc. 35. 3mina BimHOCcHOTO MO muractian W(100), mokpuToi 10 HacudeHHs agcopboBanuM D mpu
T; = 4,2K (a), npuBenenoi amriityu nepiuoi rapmoniku O3 () 1 koedilieHTa A3epKaIbHOCTI TPH
Bianani; « (kpyxku) i S (rpuxkyrauku), H|n||[100] [63].
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10 30

10 30

Puc. 36. ExcriepuMeHTanbHAN 3aIiC OpYyroi MOXimaHOI AificHOT yacTuHY iMrienancy mractuan W(100) mpu 3miHi
HaNPYy>KEHHOCTI MarHITHOTO TIOJIA 1 PI3HHOMY XapaKTepi MOBEpXHEBOTO PO3CitoBaHHS HOCIIB: (4) —p = 0,09,
pa=0,15,(B)-p=0,15,ps=0,29, (C) —p = 0,36, pa= 0,39, (D) —p =0,5, pa = 0,7, T, = 4,2K, H||n||[100],

f=7,5Mru [151].

BimOyBaTucs mnpu Bigmanmi ammiiBku D mpu 300K
[144,145,149] He npUBOAUTH [0 BUHHUKHEHHSA abo
YCYHCHHSI TIPHHIUIIOBO HOBUX KaHAJTIB J3€pKaIbHOTO
TTOBEPXHEBOTO PO3CIFOBaHHA: BEKTOP 0OEPHEHOI PEIIiTKH

p(1X1) (HepexkOoHCTpyHpOBaHA TIOBEPXHSI) € CYMOKO

BEKTOpiB 00EpHEHOI penritku p(2X2) (peKOHCTpyiioBaHA
rpaHb) — puc. 33.

KapaunaneHi 3minu cnekrpiB O3: mepeposnoin
BIJIHOCHMX BHECKIB FapMOHIK « i [ BiIOyBalOThCS MiCIs
Bimmamy ammiBka D B oOmacti 415 K<Ty<515K.
Puc 33 mokasye, o 1ieil nporec NoB's3aHuil i3 pizHuyero
Y Xapakmepi nogepxHeso20 po3Cilo8aHHs 080X BUOLIEHUX
epyn Hociig. g pi3HWIM BHUKIUKaHa (OPMYBaHHIM
yrnopsinkoBaHoi (asu amcopbara. basyrounce Ha naHmWX,
omepxkaanx wMeromoMm JIIE [144,149] 1 amamisi
MOXJIMBHX TIEpEXONiB HOCIiB MNpPH IOBEPXHEBOMY
po3scitoBanHi (puc. 33) MOXHa 3pOOUTH BHCHOBOK, IIIO
JOMIHYIOUMI BIUTMB Ha PO3CIIOBAHHSA HOCIIB CIpaBIsI€
oIHa 3 ciaboHey3rokeHux (a3 i3 mepiomom a; =4a y
HarpsMkax <10> moBepxHeBi pewnitTku (a - mocriiiHa
pewiTku HepekoHcTpyrpoBaHoi nosepxHi (100)).

Po3citoBaHHs Ha LIl IOBEpXHI BHKIHMKAE SIK
€JIEKTPOHHO-JIIPKOB] TMEPEKUJIaHH 3 OKPYTHM OIOPHHX
Touok F cepiniB Banera B craHm Ha emincoimax [1D,
LeHTpoBaHUX y Toukax N 30HM Bpimroena (mepexin 4 Ha
puc. 33), Ha OipKOBUX OKTaeapax (mepexim 5), Tak i
BHYTPIIIHBOTPYTIOBE TEPEMINTyBaHHSI HOCIIB y Meax
€JeKTPOHHOTO  Bajera. Taki  TPOIECH  ICTOTHO
30UTBIIYIOTh OU(Y3HICTH PO3CIIOBaHHA HOCIIB OKPYTH
tTouok F (chepounis Banera) I1D. J[ns HociiB mepepi3is
A NIpKOBOTO OKTaeapa PO3CIIOBaHHS Ha Iii e penriTii
ajcopbara He CyNpPOBOPKYETHCS BUHHUKHEHHSM HOBHX
KaHanmiB au¢y3HOoro poscitoBanHs (puc. 33). 3miHa
KoedillieHTa M3epKaNBHOCTI ISl IBOX TPyIl HOCI{B Ipu
Bimnaini agroriBku D nokaszana Ha puc. 33. TakuM yuHOM,
Xapakmep NOBEPXHE8020 PO3CIOBAHHA PIGHON MIPOHO

36

3anexcumsv K 6I0 cumMempii No8epxXHes020 wapy, max i
610 mononoeii I1®.

Ha 3akiHueHHs Big3HA4YMMO, IO  METOJUKA
JOCHTIKEeHb, 3acHoBaHAa Ha O3, € 3py4yHHM 3acoOoM
BU3HAYEHHS BIIACTHBOCTEH METaleBOi MOBEPXHI IIOJO
BiMOWBaHHA, HOCIIB TEBHOI, BHUAUICHOI edeKToM
3onareiimepa, rpymnu. Mertoauka nyxe iHpopmaTuBHa,
TOMYy IO JO3BOJIIE 32 PE3yNbTaTAMH  OJHOTO
eKCIIEpUMEHTY BH3HAYUTH JEKiIbKa XapaKTepUCTHK,
OJTHOYAaCHO HAEHTH(IKYIOUM TPYIy BIANOBIIAaJIbHUX 32
e(eKT HOCIIB.

VII. BniuB noBepxXHeBOro
PO3CilOBaHHA HA aMILTITYy i popmy
OCH WAL MOBEPXHEBOr0 iMIIeAaHCY
MeTaJleBUX IJIACTHH

Y nanii rJIaBl  pO3MIISTHYTI  pe3yJsbTaTu
eKCIIePUMEHTIB [148,151], y SIKHX y
HaJBUCOKOBAaKYyMHHX  YMOBaxX  BHBYaBCS  BIUIUB

XapakTepy IOBEPXHEBOIO pO3CIIOBaHHA Ha IMIETaHC
wiactud W(100).i BU3Ha4aBCs, SK iHTErpanbHUH, Tak i
mudepeHIiaTbHIN KoeilieHTH A3epKaTbHOCTI.

Ha puc. 36 moxkazaHi eKCHepUMEHTANbHI 3alich
Ipyrol TMOXigHOI MiHCHOI YacTHHH iMIenaHca IIo
MarsiTHOMy momo st miactuan W(100) d’R/d*H npu
pi3HuX KoedillieHTax A3ePKaIbHOCTI p 1 py. AHammi3 1ux
3JIKHOCTEN T03BOJISIE 3pOOUTH TaKi BUCHOBKH:

Xapaxmep nogepxneso2o 6i06UBAHHI 6NAUBAE K HA
amnaimydy, max i Gopmy ocyunayiu noeepxHeso2o
iMneoanca.

Amnnimyoa ocyunayiti € HEMOHOMOHHOW0 QYHKYIEI
Koeghiyienmie oOzepxanvrocmi. lle BumMBae 3 aHamizy
nepmoi rapMoHiku octmsuin - d’R/dA*H.  ®isuuna
npu4yrHa eQeKTy Toidarae B KOHKYPEHIIl IUIaBHOI
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KOMIIOJTHEHTH OCHWJIALINA, IO 3aJle)XHuTh Big p, i
OCHWIIOI0Y0] KOMITOHEHTH, W0 3aJeXHUTh 68i0 py.
3okpeMa, BiAMOBIIHO 10 Teopii ocrwmstmiid [105,152]
aMIUTITyJa iXHBPOI Tepmioi TapMOHIKM MPOMOpIliiHa
no0ytky MuokHuKa (1 -pg)’ Ha cymy ao pisHmmi
KBaJpaTiB JMIHCHOI 1 ySIBHOI YacTHMHH  IUIABHOI
KOMIIOHCHTH UMIICJAHCY.

I3 30inbUIenHAM HANPYICEHOCMI 308HIUHBLO20 NOJIA
H Oonneponi ocyunayii sminoromscs Ha
Tanmaxepa-Kanepa.

3menwenns 03epranbHocmi 8i0OUBAHHA PE3OHAHCHOL

epynu Hociie (y Oamomy eunaoky - Oipok nacka A
oxmaeopa II®, puc.31) npusodumsv 00 3pocmanms
amnaimyou ocyunayiii nponopyiiino oo (1 - py)’. Leit
BHCHOBOK 3aBXKIHM CIPAaBEUIMBHHA, SKIIO IHTETPATbHUN
KOC(QIIIEHT 13ePKATLHOCTI p 3aJIUIIAETHCS TOCTIHHIM.

Biominnicme gopmu ocyunayiu 6i0 cunycoioanvrol
opyeoi

00yMO8IeHA, 6  OCHOBHOMY,  ICHYBAHMAM
eapmonixy. BiTHOCHMI BHECOK JApyroi TrapMOHIKH B
CHJILHHUX MOJIAX 3aJICKUTh BiJ KoedirienTa
J3EpKANBHOCTI  PE30HAaHCHMUX  HOCIiB.  3pocTaHHs
BiTHOCHOTO BHECKY IpPYyroi TapMOHIKH TpH 30UTBIICHHI
P4 TIOKa3ye, TIO OCHOBHOW  (DI3UYHOI  NPUYUHOI
nopyuiens cuHycoioanvHoi  hopmu ocyunayii
iMnedanca € O03epkaivbHe PO3Cil08AHMA HOCII8 HaA
NOBEPXH.

VIII. 3akiio4Hi 3ayBaKeHHs

Hanuit  ormsag €  pe3ynpTaToM — OaraTOpigyHHMX
JIOCTIUKCHb B3a€MOJIIi HOCIiB CTpyMy 3 IIOBEPXHEIO
METaJIeBUX MOHOKpHCTamiB. Ha Ham mormsim  coifg
3a3HAYUTH TaKi PE3yNbTATH LHUX JOCITIIKECHb.

ExcniepumenTtaibHO MiJTBEPIKCHA KOHIIEILIA
mudpakuii  HOCIiB cTpyMy Ha ABYMIpHIA permriTii
MOBEPXHI METAJIeBOro Kpucrana. ExcnepuMeHTalbHO
MOKa3aHo, [0 XapakTep B3aeMOJil HOCIiB i3 OBEPXHEIO
BU3HAYA€ThCS TOIOJOTTYHUMH  ocobnuBocTsimMu 1P
MeTaly, KpHUCTaJlorpadiuyHOI OpIEHTALEI0 ITIOBEpPXHi
TBEPJIOTO Tija, CTYIIEHEM MOPSIKY, XIMITHOIO IIPHPOJIOI0
agcopOoBaHOi IUTIBKM, a TaKOX TPaHCIHIIIHHOIO

ocyunayii

CHUMETPI€0 MMOBEPXHEBOI IBYMIpPHOI CTPYKTYPH.

ATOMHOYHUCTI TIOBEpXHI 3 MaJUMHU IiHJIEKCaMHU
MOXYTh BiIOMBATH HOCIi CTpyMy MaiXe A3€pKaIbHO.
HaneceHHsT Ha HHMX HEYIMOPSKOBAaHUX JOMIIIKOBHX
IUIIBOK ~ NPHUBOIUTH 0  30UiblieHHS  Anu(y3HOCTI
BiOMBaHHs. XapakTep BiIOMBAaBHHSA HOCIIB 3aJIC)KHUTh
BiJI CTPYKTYypH azcopOoBaHoOi IuIiBKH. BHacnisok 1poro
MEHIIIH TOBEpXHEBIH KOHIEHTpamlii aJ4acTHHOK MOXKe
BimnoBigaTu  OuTeIma  AUQY3HICTP  MOBEPXHEBOTO
PO3CifOBaHHS.

Y moBepXHEBOMY PO3CiOBaHHI HOCIiB iCTOTHY pPOJIb
rpaloTh MPOLECH MepeKUiaHHsA. Y  eKCHePUMEHTI
«BMHKaHHS» a00  «BUMHKaHHS» IIMX  MPOIECIB
BiZIOyBa€eThCs mpu 3MiHI (a3oBOro crany aacopOoBaHOT
IIBKA. Y 1HMX YMOBaX MOXIIMBE J3€pKajbHE
BiIOMBaHHS OJHHMX TPYI HOCIiB 1 Audy3He BiAOUBaHHS
IHIIHX.

Ha ocHOBI rajbBaHOMAarHiTHUX pO3MIPHUX SIBHII
PO3BHHYTI  ITOBEpXHEBO-UYTJIMBI  EKCIIEPUMEHTAJIbHI
METOJIM, W10 [I03BOJIIIOTH BH3HAYaTH HE TUIBKH
ycepeIHeHy 10 BCIM TIpynax HOCIIB HMOBIpHICTB
II3EPKAIGHOTO  BiNMOWBAaHHS, ajleé 1 BH3HAYATH IO
XapaKTEPUCTHKY JUISl BUIIICHUX TPYI HOCIIB CTPyMy.

BescymHiBHO, 11 () BUKOHAaHI OCHIDKEHHS
BIJIKPUBAIOTh  TEPCHEKTUBY IOJAIBIIOTO BHBYCHHS
MpoIeciB  B3aeMOJii HOCIIB CTpyMy 3 IIOBEPXHEIO
TBepAoro Tija. IlepcriekTMBHUMHU € 3ajadi, MOB's3aHi 3

MpoOJEMOI0  CIIH-TIOJIAPU30BAHHOTO  [MOBEPXHEBOTO
PO3CIIOBaHHSI. ExkcniepumenTanbHOro BUBUYECHHS
3acilyroBye 1 TmpoOjeMa MepeTHHY MOBEPXHEBOIO
po3cioBaHHST Ha ancopOOBaHMX AaToOMax, 30Kpema

3aJIEXKHICTD TIEPETUHY BiJ| 3apSJOBOI0 CTaHa agaToMa Ta
TUIY HOTO 3B’A3KY 3 MOBEPXHEI0. AKTyaIbHUM TaKOX €
po3mupeHHs 00'€KTiB AOCIIIKEHb Ha 1HIII METaJH.

Ianuenxo O.A. — nokrop (}izuko-MareMaTHYHUX HAYK,
acHCTEHT Kadeapu 3arajabHOl Pi3uKy;

Conozy6 C.B. — nokTop (Hi3MKO-MaTeMaTUYHUX HAYK,
npodecop, 3aBiayBau kadeapu 3araabHOT Pi3UKH.
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The review gives an account of basic ideas concerning scattering of current carriers at metallic surfaces. It deals
with the physical picture of surface-sensitive galvanomagnetic size effects, i.e., transverse magnetic resistance, static
skin effect, Sondheimer oscillations, conduction electron focusing. The processes are employed to study the
peculiarities of current carrier surface scattering with regard for the electron-hole transfers. Diffraction of conduction
electrons at adsorbed submonolayer lattices is considered. An outlook is given of the application of these phenomena
to the study of adsorption and ordering of adsorbed submonolayer films of various symmetries and chemical content.
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