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1. BBEAEHUE

B Hacrosmiee Bpems mpo6ieMa TOHKHX CJI08B KaK C MPaKTHYECKOH,
TAK W € TEOPETHUeCKOii TOUKH 3PeHMA BecbMa aKTyadpHa. Meraann-
HECKHE M TIONYNPOBOIHUKOBHE CJAOM C YCHOEXOM HPUMEHTIOTCH Aad
MJFOTOBJIeHI/IH pasHoro poxa npuGopos u npucnocobienntt: Goroaae-
MEHTOB M (OTOCONPOTHB/ICHHH, TEPMOSNEMEHTOB U TepPMOCTONGHKOB,
B0/10MeTPOB 1 IPYrHX  TpUEMHHKOB TemsoBuix Jaydeit. Tomkue caou
MPUMEHAIOTCY B KAYeCTBe OTPaWaoU[HX NOBEPXHOCTeH B HHTepdepeH-
UMOHHOH, acTPOHOMHYECKOH M BOOGIIE ONTHYECKOH ammapaType; OHH
TOJYHHIIA TaKie NpUMeHeHWe ¥ B MarHuTHoOH 3amucu 3pyka. C Teope-
THYECKO# TOUKM 3peHHs TOHKHE CJOM BechbMa HHTepecHB XOTs Obl
TOTOMY, '4YTO CBEXeEIPUTOTOBJCHHHH CJ/IOH, €CaH ero HabMoNaTh Npu
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TIOMOLIM BJEKTPOHHOTO MHUKPOEKONA HJIM 9JMeKTPoHOrpada, pacKpusaer
nepel HaMu KapTHHY CTPOEHHS BellieCTBA. B 39THX YCJAOBHMAX cJoft
OTHOCUTEJIbHO MAJI0 NOABEDKEH  KaKUM-au60 HAedopMauusM H BHell-
HeMy BJAMAHHIO. I109TOMY. 9/1eKTpOHOrpadMuecKHe HCCJEAOBAHHT MOMO~
rajoT HaM ‘PeilaTb MHOTHE BONPOCH, CBSI3aHHHE C NPOGAeMOil MeTasd-
qaorpaduu.

3a nocJjelHWe ABa AECATKA JAeT B Hamle#l cTpaHe GOBUIH BHIIOJHE-
HHl MHOTHME HHTepecHmle HMcCleJ0BanHS B 3Tolt obaactu. Ilostomy
BMOJIHE €CTECTBEHHO IOABHJIACH HEOGXOLMMOCTE B HEKOTOPOH CTENEeHM
0600IMTL STH PE3YJLTATH MCCIENOBAHUH, BHACHATD COCTOSHHE HALINX
3HaHMA B 00JaCTH CBOHCTB TOHKMX METALIMYECKHX H nonynpm;omm~
KOBBIX CJIOEB,

Vecnenopannsd B 3TOM HanpaBJACHHH INpewie BCEro LAl BO3MOK-
HOCTb OOHApPYXUTb Pe3KO BhIpayeHHHBIE HOMAJWH T2M, Il MACCHBHHE
METaJ/IB BelyT cebd HOpMalbHO.

O6piuHO CcuMTaeTcd, HTO 7 METaMIOB TakHe (QH3HYECKHE BeJH-
YHHB, KaK 9MEKTPONPOBOAHOCTH (MM YyJeApHOE CONPOTHBJICHHE)
v TepMmuueckuit koaddulivent conpoTuBAeHUs (T. K. C.) SBISIOTCSH
KOHCTaHTaMH. KaK BHIACHMIOCH, B TOHKMX CJIOAX HE TOMBKO METaJLIHi,
HO H TOJYNPOROIZHHKH BEAYT C€6H HECKOABKO CB0OEO6pasHo. AHOMaJIb-
Hele CBOHCTBA OCOOEHHO SPKO CKa3LBAlOTCH Ha MNOBeJeHHH yKasaH-
HEX KOHCT4HT MeTa/id, a TaKKe H Ha W3MEHEHHH ONTHYECKHX KOH-
crauT. B TomummHax mnopsaka HECKOJBKHX My HAOMOLAETCH yMeHb-
HIeHHe 3]eKTPONnpoBOXHOCTH. C yMEHbIIEHHEM TOJUIMHH CJOS TepMi-
yeckull K03(PpUILHEHT CONPOTHRIEHHS HE TOJNBKO YMEHbINAeTcsd, & M H3-
MeHAET CBOH 3Hak *). B rabnune I npuBeneHb JaHHBE LIS HEKOTOPHIX
METaJIJIOB.

Ha ocHOBaHHH MCCIEAOBAHHH 3JEKTPHYECKHX CBOHCTB TOMKHX
CJ0EB YKA3aHHEIX BHIe TONIMH MOMHO CHeJaTh oOmu#i BHIBOL, UTC:
V3MeHeHHe CBOHCTB META/JIOB C YMEHbINCHUEM TOJILHHE CJOS HPOHCXO-
IMT TaKuM 0Gpa3oM, 4TO HO CBOMM CBOHCTBAM OHM CTAaHOBATCA Olmxe
K MOJYNPOBOJHHKAM W IUINEKTPHKAM, 4eM K MeTa/jaM. STH aHOMaanh
B NOBEJEHHWM METANJIOB B TOHKHX CJI0SX OOHapyMeHH NaBHO, HO 00b-
ACHEHWEe HM JiaHO ObLIO SHAYMTe/JLHO MNOoke, Korja Obll Hakom/ekk
AOCTATOUHLIA OKCNEPHMEHTANLHEIH MaTepuas. AHOMajMH MOryT ObiTh
ofycnopieHsl paAOM TNpPHUYHH H HE TOJbKO B TOHKHX CJOHX, HO
W B MaccuBHOM MeTajute. M3BecTHO, uTO camasd He3HaYHMTEabHad MNpH-
MeCh, NPUBHECEHHAs K KAKOMY YIOLHO METaJy, BH3HBAET yMEHbIife-
HHE €0 3JeKTPONPOBOJHOCTH JAade B TOM CJy4Yae, €CJAM JIEKTPONpO-
BOLHOCTb HpHMECH GoJblle, YeM Meralia (mpasuno Maruccena). Ms-
MEHEHHE SJIEKTPONPOBOMHOCTH MOMHO HabmonaTh M B TOM Clydae,
xorna nytém nedopMalMy NPOW3BeleHO HapylleHue KPUCTAIHYeCcKok
pewisTKy, W BooGule npu MoGHX Hapymenusix pemérsu. Ho B cayuae
noJynpoOBOJAHHUKOR NPDHUBHECEHHE IIDHMECH MONET Bbl3BaThk H yBeJAHUYCHNE

*) Pear HAET O TOMHMHAX NOPALKA 10~7 —5-167% cu
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sJaekTponpoporHoctd. I[losToMy Aas HMX nipaBuao MarucceHa He-
NPUMEHHMO. '

-Te MeTo;Hl, NpH IOMOUIY KOTOPHIX IKCHEPHMEHTaTOP NPHTOTOB-
Ager ToHuafimMe cjOM (MOPAAKA AeCATKa M), a& MMEHHO KATOXHOE
pachblIeHHe, “TeDMUYecKas BO3TOHKA, DIEKTPOJNHTHYECKOE OCaKIEHHE
¥ Ip., 3aBeJOMO O0GeClevyHBAIOT VCJIOBHA HapyIIeHHs HASaJbHOCTH

- TaGéauuna |

wcnomge- | Vaewoe | Vaemmoe | Tepuriecuil | Suaveme |
Muee B 6o- conpommgeﬂue COHpOTI/IBJ‘EeHHe COHPOTHBJ’[CHHH TOHKUX
roserpe | IR0 | @IS | I BC | cnoes snus
TEXHUKE ! (1/rpanyc) BEIECTB
Cu 40,0044 | 10,0024
Pt 9.8 10,8 40,0030 | 40,0037
| +0,0027
[ Au 2,06 2,81 10,0040 | --0,0014
‘ ’ --0,0036
Ni 6.6 ' 7,85 -1.0,00634 | 10,0048
_ -0,00675 | --0,0059
Fe 8,9 10,9 -1-0,00657 _
W 4,89 6,32 - 0,00464 —
Bi 109,0 118,0 40,0045 | —0,0025 |
‘ . —0,0021 |
Sb 36,3 39,8 1.0,00473 | —0,012
Cd 6,7 13,4 1.0,00428 | — 0,0014 !

KpucTannnueckof pemétku. IlosTOMy HeyamBUTeNbHO, UYTO HMEHHO
B TOHKMX CJOAX A4HOMaJu¥ NOPOfABJAIOT cebi ocobeHHo spko. lleno
B TOM, YTO IOJYYHTb TOHKHI CJIO{f MeTaala B YMCTOM BHIE IIPH MNO-
MOILM TEPMHYECKOH BO3IrOHKH = HJIM XK€ KaTOAHOTO PaclblJICHHH IMOYTH
HeBO3MOXHO. [lpouecc ocawzaenus ciof B MeHpiie# mau Gospime# cTe-
NeHH CBA33aH ¢ ero 3arpssHenueMm. Jaxe ec/nm pacnoijeHde NPOHUSSO-
IMTCS NPH paspeweHud nopaika 106 uu pr. cT., B KoaGe HaXoAUTCH
NOCTaTOYHOE KOJHMYEeCTBO MOJIEKYJa Tasa, KOTOpHE MOryT HONacTh
B cjoil. B 2TOM cayude uymMepoNHMWE ATOMB MOTYT NONACTH B MEWALY-
yseabe pem&Tky KoHieHcata. Kpome 3TOro, B Ipouecce KpHCTaJ/d-
3allMH BO3MOXHO BO3HHMKHOBeHHe JedeKTOB B KDHCTaMJIM4ecKOH pe-
méTKe 3a CYET NOABJEHMS NYCTHX MeCT B y3/13aX pell&TkH, Jubo
HAJMYUE ATOMOB KOHMEHCATA B MEXUyy3elbe peméﬂm
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Taxum o060pasoM, HCTOYHUK TIDUMECH WJH -3arps3HeHMA BCeria
“umeercd. MoJsexyasl rasa, nomaBmiHe B CJOH Meraana, OyAYyT BecTH
ce0s MO-pasHOMy. B OZHHX CJyuasX MNPOH30HIET XMMHUYECKOE ' COENu-
HeHHe .M TOrAa cBoOHcTBA CJ/iod GYAYT ONHM;, B IAPYI'HX -~ MOJEKYJHI
raza OyayT HaXOAHTbCH B CJ0Oe B BHIe TBEPIOrO pacTBOpPa W TOrAa
<BOHCTBA C/10d4 OYAYT IApyrue.

VHorza o6pa3oBaHue Ca0si He COMPOBOMAAETCS MOTJOMICHHEM TIa-
3a. Tak, Hanpumep, c/Io#f Xeie3a He norgomaer asora® u CO,, ecau
NoA06paTh COOTBETCTRBYIOMIYI0 CKOpOCTh ucnapenus. C apyro# cropo-
Hpl, KHCJODPOJ OueHb AKTHBHO BXOJIUT B COeIMHEHHE C MeTa/aMu.

ITU 3arpsSHeHHs B CJaAyvae MOAYyYeHMS CJIOS W3 METadI0B CO
CJHOMCHON KDPHCTAMINIECKOH pPemETKO# MOTYyT CO034aTh YCJaOBAS 00pa-
30BaHMA -aMOPQHOT0 COCTOSHMUSA B HadajpHOH crammu (OPMHPOBa-
Hud caof. AmopdHad dasa ¢ yBeaMUeHHEM TOIHHBL O CAMONPOHU3-
BOJILHO NIpeBpaulaeTcs B KPHCTANIMYecKylo. B 3ToMm ciyyae Hukaxo#
TeMIepaTypsl npeBpanleHusd, Ha KOTOPYW ykaseiBaeT Kpawep 4,
He nomkHO OHITh, TaK Kak Ipolecc mpeBpauienuss amopdHoi dasnl
B KDHUCTAJINYeCKyIO B TOHKOM CJoe, Tje JAEHCTBYIOT CHJBEL 1OBepX-
HOCTHOTQ HaTsmXeHUd W Apyrue GaKTophl, He OyIeT NPOUCXOAUTH
MrHOBEHHO. '

B arom ofzope Mbl He npeTeHiyeM HA HCUEpUHBAIOUIEE OCBEllEHHE
BCEX BOMPOCOB, CBA3aHHHX ¢ (DU3MKOH TOHKHMX CJO8B, MU M3JIOKEHHE
_ BCeX MMeIOWIMXCS B MHOCTPAHHON JuTepaType paboT Mo 3TOMY BONPOCY.
Hamu Gosvuie yieneHO BHUMaHusA pas0opy HaydyHeIX paGoT, [TOSBHB-
HIMXcd B Hallle# oTedeCTBEHHOH JuTepaType 3a mocaeanue 10—15 Jer,
KOTOpHle, MO HAlIeMy - MHEHHIO, HMEIOT BaXHOE HayyHOe 3HaYeHHe
B mpoGieMe H3YYEHHS TOHKHUX MeTaJUIMYECKHX M IOJYIIPOBOLHUKOBHX
cJIOEB. B cBA3M C 3THM B NPUBENEHHOM CIIHCKe JIHTEPaTyphl MBI CTpe-
Muauch - GoJjee TOJHO TPEACTABUTH PaboThl COBETCKUX Y4&HHIX 110
3TOMY BOMpPOCY M OTMETUTb TOJbKC HanGoJee BaxHbe paGoTHl MHO-
CTPaHHEIX aBTOpoB; [IpW Hamucanmu 5To# paGoThl OHIAM HCIOIH3OBAHK
HeKoTOpHe Martepuais 43 0630poB A, Awmeynosa®, I'. PoseuGepra$
# paborst C. Bexmmuckoro .

Ha Bonpoce weToAMKM NOJIyYEHHS TOHKMX CJOEB 1 onpele/cHHd
AX TOJIIMHE MH 3JeChb OCTAHABAMBATLCA He OyleMm, a YKameMm . Ha
JPYrue JAuTepaTypHbie HUCTOYHHKH T & 9,

2. $OPMUPOBAHME Y1 CTPYKTYPA TOHKKWX
METAJIJII/I‘{ECKVIX CJIOEB

B Hacrosimiee BpeMsl 3KCMEPUMEHTATOpP pacHoJaraeT PasiHYHBIMU
‘MeTOLAMH MCCACNOBAHUA CTPYKTYPH TOHKHX C/a08B. OCHOBHBIME ‘3JeCh
ABJAIOTCH PEHTreHG-9aeKkTpoHOrpauyeckne Meroas: Ilpasaa, peurre-
‘HOBCKHe Jlyus €1ab0 paccedBalOTCH TOHKUMHU CJIOSMH, a CAeAOBATENbHO,
npuMeHeHHe WX Mano SpPeKTHBHO: Hanporus, paccesanie 3ieKTpoH-
HMBX Jyuell BEJHKO- U I[OITOMY OHM C YCHEeXOM.MOryT. GuITH? HpHMeHe-
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HHl 19 UCCAENOBAHHA NpeiebHO TOHKHX CJI0EB. JlHana3oH TOJIUHH
or 10=7 xo 1075 ca, HOCTYNHHE 21eKTPOHOrpabHYECKOMY HCCAeNO-
BAHMIO, KAK Pa3 BKJIOYAET TAKHE TONUMHE, B KOTOPHX B OCHOBHOM
n HaOMORaeTCd aHOMalibHOe TOBEIEHME METa/UIOB B TOHKHX CJOAX.
BaxHOCTb 3/MeKTPOHOrpadrIecKoro MeTona MCCAeHOBaHUT 3aKII04aeTcs
He TOJBKO B TOM, YTO H4 OCHOBe INOJYYaeMHX MPH -ero HOMOUIH
LAHHBIX TIOABJSETCH BO3MOWHOCTh ONpENeNITh CTPYKTYpY chos. OH
HaéT yKasauusd Ha BOBMOMHYIO ODHEHTAUMIO KPHCTAJIIHKOB, UX pasMep
¥ XapakTep MOBEPXHOCTH oOpa3sna. MHorume mcc/eioBaHusi NOL0OHOTO
pona BhmoaHeHs 3. [. TTunckepom ! u apyrumm asropamu 7> 12 13 1415,

IMpu uccrenmopannu ciaoés, ToauuHa xotopux < 0,1y, mociennue
HAHOCATCH Ha TOHKWE UHeJIyJOuAHHe uAM (PopMBAPOBHE HASHKH,
W WCCJefoBanue BeAdTcs Ha npocseT. Ilpw OGoJbUIMX TOMIMHAX MWC-
caeloBaHMe BeN8TCE HA oOTpaweHHe. B aTtoM cuayyae CJOH MOWKHO
HaHOCHTh HA CTeKJdHHbE TNJMACTUHKH. BcecToponHee OCBellgHHE
BOUPOCOB AudPpaxuuu SAeKTPOHOB, ONMCAHHE 3JEKTPOHOTrpaduue-
CKOrO MeTORa H CmocoBa pacysta BDAeKTPOHOIPAMM MOMHO HaHTH
s kHure 3. T. Tluuckepa «JInddpaxuus -3.JeKTpoHOB». Bompocs
9MEKTPOHOT papUIECKHX HCCeMOBAHUI OCBEIIEHH Takke W B pale
npyrux paSor 1617,

CrelyeT OTMETHTb, YTO B NOCJETHEE BpeMH IJg NCCJIeOBAHMA
CTPYKTYDH npouecca (GOPMUPOBAHMS TOHKOTO CJIOA M H3YYEHUS €ro
CTPYKTYPB € OOJBIIHM YCIEXOM Hawamm npumeﬂmb 3JIeKTPOHHBIH
MAKPOCKON 23 24, 25, 6, 32, :

Kakx Oymer mnoxasaHo HmAKe, CprKTypy MeTannnqecxofo caog
MOXHO ONpPEAEJHTH M NP TOMOUIM KHCCAENOBAHHS H3MEHEHMH 9JeK-
TPONPOBOZHGCTH CJIOA B 3aBUCHMOCTH OT €r0 TeMAEPATYPH M TOJIMHEL
WMuorza 310T MeTOL PAacKpHBaeT HEKOTOPHE OCOGEHHOCTH CJod, KO-
TOPHE SJAEKTPOHOTPAPUIECKHM METOAOM HENb3S OBHAPYHHUTD.

B HacTosimee BpeMs MMeeTCH JOCT4TOYHO TEOPETHYECKHX M IKC-
NepHMEHTAbHLIX IaHHHX, 4TOOH COCT4BUTH HEKOTOPOE NpeNCcTaB-
AeHwe O npouecce GOPMUPOBAHUL | __CTPYKType TORKHX MeTailiude-
CKHX CJOEB.

1. Emé& m©a z2ape passurtud SKCHepI/IMeHTaJIbHHX HCCACAOBAHAR
CTPYKTYPH H 9JEKTPHYeCKHX CBOHCTB TOHKMX MeTa/UIHYECKHX CJIO-
& 5. V. Ppenxean’® paccMoTpes ¢ TEOPETHHECKOM TOHUKH 3PEHHS
BONPOC O mpouecce (HOPMAPOBAHHS TOHKOTO CJOS. ABTOP HpescTas-
JI€T NOBEPXHOCTL JNMIJNEKTPHUeCKOH MOAKMAAKH B BHAE HEKOTO-
poro «moTeHuuasjbHOTO peabeda», T. e. B Bule MOTEHILHAJLHBHIX
M M GyropKoB. Ny

Ecan Ha Takylo NOBEPXHOCTH HAUPABUTh aTOMADHHE NYuYOK, TO
NPOM3OHIET COYIAPEHHE ATOMOB € NOBEPXHOCTLI. OTAaB CBOIO H3OH-
TOUHYI0 KHHETHUECKYID 9SHEDTHIO, aTOMbl MeTania OyAyT COBepIIaTh
TEIJIOBOE JBH)KEHHE BMECTe C aTOMaMM TOBEPXHOCTH AUsJaeKTpuKa. JacTs
U3 HHX, B CHAY HENPOYHOH CBA3M C aTOMaMu AUSJEKTPHKA, YHAET
€ NOBEPXHOCTH, & APyrasg YacTb, B CHJIY CYHIECTBOBAHUT NOTEHIHANLHOTO

5 VeH, r. LI, sum. 4
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peaseda, Gy/eT 3aepxaHa Ha IOBEPXHOCTH, 9Ta 4acTh Oy/1eT CoBepPUIATE .
HOpPMaJbhHbIE K MOBEPXHOCTH KOJMe0aHUA B MECTaX TOTCHLIHAJLHEX M.
Ancop6upoBannas 4acTHila B COCTOSHHM A MHLPUDORATH MO IOBEPX-
HOCTH, COYAapAsichk € JpyruMu aromamu. Takoe COyAapeHHe MOWeT
npusecTH K OOpPAsOBAHUIO ABOHHHKOB M- TPOWHHKOB, a TaK Kax Mpo-
necc o0pa3oBaHUS TNOCAENHHX CBI3aH C BbAEACHHEM 3SHEPIuUH KDH-
CTaIAH3aLMH, TO OOpATHOE HcnapeHwe OymeT 3aTpyiHeHO W HAIHETCH
npouecc o0pasoBaHKA CJAOA.

TakuM 0GpPa3oM, CYUIECTBEHHEIM B TeOPHH H W. dpenxend sB-
JdeTcs HaJduuyMe MUTpalHM afcopOUpOBAHHLIX aToMOB. lloaToMmy nis.
TIOHHMaHUS BCEro MeXaH43aMa 06pazoBanusd €103 HeOGXOIUMO BHIACHUTH
SHepreTHYeCKHe yCJAOBUA murpauuu -2, mpu KOTOPOX aTQMaM NPHXO-
IuTCH TIPEONOJeRaTh MOTEHUHMaipHHE Gapweps. B paGore '* moxasauo,
4TO MHUTDauud 4aTOMOB OCYHIECTBJSCTCA B PE3YJbTATE MHOTOKPATHHX
coyrapeHulf, Grarogapd KOTOPLIM BO3HHKAeT SHEPTHT - aKTHBAUHM, HO-
cTaTo4Had Jaf TpeonofeHws OapbepoB. [HeraapHoe uccrenoBaHue
BOTIPOCOB  MHTpAN¥H 4TOMOB 30J0TA ‘M NaJiagus Ha NOBEPXHOCTH
nyHKa 6bl10 nposemeno EdemctoBo#t W mp. 2%, KOTOppie HALIMM, YTO
NOPAAOK BEJMYMHB BOSMOWHBIX HEDEMEIEHUH MHUrPHPYIOUMX aTOMOB
cocrapager or 16—6 jo 16—5% cau. v ‘

. Y. Ppenxeas B cBoelt paboTe I10Ka3aj, 4TO MJIA O5DAZOBAHUI
METAJIMIECKOTO CJIOS HA TMONCTH/IAI0 ed TNOBEPXHOCTH TIPHU TepMuye-
CKO% BO3TOHKEe HeOOXONHMO HaJMHUHe ONpelrenéHHO¥ KPHTHHYeCKOH
ILIOTHOCTH . ATOMAPHOTO Myuka. BeauuuHa = KPUTHIECKOA TJAOTHOCTH
JOMNKHA 3aBUCeTb OT NPUPOLH NOACTUAAIOMIEH MOBEPXHOCTH, €& 4-U
CTOTH ¥ TEeMIEpPaTypHl, a TaKXe OT NPHPONH OCAKAAEMOr0 MeTasld

Bce atu ¢axTops HOMKHH OKAa3biEdTh CYUIECTBEHHOE BJMAHHE Ha
npouece (QOPMUPOBAHMS CJIOI M ero CTPYKTypy.

Takoebl Gbliy HEKOTOpPHle TeOpeTHHeCKHe INpelABHUIEHHd, HA KOTO-
PHIX OCHOBHIBAJMCH 3KCHEPUMEHTAJBHbIE HCC/AENOBAHN EAMIUX YUEHBIX.

Bekope H. H. Cemgnor u 10. Xapurou?' skcnepuMeHTa bHO NOA-
TBEPAUJH CYIHIECTBOBAHHE  KPHTHIECKOH MAOTHOCTH METal4ecKoro
napa npu obpazoBaHuM CJ0Z. ABTOpaMH B0 TOKAZAHO, YTO KOTAA
MJOTHOCTh NAPOB M2Td/la HOCTHTAeT, HEKOTOPOH KDUTHUECKOH Beau-
YhHbl, NPOMCXOAUT BHe3anHOe 00pasOBaHHe YaCTULL MeTajana.

Ha ocHoBaHuU 3KCHEePUMEHTAJbHBIX HCCACHOBAHHH 3IJEKTPUUECKHUX
cBO¥CTR TOHKHMX ca08B Kanmus A, [HansbHuxosum 2?2 em@ B 1838 .
6blia BICKA3aHa CJjelyomas TOUKa 3peHud Ha npolecc QOopMHPOBAHUH
TOHKHX MeTa/UIMYeCKNX CJJOEB.. B HayasbHuLl MOMEHT KOHIEHCALMH
aTOMBl MCLAPUBINErOCH M OCEJAIOMIEer0 Ha MOMLJIOWKY MeTaaia pasol-
‘menn Mexny cobofl. Ilpn 3T0M conporTuBiaeHue cJ0od OGeCKOHEYHO
60Jipitoe. B 3TOT MOMEHT HHMKAXMX €Iif KPHCTAJNIOR HET, a OCeBUIHe
aTOMbL. MO)KHO paccMaTpuBaTb Kak aicopOHPOBaHHMIE NOBEPXHOCTLIO
nonkaaiku ras. (Pgn aBTopoR 3TO €OCTOAHME NpUHMMAeT 3a amopd-
Hy0 ¢asy.) Ho B cuay cymiecTBOBAHWS MHrpanuy aTOMOB IO HOBEDX-
< HOCTH TIPOMCXOAUT TPYNIMPOBKA 4TOMOB B HEKOTOPHIE LEHTPH M 00-
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pasyercit ckonvnie uactuy, (rpanya). ‘C TeueHHeM BpPEMeHH KOHIEHCa-
UMd 3TH HeHTPH YBEeJHUMBAIOTC ¥ MEKAY HUMU NOZBATIOTCH KOH-
TaKTH — MOCTHMKH; 4TO COOTBETCTBYET TOJUIMHE CJosd ~8:10—7 ca

(adexTnBras TosuHa).
[To mocTuweHHHn 9TOH TOJIMHE CO]’!pOTHBJIeHI/Ie HayuHaer 6bICTpO
Majath, KaK MOKA3aHO HA KPHBHIX DHC. }, @ (B'cayuae uHuxens) u. 1,0
-{B cayude uesus). Ha puc. 1, 6 nyHx-
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Puc. 1. o
3nlBaeT Ha TO, YTO B JAaHHOM -CJaydYae KMeeT MecTo KpnCTammecxaﬂ
CTPYKTYPa, a HE aMopohRad. .

Hccnenorannamu Muorux aeropos 2425 26,33 ygoxasano, 4To B TOH=
yallmux CJI0AX HaIbLIZEMOe BEIECTBO He PACHpelelaeTcd PasHOMEPHO
N0 Bcell MOBEPXHOCTH NOXK/ANKH, 4 KOHAECHCHPYETCH B BH1€ OCTPOB-,
KOB, H30AMDOBAHHHX JpPYT oTf xpyra. [Ipu 3ToM, Ha. OCHOBaHMHM JaH-
HHX 3JeKTpoHOrpaduuecKux wuccaefoBaHuil 2> 28 CTPYKTYPH TOHKUX.
CI0EB 30J10Ta, - cepebpa, BHCMYyTa, CYPbMHl W APYTHUX MeTaaa0B’
JeNaich BHBOAH, YTO MeTaaandeckue Ciou - 06JALA0T KPHCTALIR~
YECKOH# CTPYKTYpo#l B TOHUAHIIMX CJI0AX, KOTAd HOrJOlieHHE CBETa
cocraBifer TOAbKO 2% OT ynaeuielt MOWIHOCTH cBeToBOro ayda. Has
'OMOAEHUA NO0Ka3add, 4TO 3JIeKTPOHOrpaduyecKne KOoabla INPH 9TOM
CHJIbHO PasMbITH, YTO CBHAETE/LCTByeT O BechMa MaasiX pasvepax
KpuCTaJioB, ofpasyioutax caoff. G yBeqMdeHHeM TOMUMHH  CJ0a
KOJIbLA NOJyyaioTca 6o/ice pesKHMH, YTO yKassiBaeT Ha YBeaW'ieHHe
KPHCTAJUIOB. DTa KPUCTALIMHeckasi CTPYKTYpa CJOA OKa3biBaeTes Hes
ycrofunBo#, HabmonaeTcs peKpHETANIM3ALUI AdKe IPH KOMHATHOHR
TeMnepaType, : o8yCuoBAuBAlONlas M3MEHeHNe. COMPOTHBAEHUA  CJOd.:

5-)’:
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ITo manHnM wccaenoBanus Xaaca?® naxe CJOM TOMUHMHON B HECKOMBKO
IeCATKOB a4TOMOB He ofaamann amopdHo# da3loil.

Ipunc 3. pccaenoBan 37eKTPOHOrDAhHUECKHM METONOM - TOHKHE
CAOM OJN0BA M INPHMEN K BHBOLY, YTO NPH HAHECEHWM CJOd Geloro
0J10Ba NEPBOHAYAJIbHO 00pasyloTcd KPHUCTAJIMKA CEPOTO OJ0Ba, KaK
Gonee mesxue. Tonuafiinye OMOBSHHbE CJOM SBJTIOTCH TaKUM 06pasom
CJOSIMH CEpPOoro 010Ba M 10 BuBOZaM IIpHHCAa HX MOXHO DaccMaTpH-
BATb KAK 3aTPaBKy. L4 [OJY4YeHHS Ceporo 0JO0Ba B TOHKOM CJOE.
Fopioncea u  Konozenko®' HpoBepu/n 3TO NDPEANONONKEHHE U NPH
pacnoileHHH 0eoro 0J0Ba Ha OXJAKAEHHYI0 NJIACTHHKY TIOJIYYHJIA
CJIOH, COAepHauine cepoe 041080, ONHAKO SKCAEPUMEHTAMbHAE TAHHLIE,
MoJydYeHHbe B MOcJeldee BpeMs, 3aCTaBJISIOT HECKOJbKO OCTOPOXHO
OTHOCHUTLCH K CYXJEGHHIO O CTPYKTYype CJ0f B ero nepBOHa 14JIbHO
daze obpasoBanus,

B Hnacrosmiee BpeMs TeXHMKA SKCIEPUMEHTa MOCTHFIA TaKOro
nporpecca, HpH KOTOPOM €CTh BO3MOMHOCTL B 3IJEKTPOHHOM MHKPO-
ckone HabuioNaTh H3MEHEHME CTPYKTYPH CJ108 B MpOLlecCe €ro Hape-
CeHHs, HE TIoABepras CJoH BO3AEHCTBMIO arTMocdepHOro BO3RyXa
¥ apyrux noGounnix ¢akropos. Tak, B paborax 323 npencrasiaenst
pe3ypbTaThi  3/JEKT POHHOMHKPOCKONMHYECKHX  HaOJIodeHu#  npoiecca
pocra cAo&B cepebpa, 30J0Ta, KaiMug M HHHKA. ABTOpPH Ha OCHOBe
HOJIYYeHHHX CHUMKOB VKa3BBaiOT, 4YTO 4YacTH4kHM cepebpa M 20.10Ta
3aMeTHbl, HaYMHAA C TAKHX pa3MepoB, KakKHe TI03BOJAeT OOCHAPYXHTDb
paspemaionias CnoCOSHOCTh MHKPOCKONA. ITO COOTBETCTBYRT 3(iex-
THBHOH TOJIIMHE CJI0f, PaBHOH npumepHO 6-—7 aTOMHWIM - CJIOM,

AtomapHple 0Opa30BAHMS PASJIMYHBL IO BEJNYMHE ¥ MMEOT Noxobue
cpepuueckot dopmel. [lpum 3TOM HHMKAaKHX CJENOB KPHCTaJJIMIeCKOH
CTPYKTYpPH B ¢dopMe wuacTHll aBTOpH He obHapymusaioT. C yBemauue-
HueM TOJIIUMHEl CJOS pasMepel 9TUX YacTHL, PacTyT 06e3 yBeaudeHHH
Ux uymcaa W ocobulx M3MeHeHMHl (DOPMBH, NOKAa He HAYHETCA mpouecc
CAMSIHAS MX B CIUIOMIHOH CJO#.

Tor dakt, YyTOo BO BCEM ITOM NpOLEecCe 4BTOPH He HalII0NANH
noABJeHHd KpUCTaIuueckofl ¢opMel, YKaswlBaeT, YTO NPOIECC KPH-
CTAJIIN3AMM TPOMCXONUT He MIHOBEHHO H YTO OH 3aBHCHT OT YCJO-
BHH MHrpALVM aTOMOB M JOeHCTBYIOUIMX CMJI IIOBEPXHOCTHOrO HaTs-
KeHus. B oLHMX clyyasx MPONecC KPUCTAJMNN3aluny MOXKeT POUCXONUTD
GuicTpee, B Apyrux MenjeHHee. I neficTBurenbHO, ecim OOGPATHTHCH
K 3JEKTPOHHOMHKDOCKOMHYECKUM CHHMKaM mnpobecca (OpMHpOBaHHL
€105 KaAMHg M LMHKA (CM. puc. 24 ¥ ), 3aNMCTBOBAHHLIM HaMK U3 %2, To
MOXHO 3aMETHTh, YTO Yike NepBOHAYABHO NOSBMBIUHECH 06pasoBaHMY -
YACTUL. UMEKT NPABUJPHYI0 KPUCTAJIHIECKyi0 (opMy, KOTOPYIO OHU
COXpaHAIOT C YBe/JHueHMEM TOMUHHB A0 CIAHAHHA B arJoMepaThL.
B sto#i padore o6pauaercs BHHMaHHe HA TO OGLTOATENBCTRO, YTO IO-
noBHOro poia YacTMUH NOABJIAITCH, KOTAA ILIOTHOCTH MaPOB KaAMHUA
JOCTHTaeT HEKOTOPOH KPUTHYECKOH BesuuMBH, O HEM OBLJIO CKA3aHO
‘BHIllle [PH PAacCMOTPEHHH  Teopernueckux pador fl. Y. ®Ppenxens.
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Ilpu  oTHOCUTENBHO 6OJee - TOJCTHX CJIOSX: npouece dopMuposa-
HAA CJ0% cepefpa B 3aBUCUMOCTH OT TOJI(MHBL NpeACTaBJieH HA
PHC. 3, 2aMMCTBOBAHHOM HamM u3 * (oM. Tawwe 5). seno Bummo,
KaK C yBeJUYEHMEM TOJILIMHL CJOS KPHCTAJIL TMOCTENeHHO paCTy;jT
B pasMepax M 3aTeM, C/HBACh, NEPEXOAAT B CIJIOUIHOH CJOH. ‘

Puc. 2. Tlponece ¢opMupoBaHHa cao0s, Hamecémuoro HCHapeHneM B BAKyyMe
Hd (OPMBAPOBYI0 HOZIOKKY. (SaexTponHOMEKpOCKONHIECKas ¢dotorpadus,
yBeauuenve 30 THIC.) @ — ciiol KagMust; 0 — cioil uuHKA.

DUIEKTPOHHOMUKPOCKOMUYECKHe uccienopanus -3¢ 39, %, 87 najm
BO3MOXHOCTb HENOCPEACTBEHHO HaG 04T OCOGEHHOCTH 3ePHH CTO}
CTPYKTYDBI TOHYAHIIMX METALIMYECKAX CJ0EB M TO3BOUNM yCTaHo-
BHTb, 4TO TOHYafillne OTJIOKEHHA MeTasN0B NPeLCTABATOT COBOMH
CKOMJEHHE OYCHb MaNEHBKHX KPHCTaAMMuecKnx wactun. Habmonzemas
IpH 3TOM KAPTHHA CYIIECTBEHHO B3dBHCHAT OT NPUPOLH KOHUEHCATa,.
KaK 3TO BHIHO M3 -pHC. 4; OPH ONHUX M TeX XKe ycJIoBHIX monyye-
HRA CJOEB Xxapakrep peabehd MOBEPXHOCTH Pa3JIHIHLEIX  MeTamioh
COBEPUIEHHO Das/MUHLIA fame NPH OAMHAKOBOH TOMIMHE Caof, - - .
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. - 2. Bmg 81933 r. len, Llanpuuxos u 3eapman 2 ¥ noxagany,
yro Ha BEJMYHHY KPHCTaJVIMKOB OKa3hiBaeT BIHAHHMC TeMiepatypa

Puc. 3. [pouecc dop- Puc. 4, TInHKM PA3AMIHEX METAILIOB! a — cepelpo,

‘MMpOBAHMS CJAOS CEpe-  TOALHHA 85 A; 6 — 3050TO, TOXMMHA 75A; 86—
6pa ¢ YBEIMYEHHEM = CypbMa, rommuuua 180 A; 2 — melp, TOIMNHA 120 A;

€ro TOJIIMHBL. 0 — HuKenb, ToamuHA 75 A. Bpewms ocamJeHns g~
. HOK 2 CeKyHIBL

TMOAKAAKH, HA KOTOPYO HaHocuTCH CJaoft. Kpucranmadeckas CTPYK-
Typa cjof TpH €ro TONOrpese H3MEHAeTcsd; B cJI0e TPOHCXOIMT
pekpucraiusanus 39,40 goropas TPHUBOAMT K YKDPYMHEHMIO Kpu-
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CTa/JIOB, YTO MOWHO  HabGmonath Aaxe MO M3MEHEHHWIO CONPOTHBJIE-
HUS CJod. IJTO XdpaKkTepHOe WH3MEHEHHe CONPOTHUBJEHHA CJOSL DPH.
ero HarpeBe fpKo NoKasaHo B.paBore P. 3ypmana #'. Pesyabrarh,
fpe/iCTaBleHHEE Ha PUC. D, MOJyUYeHB TIPH UCCIECIOBAHUM CJOT HUKEJNsH
Tomuuno# B 140 A, xoTopmil 6bl1 HaHec8H HA NOJKJANKY, OXJAK-
agnnyio o 60° K. Ilpu - maMmepenuu cao#t Owar marper po 182,5° C.
Viccrrenopanne BJAMSHMA TeMNEpaTypot MPOTpeBa CJIOH HA ero COmpo-
THBJECHHE OBbIJIO TakXkKe TPOWU3BENEHO € TOHKUMM CJOAMH KZIMHS

320 : ' r*ﬁ
k74 2y
\ s
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& 250 \ d+
3 N / ST
~ 280 AT
~ S
X g 4
_ gk
260 - 2
257 [N "
1 ] 1 )
0 W 20 5 &0 57 6 w30 1057 60
Dpema 8 murgmaz Epema 8 myrymaz
PHC.‘ 5. - . ~ Puc. 6.

1anpnukossM 22, PeaysbraTel npencrapieHs Ha puc. 6. U3 kpusmix.
puc. 5 u 6 BHIHO, KaK TIOCTENEHHO H3MeHIeTCd COTNPOTHBIAEHHUE
HarpeToro €J0I C TeYeHHEeM BPEMEHH. IJTO H3MeHeHMe MOXHO 08 bac-
HUTb TOISKO BHYTPEHHHMH CTDPYKTYDHBLIMH M3MEHEHHUsSMH, IIPOHCXO-
AsmuMH B cJoe. Tlpu 9ToM ObLIO ITOKa3aHO, YTQ BJHAHHE TeMiepa-
Typel HaXOHMTCH B 3aBMCHMOCTH OT TOJMIUMHLL CJOd ¥ CKOPOCTH
HanblJIeHHL. JTH NMOJOXKEHHI H/OCTPHPYIOTCT 3KCHeDHMEHTA/bHbIMA
DAHHBIMM, TOpPEJICTABJEHHHIMH Ha pHC. 7 U 8, 3aUMCTBOBAHHHIX ‘U3
paboTel W He TpeGyIOWHX OCOOHX MOICHEHUH.

KpayTkpemep #* npousBOIMJI HCCHCIOBAHUST 3IaBHCHMOCTH H3MEHe-
HUSl CONPOTHBJEHHA OT TOJUIMHL CJOf NPH - PASIHYHON TeMmmepatype
floforpesa noAxJiaiky. Ha puc. 9 mnpencrapaeHs pe3yibTaTs  ero
HaOMOJAeHHA Ha TOHKHX CJA0AX 30.10T4. [lomoOHHE 3aKOHOMEPHOCTH
OBl MOJYYeHH Takke W AJAd TOHKMX CcJa08B cepebpa. M3 pacnodo-
#eHHs KPHBHIX pHC. 9 ScHO BHIHO, UYTO dYeM BHIIe TeMIepaTypa,
TeM OpH GOJAbIINX TOMIMHAX CONPOTHBJCHHE CJAOA CTAHOBHUTCSI Ha-
MEPHMBIM. DTH 9KCNEPHMEHTAJbHbE (AKTH CTAHOBATCA NOHATHHIME,
€C/IM MCXOAUTb U3 TOFO, YTO B MEJKONMCHEPCHOM CJI0€ KOHTAaKTH
MEWIY KPHCTAJIMKAMH BO3HHKAIOT OHCTPEe, T. €. NPH MeHbUIMX
ToiuHax. IIpu Gosee BHICOKOHR .TeMmeparype. moJKAanKH (B MOMEHT



Puc. 7. 3aBHCHMOCTS CTPYKTypH TISHKH OT TeMNEDATYPH NOACTANAWIICH NOBEPXHOCTA: @ — ILIEHKH

cepedpa pasiduHoft TOAmMHB IpH Temnepatype 300° C, 6 — INSHKH ANIOMHHHS TOMIMHOH 500 A npn

DA3NHYHHX TeMIeparTypax. OTIETIMBO BHAHA SMEHCTAs CTPYKTypa, ofpasyiowlascs MPH BHICOKOH TeMmepa-
Type. Macmirad Ha puc. @ M 6 — OJNHHAKOBHIL

s

Puc. 8. Pasiuame B CTPYKType CEPeODAHBIX TMAEHOK NPHMEPHO OJMHAKOBOH TOMIIMHH, H3roTOBjeHHHIX
B Tewenne 20 MumyT (2) B 75 MHHYT (6).

Gl8

¢ |

OYHAEOHON
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nasecenus cjos) oOpasywrcd Gonee KPYNHbE KPUCTAMIMKH M KOH-
TAKTH MEXAY HMMH BO3HMKAOT Npu OOJbHICH TOAUMHE CHOL. ,

B cayyae MOAOrperofi MOAKAAAKH (IPHMEPHO 200° C) murpaius
ATOMOB OCAWIAeMOro MeTajja He NPHBOAMT K 00pasoBaHMIO CHJIOUI-
HOFO TOHKOrO cJ0i, a HaoGopoT, TPaHyAMPOBAHHAL CTPYKTYpa
C YyBeJMueHHeM TOMILMHH €09 NpHOOperaer sIpKo BHIDAKEHHEIH
guencTHi  xapaxrep (puc. 7). Kax Bunvo Hs puc. 4, crpoeHne
CA0 3aBUCHT OT TPUPONH pacnmiidemoro Meraana. Ilo wmepe ysequ-
YenMs TOJIMHEL CJIOA NPOMCXOLUT PEKPHCTALIH3aLM] — NepecTpolika
cTpyKTYpH Bewecrs 2% 36 4. Dror
BLIBOJL NOATBEPXKAAETCA TaKKe 3BJCK-
TPOHOrPa(UYECKUMH HCCJe0BAaHUAMA
. Xacca * wua cnogx CyppMHl H ‘
cepebpa.

3. Ha crpykTypy cJ0d OKasmBaeT
BAMAHHE HE TOJbKO TeMIepaTypa, HO g 18
M NPUPOAA DOJKIANKH, KaK 3TO TO- g |
kasam H. Auapiomesko, B. Tankuna §

a I1. Jauxos *, ycTaHOBHBIIHE, YTO 2

CA0IfHAA MOLK/AAAKA OKa3hnBaeT OpH- \—W" 200°
eqTHpyOILee JeficTRHe B IIpouecce L !
o6pazoBaHus KpHCTALI0B Cepebpa H ! \g‘ o

MOAKCTOro Kanud. To we camoe Obo S et S I
o6HapyxkeHo Jleccenom M Dpiokke 45, ; [
Kotophie Ha kpucramrax NaCl mpu ¢ 5 W5 # u
100°C  noAyyHAM OPHEHTHPOBaHHHE Tanuunz crom

MOHOKpHCTa/InuecKue cJou cepebra, Puc. 9. 3aBHCHMOCTb> YACILHOTO
TOrZ4 KaK Ha Ie/yJAOHMAHON noiKaai- CONPOTABICHHA CIO1 s0lM0TA OF
Ke TAKO/l OpWeHTalMu poCTa Kpuciag- COLO TOMMMHE TPH Pasiiiioq
JOB He OOHapyxeHO. B TO xe Bpems et Al Sl
N KJaJKy B MOMEHRT HAHCCEHHUA CJIod.

3. T. Ilunckep *’ wnabmonaa obpa-
30BAHME BLICOKOODHEHTHPOBAHHEIX KPUCTA/UIMKOB XJOPHCTOTO HATPHH
(u3 pactBopa 20,50%), a Takxe oOpasoBaHue NJaCTAHYATHX KpHcTans-
a0 CdJ, u PbJ, (w3 Boxnoro pacrpopa) ToamuHoit 1o 10— ¢ cx H
mavHof 10 2 Mu Ha uneaayaomaHnix nadukax. M. M. Ymanckui u
B. A. Kpoutos *8 Habmonain OpHEHTaUHUIO KPUCTAJIOB B CJAOMX pasinti-
Hux MerasioB (Mg, Cd, Zn) na nennyaonnnot maénxe u Cd Ha crexie,
[lpu ®CCAenOBAHMM BIMSHUS TPHPONL. MOAKJNANKA H €€ TeMmuepa-
Typh, KaK 370 CJEAyeT W3 PACCMOTPEHHHX Buime PaGor, aHOMAb-
Hele aQdeKTh OTHOCAT OOHYHO 3a CHET OOPA3OBAHMT HOBOH CTPYK-
Type Ciod. B To ke Bpema He oOpamaercd BHUMAHMS Ha TOT (akT,
YTQ NpH MCCAEROBAHHY TEMIEPaTyDHON 3aBHCHMOCTM MOXET CKa3aTh-
C M pasjuuMe 3HaYeHHH TepMUYeCKHX K03puULUEeHTOB pacliupeHUs
ca0f B TMOIKJAaAxW. B OLHOM caydae MOKET HMETh MECTO YIJIOTHE-
HME €JOf, a B APYTOM ero yMeHblieH#e, UTO TaKWKe OKaKeT 3aMeT-
HOe BJMsHMe Ha cBoiicTea cjod, (B 9TOM ciydae HCK/IIOYEHHEM MOTYT
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BuiTe rpanHYIMPOBaHHbIE CJIOM.) DTO B HEKOTOPOH CTENEHH OTHOCHUTCH
U K 3aBHCHMOCTH 3VIEKTPONPOBOIHOCTH OT TEMIEPATYDH CJ09,

4. Kpamepom % 6bia BHICKA3aHa: APYras TOYKA 3peHAd Ha MpH-
pony oGpasoBaHus TOHKOrO cjaof. Ha OCHOBaHMM CBOMX MCCIENOBA-
HUH 3aBHCHMOCTH 3/IEKTPOCONPOTHBJCHUA CJOS OT €ro TeMNepaTypst
Kpamep nenaer BHBOX, 4TO TepMHYECKas BO3LOHKA HA OXJAWAEHHYIO
(I0JKNAAKY MPUBOLMT K oOpa3oBaHuio amopdroro ciaod. C .mopwile-
HueM TeMnepatypsi amopdHag ¢dasa NepexoNUT B KPHCTAMIHYECKYIO.
ITOT nepexoi COBEPIIAETCH B KAWIOM OTIEJbHOM Clyyae NpH pas-
JIMYHOH TeMIepaType XJf pPas3jHYHLEIX MEIaIOB. ITY TeMneparypy
OH Ha3HBaeT TeMHepaTypod npespaumeHus. To, YTO 3JAEKTPOHOrpa-.
fuueckue uccieIoBaHMA He OGHapywuBalor amopdro#l dasm, aBrop
OODBACHIET TeM, YTO NOA HeHCTBMEM MOTOKA 3JEKTPOHOB (NnpU 9lek-
TPOHOTpaPUyecKOM MCCJIeOBAHMH) NPOMCXOIUT MrHOBeHHA:d HOHH3a-
uud aroMOB M aMopdHas pas3a- npeppautaeTci B KPUCTANAUYECKYIO.

JTa TOYKA 3peHMsi Ha -OOPA30OBAHHME CJOS, BHICKA3AHHAH TOJBKO
Kpamepom, He Obia ‘ono6peHa psajioM 4BTOPOB, XOTS W He MMeJOCh
JOCTATOYHO yOenuTe bHHX APryMeHTOB NPOTHB He&. EIMHCTBEHHBIM
APryMeHTOM OBLIO OTCYTCTBHE HOCTATOYHOrO KOJNYECTBA 2KCIEPUMEeH-
Ta/AbHHX RAHHMX. B Hacroduiee BpeMd HMeetcd PAA 3KCHEPUMEHTAJb-
HEX JAHHHX, CBHAETEJbCTRYIOMMX TIPOTMB DTOH TeopHH 52 33, 49,
KpoMe Toro, nosBAfeTcs HOBas BO3MOXWHOCTH NPOBEDKH TOUYKM 3pe-
#us Kpamepa, ‘ S

Eme 8 1938 r, E. Ilasaosa u A. llaasuuxos % paspaborann Me-
TOX MCCJENOBAHMA CTPYKTYPhHl TOBEDXHOCTHOTO CJOA MHPH MOMOLIM
cyérumka [efirepa-Mio/uiepa ¥ MCCHACNOBAMM TaKUM CHOCOGOM MOBEPX-
HOCTh AMIOMHUHHEBOLO KaTONAd. ITOT MeToA Obll NPUMEHEH TaKKe
Kpamepom ¥' gy mccaen0BAHMS HEKOTODHX BOMPOCOB MeTaJIOrpaduy
¥, B YaCTHOCTH, MOBEPXHOCTHHX COCTOAHHA MeTaJJIOB MOCJAE UX Me-
Xanwdecko4 oSpabotku. Cefuac ywe GeCCUODHEM dBAETCS TOT (KT,
YTO B pe3yJhTare MeXaHM4eCKoH o6pabOTKM MOBEPXHOCTH IPOUCXO-
JHT HapynieHne paBHOBeCHS B NoBepxHOcTHOM caoe. Ilpu Bo3Bpa-
U[eHHH B PaBHOBECHOE COCTQSHHE TaKasd IOBEPXHOCTh H3Jay4aeT
JEKTPOHEL. ITO H3JAyueHHe MomeT OBTb OOHADYKEHO TNPH NOMOLLK
cuéTymka. Ilomumo Kpamepa, mnomoSHoe wusaydeHHe 3JeKTPOHOB 1MO-
BEPXHOCTAMH DASJHYHMbLIX MeTaJ/0B OOHAPYXUAW W LPYTUE aBTOPH 2,
ITo Kpamepy *', mexaumgecxast o6paboTka npUBOIAT K 0OPA30BAHMIO
Ha. MOBEPXHOCTH MeTanla aMOpQHOro CJ10f, KOTOpHH nociae Ipekpa-
1eHus 06padoTKY CHOBA NMEPEXOJUT B KPHCTANINYECKOE COCTOSHEE.
B wMomeHT npeppamenus amopdHOro CcOf B. KPHUCTAMIHYECKMH 23
CY&T ccBOOOWIAONIeHics dHeprun (PA30BOrC NLEBPAEHH MPOKCXOAMT
aMuccust aaekTponoB. Ecau  yreepxwienus Kpamepa BepHH, T0 HX
MOXHO TIPCBEDUTh HA TOHKHX CJ0OX H oOHaDyxuth daxT ¢asosoro
npeppanieHnd. eCTRUTENBHO, DMEKTPOHHAT SMHCCHS CO CBEWENpPHU-
TOTOBJIEHHBIX TOHKHX NJEHOK Ha6JI¥OJlaJ13Cb Ha OInniTE. Ho Jeqao
B TOM, 4UTO IPYrue ABTOPH 9% SMHUCCHIO IJIEKTPOHOB B YKA3AHHHIX
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seme onmTax Kpamepa ob6bscHaoT no-uHomy. Jonmyckaercd, HTO NpH
MexaHHYecKoil oBpaGoTKe paspyllaeTcd OKCHIHBH CJOH, NPHUCYTCTBYIO=
MM TOYTH BO BCeX CJAyuyafix Ha IOBEPXHOCTH MeTaana. Ilostomy,
KOTA4 mHocjie 00paGOTKH  NPOUCXOIMT 0Opa30BAHME 3TOrO  OKCHIHOrO
cqost, To 3a  Ccu4BT ancopluMU aToMa KHCJOpOJa aTOMOM MeTajiia
MO¥eT IMPOU30ATH 3SMHCCHUST  ONHOrO 3JIEKTpOHA, a, - CJIeLOBATELHO,
SMHCCHS BNEKTPOHOB IOBEPXHOCTHIO.

Tawkum oOpasoM, BOTIPOC O TOM, 34 CU8T 4Ero MNPOMCXOAUT IMHUC-
CHSI SJEKTPOHOB B AAHHHIX ONbITAX, NMOKA €l OJLHO3HAYHO He PeIIH.
Ho nam kaxercs, 9TO 3TOT BONPOC MOKET OHTh PeldH OLHO3HAUHO.
B caydyae TOHxkMX cJ0EB OOpasopaHue M BJMIHHE OKCHIHOH Na&HKH
MOXHO CYLIECTBEHHO OCJa6HTb HJH Jaie [OJHOCTbIO HCKIIOYHTD,
" IPOU3BOAH OHLIT B YCAOBMSX AOCTATOYHO BHicOKOro Bakyyma (10 —9 um
PT. CT.), INpH  TULATENbHOH TOArOTOBKE MCOAPIEMOro. BellecTBa
¥ Bceil BaKyyMHOM - yCTaHOBKH. ‘

5. BoJbLIMM BK/AAOM B (U3HKY TOHKHX CJ0SB SBHJIMCH PaboThI
C. ‘A, Bexunuckoro 7. Hccaenosanus BekumIMHCKOTO MO  4JUIOTPONU-
YECKHM IIpEBpALICHHAM B MeTAJIMYECKHX . CJ0IX I0CJEe MX HaHeceHHs
Ja/d BO3MOWHOCTb DACKDHTH Te [IyGOKHEe CTPYKTYPHbE H3MEHEeHHI,
KOTODEIE B HUX INPOHCXOAAT, IJTH IDeBPAWIEHHA, 0[O CYTH, M HBJH-
10TCA NEPBONPUYMHON TeX anoMaJsuil, KXoTopele HaG/MOAAIOTCE B TOH-
KUX CJI0MX.

Kak u3pecTHO, HEKOTOpHIE MeTaJJbl MOTYT CYIIECTBOBATH B ABYX
wian Gonee MOIMPUKANMAK, KAKAAT W3 KOTOPHKX ycTOAIMBA B ONpe-
JeJEHHOM TemmepaTypsoM uHTepBase. C. A, Bexmuuckuil mabmonan
10100HbEe ALTOTPONIMMECKHE TIPEBAIEHH B TOHKMX CJOAX MapraHua
B YCJOBHAX KOMHATHOX TemiepaTypsl.. Ilpy TepMuieckof BO3TOH-
K& MapraHell KpHCTa/JuIM3yeTcd B TOHKOM CJI0e  MOIY pukauuei
B-Mn, suemenTapHas sueiixa kpucTaina Koropoit coctout u3z 20 aro-
MOB. Jrta MoauduKanus ABIAETCA HeyCTOHYMBOH M CAMONPOM3-
BOJIBHO MpeBpamiaercs B a-M1n, ¢ kpucTajandeckoff suefikoil, cocTof-
et M3 58 arowos. ScHO, 4TO B TOHuaMMX CJa0AX MOT0OHHE Mpe-
BpAIEHUH BJAEKYT 3a COOOH 3aMeTHHE H3MEHEeHHd 9JIeKTPUYECKUX
CBOHCTB CJI04.

B ronwaiimmux cuaosx cypema HaGmomansacs C. A. DBexuiuHcKuM
B aMOp(pHOM COCTOSHMH, HO 0Ka3ajoCb, YTO 3TO COCTO4HHE HeycTOoH-
YHMBOE — MPOUCXOAMT  CaMOIPOU3BOJISHOE — NpeBpamjeHde  aMopHo#
$aset B Kpucrammueckyo. B pabote ¥ ykasmBaeTci Ha BO3MOWHOE
CYUIECTBOBAHUE DOAUI B TOHKOM cjoe B aMopdrO# (aze,

DTU 9KCHepUMeHTaJbHBE J4HHBIE, TaK e Kax M JaHHHE ajeK-
TPOHHOMUKPOCKONMIECKUX HCCAOBAHHA TOC/IeAHero BpeMmeHH 52 33,
TOBOPAT O TOM, 4YTO MNEPBOHAYAABHO CKOHIEHCHPOBAHHHIE Naphl Me-
TaJla MOTYT HAXOZuThCd B amophHO#l drase, KOTOpad. 3aTeM HEPEXO-
JUT B KDUCTaJAIHYCCKYI0. B nawHOM caydae wuHTepeC NpencTaBJIieT
BONPOC O TOM, CKONBKO BpEeMEHM MOTYT HaxXOLUThCA CKOHIEHCHPO-
BAaHHBIE aTOMBl . M€TaAJa B aMopdHoM cocrosguuu, OHeBHAHO, AJH
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CYPBME, KOTODasg CTOHT OJIHE K METANIONIAM, YeM K :MeTajiau,
9T0 -Bpema OyleT WHOE, HEWeNn BpeMd nepexoia aMmopdHON dasbr
B KPHCTaJUIMYECKYIO JJd  30J0Ta M cepebpa (ecau Takas. (pasa et
CTBUTENBHO UMeeTcH). BoaMOWHO, 4To BpeMsl Nepexojia. aMOpdHOi
$aspl B KPUCTAMIMYECKYIO. AJF TAKHX METa/IOB,  KaK LUHK- W Kal-
MH# %S, HACTONBKO Majio, UTO COBPEMEHHAd - TeXHHKAa SKCIEepPHMeHTA
HEe B COCTOAHHH €ro 3a(UKCHPOBATb.

K coxanenuo, B ONyOAMKOBAHHBIX pa60Tax no: BonpocaM CTPYK~
TYPHl TOHKHMX .CJIOEB - JEMEHT BpeMeHM KaK CyIIeCTBeHHHH - dak-
TOP, BJHUMIOMMA  HA CTPYKTYPY MeracTaCuapbHOH Cpelnl, He oTpa-
WaAeTCd, - YTO . ABJIZETCH CYIIECTBEHHBIM HEIOCTATKOM HOJOOHLIX MC-
c/ieoBaHui.

B KauecTBE WTOra pACCMOTPEHHHX BHIIE  PaGoT Msl HPUBENEM
seiBogn C. A. Bexmuuckoro, koTopuit no Bonpocy o6pasoBaHus
TOHKMX MeTaJNMYeCKHX C/I0EB HUINET Celyioumee ;'

«1. OTnenbHBElE 4TOMH = METaana, OCAWAEHHHE Ha - HeHTpaltbHYIO
NOAKIAAKY, [OMKHB PACCMATPHBATBCHE KaK aI[COp61/IpOBaHHbIﬁ ras;
CTIOCOGHHY K I[OBEPXHOCTHOH MMIpaLUU.

.2. Haumnas ¢ HeKoTOpOH MHHMMAJERHOH M PasnuyHOH g pHSHbIX
MEeTaJ/IOB TOBEPXHOCTHOR KOHUeHTpauuH, CJIOH ancopOHpOBaHHHIX
ATOMOB CaMONPOU3BOJBLHO IEPEXOIUT B KPUCTAJJIHYECKOE COCTOAHME;
CKOPOCTb 3TOrO NEpexosa Bo3pacTaeT MO Mepe pocTa TOJIMHH oS
M B ONpejeJEHHLIX Npelefax MO Mepe pocTa TeMIeparyphl.

3. Jas mera/yoB. KyOuueckoff CHCTEMH CKOPOCTb M YHCJO IEHT-
pOB KPHCT3/VIM3AHM O4YeHb BHICOKM, M MOITOMY JAawe I[IPH BechbMa
HUBKHX TeMNepaTrypax KOHJIEHCHPOBAHHBEIE YHCTHIE  MeTajasl He MOryT
OHITb COXPAaHEHH B TOJCTHX CJIOIX B aTOMapHOM COCTOSHHUH.

4. 3arpssHeHHe KOHIEHCATAa NPUMECIMM 3aTPYIHAET MHIPALMIO
H HOHUNAET BePOATHOCTb 00pa3oBaHMH 3apojibimied. /

5. IloBblllenye TemIepaTypsl KOHAEHCATa B ONpeAeEHHLIX IPaHu-
Iax yseJau4dHnBaeT CKOPOCTbL MHUTpaluu CKOHIL@IHCI/IIZ)OBEIHHI:IX aToMos
Mera/a, BCJEACTBHE 3TOFO BO3PACTAET KAaK BePOATHOCTH 0GpasoBa-
HHS 3apoabimiell, TaK H CKOPOCTh KPHCTANTM3AUHH».
© Iy BEBONH, clenaHHele C. A. BexilMHCKHM HAa OCHOBE OOJBIIMX
H CHCTEeMAaTHYeCKHX HCC/AeNOBAHMH, TPOBENEHHHX WM H €ro COTpYyA-
HMKAMH, He MPOTHBOPeyYaT HOBeHIINM AaHHBIM.

K cxasandoMmy cJaenyer Ho6aBuTh, 9YTO: 4) AACHEPCHOCTL €04,
KaKx ™Mbl BHIend Ha puc. 3 H 4, 3@BHCAT OT €ro. ToJmuHbL OHa
YBEJIMYMBAETC NPH TOHMKEHAW TEMNEParypH. TOIKAAAKH H UpH
YMEHBIIEHHH CKOPOCTH HamblIeHus cJ0f; 6) IpHpoja TOAKAANKH
BJAWSET. HA OPHEHTALMIO pOCTa KPUCTA/JIMKOB B CJO€; B) CTPYKTypa
CJ04d 3aBUCUT OT MHOIrUMX INPUUKUH! TPUDPOILBLI KOHOeHCAaTd, HPHPOILE
HOAKIAIKY W e§ TeMIepaTyphl, CKOPOCTH HaHECeHMsS CJI0d U ero
TOJUIHHB T) B TOHYAHINMX CJOAX NpONeCcC M3MEHEHNd TOMUUHE CHOSF
CONPOBOXKAACTCH CJOKHBIMU TIPeoOpasoBAHUAMH CTPYKTYDH PEMIETKH,
aMIOTPONMIECKUMH TPEBPAIICHHAME M JAPYTHMH ABJCHUIMU.
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3. AJIEKTPMUECKUE CBOMCTBA METAJIJIOB B TOHKHX CJIOSX

1. Bmg B 1933 r. IO. IL Macuaakosell *4, Hccaenys 3JaIeKTpUYe-
CKue CBOHCTRA TOHKMX METAJIMYECKHX CJOEB, KOTOPHE OH TOJaydan
HPY [OMOMNM KATOAHOTO PACHBlIEHNs, OCHAPYHHUI, YTO B TOHKHX CHOAX
yIeAbHOE CONPOTHBIEHWE NAATHHE - AHOMANBHO  YBENMIMBAETCH C
yMeHbIIeHMeM TOMLMHH 0. XapakrTep M3MCHEHUS YAGHLHOro CO-
NPOTHBJICHHS C TOJIMHON CYyMECTBEHHO 3aBUCWT OT TOrO, MOABEP-
rajgcad JaM CJAOH TpeNBAPUTEJLHOMY MPOTPEBY B BaKkyyMe WIH HET.
Ha puc. 10 mpeAcTaBieHE TPW KPHBHe, u3o0paxaiomyue STy 3aBHCH-
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Puc. 10, Bausiuue npeasaputemsroro  Puc. 11, Banssue TexsoNornu

nporpesa Ha COTDOTHBAGHWE CJof = NONyueHus Ciyod: { — xaropHoe

B 34BMCUMOCTH OT_ €r0 TOAMMEH.  pachnaenne, [/ — TepMuuecKasi
BO3rOHKA.

moctb. Kpussie I u Il othocsTca ¥ Cay4aio, Korjaa CIOM MOABepra-
JUCh TpeIBAPUTENbHOMY THporpesy. llyukrupHas xpusas 11 orHoO-
cuTCA K Cayuaw, Koria cJjof Oeul  OXJ&xAEH 1O TeMnepaTyphl
suIKoro Boaiyxa. Kpupas II] OTHOCHTCS K CJayudlo, FOria CJOH HE
TOABEPrajCH INPEIBAPUTEJNbHOMY NPOrpeBy B BaKyyMe. Haxnon arto#t
KpPUBOfl Pe3KO OTJIMYAETCS OT HAKJOHA NEPBHX IBYX. [Mpuynna sroro
spaeHns Hamu Gpia paccMoTpera Bhime- (cm. puc. 5, 6).

Ha puc. 1 6xina TnoKal3aHa BaBACHMOCTb YAEABHOrO COMPOTUBJE-
Hpg OT TOMIFHH CJOS AJAf HHUKeAs ¥ Lesud. JTH SKCIePUMEHTAJb-
Hhe pesyabTaThl cornacylorcs Tawwe ¢ aannump I'. Crorra 24 nas
ToHKUX CJ108B cepeGpa (puc. 11). 3aech kpubas | OTHOCHTCA K CJIOWO,
KoTopuifi Gbi/1 DOMyYeH NMyTEM KATOAHOTO DPACHLIIEHHH, 8 KPUBAH H—
K CJI0I0, HOJYYEHHOMY TepMHYecKkod BO3TOHKOH.

[Ipu pacCMOTPEHHH BONPOCa O CTPYKType TOHKHX CJOEB MeTan-
JOB MH YKAa3aJu, 4TO MONOGHHH XOJ 3aBHCHMOCTH OGBACHHETCH Xa-
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PAKTEPHBIMH "H3MEHEHUAMY, KOTOPHe HAOMIONAIOTCT B CJ0€ NPH H3Me-
HEHHH €ro TOMMHE (CM. PHC. 2). Pe3Kkoe yMeHpleHHE YIENbHOrO
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Tenmegamypa K
Puc. 12. 3aBHCHMOCTH COMPOTH-

BJAEHUA CJO% ILIGTHHHL OT Temie-
P&TypH.

CONPOTUBJEHNST - BO  BCEX CJAYuaAX
HAGMONAETCH TPH  TOAUIMHAX - CIOs
~8-10—7 ¢cm, T. e. TOFLA, KOUla

MEKAY OTHEJLHEIMH  Pa3PO3HEHHLIMU
KPUCTA/INKAMI 06pasylorcs Tepexol-
Hble conporuBaeHus (Moctukm). Ilpn
TOMIAHAX ~5.10—0% ¢ yneavuoé
CONPOTHBJIEHHE CJOSI Majl0 OTJHYAET-
€4 OT ero 3HAYCHHd B MacCCHBHOM
obpasue.

ETopo#l  BoIBON, KOTOpHE Cienyer
clleJaTh U3 IPHBEAEHHHX SKCHEPHMEH-
TanbHHX IaHHWX (puc. 1, 10 u 11),
caepyromuit, Hecwmorpa Ha' T0, utO
npuBeAEHHbE KPUBHE OLIIM NOJMy4YeHb!

J2JIPH ABYX pa3/MYHBIX METOLAaX HaHe-

CeHHd CJOf, CYIIECTBEHHHIX PacXOx-
IeHUIt B TMOJYYeHHHIX Pe3yJbTaTax He
06HapyKeHO. ITO ClelyeT OTMeTHTb,
TdK KAK HMEIOTCHA TOMHTKH 06bsic-
HHTb aHOMAaJHH CBOHCTB METAaJJIOB B
TOHKHX CJOX Pa3iHYHBIMM METOZaMH
NOJIyUeHHsA- TOHKHX CJIOEB.

2. B uutupoBaHHO# Bemie pa6ore MacaakoBua OwliiO TaKke Mo-
K43aHO, YTO NJAATHHA B TOHKHMX CJOSX 00/aNaeT aHOMAAbHOH 3aBUCH-

MOCTbIO 0T Temneparypul. Ha
puc. 12 npéicrapiaeHsl  pe-
ayJbTaThl, NOAyueHHpe Mac-
JaKOBUEM LI TOHKHX CJOER
IJIATHHBL. XOL WSMEHEHMd CO-
IPOTKBJEHUS C TeMNepaTypoH
MOYHO HPeNCTaBUTh, KaK 3TO
cnenano B pabore *4, sMOUpH-
Yecku noLoGpanHo# norapud-
‘Muueckoll dyHKUMedl BHIA
5

R—ZAel, (1
rie A — nocrosHHad, paBHag
A=224.10% B=341°C.
Ha ocuoBanuu (1) Macnaxo-
Bell APUXOAUT K BHIBOLY, 4TO
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Puc. 13.

TePMHIECKHE - kO3 PUIMEHT CONPOTHBJCHHT MJATHHE B TOHKOM. caoe
paBeH & == — B|T? u no 3HaKy OTpHUATEJICH. :
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Ho orTpuuaTeJpHBIH 3HAK  XapakTepeH TOJbKO IS HENPOTPETHX
CN0EB, TAaK Kak [OCJe nporpesa T. K. C. MeHSeT 3HAK Ha MOJONKH-
teabupil, Ha puc. 13 mpencTaBjeHH pe3yibTaThl MCCAEAOBAHUA 3aBH-

CHMOCTH T. K. C. OT TIporpesa 75
caosi. Kax Bpille YKa3bBaJoCh, 2k
NpxM TNporpeBe CONPOTHBJEHHE i T 17
C/IosT yMeHbIaeTcss MW T. K. C., 79 7
KaKk 3To caexyer M3 puc. 13, 1//%/
TaKkKe yMEHIIaercs. 2 %

B 1939 r. A. Lllamsumkos %, P ///
HCCIeAys B NCK/IOUHTENBHO Tma— N #
TeJLHO 00esraweHHHX H OTKa- ~77 7 s
YaHHBIX KOI6aX TOHKHE CJIOH 91A ’f_c/—;.of
KanMusi, OJyYeHHBE NYTEM Tep- g/// yg 7
MMUECKON BOSrOHKH, HEUIEJ, 4TO 8 ===
TeMnepaTypHeit  KO3QduHeHT 7 o
CONMPOTHBJEHMS B HHTEpBaJE
remmepatyp. or. — 180°C 1o §

W28 30 40 .M‘ & 7

-}18°C ymennmaercs B 3 pa- L
L

32 B CPABHEHUH C €ro 3HAYeHU-
eM g MaccuBHOro o6pasua. Puc. 14.
YnenvHoe COMPOTHBJEHHE Kal-
mug opu ToamuHe caod 1,4.10~% cu mpemimaer ero 3HaueHue
A7 MaccuBHOTO 06pasua B 2 paza.

B pa6ore 3ypmana u DBapTa’¥ nsnomenn pesy/abTaTH HCCJeN0Ba-
HHS 34BUCHMOCTH T. K. €. OT TeMmIepaType JJd CJI0d MeXu TOJILHU-
ot 1,15.10~% cu. VMu mosyuens caepylouniHe LaHHble:

Mpu Temneparype 78°K 3Havenme a==0,028.10—2 1/rpanyc

» » 192O K » o == 0 (;61 10"‘2 »
» » 2970 K » a=0,141-10—2 »
» ) 416° K » o=0,24.10—2 »

TOrZa Kak JJs MacCMBHOro o0pasia MelH NPYU KOMHaTHOH Temmepa-
rype a=0,44-10—2 1/rpanyc5 %

VinTepecHnie pes3yabTaTH MO PaccMaTpPUBAEMOMY BONIPOCY Onlin
nojyuensl aas Bodsdpama m muartnHel . Mocrosuyem um I'. Bopra-
pom 5> 57, Januble 3THX aBTOPOB HAaXONATCH B COMJACHH C H3JIOKEH-
HbHIMU BHIE HCCaeJoBaHUAMM MacjaakoBua. ABTOPH NpPHXOAAT K BH-
BOLY, YTO XOJ H3MEHEeHUST CONPOTUBJEHHS CJOA OT €ro TeMIepaTyph
MOWeT ObiTh NPENCTAaBAEH INPH NMOMOUIH CJelylomel SKCIOHeHIHalb-
HO# ‘3aBUCHMOCTH: B )
T -

R=AT e’ . : (2)

CoraacHo (2) mHomKkHE HaGMOLATHCT JuHEHHAT 3aBHCUMOCTb
IgR ot

l\':l»—

- Ha puc. 14 npeicraBieHn pe3yapTaTh HaGMOESHUR
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aBTOPOB HAN TOHKHMM CJIOSMH IJaTuHb, Kpusne / usofpakaior 3a-

BHCHMOCT lg R oT 1%‘, a xpuBwe I/ 1gR—{~%lgT oT }%3. ITH
KpUBHIE TOYTM NapaaieisHs. M3 HX HaK/IOHA BBHMHC/IEHO 3HAYeHHE
nocrogHuoffi B, noap3ysce KoTOpeM Obia onpeilesH T. K. c. Oka-
3anoch, 4ro npum 14°K t. k. c. moxomur mo 30% Ha 1°C, Toraa
kag npn 100°K on cumxaercs 10 5%. DT paHHBE O4eHb NOYYH-
TeAbHb, TAK KaK OHH ITOKA3LIBAIOT; YTO TOHKHE MeTaiHdecKue CJIOH
06/1a1al0T TeMH Y€ CBOMCTBAMH, YTO M TNOJYTNPOBOJHMKH, H C yche-
XOM MOTYT ObITh MCHOJ/B3OBAHH [/ M3UOTOBJEHHS TEPMOI/IEMEHTOB
u 60/0MeTPOB C GOJBMION YYBCTBHTENbHOCTHIO,

3. Bypman u Bapr® wuccienoBaan BJeKTpHYECKHE CBOHCTBA MHO-
THX MeTaJJIOB, CKOHJCHCHPOBAHHEIX INpH  HU3KOH Temmeparype
noakiagku (ot 30 mo 80°K). Mmm OG0 ycTaHOBJEHO, UTO 3JeK-
TPONPOBOJAHOCTD - HeoOpaTHMO  Bo3pacTaja ¢  TOBHIIEHHEM  TeM-
nepaTyphL.

Pe3yabTaTel CBOHX HCCJIENOBaHHH aBTOPH OGDBACHIIOT AOMYHIEHHEM
TOTO, 4YTO CJOH, KOHISHCHPOBAHHHIE IIDH HHU3KMX TeMNepaTypax,
nMel0T 100aBOYHOE CONMPOTHUBJAEHHE 34 CYET HEYHOPSILOYEHHOCTH KpH-
cramiuieckoft cTpyktypel. C  TOBHIleHueM TeMIepaTypsl KpHCTal-
JAMYecKas CTPYKTypa YNOPAAOYMBAETCS M CONMPOTHBJIEHME = CJOS
YMEHBIIaeTCs.

Takoe oObicHeHWe X0 HEKOTOPOH CTemeHH MHPABHJABHO, HO OHO Tpe-
oOyer Jjononsenus. Ilpeise Bcero c/eiyeT OTMETHTh, YTO NPH INPO-
TpeBe NPOHCXONNT U3MEHEHHe TpaHyagpHocTH ciaod. Kpome TOro, B
pabore MacuakoBia, 0 KOTOPO# YNOMHHAJOCH Bhille, OBJIO NOKa3aHo,
4TO NPOrpeB CJI0d NPUBOAWT TaKNKe K HEKOTOPOMY ero o0e3ramuBa-
HHIO, YTO DESKO CHHWxaer CORporuBfenne ciod. OcoOeHHO CHIBHOE
BIMSTHHE OK43BBAET KUCIOPOM,

B paGore®  aBTOpH MCCAENOBANM DIEKTPHYECKHE CBOHCTBA He
TOJBKO NJIATHHB, 2 W JPYrHX Meia/JoB, B TOM uHCJe TaHTala, BOJb-
dpama, MoauGreHa, DOAHMS, HHKeJd, MeIW M aNIOMHHHA. B pesy.n-
TATe 9STUX MUCCAeNOBAHMA ObIJIO YCTAHOBJIEHO, 4YTO MeTalIHYeCKHe
CIOM BCErja 4YaCTUYHO OKCHAMPOBAHE, C OAHOH CTOPOHbI, 334 CUET
OCTATOYHOIO rasa — MOJIeKyJ KHCJ0pona, a C JIpyrofl — B pe3yib-
Tate KOHTAKTHPOBAHMA CJOS CO CTEKJOM MOMJIOKKH, HA KOTOPYIO
HAHOCHJHCH CJOHM. 3arpsgsHeHHe CJI0s NPOIBJAETCA B TOM, UTO IKCHe-
PHMEHTANBLHO HabmofdeTcs oBpatiMoe ¥ HeoOpaTHMOE W3MeHeHMH
COTPOTHBJAEHHS OXHOIO M TOrO e C/JA0d Ha Pas/AMYHEX TOAK/JAIKaXx.
JlioBwie TpuMecH, monaBuiMe B CJOH, H3MEHHIOT 9HEPIHI0 AKTHBAUNH,
a, ClIefOBATE/NbHO, H CBOHCTBA CJOL.

. Kpome 3Toro, madmonaerca, Takwe ancopOunonnuii sddexr, nposds-
JFIONKAHC B CHINKEHUM MOTEHUHAaAbHOTO Gapbepa M B APYIrUX ABJICHUIAX.

BaexrponpoBonumocts ToHKHXx caoés Ag, Cu, Fe nccaenopan

IlresinGepr 8, Ni u Pt — Pune®®, Fe, Co, Ni, Pd, Ir uccaenosans
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Nuxoxom ®, Au n Ag bBepraerom$' u apyrumu. Ha pasGope stux
paboT MBl OCTAHABIUBATECH He Oylem.

Hurepec: npencrasager paGora rpynmsl aBTOpoB 52, xoropee uc-
C1eN0BaJN BJUFHHE IIEKTPUYCCKOTO TOKZ HA CONPOTHBJEHHE TOHKHX
MEeTAaMIHIECKMX CJAO0EB NPU pa3iuyHoOH temmeparype. Ilpu stoMm moxa-
3ay, 4TO € YBEJIMYCHHWEM TOKA, NPOXOLALIEro uepe3 CJOH, CONPOTUB-
JeHne YMeHbIIAeTCs, Kak 5TO BHAHO Ha puc. 15, Ymenpmenue co-
NPOTHBJEHUA C10F TeM Goubile, YeM HMwe Temmeparypa cqod. Ilpu
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Puc, 13. RiRyy yyp Kax GYHKUHE TOKA UpPH
PASIHUHKE TeMIEPaTypax.

[OBBIIE HUH TemnepaTypm COHpOTI/IBJIeHI/Ie cog ¢© yBequeHneM TOKA
n3MeHdeTcH c¢iaado.

PegyasTaTel 3THX ONBITOB BIOJHE o6mcanmu C TOYKH 3peHud
npeAcTaBAeHUE O QOPDMHPOBAHUH CJOA M BJIAHIHHH TeMnepaTypsl Tpo-
rpeBa Ha ero CTPYKTYpPy H CBOHCTBA.

Brimte 6uJ10  yKa3aHO, 4TO MNPOrpeB CJOH IPUBOLUT K YMEHbIIE-
HUI0 ero CONpOTHBJAeHMd. TemJoBOoA 3PhexT TOKa B NaHHOM Clyyae
B TaKo¥ e Mepe MOWET OKa3niBaTh JHefCTBHE Ha HIMEHEHHE CONpo-
TUBJEHHA CJ04, KaK M TPOrpeB, O KOTOPOM VKaseBaJoCh Bhune. Kpome
TOTO, HE HCK/JIOYEHO W BJMAHME 3JeKTpUieckoro moud. K cowase-
HMIO, A4BTOPH HE VKAa3uBAOT XxapakTepa OOGPATUMOCTH H3MeHEHHd
CONpOTHBJEHUT CJ04 C TOKOM. IHam mpeacTaBagercs, 4YTO B HaH-
HOM Ciyyae peub MAET O Heoﬁpammom H3MCHE HHH conpmnsne-
HUS CAOL. . :

6 yeH, 1. LI, BB 4
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4. T'. CxorT 2* mcciienoBan BJMSHHE CKOPOCTH KOHICHCALHH TapoB
cepeépa Ha  9JIEKTPMYECKHe '~ CBOHCTBA CJOS "B 3aBUCHMOCTH OT ero
Tommune. - Ha puc. 16 npuselleHr TPy KpuBble, KOTOpHE GHAN NOJYYEHE
COOTRETCTBEHHO NPH BPEMEHH HaHeCeHHMS ciod, paBHoM 5, 20 u 120 mu-
HyTaM. - Hla 9TUX KPUBHX fICHO BHAHO, UTO 4eM -GHICTPEe NPOMCXOLHUT
KOHIEeHCAlMA CJI0s, TEM ~MEHBIIE €ro. HayaJbHOEe CONPOTHUBJIEHHE TIPH
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V7 177k 77 TOILURA ER0F B ANIOMHST CAORT

Tomaa coon 8 A4 ,
Puc. 17. Poroanextpuveckni adperr mo-

Puc. 16. Bansinue cCKOPOCTH KOH-  HOATOMHOTO CJOS HIENOYHOTO METANNA H3
JeHcanuu cjos cepebpa, nmoay- Kpapne Kax (QYHKIWA TOMIMHHN i JAHH
YEHHOrD NyTAM pacHulienus pac- Boad A== 4000—2500 A (@) u xox uame-

NJaBACHHOIO METaJlia. HEHHA YAedbHOIO COUpOTHBIEHHH (6).

ondolt ® Toi we TomuuHe. IloBHAMMOMY, 3TO OGBACHAETCA TeM, 4TO
C YBEJMMEHHEM CKOPOCTH HaHeCeHHs CJOS YBeJHYHBAETCS YMCIO LUEeHT-
POB KOHJEHCAUWH H oénerqae'rca BO3HUKHOBEHHE KOHTAKTHHX CBf3eHt
MEXIY HHMH.

WUccaenopanus Matiepa ~3, a Taike Ipyrux apTopoB® 8 majm
BO3MOMHOCTh YCTAHOBHTb JKCINEDPUMEHTaJLHO, YTO TOHYAHIIHE CJOH
MIEMOYHBIX METANI0B OOGHAPYWKHUBAIOT [(IPOBOZMMOCTD J4Xe B TOM
cayuae, KOria HAa TOBEPXHOCTH TONKJAAKA HET e CILIOUWHOro
MOHOATOMHOrO - -cjos. Ilpu 3TOM yAeJpbHOEe COTPOTHUBJEHHE Ta-
koro cios > 10° cam-cu. PoTosnexTpuueckuit shdeKT NpakTHYecKH
HAYMHAETCH € KOHIeHcauwell TepBHX aTOMOB - IIEJOYHOTO MeTad-
A2 M JOCTHraeT MAKCUMyMa Yie HNPH JBYX-TpEX AaTOMHHX CJ0fX.
Pesymbrarii ﬂOlIOGHbIX nccaeaosaunﬁ Matiepa  mpexcrabaeHu
Ha puc. 17. ,

TIOnBOAST WTOTH  BLIIEH3JOKEHHOMY, MOXHO CUHTATH - aKCTIepH-
MEHTAJNbHO YCTAHOBJIEHHBIM, ‘{TO HW3MEHCHHUEC SHQKTPOCOHPOTHBHQHHH
TOHKHX METAJNUIECKHX ©CIOEB, - HOAYYEHHBX KATOAHBIM . PACHBI/ICHAEM
AR CTEPMHYECKON | BO3rOHKOMN - HA. "KaKylO-1n60 - NOAKNAAKY, 4. - TaKxe
XOX M3MEHEHHS T. K. C. B 3aBHCHMOCTH OT TOJUHHH CJIOf, MOMHO
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OXaPaKTEPU3OBATL NPH  TNOMOWM  KPUBHIX, npencmam&ﬂ-ﬁmxl Ha
puc. 18, :

YcTaHoBaeHO, YTO anempnqecxne CROHCTBA CYLIECTBEHHO 3aBHCAT
OT yc/aOBHil TMOJMyYeHHs ciod (cM. puc. 16), ero CTPyKTYpHl,. IPHPOARE
KOHAEHCATa W NPHPOLH NONKJATKH.

alrxac/

Tomuuta oy ———v

Puc. 18. Xop CONpOTHBAeHME M TEMNEpaTypHOro
KO3DPHIHMEHTA IS TOHKHX METANIHYIECKHX CIOEB.

[Tonorpes noikaankH, Ha KOTOPYIO HAHOCHTCH CJOH, MJIH MpexBa-
PHTEJbHHI NPOrpeB CJA0d OKAa3bBAET CYIECTBEHHOE BJMAHME HA CBOMH-
cra cion (oM. puc. 10, 12 n 15).

4, ®OPMUPOBAHVE U CTPYKTYPA TOHKMX CJIOEB
[MOJIYTIPOBOIHWKOB

Hccaenopauus CTPYKTYPH M DJAEKTPUUECKMX CROUCTB MOXYTPOBOA-
HUKOB B TOHKMX CJIOSX HaxoxATCd eui# B HAYAJbHOM CTaAHH; ONy~
6NMMKOBAHHLIX JAHHHX MO 3TOMY BOMpoOcy Mano. Vccaeposanuio Obiaw
NONBEPTHYTH CepHHCTHA M cejeHHCTHH  cumen %% 62 cepumcras
Menb 8, sakmcr wenw %7, cepHMCTHE BHCMYT M Apyrue NOAYNPOEOA-
HUKH 10,

B c¢ayd4ae mnoJynpoOBOIHMKOB TEXHHKA MCCJEIOBAHHS, BHIICHEHNE
ApUPOIH X (HUBHKM COCTOTHHME CJOF 3HAYMTEJHHO CAOXKHEE, UeM B
caydae MeTasoB. B TO we BpeMf M3 MMEIOMXCH XAHHBIX MOXKHO Yie
¢HeNaTh HEKOTOpHE BHBOIHL.

ToaynpoBoAHKKY, KOTOPHE TPYAHO MOJAYYUTHL B CTPOTOH CTexmo-
MeTpud 6e3 HapymleHHs KPHCTAIMYECKOH DEmETKHA, SBJSITCT NpUMe-
pOM TOrO, KaxK HHUYTOXKHEE TNPUMECH BHI3LIBAIOT Pe3KOE -H3MEHEHHE
CBOHCTB. B TOHKHX CJOX TOJYNPOBOAHUKOBAA NPHMECH MOXET OKa-
3aThCi NPUBHECEHHOH B CJOH IPH TepMUYECKOH BOSrOHKE ‘B  Pe3yab-
TATe YACTHYHOH HMCCOLMALMK MOJIEKYJ PAaCHELISEMOTQ. BEWeCTBa JaKe
B TOM CJIyyde, €CM STO BEIIECTRO. W3rOTOBACHO. B- choroﬁ CTEeXHE
METPHM, s Lt . e ;

6%
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B ToHKMX  CROAX TIOJYAPOBOTHUKOBHK  BellleCTB HAGMOAaeTCs He
TOJIbKO YMEHbIIEHHE T. K. C. B 3aBHCHUMOCTH OT TOJUIMHH, HO HHOTAA
5 Ha;oﬁopm‘, ero: yBequeHne KaK 9TO MMeeT MeCTO B TeJype (oM.
Tabx. II).:

Ta6auna Il

s g

B8 28 25 3

B 3 = 3 g 5 So s g g -

CHIECTEO .?8::' e & Ao Baod =8

358|138 | ZE8 =5 Hw

= v»E\% -~ = VE'\% fany =i g g

o.M Q a.m 8 MmO 8 M = o
fcwom ... 106 | 1off 0,035 | —0,083 |17-107

{ Oxuch Mn, Co u Ni# | 10 | 10¢| 200,04 | 200,035 |15-10~" |
Oxncn Mii n Co®). .| 108 10¢ 0,04 | no —0,04 1073
AZS*) v v v e e ] — 103 | @0 —0,035 | xo —0,03 | 3-107°
@S, . ... ... = |3.10° — xo —0,07 | 2.107°
Te? . ... ... — |3.104 0,006 | —0,016 | 2-107°
CuS% . . . .o | — |5.102] | — — | 51078
. ¥)/JlaHANE NOXyYeHH aBTOPOM.

Bompoc © CTPYyKType TOHKHX CJOSB TOJYNPOBOAHHKOB Ohi pac-
CMOTpeH B psfe padot 6 6% 70,7172 pppydM yCTaHOBNEHO, UYTO OXHH
¥ Te Xe TOMYNPOBONHUKH MOXKHO IOJyIHTH B TOHKOM CJOE KaK B
amopdHoit dase, Tax M B KpuCTatmueckoidl. Hampumep, mssectHO,
“410. CEPHUCTHI CBUHEI MOWHO MHOJYYMTH B CJ0€ B KPUCTANIAYECKOM
‘BHIe, ecaU TNONKJaaKa KoHAeHcata Harpera 10 400°C. Ha wmenee
“HarpeThlX NONKAagKaX OH noayuaetcs B amoppuofl daze. M. Lywno-
‘gep 5% wecnenoBas 2MEXTPWYECKHE CBOHCTBA TOHKHX CJIOEB FepMaHmus
W TIOKAa3al, 4TO KpUCTaMIudYecKWfi <JOH repMaHHuf MOWHO IOJNYYMTD
HPH TEPMUYECKOHl BO3rOHKE B TOM CJyuae, KOrjd MOAKAAIKa Harpe-
2 xo 300° C. Tlpw remneparypax Hinke 300° C noayuatorca amopdHbie
cior. Amopduas ¢asa repmanus nabmozazach Taixe H. B. Pannom ™0,
Jing mnpespamenus amophHOrO CJNOA TePMaHHd B KPUCTAIKUeCKUH
HeoBx0AuMo ero mporperh 1o 3756° C. AmopdHas §asa noJynpoBORHH-
KOB B OTJIMUME OT MeTAa/JIOB MOJAYUaeTCd NpH JIOOOH TOJUIKHE CJ01.
- Kpome Toro, mnokazaHo?!, uTo KpeMHH#l K OKNCh KpeMHHs oOpa-
‘3yI0T NpU TEPMHAUECKOH BO3TOHKE $pPKO BLIPAKEHHHE OAHOPOAHBIE
aMOpPHHE C/OW, MPHYEM TOHKHA CAOR KpeMHMA NPEeBPAallaeTcs B -Kpu-
Crajunueckuil nocae ero- nporpesa Ao 700° C. Amopdnas ¢asa Obina
ofwapyxela Takke W HAa TOHKHX CHOAX JADYTHX [OJYNPOBOLHYU-
08707270, B° toM. uucie W CepHucToro onosa. CilelyeT OTMETHTH,
.10 HabaioneHus amopdHot (ass B TOHKHMX CJOSX NOJyNPOBOLHHKOB.
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IPOM3BOAMANCH NPH TOMOWM 3JieKTpoHOrpada. OxaspmaeTcs, YTo 10k
JeffcTBMEM KaTOXHHX JIyueidl He TPOHCXOLMT TipeBpameHus aMmopduo
dassl B KPUCTAJIMYECKYIO, BOHpeKkM ykaszaHuio -Kpamepa#. Otiernm;
yro 8 paborax 3% m 73 wHaamume . amMopdhHOH q:)aBbI st Hexompbrx
HOJIYIPOBOXHHUKOB He - MONTBEPWAAeTCH, -

B 1948 r. noseuaace paSora Buanmaua %, KOTOprﬂ uccnelloaan
CTPYKTYPY ¥ (POTOUYBCTBHTENBHOCTbL CEPHUCTONO M. CEIEHMCTOrO CBUH:
u1a B cjaosix tomupHo# or 0,056 mo 0,1p. Chon 6blin HOJyueHH! TpeMs
cnocobamn., TepMHYECKOA BO3rOHKOH - B. BAKYyMe, - XHMHUECKHM OCaW e~
HUEM ¥ NYTEM  OYYBCTBJEHHI npu cyOjuMauuu u o0paboTke B KACKO-
poze, Ilpu »sTOM .OBIO YCTAHOBJAEHO, YTO BCE MPOEEPEHHHE OOpa3IH
TOHKHX CJIOEB, NOJYUeHHEE Da3IHUHBIMH - CHOCOGaMH, MMETA KPHCTAN-
JMYeCKYI0 CTPYKTYpy. Pemérka oKasanach -THNA XJOPHCTOTO HAaTPHiy
T. e, TPAHEHEHTPUpOBaHHAT KyOudeckad. DTH BelecTBa 064aHa10T TOIb-
KO onxHOH MoiuduKaunefl Kpucrajandeckoll pemértk#. B pabore M. Ko-
Hosenko u  H. TopionoBa® 6Luio mOKa3aHO, YTO TOHUAHmIKE . CAOH
cMecu” Gesioro W Ceporo- 0JI0Ba - UMEIOT KPHCTANIHYCCKYIO CTPYKTYPY.
YcraHoOBJeHO Takike, 4YTO M JAPYrHe TOJYHPOBOAHUKH, B TOM HHCAL
CepHHCTAd Melb,  CEDHMCTHH BHMCMYT, TEJJIYPUCTHIH BUCMYT, Teaay-
PHCTHIH CBHHel' M CeJEHHWCTHH BHCMYT HPH TepMHUECKOH BO3TOHKE
B TOHKOM CJ0e 00pdasyloT KPHCTAJIHYECKYIO CTPYKTYDY.:

HutepecHbie - nccaeloBanus npomusseldeHsl A. H. CI>pnMep9“
A. U. dpumep - m T. I. Cunnikoii ™ no uCnoJb30BaHHIO - anex'rpon-
HOI'O  MHMKDOCKONA /il H3yueHHUS MMKPOCTPYKTYPH CYpbMSiHO-LE3He-
BLIX (OTOKATONOB. ABTOPH IOK33aJH, YIO HPY HOMOIM JeKTPOHHOIG
MHUKDOCKONa MOXHO HENOCPELCTBEHHO HabMI0naTh CTPYKTYDY ClHOM-
HHX KaTOJLOB B - TOHKHX CJOfX. DTH HCC/HEeZOBAHHA MOKasaiu, 4To
CJIOM CypbMH TOCJHe MX 00paBOTKH B napax Lesds DesKo H3MeHAInT
crpykrypy.  Cion, o6nanatomue OOsbINOH  YYBCTBHTEALHOCTHIO, Xa-
paxTepusyIOTcsi 0c000 PAasBUTHIM = peJibehOM NOBEPXHOCTH, HepOBHO-
CTSIMH, JOCTHTAmMuME nopaika 200— 6OOA yeM 6onee OILHOpO.U.Hb!
CJIOM, TEM MeHee OHH YYBCTBUTEJbHH.

BaxHOCTD 9TOr0 Meroga MCClAeLOBaHWsd OGeccnopHa. 3‘1—1&51 CTPYK:
TYPY '€10s1 BHCOKOYYBCTBHTEJbHHX KaTOLOB, MOMHO G6oJiee TOYHO
06bACHHTE M ero GOTOIEKTPUIeCKHe CBOHCTBA M YKA3aTh TYTH Jaab~
HeHlIero  yCOBEPIIEHCTBOBAHNS TEXHUKW WUSTOTORJICHUN BblCOKOLin”
CTBUTEJbHHX (HOTO3JeMEHTOB.

5. OB 3JIEKTPMYECKHX CBOVICTBAX HOJIYI'IPOBOILHMKOB
. B TOHKMX CJIOSIX '

[pexne Bcero ocranoBuMcs Ha HauGoJee H3YYCHHOM JOJYNPO-

BOAHHKE — CEDHHCTOM CBHMHIE, KOTOPHH MCCICNOBANM MHOTHE : 4B
TOpEL 69 76, 75, 65, 99,

Ilo naHHbM mCCaemoBanui Maciakosna u Ilyﬂaena 7 Cele/ICTbH/I
CBHHel COXPaHsieT ~NOCTOFHHOE KOJMYECTBO ~HOCHTeJell :TOKa B: 3QHe
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fAPOBOANMOCTH B HHTepBaje Temmeparyp no 450°C. B srom - uuTep-
Bajse TEMNeparyp CePHUCTHH CcBuHer BeidT cebd KaK THUNMYHHIH
MeTaal, H H3MEeHEeHHE CONPOTUBJACHMS C. TeMiepaTypoH ueauxoM o6d-
3aHO HSMEHEHWIO INOJABMKHOCTeX Hocuresedt: Toka. C . moBHIeHHEM
Temmeparyps Boinle 450° C KOHUEHTpANUs HOCHTeJaell TOKa IKCIIOHEH-
HHaAbHO BO3PACTAET, H B ITOM CJy4ae CepHHCTHH CBHHell BelIsT cebs
4HAJIOTHYHO TOAYNnpoBoxHuKy. IlepeSpoc HocHTese# TOXa B BepXHIO0
30HYy, OYEBHAHO, IPOHCXOAUT He M3 HINKHEH 3alo/JHEHHOH S0HH, a M3
JoxadbHHX ypoBHeHl. Msmepenua sdpdexra Xoana He ykasmpaor Ha
HaJIMYHE CMeIIaHHOH NPOBOAMMOCTH. B TOHKHX . cjiofx HaGmozalTcs
aHOMaiHM, OCOGEHHO B, pe3yJbTaTe TEMIEPATYPHOR TPeHHPOBKH.
CepHUCTHIT CBUHEIl B TOHKOM CJIOE JIaxe npu KOMHATHOH TeMieparype
Bel&T cebd KAaX TUNMYHBIA MOJYNMPOBOAHMK. MccaenoBauuss 9JeKTpH-
geckux cpoitcte PbS m PbSe mnoxasanm, uyro npm TemMmepaTypHOH.
TPEHHPOBKE IIPOMCXOJMT BHEJPEHHME KHC/IOPOAA B peISTKY, TAe OH
pearupyer ¢ u30pTkoM aroMoB Pb, S wim Se, BosHuKawOUUM HTpPH
TEPMUYECKOR BOSTOHKE M [PEACTABJAIOLIMM CO00A4 Hapymenue Kpu-
craqnnyeckoll crpykrypsl. Ilpu sToM MOmeT npou3odTH oSpa3oBaHHe
XUMHUECKNX coemnHeHuit tuna PbO, PbO-PbSO, %, wuro n mpusomur
& TOBHLICHHIO CONPOTHBJEHUA CJOd [IPH TEMIEPATYPHOX TPEHUDOBKE.
Kpome aroro, B pemétke PbS u PbSe, BeposTHo, ofpasyloTcs MoJe-
KYJISpHEIC UCHTDH, COXEPWAlINe KHUCIOPOA, T. €. KHCIOPOL mozHeT
HAXOAUTHCH B BHLE TpPUMECH WM TBEPAOTO PACTBOPA.

B Hava/bHBI MOMEHT 1OC/e HANBIEHHT CJOH 00JAaITaioT :~mempon—
#0% TMPOBOAMMOCTBIO, & IOCJE OKHCICHHS B Desy]bTaTe TeMneparyp-
#0{ TPEHUPOBKH TPOBOLMMOCTb CTAHOBHTCH HHIPOYHOH, 4TO CBA32HO
€ BHEApPEHHeM KHC/IOpPOJAa B DpeumiTKy CepHHCTOrO CBHHNA, AHAI0-
CHYHO BenET ce0d M, CeJeHHUCTHIH CBHHeL.

- Buapmanowm Grim Mpou3BeleHbl HCCAeA0BaAHNA SJIeKTPOHPOBOD.H~
MOCTH CeIeHHCTOr0 CBHHUA HA CjaoAx roauruHo#t or 0,1 xo 0,05 p.
[ToxasaHo, 4TO HaMMEHbliee 3HAYCHHE JMEKTPONPOBOIUMOCTH COOTBET-
CTBYeT CTEXMOMETPHYECKOMY COOTHOUIEHHIO KOMIOHEHTOB CBHMHLA
u ceneHa: Manuuiex CeieHa, Kax TPABWIIO, yBeAWYHBAA TPOBOAMUMOCTD.
B uHTepBate HMCCACHOBAHHHIX TOJIUH SACKTPOIPOBOAUMOCTD H3MEHS-
Jaacy B npeneaax or 10 mo 2300 ea~' . en—!. BenuunHa npOBOLHMO-
€TM ¢ u30HTKOM CBHHUA cocTapidna 100 om—Ll.cn—1. Hccme-
ZOBAHME TEMNEPATYPHOH 3aBHCHMOCTH MPOBOAMMOCTH IIOKASHIBAET, 4TO
B CJAy4Yde MajnbX CONPOTHBJIEHHH €108 R yBeAUYMBAETCSH C TEMIEPATY-
poi#t, Torla kax Iad OGOJbUIAX 3HayeHuit conporusieHu#t R ymeHb-
graercd ¢ T, npuuéM yMeHbllleHHe R He MOAYMHICTCH W3BECTHOMY HIJf
HONYNPOBOAHUKOB SKCMOHeHIMaabHOMY 3axoHy (1).

. TemiepatypHas TPeHUPOBKA CJA0EB ¢ H3GHITKOM CesleHa B apax
celieHa YJIydutaeT NPOBOAHMOCTh HOYTH HA TOPHAOK. B To xe Bpems
BaKyyMHAsl TeMuepaTypHas TPeHHPOBKA 3THX CJAOEB NPHBOAMT K YMEHb-
UIEHMIO HPOBOAMMOCTH, TOrZA KaK CJOM € H3OLITKOM CBHHILA B STOM
cayvae YBEJHYMBAIOT CBOIO HPOBOAMMOCTb. - XOJ/WIOBCKAH HOCTOTHHAS
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RO ¢A0EB C M3OLITKOM ceJieHa MOJAOXKHTENIbHA, 4 UG CHOEB ¢ M3DHIT-
KOM CBHHIlA — OTPHLATEIbHA. ) : ST

B paGore JlyHoBepa, © KOTOpOH Yie .YNOMHHZJOCh, ONHCAHH
Pe3yBTATH MCCTENOBAHHS SJeKTPUYECKHX CBOHCTB repMaHud B TOHKUX
ciiodx. Dulim  mccaenioBaHH TOH- e -

Kue oM B aMOpdHOM ¥ KpHCTal- 7 g
Juueckom cocrofguuax. Ha puc. 19 ot
NpeACTABAEHb Pe3y/IbTaTH HCCJe- /M
LOBAHHS ~ 3ABUCHMOCTH  CONPOTH- &> 3:
Baenud amopdhHoro cjos oT Temue- X /7°F
parypu. Kak BHIHO M3 DPHCYHK3, ; -1
BrioTs 70 Temieparyps B 800°C I wik
repMaHu#t coxpandgeTcs B CJOE B I
amopdHOM COCTOTHMH. /2
Xoa M3MeHeHHd CONPOTHBIEHHA r
B UpAMOM M OOpaTHOM Hampa- 7 L \ | :
BileHusx ofpasyeT CBoero pona ¢ w0 a0 a
: Tammepamypa {07

neTa0 rucTepesnca, KOTOpyw Tpya-
Ho OGDBACHHTD Ha ocHose, Buime Puc. 19. . Comporupienne TOHKOrO
amopdHOTO ClOs _ repManms  Kak
BHICKa3aHHOH  TOMKM  3pEHHS O (bYHKI - TENTIEPATY DL
CTPYKTYpe CJI04.
ConpoTuB/enue TOHKOTO KPHUCTAIIMYECKOro CJIOT TepManni cyue-
CTBEHHO 24BHCHT HE TOJBKO OT €ro TOMILHMHB, HO M OT TeMHepaTypH

75 T “y Temnepamypa {0
o 5 200100 & 100
. o ) 's 17 T T
17t N
N/ :
gl S ' /
/.
- i § Lu,S /
NP sv*
X <
S R /
\§-, Wk IS § V//4d /
N ]
. ! F % V4 Z 7
. 3 f
10 i - S v
/ﬂ - H C | 1 /
700 407 500 st

Temnepamypa nodknadey Aoy
wanecenud €a0a [ €/
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Puc. 920. 3asucuMocTs comporusienns Puc. 21. 3asucumocTh ' yAeXbHO-
KPUCTAMIMIECKOTO CJIOf TEPMAHUs OT TeM- TO CONPOTHBACHMA (03 CEPHH-
nepaTyps NOZKAALKN HPH HAHECEHHH CIOd. cToil Meau OT TeMIEepaTyphi.

NOIKJAAKH B MOMEHT HaHeCeHHS  C/10f, KaK 9TO BUAHO H3 PHC. 20.
Yem BHIIE TemmepaTypa NOIKJAIKH, TeM HMXe . CONPOTHBJCHHE CJIOL.
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JI. Diizeman % wuccaenosan ‘aJexTpUdeckue €BoficTBa. cepHUCTON
Melld, 3aBUCHMOCTb YJEeJBHOTO CONPOTHBJEHHS CJIOf OT TeMIepaTyphl
npencrapiena Ha -puc., 21. Xon xkpubofi He BHIBHBAET OCOCHX 3ame-
YaHu#, ‘a SABJAFETCA XapaKTEPHHIM JJF TOJYNPOBONHUKOB € PESKHM
yBe/IUYeHHEM CONPOTUBJIEHUS 1O Mepe MOHMKEHHS TEMNEpPaTypHL

ABTOp HMcC/enOBaN CJAOM ‘CEDHUCTOT'O0 BHCMYTA TOJUIKHOA OT 0,01
1o 1y, nosiyuyaemble TepMHuecKkoli BO3TOHKOH B Baxyyme. IIpH - 3TOM
6LII0 YCTAHOB/AEHO HAJIHUYME 4YACTHYHON AMCCOUMAIMHM IIPU BO3TOHKE,
B CBASH C 4YeM CBOHCTBA CJOS 3aBUCAT OT YCJAOBHIY ero AajbHedieHd
o6paborku., Ilo nanmeiM uccaenosanus [oxGepra -u  Comuucxoro™
CepHUCTHH BHCMYT B MEJKO-

KPHCTANINYECKOM COCTOSHHH
He W3MEHFeT CBOIO OJIeKTpo-  _, |
MPOBOIUMOCTb B 3aBHCHMOCTH ’
Bleg 7 7 —45;
o
° R
3 -5t
—J‘,‘i" ) g
, 7 26 305 7
Puc. 22, Puc. 237

OT TeMuepaTyph B [pelejax HCCIEAOBAHHOrO HMH. TeMiepaTypPHOro
VHTepBaNa, KaK 9TO BHIAHO H3 puc. 22. B TOHKMX c/08X KapTuHA
HeCK0JIbKO HHAd, [Ipun HaHeceHHH CJ0f IYyTEM TepPMUYECKOH BO3FOHKH
B HayaJbHHH MoMeHT cjaoM TtoamuHO# 0,01 ¢ MMEIT CONpOTHBACHHUE
108 —10° ox. [lpun tommuue crog 0,1 p compoTHB/IEHHE.  Pe3KO
cranaer. ; :
HesaBuCcHMOCTD SJEKTPONPOBOAHOCTH OT TEMIEPATYDH B TQJCTHIX
cnoax, no xaHubM oxGepra u COMHHCKOTO (B TEMIIEDATYPHOM HHTED-
Bane 200° C) He 03Ha4aeT, 4TO STO BEUIECTBO HE OTHOCHTCSA K THIY
MOy POBOJHHKOB, DJIEKTPONPOBOAHOCTh -~ TAKHX IIOJNYIPOBOIHUKOB,
kak Bi,S;, Ge, Si, PbS, creayer~paccMarpuBath Kak OpuMep ajiiu-
THBHOTO CJO¥EHHs IIOJYNPOBOJAHHKOBOrO MEXaHH3Ma NPOBOLUMOCTH
¢ Merauamueckum ', B 9THX NOJYNPOBOAHMKAX ' BdnpeTHas B30HA
B SHEPreTHYECKOM CHEKTpPe KpHCTaJ/a 3aMacKMpPOBaHA 3JEKTPOHAMH
atomos npuMecu. B cayuae PbS, kak Owli0 ckasaHo, 3anpeTHas 30HA
Moxer OuTb :00HapyXKeHa npu TeMmepatype ceriute 400° C. B TOHKOM
CJI0e CEPHUCTHII BHCMYT BeIET cebd Kak HOJYIPOBOLHHK. B 3TOM
caAyyae XapakTepHA MOBTOPAEMOCTb 34BUCUMOCTH .G ;0T T -4Jd pas-
JUYHBIX  CIOEB .(puc. .23), B -OTIMYHE OT TOHKHX: METaJJIH4eCKHX
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ca0és. Msmepenus sddexra Xoana IOKasajd, 4YTO B.. pesy’abTaTe
TeMNepaTypHOH. TPEHHPOBKH CJOS CEPHUCTOrO BHCMYTa B HEM HpO-
HCXOAUT pe3xoe H3MeHeHHe KOHLUEeHTpAanuM HocuTenelt Toka. Ecan
HEMOCPELCTBEHHO TIOC/Je HaHeCeHMs CJIOA KOHHEHTpaluus HocuteseH
ToKa cocrasasia 102%) To mocie TPeHHPOBKM OHa pasHsaach 105,

[lpennonaraercss, 4TO HPM HPOHUKHOBEHHH B €JOH KHCJIOPOZA
COMPOTHBJEHNE CJIOSl YBEJWYHBAETCS B Pe3yJbTATE 3aXBATA ATOMAMU
KHCJAOPOAA 3JIEKTPOHOB NPHMECHHX ATOMOB BHCMYyTa, 00YCJ0BJMBA0-
HAX MeTaAnudecKufl XapakTep NPOBOAMMOCTH CEDHHCTOrO BHCMYTZ
B MaccupHOM ofpasne. ;

K umcay moJynpoBOZHUKOB, HCCJEIOBAHHHIX B TOHKHX CJOfX,
otHocaTcs Taxike oxucu Cd, Sn m Te 7 80,

YKasaHHas MHTEpHpeTaius aHOMAaJbHLIX CBOHCTB TOHKUX CJOEB
NOJYNPOBOAHHUKOB TOMLKO B HEKOTOPOH. CTeNeHH OGhACHIET TaKhe
ABJIEHMS], KaX H3MEeHeHUs 3JIeKTPONPOBOLHOCTH, TePMUUeCKOro Ko3hdu-
LUEHTA CONPOTHUBRJCHUH M Jp.; MHOTOE OCTa8TCA CHIE HesCHHIM, Crona
OTHOCSITCA BOIIPOCH H3MEHEHHS 3HAaKa M BeJMYMHH T. K. C., pal
aHOMAJM# ONTHYECKOTO NOPALKa, O ueM peub OVIeT BHEPEiH, HaMe-
HeHHe paloTH BHIXOIA 3JCKTPOHOB, SKPAHHUPOBKA BHEIIHErO SJEKTPH-
4eCKOro INOJsl, NPUJAOKEHHOT0 K CJOI0 NOJYNIPOBOJLHWKA, M . Apyrue
BOINIPOCH!.

6. TMOBEPXHOCTHBLIE YPOBHW W WX BJAWAHWE HA CBOWCTBA
NOJAYTIPOBOOHWMKOB B TOHKUX CJIOAX

B nomckax orBera Ha MOCTABJEHHHE B KOHUE MNPENb1YIIEro
naparpadga BOMPOCH. PACCMOTPHM DPAX PASOT N0 MCCACTOBAHUIO 3JeK-
TPOHHBLIX COCTOSIHUA Ha NMOBEPXHOCTH MNOJAYHPOBOLHHMKOB, BHIIOJIHEH-
HBIX TJaBHHM 06pasoM B uHcTUTYTe (huauxu AH YCCP 7. 81, 82, 83
Oxnako, npexie ueM nepefiTH K HBJIOKEeHHID 3THX paboT, KpaTko
OCTAHOBMMCS HA. MCTOPHH BOIpOCA. ,

B pa6ore bB. IasuinoBa® em& B 1939 r. 6Gho moxasaHo, uTo
KOHTAKTHOE CONPOTURIEHHE Ry NMOJYNPOBOJZHHKA C MeTaJJIOM IIPH He
CAUIIKOM GONbIIMX SHAYEHHUSX KOHTAKTHON pasHOCTH noTeHiuanos (V)
NO/DKHO NOAYHHSTHCH CCIYIONIEMY BaKOHY:

RK= P e? —1 ’ (3)
eV : 8 prge?
rie fz_/?T_ , X= —i7 @ 7 — AJHHa 9KPAHHDPOBAHHS. I1a

dopmyna cnpasemauBa npu |eVi|< s, rae e — XUMuYECKUH Imo-
TEHIHAJA. IDJeKTPOHHLHE YDPOBHH YyIaJeHH OT XHMHYECKOrO MOTEH-
uMana Ha paccrosHue >>kT. s sTo#l (opMy/bl BHIHO, 4TO NpU
BO3pacTaHUM . Vi KOHTAKTHOE CONPOTHBJEHHE JO/MKHO OHCTPO
BO3PACTAaTh.
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"B 1945 r. mpy uccaeNOBAHHM KOHTAKTHOIO CONPOTHBJIEHMS OH-
pouHOTO NOJNYNPOBOAHUMKA ¢ MetajuoM A. B. Wodde 8 yrasupaia,
YTO BEJMUYMHA KOHTAKTHOTO CONPOTHB/JeHHS Npu GOJMBUINX PaBHOCTAX
TOTEHUMANOB MeNC1Y MOJNYNPOBOAHMKOM U MeTaJjOM MHOrO MeHbIle
TO#l, KOTOPYIO CJELOBANO Ghi OHMAATL HAa OCHOBAHUM Teoppm Jlapu-
noBa (dopmymra (3)).

B 1950 r. B. Y. Jlautenxo u A. IlaBrenxo® mnpu HCC/Ie AOBAHHH
KOHTAKTHOTO CompoTHBaeHHs Mexay Cu,O M MeranioM B 3aBHCHMO-
CTH OT KOHTAKTHOM pasHOCTM NOTEHLHAJOB YCTAaHOBUJH, YTO HDH
MaJHX 3HAaYeHHAX - Vy BO3pacTaHMe KOHTAKTHOrO CONPOTHEJCHHS
AUNE NPUOTM3HTENDHO COOTBETCTBYET TEOPETUYECKNUM BHBOAAM JlaBHl-
nosa, a npu OGombmux (Cu,O — Ae) wabmonaiorcs peskue pacxo-
WICHUS MeXJy M3MEePeHHO! W BHUMCACHHON BequunHaMmu. ViMeHHO Ha
9T0 OGCTOATEJbCTBO U OHJIO - OOPAlieHO BHHMAHME VKA3aHHHX aBTO-
POB, KOTOpHE WHTEPNPETHPOBAJIM PE3YJbTATH CBOMX Haba0ieHuni
Ipy {IOMOIM TEOpHM MOBEPXHOCTHHIX yposHe#, passutoit M. E. Tawm-
mom 86 B 1932 r. Coraacno 9To#f TeOPHH BCAKAd MPAHMUA NOBEPXHOCTH
KpucTa/ana AO/KHA TIPHBECTH K HADYUIEHHI) NePHOILMYHOCTH pelETKH,
NePpUOAMYHOCTH TOJdA, 4 CJeL0BATENbHO, K TNOSRJEGHUIO OCOOLIX NO-
BEPXHOCTHHIX 9JIEKTPOHHHX COCTOSHUEH, dyHKUMA § KOTOPHX OHICTPO
yOblBaeT NpU Mepexoie OT NOBePXHOCTH Briay6b KpucTajna i Mo Mepe
yaanxenuss or Hero. CuencteueM 9TOR Teopum OHJIO TO, YTO HapaLy
C TpExXMepHOH sHepreTHYecKOH CUCTEMOH 3SJIEKTPOHHBIX COCTOAHUHA
B KPHCTa/Ie HOKHA CYIIECTBOBATP M IOBEPXHOCTHASA SHEpreTHyeckad
CHCTEMa CO CBOMUMH 30HAMHM W JIOKaJbHHMH YPOBHAMH, npuuéM obe
9TH CHCTeMbl BODKHBI OBITh CBA3aHH MEWIY CO0OH B3aMMHLIMH 3SJEK-
TPOHHLIMH Tlepéxonamy. IlphiHuMaeTcs, 4T0 TOBEPXHOCTHAs SHepre-
THueckas  cutremMa B CJy4agx MNPOBOAALIAX KDHCTANJIOB JOCTHraer
ray6unst 107 em, T. €. nopsaka BeJII/I‘{PIHbI cBoGonaHOoro npodera
3JEKTPOHOB.

B paGore B. E. Manikapésa u B. I/] Jlauwenko 82 u B. W. Jlamenxo
u Crenko 7 skcnepuMeHTaNbHO 'NOKA3aHO CYIECTBOBAHHE MOBEPXHO-
CTHHIX YPOBHe# Hd TOHKHUX C/JOAX 3aKHCH MEAM H OKHCJAAX APYIHUX
Meramiop (Z10-:Cd0O-MnO,). ABTOpH npoH3BeH OSHIMPHLIE HCCIAEAO-
BAHMA TOHKHX CJOSB 3aKHMCHM MeNHM, KOTOPHE HPHUCOTOBJIINCL NyTEM
TEPMHUYECKOX BOBTOHKH MEIH HAa KBAapieBYIO IJACTHHKY C NOCJELYIO-
UIMM TpeBpallleHHEM 3TOTO CJOA B BaKUCh -Meld OOLIYHLIM 1IYTEM.
Tommuna caoa cocrapasiaa 0,1 g, conpoTuBieHHE  IOCTHrao
108—10° e npu KomuaTHOH Temmeparype. ONBITH TOKA3alH, HTO
Takue caemenpnromsneﬂﬂme ciaon Cu,O, Haxomsch Ha BO3AYyXe,
3HAYMTEALHO YBEJUUMBAXOT CBOE CONPOTHB/IEHHE B TeueHHe Mecsla,
a 3aTeM STH H3MEHEHHA Ma/o- 3aMETHH. Y TaKuX CJAOEB B BaKkyyMe
H HA BO3NYXe CONPOTHBJIEHHME DA3JNYHO M BocnpouspomyMmo. Ha sthx
CN0SX WMCCeN0BANACh BABUCHMOCTE PadoThl BHIXOLA M IEKTPOTRO-
BOAHOCTH OT AeHCTEUS aLCOPGHPOBAHHHX AMNO/bHBEIX MOJleKle npu
pa3qHYHBIX AABJACHHAX.
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Ha puc. 24 npencTasieHH pe3y/ibTaThl HCCAELOBAHHS - 3aBHCH-
A
MOCTH OTHOCHUTEABHOIO M3MEHEHHH —RL (Kppmaﬂ a) 1 paGoTH . BHXO-

pa Af (xpupag 6) AaA TOHKOTO cnoa OT JaBJieHHS MAapOB ITHJOBOIO
cnupra. V3 3TOr0 pHCyHKa BHMIHO, 4TO NMPH MaJjOM JaBJeHHM [apoB

AR
H3MeHeHud ——R—O

A
—gﬂ nocruraer 50% cpoero B8Havenus mpu p=>50 .M PT. CT,
a Af naxe 70%.

Bo BCex cJayuasx aicopOuMs Ha 0Opasuax 3akWCH MeIM Kak
CUMPTOB, TaK W aUeTOHAa M BOLH, yMeHbildeT paGoTy BHIXOLA BJEK-

TPOHA MO OTHOWCHHIO K BAKYYMY, NpH- .

v Af nocrarouno Benuku (npu p=1 mu pr. CT.),

y&M, KaK 3TO BHIHO u3 rpaduxa, Ha- %, as
Gmonaerca nNapajIelu3M B WIMEHEHUH 47 ' 2 > -
paboTH BHXO44 ® TpoBoimMocTH. Kor- - 15 =

Za paGoTa BHXONZ YMEHBIUAETCH, YMEHb ,; . ol " (2
maercss M HPOBOAKMMOCTB, T. €. PACTET 1ot 17 ] {47
conporusnenue. Ycxoas us asroro, as- @ ‘ Yo
TOPH CUMTAT, 4TO ancopluus Mojgekyn 4 ' T
na nosepxuoctu cios Cu,O susmBaer 7% -

7-2 4 4 § & 7
H3MCHEHHE CTECNEHH BHHOHHEHHH‘HOBGPX-

HOCTHHX YpOBHeH, 4TO ¥ UPHBOIHT K Puc. 24.
WBMEHEHUI0 CONPOTHBJACHMA ©W pPaGoTH "

Brixona. YeM GoJiblle Ha TMOBEDXHOCTHHIX YPOBHAX 3JEKTPOHOB, TeM
Goublle TOHKOCJIOHHAS MPOBOJLMMOCTD., DTO, HOBHIMMOMY, OOBACHAETCS
A160 BO3HMKHOBEHWEM B30HHOA IIOBEPXHOCTHOH TPOBOAMMOCTH, JnGO
We YBeJWIeHHEeM KOHUEHTPAUMH JHPOK B CJ0e JHPOUHOrO UQIYIPO-
BOJHMKA 32 CYET JHPOK, KOMIEHCHPYIOUIUX TNOBEPXHOCTHHIH 3apsil.

B ciydae TOHKMX C/OEB SJEKTDOHHBIX IOJNYINPOBOLHHKOB, TAKHX
KaKk OKWCh UWHKA MJM ABYOKHMCb MapraHia npu ancopGuuH MOJeKy:
aleTona, 9TH/IOBOrO CIMPTa M ApP., PaGoTa BHIXOAZ TaKKe YMEHb-
HiIaeTcsd, HO NpPOBONHMOCTb YBeJHdMBAETCH, T. €. CONPOTHBICHUE
yMeHbuIaeTcsl, B 9TOM ciyyae aicopOMpOBAHHLIE MOJIEKY Il YMEHBUIAIOT
CTeNeNb 3ATIOJHEHUS SJIEKTPOHAMH MOBEPXHOCTHHX ypOBHEH, BCICACT-
BME 4ero NPOHCXONUT YMEHbIIEHHE YHCJa SKPAHMDYIOUIMX IHPOK
H yBeJHYeHHe KOHUEHTPALHH 3JeKTPOHOB B CJOE 3JEKTPOHHOrO MOJy-
NPOBOAHMKA. DTO NPHBOAUT K YBEJAMYEHHID TPOBOAUMOCTH M YMEHb-
IeHWI0 paGoTHl BHIXONA.

ITUM aBTOPH OGBACHAIOT COBMANEHHE H3MeHeHWH paGoTH BHXOAA
M 3MaKa MIMEHEHHsS MPOBONAMOCTH B JKPOYHOM H IPOTHBONOJIOKHOCTS
¥X B’ 9JEKTPOHHOM TOJYIPOBOLHHKAX,

Ha6imonaemsle sBieHNs, KaK MpPelAnoaaraercs, CBA3aHH C HOBepX:
HOCTHLIMU 3apadamu. Ew@ B 1946 r. H. 1. Moprymmc ycranosua®s,
9T0 Ha paboTy "BHXOLA TEPMOIJEKTPOHOB H3 TNOAYNPOBOLHUKOBOrQ
KaTONa OKA3LIBAET B/WSHHE HE TOJDKO NPHMIOKEHHOE BHEINHee YCKO-
psiOlliee 3JEKTPUYECKOE TOJe, HO H IOBEPXHOCTHHH 3apan. 310 06b-
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ACHAETCHA . TeM, 4YTO Y TOBEPXHOCTH - NOJYHPOBONHHKA HMEET MeCTO
orpaﬂnquHaa KOH[eHTpalus CBOGOHEIX 9JEKTPOHOB, BCJIEACTBUE
4ero BHEINHe ‘9/IKTPHUECKOe NOJe He SKpaHHpyeTCs y camol noaepx-
HOCTH, KaK 3TO HMEET MEeCTO Y METAJJIOB, 4 NPOHUKAET HA HEKOTOPYIO
ero rayouny. Bcd 9To npyMBOAUT K YMEHBIUEHHWIO TUMPHHH ~SanpeTHOR
30HBI y TMOBEPXHOCTH, @ CJeJOBAaTeJbHO, M K YBeJNYEHHIO MOBEpX-
HOCTHOH KoOHLeHTpanuu. BosHukmuni noxsepxnocmuﬁ 3apsAil MOXeT
CYLIECTBEHHO M3MEHUTh PaGOTY BHX0Ad.

EcrecTBenHO, 4YTO IPH HAJHYNM [IOBEPXHOCTHOIQ 3apaaa ‘**g,
B Cayuae -E =0, JAOMKHO TaKxe MMeTb MECTO H3MeHeHue - paBoTH
Boixond. CornacHo® 310 msMeHeHHe PaGOTH BHXOIA MOMET OHTH
BEIYKCJICHO NPH TIOMOLIH cnenymmeﬁ dopmy kL

o 1 e dngp R
=2 h{ ——— e 2l N 4
f,e args(?.,/Q KT e ) S *)

roe e — ILPISJIeKTpH‘{eCKaH NOCTOTHHAS nonynposonnnxa Hp— pazmyc
SKPAHUPOBAHHUSL..

B pat6ote B. E. JIamKapeBa u B. W. Jlmmenxo 82 TIPUBOAATCA NOL-
POGHEIE TeOpeTHYeCKHe 000CHOBAHHS YKa3aHHEIX BHIIIE 9KCTIEPHMEHTAID-
HEIX PE3y/bTATOB, WCXOAS W3 NPeACTaBMeHHA 06 HCKDHBJICHHH 3OHHI
OJ BJHSHHEM TIOBEPXHOCTHHIX 3apsioB. [l BHYNCIEHMS M3MEHEHUS
paGoTH BHIX0RQ, CBA3AHHOM C W3MEHEHMEM TOBEPXHOCTHOTO 3apsiaa,
BHBOLNTCA AHAJOTHIHAS hopmya, a MMEHHO:

e AP o
a2 5)
(enp)’* ch gz (F — fo) " '

rae fo——pa60Ta BHXOZA B OTCYTCTBHE IIOBEPXHOCTHOrO sapsna,
AN — u3MeHeHHE NMOBEPXHOCTHOrO 3apsana (10** — 10'2 cx—?), n — KOH-
HeHTpauus ABPOK B OTCYTCTBHMe O0BEMHOrO 3apama, p — (akTop mpu-
JAKNAHKT AHPOK, KOTOPHH Bhumcagercd mo dopmyne C. U. INexapa 7.
C TOYKH 3peHHs 30HHOH TeOPHHW W3MeHeHHe paBOTH BEIXONA JEKTPO-
HOB TIOX "BAMAHHEM TOBEPXHOCTHHIX 3aPANOR OOBACHAETCH MCKPHBIE-
HYeM 30H OTHOCHUTEJBHO XHMHYECKOTO n0TeHu1/1aJ1a. ) B

Cesiab Mex1y M3MeHEHWeM NOBEPXHOCTHHIX 3aPHAOB H nsmeHeHHeM
ﬂpOBOﬂ.I/IMOCTI/I nagrcd caepyomeil Gopmy IOl

rle n,— NOJHOE HHCJO HOCHTEJeH TOKa, NPHXOASMHUXCH HA 1 c.u2
nosepxnocm CJI0SL.

~C 370l TEOPETHYECKOH TOUKH 3pemm leOBJIETBOpI/ITeJIbHO onc-
HFIOTC MHOTHE SBJEHHS ¥, B 4AaCTHOCTH, USMEHEHHE paboTH BHXO014
B TOHKHX CJI0AX, H3MEHEHHS SIEKTPONPOBOLHOCTH, SKPIHMDOBKA
BHEIIHEro MO MOBEPXHOCTHHMM 3apANaMM ¥ JAp.
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B pa6ore B. W. Jlamenko u WM. U, Crenxo onucansr pe3yanTaThl HC-
CJENOBAHYA M3MEHEHHS MPOBOJAMMOCTH MNOJYNPOBOAHHKA N0 BAUAHHEM
TOTIePEYHOro ‘BHeIIHero ajektTpuieckoro nosd. Ilpu stom 6uuio ycra-
HOBJEHO, 4YTO €CJW K NMOJYNPOBONHHMKY TIPUJIOWEHO BHENIHEE Mone-
peuHoe JEKTPUUECKOe I0Je, TO OHO IKPAaHHUPYETCAd B BepxHeM CJoe,
H TDOBOTUMOCTb IOJYNPOBOAHHKA BCJEACTBHE 3TOTO HaMeHserci. Co-
nporusieHne AR JuHe#HO H3MEHSVIOCH C MOJEM, HPHUEM JBIPOYHEIN
noxynposonuux Cu,O mnoxazan ypeauyeHHe R, 4 3JEKTPOHHEI NMoJy-
npoBORHUK (OKHCh LMHKA) — yMeHbIEHHe R, UYTO COIJIacyeTcsd TaKie
C BHIBOJAMH IpYyrux aeTopos .

Tor dakr, YT0 B pPaACCMOTPEHHHIX SKCMEPHMEHTalbHuHX paborax
OBl - HCTIOAB30BAHK HAapHl MOJIPHBIX MOJIEKYJ, He BCTYNAIHX C IO-
NYAPOBONHHMKOM B XMMHYeCKO€ B3AMMONEHCTBHE, NEJAeT 3TH nccneno-
BaHHA yOeaNTe/NbHBEIMH.

YToOH YCTPAHHTh BOSMOWHHE MONHTKA OGBICHEHWH ITHX ABJICHUH
npennonaraemoff nuddysuefi cnupTa 0O MEHKKPUCTAJINYECKHM NPO-
caofikam 0o6pasuoB MAM KaNW/AIIDHOH KOHAEeHCAaUMel B MeXKPUCTAJJIH-
4eCKHX napax, B. JIﬂmeHK089 DpoOBEJ MOApOOHBEE HCCJAENOBAHUT Ha
MOHOKPHCTAaNIE CEPHACTOr0 MOAMGAeHA. BHI HOJyYeH XOX H3MEHEHHS
paGoThl BHIXOLA M TNPOBOIMMOCTH C YBEJH4YE€HHEM AaBJeHHus ancopbu-
pPYeMEIX [napos, NONOGHHE HabmonasuieMycd paHee. 310 NOLTBEp-
#AaeT HeOGXONUMOCTDL MPHUBJIECYEHHT /T OOBACHEHHT YKA3AHHHX HB-
JIeHHlt 9MEKTPOHHEX TIOBEPXHOCTHHX COCTOSHHE. ‘

VI3 paccMoTpeHHBIX paboT MOXKHO CIefaTh, NMOBHANMOMY, CIIedyio-
mmét peiBoa. HeoGxoaumo npusHaTh peasbHOe CYUIECTBOBAHHE HA IO-
BEDXHOCTH 3aKHUCH MeIHM M LDYFHX BeleCTB MHOTOYHCIEHHHIX NOBEPX-
HOCTHHIX YpOBHe#l aKilenTOPHOTO THIA, CO3LAIMIUX OTPHUATENLHBIH
NOBEPXHOCTHHH. 3apsaf, CYyUIeCT8eHHO BAMAIOIIMH Ha ILeabl pas geje-
HUH. DTH HccAeAOBaHUA SICHO YKAa3nBAIOT HA TO, 4YTO B TOHKHX IO-
JYTIPOBOJHHUKOBHX C/I0IX, KOIJA HAUMHACT CKA3LIBATHLCA BAUSHHE TIO-
BEPXHOCTHLIX 3apAA0B, MOXHO OBOPHTb O XapaKTePHOH HPOBOAMMOCTH
TOHKOTO CJI0d, CBA3aHHOA C CYH]eCTBOBAaHMEM TOBEPXHOCTHBIX ypoB-
Hel, — IOBepPXHOCTHOA npoBoaumocTd. B patore appuca u Iladde-
pa’ Ha ocHOBe TEOPHM TIOBEPXHOCTHHIX YPOBHEH SHEPrHA OOGDbsC-
HIOTCA aHOMaJHM DJIEKTPHUeCKHX CBOUCTB TOHKHX CJOEB MeTanaia.
ABTOpH NpUXOLAT K STOMY BHBOAY B pe3y/braTe CJASLYIOWHX pac-

. , 1
CYXIEHUH: eCad NOCTPOUTH KPUBYIO 3aBUCHMOCTH p==f (71_) (rne

d — rommMHa C€109) AJS TOHKOrO CJIOA CYPBMH, TO MONHO HaGmo-
1aTh NlEa H3J0Ma: ONMH NpH Toduue ciaod d = 1,7-10—5 cux wu BTO-
poit mpu d==4-10"5 cu. ABTOPH HHTEPHPETHPYIOT 3TH M3AOMH Kax
Hanuume ABYX JJAHH CBOGOAHOrO Mpofera 3JeKTPOHOB NPOBOAMMOCTH,
Hrolut y6eauThCa B npasnnbﬂocm CBOETO" TOMKOBAKNA, OHW PacCik-

Ap
THIBAIOT 3aBHCHMOCTD AT “—f( > H CHOBA YCTaHaBJHUBAIOT HAaJH-
“HE ABYX H3JOMOB Ha Tex e TOMUHHax. Ha ocuose storo (paKTa
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LEeNaeTCs BHIBOJ,  4TO MEPBLIl H3/MIOM BOSHHKAET B PE3Y/LTATE BJHSI-
HHAs TOMIMHE! CJIOS- HA BEMH4MHY JAJHHH CBOGOLHOrO mnpoGera sJex-
TpOHa, & BTOPOH — BCJEICTBHE - BJAMSIHMS - OBEPXHOCTHEIX ‘YPOBHEiH.
Ilo mMHeHnI0 aBTOPOB, MNpPH TOMUHHe c/10d B 40 My BCE DEKTPOHHE
HPOBOAMMOCTH 3aXBATHBAIOTCHA MOBEPXHOCTHLIMU YPOBHSIMH, 4TO M IPH-

Ap
BOZMT 'K PesKoMy BO3DACTAHMIO A—T— Ha ocnoBanun sddexra 3a-

XBAT4 TOBEPXHOCTHLIMH YDOBHAMHU S/IEKTPOHOB HPOBOJHMOCTH, OKa-
3BIBASTCS, MOXHO OOBACHHTb OTPHLATE/]bHHI 3HAK T. K. C. TOHKHX
MEeTa/IMYECKHX CAO8B.

Passutre TeOopHH NOBEPXHOCTHHIX ypOBHeﬁ a TaKie uanbﬂeﬁmne
SKCTIEPUMEHTAIbHbIE MCC/IEL0BAHUS STUX sBJEHHM,  IOBHAHMOMY, Na1yT
BO3MOXHOCTb, OOBACHUT MHOTHE BONPOCH, CBA3aHHLE C cpnsnxoﬁ
MOBEPXHOCTH TOHKOTO CJIOf,

B. HacTosiulee BpeMs M3BECTHO, UTO HOBeprOCTb TOHKOTO CJIOSt
IOJYNPOBOLHUKA ABJAETCH CBOEro poia karanusatopoM. Ilpu ancop6-
IMH Ta30B HX XHMHYeCKHEe CBOACTBa MOIyT H3MEHATBCH, 4ACOPGUPO-
BAHHBIE MOJEKY/Jsl MOrYT pACHAaZaTbCd HA 4ATOME], -0BPA3OBLIBATHCH
HOBHE arperaTHele cocTosHuA ®0. ANCOPOHPOBAHHBIE MOJEKYJbl MOTYT
C031aBaTh ¥ JIONOJHHTEJIbHbE NOBEPXHOCTHHE YPOBHH, KOTOPHIE ABAT-
Ci CBOEro poia <«JOBYIIKAMH» [JF 3JEKTPOHOB, UYTO NPHUBEIET
K M3MEHEHHIO 3JEeKTPHUYECKHX CBOHCTB.

Be3 BcecroponHero yuéra Bcex 9THX (PaKTOpOB Heb3s riIyOGOKO
HOHSATH BCeit (PU3MKM TOHKHX CJ0EB,

7. O TEOPETMYECKMX HCCHEHOBAHVISIX TOHKHMX
METAJIUTMYECKMX CJIOEB

Tonkue MeTa/JuIM4eCKHE H TNOJYNPOBOJLHHMKOBLIE CJAOH MOJY4alOT
B¢ GoJpiiee W OoJblliee’ NPUMEHEHHEe B HayKe M TeXHHKE., ITO BHI3-
BAJI0 HHTEPEC K TEOPETHYECKHM HCC/EXOBAHUAM C LEJbI0 BHACHEHUSH
NpUYHH TeX aHOMaauil, KOTopble HAGMOAAIOTCS B TOHKHX MeTainde-
¢KHX Cjosx. ITONMeiTKM NPHMeHeHHs KBAHTOBOH TEODHI NMOKA He JA4JH
WeJaeMBIX pe3yJ/LTaToB. :

[lepso#t cepnésHoOil TeoperTnueckoil paGoTOf CJaeayeT MNPH3HATH
pabory f. W. ®penkens, 0 KOTOPOH yie UYACTHYHO YNOMHHAJIOCh.

Eug ONpUMEpHO J[Ba JecfdTKa JeT HasdJld NHTAaINCh OOBSICHUTD

aHOMAaJMH TOHKHX MeTaNJMYecKNX CJI0EB HA OCHOBe JONyLIEHUS,
4TO € YMEHbUICHMEM TOJUIMHB CJOf YMeHbIIAeTCd CpeiaHsd LJAMHA
¢BoBoaHOro npodera 3AeKTPOHOB Npopoaumoctd. Bnepsuie k. Tom-
CoH®5 Ha OcHOBe STHX NPENCTABJCHMH YCTaHOBWJ CBA3b MEWIY
APOBOAMMOCTBIO MACCHBHOTO METaJla G, M MPOBOAHMOCTBIO CIOF S,

cpenﬂeu LAHHOH CBOGOLHOTO, npodbera SJIeKTpOHOB 1 n Tonmﬂﬂoﬁ

ot 6, ._’c [ ( i +T>] ; (7)
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9ta - dopMyna OKa3araCh B NPOTHBOPEUMH C. BKCIEPUMEHTANbHBIMH
I4HHBIMA yXe XOTs OB TNOTOMY, YTO IpH €€ BLIBOLE He YYUTHBA-
AOCh Ha/{uMe HeW3O0e)HOro yHPYroro paccesHHd 3JIEKTPOHOB MPOBO-
nuMocTd, PaccedHue 9JAeKTPOHOB B JAHHOM CJayuae IPOUCXOLHT He
Ha TpUMECHX, 4 Ha CPAHANAX KPHCTAJIAYECKMX arperaTos, KOTOpHE
C yMeHDbUIEHHEM TOJIMHBI COH yMeHbIIaloTcs. Ecam yuecTs ympyroe

paccesdHue 3JeKTPOHOB, TO 1Js cuaydad d >l no.nyqaeTcsf caeayionee

BHpaxeHue 54
cc:c;m[—d:<1n dL"}—l)] ®)

Ha ocHoBe sroit dopmynst TomcoHoM 6nina paccymTana TeopeTn-
yeckas Kpupasd (mpencTaBjeHHas Ha puc. 1, 6) Aad TOHKOrO ca0%
uesus npu T = 64°, B aToM cayuae TeopeTHYECKAT W SKCHEPHMEH-
TanpHad KpuBHe cosnasnalor %3,

3HaueHne cpenuell AauHH cBoGoxHOrO mpobGera 9JIEKTp0HOB (l)
MOXeT OHThb BHYHCJEHO NPH HOMOULH c.neﬂyiom,ero COOTHOWEHHUs ¥1;

s
FORTa G

rae. A — AJRHA BOJHHL 3JEKTPOHA.

Ws (9) caenyer, 4TO ¢ yMeHbIIeHHEM TOJIIMHH CJOH 3JEKTPONDO-
BOJHOCTb [OJ/DKHA YMEHBIIATbCHd, 4TO M Habmoraercd Ha onwre. Lis
{ pasauuHLIMM aBTOpAMH NOJYYeHH pasHbe 3Hadednd. Taw, g naa-
THHH 3Havenue [ Hatizeno B npegenax or 5-10~5 po 2,6-10~7 cu,
a7 cepebpa — ot 3,2-10~° no 6,25.10~% cu, nast 3010t 4,32-10-6 ct,
ans najsanua or 2.10% g0 8-10-% cu.

B 1934 r. Mort u lleHHep yCTAHOBHJM CBH3b MEXIY ONTHUECKH-
M H 3JIEKTPHUYECKUMH BeaumuuHamu ?'. V3 atux pabot cienosalo, 4to
yAeabHOE CONPOTHBJEHHE TOHKOIO CJOA ONpelejadeTcd NPH NOMOIH
caenyomel popmys

p::‘_@'_ ) (10)

rie m W ¢ — COOTBETCTBEHHO Macca W 3apsai 3JeKTpoHa, N — KoH-
ueHTpaLmsl 91eKTPoHoB B 1 ¢#%, v — [10JOBHHA YaCTOTH peJaKcamu.
Vs (10) caeayer, uyro ¢ yMeHblieHHEM TOJILIMHBI CJOH [OMKHA YMEHb-
HIATHCH KOHIEHTPAUMsT SAEKTPOHOB, TaK KaK YAENbHOE CONPOTHBIE-
HHE € yMEHBIIEHHEM TOJIMIMHBE CJ0f yBeauuuBaerci. OILHAKO BCe ITH
TeOpeTHUYECKHe COOCpakeHHs He MOTYT OOGBSICHATL OTPHILATEAbHOI'G
3HaKa TEpPMHIECKOro KodbhpuuneHTa CONPOTHB/ICHHIL.

'Buia Takwke CreJaHa NONBITKA OOBACHHTE OTPHIATENLHOE 3Haye-
HHE T. K, C., NPHMEHAS TEOPHIO KOHTAKTOB, OCHOBAHHYK) H3 TYH-
HeabHOM. addexre. Ha OCHOBaHMH TDPENMNONOKEHHT O TOM, 4TQ pac-
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CTOSIHHE 'MEXCLY OT/Ae/JbHHIMH KPMCTaJIMKAMM TOHKOFO CJOS W3MeHset-
€A B 3aBHCHMOCTH OT TeMNIeDaTyphl, OBUIO NOJYYeHO BHIPAMENHHE JUIH
Ofpesie/ieHUs. 3JEeKTPONPOBOIHOCTH TOHKOFO' CJIOH, 4 MMEHHO:

o= Ae BT, B (3Y)

HO TaKas 33KOHOMEDHOCTb HE MNOLTBEPKIAETCH SKCIEPUMEHTANLHO.

Emg v 1946 r. $1. H. Ppenxenss ?? npu paccMOTPeHHHM TEOpHH
SJEKTPHYECKHX  KOHTAKTOB  YCTAHOBHJ, YTO SJEKTPONPOBOLHOCTE
MeTaJUIMYECKHX TOPOIIKOB M TOHKMX CJOEB, COCTOSIMHX M3 OYeHDb
MeJKHX 38peH, BO3PACTaEéT C NOBHIICHHEM TEMIEPaTypHl MO TAKOMY
e 3aKOHY, KAK H 3/eKTPONPOBOJHOCT NOJYNPOBOLHMKOB, 8 HMEHHO!

N .

af —yet ~
aCel —
e akT 12
e T . (12)
rae f— paGora BHIXOLA JIEKTPOHA M3 MeTaJIa, @ — IMHPUHA 3a30pa
kouTakra, C — NOCTOdHHad, NPONOpuUKOHaspbHad f, Y — Koaddmuuuenr,
YUMTHIBAONMH MHOrOrpaHHOCTh noBepxXHocTH H paBuui 0,9—1. Ilo-

o2
CKOMbKY f 2>y —-, TO ¢ NOBHIUECHHEM TeMIepaTyphi 9JEKTPONPOBOL-

HOCTb [JOMKHA BoO3pacraTh. llpm mocTosHHOM TeMmepaType C H3me-
HEHHEM TOMILMHL CT0A O6yIeT HSMeHAThCH o. '

s ypaBnenns (12) moxHO HaiiTH Ap, a TaKke 3HAYCHHe @, T. €.
TepMHUeCKHil KO3(DPUUKUEHT CONPOTUBJEHHUS, KOTOPHH paBeH

7¢*

A _ ) a , )
Dy ==t A~ o N )

, : S 2
EcrecTBenHo, uro npu f > | -, sHauennue 2 <0 ¥ ¢ NOBLILIEHNEM

TeMIepaTypsl T. K. C. IOKEH yObBaTh, 4To- ¥ HaOmonaeTcsd Ha ONb-
te. Taxum oBOpasoM, 3TH TeOpeTHYECKHe MCCJIeL0BAHMA HaXOUSTCH
B COrylacuu C NPUBEAEHHLIMH BLIE SKCHEPUMEHTAJNbHBIMA JAHHHIMHU,
K aHajJorMYHHIM pe3yapTaTaM HPHULIM M JApyrue -aBTopH %%, KOTO-
pble pelnui 3TOT BONPOC HA OCHOBE CJEIYIOMMX NPeLnoJOoNeHW:
a) MeTanauuecKMit TOHKMH CJIOH COCTOUT U3 MEJKHX KPHCTaJIHYECKHX
38peH, 6) paora NPOXOMAEHHS 3JEKTPOHA MeWLy IABYMA 3EpHaMH
senbme 0,1 28 u TyHHeqpHHH s¢pdeKT HesHauHTENEH, E) NPOBORH:
MOCTH CJIO NPAKTHYECKH DABHA NPOBOAMMOCTH HDPOMEWYTKOB MEWIY
38pHAMHK, I') JEKTPOHH B 38pHAX MOLYMHAIOTCA CTAaTHCTHKE Makcpen-
Ja, a He depmu. B pesyabrare aBTOPH MOJAYUHIH PopMyay AJAd on-
peleieHus 3MEKTPONPOBOLHOCTH TOHKHX METaJIHYEeCKHX CJ0EB!

ML daul ' »
o,=Aal *e kT | , (19

rie Af — usMeHenne PaGOTH BHX043 3JICKTPOHOB NOI BJIHIHHEM npu-
JIOWEHHOTS MOJd, a-— IWHpHHA. Gappepa. Irta dopmyia nosyuiia
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3KCIEPUMEHTAIbHOS MOATBEPKIeHHe HA TOHKHX CJIOHX BOJAbdpama
¥ MIatHb %%y 00bHACHHIA OTPHUATENsHOE 3HAUeHHe T. K. C. BHBO4
yxazannofl (opMyssl MoCTOBHYZ OCHOBHEBaJCA HA AOMYWEHHH TOTO,
4TO NpH HeCOJLHION CHje TOAd u3MeHenue PaGOTH BHXONA BAEKTPO-
Ha Af HPONOPUMOHAJIBHO 9TOMY moaw F, Torga Kak [1Jd GO/bIIMX
ero sHaveHn#t Af ~ F'/», { monoGuniM pesyasTatam npumméa u Tep-
tep®%. M3 sroro crenyer, 4ro B Ciyyae, KOrAa W3MCHEHHE Temmepa-
TYPH He OKa3biBaeT CYIIeCTBEHHOrO0 BJHAHMA Ha paboTy BHXOHa f,
MBl LODKHBI TIOJAYYHTb JIMHERHYIO
3aBHCHEMOCTb 1g R oT F'l2. g1
B arom -cayuae R (F) oupene-
AgeTCs TPH NOMOUIM  CJaeaylouied
: 49.
) Wo—e FT
R(F)=AT *e * _ (15) a7 =
= A
3nech Wy — BeJadUHHA NOTEHUHAD- T —a ]
Horo Gapeepa. YcraHosjeHHad dop-
myqaofi (15) 3aBucmmocts R (F)
6L MOATBEPWAEHA SKCHEPUMEH-
TaJbHO B UHTHPOBAHHOH BHIlIE pa- el
Gore %% €& pesyipbTaTH npenCTaB- 7=205%
JNeHH Ha puc, 25. gl —
JIHHeHHOCTD TaKkKe NOJKHA CO- Z 4
6monatecd W B CAyYae 3aBHCHMO-

gk

1 Puc. 25. 1g R xax dynkana F's npn
cru g RT or —» UTO  TaKke DA3NMYHKX TEMIEDATyPax ClOd.
HAULIO CBOE MOATBEDMAEHHME B pa-

Gote 52, Kpome TOr, HAKIOH NPAMNX PHC. 23 coraacHo ypaBHeHmo

1
(15) nomxen OHTB nponopuuouaﬂeﬂ ~~+ YKa3aHHHE aBTOPH BHTHC-

AnMd HA OCHOBE CBOHX HAAHHHIX SHAYCHHE @ M NOAYYUIA CJACAYIIUE
pesyastate: npH T =20,3°K ¢=0,00316, npn T ==2,10°K
a==0,073 1 npun T ==1,31°K a4 =0,124, 1. e. B 0613CcTH HU3KHX TeM-
nepaTyp M 9Ta 3aKOHOMEPHOCTH NOXTBEPHKAAETCH. '

TakuM o6p430M, TO, YTO TOHKHE MeTAMIHYECKHE 'C/IOH 10 CBOUM
cBOMCTBAM CTONT GamEe K NOJYNPOBOJHMKAM, YeM K METaliaM,

He TOJBKO T[OKa3aHo KCNEPUMEHTANbHO, HO TaKKe 060CHOBaH0
¥ TeOpEeTHIECKH.

‘8. BbIBOJBL

v |
CrenaeM KpaTkue BHIBOABL M3 PacCMOTDEHHHX pafor mo BoOnpocy

¢ CTPYKTYDE U SDJIEKTPHYCCKHX CBOHCTBAX METAaMJIOB H HOJIYTIpOBOlI
HUKOB B TOHKHX CJ0OHX.

1. Dnexrpudeckie CBOACTBA TOHKHX CJIOSB META/IOB *HIA TONY-
TPOBONHHKOB He/b3% DPACCMaTPUBATh B OTPLIBE OT BOUPOCA O CTPYK<

7 ¥oH, v LI, sum. 4
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Type ca0s. He TONbKO anekTpHueckue, a EBoobuie QU3HYECKHE CBOH-
CTBA CJIOf 3ABHMCAT OT YCJAOBMH €ro NOayYeHHH, HOO YCJIOBHH MOJIY-
YeHHd B KOHEUHOM CuéTe ONpelensioT CTPYKTYPY CJIOf.

Crpykrypa TOHYaMIMX CJOEB META/IOB W TOJYNPOBOJMHMKOB 3a-
BHCHT OT MHOTMX TNPHYMH M TIPENIE BCEr0 OT: a) MPHPOLBI PACHE-
JFeMOTO  MeTasnd, ©) NpHPOAH MOAKJALKH, B) TEMIEPaTypH IOj-
KJajKH, T) CKOPOCTH KOHIEHCAUMH CJOf, A) TOMUMHH Ca0f.

ITo mepe yBenuueHms TOMIVHE CJ0f NPONCXOAMT HepecTpOiKa
CTPYKTYPH BewlecTBa, O6pasyioOmiero cJo¥, OLMH THI DEWIETKH MOXeT
NepexOiNTh B ApYrol, HaOMOAalTCHd AJJOTPONMYECKMe npeBpauie-
Husi. CxopocTs TepMUYeCkoli BOSFOHKH OKA3HIBAET BJMSHHE HAZ CTPYK-
TYpPy CJI04.

2. B Hacrosiiee BpeMd Ha OCHOBe SJEXTpOHOrpaduuecKHx M
3J1eKTPOHHOMHKPOCKOIIMYECKHX KCCAeIOBaHKH co3nadrca Gojee fCHOe
npescTaBieHde 060 BCEM Tpouecce o0Opa30BaHMSA TOHKOrO  CJOS.
BosHuKaeT BOSMOKHOCTb HE TOJNLKO YCTAHOBHTL oOWmE Xxapaktep
X¥0[a npouecca o0pasoBaHUH CJOfA, 4 W OOHAPYKHTh OTAMYKTEIbHBIE
0COGeHHOCTH (OPMHPOBAHMA TOHKHX CJOEB PAaSJAHUHBIX META/IOB
(cM., HanpuMep, paboTH 2 25, 26, 32 33, 36, 37, 69, 96 ),

BoickasaHHule panee coobpawxenusd A. lllanshuxosa w C. Bek-
IKHCKOTO 10 BONPOCY O (OPMHPOBAHMK TOHKOTO CJIOH NOATBEPIK]a-
JOTCSI HOBHIMM JNAHHEHMH 3JeKTPOHHOMHKDOCKONMYECKHX HCCAEROBAHHH.

Bonpeky JaHHHEM 3JeKTPOHOrpadHYecKHX HCCJeJ0BaHHH, KOTOpHE
He NOITBEepKIAIOT CYIleCTBOBaHHe aMOpGHOH a3kl MeTalIoB B TOHKHX
CA0MX, UOPUXOANTCH CUHTATBCA C HOBHIMH OaHHHMH SJEKTPOHHO-
MHKPOCKOIMYECKHX HCCJACIOBaHMi, Ha OCHOBE KOTOPHX [AOMYCKACTCH
Haanuue amMopdHoH dasp B HayanpbHHP MOMeHT OOpasOBaHMA CJOH
Jasi OLHOH TPYONB METanJOB M KDPUCTaMAMYeCKOd Jnag xpyroii.
MoxHO Tpelnosarats, 4T0 MeTaJH B Ipouecce GOPMHPOBAHUST CJIOf
HAXOA4TCA NMePBOHAYaJIbHO B aMopdHOM ase, KoTOpast 3aTeM Iepe-
XONHT B KPUCTAMNMYECKYI0. B ONHHX clydasx Npounect KpUCTAJIH-
3allMW, BO3MOXHO, NPOWCXOAHT MICHOBEHHO, B JPYTUX MeljeHHee.
B naHHOM Ccayuae HeOOXONMMH eI JKCIepHMeHTaJbHble HaHHbIE
¢ yudToM (paKTOpa BpEMEHH, KOTODLE, BO3MOXHO, IOMOTYT BHIIC-
HuTh Gonee OGCTOSTENbHO 5TOT Bonpoc. Iloka uro o6 amopdHoOH
¢ase MeTaanI0B B TOHKMX CJOSX HHYEro yTBeDAHTEJbHOTO CKa3aTh
HeJDb35.

3. Henocrarouno ficHa KapTHHAa BAHAHUA NOACTH/AIOUIeH noBepx-
HOCTH HA DJIeKTpHYECKHe CBOHCTBA CJof. DeccrnopHuM sBJIFeTCHd BEI-
BOL O TOM, YTO MOAK/aJKa OKa3hBaeT OPUEHTUPyKIlee HelcTBHe Ha
POCT KPHCTAIIOB, @ TAKKE O TOM, 4TO TeMIepaTypa NoNCTHAAIOLIeH
MOBEPXHOCTH OKA3HBAET BJUSHUE HA JMCIEPCHOCTH CJOH.

Ho He BLIACHEHO B/MsSHWE pasmuuus T. K. €. HOAKJAIKH H T,

4. BoJee sicHAa KapTHHA CTPYKTYPH TOHKMX CJOEB HOJYNPOBOX-
unkos. HeécMoTpa Ha MaJoUHC/IeHHOCTh SKCHEPUMEHTANbHBIX HAHHBIX
ye "ceftiaC TOMHO H3BECTHO, UTO HMEIOTCH NOMYTIPOBOIHUKH; KOTO-
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pble B TOHKHX CJOAX MOTYT ObIThb NMOJYYeHH K4K B KPHCTANINYECKOM,
TaKk ¥ B aMOpPHOM COCTOSHHIX, NPHYEM 3TH BellieCTBA HE OTHOCHTCH
K TPyIile BEIIECTB CO CJIOKHOX CTDYKTYDOH KpHCTaJIHueckoit pe-
mETKH. Bmecte € TeM HMeIOTCH MNOJYNPOBOIHHUKH, He o6Janaromiyue
STHM CBOJICTBOM. B TOHKHX CJIOAX 3TH BeMECTBA OTJIATAIOTCH TOJNLKO
B KPHCTa/lJH4eCKOM BHIE.

5. Jlo HacTOMMIEro BpeMeHM (aKTHYECKH €IS HET SKCIEpHMEH-
TalbHHX NAHHBIX, MOJYYEHHHX B COBEPUIEHHO <YHCTHIX> YCIOBHSIX.
Ecnu skcrnepuMenTnl TPOU3BOAATCH B BAKYYME TNPU PaspeXeHu# oT
10— mo 10~7 mm pr. cr., T0 Hake B ITHX YCJOBHLX NOJyYEHHEE
CAOM OK33LBalOTCA HACHMICHHHMH MOJEKyJaMi OCTATOUHHX TIa30B.
ITH rasH MOryT GHTb KaK alcopGHpOBAHB, Tak H abcopOHpOBaHLI
cjloeM, NPUUEM He HCKAOYACTCH BO3MOMKHOCTL 00pa3soBaHUA aKTHE-
HBIX XHMHYECKHX COeNMHeHMH, KOTOpHe H OyAyT Npejonpeneiirh
cpoiictea caod. OcoGenuo cuibHQ 310 OyleT NPOABJATECH HA CBOH-
CTBaX TOHKHMX MNOJYHNDOBOLHHKOBHIX CJI0OEB. B TOHKMX MeTaNIHYeCKHX -
CJ0AX rasn (OCOGEHHO KHCJOPONL) MOTYT OKAaSblBATb MMOYTH TAKOE HeE
BIMAHME, KaKOe OKa3nlBAET KHUC/OPOL HA CepPHHCTH CBHHEN, KOTOPBIA
IpeppamaeTcd B MOJYNPOBOAHMK B ~peayiabTaTe TeMiepatypHoH
TPEHHPOBKH,

‘6. BiusiHue rasoB He OrDaHMUHBAETCH TEM, YTO H3MEHSIOTCH OOD-
EMHLIE CBOHCTBAZ TOHKOTO CJ104. MoJiekyk, aﬂcopéuposaﬂﬂme nopepx-
HOCTBIO TOHKOrO NOJYyNPOBOAHHKOBOrO CJI0d, TaKikKe CYHNIECTBEHHO
H3MEHHIOT CBOMCTBZ TNOBEPXHOCTH. (OKashlBaercd, YTO HOBEPXHOCThH
TOHKOrO CJIOS B HEKOTOPHIX Clyuadx oOsajaer CBOHCTBOM KaTaii-
saropa. HMccaenosanne 9TuX sBJeHHH (QaxTHYECKH TOJBKO HA4aTo.

7. Kax noJOXHTENbHHHA MOMEHT, CJHeIyeT OTMETHTh HayaThie
paboThl MO HCCACNOBAHMIO IOBEPXHOCTHHX yPOBHEH HA TOHKHX TMOJY-
NPOBOJAHUKOBHX CJOfAX. JTOT BONPOC HMEeT BAXKHOEe 3HAYEHHE B HO-
HUMaHHH (H3HYeCKHX CBOHCTB TOHKMX ca08B. He wnckiaioueHo; urto
JanbHelllee HCCIeI0BAHME TIOMOXET TayGxe HBYUMTb M MOHATH
ABJICHUs!, NPOTEKalolie He TOJbKO B TOHKHX CJO0SX no.nynponoﬂﬁ
KOB, HO K B TOHKHX MeTa/J/IMYeCKHX CJOfAX.

8. Ham xamercs, 4TO MeTOIMKA WCCJICNOBAHHS TOHKUX cnoes
A0MKHA OHTh HECKOJbKO YCJOMHHEHA ¢ TeM, YTOOb M0 BOSMOWHOCTH
LOSUTBCH HCKMIOYEHHS HACHULIEHHA C/10s MojexynaMu rasa, Tlpusiae-
yeHWe CYETUMKA IJ HCCIENOBAHHSA TOBEDPXHOCTHHX COCTOAHHIL, Go-
Jee IMHPOKOe HCIOAb30BAHHE 3JEKTPOHOrpadHuecKkoro M sneKTpogﬂg-
MHKPOCKONHYECKOTO METOAOB HaiyT BOSMOXKHOCTb HOJYUHTH AOHON:
HHTeJbHEE CBeleHHs 00 3TOH MHTepecHOn oénacw nmerome 60Jlb-
woe NpakTHYeCKoe 3HAYEHUE:

9. OBmas kapTHHA 3aBUCHMOCTH YIEJBbHOIO conpOTnBJle‘HIfiy‘x
M TepMudecKoro kosdduunenra COTIPOTHBJICHUS ynosnemopmenbﬂa
moxteT OHiTh MpPeNCTaBIeHa KPHUBHMH pHC. -15..

10. Teopus, npennoxennas . W. Ppenkenem nas Oé'bﬂCHEHHﬁ
OTPHLATELHOrO 3HAaKa T. K. C. METAMIOB B TOHKHX CHOSX; & Ta1Ke

7%
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BJHSHHS TOJSl HA BJAEKTPONPOBOAHOCTB, YAOBAECTBODHTENLHO OOBAC~
HAET HOBHle SKCHEPUMEHTANbHBIE HAHHBE. Y/ 0BJIETBOPUTEbHO COra-
cyeTcd C ONMTHHMHU JLaHHHBMH Takke Teopuss Mocrtosnua-I'eprepa.

Briosine NOHATHO, YTO BJIMAHHE 3JEKTPHUYECKOTO IOJAH Ha SIeK-
TPONMPOBOAHOCTE TOHKHX CJIOEB Hesb3si OGBACHUTL Ha OCHOBE TEO-
pun shdexra LloTTky, Tak Kak NocheAHAs MPEINONATAET PABHOMEDHOE
pacnpejesenne BJAMAHHS TOJS HA YACTHUBE, B TOHKHX XKe CJ0SX
nosie  paclpefesieHO "B OCHOBHOM MeXAy 3a30pPaMA KPUCTAMIMKOB
HJIH. M&XIY WX arperaTaMu. B CBA3H C 3THM HaGII0NACMYI0 SHEPTHIO
AKTHBAUKA HeOOXOANMO OTHECTH He K IIHDHHE 3anpemHHOH 30HHI,
a K MepexolaM 3/eKTPOHOB Mek1y KPHUCTAMIMUCCKUMK 38PHAMH.
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