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I. Beryn

XanpKOTeHIAW  CBUHLIO  3HAXOIATh  IIHMPOKE
3aCTOCYBaHHSI y HalliBOPOBIAHMKOBIH TexHini [1]. ¥V
(hopMyBaHHI BIIACTHBOCTCH TOHKHX IUTIBOK 3HAYHY POJIb
BiZirpatoTh JedexTHa TMiacHCTeMa Matepiaiy, SKy
ICTOTHO MOJKHa 3MIHIOBATH i €0 30BHINIHIX
(haxTOpIB: TEIUIOBI 1 €JIEKTPOMATHITHI ITOJIs, paialiitHuit
BIUIMB, B3aeMOJis i3 armocepHumMu Tazamu [2].
Hespaxkaroun Ha psp myOmikamiit [3-5], mpuUCBSYeHHUX
BUBYCHHIO B3a€MOJii KHCHIO i3 IUTIBKaMH CyIbdixy
CBHHIIO, Ha [EH 4Yac psI BaXJIMBUX IUTaHp Il
3aJIMIIAIOThCS He3 sscoBaHUMU. lle, 30KkpeMa, cToCyeThes
OCIIIDKEHHST KIHETUKH B3a€MOJII IINIIBOK 13 KHCHEM,
npodiI0 PO3NOAUTY eNeKTPHYHHX IapaMeTpiB, TOIIO.
Taki jgocnijpkeHHs, y 3Ha4Hil Mipi, MOXYTb 3’sICyBaTh
(i3uKo-XiMI4HI MEXaHI3MH MPOLECIB.

Meroro naHOi poOOTH € eTajbHE BUBYEHHS BILUIUBY
aTMOC()epHOTO  KHCHIO Ha  3MiHY  EJIEKTPHYHHX
napaMeTpiB IUIBOK CYJIb(iTy CBHHIIO.

II. Metoanka eKClIepUMEHTY

[MonikpucTasnivHi MIIBKK BUPOLLYBAIUCS i3 MapoBoi (a3u
MeTofoM rapsyoi  cTiHku  [4]. Sk migkimagkw
BUKOPHCTOBYBaIM MOHOKpHCTaJiuHMi (Topun Oapiro
opientanii (111). Bwubip TexHomoriuHoro meromy
OIep)KaHHA IDIBOK 1 Marepialy WiAKIAZOK OyB
00yMOBJICHUH NMpParHeHHSIM 3a0€3MeYnTH MaKCHMalbHUI
KOHTPOJIb TIPOLIECY OCAIPKEHHS W OJep>KaTH HEOOXiTHY
TEKCTYpPY 3a pPaxyHOK KOHKYpEHIIi emiTakCciiHoro i
HEeiTaKCiHOTO MEXaHi3MiB pOCTy.
IIpouec OCaJKEHHSI 3IIACHIOBABCSI

BUKOPHCTaHHSIM JIOJJATKOBOTO JDKEpena  CipKH.
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BUXIiJIHI PEYOBMHM BHKOPUCTOBYBAJIUCS MOIEPEIHBO
CHHTE30BaHMH  HeNeroBaHui  Cyib(dig CBHUHIIO 3
KOHTPOJILOBAHOIO KOHIIEHTPALII€I0 BIIACHHUX
cTexioMeTpu4HUX JAe(eKTiB 1 eneMeHTapHa cipka.

KepyBanHs THIIOM TIPOBIZHOCTI i KOHIIEHTPAIIi€I0 HOCIIB
3apsdy 3IIHCHIOBANIOCS IIUIIXOM PETYIIOBAHHS IOTOKY
mapu cipku. [ligxragkn mepex  OCaKeHHSM IUTiBOK
MiAIaBAINCS 3BHYATHOMY TepeleniTaKCiiHOMY 10HHOMY
TpaBieHHO. Onxep)kaHHA NOJIKPHUCTATIYHOI CTPYKTYPH
IUTIBOK  3a0€3MeUYyBaoCs IUISIXOM BiJXWJICHHS Bij
ONTHUMAIBHUX  yYMOB  eMiTakCifHOro  pocTy  BOIK
30UIBIIEHHS] IIBUKOCTI POCTY 1 3HIKEHHS TEMIIEpaTypu

pocry.

I11. IIpogine e1eMeHTHOrO CKJIAAy
ILTIBOK

Ha puc. 1 nmomano npodinb po3noaily KOMIOHEHTIB IO
TOBIIMHI  OKHCIEHOTO  MOJIKPHUCTAIIYHOTO  IIapy
cynediny ceuaIio [3]. [na anamizy Oke-eIeKTPOHHUX
cnektpiB  (OEC)  BHMKOpHCTOBYBadM  BiJHOIIECHHS
IHTCHCUBHOCTEH Oxe-nepexoIiB Is (148 eB,
IMM)/Ip, (90 eB, NOO) i Ip (514 eB, KLL)/Ip, (90 eB,
NOO). Ortpumani JaHi BKa3ylOTb Ha ICHYBaHHA
HEOJHOPIHOCTI Imapy, B SKOMYy MOXHA BHAUIATH
YOTUPH JIISTHKH.

BepxHs minsHKa mapy, BKIIOYal0Ul HOTO MMOBEPXHIO,

ckmamae 200 A, Bim  xapaxrtepmsyetbcs  OEC,
aganmorivamMu  OEC  okcumy CBHHIIO, B SKOMY
NPaKTUYHO BIACYTHI XapakTepHi IMiKA CIpKH. Y

BignoBigHocTi 3 P-T-x-miarpamoro cucremu Pb-S-O,
MOJKHA BBaXKaTH, 110 IepIiia AUITHKA [I1apy SBIISE COOO0
OKCHJ CBHUHIIO, IO YTBOPIOETHCA Yy npoueci OKHCJICHHS
cyibdiny cBuHuo npu temrnepatypi 870 K B armocdepi
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Puc. 1. IIpodine po3noiry KOMIOHEHTIB IO TOBIIMHI OKCHAJICHOT ITIBKU CYJIb(iTy CBUHIIIO.

KHCHIO. /Ipyra niisHKa MIapy IOIIUPIOETHCS HA TIIMOUHY
Bix 200 A 1o 1000 A; BimHomeHHs iHTeHCHBHOCTET
Oxe-nepexoniB B OEC Ig/lp, i Io/Ip, B3MOBXK BCi€l mi€l
IUISHKA 3alTUIIAIOThCS TOCTIMHUME. [IpuBepTaroTh 10
cebe yBary 3MiHa eHepriii Oxe-miepexony cBUHIIO 3 90
Ha 86,5¢B. He3miHHI KOHIICHTpalii KOMIIOHCHTIB
B3/IOBXX BCi€l AUISHKM IIapy i IMOMITHa 3MiHa EHepTii
Osxe-miepexoy CBHHIIO MOXYTh OyTH TIOB’S3aHI 3
YTBOPEHHSM XiMIUHOI crioniyku B cuctemi Pb-S-O. Tpers
JisHKa mapy po3mimeHa Ha raubuni Big 1000 1o
6000 A Bin moBepxni. BoHa  XapaKTepu3yeThCs
Oe3nepepBHUM 30LTbIICHHSIM BiTHOIIICHHS
intencuBHocTel Ig/lp, 1 3menmenusm Io/Ip, B OEC.
XapaKkTepHOIO PUCOIO i€l IUISTHKH MIapy € Horo moMiTHa
HEOTHOPIMHICTh 3a CKJamoM, SKa HE BHABICHA Ha
BEepXHIX IiUIAHKaX. MOXHAa TPUMYCTUTH, IO TPETA
IUITHKA OKUCIICHOTO TOJIKPHUCTATIYHOTO Mapy Cyibdimy
CBUHIIIO sIBIsiE €000t aBodasHy cymim PbO i PbS,

Ry, e Kur!

y, Om'em™!

d rox

NPUYOMY KOHILEHTpALisi OKCHIY CBHHIIO Oe3nepepBHO
3MEHILIYETHCS, a CyJab(ily CBHHIIO 30UIBLIYETHCS MO
TOBIIMHI mapy Bi noBepxHi. Ha rm6uni nonan 6000 A
MOYMHAeThCS  4deTBepTa numstHka, OEC  sxoi  He
BifpizHAeThCst Bin OEC BHXiZHOTO MOHOKPHCTaIi9HOTO
CyIb(imTy CBUHINO.

Pesynbrat  mpoBegeHoro  Orke-elNeKTPOHHOTO
MIKpOaHalizy  BHUSBISIOTH CKIamHy  CTIPYKTypy
OKCHUIGHHX  NOJIKPUCTANIYHUX  MIapiB  cymnbdixy

CBHMHIIIO, B SKid TOpSJ 3 OJHOPIIHMMHU 3a CKJIaJOM

npinssakamn PbO 1 PbO-PbSO4 mpucyTHst 3HauHa 3a
TOBIIMHOK HEOJHOPIIHA 33 CKJIaaoM ABo(da3Ha 00JacTh

PbO + PbS.

IV. Kinernka B3aemojii KHCHIO i3
ILUTIBKAMH
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Puc. 2. 3anexxnocti nuroMoi enexTponposigHocTi (6 — 1), koedimienra Xomra (Ry — 2), pyxiamusocrti (L —3) i

KoHLeHTpawil (n(p) — 4) HOCIiB CTpyMY IUTIBOK Bij

Yacy BiAmany Ha mosiTpi mpu temneparypi 500 K [3].
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JocmimkeHo BIUIMB BiAllady Ha TOBITPI Ha THUTOMHM
Omip, XOJUIBCbKY  KOHIIEHTpAWil0 1  XOJUIIBCBKY
PYXJIMBICTh HOCIiB 3apsily B MOJIIKPHCTATIYHHUX IUTIBKaX
cynb(diy CBHHIIO N-THIY MPOBiAHOCTI. BcraHoBieHO,
1110 Ha IOYATKOBIH cTail B3aemoaii B pe3ynbraTi qudysii
KUCHIO B3IOBX TpaHHUIb KpPUCTAIITIB YTBOPUTHCS
JIBOIIAPOBA P-N-CTPYKTYpa.

Ha pwuc.2 mpuBeneHO  THNOBI  3aJI€KHOCTI
KIHETUYHUX NapaMeTpiB OTPUMAaHMX y IUIiBKax BiJl dacy
BiAnay Ha nositpi npu temmeparypi 500 K.

3aNeXHOCTI, M0 CIIOCTEPIraloThCs, MOSCHIOIOTHCS
YTBOPEHHSM y HPUIIOBEPXHEBiH OOJIACTI 1 MOMIMpPEHHIM
y rMOMHY TUTIBKU B Mipy IUQy3ii KUCHIO MO IPaHUISIX
KPHCTAJITIB HIapy P-THITY MPOBIIHOCTI. BuMiproBaHna Ha
XOJUTIBCBKHX KOHTAaKTaX 3pa3Ka Halpyra BU3HAYaeThCs B
bOMY BHIIQJIKy PI3HONOJSIPHUMH Hampyramu XoJjuia
mapiB p- i n-Tumy NpoBigHOCTi. BHecok mux Hampyr
NPONOPIIMHMKA  IXHI  BENMYMHI 1  NPOBIAHOCTI
BianoBiguux mapis [111]. ¥V mipy nommpenHs p-mapy B
MIMOWHY TUTIBKH CITIBBiTHOIICHHS TOBIIUH, 8 BHACIHIJOK
IbOTO 1 MpOBiZHOCTEH p- 1 N-mIapiB 3MIHIOETHCI. Y
pe3ynbTaTi BHECOK N-IIapy, IO CIOYaTKy HepeBakas,
3MEHIIYEThCS, a p-muapy 3pocrae. ExkcrpeManibHa TOYKa

Y, Om'em™! Ry, eM’Kur!
301 70
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0 0,5 1 1.5
d, MKkM
Y, Om'em! Ry, 102 em’Kor!

Z, MKM

Ha 3aJeKHOCTSAX KOHIEHTpamii 1 pPyXJIMBOCTI HOCIiB
3apsily BIANOBiZa€e PiBHOCTI BHECKIB p- 1 n-miapis. [lpu
oMy pe3ynbTytoua Hampyra Xomia Uy 1 koedimieHT
Xomra R, [OpIBHIOIOTH HyNIO, a  XOJUIIBChbKa
KOHIICHTpaIlisl HOCIiB 3apsgy n = 1/eR, (e — 3apsn
CJIGKTPOHA) MPSIMYE JO0 HECKIHYCHHOCTI. XOJUTIBChKa
pyxauBicTh W, = R0 mnpu  UpOMy  Takox
MepETBOPIOETHCS B HyJIb. [IpH MojabIioMy po3ImKMpeHH1
p-LIapy HOro BHECOK Yy pe3yJbTylouy Hampyry Xoiuia
noynHae nepeBaxatu. Lle Biamosigae 3MiHi eeKTUBHOTO
TUIy TIPOBIAHOCTI 3pa3ka, a TaKoX MOCTYIOBOMY
3MEHIIIEHHIO XOJUTIBCHKOI KOHIIEHTpAIlii i 3pPOCTaHHIO
XOJUTIBCBKOT PYXJIMBOCTI HOCIIB 3apsimy. 3aJeXHICTbh
MUTOMOTO OMNOPY 3pa3ka B TOYII iHBEpCil HISKUX
ocobOnuBocTeld He Mae. BoHa BH3HAYAEThCS CYMOIO
MPOBIAHOCTEH IMapiB, 1[0 MOHOTOHHO 3MIiHIOIOTHCS B
Mmipy nudysii kuchro. [Ipu gocsruenni Gpponrom mudysii
MIAKIAIKHA TUTOMHUE OIip, KOHIEHTPAIls 1 PYXJIUBICT
HOCIiB 3apsily BHUXOIATh HA JUITHKY HACHUYCHHS.
[Moganpmmii HU3BKOTEMIIEPATYPHHUN BiJmai 3pa3ka Ha
MOBITP1 TPOXHU 3MIHIOE BIACTUBOCTI TUTIBKH, aJ€ IIi 3MiHH
y’Ke He 3B's13aHi 3 pyxoM ¢poHTy mudysii.

-2 2 p-1 -1 -
M 10°cm B¢ n, cM>
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Puc. 3. [Ipodini po3moxiny epexTuBHUX (a) i ToKanbHUX (0) 3HaAYCHHh MUTOMOT TIPOBiAHOCTI (0-1), KoedimieHTa
Xomra (Ry-2), pyxmusocti ([-3) i KoHIeHTpatii (n-4) HociiB 3apsny miiBok PbS BurpuManmx Ha mositpi (z =0
BIJINOBI/Ia€ TPAHULI PO3ALTY MiJKIIAJAKA-TLTIBKA).

507



[.B. Kanutuyk

V. BB KMCHIO HA HANIPSIMJICHI
HEOHOPITHOCTI eJIeKTPHYHHUX
napamMerpis

YTBOpeHHss B IUIIBKaX CyJbdily CBHHIIO [pU
B3aeMonii 3 KHCHEM Imapy p-THUIy IPOBITHOCTI
HIiATBEP/KYETHCSL pe3yIbTaTaMi BH3HAYEHHS IMPOQLITI0
KOHLEHTpalil HOCIiB 3apsily METOJOM BUMIpPIOBaHHS
epekty XoJla MpH MONIAPOBOMY TpaBieHHi (puc. 30,
-kpuBa 4). EdexTuBHi 1 J0Ka/IbHI 3HAUEHHS JIEKTPUYHHUX
rapameTpiB IUTBOK BW3HAYalM 3TIHO METOIHKH, SKa
omucaHa y po6oti [7]. Hanpsim pocTy xoopanHaTH z Ha

puc. 30 BiAmOBimae HampsAMy BiI TpaHUI IDTiBKa-
MiIKITaIKa 10 TOBEPXHIi TUTiBKH.
OtpumaHni eKCIIepUMEHTAaIbHI pe3ynpTaTH

BHABIISIOTH, II0 B MOJIIKPUCTATIYHUX IDIIBKaX Cymbdixy
CBUHIIO N-TUIy TPOBITHOCTI HA IIOYATKOBIM cTamii
B3a€EMOJIIi 3 KHCHEM MOJXE YTBOPIOBATHCS JBOILIAPOBa
CTPYKTYpa 3 Cielu(piuHUME (HI3UIHAMU BIACTHBOCTSIMH.
JlocTaTHRO ~ BICBHEHO MOXKHA CTBEPIXKYBaTH, IO
YTBOPEHHS LI€T CTPYKTYPH MOB’5I3aHO 3 AN(DY31€10 KUCHIO
B3JIOBXK TPAHUIb KPUCTAJITIB BiJ] MOBEPXHI ILTIBKU IO
migxranky. [IBunkictio 00’emuO0l audy3ii mpu Takux
HU3BKHX TeMIlepaTypax depe3 1l MaiicTe MOXHaA
3HexTyBaTH. CrnocrepekyBaHi e(EeKTH HEMOXIIUBO
MTOSICHUTH 1 TA(Y3i€I0 KUCHIO B3IOBK MAJIOKYTOBHX MEX
Kpuctaiitie. [Ipo 1me cBim4yarh CrEIiabHO MPOBEICHI
HaMH JIOCII/PKEHHS Ha €IITaKCIHHUX IUNBKAX 3 BEIUKUM
BMICTOM JIe(DEKTIB TAKOTO THITLY.

2.  IOCIIIXEHO

VI. BucHnoBku

1. 3pobneno anami3z pe3ynbraTiB OXe-eIeKTPOHHOTO

JOCTIKEHHST MPOMIII0 PO3MONUTY KOMIIOHEHTIB TI0
TOBIIWHI OKHCIIEHO TUTiBKH CYIb(iay CBHHIIIO.
KIHETUKY  3MIHH  €JICKTPUYHUX
napameTpiB IIiBOK n-PbS mpu Bignani Ha MOBITPi.

3. Bwu3HaYeHO PO3MOAUT MO TOBIIMHI IHTETPANIBHHUX 1

JIOKTPHUX 3HAYeHb SNEKTPUIHUX TapaMeTpPiB TUTIBOK
n-PbS, BUTprMaHuX Ha NOBITPI.

4. BcraHOBJIEHO, IO NPU BUTPUMII Ha HOBITPI IUIIBOK

n-PbS Ha i moBepxHi yTBOPIOETHCS IIAp i3 P-THIIOM
NPOBIMTHOCTI 1, TakKUM 4YHHOM, (OPMYETBCS N-p-
CTPYKTYpa.

5. 3amponoHoBaHa (i3WKO-XiMiYHA MOJETh B3aEMOIIl

wrBok n-PbS i3 arMmocdepHEM KHCHEM, sKa

IpyHTYeTbcS Ha  audy3ii 10HIB KHCHIO  TIO
MIDXK3epEeHHIX TpaHUIIIX MOJIIKPUCTATIYHOTO
MaTtepiaiy.

ABTOp BHCJIOBIIOE BIsuHicTh npod. Dpeiky 1.M.
3a MOCTAaHOBKY 3ajadi JOCHI/DKCHHS 1  HajaHi
KOHCYJIbTALlii.

Kanumuyk 1.B. — acniipant kadeapu (i3suku TBEpIOro
TiNa.
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The chemical composition of films and his distributing by thickness at self-control of tapes on air is explored.
Kinetics and types of effective and local values of the n-type thin films electric parameters is trained. The models of
physical and chemical processes of interaction of films with oxygen are offered, that the got experimental results are
explained.
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