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[IpuBeneHo pe3ynbTaTH DOCITIPKEHHS 3MiHH €JIeKTPUYHUX IapaMeTpiB KOHJeHCoBaHuX m1iBok Cu-Sn, Cu-Sn-Al
i Cu-Sn-Ni y MozensHUX IPOMUCIIOBIH 1 TpomivHiit atMochepax. OCHOBHUI BIUIMB Ha CTaOUIBHICTD IIUX MTapaMeTpiB
3[IHCHIOE CMOJyKa CIUIaBY, y MEHIIOMY CTYIeHi — Temmeparypa i Bosoricts. [Insi mpomuciioBoi atmochepu
BCTQHOBJICH] YHCEJIbHI 3HAYCHHSI IPOMIXKIB Yacy Tiax, IPOTITOM SKHX CICKTPHYHHX UTIBOK 3aIIHIIAIOTHCS CTATUMH.
3ahikcoBaHO HEMOHOTOHHHH XapakTep 3aJICKHOCTI Ty =f(%Sn): y mianmazoni 20...55 mac.% Sn HecTabiNBHICT
CJICKTPUYHUX [apaMeTpiB MaKCUMAIBHUMH IOKAa3HUKaMH. YCTAHOBJICHO KOPEIIiI0 MDK BIIHOCHOIO 3MiHOIO
SJICKTPONapaMeTpiB KOHJCHCOBAHUX CUCTEM 1 TXHIi KOPO3iHHO-EIEKTPOXIMIYHUX XapaKTEPUCTHK PiJKHX arpeCUBHHUX

Cepe/IoBHUIIAX.

Ku1r040Bi c10Ba: eneKTpHYHHAHN OIip, MIiBKH, IPOMHUCIIOBA aTMOcdepa.
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Beryn
IIpu po3pobIIi TEXHOJIOT1 oJiep KaHHS
(GYHKIIOHATBHUX ~ MOKPUTTIB 31  CIUIaBIB  BHCOKOI

MPOBIHOCTI AJIsl €JEKTPOHHOI TeXHIiKH [, 2] BaXXIUBUM
MUTAHHSAM € JOBIOBIYHICTh 1 HAMIHHICTH MPHUCTPOIB, SAKi
BKJIIOYAIOTh TOHKOIUTIBKOBI elieMeHTH. B ymoBax
eKCIUTyaTalil UX eJIeMEHTIB 0e3 J0JaTKOBOTO 3aXHUCTY
Bil BIUIMBY HAaBKOJIHIIHBOTO CEPCIOBHINA ITUTAHHS
KOPO3iHOi ~ CTIMKOCTI ~KOHICHCOBAaHHX CHCTEM i
CTabUTBHOCTI iXHIX (QYHKIIIOHANEHUX XapaKTePUCTHK MIPH
B3a€EMOJIii 3 arpeCMBHUMH areHTaMyu HABKOJIHIIHBOTO
CepelloBHUIlla CTAIOTh BH3HAYAIBHUMHU (DakTopamu, 3a
SKMMH 3IACHIOIOTh BHOIP €JIEMEHTHOTO 1 KUIBbKICHOTO
CKJIaJly KOHJCHCOBAaHMX IUTIBOK Uil KOHKPETHHX YMOB
ekcruryararii [3].

I. EKC]’[epHMeHTaJ’[LHa yacTuHa

O0'ekTOM HOCIHIIKEHHS OyJIM KOHACHCOBaHI ILTIBKH
Cu-Sn, Cu-Sn-Al i Cu-Sn-Ni, mo peKOMeHAYIOThCS IS
MIPOMHUCIIOBOTO BHMKOPHCTaHHS $K IIACHBHI €JIeMEHTH
€JIeKTPOTEXHIYHUX MPUCTPOIB. v BUIAJKY
BUKOPDHCTaHHA  METOHIB  BAKyyMHOI  TEXHOJOTii
3aCTOCYBaHHS IIMX CHCTEM [O3BOJISIE OJEPXKyBaTh
KOHJICHCOBaHI  IUNBKM 3  BiaTBOpeHUMH  (i3uKO-
XIMIYHUMH, MeXaHIYHUMH, CTPYKTYPHUMHU i
eJIeKTPO(DI3NYHUMH TapaMeTpaMHu 3a JOCHUTHh IPOCTOI
METOJMKH, HalpHKJaJ, BUIIAPOM KIiHIEBHX HaBIlIEHb Y
Bakyymi [1,3,4]. Ilpenmerom nocmipkeHHs Oynun

550

SJIEKTPUYHI napameTpu IUTIBOK, OTPUMAaHUX
BUIIAPOBYBAaHHSAM KIHIIEBUX HaBillIEHb y BaKyyMi, IpHU
BIUIMBI BOJIOTOI 1 cyX0i arMocdepH, a Takox arMochepu
3 gomimkoo SO, (MonenbHa MpomuciIoBa atMocdepa).
Meronuka npoBeAeHHs NOAIOHUX JOCIIKEHb CTOCOBHO
0 BaKyyMHHUX MOKPHUTTIB, ommmcana B podotax [1,3]. Sk
TAKIAIKA A7 IPOBEACHHS AOCIIIKyBaHb, BUKOPHCTaHI
TeTiHAaKC, CKJIO 1 TONIMEpHI MaTepiald TONiCTHPOI,
HIOJINETHIICH.

I1. Pe3syabTaTu T2 00rOBOpPEHHA

JocmimKkeHHsT BIUIMBY CIpUaHOTO Ta3y Ha XapakTep
3MIiHH eJIEKTPUYHHX TapaMeTpiB KOHICHCOBAHUX ILTIBOK
Cu-Sn, Cu-Sn-Al i Cu-Sn-Ni mokasaiu, 10 B JOCHUTh
IIMPOKOMY IHTEpBaJli CIIOCTEPEkKEHb 3MiHAa MPOBIAHOCTI

B Haci, B CUCTEMi KOOpAWHAT 1g% =lg 1t (Ry — omip
i
CBDKCHANIMIICHBIX IUTIBOK; R, — oOmp y MOMEHT
CIIOCTEpEKEHHS T) 300paxyeTbcs TPSMOIO JIHIEH.
HaiiGinpm xapakTepHi 11 BABYCHUX CUCTEM 3aJI€KHOCTI
npuBeaeHi Ha puc. 11 2.
VY nepumii KibKa TOAWH JOCTIJDKEHb Y BOJIOTIH 1

Cyxiii armMocgepax 3MiHU OIOPY 3HAXOISTHCS B Mexax
. . . R
MOTPIIIHOCTI BUMIPIB: IgY0 ~ (. [TounHarouu 3 1ESIKOro

MOMEHTY 4aCy  Tax i
BHU3HAYEHO]I CIIOIYKH

XapaKTepHOro s KOXHO1



Jo muTaHHS PO KOPO3iiiHy CTIHKICTh KOHJCHCOBAHUX CUCTEM MiJb-OJIOBO...
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Puc. 1. 3mina enexrpuyaroro omipy miiBok Cu-Sn-Niy
HpolLieci BATPUMKH Y BOJIOTiH aTMocdepi 3 JOMILIKOO
SOzI

1 —Cu (47,7 %), Sn (51 %), Ni (1,3 %); 2 — Cu (58,2 %),
Sn (40,5 %), Ni (1,3 %); 3 —Cu (65,55 %), Sn (33,2 %),
Ni (1,25 %); 4 — Cu (76,23 %), Sn (22,6 %), Ni (1,17 %);
5—Cu (86,43 %), Sn (13,07 %), Ni (0,5 %)
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Puc. 2. 3mina enexrpoomipy riBok Cu-Sn-Al y mporeci
BUTPUMKHA B CyXiii atmocdepi 3 gomimkoro SO;:
1 — Cu (57,76 %), Sn (39,6 %), Al (2,64 %); 2 — Cu
(67 %), Sn (30 %), Al (3,0 %); 3 — Cu (75,81 %), Sn
(21,5 %), Al (2,69 %); 4 — Cu (82,96 %), Sn (14,5 %), Al
(2,54 %)

cucremu Cu-Sn 1 i aHaJIOTIB crocTepiraeThCs MOMITHA
3MiHa ONOpY IUIIBKM — HOro 3pocTaHHs. TaHreHc KyTta

R .
HaXWTy 3aJIe)KHOCTEH lg?" =f () mo oci abeumc Moxe

CIY)XUTH SKICHUM TIIOKa3HHKOM CTYNEHS BIUIUBY
XIMiYHO-akTHBHOT ~ aTMocepd  Ha  JIOCHIPKYBaHy
CTPYKTYPY: MaKCHMaJbHI HOTO 3HAYEHHS XapaKTepHi I
IUTIBOK, OTPUMAaHKUX BHUIIAPOBYBAHHSM CIUIABIB 3 BMiCTOM
Sn 35...42 %. HaiiOuipm crabinbHO B AaHMX yMOBax
MOBOJATHCS MAJIOJIETOBaHI CUCTeMH (BMICT Sn y Mexax

10..20%) 1 BHCOKOOJOBSIHI KOHIEHcaTtd (OijbII
60...62 mac.% Sn).
V3arajabpHeHHS pe3ynbTarTiB CIIOCTEPEIKEHD

3aKOHOMIPHOCTEH TTOBOKEHHS JOCHTIHKEHUX CTPYKTYp B
atMocdepi 3 gomimkoro SO, 3a MAPAMETPOM Ty i
JO3BOJIMJIO yCTAaHOBUTH HactymHe (puc.3). Haiiripmury
CTIMKICTE MAarOTh KOHIEHCOBAHI CHCTEMH 3 BMICTOM
onoBa mopaaky 22...50 %. KpiMm Toro, CTifiKiCTh IUTIBOK
BHU3HAYAETHCS 1 BOJIOTICTIO HABKOJIMIIHBOTO CEPEAOBHINA
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(nmopiBEstHES KpuBHX 2 1 3 puc. 3); y Bosoriit atmocdepi
3anexHictp gt =f (%Sn) Ma€ PI3KO BHPAXKECHUH

max
MiniMmyMm B nupstaii 20...55 mac.% Sn. Brutue BosorocTi
Ha xapakrep sanexuocti gt =f (%Sn) Henpsme.

max
BoHO 00yMOBJICHO THM, IO BHUPAXKEHO JOCHTH YITKO
TIIBKM B KOHJCHCATIB, OCAIDKCHUX Ha TreriHakci. [Ipwu
OCa/DKEHHI Ha ciTal i Ha CKJIO IMX PO3XOIDKCHb HE
criocrepiraeTecsi. I'eTiHakc y Bomoriii atMocdepi Mae
CXWJIbHICTE 1O HaOpskaHHsi. lle, y cBoro depry,
NPUBOJNUTE 0 3POCTAHHS BHYTPILIHIX HAMPYKEHb Y
IUTiBKax 1 IXHbOMY po3TpickyBaHHi. [11iBKH cepesHbOro
nianasoHy cnosyk (25...55 mac.% Sn) MaroTh MiABUIIEHY
TBepAicTh (KpHBa 5), JOCUTh KPUXKi 1 TOMy nedopmarii
MIAKIAIKH OUTBII CHJIBHO BIUIMBAIOTh HA CYIUIBHICTH
MOKPUTTSI B MOPIBHSHHI 3 BUCOKOOJIOBSHHMH ILTiIBKAMHU

(6inbmx 60...62 mac.% Sn).

1g Tmax UlB_h}iu
2,0 4 0.6
16 A 105
12 1 L 0.4
0.8 T 0.2
o
0.4 1 fo1
0 % Sn
Puc. 3. 3anexHicts Ty (1, 2, 3), 64(4) i H, (5) Bin

BMicTy onoBa B cruiasi: Cu-Sn-Al (1 — cyxa armocdepa);
Cu-Sn-Ni (2, 3 — Bosora i cyxa armocdepa BiANOBIZIHO);
MeXa MIIHOCTI JuTOi OpoH3u (4); MIKpOTBEpAiCTh
MAaCHBHHX CIUIaBiB (5).

[opiBHsHHS  pe3ynbraTiB  KpuBuX (puc.3) 3
pe3yapTaTaMu JOCITLIKEHHS SJIEKTPOXIMIYHHUX
napaMeTpiB IUX KOHIEHCOBAaHMX CHCTEM Y JESKHX
PIAKMX arpecHMBHHX cepelnoBUIIax [5,6,7] mokaszye Ha
iCHYBaHHS BHU3HAYEHOTO B3a€MO3B'SI3KY MiX
KOHLICHTPALIMHIUMHI  3aJIeXHOCTSAMH SNeKTPUYHHX
napameTpiB 1 BIuinByoM cronyku miiBok Cu-Sn, Cu-Sn-
Al 1 Cu-Sn-Ni Ha enekTpoJHI NOTEHIalH, CTPyMH
KOpo3ii, monspuzauiiiHuii omip 1 1HII eJeKTpoXimiuHi
XapaKTEpPUCTUKU. XapakTepHHUM € Te, IO JUISHKA
MaKCHMaJIbHOT ~ HECTaOUIbHOCTI  eJleKTponapaMeTpiB
(puc. 3) BimmoBimae [iama3oHy CHONYK, L0 MaloTh
HalKpamy KOpO3iiHO-eJIeKTPOXIMIYHI XapaKTEPHCTHKH.
Ile oOyMOBIItOE TIpH CTATHYHOMY aHali3i HEOOXiIHICTH
3aCTOCYBaHHS  CIICI[iaIbHUX METOOUK  (HANpPHUKIA,
MeToAy paHroBoi kopemsmii [8]) mpm onTmMizamii
CIIONYKH TIUTIBOK 1 YMOB IXHBOTO OJEpXaHHS JUIS
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KOHKPETHUX YMOB €KCIDTyaTaLlii. BIJINIOBiJa€ 3MCHIICHHIO Ty, [lO-pyre, MpOBEICHUIA

HaM# MeTanorpadiuyHuii aHaii3 CTaHy HMOBEPXHI 3pa3KiB
JI0 1 TIiCJI TOCIiHKEeHb TOKa3aB, 10 Ha MOBEPXHi 3pa3KiB

BucHoBkH MICJIS JOCHTiHKeHbh MaKCUMaJlbHAa TYCTHHA MIKpPOTPIIIUH,
BIJIOBIJAJIFHUX 3a CYHUIBHICTh KOHAEHCATy, MPHUMAJa€c
Ha xopucTh Takoro MexaHi3My 3pOCTaHHS OIOPY caMe Ha Jiana3oH CepeIHiX CIONYK.

KOHJIGHCATiB y BoJoTiii aTtMmocdepi 3 momimkow SO,
CBiI[‘IaTB I[Bi 00CTaBHHM. HO-HepH.IC, Mae MiCHe Jlanina O.B. — KaHauaaT XIMIUYHUX HayK;

KOPeJSAIisl MK 3aJeKHOCTIMH IgT

=f (%Sn) i  Kocmupycuyvkuii O.B. — I0KTOp TeXHIYHHMX HAyK.

max

THUMYacOBOK MeXeKw MilHocTi oy =f (%Sn) IS

mutux OpoH3 [79]: nminsHKa pI3KOTO B3HIDKEHHS G,
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The results of research of change of electro-parameters of the condensed films of Cu-Sn, Cu-Sn-Al and Cu-Sn-
Ni in models of industrial and tropical atmospheres are presonted. The composition of alloys has the main influence
on stability of electro-parameters, in less degree temperature and humidity. The numeral values of intervals of time
tmax, during which the electro-parameters of tapes remain unchanging are set for the industrial atmosphere.
Unmonotonous character of dependence is fixed: tmax = f(%Sn) instability of electro-parameters in a range
20...55 %Sn in maximal. The correlation between the relative changes of electro-parameters of the condensed
systems and their corrosive electrochemical descriptions in some liquid aggressive medium is set.
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