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UCCJIEJOBAHUE ®YHKIIMOHAJBHBIX CBOUCTB
30JI0THIX TAJIBBAHOIIOKPBITUI KOPITYCOB
HUHTEI'PAJIBHBIX MUKPOCXEM B 3ABUCUMOCTH
OT KHHETUHYECKHUX YCJIOBUI OCAXKIEHUA

JIoCIiKEHO MIIHICTh YAbTPa3ByKOBOI MIiKpO3BapKH (PO3BapKH) Ta MalKu (PyHKIIOHAIBHHUX TI0-
KPHUTTIB 30J10Ta, B 3JIEKHOCTI B/l pI3HUX KIHETUYHUX YMOB €JIEKTPOOCAKEHHS 3 KOMILJICKCHOTO
dochartHoro enektposity Ha ocHoBi koMmiuiekcy [AU(CN)2]". BceraHoBieHo, 110 OCaKCHHS B
niama3oHi 3Mmirranoi kinetuku (ryctuna crpymy 0,5 A ,[[M_Z) JI03BOJISAC 30UIBIINTH MIIHICTE MIK-
po3BapHuX 3’eaHaHb n0 12cH 3a yMOB MOBHOI BiICYTHOCTI Ae(EKTHUX 3’€IHAHb B YMOBAaX iX
aBTOMAaTHYHOI po3Bapku. JlOCHiKEHHSI MEXaHI4HOT MIITHOCTI MasHUX 3’ €JHaHb O 30JI0TUX TO-
kputTsax kopnyciB IC Tuna 401.14-5 micas repmo3icraproBanns npotsirom 1000 roaus npu tem-
nepatypi 150 °C 1o3BoamIM 3p0OUTH BUCHOBKH TIPO TE, 10 BTPATa MITHOCTI 3’ €/JHAHb Y MEHILIN
Mipi BitOyBa€ThCs A MIIbHOYNAKOBAHUX, IPIOHO3EPHUCTUX MOKPUTTIB, OTPUMAHUX OCAPKEH-
HSIM TIpH MOTEHITa’axX, M0 BiAMOBIIAI0Th Jianma30Hy 3MIlIaHOT KIHETUKH.

HccnenoBaHo MPOYHOCTh YAbTPA3BYKOBOW MUKPOCBAPKHU U MAHKU (DYHKIIMOHAIBHBIX OKPBITHH
30J10Ta, B 3aBUCUMOCTH OT PA3HOCTH KMHETUYECKHUX YCIOBHH AIIEKTPOOCAKICHHUS U3 KOMIUIEKC-
Horo (ocarHoro anekTposinta Ha ocHoBe koMiuiekca [AU(CN)2]". YceraHoBiIeHO, YTO Ocaxe-
HHE B JMANAa30HE CMEIIAHHOH KMHETHKM (IUIOTHOCTH Toka 0,5 A 1M %) MO3BONSET yBENHUHTH
IIPOYHOCTh MUKPOCBAPHBIX coeAnHeHMH 10 12cH nmpu ycia0BUM MOTHOTO OTCYTCTBHS IE(PEKTHBIX
COCIMHEHUH IIPU UX aBTOMATUYECKOM pa3Bapku. MccnenoBanus MeXaHU4eCKON ITPOYHOCTH Iast-
HBIX COCTUHEHUH Ha 30J0ThIX NOKphITUsAX KoprycoB IC tuna 401.14-5 nocie TepmocTapeHus B
teuenur 1000 gacoB mpu temnepatype 150 °C mo3Bonui caenars B3BOJ O TOM, YTO MOTEPs. MO-
IIHOCTH COEJMHEHUH B MEHbIIEH Mepe MPOMCXOIMT Ul MJIOTHOYITaKOBAHHBIX MEIKOKpPHCTANI-
JMYECKUX MOKPBITUH, MOJTYYEHHBIX OCAXKJICHHEM IpPU IMOTEHIHalaX, OTBEYAIOIIUX JHANa30Hy
CMELIaHHON KMHETUKHU.

Research strength ultrasonic microwelding and soldering functional coatings of gold, depending
on various kinetic conditions electrodeposition complex phosphate-based electrolyte complex
[Au (CN)2]". Analysis of data shows that precipitation in the range of mixed kinetics (current
density 0.5 A dm™) to increase the strength of connections to mikrozvarnyh 12sN in complete
absence of defective joints in their automatic rozvarky. Investigations of mechanical strength of
soldered joints on gold surfaces quadruple type 401.14-5 after termozistaryuvannya for 1000
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hours at 150 °C showed that the loss of strength in the joints occurs at least for closely packed,
fine-grained coatings obtained at deposition potential range corresponding to mixed kinetics.

BBenenne. /{ns obecrnieueHus: kauectBa cOOPOUYHO-MOHTAXKHBIX PadOT U3e-
TN MUKPORJIEKTPOHUKH HEOOXOMMBbI BRICOKOUHUCTBIE TOKPBITHS JIParMeTasioB, ¢
3aIaHHBIMU (DYHKIIMOHAJIBHBIMU CBOMCTBaMH. MexaHu3M 00pa30BaHUsSI OCAJKOB C
3aJJaHHBIMM CBOMCTBAMM B HACTOSIIEE BPEMs BCE €IlI€ U3y4eH HeaocTatouHo. Oc-
HOBHOM 3ajayeil cerofHsmHed (yHKIMOHATBLHON TaJbBAHOTEXHUKU — SIBJISIETCS
YIPaBJICHUE NPOLIECCOM MOIYUYECHUS MOKPBITUM C 3aJaHHBIMU CBOMCTBaMHU. JTa 3a-
Jla4a HEe MOKET OBITh pelieHa 0e3 3HaHUS MEXaHH3Ma IPoLecca MEKTPOKPUCTAI -
JW3alAA METAJUIOB. DJIEKTPOOCAXKICHUE META/IOB M CIUIABOB MO3BOJISIET MOJIH-
(GuLMpoBaTh MOBEPXHOCTHBIE CBOWMCTBA OCAJKa, MOJIydyaTh MaTepHallbl C pa3HOI
TEKCTYpOW M HAHOCTPYKTYPOU MPHU TOM K€ XUMHUUECKOM COCTaBE MOKPHITUS, U Ta-
KHM TIyTE€M M3MCHHTH M ()YHKIIMOHAJIBHBIC CBOMCTBA MaTepHaioB (TBEpAOCTh, MHU-
KPOHANPSKEHUS, MPOYHOCTh CUEIUIEHUS C METAJUIOM OCHOBBI, 3JEKTPONPOBOJ-
HOCTb, KOPPO3HOHHYIO YCTOMUNBOCTD, IIOPUCTOCTD, MAAEMOCTh U pa3BapKy).

CBoiicTBa 3IEKTPOIUTUUECKUX OCAIKOB SIBISIIOTCS MPOU3BOJHBIMU HX MOP-
(dbonoruu, CTPyKTYphl, KPUCTAIIIMYHOCTH U CTENIEHU €€ COBEPIIECHCTBA, KOTOPhIE, B
CBOIO OY€pellb, OINPEACISIIOTCS KUHETHKOM Ipolecca 3JIEKTPOBOCCTAHOBIICHUS
KOMILIEKCHBIX HOHOB.

3aBUCUMOCTH CTPYKTYPbl U MOP(HOJIOTUU OCAJKOB SIEKTPOIUTUUYECKOTO 30-
jorta oT kuHeTukHu paspsaa komiuiekca [AU(CN),]” B dochaTtHom OydepHOM pacT-
BOpe, ObLIM M3ydeHbl Hamu panee merogamu SEM, REM, STM u XRD [1 - 5].
CtpykTypa pe3KO U3MEHSETCA Uil Pa3HbIX YCIOBUM OCAXACHUA. Y CTAaHOBIICHO,
YTO HAHOKPUCTAJUIMYHBIE (DYHKIIMOHATIbHBIE MOKPBITHUS (POPMUPYIOTCS JULIBL B yC-
JIOBUSAX CMEIIAHHOW KUHETUKH, JUIIh B HEOOIBIIOM MHTEPBAJE MOTEHI[MAIOB — B
YCIOBUSIX Hanbosee OJaronpusiTHON SHEPreTUKU POCTa KPUCTAIOB At (hopMu-
POBaHUS ONPECIICHHOW CTPYKTYPhl TOHKHX MOKPBITHIA 30510Ta [4 — 7].

IlocTanoBKa 3aJa4M — BBISBICHUE 3aKOHOMEPHOCTEW BIIMSIHUST KUHETUKU
MpoIiecca IEKTPOOCAKICHUSI TOHKUX 30JI0ThIX MOKPHITUH, TOJTYYEHHBIX U3 TUIIH-
aHOAYpPATHOIO AJIEKTPOJIUTA, HA TaKue (PYyHKIIMOHAJIbHbIE CBOMCTBA KaK MPOYHOCTh
yIbTPa3ByKOBOW MHUKPOCBApKH (pa3BapKu) W MAWKHU C IEIbI0 00ECIICUCHHsI BBICO-
KOHAJIC’)KHBIX MOHTa)KHBIX COCAMHEHUN MPHU UCIIOIB30BAHUU JIOKAJIBHOIO 30J104e-
Hus kopmycoB MC, obneruenus nporeccoB COOPKH ¥ repMETH3aLINH.

OcHoBHO#l MaTepuan. Ouenka NpouYHOCMU VIbMPA3EYKOBOU MUKDPOCEADKU

(DCZS’GCIDKM) 30]I0MbIX_NOKDIUMULL. HOqueHHe BBICOKOHAACKHBIX MOHTAXXHBIX COC-

I[I/IHGHI/Iﬁ IIpHU HUCIIOJIB30BAHHWH JIOKAJIBHOT'O 30J0YCHHA U OI'PaHUYCHHA TOJIIIKMHBI
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30JI0TBIX MOKPBITUM BO3MOKHO IMMYTEM PEIICHUS Psiia B3aUMOCBSI3aHHBIX MPOOJIEM:
o0ecrieueHUs] ONTUMATIBHBIX (PU3HKO-MEXAaHUYECKUX U (PYHKIIMOHAJIbHBIX CBOMCTB
30JI0TBIX TOKPBITUH, MOJEIUPOBAHUS M ONTUMU3AIMU COOPOYHO-KOHTAKTHBIX
omnepauuii B MPOU3BOJCTBE U3AECITUN SIIEKTPOHUKH.

CBapuBaeMOCTh OLICHUBAJIN 10 BEJIUYMHE YCUIIUSI OTPHIBA TPOBOJIOYHOTO BhI-
BOJIa OT MOKPBITHAS KOHTAKTHOM IUIOIIAAN KOPITyCa MHTErPAIBHOM CXEMBI U KOJIH-
gecTBY AedekTHbIX coequHeHuil [8]. IIpounHocTs cBapHBIX coemuHeHuit Fg, ompe-
JeJSUTH KakK cpeiHee apu(MeTHYecKoe 3HaUeHUE psifia paclpeieNieHUs] YCUITUN OT-
pBIBa MMPOBOJIOYHBIX BRIBOJIOB, cocTosmiero u3 100 3naueHwmii:

=t .

rac Fi — CpeaHee 3HAaUYCHUE IMMPOYHOCTHU B MHTEPBAJIC, Nj — KOJIUYICCTBO 3HAQUCHUH B

HHTCPBAJIC, K — KoauuecTBO HHTCPBAJIOB.

Bocnpon3BoauMocTh kKauecTBa CBApHBIX COSIMHEHUN OIECHUBAJIN 110 BEJIMYH-
He ko3 unmenTa papuanuu K,, ompeaensieMoro Kak.

K =§—-100% (2),

\
cp
r7e 0’ — CPeITHEKBAAPATHUECKOE OTKIIOHCHUE IMTPOYHOCTH COCTMHEHUS.

MecTo OTphIBa MPOBOJIOYHOTO BBIBOJA OT KOHTAKTHOM IUIONIAIKH HCCIIEI0-
BaJii ¢ MOMOIIEI0 MuUKpockona BMC-2 u mo xapakTepy OTpbIBa ONMPEACIIsIN THIT
coenuHeHns. KadecTBEHHBIM MHUKPOCBapHBIM COEIUHEHUSM COOTBETCTBOBAI 00-
PBIB TIPOBOJIOYHOTO BHIBOJIA C COXPAHEHHWEM CBApHON TOYKHM Ha KOHTAaKTHOH TLTO-
majake, 1eQeKTHbIM — OTPBIB MO MEKCOEAUHEHUIO 0€3 COXpAHEHUsl CBApHOU TOY-
KM, TaK Ha3bIBa€MbI «OTJIHUI», a TAKXKE B CiIy4yae, €ClIu pa3Mep CBAPHOIO COEIU-
Henus Mmenbine 0,75 muomanaun KoHTakTa, BeicoTa neTinu 6onee 0,3 MM Ham ypoB-
HEM KPHUCTaJIa U CUIILHOTO HATSKCHUS TIPOBOJIOKH.

[loaroToBKa KOPHMYCOB MHTETPAJbHBIX CXEM K CBapKe 3akiroyaiach B 00€3-
KUPUBAHUH B M30TPOMIIIOBOM CIIUPTE B TCUCHHE 2 — 3 MUHYT U CYIIKE TIPH TEM-
neparype 393 = 10 K B Teuenne 10 — 15 MuHyT. ATIOMUHUEBAs POBOJIOKA MapKHU
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A999KO0,9 TommmuoN 27 1 35 MKM MpoBepsIach Ha MPOYHOCTh M KOJIMYECTBO Tie-
peru6oB. [lepen cBapkoit mpoBoOJOKa 00€3KUPHUBAIACH B BOJHOM PAacTBOPE TPHD-
TaHOJIAMHHA W BBICYIIMBANACH B mKady npu Temmepatype 343 = 10 K.

VY IbTpa3ByKOBYIO CBAPKy ATFOMUHUEBON MPOBOJIOKM K KOHTAKTHBIM TIIOIIIAT-
kam MC Benu Ha ycranoBke AMK 833-10 (/IB-10) u aBTomMarte yibTpa3ByKOBOMH
MukpocBapku OM-4020 B COOTBETCTBUH C peKUMaMH, YKa3aHHBIMH B Ta0m. 1.

Tabmuma 1
PexxnMbl ynpTpa3ByKOBOM CBapKU
MomHocTb Yacrora Bpems JlaBneHue Ha
Tun . . . | IIpou3BOAUTENBHOCTD,
KoneOaHui, | kojeOaHMi, | CBapKH, CBapOYHbIN .
YCTaHOBKHU COCIMHEHU /4
Bt k1 C Karuusip
JIB-10 0,1-0,2 65 — 66 0,1-0,15 30-40 1050
BOM-4020 0,15 66 0,1 30 12500

HccenenoBanusM MoABEpraiuch BeIOOPKH, coaepskamue 1mo 100 mukpocBap-
HBIX COSTUHCHHM. 30JI0ThIE MOKPBITHS, TOJIIUHON 3 — SMKM, OCaXIalld U3 pas3pa-
6otanHoro ¢ochaTHOro 3JIEKTPOJIUTA HA OCHOBE AMIIMAHOAYPATHOTO KOMILIEKCA
MPY Pa3IMIHBIX IUIOTHOCTSAX TOKA, A I[M_ZZ 0,3:0,5; 1.0.

['ucTorpaMMbl IPOYHOCTH MHUKPOCBAPHBIX COCAMHEHUMN, MOJYYCHHBIX MYTEM
YIIBTPA3BYKOBOW MUKPOCBAPKU ATFOMHUHUEBON MPOBOJOKON TOMIUHOW 35MKM Ha
aBToMatndeckoil ycraHoBke OM-4020 KOHTaKTHBIX TUTOMIAZOK HAa KPUCTAIIIE |
TpaBepce kopnyca UMC npuBeneHs! Ha puc. 1.

DYHKIMOHAIIbHBIE CBOICTBA 30JI0THIX MOKPBITUH, OCAXIACHHBIX MPHU pa3inuy-
HBIX TUIOTHOCTSIX TOKA, MPUBEJICHBI B TAOIHUIIE 2.

Tab6muma 2
QyHKIMOHATIBHBIE CBOMCTBA 30JI0THIX TOKPBITHH
[[I0OTHOCTB TOKA OCAXKICHUS, A M - 0,3 0,5 1,0
CpenHsig npouyHOCTh MUKpOCBapkH, F, CH 8,0 12,0 6,4
KomnugectBo otnunos, % 1 0 3

AHanu3 MOJNYyYEHHBIX JAHHBIX MOKA3bIBAET, YTO OCAXJICHHE B OHANa30HE
cMeIaHHOW kuHeTukH (mpu mmoTHocTH Toka 0.5 A I[M_z) MO3BOJISIET YBEIIMYUTH
MPOYHOCTh MUKPOCBAPHBIX coenuHeHU 10 12cH mpu yciioBu# MOIHOTO OTCYTCT-
BUSI IE(PEKTHBIX COEUHEHUN B YCIOBUSIX UX aBTOMATUYECKON pa3BapKHu.

B nmpouecce ynpTpa3ByKOBOM MHKPOCBapKH AJIFOMHUHUEBBIX MPOBOJIOYHBIX BBIBO-

A0B K KOHTAKTHBIM INIOIMAaAKaM C 30JIOTBIM IIOKPBITHCM, OCAXKACHHBIM IIPH 0oiee
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BBICOKHMX IUIOTHOCTSIX TOKA, KOTOPBIE XapAKTEPU3YIOTCS MOBBIIIEHHON MUKPOTBEP-
JIOCTBIO, CHIDKAETCS CTENEHb IMJIACTUYECKOW AedopMalud rpeOenIkoB MUKPOBBIC-
TYIOB U PacTEKaHUE UX B YIIIYOJICHUSIX, YTO SBISETCA MPEHSTCTBUEM JlajbHEHIIIe-
MY YBEJIIMUYECHUIO TPOYHOCTH MUKPOCBAPHBIX COCIUHEHUM.

25 5 % 2%( 5 %
20 4 20 4
15 A 15
10 4 10 -
5 1 5
0 |3 1 t t t i 0 } } }
05 11,15 15,2 52 106 1 142 178 21.4
a 0
M
20 A1
15 A1
10 A1
5 -
O L) L) L) L) F
| o A - Q 1n

B

Puc. 1. 'ucrorpamma pacnpeneseHus o MEXaHM4eCKOH IPOYHOCTH MUKPOCBapHBIX
COCJIMHEHUH, BBIMIOJIHEHHBIX YIbTPA-3BYKOBONH MUKPOCBAPKOM MO 30JI0THIM IMOKPBITHSIM,
IOJTydeHHBIM TIPU IUIOTHOCTH Toka, A nv™: 0,3 (a); 0,5 (6) 1 1.0 (8).
ITpoBonoka mapku AK39I1T-50: TpaBepca ¢ MOKPBITHEM 3JEKTPO-TUTHUYECKOTO 30J10Ta
(xopmyc KT-1).
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Ouenka nasiemocmu_3010MblX_2aAlb8AHONOKPbIMUL. I[J'If[ oOecreueHnsT BBICO-

KOW HaJIeKHOCTH U3JIEIHNI, 00JIErYeHUs TIPOIIECCOB COOPKU U TePMETU3AINH 30J10-
ThIe MOKPHITHS KopirycoB C momkHBI 001a1aTh XOPOIIEH MasieMOCThIO.

[TasseMOCTh METAJUIOB B HACTOSIIIEE BPEMs OICHUBAIOT HECKOJBKHUMHU METO-
namu, coorBercTBeHHO 'OCT 20.57.406-81 [9]. Hambonbmee pacmpocTpaHeHue
MOJTYYHJIA METOJIbI, CBSI3aHHBIE C OTPEICIICHIUEM TUTOIIAN MJIH BBICOTHI PaCTEKIIIe-
rocsi punos no nasgemoil nosepxuHoctu. Kosddunuenrt pacrexanusa npumnos K, B
MIEPBOM CITy4ae OMpeaesaeTcs Kak:

K =—P 3),

rae Sp, Sp — IUIOMIAAN PACTEKIIErocs IPUIIOS. U €10 UCXOJHOU 103bl, COOTBETCTBEHHO.

Bo BTOpOoM cinyuae K MOXKET ObITh OMPEAEIIEH C TOMOIIBIO OTHOIICHUS :

K=—07" (4),

rae D — nuameTp runoTeTnyeckou Karau npunosi, Hy — BbICOTa Karid pacTeKIle-
rocst MPUMOoS.

I[I/IaMeTp TUIIOTETUUECKOM KaIlJIk IpUIIoA OIPCACIACTCA U3 IPCAIIOTOKCHUA
OTCYTCTBU: BJIUAHUA CUIIBI TAKCCTU I/ICXOI[HOﬁ J03bI IIPUIIOS.

(),

rac M —macca J03bI IPUIIOH, p’ — INIOTHOCTB IIPHUIIOA B PACIIIIABIICHHOM COCTOSHHU.

3HaueHUs Pa3NUYHbI, MOCKOJIBKY B TIEPBOM CIydae MpPU WCIBITAHUU TalbBa-
HMYECKOTO MOKPBITUS C XOpoIei naseMocTsio Sy > Sou Ky > 1, a Bo BTOpoM ciry-
gae Hy < D u K > 1. 310 3aTpyAHseT CpaBHEHHUE JAHHBIX O MasieMOCTHU MOKPHITUH,
UCCIEJOBaHHBIX Pa3IMuYHBIMU JaBTopamu. Kpome Toro, mpu ompenenenun K, B
NIEPBOM CJIy4ae HEOOXOJUMO PErjJaMEeHTHPOBATh MAacCy MCXOJHOMW J103bI MPUIIOS,
KOTOpasi OKa3bIBaeT BIMSHHUE HA IJIOMIAAb PacTeKaHUs Mpumnos. Bo BTopom cioydae
AMaMeTp TUIOTETHYECKOW KAIlTi MPUIOs, OmpeenseMblid u3 BeipakeHus (D), He

72



YUUTBIBACT BIUSHUSA CUJI TSKECTH, YTO CHH)KAET 3HaUeHUS KOd(PQUIIMeHTa pacTe-
KaHUs 10 ypaBHEHUIO (4).

JI1st yaeTa Macchl HCXOHOM JT03bI PACIIABICHHOTO TPUTION W BIUSHHS (aKTo-
POB BHEIIHEW cpebl (aTMocdepa, (irrocoBast cpena U T.11.) ObUTH PACCMOTPEHBI YCIIO-
BUS PABHOBECHS «JIC)KAIICH» KaIlIM HAa HECMAYMBaEeMO TIOBEPXHOCTH.

oo 26 -(1-cos®) ©),

v p g

rae ® — yroj cMauyuBaHus MOBEPXHOCTHU IMPUTIOEM.

BricoTa «iexanei» Karid pacIiuiaBJI€HHOTO MPUIOsl HA HECMaYlBaeMoOu 1o-
BEPXHOCTH OIPEJIENIICTCS YIIOM CMAayUMBaHUs, KOTOPBIM 3aBUCUT OT CBOMCTB masi-
€MOro MaTepuala U MpUIos, KauecTBa MOATOTOBKH MOBEPXHOCTH, HAIMUUS OKHUC-
HOU TUICHKHU, BIHUSHUSA aTMOC(EPHI U PIIIOCYIOMUX CPES.

VYuuThiBas, 4TO B peasIbHBIX YCIOBUAX MANKU BBICOTA «JIEKAILEH» KAl pac-
IUIaBJICHHOTO Ipunos H,, Bcerna MeHbllle JuaMeTpa TMIOTETHYECKOU cepsl mpu-
nos D, To pacuer koapdunmenra pactexkanus npunos K,, IpoBOAKUIN C HCIOIB30-

BAHUEM BBIPAKCHUS.

H,, —Hq

np
np

[IpuBenennas Gpopmyna onpeaeneHus: ko3P UIMeHTa pacTeKaHus M03BOJIUIA
HanOoJiee TOYHO OIIEHUTH NasieMOCTh MOBEPXHOCTEH, a TaK)Ke MPUMEHUTh OECKOH-
TaKTHBIC CITIOCOOBI PETUCTPAIMU BBICOTHI Karuty mputost [10].

JIist u3MepeHust BHICOTHI KaIlld MPUIIOsS MOCe pacTeKaHUsl MPUMEHSIIN TTpU-
00p, B OCHOBY KOTOPOTO MOJIOXKEH MPUHIUN 0ECKOHTAKTHOTO U3MEPEHHUSI C TIOMO-
I[bI0 UHAYKTUBHOTO IIpeoOpazoBaTes.

[lepen HavyasioM MCHBITAHUM B LIEHTpE 00pa3lia ¢ raibBAHUYECKUM MOKPBITH-
€M HAaHOCWJIM HaBECKY MPUTIOS JO3UPOBAHHON Macchl 250 MT U J03UPOBaHHBINA 00-
veM ¢urroca 0,01 mur.

YcraHaBiMBaay Ha 3aJTaHHOM YPOBHE TEMITEPATYPY UCIIBITAHUMN.

NunykTuBHBIN nipeoOpa3oBaTenb pacrojaraiv Ha IJIOCKON 3aroTOBKE MpH-
Mosi TaKUM 00pa3oM, 4TOObI Uria (PUKCUpOBalia OCEBYI0 CUMMETPHUIO MpeoOpazo-
BaTeJid U 3arOTOBKHU MPUIIOSL.
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C nomotpio cekyHaomMepa pUKCUpoBaIM Hayajao U KOHEI paCTeKaHUs Karulu
MIPUIIOS, OMPEACISUIM YacTOTy MO MOKa3aHWsIM Mpudopa, U, MPUMEHS MOCTPOCH-
HbIE JJI1 JAaHHOTO THUIA MOKPBITUS HOMOTPaMMBbl, HAaXOJIUIU BBICOTY KaIUlM pacTte-
KIIIETOCS TIPUIIOs, a 3aTteM, 1o hopmyiie (7) — kodhPHUIMEHT pacTeKaHUs IPUITOS.

DKCTepUMEHTANIbHBIE TaHHbIE KO3 GUIIMEeHTOB pacTekanus npumos [10C-61
B MIPUCYTCTBUM ciupTokarudoabHoro dimtoca ®KCm nmpu temmepartype 220 £ 5 °C
M0 Pa3INYHBIM THUTIAM TaThbBAHWYECKUX TTOKPBHITUN MTPUBEIACHBI B Ta0M. 3.

Tabmuua 3

Koadpduunents! pacrexanus npurnost [I0OC-61 no rajibBaHNYeCKUM MOKPBITUSIM
Tun nokpeITHS Koa¢dunuents! pacrexkanus npumnos, K, %
ropsiuee Jy)XKeHue 96 - 97
30JI04€HHE 94 -95
cepebpeHue 88 — 89
naJutaupoBaHue 80 - 82
Me/IHEHHE 80

AHaNHU3 MOJTYYCHHBIX SKCIICPUMEHTAIBHBIX JAHHBIX MOKA3bIBACT, YTO 30JI0-
ThIC TAJIbBAHOMIOKPBHITHS MMEIOT OTIMYHYIO TaseMocTh (Ha ypoBHe 94 — 95 %),
CPaBHUMYIO C TasieMOCTHIO MOKPBITUH, TOJTYYCHHBIX TOPSIUM JIY)KCHUEM. DJIEKT-
POJUTHUYECKHE MTOKPBITUS cepeOpoM, MajuTalieM U MEJIbI0 3HAYUTEIHbHO YCTYHAIOT
T0 TassEMOCTBIO 30JI0TOMY ITOKPBITHIO.

[TasieMOCTh 30JI0THIX MOKPBITHI B OOJIBIION CTEIEHHW 3aBHCHUT OT PEKHMOB
DIIEKTPOOCAKICHUS M TOIIIUHBI TOKPBITHS.

Cnenuduueckuii Opak 30JI0ThIX MOKPHITUN MpU HEPABHOMEPHOU IJIOTHOCTH
TOKa — MOJTrap MOXKET CHIDKATh kodddurmeHT pacrekanus g0 88 — 90 %.

K CHWXCHHIO MasseMOCTH MPUBOJIUT TaKXKe HECOOIOJCHUE TEMITEPATyPHBIX
pexxuMoB (puc. 2).

B mporiecce maiku NporcXoIuT pacTBOPEHHUE 30JI0TOTO TOKPHITHS B TPUIIOE,
YTO MOXET COMNPOBOXKIATHCS OOpa30BaHMEM WHTEPMETALNTMICCKUX COCIUHEHUHN
3070Ta ¢ oisoBoM:. AuUSNn, AuSn, m AuSn; , © OMHApPHOrO CIUIABa CO CBHHIIOM
AUPbg.

Xpynkue neHaputbl AUPb, n uronpyateie kpucTamisl AUSN, CHIDKAIOT MPOY-
HOCTbH TAsHOTO IIIBA, U B OTJCNIBHBIX CiTydasx (Mpu TOJIIHWHE 30JI0TOTO MOKPBITHS
710 6GMKM) MOTYT MPUBECTH K TIOTEPE repMeTHIHOCTH KopirycoB MC.

HccrnenoBanusi MEXaHUYECKOH TIPOYHOCTH MAsTHBIX COCIUHEHUH 10 30JI0THIM
nokpeiTusiM KopirycoB UC tuna 401.14-5 mocne Tepmocrapenus B teuenue 1000
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gacoB mipu Temneparype 150 °C mokasanu, 4To moTeps IPOYHOCTH COCAMHEHUN B
MEHBIIIEH CTeNeHU MPOUCXOIUT JJIsl MNIOTHOYNAKOBAHHBIX, MEJIKO3EPHUCTHIX MO-
KPBITUH, TTOJYYEHHBIX OCaXJEHUEM IPHU MOTEHIIMAJIaX, COOTBETCTBYIOIIMNX JUara-

30HY CMEIIAHHON KMHETUKHU.

0,95K5,, %
1
0,9 2
0,85 -
T,°C
0,8 T T T T T 1

200 220 240 260 280 300 320

Puc. 2. 3aBucumocts k03P PunnentoB pacrekanus npumos [I0C-61 no 30710THIM HOKPBITUSAM OT
TEMIIEpaTyphl aHKH.
[10THOCTH ToKa ocaxkaenus, A am 2 1 —0,3;: 2 -0,5: 3 -1,0.

DTO MOXKET CBUJIETENILCTBOBATH O TOM, UTO CTPYKTypa U MOP(OJIOTHUS yIpaB-
nsieT PYHKIMOHATBHOCTBIO AJIEKTPOJIUTUYECKUX OCAJKOB U 3aBUCHUT TJIaBHBIM 00-
pPa3oM OT KUHETHYECKHX MApAMETPOB MPOLECCAa OCAKAECHUS: OT IJIOTHOCTH TOKA U
o0111ero nepeHanpsKeHus mporecca.
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EJIMIHYBAHHSA EJIEKTPOMOTOPHOT'O E®EKTY
AMIIEPOMETPUYHOI'O CEHCOPA KUCHIO

OCHOBHOIO IPUYMHOIO CTPHUOKOMOAIOHOT 3MIHM CUTHATY aMIIEpOMETPUYHUX Ta30BUX CEHCOPIB KUCHIO 3
KaJiOpOBaHUM OTBOPOM € KOHBEKTUBHUI PyX €IEKTPOJITY y Imopax poOdodoro eaeKTpoaa, Ha3BaHHUH elle-
KTPOMOTOpHUM edekToM. EdexT eniMiHoBaHO BBECHHSM CIELiaJbHOIO HiAIapy i3 MOPUCTOro riapodi-
J30BaHOTO HIKEITIO MK pOOOYUM EJIEKTPOIOM i cenapatopoM (MaTpUIEIO IS ENEKTPOIITY).

OCHOBHOI NPUYMHONW CKaYyKOOOPa3HOTO0 M3MEHEHMs CUTHAjla aMIIEpOMETPHYECKHX Ta30BBIX CEHCOPOB
KHCJIOpOJa C KaJIMOpOBaHHBIM OTBEPCTHEM SIBJISIETCS] KOHBEKTUBHOE ABMKEHHE DJIEKTPOJIUTA B TIOpax pa-
004ero AMeKTPoAa, BHI3BAHHOE 3JIEKTPOMOTOPHBIM 3P dekToM. DPQPEKT IMMMIUHUPOBAH BBEACHUEM CIIe-
LUATBHOTO MOJCIIOS U3 MOPUCTOTO THAPOPUINZUPOBAHHOIO HUKENSI MEXKAY PabouyuM 3JIEKTPOIOM H ce-
naparopoM (MaTpUIeH Ui 3JIEKTPOJINTA).

The main reason for hopping signal amperometric oxygen gas sensors with calibrated hole is convective
motion of electrolyte in the pores of the working electrode, named electromotive effect. The effect
eliminated by entering a special underlayer of porous hydrophilic nickel between working electrode and
separator (matrix for electrolyte).

Beryn
[IpoOneMa CKOpOUEHHS TPUBAJIOCTI MEPEXIAHUX MPOLIECIB 3aBKIU aKTyallbHa,
OCKUJIbKM MOBHOTO ii BUPIMIEHHS! AOCSITTH MPAKTUYHO HEMOXJIMBO 4Yepe3 BIJICYT-
HICTh KUIBKICHOTO BH3HAYEHHS B3a€EMO3B’SA3KIB BCiX (DaKTOPiB, IO BHU3HAYAIOTH
METPOJIOT1YHI XapaKTEPUCTUKHU CEHCOPa.
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