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UccrnemoBanmsaMu (pUBUKO-XUMHUUECKUX CBOMCTB 00PA3I[OB CILJIaBa ITOJIOMKU-
TeJBHOT0 TOKOOTBO/[a CBUHILOBO-KHCJIOTHOTO akKKyMyJiATopa cucreMmbl Pb—Ca—
Sn, B TOM uncJye ¢ MUKpPOAoOaBKaMu 0apus, IOKas3aHbl IPEeNMYIecTBa crocoda
MOJTyYeHUsI COOTBETCTBYIOIIUX JIEHT METOJOM 3aKaJKU U3 JKUIKOTO COCTOSTHUSA
B CPaBHEHUU C IeMCTBYIOIIEH IPOMBINIJIEHHON TeXHOJIOTHEeH IPOKATKH.

Hocnimxeraamu GpisuKo-XiMiUHUX BJIaCTUBOCTEN 3pa3KiB CIJIaBY IIO3UTUBHO-
ro CTPYMOBiZIBOAY CBHHIIEBO-KHNCJIOTHOIO aKkymyJiaTopa cucremu Pb—Ca—Sn, y
TOMY YMCJIi 3 MiKposobaBkaMu 6apiro, IOKa3aHO IlepeBaru CIoco0y ofep:KaH-
HA BIANOBITHUX CTPiYOK METOLOM rapTyBaHHSA 3 PIIKOI0 CTaHY B IOPiBHAHHI 3
JIiI0U0I0 IPOMUCJIOBOIO TEXHOJIOTI€I0 IPOKATKN.

Investigation of physical and chemical properties of the Pb—Ca—Sn system
alloy samples for positive grid of lead—acid battery, including microadditives
of barium, shows the advantages of a method for fabrication of strips by
quenching from the liquid state as compared to the operative industrial roll-
ing technology.

KaroueBbie cioBa: MUKPOCTPYKTYPa, GUUKO-XUMUUECKHEe CBOMCTBA, UCKYC-
CTBEHHOE CTapeHue, 3aKalKa U3 JKUIKOI'0 COCTOSIHUSA, CBUHI[OBBINA aKKyMYJIs-

TOPHBI CILIaB.

(ITonyweno 2 oxkmabpa 2013 e.)
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1. BBEJEHUE

B Hacrosiee BpeMs OTpPacjb IIPOM3BOACTBA BTOPUYHBLIX HCTOUHUKOB
TOKA CTPEMUTEJHLHO PAa3BUBAETCS U B Hel IIO-IPeXHeMYy 0co00e MeCcTO
3aHUMAEeT CBUHIIOBO-KHMCJIOTHAA aKKYMYJATOPHAS TEXHOJOTHuA, o0Jia-
marolasa Hanbojgee HU3KOM ce0ECTOMMOCTBIO IPOAYKIIMK U IIO3BOJAIO-
I[as IPOU3BOIUTEL OaTaper ¢ HAanOOJIBIINMY Pa3PAIHBIMU TOKAMM, YTO
ABJISIETCA Ba)KHeHINIUM TpeboBaHMEM IIPU MX HCIOJb30BAHHNU B Kaue-
CTBe CTAPTEPHLIX aKKYMYJIATOPOB B aBTOMOOMIBHOM TPAHCIIOPTE.

Cpenu rIaBHBIX SKCILIYATAIIMOHHBIX IIPOOJIEM CBUHIIOBBIX aKKyMY-
JSITOPOB, MPUBOIAINUX K IIPEKIeBPeMeHHOMY OTKa3y 6aTapeu, CIeIyeT
BBIJEJIUTh Pa3pylleHne IOJOKUTEILHOI0 TOKOOTBOLA BCJIEACTBHIE KOM-
IIJIEKCHOT'O BO3AENCTBUSA KaK KOPPO3UHU CO CTOPOHEI CEPHOKMCJIIOTO 9JIeK-
TPOJIUTA, TAK 1 3HAKOIEPEMEHHBIX MeXaHNUYeCKNX Harpys30K, BOSHUKA-
IOITUX B XOfe IINKJIOB 3apsaia-paspana, B pe3yabTaTe U3MeHEeHUs YAe b-
HOT'0 00'beMa aKTHUBHOII MacChl B AUeHKaX pelleTKku. B 9Toi ¢cBa3u mocTo-
SIHHO PAcCTyT TPeOOBAHUA, IPeIbABIAEMbIe K IIPOYHOCTHLIM 1 AHTHUKOP-
PO3HOHHBIM CBOMCTBAM CILIABA IJIA HOJOMKUTEIHLHOIO TOKOOTBOIA.

Cpenu mMaTepHasioB AJA MOJOMKUTEIBHOTO TOKOOTBOAA HambOJIbIIee
pacmpocTpaHeHNe IOJYyYNIN CIIaBbI TPoiiHoI cucteMbl Pb—Ca—Sn, mo-
CKOJIbKY HX IIpHUMeHeHHe o0eclleYrMBAeT BO3MOXKHOCTh CO3JaHUA 0e3-
yxonablx VRLA-6arapeii [1]. TexHoJI0OrMA TPOM3BOACTBA TOKOOTBOIOB
u3 cmiasa Pb—Ca—Sn ocHoBaHa Ha IIPOKATKE MACCUBHOM 3arOTOBKU B
TOHKYIO JIEHTY co cremneHamu aedopmanuu 92—95% wu mocaexpyroieii
IITAMIIOBKOM MU SKCHAHINPOBAHNEM 3TOU IIOJIOCHI B PEIIIETKY TOKOOT-
Boga. [IpuMeHeHNEe IPOKATKY HAPALY CO CKJIOHHOCTBIO CILIABOB CHCTE-
Mbl Pb—Ca—Sn K ympouHeHHIO B pe3yjbTaTe HakKJela o0ecleurBaeT
yBeJInUeHNre IPOYHOCTHLIX CBOMCTB MaTepuaja a0 2 pas [2], Ho mpuBo-
AUT K OJHOBPEMEHHOMY CHUHMXEHHIO IIJIACTUYECKHUX XapaKTEePHCTUK U
00pasoBaHUIO TEKCTYPhI B BIle YKPYIIHEHNS PA3MEPOB 3€PeH U UX OPU-
eHTAIlUU B IJIOCKOCTU IpoKaTKu [3]. B paborax [4-6] oTmeuasoch, UTO
YCJIOBUSA SKCILIYaTAIlUU aBTOMOOMJIBHBIX AKKYMYJISTOPOB OTJINYAIOTCS
CPaBHUTEJIbHO BBEICOKMMHU paboummu Temieparypamu. Kaxk moxasaHo B
[4], BeImep:xKa citaBoB Pb—0,08% Ca ¢ pa3IMuHBIM COepPsKaHUIEM 0JIO-
Ba mpu 60°C y:xe mocime mepBeix 200—-500 uacoB HIPUBOAUT K UX
Pa3ynpovyHEeHNI0, IOJYUYNBIIIEeMY B MHOCTPAHHOU JINTepaType Ha3BaHUE
«overageing» — «mepecrapuBaHue». IIpenmoxenuniii B [4—6] cmocob
YCTpaHEeHUd HEeraTuBHOTO BOBI[eﬁCTBHH IIOBBIIIIEHHBIX TeMIIepaTyp CO-
CcTOUT B JiermpoBauuu cmyiasa Pb—Ca—Sn 6apuem B Kosmuuectse 0,015
0,030% wmac. [4].

B 1menax moBbIlIieHUA TMCHEPCHOCTU CTPYKTYPBI M yAyUYHIeHUA (Qu-
BUKO-XMMUYECKHUX CBOMCTB CILIABOB Ha IPaKTUKe [7] aKTUBHO HCIIOJIb-
3YIOTCS METOIbl HEPABHOBECHOM KPHUCTAJIN3AINU, CBI3AHHLBIE C YCKO-
PEHHBIM OXJIAXKJeHNEeM PACILIaBOB, B YaCTHOCTH, C 3aKAJIKOM U3 KUIKO-
ro cocrosiuusA. Takue MeTOLbI MOT'YT, B OIIPEIEeI€HHOI CTeIeHH, CII0CO0-
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CTBOBATh YCTPAHEHWIO MEePEUMCJEHHBIX BBIIIE MPOOJIEM CILJIaBa II0JIO-
JKUTEJLHOTO TOKOOTBOIA.

B aT0i1 cBA3U mIpeacTaBaAeTCA MEPCHEKTUBHBIM MCCIeI0BAHTE BIMI-
HUS METOa HePaBHOBECHOM KPUCTAJIN3AIINT, B YaCTHOCTU 3aKAJIKU U3
JKUIKOTO COCTOSTHIA, Ha MeXaHNUYeCcKre CBOMCTBA U CTPYKTYPY IIoJyua-
eMBIX JICHT IJIA IMOJIOMKUTEeJbHOro Tokoorsoga Pb—0,05% Ca—1,1%Sn, B
TOM YHCJIe JJeTUPOBAHHLIX 0apueM, a TaKiKe UX CpaBHEHUE CO CBOMCTBA-
MU IIPOKATaHHBIX JIEHT, II0JIYyYaeMbIX B IIDOMBIIIJIEHHBIX YCJIOBUAX.

2. 9RCIIEPUMEHTAJBHAS YACTD

B KauecTBe 00pasiioB B paboTe MCIOJb30BAINCH HIPOMEBIIIICHHAA JIEHTA
u3 cmiasa Pb—0,05Ca—1,1% Sn, npokaTaHHas Cco CTemeHbio medopMa-
munr 93% mo Toaruasl 0,85 MM, 1 TPU SKCIIepUMeHTAJIbHbIE JEHTHI DTO-
ro ke cocrtaBa ¢ cogeps:kauuem b6apus (% mac.): 0%, 0,02%, 0,03%,
MMOJIyYeHHBIE METOJOM KPHUCTAJJIN3AINHU CTPYU paciliaBa (3aKajaKy U3
skugKoro cocroauusa — 33KC) ¢ HauanmbHOM Temmeparypoit 425°C mex-
Iy BPAIAIOITUMUCA cO CKOpocThbio 120 06/MUH CTAJIbHBIMU BaJIKaMU C
s3azopom 0,6 mMm. CKopocTh oxjakaeHusa npu xpucraaausanuu SHC-
JIEHT ObL7Ia OLleHEeHA IIyTeM pPeIlleH’s YPAaBHEHUS TeIJIOIPOBOLHOCTH B
COOTBETCTBMU C MeTOAUKOI [8] u cocTaBnsana = 3,8-10° K/c.

HcKyccTBeHHOE cTapeHue 00pasiioB, MOAEJHPYIOIlee YCJIOBUA KC-
IIyaTalluy CIJIABOB B aBTOMOOMJILHOM TPAHCIIOPTE, IPOBOAUJIOCH IPU
80°C B 1abopaTopHbIX meuax B nHTepBase 0—3200 uacos.

MexaHuueCcKHe MCILITAHUSA 00pPas3l[0B HA PasphblB IIPOM3BOAUJINCH B
coorBeTcTBUU ¢ TpeboBaHusaMu 'OCT 11701-84 Ha pa3pLIBHOM MalllnHe
P-0.5. smeperne mukporsepgoctu (H,) ocymiecTBIAI0ChE HA MUKPO-
rBepaomepe IIMT-3 nmpu marpyske 20 r. Ilepen uamepeHUAMEU TOBEPX-
HOCTB 00Pas3Il0B IIOABEePraau X MMHUYECKOM IOJIUPOBKE.

IToaroToBKa u HaO/MIOJeHEe MUKPOCTPYKTYPhI 00pas3IioB IPOMU3BOIN-
JIOCH C ILJIOCKOCTH JIEHTBI, IIPOOOIIOATOTOBKA OCYIIECTBIAIACH IIYyTEM
XUMUYECKOH IIOJMPOBKY M TPABJIEHUSA B PACTBOPAX JIEASHON YKCYCHOM
KMCJIOTHI U IIEPEKNCU BOJOPOJia PA3JUUHBIX ITponopiiuii. @oTOCHUMKMN
MUKPOCTPYKTYPLI OBLIM MOJYYEHBI C KCIIOJb30BAHMEM OITHYECKOIrO
mMukpockorna NEOPHOT-21 ¢ ycTraHOBIEHHBIM ITI(MPOBLIM (POoTOAIIIIapa-
Tom. OmpegeseHre pa3MepoB 3epHa B CTPYKTYpPe MPOBOAMUIOCH METOLOM
cexymux B coorBercTBuu ¢ ['OCT 5639-82 MunumMyM mo matu (oTo-
CHUMEKAaM.

PenrrenmocTpykrypHble uccaenoBaunua (PCA) ocymiecTBiasanimu Ha Iu-
dpaxromerpe [IPOH-2.0 B monoxpomarusupoBanuoM CukK,-umsiayue-
Huu. [lapaMeTpbl TOHKOM CTPYKTYPHI (PasMepsbl 06JI1acTeil KOTePEeHTHOTO
pacceanus (OKP) u ypoBeHb MUKpOHAOpAKeHUHN (Hamps:KeHUi 2-ro
poza) Aa/a) ompenmenanu peHTreHOrpapuuecKMM METOAOM HyTeM aHa-
Jaunsa Opodpuiis PEeHTreHOBCKUX AU(PPaKIMOHHBIX JUHUNA. Pacuer uuc-
JIEHHBIX 3HAUYEHUH IapaMeTPOB TOHKOH CTPYKTYPhI IPOBOSUIICA II0 H3-
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BeCTHBIM MeTonukam [9]: nia ompenenenusa pasmepoB OKP amamrusupo-
Baau npoduiab jguaun (111), nna mukpoHanpakeHuin — jguuaum (511)
Taxskxe ompenensdsach YCIOBHAS BeIMUMHA TEKCTYPHUPOBAHHOCTH 00-
pasIoB, IpuHATAsA B paboTe PABHOM OTHOIIEHUIO MHTEHCHUBHOCTHU IH-
dbpaknronHo#t srHUN OT MJIOCKOCTH (111) K MHTEHCUBHOCTY JIMHUU OT
mirockocTu (200). Ilepuon KpucTadlnuecKoii perieTKy OIpPeesIsaIcs 0
auann (511).

KopposnouHble MCOBITAHUA IPOBONUINCH IPH IIOMOIU IIOTEHIIO-
crara II-5848. HNccinenyemble o0pasiibl B BUAe ILaacTUH 2X1,5 ¢cM BbI-
JepsKUBaINd IIpH ImoTeHIuase 2,15B B TpexsjIeKTpPOoAHOII Auelike B
4,8 M pactBope cepHoil KucyaoTel mpu 40°C. BemomoraTenbHBIN 3JI€K-
TPOJ — TJIaTHUHOBBIN, DJIEKTPOJ CPAaBHEHUSI — BOJAOPOSHBIN, COETUHEH-
HBIH ¢ AYeliKol yepes Kanujaap Jlyrruaa. Bece moTeHIIaisl MpuBeIeHbI
OTHOCUTEJILHO 3TOTO 3JIEKTpoJa. BpeMsa aHOTHON IOJIAPU3AIUU JJIEK-
TpomoB coctaBasago 10, 30, 60, 180 muu. Takue mapamMeTpbl KOPPO3U-
OHHBIX WCHBITAHUI ABJIAIOTCA Hake 0ojiee »KECTKUMU 110 CPABHEHUIO C
YCJIOBUAMHU SKCILIYyaTAIINH 3JIEKTPOIOB B PEAJbHBIX AKKYMYJIATOPAX.

Kopposuornuas ycTOMUMBOCTE OIpeaesaiach II0 YOBIJIN Macchl 00pas-
I[OB MOCJIe UX OKHCJICHUS B IIOTEHIIMOCTATUYECKHUX YCIOBUAX U yaaJie-
HUSA C IIOBEPXHOCTU OKCHUIHON IIJICHKM B KUIIAINEM pPacTBOpPe HATPHUL
THIPOKCHUIA U MAHHHUTA.

JJIeKTPOXMMHUYECKHE CBOMCTBA HCCJIEeAYEeMbBIX CILIABOB M3YUEHBI Me-
TOAOM IIUKJIMYECKOUN BOJIBT-aMIIEPOMETPUN C HCIOJb30BAHWEM IIOTEH-
muocrtaTta IIM-50-1 u nporpammaropa IIP-8, coequHeHHBIX ¢ KOMIIbIO-
TepoM. VICII0/Ib30BaHEL TE JKe 9JIeKTPOAbI M PACTBOPEIL, UTO 1 IJIsI KOPPO-
3MOHHBIX HCIIBITAHUM, HO ILIOIIALL PAb0Uero sJIeKTpoJa yMeHbIIIeHa 10
0,3 cm®. PerucrpupoBananch aHOAHO-KATOAHBIE IOJAPU3AIIOHHbIE KPH-
Bble (IepBBIH IIUKJ) B oOsacTu moreHmuanos ot —0,33 B mo +2,4 B co
cKopocThbio pasdBepTku 10 MmB/c.

3. PESYJIBTATBI U UX OBCYRIEHUE

PesyabTaThl MexXaHMUYEeCKUX MCIIBITAHNI HA paspblB 00pas3IloB CIJIABOB
(puc. 1) moxasanu CyIlleCTBEHHO 0oJiee BBICOKHI Tpenes MPOUYHOCTH
CBEXKEIPOKATAHHON IIPOMBIIIJIEHHOM! JIEHTEI 10 CPABHEHUIO C 3aKaJIeH-
HBIMH U3 paciliaBa o6pasiiaMu, YTO MOXKEeT ObITh 00BACHEHO a(hdeKToM
MJIACTUYECKOM JedopMaliuy C COOTBETCTBYIONIMM yBeJIWUYEHUEM IIJIOT-
HOCTH IUCJIOKAINI 1 YIIPOYHEHNEM B peayJibTaTe HaKJaena. Kpome sTo-
I'o, IIPOKaTKa IIpOMI:IH.UIQHHOfI JIEHTHI TEXHOJIOTUYECKHM IIPOM3BOOMUTCHA
mpu 0oJiee BLICOKMX TeMIlepaTypax, ueM moaydenue 33KC-ieHT, uro
CIIOCOOCTBYET HOIOJHUTEILHOMY CTAPEHUIO B Pe3yJIbTaTe paciiajia Iepe-
CBIIIIEHHOTO KAaJbI[IEM M OJIOBOM TBEPAOr0 PAcTBOPA CBUHIA B IIPO-
MBIIILJIEHHOM 00pasIie ¢ COOTBETCTBYIOIIMM YIPOUHEHNEM B Pe3yJIbTaTe
Beimenenuda a3 Pb;Cau SnsCa[l].

HckycerBenHoe cTapenne o0pasioB npu temaeparype 80°C, Kak yxe
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Puc. 1. IsmeneHue mpegesaa nmpouHocTu npokartanuoii u 3¥KC jseHT B X0fe BbI-
mep:kku npu 80°C: 1 — mporaranHas JjgeHra, 2 — 33KC-menra 0% Ba, 3 —
33K C-neura 0,02% Ba, 4 — 33K C-seura 0,03% Ba.

oTMevasoch paHee [4—6], Ha HaUaJBHBIX dTAaNax IPUBOAUT B 000UX CJIY-
yafgx K YIOPOUYHEHWIO CIaBoB. IIpu 9TOM m3MeHeHHe MeXaHHUUYEeCKUX
CBOICTB sKcmepuMeHTaAbHBIX 34KC-00pasioB mpoucxogut 0ojee MH-
TEeHCHUBHO: 3a IepBbie 8 UaCOB CTapeHus Mpeaes IpouHocTu JeHT ¢ 0%,
0,02% u 0,03% O6apusa yseanunycsa Ha 17,8 MIla, 14,7 MIla u 14,6
MIIa cooTBeTcTBeHHO, uTO Ha 60—95% ImpeBBIlIaeT NCXOAHLIN IIpeIe
npouHocTH. )i IpOKaTaHHON JEHTHI YIIPOYHEHE B TeUeHUe IIEePBLIX 8
yacoB cocrasisieT 8,2 MIla (18% wucxogHOTO mIpeesa IpouHocTu). Pes-
Kuit poct mpenesa npounoctu 37K C-JIeHT Ha HAUAJIBLHON CTAINU MOKHO
00BACHUTD BIAUSHUEM HePAaBHOBECHBIX YCJIOBUM KPUCTANLIN3AIIAY JIEHT,
COIIPOBOKIAIOIITNXCA MOCTUKEeHHeM OOJbIllell OJHOPOIHOCTH HU3MEJIhb-
YEeHHOM CTPYKTYPBI U OOJIBIIINM IIepechIIieHrueM TBEPJOro pacTBopa Ha
OCHOBe CBUHIIA, UYTO B JaJbHEHNIIIeM U IPUBOAUT K 00Jiee MHTEHCUBHOMY
YIPOUYHEHUIO B XO/ie CTAPeHUS.

ITocne BuIimep:kKM 00pasIioB B TeueHue = 50 yacoB HAUMHAETCS IOCTe-
TeHHOe CHUKeHUe Ipejeia IPOUYHOCTH ITPOKATaHHOI JeHThI. B peayib-
rate crapenus B TeueHume = 3200 uacoB npu 80°C mpemes IpPOUYHOCTH
MIPOMBIIIJIEHHOUN JIEHTHI CHUKaeTca Ha 27% II0 CpaBHEHUIO CO CBeXKe-
npoxkaranuoir JeHtou. JHaa 3iKC-ieHT BeIpaskeHHOTOo d(derTa
pasynpouHeHUsa B TeUeHUEe 9TOr'0 BpeMeHHU He 3aUKCHUPOBaAHO: Pasjiu-
yye B IpefesiaX IIPOYHOCTH SKCIEPUMEHTAJbHBIX 00pPa3I[0B OTIAEJIbHO
B3ATOrO cocTaBa He mpeBbimiaer =3 MIla ma srame craperusa 120—-3200
YacoB. ¥ CTAHOBJIEHO, UTO BeJIWUYHNHA IIpeaesia npourHocTu ajasa SiC-aeHT
TP KaKIOM OTHEeJbHO B3SITOM BPEMEHU CTAPEHUS U3MEHSEeTCA MIPSIMO
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IIPOHOPIINOHAIBHO YBEJIUUEHUIO COlep:KaHusa 0apusd B ciiase (puc. 1).

PesynbTaThl m3aMepeHns MUKPOTBePAOCTH (purcC. 2) MOKA3al CX0MKUe
C IIpemesyioM IIPOYHOCTH TEHJEHIIMM B M3MEHEHUHMH IIPOYHOCTHBIX
cBoiicTB. Hanuune nIuKa yBeJnUeHUA U IIOCJEAYIOIIEro MageHusa 3Haue-
Huii H, B nuaTepBase 8—40 yacoB cTapeHUA MOXeT 00bACHATLCA BblJe-
JIEHVEeM Ha IIepPBOI CTaJAUM N3 MAaTPUIILI IIPOMEKYTOUHOU TBEPAOH (PDas3bl
Pb;Ca ¢ mocienymoIiium ee IpeBpallieHreM B MeHee TBepayio a3y Sn;Ca
coraacHo peakmnuu (Pb, Sn);Ca—Sn;Ca[1].

Hnsa skcnepuMenTanIbHBIX 3HKC-TeHT XapakTep cKauka MUKPOTBEp-
IOCTHU HE CTOJIb CUJIBHO BEIPAXKEH, KaK [IJId IPOKATAHHBIX 00pas31oB. ITO
MOYKHO OO'BSCHUTDL 0OJIbIIEHl MUCIEePCHOCTHIO YIPOUHAOIINX (Pas u co-
OTBETCTBYIOIIIMM YCKOPEHHBIM MPOXO0XKICHMEM IIPOIIECCOB MX BOSHUK-
HOBEHHUS U paciafa. BeanmunHa nuka MukporBepgoctu aias 3HC-m1enT
3aBHCHUT OT COJepsKaHUsA 0apud B ciiaBaxXx. Ero mnossienune, BEPOATHO,
00yCJIOBJIEHO IIPOTEKAHNEeM PeaKIlNil C BhIJeJeHeM TBepAbIX 0apuiico-
Jepxamux gas3, Ipu 3TOM UX IPUCYTCTBUE PEHTIreHO()ha30BbIM aHAJIU-
30M OOHAPY KeHO He OLLIO.

HanbHeiiniee crapenue cmiaaBoB 10 700—750 uacoB COIPOBOKIAETC
MOHOTOHHBIM CHHIKeHHeM 3HaueHuil H, uccienyembrx o6pasnos. Ilpu
9TOM MHUKPOTBEPAOCTH MHPOMEBIIIJICHHON JIEHTHI CHUIKaeTcsa ObIcTpee,
uem y 33KC-o6pasnos. B unTepBane Beigepkku 750—-2800 uvacos H,
sKcmepuMeHTANbHLIX 33KC-JIeHT mpakTHuecKu He M3MEHAETCA, B TO
BpeMsA KaK 5TOT II0KA3aTeJIb JJIA IPOMBIIILICHHOI0 00pasiia IIpogoJIsKaeT
cHIKAThCA. B pesyabraTe BuIAep:KKH mocie 900 uacoB MUKPOTBEPAOCTh
OPOMBIIIJIEHHON JIEHTHI IPUMEPHO CTAHOBUTCA PaBHON MUKPOTBEPHO-
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Puc. 2. Ismenenue MuKpoTBepgocTu mpokatanHoi u 3HKC-1eHT B X01e BBI-

mepxxku npu 80°C: I — mporaramHasd jenra, 2 — 3iKC-nenra 0% Ba, 3 —
3K C-neura 0,02% Ba, 4 — 33K C-yenra 0,03% Ba.
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ctu 33K C-nentsr 6e3 6apus, a B uuTepase 900—-2800 uacoB pasympou-
HAeTcA 10 3HaueHwnit, Ha 45 MIla (34% ) MEHBITINX, YEM B MCXOJHOM CO-
CTOSAHUU, 0€3 CTapeHnd.

51 00bACHEHN S IIOJYYEHHBIX PE3yJIbTATOB II0 N3MEHEHHUIO Ipeesia
IPOYHOCTU U MUKPOTBEPAOCTU MapajljIeIbHO C PEHTIeHOCTPYKTYPHBIM
aHAJIM30M OBLLIM TPUTOTOBJEHBI IILIN(MBI IIOBEPXHOCTH O0pPa3IOB IJd
MeTajIorpadguueckux wuccaenoBaHmii. Mwurpodororpadpum ImoaydeH-
HBIX CTPYKTYP IPEICTABJIEHBI HA PUC. 3, Pe3YJIbTATHI OIPEeNe/IeHNU IIa-
paMeTpPOB TOHKOM CTPYKTYPEI — B Tabjauie. Pe3yabTaTbl MEKPOCKOIIU-
YeCKMX MCCJIEJOBAHUN IIOKA3aJM JHCIEPCHYI0, OJM3KYI0 K TJIOOYJIAp-
HOM1, popmy 3epeH B SHKC-menrax. Mukpodororpadum, mpruBegeHHbLIe
Ha puc. 3, CBUIETEJIbCTBYIOT TAKKe O TOM, YTO ICKYCCTBEHHOE CTApeHMe
34K C-00pas31ioB He MPUBOAUT K 3aMETHBIM M3MEHEeHUAM B pasMepax 3e-
PpeH AJs 00pasIioB OJHOI'0 XMMHUUECKOro cocrasa. OIieHKA Ke PasMepoB
3epHa IJIA PA3JIMYHBIX COCTABOB CBEKE3aKaJeHHbBIX JIEHT II0KAa3aja TeH-
IEHIINIO K X M3MEJIbUYEHUIO II0 Mepe YBeJIMUeHUA COAePsKaHus 0apus.
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Puc. 3. CTpyKTyphI KCCIeL0BaHHBIX 00pasIioB; d, — pasMep 3epHa.
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IIpoxonsxenue puc. 3.

MukKpocTpyKTypa cBeKelIpOKaTaHHLBIX JEeHT XapaKTepusyeTca HaJu-
YyyeM KPYIHBIX BBITAHYTBHIX B HAIIPABJICHUM IIPOKATKHU 3€pPeH ¢ 00JIb-
UM KOJIMYecTBOM AeeKToB Ha moBepxHocTu (puc. 3, a). Beiaep:kka
nporkarauuoi JeHTsI npu 80°C B Teuernnu = 3200 uacoB BLEIBLEIBAET Hepe-
X0 K KPYIHOKPUCTAJIINUECKOI CTPYKType 63 BUAUMOII OPUEHTAIIUU B
MIPUCYTCTBUY CPABHUTEIHLHO MEJIKUX 3epeH (pasMeprl 3epeH B TaKUX 00-
JacTAX MO pe3yJjbTaTaM MCCJIeTOBAHUI C MCHOJbL30BAHUEM PacTPOBOTO
SJIEKTPOHHOT0 MUKPOCKoIa gocrurator d, = 2,78 + 0,61 MKM), UTO CBU-
IEeTeJLCTBYET O IPOTeKAHUU IIPOIIECCOB PEKPUCTANIN3AIINY B CILJIaBe U
MOATBEPIKIAeTCA MEXaHUUYeCKUMU UCILITAHUAMU, IIOKa3aBIINMU
pasyIIpovHeHNe COCTapeHHbBIX JeHT (puc. 1, 2).

CienyeT OTMETUTD, UTO XapaKTePHbIE CTPYKTYPHI HUCCIEIYEeMbIX 00-
pasIioB CBeKEU3rOTOBJICHHBIX IIpoKaTanuoi u 3iKC-1eHT, nccaenoBam-
HBIX Ha OITHUYECKOM MHKPOCKOIIe B pe3yJibTaTe CTapeHWs B TeueHUe
72 yacos nmpu 80°C, He UBMEHAIOTCS, YTO I'JIABHBIM 00pasoM IIPOSIBJIAET-
cd B OTCYTCTBUM 3aMETHBIX OTJIMUUM B cpelHeM pasmepe s3epHa. Ilpu
9TOM HaOJI0ZaeTcAd M3MEeHeHNe ITapaMeTPOB TOHKOI CTPYKTYPHI (Tabu-
ma).
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TABJINIIA. PeaybTaTsl ONpeneeHUs IIapaMeTPOB TOHKOM CTPYKTYPhI: Aa/a
— BeJauuyunHa MukpoHamnpsskeHuit B 'I[K-peretke, hqq1/Hs — YCIOBHASA Be-
JUYUHA TEKCTYPUPOBAHHOCTHU 00PasIoB (A1, Ay — UHTEHCUBHOCTHU AUMPAK-
IIMOHHBIX JINHUI OT COOTBETCTBYIOIINX IIJIOCKOCTEI OTpaKeHus1), L — pasMepsl
obmacteit OKP, onpenensembie us ypaBHeunusa CenaxoBa—Illepepa [9].

Aa/a, 1073 h111/ oo L+2,5Mm
0u [724[3500u| 0u [ 724 (35004 04 [724[3500«
IIpoxkarauuas jeurta 1,70 1,8 1,33 0,45 0,48 0,30 55 44 45
BKC-nerra 0,84 1,6 1,48 10,1 8,3 2,5 62 56 53
BHC+0,02% Ba 1,15 1,6 1,6 51 1,93 2,33 58 54 52
3B#C+0,03% Ba 1,15 1,6 1,6 34 5 19 49 57 62

O6paaserr

PesynbraTel mcciaemoBamuii ocobeHHOCTell TOHKOIN CTPYKTYPHI CBe-
JKeIoJIyUYeHHBIX 00Pa3I[0B CBUIETEIbCTBYIOT O 3HAUNTEILHO 00JIbIIEM (B
2 pasa) ypoBHe MUKPOHAIPIKEHUH B ITPOMBIIIJIEHHOI JIEHTe II0 CpaB-
Henwuio ¢ 33KC-1enTol TOTO JKe XuMUUecKoro cocrasa (6e3 6apus). Cra-
peHune ob6pasioB B TeueHue 72 yacoB npu 80°C BBIZBIBAET yBeJIHMUEHUE
BHYTPEHHUX HANPSMKEHUI, UTO BEPOSTHO OOBSICHAETCS BbIAEJICHHEM
YIPOUHAOIINX (pa3 HA OCHOBe OJIOBAa M cBHHIIA. Ilocienyromias BbI-
Iepsxka oopasmnos g0 3500 uacoB BRISEIBAET 3aMETHOE CHUMKEHIIe YPOBHS
HAIPAKEeHU B MPOKATAHHOM JIEHTE, UTO OOYCJIOBJIEHO IIPOTEKAHHEM
PEKPUCTALIN3AIINOHHBIX IpoIteccoB. B To ke BpeMms Aa/a 3¥KC neHT ¢
6apuem mociae 3500 uacoB ocraercsa Hem3MeHHBIM, B 3iKC-ienTe c
0% Ba HaburomaeTcs JIHINL HE3HAUWTEIbHOE CHHUMKEHNE BHYTPEHHUX
HAIPAMKEHNU, YTO CBUAETEJHCTBYET O BO3MOMKHOCTH IIPOXOMKIEHUS
oIIpe e IeHHBIX PeJaKCAIIMOHHBIX IIPOIIECCOB, B CBOIO OUepeb He BBI3BI-
BaOIIMNX 3aMETHBIX U3MEeHEeHUH B IIPOYHOCTHBIX CBOMCTBaX maTrepuaJa.

CiiegyeT OTMETHUTD, UTO HAOJIIOZAEMOE IIOCTEIeHHOEe CHUKEHNE MUK-
porBepmoctu Ha sTtame = 200—-700 uacoB crapeunua 3:KC-neur (puc. 2)
MOJMKET IIPOXOAUTDH 110 BJAUAHMEM OIIpeaeJIEHHbIX MEXaHU3MOB, CBA3aH-
HBIX, KaK IIOKa3bIBAIOT PEHTI€HOCTPYKTYPHBIE HMCCIEeIOBAHUA, C U3Me-
HEeHUAMHN CTEIIeHNM TEKCTYPHPOBAHHOCTH M YBeJIHWYEHHEM pPasMepoOB
OKP, HO mpaKTUYEeCKHN He IPUBOIAINNX K M3MEHEHUIM Ipeesa IIpou-
HOCcTH (puc. 1).

Ciegyer OTMETHUTh, YTO YCJIOBHAS BeJIMUYMHA TEKCTYPHPOBAHHOCTH
(YBT) monyueHHOTO B PaBHOBECHBLIX YCJIOBHAX HETEKCTYPUPOBAHHOTO
YHUCTOTO CBUHIIA COCTABIACT Nq11/ Moo = 2, IPU 9TOM JJIsT 00PA3IIOB IIPO-
kKatanuoi JeHTbl YBT mensbime 0,5, a I cBe)ke3aKaJIeHHBIX M3 pac-
miIaBa oopasios 6e3 6apusa gasxke mpesbiinaeT 10, YTo OJHO3HAYHO CBU-
IeTeJbCTBYET O HAaJINUYNY HAIPABJIEHHOTO TEILJIOOTBOLA IPU KPUCTAJIIN-
samnuu B mpoiecce SHKC.

KopposnouHble HCHOBITAHWS IIPOM3BOLUJINCH IJsI 00PasIioB, IIPO-
mregmmux 72, 3200 vyacoB mckyccTBernHoro crapeuud mpu 80°C (puc. 4,
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5). Ilo mauuwiM [4] mepuon B 72 dyaca MCKYCCTBEHHOTO CTapeHUS ITPU-
OMMKEeHHO COOTBETCTBYET BPEMEHM IIPOM3BOACTBEHHOTO IHUKJIA M3IrO0-
TOBJIEHUA JEKTPOJA aKKYMYJISATOPHOUN 6aTapew 1 Haudajga ero (popMu-
POBKH U SKCILIyaTAIlul — HEIIPEPHIBHOTO KOPPO3UOHHOI'O BO3NENCTBUA
HAa TOKOOTBOJBI CO CTOPOHBI CEPHOKMCJIOTO 3JIeKTPOJIUTA.

PesyabpTaThl KOPPOBMOHHBIX UCHBITAHUN MPOKATAHHOM JEHTHI ITOCTE
72 yacoB cTapeHHNA IOKAa3aJd ee HEeCKOJbKO 00jiee BLICOKYIO CTOMKOCTh
K oKkmcenuio mmo cpasuenuio ¢ 33K C-ob6pasiiamu (puc. 4). Tak:xe madJrio-
IaeTcs TEHAEHIIUA CHUMKEHUS yOBbIIM MAaCChl II0 Mepe YBEeJHYEHUS CO-
nepsxannsg 6apuda B 37KC-1enTax.

HecmoTpsa Ha IpoxXoikIeHNe PEeKPHCTAIM3AINOHHLIX IIPOIECCOB B
MIPOKATAHHBIX JIEHTAX MX KOPPO3HMOHHAA CTOMKOCTDL IIOCJE CTAPEHUS B
reuenne 3200 uacos (puc. 5) mpakTUUEeCKH He usMeHsaercsa. O0bsacHeHTe
MMOJIYYEHHBIM Pe3yJIbTaTaM MOXKET OBITh CJIEAYIOI[MM: paHee OTMeua-
Jgock [11], 4TO AJIsT HEKOTOPBIX CILIABOB ILJIACTHUYECKAasd AedopMaIiusd Ipu
MIPEBBIIIIEHNN HEKOTOPOl KPUTUUYECKON CTeleHW’ CHUMKAET UyBCTBHU-
TeJIbHOCThL MaTepHmaja K KOpposuu. B olpeneseHHON CTeIeHU TaKoOM
(axT MOKeT O0BACHATh MOJYUYEHHBIE PEe3yJbTAThl KOPPO3UOHHBIX MC-
OBITAHUH AJIS IPOMBIIIJIEHHO JIEHTHI IIocJIe 72 uacoB cTaperus. B cBoio
ouepelb B Pe3yJbTaTe NCKYCCTBEHHOI'O CTAPEHUA: CHATUA BHYTPEHHUX
HAIPAMKEHNN U PeKPUCTANIN3AINN, IPOKATAHHAS JeHTa BO3BPAIlaeT-
cA K UCXOTHOMY PABHOBECHOMY COCTOSAHUIO ¢ 00Jiee BEICOKUM YPOBHEM
CTOUKOCTU K KOPPO3UU.
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Puc. 4. 3aBucumocTs yObLIN Macchl npokaTanuoi u 3¢ C-1eHT mocye 72 yacos
crapeuausa mpu 80°C or Bpemenm Kopposuu: I — IpoKaTamHas JeHTa, 2 —
3 C-nerra ¢ 0%Ba, 3 — 3iKC-imenra ¢ 0,02%Ba, 4 — 3¥C-menra c
0,03% Ba.
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Am/S, mr/cm?
2,0-
1.8
1.6
1.4
1,2

1,0- —
@

0,84

ISR

0,64
0,4-

0,2+

t, MUH
0’0 T T T T T T T T T T T T T T ’

—— .
0 20 40 60 80 100 120 140 160 180

Puc. 5. 3aBucumocTs yobL1n Maccsl npokaranuoit u 3K C-1enT nocie 3200 ua-
coB crapenus npu 80°C or BpeMeHu Kopposuu: I — IpoKaTaHHAadA JeHTa, 2 —
3iKC-n1erra ¢ 0%Ba, 3 — 3¥C-nmenra ¢ 0,02%Ba, 4 — 3¥KC-meura c¢
0,03% Ba.

Heo6x0amMo OTMETHUTD, UTO IIepe] IpoBeeHreM TU(PPAKIIMOHHBIX U
AJIEKTPOXMMUYECKUX MCCIeNOBaHMUI, a TaK:Ke KOPPOSMOHHBIX HCIIBITA-
HUU OPOKATAHHOI JIEHTHI €€ MOBEPXHOCTH MOABEPTAACh XMMHUUYECKOMN
MMOJUPOBKE B COOTBETCTBUU C METOAUKOI TPOOOIOATOTOBKHY AJIA MUKPO-
CKOIIMYECKUX UCCIIEIOBAHUN 1 U3MEPEHNT MUKPOTBEPIOCTH.

MUKPOCKOIMYECKUMHU WCCIEeIOBAHUAMU TaK:Ke OBIIO YCTAHOBJIEHO
MIPUCYTCTBUE Ha MOBEPXHOCTU IIPOKATAHHON JIEHTHI CJIEJOB «TEUEeHU»
merajia (puc. 6). UccaenoBaHusa mokasaiu 60oJiee HUBKYIO MUKPOTBEP-

Puc. 6. IIoBepxHOCTL IPOKATAHHOM JIEHTHI 0e3 XMMUUYECKOI moJUpPOBKU (6e3
cCTapeHus:).
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IOCTb X KOPPO3SHMOHHYIO CTOMKOCTH HEIIOATOTOBJIEHHOUN IIOBEPXHOCTH
IPOKATAHHOU JIEHTHI Uepe3 CyTKH HocJe noaydenus (H, = 130 Mlla,
Am/S = 1,46 mr/cm? 3a 60 MIH OKHCJIEHNS) II0 CPABHEHHUIO C IIOBEPXHO-
CTBIO IIOCJIe XMMHUUYeCKol mosupoBku (H, = 149 MIla, Am/S = 0,55
mr/cm? 3a 60 MUH OKKCIeHH).

B xome s1eKTPOXMMHUUYECKUX HCCJIEJOBAHUM Ha BOJbTAMIIEPOIpaM-
Max (puKcupyeTca HECKOJIbKO XapaKTepHBIX obJsacrteil. [[1sa Bcex uay-
YeHHBIX CIIJIABOB UX PACIIOJIOXKeHUe momo0Ho (puc.7, 8). Ha mauaabHOM
yYacTKe pPasBePTKM IIOTEHIMAJa HMeeTCA IIHNK, XapaKTepusyIInit
IIPOIleCC OKMCJIEHNUS CBUHILA ¢ oOpasoBaHueM PbSO,. Bricora sToro nuka
MIPAKTUYECKH He 3aBUCUT OT BPEMEHU CTAPEHUA U CONEPKAHUSA JIETUPY-
IOIIIX KOMIIOHEHTOB B cILIaBe. Jlajiee HaXOAUTCA MIHMPOKAas 00JacCThb
IIacCUBHOIO cocTosAHUs. I[Ipu morennuaie 2 B mabarogaeTcs IosaBIeHTe
aHOJIHOTO TOKAa, KOTOPHIH pe3ko Bo3pacTaeT B obiaactu 2,1-2,3 B, T.e.
UOYT PeaKIiny OKMUCJIEHUA Cyab(aTa CBUHIA J0 JUOKCHAA CBUHIA 1 00-
pasoBaHUA MOJIEKYJIAPHOro Kucjopoza. IIpum mepexoie K cILIaBam ¢
0OJIBIIIIM BPEMEHEM CTAPEeHUS CKOPOCTh STUX PEaKIIUil 3HAUYUTEJIHLHO
CHUIKAeTCs, HAIIPUMep, AJIs MIPOKATAHHOM JEeHTHI — Ha HOPSAOK (puc.
8). Ilocie mepeKkIIOUEHU HAITPABJIEHUS Pa3BePTKU IIOTeHIIaIa B 00JIa-
ctu oKoJio 1,7 B maburomaercsa nmuk ooparHoro nepexoza PbO, B PbSO,.
B ob6aactu —(0,1-0,4) B mabatogaerca KaTOMHBIM ITUK, CBI3AHHLIN C
BOCCTaHOBJIeHHEM cyJbdara cBuHIA. [lanbHelllIee Bo3pacTaHue KaTO/I-
HOT'O TOKA CBSI3AHO C IIPOIIECCOM BBIAEJEHUA BOLOPOIA.
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Puc. 7. Iluknuyeckas BoJbTaMIleporpaMMa o0pasmoB mpokaTanHoit u 33KC-
JeHT mocye 72 gacoB craperus npu 80°C: 1 — npokaramHas jeHTa, 2 — 3KC-
aeurac 0% Ba, 3 — 3K C-nenra c 0,03% Ba.
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Puc. 8. ITuxkinyeckas BoJbTaMIleporpaMMa o0pasmoB mpokatanHoit u 33HKC-
aeut mocyie 3200 uacoB crapenusa npu 80°C: I — mpoxkaranHas JieHTa, 2 —
33K C-n1errac 0% Ba, 3 — 3K C-nerTa c 0,03% Ba.

I 06pasoB, cocTapeHHBIX B TeueHue 72 uacoB (puc. 7), xapakrep-
Ha 0oJiee BBICOKAA JJIEKTPOXHUMUUYECKAS AKTHUBHOCTh ITPOMBIIIIEHHON
JICHTHLI B aHOAHOM 00JIacTH MOTeHIMAJI0B, HaunHasa ¢ 2,1 B. Takoit pes-
KHII POCT ILIOTHOCTH TOKA CBHUIETEJIbCTBYET O Hauaje MHTEHCHBHOI'O
BBIJIEJIEHUU KHCJI0PO/a Ha IIOBEPXHOCTH 3JIEKTPO/Ia, UTO ABJIAETCA Hera-
THUBHBIM ABJIEHWEM, CBA3AHHBIM C Pa3JIOKEeHHEM BOAbI 1 HeO6XO,Z[I/IMO-
CTBIO €e BOCIIOJIHEHUS B IpOIecce dKCILIyaTaluu 0aTapeu, T.e. TOMOJI-
HUTEJBLHOTO ob0cay:KuBanusd. aa saexkTpomoB us 3iKC-1eHT aToT mpo-
1mecc, KaK BUIHO U3 PHUC. 7, CYIIIECTBEHHO 3aTOPMOIKEH.

ITocne crapeHusa mcciaenyemMuix o0pasioB B TeueHnne 3200 uacoB mx
00111as1 5JIEKTPOXUMUYECKaA aKTUBHOCTb 3aMETHO CHUKaeTcs (puc. 8).
IIpu aTOM mONTyUeHHBIE PE3YJIbTAaThl UCCIEIOBAHUN CBUETETHCTBYIOT O
0oJIbIlIeM IIepeHaNpPsKeHuN BhigeseHus Kuciaopoga B 3dKC-mente 6es
0apusd Mo cCpaBHEHUIO ¢ o0pasmaMu IpoKaTaHHOM JeHThI U SHKC-1eHThI
0,03% Ba.

CiiegyeT OTMETUTh, YTO PE3YJAbTATEHL II0 SJIEKTPOXMMUUYECKON aKTUB-
HocTH, monydenuble 1jda SHKC-neur 0,02% Ba, aHaIornuysbl IpUBEeH-
HBIM BbIIIe a4 cirasa ¢ 0,03% Ba.

06006111as Pe3yabTaThl KOPPO3MOHHLIX MCIBITAHUIN M 3JIEKTPOXNMU-
YeCKMX MHCCJIEJOBAHUI, HeOOXOOMMO OTMETHUTH CJEAYIOIee: II0BEpX-
HOoCTh 3K C-00pasoB xapakTepus3yeTcsa 00JIbIIIe YYBCTBUTEJIbHOCTH K
okucaenuio (oopasopanuio PbO,) mo cpaBHeHHUIO ¢ IPOKATAHHOI JIeH-
TOI, UTO HMPOABJSAETCSI B OOJbINEH yOBIJIM MAacChl IPU KOPPO3MOHHBIX
HUCIBITAHUAX. B TO Ke BpeMsd Ha IPOKATAHHOI JieHTe 00Jiee aKTHUBHO II0
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cpaBHenuio ¢ 3K C-o0pasmaMu naeT IpoIecc OKMCIeHus BOAbI. A B pe-
AJIBHBIX YCJIOBUAX SKCILIyaTAIlUN TOKOOTBOAOB B AaKKYMYJISATOPHONI 0a-
Tapee UX IIOBEPXHOCTD HOJIMKHA B OIPEeIeHHON CTeIleHN MOABEePraThCs
Kopposuu [1] ana spdeKTuBHOrO yaepkanud (aaresun) aKTUBHON Mac-
ChI HA IMOBEPXHOCTH U 00pPa30BaHUA ILIOTHOI'O TOKOIIPOBOJAIIETO Iepe-
XOJHOT'O CJIOSI, UTO 00ecIIeunBaeT MAaKCUMAIbHBINA 3JIEKTPUUYECKUI KOH-
TaKT.

4. BbIBO/J1 bl

PesyibraThl NOpPOBEIEHHLIX WCCJIEIOBAHUI CTPYKTYPhl U (PUBUKO-
XUMHUYEeCKUX CBOICTB cmtaBa PbCa, sSn, ; 418 MOJIOKUTETIBHOTO TOKO-
OTBOJa CBHHI[OBO-KHUCJIOTHOI'0 aKKYMYJIATOPA IMO3BOJISIOT CAEJNATDH CJe-
OyIOIue BbIBOJKL:

— II0 CPAaBHEHUIO C JEeMCTBYIOINEH TeXHOJIOTHeH MPOKATKHU IIPU II0JIyYe-
HUH JIEHT-3arOTOBOK IJIA aKKYMYJSTOPHOI'O TOKOOTBOIA IIPHMEHEHNE
cmocoba 3aKalKu M3 JKUIKOTO COCTOSHUS II03BOJISET HOOUTHCA Gojiee
BBICOKHX IIPOYHOCTHBIX CBOICTB CIIJIaBa, a TaKiKe CTPYKTYPHOII cra-
OMJIBLHOCTU B YCJIOBUAX BBICOKUX (70 80°C) sKcmIyaTarmoHHBIX TEMIIe-
paTyp,

— HA IIOBEPXHOCTH IIPOKATAHHOM JIEHTELI 00HAPYKEHO IIPUCYTCTBUE CJIOS
«TeUyeHHudA» MeTaJjla YXYAIIAIoINero IIPOYHOCTHBIE M KOPPO3MOHHBIE
CBOMCTBA JIEHTHI,

— 00pAasIILl MPOKATAHHOM JIEHTEI ¢ YIAJEHHBIM HaKJIEIIaHHBIM CJI0EM II0-
KasajJy CPaBHUTEJHHO 00Jiee BBICOKYIO KOPPO3HMOHHYIO CTOMKOCTH IIO
cpaBuenuio ¢ 3¥KC-1eHTaMu, HO YUUTHIBAA TO, UTO B AKKYMYJIATOPHOM
baTapee I MOMyueHUA 6oJiee MIOTHOTO TOKOIIPOBOAAIIETO CJI0ST MEXK-
Iy aKTUBHOM MAacCOM X TOKOOTBOLOM €ro IMOBEPXHOCTh JOJIXKHA IIOIBEP-
raThbCs ONpenesieHHON cTemeHu Kopposuu [1], a Takike 0ojsee BBICOKOE
mepeHaIpAKeHne BhIAeJeHNI Kucjaopona Ha moBepxHocTu 3HKC-meHT
uX IpuMeHeHNe B 0e3yxonubiXx VRLA-OaTapedaxX BBITVIAAUT II€PCIIEK-
TUBHBIM,

— mukposerupoBanue 3iHC-inent cunnasa PbCa, ;Sn, ; 6apuem cmocob-
CTBYeT AOIIOJIHUTEJIbHOMY YIIPOUHEHHUIO MaTepuasa, Ipu 5TOM KOPPO3u-
OHHAS CTOMKOCTD II0JIyYaeMbIX JICHT IPAKTUYECKH He U3MEeHIeTC .
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