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BBEJAEHUE

AKTyanbHOCTh padoTsl. [IpumepHo 30 % UHKOBOrO MpoKaTa COCTaBISAIOT
UHKOBBIE JINCTHI OOILEr0 Ha3HAYEHUS, KOTOPBIE MOAPA3IEISAIOTCS M0 TOJIIINHE Ha
yeteipe Tpynmsl: 0,15 — 0,4 mMm; 0,5 — 0,9 mm; 1,0 — 1,2 mm; 1,5 mm 1 Gotee.
[[MHKOBBIE JTUCTBI HUCIIOJIB3YIOT IIPX U3TOTOBJICHUH XUMHUYECKUX HCTOYHUKOB TOKA,
OLIMHKOBAaHHOM IOCYJbl M 1p. M3 IIMHKOBBIX JINCTOB M3IOTABIMBAIOT II€YATHBIC
dopMbI K POTAMOHHBIM MAIIMHAM B MOJUTPapUUIecKOd MPOMBIIIIICHHOCTH.
[[MHKOBBIE AaHOABI NPHUMEHSIOT I OLMHKOBAHMUS JETAJEH TIalbBAHMYECKUM
cnocoboMm. bonpmioe  KOAMYECTBO  IIMHKOBBIX ~ JIUCTOB  pPacXolyeTcsl B
CTPOUTEIBCTBE HAa KPOBEJIbHBIE IOKPBITUS, HAa M3TOTOBIEHUE TPYO, CTOYHBIX
xenmoboB [1-4].

Haunboinee mumpokoe pacripocTpaHEeHHEe HUHK NOJYyYHIT B KAYECTBE OKPBITHS
JUIs TIPEIOTBpAILlEHUs] KOPPO3UH KEJie3a U CIUIaBOB Ha €ro ocHose (craieit). s
aTol menn pacxompyercss A0 50% Momy4aeMoOro IpPOMBIIUIEHHOCTBIO ITMHKA.
[[MHKOBaHHBIE - 3TO HAHECEHWE LHMHKA WM €ro CIUIABOB HAa ITOBEPXHOCTH
METAJUINYECKOTO M3JeNus INPUMEHACTCS Ui 3alUTbl OT KOPPO3HM CTAJIBHBIX
JIMCTOB, MPOBOJIOKH, JIEHTHI, KPEMEKHBIX AETalied, JeTajell MallluH U NpuOOopoB,
apMaTypbl ¥ TPyOOorpoBo1oB [5-7].

IlepBOHAYaIbHO LMHKOBOE IOKPBITHE IOJIyYaldud METOAOM IIOTPYKEHMS
JIeTaji B PACIUIABJICHHBIM LIMHK, TaK HA3bIBAEMBIM TOPSYUM METOJOM, KOTOPBIN
JUIsL KpYMTHOTaOapUTHBIX M3JENIHNA, HApUMEp TPyOOIIPOBOOB, HE MOTEPSI CBOErO
3HAQ4YEHUS W B Hacrosee BpeMs. s MoNMydeHHs TOHKMX LIMHKOBBIX HMOKPBITHUI
yalie BCEro MPUMEHSIOT 3JIEKTPOJUTUYECKOE IIMHKOBaHHbIE jeraneil. (O0a
PAcCMOTPEHHBIX METO/Ia BBIMIOJIHUMBI TOJILKO B IIEXOBBIX yciioBusX [8, 9].

JIns ynmydiieHHWs 3allMTHBIX CBOMCTB IIMHKOBBIX NOKPBITUH W MPOIJICHUS
CpOKa HX CHY>KObl TMOBEPXHOCTh MOKPBITUH JOMOJHUTEIBHO IaCCUBUPYIOT
(pochatupyror, XxpoMaTHUPYIOT), MPOMACIUBAIOT WM OKpamuBaioT. Ha ocHoBaHuun
BBICOKMX 3alIUTHBIX CBOMCTB IIMHKOBBIX TOKPBITHI OBUIM TMpOjENiaHbl padoTHI,
HaIpaBJICHHbIE HA CO3JaHME CIIOCOOOB MX HAHECEHHs HE B IIEXOBBIX YCIOBHSX, a

Ha 00BekTe Oe3 JEMOHTAaXKa U3ACINN. belin co3maHbl ra3oTCpMHUICCKHUC U JPYyruc



crocoObl HambuleHHS. HO XOTs WX NPUMEHEHHE MO3BOJWIO PE3KO YIYUIIUTh
CBOMCTBa MOKPBITUH, MPoOJIeMa YIPOIICHHUSI HAHECEHHSI MMOKPHITHI OCTaBajlach He
JI0 KOHIIa pa3pelieHHON B YCJIOBHUAX SKCIUTyaTallkd METAUIOKOHCTPYKLIHMN U
u3nenuii. B CBS3W ¢ 3THM MPECTaBIISAIO MHTEPEC CO3AaHKE CIIOCOOOB HAHECCHMSI
LIWHKOBBIX TOKPBITHI, IO CBOEW MPOCTOTE U JAOCTYNMHOCTH HE OTIMYAKOUIUXCS OT
CII0CO00B HAaHECCHHS JJAKOKPACOYHBIX MaTepraiioB [9].

[MunkoBeiii nutTelHbl criaB [[AM4-1 uMeeT Xxopomme MeXaHUYECKHe
CBOWCTBA: TMpeNeN IMPOYHOCTH TIipu pacTsokeHun cocrtasiaser 300 Mlla, a
OTHOCHTENBHOE yIJIMHEeHHE Tipu paspbiBe - 1 %. Temmnepatypa miasnenus - 419,4
OC. CuaB TAryd M ycTOWYMB K KOPPO3HMH IIPUMEHSIETCS IJIS IIPOU3BOJCTBA
OTBETCTBEHHBIX AcTayieil. Bece nepeuncnenne xapakTepucTuku no3souawim [{AM4-
1 mOIYyYUTh NIMPOKOE MPUMEHEHHE B pa3HOTO pojia nmpousBojacTsa [2, 10].

Cormacuo I'OCT 19424-97 copepkanue CBHHIIA B IIMHKE Mapku 113
nocturaet 2,0%, kagmus 0,2% wu xeneza 0,1%. Mertamn Takoll Mapku, Kak
U3BECTHO, SIBJIIETCS HE KOHIWIMOHHBIM, HE HAXOJIUT MOTpeOUTENe M OTCIona
pa3paboTKa COCTaBa HOBBIX CIUIABOB HA €r0 OCHOBE SIBJISIETCS AKMYAIbHOU
3a0auen. ConepxaHue CBUHIIA B IIMHKE M COOTBETCTBEHHO B CIUIABE IO JIAHHBIM
CHEKTPAIBHOTO aHajn3a COCTaBIsIO 2,5Mac.%. mostomy abOpeBuarypa JaHHOTO
cruiaBa Hamu Obuia m3MeneHa [JAMCB4-1-2,5. Jlna yiaydiieHus: XapaKTepUCTHKA
crutaBel cepun LJAM nerupyrorces pazmuunbiMu no6aBkamu. CraB [JAMCe4-1-
2,5 (4%Al; 1%Cu; 2,5Pb) sBisercss TUTEHHBIM U B OCHOBHOM MCTIOJIB3YETCS ISt
MPOU3BOJICTBA OTJIMBOK, MOJIy4aeMbIX JTUTHEM MO AaBJICHUEM, PEXKE — B KOKHUJIE U
necyanbie Qopmbl. M3 STUX CIUTABOB MOXKHO TOJYYHTh OYEHb TOYHBIC IIO
pasMepaM Co CJIOKHBIMH OYEPTAHUSIMU KOHTYPOB OTJIMBKH CO CTEHKOW TOJIIIMHON
nopsiaka 0,6 mm.

OBIIIASA XAPAKTEPUCTUKA PABOTbBI

Hear pabdoThbl 3aKiIr0OYaeTCs B HUCCIACIOBAHUM BIUSHUS J100aBOK JIUTHSA,
HaTpUs U Kajdus Ha TEIUIOBbIE, TEPMOJUHAMUYECKHE, KUHETUYECKUE U aHO/HbIC
cBoiicTBa I1MHKOBOTO cruiaBa I[AMCRB4-1-2,5 u pa3paboTke ONTHUMaIbHOTO

COCTaBa CIIJIaBOB, KOTOPLIC IMPCAHA3HAYUCHBI B KAaUCCTBC aHOAHBIX Bq)(I)GKTI/IBHBIX



AHTUKOPPO3UOHHBIX TOKPBHITUWA I 3alUThl METAUTMYECKUX KOHCTPYKITUH,
W3JIEIIUN U COOPYKEHUM.

JI1s penieHust MOCTaBICHHOM 1IeJIU B IUCCEPTAIIMOHHON paboTe HE0OX0UMMO
PEIINTH CIACAYIOMINE 3a1aUM:

- WCCIEeA0BaTh BIMSHUE TEMIIEpaTypbl M COCTaBa CIUIABOB Ha YJIEIbHYIO
TEIJIOEMKOCTh M HM3MEHEHHWW TEpPMOJWHAMHYECKHE (PYHKIUH (DHTAIBINSA,
sHTponus, 3Heprusa ['md6ca) nmuukoBoro cruiaBa [[AMCB4-1-2,5, nerupoBaHHOTO
JUTUEM, HATPUEM U KaJIEM;

- WCCJICIOBATh BIIMSHHS J00aBOK JINTHS, HATPUS W Kajusl HAa KUHETHUKY
BBICOKOTEMIIEPATYpPHOTO OKHUCIEHUs ImHKoBoro cruiaa I[[AMCe4-1-2,5, B
TBEPJIOM COCTOSTHUH;

- HUCCJENOBAaTh KOPPO3HUOHHO-IJICKTPOXUMHUYECKOE IMOBEJICHUE ITMHKOBOTO
cruiaBa [TAMCgB4-1-2,5, nmerupoBaHHOTO JIMTHEM, HAaTPUEM W KaJlWeM, B cCpeje
anekrposuta NacCl;

- ONTHUMH3HMPOBAaTh COCTaB IIMHKOBOro cmiaBa [[AMCg4-1-2,5,
JICTUPOBAHHOTO JUTHEM, HATPUEM W KaJIMeM I0 KOMILJIEKCY KpHUTEpPUH KadecTBa
UL UX TPUMEHEHUS KaKk 3(P(EKTUBHOTO aHOIHOTO TOKPBITHS C ITOBBIIIICHOU
YCTOWUYHUBOCTBIO K KOPPO3MH METAUIMYECKUX KOHCTPYKUHM, U3ACIUNA U
COOPY>KECHUH.

MeToabl HcCiIeI0BaHMS M HMCHOJb30BaHHAasi anmaparypa. OO0bexkTom
WCCJICIOBAHUSI CIY>KUJI CIUIaB IMHKA C QIIOMUHUEM, MEIbI0 M CBHUHIIOM COCTaBa
[HAMCg4-1-2,5 (mac. %), a TakkKe METAUIMYECKUEe JIUTHM, HATpUh U Kaauu.
HccnenoBanusi MpOBOIMINCH TMOTEHIIMOCTATUYECKAM METOJOM HAa HMITYJIECHOM
norennmocrare  [IM-50-1.1;  penrreHodaszoBeiM  ananmm3om  (JIPOH-3.0),
TEPMOTPAaBUMETPUIECKAM METOJIOM Ha TEPMOTPABUMETPUUYECKUX Becax; mpudopa
JUISL U3MEPEHUsl TEIJIOEMKOCTH TBEPJbIX Tela B PEKUME «OXJIAKICHUS.
Matemarnyeckas 00pabOTKa pe3yabTaTOB IMPOBOAMJIACH C HCIIOJIB30BAaHUEM
CTaHapTHOTO TaKeTa MpUIoKeHui u nporpamm Microsoft Excel u Sigma Plot.

Hayuynas  HoBuM3Ha paborbl. Ha OCHOBE  SKCHEpUMEHTAJbHBIX

I/ICCJ'Ie,ZLOBaHI/Iﬁ YCTaHOBJICHA TEMIICPATypHasd 3aBUCHUMOCTD y,HCHLHDﬁ



TEMJIOEMKOCTH M M3MEHEHHH TePMOIAMHAMUYECKUX (DYHKIIMA ITMHKOBOTO CILIaBa
[HAMCg4-1-2,5 ¢ nuTHeM, HaTpUeM W KajueM. Y CTaHOBJICHbl KMHETHYECKHE U
HHEPreTUYECKUE IMapaMeTPhl MPOLECCa OKUCIEHHS YKAa3aHHbBIX CIUIABOB, B TBEPAOM
cocrostHuK. OnpeneneHsl (Pa3oBble COCTABISIONIUE TMPOIYKTOB OKHUCICHHS
UCCIICOBAHHBIX  CIUIABOB M MOKa3aHbl HMX  POJIb B  MEXaHU3ME
BBICOKOTEMIIEPATYPHOTO  OKHUCJIEHHUA. YCTAaHOBJIEHBI BIUSHUU JIETUPYIOLIMX
00aBOK JINTUSI, HATPUSA U KaJIHs HA KOPPO3UOHHO-3JIEKTPOXUMHUECKOE MMOBE/ICHNE
muHKOBOTO criaBa [IAMCB4-1-2,5, B cpene anekrposuta NacCl.

IIpakTuyeckass 3HayumocTh padorbl. Ha ocHOBe mnpoBeREHHBIX
AKCHEPUMEHTAIIbHBIX UCCIEIOBAHUN YCTAHOBJIEHBI ONTHMAJbHbIE KOHIICHTPAIUU
JUTHUS, HATpus M Kanus B UuHKOBoro cmiase [IAMCB4-1-2,5 u pa3paboTaHbl
COCTaBbl CIUIABOB OTJIMYAIOIIMXCS AaHOJHOW YCTOMYMBOCTHIO. CIUIaBbl MOTYT
UCIIOJB30BaThCA B KA4yeCTBE AHOAHOTO 3allUTHOTO TOKPBITUS B CTaJbHBIX
U3JICNIUSIX, KOHCTPYKIUSAX U COOPYKEHUSIX.

BrinonHeHHbIE HAy4YHBIE HWCCIEIOBAHMS TOCIYKWJIM OCHOBOW ISt
pa3pabOTKM COCTaBa HOBBIX CIUIABHBIX MOKPBITHHA, KOTOpbIE 3alIUIICHBI ABYX
manbix marentamu Pecryonmuku Tamkukuctan Ne TJ1260 ot 27.09.2021r u Ne
TJ1268 ot 31.08.2021r.

OcHOBHBIE 110JIOKEHUSI, BBIHOCUMbIE HA 3alIUTY:

- pe3yabTaTbl HKCCIENOBAHUS TEMIIEPATYPHON 3aBHCUMOCTH YJEIbHON
TEIJIOEMKOCTH W HM3MEHEHUM TEPMOJUHAMUYECKUX (PYHKIUNA (DHTAIBIUS,
sHTponus, SHeprus ['ub6ca) nmHkoBoro craBa I[[AMCe4-1-2,5 ¢ nuTuewm,
HAaTPUEM U KaJIUEM;

- pe3yNbTaThl UCCIEIOBAHNS KUHETUKH BHICOKOTEMIIEPATYPHOI'O OKUCICHUS
nuHkoBoro cmiaBa [IAMCe4-1-2,5 ¢ jauTheMm, HAaTpUeM U KajdueM, B TBEPIAOM
COCTOSIHMH, B aTMOc(epe BO3ayXa;

- pe3ynbTaThl peHTreHO(Pa30BOro0 aHaIN3a MPOTYKTOB OKUCIEHUS! LIMHKOBOTO
cruiaa  [HAMCB4-1-2,5 ¢ nuTheM, HaTpueM ¢ KajJueM TP  BBICOKUX

TeMIieparypax;



- pe3yibTaThl MCCJIEAOBAaHUS AaHOJHOTO TMOBEJICHHS IIMHKOBOTO CILIaBa
I[IAMCB4-1-2,5 ¢ nuTreM, HaTpHeM U KajueMm, B cpene atekrpoiauta NaCl.

JIMYHBII BKJIAJ aBTOPA 3aKJIIOYACTCS B aHAIIM3E JTUTEPATYPHBIX JAHHBIX, B
MOCTAHOBKE M PEIICHUU 3aJlay MCCIIeI0BaHUM, MPOBEICHUU SKCIIEPUMEHTAIBHBIX
UCCJIEIOBAaHUM B J1a00PaTOPHBIX YCIOBUSIX, aHAJIU3E MOJYUYEHHBIX PE3yJIbTaTOB, B
(bOpMyITUPOBKE OCHOBHBIX MOJI0KEHUN 1 BEIBOJIOB TUCCEPTAITUH.

CreneHb [0CTOBEPHOCTM M ampodamus  padorbl. Pe3ynbrarsl
JUCCEPTAIMOHHON pabOThl TOJOKEHBI M OOCYXAEHbI Ha: Pecn. Hay4HO-TIPAKT.
koH(}. Ha Temy «Pa3BuTue »SHepreTmueckod otpaciu B PecmyOnnke
Tamxukuctan», Texanueckuit koex TTY um. M.C. Ocumu (r. [yman6e, 22
nekaobps, 2021r.); Pecn. HayuHo-mpak. koH$. «OCHOBHbIE TPOOJEMBI TOJHOU
nepepaboTku xjonka B PecrnyOmuke TamkuKuCTaH», MOCBSIIEHO OObBSIBICHUIO
YETBEPTOU CTPaTETUYECKOU 3a71a4u - OBICTpOI IIPOMBILIJICHHOU
WHAYCTpUAIU3allud CTpaHbl M 65-nmetuto co3nanug kadeapsl «TexHomoruu
nepepadoTku npupoaHoro BojokHay, TTY um. M.C. Ocumu (r. Hyman6e, 15
ampens 2021r.); Pecn. HayuHo-mipak. kOH®. «Pojb ecTecTBEHHbIX HayK U
MaTeMaTUKU B TIOJATOTOBKE COBPEMEHHBIX HAYUYHBIX KaJpOB, MpEMNojaBaHUE U
WHXUHUPUHT», TOcBsmeHa 20-IeTHI0 U3Y4YeHUSI W Pa3BUTUSA E€CTECTBEHHBIX,
TOYHBIX W MaTeMaTHuecKux Hayke u obpazoBanuu (2020-2040 romsr), 30 mer
I'ocynapctBennoit HezaBucumoctd PT u 90-netme TIIIY wum. C. Ailinu (T.
Hymian6e, 14 centsaops 2021r.); Pecn. HayuHo-nipak. koH(p. «DyHIaMeHTalbHas
HayKa - OCHOBA COBEpPUICHCTBOBAHUS TEXHOJIOTUN U MaTepUaoBy, nmocssiieHa 30-
aetuto ['ocynapctBenHoil He3aBucumoctu PecnyOnmuku Tamxukucran, ['HY
«lenTp uccnegoBanuii ”HHOBAMOHHBIX TexHOoJorui» npu HAHT (r. dyman6e, 3
HOs10pst 20211.); Mat. Mexa. HaydHo-mpak. KoH(. «JlocTmwkeHrne XUMHUYECKOU
Hayku 3a 30 JeT rocyJapCTBEHHOM HE3aBUCUMOCTH pectyOnuku TaKuKucTany,
nocesul.75-neturo - Mcturtyra xumun umenn B.M Hukutuna wu  40-netutro
nabopatopun “KopposnonHoctoiikue Matepuansr” (r. Jymanoe, 27 oxtsopst 2021
r); Mexa. HayuHo-mpak. KoH}p. «Ponb Poccuiicko-Tamkukckoro (CraBsHCKOrO)

YHUBCPCUTETA B CTAHOBJICHHUHU Y PA3BUTHUH HAYKH 1 KHHOBAIITMOHHOT'O 06pa3013aHH51



B Pecriybnuke Tamxukucran», nocBsauieHa 30-netuto HezaBucumoctu PT u 25-
aetuto PTCY (r. Hyman6e, 15-16 oxtsiops 2021r.); Pecn. Hay4yHO-mpak. KOH(.
«CoBpeMeHHBIE TPOOJIEMBI  €CTECTBEHHBIX Hayk», mocBsameHa 30-meTuro
He3zaBucuMocT PecnyOnuku Tamkukucran u 25-netuto PTCY (r. Hyman6Ge, 26
Mmas 2021r.).

Iy6aukamumn. Ilo pesynpraTam ucciaeaoBaHuil omyOinkoBaHo 15 pabor, B
TOM YHCJIE S CTaThU B XKypHaiax, pekoMmeHnoBaHHbIXx BAK MuHnucrepcTBa Hayku
U BBICIIEro oOpa3oBanus Poccuiickoit Deaepanuu 1 MOTydYeH JBa MaJbIX MMaTeHTA
PecnyOnuku TamkuKucTaH Ha COCTaBbI pa3pabOTaHHBIX CIIJIABOB.

O0Bém u cTpykTypa padorsl. Jluccepranus COCTOUT U3 BBEJICHUS, 4 T1aB,
BBIBOJIOB, CIIMCKAa JHTEpaTyphl M MpwiokeHuid. Pabora wusnoxkena Ha 135
CTpaHMIIAX KOMIIBIOTEPHOTO Habopa, BKIouaeT 37 Tabmwuil, 57 pucyHka. Crucok

JIUTEpaTyphl BKIroyaeT 138 HauMeHOBaHUMA.
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T'JIABA 1. ®PU3UKO-XUMHNUYECKOE CBOMCTBA IUHKA U ETO
CIIVTABOB C AIOMUHUEM, ME/IBIO, CBUHIIOM, JINTUEM,
HATPUEM U KAJIMEM (00630p 1uTepaTypbl)

1.1. Ilpou3BoaCTBA U UCNOJIb30BAHUE IUHKA U €r0 CIJIABOB

[{uHK - caMbIii MOJIOAOM M3 TSAXKEJBIX [IBETHBIX METAJJIOB, U €CIIM B Hayaje
XIX B. ero mpou3BoacTBO He mnpebimano 900 T B rof, TO B HACTOsIIEE BPEMS
MIPOM3BOJICTBO IIMHKA TOJILKO B KAaIMMTAJTUCTUUYECKUX CTPaHAX COCTABJISIET OKOJIO 6
MJTH. T B roJ [2].

[luak 3aHMMaeT o0co00e MECTO Cpeau METauioB, IPUMEHSIEMBIX B
MPOMBIIIJIEHHOCTH. Kak KOHCTPYKIIMOHHBIA MaTepuasl HEJICTUPOBAHHBIN IIMHK HE
HaIlleJ IUPOKOr0 MPUMEHEHHS, TaK KaK 00JI1alaeT HEJJOCTATOYHO OJIArONPHUSTHBIM
KOMITJIEKCOM MEXaHMUYECKUX, (U3MUYECKUX U TEXHOJOTHYECKUX CBOMCTB. OpHAKO
JOTIOJIHUTENBHOE JIETUPOBAHUE IIMHKA PA3JIMYHBIMU 3JIEMEHTAMH CYIIECTBEHHO
MOBBIIIAET BHIIICYKa3aHHbIE CBOMCTBA U XapakTepucTUku. [loaToMy 3HauUnTEIbHAS
yacTh HMHKA (10 20 %) MAET Ha MPUTOTOBJICHUE IMHKOBBIX CIIJIABOB, B KOTOPBIX
OCHOBHBIMHU JIETUPYIOIIMMH KOMIIOHEHTAMU SIBJISIOTCS AJTIOMUHUNW W MEJb;
IIMPOKO MCIIONB3YETCs IIMHK M JUIS MPOM3BOJICTBA MEIHBIX CIUIaBOB (JIaTyHHM) [7-
10].

ITo wroram 2021 rogma (pucynHok 1.1) mupoBoii 0o0BeM AOOBIYM LMHKA
coctaBuil 5,2 MJIH TOHH, 4To Ha 13% OoJblIE OTHOCHTEIHHO aHAJIOTHYHOTO
nepuoaa 2020 roga. Takoit pocT oOecriedeH B OCHOBHOM 3a CYET BOCCTAHOBJICHUS
no0buM Ha pynHukax B Asuum u Amepuke. Kommanusi Glencore mo uroram 1
nosyrogus 2021 rona yBenuuuia Npou3BOJCTBO [IMHKA B KOHLEHTpaTe Ha 6% 10
581,8 TeIC. TOHH. POCT CBSI3aH B OCHOBHOM C BOCCTAHOBJICHHMEM JOOBIYM Ha
pyanukax B [lepy. Kommanusa Teck Resources yBennunia npous3BoACTBO IMHKA B
KOHIleHTpaTte Ha 26,6%, 1o 314 ThiC. TOHH. YBEJIMYEHHE CBS3AHO C POCTOM
no6brun Ha pynaukax Red Dog (CIIA, Ansicka) u Antamina (ITepy) [11].

Kommanus Boliden yBenwunna npou3BoACTBO IMHKA B KOHIIEHTpaTe Ha 2%,
10 140,2 Teic. ToHH. MupoBas go6sr4a B 2021 roay Beipoc Ha 6%, 10 12,9 mMiH

TOHH. Poct ,IIO6I>I‘II/I OXKHNAAaCTCA IMPAKTHYCCKH BO BCEX KPYIIHBIX I[O6I)IB3.IOH_II/IX
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cTtpaHax. Kurtail mo utoraM roja MOKET yBEIMYMTH IOKa3aTenb Ha 5% 3a cyer
BOCCTAHOBJIEHMsI pa0OT Ha OTEYECTBEHHBIX PYIHUKAX, OJHAKO YPOBEHb JOOBIUU

noka He gotaruBaet 10 2019 roga [11].

m 2019r. m 2020r. m 2021r.
2000
1600
1200
800
. I I I I I I I I I
: il
Kutai Amepuka Asus (bes ApcTpanus Eepona Athpuka
Ku‘raﬂ)

Pucynok 1.1. Jlunamuka mupoBoii 1006bsuu 1uHKa B 2019-2021 rr.,

TBIC. TOHH.

MupoBoe npou3BOACTBO IUHKa (Tabnauna 1.1. u pucyHok 1.2) yBenuuuiioch
Ha 5% u cocraBwio 5,8 MiH TOHH. Ha yBenwdeHue mokazartessi MOBIHSII POCT
npou3BojicTBa B Azum (+5%) u Amepuke (+8%). B Kurae poct coctaBun 5%, no
2,6 maH ToHH, UHnuu - 16%, no 324 tonwn, Ilepy — 31%, no 148 toun. B EBporne
criaj CMEHUJICS TOJABEMOM, MPOU3BOJACTBO METaJlla B PETHOHE BBIPOCIO Ha 2%
[11].

Kommanus Glencore B 1 momyroaue. 2021 roga yMeHBIIIIIA TPOU3BOCTBO
nuHka B Kazaxcrane (mpeanpusitue Kazzinc2) na 16%, no 71 Thic. TOHH, 4YTO
CBSI3aHO C HU3KOM ao0bryeit Ha ManeeBckom pyanuke. I[IpousBoacTBo Ha
OCTaJIbHBIX TMOAKOHTPOJBHBIX MeTaTyprudeckux 3aBojax (mpu 100% mosne)
yBenmn4uiIochk Ha 2% u coctaBuio 398 Teic. TonH [11].

WNununiickas Hindustan Zinc mpowussena 383 Thic. TOHH ITMHKA, 9TO Ha 16%

Oonbiie ananoruyHoro ypoBHs 2020 roga. PocT oOBsCHSETCS HU3KUM YPOBHEM
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npou3BojictBa B 2020 roay u3-3a MPOU3BOJCTBEHHBIX OCTAHOBOK, CBSI3aHHBIX C
Covid-19. B 2021 roagy MupoBoe mpou3BojacTBO coctaBuT 14,1 muH ToHH (+3%,
r/T). PocT B A3MaTcKOM pErMoHe MO WTOTaM Trojia MOXET COCTaBUTh 3-5%, B
EBponie — 2%. B AMepuke 0XHIaeTcd POCT 3a CYET CMSTYEHUs KapaHTHHHBIX

orpannuenuii B [lepy u CIIIA [11].

m 2019, m 2020, 2021 r
3000
2500
2000
1500
1000
’ mn _
Kutai Amepuka Aaua (bes ABcTpanua Eepona Adbpuka

Kutasn)
Pucynok 1.2 . JluHaMHKa MHpPOBOTO NMMPOU3BOICTBA [IMHKA

B 2019-2021 rr., ThIC. TOHH [11].

Mupogoe notpedienue muHKa (pucyHok 1.2) B 2021 roj yBeaUYMIOCH Ha
11%, no 5,8 MaH TOHH Ojarojapsi BRBICOKOMY CIPOCY Ha OIMHKOBAHHYIO CTalb.
Bricokuii poct HaOmonmaercss B Kutae, B paccmMaTpuBaeMoM MEpHOJIe CTpaHa
yBenuumia norpebsenue metawia Ha 10%, mo 2,8 muH ToHH. B Amepuke
NOTpeOIeHNEe TaKXKe pacTeT W MPEBBICWIO MOCTHAHAEMUNHBIN ypoBeHb. Temrbl
pocta B EBporie noka HEBEJIMKH, HO PETHOH TOJIbKO HAYMHAET BOCCTAHABIMBATHCS
nocie naggaemun Covid-19 [11].

B 2021 rony mupoBoe notpebiieHne uHKa BbIpacteT Ha 5%, no 13,9 mun
ToHH. B Kutae morpebneHue MOXKET BBINTH Ha HOBBIE PEKOPIHBIE YpPOBHU
(pucynok 1.3). Poct cnipoca Takxke oxunaercs B EBponie, CLUA, Anonuun, Maauu
u Typuuu (tabmume 1.1)[11].

[lepBoHAaYaJIbBHO IIMHKOBOE MOKPBITUE MOJyYadd METOJOM HOTPYKEHUS

JCTalIn B paCHHaBHeHHBIﬁ IIMHK, TaK Ha3bIBACMbIM TI'OPAYHUM MCTOJ0M, KOTOpBIﬁ
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JUISL KpYMTHOTa0ApUTHBIX M3/IENHA, HAapuMEpP TPyOOIIPOBOOB, HE MOTEPST CBOETO
3HAYCHHUSI W B HacTodllee Bpems. s MmosyueHHs] TOHKMX LUHKOBBIX MOKPBITUN
qamie BCEro MPUMEHSIOT JJIEKTPOJIUTUYECKOe IUHKOBaHuEe JeTtanedl. Ob6a
PacCMOTPEHHBIX METOJAa BBIMIOJHUMBI TOJBKO B IIEXOBBIX yCIOBUAX. Jlis
yIyUIIeHUs] 3aIIUTHBIX CBOMCTB IMHKOBBIX MOKPBITUH M MPOIJIEHUS CPOKa HUX
CITy>kObI MTOBEPXHOCTh MOKPBITHH JOMOJHUTEIBHO MAcCUBUPYIOT ((hochaTHpyIOT,
XpOMAaTUPYIOT), MPOMACIWBAIOT WJIM OKpamnBaroT. Ha OCHOBaHUM BBICOKHX
3alIUTHBIX ~ CBOMCTB IIMHKOBBIX TMOKPBITUH OBUTM  MpOJENaHbl  palboTHl,
HaIpaBlICHHbIC HA CO3JaHME CIIOCOOOB MX HAHECEHHs HE B IIEXOBBIX YCIOBHSX, a

Ha 00BeKTE O€e3 JIIEMOHTAaXKa U3ICINM.

Tabmuna 1.1
[Tpon3BOACTBO IIUHKA B ThICSYaX TOHH [11]
No Crpana 1980r. {1990r.|2000r.|2010r. [2016r.|2017T.|2018T.
1 Kuraiicxas Haponsas 150,0 |618,9 |1780,3|3842,2|4710,5/4300,0(4100,0
Pecny6nuka
2 ITepy 487,6 |583,9 |910,3 1470,5|1337,1|1473,0|1474,7
3 ABcTpanus 495,3 1933,0 (1419,0/11475,0|884,8 | 852,2 |1111,9
4 CIIA 317,1 | 543,2 |851,9 | 748,1 | 805,0 | 774,0 | 790,0
3) Nunus 32,2 | 70,0 1198,8 | 729,9 | 755,8 | 784,0 | 723,0
6 Mexkcuka 238,2 |322,5|392,8 |570,0 (661,6 |671,4 |662,4
7 Bonuus 50,3 |103,8 |149,1 |411,4 |489,3 |527,2 | 519,6
8 Kazaxcran 4248 |297,6 | 322,1 | 453,5 | 357,0 | 345,0 | 345,0
9 Poccus 254,9 |178,6 | 136,0 | 214,0 | 248,0 | 292,0 | 315,0
10 Kanana 1058,7 |1203,2|1002,2| 649,1 | 301,2 | 346,8 | 293,8
11 [IBenus 175,8 [164,1 |176,8 | 198,7 |258,3 | 251,2 | 237,7
12 Nuarox 23,3 | 39,1 | 48,0 |195,5|118,7|155,9 |184,5
13 bpazunus 105,0 |158,0 |100,3 |211,2 | 158,2 | 156,3 | 167,0
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Pucynok 1.3. JluHamuka MUpOBOTO MOTPEOJICHUS LIMHKA

B 2019-2021 rr., ThIC. TOHH [11].

boutn co3ganbl ra3oTepMUYEecKUe U Apyrue crnocoOwl HamblieHuss. Ho xots
X TPUMEHEHHE TMO3BOJIMIO PE3KO YIYYIIUTh CBOMCTBA IMOKPBHITHH, Mpoliema
VIPOIICHUS HAHECEHUsl TMOKPHITUM OCTaBajgach HE JI0 KOHIIA pa3pelieHHON B
YCIIOBHSIX JKCIUIyaTallMM METAJUIOKOHCTPYKUMM M u3nennil. B cBsA3um ¢ 3TUM
MPECTABIISIIO UHTEPEC CO3/aHue CIIOCOOOB HAHECEHUS! LIMHKOBBIX MOKPBITHH, IO
CBOCH MPOCTOTE W JOCTYHMHOCTH HE OTIUYAIONIUXCS OT CIOCOOOB HAaHECEHUS
JTAKOKPACOYHBIX MaTepHasion [2].

beumn pazpaboTaHbl ¥ MOMYUYUIIM JTIOCTATOYHO IIMPOKOE PaCHpOCTPaHEHUE
IMHKIIOJIMMEPHBIE M IUHKCUIIMKATHBIE MAaTEPUAIIbl, COJIEPKAHNE LIMHKA B KOTOPBIX
coctaBisier oT 80 1o 98 %. Takue UMHKCOIEpKAIME MATEPUAIbl HAHOCAT Ha
3allMIaeMble  KOHCTPYKIIMM C TIOMOIINBbID YCTAaHOBOK JUJIi  pacCIbUICHUS
JAKOKPACOYHBIX ~ MaTepuasioB. [lomydaembie MOKpbITHS —oOnagaroT  Ooiee
BBICOKUMH  HW30JUPYIOIIUMH CBOMCTBAMH, YE€M METAUIMYECKUE ITMHKOBBIC
MOKPBITUS, TOBBIIIAIOT HAJIEKHOCTh 3alllUThl KOHCTPYKIIMH OT KOpPpPO3UH U
MO3BOJISIOT PACHIMPUTh OO0JACTH TPUMEHEHUS IIMHKAa W €ro CIUIaBOB JIJIs
HEKOHCTPYKIIMOHHBIX 1enei. Ciaeayer OTMETUTh, 4YTO ILIMHK HaIlOJHEHHbIE

INOKPBITHUA MOT'YyT CIYXUTb JIsI BOCCTAHOBJICHHA HAPYUICHHBIX Y4YaCTKOB
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METAJJTMYECKUX TOKPBITUA HEMOCPEJACTBEHHO Ha METAUIOKOHCTPYKLIMSIX U
u3Jenuax 0e3 ux aeMoHTaxa [2].

[{uHKOBBIC TOKPBITHUS TMOJYYWIIA IIUPOKOE MPUMEHEHHUE ISl Pa3TUUYHBIX
METAJJIOKOHCTPYKIMM M W3ACNIHM, SKCIUTYaTHUPYIOIIMXCS MPU KOPPO3UOHHOM
BO3JICMICTBUM TPUPOAHBIX Cpell aTMochepbl, MOPCKOH, PpPEUYHOH, O03EpHOH,
IJJAaCTOBOM, TIOATOBAPHOM  BOABI, TPyHTa, a TAaKKE HEUTPAJIbHBIX U
C1a00IIENIOYHBIX BOAHBIX PAacTBOPOB. B 3aBHCHUMOCTH OT CBOWCTB KOPPO3UOHHOM
Cpelbl U COCTaBa METALIMYECKUX MOKPBITUN WM OCYIIECTBISETCS 3allldTa OT
KOPpPO3UU IMyTEM W3O0JISIIUM TIOBEPXHOCTH, WJIM TMPOSBISETCS MPOTEKTOPHOE
JEWCTBUE TMOKPBITUA NPU HUX HapylleHUWU. [IMHK HaNoOJHEHHbIE MOKPBITUS
MO3BOJIMJIA  PACHPOCTPAHUTh TMPUMEHEHHWE IMHKA i1 KpPyMHOraOapUTHBIX
KOHCTPYKIMH, HalmpuMep CTAMOHAPHBIX MOPCKUX COOPYKEHHUH, TAaHKOB U
[UCTEPH CY/OB, IMJIABYYUX U CTAIMOHAPHBIX MOPCKUX IIATHOPM, CTPOUTEIHHBIX
COOPYKEHUHU, POTSHKEHHBIX TPYOOIIPOBOJAOB U KOMMYHUKAIIUNH U MHOTUX JIPYTUX
METAJUTOKOHCTPYKIUH 1 u3aenui [2].

OnHolt M3 OCHOBHBIX OTpacied, MOTPeOJSIONIMX OIMHKOBAHHBIA JIUCT,
SBJISIETCS CTPOUTEIIbHASI MHYCTPHS: Ha HY>K/IbI CTPOUTEIHCTBA pacXoAyeTcs 10 65
% BCEro OIMHKOBAHHOTO MeTauia. KpymHbIM moTpeOuTtesneM OIMHKOBAHHOM
CTaJIU SBJISIETCS aBTOMOOMJIbHAS MPOMBIIIIEHHOCTD. [IpenmyIiecTBo NpuMeHeHus,
OIIMHKOBAHHBIX JIUCTOB B aBTOMOOWJIBHON M JAPYTUX OTPACISAX MPOMBIILIEHHOCTH
B TOM, YTO CO3/IalOTCs OJIArONpUsITHBIC YCIOBUS JJIi KOMIUIEKCHOM 3aIllUThI CTaJIH
OT KOPpO3UW TMpPU HAJIOKEHUM Ha METAUIMYECKOE IOKPHITUE CJIOS KPaCKHU.
[{nHKOBOE MOKPHITHE — UJeATbHAS OCHOBA TOJI MIOKPACKY, TaK KaK 00pa3yroIIuiics
B MECTaxX MOp OCHOBHOM KapOOHAT IIMHKA M0 00BEMY MaJIo OTJIMYAETCS OT IMHKA U
MIOSTOMY HE BBI3BIBACT pa3pyllIeHHUs ClIost Kpacku [2].

Ha aBTOMOOWIBHBIX 3aBOJAaX W3 OIMHKOBAHHBIX IIOJOC U JINCTOB
M3TOTaBJIMBAIOT AHUIIA, O€H300aKH, KPBIIIKU Oara)kHUKOB, HAJKOJIECHBIE KOXKYXH,
nBepu, Taymutenu W ap. [loTpebGneHWe ONMHKOBAaHHBIX JMCTOB HA IyIIy

HaceaeHus coctaBuiio B 1960 r.: B CIIIA 15,6 xr, B Snmonnu 7,7 kxr, B Aurnuu 4,0



16

kr, o ®panmuu 3,2 xr, B OPI" 2,3 xr. k 2000 r. morpedieHne MpOAYKIIMH STOTO
BHJIa BO3pociio Oosiee yeM B 3 pasa [2].

B CIIA B mnocnegHue ToAbl LIMHK HAXOJIUT IIMPOKOE MPUMEHEHUE B
KaueCTBE MOKPBHITHS CTAPTOBBIX KOHCTPYKIMHM mJisi 3amycka pakeT. OrpomHoe
KOJIMYECTBO TEIJIa, BBIJCISIONICTOCS MPU CTOPAHUN TOIUIMBA B pakeTe, YaCTHYHO
MOTJIONIACTCS TIPU HMCIAPEHUU ITWHKOBOTO TOKPBITHS, YEM TPEIOXPAHSIOTCS OT
paspylieHus METATMYECKUE YaCTH CTaPTOBBIX KOHCTpYKIMiA. [{uHK ynoTpebistor
B TaK HA3bIBAEMBIX CTAOWIM3UPYIOMIUX YCTPOHCTBAX, KOTOPHIE KOPPEKTUPYIOT
OTKJIOHCHUS CITyTHUKOB TIPH JBIKEHWH B KocMoce. L[MHKOBBIC coeamHEHUS
IIMPOKO UCIOJIB3YIOT B KAYECTBE MCTOUHUKOB DPHEPTUU B KOCMUYECKUX KOPaOIIsIx
(LIMHK-cepeOpsiHbIe OKCUAHBIC OaTtapen) [2].

B nocneanee Bpemsi IIMHK MOJYYWJ 3aCIy’KEHHOE MPU3HAHUE KaK OCHOBA
MPOTEKTOPHOTO MaTepuala, HCIOIb3YEeMOr0 B CHCTEMaX »JJICKTPOXUMHUYECKOU
3aIIATHl KOPITYCHBIX KOHCTPYKIMH CYZ0B, HEe(PTSIHBIX pe3epBYyapoB, CYIOBBIX

CHCTEM, allllapaToB U APYTUX METAJUIOKOHCTPYKIUi [2].

1.2. Tensiopusuyeckne CBOiicTBA IUHKA, AJTIOMUHUS, Me/IH, CBUHIIA,

JIUTUS, HATPHUA U KAJIHUHA

Temnodpusnyeckue cBoicTBa HUHKA. [[py HOpMaIbHOM J1aBJIEHUU BILUIOTH
1o T = 692,73K UMHK UMEET T.I1.y. CTPYKTYPY PEUIETKH C nepuogaMu mnpu 298
K: a =0,26649 um u ¢ = 0,49468 um (oTHomeHue c/a = 1,856 3aMeTHO BHIIIE
UJICATHHOTO JJIA T.ILy. PEIIeTKH 3HadeHus, papHoro 1,633) [12]. bonee mo3guss
pabota [13] naet 3Hauenus: a = 0,26635 um u ¢ = 0,36351 um npu 273 K.

[uak oOnagaeT CymEeCTBEHHOW AaHW30TPONMUEH JMHEHHOTO TEMIOBOrO
paclMpeHus, TeMIepaTypHasi 3aBUCUMOCTD IIOTHOCTHU U YAEJIbHOUN TEMI0EMKOCTH
LIMHKA, TIOJIyY€HHAasl PacUeTHBIM IyTeM, MpuBeJaeHa B Tabnuie 1.2. 3aBUCUMOCTb
VACIbHOM TEIJIOEMKOCTA LIMHKAa OT TeMmieparypbl (pucyHok 1.4) sBusiercs
TUMAYHOW NI POCThIX MeTayuioB. Beime Temmneparypsl [lebasi TemnoeMKocTb

c1ab0 3aBUCHT OT TEMIICPATYpP, HECKOJIBKO BO3pacTad B OCHOBHOM H3-3a
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aHTapMOHWYECKUX BKJIAJOB, a B JKHIKOM cocrossHuM uHka Cp/3R=1,26.
Ko>(puIMeHT 21eKTpOHHOM TernoeMkocTH ImHKa ¥.=0,633 mJIx/(Momnbs-K?) [14].
Cpenau T.My. METAUIOB ITMHK OTJIMYACTCS YAUBHUTEIBHO MaJION aHW30TPOIHEH
anektpoconportuBienus Boime 100K (pucynok 1.5) [24]. OTHomeHne py/pL UMeeT
makcumyM BOMm3u S0K. JlebaeBckas Temrieparypa IHMHKa ONMM3Ka K KOMHATHOMN
TEeMIIepaType, 1 BBIIIE 3THX TEMIIEPATyp €ro aHU30TPOTHS OMPEEIISASTCS TJIABHBIM
oOpa3oMm aHm3oTpornueil moBepxHocTH depmu. Mainbie 3HaUYCHUS AHU30TPOIUH
COTPOTHUBJICHUS, MTO-BUAUMOMY, CBS3aHHBI C IPUMEPHBIM PABEHCTBOM ILIOMIACH
pOoeKIK oBepxHocTel depmMu Ha cOOTBETCTBYIOIIME HanpasieHus [14, 15].
Tabnuua 1.2

Termmogusndyeckue cBoiicTBa 1uHKa [14, 16-18]

T,K d, /em® | ¢,, Jox/(xr-K) | a-105 m%/c | A, Br/(m'K) | p-108, Om'm
50 - - - - -
100 7,26 - 55,0 - 0,25
200 7,19 - 44.8 - 4,0
300 7,13 389,0 41,6 115 6,0
400 7,06 402,6 38,9 110 8,0
500 7,00 417,6 36,5 108 10,5
600 6,94 436,1 34,1 103 13,0
692,73 6,92 452,7 32,0 100 16,0
692,73, - 480,3 - - -
800 - 480,3 15,8 55 37,5
1000 6,57 480,3 - 67 -

B nenom temneparypHasi 3aBUCUMOCTD YAEIBHOTO 3JIEKTPOCONPOTUBICHUS
nMHKa Onu3ka K JuHeHHod p=AT, XOoTs W HaOmoJaeTcss HEKOTOPbIA pPOCT
TEMIIEpaTypPHOTO K03 umeHTa C HOBBIILIEHUEM TEMITEpaTyphbl.
TennonpoBOIHOCTh 1IMHKA, B TBEPJAOM COCTOSHHMM TaK)K€ MMEET OTPUIIATEIIbHBIN
TEMIEPATypHbI KOI()PUIMEHT, TOJOXKUTENbHBIA - B JKUIKOM M HOCHT
AJIEKTPOHHBIN Xapaktep. [Ipu 3Tom, anekTpoHHas KoMmoHeHTa B ipenenax 10-15%

COBIIaJIaeT ¢ o0mIel yke B paMKax craHgapTHoro 3akoHa B-®-JI. Tlorpemninocts
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NPUBEACHHBIX Ha PUCYHKE 1.5 3HaueHuid oueHuBaercd B 3% IpU KOMHATHBIX
teMmneparypax u BospactaeT A0 10-15% npu mnNoBbIIEHMH TEMIeparyp.
OTcyTcTBUE CBelIEHUS 00 aHU3O0TPONHHM TEIUIONPOBOJAHOCTH YKa3bIBaeT Ha

IpeIBapUTENbHBIN XapaKkTep UMEIOIUXCS AaHHbIX [20].
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Pucynok 1.4 . TemnepaTypHasi 3aBUCUMOCTb YJeIbHOM TerutoemkocTu (Cp)

nunaka: 1-[19]; 2-[218]; 3-mansie o Temmneparypsl Jebas (0D) [14].
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Pucynok 1.5. TemneparypHasi 3aBUCUMOCTb KO3(PPHUITMEHTA TETUIOMPOBOTHOCTH

(A) muaKa [29]; Ag —pacreT [18].
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Temnopusnyeckune cpoiicTsa aJioMuHMA. [Ipy HOpManbHOM aBIEHUU 10

Ton = 933,61K [21] amtoMuHul MMeEET T.IL.K. CTPYKTYPY PEIICTKHA C TMEPHOJIOM

a=0,40496 um npu 298K [22]. Temneparypnas 3aBucumoctb TKIJIP amtoMunus

HOCUT OOBIYHBIN JJIS METAJUIOB XapakTep C CUIIbHOU HemuHeiHocThio OD u Gomnee

ciabpIM pocToM BbhIlIe Hee. [Ipu npubiexeHnn K TeMieparype IJIaBIeHNs BHOBb
HaOIro1aeTCsl HeOoIbIIoe Bo3pacTtanue o, [14, 21].

Taomuna 1.3

Temmopusnyeckue cBoiicTBa amroMuHus [18, 21-24]

Co, a-108,

T,K |d, r/em® . /(p o w A Br/(mK) | p-108, Om-m | L/Lg
K/N(KI M~/C

50 - - 358 1350 | 0,0478/0,0476 | -

100 2,725 483,6 228 300,4/302 0,442/0,440 -
200 2,715 800,2 109 236,8/237 1,587/1,584 | 0,77
300 2,697 903,7 93,8 235,9/237 2,733/2,733 | 0,88
400 2,675 951,3 93,6 238,2/240 3,866/3,875 | 0,94
500 2,665 991,8 88,8 234,7/1236 4,995/5,020 | 0,96
600 2,652 1036,7 83,7 230,1/230 6,130/6,122 | 0,95
700 2,626 1090,2 78,4 2244 7,350/7,322 | 0,96
800 2,595 1153,8 73,6 220,4 8,700/8,614 | 0,97
900 2,560 1228,2 69,2 217,60 10,18/10,005 | 0,99
933,615 | 2,550 1255,8 68,0 217,7 10,74/10,565 | 1,0

933,61, | 2,368 1176,7 35,2 98,1 -24,77 1,06
1000 | 2,350 1176,7 36,4 100,6 -25,88 1,06
1200 | 2,290 1176,7 39,5 106,4 -28,95 1,04
1400 - 1176,7 42,4 - -31,77 -
1600 - 1176,7 44,8 - -34,40 -

1800 - 1176,7 46,8 - -36,93 -
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[IpuBenenusie B Tabmmme 1.3 ganHbie [23] OTHOCSATCA K QITIOMUHUIO
guctoTon 99,999% u xapakrepusyrorcs norpemHocTeio B 1% Huxke 400K, 2% B
untepBaie 400K-+T,,; u 3%-B )KUJKOM COCTOSHHH METAJIA.

Ceenenus o TermoeMKkocTu amoMunus [14, 21] npuBenensl Ha pucyHke 1.6
u B Ttabmuue 1.3. Ilepecekas B obmactm Op° kmaccuueckoe 3HadeHume 3R,
TEIUIOEMKOCTh HECKOJBKO CHJIbHEE, YeM Y MPEbIAyIIUX MOATPYIII, pacTeT Hpu
NPUOJIMKEHUU TEMIIEPATYphl K TOUKE IJIABJICHUS, Jajiee UMEeT HeOOIbIION CKauyoK
u Cp/3R =1,23. KoaddurumeHT 37eKTpOHHON TeIUIOeMKOCTH amoMuHus Ye=1,35
M/ (mons-K?) [12].

Co AMxfinz-K)
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Pucynok 1.6. TemmneparypHas 3aBUCHMOCTb YACITBHOH TETIOEMKOCTH (C))

amomunust: 1-[17]; 2-[25]; 3-nannbie [13] o Temmneparype edas (0p).

" - :
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Pucynok 1.7. TemmnepaTypHas 3aBUCUMOCTb KO3 uULIMEeHTa

TEMIIePaTypPOIIPOBOTHOCTH () amomMuHus [27].

Koadduiment TtemnepaTyponpoOBOJHOCTH aTIOMUHHUS WMEET BBICOKHE
aOCOJIIOTHBIE 3HAYEHUS W XApPAKTEpU3YETCS OTPULATEIbHBIM TEMIIEPATypPHbBIM

koddummenTom st TBepaoro coctosiHus Bbime 150K ¥ momokuTensHBIM-B
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xunkon (asze. [IpuBenennsie Ha pucyHke 1.7 maHHBIE OTHOCATCS K METaLIy C
OTHOCUTEJIBHBIM OCTATOYHBIM cOMNpoTUBIeHUEM r = 1600 u XapakTepu3yroTcs
norpemHocTbio 4% B untepBasie remnepatyp 700-900 K u 8% - 3a ero npenenamu
[27].

Temnoguznyeckne cpoiictBa Meau. Meap npu aTMOcHEpHOM JTaBICHUU
UMeeT T.IL.K. cTpykTypy A0 Ty,=1357,6 K ¢ nepuogom a=0,36147 um npu 293 K.
BricokoTemnepaTypHble 3HaU€HHUs TUIOTHOCTH MU OBbUIM MOJYYEHBI aBTOpaMu
[28, 29] pacueTHbIMEM TTyTeM. 3a HadaJlbHOE 3HaYeHHUE TIoTHOCTH pu 300K ObuH
B3aThI g = 8,933 HM. Ha pucynke 1.8 u B Tabmurie 1.4 nmpeacTaBieHbl CBEICHUS O
TEIUIOEMKOCTH M€, HMCCIEIOBAHHON JIOCTAaTOYHO XOpPOIIO M OOOOIIEHHON B
cupaBounukax [17, 25, 30]. Ormernm, uto HOBBIC naHHble [30] oTiIHMUYarOTCA OT
npuBeAeHHBIX B Tabmuie 1.4 pesynsraToB [31] He Gonee, yem Ha 0,01%. Kax
ciexyer u3 pucyHnka 1.8, zapucumocts Cp (T) Hackimaercs Boime 0p°, HeGOIBIION
(~30%) poct Cp Boemre 30p° 0Oycnosien B ocHoBHOM anrapmoHu3MoM (Cp-Cy)
(cormacuo pacueram [17] Cp/Cy BOIM3M Touku TuiaBieHus pocruraet 20%). [pu
IUTABJIEHUU TETJIOEMKOCTh MEIU YMEHBINAeTCs CKAaYKoM TpuMepHo Ha 2% U B
KHUJKOM COCTOSSHUM HE 3aBHUCUT OT TeMIlepaTypsl. B 1emoM morpemHocTb
MPUBOJAMMBIX 3HAYEHUM TEIJIOEMKOCTH MeAu Tpu Temmeparypax Bbimie 300K
cocraBisieT He Oonee 2%, a B untepBaie 50-300K- ne Oonee 1%. Koapdpuunent

5JIEKTPOHHOM TernoeMkocTu meau Ye = 0,688 mJIx/(mons-K?) [14].

[ N v 50 00 ROk

Pucynok 1.8. TemnepaTypHasi 3aBUCUMOCTb YIEIbHOU TETNIOEMKOCTH (Cp) ME/IH:
1-[34]; 2-[35]; cv- pacuer [30]; 3-remneparypa Jlebas [36].
Ceenenust 0 Ko3(p(HULKEHTE TEMIIEPATYPOIIPOBOJHOCTH MEAU MPUBEIEHBI B

tabmume 1.4. TemmneparyponpoBOIHOCTh OBICTPO YMEHBIIIAETCS C TIOBBIICHUEM
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temnepatypsl (B 1,5 pa3za ot 300K mo 1300K) u nanee ckauxkom B 75% mnpu
niaBiieHun. B okuakoit dase, Bo3MOXKHO, MMeeT HekoTopwli poct a(T), dto

TpeOyeT AOIMOJHUTENbHBIX HuccienoBanuil. [lockonbky naHHBIe B Tabmuubl 1.4,

CBSI3aHBI ~ TEPMOJMHAMUYECKMM  paBeHCTBOM A=acPd, To morpemmHocTs

MMPUBCACHHBIX 3H3‘ICHI’Iﬁ, a OJM3Ka K TaKOBOM JJIA A U HE IMPCBBIIIACT 3% HmKe

100K, a B uaTepBane 1000-1300 K ~5%.

Tabmnura 1.4
Temmopusnyeckue cBoiicrBa meau [17, 18, 28-30, 32]
K d, Cpy a-108, A, p-108, | L/Lo= c /e,
r/em® | IIx/(xrK) | m?/c B1/(M-K) Omm | AMAL
50 - - - 1250 - | 0,0518 - 1,001
100 - - - 482 - 0,348 - 1,005
200 - - 130 413 - 1,048 - 1,01
300 8,933 385,0 117 | 101,9 | 401 | 1,725 | 0,945 | 1,02
400 8,870 397,7 111 | 3915 | 393 | 2,402 | 0,961 | 1,04
500 8,628 408,0 107 | 3854 | 386 | 3,090 | 0,976 | 1,05
600 8,779 416,9 103 | 376,9 | 379 | 3,792 | 0,976 | 1,06
700 8,728 425,1 99,7 | 369,7 | 373 | 4,514 | 0,976 | 1,08
800 8,656 432,9 96,3 | 360,8 | 366 | 5,262 | 0,973 | 1,09
900 8,622 441,7 93,3 | 3553 359 | 6,041 | 0,979 | 1,11
1000 | 8,567 4514 90,3 | 349,2 | 352 | 6,858 | 0,979 | 1,13
1100 | 8,509 464,3 855 | 3376 | 346 | 7,717 | 0,972 | 1,15
1200 | 8,451 480,8 80,6 | 327,5 |339| 8,626 | 0,970 | 1,18
1300 | 8,394 506,5 758 | 322,1 | 332 | 9,592 | 0,972 | 1,20
1357,6s | 8,361 525,2 72,3 317 - 10,171 | 0,972 -
1357,6, | 8,00 513,9 41,2 175 - 21,01 | 1,08 -
1400 7,98 513,9 42,7 175 - 21,43 | 1,08 -
1600 7,96 513,9 15,2 184 - 23,42 1,1 -
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TemmnepatypHass 3aBHCHUMOCTh KOd(D(PUIIMEHTa TEIUIONPOBOAHOCTH  MEIU
npuBeaeHa Ha pucyHke 1.9. [TorpemHocTs npuBeaeHHBIX 3HaueHU 3-5% [33]. Ha
TOM >K€ PHCYHKE IOKa3aHa (POHOHHAS COCTABIISIIONIAS MEIHW, PACCUWTAHHAS B
pabote [24].

A8r/(mK)
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Pucynok 1.9. TemnepaTtypHas 3aBUCHUMOCTb KO3 (DUIIMEHTa TETUTOMPOBOTHOCTH

(A) memu: 1-[33]; 2-[24]; Ag-pacueTsi [37].

Temnopuznueckne cpoiictBa cBUHHA. CBUHEI] MpPU HOPMAIbHOM
JnaBiaeHuu BIUIOTH 10 Tn;=600,652 K mMeeT I. 1. K. CTPYKTYpy pEILIETKU C
nepuogom npu 298 K a=0,49502 am [27, 38]. Temneparypubiii K03 GUIHESHT
JIMHEMHOTO pacmmpenus cBuHLA Hachimaercs Boiue 0%, u Beime 20°% = 900 K
y&Ke c1a00 3aBUCUT OT TeMIEpaTypbl, YTO CBOMCTBEHHO HOPMaJIbHBIM METaJlJIaM.
[ImoTHOCTH CBUHIIA, pacCUMTaHHAs 1O JaHHBIM [16] u [14], npuBenena B Tabauie
1.5.

TennoeMKOCTh CBUHIIA, UMES OOBIUHYIO JJIS MPOCTHIX METAJJIOB
TEMIEPATYpHYI0 3aBUCUMOCTh (pucyHok 1.10), mepecekaeT KiIacCHYECKOe
sgaueHne 3R B o6mactu ©%. OHa ¢ NOBBINIEHHEM TEMIEPATyphl BCIIEJCTBHE
BIIMSIHUSL AQHTAPMOHUYECKOTO M JJIGKTPOHHOTO BKJIAJIOB JIMIIL Cjl1abo U
MPUOIM3UTENIBHO JMHEHHO BO3pacTaeT, a BOJMW3M TOYKU IJIABJICHUS JOCTUTACT
3HaueHus 1.21-3R. Ilpu muaBlieHUH TEMIOEMKOCTh MOXKET YBEIUYUBATHCA

CKaukoM ele Ha 3%, HO C IMOBBIILIEHUEM TEMIIEPATYPHI IIPUA KUIKOM COCTOSHUUA
9
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CBUHIIA OHa yMeHbImaeTcs. Koa(hdUIUeHT 3JIeKTPOHHOW TEIIOEMKOCTH CBHHIIA
ve=3,13 mJx/(mons-K?) [20].
Tabmuua 1.5
Temmodusnyeckue cBoiicTBa cBuHna [16-18, 24, 25, 27, 34, 39-41]

_— d, Co a 108 A, Br/(m-K) p -108, S-10¢,
’ r/em® | Jox/(xrK) | M¥c | 1 [ 2 | 3 | Omm |L/Ly| BK
50 - 103 357 | - |436] - | 288 | - -

100 11,531, 116,8 29,1 39,2 ]39,7|38,70| 6,349 | 1,09 | -0,583

200 [11,435| 1232 24,3 | 36,5|36,7|36,22 13,639 | 1,04 | -0,834

300 11,340 1275 24,3 | 351|353 |34,54|21,350| 1,02 | -1,047

400 |11,245| 1328 22,8 | 34,1|34,0 (33,00 29,842 | 1,03 -

500 11,152 137,6 215 3293238 38,33 | 1,03 -
600 11,059 142,1 20,1 316|314 47,93 | 1,03 -
600,652 | 11,058 142,2 20,1 316|314 47,95 | 1,03 -
600,652, | 10,686 146,4 9,90 | 155 - 93,6 | 0,99 -
800 10,430 143,3 12,7 |19,0| - 102,9 | 0,99 -
1000 10,198 140,1 150 (214 - 112,2 | 1,0 -
Ce JInc/(k2°K)
150 |- l@";/—__—_/r—\
3R} T,
100 |- R ‘T,u
50
0 250 500 750 TK

Pucynok 1.10. TemmneparypHast 3aBUCUMOCTb yieiabHON TeroemkocTu (Cp)

ceuHna: 1 - [42]; 2 - [25]
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3naueHue norpemnoctu uamepenns 0,4%; B )KUIKOM COCTOSIHUM Yy CBHHIIA
norpemHoTy ~5%. TemrepaTyponpoBOJHOCTh CBHHIIA B TBEpAON ¢aze umeer
OTPHUIIATEIBHBIA TEMITEpaTypHBI KOI(PGUIIEHT, a B KUIKOW TOJOXHUTEIbHBIN.
[TorpemHOoCTh TpUBEAEHHBIX B pabdote [27] npaHHbIX 5% TpU  CpeaHHX
TeMIiepaTypax, okojao 8%- BOJIM3U TOUYKH IJIABJICHUS B TBEPIOM COCTOSIHUU U
okoo 15%-B xuIkoM. DTH JaHHBIE XapakTepHbI BbIcOKoUrcTOMY (99,99%)
meTamy [27].

Tennodusuyeckue cpoiictBa Jjautus. I[lo cpaBHeHHIO C JIpyrUMH
MeTaJlJIaMH JIMTUA MMEET HAMMEHBIIYI0 TJIOTHOCTh M HAMOONBIIYIO BBICOKYIO
MacCoBYyIO0 yaelbHYIO0 TerioeMKkocTh (3390 JIx/(kr-rpan.) mnpu OOBIYHBIX
Temneparypax. [lpu HarpeBaHHU TEMJIOEMKOCTh TBEPAOTO JUTHUS YBETUYMBACTCH.
VY aenbHas TEIUIOEMKOCTb JIUTUSL HE U3MEHSETCS MPU IUIABJIEHUH, YTO XapaKTEpHO
U JUIs1 JKuaKoro utust (pucyHok 1.11) [43, 44].

B psany mEnoYHbIX METAUIOB JINTMM HMEET OTHOCUTENBHO CPEIHIOND
BEIMYMHY  TEIUIONPOBOJHOCTH, OH  HUMeeT  OoJblui  KOIPPUIIUEHT
TEIUTOMPOBOJAHOCTH TIO CPaBHEHHWIO C KajlWMeM M MEHee TeIUIONPOBOAHBINA, YeM
HaTtpui. [Ipy KOMHATHOM TeMmmepaTrype TEILIONPOBOJHOCTh JINTHS COCTABIISET
BenuuuHy 85 BT1/(M'Tpaj.), oHa CHIKAETCs NMPU HarpeBaHUU U CTAHOBUTCS PaBHOM
42,8 Bt/(Mm'Tpaa.) mo AOCTH)KEHHWW TeMIlepaTyphl iaBieHus. B Ttabmmme 1.6.
NPUBECHBI TEIIO(U3NIECKHE CBOWCTBA 0c000 uncToro autus [43, 44].

Cp, AX/[(K2-K)

=
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T e ias o
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Pucynok 1.11. TemneparypHas 3aBUCUMOCTb yACIbHOM TETUIOEMKOCTH JUTHS: 1 -

[14]; 2-[25], na BcTaBke-pacueTHbIe (3) U «IKCIIEpUMEHTaIbHBICY (3) maHHbIC [36].
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Taomuna 1.6

Tennmodusnyeckue cBoiictsa autus [18, 25, 39, 44]

T,K | d, r/em® Cp, a10% h p-10% L/Lo
JIx/(xr- K) m?/c Bt/(m- K) OM'M
50 0,542 - 713 - 0,162 -
100 0,540 1868,6 104 104,9 1,73 0,74
200 0,537 3104,7 55,3 92,2 571 1,07
300 | 0,5368 3584,6 45,4 86,7 9,55 1,12
400 | 0,5279 3974,1 38,2 78,9 33,40 1,08
500 | 0,5229 | 4288,9 342 ™ 75,21 1546 | 1,04
600 | 05134 | 4376,1 ™ 19,2 1 42,8 24,921 | 0,96
700 | 0,5136 4332,4 20,3 44 4 26,33 0,95
800 | 0,5034 4262,2 22,7 47,9 29,34 0,96
900 | 0,4830 4180,5 27,1 54,4 34,71 0,96
1000 | 0,4626 4148.5 31,1 59,9 39,69 0,97
1200 | 0,4422 4154,3 34,7 64,9 44,61 0,99
1500 | 0,4115 4226,1 39,6 69,0 53,16 1,00

C moBbIIIEHUEM TEMIOEPATYphl JJIsl TBEPAOTO JUTUS W APYIHX LIETOYHBIX
METaJIJIOB HaOI0JaeTcsl OBICTPOE YMEHBILIEHHE TeMIEepaTyponpoBoaHOCTH. [Ipu
KOMHATHOM TEMIIepaType TEILIONPOBOIHOCTh JIUTUS COCTABIAET OKojuo 45:-107°
m?/c. TIpu HarpeBaHMHU TAKXe YMEHBINAETCS TEMIIEPATYPOINPOBOJHOCTD JIUTHUS B
KHUJIKOM COCTOSTHUH [25].

Temopuznyeckne cpoiicrBa Harpusa. Harpuil-XUMUYECKHI DJIEMEHT
NEepPBOM TPyNIbl C ATOMHBIM HOMEpPOM 11 B mepuoanyeckoi cUcTeMe JIEMEHTOB,
IpU HOPMAJbHBIX YCIOBHUSIX — CepeOpHCTO-Oenblii MeTajul, MJIACTUYEH, CBEXUN
cpe3 HaTpusi OJIECTUT, MATCOK M JIETKO PEXKETCSs HOXKOM. Ternopuznyeckue
CBOMCTBA JKHIKOTO HATPUsA B 3aBHCHMOCTH OT Temreparypsl [25, 27, 44, 45]
npecTaBieHsl B Tadauie 1.7 u Ha pucynke 1.12.

TennonpoBOIHOCTh HATPHUS YMEHBIIAETCS MPHU MOBBIIICHUH TEMIEPaTypbl
(rabmuma 1.7). Hatpuit B JKHIKOM COCTOSHMM HambOOJee TEIIOMPOBOIHBIN.

TennonpoBOIHOCTh JKUJAKOTO HaTtpus umeer BenudyuHy 60-86 Bt/(Mm-rpam). Ilo
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CPaBHEHUIO C JPYTUMHU JKUJKAMH METa/llaMH HaTpuid 00JagaeT BBICOKOU
TEIUIONPOBOHOCTRIO [27, 44].

£, AN/(Ke-K)
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Pucynok 1.12. TemneparypHasi 3aBUCUMOCTb yAebHOU TeroeMkocTu (Cp)

Hatpus:1 -[34]; 2 -[25].

Tabmuma 1.7
Tennmodusnyeckue cBoiictBa Hatpus [18, 24, 25, 39, 44]
T.K | doesd | P 0%, » PI0%
Jx/(kr- K) m?/c Bt/(M- K) Om'Mm
50 - - 232 - 0,300 0,387
100 0,99 976,9 139 134,4 1,158 0,636
200 0,986 1130,9 129 143,8 2,89 0,849
300 | 0,9669 1229,3 118 140,3 4,93 0,942
371s | 0,9516 1370,6 104 135,0 6,37 0,949
3711 | 0,9277 1383,2 68,8 84,4 9,38 0,91
400 | 0,9208 1371,6 68,8 86,9 10,50 0,93
500 | 0,8970 1333,6 68,4 81,8 14,36 0.961
600 | 0,8732 1301,5 67,6 76,8 18,56 0,97
800 | 0,8256 1260,3 64,6 67,2 28,4 0,97
1000 | 0,7780 1252,7 59,7 58,2 40,7 0,97

Temnopuznueckne cpoiictBa Kaaua. Kanuii oyeHp MATKUN MeTall,
KOTOPBIN JIETKO pa3pe3arbh OOBUHBIM HOXOM. Ero TBepmocte mo bpunemtto
coctasnser 400 uB/M? (wu 0,04 kre/mMm?). OH HMeeT 0OBEMHO - HEHTPUPOBAHHYIO
KyOMYECKYIO KPUCTAIIMYECKYHO perieTky (5=5,33 AP). Ero mioTHOCTh COCTaBIsET

0,862 r/cm® (20 °C). BewmecTBo HauMHAET MIABUTHCA IpH Temmnepatype 63,55 °C,
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sakumate - npu 760 °C. Mmeer kod(PUIUEHT TEPMUYECKOTO PACIIMPEHUS,
koTopblii  paBHsgerca 8,33.10° (0-50 °C). Ero ymenbHas TEIUIOEMKOCTh IIPHU
temmneparype 20 °C cocrasmser 741,2 Jx/(xr-K) wnm xe 0,177 xan/(r-°C). Ilpu
TOM K€ TEMIIEPAType UMEET yAeIbHOE DIIEKTPOCONPOTUBIEHH E, paBHoE 7,118.108
Om.M.  TemneparypHbiii  KO3(QQGUIMEHT  AIEKTPOCONPOTUBICHUS  MeTaljia
cocrapuser 5,8.10%°. Kammii o6GpasyeT KpucTamisl KyOMYECKOH CHHIOHUH,
npocTpaHcTBeHHas rpynmna I m3m, napametpsl suetiku a = 0,5247 um, Z = 2 [27,
44].

B Tabmune 1.8 m Ha pucynke 1.13 mpeacraBieHbl TEIIOQU3MUECKUE
CBOMCTBA JKUAKOTO KalMsl B 3aBUCUMOCTH OT TEMIIEpaTyphl. 3a HCKIIOUEHUEM
HATpUsA W Kajus, TEIJIONPOBOAHOCTH KOTOPBIX HMEET OOpaTHYIO 3aBUCHMOCTb,
TEIUIONPOBOAHOCTh JKUAKUX METAJIOB YBEJIMYMBAETCS MpPU MOBBIIIEHUH HX
temriepatypbl. Hatpuii - Haubosiee TEIIONPOBOAHBIA JKUIKUNA METaI, C
TeronpoBoAHOCThI0 60-86 BT/(M'rpan.). Ilo cpaBHEHHIO ¢ APYTHUMH >KUIKUMU

MeTaJUlaMH IEeJIOYHbIE METAJUIbl (JTUTHH, HATPUM M Kaliuii) 00JIajaloT BBICOKOM

TEIUTOMPOBOAHOCTBIO.
Tabauma 1.8

Tennmodusnyeckue cBoricta kamus [18, 24, 25, 39, 44]
LK |dred| P 10" » PIC

Jx/(kr- K) m?/c Bt/(M- K) Om'Mm

50 0,887 - 229 - 0,689 -

100 0,883 630,5 188 104,7 1,79 0,77
200 0,874 685,9 172 103,1 4,26 0,91
300 0,8574 758,9 157 102,1 7,47 1,04
336,86s | 0,8500 821,8 141 98,4 8,65 1,03
336,861 | 0,8285 821,7 81,2 55,3 13,4 0,90
400 0,8137 806,9 80,0 52,5 17,2 0,92
500 0,7904 786,3 77,5 48,1 22,9 0,90
600 0,7669 771,3 74,8 44,3 29,6 0,89
800 0,7196 763,2 68,0 37,4 46,2 0,88
1000 | 0,6716 785,9 60,3 31,8 67,9 0.88
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Pucynok 1.13. TemneparypHasi 3aBUCUMOCTb yAeIbHOU TeroeMkocTu (Cp)

kamusi:1 -[34]; 2 -[25]; 3 — remmepaTypa [ebas [36]

1.3. CTpykTypHBIe cocTaBJsiionue u ¢pa3bl B OKCHIHBIX MJIEHKAX HA OCHOBE

IIUHK-AJIOMHMHHEBLIX CIIJIaBOB

Cucrema ZnO-Al,O3 sBiseTcst 9aCTHOM CHCTEMOI 00J1€€ CIOKHBIX CHCTEM,
MMEIOIINX 3HAYEHUE /I METaJUTypruu 1UHKa [46], maTyHH, UIaKU ¥ OTHEYTIOPbI
(rabmuma  1.9).  OpuentupoBouHas  guarpamma  cucteMbl  ZnO-Al,Os
npecTaBICHHAs Ha pucyHke 1.14, 3anMcTBOBaHA HAMM U3 ClIpaBoYHUKa [47].

[Ipu pasnoxenun B uHTepBane temmneparyp 750-1200 °C mecrexmomerpuueckoit
HIMMHEM OOHApYXEHbl coeauHeHus, Oorateie rmHO3eMoM: 4Zn0-11Al0; ¢
reKCaroHaJbHOM CTpyKTypoul (a=5.678, c=13.72 A) u 6Zn0-94Al,03, koTOpHIC
KPUCTAUIM3YIOTCS B MOHOKJIMHHOW cuHronuu (a=9.30, B=5.63, c=12.10 A,
=100°49), a Taxxe st coctaBoB ¢ cooTHoleHueM Al,O3:Zn0O> 99 oOHapyxeHa

O - (aza, nmpeacTaBiIeHHas MOHOKJIIMHHOW cuHTOHUEH (a= 5.62, B= 2.91, c= 11.78

A, B=104°09).
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Taomuna 1.9

Kpucramnnaeckue dasel B cucreme ZnO-Al,O3 [47]
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Pucynok 1.14. JTnarpamma coctostaus cuctemsl ZNO-Al,O3 [47]

1.4. Koppo3uoHHOe U aHOJIHOE NOBeJeHUe IUHKA U MOKPbITHII HA €r0 OCHOBE

CBCI[CHI/I}I O BIHUAHHUEC JICTUPYIOHIUX ,II068,BOK Ha JBIJICKTPOXHUMHYCCKOC

MOBCACHNC IIMHKA OI'PAHUYCHBI. OI[HaKO HMCECTCA AO0CTATOYHOC CBCACHHA O
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CBOMCTBaxX pa3JMYHbIX MapOK IIMHKA M €ro CIUJIaBOB, KOTOPbIE IO3BOJISIOT
MPOTHO3UPOBaTh, MX TMOBEJACHUE B KOPPO3MOHHOM Tpouecce. OCHOBHBIMU
MPUMECSIMU LIMHKA SIBJSIIOTCSL  CBUHEII, JK€JIe30, KaJMUM, MEb, 0JIOBO, MBIIIbSK.
Cymmapnoe coaepxkanue  npumeceit coctaBusier ot 0.003 mo 2.5%. Cpenu
yKa3aHHBIX MpPUMECe Meab M KEJe30 IMPU TMOBBIIICHHBIX COJEPKaHUSIX
CHOCOOCTBYIOT MOBBIIICHUIO CKOPOCTH KOPPO3UH IIMHKA B 2-2,5 paza B cpepax,
conepxkammux nonsl C1-u SO42[2, 11, 48].

Pe3ynbTaThl MHOTOJIETHBIX HCCIIEIOBAHUI 10 KMCIOJIb30BAaHHWIO IIMHKA B
Pa3JIMUHBIX OTPACISIX MPOMBIIICHHOCTH IIPU MHOTOOOpa3uu arpeCCUBHBIX Cpel U
YCIOBUM HX KOPPO3MOHHOTO BO3JCHCTBUS JAIOT BO3MOXKHOCTH CJHI€NIATh PAJl
000O0IICHMIA, BaYKHBIX JIJIs TIpakTHKH [49-52].

Kak otmeuanocs Bbiiie, aTMocepa Bo3/ayxa HE SBISETCS CUIBHOM arpec-
CUBHOU cpenior. OJTHaKO U 3/1eCh YMCTOTA [IUHKA BIUSET HA CKOPOCTh KOppo3uu. B
Majo arpecCHMBHBIX Cpellax C POCTOM KOHIIEHTPAalUU TNpPUMECEd B LHHKE
HAO0JIOaeTCs TTOBBIIICHUE CKOPOCTH KOPPO3WHU mocieaoBarenbHo a0 2,0 pa3. B
cpelax C TMOBBILIEHHOW arpecCMBHOCTbIO YHCTOTa LHMHKAa B BOMPOCAX €ro
CTOMKOCTU MPOTUB KOPPO3UU HE UTPAET IJIaBHYIO POJib, @ B HEKOTOPBIX CIIydasix
CKOPOCTb KOPPO3UH PACTET MO MEPE YBEITUUCHHS YUCTOTHI IIMHKA TPUOIUZUTEIHHO
Ha nopsaok [49-52].

Koppo3noHHast CTOMKOCTh IMHKA PAa3JIMYHONM MapKA B MOPCKOW U MPECHOU
BOJI€ TIOYTH OJIMHAKOBBI M HEMHOTO HIDKE atMocepHoro. Jlerupyromiuye 37eMeHThI
M0-pa3HOMY BJIMSIIOT Ha COINPOTHUBJIEHHE IMHKA K Koppo3uu. B armocdepnoit
Cpele DdJIEMEHTHI, O00JIAAoNe TMOJOXKUTEIBHBIM TMOTCHIIUAIOM (KaTO/HbBIE
METaJIJIbI), YeM ITUHK CHIKAIOT CKOPOCTh Koppo3uwu [53].

D10 0OBIACHSIETCS TEM, YTO MPU KOHTAKTE KaTOAHBIA METAJUT-IIMHK KOPPO3US
MpPOTEKaeT OBICTpEe Ha METATMYECKOM IIMHKE, W (OpMUpOBAHHUE 3aIIUTHON
IJIEHKW TPOUCXOJUTh MTHOBEHHO. IlleHKa mnpu MrHOBEHHOM 00pa30BaHUU
o0najaeT MTOCTAaTOYHOW IUIOTHOCTHIO, 0€3 Ne(PEKTOB CTPYKTYpPhl U TEM CaMbIM C

BBICOKMMHU 3aIMTHBIMU cBOMcTBamu [53].
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BpImien310)keHHbIE OTHOCUTCSI TIPHU MPOTEKAHWH KOPPO3UH B HEHTPATHLHBIX
cpenax. B cpenax cojepikaiiux akKTHUBHBIX HOHOB B pacTBOpaxX KHCIOT M IIEI0YCH
3alIUTHAs TUIGHKA HE MPeIoXpaHsIeT OT KOPPO3WH. B TakWx yCIIOBHSX KaTOIHBIC
no6asku (Fe, Pb, Cu u 1p.) yckopsroT koppo3uro uHKa, a anoaasie (Al, Mg u ap.)
pacTBopstoTCs n3bupareabHo [53-56].

Kak mpaBuiao Jjerupyroomuye 3JeMEHTBI, OTHOCSIIUECS K KaTOIHBIM
KOMITOHEHTaM CIlJIaBa, HAKAIUTMBAIOTCS Ha MOBEPXHOCTH, BBI3bIBas s3BYy. B aTom
cllydae Mpy He (OPMUPOBAHUH 3AIMUTHOMN ITUICHKH, TOK KOPPO3UHU YBEIMUNBACTCS,
U KOppo3Ws IIMHKA C TCYCHHEM BPEMCHH ycuiuBaeTcs. He MeHee BaKHBIM, MpH
CO3JIaHMH HOBBIX CILIABOB HAPSTy C MOBBIIICHHEM TPOYHOCTH U TEXHOJOTUIHOCTH
SIBIIICTCS TTOBBIICHUS KOPPO3UOHHON CTOWKOCTH IyTEM, JISTHPOBAHUH METaJIIAMU
criocoOcTBytoIIHe 3TOMY [53-56].

B OCHOBHOM TMOBBINICHHWE OCTUTACTCS BBEICHHEM KAaTOJHBIX METaUIOB -
Pb, Cu, Cd, xoHIIeHTpaIis KOTOPBIX cocTaBiisieT 10 1%. AHoaHbIe 35ieMeHThI, Al 1
Mg xonnentpamus KoTopbix cocraBimsieT 0.01-0.05%, BBOATCS ¢ KaTOJIHBIMH
nob6aBKaMK. 3aBUCMMOCTb aHOTHOTO ITOTCHIIMAJIA CIIABOB AIFOMHHHUS C IIAHKOM OT
TEMIIEPaTypbl OT)KHTa M cocTaBa, B pacTBope 3iekTpoiaura NaCl, npusenena Ha

pucyske 1.15.

ITomenyuan, B

Zn 20 40 60 80 Al
mac. %, Al

Pucynok 1.15. 3aBucHUMOCTh aHOJHOTO MOTEHIMAJIA CIIJIABOB AJIFOMUHUS C
IIUHKOM OT TeMIIepPaTyphbl OT’KUTA U COCTaBa, B pactBope 3ekTponauta NaCl:

1- otoxxken mpu 375°C; 2- mpu 200°C [49].
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[TpucyrctBus 1% Zn B amtoMUHUM JOCTATOYHO, YTOOBI YMCTHIM aTIOMUHUN
CTallb KaToJIOM II0 OTHOIIEHHIO K JTomy cruaBy. CruaBel cuctem Al-Zn
MOJIBEPraloTCsl  MEKKPUCTALIUTHOW  Koppo3uu. CIuiaBel € MOBBIIICHHBIM
cojiepKaHNEM IIMHKA CKJIOHHBI K KOPPO3HH O] HarpsikeHueMm [57-60].

ABTopbl [60] m3yyamu KOPPO3HOHHYHO CTOWKOCTH CILIABOB QTIOMHHUN C
muakoM B cperne 0.8 N m 2 N pacrBopax HClI u NaOH cootBercTBeHHO.
[TosryyeHHBIE UMM JTaHHBIE 00 U3MEHEHUH C COCTAaBOM KOPPO3MOHHOM CTOMKOCTH
AIIFOMUHUEBO-IMHKOBBIX CIUIABOB IPEJICTABIEHbl B BHJI€ KPUBBIX JIMHHA Ha

pucynke 1.16.

20
T
=~
§ 1
S
10 —
2
| | | |
Al 20 40 60 80 Zn

mac. %,

Pucynok 1.16 . Koppo3noHHasi CTOMKOCTb allFOMUHUEBO-IITUHKOBBIX CILJIABOB B

0.8N pactBope HCI (xkpuBas 1) u B 2N pactBope NaOH (xpuBast 2) [60].

IToxazarenem WHTCHCUBHOCTH KOppO3UH SIBJISICTCS KOJIMYECTBO
BBIJICJIMBLIETOCA BOAOpoAa. I[loaBEprHYThIE MCIBITAHUIO CIUIABBI  SIBJISLJIUCH
OTOXOKEHHBIMU B Bogopoze npu 220°C B Teuenne 12 yacoB. OAMHAKOBBIE CILJIABBI
OBTEKTUYECKOTO M OKOJIO DJBTEKTHUECKOI'O COCTABOB SBIISIIOTCS CaMBIMU
KOPpPO3WOHHOCTOWKMMH B HCCIEIOBaHHBIX cpenax. B pactBope HCI cmassi,

conepxkatue 10 75% LMHKA, XapaKTepU3YIOTCsl MOBBIIIEHHBIMU KOPPO3UOHHBIMU
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cBoiictBamMu. CaMbIM KOPPO3HMOHHOCTOWKUM CIUTABOM SIBJISIETCSI CTUIAB HA OCHOBE
IIMHKA C COJIEP>KaHUEM €ro 0Koio 95%.

B menounsix (2N NaOH) pactBopax KOppO3HMOHHOE IMOBEICHHUE CILIABOB
UMEET JpYyrylo KapTuHy. B crmmaBax, comepxkammx 10 25% IIMHKa, CKOPOCTh
KOoppo3ur He MeHseTcs. [lpu yBenWYeHUMM KOHIIEHTpAallMd IIMHKA, BBIIIE
YKa3aHHOTO CKOpPOCTh KOppo3uu pacTeT. B nanHOUM cpene cambiMu ciiaObIMHU B
KOPPO3HMOHHOM OTHOIICHUM OKAa3bIBAIOTCS CIUIABBI, cojaepxkaiiue 65-80% IuHKa.
Kak B mpenpiayieid cpene, ciiaB, coaepkamuii ~ 95% 1uHKa, oKa3ajucs caMbIM
KOPPO3UOHHO-YCTONYUBBIM.

O BIUSHHMM peXHMa TepMOoOpabOTKH Ha Kopposuio ciuiaBoB ¢ 50% Al u
60% Al B 3% anexrponure NaCl, B pesynbraTe KOTOPOro 00pa3yroTCst MPOAYKTHI
Oemoro 1Bera, cooliaercs B paborax [25-28]. [Ipupoct maccer ciaa ¢ 50% Al
3aKaJI€HHOM B BoJ€, cocTaBmil 70 /M2 DTOT IOKa3aTeNb y CIUIABA, OXJIAXKIEHHOTO
co ckopocteio 1.21 K/c, cocransn 145 r/m? 3a ogHo u Toxe BpeMst. CIUIaB [MHKA
¢ 60% Al xapakrepusyercs npupamienreM Beca 100 r/M? He3aBHCHMO OT pekuMa
TEpMOOOPaOOTKH U yCIIOBUM Ipoliecca.

[{uHK HamOOJIEe YaCTO UCITONIB3YETCS B AJICKTPOXUMUYECKHUX TTPOU3BOICTBAX
MeTamonokpeiThili. JIo 40% OT MUPOBBIX 3amacoB IIMHKA pacXOAyeTcs s
3aIATHl METAIOKOHCTPYKIIMKA OT KOPPO3WH. [[MHKOBBIE MOKPBITHS OTHOCITCS K
AQHOJHBIM U  3allMIIAIOT CTaJbHBIE TOBEPXHOCTU JJICKTPOXMMHUYECKH. B
aTMOC(EPHBIX YCIOBUAX MOBEPXHOCTH IMHKA TYCKHEET BCIEACTBUE 00pa30OBaHUS
TOHKOT'O CJIOS OKHCH, 3allMIIAIONIEI0 METaI OT JajbHeHInero okuciacHus [56,
58].

B pabGore [61] cooOmatorcsi 00 OCOOCHHOCTSX  MMOJYYCHHUS W
MIPEUMYIIECTBAX UCIIOIH30BAHUS YJICKTPOXUMUUECKUX MTOKPHITUMA CIJIABAMH ITHHKA
C MOJIMOJCHOM U 0JIOBOM. MccienoBanbl 0COOCHHOCTH HAaHECEHUS MOKPBITHI ZN-
Mo u Zn-Sn cruraBamMu M CIUIaBaMHA Ha OCHOBE Ka)XKIOI0 M3 DTHUX METAJLIOB.
BrIsiBIIeHO, 4TO Takue MOKPBITUS 00JIaIal0T MPEUMYIIECTBAMU MO CPABHEHHIO C
NOKPBITUSIMH, OOpPa30BaHHBIMU TOJBKO OAHUM U3 MeTawioB. [lokazana

3G ()EKTUBHOCT, HMX HCHOJB30BAHUS B aTMOC(HEPHBIX YCIOBHSIX MOBBIIICHHON
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KECTKOCTU (MOPCKHE CpEeIbl, MPUMOPCKUE 30HBI, TPOMHKUA U Apyrue (HaKToOpbhl
BHeIIHEH cpeibl). M3BecTHO, 4TO BBeIeHHE HEOOIBIIOT0 KOJMYECTBA MOJIUOIEHA B
COCTaB LMHKOBOTO TOKPBITHA B MPOLECCE 3JIEKTPOJU3a AAET BO3MOMXKHOCTb
noyiyyatb HOKpbITUA ZN-MO cruiaBamMu, KOTOpBIE OTIMYAOTCS 00Jiee BBICOKOM
3aIIUTHOM CIIOCOOHOCTBIO, YEM IIMHKOBBIC MOKPHITHS [62].

3amuTHBIE TOKPBITHST HA  OCHOBE IIMHKA  SIBIAIOTCS  HamOoliee
pacnpocTpaHeHHbIMU. J[Ji1 yBeJIWYEHUs: KOPPO3UOHHOW CTOMKOCTH MOKPBITHM,
YIYUYIIEHUS] UX BHEIIHETO BHJIA, YCUJICHUS TEXHOJIOTUYECKUX U MEXAHUYECKHUX
CBOMCTB TMOKPHITUM U3 IMHKA HauWOOJiee 4YacTO MCIOJb3YETCSd aJTIOMUHUM.
CroiikocTh TOKPBITUA TMOBBIMIAaeT Kaamuil (< 0.2%). s yinydiieHus: BHEUTHETO
BHJIa TIOKPBITUSI BBOJAT 0JI0BO (< 1%); Kak KaAMUN, OHO UTPAET TaKylO K€ POJib.
briectsmme NOKPBHITHS NOJY4YarOTCs MPU OJHOBPEMEHHOM BBEICHUU B PACILIaB
aMOMUHUS U oJyioBa. [Ipu HCMONB30BaHUM TPOWHOM Kommosuiu (Zn+Al+Sn)
MPOSIBIISIETCS] BBICOKAs aHOAHAsI aKTUBHOCTb, YTO IMO3BOJIAET MPUMEHSTh JaHHYIO
KOMITO3UIIMIO B TIPUPOJIHBIX cpeaax st S3QPEKTUBHOTO MPOTEKTOPHOTO JACUCTBUS
[53, 56].

[{uHKOBBIEC TOKPBITHS, JETUPOBAHHBIE PEAKUMH DJIEMEHTAMH, MOJY4YaroT B
HacTosIee BpeMs Bce Oojiee Immpokoe mnpumeHeHue [52]. VX He3HauuTelbHOE
conepxxkanure (0.001-0.01%) no3BoisieT CyHIECTBEHHO MOBBICUTh KOPPO3UOHHYIO
CTOMKOCTb LMHKOBBIX IOKPBITUA M YJIYYIIUTh HX MEXAHUYECKHUE CBOWCTBA.
JloGaBku Temtypa, peHus, Iepus YCUJIMBAIOT IUIACTUYHOCTHh TMOKPBITHA -
YMEHBIIAKOT CKOpocTh Koppo3un npu 20-80°C B 1.5-2.0 pa3a UMHKOBOrO
MOKPBITUST B TOTOKEe Mopckoir Boabl (1.5-3.0 wm/c), a Takke CHHXKAIOT
pPacTPEeCKUBAEMOCTh OITMHKOBAHHBIX W3JIEUNA TMPU PACTSKEHUU MU CHKATUU B
npoiiecce usrnba (pucynok 1.17). Takoe ke, BiusiHuEe oka3wpiBatoT go6aBku 0.1 %
Ce u 0.001% B. Koppo3uoHHas CTONKOCTb TMOKPBITUS C YBEJIUYCHUEM
temneparypel oT 20 no 80°C cHmkaercs npumepHo B 1.5 paza. Kopposnonunas
CTOMKOCTH JIETUPOBAHHBIX PEIKO3EMEIbHBIMH AJIEMEHTAMH ITHHKOBBIX TMOKPBITHH

COXpaHSETCS BHICOKOU MPH YBEIIMYCHUU CKOPOCTH MOTOKA cpebl [2].



36

[Tpu no6asnenun B nuakoBbId cmaB 0.001% Te, 0.01% Re umm 0.1% Ce
OTMEYAIOTCSl BBICOKME 3HAUEHUS KOPPO3MOHHOM CTOWKOCTH CIUIaBOB. Taxxke
KOPPO3UOHHYIO CTOMKOCTh 3()()EKTHUBHO MOBBIIAIOT A00aBKU PEHUS, HECKOJIBKO

MEHBIIIE - TIepus U Oopa [2].

K,2/(m*u)
1,2
G 2
1
0,8
3
0,4
0 | | | | | | | | |
200 600 1000 20 40 60 0 1 2 3 4 5
Tu toC V.m/c

Pucynok 1.17. BrausiHue qIMTeTsHOCTH UCTIBITAHUH (@), TeMrepaTypsl (0) u
CKOPOCTH MTOTOKA MOPCKOM BOJbI (B) HA CKOPOCTh KOPPO3HUH MOKPHITHS (K),
MOJIyYE€HHOTO B paciuiaBax: |-IIMHK HEOTOXOKEHHBIH; 2-IIMHK OTOXKEHHBIN; 3 -

1uHK ¢ peakumu 3neMentamu (0,001-0,01 % Te, Ce, Re u B) [2].

JlerupoBaHu€ pEAKUMH 3JIEMEHTAMH CJIIBUTA€T IMOTEHUHAI MOKPBITUA B
IEJIOM B TIOJIOKUTENIBHYIO CTOPOHY (pucyHok 1.18a). B manHoM ciydae pa3zHuiia B
noTeHIMaMax (a30BBIX COCTABIIAIONINX ypPaBHOBEIIICHA, NP KOTOPOM TMOKPHITHE
NpOSIBIIIET MPOTEKTOPHbIE (aHOIHBIE) CBOMCTBAa. B yclioBHSIX aHOJIHOU
nossipu3anuu (pucyHok 1.180) TecTupyeMoCTh JErUHpOBaHHBIX PEAKO3EMETbHBIMU
AJIEMEHTaMH TIOKPBITUH, BBIIIE, YeM y OOBIYHOTO IMHKA, YTO MPUBOIUT K
OOHAXXEHUIO CTAJIbHOM MOJJIOKKK. (OTMeuaeTcs, 4YTO CKOPOCTh pa3pylICHUs
HEJIETUPOBAHHOTO IIMHKA NPUMEPHO B JIBa pa3a BBIINIE, Y€M IMOKPLITUN U3

pPacCMOTPEHHBIX CIUIaBOB [2].



“9,n8

0 20 9 80 a0 w00 ¢ Q7 a Q@ av Q45
T, ¥ {,mA/em?

Pucynok 1.18 . BiusiHue AJIMTENbHOCTH UCTIBITaHUS (2) U @HOJIHOM IJIOTHOCTH
ToKa (0) Ha moTeHuManbl: 1- ctamu 10; 2 - MUHKOBOTO MOKPBITHS, TTOTYYEHHOTO B
pacruiaBe HMHKa HEOTOXOKEHHOT0; 3 - TO K€, OTOXKEHHOT0; 4 - IUHKA C

PEIKO3eMEIIbHBIMU JIeMEHTaMH [2].

[TokpeiTHsi, CTOWKHE K JIIOOBIM aTMOC(EpPHBIM SBJICHHSIM, CO3JAIOTCS Ha
OCHOBE CIUIABOB ITMHKa U amtoMuHus (Zn/AllS, Zn/AlS), 4To MOXHO OOBSICHUTH
OBICTPBHIM 3aIOJIHEHUEM TOp HU3JEINH MPOAyKTaMu Koppos3uu I1uHKa. KoHTakT
[IMHKAa W aJIOMUHUA 0e30maceH, Cle0BaTeIbHO, IMHK TIPU PAaCTBOPEHUU
3aIMINACT ATFOMUHUHN AIEKTPOXUMUYECKH. Takke MUPOKOe MPUMEHEHNE HAXOIST
MOKPBITUS W3 AIIOMUHHS C [IMHKOM JUISl 3alllUTHl OT ra30BOM KOPPO3HH CTAIUA U

xenes3a (pucyHok 1.19) [56].

Pucynok 1.19. IuHK-aJIFOMHHHEBOE TIOKpHITHE [2].
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Takum o00pa3oMm, aTlOMHUHUNA M I[MHK CO3JAal0T YIUIOTHCHHBIM CJIOU
MIPOTYKTOB KOPPO3HH, 3HAYUTEIILHO OOJIBITIE IO 00hEMY, YEM METaJLI, U3 KOTOPOTO
OHH 00pa3oBaKCh. [[OKPHITHS U3 IMHKA, HAXOASIIHAECS B BOJIC JUTUTEIILHOE BPEMS,
CHapYy>XH MOKPBIBACTCS CJI0EM THAPOOKHCH IIMHKA, KAPOOHATOB WJIM UX OKCHJIOB,
MOPbI, KOTOPBIX 3aKyHNOPUBAKOTCS MPOAYKTaMU Koppo3uu. KoppozunonHas

CTOMKOCTh TaKUX HOKpI)ITI/Iﬁ CO BPCMCHEM 3HAYUTCIIbHO YBCIIMYUBACTCA.

1.5. 3akio4enue 1Mo 0030py JUTEPATYPhI H OCTAHOBKA 32/1a4U

B coBpemeHHOM Mupe Mpu pa3pabOTKE HOBBIX 3AIIUTHBIX MOKPBHITUA U
KOHCTPYKIIMOHHBIX MaTE€pUaOB, MpeIHa3HAYCHHBIX JUIsl paOOThI B 0C000 >KECTKHUX
YCIIOBHSIX, BCTA€T 3a7ja4ya MOBBIICHUE UX aHOAHOM YCTOMYMBOCTHU U NPUIAHUS UM
KOPPO3UOHHOM CTOMKOCTH, MPAKTUYECKOE PEIIEHUE, KOTOPOU CBSI3aHO C YPOBHEM
3HaHMK B oOmactu (Qu3nuecko XuMuHM. Tak Kak, BCIEACTBUE (PU3MKO-
XAMHUYECKOTO  B3aUMOJICVCTBHUS  3AlIATHBIX MOKPBITUA W  METAJUIMYECKUX
MATEPUATIOB C KHCJIOW, HEUTPAIIbHOM W IIEJIOYHOW Cpeaax HM3MEHSIOTCA WX
CBOMCTBA. DTO B3aMMOJICVCTBUE BEIET K YACTUUHOMY WJIM MOJHOMY pa3pyILICHUIO
3AIIMTHOTO  CJIOS METAJUIMYECKUX IOKPBITUM, HW3HENUN, KOHCTPYKIUH U
coopyxeHui. [l03TOMy, IMHK-AJIFOMUHHUEBBIE CIUIABBI ABJISIOTCS OCHOBOW MHOTHX
3aIIUTHBIX ITOKPBITUN U KOPPO3UOHHOCTOMKHUX CILIABOB.

OG630p nuTepaTypbl MO JAaHHOMY BOINPOCY TMOKA3bIBAET, YTO MOJOOHBIC
(U3UKO-XMMHUYECKHE HCCIICOBAHUS MPOBEICHBI C YYaCTHEM YHCTBHIX METAJUIOB
Opnnako, aHalnW3 JIUTEPATyphl U TMOUCK B CETH MHTEpPHETA CBUJICTEIBLCTBYET 00
OTCYTCTBUU DKCIIEPUMEHTAIBHBIX JTAHHBIX MO0 (DU3UKO-XUMHUYECKUM CBOMCTBAM
LUHKA, JISTHPOBAHHOI'O0 AJIFOMUHUEM, MEJIbIO, CBUHIIOM U LIEJTOYHBIMUA METAJIJIAMH.

[IInpokoe MpUMEHEHHE CIUIABOB Ha OCHOBE IIMHKA B Pa3JIMUHBIX 00JACTAX
MPOMBIIIUICHHOCTH  TpeOyeT TMPOBEJAECHUE CHUCTEMAaTHYECKUX  HCCIICIOBAaHUMN
(GU3BUKO-XMMHUYECKUX CBOMCTB IIMHKA, JIETUPOBAHHOIO aJTIOMUHUEM, MEJbIO,

CBUHLIOM U JApyrumMu Metamiamu. OO030p IUTepaTypbl CBUIETEIBCTBYET, YTO
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TEIUIOBBIE, TEPMOJMHAMHUYECKUE, KUHETUYECKHUE M AHOJHBIC CBOWCTBA CILIABOB
LMHKA C YKa3aHHBIMU METAJJIAMH MPAKTUYECKU HE U3YUYECHBI.

N3  BBIIEHU3NOKEHHOTO  CIEAYET, YTO  MCCIEAOBaHUE  YIEIbHOMU
TEIJIOEMKOCTH M HM3MECHEHHH TEpMOAMHAMUYCCKUX  (YHKIHMHA, KUHETHKA
OKHCIICHHSI W AaHOJHOTO IIOBEJCHUS CIUIABOB IIMHKA C AJIFOMUHHUEM, MEBIO,
CBUHIIOM W IIEJIOYHBIMM METAJUIAMHU, KOTOPOE MOTYT MPUMEHSTCA B KadyeCTBE
AHOJHBIX MOKPBITUM CTAJIbHBIX M3IEJIHUA W KOHCTPYKUMW, YCTAHOBJICHUE
3aKOHOMEPHOCTEN U3MEHEHUS UX CBOMCTB, SIBJIIETCA aKTYyAJIbHOM 3aJ1a4ei U UMEET

byHIaMEHTAIBHBIN U IPUKJIAHON XapaKTep.
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I'JIABA 2. HCCJIEJOBAHUE TEIVIO®M3NYECKHUX CBOMCTB
1 U3SMEHEHUI TEPMOJJUHAMMWYECKHNX ®YHKIIUA
HUHKOBOI'O CIIVIABA IIAMCg4-1-2,5 C
JINTUEM, HATPUEM U KAJIMEM
2.1. Teopusi MeTOAA2 U CX€Ma YCTAHOBKA JIJISI U3MEPEHUS

TEIJIOEMKOCTH TBEPABIX TeJl

Cy1iecTByeT MHOTO METOJOB M3MEPEHHUS TEIJIOEMKOCTH TBEPIbIX Teil. B
JAHHOW paboTe WCIHOJB3YeTCS] METOJ CPAaBHCHHMSI KPHBBIX  OXJIKICHUS
HCCIIeIyeMOTo o0pas3lia ¢ JTaIOHOM. M3mepsembliii oOpaser, HarpeThli 10
TEMITepaTyphbl, TPEBBIMIAONICH TEMIIEPaTypy OKPYKAIOIIeH Cpembl, Oymer
oxJjaxaarbcs. CKOPOCTh OXJIAXIACHHUS 3aBUCUT OT TEIUIOEMKOCTH Marepuaia
oOpasua. CpaBHUBasi KpHUBBIE OXJIAXKACHHS — TEPMOIPpaMMbl (3aBUCHUMOCTH
TEMITepaTyphbl OT BPEMEHH) ABYX 0OpAa3IOB, OJIUH U3 KOTOPHIX CIYKHUT ATATOHOM C
W3BECTHOM TETIOEMKOCTBIO, MOXKHO OMPEIEIUTh TEIIOEMKOCTh JAPYTroro, T.e.
HeusBecTHOro Bemiectna [10].

dusznyeckre OCHOBBI MpeIaraéMoro MeToJa W3MEpPEHHUs COCTOAT B
cienyromeM. OxnaxaeHue o00pas3oB OOYCIOBIEHO TpeMs MeXaHU3MaMH
TEIJIoNepeayll — TETUIOMPOBOTHOCTBIO OKPYIKAIOIICH Cpeabl, KOHBEKIHECH U
u3nmydeHreM. st mepBhIX ABYX MPOIIECCOB CUUTAETCS, YTO TUIOTHOCTH TEIIJIOBOTO
MOTOKA OT HarpeToro teja J MPOMOPIMOHAICH PA3HOCTH MEXKIY TEeMIepaTypoi
MOBEPXHOCTU oOpasnia T W TeMmIepaTrypoil okpykaromei cpeasl 7o (3aKOH
HproTona — Puxmana)

J=a(T-T,). (2.1)

Koaddumment termonepenaun o 3aBUCUT OT OOJBIIOTO KOJIMYECTBA
napameTpoB, U JIJIT HETO HEBO3MOXKHO AaTh 0011yt hopmyiy. B cBs3u ¢ 3TuM Ha
mpakTUKe KOAPOUIIMEHT TETUIOOTIAayu  ONpPENeNseTCs OKCIEPUMEHTAIBHO.
TennoBol MOTOK 3a CUET M3IYyYEHUS MMEET Ka4eCTBEHHO MHYIO 3aBUCHMOCTBH OT

Temnepartypsl (3akoH Ctedana — bonpiimMana)
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J :GSS(T4—T04), (2.2)

e 6=5.67-10% Br/M?K?* &KkodpOUIMEHT MOMIOMIEHUS; S-IUIOMIAMb
MOBEepXHOCTH Tena. Jlumbe mnpu HEOONbLION pa3HocTH Temmepatyp [-To OH
MPUOIMXKEHHO CBOAUTCS K BUAY (2.1)

J =40eST, (T-T,). (2.3)
Ecnn YUYUTBIBATh H3JIYYCHHC C IIOBCPXHOCTH TCJIa B BHJAC COOTHOIICHHA
(2/3), To Temmeparypa mpu OXJAXKISHHH Tela OyIeT craaarh MO JKCIIOHCHTE.
I[eﬁCTBHTGHBHO, YPaBHCHHUC TCILJIOBOI'O Oaanca
8Q =—Jdt (2.4)
31€Ch UMEET BU]L
cgm‘g = —a(T —Tg)ds, (2.5)

0
p?

rone C,, o, m — yYAcClibHasA TCIIJIOCMKOCTD, K03(1)(1)I/I]_II/I€HT TCIIOOTAJa4YN M Macca

tena. Ero pemienueM siBisercs
T(t)= (Tl —To)eft/T +T,, (2.6)

rae T1 — HayanbHas TeMneparypa, T = MC/o BpeMs TEIJIOBOM pelaKcaluu.

[Ipu ycnoBuM BBINOJHEHUS BCEX YKa3aHHBIX BbIIIE TPeOOBaHMUIA,
TEIUIOEMKOCTh ~ MarTepuajia o0pas3lia Omnpenensercs U3 HM3MEpPEeHHOro IOo
TEpPMOrpaMME IapaMeTpy pelaKkcauuv T. BBuAy TOro, 4ro BEIWYMHA O HE
U3BECTHA, HU3MEPEHHUs] HEOOXOAMMO IMPOBECTH MapajljIeIbHO C ATAJOHHBIM
0o0pa3loM ¢ M3BECTHOM TEIJIOEMKOCTBIO U TeX ke pa3mepoB. [Ipu atom ycnoBus
OXJIQXKJICHUS Y HUX JOJDKHBI ObITh MACHTUYHBIMU. Jlomyckas, yTo Ko3hULIHEHT o

Y HUX OAHWHAKOB, TCINNIOCMKOCTb HU3MEPACMOro mMarcpuajla C, MOXKHO HaWTHU 1O

bopmyie

2.7)
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rac Cf —TCINIOCMKOCTDb 3TAJIOHHOI'O MaTcpurajia, m, U1 m, —MacCChbl UCCICAYCMOIO U

ATAJIOHHOTO O0pa3loB, 7, U 7, — U3MEPEHHOE BpEMs TEIJIOBOM pellakcaluu st
dT dT
uccienyeMoro oopasia 1 3TajioHa, KOTOPbIE PaBHbI 7, = (d—)l U7, = (OI—)2 .
T T

Cy1iecTByeT MHOTO METOJIOB M3MEPEHHUsS TEINIOEMKOCTH TBepioro Tena. B
JTAHHOM paboTe MCIOB3YETCS METOJ] CPABHEHHS KPUBBIX OXJIAXKICHUS dTAJIOHHOTO
U ucciemyeMoro obpasma. M3mepsiembrii 0Opaser, HarpeThlii 10 TEeMIIEPaTypHl,
NPEBBIMIAIONICH TEMIIEpaTypy OKpYKaroIled cpeabl, OyaeT OXJIaXKIaThbCs.
CKOpOCTh OXJIXKICHHUS 3aBUCUT OT TEIUIOEMKOCTH MaTepuaia oopasma [10].

OTOT MeToxa JomyckaeT: 1) MOCTOSHCTBO ¢,, C, M O IPH H3MEHEHUHU

TEMIIepaTyphbl; 2) OXJIAXKAECHUE B OECKOHEUHOU cpefie U 3) TeMIiepaTypbl 00pa3LoB,
OpU  KOTOPBIX  M3IYyYEHHEM MOXKHO IpeHeOpeub 10  CPaBHEHUIO C
TEIUIONMPOBOAHOCTHIO U KOHBeKuuen. HecoOmonenrne kakoro-mmdo u3 yKa3aHHbIX
YCIIOBUH HApyIIaeT 3KCIIOHEHITUAIBHBIN X0J1 KpUBOM oXJaxaeHus [63, 64].

Pa3OuB TepMorpamMmy Ha Yy3KH€ HHTEpBaJIbl TEMIEPATyp, B KOTOPBIX
TEIUIOEMKOCTH ¥ KO3(PPHUIMEHT o MOXXHO CYHMTAaTh TMOCTOSHHBIMH Y4YET

3aBUCUMOCTH ¢, M C, OT TEMICPATypbl MOXHO BBIMOJHHUTH. [Ipu 3TOM JyIs
KaXJIOr0 MHTEpBaja HAXOMAT CBOM IMapaMeTphl TEIJIOBOHM penakcaiuu 7, (T) ©
,(T), KOTOpBIE U MCIIONB3YIOTCS [Tst pacueTa c, (T)[10].

B nanHoii paboTe ompeneneHbl CpeaHUE TEIUIOEMKOCTH 10 BCEMY
U3MEpSIEeMOMY HWHTEpBaldy Ttemmeparyp. s Bcex o6Opasnom ko3h UIIMEHTHI
TEIUTONIEPEIauH 0 TIPEOAratoTCsl OAMHAKOBBIMHU.

Jlanee CTpOST KpUBBIC OXJIAXKICHUS STaJOHA M MCCIEIyEeMBIX O0O0pa3IloB,

KOTOPBIC UCITOJIB3YIOTCA IJIA ONPCACIICHUA CKOPOCTHU OXJIAXKIACHUA 7, U 7, . KpI/IBaSI

OXJIQXKJICHHUS, T.€. TEepMOrpaMma MpeACTaBIsSIeT COO0OM 3aBUCUMOCTb TEMIIEPATYPhI
oOpasia OT BpEMEHHU IIPH €ro OXJIaKIECHUH B HETIOABI)KHOM BO3/yXe€.

CxeMa yCTaHOBKH JIJIsl U3MEPEHMS TEIUIOEMKOCTH CIUIABOB IIPE/ICTABIIEHA HA
pucyske 2.1. Dnekrponedb 3 CMOHTHPOBaHA Ha CTOMKe 6, M0 KOTOPOW OHA MOKET

MepeMeIaThCsl BBEPX M BHU3 (CTPEJIKON MOKA3aHO HAIMPABJICHUE MEPEMEIICHUSA).
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OO6pazerr 4 u osTanoH S5 (TOXKE MOTYT IMEpPEMENIaThCs) MPEACTABISIOT COOOM
nunHAp aauHo 30 MM M nuaMeTpoMm 16 MM ¢ BBICBEPJICHHBIMU KaHAJIAMH C
OJTHOTO KOHIIa, B KOTOPBIC BCTABJICHBI TepMoOIaphl. KOHITBI TepMomap moaBEACHBI K
IM(QPOBOMY MHOTOKAHAIBHOMY TEPMOMETPY 7, KOTOPBIM MOACOCIWHEH K
KOMIIbIOTEpPY 8.

6

/

—w

C 0 0 0 0 0 0 O
I
(%]
QQQQIBGOO
H_\-h"'"-h..,j
i |

i

o
=
o
o
=4
o

[
Il
1l

LT

I 4= YIS |=|'=|H=il

Pucynok 2.1 . YcranoBka 11 OnpeeieHus TeIIOEMKOCTH TBEP/IbIX TEI B

pPeKUME «OXJIaxaeHus» [65].

Bxitoyaem aniekTponeds yepe3 aBTOTpaHcPopMatop 1, yCTaHOBUB HYKHYIO
TEMIEpaTypy € NOMOIIbI0 TepMmoperynsaropa 2. Ilo mokazanusiM 1udpoBoro
MHOTOKAHAJIBHOTO TEPMOMETpPAa OTMEYAaeM 3HAYEHUE HAYAJIbHON TeMIepaTyphbl.
BnBuraem wusMepsieMblii 00paszel] W STaJOH B AJIEKTPOIEYb W HArpeBaeM Jio
HY)KHOU TeMIepaTypbl, KOHTPOJUPYS TEMIIepaTypy IO TMOKa3aHUsSIM IU(POBOTO
MHOTOKaHAJIBHOTO TEPMOMETpa Ha KomibloTepe. Jlanee usamepsiemblii obpaszen u
ATAJIOH OJHOBPEMEHHO BBIABUTaeM U3 3sekTponedd. C 3Toro MoMeHTa pUKCUpyeM
CHIDKEHUE TEMIIEpaTypbl U 3alKChIBaéM MOKa3zaHUs LU(POBOro TepMOMETpa Ha
xommeiotepe uepes 10 c. Oxnaxnaem obpaser u sranod Huwxke 30 °C [65-78].

JIJist u3MepeHusi TeMIiepaTypbl UCIOIH30BaIM MHOTOKAHATBHBIN ITU(POBOMA
TEPMOMETP, KOTOPBIA MO3BOJISUT MPSIMO (PUKCUPOBATH PE3yJIbTAaThl U3MEPEHUI Ha
KOMIbIOTEpE B BUJIE TaOauI. TOYHOCTh M3MEpPEHUs TemIiepaTypsl coctapisuia 0,1

OC. BpemeHHON wuHTepBan (QUKCAIMM TEMIEPATyphl cocTaBusi 10 CeKyHn.
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OTHOCHUTENBHAA OIMOKA M3MepeHus Temreparypsl B unrepsane ot 40 °C no 400
OC cocraBnsna +1%. IorpemHocTs U3MEpPEHUE TEITIOEMKOCTH IO IIPEIaracMoi
METOJMKE He mpeBblmaeT 4-6% B 3aBUCMMOCTH OT TemiepaTypbl. OOpaboTka
pE3yIbTaTOB M3MEPECHHUIA TPOU3BOAMIOCH C TIOMOIILI0 Tporpammbl MS Excel.
['paduxu cTpounuck ¢ momoibio nporpammbl Sigma Plot. [Togpo6Has Meroanka
WCCIIEIOBAHMSI TETUIOEMKOCTH CIIABOB Mpe/CcTaBlieHa B padorax [ 79-90].

B nanHoM paszgene mpeacTaBieHbl pe3yJbTaThl MCCIEIOBAHUS YJEIbHOU
TEIUIOEMKOCTH M TepMoAuHaMudeckue QyHKIUi muHKoBoro craBa [[AMCg4-1-
2,5 ¢ IIATHEM, HATPUEM M KaJueM MO H3BECTHOW YJIEIBHOM TEINIOEMKOCTH

ATAJIOHHOTO o0Opasia u3 amoMuHus Mapku ASN.

2.2. Bausinve 100aBOK JIUTHS HA TeIUI0(pU3NUYECKHE CBOCTBA U

TepMoauHAMHYecKHe (PYHKIMU THHKOBOTO ciuiaBa [IAMCe4-1-2,5 [91, 92]

CmnaB [IAMCg4-1-2,5 ¢ nuTrem noJiydalid B IIaXTHOM J1ab0paTopHOM neuu
conpotusieHus: Tuna CILOJI (conpoTuBieHHE IaXTHOE OMBITHOE J1A00PATOPHOE)
3 nuHka mapku L3 (I'OCT 19424-97), amomunusa mapku A7 (I'OCT 11069-
2001), mutus wmetammueckoro (I'OCT 87745-75), HaTpusi METaIMYECKOIO
('OCT 4568-95) n xanmus Metramuyeckoro ('OCT 3273-75) mpu temnepatype
750-800 °C. CocraB mony4eHHBIX CIUIaBOB, KoTopble copepxkamu 0,05-1,0 mac.%
HIEJIOYHBIX METAVIOB KOHTPOJIMPOBAIOCH B3BEIIMBAHUEM IIUXTHI U MOTYyYEHHBIX
criaBoB. [Ipu OTKJIIOHEHHH Beca CIUIaBOB Oosiee ueM Ha 1-2% OTH. CUHTE3 CIIaBOB
MpOBOJMIICS 3aHOBO. M3 TMONMydeHHBIX TakuM 00pa3oM  pacIiijlaBOB B
METAJTUYECKUN KOKWJIb OTJIMBAJIUCh IUJIUHIpPUYECKHE 00pasibl Auamerpom 16
MM # 1JuHOM 30 Mm.

OKCNEepUMEHTAIBHO TOJYyYEHHBIE KpPUBBIC OXJIKICHUS O0pasloB H3
nuHKoBOro cruiaBa [{AMCB4-1,2,5 ¢ nuTtuemM mpeacTaBieHbl HA PUCYHKE 2.2a U

OIMMCBIBAKOTCA YPABHCHUCM BU A

7 = ae P7+ pe K7, (2.8)
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riae a, b, p, K - mocTostHHbBIE 71 TaHHOTO 00pasia, t - BpeMs OXJIaKICHUsI.
Huddepennupys ypaBHenue (2.8) mo T, mojiydaeM ypaBHEHHE IS
OTIPEJICIICHHS] CKOPOCTH OXJIQXKIICHUST OOpa3IOB CIIABOB

ar _ —abe 7 _ pke K7, (2.9)
dz

N3 skcriepuMeHTaIbHO MOJYYEHHBIX 3aBUCUMOCTEN TeMIiepaTypbl 00pa3iioB

OT BpeMeHHM (PUCYHOK 2.2a) M CKOPOCTH OXJaXJEHHUs OOpas3loB W3 CIJIABOB
(pucyHOK 2.20), KOTOpbIe OIMUCHIBAIOTCS MoJauHOMaMH (2.8) u (2.9) onpenensau ux
KO3((PUIIMEHTBI, MPOBEAS KOMIBIOTEPHYIO 00paboTKy. 3HaueHus: Ko3(p(HUIIMEHTOB

a, b, p, k, ab, pk B ypaBHeHnu (2.9) miis rcciaeIoBaHHBIX CIUTABOB IPUBEICHBI B

tabmure 2.1.

TK -dT/dt, Kic
550 1 144

a) 12 6)
500 -

104 — 9ranoH (Al mapku A5N) g
—————— 3ranoH (Al mapku A5N)) ! - - LAMCB4-1-2,5 -
450 1 . UAMCB4125 | —mme +0.05Li =

****** +0.05 Li 08{ —— = +01Li
———--  40.1Li — ——  +05Li
——— +05Li +1.0Li
400 A — —— — #10Li 06

350 - 041

024

300 -

0 200 400 600 18 300 350 400 450 500

Pucynok 2.2. I'paduk 3aBUCHMMOCTH TemmepaTypbl OOpa3llOB OT BPEMEHU
OXJIAXKACHUS (a) U TeMIlepaTypHasi 3aBUCUMOCTb CKOPOCTH OXJIaXAEHUsI 00pa3LioB
(6) u3 mmaKOBOTO cruiaBa [IAMCg4-1-2,5 ¢ nmutrem u stanona (Al mapku ASN)

[91, 92].

Jlanee mo pacCUMTaHHBIM 3HAYEHUSIM BEJIIMYMH CKOPOCTEH OXJIaXIACHHMS
o0pa3lioB W3 CIUIABOB TIO ypaBHEHWIO (2.7) ObUIa BBIYKCICHA YACIbHAS
TeMI0EMKOCTh LMHKOBOTO crutaBa [JAMCB4-1-2,5 ¢ nutuem. Pe3ynbratel pacuéra
MOKAa3bIBAIOT, YTO TEMIIepaTypHas 3aBUCUMOCTb YEJIbHOW TEIIOEMKOCTHU
(Jx/(xr-K)) muakoBoro cmiaBa [J[AMCs4-1-2,5 ¢ nutrem u stanona (Al mapku

A5N) onceIBaeTCs ypaBHEHUEM THIIA
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cgo —a+bT +cT? +dT.3 (2.10)

3nauenue kodpduimentoB B mnommHoMe (2.10) momydensl o00OpabOTKOM
pe3ynbpTaToOB UX pacuéra mo nmporpamme Sigma Plot u mpuBeaeHs! B Tabnuie 2.2.
Taomuma 2.1
3HadeHus K03PPUIMEHTOB B ypaBHEHUU (2.9) 115l IUHKOBOTO CIJIaBa

[HAMCB4-1-2,5 ¢ mutuem u stanona (Al mapku ASN) [91, 92]

Conepxanue
b-1073, k-10, ab, pk-1072,
JINTHSA B CILIaBE, a, K p, K

ct ct Kct Kct

Mac.%
0.0 213,82 547 |316,83| 0,953 1,17 3,02
0.05 213,82 547 | 315,83 | 0,956 1,17 3,02
0.1 213,82 547 |316,93| 0,952 1,17 3,02
0.5 213,82 546 |317,83| 0,949 1,17 3,02
1.0 213,82 547 317,33 | 0,951 1,17 3,02
DrtanoH 206,29 514 | 331,07 | 1,466 1,06 4.85

Tabmura 2.2

3HaueHus ko3 duuneHTos a, b, ¢, d B ypaBHenun (2.10) HHHKOBOTO CIUIaBa

I[IAMCB4-1-2,5 ¢ nutuem u stanona (Al mapku ASN)[91, 92]

Conepxanue
a, b, C, d10°, | Kosddumuent
JIUTHUS B CILIABE,
Jox/(xr-K)| ox/(xr-K2?) | Tox/(xr- K3)| Tx/(kr-K)4 koppensmun R
Mmac.%

0.0 -1684,38 13,45 -0,03 2,32 0,99

0.05 -2358,07 18,01 -0,04 3,02 0.99

0.1 -2437,60 18,55 -0,04 3,10 0.99

0.5 -2519,98 19,14 -0,04 3,19 0.99

1.0 -2467,61 18,75 -0,04 3,12 0.99

DTtanoH 693,77 0,99 -0,00 3,13 1.00

PCBYJIBTaTBI pacqéTa TGMHCpaTypHOﬁ 3aBUCUMOCTH TCIINIOCMKOCTH CIIJIaBOB

no ¢opmynam (2.7) u (2.10) gepe3 50 K mpencraBnens Ha pucyHke 2.3a U B
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tabnuue 2.3. Y3 Tabauisl BUJHO, YTO TEMJIOEMKOCTh CIUIAaBOB OT TEMIEPATyphl U
OT COJIepKaHus JIUTHs yBennuuBaetcs [91, 92].
Tabmuua 2.3
TemnepaTypHast 3aBUCUMOCTbH yAenbHOH TeroéMkocTu ([x/(kr-K)) mmuakoBoro

cruiaBa [IAMCB4-1-2,5 ¢ iutuem u stanona (Al mapku ASN) [91, 92]

ConepxaHue IuTUs B T.K
ciuiaBse, Mac.% 300 350 400 450 500
0.0 240,92 293,70 | 316,29 | 326,07 340,46
0.05 250,06 326,52 | 361,04 | 376,25 394,82
0.1 255,47 335,94 | 373,16 | 390,38 410,85
0.5 257,38 339,39 | 376,37 | 392,25 410,96
1.0 259,18 341,68 | 380,51 | 399,14 421,04
OtanoH 903,82 927,44 | 949,56 | 970,83 991,92
Cp, Jol(kr-K) o, Br/(v2K)

a) 70 4

/ 60 -

800 1 50 4

1000 A

————— JranoH (Al mapka A5N)
: LIAMCB4-1-2,5 40 1
****** +0.05 Li
— == H01L
———  +05li
———— Hli

600 A
30 1

JranoH (Al mapky A5N)
s LIAMCB4-1-2,5

------ +0.05Li

—e—e—ee +0LL

— — — 405l

/ ﬁ ———— +$10Li T,K

20 1
400 1 T e

== ) . . \ ' . ' ' 10 4
< .
- LK ¢~

T T T 1 T T T
300 350 400 450 500 300 350 400 450 500

200

Pucynok 2.3. TemmneparypHas 3aBUCUMOCTb YJIEIbHOM TEMIOEMKOCTU (a) U
kodddummenta  Terootmaun  (0) 1nwmHKoBoro  criaBa  [[AMCe4-1-2,5,

JIETUPOBAHHOTO JTUTHEM U 3TanoHa (Al mapku ASN) [91, 92].

I/ICHOHBSY}I BBIYMCJIICHHBIC OAHHBIC II0 TCIINIOCEMKOCTH IHMHKOBOI'O CIIJIaBa
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[HAMCB4-1-2,5 ¢ nauTHeM U S3KCHEPUMEHTAIBHO IIOJYYCHHbIE BEJIUYHHBI
CKOpPOCTEH OXxJaxkaeHus oOpas3oB, HaMH ObLT paccuuTad KodPHUIIUEHT
tertootrnaun ofT) ans crutaBoB u 3tajoHa (Al mapku ASN) mo criemyromiei
dbopmyre:

dr

o= m (2.11)

Jns  nuakoBoro cmaBa [[AMCB4-1-2,5, nerupoBaHHOrO  JIUTHEM
TeMrepaTypHas 3aBUCHMOCTh KOA((PHUIMEeHTa TeII00TIaud UMeeT BHUJ (PUCYHOK
2.30).

Jlns  pacuera TemIepaTypHOW 3aBUCUMOCTH HM3MEHEHUW DSHTAIBIIUU,
sHTponMu W 3Hepruu ['mb6ca cruaBoB mo (2.12)-(2.14) ObUIM HMCIOJIB30BAHbI

MHTErpajibl OT YJEIbHOM TEIIOEMKOCTH MO ypaBHEHUIO (2.10):

[HO(T)—HO(To)] = a(T —To)+g(T2 TS —T03)+%U4 18y, 212)

[8°M) - S°(Tg)] =i +b(T ~To)+ S02 1))+ L1318y (219
To 2 3
[GOM) -G (M)l =[H°(T) — HO(Tp)]-TIs°(T) - s° (To)], (2.14)

rae T, = 298,15K [91, 92].

PesynpraTel pacyera TemrieparypHOU 3aBUCHUMOCTH U3MEHEHUM JHTAJIBIINU,
PHTpONMKM u dHepruu [nbbca mo ypaBHeHusm (2.12)-(2.14) uepes 50 K
npeacTaBieHsl B Tabnuie 2.4 [91, 92].

Takum 00pa3oM B peKHMME «OXJXKICHUS» IO H3BECTHOM TETUIOEMKOCTU
ATAJIOHHOTO 00pa3na u3 amomuHus mapku ASN ycraHoBiIeHa TeMmIiiepaTypHas
3aBUCHMOCTh TEIIOEMKOCTH IMHKOBOTO ciuraBa I[AMCB4-1-2,5 ¢ nutnewm.
[TomydeHsl  TOJIMHOMBI ~ OMHUCHIBAIONIME  TEMIEPATYPHYIO  3aBUCHUMOCTh
TEIJIOEMKOCTH W HM3MCHCHHH TEPMOJWHAMHYECKHX (GYHKIHUHA (DHTAJBIINS,
sHTponus, dHeprus ['mb6ca) muukoBoro cmiaBa [[AMCB4-1-2,5 ¢ nutuem B

unrepBaiie remneparyp 300 - 500 K [91, 92].
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Taomuna 2.4
TemmnepaTypHast 3aBUCUMOCTh H3MEHEHUH TEPMOJIMHAMHYCCKHUX (DYHKIHH

uHKoBOrO craBa [IAMCB4-1-2,5, nerupoBaHHoro autueM u 3tanona (Al mapku

A5N) [91, 92]

TK
Conepraine MuTHs B 300 350 400 450 500
CTIaBe, Mac./o [HO(M)—H°(Ty) |, kx/xr s crutapos
0.0 0,44 13,97 29,31 45,39 61,99
0.1 0,47 15,48 33,34 52,46 72,43
0.5 0,47 15,63 33,66 52,91 72,93
1.0 0,47 15,73 33,91 53,44 73,88
DTajoH 1,58 44,35 86,64 127,90 167,56
[SO(T) -s° (TO*)J, kJx/(xkr-K) s crmaBoB
0.0 0,00 0,04 0,08 0,12 0,16
0.1 0,00 0,05 0,09 0,14 0,18
0.5 0,00 0,05 0,10 0,14 0,18
1.0 0,00 0,05 0,10 0,14 0,19
OTajoH 0,01 0,15 0,27 0,38 0,49
[GO(T) -G° (TO*)] ,KJIK/KT [U1s1 CILUIaBOB
0.0 -0,00 -1,11 -4,30 -9,46 -16,44
0.1 -0,00 -1,21 -4,80 -10,70 -18,78
0.5 -0,00 -1,22 -4,84 -10,80 -18,94
1.0 -0,00 -1,23 -4,87 -10,88 -19,11
OTajoH -0,09 -6,99 22,16 -45,39 -76,67
“To=298,15K

C IMOMOIIBIO IMOJYYCHHBIX ITOJIMHOMHBIX 3aBUCUMOCTEM IIOKa3aHO, 4YTO C

pPOCTOM  TEMIICPATYPhI TeHHOéMKOCTB, OHTAJIBIIMA MW  OHTPOIIHNA  CIIJIAaBOB

YBEJIMUMBAIOTCS, a 3HaueHUs1 dHepruu ['mb6ca ymenbiiaercs. JloO0aBku JUTHUS B

M3YYEHHOM KOHIEeHTpaimoHHoM wuHtepBasie (0,05 - 1,0 mac.%) yBenuumBaer
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TEMJIOEMKOCTh, SHTAJIBIUI0O W DHTPOINHUIO IMUHKOBOTO crutaBa [[AMCe4-1-2,5, a

3HaucHue dHeprus ['mooca mpu 3Tom ymenbinaercs [91, 92].

2.3. BaiusiHue HATPHSA HA TEIVIOEMKOCTh U TEPMOAUHAMHYECKHEe PyHKUMH

nuHKOBOro cruiasa IJAMCB4-1-2,5 [93-96]

Pesynbrarhl  HCClEOBaHUS  TEMIIEPATypbl  OXJXKICHUS  HU3y4aeMbIX
00pas3IoB MpeCTaBICHbI HA pUCcyHKe 2.4a. B o0miem ciydae moixydeHHbIN rpaduk
temrepatypbl (T) oT BpeMeHHM oxjaxaeHus (tT) ans oOpa3loB M3 LUHKOBOIO
criaBa [IAMCB4-1-2,5 ¢ HaTpueM HMMEIOT BHUJ HAKJIOHHOW JIMHUM, KOTOPBIC
OTPaXKaIOT HEMPEPHIBHOE YMEHBIIICHHE TEMIIEpaTypbl 00pa31I0B U ATAJIOHA 110 MEpe
ux oxinaxnaeHus. Ha tepmorpammax tepmuueckue d>(DQeKThl, CBS3aHHBIE C
(ha30BBIM MPEBpAIICHUEM KT (a30BBIM MEPEX010M He 0OHapyx eHbl [93-96].

ITo dopmyie (2.9) Hamu ObUTH BBIYMCIICHBI CKOPOCTU OXJIAXKACHUSI 00pa31ioB
n3 muHKoBoro criaBa [[AMCB4-1-2,5 ¢ Hatpuem u 3TanoHa. KpuBbie ckopocTu
OXJIQXIEHUs 00pa3lioB U3 CIUIABOB MPEJCTaBICHBI Ha pUCYHKEe 2.40, 00pabOTKOM
KOTOPBIX YCTAHOBJICHBI SKCIIEPUMEHTAIIbHBIC 3HAYCHUS KO3 uIreHToB a, b, p, k,

ab, pk B ypaBHeHuu (3), 3HaUCHHE KOTOPBIX MPUBEACHBI B TadmuIe 2.5 [93-96].

TK
550 - a) -qTldt, Kfe 6)
144

500 4 129 ———— 3ranow (Al mapu ASN)
LAMCe4-1-25
~~~~~~ +005Na

———— OranoH (Al mapku A5N) 104 s $01Na
450 4 LIAMCa4-1-2,5 o 5Na
aaaaaa +0.05 Na ———— +10Na

—w—w—u- +0.1Na
— —— +05Na
400 ———— +10Na

350 4

300 4

T.K
500

Pucynok 2.4. I'paduk 3aBUCUMOCTH TeMIIEpaTypbl OT BPEMEHH OXJIAKEHUs (a) U
TEeMIEpaTypHas 3aBUCHUMOCTb CKOPOCTH OXJIQXACHUA OT TemrmepaTypsl (0) s
00pa3ioB u3 1uHKOBOro civiaBa IJAMCB4-1-2,5 ¢ Hatpuem u stanona (Al mapku

AS5N) [93-96]
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Jlanee WCHoONB3ysl SKCIEPUMEHTAIBHO OIpenenEHHbIe 3HAYEHUS BEIHMYMH
CKOpPOCTEH OXJaXJeHUs o0pa3lloB W3 CIUIaBOB, IO ypaBHeHHIO (2.7) Oblia
BBIYMCIICHA YJIeNbHAs TEIUIOEMKOCTh LUHKOBOro cruaBa [[AMCe4-1-2.5 ¢
HaTpueM U 3tajoHa (Al mapku ASN) [93-96].

Tabmuma 2.5
3naueHus K03QpPUIMEHTOB ypaBHEHUH (2.9) 1715 IUHKOBOTO CIUIaBa

LIAMCg4-1-2,5 ¢ marpuem u stanona (Al mapku ASN) [93-96]

ConepkaHue HATPUs b, 1073, K-10%4, | ab, pk-107,

B cIUIaBe, Mac.% aK ct P K ct Kct Kct
0.0 213,82 5,47 316,83 0,95 1,17 3,02

0.05 213,82 5.46 317.83 0,93 1,17 3,02

0.1 213,83 5.46 318.93 0,95 1,17 3,02

0.5 213,83 5.46 319.83 0,94 1,17 3,02

1.0 213,83 5.46 319,33 0,94 1,17 3,02

OTajoH 206,29 5,14 331,06 1,47 1,06 4,85

[IpoBoJi MONMHOMHYIO perpeccuto, ObUI0 MoiyyeHo ypaBHeHue (2.10) mms

ONMCAHUS TEMIEPATyPHOM 3aBUCHUMOCTH YAECIBbHOM TEIUIOEMKOCTH I[MHKOBOIO

caBa IIAMCB4-1-2,5 ¢ HatpueM. 3yayenus ko3¢ duimearos a, b, ¢, d B
ypaBHeHuu (2.10) nnst 06pasioB u3 uHKOBOTO ciiaBa [IAMCg4-1-2,5 ¢ Hatpuem
W ATaJOHa MpUBEEHbI B TabuIe 2.6.

Pesynbratel  pacuéra TemmepaTypHOM 3aBHCHUMOCTH  TEIJIOEMKOCTH
criaBoB 1o hopmynam (2.7) u (2.10) uepes 50 K npencrapieHsl Ha pucyHke 2.5a u
B Tabmuie 2.7. BugHO, YTO TEMJIOEMKOCTh CIUJIAaBOB OT TEMIIEpaTyphl U
coJlep KaHusI HATPUsI YBEIINUNBACTCA.

Hcnonb3yst BBIYUCIEHHBIE JAHHBIC MO TEIIOEMKOCTH IIMHKOBOIO CIlIaBa
[TAMCB4-1-25 ¢ HaTpueM U DJKCIEPUMEHTAIBHO TMOJTYUYEHHBIC BEJIMYUHBI
CKOPOCTU OXJIAXKIEHUs 00pa3noB, HaMU ObUl paccyuTaH KodDPUIUEHT

tertooTaaun o T) st crutaBoB U dTajoHa (Al mapku ASN) o popmyne (2.11).
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Tabmnuma 2.6

3naueHus KO3PPHUIMEHTOB a, b, ¢, d B ypaBHeHuu (2.10) 17151 IMHKOBOTO CILIaBa

I[TAMCB4-1-2,5 ¢ matpuem u stanona (Al mapku ASN) [93-96]

Coneprxanue
a, b, c, d-107, Kos>dppuiuent
HATpHUs B
Jox/(xr-K) | Jox/(xr-K)? | Tox/(xr-K)® | Jix/(kr-K)* | koppensiuu R
cmaBe, Mac.%

0.0 -1684,39 13,45 -0,03 2,32 0,9978

0.05 -2371,56 17,99 -0,04 2,99 0,9969

0.1 -2423,38 18,34 -0,04 3,04 0,9968

0.5 -2394,75 18,13 0,04 2,99 0,9968

1.0 -2488,57 18,81 0,04 3,12 0,9969

OTanoH 693,77 0,99 -0,00 0,09 1,0
Tabmumna 2.7

TemnepaTypHas 3aBUCUMOCTb yaeiabHOU TernoeMKkocTH (/[x/(kr K)) nunkoBoro

cruiaBa [ITAMCB4-1-2,5 ¢ Hatpuem u 3tasnoHa (Al mapku ASN) [93-96]

Coneprxanue HaTpus B T.K
cruiase, Mac.% 300 350 400 450 500
0.0 240,92 293,71 316,29 326,07 340,46
0.05 244,17 321,99 357,28 372,47 389,99
0.1 245,78 325,94 362,70 378,86 397,22
05 253,19 334,63 373,04 390,85 410,49
1.0 253,34 337,23 376,91 395,79 417,28
OranoH 903,81 927,44 949,56 970,83 991,92

Jns uuakoBoro crmaBa [HAMCB4-1-2,5 ¢ Hatpuem TemmneparypHas

3aBUCUMOCTH KOd(ppuImeHTa TeriooTnadyn uMeet Buj (pucyHok 2.50). JloGaBku

HATPHs YBEIMYUBAIOT KO3 GUIMEHTa TeIIO0TIaul HCX0qHOTo cruiaBa [93-96].




53

C, /(i K)

a 2
1000 / o, Br/(m K) 0
———JranoH (Al mapku ASN)
0 LIAMCa4-1-25 /
800 1 ———— Oranod (MlmaprasN) | 777777 +0.05 Na :
+ L|AMCe4-1-2,5 —-—-—- +0.1Na

——— +05Na

------ +0.05 Na ol

— === 401Na
——— +05Na
600 - ———— +10Na

40 1

N = m=TEE

,*::f/:(’f”:———— '
AT
/////. ' /
200 T T T IT’K ‘ T T T |T1K
300 350 400 450 500 0 30 40 450 50
Pucynok 2.5.  TemmneparypHas 3aBUCUMOCTb YAEIBHOM TEIUIOEMKOCTH (a) U

koaddummenTa remwtooraayu (0) uHKOBOTO criaBa [I[AMCB4-1-2,5 ¢ HaTtpuem u
stanona (Al mapku ASN) [93-96].

Jlns  pacuera TeMmmepaTypHOM 3aBUCHUMOCTA W3MEHEHUW DHTAJIBIINU,
sHTporuu M SHeprun ['mbb6ca crmaBoB mo (2.12)-(2.14) ObUTM MCHIOJIB30BaHbBI
UHTETpalbl OT YACIbHOM TEIJIOEMKOCTH Mo ypaBHeHHio (2.10). Pesynbrarsl
pacdyeta TEeMNEpaTypHOM 3aBUCUMOCTH WM3MEHECHUN OHHTAIBIUU, SHTPONHU U
sHeprun [mbOOca mns cruiaBoB 1o ypaBHeHusM (2.12)-(2.14) yepes 50 K
MpejCTaBIeHbl B Ta0auIe 2.8.

Takum o0OpazoM, B peXUME «OXJAKICHUS» 1O M3BECTHOU TETUIOEMKOCTU
ATAJIOHHOTO 00pa3na u3 amomuHus mapku ASN ycraHoBiIeHa TemIiiepaTypHas
3aBUCUMOCTh TEIJIOEMKOCTU, KO3 UIIMEHTA TEIJIOOTIa4Ud U TEPMOIMHAMUYECKUX
dbynkumii nuakoBoro craBa [J[AMCB4-1-2,5 ¢ natpuem. [lomydeHbl MOTMHOMBI
OMUCHIBAIOIIINE TEeMIEPaTyPHYIO 3aBUCUMOCTh TETIOEMKOCTH u
TepMoaUHaMuUecknX (yHKIui nuHkoBoro cruiaBa [JAMCB4-1-2,5 ¢ Hatpuem B

uaTepBaiie Temmepatyp 300 K qo 500 K [93-96].
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Tabmuna 2.8

TemnepaTypHasi 3aBUCUMOCTbh U3MEHEHUN TEPMOJIMHAMUYECKUX (DYHKIIHI

muHKoBOTO cruiaBa [JAMCB4-1-2,5, nerupoBanHoro HatpueM u dtanona (Al

mapku ASN) [93-96]

T.K
Coneparnne HEPITT 300 350 400 450 500
B ciaBe, Mac.%
[HO(M)—H°(Ty) | kH/kr st crutao
0.0 0,44 13,97 29,31 45,39 61,99
0.1 0,45 14,97 32,32 50,90 70,24
0.5 0,46 15,39 33,21 52,35 72,33
1.0 0,46 15,46 33,45 52,81 73,07
OTanoH 1,58 44,35 86,64 127,90 167,56
[SO(T )—S° (TO*)], kJlx/(xr-K) s crinaBoB
0.0 0,00 0,04 0,08 0,12 0,16
0.1 0,00 0,05 0,09 0,14 0,18
0.5 0,00 0,05 0,09 0,14 0,18
1.0 0,00 0,05 0,10 0,14 0,18
OTanoH 0,01 0,15 0,27 0,38 0,49
[GO(T) -G° (TO*)] , KJDK/KT 15t CTUTaBOB
0.0 -0,00 -1,11 -4,30 -9,46 -16,44
0.1 -0,00 -1,17 -4,64 -10,36 -18,20
0.5 -0,00 -1,20 -4, 77 -10,65 -18,71
1.0 -0,00 -1,21 -4,79 -10,72 -18,86
OTanoH -0,09 -6,99 22,16 -45,39 -76,67
“To=298,15K

C noMouIpl0 TMOJMYYEHHBIX MOJIMHOMHBIX 3aBUCHMOCTEH IMOKAa3aHO, YTO C
pPOCTOM COJIEp)KaHHUSI HATPUS W TEMIIEPATypbl TEIUIOEMKOCTh, KO3(PUIIMEHT
TEIUIOOTA4H, SHTAIBIWS W DSHTPOINHS CIUIABOB YBEIWYHUBAIOTCS, 4 3HAYCHUE

sneprun ['n60ca ymenbmaercs [93-96].

2.4. Bausinne 100aBOK KaJus HA Temiopu3nyecKue CBOMCTBA U

TepMoAuHAMHUYecKHe (PYHKIIMU NHHKOBOTO ciuiaBa [IAMCe4-1-2,5 [97, 98]

9KCHCpI/IMCHTaJIBHO IMOJIYYCHHBIC KPHBBLIC OXJIAXKIACHUSA O6p8,3HOB nu3
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nuHKkoBoro criaBa [[AMCe4-1,2,5 ¢ kanuem mpeacTaBieHbl HA pUCYHKe 2.6a U
onuchIBalOTCs ypaBHeHueMm Buza (2.8). Jluddepenupys ypaBuenue (2.8) mo T,
MoJIy4aeM YpPaBHEHHE Uil OMPECICHUS CKOPOCTH OXJIAKICHUS OOpas3IoB U3
crtaBoB (2.9). M3 skcniepuMEeHTaIBHO TOJMYYCHHBIX 3aBUCHMOCTEH TeMITepaTyphl
0o0pa3IoB OT BpeMeHHU (PUCYHOK 2.6a) MU CKOPOCTH OXJIXKIEHUsS 0O0pas3IoB W3
CIUIaBOB (puCyHOK 2.60), KOTOpbIC ONMHUCHIBAIOTCS moiuHOMamu (2.8) u (2.9)
OTpenemsin uX Kod(h(UIIUEHTHI, MPOBEI KOMIBIOTEPHYIO 00paboTKy. 3HaYCHWUSI
koapdumenToB a, b, p, Kk, ab, pk B ypaBHenum (2.9) mns wccieaOBaHHBIX
oOpa3ioB npuBeAcHbI B TabmIe 2.9 [97, 98].

Tabnuua 2.9

3nadenust K03PGUIMEeHTOB B ypaBHeHUU (2.9) mis iuHKoBoro crutaBa [IAMCg4-
1-2,5 ¢ xanmem u sTanona (Al mapku ASN) [97, 98]

CozepkaHue Kanus B A K b-107, 0 K k-10, ab, pk-1072,

crase, Mac.% ’ ct ’ ct Kc? Kc?
0.0 213,82 | 5,47 |316,83| 0,00 1,17 3,02

0.05 213,82 | 547 |316,03| 0,00 1,17 3,02

0.1 213,82 547 |317,43| 0,00 1,17 3,02

0.5 213,82 | 546 |318,32| 0,00 1,17 3,02

1.0 213,82 5.46 |317,82| 0,00 1,17 3,02

DTanon 206,29 | 5,14 |331,05| 0,00 1,06 4,85

Jlanee mo paccUMTaHHBIM 3HAYEHUSIM BEJIMYMH CKOPOCTEH OXJIaXKICHUS
oOpa3nioB 10 ypaBHEeHHIO (2.7) ObUIa BBIYMCICHA YHETbHAS TEIJIOEMKOCTh
nuHkoBoro criaBa [JAMCg4-1-2,5 ¢ kanuem. Pe3ynbTaThl pacuéra MoKas3bIBaIoT,
4TO TeMIepaTypHas 3aBUCUMOCTb yaenbHOM Teroémkoctu  (Jx/(kr-K))
nuHKoBoro crwiaBa [[AMCB4-1-2,5 ¢ xammem u stanona (Al mapku ASN)
OMMMCHIBAIOTCS ypaBHeHHeM Tuna (2.10). 3naueHue K0d(pGUIIMEHTOB B MOJIUHOME
(2.10) momyueHsl 00pabOTKOM pe3ynbTaTOB UX pacuéra mo mporpamme Sigma Plot

1 ripuBeieHbI B Tabmue 2.10 [97, 98].
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Pucynok 2.6. I'paduk 3aBUCHMOCTH TeMIlepaTypbl OT BpPEMEHH OXJIKIEHUs (a) U
TEeMIEpaTypHas 3aBUCHUMOCTh CKOPOCTH OXJIQXJAEHHUS OT TemrepaTypsl (0) s
00pasnoB u3 1uHKoBoro cruiaBa [JAMCB4-1-2,5 ¢ kanuem u staniona (Al mapku
A5N) [97, 98].
Pe3synprarel pacuéra TemnepaTypHOl 3aBUCUMOCTH TEIJIOEMKOCTH CILIABOB

no gopmynam (2.7) u (2.10) uepe3 50 K mpencrabiensl Ha pucyHke 2.7a U B
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tabnue 2.11. U3 Tabauiisl BUTHO, YTO TEIJIOEMKOCTD CIIJIAaBOB OT TEMIIEPATyphl U
OT CoJiep>KaHus KaJusl yBenuuuBaercs [97, 98].
Tabmuna 2.10

3HaueHus ko3pdunmentos a, b, ¢, d B ypaBuenuu (2.10) IHHKOBOTO CIJIaBa
LIAMCg4-1-2,5 ¢ xanuem u 3tanona (Al mapku ASN) [97, 98]

Conepxanue
a, b, C, d10°, | Ko>ddunment
KaJus B CIUIABE,
o Jox/(xr-K) | JIx/(xr-K2) | Iox/(xr-K3) | Jx/(kr-K)*| xoppensuuu R
mac.%

0.0 -1684,38 13,44 -0,03 2,32 0,99

0.05 -2255,78 17,21 -0,03 2,899 0.99

0.1 -2341,07 17,78 -0,03 2,97 0.99

0.5 -2465,01 18,69 -0,04 3,11 0.99

1.0 -2476,75 18,80 -0,04 3,12 0.99

OTanoH 693,77 0,98 -0,00 3,14 1.00

Ta6nuna 2.11
TemmnepaTtypHasi 3aBUCUMOCTbH YeabHOU TermoéMKocTH ([x/(kr-K))

IMHKOBOTO criaBa [IAMCB4-1-2.5, 1erupoBaHHOTO KallueM H

stasiona (Al mapku ASN) [97, 98]

ConeprxaHue Kaiaus B T.K
cruiaBe, Mac.% 300 350 400 450 500
0.0 240,92 | 293,70 | 316,29 | 326,07 340,46
0.05 241,33 | 316,00 350,9 367,69 388,07
0.1 241,63 | 318,66 | 354,13 370,29 389,43
0.5 247,20 | 326,74 | 362,07 | 376,49 393,34
1.0 251,63 | 332,03 | 368,29 | 383,94 402,55
OtanoH 903,81 | 927,43 | 949,55 970,83 991,92

Jlnist pacuera TeMnepaTypHO 3aBUCUMOCTH U3MEHEHUIN SHTAJIbIIUU, SHTPOIUU
u sHepruu ['m66ca cruiaBoB 1o (2.12)-(2.14) ObUTM UCTIONB30BAHBI UHTErPAJIbl OT

YACIBbHOM  TEIJIOEMKOCTH 10 ypaBHeHuto (2.10). PesynpTaThl pacuera
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TEMIIEPATypHON 3aBUCUMOCTH W3MEHEHUW DSHTAJIBIIUU, DSHTPOIUA W DHEPTUU
['u66¢ca o ypapHenusm (2.12)-(2.14) gepes 50 K npencrapiensl B Tadbnuie 2.12
[97, 98].

COp, Jix/(xrK)

1000 { /ﬁ///
800 ———— Jr1anoH (Al mapka A5N)
B LIAMCg4-1-2,5
—————— +0.05 K
———e 401K
——— 05K
600 ———=— #0K
4004 S o,
T
7
200 . . : TK
300 350 400 450 500
Br/(m2 K
a, Br/(m“-K) 6)
——— OranoH (Al mapkv A5SN) i
60 - <o LIAMCB4-1-2,5 F
------ +0.05K pd
— == 101K Pt
——— 405K e
———— 0K et
. : ; TK

300 350 400 450 500

Pucynok 2.7. TemnepartypHasi 3aBUCUMOCTb yeiabHOU TeroéMkoctu (Jx/(kr-K))
(a) m xosbdunmenta Tteroormaun (6) mwmHKOBOro crutaBa [[AMCs4-1-2,5,

JIETHPOBAHHOIO KajreM u dTanoHa (Al mapku ASN) [97, 98].
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Tabmura 2.12

TemnepaTypHasi 3aBUCUMOCTb U3MEHEHUN TEPMOJIMHAMUYECKUX (DYHKIIUU

nuHKOBOTO criaBa [JAMCB4-1-2.5, 1erupoBaHHOTO KallieM U

stasiona (Al mapku ASN) [97, 98]

T, K
Conepaanue kams 30 350 400 450 500
B CTIaBe, Mac. % [H "(M)—H°(T, )] . KJIK/KT [UIS1 CIITIaBOB
0.0 0,44 13,97 29,31 45,38 61,99
0.05 0,44 14,58 31,38 49,37 68,20
0.1 0,44 14,67 31,61 49,76 68,69
0.5 0,45 15,03 32,39 50,89 70,08
1.0 0,46 15,28 32,92 91,77 71,37
OtanoH 1,58 44,34 86,63 127,90 167,55
[So(l' )—S° (TO* )] kJbx/(xr-K) mis cimaBos
0.0 0,00 0,04 0,08 0,12 0,15
0.05 0,00 0,04 0,08 0,13 0,17
0.1 0,00 0,04 0,09 0,13 0,17
0.5 0,00 0,04 0,09 0,13 0,17
1.0 0,00 0,04 0,09 0,13 0,17
OrtanoH 0,00 0,14 0,27 0,38 0,48
[G°(T)-G°(Ty) |, kIb/kr ans criaBos
0.0 -0,00 -1,10 -4,29 -9,45 -16,43
0.05 -0,00 -1,14 -4,51 -10,07 -17,67
0.1 -0,00 -1,14 -4,54 -10,14 -17,80
0.5 -0,00 -1,17 -4,65 -10,38 -18,21
1.0 -0,00 -1,19 -4,73 -10,56 -18,53
OtanoH -0,09 -6,99 -22,16 -45,38 -76,67
"To=298.15 K

Takum o0OpazoM, B pPeXHME «OXJXKICHUS» MO M3BECTHOW TEIUIOEMKOCTH

ATAJIOHHOTO oOpasma wu3 amtoMuHus Mapku ASN ycraHoBieH TemriepaTypHas

3aBUCUMOCTh TEIUIOEMKOCTH ILHMHKOBOro cmaBa I[AMCe4-1-2,5 ¢ xammem.

[Tomy4eHnbl

IIOJINHOMBI

OIIKMCBIBAIOIIHNEC

TEMIIEPATYPHYIO

3aBUCHUMOCTD

TEIJIOEMKOCTH W HM3MEHEHUHM TEpPMOJUHAMUYECKUX (PYHKUUN (SHTAJIbIUA,

sHTpomus, SHeprus ['nb6ca) muHKoBoro crmaBa [[AMCB4-1,2,5 ¢ kamuem B

untepBaie temrnepatyp 300 - 500 K. C noMouipro MONTyYEHHBIX MOJMHOMHBIX
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3aBUCUMOCTEH MOKa3aHO, YTO C POCTOM TEMIIEPATyPhl TETUIOEMKOCTh, YHTAIBITHS 1
SHTPOIUS CIUTABOB YBEIWYUBAIOTCS, a 3HAYCHUs dHEpruu ['mbOca yMeHbIIaeTCs.
JloOaBkM kayiusi B U3y4eHHOM KOHIeHTpanroHHoM uHTepBaie (0,05 - 1,0 mac.%)
YBEIUYHUBAIOT TEIUIOEMKOCTh, OJHTAJIBIMI0 M DHTPONHIO ITMHKOBOTO CILIAaBa

[TAMCRg4-1-2,5, a 3Hauenue sHeprus ' md60ca npu 3ToM ymenbiaercs [97, 98].

2.5. 3akarouenne mo BTopoii riaase [91-98]

Pe3ynbTaThl MccnenoBaHus BIUSIHUS JH00AaBOK JIUTHS, HATPUS U KaJUs Ha
TEIUIOEMKOCTh U MU3MEHEHUU TEPMOJUHAMUYECKHX (YHKIIMU IIMHKOBOIO CIIJIaBa
[HAMCg4-1-2,5, nerupoBaHHOrO JMTHUEM, HATPUEM M KajJiheM OO0OOIIECHbI B
tabmumax 2.13, 2.14. Jlna cmmaBoB, coaepxkammx 1.0 mac.% nerumpyromero
KOMITOHCHTa HaOJII0/1aeTCs POCT TEIJIOEMKOCTH, SHTAIBIIUN U DHTPOIUH CILIAaBOB
OT TeMITEPaTyphl U CHIKeHHE dHeprun [ mdoca [91-98].

Tabmuma 2.13
TeMrneparypHasi 3aBUCUMOCTbH yJI€JIbHOW TETNIOEMKOCTH ITMHKOBOTO CIIJIaBa
[HAMCg4-1-2,5, nerupoBanuoro 1.0 mac.% autuem,

HaTpUeM U KanueM u staona (Al mapku ASN) [91-98]

ConepxaHue JErupyromero T,K
KOMITOHEHTa B crutaBe, Mac% | 300 350 400 450 500
0.0 240,92 | 293,70 | 316,29 | 326,07 | 340,46
1.0 Li 259,18 | 341,68 | 380,51 | 399,14 | 421,04
1.0 Na 253,34 | 337,23 | 376,91 | 395,79 | 417,28
10K 251,63 | 332,03 | 368,29 | 383,94 | 402,55
OranoH 903,82 | 927,44 | 949,56 | 970,83 | 991,92

[To mpoBeaEHHOMY MKy HCCIEIOBAHUM M3MEHEHUN TeropU3NYECKUX U
TEPMOJIMHAMHYECKUX  XapaKTePUCTUK MHUHKOBOro crmaBa [[AMCg4-1-2,5,
JIETUPOBAHHOTO PA3JUYHBIMM KOJUYECTBAMHU JIUTUS, HATPUS M Kajaus, MOXKHO
3aKJIFOYUTh, YTO B ILIEJIOM JJISl YKA3aHHBIX CIUIABOB C IOBBIIICHUEM TEMIEPaTypPhl

3HAYCHUS TEIJIOEMKOCTH CILIABOB KOB(I)(l)I/IL[I/IeHTBI TCIIIOOTAA4YH, a OSHTAJIBIIMKU U
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DHTPOIMU YBEJIMYMBACTCS OTMedaeTcs, dHeprus ['mbbca mpu 3TOM CHIKACTCH.
[Ipu mepexome OT CIUIABOB C JHTHEM K CIUIaBaM C HaTpUeM U KaJlueM
HAOJFOMACTCSl YMCHBIICHUN TEIUIOEMKOCTH, HDHTAIBIIMU W DSHTPOMHH, U POCT
sHeprun ['mbOca, 4TO B IETOM KOPPEIUPYETCS C HU3MEHEHUEM TEIUIOEMKOCTH
IIEJIOYHBIX METAJIJIOB B Ipeaeaax moarpymis! (Tabaume 2.13 u 2.14) [91-98].
Tabnumna 2.14
TemmepaTtypHast 3aBUCHMOCTh H3MEHEHHI SHTAIBIIAN, SHTPOIIUN U SHEPTUU

['u606ca mist mmaKoBOTO crutaBa [IAMCR4-1-2,5, nerupoBaHHOTO TUTHEM, HATPUEM

1 kajgueM u dtasioHa (Al mapku ASN) [91-98]

Coneprxanue T, K
JIETUPYIOIIETO 300 350 400 450 500
KOMHOHeHTi B HHHEE, [HOT) - HO a1, KXK/KT my1st crutaBoB
Mac%
0.0 0,44 13,97 29,31 45,39 61,99
1.0 Li 0,46 15,46 33,45 52,81 73,07
1.0 Na 0,46 15,46 33,45 52,81 73,07
10K 0,46 15,28 32,92 51,77 71,37
DTalloH 1,58 44,35 86,64 127,90 167,56
[s°my-s°a1, kKIx/(xr-K) ans crutaBos
0.0 0,00 0,04 0,08 0,12 0,16
1.0 Li 0,00 0,05 0,10 0,14 0,18
1.0 Na 0,00 0,05 0,10 0,14 0,18
10K 0,00 0,04 0,09 0,13 0,17
OrtanoH 0,01 0,15 0,27 0,38 0,49
[GO(T) - G° 1, KJK/KT 11t crutaBoB
0.0 -0,00 -1,11 -4,30 -9,46 -16,44
1.0 Li -0,00 -1,21 -4,79 -10,72 -18,86
1.0 Na -0,00 -1,21 -4,79 -10,72 -18,86
10K -0,00 -1,19 -4,73 -10,56 -18,53
DTalloH -0,09 -6,99 22,16 -45,39 -76,67

T, =298,15 K
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I'JTIABA 3. UCCJIEJOBAHUE KMHETUKHN OKUCJ/IEHUA
HIUHKOBOI'O CIIVTABA IAMCg4-1-2,5 C JUTUEM, HATPUEM U
KAJIMEM, B TBEP1OM COCTOSAHHUHA
3.1. Meroankm uccjiel0BaHUs KHHETUKU OKMCJICHUS CIIABOB

U NMPOAYKTOB UX OKUCJICHUMN

[IpakTUueckuii 1 HayYHBI MHTEPEC MPEJICTABISAET UCCIEIOBAHNE KHHETUKH
OKHCIIGHUSI CIUIABOB M TBEPAbIX METAUIOB KHUCIOpPOJIOM Ta30Boil ¢a3pl. B
pe3yibTaTe TAKOrO B3aUMOJEHCTBUS YXYIIIAETCS KAYECTBO MOBEPXHOCTH CILIABA,
MEXaHUYECKUE CBOWMCTBA M3IEINI CHUYKAIOTCS, CIUIAB 3arpsi3HSAETCS OKCHUIHBIMU
BKJIIOUCHUSAMU. PellieHne 3TUX BOMPOCOB B PE3yibTaTe OMNpPENEICHUS MEXaHH3Ma
OKHCIICHUSI Y KHHETHYECKHUX IapaMeTpPOB IMPOIECCa TMO3BOJUT MOIYyYHUTh
JIOTIOJTHUTEIBHYI0 HH(POpMaILHio o mporecce okucaeHus [99-101].

[Ipu uccnenoBaHuy OKUCIEHUS CIUIAaBOB IMPUMEHSIOT METOJ HEMPEPHIBHOTO
B3BEIIMBAHUS O0pa3loB, KOTOPBIM OOBIYHO HCHOJB3YIOT [UISI  HM3y4YEHUs
BBICOKOTEMIIEpaTypHoil koppo3un wmetamwioB [101]. Hcnonmp3oBanue HgaHHOTO
METO/Ia JAET BO3MOKHOCTh OIpPEACNICHU KMHETHUYECKUX MapaMeTpOB OKUCIECHUS
CIUIAaBOB M MeTauioB. [IpenMMymecTBo [JaHHOrO MeETOJa 3aKJIYaeTcs B
BO3MOYKHOCTH MPUMEHEHHS €r0 MPHU BBICOKUX TEMIEpaTypax U B OTHOCHTEIbHOMN
npocToTe anmnapatypHoro ohpopmienus [102].

JUisi v3ydeHus OKHWCJICHUS METa/UIOB OblJla CMOHTHpOBaHAa YCTaHOBKA
(pucynok 3.1), pazpaboranHas A.A.beroycoBeiMm u b.M. JlenuHckux wu
omucanHbpli B paborax [103-110]. VYcranoBka mpencraBiser coOOW Tedb
YTOJBHOTO CONPOTHUBICHUS (1), MOKPHITYIO YEXJIOM M3 OKCHAA antoMuHus (2).
BepxHuil KoHeI[ 3aKpbIBAETCS BOAOOXIAKAAIOMIUMU KpbilikaMu (7) 1uisl co3aaHust
KOHTpOJIUpYIomie arMochepsl. KpbIllIku UMEIOT OTBEPCTUS ISl Ta300TBOASIIEH
Tpyoku (3), Tepmonapsl (5) u Turis (4), B KOTOPHIN MOMEIIAIOT HUCCIIECTYyEeMbIH
oOpasell, TUTEIb MOABEIICH K MPYKUHE U3 MOJIUOACHOBOM  mpoBoJioku (12) Ha
npoBoJioke u3 Iutatuhbel (6). IlpykuHy mnpeaBaputenpbHo KanuOposamu (12),

yCTaHaBJIMBAJIU B €MKOCTh U3 MOJIMOIeHOBOTO cTekiia (11) ¢ mpurepToil KphIlKon
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(14). Yexon ¢ mpyKMHOM yCTaHABIMBAJCSA HA MOJACTABKE, HE3AaBUCHUMOW OT MEYH
(13) nns wus3beranuss BuOpanuu. Beckl OT TEIOBOrO U3JIyYEHUS TICYH
IPEeIOXpaHsUId MCIOIb30BaHUEM TPOHA M XOJoawibHUKA (15), momenieHHOro Ha

HIDKHEM KOHIIE CTeKJITHHOTO O0ayutona [99-101].

14

I

13
10

Boaa \ ras

y 3

— Bopa

g ]| nne3

Pucynok 3.1. Cxema yCTaHOBKHM JJIsl U3YUYECHUS] KHHETUKU

OKHCJICHHUSI MeTaJIIOB 1 crutaBoB [99-101].
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C nomompto kateToMerpa KM-8 1o pacTsskeHUIo Mpy>KUHBI (PUKCUPOBAIH
u3MeHeHue Beca. I[Ipu ucciaenoBaHUM MPUMEHSIIM TUIJIM U3 OKCUA AJTIOMHHHUS
BBICOTOM 25-26 MM, quametrpoM 18-20 mm. Ilepen ombITOM TUTIIM TPOKATUBAIIN
0 TIOCTOSIHHOTO BEca B OKMCIMTENBHOM cpeme npu temmneparype 1000-1200 °C
[99-101].

Jlnsg u3MepeHust TemrepaTypbl HUCHOIb30BAIM IUIATHHA-TUIATHHOPOAUEBYIO
Tepmomnapy (5), KoTopasi TOpsIMUM KOHIIOM Kacajach MOBEPXHOCTU HCCIIEAYEMOTO
cruiaBa.  TepMmomapa HaxoAwiack B 4Yexje M3 OKcuaa amoMuHus. s
MOJJEPKAHUS  3aJaHHONW TemmepaTypel ¢ To4dHOCThI0O +2 °C  TmpmcTOpoM
peryaupoBalid Harpy3Ky nedd. [[jsi perucrpanuu TeMmiiepaTypbl HCIOJIb30BaIA
noreniuomerp III1-63. Ilocme mnpoBeneHUsT oOnbITa OXJAXIATU CUCTEMY,
PEaKIMOHHYIO TOBEPXHOCTh ONPENSISUIM IYyTeM B3BEIIMBAHUSA THUTJS C
colaepkuMbiM. Jlamee ¢ MOBEpXHOCTH oOpaslia CHUMaIu OO0pa30BaBIIYIOCS
OKCHJIHYIO TUIEHKY M C IOMOIIBIO peHTreHo(a3oBoro anamusa miydaau e€ [99-
101].

[TorpemHoCTh SKCTIEpUMEHTa ObLIa BBIUYMCICHA W3 HCXOTHOU (HOPMYIIBI

KOHCTaHThI ckopocTu okucieHus (K)

/s)?
K = % , (3.1)
rae t— Bpems, S— MOBEPXHOCTh META/IA, (J - BEC MeTalIa.

M3 cyMMBI OTHOCUTENBHBIX OIIMOOK OblIa pacCUUTaHA OTHOCUTENbHAS OLIMOKA:

2
AK :Ag+(AS) +§
K g S t

Kaxmoe cnaraemoe ObUIO pacCMOTPEHO OTAEIbHO. TOYHOCTH B3BEIIMBAHHUS

(3.2)

BBIYHCIISITN TIO (hopMyJIe

£=£100+%100+%+AI, (3_3)
g 9.0 9.0s 100

Yucnurens BTOporo u Tperbero ciaraemoro (BenuuuHa 0.0001.;) sBisieTcs
OLIMOKOM MpU B3BEIIMBAHWM Ha AHAJIMTUYECKUX BEcax UCCienyeMoro obdpasia
J0 W 1oclie omnbiTa. AJ — YyBCTBUTEIBHOCTb WJIM TOYHOCTh B3BELIMBAHUS

INPpYyKWMHHBIX BC€COB B PE3YJIbTAaTC MPOBCACHUA  OIIbITa, PACCUUTHLIBACTCA
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KaJIMOPOBKOW BECOB BMECTE€ C THIJEM W HABECKOW, IUIATHHOBOW HHUTHIO U
noaBeckoil. [lapamiensHO MPOBEPSIM BECHI HA MOCTOSHCTBO MOJYJS YIPYTOCTH
NpyXuH. Beckl, mpuMeHseMble HaMU B HCCJIEAOBAHUM, UMEIU napameTpsl: [l -
3.8:10% M, ® = 0.05:102 m, W = 20 Butkos [99-101].

Cxema KaauOpOBKU ObLTa CJICIYIOIICH:

m+ a Ah

m+a+k (34)
m + 3a AR
m+3a+k (35)
m + na Ah
m+na+Kk ’ (3.6)

rie Kk — nocrosuHas go6aska (0.020-10° kr); m — Bec Bceil cucrembl; Ah —
pacTsHKEHUE JUTMHBI NPYKUHBL, (PUKCUpyeMoe Ipu noMomu karetomerpa KM-8 ¢
ueHol nenenus, pasHoi 0.010-10°2 m. Paccuurannas Hamu no ypasHeHuio (3.3)
BenmuuuMHa — morpemHoctd  (Ag/g)  Obumta  paBHa  2.9%. Temmeparypa
KOHTPOJIMPOBAJIaCh TepMONapoi (MIaTUHO-TUIATUHHOPOJIMEBOM), €€ ropaunid crai
HAXOAMUTCS Ha yPOBHE MOBEPXHOCTU oOpa3ia. TOUYHOCTh U3MEPEHUs TeMIepaTyphbl

cocrassuia £2°C. IIpu 5ToM omubKa B M3MEPEHUIX COCTABUIIA:

AT _ 2.100
T 900

=0.22%. (3.7)

[Torpemnocts m3mepenust AK/K o gpopmyne (3.2) pasasinock 9,62%.

Peumeenoghazosuiii ananuz npooykmos okucienus. Jns uccienoBaHusi B
OpOAYKTaX OKHUCJIEHHMsS cocTaBa (a3 MNPUMEHSUJIM METOJ PEHTI€HOBCKOIO
UCCIIeIOBaHMUsI Topolka. PeHtreHodas3oBblii aHanu3 ObLI MpOBEIEH Ha
mugpakromerpe JIPOH-3.0. B 3aBucumocTH OT pe3yJbTaTOB, MOJYYEHHBIX Ha
nudpakTorpaMMax, (a3oBbI COCTaB MCCIEAYEMBIX OKCHIOB ONpPEICISUIA TI0
pexomenmanusaM [111-113]. WurencuBHocTh (J) ¢da3 U MEXKIUIOCKOCTHOE
paccrosiane (d) ompeaensuii pacu€TOM TEOPETHUYECKUX IUPPAKTOTpamMM, IPH
HAJIMYUHU TOJBKO JAHHBIX O pa3Mepax U TUIIE SYEHKH, KOTOpbIe ObLIN IMOJIyYEHBI

npu 00pabOTKE IKCIIEPUMEHTAIBHON TU(PPAKTOTrPAMMBI.
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CpaBHHBas SKCIEPUMEHTAIBLHO TOJIy4YeHHbIE J U 0 C MX TEOPETHYECKUMHU
3HAUEHHUS W BBIABISIA COBMNAJCHUE B mpenenax (a3bl, MOXKHO CUMTaTh, 4yTO (pa3a
CYIIIECTBYET, B OOpaTHOM ciiydae HaOmromaeTcst oTcyTcTBue ¢aspl. [lpm pacuére
IKCIICPUMEHTAIBHON Ju(pakTorpaMmbl TodydeHHbie J uW d cpaBHHBamM ¢
JUTEPATYPHBIMU CIIPABOYHBIMU JaHHBIMHU. Ha oCHOBaHMU pe3yIbTaTOB CpaBHEHUS
[113, 114] nemanu 3aKII0YCHHIE O TIPUCYTCTBHHA NCKOMOM (ha3bl.

[Ipu aHanmM3e MOMYYEHHBIX PE3YJIbTATOB YUYUTHIBAIACH OTHOCHUTEIIbHAS
UHTCHCUBHOCTh JHHMHA. B  o0pa3ne WHTEHCMBHOCTh JuHUN a3 Ha
nudpakTorpaMMe 3aBHCHT OT COOTHOIIEHHUSI KonudecTBa (a3. Ecom xommdecTBo
¢da3pl B cMecH Mallo, BO3MOYKHO CHIDKEHHE WM JJaXKe IOJHOE HMCUE3HOBEHUE
cnabbix JmHMA  ¢a3el. Ha pudpaxtorpamme o00s3aTebHO  MPUCYTCTBHUE
HECKOJIbKMX (HE MeHee TpeX) HaumboJjiee WHTEHCUBHBIX JIMHUM, JHIIb B 3TOM
Cllydae MOXKHO CJI€JIaTh BBIBOJ O HAJIMYMU UCKOMOMU (ha3bl B UCCIIETyEeMON CMECH
[113, 114].

PeHTreHorpaMMbl paccuuThIBaJIM C HUCHOJb30BaHUEM (opmyssl Bynbda-
bparra mo wu3BectHoit metomuke [113, 114]. Jlns pentreHoda3oBoro aHaimsa
MOPOIIOK CIUIABOB TOTOBMJIM C TOMOIIBI0O HamWIbHUKA. HamunbHuk mepen
MOATOTOBKOM Ka)JI0ro oOpasiia criaBa 00paldaThIBaIM METAJUTMUYECKOM IETKOH,
3aTeM OYMINAJIN CIUPTOM U alleTOHOM TIO JiBa pas3a. Ha moBepXHOCTh KapeTKu Iu-
neTKkol HaHocuiu 3-4 KamiM coupra s Oojiee yCTOWYMBOTO MPHIIMIIAHUS
nopomka. Jlamee kapeTrky c¢ o0pa3LoM IOCie HCHapeHus CIHUpTa MOMEIIalu B
anmapar ¥ NHo IMOKa3aHWIo cYET4YMKa amnmapara oT 6 no 80 rpagycoB CHHUMAIIA

nudpakrorpammy [113, 114].

3.2. Kunernka okucjeHusi HIHHKOBOro cmiaasa IIAMCs4-1-2 5,

JIETHPOBAHHOI'O JIUTHEM, B TBepAOM cocTostHum [115, 116]

JUis v3ydeHusi KUHETHKU OKHCIEeHUs IuHKoBoro craBa [[AMCg4-1-2,5
(Al-4%; Cu-1%; Pb-2.5%; Zn-ocrambHO€), JETHPOBAHHOTO JIMTHEM B

HN30TCPMHUUYCCKUX YCIOBHAX, HMCIIOJb30BAIN TepMOFpaBI/IMCTpI/I‘{CCKI/Iﬁ METOM,
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OCHOBAaHHBI Ha HEMPEPHIBHOM B3BEIIMBAHUU OOPA3IOB M3 CIUIABOB, B TBEPIOM
cocrostHuM. [TogpoOHas MeTo KA UCCIIeI0BaHMs IPUBEACHA B padoTax [117-121].
JIist uccrenoBaHusl BIUSHUAS JUTHS HAa KWHETUKY OKHCICHUS ITMHKOBOTO
cruiaa [JAMCB4-1-2,5, B TBepAOM COCTOSIHMM Oblla CHHTE3MpPOBAHA CEpHs
criaBoB ¢ coxaepxkanuem Jjutusi oT 0.01 mo 0.5% mno wmacce. CraBwl s
uccienoBanus monyuyrsn u3 muHKa Mapkw 13 (ITOCT 19424-97), amromunus
mapku A7 (I'OCT 11069-2001) u nutus Meramumueckoro wmapku JID-1
('OCT 87745-75). WccnemoBanue TpoBOOMIM B arMmocdepe Bo3ayxa TIpH
temneparypax 523, 573 u 623 K. Pe3ynbpraThl uccienoBaHus MPEICTABICHBI HA
pucyHkax 3.2-3.4 u B Tabnunax 3.1, 3.2 [115, 116].
Tabnuua 3.1
KuneTtndeckue u sHepreTHUECKUE MapaMeTphl MPOIECCa OKUCICHHS IIMHKOBOTO

cruiaBa [IIAMCB4-1-2,5 ¢ nutuem, B TBepioM coctostHuu [115, 116]

Conepxanne | Temmeparypa | Mctunnas ckopocts | Kaxymasics sHEprus
JNUTHA B okucnenusi, | oxucienus K-10%, aKTHUBAlMH,
cruase, Mac.% K Kr M2 cex! K JI>k/MOJIB
523 3.48
0.0 573 3.53 136.8
623 3.60
523 3.59
0.05 573 3.64 125.5
623 3.71
523 3.63
0.1 573 3.68 121.0
623 3.76
523 3.68
0.5 573 3.74 117.9
623 3.80
523 3.73
1.0 573 3.79 114.1
623 3.84

Kunernueckue kpuBbie OKUCIEHUsS HUHKOBOro cruiaBa [[AMCe4-1-2.5 B

TBEPJIOM COCTOSIHUM (PUCYHOK 3.2a) XapakTepusylTcsi 0oJie pacTsIHYTbhIM
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npoieccoM (HOPMHUPOBAHMS OKCHIHOW TUIEHKM HAa HAYAJIBHOM JTarle OKHCIICHUSI.
CKOpOCTbh OKHUCJICHHS IAaHHOTO CILJIaBa B 3aBUCUMOCTHU OT BPEMEHU U TEMIIEPaTypPbl
HE3HAUNUTEIHHO yBenmuuBaeTcs. OgHAKO POCT yAeNbHOW Macchl oOpasia k 20
MUHYTaM TMPUOOpPETaeT MOCTOSIHHOE 3HadeHue. VICTMHHAs CKOpPOCTh OKHCICHUS,
BBIYKCIICHHAS TI0 KacaTelbHbIM, MPOBEAEHHBIM OT Hayasla KOOPJAUHAT K KPUBBIM U
paccuuranHas no gpopmyne K=g/s-At, cocrapnsger 3.48-10% u 3.6:10* xr-m?-cex?,
COOTBETCTBEHHO IIpu Temrmeparypax 523 u 623 K. Kaxymascs sHeprusi akTuBaIiuu
OKHUCJICHHS, BBIYUCIICHHS 0 TAHTEHCY yTJla HAKJIOHA IpsiMoi 3aBucuMocTH 1gK-

1/T cocraBnser 136,8 kJ»x/Moub (Tabmuma 3.1) [115, 116].

g/5:102, kr/n?

g/5-102, krim? 10 - 623 K
513K
g - 523K

4 )
2 -
0 T T T ' 0 T T T ]
0 10 20 30 40 t,MHH. 0 10 20 30 40 tMHH.
g/5-102, kr/m?
10 A 623 K
573K
523K
8
6
a4 - 6)
2 4
0 T T T 1

o 10 20 30 40 t,MHH.
Pucynok 3.2. KuHeTnyeckue KpHBBIC MPOIECCa OKHCICHHS IMHKOBOTO CIlaBa
ILIAMCB4-1-2,5 (a) u cruiaBa, coaepkariero 0.05(0), 0.5(8), mac. % nutus,

B TBepioM coctostHuum [115, 116].

IIpn Temneparypax 523 u 623 K 3HaueHHME UCTMHHOM CKOPOCTH OKHUCJIEHUS

cruasa, coxepxkamero 0.05 mac.% murtHs, uzmensercsa ot 3.59-10* no 3.71-10
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KF'M-Z'CeK-l. Ka)KYH_IaHCH OHCPIrud aKTHBAIUM OKHCJIICHUA IIPU 3TOM COCTABJIACT

125.5 xJIx/monb (pucynok 3.20) [115, 116].

Kunernueckue KpuBble Ipoiiecca OKUCIeHUs TUHKOBOTO criiaBa [[AMCg4-

1-2,5, conepxkamero 0.5 mac.% nutusi, mpuBeACHb Ha pucyHke 3.2B. J[aHHBIHA

CILJIaB MOJABEprajca OKUCICHUIO mpu Temrneparypax 523, 573 u 623 K. MctunHas

CKOpPOCTb OKHCJIEHHsI COCTaBlseT Benumdauay 3.68-10* u 3.80-10* kr-m?-cex™ mpu

523 u 623 K. Kaxymiascs SHeprusi akTUBAIlMU INPHU 3TOM cocTabisier 117.9

k/x/moms [115, 116].

0,8 1

0,6 1

0.4 1

0,2

(g/s)104, ket

(g/s)104, kv
1 -

08 - 573K

06 | 53K

0,4 A

0,2 1

T T T 1 0 ’ T T T ]
0 10 20 30 4 LMHE. 0 10 2 30 40 tpuE.

(g/s)*104, kri/n?
1
0,8
0,6
0,4

0,2

D L] L] L] 1
0 10 20 30 40 t.MHH.

Pucynok 3.3. KBaapaTuuHble KHHETUYECKUE KPUBBIE MMPOLECCA OKUCICHUS
ruakoBoro craBa [JAMCB4-1-2.5 ¢ nutuem, mac. %: 0.1(a); 0.5(6); 1.0(B),

B TBepIoM coctostHuu [115, 116]

KBaI[paTI/I‘-IHI)Ie KHMHCTHUYCCKHC KPHUBBIC OKUCICHHUA LHWHKOBOI'O CIlIaBa

[HAMCg4-1-2.5 ¢ conepxanuem 0.1; 0.5 u 1.0 mac. % nutus B KOOpJAMHATAX

(9/s)>t npencrapnensl Ha pucyHke 3.3. HempsMonmHeHHBIH XapakTep JaHHBIX
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KPUBLIX CBUACTCILCTBYCT O Henapa60m/1quKOM MECXaHM3MEC OKHMCJICHHUA CIIJIaBOB.

[Tportecc OKHUCIIGHHWs CIUIABOB TOMYMHSAETCS o0memMy ypaBHeHHIo Y=K-X", rme

3HaueHne n=1+3 (Tabnuna

3.2). KunHernueckue KpHUBBIE MOJIYUHSIOTCS

runepooamIeckoMy 3akony [115, 116].

Tabmura 3.2

Pe3ynbrarel MaTeMaTH4ECKON 00paOOTKH KBAAPATUYHBIX KHHETHYECKUX KPUBBIX

OKHCIIeHHs ITUHKOBOTO ciiaBa [IAMCB4-1-2.5 ¢ nutrem, B TBEPJIOM COCTOSTHUU

[115, 116].
Conepxanue Temmn-pa [TonuHOMBI KBaApaTUYHBIX Koag-ent
JUTHS B OKHCJICHHS, | KUHETUYECKHX KPUBBIX OKUCIEHHSI | PETPecCHH
craBe, mac. % K CIIaBOB R

523 y=-0,5-101x3-1,2-10%x? + 0,591x 0,992

573 y=-0,5103x3-1,5-10"2x2 + 0,694x 0,994

00 623 y =-0,51053- 2,410 + 0,874x 0,995

523 y=-0,2-10°%3- 1,95-102? + 0,651x 0,985

0.05 573 y =-0,3-10%x3- 2,63-10%x? +0,8062x 0,989

623 y =-0,4-10%x3- 3,38-102x? +0,96 76X 0,993

523 =-0,2-101x3-2,24-10%x? + 0,7211x 0,987

0.1 573 =-0,3-10°x3-3,02-10x? + 0,8893x 0,993

623 y =-0,4-10°x3-3,72-102x? + 1,0472x 0,995

523 =-0,3-10°x3-2,59-10x? + 0,8016x 0,989

0.5 573 =-0,4-10°x3-3,31-102x* + 0,962x 0,993

623 y=-0,5-10%x3-4,19-102x? + 1,1435x 0,996

523 = -0,3-10°x3-2,9-102x* + 0,8729x | 0,989

573 y =-0,4-10°x3-3,62-102x? + 1,0346X 0,993

Lo 623 y=-0,510%x3-4,51-102x2 + 1,2159x | 0,996

Ha pucynke 3.4 uzobpaxkena 3aBucumocTsb -IgK-1/T 11 nuHKOBOTO CIijiaBa

[HAMCg4-1-2.5, conepxkamero 0.05; 0.1; 0.5; 1.0 mac. % nuTHsi, KOTOPbIE UMEIOT

HpHMOHHHCfIHBIfI XapakTep. BI/II[HO, 4TO KPHBBIC OKHCICHHSA, OTHOCAIOHUECA K

CluraBaM C JIMTHCM, pPacCloJiararoTrCs BbIIIC KpI/IBOﬁ HCXOAHOIo CIliaaBa. IIo




71

TAHI'CHCY YyIJla HAaKJIOHAa JaHHBIX IIPAMbBIX H ObLIa pacCuynuTaHa BCIWYMHA

KOKYIICHCS SHEpPrusM aKTUBAI[MU Ipollecca OKUCIEHUs ciulaBoB (Tadiuna 3.1)

[115, 116].
-lgK

30

3.2
— 4
] \\\ 3

3.4 = — 1

| I |
L6 1.7 19 1/m-10°3

Pucynok 3.4. 3aBucumocts -{gK ot 1/T mnst mmaKoBOTO craBa [[AMCe4-1-2.5
coneprkammx mac. % mutus: 0.0(1); 0.05(2); 0.1(3); 0.5(4); 1.0(5) [115, 116].

Ha pucynke 3.5 nmpencraBieHbl U30XPOHHBI OKHUCIICHUSI IIMHKOBOTO CIJIaBa
[TAMCg4-1-2.5, nerupoBaHHOTO JUTHEM. BUAHO, 4TO OT cojepKaHUS JUTHUS B
nuHkoBoM crutaBe [[AMCB4-1-2.5 mpuBech 00pa3lioB YBEIWYUBACTCI U ITO
COMPOBAXKAACTCS CHIDKEHUEM KaXylIeHcs JHEpPruM aKTUBallMM  Ipollecca
OKHCIIEHHSI CIIaBoB. Kak W3BECTHO, OKHUCJIEHUE METANIOB MPH BBICOKHUX
TeMmrepaTrypax NPUBOIAUT, KaK MpaBUIO K OOpa3oBaHUIO Ha MOBEPXHOCTU
pearupoBaHus OKCUIHOW TUIEHKH WK oKanHbl. O0pa3ytomascs miéHKa OKCuaa u
ONpeNeNiIeT MEXAaHU3M OKHCJICHHUS. XapakTep OKHCICHHS 3aBUCUT TaKXKe OT
IUIOTHOCTH 00pa3yroIlerocs B pe3ysibrate OKucieHus okcuaa [115, 116].

[notHass 1I€HKA CHYKUT OPETPafiod, pasmeisiome MeTtaul |
razoo0pasHblii kuciaopoi. B cioydae, koraa Ha MOBEPXHOCTH OKCHAA HAXOIUTCS
JIOCTAaTOYHOE KOJIMYECTBO KUCIOPOJA, B TAKOM CIIy4yae CKOPOCTh OKHUCIEHUS MpU
BBICOKMX TeMmreparypax ompesensercs nuddysueir B TBEPAOM COCTOSHHH 4Yepe3

IJIOTHBIM ciioi okcupaa. [lmoTHas mi€Hka oO0jagaeT HAWIYYIIMMHU 3allUTHBIMU
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CBOMCTBAMM M C TOYKM 3PEHUS TNPAKTUKH MPEACTaBIseT Cco00i IEHHYIO

0COOCHHOCTh OKHCIICHHU MeTasuioB [115, 116].

g 10 s’ Q.

(U | T=523K

17 13

ILAMC s+ 1«26 01 0s L) 0 s 09 10

Pucynok 3.5. M30xpoHHBI OKUCIEHUS TMHKOBOTO criaBa [[AMCg4-1-2.5,

JICTUPOBAHHOI'O JINTUEM
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Pucynok 3.6. PeHTreHorpamMmsl IPOIyKTOB OKHUCIEHUS HIUHKOBOIO CILJIaBa

ITAMCg4-1-2,5 ¢ 1.0 mac. % auTuem.
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Takum 006pa3oM, METOOM TEPMOTPABUMETPHUU MOKA3aHO, YTO JIETHPOBAHUE
auTHeM 1uHKoBoro cruiaBa [IAMCe4-1-2.5 yBenuuuBaeT CKOpPOCTb €ro
OKHUCJIEHHS], YTO CONMPOBOXKIAETCSI YMEHBIIEHUEM BEIIMYMHBI KAXYIIEHCS SHEPIHH
aKTUBAIIMU Tpolecca OKuciaeHus criaBoB oT 136,8 o 114.1 x/Ix/mMonb. CKOpOCTh

2.¢cl,  Mopenuposanuem

OKMCIIEHHsI ~CIUIAaBOB UMeeT Topsamaok 10 kr-m
KBaJIPaTUYHBIX KUHETUYECKUX KpPUBBIX OKHCIEHHUS CIUIABOB IIOKa3aHO, YTO
IPOLIECC OKUCIIEHUS OIUCBIBAETCSA TMIEPOOTNUYECKUM YPABHEHUEM.

HccnenoBanue mpoayKTOB OKHCIIeHUsT IMHKOBOrO cruiaBa [J[AMCg4-1-2,5 ¢
JUTHEM IPOBOJWIOCH METOJOM pEHTreHOo(pa30BOro aHaausza. B KaudecTse
IIpUMEpPA, Ha PUCYHKE 3.6 NPUBEIEHBI PEHTTEHOIPAMMBbI IPOAYKTOB OKHCIICHHMS

nuHKkoBoro crmiaa I[AMCB4-1-25 ¢ 1.0 mac. % nutmem. HcciienoBaHue

IIPOAYKTOB OKHCJICHUA OAHHLIX CIINIaBOB IIOKA3aJ10, YTO OCHOBHBIMH IIPOAYKTaMH

okuciaenus asisitores Alb,Os; LioO3; CUAIO,; CuO-AlL,O3, CusO3; ZnO; LigPbOs.

3.3. Bausinue HATPUA HA KHHETUKY OKUCJICHHUA IMHKOBOI'O CIJIaBa

IHAMCBg4-1-2.5, B TBepaoM cocrosinuu [117]

B nmanHoM paznmene paboOThl TPEACTABICHBI TOJYYEHHBIC PE3YJIbTaThI
W3YUCHHS] BIIMSHUS XUMHYECKOIO COCTaBa MW TeMIepaTypbl Ha KHUHETUKY
BBICOKOTEMIICPATYpHOTO  OKHCJIICHHs ITuHKOBoro cruiaBa I[[AMCe4-1-2,5,
JIETUPOBAHHOTO HAaTpueM, B TBEPJAOM cocTosiHud. [locTaBneHHbIE 1enu ObUIH
BBITIOJIHCHBI TIPH TNPHUMEHEHHH METOJa TEPMOTPABUMETPUH M HETPEPHIBHOTO
B3BCIIMBaHUS 00Pa3IIoOB.

Uccnenoanne BausiHUS J00aBOK HATpUsi Ha KUHETUKY OKHUCJICHUS
uuHKoBoro cruiaBa [JAMCB4-1-2.5, B TBEpIOM COCTOSIHUM MTPOBOAMIN HA BO3IyXe
Ipu TMOCTOSHHBIX  Temmeparypax 523, 573 wu 623K, Ucnons3oBaiu
TEPMOTPABUMETPUUECKUN METOJI C HENPEPHhIBHBIM B3BEIIMBAHUEM KaXKJIOTO
oOpaslia W3 CIJIaBOB BO BpEeMEHH. HempephIBHO KOHTPOJIUPOBAIN IOBBIIIICHUE
yAEIbHOM Macchl 00pa3IlOB U3 CIUIABOB BCJIEJCTBUE POCTA OKCUIHOM MIEHKH MPHU

YKa3aHHBIX TEMIICpaTypax BO BpPCMCHHU. Beruucasnu 3HayeHUST HCTUHHOM
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CKOpOCTH OKHUCIeHus 1o ¢Gopmyne: K=g/S-At ¢ ydérom TpOBEIECHUH MPAMBIX
JVHUA KacaTelIbHO OT Hayajla KOOpJWHATa K KMHETHYECKHM KPHUBBIM IIpoliecca
OKHCIIEHHUS. 3aTeM pacCUUTalu BeNUYMHY S(O(OEKTUBHOW SHEPTUM aKTHBAIUH
Ipolecca BEICOKOTEMIIEPATypPHOTO OKUCIICHHUS 110 TAHTEHCY YIJIa HAKJIOHA PSIMOM
3aBucumoctH -IgK-1/T. Coxepikanue 100aBKM HATPHUS B CIUIaBE BapbUPOBAIU OT
0.05 o 1.0 mac.%.

['padmyeckue 3aBUCMMOCTH W3MEHEHHS YACIBHOH Macchl BO BPEMEHU
(pucynku 3.7-3.9) m TemmepaTyphbl IS JICTHPOBAaHHBIX HATPHUEM CIUIABOB, B
muara3one 0.05-1.0 mac.%, ornnyarTcs oT IuHKOBOro criaBa [[AMCs4-1-2.5.
Tak, BEeJIMUYMHBI UCTUHHON CKOPOCTHU OKHUCIICHHs ITMHKOBOro cruiaBa [[AMCg4-1-
2.5 npu Temmneparypax 523 m 623K usmensercs ot 3.48:10% go 3.60-10* kr-m
2.cex?, a BbUMCIIEHHas BenuuMHa >(PQEKTHBHON DHEPrMU AKTUBALMU JIaHHOTO

nporiecca coctapisgeT 136.8 kJ>x/MoIb.

g/s'10%, ko
3K @510 xrar

8 NEK
K e
8 - I
MK SIK
6 .
6 o
4
a
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2
0 ; ; - - ]
{,MHH. : 3 N ;
0 10 0 30 U 10 . o toms.

Pucynok 3.7. KuneTndeckue KpuBBIC MpoIecca OKUCICHUS ITMHKOBOTO CILIaBa
[TAMCg4-1-2.5 (a) u crimaBa, conepxariero 0.05(6) mac. % narpus,

B TBEpJOM cocTosiHuu [117].

CkopocTh OKHCIIEHHSI TMOcie JierupoBaHus HatpueM nao0 1.0 wmac.%
nuHkoBoro criaBa [J[AMCe4-1-2.5 yBenuuuBaetcs. [Ipu o6pazoBaHuu OKCHIHOU

IVIEHKKM Ha MMOBCPXHOCTH  HMCCIICJOBAHHLIX CIINIABOB  IIPOLECC  OKHCJIICHUSA
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YMEHBIIAETCS, YTO CBSI3aHO C BO3pacTaHWEM €€ 3allUTHBIX CIOCOOHOCTEH.
OnmHako, CHIDKEHHME OKHUCISIEMOCTH IHUHKOBOro cmaBa I[AMCs4-1-2.5,
JIETUPOBAHHOTO HAaTpHEeM HaOJI0AaeTCsl TMOCJe MpUpalleHue YIEIbHOIO Beca
0o0pa3loB MpH TOBBIMIEHUH TEMIEPATypbl. DTO TOATBEPKIACHO PACCUYUTAHHBIMU
3HAQYEHUSMH CKOPOCTH OKHCJEHHS BO BpPEMEHHM OKOHYAHHUS Tpoliecca,
coctaBysironieit 15-20 mun. Ilpu conepxkanun Hatpus (ot 0.05 mo 1.0 mac.%) B
CIJIaBE CKOPOCTh OKHCJICHHS 3aMETHO yBeJnuuBaeTcs (pucyHku 3.7-3.8, Tabmuia
3.3).

g/s'10%, kr/m? g/s10% Ko/

10 ; 3K | 613K

: K S 3K
g 2K 5 MK
6 b [
4 " 4 0)
2 1 2
D o T T T 1 0 = T T T 1

0 10 20 30 40 t,muA. 0 10 20 30 40 t,MuH,

g/s:102, krin?
p——p—tp—sp 623 K

10

D L} L] L} 1
0 10 20 30 40t,MuH.

Pucynok 3.8. KuHeTmueckue KpuBBIE NMPOLECCA OKUCIEHUS LHMHKOBOIO CIUIABA
ITAMCg4-1-2.5 ¢ marpuem, mac.%: 0.1(a); 0.5(6); 1.0(B), B TBEpIOM COCTOSTHUU
[117].



Tabmma 3.3

Kuneruueckue u OHCPICTUYICCKUC ITApaMCTPLI ITPOLCCCa OKUCICHUS IMHKOBOI'O

crutaBa [IAMCg4-1-2.5 ¢ HaTpueMm, B TBEpJOM COCTOSTHUU

Copepsxanue Temnepatypa VICTUHHAS CKOPOCTH Kaxymascs
HATpHS B CIUIaBE, OKMCJIEHHU, okucienus K-10%, | sHeprus akrtusanmmy,
mac.% K kr-m2ct Kk Jk/MOJIb

523 3.48

0.0 573 3.53 136.8
623 3.60
523 3.64

0.05 573 3.70 122.0
623 3.75
523 3.67

0.1 573 3.73 118.1
623 3.81
523 3.72

0.5 573 3.79 114.9
623 3.85
523 3.77

1.0 573 3.85 109.5
623 3.90

[Ipu nermpoBanum 1uHKOBOro craBa I[AMCg4-1-2.5 ot 0.05 go 1.0

Mac.%, HATPUEM CKOPOCTb OKHCIICHHS yBennunBaeTcsa. OOHAKO mpupalieHue

yACIBbHOW Macchl 00pa3ioB HAOMIOMAETCA TOCTE TOBBIMICHUS TEMIIEPATYPHI.

['padprueckoe M300pakeHHE KBAAPATUUHBIX KUHETHYECKHMX KPHUBBIX IIpoliecca

okucieHus IuHKoBoro craBa I[AMCe4-1-2.5 ¢ HarpueM MOKa3bIBalOT, 4YTO

npoueCcCc OKHCICHHUA HCCICAOBAHHBIX CINIABOB IIPOTCKACT II0 MCXAHHU3MY

runepooarueckoi  3aBucumMoctu (pucyHku 3.9, 3.10), duro moaTBep)KAaeTCS

pe3yibTaTaMu aHATUTUYECKOW 00pabOTKH TTOJIMHOM KBaJAPATUYHBIX KHHETHUYECKUX

KPUBBIX OKHCIIEHHsI cIUlaBoB (Tabmuua 3.4) BO BpeMEHU M Temieparypax

HUCCIIeI0OBaHUM.
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(g/s)-104, kvt

0,6 1

0.4 1

0,2 1
01
0 10 bl 0 4 t, M.
(g/s)-104, ket
] 623K
0.9
MK
06 ; i
MK
0.4 ;
0.2 ;
01 T T T 1
0 10 p/] k[ 40 t,MHH.
Pucynox 3.9. KBagpatnuHble KMHETUYECKHUE KPHUBBIE OKHUCJIEHHUS ITUHKOBOIO

criaBa [TAMCg4-1-2.5 (a) u crinaBa, conepsxariero 0.05 (6) mac.% Hatpus,

B TBEpJOM cocTosiHuu [117].

Ha pucynke 3.11 B xauecTBe mpumepa mpejcraBicHa 3aBucumMocTs -IgK ot
1/T pns umakoBoro craBa LJAMCB4-1-2.5 ¢ marpuem. Buano, uro kpusbie 2-5
1151 TuHKOBOTO ciutaBa [JAMCB4-1-2.5 ¢ HatpueM HaxoasTcs ciieBa oT KpuBoH (1)
JUISL UICXOJIHOTO CIUJIaBa, YTO TMOKAa3bIBAET YBEIWYEHUE OKUCISIEMOCTH HCXOJIHOTO
nuHKOoBOTO ciutaBa [JAMCg4-1-2.5.

N3oxponnsl mnporecca okuciaeHus cminaBoB npu 10 m 20 muHyTax

okucienus u temneparypax 523K (a) u 623K (6) npeacraBieHsl Ha pucyHke 3.12.
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BI/II[HO, 4TO C POCTOM COJACPKAHUA HATpUs HNPUBCC CINIABOB YBCIIMYHUBACTCA, a

3HAYCHHC Ka)KYHIGﬁCH OHCPIUHU aKTUBAIINHN YMCHBIIIACTCA.

(g/5)-104, kri/n?
1 o

0,8 -
0,6 -
0.4 -

0,2 4

(g/s)*104, kr/n

1 -
. 573K
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. 523K
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0 r r r s
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{g/5)*-104, kri/mt
1,2 1 . : +— 623 K
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0.8 523K

0,6
0,4
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Pucynok 3.10. KBsamparuunbie KMHETHYECKHUE KPUBBIE OKHUCJIECHHS IIMHKOBOTO
crutaa [JAMCB4-1-2.5 ¢ Hatpuem, mac.%: 0.1(a); 0.5(6); 1.0(B), B TBepaom

cocrostHum [117].
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Tabnura 3.4

Pe3y.]'II>TaTI>I MaTEMaTHYECKOM 06pa6OTKI/I KBaAPaTUYHBIX KHHCTHYCCKHUX KPUBBIX

okucieHus HuHKoBoro cruiaBa [TAMCB4-1-2.5 ¢ HaTtpuem

Conepxanue | < =
g = 0 =
HaTpud B 5 [ToiMHOMBI KBaApPaTUYHBIX KUHETUUECKHUX E §
o2 o
CIiaBe, 2 § KPUBBIX OKHCJICHUS CILJIABOB E §
mac.% 5 = S &
= oz
523 y=-0,510"1x%-1,2-102x? + 0,591x 0,992
0.0 573 = -0,5-1033 — 1,5-102x% + 0,694x 0,994
623 y=-0,510°x3-2,4-10x? + 0,874x 0,995
523 y=-0,2-102x3—-2,24-10x? + 0,7211x 0,987
0.05 573 =-0,3-10"x3 - 3,02-102x? + 0,8892x 0,991
623 =-0,4-103x3 - 3,72-102x + 1,0472x 0,995
523 y=-0,3-10°%> - 2,59-102x? + 0,8016x 0,988
0.1 573 y =-0,4-103x3-3,31-102x% + 0,962x 0,992
623 =-0,5-10%x3 - 4,19-102x? + 1,1435ux 0,996
523 =-0,3-10°x3-2,9-10x% + 0,8729x 0,989
0.5 573 y =-0,4-10"%x% - 3,62-102x? + 1,0346x 0,993
623 y =-0,5-102x% - 4,51-102%? + 1,2159x 0,997
523 y=-0,3-101x3-2,3-102x% + 0,9178x 0,990
1.0 573 y =-0,4-102x3 - 3,82-102x? + 1,0896x 0,994
623 y=-0,6-103x3—-4,78-102x? + 1,2827x 0,998
gk

3.2

34

1.6 1.7 1.9 1/m-10"3

Pucynox 3.11. 3aBucumocts -£gK ot 1/T mst muakoBoro crutaBa [[AMCe4-1-

2.5, congepxarero Hatpuid Mac.%: 0.0(1); 0.05(2); 0.1(3); 0.5(4); 1.0(5) [117].




80

g/se10%,kr/m? ;:,Z[x;.&ub
4
l -
10 |
_‘ 2-20 mun.
\ - 1 130
s | _F-—o—-’q/'
|
| - 1-10 mun. e ] -
5 \ - v
\ =1 120
¥
_I_ —
J:-.__ - 7
| ~p. a)
2 4 T - ] 10
e
= I T I I | | .
IAMCe4+1425 ) 05 06 07 08 09 1o @
g/se 102 kr/n? ;:;[m‘g;u
220 mun. 2
10 t M -
| — L0mm 1
e 4 1m0
2l
|
\
]
\ - 120
4\
v
_l —
J:-u_h - n
| ~p 6)
2 4 e T IR

M E
= I | | | I
TAMCe4+1+2.5 9] 0.5 0.6 0.7 0.5 0.8 1.0

Na
Pucynok 3.12. M30xpoHHBI OKHcIeHUs LIUWHKOBOro cruiaBa [JAMCe4-1-2.5 ¢
HaTpueM Ipu Temreparypax 523 K (a) u 623 K (0) [117].

Ora 3aKOHOMEpPHOCTh 0o0jiee YETKO BBhIpa)XKaeTcs IpPH HCCIEIOBAaHHBIX

TEMIICPATypax, O 4YeM TaKKC CBHACTCIbLCTBYECT YMCHBIICHUC BCIMYHHBI

Kamymeﬁc;l OHCPIruy aKTUBAllUKM OKHCJIICHHA CILIaBOB C POCTOM KOHICHTpAIUH
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HaTpusa. MccaenoBanue npoayKTOB OKMCICHHs [MHKOBOTO craBa [J[AMCg4-1-2,5
C HAaTPUEM MPOBOJWIOCH METOJAOM PpEHTreHo(}a3oBoro aHaiusza. B kadecTBe
npuMmepa, Ha  puCyHKe 3.13 mpHBEAEHBI  PEHTIE€HOTPAMMBI  MPOAYKTOB
okucieHus I1mHKoBoro crutaBa I[AMCB4-1-2,5, nermpoBannoro 1.0 mac.%
HaTpueM. MccnenoBaHue NpOAyKTOB OKHMCIEHUS JaHHBIX CIUIABOB MOKAa3ajo, 4To

OCHOBHBIMH TTporyKTamMu okuciieHus seistorcs CUAIO,; CuO; ZnOy; NaiszZNngsy

A|10,43017; NaAI23035; NaCuO; A|203; NaePbO5.
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Pucynox 3.13. PentreHorpaMMmbl MpOAYKTOB OKHCIICHUS IIMHKOBOTO CILJIaBa

AMCBsB4-1-2,5, neruposannoro 1.0 mac.% HaTpueMm
1 p p

3.4. Biusinue KaJaus HA KHHETHKY OKUCJICHUS] IUHKOBOI'0

ciiiaBa IAMCg4-1-2.5, B TBepA0OM COCTOSTHUM

UccnegoBanms Baustaus no6aBok kammsg 0.05; 0.1; 0.5 u 1.0 mac.% Ha
KUHETUKY  OKHUCIEeHHUs UuMHKOBoro cmiaBa [[AMCe4-1-2.5 mnpoBoauiu

TEPMOIrpaBUMETPUICCKUM  MCTOJO0M. KI/IHeTI/IKy OKHCIJICHUA HCCIICJOBAaHHBIX
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CIUIAaBOB  IPOBOJWJIMCH Ha BO3ayXxe Ipu Temmeparypax 523, 573 u 623K u
BpemeHu (1yac).

Ha pucynkax 3.14-3.17 npencraBieHbl pe3yabTaThl UCCIIEOBAHUS MPoOLIecca
okucieHus: uHKoBoro craBa [IAMCB4-1-2.5 ¢ kanueM. Kunetuueckue KpuBbie
XapaKTEpU3yIOTCSl YBEJIMYEHHE B HA4yaJIbHOM CTaJMM MPOIECCa OKHUCICHUS
yaensHOM Macchl o0pasnoB. Ilpomecc oxucnenus npumepHo K 15-20 MunyTam
3aKaHYMBAETCS, TaK KakK jJajee BIUIOTh 10 60 MUHYT HE OTMEYaeTCs U3MEHEHUs
Macchl 00pa3IIoB.

g/s 102, kriv g/5:10?, kr/ml

: + 63K g, 623K
e K ] STAK
g 1K
dr " i 4 523K

6 -
ﬁ.

. ]

a) " 0)
1 7
0 : : : . 0 : : : .

0 10 20 30 4 MEE. 0 10 20 30 40t,MEE.

Pucynok 3.14. KuneTnyeckue KpuBbIE MPOLECCA OKUCIEHUS LIMHKOBOIO CIUIaBa
I[TAMCg4-1-2.5 (a) m cmiaBa, coxepxamero 0.05(0) mac.% kamus, B TBepaOM

COCTOSHHH.

Cmnasel, copepxkamue oT 0.05 go 1.0 mac.% kanmus, XapakTEpHU3YIOTCS
YBEJIIMUYEHUEM OKHUCISIEMOCTBIO MO CPABHEHUIO C MCXOJHBIM IIMHKOBBIM CIIJIABOM
[HAMCg4-1-2.5. TloBblllieHHE TEMIIEPATYPhl CIIOCOOCTBYET POCTY CKOPOCTHU
okucnenusi cmaBoB. Ecnu mns ucxoanoro cmiaBa [[TAMCB4-1-2.5, sHeprus
akTuBanuu paBHa 136.8 xJ[x/Monb, TO ana criaBa, jerupoBanHoro 1.0 mac.%
KaJMeM, 3HAQUYEHUWE HTOr0 DSHEPreTHYECKOro mapameTrpa cocrtasisier 107.5
k/[>x/Monb. Vicxoas u3 3TOro, MOKHO KOHCTaTHPOBATh (PAKT, UTO JJIsi OKUCIICHHUE

CILJIaBOB TpeOyeTcst 0oJibllie 3aTpaT sHEepTruH (Tadbaumna 3.5).
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gfs-10%, kr/w?
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Pucynok 3.15. KuneTnyeckue KpuBbIE NMPOLECCA OKUCIEHUS IMHKOBOIO CIUIaBa

[HAMCg4-1-2.5 ¢ kanuem, mac.%: 0.1(a); 0.5(6); 1.0(B), B TBEpIOM COCTOSTHUH.

N3 Tabnumer 3.5 BumHO, 4yTo comepxaniui 1.0 mac.% Kanusi 1UHKOBBIN
cruiaB [JAMCB4-1-2.5 uMeeT MakCMMaJIbHOE€ 3HAYEHUE CKOPOCTH OKHUCJIEHUS U
MUHUMaJIbHOE 3HauyeHus s dexTuBHON sHeprum aktuBammu 107.5 kJK/MOJb.
Buano, uto BBeaenue 1.0 mac.% kanmus B criaB [JAMCB4-1-2.5 cnocoGcTByeT

YBCIIMYCHUIO €T0 OKUCIIACMOCTH.
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Tabmumna 3.5.
Pe3ynbraThl MaTeMaTHYECKOM 00paOOTKH KBaAPATUYHBIX KHHETHUYCCKUX KPUBBIX

OKHCJICHUS IIUHKOBOTO criaBa [IAMCg4-1-2.5 ¢ kanuem

Hctunnas Kaxymascs
Copepxanue Temmneparypa
CKOpPOCTB SHEprus
KaJMs B CIUIABE, OKHCIJICHHS,
oxuciienus K-10%, aKTHBAIINY,
Mac.% K
kr-m2-ct K JK/MOJIb
523 3.48
0.0 573 3.53 136.8
623 3.60
523 3.70
0.05 573 3.74 115.5
623 3.79
523 3.72
0.1 573 3.78 113.1
623 3.86
523 3.77
0.5 573 3.85 109.9
623 3.90
523 3.83
1.0 573 3.89 107.5
623 3.95

JIns BBIABJICHUST 3aKOHOMEPHOCTM U MEXaHM3Ma MPOTEKaHWsl Impoliiecca
OKHCIICHUSI UCCIEIOBAHHBIX CILJIABOB MOCTPOCHBI KBAJIPATUYHBIE KUHETHYECKHE
KpUBBIE OKHCJICHUS CIUIaBOB. [loka3aHo, 4TO MpoIecc OKUCICHUS UCCIIeI0BaHHBIX
CIUTABOB MPOTEKAET MO0 MEXaHU3MY THMEpOOIMUECKON 3aBUCUMOCTH (PUCYHKH
3.16, 3.17), rne B ypaBHenun y=K" n mensercs or 1 mo 3. Ilo pesynbraram
AHATUTHYECKOW O0OpaOOTKU TOJMHOM KBAJPAaTUUYHBIX KHHETHYECKUX KPHUBBIX

OKHCJICHH:A CIUIABOB, B 3daBUCUMOCTHU OT TCMIICPATYpPbl MCCICAOBAHHA N BPCMCHU
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HAOJIOCHUS MOXXHO CJeNaTh BBIBOJ O THIEPOOJMYECKOM MEXaHHW3ME Tpoliecca

OKHCJICHHUsI CTUTaBOB (Tabsmia 3.6).

(g/s)-104, krtimt (5104, k!

I+ 623K

0.6

as - 3K

g 3K
04 s

0.2

0

0 1 z'n % ot g 10 % ¥ &t
Pucynok 3.16. KBagpaTuuHble KMHETUYECKUE KPUBBIE OKHCJIEHUS LIHUHKOBOIO
crutaa [IAMCg4-1-2.5 (a) u cmiaBa, coaepxamiero 0.05 (6) mac.% xanus, B
TBEPJIOM COCTOSTHHH.
Tabnuua 3.6
Pe3ynbTarsl MaTemMaTnyeckoil 00pabOTKU KBaIpaTUUHBIX KUHETUYECKUX KPUBBIX

okuciieHust iiuHKoBoro criaBa [[AMCg4-1-2.5 ¢ kanueM, B TBEPJIOM COCTOSIHUU

Copmepxanue | =
Kanus B E: Eﬁ ITonuHOMBI KBaIpaTHYHBIX KHHETUYECKHUX °:’ =
CIIlJIaBEC, MaC.% % QE A KPHUBBIX OKHUCJICHHSA CIIJIABOB 5 § x
S £ & £
5 2 2 g
= ~

523 y=-0,5101x3-1,2-102x? + 0,591x 0,992
0.0 573 = -0,5-10°x3— 1,5-102x? + 0,694x 0,994
623 y=-0,510°%3-2,4-102x% + 0,874x 0,995
523 =-0,3-10"x*—-2,59-102x* + 0,8016x 0,985
0.05 573 y=-0,4-10°x%-3,31-102x? + 0,962x 0,989
623 =-0,5-10%x3 — 4,19- 1022 + 1,1435x 0,990
523 y=-0,3-102x3-2,9-102x? + 0,8729x 0,986
0.1 573 y =-0,4-10°3x3 - 3,62-102x? + 1,0346x 0,990
623 y=-0,5-10"x3-4,51-102x% + 1,2159x 0,991
523 y=-0,3-103-0,3-102x? + 0,9178x 0,987
0.5 573 y =-0,4-10"%x3 - 3,82-102x? + 1,0896x 0,991
623 y =-0,6-10°x3 - 4,78-102x? + 1,2827x 0,992
523 =-0,3-103x3 - 3,2-102x? + 0,9749x 0,998
1.0 573 y =-0,5102x3-4,12-102x? + 1,163x 0,992
623 =-0,6-10°x3—5,11-102x? + 1,3602x 0,993




Pucynox 3.17.
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1
0,8
0,6
0,4
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KBaI[paTI/I‘-IHBIC KHMHCTHUYCCKHNC KPHUBBIC OKHCJICHHA ITMHKOBOI'O

criaBa [IAMCB4-1-2.5 ¢ xammem, mac.%: 0.1(a); 0.5(6); 1.0(B), B TBepaoMm

COCTOSHHH.

I[I/IHaMI/IKa HN3MCHCHU OHCPIruu aKTHUBAllMUM M U3MCHCHMS YHCHBHOﬁ MacCChblI

HCCIICIOBAHHLIX CIUIABOB IMOATBCPIKIAAOT HE HGJ’ICCOO6p33HOCTI) JICTUPOBAHWA
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nuHkoBoro criaBa [JAMCB4-1-2.5 kamuem (0.05-1.0 mac.%), Tak Kak B 3TOM
JUana3oHe KOHIICHTPAIMH JISTUPYIOIIEr0 KOMIIOHEHTa HAa0II0AaeTCsI MOHOTOHHOE
YMEHBIIICHUE DSHEPIrUs AaKTUBAllUA M TIOBBIIICHUE CKOPOCTH  OKHUCIICHUS

MCCIIC/IOBAaHHBIX CIUTABOB (PUCYHOK 3.18).

glse 107, kr/v’ T g:}:n;
2-20 mun.
—e- 2
- 130
1-10 yus. o1
=1 120
=1 1ll0
- ==
| | | | | | |
ITAMCE4+1+2.5 0.1 0.5 0.6 0.7 08 09 1.0 K
Q.
g/se10%,kr/n’ T
220 yun. MOIb
-‘ ) -2
= v -
o A 1-10 mun.
| + —a—]
7] J:—.'——_—_‘ = 130
s -l
> -
6 = 'll
'l =1 120
\
1\
\j—
1 J_"".-...__ _ =1 110
rc T T —a.
[ dd 1 | [ | 1 |

IAMCe4+1+2.5 0.1 0.5 0.6 0.7 0.8 0.2 1.0 K

Pucynok 3.18. M30XpoHHBI OKHCTIeHHs ITMHKOBOTO criaBa [IAMCB4-1-2.5 ¢

kanueM npu Temnepatypax 523 K (a) u 623 K (0).
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Ha pucynke 3.19 npusenena 3aBucumocts -(gK-1/T qis nuHKOBOTO CrijiaBa
[TAMCBgB4-1-2.5 ¢ xanueM pa3iau4HoOro coctaBa. Kak BUIHO M3 JAaHHOIO PUCYHKA,
KpUBBIE HMEIOT MPAMOJIMHEHHBIN Buja. Bce KpuBBIE JIETUPOBAHHBIX KajlueM
CIUJIABOB HAXOMATCSA CJE€Ba OT KPUBBIX HUHKOBOro cmiaBa [[AMCg4-1-2.5, uro
CBUJIETEIBCTBYET 00 YBEIMYECHUU CKOPOCTH OKUCIEHUS MCXOAHOrO CIUIaBa IpHU
JIETUPOBAaHUU KAJIAEM.

-IgK

30

/|
!
= oa

32
~ 3
Te— 9

| I |
1.6 1.7 1.9 1/T-10-3

Pucynok 3.19. 3aBucumocts -LgK ot 1/T mns muakoBoro criaBa [IIAMCe4-1-

2.5, copeprkamiero kammii mac.%: 0.0(1); 0.05(2); 0.1(3); 0.5(4); 1.0(5).

IIpoBeneHHbIE HCCIIEIOBAHNS TIOKA3aJIM, YTO OKUCIECHUE LIMHKOBOIO CILIaBa
[HAMCgB4-1-2.5 ¢ xanueM NpPOTEKAET MO TUNepOOINYECKOMY 3aKOHY. McTuHHas
CKOpPOCTb OKMCIIeHHs uMeeT mopsafok 1074, kr-m?-cex’. 3Hauenme kaxymieiics
sHeprun aktuBanuu IHAMCe4-1-2.5 ¢ kamus usmensercs ot 136,8 nmo 106,5
k/[’/MoJIb B 3aBUCMOCTH OT COCTaBa CIUIaBOB. BBISBIEHO, YTO MpU A00aBIECHUU
Kajqusi B HEOONBUIMX KOJMYECTBAX CIUIaBbl MMEIOT HAUMEHbIIUE 3HAYEHUs
VICTUHHOU CKOPOCTU OKUCJICHUS.

UccnenoBanne mpoaykToB OKHCIEHHUs HMHKOBOro criaBa [[AMCe4-1-2,5
COJIEpIKaIler0 Kalus IMPOBOJWIOCH METOAOM peHTreHoda3oBoro ananmmuza. B
KauecTBe IpuMepa, Ha pUcyHKe 3.20 ImpuBENEHBI PEHTIEHOTPAMMBI MPOAYKTOB

okucieHus: uHKoBoro crasa [LIAMCg4-1-2,5, neruposannoro 1.0 mac.% kanusi.
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HCCH@I{OBaHI/Ie IIPOAYKTOB  OKHUCJICHUS  JaHHBLIX CIUIABOB  IIOKa3aJlo, 4YTO

OCHOBHBIMH TIpoaykTtaMu okuciieHus: sapisttorcs CUAIO,. CuO; ZnO; Kias Aligsgs

O17.23; KCUO2; K3(Zns O7); K0.

7000

6ai4-1-2,5_Zn+4%Al+1Cu+2,5Pb+1%E|data - background
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Pucynok 3.20. PeHTreHorpaMMbl MpOyKTOB OKUCICHHSI IIMHKOBOTO CIIaBa

[TAMCg4-1-2,5, neruposanHoro 1.0 mac.% kamuem

3.5. Bakumouenne mo Tperbeii raase [115 - 117]

OU3NKO-XUMUYECKHE M KPHUCTAUIOXUMHUYCCKHE CBOMCTBA OOpa3yOIIMXCS
OKCHUJIOB BCJICICTBHE€ OKHCJICHUS CIUIABOB SIBJISIIOTCS TJIABHBIM  YCJIOBHEM
3aMeJICHUsT TIpolecca OKWCIeHus. IloaToMy, I TIOMyYeHHs  CILIOIIHOMN
OKCHJIHOM MIEHKN HEOOXO0IMMO, YTOOBI 00BEM MeTajljla MIIM CcIulaBa ObLT OOJIBIIIE,
gyeM 00BbEM 00pa3oBaBIIUXCS MPOAYKTOB OKucieHus. [Ipu sToM mpomyKThi
OKHUCJICHHUSI METAJJIOB WJIM CIUIABOB COCTOSIT M3 HEJICTYUYHX, TBEPJBIX BEIIECCTB, TO
€CTh OHU OOpa3ylOT OKCHUAHBIA CJIOW, OTJarasch Ha BHEIIHEW TOBEPXHOCTH
0o0pa3IoB MeTala WK CIUlaBa. BXomsmuii B COCTaB OKCHIOB 3alUINAEMOTO

MCTallla HWJIKM MCTAUNIMYCCKOI0 Mar€puala OKCHUA JCTHPYIOMICIo KOMIIOHCHT
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crutaBa 3ameier auddy3uo Metania, OOmui MPOIEcC OKHUCICHHS MPH STOM
3aMe yIsieTcs WK yBenanunBaercs [105].

B Ttabmuue 3.7 0000IIEHBI BEIWYMHBI KaXYIIEHCSd SHEPIHMHM AKTUBALMH
OKHucJIeHUs IMHKOBOTO criaBa [[AMCB4-1-2.5 ¢ nutrem, HaTpueM W KallueM,
paznuyHOM KoHueHTpanuu. Cpenu JIETUPYIOIIUX 3JEMEHTOB HauOoJbllee
3HAYCHUE KKYIICHCSI YHEPTUU aKTUBAINH MPOIECCa UMEIOT CITIaBhI C INTHEM.

Tabmura 3.7
3aBUCUMOCTD KaXYIICHCs SJHEPTHH aKTUBAIMH MPOTIECCa OKUCICHUS IIMHKOBOTO

crutaBa [LIAMCB4-1-2.5 ¢ nutueM, HaTpUEM U KaJIUeM, B TBEPIOM COCTOSHHUH

Kaxxymiasicst sHeprus aktuBaiuu, K/x/moib
Jlernpyronmii KOMIIOHEHT
Conepxanue mobaBka, mac.%

CIUIaBa

0.0 0.05 0.1 0.5 1.0
JluTuii 125.5 121.0 117.9 114.1
Harpuii 136.8 122.0 118.1 114.9 109.5
Kamii 115.5 113.1 109.9 107.5

Ha ocHoBaHWW TIPOBEICHHBIX HCCIICIOBAHUA KWHETUKH TPOIECCAa OKHUCICHUS
nuHkoBoro criaBa [JAMCB4-1-2.5 ¢ nutnem, HaTpueM U KajaueM, B TBEPAOM
COCTOSSHUM  YCTAHOBJICHBI  CJICAYIONIME  3aKOHOMEPHOCTH  HM3MCHCHHUS
DHEPTeTUYECKUX U KNHETUYECKHUX XapaKTEPUCTHUK TPOIECCa X OKUCICHHUSI.

1. YcTaHOBIIEHO, YTO OKUCJICHHUE CIIJIAaBOB MOAYUHSIETCS TUIIEPOOTHIECKOMY
3aKOHY C HCTMHHOMN CKOPOCTBIO ITpolecca okucienus nopsaka 10 kr-m?-cex ™.

2. BrpigBieHO, 4TO caMble MAaKCHMaJbHOE 3HAYEHWE KaKYIICHCS SHEPTHH
aKTHBAIlUM TIpoIlecca OKHMCICHHS HMeeT IMHKOBHIM crmiaB I[AMCe4-1-2.5 ¢

JIUTUEM, & MUHUMAJIBHOC - OTHOCATCH K CIIJTaBaM, JICTHPOBAHHBIM KaJIUCM.
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I'TABA 4. IOTEHHUOCTATUYECKOE UCCJIEAOBAHUME
AHOJHOT'O ITOBEJEHUS HIUHKOBOI'O CIIJIABA ITAMCg4-1-2.5C
JIMTUEM, HATPUEM U KAJIMEM, B CPEJE SJIEKTPOJIUTA NaCl
4.1. MeToauKky MOJy4eHUSI U UCCIETOBAHUS KOPPO3HOHHO-

3JIEKTPOXHMHYECKHX CBOMCTB cruiaBoB [118 - 121]

OcHoBHOe  konmuecTBO  muHKa (Mo 50%  mpous3BoAMMOro B
MPOMBIILJICHHOCTH) UCMOJIb3YETCS JUISl 3allUThI JKeJie3a U CTalu OT aTMoc(hepHon
Koppo3uu. [IMHK W ero cmjaaBel MIUPOKO NPUMEHSIOTCS B MOIHUTpadruecKoit
MPOMBIIIUICHHOCTH JJI1 W3TOTOBJICHHUS MIPUGTOB W KIUIIE, HCIOJIB3YIOTCS B
Ka4yeCTBE CIJIABOB IS JTUTHS IO ABJICHUEM, a TAK)KE, B HEKOTOPBIX CIydasx, KaK
IIPOBOJHUKOBBIE MaTepuaibl BMECTO MeAu. Ero anekTponpoBOIHOCTh COCTABIISET
30% ot 3aekTponpoBoaHOCTH Meau [1, 3].

B kauecTBe mpuMmeceld B IIMHKE MOTYT OBITh CBHHEI], OJIOBO M >KEJE30.
[Ipumecu cBUHIIA OYEHb CUJIILHO BIHUSAIOT HAa KOPPO3MOHHYIO CTOMKOCThH ITMHKA,
MOCKOJIBKY AJICKTPOXMMUYECKUIN TOTEHIIMAN CBUHIIA 3HAYUTEIHHO OTIMYACTCS OT
NOTEHIIMana I[HWHKA. brarogaps KOHTakTHBIM SIBJICHHUSM Ha TPAHHUIE MEXIY
CBMHIIOM M IIMHKOM BO3HHMKAaeT TajlbBaHMUECKas mapa, KOTopas akTUBHO paboTaeT
BO BJIaKHOM aTMoc(depe U, 0COOCHHO, B pa30aBICHHBIX KUCIOTHBIX pacTBOpax Mo
MEXaHU3MY JIEKTPOXMMHUYCCKOTO PacTBOPEHMs 1MHKa [4, 5].

Hedbopmupyemble IMHKOBBIE CIUIABBI TAKXKE JIETUPYETCS alOMHUHHEM (10
15%), menpto (mo 5 %) u wmarnuem (0,03-0,05 %). DOTu crmmaBbl XOpPOIIO
IPOKATHIBAIOTCS B JIMCThI, 00padaTbIBalOTCsA TIIyOOKOH BBITSKKON. CrutaBbl
o0nafaroT BBICOKOM mNpouHOcThi0 ¢ = 360 MIla npu ynoBaeTBOpUTETHLHON
IUTACTHYHOCTH, OB = 6 % [124].

Hanbonee npoyHbIM ITMHKOBBIM CIUTABOM siBJIsieTcs cruiaB ¢ 32 % Al u 3 %
Cu. Otort cmiaB B ropsiuenpeccoBanHoM Buje umeet 6 = 500 MIlIa, 6B okosio 10%.
[ToammMImHUKOBBIE CIUIaBBI HA OCHOBE IMHKA MPUMEHSIOTCS CPAaBHHUTEIIHHO MaJio.

OTO CBSI3aHO C TEM, UTO XOTs IIMHKOBBIC CIIJIaBbl UMCIOT 6OJILHIYIO IMIPOYHOCTH I10
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CPaBHEHUIO C TOMNIUITHUKOBHIMU CIUIABAMH HA OCHOBE O0JIOBA, HO OHU OYCHD
OBICTPO pa3pyIIAIOTCS B CBS3HU C HU3KOM KOPPO3UOHHOM CTOMKOCTRIO [2, 124, 125].
N3BecTHO WCMONMB30BaHWE YKA3aHHOTO CIUTaBa B TPHOOPOCTPOCHHH,
MOJIUTPAPUIECKON  MPOMBINIIICHHOCTH, aBUallid,  aBTOMOOUJIECTPOCHWSI,
CYy[IOCTPOEHHUS, a TaKXke JUIsl JIMThsl aHOJOB-NIPOTEKTOPOB, MPOU3BOJCTBA
MOIIUITHAKOB M TAThbBAHUYECKHUX DJIEMEHTOB, KaK MMOKPBITUS CTATbHBIX JIMCTOB.

JUiss  mpoBeneHUs ~— UCCIENOBAaHUM  AHOAHOTO  TOBEJCHMS  CIUIABOB
MEPBOHAYAILHOTO OBLI CHMHTE3UpOBaH 0a3oBbiii cruiaB [[AMCB4-1-2,5 u3 nuHKa
mapku [13, comepxamero 97,5 mac. % nunka, no 2,0-2,5% cBuHna. JlaHHBIN
criaB, conepkammii 4 Mac. % amomunus u 1,0 mac.% Menu JErupoBalIOCh
mutaeM (I'OCT 87745-75), natpuem (I'OCT 4568-95) u xanuem (I'OCT 3273-75)
B kosnmuectBe 0,05-1,0 mac.%.

N3 nonydennsix B neyax CIIOJI criiaBoB OTIMBAIMCh HMUIMHAPUYECKHE
oOpa3zubl JymHoM 100 MM U uaMeTpoMm 8 MM, TOPIEBAsk YaCTh KOTOPBIX CITYXKHUJI
pabounm 31ekTpoioM. McciienoBanus mpoBoamiikch Ha noteHimocrare [111-50-1.1
¢ camormmcueMm JIKJ[-4 B cpemax 0.03-, 0.3- u 3%-Horo amekrponauta NaCl mpu
CKOPOCTH Pa3BEPTKHU noTeHnuana 2 mB-c! mo mMeTomukam, ONMCaHHEIM B paboTax.
[126-135]. B kadecTBe OJEKTpPOAa CPaBHEHHUS HCIOJIB30BANaCh  XJIOPHU]
cepeOpsHbIN dekTpoa. Bece 3HaUeHWs MOTCHIIMANIOB MPHUBEACHBI OTHOCHTEIHHO
sToro snektpona. llonspusanyioHHble KpUBbIE (PUKCUPOBAIUCH C IMOMOIIBIO
camonucia JIK/[-4. Tlo u3MeHeHMIO XOJa MOTEHIMAjda M TOKa OINPEAeISIUCH
OCHOBHBIC JJICKTPOXMMHUYECKHE TapaMeTphl Iporecca aHOMHOTO TIOBEICHUS
cruiaBos [122, 123].

JUIsT  DJIEKTPOXUMHUYECKUX HCCIACAOBAaHMM 00pasmpl IMOJISPU30BAIN B
MOJIOKHUTEIIPHOM HampaBiICeHUH OT IMOTEHIMAala, yCTAaHOBHUBIIETOCS (TIOTEHIIAAT
CcBOOOIHOM KOPPO3UU WM CTAlIMOHAPHBIN Ecp xop ), 10 3HAUEHUS MOTEHIMAA, IPU
KOTOPOM HPOMCXOAUT PE3KOE BO3PACTAHHME IIOTHOCTH ToKa — 1 A/M? (pUCYHOK
4.1, xpuBas |). 3arem oOpasibl MONSAPU30BATIM B OOpaTHOM HAIpPaBICHUU [0
3HaueHus noreHuuana -1,3B u B Touke nepeceuenuro kpusbix | u |l onpenensiu

BEJIMYMHY TOTeHnuana peneccuBaimu E,, (pucynok 4.1, kpusas Il). Jlns
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yAadeHUs OKCHIHOW IJIEHKM C TOBEPXHOCTH pabodyero 3JeKTpoia oOpasibl
NOJIIPU30BAIM B KaTOAHYIO 00JIacTb B  pe3yJibTaTe Yero MpOUCXOIUIO0
HO/IIIETIAYMBAHIE TIPU DJICKTPOIHOTO CJIOS MOBEpXHOCTH oOpasma (pucyHok 4.1,
kpuBas Ill). Haxonen, oOpa3sipl MOBTOPHO MOJSPU30BATN B TOJOKUTEIHHOM
HarnpasyieHuH (pucyHok 4.1, kpusas V). [Ipu 3ToM 1ipu nepexojie OT KaToJHOTO K
aHOJHOMY X0y (PUKCHPYETCs TOTeHIMaN mUuTHHroo0pa3oBanus (Ey,).

E.B (x.¢.2)

1.2
EcB.Rop.

1.0

F.ncn.-": )

('.8 }:n.o' ' .

; Lgi, A/w’
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—
S

Pucynok 4.1. [TonHas moTeHIMOAMHAMHYECKAs mMoJspu3anuonHHas (2mB/c)
KpuBas uHKOBOrO ciiaBa [JAMCB4-1-2,5, B cpene anektposuta 3 %-noro NaCl.

E — norennuan (B), i — mmotHocTh ToKa (A-M2) [122, 123].

Ha nomy4yeHHBbIX TakuM 00pa3oM MOTEHIUMOJWHAMUYECKUX KPHUBBIX
ONPEAEIIAIA  OCHOBHBIE 3JEKTPOXUMUYECKUE XapaKTEPUCTHKU CIUIABOB. ITO
noreHuman Koppo3suu (Eyp.), mnoTeHumMansl nurtuHrooOpaszoBanust (Eno,) u
penaccuBanyy (E, ;) ¥ TUIOTHOCTB TOKa KOPPO3UH (ixop)-

Tok KOppo3uMm Kak OCHOBHOW 3JIEKTPOXMMHUYECKHI IOKAa3aTellb MpoLecca

KOPPO3HUU PACCUUTHIBAJICS O KAaTOJHOM KPUBOHM C yu4é€ToM TaesieBCKOM HaKJIOHHOM
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b,=0,122. CkOpocTh KOppO3uHM SIBISIETCS (YHKIMEH TOKa KOPPO3UU U
paccUUThIBaNACh M0 Gopmyne K= ixop - K, TAC K — AIEKTPOXUMHUICCKHII SKBUBAJICHT,
CpelHee 3Ha4YeHWe KOTOporo Juia ImHKa coctaBimsier 1,22 1/A-4. [logpoOHas
METOAMKA CHATHS  TOJIAPU3AIMOHHBIX  KPUBBIX  00paslOB U3  CIUIABOB

npeacTaBiIeHbl B padorax [136, 137].

4.2. AHoaHoe noBeaeHue HMHKOBOro ciiapa [IIAMCB4-1-2,5 ¢ tutunem,

B cpene daektpoauta NaCl [118, 120, 121]

Pe3ynbTaThl 3JIEKTPOXMMHUYECKUX MCCIEAOBAHUN JIETUPOBAHHOTO JIUTHUEM
nuHKoBoro cmiaBa [JAMCB4-1-2,5 mpencraBneHsl Ha pucyHkax 4.2-4.4 u B
tabmunax 4.1 u4.2.

N3 Tabnuier 4.1 BUIHO, YTO 110 MEpe BBIJEPKKHA 00pa3lioB B TEUCHUE Yaca, B
cpene vnektponnta NaCl moreniman cBoOOHON KOPPO3HUH CMEIIAETCsl B 00JIaCTh
MOJIOKUTENIBHBIX 3HAYe€HWM, OCOOCHHO B TiepBble 5-10 MMHYT OT Hadaa
HOTPYXKEHUS dIEKTpoAa B deKTponuT. Crabmmmsanust Ecswop HaOMOJAETCS MOCHE
40-50 MHMHYT OT Hauajga TOTPYXEHHsS OJJIEKTPOJa B PACTBOP DJICKTPOJIUTA.
[TomoOHOE MOBEICHUE CBHJECTEIILCTBYET O TMACCHBAIIMU ITOBEPXHOCTH oOpasia
nyTéM (OPMHPOBAaHUS 3aUIUTHOM OKCHIHOW MIEHKH HA €ro MOBEpPXHOCTH. Tak,
nocyie OAHOTo 4Yaca BbiAepKkd B pactBope dnekrponmuta 0,03 % NaCl Egxop.
HEJICTUPOBAaHHOIO cIuiaBa coctasisier -1,064 B, a y cmasa, coxepxkamiero 1.0
mac.% mutus Egs xop. paBasieTcst 1,009 B [118, 120, 121].

Koppo3noHHO-3JIEKTpOXUMHUYECKOE  TIOBEJACHHWE  I[MHKOBOTO  CIUIaBa
[HAMCg4-1-2,5 wuccnenoBajgoch TakKe B 3aBUCUMOCTH OT KOHIICHTpaIlUu
anextponuta NaCl. PesynbTathl vicciaenoBanus nmpuBeacHs! B Tabdmuie 4.2. BuaHo,
YTO C  YBEIMYEHUEM  KOHIEHTpPAUMHU  XJOPUJI-MOHA B  DJIEKTPOJIUTE
AIEKTPOXUMHUYECKHUE TTOTEHIIUAJIBI JIETUPOBaHHOTO JuTHeM ciuiaBa [[AMCg4-1-2,5
ymenbIarotes. [pu nepexoae ot aiekrpoauta 0,03 % - noro NaCl k 3,0% - Homy
NaCl moreHmman KOppo3MHM HCXOAHOIO CIIaBa yMeHbInaetcs ot -1,325B o -

1,400B [118, 120, 121].
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Tabmuna 4.1
BpemenHas 3aBUCMMOCTb MTOTEHLIMANA (X.C.9) cCBOOOIHOM KOppo3uu (-Ecs xop., B)

muHKOBOTO ciiaBa [IAMCB4-1-2,5 ¢ mutrem, B cpene amekrpoiuta NaCl [118,

120, 121]
Cpena Bpewms Conepxkanue JUTHUS B cIu1aBe, mMac. %
NaCl, | Beimepian, | g | 005 | 0.1 0.5 1.0
mac.% MHH.
0 1,165 1,140 1,127 1,119 1,108
0,6 1,101 1,089 1,082 1,069 1,057
3 1,090 1,076 1,068 1,055 1,043
5 1,080 1,065 1,056 1,043 1,031
0.03 10 1,076 1,061 1,050 1,038 1,026
20 1,073 1,057 1,045 1,033 1,021
40 1,068 1,050 1,038 1,025 1,013
60 1,064 1,045 1,033 1,020 1,009
0 1,210 1,160 1,146 1,135 1,123
0,6 1,136 1,104 1,089 1,080 1,063
3 1,117 1,088 1,076 1,067 1,050
5 1,104 1,074 1,065 1,055 1,040
03 10 1,098 1,069 1,060 1,049 1,036
20 1,093 1,065 1,056 1,044 1,032
40 1,084 1,059 1,049 1,037 1,025
60 1,080 1,056 1,045 1,032 1,020
0 1,226 1,174 1,163 1,151 1,141
0,6 1,152 1,131 1,110 1,103 1,084
3 1,139 1,118 1,098 1,089 1,070
5 1,127 1,105 1,086 1,076 1,058
30 10 1,121 | 1,098 | 1,080 | 1,072 | 1,053
20 1,115 1,093 1,075 1,067 1,049
40 1,107 1,084 1,068 1,058 1,042
60 1,103 1,078 1,065 1,053 1,040
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Tadmuna 4.2
Koppo3noHHO-3JIEKTPOXUMUYCCKHE XapaKTEPUCTHKHU IIMHKOBOTO CITJIaBa

LIAMCB4-1-2,5 ¢ mutuem, B cpene anekrposnra NaCl [118, 120, 121]

Cpena Copnepxan DNEeKTPOXUMHYECKUE CkopocTh
NaCl ue JTUTUS noTeHuansl, B (x.c.3.) | KOppO3HHU
vae.% | " b | B | Bao | B || KO
mac. % A/m? /M2y
- 1,064 |1,325| 0,800 | 0,870 0,76 92,72
0.05 1,045 |1,280| 0,780 | 0,845 0,75 91,50
0,03 0.1 1,033 1,271 | 0,769 | 0,837 0,73 89,06
0.5 1,020 |1,260| 0,758 | 0,828 0,71 86,62
1.0 1,009 |1,250| 0,749 | 0,820 0,69 84,18
- 1,080 |1,341| 0,835 | 0,890 0,90 109,8
0.05 1,056 |1,320| 0,820 | 0,867 0,89 108,5
0,3 0.1 1,045 1,310 | 0,810 | 0,858 0,87 106,1
0.5 1,032 |1,295| 0,800 | 0,849 0,85 103,7
1.0 1,020 |1,280| 0,790 | 0,840 0,83 101,2
- 1,103 |1,400| 0,850 | 0,900 0,102 |124,4
0.05 1,078 |1,360| 0,832 | 0,874 0,99 |120,7
3,0 0.1 1,065 1,345 | 0,821 | 0,866 0,97 |118,3
0.5 1,053 |1,330| 0,811 | 0,858 0,95 |1159
1.0 1,040 |1,315| 0,800 | 0,850 0,93 |1134

JoOaBku nutus noutd Ha 10% CHMXAET CKOPOCTh KOPPO3UHM HCXOIHOTO
crtaBa IIAMCB4-1-2,5, uto He 3aBHCHT OT KOHIeHTparuu siekrponuta NaCl
(pucynok 4.2). CKOpoCcTb KOpPpO3WMH CIUIaBOB YBEJIMYMUBAECTCS C POCTOM
KOHIICHTpAIMU XJIOpUA-UoHa (pucyHOK 4.3). YMEHbIIIEHHE CKOPOCTH KOPPO3UHU
nuHkoBoro craBa [[AMCB4-1-2,5 ¢ nutueM OOBSCHAETCS TOPMOXKEHHUEM
npoliecca aHOJHOM KOPPO3WHU CIUIABOB C POCTOM KOHIIEHTPALMU JIETUPYIOIIETO

xommonenra [118, 120, 121].
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Pucynok 4.2. 3aBHUCHUMOCTb CKOPOCTH KOppO3uu HUHKOBOTO criiaB [[AMCg4-1-
2,5 ¢ matuem, B cpeae daekrponmta 0,03(1); 0,3(2); 3,0(3)-moro NaCl [118, 120,
121].

ixop., A/M?
b 1
0100 S
—" 3
—
2
0,80 — /
0,60 -
T T T
0.03 0.3 3.0 CNaCl, mac.%
Pucynok 4.3. 3aBUCUMOCTh IUIOTHOCTHM TOKAa KOPPO3WH IIMHKOBOI'O CILJIaB

HAMCg4-1-2,5 (1), comepxamero nutuid, Mac.%: 0.1(2); 0.5(3); 1.0(4), ot
koHueHTparuu snexkrpoaura NaCl [118, 120, 121].
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Pucynok 4.4. TloTeHIMoauHaMUYECKHE AaHOJHBIC MOJspU3alMoHHbIE (2MB/C)
KpuBble 1WHKOBOro crwiaBa I[IAMCe 4-1-2,5(1), coxepxkamiero JHTHH,
mac.%:0,05(2); 0,1(3); 0,5(4); 1,0(5), B cpene snmekrpoauTa

0,03% (a) 0,3% (6) u 3,0-uvoro(8) NaCl [118, 120, 121].

B pe3yJIibTaTC HYCTr0 IPOHUCXOAUT IIaCCUBAIlUA IMOBCPXHOCTH CILJIABOB.
HOC—)TOMy A1 IIPOTrHO3HUPOBAHHA KOPPO3HMOHHOI'O IMOBEACHHUA HHWHKOBBIX CILIIABOB

BAaXXHOC 3HA4YCHHUEC HMMCCT CTCIICHb IIaCCHUBAIIMH. Omna OIpPCACIACTCA TPEMs
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napaMeTpaMH: CHJIOH TOKa B ITACCHBHOM COCTOSIHWHW, BEIIMYMHOW ITOTEHITMANA
MUTTUHIO00PA30BaHUs M MPOTSHKEHHOCTHIO MTACCHMBHOM 00J1aCTH, ONPEIC/IIEMBIX B
pe3yJbTaTe MOCTPOCHHUS TOTESHITMOAMHAMUYecKrX KpuBbix [118, 120, 121].

DT0 BUAHO M3 aHOJTHBIX BETBEW MOTCHIIMOAMHAMHUYCCKUX KPUBBIX CILJIABOB
(pucyHok 4.4). KpuBble, OTHOCAIIMECS K CIUIaBaM C JIMTHEM PACIIONIaratoTcs JeBee

KPHUBOU MCXOIHOIO CILIABA.

4.3. Brusinue HATPHUS HA KOPPO3HOHHO-YJIEKTPOXUMHUYECKOE MOBeIeHUEe

nuHKoBOro cruiaa IAMCB4-1-2,5, B cpene 3nextposmmta NaCl [120, 121]

XHUMUYECKHN COCTAaB M PE3yIbTaTbl UCCIEAOBAHUS AHOAHOTO IOBEICHUS
nuaKoBoro criaBa [IAMCe4-1-2,5 ¢ Hatpuewm, npuBeneHsl B Tabnumax 4.3, 4.4 u
Ha pucyHkax 4.5-4.7. IlpuBencHusie B Tabmuie 4.3 pe3ynbTaThl HCCICIOBAHUS
MOTEeHIIMaIa CBOOOIHOM Koppo3un 1uHKoBoro criaBa [IAMCe4-1-2.5 ¢ HaTpuew,
BO BpeMmeHH, B cpene onektponuta NaCl, pa3nuyHOd KOHIEHTpAIUH
CBUJICTEJILCTBYIOT, YTO B TI€PBbIC MHHYTHI MOTPY>KEHHUs OOpa3lOB B PaCTBOP
MPOUCXOJIUT PE3KOE CMEICHUE TOTEHIIMAala B MOJOXUTENbHYI0 00acTh. [1o Mepe
pocTa KOHUEHTPAalUMU XJOPUA-MOHA B  JJEKTPOIUTE MOTEHUHAT  Egpop.
YMEHBIIIAETCS, YTO COMPOBOXKAAETCS POCTOM CKOPOCTH KOPPO3HUH CILIABOB, B CPEJIE
anextponuta NaCl. Ecnu cpaBHUTB Ep vop. U1 IWHKOBOTO citaBa [JAMCg4-1-2,5
C HaTpUEM, MOXHO OTMETUTh, YTO 0OJIee MOJIOKUTEILHOE 3HAYEHHUE MOTEHIMala
XapakTepHO Jisi crutaBoB, B cpene anekrponuta 0.03%-noro NaCl. HezaBucumo
OT XMMHYECKOTO COCTaBa JJisl BCEX MCCIIEYEMbIX CIUIABOB OTMEYEHO CMEIICHUE
MOTEHIIMAJIa B MOJIOKUTEIbHYIO0 00JIaCTh, YTO XapaKTepusyeTcs (popMHUpOBaHUEM
3alUTHOM OKCHUJHOM TUIGHKH, JUHAMUKOW KOTOpOoM 3aBepuiaercs K 35-45
MUHYTaM OT Hayajga TMOTPYXEHHs oOpasma B DJJIGKTPOIUT U 3aBUCUT OT
XUMHUUYECKOTO COCTaBa CIUIaBOB. Tak, Mocie OAHOrO 4aca BBIAEPKKU AJEKTPOJa B
ANEKTPOJIUTE, MpeacTaBistomeit codoit pactBop 0.3%-Horo xJyopuja HaTpus
MOTEHIIMAJI CBOOOHOM KOppo3un muHKoBoro criaa [IIAMCB4-1-2,5 cocraBiser -
1.080B, a y nerupoBanHoro 1.0 mac.% HaTpuem cmiaBa, coctaBiser -1.015B.

[ToreHunan cBoOogHON KOppo3un MHUHKOBOro cruiaBa I[AMCe4-1-2,5 mnocie
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OAHOI'0 4JacCa BBIACPKKH B PacCTBOPE 3.0%-Horo XjJopuaa HaTpuAa COCTABJIACT -

1.103B, a y nerupoBanHoro 1.0 mac.% Harpuem cruiaBa -1.037B (Tabnuna 4.3).

Ta0mnuna 4.3.

BpemenHas 3aBuCMMOCTb NOTEHIIHMANA (X.C.9) cCBOOOIHOU KOPpo3uH (-Ecs xop., B)

nuHKoBOTO criaBa [JAMCB4-1-2,5 ¢ HatpueM, B cpene anekrposuta NaCl [120,

121]
Cpena Bpewms Conep:xanue HaTpus B cIuiaBe, Mac.%

BT;CO'A) PROEPEEL 1 00 | 005 | 01 | 05 1.0
0 1,165 | 1,131 1,118 1,108 1,100
0,6 1,101 | 1,079 1,071 1,064 1,057
5 1,080 | 1,054 1,046 1,037 1,028
0.03 10 1,076 | 1,049 1,041 1,031 1,021
20 1,073 | 1,044 1,036 1,026 1,015
40 1,068 | 1,037 1,027 1,017 1,004
60 1,064 | 1,034 1,023 1,012 1,001
0 1,210 | 1,150 1,139 1,125 1,112
0,6 1,136 | 1,099 1,082 1,072 1,057
5 1,104 | 1,072 1,060 1,052 1,035
0.3 10 1,098 | 1,068 1,056 1,047 1,030
20 1,093 | 1,064 1,052 1,042 1,026
40 1,084 | 1,056 1,044 1,034 1,019
60 1,080 | 1,048 1,037 1,026 1,015
0 1,226 | 1,166 1,156 1,145 1,134

0,6 1,152 1,118 1,100 1,094 1,084
5 1,127 | 1,090 1,075 1,070 1,055
3.0 10 1,121 | 1,085 1,069 1,065 1,050
20 1,115 | 1,080 1,065 1,060 1,046
40 1,107 | 1,071 1,059 1,052 1,040
60 1,103 | 1,068 1,057 1,048 1,037
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OCHOBHBIE KOPPO3UOHHO-IJIEKTPOXUMUIECKIE XapAKTEPUCTUKH ITUHKOBOTO
crutaBa [JAMCB4-1-2,5 ¢ HatpueM (Tabnuia 4.4), CBUACTEIBCTBYIOT, UTO JOOABKU
HaTpusa B KommuectBax 0.05-1.0 mac.% caBuraroT MNOTEHIUANbl CBOOOIHOM
KOPpO3UH, TUTTUHTOOOpPa30BaHUsI U PEMAcCUBAIMU CIUIABOB B IMOJIOKHUTEIHHYIO
oOnacTh 3HaueHui. JlerupoBanue HaTpuem ciiaBa [[AMCg4-1-2,5 B ykazaHHOM
npenesie yMEHbIIAeT CKOPOCTh ero kopposuu Ha 15-20%, B cpenme 3JeKTpoJuTa
NaCl (pucynok 4.5).

Tabmura 4.4
Koppo3uoHHO-3JIEKTPOXUMUYECKUE XapaKTEPUCTUKH (X.C.3.) IMHKOBOTO CILJIaBa

[HAMCg4-1-2,5 ¢ Hatpuewm, B cpene sekTpoauta NaCl

Conepxanue DJIEKTPOXUMHUYECKHUE CkopocTb
illf;ecﬂlf’l HaTpHs B noTeHIuansl, B (x.c.3.) | KOppO3UHU
iy CIUTaBE, Mac. Forn | Bup | Ean | Eu Iop- K103

% A/M? | r/m?-gac
- 1,064 |1,325 | 0,800 | 0,870 | 0,76 92,72
0.05 1,034 | 1,270 | 0,770 | 0,840 | 0,69 84,18
0.03 0.1 1,023 | 1,260 | 0,760 | 0,830 | 0,67 81,74
0.5 1,012 | 1,249 | 0,751 | 0,820 | 0,65 79,30
1.0 1,001 (1,240 | 0,741 | 0,811 | 0,63 76,86
- 1,080 | 1,341 | 0,835 | 0,890 | 0,90 109,8
0.05 1,048 | 1,302 | 0,808 | 0,860 | 0,83 101,2
0.3 0.1 1,037 11,292 | 0,798 | 0,850 | 0,81 98,82
0.5 1,026 {1,281 | 0,789 | 0,840 | 0,79 96,38
1.0 1,015 |1,2/0 | 0,780 | 0,831 | 0,77 93,94
- 1,103 | 1,400 | 0,850 | 0,900 | 0,102 |124,4
0.05 1,068 {1,333 | 0,820 | 0,865 | 0,96 |117,1
3.0 0.1 1,057 11,321 | 0,810 | 0,855 | 0,94 |114,6
0.5 1,048 [1,310 | 0,801 | 0,844 | 0,92 |112,2
1.0 1,037 {1,300 | 0,790 | 0,835 | 0,90 |109,8
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N3 tabmuuel 4.3 cienyeT, 4TO ¢ POCTOM KOHLIEHTpAallMu HAaTpus B CILIaBe
[HAMCB4-1-2,5 ¥ yMEHBIIEHUU KOHIEHTPALMH XJIOPHUA-UOHA B DJIEKTPOJIUTE
MOTCHITMAIBI KOPPO3UH, MUTTUHTOOOPAa30BaHUS W PEMacCHUBAIlUM CMEIIAIOTCS B
o0nacTh OoJiee MONOKUTENBHBIX 3HAYCHUH. POCT KOHIIEHTpaiy HATPHUS B CIUIaBE
[TAMCgB4-1-2,5 crocoOCTBYeT yMEHBIIEHUIO CKOPOCTH €ro KOpPpO3UH BO BCEX
UCCJIEIOBAHHBIX cpefax. [Ipu 3TOM MOBBINIEHHE COAEpPKAHUS XJIOPHUA-HOHA B
AIIEKTPOJIUTE CIOCOOCTBYET pOCTY CKOPOCTH KOPPO3WM HE 3aBUCUMO OT
koHreHTpanud NaCl ¥ COOTBETCTBEHHO IIOTHOCTH TOKa KOPPO3WH CILJIABOB
(pucyHok 4.6) [120, 121].

K-102r/3*uac.
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Pucynok 4.5. 3aBUCHUMOCTb CKOPOCTH KOppO3uu LKMHKOBOro cruiaBa [{[AMCg4-1-
2,5 OT KOHIIEHTpanuu HaTpus, B cpene atekrpoiura 0,03% (1); 0,3% (2) u 3,0%-
Horo (3) NaCl [120, 121].

Ha pucynke 4.7 mpencraBiieHbl aHOJHBIC BETBH IMOTEHIIMOJIMHAMHYECCKUX
MOJIAPU3AIMOHHBIX KPHUBBIX CIIAaBOB IIMHKA C MEAbI0 B KoopauHatax -E — Igi, B
cpene anekrponuta NaCl. Kpussie 2-5, otHOocsmuecs k yerupoBanabeiM 0.05-1.0
Mac.% Hatpuem 1uMHKOBoro cmiaBa [[AMCg4-1-2,5 xapakrepusyrorcs

IMMOJIOXKUTCIbHBIM 3HAYCHHUEM IMOTCHIIMAIIOB KOPPO3HUHU U HI/ITTI/IHFOO6pa?>OBaHI/IH I10
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CpaBHEHUIO ¢ KpuBO# | misa mcxomHoro muHKoBoro craBa [[AMCe4-1-2,5. Oto
YKa3bIBa€T HA OTHOCUTEJIBHO HU3KYIO CKOPOCTh AaHOJTHOM KOPPO3UU JETUPOBAHHBIX

HaTpueM ITuHKoBOro ciiaBa [JAMCs4-1-2,5 [120, 121].

ixop., A/M?

> 1
0,100 - 2
/
— 3
4
0,80 —
0.60
| | |
0.03 0.3 3.0 CNaCl, mac.%

Pucynok 4.6. 3aBHCHMMOCTHh IUIOTHOCTH TOKa KOPPO3MHM I[MHKOBOI'O CILIaBa
LIAMCB4-1-2,5, conepxkariero Harpuii, mac.%: 0.0(1); 0.1(2); 0.5(3); 1.0(4) or
xonHnentpanuu NaCl [120, 121].

Taxkum oOpa3oM, MOTEHIIMOCTATHIECKUM METOJOM MPH CKOPOCTH Pa3BEPTKH
noTeHnuana 2 wmB/c uccnegoBaHO aHOAHOE TIOBEJACHUE IIMHKOBOTO CIUIaBa
[HAMCBgB4-1-2,5 ¢ narpuem, B cpene anekrposura NaCl. [Tokazano, uro nqo0aBka
1.0mac.% HaTpusi CHUIKAET CKOPOCTh KOPpPO3WM IHUHKOBOro cruiaBa [JAMCg4-1-
2,5 mwHa 10-15%. Ot konmentpanuu sjekTpoiauta NaCl ckopocTh Koppo3uu
cruiaBoB  yBenuuuBaercss Ha  10-12%. VYcraHOBIEHO, 4YTO — JEerupoBaHUE
Harpuemciuiase [J[AMCg4-1-2,5 cmemniaer B 00JacTh MOJOXKUTEIBHBIX 3HAYSCHUN
MOTCHIIMAIIOB KOPPO3WH, MUTTUHTOOOpa30BaHWS M PENAcCHUBAllUMA CIUIABOB, B

cpene anekrpoauta NaCl [120, 121].
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Pucynok 4.7. Anopnsie nojsipusaioHHsie (2MB/c) kpuBbIe ITUHKOBOTO CILIaBa
I[IAMCBg4-1-2,5 (1), conepxarnero Harpuii, Mmac.%: 0.0 (1); 0.05(2), 0.4(3), 0.5(4),

1.0(5), B cpene anextposuta 0.03% (a) u 3.0% - Horo (6) NaCl.



105

4.4, Koppo3HuOHHO-3JIEKTPOXUMHYECKOE NMOBeleHHe IMHKOBOI0 CILIABA
HAMCB4-1-2,5, 1erupoBaHHOr0 KajaueM, B cpee diekrposaura NaCl

[119 -121].

Pe3ynbrarhl 37€KTPOXMMHUYECKUX HCCIEAOBAHUMN JIETUPOBAHHOIO KallueM
nuHKoBoro crutaBa [IAMCB4-1-2,5 mpencraBnensl Ha pucyHkax 4.8-4.11 u B
tabmure 4.5. 3 pucynka 4.8 BUIHO, 4YTO IO Mepe BBIJICPKKH 00pa3I0B B TCUCHHE
gaca, B cpene snekTposmta NaCl morenmnman cBOOOAHON KOPPO3UU CMEMIACTCS B
00JIaCTh MOJIOKUTENBHBIX 3HAYEHU, OCOOCHHO B mepBble 5-10 MUHYT OT Havana
HOTPYXEHUS 3JeKTpoAa B 3ieKTponutT. Crabumuzanust Ecsop HaOMOgAETCS 1OCIHE

40-50 MUHYT OT Hayaja MOTPYKEHHUS 3JEKTpoJia B pacTBOp 3jaekTponuta [119 -
121].

«Ecn.xop, B (x.c.2.)
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Pucynok 4.8. BpemeHnHas 3aBUCUMOCTb —Ecy «op. IMHKOBOTO crutaBa [JAMCg4-1-
2,5 (1) ¢ xamuem, mac. %:0,05(2); 0,1(3); 0,5(4); 1,0(5), B cpene 3nekTpoauTa
0,03% (a), 0,3% (6) u 3,0% (B), -Horo (B) NaCl [119 - 121].
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[lomobHoe moOBenEHUE CBUAETEIBCTBYET O MACCHBALMU TOBEPXHOCTH

oOpasua nmyTém (GopMHUPOBAHUS 3AITUTHOW OKCUIHOM TUIEHKU Ha €ro MOBEPXHOCTH.

Tak, mocne onHOTO Yaca BeAEpKKU B pactBope 3aekrponuta 0,03 % NaCl Eg; xop.

HEJIETUPOBAHHOTO cIulaBa coctaBisier -1,064 B, a y cnaBa, coaepxkamero 1.0

mac.% xamust Ecg xop. paBasieTcs 0,996 B (pucynok 4.8) [119 -121].

Tabmura 4.5

KOppOSI/IOHHO-SHCKTPOXI/IMI/I‘-ICCKI/IC XApPaKTCPHUCTUKU TUHKOBOTO CILIaBa

[IAMCB4-1-2,5 ¢ kammewM, B cpene sekrpoiauta NaCl [119 - 121]

DNEKTPOXUMUYECKHE CkopocThb
Cpena | ComepkaHue
[ToTenmmansl, B (x.c.3.) Koppozun
NaCl, KaJIus B
macc.% caBe, | -Ecaxop | “Exop | “Emo | “EBpm | lkopy | K103
Mmacc.% AWM? | r/M*u
- 1,064 1,325 | 0,800 | 0,870 | 0,76 92,72
0.05 1,026 | 1,260 | 0,760 | 0,830 | 0,68 82,96
0,03 0.1 1,018 |1,251 | 0,750 | 0,821 | 0,66 80,52
0.5 1,008 | 1,240 | 0,740 | 0,810 | 0,64 78,08
1.0 0,996 | 1,229 | 0,730 | 0,800 | 0,62 75,64
- 1,080 | 1,341 0,835 | 0,890 | 0,90 109,8
0.05 1,040 | 1,290 | 0,800 | 0,851 | 0,82 100,0
0,3 0.1 1,028 | 1,281 | 0,791 | 0,842 | 0,80 97,60
0.5 1,017 | 1,270 | 0,780 | 0,830 | 0,78 95,16
1.0 1,009 | 1,259 | 0,770 | 0,819 | 0,76 92,72
- 1,103 | 1,400 | 0,850 | 0,900 | 0,102 1244
0.05 1,060 | 1,316 | 0,808 | 0,851 | 0,93 113,4
3.0 0.1 1,050 {1,304 | 0,797 | 0,842 | 0,91 111,0
0.5 1,040 | 1,293 | 0,786 | 0,831 | 0,89 108,5
1.0 1,030 | 1,282 | 0,775 | 0,820 | 0,87 106,1
Koppo3noHHO-2IEKTPOXUMUYECKOE  TOBEACHHUE  ITMHKOBOTO  CIUIaBa

ITAMCBgB4-1-2,5 wuccieqoBalioch TaKkKe

B 3aBUCHMMOCTH OT KOHIOCHTpAalUH
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anekrporuta NaCl. PesynbraTel viccnenoBanus NpUBEICHBI HA pUCYHKE 4.8 U B
tabmuie 4.5. BumHo, 4To C yBENTMYEHHEM KOHIIEHTPAIMHM XJIOPUA-HOHA B
AIEKTPOJIUTE SJIEKTPOXUMHUYECKUE MOTEHLIHAIBl JIETMPOBAHHOIO KAJIMEM CIUIaBa
[HAMCg4-1-2,5 ymenbmatorcs. [lpu nepexone ot anexrponura 0,03 % - HOro
NaCl k 3,0 % - vomy NaCl noreHiman Koppo3uu HCXOHOTO CIIaBa YMEHBIIIACTCS
ot -1,325B 1o -1,400B [119 - 121].

JloGaBku kamust moutd Ha 10% CHUXKaET CKOPOCTh KOPPO3UU HCXOTHOTO
craBa [JAMCB4-1-2,5, yto He 3aBUCHT OT KoOHIeHTparmu 3nekTponmrta NacCl
(pucynok 4.9). CkopoCTh KOpPPO3UM CIUIABOB YBEJIWYUBACTCS C POCTOM
KOHIIEHTpaIuu xJjopua-uoHa (pucyHok 4.10). YMmeHblieHHE CKOPOCTH KOPPO3UU
nuHkoBoro crmiaBa I[[AMCB4-1-2,5 ¢ kamueMm OOBSACHSETCS TOPMOXKCHUEM
Ipolecca aHOJHOM KOPpPO3WHU CIUIABOB C POCTOM KOHIIEHTPALUU JIETUPYIOIIETO
[119- 121].

K-103r/»*9ac.
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Pucynok 4.9. 3aBucHUMOCTb CKOPOCTH KOppO3uH IuHKOBOTO cruiaB [J[AMCg4-1-

2,5 ¢ kanmeM, B cpeae aaekrpoiauta 0,03(1); 0,3(2); 3,0(3)-noro NaCl [119].
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Pucynok 4.10. 3aBUCHMOCTh IJIOTHOCTH TOKAa KOPPO3WM IIMHKOBOI'O CILJIaB

[HAMCg4-1-2,5 (1), comepxamero kamuii, mac.%: 0.1(2); 0.5(3); 1.0(4), ot

koHIeHTparuu dektpoiuta NaCl [119].

DT0 BUAHO U3 aHOTHBIX BETBEU MOTCHIIMOAMHAMHUYECKUX KPUBBIX CIIJIABOB
(pucynok 4.11). KpuBbie, OTHOCSIIHECS K CIUIaBaM C KajJHeM paclojiararoTcs
JieBee KpUBOW ucxoaHoro crurasa [119 - 121].

B He#TpanbHBIX pacTBOpax, COIEpXKalIMX WOHBI XJOpa, NacCHUBHAs
OKCHJIHas TUIEHKAa Ha IIMHKE M €ro ciuiaBax paspyiuaercs. I[Ipu 3Tom mpotekaer
nuTTUHTOBast kKopposus. Ilpu noctmxenun Ep, aHOAHBINA mpolecc oOpa3zoBaHUs
3alUTHOIO  OKCHAA  3aMEHseTCsl  aHOAHBIM  HIpOLEeccOM  00pa3oBaHUS
JIETKOPacTBOPUMOTO COEAMHEHHUS MeTalsla C aKTUBHBIMU aHHOHOM U THAPOKCUIOM
IIUHKA:

Zn=27n*+2e";Zn+20H =Zn (OH), +2e ; Zn+2C1" ~> ZnCl,+2e" [2].

OObpazoBanue MOAOOHBIX COCAMHEHUN 3aTpyJHSET IOCTYH KHCIOpoAa K
MOBEPXHOCTH JJIEKTpoja. B  pe3ynapTare dYero MNPOUCXOIUT MACCUBAIUSI
MOBEpXHOCTH 00pa3moB. [losToMy [ TPOTHO3MPOBAaHUS KOPPO3UOHHOTO
MOBEICHHSI IIMHKOBBIX CIUIABOB Ba)KHOE 3HAUEHUE UMEET CTeNeHb naccuBanuu. OHa

ONpeAcsICTCA TpEMS IIapaMCcTpaMu: CHJIOM TOKa B IIaCCUBHOM COCTOSHHH,
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BEJIMUYMHOM InoreHouaaa HI/ITTI/IHF006paSOBaHI/I}I U HIPOTAKCHHOCTBIO MMaCCUBHOM

06J'I3.CTI/I, OonpCACLICMBIX B PE3yJIbTaTC IMOCTPOCHMWA ITOTCHHUOINMHAMHUYCCKHX

KkpuBbIX [138].
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Pucynok 4.11. [loTeHnmoanHaMUYEeCKUE aHOAHBIC MOJsIpU3almoHHbie (2MB/c)
KpuBble  IHMHKOBOro  cmaBa I[AMCB4-1-2,5(1), cogxepskamiero  KajwWid,
mac.%:0,05(2); 0,1(3); 0,5(4); 1,0(5), B cpene snexrponura 0,03% (a) 0,3% (6) u
3,0-uoro(8) NaCl [119 - 121].

4.5. 3aki0uenne no Yyerseproi riaase [118 - 121].
B nanHOM mojpaszesne npuBoaSTCs 0000MIEHHBIC Pe3yIbTaThl, MOJYUYCHHbIC

OpU  MCCIENIOBAHUU  KOPPO3MOHHO-3JIEKTPOXMMUYECKUX  XapPaKTEPUCTUK U

aHOJTHOI'O IOBeAeHMs IMHKOBoro cruaBa I[AMCB4-1-2,5 B 3aBUCHUMOCTH OT
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JISTUPOBAHUS €T0 PA3TMYHBIMU COACPKAHUSIMU JINTUS, HATPUS U KAJIHsI B PACTBOPE
snekrposuta NaCl pasnuunbix KoHIeHTpanuii (Tadauis! 4.6 u 4.7).
Tabnuia 4.6
[Torennmainsr (x.c.3.) cBOO0AHON KOPPO3UH (-Ecp xop., B) M muTTHHTOOOpa30oBanus (-
En.o., B) muakoBoro criaBa [IAMCB4-1-2,5 ¢ nutuem, HaTpHEM U KaJlueM, B

cpene amektpoiuTa NaCl [118 - 121]

Conepxanue CnunaBsl ¢ Li Cmiasel ¢ Na | Crutasel ¢ K
Cpena )
Li,NauKs

NaCl,
CILIaBe, 'ECB.Kop. 'En.o. 'ECB.Kop. 'En.o. 'ECB.Kop. 'En.o.

mac.%

Mac.%

- 1,064 | 0,800 | 1,064 | 0,800 | 1,064 | 0,800
0.05 1,045 | 0,780 | 1,034 | 0,770 | 1,026 | 0,760
0.03 0.1 1,033 | 0,769 | 1,023 | 0,760 | 1,018 | 0,750
0.5 1,020 | 0,758 | 1,012 | 0,751 | 1,008 | 0,740
1.0 1,009 | 0,749 | 1,001 {0,741 | 0,996 | 0,730
- 1,080 | 0,835 | 1,080 {0,835 | 1,080 |0,835
0.05 1,056 | 0,820 | 1,048 | 0,808 | 1,040 | 0,800
0.3 0.1 1,045 | 0,810 | 1,037 | 0,798 | 1,028 | 0,791
0.5 1,032 | 0,800 | 1,026 | 0,789 | 1,017 | 0,780
1.0 1,020 | 0,790 | 1,015 | 0,780 | 1,009 | 0,770
- 1,103 | 0,850 | 1,103 | 0,850 | 1,103 | 0,850
0.05 1,078 | 0,832 | 1,068 | 0,820 | 1,060 | 0,808
3.0 0.1 1,065 |0,821 | 1,057 {0,810 | 1,050 | 0,797
0.5 1,053 | 0,811 | 1,048 {0,801 | 1,040 | 0,786
1.0 1,040 | 0,800 | 1,037 | 0,790 | 1,030 | 0,775

Omnpeneneno, uro i uHKOBOTO craBa [JAMCg4-1-2,5 npu nerupoBaHuu
€ro JIMTHEM, HaTPUEM M KaJIMeM OTMEUaeTcsl CMEIICHHE MOTEHI[Majga KOPPO3UU B
o0nmacTe 0OoJjiee TONOXKUTEIBHBIX 3HAYCHWH C YBEIMYCHHUEM COJEPIKAHUS

YKa3aHHBIX JICTHUPYIOIIUX KOMIIOHCHTOB. Taxxe CYHICCTBCHHOC BIIMAIHHUC Ha
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MOTEHIMAT KOppo3uu ImHKOoBoro ciaBa [[AMCB4-1-2,5 ¢ nutuem, HatpueMm u
KaJIMEM OKa3bIBaCT KOHIICHTPALIKS JJICKTPOJIUTA U OTMEUCHA TEHIACHITUS CHUKCHUS
3HAYCHUH TOTCHIIMAJIOB CBOOOJHONH KOPPO3HHM NPH YBEIWYCHHH KOHIICHTPAIUH
anektporuta NaCl — wem Boeimie konnentpamus pactBopa NaCl, tem Humxe
BEJIMYMHBI TOTCHITUAIOB CBOOOTHON KOPPO3HH HCCIIEAYEMBIX CIUIaBOB.

Tak, mns nmHKoBoro cimiaBa I[AMCB4-1-2,5 ¢ kamwem (1,0 mac.%)
OTMEUYAeTCs CaMbli BBICOKMH IIOTCHIMAI CBOOOJHOW KOpPPO3WH, B Cpele
anekrposuta 3,0% NaCl -1,030 B, a camblif HU3KHI OTMEUAeTCs Y ITMHKOBOTO
crutaBa [JAMCg4-1-2,5 ¢ iutuem (1,0 mac%) B pactBope 3,0%-noro NaCl -1,009
B [118 - 121].

3aBUCUMOCTh ~ WM3MCHCHHS  IIOTCHIIMAJIOB  IUTTHHIOOOpPAa30BaHUS U
peraccuBaIMKM HCCISAYEMBIX CIUIABOB OT COJACP)KAaHHWS B IIMHKOBOTO CILIAaBE
I[TAMCgB4-1-2,5 nmuTus, HATpUS M KaJIns TOKa3bIBAIOT, YTO YEM BBIIIE COACPIKAHUE
B CIUIaBE JOOABOK JIMTHS, HATPHS M KaJIHs, JJICKTPOXUMHUCCKHE IOTCHIIMAJIBI
XapaKTEPHU3YIOTCS CIBUIOM B 00JIACTh MOJIOKHUTEIbHBIX 3HaueHUH. Kpome Toro,
MOTEHIIMAJIBI CBOOOHON KOPPO3HH U TUTTHHIOOOPa30BaHUsT YMEHBIIIAIOTCS B PAITY
Li — Na — K (tabmuna 4.6) [118 - 121].

Taxke oTMe4aeTCs TCHACHIIMS POCTa BCJIMYMHBI IIOTHOCTH TOKa H
CKOPOCTH KOPPO3HH C YBEIUYCHUEM KOHIICHTPAIIUU XJIOPHI-HOHOB B JICKTPOJIHTE.
JlaHHas TEHICHIUS OTMEYAETCs JIJI BCEX MCCIICIOBAHHBIX CIUIABOB M HE 3aBHUCHUT
OT CcOCTaBa M COJCP)KAaHMS JICTHPYIONIMX KOMIIOHEHTOB. HaOmromaercs
YMCHBIIIEHHE CKOPOCTH KOPPO3HMH IPH TEPEX0JIe OT CIUIABOB C JUTHEM K CILIaBaM
c HaTpueM U kKanmeM. Jlis muakoBoro crutaBa [JAMCB4-1-2,5 Takke xapakTepeH

POCT CKOPOCTH KOppo3uH ¢ yBeiauueHrneM konnentpanuu Cl- B snekrponute NaCl

(tabmuna 4.7) [118 - 121].
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Tabmnuma 4.7
3aBUCUMOCTb IJIOTHOCTH TOKa KOPPO3UHU U CKOPOCTH KOPPO3UHU IIMHKOBOTO CIIJIaBa

[HAMCB4-1-2,5 ¢ auTueM, HaTpPUEM U KaJueM, B CpeJe FIEKTPOIUTA

NaCl [118 - 121]

Cpexa Coneprxanue | CKopoCTh KOppO3uun
Li,NauKBsB CnnaBsl ¢ LI CnnaBsl ¢ Na CnnaBel ¢ K
I\ijol/; CILIaBE, Iop.» K-102, Top. K-102, Tepp. K-102,
Mac.% AM? | t/MPua | A/M? | /MPu | A/MP | T/MPu
- 0,76 92,72 0,76 92,72 0,76 92,72
0.05 0,75 91,50 0,69 84,18 0,68 82,96
0.03 0.1 0,73 89,06 0,67 81,74 0,66 80,52
0.5 0,71 86,62 0,65 79,30 0,64 78,08
1.0 0,69 84,18 0,63 76,86 0,62 75,64
- 0,90 109,8 0,90 109,8 0,90 109,8
0.05 0,89 108,5 0,83 101,2 0,82 100,0
0.3 0.1 0,87 106,1 0,81 98,82 0,80 97,60
0.5 0,85 103,7 0,79 96,38 0,78 95,16
1.0 0,83 101,2 0,77 93,94 0,76 92,72
- 0,102 | 1244 0,102 |1244 0,102 1244
0.05 0,99 |120,7 096 |1171 0,93 113,4
3.0 0.1 0,97 |118,3 0,94 1146 0,91 111,0
0.5 0,95 |1159 0,92 |112,2 0,89 108,5
1.0 0,93 |113/4 0,90 |109,8 0,87 106,1

Takum 006pa3oM, yCTaHOBIIEHO, YTO aHOJ/IHASI YCTOWYMBOCTH MOBBIMAaeTcs Ha 10-
15% npu nerupoBanuu no 1.0 mac.% nuthem, HaATpUEM U KAJIHEM LIMHKOBOTO

crutaBa [JAMCe4-1-2,5, B cpene snekrposuta NaCl,
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BbIBO/bI

I. Ha ocHOBe aHaiM3a JUTEPATypHBIX JAHHBIX CAEJIaH BBIBOJ O
HEOOXOIMMOCTH HUCCIEAOBAHUS (PU3UKO-XUMUICCKAX CBOMCTB IIMHKOBOTO CILJIaBa
[HAMCB4-1-2,5 c nuTuem, HaTpUEM M KaJlUeM C LEJbI0 Pa3pabOTKH HOBBIX
CILJIABOB, MCIIOJB3YIOIMMXCSI B KAayeCTBE AHOJHBIX 3AIUTHBIX MOKPBITUNA IS
3aIUTHI OT KOPPO3UU CTAIBHBIX COOPYKEHUH, KOHCTPYKIIUN U B IPYTUX OTPACIIAX
TEXHHUKHU.

2. TemmepaTypHble 3aBHCHMOCTH TEIUIOEMKOCTH IIMHKOBOTO CIUIaBa
HAMCg4-1-2,5 ¢ nauTueM, HaTpuUeM U KallueM, H3Y4YeHbl B PEXHUME
«oxnaxaeHus». [lokazaHo, 4TO C POCTOM COJIEp>KaHUSI JIETUPYIOIIETO KOMIIOHEHTA
TEIUIOEMKOCTh CIIJIABOB YMEHBINAETCS, a OT TeMreparypsl pacteT. [lpu nepexone
OT CIUIAaBOB C JINTHEM K CIUIaBaM C HaTPUEM M KaJIMEM TEIJIOEMKOCTH CIIaBOB
CHIDKAETCA.

3. JIna muakoBoro cruiaBa [[AMCB4-1-2,5 ¢ nuTueM, HaTpueM W KaJluem
W3YYCHBl 3aBUCHUMOCTH  HM3MEHEHHUM TEPMOJMHAMHUYCCKMX  (PYHKIMA  OT
TEeMIEepaTyphbl U TIOKa3aHO, YTO MPHU MEPEX0/ie OT CIJIABOB C JIUTHUEM K CIIJIaBaM C
HATpUEM U KaJlieM BEJMYMHBI SHTAJBIIUM W JHTPONHUM yMeHbInarorcs. [lpu
YBEJIMYEHUU TEMIIEPATYPbl BEJIMYMHBI DHTAJIBIIMKM W SHTPOINMM TOBBIIIAIOTCS, a
sHeprun ['nb0ca ymeHsbIaercs.

4. Kunernka okucjieHHS IHMHKOBOro cimuiaBa IJAMCB4-1-2,5 ¢ nmTuewm,
HAaTpUEM M KaJIMEM, HM3ydajach TEPMOIpPaBUMETPUUECKUM MeTojoM. IlokazaHo,
YTO OKHUCJICHHE HCCJIEAYyEMBbIX CIUIABOB MPOTEKAET COTJIACHO THUIMEPOOIMYECKUM
3aKOHOMEPHOCTSM, IIPH 3TOM UCTHHHAsI CKOPOCTh OKMCJIEHUSI CIIJIABOB COCTABJISIOT
seanuuny ~10% krm?cex?; MUHMMaNbHBIE CKOPOCTH OKHCJIEHHS OTMEYEHBI Y
ciaBa I[TAMCg4-1-2,5, 7nerupoBaHHOTO JIUTHEM, MAaKCHMAJIbHBIE CKOPOCTH
OKUCJICHUS UMEIOT CIUIaBbl, JIETUPOBAHHBIE KajlueM. MaKCUMalIbHbIE BEJIUYUHBI
KKYILEHUCs] DHEPTUU aKTUBAIIMM OTMEYAIOTCS Y CIUIABOB, JIETUPOBAHHBIX JIUTHEM,
MUHHUMAJIbHBIE — Y CIIJIABOB C KaJIUEM.

5. IloTeHIIMOCTAaTUYECKUM METOJIOM B MOTEHIIMOJUHAMUYECKOM PEXKUME CO

CKOPOCTBIO Pa3BCPTKU IMOTCHIHAIA 2 MB/c HCCIICA0OBAHO AHOJHOC ITOBCACHHC
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nuHkoBoro craBa [[AMCe4-1-2,5 ¢ nutueM, HaTpueM u kanuem. [lokazaHo, 4To
J00aBKH JICTUPYIOIIMX KOMIIOHEHTOB B kosmuectBax oT 0.05 mo 1.0 mac. %,
HECKOJBKO TIOBBIMIAIOT KOPPO3HOHHYIO CTOWKOCTh cmuiaBa [[AMCB4-1-2,5, B
HelTpanpHOU cpene anektponuta NaCl. HccnemoBaHHble MUHKOBBIE CIUIaBBI C
JUTHEM, HaTPUEM M KajlueM, MMesl MOTeHIHaJl cBOOOHOM Kopposzuu -1.103 + -
1.030 B, B cpene anekrponura 3.0% NaCl moryt cmyut B KauecTBe aHOIHOTO
3aIIUTHOTO MOKPBITUSA JIS 3ALIUTHI CTAJIM OT KOPPO3UH.

6. Ha ocHOBaHMU BBINOJHEHHBIX MCCIECIOBAHUN pa3pabOTaHbl COCTABBI

HOBBIX CIINIABOB, KOTOPBIC 3alMUIICHBLI JABYMS MAaJIbIMKU IIATCHTAMU PCCHY6HI/IKI/I

Tamxukucrag Ne TJ1260 ot 10.05.2022r u Ne TJ1268 ot 15.06.2022r.
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TOCYJIAPCTBEHHOE [ATEHTHOE
BEJIOMCTBO

PecryGamxn TorsukscTan

(19) TJ (1) 1260
(51 MIK:C22C18/04

«wOnucanue nzodpereHus

K MAJIOMY TTATEHTY

(21) 21015393
(22) 27.09.2021
(46) Bion. 183, 2022
(71)73) Poccaiicko-Tamsmecknil (Caamunckiil) yuu-
sepesrrer (T1)
(72) Pannen HLH. (T3); Bepasen AD. (T)); Anwesa J1L3.
(TI); Wluppdeoas HB. (T} AGuyxanuxosa [LH, (T));
Amunora HA, (T); Amcxonons C.JLx. (T));
AxyGop VI (T1)
(54) CIIOCOE IOJYYEHHS KOPPO3IHOHHO-
CTOAKHUX IMHKOBOATIOMHHHEBLIX
CILTABOR C IHEJOYHBIMH METAJLUIAMH
(36) {1] Nerent PO 2147322, MK C22C 18/04, onyGn,
04.10.2000r,

[2] Tavenr PO 2180014, MITK C22C 18/04,
onyG:. 27.02,2002r,

[3] Narenr CCCP M3356306 MITK C22C 17/00,
ony6G. 25.01,1973r.

2

(57) HaoGpetese oTHOCHTEK K obracti nponi-
BOSCTEA CINABOR UBETHMX MCTAMION, B YacTHOCTH ¥
paspaBoTe criogofa MOy 9eR UMHXOEO-
ATOMBHNCBEIX CTUISB0H.

CymiocTy m300peTeri 3axmouasIcn 3. TOM, ST0
pacEsICHHMA CIVIAS UINKKR C AIOMMHIN  HETPCBEIOT
Ao Temmepatyput 480-500 °C, sarem s ray6s pacrang 8
3asEpHYTOR RmOMIHNEsON oaLe ¢ NOMOuILID KOTO-
KONBAHKR SHOMAT OAHOTO METALIA W TPYINE JNTHE,
HATpil, e e pacuéra 00510 mee.%, nomywes-
MU pacrias  nepememmpmoT i sRacpREBAT 1015
MHH., 8 38TEM CHUMAIOT UK C MOBEPXHOTTIE NONYTEH-
HOTO PACTIAasa |1 APON3E0INT PUARHIKY WIeanit,

Taxiw  0fpasoM, DOSEIMICHIE  KOPPOIHOITHON
cToftkocTi crnson we | 0% nospoageT YMOHRIIITY Muc-
cy wzeal Towe wn 10%%,
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WaoPAN
MATEHTH

WAXOAATHOMA

 Mlaxpeany  Amiesall3.

 Myaaangm uxTHPON | Xyt pyX -

Ba -x'r-pos _

- maxyermarentw M TJ 1268 : X071 WYARKCT.
Hopanaan Ilomq_mrqxu CraBsHm Puémm B3 TOUHRHCTOR
HAXYCTOATCHT : Y &N
Capumm liwxvpuu ToudKRCTOH: |

Xasmywaand(on) Fanes FL1., Fepanen A3, AGR_\’AOAHI\OB& ﬂ H..
Amposa HIAL Anuxorosa C M. Skybos VAL

Anuntu lxnlpot 31.08.20731

"l‘u.p-xn py:nl nemuRxXoam npu:a 31.08.202]
Apnian N ”}0!588 : '

3 Jap Pexpucrn gamuul HXTHPOBXOR Yymxypuu Toungucron

o 1owronm; e 2022 Ga xaiin rapugTa mya
Haxycrnarens : 32 : : :
IsTHOOp nopaa a3 3l asryoin ¢. 2021  vo 31 amryery ¢€:203]

MR maxoasTHOMA XARTOME AMAAR FAPAOHMISNN XYKYRY
HMTREIXOE, K1 Gapou MyRIanpous HXTHPOOT 00 KOHYATY3OpHR
HOpR MyKappap CAPAHASANA, HHINOE 2014 Mewmasan

OWPEKTOP 7 (" Mcmonasona M.
: 3 ‘{‘ 4
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FOCYIAPCTBEHHOE MATEHTHOE
BEAOMCTBO

Pecoy@anxa TapkuxucTan

(19 TJ (1) 1268
(s1) MITK: C22C18/04

wOnucanme u3o0peTeHust

KMAJIOMY TTATEHTY

1

(21)2101588
(22) 31.08.2021
(46) Baon, 184, 2022 .
(71)(73) Poccroko-Tamarxcrnh (Canpupcranit) yime
acpaurer (173)
(72) Panseen ML (T)); Bepmisen A3 (TT); Amwesa JL3
(T1), AGayxomsxons FLH. (T)); Amusons HA. (T1);
Amiexonusa CJT#. (T7); AxyGoa V1L (TJ)
(54) HHHKOB CILIAB
(56) {1] Mareny PO Ke2037550, C 23 C 18/04, 1995

[2] Upnixosneit ensan ZnAKA, TOCT 25140-93

{3 TOCT 25140-93 fil LUHKOBNE CHNRBRL

(57) HacOperemnte oTHOCITCH K METRAAYPIMN, I
HMEHHO ¥ CTUIMDAM 10 OCHOBE 1MHKR, HCTIOALIVEMEIM B
PRIHLX OTPACHXX NPOMEIULICHHOCTI ANK IGTOTORMHMA
detaaell © nonsteIiMl TpeGoRIHILIMKN K KOPPOGHON-
HOR STORKOCTH, & TAKHKE VI KOPPOSHOIEOCTORKIX No-
KPR CTRARERY ISACAHN, HAHOCHMIX METOROM 1OPI-

2
‘oro wxxobaig. [Tpeanokel s H#a ocHobe Wik,
copepranut, Mac. %

wnonysid — [-4

meas - 0,5-1.5

HEMENT, BUOPRUMLIA 10y rPYITILE Aicriedt, HaTpai,
xannit - 0,05-1,0

LOEHK 1 HPHALCCH ~ DCTRLHOS

TexHHueCKHA pesyINTar - NOAKILISHIE KOPPOTit-
QIR0 CTOAXOCTH CIUIRBA 1TPI BOSASACTEMM Ha 5era Co-
NERTD TYMEHE,

T ofpasost, npeanosennoe isobpetesite
DOMMONRET HOIYHUTH DOXPRTIN CTONKRAE B ATPOCCIRIHLIX
STMOCHEPHLIX CPEAaAN, B TRK#E MPOTHE rajonofl xoppo-
200, 970 OOBACHRCTCH CTPYRTYPHIMH HIMEREHNIMIl
YAYNMIOEHHEM SMIDHTHRIX COOHCTD MPOXYKTOD kopposie
CraaBoa.



