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Yuennift cexperaps
AMCCEPTAUMOHHONO COBETA, - %
KARHAHAAT XHMHYECKHX HAYK “E C.P. Yemanona

OBIUAS XAPAKTEPHCTHKA PABOTHI

Axmyarsnocms . memst. COBPEMCHHBIA  HayYHO-TEXHHYCCKMA  nporpecc
0BeCNEYHBALT BLICOKME TCMIIK PAIBHTHA UBCTHOR MeTamTyprum. Linuky s obuwem
ofBbeMe NPOMIBOJCTBA  UBETHLIX METAVIOR  MPOMBILIACHHOIO  HAIHANCHWA
NPUHALNEKHT YeTseproe MecTo. LIMHK M crniasst Ha €ro ocHoOBe, pavMyHbiC
UMHKOBBIC COCAMHCHUA MONYYMAH UIMPOKOE NPHMEHEHHE 1A KOHCTPYKUMOHHBIX M
HEKOHCTPYKUMOHHBIX uencit Gnarogaps cneumduueckum ceoiicteam. Haubonee
WHPOKO UMHK-LUTIOMHHHERBIC CIUIABLI WCNOALIYCTCA JUIA WINOTOBICHHA AMTHIX
JAUMTHLIX MPOTEKTOPOB MOPCKMX CYNOB M MCTAUIHYCCKMX coopyxkenwid. B
NOCACAHKE TOAB! UHHK-ATIOMWHHEBBIC CIUIaBh! HAXOAAT WHPOKOS NPUMEHCHUE JUIN
MOKPHTHA MM METAUTHYCCKHX JINCTOB, WIAEAHRA, MaroToRnenus norydabpuxatos u
T.A.

Pacuumpenme HOMCHKIATY P! UHHK-QTIOMHHHEBIX H2ICAHA BLUIBHIACT HOBLIC
TpeGoBaHMA K MX CBOACTBAM M CTABMT TEXHONOIMYECKME 3aJadM  neped
CNCUMANMCTAMM, JAHMMAOUIHMMHCE  NPOHIBOACTBOM M NPHMCHCHWCM  UMHK-
AMOMHHHEBLIX CU1aBoB. OJIHAKO UHHK-AUTIOMUHHEBHIC CIUIABL — CAHHCTBCHHBIA W3
UIHPOKO MPHMEHACMBIX CTUTZBOB MPOMBIILICHHOTO HAIHAYCHNA, CREACHHA O PH3IHKO-
XHMHYCCKHX CBOMCTBAX, TEXHONOMMM M OGNACTAX NPHUMEHCHHA KOTOPOro MMCIOT
OrpaHMYeHHBIR XapaKTep, a TAKKEe NEPCNEKTHRHLIX HanpasicHuit, obecneyHBalowmx
nossieHne HPHEKTHBHOCTH HCNOIBIOBAHKA LHHK-ATIOMHHHEBBIX NOKPHITHA.

Taxum obGpazom, BONPOCH BIZHMOACHCTEMA MCTALIMYECKMX CTUIaBOB C
rajoo0paIHbIMM M PAIAMYHLIMH  ArPECCHBHBIMM  CPCAAMM  NPH  BLICOKUX
TEMIEPaTYpax ABIAIOTCA MPOAYKTH HX XHMHYCCKMX M JICKTPOXHMHUCCKAX peakumit
¢ KOMMOHEHTaMM oxpyxkalouieht cpeast. [ToTpe6HOCT MOHWMATE W MPCACKAILIBATH
3T NPOUECCH BIAWMOACHCTBMA CIUIABOB C LENBIO TNOBSICHHA WX aHOAHOA
YCTOHYHBOCTH NPEICTABASECT OrPOMHBIA HayYHLIH W NpaxTHYCCKUAl MHTEpeC.

Lens pabomsi 3aKMONACTCA B MCCNCAOBAHMH BAMSHMA J00aBOK Xxpoma,
Mapraiua W moaubacHa Ha TEIUIOBLIC, TEPMOAMHAMMYCCKHE, KWHCTHYCCKME M
aHonHsie ceoficTsa crnasa ZnSAl u paspaboTke ONTHMAIBHOINO COCTaBa CIUIaBOB,
KOTOPHIC MPEAHATHAYCHB! KAK AHOAHOTO YPPEKTHBHOIC NOKPHITHA LA NOBLILICHHA
YCTORYMBOCTH METAUTHICCKHX KOHCTPYKUMA, Hageauit H coopykeHuil.

B COOTBETCTBHM € UCABIO ANCCCPTALUHOHHOM paboTe NOCTABNCHL! CACAYIONIME
anaun:

P HCCNEAOBATH 3JAKOHOMCPHOCTH  MIMCHCHMA YACHBHOA TCIIOEMKOCTH M
TEPMOAMHAMMMECKHX QYHKUMA (GHTANLIMA, IHTPOMHA, IHCPrHs) Criasa
ZnSAl, NermpoRaHHONO XPOMOM, MAPraHUeM W MONHOACHOM, B 3ABHCHMOCTH
OT TeMnepaTyphi;

» M3yuuTs BAMAHHR Aerupyromnx ao6asok (Cr, Mn, Mo) Ha MUKPOCTPYKTYPY M
caoficTsa cnnasa ZnSAl;

¥ MCCNEJAOBATH BAMANMA A00ABOK XPOMA, MAPraKua W MOAHOACHA HA KMHETHKY
BHICOKOTEMIICPATYPHOrO OKHC/ICHNS cnnasa ZnSAl, B TBEPAOM COCTOSHUM,

» onpeaenuTh Gasosbifl COCTAR NPOAYKTOB OKHCICHHA WCCACAOBAHHLIX CIUIABOR
W YCTAHOBHTH HX POJTb B MEXAHHUIME OKHCICHHS



» onmiMiamposats cocrasa cniasa  ZnSAl c Xpomom, Mapramuem o
MOTHGICHOM M0 KOMIUIEKCY KPHTEPHIO KauecT® MR WX MNPHMCHEHHA Kax
anoanoro  PPEKTHBHONO NOKPHTHA  ANK  NOBLIWEHNS  yeToMMMBOCTH
METRUTHYECKHX KOHCTPYKUMHA, Hineauil H coopyxeHuit.

Memodsl UCCAeO08ANUR W  WCRORBIOSANNaR annapamypa. B xavecrse

WCXOAMOTO MATEpHANZ WCNONLIOBANM UMHK Mapku XY  (rpamynuposammsif),
mummMumnumypucxpouou(nwxq),w(*
MY) u monmubaenom (mapku MY) (no 2% Cr, Mn, Mo). Heenenosanus nposommascs
MUKPOPEHTTCHOCTICKTPATLHBIM  (CKAHMPYIOWMA  31eKTPOHNLIR  Mukpockon SEM

cepun  AIS  2100), norewumocTaTWueckMm  (motewumoctar  [TH-50.1.1),
meramiorpadudecknm  (mukpockon SEM), pewtrenodazossim  (JIPOH-3.0) w

TCPMOTPABHMETPHHECKHM METOJAMM.

Hayunas nosusna pabomsi. Ha 0OCHOBE SKCNCPHMEHTATLHBIX HCCACAOBAHMI

YCTAHOB/ICHA TCMMEPATYPHAS 32BHCHMOCTS YACABHON TEIIOEMKOCTH M MIMEHCHWH
TepMoaMHAMHYCCKUX GyHKumit cruiasa ZnSAL, NErMpoBaHHONO XPOMOM, Maprasuem
W monuGacHoM. YCTAHOBNEHW KMHCTHWYCCKHC M IHCPreTHYECKHE MapaMeTph
MpOUECCa OKHCACHMA TPOMHBIX CriaBoB, B TeEpAOM cocTosHwW. Onpeacnens
$ajoBkic  COCTABAKIOMIME TNPOJYKTOB OKMCACHHA WCCACAOBAHHLIX CIUIABOB W

Y PEIYABTATH  WMCCICAOBAMMS  GHOAWOTO  MOBEACHMS  Crinasa ZnSAl,
NIETHPOBAHHOTO XPOMOM, MAPraHUeM W MOTHGICHOM, B KHCLIX, HEATPATLHLIX
W WENOYHBIX Cpeaax, B 3asucHMOcTH o1 pH cpeasi.

Jlmw‘“wmnmnmmxmm,-
MOCTAHOBKE W PEWICHUM 3A1a% WCCACAOBAHMA, MPOBCACHHM IKCTICPUMEHTATHHBIX
uceaenosanuil B 1aG0OPaTOPHLIX YCHOBMAX, aKATHIE MOTYYEHHWX PEIYTLTATOR, B
Qopuymnmwlmmm.

Cmenens  docmosepuocmu  u anpobayun  paboms. Peynsraru
Auccepraunonnol paborur nonoxenst w obcyxaenst a: Mexaynap. kond. «Hedrs
u ras 3anaawod CwuGwpm).- TiomIHTY. Poccus (Tiomens, 2013); Mexaywnap.
Hay4HO-NpakT. koM., noce. 1150-netmo AGy Baxpa Myxammaza wbn 3axapua
Pasu.- Hucturyr xumum AH PecnyGmuxu Tamaxukmcran (Jywanbe, 2015);
Beepoccufickolt  wayuwo-npaxt. xoud. «Hosste Texwonormu - HedTerazosomy
pernony». TiomIHI'Y (Tiomens, 2015).

Iyéauxayuu. 1o pesynstatam uccaenosanwit oryGaukosano 12 pabor, » Tom
mSMlmmWWW
m-mwm-wzmmm
TaUKHKHCTAN Ha COCTABL! PaspaboTanHLIX CIAROS.

Mlmmmmnm.oﬁm
AMTEPATYPH!, 4 [NaB, BMBONOB, COMCKA JAMTEpaTYps M npwiokenwd. Pabora

NOKAIAHZ X POTh B MEXAHWIME BLICOKOTEMINCPATYPHOrO OKHCAcHHA. Buisnnena
BInAHKHA ferupyronmx aobasok (Cr, Mn, Mo) Ha MHKPOCTPYKTYpY M caoiicTea uulokena a 140 crpawwuax xommuioTepHoro WaGopa, sxmouact 45 Tabmau, 75

pucywka. Cricox muTepartypsl simowact 131 naumenosanmit.
nerupylomiero komnowenra, 8 kucaoit (HCI),
qmu" -_ . s - B nepsofl raase onicansi TENIOBLIC M TEPMOIHHAMHYECKHE XAPAKTEPHCTUKMN

lMpaxmuvecxan  mavumocms paboms. Ha ocHOBE  NPOBEAEHHBIX
IKCIICPHMCHTATLHBIX  MCCICAOBAHMA  YCTAHORICHB!  ONITHMATBHBIC KOHUCHTPAUWK
Xpoma, mapranua w wmombaena s crinase ZnSAl, ommMMaOmMXCs aHoaHOA
YCTORIMBOCTHIO. CTUNaBkl MOTYT WCMIONLIOBATHCS B KAYECTBE AHOAHOIO JAMIHTHONO

CTPYKTYPHBIC COCTABRSIOWME W (ashi B OKCHAHBIX NAEHKAX HA OCHOBE LMHK-
AMOMHHHEBBIX  CIIABOB, OCOGCHHOCTH  KHHCTHKM  BHICOKOTEMICPATYPHOrO
OKHC/ICHHA UMHKA W €TO CIUTABOB, AHOAMOC NOBEJACHWE UMHKA W NMOKPLITHH Ha ero
OCHOBE B pamnMuHbx cpesax. Ha ocwose sumonwenworo of3opa ormeuewo, wro

MKPOPEHTTEHOCNIEKTPATLHOTO aHATM3IA W MHKPOCTPYKTYPM
cnnasa ZnSA| ¢ xpomos, Mapranuen W MonHGaeHOM;

Y peryasTarm  uccaesosanms TEMNEPaTypHOR  3ABMCHMOCTH  yaenakwoll
TEMLIOEMKOCTH W MIMEHCHMA  TEPMOAHHAMMYCCKUX QYHKIHR  (INTANBIMA,
IHTpOnMA, dHeprus 'mG6ca) crmasa ZnSAl, JAErMpOBANHOrO XPOMOM,
Maprasuem u MmosubaeHom;

Y PEIALTATM WCCIEAOBAMMS KWHETUKH BLICOKOTEMIIEPATYPHOTO OKWCTEHHA
Cnasa ZnSAl ¢ XpOMOM, Mapranies # MOTHGACHOM, B TBEPAOM COCTORHMH, B
aTmocdepe sovtyxa;

Y PEIYILTATM PeHTTenodaIOBOro aMaTMIa MPOAYKTOB OKMCeHMA crvasa ZnSAl €
nepexoansivm meTannamu (Cr, Mn, Mo) nps BLICOKHX TeMTIEpaTypax.
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NONOGHME PUIMKO-XMMHYECKME HCCACAOBAHMA MPOBEACHM C YHACTHEM CIUTABOR
ZnSAl u ZnS5Al ¢ peaxoIemMenbHUMH W WEIOMHOICMENBHLIMH MeTAIaMK. OHAKO,
AHATHI NTHTEPATYPh! W MOMCK B CCTH MHTEPHETA CBMACTENLCTBYET 06 OTCyTCTBME
IKCTICPUMCHTANLHBIX JaHHLIX N0  PHINKO-XHMHYCCKHM HCCACAOBAHMEM  Crulasa
ZnSAl ¢ nEpeXOAHLIMI METAUTAMM (XPOM, Maprasew, MonubeH).

Taxum 06pasom, B CBAIN C OTCYTCTBHEM CHCTEMATHYECKHX JAHHLIX 0 PHINKO-
Xumuyeckux caoficteax cruiasa ZnSAl ¢ XpomoM, MapraHuem W moamGaeHom
nocneanme Oultd  BIATHI B KaYecTBE OOBEKTA WCCACAOBAHMA B JaHHON
AMccepTaunontoi pabore.

Bo sTopolt raase npuseacHM PEIYNLTATHI WCCACAOBAHKA TCMICPATYPHOR
JABHCHMOCTH TEMUIOEMKOCTH M MIMCHEHMA TepMoaMHaMuueckuX QyHkumi crnasa
ZnSAl, nerupoBaHHOro XpoOMOM, Maprasuem W MonuGaeHoM.



TpeThs [AABA NOCBAWICHA IKCNCPUMEHTANBHOMY HCCACAOBAHMIO KMHETHKN
okuchenus crasa ZnSAl ¢ XpoMoM, Mapramiem W moamGacHom, 8 Teepaom
COCTORHMH.

B werseproft raaBe NPWBCACHB!  PEIYNLTATHI  IKCTICPUMEHTANLHONO
WCCNENOBAHHA AHOAHOrO MNoBeacHWA crulasa ZnSAl, neruposanxoro XpoMoMm,
MEpramiieM W MOAHOACHOM, B KMCABIX, HCATPANBHBIX M LIENOMHBIX Ccpeaax o
OTPAKCHM  PUINKO-XHMUNCCKHE OCHOBL  NOBLILICHWA  AHOAKOH  ycToRMMBOCTH
cnnasos 8 sasucumocTH or pH cpeamt.

Jluccepraumonnas pabota JamcpwiacTcs  OGWMMM  BRIBOJAMM,  CIMCKOM
UMTHPOBAHHOM THTEPATYPhi H MPHIOKCHHEM.

OCHOBHOE COAEPAAHHE PABOTHI
I'JIABA 2. HCCJAEAOBAHHE TEMIIEPATYPHOM 3ABHCHMOCTH
TEIMJOEMKOCTH 0 H3IMEHEHHA TEPMOJAHWHAMHYECKHX
OYHKUMH HHHK-AJIOMHHHEBOI'O CILIABA ZnSAl
C XPOMOM, MAPI'AHILEM H MOJIHBJIEHOM

Cunmes cnaasos. Memoduxku uCCAeO08QHUR U CXeMA YCMAanosKu s
WUIMEPEHUR MENTOEMKOCMIL CRAGBOS & pexcume «oxnaxcoenus». JIns wiysenns
PHIMKO-XHMHYCCKHX  CBOMCTE M cnnasos B kauecTse ofwexra
uccneaosanua npumenank Zn —~ mapku XY (FOCT: 24231-80), Al ~ mapku A7
(FOCT: 11069-2001), Cr — mapxu XY (FOCT: 4459-78), Mn ~ mapkn XY (F'OCT:
4459-78), Mo — mapxn MY (I'OCT: 2544-82). JluraTypsl amOMHHHA C XPOMOM,
maprasuem w moanbaesom (no 2 mac.% Cr, Mn, Mo) npeasapuTeasno noaysant B
sakyymuoft niewn conporusacHms. O6pazusl HCCACayeMBIX CIUTABOB CHHTCIHPOBANH
B KOPYHIOBBIX THIIAX B WAXTHOM NEYH INEKTPHYECKOrO COMPOTHBICHHA THNA
CLUOJ! » mnrepsane Temneparyp 650-750 °C. LinxTst w3 06paIuos CHRTEINPYEMBX
CRA3B0B BIBCWMBATH Ha Bechl Mapku APB-200 ¢ nocrosepwoctsio 0.1:10% xr.
lMocne souzepaxy 20 35 muMyT npH WyxHOR Temneparype, pacinas TIMATEABHO
NEPCMCIIHBATH W OTaMBATH o6pasusl. OGpasusi CTUIABOB NEPEA ONBITOM OYHILANH OT
OkcMaa Ha nosepxHocTH. Cocrasst  0o0pasuos  cnnasos

KONTPOTHPOBANCA  MHKPOPCHTTCHOCTICKTPATAHBIM  AHANHIOM HA COBPEMEHHOM
npiubope  SEM tuna AIS2100 (FOxmas Kopes). U3 cHHTEIMPOBAHHBLIX CTUIABOB B

Oxaaaaenus Hulotona - Puxwama. Beskoe Teno, wMelomiee Temnepatypy Bhiuie
Okpy*alowie cpeaw, GyAcT OXAaAAATHCH, MPHYEM CKOPOCTH OXTAAACHHS JABHCHT
OF BETHIMHL TEMNOCMKOCTH TeNa W KOIPOHUMEHTA TEIIOOTAAYH.

Ecaw waste ama meramnmweckmx cTepxus  onpeaciewHoll  Gopmei, TO
CPARNMBAX kpuBMIC OXAIRZCHMS (TeMNEpaTYphl Kax Gynkunn  Bpemenn) ITHX
OOpasuOn, OXMH M3 KOTOPMX CAYAMT ITANOHOM (ero TennoeMKOCTE W CKOPOCTH
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OXAAMACHHUN JONKHE OBITL MIBECTHBI), MOKHO ONPEAETHTH TEMNOEMKOCTH
ZIpYroro, ONPEACAUE CKOPOCTH €r0 OXNAKACHHS .

Konuuectso vennorw 8Q, tepaemoe npeasapHTeasHO HarpeThiM Tenom
Maccs! m npu ero oxnaxaexun wa dT rpamycos, 6yaer

JQ-CopuJT' )
r1e Cj-yAeibHan TENIOEMKOCTS BEUIECTRA, U3 KOTOPOFO COCTOMT TENO.

[MoTeps IHEPrUM MPOMCXOANT Yepes NOBEPXHOCTL Tena. CACNOBATETLHO, MOKHO
CHHTATH, YTO KOIMYECTRO TenoTel 5Qs, TepseMoe Hepes NOBEPXHOCTL TeNa 33 BpeMs
d T, GyaeT NPONOPUMOHANLHO BPEMEHM, MOWAZH NOBEPXHOCTH S M PAIHOCTH
Temneparyp rena T u okpyxatoweit cpeast To:

80, =-a(T' -Ty)Sdr (2)

Ecam Te/10 BbienseT Tenno Tak, 4T TEMNEpaTypa BCEX €ro TOYCK HIMCHACTCH
OIMHAKOBO, TO GyNIET CIPaBEATHBO PaBEHCTBO:

CpmdT = ~a(T - Iy)Sdr . (3)

Buipaxenne (3) MOXHO npeacTasuTs B BUAC

c‘,-%--(r-r.)s. 4)

Monaras, o @, T w To B wmanoM WHTepsase Temneparyp He 3aBHCAT OT

Gmine (3) =G mase; G, )

[lpn ucnonssosanum ot popmyast ans aeyx obpasuos (ranowa u moGoro
ApYroro), WMEIOWMX OAMHAKOBBIC pasMepsi Si= S; W COCTOSHM NOBepXHOCTEH
(Toraa ux KOYPPHUMEHTEI TENTOOTAAYN NPEANONATAIOT PABHLMH = a3):

cim (8), = chm (8); ®

Chneaosatensio, 3Has Macchi 06pastios m; M m,, CKOPOCTH MX OXNAKACHHA (})
W YACTBHYIO TEIUIOEMKOCTS ITANOHA C, , MOKHO BAHMHCIHTE TEIUIOEMKOCTS JIPYToro
seulecTRaC ; No:

NMTEPATYPHLIMK JanHsiMH. Temneparypusifl amanajon wamepenus - ao 600 K.
TTorpetHOCTH HIMEPEHHA TEIIOEMKOCTH N0 1AHHON METOANKE He NpessimacT 6%.

Himepenne TENNOSMKOCTH NPOBOXMNOCH HA YCTAHOBKE, CXeMa KoTopol
npeacrasneHa Ha pucynke 1. YoTamoBKa COCTONT MY CACAYIOWMX  YIIOB:
anextponeys (3) cmowtMpomama Ha croflke (6), no xoropofl oHa MoXer
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NEpeMEWaThCA BBEPX W BHMI (CTPE/KOA NOKA3ZAHO HANPABJICHWE MNEPEMELICHNU).
Obpaseu (4) w ranon (5) (Toke MOryT nepeMeuiaTscs) npeacrasamior coboil
WHAHHAP AAHHOA 30 MM M AHAMETPOM |6 MM C BHICBEPICHHBIMKI KAHANAMM C OJIHOIO
KOMUA, B KOTOphic BCTascHB Tepmonapsl (4 u 5). Koxust Tepmonap noasencHs: x
UMPPOBOMY  MHOTOKaHANLHOMY TepMomeTpy (7), KkoTopsifl noacoeammwen k
xomnstotepy (8).

Pucywox | - Vcrawoexa ans onpeaencumus TBECPABIX Ten B
PeRIMe «oXaaxACHH»: | -aBTOTPaHCHOPMATOP, 2-TEPMOPETYARTOP; 3- MIEKTPONCHs;
4-o6paseu wamepaemmifl, S-3Tat0H 6-cTonka MekTponeyn; 7- undponoll TepMOMETP
Wimepsemoro obpasua; 8-umdposoRl TepMoMeTp TanoHa; 9- uMpPOBOR TEPMOMETP
o6uwero HaHauenus . | O-perucTpaumMonsii npuGop (koMmkioTep).

Bimouaew snextponewn (3) weper asvorpamcdopmarop (1), ycrawosus
WyAMylo Temeparypy ¢ momomsio Tepmoperymstopa (2). Mo moxaamwsm
UHGPOBOrO  MMOrOKAMATLHOIO TEPMOMETPA (7) OTMEMacM 3HAauCHWe HauatbHOM
Temnepatypul. Banuracu winepsemuiit o6paseu (4) u yranou (5) » anextponeds (3) u
HarpesacM 0 HyXHOR TeMNEpaTypsl, KONTPOAHPYS TEMIICPATYPY MO NOKASAHMAM
Mmmmmmwmmm(l).mmm
obpaseut (4) u sTanom (5) oamospemento suumBHraem w3 nextponeuw (3). C 3roro
MOMEHTa ¢ux;upycu CHIKEHWE TEMNICPaTyphl. 3aNHCHBACM NMOKA3aHHs UHPPOBOrO
TepmomeTpa (7) Ha xommstotepe (8) uepes dukcuporanmoe % (ot 0,1 10 20 ¢).
Oxnaxaaewm ofpaseu w yranow wuxe 30°C. e
Tuummmmuwmm

mMimmhMLammmwlM

Tesmeparypuylo sammcumocTs TennoémkocTH cnasa ZnSAl, NeErMpoBaNHOro
XpOMOM, wMapraHuenm w moauGaewom, wiyvanm » PEAMME  «OXNAKACHHA» B
HHTepsane Temneparyp 298.15-600K.

HamuueZwemmmmmymm
TEMNEpaTyYpW  ofpasuos crnasa  ZnSAL  nermposaNMOro Xpomom, KOTOphie
ONMUCKBAIOTCH ypaBHeHHeM: l

T = aexp (~br)+ cexp( ~kr) (8)

g, ¢
o 200 w e 800 1000 1200

Pucywok 2 - 3asucumocts Temneparypil (T) OT BpemMenn oxnaxacHus
() ana o6pa3uos u3 citasa ZnSAI ¢ xpomom w stanona (Cu mapku M0O).

Mposons anpdeperumposanie ypasrerus (8) no t, NOMYYHM ypasHeHMe s
ONpeACNCHHS CKOPOCTH OXNaXACHKA criasa ZnSAL NErHpoOBaHHOIO XPOMOM, BHAA:

e iy -.'-ﬁ-.' (9)

xoodpuumentos a, b, p, k, ab, pk ypassenuu (9) An% HCCACAOBAHHBIX CINABOB
npuseacHs B Tabauue |. Pesynstarsl sxcncpusentor obpaborans nporpamme MS
Excel, rpaduxu noctpoenst ¢ nomomsto nporpammsi Sigma Plot. [lpu stom
K0P PUUMEHT KOppenaUMK cocTanaan He Mexce 0.990.

um
16 e Fvatem (i sapecn MOO)
o Craas ZaSAl
14 ————— (1)+0.01 %6
i - - Qresswcr
10
os
0s
o4
02
1,

Pucynok 3 — TemneparypHas 3aBHCHMOCTS CKOPOCTH OXARKACHHS 06pa3uos 13
cruiasa ZnSAl, neruposanioro xpomom i stanona (Cu mapku MO00).

9



Tabauua | - 3navenus kodppuumentos a, b, p, k, ab, pk e ypasuenne (9) ans
cnnasa ZnSAl ¢ xpomom
Conepaanme xpoMa | a K |10 ¢’ | pk [ K c'| ab Ke' | pkKe!

___B ciuiase, Mac.% |
Crnan ZnSAI (1) [32626| 446 |288.04) 124 | 1.46 3.57
~{1)+0.01% Cr 326.25| 446 |283.54] 1.26 1.46 3.56
(1)+0.05% Cr 32955| 443 28837 6.68 1.45 1.92
(1)+0.1% Cr 30954 | 449 28523 | 7.43 1.39 211

(1)+0.5% Cr 32328 456 |291.65| 1.48 1.47 432

Franon (Cu mapku
M00) 267.49 5.88 33247 1.38 1.57 0.046

Jina sosmcaenma yaeaswoll TennofmkocT cniasa ZnSAl, nerwposanHoro
XPOMOM  HCTIONIb3OBAH IHAYCHWA CKOPOCTH oXnaxacHus stasosa (Cu MO0) w
Cnnasoe no ypasxerwo (7).

Temnepatyphas 3aBHCHMOCTL TCTIIOEMKOCTH critasa ZnSAl, nermposaHoro
XPOMOM OIHCHIBACTCH YPABHCHHEM:

Temneparypuolt 3amkcuMOCTH  viensnol Temnoemxoctw crnasa ZnSAl w
CIIABOB, IETHPOBAHHLIX XPOMOM ONHCHLIBAIOTCA ypasHeHues (10).

C,=a+bl +cT?+ar’. (10)

Tabauua 2 - 3navenns xoopduumenton a, b, ¢, d » ypaswenwn (10) ans crnasa
Zn5SAl ¢ XpOMOM M ITANOHA M3 MEAR

Coaepxanue & b, c 107, d
mﬂ:.:e;‘mn Jixc/nz-K llarfzxe-l( llx/;rz-l( llm;e-l(
Cnnan ZnSAI (1) | 572.96 | -2.16 6.36 454

(1)+0.01%Cr 593.78 =221 6.64 4.79
| (1)+0.05% Cr 504.15 -1.77 572 4.16

(1)+0.1%Cr 588.44 -2.28 1.18 5.39
(1)+0.5%Cr 576.52 -2.13 6.40 4.68
Franon (Cu-

Mapku MO0O) 3244543 | 0.2751 2.87_ 142

" S

PesyabTaru  JkchepumeTansmbix JaMHLX  yaeanMoll  TEMAOEMKOCTH M
HIMCHCHHE TEPMONMMAMMNCCKHX DYHKUMH NCTHPOBAHMBIX XPOMOM, MApranueM W
MotMGaeHoM ciasa ZnSAl W JTanoMa W3 MEAW, YCTAHOBNEHNME B PeAMME
“«oxnaxacHus» oboduens: s Tafaniax 3 u 4.

Iokazano, 10 20GamkM yKasaHHLIX JETMPYIOUIMX KOMTIOHEHTOB B NpeAcAax
HIYHCHHON  KOWUCHTPAUMM IL1ABHO NOBLIUAKOT YACABHYIO TEIUIOEMKOCTE M

10

TEPMOAMHAMMYECKHE PYHKUMM UMHKOBOTO CrL1aBa ZnSAl, 8 AManasome nposeicHus
kcnepumenta 300-600 K.

Tabanua 3 - 3aBHCHMOCTH yACABHON TEMIOEMKOCTH, HTATLINM, IHTPONHK W
aneprn ['n66ca or Temneparypst ans cnnasa ZnSA| ¢ xpomos u yranona (Cu-

mapku M00)
‘ 8 crnase ZnSAl, mac.% ‘
Jranon 0.0 0.01 0.05 0.1 0.5

Yaensnas reruoémkocts, Jix/xr-K
38499 | 37439 | 396.71| 373.27| 402.88| 386.60
397.66 | 43558 | 46269 44205| 47738 | 448.10
40801 | 51501 | 54661| 52550 | 566.13| 525.19
41687 | 58544 | 619.75| 59867 | 636.77| 589.73

o
=

0.711 0495 | 0733 | 0689 | 0744 | 0.714
3987 | 3296 | 4343 | 4123 | 4450 | 4220

80.17 | 8283 | 93.87 | 89.59 | 9669 | 90.85
121.41 | 153.46 | 152.39 | 145.99 | 157.12 | 146.82

mMK
0.0016 | 0.0024 | 0.0023 | 0.0024 | 0.0023

0.1149 | 0.0941 | 0.1248 | 0.1184 | 0.1278 | 0.1213
02048 | 0.2045 | 0.2370 | 0.2260 | 0.2439 | 0.2295
0.2800 | 0.3328 | 0.3435 | 0.3286 | 03539 | 03314

*Jla/xr
0.0022 | -0.0015 [ -0.0022 | -0,0021 [ 0.0023 | 0.0022
6.107| -4.699| 6.501] -6.153 | -6.6409 | -6.3246
2224| -1946| 2464 -2342| -2528| 2392
4658 4622| -53.72| -51.19| -55.23| -52.03

B lsisialsl (slsleis slslals! [slalals
g

INTPONHH CIIABOB TAKKE AHANOIMYHO TEIUIOEMKOCTH HIMEHACTCA OT CIUIABOB C
XPOMOM K CIAABAM C MAPraHUCM M K CIIasaM ¢ MOAMGACHOM, HO B WTOre MX
IHAYCHMI HECKONBKO PACTET, a BenuuHHa dHeprumn [66¢ca ymenswmactes (Tabamum 3
ud)

1



Tabanua 4 - 3aBHCHMOCTH YACABHOR TEIUIOCMKOCTH, JHTANLIMH, HTPONHM M

sweprun ['m66ca anm  umkxosoro cnnasa ZnSAl, ACrHPOBAHKOrO XpPOMOM,
mapraiues i monubaerom 1 sranoua (Cu- mapxn MCO)

O6wexTs! uccne-
posanua, mac.%

T,K

300 | 350 | 400 | 450 | 500 | 550 | 600
Y aenvHas Jw/xr-K

Cnnas ZnSAl (1) | 374.39 | 401.00 | 435.58 |474.72 | 515.01 | 553.06 | 585.44
(1)+0.1Cr | 402.88 | 436.32 | 477.38 | 521.99 | 566.13 | 605.73 | 636.77
(1)+0.1Mn | 458.73 | 479.61 | 523.89 | 583.77 | 651.45 | 719.13 | 779.01
(1)+0.1Mo | 453.79 | 489.52 | 520.10 | 546.62 | 570.15 | 591.79 | 612.63
Jranon (Cu) | 384.99 | 391.67 | 397.66 | 403.07 | 408.01 | 412.57 | 416.87
Iuranbnus, k/Lk/kr
Cnnas ZaSAI(1) | 0495 | 1507 | 3296 | 5532 | 82.83 | 115.65 | 153.46
(1)+0.1Cr 074 | 2168 | 4450 | 69.48 | 96.69 | 126.01 | 157.12
(1) + 0.1 Mn 085 | 24.19 | 49.20 | 76.84 | 107.71 | 141.99 | 179.49
1) + 0.1 Mo 084 | 2444 | 4971 | 76.39 | 10431 | 133.37 | 163.48
ranon (Cu) | 0.711 | 20.13 | 39.87 | 59.89 | 80.17 | 100.69 | 121.41
IHTpONMs xr K
Cnnas ZnSAI(1) | 0.0016 | 0.0464 | 0.0941 [0.1467 | 0.2045 | 0.2670 | 0.3328
()+0.1Cr | 0.0024 | 0.0669 | 0.1278 | 0.1866 | 0.2439 | 0.2998 | 0.3539
()+0.1Mn | 0.0028 | 0.0750 | 0.1410 |0.2070 | 0.2720 | 0.3370 | 0.4020
(D*+0.1Mo | 0.0028 | 0.0755 | 0.1429 | 0.2057 | 0.2645 | 0.3199 | 0.3723
| Iranon (Cu) | 0.0023 | 0.0622 | 0.1149 | 0.1620 | 0.2048 | 0.2439 | 0.2800
ueprus N'ub6ca, x/bw/xr
Cnaas ZaSAl (1) | -0.0015 | -1.200 | -4.699 | -10.69 | -19.46 | -31.23 | 46.22 |
(D)*01Cr 100023 | -1.758 | -6.641 |-14.51 | -25.28 | -38.88 | -55.23
(D+0.1Mn | -0.0026 | -1.980 | -7.390 | -16.10 | -28.05 | -43.25 | -61.73
(1)+0.1Mo | -0.0026 | -1.984 | -7.465 | -16.20 | -27.97 | -42.60 | -59.91
L Jmanon (Cu) | -0.0022 | -1.651 | -6.107 | -13.05 | -22.24 | -33.47 | -46.58 |

B LenoM, Ha OCHOBAHWM BLINOIHEMHBIX IKCNICPUMEHTATLHBIX HCCCAOBAHMI
MOXHO JAKTIOYHTS, YTO NONYNCHHBIC YPABHCHMA 3ABMCHMOCTCH TEIIOEMKOCTH M
HIMEHEHMA TEPMOIMHAMMECKHX QY HKUMA (FHTUILIMA, FHTPONHS, JHeprus ['w66ca)
OT TEMNCPATYPh! 1A UMHKOBOTO cruiasa ZnSAl ¢ pamIHYHBIM CONCPRAHMCM XPOMA,
MapraHua W MOAMGicHa ONMCHIBAIOT CBOMCTBA WCCHCAOBAMMBIX TPYAN CIIABOB ©
TOMHOCTHIO R opp = 0.997 - 0.999.

12

I'JIABA 3. HCCJIEAOBAHHE KHHETHKH OKHCJIEHHA
UHHK-AJTIOMHHHEBOI'O CIUIABA ZnSAl C XPOMOM,
MAPIAHIEM H MOJIMBAEHOM, B TBEP/IOM COCTOSIHHH
Memoouku uccAedosanun KunNemuKku OKUCAEHUR CRAAEOS U NPOOYKMOS ux
oKkucnenus. KMHETHKY OKHCNEHHA CIUIABOB MIYMANM TEPMOrPABHMETPHUCCKMM
meTonoM, B TBEPAOM cOCTOAHMM. [UIX NPOBEACHMA MCCACAOBAHMA HCNOMBLIOBAHA
YCTAHOBKA, COCTOAUIME M3 NEYM YrONBHOIO CONPOTHBACHMA C YEXIOM M3 OKHCH
amoMuEna. [l1a coljanMa KoHTpoampyloulell armMocdepst BepxHHA KoHeu uexna
JAKPHIBACTCA  BOJOOXTAMAMOUIMMHCA  KPHIUKAMM, HMCIOWMMH OTBEPCTHA  JUIN
rasonposofsuici TPyGKM, TEpMONapsl M THIAN C MCCACAYEMBIM  CIUIaBOM,
MOIBEUICHHOTO HA NIATHHOBOMA MPOBO/IOKE K NPYAKHHE W3 MOTHGACHEBOR MPOBONOKH.
HimeHenne Beca CIIaBOB (PMKCHPOBATH MO PACTAKCHHIO NPYAKHHLI C NOMOULLIO
karerometpa KM-8. Turau, anamerpos 18-20mm, BuiCOTOR 25-26MM, Nepe ONLiToM
WW*wlMlmtlmﬂ
cpene 0 NOCTOAHHOrO Beca. [10 OKOHYAHHM ONBITOB CHCTEMY OXJAKIAIM, THIENb ¢
CONCPAMMBIM BIBCLIMBANH M ONPEACIAIH PEAKUMONHYIO MOBEPXHOCTL. 3aTem
mennﬁymcmo&muwu
METONOM peHTreHodalosoro anannsa. Jlna noyyenns WHGoOpMaLKK O cocTase a3 s
PEHTTEHOPAIOBOIO  HCCACAOBAHMA
nopomka. Pentrenodasossifi aHanus nposoawin wa audpaxromerpe JIPOH-3.0, a
AMGPAKTOrpaMMB CHMMAAH C WCHONBIOBaWMeM wMemworo K. - wutyuesus.
XuMuyeckuil aHanW3 CIABOB NPOBOAWICA HA CKAHHPYIOWEM JAEKTPOHHOM
mukpockone SEM cepun AIS2100 (KOxnas Kopes).
BAusnue xpoma, Map2anua u Moruboena na Kunemuxy oxucrenun cnrasa ZnSAl

3ABHCHMOCTH OT BpemerH (1). ITpouecc OKHCACHHA CILTABOB MHTCHCHBHO NPOTEKacT B
nepsste 10-12 MHMHYT W HOCHT NPAMOAMMEANLIA XapakTep, TO €CTh JAMMTHLIC
croficTsa 06paIyIOWIErocs TOHKOH OKCHARON MUIEHKH HA NOBEPXHOCTH HCCACIYCMBIX
oﬁmmmmlp—xmmm.m
mmmmmmmlss-w‘m
2.54:10* xrwic!, a senwuuusl SPPCKTHBHOR IHEPrUM AKTHBAUMM CrUIABOB
xonebnercs 8 amanasoue 128.4+173.5 x/IX/MO/IB, COOTBETCTBCHHO MPH HIY“CHHOR
WSZJK(MS).Mlchmm
JAUMHTHOrO OKCHIHOIO CNOA, COCTOALICrO M3 OKCHAOB UMHKA, ATIOMHHHA W Xpoma,
mmwuwmm
BHA, O 4EM CBMACTENBCTBYIOT HEMPAMOMMHCAHOCTE KBAAPATHWHMX  KPHELIX
MMYQWS)-WwMy-KP.rM n=
2+4 (rabnmua 6), KOTOPME YKAIBIBAIOT, WTO NPOUECC OKMCACHMA CNUIABOS He
Mwmmwm.nm
TEMNEPATY PHOM WHTEPBANE HCCACAOBANNS (PHCYHKH 4, S W Tabamus S, 6).
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Tabauua § - KHHCTHUECKHE M IHEPreTHYCCKHE MNAPAMETPL MPOULCCA OKHCIACHMA
cnnasa ZnSAl, XPOMOM, B TBEPIOM COCTOSHHI

Jlobanxu Temneparypa | McTumnas ckopocTs

Xpoma B okmcacuns K 104,
crnase, mac. % xrmic!
307
3.55 1284
391
247
2.54 1735
271
267
274 1710
2383
281
3.13 1663
337
3.00
338 - 1594
367

0.01

0.05

0.1

0.5

e&a&aamsaeakasaag

Tabauua 6 — Pesy bTaThi MATEMATHYCCKOR 0OPAGOTKH KPHBLIX OKHCIICHHA CTUaBa
ZnSAl, NETHPOBAKHOIO XPOMOM, B THEPIOM COCTONHHM
JloGanxu

xpoma =
B CTUIaRe, TIOAWHOMB KPHRBLIX OKHC.ICHHE CILIABOB 2
mac. % et v

§23 |y = -2E - 06x* + 0.000x’ - 0.017x* +0.337x | 0.993
- 573 |y = -3E - 06x*+ 0.000x’ - 0.022x* + 0.371x |  0.989

| 623 |y=-2E - 05x*+ 0.001x’ - 0.050x* + 0.618x | 0.995
§23 |y = -2E - 06x*~ 0.002x" + 0.032x* + 0.145x | 0.990
0.5 573 |y =-3E - 0Sx*- 0.002%’ - 0.035x* + 0.173x |  0.987
623 |y =-2E - 05x*+ 0.002x’ - 0.092x* +0.255x | 0.996 |




o MpoayxTsl Okuchenus, obpazyiommecs npH OkWcaeHuw cnnasa ZnSAl ¢
XPOMOM, MApraHUeM M MOTUGACHOM, MCCICIO0BAHM METOAOM PeHTreHodaIonoro
aHanuia. Ha npumepe cnnasa, cogepxautero 0.5 mac.% Jerupylouiero KoMnoMenTa

, WTO NpH OKMCAEHWM obpatyloTes okcHaM ZnO, ALO;, CrOs, Mn:Os,
MoOs, ZnO-Cr:0y u ZnO-MoOs (pucysok 8).

e b

as X 4 ; m
; y ° o Allol
\; . C'O’
2 . 3 * 7Zn0OCr0;
. 17 19 vrae® i
Mu‘-hmm{gkml/rmmmw»\l(l), l I I ] I
mac.%: 0.01 (2); 0.05 (3); 0.1 (4); 0.5 (5).
Zn0O
Cmmmm.mmwsnkwm 1 1 : -
;mmZnSM.mMMIo0.0S Mac.%, NpOsBAAET NOBMILICHHYIO : Mn:0,
CTORYMBOCTE K OKMCCHMIO. 3asucumocTs TEMNCPaTYphi  NPOUECCA OKHCACHHS
Habmonaercs » WIMCHCHMA  yneaswoll  Macch, oTmevaenofl
mwiﬂk-mlOulOw.mmnm‘.n
g/s 10+ Q
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.
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i 1 1 IS . ¥ 50 AJI' ;
Zn5Al
001 s R e 10 20 30 - 5 L
Mac.% Cr iy e
23 Pucynox 8 - wapranua (6) u Monw6aeHa (8).
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Kmmxmnwmmmunmmu
CTPYKTYphl okcuawol naéwku. Jlansweiiwee okucacwue crnasos 20 | vaca (s
JAHHOM CITy4ac Ha KPWBLIX MPONECCA OKMCACHHA MOKAIAHO TOALKO 30 MMHYT) we
nmxmymolm.Mmmmmmm
OKMCACHUA M MAKCHMATLHOE BEAHYHHL YOPEXTUBHON JHEPruM aKTHBALMM Npouecea
COOTRETCTEYIOT cnaasam, conepxawero 0.01 u 0.05 mac.% xpowma, KOTOphie
XapaKkTepU3ylOTCA BLICOKON IHEPrucH BIaUMONCHCTBHA KOMMOHCHTOR B Teépaom
cocToAHUM (pucynku 4, S u 9, Tabnmua 5).

_Cpamepesymmuuccmomml RIMAHNUA J06anok Xpowma, Maprawua u
mmmm:ymmtmmlnsunommm.mmm
OT NCTHPORAHHAIX CIUIABOB XPOMOM K CIUIaBamM ¢ Maprawuem waGmogaercs
YBETHYCHHE HCTHHHOR CKOPOCTH OKMCICHHA MCC/ICOBAHHBIX CILTABOB (pucysok 9),
4T0  COMPOBOXAACTCA  CHIKCHMIO SPPEKTHBHON IHEPIMM AKTHBAUMM JaHWOrO

npouecca (rabnuua 7). Jlanee no Nepexosa OT mapraHua x monuGaeny
OKHCIINEMOCTS e -

T=523K

¢ 10 20 30 ¢ rom

Pucywox 9 — Kunerwwecxue kpuBbic (523K) npouecca oxucaenus crnasa ZnSAl,
coacpaawmero no 0.05 mac.% xpom, Maprameir 4 MonHGACH.

.T.um 7 - Cpaswenme samucumoctn spexrusnon JHEPrHM AKTHBALMA Mpouecea
HICOKOTEMNEPATYPHOrD OKMCACHHA crinasa ZnSAl ot comepmamun NErHpyIOUMX

VIEMEHTOR

[ Te-WK ﬂ:'wm [ meprns axvenime, wibaam

’ cansse Hobasxu xomnomenTa, mac.%
o Zasal_| - [OOT 005 o1 [ 05 | 10
| s pP—a—t241 -] - JTRT -
| s & | - Tims[1710]1663 15941 -
L 623 “‘ML‘“?*; 1605 | 1580 | 1252 | 1225 | -
-~—~~7-_.;;..M°____*"‘ 1674 33,6‘ 1343 | 1296 p

K

40

I Mn
3.ogf;}__—:—= g

20

' " e L A L

C 2 1 1 4 1
000 003 005 °° 01 03 05 c Mac%

Pucynox 10 - Cpassesue 3aBHCHMOCTH HIMEHCHNH cpeanell HCTHHHON CKOpOCTH
oxucnenns (K104, xrw?c') cnnasa ZnSAl or conepmanns (c, Mac.%) xpoma,
Maprauua, MmormGaena.

XPOMOM, & MAKCHMATBHBIC OTHOCHTCA K CIIaRam ¢ maprasuesm. Linux-anoMunuensiit

cnnas ZnSAl ¢ MonKGACHOM 3aHUMAIOT NpoMexyToYHOe nonoxenue. [lokazako, Yro
KOMIIOHEHTH! THAYHTENHLHO CHIKAIOT OKHC/INEMOCTL MCXOAHOIO Crulasa

ZnSAl 8 npencnax 0.01-0.05 mac.% Cr, Mn, Mo, # ux mokHO cumtats HauGonee
NEPCNEKTUBHBIME  JUIA  HCNOAL3OBAHMA KAk YCTOHYMBLIX AHOAHLIX NOKPHTHA
METRUTHYECKHX KOHCTPYKUMA # M3aeawil, paboTalommx NpH BLICOKMX TeMNepaTypax.

TJIABA 4. ®H3HKO-XHMHYECKHE OCHOBBI NOBLILIEHWA
AHOJHON YCTONYHUBOCTH CIUIABA ZnSAl, JErHPOBAHHEM



lawMmanH  waxaauwoft  Gymarofl, nosmposanm,  obenxMpuBaTH, TwarensHo
MPOMBIBAIK CNHPTOM U 3aTeM NOrpy*atH & anextpoautax HCI, NaCl u NaOH.
[oTeHUMOCTATHYECKOE HCCACAOBAHME AHOAMOTO MOBEACHHA Crnasa Zn5Al,
ACTHPORANHOIO XPOMOM, MapraHuem™ W MOTHGACHOM, NMPOBOAMAOCE B KmMcaof
(0.001w, 0.01n, 0.1n HCI), weftrpansuoft (0.03, 0.3, 3%-woro NaCl) u wenounoht
(0001w, 001w, 0.1 NaOH) cpezax, » NOTEHUMOAHHAMMYECKOM pekume co
CKOPOCTHIO pa3sépTiu noTeHunata 2uB/c a noresumocrare 1TH-50.1 1.
Bmmuuepurlﬁuunlmmymmm
HCCACAOBANKA AHOAHOMO NOBCACHMA CMABOB B PAIAHNMBIX cpepax. lMorenumans:
clwonm:owmuummmnoﬁmmthsmcm
METAIAMH CHMXRIOTCA ¢ POCTOM AarpecCHMBHOCTM CPElibl, YTO NOKAIMBAET 06
YMCHLUICHUM aHOAHOR YCTORYMBOCTH CIUIABOB, COOTBETCTBCHHO B KHCAMIX W
tienouHsIX cpeaax. (tabnuua 8).
Tabawua 8 - [lorenumans (x.c3.) ceobGoanoll kopposuM (-Ecyeee, B) u
nurrunroobpasosamms  (-E.., B) cnnasa Zn5Al, nerwposaunoro XPOMOM,
umnmﬂm.nmﬂ.nﬁmuuﬂummww

&

= * -
“Eawp | Ene § ; “Ecavep | “Ene § i Eawp | Eu
=
I e
- 1.060 | 0.985 - 1.060 | 0.985 - .
0.0/ 1044 10970 | 007 | 1037 | 0962 | 0. 0l 1.030 | 0.954
: 0950 | 005 | 1.020 | 0.943
01 1.022 (0940 | 0.7 1.016 | 0937 | 0.1 1.010 | 0.930
0.5 1010 (0927 05 | 1.000 0920 | 05 0991 | 0.919
poite 1.070 | 0.935 - 1.070 | 0.935 - .
001 1.058 10910 0o’ | 1038 0.880 | 00/ | 0970 | 0.905
0.05 1044 1089 | 005 | 1.017 0.860 | 005 | 0966 | 0.880
01l 1028 [0875| 01 | 0995 0840 | 0/ 0.955 | 0.860
0.5 1008 /0860 | 0.5 | 0.965 0.821 05 0.930 | 0.845
- 1.150 | 1.050 - 5
| 0.0/ 1.137 [ 1.035| 001 1.128 | 1.031 | 0.0/ 1.120 | 1.026
}‘_0_05_# 1126 11.027] 005 | 1.116 1.020 | 005 | 1.110 | 1.014

04 | 11| 1012] 07 | 1100 1010 | 07 | 1.09 | 1.000
105 | 1092 [1005] 05 | 1080 1000 | 05 | 1.072 | 0992

Cpena
JoGasxu Cr s
cnnase, mac.%

T
|
T

| 0.0In HCI
S
>
A
;.
-
ol
2
o0
>
S
P
S

T
d

[0.014 NaOH] 0.3% NacI
1
I
2
; -
2

PACCHMTAMHMIE 10 IHAYCHMAM IUIOTHOCTH TOKOS KOPPOIUM  yKAIAHHBIX

Sag hix & anextpoautax 0.1n (pH=1); 0.01u (pH=2); 0.001n (pH=3) HCI, 0.03; 0.3;
3% (pH=7) NaCl w 0.1n (pH=12); 001w (pH=11). 0.001n (pH=10) NaOH. Tax,
HabmojacTcs niasMoe cHIAeHMe CKOPOCTH KOPPOIHM 1IPH JICTHPOBAHMM HCXOIHOTO

20

-~

NwWe

A .- At A " PO Sy R

0 3 6“19 12

Pucynox 11 - 3aBHcHMOCTS CKOPOCTH Kopposuu K107 (rw a™)
cinasa ZnSAl (1), cosepxamero no 0.05 mac.%
xpoma (2), mapranua (3) w monmGaena (4) ot pH cpeast.

B uesiom, 3 pesyIbTaTos NpOBEACHHBIX HCCACAOBAHNI MOXKHO C/IC/IaTh BLIBOJL, 4TO
HCCIICIOBAHMA AHOIHOTO MOBECHHA CruaBa ZnSAl, ICrMpOBAHHOTO XPOMOM, MApraHLeM
-m-waoou%-mmtmom;os;mwn
NaCl w xucnoft 0.00ln (pH=3) CPeaX MOKAILIBAIOT TOBBIICHUA AHOAHON
WmMcMWmm:;-m
no 0.01 u 0.05 mac.% (Cr, Mn, Mo). CxopocTh KOPpO3HH AalHLIX CIUIABOB & pasza
HIDKE, YeMY HCXOHOMO crutasa ZnSA| M HX MOKHO PEKOMEHJIOBATS B KAYCCTBE JAUIMTHBIX

. lﬂm.

HMEET MHHHMATHHLIC BETHYHHLI JHCPIMH AKTHRALIH W
cruias ZnSAl ¢ maprawnem - ZnsAL JIBIR XPOMOM -
WWWMMNWM
CKOPOCTHIO OKMCACHHN, crinas ZnSAl © MOAMGACHOM 3AHWMACT NPOMERYTOUHOC
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nonokeHue. YCTRHORICHO, YTO JCUpYIOUIHe KOMNOHEHTH B npeacnax 0.01-0.05 mac.%
IHAYMTEILHO YMEHBIUAIOT OKHCAREMOCTS cnnasa ZnSAL

3. MeToaoM PeHTTeHOGAIOBOrO aHANK3IA YCTaHOBRNCH Gajosbiii COCTaB NPOIYKTOB
oKMCNeHMA crutasa ZnSAl, CONCPRAUICTO XPOM, MapraHeul M MoaMGieH W uX poas B
MEXAHMIME MTpoLiecca OKHCneHus. OnpezeneHo, YTO NpH OKHCACHHH Crtanos obpatyioTes
oxcuast ZnO, ALLOs, CrOs, Mn:Os, MoOs, ZnO-CrO5 u ZnO-MoOs.

4. [TOTEeHUMOAWHAMMYCCKHM HCC/ICA0BAHWEM AHOZHOIO NoseacHua crutasa ZnSAl ¢
XpoMOM, MapraHuem # mommbaenom B kucbix (0.00 1w HCI (pH=3)), neftrpanstsix (0.03;
0.3; 3% NaCl (pH=7)) w wenounsix (0.0014 (pH=10) NaOH) cpenax. Iloxazaso
BOIMOKHOCTS MOBBIUICHHE aHOAHON VeTofyMBOCTH crtasa ZnSAl npu nermposasuu ero
Xpomos, Mapranuem i MouGaesom 10 0.05 mac. % (CKOPOCTH KOPPOIHH YMCHBIIACTCR B
2-3 pasa). Cocrassl pa3paboTaHHLIX B KAYCCTBE AHOMMBIX JAIIMTHRIX crnasos
Jaumuiens 2 Mansivi narentami PecryGmuxu Tamsuxucran TJ Ne 793 u 992,

OCHOBHOE COJEPKAHHE IHCCEPTALIMH HJIOKEHO B
CHEAYIOIMX MYBJAHKALMAX

Cmanmbu, onyb.1uK08annbIe 6 HAYUHBLX JCYPHANAX, PEKOMENIOBANNBLX

BAK Munucmepcmea ssicuuezo obpasosanus u nayxu Poccuiickoi
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