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1. TepmoauHamMuka  MeTAJUIMYECKHX  PaciIaBOB.
OHeprusi I'm006ca xummuueckoil peaknuun. Hampasienue wu
MOJHOTA XMMHYecKoil  peakumu. PacTrBopsml, cocras,
TepMoauMHaMu4eckue ¢QyHkuuu. MpeanbHble pa3daBiieHHbIE
pacTBopbl. Peanbublie pacTBopsbl. 3akonbl Payis u I'enpu.

OcHoBHBIE HOHATHUSA $pusuveckoi XUMHUH "
TePMOJAUHAMUKH.
TepMoanHaMHu4YecKast CHCTeMa - COBOKYIMHOCTb T€T,

HAXOMAIIUXCS BO B3aWMOJEWCTBUU M MBICICHHO WIH (U3NYECKU
BBIZICJICHHBIX U3 OKPYXKAIOIIEH Cpebl, HAapuMep CUCTEMa MeTalll-
1IaK, pyrepoBka - MeTaul u T. 1. [1pu 3Tom pazinyaror:

- ['omozennas cucmema - cUCTEMa, XUMHUYECKHH COCTaB U
¢u3nyeckre CBOMCTBA KOTOPOH BO BCEX YaCTSIX OAMHAKOBBI WU
MEHSIIOTCSl HEMPEPhIBHO, 0€3 CKaukKoB (MEXKIY YacTIMH CHCTEMBI
HET MTOBEPXHOCTEH pasjiena).

- I'emepocennas cucmema - (PU3NKO-XMMHUYECKAsi CHCTEMA,
COCTOSIIAsl W3 pa3HbIX 1O CBOMM  CBOWMCTBAM  4YacTew,
pa3rpaHUYCHHBIX TOBEPXHOCTSAMU pa3Jiena.

®a3a - COBOKYMHOCTh BCEX T'OMOTEHHBIX YacCTe CHCTEMBI,
OTAENEHHBIX OT IPYI'MX YacTel CHCTEMBbI OBEPXHOCTHIO pa3zena u
OJMHAKOBBIX 1O COCTaBy M CBOWCTBaM. B MeTamiypruu MMeErOT
JeN0 CO cleAaylommMmu ¢a3zaMu: MeTall, MOIjIaK, aTtMmocdepa
arperara u T.J.

IMapameTpbl  cocTosiHusa -  (QU3HYECKHE  BEIWYWHEI,
CITy)Kallle 7Sl XapaKTePUCTUKH COCTOSIHHS CHCTEMBI (JaBIICHHE,
00BEM, KOHIIEHTpAIUsl KOMIIOHEHTOB, TeMIEpaTypa, MIOTHOCTh H
zp.).

IlapameTpbl mnpomecca - BCIMYUHBI, XapaKTCPHU3YIOIIHE
mporecc, T. €. U3MEHEHHE CHCTEMbI, CBS3aHHOE C H3MEHEHHEM
napameTpoB cocTosiHus. CTallenIaBUJIbHBIE TPOIECChl  OOBIYHO
NPOTEKAIOT MPH MPAKTHYECKUA TMOCTOSHHOM JaBiieHHH (p = CONst),
T. €. SIBJISIFOTCS M300apHBIMH, MOITOMY U TEPMOAMHAMHYECKUX
pacyéToB UCMONB3YIOT CIEIYIONINE BETUYUHBL:



- 3HTaNBNuA (H). DHTAIBIUSA — CyMMa BHYTPEHHEH dHEpruu
cucteMbl U u oObemHON »sHepruum pV, nepenaBaeMoil B

OKPYKaIOIIYIO CPEy:
H=U-+pV.

Jns  TBepOBIX W KUAKUX TeN, HAXOMAIUXCS O]
HeOOJBIINM JaBJICHHEM, BelMYnHa PV O4YeHb Maja W, ympoiias,
MO’KHO NPHHATH, 4To H = U.

W3menenne BHyTpeHHed sHepruu (4U) MOXKHO OmpenenuTh
no Beipaxkenuto: AU = c,AT, roe C, — yaenbHas HU30XOpHas
TEILIOEMKOCTh CHCTEMBI (cv=Cp- R, 20e R - ynusepcanvnas
2azo8as nocmosunas. IlomHum, umo MoabHAA MENT0EMKOCMb
CNLOMCHBIX  COCOUHEHUN, HAXOOAWUXCS 8 KPUCMALIUYEeCKOM
COCMOSIHUU, PABHA CYMME AMOMHBIX MENJI0eMKOCMel, 6X00AUWUX 6
HUX 2]IEMEHMO8, MO eCMb NOOYUHSICMCsl NPAGUTLY AOOUMUSHOCMIL).

PasHocte osHTanpnuit (4H) 00pasyrommxcs M HUCXOJHBIX
BEIIECTB TOCIIE TPHUBENEHUS K CTAaHJApPTHOW TeMIepaType
(298 K), Bolpaxkaercss B Buae TemiaoBoro dddexkta mpH
noctossHHoM JaBieHun (Qp):

Ho6p- —Hyex. =AH =¢, - AT + p(AV)

Ecmu AH>0, To B cucTeMe NPOUCXOAUT DHIOTEPMHUYECKAs
peaKIus C MOrJIOMICHUEM TEIIOTHI.

Ecin AH<O0, To B cucTeMe MPOUCXOIUT 3K30TePMHUYECKast
pEaKIus C BBIIECICHUEM TEIIOTHI.

Hust MPOBENICHUS TEPMOTUHAMHYECKHX pacuyéToB
YCIOBWIINCh ~ TPHHUMATh  DHTAJIBIHIO  MPOCTHIX  BEHICCTB
(onementoB) mpu 298,15 K (25 °C) paBHoit nymo (H2s = 0).
[Ipu cTaHgapTHBIX YCIOBHSX W CTaHIAPTHOM TeMIepaType
mapaMeTpsl mpoiiecca 0003HAYAIOT CIEMYIOMHUM 00pazoM: AHSy,
ASDsg.

B GonpumHcTBE CitydaeB TemrepaTypa MeTayUTyprHYECKHX
MPOIIECCOB CYIICCTBEHHO OTIMYACTCS OT CTAHIAPTHOW, MO3TOMY



Bemmunubl AH n  AHJyg MOTYT CYIIECTBEHHO —pa3iMyYaThCs.
N3smenenne AH B 3aBUCHMOCTH OT TEMIEpaTypbl CBSI3aHO C
W3MEHEHHUEM TEMIJIOEMKOCTH.

-Tem10BO  3¢QdeKT mnpH NOCTOSSTHHOM  aBJICHUM
Qp = —AH. 3ameruM, 4TO TemIOBOH 3(PQPEKT HPU ITOCTOSHHOM
ooveme Qv mmeer Bua Qp= Qv - p(4V); ecim B peakuuu He
MPUHUMAIOT y4acTHe Ta3000pa3Hble BEIIEeCTBA, TO Pa3IUYUAMU
Mexy Qp u Qv MOXHO IpeHeOpeyb.

3aBUCHMOCTb TEMJIOBOro 3(dekTa peakuuu OT TeMIEepaTyphl
BbIpakaeTcs ypaBHeHneM Kupxroda:

T
AHT = AHTO + -[ AdeT,
T,

rae AHp, - temoBoi d¢pdexr mpu rtemmeparype To;
AHyp - rennoBoit 3¢pdexr npu temnepatype 7; ACp - pa3HOCTb
MOJISIPHBIX M300apHBIX TerioeMkocTei. Be€ B k[ x/KMoJIb.

- 3uTponus (S) XapakTepusyeT CTelneHb HEeoOpPaTUMOCTH
(U3NKO-XUMUYECKUX  MpoleccoB. BakHO  MOMHUTH,  4YTO
OECKOHEYHO MaJoMy TemiaoBoMy 3((EeKTy COOTBETCTBYET

. d
OECKOHEYHO MaJIblil MPHPOCT SHTPONHH: dS = =

OueBHIHO, 4YTO BEJMYMHA DHTPONUU  3aBHCHT  OT
abcomoTHOM Temmepatypbl. [Ipu stom, dQ = dS-T. Dra BenmuunHa
(dS:T) Ha3BaHa cBSI3AHHOW YHEPrUeii.

du3nyecknii CMBICA IHTPONHMM — EMKOCTh Tela JUis
cBOOOIHOM dHTanmbnuu (IHeprum I'm66ca”) u mponopHUoHaIbHA
ero Macce. HTepec TmpeiCTaBiseT TNPHPAIICHUE SHTPOIUU:
AS:SKOH - Snau-

Baxxno, uto i mo0oro mpomecca B M30JUMPOBAHHOM
cUCTEME: Skon = Suau-

3aBUCHMOCTh M3MEHEHHS OSHTPOINHMHM OT TEeMIIEpaTypsbl
OIKCBIBACTCS YPAaBHCHUEM:



T
AST == A5298 + 298

TEINIOEMKOCTEH IMOJIYYCHHBIX U UCXOJHBIX BEIICCTB.

ACp dT, e ACp- pPa3HOCTH

-n300apHo-u3oTepMuyecknii  morenuman G.  DyHkius,
onpeseNdoNas  HalpaBleHHE  HPOTeKaHHs  U300apHO-
U30TEPMHUECKUX  IPOLECCOB, HasplBaeTcsi  M300apHO-
u3zorepMuueckuM noreHnuaiom (G). OOmee ypaBHEHHE JUIS
onpenenenus u3menenus (G) npu temneparype 7:

AGT= AHT- T-AST.

AHaim3 ypaBHEHHS MMO3BOJISIET YCTAHOBHUTD, KaKOi U3 (PaKTOpPOB,
cocTaBIsIONMX Hepruto [ md6ca, OTBETCTBEHEH 3a HApaBICHHE
IPOTEKAaHUsl XUMUYECKOW peakiuu, SHTAIbNUNUHBIA (AH,) nmm
sHTponuiHbIH (AS -T):

-Ecmu AH <0 u AS > 0, To Bcerna AG < 0 u peakius BO3MOXHa
npu Tr000 TemMmneparype.

-Ecrm AH > 0 u AS < 0, to Bcerma AG > 0, u peakius c
MOTJIONIEHUEM TETNIOTH U YMEHBIIICHHEM YHTPOIIMH HEBO3MOXKHA
HU TPU KaKUX yCIOBHSIX.

-B ocranpnbix cnydasx (AH <0, AS <0 u AH > 0, AS > 0) 3HaK
AG 3asucur or coorromreHuss AH u TAS. Peakuusa Bo3MoOXKHa,
€CIH OHAa COMPOBOXKIACTCS  YMEHBIICHHEM H300apHOTO
noTeHnuana. YeM Beie Temieparypa, TeM oosbie TAS, u gaxe
SHIOTEPMHUYECKUE PEAKIIMH CTAHOBSTCS OCYIIECTBISICMBIMHU.

CranmapTHOE U3MEHEHUE CBOOOHON DHEPTUU CBSI3AHO C
KOHCTaHTOM paBHOBecus peakiuu (Kp) ciemyromnum oopazom:

AG® = -RT In Kp.



“Tlpumeuanue: -T'n66ca sneprus (n306apHO-U30TEPMUYECKHUIA
NOTEHLIMaN, CBOOOJHAs HHTANBIUA), CBA3aHA C OHMAIbNUEl
cootHomennem G=H-TS.

-I'eabmroabua IHEpPrus (M30XOPHO-U30TEPMHUUECKUN
MOTEHIIMa, CBOOOIHASI SHEPTHS), OAUH U3 TEPMOAMHAMUYECKUX
MOTEHIHANOB, 0003HayaeMbIi: F = U - TS.

-C  oueprueit ['enmpmronwiia, [ubb6ca »dHeprus cBs3aHa
cootHomenuem: G=F+PV.

KoncranTra paBHOBecHsi XUMH4YeCKOW peakumu. Paznuyarom
peaxkyuu obpamumvie u HeooOpamumvsle. B mepBom ciaydae u3
30HBI pCAKIWU IMPOAYKTHI PCAKIMU HEC YAAIAKOTCA, BO BTOPOM —
YAAJISIOTCA.

IIpumep, paznokeHUe U3BECTHIKA B 3aMKHYTOM IIPOCTPAHCTBE —
oOparumast peakuusi. OKHUCIIEHUE yriepoja B JOMEHHOH Ieuw,
CONPOBOXKJAIONIEECS ~ yHaleHHEM  OKCHaa  yriaepoga  —
HeoOpaTuMas peaxiusl.

SIBieHNs KOHJEHCAIlMM W HCHAPEHHUs] NMapoB MeTAJJIOB
SIBJISIFOTCSI OCHOBOM TIPOU3BOICTBEHHBIX MPOIECCOB MOTYyUCHUS U
paduHUPOBAHMUS METAIJIOB. OTH TPOIECCHl MOTIUHSIOTCS
0o0IIMM 3aKOHOMEPHOCTSIM OOpaTUMBIX peakuuii. PaccmoTpum
ux.

Ecnmu mporekaer oOpartumas peakuus A+B—C+D, 10 B
COOTBETCTBUE C 3aKOHOM JEHMCTBYIOIMX Macc, KOHCTaHTa
paBHOBecusl peakunu Kc, 3aBucsimas oT npuUpoabl BELIECTB U



TCMIICPpATypbl W HC 3aBUCAIIad OT HX KOHIOCHTPALUU,
OMPCACIIAACTCA U3 BBIPAKCHUA!

Kc=[C]-[D)/[A]‘[B], rae [A]... -koHIIeHTpaLus BeriecTBa A U
T.JI.

Ecnu B peakunu yqacTByeT pa3HOE KOJIMUECTBO MOJICH BelecTBa,
HarpuMmep:

MA-+NB < pC+qD, To B 3TOM Cityyae:
Kc=[C]P-[D]9 /[A]™[B]".

Mpumep. g peakuun 2C0O+02 & CO2, Kc=[CO2)/[CO}?[0z].

IIpouecchl B _ra3oBoii _¢aze. BaxxHo, 4TO KOHILEHTpALMHU

ra3000pa3HbIX BEIIECTB MOXHO 3aMEHUTh COOTBETCTBYIOLIUMU
napuuanbHeiMu aBiaeHussMu (P). B aTtom ciiydae KoHcTaHTa
paBHOBecusi oOo3Hauaercs kak Kp. Ilpu ostom jans

BBIIIETpUBEIeHHO#H peakuun: Kp=P,/P%g - Pgy.

Koncrantsl Kc u Kp He paBHBI MeX1y co00ii 111 OJHOU U TOM
XKe peakiuu. MeXay HHMH CYIIECTBYET CBSI3b THIIA:
Kp=Kc(RT)A*, rne Ap - nmpupamieHne uucna Monei. Jlis Beime
paccMmatpuBaemoii peakiuu Ap=2+1-1=2. Eciu xe Ap=0, To Kc
= Kpr.

KoHcTaHnTa paBHOBECHS MOXKET OBIThH OTIPE/ICTICHA U3 BBIPAKCHUS:
lgKP=(AH/19,155T) + C, rne C — mocTosiHHAsI BETMYHHA.



IIponecchbl B pacTBOpax. B crajlemiaBUWILHONM  BaHHE

YHaCTBYIOIIMEC B PCAKIUAX KOMIIOHCHTBI HaxXOIiATCsA B BHUIAC
pacTBOopa B MeTaiuie (>kenese) u uuiake. Pacmeopom Ha3bIBAIOT
OJTHOPOJTHYIO CMECh, COCTOSIIIYIO M3 JIBYX WJIH OOJIBIIEro Yrcia
BEIIECTB, COCTaB KOTOPOH B M3BECTHBIX IMpENEIax MOXKET
HETPEPHIBHO U3MEHSTHCS.

Jlnst pacTBOpPOB, BCTPEUYANOIIMXCS B CTAJCIUIABUIIBHON
MPAaKTHKE, CIEAyeT YYHUTHIBATh XHMHUYECKOe M (hU3MUECcKoe
B3aUMO/ICHCTBUSI KOMIIOHEHTOB pacTBopa. B ofHUX ciiyyasx npu
o0pa3oBaHMHM pacTBOpa HUKAKMX XUMHUYECKUX peakluuid He
IPOUCXOAUT, HUMEET MECTO MPOCTO paszbasnenue OIHOTO
KOMIIOHEHTa JPYrMM; B JpPYIrUX CIIy4asX OJHOBPEMEHHO C
pa30aBiIeHMEM TMPOUCXOAUT XUMUYECKOE  B83aUMOOelicmeue
pacTBOpUTENST M pPacTBOPEHHOro BemecrBa. llpu  sTtom
BbIIeTISIeTCs (MJIM TIOTJIONIAETCS) TEIUIO, YTO BXKHO YYUTHIBATh.
Tak, mpu 00pa30BaHUM pacTBOpa KPEMHHUS B XKelle3€ BhIIENAeTCs
3HAYUTENIBHOE KOJIMYECTBO TEIUIA. ITO YUUTHIBAETCS, HAIPUMED,
IIPU [IPOU3BOACTBE KPEMHUCTOM CTalH, IUIABKY KOTOPOU MOKHO
OpraHu30BaTh TaKUM 00pa3oM, UTO Mepe] BBITYCKOM MeTailia
beppocunuiuii B TBEpJOM BHJIE€ MOXHO 3arpy’kaTh B KOBII HE
onacasichb NEPEOXJIAKICHHUS.

KonnuyecTBEHHON XapaKTEpUCTUKOM, YUYUTHIBAIOIIEH KaK
KOHLIEHTPAIlMIO JTAHHOTO KOMIIOHEHTa B PACTBOpE, TaK U €ro
B3aMMOJICIICTBHE C pacTBOpUTeNleM (IPYyIrMMHU KOMIIOHEHTaMHU
pacTBopa), SIBJIAETCS BEJIMUNHA, Ha3bIBAEMask aKMUGHOCHbIO AH-
HOTO KOMITIOHEHTA B JAaHHOM PacTBOPE.



Ecmu P - HABJICHUC IIapa KOMIIOHCHTA, HAXOIAIICTOCS B
pacTBoOpE, a po - HABJICHUC IIapa KOMIIOHCHTAa B CTaHIapTHOM

COCTOSAHUU, TO COOTHOIICHUEC % IMPUHATO Ha3bIBaThb
14

AKMUBHOCMBIO OAHHO20 KOMNOHeHma W 0003HayaThb a, Hniu

:%) = a. AKTMBHOCTb BEIIECTBA B CTaHJApPTHOM COCTOSIHUM
IIPUHUMAIOT PAaBHOM €IMHHULIE.

ITpu yMeHbIIEHMM KOHLEHTpaluud B pacTBOpPE OAHOrO U3
JBYX KOMIIOHEHTOB JIaBJICHHME IIapa JTOr0 KOMIIOHEHTa Haj
pacTBOPOM YMEHBIIAECTCS MPOMOPLUOHAIBHO YMEHBIIECHHIO €ro
KOHIICHTpAallMM B pacTBOpe, T. €. p = p°x, T€ X - MOJbHAs WIH
aTOMHAas J10JI1 JaHHOT'O BEIIECTBA B PacTBOpPE. JTO COOTHOILIEHHE
U3BECTHO KaK 3akoH Payna, coriacHoO KOTOpPOMY JaBJICHHE Iapa
KaKJIOTO W3 KOMIIOHEHTOB pPAacTBOpa MpPsIMO IPONOPLUOHAIBHO
MOJIBHOW J10JI€ JAaHHOrO KOMIIOHEHTa. B paccMmarpuBaemoM
ciyqae (p = p°x; a = X) AKMUGHOCMb YUCTIEHHO PAGHA MOILHOIL
oone  komnonenma. Takoll  pacTBOp IPUHAT  HA3bIBaTh
UOeaIbHHIM.

bonpmmrHCTBO KOMIIOHEHTOB, BCTPEUAOIINXCS B
METaJUlypru4eckoll MpakTUKe, 00pa3yeT C JKeJIe30M pPacTBOPHI,
nanekue OT ujeanbHbIX. IlonokeHue oOJsierdaercss TeM, 4YTO
OOBIYHO METAJUIYpPrd HUMEIOT JAEN0 C PacTBOPaMH, COJEpKaluMHU

HeOonbimme komuuectBa (wacto < 1 %) kommoneHnToB. [lpm



YMEHBIIEHUH KOHUEHTPALlUU PACTBOPEHHOI'O BEILECTBA CBOMCTBA
pearlbHOrO pacTBopa MPUOIMKAIOTCS K CBOMCTBAM HJI€ANbHOTO.
Takue pacTBOpBl NPUHATO HA3BIBATH pa3dagieHHvimu. B 31HX
ClIy4asiX IPHHATO MCIOIB30BaTh 3aKOH I'eHpH, coriacHo
KOTOpOMY B  pa30aBJICHHOM pactBope  HAaBJICHMC  IIapa
pPacTBOPEHHOrO0 BewleCTBa Pj MPSAMO IPONOPLUOHAIBHO €ro
konuenrpatmn  Cj, T.e. p; =RC;, e R - xoadduument
(xoncranta ['eHpm).

Xumuueckoe cpoocmeo. CriocOOHOCTb BEILLECTB BCTYNaTh B
XUMHYECKOE B3aUMO/ICICTBUE Ha3bIBAIOT XUMUYECKUM
cpoocmeom. VIameHeHue »dHeprum [uOOca HCIONB3YIOT IS
Ope/IeNICHHsI Mepbl XHMHUYECKOrO CpoOJCTBa BemecTB. [lpu
IPOU3BOJICTBE CTAJM MPOTEKAIOT MPOIECCHl OKUCIICHHS JKene3a U
ero mpumeceii (yriepoaa, KpeMHHS, MapraHiia) ¢ 00pa3oBaHHEM
cootrBercTByrommx okcuaoB (CO, SiOz2, MnO). CrnocobHOCTh
KeJe3a M ero mpuMeceld OKHCISATBCS, T. €. XUMHYECKOEe CPOJICTBO K
KHCIIOPOJly, 4YacTO  BBIPAXAaIOT TIPU  TMOMOIIM  JABJICHUS
JMCCOLIMAIMK OKCHUIOB. /Jagnenue ouccoyuayuu B JTaHHOM Cllydae
pe/CTaBIsieT COOOM JaBICHUE KHCIOPOAa Py, IPU paBHOBECHH

CUCTCMBbI KM CJIOPO - OKCHU:
_ (amePo,)

MeO, = Me + 0,, Ipu 3TOM K, = ———2=,

apmeo,

B cryqae 4nMCTBIX MeTalIa M OKCHIA Apep, = 1 U aye = 1,
T. €. = u =
€ Kp =Py, uAG = InP,,.
Orcioma creayer, 4YTo OaeleHue OUCCOYUaAyuu s61aemcs

Mepoll NPOYHOCMU OKCUOA . YeM MeHbULE YA 8eTUYUHA, MeM NPOYHee
okcuod. llpoueccel OKHUCIEHHS NpUMecel B CTalleIUIaBUIbHON



BaHHE C MHCIOJIb30BAHMEM IIOHATHS [ABJICHUS IHCCOLMALUU HX
OKCHUJIOB HCCIIE0BaHbI aKasu. M. M. KapHayxoBbIM.
BeluuciieHHple UMM JaBIEHUS ~ JHCCOLMALMM  OKCHIOB B
3aBUCUMOCTH OT U3MEHEHMS TEMIEPAaTypsl IIPH PA3THYHBIX
KOHILIEHTPAaLUAX TOr'0 MJIM HHOIO KOMIIOHEHTA IIUPOKO MCIONb3YIOT
B METAJUIyprU4ecKOod MpakTuke. EciaM MeTaulbl U MX OKCHJBI
HaxXoJiATCsl B pacTBOpe, a He B CBOOOJHOM COCTOSIHUH, TO
JABJICHUE JUCCOLUMALMM 3aBUCUT OT AKTUBHOCTH PACTBOPEHHBIX
BEIICCTB:

(Me0,) = (Me) + 0y;

K _ Po,apye P =K A(Me0,)
a(MeOZ)' 02 P A[Me]

Econ wmeranm u ero OKCHJI HaxoOgdATCd B CTaHAAPTHOM
COCTOSIHUHU, T. €. AKTUBHOCTHU UX MOI'YT OLITH MNPUHATBEI paBHBIMU
equHuIe, 10 Py = Kp = p°. Taknm obpasom, B obmiem ciydae:

_ 0 %mMeoy)
Py, = P%, ——=,
0 0,
A[me]
T. € JlaBJleHME JUCCOLMAIMM HOPAMO  NPONOPLHOHAIBEHO
aKTMBHOCTH  JIaHHOTO OKCHJa B  pacTBOpe U  0OpaTHO
MPOIOPIMOHATIBHO AKTUBHOCTH PACTBOPEHHOT'O KOMITOHEHTA.
IIpumep HCHOIB30BAHMA BbIIIENPUBEAEHHBIX NOHITHH
paccMOTpUM Ha cleaymoueld 3adaue. Tpedyercs onpenenuTh
KOJIMYECTBO TemiaoTel Q, HeoOxomumoe st PACIIABICHUS
M=50 kr memm. MssectHo, uto t,, ¢, = 1083°C, a ymenbnas
TENJoTa MaBieHus Aq, = 41,6 kanr.

Pemrenue.

1. IsmeHeHue yneabHON BEIMUNUHBI SHTPOIMHU IIPU



y) 41,6
miaBjaeHud 1 r© meam OyneT paBHO: ASyﬂ:ﬂ—

T 10834273
0,03068kan/r'K

2. KonnyecTBo TEIIOTHI OonpeaciinM, BOCIIOJIb30BABIINCH
HN3BCCTHBIM BBIPAKCHUCM:

Q=M-ASy;-T =50-0,03068-1356-1000=2080104 Kau.

2. AKTHBHOCTD H KOI(PPUUHEHT AaKTHBHOCTH ISl
Pa3jIMYHBIX  CTAaHAAPTHBIX cocTrosiHMii. (Ocob0eHHOCTH
nepexoaa OT OJHOr0 CTAHJAPTHOIO COCTOSIHUSI K JAPYyromy.
AKTHBHOCTH Ccepbl M YIJepoaa B pacijiaBax keje3a.
AKTHBHOCTH KHCJOpOAa B KUAKOH craau. Pacuer
KOY()PUUUEHTOB AKTHBHOCTH B MHOINOKOMIIOHEHTHOM
pacmiaBse

AKTHUBHOCTb KOMITIOHEHTa B B pactBope A-B, rne A —
pacTBOpUTENb, Kak IMPaBWIIO, U3MEHSETCS MPHU J100aBIECHUU B
pactBop apyrux kommoreHtoB C, JI. JIns ydera BAUSHUS IPYTHX
KOMIIOHEHTOB HAa aKTMBHOCTb PacCMaTPUBAEMOI'0, UCIOJIB3YIOT
TaK Ha3blBacMble TapaMEeTpPbl B3AUMOIECUCTBUS .

[Tocnennue monmyyaroT myTeM pasioxeHus B psia Teiiopa
BBIpQXEHHUS I  HW30BITOYHOM CBOOOTHOW DHEPTUM IS
paccMaTpuBaeMoOro KOMIoHeHTa B okomo Touku, OIM3KOH K
YUCTOMY pacTBOpUTENO A. B pe3ynbrare pa3nuyaroT napameTpbl
B3aUMOJICUCTBUSA MEepBOro nopsiaKa, napaMeTpbl
B3aMMO/JICUCTBUS BTOPOTO MOPSJIKA U NIEPEKPECTHBIE MapaMeTPhl
B3aMOJICUCTBUSL.



B napamerpax B3aumoneiicTBusg NIepBOTro nNopsijaka,
npeiokeHHsix K. BarHepom ansi  MHOTOKOMITOHEHTHBIX
pacTBOpOB, YYTE€HO B3aUMHOE BIHMSIHME KOMIIOHEHTOB Ha
KOX((UIIMEHTBI UX aKTUBHOCTH (B PacTBOpE).

[TorrpoGyem pazobpatbes. i1 IPOCTOTHI PACTBOPUTEID
00o03HauuM 1udpoii 1, a kommnonenTs! nuppamu 2, 3,4 ... . Eciau
3a CTaHJApTHOE COCTOSIHME NPUHATH 1%-HbI pa30aBiIeHHBIN
pacTBOp KOMIIOHEHTa 2 B pactBoputene 1, To KodpQuuueHT
AKTUBHOCTH ONPEAEIAETCS U3 BEIPAKEHUS

lg f, =e;[%2]+e;[%3]+e; [%4]+...=1g f +1g f, +1g f,'...,
oTCrOJ1a
f,=17-17-f) ..,
rae  €,e5,e; —mapamerpsl B3aumojeicTBus. Ilpu sTom € —
XapaKTepu3yeT 3aBUCUMOCTh KOA(P(UIMEHTa aKTHBHOCTH
KOMIIOHEHTa 2 B pactBope 1 0T CcOOCTBEHHOIl
KOHLEHTpaluu (pacTBop 1-2); e} —xapakTepusyer
3aBHCUMOCTh K03(h(puiimeHTa ak THBHOCTH KOMIIOHEHTA 2 B
pactBope 1-2-3 0T KOHIEHTpAlM¥ KOMIIOHEHTa 3; €; —
XapaKTEePU3yeT 3aBUCUMOCTh KO3(PUIIMEHTa aKTUBHOCTH
KOMIIOHEHTa 2 B pacTBope 1-2-3-4 OT KOHILIEHTpaLUH
komrionenta 4; [%2], [%3], [%4] — conepxanue
KOMIIOHEHTOB 2,3.4 B pactBope, %.

[TapameTpsl B3aMMOAEWUCTBHUA BTOPOTO
nopsAJKa — IOKa3blBAlOT XapaKTep HM3MEHEHUs IMapamerpa
B3aMMOJICMCTBUSI ~ TEPBOrO  MOpAAKa  OT  YBEJIUYEHHUS
KOHIIEHTpaluu Ipyrux komnoneHTos (C, /...).

[IepexkpecTHEBIE nmapaMeTpsl
B3aMMOJECHWCTBUS YUUTHIBAIOT CBA3b CIEAYIOLIETO TUIA:

B 00I1IEM BUJIE:

B pa300paHHOM HaMH BapUaHTE:



BaxHo,

TeMIlepaTyphl paciiaBa:

rae A u B — cipaBouHbie KO3 ((OUIIHESHTHI.
WH)KECHEPHBIX

IIpu

MMpOBCACHNHA

3

2

e; = e3.

j_
e; =

4TO IapaMETphbl

T

A
=+ B.

B3aMMOJICHCTBUS

pacuéroB

3aBUCAT OT

OOBIYHO
OTpaHUYHUBAIOTCS TMapaMeTpaMu IEPBOrO MOpsAKa, JaHHBIE IO
KOTOpBIM Hanbosee npezacraButenbhbl (Tadm. 1.1, E.A. Ka3aukoB).

Tabymua 1.1

[TapameTpsl B3auMoeUCTBUSA el.] B pacTBOpPAax Ha OCHOBE

xenesa (1600 °C)
I B eij _J 2 ei] :
O] C S Cr | Ni [Mn| Si | P |Al Mo
0] -0,20/-0,13|- 0,133 -04 | 0,006 |-0,021/- 0,131 0,07 | -3,9 | 0,004
C -0,34| 0,14 | 0,046 |- 0,024| 0,012 |- 0,012 0,08 | 0,051 | 0,043 | - 0,008
S -0,27) 0,11 |-0,028-0,011f O |0,026| 0,063| 0,29 |0,035| 0,003

Ilpumep 1. PaccuumtaTh aKTUBHOCTH CEpbl B paclljaBe
CIIEIYIOIIEr0 cocTaBa, %o:

C-1,0;Cr-20;S-0,15; Ni-10,0; Mn-1,0; Si — 1,5.

Pewenue:

1. AKTUBHOCTH Cephl IO OTHOIIEHUIO K 1% - HOMY pacmniaBy
B CTaHJIAPTHOM COCTOSIHUU:

as = fs- [%S].




2. KosdpunmeHnt akTHBHOCTH cephl B paciiaBe HaxoIuM
U3 BBIPAKEHUS

lg f, =e[%S]+e" [%Cr]+eS [%C]+el" [%Ni]+
e [%6Mn]+e® [%Si]=—0,028-0,015-0,011-0,2 +
+0,11-1,0+0-10,0-0,026-1,0+0,063-1,5=0,17588.
3. Orcrona f,=1,499.

4. AXTUBHOCTBH CEpbI B pacIljiaBe 3aJaHHOTO COCTaBa MpHU
3aJlaHHOM Temneparype a, =1,499-0,015=0,0225.

Ilpumep 2. Ilo nanapM puMepa 1 paccuuTaTh BIHSHUE
NOBBILICHUS COJEp)KaHus yriaepoga A0 2,5% Ha aKTUBHOCTb
CEpBI.

Pewenue:

1. Samumem: a, = f,-[%S];

2. g f, =el[%S]+e" [%Cr]+el [%C]+e) [%Ni]+
e [%Mn] + €5 [0Si] = -0,028-0,015-0,011-0,2 +
+0,11-2,5+0-10,0-0,026-1,0+0,063-1,5 =0,34088.

3. f.=2192

4. a,=2,192-0,015=0,0328.

Bbiod. YBenudeHWe KOHIIGHTpAllMd  yriepoja B

pacmase ¢ 1,0 1o 2,5 % npuUBOIUT K YBEIMYEHUIO aKTUBHOCTU
cepsl € 0,0225 no 0,0328.

3. TepMmoaunamuka MeTALIypPru4ecKux LIJIAKOB.
TexHosornyeckue (GyHKUMH M XAPAKTEPUCTHKHM LLIAKOB.
MoJiekyasipaasg Teopus HLIaKoB. Teopusi coBepIIEHHBIX
HOHHBLIX pacTBOpoB. Teopust peryJspHbIX HMOHHBIX



pacTBopoB. TepMoauHaMuyeckne PyHKIIUHN NUIAKA Kak ¢a3bl,
HMeolel KOJIJIeKTHBHYIO 3JIEKTPOHHYIO CHCTEMY.

Meramypruyeckue LUIAKM HMMEKT B CBOEM COCTaBe
cnenytomue okcuas: FeO, MnO, CaO, MgO, SiO,, P,Os u ap.

[Tockonbky pacuér AKTUBHOCTEMN KOMITIOHEHTOB
pacIUIaBICHHOrO IIIAKAa IPOBOMAT HAa OCHOBE MOJIEIBHBIX
MPEJICTABICHUI O CTPOEHUM IUIAKOBOIO pacrjaBa, PacCMOTPUM
HEKOTOpbIE€ TEOPUU CTPOCHHUSI 1IJIAKOB.

CorjiacHO MOJIEKYJISIDHOW TeOpHM IIJIAK COCTOUT U3
MOJIEKYJ CBOOOJHBIX OKCHUIOB M COCIMHEHUH MEXKIy OKCHUIaMHU
pa3sIMYHONM XMMHYECKOM IpupoAbl. B peakuusax ¢ MeTaioM
IMPUHUMAIOT Y4acTUE TOJIBKO CBOOOJHBIE OKCHJIBI M MOITOMY HX
MOJIbHAs JA0JIsl IPUHUMAETCSI pABHOM aKTUBHOCTH 3THUX OKCHIOB B
[JIAKOBOM pacIljiaBe.

CorjiacHO HMOHHOH TeOpHUHM IUIAK B PACIUIABICHHOM
COCTOSIHMM IpeJiCTaBisieT cOOO0N MOHHBIN pacTBOp.

[lockonbKy peanbHbIE pAacIUIaBbl I[IJAKOB ITOKA3bIBAIOT
3HAUUTEIBPHOE OTJIMYME OT CBOWCTB HJICAJbHBIX PpAaCILIABOB,
HEOOXOJMMO HCIIONB30BaTh TOMPAaBKY B BUIE KOXPPUIIUEHTA
aKTUBHOCTU OKCHJIAa 10 OTHOLIEHMIO K CTaHAAPTHOMY COCTOSHHUIO
YUCTOr'0 OKCHUJA:

ApMe0 = Yyeo " XMeo>
191 (R A KO3 (PUIIMEHT  aKTUBHOCTH  OKCHJA;
X Meo — MOJIBHASI TOJISI OKCHJIA B IIJTAKOBOM PAacIUIaBe.

Bapuant MoJIeKYJSIDHOH TEOPHUH CTPOCHHUS >KUIKHX
nuiakoB,  paspabortanHsli  I'. llleHkoM, oOcHOBBIBaeTcs  Ha
YTBEPXKICHUH, YTO CIUHUYHBIMH CTPYKTYPaMH IITaKa SIBISIOTCS
MoJieKyJbl  cBoOoaHbIX okcugoB (CaO, SiO,;, FeO...) m wux
COETMHEHUH.

W3  wmHOrooOpasus  COEAMHEHMH  OKCHJIOB  BBIOpAHBI
(E. A. KazaukoB): CaO-Fe;03;, 4Ca0-2Si0O,, 4Ca0-P,0s. Dtoro



JOCTaTOYHO JJIsI MPEACTABICHUS CBOWCTB IIJAKOB, B TOM YHCIIE
pacnpeneneHus 3JIEMEHTOB MEXy METAJJIOM U IIUIAKOM Ha OCHOBE
KOHCTAaHT DPABHOBECUS PEAKUMM JHCCOLUALUN IPUBEIECHHBIX
COEIUHEHHM.

Opnako rIaBHasgs 0COOCHHOCTh M HEAOCTATOK MOJIEKYISIPHOU
TEOPUM IIJIAKOBBIX PACIUIABOB 3aKJIIOYAETCS B OTCYTCTBUHM Y4eTa
peanbHOr0 CTPOEHMS LUIAKOBBIX paciuiaBoB. TemM He MeHee, 3Ta
TEOpHsl IMO3BOJSAET JaBaThb OLIEHKY IIpoleccaM B IIJIAKOBBIX
pacriaBax.

Teopus COBEPLICHHBbIX HOHHBIX pacTBOpoOB
(Temkun M. M.) ocHOBBIBaeTCS HAa YTBEP)KIEHUHU, YTO IILJIAKOBBIN
paciyiaB COCTOMT TOJbKO W3 HMOHOB; OMMKaWIIUMU COCemsiMU
SBJIAIOTCS HWOHBI PAa3HBIX 3HAKOB; MOHBl OJHOI'O 3HakKa
SHEPreTUYECKU pa3NdaroTcsl TOJAbKO MO 3apsiiaM; OMMKal MU
COCEISIMU Y Ka)JOr0 MOHA SIBIIAIOTCS HMOHBI IIPOTHUBOIIOJIOKHOTO
3HaKa; TeIJoTa CMEIIeHHs TIpu o0pa3oBaHMM  pacIulaBa
MIPUHUMAETCS. PABHOM HYJIIO.

AKTHBHOCTb KOMITOHEHTOB TaKoro pacruiaBa
paccuMTHIBAECTCS KaK MPOU3BEIEHUE MOHHBIX JOJIEH T€X UOHOB, U3
KOTOPBIX COCTOUT JIAHHBII KOMITOHEHT (KATHOHOB M aHHOHOB).

Hampumep, aktuBHocts FeO Oyner ompexaeneHa 1o
COOTHOIIECHHUIO:

Apep = Xfpe2t * Xp2-,

TA€ Xpe2+, Xp2- — UOHHBIE JOJIM KaTHOHA )KeJle3a U aHWOHA
KHCJI0POJa, COOTBETCTBEHHO.

Teopus peryJasipHbIX HOHHBIX PacTBOPOB
B. A. KosxkeypoBa  mpeamnoJsiaraeT  IOJHYK — JUCCOLMALUIO
KOMIIOHEHTOB IIIJJaka Ha OJAHOATOMHbIE MOHBI. TernoBoil 3ddext
CMEIIEHUS! KOMIIOHEHTOB YYHUTBIBAETCSA, HO TEIUIOTA CMELICHUs
CUMTAaeTcsl OOYCIIOBJIEHHOW JIMIIb HW3MEHEHHEM XapakTepa U
SHEPrUM CBSI3U MOHOB IO CPABHEHMIO C 3TUMHU XapaKTEPUCTUKAMHU
B HCXOIHBIX KOMIIOHEHTaX, a DOHTPOIMU CMELICHUS H



KOHLEHTpAallMd pPacCUUTBHIBAIOTCA MO TEOPUU COBEPIIECHHBIX
HMOHHBIX pacTBOpoB (o Temkuny M.I.).

Pacuér axkTHBHOCTEd KOMIIOHEHTOB PacCIlIaBJCHHOI'0
mJjiaKa.

KoxxeypoB mOpUHAJ, YTO LUIAK COCTOUT W3 MPOCTEHUIINX
(0OTHOATOMHBIX) KaTHOHOB Fez+, Ca2+, Mg2+, Mn2+, Si**, P,
OKPYKEHHBIX 00IIMM aHHOHOM 07,

AuroputM pacu€ToB o Mmetony Koxeypoa cienyronmii:

- MaccOBBI€ O, MPOLIEHTH OKCHIOB, MEPECUUTHIBAIOT HA
yuciao mosert B 100 T mutaka:

B (macc. ooneit, %) _

n; = )
(monexyn. macca)

- OTIPEZENIAI0T O0IIIee YMCI0 KATHOHOB:
2y = Npeo + Nuno + Neao + Nugo + Nsio, + Np,o,-

Basicro, 9TO YMCIO TpaMM-HOHOB N PaBHO YHCIYy MOJIEH
COOTBETCTBYIOLLIETO OKCHMJA, 3a MHCKIOYeHueM (¢GochopHOro
aHruIpuna:  Nps+ = 2Np,g,,  TOCKOJIBKY  HM3BECTHO,  4YTO
P,0s = 2P>* + 507

- OIIPENENAIOT HOHHYIO JTOJIO KaXKJI0T0 KaTHOHA!

Pacuét 1 0003HaYeHHe HOHHBIX /10JIeii KATHOHOB B PaMKaXx
teopuu Temkuna - Koxkeyposa:

x X Nreo
1 = Xpe2+ = )
n,’




Nyno .

xz = XM 2+ =

" n,’

X X Ncao
3= Xca?t = ;
. ny’

x X Nmgo
4 = Xpmg?t = ;
g n,’

X X Nsio,
5 = Xsitt = ;

' n,’

2np, o,
Xg = Xps+ = ———.

2ng

AKTHUBHOCTh JIOOOTO OKCHAA PACCUMUTHIBAETCS, KaK U IO
TEOPUU COBEPILICHHBIX HOHHBIX PACTBOPOB (MIPOU3BEACHUE HOHHBIX
7071el KaTHOHA M KHUCJIOpoJa), HO ¢ MOMpaBKoi Ha KO3 UIUEHT
AKTUBHOCTHU KaTHOHA .

Hanpumep, apep = Xpe2+ * X2 * Vo2t = X1° 14

Baorcrno. loHHas 10715 aHMOHA KHUCIIOPOJA Xp2- = 1, Tak Kak
JPYTUX aHUOHOB B IIUTaKe HET.

KoapdunuenT akTMBHOCTH B JAHHOM CJly4ae KOJIMYECTBEHHO
XapaKTepU3yeT OTJINYUE "peasibHOr0” pacTBopa oT
"COBEpILIEHHOr0” MpH TOW K€ KOHIEHTpauuu KommoHeHTa. [Ipu
pacuere KO3()PHUIIMEHTOB aKTUBHOCTEH (}) TEIUIOTHI CMEIICHUS
OKCHJIOB  MOAOOpaHBI TakuM 00pa3oM, YTOObI MOJYYHUTh
COBIAJ€HUE PACUETHBIX U  OKCIEPUMEHTANbHBIX  3HAYCHHH
aKTUBHOCTEH OKCHUJIOB.

®opmynsl KoxxkeypoBa 11 omnpezeneHus Kod(p(UIMEHTOB
AKTUBHOCTEH:



1000
lgy, =18 Vpe2+ = 5 [2,18 x5 x5 + 5,90 (x5 + x,) - x5 + 10,50 - x5 - x¢];

2180
Igy, =18 Vyn2z+ =18y1 — (T) - Xg;
5900
lgys =1gymge+ = — <T> (g +xp + x3) - x5
10500
Igye =1gyps+ =lgy; —( T )‘xs,

rae T - remnepatypa, K.
ITpumep (E. A. KazaukoB). McxonHble JaHHBIE:

1. CocrtaB paciljiaBa 1ijiaka:

Oxcup FeO |MnO |CaQ SiO, | MgO | P,0s
Conepxanue,% | 17 9 |30| 22 10 12

2. T =1600°C.

Omnpenenuts aktuBHOCTH FEO, MNnO, P,0s.

Pewenue:

1. OnpenensieM yuciao Mozeit (Nj) KaxA0ro U3 KOMIIOHEHTOB
B 100 r mnaka:

Oxcup FeO MnO CaO |SiO,|MgO |P,0s

Yucno |17/(56+16)=0,236|9/(55+16)=0,127|30/... 22/...10/...12/...
MOJIEH N;

[Tpumeuanue: Mca=40,08; Msi=28,06; Mwmg=24,32;
Mp = 30,97;

2.0npez[en${eM 06H1ee YU CJIO KATUOHOB!:



2Nyt = Npeo + NMyno + Neao + Mugo + Nsio, + 2Np,0. =
= 0,236 + 0,127 + -+ + --- = 2,0 (ycrosHo).

3. MoHHas 1o KaXa0ro U3 KaTHOHOB B pacIljIaBe:

n;
X; = f
n,
OTCIOJIA.
0,236
Xpe = = 0,118;
0,127
Xyn = — = 0,0635;

u nanee mo Ca, Mg ... .

4.0OnpenensieM Kod(pPUIIMEHTH aKTUBHOCTH KaTHOHOB Fe,
Mn, P:

1000
lgy, =1gVpe2e+ = - [2,18- x5 - x5 + 5,90 (x3 + x,) - x5 + 10,50 - x5 - x,];

2180
lgh::@VMﬂ+zlghf‘Q77J'xw

10500
@m=@nw=@h—(T )%,

HOMHI/IM, 0003HaYeHEe HOHHBIX Joe KaTHOHOB:

Npeo
n,’

X1 = Xpe2t =



Nyno .

xz = XM 2+ =

" n,’

X X Ncao
3= Xca?t = ;
. ny’

x X Nmgo
4 = Xpmg?t = ;
g n,’

X X Nsio,
5 = Xsitt = ;
' n,’

2np, o,
Xg = Xps+ = ———.

2ng

5. OmpenensieM BeIMYMHBI aKTHBHOCTH KOMIIOHEHTOB
IIJTAKOBOTO pacIiyiaBa (pacuém npoeooum camocmosimenbHo).

aFeO = xFe : VFe = 0,118 =

AMno=--- -
apzos :--- .

Bvigoowvr: Bapbupys Takumu (akTopamu, Kak, HaIpuMep,

Cca0o
TEMIICpaTypa Ipouecca M BCIMYHMHA OCHOBHOCTHU (E)' MO>KHO
2

BJIMATH Ha AaKTHBHOCTHL IIIJIaKa H, CJICA0OBAaTCIbHO, Ha €ro
JeCYJIbPYPUPYIOIIYIO CITOCOOHOCTb.



PacuéTr pacupeacjceHuss 3JJ€EMEHTOB MEKIAY METAJNJI0M H
HIJTAKOM.

Hcnonb3ys meroauky B. A. Koxeyposa (TPUP) paccunraem
paBHOBecHOe pacmpeneneane Mn, O, u P Mexay Meramiom u
nutakom npu T = 1873K. Coctas nutaka:

Oxkcun FeO | MnO | CaO | SiO; | MgO | P05
conepxxanue | 6,41 | 6,33 36,11 | 33,04 14,97 | 1,37

MeToauka U pe3yabTaThl pacyéra (Ha mnpumepe Mn).

Conep:xxaHue MapraHna MoOXeT OBITh OIpeAeiIeHO U3
BBIPDAKEHUS JJII KOHCTAHTHI pPAaBHOBECHS  peakuuu Tuma (s
OCHOBHBIX IIJTAKOB):

[Mn] + (FeO) = (MnO) + [Fe];

a(Mn) _ 6234
nj- A(Fe0) T

19Kym = lg 7 — 3,0263.

HpI/I 1873 K: KMn(1873K) = 2,0025,

BeanvuHbl aKTHBHOCTEH Q(ypo) U A(pep) HAXOAUM U3
BBIPAKEHUN:

AMno) = Xmn " YMn;
A(Fe0) = XFe " VFes

TA€ Xpny U Vyn XFe U Ve — COOTBETCTBEHHO MOHHAS JIOJS U
kod(unment aktuBHoctd Mn u Fe.

PacuéTr noHHO# 101 TPOBOIUM 1O MeToANKe TEMKUHA:



- Onpeoensiem 4ucio mozeti Kaxaoro U3 KOMIIOHEHTOB B
100 r nuraka:

Oxkceup FeO MnO |Ca0 | SiO; MgO | P,05

Yucino monei n; | oy | o L g -
818 |o | v | =« |2

- | = 3 3 > | ©

o | o ﬁ ﬁ = Y

UL 1 N

A2 8|3 |F |3

D~ N~ 5 = . —

e — < N~ =

B N e S s S N 7

©lo |8 x| 3 —

- Onpedensiem obuyee Yucio KamuoHos:
2Nyt = Npeo T Nuno + Neao + Nmgo + Nsio, + 21p,0.=
= 0,089 + 0,089 + 0,645 + 0,551 + 0,374 + 2 - 0,01 = 1,768.

- OnpedensieM UOHHYIO 0010 KAMCO020 U3 KAMUOHO8 8
pacniase:

OTCroJa:

0089 _
Xre = 1768

0089 _
XMn= 1768 = U

2-0,01
Xp = =0,01;
1,768




2227 0,312
i = 1768
_ 00374 _
Mg ™ 1768 et
_ 0645 0,365
Xca = 71768 = 70

- Onpeoensem kosghguyuenmor axmusnocmu Mn u Fe
(ucmmoms3zyem popmyinel B. A. Koxkeyposa):

lgy, =18 Vpe2+ = @- [2,18 - x, - x5 + 5,90 - (x3+ x,) - x5 + 10,50 - x5 - x¢];

2180
)<

Igy, =18 Vmn2t =18Y1 — (T

HpI/I 9TOM ITIOMHHMM 0003HAYE€HHSI HOHHBIX Joied KaTHOHOB:

X X Npeo
1 = XFpe2t+ = )
¢ n,’

x x Npno
2 = XMn2t = )
n n,’

X X Ncao
3 = Xcg2+t = )
. ny’

x X Npgo
4= Xmg?t =
g n,’

Nsio,

Xy = Xgj4+ = ;

n,



anzos

Xeg = Xp5+ = .
6 P n,
Otcrona:
1000
Ig¥re = g5 218+ 0,05-0,312+5,90- (0,365 +0,211) - 0,312 +

+10,50-0,365-0,01] = 0,534[0,0034 + 1,06 + 0,038] = 0,588;

Ve = 3,875.
2180
1g Ypn = 0,558 — (T) .0,312 = 0,558 — 0,363 = 0,1948;

Yun = 1,566.
- Onpeodensem éerudunbl AKMusHOCme A yno) U A(peo):
Amno) = Xmn * Yun = 0,05 - 1,566 = 0,078;
Are0) = Xre " Yre = 0,05 - 3,875 = 0,194.

OmnpenesnsieM paBHOBECHYI0 KOHIIEHTpaIo Mn.

o aAMno
Jns paccmatpuBaeMon peakuuu Ky, = (_—n), OTCrO1a
[Mn]-a(reo)

damoy  _ 9078 _ 3 900679%.

are0) Kmn "~ 0,194-2,0035

[Mn] =

Conep:xanue docdopa ompenensieM 1O 3aBUCHMOCTU
KOHCTAHTBHI PABHOBECHS PEAKIINHU:

2[P] + 5(Fe0) = (P,0s) + 5[Fel:

a(p,05)

lgKp = lg —————,
gie g[P]Z‘as(Feo)



10920

[pu stom lgKp = - 6,41

(Mp0o6OOUM peuteHue CamMOCMOIMENbHO).

Conep:kanne KHCJOPOAA ONpeneNsieM 0 3aBUCHMOCTH
KOHCTaHTHI paBHOBecus peakuuu [Fe] + [0] = (Fe0):

Grep _ 6320 .,

loK, = — =
gL [0] T

(0anee nposooum pewenue camocmosimenspro).

3.1 MMoaublii TexHoaornyeckuii pacuér miasku (JACII —
ckpan-npouecc). OmnpeneneHue KoJM4YecTBa NUIAKA H
YCTAHOBJIEHHE NLIAKOBOro pexxuma. MarTepuaiabHbIii OajaHC
NepHOI0B IVIABKH

B oxucaumenvuwiii nepuoo Tox. U3 MeTaJIa yaaisioT dhocdop,
raspl, MPOUCXOJIUT IOJOIPEB, BHIPABHMBAIOTCS TeMIEparypa u
COCTaB MeTajula 1o BceMy 00bEMYy. [l ynaneHus ra3oB B KUIKOM
BaHHE OKHUCISIOT YIJEpoA, KOTOpBIH 00pa3yeT Iy3bIpbKHU
MOHOOKCHa yriepona. PacTBopuMble B MeTaljie BOJOPOA M a30T
nuhGyHIUPYIOT B My3bIPHKM MOHOOKCHZA YTIepoJa M BMECTE C
HUMU BBIHOCSTCS HapyXy. DTOT MPOLIECC CIOCOOCTBYET KUIIEHUIO
(OapOoTaky) BaHHBI, YCKOPssl €€ OJOTPEB U BhIpABHUBAHUE B HEH
temneparypbl. B JICII ¢ ocHOBHOW (yTepoBKON HaxoasIIUHCs B
Metamie  ¢ochop okucusercs g0 GochOpHOTO AHTHIAPHAA,
KOTOpBIA BCIUIbIBaeT B mutak. J{us cBs3eiBaHus  (ochopHOro
aHTHIpUIa C OKCHUJIOM KalpI[Usi B TPOYHOE COCTUHCHHE
HEOOXOJMMO MMETh BBICOKOOCHOBHBIN KHIKOMOABIKHBIN IIITaK,
KOTOpBIN HAaBOJSAT, 3a/1aBas B I1€4b U3BECTh. Y IaJeHHE U3 MeTalljia
dbocdopa uaAET mydIne, ecau METaul He MeperpeT U B HEM UMeeTCs
JOCTATOYHOE KOJMYECTBO Kuciopoaa. Kucmopon BBOIUTCS B
KHUJKYI0O BaHHY JIMOO B Tra3000pa3HOM BHIE, JIMOO C Kene3HOoi
pynoi. [ns syumero ymaneHus (Qochopa w3 Meramia
3HAYMUTENIbHAS YacTh INJIAKa IPH IMPOBEJCHUHM OKHCIUTEIHHOIO



Mepuosia yaaluseTcs U3 Me4Yd CaMOTEKOM MM cKaduBaHueM. J[is
o0ecrneyeHus: HOpMaJbLHOT O Tpoliecca aera3anuu u aedocdopauu
MeTajuia jaoctatouHo u3 Hero ypamute 03 - 0,5% C.
[IponomKUTETFHOCT,  OKUCIUTENBHOIO TEpUuofa MOXKET OBITh
COKpalleHa 3a cYy€T YacTU4YHOro yxaaneHus Qocdopa B KoHIIE
Mepuo/ia pacIulaBlieHus. 3aKaHYMBACTCS OKHCIUTEIbHBIN MEepHoJ
CKauMBaHWEM M3 TIeYd [ulaka HaducTo. KpaTHOCTh 1Iaka
okuciutenbHoro mepuoga Ky, o coctaBmser 2 — 4% wmacchl
MeTasa.

Boccmanosumenvhviil nepuod Tyoe.. HAUMHAETCI C MOMEHTA
HaBeleHUs HOBOro mnuiaka Ha 3epkane metamia. B JICIT ¢
OCHOBHOM  (yTepoBKOW  HAaBONAT OCHOBHOM  MIJAaK W3
CB&XKEOOOXIKEHHOM M3BECTH C HCMOJB30BAaHUEM B KayeCTBE
PazKIDKUATENS IJIAaBUKOBOrO MIMaTa W MaMOoTHOro 06os. B aToT
Mepuo M3 MeTalUla YIANsIOT KHCIOPOA, CEpy, KOPPEKTHPYIOT
XUMHYECKUH COCTaB >KMJIKOTO MeTaula M TOAOIPEBAIOT €ro.
Packucnstor metann a1ud@y3sMoHHBIM Cr1IOcO0OM 4Yepe3 HulaK (s
3TOr0 Ha HIUIaK MOJAaETcs MOPOIIOK KOKca U (eppocunuuus) u
TTyOMHHBIM METOJIOM (B METAJLJT BBOAAT (PEePPOCHIIHIINI B KYCKaX).
OxoHUaTenbHOE PACKUCICHHE MPOBOAST BBEACHHUEM B JKHUIKYIO
BaHHY alllOMUHUS Ha mTaHre. J{Js JIerMpoBaHUs CTald B METaJlT
BBOJAT Takue J00aBKH, Kak ¢eppoxpoMm, ¢eppomMapraselr,
beppocunuIui, dbeppoBoabdpam, (dbeppoTtuTaH.
[IponomKUTETLHOCT,  BOCCTAHOBUTEIBHOTO TMEpUOAa B IEYH
3aBUCUT OT COPTAMEHTA BBITUIABISEMBIX CTaJe M BMECTHMOCTH
neun. KpatHocTs nutaka BocctanoBuTeabHOTO mepruoaa (K, socer.)
cocraBimier 3 — 6% wMaccel Mmeramia. Ilpu  kimaccuueckoi
TEXHOJOTMH BBIJIABKA CTadd B JYyrOBOM TMEYH MPUXOTUTCS
pabotath ¢ AByMS — TpeMs MIJaKaMH pa3HOr0 XUMHUYECKOTO
cocraBa. [Ipu 3TOM HY)XHO MOHHMAaTh, YTO CyTh AU(PY3UOHHOTO
pacKuclieHUsi, TPOTEKAIOUIEro B TEYEHHE BCEro IMepuoja,
3aKJII0YaeTCsl B CleaylolieM. Tak Kak pacKUCISIONIME Bel[ecTBa
MPUMEHSIOT B TIOPOIIKOOOPAa3HOM BU/JIE, TUIOTHOCTh X HEBEIHKA, U
OHU OYEHb MEJICHHO OITyCKAalOTCsA 4epe3 Cloi mijaka. B mimake



MPOTEKAIOT clenyoomue peaxkuu PaCKUCIICHHUS:
(FeO)+ C=Fe+ CO; 2(FeO) + Si = 2Fe + (SiO2) u T1.1., B
pesynbraTe coiepxkanue FeO B mutake yMmeHbIIaeTcs W B
cooTBeTCcTBMM C 3akoHOM pacnpenencaus (FeO)/[FeO] = const
kuciopona (B Bume FeO) nHaunnaer nytém auddys3uu nepexoauThb
u3 Metauia B muiak  (audQy3moHHOE  PaCKHUCIICHHE).
[TpeumymiectBo A1 (Hy3MOHHOTO pACKUCIICHUS 3aKII0Yaercs B
TOM, YTO IIOCKOJIBKY pEaKIWHA PACKHCICHUS HIyT B ILIAKe,
BEITUIABIISIEMAs CTAJIb HE 3arPS3HACTCS MPOJTYKTAMU PACKHCIICHUS —
00pa3yoUMMUCT OKUCIAMH. DTO CIIOCOOCTBYET MOIYUEHHUIO CTalN
C MMOHM)XEHHBIM COIEP)KaHHEM HEeMETaJUTMIECKUX BKIIIOYECHUH.

I[To w™epe nuddy3MOHHOTO pPACKUCIEHUS TOCTENEHHO
yMeHbIaercs conepxkanne FeO B muiake, ¥ mpoObl 3aCTHIBIIETO
[IJJAKA CBETIEIOT, a 3aTEM CTAHOBITCSA MOYTH OeabIMH. beibrit
[JIAK KOHIIA BOCCTAHOBUTEIHHOT'O MEPUO/a JIEKTPOIIABKA UMEET
cnenyromuii cocras, %: 53—-60 CaO; 15-25 SiO,; 7-15 MgO; 5-
8 Al,Og3; 5-10 CaF,; 0,8-1,5 CaS; < 0,5 FeO; < 0,5 MnO.

B BBICOKOMOIIHBIX AYTOBBIX TIe4yax TMOJy4YWiIa pa3BUTHE
TEHJICHILIUS COKpPAIlEHUSI OKHCIUTEIbHOIO U BOCCTAHOBUTEIBHOTO
MIEPUOJIOB TUIABKU B TIEYH C BHIHECEHUEM BBIMTOJTHCHHS 33]1a4 ITUX
MEPUO/IOB B KOBII. [Ipu 3TOM B IMMEYH MPOBOIUTCS B OCHOBHOM
ynanenue (ocdopa, mporecc miIaBKH HAET C OJHUM IUIAKOM,
JUINTEIBHOCTh IJIABKU cocraBiisgeT 1,5-2,0 4.

B T1abn. 1 mnpencraBnenbr mokazatenu JICIT Beicokoit
MOIITHOCTH, 1O HOpMaM [ umpomesa, MPUMEHUTENIHFHO K Te4aM C
KUPNUYHON (yTepoBKoi cTeH U cBoga. Ilo mepe moBbllIeHUS
VICTHHOW MOIIHOCTH TIeUeH, MCIIOJIb30BAHMS BOIOOXJIAKIACMBIX
AJIEMEHTOB KJIQJKU CT€H U CBOJIa, 0OpabOTKU >KUIKOrO MeTalljia B
KOBIIIE, MPOU3BOAUTEIHHOCTh BBICOKOMOIIHBIX JICII 3HaunTeNsHO
BO3pOCia. DTO HAIUIO OTPAKEHHWE B HOPMAX JUISI BBICOKOMOIITHBIX
JICII Bmectumoctsio 50, 100 u 150 T.



Tabmuua 3.1

[Tokazarenmu JICII BBICOKOI MOIITHOCTH

Bmectumocts meuu, T 50 100 | 150
MormtHocTs Tpanchopmaropa, kB-A 50000 (80000 |{100000
OOmass Opomo/LKUTEILHOCTRILIABKH, Y- 1-25 [ 1-30 | 1-40
B ToM urciie mpoA0/DKUTEIbHOCTD TIEPUOIOB TIIABKH, Y-MHH:
3ampaBka 0-03 | 0-03 | 0-03
3arpyska 1-it KOp3UHBI 0-03 | 0-03 | 0-03
3aMeHa U mepenycK 3JIeKTPOIO0B 0-04 | 0-04 | 0-04
[TnaBnenwne 1-i KOP3UHBI 0-20 | 0-20 | 0-20
3arpys3ka 2-il KOp3UHBI 0-05 | 0-05 | 0-06
JlomnaBienue 0-25 | 0-30 | 0-35
KoHTposb u 10BoKa MeTaLIa 0-20 | 0-20 | 0-20
Brimyck 0-05 | 0-05 | 0-06
lomoBast ~ MPOM3BOOUTENHHOCTH  IIPH
BBIIIJIABKE CTaJIH, THIC.T. 270 | 500 | 650
llpumeuanus: 1. 3anpaBKy u TOPKPETUPOBAHUE

mmTenbHOCThIO 30-40 MUH TpOHM3BOIAT 4epe3 8-12 mmaBok, 4TO
cocraBisieT B cpeaHeM 3-4 MmuH Ha 1uaBky. 2. Ilepemyck
ANIEKTPO/IOB TPOU3BOMAT IPH OTBEPHYTOM CBOJE BO BpeMs
3arpy3KH IUXTHI B II€Yb.

1. Pacuér maTepuanbHoro 6amanca

MarepuanbHblii  0ajlaHC TIJIABKM B JYyrOBOM  TEYH
3aUCBIBAETCS B CIEAYIOLLEM BUJIE:

Mi + My + M3z + My + Ms = Mg +M7 + Mg + Mg + Mo, (31)

rie Mj; — pacxon mepenenbHOro uyryHa, M, — pacxon
METAJJIMYECKOro JIoMa; M3 — pacxoj] U3BECTH CBEKEO0O0XIKEHHOI;



M, — xonmuuecTBO (hyTEpOBKH, Mepeleanieid B nuiak; Ms — pacxos
TEXHUYECKOT0 KHCI0poaa; Mg — KOIMYECTBO MOJYy4aEMON KUIKOU
CTaJIH; My - KOJIMYECTBO o0pa3yro1erocs IIIJIaKa;
Mpg — KOIMYECTBO BBIIEISIIOIMXCA ra30B; Mg — moTepu merauia ¢
MBUTBI0; M1g — IOTEpU MeTasia ¢ BEIHOCAMU M BRIOpOCaMH.

Pacuér wmatepmanpHoro Oamanca Beaércs Ha 1 T
METaJUIOMMUXThI. Pacxon mepeaenbHoro uyryHa cocrtasisieT 17%,
mwm 170 Kr/tr MeramnomuxThl. PacXol MeTaJaudecKoro Jjoma
coctaBisieT 83%, nau 830 KI/T METaJIOMINXTHL.

KomuuectBo ¢yrepoBku, mnepemenmeii B HUIAK, 3 KI/T
METaJUIOIIMXTEI.

B Tabn. 3.2 orpaxaercs CcpegHUH COCTaB NIMXTOBBIX
MaTepualioB, KOJMYECTBO YJaJEHHBIX MPUMeECEH, CoOCcTaB MeTajlia
nepen BbITYCKOM. J[aHHBIE O COCTaBe pa3IMYHBIX MaTEpPHUAJIOB,
YYaCTBYIOIIHX B ITAKOOOPa30BaHUM, IPUBEACHBI B Ta0m. 3.3.

Ta6mwura 3.2

W3menenune cocraBa ITpYU BBIIIJIABKE CTaJIN
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Tabmuna 3.3
CocraB pa3aMYHBIX MAaTEPUATIOB, MPUHUMAIOIINX y4acTHE B
IaK00O0Pa30BaHUH
Cocras,%
CaO SlOz A|203 MgO S COZ Hzo Fezog PZOS
U3Becth
N 92 125110 331(0,1/0,2|0,2] 0,6 |0,1
CBEXK 000K EHHAS ' ' ' ' ' ' ' '
®dyreporka JCII 20116 (03|95 | -| -] - - -
3arps3HeHusisioma | — | 65 | 35| - | - | - | - | - | -

2. Pacué€r cpenHero cocraBa MIUXTHI.

CpenHuii coctaB pacCUUTHIBAETCS 10 YPABHEHUIO

1

cP=c¢”"-1-d)+ c™-dq,

(3.2)




C qyr .
rue Cip , Ciy, C{°™ — cpemusss MaccoBas J0Js I-rO

KOMIIOHCHTA, a4 TAKXXE €0 MacCCOBasd JI0JI1 B YYT'YHE U B JIOMC, %; d
— JA0JIsd JIOMa B METAJUIMIESCKON YaCTH IIMXTHI.

C” =4,55-(1-0,83) +0,2-0,83 = 0,9395;
Cg; =0,7-(1—-0,83) + 0,26 - 0,83 = 0,3348;
Cyq = 0,8-(1-0,83) + 0,65 - 0,83 = 0,6755;
Ce. =0,02-0,83 = 0,0166;
C’ =0,04-(1-0,83) +0,035 - 0,83 = 0,03585;
C,” = 0,04-(1-10,83) +0,035-0,83 = 0,03585.
3. Ompenenenue pacxoaa U3BECTH CBEXE00 0¥ KEHOH.

H3BecTh CcBEXEOOOMOKEHAS BBOJUTCA B MIIHUXTY IIJIaBKU B
AYroByro 1e€4db C IMOCJIbIO IIOJYUCHHA [IJIaKa H606XO,I[PIMOI>'I
OCHOBHOCTH:

__ (Ca0)

= S0y (3.3)

WcrounukamMn  okcuza  KajbLMsl — SBJISAIOTCS:  U3BECTb
cBexxeoboxokéHast (M3) m marepuan ¢pyrepoBku meun (My).

McTouHnKaMu OKCH1a KPEMHUS SIBIIAIOTCA:

- OKUCIIIIOIIMIiC KpeMHMi uyryHa u jgoMa (Ky );

- KpeMHe3EM 3arpsi3HeHui Metammyeckoro jgoma (K»);

- KpeMHEe3EM, COAEep)KAIIUNCA B M3BECTH CBEXEOOONKEHOU

(K3);

- kpemHe3éM matepuana Gyrepoku mneun (Ka).

[TocTynuT KpemHe3eMa U3 IIMXThl 3a CYET OKHUCICHHUSA
KPEMHHUS:



_ My[sil; 60  M,[Si], 60 _ 214

Kl 2 —
100 28 100 28 100

- (My - [Si]y + My - [Si]; (3.4)

2,14
K, = o0 (170-0,7 + 830+ 0,26) = 7,16 xr.

KpCMHCSéM SanHSHeHI/Iﬁ MCTAJIJIMYCCKOI'O JIOMa:

m-(M;+M;)
K; = TZ (5i03)2, (3.5)
rae M — KoiaumuecTBO Mycopa B Jjome, 1%; (SiOz), —
KOJIMUECTBO KpeMHe3EMa B Mycope, 65%.
1-1000
K, = ———-65 = 6,5kr.
10000

Kpemnesém, conepxainiics B U3BECTH CBEXKEO00KKEHOM

K; = Too - (8i02)3, (3.6)

rae (SiOz)3 — maccoBas J0Js1 OKCHJIa KPEMHHsI B H3BECTb
cBeXxxeo0oxokénast, 2,5 %. K3=0,025-Ma.
Kpemuesém maTepuana GpyTepoBKH:

K, = = (Si02)s, (3.7)

rae (SiO2)s — MaccoBasi 1ol OKCHIIa KPEMHUSI B MaTepHalie
dbyrepoBkH, 1,6%.

3
Ky =—-1,6 = 0,048 xr.
100

[ToctynuT okcnaa kaabLUusl U3 U3BECTH CBEKE000XIKEHOM:

U, = —2 . (Ca0)s, (3.8)

100



rae (CaO); — maccoBast J1oJiss OKCHAA KalblUs B HM3BECTH
CBEXXE000KEHOH, 92%.

N3=0,92-M3

[ToctynuT okcnaa kanabuus U3 MaTepuana GyTepoBKU:

- M

U, =
4™ 100

- (Ca0), (3.9)

rne (CaO)s — maccoBast 01 OKCHJA KaJbIMS B MaTepuale
¢byTtepoBku, 2%.
OCHOBHOCTH IIJJaKa IPUHUMAEM PaBHOM 2,5:

K1'2+K2+K4+K3
5 0,92 - M3 + 0,06
7,16 + 6,5+ 0,048 + 0,025 - M,

B = = 2,5; (3.10)

OTcrozia pacxos U3BECTH CBEKE00 0XKKEHOM:
Nz = 39,89 kr.
4. OnpeneneHne KOJIWYECTBA MIJTAKA.

HcTouHukaMy TJIaka B TMPOIECCE TMPOAYBKH KHUCIOPOIAOM
SIBJIAFOTCS:

- OKHCJIEHHE NUIAKOOOPa3yIOIUX KOMIIOHCHTOB IIHUXTHI

(I 2);

- 3arps3HeHus Metautaeckoro jgoma (111y),

- U3BECTh CBEXKE000KKEHAs1, BBoguMas B meub (1113),

- marepuai ¢pyrepoBku meun (1),

- okcubl xxenesa (111s).

KonuraecTtBo oOpasyrolierocs nuiaka:

M7= 111, + I, + 3 + 14 + Is. (311)



HpO)Iy'KTbI OKHCJICHUSI METaJUIMYECKOM YaCTU U XThI:

I, = &) (2,14 A[Si] + 2,29+ A[P] + 1,29 - A[Mn]), (3.12)
(170 + 830)
12 ="00 (2,140,329 + 2,29 0,02285 + 1,29 - 0,4655) = 13,57 kr.

3anH3H€HI/IH JIOMa BHECYT B HIJIAK:

m-(M;+M;)

H.[Z - 10% . [(8102)2 + (A1203)2], (313)
OTCrOJa
1-1000
111, —T (65 + 35) = 10 kr.

W3BecTh cBEeXe000KEHHAS BHECET B IIUIAK:

Iy = 72 - [(Ca0); + (Si0,)5 + (Al,05)5 + (Fe,03); + (Mg0s) + (P,05)5], (3.14)
ITocne IMOJACTAHOBKH JaHHBIX IMOJTYYHUM
I, =% (92+4+25+1,0+0,6+ 3,3+ 0,1) = 39,69 kr.
Martepuansl GyTepOBKY BHECYT B LIUIAK:
I, = —*-[(Si0,), + (Al,05), + (MnO), + (Mg0), + (Ca0), + (P,0s),], (3.15)

100

OTCIOJIa

3
Ml = o5+ (L6 + 03 +95 +2) = 2,97 kr.

OKCI/IILBI JKeJi€3a BHECYT B IJIAK:

s = == - [(Fe0), + (Fe,03),], (3.16)



TOr1a

[l = —- (20 + 4) = 0,24 - M,,.

100

[TogctaBum 310 BBIpaskenue B (11), momydum, yto obIIEe
KOJIMYECTBO IIUTAKA!

My = Il » + LI, + 1113 + I, + Is,
M7 =13,57 + 10 + 39,69 + 2,97 + 0,24-My,
M, = 87,1 kr.
5. Ompenernenre BbIX0a KUAKON CTaJIH.

B mpoumecce BbIIaBKM  Macca  JKMJIKOIO  paciulaBa
yMeHbInaercs 3a cuér okucienus C, Si, Mn, P, moteps xenesza co
IJIJAKOM B BHUJE OKCHJIOB JK€jle3a U IOTeph JKeje3a C IbUIbIO,
BBIHOCAMH U BBIOpOCAMH.

Bruixon Jkuakou craiu:

M, =M, + M, —W- (A[C] + A[Si] + A[Mn] + A[P] —
M 'M7 (Ml +M2)
—m [0,7 - (Fe;03); + 0,78  (Fe0);] — =" = 0= (b +m) —
+0,7 - (Fe,05) + =122 [0,7 - (Fe,0,), + 0,78 (Fe0),] — My, (3.17)

100

rZie € — MaccoBasl A0Js KOPOJBKOB jKejle3a B nulake, 1%;
b - kommuecTBO oOKamMHBI JoMa, 2 %; M — KOJIMYECTBO
3arpsisHeHui Joma, 1%; Mjg — moTepu MeTannga ¢ BbIHOCAMHU U
BbIOpOcamu, 3%.

[Ibmn BeImensercss 1% OT Macchl UXTHI, YTO COOTBETCTBYET
Mg = 10 kr.



(170 + 830)

Mg =170+ 830 — -(0,8695+ 0,329 + 0,4655 + 0,02285) —

100
87,1 1-87,1 (170 + 830)
— 55 (07-4+0,78-20) - — 2= ——— - (1+2) -
1007100+ + 22270+ 830) 0 204 078-30) - 30 = 9137
100 10+ ’ ’ G

Takum 00pa3om, BBIXOJI XKHUIKON cTaiu paBeH 91,37%.
6. Omnpezenienne pacxoja ra3000pa3Horo KUCIopoa.

Jlns npouecca B JyroBoi CTaJENIaBUIBHON I1€4H OCHOBHBIM
UCTOYHUKOM  KHCJIOpOAAa  SBJISETCS  TEXHUYECKMH  YMCTBIM
KHUCJIOpOJ, BAYBaeMblil uepe3 ¢pypMy B BaHHy. YacTb Kuciopoaa
IIOCTYIIAeT U3 OKaJMHBI MeTajuionoMa. Kucnopon pacxonyercs Ha
OKHCIIEHHE 3JIEMEHTOB IUXTHI, OKUCIEHUE Xkene3a. [lepexonsimero
B LUIAK, U HeOONbLIas J0JI1 KUCIOPOAA TEpsSeTcsl C IJIaBUIbHON
npuIblo.  bamaHc  kuMciopona  3alMCBIBAETCS  CIENYIOLIMM
ypaBHEHHEM:

O1+02=03+ 04+ Os, (3.18)

rie O; — KOJIMYECTBO ra3o00pa3HOro  KHCJIOpoJa,
MOCTyHarmero Ha npoayBKy; O — KOJIMYECTBO KHUCIOPOAa,
MOCTYNAIOIIET0 U3 OKaJIMHBI ckpamna; O3 - KOJIMYECTBO KUCIOpOAa,
HEOOXOAUMOE Ha oOkucieHue npumecei; Oz - KOJIMUYECTBO
KHCIIOpoJa, HeoOXoauMoe Ha o0pa3oBaHME OKCHIOB JKEle3a,
nepexofsaumx B 1Uiak; Os - KOJMYECTBO KMCIOPOAA, TEPSIEMOE B
BH/I€ IJIABUJIBHOM TIBLIIH.

KommyectBo  kmcmopoga, MOCTYNAKOIIEr0 W3  OKAJMHBI
METaJUIMYECKOro JIoMa

b-(M+M;) [16 48
0, = #' [5 - (Fe0), + Teo (F9203)2]: (3.19)



rre b - xomuyectBO OKalMHBI B JioMe, 2%,

(FeO), (Fe;0O3), — MmaccoBbIe 0JIM OKCHIOB Kejie3a B okamuHe, 30
u 70%.

2-(170+830)

1022230+ 03-70] =55 xe.

02=

KomuuectBo KHCJIOpoaa H606XOI[I/IMOC Ha  OKHUCICHHC
OJICMCHTOB!:

(M + M) (M1 + M,) M, + M)
O3 =150 (= A[C] 12 Too 7-Alcl 12+ 100
afsi]- 2+ BER) Appn) - +(M;;é”2) ALP1- 2 (3.20)

rje M - AoJs yriepona, okucisromerocs 1o COg, 0,1.

_(170+830) 1 _01).08695 1,3+ 2830 4 660526+
3T 7100 e ’ 100 ' '
£ O704830) o 0p9. 1,144+ L70E 830 o 4ess. 0204
100 ’ ’ 100 ’ '

170+ 830
, (170+830)

100 -0,02285-1,29 = 17,9 xe.

KomnuectBo kucnopoma, HeobxonuMoe Ha oOpa3oBaHUE
OKCHUJIOB KeJle3a [IIaKa:

87,14
04=W (0,222-20+4+0,3-4) = 4,88 ke.

Komuaecteo Kucjopoaa, T€psae€MocC C bLIbIO:

Os = =.10,3 - (Fe,05)] (3.22)

100

rie (Fe;O3) — maccoBast 10751 OKcua xenesa B mbutd, 100%.



10
=—-(0,3-100) = 3 ke.
Os 100 ( ) K2

KomnaecTBo TeXHUIECKOTro KHCJIOpOoJa, mogaBacMoro B 1€4b:

_ Ms
~ 100

0, {0,}- K, (3.23)

rie — {O,} — MmaccoBas I0Jg KHUCJIOpOAa B TEXHHYECKH
9UCTOM KHcrnopoae, paBHas 99,5%; K — koaddunueHT ycBoeHus
Kucinoponaa, 0,9.

10, My 99,5-0,9 = 0,8955 - M
17100 "7 77T 5

[loncraBuM 310 BbIpaxkenue B (18), momyunm OanaHc
KHCIIOpOJa:

01+ 02=03+ O4 + Os,
0,8955-Ms5+55=179+488+3
Mg = 22,65 kr.
0,=0,8955-22,64 = 20,28 xr.
Toraa GanaHc KUCIOPOAA PaBeH:
01+ 02=03+ 04 + Os,
20,28+5,5=17,9+ 4,88 + 3.
7. Onpenenenye KOJIUYeCcTBa OTXOAAIIMX ra30B.

B mpouecce npoayBku B AYroBOil CTaJIeNJaBUJIBHON I€YU
00pa3yroTcs rasbl:

- 3a cuéT okucieHus yriaepoaa muxtel (I'1);

- 3a CUéT pa3IOKCHUS U3BECTH CBEXKE000OKEHHOI (I72).



B armocdepe meunm mNpHCYTCTBYIOT a30T M HEYCBOEHHBIN
KUCIIOpOJ TexHUUeckoro kuciopozaa (I'3).

OO611ee KOTMYECTBO Ta30B OINpeAensieTcs no Gopmye:

Mg=T'1+1>2+1I%.

(3.24)
[Ipu 5TOM 3a CUET OKHMCIICHUS INXTHI:

I, =2,33-A[C] % (1—1m) +3,67-A[C] % =
= 8t AlC]- (2,33 + 1,34 - 1), (3.25)

h=2,33-0,8695-10-0,9+3,67-0,8695-10-0,1 = 21,42 kr.

3a cu€T pa3nokKeHHUs U3BECTH:
I; = Too -({CO,} + {H,0D); (3.26)
I, =ﬁ 0,2+ 0,2) = 0,15 xe.
100

KomuyectBO  a30Ta M HEYCBOGHHOTO  KHCIOpOAA

TEXHUYECKOT0 KUCJIOpOoa Onpeaensercs no gopmyiie:

Fy=25 . (1-K) {0} +22 - Ny; (3.27)
22,65

I3 = . 0,9) - 99,5 = 2,37 ke,
100

rae {N2} — maccoBas mois a30Ta B TEXHHUYECKH YHCTOM
kuciaopoae, pasHas 0,5%.

[TogcTtaBuM »5TO BbIpakeHue B (24),

noixyyuM oOiee
KOJIMYECTBO T'a30B:

Mg=T'1+1>2+1T1%s.



Mg=21,42+ 0,15 + 2,37 =23,94 xr.

Toraa MatepranbHbIN OajlaHC paBEH:

M; + My + Mz + My + Ms = Mg +M7 + Mg + Mg + Mg,

170 + 830 + 39,89 + 3 + 22,65 =913,7+87,1 +239+10+ 0,871 + 30

MartepuabHbIi 6aMaHC MJIABKU MpeCcTaBiieH B Tadmuie 3.4.

Tabnuma 3.4.
Marepuanbablii 6ananc masku B JICII-150
TIpuxon KT % Pacxon KT %
Uyryn 170 15,59 | Crams 913,7 85,75
Merautonom 830 779 | Ulnax 87,1 8,2
Mssects 3089 | 374 | Tasm 239 | 222
CBEXEO00KEHHAS
Kucmopon 22,65 2,13 ITotepu
C 1IbUIBIO 10 0,94
C
koponbkamu | 0,871 0,08
dyrepoBka 3 0,28 | B make
C
BBIHOCAMH U 30 2,81
BbIOpOCaMu
Hroro | 1065,54 100 Hroro | 1065,54 100
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