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BBEAEHHUE

JInsi coeMHEeHrs MaTepuasoB, T.€. OCYIECTBICHUS CBapKH, HEOOXOJIMMO 3aTpa-
TUTh DHEPrUI0, KOTOpas UJIET Ha HarpeB M pacIulaBiICHHE MaTepuasna, a B HEKOTOPBIX
ciiydasix ¥ Ha oOpa3oBaHWE METAJUIMUECKUX CBS3ed MEXIY CBApUBAEMbIMHU MOBEPXHO-
cTsiMu 0e3 ux HarpeBa. MHOroo0pasue MCTOYHUKOB HPHEPTUU OOYCIIOBUIIO TMOSIBICHUE
0O0JIBIIIOTO KOJUYECTBA CIIOCOO0B cBapku. HekoTophle MCTOYHUKHU SHEPTUU PACCMOTpE-
HbI B pazzene |, npuyeM OCHOBHOE BHUMAHHUE YAEJIECHO 3JIEKTPUUECKOM Ayre, TOCKOJIb-
KY JIEKTPOIYTOBbIE MPOLECCHI CBAPKU — TOMUHUPYIOILIHKE.

1 SJIEKTPUYECKAS CBAPOYHAA YT A

DJIEKTpUUECKas Ayra — OJIMH U3 BUAOB JIEKTPUUECKOTO pa3psjia B rasax, xapak-
TEPU3YIOIIUKCS BBICOKMMH IUIOTHOCTBIO TOKAa M TeMIleparypou. [[ind ocymecTBieHUs
BJICKTPUYECKOTO pa3psia ra3 MEKAY SJIEKTPOJaMH JOJDKEH, KpOME HEWTPAIbHBIX Ya-
CTHII, COAECPKATh ONPEACICHHOE KOJUYECTBO 3apPsHKEHHBIX YacTHIl. POJb 3apsyKeHHBIX
YJacTHUIl Y OOJIBIITMHCTBA Ta30B BBIMOJHSIOT JICKTPOHBI M TTOJIOKUTEIIbHBIC HOHBI, XOTS B
HEKOTOPBIX CIy4YasiX MPUXOMAUTCS CUUTATBCA UM C OTPULATEIbHBIMU HOHaMHU. MOHBI u
3JIEKTPOHBI B JAYTOBOM IPOMEKYTKE IOJYyYalOTCS 3a CYET MPOLECCOB MOHU3AUU U
smuccun. MoHu3anusa — 3T0 pacuICIUICHUE HEUTPAIIbHOM YaCTHUIIbI Fa3a HA MOH U DJIEK-
TpoH. /{7151 TOr0 4TOOBI U3 HEUTPAJILHOTO aTOMAa WJIM U3 MOJIEKYJIbl TIOJIYYUTh JBE 3apsi-
KEHHbIC 4YaCTHUIIbI, C BHEIIHEH OpOUTHI aToMa HEOOXOJUMO OTOpPBAaTh AJIEKTPOH.
OcraBmiasics 4acTUIa, HEJJOCUUTHIBAIOIIASICS JIEKTPOHA, OYACT SIBIASTHCS MOJOXKUTEb-
HBIM MOHOM. /{71 OTpbIBa AJEKTPOHA HEOOXOIUMO 3aTPATUTh DHEPTHUI0, KOTOpasi Ha3bl-
BAETCS MOTEHIMAJIOM MOHM3ALMU. /[ OoTHeneHus BTOPOTrO U MOCIEAYIOMMNX IJIEKTPO-
HOB TpeOyeTcs 3arpara OoJbiei sHeprur. [1oATOMy CylIecTByeT MOHITHE MMOTCHINAIA
OJTHOKpaTHOW moHu3aruu. B Ta6n.1.1 npuBenaeHbl BETUYMHBI TOTEHIIMAIOB OJTHOKpAT-
HOW MOHM3AIMHU JJIS1 HEKOTOPBIX Ia30B B BOJIbTAX.

Enunuiiedt moreHnmrania HOHU3AIUH SIBJISETCS JICKTPOH-BOJBLT (3B), HO B CBSI3M ¢
TEM, YTO 3apsij JICKTPOHA ITOCTOSHEH U €r0 MOYKHO MPUHATH 3a eAuHuILy, 4acto Ul BbI-
paXkaroT B BOJIbTAX, MPUYEM YHUCIIOBBIC 3HAUCHUS B 00CHUX Pa3MEPHOCTSIX COBMAIAIOT.

Tabmuua 1.1 — IloTtennuan ogHoKpaTHOM noHU3auuu Ui HEKOTOPBIX aTOMOB
Y MOJIEKYJI
Onement | H H, |C N N, |O O, |F Na |Mg |Al
(BemecTBo)
Ui, B 135 | 154 |11,22|145 |158 | 13,3 |13,5 |16,9 |5,11 | 7,61 | 5,95

[Tpomomxenue Tadauisl 1.1

Om. | Si Ar | K Ca/Mn|Fe |CO |[CO,|H,O|He [Ti [Ni |Cr |Co

Ui, | 7,94 |157433|6,1|7,4|783|141|14,4/13,0|245|6,8|7,64|6,74|7,81
B




Fas, I/IMC}OIIII/Iﬁ B CBOEM COCTaBEC, Hapsaay C HCfITp&JIBHBIMI/I qacTuaMH, O3JICK-
TPOHLI U MOHBI, CHUTACTCA MOHU3HUPOBAHHLIM I'a3oM, a €CJIM, KpOMEC TOro, KOJIHM4YCCTBO
OTPHUOATCIIBHBIX M IIOJIOKHUTCIIBHBIX 3apAJ0B IIPHUMCPHO OAMHAKOBO (KBaSHHeﬁTpaHB-
HOCTL), TO TaKOU Ta3 HA3bIBACTCS NIA3MOIL. I[JISI TOT'0 YTOOBI IIPU3HATHL I'a3 HHaBMOﬁ, B
HCM JOJDKHO COACPIKATHCA JOCTATOYHOC KOJIUYCCTBO 3apPAKCHHBIX YAaCTHII. I[JI}I Xapak-
TCPUCTUKHU MOHU3UPOBAHHOTIO I'a3d WUJIH IIJIa3MbI BBCACHO INTOHATUC CTCIICHU MOHHU3AIllUU,
T.C. OTHOIICHUS KOHIEHTPALUU 3apSHKEHHBIX YacTUll (MOHOB) K MCXOJHOW KOH-
ECHTpau HeﬁTpaJILHbIX YaCTHII.

N
X=—

no 1)

Crenenp wmoHm3zanuum MoxeT u3MeHsATbess or 0 mo 1. Ilo HexoTopbIM M-
TepaTypHBIM AaHHBIM, pH X>10"> HOHM3HPOBAHHBIH a3 MOXKET CIUTATHCS TLIA3MOI.

Jlns onpenesieHus CTENEeHU MOHU3alUK ra3a uHauiickuM gusnukom Caxa B 1921 1.
IIPEUIOKEHO YPABHEHHE

2

X A
= _P=24-10"a’T"exp —— |,
1-x° kT (1.2)
rae P - naBiieHHWE raza, MM pT. CT.
[TepeBons napnenue B equnuisl CU (I1a), momydaem
i—32 1072 p‘1a2T5/2exp(—ﬂ) ( 1.3)
1 _ X2 ) kT ) .
r7e P - JaBjeHHeE rasa, Ila;
2 20; . y
a” = g—- KBaHTOBBIA KOA(GUIIMEHT, 00pa3yeMblii U3 CTAaTHYECKUX BECOB
0

AJIEKTPOHOB - (< 2), HOHOB gj W HEHUTPAJIBLHBIX MOJEKYI Jo;
T - Temnepartypa, K;
A -osHeprus monuszanuu, Jx; A = ;=16 -10_19Ui ;
k - mocrostunas Bonsumana, K= 1,38-10 JIx/°C.

2
3naueHus a° , BeruncieHHble K.K. XpeHOBBIM cOrnacHO NpeacTaBiICHUSM KBaH-
TOBOW MEXaHMKH, ISl pa3HbIX ra30B JaHbl B Ta0J1.1.2.

Tabmuma 1.2 — KBanToBbIi K03 GOUIUEHT 71l Ta30B U MTapOB

l'a3|H |C [N |O |[Na|Al|Si |[Ar /K |Ca|Mn|Fe |He|Ti |[Ni |[Cr |Co

a” |1 |4/3]3/2]8/3[1 |1 |4/3|4 |1 |4 |7/3]12/5|4 [4/3]8/3]8/7]|5/2

Pacuetsl o ypaBHeHuto (1.3) Moryt OBITh BBINIOJIHEHBI ISl JIFOOBIX CTENEHEeH
MOHM3ALMH, HO CIEAYyEeT IOMHUTh, YTO U3-3a JONYIIEHUH, MPUHATHIX IIPU BBIBOAE, HUX




TOYHOCTH IMOHMKAETCS TIPU MPUOIIKEHUN X K SIUHUIIC.

B cBapodHBIX Ayrax crerneHb HOHU3AIMU COCTABIISIET HECKOJIBKO MPOIICHTOB, TO-
STOMy B JICBOil YaCTH YPABHEHHS BETHUMHA X MaJla 110 OTHOIICHHIO K ¢AUHILE. MOXKHO
npussts (1-x°)=1. Toraa ypasrenue (1.3) mepenuuercs Tax:

2 —2 ~1,215/2 Al
X =32-10 “p "a 15/ exp _ﬁ (1.4)
128)071
x=018p~1 2aT5/ 4 oxgf - AL
- y p p 2kT . (1.5)
Ai 5800U;
DKCIIOHEHTY "o T MPUHATO MPEJICTABIIATH KaK EXP T

Torz[a L CBAPOYHBIX OYT YIIPOIICHHOC YPABHCHHUC Caxa IMPpUMCT BUI

x=018p 1/ 2aT> 4 exp —581& | (1.6)

Takoe ynpomenue ypaBuenus (1.3) Beimonneno .M. JleckoBbsiM. CrientyeT mom-
HUTb, YTO ypaBHeHUE (1.6) maeT y/0BIETBOPUTEIbHYIO TOYHOCTh MPU CTENEHSAX MOHU-
3al[u¥, HE IPEBBIIAIOIINX OJHOU JI€CSITOM.

VYpaBuenue Caxa ObUIO BBIBEICHO ISl OJTHOTO raza. B cBapOYHBIX yCJIOBHUSAX aT-
Moc(epa Iyru COCTOUT U3 MapOB METAUIOB, (JIr0ca WM MOKPBITHS, 3aIIUTHBIX Ta30B,
T.€. MPEJCTAaBISAET CO00I CMeCh ra3oB. YpaBHEHUS JJI ONPEEICHUsl CTENEH HOHU3a-
U1 CMECH Ta30B B CBAPOUYHOM JYTe HE CYIIECTBYET, IOATOMY pacyeThl 3HAUCHUS X IS
peabHBIX CBAPOYHBIX YCIIOBHII HEBO3MOXXHBI. B CBS3M C 3TUM OrpaHUYMBAIOTCS BbI-
YUCJICHUEM BEJIIMYMHBI, Ha3bIBAEMOUN 2¢hhexmusHbiM nOmeHyuaiom UOHU3AYUY cmMecu
2az08 Uy U yuuThIBarOUIeld MOTEHIMAIbl MOHU3AIMHU OTACIBHBIX Ta30B, BXOJAIIUX B
CMECh, TPUMEHUTENBHO K YCIOBHAM CBapku 1o ¢opmyie B.B.®dpomnoga:

k
T o 5800U ;
U :——In Vi eX - I} 1.7
O~ 5800 zl ! A — (1.7)

raie K - KoJmM4ecTBO ra3oB B CMECH;

b:
i

Vi = ", KOHUCHTPALS KOMIIOHEHTa B CMECH;

bi - MaccoBas 10Ji1 KOMUTEHTA B cMecH, %

b - macca Bceit cmecH, %.

U3 ypaBuenus (1.7) cnegyet, uto 3¢ (eKTUBHBINA MOTEHIIMAT MOHHU3AIMH B 3HA-
YUTEJIBHOU Mepe ONpeNeseTcs JErk0O HOHU3UPYEMBIM I'a30M, MPUYEM JUJIsl 3aMETHOTO



cHKeHns Uy He Hy)KHbI OOJIbIINE KOHLIEHTPALMK 3JIEMEHTOB C HU3KUM MTOTEHLINAJIOM
MOHU3ALNU.

Pa3nnyaroT HECKOJIBKO BUIOB 3MUCCHU: TEPMOIJIEKTPOHHYIO, aBTOAIEKTPOHHYIO,
(OTORIEKTPOHHYIO U BTOPUUYHYIO. TepMOdJIEKTPOHHAs SMHUCCUSL MPOTEKAET IMOA JeH-
CTBUEM BBICOKOH TeMIIEpaTyphl, aBTOJIEKTPOHHAS - AJIEKTPUUYECKOTrO MOoJist, (POTOIIEK-
TPOHHAs - JIy4MCTON SHEPruu, BTOpUUYHAs - OOMOapIUPOBKY MOBEPXHOCTU KaTOJa pa3-
JVYHBIMU YAaCTHULAMH, HAPUMED IOJIOKHUTEIbHBIMU MOHAMU. B pesynbTare mpoTeka-
HUSI DMUCCHM BO3HMKAE€T 3MHUCCHOHHBIM TOK. IIIOCKOCTH TOKa TEPMOIIEKTPOHHOMN
SMHCCHUH ONMCBIBAETCA ypaBHeHUEM Puuapacona — Jlemmana, Alem®”:

@
jry = AT%e kT (1.8)

rae A - KOHCTAaHTa, TeOpeTHdecKue 3Hadenne, A =120 A/(cm °C ).
OnsiTHbIE 3HaueHus: it Fe - A=60; W- A=70; Th - A=70.

O =¢cp (1.9)

rae ¢ - paborta Beixoda, B;
€ - 3apsij DJIEKTpOHa, € = 1,6- 10'19KJ1;
k - nocrosiHas Bonbsimana, k = 1,38+ 102 x/K.

[170THOCTH TOKa aBTORJIEKTPOHHOW SMHUCCHUU MOXKET ONPEIEAThCS Mo (hopmyrie
. 2
®daynepa — Hopareiima, A/m*,

9 3/2
juy 621076 Loy 0810707 71
1 E

(1.10)

rae  E - HanpspKeHHOCTh AJEKTPUYECKOoro nojs, B/M.
Ha npaktuke 0IHOBpPEMEHHO MPOTEKAIOT MPOLECCHI TEPMO- U ABTOAJIEKTPOHHOU
. 2
AMUCCUU, TO3TOMY IUIOTHOCTh TOKA aBTOTEPMOIJIEKTPOHHOU dMHUCCUU, A/cM”,

439112

Jar = I €XP o

(1.11)

rae  E - HanpspKeHHOCTh AJeKTpUYecKoro modsi, B/cum.

DOTOANEKTPOHHYIO IMUCCUIO B CBAPOYHBIX JIyTaX MOKHO OOBSICHUTH TEM, YTO B
CBA3U C HHU3KOW pabOTOl BBIXOAA KBAHTHI JIyYHCTOM HHEPrUU CHOCOOHBI BHIOMBATH
AJIEKTPOHBI C MOBEPXHOCTH 3MHUTTEpa. KoIMYECTBEHHOrO0 OMHMCaHUsl 3TOr0 Mpolecca
IIPUMEHUTENBHO K CBapKE MOKA HE CYILIECTBYET.

K.K. XpeHOB BbIBEN MPOCTYIO 3aBUCUMOCTb JJIs1 ONIPEICIICHUSI TEMIIEPATYPHI CBa-
POYHOM AyTH, CBA3aB €€ C MOTEHUNAIOM HOHM3auuu ra3a. [Ipu pyuHoil AyroBoii cBapke
TUIABSIIIUMCS 3JIEKTpoAOM (opMyia umeeT Buj, K,



T= 800U, (1.12)

Ha ocHOBaHMM ONBITHBIX JAHHBIX, MO aHAJIOTUM ¢ ypaBHeHueM (1.12), mist cBap-
KU 110 (PIIFOCOM MPEJI0KEHA 3aBUCUMOCTD, K,

T=1100U,. (1.13)

[Ipu 3TOM cuMTAIOT, YTO MO BBICOTE CTOJ0A IyT'M TeMIepaTypa MoCTosHHa. Ter-
JI0Ta, BhIAEIsIEMast JIEKTPUUECKON Tyrol MOCTOSIHHOTO TOKa, 3aBUCUT OT PEKHUMa CBap-
ku, J[x/c,

Q =lcUy, (1.14)

rae Q - mosiHas TemyIoBas MOLIHOCTh AYTH;
lcp - cBapOUHBIH TOK;
U, - Hampsbxkenue nyru, B.
HekoTtopoe konnuecTBO MOIIHOCTH pyru Q TepsieTcsl Ha TEMI0O0OMEH C OKpyXka-
IOLEH CPEOM M CBETOBOE M3JIyYECHME, a B CBAPUBAEMOE M3JIEIUE IMOCTYIAET JIUIIb €€
4acTh, Ha3biBaeMas 3(h(PEeKTUBHOM TEMIOBOM MOIIHOCTBIO (], JIX/cC,

q.=mQ, (1.15)

riae 7, - 3bdexruHbiii KIIJ[ TemmoBoro ncrouHuka,
OmnpeneneHHas 4acTh TEIUIOBOW MOIIHOCTU JIyTW MEpPEAAeTCs] KaToAy U aHOHYy.
[Ipensioxxensl GOpMyJIIbl ISl pacueTa STUX MOUTHOCTEM:

Pa=l.s(Uat@a) , (1.16)
P.=l..(U+9), (1.17)

rae P, P, - MomHoOCTh, mepenaBaeMasi, COOTBETCTBEHHO, aHOY U KaTOy;
U,, U, - aHOJHOE M KaTOIHOE TIaJIecHUE HAPSHKCHUS,
@a, ¢« - paboTa BBIX0OJIa aHOJIa U KaToJia COOTBETCTBEHHO.

N3 ypaBaenwuit (1.16) u (1.17) cneayeT, 4TO MOIIHOCTH, BBIICISIONIUECS B MPHU-
ANEKTPOAHBIX OOJACTAX, B 3HAUUTEIBHON Mepe ONPEeIIOTCS KaTOAHBIM U aHOJIHBIM
najieHueM HanpspbkeHus. 3Hadenus BenuuuH U, u U, B cBOIO ouepeap 3aBUCIT OT IO-
TEHIIMaja MOHU3AIMKU JYTrOBOI0 raza, MpUuueM BBEJICHHE JIETKO MOHU3UPYIOUTUXCS dJIe-
MEHTOB CHJIbHO CHIkaeT U, u cimabo Biuser Ha U, B pesynbrate P, /P, craHoBuTCS
MEHbIIIE eAUHUIBI. JIJIsi MpakTUKU JaHHBIA BBIBOJI MHTEPECEH, TaK Kak, Hampumep,
MOKHO OOECIIEYUTh YMEHBIIICHHE JOJIN MPHUCAJI0YHOr0 METaJlla B IIBE MPU CBapKe Ha
npsMoit mosispHOCTH. [Ipu 60IBIIIOM MOTEHIIMAIE MOHU3AIIUK Ta3a B Iyre KaTOIHOE Ta-
JICHUE HANPsKEHUS BO3pACTaeT MHTEHCUBHEE M0 CPABHEHUIO C aHOJHBIM, U B pe3yJibTa-
T€ BO3MOXHBI ClIy4au, IpU KOTOpbIX P, >P,.



[Ipu cBapke Ha MEpPEeMEHHOM TOKE MOJHAsl TeIIOBasi MOUTHOCTh Iy HECKOJbKO
MEHbIIIE, YEM IMPU CBApPKE HAa MOCTOSHHOM, MOCKOJIbKY B (Gopmyrne (1.14) nmosBnsercs
KO3 (DUIIMEHT, YUUTHIBAIOIINN HECUHYCOMAAIBHOCTh TOKA U HANPsDKCHUS. Y Ka3aHHbBIN
KO’ (QUIIMEHT BCET/1a MEHbIIE €AMHUIIBI.

3aoauu Kk pazoeny 1
1.1 Paccuurats no ypaBHenuto Caxa (1.3) cTeneHb MOHM3ALMU ra3a MpU aTMO-

chepHOM JaBIICHUU A Pa3IUUYHBIX TemmepaTyp (Ttabum.1.3). Iloctpouts rpaduk 3aBu-
CUMOCTH CTEIIEHU HOHU3ALMH T'a3a OT TEMIIEPATyPhI ISl KaKJI0r0 BApUAHTA.

Tabmura 1.3
BapuaHT | DneMeHT Temneparypa, K

1 H 9000, 10000, 11000, 12000, 13000
2 C 8000, 9000, 10000, 11000, 12000
3 N 7000, 9000, 11000, 13000, 15000
4 O 6000, 8000, 10000, 12000, 14000
9) Na 5000, 5500, 6000, 6500, 7000

6 Al 5500, 6000, 6500, 7000, 7500

7 Si 5000, 6000, 7000, 8000, 9000

8 Ar 11000, 12000, 13000, 14000, 15000
9 K 5500, 6000, 6500, 7000, 7500
10 Ca 6000, 6500, 7000, 7500, 8000
11 Mn 6000, 6500, 7000, 7500, 8000
12 Fe 5000, 6000, 7000, 8000, 9000

1.2 YcraHoBuTH BAMSIHUE J1aBJICHUS r'a3a Ha CTENEHb €ro MOHU3AIMH MPU MTOCTO-
SIHHO# Temmeparype. JlaBienne npuarMaTh pasasiv 10°, 107, 10% 10* | 10° ITa. Pacuer
npou3BoAuTh Mo ypaBHeHuto Caxa (1.3). IlocTpouTs rpaduk 3aBUCUMOCTH CTENEHU
WMOHM3AIMU ra3a OT JaBiieHus (Tabdi.1.4).

Tabmnura 1.4

IIoka- Bapuant

saten | 1 2 3 4 5 6 7 8 9 10 | 11 | 12

¢ T |lc IN |o |Na |Al |Si |Ar |K |ca |[Mn |Fe

MEHT

Temne-
paty- |11000| 8000 | 12000| 10000{ 5000 | 5000 | 7000 {12000 | 5000 | 6000 | 6000 | 7000
pa, K

1.3 Tlo nmanHbiM Tab1.1.5 onpenenuTs BIUSHUE XUMUUYECKUX COCIUHEHHM, BBO-
JTUMBIX B TIOKPBITHSI WK B (PIIFOCHI U COJIEPIKAIIUX JIETKO HOHU3UPYEMBIE DJIEMEHTBI, Ha
AJIEKTUBHBIN NTOTEHIIMA HOHU3ALUU Ta30BOM CMECH IIPU AYTOBOW CBapKe.



Tabmura 1.5

BBoau-

KOHHGHTpaHI/IH KOMIIOHEHTA B Ta30BOM CMECH

CyMMmapHasi KOH-
HEHTpalus dJe-

Ba- Ho- MEHTOB COeJIMHE-
pI/I‘ Moe co- T R Mep HHUA TIIOCJIE IOHC-
10705 ’ Fe CO, CO H, H,0 0] Ca
aHT e cMecHu courauu (B
pacuer He BBO-
JIUTH)
| 025 | 004 | 029 | 040 | 002 i : :
1 025 | 004 | 028 | 039 | 002 | 001 | 001 0,02
1 | ca0 |5000| 11 | 024 | 004 | 027 | 039 | 002 | 002 | 002 0,04
v | 022 | 003 | 024 | 035 | 002 | 007 | 007 0.14
Vv | 018 | 003 | 020 | 028 | oo1 | 015 | 015 0.30
Fe CO, (6{0) H, H,O @) Ca
| 035 | 003 | 025 | 035 | 002 i i i
1 034 | 003 | 025 | 034 | 002 | 001 | 001 0,02
2| GO 16000 | g'31 | o3 | 023 | 031 | 002 | 005 | 005 0,10
vV | 028 | 002 | 020 | o028 | 002 | o010 | 010 0,20
V | 021 | 002 | 015 | 021 | 001 | 020 | 020 0,40
Fe CO, co H, H,0 F Ca
0,02
| 025 | 003 | 030 | 040 | 002 i i 0,06
1 025 | 003 | 029 | 039 | 002 | 001 | 001 0,10
3 Cak 150001l g5 | 003 | 028 | 036 | 002 | 003 | 003 0,30
vV | 024 | 002 | 027 | 035 | 002 | 005 | 005
Vv | 020 | 002 | 018 | 028 | 002 | 015 | 015
4 | CaF, | 5500 Fe Co, co H, H,0 F Ca




| 0,30 0,02 0,26 0,39 0,03 - - -
I 0,30 0,02 0,24 0,37 0,03 0,02 0,02 0,04
1l 0,30 0,02 0,22 0,33 0,03 0,05 0,05 0,10
WY 0,25 0,02 0,21 0,30 0,02 0,10 0,10 0,20
V 0,20 0,02 0,15 0,21 0,02 0,20 0,20 0,40
Fe CO, CO H, 0, 0 Al
| 0,25 0,05 0,30 0,370 | 0,010 | 0,020 - -
ALO, | 2000 | 1 0,25 0,05 0,29 0,363 | 0,012 | 0,025 0,01 0,017
1l 0,25 0,05 0,28 0,335 | 0,020 | 0,035 0,03 0,055
IV 0,24 0,05 0,25 0,325 | 0,025 | 0,050 0,06 0,105
V 0,21 0,04 0,22 0,175 | 0,065 | 0,130 0,16 0,280
Fe CO, (6{0) H, 0O, 0 Al
| 0,40 0,04 0,25 0,310 - - - -
ALO, | 4500 | M 0,40 0,04 0,24 0,303 | 0,002 | 0,005 0,01 0,017
1l 0,40 0,04 0,22 0,270 | 0,010 | 0,020 0,04 0,070
IV 0,38 0,03 0,22 0,230 | 0,020 | 0,040 0,08 0,140
Y, 0,36 0,03 0,20 0,200 | 0,030 | 0,060 0,12 0,210
Fe CO, CO H, H,O 0 Na K
0,04
| 0,30 | 002 | 028 | 038 | 0,02 - - - 822
KO+ | ggg | I 0,30 | 002 | 026 | 036 | 002 | 002 | 001 | 0,01 020
+Na,O 1 030 | 002 | 025 | 033 | 002 | 004 | 002 | 0,02 !
IV | 028 | 002 | 024 | 032 | 002 | 006 | 003 | 0,03
V 026 | 001 | 022 | 030 | 001 | 010 | 005 | 0,05
CaO+ | 4000 Fe |co, | cO| H, | H |[HO|] 0,0 ] O | Mg | Ca |




+MgO | 0280021021 005021 003]005]015] - | - 0.04
I | 028|002 018 | 005|020 | 003]| 005|017 | 0,01 | 001 0.08
m | 028 002|016 | 004|019 | 003|005 | 019 | 0,02 | 002 0.12
vV | 027 | 002|015 | 004 | 018 | 003 | 004 | 021 | 003 | 0,03 0.20
v | o025 - |o012| 004|017 | 003 | 004|025 | 005 | 005
Fe |CO,| CO | H, | H [HO| 0, | O | Mg | Ca
| [020] 008|022 008015014 006007 - | - i
o | CaO+ | .o | 11| 020|007 | 020 | 008|014 | 014 | 0,06 | 0,09 | 001 | 0,01 0,04
+MgO M | 020|007 | 018 | 008|014 | 012 | 006 | 011 | 0.02 | 0.02 0,08
IV | 018 | 005|015 | 0,07 | 012 | 041 | 005 | 017 | 005 | 0,05 0.20
vV | 016 002 | 010 | 0,05 | 012 | 011 | 0,05 | 023 | 0,08 | 0.08 0,32
Fe CO, H, H H,O CO 0O, O Ca
| [060 | 005 | 007 | 025 | 003 | - i i i
I | 060 | 004 | 007 | 023 | 003 | 001 | 000 | - | 001 0,03
10| CaCOs | 4000 | v | 060 | 004 | 006 | 021 | 003 | 002 | 0,01 | 001 | 002 0,06
vV | 057 | 003 | 006 | 020 | 002 | 004 | 002 | 002 | 004 0.12
V | 055 | 002 | 005 | 018 | 002 | 006 | 0,03 | 003 | 006 0.18
Fe |CO, | H, | H |HO | CO | O, | O | ca
0,03
| | 050 | 010 | 010 | 015 | 015 | - i i i 8’(1)2
W | 050 | 009 | 010 | 014 | 014 | 001 | 001 | - | 001 ’
11 CaCOs | 3500 |\ | 0’50 | 009 | 009 | 013 | 013 | 002 | 001 | 001 | 0.02 0,30
v | 045 | 008 | 008 | 010 | 011 | 006 | 003 | 003 | 006
vV | 040 | 006 | 007 | 008 | 009 | 010 | 0,05 | 005 | 010
12 | K,0+ | 5500 | Fe | co, | co | Hb | H,O|] O | Na | K




+Na,O

I
11
A\

0,32
0,32
0,32
0,30
0,27

0,03
0,03
0,03
0,02
0,02

0,28
0,27
0,25
0,20
0,14

0,35
0,32
0,30
0,27
0,16

0,02
0,02
0,02
0,01
0,01

0,02
0,04
0,10
0,20

0,01
0,02
0,05
0,10

0,01
0,02
0,05
0,10

0,04
0,08
0,20
0,40




[TocTpouts rpaduk 3aBucumoct Uy OT coaep:kaHusi pacCMaTpuBaeMOro COoelu-
HEHUS U clleJIaTh BBIBOJI O €ro MOJIE3HOCTU U 11eJ1IeCO00pa3HbIX (C TOUKH 3pEHUS MOHU-
3alMM IyTOBOI'O MMPOMEXKYTKA) KOHLIEHTPAIUSX.

1.4 Onpenenuth MIOTHOCTh aBTO3JEKTPOHHOIO TOKA AMUCCUU C JKEJIE3HOro Ka-
TOJa MO TaHHBIM Tabmuibl 1.6.

Tabmnura 1.6
IToxka- Bapuant
3atenn | 1 2 3 4 5 6 7 8 9 10 11 12
Hamnps-
KEH- % % %

S 2 | S | BB || 2 ||| | B
HOCTB — . — . — — — . — — — —

. ln . ln . lr) . .
OIS O @ﬁ >~ l\'\ o0 (@) — - (@\] (ep) <t v
E,B/m

15 OHpGIIGJII/ITB IIJIOTHOCTH TOKaA aBTOTepMOBHeKTpOHHOﬁ OMHUCCHU IIPH PaA3INY-
HBIX ITapaMCTpax IIponecca. HOCTpOI/ITI) Fpa(l)I/IK 3aBUCUMOCTH IINIOTHOCTHU TOKa OT TCM-
IICPpaTypbl KaTOda UJIN OT HAIIPSIKCHHOCTH ITIO0JIA 110 JaHHBIM tabi. 1.7.



Tabmura 1.7

Bapuant
Ilokazarenu 4 5 6
Marepuan
aMuUTTEpa (Ka- Fe
TOJA)
[TapameTpsl
npouecca T, K T E T E T E T E T E T E
u E, B/cm
6-10° | 2600 1-10> | 2800 2200 8-10°
T 7-10° | 2700 i 2:10° | 2850 _ | 2400 i 8,5:10°
3000 | 810 2800 | 610 3000 | 3-10 2900 | 1-10 2600 | 2-10 2900 9-10
paMeTpos 9-10° | 2900 4-10° | 2950 2800 9.5-10°
1-10°> | 3000 5-10° | 3000 3000 10-10°
ITokazarenn BapTaHT 10 11 12
Marepuan
sMUTTEpa (Ka- w
TOZAAQ)
[TapameTpsl
npouecca T, K T E T E T E T E T E T E
n E, B/cm
5700 1-10° | 5550 6-10> | 5300 1-10°
Besmeutia 5800 i 2 10? 5700 i 7 10? 5500 ] 2- 10?
HapAMETPOB 5900 | 3-10 6100 3-105 5850 | 4-10 6150 | §- 105 5700 | 5-10 5000 3-105
6000 4-10 6000 9-10 5900 4-10
6100 5:-10° | 6150 1-10° | 6100 5-10°




1.6 Omnpenenuth TEMJIOBBIE MOIIHOCTH, BBIJICJISIEMbIC HA KAaTOJI€ W aHOJE CBa-
pouHoOM ayru. IIpencrtaBuTh UX B BUJIE AOJIEH MOJHOW TEIUIOBOM MOIIHOCTH M ITOCTPO-
UTh TUCTOTPAMMY I10 JJAaHHBIM TaOJuIIbI 1.8.

TabOmuma 1.8
Cwnna cBa- Karomnoe Anoanoe
Hamnpsixe- IaJicHue
Bapu- | pounoro e IIVIH Marepuan | Marepuan | majaeHue LD
aHT ToKa |, AT KaToJa a”Hoga Hanpsixe- P
A Us, B s B JKCHUA,
’ B
1 300 25 Fe Fe 8 6
2 320 18 \Y w 6 4
3 400 33 Fe Fe 11 8
4 60 12 w Fe 5 3
5 350 22 w Ti 7 5
6 100 20 Fe Fe 7 5
7 400 32 Ti Ti 10 6
8 280 31 Ti Ti 9 6
9 150 21 Fe Fe 7 5
10 80 12 W ranmaru- Pt 5 3
POBAHHDBIU
11 120 13 W ranmaru- Mo 5 4
POBAHHDIU
12 250 17 W nanmaru- Ta 6 4
posantvlu

2 TEPMAYECKHUE HEAYI'OBBIE U IPYI'ME HCTOYHUKHN
JHEPI'MH

l'azo60e naamsa SIBASETCS UCTOYHUKOM SHEPTUM MPU Ta30BOM CBapKe U oOpa3yeT-
Csl PY CTOPAHMM TOPIOYUX Ta30B B KUCIOpoJe. B kauecTBe roproyero ra3a rnpu cBapke
oObryHO ucnonb3yercss auetuwinen C,H,, nmamommii HauBBICHIyIO TeMIeparypy
(3100...3150 °C) no cpaBHeHHIO ¢ Apyrumu razamu. [logHoe cropanue aneTuiieHa mpo-
TEKaeT 110 peakiuu, KJ[/MoIb,
2C2H2+5 02:4C02+2H20+ 1300. (2 . l)
B sT0ii popMynie umeeTcst B BULY MOJIb peareHTa, T.e. aneTuieHa. Moib (rpamm-
MOJIEKYJIa) JIF0OOT0 raza npyu HOPMAJIbHBIX YCIOBUSIX UMEET 00beM 22,4 1.

ITo cpaBHEHUIO C AEKTPUYECKOU JyrOM ra30BO€ IUIAMS — 3TO HU3KOTEMIIEPATYP-
HbId U MEHEE COCPENOTOYCHHBIM MCTOYHHK, OJHAKO MOJIOKUTEIBHOE €r0 KayeCTBO —



BO3MOXKHOCTBb PETYJIUPOBAHUA paCIpPCACICHUSA TCIIOTHI 11O IMOBCPXHOCTHU HU3OCIIHA. K
TOMY K€ KOHCTPYKILHH I'a30BbIX T'OPCJIOK IMO3BOJIAIOT B IIMPOKUX IMPECACIax PEryaupo-
BAaTb TCINIOBYIO MOIIIHOCTD IINIAMCHH. ﬂJ’I}I 9TOro ropCjiku UMCrOT CMCHHBIC HAKOHCYHH-
KH, PCTYIHUPYIONINUC 00BEMBI 06paSYIOHII/IX r1aMs ra3oB. IlongHast TemnoBas MOIIHOCTD,

Jx/c,
Q.Va
Q.=QV,= 3600 (2.2)
rne Q, - HM3IIas TEIUIOTBOPHAs CIIOCOOHOCTH Tasa, Jk/;
V, - pacxoj roprouero rasa, Ji/d.
s anerunena Q, = 52794 JIx/n, nosromy
52794V,
Qui = 3600 14665V, (2.3)

["a30Boe m1amMsi HarpeBaeT MOBEPXHOCTh M3JENUSl BCIEICTBHUE MPOLECCOB KOH-
BEKIUM W u3MydeHus. [Ipu 3TOM, €CTECTBEHHO, 4acTh TEIUIOTHI Tepserca. Ta yacThb
MOIIHOCTH IJIAMEHHU, KOTOPasi paCXOAYEeTCs MOJIE3HO U UIET HA HarpeB MeTaslia, Ha3bl-
BaeTcs 3pgexmusHol MowHOCMbI0 niameHu (y U SBISIETCS XapaKTEPUCTUKOW HAKO-
HEYHUKA TOpENIKU. 3HaHue BeTu4uH Q.,; W (), MO3BOJSET ONpenesaTh dPPeKTUBHBINA
KIT/I mpouiecca HarpeBa MeTalljia Ta30BbIM IIJIAMEHEM:

_ Yu

77 =
CQu 24)

Heobxoaumbie manHbie Uis pacuera T, npuBeneHbl B Ta0n.2.1. DddexTuBHbIN
KII/I mporiecca HarpeBa yMEHBIIAETCS C YBETUYECHUEM MOIIIHOCTH IJIAMEHH.

Tabnuma 2.1 — TemnoBbie XapaKTePUCTUKHA KUCIOPOIHO-AI[ETUIEHOBOTO
IJIAMEHU CBAapOYHOM T'OPEJIKU

TennoBasg xapakrepu- HoMmep HakOHEUHMKA B TOPENIKE
CTHKa 1 2 3 4 5 6 7

Pacxonanerunera Va, | 150 | 250 | 400 | 600 | 1000 | 1700 | 2600

/4

OddexTuBHAsT MOTII-
HOCTb TUIAMEHH (|, 1592 | 2514 | 3017 | 3855 | 5321 | 7332 | 9428

Jlx/c

HaunGonbmuii ynemns-

HBIA TEIUTOBOU MOTOK 197 281 302 344 390 465 511
Omax> I[)K/(CMZ'C)

Koadpumment cocpe-
JOTOYCHHOCTH Y/ICITb-
HOI'O TEIJI0BOIO
IIOTOKa K, 1/em?

039 | 03 | 031 | 028 | 0,23 | 0,20 | 0,17




M3MeHeHne MHTEHCUBHOCTH BBOJIa TEIIOTHI B CBApMBAEMOEC W3JIeIUE MPU yaaie-
HUU OT IICHTpA IATHA HarpeBa MOJYHHICTCS 3aKoHy [aycca, T.e. 3aKOHY HOPMaJIbHOTO
pacnpeneneHus. HanOompIee KOJIMYSCTBO TEIIOTHI BBOAUTCS IVIAMEHEM B IIEHTP IISAT-
Ha HarpeBa, U 3Ta BEJIMYMHA OOBIYHO HA3BIBACTCS HAUOONLUUM VOETbHLIM MENi108bIM
nomokom Qmax (cM. Ta011. 2.1). Ilo Mepe ynaneHus OT IICHTpa MATHA HarpeBa IJIOTHOCTh
TEIJIOBOTO TOTOKA YMEHBINACTCS, U €€ 3aBUCHMOCTh OT PACCTOSIHHS I BBIpaKaeTCs

YpPaBHEHHEM

KI"2

Or =0Omaxe = (2.5)

rae (r - IUIOTHOCTh TEIJIOBOTO ITOTOKAa B HMCKOMOH TOYKE IISITHA Harpesa,
Tix/(cM?-¢);
K - KOO GUIMEHT COCPETOTOYCHHOCTH YISIbHOTO TEIIOBOTO IIOTOKA, 1/eM?;
I - pacCTOSTHHE OT IIEHTpa IIsATHA HarpeBa, CM.
N3 ypaBHeHUs 2.5 cieayer, 4To C YBEIMUYCHUEM  (max JUAMETpP ISTHA HarpeBa
YBEITUIHBACTCS.
DJIeKTPOILIAKOBBIH MCTOYHHUK. [loHAs TErIoBask MOITHOCTH 3JICKTPOIIIAKO-
BOr0 mporecca, Jx/c,

Q=1,U, (2.6)

raoe |, - cuima Toka, A;
U - nanpspkeHue cBapkw, B.
Yacte termnorel Q pacxomyercss O€CIONIe3HO Ha HM3IYYCHHUE W HArpeB IMOJ3Y-
HOB, ipuueM > dextuBHbiin KI1/] coctaBnser npumepno 0,78... 0,83. Torna s dextus-
Hasl MOIITHOCTh UCTOYHHUKA

Q=170 = (0,78....0,83)0. (2.7)

OddexTuBHas MOIIHOCTh (, pPaCXOyeTCsl Ha TJIaBJIEHUE DJIEKTPOIHOTO MeTallia
u (irroca, KOTOpHIC, B CBOIO OYEPE/ib, IIEPEAIOT ATY TEINIOTY CBApHBACMOMY METAJLTY.

H.H. Peixanun npemioxus cuuTaTh, YTO MPHU IJIEKTPOLLIAKOBOM CBAPKE TEILUIOTA
CBApPUBAEMOMY METAJLTY IEPENACTCA TPEMS HCTOUYHMKAMU. «MeETalIM4ecKud HCTOY-
HUK» JEUCTBYET 110 TPAHULE «KUJIKAW METAJUI - )KUIAKUK NUIAK», U €r0 MOIIHOCTh ()
OIPENICNISACTCS KOJIMYECTBOM TEIUIOTHI, COJIEPKAIIEUCA B PACIUIABICHHOM 3JICKTPOJIHOM
MeTaije, T.€.

On=VefopS, (2.8)

riae V., - CKOpoCTh CBapKH, CM/C;
f -3a3op, cM;
O - TOJIIMHA CBApMBAcMOT'0 METaJlIa, CM;
3.
L - IJIOTHOCTh M€Tajuia, I/cm’;



S - SHTANBNUS PACIUIABICHHOTO JJICKTPOJHOIO0 METaJla IIPU TeMIepaType
1aka B akTUBHOM 30HE, JIX/T.

JIBa "HIIaKOBBIX UCTOYHHUKA'" C CYMMapHON MOIIHOCTBIO (], OTPa’KarOT TEILIOBOE
BO3JCHCTBUE IIJAKOBOM BaHHBI Ha KaXIyl0 KPOMKY CBapuMBaeMoro Metamia. Moii-
HOCTH "IIJJAKOBBIX UCTOYHHMKOB' OIpeenseTcs Kak pasHOCTh 3OPEKTUBHON MOIIIHOCTH
1 MOIITHOCTH '"'MEeTaJNINYeCKOro MCTOYHHUKA":

qmz qu' qM- (29)

[IpuBeneHHBIE COOTHOLIECHUS IMO3BOJIAIOT PACCUUTHIBATH KOJUYECTBO TEIJIOTHI,
BBOJMMOE B METAJLI IJTAKOBOW BAHHOU U 3JIEKTPOJOM.

JIeKTPOHHBIN Jy4. [Ipu 37€KTpOHHO-TYy4EeBOM CBapKe HarpeB MeTajlla M €ro
IJIABJICHUE OCYIIECTBIISIOTCS C ITOMOUIBIO ITyYKa 3JIEKTPOHOB, ITOJIYYaeMOr0O B CIIEIU-
aJIBHOM 3JIEKTPOHHOM myike. B pabouem mpocTpaHCTBE MyIIKM HEOOXOAUM BaKyyM,
MIOCKOJIbKY B IIPOTUBHOM CITyyae HEM30€KHbBI CTOIKHOBEHHMSI 3JIEKTPOHOB C MOJIEKYJIaMU
OCTATOYHBIX I'a30B, YTO MPUBOJAUT K HAPYIICHHUIO HAIIPABICHHOI'O JBUXEHUS AJIEKTPO-
HOB. J[ns1 (okycupoBaHUS ITydKa 3JEKTPOHOB B IIYIIKE HCIOJB3YETCS CHUCTEMa JHa-
¢parM U MarHuTHBIX JUH3. BenencrBue (okycHpoBaHUsS 3JIEKTPOHHOrO Jiyya Ha 00-
pabaTbIBaeMON MOBEPXHOCTH MOXKHO MOJIYYUTh MATHO MajbIX Pa3MEpPOB C BBICOKOM
yAEJIbHOM MOUTHOCTHIO B HEM. D()PPEKTUBHOCTH MPOLECCA CBAPKH 3aBUCHUT OT YAEIbHOU
MOIIHOCTHU B IsITHE HarpeBa. [loa msATHOM HarpeBa NOHUMAETCS IO MOIEPEUYHOTO
CEYEHMS JIEKTPOHHOIO My4YKa Ha MOBEPXHOCTH CBapuBaeMou jetanu. Jluamerp nsArTHa,
00pa3zyeMoro 3JIEKTPOHHBIM JIy4OM,

I 3/8
d=Sp| — 2.10
O U ] ( )
rac So - IIOCTOAHHAasA 3HCKTpOHHO-OHTI/IIIeCKOI>'I CUCTCMEI.

/8
So = [2’3k/(ﬂé)c2’3f02’3wjﬂ (2.11)

rae K - mocrostaHas boneimana, Jx/°C;
é - DJIEMEHTApHBIN 3aps]l dJIEKTpoHa, € = 1,6° 10 Ki;
C - Oe3pa3mepHasi MOCTOsSTHHAS ChepUIecKoil abeppalvu JTUH3bI WA CUCTe-
MBI JIMH3;

fo - pokycHoe paccTosiHEE, CM;
T - temneparypa karoza, K;
] - cuia TOKa SMUCCHH C KaToja, Alem®;
| - cumaToka, A;
U - yckopsroniee HanpsbkeHue, B.

V [ielTbHASI MOIIHOCTD B IISITHE HarpeBa, Br/cv?,

U

q= d2/4 (2.12)



DJIEKTPOHBI My4Ka, JOCTUTAs TOBEPXHOCTH MeTajlla, He MPeKpallarT CBOE JBU-
’KE€HHE, a MPOHUKAIOT BriayOb BemiecTBa. [ 1yOMHA MPOHUKHOBEHUS SJIEKTPOHOB HEBe-
JauKa (HECKOJIBKO JIECSITKOB MUKPOMETPOB), HO Ba)kHA, IMOCKOJIbBKY TOPMOXKEHHUE DJICK-
TPOHOB COIPOBOKIACTCS BBIJICICHUEM TEIJIOBOM SHEpruu. JIJinHa MyTH 3JIEKTPOHOB B
BEIIIECTBE, CM,

h=21.100"1U?/p | (2.13)

3
rie p - INIOTHOCTH BEIIECTBa, T/CM™ .
JlaHHBIE O IVIOTHOCTSX HEKOTOPBIX METAJNIOB IPUBEAECHBI B Ta01.2.2.

Tabmuna 2.2 - [IlioTHOCTH METAJLIOB

Meraiut Al Ti V Cr {Mn| Fe | Co | Ni | Zr | Nb | Mo | W

Hnifije?“” 27|45 (602|69 | 74|78 86|88 |65]|127|102|195

JlazepHoe u3iay4yeHue. B kadecTBe MCTOYHMKAa HarpeBa MATEPHAIIOB MOTYT
MIPUMEHSTHCA JIa3ephl - KBAHTOBBIE F€HEPATOPBI, IPEOOPaA3YIOLINE dIEKTPUUECKYIO, CBE-
TOBYIO, TEIJIOBYIO MJIM XUMHUYECKYIO SHEPTHI0 B MOHOXPOMATHYECKOE U3ITyUYEHHE DJICK-
TPOMAarHUTHBIX BOJH. DJEKTPOMATHUTHOE HM3IYyYEHHUE BO MHOTHX CIydasX MpPOSBIIAET
KOPIYCKYJIIPHYIO MPUPOAY M MPEACTABISAET COOO0M MOCIIEeN0BATENBHOCTh JUCKPETHBIX
MOPLMIA SHEPTHH, Ha3bIBAEMBIX (DOTOHAMH.

OHeprus GoToHA

£ hc
PR (2.14)
rie h — nocrosunas [Tnanka, h=6,6 - 10 JIx-c;
1
¢ — CKOPOCTB CBETa B BaKyyMe, ¢ = 299 776 km/c = 3-10™° cm/c;
A — nuHa BoNHEI m3nyderns, MM (1 MM = 10 m). s pacderos o dop-
Mmyiie (2.14) nnuny BOJHBI yAOOHEe OpaTh B CAHTUMETPAX.
Wznyvarensamu B Jlazepax MOTYT ObITh TBEpPAbIE T€Jd, B TOM YHCIE MOIYIPOBO-
HUKH (pyOMH, apCEHU] TAITUS U JIP.), )KUIKOCTH (pacTBOPHI OKCHAA HEOMMA, KpacuTe-
JM ¥ JIp.), Ta3bl U Ta30Bble cMeCcH (BOJOPOJ, YIIIEKUCIBIA ra3, aprod u ap.). Jlazeps ¢
IIOJIyITPOBOJHUKOBBIM H3JIydaTesneM HMeroT cambiii Beicokuit KIIJ[ (mo 70%). B
Ta611.2.3 npuBEIEHBI JUIMHBI BOJH U3TYyYCHHS TEXHOJOTHUYECKHX JIa3€POB C Pa3InIHBIMU
U3ITyYaTeNIMU.




Tabnuua 2.3 — JITuHbI BOJIH U3TyY€HUS TEXHOJIOTMYECKUX JIa3epOB

Ha
. . Ha
Tun ABOTHBIN (yIbTpa- [Nennii- . | crexie ¢ | Ha
. .. | apcenune | PyOuHoBBIi
naszepa (buroseTOBBIN) HEOHOBBIN Heogu- | CO,
rajuus
MOM
Jnmina
BOJIHBI W3-
0,3 0,6 0,9 0,7 1,06 10,6
Jy4EeHUs,
MKM

O} dekTUBHOCTH J1a3epa KaK MCTOYHHMKA HarpeBa 3aBUCUT OT TOT0, HACKOJIbKO
yaaetcsi chOKyCUpOoBaTh U3IydeHUEe Ha GoKaabHOM TsiTHE. UeM MeHble auameTrp ¢o-
KJIBHOTO ISTHA HA HAarpeBa€MOM MAaTepHalie, TEM BbIIIE IIOTHOCTh MOIIHOCTU H31Y-
yeHusi. B HEeKOTOphIX ciiydasx paauyc (hOKaIbHOTO MSTHA OMHUCHIBAECTCS MPUOJIMKEH-
HBIM YpaBHEHHUEM

FA
s = D7 AR, (2.15)

rae D - qmameTp, orpaHWYMBAIOMINN TyYOK allepTypHI;
F - dbokycHoe paccrosiHre 6e3a0eppalliOHHOM JIMH3HI.
B cnpaBounnke H.H. Poikanuna, A.A. YrimoBa u ap. yka3bIBa€TcCsi, YTO MOCKOJIb-
Ky oTHomieHrne F/D He ObIBacT MHOTO MEHbIIIE €AMHUIIBI, TO PAIUYC (HOKATLHOTO IAT-
Ha COTIOCTABHM C JITMHOW BOJIHBI /.
3aBUCUMOCTh HAMPSDKEHHOCTH AJIEKTPOMArHUTHOTO TOJsi F M WHTEHCHBHOCTHU

M3JIy4deHUs ( OT paaunyca I's omuchiBaeTcst GopMyiaMu:

E = Eyexp(—1s% | »? ), (2.16)
q=0do exp(2r32/102 y (2.17)

rae  Ep - HapssKEHHOCTh 3JIEKTPOMArHUTHOTO TOJIS B IEHTPE MYYKa;

@ - paadyc rayccoBa nydka (paauyc, Ha KOTOPOM UHTEHCHUBHOCTbH W3IY-
YEHUS CHIXKAETCS B € pa3 M0 CPAaBHEHHIO C UHTEHCUBHOCTBIO B LIEHTPE);
(o - UHTEHCHBHOCTb M3JIyYEHUS B IIEHTPE MyUKa.

[Ipu aHanu3e na3epHOro M3Iy4YEHHS JOMYCKAIOT JIBa BHUJIA MPOCTPAHCTBEHHOIO
pacrpeneneHus MI0THOCTH MOTOKa: HOpMaJIbHOE (IFayCcCOBO) U PABHOMEPHOE IO MSATHY
HarpeBa. B ciyyae HOpMaJIbHOTO pachpenesieHus TUIOTHOCTH MOTOKA MOJIb3YIOTCS BbI-
paxeHuem

2
q=qoe ", (2.18)

rae (o - MaKCMMalibHas MJIOTHOCTh MIOTOKA,
K - KO3((ULIHUEHT COCPETOTOUCHHOCTH, ONPEIEISIONIUNA CTETIEHb «OCTPOTHI)




2.
IMPOCTPAHCTBCHHOI'O PACIpCACICHNA HCTOYHNKA TCIIJIOTEI, CM

I - paguanbHas KOOPJMHATA, cM; I =+/x? +y? .
Tpymuiicsa konrakrt. [Ipu cBapke TpeHHeM HEOOXOauMas TEIJIOTA BBIIEISAETCS

B TPYUIEMCSI KOHTaKTe (IJIOCKUH MCTOYHUK) MEXIY ABYMS AeTalisMu. MOIIHOCTH Ter-
noBwIIeNeHus, K/x/c,

Q~€-10°/3-x D.V,S f . (2.19)

r7ie K - MOCTOSHHAs, JIUIsl HU3KOYTJIEPOIUCTHIX cTajeit x = 1,7;
P, - naBnenue narpesa, Mlla;
V, - nuHelHas CKOPOCTh Ha Nepudepruu TOBEPXHOCTH TPEHUS, M/C,

_ zdn

F = 1000 (2.20)

rac d - AUaMCTP 3arOTOBKH, MM,

N - YacToTa BpalCHH, C
S - IUIOLIAIb CEYCHHUS 3arOTOBKH, M°

K .
f - xoaddurment tpenus, f = A/V,";

A - mocTosiHHA, JUIsl HU3KoyTiepoaucThix crajeit A = 0,18.

OHeprus B3pbiBa. [Ipu cBapke B3pHIBOM METaJUI B 30HE COYJIapeHUsl MOABEpra-
€TCSl BCECTOPOHHEMY HEpaBHOMEpPHOMY CxkaTuio. /laBrmeHue cxxarus st oOecreueHus
KaueCTBEHHOTO COEAMHEHUS METAUIOB JOJKHO JOCTUTATh OMPEACICHHOTO 3HAYCHUS,
3aBUCSIIETO OT MPOYHOCTH Marepuana. /[aBieHue B 30HE COyAapeHUs 3aBUCUT OT CKO-
POCTH COYAapEHUs CBAPUBAEMBIX 3aTOTOBOK, KOTOPAs TP CBAPKE B3PHIBOM Mapajiieiib-
HO PAaCITOJIOKEHHBIX TJIACTHH OMPELISIETCS TI0 3aBUCHUMOCTH

hpes

V=D , (2.21)
4608
rae D - ckopocTs aeToHanmu B3peIBUaTOro Bemiectna (BB);

h - paccrostHre MKy TUTACTHHAMH, MM;

ppp - OTHOCTH BB, Kkr/™’;

0 - TOJIIIMHA METAaEeMOM IIJIACTUHBI, MM;

ps - INIOTHOCTH METAEMOM [IACTHHBI, KI/M°.,

B kadectBe BB waie Bcero npuMeHsitoT aMMOHHUT, CKOPOCTh JAETOHAIIMU KOTO-
poro 5 km/c, wiotHocTs 1000 Kr/™’.

[Ipu u3BECTHON CKOPOCTH COYAAPEHUS MO CICIHAIBHBIM TaOJIUIIaM MOXKET OBITh
OTIPENICIICHO CpeHee JaBJICHHEe Ha (POHTE IJIACTUYSCKOW BONHBI CxkaTusl. Kak mpaBu-
710, MUHUMAJIbHbIE€ 3HAYEHHUSI JIaBJIICHUS JIOJKHBI HAa TOPSIOK MPEBBINIATh NPEe TEKY-
YECTH CBAPUBAEMBIX METAJIJIOB.



3aoauu Kk pazoeny 2

2.1 OnpenenuTh BpeMsi, B TE€UEHHE KOTOPOTO MPHU ra30BOM CBApKE KOJIMYECTBO
BBIJICJIMBILICHCS TEIJIOTHI JOCTUTHET 33JJaHHOTO 3HAYCHUSI.

Tabmura 2.1

[loka3a- Bapuant
TEIN 1 2 3 4 &) 6 / 8 9 10 | 11 | 12

Pacuer-
HO€ KOJI-
BO TEILIO-
ThbI, KJIX

300 | 350 | 500 | 600 |1000(1100 |2000 |2200 | 3000| 4000 5000 7000

Howmep
HAKOHEY-
HHKA TO-

pEeIIKU

2.2 Tlpocnequts 3a uzameHenueM 3¢ dextunoro KIIJ[ #, mpoiecca narpeBa me-
TaJjula Ta30BbIM IJJAMEHEM MpPHU BO3pacTaHUM pacxoja aneTwieHa. [loctpouts rpaduk
3aBUCUMOCTH  #, OT pacxoja aleTUiIeHa.

Tabmuna 2.2
IToxazarenu Bapuant
112 [3]4[5]6][7][8]9[10]11]12
Howmep 121|235 |3 |1]4]2]1]2
HaKOHEYHUKa | 3 4 2 3 4 6 5 3 5 3 s 4
ropenk | 7 | 7 | 3| 4|57 |7 |5]|6/|5]|7]|6

2.3 OnpenenuTs MIOTHOCTh TEIUIOBOTO MOTOKA ra30BOr0 MJIAMEHU HA Pa3IMYHbIX
pPacCTOSTHUSIX OT ILIEHTpa MmsiTHA HarpeBa. [loCTpoUTh KpUBYIO paclpeiesieHusl TIIOTHO-
CTH TEIIOBOT'O MOTOKA, IIPUYEM I10 OCH a0CIIMCC OTKIQAbIBaTh 3HAYCHUSI I 10 00€ CTO-
POHBI OT HYJIS.

Tabmura 2.3

Bapuant

ITokazarenu 1 > 3 4 5 6 7 ) 9 10 | 11 | 12

Howmep
HakoHeyHuka | 1 2 3 4 5 6 7 1 3 5 6 7
TOPEIKH

0 0 0 0 0 0 0 0 0 0 0 0
Paccrossime | 0510100510 (101008080515 |15
OT LIEHTpa 1011512010120 (202516 |15|15 25| 3,0
natvar,em | 15120 (30120(30(30(40 (2025|2535 4,0
2513013513540 |40 |50 27 33|37|45 |55




2.4 Onpepenutb MaccoBbie 07U (%) >PPEKTUBHON TEMIOBOM MOLIHOCTH MpHU
ANEKTPOIUIAKOBOM CBAPKE HU3KOYTIJIEPOAUCTHIX CTAJEH HA 3aJaHHBIX PEKUMaxX, BHOCHU-
MbI€ B OCHOBHOW METAJIJI AJIEKTPOJHOM MPOBOJIOKOW U IUIAKOBOM BaHHOU. [Ipu pacuere
MPUHATH: IUIOTHOCTh HU3KOYTIEPOMMCTON cTamd - 7,8 r/cM’; TEIIoComepiKaHHe pac-
IJIaBJIEHHOTO 3JIeKTpoiHoro Metayuia — 1 400 Jx/.

Tabmnura 2.4

Bapuant

Bemuunna

1] 2 131415 6] 7] 8] 9]10]11]12
Tommwma 1oy 160 1 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 145 | 150
Merajljiia, MM

3azop,mm | 19 | 20 | 20 | 21 | 22 | 22 | 23 | 23 | 23 | 24 | 24 | 25

CHH?OK&" 450 | 500 | 600 | 675 | 700 | 700 | 710 | 720 | 740 | 760 | 780 | 800
Hanpmierue | ) | 44 | 45 | 46 | 47 | 48 | 48 | 49 | 49 | 50 | 50 | 50
cBapku, B
CxopocTb 15|14 (14 /13|12 |11(10/09|08 |07 |06 /|05
CBapKu, M/4

2.5 OnpeneNnuTh BIMSHUC YCKOPSIONIETO HAMPSHKCHUS Ha JUMETp MATHa d sJek-
TPOHHOTO IMyYKa MPHU OMPEACICHHON MOCTOSHHON 3JIEKTPOHHO-ONTHYECKON cUCTEME S.
[TocTpouTs rpaduik 3aBUCUMOCTH TMaMETpa OT 3HAUCHHS YCKOPSIOIIETO HAMPSIKEHUS.

Tabmuma 2.5
Bennuuna Bapuant
1 2 3 4 5 6 7 8 9 10 | 11 | 12
S, 73 | 77 | 71 |80 | 74| 78 | 70|79 | 75| 72| 76 | 68

I, MA 31 | 27 | 34 | 25 | 30 | 26 | 35 | 25 | 29 | 33 | 28 |40

40 | 41 | 42 | 40 | 41 | 48 | 52 | 44 | 41 | 43 | 39 | 40
45 | 43 | 44 | 43 | 44 | 51 | 54 | 48 | 45 | 47 | 42 | 41
U, xB 50 | 45 | 46 | 46 | 47 | 54 | 56 | 52 | 49 | 51 | 45 | 42
55 | 47 | 48 | 49 | 50 | 57 | 58 | 56 | 53 | 55 | 48 | 43
60 | 49 | 50 | 52 | 53 | 60 | 60 | 60 | 57 | 59 | 51 | 44

2.6 Onpenenuth riayOMHY MPOHMKAHUS JIEKTPOHOB Iy4YKa B METAJUT MPU DJIEK-
TPOHHO-JTY4€BOU CBapke. Y ckopstoniee HanpsbkeHue 150 kB.

Tabmnura 2.6

Bapuant

Hokasaremt — — 112" T 41 T 5 6 | 7 8 | 9 |10 11 12

Meraut Al Ti V Cr | Mn | Fe | Co | Ni Zr | Nb | Mo | W

2.7 Onpenenuth sHepruto ¢potoHa E m3inydeHUs TpeX pa3iudHbIX Jiazepos. Ilo-
CTPOUTH TUCTOTPaMMYy, B KOTOPOI IO OCHU OpAMHAT OTKJIaJbIBaeTCs SHEprus PoToHA.




Tabmura 2.7

Bapuant

Tunel n1a3epoB

ASOTHLIﬁ; Ha apCCHUJC I'aJIJINA; Ha CTCKJIC C HCOAUMOM

I"ennii-HeoHOBBIN; pyOnHOBBIN; HA CO,

A30THBIW; TeJINI-HEOHOBBIN; HA apCEHUE TaJUIUS

I'ennii-HEOHOBBI; HA apCEHUE TAJUIHS]; pyOUHOBBIM

Ha APCCHUAC I'aJlUInA, pY6HHOBLIﬁ; Ha CTCKJIC C HCOOAMMOM

PyOGuHoBSHIl; Ha cTekie ¢ HeoaumoM; Ha CO,

A3OTHBIN; pyOMHOBBII; Ha CTEKJIE C HEOAUMOM

FCHHﬁ-HCOHOBBIﬁ; Ha apCCHUIC IaJlJINA; Ha CTCKJIC C HCOANMOM

Ha apcennne ramnus; pyounossiii; Ha CO,

PyOuHOBEIN; HAa CTEKJIE C HEOJAUMOM; a30THBIN

A30THBIN; HA apceHuae raums; Ha CO,

Ll
BEB|lolo~wolugswN-

I'enuii-HEOHOBHIN; Ha cTekJIe ¢ HeogumoMm; Ha CO,

2.8 Onpenenuts MOIIHOCTD IJIOCKOTO MCTOYHMKA TEIIOTHI TP U3MEHEHUU OJ1-
HOTO M3 MapaMeTPOB PEXHUMa CBAPKA TPEHUEM HU3KOYIVIEPOJUCTBIX LUJIUHAPUYECKHUX
crepkHed. [loctpouth rpaduk 3aBUCHMOCTH MOIIHOCTH MCTOYHUKA OT UCCIELYEMOTO

nmapamerpa.
Tabmumna 2.8
[Tokazarenn Baprant
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
18 | 17,7 | 18,5 | 18,2
HuameTtp 19| 18,7 | 19,5 | 19,2
3arOTOBKH, 38| 39 40 41 | 9 | 95| 10 [105
MM 20| 19,7 | 20,5 | 20,2
21120,7 215 |21,2
14 14,2 | 145 | 14,7
YacroTa 15(15,2| 155 | 15,7
BpamieHus, |23 | 24 | 25 | 26 48 | 49 | 50 | 51
¢’ 16 | 16,2 | 16,5 | 16,7
17 (17,2 175 | 17,7
ITponomkenue Tabaumpl 2.8
[Toxazarenu Bapunant
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
39 |38,5|38,3|38,7
JlaBnenue 40 | 39,5139,3| 39,7
Harpena, 48 | 49 50 51 |95 97 | 100 | 102
MIla 41 | 40,51 40,3|40,7
42 1415141,3 41,7

2.9 PaccuurtaTh CKOpPOCTh COYAAPEHHs CBapHBAEMBIX IUIACTUH IPH CBapKe
B3PBIBOM C HCHOJIb30BaHHEM B KauecTBe BB amMmonuTa. MeTaemas miacTiHa U3roToB-
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. 3
JIeHa U3 XPOMOHHUKEJIEBOM CTaIu IIIOTHOCThIO 7 820 Kr/™M”.

Tabmnura 2.9

Bapuant

[oxazarem — 2 1 3] 415767 8 | 9 |10 ] 11 12

Paccrosiaue
MEXKTY
IUIACTUHAMH,
MM

15 | 15| 11 | 12 | 13 | 14 | 16 | 17 | 18 | 19 | 20 | 21

Tommuna

MeTaeMoM

(BepxHeit) 10 5 6 7 8 9 4 5 6 7 8 10

IUIACTUHBI,
MM

3 PU3UKO-XUMHNUYECKHUE ITPOLHECCHI ITPU CBAPKE
HJIABJIEHUEM

[Ipu cBapke IUTaBJICHHEM OCHOBHOM M 3JIEKTPOJHBIN METAJIbl PacIUIaBJISIOTCS,
MepPErpeBaroTCs, CMEIINBAIOTCS, B3aUMOJICHCTBYIOT CO IIUIAKOBOM W Tra30Boii (ha3amu, U
MOCJIE ATOTO METAJLT 1Ba Kpuctaum3yeTcs. CienoBarenbHo, B CBApOYHONW BaHHE TPO-
TEKaIOT BEICOKOTEMIIEPATYPHbIE XUMHUYECKHE MTPOIIECCHI.

N3BecTHO, YTO XMMHUYECKOE PAaBHOBECHE NMPHU CBapke He jgocturaercs. OmgHako
caMO TIOHATHE XMMHUYECKOTO PaBHOBECHS MPU aHAIIM3E METAJUTyPrHUE€CKUX MPOIECCOB
HE00XO0MMO, TIOCKOJIBKY OHO TTO3BOJISIET CYJAUTh O HANPaBICHUH MPOTEKAIOIMINUX XUMH-
YECKUX peakiuii, 00 Jr00as TepMOAMHAMUYECKAs] CUCTEMA CTPEMUTCS K PAaBHOBECHIO.
B ciydae mocTkeHUS XUMHUYECKOTO PAaBHOBECHS MEXAY KOHIICHTPAIUSIMH BEIIECTB
pEaKIuu yCTaHABIMBACTCS 3aBUCHMOCTh, KOTOpasi Ha3bIBACTCS KOHCMAHMOU PAGHOGe-
cus K. KoHCTaHTa paBHOBECHS XUMHUYECKOH pEakMd B COBPEMEHHOM IOHUMAaHUHU
npencTaBisieT co00il OTHOIICHHWE, B YUCIHUTENE KOTOPOTO HAXOIUTCS MPOHM3BEICHUE
KOHIICHTPAIIM{ BEIIECTB, TOMYYaIOUINXCA B PE3ysbTaTe peakinu, a B 3HAMEHaTele -
MPOU3BE/ICHNE KOHIICHTPAIM HWCXOMHBIX BeIIeCTB. Hampumep, g peaknuu
Fe+MnO=FeO+Mn xoHcTaHTa paBHOBECHS

_ FeOMn

" FeMnO’ (3.1)

Nupexkc Ny KOHCTaHTHI paBHOBECHSI 03HAYAET, YTO KOHLEHTPAIUs BEIIECTB BbI-
paxkeHa yepe3 MOJISIpHbIE oM. B Tex ciydasix, kornaa B opmylie GUrypupyroT ToJb-
KO MapLUualbHbIE JABJICHHUs, KOHCTAHTYy 0003HaudaroT K),, a €Cld TOJIbKO aKTUBHOCTD -
To K,. HacTo B BBIpaK€HHWE KOHCTAHTHI HapsAy C MOJISIPHBIMHU JOJSMHU BXOAAT MapLU-
aJbHBIC TABJICHUS WJIM aKTUBHOCTH. B 3TOM ciyyae KOHCTaHTY paBHOBECHUS IPUHATO HE
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o0o3HauaTh uHAEKcoM. Eciu BemiecTBa, BXOISIIME B BBIPAXKEHHWE KOHCTAHTHI PABHO-
BECHs, UMEIOT MOJISIPHYIO JIOJI0, MaplUaIbHOE JIaBJICHUE WM AKTUBHOCTH, PAaBHYIO
€AUHUIIE, TO OHU oImycKaroTcsi. CoryiacHo 3ToMy B BbipakeHHUH (3.1) MOXKeT OBITH OMy-
IICHO KeJe30 Fe, Tak kak ero MossipHasi 1015 OJIM3Ka K €IMHUIIE, U BhIpAXKEHUE TPUOO-
peTeT BU

_ FeOMn

Kn
MnO

(3.2)

B Tex ClIy4daidax, Korga B pCakiyu y4aCTBYCT HCCKOJIbBKO MOJICKYJI OJHOI'O BCHIC-
CTB4, YHUCJIO, XapaKTCPUIYIOMICC KOJIMYCCTBO MOJICKYJI, CIIYKUT ITOKA3aTCJICM CTCIICHH
IJI 9TOT0 BCHICCTBA B BBIPAKCHUU KOHCTAHTBI PABHOBCCHA. HpI/IMepOM MOJKET OBIThH
peaKkuus O6pa3OBaHI/I$I YIJICKHUCJIOTO I'a3a

2CO + 0, = 2CO,,

JIIA KOTOpOﬁ KOHCTAaHTa paBHOBCCHUA IIPUHUMACT BU

2
Kp= oo, (3.3)
P20 Po, : .

JI71s1 TeTEpOTeHHBIX PEaKIUi C y4aCTHEM YUCTHIX KOHJICHCUPOBAHHBIX BEILIECTB U
ra3oB KOHCTAaHTa PAaBHOBECHS BBIPAXKAETCS 4epe3 MapluajbHble NaBJIEHUs razoo0pas-
HBIX BelecTB. B kauecTBe mpuMepa MOXKHO B3SITh PEAKIIUIO PA3JIOKEHUSI MpamMopa

CaCOs= CaO + CO, (3.4)
nns kotopoit K, = Pco, .

CnemyeT OTMETWUTH, YTO JABJICHHE E€IMHCTBEHHOTO Ta3000pa3HOTO BEIECTBa,
oOpa3yroIerocs Mpu TUCCOLUAIMN CIIOKHOTO COCIUHEHMSI, HA3BIBACTCS YHPY2OCHbIO
ouccoyuayuu 0anHo2o coeounenus. TakuM o0pa3oM, KOHCTAaHTa PAaBHOBECHUS PEAKIUU
(3.4) uncieHHo paBHa YNIPYroCTH AUCCOIUAIIMA MpaMopa.

KoHncTanTta paBHOBecusi UMEET €IUHCTBEHHOE 3HAUCHHWE ISl KaXJIOW peakiuu
IpH OTpeieTICHHON Temmieparype. Ecinu B paBHOBECHO# cHCTEME N3MEHUThH KOHIIEHTpa-
IIUIO0 KaKOT0-IMOO BEIIEeCTBA MPU HEM3MEHHBIX MPOYMX MapamMeTpax, BO3HHKAET MpPO-
LIECC, CTPEMSIIIUNCS BEPHYTh CUCTEMY K PABHOBECHUIO.

BenuunHa KOHCTaHTBHI paBHOBECHSI MOXKET OBITh ONpeiesieHa KaK pacueTHbIM ITy-
TEM, TaK U SKCIIEPUMEHTANIbHO. PacueTHbIli METO OCHOBAH Ha UCIOJb30BaHUU ypaBHE-
uus Bant - ['odda, xoTopoe MoxkeT ObITh MPEICTABICHO B BUIE

AGr
InK ——— (3.5)
RT
rme AGYr - crammaprHEI H306apHbIil moTeHmuan (3Heprus [ u66ca);

R - Ta30Basg NOCTOSHHAA.
3HaueHWE CTAaHIAPTHOTO M300apHOTO TMOTEHIMANA IS 3aJaHHOW TEeMIIEpaTyphl

12



onpenensieTcs no ypasHenuto ['ud0ca - ['enpMrosnbia:

AG%r = AH O —T . 4897, (3.6)

u Toraa gopmyna (3.5) MOkeT OBITh 3alMcaHa Tak:

0 0
AH T AS™T
K=- +
23RT 23R’ (3.7)

rne AH'y - PA3HOCTh SHTAJIBIIMM BEIIECTBA IPU CTAHAAPTHOM JIaBJICHUU 1,013-10°Ta
u temneparype T;
AS%; - pasHOCTB SHTPONHI BEIIECTBA TP TEX JKE YCIOBHSX.
Pa3HoCTH DHTAJIBNNUM Y SHTPOIUH IIPU CTAHAAPTHON TEMIIEPATYPE ONPEIEIIAIOTCSA

I10 YPaBHCHUSAM!
AHY 298— 6 - AHY; )(,H Z( AHO | ) ; (3.9)

0298 —Z‘ s? 'wn Z‘ Sowcx, (3.10)

rae Nj, Nj - 9UCIIO MOJIEH, y4aCTBYIOIINX B peaKuHH,
AH, ., - PHTAIBIHST 00pa30BaHMS BEIIECTBA, TOMYYAIOIIETOCS B PE3YJIBTATe TIPOTE-
KaHWS XUMHYECKOU PEaKIUy MPU CTAaHIAPTHBIX YCIOBHSIX;
AH,. - 2HTAIBIHS 00pa30BaHUs UCXOIHOTO BEIIECTBA MTPU CTAHAAPTHBIX YCIOBUSIX;
S° w - DHTPOIHS BEIIECTBA, MOTYYAIOMIETOCS B PE3y/IbTATE MPOTCKAHMS XHMHUC-
CKOHM PEaKIuy TIPH CTaHIAPTHBIX YCIOBHUSX;
S° yex - SHTPOIINS HCXOHOTO BELIECTBA IPH CTAHJAPTHBIX YCIOBHSIX.
3nauennst AH 1 S° [1st HEKOTOPBIX BEIECTB MPHBEACHE! B MPUIOkeH:H A. [Tpu
pacuerax cieayeT MOMHHTh, YTO SHTaIbIM TpocThix BemecTB (Fe, Mn, O,, N, u ap.)
paBHa Hymto. CyliecTBYIOT NPUOIMKEHHBbIE METOAbl pacuera sHeprum [ 'ub6ca. Ilo
dbopmyne Vinuxa:

. 0 T 298
AG®T = AH 298 —TAS 298—ACp,298T(|”ﬁ+T—1j, (3.11)

rae  ACy 98 - Pa3HOCTH CYMM TEIJIOEMKOCTEH MPOYKTOB PEAKIIUH U UCXOTHBIX

BEIIIECTB.

Meroa Ynuxa, Kak v Apyrue npuoOInKeHHbIE CIOCOObI, TPUMEHSIETCS B TEX CIIY-
yasix, Korja Ba)kHa HE BEJIMYMHA KOHEYHOrO pe3yJibTaTa, a €ro nopsIok.

Jlig Tex ciydaeB, KOTJa 3aJaHHas TEMIIEpaTypa HEBEJIMKA U, BO BCIKOM Clyyae,
HUKE TeMIeparypsl (pa3zoBbIX MpeBpalleHuil, ypasHeHue (3.7) uMeet Buj

0 0
AH Y298 AS“ 208
lgK =— +
g 23RT 23R (3.12)
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[ockonbKy pasHocTd sHTanbmuii AH%208 u sHTpommu ASC208 M3BECTHBI IS
OOJIBIIIMHCTBA BEIIECTB, TO ypaBHEeHUE (3.12) y100HO NpeacTaBUTh B BUJE

A
IgK:?JrB, (3.13)

0 0
_ AH 298 . B= AS7 298 . (3.14)
23R 23R

rae

Pemas ypaBuenne (3.12), HEOOXOIUMO 3HATh TEePMOAMHAMHUUYECKHE (YHKIIMU
AH® 1 S° XEMHYCCKHX BEIECTB M COSAMHEHHIN, yYacTBYIOMINX B peakiui. Takue faH-
HBIE JJI1 HEKOTOPBIX BEHIECTB MpeACTaBiIeHbI B npuioxkeHuu A. [lopsaok pacuera ciie-
nytomwmid. [Ipexxne Bcero, AJig UCCIEAYEMOM peaKIMi ONPEACIISIOTCS pa3HOCTh YHTANb-
muit AHC 1 pasHocts sHTpOMHil AS° IPH CTAHAAPTHEIX YCIOBHSX, COOTBETCTBEHHO, IO
ypaBHeHusiM (3.9) u (3.10). Ilocie 3Toro TepMOIMHAMUYECKHN MOTEHIIMAT PEaKIUU

0
AG” peacy paccunThIBaeTCs N0 ypaBHeHuIo I n66ca — 'enpMronsia.
[Ipu U3BECTHBIX TEPMOJUHAMUYECKUX MOTEHIIUANIAX COCAMHEHUM, y4aCTBYIOIIMNX

0
B pCaKnnu (I[JUI IIPOCTBIX BCUICCTB - 3JICMCHTOB AG paBCH HYJHO), MOJKHO IIPUMCHHUTDH
o 0
APYIryr0o MCTOAUKY pacucTa, IIPH KOTOPOHU AG peaxy  OIIPCACIIICTCA CYMMHPOBAHHUCM

spavennit AG® OTIeNbHBIX BelecTs. [pu perieHny 3aga4u OT CYMMBI TEPMOJINHAMHU-
YEeCKHMX IMOTCHIIHAIOB IOJy4aeMBIX BEIICCTB, T.C. CTOSIIUX B IPAaBOH YaCTH XUMHYE-
CKO# peakliy, OTHHMAETCs CyMMa IOTCHI[HAIOB UCXOMIHBIX BEIIECTB. 3HAKH Mepe/ Be-
JUYMHAMHU TEPMOJAMHAMUYCCKUX ITOTCHIIMAIOB CICAYET 00A3aTeIbHO YUUTHIBATh.

Hanpumep, mis peakunn 2FeO+Si=2Fe+Si0O, TepMOAMHAMUYCCKUI TOTCHIIMAI
OIPEAEIISAIOT IO BEIPAKEHUIO

AGOpeam; = AGOSiOZ + ZAGOFe - QAGOFGO + AGOSi g (3.15)

HO MOCKOJBKY ACY T IPOCTHIX BEIECTB PaBEH HYIIIO, TO BHIPAKEHHE YIIPOCTUTCS:

i AG Opeam,; = AG OSi02 - ZAG OFeO (316)

KonuuecTBo ydacTBYIOIIMX B peakMU MOJIEKYJ (MOJed BeIlIecTBa) Yy4H-
ThIBaeTCs. JJ1 yrnpoueHus pacyeToB TEPMOAMHAMUYECKUIN TTOTCHIIMANl PEAKIIUU YacTO
MPEJICTABIISIOT B BUJIE

AG® = M+NT, (3.17)

u kodpunuentet M u N 17151 onpeeieHHbIX WHTEPBAJIOB TEMIIEpaTyp MPUBEICHBI B
npuiokeHuu b.

Ha mpakTuke Oo4eHb 4acTO KOHCTAaHTY PaBHOBECHUSI BBIPAXKalOT OJHOBPEMEHHO
yepe3 KOHILEHTpaluK (aKTUBHOCTH, MApLHHAIBHOE JABJICHUE) BEIIECTB U AIMIUPUUECKUE
dbopmynsl. Hanmpumep, ans peaknuu paszinoxeHus Mmpamopa (3.4) KOHCTaHTa paBHOBE-
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CuA IpEaACTaBIISICTCA B BUJIC

P
lgK, =lg— _ 00 785

105 T ) (3' 18)

JUIS PEAaKIUU JUCCOIMAUK BoJisiHOTO mapa H,O=H,+1/2 O, KOHCTaHTa MOXET OBITh
3alncaHa TaK:

P P1/2 i
9K, =lg-"e— =22 3045 (3.19)

H,0

Takoll BHJI KOHCTAaHTBl paBHOBECUs YyAOOEH, HallpUMeEp, B TEX CIIydasiX, KOrja
HEO0OXOJAMMO ONPEJEIUTh PABHOBECHBIE KOHILIEHTPALMU WJIM NaplUUajibHbIE JaBICHUS
BelecTB. It 3TOro, Mpeae BCEro IO PaBEHCTBY

gk - 13154

p

+3,045, (3.20)

HaxXoOAT BCIIMYNHY KP JJI BaHaHHOﬁ TCMIICPATYpPhI, @ 3aTCM KOHCTAHTY PABHOBCCHUA
IIPUPABHUBAIOT OTHOIICHHIO ITapIUaJIbHBIX HaBHeHHﬁZ

PH F)l/202
Kp=—p5— (3.21)
PHZO

N3 ypaBHenus (3.21) MOKHO, Hampumep, MPHU U3BECTHOM MApLUUAIBLHOM JIaBlie-
HAW BOJSHOTO Iapa M CyMMapHOM JaBJIEHUM NApOB B CUCTEME ONPENCIINTH PaB-
HOBECHBIE MaplMalbHbIE AABJIEHUS BOJAOPOAA U KUCIOpoAa. B Ipyrux ciyyasx, pu us-
BECTHBIX NMapIHAIbHBIX JABICHUSX WM KOHLUEHTPALUAX BEIIECTB U BbIpakeHuu (3.21),
MOYXHO YCTaHOBHUTBH HAIIPABJICHUE PEAKLMHU, TaK KaK BCSIKAsl CUCTEMA CTPEMUTCS K paB-
HOBECHIO, U MIO3TOMY OTHOILLIEHHE KOHUEHTPALUN JOJDKHO U3MEHATHCSA B CTOPOHY IIPU-
OJMKEHUsI K KOHCTaHTE PaBHOBECHSI.

JIns yCTaHOBJIEHUS HANPABJICHUS PEAKIUU IIPU U3BECTHBIX KOHLEHTpALUAX pea-

THPYIOIINX BEIIECTB MOXET CIYXHUTh ypaBHCHHE H30TEPMbI XHUMHUYECKUX PEaKIUi
BanTt-T'odda:

AGt= -RTINK+RTInI7 (3.22)

rae 4Gy - TepMOJMHAMUYECKHUI MOTEHIIMAJ peakIuu npu temiepatype T;

R -ra3oBas mnocrosiHHas, R = 8,31 Ix/(monb-K);

Il - OTHOLIEHUE KOHLEHTPALMM BEUIECTB, YYACTBYIOIINUX B PEAKLIUH.

dopma 3anvcH W BBIYMCICHUS 4ucaa [/ TOYHO Takas K€, Kak I KOHCTAHTBI
paBHoBecus K.
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B cnywyae nmoctmkeHusi cucteMod TepMoauHamuueckoro papHoBecus 4Gt = 0,
ecmu  AGt <O, peakuus uaet Brnpaso, ecniu 4Gt > O, peakius UeT BJICBO.

[TpuHIMNIMATBEHAS BO3MOKHOCTh MPOTEKAHUS PEaKIuU, YCTAaHOBJICHHAsS T10 ypaB-
HeHuto (3.22), He MOATBEPKIAET, UTO PEAKIUS MONJIET C MPAKTUYECKHU OIIYTUMOM CKO-
pocThio. [y onpeneneHuss CKOPOCTH MPOTEKaHUS XUMHYECKON peakiuu HeoOXO0auMOo
oOpaiaTbcsi K XUMUUYECKOM KuHeTHkKe. I ycinoBuit cBapku 3To TeM 0ojiee BaXKHO, Tak
KaK BpeMsi CBApOYHOTO MPOIIECCa OTPAaHUUECHO.

[TonsTHE TEPMOAMHAMHYECKOTO MOTEHI[MAIa CIOCOOHO JIaTh MPEACTaBICHUE HE
TOJBKO O HaIPaBJICHUHU XUMHUUYECKOW PEaKiMu, HO TAKXKE U O CUJIE XUMUUYECKOTO CPO/I-
cTBa aneMeHToB. [Ipu 3TOM yem Oobiie abCOMIOTHAS BETMYMHA OTPHUIATEIHLHOTO 3HA-
YeHUST TEPMOJMHAMUYECKOTO TTOTCHIIMAJIA PEAKIIUN COCTUHEHUS BEIIECTB, TEM OOJIbIIE
X XUMHUYECKOE CPOJICTBO. ITO MOKHO MOKa3aTh Ha MPUMEPE JIBYX XUMUUYECKUX pPEaK-
umii g remnepatypst 1 SO0K:

2Cr +1/2N, =Cr,N | (3.23)
3Si+2N, =Si,N, . (3.24)

Jlnst peakuyu (3.23) npu CTaHAAPTHBIX YCIOBHSIX AGopeaKf -28 739]1x, nns pe-
akiuu (3.24) AGopeW: -251 411]x. CnemoBareabHO, XMMHYECKOE CPOJICTBO a30Ta K
KPEMHHUIO OOJIBIIE, YEM K XPOMY.

TepmoanHaMUUYECKUH MOTEHIIUAJ BEIIECTBA 3aBUCUT HE TOJIBKO OT TEeMIIEpaTypHl,
YTO cleayeT u3 BelpakeHus (3.17), HO U OT BUJIa XUMUYECKOU peakiuu. Takum oOpa-
30M, XUMHUYECKOE CPOJCTBO OJIHOTO M TOTO K€ DJIEMEHTA HE SIBJISIETCS MOCTOSHHBIM, a
ONpeeIIIeTCS BUAOM MOIYYAIOIIErocs COeNUHEHUs. [[1s1 moaTBepKIeHNS BBICKA3aHHO-
r0 TIOJIOKEHHST 00paTUMCS K peakiusiM 00pa3oBaHus TpeX CyIb(GUIOB MPU TEeMIEpaTy-
pe 700K. UcxonHble faHHBIE U PE3YIBTATHI pacyeTa TEPMOAUHAMHYECKOTO MOTEHIIMAA
00pa3yIoIuXCcsl BEIIECTB CBEACHBI B Tabn.3.1, U3 KOTOPOU clieqyeT, 4TO MPHU OJHON U
TOM K€ TeMIiepaType B 3aBUCHUMOCTH OT BHJIa 00pa3yrolierocs cyibdumaa HUKeIb MO-
’KEeT UMEeThb U OoJbllIee, U MEHbIIIEE [0 CPABHEHUIO C JKEJIE30M CPOJICTBO K CEpe.

Tabnuua 3.1 — XuMuueckue peakuuu o0pa3oBaHUs CyJIb(PUIOB U COOTBETCTBY-
IOIME UM TEPMOJMHAMUYECKHE MTOTEHIIATIbI

[Ipenensr 0
AG™ pu
Peaxkuus TEMIIEPATYPHI, AG’=M+NT, JIx
X 700K, Ix
Fe+1/25, =FeS; | 412 ...1179 AG°=-150 350+52,58 T -113 544
Ni; +1/2S, =NiS; 298....773 AG=-146 454+72,01 T -96 047
3Ni; +S,, =Ni,S, 298....1 063 AG®=-337 762+163,33 T -217 431
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3aoauu K pazoeny 3

3.1 [lo ypaBHenuto Baut-I'ohda paccuntaTh KOHCTAHTY PaBHOBECUS PEAKIIUU
IIPU CTaHJIAPTHBIX YCIOBUAX U 33JJaHHOM TeMIiepaType.

Tabmura 3.2

Bapuant | XuMmudeckas peakuus Bapuant | XuMu4ecKkasi peakuus
1 Cr+1/20,r = COr 7 Mn; + 1/2S,- = MnSy
2 COr + 120, = CO,r 8 3Fer + Cy = FesCqr
3 2Cu +1/202p :Cl/lon 9 1/2N2r + 1/2)21" = NOr
4 2CrT +3/20,r =Cr,037 10 SlT + O, = SiOgT
5 ng + 1/2021" =H20p 11 TiT + Ogr = TiOZT
6 MnT + ]/202r :MnOT 12 FeT + 1/282r - FeST

Nunexcel T u I' 0003Hauar0T, COOTBETCTBEHHO, TBEPJIO0€ U Ta3000pa3HOE COCTOS-
HHE BENIECTBA.

3.2 OnpenenuTh BIUSHUE TEMIIEPATYPhbl HA KOHCTAHTY PABHOBECUS XMMHUYECKON
peakiuu 2CO «» Cr + CO,. [loctpouTs rpaduk 3aBUCUMOCTH Kp OT TEMIIEPATYPHI
Peo, 8900

2
CO

IgK, =1q =911

Tabmuia 3.3

IToka- BapuanTt

A|re 9l 21 3| 456 | 7| 8| 9101112

JIN

Tem- 1800 | 1850| 19001950 {2000 | 2050| 2100| 2150|2200 | 2250| 2300 | 2350
nepa- |1810|1860| 1910|1960 |2010 | 2060| 2110| 2160|2210 | 2260| 2310 2360
Typa, |1820]1870|1920|1970|2020 | 2070| 2120| 2170|2220 | 2270| 2320 | 2370
K 1830 | 1880 1930|1980 |2030 | 2080 | 2130| 2180|2230 | 2280 | 2330 2380
1840 | 1890 1940|1990 |2040 | 2090 2140| 2190|2240 | 2290 | 2340 2390

3.3 HUcnonb3ysa npuOimkeHue Yiauxa, pacCuuTaTb KOHCTAHTY PABHOBECHUS PEaAK-
WU TIPU 3a1aHHOU TeMIIeparype.

Tabmuna 3.4
Bapu- XuMH4uecKas T, K | Bapu- XuMHUYECKast T,K
aHT peakuus aHT peaxkuus
1 Fe + 1/20, = FeO 2 000 7 CaO + CO, = CaCO, 2 200
2 2Fe + 3/20, = Fe,0; 1 800 8 Ca+1/2S, = CaS 1 500
3 2/3Fes0, +1/60, =|2200 9 Fe + 1/2S = FeS 1200
Fe, 03
4 2Cu +1/20,=Cu,0 2 100 10 | 2Cu + 1/2S, = Cu,S 1 400
3) 2Al +3/20, =Al,0; 1900 11 | 3Fe+ C =FeC 1 400
6 Mn + 1/20, = MnO 2 200 12 |Si+C=SiC 2 100
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3.4 OnpenenuTs TEMIEPATYpPY, MPU KOTOPOH BO3MOKHO XUMHUYECKOE PaBHOBE-
cue peakiuu FeO + CO «» Fe + CO, mnpu yka3zaHHBIX NapIHaIbHBIX JaBJICHUSX Ia30B.
KoHcTanTa paBHOBecHusl B3amMojieicTBHs 3akucy skene3a u CO mpu OTCYTCTBUHU pac-
TBOPOB UIMEET BU]I

C22 ———1,14.
T

co
[Toctpouts rpaduk 3aBUCUMOCTH MapiuanbHoro nasieHus CO oT TeMmeparypbl

paBHOBECHS

lgK, =Iq

Tabmuma 3.5

[Toxazarenu Bapuant
1 2

[Mapmmansnoe | CO |1,40;1,41;1,42;1,43;1,44 1,45; 1,46; 1,47; 1,48;1,49

JaBJICHUE Ta-
308, Ila'10* CO, |8,60; 8,59; 8,58; 8,57; 8,56 8,95; 8,54; 8,53; 8,52; 8,51

[Tponomxenue Tabnuipsl 3.5

Bapuant

[lokazaTrenu 3 4
[MTapumaneroe | CO | 1,50; 1,51; 1,52; 1,53; 1,54 |1,55;1,56; 1,57; 1,58; 1,59

gt | COz | 850 849: 848; 847, 846 | 8,45;8,44;843; 842; 841

[Tponomxenue Tadnuist 3.5

Ilokazarenu 5 Bapuant 5

[Mapumansroe | CO |1,60; 1,61; 1,62; 1,63; 1,64 1,65; 1,66; 1,67; 1,68; 1,69

e e 0¢ | CO2 | 8,40; 8,39; 838; 837; 8,36 | 8,35;8,34; 8,33; 8,32; 8,31

[Iponomxenue Tadnuibt 3.5

Ilokazarenu 7 Bapuant 3

[Mapumansnoe | CO |1,70; 1,71; 1,72; 1,73; 1,74 |1,75;1,76;1,77; 1,78; 1,79

o e 10° | €02 | 830; 829; 8,28; 827; 826 | 8,2; 8,24; 8,23; 8,22; 8,21
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[Tponomxkenue TadauIb 3.5

Bapuant
9 10
[Taprmansaoe | CO | 1,80; 1,81; 1,82; 1,83; 1,84 |1,85;1,86; 1,87; 1,88; 1,89

e 10¢ | CO2|8,20; 8,19; 818; 817; 8,16 |8,15; 8,14; 8,13;812; 8,11

Ilokazarenu

[Tponomxkenue TadauIb 3.5

Bapuant
11 12
[Taprmansroe | CO | 1,90; 1,91; 1,92; 1,93; 1,94 1,95;1,96; 1,97; 1,98; 1,99

e 10¢ | CO2|8,10; 8,09; 8,08; 807; 8,06 |8,05; 8,04;8,03; 802; 801

Ilokazarenu

3.5 OmpenenuTs paBHOBECHOE MaplMAIbHOE JaBJICHHUE KOMIIOHEHTOB Ta30BOM
(da3sl npu B3aumoaecTBuM 3akucu xene3a u CO o peakunu FeO + CO «» Fe + CO, .
Cymmapuoe nasienne CO u CO, pasno 10° ITa.

KoHcTaHTa paBHOBECHS peakud MPU OTCYTCTBUU PACTBOPOB UMEET BU]T

P
IgK, = lg—= _ 949 =114,
P, T
Tab6mauna 3.6

IToka- Bapuant
e 9l 2 34|56 | 7|89 10|11 12
JIN
Tem-

nepa- | 1800 | 1850 | 1900 | 1950 | 2000 | 2050 | 2100 | 2150 | 2200 | 2250 | 2300 | 2350
Typa

3.6 Onpenenuth xapaktep (BOCCTAHOBUTEIBHBIN MM OKHUCIUTEIbHBINA) Ta30BOM
¢a3wl, coctosimieit u3 H,O u Hy, no otHomenuto k FEO B kenese mpu 3aaHHON TeMrie-

parype:

H,O +[Fe]x <> [FeO] + H,,

P.o 10200
= +

- 5,5.
P, [FeOl T

lgK, =g
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Tabmura 3.7

ITokazarenu Bapuanr
1 2 3 4 5 6 7 8 9 10

Hapumansroe | 1.0 1 020 | 0,30 | 0,27 | 0,22 | 0,30 | 0,36 | 0,45 | 0,48 | 0,17 | 0,15
JIaBJICHUE Ta-
30B, Ma-10° 0,80 (0,70 | 0,73 | 078 | 0,70 | 0,65 | 0,55 | 0,52 | 0,83 | 0,85
[FeO], macc.% 03 /03,03|03|04|04)]04)]04 )] 02|02
Temneparypa T, K | 1873 | 1873 | 1873 | 1873 | 1950 | 1950 | 1950 | 1950 | 2000 | 2000
[Tponomxkenue Tadauib 3.7

IToka3zarenu 11 Bapuaut 12
[Tapumansaoe | H,O 0,20 0,22
napnenue ra- | H, 0,80 0,78
30B, a-10°
[FeO], macc.% 0,20 0,20
Temnepatypa T, K 2000 2000

3.7 Onpenenuth XapakTep (BOCCTAaHOBUTENBHBIN MM OKHUCIWTEIbHBIN) ra30BOM
da3sl, cocrosmeit 3 CO, u CO, no otHomeHuto Kk FEO B xkenese npu 3aJaHHON TeMIIe-

parype:
CO; +[Fe]x <> [FeO] + CO,
IgK, = lg——=2 :11576—6,855.
P [FeO] T

TabOmuma 3.8

IToka3arenu 1 5 3 fapHaHTS 5 3
Iapumansroe CO, | 0,050 | 0,055 | 0,065 | 0,030 | 0,045 | 0,050 | 0,028 | 0,030
JaBJICHUE Ta-
30B,Ha'105 CO | 0,950 | 0,945 | 0,935 | 0,970 | 0,955 | 0,950 | 0,972 | 0,970
FeO], macc.% 0,30 0,35 0,40
[
Temneparypa T, K 1873 1950 2000
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[Tponomxkenue Tadbauip 3.8

Bapuant
ITokazatenu 9 10 11 12
[Tapumansnoe | CO, 0,035 0,010 0,012 0,014
AGBICHIC T oy | (0,965 0,990 0,988 0,986
30B, Ila-10
[FeO], macc.% 0,40 0,20
Temnepatypa T, K 2000 2050

3.8 Omnpenenuth BIMSAHUE TEMIIEPATYpPbl Ha HAIPABICHUE XUMUYECKOW pEaKIun

CO, +[Fe],x «» [FeO/] + CO npu 3a7aHHBIX KOHIICHTPAIUAX BEIICCTB:

IgK, =lg—=2— = 11576—6,855.
P [FeO] T
Ta6muma 3.9
Bapuant
[Tokazarenu 1 5 3 4 5 5 7 3
Hapumaneroe | ¢, | 0,057 | 0,050 | 0,050 | 0,045 | 0,041 | 0,038 | 0,035 | 0,0325
JaBJICHUC Tr'a-
308, [1a'10° CO | 0,943 | 0,950 | 0,950 | 0,955 | 0,959 | 0,962 | 0,965 |0,9675
[FeO], macc.% 020 | 0,21 | 025 | 0,27 | 0,30 | 0,33 | 0,35 | 0,40
Temmeparypa T, K | 1815 |1840 |1865 |1890 |1915 |1940 |1965 |1990
1820 |1845 |1870 |1895 |[1920 |1945 |1970 |1995
1825 | 1850 |1875 |1900 |1925 |1950 |1975 |2000
1930 | 1855 |1880 |1905 |[1930 |1955 |1980 |2005
1935 | 1860 |1885 |1910 |1935 [1960 |1985 |2010
[Tponomxenne Tadbmuisr 3.9
Bapuant
[Tokazarenu 9 10 11 1
[Maprmansaoe | CO, 0,032 0,030 0,028 0,027
JaBIICHHE Ta- 0,968 0,970 0,972 0,973
5 | CO
30B, Ila-10
[FeO], macc.% 0,40 0,50 0,55 0,60
Temmeparypa T, K 2015 2040 2065 2090
2020 2045 2070 2095
2025 2050 2075 2100
2030 2055 2080 2105
2035 2060 2085 2110

3.9 Onpenenuth TEMIEpATypy, OpU KOTOpoM ympyrocth auccouuanuu CaCOg
paBHA yKa3aHHOMY JJIs KaKJIOTO BapuaHTa 3HaueHUI0. Mpamop pasiaraercs mo cxeme
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CaCO3 <> CaO + CO,. Pacuer npoBoauTh 10 ypaBHeHHto (3.10), B KOTOpOM yIIpyrocThb
JYccolraly BeipakaeTcs: B nackansx (I1a).

Tabmuma 3.10

IToka- Bapuant
3aTenu 1 2 3 4 5 6 /

Pco, Ta 10° 310° 510° 7.510° 10° 210° 510°

[Tponomxenue Tadauibl 3.10

[Toka- Bapuant
3aTenn 8 9 10 11 12
Pcos, a | 510° | 7,510° 10* 510" 10°

3.10 OHpGI[eHI/ITB YIOPYTOoCTh JUCCOINUAINN OKCHUIOB IIPH PA3JIMYHBIX TCMIICpA-
Typax. HOCTpOHTB I‘pa(i)I/IK 3aBUCHUMOCTH YIIPYIOCTH JUCCOMAIINU OT TCMIICPATYPHI.

Tabmuma 3.11

Bapu- | Temnepatypa T, K Peaknus YpaBHeHue 114 onpese-
aHT JTUCCOIUALINHT JICHUSI YIIPYTOCTH JIUCCO-
nuanuu okcuaa, Ila
1 1000, 1200, 1400, 1600,
2 1288, 1700, 1800, 1000, | 2T esO«e6Fe0+0; | ok, = _%056 AT #1455
2000
3 1600, 1700, 1800, 1900,
Z iggg 1800, 1850, 2Fe02Fer0; | IaR, == +IaT +840
1900,1950
5 1725, 1800, 1875, 1950,
27400
5 igég’ 1800, 1850, 1900, 2NiO«»2Ni + O, lgR,, = . +16,35
1950
7 1150, 1200, 1250,
1300,1350 2Cu,073¢4CuUrp + IgP, = 17400 +116
8 950, 1050,1150, 1250, 0O, 02
1350
9 1360, 1390, 1420, 1450,
1480 2CU,073¢4CuUy + P, = 20140 1136
10 1375, 1400, 1425, 1450, O, ©,
1475
11 1510, 1530, 1560, 1570,
1590 14250
12 | 1550, 1600, 1650, 1700, | 2CU0x4CUx+ Oz | Iy, = ————+97
1750
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4 METAJUIYPITHYECKHME ITPOLHECCHI

IIpu cBapke miaBiieHHEM HaOJIOJACTCs B3aMMOJCHCTBUE PaCIUIaBJICHHOTO Me-
Tajljla C Ta30BOM W nulakoBod (azamu. HecMoTpss Ha TO, 4TO MPOIECCHl B3aUMOJICH-
cTBUA ¢ oOenMu (pazaMu UIYT OJHOBPEMEHHO, YacCTO B OTACIBHOCTH PacCMAaTPUBAIOT
B3aMMOJICHCTBHE MeTaJllla C ra30BOM (pa3oi um MeTaiia co nutakoBou ¢azoil. Takoe g0-
MYIIEHUE BHOCUT MOTPEIIHOCTH B Pacu€Thl U MPUBOJUT K TOMY, UTO MOJYYEHHBIE pe-
3yJbTaThl MOTYT JATh JIMIIb KAY€CTBEHHYIO KAPTUHY, HO B IEPBOM MPUOIIMKEHUH 3TOTO
JTOCTATOYHO, IMO3TOMY B JAIIBHEUIIIEM TPUMEHEH TAKOW MOIXO/.

l"azoBas (haza mpu cBapke IJIABICHUEM MOXKET COCTOSITh: M3 Ta30B BO3/AyXa; Ta-
30B, OOpa3yIOMUXCS MPHU TJIABJICHUU W MCIIAPEHUN TMOKPBITHHA 3JEKTPOIOB U (HITIOCOB;
ra3oB, IOJYYAIOLINXCS B PE3YyJIbTATE MPOTEKAHUSI XUMHUUYECKUX PEAKIIMN B CBAPOYHOU
BaHHE; ra30B U3 aJCOPOMPOBAHHOMN BJIArv U 3arps3HEHUN Ha METaJlIe; TapOB METAJIJIOB.
I"azoBas (haza CUIIbHO BIMSIET HAa XUMHUECKUN COCTaB METaJlja IIIBa U €r0 CBOMCTBA, I10-
ATOMY 3HAaHHUE €€ COCTaBa KpailHe HEOOXOJUMO JUIS aHaIM3a METaUTyprudecKuX CBa-
POYHBIX MPOIIECCOB.

HecmoTpss Ha mpuHHMaeMble 3alUTHBIE MEphI (CBapKa IMOKPBITBIMU DJICKT-
poaamu, moj (JIrocoM, B 3alIUTHBIX Ta3aX M IMP.), MOJHOCTHIO UCKIIIOUUTH TOMadaHue
BO3/lyXa B 30HY CBapKU HEBO3MOKHO. [Ipu cBapke B MHEPTHBIX Ta3aX BO3MOXKEH IMOJICOC
BO3/yXa BCJEACTBUE TYpOyJIeHTHOCTH. Kpome TOoro, MpuxoAUTCsi CUUTATHCS C HATTUYHU-
€M MpUMecel B 3alIUTHBIX Ta3ax. [loaToMy npu cBapke XUMHUYECKU AKTUBHBIX MeETal-
JIOB, HAllPUMEP TUTAHA, PEKOMEHAYETCS MOINOJHUTENbHAs OYMCTKAa aproHa. Bozmyx
CIOCOOEH TakKe MPOHUKATh uepe3 cioi duiroca u nutaka. OCOOEHHO ATO MPOSIBISETCS
MIPU SJIEKTPOILIAKOBOM CBapKe, KOTOpasi XapaKTEPU3yeTCs NJIUTEIbHBIM BPEMEHEM CY-
IIECTBOBAHUS BaHHBI PACIUIABICHHOTO MeTaiia. O CTENEeHW 3alluThl MeTauia IIBa OT
BO3/yXa MOXHO CYAWTh [0 KOHIEHTpauuu azotra. B Tabn. 4.1, mo [aaHHBIM
A.A.EpoxuHa, moka3aHO COACp)KaHHE a30Ta B MeETalIe IBa IMPH Pa3HBIX CIIOCO0axX
cBapku. Ha OCHOBaHMM 3TOr0 CUMTAIOT, YTO IMPU CBAPKE MOKPBHITBIMHU DJICKTPOJAaMHU B
razoBoi (aze ayru comepxkutrcs 10 3% Bozayxa. [Ipu cBapke moa GIrOcoM U IIEKTPO-
IIJTAKOBOM CBapKe ATO COJICPIKAHUE JIOJHKHO OBITh €Ie MEHBIIIE.

Tabnuna 4.1 - Coaeprkanue a30Ta B HAIJIABJICHHOM METaJlIe MPU Pa3IUYHBIX CITOCO0aX

CBapKu
Crnoco0 cBapku Copnepxanue azora, %
OCHOBHOI MeTaJI1 ¥ MPOBOJIOKA (HU3KOYTIEPOIU-
cTas crai) 0,002.....0,003
["os10it IPOBOJIOKOM O3 3aITUThI 0,1...0,2
Onexrpomamu YOHMU-13/55, 2.5 mm 0,062
[TopouikoBoit mpoBonokoit IIIC-15/2 kopoTkoii 1y-
roii (Uy=23...26 B) 0,004...0,010

Kpome kucinopoaa u a3ora, BO3AyX MOXXET BHOCUTh BOJIOPOJ B ra3oBylo (azy B
TEX CIy4asix, KOIrJla B HEM COJEP)KUTCA Biara. [ Mrpockonmyeckasl 1 KpucTauIn3aluoH-
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Hasl BOJa, Kak MpPaBWIIO, COJIEPKATCs B AIEKTPOIHBIX MaTepuanax. OT 3Toil Biaru HeoO-
XOJIMMO U30aBIATHCS MPOKAJIKOU 37eKTpo10B U (irocoB. Ha cocta razoBoit (aszel Bin-
SIOT MIOBEPXHOCTHBIE 3aTPSI3HEHUS - OKCUJIbI, PKABUMHA, )KUPOBBIE U MBUIEBBIE BKIIOYE-
Hus. PrkaBumHa npejcTaBisieT co0oM ruapaT OKCUAa Keje3a, pa3siaraloliuiics Mpu mo-
BBIIIICHUN TEMIIEPATYPhI C BBIICICHUEM MapoB BOABL. JKUPOBBIE 3arpsA3HEHUS CIYKAT
OpraHUYECKUMH COECTMHEHUSIMU, JAIOIIMMU [IPU HArpeBE BOJOPOICOAEPKAIIHE Ta3bl.

I'opazngo Oombliiee KOJIUYECTBO ra3oB 00Opa3zyeTcs MpU JUCCOLMAIIMU BEIIECTB,
BXOJISIIIIAX B TOKPBITHS U (IIFOCH. DKCIEPUMEHTAIBHOE HCCIICIOBAHNE OXJIAKICHHON
ra3oBoi ¢asbl, T.€. 0€3 yuera mapoB METaIOB, MOKa3aJ10, YTO OHA COCTOUT B OCHOBHOM
u3 CO0,, CO, Hy, H,0. 1o nanusim U.K.IToxoanu, npu capke snexkrpogamu AHO-1 co-
OTHOIIIEHUE 3TUX Ta30B MpuUMepHo caeaywuiee: Hy, ~ 55%, CO ~ 36%, CO, ~ 5%, H,O
~ 4%. Co CHIKEHHEM BIIAKHOCTH MOKPBITHS YMEHBIIIACTCS KOJIMYECTBO MAPOB BOJBI U
BOJIOPO/JIA.

KonnuecTBo ra3os, moy4aromuxcsi Ipy AUCCOIUALMA KOMIIOHEHTOB 3JIEKTPO/I-
HBIX TIOKPBITUH, MOXKET ObITh orpezaeneHo no metoauke [.JI.ITerposa. [Ipeanonoxum,
YTO OTHOCHTENbHAS Macca MOKPBITUS G,/ G,pos COCTaBIET 0,4; TOTIST KOMIIOHEHTA A,
JAIOIIEro MpU JUCCOLMALINM a3, IO Macce B MOKpbITUM paBHA 25%. Toraa Ha 1 r pac-
IJIABJICHHOTO 3JIEKTPOAHOTO MeTauia npuxoautcs 0,4 T MOKphITUA, a B IIepecueTe Ha
BEIIECTBO 4, 2,

25
0,4-—=01
100 : (4.1)

[IycTh KOMIOHEHT A JIUCCOLMUPYET o hopmyie

- A B+D, (4.2)
raie D -ras.
Jlns Toro 4ToOBI onpenenuTh Maccy raza D, HeoOX0IuMO 3HATh MOJICKYIISPHYO
Maccy BCEX BEIIECTB, BXOIAIINX B popmyiy (4.2).
[Tpunumaem: a - MOJIeKyJIsipHasi Macca BeliecTBa A;
b - MonekyssipHas Macca BeliecTBa B;
d - mMonekymsipHas Macca BemiectBa D.
Torna na 1 r meranna o6pasyercs raza D, r:

d
01—
a+b+d (4.3)

Ecnu onpenensate o0bem raza D, oOpasyrolierocs mpu 1miaBieHud 1 T 3JIeKTpo-
HOU mpoBoIOKH U 0,4 T MOKPBITUS, HEOOXOIUMO yUeCTh, YTO 00BEM TPaMM-MOJIEKYIIbI
mroboro raza pasen 22 400 ev. Torna

01d/€-+b+d 01
VFA3A(273) = 22400 q = 22400m (44)

Brruncnennas BennmurHa oObeMa rasa - yCJIOBHas, TaK KaK COOTBETCTBYET TEM-
neparype 273 K. C noBbllieHreM TemrepaTypbl 00bEM ra3a yBEJIUYUBAETCS U OIpeEe-

24



asieTcs mo popmysie
V; =V 1+ a €273 (4.5)

re o - kod(UIMEeHT 00BEMHOT0 pacimpenus rasa, o = 0,00366 K™
T - temmneparypa rasa, K.

[To dhopmyre (4.5) MoxeT OBITH OnpeiesieH 00BeM Ta3a MpH JIF0O0H TeMIiepaType.
PaccmoTpeHHass MeToJIMKa MO3BOJSIET OMPEACISITE 00bEM Ta30B, MOTYUYAIOMIUXCS TPHU
JUCCOIMAIINY JIFOOBIX BEIIECTB AJEKTPOAHBIX MOKPHITUMA, a B IPUHIUIIE, U CBAPOYHBIX
(brocoB.

O0s3aTenbHOM cocTaBIIsIONIEH ra30BoM (ha3bl MpU CBapKe IJIABJICHUEM SIBIISIIOTCS
napbl MeTayuioB. [lo mapoM NpUHATO MOHUMAThH ra3000pa3HOE BEIIECTBO, KOTOPOE MPHU
KOMHATHOM TeMIlepaType U aTMOC(PEPHOM JIaBIICHUU HAXOAUTCS B TBEPJIOM WJIU B KU1~
KoM coctosiHuu. [lap oOpasyercs B pe3yipTaTe MPOIECCOB UCIAPEHUs WM CyOIuMa-
1uu. Mcnapennem Ha3bIBaeTCs MEPEX0]l YaCTUIl BEIIECTBA C MOBEPXHOCTHU KUAKOU (a-
3bl B ra30By1o0 ¢a3y. Eciu jke yacTullbl BelecTBa yXoaiT B ra3oBylo a3y ¢ MOBEPXHO-
CTH TBEPJIOTO TeJa, TO TaKOM Mpoliecc Ha3bIBaeTcs cyoaumayueti. OOpaTHBIN mpoiiecc,
IIPU KOTOPOM YaCTHUIIbl BEIIECTBA U3 ra30BOM (pa3bl mepexoasiT Ha MOBEPXHOCTh TBEP-
JIBIX WM KUJKUX TeN, HAa3bIBACTCs KoHOeHcayueu. Takum 00pa3oM, KOHJAEHCATaMU MO-
I'yT ObITh KaK TBEPAbIC, TAK U KUAKUE Tena. [Ipu MOBBIIIEHUH TEMIEpaTyphbl KOJUYe-
CTBO Mapa HaJ KOHJICHCATOM YBEJIUYUBACTCS U MPU JOCTHXKCHUU TEPMOJUHAMUYECKOTO
PaBHOBECHS CHUCTEMBI «Iap — KOHJCHCAT» Map Ha3bIBACTCS HACBIIMICHHBIM. Takoe paB-
HOBECHOE COCTOSIHHE XapaKTEPU3YETCs MaBJICHHUEM, WJIM YNPYTOCThIO HACHIIIEHHOTO
napa P,

OO0pazoBaHue MapoB HAJ KUJKOCTHIO MOXXET MPOUCXOJUTHh B PE3yJbTaTe KHUIIE-
HUS, KOTOPOE XapaKTEPHU3yeTcsi 00pa30BaHUEM ITy3bIPHKOB Mapa BHYTPH KUJKOTO Me-
Tajlyla U BBIXOJIOM MX Ha MOBEPXHOCTh. KulieHHe BellecTBa MPOUCXOAUT IMPHU OIpee-
JICHHBIX TeMIepaTypax, 3aBUCSIIMX OT AaBieHus. [ly3pipek mapa B >KUJIKOM MeTajie
MOET CYIIECTBOBATh TOJBKO MPHU YCJIOBHH, YTO JABJICHUE IMapa B My3bIpbKe Oyner
MPEBBIIATH BHEITHEE JaBJICHUE CUCTEMBI:

20
P,o=P. 4+ hp, +h,p, +T : (4.6)

rae P, 4 - naBiaeHue ra3oBoi (assl HAJ JKUIKAM METAJIOM;

hi, h, - BBICOTA, COOTBETCTBEHHO, CTOJI0A METAJIa HaJI IMMy3bIPHKOM M CJIOS IIIJIaKa

HaJl y3bIPbKOM;

p1 P2 - INIOTHOCTh, COOTBETCTBEHHO, METAJIA U IILJIAKA;

0 - IOBEPXHOCTHOE HATSKEHUE HA TPaHULIE pa3ielia «ra3-MeTajly;

I - paauyc my3bIpbKa napa (rasa).

ITockoJibKy BTOPOE U TPEThE CraaraeMble (METAITIOCTATUYECKOE U MIJTAKOCTaTHYe-

CKO€ JaBJICHHS) MaJIbl M COCTABIISIOT JIMIITh THICSYHBIE JOJIM aTMOC(HEPHOTO JIaBIICHUS,
MU NpUHATO npeHedperathb. [locneaHee ciaraemMoe B OCHOBHOM OIPEAEIAETCA painy-
COM Iy3bIpbKa W MPU MaJIbIX 3HAYEHUSAX I TpeHeOperaTh BEJIMUMHON 20/I HE cleayer.
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B cimy4ae 0osbIIoro myssIpbKka MOKHO CUMTaTh, 4To Py, ~ P, 4. B 3TOM citywae ycio-
BHUEM KUTICHUS SBJISIETCS BBIPAYKEHUE

PP,y (4.7)

CrnenyeT OTMETUTD, UTO IPUBEEHHBIE paccyXaAeHus u popmyna (4.6) cupasen-
JIMBBI HE TOJIBKO IS My3BIPHKOB Mapa, HO U JJIS Ta30B, 00Pa3yIOIIUXCS B KUJAKOM Me-
Tajsie B pe3yJbTaTe MpoTeKaHusl XxuMuueckux peakiuil. [loatomy popmyna (4.6) npu-
MEHSETC JIJIs aHAIM3a IPOLECCOB Napo0Opa30oBaHUs IPHU CBapKe.

Panee Ob110 yKa3aHo, 4TO B ra30BOil ¢aze Mpu AyroBoil cBapKe KpoMe MapoB Me-
TajuioB npucyrctByror CO,, CO, H, H,0. Ilpn BBICOKHX TeMmmepaTypax CBApOYHOIO
nporecca (5000...7000K — npu ayrosoi capke, 8000...12000K — npu mima3MeHHOMN
CBapKe) MOJIEKYJbI Ia30B JUCCOILMUPYIOT Ha 00Jiee MPOCThIE MOJIEKYJIbI U aTOMBI. [{uc-
collMalus JByXaTOMHBIX T'a30B B CBAPOUYHBIX YCIOBUSAX OUEHb BaXKHA, TaK Kak Oyaroja-
ps €l MOBBIIAETCS XUMUYECKass aKTUBHOCTb I'a30B, U OHHM JIETKO B3aUMOJCHCTBYIOT C
paciuiaBlIeHHBIM MeTaIoM. [Iponecc aucconmanuy ra3oBbIX MOJIEKYJT ONPENEISAETCs
CHWJIaMU aTOMapHOM CBSI3U U TEMIIEpaTypoi Harpesa, T.€. 3HAU€HUEM PHEPIUU BO30YXK-
neHust. Jlucconuanusi CONpOBOXKIAETCS MOIMVIOMIEHUEM TEIUIOThI, TAKUM 00pa3oM, 3TU
peakuuu SBIAIOTCS dHOOmepmuyeckumu. Jluccounanus CIOXKHBIX Ta30B B YCIOBHUSAX
CBapKH OMUCHIBAETCS COOTHOIICHHUSIMU:

2C0,=2CO+0,, (4.8)
H202H2+]/2 02 . (49)

[IpoaykTaMu 3TUX peakLMil SIBISIOTCS MPOCTbIE MOJIEKYJsIpHbIE Ta3bl O, u Hy, a
TaKXke JABYXaTOMHBIN ra3 - okcuj yriepona CO. Ilpoayktel peakuumii (4.8) u (4.9) npu
JaNbHEHUIIIEM MOBBIIIICHUU TEMIIEPATYPhI TAKXKE AUCCOIMUPYIOT. Takum oOpa3zom, auc-
conuarusa CO,, u H,0O - 370 MHOTOCTaAUNHBIN nporiecc. B Kakoi-TO CTENEeHN peaKkIuu
MEePBOIl ¥ BTOPOM CTAUU UIYT OJTHOBPEMEHHO, TO3TOMY OHU MOTYT OBITh Ha3BaHHI Ia-
pajuieNibHBIMU. B yCIIOBHSX CBapKH Ba)KHBI MPOLECCHI AUCCOLMAIMN MTPOCTHIX MOJIEKY-
JSIPHBIX Ta30B, KJ>K/MOJIb:

H,=2H-4345; (4.10)
N,=2N-712,0; (4.11)
0,=20-495,3. 4.11°)

Buano, 4to 1715 qucconuany a3ota HE0OXOUMO 3aTPaTUTh caMoe 00JIbIIoe KO-
JIUYECTBO PHEPTUU. DTO TOBOPUT O TOM, YTO CHJIbI aTOMAPHOM CBSI3U B MOJIEKYJIE a30Ta
OoJibllle, YeM B MOJIEKYJIax BOJIOpojaa U kuciopoja. [Ipu olMHAKOBBIX YCIOBHUSX a30T
OyIeT TMCCOMUPOBAH B HAUMEHBIIICH CTETICHHU.

KoHcTaHThI paBHOBECHS pEaKITUil AUCCOIUAIINN 3aITUCHIBAIOTCS] OOBIYHBIM TTYTEM.
Jls fucconmanuy BOASHOTo napa (4.9) Beipakenue i K, uMeeT BU
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P Pl/zo2

H,

L
p PH20 . (412)

JUIsl Aucconmanuu Bogopoaa (4.10)

K, ===, (4.13)
H2

Jyist pacdyeTa KOHCTAHThI PAaBHOBECHUSI MOTYT OBITh UCIIOJIb30BAHBI AMIIUPUUYECKUE
(bopMyJIbl, KOTOpbIE MOJYYEHBbI JJisi OOJBIIMHCTBA peakiuil auccouunanuu. [Ipubiu-
keHHoe ypaBHeHHe Yenmena n Camapuna onuceiBaeT K, 1 peakuuu (4.9):

13154
19K, === +3045 (4.14)

PH 20

npubIMKeHHOe ypaBHeHHWE HepHcTa mnpeaHazHayeHO ISl OMpEAENIeHHUS KOHCTaHTHI
paBHOBecus peakiuu (4.10):

IgK, =- 22_?70 +1,5041gT +0,767 (4.15)

PHzO

[Ipu cBapke B yriaeKUCIOM ra3e Ba)EH IMPOIECC AUCCOIUAIUM, OMUCHIBAEMBIMA
peakiueii (4.8). KOHCTaHTy paBHOBECHS PaCCUUTHIBAIOT MO (hopMyJie

IgK :—@+9,07_ (4.16)

PH 20

PacueTsl 110 3TOMy ypaBHEHHUIO MPEACTABISIIOT TEOPETUUECKUN UHTEPEC, TaK Kak
MOKAa3bIBAIOT 3aBUCHUMOCTb KOHCTaHTHI paBHOBecHs peakiuu aucconuanuu CO, ot
teMriepaTypbl. K cokaneHuto, TeMIepaTypHbIi peKUM TyTH O CYIIECTBY HEYIPaBIIs-
€M, TT0O3TOMY BO3/ICHCTBOBATh Ha MPOXOXKICHNE TUCCOIMAIINN YTJIEKUCIIOTO ra3a mpakK-
THYECKH HE TIPEJCTABIIICTCS BO3MOXHBIM. B TO ke Bpems nporekanue peaknuu (4.8)
OTIpeIeNsIeT OKUCIUTEIBHBIN XapakTep ra3oBoi cpesl. [ToaToMy nake mpuOIN3UTETb-
HOE 3HAHUE TeMIIepaTyphl ra30B MOJIE3HO, TOCKOJIBKY MTOMOXET COCTABUTH IPEICTaBIIC-
HUE O TIpoIieccax AUCCOIHMAIUMU C TTIOMOIIBI0 popmyIsl (4.16).

MeToa MCIOIB30BaHMS UHTEPIOSAIIMOHHBIX (DOPMYJT sl pacuera JorapudmMoB
KOHCTaHT PaBHOBECHS PEAKIUN JUCCOIMAIUN Ta30B JaeT 00Jiee TOUHBIE Pe3yIbTaThl U
UMeeT BUJT

IgK_ =

p

D>
o

A A u2 a8 vl ,a8viAv2, Avd, A vl , avs, a6, a o7
+EINX+E X" +8_ X +& X+E,X +8,X" +€,X" +&,X” +8&,x" +8é,x", (4.17)
rae é,,6,é.,,6.,,8,6,...- KooQUIMEeHTHI, IPUBEIACHHbIE B IPUIIOKEHUH B.
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x=T-10"; 293,15<T<6000K. (4.18)

Hcnonp30BaHne HHTEPIIONAIUOHHBIX (POPMYIT yIOOHO B CBSI3U C HAIMYUEM CIIpa-
BOYHOI'O MaTepuaa i OOJIbIIOr0 KOJIMYECTBA Ia30B.

BaxHOM XapaKTepUCTUKOM MIpoLecca TUCCOUHUALIMU Ta30B CIYKUT CTENEHb M C-
COLMALUN ¢, TIOJI KOTOPOM IMOHMMAETCS OTHOLIEHUE YUCIA AUCCOLMUPOBAHHBIX MOJIE-
KyJI K UX II€pBOHAaYaJIbHOMY uucity. Takum o0pa3oM, o He MOXKeET ObITh Oodbiie 1. /s
OIIpeJIeJIEHUs CTENIEHH JUCCOLMALINU HCIIONIB3YIOT (POPMYITY

P
o= Kp/ Kp+4ﬁj’ (4.19)

rae K, - KOHCTaHTa PaBHOBECHS,
p - nasienwue, [la.

[TonsiTve cTenenn TuccolMaluu JaeT MPeICTaBICHUE O COCTaBaxX ra30Bod (pa3bl
IpU pa3iIMuHBIX TeMIepaTypax, 4YTOo HEOOXOAUMO JJIsl aHAJIM3a MPOLIECCOB B3aUMOIEH-
CTBUS ra30B C METAJNIOM CBAPOYHOI BaHHBI.

JI1st cBapOYHBIX MPOLIECCOB MPAKTUYECKU UHTEPEC MPEJICTABISAET CIydaid, KO-
I/1a pacIyIaBJICHHBIM METAJIJI KOHTAKTUPYET C Ta30BOM (pa30i, UMEIOIIEH B CBOEM COCTa-
B€ Biary (mapsl BOJibl), HAIIpUMEp MPU CBApPKE B aproHe, KOTOPHIA MOXKET COAEpPKATh
HEKOTOpPOE KOJIMYECTBO Biaru. BoasHOI map B yCIOBHSX CBapKH OyneT pasziararbcs, a
oOpa3yroluecs KUCIOPO/I U BOAOPO]I PACTBOPAIOTCS B METaJLIE:

H,0=2[H]+[O]. (4.20)

YkazanHas pCaKkuus - UTOIroBad U BKIIIOYACT B cels OTACJIbHBIC PCAKIINHU:

H,0=H,+1/20,; (4.21)
1/2H,=[H]; (4.22)
1/20,=[0]. (4.23)

KoncranTta paBHoBecus peakuuu (4.22) 3aBUCUT OT TEMIIEPATYPhI U ONpeeseT-
Cs YpaBHEHHUEM

Ap] 1900
pU2,, -

lgK, =g -1577 (4.24)

2

ITockonbKy pacTBOPUMOCTh BOAOPOJA JOCTATOYHO Majia (Bjaru B aproHe co-
JEpAKUTCSA Majo), TO AJS YHCTOTO XkKejae3a MOXKHO NpHHATh apy=[%H]. XKunkoe xene-
30 CBapOYHOW BaHHBI UMEET OOJIBIIOE CPOACTBO K KUCIOPOAY, TO3TOMY B pE3yJbTaTe
B3aMMOJEICTBUS B ra30BOil (paze KuUciIopoaa ocraercs Mano. PactBopumocTts Bogopoaa
IPY STOM 3aBHCHUT OT KOHLEHTPALNUU KUCIOPO/Ia B CTAJIH.

PaBHOBecue B paccMaTpuBAEMOM CUCTEME ONPEAEISETCS PEeaKuen
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Hy+[0]=H,0, (4.25)

KOHCTAaHTa paBHOBCCHUA KOTOpOﬁ HUMCCT BH]

Pio 6728

IgK_ =1 = ~2,976
9K, ngz_ap: T . (4.26)

PactBOpumoOCTE BOmOpoaa

(4.27)

U o o
rac P H,O - IIapOuaJIbHOC OJAaBJICHHUC BOJSHOIO IIapa B UCXOOHOU I'a30BOU CMECH,

Adp~ - aKTHBHOCTb KHCJIOPOJA B METalle, KOTOPYIO C HEOOJNBIION IOTPEelIHO-
CTBIO MOYKHO TIPUHSATH PABHOM €T0 KOHIICHTPAIIHH.

Takum oOpaszom, IJisi pacdyeTa pacTBOPUMOCTH Bojopojaa mno dopmyne (4.27)

HEOOXO0MMO 3HATh BeIHM4HHy P H,0. Ompe/ie/eHne NapiuaibHOTO aBICHHS BOISHOTO

mapa OCHOBAHO HA M3BECTHOM comepxanuu H,O B aproue (r/m°). [Ipexie Bcero, ompe-

ACIACTCA 00BeM BOJSAHOIO IICpa B ra3oBou (1)2136, COCTOHHIGP'I B OCHOBHOM M3 aproHa.
3
HpeI[HOJIO}KI/IM, yto B 1M raza COACPIKUTCA 0,1 I BJIalr'H, TOTJa 00BEM BIIaru

Vio = Om’l 0,0224nm° (4.28)

rae M - MonexkynspHas Macca BJaru;
0,0224 - 06BeM rpaMM-MOJIEKYJTbI Ta3a.

U
Jlist pacueTa MapUUaabHOTO JABJICHUS BOASHOTO Iapa P~ H,0 MOXHO IPHHATH

. u
JaBjieHHe Ta30BoM (pa3bl 00bemom 1 M PaBHBIM 10°ITa. Torza P H,0 IIPOIOPIIO-

HaJlbHO 00beMy BJIard B 00mieM oObeme ra3zoBoi (asel. Hampumep, VH20= 0,002m°,
CJICAOBATEILHO,

10°-0,002
PYpyo = w — 200/Ta (4.29)

[TockonpKy ra3pl B CBApHBIX MIBaX MPHUBOJAT K YXYAIICHUIO UX CBOMCTB U pado-
TOCIIOCOOHOCTH, KOHIICHTPAIIWS ra30B JIOJDKHA ObITh MUHUMAIBLHOU. [[puMEHUTENBHO K
KHCJIOPOJy ATO OOCCIEUYMBACTCS PACKUCICHHUEM MeTayula. PackuciieHne MOXKEeT OCy-
IICCTBIATHCSA YIAJICHUEM KHCJIOpOJa C MOMOIIBIO YIJIepoaa W METAJIOB, MMEHOIINX
OoJbIee cpoacTBO K kucimopoay (Mn, Si, Ti, Al u np.). Takoit Bug pacKUCIIEHUs Ha3bI-
BaeTCs OCakIaroIuM. B o01ieM Bue peakius MOKeT ObITh MpE/ICTaBIcHa TaK:
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[Me,O,]+z[Ra]=x[Me]+(Ra,0,), (4.30)

rae  [MecO,] - KoHIIEeHTpaLust OKCHIA;

Ra - packuciauTerns.

[Ipu ocaxparonieM pacKUCICHUH TPOAYKThl peakuuu (4.30) MOryT nojayyaTbes
KAaK B KOHJECHCUPOBAHHOM (TBEPAOM WJIM JKHJIKOM), TaK U B Ta3000pa3HOM COCTOSIHHH.
PackucnsiempIii METaJIT JOKEH HAXOIUTHCS B )KUJIKOM COCTOSTHHH. MeTallIbl - pacKucC-
JUTENHN BBOAST B CBAPOYHYIO BAaHHY Yepe3 DJICKTPOIAHBIA METAJI, OKPBITHE AJIEKTPO-
70B, (IIOC, CEpACUHUK MOPOIIKOBOM MPOBOJIOKM WJIU JEHTHI. YTJIEPOJa Yepe3 CBapoU-
HbIE MaTepHaJIbl CIIEHUATIEHO HE BBOJST, 4 PACKUCIIEHUE MOJIYyYaeTCs 3a CUET JJIEMEHTA,
COJZIEpKAIEerocsl B CBAPUBAEMOM U 3JIEKTPOJHOM MeTaiuiax. [Ipu aTom yriiepoa BBICTY-
MaeT KaK PAacKUCIHUTENb JHUIIb MPU BBICOKUX TEMIIEpaTypax — B KaIUIX MeTala, B
AJIIEKTPOJHOM IISITHE CBAPOYHOM BAaHHBI, — HO M JTOT IMPOIIECC SIBIIACTCS HEXKEIaTellb-
HBIM, TIOCKOJIbKY OH YMEHBIIIAE€T KOHIICHTPAIIUIO OCHOBHOIO JIETUPYIOIIETO 3JIEMEHTA —
yriepoja U, KpoMe TOro, JaeT ra3000pa3Hy0 OKUCH yIiepoja, MPUBOAAILYIO K 00pa3o-
BaHUIO TIOP.

Peaknus

[FeO]+[FesC]=4[Fe]+CO (4.31)

JOJKHA MOJABIIATHCSA BBEACHUEM IPYTUX PACKUCIUTEIEH.
[Ipouecc packucieHus: ctaid 00jee aKTUBHBIMU METaNIaMH - PACKUCIUTENISIMU B Me-
TAJUTypTrUU XOPOLIO U3YYEH U NMPEACTABISAETCS CIEAYIOIINM BBIPAKEHUSMMU:

[FeO]+[Mn]=[Fe]+(MnO);
lgK,,, =lg o0 JoMn + -25270/T +1255. (4.32)
2[FeO]+[Si]=2[Fe]+(SiO,);
lgK, =Ig JoO ?| fesSi +-48174/T +21,63. (4.33)
2[FeO]+[Ti]=2[Fe]+(TiOy);
lgK,, =Ig Jo0 | JeTi £ -30700/T +10,33. (4.34)
3[FeO]+2[Al]=3[Fe]+(Al,O3);
lgK ,, =1g o0 7 JoAl ] =-58715/T +16,5. (4.35)

Mapranern cpenu paccMaTpUBaeMbIX PACKUCIUTENEH - caMblil cIabblil, TO3TOMY
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B MIPOILIECCE PACKUCIICHUS CO3/1al0TCs OOJIbIINE OCTATOUYHbIE KOHLIEHTpauu Mn; HO 3TOT
AJIEMEHT, KPOME BCEro MPOYEro, OKa3bIBaeT JAecyiab(ypHUpyroliee BO3ICUCTBUE HA Me-
TaJuUl U TEM CaMbIM YMEHBIIIAET OACHOCTh 00OPa30BaHUs FOPSYUX TPEIIUH MPU CBAPKE.

Kpemuuii sBnsiercsi 0ojiee aKTUBHBIM PACKUCIUTENEM, YEM Maprasein. Tem He
MEHee, BBEJICHHE KPEMHHMsI B CBAPOUYHYIO BaHHY IPHUXOJUTCS OTPAaHUUYMBATH, TaK Kak
OKCHJIbl KPEMHHUSI YBEITMUUBAIOT KUCIOTHOCTb IIIJIAKA U JICTAIOT €r0 BA3KUM.

Tutan - eme Oonee CUIBHBIA OKUCIUTEINb, YeM MapraHel u kpemanii. O0pasyro-
IIWICS KUCIOTHBIN okcua 110, HEpaCTBOPUM B METAJIJIE U JIETKO BCTYIAeT B KOMILICK-
CBI, TIEpexoasmue B muiak. KpoMme Toro, TUTaH MOJE3€H KakK CHIIBHBIA MoIu(HUKaTOp,
T.€. 3JIEMEHT, CHOCOOCTBYIOITNI U3MEIIbUYECHUIO 3€pHA METaJlIa.

AmoMHHWMN - HanboJee CHIBHBIN PACKUCIUTENh CPEId PacCMAaTPUBAEMBIX Me-
TaJJIOB, TIO9TOMY OCTAaTOYHBIC (paBHOBECHBIC) cojiepkanus Al B MeTalie MUHIMAJTBHBI.
HenocTatok amoMuHHS KaK PaCKUCIUTENS - €0 CIOCOOHOCTh /IaBaTh B IIBE MEbYaii-
[I1MEe HEMETAUTMYECKUE BKIIOYCHHUSI.

VYpaBuenus (4.32)...(4.35) cnpaBesiuBbl JJi Clydasi paCKUCIEHUS *kKeje3a OJ1-
HUM 3JIEMEHTOM, HO CJEAYyeT MOMHUTh, YTO MPU KOMILIEKCHOM PACKUCIIEHUU PACKHUCIIH-
TenbHas criocoonocts Mn, Si, Ti, Al Bospacraer.

Heckonbko Oosiblliasgs TOYHOCTh PAcCU€TOB MPU PACKUCICHUU OJHUM 3JIEMEHTOM
MOKET OBITh TIOJIy4€HA IMPU TMOJIb30BAHUU YPABHEHUSMU ISl ONPECICHHS] KOHCTAHThI
PaBHOBECHS, YUYUTHIBAIOMUMH KOAPGUIIMEHTH aKTUBHOCTH 3J1eMeHTOB. [Ipumepom mMo-
T'YT CIY)KWATh PEaKIMK PACKUCICHHS JKelie3a MapraHlleM W KPEeMHHEM C 00pa30oBaHHUEM
TBEPJIBIX OKCHIOB:

[Mn]+[O]=(MnO)+,

60 FoMn 1Mo f My, 15065
Ig -

lgK,,, = = T+6’25’ (4.36)

A @no)

Mn Mn
rac f 0, f Mn - KOB(I)(I)I/IHHGHTLI dKTUBHOCTH, COOTBCTCTBCHHO, KUCJIOpOAa U Map-
ra”Hia.

lg f)" =e¥" oMn (4.37)

g fom =em foMn (4.38)

(mapaMeTphl B3aMMOAEHCTBYA €' IpUBEIEHBI B IPUIIOKEHUH 1);
dvno) - AKTMBHOCTb OKCHJA Mapraua (tadi. 4.2).
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Ta6nuna 4.2 - AKTUBHOCTU OKcHa Maprania MnO B paciiiaBIeHHBIX
CBAapOYHBIX (urrocax

Mapka CocraB (py1I0COB B MOJIBHBIX JIOJISIX a
dmoca | SiO, | MnO | CaO | MgO | ALO; | Fe,0; | CaF, | “™M)
QI;A 0,448 | 0,317 | 0,068 | 0,102 | 0,014 | 0,001 | 0,05 | 0,0215

AH-60 | 0,482 | 0,365 | 0,089 | 0,00 | 0,013 | 0,008 | 0,087 | 0,2016

AH-8 | 0,381 | 0,245 | 0,094 | 0,0/5 | 0,057 | 0,002 | 0,116 | 0,0087

AH-26 | 0,299 | 0,031 | 0,083 | 0,250 | 0,137 | 0,001 | 0,20 | 0,0058

AKTHUBHOCTH YHUCTBIX OKCHIOOB paBHA CAWHUIIC:

[Si]+2[0]=(SIOy)r,

i 30720
lgK,, = Ig o0 7 fesi &, ES? B +1176 (4.39)
Koadduumentsl aktuBHOCTH ypaBHeHUs (4.39) HaxomsTcs MO 3aBUCUMOCTSM

Buja (4.37)

Bbbu10 0TMEUYEHO, UTO yriaeposa, BCerja MPUCYTCTBYIONINI B CBApHBIX IIIBaX, TaK-
Ke SIBISICTCS pacKUCIHTENeM. B pesyibTrare B3aMMOJCHCTBUS YIiiepoaa ¢ KHCIOPOIOM
oOpa3yercs ra3 - OKCHJ| yIiepojaa, KOTOPhIH MpH HEOJIArompUsATHBIX YCIOBUSIX MOXKET
BBI3BaTh MTOPHUCTOCTh METAJLJIA II1BA:

[C] + [0]= CO. (4.40)

KoHcranTa paBHOBecus peakuuu oopazoanus CO

C
g fo0 Jo0 | f5f :_1160_2’0, (4.41)
P., /10 T

lgK: =

T.€. ONpEACNSeTCs, B YaCTHOCTH, MapiaibHbIM JaBJICHUEM OKCHJIa yriiepoaa. MHOKU-
tems 1/10° BBEJICH ISl TOTO, YTOOBI MapIHAIHLHOE JAaBJIECHUE ObLJIO BHIPAXKEHO B MacKa-
JISX.

Huddy3uoHHOE pacKUCICHUE XapaKTEPU3YETCsS TeM, YTO OKCHJI, HaXOASITUHCS
B MeTaJljie, MepexoAuT B nuiak. [Ipoucxoaut mepepacnpenesieHue OKCHaa MEXIy Me-
TaJIJIOM U IIJIAKOM, KOTOPOE MOTYMHSETCS 3aKOHY pacIpe/ieeHUs

€O~
|3eO -, (4.42)

L:

raie L - KoHcTaHTa pacnpeaeacHus;
(FeO) - comeprxanue OKCcHJIa B IIAKE;
[FeO] - conepxanue okcuma B MeTalIe.
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ITockonbky L mpu ompeneneHHOW TeMmmeparype — MOCTOSHHAs BEIMYMHA, MPO-
LIECC PACKUCIICHHUS TEOPETHUYECKH OYIEeT MpOJ0JIKATBCS 10 JOCTHKEHHUS KOHCTAHTHI
pacnpezenenus. Ha npakTtuke 3Hau€HUE KOHCTAHTBI HE JOCTUTAETCSA, OCOOCHHO B CBa-
POYHBIX YCIOBMSAX, BBUAY HEAOCTATOYHOCTH BPEMEHHU.

JIist CBapOYHBIX NIIAKOB KOHCTAHTA PACIpPEACNICHUs 3aKHCH JKelle3a JIOJDKHA
OBITh OOJIBIIIE €MHULIBL, T.€. IIUIAK JI0JKEH pacTBopsATh FeO myumie, uem merami. Kon-
CTaHTa PACIPEAEICHUSA 3aBUCUT OT COCTABA 1IUIAKa, I0O3TOMY B JIMTEPATYPE MIPUBOIATCS
paznuuHblie Gpopmyiibl 1ia onpenenenus L. K coxanenunro, Bce 3TH popMyIibl OTHOCAT-
Csl K YCTIOBHSIM BBIIIJIaBKU CTaH, HO HE cBapku. [loaToMy Hcmonb3oBaHue Takux Gop-
MyJI ISl pacyeTa CBapOYHBIX MPOLIECCOB BPSII JIM ONPABAAHO, IIOCKOJIBKY OHHM CIIOCOO-
HBI J1aTh IPEACTABJIECHUE JIMIIL O KAYECTBEHHOW CTOPOHE sBJICHMS. [IpruMepoM mMokeT
CIIY>)KUTb (pOopMyJia, MPEAJIOKEHHAs B METAJUTYPrUH AJIsl CIIydasi HCTIONIb30BaHMs JKeje-
3UCTHIX ITaKOB. Dopmysa OTKOppPEKTHpPOBaAHA: JJIsl TpuBeAeHUs ee K Buay (4.42) BBe-
neH ko3 uuueHt 4,5, yduThIBaOIUN coJlepKaHue KUCIOpoJa B OKCUIE, U TeMIepa-
Typbl IEpeBEAEHBI 110 1mKane KenpBuHa:

_ €eO 1
Feo | 45[588-10“ € -27320,0793"

L (4.43)

N3 3akoHa pacnpeneneHus ClaeayeT, 4YTO MPU MOBBIIMICHHBIX KOHIEHTPALUSIX B
nutake FeO MokeT MpoucXoauTh OKUCIIEHHUE MeTala.

WNHorna KoHCTaHTa pacrpeesieHuss UMEeT BUJl, OTJIIMYHBIN OT opmMyibl (4.42).
Hanpuwmep, 1 cioydas pacnpeiesieHns] Mapradia Mexay MIJIaKOM U METaJIJIOM

L= (I\:/ILnO—. (4.44)

Hapsiny ¢ razamu oTpuiiaTeslbHOE BIMSIHHME Ha CBOMCTBA CBapHBIX IIBOB OKa3bl-
BaIOT BpeJHbIe NpuMecH - cepa u ¢ocdop. Cepa Bcerna npuUCyTCTBYET B CBAPUBAEMBIX
M DIIEKTPOAHBIX META/IaX M CIOCOOCTBYET BO3HUKHOBEHWIO KPHUCTAJIM3ALMOHHBIX
TpemuH. [Ipoucxoaut 3To BeaeacTBue 00pa3oBaHMs CyJIb(PHUI0B U IBTEKTUK C HU3KUMU
TeMIiepaTypaMu TaBjieHus. Hampumep, ¢ sxeme3oM cepa obpaszyer cynbdum FeS ¢
T,,=1468K wu sBrexTuky FeS+Fe (T,, =1258 K). Emie Oosiee HU3KOIIIaBKash 9BTEKTHKA
MOJIy4aeTCss B XPOMOHMKENEBBIX cTaaX. DBTekTHKa Thma NizS,+Ni umeer temmnepary-
py mnaBnenus 917K. Cynsdunsl u cyiab(UIHBIE dBTEKTUKH MPU TEMIIepaTypax KpH-
CTaJUIM3ALIMH 5KeJIe3a HaXOASITCS B )KUJIKOM COCTOSTHUU, OTTECHSAIOTCS K TPaHHIIAM 3€peH
U CIOCOOCTBYIOT BO3HMKHOBEHHIO Pa3phIBOB (TPEIIMH) C POCTOM CBAPOUYHBIX HAMps-
xeHud. Takum 00pa3oM, Ui JIMKBUJAIMK BPEIHOTO BO3JCHCTBUS CEPhl B CBApHBIC
IIBbI HEOOXOIUMO BBOJIUTH 3JIEMEHTHI, UMEIOLIUE, BO-TIEPBBIX, OOJBIIEE CPOJCTBO K Ce-
pe, ueM Keje30, U, BO-BTOPBIX, 00pa3yrolue cyabduabl ¢ 00jiee BHICOKOW TeMIlepaTy-
poil raBnenus. [IpakTuuecku B KauecTBe AeCylb(ypaTOpOB BBHICTYNAIOT MapraHel u
kanbitui. Temnepatypa mnasnenuss MnS 1883K, CaS - 2273K. binarotBopHoe BiusI-
HUE MapraHila CKa3bIBae€TCsS HE TOJHKO B 00pAa30BaHUU TYrOIUIABKOIO Cyib(puia U me-
peBojia €ro B IIJIaK, HO TaKXKe U B TOM, UYTO OCTaBluMiics B metaisie MNS paBHoMepHO
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pacnpenensercs 1no Bcemy o0bemy, T.e. MapraHell MOHUKaeT JIMKBaluio cepbl. [IpakTu-
Ka Mokasaja, 4To JJIsl yCTpaHEeHUs] BPEAHOTO BIUSHUS cepbl HEOOXOIUMO BBIJEPKUBATh
CJIeIyIOIee COOTHOIICHUE KOHIICHTPALIHIA:

n
I‘E == 20...25,
CBs3bIBaHUE CEPHI MAPTAHIIEM ITPOUCXOUT 110 PEaKIUH

[FeS]+[Mn]=(MnS)+[Fe], (4.44)

KOTOpasi 3aMETHO MPOXOAUT B KEJTAEMOM HANPABJICHUU MPU MOHMKEHHBIX TeMIIepaTy-
pax, Korja CKopocTu mpoiieccoB 3amemisitores. [loatomy peakuus (4.44) nonosHseTcs
IPYTOM:

[Fe S] + (MNO) = (Mn S) + [FeO. (4.45)

AHanu3upys peakuuu (4.44/) u (4.45), MOXHO OTMETHTb, YTO UX HH-
TeHCU(UKAIUK CTIOCOOCTBYET YBEJIMUEHUE KOHIICHTPAlIUU MapraHia B Metayie u MnO
BO (toce, a TakXkKe Jydlllas pacKUCIEHHOCTh CBapOYHOU BaHHBI. [Ipu cBsi3pIBaHMM Ce-
PBI KaJIbIIEM TOJy4YaeTcs CyIb(Pu, MOYTH HEPACTBOPUMBI B METaILIE:

[FeS]+(CaO)=(CaS)+[FeO].

DTOT NpoIIecC MHTEHCUBHEE PA3BUBACTCS BIPABO C MOBBIICHUEM TEMITEPATYPHI.

B cBapmBaemMbIX YEpHBIX MeTallIaX COAEpKaHWE Cephl pa3audHoO. JlermpoBaHHas
koHCTpykimoHHas ctainb (I'OCT 4543-71) conepxut cepol He 60iiee 0,035%. B cranmu
yriepoauctoit oobikHOBeHHOT0 KauecTBa (I'OCT 380-71) comepxanue cepbl JOMyCKa-
etcs 10 0,05%. B uyryHax comepskaHue cepsl eiie OoJbIIe.

PaBHOBecue mapraHniia u cepbl TPUMEHUTENIBHO K YyTryHaM JJisi TEMIIEPaTyp BbI-
me 1683 K BbIpakaeTcsi ypaBHEHUEM

g foMn Jes = 8980 +4,16 (4.46)

kotopoe B3sT0 u3 KHUru M.C.KynukoBa 1 OTKOPPEKTUPOBAHO C LETbIO UCTIOJIb30BAHUS
Temnepartyp 1o mkane KainbBuHa.

Takum oOpa3zom, MapraHell — 3TO AIEMEHT, CIIOCOOHBINA PACKHUCIIATD U paQUHUPO-
BaTh METAJUI, & TAKXKE IOJIC3HBIM JIETUPYIOINM 3JIEMEHT, CUJIBHO YIPOUYHSIOIIUNA Me-
Tay1. Maprasell momnajaaeT B OB U3 OCHOBHOTO M 3JICKTPOJHOTO METAJUIOB U MapraH-
IMOBUCTHIX (hTI0COB. Pacmpenenenre Mapraniia Mexay IJIAaKOM U METaJUIOM OIpeaessi-
€TCS MO CIEAYIONIUM YPABHEHUSIM:

JUTSL KUCIIBIX (DITHOCOB
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foMn €oFeO S 5550
¢MnO

IgKw, =19 +1,865; (4.47)

U1 OCHOBHBIX (DITFOCOB

JoMn €eFeO > 5550
¢MnO >

IgK,, =g +2,338, (4.48)

riae  €MnO - cojiepiKaHKe OKCHIa Mapratmna Bo (JIioCe;
€¢oFeO - cojiepikaHue 3aKUCH JKeJle3a B IITaKe.

CopnepxaHue Maprasiia B MeTajule MOXET ObITh HAWIEHO M3 BBIPAXKEHUS KOH-
CTaHThI paBHOBECHS IO opMyJie

¢MnO

I/OMn :: KMI’] %Teo\l

(4.49)

13 KOTOPOH BHIHO, YTO MapraHiia B MeTajuie OyaeT TeM Oouibiie, ueM Oomnbire MnO Bo
dmroce.

b.A.Kox nipeiaraer mpu pacdeTe JErupoBaHus MeTajla IIIaKOM UCTO0JIb30BaTh
ypaBHEHHE BUJA

a
€0)
[/ORHCX + %AR } K ¢O (4.50)

rae %R, - KOHIIEHTpalus 2JIeMeHTa R B MeTasie 10 Hadajia ImpoIecca;
%AR - mpupalmieHus KOHIIEHTpAIlUK dJIeMeHTa R B pe3ynbrare B3auMOICHCTBHS
MeTaJlla CO IIIaKOM;
K - KoHCTaHTa paBHOBECHSI PEaAKIIUH;
Aro) - AKTUBHOCTb OKCHJA, HAXOAALIETOCs B LIUIAKE - PACILUIaBIEHHOM (IItoce;
% 0 - KOHIICHTpAIHs KUCIOPO/Ia, PACTBOPEHHOTO B CIJIABE.
[IpuMeHUTETHHO K pEeaKIIuu PaCKUCICHUS JKelie3a MapraHiieM

Mg, +[FeOl, =@nO; +[Fe],

ypaBHeHue (4.50) nepenuiiieM cieayrommuM o0pa3om:

a n
[/OMnHCX +%AMn } K VOLO):’ (4.51)
rIie
lgKwn = - 12 800/T + 5,78. (4.52)
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B cBapouHOl NpakTHUKe MPOLECCH] JIETUPOBAHUS PACCUMTHIBAIOT C TOMOLIBIO KO-
s unuentoB nepexona. Koadduimentom nepexona 7 Ha3bIBa€TCS OTHOLIEHUE KOH-
LIEHTPALlMU JIEMEHTA B IIBE K €r0 MCXOJHOM KOHUEHTpauuu. [IpuHsaTOo pasnuyaTts Ko-
3¢ ULMEHTHl NIepexo/ia IEMEHTa U3 OCHOBHOIO METajula M 3JIEKTPOJA, TaK KakK ATH
KOMIIOHEHTBHI CBapOYHOTO IpOLEcca MOABEPratoTCs, B YACTHOCTH, PA3IUYHBIM TEIUIO-
BbIM BO3JEHUCTBUSM. 3HaueHUE Ko3(puIMeHTa nepexoa 3aBUCUT OT YCIOBUI CBapKH:
crocoba, pexxnuMa, KOHIEHTPALMU 3JeMeHTa, Mapku (iroca win nokpeitus u mp. [lo-
TOMY KO3 GUIIUEHTHI TIepexo/ia CaeAyeT UCTIOIb30BaTh JHIIb JUIS TEX YCIOBUM, B KO-
TOPBIX OHU ONpenessIMCh. [lorpemHocTs pacueToB ¢ UCMOIb30BaHuEeM Kod(hduineH-
TOB MEPEX0Ja MOXKET 10X0aUTh A0 20%. YpaBHEHUE JJI1 BBIYUCICHUS CTENIEHU JIETUPO-
BaHUs IIBa 3JIEMEHTOM R uMmeeT BuUI

[%R],: =[%R]o 77 +[%R], €—y 7", (4.53)

rac 77', 77" - KOB(b(l)PII_[HeHT nmepexoga 3JICMCHTA, COOTBECTCTBCHHO, U3 OCHOBHOI'O MCTaAJI-

Ja B ILIOB U 3JIEKTPOAHOIr0 MeTaia B moB. Kak npasuio, 77’ > 7] "

Pacuetsl no gopmyne (4.56) oTnu4aroTCsi IPOCTOTON U JOCTYIHOCTBIO, TaK Kak
B JIUTE€pAType MPUBOAATCA CBEACHUS O KOAPPUIIMEHTAX Mepexoa.

YacTHBIM cily4aeM pacdyeTa XMMHUYECKOro cocraBa mo ¢opmyse (4.53) moxer
CUMUTAThCS ONpEAENICHUE KOHIEHTPAIMM KaKOTo-JIH0O0 3JE€MEHTa MPU MHOTOCIOMHOMN
HarutaBke. YeM Oouibllie CIOEB HaKIaIbIBA€TCSI HA OCHOBHOM METaul, TEM MEHbILIEEe
BIIMSTHUE Ha XMMUUYECKUM COCTaB OKa3bIBAET MOIJIOKKA.

KoHueHTpauo XMMHUYECKOro 2JIEMEHTa B JIFOOOM CJI0€ HAaIUIaBKU OINpPEAeIsioT
o ¢popmyne Xacyu u Mopuraku:

P -
Cw =C, +(ﬁj ¢ -C (4.54)

KOTOpas, 1o CymecCTBy, OCHOBAHA HA IMPaBUJIC CMCIIICHUS:
[%R],.: =[%R]o w7 +[%R]y (- v, (5.55)

TaK KaKk HE yYHUTHIBAET B3aMMOJICUCTBHS MeTalljla C ra30BOM W 1uIakoBoi (azamu. Ilo-
sToMy B (4.54) npenmaraercst BBeCTH KO3GUIIMEHTHI Iepexoaa dJIEMEHTOB U3 OCHOB-
HOTO U 3JIEKTPOAHOTO MeTauioB. [Ipy MCNOAB30BaHUMU MPUHATHIX B OTEYECTBEHHOM JIM-
TepaType obo3HaueHuii popmyna Xacyn 1 Mopuraku npuMeT BUJ

[%R],,., =[%R],7"+7" ®6Rlo w7 — bR, . (a56)

rae [YR] 5, - KoHIeHTpalys oneMenTa B N-M CJIOE;
N - okasaresb CTENEHH, ONpPe e AIONINi YHCIIO HATLUIABIEHHBIX CIIOEB.
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B3aumopeiicTBue MeTamia U UTaKa 3aBUCUT OT COJAEPIKAHUSI OKCHIOB B MOCHE-
HeM. [Ipu 3TOM O4YeHb Ba)KE€H XapakTep OKCUAOB: KUCIbIM, OCHOBHON WM aM(pOTEPHBIA.
B cBsi3u ¢ 3TUM BBE/IEHO MOHSATHE OCHOBHOCTH IIJIaka B, kotopas GopMalbHO, UCXOIs
U3 MOJICKYJISIPHOM TEOPUHU, MOKET OBITh MIPE/ICTABICHA B BUC

g D> 0+ RO/’ (4.57)

> RO,

rae 2R,0+RO, 2RO, - cyMmma OKCHIOB B IIJIAKE, COOTBETCTBEHHO, OCHOBHBIX U KHC-
JBIX, M0J.%

[Il1aku cYUTAIOTCS KUCIBIMU MU B < [, OCHOBHBIMHM - TIpU B > [, HEUTpAJIbHBI-
MU - ipu B = [. @opmanibHbIM BbIpaxeHue (4.57) siBhsieTcs OTOMY, YTO MPU B3aUMO-
JNEUCTBUM METAaIa U IIJaKa BaXHO HE MPOCTO COOTHOIIECHHWE KOHILIEHTPAIUH pa3iny-
HBIX OKCHJIOB, a HaJU4Hhe CBOOOJHBIX OKCHJOB. IIpu 3TOM clieqyeTr yduThiBaTh BO3-
MOKHOCTh 00pa30BaHUs B IJIAKEe PAa3IMYHBIX KOMIUIEKCHBIX coequHeHul. B kauecTBe
npumepa ['.JI.IleTpoB mpuBOAUT ABa BHa BO3MOXHBIX COCAUHEHUM, OOpa3yOIUXCs
npu cBapke: FeO-SiO, u (FeO),Si0,. Takum 00pa3oM, OJHA MOJICKYyJa JIHOKCH]IA
KPEMHHUSI MOKET CBSI3aTh U OJIHY, U JiBe MoJieKyibl FeO. TloaTomy miak, cocTosmii u3
50 moit. % SiO,u 50% mout. FeO, npu B = I pakTuyecku OyaeT KHCIIBIM.

B dopmyne MexnyHapoIHOTO MHCTUTYTa CBAPKA XMMHUYECKash aKTUBHOCTh OT-
JEIbHBIX COCIMHEHUN B KAKOW-TO CTEIEHU YUTEHA!

_ Ca0+MgO +BaO + SrO + K,0 + Na,O + CaF, +0,5€In0 + FeO _

B
Sio, +0,5@\,0, +TiO, + ZrO, !

(4.58)

rae CaO,MgO - comepkaHue XMMUYECKOTO COeIMHEHUs Bo uiroce, macc. %.

®opmyna (4.58) mmpoko mpUMeEHsIeTCs AJIA ONpeeNIeHUsT OCHOBHOCTU CBapoOy-
HBIX (PJIFOCOB.

Kamnu, oOpasyroiuecs: npu 1yroBoil cBapke MOKPBHITHIMHU 3JEKTPOAAMHU, CHAPY-
KM OKyTaHbl utakoM. O0agas KHHETUYECKOW dHEeprueH, Kary Npy NonajaHu B CBa-
POUYHYIO BaHHY MOTPY’KAIOTCA BIIIyOb, TJ€ MPOUCXOAMT pa3JelieHue MeTaiia U ILiaka.
[IInak MOKET OKa3aTbCsi BHYTPU CBApOYHOW BaHHBI B PE3YJbTaTE PACKUCIUTEIbHBIX
npoueccoB. [IlmakoBble YacTULBI CTPEMSTCS BCIUIBITh HA MOBEPXHOCTh BAaHHBI B CBA3U
CO CBOEH MajoW MJIOTHOCTHIO. CKOPOCTh BCIUIBIBAHMS YAaCTUL[ B CIIOKOMHOM KHIKOM
MeTasuie onpenessoT no popmysne Crokea:

B
A

w=222r’qg@, - p, ;. (4.59)

rae - paauyc BKIIOUYCHUS, CM;
2
g =981 cm/c” - yckopeHHe CBOOOIHOTO MaJCHUS;
p1- INIOTHOCTh METAJLIA, 111 YUCTOTO *kKeJe3a p1= 7,88 r/em;

3.
P2 - IINIOTHOCTH IINIAKOBOT'O BKJIFOYCHMA, r/cMm )
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# - BA3KOCTb XUAKOro Meraia, [la-c.

N3 popmyner (4.59) ciaemyer, uro HamboJee BIUSET HA CKOPOCTh BCIUTBIBAHUS
IJIaKa pa3Mep €ro 4acTUll, TakK Kak paguyc BKIIOYCHHS BXOIUT B (pOPMYITy BO BTOPOIL
CTEIEHHU.

IIpu nosb3oBanuu Gpopmynoi (4.59) cneayer yuuTbiBaTh, YTO B YCIOBUSAX CBAPKU
HaOJII0AAeTCsl MHTEHCUBHOE IEPEMEIIMBAHUE KUIKOIO METaia, KOTOPOE MOHHMKAET
TOYHOCTh pacueToB. @opmynoil CTOKCa MOXKHO IMOJIb30BATHCS JIMILIB JJII OPUEHTUPO-
BOYHOH OLIEHKH BO3MOKHOCTH YJAJICHUS [INIAKOBBIX YaCTHII IIPH CBapKe.

3aoauu Kk pazoeny 4

4.1 Onpenenuth 00b€M YITIEKHCIIOrO Ta3a, o0pa3yrollerocs Npu AUCCOLUAINU
Mpamopa 3JIEKTPOJIHOTO MOKPBITUS U MPUXOJALIErocs Ha 1 I pacIuIaBIeHHOTO MeTaia
anektpona. [uccoumanus mpamopa TIpH HarpeBe MpoTekaeT mo (Gopmyse
CaCO3—>Ca0+CQO,. llpunate: 1) TemnepaTypa BBIACIAIOMIETOCS W3 MOKPBITHS rasa
pasHa 1200K; 2) koaddurment o6beMHOro pacumpenus rasa 0,00366 K.

Tabnuna 4.3
BapuanT OtHocuTenbpHasA Macca MaccoBas gonst
nOKPbITUS Grioke/ Gripos MpamMopa B ITOKPBITUH, %o
1 0,30 25
2 0,33 57
3 0,35 30
4 0,37 32
) 0,40 35
6 0,42 37
/ 0,45 40
8 0,43 42
9 0,40 45
10 0,37 47
11 0,35 50
12 0,32 52

4.2 PaccuuTaTh 1aBJI€HUE HACBIIICHHBIX [MAPOB TPEX YHCTHIX METAIOB MO ypaB-
Henuto Kimanenpona-Koaysunyca npu 3agansoit temneparype. 110 nogy4eHHbIM TaHHBIM
MIOCTPOUTH TUCTOrpaMmy. Ha OCHOBaHMM aHANM3UPYEMBIX METAIJIOB CAEJIATh BBIBOJ O
BIIMSTHUM TEMIIEPATYPbI KUTICHUS HA TABJICHUE HACBIILIEHHOTO Mapa.
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Tabmnura 4.4

IToxka- Bapuant

ife' 11 23| 4|5 |6 | 7|89 10|11]12

Tem-

mepa- | S | 8 | 8 1 81 8|1 818|888 8| m
N~ Lo <t (92) o O [o0] (@) — (do] (q\] (9p]

Typa, N ™ 9] N ™ ™ N N ™ N ™

K

Dne- | Al Si Si Al Fe |Ti Cr |Fe |Al [Al |V Ti

MEH- Cr |Ti Vv Mn | Zr Vv Cu |V Cr |Cr |Zr Si

TBI Fe |V Zr Zr Si Si Zr Ti Cu [Cu |Ti Zr

4.3 OmnpenenuTsh coaep)aHUE KUCIOPOJa U a30Ta B COCTaBE ra3oBOM (pa3bl HaJ
KUJKUM pacIlaBOM XKeJie3a U JIETUPYIOLIETO AJIEMEHTA MIPU TyrOBOMl CBapKe Ha BO3AY-
xe 0e3 3alUTHOU cpelibl rojiol nmpoBojokoi. [IpuHsTE cienyroiee: ra3oBas aza co-

CTOWT M3 TIapOB METAllTa M BO3IyXa; CyMMapHOE JaBICHUE [TapoB M BO3TyXa paBHO 10°

[Ta, mpuyem mapel BBITECHSIOT BO3AYX; B Bo3ayxe conepxkurcs 80% azora u 20% kuc-
JOopoAa; coAepKaHue Ta3a B razoBod (haze COOTBETCTBYET €ro MaplUalbHOMY JaBlie-

HUIO.
Tabnuma 4.5

IToka3arenu Bapuant
1]2[3]4]5]|6|7]|8|]9]10]11]12

Jlerupyrouit Mn Cr Al Cu

AIEMEHT

Konuentpanus

JIETHPYIOIIETO 5|6 10510415, 2|3 |5|1]2]3

aiemMenTa, %

Temnepatypa, K
o o o o o o o o o o o o
— o o o (@) o o (@) o o Lo o
N —i o [V —i o N —i o N —i —
N N [V (QV (QV (QV N (Q\ (Q\ (Q\ N (Q\

4.4 PaccuuTaTh B MPOILIEHTaX COCTaB ra30BoM ¢as3bl, 00pa3yroIIencs Ipu IUcco-
[MAlMU YTJIEKUCIIOrO rasa, sl pa3iuyHbIX TeMiepaTyp. CorinacHo peakiuu Auccouya-
nuu 2C0O, = 2CO + O, ciuenyet, 4To NpH pasiiokeHuu IByx mojier CO, olOpasyercs
nBa moJis CO u oJIuH MoJIb Kuciopoja. [loctpouts rpaduk, MOKa3bIBAIOIINN COCTAB Ta-

30BOi (ha3bl B IIPOLIEHTAX HPH PA3INIHBIX TEMIIEpaTypax u odmem gapnexnn 10°Ta.
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Tabmnura 4.6

IToxka- Bapuant

Sl 23|45 6|7 89 10 1|1

Tem- | 2500 | 3000 2600 | 2550 |2525 | 2700 |2525 {2515 (2800 |2510 2600 (2700

nmepa- | 2900|3250 {2900 | 2850 |2850 | 2900 |2825 {2865 (3080 (2810 |2950 3000

typa, |[3300|3500 [3200 (3150|3175 | 3100 3125 {3215 [3360 (3110 |3300 |[3300

K 3700 [ 3750 {3500 | 3450 |3500 | 3300 |3425 {3565 3640 |3410 3660 (3600
4100|4000 (3800 |3750 {3825 | 3500 |3725 |3915 (3920 |3710 |4000 {3900

4.5 OnpenenuTh CTENEHb JUCCOLMAIIMM MOJICKYJISIPHOTO raza MpH pa3iudyHbIX
TeMriepatypax u arMochepHoMm naBieHuu. [locTpouth rpaduk 3aBUCUMOCTH CTEIICHU
IUCCOLMALIMY Ta3a OT TEMIIEPATYypPBl.

Tabmnura 4.7

IToka- Bapuant
ife_123456789101112
a3 H, N, 0O, P,
Tem- | 20001900 [4000 | 300 | 1900] 4000 [300 |1900 4000 [300 |1900 |4000
mepa- | 3000 |2400 |4500 | 600 | 2400| 4500 |600 |2400 |4500 |600 |2400 4500
Typa, |4000|2900 (5000 |1000 | 2900| 5000 |1000 [2900 (5000 |1000 |2900 5000
K 5000 |3400 5500 | 1400 | 3400/ 5500 |1400 3400 |5500 |1400 (3400 |5500

6000 |3900 |6000 | 1800 | 3900/ 6000 [1800 3900 6000 1800 |3900 (6000

HU.

4.6 Onpenenurs CTENEHb AUCCOLMAIMHA JIByXaTOMHOIO ra3a IpU MOCTOSIHHOM
TEeMIIepaType W WU3MEHSIOMEMCS JaBJICHUH, PAaBHOM: 0,2'105; 0,410% 0,6'10° 0,8'10°:
1,01310°a. [ocTpouTs rpaduK 3aBHCHMOCTH CTEIICHH JUCCOIMALNM ra3a OT AaBiie-

Tabmuma 4.8
IToka- Bapuant
ife' 112|345 |6 |7 8] 9 ]1]11]1
a3 OH | HF | HCI | NO | CO | CH | SiO | SiF | MgO | CaO | BaO | LiO
Tem-
nepa- S b= S S S S S S S S S S
wpa, | R | R |8 | 8|12 |82 3|8 8|5 |83
K
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4.7 OnpenenuTbh paBHOBECHYIO KOHIIEHTPALMIO BOJOPO/Ia B METaJLIE LIBA MPHU ap-
TOHOJYTOBOM CBapKe, €CJIM y4eCTb, YTO aprOH COJEPKHUT B CBOEM cocTase Biary. [Ipu-
HSITh, YTO METAJUI IIBa MPEJCTaBIsieT co00il uncroe xene3o. CopepxaHue BIaru B ap-
rOHE, TeMIIepaTypa CUCTEMbI M KOHIIEHTpAIMs KUCJIOPO/ia B IIIBE YKa3aHbI JIJIS KaXKIOTO
BapUaHTA.

Tabmuma 4.9
IToxa3ate- Bapuant
B0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Temmepa-
o o o (@) o o o o o o o o
Typa, K S — I ') < e © = os) > S i
(0] (e 0] (e0] (o] (e e 0] (o] e 0] (0] (o] (@)) (o]
— — — — — — — — — — — —
o ™ o) N~ o N o) N~ o N o o
0 ~ Al al N ™ ™ ™ ™ < <t < Yol
[O, %] S|lo|o|lao|a|a|a | |a|a|alo
o o o o o o o o o o o o
Conepxa- o o
< | v | o | F B 8| v o |~
mieBam | o | o | S| 8|15 | gQ |3 88|22 |a]<a
B aproHe, | o © o o o Py o o o o o o
/M’

4.8 OnpenenuTs paBHOBECHYIO KOHIICHTPAIIUIO PACKUCIUTENS NP U3MEHEHUU
OCTaTOYHOI'O COJEpKaHUs KUCJIOpoAa B MeTamie mBa. Temmneparypa nmoctosiHHa. [lo-
CTpOUTH rpauK 3aBUCUMOCTHU COACPIKAHUS KUCIOPOIa OT PaBHOBECHOM KOHIIEHTpAIIUU
PACKUCIUTENS.

Tab6auna 4.10

IToka3za- BapuanTt
TEIu 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Temnepa-
o o o o o o o o o o o o
v K88 818818 8/8|8/8/8]8
—i — — i i (Q\] — i AN —i —i (QV
Pactae- Mn Si Ti Al
JUTENb
Conepxa- 0,20 0,300 0,020 0,00025
HUE KHUC- 0,15 0,225 0,015 0,00020
nopoaa, % 0,10 0,150 0,010 0,00015
0,05 0,075 0,005 0,00010
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[Tpunoxenue A

CTAHJAPTHASA DHTAJIBIIUA OBPA30OBAHUA
N CTAHAAPTHASA DOHTPOIIUA BELHLIECTBA

BeH_IeCTBO AHozgg, 80298, BCH_IGCTBO AHozgg, Sozgg,
J>x/MoITb JIx/(Moabs K) J>x/MOITb JIx/(Monb K)
Al; 0 42,7 H,O -241840 188,7
Al,Os7 -1676800 50,9 H,S, -20900 193,0
Ct 0 57 HFr -270900 173,8
COr -110599 197,7 MqOq -601240 26,9
CO,r -393777 213,8 MgCOst -1096200 65,6
COq 0 41,6 Mn+ 0 31,8
CaCOzr -1207920 88,8 MnO+ -384900 60,2
CaSr -482700 56,5 MnS+ -205000 78,2
CaOq -239100 52,8 MngNot -238000 191,5
Cry 0 23,8 Nor 0 191,5
Cry0z7 -1141300 81,2 NOr +90400 210,6
Cr;037 -178000 17,4 Na,Or -418261 75,1
Cur 0 33,3 Na,COsr -1131525 138,9
CuOq -162110 42,6 Nit 0 29,9
Cu,Oq -173290 93,0 NiSt -92880 67,4
CuSt -53170 66,6 Oy, 0 205,0
Cu,St -79500 121,0 Sor 129100 227,7
CuCOxst -595400 88,0 Sit 0 18,7
For 0 202,9 SiO,r -859300 42,1
Fer 0 27,2 SiCq -66000 16,6
FeOq -265000 60,8 Tit 0 30,7
Fe O3t -822700 87,5 TiOsr -943900 50,2
FesOur -1118000 146,2 TiNt -335000 30,1
FeSt -100500 60,3 V1 0 44,0
FesCq -24200 102,0 V,037 -1250000 96,3
Hr 0 130,6 VCy -116700 28,2

Ilpumeuanue. nnexcel T u I 0603HauaroT, COOTBETCTBEHHO, TBEPAOE U ra3000pa3HOE

COCTOsAHHUE BCIIICCTBA.
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[Tpunoxenune b

TEPMOJAUHAMUYECKUI HOTEHIUAJL J1JISl PEAKLIIA
OBPA30BAHUS COEJUHEHUI U3 KOMIOHEHTOB

B CTAHIAPTHbBIX COCTOSHUAX

I AG®° =M + NT Ipeenst
M, JIx N, JLx/K temMriepatypsl, K
2A1+3/20, = Al,0O5 -1687909 325,150 932...2303
Bay + 72 S, = BaSr -544284 123,510 1002...1895
Cr; + 1/20, = CO -110960 -89,875 773...2273
C:+ 0, =CO0, -393260 -2,290 773...2273
COy + 1/20, = CaO+ -641836 110,200 1123...1765
CaO; + CO, = CaCOgzr -170577 144,190 973...1473
Cax + %2 5, + Casy -548471 103,920 1112...1757
Cex + 725, + CeSy -535241 91,020 1071...2723
2Cr + 1/20, = Cr20;1 -1110884 247,480 1173...1923
Cry + 1/2S, = CrSy -202641 56,100 1373...1573
Cur + %2 O, = CuOy -159852 91,020 298...1356
2Cur + 1/2S, = CuSt -115681 76,120 298...703
2Cur + %2 S; = Cu,St -131884 30,280 708...1402
Fe, + 1/20, + FeOy -262387 63,560 842...1184
Fe, +1/2S, = FeSt -150350 52,580 412...1179
Fe, + 1/20, + FeO+ -263182 64,220 1184...1650
Fe, +1/2S, = FeSt -151020 53,340 1179...1261
N2 +1/2S, = H,S -91691 50,620 298...2273
2Ky + 1/2S, = K,S¢ -481482 143,610 298...1032
Mg + 1/20, = MqO+ -601350 107,390 298...923
MqO; + CO, = MqCO37 -110825 120,160 298...1000
Mgr +1/2S, = MQgSy -409888 94,450 298...922
Mnr + 1/20, = MnOy -385186 73,830 298...1517
Mny + 1/2S, = MnS; -296719 76,690 973...1473
Mot + O, = MoO,r -584435 170,61 298...2500
Mot + S, = MoOyr -397746 182,13 298...1458
2Nay +1/20, = Na,0Or -421401 147,12 371...1405
Na,01+CO, = Na, CO3r -297263 118,28 298...1123
2Nay +1/2S, = Na,Sr -439614 144,03 371...1251
Nit +1/20, = NiOy -234503 85,28 298...1725
Nir +1/2S; = NiSt -146454 72,01 298...773
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[Iponoikenue npuitoxkenus b

3Nir +S; = NigSyr -331762 163,33 298...1063
1/2P, + O, = PO, -386023 16,29 298...1973
Pby +1/2S, = PbSt -163285 88,09 601...1386
Sit +0, = SiOyr -906555 174,05 848...1298
Siy +1/25, =SiS 51791 -81,64 973...1685
Tit +0, = TiOyr -939535 175,76 1000...1950
2Tir + 3/20, = Ti,03r -1495106 251,21 1000...1950
Tir +1/2N, =TiNt -336536 93,32 298...1943
2Vt + 3/20, =V,041 -1231129 239,61 298...2185
2Vt + 5/20, =V,0s1 -1464417 325,31 943...2185
217t +5, = ZrSyr -699196 178,36 298...1832
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[Tpunoxenue B

KOOOOUIIMEHTHI AJI UHTEPIIOJIALIMOHHBIX ®OPMVII (4.17)

a3 Ko K |K,10°| K* K, K, K, K, Ks Ks K,

O, | 91126 | 1,0453 | 0,2073 | -2,5785 | -6,6737 | 15,8290 | -29,6389 | 29,0916 | -0,4219 | -24,562 | 14,941
H, | 63519 | 05191 | 0,1183 | -2,2609 | 2,4765 |-10,7480 | 21,8446 | -21,9890 | 2,7874 | 13,607 | -8,355
F, | 85092 | 9,8343 | 0,9830 | -0,8168 | -5,9775 | 16,1260 | -35,8950 | 42,9400 | -9,9080 | -27,390 | 19,310
H, | 88703 | 1,0760 | -0,8883 | -4,9040 | -4,7857 | 7,7988 | -9,7634 | 55720 | 4,0956 | -7,551 | 2,923
BaO | 2,6684 | -0,7132 | 2,6120 | -3,0417 | 17,0761 | -77,5070 | 227,6350 -319,3850 | 115,3460 | 168,440 | -134,670
CO | 92365 | 1,0674 | -0,5046 | -5,5827 | -4,8625 | 7,3986 | -7,0747 | 0,6576 | 7,2612 | -7,846 | 2,686
CH | 64970 | 0,7278 | -0,2190 | -1,7468 | 0,1503 | -8,0530 | 24,3320 |-32,9870 | 12,5820 | 14,380 | -11,950
CaO | 64687 | 0,4711 | 0,9460 | -2,5850 | -3,0637 | 10,2620 | -27,2800 | 39,1030 | -12,1160 | -24,530 | 18,690
HCl | 7,7596 | 1,1444 | -1,3130 | -2,2133 | -3,0325 | 0,3760 | 6,8820 |-12,9190| 6,5030 | 5,000 | -4,870
HP | 6,7968 | 0,6507 | 0,2640 | -2,9384 | 1,5345 | -9,1290 | 20,5400 | -226700 | 5,3100 | 11,740 | -8,030
MgO | 6,9029 | 0,6953 | -0,1090 | -2,1870 | -1,8117 |-12,0940 | 49,3970 |-76,8160 | 32,2950 | 30,610 | -29,160
NO | 85327 | 1,1308 | -0,6333 | -3,2657 | -6,5136 | 13,6333 | -21,9805 | 18,8564 | 1,4339 | -15,983 | 8,812
LiO | 6,1683 | 0,4312 | 1,0820 | -7,7215 | -1,8581 | 4,5910 | -8,8020 | 9,4690 | 0,6300 | -11,000 | 7,610
OH | 6,1793 | 0,5845 | 0,0380 | -2,2181 | 2,0535 |-11,3821] 26,7550 | -31,6665| 9,9422 | 14,718 | -11.224
SiF | 6,7607 | 0,4833 | 1,4210 | -2,7528 | -2,1680 | 4,1050 | -3,5830 | -2,1910 | 6,9060 | -4,400 | 0,500
SiO | 85893 | 0,9266 | 0,8800 | -4,2101 | -5,2565 | 12,1250 | -18,7090 | 13,3460 | 4,8750 | -14,990 | 7,350




[Tpunoxenune I

MAPAMETPBI B3AUMOJIEMCTBUS MOPSAKA 1151 PACTBOPOB

H,C,N,OHU S BXKHUIAKOM KEJIE3E IIPH 1873 K

OnemeHT, X X X X X
€c €n En €o €5

Al 0,043 0,013 0,028 -3,9 0,035
C 0,14 0,06 0,13 -0,13 0,11
CO 0,008 0,002 0,011 0,008 0,003
Cr -0,024 -0,002 -0,047 -0,04 -0,011
Cu 0,016 0,001 0,009 -0,013 -0,008
Mn -0,012 -0,001 -0,002 -0,021 -0,026
Mo -0,008 0,002 -0,011 0,004 0,003
N 0,11 - 0 0,057 0.01
Nb -0,06 -0,002 -0,06 -0,14 -0,013
Ni 0,012 0 0,01 0,006 0
P 0,051 0,011 0,045 0,07 0,29
S 0,045 0,008 0,007 -0,133 -0,028
Si 0,008 0,027 -0,047 -0,131 0,063
Ti - -0,019 -0,53 -0,31 -0,072
V -0,077 -0,007 -0,093 -0,14 -0,016
W -0,006 0,005 -0,002 -0,009 0,01
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