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A method oj stress-strain measurement by means oj a torsion-testing 
instrument has been applied in the investigation oj unjirecl basic bricks 
with various kinds oj chemical boncls in the temperatitre range involving 
destruction oj these bonds. The relationship between the stress transjer1·ed 
by the testpiece and the fixed strain has been registered by means oj 
a xy-recorcle1·. The mechanical behaviour oj testpieces with different kinds 
oj bonds is different. It has been concluded that not only the values oj 
strength but also the valites o.f clejormability, i.e. the ability oj bricks to get 
strained without damage to their compactness, are important for assessing 
their technical value. 

INTRODUCTION 

The volume changes -taking place in refractory bricks, the temperature 
gradient in brick lining and other influences due to lining design bring about 
certain stresses in a refractory lining exposed to temperature changes. The 
bricks are able to resist the effective stress under the following circumstances: 

1. their strength has to be higher than the maximum resulting stress,
2. the bricks have to be able to equalize the resulting stress by their strain

without any damage to their compactness. 
In both cases, the effect oftime must be more or less taken into consideration 

according to the effective tempera ture involving the portion of plastic and elas­
tic stra-in. In general, fired bricks are claimed to have a high strength at high 
temperatures. On the other hand, it is known that materials with chemical 
bonding have a relatively low strength at higher temperatures, but are able to 
balance the effective stress through their own strain without forming cracks. 
This property, sometimes called deformability or flexibility, has been assessed 
only qualitatively until now [1-5]. In this study we attempt to elucidate the 
relations between a fixed strain and the corresponding stress occuring in a test 
specimen by using dynamic testing with a torsion instrument and estimate the 
dependence of these relations on timefrom the point ofview ofstress relaxation. 
In case of brick with chemical bonding the lmowledge of these relations is very 
important, especially in the temperature region where the chemical bond 
ceases to be effective, but the ceramic bonds have not yet arisen. 
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EXPERIMENTAL AND MATERIAL USED 

A modified torsion-testing instrument of "Chemisches Laboratorium fiir 
Tonindustrie" was used. A schematic diagram of this instrument is shown in 
Fig. 1. A testpiece with the diameter of 35 mm reduced to 20 mm at the center 
in the length of 35 mm (1) is fitted with its central part in a furnace with PtRh 
winding (2) while its edges are fastened in the holders of the instrument (3) 
outside the furnace. The testpiece is exposed to a constant or variable strain of 
sinusoidal course. The variable strain is raised by means of a cam (4). A gear box 
makes possible to change the strain frequency over the range 0.01-10 cycles 
per minute. The frequency of 0.5 cycles/min was used for testing. Another 
additional device allowed tests with increasing amplitude of variable strain. 
The torsion is measured by means of an induction transmitter (5). The stress 
transferred by the testpiece acts on an elastic steel rod (6) which is little strained 
in comparison with the testpiece. The strain is measured by means of a sensitive 
induction transmitter (7). The determined rod strain is proportional to the 
stress. The fixed strain is plotted against the produced stress by means of the 
xy-recorc;ler (8). 

2 

,-----;=, I I J I I 1

: I 

I I 

I I 
L ______ _i 

/ 

3 

F'ig. 1. Schematic diagram oj torsion-testing instrument. 1 - testpiece, 2 - Jurnace, 
,3 - holders, 4- cani, 5 and 7 - indiwtion transmitters, 6 - elastic rod, 8-xy-recorcler. 

Three kinds of tests were performed: 

a) The dependence of stress on temperature was followed (Fig. 2A) at both
increasing and decreasing temperature by using a constant amplitude of 
variable strain. The envelope of stress amplitudes w

0

as evaluated in terms oť 
temperature (Fig. 2B). 

b) The stress-strain relationship was recorded by means of xy-recorder
at constant temperature with the strain increasing at a constant rate (Fig. 3). 

c) The stress-strain dependence was recorded at constant temperature for
alternating stress with increasing amplitude (Fig. 4). 

The stress is expressed in kp . cm-2
. The strain is defined as specific torsion, 

118 14, Silikáty 2, 1970 



Stress-Strein Behaviour oj Ohemically Bonded Basic Bricks 

i.e. displacement of the point of maximum stress (.6.1) relative to the length
of the twisted part of the testpiece (1).

The tests were carried out with chromemagnesite material involving three 
kinds of chemical bonds. The basic properties of the raw materials used are 
given in Tahle r:

Table I 

Properties of raw materials 

Sintered magnesia Iranian 
of Košice chrome ore 

SiO2 content % 2.86 3.00 
CaO content % 1.23 -

Volume weight g. cm-3 3.25 3,87 
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Fig. 2. Nleasurernent oj dependence oj strain (y) on stress (-i:) - a. A - program, B test 
results, T - temperature, t - tirne. 

(T=konst) 
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Fig. 3. Measurernent oj dependence oj strain (y) on stress (-i:) - b. A - program, B -
test results. 
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Fig. 4. 11:leasurement oj dependence oj strain (y) on sti·ess ('r) - c. A - program, B -test results. 
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Fig. 5. Temperature (T) dependence oj the stres s (,) . transjerred by the testpiece at variable strain a - oxysulphate bonding,, b - poly­phosphate bonding, c - oxysitlphate bonding with the addition oj iron, d - cooling. 
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Fig. 6. Dependence oj the modulits oj mp­titre (a) on temperature. a - oxysulphate bonding, b - polyphosphate bonding, c -oxysulphate bonding with the adclition oj iron. 

The chromemagnesite materials contained 35 % of granular chrome ore 
(0.3-1.5 mm) and 65 % of sintered magnesia, 25 % of which had a grain 
size of 0.3-1.5 mm, while the grain size of the remaining 40 % was less than 
0.09 mm. These materials were prepared with three different types of chemical 
bonds: 

a) oxysulphate bonding (2 % MgSO4. 7 H2O),
b) polyphosphate bonding (1.5 % of Graham salt),
c) oxysulphate bonding with an addition of metal (2 % MgSO4 . 7 H2O

and 3 % Fe-powder). 
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After moistening, the material was pressed under a pressure of 1000 kp. cm-2 
into the form of bats which were dried at 110 °C and used for making the 
testpieces by cutting and turning. 

RESULTS AND DISCUSSION 

o 

The dependence of stress values on temperature at varial/le strain of constant 
amplitude (program-Fig. 2) i� presented in Fig. 5. A rapid decrease of the 
stress transferred by the testpiece occurs during the loosening of chemical 
bonds. The lowest stresses are recorded for the material with oxysulphate 
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Fig. 7. Stress (,} - strain (y) relations­
hip. a - oxysulphate bonding, b - poly­
JJhosphate bonding, c - oxysulphate bond-

ing with an addition oj iron. 
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Fig. 8. Stress (,} - strain (y) relationship 
at 950 °0. Rate oj strain increase: -- 1° 

per 0,25 min, --1 ° per 1.25 min, -.-.-. 1 ° 

per 5 min, ...... 1 ° per 12.5 min. 
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Fig. 9. Stress relaxation at 950 °0. 

bonds, whereas the highest ones for materials with a metal addition. The 
transferred low stress implies that this material compensates it by increasing 
strain until the compactness is damaged. 

In the testpiece fired up to 1500 °Cin the course of the test, a ceramic bond­
ing arises which manifests itself by an intense strain hardening in the tempera­
ture range of about 1000 °C during cooling. 
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The ability to compensate the stress is related to the strength of bricks. The 
stress relaxation is lower in materials with higher strength, as follows from 
comparison of Fig. 5 to Fig. 6. in which the values of modulus of rupture in 
dependence on temperature are given. While the strength values are nearly 
constant over the temperature range 800-1200 °C, a stress compensation 
takes place in this i'ange during the torsion test and increases ·with increasing 
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Fig. 10. Stress (,) - strain (y) relationship at 1100 °0. Oxysulphate boncling. 
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Fig. 11. Stress (,) - strain (y) relationship at 1100 °0. Polyphosphate bonding. 

temperature. This phenomenon may be due to the plastic· deformation which 
increases with temperature and becomes more evide13.t in case of the prolonged 
torsion test. 

The course of stress for a ·strain increasing at constant rate (1 ° in 1.25 minu­
tes) at 950; 1250 and 1450 °C respectively is presented in Fig. 7. 

First, an elastic strain occurs at 950 °C. The range of direct proportionality 
between the stress and strain is, however, narrow. The rate of stress growth 
falls within a large strain range. The crack formation in a testpiece manifests 
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itself by a stress drop. The stress values for particular bonds till the moment 
of crack formation have the same order as the stress values in the preceding 
test (Fig. 5). It appears that materials with different bonds differ by the strain 
at which the cracks are formed. In this respect, the polyphosphate bonding 
exhibits the most favorable behaviour. On the other hand, the testpiece with 
oxysulphate bonding with an addition of metal is subject to fracture under 
a relatively low torsion loading. 
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Fig. 12. Stress Ci:) - strain (y) relationship at 1100 °0. Oxysulphate bonding with an 
addition oj iron. 

The transition to fracture is not so distinct at 1250 °0. The shape of curves 
indicates that the strain has mostly a viscous character. At 1450 °C, the stress 
has a constant value during the increasing strain. It is the creep oť material 
that has set in and no crack formation has been observed even in case of high 
torsion. At higher temperatures, when the viscous strain sets in, the relation­
ship between the stress and strain depends strongly on time, i.e. on the rate of 
strain increase in this case. That is proved by the measurement results given 
in Fig. 8. Ifthe strain is raising slowly, the stress becomes compensated and the 
cracks are formed at a still higher torsion. 

The tests, performed at constant .temperature by using alternating strain 
with constant amplitude, indicate that the stress relaxation is proportional to 
the logarithm of time, as presented in Fig. �-

For ťurther elucidation of strain dependence on the stress in the region 
between the initial elastic behaviour and the formation of destructive ruptures, 
tests have been performed with increasing amplitude of variable strain at 
constant temperature (program-Fig. 4). The curves, recorded by xy-recorder, 
are presented in Fig. 10-14. 

At low strains the curves of chemically bonded bricks have an elliptic shape, 
characteristic for viscoelastic behaviour. The ratio of semi-axes of the elliptic 
curves depends on the proportion of plastic and elastic behaviour of testpieces. 
The viscous portion grows with increasing temperature and the ellipses become 
rounded (see Fig. 10 and 13). During the testing the stress amplitude rises, 
but this rise is not proportional to the strain amplitude; this agrees with the 
results of measurements presented in Fig. 7. Deformations appear on initially 
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eliptic curves and continue to increase with increasing torsion amplitude. It 
confirms the non-linearity in the viscoelastic behaviour of materials. This 
non-linearity may be explained by texture disorder and microcrack formation. 
The effect of microcracks may be compared to the play in a grear. Non-lineariti­
es begin to becoine evident in the tr1:1,nsition over the zero strain point. The 
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F'ig. 13. Stress {r) - strai,;,, {y) relationship ·at 1250 °0. Oxysulphate bonding. 
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F'ig. 14. Stress (r) - sťrain )(y relationship. Fired chromagnetite with direct bond. 

fori:nation of destructive cracks brings about a decrease of absolute stress 
value in the course of increasing strain. 

On the basis of curves presented in Fig. 10-12,0the behaviour of particular 
kinds of chemical bonds may be compared. On first sight, it is evident that the 
behaviout of the material with bonds according to c), i.e. with an addition 
of sor:ri.e metal, is quite different. The stress relaxation is relatively small and 
a rupture in the testpiece occurs at a relatively small torsion. The test pieces 
with this kind of bonds behave in a similar manner as fired materials (Fig. 14). 
The comparison of bonds with addition of some metal to fired bricks is logical, 
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Fig. 1. Photographic electron microprobe analyse1· recorcls oj a smnple containing pure 
C3MS2 which has been exposecl to the temperature oj 1600 °0 jo1· 40 how·s. 

1 /1? 9 „Composition" linear magnification 117 X .

1/180 Planar clistribution oj Mg atoms. 
1/181 Planctr clistribi1.tion oj Si a/,01ns. 
1 / 182 Planar clistribution oj Ca atom.s. 



Z. Páne7':, E. Kancliř:

F'ig. 2a. Microphotogravhy oj mixture containing 96 % oj C,lVIS2 cmd 4 % oj lVICr which has 
been heatecl Jor 7 hours at 1560 °0 ancl raJJiclly coolecl 'f C2S etched with alcoholic rejlecte 

cl light (335x). v 

F'ig. 2b. lY[icrophotography oj the sepne mixture, which has been thermally treated in the 
same manner the only clifjerence being a slower cooling 'í C2S, � lVIgO, 8 C31\IIS2 + melt 

(335x). 



The Study oj Dicalcium Silicate Phase . . .  

Fig. 4. Photographi'.c electron microJJrobe analyser recorcls oj a samJJle containing 9 % oj 
MCr amd 91 % oj C3MS2 which has been exposecl to the temperature oj 1660 °0 Jor 7 hours. 

4/191 "OomJJosition" linear magnification 466 x 
4/192 Planar clistribution oj Mg atoms. 
4/ 193 Plana.r distribution oj Cr atoms. 
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when considering that oxidation of iron and formation of magnoferrite takes 
place even below the test temperature. In case of the testpieces bonded accord­
ing to a) and b) the course of curves is the same. The only difference is based on 
the fact that phosphate bonds are able to resist greater stresses, which is their 
main advantage. For both curves (Fig. 10 and 11) the stress amplitude remains 
practically constant with increasing strain amplitude over a broad range, the 
non-linearity of curveS"increases, the microcracks arise, but no fracture of t,he 
testpiece sets in. 

On the basis of above curves,.the deformability may be qualitatively estima­
ted, and this means that the values of strain and stress involving the formation 
oť microcracks and ruptures may be calculated. 

These relationships foy.nd between the strain and stress are helpful for the 
elucidation oť behaviour oť the individua! types oť basic bricks in steel 
making furnace roofs. 

CO:NCL USION 

'Thermomechanical tests oť unfired basic bricks with different types of che­
mical bonds, performed by means oť a torsion-testing instrument which makes 
possible to measure_ the stress transferred by a testpiece at a fixed variable 
strain, demonstrate that not only the strength values but also the values of 
deťormability, i.e. the ability oť bricks to be strained without any dama.ge 
to their compacteness, are important for assessing their technical value. The 
good deťormability is an advantage of chemically bonded bricks in comparison 
with fired bricks. The relationship between the strain and stress for chemjca.Uy 
bonded basis bricks has been investigatecl within a temperature range where 
the chemical bonding ceases- to be effective but no ceramic bonds. are get ťor­
mecl. It has been found that the materials with different types of chemical 
bonds are widely apart with regard to strength values, relaxation of arising 
stresses, and deťormability. The curves representing the relationship between 
the stress and strain may be used for assessing those stress and strain valnes 
which give rise to the formation oť destructive cracks. 

R efer en c e s  

[l] Kienow S., Sauthoff J.: Ber. Deutsch: keram. Ges. 43, 46 (1966). 
[2] Kaltner E., Nemec F.: Tonind. Ztg. 90, 209 (1966). 
[3] Nemec F.: X. Intern. Keram. Kongress, Stockholm (1966). 
[4] Kienow S.: X. Intern Keram. Kongress, Stoekholm (1966). 
[5) Kienow S.: Ber. Deutsch. keram. Ges. 45, 341 (1968). 

VZTAHY MEZI N APĚTÍM A DEFORMACÍ V CHEMICKY VÁZANÝCH 
BÁZICKÝCH STAVIVECH 

Hans \Valter Hennicke, František Tomšú* 

'Institut jur Steine imcl Erclen - Teclmische Universitat, Clausthal
*Výzkumný ústav hutní keramiky, Bratislava

Je popsána metoda sledování závislosti mezi deformací a napětím v žárovzdorných 
stavivech za použití torzního pÍ'Ístroje (obr. 1). Tělísko je vystaveno konstantní (obr. 3) 
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nebo proměnlivé deformaci se sinusovým pri'1během (obr. 4) a současně se měří tělískem 
pfonášené napětí. Pomocí xy-zapisovače je registrována zadaná deformace proti vyvola-
nému napětí. 

Tato metoda sloužila k sledování chování nepálených bázických staviv s rúznými druhy 
chemických vazeb. Vztahy mezi deformací a napětím byly zjišťovány př-i teplotách, při 
kterých dochází k rozrušení chemické vazby. 

Ph malých deformacích mají ld'.-ivky deformace - napětí eliptický tvar typický pro 
visko-elastické chování. Se zvyšující se deformací se objevují na khvkách nepravidelnosti. 
Toto nelineární chování je vysvětlováno vznikem mikrotrhlin. Pí-i dalším zvyšování 
deformace klesá pfonášené napětí a dochází k lomu tělíska. Druh chemické vazby ovliv­
ňuje chování bázických staviv. Tělíska s oxysulfátovou a polyfosfátovou vazbou jsou 
schopna deformovat se bez porušení celistvosti (obr. 10 a 11). Chování tělísek s pHdavkem 
foleza (obr. 12) je blízké chování pálených materiálú (obr. 14), což se vysvětluje vznikem 
magnoferitu. Tyto materiály sice odolávají vysokým napětím, ale nejsou schopné ph-
zpúsobit se tvarem. & 

Pro posouzení technické hodnoty staviva jsou dúležité nejen hodnoty pevnosti, ale 
i hodnoty deformovatelnosti, tj. schopnosti staviva deformovat se bez narušení celist­
vosti. 

Obr. 1. Schéma torzního pfístroje. 1 - zkuš. tělísko, 2 - pec, 3 - držáky, 4 -excenter, 
5, 7 -indukční snímače, 6 -pružná tyč, 8 -xy-zapisovač. 

Obr. 2 . .i11ěfení závislosti deformace (y) a napětí (r) - a. A - program, B - výsledek 
zkoušky, 1' - teplota, t - čas. 

Obr. 3. Měření závislost·i deformace (y) a napětí (r) - b. A - program, B - výsledek 
zkoušky. 

Obr. 4. Nlěfení závislosti deformace (y) a napětí (T) - c, A -program, B-výsleclek zkoušky. 
Obr. 5. Závislost tělískem JJfenášeného napětí (r) pfi pi·oměnlivé deformaci na teplotě (T). 

a - oxys-uljátová vazba, b - polyf osjátová vazba, c -oxysuljátová vazba s pří­
clavlcern železa, cl - chlazení. 

Obi·. 6. Závislost pevnosti v tahu za ohybii (a) na teplotě (T). a - oxysulfátová vazba, b -
polysuljátová vazba, c - oxysuljátová vazba s pfíclavkem železa. 

Obr. 7. Závislost napětí (r) a deformace (y). a -oxysuljátová vazba, b-polyfosjátová vazba, 
c -o_xysiilfátová vazba s pfíclavlcern železa. 

Obr. 8. Závislost napětí (r) a deformace (y) pfi 950 °0. Rychlost stoupání deformace: --
.ZO za 0,25 min, - - -1 ° za 1,25 min, -.-.-. 1 ° za 5 min, ...... 1° za 12,5 min. 

0hr. 9. Relaxace napětí pfi 950 °0. 
Obr.10. Závislost napětí (r) a deformace (y) při 1100 °0. Oxysuljátová vazba. 
Obr. 11. Závislost napětí (r) a deformace (y) při 1100 °0. Polyfosjátová vazba. 
Obr.12. Závislost napětí (r) a deformace (y) při 1100 °0. Oxysuljátová vazba s přídavkem 

železa. 
Obr.13. Závislost napětí (r) a deformace (y) při 1250 °0. Oxysuljátová vazba. 
Obr.14. Závislost napětí (r) a deformace (y). Pálené rnagnesi'.ochromitové stavivo s pří­

mou vazbou. 

OTH O IU E IHIE ME './H: ,[!;}I I -I A D P fI './:1\'.E H H E M Jt1 .[I; E CIJ OP MA� HE H 
B OCHOI3HOM OrI-IEYJIOPE HA XHMJ1 LIECI-WH Cl3fl3I-\'.E 

ranc Bam,Tep remume, {!)paHTHm01, ToMwy 

Institut jur Steine uncl Erclen -Technische Universildt, Clausthal 
H ay•uw·ttCCJ1,eíJoaameJ1,bC1,:uii w1cmumym oariey,ťÓpoa, i. B pamucJ1,aaa 

B IIJ)0.[\Jl0)1{0HHOH pa6oTe aBTO ph! OHl1C.1,IBaIOT MOTOA HCCJieAOBamrn ,H\BHCHMOCTl1 MO)l{AY 
/lCCJJOJ)MU[\11011 11 Hnnpm,rnHHOM B onrcyno pm)M MUT0J)HUJI0 C 'np11M0H0Hl10M ci,py•JHBfllJMH 
(JHIC. t). 06 pa301( HOABOpraeTCH flOCTOflHHOi'I ( p11c. 3) 11.TI H 113M0HHIOU10HCH AOCpopMUl.(1111 
C CHHYCOl1):(aJihHl,IM XOAOM (pne. 4) Jf O[IHOBJ)OMOHHO 113M0Jlfl0TCH •10pea o6pn30l( nepe­
llOCHMOe nanpH)l{0HH0. C flOMOU\hlO xy-perHCTJ)1!py10u1ero t1p116opa 3UflHCb!BU0TCfl 3U.[\UHHan 
necJiopMU[(Hll B OTHOWCHHM H _B03HJIIHUOUWMY 1rnnpnmcHHIO. 
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ITp1rne).leHHbllf MeTO).I CJiy,mrn J_(Jlll IICCJJ0L(OBU11Hfl LIOBCJ(eHHH OCIIOBHl,IX orucy11opo11 
C pa3Hb!MH BH).IUMH XHMII'IeCHHX CBH301C 0TIIOIJleI-IH0 MC)l(/�Y J�cqiop�ral(Her, 11 1rnrrpm1rnu11eM 
onpeJ];emmH IIJ)H TeMnepaTypax, Ilj)H HOTOj)blX XHMH'I_ecmrn CBfl31\U 11apymaCTCfl. 

IT J)H ae6oJiblIIHX ).le<I>opMal(HHX Hp11m,10 AeciiopMal(HH-1ran pnmemrn HM0IOT amrnTwiecHy10 
cpopMy, THmrqaym }];JIH BH3HO-aJiacT1-r<recH01·0 noBCJWIIHH. C 11on1,1u1a101l(ettcn JwciiopMa1 .1nei'1 
na KJ)HBb!X IIOlIBJIJUOTClI OT/{,JJOHeI-IHH. STO HCJJHJ-ICM/-!00 flOBCJ.leI-1110 06-LHCHflCTCfl B03HH Inl0-
B0J-IH0M MirnpOTj)01.1.{HH. IlpH JWJJLH011WCM flOBJ,JWCIIHH necpopMUl(l'IH flOHHmaeTCH nepm-IOCH­
MOe narrpnmemrn l1 CJ10A)'CT '13.TJOM T0Jla. B11n XHMH'ICCHO!f CDfl3Irn OHU3hlBU0T DJ!11flHH0M ua­
IIOBCJWHHe ocnoom,rx orncynopoo. TeJJa c OI\CHcyrn,clrnTIIO(r li noJr1,uiiocciianwi1 cnn31rni-i 
crroco6m,r H ).leciiopMal(HH 6ea napyurnrnrn 1rnMnal\THocni (p11c. 10 11 1-J ). Hooene1rne TeJC 
C no6ao1rnfr meJJe3a (pne. 12) 6,TJH31W 'nOBC/WHHIO 06omme1u-11,1x MilTeJHIUJ!OB (plic. 14), '!TO 
H .06'bfJCHHeTCl1 o6pa30BUHIICM M111'JIO(pepp11Ta. ripnoene1m1,re MaTep11a,111,1 11e j)U3]))'1.1Ial01'CH
).lame np11 er,1coHHX HarrpmHem1flx, no om1 He cnoco6m,1 ).lociiopM11pona'l'hCH 6e3 paapyurmrnnr, . 
.[l;.nn 01.\eHI-m TeXJ-lll'JeCKOro H/l'ICCTDU on1cy11opou IJUil(J-lbI He TOJlb!W oeJHL'Jl1111,I npo•JHOCTJI, 
HO H BeJIH'IHHhl AecpopMr1pyeMOCT11, T. e. cnoco61-1ocTH orncy11opm,1x MUTCpna.nou nccpopM1-1po-
BaT1,cn 6e3 HapyrneHHlI HOMnaHTI-IOCTII. 

Puc. 1. 

Puc. 2. 

Puc. 3. 

Puc. 4. 

Puc. 5. 

Puc. 6. 

Puc. 7. 

Puc. 8, 

Puc. 9. 
Puc. 10. 

Puc. 11. 

Puc. 12. 

Puc. 13. 

Puc. 14. 

Cxe.,ia npu6opa . .l - uc111,1.mye.11.1,1ii u6prwe11-, 2 - ne•tb, 3 - oepJJca,ne.fl,u, 4 -
a1,c4erunp, 5, 7 - 1111.oy1,11u10nb1Ji oam•m1,, 6 - y1I.pyirm w.11uuiaa, 8 - peaucmpu­
py1oufui1 npu6op. 
H8.Mepe1-1,ue 8llllUCU.\l,OCIIUl oeifiop.4UllflW. (y) U !UlllJJJi:JICe1w, i (i:) - a. Á - npoapcu1,Iia, 
B - peay./1,b,na,n ucnbI11ta1iun, T - 11ie,11.neprunypa., t - ape.un. 
Ha.uepe1-tue 8aauc11.Mocm1t oeifiop.Ma11uu (y) 11. nanpM1ce1-iu,1 (i:) - b. A - npoapa.,IM1.a, 
B - pe8y,l/,bl1Wln UCl/.b!IIWl-tU!t. 
H8,,1tepe1-tue 8llllUCl/,.\l,OCIIW. oeifiop.M,(llfl/U (y) U 1-lú,/1.jJJl:JICCl-tuli (i:) - C. Á - npoapa,\Mta,
B - peay./1,blnlllll UC/lb/,,nanun. 
3aaucu,,wcmb nepenocu.11.oao IIW./1,0it 1-utnJNtJJce,iun (i:) npu ua.iie11.,i10u1-e1'íc.•i oegiop.,1ta-
4uu om me.1inepa.myp1,1. (T). a - 01,:cucy./l,bifia.11u1.a..n cana,,:a., b - no./1,uifiocgjamncut 
can81W, c - 01.cucyJibifia.1111-tan cana,,a c 006a.a1,:01ř. ;;1ce.fl,e8a, cl - ox.11,a;;1coeriue. 
3aaucuAwcmb conpomiw.11,emtn na uaau6 ( a) 0111 me,MnepamyJibi (T). a - oi;;c1t­
cy./l,bqjam1-1,an cana1,a, b - no,11,uqjocrfia1111w.n wna,,a, c 01,:c1tcy./l,bqja11uuui ca,1a1,a 
c oo6aai.ou ;;1ce.fl,eaa. 
3aaucu.,,wcmb 1-1,anpn;;1cen1u1, (i:) u oegjop,1w.11-uu ( y). a 01.cucyJibqjamnwi cana,.ci, 
b - 1io.fl,uifiocqjam1-ta.'l cana,.a, c - 01.cucy./l,bifia.m,-uui canaJ.:Ct c 006aa1wu ;;1ce.fl,eaa. 
3aaucu,,wcmb 1-1,a.11.p.<i:J1ce1-tun (i:) u oegiop.1ut1fuu (y) npu me.o1t1iepa.mype 950 °C. 
CHopocmb noab1,uie11,u.'l oeifiop.,11cu1uu: --1 ° a me•ienue 0,25 .,iun., - - - 1 ° a me•te­
nue 1,25 .,,1,u1-1,., -.-.-. 1 ° a 111.e•ienue 5 ,,iun., ... ,, 1 ° a me•ie1-iue 12,5 ,11,w-1. 
Pe.fl,a1;;ca4un 1-1,a11.p.n;;1ce1-1.u,'l npu 11ieiinepa.mype 950 °C. 
3rwUCU.,\!OC/11.b IUl/1.jJ.'l:IICeHWl, (i:) u oeifiop.MCtlflW. (y) npu ,ne,o1t1iepamype 1100 °C. 
Oi.cucy./1,bificunHcui cuna1,a. 
3aeucu.,,iocm.b nanpm1ce1t1ui (i:) u oeqjop,Atai1uu (y) npu ,ne,.\1,11.epcunype 1100 °C. 
fl 0./1,uifiocif>amHan c11sia1,a. 
3aaucu.,,wcmb nanp1i:J1ce11.u.n (i:) 1.1- oeifiop.,11.ai1.uu (y) npu me.,,inepamype 1100 °C. 
Oi.cucy./1,bfPCtlnliCl,'l C{JS!8Ml C oo6cumoii JICC./1,CB(l. 
3aaucu,,wcmb nanpn�1ce1-1,u,'l (i:) u oeifiop.1ia111w. (y) npu me.o1t1iepcunype 1250 °C. 
Oi.cucy./1,bifiamHa,n CIJ!tBHa. 
3aaucuAwCmb 1ianpn;;1ceHU,'l (i:) u oeqjop.M,Ctl.{-UU (y). 060;;1c.11ce1-1,1u,iií. Maaneauoxpo„1t.umo­
ab1e oa1-teynopb1, c np.'t.uoii cam11,uií. 
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