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A method of stress—strain measurement by means of a torsion-testing
instrument has been applied in the investigation of unfired basic bricks
with various kinds of chemical bonds in the temperature range involving
destruction of these bonds. The relationship between the stress transferred
by the testpiece and the fized strain has been registered by means of
a xy-recorder. The mechanical behaviour of testpieces with different kinds
of bonds ts different. It has been concluded that not only the values of
strength but also the values of deformability, i.e. the ability of bricks to get
stratned 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 of time must be more or less taken into consideration
according to the effective temperature involving the portion of plastic and elas-
tic strain. 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 of view of stress relaxation.
In case of brick with chemical bonding the knowledge 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.

14, Silikaty 2, 1970 117



H. W. Hennicke, F'r. Temsw:
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 islittle 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

zy-recorder (8).
2

Iig. 1. Schematic diagram ef tersion-testing instrument. 1 — testpiece, 2 — furnace,
3 — holders, 4 — cam, § and 7 — induction transmitters, 6 — elastic red, 8§ — xy-recorder.

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 was evaluated in terms of
temperature (Fig. 2B).

b) The stress-strain relationship was recorded by means of ay-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 . em~2. The strain is defined as specific torsion,
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i.e. displacement of the point of maximum stress (Al) 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 Table I.

Table I
Properties of raw materials
Sintered magnesia Iranian
of Kosice chrome ore
Si0; content 9%, 2.86 3.00
CaO content 9%, 1.23 —
Volume weight g . cm—3 3.25 3,87

A 8 r
Iig. 2. Measurement of dependence of strain (y) on stress (r) — a. A — program, B test
results, T — temperature, t — tame.
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Fig. 3. Measurement of dependence of strain (y) on stress (tr) — b. A — program, B —
test results.
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Fig. 4. Measurement of dependence of strain (y) on stress (t) — c. A — program, B —
test results.
80 T
150 =%
60
E 40 '?‘E
L §
Y3
- =
b
20
) 500 o 0 500 1000 7500
T 1oy 1500 B
Fig. 5. Temperature (T') dependence of the IFig.6. Dependence of the modulus of rup-

stress(z).transferred by thetestpieceatvariable

strain a — oxysulphate bonding, b — poly-

phosphate bonding, ¢ — oxysulphate bonding
with the addition of iron, d — cooling.

ture (o) on temperature. a — oxysulphate
bonding, b — polyphosphate bonding, ¢ —
oxysulphate bonding with the addition of iron.

The chromemagnesite materials contained 359, of granular chrome ore
(0.3—1.5 mm) and 659, of sintered magnesia, 25 9%, 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 % MgSO, .7 H;0),
b) polyphosphate bonding (1.5 % of Graham salt),
c) oxysulphate bonding with an addition of metal (29, MgSO4.7 H;O

and 3 9, 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

The dependence of stress values on temperature at variable strain of constant
amplitude (program—Fig. 2) is 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

30
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Iig. 7. Stress (t) — strain (y) relations-  I'ig. 8. Stress (v) — strain (y) relationship
hip. a — oxysulphate bonding, b — poly- at 950 °C. Rate of strain increase: 1°

phosphate bonding, ¢ — oxysulphate bond-  per 0,25 min, — 1° per 1.25 min, —.—.—. 1°
ing with an addition of iron. perdmin, ...... 1° per 12.5 min.
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Irig. 9. Stress relavation at 950 °C.

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 °C in 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 range during the torsion test and increases with increasing

02 04 06 08

Iig. 11. Stress (tr) — strain (y) relationship at 1100 °C. Polyphosphate bonding.

temperature. This phenomenon may be due to the plastic'deformation which
increases with temperature and becomes more evident 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 (t) — strain (y) relationship at 1100 °C. Ozysulphate bonding with an
addition of iron.

The transition to fracture is not so distinct at 1250 °C. 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 of 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. If the 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. 9.

For further 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—ZFig. 4). The curves, recorded by zy-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 become evident in the transition over the zero strain point. The

T=1250 °C

02 yea O 02 04

Fig. 13. Stress (1) — strain (p) relationship ‘at 1250 °C. Oxysulphate bonding.

T=1350 C
04T 02 0 02
I'eg. 14. Stress (t) — strain )(y relationship. Fired chromagnetite with direct bond.

formation 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,"the behaviour of particular
kinds of chemical bonds may be compared. On first sight, it is evident that the
behaviour of the material with bonds according to c¢), i.e. with an addition
of some 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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The Study of Dicalcium Silicate Phasé. ..

Fig. 1. Photographic electron microprobe analyser records of a sample containing pure
C3MS, which has been exposed to the temperature of 1600 °C for 40 howrs.
1/179 ,,Composition'* linear magnification 117X .
11180 Planar distribution of Mg atoms.
1/181 Planar distribution of Si atoms.
11182 Planar distribution of Ca atoms.
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Pig. 2a. Microphotography of mizture containing 96 % of CsMS2 and 4 % of MCr which has
been heated for 7 howrs at 1560 °C and rapidly cooled T C2S etched with alcoholic reflecte
d light (335x).

Irig. 2b. Microphotography of the same mixture, which has been thermally treated in the
same manner the only difference being « slower cooling T CiS, ? MgO, © C:MS; y melt
(335x).



The Study of Dicalcium Silicate Phase. ..

Fig. 4. Photographic electron microprobe analyser records of a sample containing 9 % of
MCr and 91 % of CsMS, which has been exposed to the temperature of 1560 °C for 7 hours.
41191 <Composition’ linear magnification 465X
4/192 Planar distribution of Mg atoms.

41193 Planar distribution of 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 the
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
of microcracks and ruptures may be calculated.

These relationships found between the strain and stress are helpful for the
elucidation of behaviour of the individual types of basic bricks in steel
making furnace roofs.

CONCLUSION

‘Thermomechanical tests of unfired basic bricks with different types of che-
mical bonds, performed by means of 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
deformability, i.e. the ability of bricks to be strained without any damage
to their compacteness, are important for assessing their technical value. The
good deformability is an advantage of chemically bonded bricks in comparison
with fired bricks. The relationship between the strain and stress for chemically
bonded basis bricks has been investigated within a temperature range where
the chemical bonding ceases to be effective but no ceramic bonds are get for-
med. 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 deformability. The curves representing the relationship between
the stress and strain may be used for assessing those stress and strain values
which give rise to the formation of destructive cracks.
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VZTAHY MEZI NAPETIM A DEFORMACI V CHEMICKY VAZANYCH
BAZICKYCH STAVIVECH

Hans Walter Hennicke, FFrantisek Tomsa*

Institut fir Steine und Erden — Technische Universitit, Clausthal
*Vyzkumny ustav hutni keramiky, Bratislava

Je popsdna metoda sledovéni zdvislosti mezi deformaci a napétim v Zdrovzdornych
stavivech za pouZiti torzniho pristroje (obr. 1). Télisko je vystaveno konstantni (obr. 3)
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nebo proménlivé deformaci se sinusovym préibéhem (obr. 4) a souc¢asné se méti téliskem
prendsené napéti. Pomoci ay-zapisovace je registrovdna zadand deformace proti vyvola-
nému napéti.

Tato metoda slouZila k sledovédni chovédni nepdlenych bazickych staviv s riznymi druhy
chemickych vazeb. Vztahy mezi deformaci a napétim byly zjiStovdny pii teplotach, pri
kterych dochézi k rozruseni chemické vazby.

Pii malych deformacich majl knvky deformace — napéti elipticky tvar typicky pro
visko-elastické chovani. Se zvySujici se deformaci se objevuji na kiivkach nepravidelnosti.
Toto nelinearni chovani je vysvétlovano vznikem mikrotrhlin. P#i dal$im zvySovéni
deformace klesa prendsené napéti a dochdzi k lomu téliska. Druh chemické vazby ovliv-
nuje chovéni bazickych staviv. Téliska s oxysulfatovou a polyfosfatovou vazbou jsou
schopna deformovat se bez poruseni celistvosti (obr. 10 a 11). Chovani télisek s pfidavkem
7eleza (obr. 12) je blizké chovéani palenych materidli (obr. 14), coZ se vysvétluje vznikem
magnoferitu. Tyto materidly sice odoldvaji vysokym napétim, ale nejsou schopné pii-
zpusobit se tvarem.

Pro posouzeni technické hodnoty staviva jsou dilezité nejen hodnoty pevnosti, ale
i hodnoty deformovatelnosti, tj. schopnosti staviva deformovat se bez naruseni celist-
vosti.

Obr. 1. Schéma torzniho piistroje. 1 — zkus. télisko, 2 — pec, 3 — drZdky, 4 — excenter,
5, 7 — indukéni snimade, 6 — pruind tyé, 8§ — xy-zapisovad.

Obr. 2. MéFent zdvislosts (lefmmace (y) a napéts (r) — a. A — program, B — vyjsledek
zkousky, T' — teplota, t — Cas.

Obr. 3. Méfeni zdvislosti deformace (y) a napéti (v) — b. A — program, B — vysledek
zkousky.

Obr. 4. Méient zavislosti deformace (y) a napéts (v) — ¢, A — program, B —vysledek zkousky.

Obr. 5. Zavislost téliskem piendseného napéti (t) pit proménlivé deformact na teploté (T').
a — oxysulfdtovd vazba, b — polyfosfdtovd vazba, ¢ — oxysulfdtovd vazba s pFi-
davkem Zeleza, d — chlazeni.

Obr. 6. Zavislost pevnosts v tahu za ohybu (o) na teploté (T'). a — oxysulfdtovd vazba, b —
polysulfdatovd vazba, ¢ — oxysulfdtovd vazba s piidavkem Zeleza.

Obr. 7. Zavislost napéti (t) a deformace (y). a — oxysulfdtovd vazba, b — polyfosfdatovd vazba,
¢ — oxysulfdatovd vazba s piridavkem Zeleza.

Obr. 8. Zdvislost napéti (t) a deformace (y) pii 950 °C. Rychlost stoupdni deformace: — -

1° za 0,25 min, — ~ - 1° za 1,25 min, ——.—. 1° za § min, ...... 1° za 12,5 min.

Obr. 9. Relaxace napéti piv 950 °C.

Obr. 10. Zavislost napéti (r) a deformace (y) pii 1100 °C. Ouysulfdtovd vazba.

Obr. 11. Zdvislost napéts (t) a deformace (y) pii 1100 °C. Polyfosfdtovd vazba.

Obr. 12. Zavislost napéts () a deformace (y) pii 1100 °C. Oxysulfdtovd vazba s piidavkem
Zeleza.

Obr. 13. Zdvislost napéti (t) a deformace (y) pii 1250 °C. Ozysulfdtovd vazba.

Obr. 14. Zavislost napétt (t) a deformace (y). Pdlené magnesiochromitové stavivo s pii-
mou vazbou.

OTHOIMENME MEMUIY HANDPSGREHUEM UM JIEGOPMAIIUIEL N
B OCHOBHOM OI'HEVYITOPE HA XHMMUYKCKOM CBA3KE

lane Bammrep Tennuke, @panrtinies ToMmiuy

Institut fir Steine und Lirden — Technische Upniversitdt, Clausthal
Haywno-uccaedosamenvciwii uncmumym ozneynopos, . Bpamucaasa

B npeniiosennoii pabore aBTOpL! OHHCLIBAIOT METOJ| HCCJIICJIOBAHUA 3aBHCHMOCTH MEKLY
jlepopMarniiell 1 HADPSKCHIEM B Or HCYIOPHOM MaTepuaie ¢ TPHMEHEHHEM cKPYUHBalis
(puc. 1). OBpaseir nojiBepraeTest 1MOCTOSIHHOI  (puc.  3) Wi M3MeHsuoueics:  geopManuu
¢ CHHYCOMJAJLHLIM XO0JioM (puc. 4) 1 OJHOBPEMEHHO M3MepsieTcsi ucpes3 oOpascl( lepe-
nocumoe HanpspkeHuc. G 1OMOINBIO Xy-periicTPHPYIonie'o npubopa 3anucLBaeTCA 3aaHHAsT
jiepopMamusas B OTHOIICHINT K BO3HIJIKAIONICMY HA P 5HNKCHIO.
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ITpuBegenblil MCTOX CJIYKINT JUISL HCCJICAOBAIILA  ([OBC/ICIUISL OCHOBIILIX OFICYIIOPOK
¢ PABHBIMII BIJIAMII XIMI[UCCKIIX ¢Bs3on. OTionieiie MerLly jiedopmaltieii i HalpsiKenieM
ONPCACIIAMII TPI TEMIICPATYPAX, IPI KOTOPLIX XIMIMMCCKASL CBA3KA HAPYINACTCSI.

IIpu medoirbmx gedopManisiX KpHBbie jIe)opMalilsi-ialipsKCHIE IMCIOT DIINITHUCCKYIO
(opMy, TIIHMYHYIO JUIsI BSIBKO-DJACTIUCCKOIO 1TOBEjlCHIst. (0 HOBLIHIAONCHes jledopMalimeit
Ha RPIBBIX IOABIIOTCA OTK/JOMCIHIISL 9TO HeMIICHIoe noBejienie 00hsICIFACTCsI BO3HIIKIO-
BenieM MIKpoTpenuul. IIpn pasipiefitueM 1oBoimernn geopMalyiln HOMDKACTCS! [1CPCHOCI-
MOC HAIIPSDKCHIIC If ciejyeT (13:0M Teda. Biyl XIMITNCCKOIT CBSI3RI OKA3LIBACT BIINSIIIICM HA-
IoBeJelIIc OCHOBHLIX OrHeynopoB. Tesma ¢ owrcueynndatinoii 1 mosndocaTioii ¢BsI3KROIT
cI10cOOHLL K aedopMaiyiin 0c3 uapymienist koMunakriioern (pue. 10 u 11). IloBeseune teu
¢ JodaBroii 2eseda (pue. 12) 04113KO TIOBCJEHIIO 000MOKCHIILIX MaTepitagioB (pne. 14), aro
11 o0pAcIsieTest oOpa3doBallieM MarnoQeppura. [IpuBejenne MaTCPHAJILL HC PadPyIHAIOTCST
JL@KC 1PI BLICORIIX HATPSAMKCHIISN, HO OI11 IIC ¢1IOCO0ILE JOQPOPMITPOBATLESI OC3 PABPYHICIISIT,.
JUAst OUCHEI TEXHUMCCKOI0 KAUCCTBA OLHICYNOPOB BAXKHBL 1IC TOJLKO BCJIMUHIILI [IPOMHOCTIS,
110 II BCJIMIIILL CPOPMIIPYCMOCTIL, T. €. CIIOCOONOCTII OPIICY HOPILX MATCPHATOB JIehopMupo-
BATLCSI 0C3 HapyIICHIIST KOMIIAKTIOCTII.

Puc. 1. Czesta npubopa. 1 — ucnwimyesotii ofipasey, 2 — newv, 83 — depucamenu, 4 —
ancyermp, 8, 7 — undynmuciuic damui, 6 — ynpyeas wmanea, § — peeucmpii-
pyrowutt npubop. .

Puc. 2. Hasepenue zacucuatocmu degpop sanuu () u nanpsacenus (v) — a. A — npozpasasa,
B — pesyavinam ucnwimarus, T — mesnepamypa, t — epess.

Puc. 3. Hzsepenue 3asucusocmu degbopastarjuw (y) u nanpaacerus (v) — b. A — npoepasima,
B — pesyavmam ucnvunanus.

Puc. 4. Hsasepenue sagucumocmu dehopaayuu (y) u nanpsacenus (tr) — c. A — npoepasua,
B — pesyavimam ucnvimanus.

Puc. 5. Basucusocmyv nepernocustozo menost nanpaaicerus (T) npu uaastens vowgeiics Degop. wa-
yuw om mestnepamyput (1'). @ — orcucyavgpanuias cesara, b — noaugbochammasn
ceasra, ¢ — orcucysvpamnan ceazna ¢ dobasroli ucenesa, d — oxaaicoerue.

Puc. 6. Basucumocmv conpomueaenus na uzeué (o) om mesnepamypve (T). @ — oxcu-
cyavgpamuan ceazra, b — noaugocamiat ceqzra, ¢ orcucyavPamnas ceazna
¢ dobaskoli Jcenesa.

Puc. 7. 3asucu., ssocmoranpaacenus (t) w degopaayuun (). @ — orcucyavgamnas céaand,
b — noaugbocpamias ceasna, ¢ — orcucys whamiasceaznn ¢ dobasroli yceaeaa.

Puc. 8. Basucumocmv wanpsucenus (r) w deopaayun (y) npu mestnepamype 950 °C.
Cropocmd noeviwerius degbop.staruu: 1° ¢ meuenue 0,26 stun., — — — 1° ¢ meve-
nue 1,25 mun., -.-.-. 1° ¢ mevenue &6 smun., ..... 1° ¢ meuenue 12,5 swumn.

Puc. 9. Peaarcayus nanps acerus npu mesmnepamype 950 °C.

Puc. 10. 3agucusmocmyv nanpaxcenus (r) w deopstayui (y) npu mesnepamype 1100 °C.
Orcucyavfpamnas coasra.

Puc. 11. 3asucusocmv nanpaacenus (tr) w defops tayuu (y) npu mewnepamype 1100 °C.
oaugbocpamnan ceaana.

Puc. 12. 3asucusmocmv nanpaxcenus (r) w degop. sayuu (y) npu me. swnepamype 1100 °C.
Okcucyavipammnas ceazra ¢ 006askoli ycenean.

Puc. 13. 3asucusocmv nanpsxcenus () w deopsayuu (y) npu mesnepamype 1250 °C.
Oxcucyavfpamnas cestana.

Puc. 14. 3asucusocmyv nanpaacenus (t) u degpopsayuie (y). Oboscucernblii Maznesor posumo-
Gule 02HEYNOPLL C NP MO COASKOIL.
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