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The relations between the results calculated in Parts 11 and 111 [2, 3] for
the model device and the basic melting characteristics (specific energy consump-
tion and output) of a real melting tank furnace can be expressed by means of
the model device. With real tank furnaces the.values of the fictive dead zones
are high (0.7—-0.8) and indicative of considerable reserves, especially as regards
the course of flow, which mostly involves a large proportion of recycling melt.
The reserves can be reduced above all by means of mathematical models of the
melting zones. As indicated by the graphic representation of the cutting down of
the reserves in Figs. 1 and 2, an economic way ts provided by raising the output
of the melting zones while not decreasing the melting temperatures.

INTRODUCTION

The results of calculating the specific energy consumption and output of the
model device reported in [1—3] are applicable to real melting tanks in the case
when the factor being investigated affects the microprocesses. An example is
provided by studying the effect of sand granulometry or refining agent concentra-
tion on the given quantities Q (specific energy consumption) and output. If the
macroprocesses are influenced, the valuesof the quantities being investigated depend
substantially on the geometry of the melting zone and the macroconditions (shape
of the temperature and flow fields). Let us introduce the necessary assumption that
the geometrical shape of the tank remains the same as in [1—38] (to make a com-
parison possible) but that the conditions inside the device approach the real ones
(for example, the assumption of isothermal melting and piston flow does not hold).
Let us attempt an estimate of changes in the calculated values of specific energy
consumption and output.

THEORETICAL

There is no piston flow in the melting zoue,
the temperature is constant.

For this case, the value of constant K in the equation

T = K Tieeh + Tres. (1)

is not equal to unity, as was assumed in the calculations. The diflerences between
the individual paths in the active part of the device are given by flow rate distri-
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bution, which, however, is unknown. According to Cooper [4], it is possible to ob-
tain, using the measured time of passage, i.e. in our case when 7res in equation (1)
is zero and the time of passage is Tiech, the mean residence time 7 by means of the
approximate expression T = (1.5 to 2.1) tiecn. This estimate allows the values
of specific energy consumption @ and those of output in the tables in the
Appendix [10] to be recalculated for the case of constent temperature if the liquid
of the active part does not move by piston flow. On choosing the value of K,
one can determine the fictive value of the dead zone which, at a given dead zone
value in the case of piston flow [2, 3] will also express the effect of different
path quality on the values of @ and output. On choosing K = 2, the conversion
relation is then given by the equation

m' = (1 4+ m)/2. (2)

The relationship between m’ and m is given in Table I.

Table 1

Relationship between the fictive value of the dead zone m’ expressing the different rates
of flow along the individual paths and the actual value of the dead zone for K = 2

;

i m 0 0.1 0.2 0.3 0.4 0.6 0.6 0.7 | 0.8 0.9 1

l m’ 0.60 0.56 0.60 | 0.656 | 0.70 | 0.756 | 0.80 | 0.85 | 0.90 | 0.95 1

There remains the question over what range one can expect the values of the
actual proportions of dead zones m in melting zones to vary. While Smréek [5]
reports from experiments on real tanks the values ranging from 0.12 to 0.23,
Krushevski and Harasimovich [6] specify m = 0.09 to 0.40, Tuzsynski [7] re-
ports m = 0.88 Wojcicki [8] m = 0.53. The m value depend much on the type
of the tank; Table I shows that the values of the fictive dead zone (volume)
will range from 0.55 to 0.85. This means that in the case of real flow and actual
dead zone m the values of ¢ and output listed in the diagrams in [2, 3] will be
found for the increased values of m’ according to equation (2).

Example: If the actual value of the dead zone is equal to 0.2, then the respective
values of  and output for the real flow will be found at m’in the diagrams in

(2, 3].
The temperature is not constant in the melting zone

Most real melting zones are not isothermic in character. On the basis of experi-
ments with radioactive tracers, some studies specify a relationship betwen the
time of passage and the mean residence time 7. The time of passage is understood
to be the shortest time of residence of a glass melt element in the melting zone.
For example, Smréek [9] suggests the following equation on the basis of investi-
gations on several tank furnaces: 735 = 0.12 7. Similarly, Krushevski and Hara-
simovich [6] specifiy the value of the numerical constant over the range from 0.08
to 0.15. What is the cause of the great difference between T and T pggs? According
to Cooper, this difference, even for channels through which a liquid flows under
non-isothermic conditions, is roughly given by the equation Tpsss = 0.5 T, where
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the ratio applies only to forward movement. The much larger difference in the case
of real tanks is therefore due to recycling of the melt. This means that in addition’
to the actual dead zones where virtually no exchange with the active part
takes place, there is a large proportion of the tank capacity where the ex-
change is limited, i.e. occurs only after several cycles of the melt. The melt recy-
cling, which concerns an obviously substantial part of most tanks with respect
to their capacity, is responsible for a considerable increase of 7 values,and thus
also of energy consumption and reduction of output compared to the idealized
state Tpass = T = Tiechn Whose results are listed in the tables in Appendix [10]
and in the figures in [2,3]. What are the relations between 7 pass and Tiecnn in real
tanks? On considering the case of ,little non-isothermic courses’ (such as with
some electric tanks) it may be assumed quite safely that tpass = T techn- The
mean value at which the losses are calculated, does not differ much from the
mean temperature at the fiow path characterized by the time of pasage. The
relationship between the fictive value m’ and the actual value m in the case when
recycling is taken into account and Smreek’s relation tpgss = 0.12 7 is accepted,
is then given by the equation

m’' = (m + 7.33)/8.33. (3)

The relationship between m’ and m is given in Table II.

Table 11

Relationship between the fictive dead zone value m’ expressing the eflect of recycling
at inconstant temperature and the actual value of the dead space. tpass = 0.12 7

]

m F o' 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1

1

m
i
|

|

0.88 ‘ 0.89 0.90 | 0.92 | 0.93 | 0.94 | 0.95 | 0.96 | 0.98 | 0.99

On employing the value m = 0.2 published in the literature for a real tank [5]
and using the also published relationship between pass and T [9], we can seek the
vespective values of energy consumption and output in [2, 3] for the value of
m’ = 0.9 under otherwise the same conditions. The values of melting temperatures
represent the mean values.

If the melting is distinctly non-isothermic, the time of passage obtained is given
by the inequality

Tpass = Ttechn. pass. (4)

This is the case because the critical melting path may be different from the fast-
est path, so that a reserve occurs in the fastest path:
T = Ttechn. pass -+ Tres.pass- (5)

Tres.pass. = 0 when the case is approximately isothermic.
If Tres.pass. > 0, the following cases are distinguished:

(a) If the fastest path is not at the same time the critical one and the mean
temperature at which the losses are calculated (mean temperature of the melt
boundary) is close to the mean temperature at the fastest path, then the
losses as well as the mean time of residence are calculated at the same tempe-
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rature. In this case, the m‘ values will be still somewhat higher than would
correspond to Table IT (at the same 7/tpae ratio), i.e. the respective energy
consumptions are also higher and the output lower than in the approximately
isothermic case.

(b) If the fastest path is simultaneously the critical one (Tres.pass = 0, Tpass. =
= Ttechn.pass) but the mean temperature at the critical path differs from the mean
melt-boundary temperature, the losses and ¥ should be calculated at different
temperatures.

(c) If the fastest path is simultaneously the critical one and the mean tempera-
ture at the critical path does not differ from the mean melt-boundary tempe-
rature, then similarly to the case (a), Tres.pass > 0 and the losses and T are
calculated at different temperatures (case (b)).

The cases ad (a) and (b) involve the difficulty that the relationship between the
mean temperature at the fastest path and the mean temperature of the melt
boundary is usually unknown. However, experience with large glass tanks
shows that the mean temperatures at the so-called open streamlines are com-
paratively low (for example, in the Float tank, according to the results of mathe-
matical modelling, they range between 1 200 °C and 1 300 °C) in the melting zone,
[11], and probably differ very little from the mean melt boudary tempe-
rature. This is why the results of calculation of  and output, obtained by
means of the physical model or measured on a long tank operated at constant
temperature at values of m of about 0.9, are well applicable as first approximation
even in non-isothermic cases. The numerical values in references [2], [3] and in
the tables enclosed to report [10] are indicative of great reserves in the operation
of present-day melting tanks. As has already been mentioned, glass melt recycling
n the melting zone is mainly responsible for these reserves.

Application of intensifying factors in real melting zones

As follows from the theoretical section [1], in applying any intensifying factor
of those summarized in [1] (Fig. 1) and partially investigated in [1—3], it is neces-
sary to meet the requirement for completion of all the main melting processes.
There arises the problem how to utilize actually the energy (and output) reserve
produced by application of some intensifying factor. In principle, the favou-
rable effect of a given factor may only bring about improved quality of the glass
melt (this case will not be considered) or raise the tank output, or allows the
energy input to be reduced, or both at the same time. However, technological
practice shows that utilization of some of the ways is not arbitrary.

The diagram in Fig. 2. allows the conditions under which the reserves can be
utilized, to be specified at least qualitatively. In order to base the problem on real
values, the respective curves were calculated for a model of a continuous tank
operating at constant temperature, whose melting zone is shown in Fig. 2 [1].
However, the course of the respective curves is very similar to those of other fur-
naces. In the calculations of specific energy consumption, use is always made of
the so-called standard setting, i.e. the case when the last sand grain or seed get
exactly to the throat, but do not enter it. This setting corresponds to reserve-free
melting (equation (1)).

Fig. 1 show a plot of specific energy consumption vs. temperature for standard
setting, isothermic melting and the model. Curve I (full line) holds for the dis-
solution of sand with the effective largest grain diameter of 0.5 mm (Float glass),
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curve 2 (full line) for 0.3 mm. Elimination of the coarser grain fractions is thus an
example of an intensifying factor or measure. The dashed lines in Fig. 1 repre-
sent specific energy consumption for refining (elimination of seed). The ¢y value
designates the nucleating temperature at which heterogeneous nucleation of bub-
bles on sand grains begins and the additive relation

Ttechn. = TD + TAN (6)
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Fig. 1. Plotting the ways of decreasing specific energy consumption with the use of un intensifica-
tion factor (reducing the maxtmum sand grain size) in the model operating at constant temperature.
1, 2 — specific enerqy consumption for sand grains 0.5 mm and 0.3 mm in initial size

4, B, C, D — starting points for reducing the specific energy consumption,

begins to hold. The sum 7p 4 Trwy is then made use of in the calculations. At
lower temperatures, the elimination of seed and dissolution of sand grains take
place simultaneously, and in calculating @, use will be made of the longer of 7p
or tp (cf. [1]). It should be pointed out that at the lower temperatures, the refining
curve obtained is quite inaccurate owing to the possibilities of the experimental
methods employed. The points situated below the respective curves for sand dis-
solution or refining thus indicate impermissible states characterized by occurence
of sand grains or seed in the glass melt (e.g. 4 is characterized by content of seed),
while the points above the curves (B, C, D, ) represent admissible states free of
inhomogeneities. The distance of these points from the rescpective curves, with
respect to the y ordinate, indicates the energy reserve of the given state (Qres)-
All the points situated on the respective lines thus indicate a reserve-free state.
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It is possible to move in various directions from the respective points 4, B, C, D
representing melting at constant temperature with the respective reserve of energy
(point A has a reserve only with respect to sand dissolution). Particularly two
ways are of interest. The way perpendicularly downwards is that to increasing
output at constant temperature, those to the left and downwards (steeper at lower
temperatures) are the calculated ones towards decreasing the temperature while
keeping the output constant. Both ways lead to a decrease of specific energy con-
sumption. All the other ways at sharp angles between the two ways are mixed
ones, based on simultaneous increase in output and decrease of temperature. Let
us start from point 4. The state has obviously a reserve with respect to sand dis-
solution but lies below the refining curve, i.e. the melt contains seed and the
state is thus inadmissible. Point B lies above both curves, so that movement along
both ways is possible. The way towards increasing output leads up to curve 1;
however, the constant temperature way allows only a slight reduction of the re-
serve to be achieved as the refining curve e is soon intersected. Both ways from
points C and D terminate at the sand dissolution curve. It appears that with
the exception of very high melting temperatures, the ways towards raising the
output at constant temperature must be always more advantageous with
respect to energy consumption. On reducing the radius of the largest sand
grain (or undertaking another intensifying measure) one obtains curve 2. The
specific energy consumption can be reduced in the same way as in the previous
case. However, the state given by point A, like in the case above, is inadmissible
owing to the occurence of seed. The way of decreasing temperature from point
B does not provide any greater saving than in the previous case, because one en-
counters the same refining curve a; the way of increasing output permits greater
savings to be achieved, but it is again terminated by coming to the refining curve
below curve 1 (the finer sand can become effective) and the way to increasing the
output will get us up to curve 2. In both instances, from point D one reaches almost
curves 2, the energy savings achieved by both"ways are ‘almost the same, the
output being higher at the higher temperature.

The account given above allows the following conclusion to be made: if the ener-
gy consumption is limited below the nucleating temperature of refining, no saving
in energy can be achieved by an intensifying measure speeding up the dissolution
of sand. Unfortunately, such a case occurs quite frequently in practice and the
question is whether such a limitation can be eliminated. If one cannot raise the
melting temperature to the value requierd, the refining can be carried out at high
temperature in the subsequent reservoir (refining zone). In that case the refining
curve a will no longer hold up to ¢y. An intensifying measure is then allowed to
proceed up to curve I or 2, and the respective specific energy consumption is given
by the distance on ordinate y from the origin to the intersection with dashed lines
1" or 2’ at the temperature corresponding to the intersection of the chosen way
with curves 1 or 2. In this instance, curves 1’ and 2’ represent the total energy con-
sumption for melting and refining (in our case it is refining at 1 450 °C in a zone
of the same size and shape as has the melting zone of the model).

The difference between curves 1’ and 1, and 2’ and 2 specifies the consumption
of energy for refining in the second reservoir (refining zone) only; the energy
is substantially smaller than that consumed in dissolving the sand. Some numeri-
cal results are listed in Table III.

And now about the problem of a glass melt passing through a classical melting
tank with a certain temperature schedule. Such an instance is represented in Fig. 2.
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Table 111

Specific energy consuption and specific output of the model after reducing the maxinmun
grain size from 0.6 mm to 0.3 mm (refining can be the limiting factor — cf., Fig. 1),
m = 0.8, Float glass melt

.. . Way of decr. temper. Way of incr. output

Point Original state at constant output at constant temper.
Q [kJ/kg] ‘ P [t/m3d] Q [kJ/kg]l } P [t/m3d] Q [kJ/kg] ’ P [t/m3d]

A+ 19 000 0.14 16 000 0.14 8100 0.46

B 8 000 0.62 7 800 0.62 6000 1.13

¢ 6 000 1.46 4 600 1.46 3 100 6.90

D 3 600 8.06 3 060 6.06 2900 96.00

+ the limiting function of refining was not considered, only sand dissolution being taken into
accocunt

5 1606

1500, .
1100 %0 rocy

Fig. 2. Plotting the ways of reducing specific energy consumption with the use of an intensificat-
ion factor in & tank operated according to a temperature schedule. 1, 2 — specific energy consump-
tion for sand grains heving the initial sizes of 0.5 mm and 0.3 mm, 3, 5, 4, 4, 6, 7 — initial

points for reducing the specific energy consumption.

Curves 1 and 2 are the same as in Fig. 1, so that the tank has the same rate of
specific losses, the refining curves in the region above ¢y are also almost identical
with those of the previous case. However, this time the refining curve is not known
and its calculation would require knowledge of a large number of data on refining,
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flow, and their complex calculation. The course of the refining curve can at least
be estimated. For the case of absence of a distinct temperature maximum, the same
shape of the refining curve as in the previous case is assumed (curve a). Points
1, 2,3, 4, 5, 6, 7 correspond to the energy consumption estimated reserves for
various sand paths through the melting zone. The paths were obtained by mathe-
matical modelling of a sheet glass tank and the specific energy consumptions are
given at the mean temperatures along the respective paths. Paths 1, 2, 3, 4, and §
obviously lie below refining curve a. This portion of melt would thus contain
seed. An increase in temperature in the zone of the maximum above ¢ would shift
the refining curve a to the left, to a’. All of the states I—7 are now admissible, the
melt is free of inhomogeneities and the energy consumption can be reduced in the
usual way. The possibilities provided by the tank depend of course on that path
along which the respective melting or refining curve is reached first. For example
with respect to a’, point I is free of reserves, so that the specific energy consumption
of the melting tank cannot be reduced. The other points allow the respective re-
fining or melting curve to be reached. However, particularly the way using decre-
asing temperature is often limited by refining, as the glass melt has not been heated
to an adequately high temperature in the lower layers of the maximum tempera-
ture zone. Only by placing the refining curve completely below curves I and 2 it
is possible to utilize the melting reserves arising in this case by reducing the maxi-
mum sand grain radius. The state is represented by curve @'’ and indicates the situa-
tion in which the refining ability in the neighbourhood of the maximum has been
promoted to a degree when all of the melt at all of the mean melting temperatures
will pass through the maximum temperature zone (above {y), so that rapid and
perfect refining is ensured. The total specific energy consumptions along the indi-
vidual paths are then again given by the distance on ordinate y from origin to the
intersection with curves 1’ or 2" at the temperature corresponding to the inter-
section of the chosen way with curves I or 2. The y distance between curves 1’
and 1, or 2’ and 2 gives the specific energy consumption for refining at the
temperature maximum. The least advantageous path again limits the possibilities
of the way chosen. The state characterized by refining curve o’ and points I1—7
is obviously quite frequent in practice and was probably the cause of failure
in the use of classified sands employed with the aim to reduce the specific energy
consumption. It may therefore be said that if the dissolution of sand is decisive
with regard to specific energy consumption, refining is often the limiting factor
of its reduction.

CONCLUSION

The model dealt with in [1—3] is incapable of taking into account the so-called
partial melt recycling which takes place in real tanks, raises considerably the value
of energy consumption and cuts down the output. If the relationships and values
derived and calculated in parts [1—3] are to be utilized under actual conditions in
the absence of piston flow and under non-isothermic conditions, it is necessary to
introduce the value of the so-called fictive dead zone, which characterizes the real
melting zone. Calculations indicate that for the current dead zone values specified
in the literature, the fictive dead zones of real melting tanks are high (about-0.7—
0.9) and imply the existence of great reserves in real melting zones. However, in
order to utilize these reserves it is primarily necessary to resolve the layout and
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geometrical shapes of the melting zones, in particular with the use of mathematical
models. As indicated by the diagrams obtained, the reserves established should
be utilized above all to raise the output of the melting zone while maintaining the
respective level of temperatures, rather than to decrease the mean melting tempera-
tures and maintain the constant output.
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List of symbols

m — portion of the dead zone in a real tank

m' — fictive portion of the dead zone including the influence of
the real flow, or possibly of non-isothermic conditions

T — the mean time of residence of the melt in the continuous mel-
ting tank [s]

K — dimensionless constant expressing the ratio of the mean time

of residence in the melting zone to the time of residence along
the critical path [s]

Ttechn — time required for completion of the technological process
along the critical path [s]

Tres. — time reserve of the melting process [s]

Q — mean specific energy consumption for melting [kJ/kg]

Tpass — the shortest time of passage of a melt element through the
thank [s]

Ttechn. pass — technological time of melting along the fastest path [s]

Tres.pass — reserve along the fastest path [s]

TD — time required for dissolution of solid sand particles (sand-free
time) [s]

TAN — time required for refining the heterogeneously nucleated seed,

. (s]

Qres — energy reserve of the given state [kJ/kg]

ty — temperature at which bubbles (seed) nucleate on sand grains
[°C]

P — output of the melting zone [t/24h]

Qr — specific reaction heat [kJ/kg]
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Oum — specific heat required for heating the melt to the technological
temperature [kJ/kg)
Qrc — specific heat dissipated by gaseous products of batch decom-

position [kJ/kg]

HLAVNI TECHNOLOGICKE CHARAKTERISTIKY SKLARSKYCH
TAVICICH PROSTORU Z HLEDISKA PRUBREHU TAVICIHO PROCESU

Cast IV: Aplikace nuimerickych vysledkii v redlnych tavicich prostorech

Lubomir Némec, Simona Laurentové

Ustav chemie skelnyjch a keramickych materidli C'SAV 120 00 Praha
Vysokd skola chemicko-technologickd, katedra technologie silikdta, 166 28 Praha

Vypoéty mérnych energetickych spotfeb a vykontt modelového taviciho prostoru v &astech
(2, 3) ukazuji na vyznamné uplatnéni uspofadani proudéni projevujici se v hodnoté& mrtvého
prostoru. Vztah mezi pouZitym modelem a realnym proudénim byl pFiblizn& vyjadien pomoci
tzv. fiktivniho mrtvého prostoru realného taviciho prostoru (viz Tab. I a II), vyjadfujiciho vliv
recirkulace skloviny a rozdilné kvality drah tavicim prostorem. Pro b&%ina redlna zaffzen{ vy-
chézeji hodnoty t&chto fiktivnich mrtvych prostor vysoké (0.7--0.9) a svéd&i o zna&nych rezer-
vach béZnych tavicich zakizeni. SniZovani téchto rezerv je v moZnostech predevsim matematic-
kych modelu tavicich prostoru. Obr. 1 a 2 a Tab. III ukazuji, Ze intenzifikaci ziskané rezervy je
ekonomické vyuzit ke zvyseni vykonu pii zachovani teplot, nikoliv ke sniZovanf{ teplot za kon-
stantniho vykonu, jak se nékdy praktikuje.

Obr. 1. Zobrazeni zpusobu snifovini mérné energetické spotieby pri uplatnéni intenzifikaéniho fak-
toru (snifeni max. velikosti zrn pisku) v modelovém zafizeni tavicim za konstantni teploty;
1,2 — mérnd spotreba energie pro piskovd zrna poédt. velikost: 0,5 a 0,3 mm
A, B, C,D — vychozi body pro snifovdni mérné energetické spotieby.

Obr. 2. Zobrazeni zpusobu snifovini mérné energetické spotieby pri uplatnéni intenzifikaéniho fak-
toru v zarizeni tavicim 8 teplotnim refimem,
1,2 — mérna energetickd spotreba pro piskovd zrna poé. veltkosti 0,5 a 0,3 mm
3,6 4,5, 6,7 — vychozi body pro snifovdni mérné energetické spotreby.

OCHOBHHKE TEXHOJOTHYECKNE XAPARTEPHCTIIR L
CTEKJOBAPEHNHBIX MHMPOCTPANICTD C TOUYRH SPEHIA
XOJIA CTEEJOBAPEHIIOTO NPOIECCA TV.

Henostn3oBaHe HYMMCPHUCCKHX PC3YILTATOB B PeAJILHBLIX ( TCRJIOBAPCHHBIX ITPOCTPAHCTBAX

<IyvGomup Hemen, Cumora JlaypeHToBA*

Hnenaeumym rusmuuw cmeroaviir u kepasmuneckux samepuaaoe YCAH, 120 60 Ipaza
*Xusmurko-mexrnoaoenweckuic unemumym, raeopa mexioaocun cuauramos, 166 28 Ipara

PacueTst y,1eAbHMX JHEPreTHYCCKHX PACXO0;i0B I MONIHOCTEH MO, ICJ1LHOIO (TEK/I0Ba peH-
HOI'0 MPOCTPAHCTBA B UAcTAX (2, 3) #BIAAWTCA CBHACTEIFCTBOM RHAUHTEILHOIO JleHCTBHSA
VHOPSA;\0MeHIA MPOTORA, TPOABISIIONCecH B BeJINUHHE MCPTBOIO NMpPocTpaHeTBA. OTHOUIGHHEO
ME3K,1V 1IPHMEHSICMOM MO;ICJThio #1 PeAJILHLIM 11POTOKOM MOKHO NPHOAN3HTENLHO BhIPA3HTh
¢ TOMOINLIO TAK Ha3, (UKTNBIOIO MCPTBOIO NPOCTPAHCTBA PEAJIBHOIO CTEKJIOBAPCHHOIO
upoctpanetBa (em. Tadar I n 11.), Bupaskawollero BIiHIe PeIpRYJIAINNN CTERIOMACCH
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W PA3JIMUHOIO ROJIMUECTBa IMYTell Yepes vTerI0BAPeHHOC HPOCTPAHCTBO. B ciayuae peasthHbIX
V¢TAHOBOK BCJIHYMHLI IIPUBOJMMLIX (UKTHBHLIX MCPTBHIX NPOCTPAHCTB BhicOku (U,7—0,9)
1t SIBJIAIOTCH ¢ BH]ICTEILCTBOM 3HAUHTC/IBHLIX Pe3ePBOB OOLIUHBLI X (TCRIOBAPCHHLIX Y TAHOBOK.
IToHmIKeHIC \AHHLIX PE3ePBOB 3AKMOMAETCS IPEHI¢ Beero B BO3MOMKHOCTH 11PHMCHEHI st
MATEMATHYCC KX MOICTEH CTCKIOBAPCHHLLX ITPOCTPaHcTR. PueyHru | 1 2 i Tado. 1ML no-
KAALIBAIOT, UTO HHTCHCNOHKATIHCI HOJIVICHHLLC pesepPBbl MOMKHO HKOHOMHYCC KI HCII0IL30BATh
;IS15t TOBLIIIEHH A MONIHOCTH TTPR cOOMIOj@HIN TeMITepaTy P, a He Ji/isi OHIKCHNSL TeMIIe paTy p
1P} HOCTOSIHHON MONIHOCTH, ¢ UCM HC Pia3 MOKHO BCTPCTUTLUH Ha IIPAKTHRC.

Puc. 1. Hsobpancerue cnocoba NOHUMKEHUIL YIOIbHO2O FHEPIEMUNPCKOL0 PACLONCA NP N PUMe-
HERUIL WHMeHCUPURALoni020 akmopa (HOHUICCHILE MARCUMAALHO20 PAIMCHE 36 POl
necka) Ha Modeaviolt CMERIEAPEHIOl YO AROBEEe, PAGOMAKIeN Pl ROCMOSILHOI
memepanype: | 2 — ydeavivr]l pacxod anepaiit dak JepeH NECKA ¢ UCTOOHBLM AIME-
post 0,6 w 0,3 mm: oA, B, C) D) — wexodusie mour 0.as nonuxcenus yoeavioeo aiep-
CPINUYCC KOO ])(l.(‘;l/'”aa.

Pue. 2. Hsobpaxcerue cnocofos noHudceHU YOLAbIL0C0 IHE peemuneckoeo paccroda npu npuse-
HPHUL UWHMERCUPURAYUOHHO020 BArMopa HA CMERIOCAPEHHO YCNIAHOEEE ¢ NEMNEPA-

mypunst peacusost: 1,2 — yoeavHulit dHepeemunec kUL pRCTOD OA% 36PEH NecKkA ¢ Uc-
2odnvia passtepost 0.6 uw 0,3 MM, 3, 9, 4,5, 6, 7 - ucxodnsie ntouki 043 ROHIICEHUA

YOCLH020 JHEP2eUPCRO20 pacxodu,
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