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CUSTOM TRANSLATION GDA

CRYSTALLIZATION OF SELENIUM UNDER PRESSURE (E)
D, N. Nasledov and P. T. Kozyrev
Translated from Zhurnal Tekhnicheskoi Fiziki, Vol. 24, No. 12, pp.
l 2124-2135, December, 1954
Original article submitted May 29, 1954
The processes underlying the transformation of selenium from
the amorphous and liquid phases into the crystalline at high press-
ures (up to 4000 atm)aigx;gn %&%ﬁgé Atvlow temperatures press-
ure retards the crystallization procesé and at high temperatures pressore
accelerates it. The melting curve of.Selenium is presented.
Large single crystals (¥ up to 5 mm long) are formed as a result
of pressure on liquid selenium. The electrical properties of
selenium crystallized under pressure are given. In the course of the
discussion,some views on the possible mechanism underlying the phen-

omena observed are presented.

Introduction

It is well known that selenium még exist in three different
forms : amorphous, monoclinic, and hexagonal. &g Of these three
forms the hexagonal is the most stable.

The transformation of amorphous selenium into crysalline (hex-
agonal) is akeady considerable at 60°C.

With rising temperature, the velocity of crystallization in-
creases sharply. X-ray study mhwsm shows tha:Zboth high and

low temperatures selenium transforms mainly into the hexagonal

form /1/,
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‘pressure always has armuch lower density than the single-crystal

2

The density of selenium in the amorphous phase is always low-
er than in the crystalline. From thermodynamic considerations we
may therefore expect that raising the pressure should gz¥m prom-
ote the transformation of selenium from the amorphous to the cry-
stalline phase.

In 1940 Bridgman /2/ subjected amorphous selenium to hydro-
static compression (up to 50,000 atm. pressure) at room temperat-
mure, but found no phase transformations, akthough the density of
the amorphous selenium at kk these pressures had already exceeded
that of the crystalline form.

At atmospheric pressure, as indicat?d earlier, amorphous sel-
enium nevertheless passes into the crystalline form at a temper-
ature only 40° aﬁovg?gormal room-value at which Bridgman's exper-
iments were carried out.

Remembering these expérimental facts, it is appropriate to zsk
how pressure affects the process of crysallization at higher temp-
eratures (above room value).

The study of crystallization in selenium under pressure is also
interesting (or so we believe) from another point of view. The

point is that polycrystalline selenium crystallizing at atmospheric

type /3/. This means that the individual single crystals making up
a sample are not packed closely enough, microscopic cavities occur-

ring between them.
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According to work carried out by a number of authors /4/, the
carrier mobility u in selenium, calculated from the formula.....,
using the measured values of carrier concentration n and electric-
"xXxx al conductivity.....,‘is always very small and rises on an
approximately exponential law as temperature increases. This is
contrary to the theory, according to which the mobility should
fall instead of rising with increasing temperature.

Some authors consider that the small value of u and its rise
with inéreasing temperature are due to the fact that the individ-
ual érystallites making up the polycrystalline sample are separat-
ed by potential barriers, which lead to an apparent fall in the
mobility of polycrystalline selenium and to an inereasing mébili-
ty as temperature rises.

If the loose packing of the individual single crystals is
the main reason for the apparent fall in ﬁobility, then clearly
this effect may be reduced by crystallization of the selenium un-
der high hydrostatic pressures.

The aim of the present investigation is as follows,

1. To find how pressure influences tLe transformation of sel-
enium froﬁ the amorphous into the crystalline state at various
temperatures.

2. To study the electrical properties of selenium crystallized
under pressure.

3, To study the transformation of selenium from the ligquid

phase into crystalline form under pressure.
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Seetion 1. Transformation of Amorphous Selenium into Crystalline

Under Pressure

The original material for study was amorphéns selenium con-
taining (according to chemical analysis) the following impurities :
Te 0.001%, S 0.0008%, nonvolatile residue 0.006%.

Additional vacuum distillatiom of this material produced no
marked changes in the thermo-emf and electrical conductivity; The
carrier concentration calculated from the thermo-enf measured at
room temperature agreed closely with the results of other authors
/i4/ (the comparison was made for identic®al conditions of heat
treatment). A11l the samples were made from a single piece of
selenium. In order to impart the ®x correct shape to the samples,
the selenium was melted in air; poure& into a quartz test tube,
and cooled rapidly. The resultant fod (7 mm in diameter) was
cut into individual pieces, and these were suhseéuéntly»used for
studying crystallization under pressure.

The apparatus in which ervstallization under pressure was car-—
ried out in shown in Fig. 1.

Transformer oil was poured into the space inside the high-
pressure chamber 4 am, followed by the>amorphous sample. The space
was closed by a tight rubber stopper 2, after which- a plunger 1
with a copper ring 3 was placed in it, liberally lubricated with

a mixture of transformer oil and graphite. The chamber b was

placed in-a copper cylinder 5 which served to even out the temp-

erature. In order to be able to compare samples crvstallized
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under high pressures with those crystallized under atmospheric
pressure, an additional cavity was drilled into chamber b (this
cavity is not shown in the picture), filled with transformer oil,
and furnished with a similar sample. A thermocouple was placed in
this cavity for measuring the temperature.

A1l components of the apparatus were_centered and fixed in a
steel bodye.

The apparatus was heated with a eylindrical electric furnace

wound on the steel body.

Fig. 1. Apparatus for studying the crystallization of selen~
ium under *hydrostatic preséure. 1) Plunger ; 2) rubber stopper ;
3) copper ring ; 4) k= chamber 3 5) coPpef cylinder 3 6) sliding
rod ;3 7) spring ; M1 ande2 are marks for measuring Yhe displace-

ment of the plunger.

Key
1) Sample

Fig. 2.'Hydraulic press used for creating the high hydrostat-
ic pressure in the apparatus shown &n Fig. 1. 1) Piston of main
press ; 2) “mushroom" ; 3) rubber washer j 4) cylinder ; 5)
return piston ; 6) suppost ; 7) mica ; 8) bearing (simultaneously

acting as electric furnace) § B' steel sphere.

R

The pressure in the chamber was created by a hydraulic

press shown in Fig. 2. For this purpose the apparatus was set

on the steel sphere B' of the press with the bearing 8, while
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‘the head of the plunger fitted into the socket A' set in the lower
part of the press piston.

By raising the pressure in the press cylinder with the aid
of a hand pressure pump, the desired pressure could be set up
in the chamber of the apparatus.

For measuring the friction of the moving parts (pregs piston
and plunger) and the change in sample volume during crystallizat-
ion, an accurate method of measuring the displacement of the plun-
ger relative to the cﬁamber Qas essential.

For this purpose the apparatus was furnished with ;:;g;— M,]
and M2 (see Fig. 135 The upperi:;:;er was rigidly connected to
the plunger 1 and the lower one M1 to the sliding rod 6, which at
its lower end was pressed by spring 7 agaiﬁst the upper surface of
the chamber.

. The distance 1 between the §;$§g was measured'witﬁ a special
microscope. The measuring accuracy was about 0.01 mm.r

The apparatus was designed for a maximum pressure of 5000 atm.
and prolonged heating at up to 3200. These conditionswere sat-
isfied by a chamber made of 18KhNVA steel, éuenched and tempered °
to a hardness of R, = 60.

The sealing system already mentioned was very convenient and
rellable, even at high temperatures. Experience showed that under
high pressure rubber was much more stable with respect to temp-
erature than at atmospheric pressure. Whereas under atmospheric

pressuite the rubber rapidly disintegrated at 160 to 180° C, under
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a pressure of 4000 atm. and a temperature of 260°C it decomposed

so slowly that after 10 h %= it had not lost its mechanical pro-
perties and continued to serve as a sealing material. On heating
under the same pressure to 300 or 32006, howeve£, it transfrmed info*
a hard mass reminiscent of ebonite in mechanical properties. Befn
under these conditions, hﬁwever, there was no case of the seal
leaking. This was probably because at high pressures the sealing
ring came into action as well as the stopper, and this ensured her-
metic properties even when the rubber ceaéed to fulfil its sealing
role. However, the sealing was less efficient on using the ring
only without the stopper, giving temporary brief leaks, especially
as the pressure was reduced and the plunger moved upward under the
influence of the compressed oil.

Crystallization of the samples under pressure was coﬁducted
in the following sequence. The pressure in the chamber containing
the sample was raised to 4LO0OO agm. At this pressure the whole
apparatus was heated to the assigned temperature, which was then
kept constant for about 10 h by means of a special thermal regula-
tor. After this period the furnacé was switched off and the
chamber containing the samples was cooled to room tempefature ét
the same pressure of 4000 atm. In this wasy way samples were
cFystallized at temperatures from 85 to ?6000.

Far crystallization temperatures below 220°¢ (melting point

of selenium) the samples in the extra cavity mentioned earlier

were crystallized at the same time as those in the high-pressure

chamber under the same conditions of temperature. This made
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it possible to compare samples crystallized under pressure with
samples crystallized at atmospheric pressure but otherwise under
the same conditionse.

The samples crystallized in the second cavity we shall sub-
sequently dub '"companions'.

In order to trace the crystallization of the samples in the
highspressure chamber, we observed the change in their volume dur-
ing the course of erystallization. The volume variation was de-
termined by reference to the motion of the plunger. The main
aim of these measurements was to establish at what temperatures
amorphous selenium subjected to hydrostatic pressures of 4000 atm.
#id not pass into the crystalline state. Of course, it would
have been very desirable to obtain the volﬁme of the samples as
a function of time at various crystallizétion temperatures. Owing
to the great heat capacity of the apparatus, however, we were
unable to carry out such measurements, since heating the ap-
paratus from room temperature to the assigned point required 1 to
2 hs Tn view of this we confined attention to qualitative re-
sults only, snd these will now be given,

At a temperature of 850, the volume of the sample remained
strictly constant for 10 h. At 103°C the change in volume over
a similar period_was'appreciable, though much less than that‘ob-
served in samples crystallized at higher temperatures.

The sample crystallized at 85°C remained amorphous, no signs

of crystallization being visible. In the sample crystallized
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at 103°C, however, a few inclusions of crystalline selehium were
already noticeable. The corresponding companion samples crystal-
lized at both 85 and 103°C had the form of ordinary polycrystaliine
selenium, and no amorphous inclusidns occurred.

Samples crystallized under pressure at 11500 or over gave X
large changés in volume and in external form were no different
from their companions.

The rate of volume change in the samples depended greatly on
mtemperature. Up to temperatures not exceeding 1700, the rate
of volume change was small. During the time in which the appar-
atus was passing through these temperatures, the volume thus changed
little (the heating time from 110 to 1720°C was about 20 min). On
reaching temperatures close to 1700, however, the volume changed
almost in one jump (over 1 xm® to 2 min), and on further heating
once more remained unchanged, even at xn§%§§§§k temperatures.

In addition to the volume measurements made in the course of
crystallization we also studied the electrical properties of the
samples obtained. The electrical conductivity of the ;amples was
measured bythe ordinary probe method.

The carrier concentration n was calculated from the measured
thermo-emf by means of Pisarenko's formula *

Sy Boh. 218

* The suitability of Pisarenko's formula for determining the
concentration of holes in selenium was verified experimentally by
Plessner /7/ and Henkels /8/.
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o
where.....is the thermo-emf associated with 1 C, T is the absolute
temperature, m is the effecg?gass of a hole (in‘the present case
equal to the mass of an electron).

Substituting the numerical values of the guantities independent
of temperature and solving with respect to n, we obtain a férmula
for calculating the hole concentration in selenium

e ewe: Ropy2128
where.....is measured in mV/deg.

When the resistances of the samples were not too great(under
105 ), the thermo-emf was determined directly with a potentiometer.
For high sample resistances it was determined in the manner in-
dicated in Fig. 3.

The method of measuring the thermo-emf was as follows. With
the button switch in position B the condenser C was charged to a
certain potential difference, which could be found by discharging
the condenser through the galvanometer (position A). This potent-
ial difference will only be zero (condenser not charged) when the
unknown thermo-emf is compensated on the poteniiometer. In the
measurements it is not essential to mimcharge the condenser com-
pletely, since incomplete ﬁiﬁﬁisgée only means a reduction in the
galvanometer throw, i.e., a reductioﬁ in the sensitivity of the cir-
cuit. Owing to this, a first, coarse value of the measured thermo-

emf may be obtained rapidly even for very large sample resistanas.

In order to obtain a more accurate value, 2 large condenser charge
is required, i.e., there must be a prolonged holding period in pos-

ition B. In this wx=y way we measured the thermo-emf of samples
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Fige 3. Principle of the circuit for measuring the thermo-
emf of samples with large resistances. ..Eq.and..Fig aré fur-
naces creating a temperature gradient along the sample ; C is a
condenser (30 /LF) ; G is a galvanometer ; P is a potentiometer ;

0 is the sample ; T is a thermocouple.

with resistances up to 10801 to an accuracy of about 1%,

The mobility u was calculated from the electrical conductivity
vess.and carrier concentration n by means of the formula..... .

Table 1 gives the values of.....and n for samples crystalliz-
ing under pressure and also for their compaanions at various cry-
stallization temperatures. The measurements were made at BOOC.
we see from the tabgﬁ that the electrical conductivity of the
samples crystallizing under pressure at low temperatures is many
times smaller than that of the corresponding companions. Thus
§g§xatemperature of 8500 the electrical conductivity of the sample
crystallized under pressure.was about 1000 times smaller than
that of its companion. The same difference in order of magnitude
holds for a temperature of 103°C.

With increasing crystallization temperature this differqnce
falls rapidly and even at a temperature of 13200 the electriecal
conductivity of both samples becomes of the same order., The el-
ectrical conductivity of the samples crystallized under pressure

rises up to a temperature of 1320 and then falls slowly with in-

creasing crystallization temperature. However, the electrical
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conductivity of the samples m crystallized at atmospheric press-
ure (companions) rises continuously with increasing crystalliz-

ation temperature.

Table 1
Key
1) Crystallization temperature, %
2) Samples srystallized at atmospheric pressure (companions)
3) o'een”
4) mV/deg
5) o .
6) cmz/sec.V

7) Samples crystallized at a pressure of 4000 atm. 1

«Chil

8) Measurements made immediately after crystallization of the
samples in the high-pressure chamber
9) Measurements made after additional heating of the samples

in air at 214°C for 6 h

Over the whole temperature range BEX#R 132 to 260°C, the
electrical conductivity of the samples crystallized under pressure
was always 10 to 15 times smaller than thaﬁ of sample crystallized
at atmospheric pressure and a temperature of 21400.

Starting from a temperature of 13200, the'carrier concentrat-
jons of the samples crystallized under pressure and their compan=
ions are similar in order of magnitude and depend little on the
crystallization temperature.

The hole mobility of the samples crystallized under pressure

at all temperatures of crystallization is smaller than that of
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samples crystallized at atmospheric pressure and 21400.

In addition to the electrical measurements presented in Table
1, we studied the temperature dependence of the electrical conduct-
ivity of the samples crystallized under pressure.

For this purpose we zhose samples crystallized at temperatures
of 214, 238, and 260°C, For comparison we also took samplem cry-
stallized at atmospheric pressure and 214°C (companion). The meas-
urements for all the samples were made in a %emperature range be-
tween =10 and +110°C, In this temperature~range the eletrical
resistance for all the samples depended very sharply on temperature
and could be represented by the well-known formula

e B s A NE0

The values 0f.....for variocus samples are given in Table 2.

We see from Table 2 that the constant.....is roughly the same
for all three samples, averaging 0.75 eV. The electrical con-
ductivit?jggegs%gnction of temperature was reproducible within
the accuracy of the measurenments, independently of the direction
of the latter. However, this reproducibility only held zood
for comparatively low temperatures (up.to 120°¢). On heaking above
120°C, the electrical qonductivity of the samples changed.irrev-
ersibly and hysteresis phenomena developed.

After further heating the samples in air for 6 h at 21#00,
the electrical conductivity, thermo-emf, carrier concentration,
and mobility meapfred at 3000 changed sharply (see Table 1), and

the gquantity.....became approximately equal to 0.3 eV for all

the samples. As regards the sample crystallized at atmospheric
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pressure and 21400, the electrical conductivity underwpft hardly

o
any change after additional heating in air at 214 C.

Table 2
Key

1) Crystallization temperature in °¢ (under pressure)
2) eV

On‘cnmparing the volume changes of theisamples in the high-
pressure chamber during ¢crystallization with the electrical meas-
urements, we may draw the following conclusions.

1. At low temperatures pressure ¥tz retards the crystallization
process. At a pressure of 4LOOO atm, selenmdium xtxxtxn1;§§%rii171ng
appreciably at mmky 110 to 115°C.

At lower temperatures the crystailization process takés place
so slowly that in pracfice is is very hard to observe. At high
crvstallization temperatures (about 170°C) pressure accelerates
the cfystallization Process.

2. The mobility of the holes in selenium crystallized under
a pressure of 4000 atm at all crystallization temperatures from
15 to 260°C is sx¥ smaller that that of the holes in selenium cry-
,stallized'at atmospheric pressure and 2{4°G.

3, The...ssand u of selenium crystéllized under pressure

are only stable at low temperatures (below 120°c). At higher

temperatures they change irreversibly.

4, After additional heating of the selenium crysta 1llzed
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under pressure at 21400, the carrier concentration snd mobility in-

crease and approach the corresponding values for selenium cry-

stallized at atmospheric pressure and 21400._

Section 2. Transformation of Selenium from the Liquid State Itw

into the Solid (Crystalline) State Under Pressure

In Section 1 we studied the transformation of selenium under
pressure from the amorphous phase into the crystalline.

In this Section we shall set out results obtained by studying
the transformation of selenium under pressure from the liquid
phase to the crystalline.

The original material was selenium & the same type as before.
The arnparatus for studying the transformation was of a similar
form also. :

In order to obtain the melting curve»ﬁe used the method of
rests with certain modifications /5/. The measurements were made
in the following sequence.

The aﬁparatus was heated to a certain assigned temperature
lying beiwEEnR aboye the melting point of hexagonal selenium. Then
the pressure in the chamber was raised to such a value that all
the selenium in the chamber passed into the solid (ervstalline)
state.

After this the valve of the press was opened sharply, sO that
the pressure in the chamber fell well below the value at which

the selenium was in the solid state at the given temperature
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(in practice under mumk our conditions& t he pressure could be re-
duced to zero), then rapidly shut, This operation required 1 to
2 secCe In this time the selenium was ﬁnable to melt, and at
the instant of closing the valve remained mainly in the solid state.
As the selenium melted, the pressure in the qhamber rose to a
certain definite value p. This pressure was determined with due
corrections for frictional forces in the following way.

When the pressure in the chamber had begome constant, the read-
ing of the manometer f1 was recorded,and ExkabiizhE® by measuring
the distance between the marks the position of the plunger rel-
ative to the chamber (Fig. 1) was established. Then the pressure
was sharply reduced so that the distance between the marks increased
by about 0.1 mm, and by the action of the pressure pump of the

press the plunger was returned exactly to its original position.

Fig. 4. Melting curve of hexagonal selemium.

Key
1) Liquid selenium
2) Hexagonal selenium

3) Pressure, kg/cm2

Thereupon the reading f, of the manemeter was taken. The unknown

pressure p was determined from the formula
LR ROP. 2132

where S is the area of the press piston and.....the area of the

plunger.
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The accuracy of the method was about 2%. The melting curve
obtained in this way is shown in Fig. 4.

The process of passing from the liguid to the solid state under

the influence of pressure was accompanied by a large change in
volume. It was noted that sémples crystallized by the action of
pressure on liquid selenium were very inhohogeneous with respect
to grain size. As a rule the samples included individual single
crystals of about 1 to 3 mm in size, chaotimcally oriented with re-
spect to each other. |

In these experiments the temperature of the meltywas the same
at all points ; hence there was no préferential direction for the
growth of single crystals.

In order to create a preferential direction it was necessary
to set up a temperature gradient.

Under our conditions a temperatufe gradiént could only be
created by shérpiy cooling the chamber with running water. This
was the method which we used. The experiment was carried out in
the following sequence.

The temperature of the chamber was raised to 320°C at a press-
ure of 3000 atm. (under these conditions the seleniqm was‘in the
liquid state). After this the chamber was cooled sharply (the
given pressure was kept constant) so that the seienium inside the‘
chamber acquired a tmmperature gradient directed along the radius
of the cavity. The cylindrical sample crystallized in this way

consisted o# single crystals, the ¢ %ﬁig of which were directed
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along the radius of the sample. The sample as a whole consisted
mainly of a few single crystals j fine-crystalline selenium only
occurred in the cracks and the center of the sample. The dimen=
sions of the single crystals not containing visible cracks were
mabout 2 to 5 mm. X-ray structural analysis showed that our mat-
erial did in fact consistof individual single-crystals, the lattice
parameters of which differed in no way from the lattice parameters

of ordinary hexagonal selenium.

Section 3. Discussion of the Experimental Results

I+ has been established (Section 1) that at low temperatures
pressure retards the process underlying the transformation of se-
lenium from the amorphous into ghe crystalline phase, while at
hightgggggiggie%he process is accelerated by pressure. This
conclusion, however, cannot be drawn simply on the basis of thermo-
dynamic considerations.

Actually, since the density of selenium in the amorphous
phase is smaller than in the evstalline, on the basis of the Le
Chatelier-Brown principle we may assert that at any temperatures
we may convert selenium from the amorphous to the érystalline phase
by exerting a pressure P. However, the Le Chatelier-Brown prin-
ciple can say nothing of the kinetics of themprocsSss Hence those
physical faétors which only influence the kinetics of the process
cannot be taken into account by thermodynamics. Amorphous sel-
enium may be regarded as a supercooled liquid, the viscosity

of which is very high at low temperatures, but falls rapidly as

temperature rises.
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It is well known that the mobility u'of a molecule is ex-
pressed in terms of the visc0sitY¥essssby way of the formula
VR A3 )
where a is the radius of the molecule.
Correspondingly.....is expressed by Frenkel's formula /6/

oooooR-po 2133 (Q)

where p is the pressure, T the absiiute femperaturq, Ao' W, and P,

being constants depending on neither temperature norspressure.

Formulas (1) and (2) are derived on the assumption that the
molecules have spherical symmetry. Experience shows, however,
that they give qualitatively correct results for more complex li-
quids also. We shall therefore suppose that (1) and (2) are?g;-
plicable toaggggggggelenium e

We see from these formulas that the viscosity and hence the
mobility depend exponentially on both temperature and pressure.

Since the crystalline (hexagonal) =siEmium state is more
stable than the amorphous, enersgy must be evolved in the process
of forming the crystalline state. The role of temperature in the
crystallization of slenium thus probably zousistexenXyxsfxths lies
frEkxthak only in increasing the mobility of the molecules and
.hence enabling them to péck into the crys®ls. . Clearly if the
viscosity were small at low (esgey room) temperatures then these

temperatures would permit the crystallization process,

Under pressure,the difference between the thermodynamic po-

tentials in the amosphous and crvstalline phases ingreases by an
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amount.s.s.s, where.....is the difference between the volumes of sel-
enium in the amorphous and crystalline phases. Hence,if the
viscosity of selenium did not rise with increasing pressure, thea
pressure would accelerate the process of crys£allization and e
shoudld observe tg; transformation from the ;morphous to the cry-
stalline phasem at lower temperatures than in the case of atmosphe-
ric pressure. Actuaily the viscosity rises very sharply with in-
creasing pressure, which according to (1) leads to a fall in the
mobility of the selenium molecules. Since according to our suppos-
ition mobility is the decisive factor influencing the kinetics of the
trmsformation from the amorphous state into the cystalline, it be-
comes understandable why pressure retards the crystallization of
selenium at low temperatures. At high temperatures the viscosity
is small (mobility larger), i.e., the obstacles to the thermo-
dynamic factor in question are slight. Hence the crystallization
processrtakes place more quickly.

The fact that single crystals are formedduring the solidific-
%tion of selenium under pressure agrees with this point of view.
The formation of a single crystal, in fact, requires the following
two conditions to be satisfied : 1) The mobility of the molec-
ules in the melt must be high ; 2) the number of crystallization
centers must be small.

The first conditionm, according to the foregoing discussion,
is satisfied. The second condition is also satisfied; since

selenium may remain in the state of a supercooled liquid at 200

o .
to 218°C for a very long time without passing into the crystal-
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line phase. Since the number of crystallization centers falls
off very rapidly with increasing temperature, the number of these
centers at temperatures of 240 %y to 260°C will be so small that
the second condition will certainly be satisfied. On increasing
the pressure to some definite value the formation of single cry-
stals will start at precisely these centers. Since at high
pressures the transformation from the liquid phase to the solid
(6rystalline) takes place at higher temperatures, the conditions
for growing selenium single crystals under pressure are more fav-
orable than at atmospheric pressure. As regards the temperature
gradient which is still necessary for the growing of large single
crystgls, the role of this lies simply in localizing the center
from which the growth of the single crystal begins.

It was found (see Section 1) that the crystallization ofsél-
enium under pressure at 4000 atm. did not increase the carrier
mobility. Moreover, if the resultant samples were Lot‘additionally
heated at atmospheric pressure, their hole mobility was even an
order lower than that in samples crystallized under atmospheric
pressure (21400), and only approached the latter after prolonged
additional heating at atmospheric pressure.

We consider that this result is in accordance with the fore-
going point of view.

The role of pressure in the crystallization of seleniﬁm is a
double one. On the one hand, pressure reduces the microscopic

vacancies between individual single crystals in the sample ; on
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the other it retards the migration of molecules along the faces
of the single crystals, which leads to an increase in the number
of diso?dered molecules, i.e., to a thickening of the intermediate
layers. On further heating at atmospheric pressure, migration ac-
celerates, and hence the number of disordered molecules diminish=-
es, which leads to an increase in the effective carrier mobility.

Our concfusions relate only to the pressure (4000 atm.) with
which we were concerned in our experiments. In order to obtain
the greatest mobility in polycrystalline selenium it is probably
necessary to choose a pressure such as to eliminate the micro-
scopic vacancies without retarding the migration of molecules
along the faces of the single crystals too much. Probably this
would not require too great pressures, since a pressure of 400
to 500 atm. is sﬁfficient to increase the mobility by about 10
times as compared with that of the saﬁples crystallized at atmosph-

eric pressure.

Conclusions

Ne have studied the processes underlying the transformation of

seleniuﬁ from the amorphous to the crystalline phase.

We??gund the following.

1. At low temperatures,pressure retards the transformation of
selenium from the amorphous phase into the crystalline and at high
temperatures?ias the reverse effect.

2. The electrical conductivity and carrier mobility in sel=-

enium crystallized under a pressure of 4000 atm. X% an order lower
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than in seienium crystallized at atmospheric pressure (21400).
After additional heating the electrical conductivity and mobility
approach the values characteristic of selenium crystallized at
atmospheric pressure.
3. On crystallization of selenium from the melt, large single

crystals (up to 5 mm) are formed.
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KPHCTAAAUSALYSA CEAEHA noJA JABAEHHEM
4. H. Hacregos w I1. T. Kosvipes

B macroseii paGoTe mCCAejoBaAMCh TpOHeECCH NepeXoZa CeAeka M3 aMOpQHoi
B AHAKOH (ashl B KPACTAAAMMECKYIO NPH BbICOKOM JAaBAEHHH (a0 4000 arm.). Haitaeno,
uTO NMpM HM3KAX TEMOEPATYpax AaBAeHHE 3aMeZAseT Ipolecc KphcTaiinsayud, a Mpu
BBICOKNX — yCKopAeT ero. [lcAydyesa KpuBas NMAABAGHHA CeAeHa. O6napy:eno o6pasona-
H¥e KPYNHBIX MOHOKpHCTaAroB (40 5 MM) mpu JelCTBHH AaBAeHHA HA KUAKHH CeAeH.
HccaedoBansr ®AeKTpHUECKHE CBOHCTBA CeAeHa, KPHCTAAAM30BAHHOrO I0J AaBACHHEM.
Ilpu obCysmAeHHn PEe3yALTATOB ONBITOB BBICKA3AHBI HEKOTOPbIE COOGpaKEHHS O BO3MOMHOM
MexaHn3Me HaBGAIOAeHHBIX ABACHHMI. :

Beepenue

VsBecTHO, 9TO CEAE€H MOKeT CYILECTBOBATb B TPEX PA3AMUHBIX MOAH-
GuKaguax: aMOPQHOHl, MOHOKAHHHOH ¥ rexcarosarpHo#i. KMs Bcex aTux
Mozu(uKaguii camas yCTOHYMBaA — rekcaroHaAbHasd.

[lepexos amMOpPOHOTO CeAeHA B KPHCTAAAMYGCKHH (rexcaronaapHbIi)
yaxe sameren npu 60°C.

C nosbimeHEEM TEMIepaTypbl CKOPOCTb KPHCTaAAM3AUHH CHABHO BO3-
pacraer. Pentrenorpaduueckne HCCACZOBAHHA IIOKA3bIBAIOT, WTO KAK IpH
HHSKMX TEMNEpaTypixX, Tak M NPH BLICOKHX CEAEH IEPEXOAHT B OCHOBHOH
Macce B reKCaroHaAbHYI0 Moznuxanuio ['].

[TroTHOCTD CeAeHa B amMOp@HO# (ase BCerga MeHbIIe, ¥eM B KPHCTaA-
‘Anueckofi. [To9TOMY, MOMKHO OXHAATD, UCXOAA W3 TEPMOAWHAMHIECKHX CO-
o6pazsennuii, 9TO MOBbINIEHHE AABACHHS JOAMHO CHOCOGCTBOBATb NEPEX0AY
ceAeHa us aMop(®HOH (aspl B KPHUCTAAAHYECKYIO.

B 1940 r. Bpuammven[?] nps komHaTHOH TemnepaType IoABeprai sce-
CTOPOHHEMY C:KATHIO aMOpQHBIE CeAeH BIAOTD A0 50000 arm., HO mpu
BTOM He HabAWAaA HEKAKAX (Pa30BHIX NEPEXOA0B, XOTA MAOTHOCTH amopg-
HOrO CEAeHa NpH STHX JaBAEHUAX yKe NPEBOCXOJWAA IAOTHOCTD KPHCTaA~
AHYECKOTO.

Qanako, xak GbHIAO CKa3aHO BbINIE, aMOP(HbIil CeAeH NpH aTMOCHEPHOM
ZaBACHHH TEPEXOAWT B KPHCTAAAWUECKylo (asy NpH Temmeparype, Beero
Aumb Ha 40° npespimaiomeil KOMHATHYK, NPH KOTOPOE NpPOMSBOAUAHCD
onbiThl DpugmMena. -

ViMes B BHAY ©TH SKCHEPHMEHTaAbHbIE (AKTB, YMECTHO NOCTaBHTb
BONPOC, KAK BAWAET JAaBACHHE Ha IMpOLECC KPHCTaAAusagum npu Goree
BBICOKHX TeMIepaTypax (Bbllle KOMHATHOH).

Vsyuenne xpucTarAnsalum CeA€Ha NMOJ AaBACHHEM NPEACTABAAET HHTE-
pec, kak HaM KaeTcs, M C Apyroif cropombi. /JeAo B TOM; HUTO HOAHKPH-
cTaAAMueCKu#i CeAeH, KPUCTAAAM3OBAHHBIE NpPH aTMOC(EPHOM JAaBACHHH,
BCErZa MMEET SHAUMTEABHO MEHBIIYIO MAOTHOCTb, H€M MOHOKPHCTaAAMUE~
cku [*]. DTo o3HawaeT, YTO OTAEAbHbIE MHKPOKPHCTAAARKH, COCTABAAIOLIUE
o6paser, HEAOCTATOYEO NAOTHO YNAKOBAHBI H McHAY HAMH MMEIOTCA MHKPO™
NyCTOTHI. By -

s — P

p——————c
— g—

T o Tt

—— e —————- AR

T AT T T,

Cora
TOKa B (
AMYHHAM
O4YeHb M
pKCIOHET
COTAACH(
remuepal

Hexd
ee ¢ yBE
AMKH, CC
JHaAbHB
MO ABHKE
BBILIEHH

Ecau
rAABHOMH
aTOT 9
KOM TH/

Lexl
1. ¥
COCTOSH
2. H

AaBAEHI
3. ¥

y nojg JAai

KOTOPBI
Te 0.0

Ao
K 3aM
DAEKTP(
TEpMO3
HAaX0ZH
Hue JA€
obpasy
npuJaaT
B KBap
(auname!
meM ¥
HUEM. |

Ilp
moxass

B 1
TpaHc(
3aTbIRE
MAYH
. MaTopi
KOTOPF
BO3MO/
¢ obp
mepe 4
3aHHOE
nomel
mapa




IV, sotne 12

-

3 amopdHoi
v.). Haiigeno,
3aAK, & Npu

2Ho ofpasoBa-
SHAKHIT CeAeH.
1 JAaBAEHHEM.
0 BO3MOMKHOM

GHBIX MO JH-
BCE€X OTHX

rOHaAbHBIH)

HABHO BO3~-
TO KaK NpH
B OCHOBHOI#

B KPHCTaA-
149€CKUX CO-
b IEPEX0sy

Bepraa Bce-
‘M., HO MNpH
cTh aMop(d-
Th KpHUCTaA~-
\

"MOC)EpPHOM
Type, BCEro
/H3BO AHAKCDH

IIOCTaBUTL
npu Goaee

JAFET MHTE-
0 NOAHKpH~

AaBAGHHH,
DHCTaAAHYE=
:TaBAAIOILHE
OTCA MHKPO-=

2125

Kpucrh./uu.'aaguﬂ ceacHa noj AgasAacHuem

Coraacuo wuccaezosanusm psia astopos['], moasmxzOCTD = HOCHTEAEl
TOKa B CEA€HE u, BBIYHCAEHHas N0 (QOPMYAE G ==enu, 1O H3MEPEHHBIM BE-
AHYHHAM KOHIEHTPAIUH HOCHTEACH TOKa n M BAEKTPONPOBOJHOCTH G, BCerAa
O4YeHb MaAa M pPAaCTET C YBEAHYCHUCM TeMIepaTyphl anGAuauTeAbﬂo no
PKCIIOHEHIMAABHOMY S8KOHY. JTO HAaXOAHTCSA B NPOTHBOPEYHH C Teopuei,
COTAaCHO KOTOPOH IOZBHKHOCTD JOAMHA HE YBEAHUUBATHCA C MOBBILIEHUEM
TeMIepaTypsl, a, Ha060pOT, yMEHbWATLCA.

Hexoropsie aBTOpPBI cumTaOT, 9TO Maioe 3HAUEHWE U H BO3PaCTaHHE
ee C yBEAHYEHHEM TEMIEpaTypbl 06YCAOBAEHO TeM, YTO OTAEAbHbIE KPHCTaA-
AMKH, COCTABASIOUIHE MOAHKDHCTaAAKYEeCKHH obpasel, pasbeiHHEHBbI MOTEH-
puaAbHBIME GapbepaMu, KOTOPbIE M NPHBOLAT K KaxyIIEeMyCs YMEHbIICHHUIO
NOABUKHOCTH B IIOAMKDHCTAAAMYECKOM CEAGHE M K BO3PaCTAaHHIO €€ C Io-
BBIIIEHHEM TEMIIEpPaTyphl.

Ecau HenmAoTHas ymaxoBKa OTZEABHBIX MHKPOKPHCTAAAHKOB SBAAETCSA
rA8BHOH NPHYHHOH Ka:yIIerocs yMEHbIIEHHA NOZBHMKHOCTH, TO-OUEBHAHO
8TOT 9P (PEKT MO:KeT ObITh YMEHbINEH KPHCTaAAM3agHeidl CeAeHa IpH BbICO-
KOM I'HZPOCTAaTHYECKOM JaBACHHHU. '

Lleap nacrosge#i paboThl COCTOUT B CAEAYIOLIEM.

1. Usyunrp, Kak BAmseT JaBAeHHE Ha Hepexoj CeAeHa U3 aMOPQHOro
COCTOSHHS B KPHCTAAAHYECKOE IpPH Pa3AHYHBIX TEMIEpPaTypax.

2. Usyuaurp SAex'rpuqecxne CBOfiCTBA CeAeHa, KPHCTAAAH3O0BAHHOTO MOJ
AaBACHHEM.

3. Usyunrs nepexozx ceAeHa M3 KHZKOH (a3bl B KPHCTAAAHYECKYIO
04 ZaBAGHHEM.

§ 1. llepexop amopdHOro CereHa B KPHCTAAAMYECKUI HOJ JaBACHAEM

HexozHpiM MaTepuaaoM JAAS HCCAEAOBAHHE CAY:KHA aMOpP(HBIE ceAeH,
KOTOPBI# IO JAHHBIM XHMHYECKOrQ AaHAAW3a HMEA CAeZYIOIUHe IMPHMECH:
Te 0.001%,, S 0.0008°/;, neaeryunii ocrarox 0.006°%,.

JOnOAHATEAbHAST BAKyyMHAst NEPErOHKA STOTO MATEPHAAa HE NPHBOAHAA
K BaMETHBIM H3MEHEHHSM B SHAUCHHH TEPMOIAEKTPOJBHKYIIEH CHABI H
SAEKTPONPOBOAHOCTH. KOHUEHTpauus HOCUTEAEl TOKAa, BBIYMCAEHHAS IO
TEPMODAEKTPOJBHAKYIIEH CHAE, HW3MEpEeHHOH NpuH KOMHATHOH TeMuepaType,
HaXOAHA4Cb B XOPOLIEM COTAACHE ¢ JaHHBIMH Apyrux aBropos[!] (cpasme-
HA€ JeAaAoCb INPH OJHMHAKOBBIX YCAOBHAX Tepmuuecko# obpaborku). Bee
o6pasnpl ObIAH H3TOTOBAEHBI H3 OZHOrO Kycka ceaeHa. Aas Toro utobbl
NpHAATb HY:XHYI0 GopMy obpaspam, CEACH MAABUACS HA BO3JyXe, BHIAUBAACH
B KBapUeByl0 Npo6upKy .u 6bicTpo oxAaxJgarcsa. [loayuenubidi crep:xenex
(amamerpom 7 mMM) paspesaics Ha OTAEADHbIE KYCKH, KOTOpble B JaAbHefi-
meM u OBIAM MCIOAB30BAHbI JASl H3YYEHHS KPHCTAAAMBAUHHM [OZ JaBAe-
HHEM.

Il pubop, B KOTOPOM NHPOM3BOAHAACDH KPHCTAAAMBALHSA II04 AABACHHEM,
moxkazaH Ha puc. 1.

B noaoctp kamepnl 4, rae C034aBaAOCD BBICOKOE JAaBAeHHe, HAaAHBaAOCH
TPaHC(POPMATOPHOE - MACAO M IOrpy:kaacs amMoppubeii obpasey. I[lorocTs
3aTHIKAA&Ch NMAOTHOH pesHHOBOH HpO6KOH 2, mOCAe Yero .B HEe BCTABAAACA
nayuxep / ¢ MeZHBIM KOABLOM J, OGMABHO CMasaHHBIM CMECbIO TPaHCHOP-

 MaTOpPHOTO MacAa € rpa@uToM. Kamepa 4 nomemarach B MejHblii cTakaH J,

KOTOPBIE CAY:KHA ZAA BLIPABHMBAHMs TEMIepartypbl. JAs Toro uTobsl HMETh
BO3MOX{HOCTb CPaBHMBATb 06pasybl, KPUCTAAAM3OBAHHBIE II04 JaBAEHHEM,
¢ obpasyamMu, KPHCTaAAM30BAHHBIMH IIPH aTMOCPEPHOM JaBACHHH, B Ka-
Mepe 4 GbIAO IIPOCBEPAEHO ZONOAHHTEAbHOE OTBEpCTHE (HA PHCYHKE HE ITOKa-
33HHOE), B KOTOpOE TaK:ie GbIAO HaAAHTO TPAHC(HOPMATOPHOE MACAO M ObIA
nmoMemgen Ttakoif :xe obpaseg. B sro e oTBepcTHE nOMemaaach Tepmo-
napa ZAsS K3MEPEHHI TEeMIEepaTyphl.
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Bce geraam npubopa IE€HTPUPOBAAMCH M KPEIUAHCH B CTaAbHOM KOp-
nyce.

Harpesanne npu6opa NpousBOAMAOCH QUAMHJAPHUYECKOH OBAEKTPHUECKOH

meuko#, ogeroif Ha kopnyc npubopa.

P JasreHne B xaMepe C€O34aBaAoCh

A BbIM Ha puc. 2. Jas-sroro npubop
noaznsaTHukoM & . yCTaHaBAMBaACA Ha
craabHO# map B’ npecca, a roaoekoi
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Puc. 1. Ilpubop zast nsyuenus Puc. 2. Tuzpasamueckui
KPHCTaAAH3ALUUA CEACHA NOL npecc, KOTOPbif NpHMeHIA=
IHAPOCTATHYECKHM JaBACHH- Cs AAS CO3ZAHHUSA BBICOKOTO
eM. _ ' rHAPOCTAaTHYECKOro  ZaBAe=

7 — naymmep; 2 — pesuHOBAsT Hpo6- HHA B npu60pe, H3°6Pameﬂ'

xa; 3 — MezHO® KoAbIO; 4 — Ka- . HoM Ha puc. 1.

mepa; 5 — meaubili puanHAp; 6 —

CKOAbSAIIRE CTepmenb; 7 — Opymu~

ma; M, @ My—mapku gAs usMepeHns
CMeIeHHA MAYHHEpa.

] — mopmeHb OCHOBHOTO mpecca;
2 — rpubox; 3 — pesmnoBas npo-
xAazka; 4 — UHAHBEAP; S — Boa-
spaTumnii mopmenb; 6 — ynop; 7 —
caropa; &8 — NOAUATHHK, KOTOPHI
ABASETCS OJHOBPEMEHHO M BAEGK=
Tpuyecko#t meuxoii; B’ — craibmoi
map

AAyH2epa BCTaBAsACA B ruesjgo A, pacmonomennoe B HuxmHedl wacTm
mopmHs Ipecca.
[TogHuMas NpH OOMOLIM PYYHOrO HAarHETATEABHOrO Hacoca JaBAEHHE
B UWAMHZPE Npecca, MOXKHO GBIAO IOAYUATD :eAaeMoe JaBAEHHE B KaMepe
npubopa. l
[pn umsMepenun CHA TPEHHA NOABM:KHBIX dacTedl ycraHoBkH (mAyH:epa
¥ NMOPIIHA Npecca), a: TAK:KE NpPH H3MepeHHH n3MeHeHns obbema obpasya

IH4LABAHYECKHM IIPECCOM, H300paikeH-

i R s
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B Ipollecce KPUCTAAAHU3AUUH, HCOGXOAHMO KMEThb BO3MOKHOCTHD TOYHO H3~-

p- | MepATb CMENEHHE NAYHKEPA OTHOCHTEABHO KaMepBbl.
Ars sroit meam mpubop 6miA cHab:xen wmapkamu M, u M, (em. puc. 1).
‘oft ! Tlpm stom Bepxuas mapka M, 6bina :KECTKO CBs3aHa C HAyH:kepom 7,
Pa. i a HmmkHAA M, —CO CKOAD3AIIEM CTEp:KHEM 6, KOTOpbIii CBOMM HHKHHM
pCh KOHIIOM NPHKUMAACH NPY:KuHOH -7 K BepXxHeHd NAOCKOCTH Kamepbl.
eH- | Vavepenne paccrosuus [ Mexay MapkaMu IPOH3BOAHAOCH CIEIHAABHBIM Ly
jop | MHKpPOCKONOM. louHOCTb H3mepenus 6viaa oxoao 0.01 mm. ©
HA | [Ipubop paccumTeiBarcs Ha MakcumaibHoe gaBaenue 5000 arm. u ma
i | zaureapunii marpes zo 320°C. Ilpm srtux ycaosmsax ycmemHo paborara

xamepa, usrotosaeHHas us crarn 18XHBA, saxkarennoit u ornywenno#t g0
rBepiocTH R,=45. . :
JAs mAyHmepa HCIOAB30BaAaCh CaMO3akaAumBaiomascst cTaas Pd-1,
3aKaA€HHAsA B M4aCAe M OTHOyLueHHas o TBepgoctn K, =60.
x Cuctema ynAoTHEHHS, O KOTOpPOH y:e yNOMHHAAOCH, OKA3aAaCh OYEHDb
yAao6HOH m Haje:<HOH Ja:ie IPH BBICOKHX TemuepaTypax. Kak noxaseiBaer
ONBIT, PE3HHA NMOJ BBICOKMM JaBAEGHHEM BHAUMTEAbHO 6oAee ycToiumBa IO
OTHOWIGHHIO K TEMIepaType, 9eM IPH aTMOC(EPHOM AaBAeHHH. Ecam mpn
aTMOC(pEpHOM JaBACHHH PEe3WHA pasiaraercs odeb 6bictpo npu 160—180°C,
. ro no4 ZAasaeumem 4000 atm. u Temmepatype 260°C ona pasaaraercs Ha-
CTOABKO MezAeHHO, uTOo B TedeHue 10 wac. He yTpaumpaeT cBOMX MexaHH-
| ueckmx CBOHCTB H NpPOJOAXAET HrpaTb CBOI0 POAb ymAOTHHTeAs. [lpm i

HarpesaHnn xe ee npu ToMm xxe gasaeHuu o 300—320°C oma mpespa- \

aeTcA B TBEPAYI0 MacCy, IO MEXaHHYECKHM KadeCTBAM HAaNOMHHAIOWIYIO

s6ouut. Ho saxce mpu ®1HX yCAOBHsX He 6bIAO. CAyuas, 4TOGBI YIOAOTHEHHE
2aBaA0 YyTeuky. BeposATHO ©TO NPOHCXOAHT IOTOMY, 4TO NpPH GOABIIEX

A3BACHHAX, TOMHMO IPOGKH, BCTYMaeT B AeHCTBAE YNAOTHHTEABHOE KOABLO,

KOTOpPOe M O6ecHeuMBaeT TrepPMeTH3alHIO Jaxie TOrja, KOr4a pEesHHOBAS
| npobka mepecraer urpaTb poAb ynaortHurers. Ogmaxko 6es mpobru ¢ 0ZHEM

AMIIb KOABLOM YNAOTHEHHE pabOTaeT Xy:ke H MOXKET JaBATb KPaTKOBpE-
| wernbie yTeuku, OCOGEHHO NpH YMEHDIICHHW J4BAEHHS, KOrZa NAYHMKEp
n04 AE€HCTBHEM C:KATOrO MacAa JBH:KETCS BBEpPX.

Kpucraaausagus o6pasyos moj JaBAEHHEM MPOHSBOJMAACH B CAGAYIO-
meit mocaezoBaTerbHOCTH. JaBAeHue B Kamepe, rje nomemaicsa obpasern,
nospimaroch 4o 4000 arm. Ilpu stom zasrenum Bech npubop HarpeBaacs
10 3ajaHHO# TeMIepaTypbl, KOTOpas 34Te€M IPH NOMOIIW CHENHAAbHOTO
TePMOPEryAATOPa NOAAep:uBaAACh NocTosHHOH B Teuenne 10 wac. [lo
HCTEUEHHM STOrO BpPEMEHM NedKa BBIKAIOYAaAachb M KaMepa ¢ o6paspami
0CTBIBAAA JZO KOMHATHOH TeMIepaTypbl UpH TOM e CaMOM JaBAGHHH
4000 atm. Taxmm cmoco6oM 6bIAM 3aKPHCTaAAH3OBaHEI OGPAa3NBl NPH TEM-
neparypax ot 85 zo0 260°C.

Ars remuneparyp xpucrairmsagum Huxe 220°C (touka mnraBAemms
Cel\eﬂa) IIOMHMO oﬁpasgoa, KOTOPpbI€ KPHCTAAAUBOBAAHUCH B KaMepe BbICO-
KOro JaBAEHHS, OJHOBPEMEHHO KPHCTAAAHZOBAAMCH IPH TEX :Ke CaMBIX
TeMIEPATyPHbIX YCAOBHSAX M 0OpAasybl, HAXOJAIIUECH BO BCIIOMOTATEAbHON
IOAOCTH, O KOTOPO# rOBOPHAOCH BbINIE. JTO JAaBaAO BO3MOMKHOCTH CpPAB-
HMBaTH OGPAasLbl, KPUCTAAAH3OBAHHBIE 1104 AaBAGHHEM, C O6DA3LAMH, KpH-
CTAAAHSOBAHHBIME NpPH HPOYMX PABHBIX YCAOBHAX, HO HPH aTMOC(PEPHOM
AABAEHHH.

O6pasybi, KOTOpBIE KPHCTAAAHSOBAAMCH BO BCIOMOTaTEABHOH HOAOCTH,

1acTH | Mbl B JaAbHeHmem 6yzeM HasbBATH ,,COYTHHKAMH . .
JAs Toro uro6el mpocAezuTs 3a KpucTaArusauuedl 06pasgos B KaMepe
NEHHE BBICOKOT'O ZABAEHHS, IPOMSBOJHAOCH HAaOAIOJeHHE 3a H3MEHEHHEeM HX 06beMma
iMEPC snpogecce xpucrairusayguu. Vamenenne o6bema mpu sTOM ONpPEeJEeASIAOCDH
o cvemgennio mAyH:xkepa. OCHOBHasi JeAb ®THX UBMEPeHHH COCTOAAA B TOM,
Kepa 7005l yCTaHOBHTD, IIPK KaKHX TEMIepaTypax aMOpQHBIA ceAeH, moABepr-
Da3ilé
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HyTtoii rugpocratugeckomy gasieunio B 4000 aTM., HE MEPEXOAMT B Kpu-
crarAnueckuii. Pasymeercs, 6blA0 6Bl OYEHb »KEAATEAbHO IOAYYHTDL 3aBH-
CHMOCTb H3MeHeHHs oO6bema 0o6pasyoB OT BPEMEHH IIPHW PaSAMYHbIX TeMIle-
parypax kpucrarrusaguu. Ho mus-sa Goabwolt Temaoemxoctd npubopa
‘TAKHUX l‘IBMepeHHﬁ Mbl HE MOTrAH CgeAaTb, TaK KaK JAA Hal"peBaHHﬂ npnﬁopa
or xomuatHofi TemmepaTypbl 40 3ajanHoii Tpe6osarock or 1 4o 2 wac.
B cBA3E ¢ BTUM MBI OPDAHHYMANCH IIOAYYEHHEM AHMIIb KadCCTBEHHBIX pe-
BYABTATOB, KOTOPbIE NPHBOJAATCS HUIKE.

[Tpu Temmeparype 85°C of6bem obpasua B TedeHue 10 wac. ocraBaacs
crporo mocrosEpiM. [1pu Temmeparype 103°C 3a sTOT e mMpOMEKYTOR
BpEMEHH H3MeHeHHe O6beMa yise GBIAO 3aMETHO, XOTs H GLIAO OUEHD MAAbIM
1O CpaBHEHHIO C H3MEHeHHsAMH OGbema y 06pasyoB, KPUCTAAAMB0BAHHBIX
npu 6OAee BBICOKHX TEMIepaTypax. ‘ :

Obpasen, xpucraaansosanubii npu  85°C, ocraBarca  amMOp(pHEIN,
HEKAKAX NpPM3HAKOB  3a4aTKOB  KPHCTAaAAH3aguum He  OBIAG  BHZAHO.
B o6pasye :xe, xpucrarrusosansoM npu 103°C, Goiau yise 3aMeTHBI HEKO-
TOpble BKPAIIAGHHs KpucTarrndsckoro ceaena. CoorsercTsyiogue CIyTHUKY,
xpucTarAn3oBaHHble Kak mpu 85, Tak u mpu 103°C mmers Bua 06.rdHOrO
TIOAHKPHCTAAAMYSCKONO CEAGHA M HAKAKAX aMOP(HSIX BKPaNACHAH HE HMEAH.

OG6pasibl, KPUCTAAAMSOBAHHBIS 104 AABACHHEM, HAY4HAsF C TEMIEPATYPHI
115°C, aaBaiu 6oApmue H3MeHeHus O6beMa K IO BHEUIHEMY BAAY HAUEM
‘HE OTAMYAAMCH OT CBOMX CIIYTHHKOB.

Ckopocts usMesenusi o6bema OGpa3OB OUEHb CHABHO 3aBuCEAd OT
remmeparypsl. Ao Temmeparyp, menbmux 170°, ckopocTs usMeHEHHA 00bEMA
6biaa HeBeAuka. [losTOMYy 3a TO BpEMs, NOKa MPHOOD HPOXOAHA BTH TeM-
TlepaTyphl, O6BEM W3MEHAACSH HESHAUATEABHO (Bpems HArpesa OT 110 a0
170° C cocrasasiro okoro 20 mum.). Ho npm gocrTmisennu Temmepartyp,
6rusxux ® 170°, 06beM HSMEHAACA NpaKTHUECKH ckadxom (sa 1—2 MHH.)
¥ IpH AaAbHeflleM HATpeBaHHH HE W3MEHAACA Jaxe npu Goree BBICOKEX
TeMIepaTypax.

[TomMumo o6beMubIX H3MepeHHH, KOTOpble IIPOH3BOAUAHCH B mIpouecce
KPHCTAAAHBALIAM, MCCAEJOBAAUCH TaK:Ke W BASKTPHIECKHE CBOHCTBA MOAY-
YeHHBIX 00paso8. DACKTPONPOBOZHOCTb OGPa3gOB HIMEPSIAACH OOGLITHBIM
30HJZO0BBIM METOJZOM. '

Ronnenrpagus HOcHTeAeH TOKa n BBIYHCAAAACH IO H3MEpEeHHOH TepMo-
SAEKTPOABWKYIIEH CuAe NPH NOMOILY (POPMYABI [Tucapenxo’

‘ogz—f—[za—lgz(z"—’,’;"l)‘z’—'lgn],

rae O — TepMODAEKTPOABHKYIIAS CHAA, NPHXOAAILAsCA HA 1°C; T — aé6eo-
AIOTHas Temueparypa; m-—9(QQeKRTHBHAA Macca JpIpkE (B ZaHHOM CAydae
paBHa MacCCe SAEKTPOHA). .

[ToscTaBAsiE YMCACHHbIE 3HAUEHHS HE3aBUCAIIHX OT TEMIEpaTypbi BEAH:

YUH U pellas OTHOCHTEADbHO n, NOAYyYHM (QOPMYAY JAAA BbIYHCACHHA KOH-

JIeHTpalu¥ ABIPOK B CEAEHE

1000

lglo n— 21 -06 - 1-51g10 —T S 5.030,

rae 0 uaMepserca B MB/rpaj. .
TepMODAEKTPOABHKYIZAA CHAA B TOM CAydae, KOrza CONPOTHBACHHA

obpasgos 6bian He Beauxn (Mexpure 10° oM), OTIpeAeAsIAaCh HENOCPeACTBEHHO

noTeHuEOMeTPOM. |Ips GOABIMEX CONPOTHBAGHHAX OOGDasLUOB OHA ONmpeAeAd

Aacb 0O cxeMe, m3o6paxsenHoif Ha puc. 3.

I Tpurosnocts Qopmyant [lucapenko AAs onpeAeAeHus KOHIEHTPALAHA ABIPOK B ceaene
skcmepumenTarbHo nposeparach IIaecmepom [7] m Xenxeancom [8].
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AHT B Kpu-
79HTh 3aBH-
HBIX TeMIe-
i mpubopa
usg npubopa
40 2 uac.
BEHHBIX pe-

. OCTaBaACsH
POMEKYTOK
geHb MaAbIM
AM30BaHHbBIX

amMmopHBIM,
A0  BHUAHO.
1eTHBI HEKO-
¢ CIYTHHKH,
i 0619HOTO
!ﬁ HE HMEAH.
sMIIEPATY P bl

?BHAY HAYEM

japuceAa OT
sHuA obbema
A OTH TEM-
~or 110 a0
remneparyp,

1—2 mumn.)

.66 BBICOKHX
B mpouecce
ficTBa HOAY-

b OOBIYHBIM

qHO# Tepmo-

3y T— abco-
HHOM CAydae

aTypb‘ BEeAHN-
ICACHHA KOH-

)IPOTHBAEGHHA
)CPEACTBEHHO
4 ONpeAeAst”

ABLIPDOK B ceaene

Kpucra/musayuz CenerHa noyg JasiacHuem

"Cnoco6 usmepenus TEPMO®JLC 3aKAIOUAACH B CAe
KHOMOYHOrO KAKYa B moAoxsennan B xomsencatop C 3apskarca 40 HEKO-
TOpOH Pa3sHOCTH MOTEHLUAAOB, KOTOPas MOFAa GbITh obHapy:eHa paspsg-
kol KOHZEHCATOpa depes raibsaHomerp (moromenue A). Dra pasHOCTD
MOTEHUHAAOB O6yA€T paBHa HYAI0 (xongencatop ne 6yzer 3apsxKaThC)
AHIIb B TOM CAydae, KOrja Ha IOTeHIHOMETpe G6yser CKOMIIEHCHPOBaHa
HCKOMAs TEPMOIACKTPOABH:KkYILasi cuAa. [lpum wuamepenusx me o6asaTerpmo
zobusaTbcs noAHOR sapaiku KomJeHcaTopa, TaKk KaK HEIMOAHAs 3apazka
noBAeYeT 3a CO60H AMmb yMeHblueHue orbpoca raibBaHOMETpa, T. e.
yMEHbIICHHE YYBCTBHTEABHOCTH CXEMbI. BAaro.aa;a 8TOMY IepBsoe rpy6oe
3HAUEHHE KM3MEPsEMOH TEPMO®AC Zake IPH OYCHDb GOABIIMK CONPOTUBACHHUAX
obpasua moxer Obith GoicTpo mafizeno. Jas noAyuenus 6GoAee TOUHOrO

ayowem. [Tpu momomu

8 57 , )
: s H(ﬁf
- E .
o WP o) | (%5
@ 7, e
Eratdion)

Puc. 3. Tlpununnnarpmas cxema yeTamHoBKH AAs H3MepeHus
TEPMOBAEKTPOZBHKYIUEH CHABL 06DPA3LOB C GOABIIHM CONPOTHEAE-
. ‘ HHEM.

B
¥ R/ A m‘— IEYkH, CO3ZAI0LAC TPAHEHT TEMICPATYPH BAOAL o6pasya; C — kon-
aencarop (30 mxq¢); I” — raaboasomerp; . /7 — norenunomerp; O — obpasen;

T — repmomapa. -

3HAUEHUs Heobxoguma 6oAbmas 3apsika KOHJeHCcaTopa, T. €. Tpebyercs
oApmas BblAEePAKa B NOAOkeHHH B. DTHM METOZOM MbI H3MEPsIAH Tep-
M094C 06pasuos ¢ compormsaenuem 40 10° OM ¢ TOYHOCTBIO OKOAO 196

[TozBuxuoCTD © BBHIYHCAZAZCH MO BAEKTPONPOBOZHOCTH G M KOHLEHTPa-
iuH HOCHTEAGH TOKa n NPH NOMOILK (POPMYABl G =enu.

B ra6a. 1 zampt smauenus 6, 0 u n grs 006pasnoB, KPHCTAAAKBOBAHHBIX
04 AABACHHEM, & TaKe AAS HX CHYTHHKOB NPH PasSAHYHBIX TEMIEPATypax
xpuctarrusagun. Msvepenus npoussosuancs mpu 30°C. Us TaGAHLbI BULHO,
470 BAEKTPONPOBOAHOCTL 06pPAas|0B, KPHCTAAAHBOBAHHBIX 1104 Z4BACHHEM
IpH HH3KHX TEMNEPaTypax, BO MHOTO Da3 MeHblIE, 4eM SAEKTPOIPOBOA-
HOCTH COOTBETCTBYIOWIMX CIYTHUKOB. Tak, npu Temmeparype 85° C saextpo-
TPOBOJHOCTH 06pasya, XPHCTAAAWSOBAHHOTO 104 JaBAEHHEM, IIPHAMEPHO
5 1000 pas membme ®AeKTPONPOBOAHOCTH CBOEro COyTHHKA. TaKoe :xe
pasandue MO MOPAAKY BEAMMMHBI W AAa temmepatypemt 103°C.

MOBDIMIEHHEM TEMIEPATYPhl KPHCTAAAM3ALMA 9TO DasAHIHE GBICTPO
yueHpuiaeTea U yxe mpu remneparype 132° C saexrtponposoguocTn o6oux
00pasLoB  CTAHOBATCA BEAMYMHAMH OZHOTO NOPSAKA. [lpu srom saexrpo-
IPOBOZHOCTE  06PA30B, KPHCTAAAMBOBAHHBIX- 04 AaBACHHEM, pacTer 4o
remuepatyper 132° u 3aTem MegaeHHO mazaeT ¢ IOBHIIEHHEM TeMIIepaTy pbl
KPHCTAAAHSALUH. DAEKTPONPOBOZHOCTD ke 06pasyos, KPHCTAAAH30BaHHBIX,

2 HlypHanl TexXHHYeCKOH (DHBHKH, T. XXIV, Beim 12

2729
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2.0 -1072
6.0 - 102
8.0 -1072

5.0 - 1015
2.0 - 1016
40 - 105

0.910
0.794
0.928

12 .10-5
20 - 10~
55 .10~5

0.40 - 102
0.43 - 10—2

1.0.1011

. 1010
5.8 1076
33106
2.9 -10—6
2.8-10—¢
5.5+ 107

10—2| 2.2-10—%

7.6+ 1013{1.0 - 102
431014 (2.3 - 1072 8.7
1.1.1015|14 .

3.0 - 1015 0.6 - 102
3.1-10!

4.8.-1015|8.0 - 1072

1.47

1.123
1.040
0.955
0.952
0.915

\

510.8 - 1072

\

1.2:10°8
1.6 - 10—6
2.5-10—¢
30-10—°
4.1 .10
6.0 107

85
103
115
132
164
214
238
260

-

\

IpH AaTMOC(EPHOM JaBACHUH (cmyr-
HUKOB), HENPEPHIBHO PacTeT € IMOBLI-

meHueM TEMIEpaTypbl KPHCTAAAM3A-

1uu.
Bo BCeM TeMIepaTypHOM HMHTEp-
pare 132—260° C »sAexTpPONPOBOA-

HOCTb 06pasioB, KPUCTAAAMSOBAHHBIX
mo4 AaBAeHHEM, BCeraa .B 10—15
pas MeHbmle, HYeM OAEKTPONPOBOA-
HOCTb 06pa3ynoB, KPHUCTAAAU3OBAHHDIX
IpH aTMOC(EPHOM AaBACHWH NPH TEM-

. meparype 214°C.

Kongenrtpanuu HOCHTeAed TOKa,

paunnag ot remmeparyps 132° C, xax

y 06pasyoB, KPHCTAAAU30BAHHLIX 1OZ
ZaBAeHHEM, TaK M y WX CHyTHHKOB
10 MOpAAKY BEAWUMHbl OAMHAKOBBI H
MAAO 3aBHUCAT OT TEMNepaTypbl KpH-
CTAAAMBALMH,

[ToasmKuOCTb ABIPOK Y 06pasyos,
KPUCTAAANZOBAHHDBIX - 104 JAABACHHEM,
NpH BCEX TEMIIEPATypPax KpUCTaAAn3a-
QUK HUZE, YEM IOJBHKHOCTD ¥ obpas-
110B, KPHCTAAAN30BAHHDBIX TP aTMOC
@epHOM AaBAEGHMH [PH 214°C.,

[lomumo u3MepeHuil SAEKTpHIEC-
KUX BEAWYHH, IPUBEAEHHDBIX B Taba. 1,
6bIAM HMCCAEZOBaHBI TEeMIEpaTypHEIE
3aBHCHMOCTH DAEKTPOIPOBOZHOCTH 06-

pasuos, KPKCTaJ\AKBOB—aHHbIX noJj jaB-

AEHHEM.

Aas sroit ueanm Opian oTo6paHbl
o6pasyel, KPHCTAAAM3OBAHHBIC IPH
remmepatypax 214, 233 = 260° C.
Ars cpaBHeHuS ObIA TAKHKE B3AT 06~
pasel, KPUCTAAAUBOBaHHbIH npu ar-
MOC(EpPHOM AABACHUH IIpH 214°C
(cmyTHuk). Vismepenus JAAsd BCEX 00~
pasoB GbiAM BDITOAHCHBI B AUANa30-
e remmeparyp ot —10 g0 —+110° C.
B sTOM ZuanasoHe TeMIepaTyp Ard
Bcex OOpasgoB BAEKTPOIPOBOAHOCTD
O4YeHb CHADHO 3aBuceAa OT TeMuepa-
Typbi u, MorAa OpiTh NPEACTaBACHA
paBecTHOH (POPMYAOH

o

kT
o= il :

| ‘3naueHus @ AAA PasAMUHbIX 06-
pasyoB JZaHbl B TabA. 2

Kax BuzHO 3 TabA. 2, KOHCTAHTA
@ AAsl BCEX TpeX 06pa3yoB MpuOAH3K-
TeAbHO OZMHAKOBA U B CpPeAHEM paBHi
0.75 ®B. DAEKTPONPOBOAHOCTD KaK
(QYHKEHA TeMIepaTypal C TOUHOCTHIO
40 omubOK M3MEPEHHUA 6bIAa - BOCKPO-

HU3BOAUM
MOCTb H]
120° C).
neobpary
cTepesud
ITocA
rpeBa of
TPOMPOB
cHuAa, K(
BHCHOCT
H3MEHAN
HOBHAAC
paBHO#H
CTaAAU3(
npu 214
MOCAE Z
Conc
BBICOKOT
peHusaAMy
1. 4
AUBaL UK
30BaThC.
Ilpu
CTOABKO
TeMIlepa
KPHCTaA
2.:11
4000 ari
MeHbllIe
aTMOC)
3B
ycroiiu
BBICOKH]
4. Il
noJ4 Jag
YBEAHUH
ceAeHa,

B §
B KpPHUCT
B 81
IEepexol
Hexc
HUCCACLC

‘CaHa Bb

Arsa

H3MEHEH
wei mog
[pul
BbIIIE T
Mepe I
XOAHA E
2%




HH (CHyT-
T ¢ IIOBBI-
{CTAAAH3A-

yM HHTEp-
DOTIPOBOA-
1130BaHHBIX
s 10—15
pONpOBOA-
W30BAHHBIX
i TIpH TeM-

refi  TOKa,
32°C, rakr
AHHDBIX T0J
CIIy THHKOB
{HaKOBBI H
rypBl KpPH-

obpasnos,
JaBAEHHEM,
ICTaAAH3A-
rb 'y obpas-
IPK arMoc-
° C.

AEKTpHIEC-
B Taba. 1,
epaTypHbie
AHocTu 06~
X 04 AaB-

oTobpaHbI
1HbBIE  TIpH
u 260°C.
e B3AT 06~

r

® uapm ar-
pu 214°C
1 Bcex 06-
B AHAIIaso-
o +110°C.
partyp 4ad
DOBOAHOCTD
T Temuepa-
eiCTaBAEHA

\HIHBIX 00~

KOHCTAaHTA
npubAnsH-
AHEM paBHa
L HOCTD KaK
TOYHOCTHIO

fAd BOCHPO

Kpucraanusagun cenena nog zasaenuen 21371

#3BOANMA HE3ABHCHMO OT HANPABACHHS H3MepEHH.

MOCTD MMEAA MECTO AHNIb TPH CPABHHTEADHO HHUSKHX TEMIEpaTypax (a0

120°C). Ilpn nporpese o6pasuos serme 120°C 9AEKTPONPOBOAHOCTD HX

#He00PaTHMO HM3MEHAAACh W HaGAIOZaAHCH Tu-
CTEPE3HCHBIE sBACHHA. '

[Tocae zomoamnrerbnoro 6-wacosoro npo-

= o Temnepatypa xprcraa-

rpeBa 06pasgoB Ha Bosgyxe npu 214° C saex- Ausagun B °C (nog | o; lon

TPOIPOBOJHOCTD, TEPMOBACKTPOABHAKY I a5 Assicumen) -

CHAQ, KOHIEHTpPauuss HocureAe#f Toka M nog-

Ho srta socnponssogu-

Ta6anna 2

BuHOCTb, usMmepennsie npu 30°C, pesxo 214 0.77
usMeHsIAnCH (cM. Taba. 1), a BeAnunna 9 cra- 238 0.72
HOBHAACD JAsl BCeX 06pasyoB NPHOAUSHTEABHO 260 0.78
pasto#t 0.3 eB. Uro xacaercs o6pasua, xpu-

CTAAAH30BAHHOTO IPH ATMOC(HEPHOM JaBACHUH

npu 214°C, To siexTponpoBosHOCTH ero IPAKTHYECKH HE H3MeHSAAach

MOCAE AOMOAHUTEADHOrO Nporpesa Ha Boszyxe npu 214° C.

Conocrasasa nabrwgenus 3a nsMeHeHueM obbema 06pasyos B KaMepe
BHICOKOTO JaBACHMA B NPOUECCE KPHCTAAAM3ALUM C DACKTDHUECKHMH H3Me-
PeHHAMH, MOKHO CJEAATb CAEAYICILHE BBIBOJDI.

1. AdaBrenue mpu Husxux TEMIIEPATYPaX 3aMEAAAET NPOLECC KPHUCTAA-
msagun. [log zasaemnem 4000 aTv. CeAeH HaunHAET 3aMETHO KPHCTaAAM-
30BaTHCA HaumHas Ammb ¢ 110—115°C.

[lpu Goaee nusxux Temmeparypax npouece x‘
CTOABKO MEJAEGHHO, YTO IPAKTHYECKH €r0 TPYAHO
TeMIEPATypax KpHCTaAAusapun (=~ 170°
KPHCTAAAHBALHH, ;

2. [loaBu:KHOCTD ABIDOK B CeAeHE, KPUCTAAAHZOBAHHOM 04 AaBAGHHEM
4000 arm., mpu Bcex Temmeparypax Kpucraiausauuu ot 115 g0 260°C
MEeHDIIe, HYEeM IOABHXKHOCTb AbIDOK B CEAEHE, KPUCTAAAH3OBAHHOM npu
aTMOC(epHOM gaBAenuu npu 214°C.

3. Beanuunnt 6, 0, n u u cereHa, K
yCTOHUHBBI AMIOD NPH HHSKHX TEMIEpPATYpax (Menbmux 120° C). [1pu 6oree
BLICOKMX TEMIEPaTypaX OHH HEeO6pPATHMO W3MEHSIOTCA.

4. Tlocae zomoannreabnoro mporpesa CeAeHa, KPHCTAAAM30BaHHOTO
nog zasaenuem npu 214° C nogsmmuOCTD H KOHIEGHTpALUsl HOCHTEAEH TOKa
YBEAHTHBAIOTCA M NPHOAHKAIOTCA K COOTBETCTBYIOIIMM BEAHUHHAM AAs
CeACHA, KPHCTAAAMSOBAHHOTO NpH aTMOCHEpPHOM JaBieHmu mpu 214° C

PUCTaAAH3ALMH HJET Ha-
saMeTuTb. [Ipu BRICOKHX
C) aasaenne  ycxopser ‘mpomece

§ 2. Hepexoa cerema ma xuAKOro CoCTONHAST B TBEPJ,0€ .
KPHCTAAAHYECKOE) 0L JaBACHHEM

B § 1 usywaacs nepexos ceaema nog 43BACHHEM H3 aMOPQHOH (asbr
B KPUCTAAAHYECKYIO.

B stom maparpage usromens Pe3yAbTAaTHI,
lepexoJa CeAeHa I0J JaBAGHHEM U3

HMcxoaneiv maTepuarom CAYXKHA ce
HCCAEAOBAHHH B OCHOBHOM NpHUMEHsAA
CaHa BBIIE.

AAa moAyueHus xpuBo# maaBAeHms HCIOADBOBAACH C HEKOT
HSMEHEHHAMH MeTOZ ocTanoBOK [°]. Mamepenns npoussozmruc
Wwel MOCA€Z0BATEABHOCTH. ! :

[Ipubop marpesarcs o HEKOTOpO# 3ajaHHOM TemmepaTypsi, AeKammeit
SDIIIE TOUKH NAABAGHHA TIEKCATOHAABHOTO CEAGHA. 3aTeM apicHHE B .Ka~
Mepe MOAHHMAAOCh JO TAKOTO SHAUCHHUS, KOrja BECh CEAGH B KaMepe mepe-
X04HA B TBepjoe (Kpnc'ljaAAnqecKoe) COCTOsHHE. SRR

2*

TOAyYEHHDIE IPH HM3YYeHHH
MUAKOH (asbl B KPHCTAAAHYECKYIO.
A€H TOH € MapKH. YCTaHOBKA Aas
Cb B TOM BHJAE, KaK. OHAa 6blra omp-~

OpBIMH BUZO-
b B CAezyio-

PHCTAAAU30BAHHOI'O IOJ AaBACHUEM, ]
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[locre STOrO BEHTHAb Mpecca pE3KO OTKPHIBAACH, dTOOB JaBAeHue |
B KaMepe YIaAo 34BeJOMO HHXKE TOTO AAaBACHHS, HPH KOTOPOM CEACH IpH GpIA
AaHHOH TeMmepaType HAXOZU1CA B TBEPAOM COCTOAHUH (npakTuHuecKH B Ha- gL
IHX YCAOBHAX A4BACHHE MOMHO 6BIAO CHW:KATD 4O HyAs), 3arem GbicTpo i
saxpbiBarcA. Ha eTy omepapmio TpeGoBaroch OkoAO 1—2 cex. 3a sTO BpemMs ik
CeAEH eme He yCUeBaA DACHAABHTHCA M K MOMCHTY 3aKpbITHA BEHTHAA
HaXOAMACH B OCHOBHOH macce B TsepaoM cocrosnuu. [To mepe mAasaeHus
ceAeHA ZAaBAGHHE B KaMeépe BO3pacTaAo ZO HEKOTOPOro ONIPEeAEAEHHOro
snagenus p. Onpejerenne 9TOro AaBAGHHs C Y4YETOM [ONPABOK HA CHAY
TpeHHs HPOMSBOAMAOCH CAEAYIOIAM 06pasoM. 3 3am
Korza zaBAeHue B KamMepe yCTAHABAHBAAOCDH MOCTOAHHBIM, 3alMCHIBAAOCD CKRY
TOKa3aHWe MAHOMETPa f; U (PUKCHPOBAAOCH INOCPEACTBOM H3MEpEHMA pac- cae
CTOAHHS Me:XJZy MAapKaMH INOAOMeHHE IIAYHiepa OTHOCHTEADHO KaMEpHI
- : . (puc. 1). BaTem pesko yMeHbBIIAAOCH qaeM
ZaBAEHHE C TAaKUM pacdueTom, 4TOoGH MBI
£00 : s . paccTOsHHE Me:KAYy MapKaMHh YBEAU- Aax
5 . i wuroch npubausureapno Ha 0.1 mu, AnT
210 ¥ jZeficTBHEM HAarHETAaTEAbHOrO Haco- | cKa
ca mpecca MNAYHZKEp BO3BPAIlaACi KO1
; | TOYHO B CBO€ MEPBOHAUAABHOE IOAO- TEE
260 \ skenue. |lpu BTOM BalUCBIBAACA OT- b4
; %, cuer f, ma manomerpe. Kcxomoe zas- pal
= ronei AGHHE P ONPEAEATAOCD ;10 GopMmyAe %
 [excaconansmoid ; p=-£1—-—'2-—fl~g‘,
. cenen
240+ ’ i
rge S—nAomazb MOPIIHA Ipecca;
i d —maomazp mAyHxepa. | ra¢
% 230} \: TouHoCTh METOAa OBIAZ OKOAO &
29/,. Kpusas maaBrenus, moryuennas |
B : ! 1 ,  TaruM cmocobom, mokasaHa Ha puc. 4. i*
3 000 2000 3000 . @0 Ilpounecc nepexoja us :XuAKOH (Pa- ‘\
eﬂﬂé’/ll‘ﬂllt’.ﬂe/&/? 5 3Bl B TBEPAYIO N0J AeficTBHEM JaBie- |
PNQOANE. HUA CONpPOBO:KAAACSH OOABIIMM H3Me- 1 ra
Puc. 4. Kpusas naaBienns rexcaronaib- HEHHEM ObObema. Briro 3ameueno, 4to ! Hb
JIOT0 ECA DD o6pasnpl, 3aKpPUCTAAAM30BAHHDIE BO3- v
JeficTBUeM JaBACHUS HA :KUZKUH CEAEH, 1 Aa
HbIAM OYCHb HEOZHOPOJAHBI IO pasMepaM 3epeH. B 06pasnbl, KaKk IPaBHAO, cT
6BIAK BKDAIAGHBI OTZEABHBIE MOHOKDPHCTAAAMKH pa3sMepaMu OKOAO 1—3 mw, aT
X20THYECKH OPHEHTHPOBAHHDIE OTHOCHTEABHO APYT Apyra. ce,
B eTux ompiTax Temmeparypa pacniaBa 6bpiAa BO BCEX TOYKax OJHHA-
KOBa, MOBTOMY IIPEMMYIIECTEEHHOTO HANPAaBAEHHS AAS POCTAa MOHOKPHCTaA- HO
AOB He 6piro. : : Ty
JAAs cosjaHua TNpEeMMYLIECTBEHHOrO HANPaBAGHHS HEOO6XO0AUMO 6bIA0
€034aTh IpajueHT TEMIIEPATYpBHI. |
B mamux ycaoBHAX rpajueHT TeMIepaTypbl MOXHO OGBIAO CO34aTb AHLIb | co
PESKHM OXAa:KZEHUEM KaMepbl NPOTOYHOHR BOAOH. DTHM METOAOM Mbl H ne
BoCnoAb30BaAuch. ONBIT NPOU3BOAUACSA B CAEAYIOUIEH OCAEZ0BATEADHOCTH. YE
Temnepatypa xamepnt nosbimarach zo 320° C npu zasaenun 3000 atd. | ¥y
{upn ®THX yCAOBHMAX CEAeH HAXOAWACA B :KuikoM cocrosHau). [locae sToro TY
KaMepa pe3Ko OXAaxkzaAach (3ajaHHOE JaBAGHHE II0AAEPKHBAAOCH IOCTO- KE
AHHDIM), 6Aarojapsa UeMy B CEAGHE, HAXOJAIIEMCsA B IOAOCTH KaMepsi, BO3- |
HAKaA TPAZMEHT TEeMIepaTypbl, HANpABAeHHbH IO paguycy moroctd. Llu- { e
_AmHApuYeckufl ofpasel, 3aKPHCTAAAMS0BAHHBIA TakuM CnocoboM, COCTORA .4
M3 MOHOKDHCTAAAOB, OCH ¢ KOTOPBIX GbIAM HANPaBAGHDI 10 pasuycy o6pasna. 3!
O6pasen xak LeAoe COCTOAA B OCHOBHOM H3 HECKOABKHX MOHOKPHCTaAAOB, i
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MEAKOKPHCTAAANYECKHH ceAeH OblA AMIIb B TPEIUMHAX M B [JEHTPE obpasna.
PasMepbl MOHOKPHCTaAAOB, KOTOpbIe HE COAEPXKAAM BHAWMBIX TPEIIUH,
GBIAM OKOAO 2—5 MM. PeHTreHOCTpyKTypHDBIH aHaAH3 IIOKasaa, uro Aeii-
CTBUTEABHO MOAYUEHHbI HAMH MATEPHAA COCTOSA K3 OTAGABHBIX MOHOKPH-
CTAAAOB, MapaMeTpbl pPEUIeTKH KOTOPBIX HE OTAMYAAMCH OT NapameTpoB
pemeTK: OOGBIYHOrO IeKCarOHaAbHOrO CEAeHa.

-~ § 3. O6ey:xaenne pesyABTATOB ONBITOB

Boiro yeranosaeso (§ 1), wro mpm HusKkuX TeMIepaTypax AaBACGHHE
3aMe4AsieT NPOUecC NMepexoja CeAeHa M3 aMOP(HOH (aspl B KpHCTaAAMHE:
CKYIO, & IpPH BBICOKHX, Ha0G60pOT, yckopseT. Taxoil BbIBOJA, OAHAKO, HEADSL
CAGAATb, HCXOAA AHIIb M3 TEPMOAMHAMUYECKHX COOOpamenui.

JeficTBUTEABHO TaK Kak IAOTHOCTDL CEA€Ha B aMop(HO# (Qase MEHbUIE,
yeM B KPHCTaAAMYeCKolf, TO Ha OCHOBAHWM MPHHIUIA Ae-lllareane—DBpayna
Mbl MOMKEM YTBep:#AaTb, WTO NPH AKOBX TeMIepaTypax, BO3AeHCTBYA
AABAGHHEM P, MbI MOMEM NEPEBeCTH CeAeH U3 aMOPQHOH (aspl B KPHCTAA-
aungeckyro. OanHako npuHgun Ae-liiaTeape—DBpaysa HHYEro HE MONKET
cKasaTh O KHHeTMKe npouecca. l[losromy Taxkue (Qu3HUIECKHE  (AKTOPDI,
KOTOpBle BAMAIOT AKIIb HAa KHHETHKY NpoJecca, He MOTYyT ObiTb y4TEHHI
TepMo AUHAMEAKOHR. AMODQHBIE CEAGH MOXKHO paccMaTpuBATD KaK MEPEOXAa~
#AEHHYIO KHAKOCTb, BA3KOCTh KOTOPOH OUEHb BEeAMKa 'NPU HU3KMX TEMIe~
paTypax, HO G6bICTPO NaZaeT C MOBbILICHMEM TEMIepaTyphl.

Kak msBecTHO, MOABHMKHOCTD U MOAEKYABl Bbipa:kaeTcd HUepes BA3KOCTD

N 10 YopMmyAre

u=1— s 1)

Tan ?

rie a— pajzuyc MOAEKYABI. :
B cpowo ouepeab n Bhipamaercst Qopmyroit Dpenkers [6]

w o p

'n=‘40e—ﬁe;: ‘ )

rae p— AaBAenne, I —aGCoA0THas TeMIepaTypa, Ay, W u p,— nocross-
Hble, HE BaBHCALIWE HU OT TEMIEFaTypbl, HH OT AaBACHHA.

@opmyast (1) u (2) BoiBeAeHbl B NPEATNOAOXEHHH, UTO MOACKYADI obaa-
zaror mapoBo#i cumverpueil. Ho, xak noxaspiBaeT ONbIT, OHX A4iOT Kaue-
CTBEHHO MpPABMAbHbIE PE3YABTATHl H AAA GOAEe CAOMHDBIX MHAKOCTEH. ITo-
sToMy Mbl GyJem cuuraTb, -4ro (1) u (2) mpumeHuMbl ¥ AAS a8MOP(QHOTO
ceAeHa.

V3 sTux (QOPMYA BHAHO, UTO BABKOCTb, & CACZOBATEADHO M 10 4 BU2K-
HOCTb SKCHOHEHIWAABHO B3aBHCAT KaK OT JAaBA€HHs, TaK ¥ OT TeMnepa-
TYpBI. !

Tak k&K KpHcTaAAHuecKOe (TexcaroHaAbHOE) COCTOsHHE GoAee yCTOH-
uHBO, d4eM aMop(HOe; TO B Ipouecce OOPA30BAHUA KPHCTAAAHHECKOTO
COCTOSHUS DHEPTHA ZOAMHA BBIACAATHCA. [TosToMy, BEpOATHO, POAb TEM-
HepaTypbl NpH KPHCTAAAMBalUM CEAeHA COCTOMT TOADKO B TOM, q9T06BI
YBEAHUHTb NOJZBHIKHOCTD MOAEGKYA H, CAZOBATEABHO, AaTh HM BO3MOKHOCTD
yIAKOBBIBATHCA B KPHCTaAABL. I[lOBHAMMOMY, €CAM NPH HASKMX TeMmiepa-
Typax (HanpuMep npu KOMHaTHOH) BaskocTb Obiaa 6Bl MaAa, TO TpoLecc
KPHCT2AAMBALHHM MPOXOAMA Obl M IpPU STUX TEMIEPaTypax.

[Tos zZaBAeHHEM pAa3HOCTb ME:XKJAY TEPMOAMHAMUUECKHMH NOTEHQUAAAMH
B aMOP(HOR & B KPHCTAAAMYECKOH (PasaX YBEAWUHBAGTCH HA BEAWUHHY pAuv,
r4e Av— pasnocTb 06beMOB CeAeHa B aMOPQHOHK Qase KPHCTAAAHYECKOH.
[TosTomMy ecam 65l BASKOCTb CeA€HA HE YBEAMYHBAAACh C TOBDUMIEHHEM

sy | i
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AaBACHHS, TO JaBAGHHE YCKOPAAO 6Bl mpomecc KPHCTAAAMBALHHA M MBI Ha
ombiTe HaGAOZaAu 6bl Ipogecc mepexosa us aMOp(HO# (a3sl B KpPUCTAA-
AUHECKYIO' IpH 60A€E HH3KHX TEMIEPaTypax, 4eM IPH aTMOC(pEPHOM AaBAe-
Hu. B geiicTBuTEADHOCTH BA3SKOCTD OUEHD CHABHO YBEAHYHBAETCA C IIOBHI-
[MEHneM JZaBACHUSA, UTO HPUBOAHT, corracHo (1), K yMeHbIIEHHIO HOABH:k-
HOCTM MOAEKYA CeAeHa. Tak Kak I10 HAIIEMY IPEANOAOKEHHIO II04BUKHOCTH
ABAACTCA ONPEACAAIOUINM (QAKTOPOM, BAHAIILEM Ha KHHETHKY mHpoLecca
[I€pexoga u3 aMOPQPHOro COCTOAHUS B KPHCTAAAUYECKOE, TO CTAHOBHTCH
HOHATHDIM, NOYEMY IIPM HH3KHX TEMIIEPaTypaX JAaBACHHE 3aMeAAAET Kpy-
crarrmsapuio cerena. Ilpu BbicOKMX TeMmepaTypax BASKOCTb Maia (moa-
BHMHOCTb BEAHKA), T. €. NPENATCTBHA YKasaHHOMY TEPMOAHHAMUYECKOMY
Qaxrtopy maant. Ilosatomy mnpouece KpPHCTAaAAUSAUHK IIpOTEKaEeT GbiCTpee.

B coraacum ¢ usroxkenmoir Touxoi 3PEHHA HAXO0ZHUTCS (QaxT obpasosa-
"HAA MOHOKDHCT@AAOB NPH 3aTBEPAEBAHHH CEAEHA 10J BO3ZelCTEHEM ZaBAe-
A, JedcTBUTEADHO, 4AT TOTO uUTOGHL 00pasoBaAcs MOHOKPHCTaAA, HEOG-
XOAHMMO  BBINOAHEHHE JABYX ycaAosuii: 1) uro6mr IIOZBHZKHOCTD MOAEKYA
B pacmAaBe 6blaa BeAHKa; 2) uTo6bl 6HIAO° MaABIM THCAO LEHTPOB KPHCTaA-
AUBaLHAH.

[lepsoe ycarosme BmmoAneHmo coraaco BbIIIEH3AOXEHHOMY. Bropoe
YCAOBHE TaKZe BBIMOAHEHO, HOO CEAEH MOMET HAXOZHUTbCH B COCTOSIHUM
nepeoxAdxAenHolt mugrocty mpu rtemmeparypax 200—218° C ouenp anm-
TEADHOC BpeMsd, HE Nepex04s B KpHCTaAAmueckyo (asy. Tax Kak wucio
UCHTPOB KPHCTAAAM3A[UH OUeHb ObICTPO yOBIBAET C NMOBHINICHHEM TeMIe-
parypol, TO 9uCAO 9THX WUEHTPOB mpH Temueparypax 240—260° 6yzer mHa-
CTOABKO MAaAbIM, YTO BTOPOE yCAOBHE  6yAeT 63YCAOBHO BBLIIOAHEHO. [Tpu
MOBBIUCHIE A4BACHUA A0 HEKOTOPOrO OLPEAEAEHHOrO 3HaueHHs o6pasoBpa-
UG MOHOKPHCTAAAOB HAYHETCA MMEHHO HAa OTHX [J€HTPAX KPHCTAAAU3ALUH.
Tax xak npm BeICOKHX JaBAeHusX nepexo4 us Ku4Koff (Qassl B TBEPAYIO
(kprcTarAmEeCcKyI0) TpPOUCKOAUT npu 6oAee BLHICOKMX TeMIEpaTtypax, To

YCAOBUA ZAA BblpaliuBaHHUsA MOHOKDHCTAAAOB CEAeHA 104 JaBAeHHeM Ooiee .

GAaronpuaTHbl, ueM npu aTMocpepHoM Jasremmi. Uro xacaercs rpajueHra
° /TEMICDPATYPBI, KOTOPbIl BCE & HEOOGXOAMM JAS BBHIPAUIMBAHHA GOABUIHX
'MOHORDHCTAAAOB, TO POAb €r0 COCTOUT AAMD B TOM, YTOObI AOKaAH30BaTh
LeHTp, H3 KOTOPOro Ha4Y4HHACTCS POCT MOHOKPHCTAAAA.
"~ Bbiro madgeno (cm. § 1), uro KPHCTaAAH3aLHUs CEAEHAa IO JaBACHHEM
5 4000 arm. me yseauunsaer noABHKHOCTD HOcuTeAedl Toka. Boaee Toro,
GCAH MOAYHCHHbIE O06pasiibl JOMOAHHTEAbHO HE IPOrPETHl MPH aTMOCHep-
FOM A3BACHAHM, TO HOABHKHOCTb AbIPOK B HHX Jaxe Ha HOPAJOK MeHbIue,
9€M IOABHKHOCTH y 06pasyoB, KPUCTAAAH3OBAHHBIX NPH AaTMOCHEPHOM
AaBarennu (214°C) ®m npuGamkaerca k Hell Aumb HOCAe JOMOAHATEABHOr 0
fporpesa mnpu aTMOCPEpPHOM JaBACHHH.

TOT pe3yAbTaT, Kak HaM KaMeTcs, HAXOZHUTCA B COOTBETCTBHH C W3-
AOXCHHO# BbIIIE TOYKOH 3peHHs. :

Poap zasrenus IpH KPHCTAAAM3ALUH CeAeHa gBosaKaa. JaBrenue, ¢ ozHOMH
CTOPOHbI, YMeHpIIaeT MHKPOIIYCTOTHI MexKAYy OTAEAbHBIMH MHKPOKPDHCTAA-
AaMi obpasga; ¢ Apyro#i CTOPOHBI, OHO 3aMeAAZET MHTPanHi0 MOAGKYA
BAOAD TpaHe#fl MHKPOKPHCTAAAOB, HUTO NPHBOAHT K YBEAWUEHHIO HHCAA
HEYIOPAJZOYEHHBIX MOAEKYA, T. €. K YTOAILEHHIO HPOCAOeK. [lpu ZomoAun-
TEABHOM IpOrpese Npu aTMOCQEPHOM AaBACHHH MHTPalus YCKOPAETCH H,
CACZOBATEABHO, YHCAO HEYNOPAZOYEHHBIX MOAEKYA YMEHBIIAETCH, 4YTO K
TPHBOJHUT K YBEAHYEHHIO d(P(PEKTUBHOHR NMOABHKHOCTH HOCHTEAEH TOKA.

Caerannbie Hamu  BBIBOZbI OTHOCATCA TOADKO K TOMY  ZaBAGHHIO
(4000 arm.), ¢ xoTopbiM MBI HMEAH JeAO B HAUIMX ONbITaxX. BeposTHO, AAf
TOro 4ro0bnl MOAy4nT> HauGOABLIYI0 MOABHKHOCTD B NMOAHKPHCTAAAHYECKOM
LereHe, Hy#HO MOAGHpaTbL Takoe JaBAeHHE, KOTOPOE MOTAO 6bl YHHUTO-
JMATb MHKDPOIYCTOTHI, He 3aMeAAAA CYWIECTBEHHO MHIPALUK MOAEKYA BAOAD
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M U MBl Ha rpanefi MEKpOKpHETaAAOB OOpasua. BeposaTHo, AAs 9TOH HeA 60ABIIOTO
B KPHCTaA- iaBAeHus He TpebyeTcs, TAK Kak IpH JLaBACHHH 400—500 aTM. MOKHO i
HHOM JaBAe- HOAYYHTD YBEARYeHHE NOABHXKHOCTH npubausureapso B 10 pas no cpasxe- g ‘
CA C NOBBI- | HHIO C HOABHIKHOCTLIO Y 06pa3yos, KPHCTAAAHZOBAHHEIX IPH aTMOCQEPHOM
10 TOABH~ ! ZABACHHUH.
JABH:KHOCTD
npouecca ‘ Brizogbx
CTAHOBUTCSH i
AAAET Kpd- i ; B macrosmeii pabore GbiAM HCCA€ZO0BAHBI MPOLECCHl MEpexoja CeacHa
mara (mog- u3 aMOppHO# M KHAKOH (asbl B KPHCTAAAHYECKYIO.
IMHYECKOMY Briro mokasaHo cAejylomiee.
T GoicTpeE. 1. Tlpn Huskux TemmepaTypax JaBAeHHE 3aMeZAAeT NpOLecc mepexoa
' o6pa3oBa- cercHa u3 aMopdHoOif (asbl B KPUCTAAAHYECKYIO, & IPH BBICOKAX yCROPACT.
JHeM JaBAes 2. DAeKTPONPOBOAHOCTb ¥ NMOABHKHOCTD HOCHTEAEH TOKAa B CeAeHe,
"aAA, HEOG- KPHCTAAAR30BAHHOM MMOJ AaBACHHEM 4000 aTm., Ha TMOPAAOKR MeHbme, YEM
»  MOAEKYA JAA CeAGHAa, KPHCTAAAA30BAHHOLO NpW aTvMoC(QepHom AasAeHamm (214° C).
)B KPHCTaA- : [TocAe AOMOAHATEALHOTO MPOrpesa 3HAUYEHHA HAEKTPONPOBOAHOCTH H NOA-
| pmikHOCTH NPHOAMKAOTCA K COOTBETCTBYIOIIUM 3HAYCHHAM STHX BEAHTIHH
y. Bropoe | jAs CeAeHa, KPHCTAAAU3OBAHHOT'O NPH aTMOCHEPHOM AABACHHH.
' COCTOSHUH 3. [lpu kprcTarAusayuu CeAeHa H3 pacnaasa 006pasyioTcs KpymHbIe
39eHb AAH- | moHOKpHCTaAAB (40 5 MMm).’
[xax YUCAO ‘
ieM TeMIe- - ‘ Auareparypa
Hi’}';(‘)'f‘"n*;: s JILH Rrebs. 28 £ By, 126, 169, 1949. —[2] P. W. Brid g man. Proc. Am.
= cad. Arts. Sei, 74, 21, 1940. —[31 K. W. Plessner. Proc. Phys. Soc., B, 6%, 681,
obpasosa- ‘ 1951, —[4] H. W. Henkels. J. Appl. Phys., 22, 1265, 1951. —[5] L. Deffet. Bull.
IAAH32LNH. ! Soc. chim. Belg., 44, 41, 1935. —[6] 5I. U. @ penxean. Kunernueckast TeOpHA HHZ"
3 TBEDPAYIO xocreit. Msa. AH CCCP, 1945.—[7] K. W. Plessner. Proc. Phys. Soc., B, 64, 671,
Typax, To 1951. —[8] H. W. Henkels. Phys. Rev., 77, 134, 1950. ,
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