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The processes underlying the transformat'on of selenium from 

GDA 

the amorphous and liquid phases into the cryst ~lline at ljgh press ­

are con9id~red 
ures (up to 4000 ~tm) XRXR sxx«xRd . At low temneratures press-

ure retards the crystallization process and at hi h tern eratures pre~u~e 

accelerates it . The meltin curve of selenium is resent d . 

Large sin~le cr stals (~ up to 5 m long) ·re formed as result 

of pressure on liquid selenium . The elec trical pro erties of 

selenium cryst llized under pressure are iven . In the course of t;~ 

discussion, some views on the ossible mech n i sm underlyin~ the hen-

omena observed are p esented . 

Introduction 

It i s Jell' own that selenium ma~ exist in three di ferent 

forms amorphous , monoclinic , and hexagonal . ~ Of these three 

forms the hexa onal is the most stable . 

The tr nsformation of amorphous selenium into cr'dalline (hex­

agonal) is a~ady cons~derable at 60
o

C. 

With rising temperature , the velocity 

creases shar lY e X- ray stud xhwsm shows 

of cr st~lliz~tion 
at 

thatL both h i )h nd 

lOioJ' temperatures selenium transfor s mainly into the hex onal 

form 11/ . 

in-
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he density of selenium in the amornhous ph se is al'- YS low-

er than in the crystalline . From thermodynanic considerations we 

may therefore expect tha t r aising the pressure should ~xYm prom-

ote the transformation of selenium from the amorphous to the cry-

sta lline phase . 

In 1940 Bridgman /2/ subjected amorphous selenium to hydro-

static compression (up to 50 , 000 atm . pressure) at room temperat-

.ure , but found no phase transformations , alt hough the density of 

the amorphous selenium at hx these pressures had alre dy exceeded 

tha t of the crystalline form . 

At atmospheric pressure , as indicated earlier , amorphous sel-

enium nevertheless passes into the crystalline form a t temper-

4 0 the ature only 0 ~boveinor~al room value at which Bridgman's exper-

iments were carried out . 

Remembering these experimenta l facts , it is ap ro riate to ~sk 

how pressure affects the proce s s of cryaallization at hi~her temp-

eratures (above room value) . 

The study of crystc. llization in selenium under pressure is also 

interesting (or so we believe) from another point of view . The 

poir.t is that polycryst a lline selenium crystallizin t a tmospheric 

pressure lways has a much lower density than the sin le-cr stal 

type /3/ . This means that the individual single cr stals making u 

a sample are not packed closely enough , microscopic c~vities occur-

ring between them . 
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ccording to work carried out by a number of authors /4/, the 

carrier mobility u in selenium , calculated from the formula •••.. , 

usinS the ~easured values of carr;er concentration nand electric­

xx+x al conductivity ••••• , is always very small and rises on an 

approximately exponential law as temperature increases . This is 

contrary to the theory , accordin to .hich the mobility shoul 

f 11 instead of rising with increasing temperature . 

Some authors consider that the small value of u and its rise 

with increasin- temperature are due to the fact th t the individ­

ual crystallites making up the polycrystalline sample are se ar t­

ed by potential barriers, which lead to an apparent f 11 in the 

mobility of polycrystalline selenium and to an incrersing mo~ili­

ty 9S temperature rises . 

If the loose packing of the individual single cr stals is 

the main reason for the ~nparent fall in mobility, then cle~rly 

tRas effect may be reduced by cryst?llization of the selenium un­

der high hydrostatic pressures . 

The aim of the present investigation is as foll01s . 

1 . To find how pressure influences the ~ransfornation of sel­

enium from the amorphous into the crystalline state ~t various 

temperatures . 

2 . To study the electrical ~ronerties of selenium cr stallized 

under pressure . 

~ . To study the transformati n of selenium from the liquid 

phase into crystalline for~ under pressure . 
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Section 1 . Transfor ation of .morphous Selenium into Crystalline 

Under Pressure 

'he original material for Etudy was amorphous se'enium con­

tainin~ (according to chemical analysisl the following im urities 

Te 0 . 001 , S 0 . 0008/ , nonvolatile resid'e 0 . 0~6% . 

dditional v~cuum distillation of this materi~l roduce no 

marked changes in the thermo-emf and elec trical cond ctivity . The 

c~rrier concentrDtion calculated from the ther o - emf measure at 

room te perature agreed closely ~ith the results of other authors 

/4/ (the comparison was made for identic t al conditions of he t 

treat cnt) . 11 the samples were made from single ryiece of 

selenium . In order to i part the g± correct sh o e to the s mples, 

th~ selenium was melted in air , ryoured into a u~rtz test tube, 

and cooled ra idly . The resul tnn t ro' (7 Iilrrl in i:l'Yl 0 ter) 'as 

cut into individual pieces , and these ~lere subsequentl use for 

studying crystallization under pressure . 

The apparatus in . hich cr~stallization under ressure was car ­

ried out in s o~rn in Fig . 1 . 

Transforoer oil as poured into the space in8i e the hi h­

pressure chamber 4 ax , followed by the amorphous sam Ie . The spnce 

was closed by tight rubber stopper 2, after' hich a plun er 1 

with a copper ring 3 was placed in it , liber lly lubricated ~ith 

a mixture of trans for .cr oil and raphite . The chamber 4 wa~ 

placed in a cop er c linder 5 'hich served to ev_n out the tem -

er ture . In order to be able to compare sa ples cr tnllize 



5 • 

under hi h pressures with those crystAllized under a~mospheric 

pressure , an ad"itional cavity was drilled into chamber 4 (this 

cavity ~s not shown in the picture) , fille with transformer oil, 

and furnished with a sioilar sample. A thermocouple i 5 pl·ce~ in 

this cqvity for measuring t~e teMperature. 

All COL onents of the ap aratus were centered and fixed in a 

steel body . 

The apparatus was heated with a cylindrical electric furnace 

wound on the steel body . 

Fig . 1 . Ap aratus for studyin the crystalliz~ti0n of$len-

ium under 'hydrostatic pressure . 1) Plunger; 2) rub er Ft Op er ; 

3) copper ring; 4) ~h chamber ; 5) copper cylin er ; 6) slidin, 

rod ; 7) spring ; M1 and M2 are marks for measurin~ the isplace­

ment of the plunger . 

Key 

1) Sample 

Fig . 2 . Hydr~ulic press used for creatinq th hi~h hydrostat­

ic pressure in the apparatus shown mn Fig . 1. 1) Piston of main 

press ; ::J "mushroom" ; 3) rubber washer ; 4) cylinder ; 5) 

return piston; 6) suppo~ ; 7) mica i .8) bearin (simultaneously 

actinf as electric furnace) ; B' steel s~here . 

The pres"'ure in the chamber was created by a hydraulic 

press sho :n in Fig . 2 . For this purpose the apparatus was set 

on the steel sphere B ' of the press 'ith the be~rin 8, ~hile 
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the head of the plunger fitted into the socket A' set in the 10 Ter 

part of the press piston . 

By r ais ing the pressure in the press cylinder with the aid 

of a band pressure pump , the desired pressure could be set u~ 

in the chamber of the ap ar1tus . 

For measuring the friction of the moving parts (nres s ~ston 

and plunger) nd the change in sample volume during cryst~llizat-

ion , an accurate method of measurin the dis~lacement of the plun-

ger relative to the chamber was essential . 
...~ke .. s 

For this purJ?ose the apparAtus was furnished with soplw M1 

",_ka ... 
and M2 (see Fig . 1) . The upner ~ M2 was ri idly connec ted to 

the plunger 1 and the lower one M1 to the sliding rod 6, rhich at 

its lower end was pressed by snring 7 against the up e surf ce of 

the chamber . 

~s 
The distance 1 between the IltB:rlfe was me"'sured \'lith a s eci 1 

microscope . The measuring accuracy was about 0 . 01 mm . 

The apnaratus was resigned for a maximum pressure of 5000 tm. 

and prolonged heating at up to 320
0

• These conditions were sat -

isfied by a ch"l.mber made of 18KhNVJl. steel , quenched and tempered · 

to a hardness of R = 60 . c 

The sealing system already mentioned was verv convenient and 

reliable, even at high temperatures . Experience sho~/ed that under 

hi~h pressure rubb0r was much more stable with respect to temp-

erature than at atmospheric pressure . .Jbereas under a tmo haric 

pressune the rubber r auidly disinte~rated at 160 to 180
0
C, un er 
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a pressure of 4000 atm . and a temperature of 260
0 c it decom osed 

so slowly thnt after 10 h ±s it had not lost its mechanical ro­

perties and continued to serve as a sealing material . On heatin 

under the same pressure to 300 or 320°C , however, it tr nsfrmed into 

a hard mass reminiscent of ebonite in mechanical properties . ~ 

under these conditions , however , there was no c se 0 the seal 

leaking . This was probably because at high pressures the se~lin~ 

rin came into action as well as the stopper, -nd this ensured her­

met ic properties even when the rubber ceased to fulfil its sealing 

role . Ho ever , the sealing was less efficient on usin the ring 

only without the stopper , ivin~ temporary brief leaks , es ecially 

as the pressure was reduced and the plunger Moved up ard under the 

influence of the compressed oil . 

Crystallization of the samples unde' pressure was conducted 

in the following sequence . The pressure in the chamber conta inin 

the s ample was raised to 4000 a t m. At this .pressure the hole 

apparatus was heated to the assi ned temperature, which was then 

kept constant for about 10 h by means of a speciel thercal re ula­

tor . After this period the furnace was switched off and the 

ch mber containin the samples was cooled to room temper ture at 

the same pressure of 4000 at~ . In this wxs way samples were 

crystallized at temperatures from 85 to 260
0

C. 

For cryst lli zation temperatures below 2200 C (meltin oint 

of selenium) the samples in the extra cavity mentioned e rlier 

were crystallized at the same time as those in the hi h- ressure 

ch mber under the same conditions of te perature . This rna e 
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it possible to compare samples crystallized under pressure with 

samples crystallized at atmospheric pressure but otherwise under 

the same conditions. 

The samples cr stallized in the second c vity we sh~ll sub-

sequently dub "companions" . 

In order to trace the crystallization of the s oples in the 

high-pressure chamber, we observed the chan e in their volume dur-

in the course of crJst llization . .he volume variation was de-

termined by reference to the motion of the plun·er . he main 

aim of these measure ants as to establish at \lhat temperatures 

a orphous selenium subjected to hydrostatic pressures of 4000 tm . 

did not pass into the cryst lline state . Of course, it ould 

have been very desirable to obtain the volume of the samples as 

a function of time at various cryst llization temperc.tures. 0 in 

to the great heat capacity of the a "ar~tus , ho~eve , we were 

un ble to carry out such measurements, since he tiny. tle p­

paratus froM room temperature to the assi ned point required 1 to 

2 h . In vie~ of this we confined attention to qualitative re-

suIts only, n these will nOI be iven . 

At a temperature of 85° , the volume of the sample rem'ined 

strictI- const nt for 10 h . t 103°C the chRn e in volume over 

a similar period was a reciable , thou h muc h less th n that ob­

served in samples cr stallized at higher tem eratures. 

The sample cryst~llized at 85°C re_ ined amorphous, no signs 

of crystallization being visible . In the sample crystallize 
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already noticeable . The corr spondinp companion samples crystal­

lized at both 85 and 103°C had the form of ordinery pOl vcr, stalline 

selenium , and no amorphous inclusions occurred . 

Samples crystallized under pressure at 115
0

C or over ~ ve z 

large changes in volume and i n external form were no different 

from their companions . 

The rate of volume chanre in the samples depended greatly on 

mtemperature. Up to temperatures not exceeding 170
0

, the r~te 

of volume change was small . During the time in hich the ap ar-

atuB was passing th ough these temperatures , the volume thus changed 

little (the heating time from 110 to 170°C was about 20 min) . On 

reachin~ temper~tures close to 170
0

, however , the volu~e changed 

almost in one jump (over 1 xnR to 2 min) , and on further heatin~ 

hi~her 
once more remained unc hanged, even at XBr~xxgx te~peratureB . 

In addition to the volume measurements made in the co rse of 

cryst~llization we also studied the elec trical prope-ties 0 the 

samples obtained . The elec tric al conductivit of the samples was 

measured b the ordinary probe method . 

The carrier concentration n was calculated from the measured 

thermo - emf by means of Pisarenko ' s formula * 

••.•. R. p . 2128 

* The suitability of Pisarenko ' s formula for deter ini ng the 

conc entration of h oles in selenium iV s ve rified experimentalJy by 

Plessner /7/ and Henkels /8/ . 
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where ••.•• is the thermo - emf associat ed with 1 C, T is the absolute 

\..ve. 
temperature , m is the effec~mass of a hole (in the present case 

equal to the mass of an electron) . 

Substituting the numeric .'l l values of the quantities inde endent 

of temperature nd solving with respect to n, ~e obtain a f ormula 

for calculating the hole concentration in selenium 

..... R. p . 2128 

where •.•.• is measured in mV/ deg . 

When the resistanc~ of the samples were not too great(under 

105 jt) , the thermo-emf was determined directly with a potentiometer . 

For high s ample resist'mces it WD. S determined in the m'1nner in-

dicated in Fig . 3. 

The method of measuring the ther mo-emf was as follows . With 

the button switch in position B the condenser C was char ed to a 

certain potential difference , which could be found by dischar in 

the condenser through the galvanometer (position A) . This uotent-

ial difference will only be zero (condenser not charged) when the 

unknown thermo - emf is comF e ~6atea on the potentiometer . In the 

measurements it is not essential to ' charge the condenser com­
~ , 

pletely, since incomplete mm.dh~e only means a reduction in the 

~alvanometer throw , i . e ., reduction in the sensitivity of the cir -

cuit . O-'/ing to t his , a first , coarse va l ue of the measured therrno -

emf m~y be obtained ra idly even for very lar~e saM~le resistanas . 

In order to ob tain a more accurate value} q large condenser char e 

is required , i . e ., there must be a prolonged holdin , eriod in pos-

ition B. In this KRX~ way we measured the thermo- emf of S ~ ples 
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Fig . 3 . ~rinciple of the circuit for measurin the thermo-

emf of s mples with lar e resist~nces . 

n~ces creatin a temperature gradient alon the sample ; C is a 

condenser (30 ~F ) ; G is a alv nometer P is otentiomet r 

o is the sample ; T is thermocou le o 

with resistances up to 108;t to an ccuracy of about 1%. 

The mobility u las calculated from the electrical conductiv·ty 

••• • . and carrier concentration n b eans of the formul~ •• •.• • 

Table 1 ives the values of ••••• and n for s mples cr st lliz-

ing under pressure and also for their comp. anions t v rious cr- -

stallization temper~tures . 
o 

The measurements were made at 30 C. 

we see from the tRb~ that the electric 1 conductivit of the 

sa ples cr'Tstallizing under pressure at 10- temperatures is m n 

times smaller than that of the corres on ing companions . Thus 

i~~ atemperature of 850 C the electrical conductivit a th s ple 

cryst~llized under pressure was about 1000 tines smaller th·n 

that of its companion . The Dame difference in order of m nitude 

hol s for a temperature of 10~oC . 

ith increasing crystallization temperature this difference 

f 115 rapidly and even at a temperature of 132
0

C t e el ctric 1 

conductivity of both samples becomes of the same order . The el-

ectric 1 conductivit of the s mples cr stallized under ressure 

rises up to a temperature of 1320 and then f Ils slowl with in-

creasin cryst llization temperature . However , the electrical 
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conductivity of the samples _ crystallized at atmospheric press -

ure (companions) rises continuouslv with increasing crvstalliz-

ation temperature . 

Table 1 

Key 

1) CrYstallization temperature , °c 

2) S~mples gr stallized at t,ospheric pressure (companions) 

3) -I - 1 .n . cm 

4) mV/der1' 

5) cm- 3 

6) cm2/sec. V 

7) Samples crystallized at a pressure of 4000 atm . 

8) leasurements made im~ediatel after cr st llization o f the 

samples in the hi h - pressure chamber 

9) Measurements made after ad~itional he~ting of the sam les 

in air at 2 14°C for 6 h 

Over the whole te~perature range m~~x® 132 to 2600 C, the 

electrical conductivity of the sa pIes cryst a llized under pressure 

was always 10 to 15 times smaller than thah of sample cr st llized 

o 
at atmospheric pressure and a tempera ture of 214 C. 

o 
Starting from a temperature of 132 C , the carrier conc entrat-

ions of the samples crystallized under pressure and their compan-

ions are s i milar in order of magnitude and de end little on the 

crystal lization temperature . 

The hole mobility of the samples cryst l l ized under ressure 

at all temperatures of crystallization i s smaller than that of 
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o 
samples cr·~tallized at atmospheric pressure and 214 C. 

In addition to the elec ~rical measurements presented in Table 

1 , we studied the temperature dependence of the ele trical conduct-

ivit of the samples crystallized under pressure . 

For this pur~ose we ~hose samples crystallize at t~nperatures 

of 214 , 238 , and 260°C . For comparison we also tookasam le. cr -

stallized at atmospheric 
o 

ressure and 214 C (companion) . The meas-

urements for all the samples were made in a temperature range be -

o 
tween -10 and r 110 C. In t his temperature range the eloctrical 

resistqnce for all the sam~les denended very sharply on te perature 

and could be represen ted by the ell-known formula 

. p . 2130 

The values of ••••• for vari us samples are ,iven in Table 2 . 

We see from Table 2 that the constnnt ••••• is rou hI' the same 

for all three samples, avera~irig 0 . 75 eV e The electric~l con-

eXEressed 
ductivitY~ 4s a function of temperature was reproduci Ie within 

t h e accuracy of the measurements , inde ~ndently of the direction 

of the latter . However , this reproduc~bilit only h Id ood 

for comparativel low temperatures (up to 1 ~OoC) . On heating above 

1'00C , the electrical conductivit of the samples ch n ,ed irrev-

ersibly and hysteresis phenomena developed . 

o 
After further hea t in the samples in air for 6 h at 214 C , 

the el~ctrical conductivity, t he rmo-emf, carrier concentration, 

° and mobility me~ed at 30 C changed sharply (see Table 1), an 

the qunntity ••• • . became a,proximatel equ 1 to 0 . 3 eV for a 1 

the samples . s regards the sa ple cryst ~llized at atroos eric 
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pressure and 214°C , the electrical conductivity underw~ t hardly 

any chang e after additional heatin 

Table 2 

Key 

o 
in a ir at 214 C. 

1) Crystallization tem erature in °c (under pressure) 

2) eV 

On camparin the volume changes of the samples in the hi h -

pressure chamber during crysta llization with the electrical meas -

urements , we may draw the followin conclusions . 

1 . t low temperatures pressure x±~ ' retards the crrst ~lliz~tion 

process . At f 4000 t 1
· -* .onl~t~rts .. 

a pressure ° a m, se enlum ~ A~etystalilZln 

apnreciably at mKx~ 110 to 115°C . 

At lower tempera tures t h e crystall ization process t res 1 ce 

so slowly that in ur~ctice is is very hard to observe . i t hi h 

o 
er rsta iza tion temperatures ( abo ut 170 C) ~ressure nccelernte 

the crystnllization ur ~ eess . 

2 . The mobility of the holes in selenium cr st~llized under 

a ressure of 4000 atm at all cr stallization temperatures from 

115 to 260°C is s xx smaller that that of the holes in selenium ery­

st llized at ~t~ospheric pressure and 214°U . 

3. The ••••• and u of selenium crysta llized under ressure 

a re only st ble at low temperatures (below 120°C) . 

temperatures they change irreversibly . 

4 . fter additional heating of the seleniuM er st llized 
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under pressure at 214°C, the carrier concentration nd mobility in-

crease and ap?roach the corresponding values for selenium cry­

stallized at atmospheric pressu~e and ? 14°C . 

Section 2 . rransformation of Seleniu f om the Liquid State ±tx 

into the uolid (Cryst~lline) State Under Pressure 

In Section 1 we studied the trans for ation of selenium un er 

pressure from the amorphous phase into the cr stalline . 

In this 3ection we shall set out reoults obtained by stud in~ 

the transforMation of selenium under pressure from the li~uid 

phase to the cryst lline . 

mhe ori , inal material was selenium a the same type as before . 

mhe a~p~ratus for studyin the trans for at ion was of a simil r 

form also . 

In order to obtain t he meltin curve ve use d the metho of 

rests with certain mo ific~tions /5/ . The me surements were made 

~n the follow~n sequence . 

he apparatus was heated to a certain assi ned tempera ture 

lying ErexweeH ab ove the me'ltin point o,f hexa"'on"ll seleninm . ~hen 

the pressure in the chamber was raised to such a value that a ll 

the selenium in the chamber passed into the solid (crvst lline) 

state . 

fter this the valve of the press was opened sharpl • SO t hat 

the pressure in the chamber fe11 well below the value at w ich 

the selenium w s in the solid state at ~he iven temperature 
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(in practice under :m11% our conditions t he pressure coul be re -

duced to zero) , then rapidly shut . This operation required 1 to 

2 sec. In this time the selenium was unable to melt, nd at 

~he instant of c+osing the valve remained mainl- in the solid state . 

As the selenium ~elted , the pressure in the chamber rose to a 

certain definite value p . This pressure was determined "lith due 

corrections for frictional forces in the following way . 

hen the pressure in the chamber had bea ome const nt , the read-

ing of the manometer f1 was recorded , ~nd RS±RmxishK~ by measurin 

the dist8nce between the marks the posi~ion of the piun er rel-

ative to the chamber (Fig . 1) was est blished . 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 exactl' to its ori in 1 ~osition . 

Fig . 4 . ,elting curve of hexa onal selenium . 

Key 

1) Li uid selenium 

?) f"exagonal selenium 
2 

3) ressure , leg/crn 

hereupon the readin f" of the m nOll1eter laS taken . The unkno\vn 

pressure p was deter ined from the formul 

••••• R . p . 2132 

where S , is the area of the press piston and ••••• the area of the 

plun'er . 
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he accuracy of the method was about a%. The meltin~ curvc 

obtnined in this way is shdwn in ~i • 4 . 

The process of passin from the liquid to the solid state un er 

the influence of pressure was a ccomp nied by a 1 r e ch~n e in 

volume . It was noted that samples cryst llized by the action of 

ressure on liquid selenium were very inhomogeneous with respect 

to grain size . As a rule the samples included indivi ual single 

cr stals of bout 1 to 3 mm in size, chaotmcally oriented with re-

spect to each other . 

In these experimcnts the temper ture of the melt. Has the same 

at all ~oints j hence there ~as no preferential direction for the 

groTth of single crystals . 

In order to creR~ a preferential direction it was n cessary 

to set up a temper ture gradient . 

Under our conditions a temperature radient could only be 

created by sharpl cooling the ch mber with runnin water . This 

was the method which we used . The ex eriment was carried out in 

the followin sequence . 

The temperature of the chamber 1as raised to 320
0

C nt a ress-

ure of 000 atm . (under these conditions the selenium was in the 

liquid state) . fter this the chamber was cooled sharpl (the 

iven pressure was kept constant) so that the selenium insi e the 

chamber acnuired a t mperature gradient directed alon the r dius 

of the cavity. T e c ylindrical sample crystallized in this way 

~_ axes . consisted 0T single crystals, the c xmXK of wh~ch were directed 
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along the radius of the sa~ple . The sample as a whole consisted 

mainly of a few single crystals fine-crystalline selenium only 

occurred in the cracks and the center of the sample. The dimen-

sions of the sin Ie crystals not containing visibl~ cr9C~S ~ere 

mabout 2 to 5 Mm . X-ray structural an lysis sho/ed that our mat-

erial did in fact consist of individu 1 single-crystals, the lattice 

parnmeters of which differed in no way from the lattice ar meters 

of ordinary -hex~fonal selenium . 

~S~e~c~t~~~·0~n=-~3~.~ __ Discussion of the Ex~erimental Results 

It has been established (Section 1) that at low temperatures 

pressure retards the process underlying the transformation of se -

lenium from the amorphous into the cr stalline phase, while at 

temperatures 
high ~xRsxX%eK the process is accelerated by pressure . This 

cbnclusion , however , c annot be drawn simply on the b sis of thermo-

dynamic considerations. 

Actually , since the density of selenium in the arnor hous 

phase is smaller than in the~ st~lline, on the basis of the Le 

Chatelier-Bro~n principle we may assert that at any tem eratures 

we m~ convert selenium from the amor hous to the crystalline phase 

by exerving a pressure p . However, the Le Chatelier-Brown prin-

ciple can say nothing of th~ kinetics of the. procss . Hence those 

p ysical f?ctors which only influenoe the kinetics of the proces s 

cannot be taken into account by thermod namics . Amorphous sel-

eniu may be re arded as a supercooled liquid, the viscosity 

of which is very high at low temperatures, b t f Is r pidly as 

temperatare rises . 
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It is \>Tell knO\m that the mobility u of 3 molecule is ex-

pressed in terms of the viscosity ••••• by wa of the formula 

••••• R. p . 2133 (I) 

where a is the radius of the molecule . 

Correspondingly ••••• is expressed by Frenkel 's formula /6/ 

•••• • R. p . 21"33 

l:/here p is the pressure, T the abrolute temperatur~, Ao ' W, "lnd "0
0 

bein constants depending on neither temperature nor*presGure . 

Formulas (1) and (2) are derived on the assumption that the 

molecules have spherical symmetry . Experience shows, ho 'lever , 

tho.t they give qualitatively correct results for ' more comrylex li­
wo 

ouids also . We Sho.1l therefore supnose that (1) and (2) areLap-
amorphous 

plicable to xX~»±«fselenium ~. 
I 

We see from these formulas that the viscosity and hence the 

mobility depend expon~ntially on both temperature and pressure . 

Since the cr'Tstalline (hexagonal) xlfilfXiJml st'ite is more 

stable than the amorphous, ener y must be~olved in the nrocess 

of forming the crysta~line state . The role of tem erature in the 

crvstallization ofrelenium thus probably xmKBxxtxx~nx~m~xxx:e lies 

£aKXx±hx± only in increasing the mobility of the molecules and 

hence enablin them to pack into the crystals . Clearly if the 

viscosity were small at low (e . g ., room) temperatures then these 

temperatures would permit the crystallization process . 

Under pressureJ t~e difference between the t~ermod namic po-

tentials in the amoDphous and cr stalline phases inareases y an 

tv 
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amount ••••• , where ••••• is the difference between the volumes of sel-

enium in the amorphous and crystalline phases . 

viscosity of selenium did not rise with increasing pressure, the. 

pressure would accelerate the pnocess of crvst ~l~ization Rnd'~ 
~ , 

shou' ld observe ~ transformation from the amornhous to the cry-

stalline ph8sem at lower temperatures than in the case of atrnosphe-

ric pressure . Actually 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 su~pos-

ition mobilitr is the decisive factor influencing the kinetics of the 

trmsformation from the amorphous state into the c~talline , it be-

comes underst andable why pressure retards the crystallization of 

selenium at lo~ temperatures . At high temperatures the viscosity 

is small (mobility larger) , i . e ., the obst~cles to the thermo-

dynamic factor in question are slight . Hence the crystallization 

process takes place more quickly . 

The fact that single crystals are formed durin~ the solidific-

ation of selenium under pressure agrees wit! this point of view • • 
The formation of a single crystal , in fact , requires the followin 

two conditions to be satisfied: 1) The mobility of the molec-

ules in the melt must be hi h ; 2) the number of crystallization 

centers must be small . 

The first conditiona, accordin~ to the foregoing discussion , 

is satisfied . The second condi t ion is also satisfied, since 

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

to 218°c for a very lon~ time without passin~ into the crystal-

l 
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l ine phase . Since the number of crystallization centers falls 

off very rapidly with increasing temperature, the number of these 

centers at temperatures of 240 ±p to 260 0 c will be so small that 

the second condition will certainl be satisfied . On increasin cr 

the pressure to some nefinite value the formation of single cry-

stals will start at precisely theGe centers . Since at hi h 

pressures the transformation from the lilUid phase to the solid 

(orystalline) takes place at hi~her temp ratures, the conditions 

for growin, selenium single crystals under pressu e are more fav ­

orable than at ~t ospheric ~ressure . As regards the temperature 

~radient which is still necessary for the growing of l~r -e sin 1e 

cr stals , the role of this lies simplY in localizin~ the center 

from which the growth of the single crystal bep,ins . 

It ~"as found (see Sectil)n 1 ) that the cryst~lliz~tion of f:B -

enium under pressure at 4000 atm. did not increqse the c~rrier 

mobility . oreover , if the resultant samples were not additionAlly 

heated at atmospheric pressure, their hole mobility was even an 

order lower than that in samples crystallized under at ospheric 

pressure (214°C), and only apnroached the latter after prolonged 

ad itional heatin~ at atmospheric pressure . 

We consider that this result is in accordance ith the fore-

going point of view . 

The role of pressure in the crystallization of selenium is a 

double one . On the one hand, pressure reduces the microscopic 

vacancies between individual single crysta ls in the sample ; on 
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the other it retards the migration of molec les qlon~ the f ces 

of the single crystals, which leads to an increase in the number 

of disordered molecules , i . e ., to a thickening of the intermediate 

layers . On further heutin at atmospheric pressure , migration c-

celerates, and hence the nUMber of disordered molecul e s diminish-

es, which leads to an increase in tho ~ffective cqrrier mobility . 

Our conct usions relate onl to the ressure ( hOOO atm . ) with 

INhich Ie were concerned in our expermments . In order to obtain 

the reatest mobility in polycryst lline selenium it is pro ably 

necessary to choose a pressure such as to eliminate the micro -

scopic vacancies without ret rding the migration of molecules 

along the faces of the sin~le crystals too much . Probably this 

would not require too great pres s ures , since a pressure of 400 

to 500 atm . is sufficient to increase the mobility by about 10 

times us compared with that of the samples cryst qllized at atmosph-

eric pressure . 

Conclusions 

. e have studied the processes und~rlying the transform tion o f 

~lenium from the amo r phous to the crystalline phase . 

l_~ . 
~eLfound the follow~ng . 

1. t low te~peratures) pressure retards the tr nsformation of 

selenium from the amorphous ph se into the cr~st alline and at hi h 

~ 
temperaturesLhas the reverse effect . 

2 . The electrical conductivity and cqrrier mobility in sel-

4 are 
enium crystallized under a pr essure of 000 qtm . xx an order lower 
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than in selenium crystalllzed at atmospheric pressure (~ 1 4°C) . 

fter additional heatin~ t~e electrical conductivity a n mobility 

approach t e values charocteristic of selenium crystallized at 

a t mospheric pressure . 

, . On crystallization of selenium fro the melt, l ar e sin~le 

cr stals (up to 5 mm ) are formed . 
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KPHCTAJ\A~3AUJUI CEAEHA nOIt JJ;ABAEHHEM 

,1(. H. HaC.A.e,lf08 11 n. T. K03blpe8 

B HaCTOll'lleiI pa60Te HCCAeAoBaAHCb npO!!eCCbI nepexoAa ceAeHa H 3 aMop<l'Holi 

H mHAKoiI <lJa3bl B KpHCTaA.II.H'leCKYIO npH BbICOKOM AaBAeHnH (AO 4000 aTM . ). HaHAeno. 

'ITO npH Hli3KliX TeMnep8Typax AaBAeHne 3aMeA.II.lIeT npogecc KPHCT8A.II.1!3aUHH, a npH 

BbICOKliX - YCKOplleT ero . nCAY'leHa Kpl'ISall llAaBAeHHII Ce.ll.eHa. 06uapymeHo o6pa30B a · 

HHe KpynnbIx MOHOKpI'IC1'aAAOB (AO 5 MM) npH AeHcTBHH AaB.II.eHHH Ha illHAKHH Ce.ll.eH _ 

I1cC.II.eAOBaHbl 8.11.eKTpH'leCRHe CBOHCTBa Ce.ll.eHa, RpHCTa.ll.AH30BaHHoro no'!; AaBAeHl'leM. 

I1PH o6cYlKAeHHH pe3Y.ll.bT8TOB onbITOB BbICRa3aBbl HeKOTopble co06pameHHlI 0 B03MOlKHO~I 
MexaHH3Me Ha6.11.IOAeHHbIX lIB.II.eHHH . 

BBeAeUHe 

113BecTHO, qTO ceAeH MomeT CYl!!eCTBOBaTb B Tpex pa3A11qHbIX MOAH­

cpHKagHHx: aMopcpHOH, MOHOKAHHHoil H reKCarOHaAbHOH. 113 BCeX STH)( 

MOAHcpHKagHii CaMaH YCToilqHBaH - reKCarOHaAbHaH . 

OepeXOA aMOpcpHOro CeAeHa B KpHCTaAAH:qeCKHH (reKcarOHaAbHbIH) 

yme 3aMeTeH rrpH 60°C. 
C rrOBbIllleHHeM TeMrrepaTypbI CKOPOCTb KpHCTaAAH3agH:H CHAbHO B03-

paCTaeT. PeHTreHorpacpH:qeCKHe HCCAeAOBaHHH rrOKa3blBalOT, qTO KaK rrpH 

HH3KHX TeMrrepaTypax, TaK H rrpH BblCOKHX ceAeH nepeXOAHT B OCHOBHOH. 

Macce B reKcarOH8AbHYlO MOAHcpHKagHlO P]. 
DAOTHOCTb ceAeHIl B aMopcpHOn cpase Bcer Aa MeHbllle, '1eM B KpHCTaA­

AH"'IeCKOiL D08TOMY, MomHO O)lnfAaTb, HCXOAH 1'13 TepMOAHHaMH"'IeCKHX CO-

06pameHHit, "'ITO nOBblllleHHe AaBA('HHSI AOAmHO cnOC06CTBOBaTb rrepeXOAY 

Ce.ll.eHa H3 aMopcpHoil !pa3bI B KpHCTaAMI'IeCKYlO. 

B 1940 r. EpHAmMeH [2J npH KOMHaTHOH TeMnepaType nOABepraA Bce­

CTopOHlieMY C}KaTHlO aMopcpHblH ceAeH BnAOTb AO 50 000 aTM., HO npH 

, STOM He HaOAlOAaA HHI<aKHX !pa30BblX rrepeXOAOB, XOTH nAOTHOCTb aMOP!P ­

Horo ceAeHa DpH STHX AaBAeHHHX yme rrpeBOCXOAHAa rrAOTHOCTb KpHCTaA­

AHqeCKoro. 

OAHaI<O, KaK 6bI.i\0 CI<a3aHO Bblwe, aMop!pHblit ceAeH rrpH aTMoc!pepHOM 

AaBAeHHH nepeXOAI1T B I<pI1CTaAAHlieCKYlO !pa3y npH Tel\'!OepaType, BCer() 

AHWb Ha 40° npeBblwalOxgeH KOMHaTHYlO, rrpH KOTOPOit rrpOH3BOAHAHCb 

onbITbI EpHA~{MeHa • . 

l1MeH B BHAY 8TH SKcnepHMeHTaAbHble !paKTbI, YMeCTHO nOCTaBHTb 

Bonpoc, KaK BAHReT AaBAeHHe Ha npogecc KpHCTaAAHsagHH rrpH 60Aee 

BbICOKHX TeMrrepaTypax (Bblwe KOMHaTHoH) . 

113Y"'leHI1e KpHcTaAAH3agl1H ceAeHa rrOA AaBAeHHeM npeAcTaBASIeT HHTe­

pec, KaK HaM KameTCSI, H C Apyroit CTOPOHbI. AeAo B TOM, "'ITO rrOAHKpH­

CTaAMlqeCKHH ceJl.en, KpHCTaAAI;fSOBaHHblit rrpH aTMoccpepHOM AaBAeHIIH~ 
Bcer Aa HMeeT SHa"'lIlTeAbHO MeHbwylO nAOTHOCTb, tIeM MOHUKpHCTaAAHqe­

CKHA l3]. aTO OSHatIaeT, "ITO OTAeAbHble MHKPOKpHCTaAAHKH, COCTaBAHlOI,gHe 

06pa3eg, HeAOCTaTOqf:O nAOTHO ynaKoBaHbI H Mc:mAY HHMH HMelOTC~ MHKPO­

nYCTOTbI. 
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CorAaCHO HCCAeAOBaHTlRM pRAa aBTOpOB [ 4], nOABH}KHOCTb HOCHTeAeii 

TOKa B CeAeHe U, BbJtUlCAeHHall lIO tpOPMY Ae G = enu, no H3MepeHHblM Be­

AHqHHaM KOHgeHTpagRH HOCHTeAeH TOKa n H 3AeKTpOapOBO,ll;HOCTH G, BcerAa 

OqeHb MaAa H pacTeT C yseAHqeHHe M TeMaepaTypbl lIPR6AH3HTeAbHo no 

SKcnoHeHgHaAbHOMY 3BKOHY. OTO HaXO,ll;HTCll B npoTHBOpeqHH C TeopHeii, 

corAaCHO KOTOPOIt nOABHmHOCTb AOA)KHa He · YBeAHqHBaTbCR C nOBblllleHHeM 

TeMnepaTypol, a, Hao60pOT, YMeHbUlaTbCR. 

HeKOTopble aBTopbI cqBTalOT, qTO MaAoe 3HBtJemie U H B03paCTaHHe 

ee C YBeAHtJeHueM TeMnepaTypbI 06YCAOBAeHO TeM, 'ITO OT,Il;eAbHbIe KpHCTaA­

AHKH, COCTaBARIOIgHe nOAHKpHCTaAAHtJeCIUlii o6pa3eg, pa3'be,ll;HHeHbI nOTeH­

gHaAbHblMH 6apbepaMH, l{OTOpble H npHBOART K Ka>KYIgeMYCR YMeHbllleHHIO 

nO,ll;BHmHOCTa B lIOAHKpHCTaAAHqeCKOM ceAeHe H K B03paCTaHHIO ee C no­

BblllleHHeM TeMlIepaTypbl. 

ECAH HelIAOTHaR ynal{OBKa OT.l!eAbHbIX MHKPOI<pHCTaAAHKOB RBMleTCR 

rAaBHOH lIPHtJHHOH KamYIgerOCR YMeHbweHHR, nOABHmHOCTH, TO OtJeBHAHO 

STOT 9tptpeKT MomeT 6blTb YMeHbweH KpHCTa.l).AH3agaeH ceAeHa lIpH BbICO­

KOM rH,Il;pOCTaTHtJeCKOM ,Il;aBlIeHHH. 

IJeAb HaCTORxgeii pa60TbI COCTOHT B CAe,ll;YlOxgeM. 

1. Yi3YtJl>lTb, KaK BARReT ,Il;aBAeHae Ha nepexOA ceAeHa H3 aMQPtpHoro 

COCTORHHR B KpHCTaAAHqeCKOe nplf pa3AHtJHbIX TeMnepaTypax. 

2. Yi3yqHTb 3AeKTpHqeCKHe CBoiicTBB ceAeHa, KPHCTBAAHSOBaHHoro lIOA 

AaBAeHHeM. 

3. YiSYIJHTb lIepeXOA ceAeHa HS mH,Il;KOii tpasbl B KpHCTaAAHtJeCKYIO 

aOA ,Il;aBAeHHeM. 

§ 1. nepexoA aMopipsoro ceAeua B KplICTaAAllqeClUm nOA AaBAeUHeM 

YiCXO,ll;HbIM MaTepHaAOM AMI HCCAe,ll;OBBHHH cAymHA aMopqlHbIii ceAeH, 

KOTOPbIH no ,Il;aHHbIM XHMHIJeCKOrO BHaAH3a HMeA CAeAYIOl!!He lIpHMeCH: 

Te 0.001%, S 0.0008%, HeAeTYtJHH OCTaTOK 0.006%. 
AOlIoAHloiTeAbHaR BaKYYMHaR lIeperOHKa 9TorO MaTepHBAa He npHBOAHlIa 

K saMeTHblM H3MeHeHHRM B 3HBqeHHH TepM03AeKTpO,ll;BHmYl!!eli: CH)\bl H 

SAeKTponpOBO,ll;HOCTH. KOHgeHTpagHR HocHTeAeli: TOKa, BbltJHCAeHHaR lIO 

TepM03AeKTpOABH>Kyxgeii CHl'\e, HSMepeHHoii npH KOMHBTHoli: TeMnepaType, 

HaxOAHAaCb B xopOllieM corABCHH C ,Il;aHHbIMH ,Il;pyrHx aBTopOB [4] (cpaBHe­

HRe ,Il;eAaAOCb lIpH O,ll;HHaKOBblX YCAOBHRX TepMHtJeCKoii 06pa60TKH). Bce 

o6pasgbI 6bIAH HsrOTOBAeHbI H3 oAHoro KYCKa ceAeHa, AMI Toro tJT06bI 

apH,Il;BTb HymHYIO tpOpMy 06pB3gaM, ceAeH nAaBHACR Ha B03Ayxe, BblAHBaACR 

B KBapgeBYIO lIpo6HPRY , H 6blCTPO OXAam,ll;BACR. nOAyqeHHblli cTepmeHeK 

(AHaMeTpoM 7 MM) pa3pe3BACR aa OT,Il;eAbHbIe KyCRH, ROTopble B ,Il;aAbHeit­

meM H 6blAH HcnOAb30BaHbI .liAR H3yqemIR KpHCTaAAHsagHH no,ll; AaBAe­

HHeM. 

n pH6op, B KOTOPOM npOH3BOARAaCb KpHCTaAAH3agHR lIOA AaBAeHHeM, 

nOKa3aH Ha pHC. 1. 
B nOAOCTb KaMepbI 4, rAe c03AaBaAocb BbICOKoe AaBAeHHe, HaAHBaAOCb 

TpaHC!popMaTopaoe MaCAO H norpymaAcR aMoptpHblit 06paseg. nOAOCTb 

saTbIKaAaCb nAOTHoii pe3HHOBoii np06l{oii ~ nOCAe qerO .B Hee BCTaBARACR 

nAYHmep 1 C Me,ll;HbIM KOAbgOM 3, 06HAbHO CMasaHHblM CMeCblO TpaHCtpop­

MaTopHoro MaCAa C rpatpHToM. KaMepa 4 nOMexgaAaCb B Me,ll;Hblii CTaKaH 5, 
KOTOPblit cAymHA AAR BblpaBHHBaHHH TeMnepaTypbl. AAH Toro tJT06bI HMeTb 

B03MomHOCTb cpaBHHBaTb 06pa3gbl, KpHCTaAA'H30BaHHble lIO,ll; AaBAeHHeM, 

C 06pasgaMH, KpHCTaAAH30BaHp.blMH npH aTMoctpepHoM ,Il;aBAeHHH, B Ka­

Mepe 4 6b1.1\O lIpOCBepAeHO ,Il;OnOAHHTe.i\bHOe oTBepcTHe (Ha pHCYHKe He nOKa-

3aHHoe), B KOTopoe TaKme 6blAO HaAHTO TpaHctpopMaTopHoe MaCAO H 601A 

nOMexgeH TaKoit me o6paseg. B 9TO me OTBepCTHe nOMexgaAaCb TepMO­

napa ,Il;AR HSMepeHH~ TeMuepaTyphl. 
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Bce AeTaJl.R npH60pa geHTpHpOBaJl.HCb R KpenHJl.HCb B CTaJl.bHOM KOP­
nyce. 

HarpeBaHRe npH60pa npOHBBOAHJl.OCb gHJl.HHAPH~ecKo~ 9J1.eKTpHqeCKO~ 

1 

t 
PHC. 1. IIpR60p ,Il;JUI H3YQeHHlJ 

KpHCTaAAIi3aYHH ceAeHa no~ 

rH,Il;pOCTaTH'leCKHM ,Il;aBAeHH-

eM. 

1 - nAyuJt:.ep; 2 - pe8KUOBan npoG­
xa; 3 - MeAHOO J(OAb:gO; 4 - lea .. 
Mepaj S - Me,AHbIli gUJ\KHAP; 6-
CKOAb81lll1UH CTepmeHb; 7 - npYJKH'" 
aa; Ml H M 2-MapKH AAR ItSMepeUUB 

eM-ellleuu" nAyBzepa. 

neqKoii, OAeToii Ha Kopnyc npH60pa. 
AaBJl.eHHe B KaMepe C03AaBaJl.OCb 

rHA~aBJl.H~eCKHM npeCCOM, H306pameH­
HblM Ha pHC. 2. AMI 9Toro npH60p 
nOAnRTHHKOM 8 YCT8H8BJl.HB8J1.CR H8 
CTaJl.bHoit map B' npecca, 8 rQJl.OBKoJ! 

PHC. 2. rR,Il;paBAHQeCKHH 

npecc, KOTOPblH npHMeHHA­

CH ,Il;AH C03,1l;aHHH llblCOKoro 

rH,Il;pOCTaTH'leCKOrO ,Il;aBAe­

HHH B npH6ope, R306palf(eH-

HOM Ha pRC . 1. 
7 - nopmeHb OCHOBHoro npeccn; 
2 - rpu6oK; 3 - pC3URonaR npo­
KAaAKn; 4 - YHJtUHAP; 5 - DOS­
:apaTHblK nOpWOllb; 6 - ynop; 7-
CAIOJ\a; 8 - DOA[UITIIBK, KOTOPhlft 
llBA.RCTCSl OAHOBpeMeHHO II 8AeN­
TpUq·ecKo}i neqKOH; B' - CT8J\blloA 

map 

JIJl.yHmepa BCTaBJl.J!Jl.CR B rHe3AO A', pacnOJl.OmeHHOe B 

nopmHR npecca. 
rIoAHHMaR npH nOMorgH pyqHOrO HarHeTaTeJl.bHOrO HaCOCa AaBJl.eHUe 

6bIJl.0 nOJl.yqHTb meJl.aeMOe A8BJl.eHHe B RaMepe B gHJl.HHApe npecca, MomHO 
npH60pa. 

rIPH H3MepeHHH 
K nopmHfI npecca), 

CMJI. TpeHMR nOABHmHblX qaCTeit YCTaHOBKH (nJl.YHmepa 
a , TaKme npH M3MepeHHH H3MeHeHUfI 06beMa 06pa3ga 

B npogecce 
MepflTb eM 

,4J1.fI aT 
Dpu aTOM 
a HfiiKHRR 
KOHgOM npI 

YiaMep e 
MI1KpOCKOrr 

rIpl160p 
AJl.HTeAbHbI 
KaMepa, Ha 
TBepAOCTI1 

AMI n 
aaKaAeHHa~ 

CHcTeM 
YAo6HOJ;i H 
onbIT, pea 
OTHOIlIeHHlO 
a'fMoccpepH( 
TO nOA AaE 
CTOJl.bKO M( 
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B npogecce KpnCTaJl.Jl.H3agml, He06xOAHMO liMeTb B03MO}KHOCTb TOtIHO H3-

:'lepflTb cMergeHlle nJl.YHmepa OTHO CHTeJl.bHO KaMepbI. 

AMI 9TOH geJl.H npH60p 6bIJI. cHa6}KeH MapKaMH Ml H M2 (CM . pHC. 1). 

TIpn aTOM BepXHfUi MapKa M2 6bIJl.a meCTKO CBRsaH8 C nJl.YHmepOM 7. 
a HTnKHRR MI - co CKOhb3.fIrgHM CTepmHeM 6, I{OTOPbIH CBOHM HHmHHM 

KOHgOM npn:mHMaJl.C$l nppKI1HoJt 7 K BepxHei i fIh'OCKOCTH KaMepbI. 

yf:a~lepeHne paCCTO$lHHR I Mem,4Y MapKaMH npOH3BOAHJl.OCb cnegHaJl.b HbIM 

MHKPOCKOIlOM. TO'lHOCTb IiSMepeHH$l 6bIJl.a OKOhO 0.01 MM . 

TIpH60p paCCtIHTbIBaJl.C$l Ha MaKCHMahbHoe ,4aBheHHe 5000 aTM. H Ha 

,4J1.I!TehbHbIlt HarpeB AO 320
0 

C . TIPH aTHX YCJl.OBHRX ycnewHo pa60'faJl.a 

KaMepa, H3rOTOBheHHa$l HS CTaJl.H 18XHBA, saKaheHHOH H oTnyrgeHHOH,4o­

TBep ,40CTH Rc = 45. 

AJI.$l nJl.YHmepa HCnOJl.bSOBaJl.aCb caMOSaKaJl.I1BaIOrga$lCJI CTahb PCP-I .. 
SaKBJl.eHHaJI B MaCJl.e 11 oTnyrgeHHaJI AO TBep,40CTH Rc = 60. 

CHcTeMa ynJl.OTHeHHJI, 0 KOTOPOH yme ynoMHHaJl.OCb, OKaSaJl.aCb O'leHb 

y,406HOH H Ha,4emHOH ,4ax{e npH BbICOKHX TeMfIepaTypax. KaK nOKaSbIBaeT" 

onhlT, peSHHa no,4 BhlCOKHM AaBJl.eHHeM 3Ha'lHTeAbHO 60Jl.ee YCTOH'lHBa no 

OTHOllleHHIO K TeMnepaType, 'leM npH BTMoccpepHoM ,4aBheHHH. E CAH npM 

aTMoccpepHoM AaBJl.eHlIH pe3HHa pa3J1.araeTCR OtIeHb 6bICTPO npH 160- 1800 C, 

TO no,4 ,4aBJl.eHHeM 4000 aTM . H TeMnepaType 2600 C OHa pa3haraeTCR Ha­

CTOJl.bKO Me,4J1.eHHO, 'ITO B Te'leHHe 10 'lac . He YTpa'lH£aeT CBOHX MexaHH­

qeCKHX CBOHCTB H np0,40Jl.maeT HrpaTb CBOIO POAb ynAoTHHTeAR. fIPH 

HarpeBaHHH me ee npH TOM me ,4aBJl.eHHH AO 300-3200 C OHa npeBpa­

I,!!aeTC$l B TBepAYIO Maccy, no MexaHHtJeCKHM KatJeCTBaM HanoMHHaIOrgylO 

960HHT. Ho Aame npH 91HX YCJl.OBH$lX He 6blAO CJl.ytIaR , tJT06bI ynJl.OTHeHHe 

AaBaJl.O YTetJK y • BepOJITHO 91'0 npOHCXO,4HT nOTOMY, 'ITO npH 60AblllHX 

AaBAeHHJIX, nOMHMO np06KH, BCTynaeT B AeHCTBHe ynJl.OTHHTeAbHoe K OJl.bgO .. 

KOTopoe H 06eCne'lHBaeT repMeT113agHIO Aame TorAa, KOr,4a pe3HHOBaK 

np06Ka nepeCTaeT HrpaTb p OJl.b ynJl.o THHTeJl.JI. O,4HaKO 6es np06KH C O,4HHM 

AHlllb KOJl.bgOM ynJl.oTHeHHe pa60TaeT xyme H MomeT AaBaTb KpaTKOBpe­

MeHHble YTe'lKH, oc0 6eHHO npH YMeHbllleHHH AaBJl.eHHR, Kor Aa nJl.YHmep 

IlOA AelfcTBHeM CmaToro MaCJl.a ABHmeTCJI BBepx. 

KpHCTaJl.Jl.HsagHJI 06pasgoB nOA AaBJl.eHlleM npOH3B0,4HJl.aCb B CJl.eAYIO­

rgefi nOCJl.e,40BaTeJl.bHOCTH . AaBJl.eHHe B KaMepe, rAe nOMergaJl.C$l 0 6paseg. 

IlOBbllllaJl.OCb ,40 4000 aTM . TIPH aTOM ,4aBAeHHH BeCb npH60p HarpeBaJl.CR 

AO Sa,4aHHOH TeMnepaTypbJ, KOTOpaJI saTeM npH nOMorgH cnegHaJl.bHoro 

TepMoperyJl.RTopa nO,4,4epmHBaJl.aCb nOCTORHHOH B T eqeHHe 10 'lac. flo 

UCTe'leHHH 9Toro BpeMeHH ne'lKa BbIKJl.IO'laJl.aCb H KaMepa C 0 6pasgaMH' 

OCTbIBaJl.a AO KOMHaTHOH TeMnepaTypbI npH TOM me caMOM AaB Jl.eHHH 

4000 aTM. TaKHM c n o c060M 6bIJl.H saKpHCT8J1.AHSOB8HbI 06pasgbI npH T eM­

llepaTypax 01' 85 ,40 260
0 

C. 

AJl.R TeMuepaTYP KpHCTaJl.Jl.H3agHH HHme 220
0 

C (TO'lKa UJl.aB Jl.eHHK 

CeJl.eHa) nOMHMO o6pa3goB, KOTopble KpHCTaAAFlBOB8AHCb B KaMepe BbICQ­

Koro ,4aBAeHlUI, O,4HOBpeMeHHO KpHCTaJl.Jl.H30BaAHCb npH Tex me C8MbIX 

TeMnepaTypHblX YCJl.OBH$lX H 06pasgbI , HaXO,4JIrgHeCJI BO BcnOMoraTeAbHoi:t 

nOAOCTH, 0 KOTOPOH rOBOpHJl.OCb BbIllie. 81'0 ,4aBaJl.O B03MomHOCTb CP8B­

III1Ba'rb 06pasgbI, KpHCTaAJl.HSOBaHHble no,4 AaBJl.eHHeM, C 06pasgaMH, KPH­

CTaJl.Jl.HSOBaHHbIMH UpH npOqHX paBHbIX YCJl.OBHJIX, HO IIpH aTMoc cpepHOM 
AaBAeHHH . 

06pasgbI, KOTopble KpHCTaJl.Jl.HSOBaJl.HCb BO BCIIOMOraTeJl.bHOH nOJl.OCTH,. 

Mbl B AaJl.bHeHllleM 6YAeM HaSblBaTb "CuYTHHKaMH" . 

AJI.$l Toro 'lT06bI npOCJl.e,4HTb sa KpHcTaJl.Jl.H3agHeii 06pa3goB B KaMepe 

BblCOKoro AaBAeHHR, npOH3BOAHJl.OCb Ha6AIO,4eHHe sa H3MeHeHHeM HX 06'beMa 

Bnpogecce KpHCTaJl.Jl.HsagHH . MSMeHeHHe 06'beMa npH 9TOM onpe,4eJl.JIJl.OCb 

110 c~1ergeHHIO nJl.YHmepa . O CHOBHa$l geJl.b STHX H3MepeHHH COCTO$l Jl.a B TOM, 

', iOObI YCTaHOBHTb, npH KaKHX T eMnepaTypax aMo pcpHblii CeJl.eH, nOABepr-

o 



2128 Ji. H. HaC/lC,IIOB u Il. T. I<.03blPCB 

HYTbIJ:i rHApOCTanl"IeCKOMY AaBAemUO B 4000 aTM., He rrepeXOAHT B I{PH­

CTaAAI1"1eCKHli. PaSYMeeTCH, 6blAO 6bI OtJeHb meAaTeAbHO rroAyqUTb 3aBH­

CHMOCTb HSMeHeHHR 06beMa 06pa3goB OT BpeMeHH rrpH pa3AHtJHhlX TeMn~ 
paTypax KpHCTaAAHsagHH. Ho HS-3a 60Abwoii TerrAoeMKOCTH rrpH60pa 

-raKHX H3MepeHHH Mbl He MorAH CAeAaTb, TaK KaK AAH HarpeBaHHH rrpH60pa 

OT KOMHaTHoli TeMrrepaTypbI 040 3aAaHHoli Tpe60BaAOCb OT 1 040 2 'lac. 

B CBR3H C 9THM MlJI OrpaHH'lHAHCb rroAytJeHHeM AHlIIb KaqeCTBeHHblX pe­

.aYAbTaTOB, KOTopble rrpHBOARTCR HH}Ke. 

[lPH TeMnepaType 85° C 06beM o6pa3ga B TeqeHHe 10 'lac. OCTaB8ACSI 

CTporo nOCTOHHHbIM. [lPH TeMrrepaType 1030 C 3a STOT me rrpOMen<YTOlt 

BpeMeHH H3MeHelme 06beMa yme 6bIAO 3aMeTHO, XOTR H 6bIAO OqeHb MaAbIM 

rro cpaBHeHHlO C H3MeHeHHRMH 06beMa y 06pa3goB, KpHCTaAAHSOBaHHblX 

npH 60Aee BbICOKHX TeMrrepaTypax. 

06paseg, KpHCTaAAH30BaHHblli npl-l 850 
C, OCTaBaACR aMopcpHblM, 

HHKaKHX rrpHSH81WB 3aQaTKOB KpHCTaAAH3agHH He 6bIAO BHAHO. 

B o6pa3ge me, KpHCTaAAH30BaHHOM rrpH 1030 
C, 6bIAH yme 3aMeTHbl HeKO­

Topble BKparrAeHIHI KpliCTaAAliqeCKOrO ceAeHa. CooTBeTcTBYlO;yHe crrYTIHIKH, 

.KpHCTaAAIi30BaHHble KaK rrpH 85, TaK H rrpH 1030 
C HM<:AH BHA 06.>I'lHOrO 

.nOAHKpHcTaAAH.q~cKoro ceAeHa H H1m!iKHX aMopcpHbIX BKpanAeHAJ:i He H.vleAH. 

06pa3gbI, KpHCTaAAH30B3.HHble nOA AaBAeHHeM, HaqliHaR C TeMlIepaTypbl 

1150 
C, AaBaAH 60AblIIHe H3MeHeHHR 06beMa H rro BHelliHeMY BHAY HHqeM 

Ee OTAHtJaAHCb OT CBOHX CIIYTHHKOB. 

CKOPOCTb H3MeHeHHR 06beMa 06pa3goB OQeHb CHAbHO 3aBliceAa OT 

-reMnepaTypbI. Ao TeMrrepaTYP, MeHblIIHX 1700
, CKOPOCTb H3MeHeHHR 06beMa 

6bIAa HeBeAHKa. n09TOMY 3a TO BPI(MH, nOKa rrpH60p rrpOXOAHA 9TH TeM­

nepaTypbI, 06beM H3MeHRACR He3HatJHTeAbHO (BpeMH HarpeBa OT 110 040 

1700 
C COCTaBMIAO OKOAO 20 MHH.). Ho rrpH AOCTIUKeHHH TeMrrepaTYP, 

-OAH3KHX K 170°, 06beM H3MeHRACR npaKTHtJeCKH CKatJKOM (3a 1-2 MHH.) 

11 rrpH AaAbHt'MllieM HarpeBaHHH He H3MeHRACR Aame rrpH 60Aee BbICOKHX 

'TeMrrepa Typax. 

[lOMHMO 06beMHbIx H3MepeHHif, KOTopble npoH3BoAHAHCb B rrpogecce 

'RpHCTaAAH3agHH, HccAeAoBaAHcb TalOKe H 9AeKTpHqeCKHe cBolicTBa nOAY­

"reHHbIX 06pa3goB. 8AeKTporrpOBOAHOCTb oopa3goB H3MepHAaCb 06bI'lHbIM 

30HAOBbIM MeToAoM. 

l\oHgeHTpagHR HocHTeAeii TOKa n BbltJHCARAaCb rro H3MepeHHoli TepMo­

lMeKTpOABHmY/MeM CHAe npH nOMol!!H cpOpMy AbI [lHcapeHKO 1 

k [ ( 27tmk T) ~ . ] 101 =-;- 2 + Ig2 h2 2 -lgn , 

l' Ae a - TepM09AeKTpOABH*yl'!!aR CHAa, rrpHxOAHl'!!aHCR Ha 10 
C; T - a6co·· 

J\lOTHaR TeMrrepaTypa; m -acpcpeKTHBHaR Macca' AblpKH (B AaHHOM cAyqae 

paBHa Macce 9AeRTpOHa). 

[lO.ll;CTaSARR 'lRCAeHHble 3HaqeHRR He3aBRCJll'!!RX OT TeMnepaTypbI BeAH­

"IHH H pelliaR OTHOCHTeAbHO n, nOAY'lHM CPOPMYAY AMI BbI'lHCAeHIHI KOW 

yeHTpagHH AblPOK B ceAeHe 

1000 
IgJO n = 21.06 - 1.51g1o T - 5.030, 

rAe 0 H3MepJleTCR B MB/rpaA. 

TepM09AeKTpoABI'OKYI'!!8R CHAa B TOM cAy'lae, KorAa corrpOTHBAeHHJI 

-o6pasgoB 6bIAH He BeAHRH (MeHblIIe 105 OM), orrpeAeARAaCb HenocpeAcTBeHHO 

.ITOTeHgHoMeTpOM. [lPH 60AblIIHX conpoTHBAeHHRx 06pasgoB OHa orrpeAeAJI­

AaCb nO cxeMe, H306pameHHOH Ha pHC . 3. 

1 ITpHroAHoCTb !JlOpMyAbI ITHcapeH.KO AMI onpeAeAeHHH KOHgeHTpagHIf AblPOK B ceAellC 
:SKcnepHMeHTaAbHo npOBepHAaCb ITAecHepoM [7] H XeHKeAbc oM [8] . 

. Cnoc 

RHonO'lHO 

TOPO~ pa · 

KO~ KOH 

nOTeHgHll 

J\HlIIb B 

I-ICROMaR • 

A061maTb 

nOBAe'leT 

YMeHblIIe} 

aHa'leHJ:l.e 

o6pasga i 

rrpH HU3 

HOCTb CO 

npOBOAH 

B 1000 
pa3AHtJH 

C no 

Ter.mepa 

KpHCTaA 
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. Cnoc06 1i3MepeHIiSl TepMOSAC 38KAIO'laACH B CAeAYIO~eM. DPR nOMOI,!!H 

KHOnOl/HOI'O KAIO'la B nOAO}KeHRR B KOHAeHcaTOp C 3apSlmaACH 040 HeKO­

Topoli pa3HOCTIi nOTeHl!HaAOB, KOTOP8S1 MOI'Aa 6bITb 06HapymeHa pa3pSlA­

KOH KOHAeHcaTopa 'lepe3 l'aAbBaHOMeTp (noAomeHRe A). cha pa3HOCTb 

rrOTeHl!HaAOB 6YAeT paBHa Hy AlO (l<OHAeHcaTOp He 6YACT sapnmaTbcn) 

AHllIb B TOM cAy'lae, KOI' Aa Ha nOTeHl!HOMeTpe 6YAeT CKOMrreHCIipOBaHa 

HCKOMaH TepMOSAeKTpoABIimy~an CHAa. DPH H3MepeHHHX He 06513aTeAbHO 

A06liBaTbCH nOAHoj;i 3apHAKH KOHAeHcaTopa, TaK KaK HerrOAHan sapHAKa 

nOBAe'leT sa c060it AIillIb YMeHbllIeHHe OT6pocI'l l'aJl.bBaHOMeTpa, T. e. 

YMeHbllIeHlie 'lYBCTBHTeJl.bHOCTH cxeMhl. SAal'OAap51 9TOMY nepBoe I'py60e 

3Ha'leHl:Ie Ii3MepHeMoii TepMosAc AalKe npH O'leHb 60Jl.bllIHX corrpOTHBJl.eHIiHX 

o6pasl!a MomeT 6bITb 6bICTPO HaHAeHo . AAH nOJl.Y'leHHH 60Aee TO'lHOI'O 

n 

PHC . 3. ITpHH!!HnHaAbHall cxeMa YCTanOBKH AAll H3MepeHHll 

TepMOBAeKTpoABHIKYIJJeK CRAb! 06pa3!!OB C 60AbIDRM conpOTHBAe­

BReM . 

no B ill - ne~KK, COSAalOtB"6 rpaAHeUT '.reMnepaTYPU DAOAb o6paayaj C - KOH­
AeHcaTOp (30 )11<4); r - raAbD3UOMCTPj n - nOTeJl\lJfOMCTPi 0 - o6pa'\eJJ; 

T - TepMonapn. 

:lHa'leHH51 Heo6xOAHMa 60Jl.bllIa51 3apSlAKa KOHAeHCaTOpa, T. e . Tpe6yeTc51 

60AbllIa>I BblAeplKKa B nOAO>KeHIiH B. 8THM MeTOAOM MbI 1i3MepHAIi Tep­

~IOaA C 06pa3l!OB c COnpOTLiBJl.eHlieM AD 108 OM C TO'lHOCTblO OKOAO 10/0 , 

nOABIi~KHOCTb u Bbl'lHCASlJl.aCb no 9J1.eI{TpOnpOBOAHOCTH cr H KOHl!eHTpa ­

!!Itn HOCHTeAeH TOKa n npH nOMO~H C\lOpMyJl.bl G =enu. 
B Ta6J1.. 1 AaHbl 3HatIeHHR cr, e H n AA51 06pa3l!OB, KpHCTaA.i\1i30BaHHbIX 

IlOA AaSAeHlleM, a TaKme AMI HX cnYTHHKoB npH pa3AH'lHbIX TeMrrepaTypax 

KpHCTa.ll.AH3agHH. ¥f3MepeHHH npoHaBOAHAI-lCb npH 30° C. ¥fa Ta6J1.H!6bI BIiAHo, 

QTO SJ\eKTponpOBOAHOCTb 06pa3l!OB, I<pHCTaAAH30BaHHbIX nOA AaBAeHHeM 

IlpH Hli3KHX TeMrrepaTypax, BO MHoro paa MeHbllIe, 'leM SJl.eKTponpOBOA­

HOCTb COOTBeTcTBylO~HX cnYTHHKOB . TaK, rrpli TeMnepaType 85° C 9AeKTpo­

"POBOAHOCTb 06pa3l!a, KpHCTaAJl.RaOBaHHOI'O nOA AaBAeHHeM, npl1MepHO 

B 1000 paa MeHbllIe SAeKTponpOBOAHOCTH CBOel'O cnYTHHKa. TaKoe me 

pa3.1\.H'lHe no rrop51AKy BeJl.H'lHHbl H AMI TeMnepaTypbI 1030 
C. 

C rrOBbIllIeHHeM TeMrrepaTypbl KpHCTaJl.Jl.H3al!HH 9TO pa3Mi'lHe 6bICTPO 

YMeHbllIaeTC51 11 yme npH TeMnepaType 1320 
C 9AeKTponpOBOAHOCTl1 060HX 

Ofipa3l!OB CTaHOB51TC51 BeJl.HtIliHaMH OAHOI'O nop51AKa . npH STOM SJl.eKTpO­

npOBOAHOCTb 06pa3l!OB, KpHCTaJl.Jl.1i30BaHHbIx. nOA AaBAeHHeM, pacTeT 040 
1'e~mepaTYPbI 1320 

H 3aTeM MeA.i\eHHO rraAaeT C nOBbIllIeHHeM TeMnepaTypbI 

l\pHCTaJl.Jl.H3agHH. SAeKTponpoBoAHOCTb me 06pa3l!OB, KpHCTaJl.AH30BaHHbIX. 

2 >RYPHaJI TeXHH'leCKOH <PH3HKH. T. XXIV, Bb!n. 12 
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npl1 aTMoccpepHOM AaBJl.eHI1H (cnYT­

HI1KOB), HenpepblBHO paCTeT C nOBbI­

llIeI-IHeM TeMnepaTypbI KpI1CTaJl.J1.I1Sa-

!:pil1 . 
Bo BceM TeMnepaTypHOM HHTep-

BaJl.e 132-260° C SJl.eKTponpoBoA­

HOCTb o6pasgoB, KpI1CTaJl.J1.H30BaHHhlx 

nOA AaBJl.eHl1eM , BcerAa . B 10-1S 
pas MeHbllIe, tIeM sJl.eKTponpoBoA­

HOCTb 06pasgoB, KpI1CTaJl.J1.1130BaHHhlx 

npH aTMoccpepHoM AaBJl.eHHH npl1 .TeM­

nepaType 214° C. 
KOHgeHTpag1111 HOCI1TeJl.ei1 TOKa, 

HatIl1HaH OT TeMnepaTypbI 132° C, KaK 

Y 06pasgoB, KpI1CTaJl.J1.1130BaHHbIx IlOA 

AaBJl.eHl1eM, TaK H Y HX CIlYTHI1KOB 

IlO IlOPHAI<Y BeJl.HtIHHbI OAHHaKOBbI H 

Mall.O 3aBHCHT OT TeMnepaTypbI KPH­

CTaJl.J1.H3agHI1. 
TIoABI1LlmOCT'b AbIpOK Y o6pasgoB, 

KpI1CTaJl.J1.1130BaHHblx IloA AaBJl.eHHeM, 

IlpH Bcex TeMIlepaTypax KpHCTaJl.J1.H3a­

gHH HHLl~e, tIeM IlOABl1mHOCTb Y 06pa3-

gOB, KpHCTaJl.J1.HSOBaHHbIX npH aTMOC­

cpepHOM A3.BJl.eHHH npH 214° C. 
I10MHMO H3Mepemii-t SJl.eKTpHtIeC­

KHX BeA>{tIl1H, npHBeAeHHbIx B Ta6J1.. 1, 
6bIJl.H HCCJl.eAOBaHbI TeMnepaTypHble 

3aBHCHMOCTH 9J1.eKTponpoBoAHOCTH 06-

pa3goB, KpHCTaJl.J1.HSoiaHHbIx n9A AaB­

J1.eHHeM . 
AJl.H STOit geJl.H 6bIJl.H oT06paHbi 

06pa3ghl, KpI1CTaJl.J1.H30BaHHhle IlpH 

TeMIlepaTypax 214, 23d H 260° C. 
AJl.H cpaBHeHHH 6bIJI. TaKme B3HT 06-

pa3eg, KPl1.CTaJl.J1.H30BaHHblit 11pH aT­

MoccpepHoM )l.aBJl.eHHH npH 214° C 
(CIlYTHHK). YI3MepeHHH AJl.H Bcex 06-

pa3goB 6bIJl.H BbIIlOJl.HeHbI B AHarra:ao­

He TeMnepaTYP OT - 10 Ao+110°C, 
B STOM AHana30He TeMnepaTYP AMI 

Bcex 06pa3goB SJl.eKTponpOBOAHOCTb 

O"leHb CRJ\bHO 3aBHCeJl.a OT TeMrrepa­

TYPbI H . MorJl.a 6bITb npeACTaBJl.eHa 

H3BeCTHoii CPOPMY J1.oit 
'? 

- 21>1' 
c;=Ae 

' 3HatIeHHH rp AJl.H pa3J1.HtIHblX 06-

pa3goB AaHbI B Ta6J1.. 2. 
KaK BHAHO H3 Ta6J1. . 2, KOHCTaHTa 

rp AJl.H Bcex Tpex 06pa3goB npH6AH3J1-

TeJl.bHO OAHHaKOBa H B cpeAHeM paSHa 

0.75 SB. ~heKTponpoBoAHOCTb l<aK 

CPYHKgHH TeMnepaTypbI C TOtIHOCTbJO 

AO OllIH60K H3MepeHHH 6bIJl.a BOCIlPO-

H3BOAHM 

MOCTb H 

120° C). 
Heo6paT 

CHAa, K 

BH)KHOC 

H3MeHHJI. 

H013HJl.aC 

paBHoit 

CTaJl.Jl.H3( 

npH 214 
nocJl.e A 

Cone 

BbICOKor 

peHHHMI< 

LA 
AH3agHI1 

30BaTbC. 

TIPH 

CTOJl.bKO 

TeMnepa 

KpHCTaJl. . 

2. TI 

4000 aT] 

:::if~ 
BbICOKn1 

4. TI 

IlOA AaE 

YBeJl.HtIH 

CeJl.eHa, 

B § 
B KPHCT 

B Sl 

nepexOA 

YICX( 

HCCJl.eAO 

. caHa Bb 

,4J1.H 

H3MeHeH 

Igeii noc 

TIPHi 

BbIllie T 

Mepe nc 
XOAHJI. I 

2* 



11IH (CnYT­

T C nOBbl­

CTaAAI13U-

l~! IlHTep­

~onpOBOA­
; I30BaHHbIX 

B 10-1S 

ponpO BOA­

H30BaHHbIX 

H npH TeM-

,\ell TOKa, 

.320 C, KaK 

aHHblX noll. 

cnYTJ-lHKOB 

iHaKOSbI II 

rypbI KPH-

06pa3goB, 

4aSAeHHeM, 

IlCTaAAH3a­

J'b y 06pas­

IPH aTMOC­

:c C. 

lI.eKTpli'leC­

B Tu6A. 1, 
e paTypHbIe 

AHOCTH 06-

x noll. AaB-

oT06paJ-lbI 

I J-lble np" 

n 260° C. 
e BSRT 06-
it 11pH ST­

pH 114° C 
I Bcex 06-
B I.Hanaso­

o +110°C . 

paTYP AM! 
OBOAJ-lOC'fb 

T TeMnepa­

eACTaB.I\.eHa 

H'lHblX 06-

KonCTallTa 

npn6AH3\1-

!i,HeM paBlI~ 

\HOCTb xal, 

TO'ilIOCT • ) 

AU F(lCnp I 

KpUCTOJIIIusaYUfl CeJltHa no.ll .IlaBlleHUe.l£ 2131 

Ji3BOAFlMS HeSaBHCFlMO OT HanpaBAemiR Fl3MepemdL Ho STa BocnpOFl3BOAH­

MOCTb HMeAa MeCTO .II.HUIb rrpH cpaBHFlTe.ll.bHO HH3KHX TeMrrepaTypax (AO 
120° C). TIPR rrporpeBe 06pasgoB Bbl111e 120° C S.I\.eKTpOrrpOBOAHOCTb FIX 

Heo6pSTJiMO H3MeHRAaCb H Hs6AlOAaAHcb rH-

CTepe311CHble RBi\eHHR. 

nOcAe AonOAHHTeAbJ-lOrO 6-'laCOBOro rrpo­

rpeBa 06paagoB Ha BosAyxe rrpH 214° C SAeK­

TporrpoBoAHOCTb, TepMOSAeKTpOABml<YI,gaH 

CliAa, KOlIgeHTpagHH HOCI1TeAeii TOKa H nOA­

BH;>!<lfOCTb , H3MepeHHbie rrpH 30° C, pe3KO 

1i3MeHHAFlCb (CM . Ta6A. 1), a BeAFI'lHHa <p CTa­

HO!3IiAaCb AAH Bcex 06pasgoB rrpFl6AFl3HTeAbHo 

pnBHoit 0 .3 aB. 4TO KacaeTCH o6pa3ga, KPFl­

CTaAAH30BaHHoro rrpH sTMoctpepHoM ASBAeHHH 

Ta6.il.uga 2 

TeMnepaTypa KPHcTaA"1 
Jl.ltSaYHU 8 C'C (1I0A , 

AaDAClJncM) 

214 
238 
260 

0.77 
0.72 
.0.78 

UpI'! 214(: C; TO SAeKTporrpOBOAHOCTb ero rrpaKTH'IeCKH He HSMeHHAaCb 

IIOCAe AorrOAHHTeAbHoro rrporpeBa HS BosAyxe rrpH 214° C. 
CorrOCTaBM!H Ha6AlOAeHFlH sa HSMeHeHHeM 06'beMa o6pasgoB B KaMepe 

BbICOKor o AaBAeHHH B rrpogecce KpHCTaAAHsagHH C SAeKTpHtIeCKHMH HSMe­

peHHRMH, MomHO CAeAaTb CAeAYIOIJ!.Fle BbIBOAbI. 

1. AaBAeHHe rrpR HHSKHX TeMrrepaTypax 3aMeAAReT rrpogecc KpFlCTaA­

AH3agHFI . nOll. AaBAeHHeM 4000 aTM. ceAeH Ha'llmaeT saMeTHO KpFlCTaAAH-

30BaTbCR Ha'lHHaR AHlllb C 11 0-115° C. 

TIPH 60Aee HHSKHX TeMrrepaTypax rrpogecc ~pHCTa.ll.AHsagHH HAeT' Ha­

CTOAbKO MeAAeHHO, 'ITO rrpaKTHtIeCKH ero TpYAHO 3aMeTHTb . TIPH BbICOKHX 

TeMrrepaTypax KpHCTaAAHsalJl111 (~170° G) AaBAeHFle YCKopHeT rrpogecc 

KpHCTaAAH3agHH. 

2. TIoABHmHocTb AblPOK B ceAeHe, KpHCTaAAHSOBaHHOM rrOA AaBAeHHeM 

4000 aTM., rrpl1 Bcex TeMnepa'rypax KpHCTaAAl1sag1111 OT 115 AO 260° C 
MeHbUIe, 'leM rrO,l(BI12{{HOCTb ,l(blPOK B Ce.ll.eHe, Kpl1CTaAAI1S0BaHHOM npl1 

an.lOctpepHOM ,l(aBAemm rrpl1 214
0 C. 

3. BeAH'lI1HbI G, a, n 11 u ceAeHa, KpHCTa.ll..II.HaOBaHHoro rro,l( ,l(aB.II.eHl1eM, · 

YCTOH'lHBbI .II.I1UIb I1pl1 HI1SKI1X TeMnepaTypax (MeHbUIHx 120
0 C). OPH 60Aee 

BbICOKI1X TeMnepaTypax OHFI Heo6paTHMo H3MeHRlOTCH. 

4 . TIocAe AOrrO.ll.HI1TeAbHOro rrporpeBa Ce.ll.eHa, KpHCTaAAI1S0BaHHoro 

IIOA AaBAeHHeM rrpH 214° C rrO,l(BI1JKHOCTb 11 KOHgerITpagl1H HOCHTe.ll.ei:i TOKa: 

YBeAI1'lI1BalOTCR 11 rrpH6AI1JKaIOTCR K COOTBeTCTBYIOI,gI1M' BeAH'lHHaM ,l(AR 

ceAeHa, Kpl1CTaAAH30BaHHoro rrpl1 aTMoctpepHoM AaB.II.eHHH rrpH 214° C. 

§ 2. nepexo~ CeAeRa 83 lKH~KOrO COCTOSIRHB B TBepp;Oe 

(KpHCTaAA8q~CKOe) nop; p;aSAeRHeM 

B § 1 wilyqa.l\.CR nepexOA Ce.1\eHa nOA AaBAeHlieM 113 aMOptpHOii tpaabI 

B KpHCTa.ll..II.l1tIeCKYlO. . 

B aTOM rraparpaq>e HS.II.o)¥.eHbI peay AbTa Tbl, nO.ll.Y'leHHble rrpR HSY'leHHH 

lIepexO,l(a Ce.ll.eHS noll. ,l(aB.II.eHHeM 113 mHAKOH tpaSbl B KpHCTaAAHlJeCKYlO. 

I1CXOAHbIM MaTepl1a.ll.OM C.II.ymH.II. Ce.ll.eH TOll me MapKI1. :Y CTaHOBKa AAH 

IlCCAe,l(OBaHHH B 'OCHOBHOM rrpl1MeHR.II.aCb B TOM BRAe, KaI( 'oHa 6bl.11.a orrl1-

caHa BbIllIe. 

A.lI.R rrOAY'leHI1R I(PI1BOii rrJ\aBAeHI1R I1CrrO.ll.bSOBaACH C HeKOTopbIMH BI1,1(O-

1!3MeHeHRRMI1 MeTO,l( OCTaHOBOK [5]. 113MepeHHR rrpOH:3BOAI1.11.HCb B C.II.eAYlO-­

~eH rrOC.II.e,l(OBaTe.ll.bHOCTH. 

OpH6op HarpeB a.ll.CH ,1(0 HeKOTopoH 3a,l(aHHOii TeMrrepaTypbI, ·.II.ema.r;geii 

BbllIIe TO'lKI1 rr.ll.aBAeHI1H reKCarOHa.ll.bHOrO ceAeHa. 3aTeM AaB.II.eHHe B Ka­

Mepe rrOAHI1MaAOCb ,1(0 TaKoro SHa'leHI1R, KorAa BeCb Ce.ll.eH B KaMepe nepe­

)lOAM" B TBepAOe (KpI1CTaAAH'leCKoe) COCTORHHe. 

2* 
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2132 ,4. H. HacMlfoB u JI. T. K03IJIPCB 

OOCAe STOrO BeHTl1Ab npecca pe3l<O OTKpbIBaACH, tlT06bl AaBAeHHe 

B KaMepe ynaAo 3aBeAOMO Hl1lKe TOrO AaBAeHHH, npH KOTOPOM CeAeH I1pH 

AaHHOii TeMIIepaType HaXOAH 'l CSI B TBepAOM COCTOHHHH (IIpaKTHtleCKH B Ha­

IlIHX YCAOBHHX AaBAeHHe MOlKHO 6blAO CIUllKaTb AO HY AH), 3aTeM 6blCTPO 

aaKpbIBaACH. Ha STY oIIepagHIO Tpe60BaAOCb OKOAO 1-2 ceK . 3a STO BpeMH 

ceAeH ex,ge He ycneBaA paCIIAaBHTbCH H K MOMeHTY 3aKpblTHH BeHTHAJI 

HaxOAHACH B OCHOBHO~ Macce B TBepAOM COCTOHHHH . 00 Mepe nAaBAeHHH 

ceAeHa AaBAeHHe B KaMepe B03paCTaAO AO HeKOToporo oIIpeAeAeHHoro 

3HatleHHH p. OIIpeAeAeHHe SToro AaBAeHHH C YlJeTOM IIOIIpaBOK Ha CHAY 

TpeHHH IIPOH3BOAHAOCb CAeAYIOx,gHM 06pa30M. 

KorAa AaBAeHHe B KaMepe YCTaHaBAHBaAOCb IIOCTOHHHbIM, saIIHcbIBaAOCb 

nOKa3aHHe MaHOMeTpa 11 H q>HKCHpOBaAOCb IIocpeACTBOM H3MepeHHH pac­

CTOHHHH Me)KAY MapKaMH IIOAOH{eHHe IIAYH)Kepa OTHOCHTeAbHO KaMepbl 

18fl 

270 

760 

250 

NO 

230 · 

. tf(/JOIf/JU 

eel/el1 

[elfcOe0l10l/bflblii 

CeIJeH 

2Zo..lL-_-'O-'-O-O--Z-OOLO--30-'-OO--4.-JOOO 

f=·1f2!CM! 
PHC. 4. KPHBaJt nAaBAeHHH reKcarOHaAb-

Horo Cei\eHa. 

(pHC . 1). 3aTeM pe3KO YMeHbwaAocb 

AaBAeHHe C TaKHM paClJeTOM, tlT06b1 

paCCTOHHHe Me}l{AY MapKaMH YBeAH­

'lHAOCb IIPH6'AH3HTeAbHo Ha 0.1 MM, 

H AeiicTBHeM HarHeTaTeAbHoro Haco­

ca IIpecca IIAYH)Kep B03Bpax,gaACH 

TOtlHO B CBoe l1epBOHatlaAbHOe IIOAO­

)KeHHe. OPH STOM 3aIIHCbIBaACH OT­

ClJeT 12 Ha MaHOMeTpe . l1cKoMoe AaB­

AeHHe p oIIpeAeAHAOCb IIO q>OPMY Ae 

h+/2 s 
p= 2 8' 

rAe S - IIA~x,gaAb nopWHH IIpecca; 

0- IIAox,gaAb nAYH)Kepa. 

TOtlHOCTb MeToAa 6hlAa OKOAO 

20/0' KpHBaH IIAaBAeHHH , IIOAYtleHHaH 

TaKHM c noco60M, IIOKa3aHa Ha pHC . 4. 
Opogecc, nepexoAa H3 )KHAKOii <p a-

3bl B TBepAYIO IIOA AeHcTBHeM AaBAe­

HHH COIIpOBO)KAaACH 60AbllIHM H3Y1e­

HeHHeM 06'heMa. BblAO 3aMetleHO, 'ITO 

o6pa3gbI, 3aKpHCTaAAH30BaHHble B03-

AeHCTBHeM AaBAeHHH Ha )KHAKHil: ceAeH , 

t)bIAH OtleHb HeoAHopOAHbI no pa3MepaM 3epeH . B o6pa3gbI, KaK npaBHAO, 

6bIAH BI<panAeHbI OTAeAbHb1e MOHOKpHCTaAMIKH pa3MepaMH OKOAO 1-3 MM, 

xaOTHtJeCKH opHeHTHpOBaHHble OTHOCHTeAbHO Apyr APyra. 

B STHX OIIblTax TeMIIep aTypa paCIIAaBa 6blAa BO B c ex TotJKax OAHHa­

ROBa, nOSTOMY npeHMyx,geCTBeHHoro HaIIpaBAeHHH AAH pOCT a MOHOKpHCTaA­

AOB He 6blAO. 

AAH C03AaHHH I1peHMyx,geCTBeHHoro Hal1paBJl.eHHH Heo6xOAHMO 6b1AO 

C03AaTb rpaAHeHT TeMl1epaTypbI. 

B HallIHX YCAOBHHX rpaAHeHT TeMl1epaTypbl MO)KHO 6blAO C03AaTb Jl.HIllb 

pe3KHM OXAalKAeHHeM KaMepbl I1POTOtlHOii BOAOll:. 8THM MeTOAOM Mbl Ii 

BOCI10Ab30BaJl.HCb . Ol1blT npOH3BOAHACH B CJl.eAYIOx,geil: 110CAeAOBaTeJl.bHOCTH, 

TeMIIepaTypa KaMepbl IIOBb1llIaAaCb AO 3200 C I1pH AaBAeHHH 3000 aTM, 

(npH STHX YCAOBHHX CeJl.eH HaXOAHACSI B )KHAKOM COCTOHHHH) . OocAe SToro 

KaMepa pe31<O OXAalKAaJl.aCb (3aAaHHoe AaBAeHHe nOAAep)KHBaJl.OCb nOCTO­

.HHHbIM), 6AaroAapH tJeMY B ceAeHe, HaXOAHx,geMCH B nOJl.OCTH KaMepbl, B03-

:HHKaA rpa,liHeHT TeMl1epaTypbl, HanpaBAeHHblH no paAHYCY 110AOCTH. WH.' 
,Jl.HHAPHtIeCKHii 06paseg, 3aKpHcTaAAHsoBaHHblH TaKHM cno c 060M, COCTOHA 

lI3 MOHo~pHcTaAAoB, OCH C KOTOPblX 6blAH Hal1paBAeHb1 110 paAHYCY 06pa3ga. 

06pa3eg R8K geAoe COCTOHA B OCHOBHOM H3 HeCKOAbKlIX MOHOI<pHCTaAAOB, 

MeA' 

Pag 
6bIA 
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~aBAeHHe 

~AeH npH 

.lm B H a­

t 6bI CTPO 

ro BpeM1l: 

BeHTHJUI 

\aBAeHIHl: 

}AeHHoro 

H~ CHAY 

:bIBaAOCb 

iHH pac-

N a Mepbl 

IbllIaAOCb 

\f , 'lTo6bI 

i YBeAH-

0.1 MM, 

Iro Haco­

I paIMaAC1l: 

joe noJl.o-

9.AC1l: OT­

!\Ioe AaB­

q>opMYAe 

npecca; 

a OKOAO 

AY'leHHa1l: 

l a pHC. 4. 
I AKO~ q>a­

~ M AaBJl.e-

11 M H3Me­

'le}lO, 'lTO 

H ble B03 -

ali CeJl.eH, 

npaBIiAO, 

1-3 MM, 

l X OAHHn ­

OKpIiCTaA-

[M O 6bIJl.O 

~ aTb Jl. li llib 

\ OM M bl Ii 

e AbHOCTIi . 

3000 a T M. 

'CAe SToro 

Cb nOCTo­

,Iepbl, BO:a­

OCTIi. IJff-' 
I, COCTOHA 

, 06pa3!la . 

' liCT3AAO B, 

KpUCTa,1Aus a y,UJI CCACHa 110,1( ,l(OOACHUC.1! 2133 

Me"KOKpHCTaAA Ii'leCKIi~ ceAeH 6bIA Jl.HllIb B TpeIMliHax Ii B geHTpe o6pa:aga. 

PasMepbI MOHOKpliCTaAAoB, KOTopble He COAepmaAIi BHAHMblX TpeI,gHH, 

ObIAH OKOAO 2-5 MM. PeHTreHOCTPYKTYPHbIH aHaAH:a nOKa:aaA, 'lTO Aeii­

CTBHTeAbHO nOAY'leHHbIH HaMH MaTepHaA COCTORA H3 OTAeAbHbIX MOHOKPH­

CTaAAOB, napaMeTpbl perneTKH KOTOPbIX He OTAH'laAHCb OT napaMeTpOB 

peweTKH 06bI'lHOrO reKcarOHaAbHoro ceAeHa . 

§ 3. OOcY.2KAeHIIe pe3YALTaTOB ODblTOB 

BbIAO YCTaHOBAeHO (§ I), 'lTO npH HH3KHX TeMnepaTypax AaBAeHHe 

saMeAMIeT npogecc nepeXOAa ceAeHa liB aMopg)Hoit q>aSbI B RpHCTaAAH'le ­

CKYIO, a npH BblCOKHX, Hao6opOT, YCKopReT. TaKoM BblBOA, OAHaKO, HeAb:aJI 

CAeA3Tb, HCXOAR AHWb H3 TepMO.lt;HHaMH'leCKHX coo6pameHHit. 

AeiicTBHTeAbHO TaK KaK nAOTHOCTb ceAeHa B aMopq>Hoit q>a:ae MeHbllIe, 

'leM B KpHCTaAJl.Ii'leCKoit, TO Ha OCHOB3HHH IIpHHglma Ae- WaTeAbe-BpaYHa 

Mbl MO)KeM 'YTBepmAaTb, 'lTO npH AlO6blX TeMnepaTypax, B03Ae~CTBY1l: 
AaBAeHHeM p, Mbl MomeM nepeBeCTH ' CeJl.eH H3 aMop<i)Hoit q>a3bl B KpHcTaA­

AR'leCKYIO. OAHaKO npHHgHn Ae-LLaTeJl.be-opaYHa HH'lero He MomeT 

CKasaTb 0 KHHeTHKe npogecca . nOcrTOMY TaKHe q>H3H'leCKHe q>aRTopbI, 

KOTopble BAHRIOT AHllIb iIa KHHeTHKY npogecca, He MorYT 6bITb Y'lTeHbl 

TepMOAIIHaMHKoiL AMO;>q>HbI~ CeJl.eH MO}KHO paCCMaTpHBaTb KaK nepeOXAa­

mAeHHYlO mHAKOCTb, B1l:SKOCTb KOTOPOH O'leHb BeAHl<'a npH HHSKHX TeMne­

paTypax, HO 6bICTPO naAaeT C nOBbIlliemleM TeMnepaTypbI. 

KaK H3BeCTHO, nOABHmHOCTb U MOAeKY AbI BblpamaeTC1l: 'lepes BRSKOCTb 

'I) no q>opMYAe 

rAe a - paAHYc MOAeKYAbI. 

1 
u=--6 .. a·1j , 

B CBOlO O'lepeAb 'I) Bblpa}KaeTCH q>OPMY AOit <PpeHKeA1l: [6]. 
W p 

k1' -p 
"I)=Aoe e O, 

(1) 
/ 

(2)· 

rAe p-.AaBAeHHe, T-a6cOAloTHaR TeMnepaTypa, Ao, W H po - nOCT01l:H" 

Hble, He saBHCRIgHe HH OT TeMnepiTypbI, HH OT AaBAeHHlI . 

<POPMYAbI (1) H (2) BblBeAeHbI B npeAnOAomeHHH, 'lTO MOAeKYAbJ OOAa­

A alOT mapOBO~ CHMMeTpH e M. Ho, KaK nOKaSblBaeT onbIT, OHH AalOT Ka'le­

CTBeHHO npaBHAbHble pe:aYAbTaTbl H AAR oOJl.ee CAO}lmbIX mHAKocTeit . TIo­

STOMY Mbl 0YAeM C'lHTaTb, 'lTO (1) H (2) npHMeHHMbI H AAR aMopq>Horo 

CeJl.eHa. 

VI:a STHX q>0PMYA BHAHO, 'lTO BlISKOCTb, a CJl.eAOBaTeAbHO H nOABH}K­

HOCTb 9KcnoHeHgHaAbHo 3aBHcH~ KaK OT AaBAeHH1l:, TaR H OT TeMnepa­

TYPbI. 

TaK KaK KpHCTaAAH'leCKOe (reKcarOHa.J\bHoe) COCTOHHHe 60Aee YCTOH­

'lRBO, 'leM aMopq>HOej TO B npogecce oopa30BBHHlI KpHCTaAAH'leCKOrO 

COCTORHH1l: aHeprHR AOAmHa BbIAeMI TbCH. TI09TOM Y, BepORTHO, POAb TeM­

rre'paTypbl npH KpHCTaAAHsagHH CeJl.eHa COCTOHT TOJl.bKO B TOM, 'lTOObI 

YBeJl.H'lHTb nOABlimHOCTb MOAeKYA H, CAeAOBaTeAbHO, AaTb HM B03MO}KHOCTb 

ynaKoBblBaTbClI B KpHCTaJl.AbI. TIOBH,IlHMOMY, eCJl.H npH HHSKHX TeMnepa­

Typax (HanpHMep npR KOMHaTHoii) BR31WCTb 6blAa 6bI MaAa, TO npogecc 

KpHCTaAJl.H:aagHR npOXOAHJI. 6bI H npH aTHX TeMnepaTypax. 

TIOA AaBAeHHeM pasHOCTb Me}K;4Y TepMoAHHaMH'leCKHMH nOTeHgHaAaMH 

B aMopq)Hoii H B KpHCTaAAH'leCKOii ¢a3ax YBeAHQRBaeTCR Ha BeAR'lHHY p!1v, 
rAe !1v - paSHocTb 06'beMOB CeAeHa B aMopq>HOH q>ase H KpHCTaAAH'leCKO~ . 
n09TOMY eCAH ' ObI BR3KOCTb CeJl.eHa He YBeAHlJHBaAaCb C nOBbll1IeHHeM 

/ 
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AaBAeHlUI, TO AaBAeHHe YCKOPRAO 6bI rrpogecc KpHCTa.l\.I\H3aglH'I H MbI Ha 

OrrbITe Ha6.1\IOAaAH 6bI IIpogecc rrepeXOAa H3 aMOpq>HOfi q>a3bI B KpHCTaA­

MlqeCKYIO' rrpH 60Aee HH3KHX TeMrrepaTypax, qeM rrpH aTMOCq>epHOM AaSAe­

HHR. B AeficTBHTe.l\bHOC~H BR3KOCTb OqeHb CH.I\bHO yse.l\HqHBaeTCR C rrOBb~ 
WeHHeM AaBAeHHR, <ITO IIPHBOAHT, corAaCHO (1), K YMeHbweHUIO nOASlOK­

HOCTH MO.l\eKY.l\ Ce.l\eHa . TaK KaK no HameMY rrpeAnOAOrKeHHIO nOASH}KHOCTb 

51BA5IeTCR orrpeAe.l\5II0IgHM q>aKTopoM, BAH5IIOIgHM Ha KHHeTHKY npogecca 

nepeXOAa H3 aMopq>flOro COCTOHHIUI B KpHCTa.l\.I\HqeCKOe, TO CTaHOBHTCR' 

nOH5ITHbIM, nOqeMY npH HH3KHX Te~HIepaTypax AaBAeHHe aaMeAAR'eT KPH­

CTaA.I\H3agHIO Ce.l\eHa. npH BbICOKHX TeMrrepaTypax B5I3KOCTb MaAa (nOA­

BIHKHOCTb Be.l\HKa), T. e . rrperrJlTCTBHR YKaaaHHOMY TepMOAHHaMHqeCKOMY 

q>aKTOPY MaAbI. n09TOMY rrpogecc KpHCTaAAH3agHH npOTeKaeT 6blCTpee. 

B CorAaCl'IH C l'IaAOrKeHHOii TOqKOit 3peHUJl HaXOAI1TCJl q>aKT oopaaosa­

-HHR' MOHOKpHCTaYl.AOB npl1 saTsepAesaHHH Ce.l\eHa IIOA B03AeficTBHeM'AaSAe­

HHR. AeficTBHTe.l\bHO, AAR Toro qT06bI o6pa30Ba ACR MOHOKpHCTaA.I\, Heo6-

XOAHMO BblITO.l\HeHHe ABYX YCAOfll1ii : 1) qTOObI nOASIUKHOCTb MOAeKYA 

B paCIIAaBe 6blAa seAHKa; 2) qTo6bI 6bIAO MaAblM .qHC.I\O geHTpoB KpHCTaA­

AH3aglUI. 

nepBoe YCAOSHe BbIllOAHeHO corAaCHO BbIWeH3AOrKeHHOMY. BTopoe 

YC.l\OBHe TaKrKe BbIllOAHeHO, H60 ceAeH MOrKeT HaXOAHTbCR B COCTOR'HI1H 

IIepeOXAarKAeHHOii }fHiAKOCTH npH TeMl1epaTypax 200- 21bo C OqeHb AAI1-

TeAbHoe BpeMR, He rrepe){OAR' B KpI1CTaAAR<reCKYIO q>aay. TaK KaK qUCAO 

geHTpOB KpHCTaA.I\H3agHH OqeHb 6bICTPO y6blBaeT C rrOBblweHHeM TeMne­

paTypbI, TO qHCAO 8THX geH'I'pOB npH TeMnepaTypax 240- 260° 6YAeT Ha­

C'I'O.l\bKO MaAbIM, qTO BTopoe YCAOBl1e ' 6YAeT 6e3ycAoBHO BbmOAHeHO . npH 

nOBblweHHH AaBAeHHR AO HeKOToporo OllpeAeAeHHoro 3HaqeHHH o6pa30Ba­

Hue MOHOKpUCTa.l\.I\OB HaqHe'I'CR' HMeHHO Ha 8TUX geHTpax KpHCTaAAH3aguH. 

TaK KaK IIpH BblCOKUX AaBAeHHJlX nepeXOA ua XHiAKOit q>a3bI B TBepAYIO 

(KpHCTaAAHqeCKYIO) npOlicxOAHT npH 60Aee BbICOKHX TeMnepaTypax, TO 

YCAOBHH AMI BblpaIgHsaHHR MOHOI<pHCTa.l\.I\OB< Ce.l\eHa nOA AaBAeHHeM 60Aee 

6AaronpHRTHbI , qeM rrpl'l a'I'Moc.pepHOM AaSAeHiHI. 4 ro !{aCaeTCR rpaAHeHTa 

# .TeMnepaTypbI, KOTOPblil Bce rKe He06xoAHM AAR: BblpargHsaHHH 60AbWHX 

MOHOKpHCTa.l\.I\OB, TO POAb ero COCTOHT JUiWb B TOM, qTOObI AOKaAHaOBaTb 

geHTp. H3 KOToporo HaqHHaeTCJl POCT MOHOKpHCTa.l\.I\a . 

. DblAO HaiiAeHo (CM. § 1), qTO KpHCTa.l\.I\Haagl'lR Ce.l\eHa IIOA AaB.I\eHHeM 

B 4000 aTM. He yse.l\HqHBaeT nOASHrKHOCTb HOCUTeAeli TOKa: DOAee Toro, 

ec.I\u nO.l\yqeHHble o6paagbI AOnO.l\HHTeAbHO He rrporpeTbI rrpu aTMocq>ep­

HOM AaBAeHUH , TO rrOABHrKHOCTb AblPOK B HHX Aa2Ke Ha rropHAoK MeHbwe, 

qeM rrOABHrKHOC'I'b Y 06pasgoB, KpHCTaAAfl30saHHbIX rrpH aTMocq>epHOM 

AaS.l\eHHU (214° C) H rrpH6.1\HrKaeTCR K HeR AUWb rrO CAe A0l10A HHTe.l\bHOrO 

nporpesa npH aTMocq>epHOM AaBAeHHH . 

9'1'0'1' pe3Y.I\bTaT, KaK HaM KarKeTCH, HaXOAHTCR B COOTBeTCTBHH C fl9-

AOrKeHHOR Bblwe TOqKOH .3peHHH. 

POAb AaBAeHHlJ IIpli RpHCTa.ll..JIHsagHH Ce.ll.eHa ,lJ,BOSlRaH. 4aB.II.eHHe, C O,lJ,HOJ;i 

CTOPOHbI, YMeHbiliaeT MHRPOl1YCTOTbI Mem.AY oTAeAbHbIMH MI1RPORpHCTaA­

AaMH o6paaga; C APyroH CTOPOHbI, OHO saMeAAReT MHrpagliIO MO.ll.eKYA 

BAOAb rpaHeH MHKPOKpHCTa.l\.II.0B, 'ITO npHsOAHT K YBe.l\HqeHHIO 'IHCAa 

HeyrrOpJlAO'IeHHbIX MOAeKY.I\, T. e . !{ YTO.l\I!!.eHHIO npOCAoeK. npH AonOAHW 

Te.l\bHOM nporpeBe npH STMocq>epHOM ,lJ,aBAeHHH MHrpagHR YCKopHeTCR H, 

C.I\eAOSaTeAbHO, qHCAO HeyrropHAOqeHHblX MOAeKY.II. YMeHbwaeTCR, qTO R 

npHBOAHT K YBe.l\HqeHRIO aq>q>eK rHBHOR nOABHrKHOCTH HOCHTe.l\eH TOKa . 

CAeAaHHbIe HaMH BblBOAbI OTHOClITCJl TOAbKO K TOMY AaBAeHHlO 

(4000 aTM.), C KOTOPblM Mbl HMeAH AeAO B HaWHX onbITax. BepOJlTHO, AAR' 

Toro qTo6bl l10AyqHTb HaH60AbwylO nOABHrKHOCTb B nO.l\HKpHCTa.l\.I\HQeCKOM 

.ceAeHe, HYrKHO nOA6HpaTb TaKoe AaB.I\eHHe, KOTopoe MorAO 6b1 YHliqTO­

)iHiTb MHKpo nYCTOTbl, He .3aMeAAJlJl c yr,geCTBeHHO MHrpagHH M O.l\eKYA BAOAb 

rpaneH ) 
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rpaHeii MHKpOKp'li(~TaAAOB 06pa3ga . BepORTHO, AM[ 9TOH geAH 60Abworo 

4aSAeHHR He Tpe6yeTcR, TIlK KaK npH AaBAeHHH 400-500 aTM. MOm.HO 

nOAyqUTb yseAntzeHne nOABHm.HOCTH npli6Ali3l1TeAbHO B 10 paa no cpaBHe­

HUIO C nOABRm.HOCTblO Y o6paagos, KpHcTaAAII30BaHHbix npH aTMoccpepHo:-'l 

AaBAeHHH. 

BLIBOALI 

B HaCTORIJJeit pa60Te 6bIA'l-I HCCAe,40aaHbI npogeccbl nepexoAa ceAeHa 

RB aMopcpHoH Ii mHAKoH <pasbI B KpHCTaAAHqeC!(YlO. 

BblJ\O IlOKa3aHO cAeAYIOlJ:!ee. 
1. npli Ha3KliX TeMllepaTypax AaBAeHHe saMeAAReT npogecc nepexOAa 

CeAeHll. liB ll.MOPCPHOH <I>aBbI B KpHCTaAAlitleCKYIO, a npH BbICOKIiX YCKopReT. 

2. 8AeKTporrpoBoAHOCTb Ii nOABlimHOCTb HocaTeAeit TOKa B ceAeHe, 

KpncTaAAR30BaHHoM nOA AaSAeHHeM 4000 aTM., Ha nopRAOK MeHbme, tJeM 

AAJI ceAeHa, t<pHcTaAM!BOBaHHoro npli aTMoC<I>epHOM AaBAeHHH (214° C). 
nOcAe AOllOAHHTeAbHoro nporpesa BHatzeHIiR 9AeKTponposoAHOCTH Ii nOA­

BIim.HOCTH npl16AlimalOl'CJl K COOTseTcTsyIOlJ:!HM :aHatleHHRM 9THX BeARtJliH 

.liAR ceAeHa, t<pHCTaAA1i30saHHoro OpR aTMoccpepHOM ,4aBAeHaR. 

3. npH KpHCTaAAlisagHIi ceAeHa H3 paCllAaBa 06pa:aYIOTCJl KpynHble 

MOHOKpnCTaAAbI (.110 5 MM) . ' 
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