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A set  of industrial  ins t ruments  is d i scussed  for  the investigation of the thermal  conductivity, 
heat capacity,  thermal  diffusivity, and heats of phase t ransi t ions of a wide class  of solid sub- 
s tances f rom thermal  insulators  to metals  in the t empera tu re  region f r o m - 1 0 0  to + 400~ 

G e n e r a l  C h a r a c t e r i z a t i o n  o f  t h e  S e t  

The set  of methods and ins t ruments  d iscussed  in the ar t ic le  provides for measurement  of the thermo-  
physical  p roper t i es  of solid mater ia l s  having a thermal  conductivity ;~ = 0.1-100 W/m -~ The instruments  
form a unified se r i e s  and as its foundation they have the basic  construct ion of the IT-400 dynamic ca lo r imete r  
(a device for  measur ing  thermophysica l  p roper t i es  up to 400~ (Fig. 1). 

The model was developed in connection with the prepara t ion  of the thermophysical  apparatus for indus- 
t r ia l  production. The new ins t ruments  differ f rom the DK-400 ins t ruments  [1, 2], which were developed ea r -  
l ie r  and have found wide popularity,  by an increased  degree  of unification of the construct ion and the measu re -  
ment sys tems ,  by high rel iabil i ty and s implic i ty  of servicing,  and by technological efficiency of preparat ion 
and assembly.  The measu remen t  methods and the heating and cooling units have been changed considerably.  
In par t icular ,  the water  cooling of the housing and core  of the ca lo r imet r i c  device was replaced by gaseous 
cooling, natural  and forced. 

Four  models of ins t ruments  for the independent or  combined investigation of thermophysica l  proper t ies  
have nowbeen crea ted  onthe foundation of the basic  construct ion,  in each inst rument  the measurements  are  
made on specimens  of cyl indrical  shape 15 mm in d iamete r  and f rom 1 to 30 mm high. A test  is set  up in the 
mode of monotonic (nearly l inear)  heating of the specimen at an average rate  of about 0. l~ at t empera-  
ture drops on the specimen of 3-30~ The tempera ture  dependence of the p a r a m e t e r  being studied is de ter -  
mined in one test. In all the ins t ruments  the test  mode (the tempera ture  drops on the specimen and the non- 
l ineari ty of the heating) is chosen in such a way that the cor rec t ions  for the variat ion of the thermophysical  
proper t ies  and the heating rate under ord inary  conditions (outside the zone of phase transit ions) do not exceed 
1-2% and they can be ignored in the calculating equations [1]. 

The IT-400 ins t rument  consis ts  of two units: measu remen t  and supply units; the inst rument  complex 
also includes a galvanometer  o r  digital vol tmeter  with a sensi t ivi ty of 1 ~V. The supply unit is s imi lar  to that 
used ea r l i e r  in the ins t rument  of [2] and provides l inear  var ia t ion of the voltage on the heater  and regulation 
of the t empera tu re  of the adiabatic shell. It contains an LATR-1 var ia tor ,  two RD-09P2 motors ,  and a UPD1- 
03 amplifier .  

Let us examine the construct ion of the measu remen t  unit on the example of the IT-•-400 ins t rument  for 
measur ing  the thermal  conductivity of thermal  insulators.  It contains elements of the measurement  sys tem 
and the ca lo r imet r i c  device (Fig. 2). The measuremen t  sys tem provides for the determinat ion of the t emper -  
ature level f rom - 100 to + 400~ at fixed points every  25~ using a potent iometer  and switch built into the 
ins t rument  and at the corresponding posit ions of another switch, the measuremen t  of the tempera ture  drop on 
the test  specimen and of the ca lo r ime te r  signal d i rec t ly  with the galvanometer .  
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The main components of the c a l o r i m e t e r  (Fig. 2) are  the housing 1, a detachable thermal  insulation 
shell  2, and a metal l ic  core .  The housing 1, made of Dural, consis ts  of two par t s  and has outside ribbing to 
intensify heat t r ans fe r  f rom its surface.  The lower par t  of the housing is fastened to the horizontal  board of 
the measuremen t  unit; the upper par t  can be moved in the ver t ical  direct ion along a guide .  The thermal  in- 
sulation shell is also m a d e  f rom two equal par t s  in the form of boxes of nickel foil filled with slag wool, as-  
bestos ,  aluminum foil, and other  insulation. The core  of the ca lo r imete r  consis ts  of metall ic  par ts  only and 
has a square  shape outside. The heating trait 3 and the protect ive adiabatic shell 7 are  made of Dural and are  
equipped with a sys tem of grooves  on the la tera l  sur face  in which fiat, two-channel,  porcela in  tubes contain- 
ing Nichrome wire  0.5 mm in d iamete r  are  located. The leads are  doubly wound. The tubes on par ts  3 and 7 
are  fastened with nickel shielding. The heating unit and the shell are  equipped with a sys tem of openings 
through which the coolants are  supplied with the help of connecting pipes 9 and conical funnels. The sys tem of 
openings developed provides sufficiently uniform cooling of the entire core.  The adopted sys tem for cooling 
the ca lo r ime te r  housing and core  proved to be very  efficient. The absence of water  cooling considerably s im-  
plified the construction,  increased  the reliabil i ty,  and made the instrument  self-contained.  In this case the 
t empera tu re  of the ca lo r ime te r  housing was no higher than 65~ during a test  with a core  tempera ture  of 
400~ The t ime for  cooling the core  to - 1 5 0 ~  with liquid nitrogen does not exceed 10-15 rain at a total con- 
sumption of about 2 l i ters .  

The ca lo r ime t r i c  devices of each model differ only in the construct ion of the copper  base  4 on which the 
thermocouples ,  ca lo r imete r ,  and test  specimen are  placed. The base 4 and the heating unit 3 are  connected 
with screws and special  b races  to the lower half of the housing, while the adiabatic shell is connected to the 
upper  moveable part .  The b races  are  used to br ing out the heater  and thermocouple electrodes.  C h r o m e l -  
Alumel thermocuples  0.2 mm in diameter ,  insulated in the hot zone of the core  by ce ramic  tubes about 1 mm 
in diameter ,  a re  used for  the tempera ture  measurements .  Thermocouples 8, sheathed with stainless steel 
tubes, are  used to measure  the tempera ture  of the adiabatic shell. The tubes are  fastened to the base 4 and 
s imultaneously are  the guides for  the shell. All the thermocouples  are  led out through the fixed par t  of the 
core  and are  connected to the cold-junction block. 

In all the inst ruments  a test  is pe r fo rmed  in the following order .  The upper par t  of the ca lo r imete r  
housing is ra ised together with the adiabatic shell. After  the test  specimen is mounted, the core  is cooled 
with liquid nitrogen to the lower tempera ture  level and the heater  is turned on. During the heating the tem- 
pera tu re  level is followed through one of the thermocouples  and measurements  of the neces sa ry  signals are  
made. When the limiting test  t empera ture  is reached,  the core  is turned off and cooled. 

Let us examine the special  features  of the methods and the measurement  c i rcui ts  of the separate  ins t ru-  
ments in more  detail. 

I T - ) ~ - 4 0 0  D y n a m i c  C a l o r i m e t e r  

It is designed to investigate the thermal  conductivity of mater ia l s  with X = 0.1-5 W/m �9 ~ The m e a s u r e -  
ment sys t em differs f rom that known ea r l i e r  in [1, 2] by the use of a metall ic  ca lo r imete r  for  measur ing the 
heat flux enter ing the specimen. Such a solution considerably simplifies the measurement  p rocess  and in- 
c r ea se s  the accuracy,  since the heating rate does not change in this case  and the demands on the mode of op- 
erat ion of the adiabatic shell a re  lowered, while the cor rec t ions  introduced into the calculating equation pa r -  
tially compensate  f o r  each other.  

The tes t  specimen 5 (Fig. 2}, in the fo rm of a disk 15 mm in d iameter  and 0.5-5 mm high with ground 
contact  surfaces ,  is placed between the copper  rod 6 and the copper  contact  plate 10 of the ca lor imeter .  The 
size of the rod is chosen [1] so that its heat capaci ty  c r is at least  5-10 t imes g rea t e r  than the heat capaci ty 
c s of the specimen.  

Fig. 1. General  view of the IT-400 instruments .  
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Fig. 2. Ca lo r ime t r i c  device of the IT-X-400 ins t rument .  

(~/2c r) ~ 0. I. (1) 

The rod is p laced  on two tubes 14 and is t ightened by a spr ing 13 through a shaf t  12. The tubes 14 a r e  
fas tened to the b a s e  and a r e  used  s imtt l taneously for  the p lacement  of the two thermocouples  R. 

In the device  under  cons idera t ion  the c a l o r i m e t e r  is mounted on the copper  ba se  and is built  on the 
s cheme  of an aux i l i a ry  wall.  The working l aye r  of the c a l o r i m e t e r  is  a p la te  11 of 12Kh18N19T steel .  Severa l  
openings a r e  made in the pla te  11 to i nc r ea s e  the t he rma l  r e s i s t a n c e  and lower  the heat  capaci ty  of the work-  
ing layer :  The base  4 and the p la tes  10 and 11 a r e  so ldered  together  with s i l ve r  so lde r  and a r e  equipped with 
a the rmopi le  of Chromel  and Alumel  fo r  m e a s u r i n g  the t e m p e r a t u r e  drop  in the working l a y e r  of the c a l o r i m -  
e t e r .  The tthot vl junctions of the the rmopi l e  a r e  located in the base  4 while the "co ld"  ones a r e  in the plate  
10. The thermocouple  11, used to m e a s u r e  the t e m p e r a t u r e  drop in the spec imen,  is a l so  located in the plate 
10. Adiabatic  condit ions of heat ing of the rod  a r e  mainta ined by the shel l  hea te r  with the help of the rmocouples  
R (in the rod)  and S (in the shel l ) .  An ampl i f i e r  of type UPD1-03, to the output of which an RD-09P2 mo to r  is 
connected,  i s  used  fo r  the regulat ion.  

The equation for  calcula t ing the coeff icient  of t h e r m a l  conductivity without co r r ec t ions  for  nonl inear i ty  
can be obtained f r o m  the equations of heat  ba lance  fo r  the middle l aye r  of the c a l o r i m e t e r  and the t e s t  spec i -  
m e n u  

Q c ( T ' = k c ( t ) ~ c ( ~ ) = ( +  cr Cp -b Cs + Cr) b -- AQ' (2) 

Qs (~ ) -  ~(t) S~s(~)= ~ S ~ / 1 ] b - - h Q  6 T 1 + %  - - ( 2 -  Vs§ (3) 

Here  Qc (T) and Qs(~- ) a r e  the heat  f luxes pass ing  through the middle c r o s s  sect ions  of the c a l o r i m e t e r  and 
the specin~en at a given t ime  T ; 0 c (T) ,  '~S(T), and Or., t e m p e r a t u r e  drops  on the c a l o r i m e t e r ,  the t e s t  spec i -  
men,  and m e a s u r e d  between the rod and the contact  p la te  of the c a l o r i m e t e r ;  6 and S, th ickness  and c r o s s -  
sec t ional  a r e a  of the spec imen;  Co, Cp, Cs, and e r,  total  heat  capac i t i es  of the working Layer of the c a l o r i m e -  
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ter ,  the plate and specimen,  and the rod; b = dt/dT, heating rate;  AQ, heat flux to the rod through the pivots 
due to the nonidentical nature of the thermocouples  R and S and the regula tor  e r r o r ;  k ~ ( t ) ,  coefficient of 
heat t r ans fe r  of the ca lo r imete r .  

In (2) and (3) it is assumed that the ra tes  of heating of the rod, the specimen,  the plate, and the working 
layer  of the ca lo r ime te r  differ insignificantly. An analysis  shows that outside the zones of s t ruc tura l  t rans i -  
tions in a specimen with I kb~l < 0.02 this difference does not exceed tenths of a percen t  [1] (k b = (l/b) (db/dt) 
is the relat ive t empera tu re  coefficient  of var ia t ion of the rod heating ra te) .  

F r o m  (2) and (3), a f ter  s imple t ransformat ions  with allowance only for  t e r m s  of the f i r s t  o rder  of 
smal lness ,  we can obtain 

L (t) -- 6 , Po (t) = --S ~6~ (I ~ a) --- 2Pco n, {4) 
Po(t) kc  ~ c  

cr (5) 
kc -- kc(t) = kc (t) 1 

-2- %+Cp+ c r 

CS 

= 2 (c s + c r) " ( 6 )  

In Eq. (4) 2Poe n and a a re  cor rec t ions  allowing for the thermal  contact  res i s tance  and the nonidentical nature 
of the thermoeouples  R and P, as well as the heat  capaci ty  c s of the specimen. F r o m  the s t ruc ture  of (4) it 
is seen that the cor rec t ions  a and 2Peo n can compensate  for  each other. Calculations show that when 2Poe n = 
(0.5-1) �9 10 -4 m 2 "~ one can choose the specimen thickness so that the total co r rec t ion  does not exceed 1% 
and ean be ignored. In this ease the calculating equation can be simplified considerably:  

~,~t)=,%(t) 8 ~o(~) (7) 
S ~ (~) 

The p a r a m e t e r  ke ( t  ) is a "cons tan t"  of the instrument ,  does not depend on the proper t ies  of the test  
specimen,  and can be determined ei ther f rom tests  with KV quartz glass  as a s tandard heat-conduction sub- 
s tance [3] or  without a specimen,  using the rod as the hea t -capaci ty  s tandard [1, 2]. The p a r a m e t e r  2Peo n is 
de termined in tes ts  with a copper  specimen. 

Thus, to determine the coefficient of thermal  conductivity of a tes t  specimen in a tes t  with continuous 
heating of the core  it is n e c e s s a r y  to measure  the t empera tu re  drop ~ .  and the thermocouple readings de at 
different  t empera tu re  levels t. 

Testing of the descr ibed  sys tem on specimens of plastic and of KV, K8, and TFI g lasses  [3] showed that 
the measu remen t  e r r o r  does not exceed 5-8% in the entire t empera tu re  range f rom - 1 0 0  to + 400~ The 
calculated value of the e r r o r  for ma te r i a l s  with h = 5 W/m "~ is 10% at a probabil i ty of 0.95. 

I T - s - 4 0 0  a n d  I T - a - 4 0 0  I n s t r u m e n t s  f o r  M e a s u r i n g  H e a t  C a p a c i t y ,  H e a t s  o f  P h a s e  
T r a n s i t i o n s ,  a n d  t h e  C o e f f i c i e n t  o f  T h e r m a l  D i f f u s i v i t y  

The metall ic  core  of the IT- s -400  ins t rument  for measur ing  heat capaci ty differs f rom that d iscussed 
in the preceding section only in that the contact  plate 1 of the ca lo r ime te r  is built in the form of a cyl indrical  
ampule (Fig. 3a). The test  specimen 2, 15 mm in d iameter  and 10 mm high, is placed inside the ampule in a 
sliding fit with contact  lubricant,  and the ampule is tightly covered by a lid 3. Two thermocouples  R and U 
a re  mounted in the ampule-plate  and one L in the base for tempera ture  measurements .  The thermocouple R 
is used together  with the thermocouple S in the sys tem for  regulating the tempera ture  of the adiabatic shell. 

The equation for  calculating the heat capaci ty  can be obtained f rom the heat-balance equation 

qc(~) = kc (0 ~)c = (csms + ccon)b (8) 

for  the middle l ayer  of the ca lo r ime te r  plate 4 and has the fo rm 

q ( t ) =  ms b j"  

Here m s is the mass  of the specimen; k e ( t ) ,  coefficient of thermal  conductivity of the ca lor imeter ;  '~e = 
~c (z)  and b = b (r), t empera tu re  difference on the ca lo r ime te r  and the heating rate;  Ccon, total heat capacity 
of the ampule, the lid, and half the working layer  of the ca lor imeter .  
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Fig. 3. Measurement  cel ls  of IT - s -400  (a), 
IT-a -400  (b), and IT -a s -400  (c) ins t ruments .  

Another sys tem is preferable  f rom the point of view of operation. At smal l  ,~ one can change to the 
measu remen t  of the delay t ime v c of the t empera tu re  in the working layer ,  since Oc/b  = T c [1]. Then (9) 
can be represen ted  in a more  convenient form,  

cs(O -- kc(t) (~c_TO)  ' ( lO) 
ms 

while in this case  the determinat ion of the heat capaci ty  comes  down to the measuremen t  in a test  of the de- 
lay t ime T c of the ampule t empera tu re  (U) with r e spec t  to the base (L) at different t empera ture  levels. 

The p a r a m e t e r s  k c ( t)  and T o (t) a re  "constants"  of the instrument,  and the f i r s t  is determined f rom 
tests  with a specimen of known heat capaci ty  (copper,  corundum) while the second is determined with an empty 
ampule. The calculating equations for  them can be obtained d i rec t ly  f rom (!0) .  

In measur ing  the heats of phase t ransi t ions one must  r e c o r d  curves  of ) c  (t) and t U (T) in time. In this 
case  a thermopile  of five to eight junctions must  be mounted in the ca lo r ime te r  to amplify the signal. As in 
other  s imi la r  eases ,  the calculat ion is made f rom the cor responding  a rea  of the curve  of )c(T) and the known 
coefficient  of thermal  conductivity k c ( t ) .  

We note that Eqs. (9) and (10) do not allow for nonlineari ty of the heating or  a tempera ture  dependence 
of the thermophysica l  proper t ies  of the test  specimen. When necessa ry ,  the corresponding cor rec t ions  can be 
found in [1]. 

As shown by investigations of quar tz  glass ,  aluminum oxide ( leucosapphire and s - c o r u n d u m ) ,  and 
12Khl8N9T steel, the e r r o r  in measur ing  heat capaci ty  does not exceed 3-5% in the ent ire  working tempera-  
ture range. 

The internal  construct ion of the metall ic  core  of the IT-a -400  ins t rument  for measur ing the coefficient 
of thermal  diffusivity of thermal  insulators  and semiconductors  with k = 0.1-5 W/re" ~ is shown in Fig. 3b. 
A method of monotonic symmet r i ca l  heating of the plate analogous to that of [2] is used in the instrument.  The 
only differences involve the s t ruc tura l  working out of the ca lo r ime te r  and a re  di rected at simplifying the ad- 
jus tment  and increas ing the accuracy  and rel iabi l i ty of the measurements .  

The tes t  specimen 1 (Fig. 3b), in the form of a disk 15-20 mm in d iameter  and 6-12 mm high with an 
opening at the center ,  is placed between the lower moveable plate 2 and the upper contact plate 3. The copper 
base 4 is fastened to the hea ter  unit and contains an eccentr ic  5 and a cyl indrical  pin 6. With the help of the 
la t ter  the lower contact  plate can be moved within l imits  of 0.5 mm in the ver t ica l  direction, regulating the 
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the rmal  contact  between the plate 2 and the base  during the adjustment.  Symmet ry  of the heating of the test  
specimen is thereby assured.  After  the adjustment the position of the eccentr ic  is fixed with se tscrews.  

The upper contact  plate 3 is made in the fo rm of a hollow cylinder,  the inner surface of which is in con- 
tact  w i th the  base 4 in a sliding fit. A locking contact  7 with a screw,  by which the specimen is pr ied off of the 
plate af ter  a test, is located on the end of the plate 3. 

There  are  four thermocouples  in the device for  t empera tu re  measurements .  One of them (L) is mounted 
in the lower  plate, another (R) in the specimen,  and two thermocouples  (U) are  located inside the tubes 8, 
which a re  fastened to the base 4 and are  s imultaneously used as guides for  the upper plate 3. Adiabatic condi- 
tions between the shell  and the plate 3 a re  maintained by the shell heater  with the help of one thermocouple U 
and the thermocouple  S in the shell, which improves  the s y m m e t r y  in heating the specimen and increases  the 
measu remen t  accuracy.  In the p rocess  of heating the t empera tu re  is followed f rom the middle thermocouple 
in the specimen,  and the delay t imes ~UR and TLR of the tempera ture  of the middle point R behind the tem-  
pe ra tu res  of the upper U and lower L contact  plates a re  measured  at different levels.  

The coefficient  of thermal  diffusivity is calculated f rom an equation analogous to that of [2 ]: 

62 

a( t )= (VUR_~ Xi.a ,~o I ( 1 - - % - 7 % ) ,  (11) 

(R_) 2 _____Bi , ~  = 213t, Bi--  aR Go, = 2 . 2 + Bi ;~ (12) 

Here 26 and 2R are  the thickness and d iamete r  of the specimen;  ~( t ) ,  coefficient of heat exchange at its 
la tera l  surface;  70(t), co r rec t ion  for contact  thermal  res i s tance  and for the nonidentical nature of the thermo-  
couples (it is de termined as a "constant" in a test  with a copper  specimen) ; fl and ~, tentative values of the 
coefficients of l inear  expansion and thermal  conductivity of the specimen; a~ and a/~, cor rec t ions  for  la tera l  
heat exchange and l inear  expansion of  the specimen. 

Testing of the sys t em on s tandard specimens [3] showed that, as in the ins t rument  of [2], the e r r o r  
does not exceed (3-8)% in the ent ire  t empera ture  range. 

I T - a s - 4 0 0  I n s t r u m e n t  f o r  C o m p r e h e n s i v e  I n v e s t i g a t i o n  o f  t h e  T h e r m o p h y s i c a l  
P r o p e r t i e s  o f  M e t a l s  

The basic configuration of ins t ruments  for  determining the thermal  diffusivity and heat capaci ty  of ma-  
ter ia ls  with k = 5-100 W/m "~ K is analogous to that d iscussed  in [4] and is shown in Fig. 3c in application to 
the basic  model of the unified IT-400 instrument.  The test  specimen 1, 15 mm in d iameter  with two radial  
openings 1 mm in d iamete r  near  the end  surfaces ,  is placed on the base 2 with the ca lo r imete r  3, s t ruc tura l ly  
s imi la r  to those of the IT-X-400 instrument.  Two movable thermocouples L and U, sheathed by stainless 
steel  tubes 4, a re  inser ted  in the specimen. The height of the specimen is chosen as a function of its thermal  
conductivity: 20-25 m m  for  ~ = 5-15 W/m.~ 25-30 m m  for ~ = 15-50 W/rn.~ 30-35 mm for  ~ = 50-100 
W/m ~ In a test  the ca lo r ime te r  signal ~c, the specimen heating rate  b ( ~ ) ,  and the delay t ime ~UL at the 
point U relat ive to the point L are  measured  at different t empera ture  levels in the p rocess  of heating. Adia- 
batic conditions for the open surface of the specimen a re  maintained by the shell heater  with the help of 
thermocouples  U and S. 

The quantities a (t) and c(t) being determined a re  calculated f rom the equations [4] 

h ~ - - h ~  (1 ~ - ~  ' %), (13) 
a (tj 2 (zLU - -  %) ~- 

i [ k(rt eo-c*](I-2o I, (14) 
m s b j 

1 ctd H z 
% = 213t, c%, - -  

3 ~ d z (15) 

Here h L and h U are  the dis tances f rom the upper end of the specimen to the axes of the openings;  m s, d, 
and H, mass ,  d iameter ,  and height of the specimen; kc(t ), hea t - t r ans fe r  coefficient of the ca lor imeter ,  W/mV; 
1-0, c* ,  aez , and a~, co r rec t ions  allowing for the nonidentical nature of the thermocouples (%), la tera l  heat 
exchange of the specimen (e*, a s ) ,  the heat capaci ty Ceo n of the working layer  and that of the contact  plate of 
the ca lo r ime te r  (c*), and the l inear  expansion ~fl of the specimen;  k and fi, tentative values of the coefficients 

245 



of t h e r m a l  conductivi ty and l inear  expansion of the spec imen;  a ( t ) ,  hea t -exchange  coeff icient  at the l a t e ra l  
su r f ace  of the spec imen.  It  m u s t  be  noted that  the role  of the c o r r e c t i o n  is d i f ferent  in (13) and (14). Fo r  ex-  
ample ,  the c o r r e c t i o n s  a s b e c o m e  apprec iab le  only for  t e m p e r a t u r e s  above 200~ and for  m a t e r i a l s  with 
)~ -> 30 W/m �9 ~ t h e y  can be ignored a l together .  The c o r r e c t i o n  e* depends on the nonidentical  na ture  of the 
the rmoeoup les  U and S; it  m a y  be equal t o  ze ro ,  but i t  m u s t  be  de t e rmined  upon each  change of the rmocouples .  
The p a r a m e t e r s  kc( t ) ,  c*, and v0 a r e  de t e rmined  f r o m  ca l ib ra t ion  t e s t s  with copper  spec imens  (solid or  
hollow) and a r e  ca lcula ted  f r o m  the equat ions 

- ( 1 6 )  z0 --=- T[U 2a r , 

csms,zbr - Csms, pbp (17) 
k r (t) = ~9.r c -  Op 

kc~c (18) 
C* (t) = br csms, r. 

Here  the indices r and p r e f e r  to values  de t e rmined  in t e s t s  with solid and hollow copper  spec imens ,  r e -  
s p e c t i v e l y .  

The m e a s u r e m e n t  e r r o r s  for  the I T - a s - 4 0 0  in s t rumen t  do not exceed  1-3% for  heat  capac i ty  and 3-8% 
for  the coeff ic ient  of t h e r m a l  diffusivi ty,  depending on the t h e r m a l  conductivi ty of the t e s t  ma te r i a l .  

In conclusion,  we note that  the s y s t e m s  d i scussed  a r e  f a r  f r o m  exhaust ing the poss ib i l i t i es  of the IT-400 
unified model .  I t  appea r s  that  o ther  i n s t rumen t s  can a lso  be  c r e a t e d  on i ts  ba s i s  with some  additions,  p a r t i cu -  
l a r l y  fo r  the comprehen i s ive  inves t igat ion of s emiconduc to r s ,  d i f ferent ia l  t h e r m a l  analys is ,  the de te rmina t ion  
of l i nea r  expansions ,  the invest igat ion of the t he rmophys i ca l  p r o p e r t i e s  of liquids and gases  a t  s tandard  p r e s -  
s u r e s ,  etc.  

Al l -Union State Standard 23630. 1-79-23630. 3-79 " P l a s t i c s .  Methods of de te rmin ing  the rmophys ica l  
c h a r a c t e r i s t i c s  in the t e m p e r a t u r e  range  f r o m  minus 100 to plus 40 f fC"  was developed on the bas i s  of in s t ru -  
ments  of the IT-400 s e r i e s .  

The in s t rumen t s  will be  produced c o m m e r c i a l l y  by the Aktyubinsk Ins t rumen t  Repa i r  Fac tory .  
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