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The methods elaborated for the thermometric determination of the component 
to be analyzed in samples containing several interfering components are described. 
The following possibilities have so far been found for performing the determinations: 
The application of selective or partially selective reactions. Increasing the selectivity 
of the reactions by masking the interfering components. Increasing the selectivity 
of the reactions by utilizing the differences in behaviour of the various components 
towards the reagent, as for instance, differences in solubility, in stability constants, 
in the variation of the stability constants with pH, in the reaction rate. The use of 
indirect methods. Finally the correction of the interfering effect of certain components 
by calculation in the case of binary and multicomponent systems. 

The direct-reading thermometric method is a relative method, since the results 
are evaluated by means of a calibration graph established with model solutions 
[ 1 - 4 ]  of known composition or, when using special equipment, with known 
standards [5, 6]. Methods of this type are suitable mainly for serial analyses; 
the time expended on standardization and calibration is recovered only in the 
analysis of several samples. Many components may be determined quickly by the 
direct-reading thermometric method which in its present form is a rapid method 
for industrial serial analysis [7, 8 ]. Samples analysed in plant laboratories usually 
contain several components. Since rapidity is the chief advantage of the methods, 
the analyses should be carried out so as to permit the determination of various 
components as far as possible without separation. Bdow we give a detailed de- 
scription of the possibilities of  thermometric determinations without separation. 

The basic principle of thermometric determinations carried out in the presence 
of other components is very simple. We have to use reagents which react selec- 
tively with the component  to be determined. The determination of various elements 
has to be accomplished as otherwise the method is incapable of general application. 
Below we shall give a detailed description of various methods to be used in a 
given case. 

Almost all types of  reaction may be used successfully as the measured reaction 
in thermometry, as for instance the formation of a precipitate, reduction-oxidation 
reactions, complex formation, addition, double decomposition etc. [9 -13 ,  30, 
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31]. The chosen reactions must usually be modified, however, according to the 
requirements of thermometric analysis. Below we present some examples as a 
practical illustration. 

Determinations based on the formation of precipitates 

The determination of barium may be achieved via the formation of a precipitate, 
of  barium sulphate [5]; this is accompanied by the evolution of a significant heat 
of reaction which permits the thermometric determination of barium; using this 
reaction it is possible to determine barium in almost all types of material. 
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Fig. 1. Calibration graphs for the evaluation of the BaO content. 1) 1 ml, 2) 2 ml, 3) 5 ml 
sulphuric acid (specific gravity 1.3) 

The precipitation of barium sulphate does not proceed instantaneously (this is 
also the case in other precipitation reactions) especially when the concentration 
of barium ions in the solution is low. Therefore a barium sulphate suspension is 
added to the solution before the determination to provide crystal nuclei which 
strongly accelerate the process. In the case of a prolonged reaction the effects of 
the environment must be taken into account since it is impossible to insulate the 
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system from its environment for a long period with regard to heat transfer. Hence 
one must endeavour to increase the rate of reactions. 

The chosen example is also suitable for illustrating the interfering effects of 
subsidiary reactions and the methods of their elimination. 

When sulphuric acid is used as precipitant the heat of  hydration of  sulphuric 
acid has to be taken into consideration in addition to the heat of precipitation 
of barium sulphate. It is easy to see that the heat of hydration, which is indepen- 
dent of  the barium concentration of the solution, will always be constant if the same 
volume of sulphuric acid of the same concentration is used for each determination. 
In this case the calibration curve established for the evaluation of the barium 
content will not pass through the origin of coordinates. The results may be 
evaluated from the calibration graph only as long as the same volume of sulphuric 
acid of the same concentration is used for analysis as has been used to establish 
the calibration curve. Any variation of the concentration or volume of sulphuric 
acid will cause a parallel shift of the calibration curve (Fig. 1). 

When the volume and the concentration of the reagent are held constant and 
the results are evaluated from the calibration graph, this type of subsidiary re- 
action will cause an error only if the temperature variation of the sample solution 
caused by subsidiary reactions is excessively high (e.g. if it amounts to more than 
1 0 - 2 0  % of the scale of the reading instrument)Sin this case the addition of one 
drop more or less of the reagent will produce a temperature variation which may 
surpass that caused by the main reaction in the sample solution. Therefore it is 
best in thermometric analysis to use a reagent for which no heat of  dilution can be 
observed, or perhaps with a decreased amount  of heat of dilution. The heats of  
dilution may be compensated by chemical methods or by means of a suitable 
measuring technique. If  the heats of  dilution of the reagents are too high, they 
may be compensated most expediently by chemical means. 

The compensation of the heat of dilution by chemical means [5, 6] 

Reagents for which no heat of dilution can be observed are generally binary 
systems, e.g. sulphuric acid and ammonium sulphate. It is easy to see that there 
must exist a certain sulphuric acid to ammonium sulphate ratio in which the heat 
of hydration of sulphuric acid and the heat of dissociation of ammonium sulphate 
exactly balance when the solution is mixed with a medium of a given composition. 

Smaller amounts of heats of dilution may be compensated by means of a suit- 
able measuring technique [14, 15]. One of these uses the method of thermometric 
difference measurement. This consists in preparing a blank solution which con- 
tains all the reagents occurring in the sample solution except the component to be 
determined. During analysis the same volume of reagent of the same concentration 
is added to both the sample and the blank solution. This addition produces 
in the sample solution both the main reaction and the subsidiary reactions, but 
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in the blank solution only the latter. The temperature variations of the solutions 
are measured by separate thermistors which are interconnected so that the tem- 
perature differences caused by the subsidiary reactions compensate each other. 
The result of the measurement is the temperature difference of the main reaction. 
This method is often better than the one mentioned above (use of reagents for 
which no heat of reaction can be observed) since the exact compensation of the 
heats of dilution requires a relatively long time; this latter method, however, 
requires only reagents with reduced heats of dilution which are easy to prepare; 
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Fig. 2. Calibration curve for the evaluation of the BaO content (heat of dilution of sulphuric 
acid compensated for) 

the residual heats of dilution are compensated by the techn,que of measurement. 
This compensation may be carried out in other ways also, e.g, by shifting the scale 
of the sensing instrument, as has been described in detail in a previous publi- 
cation [13]. After the compensation of the heats of reaction the calibration curves 
pass through the origin of coordinates (Fig. 2). 

The method described above has often been applied successfully in thermo- 
metric analysis. The application of many selective reagents (especially organic 
ones) has been hindered, however, by the fact that we have been unable so far 
to compensate their heats of solvation or hydration, or to reduce them to an 
acceptably low level. 
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The application of oxidation-reduction reactions 

The possibilities of applying oxidation-reduction reactions will be illustrated 
by the example of the determination of iron and manganese. 

For the determination of iron a suitably modified form of the Z immermann-  
Reinhardt method may be used [5, 16]. Hydrofluoric acid is usually added to 
the sample solution to transform iron(II) to a fluoro complex which prevents its 
oxidation by atmospheric oxygen. The solution prepared in this way is placed 
in the measuring cell and iron(II) is oxidized to iron(III) by a suitable selective 
oxidant; the temperature variation of the sample solution is observed. We have 
found ammonium persulphate to be the most suitable selective oxidant, but in 
some cases hydrogen peroxide may be used equally well. Potassium permanganate 
solution cannot be used, since the reagent must always be used in excess in thermo- 
metric analysis and any excess of potassium permanganate will react with hydro- 
chloric acid in the solution at a measurable rate, thus rendering the end point of  
the reaction rather indefinite. The above method permits the determination of 
a 50% iron content in iron ores with an absolute error of _+0.2%. 

In the analysis of iron a selective oxidant was needed to oxidize iron(II); con- 
versely in the determination of manganese according to Procter-  Smith, formalin 
solution was found to be a selective reductant [17]. Manganese(VII) ions are 
reduced selectively by formalin solution in the presence of chromium(VI) and 
vanadium(V) ions and the thermometric manganese determination developed 
on this basis may be used just as extensively as the original Proc te r -  Smith method. 

The application of complexing agents 

Our investigations have shown that most of the problems in direct thermometry 
may be solved with complexing agents. Inorganic ligands are especially significant 
in this respect and among them the most important is the fluoride ion. Our tests 
have shown that ftuoro complexes will play a similarly important role in analysis 
(by way of the thermometric methods) as do iminoacetic acids among organic 
complexants in volumetric analysis. 

As an example of the application of inorganic complexing agents silicic acid 
may be determined thermometrically in almost all types of material in the form 
of the complex K2SiF6, just as copper may be determined at pH 6 - 7  with 
the organic complexant thiourea in the presence of almost all cations [12, 18]. 

Partially selective reactions 

The methods described above are so selective that their application permits 
the determination of the component in question in the most varied types of ma- 
terial by the same working method. However, it is not possible to find such a 
selective method for every component. In such cases different reactions are used 
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for determining the same component in different types of material, and the re- 
action is selected to exclude any interference by at least those components which 
may be counted upon to be present in this type of material. E.g. the determination 
of boric acid in plating baths may be carried out with hydrofluoric acid [6], since 
the bath does not contain any component which reacts with hydrofluoric acid; 
the determination of boric acid in glasses may be carried out with mannitol [19], 
since the presence of SiO2 and A12Oa in the glass hinders the determination of 
boric acid with hydrofluoric acid. 

Increasing the selectivity of reactions 
by masking the interfering component 

If no suitable selective reaction can be found for determining some component 
without any side effects from the components present in the solution, the reaction 
may be rendered selective by masking the interfering components. E.g. molybde- 
num may be determined very easily thermometrically with hydrogen peroxide. 
Various alloys, however, very often contain significant amounts of titanium in 
addition to molybdenum and this also reacts with hydrogen peroxide. Titanium(IV) 
ions in an acidic medium form a stable complex with hydrofluoric acid; thus they 
may be masked with respect to hydrogen peroxide and molybdenum may be de- 
termined thermometrically with hydrogen peroxide in the presence of titanium 
and hydrofluoric acid [20]. 

In certain cases there are several components in the solution which hinder the 
reaction chosen for determining the respective component and these cannot be 
masked by a single reagent. For instance potassium cyanide has been found to be 
the most suitable reagent for the determination of zinc in manganese-zinc ferrites. 
Potassium cyanide, however, also reacts with iron(IIl) and manganese(II) ions 
and so these have to be masked. Zinc determination may be carried out with 
potassium cyanide if iron is masked with tartaric acid and manganese with 
EDTA [21]. 

The application of complexants also increases the selectivity of many oxidation- 
reduction reactions. For instance it is possible to determine thallium(III) in the 
presence of almost all cations thermometrically and selectively, if the cations 
present besides thallium([II) [e.g. iron(Ill)] are transformed into complex com- 
pounds with EDTA at pH 4 - 5 ,  after the formation of the metal chelates 
sodium sulphite solution is added as reagent to the sample solution to reduce 
thallium(Ill) selectively to thallium(I) with the evolution of a significant amount 
of heat of reaction [12, 22]. 

The sufficient precondition of selectivity 
in the case of binary systems 123] 

Masking of the interfering ions is not always possible, but it is not always 
necessary. This is often the case in the analysis of binary systems, i.e. those types 
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of material in which the sum of the concentrations of the two main components 
approaches 100~ and other possible components occur only as contaminants. 
Such materials are, for instance brass, which consists of copper and zinc; and 
calcined limestone, which may be regarded as a mixture of calcium oxide and 
calcium carbonate according to the degree of calcination. 

In binary systems (as will be shown below) the concentrations of both com- 
ponents may be determined thermometrically from a single measured value if 
both components react with the applied reagent and the temperature variations 
produced by the same concentrations are different for the two components. 

For instance, brass is dissolved and the sample solution suitably prepared. 
Potassium cyanide is added to react with both copper and zinc. The relationship 
between the temperature variation measured and the copper and zinc content 
of the sample can be expressed by the following equation: 

( 1 0 0  - a) AT,~ a AT1 + AT  (1) 
100 t00 

where a is 
(100 - a )  is 
AT1 is 

AT2 is 

AT is 

the percentage copper content of the sample, 
the percentage zinc content of the sample, 
the temperature variation which would be obtained on 
analyzing a sample containing 100K copper, 
the temperature variation which would be obtained if the 
sample contained 100K zinc, 
the temperature variation obtained in the analysis of the 
sample containing a ~ copper and (100 - a) ~ zinc. 

From Eq. (1) the percentage copper content of the sample is given by the 
following expression: 

A T - A T 2  
a = 100  (2 )  

A T 1 - A T  2 

The analysis of Eq. (2) shows that the value of a can be calculated from the 
measured data when 

A~ ~ aT~ 

Thermometric analysis may be carried out the more accurately the larger the 
difference between A T  1 and AT, 2. 

The efficiency of limestone calcination is just as easy to control on the basis 
of the temperature variation obtained in consequence of the evolution of the heat 
of neutralization during the dissolution of the limestone sample in hydrochloric 
acid. 
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Possibilities of  evaluating the results 

when non-selective reagents are used 

The masking of the interfering components, however, does not always yield 
the necessary results. For instance, if silicic acid is determined with hydrofluoric 
acid in the presence of aluminium and titanium, all three components will react 
with hydrofluoric acid and produce a significant amount of heat of reaction. In 
this case it is impossible to mask titanium and aluminium, since there is no known 
complexing agent which produces more stable complexes with these ions than 
does fluoride. However, thermometric analysis can be carried out in this case 
too. There are two possibilities: 

1) the use of corrections, 
2) the separation of the interfering components. 
ad 1) The method of applying corrections is useful when the heat effect pro- 

duced by the interfering components is significantly less than the heat effect due 
to the component to be determined. If it is larger than, or equal to, the main heat 
effect, the correction usually introduces a rather large error in the analysis which 
surpasses the error permitted in the determination. The cases where correction 
is permitted may be classified into two groups: 

A) The disturbing components and the components to be determined are present 
in varying concentrations. The determination of the SiO2 content of blast furnace 
slags may serve as an example [5]. Blast furnace slags contain generally 30-45 % 
SiO2, 5 -15  ~ A120 a and 0 - 2 %  TiO2. When hydrofluoric acid is used as reagent 
for determining the SiO 2 content, all three components will react with it and the 
sum of the temperature variations produced is measured during analysis. A cor- 
rection may be introduced, however, for the temperature variation due to the inter- 
fering components and thus it is possible to calculate the temperature variation 
produced by the main component. We must know 

a) the concentration of the perturbing component, or, if we determine it by 
some independent reaction (e.g. with H202 for TiO2), 

b) the percentage of the component to be determined corresponding to the 
temperature variation produced by 1 per cent of the disturbing components. 

In the present case for instance: 
the temperature variation produced by 1% AlzO3 corresponds to 0.22% SiO2, 

and the temperature variation produced by 1% TiO2 corresponds to 0.29 % SiO2. 
Hence it is possible to determine the SiO2 content of blast furnace slags with 

hydrofluoric acid. 
B) The concentration of the interfering component is constant. This case is more 

simple than that described in A) since the temperature variation produced by 
the interfering component present in a constant concentration may be regarded 
as constant; when the calibration graph is established with the aid of standard 
samples of the same type it will already include the correction. 

The determination of the Si content of cast iron is presented as a relevant 
example [15]. The iron content of cast iron may be regarded as constant to within 
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1 to 2 per cent. When hydrofluoric acid is used as reagent to determine the silicon 
content, both the silicon and the iron contained in cast iron will react with it. 
The temperature variation produced by a 1% iron content, however, corresponds 
only to a temperature variation produced by 0.08 % Si. Thus a variation of the 
iron content of 1 to 2 per cent only produces a fluctuation of the silicon content 
of 0 .01 -  0.02 per cent. It is not necessary to apply a separate correction for this; 
if the calibration curve is established with cast iron samples of known Si content, 
it will include the necessary corrections. Many similar cases may be encountered 
in direct thermometry. 

ad 2) The determination of the A120 a content of cements [24] is given as an 
example of the separation of the interfering components. 

Cements usually contain 4 - 5  per cent AI20 3 besides about 20 per cent SiO2. 
Our tests yielded the result that the thermometric determination of both aluminium 
and silicic acid is accomplished most easily with hydrofluoric acid. The heat 
effect due to 20 % silicic acid is, however, much larger than that produced by 5 per 
cent A120 a. Therefore we have found that A120 a may be determined reliably only 
when it is separated from silicic acid. The latter is dehydrated with sulphuric acid 
and filtered off; AI203 may be determined accurately in the filtrate. 

Various possibilities for increasing the selectivity 
of the reaction used 

The possibilities are the following: differences in solubility, in stability, in the 
behaviour as a function of pH, and in the rate of formation. These may be il- 
lustrated by some practical examples. 

a) The use of differences in solubility [25] 

The fluoro complexes of various metals give salts of various solubilities with 
alkali and alkaline earth metals. The least soluble of these is potassium hexa- 
fluorosilicate. This observation may be applied to the selective determination 
of SiO2. In practice the sample is dissolved in hydrofluoric acid with the trans- 
formation of SiO 2 to H2SiF6, while the disturbing components (e.g. A1203 and 
TiO2) yield the fluoro complexes H3A1F 6 and H2TiF 6. A solution of potassium 
chloride is added to precipitate K2SiF 6 from the mixture of fluoro complexes 
with the evolution of a significant amount of heat of reaction. This method is 
suitable for determining the SiO 2 content in the presence of A120 a and TiO 2 
directly, without any separation or correction. 

b) Utilizing the dependence of the stability of complexes on the pH 

As a practical example we give the thermometric determination of A120 3 
in the presence of silicic acid and TiO z without any separation [26]. 
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The reaction of neutral aluminium hydroxide with potassium or sodium fluoride 
produces free sodium hydroxide. This reaction shows that the fluoro complex 
of aluminium is stable even in a relatively strongly basic medium. The fluoro 
complexes of other metals are hydrolyzed under similar conditions. This reaction 
is therefore applicable not only to the selective qualitative detection of aluminium 
but also to its selective quantitative thermometric analysis. In practice the AI203 
precipitate is deposited from solution at pH 7 and a mixture of sodium car- 
bonate and bicarbonate is added to the solution as a buffer. When a solution of 
potassium fluoride is added to the prepared sample solution it reacts with alu- 
minium hydroxide with the formation of free potassium hydroxide; this im- 
mediately reacts with bicarbonate with the evolution of a significant heat of re- 
action. Since silicic acid and titanium do not yield this reaction, aluminium 
may be determined in their presence. 

c) Utilization of the differences in reaction rate 

Jordan and Billingham [27] were the first to employ this possibility when they 
developed the thermometric titration of calcium with ammonium oxalate in the 
presence of magnesium ions as a result of their observation that oxalate ions react 
more rapidly with calcium than with magnesium ions. They very aptly named 
this method of separation kinetic masking. They used the more rapidly proceeding 
reaction for analytical purposes; below we present an example for the application 
of the slower reaction [29]. 

The determination of A1203 in cements and blast furnace slags without sepa- 
ration is a suitable example. We have found that aluminium ions form a readily 
acid-soluble calcium fluoroaluminate complex with hydrofluoric acid in the pres- 
ence of a large excess of calcium ions. On the addition of potassium ions the com- 
pound CaKA1F6 is precipitated. The precipitation, however, does not take place 
instantaneously. The rate of precipitation may be controlled by the amount of 
potassium chloride added. The reaction starts at a measurable rate within 3 to 
4 minutes after the addition of potassium salt. If SiFt- ions, which react in- 
stantaneously with potassium ions, are also present in the solution, two heat steps, 
definitely separated in time, are obtained; the first step corresponds to the forma- 
ation of K2SiF6 and the second to the formation of CaKAIFr; in this way AlzO3 
may be determined in cement and blast furnace slag on the basis of the difference 
of precipitation rates without any further separation. 

The methods described above are direct methods of analysis for several com- 
ponents present in the same solution. However, in thermometric analysis we 
often employ indirect methods. 

Molybdate ions form a complex with peroxide, in a medium containing nitric 
acid, with the evolution of a significant heat of reaction. Molybdate bound in 
the ammonium phosphomolybdate complex does not produce this reaction. 
If varying amounts of phosphate are precipitated with a fixed excess amount 
of molybdate solution of the same concentration, then the addition of hydrogen 
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peroxide to the solution without any preliminary filtration of the precipitate 
yields a temperature variation which is the smaller the higher the original phos- 
phate=ontent of the solution since less free molybdate ions remain in solution. On 
measuring the temperature variation of t he solutions after the addition of hydrogen 
peroxide the phosphate content of the sample may be determined indirectly with 
the aid of a calibration curve established under similar circumstances [9]. 

The ammonia content of ammonium salts is also easy to determine by an in- 
direct method [28]. In practice the weighed sample is dissolved and neutralized 
and a constant excess of sodium hydroxide is added to the neutral solution. 
This liberates the ammonia which may be eliminated by boiling for 4 to 5 minutes. 
When no traces of ammonia can be found in the fumes with an indicator paper, 
the solution is cooled, placed in the measuring cell and neutralized by the addition 
of excess nitric acid or perchloric acid. The heat of neutralization obtained in this 
reaction is smaller the more the ammonia is eliminated from the solution by 
boiling. This permits the determination of the ammonia content by an indirect 
method. 

Thermometric methods may also be utilized in organic analysis [11, 12]. For  
instance formalin reacts in a basic medium with potassium cyanide, permitting 
its rapid and simple determination; similarly phenol can be determined by its 
reaction with bromine water, and urea by its reaction with nitrite in acidic solu- 
tions. 

In inorganic analysis this method is of general usefulness already, since it 
permits very complicated analyses such as those of metals, ores, socks or silicates. 
Each component is analyzed thermometrically without filtration or other sep- 
aration. Thus the results require very little manual work, the methods may be 
accelerated further and will require even less work, when several components 
are determined consecutively in the same sample solution by a combination of 
the methods described above. These possibilities will be discussed in detail in 
the near future. 
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Rs - -  On a appuy6 par  des exemples les possibilit6s de dosage thermom6trique d 'un  
const i tuant  dans une solution contenant  plusieurs ions g~nants. Le dosage pent s'effectuer 
/t l 'aide de r6actions s61ectives ou partiel lement s61ectives. On peut  am61iorer la s61ectivit6 
en masquant  les const i tuants  g~nants. Un  autre moyen d'am61iorer la s61ectivit6 consiste 

met t re / t  profit des diff6rences individuelles dans le compor tement  des diff6rents const i tuants  
vis-5.-vis d 'un  r6actif. Telles sont les diff6rences dans les valeurs des constantes de stabilit6 et 
dans la variat ion de ces valeurs en fonction du pH. Finalement,  dans certains cas, on peut 
61iminer par  le calcul les effets g~nants des syst6mes contenant  deux ou plusieurs constituants.  

ZUSAMMENFASSUNG. - -  An 13eispielen wurden die M~3glichkeiten der thermometr ischen Be- 
s t immung einer Komponente  in mehrere st6rende Komponen ten  enthal tender  L6sung ge- 
zeigt. Hierbei kann  man selektive oder teilweise selektive Verfahren anwenden. Die Selektivit/it 
kann  durch Maskierung der s t6renden Komponen ten  erh6ht  werden. Es 1/il3t sich eine ver- 
besserte Selektivit~it erzielen, indem man die individuellen Differenzen der verschiedenen 
Komponen ten  gegeniJber einem Reagens ausniJtzt, wie z. B. Differenzen in L6slichkeit, in 
den Stabil i tgtskonstanten und deren AnderuFlg im pH-Wert.  Die s t6renden Einwirkungen 
k6nnen  in gewissen F/illen bei aus zwei oder mehr Komponen ten  bestehendeFl Systemen 
auch rechnerisch korrigiert werden. 

Pe3roMe.  - -  OiiHcaHr~i MeTO]IbI o n p e ~ e s l e n r t z  TepMOMeTprt'~ecKrtM CIIOCO~OM KOMFIOHeHTfl, 

~axo/i~nllerocn B arlaJIrI3vlpyeMblX o6pa3IIax, B npIIcyTCTBIHI, I I-IeROTOpbIx MetliarolItHX I~OMnO- 
HeHTOB. f(O CHX FlOp ~IJIJ:l BblnOYlHeHHfl p a 6 o T  TaKOFO x a p a K T e p a  I, IMeJtltCb c2Ie/ lyIonlne BO3MO~- 

FIOCTCm I7lprIMeneHrle t,I3~l?IpaTeJIbHblX H ~IaCT~IqHO ~I36~paTeJII, Ht,IX peaKIII, tfi. I]OBblmeHlgte I~3- 
6HpaTeJIbHOCTVI peaI~UrlfI M a c r n p o B K o ~  Metl iaoontHx KOMUOHerITOB. HoBb~merlr le  ~I36rlpaTeJIb- 

HOCTH peai~Iin~ rlCnOJIb3OBaHI,leM pa3JIHqHfI B noBe~eHHrt  KOMUOHeHTOB nO OTHOmeHHrO I~ p e a -  
re r lTy,  HalIpHMep pa3HrlIIa  n o  paCTBOpHMOCTrI, nO IIOCTOItHHI~IM CTa6HJII~HOCTH, 170 rt3MeHeH!4IO 

IIOCTO~[HHbIX cTa6VlYlbHOCTH B 3aBHClIMOCTIeI OT p H ,  r io CKOpOCTH peaKilrlri .  I/ICFIO:II~3OBaHHe 
KOCBeHHblX MeTOJIOB It HaKOHelI, pacqeTHble  nonpaBKr i  r la  M e m a i o m r t e  3qbqbeKTbI, 0 6 y c n o B n e n -  

Hble HeKOTOpbIMI4 KOMnOHeHTaMtt, B c J lyqae  6rlHapHblX n MHOFOKOMIIOHeHTHI, IX CHCTeM. 
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