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THE INTERNATIONAL SYSTEM OF UNITS 

EDITORIAL ANNOUNCEMENT 

SCIENTISTS and engineers concerned with nu- 
merical work in the field of heat and mass trans- 
fer have to familiarize themselves with a great 
variety of units. There are only two major sys- 
tems, usually called “British” and “Metric”, 
but within each system many different units are 
in use for the same quantities; there is no uni- 
formity as to the choice of the hour or the second, 
the foot or the inch, the calorie, kilocalorie or 
joule, the British thermal unit or the Centigrade 
heat unit, the normal atmosphere or the technical 
atmosphere, the pound-force or the poundal, and 
so on and so on. This problem of units adds 
quite substantially to the difficulty of the subject. 

the International System-has emerged. It ap- 
pears to have every prospect of being adopted 
throughout the world, and of eventually super- 
seding all others, in every branch of science, 
engineering and commerce. The Editors have 
naturally observed this development with great 
interest; and have now agreed that the time has --am--- ------ 
come to announce their full support for the 
International System and their hope that authors 
will use it increasingly in the future. A statement 
to this effect will be included in the General 
Information for Authors which appears in every 
issue of the Journal. The purpose of the present 
article is to draw attention to this development, 
and to provide certain basic information about 
the International System for future reference. 

The system is a logical development of the 
metre-kilogramme-second system (MKS) which 
began to gain popularity early in the present 
century. In 1935, the International Electro- 
chemical Commission (I.E.C.) accepted the 
recommendation of Professor Giorgi that this 
system of units of mechanics should be linked 
with the electro-magnetic units by the adoption 

of any one of the latter as a fourth basic unit. 
In 1950 the I.E.C. adopted the ampere as the 
fourth basic unit, giving the MKSA or Giorgi 
system. 

The tenth Conference GCnCrale des Poids et 
Mesures (C.G.P.M.) in 1954 adopted a system 
of units based on the four MKSA units, the 
degree Kelvin as the basic unit of temperature 
and the candela as the unit of,luminous intensity. 
The eleventh C.G.P.M. in 1960 [l] formally 
gave it the full title “Systeme International 
d’UnitCs”, for which the abbreviation is SI in all 
languages. 

The SI units have now been adopted by the 
~,t,..,,+:,,,, fi..,,,:..,+:,, F,... Q&,...A,...l :-,.+:-- Illlell,aL‘“l,dl “lg;alllsau”ll ,“I 3LilllLlillU1SilLl”ll 
(I.S.O.) and the I.E.C. They have been given legal 
force in France and have been recommended 
by the national standardizing bodies in many 
countries. All other units are now defined in 
terms of SI units, which are therefore really the 
basic units even in countries where they are not 
vet nnnulsr -I-- I--I-----. 

In addition to having the obvious advantage 
of offering a real prospect of uniformity, the 
International System will be found superior to 
any other in current use, because it is a com- 
pletely “coherent” system. In such a system the 
product or quotient of any two unit quantities 
leads to a unit of the resultant quantity ; no 
numerical factors are involved, and there is only 
one unit for each type of quantity. The system 
can without difficulty be extended to provide the 
units required for all branches of science, so 
that everyone can speak the same “language”, 
and (for example) the analogies between differ- 
ent processes are no longer obscured by the use 
of different units. 

Detailed information about the International 
System can now be obtained from many sources 
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and a list is given at the end of this note. [2-l l] 
As already stated, SI is based on six basic units 
which, together with two supplementary units 
that have been officially adopted, are listed in 
Table 1. 

Table 1. Basic and supplementary SI units 

Quantity Name of unit Unit 
symbol 

Length metre 
Mass kilogramme 
Time second s 
Electric current ampere A 
Thermodynamic temperature* degree Kelvin ‘K 
Luminous intensity candela cd 

Plane angle radian 
Solid angle steradian 

rad 
sr 

* No final decision has been reached, at international level, 
concerning the symbols to be used for temperature. It is 
generally agreed that an absolute temperature will be 
denoted by “K; a temperature in the Celsius (centigrade) 
scale will be denoted by “C. A temperature difference, which 
will be the same in either scale, may be denoted by deg, “K, 
“C, or K. In this note deg will be used, but there are some 
advantages in using K and it is thought likely that inter- 
national usage may move in this direction. 

The definitions of these basic units are given 
in IS0 Recommendation R31 Part I [2], and in 
many national documents and published papers. 
From these units all others are derived. and 
Table 2 includes most of those likely to be 
needed for papers published in this Journal. 

For convenience, special names and symbols 
have been agreed for some of the more important 
derived units, and these names can be used in 
forming further derived units. Nevertheless, all 
derived units can be expressed, if desired, in 
terms of the basic units. 

Some important features of the International 
System can be illustrated by a brief discussion of 
the units of mechanics and heat. Each unit is 
built up from the appropriate basic units. Ac- 
cordingly, since acceleration is length divided 
twice by time. its unit is the metre per second 
squared, or m/s’. Force is proportional to 
mass times acceleration so that its unit is the 

kgm!s’ ; it has been given the special name of 
newton, with the symbol N; it is the force re- 
quired to impart an acceleration of 1 m sz to a 
mass of 1 kg. 

In some widely-used “technical” systems of 
units, the “weight” of unit mass is used as the 
unit of force-for example the kilogramme- 
force or kilopond, and the pound-force. Since 
the force of gravity varies from place to place. 
an arbitrary standard value has to be adopted. 
When using such a system, if the units of force 
and mass are to be related it is necessary to in- 
troduce a proportionality factor, usually repre- 
sented by g, having a value numerically equal 
to the standard gravitational acceleration in 
appropriate units. If, as is frequently the case. 
the force ofgravity is not involved in the problem 
at all, its apparent introduction creates con- 
fusion and is a common source of error. There 
are of course various ways of avoiding this con- 
fusion, such as the use of the “algebra of quanti- 
ties” [12], but the necessity of introducing an 
awkward factor still remains. The International 
System (in common, of course, with some others! 
avoids this difficulty; the newton is independent 
of gravity. For a situation where the force of 
gravity is indeed involved, we say (for example! 
that the weight of a mass M kilogrammes is a 
force of Mg newtons ; here g is the locul value of 
the acceleration due to gravity, expressed in 
m;.s’. 

Pressure is force divided by area, so that the 
unit is the newton per square metre, N/m’; it 
can be written in basic units as (kgmjs2)jm2 
or kg/m.s2. It is sometimes called the Pascal or 
Pa. 

Energy in the form of work is force times dist- 
ance, and the unit is the newton-metre, Nm ; 
in basic terms it is the (kgm/s*)m or kgm2js2. It 
has been given the special name of joule and the 
symbol J. Heat is also a form of energy, but by 
convention-and unnecessarily-in many sys- 
tems a different unit is used, so that heat must 
either be carefully distinguished from work or 
else converted into the proper units by means of 
the “mechanical equivalent of heat”. No such 
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Table 2. Derived Sl units 

Quantity 

Area 
Volume 
Frequency 
Density, concentration* 
Velocity 
Angular velocity 
Acceleration 
Angular acceleration 
Volumetric flow rate 
Force 
Surface tension 
Pressure 
Viscosity, dynamic 

Viscosity, kinematic; 
diffusivity ; 
mass conductivity* 

Work, torque, energy, quantity 
of heat 

Power, heat flux 
Heat flux density 
Volumetric heat release rate 
Heat transfer coefficient 
Latent heat, enthalpy (specific) 
Heat capacity (specific) 
Capacity rate 

Thermal conductivity 

Mass flux, mass flow rate* 
Mass flux density, mass flow 

rate per unit area* 
Mass-transfer coefficient* 
Quantity of electricity 
Electromotive force 
Electric resistance 
Electric conductivity 
Electric capacitance 
Magnetic flux 
Inductance 
Magnetic permeability 
Magnetic flux density 
Magnetic field strength 
Magnetomotive force 
Luminous flux 
Luminance 
Illumination 

Name(s) of unit 

square metre 
cubic metre 
hertz, cycle per second? 
kilogramme per cubic metre 
metre per second 
radian per second 
metre per second squared 
radian per second squared 
cubic metre per second 
newton 
newton per metre, joule per square metre 
newton per square metre, Pascal t 
newton-second per square metre, 

poiseuillet 
metre squared per second 

joule, newton-metre, watt-second 

watt, joule per second 
watt per square metre 
watt per cubic metre 
watt per square metre degree 
joule per kilogramme 
joule per kilogramme degree 
watt per degree 

watt per metre degree 

kilogramme per second 
kilogramme per square metre-second 

metre per second 
coulomb 
volt 
ohm 
ampere per volt metre 
farad 
weber 
henry 
henry per metre 
tesla, weber per square metre 
ampere per metre 
ampere 
lumen 
candela per square metre 
lux, lumen per square metre 

Unit symbol or 
abbreviation, where 
differing from basic 

form 

Hz 

N 
N/m, J/m2 
N/m’, Pat 

N s/m’, Pit 

J, Nm, Ws 

W, J/s 
W/m2 
W/m3 
W/m2 deg 
J/h 
J/kg deg 
W/deg 

W/m.deg, 
J.m 

sm2deg 

C 
V, W/A 
fi, V/A 
Ailrm 
F, A sjV 
Wb, Vs 
H, Vs/A 
H/m 
T, Wbjm’ 

lm 

lx, lmjm’ 

Unit expressed 
in terms of basic 
or supplementary 

units 

$ 

SC’ 

kg/m3 
m/s 
rad/s 
m/s2 
rad/ss 
m3js 
kg m/s2 
kg/s’ 
kg/m.? 

kgjm.s 
m’js 

kgm2/s2 

kgm’js’ 
kg/s3 
kgjm.s3 
kg/s3 deg 
m2jsz 
m2js2 deg 
kgm2js3 deg 

kgmjs’ deg 

his 
kg/m’ s 

m/s 
As 
kgm2jAs3 
kgm2/A2s3 
A2s3jkgm3 
A3s4jkg mz 
kg m2iA s2 
kgm2/A2s2 
kgm/A2s2 
kg/A s2 
Aim 
A 
cdsr 
cd/m2 
cd.srim2 

* Other definitions also used: see text 
t Not used in all countries. 
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manoeuvre is necessary when using the Inter- 
national System because there is only one unit 
for any quantity : the units of heat and work are 
identical. 

Power is work divided by time, so that the unit 
is the joule per second, J/s (or Nmjs, or kgmzjs3). 
The joule per second is called the watt, so that 
a direct link is provided with a unit familiar in 
the field of electricity. Conversely, the joule can 
be regarded as the watt-second or Ws and it is 
apparent that the three important forms of 
energy-work, heat and electrical energy-all 
have the same unit ; it may be called the newton- 
metre, or joule, or watt-second, according to the 
application, but these are only different names 
for the same thing. 

A further illustration can be provided by con- 
sidering an elementary application of the ana- 
logy between heat transfer and momentum 
transfer. If it is assumed that the Stanton num- 
ber is proportional to the. friction factor, both 
can be expressed in terms of the same function 
of the Reynolds number. When working out a 
practical example in the British system of units, 
the heat transfer part of the calculation will 
probably be carried out in terms of the foot, 
pound, hour, degree Fahrenheit and British 
thermal unit, and the result will be expressed in 
British thermal units per hour. It would be 
natural to use the same units in calculating the 
pressure drop, but the result would then be 
given in terms of the Ib/fth’, which is a totally 
unfamiliar unit of pressure; to obtain the cus- 
tomary lbf/in2 it must be divided by 4.17 x 10’ 
(standard gravity in the foot-hour system) and 
by 144. Very probably the pressure drop will be 
used to calculate the power requirements, which 
will be obtained first in ft lbf/s and will then be 
converted into horse-power by dividing by 550. 
In the International System the same units are 
used throughout. The heat transfer is given in 
joules per second, i.e. watts. The pressure drop 
will be expressed in N/m2, and the power re- 
quired will be in N.m/s, i.e. watts. No conversion 
factors are required at any stage in the calcula- 
tion. 

The International System has a similar ad- 
vantage over the metric technical system, since 
the latter includes the kcal as unit of heat and 
kgf as unit of force, and it is customary to use the 
hour in one part of the calculation and the second 
in the other. 

The criticism is frequently made that some of 
the SI units are of inconvenient size. This difli- 
culty is overcome by the use of multiplying 
prefixes, and agreement has been reached on 
names and abbreviations covering the range 
10i2-lo-‘* (Table 3). 

Table 3. Multiplying prefixes 

tera T 1Ol2 deci d 10-l 
giga G log 
meea M lo6 
kilo k IO3 
hecto h lo2 

centi c 10-2 
milli m 10-j 
micro p 
nano n 

deca 
(deka) da lo1 

pica 
femto Y 
atto a lo-‘* 

Multiplying prefixes are printed immediately 
adjacent to the unit symbols with which they are 
associated. Only one prefix is used with each 
unit symbol ; the “millimicrometre”, for ex- 
ample, is not allowed: it should be called the 
nanometre. Once attached, the prefix becomes 
part of the unit, so that 1 cm2 = (10-2m)2 = 
10e4m2; in principle, however, one may write 
1 c(m2) = 10e2m2, though this is seldom done. 
Caution is needed when using a prefix for the 
unit of mass. Thus dag, the decagramme, does 
not mean lOkg,but log = 10 x 10e3 kg = 1O-2 
kg. The centikilogramme is clumsy, and could 
be regarded as forbidden by the single-prefix 
rule. It is probably safer to use the kg only. 

To maintain the coherence of the system and 
avoid errors, only unprelixed SI units should be 
used in combination to form derived units. 
Suppose, for example, that the N/m2 is too small 
a unit for a particular purpose; then the Njmm2, 
which is a million times greater, might be more 
convenient. Experience shows that mistakes 
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can easily be made when introducing such a 
unit into calculations and a better name for this 
unit is M(N/m2). In this instance the brackets 
can be removed, giving MN/m’, without risk of 
confusion. It is as well to replace any prefixes 
by the corresponding powers of ten before em- 
barking on calculations. Thus if a complicated 
unit such as the MJ/dm3 should be encountered, 
write MJ/dm3 = 106J/(10-1m)3 = 109J/m3. It 
would have been preferable to call this unit a 
gigajoule per cubic metre, or GJjm3. 

The product of two units, for example the 
watt and the second, is represented in symbols 
either as W.s or Ws: note the space between 
the unit symbols in the latter case. Care should 
be taken to distinguish between m as the unit 
symbol for metre and m as the multiplying pre- 
fix. The mN (letters adjacent) is the millinewton, 
and the mN (letters separated) is the metre- 
newton or joule; for obvious reasons it is safer 
to write m.N for the latter. In this particular 
instance reversing the order and calling the unit 
the newton-metre avoids the difficulty since 
Nm is unambiguous. A dot should always be 
used to indicate a product if clarity is thereby 
improved. 

Ratios between units can be indicated by a 
solidus, as in N/m’, or by negative indices, as in 
N.m-‘. One solidus only is permitted, unless 
brackets are used; for example J/kgjdeg is 
ambiguous and should be avoided at all costs ; 
it should be replaced by J/kgdeg. (J/kg)/deg is 

permissible, though cumbrous and unnecessary 
in this instance; this method may, however, 
increase clarity in some cases. 

Much work on heat and mass transfer is 
presented in terms of dimensionless groups. 
When introducing numerical quantities it is 
necessary to use a coherent set of units, and the 
International System will be found particularly 
convenient. Consider, for example, the calcula- 
tion of a Reynolds number : with velocity in m/s, 
length in m, density in kg/m3 and dynamic 
viscosity in kg/m.s, it is obvious that the dimen- 
sions are correct, and no conversion factors are 
necessary. Again, to avoid the risk of error, only 

the units themselves and not their multiples or 
submultiples should be used. 

The quantities introduced in mass-transfer 
calculations can be expressed in many different 
ways. Mass can be given in normal units or 
molar units, and the driving force for mass 
transfer in terms of concentration or partial 
pressure ; concentration can be variously de- 
lined. A summary of the more important methods 
is given by Spalding [ 133. 

Suppose that mass is expressed in normal 
units and the driving force in terms of concentra- 
tion, defined as the mass of the component per 
unit volume. In SI units mass will be in kg and 
concentration in kgjmj. The mass flux density 
will be in kgjm2s, and can be equated either to 
a concentration gradient in kg/m4 multiplied 
by a mass conductivity (diffusivity) in m2/s, or to 
a concentration difference in kg/m3 multiplied 
by a mass-transfer coefficient in m/s. Concentra- 
tion can also be defined as the mass of one com- 
ponent in a given volume divided by the mass of 
all the material in that volume; it is then dimen- 
sionless, though it may sometimes be helpful 
to express it in terms of kg/kg. The mass-trans- 
fer coefficient is then required in kg/m2.s.(kg/kg) 
and the mass conductivity in kg/m.s.(kg/kg). 

The mole* (symbol : mol) as a unit of “quantity 
of matter” has been recommended by the I.S.O. 
for use in chemistry and chemical engineering, 
as an extension of the International System. 
Logically one should use the kmol, which may 
be regarded as representing M kg of a substance 
whose relative molecular mass (molecular 
weight) is M. No difficulty arises if this unit is 
used consistently ; if, for example, concentrations 
are expressed in kmol/m3, the mass transfer will 
be given as kmoljm2s. 

When the driving force is expressed in terms 
of partial pressure, the unit most often used is 
the atmosphere, but there is no fundamental 
reason for this and no difliculty will be found in 

* One mole is that amount of a substance which contains 
as many molecules (or other designated particles) as there 
are atoms in 0012 kg of “C. 
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using the N/m’. To obtain a mass flux density 
in kg/m2s, the mass-transfer coefficient is ex- 
pressed in kg/m2s(N/m2), which can be reduced 
to s/m; similarly the mass conductivity must be 
expressed in kg/m.s(N/m2), which reduces to 
s. Within the usual limits, concentration C in 
kg/m3 and partial pressure p in N/m2 are linked 
by the ideal gas law C = pjRT, where R is the 
gas constant and T the absolute temperature. 
It follows that the units of R will be N.m/kg K, 
which can be reduced to m2/sZoK. The universal 
gas constant, that is, the gas constant for any 
substance divided by the relative molecular 
mass of that substance, is 8314.3 N.m/kmol”K. 
This constant is given in the literature in a great 
variety of units; in particular either work or 
heat units may be used in the numerator. In the 
International System the difficulty does not arise, 
as the N.m and the J are identical. 

The use of SI units in magnetohydrodynamics 
can be illustrated by considering some of the 
dimensionless groups which are encountered. 
The Hartmann number, variously written as 
@Ya(cr/q)* or (aB2a2/q)*, introduces the magnetic 
permeability ,u in H/m, the magnetic field strength 
H in A/m, the electrical conductivity 0 in 
A/Vm, the density of magnetic flux B (=pLH) in 
T; a is a characteristic length and 4 the dynamic 
viscosity. All these units can be expressed in 
terms of the six basic units, and the non- 
dimensionality of the number can then be quickly 
verified : the unit of (aB2a2/q)* is 

{(A2s3jkgm3)(kg/As2)2m2/(kg/m.s)}* = 1. 

The magnetic Reynolds number opVa, and the 
magnetic Grashof number Gr.4mpqjp intro- 
duce no additional quantities. (The group p/q~ 
is sometimes called the magnetic viscosity; 
p is the density of the fluid.) ’ 

For calculating radiation in SI units it is only 
necessary to note that Stefan’s constant is 
5.6697 x lo-* W/m2”K4. 

Some of the SI units, such as the newton and 
the joule, may be unfamiliar even to those 
accustomed to the metric system. This difli- 
culty will gradually disappear as the system is 

used. To assist in this process an Appendix gives 
notes about certain important units, indicating 
their magnitude and their relations with units 
in other systems. No attempt has been made to 
provide a complete set of conversion factors, 
since the space required would be prohibitive 
and fhey can now be obtained from many other 
sources. There are a number of familiar, named 
units in the cgs system which differ from corre- 
sponding SI units only by powers of 10; some 
of these are mentioned in the Appendix, but it 
is expected that they will gradually die out, 
since though conversion is simple errors can 
easily be made. 
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APPENDIX 

Notes on particular units 
Length : 1 ft = 0.3048 m (exactly). 
Mass : 1 lb = 0.453 592 37 kg (exactly). 
Density, concentration : 1 kg/m3 = 10m3g/cm3 = g/litre. 

Density of water is about 103kgjm3. 
Density of air is about 1 kg/m3 at N.T.P. 
1 lb/ft3 = 16.0185 kg/m3. 

Acceleration : Standard gravity = 9.80665 m/s’. 
Force : 1 N = 105dyn. The weight of an apple is about one newton! 

1 kgf = 9.806 65 N (exactly). 1 lbf = 4448 22 N. 
1 pdl = 0.138255 N. 

Pressure : 1 N/m2 = 10 dyn/cm’. lo5 N/m2 is called the bar and is roughly 
equal to atmospheric pressure. 
1 lbf/in’ = 6894.76 N/m2 N 7 kN/m’. 
1 kgf/cm’ (technical atmosphere) = 98066.5 N/m2 (exactly). 
1 atm (normal or standard atmosphere) = 101325 N/m2 (exactly). 
1 mm Hg = 133.322 N/m’. 1 in Hz0 = 249.089 N/m’. 
1 torr = 133.322 N/m’. 

Dynamic viscosity : 1 N.s/m’ (poiseuille) = 10 poise. 
Dynamic viscosity of water is about 10e3 poiseuille, or 1 mP1. 
1 lbf.s/ft’ = 47.8803 Pl. 1 Ib/ft.h = 4.13377 x 1O-4 Pl. 

Kinematic viscosity : 1 m2/s = lo4 stokes. 1 ft2/s = OXJ929030 m2/s. 
1 ft’/h = 2.58064 x 10d5 m’/s. 

Energy, work, heat, etc. : 1 J = lo7 erg. 
1 ft.lbf = 1.35582 J. 1 kgf.m = 9.80665 J. 
1 cal (int. table) = 4.1868 J (exactly). 
1 Btu (int. table) = 1055.06 J (exactly). 
1 kW.h = 3.6 x lo6 J. 

Power, heat flux, etc. : 1 W = lo7 erg/s. 
1 kgf.m/s = 9.80665 W. 1 ft.lbf/s = 1.35582 W. 
1 horsepower (British) = 745.700 W. 
1 horsepower (metric) = 735.499 W. 
1 kcal/h = 1.163 W (exactly). 
1 Btu/h = 0.293071 W. 

Heat flux density : 1 kcal/m’h = 1.163 W/m2 (exactly). 
1 Btu/ft’h = 3.15459 W/m’. 

Heat-transfer coefficient : 1 kcal/m’hdeg = 1.163 W/m’deg. 
1 Btu/ft’h degF = 5.678 26 W/m’deg. 

Enthalpy, latent heat (specific) : 1 kcal/kg = 4.1868 kJ/kg (exactly). 
1 Btu/lb = 2326 J/kg (exactly). 
Latent heat of boiling water is about 2 MJ/kg. 

Heat capacity (specific) : 1 kcalkgdeg = 1 Btu/fbdegF = 4.1868 kJ/kgdeg (exactly). 
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Thermal conductivity : 

Specific heat capacity of water is about 4 kJ/kgdeg ; of air, 
1 kJ/kgdeg at N.T.P. 
1 kcal/m.hdeg = l-163 W/mdeg. 
1 Btu/ft.hdegF = 1.730 73 W/mdeg. 
Thermal conductivity of water is about O-6 W/mdeg. 

Electric and magnetic 
units 

Electric current 
EMF, potential 
Electrical field strength 
Electric charge 
Electric flux density 
Resistance 
Capacitance 
Permittivity 
Magnetic field strength 
Magnetic flux 
Magnetic flux density 
Inductance 
Magnetic permeability 

Equivalent cgs units 
Electromagnetic 

1A = 10-i 

1v = 108 
1 V/m = lo6 
1c = 10-l 

1 C/m2 = 10e5 
10 = lo9 
1F = 10-9 

1 F/m = - 
1 A/m = 4 x 10e3a (oersted) 
1 Wb = lo8 
1T = lo4 (gauss) 
1H = lo9 
1 H/m = 10’/4n 

Electrostatic 
lo-‘c 
10*/c 
106/c 
lo- lc 
10-5c 
109jc2 
lo- 9c2 
4 x lo-“nc2 

(c = speed of light in vacuum = 2.997925 x 10’ m/s.) 

1. M. r. ~OPyCJIaBCKHfi, n. n. KpeMJIeBCKHi, 

B. H. Onetime, E. H. Yerypma, Ic. n. 
IIIw~~K~B, IIon peRaqne2t Ic. n. LlhpoKoBa, 
Ta6nuqz nepesoi)a edwuy u&uepetki. CTaH- 
JIapTrsi3,MOCKBa (1961). 

2. r. a. &'pQ'H, H. B. ICanammroe, A. P. 
CTOIWd, non peRaKrlileti r. A. BypnyHa, 
Me;NcdyrtapoeHaa cucme&a edwuy. EI3n. BmxuaR 

IUKona.bfOCKBa (1964). 

3. r. a. Egpny~, f?ibtuqb~ $u3wecwx eeGu%uu. 
CTaHnapTrH3. MOCKBa (1962). 

4. H. B. HJ'3HelJOB, Me3ccdynapoduas cucme_ua 
edurkuy (C ki). MaAaTenbcTBo Bmmarr msona. 
MNHCK (1965). 


