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System of nomographic charts used for the control of industrial

$ro...t of non-iJotfermic catalytic triacytglycerol hydrogenation

VACLAV KOMAN--EMA DANIELOVA-IVAN RAIS

Abstract. The mathematical model elaborated in the lorm of two differential equa-

tions enabling in the simulation SIKOS language and by the method of numerical integration

by Runge and Kutt of the 4th order optimization ol the industrial non-isothermic process

of partial catalytic triacylglycerol hydrogenation has been translormed into the system of
alignment charts. Under the conditions ol microprocessor non-controlled technologies

charts remain the simplest checking and control method even at present. Due to their

material modesty and availability they have a relatively highest expressive and predictive

value. Due to the simplicity ofthe use and convenient accuracy the charts can be part ofevery

technological equipment. The paper presents the system ol 5 alignment charts, describes their

construction and examples of their application, which can be satisfactorily substituted under

the condition of industrial practice by the computer simulations of chosen or looked for

optimum conditions of ten technological parameters ol the non-isothermic process of cat-

alytic hydrogenation.

In the process of industrial production of solid fats is the process of partial
catalytic hydrogenation (PCH) limit when considering both the capacity and

qualitative aspects. With regard to heterogeneity of the reaction of the PCH
system (solid catalyst - gaseous Hz - liquid oil), and a relatively high number
of influencing conditions of technological variables the reproducibility and

checking of the PCH control remain exceptionally complex and demanding also

at present. Every component of the above specified system, as well as the whole
heterogeneous system have their optima at specified temperatures, pressures,

concentrations, purity, types of raw materials and the quality of preliminary
refining. These conditions determine whether the PCH reaction takes place in
diffuse of transition sphere, eventually which of the reaction types: additional,
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isomerization or pre-esterification will dominate. The final result will change all
resulting physical, chemical and biological properties of the solidified product.
Fundamental knowledge of catalytic hydrogenation ol triacylglycerol fats and
oils, as well as their technologies are presented in the monograph by Bailey []
and Ullrich [2]. Therefore, more operative checking or control of the PCH
process required.

With regard to the needs of the systematic checking of the PCH processes and
its possibilities in the production practice which would be optimum from the
aspects of simplicity, speed and accuracy specific charts or tables seem to be
convenient. In fact, each non-cybernitized equipment can be ensured and
checked by them.

The chart characteristics, approach and their construction, as well as the
possibilities of their application are presented in the monograph by Danielov6
and Daniel [3]. A survey of charts elaborated till now for the field of triacylg-
lycerols is shown elsewhere [4] including also a nomogram for the determination
of iodine number from the results of the fatty acid analysis.

The combined chart for determination of 8 most important physico-chemical
variables of lats and oils based on a single GLC analysis is described in [5].

The charts and tables as aids for the determination ol selectivity of solidified
fats eventually tables for reading-off the content of /rars-isomers in them, which
were constructed and summarized for this purpose, and based on elaborated
computation programs, are presented for the first time in [6].

The mathematical model describing the non-isothermic process of industrial
PCH, as well as resulting computation program for the possibility olsimulation
of all PCH conditions to advance chosen iodine number (eventually melting
temperature), or reaction time, is presented in [7-9]. Otherwise, the possibilities
of mathematical modelling of the process (isotherm) of PCH are considered in

ll0-121.
Transformation of the above-mentioned relations of the PCH checking into

the system of easily and readily applicable charts has been considered in this
paper.

Experimental

l. Representation of sum relation using the alignment chart

l.l. Dependence of three variables

F(u) + G(u): H(z), (l)
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xr:0,
x2: dr'

xt: dz'

Modules ftl1, tfl2, d1

equations

yr: mrF(u),

)'z: mzG(u),

tt: mtH(z).

can be choiced and then

(2a)

(2b)

(2c)

modules fti1, d2 are given by

where F' is the function of variable u, G is the function ol variable u and F/ is the
function of variable z, can b0 represented by an alignment chart with three
mutually parallel scales on supporting straight lines.

Representing equations in the coordinate system of (0,:r, y) are as follows:

d:: dt mt 
ffi1 :

m1 * fi4t

1.2. Dependence of four variables

F(u)+ G(u): H(z)+J(w) (4)

can be divided into two partial relation by introducing the auxiliary variable s

(5a)

(5b)

Equations (5a) and (5b) represent simple alignment charts, as was shown
above. Both charts are then combined and so form the so-called combined
alignment chart. Combination of the 2 alignment charts is carried out in such
a way that the support of the auxiliary scale s in the first chart and in the second
chart are fused (the two pairs of corresponding points on them are made
identical), which means that the auxiliary scale s must have the same represent-
ing equations, including the modules, in both partial charts.

The s scale is not necessary, as the values of this auxiliary variable are not
required for the solution of the represented dependence - it would be sufficient
to draw only its support on which reading straight lines of both partial charts
intersect. However, in order to remember better the point of intersection the
support is usually provided by a regular scale with well-distinguished points
remarkered by numbers 0, l, 2, etc.

1.3. Similarly dependence of more than 4 variables (more than 4 functions
of which each is a function of one variable only) can be represented; by
introducing the auxiliary variables r1, s2, ..., s, the given relation is divided into
several partial relation every containing only three variables - thus these partial
relations will be represent by simple alignment charts which can be then com-

mttn2

mt+m)
(3a. b)

F(u)+G(u):5,

H(z)+"r(n'):s.

(l)
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bined into one so-called conrbined alignment chart by means of the scales of
auxiliary variables J;, sr, ..., J,r as described above.

2. Construction of charts for relation among parameters appearing in the
PCH process

2.1. Construction of the chart for the following relation:

.ir: Jio. (6)

We logarithm the relation (6) and transcribe it into the form

log.li - logyu : 169 7. (7)

By comparing Eq. (7) with Eq (l) we get: F : log jr, G : -logjo, H :logJ.
Thus, the representing equations according to (2a--c) will be for chosen mod-
ules rn, : 50 cm, nt.: 150 cm and dt: 18 cm: -Tr : 0,.1'r : 50 cm.log7o,, x, :
: 18 cm, .t': : - 150 cm . log-lo, .rr : 4.5 cm, )-, : 37 .5 cm . log ,/.

2.2. Construction of the chart for the relations

t : Tt, (8)

B': b'to' (9)

We logarithm the relation (8) and transcribe it into the following form:

log ro - log r - - log r. (10)

Bycomparing Eq.(10)with Eq.(l)weget:f': log t0,G: -logl, H : -log r.
Substituting this into the representation equations (2a---<) - if chosen modules
are mt: 15 cm, mt:30cm, dr: 18 cm get: xr :0,./t : 15 cm.logt0.
xz : 18 crrt, !z: -30cm.log t, x3: 6cm, y, : -l0cm.logr.

We work with Eq . (9) in a similar way: we logarithm (9) and transcribe it into
the following form:

log to + log 6n : log -Bn. (l l)

Ifcomparing Eq. (l l) with Eq. (l) we -qet: F : log t0, G :logbo, H : logBp,
after their substitution into Eqs. (2a--c) -- if modules are mr: 15 cm,
mz:30 cm, d,: 18 cm get the following represesntation equations:
xr : 0, /r : 15cm.logl0, r: : 18cfiI, ./z : 30cm .logb, xt: 6cfi1, ./: :
: l0 cm.log4.

Both charts can be re-drawn so that we make identical the support of the
scale of the variable l0 appearing in both charts and in both cases was the same

128



Rln: ol the scales ol

.ers appearing in the

)n:

(7)

, -irrg./,r, H:logJ.
he :or chosen mod-

= ir'r cnr . Iog.7^_, .r., :
Itls J

(8)

(e)

toiit'rii ing form:

( l0)

-ltg/.H: -logr.
- r: .-hosen modules
..l : Licm.logto,
nd-

od iranscribe it into

(l l)
log o.. H : log Br:
i .li-e /nl : 15cm,
lt.lron equations:

.r., : 6 c[], y: :

Jre support of the
ases was the same

(6)

representing equation; the scales for rand Bn have then the common support,
as well as the scales for r and bn.

2.3. Construction of the chart lor the following equation:

o - 
Giuh*

"*-Iu-rn'

where /r : i03" (-.
We logarithm Eci (12) and transcribe it into the form:

(12)

log 8* * log(tu - /.) : logGo * logTo : logb*. (13)

Bv introduction of tiie auxiliary variables s, and sz Ee . (13) is divided into three
partial relations

logG,,*s, : -logJo,
s, ts,:logbn,

.r, - log Bn : log (tu - tu).

Then. Eqs, (14)-{16) are represente<lby three simple alignment charts which
can be combined by means of the s' and s) scales. If the representing equations
for all three partial charts llre expressed relatively to the initial point of the first
chart. then after chosing proper modules all representing equations for the total
conrbined alignrnent chart can be written in the following form: x,:0, -/r:
:400cm.logGo, ,r:: l0cm, J'::90cITl .s1 , ,rr:8.16cfil,./r: -73.47 cm.
.log,lu, .yr:20cm. -l'4: -l0cm.sr, -rs :17.5 cfil, ),s:22.5 cm.logbp, X6:
: 35 cm. _li, : - l5 cm.log B*, xr : 30 cfir, _l'r : l0 cm.log(tu - tr).

2.1 Construction of the chart for relation

l- ( l7)
pkv,(t, - to)

where 1r:: l03o C is performed similarly as in the previous case.

We logarithm Eq.(17) and transcribe it into the following form:

logl': -logp - logfr - logx.'- log(lu - ru).

By introducing the auxiliary variables s, and s, we divide Eq.(18)
partial relations:

logp]-sr :-logk,
sr +s.:logw,

I I r1 iill

(14)

(ls)

(l 6)

(18)

into three

(le)

(20)
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s2 + log/o : -log(tu - l.). (21)

Relations (19-21) can be represented by three simple alignment charts
combined by the use of the s' and s, scales.

After chosing the proper modules all representing equations for the total
combined chart can be written in the following form: xr : 0, /r : 30 cm . logp,
x:: l0cfil, ,lr::30cm.s1, x3:5cm, lt: - 15cm.logk, xo:20cfi, lq:
:30 cm.s:, .Ts: 15 c[], -/s: 15 cm.logw, xo:35 crrr, !s: 15 cm.log/0,
xr : 30 cln, J'r : - l0 cm.log(tu - l.).

Results and discussion

Heterogeneity, quantity of influenced variables conditioning the complexity
of reproducibility and PCH process production are demonstrated in Scheme l.

The charts for checking, simulation, eventually optimization works under the
conditions of the industrial process of partial catalytic hydrogenation being

Partial catalytic hydrogenation

A. Liquid phase Oil
B. Gaseous
Hydrogen

heterogeneous

C. Solid
Catalyst

D. Technological
conditions

L Type of oil l.
(i) easily hydrog. 2.

(ii) medium hydrog.

(iii) difficult to hydrog. 3.

2. Degree ol prerefining

3. Main unsaturated fatty acids
4. o/" of S-inhibitors

Purity % l.
Soluble quantity 2.

3.

4.

Way of circul. 5.

l. Temperature
2. Pressure

3. Mixing efficiency

4. Geometry

- reactor
hydrodynamics

Metal
Carrier
Activity
Selectivity
7o of metal

6. oh of sulphur
(inhibitor)

These variables influence

I. Hydrogenation rate;
II. Course ol hydrogenation: (a) selective,

(b) non-selective;
IIL Final properties: (a) chemical,

(b) physical,
(c) biological.

Scheme l. Illustration ofoperational and technological effects and variables ofthe non-isothermic
process ol the industrial partial catalytic hydrogenation of triacylglycerol fats and oils.
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(21)
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reactor

n,, d rodynamics

::!' non-isothermic
.'.:t: and oils.

carried out under the conditions described in the section Experimental and are
shown in Figs. I to 3. The chart I represents t0: li(pkw(lu - 103)), the chart
2BR: Goiob*(ln - 103). the chart 3t: t"r and 8l : t"bo, the chart 4jr-_ .iuJ.

These charts enable to find the triples. or the groups of five values satisfying the
considered relations.

The way and the process of the application of each chart for the determina-
tion of the corresponding PCH values in dependence on the chosen tech-
nological-starting conditions rs pre-labelled with a key.

It is evident from charts I to 4 that they combine all determining parameters
considered in the coniunction with the PCH process. That means those whose
chosen or random changes have an immediate impact on the resulting physical,
chemical. or biological changes and properties ol the final hydrogenation reac-

tion product. Due to that. the presented charts offer the possibility ola relatively
high number ol selections ancl combinations of the initial reaction conditions
with the possibility ol direct and last reading-off of corresponding and looked
for resulting data which were chosen as the decisive ones. e. g. the period of a

hydrogenation reaction, or the final value of the reaction degree, i. e. iodine
number. At the same time, also a reverse process is possible, e. g. in the case of
the need to find out all technologicalconditions which would be adequate to the
advance chosen iodine number. or to the advance determined period of PCH
duration.

In contrast to other checking systems, methods or instrumentation, the use

of the charts is so simple that it does not require any special knowledge of the
worker using them. Thrs is the main importance and aim as thus optimization.
control and checking of the PCH process can be systematic and permanent. Due
to that it will be possible to ensure an increased reproducibility of not only the

PCH process itself, but also reproducibility of the resulting physical, chemical
and biological properties of sohdified lats and all fbod fats made from them.
Moreover, such aids erre erceptionally eflicient for getting large sets ol exact
results in the field of PCH. Their time evaluation is positively projected into the
field of the basic research, too. The topical relevance olsuch needs was suppor-
ted also by some our previous papers published in Bulletin of Foodstuff lndu-
stry (Bratislava) in 1982 --1985. Currently. the industrial PCH process is check-
ed and controlled only on the empiric basis. The only one practical checking
value is the melting temperature of a sample product without detailed know-
ledge of its relationship to the technological conditions ol the hydrogenation
reaction. Elaborated mathematical model of the PCH process which is at
present almost complete according to the relationships and observed par-
ameters, is much more progressive fbr the given intentions and very operative
in the graphical interpretations. and suitable lbr the users' conditions of the

everyday practice.
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Fig. l. Nomographic Chart (l) for reading the time unit / in the concrete technological process of partial catalytic hydrogenation.
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Moreover, the original mathematical FCli ntr)(iei in'''r''itrr: ,-lli,itli i','!ih ljil
possibility of determination changes in iodinc rri.lnrher, pcr-l.ri.l tri PCFi
duration, also depending changes of refractive indrces. irr,,:itiri:l [.Jl]iilrii)iillis
and catalyst activity.

The checking simulation and optimization, as weli ris lri,r-oil ucibiiitl' oi'i''r 'li
will become exceptionally e{ficient by incorporation of the latter characteristics
of non-isothermic PCH process into elaborated and piescni*<.1 chlirt cc'rrcui,tiorr

The following two examples shoi,u'horv lo use {he abr,.,,'e-ircntioiir-'ri r.liign-

ment chnrt for real applications arrd processes.

Example 2 includes also co-appiicittion olchart 5 (Fig. -1). ,{t tlrc:,inlrl :iirr!:.
it is an example that the whole conceDtior-r of follor,''rng P('F{ clrn l-re- r-cuii:,'r:rl '-rri',
on the base of reading the charts. Howet'cr. *iih reilrrld t'rt'lirr.':,:; ur:r:ii:. lhe
originally elaborated system ol differentnrl iliiulitrcir,. i;' : i:r 'ir.'ir tli:rrr'r. r,, ;;,ir-.\,;
form [7], i. e.:

dJldT : T'.r ./( I i .= !

dTldr: B,.T.l + Ir l .- i

,-1 )t

, f 1',
' _-- jT( r) - 7,,

Dlagram 7-- I nor l0 land Tp:€l

li
:

f-r

-Ii
l

l 1f '
.-l

Fig. 4. Nomographic Chart (5) ot'the r - J dcpendcncc l'cr ihc
time interval of hydrogenation rcaction r* using th,-' lJ*
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(23)

,1 ,8tr

the

rras solved numerically (as there is no analytical solution of this system know)

by means of a simulation program called HYDOPT (hydrogenation optimiza-

rion) in the SIKOS language (in the software of the SIEMENS 4004/150-uvT

UK digital computer) using the integration method by Runge and Kutt of the

-lth order.

R.esults of simulations illustrated then graphically, provide a new indepen-

dent set of charts in the forms r - J and r - T aL the following parameter

Values: B* : 2, 3. 4, 6,8. Bp : 5, 10, 20, 40 and T : 0. The charts presented in

this paper, i. e. l--4 in Fig. 1--3 can be completed by the system of these new

charis, but this is subject discussed in another paper [13]. Their summary for the

iinal use enables checking, simulation. control or optimization of the industrial

process of partial czrtalytic hydrogenation based only on the use and reading of
the diagrarns.

Methods how to use the charts for dimensionless dependences. Chart indi-

cating

N-l chart for ro : ll@kv'(t, - 103)),

N-2 chart for B* : Golobn(ru - 103)'

N-3 chart for r: to .I and Bp: rbp'

N-4 chart for iu : ioJ '

Symbols

-- rate constant of the process of exchange, temperature between the

charge and outer medium taking place without hydrogenation reaction,

min-r

- rate constant bn in the dimensionless form

- increase in the temperature of the reaction system (autoclave with a

charge) caused by the decrease in iodine number of a unit quantity of
oil by a unit at adiabatic hydrogenation. i. e. without heat exchange with

environment
K (kg of oill-' (unit of iodine number)-r

- dimensionless form of the b* parameter

- quantity of oil in the autoclave, kg

s- iodine number (lN) of oil, (iodine number unit)

* iodin. number of oil. dimensionless

- parameter analogous with the frequency factor. in the Arrhenius equa-

tion for the rate constant thermal dependence of a chemical reaction

K-r Mpa-r Ni kg(100 kg of oil)-' min-i

b,,

BP

bR

.BR

Go

j
J
k

r37



p
/r.

)1',

T,.

L.

f

- hydrogen pressure in the autoclave, MPa
- ' efficient temperature of heat carrying medium, oC

- Ni concentration in oil. (Ni k-e(100 kg of oil) I

period of boiling (hydrogenation itself). min
- dirnensionless f or of r*

- "new" time unit. i.e. time unit characterized for the
nological regime. min

Indices (lower)
0 initial state
k - final state

l. Determination of the PCH duration (Problem l)
G iven:

- technological conditions: fr. p, r',.i0, Gn. t,, b*. br;
required degree of hydrogenation: i*.

To be determined:

-- time interval of boil duration: r*

Determination procedure:

L Determine / using the chart N-l;
2. Determine ,B* using the chart N-2;
3. Determine B, using the chart N-3;
4. Determine -/* using the chart N-4;
5. Determine ru using the graph r - -/
6. Determine r* using the chart N-3.

Exam ple

Give n:
fr :0.0119 (min MPaoh Ni K) I

p : 0.12 MPa
)1':0.042%Ni
.ir:126'5uIN
6o : 4905 kg
/, : l43o C
bs : 3.32 x l0-a K (kgoil;-r (u tNy-l
6p : 0.0575 min I

ir:75.5uIN

138
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't3 concrete tech_

Determination

l. UsingthechartN-l tbrthcgivenvaluesot'7r.A.rr'./,determinel' :430min.
2. Using the chart N-2 fclr the given values ot'G,,. i,. t,, b* determine fn:5.2.
3. Usin-e the chart N-3 fbr the given value of b,. and cletennined value y')(see the

lst stcp) dctcrmilte Bn : 15.

4. Using the chart N-4 for the gil'en values of 1,,. ir determine /x : 0.60.
5. Using the graph r - J for the given values ol B* (see the 2nd step), Bn (see

the 3rd step)and -/* (see the 4th step). event. fbr the values close to the defined
ones flnd rx : 0.34.

6. Using the chart N-3 fbr the given values y''(see the lst step) and "/* (see the
5th step) determine rr : 150 min

Result

The period of boiling during which the iodine number (lN ) decreases fiom 126.6

to 75.5 units under the given technological conditions is 150 min.

2. Determination of the hydrogenation degree (Problem 2)

G ive n:
technological conditions: li. p. rr'..7,,. Gn. 1r. b,.. bn:

period of boiling: r*.

To be determined:

hydrogenation degree : 7*

Delerminat ron process:

l' using the chart N-l;
p* using the chart N-2;
B', using the chart N-3;
r* using the chart N-3;
-/* using the graph r - J,
i* using the chart N-4.

Note:

The steps I and 3 are identical with those of the problem 1.

1.

2.

J.

4.

5.

6.

Determine
Deterrnine
Determine
Determine
Determine
Deternrine
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Example

Given:
k : 0.0119 (min llPa o/o Ni f;-t
P : 0.12 MPa
w:0.042%Ni
io : 126.5uIN
Go : 4905 kg
tn : l43o C
bx: 3.32x l0-a K (kg oil)-r (u IN;-'
bp : 0.0575 min-r
tr : 125 min

Determination

l. /:430 min (see role l).
2. BR:5.2 (see role l).
3. Bp:25 (see role l).
4. Using the chart N-3 for the given value of r* and for the determined value

/ (see the lst step) determine rn : 9.29.
5. Using the graph t - J for the determined values R* (see the 2nd step), .8, (see

the 3rd step) and r* (see the 4th step), or for values close to the determined
ones find Jr:0.67.

6. Using the chart N-4 for the given valueTo and determined value,I* (see the
5th steP) find7*:34.

Result

The value to which the iodine number is reduced after 125 minutes of
hydrogenation under the given technological conditions is 84 units.
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Cncreua HoMorpaMM AJrfl Bo3Moxuocr[ perynrrpoBalrflfl npoMbrrrrJreilroro rrpoqecca

fle[3oTepM[qecKofi KaTaJI[T[tIecKofi rll,qporelltl3arulr Tp[aulrrJl[qeplHoB

PegloN4e

MareuarnqecKafl Mo.{eJrb, pa3pa6oraHHar r Qoprr,re aryx auQQepeHrlnaJrbHbrx ypannenufi,
[o3BoJrr]ourar Ha cr.rMynr{pyro[reM t3bl(e SIKOS !t no Meroay qucreHHoro [HTerpupoBaHric no
Pynre u Kyre 4 noprAKa. onrr{M[3au[]o trpoMbrrlJreHHoro Her.r3orepM[qecKoro npoqecca [ap-
qna.nrHofi r(araruruqecxofi ru4porenuraur.rr{ TpltaqunrnuqepuHoB, 6uaa npeo6pa3oBaHa B cucre-
My HoMorpaMM n3 BbrpaBHeHHbrx roqer. B yclorurx Mr,rxponpoqeccaMr{ HeynpaBnreMbrx rexHo-
.norufi HovorpaMMbr rBrcrorcr n B HblHeurHee BpeMr caMbrM npocrbrM KoHTponeM I,r pyKoBo.(r-
ulr.rM MeroaoM. Csoefi uarepramHoil uerpe6onarelbHocrbro r{ Aocrynnocrbro oHr.r pacnoJrararor
orHocr,rre!'IbHo Har,rBbrcrrrr,rM yBonbHr.rre,rlbHbrM 3HaqeHueM r.r creneHbro npeauKunx. I4:-ga neclox-
Hocrlr npuMeHeHr.rr u y.rloBJrerBopnre.nrHofi ToqHocrr.r uoryr 6nrr HoMorpaMMbr cocragsofi
qacrbro KaxAoro rexHoJroruqecKo-npol.t3BoacrBeHHoro o6opyaonaunr. B pa6ore npilBeAeHa c[c-
reua 5-ru HoMorpaMM r{3 BbrpaBHeHHblx roqer, ycJroBr,n l,rx r(oHcrpyKrlr-ru u npr{Mepbr KoHXperHo-

ro npr{MeHeHut, r(oropbre Moryr [pIteMJreMbIM o6parortl 3aMeHrrb cqerqxKoBbre cl{Myntunu
ur6paHnrrx ulln ucr{oMbrx onrr.rMaJrbHbtx yclonufi aecrrn rexHoJrorr{qecrtrx napaMerpoB Her,r30-

TepMr,rqecroro npoqecca xaraJrl,trI{qecxofi ruqporeuu3arrur,r B ycJroBr{rx npoMbrrrrJreHHofi npaxru-
KH,
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Sfstava nomogramov pre molnosti regulovania priemyseln6ho procesu

neizotermickej katalytickej hydrogen{cie triacylglycerolov

Sirh rn

Matematickli model, vypracovanlf vo forme dvoch diferenci6lnych rovnic, umoiiujirci v simu-
ladnom jazyku SIKOS a met6dou numerickej integr6cie Rungeho a Kutta 4. poriadku optimalizo-
vanie priemyseln6ho neizotermickEho procesu parci6lnej katalytickej hydrogen6cie triacylglycero-
lov, bol pretransformovan! do stistavy spojnicovlch nomogramov. V podmienkach mikroproceso-
rovo neriadenfch technol6gii zostivajir nomogramy aj v sirdasnosti najjednoduchSou kontrolnou
a riadiacou met6dou. Pri svojej materi6lovej nen6rodnosti a dostupnosti majir relativne najvy55iu
vypovedaciu hodnotu i stupei predikcie. Nomogramy m6Zu byf pre jednoduchosf pouZitia a vyho-
vujlcu presnosd sridasfou kaZd6ho technologicko-vj'robn6ho zariadenia. V prrici sa uv6dza sirstava
piatich spojnicovych nomogramov, podmienky ich konitrukcie i priklady konkr6tneho pouZitia,
ktor6 m6Zu poiitadov6 simul6cie zvolenjch di hladanlich optimdlnych podmienok desiatich techno-
logicklich parametrov neizotermick6ho procesu katalytickej hydrogen6cie v podmienkach priemy-

selnej praxe prijatelne nahradzovaf.
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