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А SOLUTION ОР ТНЕ SYSТEM ОР ВАLЛNСЕ EOUATIONS 
ОР GASEOUS СОМВUSТIОN PRODUCТS ·ВУ .. UNIVAC-60" 

DIGITAL COМPUTING МАСНINБ 

1 - SUММARY 

Solution ·of the problem of finding the balance of а gaзеоuз mixture 
is rather. frequently encountered both Ьу сћешiса1 engineers and chemists 
dealing with rocket propeI1ant research. ТЫз problem is defined Ьу. а -non
linеах system of algebraic equations, the computation of which is з: lengthy 
and tiresome numeiical јоЬ. Тhe numerica1 solution of зисЬ .а problem Ьу 
desk computing machines requires several days of work for еасЬ separate 
solution, and is of course subject to human errors made Ьу the. ca1culator 
himse1f. It, therefore, Ьесате apparent that the use о! Digital Computing 
Мachine was indispensable. So far, tbls problem has been tack1ed Ьу high 
memory capacity computing ,machines, but since manу of the engineers 
dealing with it cannо! have such machines made readily available to them, 
the authors believe that there shou1d ье given а method of solving the рто
Ыет Ьу employing the optimum efficiency of low capacity digital сот
puting macblnes. А complete solution isgiven here for aI1.components of 
the solution, tbls being the most complicated part of the РтоЫет. No nите
rica1 difficulties should ье experienced Ьу using the calculated components 
for plotting the (i, $) T-diagrams. . 

II - INТRODUCTION 

Тће problem at issue has Ьееn dealt with Ьу quite а number of authors, 
all of whom proceeded from the wel1 known system of nonlinear algebraic 
equations used to define the balance о! а gaseous mixture. Some variations 
тау Ье noted in the mathematical treatment of this problem Ьу different 
authors, such variations being the result of different approaches to the pro
blem as wel1 as different methods used for this purpose [1-3]. Тће зо
caI1ed method of trial-and-error has been used most frequently aI1d it ћаз 
also been used in tbls paper. Up tШ now, the problem involved has been 
solved Ьу employing either the desk computing machines 01' the high те-

1 Inst. of Nuc1ear Sciences "В. КјшјсЬ", Be1grade. YugosJavia 
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тоту digital computing тасЫnез, both of wblch types of computing та
chines, most certainly, having their disadvantages. The digital computing 
machines of higher тетоту capacity are nо! readily available to а тајо
rity of experts engaged with this kind of problem. 

However, it is of considerable interest to show that the sma1ler digital 
computing machines, operating at their optimum efficiency, сan Ье used 
most successfully Ьу engineers who study the matter. 

For successful solution of the system of non-1inear algebraic balance 
equations for а gaэеоиз mixture Ьу теans of the UNIVAC-60 computing 
тасЫљ .. , it is nесеээату to draw particular attention to the optimum effi
ciency of the memorycapacity feature of the machine аэ wel1 аэ the trans
formation of the working equations. ТЬе former of these requirements is 
allowed for Ьу the proper employment of selectors, while the latter is ful
fil1ed Ьу writing the working equations in а тоте suitable form) wblch is 
very useful јn establishing operating programmes. 

ТЫэ paper brings forth а complete solution for all components of 
the system, this being the most complicated numerical part of the whole 
јоЬ. Further employment of the results obtained for practical purposes, 
эисЬ as plotting the (i, s) T-diagrams, does not create anу numerical diffi
culties and therefore will not Ье dealt with Ьу this paper. It has been felt 
that it will Ье superfluous to discuss the thermodynamical and chemical 
aspects of the .problem, particularly because these questions have already 
been treated Ьу numerous other authors. 

Logica1 schedules have Ьееn used јn establishing the working pro
gramme for the mасЫnе. ТЫэ method of approaching the setting ир of 
the programme еnаЫеэ аn easy and quick establishment of the basic idea 
of the programme. In these schedules detai1s wblch тау hinder complete 
anticipation of the problem are omitted. The logical schedule has been 
drawnup for the entire problem and does not apply to any particular та
chine. Since, however, such а programme could not have taken uр Ьу а 
single pair of programme discs of the UNIV АС-60 computing тасhinе, 
it has Ьееn broken down into three parts. It was particularly important 
to include in the first pair of discs the iteration method of working out the 
unknown quantities from the working equations. The next part of the pro
gramme јз working ои! the эит in view of the anticipated Узlие of this sum. 
The· number of corrections depends оп the accuracy required and uзиаиу 
is not higher {Ьаn 4. ТЬе third and last part of the programme is in fact 
the working out of all the ten components of а given system. 

The current schedules of the entire programme are given for UNIV АС-
60 with complete arrangement instructions for storage and selectors. 

III - МАТНЕМА TlCAL BASIS ОР ТНЕ PROBLEM 

For the mathematical treatment of ШЗ problem, а' start wШ Ье made 
from the wel1 known equations (1 through 10) without going into their 
origin, which тау Ье found in manу reference books and papers Ьу а number 
of authors who Ьауе зо far dealt with the problem о! stаЬШtу of а gaseous 
mixture. These equations take the following form: 
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1/ 2 
=K1 (1), n~nHI =ка (.!!...) 1(2), n~no.=Кe(:!...)(3)' 

nнl nн.о р. nн.о р 

nн.о nСО 

K7(~)(4), n1f. =K.(~)1f\S)' ni/.. nOH=KIo(~)1fI(6), 
р пк. р nн.о р 

2nH.+2nH•O+nOH+nH=H (7), 

nнаО + nсо + 2nco. + 2n0. + nно + nOн + ПО = О (8), 

nCo+ncйt=C (9), 2nH.+nHO=N (10). 

In these equations, there are variables, constants and parameters as 
well as the sum 

(f =nн. + nн.о+ nсо+ nCйt + nйt +nн. + nон+ nно + ПО + nн· 
Тhey are 1isted together with the corresponding mathematica1 symbo1s in 
the following table. 

ТаЫе 1. - ТransIaооп о! the chemical notations into mathematical notations 

Variables Constants Рaramеterз 

nн. -+- Xl Н -+- ~ K 1 

nнаО -+- Ха О -+- tlt Ка parameteIS 
nсо -+- Ха С -+- аз 

К. 
dependant 

nCйt -+- Х." N -+- а." ирon the 

ПО. -+- Х" Р -+- Р 
К7 temperature 

nН. -+- Х. кs 
nOн -+- Х7 

nNO -+- Ха 

ПО -+- Х. 

NН -+- XIO 

:Ву using the symbo1s from ТаЫе 1, the equations (1 throu$h 10) will yie1d, 
when the terms Ха, Х.", xs, Хе, Х7' Х. and XIO have been e1iminated, the fol-
lowing tШее equations: . 

~ -2хI-К8(а/р?I.~1 

Ха= ') K 10(a/p)1f1 
~+ :t!:.'. 1 

(Н) 
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10 

where хј (i = '1,2, ... ,10) are the compone~ts of а = 6 х; 
Thus, the problem of solving the system of non-linear algebraic equ

ations (1 through 10) has been reduced to solving the equations (11 through 
13) instead. . 
-- However, the equations (11 through 13) in their present form are not 
very suitable for progrlimining оп the 10w шешоту capacity· computing 
machines. 

Тherefore, they are transformed into а more suitable form, such as 

(14) 

z==---- -Х Х +K10 - --(К7 +2КеУ) , а аа Ч8[ 1/. ( а )111 а ] 
у K 1 +у Р Р 

(15) 

F(y,z)=:r- ~з(;) (a,,-уz)=О, (16) 

where 

Х2 ХВ X=X1 , у=-, z=- and 
Xl Х2 

Xl 

We have ca11ed these equations working equations, and they тll prove 
to ье more convenient for programme making than their previous form 
(equations 11 through 13) has ever been. Computing the factors х, у and z 
from Equaucns (14 through 16) тау ье accomp1ished with sиfficient асси
racy Ьу applying the so-called tria1-and-error method, wblch consists in 
the fcllowing: one assumes the value for ~/a in Eq. (14) and works out the 
value fcr у, wblle Eq. (15) produces the value for z Ьу introducing into Бq. 
05) the assumed values fcr х1Јв and х, and the previcusly computed va1ue 
for у. Thus, for the computed values for у and z, with assumed value for 
~/a, Eq. (16) shoи1d Ье fu11y satisfied. ТЬе values fcr х, у and z obtained 
оп the basis of assumptions, as shown above, wi11 ье the soluticns fcr Equ
ations (14 thrcugh 16). Ifthe values for х, у and z ье such that using Eq. 
(16), I F (у, z) I ~ 10-<1, the system components wi11 ье sиfficiently accurate. 
Тhere are several va1ues for х, у and z wblch шау satisfy the conditicn of 
I F (у, z) I ;;;:; 10-4 bиt the first of them to satisfy tbls condition wil1 Ье 
discharged Ьу the nщсhinе as the resи1t of the problem. 

Computation cf the system components is most conveniently carried 
out ьу the following equations: 
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x1=x (17), Хв=Х'У (18), 

aaK1 (19), ' ClaУ (20), Ха=-- XI.=--
K1+y K1+y 

Х6== К. (; )у2 (21) , 
al.-YZ 

Хе=---

2 
(22), 

(а УЈ. Х7= К10 Р Х-Јау (23), Xs=Y'Z (24), 

Х8=-К7 (; )У (24), ( а ) 1Ј. XIO = К. Р х1Ја (26) . 

If greater ассшасу is required for the system components xj{i = 1,2, ... ,1 О) 
the va1ue for I Р{у, z) I shou1d ье chosen to Ье as lowas possible. То do 
шis, particu1ar attention shou1d ье paid to the respective amounts Ьу which 
,(оЈа andx are corrected in Equations (14 фrough 16). 

An expression for а is readily оЬtainaЫе from Equations (17 through 26) 
in the following manner: 

·а= ~ {~ + а+ а" -У[ Х+ K1a:y -К7(;) Ј +К.(; YJa
:r1J1 }+ аа. (27) 

Тhis expression for а is very usefu1 for programmeS making, as it does not 
шakе it necessary to work out the system components х; (ј= 1,2, ... ,10) unti1 
the required асситсу for а is obtained. ' 

IV - LOGlCAL SCHEDULES 

Тhe problem of programme making has been tackled Ьу means of 
logical schedu1es, since they permit an easy understanding of the problem 
in its entirety as well as of the method used to solve it. 
, An effott has been made to reduce the number of symbols in these 

schedu1es to а miniтит without neglecting the need for making the logical 
~chedu1es clear. The symbols used in the logical schedu1es are as foll0WS: 

А; - Arithmetic operation (one or more arithmetic operations). 
qj - Conclusion which тау affect the course of the programme. An 

explanation is given in brackets after the symbol qj' as to what 
kind of conclusion is in question. Provided the condition given 
in the brackets is fu1filled, the programme is continued with 
the next operation in the same line. If this is not the case, the 
programme is directed to the operation indicated Ьу the arrow. 
ТЬе condition in the brackets тау consist either of а репо
rated hole in the card or of any result of mathematical opera
tions. For example, in th~ logical schedu1e 
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the condition ql is to ье understood as meaning that if there 
is а zero in the first column of the card, the programme should 
Ье transferred to the arithmetical operation АI\' If, оп the 
other hand, there is по zero in the first column, the programme 
goes over tO the arithmetica1 operation Аз . Јп the same 10gical 
schedu1e, the condition ql\ has the following meaning: if х > О, 
the programme is passed over to the mathematica1 operation Аз, 
and, if however, х ::;; О, the operation A1 is carried out instead. 

S - sorting out sequence. А card bearing this sущЬоl is directed 
to the sorting storage space. 

+ - perforation, the оЬјес! of perforation being given in brackets 
following the symbol. 

С; - storage cance1lation. 

Т - card discharge and end of programme. 

'УЈ; - programe is following the path indicated Ьу the arrOW on1y. 

А complete 10gical schedu1e for the solution of а system of non1inear 
algebraic equations of Ьa1anсе in а gaseous mixture mау Ье written in the 
following form: 

Јп tbls schedu1e, A1 represents the group of arithmetica1 operations needed 
to соmрше у Ьу means of the first working equation, АI\ represents the 
arithmetica1 operation needed to compute z, whi1e Аз denotes the arith
metica1 operations of the third working equation. 

The conclusion ql refers to the degree of accuracy with which а check is 
made of the condition I F (у, z) 1 ::;; 10-4. Ьу means of the tblrd working 
equation. Jf I F (у, z) 1::::;; 10-4., а тау Ье worked out; if not, however, а 
correction of х1Ј1 is made Ьу the operation А4. and the procedure just outlined 
follows anew. 

Нaving completed the computation of ај, (А5), а check is made, Ьу 
comparing the va1ue of а; with the previous ар, whether it satisfies the con
dition or not. Jf I ар-а; I ::;; 4х 1О-з as worked out Ьу the operation (АБ), 
the computation of аН the ten components of the system (А8) mау 
start, thus completing the programe СТ). Jf the condition is not satisfied, 
then the term (а/р)ЧI СА7) should Ье worked out and the procedure is 
repeated until а satisfactory resu1t is obtained. 

For the 10gica1 schedule given above, the computation programme 
could not ЬаУе been made out оп а single pair of UNJVAC-60 programme 
cards, so it was divided into three parts, Ј, П and ЈП. 
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The first pair of the programme cards (1) contain the сопесtiоns of 

the assumed values for ,с/а and х, until the condition I F (у, z) I :::;; 10-« 
is fulfilled. Тће second pair of the programme cards (11) provides for the 
computation of о' and its сопеctiоns until the prescribed condition is fu1-
fi11ed. Тhus, the entire numerica1 operation of determination of х, у, z, о' 
and I F (у, z) I satisfyingthe required accuracy, is solved оп two рзirs of 
programme cards. It shou1d Ье notedhere, that this is the most complicated 
part in solving this problem. Тће working.out of values for each component 
of the system shou1d not тзkе any difficu1ty since the· equations for their 
solutions ате very simple. This can Ье" сапiеd out Ьу the tЫrd pair of рro
gramme cards (111). 

Logical Schedule for Programтe 1 

А more complete logical schedule for programme (1) should ье given 
in the ferm: . 

where ql denotes that the programme is 1:0 Ье continued depending оп whether 
the card contains а zero in the ninetieth column (0/90), or not. For еасћ 
solution, k+ 1 card зrе required for k corrections, and onIy the first card 
from that set has (0/90). A 1 ате the arithmetica1 operations needed to work 
out у, А2 those for z, Аа for Р, and fina1ly А, is an arithhemica1 operation 
to correct ,с/а and х. Since physical conditions impose а restriction that a1l 
the values or х; (;=1,2, ... ,10) Ье positive, then qз is а condition for working 
out F пот the third working equation, provided that z ~ О пот the second 
working equation. Ву means of qa а check is made to see whether the values 
for :С/а and х, computed Ьу means of the assumed values for у and z, do 
satisfy the condition that F from the third working equa~ion is such that 
I F (у, z) I ~ 10-'. 

Logical Schedule for Programтe II 

This schedu1e тау Ье written as follows: 
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where qa denotes а check whether а is satisfactory or not. If it is, а perfora
tion is made of sign 1 in the ninetieth column (1/90). If it is not, the calси
lation of (a/pY/. is taken out. It is important to note that the card wblch 
satisfies both F and а receives the (1/90) performation, thus providingfor 
the fina1 selection of the (1/90) card, on1y bearing solutions s~tisfying the 
condition. The symbol qa means that the programme is to Ье taken out 
depending оп whether the previous card received the (1/90) perforation or 
not. If the card contains (1/90), the storages are cancelled and the programme 
is completed. If it does not, perforations of (а /р )11., а and (0/90) are requi
red for the next correction. C1 and СВ both denote cancellations. 

Logical Schedule Јor Programme 111 

А 10gica1 schedule for the computation of а11 system components 
Х, (ј=I,2, ... ,IО) can Ье written in tbls way: 

where A1 denotes computation procedures for Xl' Х., Х7 , Х, and XIO wЫ1e 
Аа denotes such procedures for Ха, Х" XIi' Хв and Ха !{*)-denotes perforation 
of Хз, Х" Х5 , Хв, Ха and (3/90) as we11 as Xl' Ха, Х7 , Х" x10 and (3/90). 

v - EМPLOYMENT OF ТНЕ UNIVAC-60 МACHlNE 

The UNIVAC-60 is an electronic computing machine operating оп 
the perforated cards principle. It consists of an electronkally powered 
arithmetical unit and an input-output unit partly тесhaniС:al, partly еlес
tronic. The operation speed depends upon the arithmetica1 operations wblch 
take place. The length of time required for individual operations is as 
fo110WS: . 

addition 

subtraction 

multiplication 

division 

10 msec 

10 msec 

50 msec}fi or two five-digit numbers 
50 msec 

The length of time for mechanical passage is as long as 200 msec, permit
ting а card How of 9000 cards per hour, depending оп numbers and types 
of operations. 
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Capacity оЈ the UN IV АС-60 , 
Electronic storage 
Input storage 
Output storage 
Constants 
Selectors 
Programme steps 
Elements 

6х 10 digits 
90 digits 
90 digits 
27 digits 
18 
20 
,12 

Symbols изеС! јп а current programme schedule are as follows: 

а[Нз] х [Sa]=>[SJ -denoting that the first value is the element N., 
wblle the second value is located in the storage 
зрасе S3' The multiplication result јз contained 
in the storage space [SJ. If letters а and Ь are 
found adjacent to the programme step питЬет, 
they denote that the programme step is used twice, 
i. е., а, for the first passage, and Ь, for the sec
ond passage following the selection. 

[SJ [SaJ - cance11ation of values kept .in stQrage. spaces S. 
and Sз . 

. [S4J [SJ' - perforation of cards with results contained in sto
rage spaces S4 and Ss. 

- sorting. 

- shifting the selector controlinto "SELECTOR" 
IюSitiоп. The :uNIVAC-60 тасhinе has four PS 
(programme Selector), controls .• The programme 
card should contain special indication, such as 
"SEL. HOLD" adjacent to the PS. control sym
Ьоl if the selector control is to Ье left in the "SE
LECТOR" position after the "ТRJP" order јз 
given. 

- selector. The selector number is written inside the 
symbol, whereas anoth~r indication арpearing ad-. 
jacent to it denotes the selector control to Ье used~ 
The selectorside is that side of the symbol tri 
angle bearing the indication. 
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- start of programme. 

- end of programme and discharge of the card 
into the output storage space. 

Operation оЈ ,ће UNIV АС-60 Computing тасЫnе 

The card set ир is such as to юakе unnecessary any reproduction of 
data from one card to another. In addition, по sorting of cards is necessary. 
In other words, when al1 cards ше properly set ир, and the machine starts its 
operation, the procedure goes оп until the whole јоЬ is done. For each solu
tion, three от four corrections have been made, but it is also possible to 
юakе any additiona1 number of corrections, if required. Shou1d k corrections 
Ье made for any one solution, then it is necessary to have k+ 1 cards, en
suring that only the first card has the symbol (0/90) and the assumed values 
for ~/a and (Ј. 

The ртоblет of balance of а gaseous mixture is of such а nature that 
system components of а related ртоblет group shou1d Ье found where Щ 
ше permanent constants, while к; ате variable parameters. Let п Ье the 
number of related problems, and kthe number of corrections required for 
the solution of each ртоblет, then the tota1 number of cards used to solve 
the related group is n(k+l). On1y the first one of al1 n(k+l) cards 
used, has been perforated as an assumed value for х'-!s. Since а related group 
contains п related problems, their cards arranged either in accordance with 
decreasing от increasing va1ues for К;, it has been found suitable to етрl0У 
the corrected value for ~/a of the previous ртоblет as an assumed уаlие 
for the next ртоblет of the same related group. ln other words, the сот
puted values for х'-/а and х, respectively, obtained from the first correction, 
ате to ье used as assumed ones foт the next corrections. 

Assuming the values for ~/a instead of х is one of the great facilities 
in solving this ртоblет. In this way, the solution is obtained much тоте 
readi1y, programme making is less complicated and the employment of 
the machine memory capacity тоте efficient. Оп Ље strength of ше great 
number of ртоblешs solved Ьу the UNIV АС-60 computing тасhinе, 
we тау draw the conclusion that the time required for each solution is one 
minute. 

Fig. 1 represents а current diagram foт programme (1). It shou1d ье 
noted that when the first correction for хlJа is worked out, storages S2 and 
S з ате not cancelled, thus permitting, as mentioned Ьеfoте, that computed 
values for хlJа from а preceding ртоblет Ье used as an assumed Уаlие for 
the next one belonging to the same related group of problems. When work
ing out the second, third, etc., corrections, storages S2 and Sз ате cancelled. 

The programme selector PS1 permits the selection of va1ues in рто
gramme steps 3 through 15, and together with the programme selectors 
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PS2 and PS4 , makes it possible to use the iterative method of correcting 
the value for х"ll; оп the other hand, the programme selector РSз is used 
to determine whether the va1ues for х should Ье decreased от increased. 

Тће e1ements and storages used for programme (1) have the fol1owing 
va1ues: 

[N10]=>K7 , [N11]=> Ке от а, 
[ Sl ]=> Z, [ S2 ]=>хЧа, [~8 ]=> хЧа, 
The va1ues read direct1y from the cards ате: 

x"1. assumed' K1, ~i, 2К8, К7, К., К10 and (; )Ч2, 
wbl]e those read {тот the programme discs are 

аl; аз; а4; а; О; 10-4 and 10-3. 

The current diagram for Programme (П) is shown јп Fig 2. Тће first 
мер in tbls programme is designed to sblft the se1ector 2, if (0/90) exiSts. 
If such а step does not exist, the se1ector might not ье shifter into position 
,.SELECTOR" and the programme wou1d follow а wrong course. Тhe 
result; of the 13th programme step· operation is a1ways negative and it јз 
used to perforate (1/90). Тhe programme wi11 follow the course of tbls рто
gramme step on1y if the computed va1ue for а gives the required accuracy. 
Shou1d the contrary ье the case, the va1ue for (a/pY/. is worked out and the 
card is sorted. For the Пех! cards, namе1у those for а so]ution, the programme 
either follows the 20th programme step or not, depending оп whether the 
solution has given the accuracy required for а. If the preceding so1ution 
is corrected, the following card is perforated at (а/р)Ч:, а and (0/90), since 
the resu1t of the arithmetica1 operation јп the 20th programme step is a1ways 
negative. Connection with the "SEL. HOLD" position is interrupted when 
the РSз starts to operate. . . 

Тhe e1ements and storages used for programme СП) ћауе fol1owing 
va1ues: . 

[N1]=>K1,or 1, [N2]=>y, [Nз]=>аа, [N.]=>x1f2
, 

[Ns]=> (,*Г, [Ns]=>K7 orlap- Ciil =4Хl0~з,[N7Ј=>а1> 
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[NaJ=>aora, [Ne]=>a" [N1oJ=>Ke, [NuJ=>2, 
[N1зЈ=> p~ [SзЈ=> а, [SaJ=> (%)111. 

ТЬе elements read directly from the cards in this programme are: ,cl.) Y:I Ku 
К7, Ке, ај and (а/р)Ча, while those read from the programme panel are: 

аl; аз; а,; а; р; 2; 1 and 4х 10-а 

ТЬе current diagram for programme (П!) is shown in Fig. 3. This 
programme is used on1y when the va1ues for Х, У and Z are found from а11 
problems. Such solutions are perforated into the cards bearing the sign 
(1/90). Two empty cards shoи1d Ье inserted next to еасЬ of these cards, 
оп which solutions for Хј (i = 1,2, ... ,10) will ье perforated, the computations 
and perforations for Ха) Х" Х6' Хе and Ха taking рlaсе during the first passage, 
and those for Хl) Хз, Х7 , Хе and Хl0 during the second passage. The pro
gramme for determining а11 the ten components is set ир Ьу means of Equa
tions (17 through 26). ТЬе elements and storages used have the following 
va1ues: 

[N1J=> (%)11., [Ns]=> 2Ке, 

[N&J=> К10) [Ne]=> К7, 

[Ng]=> К1 , [N10J=> аа, 

[Na]=>Y, [N,]=>z:I 

[N7J=>Ke) [Ns]=> ,cl. 

[N11]=> 2 [N1Z]=> а" 

[ S6] = > Ха, or Xl' [ Se Ј = > Х" or Х2 •. 

ТЬе following values ar~ read directly from the сщ-ds 

хЧа, У, Z, K1 , 2Ке, 'К7, Ке, K1o and(;)1I1 , 

while those read from the discs ше: 

аа, а, and 2. 
(~c~ved 6-IV-1960) 
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РЕШЕЊЕ СИСТЕМА ЈЕДНА ЧИНА РАВНОТЕЖЕ ГАСНИХ 
ПРОДYRA.ТА САГОРЕВАЊА ПОМОЂУ ДИ1ЋТАПНЕ 

МАШИНЕ "UNIVAC-60" 

Н. Парезановић и Ј. Петрић (Беоrрад) 

Решење проблема равнотеже у гасној смеши се врло често среће 
у пракси технолога и хе!\'iИчара који раде на проучавању састава горива. 

Овај проблем. је дефинисан системом нелинеарних алгебаРСlillХ јед
начина Чије решавање, ако се користе стоне машине, захтева велиlill ну
!\'\ерички посао који траје више дана и праhен је субјективним грешкама 
калкуланата. Отуда је за решавање овог проблема неопходно користити 
модерна техничка средства као -што су дигиталне рачунске м.ашине. 

До сада је овај проблем решаван ПОМОћУ дигиталних машина великих 
капацитета меморије [1], али како многи ИНЖељери који се у својој 
пракси баве овим проблемом немају на располагаљу овакве м.ашине, 
то је од веЈ1ИКог интереса показати како се овај проблем може решавати 
на ДИГитаџним м.ашинам.а малог капацитета меморије. 

Полазеhи од познатих једначина са којима је дефинисана равнотежа 
гасне Q\lеше' 

Х2' ХЗ = К1 (1), 
Xl"X", 

Х1' Xg = K7(~) (4), 
Х2 Р 

2Хl + 2Х2 + Х7 + Х1 О = ~ 
Ха+Х", =аа 

(2), (3), 

Х1О _ к ( (Ј )112 x~12" Х7 _ К (~)Ч2 ---т,-- 9 - (5), --- 10 (6), 
Х1 2 Р Х2 Р 

(7), Х2+Ха+2Х4+2Х5+Х7+ХВ+Х9=а2 (8), 

(9), 2Х6 + Ха = а4 (10), 
10 

где су Xi (i= 1,2, ... ,10) компоненте састава а (Ј= L: Xi, није тешко 
i=l 

показати да се из једначина (1-10), елим.инисаље!\'1 Ха, Х4' ХБ , Х6 , Х7 , Xg 

И Х10' могу добити следеhе три' једначине 



Решење систе,'lа једначина равнотеже rасних прОДУI<ата ... 

а1 - ХЧ2 [2хЧ2 + K g ((Ј ј р )Ч2 ] 
У= 

xl/a[2x1fa +K10 (ajp)1fa] 

z=~-~ - X1fS[Xl/2 + Кlo (~)Ч2]_(.'!.....)(К7+ 2К6у) 
У K1+y Р Р 

Р(у, z) =Z2_1j2K~ (; )(а-ух) =0, 
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(11) 

(12) 

(13) 

ноје Сil'Ю назвали раДНИј\l једначинама. У једначинама (1l-13) задржане су 

све озна:ке из једначица (1-10) ОСИ1l1 X=Xl'Y =~, z= ~ и а=а2-аз. 
Х1 Х2/Хl 

једначине (11-13) су много погодније за прорачун :КОllшонената 
сагореваља од оних једцачица ноје су дате у [1], [2] и [3]. Изrачунаваље 
Х, у И Z може се извршити са задовољавајућом тачношћу а:ко се ис:ко
ристи тзв. метод по:кушаја и греш:ке :који се састоји у следећем: прет
постави се вредност ХЧ2 и израчуна У помоћу једначине (11), затим се 
претпостављено хЧа и изrачунато У уврсти у једначину (12) и израчуна 
z и најзад, ако израчунато у и z задов<.>ље, ПI:ема једначини (13), услов 

I F(y,z) I ~ €l' (14) 

онда, на тај начин, добијене вредности за Х, у и z претстав.ц,ају тражено 
решеље. А:ко услов (14) није задовољен, увећава се или смаљује прет
постављено хЧа за неку малу вредност и постynа:к се наставља изнова 
све до:к се не постигну за х, У и z резултати жељене тачности. Међутим, 
:ка:ко је (Ј = Ј(Хј), i = 1,2, ... ,10, нумерич:ка обрада овог проблема щ:ема 
ауторима [1], [2] и [3] је била веома гломазна и захтевала је посао од 
више дана рачунаља на стони.~l машинама или употребу матина вели:ких 
:капацитета меморије. Познато је да се (Ј може приближно одредити 
претходним термодинамичким прорачуном и та вредност за а=(Јр се 

I<ОРИСТИ :као претпостављена полазна вредност. ми смо израз за а=ј(хд 
свели на обли:к а=ЈСх, у, z) :који зависи само од х, у и z 

(Ј= ~{~ + а + а,,-у[х + a~ - К7 (.'!.....)] + K g (.'!.....)1fZx1fz}+aa (15) 
2 K1T у Р р. 

та:ко се ни:када не рачунају :КОllшоненте Х; (ј= 1,2., ... , 10) пре него што 
се помоћу вредности Х, у и z :које задовољавају услов (14) не израчуна 
(Ј=(Ј; према једначини (15). А:ко је испуљен услов 

(16) 

онда се Р2чунају вредности свих десет :КОllшонената хј' а а:ко није, онда 
се 1I1ecTo (Ј=(Јр уноси у једначине (11-13) нова вредност (Ј=(Јј и цео 
поступа:к тече изнова све до:к не буду испуљени услови (14) и (16). 
Оба ова поступка су нонвергентна. На овај начин, постигнуто је да се 
систем нелинеарних алгебарсЮL'С једначина равнотеже у гасној смети 
може успешно решавати и на дигиталним машииама малих :капацитета 
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меморије као што је и "UNIVAC-60", а ако се врши решаваље на 
стоним шинам.а, такође се постиже уштеда у времену. Састављаљу 
:црограма смо пришли преко логичких шема које ОМОГУћују лакши 
увид и брже схватаље целине :цроблема и начина на који се решава. 

Из великог броја :цримера које смо решили на "UNIVAC 60" 
и npактичне примене добијеНих резултата, показало се да је довољно 
усвојити &1=10-4 И &з=4ХlО-4. У :цракси се јавља потреба за решавање 
више група сродних задатака, нарочито када је у питаљу састављаље 

(i, s) Т дијаграма. У случају када једна група има 20-30 сродних за
датака, време npорачуна свих 10 KOНnOHeHaTa за све задатке целе групе 
није пре.iIaЗИЛО 30 МИН., што значи да за сваки задатак, понаособ, ко
ришhељем "UNIVAC-60", није уторшено вреЈйе веће од једног минута. 
Коришhеље израчунатих конпонената. за састављаље (i, s) Т дијаграма 
не претставља нумеричке тешкоhе. 


