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OF GASEOUS COMBUSTION PRODUCTS ‘BY ,,UNIVAC-60¢ -
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I— SUMMARY

Solution of the problem of finding the balance of a gaseous mixture
is rather frequently encountered both by chemical enginecrs and chemists
dealing with rocket propellant research. This problem is defined by.a non-
linear system of algebraic equations, the computation of which is a lengthy
and tiresome numerical job. The numerical solution of such a problem by
desk computmg machines requires several days of work for each separate
solution, and is of course subject to human errors made by the calculator
himself, It, therefore, became apparent that the use of Digital Computing
Machine was indispensable. So far, this problem has been tackled by high
memory capacity computing -machines, but since many of .the engineers
dealing with it cannot have such machines made readily available to them,
the authors believe that there should be given a method of solving the pro-
blem by employing the optimum  efficiency of low capacity digital com-
puting machines. A complete solution is given here for all components of
the solution, this being the most complicated part of the problem. No nume-
rical difficulties should be experienced by using the calculated components
for plotting the (7, s) T-diagrams.

II — INTRODUCTION

The problem at issue has been dealt with by quite a number of authors,
all of whom proceeded from the well known system of nonlinear algebraic
equations used to define the balance of a gaseous mixture. Some variations
may be noted in the mathernatical treatment of this problem by different
authors, such variations being the result of different approaches to the pro-
blem as well as different methods used for this purpose [1-—3]. The so-
called method of trial-and-error has been used most frequently and it has
also been used in this paper. Up till now, the problem involved has been
solved by employing either the desk computing machines or the high me-
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mory digital computing machines, both of which types of computing ma-
chines, most certainly, having their disadvantages. The digital computing
machines of higher memory capacity are not readily available to a majo-
rity of experts engaged with this kind of problem.

However, it is of considerable interest to show that the smaller digital
computing machines, operating at their optimum efficiency, can be used
most successfully by engineers who study the matter.

For successful solution of the system of non-linear algebraic balance
equations for a gaseous mixture by means of the UNIVAC-60 computing
machine, it is necessary to draw particular attention to the optimum effi-
ciency of the memorycapacity feature of the machine as well as the trans-
formation of the working equations. The former of these requirements is
allowed for by the proper employment of selectors, while the latter is ful-
filled by writing the working equations in a more suitable form, which is
very useful in establishing operating programmes.

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

Logical schedules have been used in establishing the working pro-
gramme for the machine. This method of approaching the setting up of
the programme enables an easy and quick establishment of the basic idea
of the programme. In these schedules details which may hinder complete
anticipation of the problem are omitted. The logical schedule has been
drawn up for the entire problem and does not apply to any particular ma-~
chine. Since, however, such a programme could not have taken up by a
single pair of programme discs of the UNIVAC-60 computing machine,
it has been 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 is working out the sum in view of the anticipated value of this sum.
The. number of corrections depends on the accuracy required and usually
is not higher than 4. The third and last part of the programme is in fact
the working out of all the ten components of a given system.

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

11T — MATHEMATICAL BASIS OF THE PROBLEM

For the mathematical treatment of this problem, a start will be made
from the well known equations (1 through 10) without going into their
origin, which may be found in many reference books and papers by a number
of authors who have so far dealt with the problem of stability of a gaseous
mixture. These equations take the following form:
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OGO _ k. (1), 1,7,221'—=1<,(—°—)1"(2), iy =Ke(9—)(3>’

ngn co, By, BERO ? tH0 ?
. 3, . y,
M=K,(i) @, =K.(i) 's), Mhiron g (—"—) "©»
B0 ?. nih ? R0 ?

g+ 2ng0 +nog+ng=H (7), ,
11,0+ 100 + 200, + 210y + ino + Morr +10=0 (8) ,
ncot+nco,=C (9), 2my+nxo=N (10).

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

0'=nH,+nH,o+nco+nco,+no,+nN,+nog+nNo+nd+nH-

‘They are listed together with the corresponding mathematical symbols in
the following table.

Table 1. — Translation of the chemical notations into mathematical notations

Variables Constants ‘ Parameters
Ny, - X H —- K,
o —> Xy O - a K, | parameters
oo —> Xg - C - a K, dependant
nco, —> X N - g upon the
noy — % » = p K; | temperature
nN, —> Xg . K‘D )
nog — x,
BNOo > X
no > Xg
N > X0

By using the symbols from Table 1, the equations (1 throqgl:g 10) will yield,
when the terms X3, X4, X5, Xg> Xq, % and x;o have been eliminated, the fol-
lowing three equations: :

ay—2n— Ky(olpfhsifs
Ky(c/p)h (11)
24 2

. y \
xa=ag—-a85.1_x.1_-,__3_xg-_ x2 (I + Klo(O'/P) 2 + K'I(c/p)}_ 2K‘ (_O'_) (ﬁ) 2 (12)
K%+ % X %y p/\x

Xg =

1



136 N. Parezanovich and J. Petrich

253 %7 .
W +x3—a,=0, (13)
10

where x; (1 = 1,2,...,10) are the components of 6= > x;
N i

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
1“3) instead.

However, the equations (11 through 13) in their present form are not
very suitable for programming on the low memory capacity computing
machines.

Therefore, they are transformed into a more suitable form, such as

a,— a2 + Ky (o [p)*h]

- , 14
’ x*h[2x™s + K, o(a[p)'h] 19

g=2__ % _ xll’[xll' + Klo(-;?)l” —%(Kv + 2K¢y)] > (15)

y Ki+y
Kyfo
F(y:2)=2"——|—)(as—y2)=0, (16)
2\»
where
X=2%, =-3§1, z=ﬁ and a=a,—a;.

X4 ig-

X1

We have called these equations working equations, and they will prove
to be more convenient for programme making than their previous form
(equations 11 through 13) has ever been. Computing the factors x, y and 2
from Equations (14 through 16) may be accomplished with sufficient accu~
racy by applying the so-called trial-and-error method, which consists in
the following: one assumes the value for x*2 in Eq. (14) and works out the
value for y, while Eq. (15) produces the value for z by introducing into Eq.
(15) the assumed values for x's and x, and the previously computed value
for y. Thus, for the computed values for y and 2, with assumed value for
x*2, Eq. (16) should be fully satisfied, The values for x, y and z obtained
on the basis of assumptions, as shown above, will be the solutions for Equ-
ations (14 through 16). If the values for x, ¥ and z be such that using Eq.
(16), |F(y,2)| = 1074, the system components will be sufficiently accurate.
There are several values for x, ¥ and 2 which may satisfy the condition of
| F (y, 2)] < 107* but the first of them to satisfy this condition will be
discharged by the machine as the result of the problem.

Computation of the system components is most conveniently carried
out by the following equations:
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X =x ‘ 1, Xg=x%'y (18),
n=2K 19,  m==2L (0,
K +y K +y
%= K, (—"—)yz @, - x=2T2 ),
? 2
c \Ys .
x= K, (—-) xhy (23), Xg=y*% (24),
p . .
[+3 o )
xp=K; (_p—) y (24), X10= K,(;—) xh (26).

If greater accuracy is required for the system components x{f=1,2,...,10)
the value for | F(y, 2) | should be chosen to be as low as possible. To do
this, particular attention should be paid to the respective amounts by which
x*h and x are corrected in Equations (14 through 16).

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

y
6= —l—[a, +a+a, —y[x+ % —K,(i)J + K, (3-) 'x‘/-}+ as. (27)
2 : K +y ? ?

This expression for ¢ is very useful for programmes making, as it does not
make it necessary to work out the system components x; (i=1,2,..., 10) until
the required accuracy for ¢ is obtained. '

IV — LOGICAL SCHEDULES

. The problem of programme making has been tackled by means of
logical schedules, since they permit an easy understanding of the problem
in its entirety as well as of the method used to solve it.

4 An effort has been made to reduce the number of symbols in these
schedules to a minimum without neglecting the need for making the logical
schedules clear. The symbols used in the logical schedules are as follows:

A; — Arithmetic operation (one or more arithmetic operations).

¢i — Conclusion which may affect the course of the programme. An
explanation is given in brackets after the symbol g;, as to what
kind of conclusion is in question. Provided the condition given
in the brackets is fulfilled, 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 by the arrow.
The condition in the brackets may consist either of a perfo-
rated hole in the card or of any result of mathematical opera-
tions. For example, in the logical schedule

| lA,q,(%) [ Ayg,(0) | 14,
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the condition ¢, is to be understood as meaning that if there
is a zero in the first column of the card, the programme should
be transferred to the arithmetical operation A,. If, on the
other hand, there is no zero in the first column, the programme
goes over to the arithmetical operation A;. In the same logical
schedule, the condition g, has the following meaning: if x > 0,
the programme is passed over to the mathematical operation A3,
and, if however, x < 0, the operation A4, is carried out instead.

S — sorting out sequence. A card bearing this symbol is directed
to the sorting storage space.

{ — perforation, the object of perforation being given in brackets
following the symbol.

C; — storage cancellation.
T — card discharge and end of programme.
7 — programe is following the path indicated by the arrow only.

A complete logical schedule for the solution of a system of nonlinear
algebraic equations of balance in a gaseous mixture may be written in the
following form:

rA A A, q,o-‘< 10-“) ]A,,-q, (165-6; Iséx/ﬂ‘?m

I f‘_:?

In this schedule, A4, represents the group of arithmetical operations needed
to compute y by means of the first working equation, A, represents the
arithmetical operation needed to compute z, while 4; denotes the arith-
metical operations of the third working equation.

The conclusion g, refers to the degree of accuracy with which a check is
made of the condition |F(y, 2)|<10"* by means of the third working
equation. If IF (¥, 2)|= 1074, ¢ may be worked out; if not, however, a
correction of x'2 is made by the operauon A, and the procedure just outlined
follows anew.

Having completed the c_omputation of o;, (4s), a check is made, by
comparing the value of o; with the previous c,, whether it satisfies the con-
dition or not. If Jo,—g; | < 4x 1078 as worked out by the operation (4;),
the computation of all the ten components of the system (4 may
start, thus completing the programe (T). If the condition is not satisfied,
then the term (¢/p)s (A,) should be worked out and the procedure is
repeated until a satisfactory result is obtained.

For the logical schedule given above, the computation programme
could not have been made out on a single pair of UNIVAC-60 programme
cards, so it was divided into three parts, I, II and IIL
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The first pair of the programme cards (I) contain the corrections of
the assumed values for x%2 and x, until the condition |F (y, 2)| =<10~*
is fulfilled. The second pair of the programme cards (II) provides for the
computation of ¢ and its corrections until the prescribed condition is ful-
filled. Thus, the entire numerical operation. of determination of x, y, 2, ¢
and | F (3, 2)| satisfying the required accuracy, is solved on two pairs of
programme cards, It should be noted here, that this is the most complicated
part in solving this problem. The working.out of values for each component
of the system should not make any difficulty since the equations for their
solutions are very simple. This can be carried out by the third pair of pro-
gramme cards (ITI).

Logical Schedule for Programme I

A more complete logical schedule for programme (I) should be given
in the form: ‘

A,

Ay .
¢, (%0) l VA, A, g, (250) |A, o, (F<asoor)

1 CyzhT

where ¢, denotes that the programme is to be continued depending on whether
the card contains a zero in the ninetieth column (0/90), or not. For each
solution, k+1 card are required for %2 corrections, and only the first card
from that set has (0/90). A4, are the arithmetical operations needed to work
out y, A, those for z, A, for F, and finally A4, is an arithhemical operation
to correct x*» and x. Since physical conditions impose a restriction that all
the values or x; (1=1,2,...,10) be positive, then g, is a condition for working
out F from the third working equation, provided that 2z & 0 from the second
working equation. By means of g3 a check is made to see whether the values
for x' and x, computed by means of the assumed values for y and 2, do
satisfy the condition that F from the third working equation is such that
|F(y, 2)| < 1074,

Logical Schedule for Programme II

This schedule may be written as follows:

A,qg‘f(’/éo)T SITIA, 7,!49, lc,y,; H[(%)‘fs; %o]@t
|

C,

Q,(990)
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where g, denotes a check whether ¢ is satisfactory or not. If it is, a perfora-
tion is made of sign 1 in the ninetieth column (1/90). If it is not, the calcu-
lation of (s/p)'s is taken out. It is important to note that the card which
satisfies both F and ¢ receives the (1/90) performation, thus providing for
the final selection of the (1/90) card, only bearing solutions satisfying the
condition. The symbol g, means that the programme is to be taken out
depending on 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 (¢/p)'s, ¢ and (0/90) are requi-
red for the next correction. C, and C, both denote cancellations.

Logical Schedule for Programme 111

A logiéal schedule for the computation of all system components
x4 (i=1,2,...,10) can be written in this way:

q,(%%0)

q,m;,a{;rlq, t)la, | cas,

¥

1} (*)c.b}

where A, denotes computation procedures for x,, X, %;, ¥y and x;, while
A, denotes such procedures for x3, x,, x5, X¢ and x5 $(*)-denotes perforation
of xg3, %3, X5, Xg> X and (3/90) as well as x;, x5, %7, Xp, X34 and (3/90).

V — EMPLOYMENT OF THE UNIVAC-60 MACHINE

The UNIVAC-60 is an electronic computing machine operating on
the perforated cards principle. It consists of an electronically powered
arithmetical unit and an input-output unit partly mechanical, partly elec-

tronic. The operation speed depends upon the arithmetical operations which

take place. The length of time required for individual operations is as
follows:

addition 10 msec
subtraction 10 msec

multiplication 50 msec }for two five-digit numbers

division 50 msec

The length of time for méchanical passage is as long as 200 msec, permit-
ting a card flow of 9000 cards per hour, depending on numbers and types
of operations.
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Capaciry of the UNIVAC-60

Electronic storage 6x 10 digits
Input storage 90 digits
Output storage 90 digits
Constants 27 digits
Selectors 18
Programme steps 20
Elements 12

Symbols used in a current programme schedule are as follows:

c[H,]x[Sa]—->[S,] —'denoting that the first value is the element N,,
while the second value is located in the storage
space S;. The multiplication result is contained
in the storage space [S;]. If letters a and & are
found adjacent to the programme step number,
they denote that the programme step is used twice,
i. e., a, for the first passage, and b, for the sec-
ond passage following the selection.

[S)[S:] — cancellatlon of values kept in storage, spaces Sy
. dS,

[Sd [35] C— perforanon of cards w1th results contained in sto-
- rage spaces S; and S;. : :

— sorting.

PS, ' — shifting the selector control into ,,SELECTOR*
' ~ position. The UNIVAC-60 machine has four PS
(Programme Selector) controls. ‘' The programme
card should contain special indication, such as
»SEL. HOLD* adjacent to the PS; control sym-
bol if the selector control is to be left in the ,,SE-
LECTOR® position after the ,, TRIP“ order is

Oe®@

given. _
pS, — selector. The selector number is written inside the
IQ symbol, whereas another indication appearing ad-,
: jacent to it denotes the selector control to be used.

The selector side 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 of the UNIVAC-60 Compuring machine

The card set up is such as to make unnecessary any reproduction of
data from one card to another. In addition, no sorting of cards is necessary.
In other words, when all cards are properly set up, and the machine starts its
operation, the procedure goes on until the whole job is done. For each solu-
tion, three or four corrections have been made, but it is also possible to
make any additional number of corrections, if required. Should % corrections
be made for any one solution, then it is necessary to have k41 cards, en-
suring that only the first card has the symbol (0/90) and the assumed values
for x*2 and o.

The problem of balance of a gaseous mixture is of such a nature that
system components of a related problem group should be found where 4;
are permanent constants, while K; are variable parameters. Let z be the
number of related problems, and & the number of corrections required for
the solution of each problem, then the total number of cards used to solve
the related group is n(k+1). Only the first one of all n(k+1) cards
used, has been perforated as an assumed value for x*2. Since a related group
contains »n related problems, their cards arranged either in accordance with
decreasing or increasing values for K;, it has been found suitable to employ
the corrected value for x*z of the previous problem as an assumed value
for the next problem of the same related group. In other words, the com-
puted values for x"2 and x, respectively, obtained from the first correction,
are to be used as assumed ones for the next corrections.

Assuming the values for x'2 instead of x is one of the great facilities
in solving this problem. In this way, the solution is obtained much more
readily, programme making is less complicated and the employment of
the machine memory capacity more efficient. On the strength of the great
number of problems solved by the UNIVAC-60 computing machine,
we may draw the conclusion that the time required for each solution is one
minute. »

Fig. 1 represents a current diagrani for programme (I). It should be
noted that when the first correction for x*2 is worked out, storages S, and
S; are not cancelled, thus permitting, as mentioned before, that computed
values for x": from a preceding problem be used as an assumed value for
the next one belonging to the same related group of problems. When work-
ing out the second, third, etc., corrections, storages S, and S; are cancelled.

The programme selector PS, permits the selection of values in pro-
gramme steps 3 through 15, and together with the programme selectors
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PS, and PS,, makes it possible to use the iterative method of correcting
the value for x"s; on the other hand, the programme selector PS; is used
to determine whether the values for x should be decreased or increased.

The elements and storages used for programme (I) have the following
values: _

[N1]=> xt/, assumed, l:N2 =>0, . [N3 =>—I—§-§:
[N.]=>(—;—)% or|F|=10~4, [Nj]=>a, [N, => K,
[N,]=> K, or 10-3, [Ns];> G, [N,]=>2K,,
[Mo]=>K,, [Nu]=>FKyora, [Np]=>a0

[Sl]=>z, [Sz]=>x‘/=, . [§3]=>x‘*s | [84]==>y-

The values read directly from the cards are:
K3
"2“:

while those read from the programme discs are

Yy
KM assumed’ K, 2Kg, K;, Ky, K;o and (—‘—:—) >

ay; ag; a3 a3 0; 1074 and 1073,

The current diagram for Programme (II) is shown in Fig 2. The first
step in this programme is designed to shift the selector 2, if (0/90) exists.
If such a step does not exist, the selector might not be shifter into position
»SELECTOR® and the programme would follow a wrong course. The
result of the 13th programme step operation is always negative and it is
used to perforate (1/90). The programme will follow the course of this pro-
gramme step only if the computed value for ¢ gives the required accuracy.
Should the contrary be the case, the value for (o/p)*s is worked out and the
card is sorted. For the next cards, namely those for a solution, the programme
either follows the 20th programme step or not, depending on whether the
solution has given the accuracy required for o. If the preceding solution
‘is corrected, the following card is perforated at (a/p)*2, o and (0/90), since
the result of the arithmetical operation in the 20th programme step is always
negative, Connection with the ,,SEL. HOLD* position is interrupted when
the PS, starts to operate. '

The elements and storages used for programme (II) have following
values:

[N1]==> K, or 1, [N2]=>y, [zVs ==>a,, [N‘ => h,

[N5]=> (%)lla, [NG]=>K7OI | 6p—0; | =4%10-3, [N, =>a,
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[Ns]=>co:' a, [N, => g, [Nm => K,, [1\111 =>2,

‘ [N12 =>9p, [S2]=> s, [Sa]=-—> (—;—)1".

The elements read directly from the cards in this programme are: #*'h, y, K,
K,, Ky, o; and (o[p)'s, while those read from the programme panel are:

a;; as; a3 a5 p3 2; 1 and 4x10-3

The current diagram for programme (III) is shown in Fig. 3. This
programme is used only when the values for x, y and 2 are found from all
problems. Such solutions are perforated into the cards bearing the sign
(1/90). Two empty cards should be inserted next to each of these cards,
on which solutions for x; (=1,2,...,10) will be perforated, the computations
and perforations for x4, x,, X5, X and x, taking place during the first passage,
and those for x;, x,, %;, Xy and x;, during the second passage. The pro-
gramme for determining all the ten components is set up by means of Equa-
tions (17 through 26). The elements and storages used have the following
values:

[N1]=>(§)”’, [No]=>2K, [Ni]=>3 [N]=>=

[Ns => K, [Na => K, [N,]=>K9, [Ns]=> xh
[Ns]=> K, [Nm' =2 ay [N11]=> 2 [le =>aq,
[Sl]==>xs,0rx,, [Ss]=>‘x5,0rx10,, [S,,]=>xs,0rx-,,

[Ss] === X3, OT Xy, [ S.,] ==>> X4, OT X3 ..
The following values are read directly from the cards

1,
xll” ¥, 2 Ky, 2K, 'Ky, K, Ky and(i) ' ’
: , 2]
‘while those read from the discs are:

ag, Qg and 2.
(Received 6-IV-1960)
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PENIE®LE CUCTEMA JEOTHAUYMHA PABHOTEXE TACHHUX
TIPOLYKATA CATOPEBAA TIOMORY OUI'MTAIHE
MAIIMHE ,,UNIVAC-60“

H. Iapesanosuh u J. Ilerpub (Beorpan)

Pewere npobnema paBHOTE}e y racHOj CMELIM ce BpNO uecTo Cpehe
¥ TIPaKCH TEXHOJOra M XeMuyapa KOjH paje Ha [poydaBamby CacTaBa rOpHBA.
OsBaj mpobitem je pedmHMCaH CHCTeMOM HENWHEApHUX anrefapCckux jed-
HAYMHA YHj€ pelllaBame, aKo CE KOPUCTe CTOHE MAIIMHE, 3aXTeBa BEIUKH Hy-
MepHUKH [I0Ca0 KOju Tpaje BUllle JaHa ¥ mpakeH je cy0jeKTUBHMM IpelIKama
Kankysanata. OTypda je sa pelasame 0BOT npoliiemMa HEONXOAHO KOPHUCTHUTH
MOJicpHa TEXHHUYKA CPefCTBA KAao -IUTO Cy JWIHTAIHE PAUyHCKE MalllMHe,
o caga je oBaj mpobneM permaBan I10MohY AUIUTAHUX MAIUKHA BENHKHX
kamarfurera Memopuje {1}, amm kaKo MHOIM MHDKEmEDH KOjU Ce § CBOjoOj
mpaxcu GaBe oBUM mpoOrieMOM HeMajy HA PAacloJaraiby OBaKBE MAILLMHE,
TO je Off BEJIMKOI MHTEPEeca MOKa3aTy Kako ce 0Baj IpolbieM MoKe pelllaBaT
Ha JUCUTaHEM MalOMHAMd Majior KanaruTeTa MeMopHje.

Tlomasehu off mMo3HATHX jegHAUMHA CA KOjHMA je JeduHucana paBHOTEXA
racHe cMmere’
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KOj€ CMO Ha3BaJIH PafHUM jeqHaUnHaMa. Y jeqnaunHama (11—13) sagprxane cy

. X, X
CcBe 03HaKe u3 jegnaunHa (1—10) ocum x =2y, y=—2, 2= -8y g=g,—q,.
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Jemmaunne (11—13) cy mHOro morofumje 3a ImpopadyyH KOMIIOHEHATa
caropeBama Off OHMX jefHauuHa koje cy gare y [1], [2] u [3). Usrauynasame
X, ¥y ¥ 2 MOKe Cce U3BDIUHTH Ca 3a0B0JbaBajyhoM TauHomhy aKo ce HCKO-
PHCTH T3B. METOJ NOKYyluaja M Ipellike KOjH ce cacroju y ciedehem: mper-
IOCTaBM Ce BPENHOCT X2 M uapadyHa y momohy jemmaumse (11), 3aTuM ce
IPETIIOCTAaBJBEHO X2 M M3[auyHaToO y YBPCTH y jeauaumdy (12) m M3pauyna
Z U Raj2all, akO H3pauyHaTO ¥ M 2 3a70BCJBE, npema jemHaumnu (13), ycros

l F(y,2) I =g, (14)

OHJIa, Ha Taj HauuH, AoOujeHe BPEOHOCTH 32 ¥, Yy H 2 NPETCTaBIpajy TPaYKEHO
peiuerme. Ako ycios (14) HUje 3a0B0oJbeH, YBehaBa ce WIH CMakyje Hper-
IIOCTABJBEHO X2 38 HEKy MANly BPEQHOCT M IOCTYNAK CE HACTaBJha H3HOBA
CBE JJOK CE He IOCTUTHY 33 X, ¥ ¥ 2 Pe3yJTaTH >keJbeHe TayHoCcTH. MehyTnm,
KaKo je o=f(x;), i=1,2,...,10, Hymepruka o6paja OBOT HpofieMa IIfema
aytopuma [1], [2] & [3] je 6una Beoma rioMasHa m 3axTeBana je IOCao Of
BHIIE aHa payyHama Ha CTOHMM MAIMHAMA IUIH ynorpe(y MallidHa BEJTUKHX
Kamanprera memopuje. ITo3naTo je ma ce ¢ Modke TPHOMIKHO ONLCIHTH
MPETXONHUM TEPMOZVHAMMUKMM IIPOPAYYVHOM H Ta BPEQHOCT 34 G==Gp CE
KOPHCTH K20 NpPETIOCTaBIkeHa I10J1a3Ha BpeRHoCT. Mu cmo mu3pas 3a o=f(xy)
cBeny Ha 06K 6=f(x, ¥, 2) KOjH1 3aBUCH CAMO OH X, ¥y H 2
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TAKO Ce HHKaja He payyHajy KommoHeHTe x; (i=1,2,...,10) mpe Hero wro
ce nomohy BpenHOCTH X, ¥ H Z KOje 33/10B0JraBajy ycios (14) me u3pauyHa
6=0; npema jenuaumun (15). AKO je HCIyHEH YCHOB
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OHHA C€ pauyHAjy BPEOHOCTH CBHX JeceT KOMNOHEHATa X;, a aK0 HHje, OHAa
Ce MECTO 6=o0, YHOCH y jemuaumHe (11—I3) HoBa BpPEAHOCT 6=0; H LEO
[IOCTYIIAK Teue H3HOBA cBe OOK He Oyay uchymenu ycoioeu (14) u (16).
O0a oBa mOCTYIIKa Cy KOHBepreHTHa. Ha OBaj HayuH, MOCTUTHYTO je Aa Ce
CHCTEM HEJWHEeapHHX anre0apCKHX jegHauUMHA DaBHOTEXKe Yy TacCHOj CMEILH
MOYKE YCHELIHO pellaBaTH X HA JUTHTATHMM MAIIMHAMA MajuX KAaIamuTeTa
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memopuje Kao mwro je u ,UNIVAC-60“, a axo ce Bpilum peliaBame Ha
CTOHHMM IIWHaMa, Takohe ce mocTmKe yiuTena y BpemeHy. CacTaBibamby
nporpama cMO IPMIIIM IIPEKO JOTHYKWUX IHeMa Koje omoryhyjy JIAKIITH
yBuj 1 Op)xe CXBarambe LieMHE npoﬁnema H HayyHa Ha KOjH Ce peIapa.

M3 Bemmxor Opoja mpumepa Koje CMO pELIUIM Ha ,,UNIVAC 60
¥ NpaKTUUHe NPUMEHe OOMjeHMX pe3ynTara, HOKA3aj0 Ce fa j€ JOBOJBHO
ycBojutH £ =10"% u ¢,=4 X 10~%, V mpaxcu ce jaBipa notpeba 3a pellaBame
BHIIE TPyNa CPOIHMX 3afjaTaKa, HAPOUMTO Kafa je ¥ NHTAmkY CaCTaBJbarme
(#, s) T pujarpama. ¥ cnyuajy xapga jepsa rpyna uma 20—30 cpopuux 3a-
JlaTaka, Bpeme mpopauyHa cBux 10 xonmonesarta 3a CBE 23fJaTKE LieNie IpyIe
Hije mpenasuwio 30 MEH., IITO 3HAYM [a 32 CBAKM 3a4aTaK, TOHA0Cob, KO-
pumthesem ,,UNIVAC-60%, ruje yTopiiero Bpeme Behie OF jEMHOr MuHyTa.
Koputheme u3pauyHaTHX KOHIOHEHATa 34 CAcTaBBAmE (7, s) T pujarpama
He TpeTcTaBba HyMepHuKe Teilkche.




