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Correct indexing of single-crystal faces is vital in many areas of spectroscopy, crystallography and solid state
physics and chemistry in general. Precise measurements of the angles between the crystal faces, combined by
knowledge of the unit-cell parameters, allow positive identification of the types of faces. An equation for calculation
of the angle between two planes, defined by their Miiller indices, was derived for the most general case (oblique
coordinate system). A computer program (CRYAMCALC) written in Qbasic is used to calculate the theoretical values
of the angles between different pairs of crystal planes which are then compared to the measured values. The value
which is closest to the measured one reveals the pairs of planes in question.
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INTRODUCTION

Single-crystal spectroscopy (Raman, IR, UV-
VIS etc.) has become an important tool for material
research in the last few decades [1-3]. The interest
in the application of these methods increases since
much information obtainable in this way remains
obscured when polycrystalline samples are studied.
Single crystals of both natural and synthetic origin
may easily be studied [4-5].

The first step, after the sample has been se-
lected, is a proper alignment of the crystal with re-
spect to the laboratory coordinate system. This ori-
entation implies knowledge of the crystal morphol-
ogy; that is, the crystal faces have to be correctly
indexed. This task is not as trivial as it may look. A
systematic method for face indexing is, thercfore,
desirable. The purpose of the present paper is to
point to a possible solution to problems of this kind.

DEFINITION OF THE PROBLEM

Single crystal faces correspond to certain
crystal planes. The easiest way to describe these
planes is in terms of their Miiller indices. Only the
simplest representatives of the form (4, +k, +/) are
important, since all other planes of the form (n/, nk,
n/) where » is an integer are parallel with them. In

special cases (typically in crystals of high symmetry,
or crystals with developed pinacoidal faces only),
one may reveal the crystal morphology by simple
inspection. Ordinarily, however, this is not possible.
In such cases, perhaps the casiest approach for the
correct indexing of crystal faces is the measurement
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of the angle between a pair of faces sharing a com-
mon edge. This could be done by means of a gonio-
meter or some other instrument of comparable preci-
sion. Providing the unit cell parameters are known,
one could calculate the (theoretical) value of the an-
gle between any two crystal planes. Then, by simple
comparison of the calculated values with the meas-
ured one (allowing for the error of the goniome-
ter/instrument), one may deduce the pair of planes in
question. In this way three measurements of angles
(typically angles built by three planes having a common
vertex), will result in unambiguous face indexing.

In principle, one might use various available
computer programs/packages to accomplish this

task. There is a program CRYSCALC written by one
of the authors some time ago [6], that can be used to
complete the job. This program, however, was de-
signed for routine calculations in crystallography,
where the user defines a plane by a set of three at-
oms (i.e. the input data are the unit-cell parameters
and the fractional coordinates of the atoms in ques-
tion). For the present work, where systematic cal-
culations of a number of angles are necessary, it is
totally impractical. The program CRYMCALC that
we present here may be considered as an attractive
and time-saving alternative. A few comments on its
structure and use will follow.

THE COMPUTER PROGRAM

The question of principal importance is: How
can the angle between two crystal faces/planes be
calculated? As mentioned, the easiest way to define
a crystal face/plane is by means of its Miiller indi-
ces. This implies the use of a modified segment form
of an equation of plane. Note that the problem is not
trivial, because in a general case the coordinate sys-
tem may not be rectangular. The results of the solu-
tion to the problem are given in Appendix 1. As can
be seen, the angle depends only on the unit cell pa-
rameters and the Miller indices of the two inter-
secting planes. This is of crucial significance to the
problem, since the indices may be easily varied in a
systematic way (using loops).

The computer program is given in Appendix 2,
hence only a brief description will follow. The pro-
gram is composed of several parts. The first part of
the program (VariablesInUse) declares all variables
that are to be used. The next part (Intro) gives the
user all necessary information. UnitCellParameters
is the third part, where a, b, ¢, «, f and y are en-
tered. Indices is a very important part, where the
user picks lower and upper limits for the Miiller in-
dices of the two sets of planes. Intcgers from —4 to 4
are the legal input. It is highly recommended not to
use the entire range (-4 to 4) for all indices of the
two sets of planes, for this will eventually result in
an overlong calculation. MainProgram is the central
part of the program. It consists of six nested loops
(two triplets of A, k, [ indices) within which a sub-
routine for angle calculation is called. In this way,
all relevant pairs of planes are taken into account. A
little trick is used to skip unnecessary calculations

for sets of planes that are parallel to what we call
the simplest representatives. The sums of cubes : |h|’
+ |k’ + |/’ are calculated for both planes. Whenever
any of these is equal to 8, 16, 24, 27, 54, 64, 72, 80,
81, 128, 136 or 192, the calculation is avoided. The
value of 8 corresponds to a (200), (020) or (002)
plane (or their symmetry equivalents) and these are,
of course, parallel to the already included (100),
(010), and (001) planes. The other numbers are ex-
plained similarly. The reason for using sum of cubes
rather than squares is that the sum of squares is not
unique. For example, both (330) and (411) planes
have the same sum of squares — 18, but only the first
one is to be avoided. Evidently, the sum of squares
gives no criterion of redundancy. On the other hand,
the sums of cubes for these two planes are 54 and
66, respectively.

Throughout the whole program most input er-
rors are intercepted (the user being returned to the
same data entry). The output results may (option-
ally) be saved to a disk sequential file under the
name ‘ANGLES.CMC’. Lots of comments are used
in the program, to facilitate understanding its struc-
ture and the function of various parts (cf. Appendix
2},
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Bull. Chem. Technol. Macedonia, 16, 2, 149-160 (1997)




CRYMCALC — A computer program for crystal morphology calculations 151

REFERENCES
[1] P. M. A. Sherwood, Vibrational Spectroscopy of Solids, [5] A. Goypiron, J. de Villepin, A. Novak, J. Raman Spec-
Cambridge University Press, Cambridge, 1972. trosc. 9,297 (1980).
[2] D. A. Long, Raman Spectroscopy, McGraw-Hill, New [6] V. M. Petrusevski, CRYSCALC - a computer program
York-London, 1977. Sor various calculations in crystallography, Institute of
[3] J. C. Decius, R. M. Hexter, Molecular Vibrations in Chemistry, Faculty of Science, Skopje, 1990 (unpub-
Crystals, McGraw-Hill, New York, 1977. lished).
[4] H. Takahashi, I. Maehara, N. Kaneko, Spectrochim. [71 K. Trenevski, unpublished work.
Acta, 39A, 449 (1983).
APPENDIX 1

The crystal in question may belong to any of the six crystal systems. Let us consider an oblique coordi-

nate system, as shown in Fig. 1. The equations of the two planes may be written as:

Fig. 1. The oblique coordinate system in use

21: h.x+k1y+ t’1Z= |
E:: hgx T k;}!’ 2 o f‘_gZ =1
where /;, ki and /; are the Miiller indices of the planes. After some lengthy manipulations, one arrives [7] at the

following formula for calculation of the angle between the planes:

qé:arccos( - J
VBC

where ¢ is the angle, and the quantities A, B, C are defined below:

A= a2b211!25in2y +b2.:-2h1h25in 20 +czazklkzsin2ﬂ +ab2c(Z|h2 +.’2h])(cosy cosa —cosf3) +

+bc2alkhy +kyhy) (cosar cosB - cosy)+ca’blkyly +kyl; ) (cosf cosy —cosr)

B= azbzllzsin 2;/ + bzczhlzsinza + czazklzsinzﬁ + 2abzc}11!1 (cos;v cosa — cosﬁ)+

+ 2b02ak]h] (cosa cosp —cosy )+ 20a2b!1k1 (cosp cosy — cosar)

C= a2b2£§sin2y +b202h225in 2q +c202k225in2ﬂ + 2ab2ch2£2 (cosy cosa -cosﬁ)+

+ 2bc2ak2h2 (cosax cosfg - cosy )+ 2ca 23)!2!{2 (cosB cosy —cosar)
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APPENDIX 2

LISTING OF THE COMPUTER PROGRAM

REM sk s s s e sk e ok e ok ok o sk ok sk ok ok ok ko sk ok ok ok ko sk ok ok okokok skok ok ok ok skl skokkok kool kR sk ko sk okok skokok ok ok ok ok ok

REM * *
REM * CRYMCALC - CRYSTAL MORPHOLOGY CALCULATIONS *
REM * *
REM * by *
REM * *
REM * Vladimir M. Petrusevski & Vladimir G. Ivanovski x
REM * Department of Physical Chemistry, E
REM * Institute of Chemistry, Faculty of Science, *
REM * Arhimedova 35, 91000 Skopje, Macedonia *
R_EM * *
REM * Version 2.1 for IBM-PC and compatible computers "
REM * — Written in Microsoft QuickBasic — *
REM * *

REM ek s e o e sk ok ook e ok sk ok sk sk skt koo sk ok ok ok ok ok ok ok ook sk ok skokok ook sk ok ok ok kR sk ok ok R kR kR kR ok R kok okl skokokok

VariablesInUse: ' Explain what each variable means '
a=0
b=0 ' Unit-cell parameters (axes) '
c=0
alpha=10 ' Unit-cell parameters (angles: '
betta =0 _ "entered in degrees, converted :
gamma = 0 " into radians) :
ca=0:cb=0:¢cg=0 ' Cosines of angles o,  and y '
sa=0:sb=0:sg=0 ' Sines of angles o, B and y '
aabb = 0: bbcc = 0: ccaa=0 ' Products: aabb = a*a*b*b etc. '
abbc = 0: beca=0: caab=0 ' Products: abbc = a*b*b*c etc. '
sasa = (: sbsb = 0: sgsg =0 ' Products: sasa = sa*sa etc. |
cgab = 0: cabg = 0: cbga =0 ' Products: cgab = cg*ca-cb etc. :
Aa=0:Bb=0:Cc=0 ' Variables to calculate cosfi !
Counter =0 ' Number of angles calculated :
cosfi =0 ' Cosine of angle between planes, '
' defined as cosfi = Aa/SQR(Bb*Cc) :
fi=0 ' Angle between the planes '
Fl=0 ' Output flag: 1- screen, 2- disk :
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hl1 =0
kl=0 ' Miiller indices of first plane
11=0
h2=0
k2=0 ' Miiller indices of second plane
2=0
Limit =0 " Index limit (between 1 and 4)
Hlmin=0 ' Minimum value for hl-index
Klmin=0 ' Minimum value for k1-index
Llmin=0 ' Minimum value for 1-index
Hlmax =0 ' Maximum value for hl-index
Klmax=0 ' Maximum value for k1-index
Llmax=0 ' Maximum value for 1-index
H2min =0 ' Minimum value for h2-index
K2min =0 ' Minimum value for k2-index
L2min=0 ' Minimum value for 12-index
H2max =0 ' Maximum value for h2-index
K2max =0 ' Maximum value for k2-index
L2max =10 ' Maximum value for [2-index
Pi=4* ATN(1) ' Ludolf's number -
Scl=0:Sc2=0 ' Sum of cubes of Miiller indices
Answer§ ="" '"In WHILE---WEND structures: Y/N
Flag$ ="" ' Output flag: Y -screen; N -disk
Format$ ="" ' Format of output for PRINT USING
Limit$ ="" ' ' String-value of variable Limit
Sp$="" ' In WHILE---WEND structures: wait
'for SPACE, Q or R to be pressed
Intro: ' User information
CLS ‘
PRINT
PRINT" CRYstal Morphology CALCulations"
PRINT : PRINT
PRINT " The program calculates automatically the angle between"
PRINT " two planes, given by their Miiller indices. No calculations are"
PRINT "  done for parallel planes except for the simplest representati-"
PRINT " wve. That is (100), (010), (001), (110), (101) etc. are included"
PRINT "  but (n00), (0n0), (00n), (nn0), (n0n) etc. are not. The result”
PRINT "  is printed on the screen.”
PRINT " The input data are the unit cell parameters (a,b,c may"
PRINT " be entered in arbitrary units, angles are entered in degrees ;"
PRINT " the inequalities o <P +v:. B <y + a; vy <a + B must all hold)"
PRINT " and the limiting values of the Miiller indices (accounting for"
PRINT " the planes to be included in the calculation)."
PRINT " The results may be optionally saved to disk, under the"
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PRINT " name 'ANGLES.CMC', in the current directory. Rename this file"
PRINT " (if you want to keep it) immediately after output is redirected"
PRINT " to disk, for it may be invariably lost."

GOSUB ContinueOrQuit

UnitCellParameters: "Entera, b, c, a, B,y

CLS

PRINT : PRINT

PRINT " Enter unit-cell parameters:"
PRINT : PRINT

INPUT" a/au="; a

INPUT " b/au=";b

INPUT " c/au="; ¢

PRINT

INPUT " a/® ="; alpha
INPUT " B/° =", betta
INPUT " y/° =", gamma

" Interception of errors
IF alpha >= betta + gamma THEN GOTO UnitCellParameters
IF betta >= gamma + alpha THEN GOTO UnitCellParameters
IF gamma >= alpha + betta THEN GOTO UnitCellParameters
IF alpha + betta + gamma >= 360 THEN GOTO UnitCellParameters

" Conversion: degrees to radians
alpha = alpha * Pi / 180
betta = betta * Pi/ 180
gamma = gamma * Pi / [80

GOSUB Correct ' Check input data for errors :
IF Answer$ = "N" THEN GOTO UnitCellParameters

' Products of unit-cell parameters
aabb=a*a*b*b:bbcc=b*b*c*ciccaa=c*c*a*a
abbc=a*b*b*c:bcca=b*c*c*a caab=c*a*a*b

Indices: ' Low and high values of h, k, | ;
CLS
PRINT : PRINT
PRINT " Enter low and high limits for Miiller indices (-4 to 4). Be-"
PRINT " ware that using the entire range will result in an overlong"
PRINT " calculation (more than 330,000 pairs of planes). It may be"
PRINT " a good idea to start with a narrow range of indices and to"
PRINT " repeat the calculation with an extended range if it appears"
PRINT " necessary."
PRINT

PRINT " Entering identical values for high and low values of Miiller"

Bull. Chem. Technol. Macedonia, 16, 2, 149-160 (1997)




CRYMCALC — 4 computer program for crystal morphology calculations 155

PRINT " indices for the first plane will restrict the calculation”
PRINT"  to the angles built with that specific plane."

PRINT : PRINT : PRINT

GOSUB ContinueOrQuit

hi:

CLES

PRINT " Enter low limit for hl-index "
GOSUB IndexLimit

Hlmin = Limit

PRINT " Enter high limit for hl-index "
GOSUB IndexLimit

Hlmax = Limit

IF Hlmin > Hlmax THEN GOTO hl

kl:
CLS
PRINT " Enter low limit for k1-index "
GOSUB IndexLimit

Klmin = Limit

PRINT " Enter high limit for k1-index "
GOSUB IndexLimit

Klmax = Limit

IF KImin > K1max THEN GOTO kI

11:

CLS

PRINT " Enter low limit for 11-index "
GOSUB IndexLimit

L Imin = Limit

PRINT " Enter high limit for [1-index "
GOSUB IndexLimit

L1lmax = Limit

IF LImin > L1max THEN GOTO I1

h2;

CLS
- PRINT " Enter low limit for h2-index "
GOSUB IndexLimit
H2min = Limit
PRINT " Enter high limit for h2-index "
GOSUB IndexLimit
H2max = Limit
IF H2min > H2max THEN GOTO h2

k2.

CLS

[nac. xem. Texnon. Maxkepounja, 16, 2, 149-160 (1997)
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PRINT " Enter low limit for k2-index "
GOSUB IndexLimit

K2min = Limit

PRINT " Enter high limit for k2-index "
GOSUB IndexLimit

K2max = Limit

IF K2min > K2max THEN GOTO k2

12:

CLS

PRINT " Enter low limit for 12-index "
GOSUB IndexLimit

L2min = Limit

PRINT " Enter high limit for 12-index "
GOSUB IndexLimit

L2max = Limit

IF L2min > L2max THEN GOTO 12

ReviewlIndices: ' Print limits to check input X

CLS

PRINT

PRINT" Hlmin="; Hlmin, "Hlmax ="; Hlmax
PRINT " Klmin="; Klmin, "Klmax ="; Klmax
PRINT " Llmin="; Llmin, "L1max ="; Llmax
PRINT -

PRINT " H2min ="; H2min, "H2max = "; H2max
PRINT " K2min="; K2min, "K2max = "; K2max
PRINT " L2min="; L2min, "L2max ="; L2max

GOSUB Correct ' Check input data for errors !
IF Answer$ = "N" THEN GOTO Indices

ScreenOrDisk: ' Print angles to screen or disk !
CLOSE #1: CLOSE #2 " Ensure all channels are closed '

PRINT : PRINT
PRINT " Output results to disk 7 (Y/N)"
PRINT : PRINT

Flag$ = ""

WHILE Flag$ <> "Y" AND Flag$ <> "N"
Flag$ = UCASES(INKEY$)

WEND

IF Flag$ = "N" THEN ' Qutput angles to screen '
Fl=1: OPEN "SCRN:" FOR OUTPUT AS #1
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ELSE ' OQutput angles to disk '
F1=2: OPEN "ANGLES.CMC" FOR OUTPUT AS #2
PRINT #Fl, " Counter hl kl 11 h2 k2 12 Angle/™"
PRINT #FI.,
END IF
TrigFunctions: ' Sin and Cos functions of o, B.y,

"used in calculation of angles

sa = SIN(alpha): sb = SIN(betta): sg = SIN(gamma)

ca = COS(alpha): cb = COS(betta): cg = COS(gamma)
sasa = sa * sa: sbsb = sb * sb: sgsg = sg * sg

cabg =ca * ¢b - cg: cbga =cb * cg - ca: cgab=cg *ca-cb

MainProgram: ' Angles between all possible
' pairs of planes

Counter = 0

FOR hl = Hlmin TO Hlmax
FOR k! = Klmin TO KIlmax
FOR 11 = L1min TO L1lmax
FOR h2 = H2min TO H2max
FOR k2 = K2min TO K2max
FOR 12 = L2min TO L2max

Scl = ABS(h1 ~ 3) + ABS(k1 * 3) + ABS(11 * 3)
Sc2 = ABS(h2 ~ 3) + ABS(k2 ~ 3) + ABS(12 * 3)

' The sum of cubes is unique,
"unlike the sum of squares.
' Skip the following planes:

IF Scl =0 OR Sc2 =0 THEN GOTO Jump

IF Scl =8 OR Sc¢2 =8 THEN GOTO Jump

IF Scl = 16 OR Sc2 = 16 THEN GOTO Jump
IF Scl =24 OR Sc2 =24 THEN GOTO Jump
IF Scl =27 OR Sc2 =27 THEN GOTO Jump
IF Scl =54 OR Sc2 = 54 THEN GOTO Jump
IF Scl =64 OR Sc2 =64 THEN GOTO Jump
IF Scl =72 OR Sc2 = 72 THEN GOTO Jump

IF Scl =80 OR Sc2 = 80 THEN GOTO Jump
IF Scl =81 OR Sc2 =81 THEN GOTO Jump
[F Scl =128 OR Sc2 = 128 THEN GOTO Jump
IF Scl = 136 OR Sc2 = 136 THEN GOTO Jump
IF Scl =192 OR Sc2 =192 THEN GOTO Jump

' (000)-no such plane
'(200), (020), (002)
'(220), (202), (022)
'(222)

'(300), (030), (003)
'(330), (303), (033)
' (400), (040), (004)
' (420), (204), (042)
' (402), (024), (240)
'(422), (242), (224)
' (333)

' (440), (404), (044)
'(442), (424), (244)
' (444)

' Same (1) or parallel (2) plane

[F hl =h2 AND kl =k2 AND 11 =12 THEN GOTO Jump
IF h1 =-h2 AND k1l =-k2 AND |1 = -12 THEN GOTO Jump
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GOSUB Angle " cos(fi) is calculated, where fi !
" is the angle between the planes

ResultsOut: ' Results to screen or disk

Counter = Counter + 1
" If output is sent to screen,
" print "pages" with 20 rows
[F F1= 1 THEN
IF INT((Counter - 1) / 20) = (Counter - 1) / 20 THEN
GOSUB ContinueOrQuit
CLS
PRINT #F1, " Counter hl k1 11 h2 k2 12 Angle/*"
END IF
END IF

' Disk output - continuous print
Format$ = " ######  ## ## ## Hit #i HH #HiH 1"
PRINT #FI, USING Format$; Counter; hl; k1; 11; h2; k2; 12; fi

Jump: " Jump here after every calculated
"angle or skipped plane
NEXT I2
NEXT k2
NEXT h2
NEXT 11
NEXT kl
NEXT hl

RestartOrEnd: ' Restart or terminate

IF F1 =1 THEN GOTO ScreenOrDisk

IF F1 =2 THEN END " Avoid loss of saved disk data !

Angle: ' Subroutine for angle calculation '

Aa =aabb * 1] * 12 * sgsg + bbcc * hl * h2 * sasa + ccaa * k1 * k2 * sbsb
Aa=Aa+abbc * (hl *12 +h2 *11) * cgab

Aa = Aa+bcca* (kl *h2 +k2 * hl) * cabg

Aa = Aa+caab * (k] *12 +k2 *11) * cbga

Bb = aabb * 11 * 11 * sgsg + bbce * hl * hl * sasa + ccaa * k1 * k1 * sbsb
Bh=HBh + 2 * abbc *hl *%1]1*cgab

Bb=Bb+2*beca *kl *hl * cabg

Bb=Bb+2 *caab * 11 *kl * cbga

Cc = aabb * 12 * 12 * sgsg + bbce * h2 * h2 * sasa + ccaa * k2 * k2 * sbsb
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Cc=Cc+2 *abbc *h2™* 12* cpab
Ce=Ce+2%beca®* k2 *h2 * cabp
Cc=Cc+2*caab *12 *k2 *cbga

cosfi = Aa/ SQR(Bb * Cc)
IF ABS(cosfi) = | THEN
fi=0
ELSE
fi =180/ Pi * (Pi/2 + ATN(cosfi / SQR(I - cosfi * cosfi)))
END IF

RETURN
Correct: " In case of error, reenter data

PRINT : PRINT
PRINT " Are these values correct? (Y/N)"

Answer§ =""
WHILE Answer$ <> "Y" AND Answer$ <> "N"
Answer$ = UCASES$(INKEY$)

WEND
RETURN
ContinueOrQuit: ' Space - to continue execution;
"Q - to quit; R - for a new run
LOCATE 23
PRINT " Press space to continue, 'Q' to quit or 'R’ for a new run"
Sp$ —_ "

WHILE (Sp$ <> " " AND Sp$ <> "Q" AND Spﬂ) < "R")
Sp$ = UCASES(INKEYS)
WEND

IF Sp$ = "Q" THEN END
IF Sp$ = "R" THEN RUN

RETURN

IndexLimit; ' Set limits for h, k. |

Limit=35
WHILE ABS(Limit) > 4 OR INT(Limit) <> Limit
LOCATE CSRLIN - 1, 32
INPUT Limit
. WEND

RETURN
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Pezume

CRYMCALC - KOMIITYTEPCKA ITPOTPAMA 3A IIPECMETKH
BO BPCKA CO MOP®OJIOIUJATA HA KPUCTAIJIMTE

Baagumup M. [Merpymesckn', Baaguvup I. Uanoncku' n Kocragun I'. Tpemyencku’

I Hueimivitiyiti sa xemuja, [IM®, Yuusepauiiewi ,,Ca. Kupua u Meitioduj ™,
Apxumedosa 5, Croiije, Peiiy6auxa Maxedonuja
? Uncimiuitiyini sa maittemaitiuxa, ITM®, Yuusepsuitieii ,, Cs. Kupua u Meitioduj ",
Apxumedosa 5, Croiije, PeilyGauxa Marxedonuja

Kiy4ynu 360poBi: HHAeKCHpPamke Ha MOBPLIMHHTE Ha KPUCTaNH; MHIEPOBH MHIEKCH; KPHCTAIHA DAMHHHA,

OpeCcMETKA Ha aroln

To4uHO HHAEKCHpakhe Ha MOBPILUHATE Off MOHOKPH-
CTallM € Ba¥KHO BO MHOTY MOJjpayja Ha CIEeKTPOCKONHjaTa,
kpucranorpagujata ¥ (pU3MKAaTA H XeMHjaTa Ha UBPCTa
cocrojba BoonuwTo. [IPeNH3HOTO MEPEkE HA 4rfuTe, 3a-
€JHO CO TO3HABAKETO HA MapaMeTpHTe Ha eleMeHTap-
HaTa KeJHja, OBO3MOXKYBA CHTYpPHA HAeHTH(HKauuja Ha
mrockuTe. VI3BefeHa € paBeHKa 3a NMpecMeTyBame Ha
BpefHOCTA HA arojoT momefy JABeé pPaMHWHHM BO KpHCTa-

NOT, 3afajeHn co HUBHHTe MHUNEPOBM MJAEKCH, 3a Haj-
omuT ciaydaj (KocoaroneH KOOpPAHHATeH cucreM). 3a
npecMeTyBakhe Ha TeOPHCKATa BPEJHOCT Ha arofoT noMe-
f'y pa3HIHA JBOjKH PAMHHHH € HalUIlaHa KOMIjyTepcKa
nporpama (CRYMCALC) Bo mporpaMckuoT jasHk Qbasic.
INpecMeranaTa BPeJHOCT LITO € Haj6NHcKa [0 H3Mepe-
HaTa OTKPHBA 3a Koja IBOjKa paMHWHH CTaHyBa 360p.
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