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KOPEJIAU,HJA rPABHMETPHJCKHX AHOMAJIHJA 
CA PEJLE«I>OM HA TEPEHY BAJHHA BAUITA

°A

M npocjiaB a CTapneBHha*

y  p a j i y  j e  n p iiK a3aH n o c T y n a K  3a  pa* iyH aH > e C T e n e H a  K o p e jia i jH je  H3M e ljy  rpaBH M eTpH jcKH X  ( B y r e o B H x )  

a H O M a jin ja  H o6njeHHX 3a  p a 3JiHHHTe ry c T H H e  H p e jb e c jja  T e p e H a  y  H iH peM  p e rH O H y  XH jip0CHCTeMa B a jH H a  B a m -  

Ta. O B a  K o p ejiaH H ja  HM a BejiHKH 3H a»ia j 3a  o n p e / je jb H B a iie  o k o  H36o p a  rycT H H e T e p e n a ,  i u t o  j e  Ba>KaH n a p a -  

M e T a p  3a  n p a B H J in o  TyM a>ieH >e a H O M ajm ja  rp a B H T a ijH O H o r  n o jb a .

K o p n m h e H  j e  n p H H U n n H je j ih h  m c t o j i  H e T J iT o n a  3a  K o p e j ia i iH jy  BHCHHa T a> iaK a  M e p e i t a  h  BpejiH O C TH  c p a -  

H yH aTH X  a n o M a j i n ja  r p a B H T a i in o H o r  n o j t a  3a  BH H ie p a 3JHMHTHX ry c T H H a , a  c r e n e H  K o p e j ia i jH je  o n p e t ) e H  j e  M a 'r e -  

MaTHHKHM M eT O JlaM a.

I I o c T y n a K  je  nornyH O  npH Jiaro ijen  3a p a j i  Ha nepcoHajiHHM pa*iyHapnM a y 3 ma kchm a jih o  K o p n u ih e iie  rp a -  
4)H'IKHX MOryhHOCTH (KOJIOp MOHHTOp, npHIITep, nJIOTep).

Kjby<iiie pt< in: rycTHHa, K o p e jiaan ja , ByreoRa aH O M ajin ja, pejbecjj, rp aB H M eT p n ja .

Y B O a

IIpHMCiKCHa rpaBHMeTpnjcKa HCHHTHBaita H3Bojje ce y hhjijV nponajiasKeita Jie- 
SKHiHTa MHHepajiHHX cnpoBHHa, 3aTHM 3a OTKpHBaibe npa3HHX npocTopa (nehHHa h Ka- 
Bepiin) y kp e11h>a'iknm TepeHHMa, Kao h 3a cneu;HjajiHe pajjoBc y apxeojiorajH k o ;i o t -  

KpHBaii,a noKpHBeHHX CTapnx o6jeKarra.
llpnjiHKOM obhx pajioBa, o63HpoM /(a je o/i iipecy;iHoi' r>,naTiaja pa3JiHKa y rycTHHH  

H3Me^y o6jeKTa Kojn ce nc-rpa>Kyje h okojihc cpejiHHe, BejniKy yJiory iM a npaBHJiHO 
ojjpeI)H]5aii)C rycTHHe cTeHCKor MaTcpiijajia jep je t o  napaMeTap KojH BejiHKHM ji;eji0M 
jiecfiHHHiiie o5jihk rpaiiHMCipnjcKe anoMajinje. IIpH TOMe, yKOJiHKO ce rycTHHa He oji;pe- 
jiH npaBHJiHO, ipaBHMC'ipHjcKa aiioMaJinja HMahe o6jihk Koin ce KopejiHine ca peJi>cc]poM 
TepeHa, ' i h m c  ce 3iiaTHO OTOKana iicrpa>Kiiiiaihe y3po'iiiHKa aHOMajiiije.

Y  jiocajiainiLoj npaKCH, rycTHHa je ojjpeI)HBaHa Ha BHiue iia'iniia: na 0CH0By y3opa- 
Ka ca Tepena, no mctojjh HeTJiTOHa (Koja he 6 h th  jieTajBiiHje omicaHa y obom paj^v), 
h j ih  je jin ocT aB iiH M  y c B a ja n ,e M  nojja'raKa o rycTHHH Ha 0CH0By ejieMeHaTa ca reoJiouiKe

PyjiapcK o-reo jio iiiK H  tj)aKyjiTeT, 'ByiHHHa 7 , B eo rp a ji.
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KapTe yBHrnoM y JiHTOJiorHjy CTeiiCKe 4?opMaD,Hje Ha Kojoj cy Bprnena HCTpajKHBaiia.
MeTojja HeTJiTOHa 3a ojjpet)HBaH>e rycTHHe TepeHa, 3acHHBa ce Ha Kopejiaii,HjH 06- 

jiHKa pcjf>ecj)a TepeHa Ha KOMe ce Bprne HcniiTiiBaita h ođjiHKa rpaiiHMe-rpnjcKe anoMa- 
Jinje Ha tom hctom Tepeny. OBa MeTojja kophcth ce TecTO y npaKCH, ajiH je ibena iipn- 
MeHa cBe^eHa 11a pejiaTHBHo CKpoMHe OKBiipe o63HpoM na M0ryhH0CTH Koje npyaca. 
HaHMe, nancHcna Kopejian;Hja H3BOHH ce o6hhho 3a iioje;jniie ;ie;ioBe TepeHa h Hajnera- 
he caMO BH3yejiHO, 6e3 marremai'H'ikhx noKasaTejiia.

Y obom pap(y, npHKa3aH je nocTynaK VTBp^miaiha KopejiauiHje H3Mel)y o6jiHKa 
peji>e(|ia TepeHa h rpaBHMeTpnjcKe aHOMajinje, saciiOBan Ha MaTCMaTHTKHM iipHimnnn- 
Ma y3 o;ipel)iiBaii>c KoecjinniijenTa Kopejian,Hje 3a ijeo HcnHTHBaiiH npocTop. Ha ccHOBy 
Tora, ;io6njajy ce napaMeTpn 3a npaBHJino ojrpeljHBaiLe rycTHHe T ep e H a  ca KojoM he 
6h th  panyHaTe ByreoBe aHOMajinje.

M ET03A IIET.1ITOHA

Kao KOHaHHH pe3yji’raT rpaBHMeTpnjckiix ncnHTHBarta, jjoSnja ce ByreoBa aHOMa- 
Jinja Koja ce ;;e<f)HHHine H3pa30M:

Agb =  gm -  gn +  (0.3086 -  0.0419cr)h +  Agt (1)

rjje je: Agb -  ByreoBa aHOMaJinja;
gm -  MepeHa Bpe;jHOCT y6p3an>a CHJie to k c ; 
gn -  HopMajiHa Bpe;iiiocT y6p3an,a CHJie to k c ; 
ct -  rycTHHa TepeHa;
h -  ancojiyTHa BHCHHa TaHKe nocMaTpaita h
Agt -  nonpaBKa 3a okojihh peji>ec|j, 3aBHCH TaKo^e o;i rycTHHe a.

Kao h ito  ce H3 H3pa3a (1) Moace BifjieTH, Ha jejiiioj ’ra'iKH iiocMaTpan.a Moryhe je 
cpaHvnaTii ByreoBy anoMajiHjy 3a BHrae pa3JiHHHTHX rycTHHa jep cy CBe ocTajie p>pe;j- 
hocth  KOHCTaiiTne (Mepena h nopMajina Bpej(nocrr y6p3an ,a CHJie Te^ce h BHCHHa).

3 a  jioopo jiecj)niificaii,e v'ipo'iiinKa aHOMajinje, n0Tpe6H0 je H3a6paTH npaBHJiHy 
rycTHHy noBpihhhckor cjioja TepeHa jep he y cynp0TH0M o6jihk anoMajinje 6h th  y Kope- 
jiaiprjH ca peji,ec{)OM Tepena, ih to  je iienoBOJBHO 3a jio6po ■i'VMatieii>e pe3yjiTaTa hciih- 
T H B a iia .

MeTojja HeTJiTOHa ynpaBO jiecfHiHHiiie nocTynaK ojjpet)HBaii,a npaBe rycTHHe Tepe- 
Ha na 0CH0By Kopejiaij;Hje H3Met)y o6jiHKa peji>cc}ja h rpaBHrran;HOHHX aiioMajnrja, npn ne- 
My je jio6pa oHa rycTHHa 3a Kojy aiioMajmja HMa Hajcjia6njy Kopejiaii,Hjy ca Tonorpa- 
(JlHjOM.

Ha ocnoBy OBaKBe nocTaBKe Meiojie, jacHO je jia ce OHa Moace npHMeHHTH caMO y 
TepeHHMa ca H3pa>KciuiM peji>ec})OM jep y paBiiHnapcKHM TepeiiHMa He nocToje npoMeHe 
y bhchhh, na caMHM thm 6hjio Koje npoMeHe anoMajinje Hehe iiMaTH HHKaKBy Kopejia- 
n,njy ca bhchhom. Ca jipyre cTpaHe, y paBHfi'iapcKHM TepeHHMa o6jihk anoMajmje Hehe 
ce MeHbaTH ca npoMeHOM rycTHHe ca KojoM cy Te anoMajinje paHvnaTe, TaKO j;a h no tom 
0CH0By HeMa CMHCJia npHMeHHTH MeTojjy HeTJiTOHa (CTapneBH h, 1991).

H a Tepeny BajHHa BaraTa, peji,ec}) TepeHa je H3y3eTHO H3pasKeH, iipn hcmv cy bh- 
CHHCKe pa3JiHKe Ha pejiaTHBHO m^jihm pacTojaii.HMa Bpjio BejiHKe, h ito  je  Bpjio Heno- 
Bojbno 3a rpaBHMeTpHjcKH npeMep.
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PAMYHAH»E KOE^HUMJEHATA KOPI IAHHJI

r i u e  cj)M 3 H Tr K c  liejnninie Mory 6 h t h  M a 'r e M a T H i iK H  KopejincaHe 6e3 o63Hpa na h . h -  

x o B y  n p H p o j i y  h  6 p o j n y  E p e jiH O C T . TaKO, H a  n p H M e p ,  jif ie  nojaBe p h  q jiaTe y  H H 3 y  j i n c -  

K p e T H H X  B p e j u i o c T H  o j i  1  3 0  n ,  H M a h e  K o e c f ) n n H j e i i T  K o p e j i a i i H j e :

i'jje p h q 03Harianajy cpejiiLe BpejjnocTH BCJiHHHHa p h q pecneKTHBHO.

BpejiiiocT KoecjiHijHjeHTa R Kpehe ce y pacnoHy oĵ  -1  flo +1 npn hbmv HeraTHBHa 
BpejniocT npejjcTaiiJBa o6pHyTy, a no3HTHBHa jinpeKTny Kopejiau;Hjy. K opejiam ija je yTO- 
jihko 6ojta ^kojihko je Koe4)Hii;HjeHT R 6jih»ch jejjHHHipi.

3a  noTpe6e npHMeHe H3pa3a (2) Ha paTiynapnMa, noro^HHje je kophcthth Tpanc- 
(J)opMHcaHy cjiopMVJiv y o6jihky:

y  o b o m  H 3 p a 3 y  n e  nojaBJbyjy c e  cpejpte iipejjnocTH u i t o  siia'in j j a  c e  h h s o b h  p , h  q, 
j^ H p e K T H O  ' i H T a j v  h  B p iH H  c e  o j j m b x  p a ' i y n a i i > e .

Pa'iyHaiLe KoccjmnHjeHTa Kopejiaii,Hje H3Mel)y o6)JiHKa pejbecjia TepeHa h rpaBHMeT- 
pnjcKe (EyreoBe) aHOMaJinje 6nhe npHKa3aHo Ha npHMepy ncripa>KHBaH>a Ha iniipeM 
npocTopy XHjip0CHCTeMa BajHHa BauiTa y sariajiiHoj Cp6njH.

FpaBHMeTpHjcKa Mepeita Ha TepeHy BajHHa BauiTa HSBej^ena cy y u;HJi>y Kopejia- 
u,Hje ca pe3yjiTaTHMa reojjeTCKor npeMepa, a pajjH jjetjiHiiHcan>a noMepaH>a t 6ktohckhx 
6ji0K0Ba y tom nojjpy'ijy.

3 3EyreoBe aiioMajiHje paHynaTe cy ca 9 pa3JiH'iirrHX rycTHHa ojj 2.20 g/cm jio 3.00 g/cm 
ca HHTepBajioM ojj 0.10 g/cm . Ha cjraipi 1 npHKa3aHa je Toiiorpacjjnja TepeHa jjy>K npo- 
cjiiuia 1 h EyreoBe aHOMajiHje jjy>K hctof npocjrajia ca 9 naBejieiiHX rycTHHa. KoecjiHijH- 
jeHTH Kopejiannje aHOMaJiHja ca peJbecjDOM, paTiynaTH cy no cjiopMVJin (3) h o iiiaHeiiH cy 
Ha cjihd;h 1 nope;i ojjrosapajvhe KpHBe EyreoBHX anoMajinja.

KpHBa EyreoBHX anoMaJinja ca rycTHHOM 2.20 g/em HMa bcjihkh KoecjjHHHjeirr 
Kopejiaijnje (0.78), jjok KpHBa aiioMajinja ca rycTHHOM 3.00 g/em3 HMa TaKo^e BejiHKH 
Koecj)HijHjeHT Kopejiannje, aJiH ca o6pHyTHM 3HaKOM (-0.57). HajMan>y KopejiaijHjy

R i=l (2)

R (3)

PE3YJITATH nPHMEHE
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aHOMajmja ca pejbec|)O M  MMa KpiiBa ca rycTHHOM 2.70 g/cm (-0.06), uito SHaun je 3a 
Taj ^eo TepeHa HaBe^eHa rycTHHa HajnoroflHHja.
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Cji. 1. PejLecj) Tepena h ByreoBe aHOMajiHje Ha npocJ)HJiy 1.
Fig. 1. Topofraphy and Bouger anomalies in profile 1.

y  Ta6ejiH 1 npHKa3aHH cy KoecjMiuHjein’n Kopejiannje 3a 8 npncjiiuia 3a rycTHHe 
2.20 g/cm 3, 2.40 g/cm 3, 2.70 g/cm 3 h 3.00 g/cm 3.

Ta6ejia 1. Koe(J)HiiHjeHTH Kopejiaiinje 
Table 1. Correlation coefficient

r y c T H H e  (D e n s itie s )  (g/cm3)
IIpo4)HJi (Profile) 2.20 2.40 2.70 3.00

8 0.77 0.62 0.34 -0.10
7 0.68 0.52 0.10 -0.40
6 0.52 0.20 -0.32 -0.70
5 0.45 0.49 -0.51 -0.81
4 0.50 0.08 -0.50 -0.83
3 0.58 0.25 -0.32 -0.77
2 0.68 0.50 -0.10 -0.62
1 0.78 0.56 -0.06 -0.57

Ha cjihhh 2 npiiKa3aHa je KapTa pacnojiejie Koec})nnHjeiiaria Kopejian;Hje Ha 0CH0By 
i iH T e p iio j ia n i i je  h sm c ijv  H aB efle iin x  ocaM  npoc |)H Jia  'n i jn  je nojioacaj npH K a3aH  na HCToj
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cjinnn. Mosce ce yoqnrrn ;ja 3a jy*HH (jiomii) ;jeo TepeHa ojii’onapa rycTHHa oji oko 2.70 
g/cm3, 3a cpejinmiMi jjco TepeHa iiajiiorojiHKja je rycTHHa 2.40 g/cm 3, jjok je 3a ceBepHH 
(ropHbn) jjco TepeHa oju oBapajyha rycraHa ojj 6jiH3y 3.00 g/cm 3. Pa3Jior 0B0Me je pa3- 
jiHHHTa reojiouiKa CHTvaijiija Ha nojejjHiiHM jiejioBHMa TepeHa, ih to  HMa BejiHKH sna'iaj 
koj  ̂H H T e p n p e T a u ;H je  pe3yjiTaTa rpaBHMeTpnjcKHX HcnHTHBaH>a.

L__ _1_____I_____J_____J_____ I_____JL____L____ J
o  o  o  o  o o o  o oc-j rn r t  iri \ c r~. sc cr. c
<N N M C-i (N IN IN CS CT

rycTHHE
DENSITIES

C ji. 2. KapTa pacnojiejie KoeiJiHLpijeHaTa KopejiaijHje 
Fig. 2. Correlation coefficient distribution m ap.

CBa pa'iynaii,a npHKa3aHa y obom pajjy, BpmeHa cy Ha nepcoHaJiHOM panyHapy 
PC-386 ca maTCMaTii'ikhm Konpon;ecopoM. IIporpaMH cy iiiicaiiH y FORTRAN-y, a 
rpacJ)HKa je pafjena y nporpaMHMa GRAPHER h SURPHER.
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3AKJbyHAK

y  p a ,n y  je n p H K a 3 a H  mctoji 3a paTiynaH,e cTeneHa Kopejiai^nje H3Me^y ođjiHKa p e -  

Jbecjaa T e p e H a  H a  KOMe ce Bprne i  paBiiMeTpnjcKa M e p e i t a  h  rp a i5 H rra n n o iiH X  ( B y r e o B H x )  

a i io M a iiH ja /(ofinjcnnK y  i i p o n e c v  ođpafle pe3ynTaTa McpeiLa. IlpHMeH>eH je n p m iu i iH H -  

je iiH H  M e 'ro /i  H e T JiT O H a  3 a  o /ip eF jiiB a iL C  oBe KopeJiaijnje, n p n  hcmv c e  na 0CH0By cjia6nje 
K o p e j i a n n j e  j i o 6 i i j a  no/_iaTaK  3a o n p e j je jb H B a ih e  o k o  H 3 6 o p a  ry c T H H e  c a  K o jo M  h e  6 h t h  

p a H V iia T e  B y r e o B e  a n o M a jiH je .

MeTojioJiorHja je npHMeH,eHa na TepeHy BajHHa BaniTa. Pe3yjiTaTH noKa3yjy /ia 
OBaKaB npncTyn //aje Bpjio Kopncne iio/iaTKe 3a o/ipe^HBaiije rycTHiie TepeHa na KOMe ce 
Bprne rpaBHMCTpiijcKa M epeita, 3a pa3JiHKy o/t paHHjiix npncTyna Ka/ia je t o  pa^eno  
yrjiaBHOM BH3yejiHO h npeMa ncKycTBeHoj npoii;eHH.

P a n y H a H > a  c y  H 3 B e //e iia  H a n e p c o H a jiH O M  p a Ti y n a p y  y 3  K o p in i ih e iL e  n p o rp aM C K H X  

n a K e T a  3 a  rpac}3H liK y  i ip e ^ e H T a m i jv  p e 3 y j iT a T a .
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GRAVITY ANOMALIES AND TOPOGRAPHY CORRELATION 
FOR BAJINA BAŠTA REGION

by

*
M iro slav  S ta rčev ić

A method is presenteđ for calculation of correlation stage between gravity (Bouguer) anomalies, ob- 
tained for different densities, and topography in the general area of Bajina Bašta Hydrosystem. This corre- 
lation is very important for selecting the density -  an important parameter for correct interpretation of 
gravity field anomalies.

The Netleton method is used to correlate heights of the measuring points and calculated gravity 
anomalies for different densities, and mathematicai methods for the correlation stage.

The method is adapted for use of personal computers and maximum graphical presentation (colour 
monitor, printer, plotter).

Key w o r d s :  density, correlation, Bouguer anomaly, topography, gravimetry.

INTRODUCTION

The applied gravimetric survey was used in search of mineral deposits, location of 
empty spaces (caves, cavems) in limestones, and in archeology for detection of covered 
antiquities.

Because there is a difference in densities between the explored body land the envi- 
ronmental rocks, it is very important to establish correctly the density of rocks as it is a 
parameter generally defining the form of the gravity anomaly. If  not correctly established, 
the gravity anomaly will have the shape conformable with the local topography and thus 
render difficult the identification of the source of the anomaly.

The methods used so far to determine densities have been either the Netleton 
method based on field samples (described below) or the mere use of density data from 
geological map which shows the lithology of the explored formation.

University of Belgrade, Faculty of Mining and Geology, Djušina 7, Belgrade.
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The Netleton method is based on correlation of the topography and the form of 
gravity anomaly for the same area. The method is frequently used, but its effects are 
modest, because it is applicable to some areas only and mostly visually, without mathe- 
matical support.

Correlation between land configuration and gravit-y anomaly, based on mathematical 
principles, and derivation of correlation coefficient for the entire study area, presented in 
this paper, are used to correctly establish the densities for calculation of Bouguer ano- 
maly.

NETLETON METHOD

Bouguer anomaly, as a final result of gravity measurements, is defined by the rela-
tion:

Agb =  gm — gn +  (0.3086 — 0.0419cr)h +  Agt (1)

where, Agb is Bouguer anomaly,
gm is measured value of gravity, 
gn is normal value of gravity, 
ct is ground density, 
h is altitude of observation point, and
Agt is correction for surrounding topography, also depending on density ct.

As shown in relation (1), in one observation point, Bouguer anomaly can be calcu- 
lated for a number of different densities, because other quantities are constant (measured 
and normal gravities and height).

For a proper definition of the source of anomaly, the right density of the surface 
layer should be selected. Othervvise, the shape of the anomaly vvill be correlative with the 
topography and thus unsuitable for interpretation of the resulting data.

The Netleton method defines the procedure for establishing the right graound density 
based on the correlation between land configuration and gravity anomalies. The right 
density is one for which the anomaly is least correlative with the topography.

Thus defmed method can be used only in regions of high relief, because differences 
in levels are negligent in plains and, consequently, any change in anomaly will not be 
correlative with the height. On the other hand, the shape of an anomaly in a plain will 
not vary with the density used to calculate the anomaly, which makes Netleton method 
inapplicable (S ta rč ev ić , 1991).

CALCULATION OF CORRELATION COEFFICIENT

Two physical quantities can be mathematically correlated irrespective of their nature 
or numerical value. Thus, for example, two occurrences, p and q, given in a sequence of 
discrete values from 1 to n, will have the following correlations:
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£ ( p i  -  p)(q; -  q)
Rp,q = I I ...... . ...  (2)

■JTiiP' -  q)2

where, ~p and čf are mean values of the quantities p and q , respectively.

Coefficient R varies in value from -1  to +1, the negative value representing the re- 
ciprocal, and positive the direct correlation. A correlation is as good as the coefficient R 
is close to the unit.

For use of relation (2) in computerized calculations, its transformed formula is more 
suitable:

The above relation includes mean values, which means that series pj and qj are di- 
rectly read for calculation.

APPLICATION RESULTS

A calculation of the correlation coefficient of land configuration and gravity 
(Bouguer) anomaly will be presented on the example of the general Bajina Bašta Hydro- 
sytem area, westem Serbia.

Gravities were measured in Bajina Bašta for correlation with geodetic survey data to 
be used in estimates of the tectonic block displacements. 3

Bouguer anomalies were calculated with nine different densities, from 2.20 g/cm to 
3.00 g/cm3 at an interval of 0.10 g/cm. Figure 1 shows the topography along profile 1 
and Bouguer anomalies along the same profile with nine densities. Coefficients of the 
anomaly and the topography correlations were calculated using formula (3) and are given 
for respective Bouguer anomalies in Fig. 1.

The curve of Bouguer anomaly with density 2.20 g/cm3 has a high correlation coef- 
ficient (0.78), whereas the curve of anomaly with density 3.00 g/cm3 also has a high cor- 
relation coefficient but negative sign (-0.57). The lowest correlation of anomaly and to- 
pography (-0.06) is shown by the curve with density 2.70 g/cm3, which means that this 
density was the best for the given area.

3 3 3
Correlation coefficients for eight profiles and densities 2.20 g'crn, 2.4 g/cm , 2.70 g'cm , 

and 3.00 g/cm are given in Tab. 1.
Figure 2 shows the correlation coefficient distribution map, based on interpolation 

between the mentioned eight profiles, alsi n m the figure. Thc respective densities
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corresponding to the southem (lower), middle, and northem (upper) part of the study area
3 3 3are about 2.70 g/cm , 2.40 g/cm and 3.00 g/cm , depending on the geological situation, 

which is important for interpretation of the gravity measurement results.
All calculation in this paper were performed on PC-386 and the attached mathe- 

matical coprocessor. The programs used are written in FORTRAN language, and the 
graphics are in GRAPHER and SURPHER programs.

CONCLUSION

A method is described how to calculate the correalation stage between the topogra- 
phy of the area where gravity has been measured and the gravity (Bouguer) anomalies 
obtained by measurements. The principal method applied is Netleton method of correla- 
tion, which uses a weak correlation in selecting the density for calculation of Bouguer 
anomaly.

The method was used for Bajina Bašta area, and the results show that this approach 
provides very useful data for establishing the densities in the area of gravity measure- 
ments, unlike the earlier visual and subjective assessment.

Calculations were performed on a personal computer using program for graphical 
representation of results.
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