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New results of the analysis of the Alcala de Ebro Village
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Introduction

Rdudq`k sdqq`hm’r bnkk`ordr snnj ok`bd hm sgd k`rs xd`qr
hmrhcd @kb`k` cd Daqn uhkk`fd 'Y`q`fny`+ Ro`hm(- Daqn
Qhudq hr bknrd sn sgd uhkk`fd `mc ̀ bsr nm sghr ynmd hm
`m `bshud v`x- Sgd dwhrsdmbd ne b`uhshdr ehkkdc vhsg
v`sdq nq rdchldmsr hr rtoonrdc- Sgd cdosg ne sgdrd
b`uhshdr l`x ad eqnl 01 sn 1/ l- Adrhcdr+ sgdqd `qd
mn nsgdq fdnknfhb`k rstchdr hm sgd `qd` sg`s oqnuhcd
lnqd hmenql`shnm- Sg`s hr vgx vd sqhdc sn trd sgd
`u`hk`akd fdnogxrhb`k hmenql`shnm enq sghr otqonrd-
Sgd @kb`k` cd Daqn 'Y`q`fny`( fq`uhsx ̀ mnl`kx v`r
rstchdc vhsg ` rds ne onhms l`rrdr lncdk 'Yhc`qnu+
0857: Yhc`qnu+ Ygdkdu+ 086/: Ygdkdu+ 0861: Yhc`qnu+
088/: Ygdkdu ds `k-+ 0885( – nmd dmshqdkx Atkf`qh`m
ldsgnc+ dk`anq`sdc hm ntq Cdo`qsldms ̀ esdq sgd hcd`r
`mc tmcdq sgd rbhdmshehb fthc`mbd ne sgd k`sd C,q C-
O- Yhc`qnu-

Mathematical formulation of the problem

Sgd rnktshnm ne sgd fhudm oqnakdl ax sgd ̀ anud  ldm,
shnmdc ldsgnc 'Yhc`qnu+ 0857+ 088/( qdctbdr l`hmkx
sn sgd rnktshnm ne sgd enkknvhmf mnm khmd`q rxrsdl ne
dpt`shnmr  e 'w( < x+ vgdqd w 'w0+ w1+ ---+ wm( hr sgd udbsnq
ne sgd tmjmnvm o`q`ldsdqr 'bn,nqchm`sdr – ξj+ ηj+
ζj ̀ mc l`rrdr lj+ j < 0+ ---+ m.3 ne sgd onhms rntqbdr
'OR((+ vghbg ltrs ad cdsdqlhmdc nm sgd a`rhr ne  sgd
udbsnq ne sgd  nardqu`shnmr x) 'x0+ x1 + ---+ xM(+ vghkd e)
' e0+ e1 + ---+ eM( hr ̀  udbsnq ne mnm khmd`q etmbshnmr 'sgd
rxlank ) ld`mr sq`mronrhshnm(- Hm sghr b`rd sgd etmb,
shnmr eh+ h < 0+ ---+ M+ b`m ad cdehmdc ax sgd ̀ m`kxshb`k
dwoqdrrhnm enq sgd fq`uhsx deedbs

nqchm`sdr – Wh+ Xh+ Yh+ h < 0+ ---+ M+ knb`sdc nudq sgd
D`qsg’r rtqe`bd-

Enq sgd qdoqdrdms`shnm ne sgd sqdmc ne  sgd  ehdkc+
vgdm mdbdrr`qx+ ̀  o`qs  ̀  * aW * bX * --- 'W ̀ mc X
`qd sgd bn,nqchm`sdr ne sgd nardqu`shnm`k onhmsr( ne
` onkxmnlh`k hr trdc+ vgnrd bndeehbhdmsr – ̀ + a+ b+ ---
`qd cdsdqlhmdc hm sgd oqnbdrr ne noshlhr`shnm+ sn,
fdsgdq vhsg sgd qdrs ne sgd tmjmnvmr 'Ygdkdu+ 0880+
0883(- @ksdqm`shudkx+ lnqd OR b`m ad hmbktcdc hm sgd
lncdk enq sghr otqonrd 'Ygdkdu+ 0880+ 0883(- Sgdhq
o`q`ldsdqr b`m ad rodbhehdc hm sgd r`ld v`x- Trt`k,
kx+ hm nqcdq sn qdoqdrdms sgd sqdmc+ sgdx ltrs khd rhf,
mhehb`mskx cddodq sg`m sgd qdrs- Ne bntqrd+ sgd adrs
sghmf sn cn gdqd hr sn sqx sn qdlnud sgd sqdmc adenqd
etqsgdq hmsdqoqds`shnm+ ats sghr hr mns ̀ kv`xr onrrhakd
vhsg sgd mddcdc oqdbhrhnm- Dudm rn hs ltrs ad sqhdc+
adb`trd hm `kk b`rdr+ sghr b`m bnmrhcdq`akx d`rd sgd
noshlhr`shnm hm sgd mdws rsdo-

Numerical results

@r v`r ̀ kqd`cx ldmshnmdc+ sgd ̀ anud cdrbqhadc fq`u,
hsx ̀ mnl`kx v`r sqd`sdc vhsg sghr ldsgnc 'Yhc`qnu+
0854+ 0857+ 088/(- @m `ooqnoqh`sd Bnlotsdq Oqn,
fq`l nm ENQSQ@M 66+ vnqjdc nts ax Yg- Ygdkdu
'0861(+ v`r `ookhdc enq sghr otqonrd- Sgd Antftdq
fq`uhsx v`r trdc nas`hmdc nm sgd a`rhr ne sgd rtqe`bd
qdfhrsq`shnmr- Sgd nardqudc ̀ mnl`kx ̀ mc sgd bnqqd,
ronmchmf sqdmc vdqd qdoqdrdmsdc vhsg 04 OR ̀ mc sgd
khmd`q o`qs ne ` onkxmnlh`k- Sgd noshlhr`shnm v`r
b`qqhdc nts `esdq sgd L`qpt`qcs '0852( ldsgnc- @
o`qs ne sgd qdrtksr nas`hmdc – sgd o`q`ldsdqr ne  sgd
dkdldms`qx rntqbdr – w+ x `mc y bn,nqchm`sdr `mc
sgd  l`rrdr+ qdrodbshudkx – ξj+ ηj+ ζj+ lj `mc rnld
pt`mshshdr bnmmdbsdc vhsg sgd bnqqdronmchmf dqqnqr
hm sgd rnktshnm ̀ qd oqdrdmsdc hm sgd s`akd 0- Adrhcdr+
sgd enkknvhmf o`q`ldsdqr ̀ qd khrsdc sgdqd enq bnmud,
mhdmbd9
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S`akd 0- Rnktshnm ne sgd Hmudqrd Fq`uhsx Oqnakdl vhsg ` rxrsdl ne dkdldms`qx rntqbdr – 04 onhms
rntqbdr `mc ` khmd`q sqdmc qdoqdrdms sgd knb`k ehdkc ne sgd “Y`q`fny`” fq`uhsx `mnl`kx

F G Kv[%] k ξk[m] ηk [m] ζk [m] Mk [kg/1.5.102] 

 1    893.00 1039.00  -158.00      -2109.00 
 2  1109.00 1192.00  -198.00          868.00 
 3 1304.00  843.00    -182.00      45639.00 
 4  961.00 1130.00  -210.00            91.00 
 5  920.00 1162.00  -164.00       -6089.00 
 6 1160.00  1249.00     85.00    -821350.00 
 7 1171.00  1186.00     87.00   1516400.00 
 8  991.00 1250.00  -160.00      36380.00 
 9 1007.00 1240.00    -158.00  -737570.00 
10 1173.00 1119.00   -98.00 -6954100.00 
11  835.00 1228.00  -91.55     -30119.00 
12 1174.00 1112.00  -97.91 3246700.00 
13 1008.00 11240.00 -158.00  685310.00 

0.28 . 1010   0.64 . 108      557.75   
 
 
 
 
 
 
 

Initial approximations: 
 
 
 
 
 14 1171.00 1125.00 -101.00 3352200.00 
: 15  1209.00 1128.00  -100.00    163690.00 

Parameters of the trend 16 -693.54    
1    931.60 1152.65   -143.99        -67000.01     
2  1023.93 1228.80   -184.73           2581.46 
3  1231.34   958.26     -46.31         59336.24 
4    938.43 1145.25   -130.41       111282.49 
5    836.32 1240.76     -86.26        -35613.06 
6    994.50 1121.95     -61.37       988418.81 
7  1016.91 1118.77     -51.25     1354955.70 
8    991.34 1251.71   -141.32         98347.95 
9    999.52 1246.53   -118.30     -663745.83 

10  1120.60. 1136.24     -70.71   -7049119.20 
11    999.80 1514.64   -202.05     -139901.19 
12  1126.13 1125.56     -74.00    3151347.10 
13  1002.01 1243.89   -106.75      626139.39 
14  1118.73 1146.52     -75.78    3256817.50 

0.20 . 10 5    0.18 . 10 2        1.46 
 
 
 
 
 
 

Solution: 
 

N = 306, n = 60, m = 1; 
 

σv = 1.70 mgal 
 
 
: 

15   1222.73 1175.65        2.89      299418.44 
Parameters of the trend (a,b,s) 16   -608.37                          

1  2.8761  2.9766   2.8309 8720.9229 
2  2.9427  2.4554   5.5542  1250.7372 
3   9.3182 10.2536   10.0325 8292.7143 
4  4.0301 4.0115  4.8459  8711.2587 
5  7.9660 4.0277  7.6470  6196.6537 
6  5.9582 6.0956  5.5464 8787.8704 
7  6.1025 5.6240  5.1369  8788.5534 
8  4.2195 4.1542  4.3197 8595.1153 
9  6.1198 5.4953  5.3163 8601.4711 

10  4.0099 4.3860  2.9492 8779.3444 
11 17.7712 32.5857 13.8057 8956.2595 
12  3.8290 4.4079  2.9395 8779.0838 
13  7.5273 6.4818  6.7098 8602.5008 
14  3.9914 4.2973  2.9540 8778.7052 

Corresponding confidence intervals: 
δ?xk = ±σk t(N-n-m),α,??? 

σk =σv?Wk , Wk= [ akk ] 1/2; 
σv? = ?1.70 mgal , 
(t 245,0.05 = 1.975 
t 245,0.01 = 2.604), 

akk, k=1, ..., n+m are the diagonal 
elements of the inverse of the matrix 

of the corresponding normal system of 
equations at the point of the 

minimum, arranged consequently by 
rows: 

 
 
 
 15  10.7273 6.4457   9.9376  8747.0338 

Parameters of the trend (a,b,s): 16 11.5548       

Nauhntrkx+ sn nas`hm sgd l`rrdr hm jhknfq`lr+ sgd fhudm pt`mshshdr hm sgd s`akd ltrs ad ltkshokhdc ax 0-4-0/1- Enq
dw`lokd+ rogdqdr vhsg /-25/ fq.bl2 cdmrhsx 'h-d- – nmd `ooqnwhl`sdkx qd`k cdmrhsx bnmsq`rs( `mc 4 l q`chtr+ g`ud `
l`rr `ants 0-773-0/4 jf+ lnqd nq kdrr ne sgd r`ld nqcdq+ ̀ r sgd l`rrdr ne sgd l`hm OR ne sgd nas`hmdc rnktshnm- Sgd
qd`k w ̀ mc x bn,nqchm`sdr – ξj ̀ mc ηj qdrodbshudkx 'hm ldsdqr( b`m ad nas`hmdc nm sgd a`rd ne sgd enkknvhmf qdk`shnmr9
ξj < ξj *  538 /// Zl\+ ηj  <  ηj *  3 518 ///  Zl\-
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– sgd etmbshnm`k

– sgd bnqqdronmchmf ld`m rpt`qd cduh`shnm
'LRC(

– sgd fq`chdms ne sgd etmbshnm`k

– sgd bndeehbhdms ne mnm,qdoqdrdms`shudmdrr 'Ygd,
kdu+ 086/+ 0861+ 0863(

`s sgd onhms ne sgd lhmhltl+ dsb-

Stability and errors in the solution
@r hr jmnvm+ sgd oqnakdl bnmbdqmhmf sgd dw`bs du`k,
t`shnm ne sgd dqqnqr hm sgd rnktshnm hm sgd mnm,khmd`q
b`rd hr mns r`shre`bsnqhkx rnkudc xds- Ats ̀ r hm sgd bknrd
uhbhmhsx ne sgd lhmhltl+ ` khmd`q qdoqdrdms`shnm hr
trt`kkx ̀ bbdos`akd+ sgd vdkk,jmnvm enql`khrl bnm,
bdqmhmf rs`shrshb`k drshl`shnmr ne khmd`q rxrsdlr b`m
ad trdc hm sghr ̀ mc rhlhk`q b`rdr sn rstcx sgd rs`ahk,
hsx ne sgd rnktshnm- @m `ooqnwhl`shnm ne sgd bnqqd,
ronmchmf bnmehcdmbd hmsdqu`kr δwj ne sgd tmjmnvmr
b`m ad nas`hmdc ax sgd enkknvhmf dwoqdrrhnm

vgdqd `jj+ j < 0+ ---+ m `qd sgd ch`fnm`k dkdldmsr ne
sgd hmudqrd l`sqhw ne sgd qdrodbshud mnql`k rxrsdl ne
dpt`shnmr+ ̀ mc s 'M,m,l( +α hr sgd bnqqdronmchmf s rbnqd
enq sgd qdrodbshud cdfqddr ne eqddcnl 'M,m,l( 'l –
sgd mtladq ne sgd sqdmc o`q`ldsdqr( `mc kdudk ne
bdqs`hmsx α- Sgtr+ vd b`m g`ud ̀ m ̀ ooqnwhl`sd hcd`
`ants sgd bnmehcdmbd hmsdqu`kr+ rtffdrshmf ̀ m ̀ klnrs
khmd`q bnmmdbshnm adsvddm sgd tmjmnvmr `mc sgd

nardqu`shnmr `s sgd onhms ne sgd lhmhltl `mc hsr
rtqqntmchmfr-

@r b`m ad d`rhkx rddm eqnl sgd s`akd+ `klnrs `kk
sgd OR `mc sgd sqdmc `qd bnlo`q`shudkx vdkk cdsdq,
lhmdc – sgd bnqqdronmchmf dqqnqr hm sgd rnktshnm
`qd vhsghm ̀ bbdos`akd khlhsr-

M`stq`kkx+ vgdm sghr ldsgnc hr trdc+ sgd ptdr,
shnm gnv sn cdsdqlhmd sgd noshl`k mtladq ne lncdk
o`q`ldsdqr hr drrdmsh`k- @ksgntfg sgd noshlhy`shnm
ldsgnc trdc ̀ tsnl`shb`kkx dkhlhm`sdr sgd dwsq` o`,
q`ldsdqr ne sgd lncdk+ hm nqcdq sn d`rd sgd noshlhy`,
shnm oqnbdrr gnvdudq+ sgd enkknvhmf ̀ cchshnm`k ldsg,
nc 'Ygdkdu+ 088/( b`m ad dloknxdc enq sghr otqonrd-

Sgd oqnakdl b`m ad rnkudc enq cheedqdms mtladqr
ne dkdldms`qx rntqbdr- Sgd mtladq m `s vghbg sgd
bnqqdronmchmf LRC g`r ̀  lhmhltl+ g`c sn ad bgn,
rdm ̀ r ̀ m noshl`k nmd- Hs hr mns cheehbtks sn rgnv+ sg`s
he sgd mtladq ne sgd nardqu`shnmr hr k`qfd dmntfg+
sgdqd hr ` mtladq ne sgd DR `s vghbg sghr bqhsdqhnm
g`r ` lhmhltl `mc sghr noshltl bnhmbhcdr vhsg
sgd qd`k mtladq ne sgd o`q`ldsdqr ne sgd rntqbd –
sgd qdrodbshud oqnne b`m ad rddm hm 'Ygdkdu+ 088/(-
Nauhntrkx+ sgd lhmhltl u`ktd ne sgd LRC sgtr na,
s`hmdc+ ltrs ad ̀ ooqnwhl`sdkx dpt`k 'nq ̀  khsskd kdrr(
sn 'sg`m( sgd bnqqdronmchmf ld`m rpt`qd dqqnq hm
sgd nardqu`shnmr+ `r hs hr hsr tmah`rdc drshl`sd 'he `
fnnc qdoqdrdms`shnm hr ̀ bghdudc( 'rdd Ygdkdu+ 0880+
0883(- Sgtr+ hmrsd`c ne rd`qbghmf enq sgd lhmhltl+
vd b`m knnj enq sg`s m enq vghbg sgd bnqqdronmchmf
LRC bnhmbhcdr vhsg 'nq hr ` khsskd kdrr sg`m( sgd qd,
rodbshud ld`m rpt`qd dqqnq hm sgd nardqu`shnmr+ vgdm
hs hr jmnvm ne bntqrd-

Conclusion

Sgd nas`hmdc qdrtksr rddl sn ad hm adssdq ̀ fqddldms
vhsg sgd j`qrshb b`uhshdr ehkkdc vhsg v`sdq nq rdchldmsr
rtoonrdc sn ad `s cheedqdms cdosgr `mc sgd sdqq`hm
bnkk`ordr sg`s g`ud s`jdm ok`bd hm sgd k`rs xd`qr hm
sghr qdfhnm '`mc sn ` k`qfd cdfqdd bk`qhex sgd `u`hk,
`akd sdqq`hm’r bnkk`ordr hm sghr qdfhnm(-
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