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IlepenmoBa

be3ymoBHHMIT HayKOBUI 1 MpPaKTHYHUH iHTEpec
MPEeJCTaBIIsIE€ JOCTIHKEHHS! TEeOMAarHiTHOTO TOJS 3eMIIi.

BuBYeHHIO TIPUPOAM TEOMArHITHOTO TOJISL 1 B HAIl 4Yac
NPUIUIETBCA BENMKa yBara. BueHi HamaraloTbCs OTPHUMATH
BIJIOBIII HA 3alMUTaHHS: KOJHU 1 SK 3apOJIMIOCS MAarHiTHE
noJsie 3eMHOI Kyni? YoMy BOHO icHye Mimbsipu pokiB? Sk
e nosie Oyae 3MIHIOBATUCH B MallOyTHbOMY?

B naniii poboti Mu 3poOMMO CcrpoOy BHpA3UTH OJUH i3
OCHOBHHMX KOMIIOHEHTIB T'€OMarHiTHOTO IOJIA 3eMili
MarHiTHHA MOMEHT IIJIaHETH TpadiuHO i BCTAaHOBHUTHU
(GYHKIIOHATIBHY 3QJIEKHICTh MAarHiTHOTO MOMEHTY Bif
IIMPOTH.

Hamu minbupaetbess emmipuyHa (opmyna y BHTIISII
MOJIIHOMY TPEThOTO TOPsAKY. MareMaTH4Ha MOJIENb
Oy/ayeTbcsi HA OCHOBI CrocoOy HaWMEHIINX KBaJIparTiB.
[ToOynoBaHa iiMOBIpHIIIA MOJIENIb TPUHMAETHCS K ICTUHHA
MOJIeJIb, Ha OCHOBI SIKOT NMPOBOAATHCS JOCITIHKEHHS
TOYHOCTI METOJIOM CTaTHCTUYHUX BUMPOOyBaHb MOHTE
Kapio. ['eHepyroThCst TICEBI0 BUIMAIKOBI YMCTA, SIKi
NPUAMAIOTECS K ICTUHHI IOXUOKHU, SIKUMH CIIOTBOPIOETHCS
ICTUHHA MOJENb.

B mopanbimomMy MeToIOM HalMEHIIHWX KBaJpaTiB
YPIBHOBAXKYETHCS CIOTBOPEHA MOJETh 1 POOUTHCS OIIHKA
TOYHOCTI BPIBHOBaXCHUX EJIEMEHTIB. 3HAYCHHS ICTHHHHX
MOXHOOK J1Ta€ MOXJIMBICTH 3pOOWTH TMOPIBHSUIBHUEN aHai3.
HaOupaeTbcst BenMKa CTAaTHCTUKA HUIIXOM TOOYIOBH 1
JOCII/DKEHHST BEJIMKOT KUTBKOCTI MOJIETIEH.

Po3pobnena meroanka J03BOJIUTH 3pOOUTH TOMEPEIHii
PO3paxyHOK TOYHOCTI HpPU MPOEKTyBaHHI MalOyTHIX
TEOMAarHiTHUX JIOCHIDKeHb B OyIb-sIKI TOYI IDIAHETH
3emirs.

Po3ain 1. 'eomarniTHuii MoMeHT 3emuti
1.1. IlpeacTraBiieHHs] T€OMATHITHOIO MOMEHTY MOJIS
3emuri
MarHiTHUIT MOMEHT — I BEKTOpHA BEIIMYHMHA, SKa
XapaKTepU3ye 3eMHY Ky SK JPKEPENl0 MarHiTHOTO TOJIs.
MakpoCKOMiYHi MarHiTHi MOMEHTH CTBOPIOIOTh 3aMKHYTI
CJIEKTPUYHI CTPYMHU 1 BIIOPSAKOBAHO OPIEHTOBAHI MAarHiTHI
MOMEHTH aTOMHHX YacCTHHOK.
Po3paxyemo marniTHHIT MoMeHT M 3emiii Ha €KBaTopi
npu (Pmar. Exs.=0.
[Ipu 1pOMY croyaTky pO3IJITHEMO E€JIEMEHTH 3EMHOTO
MarHeTusmy.

4; ITa. Ox. [0,
. Bx
A/N\S By B _—»
0 Cxiz— ¥

Ji

E D

Puc.1.1.EnemeHTH 36MHOTO MarHeTU3My
[Mpoexuii B; 1 By imgykumii numoapHOTO mosis, abo moiis
OJIHOPIJTHOTO HaMarHidYyBaHHs 3eMJI, MOXXHA 3HAUTH 3a
JOTIOMOTO10  (hOPMYIL.
BepTukanpHa CKiIazoBa T€OMAarHiTHOrO MOJS 3eMIli

Bz-Lo sin Pm (1.1);

27R?

TOpHU30HTAJIbHA CKJIaaoBa

BH: HO

cos Pm (1.2)
6

47R?



ne Ho - marnitaa crana;

M — MarHiTHUI MOMEHT 3€MHOI KYIIi;

R —paniyc 3ewmui;

Pwm — reomarnirua HIMPOTa, SIKAa BIAPAXOBYETHCS BiA
T€OMarHiTHOrO €KBaTopa

I3 mpuBenenux ¢opmysa Jerko 3HAUTH MOIYJb BEKTOpa
IHAYKIIT 0Nt OJHOPIAHOTO HaMarHiuyBaHHS 3eMHOI Kyl
2 2
B =B, + By, (1.3).

[MigcraBmsiroun (1.1),(1.2) B (1.3), 6ynemo maru:

M? . cos’ 1)
2 2 M
T \/l 0 2 2R6 ( M 4 ]

abo:

M |4sin’ ¢, +cos’ o,
ﬂT: :u 3\/ ] ]
27R 4

puiiMaroun 10 yBaru, mo sin’@+cos° @ =1, a
4sin* ¢ +cos’ @ =3sin’ @ +sin’ @+cos’ @ ;

Br=

4]‘23 J3sinlo+1 (1.4).
TT

3HaiiemMo MarHitHui MomeHT M 13 popmynu ( 1.4)

47R* B, (15)
Hf3sin’ @, +1

7

M

HanpyxeHicTe MarHiTHOTO MMOJS HA MAarHiTHOMY €KBaTopi
Hews= 0,34 epcrena [ 3,—c. 163 ].

s mepexony i3 cuctemu CI'CM y cucremy CI

CKJIQJIEMO CIIIYIOYy TIPOIOPIIIF0

.o.a . . _
Hanpyxenocti 1— Bigmosimae 47-107e,

M
Hews, HopiBaioe 0,34 e,
3BIJIKH
14.034¢ .
e =~ ——— =27,05634033— .
47107 e M

B 3aragpHOMY BHIAJKy HampyXeHICTh MAarHiTHOTO MOJIS

3emuti MOKHa po3paxyBaTH 3a (HOpMyIIoro

BT_

:#——4]\23 «\/3SII12§DW+1 (16)
0

/Y

Toni, 3aranpHa (popmylia po3paxyHKy MarHiTHOTO
MOMEHTY 3emuti Oyze

Toni,

3BIIKH

IV A7R*H

W. ( 1.7)
Py

Hns momoca Hyen= 0,66 epcren.

npu nepexoni no cucremu CI

a . ) _
1= BimmoBimae 47-10"e,
M

Hion. JIOPIBHIOE 0,66 e,



12.0,66e
Huon-—2——— 52 521131222 |
47-10"e M

MargitTHuii MOMEHT 3eMili OLId IIOJIFOCIB

H  -47R°
M — noJ.

" J1+3sin290°

B3siBmm paaiyc 3emnoi kymi R=6371000mM, a
4 7R*=3,249620751-107* M3, MAarHiTHUH# MOMEHT 3€MHOI
KyJIi Ha eKkBaropi Oyje

Mew=

3,249620751 - 10 [1*]-27,05634033[ %]
M _ 8792284498 102 an’

1

Po3paxyemMo MarHiTHUHi MOMEHT 3€MHOI KyJi Ha MOJIOCI
Mion=

3,249620751-10*" -52,52113122
2

=8,533687894 -10* anm’

Po3paxyemMo MarHiTHHiI MOMeHT 3emii Ha mmpoTi 45°,
NPUKHSBIIN CepeHE 3HAYCHHS HAIPYKEHOCTI

CHy+Hy,  034e+0,66e

Hys'= =0,50e
45 5 5
Toni
li BimmoBimae 47107 ¢
M
H,, nopisuroe 0,5 e.
3Bigku
12.0,5¢ .
o0 = ————=39,78873577 —
S A4x-1077e M

TakuM 4nHOM, HampyxeHicTb marHitHoro noist H
Oyne

a

3,249620751-10* 4 -39,78873577
' J1+3sin’ 45°

H ., =8,177542602-10% an®

3HaleMO CEpeHI0 HANPYXEHICTh MarHiTHOTO IOJIs

H M

3emuti Il MIHAPOTH 22.5°

_0,34e+0,5¢

2,50

=0,42 e,

s ¢, . =675 0
_0,5¢+0,6e

67,50

=0,58¢
s @, .. 22,5 0

a . )
1— Bigmosimae 47 -10%¢
M

H 20 nopieatoe 0,42 e

3BIIKH
12.0.42¢ .
M
y=—————=33,422538—,
25 Ar-10°e M
I mo amasorii
19.0,58¢
=M ——— =46,1549335 am” .
75 4r-10°e

MarniTHi MOMeHTH OyIyThb BiATIOBIIHO
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M o= MoJISL BiJl IIMPOTH, IO HE MOTpedyBano O 3HAHHA
) Mar”iTHOro MOMEHTa 1 HaBIaKH.
3,249620751-107 -33,42253805 =9,052956514-10% an’, Tomy Oesnepeunuii iHTEpPEC NPENCTABISAE BCTAHOBICHHS
\/1+3sin2 22,5° (QyYHKIIOHANBHOT 3a1€KHOCTI MAarHITHOTO MOMEHTY, SK
TOJIOBHOTO KOMIIOHEHTA JIJIsi BU3HAYEHHS CKJIaJIOBUX
3.249620751-10% - 46,1549335 T€OMAarHiTHOrO MoJisi 3eMJIi, Bl T€OMAarHiTHOI IIMPOTH.
67,5° = ) 0 77948506716 : 1022 aMz pumitka. B mogansmomy AJjisi CHPOINEHHS BHKJIAJ0K MHOXKHHK 10 2 MHCATH
\/1 +3sin 67,5 He Oyaemo, ajle ioro cjail MaTu Ha yBa3si, 0co0JIMBO MpH OLiHLI TOYHOCTI
pe3yabTariB.
Pe3ynbraTti 3a1eKHOCTI TE€OMAarHiTHOTO MOMEHTY 3eMili 1.2.1IpencraBjieHHs1 iCTUHHOT Mo eJTi
BiJl IIMPOTH TOYKH CIIOCTEpPEKEHHsS 3BelneHo B Tabx 1. A
Tabumnus 1. 3ajexkHicTb reOMarHiTHOro MoMeHTy 3emui V=M 9,0 1
Bi/l IIHPOTH TOYKH CHOCTEpPeKEHHS 8,9
8,8 1
No O™ X V=M=/x() 8,7 1
M 8,6 1
1 0,00 8,79-10% ° 8,5 1
2 11,25 8,9-10% 8,4
3 22,5 9,05-10” el
4 33,75 8.5-107 o1 |
5 45 8,18-102 8.0 -
6 56,25 8-10* 7.9 |
0 -+ -+ -+ -+ -+ -+ -+ -+ >
7 67,5 7,95-10% 11,25 22,5 33,75 45 5625 67,5 78,75 90 Illupota myHKTY criocT
8 78,75 8,12-10%
9 90 8,53-10% Puc. 1. I'padhix 3a€XHOCTI MAarHiTHOrO MOMEHTY 3€MHO1
=9 S —76.02-10% KyJli BiJI TE€OMarHiTHOI IIMPOTH

Maroun BY3J70Bi TOYKM 3HAY€Hb T'€OMAarHiTHOTO MOMEHTY
3emuti B MarHiTHUX mupoTax O, 22,5°,45° ,67,5° 1 90°

3rinno Qopmynu (1,7 ) MarHiTHUA MOMEHT 3aJIeKHUTH Bil . ; . .
noOyayeMO TOYKOBY miarpamy i rpadik, mpeacTtaBieHUd Ha

HANPY)>XKCHOCTI MArHITHOTO TOJI 1 MIUPOTH TOYKH
CTIIOCTEPEIKEHHS, TOOTO € (DYHKIIIEI0 BOX HE3aJCKHUX puc. 1. )
3MIHHMX, XO4Ya B CBOIO Yepry HANpYXEHICTh I'€OMarHiTHOTO I3 HBOF(? rpaq)l(lfa. BHHH(;’ mo eKCTpeMW (1)ny<1111 Oyne
HOJIL TAKOX 3aJIEKUTh Bin mupotd. Ha skanb, y Hac Ha mmpoti 22,57 1 67,57 . Sk BUIHO i3 rpadika,
Hemae (hOPMYJIH 3aJI€KHOCTI HAIPYXEHOCTI MarHiTHOTO KpaIoro (yHKIieo s anpokcumanii Oyne KyOiaHmi

11 12



MOJIIHOM, TOOTO OymemMo mIykatd (yHKIIOHAJIBHY
3aJIOKHICTh y BUTISAL (QYHKIIT BUIY

y=ax’+bx’+cx+d (1.2.1)
Hesinomi koedimienTn a, b, ¢, d Bu3HaAUMMO 1O CHIOCOOY
HalMEHIINX KBaJpaTiB.

Hpomixai Toukn B 11,25°, 33,75°, 56,25° i 78,75° Bus-
HaunMo Oe3mocepenHbo i3 rpadika. I[poro Ham Oyme 1iI-
KOM JIOCTaTHBO Uil TOOYIOBH €KCIIEPUMEHTAIBHOI MOJIEIT.
[ToOynoBaHy TakuM YHHOM EKCHEPUMEHTAJIbHY MOJEIb
3aJIe)KHOCTI MAarHiTHOTO MOMEHTY 3€MHOI KyJi BiJ IIMPOTH
B TIOJIATBIIIOMY 3PIBHOBAXIIIN 1 oTpuMainu dpopmyiy [7,c.38]

Y=M=1.2190*10" X* -1.4404*10* X* +2.8370*107>X+8,8028(1.2.2)

Ky IPUAMEMO 3a ICTUHHY MOJIENb i, TeHepYIoUn ICTUHHI
MOXUOKHK OYZIEeMO CTBOPIOBATH CIIOTBOPEHI MOJIENI, Ha SKUX
MO’KHA ITOCHIOZUTH TOYHICTh BH3HAYEHHS MArHITHOTO
MOMEHTY B 3QJIKHOCTI BiJ MOXUOKA BU3HAYEHHS IIUPOTH.
Tabauus 2.3a/1e:KHICTh T€OMATHITHOT0 MOMEHTY 3eMuli Bijg
HIHPOTHU TOYKHU CNOCTEpeskeHH (iCTUHHA Mo/e/Ib 3a
¢popmyJiorol.1)

No D= X V=M =f(x)(%)
1 0,00 8,803
2 11,25 8,957
3 22,5 8,851
4 33,75 8,598
5 45 8,274
6 56,25 8,011
7 67,5 7,904
8 78,75 8,057
9 84,375 8,264
10 90 8,575

n=9 489,375 84,294

13

Po3naia 2. Ilo0yaoBa cnoTBOpeHoi Moeti

2.1. NeHepyBaHHSA iCTUHHMX NOXMOOK ANs
AochifKeHHA MaTeMaTUYHOI MoAeni MeToAoM
CTaTUCTUYHUX BUNpobyBaHb MoHTe Kapno

B po6orTi [1] icTHHa Moaenb cnoTBoptoBanack BBEAEHHSM ic-
TUHHUX NOXMOOK B He3anexHi 3MiHHI X. B gaHHi MmoHorpadii icTUHHI
noxmbkm Byaemo BBOAWUTU B eKCriepUMeHTarbHi napameTpu Y.

MpuBegeMo MeToauKy po3paxyHKy BUMaOKOBUX Ymcen, SKi
NPUAMEMO B NoAanbLUOMy, SK iICTUHHI NOXMBKku Ans nobyaosu
CMOTBOPEHOI Moaeni.

1. OTpumaBLIM pAA BUNaAKOBKX (a TOMHILLE NceBao-

>

. E, =" . , (2.1.1)

BUNaAKoBuMX) uncen &
[e n— cyma BMnagkoBux 4mcen.
2. Po3paxoByloTbCsA NonepeaHi 3Ha4eHHs iCTUHHUX MOXMOOK A;

3a oopMyroto
A;. = ¢, _50,; . (2.1.2)

3. BHaxoaATb cepefHI0 KBaapaTU4HY NOXMOKY nonepeaHix
iCTUHHMX NOXMOOK 3a chopmyrnoto Mayca

(2.1.3)

4. 3HaxoaaTb koediuieHT nponopuiiHocTi K, ana BusHayeHHs
iICTUHHUX NOXMOOK HEOBXIAHOCTI TOYHOCTI
c
my
Ae ¢ — HeobxioHa KOHCTaHTa.
Tak, Hanpuknag, npu m, = 0,28 i HeobxigHocTi nobynoBu

mMaTemaTtuyHoi Mogeni 3 Toynictio ¢ = 0,1, 6yaemo maTm

14



0,1 0,1

o1 = 0.8 =0,357,a npu ¢ = 0,05, otpumaemo KoediujeHT nponopuiHocti K = m =1,
0.05 CepeaHsa kBagpaTuyHa noxnbka npv reHepyBaHHi BUNagKoBUX
K= 0,28 =0,178. yucen 3 TouHicTio ¢ = 0,1
5. ICTMHHI NOXMBKM PO3PaxoBYOTLCA 3a POPMYIIOD _10,1000000 0.1
A =AK (2.1.5) Ma, = 0
6. 3aKMYHNM KOHTPOSEM CIYXUTb PO3PaxyHOK cepeaHbLOl
KBagpaTWU4HOI NOXMOKN m A TEHEepOBaHUX iCTUHHUX NOXMBoK A 2.2. HpeI[CTaBJIeHHSI CHOTBOpeHO'l' MOI[eJ]i

Tabnuus 4. MobyaoBa cnoTBOpeHoi moaeni

21.6 IcTHHa mogenb
(2.19) Ne A A, Y, =Y. +A,
xl_cm yl_cm 1 cnomse. wcm. 1
i I'IopiBHﬂHHﬂ mA =cC (217) 1 0 8,803 0,0369 8,840
Ta6bnuusa 3. FeHepyBaHHA NceBAO-BUNAAKOBUX Yucen i 2 11,25 8,957 0,0731 9,030
pPO3paxyHOK iCTUHHUX NOXUBOK 3 225 8,851 0,00796 8,8590
N = G- 2 N 5 4 33,75 8,598 -0,1078 8,4902
Ne o | & 1 S | g A; A=hi-K A 5 45 8,274 20,0789 8,1951
6 56,25 8,011 0,00072 8,0117
1 ) ) ) )
0,52 | 0,418 | 0,102 | 0,01040 0,0369 | 0,00136256 7 67.5 7.904 0.19253 8.0065
2 0,62 | 0,418 0,202 | 0,04080 0,0731 | 0,00534392 8 78,75 8,057 -0,1332 7,9238
3 0,44 | 0,418 | 0,022 | 0,00048 0,00796 | 0,00006339 9 84,375 8,264 -0,097 8,1670
A 10 90 8,575 0,10567 8,6807
0,12 | 0,418 | -0,298 | 0,08880 -0,1078 | 0,01163026 489,375 84,294 0,0E+00 84,294
5 02| 0418 | -0,218 | 0,04752 -0,0789 | 0,00622400 f . )
6 . O JaHUM CMOTBOPEHOI MVOLI,eJ'II BUKOHYHKOTb _(:Tpore
0.42 | 0,418 0,002 0,00000 0,00072 0,00000052 3PIBHOBaXEHHA IVI_GTQAOM HanMeHLUnx KBa,D,paTIB |
7 095 | 0,418 | 0,532 | 0,28302 0,19253 | 0,03706637 OTPMMYIOTb NMOBIPHiLLY MOAENb, POBNATH OLIHKY
8 0,05| 0,418 | -0,368 | 0,13542 -0,1332 | 0,01773587 TOYHOCTI 3PIBHOBXKEHNX €NIEMEHTIB | ialoTb
NOPIBHANbHUN aHani3.
9 0,15| 0,418 | -0,268 | 0,07182 -0,097 | 0,00940646
10 0,71 | 0,418 | 0,292 | 0,08526 0,10567 | 0,01116664 Po3p‘in 3. 3piBHOBa)KeHH$| Mop‘eni
4,18
n=10 ’
4,18 0| 0,76356 0,0E+00 | 0,10000000
CepeaHs kBagpaTuyHa noxunbka nonepegHix iCTMHHUX NOXMBOK 3 1. NpeacTaBnexHs cuctemn HopmanbHNX
[0,76356 PIBHANE
Al = |———=0,076356 .
10 Y pesynbTaTti NpoBeAEHOro eKCNepUMEHTY MU MaeMO psif

pesynbTaTtie X,V ;, DyHKUiOHANbHY 3anexHiCTb Mix skummn Byaemo
15 16



LuyKaTh 3a 4OMOMOroto nosiHomy cTenei K, ae koediuieHT! a

SABMNATLCA HEBIAOMUMM.

Togi, cuctema HopManbHWX PiBHSIHL Oyae

na, + a, [x]+az[x2]+...+am[xm]—[y] =0,

e 3HaKoMm [ ] no3HayeHa cyma BiZnoBIgHOro eneMeHTa.
[nsa noniHoMy TpeTbOro Nopsaky Buay

y=ax’ +ex’ +cx+d (3.1.2)
CucTtema HopManbHUX piBHSHb Oyae

dn +c[x +6lx2J+alx3J [v]=0,
d +c[x ]+6[x ]+a[x ] xy]

d[x ]+c[x ]+6[x ]+a[x [x ]
y]=0

[y

]

O

9

(3.1.3)

’

d[x +c[x4 +6[x ]+a[x

3

0,
0

9

|-
+elx'] -
a[x J+6[x5J+clx J+dlx J
[x ]+6[x4]+c[x ]+d[x ]—[x2 =
[x ]+ 6[x3]+ c[x ] xy] 0,

a[x ]+ 6[x2]+ clx] dn - b/] =

B noganbiomy 6yaemMo piiatv cuctemy NiHinHUX HopMarnbHMUX
piBHSAHb (3.1.3) abo (3.1.4) ogHMM i3 BiZOMUX B MaTemaTuli

(3.1.4)

cnocobiB.
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3.2. BctaHoBneHHA KoedilieHTIB HOpManbHUX

PiBHAHb

MpuBenemo po3paxyHKoBy TabnuLo, Ha OCHOBI IKOI CTPUMYIOTb
KoeiLieHTU HopMaribHUX PiBHSHb.

Taonuusa 5. Po3paxyHok koediLli€eHTiB HOpManbHUX PiBHAHL

Ne 'xicmH. ycnoms. xO x2 x3 )C4 )CS
1 1
0 8,867 0 0 0 0
2 1
11,25 9,013 127 1424 | 16018 | 180203
s ] 25628 | 576650
22,5 8,6484 506 | 11391 9 4
4 ] 12074 | 437893
33,75 8,5609 1139 | 38443 63 89
5 ; 41006 | 184528
45 8,3953 2025 | 91125 25 125
6 ] 10011 | 563135
56,25 8,1287 3164 | 177979 292 147
, ] 20759 | 140126
67,5 7,9713 4556 | 307547 414 | 0449
8 ] 38459 | 302867
78,75 8,0559 6202 | 488373 377 | 5974
9 ] 50682 | 427630
84,375 8,1730 7119 | 600677 163 | 7523
10 ; 65610 | 590490
90 8,4804 8100 | 729000 000 | 0000
z 10 3293 | 244595 | 19119 | 154085
489,375 84,294 8 9| 2642 | 43314
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MNponoexeHHa Tabnui 5

No x6 xy x’y xy
1
0 0 0 0
, | 202728653
0 101,588648 1142,872 | 12857,31333
s | 129746337,
891 199,326636 4484,849 | 100909,1096
. | 1477891880
,035 286,542776 9670,819 | 326390,1307
5 8303765625
,000 368,779844 16595,09 | 746779,1843
6 3167635202
4,078 450,659463 2534959 | 1425914,707
7 9458508032
2,266 546,515525 36889,8 2490061,36
8 2385082329
13,971 624,001134 49140,09 3869782,03
o | 3608134472
74,268 689,091728 58142,11 | 4905740,914
10 5314410000
00,000 781,260509 70313,45 | 6328210,126
z 1266937543
664,040 4047,766 271728,7 20206644,9

TakuMm YMHOM, Ha OCHOBI MPOBEAEHUX PO3PaxXyHKIB HAMWU OTpUMaHa
HacTynHa MaTpuus KoeilieHTiB HopManbHUX PiBHSAHb

10,0 489,4 32937,9 2445958,7

489,4 32937,9 2445958,7 191192641,8
32937,9 | 2445958,7 191192641,8 15408543314,3
2445958,7 | 191192642 | 15408543314,3 | 1266937543664,0
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3.3. PilweHHA cucTeMun NiHINHUX PiBHAHb
cnoco6om Kpamepa

Hexai, MaeMo cucTemMy MiHINHWUX PiBHSHL

a, x, +a,x, +..+a,x, =b,

a,x, +ad,x, +...+a, x =b
211 22°V2 2n""n 29 (331)

a,x, +a,x,+..+a,x, =b .

[ns Toro, o0 i3 L€l cucTtemMn BU3HAYUTU HEBIQOMI C, cKnagemo

i3 koediLlieHTiB NPU HEBIOOMMX BU3HAYHUX A , AKUIA HA3UBaAETLCS
BM3HAYHUKOM cuCTeMMU piBHSAHB (3.3.1).

all a12 aln
A=|a,, a,, a,, (3.3.2)
iy e, ..,

MomHoXMMO niBy | NpaBy YacTuHK piBHOCTI (3.3.2) Ha X, . B nisii
yacTuHi 6yaemo matu Ax,, B NpaBiii e YacTuHi BBEAEMO Y BCi

YrieHu [ -ro CTOBMYMKA BU3HAYHUKA ayx i MHOXHMK X;

a, a, ..a4,x;..4,
A-x; =|ay a,, Ay X;.. .y, (3.3.3)
il ey, X,

MoTim Ao i -ro ctoBnYMka BU3HayHuKa (3.3.3) gogamo BCi iHLi
CTOBMYUKM, MOMHOXEHI BiANoBiAHO Ha X, , X, ,..., X, . BennunHa

BM3HA4HMKa Bif LbOro He 3MiHUTbCS. Togi i -CTOBNYMK NpeacTaBUTb
coboto niBy YacTUHy cucTemu piBHsAHb (3.3.1).
3aMiHMMO MOro BiflbHUMU YNieHaMW LLIET CUCTEMU | MO3HAYUMO

uepes A,
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a, a, bl ., TO CUCTeMa BU3HA4YHUKa | Mo Kpamepy I HEBIAOMI BMpaXXakoTbCA

4 hopmynamu
Ax,=A=|a, a, b,..a,, (3.3.4)
.a, .a, .b,.a, b a, a; a,
b, ay a, ay
ay a, ..b.a, by ay ay ay
G An ??....6.1.2..". _ b, a, ay ay
b X, = , (3.3.8)
i A, eay, a, b,.a, A
3Bigkn, x, = — = . (3.3.5)
A ay, ap 4.4y, b
a a a
11 1 13 14
ay Uy Ay, b
""""""""""""""""""""" a a a
21 3 23 24
"'anl an2 an3 ann
ay by ay  ay
®opmyna (3.3.5) Aa€e MOXIUBICTb BUHAYUTU KOXHE HeBiaoMe a, b, a; ay,
CUCTEMMU NiHIMHUX PiBHSHbL (3.3.1). X, = , (3.3.9)
AKLWo BiNbHI YNeHU cucTeMM NiHINHUX PIBHAHBL PiBHI HYIMIO, TO A
BOHa Oyae CUCTEMOIO MiHIMHUX OOHOKOPIHHWX PiBHSHb.
Cuctema niHiMHUX OHO KOPIHHMX PIBHAHL MOXE MaTy PilleHHS a, a, b a,
BiAIMiHHE Bif HYNbOBOrO, AKLLO BU3HAYHMK CUCTEMU A PiBHWI HYTIO.
ay ap b, ay
I . ay ap by ay,
Onsi cucteMm YoTUPbOX NiHINHMX PIBHAHb b
— a a a
a,x, +a,x, +a;x; +a,x, =b, Xy = e e el (3.3.10)
A
Ay X + a5 X, +ayX; +ayX, =b,, (3.3.6)
Ay X + A3 Xy + A3 X5 + ayx, = bs,
AyX, +apX, +apX, +aux, =b,, a, a, a; b
ay 4, 4y b,
AKLLO BU3HAYHUK cUCTEMU A He [OPIBHIOE HYIHO b
ay d;y dy by
a, a, aa b
ay 4p 45 4y x, =4 2 48 3 (3.3.11)
A
a a a a
21 22 23 24
A= #0, (3.3.7)
a3 4y 4y 4y Sk 6a4mmo, Wwo
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A = : (3.3.12)

a b, a a
an by Ay dy
A, = , (3.3.13)
ay, by ay  ay
a, b, a; ay,
a, a, b a,
a a b, a
2 Gy Dy, Ay
A, = : (3.3.14)
ay  ay, by ay

A = b, (3.3.15)
= e 3.

X4

MpuBenemo hopmyny 3HaXOMKEHHS! BU3HAYHVKA YETBEPTOrO
nopsiaKy

23

ay  dp 43 ay
dy Ay Ay Gy
a3 dzp Ay 4y

Ay Ay Ay Ay

= (a23a43 —as3ay )(a11a24 —ady )+

+ (a32a44 —a3dy )(a13a21 _a11a23)+(a31a43 _a33a41)(a14a22 _a12a24)+

+ (a31a42 T a3dy )(a13a24 T aAy; )+ (a33a44 —a3day, )(allazz —apay )+

+(a31a44 _a34a41)(a12a23 _a13a22)~ (3.3.16)
| B Hawomy Bunagky Bu3HayHuk cuctemmn D = 1,38204E+21
1266937543664,04] 15408543314,27| 191192642 2445959
15408543314,266 191192642 2445959 32937,891
191192641,754 2445959 32938 489
2445958,740 32938 489 10
20206644,8735 15408543314 191192642 2445959
271728,67563 191192642 2445959 32938
4047,7662631 2445959 32938 489
84,294000000 32938 489 10
D1= 1,60113E+16
ToAi HeBigoMMI KoedilieHT a npu X’ Oyne
D1 1.60113E+16
a=x =—=—————=0,000011585;
D 1.38204FE + 21
1266937543664 20129535,625 | 191192642 | 2445959
15408543314 271144,335 2445959 32938
191192642 4045,239 32938 | 489,375
2445959 84,2940 489,375 10
D2= -1837200000000000000,0

TOAj HeBigoMUit koediLlieHT b npu x> Gyae
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D2 -1.8372E+18

3piBHOBaXeHHA

Po3aisa 4. Ouinka ToYHOCTI

4.1. KoHTponb 3piBHOBaXXeHHA

MigctaBns0YM OTPUMaHi 3HaYeHHs KoedilieHTiB a,8,c,d 'y
dopmyny (3.4), oTpUMaemMo HacTynHi pesynbTaTu.

Taonuusa 6. KoedilieHTM HOpManbHUX PiBHAHL | KOHTPONb

b=x, =————=-0,001329;
D 1.38204E +21
1266937543664 15408543314 | 20129536 | 2445958,7
15408543314 191192642 271144 | 32937,891
191192642 2445959 4045 489,375
2445959 32938 84,294 10
D3= 31223000000000000000
i HeBigoOMUI KoedilieHT ¢ npu x Oyae
D3 3.1223E+19
c=x,=—=""""101"720,022592;
D 1.38204E+21
1266937543664 15408543314 191192642 | 20129536
15408543314 191192642 2445959 271144
191192642 2445959 32938 4045
2445959 32938 489,375 84,294
D4= 12257000000000000000000
koediujeHT d 6yae
D4 12257E+22
=—=2 =8,868561.

D 1.38204E +21

TakvM YMHOM, Ha OCHOBI NPOBEAEHUX AOCTiIKEHb, MaTeMaTU4Ha
MoZeslb 3areXHOCTi MarHiTHOro MOMEHTY nnaHet 3emnsa v, Big

LLUMPOTU NYHKTY CNOCTEPEXEHHA X; BUPAXKAETLCA cbopmynoro

¥'=10,000011585x> —0,001329x° +0,022592x + 8,868561. (3.3.17)

25

X’ x? x] x° y KoHTporb
3
1266937543664,0415408543314,27|191192642 244595920206644,87420206644,874
2
15408543314,266 191192642 244595932937,891| 271728,676) 271728,676
[)C 191192641,754 2445959 32938 489 4047,766 4047,766
0
2445958,740 32938 489 10| 84,2940 84,2940
0,000011585 -0,001329 0,022592 | 8,868561
Ommodka! OobekT
He MOKeT ObITh
CO31aH M3 KOJ0B b C d
noJieii
peIaKTHPOBaHMSI.

= yad —Ayxd —dyq—dy]-

=0,091715 . 3 gpyroi cTopoHu [VV]= 0,091715 .

4.2. OuiHKa TOYHOCTI napameTpiB, OTPUMAHUX i3
pilleHHA CMCTeMM HOPMaSibHUX PiBHAHb

CepeqHi kBagpaTUYHi NOXUOKN BUSHAYAEMUX X, X, , X5, X,
po3paxoByTbLCA 3a hopMynamu:

(4.2.1)
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m,_ = , (4.2.2)
2 'Lt D
m, = u Ax (4.2.3)
X3 D ’
A44
m, = e (4.2.4)
4 'Lt D
ne m,,m, ,m, ,m, — cepefHi KBagpaTuUyHi NOXMOKM

BU3HAYaEMMUX HEBIOMUX X, X,,X;,X,, L — CEepeaHs KBagpaTuiHa
noxubka oanHUL Baru, sika po3paxoBYeETLCSA 3a (DOPMYIIOH

|44
n—K

U= (4.2.5)

Y chopmyni (4.2.5) n - yncno nodyaTkoBux piBHAHbL, K - uncno
Hesigomux. B Hawowmy Bunagky n =10; K = 4. V - pisHuus mix

BUXiAHWUM 3HAYEHHSAM ), | BUpaXyBaHNM 3HaYEeHHAM y' 3a
oTpyMaHol Hamu chopmynoto (3.3.17);

V.=, =y (4.2.6)

A4,,,4,,4;, A, — anrebpaiyHi AONOBHEHHS NePLIOro, APYroro,
TPETbOro i YeTBEPTOro AiaroHanbHUX €NeMeHTIB

A, =lay, ay  asyl (4.2.7)

27

A, =lay, ay;  ay), (4.2.8)

Ay =|ay,  ay  ayl (4.2.9)

Ay =lay,  ay  axyl, (4.2.10)

pe A=a A, +a,A, +a A5 +a,A,. (4.2.11)

Mpueegemo hopmyny po3KpPUTTS BU3HAYHMKA TPETLOTO MOPSAKY

ay; dyp 4y = an(azzass - a23a32)+ a12(a23a31 - a21a33)+ a13(a21a32 - a22a31)-

as;; dyp 4y

(4.2.12)
| B HaWomy BUNaaKy oTpMMaemMo
191192642 2445959 32938
A11= 4,7761E+11 2445959 32938 489,375
32937,891 489,375 10
Benu4ynHa obepHeHoi Baru
28



L _Aw _ ATIOIEHIL 5 sso3p 10, a
P, D 138204E+21

=0,00001859.
lel
1266937543664 | 191192642 | 2445959
A22= | 8,99382E+15 191192642 32938 | 489,375
2445959 489 10

1 _ 4, _899382E+15 _ 0,000006508: o 0,00255.
P D 1.38204E +21 P,

A33=| 1,24719E+19 1266937543664 | 15408543314 | 2445959
15408543314 191192642 32938
2445959 32938 10

L _ Ay _1247I9E+19 00000  0.0950.
P. D 138204E+21

1266937543664(1 4085433 141191192642

11,25 8,957| 8,9709763 5,913E-020,003495863

22,5 8,851 8,835882 2,308E-020,000532669

33,75 8,598 8,5622507| -7,209E-020,005197602

45 8,274 8,2490555  -5,395E-020,002910368,

67,5 7,904 7,8998652 1,967E-01/0,038675589

78,75 8,057| 8,0618162  -1,380E-01/0,019041873

84,375 8,264/ 8,270229  -1,032E-01] 0,01065352

2
3
4
5
6 56,25 8,011| 7,9952693 1,645E-02| 0,00027075
7
8
9
10

90 8,575 8,5800954 1,006E-01/0,010115722

n=10 489,375 84,294 84,29 0,0000000  0,091715

A44=|1.185810E+21 15408543314 191192642 2445959

191192642 2445959 32938

L _Aw _LISSBIOE+21 oo [ 1 _ogr0a
P. D 138204E+21 P

X4 Xa4

MigcTaBnsioun y BusegeHy Hamu, popmyny (3.3.17) 3Ha4eHHs
X cnoTBOpeHoi Moaeni OTPUMaEMO PO3PaxyHKOBI 3HaYeHHst ', aki

OyayTb OeLo BiapisHATUCS Bid BUXIOHMX 3HaYeHb Y.

Tabnuusa 6. NnopiBHANLHUIM aHani3 pe3ynbTaTtiB CTPOroro
3piBHOBaXXEHHS

’ _ ! 2
Ne xicmH. ycnome. ys’pisﬁosam V= yi - yi |4

1 0 8,803 8,8685605  -2,865E-020,000820684

29

Topi, cepeaHs KBagpaTnyHa Noxubka oanHULi Baru Gyae

44

n—

=0,123635647.

ILt:

CepepHs kBagpaTuU4Ha nNoxmbka BU3HAYEHHS KoedoillieHTa a

m, = [ /% =0,123635647*0,00001859 = 2,29837E - 06.

CepenHsa kBagpaTW4Ha Noxmbka BU3HaAYeHHs koedilieHTa d

m, = |— ! =0,123635647*0,9263 = 0,114522706.
Pd

CepeaHi kBagpaTU4Hi MOXUOKKN 3piBHOBaXEHOT (PYHKLT M@=
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0,11452271
0,07082671
0,07526814
0,06915134

0,062475
0,06902991
0,07345891
0,06261298
0,06713953
0,10035657

MepeBipka mogeni Ha agekBaTHICTb 3a kpuTepiem diepa

29,51779

F(0,05;3;34)= | 2,882604 | F=
F>F(0,05:3;6)

F(0,05;3;6)= | 4,757063
Mogenb ageksaTHa ekcnepuMmeHTanbHUM JaHUM

BcTaHoBneHHs 3HauMmocTi koeddilieHTiB perpecii

KoediuieHTn perpecii 3Ha4nmi

ta= 5,040659 | t(0,05;6)= 2,446912
tb= 4,214752 | 1(0,06;6)= 2,612242
tc= 1,923564 | 1(0,05;34)= 2,032244
td= 77,43932

BucHoBKkMu

Ha ocHoBi npoBeaeHnx AocnifxeHb B AaHi poboTi:

1. TeHepoBaHi BUNagKoBi Yncna, ki npuBeaeHo Ao
HOPMOBAHOI JOCHiAXYBaHOI TOYHOCTI.

2. Ha ocHOBI iCTUHHOI MoAeni i reHepoBaHMX iICTUHHUX
noxmbok nobygoBaHa CroTBOPeHa MOAENb 3aneXHOCTi
MarHiTHOro MomeHTy 3emni Bif LWUMPOTH.

3. MaremaTnyHa MoAenb anpokcMMOBaHa no cnocoody
HanMeHLMX KBagpaTiB KybiYHUM MONiHOMOM.

4. OtpumaHa copmyna

31

»'=0,000011585x> —0,001329x° +0,022592x + 8,868561.

3anexHocTi MarHiTHoro MomeHTy 3emni Y Big wmpotn X .

5. BcTaHoBneHo, Wo cepenHs kBagpaTuyHa noxmbka
OLMHULI Baru 3a pesynbTaTamy 3piBHOBaXKEHHS CKNagae

n=0,123635647 *10% am’.
6. CepenHsi kBagpaTuyHa Noxmbka BU3HaA4YeHHs koedilieHTa
a npu x° m, = 2,29837E - 06;
e cepefHs KBagpaTu4Ha Noxmbka BU3HAYEHHS
koediuienta b npu x> m, = 0,000315396;
e cepefHs KBagpaTu4Ha Noxmbka BU3HAYEHHS
koediuienta ¢ npu x  m,_ = 0,011744949;
e cepefHs KBagpaTu4Ha NoxXmbka BU3HAYEHHS
koediuienta d npu  m, = 0,114522706.
cepefHi KBagpaTuUdHi NOXMOKM 3piBHOBaXEHOT

YHKUT mo=

. 0,11452271

0,07082671

0,07526814

0,06915134

0,062475

0,06902991

0,07345891

0,06261298

0,06713953

0,10035657

7. Po3pobneHa metoauka MigrotoBKu iCTUHHMX NOXMOOK
Hanepen 3a4aHoi TOYHOCTI.

8. [aHa poboTa BigKkpmBae [opory A5t NpoBeAEHHS
AocnigXeHb METOOOM CTaTUCTUYHKX BUNPOOYBaHb
MonTe Kapno.

9. BoHa fae MOXMBICTbL OXONUTK BEMUKY ayauTopilo, TOMY
LLIO reHepyTbCA NOXUOKKM iHOMBIAYaNbHO | BOHU He
NOBTOPIOIOTLCS B APYrMX MOAENSX.

10. PoboTa BMKOHy€eTbCA Bneplue. Ham He Bigomi nitepaTypHi
xepena, oe 6 BUKOHyBanucb aHanoriyHi JOCNIAKEHHS B
Kypci ®i3nkn 3 0OCHOBaMU reoisuku.
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12.

13.

14.

15.
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CasenbeB U. B. Kypc obmreit pusuku. —M.:Hayxka, 1982, -304c
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19. CuraikoB O. I1. OcHoBu enexrpoauHamiku. JlaboparopHuii
npaktukyM. Yepwiris: YJIE1Y, 2003,-48c

20. Cyoorin C. I. Kopa i manTis 3emui. —K.: 3nanH:,1996, -39c.
21. Tomorpado-reonesnueckre TEpMHUHBL: crnipaBodHUK/Ky3pmuH b.

C., I'epacumos @. f., Monokanos B. M. u ap. — M.: Hexpa,
1989,-261c.
22. ®enopos €. [1. Obepranns 3emui. — K.:3nanns, 1966,-52¢
23. ®i3uka 3 BUKOPUCTaHHSIM OOYMCIIOBAJIBHOI TEXHIKH.
[Mpaktiunnii kypc/ B. M. Kazancekuid, B. 1. KitaHuenko,
J1. Komenesa Ta in. — K.: JIubigs, 1993,-224c¢.

[lonatkn
HopaTok 1.'eHepyBaHHA NCeBOOBUNAAKOBUX
yucen, NignopagKyBaHHS IX HOpMarbHOMY
3aKOHY po3rnoainy i po3paxyHoK iCTUHHUX
NoOXmMboK

0,52 0,418 | 0,102 0,01040 0,0369 0,00136256
0,62 0,418 | 0,202 0,04080 0,0731 0,00534392
0,44 0,418 | 0,022 0,00048 0,00796 0,00006339
0,12 0,418 | -0,298 0,08880 -0,1078 0,01163026

0,2 0,418 | -0,218 0,04752 -0,0789 0,00622400
0,42 0,418 | 0,002 0,00000 0,00072 0,00000052
0,95 0,418 | 0,532 0,28302 0,19253 0,03706637
0,05 0,418 | -0,368 0,13542 -0,1332 0,01773587
0,15 0,418 | -0,268 0,07182 -0,097 0,00940646
0,71 0,418 | 0,292 0,08526 0,10567 0,01116664
4,18 4,18 0 0,76356 0,0E+00 0,10000000

A B Cc D E F

HopaTok 2. NobynoBa cnoTBopeHol moaeni

0 8,803 0,0369 8,840

11,25 8,957 0,0731 9,030

22,5 8,851 0,00796 8,8590

33,75 8,598 -0,1078 8,4902
34



45 8,274 -0,0789 8,1951
56,25 8,011 0,00072 8,0117
67,5 7,904 0,19253 8,0965
78,75 8,057 -0,1332 7,9238
84,375 8,264 -0,097 8,1670
90 8,575 0,10567 8,6807
489,375 84,294 0,0E+00 84,294
| G E H
IcTUHHI
Xekcn.=XicTH. | YicTH. noxmo. Ycnts.
Hopatok 3. Po3paxyHkoBa Tabnuus
o 1 0 0 0 0 0
11,250 1| 127 1424 16018 180203 2027287
22,5 1| 508 11391 256289 5766504 129746338
33,75 1] 1139 38443 1297463 43789389 1477891880
45 1| 2025 91125 4100625 184528125 8303765625
56,25 1 3164 177979 10011292 563135147 31676352024
67,5 1] 4556] 307547 20759414 1401260449 94585080322
78,75 1] 6202 488373 38459377 3028675974 238508232914
84,375 1 7119 600677 50682163 4276307523 360813447274
90| 1] 8100 729000 65610000 5904900000 531441000000
489,375 1032938 2445959 191192642 15408543314 1266937543664
[ J| K L M N (o]
Xekcn.=XicTH. XO0X*2 [X*3 X74 XA5 X"6
[MpoooBXeHHs po3paxyHKoBOI Tabnuui
0 0 0| 8,8685605 -2,865E-02] 0,000820684
101,588648 1142,872| 12857,31333] 8,9709763 5913E-02 0,003495863
199,326636 4484,849 100909,1096/  8,835882 2,308E-02  0,000532669
286,542776 9670,819| 326390,1307] 8,5622507| -7,209E-02] 0,005197602
368,779844 16595,09 746779,1843 8,2490555 -5,395E-02 0,002910368

450,659463| 25349,59 1425914,707| 7,9952693 1,645E-02| 0,00027075
546,515525 36889,8] 2490061,36] 7,8998652 1,967E-01| 0,038675589
624,001134 49140,09] 3869782,03 8,0618162 -1,380E-01] 0,019041873
689,091728 58142,11] 4905740,914 8,270229 -1,032E-01 0,01065352
781,260509 70313,45 6328210,126/ 8,5800954| 1,006E-01] 0,010115722|
4047,766| 271728,7) 20206644,9 84,29 0,0000000| 0,091715
P Q R S T U
V=YcnTB.-
YX YXA2 YXA3 Y'3piBH. Y3 vV
Hopatok 4. Po3paxyHOK BU3HAYHUKIB
1266937543664,04 15408543314,27| 191192642 | 2445959
15408543314,266 191192642 2445959 | 32937,891
191192641,754 2445959 32938 489
2445958,740 32938 489 10
D= 1,38204E+21
20206644,8735 15408543314 191192642 | 2445959
271728,67563 191192642 2445959 32938
4047,7662631 2445959 32938 489
84,294000000 32938 489 10
D1= 1,60113E+16
1266937543664 20206644,874) 191192642 | 2445959
15408543314 271728,676) 2445959 32938
191192642 4047,766 32038 | 489,375
2445959 84,2940 489,375 10
D2= -1,8372E+18
1266937543664 15408543314 20206645 | 2445958,7
15408543314 191192642 271729 | 32937,891
191192642 2445959 4048 | 489,375
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2445959 32938 84,294 10

D3= 3,1223E+19
1266937543664 15408543314] 191192642 | 20206645
15408543314 191192642 2445959 271729
191192642 2445959 32938 4048
2445959 32938 489,375 84,294

D4= 1,2257E+22

[opaTok 5. BinbHi YneHn HopMasribHUX PiIBHAHb

20206644,87

271728,676

4047,766

84,294

Hopatok 6. Po3paxyHokK KoedilieHTiB

arnpoKCUMYHHOro nosniHoOMy

a=D1/D=| 0,000011585
b=D2/D= -0,001329
c=D3/D= 0,022592
d=D4/D= 8,868561

Y=aX"3+bX"2+cX+d

Hamwn BuBegeHa oopmyna 3a pesynstatamu
TEOPETUYHUX SOCNIOKEHb:

»'=0,000011585x> —0,001329x° +0,022592x + 8,868561.

37

[opaTok 7. 3HaxomKeHHs anrebpalyHux

JOMNOBHEHb
1266937543664]15408543314| 191192642
1,1858101,E+21
A44= 15408543314/ 191192642 2445959
191192642 2445959 32938
2082171,49 26033,672] 3077,574
A22= 8,99382E+15 26033,672 388,243 55
3077,574 55,000 10
1,24719,E+19
A33= 2082171,49 229532,92| 3077,574
229532,919 26033,672 388,243
3077,574 388,243 10
191192642 2445959 32938
A11= 4,7761E+11 2445959 32938 489,375
32937,891 489,375 10
Hopatok 8. KOHTponb 3piBHOBaXXEHHSA
[yyl- | alyx’]- | blyx*] | -clyx]- | dly] |= 0,09171464
[VV]= | 0,091714640
PisHnusa= 0,000000

HopaTtok 9. OuiHKka TOYHOCTI 3PIBHOBaXXEHMNX

ernemMeHTIB

CepegHs
M=

CepegHs

ma=

KBagpaTuyHa noxmbka oavHULI Baru
0,123635647

KBagpaTu4Ha noxmbka koedilieHTa a

2,29837E-06

38




Ce penHsi kBagpaTuyHa Noxmbka koedgilieHTa B

mb= 0,000315396

CepenHst kBagpaTuU4Ha noxmbka KoedilieHTa ¢
mc= 0,011744949

CepepHs kBagpaTudHa noxmbka koedoilieHTa d
md= 0,114522706

CepepnHi KBagpaTU4Hi NOXMOKM
3piBHOBaXeHoI hyHKUil

mao=

0,11452271
0,07082671
0,07526814
0,06915134

0,062475
0,06902991
0,07345891
0,06261298
0,06713953
0,10035657

HDopatok 10. Oiarpamu gocnipxeHb

39

MarHiTHM“ MomeHT 3emni

9,200

9,000

8,800

8,600

8,400
8,200
8,000

A LHOWOW UMHLIHIE

40

7,800

7,600

7,400

90
8,6807

84,4

8,1670

78,8
7,9238

67,5

8,0965

56,3

8,0117

45

8,1951
LLupoTa B rpagycax X

33,8
8,4902

22,5

8,8590

11,3

9,030

8,840

7,200

‘l MarHiTHWi# MomeHT 3emni (*10222AM"2)
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MaTemMaTuyHi mogeni i iX NOXNoKu

90,0000

8,6807
8,575

84,3750

8,1670
8,264

78,7500

7,9238
8,057

67,5000

8,0965
7,904

56,2500

8,0117

8,011

45,0000

8,1951

8,274

33,7500

8,4902
8,598

22,5000

8,8590
8,851

11,2500

9,030

8,957
0,07310209 | 0,00796161 |-0,10784368 |-0,07889235 | 0,00072378 | 0,19252629 |-0,13317608 |-0,09698693| 0,10567233

0,0000
8,86856051 | 8,97097627 | 8,83588199 | 8,56225072 | 8,24905547 | 7,99526929 | 7,89986519 | 8,06181621 | 8,27022896 | 8,58009538

8,840
8,803
0,0369

10

mwiguxou | LHOWOW UUHLIHIe\
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O Y'3piBH.

B YcnoTs.
OYicr.

O ICTUHHI NOXMBKK

LLinpoTa B rpapycax

Honarok 11.Taéauui Bajgenbkoro O.0.

Variant No./ Random values

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0.140.15 0.92 0.65 0.35 0.89 0.79 0.32 0.38 0.46 0.26 0.43 0.38 0.32 0.79 0.5
0.28 0.84 0.19 0.71 0.69 0.39 0.93 0.750.1 0.58 0.2 0.97 0.49 0.44 0.59 0.23
0.07 0.81 0.64 0.06 0.28 0.62 0.08 0.99 0.86 0.28 0.03 0.48 0.25 0.34 0.21 0.17
0.06 0.79 0.82 0.14 0.8 0.86 0.51 0.320.82 0.3 0.66 0.47 0.09 0.38 0.44 0.6
0.950.5 0.580.22 0.31 0.72 0.530.590.4 0.81 0.28 0.480.11 0.17 0.45 0.02
0.840.1 0.270.01 0.93 0.850.21 0.1 0.550.59 0.64 0.46 0.22 0.94 0.89 0.54
0.93 0.03 0.81 0.96 0.44 0.28 0.81 0.09 0.75 0.66 0.59 0.33 0.44 0.61 0.28 0.47
0.56 0.48 0.23 0.37 0.86 0.78 0.31 0.65 0.27 0.12 0.01 0.9 0.91 0.45 0.64 0.85
0.660.920.340.6 0.340.86 0.1 0.450.43 0.26 0.64 0.82 0.13 0.39 0.36 0.07
0.26 0.02 0.49 0.14 0.12 0.73 0.720.450.870  0.66 0.06 0.31 0.55 0.88 0.17
Variant No./ Random values

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
0.48 0.81 0.520.09 0.2 0.96 0.28 0.29 0.25 0.4 0.91 0.71 0.53 0.64 0.36 0.78
0.920.59 0.030.6 0.010.13 0.3 0.530.050.48 0.82 0.04 0.66 0.52 0.13 0.84
0.140.69 0.51 0.94 0.150.11 0.6 0.94 0.33 0.050.72 0.7 0.36 0.57 0.59 0.59
0.190.53 0.09 0.21 0.86 0.11 0.73 0.81 0.93 0.26 0.11 0.79 0.31 0.05 0.11 0.85
0.48 0.07 0.44 0.62 0.37 0.99 0.62 0.74 0.95 0.67 0.35 0.18 0.85 0.75 0.27 0.24
0.890.12 0.27 0.93 0.81 0.83 0.01 0.19 0.49 0.12 0.98 0.33 0.67 0.33 0.62 0.44
0.06 0.56 0.64 0.3 0.86 0.02 0.13 0.94 0.94 0.63 0.95 0.22 0.47 0.37 0.19 0.07
0.020.17 0.98 0.6 0.94 0.37 0.02 0.77 0.05 0.39 0.21 0.71 0.76 0.29 0.31 0.76
0.750.23 0.84 0.67 0.48 0.18 0.46 0.76 0.69 0.4 0.51 0.320 0.050.68 0.12
0.710.450.26 0.35 0.6 0.82 0.77 0.850.77 0.13 0.42 0.75 0.77 0.89 0.6 0.91
Variant No./ Random values

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
0.73 0.63 0.71 0.78 0.72 0.14 0.68 0.44 0.09 0.01 0.22 0.49 0.53 0.43 0.01 0.46
0.540.950.850.370.1 0.5 0.790.22 0.79 0.68 0.92 0.58 0.92 0.35 0.42 0.01
0.99 0.56 0.11 0.21 0.29 0.02 0.19 0.6 0.86 0.4 0.34 0.41 0.81 0.59 0.81 0.36
0.290.770.470.71 0.3 0.99 0.6 0.51 0.87 0.07 0.21 0.13 0.49 0.99 0.99 0.98
0.370.29 0.78 0.04 0.99 0.51 0.050.97 0.31 0.73 0.28 0.16 0.09 0.63 0.18 0.59
0.5 0.24 0.450.94 0.550.34 0.69 0.08 0.3 0.26 0.42 0.52 0.23 0.08 0.25 0.33
0.440.68 0.5 0.350.260.190.310.180.81 0.710.01 0  0.030.13 0.78 0.38
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0.750.28 0.86 0.58 0.75 0.33 0.2 0.83 0.81 0.42 0.06 0.17 0.17 0.76 0.69 0.14
0.73 0.03 0.59 0.82 0.53 0.49 0.04 0.28 0.75 0.54 0.68 0.73 0.11 0.59 0.56 0.28
0.63 0.88 0.23 0.53 0.78 0.75 0.93 0.75 0.19 0.57 0.78 0.18 0.57 0.78 0.05 0.32
Variant No./ Random values

49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
0.170.120.26 0.8 0.660.130 0.19 0.27 0.87 0.66 0.11 0.19 0.59 0.09 0.21
0.640.2 0.190.89 0.38 0.09 0.520.570.2 0.1 0.650.48 0.58 0.63 0.27 0.88
0.650.93 0.61 0.53 0.38 0.18 0.27 0.96 0.82 0.3 0.3 0.19 0.52 0.03 0.53 0.01
0.850.29 0.68 0.99 0.57 0.73 0.62 0.25 0.99 0.41 0.38 0.91 0.24 0.97 0.21 0.77
0.520.83 0.47 0.91 0.31 0.51 0.550.74 0.85 0.72 0.42 0.450.41 0.5 0.69 0.59
0.5 0.820.950.330.11 0.68 0.61 0.72 0.78 0.55 0.88 0.9 0.75 0.09 0.83 0.81
0.750.46 0.37 0.46 0.49 0.39 0.31 0.92 0.550.06 0.04 0  0.92 0.77 0.01 0.67
0.110390 0.980.480.82 0.4 0.120.850.830.61 0.6 0.350.630.7 0.76
0.6 0.1 0470.1 0.180.190.420.950.550.96 0.19 0.89 0.46 0.76 0.78 0.37
0.44 0.94 0.48 0.25 0.53 0.79 0.77 0.47 0.26 0.84 0.71 0.04 0.04 0.75 0.34 0.64
Variant No./ Random values

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
0.62 0.08 0.04 0.66 0.84 0.25 0.9 0.69 0.49 0.12 0.93 0.31 0.36 0.77 0.02 0.89
0.890.150.21 0.04 0.75 0.21 0.62 0.05 0.69 0.66 0.02 0.4 0.58 0.03 0.81 0.5
0.190.350.110.250.330.820.430 0.350.580.76 0.4 0.24 0.74 0.96 0.47
0.320.63 0.91 0.41 0.99 0.27 0.26 0.04 0.26 0.99 0.22 0.79 0.67 0.82 0.35 0.47
0.810.63 0.6 0.09 0.340.17 0.21 0.64 0.12 0.19 0.92 0.45 0.86 0.31 0.5 0.3
0.28 0.61 0.82 0.97 0.45 0.55 0.7 0.67 0.49 0.83 0.85 0.05 0.49 0.45 0.88 0.58
0.69 0.26 0.99 0.56 0.9 0.92 0.72 0.1 0.79 0.750.09 0.3 0.29 0.55 0.32 0.11
0.650.340.490.87 0.2 0.27 0.550.96 0.02 0.36 0.48 0.06 0.65 0.49 0.91 0.19
0.880.18 0.34 0.79 0.77 0.53 0.56 0.63 0.69 0.8 0.74 0.26 0.54 0.25 0.27 0.86
0.250.51 0.81 0.84 0.17 0.57 0.46 0.72 0.89 0.09 0.77 0.77 0.27 0.93 0.8 0
Variant No./ Random values

81 82 83 84 85 8 87 88 89 90 91 92 93 94 95 96
0.810.640.7 0.6 0.010.61 0.450.240.91 0.920.17 0.320.17 0.21 0.47 0.72
0.350.01 0.41 0.44 0.19 0.73 0.56 0.85 0.48 0.16 0.13 0.61 0.15 0.73 0.52 0.55
0.210.33 0.47 0.57 0.41 0.84 0.94 0.68 0.43 0.85 0.23 0.32 0.39 0.07 0.39 0.41
0.430.330.450.47 0.76 0.24 0.16 0.86 0.25 0.18 0.98 0.35 0.69 0.48 0.55 0.62
0.09 0.92 0.19 0.22 0.21 0.84 0.27 0.25 0.5 0.25 0.42 0.56 0.88 0.76 0.71 0.79
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0.040.94 0.6 0.16 0.53 0.46 0.68 0.04 0.98 0.86 0.27 0.23 0.27 0.91 0.78 0.6
0.850.78 0.43 0.83 0.82 0.79 0.67 0.97 0.66 0.81 0.450.41 0  0.950.38 0.83
0.78 0.63 0.6 0.950.06 0.8 0.060.42 0.250.12 0.52 0.050.11 0.73 0.92 0.98
0.48 0.96 0.08 0.41 0.28 0.48 0.86 0.26 0.94 0.56 0.04 0.24 0.19 0.65 0.28 0.5
0.220.21 0.06 0.61 0.18 0.63 0.06 0.74 0.42 0.78 0.62 0.2 0.39 0.19 0.49 0.45
Variant No./ Random values

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112
0.04 0.71 0.23 0.71 0.37 0.86 0.96 0.09 0.56 0.36 0.43 0.71 0.91 0.72 0.87 0.46
0.77 0.64 0.65 0.75 0.73 0.96 0.24 0.13 0.89 0.08 0.65 0.83 0.26 0.45 0.99 0.58
0.130.39 0.04 0.78 0.02 0.75 0.9 0.09 0.94 0.65 0.76 0.4 0.78 0.95 0.12 0.69
0.46 0.83 0.98 0.35 0.250.95 0.7 0.98 0.25 0.82 0.26 0.2 0.52 0.24 0.89 0.4
0.77 0.26 0.71 0.94 0.78 0.26 0.84 0.82 0.6 0.14 0.76 0.99 0.09 0.02 0.64 0.01
0.36 0.39 0.44 0.37 0.45 0.53 0.05 0.06 0.82 0.03 0.49 0.62 0.52 0.45 0.17 0.49
0.390.96 0.51 0.43 0.14 0.29 0.8 0.910.9 0.650.92 0.5 0.930.72 0.21 0.69
0.64 0.61 0.51 0.57 0.09 0.85 0.83 0.87 0.41 0.05 0.97 0.88 0.59 0.59 0.77 0.29
0.750.49 0.890.3 0.160.17 0.53 0.92 0.84 0.68 0.13 0.82 0.68 0.68 0.38 0.68
0.94 0.27 0.74 0.15 0.59 0.91 0.85 0.59 0.25 0.24 0.59 0.53 0.95 0.94 0.31 0.04
Variant No./ Random values

113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128
0.990.72 0.52 0.46 0.8 0.84 0.59 0.87 0.27 0.36 0.44 0.69 0.58 0.48 0.65 0.38
0.36 0.73 0.62 0.22 0.62 0.6 0.99 0.12 0.46 0.08 0.05 0.12 0.43 0.88 0.43 0.9
0.450.12 0.44 0.13 0.65 0.49 0.76 0.27 0.8 0.79 0.77 0.15 0.69 0.14 0.35 0.99
0.770 0.120.96 0.16 0.08 0.94 0.41 0.69 0.48 0.68 0.55 0.58 0.48 0.4 0.63
0.530.420.2 0.72 0.22 0.58 0.28 0.48 0.86 0.48 0.15 0.84 0.56 0.02 0.85 0.06
0.01 0.68 0.42 0.73 0.94 0.52 0.26 0.74 0.67 0.67 0.88 0.95 0.25 0.21 0.38 0.52
0.250.49 0.95 0.46 0.66 0.72 0.78 0.23 0.98 0.64 0.56 0.59 0.61 0.16 0.35 0.48
0.86 0.23 0.05 0.77 0.45 0.64 0.98 0.03 0.55 0.93 0.63 0.45 0.68 0.17 0.43 0.24
0.110.250.150.07 0.6 0.69 0.47 0.94 0.51 0.09 0.65 0.96 0.09 0.4 0.250.22
0.880.79 0.71 0.08 0.93 0.14 0.56 0.69 0.13 0.68 0.67 0.22 0.87 0.48 0.94 0.05
Variant No./ Random values

129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144
0.6 0.1 0.150.030.3 0.860.170.920.86 0.8 0.92 0.08 0.74 0.76 0.09 0.17
0.820.49 0.38 0.58 0.9 0.09 0.71 0.49 0.09 0.67 0.59 0.85 0.26 0.13 0.65 0.54
0.97 0.81 0.89 0.31 0.29 0.78 0.48 0.21 0.68 0.29 0.98 0.94 0.87 0.22 0.65 0.88
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0.04 0.85 0.75 0.64 0.01 0.42 0.7 0.47 0.75 0.550.13 0.23 0.79 0.64 0.14 0.51
0.520.37 0.46 0.23 0.43 0.64 0.54 0.28 0.58 0.44 0.47 0.95 0.26 0.58 0.67 0.82
0.1 0.510.140.13 0.54 0.73 0.57 0.39 0.52 0.31 0.13 0.42 0.71 0.66 0.1 0.21
0.350.96 0.95 0.36 0.23 0.14 0.42 0.95 0.24 0.84 0.93 0.71 0.87 0.11 0.01 0.45
0.76 0.54 0.03 0.59 0.02 0.79 0.93 0.44 0.03 0.74 0.2 0.07 0.31 0.05 0.78 0.53
0.9 0.620.19 0.83 0.87 0.44 0.78 0.08 0.47 0.84 0.89 0.68 0.33 0.21 0.44 0.57
0.130.86 0.87 0.51 0.94 0.35 0.06 0.43 0.02 0.18 0.45 0.31 0.91 0.04 0.84 0.81
Variant No./ Random values

145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160
0 05307 0.610.460.8 0.670.490.19 0.27 0.81 0.91 0.19 0.79 0.39 0.95
0.2 0.610.410.96 0.63 0.42 0.87 0.54 0.44 0.06 0.43 0.74 0.51 0.23 0.71 0.81
0.920.17 0.99 0.98 0.39 0.1 0.150.91 0.95 0.61 0.81 0.46 0.75 0.14 0.26 0.91
0.23 0.97 0.48 0.94 0.09 0.07 0.18 0.64 0.94 0.23 0.19 0.61 0.56 0.79 0.45 0.2
0.8 0.950.140.650.5 0.220.520.310.6 0.380.81 0.93 0.01 0.42 0.09 0.37
0.62 0.13 0.78 0.55 0.95 0.66 0.38 0.93 0.77 0.87 0.08 0.3 0.39 0.06 0.97 0.92
0.07 0.73 0.46 0.72 0.21 0.82 0.56 0.25 0.99 0.66 0.15 0.01 0.42 0.15 0.03 0.06
0.8 0.380.44 0.77 0.34 0.54 0.92 0.02 0.6 0.54 0.14 0.66 0.59 0.25 0.2 0.14
0.97 0.44 0.28 0.5 0.73 0.250.180.66 0.6 0.02 0.13 0.24 0.34 0.08 0.81 0.9
0.71 0.04 0.86 0.33 0.17 0.34 0.64 0.96 0.51 0.45 0.39 0.05 0.79 0.62 0.68 0.56
Variant No./ Random values

161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176
0.1 0.050.5 0.810.06 0.65 0.87 0.96 0.99 0.81 0.63 0.57 0.47 0.36 0.38 0.4
0.520.570.140.59 0.1 0.28 0.97 0.06 0.41 0.4 0.11 0.090.71 0.2 0.62 0.8
0.4309 0.390.750.950.150.67 0.71 0.57 0.7 0.04 0.2 0.330.78 0.69 0.93
0.6 0.07 0.23 0.05 0.58 0.76 0.31 0.76 0.35 0.94 0.21 0.87 0.31 0.25 0.14 0.71
0.2 0.530.290.28 0.19 0.18 0.26 0.18 0.61 0.25 0.86 0.73 0.21 0.57 0.91 0.98
0.410.48 0.48 0.82 0.91 0.64 0.47 0.06 0.09 0.57 0.52 0.7 0.69 0.57 0.22 0.09
0.170.56 0.71 0.16 0.72 0.29 0.1 0.980.16 0.9 0.91 0.52 0.8 0.17 0.350.06
0.71 0.27 0.48 0.58 0.32 0.22 0.87 0.18 0.35 0.2 0.93 0.53 0.96 0.57 0.25 0.12
0.1 0.830.570.91 0.51 0.36 0.98 0.820.09 0.140.440.210 0.67 0.51 0.03
0.340.67 0.11 0.03 0.14 0.12 0.67 0.11 0.13 0.69 0.9 0.86 0.58 0.51 0.63 0.98
Variant No./ Random values

177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192
0.310.5 0.190.7 0.160.51 0.510.16 0.85 0.17 0.14 0.37 0.65 0.76 0.18 0.35
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0.150.56 0.5 0.88 0.49 0.09 0.98 0.98 0.59 0.98 0.23 0.87 0.34 0.55 0.28 0.33
0.160.350.5 0.76 0.47 0.91 0.85 0.35 0.89 0.32 0.26 0.18 0.54 0.89 0.63 0.21
0.320.930.3 0.890.850.7 0.640.2 0.460.750.250.9 0.7 0.91 0.54 0.81
0.41 0.65 0.49 0.85 0.94 0.61 0.63 0.71 0.8 0.27 0.09 0.81 0.99 0.43 0.09 0.92
0.44 0.88 0.950.75 0.71 0.28 0.28 0.9 0.59 0.23 0.23 0.32 0.6 0.97 0.29 0.97
0.12 0.08 0.44 0.33 0.57 0.32 0.65 0.48 0.93 0.82 0.39 0.11 0.93 0.25 0.97 0.46
0.36 0.67 0.3 0.58 0.36 0.04 0.14 0.28 0.13 0.88 0.3 0.32 0.03 0.82 0.49 0.03
0.750.89 0.85 0.24 0.37 0.44 0.17 0.02 0.91 0.32 0.76 0.56 0.18 0.09 0.37 0.73
04404 03 0.7 0.740.690.210.120.01 0.91 0.3 0.2 0.330.030.8 0.19
Variant No./ Random values

193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208
0.760.21 0.1 0.110 0.440.920.930.21 0.51 0.6 0.84 0.24 0.44 0.85 0.96
0.37 0.66 0.98 0.38 0.95 0.22 0.86 0.84 0.78 0.31 0.23 0.55 0.26 0.58 0.21 0.31
0.44 0.95 0.76 0.85 0.72 0.62 0.43 0.34 0.41 0.89 0.3 0.39 0.68 0.64 0.26 0.24
0.340.1 0.77 0.32 0.26 0.97 0.8 0.28 0.07 0.31 0.89 0.15 0.44 0.11 0.01 0.04
0.46 0.82 0.32 0.52 0.71 0.62 0.01 0.05 0.26 0.52 0.27 0.21 0.11 0.66 0.03 0.96
0.66 0.55 0.73 0.09 0.25 0.47 0.11 0.05 0.57 0.85 0.37 0.63 0.46 0.68 0.2 0.65
0.31 0.09 0.89 0.65 0.26 0.91 0.86 0.2 0.56 0.47 0.69 0.31 0.25 0.7 0.58 0.63
0.56 0.62 0.01 0.85 0.58 0.1 0.07 0.29 0.36 0.06 0.59 0.87 0.64 0.86 0.11 0.79
0.1 0.450.330.48 0.850.03 0.460.11 0.36 0.57 0.68 0.67 0.53 0.24 0.94 0.41
0.66 0.8 0.39 0.62 0.650.79 0.78 0.77 0.18 0.55 0.6 0.84 0.55 0.29 0.65 0.41
Variant No./ Random values

209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224
0.26 0.650.4 0.850.3 0.61 0.430.440.430.18 0.58 0.67 0.69 0.75 0.14 0.56
0.6104 0680 0.7 0.020.370.870.76 0.59 0.13 0.44 0.01 0.71 0.27 0.49
0.470.04 0.2 0.560.220.3 0.530.890.94 0.56 0.13 0.140.07 0.11 0.27 0
0.04 0.07 0.85 0.47 0.33 0.26 0.99 0.39 0.08 0.14 0.54 0.66 0.46 0.45 0.88 0.07
0.97 0.27 0.08 0.26 0.68 0.3 0.63 0.43 0.28 0.58 0.78 0.56 0.98 0.3 0.52 0.35
0.8 0.890.330.06 0.57 0.57 0.4 0.67 0.950.450.71 0.63 0.77 0.52 0.54 0.2
0.210.14 0.950.57 0.61 0.58 0.140  0.25 0.01 0.26 0.22 0.85 0.94 0.13 0.02
0.160.47 0.150.5 0.97 0.92 0.59 0.23 0.09 0.9 0.79 0.65 0.47 0.37 0.61 0.25
0.510.76 0.56 0.75 0.13 0.57 0.51 0.78 0.29 0.66 0.64 0.54 0.77 0.91 0.74 0.5
0.110.29 0.96 0.14 0.89 0.03 0.04 0.63 0.99 0.47 0.13 0.29 0.62 0.1 0.73 0.4
Variant No./ Random values
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225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240
0.430.750.18 0.95 0.73 0.59 0.61 0.45 0.89 0.01 0.93 0.89 0.71 0.31 0.11 0.79
0.04 0.29 0.78 0.28 0.56 0.47 0.5 0.320.03 0.19 0.86 0.91 0.51 0.4 0.28 0.7
0.8 0.850.990.04 0.8 0.1 0.940.120.14 0.72 0.21 0.31 0.79 0.47 0.64 0.77
0.72 0.62 0.24 0.14 0.25 0.48 0.54 0.54 0.03 0.32 0.15 0.71 0.85 0.3 0.61 0.42
0.28 0.81 0.370.58 0.5 0.43 0.06 0.33 0.21 0.75 0.18 0.29 0.79 0.86 0.62 0.23
0.710.72 0.150.91 0.6 0.77 0.16 0.69 0.25 0.47 0.48 0.73 0.89 0.86 0.65 0.49
0.490.450.01 0.14 0.65 0.4 0.62 0.84 0.33 0.66 0.39 0.37 0.9 0.03 0.97 0.69
0.26 0.56 0.72 0.14 0.63 0.85 0.3 0.67 0.36 0.09 0.65 0.71 0.2 0.91 0.8 0.76
0.38 0.32 0.71 0.66 0.41 0.62 0.74 0.88 0.88 0  0.78 0.69 0.25 0.6 0.29 0.02
0.28 0.47 0.21 0.04 0.03 0.17 0.21 0.18 0.6 0.820.04 0.190  0.04 0.22 0.96
Variant No./ Random values

241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256
0.610.71 0.19 0.63 0.77 0.92 0.13 0.37 0.57 0.51 0.14 0.95 0.95 0.01 0.56 0.6
0.49 0.63 0.18 0.62 0.94 0.72 0.65 0.47 0.36 0.42 0.52 0.3 0.81 0.77 0.03 0.67
0.510.59 0.06 0.73 0.5 0.23 0.5 0.72 0.83 0.54 0.05 0.67 0.04 0.03 0.86 0.74
0.350.13 0.62 0.22 0.24 0.77 0.150.89 0.15 0.04 0.95 0.3 0.98 0.44 0.48 0.93
0.330.09 0.63 0.4 0.870.8 0.76 0.93 0.25 0.99 0.39 0.78 0.05 0.41 0.93 0.41
0.44 0.73 0.77 0.44 0.18 0.42 0.63 0.12 0.98 0.6 0.8 0.99 0.88 0.86 0.87 0.41
0.320.6 0.470.21 0.56 0.95 0.16 0.23 0.96 0.58 0.64 0.57 0.3 0.21 0.63 0.15
0.980.19 0.31 0.95 0.16 0.73 0.53 0.81 0.29 0.74 0.16 0.77 0.29 0.47 0.86 0.72
0.42 0.29 0.24 0.65 0.43 0.66 0.8 0.09 0.8 0.67 0.69 0.28 0.23 0.82 0.8 0.68
0.990.640 0.480.240.350.4 0.370.01 0.41 0.63 0.14 0.96 0.58 0.97 0.94
Variant No./ Random values

257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272
0.09 0.24 0.32 0.37 0.89 0.69 0.07 0.06 0.97 0.79 0.42 0.23 0.62 0.5 0.82 0.21
0.68 0.89 0.57 0.38 0.37 0.98 0.62 0.3 0.01 0.59 0.37 0.76 0.47 0.16 0.51 0.22
0.890.350.78 0.6 0.150.88 0.16 0.17 0.55 0.78 0.29 0.73 0.52 0.33 0.44 0.6
0.42 0.81 0.51 0.26 0.27 0.2 0.37 0.34 0.31 0.46 0.53 0.190.77 0.77 0.41 0.6
0.31 0.99 0.06 0.65 0.54 0.18 0.76 0.39 0.79 0.29 0.33 0.44 0.19 0.52 0.15 0.41
0.340.18 0.99 0.48 0.54 0.44 0.73 0.45 0.67 0.38 0.31 0.62 0.49 0.93 0.41 0.91
0.310.81 0.48 0.09 0.27 0.77 0.71 0.03 0.86 0.38 0.77 0.34 0.31 0.77 0.2 0.75
0.450.650.450.320.2 0.77 0.7 0.920.120.01 0.9 0.510.66 0.09 0.62 0.8
0.49 0.09 0.26 0.36 0.01 0.97 0.59 0.88 0.28 0.16 0.13 0.32 0.31 0.66 0.63 0.65
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0.28 0.61 0.93 0.26 0.68 0.63 0.36 0.06 0.27 0.35 0.67 0.63 0.03 0.54 0.47 0.76
Variant No./ Random values

273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288
0.28 0.03 0.5 0.450.07 0.77 0.23 0.550.47 0.1 0.58 0.59 0.54 0.87 0.02 0.79
0.08 0.14 0.350.62 0.4 0.14 0.510.71 0.8 0.62 0.46 0.43 0.62 0.67 0.94 0.56
0.120.750.31 0.81 0.34 0.07 0.83 0.3 0.33 0.62 0.54 0.23 0.27 0.83 0.94 0.49
0.750.38 0.24 0.37 0.2 0.58 0.350.31 0.14 0.77 0.11 0.99 0.26 0.06 0.38 0.13
0.340.67 0.76 0.87 0.96 0.95 0.97 0.03 0.09 0.83 0.39 0.13 0.07 0.71 0.09 0.87
0.04 0.08 0.59 0.13 0.37 0.46 0.41 0.44 0.28 0.22 0.77 0.26 0.34 0.65 0.94 0.7
0.47 0.45 0.87 0.84 0.77 0.87 0.2 0.19 0.27 0.71 0.52 0.8 0.73 0.17 0.67 0.9
0.77 0.07 0.150.72 0.13 0.44 0.470.3 0.6 0.570 0.730.340.92 0.43 0.69
0.310.130.83 0.5 0.490.31 0.63 0.12 0.84 0.04 0.25 0.12 0.19 0.25 0.65 0.17
0.98 0.06 0.94 0.11 0.350.28 0.01 0.31 0.47 0.01 0.3 0.47 0.81 0.64 0.37 0.88
Variant No./ Random values

289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304
0.510.850.29 0.09 0.28 0.54 0.52 0.01 0.16 0.58 0.39 0.34 0.19 0.65 0.62 0.13
0.490.14 0.34 0.15 0.95 0.62 0.58 0.65 0.86 0.55 0.7 0.550.26 0.9 0.49 0.65
0.2 0.980.58 0.03 0.380.5 0.720.24 0.26 0.48 0.29 0.39 0.72 0.85 0.84 0.78
0.31 0.63 0.05 0.77 0.77 0.56 0.06 0.88 0.87 0.64 0.46 0.24 0.82 0.46 0.85 0.79
0.26 0.03 0.95 0.35 0.27 0.73 0.48 0.03 0.04 0.8 0.290 0.58 0.76 0.07 0.58
0.250.1 0.470.47 0.09 0.16 0.43 0.96 0.13 0.62 0.67 0.6 0.44 0.92 0.56 0.27
0.420.040.2 0.830.2 0.850.660.110.9 0.620.54 0.540.330.72 0.13 0.15
0.350.950.840.5 0.680.77 0.24 0.6 0.29 0.01 0.61 0.87 0.66 0.79 0.52 0.4
0.61 0.63 0.42 0.52 0.25 0.77 0.19 0.54 0.29 0.16 0.29 0.91 0.93 0.06 0.45 0.53
0.77 0.99 0.14 0.03 0.73 0.4 0.43 0.28 0.75 0.26 0.28 0.88 0.96 0.39 0.95 0.87
Variant No./ Random values

305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320
0.94 0.75 0.72 0.91 0.74 0.64 0.26 0.35 0.74 0.55 0.25 0.4 0.79 0.09 0.14 0.51
0.350.71 0.11 0.36 0.94 0.1 0.910.19 0.39 0.32 0.51 0.91 0.07 0.6 0.2 0.82
0.52 0.02 0.61 0.87 0.98 0.53 0.18 0.87 0.7 0.58 0.42 0.97 0.25 0.91 0.67 0.78
0.130.140.960.990 0.9 0.190.210.16 0.97 0.17 0.37 0.27 0.84 0.76 0.84
0.720.68 0.6 0.840.9 0.03 0.370.7 0.240.240.290.160.51 0.3 0.050
0.51 0.68 0.32 0.33 0.64 0.35 0.03 0.89 0.51 0.7 0.29 0.89 0.39 0.22 0.33 0.45
0.170.22 0.01 0.38 0.12 0.8 0.69 0.65 0.01 0.17 0.84 0.4 0.87 0.450.19 0.6
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0.120.12 0.28 0.59 0.93 0.71 0.62 0.31 0.3 0.170.11 0.440.480.46 0.4 0.9
0.380.9 0.640.490.540440 0.610.98 0.690.07 0.54 0.850.16 0.02 0.63
0.270.5 0.520.98 0.34 0.91 0.87 0.4 0.78 0.66 0.8 0.880.18 0.33 0.85 0.1
Variant No./ Random values

321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
0.220.83 0.34 0.5 0.850.04 0.86 0.08 0.25 0.03 0.93 0.02 0.13 0.32 0.19 0.71
0.550.18 0.43 0.06 0.35 0.45 0.5 0.07 0.66 0.82 0.82 0.94 0.93 0.04 0.13 0.77
0.650.52 0.79 0.39 0.75 0.17 0.54 0.61 0.39 0.53 0.98 0.46 0.83 0.39 0.36 0.38
0.3 0.470.460.11 0.99 0.66 0.53 0.85 0.81 0.53 0.84 0.2 0.56 0.85 0.33 0.86
0.210.86 0.72 0.52 0.33 0.4 0.280.3 0.87 0.11 0.23 0.28 0.27 0.89 0.21 0.25
0.07 0.71 0.26 0.29 0.46 0.32 0.29 0.56 0.39 0.89 0.89 0.89 0.35 0.82 0.11 0.67
0.450.620.7 0.1 0.210.83 0.56 0.46 0.22 0.01 0.34 0.96 0.71 0.51 0.88 0.19
0.09 0.73 0.03 0.81 0.19 0.8 0.04 0.97 0.34 0.07 0.23 0.96 0.1 0.36 0.85 0.4
0.660.430.190.390.5 0.97 0.9 0.190.06 0.99 0.63 0.950.52 0.45 0.3 0.05
0.450.050.8 0.68 0.550.01 0.950.670.3 0.22 0.92 0.190.130.93 0.39 0.18
Variant No./ Random values

337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352
0.56 0.8 0.340.490.030.980.2 0.590.550.1 0.020.26 0.350.350.36 0.19
0.2 0.410.990.47 0.45 0.53 0.850.93 0.81 0.02 0.34 0.39 0.55 0.44 0.95 0.97
0.78 0.37 0.79 0.02 0.37 0.42 0.16 0.17 0.27 0.11 0.17 0.23 0.64 0.34 0.35 0.43
0.94 0.78 0.22 0.18 0.18 0.52 0.86 0.24 0.08 0.51 0.4 0.06 0.66 0.04 0.43 0.32
0.58 0.88 0.56 0.98 0.67 0.05 0.43 0.15 0.47 0.06 0.96 0.57 0.47 0.45 0.85 0.5
0.330.23 0.23 0.34 0.21 0.07 0.3 0.150.450.94 0.050.16 0.550.37 0.9 0.68
0.66 0.27 0.33 0.37 0.99 0.58 0.51 0.15 0.62 0.57 0.84 0.32 0.29 0.88 0.27 0.37
0.230.19 0.89 0.87 0.57 0.14 0.150.95 0.78 0.11 0.19 0.63 0.58 0.33 0  0.59
0.4 0.870.3 0.680.120.16 0.02 0.87 0.64 0.96 0.28 0.67 0.44 0.6 0.47 0.74
0.64 0.91 0.59 0.95 0.05 0.49 0.73 0.74 0.25 0.62 0.69 0.01 0.04 0.9 0.37 0.78
Variant No./ Random values

353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368
0.190.86 0.83 0.59 0.38 0.14 0.65 0.74 0.12 0.68 0.04 0.92 0.56 0.48 0.79 0.85
0.56 0.14 0.53 0.72 0.34 0.78 0.67 0.33 0.03 0.9 0.46 0.88 0.38 0.34 0.36 0.34
0.650.53 0.79 0.49 0.86 0.41 0.92 0.7 0.56 0.38 0.72 0.93 0.17 0.48 0.72 0.33
0.2 0.830.760.01 0.120.3 0.290.91 0.13 0.67 0.93 0.86 0.27 0.08 0.94 0.38
0.79 0.93 0.62 0.01 0.62 0.95 0.150.41 0.33 0.71 0.42 0.48 0.92 0.83 0.07 0.22
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0.010.26 0.9 0.14 0.75 0.46 0.68 0.47 0.65 0.35 0.76 0.16 0.47 0.73 0.79 0.46
0.750.2 0.040.9 0.750.71 0.550.52 0.78 0.19 0.65 0.36 0.21 0.32 0.39 0.26
0.4 0.610.6 0.130.630.580.150.590.070.420.2 0.2 0.2 0.310.870.27
0.76 0.050.270.720.190  0.550.61 0.48 0.42 0.55 0.51 0.87 0.92 0.53 0.03
0.43 0.51 0.39 0.84 0.42 0.53 0.22 0.34 0.15 0.76 0.23 0.36 0.1 0.64 0.25 0.06
Variant No./ Random values

369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384
0.390.04 0.97 0.5 0.08 0.65 0.62 0.71 0.09 0.53 0.59 0.19 0.46 0.58 0.97 0.51
0.41 0.31 0.03 0.48 0.22 0.76 0.93 0.06 0.24 0.74 0.35 0.36 0.32 0.56 0.91 0.6
0.78 0.150.47 0.81 0.81 0.15 0.28 0.43 0.66 0.79 0.57 0.06 0.11 0.08 0.61 0.53
0.310.5 0.440.52 0.12 0.74 0.73 0.92 0.45 0.44 0.94 0.54 0.23 0.68 0.28 0.86
0.060.13 0.4 0.84 0.14 0.86 0.37 0.76 0.7 0.09 0.61 0.2 0.71 0.51 0.24 0.91
0.4 0.430.020.72 0.53 0.86 0.07 0.64 0.82 0.36 0.34 0.14 0.33 0.46 0.23 0.51
0.890.75 0.76 0.64 0.52 0.16 0.41 0.37 0.67 0.96 0.9 0.310.49 0.5 0.190.1
0.850.75 0.98 0.44 0.23 0.91 0.98 0.62 0.91 0.64 0.21 0.93 0.99 0.49 0.07 0.23
0.62 0.34 0.64 0.68 0.44 0.11 0.73 0.94 0.03 0.26 0.59 0.18 0.4 0.44 0.37 0.8
0.510.33 0.38 0.94 0.52 0.57 0.42 0.39 0.95 0.08 0.29 0.65 0.91 0.22 0.85 0.08
Variant No./ Random values

385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400
0.550.58 0.21 0.57 0.250.03 0.1 0.710.250.7 0.12 0.66 0.83 0.02 0.4 0.29
0.290.520.520.2 0.110.87 0.26 0.76 0.75 0.62 0.2 0.410.540.2 0.51 0.61
0.840.16 0.34 0.84 0.75 0.65 0.16 0.99 0.98 0.11 0.61 0.41 0.01 0  0.29 0.96
0.070.830.860.9 0.920.910.6 0.3 0.280.840 0.260.91 0.04 0.14 0.07
0.92 0.88 0.62 0.15 0.07 0.84 0.24 0.51 0.67 0.09 0.08 0.7 0  0.69 0.92 0.82
0.120.06 0.6 0.41 0.83 0.71 0.8 0.65 0.35 0.56 0.72 0.52 0.53 0.25 0.67 0.53
0.28 0.61 0.29 0.1 0.42 0.48 0.77 0.61 0.82 0.58 0.29 0.76 0.51 0.57 0.95 0.98
0.47 0.03 0.56 0.22 0.26 0.29 0.34 0.86 0  0.34 0.15 0.87 0.22 0.98 0.05 0.34
0.980.96 0.5 0.22 0.62 0.91 0.74 0.87 0.88 0.2 0.27 0.340.2 0.92 0.22 0.24
0.530.39 0.85 0.62 0.64 0.76 0.69 0.14 0.9 0.550.62 0.84 0.25 0.03 0.91 0.27
Variant No./ Random values

401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416
0.57 0.71 0.02 0.84 0.02 0.79 0.98 0.06 0.63 0.65 0.82 0.54 0.88 0.92 0.64 0.88
0.02 0.54 0.56 0.61 0.01 0.72 0.96 0.7 0.26 0.64 0.07 0.65 0.59 0.04 0.29 0.09
0.94 0.56 0.81 0.5 0.650.26 0.53 0.05 0.37 0.18 0.29 0.41 0.27 0.03 0.36 0.93
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0.130.780.510.78 0.6 0.9 0.4 0.7 0.860.67 0.11 0.49 0.65 0.58 0.34 0.34
0.340.76 0.93 0.38 0.57 0.81 0.71 0.13 0.86 0.45 0.58 0.73 0.67 0.81 0.23 0.01
0.450.87 0.68 0.71 0.26 0.6  0.340.890.130.9 0.950.620 0.99 0.39 0.36
0.1 0.310.020.910.61 0.61 0.520.88 0.13 0.84 0.37 0.9 0.99 0.04 0.23 0.17
0.470.330.63 0.94 0.8 0.450.750.93 0.14 0.93 0.14 0.05 0.29 0.76 0.34 0.75
0.74 0.81 0.19 0.35 0.67 0.09 0.11 0.01 0.37 0.750.170.210 0.8 0.310.55
0.9 0.240.850.3 0.9 0.660.920.030.76 0.71 0.92 0.2 0.330.220.9 0.94
Variant No./ Random values

417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432
0.330.46 0.76 0.85 0.14 0.22 0.14 0.47 0.73 0.79 0.39 0.37 0.51 0.7 0.34 0.43
0.66 0.19 0.91 0.04 0.03 0.37 0.51 0.11 0.73 0.54 0.71 0.91 0.85 0.5 0.46 0.44
0.9 0.26 0.36 0.550.12 0.81 0.62 0.28 0.82 0.44 0.62 0.57 0.59 0.16 0.33 0.3
0.390.1 0.720.250.380.37 0.420.18 0.21 0.4 0.88 0.35 0.08 0.65 0.73 0.91
0.77 0.15 0.09 0.68 0.28 0.87 0.47 0.82 0.65 0.69 0.95 0.99 0.57 0.44 0.9 0.66
0.17 0.58 0.34 0.41 0.37 0.52 0.23 0.97 0.09 0.68 0.34 0.08 0  0.53 0.550.98
0.490.17 0.54 0.17 0.38 0.18 0.83 0.99 0.94 0.46 0.97 0.48 0.67 0.62 0.65 0.51
0.650.82 0.76 0.58 0.48 0.35 0.88 0.45 0.31 0.42 0.77 0.56 0.87 0.9 0.02 0.9
0.950.17 0.02 0.83 0.52 0.97 0.16 0.34 0.45 0.62 0.12 0.96 0.4 0.43 0.52 0.31
0.170.6 0.060.650.1 0.12 0.410.2 0.06 0.59 0.75 0.58 0.51 0.27 0.61 0.78
Variant No./ Random values

433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448
0.580.380.290.2 0.41 0.97 0.480.440.230.6 0.8 0.070.190.3 0.450.76
0.18 0.93 0.23 0.49 0.22 0.92 0.79 0.65 0.01 0.98 0.75 0.18 0.72 0.12 0.72 0.67
0.5 0.790.810.250.54 0.7 0.950.89 0.04 0.55 0.63 0.57 0.92 0.12 0.21 0.03
0.330.46 0.69 0.74 0.99 0.23 0.56 0.3 0.250.49 0.47 0.8 0.240.9 0.110.41
0.950.21 0.23 0.82 0.81 0.53 0.09 0.11 0.4 0.79 0.07 0.38 0.6 0.250.150.22
0.74 0.29 0.95 0.81 0.8 0.72 0.47 0.16 0.25 0.91 0.66 0.85 0.45 0.13 0.33 0.12
0.390.48 0.04 0.94 0.7 0.79 0.11 0.91 0.53 0.26 0.73 0.43 0.02 0.82 0.44 0.18
0.6 0.410.420.630.630.950480 0.040480 0.260.7 0.49 0.620.48
0.2 0.170.92 0.89 0.64 0.76 0.69 0.75 0.83 0.18 0.32 0.71 0.31 0.42 0.51 0.7
0.29 0.69 0.23 0.48 0.89 0.62 0.76 0.68 0.44 0.03 0.23 0.26 0.09 0.27 0.52 0.49
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