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HayxkoBa mikoiia 3a06e3neuye nepeBakarouui 1
MPOHUKJIUBHI 1HTEJIEKT, 3JaTHHUI A0 CTIHKOI 1
JIOBrOTPUBAJIOL pO3yMOBOI KOHIIeHTpallii. Po3BuBae
JKUBHH 1 TISIEHUN CITOCIO MUCJICHHS, JJA€ MOYKJIMBICTh
MOPIBHSHO JIETKO BUPIIIYBATH caMi CKJIAIH1 MPOOIeMHU.
[Ipunae Bipy B CBOi CHJIH, PO3CYIJIUBICTh, BATPUMKY,
MPOHUKJIUBICTD 1 IUIUIOMATUYHICTh. PoO0OTa MpOoXoauTh
mix cumBoaoMm ITOHATIIMBOCTI.

Mo:o/1i BU€H1 po3riisiIaloTh ICHYIOU1 171€1,
PO31yMYIOTh HaJl HUMH, BPaXOBYIOTb 1 3aCTOCOBYIOTH Ha
MpaKTUIll Bce Te, 10 Oyo nmo3a yBaroto. Hepmaui He
JSIKAIOTh 1X, TOMY 110 BOHH 3HAIOTh : Y CIIX MPUXOAUTH
HICIIs IPOPOOKH OaraTb0X KOHKYPYIOUHMX BAapIAHTIB.
BoHu gocsararotb METH 1 HE Mi1aI0ThCSl CyMHIBaM.
Po6ota nmpoxoauts mia cumposiom JJOCAT'HEHHAI.

Ha  ocHOBI  pe3ynbTartiB OaraTopiyHOTO
HAayKOBOTO 1 TEAArorivHoro JOCBIAY peani3oBaHa
KOHIICTI[iI aBTOpa MPO CTaTyC MOJOJOr0 BUYEHOrO 1
HAyKOBOI IIIKOJIA B IILJIOMY.

[IpencTaBnsiioThCA  HAyKOBI MOpami  MOJIOAUX
BueHux l[Ipupoanuvoro ¢dakynbrery MEI'Y, cTBOpeHi y
nepuiomy cemectpi 2010-2011 HaBuyaiabHOrO pOKy Ha
0oCHOB1 0a30Boro Kypcy Pi3nka 3 0CHOBaMH T'e0(DI3UKH.

JIns  cTyneHtiB 1 acmipaHTiB  (aKyJIbTeTy
Kibepuetruku 1 Inctutyty negaroriunoi ocsitu MEI'Y,
BH3 VYkpainn.
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Jlirnaposua P.M. Haykosa mkomna MET'Y. KoHcTpytoBaHHS 1 AOCIIDKEHHS
MaTeMaTU4HUX Mozneneid. Monorpadii Monoanx BueHux. Kuura 26. MET'Y,
PiBne, 2010.-282 c.
Litnarovich R. M. Scientific school IEGU. Constructing and research of
mathematical models. Monographs of young scientists. Book 26. IEGU, Rivne,
2010.-282 p.
Penensentn: B.I'.Bypauek, HoKTop TeXHIYHMX HayK, Ipodecop

€.C. [TapHsKOB, TOKTOp TEXHIYHHUX HAYK, podecop

B.O.bopoBuit , HOKTOp TEXHIYHUX HaYK, Ipodecop
Binnosinansauit 3a Bumyck: M.B. hiymb, J0KTOp (i3HKO-MATEMATHUHIX HAYK,

npodecop
JociiigkeHHs IPoBeeHi B paMKkax po0oTH HaykoBoi mkonu METY

Ha ocnoBi merony cratuctnunux BunpodyBanb MOHTE KAPJIO renepo-Bani
TICEBAOBUIIAJIKOBI YHCNA , SIKI HOPMYIOTECS 1 IPUBOJISITHCS 0 3aAaHOI cepeTHbOL
KBaJPATHIHOI MOXUOKH, HA OCHOBI SIKOI KOHCTPYIOIOTECSI CIIOTBOPEHI
MOZEI.

CrioTBOpeHi MOZEIi 3piBHOBAXKYIOTHCS 32 CIIOCOOOM HalMEHIIHX KBaAPaTiB.
ITpoBoauThCS OMiHKA TOYHOCTI 3PIBHOBa)KEHUX eneMeHTiB. HabupaeTscs Benmu-ka
CTaTHCTHKA 1 pOOISATHCS y3araJIbHIOIOWI BUCHOBKH. Briepiire mossisieTses
YHIKaJIbHA Harojia HOPIiBHATH iCTHHHI 1 aOCOMIOTHI MOXNOKN MaTeMaTUIHUX MOJEIIEH.

Xo4a 3arajbHi TEOpPETUYHI MTONOKEHHS, IPUBEICHI B KOXKHIA MOHOTpadii
yHi()iKOBaHi 1 MOBTOPIOIOTHCS, OTHAK BC1 OOUMCICHHS KOXKHOI MaTEMaTHIHOT MOJIEII
CTPOTo iHIWBITyasbHi, IO i 3a0e31edye aBTOPCTBO MOJIOAOTO BYEHOTO
3a pe3yIbTaTaMy MIPOBEACHHUX JOCITIKECHb.

Jlnist cTyneHTiB, acmipaHTiB i 3100yBadiB BUeHUX cTeneHiB [Ipupoaauaoro
takymbrery 1 pakymsrery Kibepuetnku MEI'Y.

On the basis of method of statistical tests of MONTE KARLO pseudocasual
numbers generate, which are rationed and led to the set middle
quadratic error which the distorted is constructed on the basis of
models.
The distorted models are counterbalanced on the method of leastsquares.
The estimation of exactness of the balanced elements is conducted. Large statistics
tke and summarizings conclusions are done. Appears first
unique case to compare the veritable and absolute errors of mathematical models.
Although theoretical generals, resulted in every monograph
compatible and repetitive, however strictly individual all calculations of every
mathematical model are, that provides authorship of young scientist
as a result of the conducted researches.
For students, graduate students and bread-winners of scientists of degrees of the Natural
faculty and to the faculty of Cybernetics IEGU.

© Jlirnaposuu P.M.
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1. Jlirnaposuu P.M. JlocnikeHHS TOYHOCTI alpOKCHMAIIiT
3aJIe)KHOCTI MAarHITHOTO MOMEHTY 3eMJIi BiJl IIUPOTH METOIOM
cTaTucTHYHUX BUnpoOyBanb Mounte Kapno. Yactuna 1. MET'Y,
PiBHE ,2000,-45 C..ovvvviiii 1-45
2. JlirnapoBu4 P.M. BcraHoBneHHs 3B 13Ky MK reorpagiqHoro i
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PiBHE,2000,-47 C..onveneeniiiee e 1-47
3. Marazuntok B.C. [To6ynoBa i JOCTIDKEHHS MaTeMaTHYHO1
MO/IeJi 3aJIeKHOCTI MarHiTHOr0O MOMEHTY 3eMJIi BiJl IIUPOTH
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Anpoxkcumaliig moJiiHoMom tpetboro crenens. Moaens I[1I'610-
209.MEI'Y, PiBHE,2010,-62 C...ovvveveiiiiiiieieee e, 1-62
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CTaTUCTHYHUX BUNpoOyBaHb MonTe Kapno. Anpokcumartis
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PiBHE,2010,-62 C..ovveneiniiieie e 1-62
5. Haprok B.O. IToGynoBa i qocmipKeHHS] MAaTEMaTHIHOT MOIE1
3aJIe)KHOCTI MArHITHOTO MOMEHTY 3eMJli BiJ] IIUPOTH METOJI0M
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MIHICTEPCTBO OCBITHU I HAYKHU YKPAIHU N
MDKXHAPOJHNM EKOHOMIKO-I'YMAHITAPHUN "R
YHIBEPCUTET im. akan. C. AIEM’AHUYYKA

P. M. JlitnapoBuu

JlocaiKeHHST TOYHOCTI anmpoKCcUMaItii
3aJIE)KHOCTI MATHITHOTO MOMEHTY
3eMJ1i Bi] ITUPOTH METOJIOM
CTaTUCTUYHUX BUIIPOOYBaHb
MOHTE KAPJIO

Yactuna 1

M. PiBue, 2006
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.CaBenseB U.B. Kypc pusuku. T.2. — M.: nayka, 1989, -

464c.

14.CasenneB U.B. Kypc oOmieit pusuku. — M.: Hayka, 1982, -
304c.

15.CutHiKOB O.IL OcHoBHM €IEKTPOIUHAMIKHU.
JlaGoparopuuii npaktukyMm. Yepniris: YIAIE1Y, 2003, -
48c.

16.Cy6otin C.I. Kopa 1 mantis 3emini. —K.: 3nanns, 1966, -
39c.

17. Tonorpado-reonesnueckue TepMuHbl: CrpaBOYHUK /
b.C.Ky3pmun, ®@.4. I'epacumos, B.M. MosokaHoB u ap..
— M.: Henpa, 1989, -261c.

18.denopoB €.11. O6epranns 3emui. —K.: 3uanns, 1966, -
52c¢.

19.®1i3uka 3 BUKOPUCTAHHSAM OOYUCTIOBAIBHOT TEXHIKH.

[Mpaktrunuii kypc. / B.M.Kazauncekuii, B.1. Knanuenxo,

[.[1.Komenena Ta inmi. — K.: JIu6inp, 1993, -224c.

-44.

YK 629.123.053.12

JlitHapoBuuy P.M. Jlocnmi/pkeHHS TOYHOCTI ampOKCHMaIllil
3aJIC)KHOCTI MarHiTHOIO MOMEHTY 3eMJIl BiJ ITUPOTH METOJIOM
cratuctuuHux BunpoOyBanb MOHTE KAPJIO. Yactuna 1.
MEI'Y, Pisre, 2006, - 44 c.

Penienzentu: B.I'. Bypadek, 1oKTOop TeXHIYHUX HayK, Ipodecop
€.C. I1apHsIKOB, TOKTOp TEXHIYHUX HAYK, Ipodecop
B.O. BopoBuii, TOKTOp TEXHIYHUX HAYK, Mpodecop

BinnoBimanpuuii 3a Bunyck: WM.B. JlyHs, noktop ¢i3uko-
MaTeMaTHYHUX HayK, Ipodecop

Po3pobnieHa MeToauMKa MOCTIIKEHHS TOYHOCTI ampoKcHUMallii
3aJIEKHOCTI MAarHITHOIO MOMEHTY 3€MHO1 KYJIl B1Jl T€OMarHiTHO1
MUPOTH METOJAOM cTatTucTuyHuxXx BunpodyBanb MOHTE
KAPJIO.

JocniipKkeHHsT TPOBOJAATHCA METOJ0OM HalMEHIIMX KBaJpaTiB
MoOYy/I0BOIO TIOJIIHOMY TPEThOi CTEMEHI 3 BCTAHOBJICHHSAM Bar i
3HaXO/PKEHHSAM CEPEeIHbOT KBAAPATHYHOI MOXUOKH BUBEIACHUX
KOe(IIli€HTIB.

DOpMYIIOETBCST Psii TEOPEM, SKI TMOJETHIYIOTh MPOBEIACHHS
JOCHIIKEHb.

Jl1st cTyieHTiB 1 aciipaHTiB eAarorivHux (HaxKyabTeTiB.

P.M.JlitHapoBud
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3yJIbTaTH BUXIJHUX MapaMeTpiB X 1.

”U. B pe3ynbTaTi HOCHIIKEHb BCTAHOBJICHO, IO MPHU LILOMY
OTpUMaHUN KoedilieHT a 13 PpIlIeHHS HOPMaJIbHUX
piBHSIHb HeoOXiHO 3MeHIIUTH y K? pasiB, koedimieHT b
cmia 3menHmutd 'y K pasi, koedimient ¢ 1 d  cmin
3QJIUIINTU 0€3 3MIHH.

11. JoBeneHo, mo mnpu KoedimieHTI MacimTaOyBaHHS
BUXiHUX mapameTpiB K Bary koedimieHta a HE0OXiTHO
soubmutu 'y (K?)?, a Bary koediuienta d ciij 30 UIbIINTH
y K? pas.

Koedimientn [xx-2] 1 [x°x°-2] nna Bu3HaueHHs Baru Pb
HEO0OX11HO 30UIBIINTH y K> pa3.

Koedimient [x*x*2] HeoOXimHO 30UIbIIMTH Yy (K*)* pa3 a
koedimieHT [x*x*2] cmig 30ubmuTH Yy (K?)* pa3 s
BU3Ha4YeHHA Baru Pc xoedirienTa c.

12. ITIpoBeneHi JTOCTIKEHHS JIAI0Th MOXJIUBICTh
OpraHi3zyBaTH IIMPOKOMACIITAOHI TOCTIMKEHHS TOYHOCTI
BU3HAYCHHS MArHITHOIO MOMEHTY 3eMJli METOJIOM
CTaTUCTUYHUX BUNpoOyBaHb Moute Kapiio.

13. Po3poOneni mporpamu najisi Oprasizailli OOYMCIIEHb Ha
MikpoEOM.

14. Po3po0OmneHi reHepaTopy BUMAAKOBUX YUCeN 1 OOy 10BaH1

nepIIi CHOTBOPEH1 MOJEMI.

4)-

Ilepeamona

be3ymMoBHUIT ~ HAyKOBHMM 1  NpPaKTUYHUU
MIPEJICTABIISAE JOCTIKEHHS T€OMarHiTHOTO MOJIsSl 3eMIi.

BuBYeHHIO OpHUpPOAM TE€OMATHITHOTO MOJISI 1 B HAIl 4ac
NpUIUISETECS BeNUMKa yBara. BueHi HaMararThCs OTPUMATH
BIAMOBIJII HAa MUTAHHA: KOJM 1 SK 3apOAUIIOCH MarHiTHE TMOJie
3eMHOI Kyni? YoMy BOHO icHye muniapau pokiB? Sk me mose
OyJie 3MIHIOBATUCS] B MAOYTHHOMY ?

B naniii po6oTi Mu 3pobumo crnpoOy BUpa3HTH OAWH 13
OCHOBHUX KOMIIOHEHTIB T€OMArHiTHOTO MoJsig 3emii —
MAZHIMHUIL  MOMeHT TUlaHeTH rpadidHO 1 BCTAHOBHTH
(GYHKIIOHAIBHY 3aJI€KHICTh MArHITHOTO MOMEHTY BiJl IIIUPOTH.

Hamu migbupaetbcs emmipuyHa Qopmyna y BUTIAII
MOJIIHOMY TPETHOr'O MOPAJIKY.

MartemaTtndHa MoOfenb OyAyeThCS Ha OCHOBI CHOCOOY
HaiimMeHmMX kBajapariB. [loOygoBaHa ¥WMOBIpHIIIA MOJIEIb
MPUNMAETHCS 32 ICTUHHY MOJIE€NIb, HA OCHOBI SIKO1 MPOBOASITHCS
JOCTIHPKEHHSI TOYHOCTI METOJIOM CTaTUCTUYHHX BHUIPOOYBAHB
Monte Kapno. I'eHepyloThCcsi TMCEBIO BHUMAAKOBI 4YHCHA, SKi
NpUAMAIOTBCA SIK ICTUHHI MOXUOKH, SIKUMH CIOTBOPIOETHCS
ICTUHHA MOJIETTh 1 OYy€e€ThCS CIIOTBOPEHA MOJIETh.

B momampmioMy  MeTOqOM — HAaWMEHIIMX  KBaJIpaTiB
3pIBHOBAXYETHCS CIOTBOPEHA MOJEIh 1 pPOOUTHCS OIliHKA
TOYHOCT1 3pIBHOBAKCHUX €JICMEHTIB. 3HAHHS ICTHHHHUX ITOXHUOOK
Ja€ MOKJIMBICTH 3pOOUTH TOPIBHSUTLHUYM aHami3. HaOupaeTncs
BEJIMKA CTATHCTHUKA MUITXOM MOOYIOBU 1 JOCTIPKEHHS BEIHKO1
KUTBKOCTI MOJICIICH.

Po3poOnena mMeroawka 103BOJUTH pOOUTH  TOMEpPEAHIN
pPO3paxyHOK  TOYHOCTI MpU  MPOEKTyBaHHI  MaHOyTHIX
TCOMATHITHUX JIOCIIKEHb B Oyb-sKkii Touri [TnaneTn 3emis.
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IIpeacraBieHHs FeOMarHiTHOro MOMeEHTY MoJist 3emJri BucnoBku

"%Mggw PP/larHITHUA MOMEHT — € BCKTOpHA BCIMYMHA, sKa Ha ocHOBI MIPOBEJCHUX TOCHIKEHD B JaHIN p060Ti;
XapaKkTEpU3ye 3€MHY KyIIO SK JDKEPEIO MAarHiTHOTO IIOJA. 1. TlobynoBana HMOBIpHIIIa MaTeMaTH4YHa MOJICITb
MaKPOCKOT_ﬂqu MarP{iTHi MOMCHTH  CTBOPIOIOTE 33MKP_IYT% 3aJIE)KHOCTI MAarHITHOIO MOMEHTY 3eMJli BiJ] T€OMarHiTHO1
€JIEKTPUYHI CTPYMH 1 BIOPSJIKOBAHO OPIEHTOBAHI MarHiTHI IIAPOTH:

MOMCHTH aTOMHHMX YaCTHHOK. M=1,2190-10">¢%* - 1,4404-107 @*»+2,8370-1072 ou +8,8028,
Po3paxyemo marniTHuidi mMomeHT M 3emili Ha €KBaTtopl MpH ne a=1,2190-1075; b=-1,4404-1073;
Qmarexs. = 0. Ilpy npoMy crnoyaTky pO3INIIHEMO €JIEMEHTH ¢=2,8370-107% d=8,8028.
36MHOTO MarHeTU3My. 2. MaremMatuyHa MOJEJIb AampOKCHUMOBaHa [0 CHOCOOy
. IIpoekmii Bz 1 Bu iHmykmii HaMEHIINX KBaJIpaTiB KYOIYHUM MOJTIHOMOM.
Z | gepruxans TUTIOJIBHOTO IIOJIS, a00 MOJIS 3. BcTtaHoBineHo, 10 cepedHs KBaJpaTHYHa MOXHOKa
Yallh.reorp. OJIHOPITHOTO HaMarHiyyBaHHS OJIMHMIII Baru Mpu po3paxyHKy 3a BUBEACHOTO (OPMYIIOI0
A / Bu_ 3emii, MOXXHA 3HAWTH 3a ctaHoBuTh 0,11 3HAaUYeHb TE€OMArHITHOTO MOMEHTY,
Bx JOTIOMOT 010 (POpMYII. BH3HAYAEMOI'0 3a BHUBEACHOI (OPMYIIOI0, a BIJIHOCHA
. : L Beptukanbha ckitagoBa nmoxubka ctaHoBUTE 1,3%
\ CoexA reOMarHiTHOI'O MOJIsT 3eMIIL. 4. CepenHsa KBaJpaTH4Ha MOXMOKa BU3HAYEHHS Koe(dillleHTa
L B _ 105
e A M a ma=2.05-10
N Bz:!J,O 3R> Sil’l v, 5. gill)::z[zflz ff]ié(l),[_[l?aTI/I‘-IHa Mmoxru0Ka BU3HAUYCHHS KoediIieHTa
v .
F . (1 ) ]) 6. CepenHs KBapaTuyHa MOXUOKa BU3HAYEHHs Koe(ilieHTa
Puc. 1. ExeMeHTH 3¢ MHOTO MarHeTU3My. ¢ me=1.04-107
[opH30HTaIbHA CKIIA0BA 7. Cepennst KBaJpaTUdHa MOXHOKA BU3HAUYCHHS KoediIieHTa
M d md=0.11
_ 53 8. H06yz[OBaHa MaTeMaTHiHa MOJENb MPUHMAETBCA 33
Bx LLo 4ntR3 cos P, (12) ICTUHHY MOJENb, Ha OCHOBI SIKOI T€HEPYIOTbCS 1CTHHHI

MOXUOKW 1 OyAylTbCA CHOTBOPEHI MoAem s

. . . ImogaJibImmx I[OCJ'IiI[)KeHB MCTOAOM CTaTUCTHUYHUX
M — MAarbdiTHUM MOMCHT 3€MHO1 KYJI1; BI/IHpO6YBaHB Moute Kapno.

ne o — marnirHa crana,

R — pazaiyc 3emui; 9. 3 Merow pamioHadizaiii TPOBEICHHS MaTEeMaTHUYHOI
00pOOKH CIIOTBOPEHUX MOJAEIEH I JAOCITIIHKCHHS
TOYHOCTI BH3HAYEHHS TE€OMArHiTHOIO MOMEHTY 3emili
MPOBECH1 JOCIIKEHHS TTpU BBeAeHH1 Koeditienta K B

(DM — reomarniTHa MWUPOTA, KA BiAPAXOBYETLCS Bl
T€OMarHiTHOTO €KBaTopa.

4- 41-
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i cHa moxuOka y BicoTkax Asimn%=Asim.100%=1,3%.
PPCus KBaapaTHyHa MOXMOKa BU3HAYEHHS Koe(ilieHTa a

_ ot 1 _ i
=) P ‘“J wea] - Y Zgege - &05107

Cepenns KBaJpaTu4yHa MoxXruOKa BU3HaUYeHHS KoedirienTa d

_ e A
ma= | Hi'_“J ] - L Tigs =01

Cepennst KBaJpaTHYHa MOXMOKa BU3HAYCHHS KOS(DIIIEHTA C

Po M [2x.] e LEEY[ R
ml el ey PRl g
[ 1] [=7x01] _

(1] 9-3.7578328-

2.6470602=2.595107 (nuB. ctpouku 12,13,14 II
cxemu ["aycca.)

(1 1
= — — —= . _2
e wy Poo AL 110,655 1,04-107%

1,164-:246,56
ne Pc = 2,595 =110,658.
Cepenns KBaJpaTUdyHa MOXHMOKa BU3HAUYCHHS KoeilieHTa b
3k [l B &) (K 8] 852 (x5 d]
[ 2 ] o] e SWI0NATERI 3 1

=9 2810

[
- — = 1t
mb—p‘ Fh 2811077
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[3 mpuBeieHUX (hOPMYIT JIETKO 3HANTH MOIYJIb BEKTOD 4 6
{HYKIIii OIS OJHOPIAHOTO HAMATHIUYBAaHHS 36MHOT Kylli &

= VBB (1.3)

[Tincrapnstoun (1.1), (1.2) B (1.3), 6ynemo matu

M- COS~ (P
B: =/ 47°Ré (sin“px+ 4 ) | ado

1/-4au1qm+-Cqum
R

Br=u In

[Ipuiimarouu 10 yBaru, mo sin@ + cos’p =1, a 4sin’p +
cos?p= 3sin?*@ + sin*Q + cos*p, OTPUMAEMO

M
Br =po 4nR? V 3sinqut1, (1.4)
3HaiiieMo MarHiTHui MoMeHT M 13 popmynu (1.4)

B:4nR?
M= oV 3sin?@ut1 (1.5)
Hampy»eHicTh MarHiTHOTO MOJIsl HA MarHiTHOMY €KBaTopl
Hexs. =0,34 epctena [3, -¢.163].
s mepexony 13 cuctemu CI'CM y cuctemy CI cknagemo
CHIYI04Y MPOTOPIIiIO

a _z
12— 4n107e,
Heas — U3—1 e,

3BIOKH
la/n0,34e
dnl()3e

. a
=27.05634033 ——
HEKB.: M .
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B 3aranpHOMY BHMNAJIKy HaIpy>KE€HICTh MArHITHOTO MOJIS
Y/li MOXKHA pO3paxyBaTh 3a GOpPMYIIO0

B-: M
H= wo = 4xnR? \ 3sin*@nt1 (1.6)

Tonmi 3aranmpHa (QopMyna po3paxyHKy MAar”iTHOTO
MOMEHTY 3eMJi OyJie

4nR* H
M = \/1+3sin2(|)M (1.7)

s momtoca Hnon.=0,66 epcten. Toxdl, mpu mepexoal a0

cuctemu CI
a
Y E— 47103,
Huon.  -------- 0,66 c,
3B1AKH
a
I'm 0,66¢

Hion=4n10-2e =52,52113122 a/wm.

MaruiTHuii MOMEHT 3eMJIl OIS TTOJIIOCIB

Hion. 4R3

Muon= "\ T+3sin?90°
B3sgBmn pagiyc 3emMHO1 Kydi R= 6371000M, a
4nR3 = 3,2496207511021[M]3, MarHiTHUA MOMEHT

3eMHO1 KyJ11 Ha eKBaTopi Oyze

3,249620751-10%'[Mm]*-27,05634033[a/m]

MeKB.= 1

-6-

Jie X — TeOMarHiTHa MIUPOTa MyHKTY CIIOCTEPEKEHHSI, BUPA. W&

B rpajycax.

7.7. Ouinka TOYHOCTI pe3yJibTATIB
Buunciumo 3a  ¢opmynowo (7.11) 3nauenns M' 1

pO3paxyeMo MOMpaBKu

Vi=M:- M'; (7.12)
[ns po3paxynky M'i ckopucTaeMocss NpOrpaMor0 3aKJIFOYHOTO

KOHTPOJIIO 3.
Tabnuus 20. [TopiBHANBHUIN aHAaI3 pe3yabTaTiB CTPOroro 3piBHOBAKEHHS

Ner/n | X(rpan) | y¢ -102 | y'=m"102 | v=m-M' | V2 Cepennro
1 0.00 | 8.79 8,803 20,013 | 0,000169 | KBajpaTHUHy
2 1125 |8.90 8.057 20,057 | 0003249
3 2250 | 9.05 8.851 10,199 | 0039601 nmoXuOKy
4 3375 | 8.50 8.508 20,088 | 0,007744 | OIWHUII
5 4500 | 8.18 8274 20,094 | 0,008836 | Baru
6 5625 | 8.00 8.011 0,011 | 0,000121
7 67.50 | 7.95 7.904 0,046 | 0,002116 | PO3PAXyeEMO
g 7875 | 8.12 8.057 10,063 | 0,003969 | 3a
9 9000 | 8.53 8.575 0,045 [ 0,002025 | dhopMymoto
=9 > [76.02°10° =0 | 0.06783

Y7

T2
=

-k (7.13)

JI€ N — YUCJIO BUXIIHUX MMAPAMETPIB X 1Y, K — CTEHIHb MOJITHOMY.
B namomy Bunaaxy

[ 0,06783
= T 10%=10,11-10%am

['pannuna moxubka
Arp.= 2,5p= 0,26-10*am
Binnocna noxu6ka

0.11.10%2
*I':{c—: 76,02 102 = 0,013
e L. 9—

-39-
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Jlpu nanux ymoBax koedimieHT [X°X°-2] mJjisi BUSHAYCHHS
Baru Pb HeoOXxigHO 30UTBIINTH Y K* pa3iB.
[x°x°-2]=[x°x°-2] «K>=2,595-107"-(100)2=2,595
Teopema ookazana

16.1lpu nanux ymoBax kKoedimieHT [x?x*2] A1 BU3HAUCHHS
Baru Pc HeoOxiqHo 30u1bmnTH y (K*)* pas.

[xx22]i=[x2x22] «(k2)?=4,933-102-(100%)>= 4,933
10 -10%=4,933-10
Teopema ookazana

17. Ilpu nanux ymoBax KoeiieHT [x>x*-2] 1Jis BUZHAUCHHS

Baru Pc HeoOxiqHo 30ubmuTH y (K?)* pa3
[xX*x32]1 = [x3x%2]c- (K2)>= 9,2804 - 107 - (100%) =
9,280 - 10w
Teopema ookazana

B 3axmroueHHs BIAMITHMO, IO AHAJIOTIYHI JOCIIIKEHHS
Oyniu mpoBeeH1 Npu KoedilieHT1 MaciiTadbyBaHHs, piBHOMY 10,
1110 a0COTIOTHO MIATBEPAUIIO AaH1 TBEPIAKEHHS.

Kpim pimenHss HopmaidbHUX piBHSIHB 1o cxeMi ['aycca
MPOBOAWIIOCH pimieHHs1 Ha MiKpOEOM no po3po06ieHiii aBTopoM

nporpami. 3BeIeMo BCl pe3yibTaTu B Tabnuio 19.
Tabmuus 19. 3Bemena Tabmuis pe3ynbTaTiB MOOYIOBHM MaTeMaTHYHOI
MOJIEI.

Ner/it a 107>

b-107

c107

d

1 1,2189811

-1,4403967

2,8370474

8,8028413

1,2190193

-1,4404495

2,8372336

8,8028306

1,2190462

-1,4404918

2,837416

8,8028145

1,2187907

-1,440119

2,83589

8,802912

1,2189736

-1,4403861

2,8370087

8,802838

1,2185367

-1,4397769

2,834832

8,802971

1,2190277

-1,4404609

2,8372721

8,8028286

=1 BT =N [V N (8] [N}

1,2190915

-1,440566

2,837784

8,802769

MOJENb 1,2190-107~

-1,4404-107

2,8370-10

8.8028

Ha ocHOBI mpoBefieHUX NOCHIKEHb OTpuUMaHa (hopmya

3aJI)KHOCT1 MAarHiTHOTO MOMEHTY 3eMJI1 BiJl IUPOTH

Y=M=1,2190-10"5x3-1,4404-107x>+2,8370-10x
+8,8028.

-38-

= 8,792284498-10*?a-m".
Po3paxyemMo MarHiTHU MOMEHT 3€MHO1 KYJI1 Ha MOJIOCI
3,249620751 10" 5252113122
Muon= 2
=8,533687894-10**a-m?

Po3paxyeMo MarHiTHMA MOMEHT 3emili Ha WUpoTi 45°,
NPUIHABLIN CEPEIHE 3HAUECHHS HAIPY>KEHOCTI

Ho+Hooe  0,34e+0,66¢
Has= 2 = 2 = 0,50e.
Toni
a
| (R — 410 e,
Hase  --mmmm-- 0,5e,
3BIIKH
a
Im -0,5¢ a

Hss= 4mnl07e =39, 78873577 ™.

Takum unHOM, MarHiTHHI MomenT H45° Gyne

a

3,2496’20751 -10*'[m]?- 39,78873577 M
Has= V 1+3s1n%45°
==8,177542602-10%?a-m?

3HalIeMO CEpelHI0 HAMpPY>KEHICTh MAarHiTHOTO IOJIS
3emui asig mupoTu 22,5°
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0,34¢+0,50¢

Q) BBYY g
1122,5°= 2

=0,42¢,
IS (I)Mar.: 67,50
0,50e+0,60¢
He7,5= 2 = 0,58e.
I mnsa (I)Mar.:22,50
a
| I G 410 3e,
H2250  -------- 0,42¢
3BIIKH
a
1 m -042¢ a

H225= 4110 3¢

1 10 aHAJIOT'11
a

1 m -0,58¢ a
He7,5= 4m10 3¢ =46,1549335 ™.

MarsiTHi MOMEHTH Oy1yTh BIAMOBITHO

=33,422538 ™M,

a

3.249620751-10% w*-33.422538 m
M22,5= \ 1+3s1n%22,5°
=9, 052956514-10?2a/m

a

3,249620751-10% v -46,1549335 u

Me7.5= \ 1+3sin267,5°
-8-

TOMY 110
-1,4404-10™
b= 100
Teopema 2 ooka3zana.
3. Ilpu nmaHux ymoBax OTpUMaHUN KoeQILIEHT C TpU X
3QJIMIIAETHCS 0€3 3MIH
012010022,840‘ 1073
Teopema 3 ooka3ana.
4.1Tpu nanux ymoBax koeiiieHT d 3anuiaeTscs 6€3 3MiH

di=di10—=18,80284

Teopema 4 ookazana
5.IIpu pgaHux yMoOBaxX Bary OCTaHHBOTO HeBigomoro Pa
HEO0OX11HO 30UTBIINUTH Y (K?)* pa3iB.

— _1,4404-107

JiticHo
Pai=Pa« - (k*)*=Paioo - (100%)* = 2,890-1073- (100?)?
=2,890-10

Teopema 5 ookazana.
6.Ilpu nanux ymoBax Bary Pd koedinienta d HeoOXigHO
30LIBIINTH Y K* pa3iB

Pd1= PdK - K= PleO :
1,164

Teopema 6 ookazana
7.1lpu paHux ymoBax KOe(DIi€HT [Xx'2] uisi BU3HAUYECHHS
Baru Pb HeoOxigHO 30UThIINTH Yy (K*) pa3iB.
JiiicHO
[xx-2]i=[xx-2](k))=2,465-102-(100?)=2,465-10™
101=2,465-10% = 246,5

Teopema ookazana

100> = 1,164-107"- 100% =

-37-
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Takum 4MHOM 13 BUIIECKA3aHOT'O BHUIHO, IO KOCPIIEHTH

»)ximHo 3MenmryBatu B K pa3. Toai OyayTh BHKOHYBaTucs i

MPOMIKHI KOHTPOJI1 1 3py4HO ONEPYBaTU 3 TAKUMH YHCIIAMH.
Ane mpu 1bOMY HEOOXIJHO 3HATH JIMIIE KIIOY NEPEXOAy

B1J1 3pIBHOBAKEHUX MapaMeTpiB 3 koedimieHToMm K.

7.6. BcraHoBieHHs Kiaw4a nepexoay. IlopiBHAIbHMI

aHaJIi3.

Tabmuus 18. 3Benena Tabauus pe3ynbTaTiB 3piBHOBakeHHs npu K=1 i
K=100

Neri/m | 1:k a B ¢ d Pa Pd

1 2 3 4 5 6 7 8

1 1:1 1,2190-107% | -1,4404-107 2,8370-107 | +8,80284 | 2,890-10% 1,164

2 1:100 1,2190-10™" -14404-10™" 2,840-107 +8,80284 | 2,890-107 1,164-107"
3 1:1 a100/K> bioo/? bi=bio di=dioo Pai=Paioo*(¥?)* | Pdi=PdioK>
[Tponosxenns tabnuii 18

Ner/m | 1:k [xx-2] [x°x°-2] [x2x%2] [x*x32]

1 2 9 10 11 12

1 1:1 246,5651 2,59511 4933573 9,28044-10'

2 1:100 | 2,465-102 | 2,59511-10°" | 4,933-107 9,28043-107

3 1:1 [xx-2]100K> | [X°X°:2]100K? [x2x2-2] 100°(K)* [x*x3-2]100°(x%)?

I3 pesynabTaTiB 3piBHOBaXKEHHS, MPOBEACHMX B Tad’d..18
BUILIUBAE
l. Slkmo B MOYATKOBUX YMOBaxX pIBHSIHHSX 3MEHIIUTH
3HAYEeHHS BUXIJIHUX MapaMmeTpiB X 1 y B K pasiB, TO
OTpUMaHUM KOEDIIIEHT a MpU X* 13 PIIICHHS HOPMAIbHUX
PIBHSIHb HEOOX1THO 3MEHILIUTH Y K pa3iB, TOOTO

&
ar—= K
JliiicHO, B HalIOMY BUNAJKy
a100 1,2190'10_1
a= 100> = 1002 = 1,2190-107>

Teopema 1 ooka3zana.
2. Ilpu nmaHux ymoBax OTpuUMaHUil Koe(dilieHT b mpu x?
HEO0OX1/IHO 3MEHIIUTHU B K pa3iB

]_"J' = -IJK

E

-36-

=7, 948506716-10**a-m*

Pe3yabTaTd 3aJ€KHOCTI T'€OMarHiTHOrO MOMEHTY 3eMIli B.j

IIUPOTU TOYKH CTIOCTEPEKEHHS 3BeieMO B Ta0. 1.
Tabnuus 1. 3a1eXHICTP TEOMAarHiTHOIO MOMEHTY 3eMJIi BiJl ITUPOTH TOUKH

CIIOCTCPECIKC
No (mar.= X Y=M= A HHS
n/n | (rpazycH) =f(x) (a/m) 3riHo
1 0,00 8,79-1022 +0,11 (opmyin
2 11,25 8,90-1022 +0,15 (1.7)
3 22,50 9,05-1022 0.45 MarHiTHI
4 33,75 8,50-102 ] o, 2 i MOMEHT
5 45,00 8,18-102 ’ 3QIEKUTD
6 56,25 8,00-10% -0,18 BiX
7 67,50 7,59-1022 -0,05 HANpPYXeH
8 78,75 8,12-102 +0,17 OCT1
9 90,00 8,53:10?2 +0,41 MarHlTH-OF
O II0JIA 1
n=9 Y 76,02-1022 wmpoTH

TOYKHU CIIOCTEPEKEHHSI, TOOTO € PYHKIIIEIO TBOX HE3AIECKHUX
3MIHHUX, X042 B CBOIO YEPry HAIMPYKEHICTh T€OMarHiTHOTO
TMOJIsI, TAKOXK 3aJI€KUTh BiJl IIUPOTH.

Ha xanp, y Hac Hemae GOpMynIH  3aleXHOCTI
HaMpy>XeHOCTI MArHiTHOTO TMOJs BIJ [MIHUPOTH, IO HE
noTpedyBasio 6 3HaHHS MarHiTHOTO MOMEHTY 1 HaBITaKH.

Tomy, Ge3nepeunuil iHTEpeC MPEACTaBIsie BCTAHOBICHHS
(YHKIIOHAJIBHOI ~ 3aJIE)KHOCTI ~ MArHiTHOro  MOMEHTY  SIK
rOJIOBHOTO  KOMIIOHEHTAa IS  BU3HAYEHHS  CKJIAJOBUX
r€OMAarHiTHOTO MoJisi 3eMll BiJl T€OMAarHiTHOT IUPOTH.

Matroun By370B1 TOUKM 3HAYEHb T€OMArHITHOTO MOMEHTY 3eMili
B MarHiTHuX mupotax 0°, 22,5°, 45°, 67,5° 1 90°, nmoOymayemo
TOYKOBY alarpaMmy 1 rpadik, npejacraBieHuid Ha puc. 1. Sk

BUJIHO 13 rpadika, Kpauow QyHKIIE s anpoKkcuMallii oye
9.
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11,28 2:?,5°3I3,?5“I45°5;s,25°5?,5°’;'3,?§su:r’ t;—“= X
Puc.1 I'padik 3aekHOCTI MarHITHOT'O MOMEHTY
3CMHOL1 KYJI1 B1JI TCOMAarHiTHO1 HIUPOTH

OyneMo MmykKaTh (YyHKIIOHAJIbHY 3aJIEKHICTh Yy BUIJIAI
byHKIIIT BUI Y

y=ax’>+Bx*+cx+d. (1.8)

Hesigomi koeditieHTH a, B, ¢, d BU3HAYUMO MO CHOCOOY
HaMEHIIINX KBaIPaTiB.

IIpomixkui toukm B 11,5°; 33,75° 56,25° 1 78,75°
BH3HAYMMO Oe3rocepenHno 13 rpadika. I{poro Ham Oye 1iIKoM
JIOCTaTHHO U1 no0y10BU HMOBIPHIIIOT MOJIEI.
noOyJ0BaHy TAaKWM YHWHOM MWMOBIpPHINY MOJEIb 3aJIEKHOCTI
KyJIl BiJ] IIUPOTH B MOJATBIIOMY IPUIIMEMO 32 ICTUHHY MOJICIIb,
1 FEHEepPYIOUYU ICTUHHI TOXHOKU OyJIeMO CTBOPIOBATH CIIOTBOPEHI
MOJEJIl, Ha IKUX MOYKHA JTOCHIIUTH TOYHICTh

BU3HAYCHHS MAarHiTHOTO MOMEHTY B 3aJ€KHOCTI BIJ

IMOXUOKH BU3HAYECHHS IIUPOTH.
-10-

VY 3B’sA3Ky 3 MepexoJ0M BiJ ABAHAAIMATU3HAYHUX IUIAX Y
10 IpoOOBMX 3aMiTHA BTpaTa TOYHOCTI NP IiICHHI 1.%Q
MOJANBIIIOMY OINEpPYyBaHHI 3 APOOOBUMHU uuclIaMHu. Tomy Jist
BUKOHAHHS KOHTPOIIO B 5 cTpiuili HeoOxiaHo uucio 1190325
MHOXHUTHU He Ha ¢akTuyHe uncio -1,0123344 i3 mocToi cTpiuku
CTOBITYMKA CYM, SIK€ BTPATUJIO TOYHICTh, 4 HA KOHTPOJbHY CyMy
-1,0257643.

Tomi,  119032,5-(-1,0257643)=-122099,28 1  iioro
3aMUCYyeEMO y JAEB’SATY CTPIYKY CTOBMYMKA CyM. SIKIIO LIbOTO
(BTpaTu TOYHOCTI) HE BpPAaxOBYBAaTH, TO 3aMICTh MPaBUIBLHOIO
gucna 122099,28 orpumaemo HenpaBwibHe yuciao 120500,69,
pi3Huns skux Oyzae 1598,59 1 mpo mopanblii KOHTPOJ, fAKI
0a3yl0ThCs Ha MOMEPEIHIX BXKE HE MOXKe OyTH 1 MOBH.

Ane HaBITb 1 B I[bOMY BHIMAJKy KOHTPOJBHE YHCIIO
necsAToi CcTpiukd croBmumka cym +110,72 He nopiBHIOE
KoHTposibHOMY 93,03154. 3nalinemo ske X Mae OyTH YHUCIO
3aMICTh B3SITOTO HAMH KOHTPOJBHOTO -1,0257643,

Toni,

((110,72-93,03154)+122099,28)/22116,97 =1,0259128.

ToOTo0, 3amicTh uncaa 1,0257643 HEOOX1THO B3SITH YHCIIO
1,0259128. Pizuwnig x mux gucenn 0,0001485 nexuTh 3a MeKaMu
TOYHOCT1 IaHOTO KOHKPETHOTO BUIAJIKY.

@aKkTUYHO MOKEMO BBa)KaTH, IO PO3PAXYHKHU 3a CXEMOIO
l'aycca B HamoMmy KOHKPETHOMY BHUIIAIKy 3a0€3MEUYyIOTh
TOYHICTB JO YOTUPHOX 3HAUYIINX HUPP MICHT KOMH.

Ane KOHTpoJi HaM TOTpiOH1I HE I BUKOHAHHS
MPOIEYyPH KOHTPOJIB, a JUIi KOHTPOJIO PIlIEHHS CHCTEMHU
HOpPMaJIbHUX PIBHSAHb. 3aKIIOYHUNA K€ KOHTPOJb BHUPILIYE
npoOjeMy BCiX MPOMIXKHMX KOHTPOJIIB B LUJIIOMY. A 3aKIIIOYHI
KOHTPOJII 1 110 MEepIii 1 Mo Apyriid cxemax ['aycca BUKOHYIOTHCS
noope.
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as1 15. PitieHHsI HOpMaJIbHUX PiBHSHb (;[pyra cxeMa I"aycca)

x°]d x]c x*]b x*Ja KOHTPOJIb
5 405 25818,751 18452813 76 02 1871437 6
B 45 ~2868,7501 20503125 +8,4466666 20793751 20793755
25818,751 18452813 1,4051048-10° 33525 14237862107
4 18225 11618438 83037656 34200 84214691
5 7593751 6834375 57472820 684 58163930 58163920
6 B -89,999988 75684362 9.007406210°__|_-7639.4465 76504452
7 (3 14051048107 1L113223610.0 | 21203888 1127435310+
8 74067544 52936507109 | 21808238 5,368686710°
9 -61509367 -5,1925531-107 | 61559992 -5,234753-107
10 X2 4933573 +6,660319-10° 10125 +6,70913-10° 6,709610°
11 1 1349999 72,0522631 13598927 135,099
12 x 9.061241 1107 | _-15240713 9,1737977-10"
13 X2 37834033107 __|_ 715586476 38370319107
12 33497937107 | 31768104 ~3,4020999-10"
15 X x2] 8,991423910°__|_+1366874 9,0573191°10%
16 Pa= | o3 2800171107 | 3523064 F2,893410° F2,89010°
17 T FT218981110 | _-L00II172 0,9999878
18 +8,446666 9.007406210° | +2,052265110~ | +1 218981110
19 205031,250 75684362 ~134,9999a a
20 22868,7501 b ~89,999988° 1440366710~
21 45¢ 28370474102 | b
2 78,8028413 c
23 d
. . . .
7.5. PimienHs HOPDMAJIBHUX PIBHAHb IO APYI'IM CHCTEMI

I'aycca

Sk 1 paniiie, 3 METOI0 BU3HaYeHHs Bar koedimieHTiB d 1 ¢
MEepPeCTaBUMO CTPOUYKU CUCTEMHU HOPMAaJIbHUX PIBHSHD 1 YICHU B
CTpouKax Tak, o0 koedimieHT d OyB Ha OCTaHHBLOMY MIiCIIi, a
KOe(]illieHT
CTOBITYMKOM BIJTbHHUX YJICHIB.
Tabnuus 16. Koediientn HOpMaabHUX pIBHSAHB Uit qpyroi cxemu ['aycca

C B

NEePeI0CTAaHHLOMY

CTOBITYUKY

nepen

2. I'eHepyBaHH# iCTHHHHUX MOXHOOK JI51 JOCTIIKeN
MATEMATHYHOL MO/Ie/Ii METOI0M CTATHCTHYHHUX R
Bunpodoysan MOHTE KAPJIO
[IpuBenemo mporpamy reHEepyBaHHsS BHUIAJKOBUX UYMCEN Ha
MoBi BASIC
ITIporpama Nel. I'enepyBanHus BunaakoBux uncen Ha BASIC
10 PRINT «I'eneparop BUMMaAKOBUX YHCEI B Aiana3oHi Big —M
0 +M»
20 INPUT «BBeniTh cepenHio KBaApaTU4Hy MOXUOKY BUMIPIB 1
ix yucio», M; N
30 DIM Z (N)
40 X =-M;Y =+M; PRINT “M =
50 FORI=1T10N
60 Z ()= ((Y-X)*RND (I) +X)
70 PRINT USING “Z” ##.)=### .##;1;, Z()
80 NEXTI
90 END
Tabnuis 2. Ictunnai noxuOku npu M=1

=7; M : PRINT “N ="; N

01 02 03 04 05 06 07 08 09 10

00 | 40,43 | +0,37 | -0,04 | +1,00 | 40,29 | -0,74 | -0,26 | +0,17 | -0,73 | +0,87

10 | -0,56 | -0,38 | -0,53 | +0,79 | 40,17 | -0,08 | -0,99 | +0,65 | -0,95 | -0,25

20 | 40,01 | 40,10 | +0,77 | -0,28 | +0,64 | +0,75 | -0,17 | +0,42 | -1,00 | +0,20

30 | -0,04 | +0,53 | -0,81 | +0,09 | 40,76 | +0,65 | -0,64 | +0,06 | -0,65 | -0,60

x%] x%] x] x°] y] s] KOHTPOIIb
[X¥ | 9,0612411-10" | 1,1132236:10'0 | 14051048105 | 18452813 | -15240713 | 9,1738346-10"
X 14051048-105 | 18452813 25818,751 | -212938,88 | 1,1274353-1010
[x 25818,751 405 -3352,5 1,4237864:10%
[x° 9 76,02 1871437,6
Tabmuns 17. PimeHHs HOpMaIbHUX plBH}IHb (;[pyra cucTeMa Faycca)
Nen/nt x*Ja x*]b x]c KOHTPOJIb
1 [x* 9,0612411-10" 1,1132236- 10 1,4051048- 108 l 845281 3 15740713 9 1738346-10"
2 1 12285553102 1550675810~ 20364553107 | 11 6319674-10-> | -1,0124538 “1,0124558
3 e | 405104810 18452813 25818,751 212938,88 112743531000
4 -1,3()7()567-108 -1726248.8 -22670,301 +187240,58 -1,1270562- 10
5 X [x>x>1][bb1] 3744810 119032,5 +3148,45 -25698,3 3791000 38412927
6 -1 -3,1785991-107 -8,4075026-107" +6,8623776-10 -1,0123344 -1,0257643
7 [x 25818,751 405 -33525 1,4237864-102
8 -2,1788,62 -286,14331 +2363,3404 -1,4225643-102
9 -3783,56598 -100,07661 +816,84596 -122099,28
10 X [xx-2]= +246,5651 +18,78008 -172,31364 +110,72 93,03154
11 -1 -7,6166821-107 +6,9885656-107" -0,3773102
12 [x° 9 -76,02 1871437,6
13 [x°x°-2]= -3,7578328 +31,037029 -1868210,3
14 -2,6470602 +21,605853 -3230,0351
15 [x°x°-2]= -1,4304186 +13,124582 -7,0859157
16 X Pd=[x°x"3]= +1,1646884 +10,252536 -9,8210157 -9,087848
17 -1 +8,8028145 +8,4323 +7,8028145
18 1.681967410- +6,8623776:10 +6,9885656-10~" +8,8028145
9 2.0364553-10°d 240750261074 76166821102 d d
20 15506758107 ' ¢ -3.1785991-107%c +2,837416-107
21 -1.2285553-10b -1.4404918-107 c
22 £1.2190462:10"~ B
23 a

-34-

JIist 3HAXOJKEHHSI Cepe/lHIX KBaAPAaTHUYHUX MOXHOOK 3
toyHicTiO 0,1 HEOOX1AHO maH1 Ta0i..2 moMHOXkuUTH Ha 0,1, ToOTO
MepeHecT KOMY Ha OJuH 3HaK BiiBo. lIpu reHepyBaHHI
nmoxu6ok 3 TouHicTiO 0,05 HeoOXxigHO maH1 TaOd..1 MOMHOXKHUTH
Ha 0.05.

3aciyroBye yBaru TE€HEpPYBaHHS IICEBJIO BHUIIAJIKOBUX
quces, po3 NPUIUICHUX 32 HOPMAJIbHUM 3aKOHOM

P(X)="In

X
e” 2

2.1)

-11-
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A2 remepytotees 3 Gi (i=1,2,3...) 3a [x3x32] 1=[x3x32] 1x - (K?)? (7.10)

7.3. Po3paxyHoOK Koe(illieHTiB HOPMAJTbLHUX PIBHAHD

Jis  nokady cOpMylbOBaHMX TEOPEM  3HAKWIEMO
KOe(IIIEHTH HOPMAIBHUX PIBHAHb NMpPU K=1, TOOTO 3HAYCHHS
napameTpiB X:y HE MacIITaOyBaju.

A2u1=(-2Ing) ~ cos (€' (), (2.2)
A2i=(-2In&) * sin (&’ G). (2.3)

3HaYeHHS Ci BUPOOJISIOTHCS 32 IOTIOMOTOI0 JIIHIHHOTO METOY

G+1=F (11 G+m), (2.4)

Tabnuus 13. 3naxokeHH KOeQilli€HTIB HOPMaJIbHUX PIBHSHbD.

Ner/nt X=0° Y=M-10> X x2 x3 s x’x3 x’x2 XX
. 1 2 3 4 5 6 7 8 9 10
pi(S] F(Z) I[pO6Ha YaCTHHA B1J1 Z. 1 000 [ 879 1 |o 0 7,79 0 0 0
2 11,25 8,90 1 126,5625 1423,8281 1553,7406 20272864 180203,24 16018,066
HpOBeI[CMO HporpaMy FeHep}IBaHHH IICEBJI0 BUIIAJKOBUX 3 22,50 | 9,05 1 506,25 11390,625 11910,875 1,2974633-10° 5766503,9 256289,06
: 4 33,75 8,50 1 1139,0625 38443,359 39608,672 1,4778919-10° 43789388 1297463.3
T 1 5 45,00 8,18 1 2025,00 91125 93187,82 8,3037656-10° 1,8452813-108 4100625
qI/IceH HO HaHlI/I MeTOHI/IHl Ha HporpaMOBaHOMy 6 56,25 8,00 1 3164,0625 177978,52 181191,83 3,1676353-10 5,6313516-10% 10011292
1 : : 7 67,50 7,95 1 4556,25 307546,88 312163,68 9,4585083-10v 1,4012605-10° 20759414
MleOKaHBKyHHTOpl <<EHeKTpOH1Ka MK6]‘))' 8 78,75 8,12 1 6201,5625 488373,05 496646,24 2,3850824-10 3,028676-10° 38459377
9 90,00 8,53 1 8100 729000 737182,47 5,31441-10" 5,9049-10° 65610000
HporpaMa N92, FeHepaTOp BI/IHa’HKOBHX 4UCCIL. n=9 405 76,02 9 25818,751 1845281.,3 1871437.,6 9,0612411-10" 1,1132236:-10: 1,4051048-108
Fopr | 00 01 02 03 04 05 06 07 08 09
. [=] .
00 knx4 | Frn | nxd | mx4 | + k{x} | xod | 9 | Fe IIponossxeHHs Tabaui 13
10 X xmc | Fecos | mxd | Fx? | FInX /-/ FV | xub X fown X0t CMIOE Ay X X X Xy X
20 c¢n | mxc | Fsin | mxB | X c/n BIT 00 F ABT ! 000 | 879 0 0 0 0 0 0
- ; - " - 2 11,25 8,90 12672,07 2212259,5 1126,4063 196392,16 100,125 17479,581
3 22,50 9,05 103085,16 1,3567231-108 4581,5625 6029095,7 203,625 267994,68
B pGFICTan 4 1 d 3661‘)11-‘aI()’I‘I)C;I HpOMl)I(HI pe3yanaTI/I 4 33,75 8,50 326768,55 1,5226904-10° 9682,0312 451144748 286,875 13367927
. . . . 5 45,00 8,18 745402,5 8,4917401-10= 16564,5 1,8870129-108 368,1 41934519
CHIHyIOLIHX 3Haqu]') Al TOMy Hl pCI‘lCTpI/I He MO)KHa 6 56,25 8,00 14238282 3,22478253-10 253125 5,7329594-10% 450 10192040
5 7 67,50 7,95 2444997,7 9,6004965-10:v 36222,188 1,4222867-10° 536,625 21071048
b = 8 78,75 8,12 3965589,2 2,4157189-10" 50356,688 3,0675672-10° 639,45 38953391
BI/IKOpI/ICTOByE"aTI/I JJIA I[pyl“I/IX OUICH. HCPCMHKa‘l P/ r 9 90,00 8,53 6218370 5,3740602- 10" 69093 59711618 10° 7677 66346422
n=9 405 76,02 15240713 9,1738344-10" 212938,88 1,1274353-10: 3352,5 1,4237862-108

BCTAHOBJIIOETHCA B MOJOKeHHA P. Po3paxyHku mpoBoaAThCS B
CIIYIOYOMY MOPAJIIKY:

0011 xmd4 03 xud B/O ofm - 0.5816¢/m 1.1933... 7.4. PilleHHs1 HOpMAJILHUX PiBHAHB (mepuia cxema ['aycca)

3BegemMo oOuucieHi B Ta0iu..13 koedilieHTH y TPUKYTHY

Tabmums Ne3. TlceBno BHUMAgKOBI yucia JIJS JOCTIIKEHHS CIIOTBOPEHOT . .
Moeri MATPHIIIO JUUIA PILIEHHS HOPMaJIbHUX PIBHSHb
01 02 03 04 05 06 07 08 09
00 |-058 |+1,19 |-0,16 |+0,23 |+0,20 |+1,19 |+0,89 |+0,64 |-0,75 Tabmuns 14. KoediieHTH HOpPMaIBHUX PIBHSHB JI TEPIIOl CXeMHU
10 -1,09 -1,59 +0,11 +0,09 | -0,91 -1,61 -1,67 +0,30 | -0,69 Faycca
20 +0,35 +0,30 -1,53 +0,93 -0,23 +0,19 -0,12 -0,54 -0,19 x°] | x] x?] x’] y] s] KOHTPOJIb
Jlani  3HaYeHHs OPONMOPUIAHO  3MEHINYIOThCA — abo § : 3(5)218,751 ?2238715; }iélosszﬁ){i;los :Zg’sozz,s ii17213473876,g~108 ii7213473886’411~108
30UTBIIIYIOTHCSL B 3QJIEKHOCT1 BiJ] TOUHOCTI, IKy MM OepeMo 3a [x* 1.4051048-10: | 1,1132236-10° | 21293888 | 1,1274353-10° | 1,1274405-10%
[ 9,0612411-10" | -15240713_| 9,1737977-10"" | 9,1738346-10"

OCHOBY TpU MOOYJOBI 1aHOT KOHKPETHOT MaTEMAaTUYHOI MOJEIII,

MONnepeaAHbO BU3HAYUBIIN CCPCAHIO KBAAPATHIHY HOXI/I6Ky JJIs
-12-
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dlz

K (7.1)
Teopema 2. 1lpn naHux yMoBaxX OTpPUMaHUM Koe(illieHT b mpu
x? HeoOx1aHO 3MeHIIUTH B K pa3iB (y Hamomy Bumaaky B 100

pa3iB)
bl

b= £ (7.2)
Teopema 3. Ilpu naHux ymoBax, OTpUMaHUN KOE(PIIIEHT ¢ MPU X
3aJIMIIAETHCS 0€3 3MiH, TOOTO
CIIIZCIIK (73)
Teopema 4. llpu nanux ymoBax, oTpuManuili koedimient d
3aJIMIIAETHCS 0€3 3MiH, TOOTO
dii=dix (7.4)
Teopema 5. Ilpu nanux ymoBax Bary Pa HeoOXiHO 30UIbIIUTH
y (x?)? paziB, TOOTO
Pai.=Paix (K2)3 (7.5)
Teopema 6. Ilpu nanux ymoBax Bary Pd koedimienta d
HEO0OX1THO 30UIBIINTH Y K> pa3iB, TOOTO
Pdi.=Pdi.k? (7.6)
Teopema 7. llpu panux ymMoBax Koe(ilieHT [xXx-2] nus
BU3HA4YEHHs Baru Pb HeoOxiiHO 30U1bNUTH Y (K?) pa3iB, TOOTO
[xx:2] 1= [xX2] 1x(K?) (7.7)
Teopema 8. llpu panux ymoBax KoediuieHT [X°x°-2] s
BU3HA4YeHHs Baru Pb ciin 3011bIMTH Y K* pasiB, TOOTO
[x°x°-2] 11=[X°X°2] 1x K> (7.8)
Teopema 9. llpu panux ymoBax KoediuieHT [x?x*2] s
BH3Ha4YCHHA Baru Pc HeoOXiaHO 3011bmuTH ¥ (K?)* pa3, ToOTO
[x2x2-2] 11=[x2x%2] 1x (K?)? (7.9)
Teopema 10. llpu nanux ymoBax koedimieHt [x*x3-2] nus

BU3Ha4YeHHS Baru Pc HeoOxiaHOo 3011bIUTH ¥ (K?)* pasiB, TOOTO
-32-

al:1= alxrE=

JTAHOT'O KOHKPETHOTO YHCJIa MTOXUOOK.
Metoauka MIPOTIOPIIIAHOTO pPO3paxXyHKY
BHUMAJKOBUX YHCeI Oyje MprBEeHa HUKYE.

3.I1o0ynoBa cTBOpPEHOI MOaei
BynyBaBiiu MMOBIpHIITY MOJEIL IO CIMOCOOY HaMMEHIIHNX
KBaJpaTiB, OpuilMaeMo ii 3a ICTUHHY MOJIeNb, aJXe y Hel
3aJI0BOJILHAIOTBCS BCl YMOBHI PIBHSIHHS 3 OJIHOTO OOKy, 1
BCTAHOBJICHUH (DYHKIIOHATBHUM 3B'SI30K MK MapaMmeTpamu X i
Y — 3 npyroro.

B 3amexxHocTi Big METH JOCIHIDKEHb, 3aJa€EMOCS
HOPMAaTUBHUM 3HAUYEHHSIM CEPEIHbOI KBAJAPATHUYHOI MOXUOKH
BU3HAYEHHS T€OMArHIiTHOI MHUPOTU X=p, TCHEPYEMO BUIAIKOBI
yucia, ki 0 B UUIOMY BIJNOBIAAJIM HOPMATUBHIM TOYHOCTI, 1
CIIOTBOPIOEMO ICTUHHY MOJEIb IIUMHU MOXUOKaMHU.

3pIBHOBaXUBIIM  CIIOTBOPEHY  MOJEIb, OTPUMYEMO
MaTeMaTU4Hy MOJeldb, POOMMO OI[IHKY TOYHOCTI €JIE€MEHTIB
3p1IBHOBa)XKEHOI MOJE/1 1 BCTAHOBIIOEMO BiJMOBIIHICTH MTOXHUOOK
BU3HAYEHHSI MAarHITHOTO MOMEHTY 3€MHO1 KYyIl.

Henapui mopeni OynyTh reHepyBaTH ICTUHHY HOXHUOKY
0,05°, a maphi 0,1°.

Cyd4acHi KaJbKyJISITOPU MalOTh «BIIHUTD» T€HEPATOPU JIA
reHepyBaHHS BHOAAKoOBUX uucen Big 0 mo 1. ane BoHHU
TEHEPYIOTh 4YHUCJla TUIBKM 31 3HAKoM «Iwiocy. [IpuBegemo
METOAUKY PO3PAXYHKY BHUMIAJAKOBHX 4YHUCEN, SIKI MPUUMEMO B
MOJIATBIIOMY SIK ICTUHHI TTOXUOKH JUTsl TIOOY/IOBU CIIOTBOPEHOT
MOJEMI.
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JTPUMABILIA  PSiJT  BUIMAAKOBUX (2 TOYHINIE TICEBIIO

Q&

st 1 1k0oBUX) urcen & HaTuckoM Kiasim K, C4, po3paxoByOTh
cepellHe apu(PMETHYHE T€eHEPOBAHUX MCEBO BUIAKOBHX YUCEN

Ecp

L&
&cp: n R (3 . 1)

A€ N — YHUCJI0 BUITAAKOBHUX YHCCII.

2. Po3paxoBylOThCS MOMEpEeH] 3HAUeHHsI MOXUOOK Ai 3a
dhopmyIoro

A" = &_,i— &_,cp. (32)

3. 3HaxoauThCs  CEepeAHs  KBagpaTHU4YHA
nonepeAHIX ICTUHHUX MOXHOOoK 3a popmyroro ["aycca

MoXuoKa

n

Y AY
i=1

mAi=N @ . (3.3)

4. Buuucnsiors koediuieHT mnponopiiiinocti K ans
BHU3HAYECHHS ICTUHHUX NOXHOOK HEOOX1IHOT TOUHOCTI

C
K= m'A (3.4)
ne C — HeoOXiJHAa HOpMOBaHA KOHCTAHTA.
Tak, wampukman, mpu m'Ai = 0,283 1 HE0OX1THOCTI

no0yn0BH MareMaTuyHoi mojeni 3 TouHicTio C = 0,1, Oyaemo
MaTH

0,1
Koi1= 0,283 =0,353 ,
a ipu C = 0,05, orpumaemo Ko,05 = 0,177.

-14-

7. BcTaHOBJIEHHA KJIIOYA NMePeXoay 1Jisl 3PiBHOBaKEH)
Koe(iieHTIB MaTeMaTHYHOI MoJeJi i IX Bar npu
3HA4YeHHAX X 1Y

7.1. IlocTanoBKa MPO0JIEeMH AOCTiIKEHb.

[Ipu onepyBanHi Beaukumu yuciaaMu X 1 Y koedilieHTH
HOpPMaJIbHUX PIBHSAHb HAOYBalOTh BEIUKHUX 3HAYEHb, OCOOJIMBO
NMpyd MiABEACHHI 1X J0 IIOCTOI, I’SITOI CTENEeHl, a Mpu
OJIHOYACHOMY OIPalIOBaHHIO iX 3 KoedillieHTaMU, BUPAKECHUMHU
B JOJISIX OJMHUIN PI3KO 3HUKYETHCS TOYHICTH PE3YyJIbTaTIB.
ToMmy, HOUUIBHO Tepell MOYaTKOM ONpallfOBaHHS MaTepiajiB
3meHmuTH 3HayeHHs X 1 Y y K paziB. Takum nuigxom mu i
MUk, 3MeHImuBIM 3HadeHHss X 1 Y y 100 pa3. IlposiBuiu
CTpOre 3pIBHOBAXXEHHSI MO Crmoco0y HaWMEHIIMX KBaJpaTiB, 1
BUKOHABIIIA  3aKJIOYHI  KOHTPOJi, MM  BIEBHUMOCS Y
MPaBUJILHOCTI 1 KOPEKTHOCTI BHUKOHAHOI MPOILEAYPU CTPOTOro
3pIBHOBAKEHHS.

Ane, Ha Kajab, MU HE MOXKEMO CKOPHCTAaTUCA LIHUMU
pe3yiabTaTaMl CTPOTOro 3PIBHOBAXKEHHS ISl  3HAXOJKEHHS
TIACHUX 3HAYCHb Yy 3a JIMCHUMM 3HAYCHHSMH X 110 OTPHUMaHIM
dbopmyni. Tomy, HaM HEOOX1IHO BCTAHOBUTH KIIOY MEPEXOAY
B1JI pe3yJIbTaTIB 3pIBHOBAKEHHS 31 3MEHIICHUMHU NapaMeTpaMu
X 1Y 10 iX peadbHUX 3HAYCHD.

KpiM 11,010 BCTaHOBJEHUU KIIIOY MEPEXOAy HaM JacTh
MOXKJIMBICTh TPOBEJICHHS MIMPOKOMACIITAOHUX ITOCIIIKEHb Ha
CIIOTBOPEHUX  MaTEeMaTUYHUX  MOJENSX MO  CIOCOo0y
CTaTUCTUYHUX BUNPoOyBaHb MoHTe Kapiio.

7.2. @opMyJ/IlOBAHHS TeOpeM Iepexoay.

Teopema 1. Skimio B TOYATKOBHMX YMOBHUX PIBHSHHSX
3MEHIIUTHU 3HauYeHHs BuxigHux napamerpiB X 1 Y B K pasis, (y
Hamomy Bunajaky y 100 pa3iB) To, oTpuMaHuil Koe(IlieHT a pH
X? 13 pIIIEHHS HOPMAJIbHUX PIBHSAHb HEOOXIIHO 3MEHIIUTU B

1007 pa3iB, ToOTO npu KoedimieHTi nepexoqy K
31-
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| PO3pPaxXyHKOM MO Mporpami Ciifi BBECTU YHUCIIO PIBHSAHb B 5. IcTuHHI TOXUOKYU pO3paxoOBYIOTHCS 32 (OPMYJIIOIO
y, . - M 7 1111 A

crp 0, T96T0 NXIo; MICHs Ha61./1paIOT{> nepumi .Koe(.blmeHT Ai=Ai - K (3 5)
B/0 ¢/M. OCII1IOBHO HAOMparoyu BCl KOe(PIIEHTH 1 BUIbHI YWICHH
(3HaKu BUIBHMX WIEHIB 3 MPaBOi CTOPOHU PIBHOCTI (31 3HAKOM
«IUTIOCY)). B KiHII po3paxyHKy OAepKyroTh nxd-Ki; nmxc-k2; nxb-

6. 3aKIIOYHUM KOHTPOJIEM  CIIY’KUTh  PO3PaxyHOK
CepeHbO1 KBAAPATUYHOI MOXMOKM MA TE€HEpPOBAaHUX ICTUHHUX

) . MOXHNOOK A
K3; TIXa-K4. Pe3ynbTaTu 1HAYKYIOTHCS Ha AUCIUIET Yyepe3 HATHUCK
KJIABIIII C/TI. B HOBOMY PaxyHKY OOHYJUTH BCl OIIEPATOPH.
B pesynbraTi pillleHHS CHUCTEMH HOPMAalIbHUX PIBHSHB

(5.3) orpumanu

mxd=8,8028286; nxc=+0,028372721; mA :\/ , (3,6)

mxb=-0,14404609; nmxa=0,12190277 1 TOP1BHSHHS

TOOTO mA =C.

y=0,12190277x°-0,14404609x°+0,02837272 1x+8,8028286. Tabmuus Ne4.I'enepyBaHHS I1CEB/I0 BUMIAJIKOBUX YHCEIN 1 PO3PAXyHOK

IIpu pimeHH1 Apyroi CUCTeMH PiBHSAHD BUIY (4.14) JCTHHENX TOXUGOK,

mxd=0,12190915; mxc=-0,1440566; mxb=+0,02837784; Neo | g -Ecp. | A | AI”? Aio1= | Ai20.1 | Ai0.05= | Af20,05

mxa=8,802769 /i 0,353Ai" 0,177Ai"
1 0,40 |-0,53 -0,13 | 0,0169 | -0,05 0,0025 |-0,02 0,0004
2 0,87 |-0,53 +0,34 | 0,1156 | +0,12 | 0,0144 | +0,06 | 0,0036
3 0,50 |-0,53 -0,03 | 0,0009 | -0,01 0,0001 |-0,01 0,0001
4 0,17 |-0,53 -0,36 | 0,1296 | -0,13 0,0169 | -0,06 0,0036
5 0,40 |-0,53 -0,13 |1 0,0169 | -0,05 0,0025 |-0,02 0,0004
6 0,91 -0,53 +0,38 | 0,1444 | +0,13 | 0,0169 | +0,06 | 0,0036
7 0,73 |-0,53 +0,20 | 0,04 +0,07 | 0,0049 | +0,03 | 0,0009
8 0,69 |-0,53 +0,16 | 0,0256 | +0,06 | 0,0036 | +0,03 | 0,0009
9 0,14 |-0,53 -0,39 | 0,1521 -0,14 0,0196 | -0,07 0,0049
n=9 | Y4,81 | -4,77 +0,04 | 0,642 0 0,0814 |0 0,0184

Cepenne apudmeTnyHe TeHEPOBAHUX BUIAIKOBUX YHCEI
9
2 Gi
4,81
Ep= O 9 =0,5344
~0,53.

-30- -15-
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0,642
8 =0,283.

Koedimient nponopiiitHocTi

C 0,1
K= mA5 = 0,283 =0,353.

IpU TEHEpPYBaHHI BUIMAJAKOBUX MOXUMOOK 3 TouHicTio 0,1 1
K=0,05/0,283 = 0,177 npu reHepyBaHHI MOXHUOOK 3 TOYHICTIO

0,05. PospaxoByrorbes ictunni moxuOkm Ai0,1 =0,353A"1 i

Ai0,05=0,177A'1 .
CepenHs KBaipaTUYHa MOXUOKA MPU F€HEPYBaHHI 3
touHicTio 0,1

0,084
mAo,1 = 8 =0,100.

CepenHs KBaApaThyHa TMOXUMOKA MpU TEHEPYBaHHI dYHUCENT 3
tounicTio 0,05

/0,0184

maoos=\ 8 =0,0479 =~ 0,05.

Tabmuusg Ne5. TTobynosa ciorBopenoi moneni npu A=0,1 i A=0,05

Neri/mt Qi=xi y'=M=f(x) mozens npu | A=0,IM | mogens mpu | A=0,05 M
iCTHHHA MOJIENb Ag=0,1° Ag=0,05°
1 0,00 8,803 -0,05 -0,05 -0,02 -0,02
2 11,25 8,957 +0,12 11,37 +0,06 11,31
3 22,50 8,851 -0,01 22,49 -0,01 22,49
4 33,75 8,598 -0,13 33,62 -0,06 33,69
5 45,00 8,274 -0,05 44,95 -0,02 44,98
6 56,25 8,011 +0,13 56,38 +0,06 56,31
7 67,50 7,904 +0,07 67,57 +0,03 67,53
8 78,75 8,057 +0,06 78,81 +0,03 78,78
9 90,00 8,575 -0,14 89,86 -0,07 89,93
n=9 >°405,00 76,02-10" 0 >°405,00 0 >405

-16-

Hanpukian, 3’saBisgeTbes 0,2185367, nabupaetses 0,9061

c/i ... B xinni 3’aBaseTsess KOHTpoNbHE 3HaueHHs 0,152407 1R
Takum 4YMHOM, B pe3yJbTaTi pPIlIEHHS JPYroi CXeMHU

["aycca Mu orpuManu apyry GopMmyiay KyOI4HOTO NOJIHOMA

y=0,12185367x* - 0,14397769x> + 0,02834832x+
8,802971. (6.5)

Xoua y nux ABox cxemax ['aycca mu pimanu oiHy 1 Ty X
CUCTEMY pIBHSIHb 3 a0COJIIOTHO OJHAKOBUMHU Koe(]illleHTaMu,
aje TOMIHSHUMM CTPOYKaMHM 1 UYJieHaMHM B CTpOYKax, 13
CYMICHOTO PIIIEHHS IIUX PIBHSHb MU OTPUMAIIA KOE(PIIIEHTH,
K1 JCHIO BIAPI3HAIOTBCS MDK c00010. Asie naHi koedillieHTH
MOBHICTIO 33JI0BOJILHSAIOTH 111 PIBHSHHSA 1 JOOpE 3a0BOJIbHSIOTh
3aKJIr0uHl KOHTpodi. Ile roBopuTh mpo Te, 10 MU aOCOIIOTHO
KOPEKTHO BUKOHAJIU MPOIEAYPY CTPOTOro 3piBHOBAKECHHS.

Po3xomxenHs B koedillieHTax TOBOPUTH MPO HASABHICTH B
CHCTEMI ICTMHHUX 3aJIMIIKOBUX IIOXHOOK, $KI HE B 3MO3I1
MOBHICTIO OyTH KOMIIEHCOBAaHMMH MPOIEAYPOI0 CTPOTOro
3pIBHOBaXEHHS MO Cmoco0y HaMMEHIIMX KBaapaTiB. AJDKe
3pIBHOBAYKEHHSI MO CMOCO0Y HAWMEHIIMX KBaJIpaTiB Ja€ JIUIIE
y3rOJPKEHHSI YMOBHHMX pIBHSIHb. AJie TpU LbOMY 1€
3QJIUIIAIOTECA ICTUHHI TOXHOKH, SIKI 13 CYMICHOTO pIIIEHHS
CUCTEM PIBHSIHbB 1 JAIOTh TaKl PO3XOKEHHS B Koe(illieHTax.

B noganeimomy naHi piBHSHHS pimaiauck Ha MikpoEOM.

ITporpama Ne6. PimeHHst cucteM JIiHIHHUX PIBHAHD MpH n<4

Fopr | 00 01 02 03 04 05 06 07 08 09
00 x4 1 4 Xm2 | mxo paigl c/i x4 : KXI12
10 FL1 06 1 4 X3 Xxo xml FL1 23 KIx3
20 c/i BII 19 Cx. kxm2 | FL1 24 KXm2 | IIXo nx2
30 + xml X2 IIx3 | - FxA0 | 42 c/n I 84
40 BII 28 KIIXO0 | IX0 | Xm3 c/i Kmx2 | - x4 c/i
50 Kmx2 | - x4 : Kx1l FL3 49 mx1 Xxo +

60 X3 1 4 Xl | xo2 kxl | /A~ i 84 nx3
70 + X113 mx1 - Fx=0 | 65 15:40) xml Kx3 | Kmx2
80 FL1 78 BI1 12 X0 — B KIX3 | X kx|l
90 + kxm2 | FO FLO | 86 FO XII0 B/0O XC c/m
100 IIXB c/i mxa c/i
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@ ISE

[z"%%3] (6.1)
- [xzv.2] ) [zxz" 2] d
[zx2] = [zxZ] , (6.2)
b [z%y 1] _ [2%%".1] d. [x%2 1] |
[x%%%1] 221 7 [E%RE] (6.3)
- =yl [ 2] [
[=7]  [2%%] [2°%7] [=%=7] ~ (6.4)

[Tpu npomy koedirieHT d BUNUCYEThCA O€3MOCEPEeHBO 13
17 crpouxu d=+8,802971.

I3 oguHAIIATOT CTPOUKH
¢=0,69881804-7,6164027-1072-8,802971=0,02834832.

I3 mwocToi cTtpouku
b=+0,68623987-0,084074998-8,802971-3,1785937-0,02834832
=-0,14397703

I3 npyroi ctpouku
a=0,16819675-0,020364553-8,802971-1,5506759-0,02834832-
1,2285553(-0,14397769) =0,16819675

3aKIIOYHUN KOHTPOJIb 3pDYYHO BUKOHYBATHU 110 IIporpami No5.
IIporpama Ne5. 3akitouHuil KOHTPOJIb PIlICHHS] HOPMAJIBHUX PIBHSIHb.

Fopr | 00 | 01 02 |03 04 05 06 | 07 08 09

00 Cx | xme c¢/m | xmo | xmd 0 ¢/n | KXo | mxo 1
10 - Fx=0 | 06 nxd | xmo KIIXO cu | x nxe +
20 Xme | mxo 1 - Fx=0 | 15 nxe | c/o Cx X1e

30 BIT | 13 F ABT

[licns HaTucKy KJaBill B/O €/ BBOAUTBCS YHUCIO
BU3HAYCHUX KOe(PIMi€HTIB, 30UIbIICHUX Ha OJMHHUIIO n+l 1
MICAST Yepe3 HATUCK KJaBillll ¢/ BBOJATHCS MOCHIOBHO
BHU3HA4YEH1 KoeiliEHTH 3711Ba HAa MpaBo a ¢/m b ¢/m ¢ ¢/m d c/m.

ABTOMaTUYHO Ha JUCIUIEI 3 SBJISIETBCS BU3HAYEHUU

KOEIIIEHT, HaOUpAETHCA BIAMIOB1THUH KoeIIEHT
HOPMAaJIBLHOTO PIBHSIHHS 1 HATUCKYETHCS KJaBilia ¢/,
28 -

4. IlpeacraBJieHHs] CHCTEMH HOPMAJIbHUX PiBHSAHb.

Jlns  BH3HAQYCHOCTI IIOJOXKHMO, IO  MAa€EMO
pPEe3yIbTaTIB 3QJIEKHOCTI T€OMArHiTHOTO MOMEHTY 3€MHOi Kyl
YM Big mmporu X¥ , BUPAKEHUX B YHUCIOBIA (opwmi,
(YHKI[IOHAIBHY 3aJIEKHICTh MDK SKMMH HaM HEOOX1IHO
BHPA3UTH 3a JOMOMOTroio mojiHoma cterneHi K, ne xoedimienTn
ai SIBJSIIOTHCS. HE BIIOMUMU.

Toni cucrteMa MNOYATKOBUX PIBHSHB (CHUCTEMa PIiBHSHD
10XUOOK) MOXXE OyTH 3alMCaHa y BUIIIA1

k k-1 k-2
axytaxit axt . taxit aax” -yi1= vy,

Kl k2
atitantant . tantaax’-p=v,
............................................................... @.1)

- -2 o
A% At Akt ...t &t ded - Ve =V,

k k-1 k-2 R
Wt T 0%l T X1 T ... T el T il = Ve = Ve,
A+ e A E L At G’ - Y= Vo
kHOMHO)KI/IBIHI/I KOXHY CTPOYKY L€l CUCTEMH BIAIOBIIHO
k
Ha -1 Xz 30 § CKITABIIH iX MK c00010, OTPUMAEMO
ae] + afd ]+ s+ afed] b an(rnO) - i) = (v, (49)
7ie CAMBOJIOM [ | mo3HauyeH1 cymH (3a ['ayccom).
[licnss MOMHOXXHUMO KOXHY CTpouky cuctemu (4.1) Ha
gl
Jlonasmu, Oya1emMo MaTu
s SR Ee SR S LR A hE e n S SRR
[IponoBxyroun 1 Janbllle Taki MEPETBOPEHHS 3a
JIOTIOMOT'00 TOCTIJOBHOT'O MHOKEHHS CTpOYOK (4.1) BiAMOBIAHO

i
Ha <! s <tl. -2 89X nomaBaHHSA oTpuMaemo e K-1
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IYHUX PIBHSHbD.

B pesyapraTti Oymemo wmatu cucremy 13 K+1
MepeTBOpPEeHUX piBHAHDB 3 K+1 HeBimoMuMHU.
aifx'ek] + a[f ]+ L+ ae[eet] - [y = [vE];
a1z g m[&J{QI]-F ot g% - [y e
............................................................ (4.4)
alfx'e] + af )+ L+ ae[x%] - [yeT = [vx
Posrnspgatoun 1m0 cuctemy, 0auyumMo, IO SIKIIO

MNPUPIBHATH HYJIIO JIIBI YaCTUHU CKJIaJal0uuXx ii PIBHSAHb, TO
BOHa Oy/ie TMOBHICTIO CHIBMAJAaTH 13 CHUCTEMOI HOPMAalbHUX
PIBHSIHB, BIAPI3HSIOYUCH BiJl HET TIILKU MOCIITOBHICTIO CTPOYOK
1 4JICHIB B CTPOYKAX.

Jlokaxxemo, 110 JIMCHO
[VE*]= [VZ] = =[VX]=0 (4.5)

JIJ1st IbOTO TIOMHOXXUMO KOXHY CTpOUKy (4.1) BiAMOBIIHO
Ha Vi1, V2, ..., Va1 pe3yabTaT mIpocymyeMO
alz¥v] + a[m ] + L+ @ [2%] - [yv] = [vv]

I3 ymoBU crioco0y HaliMEHIIIUX KBaJpaTiB
[VV] = min, (4.7)
MOJIOKEHOT'O B OCHOBY BU3HAUYEHHS HEBIIOMUX KOE(IIIEHTIB,
CJIIIy€ PIBHICTh HYJIO CYMHU YACTUHHUX MOXiIHUX (4.7) Mo
HEB1IOMHUM KoedilieHTam

o[v?] aov.

dai =2[V- 6a]=0 (4.8)
B posropayToMy BUTJIsi/II TTICIsE CKOPOUYEHHS Ha 2 1€ MOKHA
3amucaTy TaKk

(4.6)

oV A% OVn

Vi- dar + Vor Oar +...+Va-ocar =0,
oVi oV2 OVa

Vi- da2 + V2 Oaz +...+Vn-Odaz =0, (4.9)
-18-

KOe(illeHT C¢ B  TMEPEIOCTAHHbOMY  CTOBIYUKY
CTOBMYMKOM BUIBHUX 4eHIB. JlpyrumMu croBamu,
HEOOX1/THO PIIIUTH CUCTEMY HOPMAJbHUX PIBHSHb.

[x*x*]a + [x*x*]b + [xx*]c + [x°x*]d - [x*y] =0,

[x*x*]a + [x*x%]b + [xx*]c + [x°x?]d - [x%y] =0,

[xx?]a + [xx?]b + [xx]c + [x°x]d - [xy] =0,
[x°x*]a + [x°%%]b + [x°x]c + [x°x°]d - [x°y] =O0.
Tabauusg 10. KoedirienTn HOpMaIbHUX PIBHIHD

x7] x?] X] x°] Y] S] 3aKIIOYHH
KOHTPOJIb

[x3 0,90612409 1,1132236 1,4051048 1,8452813-1072 -0,15240713 3,2904983 0,15240713
[x2 1,4051048 1,8452813 2,581875-1072 -0,21293888 4,1764895 0,21293897
[x 2,5818751 0,0405 -0,33525 5,5375111 0,33524999
[x~ 0,0009 -0,007602 7,8069564-1072 0,007602
Koed. +1,2185367-10™" -1,4397769-107" +2,834832-1072 +8,802971

a b C d
Tabmun 11. PimenHs HopManbHUX PiBHSIHB (Ipyra cxema ["aycca).
Ner/nt x*la x?]b x]c x°]d y > KOHTPOJIb
1 [x* 0,90612409 1,1132236 1,4051048 1,8452813-1072 -0,15240713 3,2904983
2 -1 -1,2285553 -1,5506759 -2,0364553-1072 +1,6819675-107 -3,6313991 -3,6313989
3 [x* 1,4051048 1,8452813 2,581875-1072 -2,1293888-107! 4,1764895
4 -1,3676567 -1,726249 -2,2670301-1072 +0,18724059 -4,0425591
5 0,0374481 0,1190323 +3,148449-1072 -2,569838-1072 +0,1339304 +0,13393047
6 -1 -3,1785937 -8,4074998-1072 +0,68623987 -3,576427 -3,576428
7 [x 2,5818751 0,0405 -0,33525 5,5375111
8 -2,1788621 -2,8614331-1072 +2,3633406-107 -5,1024963
9 -3,7835531-10™ .1)()()()764.1101 +8,1684701-107 .4,2571033-10"
10 [xx?]= 2,465769-1072 1,878029-1073 -1,7231239-1072 +9,3045-107 +9,3045-1072
11 -1 -7,6164027-1072 +6,9881804-107 -3,7734678-107! -3,77346-107!
12 [x 0,0009 -0,007602 7,8069564-1072
13 -3,7578328-10°" +3,1037031-107 _6)7009528‘10’2
14 -2,6470584-107" 2,1605912-107 -1,1260198-1072
15 [x°x°-2]= 2,595118-107" -1,4303825-107" 1,3124005-107 -7,0866819-107"
16 [X°X°‘3]: Pd= 1’1647263110’- -1,0253052-107 -9,0883015-107" -9,08832-107"
17 -1 -8,802971 +7,8034658 +7,803
18 0,16819675 0,68623987 0,69881804 +8,802971
19 d- -2,0364553-107 -0,084074998d -0,076164027d d
20 c -1,5506759 -3,1785937¢ +0,02834832
21 b- -1,2285553 -0,14397769 C
22 +0,12185367 b
23 a

OcraHHiIi KOHTPOJIb B AaH1l CXeMi TOBOPUTH, 10 MOXUOKA

MOXJIMBA Y 4eTBepTid 3Hauyiik nudpi. [le Bu3BaHO AUIEHHAM
Ha uncyio 0,00011647263. V 3akiIF0OUHUX KOHTPOJISX HANOUIbIIE
PO3XOJ/I’)KEHHSI Y ChOMIM 3HauyIIii nudpi micias KOMU TOBOPUTH
PO LIUIKOM HaJiiHi 1 1001 pe3ybTaTH.

HeBigomi koedimientu a, b, ¢, d po3paxoByroThcs 3a
cuinyrouumMu GopMmyliamMH, SIKi NPUBOJATHCS B MO3HAUYCHHSX
lNaycca
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6.PilleHHs1 HOpMaJILHUX PiBHSAHb

V11 9. Hepma cxema l"aycca.

x°]d x’|b x*la y Y KOHTPOJIb
/1
1 [x° 0,0009 0,0405 2,5818751-10 1,8452813-107 -0,7602-10 7,8069564-10
2 -1 -44,999999 -28,6875 -20,503125 8,4466665 -86,743959 -86,743957
3 [x 2,5818751 1,8452813 1,4051048 -0,33525 5,5375111
4 -1,8225 -1,1618438 -0,83037656 3,4208999-107" -3,5131303
5 > 0,7593751 0,6834375 0,5747283 6,83999-107 2,0243808 2,0243809
6 -1 -0,89999984 -0,75684372 -9,0073926-107 -2,6658507 -2,6658509
7 [x 1,4051048 1,1132236 -0,21293888 4,1764895
8 -0,74067541 -0,52936507 0,21808238 -2,2396207
9 -0,61509364 -0,51725538 -6,1559899-107 -1,8219423
10 > [x*x*2]= 4,933576-10 6,660312:107 -1,0124899-107 0,1149265 0,11492639
11 -1 -1,3499968 2,0522434-10 -2,3294766 -2,3294744
12 [x* 0,90612409 -0,15240713 3,2904983
13 -3,7834033-107" 1,5586476-107" -1,6006701
14 -4,349795-107" -5,1768034-107 -1,5321398
15 [x*x*2]= 9,280426-107 -8,9913998-107 1,3668581-107 -1,5515041-107"
16 > [x*x*3]= Pa= 2,890262-107 -3,523153-107" 0,002538 0,0025379467
17 -1 1,2189736-107" -0,87812107 -0,87810
18 8,4466665 -9.0073926-107 2,0522434-10 0,12189736
19 ax -20,503125a -0,75684372a -1,3499968a a
20 bx -28,6875b -0,89999984b -0,14403861
21 cX -44,999999 0,028370087 b
22 8,802838 C
23 d

Koedimient a=+0,12189736 Bunucyemo Oe3nocepeqHbo
13 cxemu ['aycca (auB.17 cTpouky).

Koedimient b po3paxoByeTbcsi Ha OCHOBI gaHux 11
CTPOYKH
b=-1,3499968-0,12189736+0,020522434=-0,14403861.

KoeditieHT ¢ po3paxoByeTbcsi Ha OCHOBI JaHUX 6
CTPOYKH
¢=-0,89999984 b-0,75684372a-9,0073926-107=+0,0028370087.

Koedimient d po3paxoByeTbCsi HAa OCHOBI JaHUX 2
CTPOYKH
d =-44,999999 ¢-28,6875 b-20,503125a+8,4466665=+8,802838.

Busnaueni xoedimientTn a, b, ¢, d BUNHCYIOTBCSA Y
BIAMOBIIHUN CTOBIUMK TaOduIll KOE(IIIEHTIB HOPMaIbHUX
PIBHSIHb 1 BUKOHYETHCS 3aKJIIOUHHN KOHTPOJIb MO MPUBEICHUM
BHIIEC (hOopMyIaM.

ITo nmani cxemi 'aycca MoKHa BU3HA4YUTH OOEpPHEH1 Baru
OCTAaHHBOTO a 1 TMEPEeAOCTaHHBOTO b KOe(]IieHTIB A
PO3paxyHKy TOUYHOCTI1 3pIBHOBAKEHHUX €JIEMEHTIB.

3 MeTOor0 BU3HAauUCHHsS 00epHEeHHX Bar koedimieHTiB d i c,
MEePEeCTaBUMO CTPOUYKM CUCTEMU HOPMAaJIbHUX PIBHSHD 1 YJICHU B

CTpOYKax Tak, o0 koediiieHT d OyB HA OCTAHHBOMY MICII], a
226-

oVi oV2 OVn
Vi Oaxs1 + V2 Oaxn .+ Vn- daxi =0.
Ile 1 € cuctema HOpMaJIbHUX PIBHSIHB, BUTIKAIOUH 13 (4.6).
Ane 13 (4.1) crninye
oVi oV2 OVn
Jar = XI; Jar = Xi,.., oa =%,
oVi A% OVa
ba: =%y om =z, .., 0a =3 (4.10)
oVi A% OVn
Oax+1 =:X?; Oax+1 ::Xg,..., ?%;;-:: Xﬁ.

[Tincrapnstoun 111 3HaueHHd B (4.9), OyaeMo Matu

[VE] =0,
Vi) =1,
.......... 4.11)
[VX°] =

Takum 4MHOM, CHCTEMa HOPMaIbHUX PIBHAHB OyJle MaTH
BUTJISA]

kel + a[d ¥+ .+ At - [y =0
ai[hee e [ 1]+ + 2 1[2%" Y- [ykl=

.........................................................

b+ ald @)+ L+ a[%] - [yx7 =0,

Jlnst moninomy Buay (1.1) cuctema HOpMaJIbHUX PIBHSIHD

Oyne

dn + ¢c[x] + b[x*] + a[x’] - [y] = 0;

d[x] + c[x*] + b[x’] + a[x*] — [xy] = 0;

d[x?] + c[x?] + b[x*] + a[x°] — [X%y] = 0;

d[x?] + c[x*] + b[x°] + a[x"] — [x%y] = 0.
[Ipu mpoBeaeHH1 JOCTIIKEHb HaM Oyjie HEOOX1/THO

npeacTaButTu cuctemy (4.13) y Burmnsii

(4.12)

(4.13)
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+b[x°] + ¢[x*] + d[x’] - [x’y] = 0;
+b[x*] + ¢c[x’] + d[x*] - [x*y] = 0;
+b[x’] + c[x*] +d[x] - [xy] =0; (4.14)

-yl =0.

B nonanemomy OyaeMo piliaTd CUCTEMY JIHIMHUX
HOpManbHUX piBHAHB (4.13) 1 (4.14) ogHuM 13 BiJOMHX B
MaTeMaTuLl COCOOIB.

B naniit po6oTi Mu Oy1eMO pilllaTh CUCTEMY HOPMAIbHUX
piBHSHb 1O cucrtemi [‘aycca TOCHIIIOBHOTO BHUKJIIOYEHHS
HEBIIOMUX 1 K KOHTpPOJbHE DpillieHHS OyJe BUKOHAHO Ha
MikpoEOM 1o po3po6iieHiit aBTOpoOM Iporpami.

Ha ocHOBI npoBeicHUX pO3paxyHKiB CPOPMYEMO CUCTEMY
HOPMAaJIbHUX PIBHSAHb, 3araJbHUN BUTIIS SIKUX OyJie

nao + ai[x] + a[x*] + ... + an[x"] - [y] =0,

a[x] + ai[x?] + a[x*] + ... + an[x™] - [xy] =0,
a[x?] + ai[x®] + a[x*] + ... + an[x™] - [x%y] =0,
.................................................... (4.15)
L+ an[x ] — [x7Y]

-20-

MPEACTaBICHUX B YUCIOBOMY BHU/II (5.3) oTprMaeMO piBHSH, W 4
y=0,12189736x> - 0,14403861x2 + 0,028370087x + 8,802830Q
oo 1 SBISETHCA MATEMAaTUYHOIO MOJEIII0  3aJIKHOCT1
MarHiTHOr0 MOMEHTY IUIaHETH 3eMJsi BIJ UIUPOTH IMYHKTY
CIIOCTEPEKEHHS.

OUiHMMO SKICTh PIIICHHS HOPMaJIbHUX PIBHSAHb MO CXEM1
I"aycca 3a popMynamu 3aKI0OUYHOTO KOHTPOIHO (5.5)
0,0009-8,802838+0,0405-0,028370087+2,5818751-107>
(-0,14403861)+1,8452813-107-0,12189736=0,007602;
0,0405-8,802838+2,581875-0,028370087+1,8452813-
(-0,14403861)+1,4051248 -0,12189736=0,33525;
2,5818751-107-8,802838+1,8452813-0,028370087+1,4051048-
(-0,14403861)+ 1,1132236 - 0,12189736=0,2129387;
1,8452813-107-8,802838+1,4051048-0,028370087+1,1132236-
(-0,14403861)+ 0,90612409-0,12189736=0,15240703.

Sk 06aunMo, B KOHTPOJIbHUX PIBHSHHAX 3a0€3MeYy€eThCs
YITKO TOYHICTh B IIICTh 3HAYYIIUX HU(p MICIAS KOMH, WIO
TOBOPUTH MPO KOPEKTHICTH 1 BIPHICTh PIIICHHS.
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S5.BuzHa4yeHHs KoedilieHTIB HOPMAJIBLHUX PiBHSAHb
Jlns Toro, mo6 He Oyl0 BEIUKUX 3HAYEHDb KOEDILich<Q

0,0405d +2,5818751¢c+1,84528138 + 1,4051048a — 0,33525 = 0,
0,025818751d +1,8452813¢c + 1,4051048s + 1,1132236a —

3meHmuMoO 3HadeHHs X 1Y B 100 pa3, BianosigHo B 100 pas
3MEHIIINMO 3HAYEHHS BUIBHUX YJICHIB.

0,21293888 =0, Tabnurs 6. O6uncaoBagbHa TAOIHI KOeIlli€EHTIB HOPMATbHUX PIBHSIHB.
Ne X Y X° X2 X S XX XX XX
0,018452813d + 1,4051048c + 1,11322368 + 0,90612409a — w —— - : - - S -
1 0,000 0,0879 0,01 0 0 20,0779 0 0 0
0 15240713 = 0. (5.3) 2 0,1125 0,0890 0,01 1,265625-107 1,423828-107 4,758008-107 2,0272864-10™ 1,8020324-10™ 1,6018066-10*
4 3 0,225 0,0905 0,01 5,0625-107 1,1390625-107 2,0651563-10™" 1,2974633-107 5,7665039-10™ 2,5628906-107
1 1 1 1 4 0,3375 0,0850 0,01 1,1390625-10™" 3,8443359-10 4,1484961-10™" 4,3789388-107 4,3789388-107 1,2974634-107
C(bopMyeMO Ta6HHHIO Koe(bluleHTlB HOpMaJIBHI/IX plBHHHb- 5 045 0,0818 0,01 2,02510~ 9112510 6.71825-10 8.3037656:10~ 1,8452813-10 4.100625-10
. . . 6 0,5625 0,0800 0,01 3,1640625-107" 1,7797852-107" 9,868848-107" 3,1676353-10 5,6313516-107 1,0011292-107™"
Ta6JII/II_I$I 8. KOG(I)IL[IEHTI/I HOpPMaJIbHUX PIBHSAHD. 7 0,6750 0,0795 0,01 4,55625-10~" 3075468810 1,3686719 9,4585083-10 2 1,4012605-10~" 2,075941410™"
X°] X] Xl] Xl] Y] S] KOHTpOJ‘Jb 8 0,7875 0,0812 0,01 6,2015625-107" 4,8837305-107" 1,8248293 2,3850824-107" 3,028676-107" 3,8459378-10™"
9 0,900 0,0853 0,01 0,81 0,729 2,3637 5,31441-10™ 5,9049-107" 0,6561
X 0.0009 0.0405 2581875110~ 1.8452813-10~ 7.602:10° 7.8069564- 10~ 7.8069564- 10~ 5 T3 405 o560 [ o [ ZwEH TRiS38T3 S 8069563 090612409 115336 T 4051008
[x 25818751 1.8452813 14051048 0.33525 55375111 55375112 .
X2 1.4051048 1.1132236 0.21293888 41764895 41764897 HpO,Z[OB)KGHHSI TaGHI/H_[l 6.
x3 0.90612409 -0.15240713 3.2904983 3.2904981 Ne X Y X3Y X3S XY XS XY XS
xoed | 8.802838 | 0.028370087 | -0.14403861 0.12189736 wn
d c b a 1 2 3 11 12 13 14 15 16
. 1 0,00 00879 | 0 0 0 0 0 0
BI/IKOHaHHH KOHTpOJ'IBHI/IX plBHHHI) CYM 2 01125 | 00890 | 126720710 67745854 10-> | L126406310° | 6021853810~ | 100125102 | 5352759102
3 0225 0,0905 | 1,0308516:10° | 2,352342:10° 45815625-10° | 10454854102 | 203625102 | 46466016107
(o] (o] (o] (o] 2 (o] 3 (o] — (o] - 5 5 > £ 5 5 £
[X X ] + [X X] + [X X ] + [X X ] - [X Y] = [X S], 4 03375 | 00850 | 3267685510 1,5948212:102 9,6820312:10° | 4,7253963-102 286875102 1400117410
° 2 3 5 045 0,0818 | 7.454025-10° 6,1220053-10~ 16564510 1360445610 368110 3,023212-10°
[X X] + [XX] + [XX ] + [XX ] - [Xy] = [XS], 6 05625 | 00800 | 14238282:10° | 1,756443-10" 253125102 31225652107 | 45107 5,551227-10°
002 ) s 23 ” ) 7 0,6750 | 00795 | 24449977-102 | 4,2093077-10" 3,6222188-102 | 6236011310~ 536625102 | 9238535310~
[X X ] + [XX ] + [X X ] + [X X ] - [X y] = [X S], (54) 8 0,7875 | 00812 | 39655892-102 | 801174510 5,035668- 102 1,1316793 0,063945 14370531
9 0,900 0,0853 | 0,0621837 1,7231373 0,069093 1914597 0,07677 2,12733
O+ 3 3 23 3v3 3 — 3 =
[X X ] + [XX ] + [X X ] + [X X ] - [X y] — [X S]. n=9 | >405 | 07602 (.),15240713 3,2904983 0,21293888 4,1764895. 033525 55375111
I8 HAIIOMY BUIIAJKY KOC(I)H_[1€HTI/I HOPMaJIbHUX P1BHAHDB 3PpYYHO

0,0009+0,0405+2,5818751-10™+1,8452813-1072-7,602-1073
=7,8069564
0,0405+2,5818751+1,8452813+1,4051048-0,33525=5,5375112
2,5818751-102+1,8452813+1,4051048+1,1132236-0,21293888
=4,1764897
1,8452813-10™+1,4051048+1,1132236+0,90612409-
0,15240713 = 3,2904981

B nanpHiiiioMy npucTynarTh A0 PO3B’SI3aHHS CUCTEMU
PIBHSIHB
[x°x°]d + [x°x]c + [x°x?]b + [x°Xx*]a - [x°y] = 0,
[x°x]d + [xx]c + [xx*]b + [xx*]a - [xy] = 0,
[x°x?]d + [xx*]c + [x*x*]b + [x*%?]a - [x?*y] =0,
[x°x*]d + [xx®]c + [x*x*]b + [x*x?]a - [x}y] = 0.

[Ticns pilmieHHsS CUCTEMU HOPMaJIbHUX PIBHSHB (5.5),

(5.5)

24-

pO3paxoByBaTH 3a PO3POOJEHOIO aBTOPOM MPOrpamor0 Ha
MPOrpaMOBaHOMY MiIKpOKalIbKyJsiTOpi «Enekrponika MK61 a6o
52». Ilporpama BAOCKOHaJ€Ha Yy MOPIBHSIHHI 3 MOMEPEIHBOIO,
MpEe/ICTaBACHOI0 B MaTeMaTHYHIA YaCTHHI JOCIIKeHb. B maHii
mporpaMi BH3HauaroThes mapametrpu S, X3S, XS, XS, yoro
HEMA€ B MOMEPEIHIM.

ITporpama  Ne3.  [locmimoBHMiA  po3paxyHOK  Koe(illi€HTIB
HOpPMAaJIbHUX PIBHSIHB
Fropr | 00 01 02 03 04 05 06 07 08 09
00 xc/m | xme |yc/m | x/md | mxe Fx? | xn2 |cm |mxe |x
10 XII3 c/u nx2 |+ nxe + nxd |- 0
20 0 1 + Xmd | ¢/n mx3 | Fx? | c¢/m nx3 | mx2
30 X c/m X3 mxe X c/m nx3 |moxd | x c/n
40 3X nx4 | x c/u mx2 mxd | x c/u nx2 | mx4
50 X c/m mmxe nxd | x c/n nxe | x4 |x c/n
60 0 BIT | 00 F ABT
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CHYBIIM KJaBimii B/0 c¢/m, HaOWparTh 3HAYeHHS Xi,

Q&

Ryt CKyI0Th KiaBilny ¢/ (Myck), HabuparoTh 3Ha4eHHs Yi i ¢/m i

MOCIIZIOBHO 3YUTYIOTh 3 JUCIUIES Yepe3 HATUCK KiaBilli ¢/m X2,
X2, s, X°, X5, x*, Xy, X°s, Xy, X* 8, Xy, XS.

[Ticns yepe3 HATUCK KIIABINI ¢/ BBOJATH HOBI MapaMeTpH
X, y ... B perictpax mam’aTi OJHOrO IUKIY 30epiraroThcs
ciinyroui gani: X B perictpi e, Y B perictpi d, x* B perictpi 2, X3
B pericTpi 3, S B perictpi 4.

[TapameTpu S po3paxoBYIOTh 3a (GOPMYIIOIO

S=X-Y+X2+X3-X°. (5.1

Skmo koedillleHT HE 3MEHIIYITh, To X°=1, mnpu
3MeHnIeHH1 koedimieHtiB 'y 100 paz X°=0,01. B mporpami
npoctaBieHa koHctanta 0,01, ToMy mo Mu BCi Koe]ili€eHTH
smeHmmwn B 100 pa3. Skio koedilieHTH HE 3MEHIYIOTh, TO B
18 oneparopi craBusateh 1, a B 19, 20 1 21 xomanny KHOII. Tlpu
IbOMY HaM HEOOXiIHO OyAe 3MEHIIUTH KOe(DILIEHTH 1 BUIbHI
yienu piBHsAHHSA B 0,01 Tam e Oyzae x°.

Komn Hemae HeOOXITHOCT! 3alOBHIOBATH TaOmuIio O,
po3pobnena mporpama  Ne4  po3paxyHKy — Koe(ilie€HTiB
HOPMAaJIbHUX PI1BHSHb.

ITporpama Ned. IToBHUi1 po3paxyHOK Koedilli€eHTIB HOPMAJIbHUX PIBHSIHb.
Fopr | 00 01 02 03 04 05 06 07 08 | 09
00 c¢/m | xul | ¢/m | xmo | Fx2 xm2 | Fx? | x4 | ox2 | x
10 nxa | + XIma | mx2 | Imxo X xm3 | mx2 | X mx9
20 + xm9 | oxo | mxe | + xme | ox2 | mx7 | + X1/
30 nmx3 | ox8 | + xn8 | mxl mx2 | x nxc + XIIC
40 mxl | mx3 | x nxd | + xod | oxl | ox6 | + X116
50 mx4 | ox5 | + XII5 | mXo mxl | x nxs | + IIXB
60 0 BIT | 00 nxe | ¢/m nx6 | ¢/m | nx7 | ¢/m | nx8
70 cm | mx5 | cm | mx9 | ¢/n mxa | ¢/m | mxB | ¢/ | mxc
80 ¢m | mxd | ¢/m | cx XI5 xm6 | xn7 | xo8 | xm9 | xma
90 xnB | xoc | xud | xme | 00 BIT 00 F ABT

[Ticns Habopy Y 1 c¢/m, X 1 ¢/m ijae po3paxyHOK IO
nporpaMi Ao iHaukamii 0. micns, Yepe3 HATUCK KIaBilIl c¢/m
ITOCIIJIOBHO BBOJATH 3HaUeHHS Yi, Xi .
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[IpoBiBImIM  BCi  PO3paxyHKH, HATHCKOM
OesymoBHOro mepexoay BIT 62 ¢/il mepexoasTh J0 3YUTYBar
nociinosHo nauux [x], [y], [x*], [x°], [x*], [x°], [x°], [xy], [x?y],
[xy].

[Ipu 30601 nporpamu NOTPiIOHO OOHYJIUTH CYMaTOpU

HatuckoM kiasim bIT 82 c/m.
Tabauus 7. Po3noain 3MiHHUX

01112 (3 14 |5 6 7 8 9 a b d e

C
x |y [ | x| x* | 3x* |3y [ 3 [ 3% [ ¥x> | 3x° | ¥xy | 3Xy | ¥Xy | ¥x

Ha ocHoBi ganux 1abn.6 chopmyemo mnepiie HOpMalibHE
PIBHSIHHS BUY
dn + c[x] +b[x?] + a[x*] — [y] =0, 5.1

I B Hammomy Bumnajky rnepiie KOHTPOJIbHE PIBHSIHHS CyMHU.
[xx°] + [x°x] + [x°x*] + [x°%°] - [x°y] = [x°s].  (5.2)

JIisi BKIIFOUEHHS JAAHOTO PIBHSIHHSI B 3arajibHy CHCTEMY
HOpPMaJbHUX PIBHSHb HEOOXITHO JIIBY 1 MpaBy YaCTHUHY JIAHOTO
KOHTPOJIBHOTO PIBHAHHS MOMHOXUTU Ha 0,01 y 3B’43Ky 3 TuM,
o Bci koedimienTn Mu 3MeHImIn B 100 pas, ane B mepuiomy
PIBHSIHHI HEOOXIIHO BpaxyBaTU KBaJpaTUYHUN KoeDIIleHT
[xx°]

Takum 4YMHOM Ha OCHOBI1 PO3PaxyHKOBOT Ta0auIll 6 MaEMO
nepIie KOHTPOJIbHE PIBHSHHS CyM
0,09 + 4,05 +2,5818751 + 1,8452813 — 0,7602 = 7,8069564

[NlomuoxuBmu Bci koedimientu Ha 0,01 oTpumaemo
KOHTPOJIbHY CYMY
0,0009 + 0,0405 + 2,5818751-10> + 1,8452813-107 -
0,7602-107 = 7,8069564-1072

KoedimieHnTn BCix OCTalbHUX HOPMAJIbHUX PIBHAHBb 3MIH
HE 3a3HAIOTh.

TakuMm 4yuHOM, B pe3yJbTaTl PO3pPaxyHKY KOE(IIIEHTIB
HOpPMaJbHUX PIBHAHb MU OTPUMAIM CIIAYIOUY CHCTEMY
HOPMaJIbHUX PI1BHSHb.

23-
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JlitHapoBuy Pycnan MukonaiioBuu
JIOLIEHT, KaHIUJIaT TEXHIYHUX HAYK

JJOCJIIPKEHHSA TOYHOCTI ATTIPOKCHUMALIIT
3AJIEXXKHOCTI MATHITHOT'O MOMEHTY

3EMUJII BIJT ITUPOTU METOJOM
CTATUCTUYHUX BUIIPOBYBAHDb
MOHTE KAPJIO

Yactuna 1

Komn’torepHuii HaOip, BepcTKa, peAaryBaHHs 1 AU3aiiH y
penakropi Microsoft office 2003:
JI3roonmmuna ["annna BacwmriBaa
JI3roonmmnaa Hararis BacuniBHa

Mixunapoaauit Ekonomiko-I'ymaHiTapHUil YHIBEpCUTET
im..akaza. C.Jlem’ssHUyKa
33027, m. PiBHe, Byi. akan. C.[lem’ssHuyka, 4
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MiHICTEpCTBO OCBITH 1 HAYKH YKpaiHu

MixHapoJHUN €KOHOMIKO-TYMaHITApHUN YHIBEPCUTET
IMEH1 aKaJieMiKa

Crenana Jlem’ ssHUyKa

P. M. JlitHapoBHU4

BceTaHOBJICHHS 3B’ I3KY MiK
reorpaivyHor0 i reOMarHiTHOIO
CUCTEMAMMyKOOPANHAT

Ydactunaa 2

M. PiBre, 2006

YK 629.123.053.12
JlitHapoBuu P.M. BcTaHoBIEHHS 3B’ SI3KY MIXK
reorpaiyHoI0 1 TEOMArHITHOK CUCTEMaMHU KOOPAUHAT.
Yactuna 2. MEI'Y, PiBue, 2006, - cT..

Peuensenru:

B.I'.Bypauek, TOKTOp TEXHIYHHUX HayK, Ipodecop
€.C.I1apHAKOB, JOKTOp TEXHIYHUX HAYK, podecop
B.O.BopoBuii, T0KTOp TEXHIYHUX HAYK, Tpodecop

BianoBimanbHUA 32 BUITYCK:
N.B./I:xkyHb, 10KTOp (i3UKO-MaTEMaTUYHUX HAYK,

npodecop

BcTranoBnenuii 38’ 130K MK reorpadiqHoro 1
T€OMarHiTHOIO cUCTeMaMu KoopauHaT. [IpuBoauThCS Bia
dhopMy 1 J1a0ThCS TIPUKIAAN OOYHMCIICHbD.

Jlns ciemiaicTiB, SK1 3aMMaOThCS BUBYCHHSIM
I€OMarHiTHOTO IOJIsI 3eMIIL.

Bbyne kopucHa ctyaeHTaM-reorpadam i acmipanram.

© P.M.JliTHapoBu4
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[TepenmoBa

1.

2.

10.

BcranoBieHHs 3B’ 13Ky MK reorpadiuHOIO

1 F@OMarHiTHOIO CUCTEMAaMH KOOPJAUHAT..............

BusHaueHHs a3uMyTa i Bigani Mk IBOMa

CTAHIIISIMHU CTIOCTEPEHKEHD......veeuvreereeveenereenreannns

Bu3naueHHs KOOpIUHAT CTaHIIIi

CHHOCTCPCIHKCHHS. ..venineieiiiiiiieieieere e e ceaaas

BcranoBieHHS 3aJIeKHOCTI MK KYTOM
HaXWJIy MarHiTHO1 CTPUIKU 1 FT€OMAarHiTHOIO

HIMPOTOIO IIYHKTY CIIOCTEPEIKEHbD......cvvenvenrenneess

AnpokcuMmallis 3aJeKHOCTI BEpTUKAIbHOT
CKJIaZI0BOi B, 1HIyK1ii MarHiTHOro moJis

3eMili BiJf TeOMArHITHOT IUPOTH. ......vveeeveenernneen.

Anpokcumalilis 3aj1eKHOCTi TOPU30HTAIBHOT
CKJIaZIOBO1 1HYKII{ MarHiTHOTO Mo 3emii

BiJl TEOMATHITHOT IIAPOTH. ...cvvvenrrerieaereaneeenneenns

AmpokcuMartist 3aIeKHOCT1 IHIYKITIT MO
OJTHOP1IHOTO HaMarHiuyBaHHs 3eMHO1 Ky

BiJl TEOMATHITHOT IIIHPOTH. ...cnvveenvreeereanerenneaeneaanes

Anpokcumaliis 3aJ€KHOCTI MarHiTHOT'O

MOMEHTY 3€MHOT KYJ1 Bil ITUPOTH....cceeeeeneennnen

JlocmipKeHHS 3aJIeKHOCT1 CHIIU CTPYMY
TaHTE€HI[IOHAILHOTO TraJIbBAaHOMETPA BiJ

HIMPOTHU ITYHKTY CIIOCTEPEKEHH . .....ovvinrinnrneese

[IpencraBneHHsl BEPTUKAIBHO1 CKIAA0BO1
1HAYKIII{ TeOMarHiTHOTO MOJIs 3eMIli uepe3

TOPHBOHTAIIBHY.....ceevieereenieenteenueeeereenveenneenneeeene
BucHoBku
Jlireparypa

1. BCTAHOBJIEHHA 3B’ A3KY MDK
I'EOI'PA®IYHOIO I TEOMAI'HITHOIO
CUCTEMAMU KOOPIMHAT

Toukm Ha moOBepxHI 3emil, JA€ MEePEeTUHAIOTHCS
MarHiTHI ~ MEpHJiaHW, HA3UBAIOTHCA  MAarHiTHUMH
nomrocaMu  3eMili. B MarHiTHMX MOJIOCax BEKTOP
THAYKII11 MarHiTHOTO MOJs 3eMJll A0CSITae MaKCUMalbHOL
BEJIMYMHU 1 HAMpaBJIEHUU MiJ OPSIMUM KyTOM BHH3 Ha
MIBHIYHOMY 1 BBEPX Ha MIBJACHHOMY MOJI0cax. MarHitHi
MOJIOCH 3eMJli HEe CIIBMNAJalTh 13 reorpapiyHuMu
MOJIF0CaMH 1 po3TaiioBani B rmubuni 3emui. Ha 1975 pik
KOOpJAMHATH MMIBHIYHOT'O MAar"iTHOIro MOJIFOCa
¢=75°33'ta.m., A=100°23" 3.1. — ocTtpiB barepcr,
Kanancekuii apximenar; miBaeHHOTo — ¢=66°05 ..,
A=139°36" c.n. — Cximna AHTapkTtuaa. Bci enemeHTH
36MHOTO MAarHeTH3MYy 3a3HAIOTh MEPIOJIMYHUX KOJIUBAHb
13 T0OOBUM 1 PIUHMM XOJIOM, a TaKOX 3 POKY B PIK —
BiKOBI KosiuBaHHs. [IpoTsirom reonoriuHoi icropii 3emii
nopsii 13 3HaYHUM MEPEMIIIEHHSIM MAarHiTHUX MOJIIOCIB
HEOJHOPA30BO 3MIHIOBajacsa iX MOJSAPHICTh. B Hamry
€noXy y MIBHIYHIM MIBKYJ1 3HAaXOAUTHCS TMIBJACHHUN
(Bim’€eMHUI) MArHITHMM TIOJIIOC, a B TIBACHHIM —
MIBHIYHUN  (MO3WTUBHUM). MarHiTHi  CWJIOB1  JiHIT
BUXOJIATh 13 TO3UTUBHOTO 1 BXOJSTh Y B €EMHHI
MOJIIOC. AJle MAarHiTHI MOJIOCH NPUMHSATO HA3UBATH Y
BIIMIOBITHOCT1 13 TIBKYJICI0, B SKIA KOXHHUH 13 HHX
3HaxoAuThca. CIOCTepeKeHHSI 3a 3MiHAMU MAarHITHOTO
moiass  3emull  3OIMCHIOETBCS — CIOYKOOI0  3€MHOTO
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P’

Puc.1 I'eorpadiuna i reoMmarHiTHa cucteMa KOOpAUHAT
P, P.” — reorpadiuni nomtocu 3emii,
P, P, — reomarsirui nontocu 3emi,
E.QCE, Q" — reorpadiunuii ekBaTop,
E.QBE, Q" — reomaraiTHuii eKkBatop,
5

P.ACP,” — reorpadiunmii MepHmiaH, IO HPOXOIUTH 3
4yepes TOUKY A CIIOCTEPEKEHbD,

P,ABP,” — reomar"iTHu# MepuaiaH, IO IPOXOJUTH
4yepes TOUKY A CIIOCTEPEKEHbD,

P.GQP." — mouaTtkoBuii [ puHBIIIbKUA MEpHU/IIaH,

O — CXUJICHHSI MarHITHOI CTPLJIKH,

P=90"-¢.; P'=90"-¢,; L AA=P,P.A.

(6]
Puc. 2. IlontocHuN TPUKYTHUK

['eorpadiuni KOOpPJAWHATH naboparopii, AKa
posramoBana |y  wMicti  PiBHe = @:,=50°45,0 1w
Aa=26°07,5"c,. (b1 1 nsaMOma reorpadiuHe TOYKHU
A).Ilpuiimatroun 10 yBaru, IO J0Brora JjadopaTopii
piBHa 26°07,5'.,, a J0OBrota MepujiaHa, Ha SIKOMY
pO3TAIIOBAaHUM T'eOMarHiTHUM Tmomtoc P, JgopiBHIOE

Ao =10023"5
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A =A1on+A,=100°23"+26°07,5'=126"30,5".
[lontocHuii enemMeHT ayru reorpadiuHOro MEpUIiaHy p
PO3paxoByeThCs 3a HOPMYJIIOIO
p=90"-0r. (1.1)
1 B HAIlIOMY BUIAJIKY
p=90°-50°45,0'=39°15,0".
Cxopucraemocs TEOPEMOIO KOCHHYCIB JUTST
chepuunoro TpukytHuka P P A:
KOCHUHYC CTOPOHU C(EpPUYHOTO TPUKYTHUKA JTOPIBHIOE
NO0OYTKY KOCHUHYCIB JBOX JPYTMX WMOro CTOpIH, ILIIOC
T0OYyTOK CHHYCIB THX JK€ CTOpIH, TOMHOXXEHUX Ha
KOCHHYC KyTa MK HUMH.

COSP '=COSECOSP+SINESINPCOSAL. (1.2)
abo

p '=arccos[cosecosptsinesinpcosAA].  (1.3)
I B Hamomy BUMmaaxky
p’'=arcos[cos11,5°c0s39°15 +sinl11,5°sin39°15"
cos126°30,5]=46,85868505°=46°51"31,3".
Tenep y Hac 3’ABISAE€THCS MOKIUBICTh BU3HAUUTH KYT
O M Mar"iTHUM 1 reorpapiuHuM MepujiaHaMu B TOYIII
A, TOOTO TOCTIHHY CKJIaJOBY CXHWJICHHS MAarHiTHO1
CTpUIKU. JIJs 1bOTO BUKOPHUCTAEMO TEOPEMY CHUHYCIB,
sKa y BUMIAIKY CPEepUIHOTO TPUKYTHUKA (hOPMYITIOETHCS
HACTYTTHUM YHHOM :
CuHycH CTOPIH IPOIOPIIHI CHHYCaM KYyTiB, TOOTO

sin o si1'1 Aﬂ." (1.4)

sin ¢ sin~ p

7

[Ipu npomy
sin ¢ sin A A

T .
sin sn pl (1.5)
abo
. | singsin AA
5:arcsm{ — } (1.6)
sin p '
Tomi
. | sin11,5°sin126°30,5'
O = arcsi . =
sin46,85868505°

=12,68639607° =12°41"11"0.

Buznaunmo Kyt A’

sinA’ _ sinAA
sinp  sinp’ (1.7)
[Ipu upomy
: sin psin AL
sinA' = p —, (18)
sin p :
abo
. | sin psin AA
A" = arcsin p — |. (1.9)
sin p :

I B Hammomy BUMaaxy
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i °15'si ° , Ap= reorp.” YmarH
1’ = arcsin sin39°15'sin126°30,5 _ O=Preorp.-Priars.

sin 46,85868505° I B HamomMy BUmazixy:

4418354444 — 44°1 1 00.76" Ap=50"45,5"-43°08"28,7"=7°46"31,3".
- - > 1M TakuMm 4YMHOM, Ha OCHOBI MPOBEJAECHUX TEOPETUYHUX 1
I KOHTpOJIbHE BU3HAYCHHS MPaKTUYHUX JOCTIIKEHb, HAMU:

sind  sin A’ 1. BcranoBieHa pi3HHMIS JOBFOT MDK ITOJIOKEHHSIM
) - . ) (1.10) MarHiTHOTo mnostoca 3emii 1 nadopatopii M. PiBHe

Sing - sinp AA=126°30,5".
TOJI 2. BuBegena Qopmyna uisi po3paxyHKy MOJSPHOT
: singsin A’ Biggani P’ Oyab-sKOi TOYKM CIIOCTEPEKEHHS Ha

sino = T snp (1.11) 3eMHIM KYJIi.

p 3. Orpumana ¢opMyna ajis BU3HAYEHHS MOCTIHHOT
abo CKJIQJIOBOT CXWUJICHHS MAarHiTHOI CTPUIKH O mJIs
5 — arcsin singsin A’ OyAp-sIKOi TOUKHM CHOCTCPEXCHHL Ha 3emni i
sin p ’ (1.12) BCTAHOBJICHO, IO Uil Hamoi Jjaboparopii

0=12°41"11,0".
! _ _ 4. BueaeHna popMyina KOHTPOJBHOTO PO3PAXYHKY O.
S5 arcsin|: sinl1,5°sin 44,183544440} _ 5. IlpuBenena Qopmyna po3paxyHKy KyTa A Mix
sin39°15’ HAIMPSIMKOM MEpHiaHy, IO THPOXOAUTH depe3

— 12.68639607° = 12°41'11.0" MarHiTHUM 1 reorpadiuHuil mojocu 3emii 1
’ T MEpHUIIaHOM OYAb-sIKO1 TOUKH 3eMJII.
. BcraHoBnena reomMarHiTHa IHpoTa Jaboparopii
S ¢y =43°08°28,7" 1 pi3HHI MHUPOT reorpadpiyHoi
Pn=90"-P", (1.13) reoMarHiTHOi Ap=7°46"31,3".
1 B HAIIOMY BHUIIJIKy T€OMAarHiTHa IUpoOTa Jlaboparopii
Mmicta PiBHe Oyne:

Pup.=90°-46°51"31,3"=43°08"28,7".
PizHunsg mupoT reorpadivyHOi 1 F€OMAarHiTHOI TOYKH
CIIOCTEpEKEHHS Oyie

I'eomarniTHa  mMMpPOTa  TOYKH  CIIOCTEPEIKCHHS 6
3HaXOJAUTHCA 3a (HOPMYIIOLO:
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2. BUBHAYEHHA A3MMYTAI BIJJAAJII MDX
JABOMA CTAHUIAAMU CITIOCTEPEXEHD.

P,

Az
AR
B,
D ¥ TN\B
|,
X

R
A~

- — — —

¢B ! E,

P,

Puc.3. Koopaunatu cranuiii A 1 B Ha 3eMHIi Kyl

CrocTepekeHHsl €JIEMEHTIB 3€MHOr0 MAarHeTU3My
MIPOBEJIEHO B TOUI A, MOJOKEHHS SIKOT HA 3eMHIM Kyl y
cpepUYHUX  KOOpJAMHATAaX  OJHO3HAYHO  33JAETHCS
reorpadiyHOI0 JIOBIOTOIO A 1 TeorpadiyHO0 IMIUPOTOO
¢@a (muB. puc.l). momokeHHS TOYKHM B Ha 3eMHIN Kyl
BHU3HAUYAETHCA JIOBIOTOIO Ag, A€ A — 1€ JBOTPAHHUUN KYT
MDK TUJIOIIMHOIO OYAaTKOBOTrO ['pUHBINBKOTO MepUIiaHy
1 Mepuaiany Touku crnocrepexeHHs (y Hac P.GQP, —
novyatkoBuit mepumaian, PLACP. — Mepumian touku A,
P.BJIP. — mepunian touku B). Ha puc.l E.QCIE, —
reorpadiuHuil eKBaTOP.

11

BusHAaueHHS Biajaii i a3uMyTa MK IBOMa TOUKAMH, 3
3aJlaHMMH  KOOPJMHATAMM, HAa3UBAETbCA OOEPHEHOIO
reoJIe3NYHOI0 337aueto. Po3poOMMO METOAUKY pILIEHHS
TOJIOBHO1 00EpHEHO1 Ie0e3NIHO1 3a1a4l.

Posrnsinemo chepuunuit Tpukytuk P.AB. Binomumu
eJeMeHTaMu Oyzie pI3HULA JOBIOT

AN=Ag-Aa (2.1)
1 IOJIKOCH1 B1AgaJI1

PA:90°'(PA, (2.2)

Pr=90- Pg. (2.3)

Heo06xinHo Bu3HauuTH reorpadiuauii a3suMyT A; (KyT
MDK HampsMKOM TeorpadiuHOro MeEpUiaHy TOYKHU
crioctepexkeHHds A 1o HanpsmMky AB, B sgkomy
3HaXOJAUThCA CTaHIig cHocTepexkeHHs B), a Takox
Bignainbs AB=D.
CxopuctaBmuch  (opMysow0 KOCHHYCa CTOPOHH
c(hepruyHOTO TPUKYTHHUKA, 3aITUIIIEMO
cosD=cosP pcosPgt+sinPsinPgcosAL  (2.4)
Koopaunatu cranuii cnoctepesxkerns B Toulll A (PiBue)
Pa=50"35"; Aa=26"07,5".

Koopaunatu cranuii cnoctepexkerHs B Toulll B (Kui)
@p=50"27"; Ag=30°30,0".

Pi3HuII 1OBrOT Npu IbOMY Oy/1€
AA=30"30,0"-26"07,5'=4°22,5",

a TOJISIPHI Bl
PA=90°"50°35"=39°25",
Pg=90°50°27'=39"33",

12
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g [Tpusenemo popmyny (4) 10 po6OYOro BUTIISALY
D=arccos[cosPscosPg+sinP 5sinPgcosAL].(2.5)
VY 3aranpHOMy BUTJIsA1I GOpMYyNa pO3paxyHKy Bijaai
Ha MOBEPXH1 36MHO1 KyJ1 Oye:
D=Karccos[cosP,cosPg+sinP,sinPgcosAL].(2.6)
ActpoHomu BupaxaroTb D B rogumnHax. llpm mpomy
K=15. reome3uctn 1 reodi3ukd BUpaxaloTb D B
kinomerpax. Tomi K=111,13 kM. B maremartumi npu
pimieHHi 3aga4 chepuyHOi TPUTOHOMETpii Bimgans D
BU3HAYAETHCS B KyTOBIM Mipi 1 K=1.
B namomy Bunaaky:
D=111,13arccos[cosPscosPg+sinPssinPgcosAr]. (2.7)
Toni

D=111,13arccos[c0s39°25'c0s39°33 "+s1n39
°257sin39°33"c0s4°22,5"]1=309,4579292
kM.=309457,9292 wm.

[Ipu Oe3nocepenHbOMY MpeACTaBICHHI MUPOT (Oe3
MONEPEAHBOTO  PO3PAXyHKYy  TMOJIOCHMX  Bijjayiei)
dhopmymnu (5,6 1 7) OyayTh:
D=arccos[sin@ssin@g+cos@coS@gCOSAL].

(2.8)
D=Karccos[sin@sin@g+cos@,cos@gCosAA].
(2.9)
D=111,13rm.arccos[sin@asingg+
+COSPACOSPRCOSAA]. (2.10)

Ha ocHOBI TeopeMU CHHYCIB 3aMUIIEMO

13

sin A, sin AA

9

sin P, sin D
abo
: sin P, sin AL
SlnAl - 3 . (211)
sinD

TakuM 4yMHOM, a3suMyT A; MOXHAa pPO3paxyBaTH 3a
dhopmyioro:
' . Sin P, sinAA
A = arcsin[——2 I, (2.12)
sin D

ne Bigganbs D HeoOXiIHO BUpa3UTH B KYyTOBIH Mipi,
TOOTO

o _ D—’W
= - ,13 . (2.13)
B nHamomy Bunaaky
Do — 309,4579292m[ — 2,7846479730 = 2047r
l l 1913mt
Tomi
, . sin39°33'sin4°22,5
A - arcsm[sm39 33'sin ,d 1=

sin 2,784647973°
= 88,94593678° = 88°56'454".

IIpu mpencraBneni mnonspHoi Biggani Pg  depes
IMpPOTY, (bopMyJIa (12) nabyne Burnsny
cos @ sin AA
2.14
sin D ) ( )

14

A1 = arcsin[
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Heo6xinno BiaMiTUTH, 110 0 popmynam (12) i
(14) Bu3HayatoTh Juile pymo a3uMyTa, TOOTO
TOPU3OHTAIBHUN KYT MK HAMOIMKUUM KIHIIEM
. Mepujiana (miBICHHUM a00
8 mrigHigaMM) 10 HaINpsMKy Ha JaHy
TOuKy. Pym0 BupaxaeTbcs B
Mesxax Big 0° 1o 90°
(To0TO € TOoCTpUM
KyToM).Dopmynu
O Tiepexony Bit pyMOiB

710 a3UMYTIB OYIyTh
AIZI’I , (2 N 5)

A2:180°— 1o, (216)
. In A3: r3+180°, (217)
Puc.4 Pym6 1 azimytn A=360°- 14, (2.18)

Y dopmynax (2.15)-(2.18) inpekcamu 1,234
MO3HAYEHI YETBEPTI Yy SKUX 3HAXOJIUThCS CcTOpoHa D
(Bimmanp M Toukamu A 1 B).

Bennunna pymba  XapakTEepU3YeTbCsl HE  JIMIIE
BEJIMYMHOIO, alie 1 Ha3Bowo. Tak, pymMO r, y mepiiii
YeTBEPTI Ma€ Ha3BYy ,,IMBHIYHUN CXIi7~ 1 MO3HAYAETHCS
[T1.Cx.; pymMO y Apyriii 4eTBEpTI Ma€ Ha3BY ,,MIBJICHHUM
cxin” 1 nmo3Havaetbes [1a.Cx.; pym0O y TpeTiii yeTBepTi
Ma€ Ha3By ,,MMBASHHUN 3aximx”’ 1 mo3Hadaerbes I11.3X.;
pyMO y dUeTBEpTIM dYETBEPTI Ma€ Has3By ,,MTIBHIYHUH
3ax1x’”’ 1 mo3HavaeTwes 11H.3X..

[Ipu pospaxynky no ¢opmynax (2.15)-(2.18) ciuin
Opatu po3paxoBaHui pyMO 1o Moaynr0 (abCOMIOTHIN
BEJIMYMHI) 1 MACTABISATU Yy popmyinu (2.15)-(2.18).

15

@opmynu nepexony BiJ a3UMYTIB A0 pyMOIB
BUTJISA:

r=A; [1n.Cx. (2.19)
A2 1'2:180°-A2; HI[.CX. (2.20)
1;3=A3-180";I11.Cx (2.21)
r4=360°- Ay; ITH.3X. (2.22)

[IpuBenemo e oaHy ¢GopMmylny s BHU3HAYEHHS
azumyTa

’ sinAAd
A =arct

cosQ tgp, —sing, cosAA | (2-23)

I B Hamomy BUnmaaxy
' sin 4°22,5'
A, =arctg , —— - - | =
c0s50°35'1g50°27" —sin 50°35' cos 4°22,5

= —88,94593669° = —88°56'45,5".

ToOto, po3paxyHku 3a dopmynamu (2.11) 1 (2.23)
Ja0Th
OJIHAKOB1  pe3yJbTaTH, IO CIYKUTh BHYTPIIIHIM
KOHTpOJIEM po3paxyHKiB. [IpoanaizyeMo pe3ynbTaTy.
CnouaTky po3paxy€eMo PI3HUIIO MIUPOT TOUOK A 1 B

AQPBA=Pp-0 A, (2.24)
B HAIIOMY BHITAIKY
Ap g A=50°27"-50"35"=-0"08".
ToOTo, pyMO BH3HAYAEMOTO HANMPAMKY Ma€ Ha3By
., J1liBapeaHnit Cxin”.

Tomy azumyT Hanpsimky PiBHe-KuiB Oyne:
16
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A1=180°-88°56'45,4"=91°03"14,6".
3unalineMo kyT B. 3a Teopemoro cuHyciB
sin B sin A4,

. - . ’
sim P, sin Py

3BIIKH
: sin P, sin A
sin B = _A L . 2.25
sin P, (2.25)
B . | sin P, sin 4,
B= arcsm{w} (2.26)
abo
.| cos @, sin A,
B = arcsin . (2.27)
COS @y

B namomy Bunaaxy
c0s50°35'sin91°03'14,6"
cos 50°27'

B= arcsin[ } =85,56860597°

=85°34'06,98".
Po3paxyemo oOepHennii pom6 A,
4 " aret sin AA
? & COSQ,1gQ , +sin@, cosAL | (2.28)

' sin4°22,5'
A, =arct , — , - | =
g{—00550027 1g50°35 +s1n50°27 cos4°22,5 }
—85,56860413° = -85°34'06,97".

17

[IpuiiMaroun 10 yBaru, mio o0GepHEHUH pyMO JIEKUTD ) 2
YEeTBEPTIA YEeTBEpTi 1 Ha3Ba pyMOy ,IliBHiuHmit 3axin”,
TO

A, = A, +360°=360°-85°34'06,97" = 274°25'53,03"

Sk Oaunmo, A,’=B, 1m0 sABISETbCS BHYTPILIHIM
KOHTYpOM OOYHCIIEHb.

18


http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx

3. BUBHAUEHHS KOOPJUHAT CTAHIIII

CIIOCTEPEXEHHA

3a BIZOMUMHU KOOpPAMHATAMH MYHKTY A (Qa,Aa),
JOBXKUHI CTOPOHM CPEpUYHOr0 TpPUKyTHUKA D 1
a3uMyTy A;| HEOOXIJHO BHU3HAYUTU KOOPIUHATU (p,Ap
CTaHIli crmocTepekeHHsA. Ska 3HaxoauThcs B Touli B
36MHOI KyJl, TOOTO poO3B’s3aTU MpsIMYy  TOJIOBHY
reo/Ie3UYHy 3ajJla4y Ha oBepXHi 3emii (IuB. puc.l).
Po3paxoByeThesa chepuyna Bigmans D° y KyToBiit Mipi
[36,-¢.33]

po=2
T K (3.1)
T =ctgD°cos @, —sin @, cos 4,, (3.2
g=ctgD’sinpA+coSQACOSA;. (3.3)
in A
AL = arctg [sm 1}, (3.4)
T
Ay = A, +AA, (3.5)
@, = arctg = 1 . (3.6)
SinA, sin A4 + pcosAA | '
A, = arct sin A4 | 37
& Sin @, cOSAL —1g¢p, COsQ, | - G
I B Hammomy BUMaaxy
D° = 309{151719;292 =2,784647973° = 2°47'04,733"

19

1=ctg2,784647973°c0s50°35"-sin50°35"-
sin50°357c0s91°03714,6"=20,55938804*0,6
34955265-0,772548905(0,018395702)=
=13,06850326,
q=ctg2,784647973°sin50°35 +c0s50°35 cos
91,03714,6"=20,55938804*0,772548905+0,
634955265*(-0,018395702)=15,7145227,

AL :amg{smm 03'14,6 }:

13,06850326
=4,375000118° = 4°22'50,07",

As=26°07"30"+4°22730,00"=30°30"00",
15,87145272

Qg=arc g =

sin91°03'14,6"sin4°22,5" +13,06850326c0s4°22,5'
=50,45000051° = 50°27'00,00".
KonTposib po3paxyHKy WMIHPOTH @, BHUKOHAEMO 3a
dhopmyIior
cos P, =cosP,cos D+sin P;sinDcos 4;,  (3.8)

sin@, =sin@ , cos D+ cos® ,sin Dcos 4,, (3.9)
i

Py = arcsin[singoA cos D +cos¢g, sin D cos Al]. (3.10)
B namomy Bunaaxy

sin 50°35'c0s2,784647973° + cos50°35’ *} B

*sin 2,784647973°c0s91°03'14,6"
=50,45000038° = 50°27'00,00".

Yy = arcsin{

20
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Takum umHOM, po3paxyHku 3a ¢opmynamu (3.6) 1
(3.10) npuBOAATH 10 OJTHAKOBUX PE3YJIbTATIB, 110 1 OyIe
BHYTPIIIHIM  KOHTPOJIEM  PO3paxyHKiB.  3OBHILIHIM
KOHTpPOJIEM BIPHOCTI TEOPETHUYHHX BHUKIAIOK Oyje
MOPIBHAHHS  IIUPOTH 1 JIOBFOTH 3  BIJIOMOIO:
ep=50°27"00,00" 1 Ag=30"30"00".

OOGepHeHU a3uMyT PO3PAXOBYETHCS 3a (HOPMYJIOIO

(3.8)
' sin 4,375000178°
A, =arctg| — - - - | =
sin 50°27"cos4,375000178° —1g50°35 cos50°27
—85,56860417° = —-85°34'06,98",
[lepexonsuu Big pymOa A,” 10 a3uMyTa, OTPUMAEMO

!
A, =360°— A, =274°25'53,02".
KontponbsHe 3HaueHHST 00EPHEHOTO a3UMYyTa
A, =274°25'53,02".

Ham HeBimoma miTepaTypa B sIKiii BCTaHOBIIIOBABCS O
(GyHKI[IOHANBHUN  3B’SI30K MK  reorpagiyHol0 i
r€OMAar”iTHOIO CUCTEeMaMU KOOPAUHAT.

B naniii po6oti ust mpobiiema BHUpillleHA HE JUIIE B
TEOPETUYHOMY AaCMEKTi, ajie po3poOiieHa METOAUYHO 1
UTIOCTpOBaHe  mpakTuyHo. Bona  roroBa  mis
MPAaKTUYHOTO BUKOPUCTAHHS 1 MOXE OyTH KOPHUCHOIO
JUISL CTYIEHTIB 1 acHipaHTIB BIAMOBIIHOTO MPOQLIIO.
I'eodizuku 1 reo1e3UCTU MOKYTh BUKOPUCTOBYBATH 1i B
CBOil MPaKTUYHIN JISTIBHOCTI.

21

4. BCTAHOBJIEHHA 3AJIEXXHOCTI MK
KYTOM HAXWJTY MATHITHOI CTPUIKU 1
I'EOMAT'HITHOIO HIMPOTOIO ITYHKTY
CIIOCTEPEXXEHHbD.

IcHye (yHKIIOHAIBHA 3aJIEKHICTh MK KyTOM HAXUITYy
MAarHiTHOI CTPUIKM V 1 CIIBBIIHOIICHHS CKJIaJ0BUX
IHAYKIIM B TyHKTI CIIOCTEPEKEHb

B 4
tgv = , 4.1)
B,
ne B, — BepTukaibHa CKJa0Ba 1HAYKI[i T€OMAarHiTHOTO
I0JIA B IIYHKTI CIIOCTEPEKEHbD;
By — ropuzonTanbHa CKI1a0Ba IHAYKIIIL.

[IpencraBumo Gopmyny (4.1) y Burisiai

—_ t BZ
vV =arctg B, | (4.2)

3 Jpyroi CTOpPOHH, ICHYE BaICKHICTD Qyar 1
CHIBBIIHOUIEHHSIM  CKJIAQJOBUX IHAYKLII B IIYHKTI
CIIOCTEPEKEHD

g, = 5. : 4.3)
2B,
[IpencraBumo Gopmyny (4.3) y BUrIs I
B,
Py = arctg{ 2B, } (4.4)

[Mogamo dopmyny (4.3) y Burisai

22
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B
2t¢ ¢, = BZ ) 4.5)
H

Ananizytoun dopmynmu (4.1) 1 (4.5) nmomitTumo, IO
MpaBi YaCTUHU JNaHUX (OPMYJ OJHAKOBI, IO JA€ HaM
MPaBO MPUPIBHSTH JIIBl YACTHUHHU.

gV =21g¢, . (4.6)
Toni, oTpumMaeMo

V= arctg[2tgg0M ], 4.7)
1

1

18Pu =§ng, (4.8)
abo

@, = arctg[O,Stgv] (4.9)

®opmynu (4.7) 1 (4.8) BCTAHOBIIOIOTH (PYHKIIIOHAIBHY
3JIEKHICTh MK KyTOM Haxwujly MarHiTHOI CTPIYKH V Ha
MYHKT1 CIOCTEPEKEHb 1 T€OMArHITHOI) IIHPOTOIO (yar.
JAHOTO MYHKTY.

Tak, Hanmpukiag, MPU MACHITHIA I[IUPOTI MYHKTY
crioctepexkeHb Oy=43°08,5’, Mar"iTHa CcTpijaka MOBUHHA
HaXUJIUTHUCS HA KYT
v=arctg[2tg43°08,5"]=61,9185885°=61°55"06,92"

Kyt Haxuiy MardiTHOi CTpPUIKM BHU3HAYAlOTh 34
JIOTIOMOTOI0 TIPUJIaly, SIKUI HA3UBAETHCS 1HKIIHATOPOM.
[nkminatop sBisie c000I0 Mar”HiTHY CTPUIKY, IO BUIBHO
00epTaeThbCsi HABKOJIO TOPU3OHTAIBHOT OCI.

Ham HeBimoma mniTeparypa B sIKii BCTaHOBJIIOBAJIUCH
O0u QyHKIIOHAJIbHA 3aJIEKHICTh MK KYTOM HaXUIy

23

o 101 2001 30°" 40l s00l 60! 7000 80! 90
PI/IC.g . Fpa&)uc 3aIIeK

HOCTI KyTa HaXWJIy MarHiTHOi CTPUIKH V BiJl

T€OMarHITHOI IUPOTH IMYHKTY CIIOCTEPEIKEHD Pyar.

MAarHiTHOI CTPIJIKU 1 TEOMarHiTHOK IIMPOTOIO MYHKTY

CIIOCTCPCIKCHD.

24
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BiJl TEOMAarHiTHOT IIUPOTHU Qyar-
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5. AITPOKCUMANIA 3AJIEXKHOCTI
BEPTHUKAJIBHOI CKJIAZIOBOI B, IHAYKIIII
MAT'HITHOI'O ITOJIA 3EMUJII BI
TEOMATHITHOI IHINPOTU

Jnst BuBomy (OpPMYNHM 3alIeKHOCTI BEPTUKAIBHOT

CKJIaJIOBOi MATHITHOTO TMOJs 3eMJli BiJl T€OMarHiTHOL

IIUPOTH CKOPUCTAEMOCS METOJIUKOIO, PO3POOJEHOI0 Yy

[17].

[To6ynyBaBmu rpadik, IPUXOJUMO A0 BHUCHOBKY, IO

EeMIIPUYHY (QYHKIIIO CIIIJT IIyKaTH Y BUTIISAI1

B,=a+bp+ce’, (5.1)
ne a, b 1 ¢ HeBimomi Koe]ilieHTH, sKI HEOOXI1THO

BU3HAYUTU 1 () 3HAUEHHS MAarHiTHOI IIMPOTHU, HA SIKIH

BU3HAYalOTh B,, BUpaxeHa B rpagycax i JoJsIX rpajayca.

B 3aranpHOMY BUTJIAL

y'=a+bx +cx’. (5.2)

[IpuBenemo 3Be/IeHy TaOIUIIO AMPOKCUMAIIII.
Tabmus 1.

9 |9 6.617-10 " 6,517 +0,100 | 0,01

Y =35,807 +0,015 | X =0,048605

2
Ne | QuaX | Birecna=y , Hporx 2 | Visy-y’ Vi
oo | (tpamyen) Vv =a+bx+cx l
[ 000 |0 0.05510" 20,055 | 0,003025
2 | T0288 | {34610 1,383 20,037 | 0,001369
3224955 | 568610 2,563 70,123 | 0,015129
¥ 337527 | 366010 3,594 70,068 | 0,004624
545000 | 448410 4476 70,008 | 0,000064
6 | 562536 | 5 15810 5,195 20,037 | 0,001369
7 [ 67,5046 | 560410 5,794 20,100 | 0,01
8| 787525 | 607510 6,230 20,055 | 0,003025

27

Cepenre 3HauenHs B,=[35,807/9]-10°=[3,9785]- 10~ 1.
AnpokcuMallilo mpoBeleMo MO Crnoco0y HaMMEHITUX
KBaJpaTiB, BHUMAaralouM MIHIMAJIBHOTO  BIIXUJIECHHS

. 2 .
KBaJpaTiB V;,” pO3XOKEHb Pe3yJbTaTiB, PO3paxOBaHUX

i
3a OTPUMAaHO (QOpMYJOI0 Yy’ 1 3HAYEHHSIMU Y, MOpH
BBEJCHUM Yy TaOJIHUIII.

I[Ipy wuboMy HaM HEOOXiTHO pIIIUTH CUCTEMY
HOPMaJIbHUX PIBHSHbD:

an+bX X, +cX X’ =3Y

i=l

aXX +bI X +cI X =3 XY,
T (5.3)

n n n n
aX +bI X +cI X' =32 XY,
i=l i=l i=l i=l
Po3B’si3aBIIM  1aHy CcUCTEMY HOpPMalbHHUX PIBHSHb,,
Oynu  OTpUMaHl  CHIAYIOYM  3HAY€HHS  IIYKaHHUX
KoeilieHTiB a, b ic
a=0,054983643; b=0,124694863; c=-0,000587725.
TakuM 4YMHOM, HaMH OTpuUMaHa (opMa pO3paxyHKY
BEPTUKAJIBHOI CKJIAJOBOI 1HAYKIIi F€OMAarHiTHOIO MO
3emuti BiJf TEOMArHiTHOT IUPOTHU

B,=[0,05498+0,12469¢,,-0,00059 ¢,2]-101,(5.4)

28
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\ Pesynbrati anpokcumaiiii mpuBenaeHi B Tabmwuii 1
BUpa3OM ) =a+bx+cx’. [lpum 1bOMYy B poO3paxyHKax
Oynu B34T1 BC1 3HaKM y KoedirieHTax a, b 1 c.
[IpuBenemMo OIIIHKY TOYHOCTI PO3PaxyHKIB IO
BUBeIeH1 HaMu dopmyii (.4).
Cepenns kBajgpaTHa moxuOka po3paxyHky B, 3a
dbopmynoro (.4) oyne

2
_ EV,-I _ /0’0488605-10‘5:O,O78-10_5:7,8-10_7mem
-

['pannuna noxubka ckiagae
A, =3m, =234-107

Bignocna noxuOka po3paxyHkiB 3a ¢popmyioro (.4) Oyne

Aou=my IB, =78107/3978510° :0,0196:5—10.

IOH

A00 B mpoleHTax
AY=A 1000, =29,

ANpOKCHMAIisi BHKOHAHA 3a IPOTPAMOK0  [5X°]
nporpaMmoBaHoro Mikpokanbkyisitopa CITIZEN SRP-
350.

[HCcTpyKIIIS
1. HarucHyBmn kiaBimy made, BXOJUMO B MEHIO
Mporpam.
2. Bubupaemo nporpamy 1STAT,ninBoasuu Kypcop.
3. Hartuckyemo knaBimy Enter, BXoAs UM B MiJMEHIO
Mporpam.

4. BubupaemMo mporpamy 2 reg 1 HATUCKAEMO

kiaBimy Enter.

BIOM.

29

S

*

[TinBoMMO Kypcop Mmia Oporpamy [5x7].
Hatuckyemo knaBimy Enter.
HaTtuckyemo knaBinry data, 1 13 TpbOX OIILIII MEHO
BubOupaemo DATA-INPUT.

Hatuckyemo knaBimy Enter.

[lonapno w©Habupaemo mapamerpu X; | Y,
HAaTHUCKAOUU Kypcop | (CTOpiHKY BHHU3) JUIst
HaOOpy HOBOT'O IapaMeTpa.

10.HabOpaBmu Bci mapameTpu, HATUCKYEMO KIIABIITY

2nd 1moTim KiaBimny statvar.

11.Ilporpama BUKOHY€THCSI aBTOMATUYHO 1 uepes

JIEKUIbKa CeKyH/1 OyAyTh TOTOBI PE3yJIbTATH.

12 ITigBoasium Kypcop mia 3Hak Y, HaTuckyemo Enter

1 HaOupaeMo ¢akTopHi gaHi X; 1 3YUTYEMO
PO3paxyHKOBI JJaHi JIJisi KOHTPOIIO Y.

30
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6.ATIPKCUMALIA 3AJIEXKHOCTI
T'OPU30OHTAJIBHOI CKJIAJJOBOI IHJIYKIIII
MAT'HITHOI'O T1OJIA 3EMUJII BIJ]
TEOMATHITHOI IIUPOTMU.

[lo Tii1 ’Xe MeToauLl almpOKCUMYEMO 3aJEKHICTh
TOPU30HTAIBHOI CKJIAJ0BOi 1HAYKIIi MAarHiTHOrO MOJIs

3eMJ1i BiJi FT€OMarHiTHOT ITUPOTH.
Tabmus 2.

rJJn ([;JM;)E Y=Byqy |V =a+bx+cx’ | VYV y?
1|0 3,409-10° | 3,536°107 0,127 10,016129
2 111,25 | 3,384 3,331 +0,053 | 0,002809
3 1225 3,243 3,056 +0,187 | 0,034969
4 133,775 | 2,740 2,711 +0,029 | 0,000841
5 |45 2,242 2,295 -0,053 | 0,0002809
6 |56,25 |1,723 1,808 -0,085 | 0,007225
7 1675 1,179 1,250 -0,071 0,005041
8 [78,75 | 0,614 0,622 -0,008 | 0,000064
9 190 0 -0,076 +0,076 | 0,005776

y 18,534-107 30,001 |30,075663
B pesynbTaTi po3paxyHKIiB OTpUMAaHl 3HAYEHHS
Koe(IIIEHTIB

a=3,535612121; b=-0,015008119; c=-0,000279186.

1 hopmyIia Ma€e BUTIISIA

B, =3,535612121-0,015008119%, —0,0002791860>. (6.1)
CepenHs kBaapaTHa mTOXHOKa  pO3paxyHKy 3a

dbopmynoro Oyze:

2
—_— [ty _ [0,075663 oS -
-1 8

=0,097 -10 °r =9,7-10 'n,

31

['pannuna noxubka
_ _ -6
A, =3m, =291-10",
Binnocna noxu6ka

m 107
A, = 2OV g 13007
"B, 1853410

Hep
9

Aeic)H. % - AgiOH ) 100% - 14913%

32
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7.ATIPOKCUMALIA3AJEXXHOCTI THJYKIIT
I[OJIAA OAHOPIIHOT'O HAMAT'HIYYBAHHA
3EMHOI KYJII BIJI TEOMATHITHOI LIMPOTH

AHAJIOTIYHO TMPOBEJIEHA AampoKCHUMAIlisi 1 OTpUMaHa
dbopmyna ayist po3paxyHKy 1HAYKIT Bt MaruiTHOro moss
3eMJ1i BiJl IIUPOTH.

Tabmuns 3

Ne | on=X | y=B,q;, |y =a+bx+cx’| V=YY V?

/1 | payen (rpagycu)

1 |o 3,409:10” | 3,342:10” +0,067-10 | 0,004489

2 11,25 | 3,642 3,759 -0,117 0,013689

3 22,5 4211 4,175 +0,036 0,001296

4 33,75 | 4,574 4,588 -0,014 0,00196

5 45 5,013 4,999 +0,014 0,000196

6 56,25 | 5,438 5,408 +0,030 0,0009

7 67,5 5,815 5,814 +0,001 0,000001

8 78,75 | 6,206 6,219 -0,013 0,000169

9 90 6,617 6,621 -0,004 0,000016
>0 30,020952

BceranoBneH1 koedilieHTH anpoKCUMY0U01 (yHKIIIT
a=3,341751515; b=0,037214276; c=-8,62°10°,
3aranpHa (popmysia IEpPEexXoay Ma€e BUTIIS

B, =3,341751515+0,037214276¢p, —8,62-10°¢2. (7.1)

Cepennst KBaJpaTM4yHa IOXMOKa m, PO3PAaXyHKy 3a
dbopmyIioro

’ 2 ’
mBT _ ZVI _ 0,025959 — 0’051 1 . IO—STJ — 5’1 1 . 10777’,1.
n—

['pannuna moxubka:
A, =3m, =3-511-107 =1,53-10"7,.

BigHocHa moxuoOka:

33

m .107°¢
A, =—%= 153 10_5 =0,03066=iTﬂ.
' BTcp_ 499-10 32
BinxnocHa moxuoka B %:
0/ _ 0/ _ o
A %=A_ —100%=3,06°.

34
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8. AITPOKCHUMALIA 3AJTEXKHOCTI MAT'HITHOI'O
MOMEHTY 3EMHOI KVYJII BIJI IIUPOTU
[loObynyBaBmm  rpadik  3ai1€KHOCTI  MAarHiTHOTO
MOMEHTY BiJ IIMPOTH, NPUXOAUMO JO BHCHOBKY, IO
EeMITIIPUYHY (QYHKIIIO CIIIJT IIyKaTH Y BUTIISAI1

3 2
M = a3(0/14 + aZ(DM + algpfw + aO' (8.1

[Tpu po3podiii nporpamu Ha MikpoEOM npuiimemo 10
yBaru piBHOMIpPHE pO3TalllyBaHHs BY3J1iB allpOKCUMAIIiT 1
npeACcTaBUMO (PaKTOPHUM apryMEHT y BUTIISII

Z2=¢0-0.=0—(0,=9,)/2. (32
B nanomy Bunaaky dbopmyna (8.1) Oyne
MZ)=a,Z’ +a,Z2’ +a,Z +a,,  (83)
Tie o, 0, O, 03, — HEB1IOM1 KOE(IIIEHTH, K1 HEOOX1THO
BU3HAYMTH 110 CIOCO0Y HalMEHILINX KBaIpPaTIB.
[Iporpama po3paxoBaHa Ha ampoKCHMaIlio ¢GYHKIIIT
M(@) 3 HOBUIBHUM 4YHCAOM MmM>3 PIBHO BIJACTOSHUX

BY3IIB @y, Q1,..., Pn.
Heo0xi1HO piluTy cucTeMy HOpMaJbHUX PIBHSIHb

m m 5 m 3 _ . _
" Elzi EIZ,. EIZ,. L > .[l,
m m m m OCO ni:l
>Z. 7} x7} zZ7¢ >[.Z
i=1 ! i=1 ! i=1 ! i=1 ! &, | i="
a n
S22 $20 S0 $o0| |0 |BLE
e = = N R i.f 73
';IZ;’ 'glzi“ 'glzf 'glzf = i i_

(98]
N

[IpuBenemo 3BEJCHY TaOJIUIIIO

arpoKcuMariii

Tabnuus 4

NQ q)ﬂmzu = Z M(Z)(a : MZ) M(Z)anp(mc VZM-M’ V 2

/11 rpajxycu

1 0,00 8,79:10% 8,803:10% | -0,013 | 0,000169

2 11,25 | 8,90-10% 8,957:10% | -0,057 | 0,003249

3 22,50 |9,05°10% 8,851:10% | 40,199 | 0,039601

4 33,75 | 8,50-10% 8,588:10% | -0,088 | 0,007744

5 45,00 |8,17-10% 8,274:10% | -0,094 | 0,008836

6 56,25 | 8,00-10% 8,011:10% | -0,011 | 0,000121

7 67,50 | 7,95:10% 7,904:10%% | +0,046 | 0,002116

8 78,75 | 8,12:10% 8,057:10% | 40,063 | 0,003969

9 90,00 | 8,53-10% 8,575:10% | -0,045 | 0,002025
76,02:10% 0 0,06783

Otpumana gopmysa Ma€e BUTIIST (8.4)

M =12190-10"¢;, —1,4404-10"¢;, +2,8370-10¢,, + 8,8028.

Cepenns

KBaJIpaTUIHA
MarHiTHOr0 MOMEHTY 3emii 3a (hopMyIorw OyJe

noxXuoKa

BU3HA4YCHHA

2
m,, =1f2V1 = 1/0’02783 107 =0,09-10” a.m.
n_

['pannuna moxuoka:
A, =3my, =3- 0,09-10* =2,7-10" a.m.

BigHocHa moxuoOka:

6iOH.

m, _ 0,09-10%

M

cepeoH.

76,02-10%

9

Bignocna noxu0ka y BiICOTKax:

A

%=A

BIOH.

BIOH.

-100% =1,1% .
36

=0,011.
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£ JOCJIIKEHHA 3AJTEXKHOCTI CUJIM CTPYMY
TAHT'EHIIIOHAJIBHOO I'AJIbBBAHOMETPA BI/]
IMPOTU ITYHKTY CIIOCTEPEXXEHHA
JlocaiaAuMo 3aJIeKHICTh CUJIM CTPYMY TaHT'€HIIAIbHOTO
raJibBaHOMETpPA Bi/l IUPOTU MyHKTY CIIOCTEPEKEHHS IPU
BU3HAYEHH1 TOPHU30HTAJIBHOI CKJIaJ0BOI T'€OMarHiTHOTO
moJist 3emuti.
Panimie Hamu Oyna oTpumaHa QopMmysia Ha OCHOBI
3akony bio-CaBapa-Jlammaca

B = HoIN
r'~Hp tea : 9.1
3HaNAEMO BEIMYUHU CUIly CTpyMYy I:
I 2B, Rigo
- 7 N | 9.2)
0

3a dopmynoro (9.2) po3paxyemo 3HaueHHs [ ang
TOPU30HTAJIBHOT CKIaAoBOi Br Ha pi3HHUX mmupoTax
3eMHOT KYJIl JiJIi HOPMaJbHOTO MAarHiTHOT'O MOJI 3€MIIi.
B nopanpmomMy BHpazMMO CHIIy CTPYMY fK (DYHKIIIO
r€OMarHiTHOi MmUpoTH. J[Ig 1boro Ham HEOOX1THO
miai0paTd anmpoKCUMYIOUy (YHKIIIO B 3aJIeKHOCTI Bij
rpadika 1€l 3aeKHOCTI.
TabGmus 5.

N | Byaw | 1@ [I=a+bg, +ep| VU V?

/n rpajycy|

1 0 3,409- 107 1,158 1,201 -0,043 D,001849
2 11,25 3,384 1,149 1,132 +0,017 | 0,000289
3 22,513,243 1,102 1,038 +0,064 | 0,004096
4 33,75 2,740 0,931 0,921 +0,01 | 0,0001

5 45 2,242 0,762 | 0,780 -0,018 | 0,000324

37

6 56,25 1,723 0,585 |0,614 -0,029 0,000841
7 67,5 | 1,179 0,400 | 0,425 -0,025 | 0,000625
8 78,75 0,614 0,208 | 0,211 -0,003 [ 9:10°
9 90 1:10” 0 -0,026 +0,026 | 0,000676
-0,001 >°0,008809
A
I(ammep)
1,6
4
1.7

|
|
|
|
F-—-F———
|
|
|
I
|
|
|
|
|
I
|
|
|
|
|
|
|
|
==

Ol 80 , 90| Oy (rnaﬂr)

<pF--—-

0 1ol 200 30l 40l s0l 6ol

Puc.9. TI'padik 3anexxHocTi cuiIM CTpyMy T@pH BH3HaueHi
TOPU3OHTANILHOI CKJIaJ0BO1 1HIYKIIT MarHiTHOTO MOJs 3eMili Bif
T€OMAarHiTHOI IIUPOTH MYHKTIB CIIOCTEPEKEHb

a=1,200939394; b=-0,00509062; ¢=-0,00009496.

Jlns Hamoi paMmkH, sika CKJIagaeTbes 13 N=5 BHUTKIB
pamiyca R=0,107 ™M, mnpuiimatoun 10 yBaru, U0
KOEQIIIEHT MAarHiTHOI  MPOHUKIMBOCTI u0=1,26'10'6
['a/M, HA KOXHIA IIMPOTI CHOCTEPEKEHHS OyaemMo
TOOMBATUCS BIAXWJICHHS MarHiTHOI CTPUIKM Ha 0=45°,
PEryJoYd MOTEHIIIOMETPOM 1 TOB3YHKOM peocTarta.
[Ipu uromy
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I 2-B2-0,107tg45°| ke .czazM
1,26-10°-5 | c*a M-ke| ©3

abo

1=33968,25397 Bn(a), 9.4)

3a popmynoro (3) po3paxyeMo 3HAUECHHS CHIIM CTPYMY
I B 3anexHOCTI BiJ 3Ha4YeHHd BH, 110 BIAIIOBIIA€ MEBHIN
FEOMAr”iTHIA MIMUPOTI CTaHLIi  CHOCTEPEKEHHS 1
BIUIIIEMO B Tabsuilo 1.

I[lo mnpuBeneHiii BHINE METOAUI AMPOKCHUMYEMO
3QJICKHICTh CUJIUM CTPYMY BIJl IUPOTH AJi (HIKCOBAHOIO
BIIXWUJICHHS Mar"iTHO1 CTPUIKHU.

Emnipuuny ¢popmyiny OyaemMo HIyKaTH y BUTIIAL

r 2
I'=a+bo, +co.. 9.5)
B pesynbTaTi ampokcumailii OTpUMAaHHI 3HAYEHHS
KOE(II1€HTIB:

a=1,200939394; b=-0,00509062; c=-0,00009496.

ToOto, mrykana gopMyna Mae BUTTIS

I'=1,200939394 - 0,00509062¢, — 0,00009496¢°, (9.6)

a00 TSl MPAaKTUYHOTO BUKOPUCTAHHS

I'=12-51-10"¢, —1,0-10"p>. 9.7)

3a gopmyroro (9.6) Oynu po3paxoBaHi 3HAUCHHS CUIIH

CTpyMYy JJIS BY3JIOBHUX 3HAU€Hb MIUPOT, MPHUBEACHUX Y

Tabnwumi 1.

CepenHs kBajgpaTU4Ha TMOXUOKA PO3PAXYHKY CHIH
CTPYMY ISl BIIMOBIAHOT IIUPOTHU CKIIAIA€

39

2
m, = 2V JM =0,033a.m.
n—1 8

3BUYaiiHO, 00 BHUKOPUCTAaTH JAaHY METOJIUKY MJIs
BU3HAYEHHSI TEOMArHITHOI MIMPOTH 3a 3MIHOIO CHIIH
CTpyMy mpuiiaqy mpu (ikcoBaHOMY KyTy MOBOPOTY
MarHiTHOI CTPLJIKH, HEOOXITHO MIABUIIUTH YYTIUBICTD
Mpuiaay Ha MOPSIOK.

B nopanbmioMy 3adikcyeMo cuily cTpyMy, Halpukiai
Ha BennuuHl 0,5 ammep 1 3HaAEMO KyT IMOBOPOTY O
CTPUIKM Ha KOXKHIH 13 IIUPOT CTaHIIIN CIIOCTEPEIKECHHS.
[IpencraBumo Gopmyny (9.2) y Burisiai

a = arclg {M}, (9.8)
2RB 2 '
abo
0,5-1:26-10°-5 | a-M-xe 1 c%a
“ :amg[ 20,107 B2 }{ P ﬁx_i ©-9)
TOOTO
0,00001472
a = arcig {B—z} (rpanmycw). (9.10)

3a ¢opmynoro (.6) po3paxyeMo 3HAYEHHS O IS
BY3JIOBUX TOYOK CTIOCTEPEKCHHSI.

Tabnuus 6.
Ne
o PMpayen BH(Tn) Ol(rpanycu)
1 0 3,409-10” 0,432
2 11,25 3,384 0,435
3 22,5 3,243 0,454
4 33,75 2,740 0,537
5 45 2,242 0,656
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56,25 1,723 0,854
67,5 1,179 1,248
78,75 0,614 2,397

90 1-10° 89,996

1 |
0,4 v

| | | o
0 101201 301 401 501 601 701 801 901 @u (rpan)

Puc.10. I'padik 3a1ekHOCTI KyTa MOBOPOTY 0L MAarHiTHOI CTPUIKK
npu (iKCoBaHIi CHIII CTPyMY y KOJII PaMKH BiJ IIMPOTH IMYHKTY
CIIOCTEPEKECHHSL.

41

10. TIPEJICTABJIEHHS BEPMKAJIbHOI
CKJIAZIOBOI IHAVKIII TEOMATHITHOT'O
[1OJIA 3EMJII HEPE3 I'OPU30OHTAJIbHY.

BeprukanpHa ckiagoBa 1HIYKLII Mar”iTHOro mOJs
3eMHOI Kyl

B = Lsin
: = Ho P E P, (10.1)
I'opusonTanbHa ckiagoBa
B, = Lcos 10.2
= Ho AR’ 2D (10.2)

ne R —paxaiyc 3emHoi Ky,
M — Mar"iTHUM MOMEHT.
3 dpopmynu (.2) 3anuniemMo
M
Ho 27R°
[TincraBnsitoun niBy yactuny Bupasy (10.3) B (10.1)
OTPUMAEMO

=2B,. (10.3)

B.=2Bu_gng
Cos @,

abo
B, =2B,tgo,. (10.4)
Takum ymHOM, (QopMmynia (PYHKIIOHATBHOTO 3B’SI3KY

MDK CKJIaJOBUMH THIYKIIII MAarHITHOTO MOJISI 36MHO1 KYJIi
BHUpaxyeThes BupazoM (10.4).
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BUCHOBKH

Ha ocHoBi npoBeneHux B J1aHiil poOOTI TEOPETUUHUX 1

MPaKTUIHUX JOCTIITKEHb:

1. BctanoBneHa pi3HMIL JOBIOT MIXK TOJIOKCHHSIM
MarHiTHOro moJiroca 3emil 1 jabopatopii M. PiBHe
A= 126°30,5".

2. BuBegena ¢dopmyna nansg  po3paxyHKy MOJISIPHOT
Bigmani P’ Oyap-SIKO1T TOYKHM CIIOCTEPEXKEHHS Ha
3€MHIH KyJIi.

3. Orpumana ¢opmyna Juisi BU3HAYEHHS MOCTIMHOL
CKJIQJIOBOI CXUJICHHS Mar”iTHOI CTPUIKHU O NJisi Oy/ib-
SKOT TOYKH CHOCTEPEXKEHHSI Ha 3eMJll 1 BCTAHOBJICHO,
110 JIJIS HaIIoi JJadopaTopii 6 =12°41'11,0".

4. BuezaeHa hopMyia KOHTPOJIIO PO3PAXYHKY O.

5. TlpuBeaena d¢opmyna po3paxyHKy KyTa A MIK
HalpsIMKOM ~ MEpHiaHy, 1[0 MPOXOJUTh uepe3
MardHiTHUM 1 reorpadiunuii mnomtocu 3emMial 1
MepUIIaHOM OyAb-sIKO1 TOUKH 3eMJII.

6. BcraHoBinena  Mar”HiTHa  mMpoTa  Jaboparopii
(y=43°0828,7" 1 pBBHULA MWHUPOT reorpadiyHoi 1
reOMAarHiTHOI Ag = 7°46'31,3".

7. Otpumani GopMmyiu BU3HAYEHHS a3uMyTa 1 Biajgani
MDK JIBOMA CTAHIISIMUA CTIOCTEPEKEHbD.

8. BcranoBneni ¢GopMynu BU3HAYEHHS KOOPAMHAT
CTaHIIIi CIIOCTEPEIKEHHS.

9. HocmixkeHa 3aleXHICTh MDK KyTOM  Haxuiy
MarHiTHOi CTPUIKA 1 TEOMAarHiTHOI IIHUPOTOIO
MYHKTY CIIOCTEPEKEHb.
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10.0Otpumana Qopmyna 3a1eXHOCTI BepTHKam)Hol
CKJIaJIOBOI 1HJIYKI[l MAarHiTHOrO TMOJs 3eMiil Bij
r€OMAarHiTHOI MHUPOTH.

I1.ITpoBenena arpoKCcCUMaIlis 3aJI€KHOCTI
TOPU30HTANIBHOI CKJAaJ0BOi I1HAYKIII MAarHiTHOTO
1oJist 3eMuti BiJ] TEOMarHiTHOT IUPOTH.

12. AnpokcuMoBaHa 3aJICKHICTD THIYKITT MIOJIST
OJTHOPIIHOTO HaMarHidyyBaHHS 3€MHOI KyJl BIJ
F€OMAarHiTHOI MHUPOTH.

13.0tpumana  Qopmyna  3aJeKHOCTI  MarHiTHOTO
MOMEHTY 3€MHO1 KyJI1 BiJl LIUPOTH.

14. JlocnimxeHa 3aJIEKHICTh CUJIN CTpyMy
TaHTCHIIAJIBHOTO  TaJbBAHOMETpPA  BIJl  LIUPOTH
MYHKTY CIIOCTEPEKEHHSI.

15.IlpeacraBiaeHa BepTUKaIbHA CKJIAQJOBa  IHAYKIIT
T€OMarHiTHOTO MOJIA 3eMIT1 Yepe3 TOPU30HTAJIbHY.
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JlitHapoBuY Pyciian MuxaiioBuy JOIIEHT,
KaHJW1aT TEXHIYHUX HayK

BCTAHOBJIEHHS 3B’ SI3KY MK
TEOT'PAGIYHOIO |
TEOMATHITHOIO CUCTEMAMU
KOOPIUHAT

Yactuua 2

Komm’totepuuii Habip, BepCTKa, pelaryBaHHs 1 JU3aiiH y
penaktopi Microsoft Office 2003: HITtu6a Jleonin
BacuiaboBuu.

Mixnapoanuit EKOHOMIKO-TYMaHITapHUN YHIBEPCUTET
imeHl1 akagemika C. [lem’sHuyka, 4.
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YOK 53. 02:550.38

MarasuHiok B.C. [MobygoBa i [OCRiMKeHHA MaTemMaTuyHol
MoZEeni 3anexHoCTi MarHiTHoro MoMeHTy 3emni Big LIMPOTH
METOAOM CTaTUCTUYHUX BuNpobyBaHb MoHTe Kapno. Anpokcumalis
noniHomom TtpeTboro crteneHs. Mopenb MNIB10-209.METY, PisHe,
2010, 62 c.

PeueHseHT: B. [.Bypayek, AOKTOp TEXHIYHUX HayK,npodecop

BionosipanbHu 3a BUMyCK: n. B. [bKyHb, OOKTOp @i3nKo-
MaTeMaTU4HUX Hayk, npodecop

KHura HanucaHa 3a maTtepianamu po60T1 HayKoBOI ¢pi3uKo-
MatemMmaTtuyHoi wkonu MEIY

BceraHoBnrOETBCS  (QYHKIIOHANBHA 3aJICKHICTh MAarHITHOTO MOMEHTY IUTaHETH
3emsss BiA TeOMarHiTHOI MHUPOTH. JlaeTbest BUBIM (GOPMYyNM y BHUTILSIAL HONIHOMY
TPETHOrO TOPSIKY.

Maremarnyaa MOJIeNTb OYAYETHCS HA OCHOBI CIIOCO0Y HAWMEHIIINX KBAIPATiB.

[IpoBoaMTECS HOCHIIKEHHS TOYHOCTI 3PIBHOBRKEHHX EJIEMEHTIB METOJOM
CTaTHCTHYHUX BUNpoOyBaHb MonTe Kapio.

JIist cTyZeHTiB 1 actipaHTiB HaPsIMKyY HAayK PO 3eMITIO.

Functional dependence of magnetic moment of planet is set Earth from a
geomagnetical breadth. The conclusion of formula is given in a kind to the
polynomial of the third order.

A mathematical model is built on the basis of method of leastsquares.

Research of exactness of the balanced elements is conducted by the method of
statistical tests of Monte Karlo.

For students and graduate students of direction of sciences about Earth.

© B.C.MarasuHiok, 2010
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IlepeamoBa

be3yMoBHMII ~ HayKOBHM 1 TpakTUYHMA  iHTEpec
MIPENICTABISE TOCTIIPKEHHST T€OMAarHiTHOTO OIS 3EMUIL.

BuBUYeHHIO NPUPOAM TEOMArHiTHOTO TOJS 1 B HAll dYac
NPUIISETbCA BeNMKAa yBara. BueHi HamararoThCsi OTpUMATH
BIMOBIII Ha 3alUTAaHHS: KOJHM 1 SK 3apOJWJIOCS MAarHITHE
nosie 3eMHOI Kyni? YoMy BOHO icHye Mimbsipau pokiB? Sk
e nojie Oynae 3MIHIOBAaTUCh B MailOyTHbOMY?

B naniit pob6oTti Mu 3podumo crnpoOy BUpPA3UTH OJUH i3
OCHOBHMX  KOMIIOHEHTIB  T'€OMAarHiTHOro mons  3emii
MarHiTHUi MOMEHT IUIaHeTH  rpadidyHO 1 BCTAHOBUTH
(GyHKLIOHATIbHY 3aJ€KHICTh  MAarHiTHOrO  MOMEHTY  BiX
HIMPOTH.

Hamu mninbupaerscst emmipuyHa Qopmyna y BHIIAII
MOJIHOMY  TPEThOTO  MOPAAKY. MaremMaruyHa  MOJAENb
OynyeTbcs Ha OCHOBI crmocoOy HaWMEHIIMX KBaJApaTiB.
[ToOynoBaHna WMOBIpHIillIa MOJENb NPUIAMAETbCA SK ICTUHHA
MOJIeNIb, Ha OCHOBI  AKOi  TPOBOASTHCS  JIOCIIKCHHS
TOYHOCTI ~METOJIOM CTAaTUCTMYHMX BHUIPOOyBaHb MoHTe
Kapno. I'eHepyroTbcs TICEeBIO BHIAAKOBI  4ucla,  SKi
OpUHMAIOThCSl K ICTUHHI MOXUOKH, SKUMHU CIHOTBOPIOETHCS
ICTUHHa MOJEIIb.

B  mnopanmpmiomy — MeTOoOOM — HaWMEHIIMX — KBaJpariB
YPIBHOB@XYEThCSI CHOTBOpEHA MOJENb 1 POOUTHCA OIlIHKA
TOYHOCTI BPIBHOBAXEHHX €JIEMEHTIB. 3HAU€HHS 1CTUHHHMX
NOXUOOK Ja€ MOXJIMBICTH 3pOOMTH TOPIBHAJIBHUM aHai3.
Habupaerbcst Benmuka CTaTUCTHKA MUBIXOM MOOYIOBH 1
JOCHIDKEHHST BEIUKOI KUIBKOCTI MOJEJIEH.

Po3poOnena meronuka J03BOJIUTH 3pOOUTH TMOMEpEeaHIiN
pPO3paxyHOK  TOYHOCTI HpHU  MPOEKTYBaHHI  ManOyTHIX
TEOMArHITHUX JOCHI/DKEHbh B OyAb-sIKid TOYIl TMJIAHETH
3emirs.

Po3zain 1. I'eomarnitHuit MomeHT 3emuii
1.1.IIpencraBiieHHs T€OMAarHiTHOr0 MOMEHTY
noss 3emJi

MarHiTHHII MOMEHT — I[I€ BEKTOpHA BEJHYMHA, SKa
XapakTepu3ye 3eMHY KYIIO SIK JPKEpesIo MAarHiTHOro IOJis.
MakpockomiyHi MarHiTHi MOMEHTH CTBOPIOIOTH 3aMKHYTI
eJIEKTPUYHI CTPYMHU 1 BIOPAIKOBAHO OPIEHTOBaHI MarHiTHI

MOMEHTH AaTOMHHUX YaCTHHOK.
Pospaxyemo wmarnitHuii MomeHT M 3emii Ha eKBaropi

opu (Pmar. Exe.=0.
IIpy 1BOMY CHOYAaTKy PpO3LISHEMO €IEMEHTH 3EMHOTO
MarHeTu3My.

au Ia. Ox. 0.0

.. Bx
A 8 Bu

Ji

Bz C

.

E D

Puc.1.1.Enemenmu 3eMH020 MazHemusmy

[Mpoekuii B, 1 By iHAykmii aunoiasHOTO mMOJs, abo
MOJISI OMHOPIMHOTO HaMarHiyyBaHHS 3eMJli, MOXHa 3HAWTH
3a IOTIOMOTOI0 (POPMYIL.
BepTukanpHa CKIaJ0Ba T€OMAarHiTHOTO MO 3eMili

M
Bz sin Pm 1.1);
27R? ¢ ( )

FOpI/I3OHTaﬂBHa CKJIaJOBa
M

Bu= o cos Pum 1.2
47R? ( )

6
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Q¢ M0 - MarniTHa crana;

M — MarHITHUT MOMEHT 3€MHOi KyJIi;

R —paniyc 3emii;

(Pm — reomarnitHa mmpoTa, sKa BiIpaxoByeThcA Bin
T€OMarHiTHOTO €KBaTopa

I3  mpuBegenux Qopmyia  JeTKO 3HAUTH  MOIYJb

BEKTOpa IHAYKIII MOJsI OAHOPIAHOTO HaMarHiuyBaHHsS 3€MHOI

Br=+B:+B:  (13).

[Migcrasmstoun (1.1),(1.2) B (1.3), Oynemo maru:

KYJIi:

abo:

M |4sin’ @, +cos’p,
Br=u \/ : “

27R? 4

[puiiMatoun 0 yBaru, mo sin’@+cos°@=1, a
4sin’ ¢ +cos’ @ =3sin’ @ +sin’ @ +cos’ @ ;

M .
P V3sinZgp+1 (1.4).

4

Br=n

3HaiineMo MarHiTHHA MoMmeHT M 13 dopmynu ( 1.4)

AR’ B
M= = or (15).

py3sin’ @ +1

HanpyeHicTh MarHiTHOTO IoJii Ha MarHiTHOMY €KBaTopi
Hews= 0,34 epcrena [ 3,—c. 163 ].
Hns  mepexony 13 cucreMu CI'CM 'y cucremy CI

CKJIQJIEMO CIIAYIOUYy MPOIOPIIi0
.oa . : _
Hanpyxenocti 1-— Bignosimae 47-107e,
M

Hew. HopiBaIOE 0,34 €,

3BIJIKHA
14.034¢ .
Hew=—2——— =27,05634033— .
47 -10"e M

B 3aranpHOMY BUNAAKYy HANpyXeHICTh MAarHiTHOTO TIOJIA
3eMJi MOKHA po3paxyBaTH 3a (OPMYIOIO

=&=4A231/3sin2goﬁi+l (1.6).
TT

Ho

Toni, 3arampHa  Qopmyna  po3paxyHKy  MarHiTHOTO
MOMEHTy 3emui Oyne

3
M=—H g

J1+3sin’ ¢,
Jns momtoca Hyen= 0,66 epcren.
Toni, mpu mepexoxai no cuctemu CI

a . . _
1— BimmoBimae 47-10e,
M

Hion. opisrioe 0,00 e,
3BIJIKH
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12.0,66¢
Hon-—2——— 52 521131222 .
47 -10"e M
MargitHuii MOMEHT 3eMili OLIsd IIOJIFOCIB

H  -4rR’
M — noui.

" 1+3sin290°

BasBimm paapiyc 3emnoi kymi R=6371000M, a
4 7R*=3,249620751-107* M3, MAarHITHUA MOMEHT 3€MHOI
KyJll Ha eKBaropi Oyze

Mew=

3,249620751 -10%' [ ]-27,05634033 [i]
M_ —8,792284498 -10% am*

1

Po3paxyemMo MarHiTHUIT MOMEHT 3€MHOi Kylli Ha TOJIOCI
MI'IO.]'L=

3,249620751-10*" -52,52113122

5 =8,533687894 -10* an’

Po3paxyeMo MarHiTHHiI MOMeHT 3emii Ha umpori 45°,
NPUNHSBIIM CEpEHE 3HAYCHHS HAINPYKEHOCTI

H,+H,, 034e+0,66e

Hys'= =0,50¢e
45 )
Toni
1% pinmoimae 47107
M
H,, nopisuioe 0,5 e.
3BiaKu
19.05¢ .
o0 = ————=39,78873577 —
47 -10"¢ M

9

Takum 4MHOM, HANPYKEHICTh MarHitHoro nomis H g,

Oyne
a

3,249620751-10* 4 -39,78873577
H — M

' J1+3sin’ 45°

H ,, =8,177542602-10% am’

3HaleMO CEpeHIO HANPYXEHICTh MarHiTHOTO IOJIS

3emuti A MIMPOTH 22,5°

~0,34e+0,5¢

2,50

=042 e,

A Q)Maa =67’5 ’
_0,5¢+0,6e

67,5°

=0,58¢
A Q)Maa 22’5 ’

a . )
1— Bigmosimae 47 -10°%¢
M

H, . nopiBatoe 0,42 e

3BIJIKHA
1%.0.42¢ .
_ M
== =33422538—,
25 4x-10%e M
I mo amasnorii
19.0,58¢
0 =—T——=—=46,1549335 am’.
’ 477 -10°e

MarHiTHi MOMEHTH OyAyTh BiIIOBITHO

10
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22,5° -
3,249620751-107" -33,42253805
J1+3sin222,5°

=9,052956514-10% am?,

_3,249620751-10' - 46,1549335
J1+3sin? 67,5

7,948506716 -10* am?

67,5°
Pe3ynbraTi 3aJeXHOCTI T€OMArHiTHOIO MOMEHTY 3eMili
BiJl IIMPOTH TOYKH CHOCTEpeXEHHS 3BeneHo B Taodn 1.

Tabnauya 1. 3anexncnicmy 2e0mazuimnozo momenmy 3emii 6i0
WUPOMU MOYKU CROCHEPEIHCEHH

Ne P = X V=M= f(x)(%)

1 0,00 8,79-10%

2 11,25 8,9-10%

3 22,5 9,05-10%

4 33,75 8,5-10%

5 45 8,18-10%

6 56,25 8-10%

7 67,5 7,95-10%

8 78,75 8,12-10%

9 90 8,53-10%
n=9 ¥ =76,02-10%

3rigHo Qopmynu ( 1,7 ) MarHiTHUA MOMEHT 3QJICKHUTH BiJ
HApYKEHOCTI ~ MAar”HiTHOro TOJS 1  LIUPOTH  TOYKH
CIIOCTEPE)KEHHS, TOOTO € (YHKLIE JBOX HE3aJESKHUX
3MIHHUX, XO04Ya B CBOIO Yepry HaIpPYKEHICTh N€OMAarHiTHOTO
MoJIi TAaKOX 3alleKUTh Big wmupoTd. Ha xams, y Hac
HeMae (opMyNnHM 3aNeKHOCTI HAIMPYXKEHOCTI MAarHiTHOTO

11

moJis  Big IIMPOTH, IO He mnorpedyBano O 3HAE.
Mar"iTHOro MOMEHTY 1 HaBIaKH.
Tomy Oe3nepeuHuil iHTepec MpeICTaBIs€ BCTAHOBJICHHS
(GYHKIIOHATBHOT ~ 3QJIGKHOCTI  MArHITHOTO  MOMEHTY, SIK
TOJOBHOTO  KOMIIOHEHTa JJIsi  BU3HAYCHHS  CKJIAJIOBHX
TEOMarHiTHOTO MoJisg 3eMili, Bil T€OMAarHiTHOI HIMPOTH.

22
Ipumitka. B nmopanpmomMy 1J1si CHPOINEHHS BHUKJIAJX0K MHOKHUK 10 nucaTu
He Oyaemo, ajie ¥oro cJig MaTH Ha YyBa3si, 0c00,IMBO NpH OWiHLI TOYHOCTI
pe3yJbTariB.

1.2.11pencraBjieHHs1 iCTHHHOI Mo eJTi

A
V=M 9,0 4
8,9 -

8,8 -

8,7

8,6

8,5 -

8,4 1

8,3

8,2

8,1 -

8,0 -

7,9 -

0 + + + + + + + +

11,25 22,5 33,75 45 56,25 67,5 78,75 90 IllupoTa myHKTY CHOCT

Puc. 1. I'pagix 3anexcrnocmi mMazHimnozo momenmy 3emMHOi Kyiai 6i0
2eomazHimnoi wupomu

Maroun BY37IOBI TOYKM 3HAa4€Hb TI'€OMAarHiTHOTO
MOMEHTY 3emili B MarHitTHuX muporax O, 22,5°,45° |
67,5° 1 90° mnobyayemo ToukoBy miarpamy i rpadix,
npeacTaBiIeHuid Ha puc. 1.

I3 mporo rpadika BuAHO, IO eKcTpeMyM (¢yHKuii Oyne
ma mmpoti  22,5° i 67,5° . fx BugHo i3 rpadika,
Kpamor (QyHKLIE Ui anpokcuMmanii Oyzxe KyOluHHA
nojiiHoM,  ToOTO  OymemMo  mIyKaTH  (DyHKIIOHAJbHY
3QJICKHICTh Yy BUIIIA (QYHKLID BUAY

12
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y=ax’+bx’+cx+d (1.2.1)
HeBinomi koediuientTn a, b, ¢, d BU3HAUUMO IO
croco0y HaMEHIUX KBaJApaTiB.

Hpomixui touku B 11,25°, 33,75°, 56,25 i 78,75°
BU3HAaUUMO Oesmocepennbo 13 rpadika. Ilporo Ham Oyzme
IUIKOM  JIOCTaTHBO JJsl MOOYIOBH  EKCIEPUMEHTAIbHOT
MOJIeIi.

[ToOynoBaHy  TakuM  YHMHOM  €KCIIEPHUMEHTAIbHY
MOJIeNIb 3aJIS)KHOCTI MAarHiTHOrO MOMEHTY 3€MHOi KyJi Bif
IIMPOTH B MOJAJIBIIOMY 3pIBHOBRXUIH 1 OTpuManu Gpopmyny

[7,c.38]

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

Ky IpUAMEMO 3a ICTUHHY MOJENb 1, '€HepYIOUd I1CTUHHI
MOXUOKK Oy/IeMO CTBOPIOBAaTH CIIOTBOPEHI MOJENi, Ha SKHUX
MOHa  JOCHIAATH  TOYHICTG BHU3HAYEHHS  MArHITHOTO
MOMEHTY B 3aJIe)KHOCTI BiJl MOXMOKM BU3HAYEHHS IIMPOTH.

Tabnuysa 2.3anexncuicmo 2eomazHimnozo momenny 3emi 6i0 wiupomu
MOUKU cCnocmepex ceHHa (icmunna mooens 3a popmynorol. 1)

Ne P = X V=M =f()C)
1 0 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

Po3ain 2. [1odynoBa imiTaniitHoi Mmoei
2.1. I'eHepyBaHH$1 ICTHHHUX MOXHOOK ISl 10C/IiI>KEHHSA
MaTeMAaTHYHOI MO/IeJIi MeTOI0M CTATHCTHYHHUX
punpoOysanb Monte Kapso

B po6ori [1] icTuHHA MOJIENb CIOTBOPIOBANIAch BBEICHHSIM
iCTUHHUX TOXUOOK B He3alexH1 3MiHHI X. B naniit Monorpadii
icTUHHI TOXMOKM OyAeMO BBOJWTH B EKCIEPUMEHTAIbHI
rnapamerpu V.

[TpuBeneMo METOAMKY PO3pPaXyHKY BUIAIKOBUX YHCEN, SKi
MPUIMEMO B MOJATBIIOMY, SIK ICTUHHI MOXUOKH JJIs TOOYI0BU
CIIOTBOPEHOT MOJIEI.

1. OTpumaBIIHM psJl BUMAIKOBUX (2 TOYHILIE IICEB0-

>

BHUIIAJIKOBUX) umcen &, , &, =+ , (2.1.1)
n

Jle n— cyma BUIIQIKOBUX YHCEIL.

2. Po3paxoByrOThCS TONIEPEIHI 3HAYSHHS ICTHHHHUX
noxubok A’ 3a popmynoro

A=E-E, (2.12)

3. 3HaXOAATh CEPEAHIO KBAIPATUUYHY MOXUOKY MOMEpeIHIX
ICTHHHUX TTOXUOO0K 3a opmynoro [ayca

(2.1.3)
4. 3naxonate KoedimieHT mnpomopuiiHocTi K, g
BU3HAUYEHHS ICTUHHUX ITOXUOOK HEOOXITHOCTI TOYHOCTI
c
my
e ¢— HeoOXimHa KOHCTAHTA.
Tax, Hanpukiazg, npu m, = 0,28 i He0OXiAHOCTI MOOYIOBH

MaTeMaTHU4HO1 MoJieNi 3 TouHicTIo ¢ = 0,1, Oynemo matu

14
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0’1 Cepeﬂ,HFl KBagpatnyHa noxubka rlonepe,u,Hix iCTUHHMX NOXNOO¥

Ky, = =0,357,anpu ¢ = 0,05, otpumaemo
0,28 A, = ‘/%0104 =0,295133868
0,28 KoedpiuieHT nponopujitHocti K =———— =0,3388292936
5. IcTUHHI HOXUOKH PO3PAXOBYIOThCA 32 (POPMYIIOI0 0,295133868
A =A"K (2.1.5) CepenHs KBagpaTyHa Nnoxmbka Npv reHepyBaHHi BUNaaKOBMX

. ymcen 3 TouHicTio ¢ = 0,1
6. 3aKII0OYHUM KOHTPOJIEM CIYXXHUTh PO3PAaXyHOK CEPEIHBOT

KBaJIpaTHYHOI IOXUOKU 71, T€HEPOBAaHUX ICTUHHUX MOXUOOK A m. = [0,1000000 _ 01
A T — Y
' 10

2.2. lIpeacraBiieHHs iMiTaniiHol MoaeJTi

(2. 1 .6) Taonuua 4. Ilooyooea cnomeopernoi mooei
IcTMHHa Mopenb
NQ X Ai }/cnom& = }/icm + Ai
1 MOPIBHSHHS m, =c (2.1.7) . icm 5 Y ?803 5055 5757
) 2 11,25 8,957 0,06641 9,023
Taoauua 3. I'enepysanns ncegdo-6URAOKOBUX YUCE I PO3PAXYHOK 3 225 8.851 0.01897 8.8700
fcmuniix noXu00K 4 33,75 8,508 -0,1267 8,4713
=t 5 45 8,274 0,18839 8,4624
Ne £ £, =5 A A=A - K A2 6 56,25 8,011 0,13079 8,1418
Cep 7 67,5 7,904 -0,0691 7,8349
1 0.26 | 0414 | -0,154 | 0,02372 -0,0522 | 0,00272272 8 78,75 8,057 -0,0861 7,9709
0.61 9 | 84,375 8,264 0,03253 8,2965
o 0,414 | 0,196 | 0,03842 0,06641 | 0,00441036 9 % 8.575 0.103 84720
471 0414 0,056 | 0,00314 0,01897 | 0,00036003 489,375 84,294 0,0E+00 84,294
0,04
4 0,414 | -0,374 | 0,13988 -0,1267 | 0,01605850 o ma CHOTRODEHG] MOMEml BHEO crpore
HUM ITIOTB H M J1 BHU H Th T I
5 097 | 0,414 | 0,556 | 0,30914 0,18839 | 0,03549045 . 8 P vﬂ yio TPOTe
0.8 3plBHOBa)KeHH$I METOAOM HAaUMCHIIINX KBa,Z[paTlB 1
6 810414 | 0,386 | 0,14900 0,13079 | 0,01710553 o 5 . .
OTpUM Tb UMOBIPHIIIIY MO CJIB, O0JISATH OILIIHKY TOYHOCT1
7 021 | 0,414 | -0,204 | 0,04162 -0,0691 | 0,00477774 PHMYTO PHILLY MOA pobI B vy .
0.16 3p1BHOBa)KeHI/IX CJICMCHTIB 1 1AaK0Th HOplBHSIJILHI/II/I aHal113.
8 161 0414 | -0,254 | 0,06452 -0,0861 | 0,00740678
9 051 | 0,414 | 0,096 | 0,00922 0,03253 | 0,00105805
10 0,11 | 0414 | -0,304 | 0,09242 0,103 | 0,01060985
n=10 | +14
- 4,14 0| 0,87104 0,0E+00 | 0,10000000
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Po3aia 3. 3piBHOBa:KeHHsI Moaei
3. 1. IlpeacraBieHHsl CHCTEMH HOPMAJILHUX PiBHSHb
VY pe3ynbTari MpOBEIECHOTO EKCIEPHUMEHTY MH MAaeMO Psif
pesynpTariB X ,,V,, DyHKIIOHAIBHY 3a€XKHICTh MDK SKHUMU

OygemMo TIyKaTd 3a JOMOMOrolo moyiHomy cremneHi K, e
KOE(DIILIEHTU @, SBJIAIOTHCS HEBITOMHMHU.
Toni, cucremMa HOpMaTbHUX PIBHIHB Oy/e
na, + a, [x]+ a, [xz ]+ ..ta, [xm]— [y] =0,
a, [x]+ a, [xz ]+ a, [x3 ]+ ..ta, [x”‘” ]— [xy] =0,
2 3 4 m+1 2
ao[x ]+a1[x ]+a2[x ]+...+am[x ! ]—[x y]zO, (3.1.1)
m m+1 m+2 2m m
ao[x ]+a1[x ]+ az[x ]+...+ am[x ]—[x y]z 0,
JIe 3HAKOM [ ] MMO3HAYECHA CyMa BiJIMOBIHOTO €IEMEHTA.
J1J1 TONIIHOMY TPETHOTO TOPSAKY BUITY

y=ax’+ex’ +cx+d (3.1.2)
Cucrema HOpMaJIbHUX PIBHSHB OyIie

dn + c[x]+ 6lx2J+ alx3J— [v]=0,
d[x]+c[x2 ]+ e[x3 ]+ a[x4]— [xy] =0,

dle ] o] o+l ]-[ey]= 0 o
- d[x3]+ c[x4]+ e[x5 ]+ a[x6 ]— [x3y]= 0.

a[x6J+ 6[x5 J+ clx4J+ az’[x3 J— [x3yJ= 0,

a[xs]+6[x4]+c[x3]+d[x2]—[x2y]=0, 65.14)

a[x4 ]+ e[x3 ]+ c[x2 ]+ d[x]-[xy]=0,
a[x3 ]+ 6[)62 ]+ clx]+an-[y]=o0.

B nopampmomy OyaemMo pimiaTH  CHCTEMY JIHIHHHX
HOpManbHUX piBHHB (3.1.3) abo (3.1.4) ogHuM i3 BiJOMHX B
MaTeMaTHIli CoCcO0iB.

17

3.2. BcraHoBJIeHHSI KOe(iLieHTIiB HOPMAJIBbHUX
PiBHSIHb

[IpuBenemMo po3paxyHKOBY TaOJUIIO, Ha OCHOBI fKOi

CTPUMYIOTh KO€(]illiEHTH HOPMAIBHUX PIBHSHb.

Taonuys 5. Po3paxynok Koegiyicumie HOpMAIbHUX PIGHAND

0 2 3 4 5
Ne | X, Y enomd x x X X o
1 1
0 8,751 0) 0 0) 0)
2 1
11,25 9,023 126,563 1423,828 16018,066] 180203,247
3 1
22,5 8,8700 506,250 11390,625 256289,063 5766503,906)
4 1
33,75 8,4713 1139,063] 38443,359 1297463,379 43789389,038]
5 1
45| 8,4624 2025,000 91125,000 4100625,000[ 184528125,000]
6 1
56,25 8,1418| 3164,063] 177978,516] 10011291,504] 563135147,095
7 1
67,5 7,8349 4556,2500 307546,875] 20759414,063| 1401260449,219
8 1
78,75 7,9709 6201,563] 488373,047| 38459377,441| 3028675973,511
9 1
84,375 8,2965 7119,141]  600677,490] 50682163,239] 4276307523,251
10 1
90| 8,4720 8100,000 729000,000] 65610000,000, 5904900000,000
Y 10
489,375 84,294 32937,891| 2445958,740] 191192641,754|15408543314,266,

18
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IIpooosicenns maonuui 5

Ne x° Xy x’y X’y

1
0 0 0 0

2
2027286,530 101,513369 1142,025 12847,78571

3
129746337,891 199,574425 4490,425 101034,5526

4
1477891880,035 285,905627 9649,315 325664,3785

5
8303765625,000 380,807509 17136,34 771135,2056

6
31676352024,078 457,975581 25761,13 1449063,362

7
94585080322,266 528,854321 35697,67 2409592,498

8
238508232913,971 627,711317 49432,27 3892790,965

9
360813447274,268 700,019517 59064,15 4983537,384

10
531441000000,000 762,479631 68623,17 6176085,007

z
1266937543664,040 4044,841 270996,5 20121751,1

TakuMm 4YMHOM, Ha OCHOBI MPOBEICHHUX pPO3PaxXyHKIB HaMH
OTpUMaHa HACTyIIHa MAaTpuls KOEQIlieHTIB  HOPMAaJIbHUX

IBHSHb

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

19

3.3. PilmlenHsi cucremM# JiHiliHNX PiBHAHB
cnocodom Kpamepa

Hexaii, MmaemMo cuctemy JiHIHHUX PIBHSIHbD

a,x, +a,x, +..+a, x, 6 =b,

a,x, +a,x, +..+a, x. =b
2171 2272 2n"'n 29 (331)

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

Jlns toro, mo0 i3 i€l cMCTeMU BHU3HAYMTH HEBIAOMI C,
CKJIaIeMO 13 KOe(ili€HTIB MPH HEBITOMUX BU3HAYHHX A, KU
HA3WBAETHCS BU3HAYHUKOM CUCTEMH PiBHSHB (3.3.1).

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

ITomHOXMMO JIIBY 1 IIpaBy 4acTUHU piBHOCTI (3.3.2) Ha X;.
B niBiii wactuHi Oynemo Matu Ax,, B IpaBiil k€ YacCTHHI
BBEJEMO Y BCl WIEHM [-T0 CTOBINYMKA BU3HAUHMKA a 1

MHOYKHHK X,

a,, a, .a;Xx,..a,
A-x, =|a, a,, Ay Xy, (3.3.3)
il ey, X,

ITotim 10 i-ro croBmurka Bu3HauHuKa (3.3.3) momamo Bci
1HIIT CTOBIYHKH, IIOMHO€EHI BIJITOBITHO
HaX,X,,...,X, . BenurHa BU3HAUHUKA Bl [bOI'O HE 3MIHUTHCS.
Toni i-CcTOBMYMK MpEACTaBUTh COOOO JIIBY YaCTUHY CHUCTEMH
piBHsHB (3.3.1).
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cucremMu 1

(3.3.4)
a, a, ..b..a,
as ay b,...a,,
A |.a, .a, .b,.a
3sigkn, x, =—-="—" . LR (3.3.5)
A ay ap,  dp.dg,
G G Gy
"'anl anZ an3 ann

@®opmyna (3.3.5) mae MOXIIMBICTD BU3HAYUTU KOXKHE
HEBIJJOME CHCTEMHU JIIHIHHUX piBHAHB (3.3.1).

SIKIo BiTBHI WIEHH CHUCTEMM JIHIHHUX pIBHAHb pIBHI
HYJII0, TO BOHa Oyae CHCTEMOIO JIHIMHMX OJHOKOPIHHUX
PIBHSHB.

Cucrema JiHIHHUX OJHO KOPIHHUX PIBHSAHb MOXE MaTH
pillIeHHS BiAMIHHE Bill HYJIBOBOTO, SIKIIO BU3HAYHHK CHUCTEMHU
A piBHUI HYIIO.

JUist cHCTEMH YOTUPHOX JIIHIHHUX PIBHSHB
a,x, +a,x, +a;x; +a,x, =b,
Ay X) + Ay Xy +ayX; + a5 X, =b,, (3.3.6)
Ay X) +anX, +AyuX; +ayx, =b;, o

AyuX, +a,Xx, +a,x;, +a,x, =b,,

SIKIIIO BUBHAYHUK CUCTEMH A HE JOPIBHIOE HYITIO

21

TO cucreMa Bu3HayHMKa 1 mo Kpamepy ii
BUPaXAIOTHCS (popMyIamMmu

b a, a; a,
b, ay a,; a,
by ay, ay ay
X, = b, ay Aa43 Ayy ’
a, b a; ay,
ay by a, ay
a by ay ay
a, b, a; ay,
X, = A )
a, a, b ay,
ay ap b, ay
ay ay, by ay
a, a, b, a,
X, = A )

22

HEB1IOMI

(3.3.8)
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S

=

S S
™ )

S

N

ay  ap

ay A4y

a3 Ay

X, = Ay Ay
A

Sl 6auumo, 110

b, a,
A _bz ay
: by a,,
b, ay,
a, b
A _ |4 b,
" a, b,
a, b,
apy  ap
A |4y dp
b a;  dy
a,  dy
a,  ap
A |4 4p
X4 a; a4y
a, dy

)

o~ O

[

S

N

(3.3.11)

(3.3.12)

(3.3.13)

(3.3.14)

(3.3.15)

IIpusenemo dopMyTy  3HAXOMKEHHS  BHU3HAUHL.\Q)
YETBEPTOI'O MOPSAIAKY

ay  4dp 43 a4y
dy Gy Gy Ay _( )( )+

=\Ayay3 — A3y \A Aoy — Q1405

a3 dz Ay A4y

Ay Ay Ay Ay

+ (a32a44 —a3dy )(a13a21 —ap;ay; )+ (a31a43 —dasdy )(a14a22 —apdy )+

+ (a31a42 T d5dy )(a13a24 T A Ay; )+ (a33a44 — 434y )(allazz —apay )+

+ (a31a44 T d3ay )(alzazs —a;dy ) (3.3.16)

| B Hawomy BuNaaky BusHavyHuK cuctemu 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
20121751,1383 15408543314 191192642 2445959
270996,47559 191192642 2445959 32938
4044,8412962 2445959 32938 489
84,294000000 32938 489 10

D1= 1,63374E+16

ToAi HeBigoMUN KoeddiLieHT a npu X’ Oyne

_ Dl 1.63374E +16

a=x = =0,000011821;
D 1.38204FE +21
1266937543664 20121751,138 | 191192642 | 2445959
15408543314 270996,476 2445959 32938
191192642 4044,841 32938 | 489,375
2445959 84,2940 489,375 10
D2= -2,0011E+18

24
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TOOi HeBimOMUIN koediLieHT b npu x° 6yne
_D_2 _ -2,0011E +18

Po3aia 4. Ouinka TouHOCTI

4.1. KoHTpOJIb 3piBHOBAaXKEHHSA

[TigcraBnsroun oTpuMaHi 3Ha4eHHS Koe(DilieHTiB a,8,c,d
y hopmyny (3.4), oTpuMaeMo HaCTYIHI pe3yJIbTaTH.

Taonuys 6. Koeghiyicumu nopmanvuux pieHans i KOHMPOJib

b=x, = =—————=-0,001448;
D 1.38204E + 21
1266937543664 15408543314 | 20121751 | 2445958,7
15408543314 191192642 270996 | 32937,891
191192642 2445959 4045 489,375
2445959 32938 84,294 10
D3= 4,3393E+19
i HeBigOMUM KoedilieHT ¢ npu x Gyae
D3 43393E +19
c=x,=—=—"—""——=0,031398;
D 1.38204E + 21
1266937543664 15408543314 191192642 | 20121751
15408543314 191192642 2445959 270996
191192642 2445959 32938 4045
2445959 32938 489,375 84,294
D4= 1,2121E+22
koedpiuieHT d Gyne
D4 12121E+22
d=—=— =8,770681.

D 1.38204E + 21

TakuM YWHOM, Ha OCHOBI TMPOBEACHUX JOCTIIKECHB,
MaTeMaTU4Ha MOJENb 3aJeKHOCTI MAarHITHOTO MOMEHTY
IUIaHEeTH 3eMils ), BiJ HMIMPOTH IYHKTY CIOCTEPEKECHHS X,
BUPAXKAETHCS (POPMYIIOIO

¥'=0,000011821x> —0,001448x> +0,031398x +8,770681. (3.3.17)

25

3DIBHOGAICCHHSA
x3 xz x] xo y KoHTporb
3
X 11266937543664,04|15408543314,27| 191192642| 2445959 20121751,14|20121751,138
2
X 15408543314,266 191192642 2445959|32937,891| 270996,476| 270996,476
[x 191192641,754 2445959 32938 489 4044,841 4044,841
0
X 2445958,740 32938 489 10 84,294 84,294
0,000011821 | -0,001448 | 0031398 |g 770681
Ommnoka! O0beKT
He MOKET ObITh
C03J1aH U3 KOAOB b C d
noJei
peAaKTHPOBAHMS.

[l—dyad Ay xd—dyq—dy]-

=0,076811231. 3 gpyroi ctoponu [VV]= 0,076811

4.2. Ouinka TOYHOCTI NapaMeTpiB, OTPUMAHHX i3
pillIeHHSI CHCTeMH HOPMAJILHUX PiBHSIHb

CepenHi KBafpaTU4HI NOXUOKU BU3HAYAEMUX X,,X,,X;,X,
PO3paxoByIOTECS 32 GOPMYyIIaMu:

=B
m, =p D (4.2.1)

26
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X a, 4 dy
m, = 52 , (4.2.2) Ay =lay Ay Ay,
Ay Ay Ay
A33
me, =H D’ (4.2.3) a, 4dp a4y
Ay =|ay  ay  ay), (4.2.9)
A a, a, a
m, = | =% (4.2.4) weoTe T
¢ D
a, 4y 4y
Je m,,m, ,m, ,m, — CEPEAHI KBaJPaTH4H1 HOXUOKH Ay, =la, ay, ayl (4.2.10)
BU3HAYAaEMUX  HEBIAIOMHUX  X|,X,,X;,X,, M—  CEpEIHs a, ay, asy
KBaJpaTHUYHA MMOXWOKa OJMHUII Baru, sfiKka poO3paxoOBYETHCS 3a
opmyrnoro ne A=a, A, +a,A, +a,;A; +a,A,. (4.2.11)
|44 4. [TpuBenemo Gopmylly pPO3KPUTTS BH3HAYHUKA TPETHOTO
a n—K (4.2.9) MOPAAKY
VYV ¢dopmymi (4.2.5) n- umMcno moyaTkoOBUX piBHAHB, K - G G 4y
gucno HeBitoMux. B Hamomy Bumaaky n=10;K =4. J - ay; dyp dy|= au(“zz“n _a23a32)+a12(a23a31 _a21a33)+a13(a21a32 _a22a31)‘
pI3HMLI MDK BHXIJHMM 3HAu€HHAM ), 1 BHUpPaXyBaHUM 31y 4y
3HAYCHHSIM )’ 3a OTpUMaHO Hamu popmyoro (3.3.17); 4.2.12)
Vo=y -y (4.2.6) I B Ha1IOMy BHUIAAKy OTPUMAEMO
. 191192642 2445959 32938
A, 4,,,A4,A4, — anrebpaiuni TONOBHEHHS MEPILOTO, A11= 4,7761E+11 2445959 32938 489,375
APYroro, TPEThOTO 1 Y4eTBEPTOTO JAiarOHANIBHUX EJIEMEHTIB 32937,891 489,375 10

BEJIMYMHA 00EPHEHOT Baru
Ay =lay  ay ay), (4.2.7)
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v _An _ ATIOIEFNL 5 jsso3p 10,
D 138204E+21

=0,00001859.

1266937543664 | 191192642 | 2445959

A22= | 8,99382E+15 191192642 32938 | 489,375
2445959 489 10
A
LA _BI9BEHDS 600006508, |—— = 0,00255.
P. D 138204E+21 P,
1,24719,E+1
A33= 9 1266937543664 | 15408543314 | 2445959

Taonuys 6. nopieHAIbHUT AHANI3 PE3VILIMAMIE CHIDO2020

3pieHOBANCEHNA

Ne xicmm ycnom& yb’pi(?HOBHWC V = yi - yl’ V2
1 0 8,751 | 8,7706807 -1,986E-02 | 0,000394435
2 11,25 9,023 | 8,9574804 6,593E-02 | 0,004346778
3 22,5 | 8,8700 | 8,8787569 | -8,782E-03 | 7,71322E-05
4 33,75 | 8,4713 | 8,6354987 -1,642E-01 0,0269685
5 45| 8,4624 | 8,3286944 1,337E-01 | 0,017874265
6 56,25 | 8,1418 | 8,0593326 8,246E-02 | 0,006798916
7 67,5 | 7,8349 | 7,9284018 -9,352E-02 | 0,008746539
8 78,75 | 7,9709 | 8,0368906 -6,595E-02 | 0,004349827
9 84,375 | 8,2965 | 8,2124763 8,405E-02 | 0,007064626
10 90 | 8,4720 | 8,4857876 -1,379E-02 | 0,000190211
n=10 | 489,375 | 84,294 84,29 0,0000000 0,076811

Toni, cepenHs kBajpaTU4HA TOXUOKA OJUHUII Baru Oyae

44

‘Ll:
n—

=0,113145357.

15408543314 191192642 32938
2445959 32938 10
A
1 _ Ay :1,24719E+19_000902 — 0,0950.
P)C3 D 1.38204E + 21
12669375436641 408543314 191192642

A44= |1,1858101,E+21

15408543314 191192642 2445959

191192642 2445959

32938

1 _ Ay _ 1,1858101E + 21 —0.8580: R — 0,9263.
P D 1.38204E + 21 P

Xy X44

[TincraBnsioun y BuBeneHy Hamu, ¢opmyny (3.3.17)
3HaYyeHHAd X CHOTBOPEHOI MOJEJ OTPUMAEMO PO3pPaxyHKOBI
3HAYCHHS y', AKi OyAyTh JCHIO BiAPI3HATHCS Bil BUXITHHX
3HAYeHb Y.

29

Cepennst kBaipaTHYHa MOXUOKA BU3SHAYCHHS KOeQiLli€HTa a

m, = =0,113145357 *0,00001859 = 2,10336E-06

=[]

Cepenns kBaJpaTHYHa NOXMOKA BU3HAYCHHS KoedilieHTa b

M, = 1| = 0,113145357 0,00255 = 0,000288635
Pb

30
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»_epelHsi KBaJpaTuyHa IOXUOKa BU3HAUCHHS KoedilieHTa d

1
m, = [ /F =0,113145357*0,9263 =0,104805634
d

Cepenni kBapaTU4H1 HTOXHUOKH 3pIBHOBAXKEHOI PYHKIIT mp=

0,10480563
0,06481718
0,06888175
0,06328396

0,057174
0,06317283
0,06722604
0,05730037
0,06144284
0,09184147

IlepeBipka MozeTi Ha a/IeKBAaTHICTH 3a KpuTepiem Pimepa

MepeBipka Ha agekBaTHICTb 3a KpuTepiem diepa

32,3424 > 4,533677

Mopenb ageksaTHa eKcnepmMeHTalribHUM JaHUM

BcranosneHHs 3Ha4uMMOCTi KoeilieHTiB perpecii

KoediuieHTn perpecii 3Haummi

ta= 5,620173 | t(0,05;6)= 2,446912
tb= 5,016535

tc= 2,92115 | 1(0,08;6)= 2,104306
td= 83,6852

31

BucHoBKkMu

Ha ocHOBIi poBeieHUX AOCHTIKEHb B AaHiil poOoTi:

1. T'enepoBaHi BHUINAJKOBI YHWCNA, $AKI MPUBEICHO JI0
HOPMOBAHOT JOCTIHKYBaHOT TOUHOCTI.

2. Ha ocHOBi icTUHHOI MOJENi 1 TeHepOBaHUX ICTUHHHUX
NoXHOOK TMOOy/IOBaHa CIIOTBOPEHA MOJENb 3AJIEKHOCTI
MarHiTHOr0 MOMEHTY 3eMJI1 Bl INUPOTH.

3. MarematnyHa MOJENb ANPOKCMMOBaHa IO CHOco0y
HalMEHIIUX KBaJpaTiB KyOIYHUM MOJIIHOMOM.

4. Orpumana Gopmyna
¥'=0,000011821x" —0,001448x> +0,031398x +8,770681.

3aJIeKHOCTI MarHiTHOTO MOMEHTY 3eMii Y B mupoTu X .

5. BcranoBneHo, 00 cepenHs KBaJpaTWUYHAa MNOXHOKa
OJMHMIII Baru 3a pe3ylbTaTaMU 3pIBHOBAXEHHS CKIajae

p=0,122513676 *10** am”.

6. Cepenns KBagpaTU4YHAa  TOXMOKAa  BU3HAYCHHS

xoediienta a npu x°  m, =2,10336E - 06;

o CCpCAHA KBaApaTU4iHa HOXI/IGKa BHU3HAUYCHHA
xoediienta b npu x°  m, =0,000288635;
o CCpCAHA KBaApaTU4YHa HOXI/IGKa BHU3HAUYCHHA

koedimienta ¢ npu x  m, =0,010748408;

o CCPpCAHA KBaJApaTU4YHa HOXI/IGKa BU3HAYCHHA
koedimienta d npu  m, =0,104805634.

32
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7.

10.

-pelHi KBaIpaTU4IH1 MOXUOKH 3PIBHOBAKEHOT PyHKUIT M@=

0,10480563
0,06481718
0,06888175
0,06328396

0,057174
0,06317283
0,06722604
0,05730037
0,06144284
0,09184147

Po3pobnena meroamka MIATOTOBKH ICTUHHUX MOXHOOK
Harepes 3aJjaH01 TOYHOCTI.

Jlana poOoTa BigKpHBa€e JOpOry Jjisi MPOBEICHHS
JOCHIUKEHb METOJIOM CTaTUCTUYHUX BUNpPoOyBaHb MoOHTE
Kapno.

BoHa 5ae MOXIJIMBICTh OXOIMUTU BEIUKY ayAUTOPII0, TOMY
0 TEHEPYIOThCA TMOXHOKH IHAMBIAyalbHO 1 BOHU HE
MOBTOPIOIOTHCS B IPYTUX MOJIEIISIX.

Po6GoTta BukoHyeThbcs Brepmie. Ham He BioMi jiTeparypHi

JpKkepena, ne 6 BHKOHYBAJIMCH aHAJOTIYHI JTOCHIHKEHHS B
Kypci Di3uKH 3 0CHOBaMHU T€0(i3UKH.

33

10.

11.

12

13.

JlirepaTypHi qxepena

bykees b.O. JlochmimkeHHS TOYHOCTI ampoKcHMAIii
3aJI©KHOCTI MAarHiTHOrO MOMEHTY 3eMili BiJl LIMPOTH
METOJOM CTAaTUCTHYHUX BHUNpoOyBaHb Monte Kapio.
Mogens III'b 61-.MET'Y, Pigne, 2006, -29c.

Kopn I'., Kopu T. CnopaBoyHuk 1o mareMmaruke. — M.:
Hayxa, 1973,-831c.

Komknn H. W., HlupkeBuu M. I'. ChopaBouyHuk 1O
enemMeHTapHOi (pusuke. — M.: Hayka, 1972,-255c.
Kyuepyk 1. M., T'opbauyxk 1. T., JIymux I1. I1. 3aransauii
kypc ¢i3uxu. T. 1. — K.: Texnika, 1999,-536¢.

Kyuepyk 1. M., I'op6auyk I. T., JIymux I1. I1. 3aransuuii
kypc ¢izuku. T. 2. — K.: Texnika, 1999,-452c.

Kyuepyk 1. M., I'op6auyk I. T. 3aransauii kypc (izuku.
T.3 . —K.: Texuika, 1999,-520c.

JlirnapoBuu P. M. JlocnikeHHsI TOYHOCTI anmpoKCHUMaIlii
3aJIeKHOCTI MarHiTHOTO MOMEHTY 3eMJI1 Bifl IIUPOTH
METOJIOM CTaTUCTMYHUX BunpoOyBanb Monrte Kapio.
Yacrtuna 1. MEI'Y, Pisue, 2006,-44c.

JlirnapoBud P.M. BcTtaHOBIIEHHS 3B 513Ky MK
reorpagiyHoI0 i TeOMarHiTHOIO CUCTeMaMH KOOpWHAT.
Yacruna 2.MEI'Y,Pisue,2006,-47c.

JlitHapoBuy P.M. ®iduka 3 ocHoBamu reo¢izuku. Kypc
nekuin. MET'Y,PiBue,2007,-78c¢.

JlitrnapoBuy P.M. ®izuka 3 oOCHOBaMH Treo(]i3UKH.
JlaGopatopuuit npaktukym. Yactuna 1.MEI'Y,PiBue,2007,-
44c.

JlitrnapoBuy P.M. ®izuka 3 oOCHOBaMH Treo(]i3UKH.
JlaGopatopuuit npaktukym. Yactuna 2.MEI'Y,PiBHe,2008, -
48c.

. Mynpos B. 1., Kymiko B. JI. Metoasl o6paboTku

m3Mmepennil. — M.: Cos. paguo, 1976,-192c.

[Macrymenko C. M. ®opmynun 1 3aKOHM  3arajbHOi
G13UKKM: HaBYATBHUM TOCIOHHMK Ui CTYICHTIB BHIIHUX
HaBYaIbHUX 3akjiafiB. 2e Buj.: Jiam., 2005,-2668c.
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.. Pero K. I'. Merponoruueckass 00paboTka pe3ynbTaToB JlonaTku

TeXHUYECKUX  u3MepeHuil. CrnpaBoyHOe  MOCOOHWE. — TonaTok 1.
K.:Texuika, 1987,-126c. I'enepyBaHHsI ICEBIOBUTIAIKOBUX YHCE, MIAMOPSIKYBAHHS iX
15. Po3p’si3yBanHs  3aja4 3 Kypey 3araibHoi  (I3uKu. HOPMAaJILHOMY 3aKOHY PO3MOJIUTY 1 pO3paxyHOK iCTUHHUX
[Tpaktukym/OctpoyxoB A. A., CrpmwxeBchkuit B. JL, MOXUOOK
[Bimux M. I'. Ta iami. —K.: Pagsguceka mikomna, 1966,-503c 026 | 0414 | -0,154 0,02372 -0,0522 0,00272272
16. CaBenneB U. B. Kypce pusuku. T.1. -M.:Hayxka, 1989,-352¢ 0,61 0,414 | 0,196 0,03842 0,06641 0,00441036
17. CaBenneB U. B. Kype pusuku. T.2. -M.:Hayka, 1989,-464¢ 0,47 0,414 | 0,056 0,00314 0,01897 0,00036003
18. CaBenne U. B. Kypc obmieli puszuku. —M.:Hayxka, 1982, - 0,04 0,414 | -0,374 0,13988 -0,1267 0,01605850
304c 097 | 0,414 | 0,556 0,30914 | 0,18839 0,03549045
19. CutnikoB  O. II. OcHoBH EIIEKTPOIMHAMIKH. 0,8 0,414 | 0,386 0,14900 0,13079 0,01710553
Jlaboparopuuii mpaktukyMm. Yepsniris: YJIIE1Y, 2003,-48c 0,21 0,414 | -0,204 0,04162 -0,0691 0,00477774
20. Cy6otin C. I. Kopa i1 wmanrtis 3emini. —K.: 3HanHs,1996, 0,16 0,414 | -0,254 0,06452 -0,0861 0,00740678
-39c. 0,51 0,414 0,096 0,00922 0,03253 0,00105805
21. Tonmorpado-reo1e3udecKue TEPMHUHBL:  CIIPABOYHUK/ 0,11 0,414 | -0,304 0,09242 -0,103 0,01060985
Ky3bmun b. C., I'epacumoB @. f., Monokanos B. M. u ap. 4,14 4,14 0 0,87104 | 0,0E+00 0,10000000
— M.: Henpa, 1989,-261c.
22. ®enmopos €. I1. Ob6epranusa 3emni. — K.:3nanns, 1966,-52¢ A B C D E F
23. ®i3uka 3 BHUKOPUCTAHHSAM OOYMCIIOBAJIBHOI TEXHIKH.
[Mpaktuunuii kypc/ B. M. Kazancekuit, B. 1. Knanuenko, Honarox 2.
N. Komenena ta in. — K.: JIu6igs, 1993,-224c. [ToOynoBa cloOTBOPEHOT MOJEI
0 8,803 -0,0522 8,751
11,25 8,957 0,06641 9,023
22,5 8,851 0,01897 8,8700
33,75 8,598 -0,1267 8,4713
45 8,274 0,18839 8,4624
56,25 8,011 0,13079 8,1418
67,5 7,904 -0,0691 7,8349
78,75 8,057 -0,0861 7,9709
84,375 8,264 0,03253 8,2965
90 8,575 -0,103 8,4720
489,375 84,294 0,0E+00 84,294
| G E H
ICTUHHI
Xekcn.=XicTH. | YicTH. noxmo. Ycnts.
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Honarok 4.

Po3paxynkoBa TabmuIs Po3paxyHOK BU3HAUHUKIB <
1266937543664,04 15408543314,27] 191192642 | 2445959
o 1 0 0 0 0 0 15408543314,266 191192642 2445959 | 32937,891
1125 1] 126,563 1423828  16018,066 180203,247 2027286,530 191192641,754 2445959 32038 489
22,5 1] 506,250 11390625 256289,063]  5766503,906  129746337,891 2445958 740 32038 489 10
33,75 1| 1139,063] 38443,359 1297463,379] 43789389,038] 1477891880,035
45 1| 2025,000] 91125,000 4100625,000] 184528125,0000 8303765625,000 D= 1,38204E+21
56,25 1| 3164,063| 177978,516 10011291,504] 563135147,095 31676352024,078
67,5 1] 4556,250] 307546,875 20759414,063| 1401260449219 94585080322,266 20121751,1383 15408543314 191192642 | 2445959
78,75 1] 6201,563| 488373,047) 38459377.441| 3028675973,511] 238508232913,971 270996 47559 191192642 2445959 32038
84,375 1] 7119,141| 600677.490 50682163,239| 4276307523,251 360813447274,268 40448412962 2445959 32038 489
90/ 1] 8100,000] 729000,000 65610000,000] 5904900000,000{ 531441000000,000 84.294000000 32038 489 10
489,375 1032937,8912445958,740191192641,754/15408543314,266(1266937543664,040
D1= 1,63374E+16
| 3| KL M N o)
1266937543664 20121751,138 191192642 2445959
exen <xicn| xol xr2 b3 - A5 YAG 15408543314 270996,476) 2445959 32938
191192642 4044,841 32938 489,375
. . 2445959 84,2940 489,375 10
[TponoBxkeHHS po3paxyHKOBOI Ta0IMIII
D2= -2,0011E+18
0 0 0] 8,7706807-1,986E-02| 0,000394435 1266937543664 15408543314] 20121751 | 2445958,7
101,513369] 1142,025]12847,78571| 8,9574804 6,593E-02| 0,004346778 15408543314 191192642 270996 | 32937,891
199,574425] 4490,425(101034,5526| 8,8787569-8,782E-03| 7,71322E-05 191192642 2445959 4045 489,375
285,905627 9649,315325664,3785| 8,6354987)-1,642E-01|  0,0269685 2445959 32938 84,294 10
380,807509,  17136,347771135,2056| 8,3286944 1,337E-01| 0,017874265
457,975581] 25761,13]1449063,362| 8,0593326| 8,246E-02 0,006798916, D3= 4,3393E+19
528,854321] 35697,672409592,498| 7,9284018-9,352E-02] 0,008746539
627,711317  49432,273892790,965| 8,0368906/-6,595E-02] 0,004349827 1266937543664 15408543314 191192642 | 20121751
700,019517  59064,154983537,384| 8,2124763| 8,405E-02| 0,007064626 15408543314 191192642 2445959 270996
762,479631] 68623,176176085,007| 8,4857876)-1,379E-02] 0,000190211 191192642 2445959 32938 4045
4044,841] 270996,5| 20121751,1 84,29 0,0000000 0,076811 2445959 32938 489,375 84,294
P Q R s T u
D4= 1,2121E+22
V=YcnTB.-
YX YXA2 YXA3 Y'apien.  |Y3 W
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A33= 1,24719,E+19 1266937543664 15408543314
15408543314] 191192642

BinbHI 4iieHHM HOPMaJIbHUX PIBHIHb

2445959 32938
2012175114 191192642 2445959 32938
270996,476 A11= 4,7761E+11 2445959 32938 489,375
4044,841 32937,891 489,375 10
84,294
Honartok 8.
Honxarok 6. KoHTpons 3piBHOBa)KEHHS
Po3paxyHoK Koe(ilieHTIB alPOKCUMYIOYOTO MOJITHOMY
a=D1/D= | 0,000011821 [yyl- | alyx3]- | b[yx?] | -clyx]- | dly] |= 0,076811231
b=D2/D= -0,001448 [WV] = 0,076811231
c=D3/D= 0,031398 PisHuus= 0,000000
d=D4/D= 8,770681
Y=aX"3+bXA2+CX+d Aonatok 5.

OriHKa TOYHOCTI 3pIBHOBaKEHUX CIIEMEHTIB

Hamu BuBenena opmysna 3a pe3ynbraTaMHu TEOPETUYHHUX Cepenmsi  KBaapaTvuHa noxvbka omvHIL Barv

JOCTIKEHB! = 0,113145357
y'=0,00001 1821x* —0,001448x? +0,031398x +8,770681. CepeaHs kBagpaTu4yHa noxumbdka koedilieHTa a
ma= 2,10336E-06
Joxatok 7. Ce peaHs kBagpaTuyHa Nnoxmnbka koedilieHTa B
3HaxX0KEHHS anreOpaidHUX TOTIOBHEHb
mb= 0,000288635
CepenHs kBagpaTU4Ha Noxmbka KoedillieHTa c

1266937543664 15408543314] 191192642
A44= [ 1,1858101,E+21 15408543314] 191192642 2445959 he= 0,010748408
191192642 2445959 32938

CepepaHs kBagpaTnyHa noxubka koediuieHTa d
md= 0,104805634

1266937543664 191192642 2445959
A22= 8,99382E+15 191192642 32938 489,375
2445959 489 10
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Cepenni kBaapaTH4Hi NOXHOKH 3piBHOBaKeHOI PYHKIIT I I

mae=

0,10480563 |

0,06481718

0,06888175

0,06328396 |
0,057174

0,06317283 |

0,06722604

0,05730037

0,06144284

0,09184147

56,25 | 67,5 |78.75 84,375 90

45

DopaaTtok 10. Aiarpamu gocnigxeHb

MarHiTHUIA MOMeHT 3eMni

11,25 225 13375

0

Semni| o 221 19,023 |8,87003.4713|8,4624/3,1418/7.8349]7.9709/8.2965 8.472%

9,200
9,000
8,800
8,600
8,400
8,200 1
8,000 1
7.800 1
7,600 1
7,400 -
7,200

N MOMEHT

o

(107 22AM"2)

OMardiTiu

|

A LHBWON MHLIHIe |y
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Honarok 11.Ta6auui Bajgenbkoro O.0.
Variant No./ Random values
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0.14 0.15 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 0.75 0.1 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 0.32 0.82 0.3 0.66 0.47 0.09 0.38 0.44 0.6
0.950.5 0.580.22 0.31 0.72 0.53 0.59 0.4 0.81 0.28 0.48 0.11 0.17 0.45 0.02
0.84 0.1 0.270.01 0.93 0.85 0.21 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
0.66 0.92 0.34 0.6 0.34 0.86 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 0.72 0.450.87 0 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 0.52 0.09 0.2 0.96 0.28 0.29 0.25 0.4 0.91 0.71 0.53 0.64 0.36 0.78
0.92 0.59 0.03 0.6 0.01 0.13 0.3 0.53 0.05 0.48 0.82 0.04 0.66 0.52 0.13 0.84
0.14 0.69 0.51 0.94 0.150.11 0.6 0.94 0.33 0.05 0.72 0.7 0.36 0.57 0.59 0.59
0.19 0.53 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
0.89 0.12 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
0.75 0.23 0.84 0.67 0.48 0.18 0.46 0.76 0.69 0.4 0.51 0.320  0.05 0.68 0.12
0.71 0.45 0.26 0.35 0.6 0.82 0.77 0.85 0.77 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
0.54 0.950.850.370.1 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
0.290.77 0.47 0.71 0.3 0.99 0.6 0.51 0.87 0.07 0.21 0.13 0.49 0.99 0.99 0.98
0.37 0.29 0.78 0.04 0.99 0.51 0.05 0.97 0.31 0.73 0.28 0.16 0.09 0.63 0.18 0.59
0.5 0.24 0.450.94 0.55 0.34 0.69 0.08 0.3 0.26 0.42 0.52 0.23 0.08 0.25 0.33
0.44 0.68 0.5 0.350.26 0.19 0.310.180.81 0.71 0.01 0  0.03 0.13 0.78 0.38
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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
0.64 0.2 0.190.89 0.38 0.09 0.52 0.57 0.2 0.1 0.65 0.48 0.58 0.63 0.27 0.88
0.65 0.93 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
0.52 0.83 0.47 0.91 0.31 0.51 0.55 0.74 0.85 0.72 0.42 0.45 0.41 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
0.75 0.46 0.37 0.46 0.49 0.39 0.31 0.92 0.55 0.06 0.04 0  0.92 0.77 0.01 0.67
0.110390 0.980.480.820.4 0.120.850.830.61 0.6 0.350.63 0.7 0.76
0.6 0.1 0.470.1 0.180.19 0.42 0.950.550.96 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
0.89 0.15 0.21 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
0.190.350.11 0.250.33 0.82 0430 0.350.580.76 0.4 0.24 0.74 0.96 0.47
0.32 0.63 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 0.34 0.17 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
0.65 0.34 0.49 0.87 0.2 0.27 0.55 0.96 0.02 0.36 0.48 0.06 0.65 0.49 0.91 0.19
0.88 0.18 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
0.810.64 0.7 0.6 0.01 0.61 0.450.24 0.91 0.92 0.17 0.32 0.17 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
0.21 0.33 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
0.43 0.33 0.450.47 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 0.250.42 0.56 0.88 0.76 0.71 0.79
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0.04 0.94 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. g
0.85 0.78 0.43 0.83 0.82 0.79 0.67 0.97 0.66 0.81 0.45 0.41 0 0.95 0.38
0.78 0.63 0.6 0.950.06 0.8 0.06 0.42 0.25 0.12 0.52 0.05 0.11 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
0.22 0.21 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 0.25 0.95 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 0.89 0.3 0.16 0.17 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
0.99 0.72 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
0.530.42 0.2 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
0.25 0.49 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
0.11 0.250.150.07 0.6 0.69 0.47 0.94 0.51 0.09 0.65 0.96 0.09 0.4 0.25 0.22
0.88 0.79 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
0.82 0.49 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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0.1 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
0.13 0.86 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
0.92 0.17 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
0.230.97 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 0.220.520.31 0.6 0.38 0.81 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 0.25 0.18 0.66 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
0.52 0.57 0.140.59 0.1 0.28 0.97 0.06 0.41 0.4 0.11 0.09 0.71 0.2 0.62 0.8
0.430.9 0.390.750.950.15 0.67 0.71 0.57 0.7 0.04 0.2 0.33 0.78 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 0.530.29 0.28 0.19 0.18 0.26 0.18 0.61 0.25 0.86 0.73 0.21 0.57 0.91 0.98
0.41 0.48 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
0.17 0.56 0.71 0.16 0.72 0.29 0.1 0.98 0.16 0.9 0.91 0.52 0.8 0.17 0.35 0.06
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 0.82 0.09 0.14 0.44 0.21 0  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 0.16 0.51 0.51 0.16 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._\§
0.16 0.35 0.5 0.76 0.47 0.91 0.85 0.35 0.89 0.32 0.26 0.18 0.54 0.89 0.63
0.320.930.3 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 0.95 0.75 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
0.75 0.89 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 0.740.69 0.210.120.01 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
0.76 021 0.1 0.110 0.44 0.920.93 0.21 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 0.770.32 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 0.46 0.11 0.36 0.57 0.68 0.67 0.53 0.24 0.94 0.41
0.66 0.8 0.39 0.62 0.65 0.79 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 0.65 0.4 0.850.3 0.61 0.43 0.44 0.43 0.18 0.58 0.67 0.69 0.75 0.14 0.56
0.6104 0.680 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 0.560.22 0.3 0.530.890.94 0.56 0.13 0.14 0.07 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 0.95 0.45 0.71 0.63 0.77 0.52 0.54 0.2
0.210.14 0.950.57 0.61 0.58 0.14 0  0.25 0.01 0.26 0.22 0.85 0.94 0.13 0.02
0.16 0.47 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
0.51 0.76 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
0.11 0.29 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
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.siant No./ Random values

Q&

205 206 227 228 229 230 231 232 233 234 235 236 237 238 239 240

0.43 0.75 0.18 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 0.37 0.58 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
0.49 0.45 0.01 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 0.82 0.04 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
0.61 0.71 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 0.15 0.89 0.15 0.04 0.95 0.3 0.98 0.44 0.48 0.93
0.330.09 0.63 0.4 0.87 0.8 0.760.93 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
0.98 0.19 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 0.19 0.77 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
0.34 0.18 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
0.31 0.81 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
0.450.65 0.450.320.2 0.77 0.7 0.920.12 0.01 0.9 0.51 0.66 0.09 0.62 0.8
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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.\
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 X
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 0.51 0.71 0.8 0.62 0.46 0.43 0.62 0.67 0.94 0.56
0.120.75 0.31 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
0.34 0.67 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 0.44 047 0.3 0.6 0.570 0.730.34 0.92 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 0.35 0.28 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
0.51 0.85 0.29 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
0.49 0.14 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 0.38 0.5 0.72 0.24 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 0.850.660.11 0.9 0.62 0.54 0.54 0.33 0.72 0.13 0.15
0.350.950.84 0.5 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 0.91 0.19 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
0.130.140960.990 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 0.84 0.9 0.03 0.370.7 0.24 0.24 0.29 0.16 0.51 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
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0.380.9 0.640.490.540.440 0.610.98 0.69 0.07 0.54 0.85 0.16 0.02 0.63
0.270.5 0.520.98 0.34 0.91 0.87 0.4 0.78 0.66 0.8 0.88 0.18 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
0.22 0.83 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
0.65 0.52 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 0.470.46 0.11 0.99 0.66 0.53 0.85 0.81 0.53 0.84 0.2 0.56 0.85 0.33 0.86
0.21 0.86 0.72 0.52 0.33 0.4 0.28 0.3 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 0.21 0.83 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
0.66 0.43 0.190.39 0.5 0.97 0.9 0.19 0.06 0.99 0.63 0.95 0.52 0.45 0.3 0.05
0.450.05 0.8 0.68 0.550.01 0.950.67 0.3 0.22 0.92 0.19 0.13 0.93 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 0.340.49 0.03 0.98 0.2 0.590.550.1 0.02 0.26 0.350.35 0.36 0.19
0.2 0.410.99 0.47 0.45 0.53 0.85 0.93 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 0.150.45 0.94 0.05 0.16 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
0.23 0.19 0.89 0.87 0.57 0.14 0.15 0.95 0.78 0.11 0.19 0.63 0.58 0.33 0  0.59
0.4 0.870.3 0.680.12 0.16 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
0.19 0.86 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
0.65 0.53 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 0.830.76 0.01 0.12 0.3 0.290.91 0.13 0.67 0.93 0.86 0.27 0.08 0.94 0.38
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0.79 0.93 0.62 0.01 0.62 0.95 0.15 0.41 0.33 0.71 0.42 0.48 0.92 0.83 0.'\§
0.01 0.26 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 R
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
04 0.610.6 0.130.630.58 0.150.590.070.420.2 0.2 0.2 0.310.870.27
0.76 0.05 0.270.72 0.190  0.55 0.61 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 0.15 0.47 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
0.06 0.13 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
0.89 0.75 0.76 0.64 0.52 0.16 0.41 0.37 0.67 0.96 0.9 0.310.490.5 0.19 0.1
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
0.51 0.33 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 0.25 0.03 0.1 0.71 0.250.7 0.12 0.66 0.83 0.02 0.4 0.29
0.290.520.520.2 0.11 0.87 0.26 0.76 0.75 0.62 0.2 0.41 0.54 0.2 0.51 0.61
0.84 0.16 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
0.07 0.830.86 0.9 0.920.910.6 0.3 0.280.840 0.26 0.91 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
0.12.0.06 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
0.98 0.96 0.5 0.22 0.62 0.91 0.74 0.87 0.88 0.2 0.27 0.34 0.2 0.92 0.22 0.24
0.53 0.39 0.85 0.62 0.64 0.76 0.69 0.14 0.9 0.55 0.62 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
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0.34 0.76 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 0.340.89 0.13 0.9 0.950.620 0.99 0.39 0.36
0.1 0.310.020.910.610.610.520.88 0.13 0.84 0.37 0.9 0.99 0.04 0.23 0.17
0.47 0.33 0.63 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 0.750.17 0.21 0 0.8 0.310.55
09 0.240.850.3 0.9 0.660.920.030.76 0.71 0.92 0.2 0.330.22 0.9 0.94
Variant No./ Random values

417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432
0.33 0.46 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 0.55 0.12 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 0.42 0.18 0.21 0.4 0.88 0.350.08 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 0.55 0.98
0.49 0.17 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
0.65 0.82 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 0.06 0.650.1 0.120.41 0.2 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
0.58 0.380.29 0.2 0.410.97 0.48 0.44 0.23 0.6 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 0.79 0.81 0.25 0.54 0.7 0.950.89 0.04 0.55 0.63 0.57 0.92 0.12 0.21 0.03
0.33 0.46 0.69 0.74 0.99 0.23 0.56 0.3 0.250.490.47 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 0.790.07 0.38 0.6 0.25 0.15 0.22
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
0.39 0.48 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 0.410.420.63 0.630950480 0.040480 0.260.7 0.49 0.62 0.48
0.2 0.17 0.92 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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HikitTuyk H.[l. TobynoBa i gocnigxkeHHs maTeMaTu4Hoi MoAeri
3aNEeXHOCTi MarHiTHoro MomeHTy 3emni Bi4  WWPOTM  METOAOM
CTaTUCTMYHMX  BuNpobyBaHb  MoHTe  Kapno.  Anpokcumalis
noniHomom TtpeTboro crteneHs. Mogenb MNIB10-211.METY, PisHe,
2010, 62 c.

PeueHseHT: B. [.Bypayek, AOKTOp TEXHIYHUX HayK,npodecop

BionosipanbHui 3a BUMycCK: n. B. [bKyHb, OOKTOp @i3nKO-
MaTeMaTU4HUX Hayk, npodecop

KHura HanucaHa 3a maTtepianamu po60T1 HaykoBOi ¢pi3uKo-
MatemaTuyHoi wkonu MEIY

BceraHOBNIOETBCS  (QYHKIIOHANBHA 3aJIC)KHICTH MAarHITHOTO MOMEHTY IUTaHETH
3emsss BiA TeoMarHiTHOI mHUPOTH. JlaeTbest BUBiM (GOPMYyNM y BHUTISIAL HMONIHOMY
TPETHOr0 TOPSIKY.

Maremarnyaa MOJIENTb OYAYETHCS HA OCHOBI CIIOCO0Y HAWMEHIIINX KBAIPATiB.

[IpoBoOMTECS HOCHIIKEHHS TOYHOCTI 3pIBHOBRKEHHX EJIEMEHTIB METOJOM
CTaTHCTHYHUX BUNpoOyBaHb MonTe Kapro.

JInist cTyZeHTiB 1 acIipaHTiB HAPSIMKY HAyK PO 3eMITIO.

Functional dependence of magnetic moment of planet is set Earth from a
geomagnetical breadth. The conclusion of formula is given in a kind to the
polynomial of the third order.

A mathematical model is built on the basis of method of leastsquares.

Research of exactness of the balanced elements is conducted by the method of
statistical tests of Monte Karlo.

For students and graduate students of direction of sciences about Earth.

© H.O.Hikituyk, 2010
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Iepeamona

be3yMoBHMII ~ HayKOBH 1 mpakTUYHMIA  iHTEpec
MIPENICTaBISAE TOCTIIPKEHHST T€OMAarHiTHOTO OIS 3EMUIL.

BuBUYeHHIO NPUPOAM TEOMArHiTHOTO TOJS 1 B HAll dYac
NPUIUISETbCA BeNMKAa yBara. BueHi HamaraioThCsi OTpUMATH
BIIMOBIII HAa 3alUTAaHHS: KOJHM 1 SK 3apOJWJIOCS MAarHITHE
nosie 3eMHOi Kyni? YoMy BOHO icHye Minmbsipau pokiB? Sk
e noje Oynae 3MIHIOBAaTUCh B MailOyTHbOMY?

B naniit po6oTi Mu 3podumo crnpoOy BHUpPa3UTH OJUH i3
OCHOBHMX  KOMIIOHEHTIB ~ T'€OMAarHiTHOro mojs  3emii
MarHiTHUi MOMEHT IUIaHeTH  rpadiyHO 1 BCTAHOBUTH
(GyHKLIOHATIBHY 3aJIEKHICTh  MAarHiTHOrO  MOMEHTY  BiX
HIMPOTH.

Hamu mninbupaerscst emmipuyHa Qopmyna y BHIIAI
NOJIHOMY  TPEThOTO  MOPAAKY. MaremMarnyHa  MOJAENb
OyznyeTbcs Ha OCHOBI crmocoOy HaWMEHIIMX KBaJApaTiB.
[ToOynoBaHna WMOBIpHillIa MOJENb NPUIAMAETbCA SK ICTUHHA
MOJIeNIb, Ha OCHOBI  AKOi  TPOBOASTHCS  JIOCIIKCHHS
TOYHOCTI ~METOJIOM CTAaTUCTMYHMX BHUIPOOyBaHb MoHTE
Kapno. I'eHepyroTbcs TICEBO BHIQAKOBI  4ucla,  SKi
OpUHMAIOThCS K ICTUHHI MOXUOKH, SIKUMH CIOTBOPIOETHCS
ICTUHHa MOJEJb.

B  mnopanpmiomy — MeTOOOM — HaMEHIIMX  KBaJpariB
YPIBHOB@XYETHCSI CHOTBOpPEHAa MOJENb 1 POOUTHCA OIlIHKA
TOYHOCTI BPIBHOBAXEHHX €JIEMEHTIB. 3HAU€HHS 1CTUHHMX
NOXMOOK Ja€ MOXJIMBICTH 3pOOUTH TOPIBHAJIBHUM aHai3.
HabGupaerbcst Benmuka CTaTUCTHKA MUBIXOM TMOOYIOBH 1
JOCHIDKEHHST BEIUKOI KUIBKOCTI MOJEJIEH.

Po3pobnena meronuka JJ03BOJIUTH 3pOOUTH TMOMNEpPEeaHIN
pPO3paxyHOK  TOYHOCTI HpHU  MPOEKTYBaHHI  MaHOyTHIX
TEOMArHITHUX JOCHI/DKEHbh B OyAb-sKid TOYIl MJIAHETH
3emirs.

Po3zain 1. I'eomarnitHuit MoMmeHT 3emuii
1.1.IlpencraBiieHHs T€OMAarHiTHOr0O MOMEHTY
noss 3emJi

MarHiTHHII MOMEHT — I[I€ BEKTOpHA BEJHYMHA, SKa
XapakTepu3ye 3eMHY KYIIO SIK JPKEpesIo MAarHiTHOro IoJis.
MakpocCKomiyHi MarHiTHi MOMEHTH CTBOPIOIOTh 3aMKHYTI
eJIEKTPUYHI CTPYMHU 1 BIOPAIKOBAHO OPIEHTOBaHI MarHiTHI

MOMEHTH AaTOMHHUX YaCTHHOK.
Pospaxyemo wmarnitHuii mMomeHT M 3emii Ha eKBaropi

opu (Pmar. Exs.=0.
IIpy 1BOMY CHOYATKy PO3IISHEMO €IEMEHTH 3EMHOTO
MarHeTu3My.

%u Ia. Ox. 0.0

Bx
8 By

Ji

Bz C

.

E D

Puc.1.1.Enemenmu 3eMH020 MazHemusmy

[Mpoekuii B, 1 By iHAykmii aunoasHOTO mMOJs, abo
MOJIsI OAHOPIMHOTO HaMarHiyyBaHHS 3eMJli, MOXHa 3HAWTH
3a IOTIOMOTOI0 (POPMYIL.
BepTukanpHa CKIaJoBa T€OMAarHiTHOTO MO 3emili

M
Bz sin Pm 1.1);
27R? ( )
TOpHU30HTAaJIbHA CKJIaa0Ba

_ M
Bu = Mo prl Om (12)
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Q¢ 10— MarniTHa crana;

M — MarHITHUT MOMEHT 3€MHOi KyJIi;

R —paniyc 3emii;

(Pm — reomarnitHa mmpoTa, sKa BiIpaxoByeThcA Bin
T€OMarHiTHOTO €KBaTopa

I3  mpuBegenux Qopmyia  JeTKO 3HAUTH  MOIYJb

BEKTOpa IHAYKIII MOJsI OAHOPIAHOTO HaMarHiuyBaHHsS 3€MHOI

Br=+B:+B:  (13).

[Migcrasmstoun (1.1),(1.2) B (1.3), Oynemo maru:

KYJIi:

abo:

M |4sin’ @, +cos’p,
Br=u \/ : “

27R? 4

[puiiMatoun 0 yBaru, mo sin’@+cos°@=1, a
4sin’ ¢ +cos’ @ =3sin’ @ +sin’ @ +cos’ @ ;

M .
P V3sinZgp+1 (1.4).

4

Br=n

3HaiineMo MarHiTHHA MoMmeHT M 13 dopmynu ( 1.4)

AR’ B
M= = or (15).

py3sin’ @ +1

HanpyeHicTh MarHiTHOTO IoJii Ha MarHiTHOMY €KBaTopi
Hews= 0,34 epcrena [ 3,—c. 163 ].
Hns  mepexony 13 cucreMu CI'CM 'y cucremy CI

CKJIQJIEMO CIIAYIOUYy MPOIOPIIi0
.oa . : _
Hanpyxenocti 1-— Bignosimae 47-107e,
M

Hew. HopiBaIOE 0,34 €,

3BIJIKHA
14.034¢ .
Hew=—2——— =27,05634033— .
47 -10"e M

B 3aranpHOMY BUNAAKYy HANpyXeHICTh MAarHiTHOTO TIOJIA
3eMJi MOKHA po3paxyBaTH 3a (OPMYIOIO

=&=4A231/3sin2goﬁi+l (1.6).
TT

Ho

Toni, 3arampHa  Qopmyna  po3paxyHKy  MarHiTHOTO
MOMEHTy 3emui Oyne

3
M=—H g

J1+3sin’ ¢,
Jns momtoca Hyen= 0,66 epcren.
Toni, mpu mepexoxai no cuctemu CI

a . . _
1— BimmoBimae 47-10e,
M

Hion. opisrioe 0,00 e,
3BIJIKH
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12.0,66¢
Hon-—2——— 52 521131222 .
47 -10"e M
MargitHuii MOMEHT 3eMili OLIsd IIOJIFOCIB

H  -4rR’
M — noui.

" 1+3sin290°

BasBimm paapiyc 3emnoi kymi R=6371000M, a
4 7R*=3,249620751-107* M3, MAarHITHUA MOMEHT 3€MHOI
KyJll Ha eKBaropi Oyze

Mew=

3,249620751 -10%' [ ]-27,05634033 [i]
M_ —8,792284498 -10% am*

1

Po3paxyemMo MarHiTHUIT MOMEHT 3€MHOi Kylli Ha TOJIOCI
MI'IO.]'L=

3,249620751-10*" -52,52113122

5 =8,533687894 -10* an’

Po3paxyeMo MarHiTHHiI MOMeHT 3emii Ha umpori 45°,
NPUNHSBIIM CEpEHE 3HAYCHHS HAINPYKEHOCTI

H,+H,, 034e+0,66e

Hys'= =0,50¢e
45 )
Toni
1% pinmoimae 47107
M
H,, nopisuioe 0,5 e.
3BiaKu
19.05¢ .
o0 = ————=39,78873577 —
47 -10"¢ M

9

Takum 4MHOM, HANPYKEHICTh MarHitHoro nomis H g,

Oyne
a

3,249620751-10* 4 -39,78873577
H — M

' J1+3sin’ 45°

H ,, =8,177542602-10% am’

3HaleMO CEpeHIO HANPYXEHICTh MarHiTHOTO IOJIS

3emuti A MIMPOTH 22,5°

~0,34e+0,5¢

2,50

=042 e,

A Q)Maa =67’5 ’
_0,5¢+0,6e

67,5°

=0,58¢
A Q)Maa 22’5 ’

a . )
1— Bigmosimae 47 -10°%¢
M

H, . nopiBatoe 0,42 e

3BIJIKHA
1%.0.42¢ .
_ M
== =33422538—,
25 4x-10%e M
I mo amasnorii
19.0,58¢
0 =—T——=—=46,1549335 am’.
’ 477 -10°e

MarHiTHi MOMEHTH OyAyTh BiIIOBITHO

10
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22,5° -
3,249620751-107" -33,42253805
J1+3sin222,5°

=9,052956514-10% am?,

_3,249620751-10' - 46,1549335
J1+3sin? 67,5

7,948506716 -10* am?

67,5°
Pe3ynbraTi 3aJeXHOCTI T€OMArHiTHOIO MOMEHTY 3eMili
BiJl IIMPOTH TOYKH CHOCTEpeXEHHS 3BeneHo B Taodn 1.

Tabnauya 1. 3anexncnicmy 2e0mazuimnozo momenmy 3emii 6i0
WUPOMU MOYKU CROCHEPEIHCEHH

Ne P = X V=M= f(x)(%)

1 0,00 8,79-10%

2 11,25 8,9-10%

3 22,5 9,05-10%

4 33,75 8,5-10%

5 45 8,18-10%

6 56,25 8-10%

7 67,5 7,95-10%

8 78,75 8,12-10%

9 90 8,53-10%
n=9 ¥ =76,02-10%

3rigHo Qopmynu ( 1,7 ) MarHiTHUA MOMEHT 3QJICKHUTH BiJ
HApYKEHOCTI ~ MAar”HiTHOro TOJS 1  LIUPOTH  TOYKH
CIIOCTEPE)KEHHS, TOOTO € (YHKLIE JBOX HE3aJESKHUX
3MIHHUX, XO04Ya B CBOIO Yepry HaIpPYKEHICTh N€OMAarHiTHOTO
MoJIi TAaKOX 3alleKUTh Big wmupoTd. Ha xams, y Hac
HeMae (opMyNnHM 3aNeKHOCTI HAIMPYXKEHOCTI MAarHiTHOTO

11

moJis  Big IIMPOTH, IO He mnoTpedyBano O 3HAE.
Mar"iTHOro MOMEHTY 1 HaBIaKH.
Tomy Oe3nepeuHuil iHTepec MpeICTaBIs€ BCTAHOBJICHHS
(GYHKIIOHATBHOT ~ 3QJIGKHOCTI  MArHITHOTO  MOMEHTY, SIK
TOJOBHOTO  KOMIIOHEHTa JJIsi  BU3HAYCHHS  CKJIAJIOBHX
TEOMarHiTHOTO MoJisg 3eMili, Bil T€OMAarHiTHOI HIMPOTH.

22
Ipumitka. B nmopanpmomMy 1J1si CHPOINEHHS BHUKJIAJX0K MHOKHUK 10 nucaTu
He Oyaemo, ajie ¥oro cJig MaTH Ha YyBa3si, 0c00,IMBO NpH OWiHLI TOYHOCTI
pe3yJbTariB.

1.2.11pencraBjieHHs1 iCTHHHOI Mo eJTi

A
V=M 9,0 4
8,9 -

8,8 -

8,7

8,6

8,5 -

8,4 1

8,3

8,2

8,1 -

8,0 -

7,9 -

0 + + + + + + + +

11,25 22,5 33,75 45 56,25 67,5 78,75 90 IllupoTa myHKTY CHOCT

Puc. 1. I'pagix 3anexcrnocmi mMazHimnozo momenmy 3emMHOi Kyiai 6i0
2eomazHimnoi wupomu

Maroun BY37IOBI TOYKM 3HAa4€Hb TI'€OMAarHiTHOTO
MOMEHTY 3emili B MarHitTHuX muporax O, 22,5°,45° |
67,5° 1 90° mnobyayemo ToukoBy miarpamy i rpadix,
npeacTaBiIeHuid Ha puc. 1.

I3 mporo rpadika BuAHO, IO eKcTpeMyM (¢yHKuii Oyne
ma mmpoti  22,5° i 67,5° . fx BugHo i3 rpadika,
Kpamor (QyHKLIE Ui anpokcuMmanii Oyzxe KyOluHHA
nojiiHoM,  ToOTO  OymemMo  mIyKaTH  (DyHKIIOHAJbHY
3QJICKHICTh Yy BUIIIA (QYHKLID BUAY

12

v


http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx

y=ax’+bx’+cx+d (1.2.1)
HeBinomi koediuientTn a, b, ¢, d BU3HAUUMO IO
croco0y HaMEHIUX KBaJApaTiB.

Hpomixui touku B 11,25°, 33,75°, 56,25 i 78,75°
BU3HAaUUMO Oesmocepennbo 13 rpadika. Ilporo Ham Oyzme
IUIKOM  JIOCTaTHBO JJsl MOOYIOBH  EKCIEPUMEHTAIbHOT
MOJIeIi.

[ToOynoBaHy  TakuM  YHMHOM  €KCIIEPHUMEHTAIbHY
MOJIeNIb 3aJIS)KHOCTI MAarHiTHOrO MOMEHTY 3€MHOi KyJi Bif
IIMPOTH B MOJAJIBIIOMY 3pIBHOBRXUIH 1 OTpuManu Gpopmyny

[7,c.38]

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

Ky IpUAMEMO 3a ICTUHHY MOJENb 1, '€HepYIOUd I1CTUHHI
MOXUOKK Oy/IeMO CTBOPIOBAaTH CIIOTBOPEHI MOJENi, Ha SKHUX
MOHa  JOCHIAATH  TOYHICTG BHU3HAYEHHS  MArHITHOTO
MOMEHTY B 3aJIe)KHOCTI BiJl MOXMOKM BU3HAYEHHS IIMPOTH.

Tabnuysa 2.3anexncuicmo 2eomazHimnozo momenny 3emi 6i0 wiupomu
MOUKU cCnocmepex ceHHa (icmunna mooens 3a popmynorol. 1)

Ne P = X V=M =f()C)
1 0 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

Posaiu 2. [To0ynoBa ciorBopeHol Mojei
2.1. I'eHepyBaHH$1 ICTHHHUX MOXHOOK JJIsl 10C/IiI>KEHHS
MaTeMAaTH4YHOI MO/ieJli MeTO0M CTATHCTHYHHUX
punpoOysanb Monte Kapio

B po6ori [1] icTuHHA MOJIeNb CIOTBOPIOBAIAch BBEICHHSIM
iCTUHHUX TOXUOOK B He3alexH1 3MiHHI X. B naniit Monorpadii
icTUHHI TOXMOKM OyAeMO BBOJWTH B EKCIEPUMEHTAIbHI
rnapamMerpu V.

[IpuBeneMo METOMKY pO3paxyHKY BUIIAJAKOBUX YHCEN, K1
MPUIMEMO B MOJATBIIOMY, SIK ICTUHHI MOXUOKH I TOOYI0BU
CIIOTBOPEHOT MOJIEI.

1. OTpumaBIIM psJl BUMAIKOBUX (2 TOYHILIE IICEB0-

>

BHUIIAJIKOBUX) umcen &, , &, =+ , (2.1.1)
n

Jle n— cyma BUIIQIKOBUX YHCEIL.

2. Po3paxoByrOThCS TONIEPEIHI 3HAYSHHS ICTHHHHUX
noxubok A’ 3a popmynoro

A=E-E, (2.12)

3. 3HaXOAATh CEPEAHIO KBAIPATUUYHY MOXUOKY MOMEpeIHIX
ICTHHHUX TTOXUOO0K 3a opmynoro [ayca

(2.1.3)
4. 3naxonate KoedimieHT mnpomopuiiHocTi K, g
BU3HAUYEHHS ICTUHHUX ITOXUOOK HEOOXITHOCTI TOYHOCTI
c
my
e ¢— HeoOXimHa KOHCTAHTA.
Tax, Hanpukiazg, npu m, = 0,28 i He0OXiAHOCTI MOOYIOBH

MaTeMaTHU4HO1 MoJieNi 3 TouHicTIo ¢ = 0,1, Oynemo matu

14
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0’1 Cepeﬂ,HFl KBagpatnyHa noxubka rlonepe,u,Hix iCTUHHMX NOXNBOoY

Ky, = =0,357,anpu ¢ = 0,05, otpumaemo
0,28 A, = ‘/%0784 =0,3158860554
2 KoeiuieHT nponopuinHocti K = . =0,3165698463
5. IcTUHHI HOXUOKH PO3PAXOBYIOThCA 32 (POPMYIIOI0 0,3158860554
A =A"K (2.1.5) CepeaHs KBaapaTUYHa NOXubKa Npu reHepyBaHHi BUNAAKOBUX

. yncen 3 TouHicTio ¢ = 0,1
6. 3aKII0OYHUM KOHTPOJIEM CIYXXHUTh PO3PAaXyHOK CEPEIHBOT

KBaJIpaTHYHOI IOXUOKU 71, T€HEPOBAaHUX ICTUHHUX MOXUOOK A m. = [0,1000000 _ 01
A T — Y
' 10

2.2. IIpeacraBjieHHS CIIOTBOPEHOI MO i

(2. 1 .6) Taonuus 4. Ilooyooea cnomeopernoi mooei
IcTMHHa Mopenb
NQ X Ai }/cnom& = }/icm + Ai
1 MOPIBHSHHS m, =c (2.1.7) . icm 5 yfé”1803 50367 5766
) 2 11,25 8,957 0,05192 9,009
Taoauua 3. I'enepysanns ncegdo-6URAOKOBUX YUCE I PO3PAXYHOK 3 225 8.851 0.1 8.7510
fcmuniix noXu00K 4 33,75 8,508 0,10573 8,7037
=t 5 45 8,274 -0,138 8,1360
Ne 3 £, =5 A’ A=A - K A2 6 56,25 8,011 -0,0589 7,9521
Sep 7 67,5 7,904 0,13739 8,0414
1 041 0516 | -0,116 | 0,01346 -0,0367 | 0,00134851 8 78,75 8,057 -0,1159 7,9411
0.68 9 | 84,375 8,264 0,01393 8,2779
. 0,516 | 0,164 | 0,02690 0,05192 | 0,00269542 10 % 5575 014056 87156
02| 0516 | -0,316 | 0,09986 -0,1| 0,01000722 489.375 84,294 0,0E+00 84,294
0,85
4 0,516 | 0,334 | 0,11156 0,10573 | 0,01117975 o ma CHOTRODCHOL MOREHl BHKO crbore
HUM ITIOTB H M J1 BHU H Th T I
5 0,08 | 0516 | -0,436 | 0,19010 0,138 | 0,01905075 . 8 P vﬂ yio TPOTe
0.33 3plBHOBa)KeHH$I METOAOM HAaNMMCHIINX KBa,Z[paTlB 1
6 , 0,516 | -0,186 | 0,03460 -0,0589 | 0,00346709 o 6 . .
OTPpUM Th UMOBIpHIITY MOJCJIb, O0JISATH OILIIHKY TOYHOCT1
7 095 | 0,516 | 0,434 | 0,18836 0,13739 | 0,01887637 PHMYTO PHILLY MOA pobI B vy .
0.15 3p1BHOBa)KeHI/IX CJICMCHTIB 1 1AaK0Th HOplBHSIJILHI/II/I aHaJI13.
8 ; 0,516 | -0,366 | 0,13396 -0,1159 | 0,01342460
9 0,56 | 0516 | 0,044 | 0,00194 0,01393 | 0,00019402
10 096 | 0516 | 0,444 | 0,19714 0,14056 | 0,01975627
n=10| >16
5,16 0| 0,99784 0,0E+00 | 0,10000000
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Po3aia 3. 3piBHOBa:KeHHsI Moaei
3. 1. IlpeacraBieHHsl CHCTEMH HOPMAJILHUX PiBHSHb
VY pe3ynbTari MpOBEIECHOTO EKCIEPHUMEHTY MH MAaeMO Psif
pesynpTariB X ,,V,, DyHKIIOHAIBHY 3a€XKHICTh MDK SKHUMU

OygemMo TIyKaTd 3a JOMOMOrolo moyiHomy cremneHi K, e
KOE(DIILIEHTU @, SBJIAIOTHCS HEBITOMHMHU.
Toni, cucremMa HOpMaTbHUX PIBHIHB Oy/e
na, + a, [x]+ a, [xz ]+ ..ta, [xm]— [y] =0,
a, [x]+ a, [xz ]+ a, [x3 ]+ ..ta, [x”‘” ]— [xy] =0,
2 3 4 m+1 2
ao[x ]+a1[x ]+a2[x ]+...+am[x ! ]—[x y]zO, (3.1.1)
m m+1 m+2 2m m
ao[x ]+a1[x ]+ az[x ]+...+ am[x ]—[x y]z 0,
JIe 3HAKOM [ ] MMO3HAYECHA CyMa BiJIMOBIHOTO €IEMEHTA.
J1J1 TONIIHOMY TPETHOTO TOPSAKY BUITY

y=ax’+ex’ +cx+d (3.1.2)
Cucrema HOpMaJIbHUX PIBHSHB OyIie

dn + c[x]+ 6lx2J+ alx3J— [v]=0,
d[x]+c[x2 ]+ e[x3 ]+ a[x4]— [xy] =0,

dle ] o] o+l ]-[ey]= 0 o
- d[x3]+ c[x4]+ e[x5 ]+ a[x6 ]— [x3y]= 0.

a[x6J+ 6[x5 J+ clx4J+ az’[x3 J— [x3yJ= 0,

a[xs]+6[x4]+c[x3]+d[x2]—[x2y]=0, 65.14)

a[x4 ]+ e[x3 ]+ c[x2 ]+ d[x]-[xy]=0,
a[x3 ]+ 6[)62 ]+ clx]+an-[y]=o0.

B nopampmomy OyaemMo pimiaTH  CHCTEMY JIHIHHHX
HOpManbHUX piBHHB (3.1.3) abo (3.1.4) ogHuM i3 BiJOMHX B
MaTeMaTHIli CoCcO0iB.

17

3.2. BcraHoBJIeHHSI KOe(iLieHTIiB HOPMAJIBbHUX
PiBHSIHb

[IpuBenemMo po3paxyHKOBY TaOJUIIO, Ha OCHOBI fKOi

CTPUMYIOTh KO€(]illiEHTH HOPMAIBHUX PIBHSHb.

Taonuys 5. Po3paxynok Koegiyicumie HOpMAIbHUX PIGHAND

0 2 3 4 5
Ne | X, Y enomd x x X X o
1 1
0 8,766 0) 0 0) 0)
2 1
11,25 9,009 126,563 1423,828 16018,066] 180203,247
3 1
22,5 8,7510 506,250 11390,625 256289,063 5766503,906)
4 1
33,75 8,7037 1139,063] 38443,359 1297463,379 43789389,038]
5 1
45| 8,1360 2025,000 91125,000 4100625,000[ 184528125,000]
6 1
56,25 7,9521 3164,063] 177978,516] 10011291,504] 563135147,095
7 1
67,5 8,0414 4556,2500 307546,875] 20759414,063| 1401260449,219
8 1
78,75 7,9411 6201,563] 488373,047| 38459377,441| 3028675973,511
9 1
84,375 8,2779 7119,141]  600677,490] 50682163,239] 4276307523,251
10 1
90| 8,7156 8100,000 729000,000] 65610000,000, 5904900000,000
Y 10
489,375 84,294 32937,891| 2445958,740] 191192641,754|15408543314,266,

18
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1Ipoodosaicenna madnuui 5 3.3. PilmlenHsi cucremM# JiHiliHNX PiBHAHB

cnocodom Kpamepa

Ne x° xy x’y X'y . - .
Hexaii, MaeMo cucTeMy JIIHIHHUX PIBHSIHD
1 a,x, +a,x, +..+a, x, 6 =b,
0 0 0 0 a,x, +d,x, +..+a, x =b,,
21771 227V2 2n""n 2 (331)
2 Ll s
2027286,530 | 101,350321 1140,191 12827,15005

a,x, +a,x,+..+a, x, =b .
129746337,891 | 196,896688 4430,175 99678,9485

Jlns toro, mo0 i3 i€l cMCTeMU BHU3HAYMTH HEBIAOMI C,

4 1477891880035 | 293 751034 9914.097 334600 7867 CKJIaJIeMO 13 KOEeQII[IEHTIB MPU HEBITOMHUX BU3HAYHUX A, KU
’ ’ ’ ’ HA3MBACTHCS BU3HAYHMKOM CHCTEMH piBHsHB (3.3.1).

8303765625,000 366,1189 16475,35 741390,7717

all alZ aln
6 _
31676352024,078 | 447,306638 25161 |  1415306,159 A=la, a4y .4, (3.3.2)
2 ...anl anz a,m

94585080322,266 | 542,793914 36638,59 2473104,769 TTOMHOKHMO IiBY i mpaBy wacTiHE pisHOCTi (3.3.2) Ha X, .

] L . | y .
238508232913,971 | 625,364416 4924745 | 3878236,509 B migit SacTuni Gyniemo Marm Ax,, B MpaBiif xe 9acTHHI

BBEJEMO Y BCl WIEHM [-T0 CTOBINYMKA BU3HAUHMKA a 1

360813447274,268 | 698,450266 58931,74 4972365,66 MHOXHHK X,

531441000000,000 | 784400131 |  70596,01 | 6353641,062 a,  a, .ax.d,
) A=)y Gy yX Dy, (33.3)
1266937543664,040 | 4056432 | 2725346 | 202811518 o el axoa

TakuMm 4YMHOM, Ha OCHOBI MPOBEICHHUX pPO3PaxXyHKIB HaMH
OTpUMaHa HACTyIIHa MAaTpuls KOEQIlieHTIB  HOPMAaJIbHUX
IBHSIHB

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

ITotim 10 i-ro croBmurka Bu3HauHuKa (3.3.3) momamo Bci
1HIII1 CTOBITYHKH, IMOMHOKEHI BIAMOBITHO
HaX,X,,...,X, . BenurHa BU3HAUHUKA Bl [bOI'O HE 3MIHUTHCS.

489,4 32937,9 2445958,7 191192641,8

32937,9 | 2445958,7 191192641,8 15408543314,3

2445958,7 | 191192642 | 15408543314,3 | 1266937543664,0

19

Toni i-CcTOBMYMK MpEACTaBUTh COOOO JIIBY YaCTUHY CHUCTEMH
piBHsHB (3.3.1).

20
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cucremMu 1

(3.3.4)
a, a, ..b..a,
as ay b,...a,,
A |.a, .a, .b,.a
3sigkn, x, =—-="—" . LR (3.3.5)
A ay ap,  dp.dg,
G G Gy
"'anl anZ an3 ann

@®opmyna (3.3.5) mae MOXIIMBICTD BU3HAYUTU KOXKHE
HEBIJJOME CHCTEMHU JIIHIHHUX piBHAHB (3.3.1).

SIKIo BiTBHI WIEHH CHUCTEMM JIHIHHUX pIBHAHb pIBHI
HYJII0, TO BOHa Oyae CHCTEMOIO JIHIMHMX OJHOKOPIHHUX
PIBHSHB.

Cucrema JiHIHHUX OJHO KOPIHHUX PIBHSAHb MOXE MaTH
pillIeHHS BiAMIHHE Bill HYJIBOBOTO, SIKIIO BU3HAYHHK CHUCTEMHU
A piBHUI HYIIO.

JUist cHCTEMH YOTUPHOX JIIHIHHUX PIBHSHB
a,x, +a,x, +a;x; +a,x, =b,
Ay X) + Ay Xy +ayX; + a5 X, =b,, (3.3.6)
Ay X) +anX, +AyuX; +ayx, =b;, o

AyuX, +a,Xx, +a,x;, +a,x, =b,,

SIKIIIO BUBHAYHUK CUCTEMH A HE JOPIBHIOE HYITIO

21

TO cucreMa Bu3HayHMKa 1 mo Kpamepy ii
BUPaXAIOTHCS (popMyIamMmu

b a, a; a,
b, ay a,; a,
by ay, ay ay
X, = b, ay Aa43 Ayy ’
a, b a; ay,
ay by a, ay
a by ay ay
a, b, a; ay,
X, = A )
a, a, b ay,
ay ap b, ay
ay ay, by ay
a, a, b, a,
X, = A )

22

HEB1IOMI

(3.3.8)

(3.3.9)

(3.3.10)
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S

=

S S
™ )

S

N

ay  ap

ay A4y

a3 Ay

X, = Ay Ay
A

Sl 6auumo, 110

b, a,
A _bz ay
: by a,,
b, ay,
a, b
A _ |4 b,
" a, b,
a, b,
apy  ap
A |4y dp
b a;  dy
a,  dy
a,  ap
A |4 4p
X4 a; a4y
a, dy

)

o~ O

[

S

N

(3.3.11)

(3.3.12)

(3.3.13)

(3.3.14)

(3.3.15)

IIpusenemo dopMyTy  3HAXOMKEHHS  BHU3HAUHI.\Q)
YETBEPTOI'O MOPSAIAKY

ay  4dp 43 a4y
dy Gy Gy Ay _( )( )+

=yl — A3y \A Aoy — Q1405

a3 dz Ay A4y

Ay Ay Ay Ay

+ (a32a44 —a3dy )(a13a21 —ap;ay; )+ (a31a43 —dasdy )(a14a22 —apdy )+

+ (a31a42 T d5dy )(a13a24 T A Ay; )+ (a33a44 — 434y )(allazz —apay )+

+ (a31a44 T d3ay )(alzazs —a;dy ) (3.3.16)

| B Hawomy BuNaaky BusHavyHuK cuctemu 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
20281151,8155 15408543314 191192642 2445959
272534,60271 191192642 2445959 32938
4056,4323068 2445959 32938 489
84,294000000 32938 489 10

D1= 1,85588E+16

ToAi HeBigoMUN KoeddiLieHT a npu X’ Oyne

Dl 1.85588E+16

a=x = =0,000013429;
D 1.38204E+21
1266937543664 20281151,816 | 191192642 | 2445959
15408543314 272534,603 2445959 32938
191192642 4056,432 32938 | 489,375
2445959 84,2940 489,375 10
D2= -2,1812E+18

24
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TOOi HeBimOMUIN koediLieHT b npu x° 6yne
_D_2 _ -2.1812E+18

Po3aia 4. Ouninka TouHOCTI

4.1. KoHTpOJIb 3piBHOBAaXKEHHA

[TigcraBnsroun oTpuMaHi 3Ha4eHHS Koe(DillieHTiB a,8,c,d
y hopmyny (3.4), oTpuMaeMo HACTYIHI pe3yJIbTaTH.

Taonuys 6. Koeghiyicumu nopmanvnux pieHans i KOHMPOJlb

3DIBHOGAICCHHSA
X’ x* x] x° y KoHTponb

3

X 11266937543664,04]15408543314,27(191192642| 2445959(20281151,82(20281151,816
2

X | 15408543314,266 191192642 2445959|32937,891| 272534,603| 272534,603
[x 191192641,754 2445959 32938 489 4056,432 4056,432
0

| X 2445958,740 32938 489 10 84,294 84,294

0,000013429 -0,001578 0,031992 | 8,777585

Omudka! O0beKT He

MOZKeT OBITh CO3JaH b
M3 KOJIOB MmoJeii

PeIaKTHPOBAHMS.

c d

b=x,=—=—""""""2-_0,001578 ;
D 1.38204E + 21
1266937543664 15408543314 | 20281152 | 2445958,7
15408543314 191192642 272535 | 32937,891
191192642 2445959 4056 489,375
2445959 32938 84,294 10
D3= 4,4214E+19
i HeBigOMUM KoedilieHT ¢ npu x Gyae
D3 44214E +19
c=x;,=—=——"—=0,031992;
D 1.38204E + 21
1266937543664 15408543314 191192642 | 20281152
15408543314 191192642 2445959 272535
191192642 2445959 32938 4056
2445959 32938 489,375 84,294
D4= 1,2131E+22
koedpiuieHT d Gyne
D4 12131E+22
d=—=—"——"=8,777585.

D 1.38204E + 21

TakuM YWHOM, Ha OCHOBI TMPOBEACHUX JOCTIIKECHB,
MaTeMaTU4Ha MOJENb 3aJeKHOCTI MAarHITHOTO MOMEHTY
IUIaHEeTH 3eMils ), BiJ HMIMPOTH IYHKTY CIOCTEPEKECHHS X,

BUPAXKAETHCS (POPMYIIOIO
6'=0,0000134296" —0,0015786° +0,03199265 + 8,777585. (3.3.17)

25

_ [l—dyad Ay xd—dyq—dy]-

0,088594878. 3 pgpyroi ctopoHn [VV]= 0,088595

4.2. Ouinka TOYHOCTI NapaMeTpiB, OTPUMAHHX i3
pillIeHHSI CHCTeMH HOPMAJILHUX PiBHSIHb

CepenHi KBafpaTUuHi MOXHMOKU BU3HAYAEMUX X,,X,,X;,X,

PO3paxoByIOTECS 32 GOPMYyIIaMu:

=B
m, =p D (4.2.1)

26
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m, = U D’ (4.2.2)

_ A33
m, = , (4.2.3)

’ D

A
m. = u,|—=, (4.2.4)

! D
ne m,,m,,m,,m, — CePeiHl KBaJpaTH4HI MOXUOKH
BU3HAYAaEMUX  HEBIIOMHUX  X|,X,,X;,X,, M—  CEpeIHs

KBaJpaTHUYHA MMOXWOKAa OJMHUII Baru, sfika pO3paxOBYETHCS 3a
bopmyIoro

|44
n—-K

= (4.2.5)

Y dopmyni (4.2.5) n- 9HCIO MOYATKOBHUX piBHsHB, K -
yuciao HeBitomMux. B wHamomy Bumanky n=10;K =4. V-

pI3HMLI MDK BHXIJHMM 3HAueHHAM ), 1 BHUpPaxyBaHUM

3HAYEHHSIM )’ 3a OTpUMaHOI Hamu Gopmysnoro (3.3.17);

Vo=y -y (4.2.6)

1

A

APYroro, TPEThOTO 1 Y4ETBEPTOTO JAlarOHAIBHUX EIEMEHTIB

oAy, Ayy, Ay — anreOpaiuHi  JONOBHEHHS MEPIIOTO,

A, =lay, ay; iyl 4.2.7)

27

Ay =|ay  ay  ay), (4.2.9)

Ay =la, ay axyl, (4.2.10)

ne A=a, A, +a,A, +a,;A; +a,A,. (4.2.11)

[TpuBenemo Gopmylly pPO3KPUTTS BH3HAYHUKA TPETHOTO
MOPAAKY

a4y ag

ay; dyp dy|= au(“zz“n - a23a32)+ alz(a23a31 - a21a33)+ a13(a21a32 - a22a31)‘

sz dyp 4y

(4.2.12)
I B HamoMy BUIIagKy OTPUMAEMO
19119264
2 2445959 32938
A11= 4, 7761E+11 2445959 32938 489,375
32937,891 489,375 10

BEJIMYMHA 00EPHEHOT Baru

28
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A

fL =0,00001859.
PXH

y 4T761E +11
D 138204E +21

=3.45593E -10, a

Taonuys 6. nopieHAIbHUU AHANI3 PE3VILIMAMIE CHLDO2020

3pisnosasicennn

Ne xicmm ycnom& y;piSHOBHWC V = yi - yl’ V2
1 0 8,766 | 8,7775853 -1,131E-02 | 0,000127857
2 11,25 9,009 | 8,9568663 5,205E-02 | 0,002709327
3 22,5 | 8,7510 | 8,8513781 -1,004E-01 | 0,010083015
4 33,75 | 8,7037 | 8,575841 1,279E-01 | 0,016356709
5 45| 8,1360 | 8,2449748 -1,090E-01 | 0,011880832
6 56,25 | 7,9521 | 7,9734996 -2,138E-02 | 0,000457171
7 67,5 | 8,0414 | 7,8761354 1,653E-01 | 0,027309526
8 78,75 | 7,9411 | 8,0676022 -1,265E-01 | 0,015993845
9 84,375 | 8,2779 | 8,3074973 -2,957E-02 | 0,000874279
10 90 | 8,7156 | 8,6626201 5,294E-02 | 0,002802316
n=10 | 489,375 | 84,294 84,29 0,0000000 0,088595

19119264
1266937543664 2 | 2445959
A22= | 8,99382E+15 191192642 32938 | 489,375
2445959 489 10
4
LA _BI9BIELLS 4 500006508, |- = 0,00255.
P, D 138204E+2I P,
A33= | 1,24719E+19 1266937543664 | 15408543314 | 2445959
15408543314 191192642 32938
2445959 32938 10
4
LAy _L2TOE9 00902, |1~ 0,0950.
P, D 138204E+21 P,
19119264
126693754366415408543314 2
1.1858101E+2
Ad4= 1 15408543314] 191192642 2445959
191192642 2445959 32938
4
I Ay _LISSBIOIE+21 oo [T oo
P, D  138204E+21 P,

[TincraBnsoun y BUBEIEHY HaMH,

X4

dbopmyny (3.3.17)

3HaYeHHA X CHOTBOPEHOI MOJEJ OTPUMAEMO PO3PaxyHKOBI
3HAYCHHS Y', AKi OyAyTh JCHIO BiAPI3HATHCS Bil BUXITHHX

3Ha4YeHb Y.

29

Toni, cepenHs kBajpaTUdHA TOXUOKA OJUHUII Baru Oyae

u= 1/ [W] =0,121514661.
n—-K

Cepennst kBaipaTHYHa MOXUOKA BU3SHAYCHHS KOeiLli€HTa a

m, = u /% =0,121514661*0,00001859 = 2,25895E-06

Cepenns kBaJpaTHYHa NOXMOKA BU3HAYCHHS Koe]ilieHTa b

m, = /i =0,121514661%*0,00255 =0,000309985
Pb

Cepennst KkBaipaTHYHa MOXUOKA BU3HAYCHHS KOeIiLlI€HTA ¢

30
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= ﬁ%j =0,121514661*0,0950 =0,011543463

Cepenns kBagpaTi4Ha NOXHOKa BU3HAYECHHS KoedilieHTa d

m, = [ /PL =0,121514661*0,9263 =0,112558053.
d

Cepenni kBaipaTU4H1 TOXHUOKH 3pIBHOBAXKEHOI PYHKIIT mp=

0,11255805
0,06961167
0,0739769
0,06796504
0,061403
0,0678457
0,07219872
0,06153885
0,06598774
0,09863494

[epeBipka Moz€eTi Ha a/IEeKBAaTHICTH 3a KpuTepiem Pimepa

MepesBipka Ha agekBaTHICTb 3a kKpuTepiem diwepa

30,40973 > 4,533677

Mopenb ageksaTHa eKcnepmMeHTaribHUM JaHUM

BcranosneHHs 3HaUuMMOCTi KoeilieHTiB perpecii

KoediuieHTn perpecii 3Haummi
ta= 5,944629 | t(0,05;6)= 2,446912
tb= 5,091301

31

tc= | 2771404 | 1(0,08:6)= 2,104306
td= | 77,98274

BucHoBKkMu

Ha ocHOBIi poBeieHUX AOCHTIKEHb B AaHiil poOoTi:

1. T'enepoBaHi BHUIAJKOBI YHMCNA, $AKI MPUBEICHO JI0
HOPMOBAHOT JOCTIHKYBaHOT TOUHOCTI.

2. Ha ocHOBi icTuHHOI MOJENi 1 TeHepOBaHUX ICTUHHHUX
NOXMOOK MOOy/IOBaHAa CIIOTBOPEHA MOJENb 3aJIEKHOCTI
MarHiTHOr0 MOMEHTY 3eMJI1 BiJ] IIUPOTH.

3. MarematnyHa MOJENb ANPOKCMMOBaHa IO cHocoly
HalMEHIIUX KBaJpaTiB KyOIYHUM MOJTIHOMOM.

4. Orpumana popmyina
¥'=0,000013429x> —0,001578x> +0,031992x +8,777585.

3aJIeKHOCTI MarHiTHOTO MOMEHTY 3eMii Y Bi mupoTu X .

5. BcranoBneHo, 00 cepenHs KBaJpaTWUYHA MOXHOKa
OJIMHMIII Baru 3a pe3ylbTaTaMU 3pIBHOBAXEHHS CKIaJae

p=0,122513676 *10** am”.

6. Cepenns KBaJpaTU4YHAa  TOXMOKAa  BU3HAYCHHS
xoediienta a npu x°  m, = 2,25895E - 06;
J cepelHsi KBaJgpaTW4HAa TOXHOKAa BU3HAYCHHS

xoediienta b npu x°  m, =0,000309985;

32
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J cepenHsi KBaJgpaTHYHA TOXHOKAa BU3HAYEHHS
koedimienta ¢ npu x m, =0,011543463;

J cepelHs KBaJpaTW4Ha IOXUOKAa BH3HAYCHHS
koedimienta d nmpu m, =0,112558053.

CepeIHi KBapaTUIH1 MOXUOKU 3pIBHOBAXKEHOT (PyHKLT M@=

7.

10.

0,11255805
0,06961167
0,0739769
0,06796504
0,061403
0,0678457
0,07219872
0,06153885
0,06598774
0,09863494

Po3pobnena meroamka MIATOTOBKH ICTUHHUX MOXHOOK
Hamepe] 3aJaH01 TOYHOCTI.

Jlana poOoTa BigKpHBae JOpory Jjis MPOBEICHHS
JOCHIPKEHb METOJIOM CTaTMCTUYHUX BUNpPoOyBaHb MoOHTE
Kapno.

BoHa 51ae MOXIJIMBICTh OXOINUTU BEJIUKY ayAUTOPII0, TOMY
0 TEHEPYIOThCS MOXHOKM IHAWBIAyalbHO 1 BOHU HE
MOBTOPIOIOTHCS B IPYTUX MOJIEIISIX.

Po6oTta BukoHyeThbcs Brepuie. Ham He Bimomi jiTeparypHi

JpKepena, ne 6 BHKOHYBAJIMCh aHAJOTIYHI JTOCHIHKEHHS B
Kypci Di3UKH 3 0OCHOBaMHU Te0(i3UKH.

33

10.

JlirepaTypHi qaxepena

bykees b.O. JlochmimkeHHS TOYHOCTI ampoKcHMAIlii
3aJIeKHOCTI MAarHiTHOrO MOMEHTY 3eMili BiJl LIMPOTH
METOJIOM CTAaTUCTHYHUX BHUMIpoOyBaHb Moute Kapio.
Mogens III'b 61-.MEI'Y, Pisne, 2006, -29c.

Kopn I'., Kopu T. CnopaBoynuk 1o mareMaruke. — M.:
Hayxa, 1973,-831c.

Komknn H. W., Hlupkeuu M. I'. ChopaBouyHMK 1O
eneMeHTapHoi (usuke. — M.: Hayka, 1972,-255c.
Kyuepyk 1. M., T'op6auyk 1. T., JIynux I1. I1. 3aransauii
kypc ¢i3uxu. T. 1. — K.: Texnika, 1999,-536¢.

Kyuepyk 1. M., I'op6auyk I. T., JIyrux I1. I1. 3aransaunii
kypc ¢izuku. T. 2. — K.: Texnika, 1999,-452c.

Kyuepyk 1. M., I'opb6auyk I. T. 3aransauit kypc (izuku.
T.3 . —K.: Texuika, 1999,-520c.

JlirnapoBuu P. M. JlocnikeHHsI TOYHOCTI anmpoKCUMaIlii
3aJIeKHOCTI MarHiTHOTO MOMEHTY 3eMJI1 Bifl IUPOTH
METOJIOM CTaTUCTHUYHUX BunpoOyBanb Monrte Kapio.
Yacrtuna 1. MEI'Y, Pisue, 2006,-44c.

JlirnapoBud P.M. BcTtaHOBNIEHHS 3B 513Ky MK
reorpagiyHoIO 1 TeOMarHiTHOIO CUCTEMaMH KOOpWHAT.
Yacruna 2.MEI'Y PiBue,2006,-47c.

JlitHapoBuy P.M. ®iduka 3 ocHoBamu reodizuku. Kypc
nekuin. MET'Y,PiBue,2007,-78c¢.

JlirnapoBuy P.M. ®izuka 3 oOcHOBaMH Treo(]i3UKH.
JlaGopatopuuit npaktukym. Yactuna 1.MEI'Y,PiBre,2007,-
44c.
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14.

15.

16.
17.
18.
19.
20.
21.

22.
23.

.IMacrymenko C. M. ®opmynn i

" JlitnapoBuy P.M. ®izuka 3 OCHOBaMH TeO]Ii3HUKH.

JlaGopatopuuit npaktukym. Yactuna 2.MEI'Y,PiBue,2008,-
48c.

. Mynpos B. 1., Kymko B. JI. Metoasr o6paboTku

mmepenuit. — M.: Cos. paauo, 1976,-192c.

3aKOHM  3arajibHoi
GI3UKM: HaBYATBHUN TOCIOHMK Ui CTYICHTIB BHIIHX
HaBYAIBHUX 3akjafiB. 2e¢ Buj.: Jiai., 2005,-2668c.

Pero K. I'. Metponoruyeckas o00paOoTka pe3yabTaToB
TeXHUYeCKux  u3MmepeHuit. CmpaBouyHoe  mocobue. —
K.:Texwnika, 1987,-126c¢.

Po3p’si3yBaHHs 3aay 3 Kypcy 3arajibHOi  (DI3UKH.
[Tpaktukym/OctpoyxoB A. A., CrpuwxeBchkuit B. JL,
HButux M. I'. ta inmni. —K.: Paggaceka mikona, 1966,-503¢
CagenbeB U. B. Kypc ¢usuku. T.1. —-M.:Hayka, 1989,-352¢c
CagenbeB U. B. Kypc ¢usuku. T.2. —M.:Hayka, 1989,-464c
CagenpbeB U. B. Kypc obmieii pusuku. —M.:Hayka, 1982, -
304c

CutnikoB  O. II.  OcHoBH eNIEKTPOAMHAMIKH.
JlaGopatopuuii npaktukym. Yepniri: YAIE1Y, 2003,-48¢
Cy6otin C. I. Kopa 1 wmanrtis 3emui. —K.: 3nanns,1996,
-39c.

Tonorpado-reoaeznueckue TEPMUHBL:  CHPABOYHUK/
Kyspmun b. C., I'epacumoB @. ., Monokanos B. M. u 1p.
— M.: Henpa, 1989,-261c.

®enopos €. I1. O6epranns 3emii. — K.:3nanns, 1966,-52¢
®i3uka 3 BHUKOPHCTAHHSAM OOYHMCIIOBAIbHOT TEXHIKH.
[paktnuynnii kypc/ B. M. Kazancekuii, B. 1. Knanuenko,
J. Komrenesa ta in. — K.: JIubGins, 1993,-224c.
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Honatok 1.

JlonaTku

['eHepyBaHHS I1CEBAOBUIIAIKOBUX YHCEI, TIIMOPSAIKYBAHHS 1X
HOPMAJIbHOMY 3aKOHY PO3IMOALTY 1 pO3paxyHOK ICTUHHHUX

MOXHUOOK
0,4 0,516 | -0,116 0,01346 -0,0367 0,00134851
0,68 0,516 0,164 0,02690 0,05192 0,00269542
0,2 0,516 | -0,316 0,09986 -0,1 0,01000722
0,85 0,516 0,334 0,11156 0,10573 0,01117975
0,08 0,516 | -0,436 0,19010 -0,138 0,01905075
0,33 0,516 | -0,186 0,03460 -0,0589 0,00346709
0,95 0,516 0,434 0,18836 0,13739 0,01887637
0,15 0,516 | -0,366 0,13396 -0,1159 0,01342460
0,56 0,516 0,044 0,00194 0,01393 0,00019402
0,96 0,516 0,444 0,19714 0,14056 0,01975627
5,16 5,16 0 0,99784 0,0E+00 0,10000000
A B C D E F
Jonarok 2.
IToOynoBa crioTBOpeHoi Moieni

0 8,803 -0,0367 8,766

11,25 8,957 0,05192 9,009

22,5 8,851 -0,1 8,7510

33,75 8,598 0,10573 8,7037

45 8,274 -0,138 8,1360

56,25 8,011 -0,0589 7,9521

67,5 7,904 0,13739 8,0414

78,75 8,057 -0,1159 7,9411

84,375 8,264 0,01393 8,2779

90 8,575 0,14056 8,7156

489,375 84,294 0,0E+00 84,294
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I G E H 784,400131]  70596,01/6353641,062 8,6626201| 5,294E-02
4056,432)  272534,6| 20281151,8 84,29 0,0000000

IcTUHHI P 0 R s T U
Xekcn.=XicTH. | YicTH. noxmo. YcntB.
V=YcnTB.-
ONATOK 3. YX YXA2 YXA3 Y'spiBH.  |Y3 vV
ot PospaxynkoBa Tabmuist HAonarox 4. .
Po3paxyHOK BU3HAYHMKIB
Jd 0 d 0 o o 1266937543664,04 15408543314,27| 191192642 2445959
11,25 1] 126,563 1423,828 16018,066 180203,247, 2027286,530 15408543314,266 191192642 2445959 | 32937,891
22,5 1] 506,250 11390,625 256289,063 5766503,906| 129746337,891 191192641,754 2445959 32938 489
33,75 1| 1139,063| 38443359 1297463,379] 43789389,038 1477891880,035 2445958,740 32938 489 10
45 1| 2025,000[ 91125,0000 4100625,000] 184528125,0000 8303765625,000
56,25 1| 3164,063| 177978,51¢ 10011291,504| 563135147,095 31676352024,078 D= 1,38204E+21
67,5 1| 4556,250( 307546,875 20759414,063| 1401260449,219] 94585080322,266|
78,75 1| 6201,563| 488373,047 38459377,441| 3028675973,511| 238508232913,971 20281151,8155 15408543314 191192642 2445959
84,375 1| 7119,141| 600677,490 50682163,239| 4276307523,251| 360813447274,268 272534,60271 191192642 2445959 32938
90 1| 8100,000( 729000,000 65610000,000] 5904900000,000 531441000000,000 4056,4323068 2445959 32938 489
489,375 1032937,8912445958,74(0191192641,754/15408543314,266(1266937543664,040 84,294000000 32938 489 10
D1= 1,85588E+16
[ J| K L M N o
1266937543664 20281151,816 191192642 2445959
Xekcn.=XictH| X0 X*2  [X~3 X4 X5 X6 15408543314 272534,603| 2445959 32938
191192642 4056,432 32938 489,375
[TponoBxkeHHs po3paxyHKOBOI Ta0IMIII 2445959 84,2940 489,375 10
D2= -2,1812E+18
0 0 0| 8,7775853|-1,131E-02| 0,000127857
101,350321] 1140,191]12827,15005| 8,9568663| 5,205E-02( 0,002709327 1266937543664 15408543314 20281152 | 24459587
196,896688  4430,175| 99678,9485| 8,8513781|-1,004E-01| 0,010083015 15408543314 191192642 272535 | 32937,891
293,751034)  9914,097334600,7867| 8,575841| 1,279E-01| 0,016356709 191192642 2445959 4056 489,375
366,1189  16475,35/741390,7717| 8,2449748|-1,090E-01| 0,011880832 2445959 32938 84,294 10
447,306638 25161|1415306,159| 7,9734996/-2,138E-02| 0,000457171 Da= 4 4214E419
542,793914| 36638,592473104,769) 7,8761354] 1,653E-01| 0,027309526 :
625,364416] 49247,453878236,509 8,0676022|-1,265E-01| 0,015993845
698,450266] 58931,74| 4972365,66 8,3074973(-2,957E-02 0,000874279 1266937543664 15408543314 191192642 | 20281152
15408543314 191192642 2445959 272535
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191192642 2445959 32938 4056
2445959 32938 489,375 84,294
1266937543664 191192642
D= 1 2131E+22 A22= 8,99382E+15 191192642 32938 489,375
2445959 489 10
Toxatok 5 A33= 1,24719,E+19 1266937543664 15408543314 2445959
A ‘ B . . 15408543314 191192642 32938
UTbHI YJIEHU HOPMaJIbHUX PIBHSIHB 5445959 32938 10
20281151,82 191192642 2445959 32938
272534,603 A11= 4,7761E+11 2445959 32938| 489,375
4056,432 32937,891 489,375 10
84,294
Honarok 8.
JloaaToK 6. KoHTpo1b 3piBHOBaKEHHS
Po3paxyHok Koe(]ilieHTIB alPOKCUMYIOYOTO MOJIIHOMY
a=D1/D=| 0,000013429 [yyl- | a[yx3]- | b[yx?] | - c[yx] - dly] |= 0,088594878
b=D2/D= -0,001578 [VV] = 0,088594877
c¢=D3/D= 0,031992 PisHuuga= 0,000000
d=D4/D= 8,777585
A Honartok 9.
Y=aX3+bX"2+cX+d O1iHKa TOYHOCTI 3piBHOBAKEHUX EIIEMEHTIB
Hawmu BuBeneHa gopmyra 3a pe3ylbraTaMu TEOPETHUHUX CepenHa KBagpatuyHa noxubka oguHWLi Baru
JOCITIIKCHD: U= 0,121514661
y'=0,000013429x —0,001578x +0,031992x +8,777585. CepepaHs  kBaapaTuqHa noxvbka koedilieHTa a
ma= 2,25895E-06
Jonarok 7. Ce peaHs kBagpaTuyHa Nnoxmnbka koedilieHTa B
3HaxoKeHHs anreopaidHuX JOIMOBHEHD
HAXOIDKCHH P s mb= 0,000309985
CepepaHs kBagpaTnyHa noxubka koedilieHTa ¢
1266937543664 15408543314 191192642 mc= 0,011543463
191192642 2445959 32938 md= 0.112558053
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Cepenni kBaapaTH4Hi NOXHOKH 3piBHOBaKeHOT PYHKIIT

mae=

0,11255805
0,06961167 |
0,0739769
0,06796504
0,061403
0,0678457
0,07219872
0,06153885
0,06598774
0,09863494

56,25 | 67,5 |78.75 84,375 90

45

MarHiTHUIA MOMeHT 3eMni

DopaaTtok 10. Aiarpamu gocnigXxeHb

11,25 225 13375

0
8,766 | 9,009 8,75108,7037|8,13607,95218,0414/7,94118,27798.71 4

9,200
9,000
8,800
8,600
8,400
8,200
8,000 4
7,800
7.600
7,400

OMardiTHUA MoMeHT 3emni
(10 22AmM"2)

A LHBWON MHLIHIe |y

|
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7,904 | 8,057 | 8,264 | 8,575

8,598 | 8,274 | 8,011

MateMaTuuHiMogeni-iixnoxubk
TUHHI Modenl 1 IX NOXWOKY

0,0000 |11,250022,500083,750045,000056,250067,500078,750084,375090,0000
777588,956868,851378,575848 2440757 97357,876138,067608,3074978,66262)
8,766 | 9,009 [8,751018,7037(8,1360(7,95218,04147,941118,277918,7156

8,803 | 8,957 | 8,851

10

BY’'3pisH.

WmYcnoTs.
DYieT.

OlcTuHHi noxunbru |-0,03670,0519170,10004,1057340,138020,05888,1373940,11588,013920,14055]

MAQUXOU | IHBIWOW UMHLIHIC

51

Honarok 11.Ta6auui Bajgenbkoro O.0.
Variant No./ Random values
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0.14 0.15 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 0.75 0.1 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 0.32 0.82 0.3 0.66 0.47 0.09 0.38 0.44 0.6
0.950.5 0.580.22 0.31 0.72 0.53 0.59 0.4 0.81 0.28 0.48 0.11 0.17 0.45 0.02
0.84 0.1 0.270.01 0.93 0.85 0.21 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
0.66 0.92 0.34 0.6 0.34 0.86 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 0.72 0.450.87 0 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 0.52 0.09 0.2 0.96 0.28 0.29 0.25 0.4 0.91 0.71 0.53 0.64 0.36 0.78
0.92 0.59 0.03 0.6 0.01 0.13 0.3 0.53 0.05 0.48 0.82 0.04 0.66 0.52 0.13 0.84
0.14 0.69 0.51 0.94 0.150.11 0.6 0.94 0.33 0.05 0.72 0.7 0.36 0.57 0.59 0.59
0.19 0.53 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
0.89 0.12 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
0.75 0.23 0.84 0.67 0.48 0.18 0.46 0.76 0.69 0.4 0.51 0.320  0.05 0.68 0.12
0.71 0.45 0.26 0.35 0.6 0.82 0.77 0.85 0.77 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
0.54 0.950.850.370.1 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
0.290.77 0.47 0.71 0.3 0.99 0.6 0.51 0.87 0.07 0.21 0.13 0.49 0.99 0.99 0.98
0.37 0.29 0.78 0.04 0.99 0.51 0.05 0.97 0.31 0.73 0.28 0.16 0.09 0.63 0.18 0.59
0.5 0.24 0.450.94 0.55 0.34 0.69 0.08 0.3 0.26 0.42 0.52 0.23 0.08 0.25 0.33
0.44 0.68 0.5 0.350.26 0.19 0.310.180.81 0.71 0.01 0  0.03 0.13 0.78 0.38
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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
0.64 0.2 0.190.89 0.38 0.09 0.52 0.57 0.2 0.1 0.65 0.48 0.58 0.63 0.27 0.88
0.65 0.93 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
0.52 0.83 0.47 0.91 0.31 0.51 0.55 0.74 0.85 0.72 0.42 0.45 0.41 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
0.75 0.46 0.37 0.46 0.49 0.39 0.31 0.92 0.55 0.06 0.04 0  0.92 0.77 0.01 0.67
0.110390 0.980.480.820.4 0.120.850.830.61 0.6 0.350.63 0.7 0.76
0.6 0.1 0.470.1 0.180.19 0.42 0.950.550.96 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
0.89 0.15 0.21 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
0.190.350.11 0.250.33 0.82 0430 0.350.580.76 0.4 0.24 0.74 0.96 0.47
0.32 0.63 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 0.34 0.17 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
0.65 0.34 0.49 0.87 0.2 0.27 0.55 0.96 0.02 0.36 0.48 0.06 0.65 0.49 0.91 0.19
0.88 0.18 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
0.810.64 0.7 0.6 0.01 0.61 0.450.24 0.91 0.92 0.17 0.32 0.17 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
0.21 0.33 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
0.43 0.33 0.450.47 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 0.250.42 0.56 0.88 0.76 0.71 0.79
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0.04 0.94 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. g
0.85 0.78 0.43 0.83 0.82 0.79 0.67 0.97 0.66 0.81 0.45 0.41 0  0.95 0.38 &
0.78 0.63 0.6 0.950.06 0.8 0.06 0.42 0.25 0.12 0.52 0.05 0.11 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
0.22 0.21 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 0.25 0.95 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 0.89 0.3 0.16 0.17 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
0.99 0.72 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
0.530.42 0.2 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
0.25 0.49 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
0.11 0.250.150.07 0.6 0.69 0.47 0.94 0.51 0.09 0.65 0.96 0.09 0.4 0.25 0.22
0.88 0.79 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
0.82 0.49 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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0.1 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
0.13 0.86 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
0.92 0.17 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
0.230.97 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 0.220.520.31 0.6 0.38 0.81 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 0.25 0.18 0.66 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
0.52 0.57 0.140.59 0.1 0.28 0.97 0.06 0.41 0.4 0.11 0.09 0.71 0.2 0.62 0.8
0.430.9 0.390.750.950.15 0.67 0.71 0.57 0.7 0.04 0.2 0.33 0.78 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 0.530.29 0.28 0.19 0.18 0.26 0.18 0.61 0.25 0.86 0.73 0.21 0.57 0.91 0.98
0.41 0.48 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
0.17 0.56 0.71 0.16 0.72 0.29 0.1 0.98 0.16 0.9 0.91 0.52 0.8 0.17 0.35 0.06
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 0.82 0.09 0.14 0.44 0.21 0  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 0.16 0.51 0.51 0.16 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._\§
0.16 0.35 0.5 0.76 0.47 0.91 0.85 0.35 0.89 0.32 0.26 0.18 0.54 0.89 0.63 X
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 0.95 0.75 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
0.75 0.89 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 0.740.69 0.210.120.01 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
0.76 021 0.1 0.110 0.44 0.920.93 0.21 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 0.770.32 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 0.46 0.11 0.36 0.57 0.68 0.67 0.53 0.24 0.94 0.41
0.66 0.8 0.39 0.62 0.65 0.79 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 0.65 0.4 0.850.3 0.61 0.43 0.44 0.43 0.18 0.58 0.67 0.69 0.75 0.14 0.56
0.6104 0.680 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 0.560.22 0.3 0.530.890.94 0.56 0.13 0.14 0.07 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 0.95 0.45 0.71 0.63 0.77 0.52 0.54 0.2
0.210.14 0.950.57 0.61 0.58 0.14 0  0.25 0.01 0.26 0.22 0.85 0.94 0.13 0.02
0.16 0.47 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
0.51 0.76 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
0.11 0.29 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
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.siant No./ Random values

Q&

205 206 227 228 229 230 231 232 233 234 235 236 237 238 239 240

0.43 0.75 0.18 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 0.37 0.58 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
0.49 0.45 0.01 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 0.82 0.04 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
0.61 0.71 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 0.15 0.89 0.15 0.04 0.95 0.3 0.98 0.44 0.48 0.93
0.330.09 0.63 0.4 0.87 0.8 0.760.93 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
0.98 0.19 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 0.19 0.77 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
0.34 0.18 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
0.31 0.81 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
0.450.65 0.450.320.2 0.77 0.7 0.920.12 0.01 0.9 0.51 0.66 0.09 0.62 0.8
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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.\
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 R
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 0.51 0.71 0.8 0.62 0.46 0.43 0.62 0.67 0.94 0.56
0.120.75 0.31 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
0.34 0.67 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 0.44 047 0.3 0.6 0.570 0.730.34 0.92 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 0.35 0.28 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
0.51 0.85 0.29 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
0.49 0.14 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 0.38 0.5 0.72 0.24 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 0.850.660.11 0.9 0.62 0.54 0.54 0.33 0.72 0.13 0.15
0.350.950.84 0.5 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 0.91 0.19 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
0.130.140960.990 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 0.84 0.9 0.03 0.370.7 0.24 0.24 0.29 0.16 0.51 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
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0.380.9 0.640.490.540.440 0.610.98 0.69 0.07 0.54 0.85 0.16 0.02 0.63
0.270.5 0.520.98 0.34 0.91 0.87 0.4 0.78 0.66 0.8 0.88 0.18 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
0.22 0.83 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
0.65 0.52 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 0.470.46 0.11 0.99 0.66 0.53 0.85 0.81 0.53 0.84 0.2 0.56 0.85 0.33 0.86
0.21 0.86 0.72 0.52 0.33 0.4 0.28 0.3 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 0.21 0.83 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
0.66 0.43 0.190.39 0.5 0.97 0.9 0.19 0.06 0.99 0.63 0.95 0.52 0.45 0.3 0.05
0.450.05 0.8 0.68 0.550.01 0.950.67 0.3 0.22 0.92 0.19 0.13 0.93 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 0.340.49 0.03 0.98 0.2 0.590.550.1 0.02 0.26 0.350.35 0.36 0.19
0.2 0.410.99 0.47 0.45 0.53 0.85 0.93 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 0.150.45 0.94 0.05 0.16 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
0.23 0.19 0.89 0.87 0.57 0.14 0.15 0.95 0.78 0.11 0.19 0.63 0.58 0.33 0  0.59
0.4 0.870.3 0.680.12 0.16 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
0.19 0.86 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
0.65 0.53 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 0.830.76 0.01 0.12 0.3 0.290.91 0.13 0.67 0.93 0.86 0.27 0.08 0.94 0.38
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0.79 0.93 0.62 0.01 0.62 0.95 0.15 0.41 0.33 0.71 0.42 0.48 0.92 0.83 0._\y
0.01 0.26 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 R
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
04 0.610.6 0.130.630.58 0.150.590.070.420.2 0.2 0.2 0.310.870.27
0.76 0.05 0.270.72 0.190  0.55 0.61 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 0.15 0.47 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
0.06 0.13 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
0.89 0.75 0.76 0.64 0.52 0.16 0.41 0.37 0.67 0.96 0.9 0.310.490.5 0.19 0.1
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
0.51 0.33 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 0.25 0.03 0.1 0.71 0.250.7 0.12 0.66 0.83 0.02 0.4 0.29
0.290.520.520.2 0.11 0.87 0.26 0.76 0.75 0.62 0.2 0.41 0.54 0.2 0.51 0.61
0.84 0.16 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
0.07 0.830.86 0.9 0.920.910.6 0.3 0.280.840 0.26 0.91 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
0.12.0.06 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
0.98 0.96 0.5 0.22 0.62 0.91 0.74 0.87 0.88 0.2 0.27 0.34 0.2 0.92 0.22 0.24
0.53 0.39 0.85 0.62 0.64 0.76 0.69 0.14 0.9 0.55 0.62 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
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0.34 0.76 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 0.340.89 0.13 0.9 0.950.620 0.99 0.39 0.36
0.1 0.310.020.910.610.610.520.88 0.13 0.84 0.37 0.9 0.99 0.04 0.23 0.17
0.47 0.33 0.63 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 0.750.17 0.21 0 0.8 0.310.55
09 0.240.850.3 0.9 0.660.920.030.76 0.71 0.92 0.2 0.330.22 0.9 0.94
Variant No./ Random values

417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432
0.33 0.46 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 0.55 0.12 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 0.42 0.18 0.21 0.4 0.88 0.350.08 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 0.55 0.98
0.49 0.17 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
0.65 0.82 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 0.06 0.650.1 0.120.41 0.2 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
0.58 0.380.29 0.2 0.410.97 0.48 0.44 0.23 0.6 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 0.79 0.81 0.25 0.54 0.7 0.950.89 0.04 0.55 0.63 0.57 0.92 0.12 0.21 0.03
0.33 0.46 0.69 0.74 0.99 0.23 0.56 0.3 0.250.490.47 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 0.790.07 0.38 0.6 0.25 0.15 0.22
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
0.39 0.48 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 0.410.420.63 0.630950480 0.040480 0.260.7 0.49 0.62 0.48
0.2 0.17 0.92 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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Llaptok B.O. Tlobygosa i gocnigXeHHs mMaTemaTtudHoi Mogerni
3aNEeXHOCTi MarHiTHoro MomeHTy 3emni Bi4  WKWPOTM  METOAOM
CTaTUCTMYHMX  BuNpobyBaHb  MoHTe  Kaprno.  Anpokcumadis
noniHomom TtpeTboro crteneHs. Mogenb MNIB10-213.METlY, PisHe,
2010, 62 c.

PeueHseHT: B. [.Bypayek, AOKTOp TEXHIYHUX HayK,npodecop

BionosipanbHu 3a BUMycCK: n. B. [bKyHb, OOKTOp @i3nKo-
MaTeMaTU4HUX Hayk, npodecop

KHura HanucaHa 3a maTtepianamu po60T1 HaykoBoOI ¢pi3uko-
MaTtemaTuyHoi wkonu MEIY

BceraHOoBnrOETBCS  (YHKIIOHANBHA 3aJIC)KHICTH MAarHITHOTO MOMEHTY IUTAaHETH
3emsss  BiA TeoMarHiTHOI mHUPOTH. JlaeTbest BUBiM (GOPMYyNM y BUTISIAL HONIHOMY
TPETHOrO TOPSIKY.

Maremarnyaa MOJIENb OYAYETHCS Ha OCHOBI CIIOCO0Y HAWMEHIIINX KBAIPATiB.

[IpoBoaMTECS HOCHIIKEHHS TOYHOCTI 3pIBHOBRXEHHX EJIEMEHTIB METOJ0OM
CTaTHCTHYHUX BUnpoOyBaHb MonTe Kapio.

JInist cTyZeHTiB 1 acIipaHTiB HaPSIMKY HAyK PO 3eMITIO.

Functional dependence of magnetic moment of planet is set Earth from a
geomagnetical breadth. The conclusion of formula is given in a kind to the
polynomial of the third order.

A mathematical model is built on the basis of method of leastsquares.

Research of exactness of the balanced elements is conducted by the method of
statistical tests of Monte Karlo.

For students and graduate students of direction of sciences about Earth.

© B.O. Uaprok, 2010
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Iepeamona

be3yMoBHMII ~ HayKOBH 1 mpakTUYHMIA  iHTEpec
MIPENICTaBISAE TOCTIIPKEHHST T€OMAarHiTHOTO OIS 3EMUIL.

BuBUYeHHIO NPUPOAM TEOMArHiTHOTO TOJS 1 B HAll dYac
NPUIUISETbCA BeNMKAa yBara. BueHi HamaraioThCsi OTpUMATH
BIIMOBIII HAa 3alUTAaHHS: KOJHM 1 SK 3apOJWJIOCS MAarHITHE
nosie 3eMHOi Kyni? YoMy BOHO icHye Minmbsipau pokiB? Sk
e noje Oynae 3MIHIOBAaTUCh B MailOyTHbOMY?

B naniit po6oTi Mu 3podumo crnpoOy BHUpPa3UTH OJUH i3
OCHOBHMX  KOMIIOHEHTIB ~ T'€OMAarHiTHOro mojs  3emii
MarHiTHUi MOMEHT IUIaHeTH  rpadiyHO 1 BCTAHOBUTH
(GyHKLIOHATIBHY 3aJIEKHICTh  MAarHiTHOrO  MOMEHTY  BiX
HIMPOTH.

Hamu mninbupaerscst emmipuyHa Qopmyna y BHIIAI
NOJIHOMY  TPEThOTO  MOPAAKY. MaremMarnyHa  MOJAENb
OyznyeTbcs Ha OCHOBI crmocoOy HaWMEHIIMX KBaJApaTiB.
[ToOynoBaHna WMOBIpHillIa MOJENb NPUIAMAETbCA SK ICTUHHA
MOJIeNIb, Ha OCHOBI  AKOi  TPOBOASTHCS  JIOCIIKCHHS
TOYHOCTI ~METOJIOM CTAaTUCTMYHMX BHUIPOOyBaHb MoHTE
Kapno. I'eHepyroTbcs TICEBO BHIQAKOBI  4ucla,  SKi
OpUHMAIOThCS K ICTUHHI MOXUOKH, SIKUMH CIOTBOPIOETHCS
ICTUHHa MOJEJb.

B  mnopanpmiomy — MeTOOOM — HaMEHIIMX  KBaJpariB
YPIBHOB@XYETHCSI CHOTBOpPEHAa MOJENb 1 POOUTHCA OIlIHKA
TOYHOCTI BPIBHOBAXEHHX €JIEMEHTIB. 3HAU€HHS 1CTUHHMX
NOXMOOK Ja€ MOXJIMBICTH 3pOOUTH TOPIBHAJIBHUM aHai3.
HabGupaerbcst Benmuka CTaTUCTHKA MUBIXOM TMOOYIOBH 1
JOCHIDKEHHST BEIUKOI KUIBKOCTI MOJEJIEH.

Po3pobnena meronuka JJ03BOJIUTH 3pOOUTH TMOMNEpPEeaHIN
pPO3paxyHOK  TOYHOCTI HpHU  MPOEKTYBaHHI  MaHOyTHIX
TEOMArHITHUX JOCHI/DKEHbh B OyAb-sKid TOYIl MJIAHETH
3emirs.

Po3zain 1. I'eomarnitHuit MoMmeHT 3emuii
1.1.IlpencraBiieHHs T€OMAarHiTHOr0O MOMEHTY
noss 3emJi

MarHiTHHII MOMEHT — I[I€ BEKTOpHA BEJHYMHA, SKa
XapakTepu3ye 3eMHY KYIIO SIK JPKEpesIo MAarHiTHOro IoJis.
MakpocCKomiyHi MarHiTHi MOMEHTH CTBOPIOIOTh 3aMKHYTI
eJIEKTPUYHI CTPYMHU 1 BIOPAIKOBAHO OPIEHTOBaHI MarHiTHI

MOMEHTH AaTOMHHUX YaCTHHOK.
Pospaxyemo wmarnitHuii mMomeHT M 3emii Ha eKBaropi

opu (Pmar. Exs.=0.
IIpy 1BOMY CHOYATKy PO3IISHEMO €IEMEHTH 3EMHOTO
MarHeTu3My.

%u Ia. Ox. 0.0

Bx
8 By

Ji

Bz C

.

E D

Puc.1.1.Enemenmu 3eMH020 MazHemusmy

[Mpoekuii B, 1 By iHAykmii aunoasHOTO mMOJs, abo
MOJIsI OAHOPIMHOTO HaMarHiyyBaHHS 3eMJli, MOXHa 3HAWTH
3a IOTIOMOTOI0 (POPMYIL.
BepTukanpHa CKIaJoBa T€OMAarHiTHOTO MO 3emili

M
Bz sin Pm 1.1);
27R? ( )
TOpHU30HTAaJIbHA CKJIaa0Ba

_ M
Bu = Mo prl Om (12)
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Q¢ M0 - MarniTHa crana;

M — MarHITHUT MOMEHT 3€MHOi KyJIi;

R —paniyc 3emii;

(Pm — reomarnitHa mmpoTa, sKa BiIpaxoByeThcA Bin
T€OMarHiTHOTO €KBaTopa

I3  mpuBegenux Qopmyia  JeTKO 3HAUTH  MOIYJb

BEKTOpa IHAYKIII MOJsI OAHOPIAHOTO HaMarHiuyBaHHsS 3€MHOI

Br=+B:+B:  (13).

[Migcrasmstoun (1.1),(1.2) B (1.3), Oynemo maru:

KYJIi:

abo:

M |4sin’ @, +cos’p,
Br=u \/ : “

27R? 4

[puiiMatoun 0 yBaru, mo sin’@+cos°@=1, a
4sin’ ¢ +cos’ @ =3sin’ @ +sin’ @ +cos’ @ ;

M .
P V3sinZgp+1 (1.4).

4

Br=n

3HaiineMo MarHiTHHA MoMmeHT M 13 dopmynu ( 1.4)

AR’ B
M= = or (15).

py3sin’ @ +1

HanpyeHicTh MarHiTHOTO IoJii Ha MarHiTHOMY €KBaTopi
Hews= 0,34 epcrena [ 3,—c. 163 ].
Hns  mepexony 13 cucreMu CI'CM 'y cucremy CI

CKJIQJIEMO CIIAYIOUYy MPOIOPIIi0
.oa . : _
Hanpyxenocti 1-— Bignosimae 47-107e,
M

Hew. HopiBaIOE 0,34 €,

3BIJIKHA
14.034¢ .
Hew=—2——— =27,05634033— .
47 -10"e M

B 3aranpHOMY BUNAAKYy HANpyXeHICTh MAarHiTHOTO TIOJIA
3eMJi MOKHA po3paxyBaTH 3a (OPMYIOIO

=&=4A231/3sin2goﬁi+l (1.6).
TT

Ho

Toni, 3arampHa  Qopmyna  po3paxyHKy  MarHiTHOTO
MOMEHTy 3emui Oyne

3
M=—H g

J1+3sin’ ¢,
Jns momtoca Hyen= 0,66 epcren.
Toni, mpu mepexoxai no cuctemu CI

a . . _
1— BimmoBimae 47-10e,
M

Hion. opisrioe 0,00 e,
3BIJIKH
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12.0,66¢
Hon-—2——— 52 521131222 .
47 -10"e M
MargitHuii MOMEHT 3eMili OLIsd IIOJIFOCIB

H  -4rR’
M — noui.

" 1+3sin290°

BasBimm paapiyc 3emnoi kymi R=6371000M, a
4 7R*=3,249620751-107* M3, MAarHITHUA MOMEHT 3€MHOI
KyJll Ha eKBaropi Oyze

Mew=

3,249620751 -10%' [ ]-27,05634033 [i]
M_ —8,792284498 -10% am*

1

Po3paxyemMo MarHiTHUIT MOMEHT 3€MHOi Kylli Ha TOJIOCI
MI'IO.]'L=

3,249620751-10*" -52,52113122

5 =8,533687894 -10* an’

Po3paxyeMo MarHiTHHiI MOMeHT 3emii Ha umpori 45°,
NPUNHSBIIM CEpEHE 3HAYCHHS HAINPYKEHOCTI

H,+H,, 034e+0,66e

Hys'= =0,50¢e
45 )
Toni
1% pinmoimae 47107
M
H,, nopisuioe 0,5 e.
3BiaKu
19.05¢ .
o0 = ————=39,78873577 —
47 -10"¢ M

9

Takum 4MHOM, HANPYKEHICTh MarHitHoro nomis H g,

Oyne
a

3,249620751-10* 4 -39,78873577
H — M

' J1+3sin’ 45°

H ,, =8,177542602-10% am’

3HaleMO CEpeHIO HANPYXEHICTh MarHiTHOTO IOJIS

3emuti A MIMPOTH 22,5°

~0,34e+0,5¢

2,50

=042 e,

A Q)Maa =67’5 ’
_0,5¢+0,6e

67,5°

=0,58¢
A Q)Maa 22’5 ’

a . )
1— Bigmosimae 47 -10°%¢
M

H, . nopiBatoe 0,42 e

3BIJIKHA
1%.0.42¢ .
_ M
== =33422538—,
25 4x-10%e M
I mo amasnorii
19.0,58¢
0 =—T——=—=46,1549335 am’.
’ 477 -10°e

MarHiTHi MOMEHTH OyAyTh BiIIOBITHO

10
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22,5° -
3,249620751-107" -33,42253805
J1+3sin222,5°

=9,052956514-10% am?,

_3,249620751-10' - 46,1549335
J1+3sin? 67,5

7,948506716 -10* am?

67,5°
Pe3ynbraTi 3aJeXHOCTI T€OMArHiTHOIO MOMEHTY 3eMili
BiJl IIMPOTH TOYKH CHOCTEpeXEHHS 3BeneHo B Taodn 1.

Tabnauya 1. 3anexncnicmy 2e0mazuimnozo momenmy 3emii 6i0
WUPOMU MOYKU CROCHEPEIHCEHH

Ne P = X V=M= f(x)(%)

1 0,00 8,79-10%

2 11,25 8,9-10%

3 22,5 9,05-10%

4 33,75 8,5-10%

5 45 8,18-10%

6 56,25 8-10%

7 67,5 7,95-10%

8 78,75 8,12-10%

9 90 8,53-10%
n=9 ¥ =76,02-10%

3rigHo Qopmynu ( 1,7 ) MarHiTHUA MOMEHT 3QJICKHUTH BiJ
HApYKEHOCTI ~ MAar”HiTHOro TOJS 1  LIUPOTH  TOYKH
CIIOCTEPE)KEHHS, TOOTO € (YHKLIE JBOX HE3aJESKHUX
3MIHHUX, XO04Ya B CBOIO Yepry HaIpPYKEHICTh N€OMAarHiTHOTO
MoJIi TAaKOX 3alleKUTh Big wmupoTd. Ha xams, y Hac
HeMae (opMyNnHM 3aNeKHOCTI HAIMPYXKEHOCTI MAarHiTHOTO

11

moJis  Big IIMPOTH, IO He mnoTpedyBano O 3HAE.
Mar"iTHOro MOMEHTY 1 HaBIaKH.
Tomy Oe3nepeuHuil iHTepec MpeICTaBIs€ BCTAHOBJICHHS
(GYHKIIOHATBHOT ~ 3QJIGKHOCTI  MArHITHOTO  MOMEHTY, SIK
TOJOBHOTO  KOMIIOHEHTa JJIsi  BU3HAYCHHS  CKJIAJIOBHX
TEOMarHiTHOTO MoJisg 3eMili, Bil T€OMAarHiTHOI HIMPOTH.

22
Ipumitka. B nmopanpmomMy 1J1si CHPOINEHHS BHUKJIAJX0K MHOKHUK 10 nucaTu
He Oyaemo, ajie ¥oro cJig MaTH Ha YyBa3si, 0c00,IMBO NpH OWiHLI TOYHOCTI
pe3yJbTariB.

1.2.11pencraBjieHHs1 iCTHHHOI Mo eJTi

A
V=M 9,0 4
8,9 -

8,8 -

8,7

8,6

8,5 -

8,4 1

8,3

8,2

8,1 -

8,0 -

7,9 -

0 + + + + + + + +

11,25 22,5 33,75 45 56,25 67,5 78,75 90 IllupoTa myHKTY CHOCT

Puc. 1. I'pagix 3anexcrnocmi mMazHimnozo momenmy 3emMHOi Kyiai 6i0
2eomazHimnoi wupomu

Maroun BY37IOBI TOYKM 3HAa4€Hb TI'€OMAarHiTHOTO
MOMEHTY 3emili B MarHitTHuX muporax O, 22,5°,45° |
67,5° 1 90° mnobyayemo ToukoBy miarpamy i rpadix,
npeacTaBiIeHuid Ha puc. 1.

I3 mporo rpadika BuAHO, IO eKcTpeMyM (¢yHKuii Oyne
ma mmpoti  22,5° i 67,5° . fx BugHo i3 rpadika,
Kpamor (QyHKLIE Ui anpokcuMmanii Oyzxe KyOluHHA
nojiiHoM,  ToOTO  OymemMo  mIyKaTH  (DyHKIIOHAJbHY
3QJICKHICTh Yy BUIIIA (QYHKLID BUAY

12
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y=ax’+bx’+cx+d (1.2.1)
HeBinomi koediuientTn a, b, ¢, d BU3HAUUMO IO
croco0y HaMEHIUX KBaJApaTiB.

Hpomixui touku B 11,25°, 33,75°, 56,25 i 78,75°
BU3HAaUUMO Oesmocepennbo 13 rpadika. Ilporo Ham Oyzme
IUIKOM  JIOCTaTHBO JJsl MOOYIOBH  EKCIEPUMEHTAIbHOT
MOJIeIi.

[ToOynoBaHy  TakuM  YHMHOM  €KCIIEPHUMEHTAIbHY
MOJIeNIb 3aJIS)KHOCTI MAarHiTHOrO MOMEHTY 3€MHOi KyJi Bif
IIMPOTH B MOJAJIBIIOMY 3pIBHOBRXUIH 1 OTpuManu Gpopmyny

[7,c.38]

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

Ky IpUAMEMO 3a ICTUHHY MOJENb 1, '€HepYIOUd I1CTUHHI
MOXUOKK Oy/IeMO CTBOPIOBAaTH CIIOTBOPEHI MOJENi, Ha SKHUX
MOHa  JOCHIAATH  TOYHICTG BHU3HAYEHHS  MArHITHOTO
MOMEHTY B 3aJIe)KHOCTI BiJl MOXMOKM BU3HAYEHHS IIMPOTH.

Tabnuysa 2.3anexncuicmo 2eomazHimnozo momenny 3emi 6i0 wiupomu
MOUKU cCnocmepex ceHHa (icmunna mooens 3a popmynorol. 1)

Ne P = X V=M =f()C)
1 0 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

Posaiu 2. [To0ynoBa ciorBopeHol Mojei
2.1. I'eHepyBaHH$1 ICTHHHUX MOXHOOK JJIsl 10C/IiI>KEHHS
MaTeMAaTH4YHOI MO/ieJli MeTO0M CTATHCTHYHHUX
punpoOysanb Monte Kapio

B po6ori [1] icTuHHA MOJIeNb CIOTBOPIOBAIAch BBEICHHSIM
iCTUHHUX TOXUOOK B He3alexH1 3MiHHI X. B naniit Monorpadii
icTUHHI TOXMOKM OyAeMO BBOJWTH B EKCIEPUMEHTAIbHI
rnapamMerpu V.

[IpuBeneMo METOMKY pO3paxyHKY BUIIAJAKOBUX YHCEN, K1
MPUIMEMO B MOJATBIIOMY, SIK ICTUHHI MOXUOKH I TOOYI0BU
CIIOTBOPEHOT MOJIEI.

1. OTpumaBIIM psJl BUMAIKOBUX (2 TOYHILIE IICEB0-

>

BHUIIAJIKOBUX) umcen &, , &, =+ , (2.1.1)
n

Jle n— cyma BUIIQIKOBUX YHCEIL.

2. Po3paxoByrOThCS TONIEPEIHI 3HAYSHHS ICTHHHHUX
noxubok A’ 3a popmynoro

A=E-E, (2.12)

3. 3HaXOAATh CEPEAHIO KBAIPATUUYHY MOXUOKY MOMEpeIHIX
ICTHHHUX TTOXUOO0K 3a opmynoro [ayca

(2.1.3)
4. 3naxonate KoedimieHT mnpomopuiiHocTi K, g
BU3HAUYEHHS ICTUHHUX ITOXUOOK HEOOXITHOCTI TOYHOCTI
c
my
e ¢— HeoOXimHa KOHCTAHTA.
Tax, Hanpukiazg, npu m, = 0,28 i He0OXiAHOCTI MOOYIOBH

MaTeMaTHU4HO1 MoJieNi 3 TouHicTIo ¢ = 0,1, Oynemo matu

14
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0’1 Cepeﬂ,HFl KBagpatnyHa noxubka rlonepe,u,Hix iCTUHHMX NOXNBOoY

Ky, = =0,357,anpu ¢ = 0,05, otpumaemo
0,28 A, = ,/%(?60 =0,2702961361
0,28 KoedpiuieHT nponopuijitHocti K =—————— =0,369964593 1
5. IcTUHHI HOXUOKH PO3PAXOBYIOThCA 32 (POPMYIIOI0 0,2702961361
A =A"-K (2.1.5) CepeaHsi KBaapaTUYHa NoxubKa Npy reHepyBaHHi BUNAAKOBUX

. yncen 3 TouHicTio ¢ = 0,1
6. 3aKII0OYHUM KOHTPOJIEM CIYXXHUTh PO3PAaXyHOK CEPEIHBOT

KBaJIpaTHYHOI IOXUOKU 71, T€HEPOBAaHUX ICTUHHUX MOXUOOK A m. = [0,1000000 _ 01
A T — Y
' 10

2.2. IIpeacraBjieHHS CIIOTBOPEHOI MO i

(2. 1 .6) Taonuus 4. Ilooyooea cnomeopernoi mooei
IcTMHHa Mopenb
NQ X Ai }/cnom& = }/icm + Ai
1 MOPIBHSHHS m, =c (2.1.7) . icm 5 yfé”1803 50888 5714
) 2 11,25 8,957 0,05919 9,016
Tabauusa 3. I'enepysaniia ncee00-6unadkosux Yucen L po3paxynox 3 225 8.851 01184 8.7326
fcmuniix noXu00K 4 33,75 8,508 -0,0777 8,5203
INETS 5 45 8,274 0,0518 8,3258
Ne 3 £, =5 A’ A=A - K A2 6 56,25 8,011 0,0111 8,0221
Sep 7 67,5 7,904 0,0259 7,9299
1 03| 054| -024| 0,05760 -0,0888 | 0,00788393 8 78,75 8,057 0,15908 8,2161
0.7 9 | 84,375 8,264 -0,1517 8,1123
- 0,54 0,16 | 0,02560 0,05919 | 0,00350397 10 % 5575 012049 87045
’ 0,54 -0,32 | 0,10240 -0,1184 | 0,01401588 489,375 84,294 2 5E-16 84,294
0,33
4 0,54 | -0,21| 0,04410 -0,0777 | 0,00603613 o ma CHOTRODCHOL MOREHl BHKO crbore
HUM ITIOTB H M J1 BHU H Th T I
5 0,68 | 0,54 0,14 | 0,01960 0,0518 | 0,00268273 . 8 P vﬂ yio TPOTe
0.57 3plBHOBa)KCHH$I METOAOM HAaNMMCHIINX KBa,Z[paTlB 1
6 , 0,54 0,03 | 0,00090 0,0111 | 0,00012319 o 6 . .
OTPpUM Th UMOBIpHIITY MOJCJIb, O0JISATH OILIIHKY TOYHOCT1
7 0,61 | 054 0,07 | 0,00490 0,0259 | 0,00067068 PHMYTO PHILLY MOA pobI HIHEY TOT
0.97 3p1BHOBa)KeHI/IX CJICMCHTIB 1 1AaK0Th HOplBHSIJILHI/II/I aHaJI13.
8 ; 0,54 0,43 | 0,18490 0,15908 | 0,02530797
9 0,13 | 054 | -041| 0,16810 -0,1517 | 0,02300849
10 0,89 | 0,54 0,35 | 0,12250 0,12949 | 0,01676704
_ 54
n=10 54| 7E-16| 0,73060 25E-16 | 0,10000000
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Po3aia 3. 3piBHOBa:KeHHsI Moaei
3. 1. IlpeacraBieHHsl CHCTEMH HOPMAJILHUX PiBHSHb
VY pe3ynbTari MpOBEIECHOTO EKCIEPHUMEHTY MH MAaeMO Psif
pesynpTariB X ,,V,, DyHKIIOHAIBHY 3a€XKHICTh MDK SKHUMU

OygemMo TIyKaTd 3a JOMOMOrolo moyiHomy cremneHi K, e
KOE(DIILIEHTU @, SBJIAIOTHCS HEBITOMHMHU.
Toni, cucremMa HOpMaTbHUX PIBHIHB Oy/e
na, + a, [x]+ a, [xz ]+ ..ta, [xm]— [y] =0,
a, [x]+ a, [xz ]+ a, [x3 ]+ ..ta, [x”‘” ]— [xy] =0,
2 3 4 m+1 2
ao[x ]+a1[x ]+a2[x ]+...+am[x ! ]—[x y]zO, (3.1.1)
m m+1 m+2 2m m
ao[x ]+a1[x ]+ az[x ]+...+ am[x ]—[x y]z 0,
JIe 3HAKOM [ ] MMO3HAYECHA CyMa BiJIMOBIHOTO €IEMEHTA.
J1J1 TONIIHOMY TPETHOTO TOPSAKY BUITY

y=ax’+ex’ +cx+d (3.1.2)
Cucrema HOpMaJIbHUX PIBHSHB OyIie

dn + c[x]+ 6lx2J+ alx3J— [v]=0,
d[x]+c[x2 ]+ e[x3 ]+ a[x4]— [xy] =0,

dle ] o] o+l ]-[ey]= 0 o
- d[x3]+ c[x4]+ e[x5 ]+ a[x6 ]— [x3y]= 0.

a[x6J+ 6[x5 J+ clx4J+ az’[x3 J— [x3yJ= 0,

a[xs]+6[x4]+c[x3]+d[x2]—[x2y]=0, 65.14)

a[x4 ]+ e[x3 ]+ c[x2 ]+ d[x]-[xy]=0,
a[x3 ]+ 6[)62 ]+ clx]+an-[y]=o0.

B nopampmomy OyaemMo pimiaTH  CHCTEMY JIHIHHHX
HOpManbHUX piBHHB (3.1.3) abo (3.1.4) ogHuM i3 BiJOMHX B
MaTeMaTHIli CoCcO0iB.

17

3.2. BcraHoBJIeHHSI KOe(iLieHTIiB HOPMAJIBbHUX
PiBHSIHb

[IpuBenemMo po3paxyHKOBY TaOJUIIO, Ha OCHOBI fKOi

CTPUMYIOTh KO€(]illiEHTH HOPMAIBHUX PIBHSHb.

Taonuys 5. Po3paxynok Koegiyicumie HOpMAIbHUX PIGHAND

0 2 3 4 5
Ne | X, Y enomd x x X X o
1 1
0 8,714 0) 0 0) 0)
2 1
11,25 9,016 126,563 1423,828 16018,066] 180203,247
3 1
22,5 8,7326 506,250 11390,625 256289,063 5766503,906)
4 1
33,75 8,5203| 1139,063] 38443,359 1297463,379 43789389,038]
5 1
45| 8,3258 2025,000 91125,000 4100625,000[ 184528125,000]
6 1
56,25 8,0221 3164,063] 177978,516] 10011291,504] 563135147,095
7 1
67,5 7,9299 4556,2500 307546,875] 20759414,063| 1401260449,219
8 1
78,75 8,2161 6201,563] 488373,047| 38459377,441| 3028675973,511
9 1
84,375 8,1123 7119,141]  600677,490] 50682163,239] 4276307523,251
10 1
90| 8,7045 8100,000 729000,000] 65610000,000, 5904900000,000
Y 10
489,375 84,294 32937,891| 2445958,740] 191192641,754|15408543314,266,

18
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IIpooosicenns maonuui 5

Ne x° Xy x’y X’y
1
0 0 0 0
2
2027286,530 101,432186 1141,112 12837,51108
3
129746337,891 196,483755 4420,884 99469,90092
4
1477891880,035 287,560376 9705,163 327549,2407
5
8303765625,000 374,660777 16859,73 758688,0733
6
31676352024,078 451,243065 25382,42 1427761,261
7
94585080322,266 535,268083 36130,6 2438815,202
8
238508232913,971 647,016676 50952,56 4012514,356
9
360813447274,268 684,476537 57752,71 4872884,723
10
531441000000,000 783,403885 70506,35 6345571,467
z
1266937543664,040 4061,545 272851,5 20296091,7

TakuMm 4YMHOM, Ha OCHOBI MPOBEICHHUX pPO3PaxXyHKIB HaMH
OTpUMaHa HACTyIIHa MAaTpuls KOEQIlieHTIB  HOPMAaJIbHUX

IBHSHb

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

19

3.3. PilmlenHsi cucremM# JiHiliHNX PiBHAHB
cnocodom Kpamepa

Hexaii, MmaemMo cuctemy JiHIHHUX PIBHSIHbD

a,x, +a,x, +..+a, x, 6 =b,

a,x, +a,x, +..+a, x. =b
2171 2272 2n"'n 29 (331)

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

Jlns toro, mo0 i3 i€l cMCTeMU BHU3HAYMTH HEBIAOMI C,
CKJIaIeMO 13 KOe(ili€HTIB MPH HEBITOMUX BU3HAYHHX A, KU
HA3WBAETHCS BU3HAYHUKOM CUCTEMH PiBHSHB (3.3.1).

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

ITomHOXMMO JIIBY 1 IIpaBy 4acTUHU piBHOCTI (3.3.2) Ha X;.
B niBiii wactuHi Oynemo Matu Ax,, B IpaBiil k€ YacCTHHI
BBEJEMO Y BCl WIEHM [-T0 CTOBINYMKA BU3HAUHMKA a 1

MHOYKHHK X,

a,, a, .a;Xx,..a,
A-x, =|a, a,, Ay Xy, (3.3.3)
il ey, X,

ITotim 10 i-ro croBmurka Bu3HauHuKa (3.3.3) momamo Bci
1HIIT CTOBIYHKH, IIOMHO€EHI BIJITOBITHO
HaX,X,,...,X, . BenurHa BU3HAUHUKA Bl [bOI'O HE 3MIHUTHCS.
Toni i-CcTOBMYMK MpEACTaBUTh COOOO JIIBY YaCTUHY CHUCTEMH
piBHsHB (3.3.1).

20
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cucremMu 1

(3.3.4)
a, a, ..b..a,
as ay b,...a,,
A |.a, .a, .b,.a
3sigkn, x, =—-="—" . LR (3.3.5)
A ay ap,  dp.dg,
G G Gy
"'anl anZ an3 ann

@®opmyna (3.3.5) mae MOXIIMBICTD BU3HAYUTU KOXKHE
HEBIJJOME CHCTEMHU JIIHIHHUX piBHAHB (3.3.1).

SIKIo BiTBHI WIEHH CHUCTEMM JIHIHHUX pIBHAHb pIBHI
HYJII0, TO BOHa Oyae CHCTEMOIO JIHIMHMX OJHOKOPIHHUX
PIBHSHB.

Cucrema JiHIHHUX OJHO KOPIHHUX PIBHSAHb MOXE MaTH
pillIeHHS BiAMIHHE Bill HYJIBOBOTO, SIKIIO BU3HAYHHK CHUCTEMHU
A piBHUI HYIIO.

JUist cHCTEMH YOTUPHOX JIIHIHHUX PIBHSHB
a,x, +a,x, +a;x; +a,x, =b,
Ay X) + Ay Xy +ayX; + a5 X, =b,, (3.3.6)
Ay X) +anX, +AyuX; +ayx, =b;, o

AyuX, +a,Xx, +a,x;, +a,x, =b,,

SIKIIIO BUBHAYHUK CUCTEMH A HE JOPIBHIOE HYITIO

21

TO cucreMa Bu3HayHMKa 1 mo Kpamepy ii
BUPaXAIOTHCS (popMyIamMmu

b a, a; a,
b, ay a,; a,
by ay, ay ay
X, = b, ay Aa43 Ayy ’
a, b a; ay,
ay by a, ay
a by ay ay
a, b, a; ay,
X, = A )
a, a, b ay,
ay ap b, ay
ay ay, by ay
a, a, b, a,
X, = A )

22

HEB1IOMI

(3.3.8)

(3.3.9)

(3.3.10)
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S

=

S S
™ )

S

N

ay  ap

ay A4y

a3 Ay

X, = Ay Ay
A

Sl 6auumo, 110

b, a,
A _bz ay
: by a,,
b, ay,
a, b
A _ |4 b,
" a, b,
a, b,
apy  ap
A |4y dp
b a;  dy
a,  dy
a,  ap
A |4 4p
X4 a; a4y
a, dy

S O
)

[

S

N

(3.3.11)

(3.3.12)

(3.3.13)

(3.3.14)

(3.3.15)

IIpusenemo dopMyTy  3HAXOMXKEHHS  BHU3HAUHL NG
YETBEPTOI'O MOPSAIAKY

ay  4dp 43 a4y
dy Gy Gy Ay _( )( )+
=yl — A3y \A Aoy — Q1405

a3 dz Ay A4y

Ay Ay Ay Ay

+ (a32a44 —a3dy )(a13a21 —ap;ay; )+ (a31a43 —dasdy )(a14a22 —apdy )+

+ (a31a42 T d5dy )(a13a24 T A Ay; )+ (a33a44 — 434y )(allazz —apay )+

+ (a31a44 T d3ay )(alzazs —a;dy ) (3.3.16)

| B Hawomy BuNaaky BusHavyHuK cuctemu 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
20296091,7346 15408543314 191192642 2445959
272851,53294 191192642 2445959 32938
4061,5453402 2445959 32938 489
84,294000000 32938 489 10

D1= 1,64432E+16

ToAi HeBigoMUN KoeddiLieHT a npu X’ Oyne

. Dl 164432E+16

a=0, = =0,000011898;
D 1.38204F +21
1266937543664 20296091,735 | 191192642 | 2445959
15408543314 272851,533 2445959 32938
191192642 4061,545 32938 | 489,375
2445959 84,2940 489,375 10
D2= -1,9361E+18

24
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TOOi HeBimOMUIN koediLieHT b npu x° 6yne
D2 -19361E+18

Po3aia 4. Ouinka TouHOCTI

4.1. KoHTpOJIb 3piBHOBAaXKEHHSA

[TigcraBnsroun oTpuMaHi 3Ha4eHHS Koe(DilieHTiB a,8,c,d

y hopmyny (3.4), oTpuMaeMo HaCTYIHI pe3yJIbTaTH.

Taonuys 6. Koeghiyicumu nopmanvuux pieHans i KOHMPOJib

3DIBHOGAICCHHSA
x3 xz x] xo y KoHTporb
3
X 11266937543664,04|15408543314,27|191192642| 2445059 20296091,73|20296091,735
2
X | 15408543314,266 191192642 2445959|32037,891| 272851,533| 272851,533
[x 191192641,754 2445959 32938 489 4061,545 4061,545
0
X 2445958,740 32938 489 10 84,294 84,294
0,000011898 20,001401 | 0-028279 1 g 749500
Ommnoka! O0beKT
He MOKET ObITh
C03J1aH U3 KOAOB b C d
noJei
peAaKTHPOBAHMS.

b=9o, = =——=-0,001401;
D 1.38204E +21
1266937543664 15408543314 | 20296092 | 2445958,7
15408543314 191192642 272852 | 32937,891
191192642 2445959 4062 489,375
2445959 32938 84,294 10
D3= 3,9082E+19
i HeBigOMUM KoedilieHT ¢ npu x Gyae
. .~ D3 39082E+19
=0, =— =" " =0,028279;
D 1.38204E + 21
1266937543664 15408543314 191192642 | 20296092
15408543314 191192642 2445959 272852
191192642 2445959 32938 4062
2445959 32938 489,375 84,294
D4= 1,2092E+22
koedpiuieHT d Gyne
D4 1,2092E +22
d=—=—"——"—"-"""2=8,749520.

D 1.38204E + 21

TakuM 4YHHOM,
MaTeMaTH4YHa MOJEIb

Ha OCHOBI
3aJIEKHOCTI

MPOBEJICHUX JIOCITIIKCHbD,
MarHiTHOr0O MOMEHTY

IUIaHEeTH 3eMils ), BiJ HMIMPOTH IYHKTY CIOCTEPEKECHHS X,

BUPAXKAETHCS (POPMYIIOIO

6'=0,0000118985" —0,00140156° +0,02827945 + 8,749520. (3.3.17)

25

[l—dyad Ay xd —dyq—dy]-

=0,084049684.

3 gpyroi ctoponu [VV]= 0,084050

4.2. Ouninka TOYHOCTI NapaMeTpiB, OTPUMAHHX i3
pillIeHHSI CHCTeMH HOPMAJILHUX PiBHSIHb

CepenHi KBaJpaTUuHi MOXMOKU BU3HAYAEMUX X,,X,,X;,X,

PO3paxoByIOTECS 32 GOPMYyIIaMu:

_ A
mxl_:u D ’

26

(4.2.1)
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m, = U D’ (4.2.2)

_ A33
m, = , (4.2.3)

’ D

A
m. = u,|—=, (4.2.4)

! D
ne m,,m,,m,,m, — CePeiHl KBaJpaTH4HI MOXUOKH
BU3HAYAaEMUX  HEBIIOMHUX  X|,X,,X;,X,, M—  CEpeIHs

KBaJpaTHUYHA MMOXWOKAa OJMHUII Baru, sfika pO3paxOBYETHCS 3a
bopmyIoro

|44
n—-K

= (4.2.5)

Y dopmyni (4.2.5) n- 9HCIO MOYATKOBHUX piBHsHB, K -
yuciao HeBitomMux. B wHamomy Bumanky n=10;K =4. V-

pI3HMLI MDK BHXIJHMM 3HAueHHAM ), 1 BHUpPaxyBaHUM

3HAYEHHSIM )’ 3a OTpUMaHOI Hamu Gopmysnoro (3.3.17);

Vo=y -y (4.2.6)

1

A

APYroro, TPEThOTO 1 Y4ETBEPTOTO JAlarOHAIBHUX EIEMEHTIB

oAy, Ayy, Ay — anreOpaiuHi  JONOBHEHHS MEPIIOTO,

A, =lay, ay; iyl 4.2.7)

27

Ay =|ay  ay  ay), (4.2.9)

Ay =la, ay axyl, (4.2.10)

ne A=a, A, +a,A, +a,;A; +a,A,. (4.2.11)

[TpuBenemo Gopmylly pPO3KPUTTS BH3HAYHUKA TPETHOTO
MOPAAKY

a4y ag

ay; dyp dy|= au(“zz“n - a23a32)+ alz(a23a31 - a21a33)+ a13(a21a32 - a22a31)‘

sz dyp 4y

(4.2.12)
I B HamoMy BUIIagKy OTPUMAEMO
191192642 2445959 32938
A11= 4, 7761E+11 2445959 32938 489,375
32937,891 489,375 10

BEJIMYMHA 00EPHEHOT Baru

28
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_ Ay _ ATTEIELIL

45593E -10, a

Taonuys 6. nopieHAIbHUT AHANI3 PE3VILIMAMIE CHIDO2020

= - 3!218H08a.)f('8HH}l
D 1,38204E+21
1 NQ xicm/—t cnoms. ;iSHOBGWC V = i_ 1’ 2
. —0,00001859. | Yonome | Fpioion Y=Y d
P, . 0| 8714 | 8,7495202 | -3,531E-02 | 0,001246918
2 1125| 9,016 | 8,0072984 | 1,089E-01 | 0,011858315
266937543664 | 191192642 | 2445959 3 225 | 87326 | 8,8121243 | -7,951E-02 | 0,00632231
_ 2 33,75 | 8,5203 | 8,5656406 | -4,533E-02 | 0,002055093
AZ22= | 8,99382E+15 191192642 32938 | 489,375 5 45 | 83258 | 8,2694901 |  5,630E-02 | 0,003170244
2445959 489 10 6 56,25 | 8,0221 | 8,0253158 | -3,217E-03 | 1,03479E-05
1 A, 899382E+15 1 7 67,5 | 7,9299 | 7,9347603 | -4,863E-03 | 2,36467E-05
7 =D " 13%204E +21=0a0000065082 7 =0,00255. 8 78,75 | 8,2161 | 8,0994666 | 1,166E-01 | 0,013599801
: 9 84,375 | 8,1123 | 8,3093063 | -1,970E-01 | 0,03880575
10 90 | 8,7045 | 8,6210774 | 8,341E-02 | 0,006957258
A33= | 1,24719E+19 1266937543664 | 15408543314 | 2445959 n=10 | 489,375 | 84.204 84,29 | 0,0000000 0,084050
15408543314 191192642 32938 Toni, cepenHs kBajpaTU4HA TOXUOKA OJUHUII Baru Oyae
2445959 32038 10
4%
1 A4, 124719E+19 ”:\/n[—K] =0,118356582.

P D 1.38204E +21

X3

=0,00902; ,PL =0,0950.

12669375436641154085433141191192642 CepenHs kBapaTHUHA TOXMOKA BU3HAYCHHS Koe]illieHTa a

15408543314] 191192642 2445959
191192642 2445959 32938

L _Aw _LISSSIOIE+21_ ocer [1 o 0her
P, D 138204E+21 P,

X

A44= |1.1858101E+21

m, = =0,118356582*0,00001859 =2,20024E-06

=]

Cepenns kBaJpaTHYHa NOXMOKA BU3HAYCHHS Koe]illieHTa b

[lincraBnsroun y BuBeneHy Hamu, ¢opmyny (3.3.17) m. =
3Ha4eHHA X CHOTBOPEHOI MOJEJI OTPUMAEMO PO3pPaxyHKOBI b
3HAYCHHS Y', AKi OyAyTh NEHIO BiAPI3HATHCS Bil BUXITHHX

u =0,118356582*0,00255 =0,000301929

=[]

3HA4YEHb Y. CepenHs kBaipaTHUHA TOXMOKA BU3HAYCHHS Koe]illieHTa ¢

| =

=0,118356582*0,0950 = 0,011243456

3
I
=

n

)

29 30
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¥_epe/Hs KBapaTH4HA MOXHOKa BU3HAYCHHS KoedirienTa d

m, = [ /PL =0,118356582*0,9263 =0,10963275.
d

Cepenni kBapaTU4H1 HTOXHUOKH 3pIBHOBAXKEHOI PYHKIIT mp=

0,10963275
0,06780252
0,0720543
0,06619868
0,059807
0,06608244
0,07032232
0,0599395
0,06427277
0,09607149

IlepeBipka MozeTi Ha a/IeKBAaTHICTH 3a KpuTepiem Pimepa

MepeBipka Ha agekBaTHICTb 3a KpuTepiem diepa

25,92385 > 4,533677

Mopenb ageksaTHa eKcnepmMeHTalribHUM JaHUM

BcranosneHHs 3Ha4uMMOCTi KoeilieHTiB perpecii

KoediuieHTn perpecii 3Haummi

ta= 5,407524 | 1(0,05;6)= 2,446912
tb= 4,639733

tc= 2,515125 | 1(0,08;6)= 2,104306
td= 79,80754

31

BucHoBKkMu

Ha ocHOBIi poBeieHUX AOCHTIKEHb B AaHiil poOoTi:

1. T'enepoBaHi BHUINAJKOBI YHWCNA, $AKI MPUBEICHO JI0
HOPMOBAHOT JOCTIHKYBaHOT TOUHOCTI.

2. Ha ocHOBi icTUHHOI MOJENi 1 TeHepOBaHUX ICTUHHHUX
NoXHOOK TMOOy/IOBaHa CIIOTBOPEHA MOJENb 3AJIEKHOCTI
MarHiTHOr0 MOMEHTY 3eMJI1 Bl INUPOTH.

3. MarematnyHa MOJENb ANPOKCMMOBaHa IO CHOco0y
HalMEHIIUX KBaJpaTiB KyOIYHUM MOJIIHOMOM.

4. Orpumana Gopmyna
6'=0,0000118985° —0,0014016° +0,0282796 +8,749520.

3aJIeKHOCTI MarHiTHOr0 MOMEHTY 3eMii Y B mupoTu X .

5. BcranoBneHo, 00 cepenHs KBaJpaTWUYHAa MNOXHOKa
OJMHMIII Baru 3a pe3ylbTaTaMU 3pIBHOBAXEHHS CKIajae

p=0,122513676 *10** am”.

6. Cepenns KBagpaTU4YHAa  TOXMOKAa  BU3HAYCHHS

xoedirienta a npu x> o, =2,20024E - 06;

o CCpCAHA KBaJApaTU4YHa HOXI/IGKa BHU3HAUYCHHA
xoedinienta b npu x> o, =0,000301929;
o CCpCAHA KBaJApaTU4iHa HOXI/IGKa BHU3HAUYCHHA

koedimienta ¢ npu x 0, =0,011243456;

L4 CCPpCAHA KBaJApaTU4YHa MoXHOKa BH3HAYECHHS
koedimienta d mpu o, =0,10963275.

32
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7.

10.

-pelHi KBapaTU4IH1 MOXUOKH 3PIBHOBAKEHOT PyHKUIT M@=

0,10963275
0,06780252
0,0720543
0,06619868
0,059807
0,06608244
0,07032232
0,0599395
0,06427277
0,09607149

Po3pobnena meroamka MIATOTOBKH ICTUHHUX MOXHOOK
Harepes 3aJjaH01 TOYHOCTI.

Jlana poOoTa BigKpHBa€e JOpOry Jjisi MPOBEICHHS
JOCHIUKEHb METOJIOM CTaTUCTUYHUX BUNpPoOyBaHb MoOHTE
Kapno.

BoHa 5ae MOXIJIMBICTh OXOIMUTU BEIUKY ayAUTOPII0, TOMY
0 TEHEPYIOThCA TMOXHOKH IHAMBIAyalbHO 1 BOHU HE
MOBTOPIOIOTHCS B IPYTUX MOJIEIISIX.

Po6GoTta BukoHyeThbcs Brepmie. Ham He BioMi jiTeparypHi

JpKkepena, ne 6 BHKOHYBAJIMCH aHAJOTIYHI JTOCHIHKEHHS B
Kypci Di3uKH 3 0CHOBaMHU T€0(i3UKH.

33

10.

11.

12

13.

JlirepaTypHi qxepena

bykees b.O. JlochmimkeHHS TOYHOCTI ampoKcHMAIii
3aJI©KHOCTI MAarHiTHOrO MOMEHTY 3eMili BiJl LIMPOTH
METOJOM CTAaTUCTHYHUX BHUNpoOyBaHb Monte Kapio.
Mogens III'b 61-.MET'Y, Pigne, 2006, -29c.

Kopn I'., Kopu T. CnopaBoyHuk 1o mareMmaruke. — M.:
Hayxa, 1973,-831c.

Komknn H. W., HlupkeBuu M. I'. ChopaBouyHuk 1O
enemMeHTapHOi (pusuke. — M.: Hayka, 1972,-255c.
Kyuepyk 1. M., T'opbauyxk 1. T., JIymux I1. I1. 3aransauii
kypc ¢i3uxu. T. 1. — K.: Texnika, 1999,-536¢.

Kyuepyk 1. M., I'op6auyk I. T., JIymux I1. I1. 3aransuuii
kypc ¢izuku. T. 2. — K.: Texnika, 1999,-452c.

Kyuepyk 1. M., I'op6auyk I. T. 3aransauii kypc (izuku.
T.3 . —K.: Texuika, 1999,-520c.

JlirnapoBuu P. M. JlocnikeHHsI TOYHOCTI anmpoKCHUMaIlii
3aJIeKHOCTI MarHiTHOTO MOMEHTY 3eMJI1 Bifl IIUPOTH
METOJIOM CTaTUCTMYHUX BunpoOyBanb Monrte Kapio.
Yacrtuna 1. MEI'Y, Pisue, 2006,-44c.

JlirnapoBud P.M. BcTtaHOBIIEHHS 3B 513Ky MK
reorpagiyHoI0 i TeOMarHiTHOIO CUCTeMaMH KOOpWHAT.
Yacruna 2.MEI'Y,Pisue,2006,-47c.

JlitHapoBuy P.M. ®iduka 3 ocHoBamu reo¢izuku. Kypc
nekuin. MET'Y,PiBue,2007,-78c¢.

JlitrnapoBuy P.M. ®izuka 3 oOCHOBaMH Treo(]i3UKH.
JlaGopatopuuit npaktukym. Yactuna 1.MEI'Y,PiBue,2007,-
44c.

JlitrnapoBuy P.M. ®izuka 3 oOCHOBaMH Treo(]i3UKH.
JlaGopatopuuit npaktukym. Yactuna 2.MEI'Y,PiBHe,2008, -
48c.

. Mynpos B. 1., Kymiko B. JI. Metoasl o6paboTku

m3Mmepennil. — M.: Cos. paguo, 1976,-192c.

[Macrymenko C. M. ®opmynun 1 3aKOHM  3arajbHOi
G13UKKM: HaBYATBHUM TOCIOHHMK Ui CTYICHTIB BHIIHUX
HaBYaIbHUX 3akjiafiB. 2e Buj.: Jiam., 2005,-2668c.
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16.
17.
18.
19.
20.
21.

22.
23.

.. Pero K. I'. Metponorudyeckas 00paboTka pe3yabTaToB

TeXHUYECKUX  u3MepeHuil. CrnpaBoyHOe  MOCOOHWE. —
K.:Texnika, 1987,-126c.

.Po3B’s13yBaHHs  3amady 3 Kypcy 3arajbHOi  (DI3UKH.

[Tpaktukym/OctpoyxoB A. A., CrpmwxeBchkuit B. JL,
HBimux M. I'. ta inmni. —K.: Paggaceka 1mikona, 1966,-503c¢
CagenbeB U. B. Kypc ¢usuku. T.1. —-M.:Hayka, 1989,-352¢c
CagenbeB U. B. Kypc ¢usuku. T.2. —M.:Hayka, 1989,-464c
CagenbeB U. B. Kypc o6mieit ¢puzuku. -M.:Hayka, 1982, -
304c

CutaikoB O. II.  OcHoBu eNIEKTPOANHAMIKH.
JlaGopatopuuii npaktukym. Yepniris: YAIE1Y, 2003,-48¢c
Cy6orin C. I. Kopa 1 wmantis 3emui. —K.: 3nanus,1996,
-39c.

Tomnorpado-reoaezuueckue TEPMUHBL:  CIPABOYHHUK/
Kyspmun b. C., I'epacumoB @. 1., Monokanos B. M. u np.
— M.: Henpa, 1989,-261c.

®enopos €. I1. O6eprannsa 3emui. — K.:3nanns, 1966,-52¢
®di3uka 3 BHUKOPHCTAaHHSAM OOYHMCIIOBAIBHOI TEXHIKH.
[Mpaktuunuii kypc/ B. M. Kazancekuit, B. 1. Knanuenko,
J. Komrenesa ta iH. — K.: JIuGigp, 1993,-224c.
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HonaTku

Honartok 1.
['eHepyBaHHS MICEBAOBUIIAIKOBUX YHUCEI, TIIMOPSAIKYBAHHS 1X
HOPMAJILHOMY 3aKOHY PO3MOALTY 1 pO3PaxyHOK ICTUHHHUX

MOXHUOOK
0,3 0,54 -0,24 0,05760 -0,0888 0,00788393
0,7 0,54 0,16 0,02560 0,05919 0,00350397
0,22 0,54 -0,32 0,10240 -0,1184 0,01401588
0,33 0,54 -0,21 0,04410 -0,0777 0,00603613
0,68 0,54 0,14 0,01960 0,0518 0,00268273
0,57 0,54 0,03 0,00090 0,0111 0,00012319
0,61 0,54 0,07 0,00490 0,0259 0,00067068
0,97 0,54 0,43 0,18490 0,15908 0,02530797
0,13 0,54 -0,41 0,16810 -0,1517 0,02300849
0,89 0,54 0,35 0,12250 0,12949 0,01676704
5,4 54| 7E-16 0,73060 2,5E-16 0,10000000
A B C D E F
Jonarok 2.
[To6ynoBa crioTBOpeHOi Mo

0 8,803 -0,0888 8,714

11,25 8,957 0,05919 9,016

22,5 8,851 -0,1184 8,7326

33,75 8,598 -0,0777 8,5203

45 8,274 0,0518 8,3258

56,25 8,011 0,0111 8,0221

67,5 7,904 0,0259 7,9299

78,75 8,057 0,15908 8,2161

84,375 8,264 -0,1517 8,1123

90 8,575 0,12949 8,7045

489,375 84,294 2,5E-16 84,294

I G E H
IcTUHHI
Xekcn.=XicTH. | YicTH. noxmo. YcntB.
36
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PospaxynkoBa Tabmuist

Honarok 4.

Po3paxyHOK BU3HAUHUKIB

1266937543664,04 15408543314,27| 191192642 | 2445959
o 1 0 0 0 0 0 15408543314,266 191192642 2445959 | 32937,891
11,25 1] 126,563 1423,828 16018,066 180203,247, 2027286,530 191192641,754 2445959 32938 489
22.5 1] 506,250, 11390,625 256289,063 5766503,906 129746337,891 2445958,740 32938 489 10
33,75 1| 1139,063| 38443,359 1297463,379] 43789389,038 1477891880,035
45 1| 2025,000f 91125,000 4100625,000[ 184528125,0000 8303765625,000) D= 1,38204E+21
56,25 1| 3164,063| 177978,516] 10011291,504| 563135147,095 31676352024,078
67,5 1| 4556,250] 307546,875| 20759414,063| 1401260449,219] 94585080322,266| 20296091,7346 15408543314 191192642 2445959
78,75 1| 6201,563| 488373,047| 38459377,441| 3028675973,511| 238508232913,971 272851,53294 191192642 2445959 32938
84,375 1| 7119,141| 600677,490 50682163,239| 4276307523,251| 360813447274,268 4061,5453402 2445959 32938 489
90) 1| 8100,000] 729000,000, 65610000,000{ 5904900000,000| 531441000000,000 84,294000000 32938 489 10
489,375 1032937,89112445958,740[191192641,754/15408543314,266(1266937543664,040
D1= 1,64432E+16
| J K L M N (@)
1266937543664 20296091,735 191192642 2445959
excn <xien|  xa xr2  xns - A5 YAG 15408543314 272851,533 2445959 32938
191192642 4061,545 32938 489,375
I .. . 2445959 84,2940 489,375 10
POOOBKCHHA PO3PaXYHKOBO1 TaGJII/II_II
D2= -1,9361E+18
0) 0) 0 8,7495202| -3,531E-02| 0,001246918 1266937543664 15408543314 20296092 | 2445958,7
101,432186) 1141,112] 12837,51108 8,9072984] 1,089E-01| 0,011858315 15408543314 191192642 272852 | 32937,891
196,483755 4420,884| 99469,90092] 8,8121243| -7,951E-02, 0,00632231 191192642 2445959 4062 489,375
287,560376| 9705,163| 327549,2407 8,5656406| -4,533E-02] 0,002055093 2445959 32938 84,294 10
374,660777 16859,73| 758688,0733| 8,2694901| 5,630E-02| 0,003170244
451,243065 25382,42| 1427761,261] 8,0253158] -3,217E-03| 1,03479E-05 D3= 3,9082E+19
535,268083 36130,6] 2438815,202] 7,9347603| -4,863E-03] 2,36467E-05
647,016676| 50952,56| 4012514,356/ 8,0994666] 1,166E-01| 0,013599801 1266937543664 15408543314] 191192642 | 20296092
684,476537 57752,71| 4872884,723| 8,3093063| -1,970E-01 0,03880575 15408543314 191192642 2445959 272852
783,403885 70506,35| 6345571,467, 8,6210774] 8,341E-02| 0,006957258 191192642 2445959 32938 4062
4061,545 272851,5 20296091,7, 84,29 0,0000000 0,084050 2445959 32938 489,375 84,294
P Q R S T U
D4= 1,2092E+22
V=YcnTB.-
YX YXN2 YX"3 Y'3piBH. Y3 vV
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A33= 1,24719,E+19 1266937543664 15408543314
15408543314] 191192642

BinbHI 4iieHHM HOPMaJIbHUX PIBHIHb

2445959 32938
20296091,73 191192642 2445959 32938
272851,533 A11= 4,7761E+11 2445959 32938 489,375
4061,545 32937,891 489,375 10
84,294
Honartok 8.
Honxarok 6. KoHTpons 3piBHOBa)KEHHS
Po3paxyHoK Koe(ilieHTIB alPOKCUMYIOYOTO MOJITHOMY
a=D1/D=| 0,000011898 lyyl- | a[yx3]- | b[yx?] | - c[yx] - dly] |= 0,084049684
b=D2/D= -0,001401 [WV] = 0,084049684
c=D3/D= 0,028279 PizHuua= 0,000000
d=D4/D= 8,749520
Y=aXA3+bX"2+oX+d Aonatok 5.

OriHKa TOYHOCTI 3pIBHOBaKEHUX CIIEMEHTIB

HaMg BHBe/IeHa (opMysa 3a pe3yIbTaTaMyi TEOPETUIHHUX Cepenrsi KBampaTviHa noxvbka oauHUL Barm
AOCTIKCHB. = 0,118356582
6'=0,00001189856" —0,00140156% +0,0282796 + 8,749520. CepeaHs kBagpaTu4yHa noxumbdka koedilieHTa a
ma= 2,20024E-06
Jonatok 7. Ce peaHs kBagpaTuyHa Nnoxmnbka koedilieHTa B
3Hax0KEeHHS anreOpaidHuX TOTIOBHEHb
mb= 0,000301929
CepeaHs kBagpaTnyHa noxubka koedilieHTa ¢

1266937543664 15408543314 191192642
Ad4=_ | 1,1858101,E+21 15408543314 191192642 2445959 me= 0,011243456
191192642 2445959 32938

CepepaHs kBagpaTnyHa noxubka koediuieHTa d
md= 0,10963275

1266937543664 191192642 2445959
A22= 8,99382E+15 191192642 32938 489,375
2445959 489 10

39 40



http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx
http://buy.abbyy.com/content/pdftransformer/default.aspx

Cepenni kBaapaTH4Hi NOXHOKH 3piBHOBaKeHOI PYHKIIT I I I I

mae=

0,10963275 |
0,06780252
0,0720543
0,06619868 |
0,059807
0,06608244 |
0,07032232
0,0599395
0,06427277
0,09607149

56,25 | 67,5 |78.75 84,375 90

45

DopaaTtok 10. Aiarpamu gocnigxeHb

MarHiTHUIA MOMeHT 3eMni

11,25 225 13375

0
8,714 19,016 8,73268,5203/8,32588,02217,9299(8,2161/8,1123/8.70 g

9,200
9,000
8,800
8,600
8,400
8,200 1
8,000 1
7.800 1
7,600 1
7,400 -
7,200

OMardiTHUA MoMeHT 3emni
(10 22AmM"2)

A LHBWON MHLIHIe |y

|
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Honarok 11.Ta6auui Bajgenbkoro O.0.
Variant No./ Random values
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
0.14 0.15 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 0.75 0.1 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 0.32 0.82 0.3 0.66 0.47 0.09 0.38 0.44 0.6
0.950.5 0.580.22 0.31 0.72 0.53 0.59 0.4 0.81 0.28 0.48 0.11 0.17 0.45 0.02
0.84 0.1 0.270.01 0.93 0.85 0.21 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
0.66 0.92 0.34 0.6 0.34 0.86 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 0.72 0.450.87 0 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 0.52 0.09 0.2 0.96 0.28 0.29 0.25 0.4 0.91 0.71 0.53 0.64 0.36 0.78
0.92 0.59 0.03 0.6 0.01 0.13 0.3 0.53 0.05 0.48 0.82 0.04 0.66 0.52 0.13 0.84
0.14 0.69 0.51 0.94 0.150.11 0.6 0.94 0.33 0.05 0.72 0.7 0.36 0.57 0.59 0.59
0.19 0.53 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
0.89 0.12 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
0.75 0.23 0.84 0.67 0.48 0.18 0.46 0.76 0.69 0.4 0.51 0.320  0.05 0.68 0.12
0.71 0.45 0.26 0.35 0.6 0.82 0.77 0.85 0.77 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
0.54 0.950.850.370.1 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
0.290.77 0.47 0.71 0.3 0.99 0.6 0.51 0.87 0.07 0.21 0.13 0.49 0.99 0.99 0.98
0.37 0.29 0.78 0.04 0.99 0.51 0.05 0.97 0.31 0.73 0.28 0.16 0.09 0.63 0.18 0.59
0.5 0.24 0.450.94 0.55 0.34 0.69 0.08 0.3 0.26 0.42 0.52 0.23 0.08 0.25 0.33
0.44 0.68 0.5 0.350.26 0.19 0.310.180.81 0.71 0.01 0  0.03 0.13 0.78 0.38
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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
0.64 0.2 0.190.89 0.38 0.09 0.52 0.57 0.2 0.1 0.65 0.48 0.58 0.63 0.27 0.88
0.65 0.93 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
0.52 0.83 0.47 0.91 0.31 0.51 0.55 0.74 0.85 0.72 0.42 0.45 0.41 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
0.75 0.46 0.37 0.46 0.49 0.39 0.31 0.92 0.55 0.06 0.04 0  0.92 0.77 0.01 0.67
0.110390 0.980.480.820.4 0.120.850.830.61 0.6 0.350.63 0.7 0.76
0.6 0.1 0.470.1 0.180.19 0.42 0.950.550.96 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
0.89 0.15 0.21 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
0.190.350.11 0.250.33 0.82 0430 0.350.580.76 0.4 0.24 0.74 0.96 0.47
0.32 0.63 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 0.34 0.17 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
0.65 0.34 0.49 0.87 0.2 0.27 0.55 0.96 0.02 0.36 0.48 0.06 0.65 0.49 0.91 0.19
0.88 0.18 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
0.810.64 0.7 0.6 0.01 0.61 0.450.24 0.91 0.92 0.17 0.32 0.17 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
0.21 0.33 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
0.43 0.33 0.450.47 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 0.250.42 0.56 0.88 0.76 0.71 0.79

53

0.04 0.94 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. g
0.85 0.78 0.43 0.83 0.82 0.79 0.67 0.97 0.66 0.81 0.45 0.41 0 0.95 0.38 &
0.78 0.63 0.6 0.950.06 0.8 0.06 0.42 0.25 0.12 0.52 0.05 0.11 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
0.22 0.21 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 0.25 0.95 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 0.89 0.3 0.16 0.17 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
0.99 0.72 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
0.530.42 0.2 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
0.25 0.49 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
0.11 0.250.150.07 0.6 0.69 0.47 0.94 0.51 0.09 0.65 0.96 0.09 0.4 0.25 0.22
0.88 0.79 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
0.82 0.49 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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0.1 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
0.13 0.86 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
0.92 0.17 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
0.230.97 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 0.220.520.31 0.6 0.38 0.81 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 0.25 0.18 0.66 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
0.52 0.57 0.140.59 0.1 0.28 0.97 0.06 0.41 0.4 0.11 0.09 0.71 0.2 0.62 0.8
0.430.9 0.390.750.950.15 0.67 0.71 0.57 0.7 0.04 0.2 0.33 0.78 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 0.530.29 0.28 0.19 0.18 0.26 0.18 0.61 0.25 0.86 0.73 0.21 0.57 0.91 0.98
0.41 0.48 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
0.17 0.56 0.71 0.16 0.72 0.29 0.1 0.98 0.16 0.9 0.91 0.52 0.8 0.17 0.35 0.06
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 0.82 0.09 0.14 0.44 0.21 0  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 0.16 0.51 0.51 0.16 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._\§
0.16 0.35 0.5 0.76 0.47 0.91 0.85 0.35 0.89 0.32 0.26 0.18 0.54 0.89 0.63 X
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 0.95 0.75 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
0.75 0.89 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 0.740.69 0.210.120.01 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
0.76 021 0.1 0.110 0.44 0.920.93 0.21 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 0.770.32 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 0.46 0.11 0.36 0.57 0.68 0.67 0.53 0.24 0.94 0.41
0.66 0.8 0.39 0.62 0.65 0.79 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 0.65 0.4 0.850.3 0.61 0.43 0.44 0.43 0.18 0.58 0.67 0.69 0.75 0.14 0.56
0.6104 0.680 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 0.560.22 0.3 0.530.890.94 0.56 0.13 0.14 0.07 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 0.95 0.45 0.71 0.63 0.77 0.52 0.54 0.2
0.210.14 0.950.57 0.61 0.58 0.14 0  0.25 0.01 0.26 0.22 0.85 0.94 0.13 0.02
0.16 0.47 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
0.51 0.76 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
0.11 0.29 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
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.siant No./ Random values

Q&

225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240

0.43 0.75 0.18 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 0.37 0.58 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
0.49 0.45 0.01 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 0.82 0.04 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
0.61 0.71 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 0.15 0.89 0.15 0.04 0.95 0.3 0.98 0.44 0.48 0.93
0.330.09 0.63 0.4 0.87 0.8 0.760.93 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
0.98 0.19 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 0.19 0.77 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
0.34 0.18 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
0.31 0.81 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
0.450.65 0.450.320.2 0.77 0.7 0.920.12 0.01 0.9 0.51 0.66 0.09 0.62 0.8
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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.\
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 R
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 0.51 0.71 0.8 0.62 0.46 0.43 0.62 0.67 0.94 0.56
0.120.75 0.31 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
0.34 0.67 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 0.44 047 0.3 0.6 0.570 0.730.34 0.92 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 0.35 0.28 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
0.51 0.85 0.29 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
0.49 0.14 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 0.38 0.5 0.72 0.24 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 0.850.660.11 0.9 0.62 0.54 0.54 0.33 0.72 0.13 0.15
0.350.950.84 0.5 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 0.91 0.19 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
0.130.140960.990 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 0.84 0.9 0.03 0.370.7 0.24 0.24 0.29 0.16 0.51 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
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0.380.9 0.640.490.540.440 0.610.98 0.69 0.07 0.54 0.85 0.16 0.02 0.63
0.270.5 0.520.98 0.34 0.91 0.87 0.4 0.78 0.66 0.8 0.88 0.18 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
0.22 0.83 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
0.65 0.52 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 0.470.46 0.11 0.99 0.66 0.53 0.85 0.81 0.53 0.84 0.2 0.56 0.85 0.33 0.86
0.21 0.86 0.72 0.52 0.33 0.4 0.28 0.3 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 0.21 0.83 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
0.66 0.43 0.190.39 0.5 0.97 0.9 0.19 0.06 0.99 0.63 0.95 0.52 0.45 0.3 0.05
0.450.05 0.8 0.68 0.550.01 0.950.67 0.3 0.22 0.92 0.19 0.13 0.93 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 0.340.49 0.03 0.98 0.2 0.590.550.1 0.02 0.26 0.350.35 0.36 0.19
0.2 0.410.99 0.47 0.45 0.53 0.85 0.93 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 0.150.45 0.94 0.05 0.16 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
0.23 0.19 0.89 0.87 0.57 0.14 0.15 0.95 0.78 0.11 0.19 0.63 0.58 0.33 0  0.59
0.4 0.870.3 0.680.12 0.16 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
0.19 0.86 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
0.65 0.53 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 0.830.76 0.01 0.12 0.3 0.290.91 0.13 0.67 0.93 0.86 0.27 0.08 0.94 0.38
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0.79 0.93 0.62 0.01 0.62 0.95 0.15 0.41 0.33 0.71 0.42 0.48 0.92 0.83 0.'\y
0.01 0.26 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 R
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
04 0.610.6 0.130.630.58 0.150.590.070.420.2 0.2 0.2 0.310.870.27
0.76 0.05 0.270.72 0.190  0.55 0.61 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 0.15 0.47 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
0.06 0.13 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
0.89 0.75 0.76 0.64 0.52 0.16 0.41 0.37 0.67 0.96 0.9 0.310.490.5 0.19 0.1
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
0.51 0.33 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 0.25 0.03 0.1 0.71 0.250.7 0.12 0.66 0.83 0.02 0.4 0.29
0.290.520.520.2 0.11 0.87 0.26 0.76 0.75 0.62 0.2 0.41 0.54 0.2 0.51 0.61
0.84 0.16 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
0.07 0.830.86 0.9 0.920.910.6 0.3 0.280.840 0.26 0.91 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
0.12.0.06 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
0.98 0.96 0.5 0.22 0.62 0.91 0.74 0.87 0.88 0.2 0.27 0.34 0.2 0.92 0.22 0.24
0.53 0.39 0.85 0.62 0.64 0.76 0.69 0.14 0.9 0.55 0.62 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
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0.34 0.76 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 0.340.89 0.13 0.9 0.950.620 0.99 0.39 0.36
0.1 0.310.020.910.610.610.520.88 0.13 0.84 0.37 0.9 0.99 0.04 0.23 0.17
0.47 0.33 0.63 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 0.750.17 0.21 0 0.8 0.310.55
09 0.240.850.3 0.9 0.660.920.030.76 0.71 0.92 0.2 0.330.22 0.9 0.94
Variant No./ Random values

417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432
0.33 0.46 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 0.55 0.12 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 0.42 0.18 0.21 0.4 0.88 0.350.08 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 0.55 0.98
0.49 0.17 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
0.65 0.82 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 0.06 0.650.1 0.120.41 0.2 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
0.58 0.380.29 0.2 0.410.97 0.48 0.44 0.23 0.6 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 0.79 0.81 0.25 0.54 0.7 0.950.89 0.04 0.55 0.63 0.57 0.92 0.12 0.21 0.03
0.33 0.46 0.69 0.74 0.99 0.23 0.56 0.3 0.250.490.47 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 0.790.07 0.38 0.6 0.25 0.15 0.22
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
0.39 0.48 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 0.410.420.63 0.630950480 0.040480 0.260.7 0.49 0.62 0.48
0.2 0.17 0.92 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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