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K ONPEAEJNEHHUIO CTATHCTUYECKHUX CBOHCTB
CIAYYAHHOM XOPJbl B BbITYKJIOM TEJ]_E

. 2. HAALL

(ITpeacraBaena navunniv cemuHapom YBJI TI1H)

Ilpy M3y4YeHHH CTATHCTHKH CJy4YaHHOH CpeRbl C HCIOJAb30BAaHHEM Be-
POSAATHOCTHO-TEOMETPUUECKOH MOJeJH 3aN0JHeHHs TpeXMepHOro MnpocTpaH-
CTBA CHCTEMOH BBINYKJBIX TeJ METOAOM CJAYVUAHHOH CEeKyLled BO3HHKAET He-
06X0OJIMMOCTb OIlEHKH MOMEHTOB CJy4aiHOH XOpPABI B TeJaX 3aioJHenHs
[1]. Jdas npaktuueckod Heqd OOGBITHO MOXKHO OTPAHIUHTLCS MEpPBBLIMU JBY-
M MOMEHTaMH.

B Hacrosingeit pabote paccMaTpHBAIOTCH BONPOCH METOAHKH pacuera
MOMEHTOB CJAYUaHHOH XOPABl B BBINYKJOM TeJje U TPHUBOIAATCS OLLEHKH Mep-
BOTO MOMEHTA [IJ51 HEKOTOPBIX Tes 3jeMentapiiol ¢opmsl. Ilycth mMeerca
HeKOTOpoe BHINyKJOe Teso T M MHOXKeCcTBO CJaYYafHeIXx XopZd I B 3ToM Tese.
MHoOXKecTBO CJYYaHHBIX XOpPX B CBOIO OYepelb MOXKHO PacCMaTpHBaTh Kak
NOPOXK/IeHHe MHOXEeCTBa BCeX JHHHIA J B TpexmepHOM mpocrpalcTse K,
HMeroEx xotsi 6p1 ofHY obmyvio Touky ¢ Teaom T. B ¢Bowo ouepelb, mlo-
XKecTro J ecTh NMOAMHOXKECTBO MHOXKeCTBa BceX JHHHH B Ks.

3apath JHHHIO B R3 MOXHO CHCTEMOH ABYX ypaBHeHHH

x:plz,ﬁ‘,,ql (1)
Y=Par--qs

HapameTpnl py, p2, ¢ ¥ gy 00pa3ywOT B COBOKYIHOCTH MapaMmerpHyec-
Koe mpocTpaHcTBo P MHoxecTBa JaHHHHA. [lapamerpHueckoe IPOCTPAHCTBO
P 0o1H03HayHO onpefessieT MHOXKECTBO JHHHI B Rj.

3JeMeHT Mepsl NPOCTPaHCTBAa £, HHBAPHAUTHLIH OTHOCHTEILHO TpyIl-
b BPALUEHHHA ¥ nepeMmelleHnil B Ri onpegensiercs Brpaxennem [1]:

dP =(14p,®-+p.?) *dp,dp.dq,dq.. (2)

Jlast pacdeta 3HaueHHH CJAy4alHOY XOPJbl HEOOXOAHMO ONpENe]HTh MepPY
MHOXKecTBa P/, SIBAAKOMIErOCS NOAMHOXKECTBOM P U COOTBETCTBYIOLLETD
MHOXKEeCTBY JHHHH [, cexyulux AanHoe Teso 1. PopMaabHO 3TO MOXKHO Clie-
JaTh NyTeM pelleHHS CHCTEMBI

F(x,4,2)=0
x=pz+q, |- (3)
Yy=po2tq,



rae F(x, y, 2)=0 ypaBHeHHe NOBepXHOCTH Tesa T, m HCCAeAOBaHHeM 00-
JaCTH, BHYTPH KOTOPOH KOpHHU CHCTeMB Zi(X), y1) U Zo(X2, Yy2) BelIeCTBeH-
HE N Pa3JHyHbl. PaBeHCTBO KOpHeH APYT K APVYIY COOTBETCTBYeT MHOMKECTBY
KacaTeJbHBIX K Teqy T. JlnMHA XOpABI ONpeJeJUTCS KaK PACCTOSIHHE MexKIy
KOpHAMH B Rj3. B pesyibTaTe cpefHee 3HaueHHe XOPIbl ONPEIENHUTCH BHI-
paxeHueM

_ 1 .

m(P")

rae m(P’) — mMepa mapameTpuueckoro mupocTpaHcTBa P/, cOOTBETCTBYIOLLETO
MHOXKECTBY CJYUAHHBIX CEKYIUHX. AHAJOTHUYHO OTNPENCJSIOTCE OCTaJbHbIE
MOMEHThl BeJHuuHBl [, Beauuyuna Mepo MHOMXecTBa P’ onpejesnsercss TOIO-
JOTHUECKHMH CBolicTBaMu Tena T. B uactHocTH, nokasaHo, uTo AJs BBINYK-
1Oro TeJa NoBepxHocTbio S [1]

m(P")= ; 7S, . (5)

Hcnonb3oBaTh ONMCAaHHVIO MCTOAHKY B 0OLIEM BHAe JJs NPaKTHYECKHX
pacueToB BecbMa 3aTpyAHUTeAbHO. Flo3TOMY 06BI9HO TpuberawT K CaAenyio-
memy npuemy. CTPOAT BHAua/e IOAMHOZKECTBO CEKYIIHX, COOTBETCTBYIOIIEE

HECKOTOPOMY BBIOpaHHOMY HamnpasJeHHo n. Mcpa 3Toro moaMHoMKecTsa, Kak
HCTPYAHO OHpPEJeJINThL, paBHA

dF =—F (n)dw, (6)

—

rae F(n) —mnaomane mpoexnuu Teqa T Ha HEKOTOPYIO TJIOCKOCTh, INepIeH-

JAHKYJSAPHYIO HaNpaBJeHHto n, U dw — 3JEMEHT TeJeCHOro yrJaa. Toraa noJ-
Hast Mepa MHOXKeCTBA CeKVUIHX ONPeAeJUTCS BHIpaKeHHeM

m(P’):j dF :%éj)F(/?)du):Qﬁ_. | (7)

CpezHee 3HaueHHe XOPABl ONPEICJUTCS HHTETPaJoM

l=——— - — \ \ ldF(n)d o. (8
m(P') 2“ (e ©)
Herpyano Buaethb, uto

[ldF(n)=V (9)

Un)-F(n)=V, (10)

—_— N

rae V-—o6rweM Tesa 1 [(n) — cpelHee 3HAaUGHHE CAYYANHON XOPAH HA MHO-

KCCTBE CEKYIIMX, ITapajjiesibHbIX JaHHOMY HanpasieHuwo n. OTKyaa ¢ yue-
ToM (D) MOXHO 3anucaTh ABaA BaKHbIX COOTHOLIEHHA:

76



— 4y
=2 1
3 (11)

S=4F, (12)

rie F— cpenHssa npoekuus Tesja Ha IJOCKOCTb B HallpaBJieHHH 7 NPH Bpa-
ILEHHH ITOTO TeJa OTHOCHTEJNbHO 3TOH TIOCKOCTH.

BrluucsieHHe cpelHero 3HauyeHHs CJay4aHHOH XOPAbl H €e MOMEHTOB 0o-
Jiee BBICOKOTO NOPSiAKAa $BJSETCH BeCbMa CJOXHBIM H TPYJOEMKHM [axe
a5 ren 3neMeHtapHod dopMel. OLHAKO B pAle CAyYaeB MOMXKHO OOOHUTHCH
OLECHKAMH YKa3aHHBIX BeJHYHH. B wacTHOCTH, HCnoab3ya cooTnHowenusa (10),
{11), (12), MOKHO TOCTPOHTbL AJSl CPeLHero 3HauyeHHusd [ PSL OUEHOK JJs
Tes MeMeHTapHou (QOpPMEL.

Ilycre BeInyK/I0€ Tesio ofbema V BpaliaeTcst OTHOCHTENBHO BEKTOpA n
M IJIOCKOCTH TIPOCKIHH, NepHeHIHKYAApHOH K n. Toria BeJHYHHBI l(n)

(n) 6yLyT MEHSITbCS B 3aBHCHMOCTH OT ODHMEHTALMU TejJa B MPOCTPAHCTBE.
OnHako NpPOH3BEAEHHE 3THX BEJHUHH OCTAeTCS INIPH 3TOM IHOCTOSHHBIM H
paBubiM o06vemy V, xak 3to caexyer u3 (10). ITostoMy eciu BO3MOYKHO
OTIPeJIeNIUTh AJSl JAHHOTO Teja HauboJbliee H HaWMeHbllee 3HAUEHHS OPTO-
rOHaJIbHOM NPOCKUMH HA HEKOTOPYIO NJOCKOCTh (T. €. Fyux U Foy ), TO s

[ cnpaBelyInBO HEpaBEHCTBO

VoV

< . 13
Fmax Fmin ( )

~

_)B cootHowenuyd (13) paBeHCTBO jnocTuraeTcs JUIA 1Liapa, Yy KOTOPOTO
F(n)=const 1a51 BCeX MOJOXKEHUI B NMPOCTPAHCTBE OTHOCHTENLHO TMJOCKO-
CTH NPOEKIHH.

B kauecTBe nmpHMepa MOMKHO PacCMOTPETb 3JUJIHIICOHHA, AJSE KOTOPOTO
Foa =mnab u F;,, =nbc 1npu noayocsax, yIOBJETBOPSIOIHUX YCIAOBHIO
a>b>c. [Ias takoro sanuncouga u3 (13) uMeeM HepaBEeHCTBO

4 - 4

—c < I<—ua. 14
3 3 (14)

Hasa ky6a ¢ peGpom a

FminAa Fmax—az( 14
.V 2

COGOTBETCTBCHHO

;la<7<a. (15)

_'I“"':
V2
Jns BHINYKJAOro Tena TPOHU3BOJBbHOH (DOPMBI MOMKHO TOCTPOHTb HHXK-

HIOI0 OUEHKY IJist [, HCIOJIb3YS CJAeAYIOMUH (PakT: AJS BHIIYKIOrO TeJaa MJo-
waip npoekunr F B a1060M HanpaBJeHHH VJOBJETBOPSIET HepaBeHCTBY [2]

F2<F24F,2+F2 (16)

rie Fi, Fo, F3— COOTBETCTBEHHO 3HAUEHWsI MPOEKIHH 3TOro Teaa B Tpex
B3aUMHO NEPNeHIHKVAADHBIX HanpapieHnax. OTKyAa HETPYIAHO MNOJYYHTH

HHUKHIOK OLieHKY 111 [, a UHMEHHO!
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1%
'V/ F12+F22+F32.

Pasencrso B (17) mocruraerca AJd MJIOCKOH QHTYpPHI, TIOTOMY OIleHKa
(17) Tem TouHee, ueMm OoJiee BLITAHYTO TEJAO OTHOCHTEJBbHO KaKoU-nubo 13
Ocell HJIM HallpaBJIeHHs.

Hoast Boinmyksoro Tesna o6bema V' MOKHO TOCTPOHTb BEPXHIOK OLCHKY
JJIst CpeJlHero 3HA4YeHHs CJaydalHOH XOpJAbl, HCIOJB3YyS 3aMeyaTesbHOe fa-
paMeTpH4Yeckoe CBOHCTBO miapa, KOTOpOe 3aKN0yaeTcsi B TOM, 4TO CPead
BCEX BBUIYKJBIX TeJ HAaHHOTO oBbeMa Liap HMeeT HAHMEHbIUYIO TOBEpX-
HocTb [2]. Torma u3 (11) craeiyer BepxHssi OUEHKA JJs CPeJHEr0 3HaueHHs
CJAYUaHHON XODPABI BBIIYKJOro TeJa

=11, (17)

<, (18)

rie lp— cpelnee 3naueHde cayualHOH Xopiasl B wape obbema V. OGvenu-
naga (17) u (18), nMeeM JBYXCTOPOHHIOW ONEHKY J.51 3Hauedus /.

TaGaunma 1

3naueHve BeAIUMH @, 6, | JHAUYEHHE ReJIWUN-{3HAUTeHHE Bead'ty- Cpeee 3HaueHne
¢ (RIS 9AAMACOMAA ToAY-| BB £ (af sanut-|uul L, (s saalico- BeAUSHHR 1 ast M-
0CH, oAd napajjejenune-| CoOMxa 1t Aad ma- [ija H napainenc- e
J@ CTOPOHDI) pasienernena) MUIena) paIACIEnINe 1

a=1, =1, 0, 7737 1, 3333 1, 3333
c—1 1, 106 I, 6349
1; 075 0, 75 ' 0, 6247 1, 1006 1, G508

0, 9370 1, 3661
1; 0,75: 0,25 ‘ 0, 5121 0, 9675

0, 7682 1, 1933 0, 9230
1; 0,75; 0.5 0, 3078 0. 7631

0, 4615 G, 9472 0, 6316
1; 0.5 0,5 0, 4444 0,8399 .

0, 6666 10342 0, 8000
1; 0.5 0,25 0, 2909 0, 6666

0, 4364 0, 8276 0, 5714 -
1; 0,25, 0,25 0, 2321 0, 5291

0, 3481 0, 6567 0, 4444

<1<l (19)

[IpuBeneM sHauyeHHe BeJAHUYHHBL [y, COOTBETCTBYIOLEE TEaAaM 3JEMEeHTap-
HOH GopMbl. B uacTHOCTH, AJS 3AMUNCOHJIA ¢ MOJVOCAMH @, b, ¢ HmecM

4
l()_"g—' abc, (QO)

ana Kyba ¢ pebpom a

L:(4) ‘= a. (1)
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H AJ4d napaJdjedaendneia co CToOpoHaMu a, b, c

2 1
l‘o:(i) F. Py abe (22)

3

06 3(PeKTHBHOCTH HOJYUEHHBIX CHEHOK MOXKHO CYAHTb II() YHCAEHHBIM
npumMepam u3 Taba. 1.

Ha npumepe (rabs. 1) napajanenenunena, 4Jas KOTOpPoOro [ onpenens-
etcsi Bechma npocto u3 (11), BHNHO, uTO MCTHHHOE 3HAueHHe [ NIPH H3Me-
HeHHH COOTHOWICHHsSI Pa3MepOB Tena MOXKeT ObiTh Oamxe K [” mam l. Ecin
Te/10 Gosiee BEITAHYTO, TO [ 6nuke x I/, ecin Bce paamMeprl Tejia GJMIKe APYT
K apyry, [ 6auwke K lo. Eciu yuecTb, UTo BHIUHCJHEHME 3HAUCHWH | 1A BHI-
NYKJOrO TeJia SIBJASIETCS BECbMa TPYJOEMKHM H CJOMKHBIM, OCOGEHHO 3TO
Kacaercsi MOMeHTOB 0oJiee BBICOKOTO INOPAAKA, TO IpHBEAEHHLIE OLCHKH
MOXKHO CUYHTATb BIOJIHE YIOBJETBOPUTEJbHBIMHU JJIsT TIPAKTHUECKHX LieJeH.
3710 0co6EHHO OTHOCHTCS K BeJNHUHHE [p, TAK KAK NPH H3YYEHHH BEPOSTHOCT-
HO-T€OMETPHUYECKHX MOJeJEH CayualHbBlX cpel, KaK TMPaBHIO, NPHXOZHUTCS
npuberaTb K MOJeJH 3anoJHeHus npocTpaHcTBa wapamu [1]. Ecau xke Tpe-
GvioTca Gosee TOYHBIE OUEHKH 3HAYEHHA [ M €e MOMEHTOB, TO OHM MOLYT
BBITL TIOJTYYeHb MyTeM HH(DPOBOro MOJIC/THPOBAHHS Ha SLI,BM reoMeTpHue-
CKOH MOJeNd IepeceyeHHd CJaydaiiHof JAUHHMEH BHINYKJIOTO Teaa. B 3THX

33aJa4ax METOJ, CTaTHCTHYCCKHX HCIBITAHWH SIBJASIETCSH, OYEBHJHO, €HHCTBEH-
HbIM YHHBEPCAJbHBIM METOJOM.
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