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Kupum

Cratuctuk 6axoiall Ha3apusiCUIaH MabIyMKH, MOJIE] HOMAbIIyM MapaMeTp
opkainu Oepwiarad Oyimb, Oy mnapaMeTpHUHT V3M HOAHUKJIMK IIapTiapujia
Oepwiran Oyica, y Xonga yHu Oaxouail yuyH bailec ycynu kymnanunanu. by ycyn
V31U MOXMST JKUXATUAAH SHI KHYMK XaTOJUKKA 3ra OyiaraH 0axoHH, SbHU MabIyM
MabHOJA ONTHMall OaxOHW aHUKIaWau. AmMmo amanmuérga Oy ycyn Ounad
Oaxonamga Oup Katop y3ura XoC¢ KUWMHYWIMKIApra Iy4 KEIUIIMMH3 MYMKHUH.
bynapnan Oupu HOMabiaym mapamMeTpHu Taconuduii MUKIOp cudaTuaa TaaKuH
KUTUO YHUHT amnpuop, SbHU TaxpuOaJaH OJJAWHTH TaKCHUMOTHHU TaHJAIl
Macanacuaup. Opmarna OyHJal TakCUMOT Taxpuba YTKa3yBUM-CTaTUCTUKHUHT
OMIMMHU Ba MaJlakajlapy acocuja aHukiaaHuO, cyHr baiiec ¢opmymnacu acocuaa
YHUHT arnocTepuop, SbHU TaXpuOaJaH CYHITH TAaKCUMOTH aHUKJIaHaau. baliec
0axocu 3ca MaxcyC TaHJAHTaH XaTONMMK (QYHKIMSICUHUHT arioCTEPUOp MaTEMAaTHUK
KyTHJIIMACUHUHT JHT KWYUK KUUMATHHM TabMHHJIOBYM CTATUCTUKA cHU]aTHIa
aHuKnaHagu. Jlemak, Oy ycyn y3u ontuman OaxOHM aHMKIAp SKaH. AMMO 0ab3u
Oup Xycycui XoJUIapHH XucoOra omamarasga, ojatdaru baitec OaxojapuHu
XycoOJiall Ba JeMak yJapHU aMaluéria KyJam KUMuH Macana Oynu0 KoJiaJu.
Kyn xomnapna kBaapaTuk XaTonwk (yHKOMSICH KyyuaHunaau. baiiec Gaxocu
KBaJpaTUK XaTOJIMK OYiinda XxucoOyiaHa€TraH XoJjija y anocTepuop ypra Kuilmar
Oynrannuru cababiv, YHUHT KBaJpaTHMK XaTOJIMK ypTadyacu MHUHMMall OVyiaju.
AliHaH MaHa Iy XaToJMK Y4YyH KyHu uyerapa KaHjail Oymumu goi3ap0
Macananapian Oupuaup. Ym0y auccepraiusijia alHaH MaHa IIyHJIal Macanajiap
TaJKUK dTHJITAHIHP.

Maructpnuk nuccepramusicu 6 Ta maparpadra axpatwiran yd4 0o0maH
uoopataup. [uccepramusHunr 1-600u €Epaamun  OYynuO, YHUHr OUPUHYHU
naparpaduga CTaTUCTHKaga HOAHMKJIHMK Imapoutuaa baiiecra oumpg Oaxosnarn
MOXMSITH Ba HOMAbJIyM MapaMeTp XaKuJaru CTaTUCTHK TaHJIaHMaja Ba eTapiiu
cratuctukana [llennon, Kynn0ak-Jleitdnep Ba uiep undopmanus GpyHKUUsIIApU

Ba YJIApHUHI 0an3u MYXUM XOCCaJlapu KCITHPUJITAH.
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Jluccepranus acocuii HaTHXanapu 2-Ba 3-0o0iapaa Keatupuirad 0ynuo, 2-
0600HuHT 2.1-§ mma baiiecra own €HmanTyBHUHT TapKUOWH KHCMIIAPU MHUCOJUIAP
OwiaH acocnabd KenaTupwirad. 2.2-§ ga KYpcaTKU4YIM TaKCUMOTHMHI HOMAabIyM
napamMeTpu (QYHKIUSACH TaHJIaHMa YHT TOMOHJAH Maxcyc IleH3ypiaHaéTrania
baitec Oaxocm xuco6maHuO, YHMHT acocauiauru ucoornanam (2.2.1 Ba 2.2.2-
Teopemaap).

MarucTpiuk IuccepTalUsiCHHUHT Y4uH4YM OoOuaa acocan baitec Oaxocu
XaTOJNMKJIAPU yUyH KyWH uyerapaiapu cuH(Iapu KeITUpUITaH. YHIa acocaH Oup
ymuoBmuk (3.1-§) Ba kynm YmuoBnuk (3.2-§) mapamerpnapHu Oaxosiapuaaru
XaTOJIMKJIAp MOMEHTJIapyu y4dyH BaliHmrenH-BaiicimapHuar ymymutamraln baiiec
KyHu derapanapu cUH(IIapu YpUHIM SKaHIUTU XaKUJard TeopeMa ucootu Ousan
KenTupwirad 0y, yaaaH xycycuit xomap cudaruna Kpamep-Pao, barrauapus,
boGpoBckuii-3akan Ba BailtHmreiin-Baiic kyiun derapamapu KenuO YUKHILA
KypcaTwirad. byHmail Kyiiu dyerapanap xucoOnaHuIM KuiiuH Oynran baiiec
0axoyapy XaTONMKJIAPUHHUHI YpTa KUUMAaTIApUHUHI aCUMOTOTHK H(oJaJapuHH
KyHuaH 6axosail UMKOHUSITHHHI Oepau.

MarucTpiauk WM HaTWXalapu V36exucron Mumit YHuBepcureTu
“OXTUMOJIIap Ha3apusCM Ba MaTeMaTWK CTaTUCTHKa kadenpacumara mpod.
A.A.AOnymyKypoB paxOapJuMrujgard WIMHK cemuHapaa, Hamanran JlaBmar
YuauBepcureruaa yTkazunran “Hoswie Teopembl MoJonbIXx MaTemaTHkoB-2013”,
xamza Y3MY na yrkasmwiran “CTATUCTUKA u eé npumenenus” (2013)
KOH(epeHIMsIapua Mabpy3a KWIMHraH Ba yiap Oyimua [14,15] maxomnanap

Halip KUJIWHIaH.
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1-bOb. CTATUCTUKAJJA HOAHUKJ/IUK BA THOOPMALIUSA

1.1-§. MaremaTuk craTucTukajaa baiiecra oua éngamys

Taxpuba HaTXaTapUHU (5%? ,93,{P9, 0e @}) MapaMeTPUK CTATUCTUK MOZEN

opkanu wudogaNamia HOAHUKJIMK HWKKH XWI MabHOJA OYIUIIN MYyMKHH:
- DXTUMOJNHMI XapakTepJlard HOAHWKIWK, ShHU Ky3aTwinaétran X Ttacomuduid

MUKIOPHHUHI Pg TaKCHUMOTTAa aCOoCaH aMalJira OIIMININHN TabMHUHJIIOBYHA TaCOI[I/I(i)HI\(JI

MCXaHHN3M,
-0 HOMAbJIYM MapaMCTPHUHI X HHUHT amMajigaru KHﬁMaTHHI/I, TabMHWHIIOBYH acCJl

KuiiMatu 6, HU OMIMaciIuK OuilaH OOFIIMK HOAHUKJIVK;

Mucon Tapukacujga HIIA0 YUKAPUIAArM TaHJIAHMa Ha30paT YCYJIUHH
kypub Vyrtamus. bynHaa 6 mapamerp MaxcyjnoTiaap MNapTHUSCUHUHT OUpOp
XOCCACUHU, SbHU MapTUsAaH maptusra y3rapul® TypyBYM Tacoau(uii MUKIOpHU
anrnaragu. OnauHry Taxxpudanapia SpUIIIraH Manakaiap @ HUHT TaKCUMOTHUHU

Q cudaruna TaHgam UMKOHUSTUHHU Oepaau. YHra Moc tacoauduii MUKIOpHU &
opkanu Oenrunaiimus. Hatuxana 0us (X e ) Tacoauduil remeHTra sra 0yiaamus.
P, Ba Q TakcuMoTiapra Moc KeiraH 3WWIMK (YHKUMSJIApPUHM MOC paBHILAA
f,(X) Ba q,(6) nap opxamu Genrmmaiivms.

Y  xonna (X,é’ ) TacomuPuil KY(QTIUKHUHT OUpPrajaukaard 3U4INK
dynxumscn  f,(x)q, (@) nam ubopar 6ymamu. Jlemak, pactiab ¢ Tacomudumii
MHUKIOp KUAMATH (, (9) 3UWIMK (QYHKIUSACH OMiaH KaOyn KHIWHAAM, CYHT oca X

HUHT { Ta OOFIMKJIUTUHU U(POJATOBYH

fyc (x10)=T,(x) (1.1.1)
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MIAPTIUK 3UWIMK (pyHKIuMsAcHra acocan X OYiindya TaHiJaHMa Ky3atwiagu. & =6
KHMMaT aciuja HOMabIyMIup. X HHU Ky3aTHII HATM)KACHIa OJIMHAJIWTaH
X("):(Xl,...,Xn) TaHJaHMa Ky3aTWIaJgd Ba JeMak YHH MablyM Jc0
XUCOOJIauMM3.

Acocuil Macana Ky3aTWIraH X" Tanmanma Oyiinua 6 xakuja xyjocanap
KUJTUIII 3apypIup.

baifecua craructuk Mozen cudaruaa (3%” ,%,{Pe, 0 e ®}) CTAaTUCTHUK MOJENI

((H),@) ymuoBnu ¢dazo Ba yHaa Oepwiaran Q SXTUMOIUIMK YI4OBHIAaH uOopar

CTPYKTYpPaHH TYLIYHAMM3.

baifec ycynmma ampuop TakcuMoT Q HHM TaHJall SHT MYXUM Macaia
xucobnanaan. baiiecua 6axomnaniga Oy MacalaHu Xajl KWIHITHUHT Typiu YCyJUTapu
unuiad YuKwiIrad. MacajJaHMHT MOXHUSATH IIyHIaH WOOpaTkH, KaHmald ycysuiap
OWjlaH MaBXyJ amnpuop MabiIyMmMoTiap €ku Hodopman OyjiaraH TacaBBypJapra
acocnanran xonma (0,9) ymuoBmik (asoma aHMKIAHraH Q - SXTHMOILIHK
VIIMOBUHHM TaHJalm MyMKHH. Arap Q ampuop TakCHMOT KaHIaWgup ycyuiap
OwiaH TaHjmaHrad Oyica, y xoima € Hu Oaxonaml MacallaCMHU co) mMaTemMaTHK

CTaTUCTUKA Macajacu cudaruia Kapam MyMKHH. ¢ Tacoau(uii MUKI0p (@,ED) na

Yy3uHUHT Q TaKCMMOTH OWJIaH TYJIWK aHUKJIAHTaHIUP.

X " TaHJIaHMajgaru ¢ Tacoauuili MUKIOp XakKuJa MabIyMOT KyWujaru

ApTIU 3UYINK QYHKIMSICUAAINP:

_ X(n)/é’ ’ X(n) eg{'l X(n) f . X(n) >O 112
(0
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Oy epna P, Ba Q ynuosnap 3uwimk (pyHKIMsIapy OunaH Oepuiiagy Ba
La(X")=[L [ £,(x")a.(0)d6,.d6, (1.1.3)
®

(1.1.2) dopmyna baitec dopMymacHHUHT 3UUIUK (QyHKIUIAp opKaym udoaacu.
Arap X éku ¢ Tacomu¢uil MUKIOpJap Xe4 Oyiamaranjga OUTTacu TUCKpET Oyica,
y XO0JIla MOC 3WWIMKJIAp AXTUMOJUIMKJIApra ajJMalllTUPWIA[d Ba HWHTErpajjiap
WuruHaunapra anmamanau. (1.1.2) 3uwiMk  QyHKOMSICH anocTepuop 3UWIMK
Gyukuusacu  ged6 aramaau. Opatma 6 mapamerpuuHr 6, 1=1..,S

KOMIIOHCHTacCUHUHT baiiec ©Oaxocu cudaruga (1.1.2) amocrepuop 3UUWINK

(GYHKUMSICUHUHT YpTa KUMaTH
0:=[60,,,(6/X")d6, i=L...s, (1.1.4)
onuHaau. by udonana

£ (6/x7)=[L | A, 0 (0/x")de,,...,d6, ,d6,..de,

opKaiu § = (é’ LG, S) Tacoau(uil BEKTOPHUHI ¢, KOMIIOHEHTacH 3UUIUK
bynkuusicuan oOenrmwiaauk. Duau baiiec Moenura MucoI KypaMus.

Mucoa. X" = (X,,...,X,) TaHIaHMa HOMabIyM mapamerpu 6e€© = (0,1)

Oynran OMHOMHAN TAaKCHUMOTIAH OJHMHTaH OYynuO, € HUHT anpuop TaKCUMOTH
-1 aa b-1 o

(B (a, b)) -0°*(1-0) *, 0<6<1, bera TakcumoTaaH HOOpaT GyICcHH. Y X0i1a,

(1.1.2) anocrepuop 3uuwink QyHKIMs Kyiuaaru udoaara mpornopyuoHat oyiamu:

6" (1-6) " ¢ (1-6)"
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S, =X, +..+X,, X, =0 éxu 1. (1.1.5)

(1.1.5) udonma mnapamerpmapu a+S, Ba b+n-—s  Oyaran Oera TaKCHMOT
suauruanp. Jlemak, anpuop TaKCHMOT TapameTpliiapu (a, b) Taxpubagan CYHT
arocTepHoOp TAKCUMOT MapamMeTpiiapu (a +S,, b+n— Sn) Japra y3rapMmokuaaiap. Y

X0JI71a arpuop ypTa Kuiimat udogacu

c%zje(s(abﬁﬁeawl—9f4d9:Béi;ﬁ;):aib’

0

0ynu0, anocTepuop ypra KUMMar 3ca

1

& [0(B (a;b)) 0" (1-0) "0 -(1-0)"" -dg= "1
‘c[ ( @ )) ( ) ( ) a+b+n

ra TCHTIUp.

MaremaTuK CTaTUCTMKAHMHI yYMyMHUM KypCHUZAH MabJIyMKH, arap

(51” ,Q,{Pg, 0e @}) CTaTUCTUK MOJeJl Y4yH TpuBuan Oynamaran T =T (X(n))

eTapJi CTaTUCTHKA MaBXyJ Oyica, y xoJia X" ramnanma YpHUTA YI4OBU x ™
HUKHJIaH (S’IbHU N JJaH) KMYMK OYJraH xaxwmra sra Oyaran T ( X (n)) CTaTUCTUKAHU

KyJuiam Mmakcaara myBopuxaup. Kyhumarn teopema baliecua Oaxonaiiga xam

eTapIM CTAaTHCTHKANaH (HOHIaNaHuII MyMKHHIMTHHN KypCaTaIu.
1.1.1-Teopema [3,4]. Arap T(X(”)) CTAaTUCTHKA (%,@,{PQ,HEG})
CTATHCTMK MOJEN ydyH erapnu Oynca, y xonma (©,9) ymuoBmn dasona

aHMKJIaHTaH uxTuépuil anpuop Q takcumoT yuyH P, ymuoBra HucOGaTaH Aespiu

MyKappap paBulllia KyWuJard TeHIJIUK YpUHINA OYIaau:
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M) _ T (x®
qm(n)(elx )—qm(x(n))(elt), t_T(x ) (1.1.6)

HcooTn. T(X(")) eTapad CTATUCTUKA OYIraHd y4yH fg(x(")) yUyH

Heitman-®OumepHuHT QakTOPIAMITHPULT KPUTEPUIICH YPUHIUAND:
fg(x(”)):‘Pn(T(X(”));Q)hn(X(”)). (1.1.7)
VY X0J11a arocTepruop 3UUINK

¥ (T(x<”>) fe(x(”))) (1.1.8)

ra mponopuUOHAIIAP. AMMO (] o/t), t=T(x" , 3uunukK Xam (1.1.8) ra
poIIop p o

()

IPONOPLUOHAIIUD:

qw(xm))(@/t) =, (t:0)q.(0)

Oy nudona (1.1.6) Hu anrinaTagy.

Hlemak, Oy mabBOAaH KeMuO YMKAJAWKH, €Tapid CTATUCTHKA TYITyHYACH
baiiecra oup €éHpanryBaa XxaM XyJ/IM KJIaCCUK MaTeMaTUK CTaTUCTUKAIaruieK poJib
VitHap skaH. (1.1.6) ra acocaH eTapyid CTaTUCTHKA acoCHjJa TaHJIaHMa OpKaiu 6

HHUHT altOCTCPHUOP TAKCUMOTHHU TaHJIaAll MyYMKHWH J3KaH.
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1.2-§. lllennon, Kyaso6ak-Jleiioiep Ba @uinep undopmauusjiapu

|. lllenHon undopmamuscu. Onaunru 1.1-§ gan Ounamuszku, erapiu

CTaTUCTHKA T(X(")) HOMABJIyM 6 mapameTp XakKuaard 3apyp HHQPOpMalUSHU

KJIACCUK MAaTeMaTUK CTAaTUCTUKaJaru kaOu bailecua €npammiiga xam Yy3uja
MyKaccaMm Kujap 3kaH. AMMO O3 Xo3upra Kajaap uHbopmaius, SbHU ax00poT
TyllyH4acura Kateuil Tabpud Oepmamuk. baitecua €nmamryBna Ky3aTuiaéTran
X" Tannanma 6unan Oupra HOMabJIyM napametrp € xam taconuduii OYIraHIUrH
cababmu, IlleHHOH TOMOHHUJAH KHUPUTWITAaH HHPopManusa (EKU DHTPOIHS)
TylryH4acH yta hoiganuaup.

Kymaiinuk yayn nactmab X Ba ¢ jap IuckpeT Tacoauuil MUKaopiap aed

KapanMuns:

Jlemak, Pg(x)zg’(w:X(a))legzﬁ) Ba Q(0) 9’((0:4(@):6’) 6ymmo, Q

M _ %™ _ ranpmanma

aca € HUHT ampuop TakcuMoTH 1e0 atamamu. Arap X
KuiimMaTu Oyica, y Xxonma 6 Xakujaru TYJIUK MabIyMOT KyHUJaru anocTepuop

TaKCUMOT/a Oy aau:
P(0:¢ =01 X" =x")=2(w:¢ =0, XV =x")12(x"=x")

Hemak, 6 xakugaru MabiIyMmMOT TaxpubOara Kajuap anpuop, TaxpuoOagaH CYHT dca
arocCTEepUoOp TAKCUMOT OpKaiu udojanaHap skaH. Y Xxoijga Oy UKKH TaKCUMOT
opacuaaru GpapkHu Oupop YiI4oB OWJIaH aHHUKJIAILI 3apYPHUSATH TYFUJIAAHU Ba YIIUOB
OpKanu Taxpuba HaTHWKacHIa OJMHAIWTAH WHEOOPMAIMSHU XHUCOOJIall MYMKHH

oynmanm.
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Jactnab, kyiugaru ¢hapkHu XHcoOJall FosacH nainao oyiaau:
2(¢=0)-2( =01 X" =x").

by dapkau aiinan wznma"aétran yiadoB cudaTtuaa OMMII MyMKHH. AMMO YHHUHT
Vpuura norapubmiap (apku OuiaH HILIIAIl sHAAA XaMm KyJlalaukiapra oiaud

KCJIaamn:

Lo (0X0)=n[ (g =01 X =x")12(5 =0) | (1.2.1)

(1.2.1) ndona A:{X(”) - x(”)} xomucanarn B={{ =60} xomucara HucGaran

uHpopmauus 1eb atanaan. AMMO

Oynrannuru yuyn B nmarm A ra mucbaran mnpopmanus A marum B ra HucOaran
uHdopmarusira Ter Oymanu Ba (1.2.1) vm A Ba B map opacumaru ¥3anpo
unpopmaums 1e6 xapamamu. Anbarra, Oy udomanapaa 9’(A), Q’(B)>O neb

xucoOnanaau. (1.2.1) HU CHMMETPUK paBHILIA

(1.2.2)

KypuHHIa é3umr MymkuH. Arap Ac B Gyica, y xonma #(B/ A)=1 6ynanu Ba

A naru B xakunaru undopmanus B Hu TYNMHMK aHUKIANHINU:



Ammo, (1.2.3) ra acocan (arap A=B 0¥ynmaca) A Hu B opkamu aHukiIabd
oynmaiinu. ['anm mynmaku A Ba B XomucamapHuHr y3ura Xxoc HOaHUKJIHKIAPU
typaudanup. (1.2.3) vu B HuHr ¥3um xakugarm xoc uHOOpPMALMICH JEHUMII

MYMKHH. Y X0J1a

1 n
" ¢(§=9/x(n):x(n)) =I{;/X(n)(9/x()) (1.2.4)

udonanu {é’ :0} XOJIMCAHUHT V3M XaKuJard XOoc HH(POPMALUSICHHU TaHJIaHMa
OJIMHTaHWJIAH CYHT {X(”) = X(”)} X0JlMca MapTuaa Xucooimanran nHbopmarus 1ed

Kapaiil MyMKHH. [leMax,
()1 (07X =1, (0:X7). (1.2.5)

ndoraHu { X (") :x(“)} xomucara {{=6} xommcara HuCOATaH MaBKY.

uHdopmarus cudaruga kabyn KwimO, yHu Y3abpo uHopmanus (1.2.1) Owian

TEHIVIMTUHU KypuiiuMu3 MyMkuH. Kentupwiran (1.2.1)-(1.2.5) dopmynanap
{é’ :0} Ba {X(”) :x(”)} Xoaucanap ydyH uH(OpManus TYIIYHYaCHHH aHHUKJIap

JKaH.
¢ HHUHT JHTPONHUSACH XOC HHPOPMALMSHUHT YpTa KuilmMatu cudaruga

aHUKJIAaHAH:

H(¢)=22(¢=0)1.(0)=-27(¢=0)no (¢ =6). (1.2.6)
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Iy xa6u, 6 muar X" =x"

Kylnaruya aHuKJIaHaIu:

mapTUjard ypraya MmMAapTJId JIHTPONMACH

H (¢ x<”>):€ >, 2(5=6,x"=x")i
€O
() _y(0)

(01X =

cIX

=3 2(¢=0, X" =x")ing(c=0/x" =x"). (1.2.7)

Vpraua y3anpo surponus (¢ Ba x ™ opacuma) (1.2.5) HM YypradyacuHu

XyucoOJaniian nbopar:
|(g;x<“>):H(g)—H(g/x<”>). (1.2.8)

(1.2.8) dopmyna Illennon wuHGOPMANMSICHHE aHUKIAau. Y KyHWuaaru
xoccajapra ara:

1) Nudopmanusa nonmo Manduii smac;
| (;;x<”))zo;

stern H (£) 2 H(,/;/X(n));

2) Arap T ( X (")) Ooupop crartuctuka 0yica, y xoiua

| (cj;T(X(”)))s (¢ x™),

(n)

AbHU T (X (n)) naru uaopManus X'’ garujiaH Ky sMac;

3)Arap T ( X (")) eTapJiM CTaTUCTHKaA OyJiica, y Xoiaa
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(a1 ()

FOxopunaru 1) Ba 2) xoccanap uc6oru ocounup. buz 3) uu ucobornaitmusz. T (X (”))

CTaTUCTHKa eTapyn OyiicuH. Kylnnaruau Kapaiimmus

é‘,x(n)

2 x™ _ M ~_
|(§;X(n))225)(§:0’ X(n):X(n))|n|:J(X — /5_0)]. (1.2.9)
— X )

Tyna sxTuMoIIMK popMyrnacura acocaH
(X0 =x") =Y (X =X/ ¢ =7) (¢ =7). (1.2.10)
T HUHT eTapIHIMTHHU XHCOOTa 0O, (haKTOpIAIITUPHUIIT H(POTACUHA E3aMU3
P(xV=x"1¢=0)=, (T(X‘“));e)hn (x"). (1.2.11)
(1.2.9) naru norapudnuk kynaiitma (1.2.10) Ba (1.2.11) napuu Kyiirangas cyHr

In ¥y (5:0) t:T(x(”)), (1.2.12)

t
2 (tr)2 (¢ =7) |

T

KypuHHIIAa 6Ymaan. AMMO

(T(x")=tr¢=6)=v,(t0) X h,(x") (1.2.13)
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(1.2.12) pmarm xacpHuHr cypaT Ba Maxpaxunu (1.2.13) marum kynmadTyBuura

Kynantupcax, (1.2.12) yuyn Kyiinaaru udpogaHu ogamMus:

o;t), (1.2.14)

Oy epna t:T(X(")). Oumu (1.2.14) vu (1.2.9) maru norapudiuk kynaiTmara

KYHUO Ba CYHT siHA TYIa SXTUMOJUTHK (DOPMYJIACUHU KYJUIacak, y Xoaaa

(&X)=X2(¢=0)Y 2(x" =x"1¢ =0) |§‘T(X(H))(9;T(x<n>)):

0O X(n)

By aca 3) xoccanu ucbotmaiam.

VY3myKeHu3 X011 yu4yH XaM I0OKOpUAaru xoccaaap YpUHIUAND.

Il. Kyan0ak-Jleiiosnep unpopmanmsicu. Ocinatubd yramuszku, l[llenHon
uHGOpPMAIMACH amnpuop Ba aroCTEpUOpP TAKCUMOTIAPHUHT (PapKUHM YIiryaiira

acociaHran »>au. Kiaccuk MaTeMaTHK CTaTUCTUKaga {P0,9€®} TaKCUMOTJIap

ouJacu »JIeMEeHTIapu opacujard ¢apk YiauoBH xam xucobOsananu. Arap 6, # 0,
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nap yayn P, =P, 0ynca, y xonna taunauma Epnamuna 0, sa ¢, napuu dapkiad
Oynmaiinu. Arap P, Ba P, TakcumoTiap Gapropiapu (HOCHTEIN) KECHIIMACa, y
xonga 6, Ba 6, mapHu dapkiaam ocoHIup. AMMO Oy X0n amManuéT HyKTau

HazapuaaH KU3UKapJId SMACIHDP.

dapa3 KuIalaMK, CTaTUCTUK MOJieN y3iaykeu3 0ymub P, 3uuwiuk QyHkuscu
f,(x) Gymcun. x Hykrama 6, doiinacura Ba 6, ra kapum Kyasbak-Jleii6aep

uHopManMsicH Kyiuaarnda aHuK1aHaIu:

1(6,,0,;%) = In[ ::1(();;] (1.2.15)

X Ba 6, nap opacuaaru y3abpo lllenHon nnpopmanusacu

f, (X )
aau. Y xonga (1.2.16) man
L (65%)= 1,4 (6,;x)=1In fa () =1(6,:6,;X) (1.2.17)
¢, X\ 71 & X 27 fHZ(X) 1 - U5, . L.

Hemak, Kynn6ak-Jleitbnep nundopmanusicu lllennon nudopmanusinapu dapkuian

nbopar skaH. by udosa anpuop TakcumoTra 0OFJIMK dMaAcC. DHAU

{x: fgl(x)>0}g{x: fgz(x)>0}

neb xucobsald, ypraua nHGopMaIusiHA TaHJIaHMa OYiinda XucoomamMus:
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Lo (91:92):"1 J 1(6,:6,;%) fgl(x(n))dx(”) =
X

|x<”> (6?1 :6,) Kynbbak-Jleiibnep nadopManmsicu xoccanapu:
D 1L (6:6)20; dacar P, (xV: 1, (X")= £, (x"))=0; i=12
6ynranunaruna |, (6,:6,)=0 6ynanu;

2) T ( X (n)) - Oupop craTuctuka Oyica, y xoiaa

Loy (6:6,)<1,(6,:6,)

T(x<n>)(

oymu6, Oy epna TeHMK (akar T(X(”)) eTapiii CTaTUCTUKA OYnraHmaruHa

VpuHiIu 0ynaau.
3) Arap X® ga x® nap xap oup P,, I =1,2 TakcuMoTIIapa OOFIIMKCH3

Oynca, y Xxon1a
Lo (6:6)=1 0 (6:6,)+1 ., (6:6,),

SbHU WH(pOpMAIUs aJITUTHBINP.

I1l. ®umep undpopmanusicu. by wuabopManmss (YHKIHMICH CTATUCTUK
Oaxonain Hazapuscuaa KeHT KyulaHwiaauran OYymm6, y KyneOak-Jlei6nep
uHdopmaruscu OMIaH xaM OOFTaHTaHIuD.

Hactnab 6 ckansp mapamerp ne0, Kynpbak-Jleibnep mnbopManuscuHu

KapanMus:
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| (6:0+26)=[,(x",0)In X" (1.2.18)

> fn(x(”);9+A9)

bus {Pg,é?e@} TakcuMoTiap Oapjopiapu ymymuii ae0 XucoOmaiMu3 Ba
fn(x(”);é?) 3UWINK  QyHKOWsIcH ydyH Kyhumaru Pao-Kpamep perymspmmx
apTIApUHN KaHOATIAHTUPaau 1e0 dapa3 KuiIaMus:

(C1) N :{x(”) ex: fn(x(”);H) > 0} Ty1aM 6 ra OOFJIMK dMac;

of (x(”);e) o°f, (x(”) ; 9)
(C2) Y Ba Py Xocuiajmap MaBxyn 0ynu0, 6apua 6€® nap
y4yH
of (x";6
IM dx" <0, =12
| 06

X

(C3) bapua 0 € ® nap yuyH ®@uinep nHGOpPMAIUACH

FOxopunaru (Cl) Ba (C2) maptiapuu 3bpTHOOpra onran xonga (1.2.18) maru

jorapudMuK XaaHu Kyiugaru Tennop Karopura Eiamms:

oln f,(x";0)

In fn(x(”);e)—lnf(x(”);0+A0):— A6 —
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1 9In fn(x(”);e)

S (80) +0((a0)'). (1.2.19)
AMMO
Me oln fn(X(n);Q) :Iafn(x(“);e)dx(n):
00 . 00
:% j f,(xX;0) ok - % (1)=0. 220

VY xonga (1.2.18) — (1.2.20) napra acocan, A6 — 0 na

&’Inf,(x";0)
06°

| o (6:0+A0) z%M , -(A6)". (1.2.21)

bomka Ttomonman, [3] marm 4.1.2.-Jlemmara acocan (C1)-(C3) perynspiuk

mapTiIapua X" ramnanmannHr Ouriep uHbopMaIUsICH Ix(”> (6’) Y49YH KyHugaru

udoaa xaM YpUHITUIUD:

o%In fn(X(”);H)
06?

Lo (0)=-M, (1.2.22)

Oumu (1.2.21) Ba (1.2.22) napman A6 — 0 na xyiugaru TakpuOuil TEHTIIMKKA 3ra

oymamMus:

L (0). (1.2.23)
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by (1.2.23) tenrmuk KynwOak-JleibnepHuHr Ix(n)(9,9+A6’) Ba DUIIEPHUHT
Ix(n)(ﬁ) uHpopMalus (QYHKIUUIApH Opacujaru OOFIMKIUKHUA Hdoanap JKaH.

AMMO IIyHU TabKu1ad YTUIN JTO3MMKH, MaTEMaTHK CTAaTUCTUKAHUHT OaxoJialil
Hazapuscuaa Ourep nHPOPMAITUSICHHUHAT POJI OeKuécaup. Y yayH XaM I0Kopuaa

KypuO yrunran uHbopmaiys QyHKIUAIApU KaOu KyHujgard TeHrcu3inuk Ve e ®

Ba OMpOp cTaTHCTHUKA T (X (n)) yuyH ypurauaup ([3] naru 4.1.4-n1emma):
IT(x(”>) (6)< Lo (9). (1.2.24)

(1.2.24) na TeHrnuk YpuHIA OYIUIIM Y4YYH T(X(n)) HUHI €TapJii CTaTUCTUKA

6§’J'II/IHII/I 3apyp Ba CTapJanuaup. q)I/Illlep I/IH(i)OpMaI_[I/IHCI/I XaM aAIUTHUBJIMK XO0CcCacura

ora:

| (0)=1, (0)++ 1, (6)=n1,(6),

([3] maru 4.1.3-1eMmara Kapasr).
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2-BOB. TAPAMETPJIAPHU BAXOJIAIIJIA CTAHIAPT BAUEC
YCYJUIAPH

2.1-§. baiiecra oua éHIaIIYBHUHT TAPKUOUII KUCMJIapH

Baitecra oun craTucTUK Oaxojail CXeMacHMHHU IIApTIIM paBUIIA KyHuJaru
TYPT TapKUOMI KHUCMJIApTa aKpaTHIl MyMKHH.
®dapa3 Kunanauk, X Tacoauduii MUKIOPHU Ky3aTHII HATHUXKAcHIa OOFIIMK

OynamaraH Ba OMp-XWJ TakcuMoTra sra Oynran X, Ttacoauduil MHUKAOpIaplIaH
ubopat Oyiran X ™ =(Xl,...,Xn) TaHJaHMa Ky3aTwiaérran OVicuH. TapkuOwuii
KHCMIIap KyHugaruiapaad uoopar:

1) (5%? ,93,{P0, He@}) - MapaMeTPUK CTATHCTHK MOJeJI X" rapnanmara
moc kemagu. By epma @ tymiam X" tacomudmii BeKTOPHHHT Gapua MyMKHH

Oynran KuiiMaTiIapu TYIUiamM, % 3ca & HUHT KUCM TYIUIAaMIIapUIaH TY3WJIraH
bopen o -anrebpacu Ba {P9,9e®} aca (5&” ,93) YymuoBnu (a3o/la aHUKJIaHTaH Ba 6
- HOMabiIyM Tacoauduii mTapaMeTp aHUKIWUTHIA OepWiraH >XTUMOJIIHK
TaKCUMOTIIAPH OUJIACHIHD.

2) 0 mapametp y4yH sxTumosuK pasocn (0,9,Q). by epra © tymiam
6 HuHT Oapya MyMKUH OYyIraH KuimaTiapu Tymiamu, 9 Tymiam ® HHUHT TYTIam
ocTwiapu o - anrebpacu Ba Q oca (@,@) ymuoBnuK (azona aHWKIAHTaH
HXTUMOJUIMK YI4OBUIUDP. Q YI4YOB ampuop, S’bHU Taxkpubaraya OyjaraH TaKCUMOT

ne6 aramaam. Onataa anpuop TaKCMMOTHM Ky3aTWiIa€TraH OOBEKT XaKHIaru
MaJiaka Ba OMJIMMIIapra acocjaHraH XoJia aMajluii HyKTau Ha3apJaH TaHJIaHalu.
3) Mymkun 0yiarad eunmJiiap tymiaamu Il 1T aunr uxtuépuit anementu &

narv & ym4oBid PyHKIMS, ’bHU cTatTucTukaaup. vVdell:

d=d(x"):(2,8)>(0,2).
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4) Ox9 na aHMKJIAHTAH MYKOTYB (XaTOJHK) Jap (PyHKIHUSACH L(Q;d).
Macanan, L(6;d) cudaruna Kyiniarniapan KaHOATIAHTHPYBYH (YHKIHSIAPHA
OJIUIII MyMKUH:
a) L(6;d)=w(6—d);
0) W(H) ¢yukuus R° na anukianran Ba maH(uil smac, Oy epaa S-HOMabiyM
mapametp 6 yraosn, wW(0)=0;
B) @yHKIMSA W CUMMETPUK: W(—u) :W(u);

Bynnait w(u) mapra mucon tapsuaa, wW(u)=[u|, w(u)=u® Ba X.k. mapHu
OJTUIII MyMKHH.

Arap {P,,0e®} Ba Q TakcumoTNap 4 Ba V /O -4EKIH YI4OBIapra

HHUcOaTaH fOMUHMpIaHraH 0ymmo, f, (X) = f (X / 49) Ba q(t) UMK (QYHKIHSUIAPH

MaBxya Oyica, y Xxonaa (X ,49) KYPTIMKHUHT OUPTraJIMKAAru 3U4IuK QyHKIUSACH
f(x0)="f(x/0)q(9)

naH uoopar OYVnaau. Y Xxomaa (X(”),Q) KYPTIUKHUHT OUPTAUTUKIATH 3UWINK

GyHKIMACH

fn(x(”);e): fn(x(”) /9)q(9)
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naH ubopar Oymub, Oy epma fn(x(n)lﬁ):Hf(xi/ @) TannaHMa X" Hpmr
i=1

Oupranukgaru 3u4iuKk QyHKuuscuaup. OHau baiiec ¢opmynacura acocan 6
tacomuéuit mapamerpuuar X" TammaHmara HucGaTaH APTIM  3HYIMK
GyHKIUSACH, SHHU amnocTepuop (TaxpuOa YTKa3WIraHWJIaH KEHUHTH) 3UWINK

GYHKIUSCHHY €32 0TaMU3:

a, (t/x")= - @1

@ wuumar bailec OaxocuHuU L(@;d) Hu dell Oyimua ¥ypra KuiiMaTHHH

MUHUMAJUIAIITHPUII MaCAJIACHHUHT CHUMHU CI/I(baTI/II[a TaHJIaUMM3:

6, = Arg mingL(0,d) = [L(t;d)a, (t/ X" )v(dt). (2.1.2)

®

bu3z ymly wmaructpiauk nauccepramuscuga v o - un3ukiau  Jleber YmuoBu:
v(dt)=dt, L oca xBagpartnk yHkums 1e6 hapas Kumamus: L(t;d):(t—d)z. y

X0JIJa TEKIIMPUO KYpUIll MyMKHHKH, (2.1.2) maru MUHUMyM anocTepuop yprta

KUNMAaTAA SPULLIIIAIN:

[t (x" 1t)a(t)dt

_ M\t — ©
en—gtq(”x Jot = [1, (<" rt)g(t)at (213)

(2.1.3) 6axo kBagpatuk xaToiuk ¢GyHKIUATa acocaH baitec 6axocu ned aramagu.
Jllemak, baiiec 0axomapUHMHT OHT aCOCH XOCCAacH YJIapHUHT KBaJIpaTHK

XaTOJIMKKa MUHUMAaJI KI/IﬁMﬂTHI/I 6€p}7BLII/I OIITUMAaJIJIaIl 3KaH.
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Mucoanap. 1) P,=N(6,1)-HopMan TakcUMOTHHHT HOMabiym 6 ypra

kuiiMaTHHAHT anprop takeumot N (6,1)=Q crangapr Hopman Gyirannaa Baiiec

GaxocuHn  xucoOmaitmms.  Jlemak,  q(t)= L e 2 [t <o, 1, (X(”) / 49) =

V2x

exp{—%g(xi —9)2}.

(27)"

VY xonna (2.1.3) dopmynara acocan 6 HuHr baitec 6axocu

0 = =1 —

n n

_]iexp{—;Z(Xi —t)z—t;}dt

i=1

ztexp{—;i(xi ~t)’ —t;}dt

K 18, —. tn t?
texpi—= ) X+ Xnt————}dt
i3m0

o 18, —. tn t?
expi—— > X+ Xnt————}dt

0 tz _
t - 1)— Xt +dt
___[Oexp{ (n+)2+n } .

- = X,
0 2 _
I exp{—(n+1)t2+nxt}dt n+1

- 13
Oy epna X = —Z X, - ypTa apudmMeTuK Kuimar.
n

i=1
MabiiyMKH, X CTaTHCTMKAa MOMEHTIIAp Ba XaKUKATra MAaKCHMall YXIIANUIUK

ycyiapu 6axocu 0yiau0, y @ ydyH acociu, cuiikuMaraH Ba 3GGexTuB 6axoaup.
VY xonga o —1, n—oo, 6ynranu yuyH baiiec 6axocu 6, = L)_( XxaMm 6 yayH
n+1 n+1

acociiv, acCUMNTOTHK 3P (HEeKTHB 6axo Oymaam.
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2) X" ramnanma P,= N(Hl,@zz) HOpMaJl TAKCHUMOT/aH OJIMHraH Oyino,
HOMABb/IyM IapaMerp MKku yrdosmmup: 6=(6,6,)e ©={(6,6,):—0 <6, <,

0, > O} . Hemak, X " HpHr 3EwHK byHKIMSACH

2 i=l 2

0ynuo, X== ZX Arap q(@l,é’) opkanu @ = (6’1,6’2) HUHT alpyop TaKCUMOTHUHU

i=1
Oenrunacak, y xojijia Oy mapaMeTpHUHT anocTepuop TakcuMoTu (2.1.1) ¢popmynara

aCoCaH

gl -
Jaajaa(ea e (-0 - 355 on

2 i=l

q(H/x )

by ¢opmynanan xypuHaIuKH, amOCTEPUOP TAKCUMOT qn(9/ X(")) spamrn X "

n

—\2

TaHJIaHMara | X, X, —X MHHHMAJI €TapJId CTaATHCTHKA OPKaJIn 6OFJ'II/IK OKaH.

i
i=1

— n —\2
Ammo, Mabiymku, [3], X Ba d :Z(Xi —X) CTaTHCTUKAJIAP ¥3abpo OOFIIMK
i1

aMacCAUp. YIApHUHT 3UYIUK (QYHKIMSIIAPYU MOC PaBHILIA

Jn n
PX(X;91,92)=EGXD —ﬁ(x—ﬁl)z ) ‘X‘<OO,
2

Ba



-1
Pd(x;ez)_{r(nT_lj(Zej)z} X 2 exp(—z—zzj, 0<x<o,
2

Y  xonna (%,d) CTaTUCTHKA OepuiraHujia amnocTepuop 3UWIMK (YHKIHS

KYPUHHIIU
qn(9/ X(n))zqn(é’/)_(,d) 9KaH.

By MHCOJ CTaTHCTHK TaHJIaHMa S'/pHI/I,ZIa Crapii CTAaTUCTHUKAJIApAaH XdM

doiinanaHu MyMKUHIUTHHH KYpcaTaju.
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2.2-§. KypcaTKu4/u TAKCUMOT NapaMeTPUHM TYJIUK 0yJIMAaran TaHjiaHMa
Oyiimua 0axosiam

Yoy naparpada 6u3 TyauK Oyimaran TaHJIaHMaJTapHUHT OUp MOJAENIU-YHT
TOMOHJIaH Tacomu(uii IEH3YpJIAHWII MOJEIWMHU KypuO VyTamus. by Mopenra
acocaH OW3HM KH3UKTHPYBYM Y3lIykcu3 X Tacoguduil MUKIOp VpHHra yHra
OormmK OynMaran Oomka y3iaykcus Y Tacomuduii MUKIOp OWIIaH Ty3WJITaH
/= min{X ,Y}Tacozmtbnﬁ MUKI0p Ky3atwiaau. Arap X <Y, spHU Z = X OyIca,
y XoJiga Ky3aTuiaaauradn MUKIop X, akc xomma, X >Y, seHu Z =Y O0OVica, y
X0Jila Ky3aTuiaauran Mukaop Y OVmanu. Arap A:{X SY} XO0/lMca Ba YHUHT
uHanKaTopu o = | (A) JapHU KHPUTCAaK, y XOJJa aciuaa Ky3aTWiaJura
Tacoguduii  MHUKIOp MKKH  YJIYOBIHU (2,5 ) KyDTIUKIaH  ubopataup.
F(x0)=P,(X<x) Ba G(x;6)=P,(Y <x) nap moc pasumma X Ba Y
TacoAu(pUil MUKIOPIAPHUHT TaKCUMOT (QYHKIUsIapu OYiacuH. Y Xonga Z HUHT
takcumot  Gynkummsicn  H(X;0)=P,(Z <x)=1-P,(Z=x)= 1-P,(X >,
Y 2x)=1-P,(X 2x)P,(Y 2x)=1-(1-F (x;0))(1-G(x;0)). By epna G xam 6
ra OOFJIMK OYIraHaur y4yH ymoy Mojaes nH()OpMATUB LEH3YPJIAHUIL MOAEIH 1e0
Ba Y,...,Y,

atramagu. Arap X,..., X map opkaiu X Ba Y Tacoauduit

n n

MUKJIOPJIAPHUHT N Ta OOFNIMK OyJIMaraH TakxpuOaiapAaru amaiuii KWiMaTiiapuHu

Genrmmacak, y xommga Kysatwiaérran Tammamma C (") = {(,,5), 1<i<n|
Ky(QTIUKIapIaH TalIKWI TonraH 0ymuo, Oy epna Z, = min{Xi ,Yi},5i =1(X;<Y,).

Hemak, C ™ ramnanmana X, nap dakar 6, =1 6ynran xongaruHa Ky3aTuiaap 3KaH.

Kysatunaguran X,  JapHMHT  ypraya COHM ], =£Z:5I oymuob, 'y
L

p= PQ(Xi SYi): M ,0, SXTHMOJUIMK y4yH KaTTa COHJIAD KOHYHHMra acocaH

CHUJDKMMAaraH Ba acociu 0axoup:
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p
Mgpn:pi pnn::op.
bu3 wuHpOMAaTHB MOAETHUHT KyWUJaru XyCyCHMM XOJIM MPOMOPLHOHAI

uHTeHcuBukiap moaenuuu (IIMM) kypub yramms. VHra acocan (X,Y) (€xu

(F : G)) Ky(pTIuk Kyitnaaru udoaanaHuIIHA KaHOATIAHTUPAIN:
1-G(x0)=(1-F(x0)), xeR, (2.2.1)

Oy epna y3rapmac coH >0 HOomabiiym € ra Oofnmuk sMac. @apa3 kunanuk, F

Ba G TakcuMoT (GyHKumsmapHuHr 3uwik Gynkuusmapu f (x;0) Ba g(x;0) map

oynran, y xonna C (" Tamnanmara Moc Kenras OMprajiuKiaard 3UIMK QyHKIUsACH

th 5.0),

s, 6y epaa (u.0)=[ £ (6:0)(1-6(0))] [a(uo)t-F (o) "

(uv)eR @)« {0,1}. (2.2.1) ra acocan,

9(x0)=p(1-F (x;@))ﬁ{ f(x0)

oynrannuru cabadmnm,

0)=T 151 (2:0)1-F(z:0)) -

i=1

ﬂ)l_i[f(ziié’)(l— F(z;0)) . (2.2.2)
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Oumu om3z F (X; 6?) =1-e? x>0, 6>0, KYpCAaTKUWIM TakKCUMOT J1e0 dapas

Krtamus. Y xoija (2.2.2) ra acocas,

L, (6) =k, ( ﬂ)-(%jn exp{ Zz } (2.2.3)

OHOW p HUA XUCOOJIaMU3:

p=P, (5 =1)=P, (X <Y,) = [(1-G(u;0))dF (u;0) =
0

:I(l— F(u;60)) - dF (u;0) :%Id (1-F(u;0))" =

AMMO yMyMaH osiraHfia f3 XaMm HOMabJIyM OYITaHJIMTH Y4YyH, P = HU ],

1
+f
opkanu Oaxonmaiimus. Y xonga (2.2.3) Xakukarra YXmanuik ¢GyHKIUSICHHU

KYfIHHaFH OMIIMPHUK aHaJIoTHUra aiMaluThupamMmuns:

L, (0)= kn(%jn exp{—%izi}. (2.2.4)

Ouan (2.2.4) naH XakKukKarra yxXImanuimKk OaxXOCHHW KyWUJard TeHrIaMajaH

TOIIaMU3:
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M:_E+ 21 anzizo
00 0 0p5

P Zn
baxo 6. =— ra tenr ’xaH. Ammo [IMIM HUHT 5HT MyXuM XoccajapujaH Oupu

n

2.2.1) HUHT YPUHIIM SKAHJIUTH c™ tannaamana (Z,,...,Z_) Ba (J,,...,0.) KACM
1 1 n

n
Ky3aTWJIMaJapHUHT OOFIUKCU3Iurura skBuBasieHTaIup ([1] ra xapanr). OcoHruna

xuco0ad KYpHIll MyMKHHKH,

- A Z
nemak, =M ,Z,-(M ,5) ', apHE O ==L Gaxo MOMEHTJIAp yCylIu 0axocu Xam

n

oynap skaH. by aca @, 6axoHuHr @ y4yH acociu 6axo, SbHU

A p
0, — 0

nN—o0

9KaH. YHUHI aCHMIITOTHK HopMaumrd [1,2] makonmamapaa xypcatwirad. Yiapra

acocas,

o6ynuo6, Oy epna

c*(0)=2,(Z-65)[M ,6]" = =(1+8)0"

(X <Y)
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Tyurynapnuky, o ((9) HUHT Tabuuii 6axocu

A A
2 3
:_ O _ O

O = .
n
pn n

N||

bu3 sHam 5Hr acocuy Mmacaina, S’bHU Kapana€TraH MOJENJa KypCaTKU4JIn

TaKCUMOT mapameTpu 6 HH Tacomuduii Mukgop ned xucobiadb, yHu baiiec

ycynuaa OaxoJyiall MacallaChHA KypubO YyTamu3. € HUHT anpuop TaKCHMOTH

suamury (@) 6yncun, 6e€®=(0,00). bus acmuma 6
¢yHkuusacu  r=P, ( X2 to) —e "’ HXTUMOIUTHKHH

Kapaiimus, t, >0. Jlemak, O0<r <1 Ba %: 1 :—In—r

o(r)
TAKCUMOTH 3UYJIUTH {q(r), O<r< 1} OYJICHH.

VY xonna (2.2.4) ra acocaH

nZn

HU 5Mac OalKud YHHUHT

6ax0ﬂam MacaJlaCuHH

. OHOWM I HUHT anpuop

i=1

= O{O(—m r)n — P = I?{O(—In r)n ron,

nZn_ﬂ
t

N
9,

Oy epna «, =
0 pn 0

VY xona I mapaMeTpHUHT anoCTEpUOP TAKCUMOTH

o,(ric )= L(ra(r) __re(=Inr)q(r)

O e

L. (r)q(r)dr l j:r““ (=Inr)"q(r)dr |
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o0ynu0, yara Mmoc kenran baiiec 6axocu 3ca

1
Jr“”+1(—ln r)' q(r)dr
r =2

r“(=Inr)" q(r)dr |

O'—;I—‘

(2.2.5)

Arap {q ( r) =1 0<r< 1} , SbHM amnpuop TaKCUMOT TEKHUC TaKCUMOT OVica, y

xonmaa (2.2.5) ra acocan

1
Ir““+1(—ln r) dr
0

r= .
r(~Inr)"dr

O'—.I—‘

I/IHTeraJIJIap KaaBalnugaH MAabJIYMKH,

1

jrr(—ln I’)rdr:ryﬂzn:(_l)k‘ o
k=0 (

0

(2.2.6)

Ouu (2.2.7) vu (2.2.6) cypatu Ba Maxpaxura y =a,+1 Ba y=¢, Oynranuna

KyJIJIacak, y X0Jijia

n+1
n+2 A
((Zn-i‘lj n9n+to
r = = ———
an+2 n9n+2to

n

(2.2.8) GaxOHHMHT aCOCTUINTHHA UCOOTIAMMU3.

p
2.2.1-Teopema. N >0 gar, —>r=e

n—oo

/0

(2.2.8)



34

HcooTH. (2.2.8) 6axoHH

OHAM 6, HUHT @ y4yH acOCIIWJIMIU Ba

on+2
p
(1— 1 ) —>et
o, +2 N0

n

t5/0 _

p
SKaHJIUIruaaH (2.2.9) ra acocan r, — €~ r.

N—o0

Teopema ncboTIan y.

(2.2.9)

(2.2.10)

(2.2.8) baitec 0axOoCHMHUHI anocTepuop aucnepcusicunu (2.2.7) ra acocaH

Kyrujarnya €3aMmus:

1
Jr"‘“*z(—ln r) dr
0

1 n+l
ol (r)= —rnzz[a“Jr} —r’.

r“(=Inr)"dr & +3

O ey

by epna

(2.2.11)
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l (n+1) O‘nz‘*'3 ] a,+3
a,+1) |, 1 IR B
a +3) a, +3 a, +3 h
2 2
B (n+1)2t,
a3 A
2 nén+2t,
1 p —ty/60
=|1- —FL e =r. (2.2.12)

Y xomma (2.2.11), (2.2.12) Ba 2.1.1-Teopemara acocaH Nh—>o Ja
O, f (r)—pH’ —r’= r(l— I’). Jemak, Kyluaru 1abBO YpUHIIN JKaH.

2.2.2-Teopema. N —>x, o’ (r)—E>r(1-r).

1 n
M3ox. Masnymkn, arap F)(t,)==> 1(X; <t) 1¥1muK tanianva Gyiinua
Nz

TY3WITaH MIUPUK TaKCUMOT OVyrca, y xojaa \/H F’ (to) HUHT JUCIIEPCUSICH XaM

r(l— r) ra TeHr 0ynuo, 0S<Ur<pl|:l’(1— r)] =1/4.

F’ craructuka F yuyH cHiDKMMaras, acociu Ba aCUMITOTUK 3(GEKTUB Oaxomup.

o’ (r) HEHT XaM N — 00 J]a ACHMIITOTHK XOCCATapH Jn F (to) JaruaeK dKaH.

bynnan tamkapu, . 6axo p, =0 1a xaMm aHUKJIaHTaHJIUP.
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3-BOBb. TAPAMETPUK CTATUCTUK MOJIEJIVIAPJA HOAHUKJIUK
IMAPTHUJIA BAXOJIAP YOOEKTUBJINTUHU AHUKJIOBUU KYIH
YEI'APAJIAP CUHO®U

3.1-§. [TapameTpapHu 6ax0JialIIard XaTOJHKJIAp MOMEHTJIAPH YUYH

ymymiaamrad baiec Kyuu yerapaaapu cuHgu

Ymby mnaparpadpga ©Owm3 E.Baiimmreitn Ba A.Baiicmap ToMoHUIaH
napameTpiiapHu 0axoCu XaTOJMKIapu MOMEHTH Y4yH [13] nma kenrtupuiran
ymymitamrad baiiec Kyiin yerapanapu cuH@uHM Kentupamus. by Kyiiu derapanap
Kpamep-Pao, barrauapusi, boOpoBckuii-3akau Ba Baiic-BaitHiTeiHnapHuHT Kyiu
yerapaiapuHu y3 nuura onanu. ([5-12] mapra xapanr).

Onauuru naparpaduiap/iaH MabIyMKH, HOMabiyMmM mapamerpiapHu baiiec
ycyluja Kypwiran 0axocH KBaJIpaTUK PUCK (YHKIMSICUTa HUCOATaH ONTUMA
0axo xucoOmaHaau. AMMO, OMp HeYa Maxcyc XoJUlap/aH TallKapy YMyMUN X0Jaa
Oynnmait OaxonapHu xucoOnam VyTa Mypakkad wmacanaaup. Iy ca6abmwu,
0axoJIApHUHT YpTaya KBaJApaTUK YETIAHUIIHN YIyH aHUK KyWU Yerapanu Kypcatuo,
yJIapHU IWIy uerapara HucOaTaH COJUIITUPHUII MYyXHM Macajajapjiad Oupu

XucoO1aHaIu.

dapa3 Kwiamus, (EK ,93,{P6,,06®}) CTaTUCTHUK MOJejaa {Pg,é’e(@}
TaKCUMOTJIAp OWJIACH O -4EeKJIM (/ YII4OBra HuUcOATaH aOCOJIOT y3iIyKcu3 OYiuo,
f(x;60) ynra moc suwmk QysKimscn GyiacuH. ¥ xO Ja aHMKIAHTaH OHpPOP
LI’(X;6’) GyHKIUS Y9yH 2 HUHT AesIpiu Oapya HyKTajlapuaa KyHuaard TCHIIIHK

YpuHIH OYJICHH:

¥ (x™:0)f (x"V;6)do=0, (3.1.1)
J(x":0)f, (x":0)

®

6y epna fn(x(”);e) = f(x;0)...f(x,;0).
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3.1.1-Teopema [13]. (3.1.1) TeHr MK YpuHIK OYACHH. Y X0Jaa UXTHEPHIA

CTaTUCTHKA T (X(n)) Ba QyHKIMS ( (49) yuayH xap oup 0yryH K >1 nmapna

M ([T (X ) (x50)[], M [a(6)w(x";6)] sa MU\P(XWQ)H

- MATCMATUK KYTHJIMAJIAPHUHI MAaBXYIJIMTH IHOapTHAA KYﬁHHaFH TCHI'CU3JINK

YPUHIN:

(3.1.2)

Hcootn. (3.1.1) HUHT Xap UKKU TOMOHUHHU T(X(")) ra KynautupuoO, cyHr

x"eq Oyiinua MHTErpajUlacak, y XoJijla KyWujard yMymilaliraH MaTeMaTHK

KyTUjMara sra 0yiamus:

M [T(X("))‘P(X(");Hﬂ = [T(x")dp(x")[w(x":0) 1,(x7;0)do=0 (3.1.3)

X ®

(3.1.3) HUHT Xap UKKK ToMOHHAaH M [g(&)\P(X(n);Q)J HU aitupuO, Kyiiugarura

sra 6ynamus:

by epnan
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‘M [g (e)w(x“);eﬂ‘ < {M ‘T (X))~ g (9)‘-‘\?(%“);9)‘} . (3.15)
Ounu (3.1.5) HuHr yan Tomonura ['énaep TEHrCU3IUTUHU KyJU1aiiMu3:

‘M [g(@)‘l’(x(”);eﬂ‘g

k1
k

k}}k {I\/I \x(”);e\kkl} (3.1.6)

By TEHICHM3IMKHUHT Xap HWKKM TOMOHMHH K -mapakara omupu0, CYHT

{M l:“P(X(”);H) k

S{M UT(X(”))—Q(Q)

k-1
kl}} ra 6ynu6 robopcak, (3.1.2) TEHrCHU3IMK KeIHO YHUKaIH.

Hcbot Tyranu.
Kypum kuitun »smacku, (3.1.2) TeHrcusnuk MXTUEPHUI T(X("))
CTATUCTUKAHUHT OepuiiraH g(6’) byHKIUAIaH a0COMIOT OFUIIMHUHT K -MOMEHTH

y4yH KyWW derapaHu aHukKiaiimm3. By TeHrcmsnmkma, arap K=2, g(9)=¢9

JIECaK, y X0JIJ1a YHUHI KYPUHUIIN

M [T(x(“))—e} > [‘PZ(X(”);;)} . (3.1.7)

OHAM 0ab3W MalxXyp KyWH dYerapajlapHu Xycycuil Xosl cudaruaa KeaTupuod
YUKapamus.

|. Kpamep-Pao Kyiiu yerapacu yuyH



ne6 Tamnaitmus. By epra © = {9 €®:f(x0)>0, Vxe 5&”} c ©. Kynailnuk yayHn
®*:®:(—oo,oo) ne6 omamuz. Kyimmarm Kymmm4a perysipiidK MapTiIapyuHu
KUPUTAMHU3:

(V1) Hespnu Gapua X" e q Jap y4yH fn(x(”);e) bynkus € Oyitmya abCcomoT
Y3IYKCH3;

(Y2) Hesipiu H6apua x"eq map yayH lim @f, (X(n);Q) =0;

00—t

2

oln fn(X(”);H)

(¥V3) 0<1, =M <]
00

by maptnap ypunnu 6ynranuzaa (3.1.7) ra acocan
2
M [T(x@)—e] >t (3.1.8)

(3.1.8) Tenrcuznuk Kpamep-Pao tenrcuznurununr baiiecra oua Bapuantuaup.

Il. BarTauyapus TEHrCU3JIMTHHU OJIUII YIyH

N 1 o' f, (X(n);(g)
‘P(x(");e): ;ai fn(xm);g)' 00’

0@,

0, 0¢0@®,

ne6 Tamnaiimus. By epna @ map uxtuépuit commap Ba @ =(-o0,0). V xomma

(3.1.7) ra acocan



40

[er\2
M [T(X(“))—ﬁ}zz#—m, (3.1.9)

.
2. aah @ Aa

T - MaTpuna 3JICMCHTIIapH
)=l

1 3 (xM0) o', (x6)
i f(xTe) 00 a0

(3.1.9) TeHrcusnUK YpUHIM OYIWIIM y4yH KyIIMMYa KyWHaard maptiap Tainad
KWJIAHATH:

o'f (x(”);e) _

Py , 1=1LN -1, xocunanap aespiu Oapua x("

(V4) € nap yuyH 6

Oyiinya abCoIOT y3IIyKCU3 OYJICHH;

(V5) Hesipiu 6apua X" € & nap yayn

- 0'f (x(”);e) _
limf——~=0, i=1..,N-1;
G—to0 ael

(Y6) Matpumia A mycOaT aHUKJIAHTaH;
(3.1.9) Tenrcuznuk  barrauapuss TeHrcuzNUrMHUHT  ballecra  oun
Bapuantuaup. Yugan N =1 6ynranuna (3.1.8) TEeHTCU3IUK KeIUO YMKATH.

I11. BoOpoBckuii-3akau TEHICU3JIUTHMHM OJIMII YUYH

fn(x(”);6’+ h)— fn(x(”);e)
w(x";0)= hf,(x";6)

L 0e@,

0, 0¢0,
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ne0 tanmaiimus. Y xonaa (3.1.7) ra acocan
2 2) 7t
M [T(X(”))—Q} Z{I\/I [\P(X‘”);e)] } (3.1.10)

TeHrcusiaukka sra 6yiaamus. (3.1.10) TeHrcu3nuK YpuHIu OVIUINM YIyH KyHuaara

PETYIApIUK IapTAapy Tanab KUIMHAIH:

Y7 f (X(”);H) =0 okanuman gespau 6apua @€® map yuyn f (X(”);Q + h) =0
SKaHM KCIU0 YNKCHH;

(Y8) 0<M {‘PZ(X(”);H)} <o

(Y9) M 6° <o,
(3.1.10) marm h — 0 ma mumwurra yrcak, (3.1.8) ra sra 0ymamus.

V. Baiic-BaiiHmTeiiH TeHICU3JIMTMHY OJIUII YYyH

#(x7:0) :{L;(x“);m h,6)— L (x;0- h(;’a)é,) :(;@*,

fn(x(”);0+h)
fn(x(“);e)

Oy epma 0<s<1 Ba L, (X(”);(9+ h,H) = . Texmmpub KYpuIn OCOHKH,

Oynnai tannanrad YV ¢yskius (3.1.1) TEHrITUKHM KaHHOATIAHTHpagu. Y XoJiaa

(3.1.7) ra acocan

h?M Z[LS(X(”);0+h,9)}

M {[LS(X(”);0+h,9)— Ll‘s(X(”);e—h,e)T}

M [T(x“‘))—efz

. (3.1.11)
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(3.1.11) Tenrcuznuk YpuHIM OVIUIIM YUYyH KyWHIary maptiap 3apypaup:
0<M [Tz(x“);eﬂ@o,
M| 6% |<oo.

(3.1.11) Tenrcu3mukgan (3.1.8) am h—>0 ga Ba (3.1.10) Hu 3ca S—1-0
amumutiap cudaruna oigum  MyMKuH. (3.1.11) TeHrcuM3NIMKHM —KyWuaaru

KYpUHUIILIA XaM udoaanan MyMKUH:

M [T( X ")~ 9} 2 ] | AT g (3.1.12)
Oy epna
y(s,h):ln[M {LS(x<”>;e+h,9)”:

:In“dy(x(”))j fns(x(”);6?+h) fn“(x(”);e)de}. (3.1.13)

Hemak, (3.1.12) TEHTCU3IUKHU XUCOOJAIl y4yH ,u(x;h) HU XUCOOJall eTapiu

skaH. Arap 32% ne6 tamnab, 4(0,h)=0 Ba x(Lh)<0 okanunm serHGOpra

oJicak, y xonaa (3.1.12) ra acocan



(3.1.14)
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3.2-§. Kyn y14oBiauk mapameTtp 0yJran xoJ y4yH Kyiu yerapajap cunpu

Ymby mnaparpadaa (5&” ,?/3,{P9, 0e @}) napaMeTpuK CTaTUCTHUK MOJICITHU
aHUKJIOBYM HOMABJIyM Hapamerp 6 = (491, ...,95) €®cR°® kyn ymyoBmuk Ba X x @

(n)

Y ITYOBIIMK {\Pi (X(n) ;9), [ :1,...,8} byHKuusIapra aespiau 6apua X' € & 1ap ydyH

KYﬁHﬂaFH HHTCTpAJJIap MaBXXy Ba MOC TCHITIMKIIAPpHW KaHOATJIAHTHUPCHUH:

[# (xX7;0) 1, (x";0)do=0, i=1..s. (3.2.1)

®

dapaz xwnaitnmuk, a. Ba b nmap umxTuépuil comnap OyncuH. Y xomma (3.1.2)

TEHI'CH3JIMKKA K =2 Oyiran xoyga KyiHuaaru

\P(x(”);e) = Zs:ai‘{’i (x(”);e),

i=1

g(e)zz;:bi'ei’

Ba

- pyHkusnapau Kyiamu3. Hatwkana Kylnjiaru TEHICU3JIMKKA dra OyiamMus:

b M {[T(X(”))—H}[T(X("))—QT}lrJZM, (3.2.2)

a -Il-a



6y epma a=(a,..a), b=(b..h), 0=(4..4), T(x")=

(Tl(X(n)),...,TS(X(n)))T, Xama V=(Vij) Ba H:(Hij) Marpunanap

i,j=Ls

BﬂeMeHTJIapI/I MOC paBI/IHII[a
V. :M[@\P.(x(”);eﬂ, i, j=1..5 (3.2.3)
Ba

. =M [\Pi(x(”%e)\{fj (x<">;9)} i,j=1..s. (3.2.4)

®dapa3 kxunmamus, Matpuna I Myc6aT aHukiaaHran 6ynau6, IT' ynra Teckapu
Matpuna OyncuH. (3.2.2) naru a BEKTOpP HUXTUEpUNA OYITraHIUTU YYYyH, YHU

Ia =1tV ' lIJ ne6 tannacak, y xouga Komwu — IlIBapii TeHrcus3murura acocan
r T\ T r
b M {[T(X(”))—GJ[T(X(”))—QJ }b >bV ITV Th. (3.2.5)

(3.2.5) Tenrcu3nmuk wuxTHEpHA D BekTOpM yYyH Oaxkapwiranu caba0iu, yHU

KYMHJIaATUIEK XaM €3a 0JIaMH3:
.
M {[T(X(”))—H][T(X(”))—QJ }zv v, (3.2.6)

(3.2.6) narm matpuuanzap ypracujaard TEHICU3JIMKHU Yall TOMOHJArd MaTpUIlaJaH
VHI TOMOHJArMCHUHM alupMacuJaH Ty3WITaH MaTpulla HOMaH(pUN aHMUKJIaHTaH

MaTpHIaJaad uoopat aed TYITyHUIAIH.
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(3.1.9) Ttenrcuznuk O6mnan Oepunran Kpamep-Pao Tenrcuznurununr baiiec

BApUAHTUHUHT KYT YITYOBJIMK MApaMETP YUyH aHAJIIOTMHM €3ull yuyH (3.2.6) na

oin f, (x(”);H) .
v, (x";0)= Y R ’ (3.2.7)

0, 0¢0,

ne6 Tannaiimus. by epaa 3.2-§ narunek,

®*={6?e®: fn(x(”);0)>0, vx™ efi”}.

Kynaitnuk yuyn, ® =@=R"° Ba Gapua @cR° nap yuyn f, (X(n);H) >0

nevimus. Kyinnaru || = ( Iign)) __ MaTpulia 3JIEMEHTIIAPU
i,j=ls

ol f,(x™;0) ainf,(x";0)
Y 00 NPT

I J

Oynub, Kyiluparu KylIMMua pEryJsipivK [apTJIapuHU OaxxapWJIMIIMHU Tajnad

ITAMU3:
V1) fn(x(”);g) Gynknus 6, i=1s Japra HUcOaTaH nespiau Oapya X" e a Jap

Y4YH a0COJIOT Y3JIyKCU3 OVIJICUH;

(V2) Hdespm Gapua X" € & nap yuyn

lim 6 f,(x";0)=0, i=1..s;

6 —+0

(Y3) |, Marpuna cuHryssp 0yamacuH;
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Ouau (3.2.7) vu (3.2.6) ra Kyiicak

M {[T(X(”))—H}[T(X(”))—QT}2In‘l, (3.2.8)

TEHI'CU3JIMKKA 3ra Oyi1aMus.

Mana mry kabu barrauapus, boOpoBckuii — 3akan TEHTCU3IUKIAPHHUHT XaM
KYII YJIYOBJIMK IIapaMETP Y4yH aHAJIOIJIAPUHU E3UIHMHU3 MyMKHH.

bu3 ynapuunr xam ymymnammacu Oynran (3.1.11) Baiic-Balinmrelin

TEHTCU3JIUTUHUHT KYT YIIUOBIMK aHAJIOTUHU €3amu3. byHunr yuys (3.2.6) na
¥, (x(”);H) = (x(”);0+ hi,H)— L (x(”);H— hi,H), i=1..,s,

ne6 TannaiimMus. by epaa

Hartwxkana Kyiimaaru TeHICH3JIMKKa dra OyIaMu3:
.
M {[T(X(”))—Q}[T(X(”))—H] }2 HG H . (3.2.9)

Oy epia marpuragap

hll h21 sl
h12 h22 S2

H= =[h,h,...h.],
M M M M [hh y
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Ba G=(G;)

., HUHT SJIEMEHTIapH
i,j=l.s

M {[L (X704 h,0)- L (x":0 - hi,gﬂ.
G, = {Lsi(x(");9+hi’9)}.

-[LSJ' (x(”);9+ hj,¢9)— L (x(”);e— hj,H)J
M {1 (x;0-+h,,0)]

(3.2.8) tenrcuzmuk h. Ba 0<S <1 mapHuHT MXTHEPHH KOMOWHALMSIIApH YUyH
Oaxxapuwiaranmurd yuyH G MaTpHUL@HUHT TecKapucu MaBxyaaup. Arap (3.2.9)
teHrcu3mkaa H =h-— ne6 Tanmacak, Oy epma — — OUpPJIMK MaTpuIla, y XOJjaa

h—0 na (3.2.9) nan (3.2.8) kenub YUKAIM.
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XVYJIOCA

Ma3skyp MarucTpiauk JUcCepTaIUsCy MapaMeTPUK CTaTUCTUK MoOeIIapar
HOMAbJIyM MapaMeTpiapHU TYJIUK Ba IIEH3ypJaHraH TaHJaHMajap Oyiinua
Oaxomamr Macanajgapura OaFMIUIAHTAHIWP. YHAA CTAaTUCTUK OaXOJapHUHT
MoJelIap/la HOAHUKJIMK IIapTiapujaa onTuMan OaxoJjiall Macaiaiapu Kypuo
yrunranaup. byHna HoaHMKIMK mapTiapuaa acocan baitec tTunmpmaru Oaxoari
Macanagapyd TapkuOuii Kucmiapu, xamjaa 6axonap 3(QQeKTUBIUTMHU aHUKIOBYU
Kyiu uderapanap cuHpmapu kypub Yyruinranaup. Juccepramusiia MaTeMaTUk
cratucTukanga bailecra ona €HaanryB MOXMATH XaMmJla YHIA HOMAbJIyM MapaMeTp
xakugaru lllennon, Kynn6ak-Jleitbnep Ba ®uimep undopmaius QyHKIMIIAPH,
YIIAPHUHT XOCcCajapyu KEeJNTUPWITaHIup. JlucepTalusHUHT acoCHUil HaTWKalapu
YHUHT 2-Ba 3-0001apuia KEATUPWITaHIUP.

2-600aru acocuii HaTWXKajgapJaH OUpH KYpCaTKUUIN TaKCUMOT HOMabIyM
napaMeTpUHM YHT TOMOHJIaH Tacoauduil neH3ypaanui moaenuaa baitec 6axocu
Kypwin0, YHUHT aCUMITOTHK Xoccanapu ypranwiau (2.2.1-Ba 2.2.2-teopemanap).
HuccepranusiHuar 3-600M7a MapaMeTpUK CTAaTUCTHUK MoOJeIIap/ia HOAHUKIUK
maptaapuaa 6axonap 3pPexTuBiuruau anukiam yuyH Kpamep-Pao, barrauapus,
bo6poBckuii-3akan Ba Baiic-BaitHmirelin Kyiin uerapanapuHuHr baiiecra owun
yMyMJIAIITaH BapUaHTIAPU KEATUPUIITaH.

Yuby MarucTpiauk gucceprauuscuiaH gapc Oepuil >xapaéHuga Xam

KyutanMma cudatuaa QoiiagaHuI MyMKHH.
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