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Teopust BeposiTHOCTEI Beenenue

1. BBeaenue

27.02.18

1.1. I'padoBbIie TeopeMBblI.

Teopema 1.1 (Teopema Pamcest). Vk, m3n = n(k, m) 1.4. ayist moboro rpada Ha n BepIinHax CyIie-

cTByeT JinOO IycTOoil moArpad Ha m BepIInHAX, JIMOO TOJHBIN Ha k.

Onpedenernue 1.1. R(k,m) — HauUMeHbIIIEE TAKOE N.

Hwxuss onenka na R(k,m):
—C2 o
Teopema 1.2 (Teopema Spgema). Ecmm 217 CF < 1, To cymecTsyer Takoit rpad Ha n BepmuHax,
9TO Y HEro HeT HU IOJHOTO Iojrpada Ha k BepIIMHAX, HU IIyCTOro mnojpada Ha m.

B wacrroctu R(k, k) > 2k/2

2
JokazareabcTBo. §) OyneT cocToaTh u3 rpadoB Ha n BepmmHax, #§) = 26,

P(cobbiTne: Mexay a u b npoenero pebpo) = 1/2.

Takue cobbITHS HE3aBUCUMBI. 3HAYUT, MOXKHO CIUTATH, UTO CJAyUaiHbIil rpad — 310 rpad, B KO-

TOPOM KazKji0e pebpo ¢ BEPOATHOCTBIO 1/2.

P 4)) < X0 P(4)).

. _2
Bacdukcupyem nabop us k sepimn. B ném C7 nap sepmmn. C BeposiTHOCTBIO 2~ CF Bee mapbl BepimH

COeMHEeHb! pebpoM 1 moarpad HOIHBLE. AHAIOIHIHO, ¢ BeposTHOCTHIO 2~ Cr moarpad mycroii.
P(BbIOpanHbIil HAOOP IIyCTOW WK TIOJIHBIN moarpad) = 2 - 9-Ci = 91-C¢
P(x0Tb Kakoi-T0 HAOOP MOJHBII WX IIyCTOM) < 91-C¢ Ck <1
= cymiecTByeT rpad Ha N BEPIIMHAX, Yy KOTOPOTI'O HUKAKNE K BEPIIUH HE ITOXOJIST.

B wacrrocTn, npu n < 2F/2

nn—1)...(n—k+1) 1 nk 2 nk 2k/2+1 - pk _<n>k .
~X

1-C2 ~k _ o _
2 kCn o k! 9CE -1 < k! 9k/2(k—1) — 9k%/2 | < 9k2/2 T \ 9k/2

Onpedenenue 1.2. R(k,m) — HanMeHbIee TaKoOE 1.

I'naBa #1 1 us 54 Asrop: Enuzasera Bacuienko



Teopust BeposiTHOCTEI Beenenue

1.2. IIpeneabHbie TeopeMbl Ajid cxeM BepHyiian

Onpedeaerue 1.3 (Cxema Beprysum). MoHerky KujgaoT n pas.
C BepositrocTbio p € (0, 1) Beimagaer opéi (1), ¢ BepostHOCTHIO ¢ = 1 — p — pemka (0)

S, — umcno Boimasmux opyios. P(S, = k) = Ckplgn*.
IIpumep.

o p=1/5 P(S)ig00 = 220 ~ 0,008984. ..

e p=1/6 P(S)2000 = 360 ~ 0,006625. ..

Xo4yercss TpubJINKEHHBIE OIEHKHT

Teopema 1.3 (Ilyaccona). IlocaemoBarensnocTs cxem Bepmysmm.

np, — A>0
n—oo
Torma P(S, = k) — e,

|

3amevanue. IIpusTom cxomumocTh paBHOMEpHAa 110 k. Y TBep2KIeHe BEPHO, ecjin k He (DUKCUPOBAHO,

a o(y/n). (JokaspiBaeTcst AaHAJIOTUYHO, HO YYTh TPY/IHEE. )

dokazaresbcTBO.
e nn—1)...(n—k+1 e
P(S, = ) = Clph(1 —pyy—* = "D TR D g e
Lokk 1 AF
~ — 1 — Dn "N~ — 1 — Dn n
" Pl =) g ()
Haso mokaszatb, aro (1 — p,)" — e, T.e. nlog(l — p,) — —A ]

Teopema 1.4 (IIpoxoposa). > -, |P(S, = k) Akz!—x < miniZ,)\} 2\

JdokazaTesbCTBO.
e nn—1)...(n—k+1 e
P(S, = k) = Chph( —poy=t = D 2R g e
~ 1 — n___ - o (1= n

Hazo mokaszatb, ato (1 — p,)" — e, T.e. nlog(l — p,) — —A\

]

ITpumep. Pymerka p = 1/37 — BeposgTHOCTD BBRIUTpHIIA, N = 111 — wucno urp, A = np = 3. Ilpn

BBIATPHITIE +37, 3a urpy —1.

I'naBa #1 2 u3 b4 Asrop: Enuzasera Bacuienko



Teopust BeposiTHOCTEI Beenenue

BeposTHOCTH OCTaThCa ¢ cymmoit ():
P(Si1=3)=C}, (( » (1-—1/37f113fw()227127.”

Ilo Teopeme: &~ 2= = 32 = (,224041 ...

BepositHOCTH He IpOoUTpaTh:

0,-3 31 -3 32 -3 33 -3

P(Sy >3) = 1= P(8, = 0) = P(Sy = 1) = P(Sp = 2) = P(8, = 3) m 1 = 55~ — S~ — 55— — 55— =
0,352768. ..

Toynoe 3Ha4YeHME:

— =5 = 0,352754.

k—
npq’

Teopema 1.5 (Jlokanbuas Teopema Myaspa-Jlammaca). 0 < p < 1, x == T — dpukcupoBanHOe

F
2
quciao. Ecim n — 0o, a k Mensiercss Takum obpasom, uro npu || < T, P(S, = k) ~ \/271que =/2

PaBHOMEPHO IIO .

Bameuanue. Boiee Toro, eciu ¢(n) = o((npg)'/%) u |r| < ¢(n), To 3aKmOUCHEE BEPHO U SKBUBAICHT-

HOCTh PABHOMEPHA 110 = (TO eCThb, peJies, PaBHbIH 1, pABHOMEPHbIIA).

HoxkazareabcTBo. k =np+ x/npq = np —1T'\/npqg — +00
n—k=np—x/npq = np—"T,/npqg — +00
a::%:"”“vm’ pt+a/H—p

l—a=1- —m\/::q—x\/%—)q

P(S, = k) = Ckpkgn ~ V20 ok [k (n — k) ke~ ("R /2 (n — k) =
_ pra-p"* 1 O ) L |
ak(1—a)n—Fk \/27rna(1—cx) ak(1—a)n—k \/21npq

HaJ10 TOHATH, 9TO (g)k (11 a) nk Ly gma?)2

A= klog($) + (n— k)log(12) =" &

In(l+t)=t—% +0()

(2) = In(1 + x\/nzp) = x\/> 1/22%L + O(n~2)
(=) = (1~ [2) = —r, /2 - 1/2:62% - O

k = na = np + x./npq
—k=n(l—-a) =ng—z,/npq
A =x\/qpn + 2*q — 1/22%q — 1/21.3:1/2_% + O Y2)—
—x\/qpn + z’p — 1/22°p + 1/2I3’\’/2—% + (’)(n—l/2) — :%2 + (’)(n_l/?)

I'naBa #1 3 u3 54 Asrop: Enuzasera Bacuienko



Teopus BeposTHOCTE#H

Beenenne

[]

IIpumep Pyserka. CraBum TOabKO Ha KpacHble. n = 222 k = 111(ckoabKO pa3 BeIMIpan),p =

18/37,q = 19/37

1 ~
ey & 0,0493228 ..

TeopeMa 1.6 (Unrerpasbhas teopema). 0 < p < 1

Pla < 52212 < p) — \/LQ? fab e "’/2dt pasrOMepHO 110 @ 1 b.

v npq n—00

3amevarue. YacTHbIil caydail Teopembl beppu-Jccena

sup | P(5=22 < 1) -

—t2/2dt‘ p’+4?

v VT

3amevanue. Jlydme \/n B 3HAMEHATE/E OBITH HE MOXKET.
P(Syn =n) = C3,(1/2)"(1/2)" = G ~ A

p=q=1/2

P(Sy, <n)+ P(Sy, =n)+p(Se, >n) =1

P(Sh, <n)~ ™ = 1/2 4
P(Ss, <mn)—

QW
—t2/2dt

\/%f— \/ﬁ

ITpumep. 3amada o TeaTpe

1600 mect. IBa rapiiepoba y ABYX Pa3HBbIX BXOJOB. JII0u ciiydaitHO BHIOMPAIOT OJIUH U3 BXOJIOB.

CKOJIBKO cliesiaTh MeCT B rapjepode, 9ToObl OH IEePEIOJIHAJICS He Jalle pa3a B MEeCsIL!

B rapnepobax o C' mecr.
P((S,<C)Nn (S, =2n—-C)) <29/30
— Plu- 0% 5, €.0) = Pt < S < Sy~ .
0_2300 ~ 2,13, C~800+20-2 13 =843

W e 12dt ~ 2-29/60

T'nasa #1 4 n3 b4

Arrop: Emmzapera Bacuienko



Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

2. Ob6urasg Teopusi BEpOsSITHOCTEM

07.03.2018

2.1. KosmMmoropoBckoe ornpejejieHue BEePOSITHOCTU

Onpedenernue 2.1 (BepositnocTHOe ipocTpancTeo). (2, F, P), tie
() — IPOCTPAHCTBO JEMEHTAPHBIX COOBITHI (IIPOCTHIMU CJIOBAMHU MHOXKECTBO).
F — COBOKYIHOCTb CIydaiHBIX cobbITHit C 2. o-anrebpa
P — mepa nva F, takas uro P(§)) = 1 (BepositHOoCTHAsi Mepa)

3amevanue. Ha camom mesie or Mepbl TpeOyeTcss TOJIbKO KOHEIHOCTD T.K. €€ BCeria MOXKHO OTHOPMU-

pOBaTh.

3ameyanue. Ecmm () me Gosiee dem cuérHa, TO B KadecTtBe F' Bcerja MOXKHO B3ATb He OoJiee dem
cuéTHBIC TTOAMHOXKecTBa. F = 2. B 3TOM cilyd4ae MOYKHO BOCIOJIB30BAThHCS CISTHON a[IUTHBHOCTHIO

MEpbI 1 TOr'Jla Mepa OIIpeaesInuTCdA Be3eC.

Onpedeaenue 2.2 (Yenosuas epositiocts). Ilyers B € F, P(B) > 0, rorna P(A|B) == £ 1(;?2])3 )

PopmyJia MOJHONW BEpOSTHOCTH, popMyJsia U TeopeMa bBaiieca BepHBI U TYyT T.K. OCHOBBIBAJIUCH B

JIMCKPETHOM MIPOCTPAHCTBE TOJBKO Ha ITOM (hpopmy.ie.

Onpedenenue 2.3 (HezaBucumsbre cobwrrust). P(A)P(B) = P(AN B).
Ay, Ay A, P(A)P(Ag) ... P(A,) = P(A1NAy...NA,)

Jtst GeCKOHEYHBIX TOCIe0BATEIbHOCTEN COOBITHI CKarKeM, 9TO OHU HE3aBHCUMBI, €CJIU JIFOOOM

KOHEYHBIMI HO,Z];H&60p HE3aBUCHUM.

JIemma (Bopens-Kanremm). Aj, Ay, ... — cobbitusi, B — cobbiTue "HACTYNHIO GECKOHEUHOE YHUCIIO

cobpiTuii u3 Ay, Ay.. ..
1. Ecm Y 07 | P(A,) < oo = P(B)=0.
2. Ecim Ay, A, ... HesaBucuMbI B cOBOKynHOcTH Uy, P(A,) = 400 to P(B) =1

HdokasareabcTBo. Hauném c nmonmmanus Toro, 4to Takoe B.

B = mzozl U;O:n Ak’

['naBa #2 5 u3 54 Aprop: IlIeenosa Anna



Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

[TosicHeHMe: YTO 3HAYUT IIPOU3OILIO OECKOHEIHOE YnCyI0 A;7 3HAYUT, MbI B3sIJIA KAKON-TO 3JIEMEHT,
. oo .
KOTODBIiT JIe2KUT B 6ecKoHedHOM uncie A;. 3uauur, B modoMm | J,_, Ay on Toxe snexxur. Ho Torna Taxoit

QJICMEHT JIE2KUT 1 B IIE€pEeCCYCHUN.

Ecan HeKOTOpBI 3/IeMEHT JiexKaJjl JIMIIb B KOHEYHOM d4mcje A;, TO, HauMHasg ¢ HEKOTOPOIo i B

O6'be,HI/IHeHI/Ie OH HE HOHa,H‘éT. TOF,IL& u B IIepecedeHue TozxKe.
o] oo
P(B> - P(nnzl Uk:n Ak)
U;ozn Ak BJIO2KEHDBI APYI' B APYyT'a KaK MHOXKECTBa, IIO9TOMY

PN, Ure, Ak) = lim P(U;2,, Ak) < lim Y 72 P(Ay) = 0 (B mepBbIX ABYX IepeXoqax BCIOMHU-

HAEM IIPO TO, 9TO P — 3T0 Mepa, B MOCJIEIHEM HOJIYyYaeM HOJIb T.K. XBOCT CXOJSIIErOCs Psijia).
[lepBorit myHKT M0Ka3aH. Bropoii.

Ecim Ay, As ... He3aBucumbl, Torga u A, A, ... He3aBuCcuMbBI. Torma

P (ﬁ AT) ~ P ((m] A_k> = I, P(Ay) — T2, P(Ay)

BameTnM, 9TO IepBasi CTPEJIOUKa TpedyeT KOHETHOCTH MEPhI IIPOCTPAHCTBA, KOTOPas y HAC KOHEU-

HO €CTb.

P(ﬁA_k>: i1 P(Ar) = IRZ, (1 - P(Ay))

() -+ {9+ 0

A Tenepb cobepém paBeHCTBO 1 OyJeM CYNTATh BCE HE C 1, a C n ¥ MOJyInuM, 9TO:

n=1k=n

Ocrasoch mousaTs, uro 1152, P(1 — P(Ag)) — 0

n—oo

[Tposorapudmupyem, u Beciomanm, ato In(1 —¢) < ¢.

(I, (1 = P(A4y))) = Y In(1 = P(4)) < = Y P(A)) = —o¢
O

Caedcmeue 3axon 0 u 1. Ecau A, A, ... HE3aBUCHMBIE B COBOKYIIHOCTHU cOObITHS, TO nin P(B) =

0 wmu P(B) = 1.

['naBa #2 6 u3 H4 Aprop: IlIeenosa Anna



Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

2.2. CayuaiiHad BeJIMYMWHA, pacrnpeelieHne, IJIOTHOCTh

Onpedeaerue 2.4 (Cuyuaitnas sesmunna). O6o3nagaor Kak &,1,( ...

910 npocto udMepumas pyukims : ) — R

Onpedenernue 2.5 (Pacupenesnenue ciayuaitnoit Besmaunbt £). A C R — 6opesieBckoe.
P:(A)=P(ecA)=PlweQ:{(w)e A
P(§) — BeposiTHOCTHAsI Mepa Ha OOPEIeBCKUX NMojMHOKecTBaxX R. (yIparkHeHue — HOHATH, 9TO 3TO

OJTHO U TO Ke)

3amevarue. [ljs orpenenienns Mepbl Ha OOPEIEBCKON 000JI0UKE JOCTATOYHO OIPEICIUTDh €€ Ha d9eii-

kax. Ha sigeiikax, B CBOIO OU€pe/ib, JOCTATOYHO OIPEJEJIUTh Mepy Ha JIydax
Onpedeaenue 2.6 (Pynkuus pacupenenenus ¢.B. §). Fe(z) == P(£ < x)

3amenanue. Pe((a,b]) = Pla < £ < b) = Fe(b) — Fe(a) = Dyukuus pacupemeeHus: OJHOIHATHO

3aa€T pacOpeiesieHue C.B.

Onpedeaenue 2.7. Coaydaiiuble BeauauHbl { U 1) OAUHAKOBAaCIpeneseHsl, eciu P = P, (pacmpene-

JIEHUST OJIMHAKOBBI).
3Bameuanue. T.e. ommHAKOBBI UX PYHKIMHU PACIIPEIC/ICHUS.
Cesoticmsa.

1. 0< Fe(z) < 1

Fe=P( <)

2. F¢ ne yOniBaeT

O‘IeBI/I,HHO n3 CTPOYKHU BLIIIC

3. lim Fe(z)=0m lim Fe(z)=1

T——00 Tr——+00

lim Fi() = P(N,(€ < 2.)) = P(@) = 0

lim Fe(x) = P(U, (€ < 2,) = P(Q) = 1

r—r-+00

4. F¢ nenpepbIBHA CIIpaBa

lim P(§ < @) = P((,2(§ < 7n)) = PE< 2)

Tn N\
5. Fepe(z) = Fe(x — )

Fevolt) = P(€+c <) = P€ v —¢) = Fe(w — )

['naBa #2 7 u3 54 Aprop: IlIeenosa Anna



Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

6. Foelz) = Fe(2), ¢ > 0
Fe(r) = P(c€ <x) = P({<2) = F¢(2)

3amevarue. Jliobas pyukmus F' : R — R, obmagaromas cBoiicrBaMu ¢ 2 110 4 — 3T0 (DYyHKIUs pacipe-

JeJIeHAs] HEKOTOPOH CIIy4YaiHON BEeJINYUHBI.

Onpedenerue 2.8 (Huckpernoe pacupesenenune). & : Q — {y1,ya,...} — He Gojee 4eM CYETHO. —

JAUCKPETHasA Cﬂy‘{af/iHaﬂ BeJIMYMHA.

Bameuanue. Kak ycTpoeHa BEpOATHOCTH JUCKPETHOI'O PACIPEIICCHUs !
Pe({z}) =0, ecm  # yj.
Pe(A)=P(eA) =2, caPE=ur)

A dyukiua pacupenenenns? Ilycts y; < yo < y3 < ..., Torga GYHKIMSA yCTPOEHA CTYEHEIKAMUT,

BBICOTBI KOTOPBIX — 3T0 BeposTHOocTH P (£ = ;). Hanpuwmep:

1 —
P1+P2+P3‘

P1+P2_‘ —
il

Ecnu me Tak, TO TaM OyayT KaKue-TO XaOTHUIECKUE CTYIIEeHbKU.

BoiBoz: pacupejiesieHne HOJMHOCTBIO onpegessiercs seuaunamu P = yg). > oo P(E =yi) = 1.
Onpedenenue 2.9 (Henpepoisuoe pacupenenenue). Vo € R P({z}) =0r1e. Ve € R P(( =2)=0.

Bamevanue. P =2) =P <z)— P <z)=Fe(x)— lim F¢(y)

Yy—T—

lim Fe(y) = Fe(x)

Yy—T—

T.€. HEIIPEPBIBHOE pacIpe/ieieHne = PacIpeie/ieHue, Y KOTOPbIX (DYHKIIMS Pacipeie/IeHus Helpe-

pBIBHA

IIpumep Mep3kuii npumep — KanTropoBa JjiectHuiia. Muorga, HecMoTpsi Ha TO, 9TO pacipe-
JieJieHre HEeIPEPbIBHO, MOTYT IMOJIyYaTbCs BeCbMa HelpUBJIeKaTeIbHbIe KapTUHKHU. gif ¢ mocTpoennem

9T0 HEKOTOpasi PYHKIIAS PACIIPeIe/ICHUSI.

Onpedeaerue 2.10 (AbcomoTHo HempepbiBHOE pacupegenenne). Ecmn cymecrsyer pe(t) — usmepn-

Masi (PyHKIHS T.4.

['naBa #2 8 u3 H4 Aprop: IlIeenosa Anna
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Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

Fe(z) = [* pe(t),pe : R =R

Pe(t) — MIOTHOCTD paCIIpe/Ie/IeHNUSI.

Ceoticmesa.

1. P(A)=P(( € A) = [, pe(t)dt

Pe(A) = [, pe(t)dt Bepra na ydax (—oo, z]. 3HaYUT BepHA Ha IOy NHTEPBaJIax (Kak Ha Da3HUIE

JIydeit).
Toryia 110 €MHCTBEHHOCTH IPOJIOJIZKEHKsI MEPhI HA TIOJIyHHTEPBAJIAaX, OHA BEpHA HA 6OPEIeBCKUX
MHOKECTBaX.
2. pe 2 0 mourn Besne.
A= {t : pe(t) < 0}. Torma U3 HpeabIIYIIErO CBOWCTBA
Pe(A) = f{t:pg(t)<0} pe(t)dt < 0, ecom

P(pe < 0) >0, H0 B TO )€ Bpems P(A) > 0 xak BepoaTHOCTB. IIpoTnBopeune.

3. Jppe(t)dt = 1.
Jepe(t)dt = lim Fe(z) — lim Fe(r) =1-0=1

U emg MOKHO JIoKa3aTh TaK: o pe(t)dt = Pe(R) =1
4. pe(t) = F{(t) mpu mouTn Beex t.

Ecnu nokaspiBajau B TeOpUM MEPHI, TO CM. TYJ/a, €CJIU HET, TO d €€ JIOKAa3bIBaTh He OYILy.

14.03.2018

2.3. IIpumMmepsbl BEPOATHOCTHBIX pacupeaesieHuin

IIpumep.

1. BunoMuaibHBIE pacIpeie/IeHusT
& ~ Binom(n, p)
(~ — ‘coryuaiiHas BeJIMYMHA C TAKUM PACIIPEICIEHIEM ")
O<p<l1l, neN

P& =k) = Ckp*(1 — p)"* — wucmo ycnexos B cxeme Bepmysmm

['naBa #2 9 u3 H4 Aprop: IlIeenosa Anna



Teopus BeposTHOCTE#H

Obriast Teopusi BEpOSITHOCTEI

2. Pacnpenenenne Ilyaccona
& ~ Poisson(\)
A>0
P(§ = k) = jre

3. T'eomeTpuueckoe
¢ ~ Geom(p)
O<p<l1
Pé=k)=p(l—prt k=12 .00

4. JTuckpeTHOe paBHOMEPHOE pacIpeiesieHne

E:Q = {yL, Y2, Yn}
P =y)=1/n

5. HenpepbiBHOE paBHOMEpPHOE PACIIPEICICHAE
¢ ~ Ula, b]
Pe(t) = p2alan(t)

6. Hopmasibroe pacmnpe/iesienue
£~ Na,0?)

ac€R, 0>0

pet) = e (-/20”

2no

6’. CranzapTHOEe HOPMAJILHOE PacIpee/eHre

§~N(©O,1)
pe(t) = e /2

Sameuanue. Ecmm v ~ N(0,1), T0 ov + a ~ N(a,o?)

Onpedenerue 2.11.

O(z) = \/LTW [ e 2t

®(0) =1/2P(c0) = 1/2 T.K. mHTErpaJ CAMMETPUYEH OTHOCUTEIHLHO ()
Oy (z) = \/Lz? Iy e P2t
upu x > 0 ®(z) = $o(z) +1/2

T'nasa #2 10 u3z 54

Aprop: IlIeenosa Anna



Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

npu x < 0 ®(z) =1/2 — Oo(—2)

IIpumep (mpoposnkenue).

7. DKCIOHEHIMAJIBHOE paCIpee/ieHne
£ ~ Exp(N)

pe(t) = Ae™ L 400 (1)

2.4. MHoromMepHbIEe pacnpeeseHus

Onpedenenue 2.12 (CoBmecTHOE (MHOTOMEPHOE) PACIPEEICHNE).
%

g — (€17§27"'7£n) () s R™

AeR, P?(A) = p(? €A

Bynem cuurars, uTo BeposTHOCTHasS Mepa P 3ajana Ha B" — 60pesieBcKux moaMuoxkectsax R”

3amevarue.
P? onpejendeT Mepbl P, Pe,, ..., P,
B CR, P, (B) = P?(B x R*1)

Ob6paTHOe HEBEPHO

IIpumep.
£1,& : Q — {0,1} ¢ paBHBIME BEPOSITHOCTSIMH.
%
Ecsin nopbpacbianus Hezapucumbl, 70 § = (£1,&2), TO 4eTbIpe PABHOBEPOSITHBIX MCXOJIA.

Eciu & = &, To nBa paBaoBeposiTHbix ucxoza (0,0) u (1,1).

Onpedenerue 2.13.
Cayuaitabie Beu4aunbt £, o, . . ., &, HE3ABUCUMBI, €CJIN

VA, As, ..., A, € R 6openesckux cobbrtust {&1 € A1}, {& € As}, ..., {&, € A,} — He3aBucuMbI

Teopema 2.1.
&1,8,...,&, — HE3aBUCUMbBI < P? = Q) _, P, (upoussenenue mep)
JdokazaresabCcTBO.
%
P2(A1®A® - @A) =P(§ €AIRA® - Q4=
= P(gl € A17€2 € A27 cee agn € ATL) = HZ:l P(gk’ € Ak) = HZ:l Pfk (Ak) u

TaK KaK He3aBHC.
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Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

Onpedeaerue 2.14 (CoBmecrrasi (MHOroMepHasi) (DYHKIWS PACIPEIEICHNs).

F?(arl,:vg,...,mn):P(ﬁl<x1,§2<x2,...,5n Tn)

Onpedenenue 2.15 (CoBMecTHAs IUIOTHOCTH PACIIPE/ICICHS ).
p?(tl,tg, ooy ty), T
F?(xl,xg,...,xn) = [ T pe(ty ta, ts, .ty dE, L disdtadly

(nmTerpas o n-mepuoit mepe Jlebera)

Caedecmesue.

&1,&, ... &, — HE3ABUCUMBI & F?(xl, Toy ..., &) = Fe (x1)Fe,(22) ... Fy, ()

,Z[OKa3aTeJIbCTBO.
i P?((_OOVTI] X X (_007'1:71]) = HZ:l P§k<_oo7xk} = HZ:l Fﬁk ($k>

‘<" QyHKIMS pacrpeaesieHns OJHO3HAYHO OlpeiesisieT Mepy Ha d4ueilKax = Be3Jie. ]

Caedcmeue. £1,&s,...&, — abCOTIOTHO HENIPEPBIBHBIE C.B.

£1,&, ... &, — HE3ABUCUMBI < p?(tl, to, .. tn) = Pe, (t1)pe, (22) . . e, (T0).

HdokazareabcTBo. 110 abcoi0THOI HETPEPBIBHOCTH MbI 3HAEM, 9TO Y (DYHKINI pacipeie/ieHus eCTh

[IPOU3BOIHAS, OHA YK€ TJIOTHOCTh. 3HAYUT, MPonddepeHIiupyeM ux u Moy YuM PaBeHCTBO BbIie. [

2.5. CBépTKu mMep

Onpedenerue 2.16 (CBépTKa Mep). [t U V — KOHEeYHbIe Mepbl Ha OOPEIeBCKUX MOJAMHOXKecTBaxX R.

Ceéprra mep (u* v)(A) = [ (A —z)dv(z)

(A — x) — 9710 cBuUr MHOXKecTBa A Ha T BJIEBO HA TPSIMOIL.

Cesoticmesa.

L (pxv)(A) = [ La(z + y)du(y)dv(z)

Jloka3aTesbCcTBO.

(nxv)(A) = [pu(A—2z)dv(z) = [; g La—a(W)du(y)dv(z) = [ [z Laly + 2)dp(y)dv(z)

[TepBoIit IEpEx0O — OIpee/IeHrne HHTerpaJja 1mo Mepe, BTopoit —y € A —x < y+x € A [

2. (ax po ek i) (A) = [u Lal@r + -+ 2p)dpa (21) - pr(0)
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Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

3. uxv=v*xp

4o (pa * pro) * p = % (pig * p3)
5. cuxv=c(u*v)
6. (1 + o) *xv =1 %V ~+ g *v
7. 0, — Mepa, COCTOAIMAs U3 eJIMHUIHON HATPY3KU B TOUKE 1.
px 0 = p
HoxkazarenbcrBo. (0g * p1)(A) = [ 00(A —z)du(z) = [ La(z)du(z) = p(A) O

Teopema 2.2.

Bazkabrit 9acTHBIN cirydail — Mepa C MJIOTHOCTAMUA
j4 UMEET IJIOTHOCTD Py,

V uMeeT IIJIOTHOCTDL Py,

= 1% v umeer mnoTHOCTS p(t) = [o pu(t — s)p,(s)ds — céprka bynxuumit p, u p,

doka3aTeabCTBO.
(1 xv)(A) = fA Jgu(t — s)p(s)dsdt
Ja Jepult v(s)dsdt = [0 La(t)pp(t — s)py(s)dsdt =

u=t—s,du=dt
= Joo Tal+ Spu () (s)duds = [ 1ae+)du()dvly) = (uxv)(A)

Hpe,ZLHOC.He,ZLHI/If/'I nepexo: ImoToMy 49TO MHTErpaJl 1o Mepe — 93TO AOMHO2KHUTH Ha IIJIOTHOCTH U IIPOMH-

rerpupoBaTh 06br9HbIM 06pasoM. (TODO: ITousTs 310) O

Teopema 2.3 (0 pacupejiejieHUN CyMMbI HE3aBUCUMBIX C.B.).

§ u 1) — He3aBUCUMBIE C.B. = Pri, = P * P,

HokaszareabctBo. A C R

(E,neBCRE+neA
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Teopus BeposTHOCTE#H Obriast Teopusi BEpOSITHOCTEI

Pepn(A)=P(E+neA)=P((&,n) € B) = [po1p(x,y)dPe,(x,y) =

= Jre Ta(z +y)dPey(zy) = oo Jeo La(z + y)dPe(x)dP,(y)

IIpumep.

1. Ceéprka C IUCKPETHBIM PaCIpe/Ie/IeHIeM
V= zpk52k7 P > 0
(nxv)(A) = [pu(A = 2)dv(z) =3 pri(A — )

2. & ~ Poisson(\1), & ~ Poisson(\y) — HE3aBUCUMBI

00 A’Z"e_b
P§2 k=0 — &I 5k
2R

oo ke
Pove,({n}) = Poy x Po,({n}) = 2200 5 Tommr =

o MeheapTRemM 4 1 v kykyn—k _ 1 n—(Ai+As
= Zk:O_ %! m—kp € ' szzo CpAsAi ™" = mO‘l + )‘2> e )

Bameuanue. P& +& =n) =Y P& =k&=n—k) =, PG =kP&E=n—k)nu

HO/ICTABUTD
Yupaxkueume. 1. & u & ~ Exp(l) naiitu pacupesenenne & + &
2. &~ N(ar,01), & ~Nlaz,03) = & + & ~ N(ar + az, 07 + 03)

21.03.2018
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

3. Martemarndeckoe o>XuJIaHUe

Onpedenenue 3.1. (Maremarudeckoe oxkuganue) & : 2 — R — coyuaiinas Beaumauna

Ee = [, &(w)dP(w) — Maremaruyeckoe OKujanue (€C/M TAKOH MHTErpasl CylmecTBYeT)

3amevarue. Ecam ciayudaiiHas BeIndmHA HEOTPHUIIATEIbHA, TO TAKON MHTErpaJl BCErla CyIIeCTBYeT
(T.K. ¢.B. —9T0 u3MepuMas DyHKIus ). Eciin ke oHa MeHsIeT 3HAK, HEOOXOIMMO, YTOOBI OTPUIATEIbHAS

1 IIOJIOZKHMTEJIbHadA COCTaBJIAIOIINE HE ObLIM OECKOHEYHOCTAMU OIHOBPEMEHHO.

3amevanue. T.K. BEpOSITHOCTHASI MEPA HA BCEM MPOCTPAHCTBE ANHUYIKA, TO TAKOH MHTErpaJj — 3TO B
TOYHOCTH CpeJiHee 3HaUeHUe CIydaiitHoii Besuanubl. (B moMorib K 0CO3HAHUIO: TIpejicTaBbTe cebe s
HaJaJja JUCKPETHYIO BEPOSITHOCTD. Toraa MaTOXUIaHUE, KaK W OXKUIAETCs, OyAeT BBIIJISIIETh POBHO

KaK CyMMa [IPOM3BEeJICHNIT 3HAYECHWIT Ha UX BEPOSITHOCTH).

Ceoticmesa.

1. E§<—0—OO <~ Em < 400

3uadem u3 teopuu Mepbl TODO: OTkyna nmeHHO
2. Eoetrpy = aE¢ + pE, (JIuneitnocts uHTErpasa mo Mepe)

3. £ > 0 ¢ Bepoarnoctbio 1 = £ > 0

N3mepumas pyHKIms OoJIbIe HyJIS MOYTH Be3ze. Torjaa u mHTerpasI 1o Heil HeOTPUIATe TbHbBIHI

4. £ > n ¢ BepoaTHOoCcTRIO 1 = Fe > E

Amnajiornuno, ofiHa uzmMepuMas GyHKIUSA TOUYTH Be3Jjle He MeHbIIe JIPyToil
5. E¢ = [pxdP:(z) (Cnenyer us 6)

6. Ecomm &,6, ..., — c.B

f:R" = R u3mepumMo oTHOCHTETIHLHO DOPEIEBCKOI o-areOpbl

Torna Efe, ¢,..60) = f[Rn f(x1,29, ..., 20)dPe, ¢y 6, (X122, ... Ty)
B wacrnocru, Eye) = [i, f(x)dPe(x).

JlokazaTeabCTBO.
ITar 1
f=1a

EJ]-A(SI,&QV--»&W) = fQ 51 (w)7 52(7“0)7 s 7€n(w)dp(w> =
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

DTO MPOCTO Mepa TOYEK, B KOTOPHIX XapaKTepucTuiecKas (DYHKIUs eINHUATIA.

= P((&1.82, - 6n) € A) = Peygy, 60 (A) = [pa 1dPe g, .,

IMTar 2

Jts mpocThIX (PYHKIWI Cpa3y MOJYYIUIA BCE TIO JIMHEHHOCTHU

[Iar 3
f = 0. Bepém {¢x} — npocreie, kKoropbie N f
f[Rn Oe(@1,2, . Tn) AP 5. (X120, - T0) = By (61 60,60) =
= Jo Ou(&i(w), & (w), ..., &a(w))dP(w)
[Mepeiiném K TpeAesy O MOHOTOHHON TIOCIEIOBATENILHOCTH Qp e f (rak MoxHO 1O
reopeme Bermrmo-JleBu)
Torma
Jrn Or(@1,22, .. @0)APe gy e (T1,T2, - ) = fpn [(T1,22, - 20)dPe gy e, (T1,20, - - - T0)
Jo ou(&(w), &2(w), ..., &u(w))dP(w) — [ f(&1(w), &(w), . .. &a(w))dP(w)
Iar 4
f=Ts=J-

7. Ecm § n n nezaBucumsl, 10 Eey = Fe B,
Ecma &,&s, .. . &, He3aBuCUMBI, TO Ee ¢, ¢ = Fe By, ... Ee,

(Ecam BCe 9TM MHTErpaJsbl CymecTByIOT, KOHETHO)

Jloka3aresbCcTBO.

flxy,xe, .. x,) = 2129 ... Ty

E(€17§2a s 7§n) = f[Rn I1x2 ... mndpﬁh&,...,fn(l‘l)x% cee 7xn) =

MpbI 3HaeM, 9TO Mepa HE3aBUCUMBIX C.B. — IPOU3BEIEHIE Mep 10 KarKJI0i KOOpIUuHATE

= [ T122 ... T dPe, (1) Pey(22) . . . P, = J - g 1P (21) 22 Py (22) . . 2 d Py, (2,) =

o 1. Toresm

Jg- Jg BawaPe(2) . wndPe, (vn) = Eg, [g- - [gw2Pe(22) . wnd Py, (2n) = B, B, .. Eg,
(TODO: 180321: 19:25 - 20:30, 21:40 - 22:00 naércsi aKKypaTHOe OObBICHEHUE TOMY, TOYEMY

HOCJIeIHUE TIEPEXOJIbl JIeJIATh KOPPEKTHO, s HAX0XKYCh B Iporiecce GOpMYIMPOBKH ) ]

8. Ecm € >0, 10 B = [ P(§ > t)dt

Brina B Teopun mepnl. Hazbiasacs maTerpasom mo pyHKIUN PACIIPEIeICHUS

1 1
9. Ejgy < (Elgp)? (Blga) e, 5 +5=1,0.4>0

HepaBeHCTBO Fénb,ﬂ,epa KaK OHO €CTb /IJIgd MHTErpaJioB 110 MEpe.
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

10. Ecm 0 <r < s, TO (EW)% < (EK"S)% (mepasencTBo JIamyHoBa)

Jloka3zaTeabCcTBO.

3aMeTuM, 9TO JIOCTATOYHO MIPOBEPUTH HEPABEHCTBO it 7 = 1:
E = ‘5’1’7 EE < (Egiﬁ

IIpoepum mjst r = 1.

bBepém p = s > 1 u coorBercTByItomee q. 1 = 1. Torna o nepaencTBy ['€mbaepa:

1

1
E: < <E|£|s)é(E|n‘q)E = (Ejgs)5 T.K. MATOXKUJIQHUE €JIMHUIIBI — STO CJIMHUIIA. O
3ameuanue. F¢, = EcF, 6e3 He3aBICUMOCTU HEBEPHO

IIpumep.

£: Q= {£1}, P(=-1)=P(E=+1) =4
Ee=1-1+(-1)-3=0

=& n=g=1

Eey=1#0=E:E,

Onpedenenue 3.2 (Meguana).
E:Q—=R

N =

Menmana £ — 310 Takoe umucio a € R, aro BeposTHOCTB TOTO, uTo P(§ > a) > 3 1 P(£ < a) >

3amevanue. Takoe a MoxkeT ObITH He eIMHCTBeHHO. Hampumep, i mpuMepa BbIITe JTI000€e YHCI0 U3

[—1,1] sBsiercst MeuAHOIA.

IIpumep.

Ectp 1000 uesoBex.

999 u3 nux noxyyaer 10008, a ux magagapauk 1000000$

Kakast cpennsist 3apriata ¢ TOYKU 3PEHMST MATOXKUTAHMS ]

Ee = % - 1000 + ﬁ - 1000000 = 1999

A ecim mocuntars menmany? Memguanoit 6ymer 1000 T.K. ecyin B3ATb MEHBINE, TO BCE 3apILIAThI Oy-

ayT OOJIbINE, €CJTU B3ATh OOJIBINIE, TO BEPOATHOCTDH IMOJIYYUTh 3apILIATy OOJIbINEe MeIUAHBI CJIUITKOM

MaJICHbKadd.

OTa 3a/1a9a UTIOCTPUPYET, ITO eCIU HAC MHTEPEeCyeT KOPPEKTHAs CPeTHsIs 3alljIaTa, TO MPABUIhb-

Hee CYMTATh MeJMaHy. B 1esioM, BO MHOIMX CTpaHax Tak u jejaior (e B Poccun)...

Onpedenenue 3.3 (ducnepcus).
D¢ = E(§ — E¢)?

,H.TIH TOro, 4TOOBI cymecCTBOBaJla JUCIIEPCHULA 00g3aTeJIbHO HY2KHO, 4TOOBI CymeCTBOBaJIO KOHEYHOE
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

MaTeMaTHn4eCKOe OKUJaHUe.

Ceoticmasa.
1. D¢ = Ee2 — (E5)2

HokazarenbcTBo. D¢ = E¢ g2 = Ee oep (5,2 = Fee — 2E¢Ee + E(p 2 =
E( E¢)2 — 9TO MATOXKMJIAHIE OT KOHCTAHTBI, OHO PABHO 9TON CaMOW KOHCTAHTE

= Eg — 2(E¢)* + (E¢)? = Egz — (E¢)” O
2. D¢ > 0 kak uHTerpaJl oT HeOTPUIATeIbHON (DyHKIUN

3. Ecmn D¢ = 0, To § = const ¢ BepoaTHOCTBIO 1.

JokazaresbcTBo. E g, )2 = 0. DTO 3HAYUT, YTO UHTErPAJI HEOTPHUIIATEIbHOM (DYHKIUN paBeH
HYJTIO. DTO 3HAYUT, 9TO (PYHKIUS PABHA HYJIIO TIOYTH Be3/e. Ha s13bIKe BEpOSTHOCTEH 9TO 3HAYNT,

4TO (PYHKIUS PABHA HYJIIO C HYJIEBON BEPOATHOCTHIO.

T. e £ — E¢ = 0 c BepoarHocteio 1. Benomnum, uro Ee — aro xoncranTa. Ilosmydmiu, grto

& = const ¢ BepOATHOCTBHIO 1. 0

HokazarenbctBo. Eey  =c+E = —FE=(+¢)—Eeye=6+c—Ee—¢ O
5. ch = C2D5

ﬂOKaBaTeJIbCTBO. ch = E(c{—Ecg)Q = E(C(E—E&))Q = C2E(§_E€)2 Il

6. D(=&) = D(§) (Cnenyer usz Toro, uro (—1)* =1)

7. Ecmu £, n nesasucumsl, 10 Dy, = De + D,

doka3aresbcTBO. E(n+§)2 = E§2+2€U+772 = E£2 + 2E¢, + En2 = Ef? + 2B By, + Enz
[Tocmorpum Teneps Ha (B, ¢)? = (Ee + E,)? = (E¢)? + 2E¢E, + (E,)?
Io nepsomy cBoiictBy, Dyye = Eyiez — (Eyge)® =

— B+ 2B:E, + E,p — (Be)? + 2E¢E, + (E,)?) = Be> — (Be)* + B2 — (E,)* = D¢ + D, O

8. Elﬁ—Ed < VD

HoxkazarenbcrBo. Ilo nepasencrsy Jlanynosa, r = 1,5 = 2,£ = | — E| O]
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

Teopema 3.1 (Hepasencrso Yebniména (Mapkosa)).

t,p>0= R(E| > 1) < 2er

JdokazaTeabCcTBO. Y HAC OHO yKe ObLIO, TOJTBKO BMECTO MAaTOXKHUJIAHUS OBLT MHTErPAJI. Il

D¢

Caedcmeue. P(|§ — E¢| >1t) < 7.

HokazarenbcTBo. B nepasencrso Yebnimésa namumem § — Ee BMecTo §, a BMecTo p Hanumem 2. [

IIpumep.

1. €~ U0, 1]
B¢ = [gxdPe(x) =.
B namewm ciyuae P¢(z) — aTo Mmepa Jlebera na [0, 1]. Torma
1

_rl _ 22| _
—foxdx—7 -
0

Eex = [ a?dPe(x) = fol ridr =

D¢=Ep — (E)* =3 - (3)° =

1
2

2. £ ~Ula,b.
&= (b—a)n+a,rnen~U0,1].
Ee=Epayra=(b—a)E,+a=(b—a)s +1=122

b—a)?
D¢ = Dy—ayy +a = Do)y = (b—a)’D, = %

3. £~ N(0,1)
Ee = f[Rng(x) = fue x\/%—ﬂe’mzmdm = 0 1.K. HeUéTHAS P-o.

Ee = [ xz\/%e_ﬁ/zda: = \/Lz? [o(—z)d(e="/?) = —\/% Jpe @ RPd(—x) =1

4. £ ~ Na,o?)
E=on+a, rmen~N(0,1)
Ee=FE.;pq=0E,+a=a
D¢ = Dyyio = Doy = 0°D,) = 0

IIpumep HezaBucumoe MHO>kecTBO B rpade.

G = (V,E) — rpad, n Bepmmn u ¢ pébep ns d > 1

n
Torma B rpade MOKHO BbIOpATh aHTUKJIMKY pa3Mmepa 5.
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

HokazarenbcTBo. Boibepem nekoTopsiit napamerp p € [0, 1]
Bynem 6pars ciaygaitnoe MmuO)KecTBO BepriuH S: P(s € §) =p
Pacemorpum moarpad Ha S.

Eciu {z,y} € E, To0

1 ecmz,yeSs

gxy -
0 wuHauge
6 = Z{x,y}EE gxy
Ee = Z:{m,y}eE Be,, = %iPQ
Ecmv eV, to
1 ecmoveds
Ny =

0 wuHaye

n= Evevn”
E77 - ZUGVE v — PN

ndp?
2

Eye=pn —
[Tporre ToBOpst, MBI TOJIBKO YTO BBEJIM BEJTMYUHBI KOJUIECTB BEPIIUH 1 PEGED B CIIyYailHOM MHO-

JKecTBe S.

Bribepem Takoe p, 9TOObI BhIpayKEHUE BBIIIE UMEJI0 MAKCUMAJIbHOE 3HAUEHUE

=

p=3
E, ¢ = %l'

n

Ecmn cpennee snavenue pasuo o5,

n
TO CyIECTBYET MHO-BO S, /i KOTOpOro 1 — & > 55. Bemauna
.. n
17 — & — 9T0 KOJMYECTBO BEPIIUH MUHYC KOJUYeCTBO pébep (st S oHa > Zi)' Buyrpu MHOXKeECTBa
S ecTb CKOJIBKO PEGED M CKOJIBKO-TO BepinwH. JlaBaiite s Kaxk10ro pebpa B S BBIKMHEM KaKyHO-TO
. n
onny sepmuny. Torga péoep He ocrameTcsd, a BepIIUH OyeT XOTa Obl 5;. M ocTaBmmecs BepIIMHBI

Oy/yT 00pa30BBIBATH HE3ABUCUMOE MHOXKECTBO. O]

3ameuarue. OOBITHO C TOMOIIBIO JAHHOIO MOJICYETA MATOXKUIAHUS MOXKHO MHOTOE OTHOCHUTETBHO
TOYHO TOHSATH O KOMOMHATOPHBIX OOBbEKTaX C HEM3BECTHOU cTpykTypoit. Tak, mjasa mpumepa Bbiiie,
OYEBUJIHO, YTO JETEPMUHUPOBAHHBIM aJITOPUTMOM MOYKHO BBIOpATH HE3aBUCUMOE MHOYKECTBO TIOJTY Y-

me. Ho IIOPAJ0K BEJIMYNHDBI O9€Hb 9aCTO OKa3bIBa€TCd BECbMa TOYHBIM.

28.03.2018
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Teopus BeposTHOCTE#H MaremaTuiueckoe OXKUTaHUE

3amevwanue. Mpbl 3naem, uto e = f[R rdPe(z). Kak Gyzer BbIrsaners sra GopMysia, €CIu Mbl 9TO-

HUOY/Ib 3HAEM O PACIIPE/Ie/ICHUN !

1. P; — nuckpernas Mepa.

E:Q—={y1,y2,...}
Torpa Fe = 220:1 P (€ = k)

2. P — abCOJIIOTHO HeIpepbIBHA, T.€. €CTh IIOTHOCTD P (1)

Torna Ee = [ ape(x)dx

3.1. Koppeasiiiusa u KoBapualus

Onpedenenue 3.4 (Kosapuarus).

n,§ — ¢.B. Takue, 4T0 Fe2 < 400, K < 400
cov(§,n) = E((§ — E¢)(n — Ey))

Ceoticmesa.
1. cou(,€) = D

2. cov(&,n) = E(&n) — E¢E,
HoxkazarenbcrBo. cov(é,n) = E(&n — B, —nE: + E:E,)) = E(&n) — E¢E, — E, Ec + E:E, [
3. Eciu & u n mesasucumsl, 10 cov(&,n) =0

HokazaTrenbcTBo. [ljia He3aBUCUMBIX 1) U § BepHO, 4T0 K¢, = E¢F,. I cMm. mysKT BRlme [

4. cov(& + &2,m) = cov(&r,m) + cov(&a,m)
cov(c€,n) = c- cov(&,n)

5. cov(&,n) = cov(n,§)

6. D(&+n) = DE+ Dn+ 2cov(€,n)
DY iy &r) = > ny D& +2 > ek c00(&i5 &)

okazareabcTBo. HIyKIn.

Baza n = 2.

D(§+n) = E(§+n)* — (E(§ +n))* = E(§ + 260 +n?) — (E§)? — 2EEn — (En)?
[Tepexon n — n + 1
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D(ZZZ% &) =D i1 &+ &nv1) = D" &) + Dt + 2c0v(d oy &ky Entr) =
= Zzzl D¢, + 2 Zi<kgn cov(&i, §k) + DEpyr +2 ZZ;l cov &k, Entr) [

10 MHJI. U JIMHEHH.

3amevanue. cov(€,n) =0 % £ 1 1) HE3ABUCUMBIL.

lokazaresbCcTBO.
§(w) = cos(w)

n(w) = sin(w)
Q={0,7/2,7}

_ cosO+4cosm/2+cosm
Ee = : =0

5’/7 =0= EETI =0
E:E,=0= cov({,n) =0
Ho mer meszasucumocTu:

PE=1)Pln=1)=1-L #PE=11=1)=0 m

Onpedeaenue 3.5 (Kosdpdurmenr koppessium).

p(€> 77) = —\/COD_U;&??_I))U

Cayuaiieble BeJIMIUHBI He KOppesupytor, ecau cov(§,n) = 0

3amevarue.

p(&,n) € [—1,1] r.x. no mepasencrBy Kommu-Bynskosckoro:

|E(¢ — E¢)(n— En)| < /E( — E€)?\/E(n — En)?

3ameuwanue. Paccmorpum Eez, E,» < +00

Torza Ha TPOCTPAHCTBE TAKMX BEJUYMH (C KOHEYHBIM MATOXKWJIAHUEM KBaJpaTa), TOMaKTOPH30-

BaHHBIX II0 KOHCTaHT€, MO2KHO OIIPEAC/INTL CKaJIAPHOE IITPOU3BECACHUC!

(€,m) = cov(§,n)

D¢ — HOpMa B TaKOM HPOCTPAHCTBE (HA3BIBAETCs CTAHIAPTHBIM OTKJIOHEHHUEM O
£

DakTOp 0 KOHCTAHTE HYKEH JJIST TOTr0, YTOObI COOJIIOAIOCH CBOCTBO: (€,£) =0 <= £ =0

IIpumep. Q:={1,2,3,...,n}
v(k) := KOJIMIeCTBO PA3JUIHBIX IPOCTHIX B PA3JIOKEHUN K.

A Temepb cMOTPUM HA TEOPEMY HUKE:

Teopema 3.2 (Xapau-Pamanymxana).

w(n) — +oo
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Torna P(|v(k) —Inlnn| > w(n)VInlnn) — 0 npu n — 400

oxkazareabcTBo. Typan, 1935

1, ecom plk
3/ech p — IPOCTOE YUCIIO, & HE IIOTHOCTB. &,(k) =

0, eciiu pt k
M = n
§ = Zpeu:, p<M &p
9710 mouTu Bce jesmTenn n. He ydarensl Tosbko Te, Koropble bosbiie M. Ckombko Takux! He
Gosbmre 10 T.K. KaxK/I0e U3 HUX He MeHbIIe /7.
0 <wv(k)—&(k) <10

[TosTomy nOKa3bIBATH TEOPEMY YTO JUIA ¥V, 9TO JJjid & O€3 Pa3HUIIbI.

P(l¢ —Inlnn| > w(n)vInlnn) — 0

1

n"

E&p — 9TO KOJIMIECTBO YHCEJI, KOTOPbIC AECJIATCA Ha P, KazKI10€ U3 HUX C BEPOATHOCTBIO

B, = ool nlet00) _ 1 1 01/

P n

Ee = ZPGP’ vt Be, = Zpe[P, p<M 1/p+O(M/n) = Inln M + O(1) =Inlnn + O(1)

3. 0OpATHBIX K IIPOCTHIM

IMosy4nmm, 9T0 B JIEBOI YaCTH HEPABEHCTBA HAIIMCAHO HpakTudecku |§ — Egl.

D¢ = ZpE[P, p<M D¢, + 2 Zp, q€P, p<q<M cov(&p, &)

De, = Egz — (Eg,)” Ee, — (Ee,)* =1/p+O(1/n) — 1/p* + O(1/n)

.. £{p=0|1

[5g) _ In/p] In/d]
cov(&,, =F —FE:. E = e [n/pln/gl
(£P &1) (gpgq) ey €bg=l = (o)l ™ " -
pg L n/pn
cov(&p, &q) = %—#% = piq—%—%% = _%
23 cov(§,, &) =~ = V1 = O(1)
n (2—1)(2—1)
conly ) < B - BED = s - <G )

2 Z COU(Spa Sq) < % qupe[ﬁp;éq(;l; + %)
1

CKOJIBKO pa3 Mbl TOCUYUTAEM 1%? C kaxmoit 2 1o pasy. To ecTb He OoJbIlle, YeM KOJHYECTBO

IIPOCTBIX.
230 c00(E &) < & Lyperpraly +1) S 20M Cpcrsper § = 27050 = O(1)
COUSprSe) S 5 q,pEP,p#q\p qg/ X “n p<M,peP p n

D£ = ZpE[P, p<M Dép +2 Zp, qeP, p<q<M COU(€P7 étI) = Zng,peP<117 - #) + O(l)

Psan u3 obpaTHBIX KBaJpaTOB CXOAUTCH, 3HAYUT, OHU TOXKe HAOEpyT He OOJIbIlle, YeM KOHCTAHTY,

nostoxuM - B O(1)
P

De=3" 1+ 0(1)=Inlnn+ O(1)

p<M,peP p
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1

. D
Hepasencrso Yeonmmésa: P(|€ — E¢| > A\/Dy) < W = 5z, L1

A =w(n)

Es=Inlnn+ O(1)

/Dt =VInlnn + O(1)

[Touemy O(1) moxuo crepers? [ToTomy uro A — 310 MmITYKa cTpeMsimmasics K +oo. [losromy eciu

creperb O(1) B JeBoit yacTu, T0 HyKHO OyjeT npubaBuTh B npaBoii. Ho 0HO monagér Tymaa caMo T.K.

O(1) — 970 HEYTO OrpaHUYEHHOE, & A\ CTPEMUTCS K GECKOHEYHOCTH. O

Onpedenerue 3.6. k-it momeHT

Ee¢r — k-it MOMeHT cirydaifiHON BeJmIuHbI §

Fa = [y adPy(x)

3amevarue. Ilob3a UxX B TOM, 9YTO MHOTHE TE€OPEMBI B (DOPMYJIUPOBKE TPeOyIOT, 4TOOBI KaKO#-TO
MOMEHT ObLT KOHeUYeH. A eré Hampumep, HepaBeHCTBO JISIyHOBa TOBOPUT O TOM, 9TO €CJIU KOHEYEeH

MOMEHT KaKOI'0-TO IIOpdadKa, TO MOMEHTBLI BCEX IIOPAAKOB MEHbIIE TO2KE KOHEYHDI.

Onpedeaerue 3.7.
E|¢ — E¢|* — k-it neHTpaabHbI MOMEHT

D¢ — BTOpPOIi IIEHTPAJIbHBII MOMEHT

3.2. CxXoamMOCTh CJIy4YallHBIX BEJIWYUH U 3aKOH OOJIBINUX YHCEeJI

Onpedeaerue 3.8. £,,£: Q — R

1. &, cxomures K £ nouTu HaBepHOe (= ¢ BepoaTHOCTBIO 1), ecsim P(w € Q@ lim &, (w) = &(w)) =1
n—oo
2. &, cxomures K £ B cpegneM nopsiaka r > 0, ecom ElE, — & — 0 npu n — oo

3. &, cxomuTed K £ IO BEPOSITHOCTH

Ve >0 P(|& — & >¢) = 0 mpu n — o0

4. &, cxomuTed K £ IO paCIpeIe/IeHIIO

Fe, cxommures k Fy BO Bcex Todkax HempepeiBHOcTH Fr. (~ Teopema Myaspa-J/lammaca)
3ameuarue. Ceasp mexy cxomumoctamu TODO: [Beraurars gokazarennersal

1 = 3 Teopema Jlebera
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MaremaTudaeckoe oxxumanne

3 # 1 ObLT IpuUMep

2=3 P&, — & >e)=P(|& —&|" > €") < EK“ £ 0 (Hepasecrso Yebpiména)

1 # 2 (a3nauur, u 3 % 2 T.K. U3 1 = 3 U MbI HOJIYYUM TIPUMED, Ije 3, HO He 2)

Q=10,1]
&= nt/ "Lio,1/n) — § = 0 cxXomuTCA TOYTH HaBEpHOE

Ho Eer = E(n]l[()’l/n]) =1-»0

2% 1 (a3smaunr 3 % 1)
Konrpnpumep: &, i = Ljg/n,(k+1)/n]

BE, =1/n" =0

3 = 4 Ilyctp F; menpepblBHA B TOYKE .

{&n>a} D{E>a+epn{lén ¢ <el}

P, >x) > P(...)
{&o<a}c{é<a+etu{l&—¢ =<}

Fe,(2) < Fe(z +¢) + P(|6n — €] > ¢)

Tim Fe, (7) < Fe(xe) + im P(|g, — €| > ) = Fe(a.)
{&n <z} D{{<o—epn{lén ¢l <e}
{&n>af C{E>w—cU{lén — €[ > ¢}

1= Fe(2) 1= Fe(r—e) + P(|& =&l = ¢)
Fe,(2) 2 Fe(x —¢) = P(|6n — €| = ¢)

Fe(w +¢) > limy o0 Fe, (2) 2> lim, |, Fe, () > Fe(v — ) — Fe(2)

Fe(z+¢) = Fe(x) upue — 0

4 # 3 HekoppekTHa Takas ITOCTaHOBKA BOIIPOCA
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3.3. 3akKoH DOJbIIINX YuceJI

Teopema 3.3. &1,&, &3, ... TOIAPHO HE3ABUCUMBI
sup,, Dfn < +00, Sn = £1+€2+ cee +€n
Torna P(|% — E(Sn—”)| >t) — 0

n—oo

HokazareabcTtBo. HepasencrBo YebOniména:

2 T o932 = 272
t nte k. cov=0 n-t

Hy a T.x. qucriepcum orpanuyensbl, TO

22:1 ng cn c
n2t2 < n2Z — ne2 =0 u

3ameyarue. YTBEPKJIEHNUS TAKOTO COPTA HA3BIBAIOTCS 3aKOHOM OOJIBINMUAX Yncesl. A MMEHHO: Ha OECKO-
HEYHOCTHU BEPOATHOCTH CPETHETO 3HAUYEHUS CUJIBHO OTJINYATHCA OT MATOXKUJIAHNA CPETHETO 3HAYEHUS

CTPeMUTCH y HYJIO.

Caedcmeue 3axon b6oavwuxr wucea 8 gpopme Hebviwuésa.
&1,&, ... — HE3ABUCHUMbBIE OJIMHAKOBO PACIPE/IJIEHHbIE C.B.

o 2. _ —
a = E&, g” = D£17 Sn = €1+€2+ e +§n

Torza P(|%> —al >t) = 0

HdokazaresabcTBo. T.K. Bce BeJIMYNHBI OJUHAKOBO PACIIPE/IE/ICHBI, TO MATOXKUJIAHUE U JIUCIEPCULA Y

nk
HUX y BCEX OlMHaKoBble. SnHaunt, F(%2) = -5 = ¢, O
) n n

Caedcmeue 3BY9 dasn cremwv, Bepryaau.
P — BEPOSITHOCTD ycIiexa B cxeme bepHysuin.

Torza P(|%2 —p| > 1) =0

HokazaTenbcTBo. Boobuie, 3T0 YacTHBII ciIyyait Ipepliylero ciaejacTsusd. e = p. Il

Teopema 3.4 (Vcunennsiit 3BY). &1, &y, ... — HE3aBUCUMBIE CIIyYailHbIE BEJUIMHBDI.
El&, — Eg |' < C, S, = &+&+ ..+,

Torna % - F % — 0 mouTH! HaBEPHOE.

JokazaTrenbcTBo. §, = {; — F¢, — BCE elé He3aBUCUMBI T.K. MBI U3 KaxKJI0# IPOCTO BBIYJIM KOH-
CTaHTY.
E— =0, a0 nokasarb, 4TO Stlotten s () gourn HaBEPHOE.

k n

Bynem cuurars, uro Ee, = 0Vk.

A, = {|22| > €} — BOT TaKOe MHOXKECTBO COOBITHIL
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Kak ycrpoeno muHO)ecTBO {w}, Ha KOTOPBIX HET CTPEMJICHUS K HYJII0? DTO POBHO Te W, KOTODbIE
MOy T B OECKOHETHOE KOJINIecTBO A,

A=, U, Ax — B TOYHOCTH TO MHOXKECTBO, HA KOTOPOM HET CTPEMJIEHUs K HYJIIO.
A={weQ: |2 »0}

o jiemme Bopens-Kanremmu, us )2 | P(A,) < +oo cienyer, uro P(A) =0

e}

IIposepum, aro Y >, P(A,) < +o0. )

S
B(CE) _ Es
_ S 4 1) s
P(Ay) = P(|52] > &%) S —a =

o Hep-By YepHbIMEBa
JlocTaTodHo JoKasarh, 9o Egi < cn? jyisi HEKOTOPOil KOHCTAHTBI €, T.K. TOIZA MbI IIOJLY4HM, 9YTO

E

s4
% < E%n—IQ, HY & 9TO CXOJIUTCH.

n4
Sp = (ErH&at . &) R Y G H 6D G T 1230686 + 2430 6666 + 40063
Egi = > Ea + 63 FE(§7€) — BCe ocTasbHbie CilaraeMble CAMOYHMUTOXKUIIUCH 33 CUET TOTO, HTO

MaTOXKHWJIAHUE TPOU3BE/ICHUS HE3ABUCUMBIX C.B. IIPEBPATHUTCHA B MPOM3BEICHUE MATOXKUJIAHUIMA, a Ma-
TOXKUJAHUS BEJINYNH B IIEPBOIl CTENIEHN y HAC HYJIH.

Egi =3 Ea+63] BE(§E) <Cn+63] \/ET%\/FE?, rjie OLeHKa Ha Fgi y HAC €CTh U3 yC/IOBUS, a Ha
CyMMY ITpOU3BeJIeHn — n3 HepaBeHcTBa Komm-bynsakosckoro. Hy a \/E>5;1 < V/C. Tonyuum:

Egi < On+ 62210 <30n O

Caedcmeue Y3BY das cxemv Bepnyaau.
P —BEPOATHOCTDH yCIIEXAa.

Sn — p IIOYTHU HABEPHOE.
n

HdokazareabcTBo. HyKHO MoHATH, 4TO 4-if MOMEHT OyJIeT KOHEYEH.
E( p)t=F&—...=E&—...=p—... 1K & nupunnmaer 3uadenust 0 uu 1. TlosTomy y nopbpachi-

BaHU{d MOHETKH BCE HECHCHTPaAJIbHBIC MOMCHTbBI OANMHaKOBbI, a HECHTPaJIbHbIC MOMCHTbBI KOHCYHBI. O]

3amevarnue. st 000§t CIydaitHON BEJIMYNHbBI, KOTOPas IPUHUMAET KOHEYHOE KOJIMYECTBO 3HAYCHU I

MO2KHO IIOHATDH, 9YTO BCE€ MOMECHTDBI CYIIECTBYIOT 1 KOHEYHBDI.

Teopema 3.5 (Y3BY B dhopme Kosmoroposa).
&1,&, ... — HE3ABHUCHUMBIE OJMHAKOBO PACIpeIe/IEHHbIE C.B.
Sp 1= 61"’62_‘_ cee +€n

Torma 2= — @ mouTw HaBepHoe <= a = E,
n

HokazareabcTBo. Ero ner u ne oyzer. O]

Caedcmeue Memod Monme-Kapao. ® — ¢purypa Ha MI0CKOCTH.

[IycThb MBI JIETKO yMeeM OTBEYATh Ha 3aIpOoC: M0 3aJaHHONU TOYKE CKA3aTh, JEXKUT OHA B (PUTYPe MJIN
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HeT.

Hampuwmep, ectu durypa 3a1aércs cucteMoit HepaBeHCTB.

Mpbr XOTUM HANTH TLIOMIAH (DUTYPHI.

BosbMéM mpAMOYTOIBHUK, KOTOPBIN OIrpaHMYUBaeT (PUIYPY U HAYMHAEM KUJIATh B HETO CJIyYailHbIe
TOYKHU (2KeJaTeIbHO KAK MOXKHO 0oJjiee TJIOTHO ONUCHIBAOIIUN (hurypy).

& =1, ecim mbl onasit B ¢ u & = 0, ecou HeT.

3aKkoH OOJIBINUX YUCET TOBOPUT, ITO S—TZ’ — p TIOYTU HABEPHOE.

_ mwiomans, P
p IJIOIA/b IIPSIMOYTOJIbHUKA

st KpynHBIX TPUKHUIOK MeTOJT paboTaeT XOPOIIIO.

I'naBa #3 28 u3 b4 Asrop: Bacunenko JIusa



Teopus BeposTHOCTE#H XapakTepuctuieckas: OyHKITHS

4. XapakTepucrunieckada pyHKIIIA

Teopema 4.1. &1, &, ... —HE3aBUCUMBIE CJIyYaiiHbIEe BEJIUIUHBI.
fi : R — R — usamepumMblie OTHOCUTEILHO BopeseBckoit o-ajiredopsl.

Torma f1(&1,. -, &n,), fo(&ntty - -+ Enpiny) — HEBABUCHUMBIE CITyYaiiHbIE BEJIMIMHBI.

HdokaszareabcTBo. Jlokaxkem i JIByX (PYHKIIUH, OCTAJIHLHOE aHAJOTUTIHO.

f&, &) ug(m,. .., Nm) HE3ABUCUMBI.

{f(&,...,zp) € A} u {g(m,...,nm) € B} HE3aBUCUMBIE COOBITHSI.

A u B — bopeJjieBcKre MHOXKECTBA, Ha MPIMOIi.

T.x. Takme MHOXKECTBA MMOPOXKIAIOTCS MHTEPBAJIAME, TO MOKHO CIUTATh, 9T0 A u B — WHTEpBAJIBI.
Hac mrrepecyror mpooGpaser stux mryk. T.e. (&,...,2,) € f71)(A) u (n1,...,0m) € g1 (B).

D1u npoobpasbl — Bopesesckue muoxkecTBa (TODO: mouemy?). 3HaunT, HY?KHO TPOBEPUTH, UTO HE3A~
BUCHMBbIE COOBITHUsI: OJIMH BEKTOP IIOIaIaeT B HEKOTOpPOe OopesieBCKoe MOoAMHOXKecTBO B R u BTOpPOIt
B JIpyroe OopesieBckoe MmojaMHOoKecTBO B R™.

CHOBa, T.K. MHO?KECTBa BOpeJIeBCKI/Ie, TO AOCTAaTOYHO IIPOBEPUTDL, YTO BCE BBIIIOJIHIETCS Ha d9eifKax.
T.e.

(e &) € D) & (1. - ) € [c, d)™

T.K. cobbITHSI HE3aBUCUMBI, TO

P(X) = P((&,....&) €la,b)") = P(& € [a,0))P(& € [a,0)) ... P(§ € [a,0)) n

P(Y) = P((n;-...n) € [e,d)™) = P(m € [¢,d))P(nz € [e,d)) ... P(nm € [c,d))
PXNOY)=P((,....00) € [e.d)™ A (€1, ..., &) € [a, b)) =

— P(& € [a,b)) ... P(& € [a,b))P(m € [c,d)) ... P € [¢,d)) = P(X)P(Y) 0

Onpedenerue 4.1. £ — cayyaitHas BeJIMYNHA, IPUHUMAONIAs 3HadeHus u3 No.

Ge(t) :==>"7 y P(€ = n)t" — npouss. - myst &

Cesoticmesa.
1. G¢ = Et*

doka3zaresbcTBO.

Ge(t) = Y02, P(€ = n)t"
Eie =Y P(t* = t")t"

Ey = Ge(t) mpu t € (0,1).

DTOro JOCTATOUHO, YTOOBI CKA3aTh, UTO ITHU JiBa psja paBHbl Be3ze (cm. TOKIT). O
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2. G¢(1) =1 u psan cxonuTcs B €AUHIHYHOM KpyTe.

lokazaresbcTBO.

Ge(1) =220 P(E=n) =1

(BOOGIIIE, 9TO BEPOATHOCTDH TOTO, UTO & TPUHUMAET 3HadeHue u3 Np) [
3. G’g(l) = E;

Jloka3aTesbCcTBO.

Ee=3"ynP(=n)
Gi(t) = Y nP (€ = n)in ! s

4. Ee = G’g(l) + G’g(l)

dokazaresbcTBO.

Eg =3 n’P(§=mn) =3 n(n— 1P =n)+ 3 nP(E=n)=G{1)+Gl) O
9. D¢ = Gg(l) + Ge(1) — G’é(l)2

lokazaresbcTBO.

D¢ = Bea — (B¢ ). O
6. Gepy(t) = Ge(t)Gy(t), ecm € u 1) HE3ABUCHMBIE.

JlokazaresabcTBO.

t¢ u " — nesasucumbl, Toraa Gey,(t) = E(t57) = (Et8)(Et) = G¢(t)Gn(t) O

Onpedenenue 4.2 (Kommrekcnosnadnas c.B.).
¢ : Q) — C usmepumasi.

¢E=Re&+iImé, rne Reé u Im € — 310 TOXKE KaKme-TO CirydailHble BEJIMIUHDI.

Onpedeaenue 4.3. E; == E(Ref) + iE(Im¢) Bce coiictBa ¢ paBeHCTBAME ISl MATOXKHUIAHUS

COXPAHSIIOTCS.
Yupaxkuenwne. /lokazarh KoMILIeKCHYTO JuHeiinocTs E: E(if) = iE(€).

Ceoticmeo. |E¢| < E
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HoxkaszarenbcrBo. Ilogbepém c € C, |c| = 1 Takoe, uro E(cf) = |E¢|.

Hanpumep, Bo3pMéEM ¢ := e Torma E(cf) = cE(&) = BeBe _ | Ee|.

T IE] | E¢|
ITpu stom T.K. || = 1, 1o |c£| = |€].
E(Re(c€)) < E|Re(c€)| < Elcg| = ElE].
Hep-BO JJId Belll. MaTOXK.
C mpyroit cropoust, E(Re(cf)) = Re E(cf) = |E¢| T.K. MBI IPABUILHO IIOA00PAIIH C. O

Onpedesnenue 4.4 (KomiiekcHO3HAYHAST KOBAPHUAIIUS).

cov(§,n) = E(§ — E¢)(n— E,)
cov(§,§) = D

Onpedenenue 4.5. o¢(t) := Ee'™ — xapakrepuctuueckast GyHkims &.

Csotlicmea.
1. @e(0) =1m |pe(t)] < 1VEER
HokazarenbcrBo. |p¢(t)| = |Fe™| < Bl = F1 =1 O
2. Eciu ) u € nesaBucumble, 10 ety (t) = pe(t)p, (1)
J0Ka3aTeabeTBO. pqeyp(t) = E(eT0) = it Feiatt = ¢t (at) O

3. Ecmu &6, ... &, — He3aBUCUMDIE, TO Qg 1,4+ ¢, (1) = e, (E) e, (T) . . . @g, ()

TloKasameberso. ey (1) = Fei) — F(eitcin) —(Bet)(Beit) = () (1)
r.X. f1(§) n f2(n) wesas.
O
4. pe(—t) = pe(t)
MokazaTeabcTBo. @¢(—t) = Fe ™ = Feite = Ee't = (1) N

17.XK. E=Re E4+ilm FE

5. @¢(t) paBHOMEpHO HempepbiBHA Ha R.

HokazareabcTBo. ¢¢(t + h) — ¢¢(t) = EetHh) — Feitt = B(eittethé — ¢itf) = B (e — 1))
MI)I XOTHUM ITOHATH, 9TO 3TO PpaBHOMEPHO CTPEMUTCA K HYJIIO.

lpe(t+h) —e(t)] < Ele™ (e e D Eleths —1| =, 0, T mocitenumii mepexoz ¢enan mo
Teopeme Jlebera 0 MazKOpPUPYeMOil CXOAMMOCTH: MO KazKJIOMy (PUKCHPOBAHHOMY & CXOIMMOCTD

K HYJIIO €CTb, IPe'bIBUM Mazkopanty: et — 1] < 2.

Ot ¢ mpu 3TOM HaIma QYHKINAS y2Ke He 3aBUCUAT. SHAYUUAT, U3 TOTO, 9TO 3TO MATOXKUIAHUE IPOCTO
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CTPEeMUTCH K HYJIIO, CJejlyeT paBHOMEPHAasd CXOAUMOCTD 110 ¢ K HYJIO, & 3HAYUT U paBHOMEpHAsS

HEIIPEPBIBHOCTD.

]

11.04.2018

IIpumep.

Ectb & ~ N (a,0?), xodeTcsa mocuuTaTh XapaKTepUCTHIECKYo (yHKIMIO /I TAKOTO pacipejiesie-

HUS.
[IpescTaBuM, 9TO MbI y3Ke 3HaeM, Kak nocuautarsb xap. ¢-to or n ~ N (0, 1)
E=on+a
Tora MOXKHO BBIPA3UTh HOBYIO xap. (b-10 uepe3 usBecTHYIO: @¢(t) = ', (at)

Ocrasock mocauTaTh xap. -1 JJIs 1):

. oo ) 00 )
oglt) = Be'™ = [ et Lm0y = < L2 [ e~ /2y

— 00

- _ .2
Jasaiite canrars uarerpan [ e=* 2dz 10 coeyiomeMy KOHTYPy:

I'r
—R 0 R
—t
T.k. ocobbix TOUeK HeTy, TO [ = 0.
9 R —t —t
0= [ e */2dz = [ Bepxusas wacth — [ HUKHsAS JacTb + [ TpaBast 4acTh — [ JieBag 9aACTb =
T “R “R 0 0

CM. HUZKe
-R

R R ¢ ¢ R
= [ e 2dy — 1l e~ (@=it)*/2qy 4 fe_(R+iy)2/2dy+ fe_(_R”y)dey — V2r— [ e~ (@=i)*/2q0 4 ()
“R 0 0 "R

_ N2 2 2 2 _p2 “
lem(FRFW)°/2| — =B /2ey%/2 4 () r.x. ¥ /2 orpanmueno, a e /2 — (0 = unTerpasnl oT JIEBOI U
R—oo

npaBoil gacteit yxonat B 0.

oo
.2
V2r= [ e 2dx — mouru TayccoB mHTErpast, HECTIOXKHO TPOBEPUTh.

—00

R 00
Uroro: 0 = 21 — [ e~ (@220 1+ 0 = /21 = [ e~ (@=it)?/2 ],
R 5

o—t2/2 42
pn(t) = NS Vor = et/

iat—a2t? /2

pe(t) = e'ipy(at) =€
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Teopema 4.2. Ilycrs E[¢|" < +o0. Torma Vk =1,2,....n

(e (1) = E((i€)*e™)

B wacrroCTH, cpék)(O) = * B¢k

JokazarenbcTBo. Mnnykmusa no k. baza k = 0 — onpejenenne .

[lepexon k — k + 1:

(k1) — Jiy @etM®—(ee@)® _ 1 BQFHI - B(gke)  _
(Sog (t) ) }lli}/(l) h ]j!LI_)Hé h 110 JIMHECUHOCTU

. . ite eihé . . itw eihT
= lim B((i§)" ™ &) = lim [ (iz)*e™ <= d Pe(v)

XOTI/IM HOKaBaTb, 9TOo I/IHTeraJI MO2KHO HepeCTaBJISITb MecCTaMmu C Hpe,ZLe.HOM. EC.HI/I MBI 9TO IIOKa-
lim =1 = i€ ( i i ) b 906
2KeM, TO hli% 7 =1 CM. BTOpOHM 3aMe€4YaTe/JIbHbIN IIpeae) JaCT HaM HYXKHYIO OPMYJIY. TOOBbI
9TO IIOKA3aTh, IIPEIbABUM CYMMUPYEMYIO MaKOPaHTY.

)keim eih2—1| _ Ik|eih:—1| —

CM. HHUZKe

|(iz 2*O(x) = O(z") — cymmmupyemas mazkopanta?

Ecte JABa IIPUHOUIINAJIBHO PAa3HBIX CJIy4dad.

el h

<2 = 0O(x).

Eciu |zh| > 1 = I_fltl > |z u k. e —1] <2, 10 |“ i

1+iha+0(ihz)—1

. ihx _ .
T pacKIaIpIBACTCS B S M MBI IOy IUM S — = - = iz+0(x).

Eciu xke |zh| < 1,10 €
Hy u rorma |iz + O(iz)| = O(x)

. . ithx _
Uroro, mMbl nomsimn, uato |(iz)*e™<==1| = O(z¥™). Uz Toro, 4ro Bce MOMEHTBI BILIOTH JO N

k

koHeunbl u k + 1 < n crenyer, aro [ 2 dP(x) < 400, a sHauut, 2" neficrBuTenbHO MazkopaHTa
R

1 MO2KHO IIepeCTaBUTDL IIpeae/I C MHTeIr'paJioOM.

Caedcmeue. ES = —ip;(0)
D¢ = B¢? — (E)* = —¢{(0) + (#(0))?

Teopema 4.3. Ecim cymectsyer ¢ (0), To E* < +00.

(sin(tx))? = (%)2 — _L(e2itr 4 2itr _ 9)

ITo nemme @aTy, MO2KHO OLI€EHUTH MHTEr'PpaJl OT IIpe€Aejia CBEPXY, €CJIU II€PpEeCTaBUTh UX MeCTaMU:
+00 +oo
: sintz\2 S LS 2itx —2ite _
Slim [ (552)%d () = lim J (e +e 2)dPe(x) =
—00

4t2
—o0

=1 lim 5 (e(2t) + pe(—2t) — 2¢¢(0))=

0e(s) = pe(0) + 59 (0)+ %g&’g(O) +0(s%) — 310 HyKHO TTOACTABUTE B bopMyITy 1utst @¢(2t) 1 e — (2t),

I'naBa #4 33 u3 b4 Asrop: Bacunenko JIusa



Teopus BeposTHOCTE#H XapakTepuctuieckas: OyHKITHS

IIOIIpUBOJUTD HO,ZLO6HI>I€ cJjlaraeMbi€ U IIOJIyIUM:

(2)%¢¢ (0)+o(t?)
m OO o)

lim
t—

1
4

Bameuanue. Ecmm cymectsyer ¢?(0), To EE* < +oo (Bes mox-Ba.)

Teopema 4.4. @opmyna Obparenus
a < b, Pi({a}) = Pe({b}) = 0

(umave roBopsa P(§ =a) = P({ =b) =0)
T

Pla<&<b) = lim & [ <=0 (t)dt
T

T—4o00 2m _

(Mo2KHO BOCITPHHHMATD 3TO KaK MHTErPAJI [0 TJIABHOMY 3HAYEHUIO OT —OO JI0 +00)

HokazarenbcTBo. XOTUM JIMHEHHOE TIPe0bpa3oBaHue, OCJe KOTOPOro MOy YuTcs, uro: {£ € [a, b]} <

{nel-11]}

pelt) = 2 iy (25%)
+T +T
—iat _ ,—ibt —iat _ ,—ibt a+b _
fTe e pe(t)dt = fTe s tSOn(bTat)dt:
+Te—i“T*bt_e—i”*Tat b—a =7 ois _gis
=/ it oy (P74t)dt . J = pn(s)ds
-T s::Tt —ap

[Ipeesibl HHTErPUPOBAHUS TTO-TIPEXKHEMY CUMMETPUYHBI U CTPEMATCH K OECKOHEIHOCTH, b_T“ > 0.

Torza jocTaTouHO NPOBEpUTH Jis [a, b] = [—1,1]
A it —it A too T it —it
f e —e ()05( )d f eft—eit —e f elt‘rdp( )d — f f e —Zte Zmdtdpg( )

T. Oybunn T

—it

T
Bp(r) = [ Loty

T 1 1
el T (utz) _ —zT(u+z) 2 T
q)T(x> — f f eztudueztxdt _ f f ezt(u—l—x)dtdu — f e _ f 2sin(T'(utx)) du _
i(u+tx) utx .
-T -1 —1- -1 vi=T(u+z)
T(z+1)
9 f sin v dv
v
T(z—1)
(
0, ecim x> 1(0ba KOHIla HHTEIPUPOBAHUST YXOIAT HA + 0O CXOZAIIETOCH NHTErPE
+
T(z+1) m,ecmn  —1 < 2 < 1(KOHIBI PA3HBIX 3HAKOB, a [ > cuuTaNM TIe-TO paHblIe)
f smvdv - = —00
T(z—1) T—o0
0, eciim = < —1(06a KOHIA WHTErPUPOBAHUS YXOMIAT HA — 0O CXOJSIIErOCs HHTEr
5 r ==+l
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Teopus BeposTHOCTE#H XapakTepuctuieckas: OyHKITHS

it +00 .
lefoo f S () = Jim f O (z)dPe(x )cM.fme,{o A er(z)dPe(z) =

=27 f 1[_1’1}($)dpg($) = 27TP£<[—1, 1])
HepeCTaBI/ITb uHrerpaJr ¢ mpeaesJioM MOXKHO IIO TeopeMe Jlebera. CYMMI/IpyeMaSI MazKOpaHTa =

27 L]

Caedcmeue. Ecim ¢ = ¢,), To { 1 1) OAWHAKOBO PACIPEIEICHBI.

HoxkaszaresbcrBo. Haso nposeputs, uro coBnanu dyuxnun pacupeenenus Fe(z) u F(z).
1) b rakoe, uto P(§ =b) =0
ITpoGsremubIx TO4ek (B KoTOopbix P({ = a) > 0) e Gosee, 4eM CUETHOE YHUCIIO.

[Touemy? st F060OTO N KOJIUIECTBO MPOOJIEMHBIX TOYEK, 3HAYEHNE B KOTOPBIX HE MEHbIIe %, HE

npeBBINAET N. [LoJyIr/in CI6THOE YUCI0 KOHEUHBIX MHOXKECTB, B KOTOPBIX JIEXKAT BCE TAKUE TOUYKU.
Bribepem mocsieioBaTesibHOCTD G, < b, a, \, —o0o u P({ = a,) = P(n=a,) =0
P(a, <£<b)=lim--- = P(a, <n<b) = P(n<b) = F,b)
Pla, <€ <b) = P(€ <) = Fi()
= F; = F, Bo Bcex ToUKax, rjge P({=b) = P(n=">0)=0
Ho onu menpepsiBubl cipasa. Beeaém b, \, z, P(¢ =b,) = P(n=10,) =0
F(w) < Fe(ba) = Fylba) = Fya)

[Tonyuwnnu paBeHCTBO BO BCEX TOYKAX.

O
Caedcmeue. Ilycrn f e (t)|dt < +oo.
+oo
Torna & umeer mwiaoTHOCTS Pe() = 5= [ e (t)dt.
1 +00 e*iat_efiat
HoxazarenbcrBo. Pla <& <b) = 5= [ “———p¢(t)dt T.K. ¢ cyMMupyeMas I HHTErPaJI U3 TEO-

— 00

PEMBI BBIIIE CXOAUTCA OT —0O0 JI0 400 KaK MPOU3BEJIEHNE CYMMUPYEMMOM (PYHKIINY HA OTPAHUYIECHHYTO.

[Iposepum, uTo popmysia IJIOTHOCTU U3 YCJAOBUS TEOPEMBI TTOJIXOJIUT:

b b +oo too b T et _—iat
[ pe(x)de = 5= [ f e o (t)dtde = 5= [ [ e " dupe(t)dt . > [ e (t)dt

Teopema 4.5. &, ~ N (ax, 0}) — HE3aBUCHMBIE C.B.
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n
n=ag+ Y, cx, npuuém He Bce ¢ = 0
k=1

n
A=ag+ > cray
k=1

. )
JokazareabcTBo. o (t) = elle=%t/2

n n n )
oalt) = Pan(0) T G (6) = e T pleat) = et ] etonteroteit/2 = giae-oe
k=1 k=1 k=1

Bamenanue. pe(t) = [T Tpe(x) da
pe(2) = 5= f_Jr;o e~ pe(t) dt, ecu g cymmmpyeMa.
OTu JelicTBus Ha3bIBaIOTCs peobpaszopanne Oypre u obparHoe mpeodbpazoBanue Dypre.

Teopema 4.6. £,&,... — C.B.

CJIG,ILYIOIIII/IG ycJjoBud paBHOCUJIBHBI:

1. &, — & mo pacupemenuio (t.e. I, (x) — F¢(z) Bo Bcex Toukax mempepbiBaocTH )

2. YU C R — oTKpbITOE MHOXKECTBA.

lim P(&, € U) > P(€ € U)

n—oo

3. VB C R — 3aMKHyTOr0 MHOXKECTBa

lim P(¢, € B) < P(€ € B)

n—oo

4. YA C R 6openesckoe : P(§ € FrA) =0 (Fr:=ClA\Int A)

lim P(§, € A) = P(£ € A)

n—oo

5. VA C R 6openesckoe : P(§ € FrA) =0

E(]lA Ogn) — E(]lA Of)

6. Vf : R — R menpepbiBHast U OrpaHuYueHHAS
E(f(&)) = E(f(£))

7. ¢, — P¢ TOTOUCTHO

dokazaresascTBO.
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2) < 3) B=R\U
P& € B)=1-P(& €U)
limP(¢, € B)=1-1lmP(, €U) < 1-PeU)=P(EeDB)

2=3

lim P(¢, € U)=1-TmP(é, € B) > 1-P(¢€B)=P(¢ )

3=2

2U3=4 B:=ClA, U :=Int A

limP(§ € A) =2 lmPE elU) > PEeU)

T.K. UCA 1o 1. 3
imP(¢, € A) <ImP(¢, €4) < TmP( €B) < P(€eB)
T.K. ACB 1o 1. 2
P(eB)=PecU)+PlecFrA Peera—o P el)

[Mokazasm, aro lim P(&, € A) ¢ aByx cropon zaxumaerca P( € U). 3uaqur, lim P(§, € A) =

PEeU)=PEeA).

4=15
1, & €A

0, &g A

]]-Aofn:

Torna E(1,0&,) = P(§, € A) (ckiaapBaTh BEPOATHOCTU ¢ MHOKHUTEIEM 1 HE OYeHb UHTEPECHO),

a o yHTKy 4 noiygaem P(§, € A) — P(§ € A)

6 =7 g, (t) = Ee'™ = Ecos(t&,) + iFE, (&)

Hy " 110 IIYHKTY 7 pPacCMOTPUM MaTOXKUJaHUA II0 OTACJILHOCTH T.K. COS Sin BIOJIHE HeIIpepbIBHLI

1 OI'PpaHUYCHBI...

1 =2 U — oTKpbITOE MHOXkeCTBO, ) —Touku, rjae F; He ABideTcd HenpepblBHO#, [ — HO6CY
Ipencrasum U cnexyroumum obpasom: U = | |77, (ax, by|, ax, by ¢ D.

[Tokaxkem, 4TO JOOUTHCA TOTO, YTOOBI KOHIIbI He BXomuian B D mHecjoxkuo. BecnomuuMm, Kak Mbl
IMOKA3bIBAJIM, YTO €CThb 3aMOIIEHUE KAKMM-TO CUYETHBIM YHUCJIOM gdeek. Mbl 3amoranu oOpe3KaMu
IIEJION JIJTMHBI, TTIOTOM MTOJIOBUHHOI, ITOKa MIOMEITAEeTCsI, TOTOM d4eTBepThio.. C1e/raemM mporecc HEMHOTO
akkKypaTHee. Eciim MBI B KAKOW-TO MOMEHT KOHIIOM OTpPe3Ka IonaJju B [, cIBUHEMCS TUM KOHIIOM Ha
< 10% ot jmuHBI OTpe3Ka Tak, 4Tobbl He momnacth (T.K. D HOYC, To Haiiaém). [lockosbKy OT 3TOTO
Iporiecca HaM TPeOOBAJIOCH TOJIBKO MOHOTOHHOE YMEHBIIIEHHUE JIJTUHBI OTPE3KOB, KOTOPBIMU MbI BCE

3aMOIIAaeM, TO BCE HO-IIPEXKHEMY OYIeT XOPOIIIO.
P(&, € U) =302 P& € (ar, b)) = D5ty (Fe, (br) — Fe, (ar)) >

> e (Fe, (b)) = Fe(ar)) = 300 (Fe(by) — Fe(ar)) = P(§ € Uz, (ar, br)

n—00,1o 1. 1
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Korma Mbr genaau mepexof Mo MyHKTY 1, MBI KaK pa3 BOCIOJIb30BAJIMCH TE€M, 9TO TOYKHU (G, by

XOPOIITHeE.

lim P(§, € U) > Um 3707 (Fe(be) — Fe(ax)) = P& € Uy (ar, bi]) =

T.K. 9Ta IITYKa UMeeT IIpeaestr

= Pe(Urzi(ar, be]) = Pe(UiZy (ar, be]) = Pe(U) = P(§ € U)
5= 6 6 Bepua jyist f = 1,. Torma BepHO U JyIst CTYHEHYATHIX (DYHKIHIA.
FeECR,|fISM, D :={z:P(f(&) =x)>0}, e D= f1(D) - nbuc.
[Topexem orpe3ok [—M, M| roukamu ve uz D': =M =ty <t; < ...<t,=Mt; ¢ D’
IMycres Aj :={x:t;.1 < f(z) <t;} D{z:t;1 <z <t;} = U; — orKpbBITOE
Ay ={z tj.1 < f(z) < t;} D{zr:tj_1 < & < t;} =@ Bj — nonosiHeHne OTKPLITOro (KOTOpoe u3
TouYeK MO0 JieBee, MO0 IpaBee), a 3HAIUT 3aMKHYTOE.
B\U; C{x: f(z) =t;_1}sup{x: f(x) =1t}
P(¢ € (B;j\U,)) = 0 mo BeIbopy Touex t; (onn me u3 D’)
Torma P(£ € FrA;) =0 u A; MOXKHO HOACTABIATE B D IYHKT.

Bozbpmém crynerndaryto pyHKIMIO, TTOX0XKYIO Ha f:

9(x) =370 tila,(2), Eg(&) — E(9(6))
Eg(&,) — Fg(§) no muneitHocTn u myHKTY 5.

|f(z) — g(z)| < max(t; — t;_1) 1m0 pa3bHEHMIO Ha OTPE3OUKU.

Elf(z) — f(9)] < max (t; —t;-1)

J=Y,...,n
Yero teneps xouercs? Xodercs st Ve yMeTh NpeabaBisiTh N, Takoe, 9To s Jjoboro n > N
CYIIECTBYeT MOAXOjsiiee pasbuenue pasbuenue orpeska —M = tg < t1 < ... < t, = M,t; ¢ D’
Takoe, 410 max (t; —t;—1) < €. Ha camoMm Jejie 9T0 MOXKHO JieJIaTh TakKKe, KaK M B IPEIbIIYIIeM

J0Ka3aTeJIbCTBE: CHa4dYaJIa IIbITaeMCd IIOCTaBUTh OTMETKY Ha PaCCTOAHHU & OT Hpe,H,bI,ZLyHLef/'I, €CJin HEe
TOJTYYMIIOCh, TIOCTABUM Ile-TO Ha oTpeske [t;_1 + 0.9¢,¢;_ + €]. Bnech Baxkno, uro D' HOUC. 25k >

N > 24,
|Ef (&) = Ef(O] < |Ef(&) = Eg(&)|+Eg(&n) — Eg(§)|+Eg(§) — Ef(§)] < 2e+[Eg(&) — Eg ()]
Do MbI o00pay Takoe g (Tounee, n), uro |g(z) — f(z)| < e. A em@ mbr 3naem, yro Eg(&,) —
Eg(¢), saaunt ¢ kakoro-to n 1o Toxke Oyner < e. [omyuwmm, aro Ef(§,) — Ef(§).

—ait __ ,—1ibt

it

T=1 P& € (a,b]) = lim 53¢

@e, (t)dt, ecrm P(§, =a) = P({ =b) =0

Bosbmém c.B. 1, ~ N(0,0?) ne zaBucur ot £1,&, .. ..
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Pentnn (1) = 0e, ()n, (1) = e, (t)e™ />

Pern () = 0e(t)pn, (1) = @e(t)e™7 "0/

= Qtntne — Pétn, TOTOIETHO.

6+ € 0 = Jim & [ 255 (e

T—o0 2 it

o 242
3aMeTuM, YTO MOJIyYMBIIUIICS MHTErpaJl CXOIUTCA U Jarke abCOIOTHO T.K. € 7 ¢ /2 cxomures, a

BCE OCTaJIbHOE OTrPAHUYEHO HEKOTOPOU YHUBEPCAJBHON KOHCTAHTOHN, KOTOpasd JlaXkKe OT 7 He 3aBUCHT:

e—zatie—

ibt .
ol <1, a OKOJIO HyJIsl KaK-TO OTPDAHUYHUM, & Ha OECKOHEYHOCTSAX BCE COBCEM XOPOIIIO.

P&+ 10 € [a,) = 5 [125 e o (i) 2y

2w J —oc0 it

—1ibt

e
, TOTJIA

—iat _

Bocnonbsyemes Torma teopemoii Jlebera: mycThb ¢ — KOHCTaHTa, OrPaHHIHBAIONIAT

—o2t2/2

MazKOpPaHTOU OyJIeT ce . Torma

% f+oo e—iati_te—iab gpgn (t>6_o.2t2/2dt N 1 1 f+oo e—iat'_e—iab (’05 (t)6_02t2/2dt _ P(§ + T]O_ c [a’ b))

—o0 7. Jlebera 2m 2w J—o0 it
Takum 06pa30M MBI BCE 3HaEeM IIpo f—f— 7l B XOPOIIUX OTPE3KaxX (KOHHbI KOTOPbLIX HE JiexKaT B

TOYKAX pa3pbiBa (DYHKIMU PACIIPEJIEIeHN ).

Ocranoch JABE€ BE€IIU: IIOHATH, ITIOYEeMY MOXKHO ,H,O6&BHT]3 7 1 1IO9EMY ILJIOXHE€ TOYKHN HaM HE Mella-

IOT.
Gn = F§+770, G = Fg + No
Msr nonsimun, aro G, (z) — G(r) 3a UCKIIIOUeHnEM HOUC MHOXKECTBA.

IIycrs « — Touxa HenpepsiBHOCTH Fr = 30 > 0 : 246 u v —§ xopoume Touxu u F¢(z)—Fe(x£0) < ¢

2 2
P(|no| = ¢) < o= % Torya Mbr MOXKeM MOO6PaTh TaKyIo 0, JJif KOTOPOit 35 < €.
HEP-BO qe6bIméBa%

TODO: Mue najoeso nucaTh 3TO HYJIHOE JI0KA3aTE/IHCTBO, ITIOTOM Jonuiry. Beé paBHO OHO TOKa

HUKOMY HE HYKHO. O]
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5. llenaTpajgbHasi npeaejbHasi TeOpeMa

Teopema 5.1 (IIIIT B dpopme JleBu). &1, &s, ... — HE3ABUCUMBIE OJMHAKOBO PACIIPEIE/IEHHBIE BEJIMYU-

HbI.

a=FE,0?=D¢, S =& +&+...+&

2
Torya Fs,-na — ®(x) = & [* e ""/2dt Bo Beex TOUKax.
Vo 2m J =00

dokazareabcTBO. MBI XOTUM HIPOBEPUTH, UTO IIOCJIEI0BATEILHOCTh (DYHKIINI paACIpeIeIeHIsT CXO-
JIUTCST BO BCEX TOYKAX K HEKOTOPOH HENPEpPBIBHOW (DYHKIMHU pacrpeeseHus. SHAYAT, 9TO MPOCTO
Sn—an

CXOJIMMOCTD TI0 PACHpPEIeIEHNI0. SHAYUT, HAM HAJO MPOBEPHUTH, UTO e CXOMUTCA K N(0,1) o

pacIpeieIeHnIo.

@sp—an = e-—a = (pe;—a)™ T.K. C.B. OJUHAKOBO PACIIPE/IEJIEHBI.
Vao Vvno Vno

MpsbI 3HAEM, 9TO Y BEJIMINHBI Ek\/%; HyJIeBoe Maroxkujanue T.K. (& —a) =0

D(fl—a):D&:O'Z

/

[re-to Boimte mMet ysnamm, uro B¢ = —ipp(0) u DE = —¢¢(0) + (906(0))2‘ Bocnosibzyemest atumu
SHAHUSMU, 9TOOBI PA3JIOXKUTD ¢ B PAI B HyJIe 0 BTOPOrO JICHA:
Pe—a(t) =1 — 207 + o(t?)

2 2

pa-1(t) = Per-algmy) =1 — 5, +0(;52)

Hawm B pesynbrare xouercs MmoKa3aTh, YTO @Sy\th—an — e t°/2
t2 2 n _2
To ectb (1 — 5~ +o(->2))" — e 2
[Tponorapudmupyem
2 2 2 2 2
nln(l — £ 4 o(£2)) ~ n(—L£ +o(£)) —» —L O
18.04.2018

Teopema 5.2. F,,F : R — [0,1] monorouusl u F' € C(R) = F, = F
HdokazareabcTBo. Bo3bMmém € = %

[Iycts ty @ F(tg) = % k=1,2,...,m — 1 T.e. IpoCTO TOpe3aji Ha KYCOYKU C OJIMHAKOBBIM

npupocToM (BYHKIMUA. 3aMeTUM, 9TO TaK MOXKHO POBHO moromy, uro F' € C(R). Torma T.x. F' emgé u
MOHOTOHHA, y KaxKJ10it Toukn Ha oTpe3ke [0, 1] cyrmecTByeT mpoobpas B BUJIE TOUKHU UM HEITPEPBIBHOTO
orpeska. (TODO: Ha Jilekiuu yzke mOCJIe JOKA3ATeIbCTBA Mbl IOYEMY-TO DEIIIU, YTO HEITPEPHIBHOCTH

F we nyxna. Tem He Menee, st 63 He€ JeiiCTBUE BBIIIE JIEJATH HE YMEO)
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TODO: kapTuaKa MOHOTOHHOU (DYHKITUN

MpbI 3HaEM PO TO, UTO B 9TUX TOYKAX €CTh CXOAUMOCTh: Fy,(t) — F(ty)
Beibepem N, Haumnast ¢ Koroporo |Fy,(ty) — F(ty)| <e Vk=1,2,...,m — 1. T.e. byuxuu B 51UX

TOYKAX HE CHUJILHO OTJIMYAIOTCA OT F'.

[TokazkeM, 9TO U B OCTAJbHBIX TOYKaX pasHuiia Hebosibinagd. Paccmorpum ¢, ¢ <t < fgiq

F.(tr) < F.(t) < Fultgp) < Fltpyr) +e= 14 L= P() +2e < F(t) + 2¢

m m
MOHOTOH. MOHOTOH.

k+1

Fo(ty) > F(ty) —e = £ — =F(tp1) —2 > F(t)—2e

MOHOTOH.

1 2
m m m

= |F,(t) — F(t)] < 2¢

3amevaHrue. 3HAYUT, B IEHTPAJbHOI IIPEIEIbHON T. pABHOMEPHAsT CXOAUMOCTb.

Teopema 5.3 (Myaspa-Jlamraca). p € (0,1) cxema Beprysiu ¢ BeposgTHOCTBIO ycriexa p

p(E2 < 2) - D(a)

pla < S"n;;qp < b) = ¢(b) — ®(a) (mpocTo pasHOCTH MPEBIIYINIX BbIPAYKEHUI )

Hoka3zareabcTBOo. S, =& + &+ -+ &,
E& =p, D& = pg

Io LT, P (% < :c) ~ ®(z) O

Teopema 5.4 (Ilyaccona). &11, a1, E22, €31, E32, E33, - - -
P& = 1) = pary P&k =0) = g = 1 — P
WcnbiTanust B KaxKI0i cepun HE3aBUCUMBL: &,1, £no, - - -, Eppn — HE3ABUCHMBI
max{pn1, Pn2s Pan} —> 0y Pn1 +Pr2+ -+ + P = A >0

Sn :§n1+€n2++fnn

—AAm
m!

Torpa P(S, =m) — e

JokazaTeabcTBO. 3aMeTuM, YTO IIPU PACIIPE/IEIEHIN BepHYIIN CanTaTh XapaKTePUCTUIECKYIO (PYHK-

U0 TO2KE OY€HDb IIPOCTO:

Péri (t) = Eeiténk = eit‘lpnk + 6“‘0an = €itpnk + Qi = 1+ pnk(eit — 1)
¥Sn (t) = kljl Pénk (t) = kljl(l "‘pnk(eit - 1))

In(JT(1+ pur(e” = 1)) = 32 (1 + pue(e” = 1)) = 1pnk(€” =1+ 3 O(p)

Ee] k=1 p. Teitnopa 1, _ k=1
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ST par(e® —1) = e — 1) T.x. (€' — 1) — dpukcuposano, a y_ p — A
k=1

n
ST Op?,) < C. pur max pyg, tae C' — xoucranra u3 O, a BCE OCTAIbHOE, BMECTO TOTO, 9TOOBI
k=1
CUUTATH CYMMY KBAJPATOB, Mbl YMHOKUJIM HA MAKCUMYM W3 BEPOATHOCTEH IS N-ii CEpUM IKCIIEPH-
MEHTOB. Max Py — 0 0 ycaoBHIO.

it_ o e
A=) oiimém, uto 910 X.b. pacupemerenns Ilyaccona
) )

Nroro, noxyunnu, 9to ¢g, — e

Baseném 1 ~ Poisson(\)

Out) = B = 3 ¢ P(y = m)
m=0

CXOOUMOCTD II0 pacClpeae/IeHUIO

[e.e] .
. _ m _ 'Lt)\ m it
eitme AT e A Z (e*N) — 6)\6 A = ecTb

m! m!

m=0 m=0 p. Teitnopa ns e

Ocrasioch MOHATH, YTO €CTh CXOJAUMOCTb BO BCEX TOUYKAx. 3 CXOAMMOCTH 110 PACIPEIEIEHUIO MbI
IIOJIYIUJIN CXOOAUMOCTDH BO BCEX TOYKaX, I/Ie €CTb HEIIPEPbIBHOCTD. HO Hallle pacClIpeae/ieHrue €CTb 110
CyTH CTYIEHbKH, [IO3TOMY HENIPEPBHIBHOCTHU Ha Pa3pbIBe CTYIEHEK HeT. BO3bMEM TaKyIO TOUKY pa3pbiBa
P(S,, = m). Yro ectb 910 3Hauenue? Ilo cytu, s10 F(m+¢) — F(m—¢) npu ¢ — 0. A B Tourax m+¢
U M — € eCTh CXOJMMOCTh K TOMY, YTO HY2KHO (T.K. B HUX HEIpPepbIBHO). B mpejese noay4urcs To,

gto xoresu. (TODO: dopmMaabHO 0CO3HATH 9TO PYKOMAXATEIbCTBO). ]

Teopema 5.5 (LIIIT B dopme Jlungenbepra). i, &, ...— HE3ABUCUMBI C.B.
a, = E&,, 02 = D¢, D? =3 o}
k=1
Ecmu Lind(e,n) = 2z > Ef(& —ay) — 0 (ycnosme JIunnenGepra)
u f($) = x2]1{|z|>sDn}7 e>0

Torna P(—S"_ES” <z)— O(x)

VDS,
HokaszareascTBo. He Oyiem noka3biBaTh, 3TO Aenaercd anajgorudno LIITT. ]
Teopema 5.6 (LIIIT B dopme JIanyuosa). &1, &, ...— HE3ABUCUMBIE C.B.

TN

a = E,, 0-127, = D&y, Dy, = Z 9
k=1

246
Dy, —00

Ecmu § > 0, L(6,n) = =35 > E|& — ax|*™° — 0
k=1 "

Torna P(S"_T\/LSS” <z)— O(x)

HokaszareabcTBo. JIlunnenbepr = JIsamynos

Lind(e,n) = DL% > E((& — ar)*1{je, —ay2eD0)) <

T K. n3-3a XapaKTepUCTHIeCKON QYHKIMN HA MMEIOIIeii 3HAYEeHIe YaCTH BEPHO, 9TO |§—ak| = €Dy,

|€x—a|

5
) ) ,0 > 0, craHeT TOJIBKO OOJIBIIIE.
n

TO MO2KHO JOMHOXKUTDH CbYHKL[I/IIO 110 MaTOXKKJaHUEeM Ha (
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—apl?
2 Z E <( k - ak)2|§§6Dg‘ ]]-{|§k - akl P g-Dn}) <

n

Ecmnm y6paTb XapaKTePUCTUIECKYIO (DYHKIIAIO, TO T.K. ITOJ] MATOXKHUJIAHUEM HEUTO HEOTPUIIATE b

HOE, TO MHOZKECTBO YBCJINYIUTCA, SHAIUT U SHAYCHUE HE YMEHbIIUTCA.

n
L(6,
< 55D%_+5n > Bl — ak|2+6 = L&) — 0 U
k=1

66 110 yCJIOBUIO
Ynpaxkuenue. [I[poBepurb, 4TO /j1s1 HE3aBUCUMBIX OJWHAKOBO PACIPEIETIEHHBIX C.B. BBITIOJTHAETCSI

ycaosue JIuanendepra

Teopema 5.7. &, &, ...— nezaBucumbie C.B. , 0 € (0, 1]

Torna sup,eg |P(52755 < @) — ®(z)| < C5L(0,n)

Caedcmeue Teopema Beppu-Icceena. &, &, ...— HE3ABUCHUMBIE OJIMHAKOBO PACIIPEIEIEHHBIE C.B.

a = Efl, O'2 = Dgl

na E al?
sup, e | P (2722 < 2) — @(a)| < CEEE

HokazareabcTBo. T.K. pacupe/ieIeHHOCTH OJIMHAKOBBIE, TO
> i1 B — ar|?*®) = nE(¢ —a)**?, a D? = no?

n—na _ nBl&—a> nBl&i—al® _ ~Elé&—a®
sup,cx | P (5722 < x) = ()| < GoL(om) | = GRS - onBasl - ol

]

3ameuarue. Dcceen (1956) C' > 0.40973, IIsernosa (2011) C' < 0.4748

k® ¢ BepositHOCTBIO (.5
IIpumep. & = — HE3ABUCHUMbIE CJIYYalHbIC BEJIMINHBI

—k® ¢ BeposgTHOCTBIO (.5

B =0 (r.x. cummuTpuunas ¢.B.), DE, = B — (B, )? = Ee = $(k*)? + 3(—k*)? = k>

Z 2~ 2ol - mpu o > —0.5 (mo Ditnmepy-Makiiopeny)

E‘SkP — =

.
n3o¢+1
3a+1

upu o > —% (Tor ke Ditnep-Maxriopen)

Z El&|* = Z k** ~ S 1nn npu o = —% (rapMOHUYeCKUi psif)

O(1) mpu @ < —3 (CXOIAMAACS TEOM. IOCIIEIOBATENLHOCTD )
\

(
n3a+1

3a+1

o 3/2
L( =1,n) = gz L E|&G[* ~ o {Inn  —Ompma>—05

o(1)

\
Mpbr poBepusin ycsioBue JIsmyHoBa n u3 Heé JiesiaeM BBIBO/IL:
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_ 2a+1)1/2
Sn—ESn Sn( atl) — CXOJIUTCA K HOPMAJIbHOMY DPAaCIIPEJIEJIEHUIO

/DS,, nati/2
Teopema 5.8 (Xaprmana-Bunrepa wim 3akon moBropaoro Jorapudma). &1, &, ...— HE3ABUCUMbBIE

OJIMHAKOBO PAaCIIpEJIeJIEHHBIE C.B.

E& =0, 0% = D&,

TOI‘,ZL& nlg{.lo v2nlnlnn o

3amevarue. B uém cMbICT 9TOI TEOPEMBbI?!

[Ipu E¢; = 0 LIIT rosoput nam ciemyroree: \;’%‘U — N(0,1). To ecTb 9TO MOPSATOK POCTa OTKJIO-

HEHUs — ITO IPUMEPHO /N0

3aKOH K€ IOBTOPHOI'O JIorapudMa TOBOPUT HAM, YTO Ha CAMOM JeJIe MOPsIOK OTKJIOHEHUS — 3TO
V2nInlnno u Todyek, OTKJI0OHEHHUE JJI KOTOPHIX UMEET HOPSIIOK ITOBTOPHOI'O Jiorapudma JI0CTaTOTHO
MHOTO (6ECKOHETHO MHOTO, Pa3 YK BEDXHWIA IIPeJIesT BBIENT). A BOT OTKJIOHEHHUE /7. HA CAMOM JIeJIe

B 2KU3HU HJOCTATOYHO PEIKOE. BOHYCHaﬂ KapTUHKa JIJId MeIUuTalun

Teopema 5.9 (IlIrpaccena). Ilpu Tex e yCIOBUSIX MHOXKECTBO IPEJEJbHBIX TOYEK TOCJIEI0BATE b

__Sn _
HOCTH e ectb [—o, 0]
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Teopus BeposTHOCTE#H CaygaitHbie mporecch

6. CayuaiiHbIe IIPOIIECCHI

6.1. Onpeaenenuns

Onpedenerue 6.1 (Cayuaitabrii mporecc). (2, F, P) — BeposSTHOCTHOE IPOCTPAHCTBO, T’ — HEKOTOPOE

muOkecTBO. Cirydaiiubl mporecc — HABOP ciydailHbix Beuand {& her us (2, F, P).

Onpedenerue 6.2 (Cayuaiiublii mporecc ¢ HenpepbiBHBIM BpeMerneM). CiydailHblil mporece, s

KOTOPOTro & m3MepuMa B IIPOU3BOJIbHBIE MOMEHTHI ¢

Onpedenerue 6.3 (CiyuaitHblii Iporiece ¢ TUCKPETHBIM BpeMeHeM ). EcTb MOMeHTHI ty, tg, ..., KOTJIa

n3Mensiercs &;.

3amevanue. ViMeeTcd BBUY U3MEHEHUWE WMEHHO C.B., & He €€ 3HadeHus. Harmpumep — HECKOJBKO

CEKYH/I pacipe/jiesieHue ObLJI0 HOPMAJJIbHBIM, a TOTOM CTaJI0 PABHOMEPHBIM.

Onpedenenue 6.4 (CiydaiiHbii Iporecc ¢ IMCKPeTHBIM HabopoM cocrostamit). CurydaitHbii mporecc,
y KOTOPOT'O MHOXKECTBO 3HAYEHWUIT & JTUCKPETHO.
IIpumep. T — HEKOTOPBIN MPOMEXKYTOK BPEMEHU.

[Ipumep ¢ HempepbIBHBIM BpeMeHeM: & — TeMIiepaTrypa B MOMEHT BPEMeHH .

[Ipumep ¢ TUCKPETHBIM BpEMEHEM U JIMCKPETHBIM HADOPOM COCTOSTHHIA: TI0JIb30BaTE b IPHITAeT 110
caiitaM. & — CTpaHUIA, KOTOPasg OTKPBITA y HErO B MOMEHT BPEMEHH t.
Onpedeaernue 6.5 (Tpaekropust). f: Q@ x T — R

&(w) = f(w,t) — caydaiiHble BeJNIMHBL

Dukcup. w = wy pacem. f(wo,t) — TpaekTOpHs (pean3ariysi)

IIpumep.

1. g — menpepniBHag Gynkmus : R — R

¢ — cayuaiinasg BeJIMYUHA

2. Beepusbrit mporiecc

&(w) = (t — to)&(w) +b.
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Kaprunka TpaekTopuu Jjis TaKOro Iporecca OyJeT BBIIVISIeTh KaK IpsSMasi, BPAIIAONAIC

BOKPYI' CBOEH OCHU:

to

3. HOCHG,ZLOB&TQJIBHOCTB CHy‘IaﬁHBIX BE€JIMYUH — CJ'Iy‘I&fIHBIfI nponecc ¢ JUCKPETHBIM BpEMEHEM

6.2. YcJoBHBbIE MAT. OXKUJIAHUSI

Onpedesenue 6.6. ¢ : Q) — R cayuaiinas seauuanna wa (2, F, P)

A — o-anrebpa — HoAMHOXKeCTBO F

Torna n = E(¢|A) — c.B. Ha (2, A, P) takas, yro VA € A E(nla) = E({14)

3amevarue Eduncmeennocms. IlycTe 11, 12 — yC/IOBHBIE MATOXKUIAHNA

E(m1a) = E(§14) = E(21a) = E((m —12)1a) =0

A={m >n}=PA) =0
- _ = 1)1 = 7)2 IIOYTU HABEPHOE
A={m <m}=PA)=0

IIpumep. A = {@,Q}. [Tocunraem Ha Takom MHOKecTBe E(&|A).

N3mepumMble OTHOCUTENBHO 9TON A PYHKIMKM — KOHCTAHTHI U TOJBLKO OHM T.K. JIHOO0E JIeDEroBo

MHOYKECTBO JIOJI2KHO OBITH JIMOO ITyCTBIM, JTUOO BCEM CPa3Yy.
Buauut, 1 := E(£|A) = const =: ¢. Yro 310 3a koucranTa? Pactmmewm VA € A:
E(nly) = E(cly) = E(¢1y) — Beerga BepHO.
¢ = E(clg) = E(¢1q) = E¢

[Honyunmm n = E¢
18.05.2018

IIpumep. = | | Ax narauem Ha {A,} o-anredpy
k=1
1 mocrosinna Ha Ay Vk

E(§14,) = E(nla,) = P(Ay) - 1la,
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E
n(w) = ;fj:;’ upu w € Ay

Onpedeaerue 6.7. ;1 un — Mepol HA g-ajarebpe B
/4 aDCOJTIOTHO HENPEPbIBHA OTHOCUTEJILHO V

p<<vecmVeeBre=0= pue=0

Teopema 6.1 (Panona-Hukomuma). p u v kKoneudnbie Mepol Ha B u < v. Torga Jw > 0, cymmupy-

eMast OTHOCUTEJBHO v, T.4. pA = | L wdy

Teopema 6.2. Eciu E|{| < +00, T0o cymectsyer E({|A) 1 ono < +00 IL.H.

dokazareabcTBO. &4
prA = E(EL1y) npu A € A — koneunbie mepbl Ha A u iy < P
Torza 3y > 0 — usmepuma orHocurebHO A, cymmupyema u 1.4, E(E41y) = ppA = [, nedP

7 =1y — 1— — U3MEpUMa OTHOCUTEJIbHO A

B(E14) = B(E,14) — B(E.14) = [, (ny —1_)dP = [, ndP = E(n14)

Cesotlicmea ycaoenozo mam. odtcudanus. 1. E(c|A) =c
2. E(¢|A) nuueitao 1o &

3. A1 C Ay = E(§A) = E(E(E]A2)|Ar)

HokazareabcTBo. Hasno nokazars, aro n.4. ecrb E(£|A;)
OHO M3MEPUMO OTHOCHTEJILHO Aj

vy = E(E(|Az)[ A1)

vy = E({] A

E(vl,) = E(v1,) = E(E14)VA € A4

4. E(E(¢|A)) = ES

HoxkazarenbcrBo. E¢ = E(¢|{2,Q}) u nanee no cs-By 3 miusa A; = {2, Q}
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5. Ecin £ — uamepumas oraocuresibao A, to E(E|A) = ¢

6. E<n=E(A) < E(n|A) mu.

HoxkazarenbsctBo. £ > 0 = FE(£|A) > 0 u3 goka3areibcTBa CyIIeCTBOBAHUS O

Onpedenerue 6.8. 1 — c.B.

o(n) — HauMeHbIIas o-ajaredpa, OTHOCUTEIBHO KOTOPOii 7) u3MepuMa. DTO o-aaredpa, HATSHyTas Ha

{n < thier

Onpedeaenue 6.9. E(&|n) = E(&|o(n))

o0
Eciu ) nuckpernast, 1o ) = Y ¢;la,, Ay IN3BIOHKTHEL
k=1

ITpumep. A narsuayra Ha Ag: Q= |J A
k=1

E(E|A) = > arly,
k=1
E(€la,)
Uk = “p(A,)

B( kfjl arla,) = ’i axP(Ay)
E¢ = i’i P(y =) - B(€ln = o)

Ceoticmesa.

7. £ n n wesasucumel = E(&|n) = E¢

HoxkasarenscrBo. Haso nposeputs paBencrBa E(E1ly) = E(EEL,)
E(§ly<y) = P(n < t)ES
P(§>s 77<t)=P(§>S)P(n<t)

=J P s)ds

IIpumep. N, &1, &, ... — HE3aBUCUMBIE C.B.

&1,&, ... — ommHAKOBO pacupeseseHsl KE = a

E(égk) _ glP(N _ n)E(éfk]N —n) =
E(ki1 &) = kil B, = na — i::l P(N = n)na = ENa

YupaxkHuenmue. D(Z &) =
Yepes E§1,D§1,EN DN

= E¢P(n<t)VA={n<t}
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Onpedenerue 6.10 (Maprunran). (§2, F, P) — BEpOSTHOCTHOE IPOCTPAHCTBO
Ay C A, C ... — o-anrebpor C F
&0,&1,&2, ... — MapruHTas, ecim ElE,| < 400

gn = E(fn—i-l |~An)

IIpumep. 1. Koneunsbrit MapTUHTAJT
En = E(mAn)
2. m, N2, N3, ... — HE3ABUCUMBIE C.B.

Pl =1)= P, = -1) = 3

Sp=m+ne+n+-+n

Ay =0, 2,y 0n)

E(Sn1lAn) = E(Sn + Mt An) = E(SalAn) + E (11| An)

E(Sn[An) = Sy
(

E 77n+1|~/4n) = Enn+1 =0

6.3. MapkoBckue 1enu

Onpedesenue 6.11. Y — u6uC MHOKECTBO (MHOXKECTBO COCTOsIHUIA/(Ha30BOE IPOCTPAHCTBO)

&1, &, ...— mOCIIEIOBATENIBHOCT C.B. : {1 — Y — menb Mapkosa, eciiu P (&, = an|&—1 = an_1,...,& =

aO) = P(gn = anlfnfl = an71>
3amevarue. “Bymyiiee 3aBUCUT OT HACTOAIIETO, HO HE 3aBUCHAT OT IIPOIILIOTO”

3amevarue. Pacripenenenus BepossTHOCTH &, 3aBUCAT OT PACIpPEJIeJICHUNl BEPOATHOCTHU T, T.€. BEPO-

stHocTu P&y dyukimii nepexona P(&, = bl¢,—1 = a) = pgg)

Bynem paccmarpuBath ognopoaabie 1enu Mapkosa, rie psz) = pgp (HE 3aBUCAT OT N)

IIpumep. 1. Cuyuaiinble BeJim9uHbl HA 7
Y =7
[Ipbiraem BJIEBO WM BIIPABO IO TPSIMOIA:
P =k+ 1|1 =Fk) =p
Pl =k—1& 1=k =1-p
S =m+m+- -+, rae Plpp =1)=p, Plpe=—-1) =1-p

2. CayuaitHoe OJIyKIaHWE C TOTJIOMEHUEM
[Ipbiraem BpaBo MJIM BJIEBO IO OTPE3KY, MTOKA HE JOUIEM 0 OJTHOTO U3 KOHIIOB. B KOHIIE cCTOUM.

Y =70N]a,b]
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3. Cuyuaitnoe OJiyKJIaHNe ¢ OTPaYKEHUEM
[Ipeiraem BOpaBo MM BJIEBO 1O OTpe3Ky. Jlolias 710 KOHIA, C BEPOATHOCTHIO 1 OTCKAKMBaeM

HA3aI.

KakoBa BeposiTHOCTH (PUKCUPOBAHHON TPAEKTOPUM !
TeopeMa 6.3. P<€0 = Qop, 51 =day,... 7571 = an) = WO(GO)paompmag - Pay_1an

HokazareabcTBo. Hmykims.

[Tepexom:
P(SO = Qg, . .. agn = an) = P(gn = an|€n—1 = an—l)P(gﬂ = dag; . .- agn—l = a'n—l)
P(fn = an’&nfl - anfl) = Pay_1an ]

[Touemy cymectBytor MapKOBCKue 1emu?

Teopema 6.4. m :Y — [0, 1]
p:Y xY —[0,1]

2 mofa) =1

acY

Z Py =1VaeyY
beY
Torpa cymecTByer menb MapKkoBa ¢ HaYaJbHBIM PACHPEIEICHUEM Ty M IEePEXOIHON BEPOSTHOCTHIO

Pab-

Tenepb B TEpMHUHaX OECKOHEYHDBIX MaTpPHUII.

Teopema 6.5. p — cTpoKa MEPEXOIHBIX BEPOATHOCTEH

'

T = e, = mp

okazareabcTBo. HIyKINAg.
Ilepexox n — 1 — n:

Tp = Tp—1p

Tn(b) = X2 Tn-1(a)pas = 2 P& = a)P (& = bl = a) o o P(&, = b) TODO: rapruska
acY acY -J1a TIOJTHOM B-THU
IePEMHOYKEHIA CTPOKH U3 Tp—1(Yo), Tn-1(Y1), . .. Ha MATPHUILY H3 Py, O

3ameuanue O060snauenus. pup(b) = P(&, = bl& = a) = P(§nir = bl&k = a)

Onpedeaerue 6.12. 7 — cranmoHApPHOE pacHpejiesieHne, eClaIu T = T
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ITpumep. CranmonapHoe pacupejiesieHrne eCTb He BCer/ia.

Cayuaiinoe O/y»K1aHne Ha IPsIMOM ¢ paBHBIM IIAHCOM ITOWTH BIPABO U BJIEBO.
[IycTe cymecTByeT cTalmoHAPHOE PACIIPEIeIeHIe T

m(y) =m(y — 1)z +7(y+1)3

2m(y) =m(y—1) +7(y+1)

m(y+1) —n(y) =7(y) — n(y — 1) = mepsas pasnocTb = const

Tak He ObIBaer.

22.05.2018

Teopema 6.6 (Mapkosa). Y KOHEYHO
Pab >0 Va,beyY

Tora cymiecTByeT eIMHCTBEHHOE CTalmoHapHOoe pacipesesnerne m u 7(b) = lim py,(n) — BeposiT-
n—oo

HOCTb IIepexoa U3 a B b 3a n maros

n

Bouee Toro, cymecrByer ¢ > 0u 0 < ¢ < 1, 1.9. |7(b) — pap(b)] < cq

Teopema 6.7 (banaxa o cxkarun). (K, p) — KOMIAKTHOE METPUYECKOE IPOCTPAHCTBO
T: K — K — cxarue, 1.e. p(T(2),T(y)) < qp(z,y) Vz,y € K, tne g € (0,1)

Torpa cymecrByer equacTBennbiit ©* € K, t.u. Tx* = z*. Bosiee Toro, nycts vg € K x, =Tz, 1,

rorpa p(a*, x,) < Cq¢"”

HdokaszareabcTBo. J[-M, 9TO x,, UMEET MpPeeJT.

[TpoBepum GyHIAAMEHTATBHOCTD P(Tn, Tnim) < 4P(Tn—1, Tn-14m) < - .. < ¢"p(T0, Tm) < Cq"

[Iycre z* = lim z,, = T(z*) =T (lim z,) = lim T'(z,) = lim z,,, = 2*

p(Tn, p,,) < Cq" = p(a,,v°) < Cg"
T, — T* IPU M — 00
EanncrsennocTs

¥ u ¥ HemoIB. TOUKU

p(z*,2*) = p(T(z*), T(x*)) < gp(x*, ™) = p(z*, ™) = 0

Yunpaxkxuenmne. (X, p) — mojsHoe Merpudeckoe mpocrpanctso, 17 : X — X — cxkarue

p(ft*,:ﬂo) n

Torga cyrmiecTByer eIuHCTBEHHAS HEMTOJBUKHAsST Touka u p(x*, x,) < =g 4
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JdokazaresbcTBO. Teopembl MapkoBa

LY = d

B R? paccMoTpuM HOPMY ijl || — mosTy4nIoch MOJIHOE IIPOCTPAHCTBO.

K={recRe : 2,20 VjZ;l:l:l

T(x) = zP (ma npomuwioii mape obo3HaYAIACH KAK )

Hao nokasaTh, 9TO 3TO CxKaTHE.

= min, pey Pop (HT0OBI pasHOCTU OLLIN HEOTPUIATEIHHEL. )

Hano nposeputs, uro ecoiu x u y € K, o ||T(z — y)||1 = ||T(z) — T(y)|l1 < qllz — y||1

z=x—y

1T ()l < dllz]lx

(T2); = iy zibig = >y 2i(pig — 0) + 2y 02 = Yoy zi(pij — 0) + 0

pPu1 -+ Pud
(oo ).
Par ... Pdd

|T2[| = Z?:l (T2);] = 2?21 Zj:l |zl (pi; — 0) = Zf=1 |2i] Z?:l(pij —9) = Zf:l zi(1 = db) =
[|2[]1(1 — do)

qg:=1—do

O

3amevanue. Ecmu npu mHerkoropoMm n pey(n) >0 Va,b € Y, 10 cymecTByer cranmoHaApHOE COCTOSTHUE
u m(b) = Tii_rgopab(mn)
Onpedenenue 6.13. Cocrosinue b TOCTHKNAMO U3 COCTOSHUS @, €CIU Pop(n) > 0 11t HEKOTOPOTO N.

Onpedeaernue 6.14. Cocrosinus a u b — cOOBIIAIONINECS], €CJIM JTOCTHKUMBI JIPYT U3 JAPyTa.

Onpedenernue 6.15. Cocroganue a — cymecrsennoe, ecan V b “b noctmzxkumo n3 o’ = “a m b coodbma-
)

oTcst’. VlHave cocTosHue HeCcyIeCTBEeHHOe.

TODO: kapTusaka

Sameuarue. COO6HL&€MOCTB — OTHOIIIEHUE 3KBHUBaJECHTHOCTH.

CyH_IeCTBeHHbIe COCTOSIHUSA OBIOTCS Ha KJIACChl SKBUBAJIEHTHOCTH.

YnpakueHue. B KoHewdHOIl 1111 BCerjia eCTh CYIIECTBEHHOE COCTOTHUE.

I'naBa #6 52 u3 b4 Asrop: Bacunenko JIusa



Teopus BeposTHOCTE#H CaygaitHbie mporecch

It GeCKOHEUHOl 9TO HEBEPHO, HAIIPUMED, MOYXKHO XOJIUTb BCE BPEMs BJIEBO IO IEJIBIM TOYKAM!
Onpedenerue 6.16. P(§, = alé,1 # a, ..., & # a, § = a) = fu(n) — BEPOATHOCTL MEPBOrO
BO3BpaTa B COCTOSIHUE ¢ 3a N IIaroB

F, =3 ", fa(n) — BeposTHOCTH BO3BpaTa B COCTOSHHUE G.

Onpedenenue 6.17. F, =1 = a — BO3BpaTHOE COCTOSTHIE

F, < 1= a — HeBo3BpaTHOE COCTOSIHIE
Onpedenenue 6.18. Ecau p,, — 0, TO @ — HyJIeBOE€ COCTOSIHIE

Teopema 6.8 (Kpurepuit Bozsparaocti). 1. a — BO3BpaTHO < Y~ | pay(n) = +00

2. Ecomm a — meBossparno, Torna F, = %, rae Qo =Y oy Pab(n)

HoxkazarenbsctBo. [lonoxum p,,(0) =1, f,(0) =0.
P(2) = X nzgPaa(n)2"
F(2) =20z fa(n)2"
Paa(n) = > 4o fa(k)Paa(n — k) 1pu n # 0
CBépTKa OOBIKHOBEHHBIX MTPOU3BOISIINX (DYHKITHIA:
1

Plz)=F2)P(f)+oo=F(z)=1— PO (mpubasuin 1 s corygast n = 0)

l.a—sossparno & F, =F(l)=1lel=1- 55 Qu+1=P(1) =00 & Q, = 00

Caedcmeue. HeBo3BpaTHOE COCTOSTHEE — HYJIEBOE

Teopema 6.9 (Teopema cosmmmaproctu). Ecim a u b coobrmaroruecsi COCTOSHUS, TO OHU BO3BPAT-

Hble(HeBO3BPATHBIE) OJIHOBPEMEHHO ¥ HYJIEBbIC( HEHYJIEBBIE) OHOBPEMEHHO.

HokazarenbCcTBO. a u b — coobmatormecss = Pgp(1) > 0 1 ppe(j) > 0 jy1st KAKUX-TO 7 U .
Paa(n + J + ) = pab(4)pon(n)poa(d)
poo(n +J + i) = Poa(i)Paa(n)pan(d)
Cipw(n + 1+ ) 2 Paa(n) 2 Coppp(n —i — j)
Ci= o > 0

C(2 = pab(i)pba(j)
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Paa = @(pbb) L]
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