DJIEMEHTHI TEOPHUM CAYUYAUHBIX HPOLECCOB

bynak Bnagumup Nasnosuy,

HavunoHanbHbIV nccrnenoBaTernbCKUn
yHuBepcutet « M3 »

Kadpeapa CBETOTEXHUKMU

J: +7 (095) 763-5239 BudakVP@mpei.ru ﬂ



Cny4aineie cursansl B O9C

1. CgeToBo€ moJse JH000ro peajibHOrO HCTOYHUKA €CTh
CTAaTUCTUYECKUN CUTHAI — YaCTHYHAsI KOTEPEHTHOCTh

2. DoHBI UMEIOT CIIOKHYIO CTPYKTYPY CIYYAWHO U3MEHSIOLTYIOCS
10 TIPOCTPAHCTBY Y BPEMEHHU:

* Bosnenun BOIHOU ITOBEPXHOCTH
e l3MeHeHre Npo3pauyHOCTH aTMOC(hEPHI

* [Ipupoansie PoHBI: J€C, OIS, TOPHI — U3MEHSIIOTCS OT
MECTA K MECTY I10 BEPOATHOCTHOMY 3aKOHY

3. IIymbl npreMHOM amniaparypbl

CﬂyqaﬁHOCMb noAeasemcs gcecoa 018 cucmem ¢ OeCKOHeuHbIM
YUCTIOM C80DOObL — AmomdapHoe CnMpoeHUue seulecmed



3aJ1a4yi C PaBHOBEPOATHBIMU UCXOAaMHU

OcCHOBHBIC TOHSTUA TCOPHUHU BCPOATHOCTH — dHAJIN3 A3aPTHBIX UI'D — 3a/1a49U C
PaBHOBCPOATHBIMHU NCXOaMM.

« Beposarnocts open — pemka: P(o)= P(p)=1/2;
* I'pans urpansHou koctu: P(r)=1/6;
« Kapra u3 xonojael: P(x) =1/32;
B ciiydyae paBHOBEpPOSATHBIX UCXOI0B 1

BEPOATHOCTB COOBITHS A b s
41
B Takoii cucteMe BO3MOXKHBI M 00JI€€ CIIOKHBIC ()= C: - 2121 i ~0.0125
CUTyallMHd — BEPOSATHOCTH JIBYX TY30B B IIPUKYIIE: g el S gea g
2130!
Ob1iee onpeneneHne BepositHocTH no Laplace Pl e OIA2ONPUSIMHBIX UCXO008

(Pierre-Simon, 1749-1827) niis cuctem ¢

obulee YUcio ucxo0os
PaBHOBCPOATHBIMHU NCXOJTAMMU.

Cucmemvl ¢ 6eCKOHEUHbIM YUCTOM UCX0008



l eomeTpuyueckass BEpOITHOCTD

Hall A. On an experimental determinition of n. — Messeng. Math., 1873, V2. P.113:
Ao

L

p<| sina — ycrosue nepeceuenus .
L a

Onpeneanm HEKOTOPYIO MEPY COOBITHSI, KOTOpas HponoplHaHaibHa IIJIOIIA/IH:

S e 2l PA:n(A) AN
P(4) = 5 —RL.([smocdoc— = = (A4) e b L n(d)
YacrotHoe onpenenenue BepositTHocTr Mises Richard (1883, JIsBoB - 1953, bocToH):

yacmoma = nis) — P(A4)

N—>wx

Umo maxoe npeéeﬂ 9KCﬂ€pMM€HWlClJZbHOlZ 6CITUYUHDBL C MOYKU 3PEHUA
mamemamuyeckou meopuu?



BeposSTHOCTHOE IIPOCTPAHCTBO

R (V)

A

I.  3agaHo npocTpaHCTBO {2 ANEMEHTAPHBIX COOBITUH (UCXOA0B) ®: ® & L2;

II. CoObiTHe A SIBAAETCS MHOKECTBOM (O U HOJAMHOXKECTBOM {2 — CYIIIECTBYET
Ha0Op MpaBuJI, IO KOTOPHIM U3 3JIEMEHTOB (0 MOXKHO O0OPa30BbIBaTh CUCTEMY
MOAMHOXKECTB — ajreopa [J;

III. BseaeHa Mepa MHOXXECTBA COOBITHS A, YIOBIETBOPSIONIAs IpaBUIaM:

1. 1> PA)=0: PQ)=1, P(1)=0

2. (V4,ieln)(40 4,=@, Vi,jeln, i;tj):(P( A,.):Z":P(A,.)j
i=1 i=1

Xopouio 01 Mmamemamury, HO HEesCHA CB:3b C (PUBUKOU -
yacmomou cooblmus



Cny4aiiHas BeIn4YnHA

CiyvaiiHag BenuunHa: QyHKIUA = E(®), ® €€ Ha 3aJ]aHHOM BEPOSITHOCTHOM
npocTtpancTse (2, [1,P);

CnyyaiiHas BEJIMYHMHA caMa SBISIETCS CIyYalHbIM COOBITHEM Ha
BEPOSITHOCTHOM IpocTpaHcTBe (X, [ ,Pé) — HenocpeoCcmeeHHo 3a0aHHAs
CAVYAUHASL BETUYUHA,

Anre0pa [] ecTh cuCcTeMa MHTEPBAJIOB Ha HEKOTOPOM CErMeHTe X;
P(B)= P& €B);
Cny4daiiHasi BeJIMUYMHA MOYKET OBITh:

1 nenpepuvignoii . P.@dx ) =p . @ Yix = Ipéoc Yx =1

(X)

2. duckpemnou : P.dx ) =P, (x )z o —x )= ZPé(x =1
ink i=1

Umo noseojisiem He pClS’()@]IﬂWlb HenpepoleHYIo U OMCK]?QWIH)/}O
CﬂyqaﬁHble 6E/IUHYUHDI



MoOMEHTHI ClIy4aHOH BEJIMYNHBI

M¢ = J. E(w)P(dow) = I xb, (dx) = _[ xp: (x)dx - MaTEMaTUYECKOE OXKMIAHUE (CpeHeE)

Q) (X) (X)
1.Mc =¢; 3.M(E, +&,) =ME, + ME,;
2. Mcg = cMg; 4.M(G, - &,) = Mg, - ME,
Me" = I ¥ e (x)dx LleHTpanbHbIE MOMEHTHI M(E — M&)" = J‘ (x —ME) p, (x)dx
X) CJIy4alHOW BEJIMYMHBI: X
Baxknenien u3 KOTOPbIX ABIIETCS TUCTICPCHUS: D¢ = j (x —MEg)” P (x)dx

(X)
DE = M(E - ME)” = M(& — 26ME +(ME)’ ) = ME® — (ME)’;
1.Dc=0;
2.Dct = ¢’DE;
3.D(, +&,) =DE, +DE,;

Momermbl n0360A10M OYEHUMb HE CAMY BETUYUUHY, d ee
pacnpeoenexue



HepaseHnctBo UeOnlnieBa

Yeonimes [lapayrui JIbBoBuy (1821-1894):  (ve > 0): ( {|§ Me| > a} éj
€

D&zj(x—M&)QQ(dx)z j (x—ME)* P (dx) > ¢’ j P,(dx) = &’ P{[¢ — ME| > €]

(X) |6 -ME|>¢ |6 —ME|>¢
D
< 8} >1— —5
e

JL7is JOIIOTHUTENBHOTO COOBITUS: (Ve > 0): ( p{‘g — Mk

CrnienuayipHas Ciay4yanHas BEJIMYUHA;

B %Zgi’ (vgi’ 1€ 1’—‘N) : [(Ma" ! a)A(Dgi = 62):|

MC=M (%i&} ZM@ —a, D¢ = ( Zgj ZD& :%

IKCnepuUMeHmailbHoe onpeodeieHue (usmepenue)
MAMemMamuiecko20 OHCUOAHUS



3akoH OonbIux yncen B popme Bernoulli

Bernoulli Jacob (1654 - 1705): _{1, ecov mpomsomio A,

§, — MHIMKATOP COOBITHS A: 0, ecan He npomsomio A.
iﬁ:@ 2h 6 A
N&S Ty - 4acTOTa COOBITHS A.

Mg = [ER(do)= [ R(dw)=P(4)

(Q) 1o BCEM
weA

n(4)
N

— P(A4)

§

2
c n(A4) 3
<gry>1— s > P(A
} Ng? N Lt i

3axon 6onbUILUX YUCeT ABNLEeMC MOCIUKOM, COCOUHSIIOUUM
Mamemamuieckyro meopur ¢ QU3ULecKuUM COOepHCAHUEM



Cny4anHbie PyHKIUN

E(H)= &(t,m), ® €L Ha 3aJaHHOM BEpOSITHOCTHOM mpocTtpaHcTBe (2, [1,P), t €T

e {— OJHOMEpHAas BeIMYMHA (BpeMs) —
CJIly4arlHBINA MIPOIIECC;

A 8 _____* t— MHOrOMEpHas BeJIW4YMHa (paauyC-BEKTOD I)
I TR T A 9
Bl 1) L \ Al — CITy4alHOE I0JIC
ML I WA .
oA LY /\\ » &= E(1,0,) — peamsanus CIyqaiHOro mpomuecca
NYAVETER AT AT
AR \f \ \»‘ ’~ \ — ocHMJIJIoOrpaMMa TOKa MJIN HaIpsKEHU S
""""""""""""""""""""""""""""""" L A |
A

oo e = ((2,,0) — cTyvaiiHas BeMYMHA, UTS KOTOPOU
et MoxHO BBecTH ME(Y), DE(F) — dynkiun
h rapamerpa ¢

Moowcno ssecmu u 6eposimuocms P ; (1,w),
HO OHA He 0)0en XapaxKmepuzoeanib NPouecc



MHoromMepHsbI€ pacipeaciacHus

Jli1st onpenesienus npoiiecca
HEO00XOAMMO 3HATh BEPOSITHOCTH TOTO,
9TO & B MOMCHT BPEMCHH , Oy/IeT UMETh
3HA4YCHUE X, @ B MOMCHT BPCMCHH [,

OyZIeT UMETh 3HAUCHUE Vs

PAt it X S =R (0 S e Sk A o SR < x Ax)

g noanoui xapaxmepucmuxu IIPOLIECCA uyorcrno 3name ckonw
Y200HO MepHOoe pacnpeoeieHue, Ymo HeB03MONCHO



