YUCJIOBI XAPAKTEPUCTUKU BUITAJIKOBUX
BEJIMYUH TA IX BJIACTUBOCTI

3aKoH po3MOJIily HMOBIPHOCTEH SIK JJIs TUCKPETHUX, TaK 1 JJIs HEMEPEPBHUX BUITAIKOBUX BEJIIMYHMH JIa€ TTOBHY 1H-
thopmariito ipo HuX. [IpoTe Ha mpakTHII HEMae MOTPEOH TaK AOKIJIAJTHO OMHCYBATH LI BEIWYMHHM, a JOCTATHHO 3HATH
JIMIIIC TIEBHI MTApaMETPH, 110 XapaKTePU3YIOTh iX ICTOTHI 03Haku. Li mapamMeTpu i Ha3UBAKOTh YUCIOBUMU XAPAKMEDU-
CMUKAMU UNAOKOBUX GETUYUH.

1. MaTematnyHe cnogiBaHHA

OpHi€ro 3 HAHYACTIIIE 3aCTOCOBYBAHHUX HA MPAKTHII XapaKTCPUCTUK € MaAmeMamuine CnoOi8anHsl.

TepMin «MaTeMaTH4YHE CIOIIBAHHSY BHIIAIKOBOI BeIHUYMHH X € CHHOHIMOM TepMiHA «CEepPEIHE 3HAUCHHS BHUIIAI-
KOBOI BEIUYUHU X.

MareMaTHYHHM CIIO/IIBaHHSIM BUTIAJIKOBOI BEJIMYMHU X, BU3HAUCHOIO HA JUCKPETHOMY MPOCTOpi 2, HA3UBAETHCS
BEJIMYUHA

M(X):éxipi . (75)
SIkmro € — oOMe)xeHa MHOKHHA, TO
M(X): Z_;lxi p; - (76)

Sxmo npocTtip € € HenepepBHUM, TO MATEMAaTHYHUM CIIOJiBaHHAM HEIEepepBHOI BUMAJKOBOI BETMYUHU X Ha3UBa-
€THCSI BETTMUMHA

M(X) =[x f(x)dx. (77)
Skio Q = (— oo; ), TO ’

M(X) = [xf(x)dx. (78)
Sxmo Q = [a; b], To h

M (X) =[x f (x)dx. (79)

2. BnactTuBocTti MaTtemaTU4HOro cnogiBaHHA

1. MaTtemaruyHe criofiBaHHs Bijg ctanol Bennuuau C JOPIBHIOE CaMiii CTasii:

M (C) =C. (80)

Cnpagni, cramy C MOXHa PO3TJISJaTy SIK BUIIAJKOBY BETUUHHY, IO 3 IMOBIPHICTIO, sIKa JOPIBHIOE OJIMHHMIL, HAOyBae
3HAYEHHS C, a TOMY
M) =C-1=C

2. M (CX) = CM (X). (81)

JIJ1s1 TMCKpeTHOT BUITAJKOBOI BEJIMUMHH 3Ti1HO 13 (75) MaemMo
k K
M(CX)=2Cx,p; =CXx;p; =CM(X) .
i=1 i=1
Jl1g HenepepBHOi:

M(CX)= [ Cxf (x)dx=C [ (x)dx=CM (X).

3. SIkmo A4 i B € cTanuMy BEIMYUHAMHU, TO
M(AX +B) = AM(X)+B . (82)

s nuckpeTHoi BUNIaJIKOBOI BEJIMUUHMU:
n n n
M(AX +B)=> (AX, +B)p,; =A>. X;p; + B> p, =AM (X)+B.
i=1 i=1 i=1

Jyis HenepepBHOI BUTIAJAKOBOT BEIMYNHH:
M(AX +B) = [ (Ax+B)f(x)dx=A[ x f(x)dx+B [ f(x)dx =AM (X) +B.
Skuio Bunaakosa BenmuunHa X € [a; b], o M (X) € [a; b], a came: MaTemMaTuy4He CHO/IBAHHS BUITAJKOBOI BEIUUMHH Ma€e
000B’SI3KOBO MICTHThCS BCEPEAMHI iHTEpBay [a; D], siBrsttoun coO0r0 HIEHTP PO3MOILTY IIi€l BETUUHHH.
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3. Moga Ta megiaHa BMNagKoBOi BeNUYNHU

Monoro (Mo) TUCKpPETHOT BUTIAIKOBOT BETMYMHH X HA3UBAIOTh TE 11 MOXIJIMBE 3HAUCHHS, SIKOMY BiJIIIOBi/la€ HAiOi-
JIBITIa HMOBIPHICTD TTOSIBH.
Moior0 11 HeTIepepBHOI BUMAAKOBOI BEIMYMHU X HA3WBAIOTh Te il MOXKJIMBE 3HAUCHHS, SKOMY BiJI[IOBi/Iae Mak-
CUMajbHEe 3HaYeHHS MIUTHEHOCTI HMOBIPHOCTI:
f (Mo) = max.

SIkio BuUMazKoBa BEJIMYMHA MA€ OJHY MOJY, TO TaKHH pO3MOALT IMOBIPHOCTEH HAa3UBAIOTh 0OHOMOOANbHUM; SKILO
PO3MOILT Ma€ B MO — 080MOOANbHYUM 1 T. iH. ICHYFOTP 1 Taki pO3MOALTH, SKI HE MalOTh MOJH. [X Ha3WBAIOTH aH-
MUMOOATLHUMU.

Megnianoro (Me) HemepepBHOI BHIIAIKOBOI BETHINHN X HA3WBAIOThH Te ii 3HAUCHHS, /IS SIKOTO BHKOHYIOTHCS PiB-
HICTh IMOBIPHOCTEH MOiiA:

P(—o0< X < Me) = P(Me < X <) — F(Me) — F (=) = F () — F(Me) —
— F(Me) =1— F(Me) — 2F (Me) =1—>
—> F (Me) =0,5. (83)

OTxe, MeniaHy BU3HAYAIOTh 13 piBHIHHSA (83).

Me MOXHA 3HAHUTH, CKOPHUCTABIIUCH MUTBHICTIO HMOBIPHOCTEIH:
Me ©
| f0Qdx = [ f(x)dx, (84)
—0 Me
a6o npu X € [a; b]:
Me e
j f (x)dx = jf(x)dx. (85)

Omxe, Me — MOXIIMBE 3HAYCHHSI BUITAIKOBOI BETMIHHH X, IPUIOMY TaKe, IO NpsiMa, IPOBE/ICHA [EPIICHINKYISPHO 10
BIIIIOBIIHOT TOUKH Ha TuronuHi X = Me, IOALISIE IOty (1)1rypn AKa OOMEKeHa ¢yukuiero f (X), Ha 181 piBHI YacTHHH.

4. Incnepcis Ta cepegHe KBagpaTU4iHe BiaXUNeHHA

MaremaruuHe COAIBaHHS HE Ja€ AOCTATHBO HOBHOI iH(pOPMALi PO BUNAAKOBY BEINYHHY, OCKUIbKH OJHOMY H
TOMY camoMy 3HaueHHIO M (X) Moxke BIJIOBI AT O€3/11Y BUNAJKOBUX BEIMYNH, SIKi OYAyThb PISHUTHCS HE JIMIIC MOX-
JVBHMH 3HAYCHHSIMH, a i XapaKTepoM PO3MOJITY 1 caMOI0 IPUPOJIO0 MOKIIMBUX 3HAYEHb.

Ipuxnan. 3aKoHU PO3MOJITY BUITAIKOBUX BETMUYHH X 1Y 3a/1aHi TaOIUIAMU:

X; -05 -0,1 0,1 0,5
Di 04 0,1 0,1 0,4
Yi -100 | -80 -10 10 10 80
Pj 0,1 0,2 0,2 0,2 0,1 0,2

O6uucoutu M (X) 1 M (Y).

Po3é’azanna.
M(X)= iX;P; =-05-04-01-01+01-01+0,5-0,4=
:s—=2),2—0,01+ 0,01+0,2=0;
M) = ilyjpj =-100-0,1-80-0,2-10-0,2+10-0,2+80-0,2+100-01=
:1—710—16—2+2+16+10:0.

Otxe, ABa 3aKOHU PO3IOJLTY MAlOTh OJHAKOBI MaTeMaTH4YHI CIIOJiBaHHA, X04a MOXKJIMBI 3HAYEHHS IJIs1 BUIAJIKO-
BUX BenM4rH X 1 Y iCTOTHO pi3Hi. [3 HaBejeHOro MpHKIaLy 6a4uMo, 110 B pa3i piBHOCTI MaTeMaTHYHUX CIIOAiBaHb (M
(X) - M (Y) = 0) BunaakoBi BenmunHK X 1 Y MaroTh TeHAEHIIIO 10 KonuBaHb BiHOCHO M (X) Ta M (Y), npruomy Y Mae
OimpImii posmax posciroBanus BigHocHo M (Y), HDX BumagkoBa BenmnumHa X BigHocHO M (X). ToMy MaTeMaTHUHE
CTIO/IIBaHHS HA3UBAIOTh YEeHMPOM po3citoeants. Jisi BAMIpIOBaHHS PO3CIIOBaHHS BBOJHUTHCS YHCIIOBA XapaKTEPUCTH-
Ka, sIKy Ha3UBalOTh OUCNEPCIcIo.

JI7st BU3HAUCHHS ANCTIEPCii PO3TIIAAAETHCS BIIXWICHHS BUIAAKOBOI BETMUMHN X BiJl CBOTO MAaTEMaTHYHOT'O CIIOi-
BauHs (X — M (X))

MareMaTn4yHe CTIOiBaHHS TAKOT'O BIIXUJICHHS BUTIQJKOBOI BEIMYMHU X 3aBXKIM TOpiBHIOE Hyito. CripaBi,

M(X =M(X))=M(X)-M(M (X)) =M(X)-M(X)=0.
OTxe, BIIXUIICHHS HE MOKE OYTH MIpOIO pO3CIFOBAHHS BUITAIKOBOI BEJTUIHHH.
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ﬂ ucnepcieio BI/IHaZ[KOBO'I' BCIIMYHUHU X HA3UWBAETHCA MATCMATUYHC CHOI[iBaHHSI KBa/:[paTa Bi):LXI/IJ'IeHHSI ]_Ii€'1' BCIIMYMHU
D(X)=M(X —M(X))2. (86)

Jist IUCKPETHOI BUMAAKOBOT BETMYMHH X TUCTIEpCis

D(X) =3 ~M(X)) (87)
IS HETIEPEPBHO]
D(X)= [(Xx—M(X))?f (x)d (88)
Sxmo X € [a; b], N
T0 D(X) = [ (x—M(X))?f (x)x . (89)

5. BnactuBocTi gucnepcii

1. SAxmo C — crana BeIW4HHA, TO

D(C)=0. (90)
CrpaBni
D(C)=M(C-M(C))>=M(C—-C)>=M(0)=0.
2. D(CX)=C?D(X). (91)
Maewmo:

D(CX)=M(CX —M(CX))> =M (CX —CM(X))> =M (C(X =M (X))? =
=C2M (X -M(X))?=C?D(X)
3. SIkmo 4 1 B — craii BEIMYHHH, TO
D(AX +B)=A’D(X). (92)
Amxe
D(AX +B)=M(AX +B—M(AX +B))?=M(AX +B—AM (X)-B)? =
=M (AX — AM(X))? = A’M (X — M (X))? = A’D(X).
Jlucriepcito MOXxHa OOYUCIUTH 1 32 TAKOIO POPMYIIOH0:
D(X) =M (X?)-M?(X). (93)
JloBenennsn. 3rigHo 3 (86) micraemo:
D(X)=M(X =M (X))2=M(X2-2M (X)X +M2(X)) =
= M(X2)=2M (X)M(X)+M (M2 (X)) =
=M (X2)=2M2(X)+M?2(X)=M(X2)=M?2(X).

JIJis TUCKpeTHOI BUIIAKOBOI BETHYUHU X

D(X)= Yxlp, ~M*(X); (94)
JUJISl HETIEpEPBHOL i
D(X)= [x2f(x)dx—M%(X) . (95)

Sxmio X € [a; b], To
D(X):szf(x)dx—Mz(X). (96)

Crin mam’sTaTy, o Aucrepcis He Moxke 6yTH Bij eMHoro BemmunHowo (D(X >0)).
Omxe, auCIepcist XapakTepU3ye PO3CIFOBAHHs BUIAKOBOT BEIIMYMHH BiJTHOCHO CBOIO MaTEMAaTHYHOTO CIIOIBAHH.
SIKu1o BUITa/IKOBA BEIMYNHA BUMIPSHA B JICSKHUX OQUHHLIIX, TO JUCICPCIs BAMIPIOBATHMETBCS B LIUX CAMHX OJUHULIX,

ayie B KBaJIpari.
Tomy AOUIIEHO MaTH YHCJIOBY XapaKTEPUCTUKY TaKOi caMoOi BUMIPHOCTI, SIK 1 BUTIQAKOBA BEIMYMHA. TaKoro dwrc-

JIOBOIO XapaKTEPUCTUKOIO € CEPEIHE KBAIPATUYHE BiIXFIICHHS.
Cepeonim keadpamuyHum 8i0XunieHHsIM BUTIAAKOBOI BEIMINHN X HA3WBAIOTh KOPiHb KBAJPATHUHN 13 THUCIIEPCIi:
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o(X)=D(X) . o7)

6. No4yaTKoBi Ta LeHTpanbHi MOMEHTHN

V3araabHEHUMHU YHCIIOBUMHA XapaKTCPpUCTUKaAMU BUITIAAKOBUX BEJIMYUH € IMOYaTKOBI Ta HeHTpaJ'IBHi MOMCHTH.
IToyaTkoBUM MOMEHTOM K-T0O MOpAAKY BHUITQJKOBO1 BEIMYUHU X Ha3MBaIOTh MaTCMaTUUHE CHOI[iBaHHﬂ BEIUYNHU X

v =M(X*) (k=123 ...). (98)

Komn k=1, v, =M(X); komu k=2, v, =M(X?) iT. 1.
Jns quckpeTHoi BUNagKOBOI BEMUYUHU X

=>xp; (99)
JUIsL HETIEPEPBHOT -
ve = [X<F (. (100)
Skmo X € [a; b], To -
vy :(}xkf(x)dx. (101)
0

L{eHTpanbHIM MOMEHTOM K-TO IOPS/IKY HAa3HBA€THCS MaTeMaTHIHe criofiBaHms Bix (X — M(X))*:
e =MX-MX)* (k=123 ....). (102)

Komu k=1, p =M(X-M(X))=0;

xomu K =2, p, =M(X =M (X)* =D (X);

xomu K =3, p, =M (X -M(X))%

xomu k=4, p, =M (X =M (X))*.

JI1st TMCKPETHOT BUIMAAKOBOI BEJTMUMHI

=306 -M(X)* s (103)
JUTS HETIepePBHOT
e = [(x= M X)) f (x)x. (104)
Skmo X € [a; b], To -
™ =?(X—M(X))kf(x)dx. (105)

7. AcumeTpis i ekcuec

Tperiii HeHTpanbHUIl MOMEHT XapaKTepU3y€e aCUMETPII0 3aKOHY PO3LOALLY BHIALKOBOI BeanduHu. Skuio pg = 0,
TO BHIIAJIKOBA BeMYMHA X CHMETPUYHO po3mnojijieHa BiiHOCHO M (X). OCKiJbKH L3 Ma€ PO3MIpHICTh BHIIAIKOBOT Be-
JMYUHH B KyOi, TO BBOJISITH 0e3po3MipHYy BEJIMYUHY — KO-
eQIIieHT acuMeTpii:
As=E2 (106)
c
LenTpansHuii MOMEHT YETBEPTOTO MOPSIJIKY BUKOPUCTOBYETHCS ISl BU3HAUYEHHSI €KCIIECY, 10 XapaKTepHU3ye IIoc-
KOBEPLIMHHICTB, 200 TOCTPOBEPUIMHHICTB IiIbHOCTI WMOBipHOCTI f (X). Ekcriec o0uncmoeTbes 3a GopMyioro
Es=te_3, (107)
c
3ayBa)xuMo, 0 YUCIO0 3 BiTHIMAETHCA OCh YoMy. [l HEHTPaIbHOTO 3aKOHY PO3MOALTY, TaK 3BaHOTO HOpMaJlb-
HOTO 3aKOHY, BUKOHY€ETHCSI PiBHICTB:

4 =3, Orxe, Es = 0.

Gy

JI7st HAOUHOCTI TIPH Pi3HUX 3Ha4YeHHsIX As, ES rpadiku f (X) 300paxkeni Ha puc. 57 i 58.
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Es>0
Es=0
Es<0
—
—
X 0 M(X)

Puc. 57 Puc. 58
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