Teopusa BeposaTHOCTEN N MaTeEMaTUYeECKasas CTaTUCTUKA

XapakTepucTukn HenpepbIBHbIX CAy4YaiiHbiX BenuyuH. Pacnpepenenus.

Ine6 Kapnos

BLUB BusHec-uxdopmaTtuka



B npownbix cepusx...

®dusnyeckas aHanoOrus: 3HayeHme NAOTHOCTU BELWECTBA B TOYKE

® Camo no cebe 3Haqenne pyHkumm nnoTHocTn p(x) He 0b03HA4aET Maccy B Touke Zy. CMbICA HECceT UMeHHO
npon3seefeHne NIOTHOCTN Ha AJNHY, BCMOMHNAM, 4ToBbl cokpaTUamMch pasmepHoctu [kg] = [%] [m]
Penbc :
O6beKT 4 )
! ; 1

MnothocTs p(z)

0.1

dm = p(x,) - dz
3 KyCOUKa LUNPUHOI
— | dx oKono TouKM T




B npownbix cepusx...

3Ha4eHve NIOTHOCTU BEPOSITHOCTU B TOYKE
® [lo aHanoruu ¢ dusmkoli: camo no cebe 3HaqeHue pyHKUMM NAOTHOCTN [y () He 0BO3HAYAET BEPOSTHOCTL B

TO4KE Xg. CMbICn HeceT MMeHHO nponseeneHne NAOTHOCTU Ha AJINHY WHTEpBana.

L po+ L)) = fx(xg) - da

fx()
o ¢ P(X € (xg— 520+ 5
- !
é Z‘L Lo é é 10 x
fx() J[ dx
0.2 Probability = area = fy(z,) - da
0.1 ¢
é 4 s o g 10 T

dx




B npownbix cepusx...

BepOHTHOCTb nonagaHnsa B NHTEpPBan

® [locnepoBaTenbHO CKNAALIBAst Takne BEPOSITHOCTU MOMAAAHUS B OKPECTHOCTb, MOJy4aem Miowagb nog
rpachukom hyHKLMN NAOTHOCTU OT TOYKU @ 4O TOYKM b, KOTOpasi u nHTepnpeTupyetcs Hamu kak Pla < X < b).

fx()

o T . ‘ Pla < X <b) = 5 fxlar)da = [ Fx(e)ds
n 2
2 4
P01
0.1+
2 1 v




MaTtemaTtunyeckoe oxunagaHue
HaI'IOMHVIM, 4TO ANnA p,I/ICerTHOI7I CB Mbl BbIHUCNAEM MATEMATUHECKOE OXKNAAHNE KaK ,B3BeLLIeHHy}O CyMMy,I

EX] = inP(X = x;), Bbluncasietcs gns Vo, € Q.
=1

Ecnu y Hac ectb gpyras CB G, senstowasics dyrkumeii ot X: G = g(X):
Elg(X)] = glz) P(X = ;)
i=1

[nst HenpepbIBHOrO Cay4ast Mbl 3aMeHsSIEM CyMMY Ha UHTerpas:

S PX=x) = [ & e Y o) P =2) = [ gle) frl@da

®unanbHo:

+o0 +0o0

E[X] = / thx(@dz| | Elg(X)] = / o(z) fx (2)de

—00 —00




Awvcnepcns

® dopmyna Ansi ANCNEPCAN OCTAETCS TOR XKe:
Var[X] = E[(X — E[X])*] = E[X?] - (E[X])?
® HanomMHuM AoKa3aTenbCTBO:

Var[X] = E [(X — E[X])?] = E[X? — 2XE[X] + (E[X])?] =
B[X?] - 2E[X]E[X] + (E[X])? = E[X?] - (E[X])*.



PaBHomepHoe pacnpegeneHue

® PasHomepHoe pacnpefeneHue Ha uHTepsane [a,b] MeeT NOCTOSHHYIO NAOTHOCTD

fx(ﬂf)_{bia, esrsh

0, wuHaue

L4 CDyHKLU/Iﬂ NAOTHOCTN BEPOATHOCTU!

® DyHKUNS pacnpegeneHns:

0, z<a
FX(x): ‘1’;:27 aéﬂ?gb
1, =z>0
° MaTeMaTI/I‘-IeCKOe OoXXungaHme n gncnepcua:
b b—a)?
Blx] = 20 vy = 029



DKcnoHeHuManbLHOE pacnpepgeneHune

DKCrMOHEHLMaNbHOE pacnpefesieHe MOLENNPYET BPeMs MEXAY CODbITUSIMU B MyaCCOHOBCKOM MpoLecce

) = {A‘”I’ v

CDyH KUMA NJAOTHOCTN BEPOATHOCTU:

0, =<0

DyHKUNA pacnpeneneHns:



HopmanbHoe pacnpegeneHue

L4 cD_\/HKLI,I/ISI NAOTHOCTN BEPOATHOCTUN MNAapaMeTPU30BaHa ABYMSA KOHCTAHTaMU [ N 0'2 N 3aNUCbIBAE€TCA KakK:

1 (z—p)?
fx(x) = ¢ %P VzeR

V2mo?

® [apameTpbl BAMSIOT Ha BUG hyHKLUM NAOTHOCTU U, KaK CIEACTBUE, Ha "NoBeAeHne’ HOPMasbHOI cny4aliHoli

BeNNYMHbL. YTODbI NOAYEPKHYTH KOHKPETHYIO HOPMAaJIbHYIO BEJIMHMHY, C KOHKPETHO paccMaTpuBaeMbiM Habopom
napameTpoB, Mbl NULLEM:

X~ N (p,0?)

o ~
1 XapaKTepuCTNKN HOPMasbHOW BENNYUHbI

VimeeT mecTo nHTepecHoe coBnageHne NapamMeTpoB 1 XapaKTEPUCTUK HOPMasbHOM CAy4aiiHOW BEANYMHDI:
E[X] = p, Var[X] = o*

ByabTte BHUMaTENbHbI, B 0DLEM Cily4ae NapameTpbl U XapaKTEpPUCTUKN Cy4aliHOW BENUYMHbI COBMafaTb He
obsizaHbl.
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BavaHue napameTtpoB Ha (hyHKLUIO NNOTHOCTU

Normal density functions N (u, 1)
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Pwnc. 1: Bansxue napametpa p
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BavaHue napameTtpoB Ha (hyHKLUIO NNOTHOCTU

Normal density functions N (5, 02)
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1
uN PO

Puc. 2: BausHue napametpa o
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BavaHue napameTtpoB Ha (hyHKLUIO NNOTHOCTU

Normal density functions

— X~WN(5, 3%)
—— Y~ WN(5, 5%
P P(10<X<15)
P(10 <Y <15)

Puc. 3: Bansxue napametpa o




CranpgaptHas HOpmanbHas BennynHa

Bce HopmanbHble paBHbI, HO OfHO paBHee ApPYrux
® [ockonbky cyliecTeyeT BeckoHedHoe 4ncno nap (i, 02), cylwjecTeyeT Takxke BeCKOHEHHOe YNCO Pa3MUHbIX
HOPMabHbIX pacrnpeaeneHnii.
® 370 notpeboBasio bbl BLIYNCAEHNS JECSITKOB CAOKHBIX BEPOSITHOCTHBIX MHTErPaNOB KaXKAblii pas.
® Yo ecnau BblYNCNeHNE BEPOSITHOCTY Nto6oi HopmanbHoli CB MOXXHO CBECTU K 3HAHUIO BCEro OAHONM nepeMeHHONR?



CranpgaptHas HOpmanbHas BennynHa

Bce HopmanbHble paBHbI, HO OfHO paBHee ApYrux
® BcrpeyaiiTe CTaHAAPTHYIO HOPMAJIbHYIO CIYHARHYIO BENNYHNHY:

1 22
—e 2z, VreR
V2r

® J1aBHbIM-4aBHO MaTEMATUKN BbIYUCAUAN LECATKN BEPOSATHOCTHLIX UHTErpasioB 1 co3aann Tabauuy cTaHgapTHOro
HOPMaJIbHOrO PacnpeaenieHisl, KOTOPas NOKa3bIBaeT 3HadeHns pyHKumn pacnpegenequs Fy(x) ans mHorux
BO3MOXXHbIX 3HAYEHUN T.

® Mbl MOXeM HaiiTy 0By BEPOSITHOCTL Jit0DOVi HOPMabHOI Cy4aliHO BENMYMHBI, Npeobpa3osas eé B
CTaHOAPTHYIO HOPMaJbHYIO.

ZNN(071)7 fZ(x):



CranpgaptHas HOpmanbHas BennynHa
Dopmyna npeobpasosBaHus

® Mycts X — HopManbHasi ciydaiinas seanduna u X ~ N (u, 02).



CranpgaptHas HOpmanbHas BennynHa
Dopmyna npeobpasosBaHus

® Mycts X — HopManbHasi ciydaiinas seanduna u X ~ N (u, 02).

® Torga cneayrowast dyHkuns (npeobpasosatue) npeobpasyetr X B CTaHAAPTHYIO HOPMANbHYIO BENNYUHY:
_ X

0

Z

Normal density functions

— Z~N(0, 1)
X~ N(10, 0.36)

0.6 4
0.5
0.4
0.3
0.2

0.1

0.01




CranpgaptHas HOpmanbHas BennynHa

® Mycts X — HopMmasbHas ciydaiinas senuduna n X ~ N (u, o2).



CranpgaptHas HOpmanbHas BennynHa

® Mycts X — HopMmasbHas ciydaiinas senuduna n X ~ N (u, o2).
® Hac uHTepecyeT HekoTopas sepositHocTs Pla < X < b), Va, b:a < b.



CranpgaptHas HOpmanbHas BennynHa

® Mycts X — HopMmasbHas ciydaiinas senuduna n X ~ N (u, o2).
® Hac uHTepecyeT HekoTopas sepositHocTs Pla < X < b), Va, b:a < b.
® [MpumeHum npeobpazoBaHme K KaXKAOW 4acTu HEPABEHCTBA, YTODLI He HapyLWNTL €ro:

4 X—p b— . - i
Pla<X<b) =P “U“< 0“< 0“ =P (i< 2 <b)=Fyb) — F,a).

a Z b
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0.000

0.125
0.100
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0.025

0.000

CranpgaprtHas HOpMmanbHas Benn4uHa

Calculation of probability via CDF

T T
[ Fx(a)=P(X<a) |

X
T T
I Fx(b)=P(X<b) |
X
T T
m Fx(b) - Fx(a) |
-15 ~1o s 0 10 15



Cra HOAQPTHAA HOpMaJibHasA BeJINHNHA

Cumulative Standardized Normal Distribution

fardized normal

A@)is the integral of the

distribution from — oo t0 2 (in other words, the
area under the curve to the left of 2). It gives the
probability of a normal random variable not

@) being more than = standard deviations above its
mean. Values of z of particular importance:

Cower Tt ofight

1960 Lower it of right 2.5% il
2326 Lowerlimit ofight 1% il
2576 Loweslimit of ight 0.5% il
3090 Cower it ofight0.1% il
3201
T3 T 6 1z% 3 7
005 o0 007 oo om
00 S99 0539 089 0519 0539
o1 0396 0366 05675 0S7i4 05753
02 0598 o6n6 0606 06103 06141
03 06365 06i06 0613 0. 06517
04 06736 0472 OGNS 0% 06879
05 8§ 0713 07IST 0710 07224
06 MR 0TS 076 07517 07549
01 0T 076 0T 073 0782
08 o502 |08 08106 0813
09 0529 0SS 0810 0N 08389
10 OS5I 08554 03577 0850 0862l
I 0K749 070 0%190 08810 0583
12 0894 08962 03980 0397 09015
13 09115 09131 09147 09162 09177
I 09265 09219 09292 09306 09319
15 09304 09406 0918 09429 0941
16 09505 095IS 09525 09535 09sds
17 09599 09605 09616 09625 09633
I 09675 09636 09693 096% 09706
It} 98 09750 0976 09761 09767
20 09795 09%3 098 09%I2 09817
21 0982 0986 09850 09853 098]
2 AT 09881 09N 0987 09
23 09906 09909 09911 09913 09916
24 09920 09931 0993 09934 0993
25 o 9049 09951 09952
2 09960 09961 05962 0963 0%
21 09970 |05 099m 0597
2% 09978 09979 09979 09950 09981
20 09084 09055 09985 09986 0998
30 9% 09989 09989 09990 0%
3 09992 0992 09992 09993 09993
32 9994 09994 09995 09995 09995
33 96 09996 09997
34 09997 0997 09997 09997 0999
3 991 998 09998 09998




Mpumep

Ecnn X — HopmanbHO pacnpepeneHHasi ciyyaiiHas BeaudmHa co cpegHum 6 n gucnepcumeid 25, HaiiTu:
1. P(6< X <12),
P(0< X <8),
P(—2< X <0),

. P(X >21),

. P(]JX —6] <5).

(S S



Mpumep

Bonpoc 1
P(6< X <12)

® X ~ N(6,25), sHauut p =6, 0 =5
MpeobpasosaHue: Z = %
PO<X<12)=P(E8<Z<E5=P0<Z<12)
= F,(1.2) — F,(0) = 0.8849 — 0.



Busyanusauus sonpoca 1

Mn0THOCTL BeposTHOCTM

MAoTHOCTS BeposTHOCTY
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Mpumep

3apava 1: P(6<X=<12)

— X~A16,5%)
B 3anpawneaemas BEPOSTHOCTH
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Mpumep

Bonpoc 2
PO< X3
® [lpeobpasosatue: Z = ﬁ
e POSX<8) = (05—6<Z<8 8)=P(-12<Z <04)
® Vicnonbayem ceolicteo cummetpun: F,(—1.2) =1— F,(1.2) =1 —0.8849 = 0.1151
o = F,(0.4) — Fy(—1.2) = 0.6554 — 0.1151 = 0.5403



Mpumep
BV|3yaJ'|V|3a LUns Bonpoca 2
3apaya 2: P(0=X=<8)

0.08 + — X~ A6,5%)
B 3anpawneaemas BEPOSTHOCTH
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Mpumep

Bonpoc 3
P(—2< X <0)

Mpeobpasosatue: Z = %
P(2<X<0)=P(28<2<%5)=P(-1.6<Z<-12)
Vcnonb3ayem ceoiicteo cummerpum: Fy(—1.2) =1— F,(1.2) =1 —0.8849 = 0.1151
Fy(—1.6) =1— F,(1.6) = 1 — 0.9452 = 0.0548
= F,(—1.2) — Fy(—1.6) = 0.1151 — 0.0548 = 0.0603



Mpumep
B|/|3yan|/|33u.|/|$| BOMpoOCa 3
3apava 3: P(-2<X=<0)

0.08 — X~N6,57)
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Mpumep

Bonpoc 4

P(X >21)
® [IpeobpazoBaHue: Z = XS’G
* P(X>21)=P(Z>225)=P(Z>3)
e =1—F,(3)=1-0.9987 = 0.0013




Busyanusauus sonpoca 4
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3apaya 4: P(X >21)
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Mpumep

Bonpoc 5
P(IX —6| < 5)
® 370 o3HavaeT: P(—5 <X —6<5)=P(l< X <11)
MpeobpasosaHue: Z = ’b
P(l<X<1l)=P(5 L=6)y = p(—1<Z<1)
Vicnonb3yem cBoicTBO CUMMETpUK: FZ( 1)=1—F,(1) =1—0.8413 = 0.1587
= Fy(1) — Fy(—1) = 0.8413 — 0.1587 = 0.6826




Mpumep
Busyanusauus sonpoca 5
Safxaﬂa 5: P(|X - 6| <5)=P(1<X<}1)
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