[image: image1.jpg]/1n1e1 HenpepwIBHOM CityyailHON BEJIMYUHDI:

fe = / (x — MIX])* - p(z) da.

OueBumHO, st J1I060H CaydaifHOM BeJIMYUHBI LEHTPA LI ()
MOMEHT IIePBOT0O IOPSIIKA PABEH HYJIIO, & PACCMOTPEHHAS PRIee
JUCTIEPCUS SABJIAETCs IEHTPAIbHBIM MOMEHTOM BTOPOI'O TOPH LI

D[X] = pa.

Mexxay HayaJbHBIMH M LEHTPAJIBLHLIMM MOMEHTAMM DAL
HbIX [OPSAJKOB CyLIECTBYET CJEAYIOMAs CBA3b:

— - . 2
l‘l'l““oa ,U2——m2~—m1,

3 = msg — 3mims + Qm:f,
=1my — 4 62 - b
L4 4 mims + (ASNLY; 3m1.

MomenTr! 60Jiee BHICOKUX MOPSIIKOB IIPUMEHSIIOTCS PEJIKO

Tperuit LIEHTPANILHBIA MOMEHT CIIYXKUT JJIsi XapaKTePHCTHK i
aCUMMeTpHHM (MM “‘CKOLIeHHOCTH pacupeesnenus). Beau paciipe
JleJIeHe CUMMETPHYHO OTHOCUTEJBHO MATEMATHYECKOI'O OXM /1N
HU, TO BCE MOMEHTBHI HEYETHOI'O NOPSIKa (eCu OHM CYUIeCTH)
I0T) PaBHBI HyJIO U acumMerpus S = (. EcTecTBeHHO 1mOTOMY I
Ka4geCcTBE XapPaKTEePUCTUKH aCUMMETDUHU paclipeneaeHusi BLIOpa L.
KAKOH-1mO0 M3 HEeYEeTHBIX MOMEHTOB, HAIIPUMED IPOCTEeHIUil M
HUX — TPeTuil. ACUMMeTpUs BBIYHC/ISIETCS 10 (pOpMyJIe

S = g—g (10)

“HeTBepThiil IEHTPAJIbHBIH MOMEHT CJIYXKUT JJIs XapaKTepuc i
KM TaK Ha3blBaeMoOil “KpyTOCTH’, TO €CTh OCTPOBEPIIUHHOCTH I
IJIOCKOBEPIIMUHHOCTH paclpeaeaeHus. JuciioBast BeJIUYNHA — 9K
IIECC — OIMCBLIBAEeT 3THU CBOHCTBA pacHpenesieHuss. DKCIECCOM CJ1y
JalHO! BeJINYMHBI X Ha3bIBAETCH YHCJIO

H4
E,="= -3,
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Yucso 3 BLIYATAETCH U3 OTHOIIEHM A ’;—% MOTOMY, YTO JJIs BeChb-
Ma Ba’yKHOTO U LIXPOKO PacIpPOCTPAHEHHOI'O B IIPUPOJIE HOPMAJIBHO-
ro 3akoHa pacnpenesienus £ = 3. Takum oOpa3oMm, Jjisi HOpMaJIb-
HOTO paclpejesieHusi SKCIeCC paBeH HyJI0; KPUBble, Oojiee 0CTpo-
BEPIHUHHBIE 110 CPABHEHUIO C HOPMAaJIbHOM, 00/18,1a10T NOJIOXKUTE Ib-
HBIM DKCIIECCOM; KpUBBIe DoJiee IIJIOCKOBEPIINHHbIE — OTPULIATEJIb-
HBIM YKCIIECCOM.

10.1. ITpousBoguTcsa OAWH BLICTPEJI IO MUIIEHU; BEPOATHOCTH

‘monajanust paBHa p. Onpepenure MareMaTHYdeCKoe OXXHIaHUE,

JIUACIIEPCHUIO U CpejHee KBaJIpaTHdeCcKoe OTKJIOHeHHe YHuC/ia IIolla-
JaHUM!.

Pewenue. Obosnaunm X — gucsao nonaganuit. Psn pacnpene-
X011
Plq|p
rie ¢ = 1 — p — BeposiTHOCTL IpoMaxa. Ilo dopmyie (6) HaxoqUM

JIeHus BeJinuuHbl X HMeeT BUJI;

‘MaTeMaTH4YeCKOe OXXNJaHue BeJINYHUHDI X:

M[X]=0-g+1-p=p.
Jlucnepeunio 9rciia ToNaJaHuit onpejesnsieM 1o dopmyire (9)
D(X]=(0-p)* ¢+ (1 —p)* p=pg,

orkyna o[ X| = /Pq.

10.2. Jlan 3aK0oH pacupejejeHus cilydaitHol BeJMYnuHbl X
X 0 1 2 3
P102]03}|04]|0,1

Beiducaure MaTeMaTHYECKOE OXKUJaHue, TUCIEPCUlo, CpelHee

KBaJIPATUIECKOE OTKJIOHEHUE, aCUMMETPHIO, SKCIECC ITOH Cirydai-

HO! BEJINYUHHI.

Pewenue. HaiiieM MareMaTHYeCcKOe OXKHUJaHUe JAHHOM CIIy-
yaiiHOU BeJIMYUHbI

M[X]=0-0,2+1-0,3+2-0,4+3-0,1=1,4.

Nucnepcuio BbraucauM 1o ¢gopmyse (9). CocraBum 3aKOH pac-
pejieJIeHUs KBaApaTa CJIydalHOW BeJIMIuHbl X
X“| 0 1 4 9
P 102{03}04]0,1
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[image: image2.jpg]M HaiijieM M[X2] =0-0,24+1-0,3+4-0,4+9-0,1 = 2, 8. Torua
D[X] = 2,8 — 1,96 = 0,84. Cpensee KBaApPaTUUECKOE OTKJIOHEHME
o[X] = /D[X] ~ 0,92.

Acummerpmio HaxomuM 1o dopmye (10). [Ins ee onpenenenus
CHa4aJjla COCTaBJisieM 3aKOH PACIpPEJIC/ICHUs] CAYyYalHON BeJIMIMHbI

X _M[X][-14]04]06] 16

P 02 [ 0,3 [0,4]0,1

3aTeM — 3aKOH pacnpese/eHus CaydaiHON BeJUYNHbBI
3

X — M[X]|" | 2,744 | 0,064 | 0,216 | 4,096

P 02 | 03 | 04 | 01

Tenepb BBIYKMCIUM LEHTPAIbHBINI MOMEHT TPETHEro IIOPSIKA,

3
s = M| X — M[X]|" = —2,744 0,2 — 0,064 - 0,3+
+0,216-0,4 + 4,096 - 0,1 ~ —0, 072.
WU, nakonen, 3Has, 410 0° = (0,92)2, naxomum
~ —0,072
~ (0,92)3

Ikcuecc BeluucauM 1o gopmyae (11). s ero ompenesenus co
CTaBUM 3aKOH pacIIpelesIeHUs] CJay4YalHON BeJIMYUHEI

x - mix)|"

o 0 092

4
[X—-M[X]] 3,842 | 0,0256 | 0,1296 | 6,554
P 02 | 03 04 | 01

Hait nem

4
Jig = M[X L M[X]] —3,842-0,2 — 0,0256 - 0, 3+
40,1296 - 0,4 + 6,554 - 0,1 ~ 1, 48332.

3uas 0 = (0,92)* = 0, 7157, MOXXHO MOACYUTATD

1, 48322

B = 0, 7157

— 3 =~ —0, 926.
10.3. HenpepriHas caydaiinasa BesudnHa X NOMUMHEHA 3aKO-
Hy pacnpezeseHus ¢ mioTaocToio: p(z) = A-e 1l Haitnure KO3(-

dpunpenT A. Onpenenure MaTeMaTHIECKOE OXKHIAHHE, AUCTIEPCHIO,
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CPeJHEeKBa/JpaTUY€CKOe OTKJIOHEHUE, aCUMMETPHUIO, SKCIECC BeJIH-
gyuHbI X .

Pewenue. [ns onpenesneHnss A BOCIOJb3yeMcsi CBOHCTBOM
IJIOTHOCTH pacrpejenenus (4):

+00 +00 1
/ p(x)dr =2A / e Tdr=1: orciona A = 3"
— 00 0

BrruucisieM MaTeMaTHiecKoe OXHIAaHUE BEJIAYUHBI X :

+oo
1
M[X] = / -2—3:-6"[“"(1:13:0.

— 00

- ucnepcus v cpeanexkBagpaTH4ecKoe OTKJIOHEHUE PABHBI, COOTBET-

CTBEHHO.

1 1

D[X] = -2-/;[:2@-'“ dx:2/§a:26_“’da::2;
—00 0

o[X] = /D[X]=V2.
+00
1

ps = o /x3e‘lwld:c=0, 325—3:0.

/U151 BIYUCIIEHUsI SKCHeCcca HaxXOauM 4
-f-oo1
oy =2 / —2—3346“:” dx = 24, oTkyma FE, = H_% — 3 = 3.
o
0

10.4. CocraBbTe 3aKOH pacrpejie/leHUs CIYYARHON BeJIMIUHbI

Z = X +Y, ecsin He3aBUCHMBIe ciaydaiiHble BesuyuHbl X u Y
3a/1aHbI CIEYIONUMH 3aKOHAMH paclpe/ie/IeHus

X1 0 1 2 Y| 1 3

P101|021{0)7 P 106 |04
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[image: image3.jpg]lIpoBepbTe cripaBeUIMBOCTE TEOPEMBI O MATEMATHIECKOM O3KU-
AaHUH ¥ JUCIIEPCUN CyMMBbI HE3aBUCUMBIX CYYaNHBIX BEJIAYUH.

Pewenue. 3HaueHus BeJUIUHbBl Z PABHBI BO3MOMKHBIM CyMMaM
Zi+Y; SHa4eHuit BeauduHd X u Y. BeposaTHocTH 3THX CyMM oIpe ie-
JISIIOTCSL IO TeOpEMEe YMHOXKEHUA HE3aBUCHUMBIX COOBLITHI, 8 UMEHHO:

P(zi) - P(y;)

Z=X 1Y | P(Z)=P(X) PY)
0+r1=1 0,1-0,6 = 0,06
0+3=23 0,1-0,4=0,04
T+1=2 0,2-0,6=0,12
1+3=4 0,2-0,4 = 0,08
2+1=23 0,7-0,6=0,42
2+3=5 0,7-0,4=0,28

3aMeTuM, 4To
6
Z P(Zk) = L.
k==

ITpumenyB TeopeMy CJIOXKEHUSI 1JiF PABHBIX 3HAYEHHH Z, Oy UNM
P(z=3)=P[(0+3)mm (24 1)] = 0,04 + 0,42 = 0, 46.

3aKOH pacipeaeieHus Z:

1 2 3 4 S
P 10,06 0,12 | 0,46 | 0,08 | 0,28
MaremaTu4ieckoe oxuganue M [X| cnywaitnoit Besmunnnr X

M[X]=) z pi=0-0,1+1-0,24+2-0,7 = 1,86.

Anajiornuno seraucisioress M[Y] = 1,8, M[Z] = 3,4. Taxk kak
3,4 = 1,6 + 1,8, ybexxmaemcs, aro M[Z] = M[X + Y] = M[X]
+ M[Y].
U1 HaxoXKAeHHsa nucnepcuu ciaydaiHoil BeawuuHbl X COCTA

BUM BCIIOMOTATEJIbHYIO TaOJIUILY:

X 0| 11| 4
P(X4)10,1]0210,7
Hanee onpenensiem: M[X?] =0-0,14+1-0,2+4- 0,7 =3.

D[X] = M[X? -~ M*[X] =3—(1,6)2 =0, 44.
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Anasiorununo Beraucisiiores D[Y] = 0,96; D{Z] = 1,40. Tak kakx
1,40 = 0,44 + 0,96, y6exxpaemcest, uro D[Z] = DX +Y]| = D[X]| +
+ D[Y].

3anauyu AJid CaMOCTOSATEJIbHOI0 pelieHus

10.5. 3apaboTHasi iaTa padouUX IeXa paclpeelsierca ce-
JIYIOIIMM 00pa30M:
3/T1aTa, 75 | 85 1 95| 105 | 115 | 125

YUCJIO0 pabounx

10

25

40 | 30

50

29

Hailinure MareMaTudeckoe OXKHJiaHHE 3apabOTHOH ILIaThI pa-

Oo4YHuX.

10.6. HaiinuTe 3aKOH pacripelejeHud cjay4aiiHOM OAUCKPETHON

BeJIMYMHBI X, KOTOpass MOXXET IIPUHUMATL TOJILKO JABa 3HAYCHU:
L1 C BEPOSAATHOCTBIO P; U T9 C BEPOATHOCTBIO P2, IpUYeM Z1 < I3,
eciiu M[X]|=1,9, D[X] = 0,09, p; =0,1.

10.7. 3aBoj 1HoJiyyaeT Chipbe OT TPeX MMOCTABUIAKOB (OT KaXK-
JIOT'O TIO OTHEJbHOCTH IO OJHOH aBTOMalluuHe). BeposiTHOCTH npu-
ObITUSI aBTOMAIIWHBI OT IIEPBOTO IIOCTaBlIMKa paBHa (0,2, oT BTO-
poro — 0,5, or Tperbero — 0,1. CocTraBpTe 3aKOH paclpeieeHus
CJIy4JaiiHOi# BEJIMYUHBI — 4YHCJIa NPUOBIBIINX MAIIWH; BBIYUCIUTE
MaTeMaTUdIecKoe OXKHJaHue, aCUMMETPHUIO U 9KCLIECC 3TOU CiIydail-
HOU BeJIMYUHEL.

10.8. [1inorHOCTL pacnpee/ieHust CaydaliHoil BeIMIuHbl X 3a-
IIUCHIBAETCS TaK

0 pu x < 0,
p(z) ={ asinz nmpu 0<z<m,
0 IIpu T > 7.

Yemy paBuo a? BbeluuciyuTe MaTeMaTUYeCKOe OXKUJaHue U JJUC-
[IEPCUIO 9TOM CIAYyYaHONA BEJIUYHHBIL.

10.9. Cayuaitnag BesimunHa X IOJNYMHEHA 3aKOHY paclipe/ie-
JIEHHS, TJIOTHOCTH KOTOPOIro 3ajJlaHa rpadpruiecKH.

p(x)}
" A(2:1) 3anuuinuTe BhIpakKE€HHe ILIOT-
i HOCTH pacipenenenusi. Haii-
JUTE MAaTEMATUYECKOe OXKU-
- | ' e JIAHWE, OUCIIEPCHIO, aCHUMMeT-
0 1 2 X puio.
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[image: image4.jpg]10.10. Cuyuqaiinast Beaiuunna X 3aaaHa AHTErpabHOi PyHK-
nuen

0 npu z < -1,
T+ nmpu -1 <z <2,
1 npu z > 2.

ol

Pz} =

o=

Hadnyre ninoTHocTs pacnpenenenus p(x), MaTeMaTHueckoe OKU-
AaHue, NUCHEePCHIO, aCMMMETDHIO, IKCIecC, HOCTpolire rpadbuxu
dbynknuit F(x) u p(x).

10.11. IIpoBoaaTcs HCHBITAHUA TPEX IPUGOPOB. BepositHocTs,
4YTO IPHOOPBI BBIIEPXKAT HCIBITAHHE, COOTBETCTBEHHO pasna 0,9,
0,8, 0,7. Cayqaiinas Besnuuna X — 4ucJio upubopOB, BLIAED>KAB-
mux ucneiTaHue. Haiinure:

a) psi paclpeleseHus CaydailHol BeTuauHbr X ;

6) dbyskuuio pacnpenenenns F(z);

B) MaTeMaTHYECKOe OXKHUJAHHeE, TI) JUCTIEPCHIO;

n) P(1,3 < X < 2,4).

10.12. /lana byskums cay4daitHol Besmunabr X

0 [IpH z < —1,
F(r)=¢ A+ B nmpu —-1<z<1,
1 npu x> 1.

Ha#iyure: a) nocrosinusie A u B; 6) mioTHoCTb pacnpejeie-
Hus p(z); B) M[X]; r)D[X]; n) P(0< X < 0,5); e) nocrpoitre
rpaduku pyskuuit F(x) u p(z).

10.13. 3akoHn pacnpenenenus Ciy4daiiHO#N BesinuyuHBI X J1aH B
TabJinie

X1 -1 0 2
Pl106|03]0,1
1) CocraBbre 3aKOHBI pacHpelesieHHs] CIY9afHBIX BEIUIUH
Y =2X, Z = X+ X u ybeaurech, 4T0 3TO pas/InIHbIe ciaydaitHble
BEJIMYMHDBI, TO ecTb 94T0 X + X # 2X;
2) Bolunciure mMaTeMaTHdecKue OXKUIAHUS Clly4alHbIX BeJIu-
YUH Y U Z;
3) Haitnure mucnepcun ciaydaifueix Beawuud Y u Z. MoxKHO
M 15t Z = X + X TIPUMEHUTH TEOpEMY O JTUCTIEPCHH CYMMBI:

2 2 2
Oppn =0y + 057

78

10.14. Cayyaiinasi BeiuuuHa X MMeeT CJIe/lyIONIMil 3aKOH pac-
[peaeJIeHUsE:
X 0 1 4
P10,25|05]0,25
3aluIIuTe psifibl PACHPeNeeHUsT CIy4aiHbIX BeJInYnH Y = X2
u Z = X - X. Halfaure MaTreMaTnyeckue OXXUJaHUS 3TUX CJydali-
HBIX BEJIUYUH.

10.15. [IBa cTpenka crpensior no muinenu. Caydvaiinpie Bejm-
YuHbl X M Y 4ucia BRIOMBaeMbIX KaXKIbIM U3 HUX OYKOB IAaIOTCS
CJIeAYIOIUMU TabJIUITaMU:

X | 2 3 4 Y| 3 4 5)
P104]05]0, P103]051|0,2

CocTaBbpTe 3aKOH pACIIpEIIEJIEHHUS] CyMMAapHOI'O 9YHCJIa OYKOB,

BbIOMBaeMbIX 0bouMu cTpesikaMd Z = X + Y, u Berauciure M|[Z]

u D[Z].

10.16. 3akoBbl pacnpeesicHHS HE3aBHCHMBIX CJIY4YallHEIX Be-
JM9uH X U Y XapaKTepH3YIOTCs CJIEAYIOIUMMI TabIuIaMMU:
X1 0 2 4 Y| 3 )
P101]0710,2 P1041|06
CocTaBbTe 3aKOH pacIIpeie/IeHUs] CIIy4YaiiHON BeJIMYUHBI
Z = X -Y u npoBepbTe CBOHCTBO MATEMATHUYECKOI'O OXKHIAAHHS
M|X -Y]=M[X] - M[Y]. '
10.17. /ipe HezaBUCHMBIe cilydaliHble BeJu4auHbl X 1 Y xapak-
TEePUIYIOTCH CAEAYIONUMHU PslaMi PaCIIpeae/IeHUAs:
X1 2 4 6 Y| 2 3 4
P102{05]|03 P101]06] 03
CocTaBbTe 3aKOH pacIpeie/leHUs:
1) cny4vaiinoit Bemunnb Z = X - Y;
2) cny4aiinoh Benmunnsl T = X +Y;
3) cayuaitnoit Besmuuub Q = 3 - (X + Y?).

OTBeTsni
10.5. 104. 10.6.

XT T 7132
P 10,1009
X[ 0] 1] 21 3
P 0,36 | 0,49 | 0,14 | 0,01
M[X]=0,80, S=0,475, E,=—0,31.

10.7.
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