MUHUCTEPCTBO HAYKH U BBICHIEI'O OBPA3OBAHUA PO

denepalibHOE TOCYAapPCTBEHHOE OI0)KETHOE 00pa3oBaTeNbHOE
yupexJIeHHE BbICIIEro 00pa3oBaHus
«MOCKOBCKHI aBUALIMOHHBIA UHCTUTYT
(HaIMOHAJIbHBIN UCCE0BATEIbCKUN YHUBEPCUTET)»

Kadenpa «MoaenupoBanue cucteM 1 UHGOPMAIMOHHBIE TEXHOIOTUM

HEITPEPBIBHBIE CJ1YUYAWHBIE BEJTAYHUHBI
Meroanyeckue yKa3zaHus K IPaKTUYECKUM 3aHIATUAM

o gucuuruinae «MartemMaTtuka

Cocrasurenmn: 1O.b. Eroposa
N.M. MamoHOB

MOCKBA 2019

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Eroposa 10.b., MamonoB .M. HenpepbsIBHBIE CllydallHbIC BEJIWYHUHBI:
Meronnueckne yka3zaHHs K MPAKTUYECKUM 3aHATHSIM MO AUCUUILUIMHE
«Brpicuias matematukay/ FO.b. Eroposa, .M. Mamono. M.: MAM,

2019. 12 c.

© Eroposa 10.b.,
Mawmonos .M.,
cocraBJiieHue, 2019

© MAMU, 2019

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

1. CIIOCOBbI 3AIAHUSA 3AKOHA PACITPEAEJIEHUSA
HEITPEPBIBHBIX CJIYYAWHBIX BEJIMUWH

1.1. HenpepbiBHasi ciydaiiHas BeJIMYMHA — BEJIUYUHA, KOTOpas
MOXKET MPUHUMAThH JIFOOO€ 3HAYEHHWE M3 HEKOTOPOTO MPOMEXKYTKA YH-
CJI0BOM OcH (KOHEYHOro Win 0eckoHeuHoro). [Ipumepsl HenmpepbIBHBIX
CIIy4ailHbIX BEJIMYMH: JAJbHOCTh IOJIETAa APTUIUIEPUICKOrO CHapsna,
pPacxo]l 3JIEKTPOIHEPTUU 32 ONPEACICHHBIN MPOMEKYTOK BPEMEHH, TEM-
neparypa Teja Wik BO31yXa, BEC U3ENNs, POCT YEIOBEKa U T.I1.

1.2. 3akoH pacnpeneseHUs HEIPEPHIBHON CIy4allHOM BEJIIMYHMHBI
MO>KHO 3aJaTh JBYMS aHAIMTUYECKUMU CIIOCO0aMU:

1) c noMomib0 PyHKIIMU pacrpeaesieHus: BeposiTHOCTEN F(X);

2) ¢ MOMOILBIO IIIOTHOCTH PACHPENETICHUs BEPOITHOCTEN f(x).

1.3. ®yHkuuei pacnpeaeeHUs HENMPEPbIBHOM CJOYYalHOHM Be-
JIMYUHBI HA3BIBAOT PYHKIUIO F(X), ONPENEAIONIyI0 IS KaXK/I0ro 3Ha-
YEHUS X BEPOSTHOCTh TOTO, YTO ClIydailHas BeIuyuHa X NpUMET 3Haye-
HHE, MEHbIIIee 3aJJaHHOTO X, T.¢. F(x)=P(X<x).

CaoiicTBa F(x):

1. ®yukuus F(x) ectb HeyObIBaromasi U HEMpepbhiBHASA (YHK-
Iusl.
2. @ynkuus F(x) ecTb HeOoTpuLATENbHAs (DYHKIUS, 3aKIIOUYCH-
Has MEXy HyJieM U equnuieit: 0<F(x)< 1.

. F(—=o¢) =0; F(+o0) = 1;

4. BepoATHOCTh MOMaJaHUsl CIy4alHOW BEIWYMHBI X B 3ajjaH-
HBIN UHTEPBaJI OT & A0 3 paBHa:

P(a <X<PB)=F(P)- F(a). (1.1)

()

['paduk pynxunn pacnpenenenus F(x)upuseneH Ha puc. 1, a. I'pa-
¢uk F(x)nid HENpEephIBHBIX CIyYalHbIX BEJIUYUH — HENPEPBhIBHAS KPU-
Basi B OTVIMYKE OT JUCKPETHBIX CIyHYailHbIX BEITUYUH, IJI1 KOTOPBIX Ipa-
buk F(x) — ctyneH4aras gurypa.
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1.4. IlnoTHOCTHIO pacnpeae/ieHus] BEPOATHOCTH f(X) HENPEPHIB-
HOM CJIy4YalHOW BeNUYMHbI X Ha3bIBA€TCAd IepBas NPOU3BOAHASA OT
(GyHKIMU pacipeieTICHU:

)= F'(x). (1.2)

[ToaTOMyY MJIOTHOCTBH pacnpeeieHus BEPOSITHOCTH f(X) TakKe Ha-
3piBafoT auddepenumannuoii pynkuueii pacnpenenenns, a F(x) —
HHTEerpaAJIbHON (PyHKIUEH pacnpeleeHuns.

['paduk MIOTHOCTH pacHpenesieHus] BEPOSITHOCTH f(X) Ha3bIBAETCS
KPpHUBOii pacnpenenenus (puc. 1, 0-x1).

CsoiicTBa f(x):

1. CDyHKHI/IH f(x) €CTh HCOTpHULIATCIIbHAS (byHKuI/Iﬂ: f(x)ZO-

2. BepossTHOCTh monagaHus HEMPEPHIBHOM CIIy4alHOW BEIUYH-
HbI X B 3aJJaHHBIA UHTEPBAJ OT & 710 3 paBHa:

B
Pla<X<p)= j £ (x)dx. (1.3)

C reoMeTprueCKON TOYKHU 3PEHUS 3T BEPOSITHOCTh YUCICHHO
paBHa 3alUTPUXOBAHHOM IUIOLIAANA 1O KPUBOW paclpeaeiICHUs
(cM. puc. 1, 0).

3. BepoATHOCTH MOIAJaHusl HENPEPBIBHON CIy4aliHOM BEJIMYH-

HbI X B MHTEpBAJI OT —oC 10 +oo paBHa 1:

P(—oo<X<+oo):+ff(x)dx:1. (1.4)

C reomeTpuyecKoM TOYKM 3PEHHA ITO O3HAYAET, YTO BCSA
mIomaAb Mo KpuBoi pacnpeaeneHus = 1 (cm. puc. 1, B).

4. WuterpanbHyto (yHKIHUIO pacrpeaesieHus F(x) Hempe-
PBIBHOM CIIy4YaliHOM BEJIWYMHBI MOKHO BBIPA3UTh Ye€pe3 ILUIOT-
HOCTb pacmpeiesIeHNs BEPOSITHOCTEN 1o popmyiie:

F(x) = j £ (x)d. (1.5)

C reoMeTprYeCKON TOUKHU 3pEHUSI MHTErpasibHast (yHKIUS pac-
peesieHNs] paBHA TUIOMIAM 3alITPUXOBAHHOM (DUTYpBI, OTpaHUYEH-

HOU CBEPXY KPHBOW paCIpeICIICHUS U JICKAIICH JIeBee TOUKHU X (pHC.
1, r).
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F(x)
1,0
0,5
a
Me X
Jx) ftx)
P(-0<X<+w)=1
P(a<X<p) /
6 / ’
/>
Mo o S «x x
e /)
F(x)=P( X<
(X)=R(X<x) P( X<Me)=0,5 P(X>Me)=0,5
T
X X Me X

Puc. 1. I'paduku unrerpansuoit F(x) (a) u nuddepenunansuoit f(x) (6-1) byHkuumii pac-
Mpe/iesIeHUs] BEPOSITHOCTH

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

1.5. CBolicTBa HenpepbIBHBIX CJIY4YallHbIX BEJIUYHUH:

1. BepossTHOCTH TOro, YTO HEMpEphIBHAS CiIy4yaliHas BeJIMYMHA

X IpUMET OJIHO ONPEACIICHHOE 3HAaUeHUE, paBHA HYJIIO:
P(X=a)=0.

2. BeposATHOCTH MOMNANaHUS HENPEPHIBHOW CIyYaliHOM BEIUYH-

Hbl X B uHTEpBal OT (0, J) HE 3aBUCHUT OT TOrO, SIBJIAETCS JIU

ATOT UHTEPBAT OTKPBITHIM WJIU 3aKPBITHIM:
Pla<X<pB)=Pla<X<B)=Pa<X<pB)=Pla<X<p).

2. YUCJIOBBIE XAPAKTEPUCTHUKHU HEITPEPBIBHBIX
CJIYYAHUHBIX BEJIMUVH

2.1. MaTemMaTn4uecKoe OXXKUJIaHue:

+00

M(X)= [xf (x)x. (1.6)

—o0

2.2. lucnepcus:

D(X) = [(x=M(X))* f(x)dx. (1.7)

Bce cpoiicTBa MareMaTUyeCcKOro OXWJIAHUA U AUCIIEPCUHU, pac-
CMOTPEHHBIEC ISl JTUCKPETHBIX CIYyYaMHBIX BEJIWYWH, CHPABEIJIUBBI H
ISl HETIPEPBIBHBIX BEJIMYMH.

2.3. CpenHee kKBaJpaTHYECKOE OTKJIOHEHME:

o(X)=4D(X). (1.8)

2.4. Mona Mo (puc. 1, 6) — Haubosee BEpOSITHOE 3HAYCHUE CITy-

YalflHOW BEJIWYHUHBI, T.C. 3TO 3HAYEHUE, UMEIOIee HauOOJbIIYIO IIIOT-
HOCTB pacIpeciIeHUs BEPOATHOCTHU f(x ).

2.5. Menuana Me — 3HaueHUE CIIy4YallHOM BEJIMYWHBI, J1JIs1 KOTOPO-
ro

1

P(X < Me)= P(X > Me) = >

WK JUIsi KOTOPOTO HMHTErpajibHas (DYHKIMS paclpe/esieHUs: paBHaA Y2
(puc. 1, a):

F(Me) = %

I'eomeTpuuecku BepTUKalibHAS npsiMas x=Me NEIUT IUIOIAb 101
KpUBOM pacripeierieHus nomnoiam (puc. 1, 1).
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2.6. Koappuuuent accumerpuu A XapakTepu3yeT CUMMETPUY-
HOCTb (CKOIIEHHOCTh) KPUBOW pacIpeiesiCHUs:

_H
4=
IA€ |3 — LEHTPaAJIbHbI MOMEHT TPETHETO MOPSAKA:
py = [(x=M (X)) f(x)dx.

Ecnu kpuBas pacnpenesieHus CHMMETPUYHA OTHOCUTEIBHO MaTe-
Matudeckoro oxuaanus, 1o 4=0 (puc. 1, 6-r). Eciau ko3¢ duiuent ac-
cumetpuun A>0, TO KpuBasi paclpeIeICHNAs] UMEET MPABOCTOPOHHIOKO ac-
cumeTpuro; ecim A<) — JIEBOCTOPOHHIOK ACCUMETPHIO.

2.7. KoagduumeHt 3kcuecca ¢ u 3kcuece £ xapakrepusyer oCT-
POBEPIIMHHOCTH (KPYTU3HY) KPUBOU pacipeiesiCHUs:

E=¢-3; g=t

4 2

rac Wy — HeHTpaJIBHBIfI MOMCHT 4YCTBCPTOI'O IMOpsAaKa:
sy = [ (=M (X))* f(x)dx.

Ecim £E=0, TO KpuBasg pacnpenciicHusi UMEET HOPMaJbHYIO KpY-
Tu3Hy (puc. 1, 6-r). Eciiu E>0, To KpuBas pacnpeaencHus 0oyiee ocTpo-
BEpUIMHHAS 10 CPABHEHUIO C HOpMaJIbHOM; eciin E<0 — Oosee miIocko-
BEPILINHHAS.

INPUMEP 1. UnTerpanbHas GyHKIHS pactpeaesieHUs CIydaitHOM
BEJIMYUHBI X UMEET BU:

F(x)=+

Haiiti: a) BEepOSTHOCTh TOTO, YTO Ciy4yaiiHas BEJIWYMHA MPUMET
3HaueHue B uHtepBase (1, 3); 0) MIOTHOCTh paclpeaeieHus BEpOITHO-
CTEH.

PEIIIEHUE.

a) Ilo dopmyne (1.1) nmoayuum:

P(1<X<3)=F(3)- F(1)=1-1/2=1/2.

0) IlmoTHOCTH pacmpenesieHus BEPOATHOCTEH OMpeacIuM TI0

dbopmyie (1.2):
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0 npu x<0;

f(x)z%% npu 0<x<2;

0 npu x>2.

HHPUMEP 2. JlubdepennmanbHas QyHKIUA pacnpeaeieHus ciy-
JalfHOU BEeIUYNHEI X UMEeT BUII:

0 nmpu x<1;

S(x)=13

= npu x>1.

Haiit: a) uHTerpaibHyto (YHKIUIO pacnpeneneHus; 0) BeposiT-
HOCTh TOT'O, YTO CIllydailHas BEJMYMHA MPUMET 3HAUYCHHE B UHTEpBAJeC
(2, 3).

PEILIEHUE. a) UnterpanbHyto GyHKIUIO pacipeaesieHus] Hailaem
o ¢popmye (1.5). Ecnu x<1:

F(x)= If(x)dx: ijodx:O.

Ecmm x >1:

X

1
21——3.

X

1 by
F(x)= jo.dx+j%dx=0+(—%j
—0 1

1
Takum oO6pa3zoM:
0 npu x<1;
F(x)=4 1
l—— npu x>1.
X
0) BepoaTHOCTh TOT0, YTO ClydailHasi BeIMUMHA MPUMET 3HAUCHUE

B UHTEpBaJe (2, 3), MOXKHO HAWTH ABYMs ClIocOOaMu.
ITo dopmyme (1.1):
1 1 19
P2<X<3)=FQ3)-FQ)=|1-—|-|1l-—— |=—.
( )=F@) ()( 33j( 23J 216
Nnu no popmyie (1.3):
3
P(2<X<3):ji4dx:—i

3
2

3

1 1 19
=t —=—
, 3 20 216

X X
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3. 3AJAYU JIAA CAMOCTOATEJBHOI'O PEHIEHUA

1. UnTerpanbHast GyHKIMS paclpenesieHus: CIydaiHOW BEIUYUHbI
X UMeeT BU:
0 nmpu x=<-1
x 1
F(x)=<-"+— npu -1<x<3;
=1,y

1 npu x>3.

"

Haiiti: a) BEpOSTHOCTh TOTO, YTO Cily4yaiiHas BEJIWYMHA MPUMET
3HaueHue B uHTepBaie (0, 2); 0) moctpouTh rpaduk HHTETpaIbHON
GyHKIMU pacnpeneneHuss BepositHocTeil. [IpowsumtocTpupoBath periie-
HUE TpaUUYECKH.

2. UnTerpanbHas GyHKIMS paclpeieNeHUs CIy4allHON BETUYUHBI
X UMeeT BU:

0 npu x<0;

F(x)=4{x> nmpu 0<x<I;
I npu x>1.

Haiitu: a) muddepeHumnanbHyro (QYHKIUIO —pacnpeneseHus;
0)BEpOSITHOCTH TOTO, YTO CIy4yaliHas BEJIMYMHA MPUMET 3HAYCHHUE B WH-
tepBasie (0,5; 1), mensiie 0,5, paHoe 0,5; B) MaTeMaTHYECKOE OXKHUa-
HHUE, T) TUCIEPCUIO; 1) HOCTPOUTH IrpadmkH £ (x) u F(x). IIpousmocTpu-
pOBaTh pelICHUE 3a1a4u rpaUIECKH.

3. duddepenuumansuas GyHKIMS pacnpenesicHusl Ciy4yalHOM Be-
JUYUHBL X UMEET BUJ:

0 npu x<O0;
f(x) =

Cxe™ npu x2>0.
Haiitu: a) napamerp C; 6) BEpOSITHOCTh TOTO, YTO CllydaiiHas Be-
JUYYHA onajeT B uHTepBai (2, 3).
4. IudpdepenunanbHas QyHKIUS pacrpeiesieHUs] CIydyailHOW Be-
JUYUHBI X UMEET BU/L:
0 npu x<1;

1
f(x)=3x 3 npu 1<x<2;

0 npu x>2.

Haiiti uHTerpajiibHyt0o (yHKIHMIO pacHpeiesieHUs; MaTeMaThye-
CKO€ O)KHUJIaHUE, JUCIIEPCUIO U CPEHEE KBAAPATUYECKOE OTKIOHCHUE.
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4. KOHTPOJIBHBIE BOITPOCHI

. Jlauite onpenenenre HEMPEPHIBHOW CIIyYaiiHOM BEJIUYHHBI.
. UTO Ha3bIBaeTCsA 3aKOHOM PACIPENCIICHUS HENPEPBIBHON CIIy4yalHOM
BEJINYUHBI?

3. Jlalite onpenenenue nuddepeHmaibHON U UHTErpaibHOW (QyHKIIUU
pacIpeeiCHUsT BEPOSATHOCTEN.

4. Chopmynupyiite cBoiicTBa nuddepeHmanibHo GyHKIUU (TJIOTHO-
CTH) pacIpeAesieHUs] BEPOATHOCTEW HENPEPBIBHON CIydailHON BeJu-
YU HBL.

5. CopmynupyiiTe CBONCTBA MHTETPaIbHON (PYHKIMU paclpeieseHus
BEPOSITHOCTEN HENPEPHIBHOW CIIyYaHOW BEJIMYUHBI.

6. UeMy paBHBI YHCIIOBBIE XapPaKTEPUCTUKU HENMPEPBIBHOW CIIyYaWHOU
BEJINYUHBI?

7. Kak MOXXHO HalTH BEPOATHOCTH IMOMNAJaHUS HEMPEPBIBHOM CiIydaii-
HOM BeIMUMHBI X B 3alaHHBIN nHTEepBal (a, f)?

8. IIpuBenuTe mpuMepHbI HEMPEPBIBHBIX CITYYANHBIX BEJINYHH.

N =
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