TEOPUS BEPOSITHOCTEU U
MATEMATHUYECKAS CTATUCTUKA

36 4acoB JICKIIUU

36 4acOB NPAKTUYCCKUX 3aHATHI
4 KOHTPOJIbHBIX PAOOTHI
DJK3aMEH



JIuteparypa

[Tucemennsbin /1. T. KoHCHIEKT IEKIIMHU 110 TEOPUU
BEPOSTHOCTEN U MATEMATUYECKON CTAaTUCTUKE

BeHTuens E.C. Teopusa BepoATHOCTEN

[ MypmaH B.E. PykoBoacTBoO K pelleHunto 3agad
MO TEOPUUN BEPOATHOCTEN U MaTEMATUYECKOU
CTaTUCTUKe

BeHTtuens E.C., Osyapos J1.A. Teopus
BEPOATHOCTEMN (3a4aun U ynpakHeHns)



OCHOBBI TEOPUM BEPOSITHOCTEHA
IIpeamer Kypca

[1Be rpynnbl —cobbimusi
demepMUHUpPOBaHHbIe U

cobbimusi criyqyalHble 5
CoObITHSI, KOTOPBIC U3YYaET TCOPHS BEPOSITHOCTEH, 001a1at0T

CJIEAYIONIUMH CBOMCTBAMU:

1. CoObITHS MOTYT OBITh OCYIIECTBICHBI HECOTPAHUYECHHOE YHUCIIO
pa3 B HEM3MEHHBIX YCIOBUAX (OpOCaHNUE MOHETHI, UTPAIbHOMN
KOCTH, OTIpeJIeJICHHE YKCciia aBTOOYCOB B 3aJJaHHOM MHTEpBaJIC
Ha JaHHOM OCTaHOBKE).

2. CoObITusa 001a71a10T CTAaTUCTUYECKON YCTOMYHUBOCTHIO.



Hcropruyeckas copaBka

Bo3HUKHOBEHHE TEOPUH BEPOATHOCTEN OTHOCSAT K 17 BEKY, U CBA3BIBAIOT
C KOMOMHATOPHBIMHU 3aJIa4aMU TEOPUU UTP

Cnenyromui nepuoa UCTOpUKU Teopuu BeposiTHOcTeH (18 - 19 B. B.) cBsA3aH
c umeHamu A. Myaspa, I1. Jlannaca, K. I'aycca u C. Ilyaccona.

Tpetuit nepuoa UCTOpUH TEOPUM BePOSATHOCTEH (2-51 mojoBuHa 19 B.) cBs3aH
B OCHOBHOM C MMeHaMM pycckux matematukoB I1. JI. YeOsiieBa, A. M. JlanyHoBa
n A. A. Mapxkoga.

Ha 0a3e annaparta Teopru BepPOATHOCTEH MOSIBUJIMCH TaKUE JUCHUIIINHBI,
KaK MATEeMATHYeCKAsl CTATUCTUKA, TEOPUS COYYANHBIX POLECCOB, TCOPUS
MAacCCOBOI0 00C/Iy:KUBAHUS, TCOPHUS TeJieTpapuKa v JIpyrue.



Knaccudukanust cCoObITHIM

Onpenesienue. Eciin MHOXECTBO, COOTBETCTBYIOIIEE COOBITHIO A, MPUHATICKUT
MHOKECTBY, COOTBETCTBYIOIIIEMY COOBITHIO B, TO TOBOPSAT, 4TO COOBITHE A BlI€UET
3a co00i coObITHE B, iin A sIBJISIETCSI YaCTHBIM cilydaeM B.

O6o3nauenue A € B

Omnpenesenne. CoObITHE, COCTOSIIEE U3 BCEX IIICMEHTOB IIPOCTPAHCTBA DJIEMEHTAPHBI
coObITHI (2, HAa3BIBAETCSI JOCTOBEpHBIM. OHO B pE3yJIBTAaTE OMBITA IPOUCXOIUT
00s13aTeJILHO.

Onpenenenne. CoyyaiiHoe COOBITHE, COACPKAILIEE TOJIBKO OAUH JIEMEHT
MHO>K€CTBa {2, Ha3bIBACTCS MIPOCTHIM WJIM dJIEMEHTAapHBIM. Eciii coObITHE
COJIEP>KUT 00JIe€ OJTHOTO AJIEMEHTA MHOXKECTBA 2, TO OHO Ha3bIBAE€TCS COCTABHBIM.

Onpenenenne. /[Ba COOBITHS Ha3BpIBAIOTCS HECOBMECTHBIMH, €CIIM OHU HE COEpKaT
OOIIMX 3JIEMEHTOB MHOXKECTBA €2, U COBMECTHBIMHU, €CJIM Y HUX €CTh OOIIUE FJIEMEHTHI.

Onpenenenune. CoosiTust A¢,4,, ..., A, 00pa3yroT MOJHYIO TPYIIY, €CIU B pE3YJIbTATE
OIBITA TIPOU3OUIET XOTSI OBl OTHO U3 HUX.



[ToraTue coOpITHUS

Onpenenenre. MHOXKECTBO {2 BCEX BO3MOXKHBIX HECOBMECTUMBIX
MCXOJIOB HAa3bIBAETCS MPOCTPAHCTBOM AJIEMEHTAPHBIX COOBITHI.
Br100p €2 CBsi3aH C pelIeHUEM KOHKPETHOM 3a/1a4H.

ITpumep 1. [lonOpaceiBaHrE€ MOHETHI OJIMH Pa3.

IIpumep 2. IlogOpackiBaHrE MOHETHI TPU pa3a.

[Ipumep 3. Ctpenpba mo MuieHu. McXoapl YMCIIO BEIOMTHIX OYKOB

[Ipumep 4. Pabora TeneoHHON CTaHIIH.



Onpenenenue. CoobiTHE A , COCTOAIIECE U3 BCEX IIEMEHTOB {2, KOTOPbIC HE BXOIAT B A
HAa3bIBACTCS MPOTUBOMOJIOKHBIM A WIIM €ro oTpulianueM. Eciin A mpon3onieT, To O4EBUIHO

A HE mpou30MIeT U HA0OOPOT.

OObeauHeHnE, IIepPeCceUCHNUE U Pa3HOCTh COOBITHUI

Onpenenenue. CoobiTre C , HacTymarolee Toraa U ToJIbKO TOTa, KOrjaa HacTyraeT
XoTs1 ObI OJTHO U3 COOBITUM A WX B Ha3bIBAETCS CYMMOM COOBITUM A U B WU UX
00bEIMHEHUEM.

Oo6o3nauenue C = AUBum (C = A+ B.
CoOpiTHe C = A + B cocTouT 00beAMHEHNS] MHOXKECTB, COOTBETCTBYIOIINM COOBITHSIM
AuB.

Onpenenenue. [lepeceuenneM unu npousBeaecHueM coObITUN A U B Ha3bIBA€TCS COOBITHE
C , 3aKJoUaroNieecs B OTHOBPEMEHHOM MOSIBIEHUU COObITU A U B .

Oo0o3nayenneC = ANBumC =A-B.
CobpiTHe C = A * B COCTOUT U3 TIEpECEUCHUSI MHOXXECTB, COOTBETCTBYIOIITUM
coObITUsSIM A U B .



Onpenesienne. PazHocTbio coObITUI A M B Ha3biBaeTcsi COObITHE C , COCTOSIIEE U3 BCEX
JIEMEHTOB MHOKECTBA ) , KOTOPbIE BXO/s B A, HO HE BXOJAT B B.

O6o3nauenue C = A\B .
Ecnu cobpitust A u B HecoBMecTHBI, TO A\B = A .

O4eBHIHO, YTO A= OQ\A !l

CBoiicTBa onepauui Hag COOBITUSIMHU
A+B=B+A A-A=A
A-B=B-A A-Q=Alll

A+A=A A+Q=0Q



IloHsiTHE BEPOATHOCTH COOBITHUSA

Knaccuueckoe OIIPCACICHNUC BCPOATHOCTHU

[TycTh IPOCTPAHCTBO AIIEMEHTAPHBIX COOBITHI {2 JUCKPETHO U COCTOUT U3 KOHEYHOIO
4uciia 1 PAaBHOBO3MOXKHBIX HECOBMECTHBIX UCXOI0B (Wi, HA3bIBAEMBIX CITyYasiMU.
[TycTh coObITHE A COCTOUT U3 M PAaBHOBO3MOXHBIX COOBITHH W1, Wi2, --- ) Wim-

BepositHoCThIO COOBITHS A Ha3biBaeTes P(A) = % :
3nece n = |Q|, m = |A]

Wi1, Wi, , Wiy OTATOMPUATCTBYIOLINUE COOBITUIO A HCXOJbI

IIpumep 1. [TonOporieHsl 1Be UrpaiabHble KOCTH. HaliTH BEpOATHOCTH COOBITUS
A Takoro, 4To CyMMa BBIMTABIINX OYKOB HE MPEBBIIIAET TPEX.



Ipumep 2. 13 konoas! kapT (36 1IT) Hayaady U3BJIEKAOT TpU KapThl. HaliTh BEpOSTHOCTH
Toro, 4To Cpel HUX OKAXKETCSA POBHO OJIUH TY3.

CnoBo «Hay/ia4y» O3Ha4aeT, YTO BCEBO3MOXKHbIE KOMOMHAIIUU 110 TPU KapThl paBHOBE-
posiTHBI. [loaTOMY TIpH perieHny 3a1a4u NPUHUMAEM MOJIETb HEYTOPSIIOYEHHOTO
BbIOOpaA 0€3 BO3BpAIlCHUS.

CBOMCTBA BEPOATHOCTH
1.0 < P(A) <1, npusrom P(9)=0, P(Q)=1!I!

2. Eciu coObiTust A u B HecoBMecTHBl, T0 P(A+ B) = P(A) + P(B))



CTaTUCTUYECKUM TTOJXO/T K ONPEACICHUIO BEPOATHOCTH

[lycTh mpoBea€HA CEpuUs U3 N ONBITOB U B { U3 HUX HACTYIHIIO COOBITHE A.

OTtHolIeHHuE % Ha3bIBAE€TCSI OTHOCUTEIBHOM YaCTOTOM COOBITHS A

. U
Hpez[en P* = llm ; HA3bIBACTCA CTATUCTHUUCCKUM onpez[eneHHeM BepOHTHOCTI/I
n—00

[ eoMeTpHUUEeCcKOe ONpeaeIeHHE BEPOSITHOCTH

/// ///// Q Nonarawor, o P(4) = 2

Ipumep . IMeroTcs ABa KOHIIEHTPUUECKUX KpyTa ¢ paguycamu R u R/2. Touka M
HaxoJuTCs B 00bIIOM Kpyre. [Ipudem ee nojgokeHue B JII0OOM MECTe Kpyra
paBHOBEPOSITHO. OTIPEEINTh BEPOSITHOCTD TOTO, YTO TOUKa M HAXOAUTCS U B MAJIOM

KpyTe.




Yci10BHbIE BEPOSITHOCTH. 3aBUCHMMbIE U He3ABUCHMbIE COOBITHS.

IIpumep . B ypHe HaxoauTcst S 4epHbBIX U 3 OenbIX mapa. M3 ypHbl Hayraj nepBbIM
HocTayM Oelbli map — coobiThe B. HailTh BEpOSITHOCTH TOTO, UTO BTOPOH 11ap OyaeT
OeJbIM COOBITHE A.

[To reoMeTpruUE€CKOMY OIPEICICHUIO BEPOSTHOCTH, YCIOBHASI BEPOSITHOCTD

_ S1z _ $12/S _ P(4B) .

P(AIB) So S2/S P(B)

P(AB)

P(B|A) )

(2)



DopMyJibl YMHOKEHUA BEPOSITHOCTEH.
P(A-B) = P(A) P(B|A)
P(A-B) = P(B) P(A|B)

Ecimu coObiTust A u B He3aBucumbl, To P(A - B) = P(A) P(B)

Ipumep . Halitu BEpOSATHOCTH TOCTATH U3 KOJIOABI TTOAPA ABA Ty3A.



IIpaBuJi0 CJ1I0KEHUS BEPOSATHOCTEH.

Savp =51 + 5, — 51

P(A+B)=>28="142_222 = p(4) + P(B) — P(A-B) !l
Ecnu Bce coobiTus A4, Ay, ..., A, TIONApPHO HECOBMECTHBI, TO

P(Z?:1Ai)22?:1 P(A;)

Ilpumep . [TIpousBoautcs OoMOoOMeTaHHE MO TPEM CKiIajaM OOCIPUIIACOB, TPUYEM
cOpacbiBaeTcs oHa 6om0Oa. BeposTHOCTS nomnaaanus B nepBwiil ckinaa pl=0.01, Bo BTopoii
p1=0.008, B Tpetuii pl =0.025. IIpu monaganuu B OJWH U3 CKJIAJI0B B3PBHIBAKOTCS BCE TPH.
Haiiti BEeposSITHOCTb, YTO CKJIa bl OyyT B3OPBAHBI.



dopmyJia MOJTHOU BEPOATHOCTH

TpebOyeTcs onpeaeauTh BEPOSATHOCTH COOBITUS A, KOTOPOE
MOKET IMMPOU30UTH BMECTE C OJHUM U3 COOBITHI

H{ H,,. . H,,
00pa3yloIuX IIOJHYK TIPYINy HECOBMECTHBIX CIIy4alHBIX
COOBITHH.

P(A) = )~ P(H;)P(A|H;)) dopmyna moaHOK BEPOATHOCTH

IIpumep . IMeroTCs Tpu ONMHAKOBBIE HA B YPHBI. B nepou 2
Oenbix U 1 yepHbi map. Bo Bropoit 3 6enbix u 1 yepHsbIii map. B
TpeTel 2 OenbIX U 2 YepHBIX I1apa. BeiOuparo Haynayy ypHY U

AOCTaroT U3 Hee map. HaliTu BeposITHOCTh, UTO JOCTaHEM OeJIbIii 11ap.



dopmyaa bauneca

MmeeTcs ojiHas rpyIlna HECOBMECTHBIX COOBITUI
H{ H,,...,H,,
U CBA3aHHOE C HUMHU CcoOpITHE A

Nssectrsl BepostHoct P(H;) u P(A|H;), xoTopbIe
Ha3LIBAIOTCS AlIPUOPHBIMH HJIH TOOIBITHEIMH.

ONBIT IPOU3BEJICH U €TI0 PE3YIBTATOM SIBISIETCSI COOBITHE A.

Harnpem BEpOSATHOCTB, YTO IIPU 3TOM UMEJIA MECTO TUIIOTE3a
H; te. P(H; | A)

P(H; | A) anpuopHas WM NOCJIE ONBITHAS BEPOSITHOCTh



P(HOP(AIH,)  P(H)P(AlH)

P(HilA) =——py— = 1 P(H)P(A|H)))

IIpumep . IMeroTCs Tpu ONMHAKOBBIE HA BUJ YPHBI. B niepou 2
Oenbix U 1 yepHbId map. Bo Bropoit 3 6enbix u 1 yepHsblii map. B
TpeTer 2 OenbIX U 2 YepHBIX 11apa. OnbIT NPOIIET U B PE3YJIbTAaTe Mbl
aoctanu 0enbid map. HaliTu BEpOsSTHOCTH TOTO, YTO IIAp AJOCTAJIHU:
U3 IIEPBOU YPHHI;

U3 BTOPOU YPHBI;

U3 TPETEN YPHHL.



Cxema bepnyJsiu

Cepun U3 n OIBITOB

B nipenenax oqHOM CEpUM PE3YJIBTATHI MPEAIIECTBYHOIIAX
UCIIBITAHUAX HE CKA3bIBAKOTCS HA MOCIEAYIOMINX

BeposATHOCT MOsIBIICHUST COOBITHSI A B KaXJIOM M3 OIIBITOB
Heusmenna u paBHa P(4)=p. BeposITHOCTh OCTAETCSI HEU3MEHHOMN
Ha IPOTSKCHUH UCIIBITAHUN M HE 3aBUCHUT OT PE3YyJIbTAaTOB
IpeIbIIYIIUX OIBITOB.

IIpocrenuien 3agaue OTHOCAIIENCS K CXeEME bEpHYIIIN SBIISAETAC
oIpeJieNICHHEe BEPOATHOCTH P, (M) Toro, 4To B 7 OMbITaX
coObITHE A MPOUBOUIET m pas.



By (m) = CGi'p™ (1 —p)™™™

®opmyna beprymnu win popmyna OMHOMHUATBHOTO paclpeaeICHUS

Ipumep . [Tocne roga xpanenus Ha ckiane B cpeaeM 10% akkymynsiTopoB
BBIXOJUT U3 CTpos. HaliTh BEPOSITHOCTH TOTO, YTO MOCJE TOAA XpaHEeHUs nu3 12
AKKyMYJIATOPOB OKaXyTCs TOJIHBIMU:

a) 10 akkyMynsiTOpoB;

0) OoJIbIlIE MOJIOBUHBI AKKYMYJISITOPOB.

P12 (10) ~ 0,2301
P]_z (m > 6) ~ 0,9954

Yuciio myHa3bIBa€TCA HAUBEPOSTHEUIIIUM YUCIIOM COOBITHH,
ecnu P,(my) = P, (m) nipu 1t00bIX m

IIpenenvHble pacnpeneiaeHus B cxeMe bepuymnu



IloHsITHE CJIYYAaUHON BEJIUYMHBI

IIpumep 1. Yucno cooeB komnbrorepa M 3a 24 4aca pabOThI

ITpumep 2. Yucno nosiineHuit repdba nmpu N OpocaHusX
MOHETBI 0 < N < m

IIpumep 3. Koopaunarsl nonajganys B MullieHb (X, Y)

IIpumep 4. /lnameTp U3roTOBJICHHOM HA CTAHKE AETaJIN
D =dy+ X, X—ommuOka, dy— 3aJaHHBINA JUAMETD.

Onpenenenue. CaydyallHOM BEIUYMHOM X HA3bIBACTCS
qyuciIoBas (DYHKIMs, ONpeneeHHas Ha TPOCTPAHCTBE
SJIEMEHTAPHBIX COOBITHIH {2, KOTOpast KaXKJI0OMY 3JIEMEHTAPHOMY
COOBITHIO (® CTAaBUT B cooTBeTcTBUE unciio X (w) , T.e.

X=Xw),w€EeQ.



IIpumep. OnbIT coOcTOUT B OpocaHuu MOHETHI 2 paza. B atom
ciydae ) = {wq, Wy, w3, W4}, TE W1 =IT, W, =P, w 3 =PI,
w 4 =PP. PaccMOTpuM CllydarHYHO BEIUYUHY X — YHUCIIO
MOSIBJICHUM repoa.

OnHoMepHbIe IMCKPETHBIE CYYaHHbIE
BeJIMYMHbI BeJINYMHbI

Onpenesienue. 3aKOHOM PACIIPEACIIEHUS CIIYYAWHOU BEJTUYHUHBI
HA3bIBACTCA BCIKOE COOTHOIIIEHUE, YCTAHABIMBAIOIIEE CBA3D
MEXY BO3MOXKHBIMY 3HAYECHUSAMU CIIYYaHOU BEJIIMYUHBI U
COOTBETCTBYIOIIMMHU BEPOSITHOCTAMM.



3aKOHOM pacHpenciICHUS CIIyYanHONW BEIMYNHBI MOKHO
3a]1aBaTh.

1. TaGau4yHO

2. I'padpuuecku

3. AHAIMTHYECKH C TOMOIIBIO POPMYIIBI, OMPEACISIOMIEH
3aBUCUMOCTh P (X = x;)

Pacnpenenenue Ilyaccona

Onpenenenue. [IoTokoM COOBITHI Ha3bIBACTCS IOCIIEI0BATEIILHOCTD
COOBITHI, KOTOPBIC HACTYMAKT B MOMEHTBI BpEMEHHU tq, L5, ..., Iy,



Omnpenenenune. IToTrokom Ha3pIBaeTCSI MyaCCOHOBCKUM, €CJIH OH
00JIaZIaeT CICAYIOIINUMH CBOMCTBAMMU:

1. CTallMOHAPHOCTE — BEPOSATHOCTH IMOSIBJICHUS M COOBITHM Ha
MHTEpBAJE (1, t+7) HE 3aBUCUT OT #, a 3ABUCUT TOJBKO OT T;

2. OTCYTCTBUE MOCIECNEUCTBUSA — BEPOSTHOCTD ITOSIBIIEHUS M 32
IIPOMEKYTOK BPEMEHHU T HE 3aBHCHUT OT YMCJIa COOBITUM B
MIPEAIICCTBYIOIIME IIPOMEKYTKH BPEMEHU;

3. OparHApPHOCTH — BEPOSATHOCTH MOSABJICHUS HA UHTEPBAJIE
(¢, t+7) mpu T — 0 aBYX WiIM 00siee COOBITUI MPUHEOPEKUMO
MaJia IO CPABHEHUIO C BEPOATHOCTHIO MOSABICHUS TOJIBKO
OJTHOTO COOBITHA.



Ecnu moTok o0najaeT nepeyruciI€eHHbIMU CBOMCTBAMU, TO
BEPOSITHOCTh TOT'O, YTO HA MHTEPBAJIEC BPEMEHM A¢ MPOU30HIET
m coObITH onipenensieTcs popmyson Ilyaccona

MAO™ 4
m!

P(m,At) =

IIpumep. CucteMHbIN OJIOK BEIYMCIMTEIILHOTO KOMILJICKCA
OTKa3bIBaeT B cpeaHeM oauH pa3 3a 1000 gacoB. KakoBa
BEPOSITHOCTh:

a) POBHO JIByX 0TKa30B 3a 200 4acos;

0) xotst Obl ogHOro 3a 100 gacos.



DyHKIUA pacnpeaeeHus

Onpenenenue. OyHKuus

P(X <x)=F(x)
Ha3bIBACTCSl (PYHKIMENU pacpeAeICHUS U TTIOKA3bIBAET KaK
3aBUCHUT OT BEJIMYMHBI BEIOPAHHOTO YPOBHS X BEPOSITHOCTD
TOr'0, UTO 3HAYECHUS CIYYAUHON BEJIUYUHBI HE MIPEBOCXOIAT
9TOT YPOBEHb.

CBoliCcTBA (PYHKIUHU pacnpeIe/ICHUA:
1.0 F(x) <1

2. F(—) = P(X < —o0) = 0 BEpOATHOCTH HEBO3MOKHOTIO
COOBITHS



3. F(0) = P(X < o) = 1 BEpOSITHOCTH JI0CTOBEPHOTO
COOBITHA

4. F(xy) = F(xq) ipu x, > x5 T.e. F(x) dyHxms HeyobIBaronas

IlJ1I0THOCTL pacnpeaeieHust BEPOATHOCTEN

Onpenenenne. Eciu cymecTByer HeoTpHULaTenbHast GYHKIUS
f (x) Takas, uto pyukuus pacnpenenenus F(x) npu qr00bIX X
MOJKHO ITPEJICTABUTH B BUIE

F(x) = Jf(t)dt

10 f(X) Ha3BIBAIOT JIOTHOCTBLIO pacipee/ieHUsI BEPOATHOCTEIH



CsoiicTBa f(x)

1. U3 onipenenenus ciaenyet, uro f(x) = 0

2. Ecnu f (x) menpepsiBHa, To F(x) muddepenupyema u

dF(x) . B
o = F (x) = f(x)

3.P(a<X<b)= f; f(t)dt s mobeIX a u b

4. [T f(t)dt = F(+o0) = 1



KpuBas m1oTHOCTH BEpOSATHOCTEH [ (X) MOXKET UMETH OJUH HIIN
HECKOJIbKO MAaKCHMYMOB.

Onpenenenue. 3HauceHUE X = X4y , IPA KOTOPOM INIOTHOCTD
BEPOSTHOCTEN JI0OCTUTAET MAKCUMAJIIbHOTO 3HAYCHUS,
Ha3bIBACTCS MOJIOM M 0003HadaeTcss MoX

Onpenenenne. Touyka Ha ocu abcuMcc, B KOTOPOU MIIOIIA/Ib,
OrpaHUYEHHAasi KPUBOU IUIOTHOCTU BEPOSITHOCTEM, JIETUTCS
IIOTI0JIaM HAa3bIBAETCSA MEAUAHOU

P(X < MeX) = P(X > MeX))



IIpumep 1. PaBHOMEpPHAS TNIOTHOCTH BEPOSATHOCTEN
c,x € (a,b)

fx) = {O,x & (a,b)

MeX — a+b
T2
IIpumep 2. HopmanbHbIN (rayCCOBCKMIN) 3aKOH PaCOpEICIICHUS
_(x—a)?
f(x) = e 202
OV2T

Kparkas 3amuce X~N(a, o)

ITpumep 3. IL1I0THOCTH BEpOATHOCTEM 3agaHa GOPMYIIOH

( T T

Acos(x) € (—5,5
fx) =14 ore( T

. 0 ( 55

Haiitu koHCTaHTy A, QyHKIMIO pacnpenciacHus F(x).



3ameuanne. P(x < X <x + Ax) = f;Mx

f(x)dx =~ f(x)Ax



Yucj10BbIe XaPAKTEPUCTUKH CIAYYANHBIX BeJIUYUH

Onpeaesenue. {151 HENIPEPHIBHOM CIyYalHOW BETUYUHBI
MOMEHTOM paclpeaesiCHUs A-ro IMOpsiJiIKa Ha3bIBACTCS

m[X] = [77 x*f (x)dx

B MMPEAIOI0KEHUH YTO HECOOCTBEHHBIM MHTETrPajl CXOIUTCS
aOCOJIIOTHO, T.€.

j Oo|x"|f(x)dx < +oo

—CO

Onpenenenue. 11 TMCKPETHOU CIIy4aWHOW BEJIUYHUHBI

MOMEHTOM paCIpPEACIICHUS k-T0 ITOPSJIKA HA3bIBACTCS
n

my [ X] = z X" p;

=1



CpeaHee 3HAYEHHE

Onpenesenne. MOMEHT EPBOrO NMOPSIJIKA HA3BIBACTCS
MaTEMAaTUYECKUM OKUJIAHUEM WM CPEAHUM 3HAYECHUEM
CIIY4YaHOM BEJIMYUHBI

mq [ X] =f xf(x)dx

— 00

J1J1s1 IUCKPETHOM CITydalHOM BEJIMNYUHBI
n

my|X] = Z Xi Di

=1



IIpumep 1. bpocaercs urpanpHas KOCTb, HAUTH CPEAHEE YMCIIA
BBITIABIIIMX OYKOB.

IIpumep 2. [ITyacCOHOBCKOE pacrpeaeIeHue
(AAL)™

o —AAt
m)!

P(m, At) =

Haiitu mq|M].

IIpumep 3. HopmanbHOE pactipenencHue

_(x—a)?
f(x) = e 202

oV2T
Haiitu mq [ X].



ITpumep 4. PaBHOMEpHAs MIIOTHOCTh BEPOSITHOCTEH
(

fe)={p—a* @D
X O,X & (a,b)

Haitre my [X].
a+b

my [X] =



IIpumep 5. Pacnpenenenune Kou
1 1

Haiitu m4 [ X].

IIpumep 6. [110THOCTH BEPOSITHOCTEH

1 (x) € ( T T
— COS(X — T,z
_ ]2 22
flx) =+ ; .-
0¥ ECR

Haiitu mq [ X].

3ameuanmne. PasmepHocTb f(x) paBHa pazmepHOCTH X 1,

re [f(x)] = [X77]

PasMepHOCTE MareMaTnyeckoro oxxunanusa [mq [X]] = [X]



LleHTpaJbHbIe MOMEHTHI CJIYYANHON BEITHYNHBI

Onpenenenue. Pa3HOCTh MEXAY CIIYYaWHOW BEIIMUUHOU U €€

CPCAHUM 3HAYCHUCM HA3bIBACTCA OTKIIOHCHHUCM
A= X —my[X]

Onpenenenne. LleHTpalbHBIM MOMEHTOM A-TO OpSIJIKa

HEIIPEPHIBHOM CIIYYaWMHOW BEJIMYMHBI MOMEHTOM HA3bIBACTCSA
+ 00

K] = f (x — my[X])*F (x)dx

— 00

JIJIs1 TUCKPETHOM CIIy4alHOU

up[X] = Z(Xi — my[X]* p;
=1



Onpenenenue. /lucnepcuent CliydanHOM BEJIMYUHBI

Ha3bIBACTCS IICHTPAIBLHBIA MOMEHT BTOPOTO MOPSAKA Uy [ X].
O6o3nauecHue D(X).

3ameuanne. PasmepHocts qucnepcuu [D(X) | = [X?]

BBoasaT Benuuuny g, = /D (X) — cpenHekBapaTuyecKoe
OTKJIOHEHHME UJIU CTaHAAPTHOE OTKIIOHECHHUE

IIpumep 1. bpocaercsa urpanbHast KOCTb, HAUTH
CPEAHEKBAAPATUYECKOE OTKIIOHEHUE YU CJIA BBINIABIIMX OYKOB.

o, =~ 1,707

IIpumep 2. [IyacconoBckas ciaydaiinas BennuuHa. HaittuD (X).

D(M) = AAt.



IIpumep 3. HopMmanbHO€ pacnpeneiicHue
_(x—a)?

f(x) — e 202
oV2T
Haiitu D[ X].
D(X) = o?.
IIpumep 4. PaBHOMEPHAs INIOTHOCTH BEPOSITHO CTEN
(1
f) ={p=g* @b
\ 0, x & (a, b)
Haiitu D|X].
b—a)?
D(X) = ( ) .

12



IIpumep 6. IL1IOTHOCTH BEPOATHOCTEMN
(1 (x) € ( T T
—cos(x — =,
fO) =1° -
0) __)_
*€ (303

\

Haiitu D[ X].

D(X) = —_ 2.



ACUMMETPHUS U IKCIECC CAYYAUHON BEJITUYUHDbI

s [X] = f (x — my[X])?f ()dx

us [ X] = E(Xi —my [X])° p;
=1

_ K3
Koadpunuent acummerpun A = p_

HernpepbiBHasA CB

nuckpetHas CB



flz)




Dxcnece E = £ —

f(z)




DYHKIUHA OT CJYYAHHOU BEJIHYMHBI

Y = ¢(X)
22> 0 £O) = AP () 11
28 <0 2(0) = =fily Y’ ) 11!

L) = filvWIY' () 1



Ipumep. CiyyaitHas BeMurHa X MMEET HOPMAJILHOE

pacrpeaciieHue
_(x—a)*
e 202

[ =5

HauTty nj0THOCTE BEpOSTHOCTEN CIIYYauHOU BEJINYUHBI
Y = kX + b.

Ecnu ¢pynknusa Y = @(X) He MOHOTOHHA, TO 0OpaTHas
dynkius X = Y (Y ) HeolHO3HAYHA M OJHOMY 3HAUYCHUIO Y
COOTBETCTBYET HECKOJILKO BETBEH 00paTtHOU PyHKIUU P, (V)

() =) il W)l @)
k



MareMaTu4yeckoe OKMIaAHUE U JUCIIePCHs QYHKIIUA
OT CJIYYANHOMN BEJIMYHUHDI

Y = ¢(X)

m[Y] = j 0 (O fL () dx

) = [ (o) - milVD2

Ipumep. Y = kX + b Haittu mq[Y]| u D(Y)



