IIpaBuio 3-x ¢ (Tpex “curm”).

[Iycte umeeTcss HOpMalbHO pacmpefenéHHas CclydaiiHas BeIUYMHA & C
MATEMaTHYECKMM OXXHIAHHEM, PaBHBIM a M jucrepcueil o”. ONpenenuM Bepo-
ATHOCTH Monaganus & B uHTEpBal (@ — 30; @ + 30), TO €CTh BEPOSITHOCTh TOTO, UTO &
IPUHUMAET 3HAYEHUs, OTJIMYAIOIIMECs OT MATEMaTUYECKOro OXKUAAaHWUs He Oolee,
4YeM Ha TPU CPEIHEKBAIPATUUECKUX OTKJIOHEHMS.

P(a—30<§<a+30)=0(3) - O(-3)=2D(3)

[To Tabnuie naxomum @(3)=0,49865, oTkyaa ciemyet, uto 2@(3) NpaKTUUECKH
paBHsieTcsl enuHuLEe. TakuM 00pa3oM, MOXKHO CJIeNaTh BayKHbIA BBIBOJI: HOpMaJbHasl
cillydyailHas  BEJIMYMHA  IPUHUMAET  3HAYCHUs, OTKIOHSIOUIMECS  OT €€
MaTEMaTHYECKOI0 OKUAaHMs He Oojiee yeM Ha 3G.

(BbiOop umcna 3 37ech YCIOBEH M HUKAaK HE OOOCHOBBIBACTCS: MOXKHO OBLIO
BbIOpaTh 2,8, 2,9 uinu 3,2 u noyduTh TOT K€ BEPOSITHOCTHBIN Pe3yNbTaT. Y UNThIBas,
yto @P(2)=0,477, MOXKHO OBLIIO OBl TOBOPUTH U O TIpaBHIIE 2—X “‘CUTM.)

CoBMecTHOE pacnpeaesieHue IBYX CJIY4alHbIX BeJIUYHH.

[TycTh mMpPOCTPAHCTBO 3JIEMEHTAPHBIX HCXOAOB () CIIy4ailHOTO SKCTIIEPUMEHTA
TAKOBO, YTO KAXJOMY HCXOLY O CTABHTHCS B COOTBETCTBHE 3HAYCHHE CIydaiHOI
BEJTMUHHBI £, PABHOE X; U 3HAYCHHE CIyIaiiHOM BEIMUYMHEI 1), DABHOE ).

[Tpumepsr:

1. [IpenctaBum cebe OOJIBITYI0 COBOKYITHOCTh JCTaJICd, WMEIOIINX BU]
crepkHsa. Ciay4yalHBIM SKCIIEPUMEHT 3aKJI04YaeTcsi B CIIydallHOM BbIOOpE
OJIHOTO CTEPXKHS. DTOT CTEPKEHb UMEET JJIMHY, KOTOPYI0 OyJeM 0003HayaTh
& 1 ToNUHY—"] (MOXKHO yKa3aTh JIpyrue napaMmeTpbl—oObeM, BEC, YUCTOTA
00paboTKH, BRIpaKEHHAs! B CTAHAAPTHBIX CIMHUIIAX ).

2.Ecnu  pe3ynbTar = AKCIEPUMEHTa—CIy4YailHblii  BBIOOp  Kakoro—indo
NpeaAnpuaATds B JaHHOM oOnacTv, TO 3a & MOXHO NpPUHUMATh OO0bEM
MPOU3BOJICTBA OTHECEHHBIM K KOJMYECTBY COTPYIHUKOB, a 3a N—00beM
NPOIYKIUHU, UAYIIEH HA HKCIIOPT, TOKE OTHECEHHOM K YHCIIy COTPYIHUKOB.

B aTom cityyae Mbl MOKEM FOBOPUTH O COBMECTHOM PACIPEACIICHUN CITyYaiiHbIX

BEJIMYMH & U 1 WIH O “JBYMEpPHON” CITy4ailHON BEeJTUYHHE.

Ecmm & m m auckpeTHbl W MPUHUMAIOT KOHEYHOE YHCIIO 3HadeHui (§ — n
3HAUEHUMN, a 1 — k 3HAUYEHMI1), TO 3aKOH COBMECTHOTO paCIpelesIeHUs CIy4alHbIX
BEJIMYMH & U 1| MOXKHO 3a/1aTh, €CIIM KaXJIOH Iape umcel x;, )/ (e X; IPUHAIICHKHT
MHOKECTBY 3HAUEHHil £, a ) /—MHOXECTBY 3HAUEHHIA 1)) TIOCTABUTH B COOTBETCTBHIE
BEPOATHOCTb p;, paBHYIO BEPOSTHOCTU COOBITHS, OOBEINHSIIONMETr0 BCE HCXOIBI 0 (U
COCTOSIIIETO JIUIIb U3 3TUX UCXOJIOB), KOTOPBIE MPUBOAAT K 3HAUCHUSIM

E=xpn=y.
Takoit 3aK0H pacrpeaesIeHuss MOXHO 3a7aTh B BUJE TaOIUIIbI:



n| V| Y % W
S T ) 7 3
X1 P1 P1 . Pi .. P1 P,
Xi Pil Pi2 .. pij . pik P; (*)
X, Pn | Pn pi pn | P
P! P’ P P

n k .
OueBHIHO _21 _Zl pl =1
i=1j=

Eciii IpocyMMHpPOBATh BCE p/ B i—if CTPOKE, TO IOy dHM
k.
>pl =R
j=1
BEPOSATHOCThL TOTO, YTO CilyYaiiHas BEIUYMHA & NPUMET 3HAYEHUE X;. AHAJIOTHYHO,
eCIIi MPOCYMMHUPOBATh BCE p; B j—M CTOJIOIE, TO MOITYy4UM

n . .

3 pll = P!

i=1
BEPOATHOCTh TOTO, YTO 1) IPUHUMAET 3HAUCHHE ).

CootBerctBUe Xx; —> P; (i=1,2,...,n) onpenenseT 3aKOH pacnpeneieHus &,
TaKKe Kak cooTBercTBHe Y — P/ (j=1,2,...,k) onpenensier 3aKOH pacipeeleH s
CIIy4YalHOM BEJIMYMHBI T).

n k . .
Ouesnano Mg = izlxiR’ M, = jzlyJPJ .
Panbliie MbI TOBOPUIIN, YTO CIy4YalHbIE BEJIMUMHBI U 1| HE3aBUCUMBI, €CIIH
p/=P:P’ (i=12,...,n;j=1,2,... k).
Ecnu 370 He BBIMOTHSAETCSA, TO & U 1] 3aBUCHMBI.
B dem mposBisieTCst 3aBUCUMOCTh CITyYalHBIX BEIUYHH & U 1| U KaK €€ BBISBHUTH

U3 Ta0IUIBI?

1
PaCCMOTpI/IM CTOJ'I6€II y. Ka>1<;10My YUCITY X; HIOCTAaBUM B COOTBETCTBHUEC YHCIIO
1

p.
pm;‘l (1)

. 1
KoTopoe OyZeM Ha3bIBaTh YCJIOBHOW BEpOSITHOCTBIO &= Xx; mpu m=y . OOpatute

BHHUMaHHUE Ha TO, YTO 3TO HE BEPOATHOCTH P; coObITHs &= X;, 1 cpaBHUTE hopmyiy (1)
P(ANB
C y’Ke U3BECTHOU (HhOPMYIJIOH YCIOBHOM BEPOSTHOCTU P(A/B) = —(P( B) )

CooTBeTCTBHE
xi—pin, (=1,2,...,n)



o 1
OyZIeM Ha3bIBaTh YCJIOBHBIM pacHlpeleieHUEM CIy4allHOW BEIMYMHBI & MpU M=) .
n
Ouesnguo 2. P =1,
i=1
AHaNIOTUYHBIE YCJIOBHBIC 3aKOHBI PACTPEACIICHHUS CIy4alHOW BENIMYMHBI &
2, 3
MOYKHO MTOCTPOMTH MPH BCEX OCTAJIbHBIX 3HAYCHUSIX 1|, PaBHBIX )'; V ,..., }' ,CTaBs B
I n
[
COOTBETCTBHE YHCITY X; YCIOBHYIO BEPOATHOCTD Djjj = (2 By =1,
1=l
B tabnuiie npuBenéH yCIOBHBIN 3aKOH pacipeaesICHUs CydaiiHOM BEJIMYUHBI &
mpu =y’

€ X X2 ... X; ... Xn
Pij P P . p s Pn
P, P, P P

MO>KHO BBECTH MOHATHE YCIOBHOIO MaTEMAaTHYECKOTO OXuaanus & npu n =)/

n j 1 n
ME/m=y) = Xx d= 7 Y xn

3ametum, 4TO & U M paBHOI_[eHHBI. M0>1<H0 BBECTH YCJIOBHOE€ PACIIPEICIICHUE N
pu E=X; COOTBETCTBUEM
_ j
O "
= G=12,....k)
|
Takke MOXHO BBECTHM IIOHATHE YCJIOBHOI'O MAaTEMATHYECKOTO OXWIAHUS
CIIy4aiiHO# BEJIMYUHBI 1| IPU E=X;

M(n/&—X)—Zy FF); =P Zy p!
i i j=1

W3 ompenenenus ciaeayeT, 4TO €clid & U T HE3aBUCUMBI, TO BCE YCIOBHBIC
3aKOHBI paclpeiesieHus] OAMHAKOBBI M COBMANAIOT C 3aKOHOM paclpenesneHus &
(HarmoOMHUHAeM, 4TO 3aKOH pacmpejereHus & onpenensercs B Tabnuie (*) mepBbIM U
nocieAHUM cTojbuom). Ilpu 3TOoM 0uYeBHIHO, COBMAJAIOT BCE YCIOBHBIC
MaTeMaTHdeckue oxunanus M(E/m =) mpu j = 1,2,...,k, KoTOpbIe paBHEI ME.

Ecnu ycrnoBHblE 3aKOHBI pacnpenefieHuss & NpHU Pa3iIUYHbIX 3HAYCHHUSIX T
pa3INYHBI, TO TOBOPST, YTO MEXAY & U 1] UMEET MECTO CTaTUCTUYECKasi 3aBUCUMOCTb.

ITpumep I. IlycThb 3aKOH COBMECTHOIO pPaCHPEICIICHUs] ABYX CIYyYalHbIX
BEJIMYMH & U 1M 33aH cieayrollei Tabmunei. 31ech, Kak TOBOPUIIOCHh PaHee, EPBBIit
U TIOCJIETHUIM CTOJIOIBI OTPEACIIAIOT 3aKOH PACIIPENENCHUs Cy4yaifHOW BEJIMYUHBI &,
a TIepBas U MOCIEIHAS CTPOKH — 3aKOH PacIpeeIICHUs CIIy4YallHON BEJIMYUHBI ).



n 1 2 3
S
10 1/36 0 0 1/36
20 2/36 | 1/36 0 3/36
30 2/36 | 3/36 | 2/36 | 7/36
40 1/36 | 8/36 | 16/36 | 25/36
6/36 | 12/36 | 18/36

[TonuroHsl yCIOBHBIX pacHpeiesieHuid MOXKHO H300pa3uTh Ha TPEXMEPHOM

rpaduke (puc. 1).

3nech ABHO mpocmartpu- 4
BAeTCsl 3aBUCHUMOCTH YCJIOB-
HOTO 3aKOHA PACIpPEeIICHUsS

& OT BETTUYMHBI 1.

[Tpumep II. (Yxe BcTpe- £ / p
YaBIIUNCS). 40 /—' n ,/ o
ITycte nmanbl nBe He3a- 30 ,’l/’ 7 ] L
BUCHMBIE CITydYaitHble BeJTH- 20 7 | B 7
YUHBI a H 1N C 3aKOHAMH N r” W:” L
pacnpezesnieHust >
1 2 3
Puc. 1
£ 0 1 n 1 2
P 1/3 2/3 P 3/4 1/4

Haiinem 3axoHbI pacripeieIeHU caydyalHbIX BEMUYUH 0=5+M U B=E*n

o 1

2

3

P 3/12

7/12

2/12

B

0

1

2

P

4/12

6/12

2/12

[TocTponm TabuUIly 3aKOHA COBMECTHOTO paclpeeNieHus oL U 3.

Bl 0 1 2

04

1 312 | 0 0 | 312

2 /12 [ 612 | 0 | 712

3 0 0 | 212 | 212
412 | 6/12 | 2/12

Yrobsl monmyunts o=2 u B=0, Hy)HO uyTOOBI & mpuHsia 3HaueHue 0, a m

npuHsIa 3HadeHue 2. Tak Kak & U 1| He3aBHCHMBI, TO
P(a=2; B=0)= P(£§=0; n=2)=P(£=0)*P(n=2)=1/12.
OueBunno Taxxke P(o=3; f=0)=0.



Puc. 2

1

H C BEPOATHOCTBIO 4

[Tpumep I1I.

— 3HaueHue 2.

[TocTpoM  TIOJUTOHBI  YCJIOBHBIX
pacmpeneneHuid. 31ech 3aBUCUMOCTh Ol OT
B moBombHO OnM3Ka K (PYHKITMOHAILHOMN:
3Ha4YCHHIO [3=1 COOTBETCTBYET EIUHCT-
BEHHOE /=2, 3HaYCHHIO [=2 COOT-
BETCTBYET CIMHCTBEHHOEC O/=3, HO TIpH
=0 MBI MOXEM TOBOPHUTH JIUIIIb, YTO O C

3

BCPOATHOCTBIO 4

IIPUHUMACT 3HAYCHUC 1

PaccMoTpuM 3aKOH COBMECTHOTO paclpenesieHus & U 1), 3aJJaHHbIN Ta0auIei

] 0 1 2
S
1 130 | 3/30 | 2/30 | 1/5
2 330 | 9/30 | 6/30 | 3/5
3 130 | 3/30 | 2/30 | 1/5
1/6 | 3/6 | 2/6

B ostoM cioydae BemonHsAercss ycioBue P(E=x; n=V)=P(t=x,)*P(n=)),
i=1,2,3...;j=1,2,3,...
[TocTpouM 3aKOHBI YCIOBHBIX pacpeeIeHU

& | 2 3
P,-1(8) = P,2(S) =
= p‘q:3(§) = pn:4(E.>)
3aKOHBI YCIOBHBIX PacClpeieNICHu HEe OTJIMYalOTCsA APYr OT Apyra npu n=1,2,3
¥ COBIAJAIOT C 3aKOHOM pacHpeesIeHus CIIy4ailHON BEJIMYUHBI &.
B nanHom ciyvae & u 1 HE3aBUCHMBL.
XapakTepuCTUKOW 3aBUCUMOCTH MEXKIYy CIIyYalHBIMH BEIMYMHAMH & WU M
CIIY’KUT MaTE€MaTHYECKOE OXHUJAHUE IPOU3BEIEHUS OTKIOHEHMH & U M OT HX
LEHTPOB pAaCIpEAeeHU (TaK WHOTJa Ha3bIBAIOT MAaTEMATHYECKOE OXHUIAHHUE

CIIy4aiilHOI BEJIMYHMHBI), KOTOPOE Ha3bIBaeTCs KOIPPHUIIMEHTOM KOBapHUaLUU WU
IIPOCTO KOBApPUALIUEH.

1/5 3/5 1/5

cov(&; ) = M((E-ME)(n—Mm))
Ilyctb & = {X1, X2, X352, Xu}, N = {V1, V2, V3s...5Vn}- LOTQ

covE: “)Z-il _il(xi ~ ME)(Y, — MP((E = %) N(n = ;) )
I=1)=



9Ty GopMysly MOKHO UHTEPIPETUPOBATh TaK. Eciu mpu O0NbIINX 3HAYEHUSIX &
0osiee BEpOATHBI OOJIBIIIME 3HAYEHUS 1), a IPU MAJbIX 3HAUCHUSAX & 0oJiee BEpOSTHBI
MaJible 3Hau€HUs 1M, TO B IpaBod yacTH (HOpMyJibl (2) MOJOKUTENIBHBIE CIaracMble
JOMHUHHUPYIOT, U KOBapHALIUS IPUHUMAET MOJIOKUTEIbHBIC 3HAUCHHUSL.

Ecnn xe Oonee BeposTHBI npousseneHus (x; —ME)(y;—Mn), cocrosmue u3
COMHOXXMTEJIEH pa3HOro 3HaKa, TO €CTb MCXOJbl CIy4yallHOTO JKCIIEPUMEHTA,
IPUBOJALIME K OOJIBLIINM 3HAYEHUSAM & B OCHOBHOM IIPUBOJAT K MajbIM 3HAYEHUSIM 1)
U HaoOOpOT, TO KOBapHals MPUHUMAET OOJbIIME MO MOIYJII OTPHUIATEIbHBIC
3HAYCHHUS.

B nepBom ciyuae mpHHATO TOBOPUTH O MPSMOM CBS3H: C POCTOM & ciydaiiHas
BEJIMYMHA 1] UMEET TEHJICHLIMIO K BO3PACTaHUIO.

Bo BTOpoM ciydae roBopsT 00 0OpaTHOUW CBSI3M: C POCTOM  clydaifHas
BEJIMYMHA 1| UMEET TEHJICHIIMIO K YMEHBILIECHUIO WM MaJICHUIO.

Ecnin mpuMepHO OIMHAKOBBIM BKJIAJ B CyMMY JalOT M IOJIOXXHUTEIbHBIE U
OTpHUIIaTeNbHbIE NpousBeneHusa (x; — ME)(y; — Mn)p{, TO MOXHO CcKa3aTh, 4TO B
CyMMe OHM OynyT “racuTh’ ApYr Apyra U KoBapuauus OyaeT Oiau3ka K Hyilwo. B aTom
cllydae He IPOCMaTpPUBAETCS 3aBUCUMOCTb OJHOMN CIIy4ailiHOM BEJIMYMHBI OT JPYTOM.

Jlerko noka3zath, 4TO €CJIH

P(E=x)NM =) = PE=x)P( =) (= 1.2,....n,] = 1.2,....%),

01 cov(&; n)=0.
I[eﬁCTBHTeJILHo I/IS (2) cnenyer

£ 5 (x - M)y, -

i=1j=1 )
= ¥ (x - ME)P(E = %) él(yj - MnP(n =y;) =

=1
= M(§ - ME)M(n - Mn)=0-0=0
37€Ch UCHOJB30BAaHO OYEHb BAXKHOE CBOWCTBO MAaTEMATHYECKOIO OXKUIAHUS:
MaTeMaTU4CCKOC OKHUJJaHUC OTKJIOHCHHA cnyqaﬁﬂoﬁ BCJIIMYNHDBI oT cC
MAaTeMaTUYCCKOI'O OKHUJaHUs PABHO HYJIIO.
I[OKaSaTeJIBCTBO (I[JI}I AUCKPCTHBIX CﬂyqaﬁHBIX BCJIMYMH C KOHCYHBIM YHCJIIOM
3HAYEHMUI).

M(E = ME) = (x — ME)P(x;) = _%xiP(xi)— M&_%P(xi) - ME—-ME=0
KoBapuanuto y,u06H0 IIPEACTABIIATH B BUJIE
cov(&; n)=M(En-EMN-—NMEFMEMM)=M(En)-M(EMM)-M(MME)+M(MEMM)=
=M(En)-MnME-MEMn+MEMN=M(En)-MEMn

KoBapuanus nByX Cily4yalHBIX BEJIMYMH PAaBHA MATEMAaTHYECKOMY OKHAAHUIO
UX IPOU3BEICHUSA MUHYC ITPOU3BEICHNE MATEMATUYECKUX OKUTAHHUM.

X )P(n=y;) =



Jlerko oKa3bIBaeTCs CIEAYIONIEe CBOMCTBO MAaTEMATHUECKOTO OXHIaHUS: €CITU
& M N—HE3aBUCHUMBIE CllydaliHble BeMYMHBI, TO M(EN)=MEMn. (loka3zats camum,

ucnonb3ys popmyny M(En) = anl .rznllxi Yi P(i =X )P(n =Y ))
i=1j=

TakuMm 00pa3om, I HE3aBUCUMBIX CIIy4alHbIX BeauduH & U 1 cov(E;n)=0.



