ITOBTOPIOBAHI HE3AJIEXKHI EKCIIEPUMEHTH 3A CXEMOIO BEPHY JIJIT

SIKIIO KOKHMI EKCIIEPUMEHT MAE JIMILIE J[BA HECYMICHI HACIIAKM (MO/T) 31 CTanmMMK HMOBIpHOCTMH P i G,
TO iX HA3UBAIOTH EKCIIEPUMEHTAMH 3a CXeMOI0 bepHyi. ¥ KOKHOMY €KCIIEPMMEHTI BUIIAJKOBA MOJIis 3 IMO-
BIPHICTIO P BIOYBA€ThCs, @ 3 IMOBIPHICTIO  — HE BiIOyBaeThest, Todro p + ¢ = 1.

Ipoctip enemeHTapHUX IOMIH I QOHOrO CKCHEPUMEHTY MICTHTh JBi €EMEHTapHi MO, a it N
EKCIIEPMMEHTIB 3a cxeMoto beprysuti —2" eleMenTapHHUX MO

1. ®opmyna bepHynni

IMOBipHICTB TOTO, 110 B pe3yJbTaTi N HE3aJEKHUX EKCIIEPUMEHTIB 3a cXeMoro bepHyiuti mofist 4 3’ IBUTbCS
M pa3, MOAAETHCS Y BUIIISAL

Pn( ) l:)mqn m :ﬁlm)' pmqn—m ] (1)

IMOBlpHICTI) TOTO, 10 B pe3yanaT1 N HEe3aJICKHUX CKCHepI/IMCHTlB HOI[lSI A 3’IBUTHCSA BlI[ m; go mJ pas,
O0YHCITIOETHCS TAK:

— ! m m n-m _ gl n! m.n-m 2
Pn(mismgmj)—m:ZmiCn ;_—I(n o pmg . (2)
OcCKUIBKH
RO<m<n)= >Crpg"™ =1, (3)
m=0
IICTAaHEMO

PO<m<m,)=1- En; Crp™g"™; (4)

m=m; +1

m; -1
Pm<m<n)=1- 2 Crhp™gn-m. (5)

Ipuxaan 1. PoGiTHUK 00ciyroBye micTh BEPCTAaTiB-aBTOMATIB. IMOBIpHICTH TOTO, IO IPOTATOM
TOJIMHA BEPCTAT-aBTOMAT TOTPEOYE yBaru é) ITHUKA, € BEIMYMHOIO CTaIor i gopisHioe 0,6. Ska
MOBIPHICTB TOTO, III0 32 TOIMHY yBaru PoOITHHKA HOTpC6yIOTI) 1) Tpu Bepcraty; 2) BiJ ABOX 10
I’ SITH BEPCTaTIB; 3) IIPUHAMMHI OJIHH.

Po36¢’azanna. 3a ymoBoro 3a1a4i maemo: P=0,6;0=0,4,n=6; m=3; 2<m<5; 1<m<6.
3rigno 3 (1), (1), (4), I[iCTaCMO'

1) P, (3)= §p3q3—3' 3|(06) (0,4)® =20-0,216-0,064 = 0,27648;

2) Ps(2sm£5)=ZCé“p”‘q6m= sp*q*+Cip’a®+Cipta®+Cop°a=
m=2

=15 (0,6)? (0,4)* + 20 (0,6)° (0,4)° + 15 (0,6)* (0,4)*+ 6 (0,6)° 0,4 =
=15-0,36 - 0,0256 + 20 - 0,216 - 0,064 + 15 - 0,1296 - 0,16 + 6 - 0,07776 - 0,4 =
=0,13824 + 0,27648 + 0,31104 + 0,186624 = 0,902384;
3) RLl<m<6)=1-PR(0)=1-CIp°q° =1-qs =1—(0,4)° = = 1-0,04096 = 0,995904 .

2. HanimoBipHiwe 4yncno nosiBu BunagkoBoi nogii (moaa)

HaiiiMOBIpHIIIMM YHCIIOM TMOSBU BHIIAIKOBOI MOIii 4 B pe3ynbTaTi N HE3AIEKHMX EKCIIEPUMEHTIB 3a
cXeMoI0 bepHyni Ha3sHBAEThCS TaKe YMCIO Mo, A SKOro HMOBiIpHICTH Pn (Mo) mepesuitye abo B yCsAKOMy
pasi € He MEHIIOKO 32 IMOBIPHICTh KOKHOTO 3 PEIITH MOXJIMBUX HACIIIKIB €KCIEPUMEHTIB.

Ipukaan. ImoBipHICTB IOSIBH BUIIaIKOBOI noii A B KOKHOMY
N = 8 He3aleKHUX EKCIEPMMEHTIB € BEIMYMHOIO cTajolo i gopiBHioe p =05 (Q=1-p =0 5)
OOGuuciouru moBipHocTi moxii ama m=0,1,2, 3,4,5/6,7, 8. 3HaquH;1 0GHHCIEHIX

lMOBlpHOCTGI/I HaBCJIACHO B Ta6HI/IL[1

m 0 1 2 3 4 5 6 7 8

oS5 | L | 8 |28 |56 | 70|56 | 2 | s
8 - 256 256 256 | 256 256 | 256 | 256 256 | 256 256




0 . O1xke,
25

I3 Tabnumi 6aunmo, 1o mpu M = 4 iMOBipHiCTH HaOyBa€e HAMOUTHIIIOrO 3HAYEHHS, a camMe Py(4) =
HaWiMOBIpHIIIIE YUCIIO TTOSBU MOIT € My = 4.
3ayBa)XMMO, IO JUIsI BU3HAYEHHS HAHIMOBIPHIIIOTO YKCIa MOSIBU MOJil HeMae MOTpeOH OOYHCITIOBATH

HMOBIPHOCTI 1715 pI3HUX MOXJIMBUX 3HaYeHb m (0<m<n).
Cnpasni, 3anumemMo GOpMyIH I OOYHMCICHHS HMOBIPHOCTEH MpU 3HAYCHHSAX M=Mg; M =My — 1 Ta

m = mg + 1 1 po3rasiHEMO X BiAHOIIECHHS:

. nl_ g g
My (x My N—Mgy 1 _ 1
Rmy) oy, GPrd oy, mol(nom)! >1-
P,(m, 1) Crotp™igh ™ n. g
(m, -DI(n—m, +1)!
P
m, :
—0% _>1-5m<np+p; (2)
n—-m,+1
Pn(mo) o1 C,TO pmoqn—mo N
Pn (mO +1) CrTOH pm0+l qn—mo—l
q
S07Mo 51 ymy>np-q. (6)
my +1
006’ eqnaBmm HepiBHOCTI (@) 1 (0), micTaHEMO:
(6)

np—gq<my<np+p.

Yucao My Ha3UBAIOTh TAKOXK MOO0IO.
Ipuxaan. Y pasi gonepkanssa nepHoi TexHonorii 90% yciei mpotyKiii, BUTOTOBJIEHOI 3aBOJIOM, €

) D 71 TICBE ]
HAWBUIIOrO COPTY. 3HAWTH HAHIMOBIpPHILIE YKUCIO0 BUPOOIB HABUILIOTO copTy B mapTii 3 200 mTyk.

617:_0,9; g=1-p=0,1.
), MICTaEMO:
np-q<m,<np+p—

—200-0,9-01<m, <200-0,9+0,9 —

Po3¢’azanna. 3a ymooro 3anaudi N = 200;
BukopucToByroun noJiBiiHy HEPIBHICTb (

—179,9<m, <1809.
Otxe, HaliiMOBIpHIiIIE YKCII0 BUPOOiB nepuoro copty cepexn 200 nopisHioe 180.
OGumncnenHs #iMoBipHOCTEH 3a QopMyIor0 bepHyIIi IPU BENMKHMX 3HAUYEHHAX N 1 M NOB’sA3aHe 3 IEBHUMU
TpyaHomamu. [lo6 yHUKHYTH iX, 3aCTOCOBYIOTh aCUMITOTHYHI ()OPMYIIH, L0 BUIUIMBAIOThH 3 JIOKAJIBHOI Ta

1HTerpajbHOI TeopeM MyaBpa—Jlamnnaca.

3. JlokanbHa Teopema

Slkmo WMOBIPHICTh TIOSIBU BUIAJAKOBOI MOIl B KOXKHOMY 3 N HE3aJIEKHUX EKCIIEPUMEHTIB € BETUIMHOIO
CTaJIOI0 1 JIOpiBHIOE p(0< p<1), TO AN BETUKUX 3HAYEHBb N 1 M IMOBIPHICTH TOTO, 11O BUIAIKOBA MOMiT A

HacTaHe m pa3, IIOJAa€ThCA TAKOKO ACUMIITOTUYHORO (1)0pMyJIOIO:
X
py(m) =2 )
vNpq

2
R . . c e
€ 2 HasuBaerbea @yukyicio Iaycca. dynkuis ['aycca mporalynboBaHa, 1 1 3HAYCHHS

e o) =——e”
V2T
HaBeJCHO B noJ. 1, e
m-np (8)

X= :
vhpq

TyT X € piIBHOMIpHO 0OMEXEHOIO BETMYMHOIO BITHOCHO N 1 M.

JoBenenns. I3 (8) BurmBae, mo
9)

m=np+X ynpq ;



Nn—m=ng—X Npq. (10)
OueBuaHO, O Ipu N —> oo Bupasu (9), (10) npsamyroTs 10 HeckinuenHocTi. I3 (9), (10) maemo:

ﬂ:1+x\/E; (11)

np np
n—m p
=1-X[—. 12
- " (12)
I3 (11), (12) BumumBae, 110 3a JOCUTh BEIUKHUX 3HAYCHD N
m ~ np, n—m = nq. (13)
Jlyist noBeieHHs: TeopeMu ckopucTtaemocs Gpopmyinoro CripiiHra:
Kl ~2n k kke ¥, (14)

BuxopucroByrouu (14) nys popmynu bepnysti, micraemo:

n! . J2zn n"e™ m o m-m
Pn (m) =—— P = m.-m = n-m ,—n+m Pq =
m!(n—m)! N2zm-m"e ™ \[2z(n—m) (n—m)" e

1

A=
BN m(n m) L m n-m 27 \m(n-m) {np nq
-m (n—m)
1 n 2 p 1 n
" ex \m-m (1” n_pj {H EJ " Jox Vma-m

-m —(n—m)
ne A= {1+ x‘/EJ (1—x ﬂJ . (15)
np nq

Komu n — o0, maemo:
n B n 1
m (n—m) np-nq npq '

JI71st TOCTIHKEHHS TOBOIKEHHS A TIpr N — oo miposiorapudmyemo (15)

INA=-m In [1+x\/%}—(n—m) In (1—x\/%]. (16)

Posknagum norapudmiyni Gynkuii y supasi (16) y psax Teiinopa i 0OMEKUBIIMCH JBOMA YIEHAMH PSILYy,
ckopuctaemocs (9) 1 (10):

x> p 1px?)
InA——(np+xﬁ)[ \/:_EWJ (nq—x npq)[—x\/%—an_qJ_

qvq 3 x? 1 p\/ 3
=—x Inp +_q X2 q+ il ik npq+_p_ p =
\/_p > \/_

=—(p+q) X(p+q)+—(% E)/‘/_— J

4%
=

[Ipu n— o mMaemo:

limin A= Ilm[— (q‘/— Py P J — > A=¢ 2
n—oo Nn—o0
OTxe,
2
. 1 1 -5
limP, (m)= — e 2,
n—o0o q [27[

a IUI1 BEIUKHUX, X04a i 0OMeXeHHNX 3Ha4YeHb N



py(m) ~ 2.

>
=)
o)

[0 i moTpiObHO OyII0 TOBECTH.
BnactuBocti pynkmii ["aycca:
1) ¢(x) Bu3HaYCHA Ha BCii oci abciuc; ¢(x)>0;
2) ¢(x) € pyHKII€ TapHO: @ (—X) =@ (X);
3) lim ¢(x)=0;

2

4) cp'(x)=—x%e‘2; ¢ (0)=0;

O (X)) ye0 > 05 @ (X)| o0 <03 OTKE, ¢(0) = % — makcumyM ¢GyHKIIT [aycca;
T

[N}

5) ¢"(x) = (x? —D%e 7 Q") =0.

TakuMm unHOM, X1 = —1, X2 = 1 OynyTh Toukamu neperuny. [Ipu oMy
(P”(X)|x<—l >0 1 (p”(x)|—l<x<l <0 1 (p”(X)| ><>1> 0.
I'padix ¢pynkuii 'aycca 306paxeno Ha puc. 1.

40 1 0 (x)
( ,E)
—Il 0 i X
Puc. 1

3ayBa)KI/IMO, 1o pO3B’5{3YIO‘H/I 3az[aqi, AOJCPKYIOTH TAKOT'O ITpaBHJIA:

(P(X) x>4 ~ 01 (p(X) x<-4 & 0.
OTxe, NMPaKTMYHO BUKOPHUCTOBYIOThCS 3HaueHHA (QyHKUIi ['aycca mansg x e [-4; 4], M0 Moka3aHO Ha

rpadiky ¢pyukuii [aycca (puc. 2).

¢ (x)

—4<x<4
Puc. 2

Mpukaan. dabpuka Bunyckae 75% Bupo6is 1-ro copry. I3 maprii roToBUX BHPOGIB HaBMAHHN
6epyTh 400 neraneit. OGUUCIUTH HUMOBIPHOCTI TAKMX BUTAIKOBUX MOJIN:

1) BupoOiB 1-ro copry BusiBUTHCs 290 1IT.;

2 308 IIT.;

3) 320 wr.

Po36’a3anna. 3a yMOBOIO 3a/1a4i MAaEMO:
n =400; p=0,75; q = 0,25; m = 290; 300; 320.

1) /npg =+/400-0,75-0,25 =75 ~8,7; np =400 - 0,75 = 300 ;

x=m-np _ 290-300

M 87 -115;




¢(-115 ¢ (115) 0,2059

P,0(290) =~ = = ~0,0237;
200(290) 87 87 87
2) x= m-np 300-300 0
AJnpg 8,7 ’
0) 03989 _
P40(300) = “’8(7) ==~ 0,046
3) y_M=Mp_320-300_20 ..
Anpq 8,7 8 7
2
Proy(320) ~ 223 L 00283 6a3.

8,7 8,7

4. I[HTerpanbHa Teopema

SIKo WMOBIPHICTD MOSIBM BUNAIKOBOI MOAIl B KOKHOMY 3 N HE3AICKHHUX EKCIEPUMEHTIB € BEITHYHUHOIO
CTasoo 1 10piBHIOE p(0< p<1), TO Ul BENUKUX 3HA4€Hb N IMOBIPHICTH OB BUMAJKOBOI MOAIT BiA M; 10 M;
pa3 00YHUCITIOETHCS 32 TAKOK ACUMITOTUIHOK (POPMYIIOHO:

Pn(mngmgmj)zq)(xj)_q)(xi)v (17)
ae X, =—— np L Bkl P (x) = ! Tef X? € ¢yukiero Jlamnaca, 3HaueHHS K01 HaBEIEHO B 0. 2.
! w/np X Jnpg J2r o ’

JloBeieHHsl. IMOBIpHICTH TOTO, IO B pe3yJIbTaTi N HE3aJIKHUX EKCIIEPUMEHTIB MOMIS BiZOyaeThCs Big M; 10
M; pa3, 004UCIIOEThCs 32 (HOPMYIIO0

m;
P(m<m<m)=> PB/(m).
m=m
3rigHo 3 (7) 11 JOCUTh BEJIMKOTO YUCIIa CcrIpod N MaeMO HAOIMKEHY PIBHICTB:
X
Pn(mi =ms< mj) ~ Z(p (Xm)AXm ’

Xm=Xj

Ac

AX =X, m+1 np_m-np _ -

m \/W \/W \/H (P(Xm)—f

OT)KG, MO’XKHa 3anucaTu:

1 ) (P(Xm) 18
Tom < Jooa (18)

Tyt (18) € iHTErpalIbHOIO CYMOIO, a8 TOMY

P(m <m<m;) =~

Xj x, X
fim Py (m <m<m)=—= jim 3 20 1 femzgy

1
n—o0 " e - \/% N—0 X =X; 1H‘]pq \/ﬁ Xi

1 0 x2 1 x,7X2 1 xjixz 7)(2
=— e 2dx+—[e 2dx=—— [e 2dx—— e 2dx=
on ! Ton | 7o | =
=D (xj)—CD (Xi)'
Jlns Benmukux, ajne oOMEeXEHUX 3HAYeHBb N JICTaHEMO:
P,(m <m<m;)=~® (x;)-P(x), MO i MOTPiOHO OyI0 JOBECTH.

BaacruBocti ¢pynkuii Jlansaca

BH3Ha4Y€eHa Ha BCIH oci abcIuc.
) = — d(X), omxe, D(X) € HEMAPHOIO QYHKIIIETO.
=0.

2 2
1 o _ L . o _ L .
w)=——=[e 2dx=05, oCcKiNbKK [e 2dx=+/2n € inTerpanoM Ilyaccona.

Var o ’ %

(— ®D(—0) =-0,5, sIK HerapHa (QYHKITIS.

—~ A/T\/-\

=



X2

6. ®'(x)= %e_ 2 50, omxe, D (x) € yHKIIi€r0 HECTIATHOIO.
Y

7.0"(0)=0; @"(x)| _,>0; (x| _,<0
Takum unHoMm, X =0 € TO‘-IKOIO MEPETUHY.
I'padix pynkmii O(x) 300pakeHo Ha puc. 3

Ao () D (x)
(3 S 0,5
4 4
0 X 0 4<x<4 X
"""""""""""" 105 -0,5
Puc. 3 Puc. 4

Po3B’a3y104H 3a1a4i, JOAEPKYIOTh TAKOTO IPABUIIA:
(D(X)|x24 ~ 0’5 ' (D(X)| x<—4 =~ 0’5 '

Omxe, mpakTHaHO QyHKIiA Jlamiaca 3aCTOCOBYEThCS Il 3HAYEHD X € [-4; 4], mo imrocTpye puc. 4.

Ilpuknan. Bepcrar-aBToMaT BUTOTOBISIE OAHOTUIHI JeTaii. IMOBIpHICTH TOrO, 1O BHIOTOBIIEHA
OJiHA JIETAllb BUSBUTHLCS CTAHIAPTHOIO, € BEIMYUHOIO CTAION 1 1opiBHIOE 0,95. 3a 3MiHy BEPCTaTOM
Oyno suroroineHo 800 nerajeid. Slka MMOBIpPHICTH TOro, IO CTaHJAPTHUX JETaleH cepel HUX
oyne: 1) Bix 720 no 780 wmrt.; 2) Bix 740 no 790 mr.?

Po36’a3anns. 3a yMOBOIO 33/1a4i:
n=800;, p=095; q=0,05; 720<m<780;740<m<780,;

Jnpg =+/800-0,95-0,05 =+/38 ~ 6,2, np=800-0,95=760.

m. —n _

1 X, = i p:780 760 20~323
/npg 6,2 6,2

xl.:mf_np:720_760:—4—0z—6,5;

/npg 6,2 6,2

Pa0o(720 < m < 780) ~ d(3,23) - D(-6,5) = D(3,23) + D(6,5) =
=0,49931+0,5 = 0,99931;
m -n
2) x, - P_790-760 _,q,.
\/npq 6,2
( _M-np_740-760 20 _ ...

' g 6,2 6.2

Py = (740 < m < 790) ~ B(4,84) — D(—3,23) = D(4,84) + D(3,23) =
=0,5+0,499-31=0,99931.

P,6(390 < M < 400) ~ ®(11,23) - D(-1; 112) = B(11,23) + D(1,12) =
=0,5+0,3686 = 0,3686.

5. ®opmyna lNyaccoHa Ana manoMMoBIpHUX BUNagKOBUX NOAIN

ToyHicTe acCUMOTOTHYHMX (OPMYNT Ui BEJIMKUX 3HA4eHb N — YHCIAa TOBTOPHMX HE3AIEKHHUX
€KCIIEPUMEHTIB 3a CXeMOI0 bepHyill — 3HMXKYyeTbes 3 HAOIMKEHHSIM P A0 Hynd. Tomy npu n—o, p—>0 3a

YMOBH Np = A = const lMOBlpHICTB MOSBH BHUIIAAKOBOI HOI(ll m pas (0<m<n) OOYMCIIIOETHECS 3a TaKOIO

ACUMIITOTUYHOIO (JOPMYIIOIO:
m

P.(m) ~ %e“ , (19)

sKa Ha3UBAEThCS popmynoro Ilyaccona.

JoBenennsi. OCKUTbKH a@ = np, TO p = 3, q=1-p=1- a
n n

3anummemo Gopmyny bepHyii y TakoMy BHTIISIIL:



pn(m) :Crr]n pmqn—m :im(ijm (1_ijn_m _ n(n-1) (n-2)...(n—m+1) (ijm (1_&]m _

P,\n n m! n n
_a"n(n-1)(n-2)..(n-m+1) (1_ij”(1_ijm_i_m nn-1n-2 n—m+1[l_ij”(1_&jm_
m! n" n n mn n n  n n n

5D (2

m! n n n n n

Komu n— o, gicraemo:
lim Pn(m)=|imi[l—ij(l—zj...(l—ﬁj(l—i] (1—ij -
neo n—>o ml n n n n n

:/1—Iim(1—£j(1—3j..(1—m—_1)lim(1—i) |im[1—ij A et
ml n—e n n n )noe nj noe n m!

Ockinpku lim (1— ij —e*,

n—oo n
-m
lim [1—% [1—% ...(1—”"—_1) —1: Iim(l—EJ =1,
n—s n n n n—>c0 n

am
lim P,(m)=—¢™?,
n—oo m!

Otxe,

a JJIsd BCJIIMKHUX, aJI€ 00MEXKCHHX 3HAYCHb N MAaEMO:
m

A .

P (m) ~ —Ie*’l , IO # TOTPiOHO GYIIO JTOBECTH.
m?

I3 (19) BunnuBae:

R(m<msm)= 2> P(m)=) %e*; (20)

m=m;

Pn(OSmSn):i Pn(m)zi %m'e‘:eﬂ'i l—m—e’ﬁ e’ =1.

m=0 m=0 m=0 m '

I cipaBni, e miaTBEPKYETHCS 1€ ¥ THM, 110 o1l 0 <m<n yTBOPIOIOTH TOBHY IPyIy.
®ynkiis P, (M) BU3HAYAETHCS 32 TAOIHIICIO, HABEACHOIO B 0. 3, 32 331aHUM M i 00YHCIICHUM 3HAYCHHSIM
a = np.

Mpuxnang 1. Pagionpunan mictuts 1000 MiKpoeneMeHTIB, SKi MPaLOOTh HE3AJIEKHO OJMH BiJl
OJIHOTO, MPUYOMY KOKHHUU MOK€ BHMTH 3 JIaqy MiJ 4ac poOOTH MpHiIagy 3 IMOBIPHICTIO p =

0,802. O6uucIuTH HWMOBIPHOCTI TaKUX BHUIIAJKOBUX MO IiH:
1) mig yac poboTH npuiaty 3 Jaay BUHIYTh 3 MIKPOEIEMEHTH; 2) BiJl TPbOX 10 LIECTH.

Po36’azanna. 3a ymoBoro 3anadi maemo N = 1000; p = 0,002; m = 3; 3<m<6. OCKiIbKH N BENUKE, a p
MaJie Yucio, TO Ui oOuuciieHHs WMmoBipHocTell 3acTtocyeMo dopmynu (19) 1 (20). dns uporo o0YHCIMMO
3Ha4YeHHs napamerpa A = np = 1000 - 0,002 = 2.

1) Pyo4(3) ~0,18044 .
2) Pro0dB<M<6) = Py50(3) + Progo(4) + Prooo®) + Prgod(6) =
= 0180447 +0168031+0100819 +0,050409+0,021604 = 052131.



