Tema 6.
EneMenTHM NpMKNaQHOI
MATEMATMKM

Io

Ypok 3. CTrarMcTHMUYHE T3 KNAaCMYHE O3HAYEHHS
MMOBIPHOCTI

POBOYMM APKYLL

(Moe iM's1)
OuikyBaHi pe3ynbTaT HaBYaZIbHMX ZOCATHEHND
Ha ypou,i Bu:
1) aisHaeTecb NPO CTAaTUCTUYHO CTiNKi BUNpobyBaHHA (gocnign);
2) BUBYMUTE 03HAYEHHS BiAHOCHOI YacTOTW Noa,i;
2) BUBUUTE CTAaTUCTUYHE O3HAYEHHS MMOBIPHOCTI;
3) Ai3HaeTechb NPO KNacuYHe 03HaYeHHA MMOBIPHOCTI | BUBYUTE MOTO;
4) 3’acyeTe, B YOMY BigMIHHICTb MiXK CTAaTUCTUYHUM Ta KNAaCUYHMM O3HAYEHHAMMU MMOBIPHOCTI;

5) HaBuYMTECA BUKOPUCTOBYBATU HAabYTi 3HAHHA ANA PO3B’A3yBaHHA MPaKTUUYHMX 3aau.

ll. NoBTOpPEHHS

1.

20

Crinbroma criocobaMu 5 BAHTAKIBOK MOYKYTDH BUITUKYBATHCS B KOJIOHY Y IIEBHOMY ITO-
panky?

Jo cxmany ykpaiacbkol IIpem’ep-miru 3 dpyrdosry Bxomarsk 16 KoMam. YIIPOIOBIK Ce30-
HY KOHI Bl KOMaHIH I'paloTh Mixk cobor0 2 MaTyl. CKIJIBKH BCHOI0 MaT4iB Oyae 3irpa-
HO 34 ce30H? (3HO, 2010 p.).

A b B r A
120 128 200 240 256
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3. Komosuii 3amok Ha naBepsax mae 10 pisaux mudp (Ius.
pucynok). 11006 BiqunHuTH ABEP1, ITOTPIOHO OHOYACHO
HATUCHYTU 1Bl KHOIKH, ITU(MPU HA SAKUX CKJIAIAI0TH
ko 3amia. CKITBKHM BCHOTO ICHYe pPI3HHUX BaplaHTIB
Koay 3amka? BeaskaiirTe. 110 Ko, yTBOPEHI IepecTa-
HOBKOMW 1Tudp (Hampuraag, 1 —212— 1), € oTHAKOBU-
MH. (3HO, 2010 p.).

A =) B r A
100 90 45 20 10

4. Cryneur Ha mepIoMy Kypcl IIOBUHEH BHOPATH OJHY 3 TPHOX 1HO3EeMHHUX MOB, SIKY BH-
BUYATHMeE, Ta OJHY 3 II'SITU CIIOPTUBHUX CEKIN#H, 1o BiasimyBatume. CKIIbKKA BCHOTO
1CHye BapiaHTIB BUOOPY CTYI€HTOM 1HO3€MHOI MOBH Ta CIIOPTHUBHOI CEKITII? (3HO, 2014 p.).

A B B r A
5 8 10 15 28

5. OyrbonpHa KoMaHAa 3 11-m rpasifB obMpae Ha MaTd KalllTaHA Ta Bllle-KaliTaHa.
CEKUIBKH BCHOTO ICHYE CIIOCO0IB 3MIMCHUTH I1eil BUOip?

lll. OcHoBHI NOHATTA Teopii MMOBipHOCTEN

Teopia timosiprocmetl BUBYae MaTeMaTHUYHI MOJIEJI1 SIBHUIII, 1110 BPAXOBYIOTh BILJIUB BHU-
naaxky. BucHOBKY, SK1 BUILIMBAIOTH 13 JOCTILIKEHHS IIHX MOJIeJIel, Jal0Th 3MOr'y mepeaoavn-
TH mepeOdir IBUINA YU IIPOIecy B MAaMOyTHBOMY.

Metomamu Teopii iMoBipHOCTEH PO3B’A3yIOTH 3aj/a4l, K1 BUHUKAIOTHh Y TAKUX TaJIy3saX
JIIOACHKOI JSJIBHOCTL: KOMYHIKAI[S 3 BUKOPHUCTAHHAM TEXHIYHUX 3aC001B, KOHTPOJIb SKOCTI
MACOBOI HMPOAYKII, cTpaxoBa CIIpaBa, OaHKIBChbKA cIpaBa (KpeaIuTyBaHH), JUCIEeTIEPChKA
Ta Kyp'epchbKa CIy:KOu (aepomopTH, JOKH, IIOPTH, IIOIITA), EKOHOMIKA, METEeOPOJIOris, IeMO-
rpadisi, Teopis irop, Teopis CTPLILOM y BIMCHKOBIM cIipaBl, aTOMHA (pi3HWKa, CTATUCTHUYHA
(isuka, mommpeHH emigeMiil, CIaaIKoBICTh ¥ 010J10T11 TOIIIO.

AmnasizoM pe3yJIbTaTiB, OepP:KaHUX 3a JOIIOMOI0I0 MOJIeJIei, CTBOPEeHUX MeTOgaMu Teopil
MMOBIpHOCTEH, 3aIMAEThCI MAMEMAMULHA CIAMUCTUKA.

OCHOBHI NOHATTA Teopii MMOBIpHOCTEM:

* BUIIPOOYBaHHS a00 JOCITIT;

* 01,

* UMOBIPHICTE.

[TepBicHUM ITOHATTSAM TEOpPil IMOBIPHOCTEM € ITOHATTS N00iL.

Osznauennsa. Ilig nodiero po3yMioTh OyOb-sIKe SIBHUIIE, IIPO SIKE MOKHA CKA3aTH, IO
BOHO BLI0ydeThbCa a00 He BiI0yIeThCs.

Kosxna momis Big0yBaeThCss BHACIIIOK IPOBEIESHHS JOCI1Iy ab0 BUIPOOyBaHHI.

Oznauenna. Jlocnidom abo sunpobysarHHAM HA3UBAIOTH CTBOPEHHS TAKHUX YMOB,
Pe3yJIbTaTOM SIKHX € IO,

Hagsenemo npukiany gociims Ta momii (tadu. 1).
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Tabmmuysn 1

Ne Hocnigu (BUnpodyBaHHs) IHomii
1 |Iligkmoasssa rpajJbHOrO KyouKa Bunagammsa nnctkm abo Oyab-sIKOTO 1HIIIOTO
gyuciaa: 1, 2, 3, 4, 5
2 | IIpunbanus JIoTepeiiHoro Olaera Burpaim 6isera abo mporparii oijera
3 | 3epHO cleThbCs B 3€MJIIO IIpopocramus mapocTra abo #1oro He IIPOPOCTAH-
Hs

4 | Bunmapmauusa kyaepok y rpi «Merastor | [TogBa KyJIbky 3 IeBHUM HOMEPOM

5 | IlepeBipka sixkocTi BurorosjieHux of- | [ligTBepmreHHs sskiCHOI meTasl a00 BUJIYUeHHS
HOTHITHUX JeTaJiell Ha BUPOOHHUIITB1 | OpaKoBaHOI JeTaJrl

6 | CTpiinba mo MileHl OJHUM CTPLIb- | BiiydeHHs y MimeHb ab0 mpomax
1eM

7 | KpeguryBauusa Oamkamu ¢isumunux | CBoeuacHa cijiaTa BIJICOTKIB II0 KPeauTy abo
a00 IPUIUYHUX 0C10 HecILIaTa BlICOTKIB

8 | Bupobumua misutbHICTE migmpuem- | OTpuMaHHS OPpHOYTKY a00 He OTPUMAHHS IPH-
CTBa OyTKY

9 | Ecmibmens pyxaerbcsa mo 3aMiHOBa- | EcMiHers mpoiige HEYIIKOMKeHHM abo ITiaip-
HIM aKBaTOpii MOpPs BeThCS Ha MiHI1

10 | CrpaxyBauHs meBHOI ocobu Bl He- | Bumiara 1t 0oco0i piHamcoBOl KOMIIEHCAIIll
ITACHUX BUIIAIKIB

ITomii mosHauaTh BEIUKUME OyKBaMu JiaTuHCbKoro ajipasity A, B, C, ... U, V ..., ana-

JIOT1YHO II03HAYEHHI0 MHOKHKH. IleBHOIO 1measizalfiero moaii € IXHs IIonapHa HeCcyMICHICTh

TA PIBHOMOKJINBICTb.
OsHayeHHs IOIapHO HEeCYMICHHX TA PIBHOMOMKJIMBHUX IIOMIM, a TAKOK IIPOCTOPY eJIeMeH-
TApPHUX IO

Oznauennsa. llogii A, B, C Ha3UBAIOTHCA NONAPHO HECYMICHUMU B JAHOMY BUIIPO-
OyBaHHI, SAKIIO KOIHI OBl 3 HUX HE MOKYTh BIIOYTHCS OJHOYACHO.

Osznauennsa. Illomi A, B, C Ha3uBaIOTLCA PI8HOMONCAUBUMU, SIKIIO KOMKHA 3 IIHUX
IIO1H He Mae HISKHX IepeBar mepes 1HIITINMI,

Hanpurian, ycl momli, HaBemeH1 B TA0JIHII 1, € IOIIAPHO HECYMICHUME Ta PIBHOMOYKJIH-

BUMHU.
PesynpraTom mpoBenenHss BUIIPOOyBaHHS € Ioro Hacaimku. Hacaigkm BumpoOyBaHHS
II03HAYATh AK O, Je | = 1, 2, ..., n, 1e n — KUIBKICTb YCIX MOKJIMBUX HACJIIKIB JAHOTO

BUIIPOOYBaHHSA. Y HAHUIPOCTIIINX BHAIAIKAX HACILIKK BUIIPOOYBAHHS I IIOIIl € TOTOKHUMU

Mpuknagm Hacnigkie BUNPO6yBaHHA

ITpu omHOpPa30BOMY IMITKHUIAHHI IPAJIBHOTO KyOUKa MOKJIUBI HACTIIKK: o, = {1, 2, 3, 4,

ITpu ogHOPa30BOMY MIIKUIAHHI MOHETH MOKJIMBl HACTIIKH: ©, = {T", 11}, TobTO BHIIaIa-

IOHATTSAMU.
1.

5, 6}, TOOTO BUIIaJaHH OIHIEL 3 IIIecTH ITudP.
2.

HHs repba (I') abo mmmdpu (L1).
3.

IIpu mepeBipinl AKOCTI BUTOTOBJICHHX HA BUPOOHHUIITBI BHPOOIB MOYKJIMBI HACJIIIKIL:
®, = {0,, 0,}, 1e ®, — BUPi0 IpuaaTHUM, 0, — BUPi0 OpakoBaHUI.

20




Axmmo BHACTIIOK IIPOoBeIeHHS BUIIPOOYBAHHS 000B’SI3KOBO BIIOyIeThCs Xoda 0 omHAa 3l
BCIX MOKJIMBHX €JIeMEeHTapPHUX IIO1H, TO TaKl II0Ill YTBOPIIOTH IIOBHY I'PYILY IIOIIH.

Enemenrapni momi — 11e pIBHOMOKJINBI Ta HecyMicHI 1moii. Takl momll yTBOPIOITE II0B-
HY TPYILy IOM1H a00 IPOCTip MO,

Oznauernnsa. Cykynrnicmsb ab0 MHOMCUHY BCIX eJIeMEeHTapPHUX IO BUIIPOOYBaHHS
HA3WBAKTh IIPOCTOPOM €JIEMEHTAPHUX MOIIH Ta IT03HAYAIOTD Q.

Mpuxnagm nogin, Wo yTBOPIOIOTb NPOCTIP €71eMEHTAPHMX NOZiM

1. Bwurpam a6o mporpaiir JaHoro JoTepeitHoro oijgera.

2. Bunapmamsaa «audpm» abo «repba» Mpy OiTKUIAHHI MOHETH.

3. Buaydenns B 11iib 400 IpoMax IIPH OJHOMY ITOCTPLIIL.

4., Bumamamusa oxmiel 3 6 mudp mig 9ac 0JHOIO MISKUIAHHS IPaJIbHOT0 KyOHKA.
5. Bumnara abo HeBumiata 0aHKY KJIEHTOM Y3ATHUX Y KPEIUT KOIITIB.

6. Burorosiennsa crangapTHOI ab60 OpaKoBaHOI JeTAJIl OSHUM POOITHHKOM.

Axmio momii € eleMeHTapPHUME, TO €JIEMEeHTAPHI HACIIIKN Ta eJIEeMeHTAPHI 101l — eKBI-
BAJICHTH] IIOHATTH.

Mpuxnag. [lpu migxkuaasHHl ABOX IPATBHUX KYOUKIB eJIleMeHTAPHUM HACJIIIKOM € ITapa 9u-
ceax o= (a, b), me a — ogHa 13 1K@ p IepIIoro Kyomuka, b — omgHa 13 Iudp Jpyroro Kyouka.
ITpu 1pomy, 1 < a <6, 1 < b < 6. Koskuuit 13 3a3HaYeHNX eJIEeMEeHTAPHUX HACJIIKIB
€ eJIeMeHTAaPHOIO MOIIE€I0 3a THUX K€ YMOB BUIIPOOYBAHHS.

Vi momii momiIaoThea Ha:
* IOCTOBIpHI;
* BUIIAKOBI;
* HEeMOJKJIUBI.

Osznauwennsa. Jlocmosiproro Ha3UBAETHCS IO/, IKA BHACJIIIOK JaHOI0 BUIIPOOYBAaH-
HsI 000B’SI3KOBO MAa€ B1IOyTHCH.

IIpoctip ememenTapHUX momii Q — Il MHOKHHA, KA CKJIATAETHCSI 3 YCIX MOMKJIMBHUX
eJIeMeHTAPHUX II0iH, i1 Ha3HMBAKOTh YHIBEPCAJIbHOI MHOKHHOWI 1 mosHavyaotsb U. Taxkum
YHHOM, YHI8EPCAJIbHA MHONCUHA € 00CMOBIPHOI0 NOOLET.

Mpuxnag. [Ipu migxkugasHHl rpaIbHOTO KyOMKA MOKe BUIIACTH OJHA 13 mmectu rpanei. Cy-
KYIIHICTh yCIX eJIeMeHTapHUX II0I1# (eJJeMeHTapHUX HACJIIIKIB), TOOTO BUIATAHHS Of-
Hi€l 3 IIeCTHU IpaHel, YTBOPIOE YHIBEPCAJIbHY MHOKHUHY .

Otixe, MaeMO TaKl eKBIBAJICHTHI O3HAYEHHS: [IOBHA I'PYyIIa MO, IPOCTIP eJIeMEeHTaAPHUX
IIO/T1#, TOCTOBIPHA TIOMIIS.

Axmio neaka momisa V HIKoOIM He BIAOYOETHCSA IIPU KOMKHOMY 31HMCHEHH] eKCIIePHUMEHTY,
TO BOHA € HeMOoxciu80io (1HIe II03HaAYeHHSI ).

Axmio gesaxa momisa B OHUX BUIIPOOYBAHHSAX B1OOYBAETHCS, a B 1HIIINX — HI, TO BOHA Ha-
3UBAETHCA 8UNAOKO0B80IO.
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IV. CratcTnuHO cTiMKki BUNpo6yBanHsa (gocniam). BinnocHa YacToTa
noaii

HatiBasxkmuBiNInM MOHATTSIM Teopli TMOBIPHOCTEM € HIMOBIPHICTD MO/,

IcHyIOTH TPU O3HAYEHHS MOBIPHOCTI ITOJTIi:

* CTATUCTUYHE;

* KJIACUYHE,;

* TeOMeTpUYHE.

VIMOBIpHICTD € YHCIIOBOI XapAKTEPUCTHKOKN MOYKIMBOCTL [OSBH BHIIALKOBOI IOl 3a
IIEBHOI YMOBH, SIKa MOsKe OyTH BIITBOpPEHA BEJUKY KIJIBKICTH pa3iB.

[Tpunycrumo, 1110 3a He3MIHHUX YMOB IIPOBEIEHO 1 BUIAIKOBUX JOCIIIIB 1 B n(A) BUIaa-
Kax 3 HUX B1O0yJjacs momis A.

A)

: n( . N
O3nauernns. BimHOIIeHHS ——— Ha3UBAIOTh 8IOHOCHOI YACMOmo noodii A 1 mo-
n

aHauanTb U(A).

Tobro v(4) = M4 |
n

MpuKnanm cCTaTMCTMYHO CTIMKMX BUNPO6YBaHb

1. [Ilepesipsors Ha axicts 1000 3paskis mesHoro Buay nponykini. Cepen HUX BUSBIIEHO
12 O6paxoBanmx BupoOiB. Toml BiHOCHA YacToTa mo/ii «BUPi0 OpaKoBaHUID JOPIBHIOE
12

—=0,012.
1000

2. Ilpu ekcriepuMeHTaIbHIN mepeBipin JgikiB Ha 100 mamierrax y 88 BUIagkax Big0yocsa
IIOKPAIIEHHS CTaHy XBOPMX, TOMl BIJHOCHA YaCTOTA IIO1l «IIKKM MAKTh ITO3UTUBHUMI
edexm mopisuioe 0,88.

3. Caatimep BukoHas 100 1mocTpiyiiB i3 ofHIEl I'BHHTIBKH, 3 SKUX 79 pasiB BiH BJIYYHB
y 11k, Toml BigHOCHA YacToTa oMl «BJIyUYeHHs Yy IJIb» qopiBaoe 0,79.

4. 31120 mosnyaJibHUKIB 0aHKY 96 BUACHO CILJIAYYIOTH BIACOTKHY 0 KpeauTy. Tosml BigHOC-
Ha JacToTa oAl «BUacHa CILIaTa BIACOTKIB II0 KpeauTy» cTaHoBUTE 0,8.

S. {xmmo mpoaHasi3yBaTH TEKCT XYI0KHBOI KHUKKH 1 ITOPaXyBaTH KLJIBKICTH II€BHOI OY-
KBH, KA 3yCTPIYaeThbCs B TEKCT1, TO MOYKHA OTPHMATH HACTYIHI pe3yabraTtu: Ha 1000
BUOpaHUX HABMAHHS OYKB Ta IPOMIKKIB MK HUMHU OYKBA «K» 3yCTPIYAETHCS B CEPE]I-
HbOMY 28 paasiB, OyKBa «o» 3ycTpidaeThbcsa B cepenqaboMy 90 pasis, OykBa «a» — 62 pasu.
Tozl BIIHOCHI YaCTOTH TOI0, II[0 B TEKCTI1 3yCcTpluaeThbesa Oyka «x» qopiBHoe 0,028; OykBa
«o» — 0,09; oyksa «a» — 0,062.

Veci HaBeneHl HPUKJIAAA JOCHIIIB € CTATHCTHUYHO cTiMKuMH. CTaTHCTHYHE O3HAYEHHS
MMOBIPHOCTI MOYKHA 3aCTOCOBYBATH JIMIIE [JIS CTATHCTUYHO CTIMKUX JOCJIIIB.

Osznauwennsa. Jlocmian, B SKUX BITHOCHA YaCTOTA IIOII P IIOBTOPEHH] cepli 3 JocTaT-
HBO BEJIMKOI KIJIBKOCTL JIOCJILIIB KOJIMBAETHCA OJIM3BKO OJHOIO M TOTO CAMOI'0 YMCJIA,
Ha3UBAIOTHECSI CMAMUCMUYHO CMIUKUMU.
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O3nauennsa. Yucso, 011 IKOr0 KOJUBAETHCSA BLIHOCHA YacToTa II0ll, Ha3MBAEThCS

n(4) ~ P(A).

imosipricmio 1iel momii, v(A) =

[Tosuauennsa: P(A), P(B) Big probabilitas (;1aT.) — AMOBIPHICTE.
CrarucTryHe 03HAUYEHHS TMOBIPHOCT1 HA3UBAIOTD IIIC/IAIO0CIITHIM, OCKLIBKY 0r0 MOK-

Ha 3aCTOCYBAaTH JIMIIIE ITICJIsSI IIPOBEIEHHS JTOCI1IIB.

Mpminan 1. V gessxomy MicTi BOPOJOBIK IIEPIIOr0 KBAPTAJLY HAPOIUIIUCS:

* y ciuyHl — 145 xomuukiB Ta 135 MIBYATOK;
* y moroMmy — 142 xjrormyuku ta 136 T1BYATOK;
* y Oepe3Hi — 152 xjommuuku Ta 140 11BYATOK.
Axa AIMOBIPHICTH HAPOIKEHHS XJIOTYNKA?
Pose’azannsa. Hexai A, nei=1, 2, 3, — nois, 0 HAPOAUBCA XJIOITYHUK y CIUHI, JIOTO-
My Ta O0epesHl B1AmOB1AHO. To/al BIAHOCHI YaCTOTH I[UX ITOI1H:
V(4,)) = 145 ~0,518;
280

142
v(A)=——=~0,511;
(4,) 573

152
Vv(4,)=——=0,521.

292
Ywucsio, OIS IKOTO KOJIMBAETHCA BIIHOCHA YaCTOTA IIO1l HAPOIKEHHS XJIOIIYMKA, TOO-
TO cepeHe apudMeTHndHe BITJHOCHHX YacToT, mopiBHioe 0,517. Ile 1 Oyme iMOBIpHICTIO

HAPOIKeHHS XJIOIYMKA.
Bionosiow. 0,517.

Ipumimrxa. 3HaligeHa IMOBIPHICTh HAPOMKEHHS XJIOIMYHKIB J00pe BlgoMma y IeMo-
rpadii — HayIIl, 1110 BUBYae TUHAMIKY HaceseHHs. [le o3Hauae, 1110 y 3BUMAWHUX YMO-
BaX YaCTKa HAPOKEHHS XJIOMYUKIB IPAKTHYHO He Oy/e BIAXUJIATHUCS BT 3HAIIEHOI
WMOBIPHOCTI.

V. [padik 3ane>kHocTi BigHOCHOI YacTOTH NoZiA Big cepii gocninis

[Mobm 3a BIAHOCHOI YACTOTOK BUIIAIKOBOI O1l MOKHA OyJIO OITIHIOBATH i1 IMOBIPHICTb,
KLJIBKICTh BUIIPOOYBaHb Mae OyTH JTOCTAaTHRO BeJimKomw. [lounnatoun 3 XVII cr., mpoBogun-
cs cepli BUIPOOYBaHB 13 MIKUIAHHSI MOHETHU. Y TAOJIUII ITOJaHO Pe3yJIbTaTH BOCBMU Cepiii
TaKUX BUIIPOOYBAHB.

Howmep cepii 1 2 3 4 5 6 7 8
Rimbricrs 1000 2000 3000 4000 5000 6000 | 7000 | 8000
MOIKUTAHD

Rinericrs 501 989 1495 | 2036 | 2516 | 3004 | 3504 | 3997
repOiB

Binsocua

gactora mogsu | 0,601 0,495 0,498 0,509 0,503 0,501 0,501 | 0,500
repba




Axmio modynyBaTy rpadik 3a/IeKHOCT] KIJIHKOCT1 BUIIAJaHHA rep0da Bl KIJIbKOCTI IIIKH-
JTaHb MOHETH, TO MOKHA IIOOAYUTH, IO BIIHOCHA YaCTOTA IOSBU repda KOJIMBAETHCS O1Id
yucsaa 0,5 1 MaJjio BIAP13HIETHCS Bl HBHOTO.

Binmocua )
JacToTa

0,5

1000 2000 3000 4000 5000 6000 7000 8000 7

31 301/IBIIIEeHHAM K1JIBKOCTI JOC/ILIIB BIAHOCHA YACTOTA IIOM1l HAOJIMKAETHCS J0 TEOPETHY-
HOI MMOBIpHOCTI Iriel momii. AKImo BIAHOCHA YacToTa BCTAHOBJIEHA JOCJIIHUM IIJISIXOM, TO
oJepikaHe YMCJI0 MOKHA IPUUHATY 3a HAaOIMKeHe 3HAUYeHH IMOBIPHOCTI 10111 BUIIaJaHHS
rep0a Ipu OIAKUIAHHI MOHETH.

Mpuiknan 2. OpengaTop CTAaBKA BUPIIINB BU3HAYNTH, CKIJIBKA PUOU B CTABKY, IIPUIATHOI
JIJIsT BUJIOBJTIOBAHHSA. J[J1sT 1TbOro BiH 3aKMHYB CITKY 3 Hallepe[ 3aJaHUMH pPO3MipaMu
BIYOK 1, BUTATHYBIH i1, BusaBuB 100 pubun. [lo3HauuBmm KoKHY 3 HUX MITKOIO, BIH
KHHYB PpHUOMHU Has3an y cTaBok. HacTyirHoro gHsS opeHIAaTop 3aKHHYB TY CaAMy CITKY
1 cmitimaB 120 puOuH, Ha BOCBMHU 3 IKUX OyJIM HOT0 MITKH. K MOKHA OINIHUTH K1JIb-
KICTHb prOM B CTABKY, IPUIATHOI I1JI1 BUJIOBJIIOBAHHS?

Poszs’azannsa. Axmo B craBKy n puOuH, TO BLAHOCHA YaCTOTa IIOI1l «HABMAHHS B3ATa

) . 100 -
puba miuena» mopisuioe — . Hacrymaoro gus Oysio Boifimano 120 puOuH, Ha BOCEMU
n

3 AKUX — MITKH. B1IHOCHOI0 YacTOTO0 01l «prba 3 MITKAMM» € YHCJII0 ——

20°
OcKlIbKH 00MIB1 BIJTHOCHI YACTOTH BH3HAYAITH HOJII0 «HaBMAaHHS B3dTa puOa Mive-
) . 8 100
Ha», TO IPUPIBHAEMO iX: — ~ — .
120 n

Tomi n ~ 1500. OTsxe, B craBry O0an3bko 1500 prOMH, IPUAATHUX IS BUJIOBJIIOBAHHS.
Bionosios. 1500.

VI. Knacuune o3HayeNHsa MMOBIPHOCTI

O3znauwenna. BimHomeHHS Yyrcaa HACTIIKIB 1ol A, 1110 COPHUSIIOTE 11 OsIB1, J0 3arajib-
HOT'O YMCJIA BCIX PIBHOMOKJIMBUX HACIIAKIB, K1 B3A€MHO BHUKJIIOUAIOTH OJUH OIHOIO,
HA3UBAETHCA LUMOBIPHICMIO NO0ii A.

. . m )
TobT0, 3a 03HAUeHHAM, IMOBIpHIcTIO mogll A € uncao P(A) = —, 1e n — 3arajibHa KlJIb-
n

KICTh PIBHOMOKJIMBUX HACJIIIKIB, K1 B3AEMHO BUKJIIOUAOTH OAUH OJHOTO B JAHOMY BHIIPO-
OyBaHHI1, M — KLIBKICTh HACJIIKIB, IO CIPUIIOTH II0sB1 momi A.
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Knacuune osHavyeHHsT IMOBIPHOCTI HA3UBAIOTh JOJOCILIHIM, OCKLIBKKA MOr0 MOMKHA 3a-
CTOCYBATH 1O IIPOBEIEHHS JOCJIIIIB. 3aCTOCYBAHHS KJIACHMYHOI'O O3HAYEHHS HMOBIPHOCT1
MOZKJIMBE 34 YMOBH, III0 BCl eJIeMEHTAPHI IOJ11l € PIBHOMOKJIMBUMH.

OcHOBHI BacTMBOCTI MMOBIPHOCTI

1. PU)=1, iimoBipHICTb JOCTOBIPHOI IOIII JOopiBHIOE 1.
2. P(V)=0, iMOBIpHICTbL HEMOKJINBOI oIl mopiBHioe 0.
3. Axmo A — Bunagrosa momgisa, To 0 < P(A)<1.

BiactuBocti 1 — 3 BUIIMBAIOTH 13 03HAYEHHS HMOBIPHOCTI.

4. Jlna cTaTHCTHUYHO CTIMKHUX IOCIIIB cyMa MMOBIPHOCTEM JeAKO0l oMl Ta IPOTUIEKHOI
1o Hel nopiHIoe 1: P(A) + P(Z) =1.
Jlosederns. OCKITBKY B KOKHOMY BUIIPOOYBAHHI BIiIOYBA€ThCSA OJHA 1 TIJIBKU OJHA 13

A M)y pinen P(A)+ P(A) =1,
n n

Ot:xe, U1 CTATUCTHUYHO CTIHKUX JOCJIIIB cyMa MMOBIpHOCTEH MesTKol MMo/Ili Ta IpOoTH-
JIesKHOI 10 Hel qopiBHIOE 1.

momiit A a60 A, 1o n(A)+n(A) =n . Tomy

Mpuinag 3. Ha mosmutni poamineno 10 KHUT, 13 AKUX AB1 KHUTH — 3 (piduku. locmin moss-
ra€e B TOMY, 1110 HABMAaHHs OepeMo oaHy 13 KHUT. ka HIMOBIpHICTH TOTO, 110 Oy Ie B3SITO
KHUTY 3 Qisuru? Axa HMOBIPHICTH TOTO, 1110 BUOPAHO 1HIITY KHUTY?

Pose’azannsa. YBenemo modHaYeHH IIOIIMA:
1) momisa A — «B3ATO KHUTY 13 (PI3UKID;

2) moisg B — «B3sTO OyAb-SIKY 1HIITY KHUTY».
2 8

Toml IMOBIPHOCTI IIUX IIOM1 CTAHOBJIATE: P(A) = 0 =0,2; P(B)= 0 0,8.

Bionosiow. 0,2; 0,8.
VIl. Po3B'si3yBaNHs NpaKkTU4HOI 3azavui

flk 51 BupiWYIO NeBHy Nnpo6nemy?

3agava. Ha synuuky npubyBaoTh aBTOOyCH 3 TPHOX PidHMX MapmipyTis. Bimomo, 1o 3 60
peficiB ympoioB:k dHsa 25 pasiB npubyBae Ha 3ymUHKY aBToOyc Mapiipyty Nel, 20 pa-
31B — aBT0o0yc Mapipyty Ne2, 15 pasiB — aBTo0yc mapuipyTy Ne3.

1) BukopucroByoun KaacudHe 03HAYECHHS, 3HANIITH IMOBIPHICTD TOTO, III0 BHUIIAJKOBO
obOpaumit aBTo0OyC Oyme 3 MmapumipyTy No2.

2) 3HaUAITh IMOBIPHICTD IPUOYTTSA HA 3yIUHKY aBT0o0yciB MapupyTiB Nel a6o No 3.
3) IIporsarom rogumuau Ha 3ynuHKY puoys10 10 aBTOOYCIB, cepel SKUX 4 aBTOOyCH Oy
MmapupyTy No2. BukopumcTOByHOUM CTATHCTHYHE O3HAYEHHS, OOYHC/IITH IMOBIPHICTH
mpuisay aBTooyca mapiipyty No2.
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VIll. TpenyBanbHi BnpaBu. Tpu piBHi cknagHocTi: A, B, C

50

*
PiBenb A
IMmoBipHICTE TOrO, 1110 B HaBMaHHS B3ATIH ciM'1 € KoM 1oTep, gopisuioe 0,68. CKLIbKYT
B cepeaHbOMY KoM oTepis Oyae B 500 cim’sax?

A =) B r
310 320 330 340 350

I3 uncen 1, 2, 3, ... 20 HaBMaHHA BUOMPAIOTH YHCJI0. SHAHMIITH IMOBIPHICTE TOTO, IIO IIe
YUCII0 JIJIATHCA HA D.

A b B r A
0,1 0,2 0,3 0,4 0,5

Axa #iMoBipHICTE TOrO, IIT0 HABMAHHS BHOpaHe JBOIU(POBE YHCJIO JIIuThesa Ha 117

(3HO, 2008 p.).
A B B r A
0,1 0,2 0,3 0,4 0.5

ImoBipHICTE TOTO, 1110 HABMAHHS BUJIyUYeHA 3 HAPTIi JeTaiel neTajb € 0paKoBaHoIo, 10-
piBuoe 0,008. CklIbKH B cepeIHBOMY OpakoBaHHX geTasiei oyme cepen 500 meraseii?

A B B r A
2 3 4 5 6

OO0umcaiTh MMOBIPHICTE TOrO, IO HAaBMAaHHSA BHOpaHE IBOIIM(MPOBE YKCIIO TLIUTHCS
Ha 12.

A B r A
4 2 7 11 13
45 15 30 30 90

Y ropobiri e 80 1ykepok, 13 aKkux 44 3 01100 IITOKO0JIAIy a perrra — 3 YopHoro. Oourc-
JIITH IMOBIPHICTE TOTO, IIT0 HABMAHHS B3dTa 3 KOPOOKH I[yKepKa Oyae 3 YOPHOI0 IITOKO-
JIay. (3HO, 2008 p.).

A b B r A
0,35 0,45 0,55 0,65 0,75

Ha mosmuin mictsarbesa 18 omHakoBux 0aHOK 13 mxemoM. Cepen HuX 6 0aHOK 3 aOpHUKO-
COBHM JI2KeMOM, 12 — 3 a01yaauM. 3a KOJIbOPOM [IZKeMH He BlIPI3HSAITHCA OQUH Bl OI-
Horo. ['ocmoguHa HaBMaHHA B3sdJa OOHY 0OaHKY. Aka MMOBIPHICTH TOTO, III0 BOHA OymIe
3 aOPHKOCOBUM JI3KEMOM? (3HO, 2010 p.).

A 5) B r A
l l l g 1HIIIA BIAIOBIIb
5 4 3 3
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11.

12.

Axa #iMOBIpHICTE TOTO, IO IPH OJHOMY HITKUIAHHI IPAJIbHOI0 KyOMKA BUMIAIE YHUCIIO0
OYOK, KpaTHe 37

A B B r A
1 2 1 1 1
5 3 4 2 3

Yucna Big 1 mo 30 mammcani Ha 30 KapTKax II0 OJHOMY Ha KOXKHIN. BuOupaiors Has-
MaHHSA 0JHY KapTKy. O0UMCIITh IMOBIPHICTE BHOOPY IIPOCTOIO UHCJIA.

A B B r A
1 1 1 1 u
3 2 4 5 30

Momnery migxngaoTsb a8iul. O0UMCIITE IMOBIPHICTS, 110 OOMIBA pPa3y BHUIIAIE «repov.

A B B r A
0,1 0,2 0,25 0,3 0,5

Yucna Big 1 go 20 HammcaHl HA KapTKaX, IO OOHOMY HA KO:KHIN. BuOupaoTs HaBMaH-
HsA oqHy KapTKy. O0UYHCIiTh IMOBIPHICTD TOTO, 1110 BUOpaHe Yucyo Oy/ae abo IIpoCTUM,
a00 KpaTHUM TPHOM.

A =) B r A
0,45 0,55 0,6 0,65 0,7

Y typucra € 10 ogHakoBHX 3a pPo3MipaMIi KOHCEPBHHX OAHOK, cepel AKUX 4 OAHKH —
3 TYIIIKOBAHUM M sICOM, 6 0aHOK — 3 puooro. 111 uac aymmBu erukerky Bigkieiucs. Typrct
HABMAHHS B34B OHY OaHKY. fka IMOBIPHICTE TOrO0, III0 BOHA Oy/e 3 prboio? (3HO, 2009 p.).

A b B r A

1 1 2 3 2

10 6 3 5 5
Pisenn B

I3 HaTtypanapaux uwmcest Big 1 1o 30 yueHb HaBMaHHSA Ha3uBae ogHe. Ika IMOBIPHICTD
TOrO, III0 IIe YKCJIO € JIIbHUKOM urciia 307 (3HO, 2008 p.).

Bracuuk 6arkoMmaTHOI KapTKHU 3a0yB aB1 octaHHl 1mdpu ceoro PIN-kony, amxe mam’s-
Tae, 0 BOHU P13HIl. 3HANIITH IMOBIPHICTE TOTO, III0 3 IEPIIOl CIIPOOH BIH OTPHMAE JI0-
CTYII IO CUCTEMH. (3HO, 2006 p.).

Maiicrep obcityroBye Tpu Bepcratu: 20% pobodoro dacy BIH 00CIyroBYye IIEPIIHI Bep-
crat, 30% — mpyruit, 50% — Tpetiit. O0YMCIITH EMOBIPHICTH TOTO, 110 B HABMAHHS
BHOpaHUI MOMEHT po00YOro vacy maiicTep 0OCJIyroBye IIepIIuii abo TpeTiii BepcTar.
(Mpo6He 3HO, 2015 p.).

ImoBipHicTs Opaky BuUpoOHHUIITBA cKaamae 8 %. Axe Oyme HallMOBIpHIIIE YHCIO 3HA-
JyeHHs Opaky 11 500 BUTOTOBJIEHUX JeTasiei?

27



50

60

10.

11.

I'pani rpasbHOro KyOmKa 1modgapboBaHO B YOpHUIT ab0 OLumit Koaip (KOKHY I'paHb —
B OJTVH 13 KOJILOPIB). IMOBIpHICTE BUNIAJaHHS YOPHOI I'paHl cTaHoBUTH 0,75, a IMOBIPHICTH
pumagaHus 01101 rpami — 0,25. CKLIBKY YOpHUX 1 CKUTBKY OLJTHX TpaHeit Mae Kyouk?

VY cymin mesxaTth a0yKa, cepen AKX 8 — UePBOHI, pelrTa — KOBTl. SHAHUMIITH KlJIb-
KICTB $KOBTHUX S0JIYK, SKII0 MIMOBIPHICTH BUTSATTH HABMAaHHS YePBOHE SI0JIYKO JOPIBHIOE
0,4. (3HO, 2008 p.).

¥V Bigmim mpairfoe ImeBHA KIJIBKICTh YOJIOBIKIB 1 K1HOK. J[J1s aHKeTyBaHHS HaBMaHHS
BHOpAJIM OJHOIO 31 CIIBPOOITHMKIB. IMOBIPHICTE TOrO, IO I YOJIOBIK, JTOPIBHIOE -

3HaWITh BIAHOMIEHHS KIJIBKOCTI SK1HOK J0 KLJIBKOCTI YOJIOBIKIB, K1 IIPAIOIOTH y IHO-
My BIIJILJTI. (3HO, 2011 p.).

70 % cTapIIOKJIACHUKIB OfHIEI IIIKOJIM BUBYAIOTH AHIVIINCHEKY MOBY, 30 % — HIMEIIbKY
MoBY, 20 % BMBYAIOTH O0MIB1 MOBH. SHANIITH MIMOBIPHICTH TOTO, III0 HAaBMAaHHs BHOpAa-
HUY yYeHb He BUBYAE KOJHOI MOBH.

Ha gecaru kapTrax Bummcano HaTypasbHl yrcsa Big 1 qo 10. Hasmanusa Bubupaernses
IBa 3 HUX. SHAUIITh IMOBIPHICTH TOIO, III0 JOOYTOK YMCeJ Ha BUOpPAHMX KapTKax Oyae
HEIIapHUM.

VY ckpuHbIN 3axoBaHl 8 011X Ta 12 YOpHUX KYJIBOK. I3 CKpHMHBKH, OOHA 34 OJHOIO0, BU-
JIyYaroTh OBl KYJIbKH. ¥ CTAHOBITH BIAIIOBIIHICTD MIK IIOUYATKOM pedeHHs (1-3) Ta iioro
sarkiguenHsaM (A—J]) Tak, 11100 yTBOpHJIOCS IpaBUJIbHE TBEPIKEHHI.

Ilouamox peuerns 3akinuenHa
1 VMoBIpHICTH BUJIYUYEHHS JPYIrol YOpHOI KYJIbKH 3a peuenHs
YMOBH, III0 TIepIlla — YOopHa KYJIbKA, JIOPIBHIOE ... A 14
2 HMOBIpHICTh BHJIyYEHHS APYTol YOPHOI KYJIbKH 95

3a YMOBH, III0 IepIira — O1j1a, JOPIBHIOE ... 5 33

3 liMoBipHIiCTb BHJIy9eHHS OPYyToi 61101 KyJIBKH 32 95
YMOBH, III0 IIepIia — 01J1a, JOPIBHIOE ... B 3
5

38

r 22

95

24

I =

95

Ha gBamigary kapTrax BUIKCaHl HaTypasbHl yncia Big 1 o 20. Hasmanusa subupa-
€ThCs OOHA 13 HUX. YCTAHOBITH BIJIIOBLAHICTD MK II0YaTKOM peueHHs (1—4) Ta ioro
3akigueHHaM (A—/J]) Tak, mo0 yTBOpHIOCA IpaBUIbHE TBEPIKEeHHs.

Ilouamox peuerns 3aKIHYeHHA ABBTI [
1 ﬁMOBipHiCTL BHJIYYEHHS TAKO0I KapPTKH, 11100 YrC- peuerHs 1
JI0 mianiiocs Ha 4 abo Ha 7, JOPIBHIOE ... A 0,3 §
2 ﬁMOBipHiCTL BHJIyYEHHS TAKOI KaPTKH, 11100 YKC- B 3 4
JIO muaniiocs Ha 2 1 Ha 3, JOPIBHIOE ... 20
3 ﬁMOBipHiCTL BHJIyYEHHS TAKO0I KapPTKH, 11100 YrC- 7
J10 mimmmocs Ha 9 abo Ha 10, JOpiBHIOE ... B 20
4 ﬁMOBipHiCTL BHJIyYEHHS TAKOI KaPTKH, 11100 YKC- I 0,2
J1I0 OyJI0 ZBOIM(pPOBE 3 HAPHOI CYMOIO (P, I0- 11 0,4
PIBHIOE ...
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12.

S.

10.

VY kBiTKOBOMY MarasmHi IIpOJAIOTh YePBOHI, sKOBTI Ta 011 Tposuau. HaBmanusa BuOu-
.. . 3
parwTh OMHY TPOSHAY. IMOBIPHICTE TOTO, ITT0 I TPOSH/IA YEPBOHA, JTOPIBHIOE e O06umc-

JIITH IMOBIPHICTE TOTO, 1[0 BUOpaHa TposHga 01j1a abo sKOBTA. (3HO, aoaatkoea cecis, 2011 p.).

Pisenb C

I3 i’saru Bigpi3KiB, 3aBHOBKEKHN 1 cM, 3 cM, 5 cM, 7 cM, 9 cM, HaBMaHHS BUOMPAIOTHL TPH.
3 K010 IMOBIPHICTIO 3 BUOPAHUX BIAPI3KIB MOKHA MOOYIYBATH TPUKYTHUK?

Jleper’ sumit ky0, ycl rpaHi axoro modgapooBami, maticrep JomuTIuBuUil PO3MHUIIAB HA
1000 ommHakoBHX KyOMKIB. 3HAMIITH IMOBIPHICTH TOTO, II[0 B3SATUI HABMAHHS KyOHMK
Mae Jiuire aB1 modapboBaHi rpaHi.

B aBT0o0yCcHOMY mapky HAIIUyeThCSI i aBTOOYCIB, IITOCTY YACTHHY SIKHUX 0yJI0 00J1aJHAHO
1HcpopMmariitauM Taodsro. Ilisuinre iHgopmaIiiiyal Tab6/I0 BCTAHOBUIM IITe Ha 2 aBTOOyCH
3 HagBHHUX y napky. Ilicas mposemenoro mepeodafHaHHS HABMAaHHS BUOMPAIOTH OQUH
3 n aBTOOYCIB IApPKY. ﬁMOBipHiCTL TOrO, ITI0 I1e Oy/Ie aBToOyC 3 IH(popMAaIIAHUM TA0JIO,
cranoBuTh 0,25. Busuaure n. YBaskaiite, 110 KOsKeH aBTOOYC 00JIAIHYETHCS JIUIIIE Of-
HUM Ta0JI0. (3HO, 2013 p.).

I3 xapTok, Ha KOkHIN 3 AKKX HammucaHa ogHa 3 jitep M, P, O, A, E, nasmauusa sudu-
parmoTh 4 KapTKU. SHAHIITH HMOBIPHICTE TOT'O, III0 IMOKJIABIIH IX B P Y TOMY IIOPSIKY,
B IKOMY IX BHOHpaJu, omep:xkathb ciaoso MOPE.

Y TopOuHIILl JIesKaTh 3 IyKEePKH 3 MOJOYHOTO IITOKOJIAAY Ta M IIyKEePOK 13 YOPHOTO IIT0-
KoJIaay. ¥Ycl IyKepKHU MalTh OTHAKOB1 POPMY Ta po3MipH. AKoro HaiMeHIIIOro 3HaAYeH-
Hs MOYke HaO0yBaTH m, SKII0 MMOBIPHICTL HABMAHHS BUTATHYTH 3 TOPOMHKHU I[yKEPKY
3 MOJIOUYHOrO Irokoaanxy 0,257

I'pami 3BuvaiiHOrO rpajabHOr0 Kyomka modapOOBaHO B YEPBOHHUM 1 JKOBTHUM KOJIBOPH.

< o . . . 1 .
I/IMOBlpHICTB BUIIaJaHHA Y€PBOHOL I'PaHl JOPI1BHIOE E , IMOBIPHICTh BHUIIaJaHHA KOB-

. . 5 : . .
TOI rpaHl CTAHOBUTH r CK1IBKY YepPBOHUX 1 SKOBTHUX I'PaHel Mae KyOuK?

V mryxasaml geskaTh oIBII Ta pydkd. Bimomo, 110 oMBINIB Ha 12 IITYK MeHIIe, HIK
py4uok. CKIJIbKH OJIIBIIB JICKHUTH V IIYXJISAIl, AKII0 MMOBIPHICTH TOrO, III0 BHOPAHUH
HABMAaHHS IIPEeIMeT:

i . : 1
1) e py4KoI0, TOPIBHIOE g; 2) € omiBIIEM, ,ZI;OplBHIOQE ?

V amukry nexarth 12 sKoBTHX 1 15 CHHIX KyJILOK. IKa MIMOBIPHICTH TOTO, III0 3 BUOPAHUX
HABMAHHS BOCBMU KYJIBOK 5 KYJIBOK OYIyTh sKOBTOI0 KOJIBOPY?

Bimomo, 110 6ackeTbosicTKA BJIyYae B KOIIMHK I Yac INTPA@HOro KUIKa 3 HMOBIPHI-
ctio O1sbImor0 3a 0,8, ase menIoo Bijg 0,82. CKUIBKY ITPUOJIM3HO BUKOHAHO IITPpadQHUX
KHUIKIB 1T Yac TpeHyBaHHI, SIKII0 OackeTOOIICTKA MaJia 5 mpomMaxis?

Bunyckuuk yHIBepcHTeTY ILJIaHye IIpallloBaTH B 0aHKy a00 B cTpaxoBiii kommamii. [lic-
Jig ciiBOeciIu B ITUX YCTAHOBAX BIH OIIIHIOE HMOBIPHICTH OyTH ITPUUHATAM Ha POOOTY
B Oauky ax 0,5, a B crpaxoBy komiauio — gk 0,6. Kpim Toro, Bin yBaskae, 1o momy
HaI#Ie IIPOIO3UIILA 3 000X IIUX YCTAHOB 13 fiMoBIpHICTIO 0,4. K BUIIyCKHUK yHIBEPCH-
TeTy Mae OIIHUTYA HUMOBIPHICTD OyTH TIPUUHATHM HaA PO00TY?
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Pednekcis

1.

S.

10.

A 3Har, gK1 ICHYIOTH O3HAYEHHS HMOBIPHOCTI.

| | Tar | | IIle Tpeba moTpeHyBaTHCS

A posymiio 03HAYEHHS CTATUCTUYHO CTIMKUX TOCJIIIIB.

| | Tar | | IIle Tpeba moTpeHyBaTHCS

A smao craTrcTHYHe 03HAYEHHS MMOBIPHOCTI.

| | Tar | | IIle Tpeba moTpeHyBaTHCS

[ JHi

[ JHi

[ 1Hi

A smao, Ko MoKHA 3aCTOCOBYBATH CTATUCTUYHE 03HAYEHHS MMOBIPHOCTI.

| | Tax | | IIle Tpeba morpeHyBaTHCS

A 3Hato KiIacuyHe 03HAYEHHS HMOBIPHOCTI.

| | Tax | | IIle Tpeba morpeHyBaTHCA

[ 1Hi

[ 1Hi

A 3Hamw, KOJIM MOKHAa 3aCTOCOBYBATH KJIaCHUYHE O3HAYCHHA fIMOBipHOCTi.

| | Tax | | IIle Tpeba morpeHyBaTHCA

i 3Hat BacTHBOCTI IMOBIPHOCTI TTOTIH.

| |Tax | | Ille Tpeba moTpeHyBaTHCA

A posymito, HaBIIIO 00YMCIIOBATH MMOBIPHOCTI IO,

| | Tar | | IIle Tpeba moTpeHyBaTHCS

Mo>knmei Temm npoexrie

Posipr MoHETH B TEOpii IMOBIPHOCTE.

Meguiraa Ta IMOBIPHICTS.

VMoBIipHICTE 1 pU3UK: KPeIUTYBAHHS, 1HBECTHUIIII, JEIIO3UTH.

Miit momeHHMHA CBIT IMOBIPHOCTEH.

CrarucTryHa MMOBIPHICTE Y COILIOJIOTII TA B MEIUIIMHI.
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